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CURRENT ISSUES OF MONITORING THE CHLORITE AND CHLORITE CONTENT IN DRINKING WATER
AFTER OXIDATION DISINFECTION

The use of oxidants (chlorine, chlorine dioxide and ozone) is a priority way of safe water supply. However, their use involves
control of the formation, determination and normalization of chlorites and chlorates as by-products of disinfection. The aim of the work was
to characterize the topical issues of monitoring the content of chlorites and chlorates in drinking water after disinfection with oxidants.
Research methods included bibliometric and analytical. The results are as follows. The analysis of foreign and domestic normative documents
testifies to the need to harmonize the current DSanPiN 2.2.4-171-10 "Hygienic requirements for drinking water suitable for human
consumption” regarding the standardization of chlorites and chlorates in accordance with international requirements. It should be noted
that these values, namely the normative values for chlorites and chlorates at the level of 0.7 and 0.7 mg / |, respectively, were included in the
latest version of the above-mentioned normative document DSanPiN 2.2.4-171-20. An analysis of the experience gained in Europe (European
federation of national associations of water services) shows that the main source of chlorite and chlorate formation is not chlorine dioxide,
as previously thought, but sodium hypochlorite. According to the WHO, chlorate is a typical by-product of disinfection in the treatment of
water with oxidants (sodium hypochlorite, chloramines, chlorine dioxide, ozone). Currently, research on the development of technological
principles for minimizing the content of chlorites and chlorates as by-products of water disinfection by oxidants in Ukraine has not been
conducted. The above necessitates the implementation of the following tasks: generalization of research results of chlorite content in
drinking water from centralized drinking water supply systems, where chlorine dioxide is used; development, testing and implementation of
the method of determination of chlorates in drinking water; determination of the content of chlorites and chlorates in the finished sodium
hypochlorite, which is supplied to water utilities, depending on the shelf life; monitoring the content of chlorites and chlorates in drinking
water of settlements where sodium hypochlorite is used in the process of water treatment; determination of chlorate content in chlorinated
tap water after its treatment with ozone; substantiation of optimal modes of water treatment with oxidants to minimize the content of
chlorites and chlorates in drinking water from the water distribution network; development of technological principles for minimizing the
content of chlorites and chlorates in drinking water after disinfection with oxidants.

Key words: drinking water, disinfection, oxidizers, chlorites, chlorates.

IMocTanoBKa npodJjaeMu

3aranpHOBU3HAHUN (PAaKT B3a€EMO3B'SI3KY 3H0pOB'S HACEICHHS 3 SKICTIO MUTHOI BOAM € CEpHO3HUM
CTUMYJIOM SIK JJIsl YIOCKOHAJICHHS TEXHOJIOTIH i OYMIeHHS Ta 3HE3apaKyBaHHA, TaK i U1 PO3POOKH Tiri€HIYHUX
KpHUTEpiiB OIIHKK SKOCTI BOIM Ta iX 3akoHOMaB4Ooro odopmuieHHS. [lomyk HayKoBHX OOTpYHTYBaHb i pIllIeHb
CTOCOBHO €()eKTHBHHAX Ta EKOHOMIYHUX MUIXIB JOCATHEHHS HAIIMHOTO Ta OE3IIEYHOT0 BOIONIOCTAYaHHS HACETICHHS
€ HaBXJIMBIIIMM PO3JIUIOM Cy4acHOI HayKH Ipo MUTHY Boxy [1].

OnHUM 13 TPOBIAHUX HUIAXIB OE3MIEYHOrO BOJONOCTAYAaHHS € 3aCTOCYBAaHHS OKHMCHIOBAadiB y MiATOTOBII
nuTHOI BoaW. [lopiBHsIBHA OIIIHKA XJIOpPY, MIOKCHAY XJOpy Ta O30HY 3aciyroBye ocoOnmuBoi yBarum [2-5]. Lle
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CTOCYETECS, 30KpeMa, YTBOPEHHS, BH3HAUYEHHS Ta HOPMYBAaHHS XJIOPUTIB Ta XJIOpaTiB SIK MOOIYHMX MPOIYKTIB
3HE3apaKyBaHHSL

MeTor0 poGOTH € XapaKTEPUCTHKA AKTyalbHHX MHTAaHb MOHITOPUHTY BMICTY XJIOPHUTIB Ta XJIOpATiB Y
TIMTHIN BOAI MiCIIS 3HE3apaKEHHS OKHCHIOBaYaMu.

Meroau focaigKeHb: 610JiOMETpHYHI, aHAI THYHI.

AHaJti3 0CTaHHIX JKepeJt

TpuBammii uyac yTBOpEHHS XJIOPHTIB Ta XJIOpaTiB y NHUTHIA BOJI TOB’S3yBaJl BHKIIOYHO 13 1i
3HE3apaKEHHAM JOKCHAOM xyopy. OfHaK, 1 B TAKUX BHIIQJKaX MOXKHA i3 JISSKOIO BIIEBHEHICTIO TOBOPHUTHU IPO
0e3IeYHICTh KOHILEHTPAIIl XJIOPHTIB, SIKI YTBOPIOIOTHCS. Tak 3a gaHMMHU BojokaHaiy M. [opimmni [TnaBai, BMicT
XJIOPHUTIB Mepe/1 MOCTYIUICHHSM BOJHM Y BOJOPO3IIOIUIBHY MEPEXY Ta y TYNUKOBIiH ii Touri 3a 2020 pik (MiH-MaKc-
cepemni) ckiaanas 0,08; 0,54; 0,12 ta 0,08; 0,48; 0,12 Mr/n BiAmoBiaHO [6].

AHaJi3 HOPMATHBHUX JOKYMEHTIB CBimuuTh, 10 unHHI JICanlliH 2.2.4-171-10 «[irieHi4yHi BUMOTH 1O
BOJM NHTHOI, NPUAATHOI JJISI CIIOKMBAaHHS JIIOAWHOIO» [7] HOpMYyIOTH XJopuTd Ha piBHI 0,2 mr/m (3 yaciB
kommmmHBoro CPCP), ximopatu He HOpMyIOThes. Tomi, ik B ocTaHHINA penakiii Pekomennpariiii BOO3 momo sxocTi
nuTHOI Bou (2017 p.) [8] HOpMaTHBHI 3HAUEHHS /ISl XJIOPUTIB Ta XJopatiB ckianaots 0,7 Ta 0,7 Mr/n BiAnoBigHO.
B ocranniit pemaknii Jupexktusu (EC) 2020/2184 €rpomneticekoro I[lapmamenty i Paam momo sikocTi BOaM,
MIPUAATHOT JJIsl CIOXKMBaHHA JIOMUHOIO, Bifl 16 rpyaust 2020 poky [9] CTOCOBHO HOPMATHBIB XJIOPUTIB 1 XJIOPATIB €
HactynHa npumitka: «[lapamerpuuyne 3HadeHHs 0,70 MI/1 3aCTOCOBYEThCS B THX BHIIQJKaX, KOJIW JUIS
3HE3apakKyBaHHS BOJM, TPU3HAYEHOT JJISl CIIOKUBAHHS JIFOJIHOI0, BUKOPUCTOBYETHCSI METO]] 3HE3apayKyBaHHS, TPU
SIKOMY YTBOPIOETBCS XJIOPHUT (XJIOPAT), 30KpeMa JIOKCH XJI0py. Tam, e e MOXKIHBO, 0e3 IKOIU s Ae3iH(EKIIil,
JIep)KaBU-YIEHM TMOBWUHHI MpParHyTH A0 OUIbII HU3BKOTO piBHSA. llell mapameTp BHUMIPIOETBCS TUIBKH B TOMY
BUNAJIKY, SIKIIIO BUKOPUCTOBYIOTHCS TaKi METOM Je31H(EKIii».

HeoOxiqHicTh LUTYBaHHS L€l MPUMITKH TMOSCHIOETHCS aKIIEHTOM Ha (pasi «30Kpema JIOKCH] XJIOpPY».
Tomy, 1o 11l MOOIYHI MPOAYKTH 3HE3apaKEHHS BOAM IO OCTAHHBOTO Yacy HEOOIPYHTOBAHO OB’ S3YIOTh BUKJIFOUHO
13 IIOKCHUJIOM XJIOPY.

SIk TIpUKJIa] MOXKHA TMPHUBECTH pe3yJIbTaTH 1eHTUdIKAli XIopaTy B XJIOPOBaHIN BOAI micis 11 0OpoOKH
o3oHOM [10], a TakoX BiZIOMOCTI MPO BEJMKI KUIBKOCTI Xjopary B roroBomy (MakcumanbHo 260 000 wmr/m)
rinoxyioputi Hatpito [11]. 3a maummu BOO3 [12] xyopaT € TUMOBMM MOOIYHMM MHPOIYKTOM Ae3iH(ekuii mpu
00poO11i BOAM OKUCHIOBAYaMH (TIMOXJIOPUT HATPIIO, XJIOPAMiHH, TIOKCH XJIOPY, O30H).

Y 1pOoMy CEHCi € JOLIIbHUM aHali3 HaOyTOro JOCBiZy €BPONEHCHKHX KOJIET, SIKi IPENCTaBISIOTh
EurEau (European federation of national associations of water services). Ha iXx nymMKy OCHOBHHM KepesioMm
YTBOPEHHSI XJIOPUTIB Ta XJIOPATIB € TIIOXJIOPUT HATPIIO.

Hanpuxinan, 3rigHo i3 ¢paniry3skoro 6a3oto ganux (2013-2015 pp.) [13] moniTopunry sikocti Boau (SISE-
eaux) B 20 - 30% 3pa3kiB Boau Iicias 0OpOOKH TIOKCHIOM XJIOPY BUSBICHO IEPEBHUIIEHHS HOPMAaTHUBHOTO 3HAYCHHS
xsoputy 0,20 mr/n, B 20 % i Bume - 0,25 mr/n, 0,7 mr/n — B 1 % BunazakiB. OnHak, Jesiki i3 LUX pe3yJibTaTiB
MOXYyTb OyTH 3aBuILeH] Ha 30-50% B 3aeXHOCTI BiX 3pa3KiB, OCKIIBKY BUKOPHCTOBYBAHMH aHAIITUYHHUI CTaHAAPT
(NF EN ISO 10304-426) He migxommTh JUisi BOJM, 3HE3apaKEHOI MIOKCHAOM Xjopy. [l Takux 3pasKiB €
HeoOXIIHO0 MeBHA POOOIIATOTOBKA, KA He rnepeadaueHa B CTaHAapTi, 00 YHUKHYTH IEPEBUIICHHS Pe3yIbTATIB
(ANSES 2017c¢). XiopaTi KOHTPONIOBAJIH y BOJi, IO MOCTAaBIAEThC Mpubmu3Ho 20% HaceneHHS. Pesynbratu
MoKasand, 1o 3 286 3pa3KiB MpoaHaizoBaHol o4uieHoi Boau B 10 mepeBuiieHuid piBeHs 0,25 Mr/i, 3 SKux y IBOX
monazn 0,7 Mr/m.

OxpeMo ciITiji 3a3HAYKTH, 10 PiBEHb XJIOPHUTIB 1 xopartiB (0,25 mr/n) y €Bpoaupextusi [9] €, 6e3cyMHIBHO,
Ha[MipHO arpaBoBaHMM. IIpo Ile BHCIIOBIIOIOTH CTypOOBaHIiCTH eBpomeiichki (axisui. IX mymka monsrae y
HacTynHOMYy [13].

EurEau 3BepraeTbest 0 wieHiB €BpomnapiiaMeHTy 3 HMpOXaHHsAM miATBepautd 3HaueHHss BOO3 0,7 mr/a
U XJIOpaTy W XJIIOpUTY. B GaraThox mepkaBax-wieHaX OIEpaTOpHl BOAW HE B 3MO3i BUKOHaTH HOopMmaTuB 0,25
MT/JI, HE 3MIHIOIOYH IMOBHICTIO OYHCTKY Boau. B Icmanii, Harpukitan, BogHI pecypcH (TOJIOBHUM YMHOM MOBEPXHEBI
BOAM) BHUMAararoTh OOpoOKy miokcmmom xiopy. KpiM mporo, B 0araThbOX BHIAAKax Je3uHQEKIlis XJI0poM
CYTIPOBOIKY€ETHCSI 030HYBAaHHSM (BHACTIIOK THX K€ SIKICHHX Mpo0iIeM BUXiqHOI BOIH). O30H OKHUCIIOE BECH XJIOPHT
B XJIOpaT, TOMy i1 xyiopata HopMmaTtmB 0,25 MI/I TakoX € HepeampHHM. SIKmo wWwieHH €BpomapiaMeHTy
MiATBepKYI0Th HopMmatuB 0,25 Mr/m, ciayxOu BoOOIIOCTA4aHHS TMOBHHHI OymyTh 3MIHUTH OOpOOKY BOAM: IIe
3YMOBHTb BEJIMYE3HI IHBECTHIIII, HA SIKI HEOOX1IHI IECATHIIITTS, 1 [1e OJJHO3HAYHO O0YMOBHUTH ITiIBUILICHHS Tapu(]iB
Ha BOLY.

Tyt came MOLITBHO IMOTOBOPUTH CTOCOBHO IOIIIBHOCTI HACTUIBKH HAIMIPHO OPCTKOTO HOPMYBaHHS
XIJIOPHUTIB 1 XJIOpATIB.

Y poboti [14] mocmimkeHO BIUIMB TIOKCHAY XJIOpYy 1 HOTO MOXiAHUX (XJIOPHUTIB 1 XJIOpaTiB) B
exBiMorsipanx (0,02 MM) xormeHTpamisx 1,35; 1,35; 1,67 mr/n Ha opraHi3Mm jgabopaTopHuX TBapuH (OUIi HIypH-
cammi minii Bicrap) mpu TpmBamomy BXuBaHHI nHTHOI Bomu Brponomx 100 maiB. BcraHoBIeHO BiACYTHICTH
noctoBipHuX 3MiH (p > 0,05) mMOKa3HWKIB KPOBi, MEPEKUCHOTO TEMOJI3y EpPUTPOLUTIB, OalaHCy MEPEeKHCHOTO
OKHUCJICHHS JIIMiIiB/aHTHOKCHIAHTHOI CHCTeMH. BiICyTHICTD BipOTiAHOCTI JOCHTIHKEHUX ITapaMeTpiB y MOPiBHAHHI 3
KOHTPOJIEM Yy LIypAT-CaMIIB 3 IIEPIIOro OTOMCTBA CaMOK, II0 CITOXKUBAIH BOJIY 3 THM )K€ PAH)KYBaHHSIM MHTHOTO
PeXUMY, IO3BOJIIE 3pOOMTH TPUIYIIEHHS IIOJ0 BiACYTHOCTI €MOPIOTOKCHMYHOCTI 1 TEpPaTOr€HHOCTI JIOKCHIY
XJIOpY, XJIOPUTIB 1 XJIOpaTiB y BHBYEHHX KOHILEHTpamisx. [loka3aHo, IO IpH 3aJaHUX YMOBaX EKCIEPHMEHTY
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BHBYEHI CHOJYKH HE CIIPUYMHSIOTH Y NDIYHKOBO - KHIIKOBOMY TpPAaKTi Ta OpraHax pernpoayKIii IMaToJoTiYHuX
3MiH. Pa3oM 3 TWM, BCTaHOBJEHO 30UIBIIEHHS MIUIBHOCTI PO3MOJAUTY CHEPMATOTOHIIB y KaHAJBIAX SE€YOK Iif
BILTHBOM JIIOKCH]Ty XJIOPY (KOHCTATOBAHO JICSIKE MiBHUINCHHS TUTIAHOCTI Y TPYIi CaMIIB 1 CaMOK, IO CITOXKHUBAJH
BOJy i3 JIIOKCHJIOM XJIOPY, y TOPIBHSHHI 3 KOHTPOJBHOIO Ta IHIIMMH JOCIIIHUMHA TpylaMu) 1 JesKe 3pOCTaHHS
aktuBHOCTI NO-S y TKaHWHI Cele3iHKH y BCiX JIOCHIJHUX TpymHax, IO, BipPOTiAHO, TOSICHIOETBCSA ederToM
TOPME3HCY, a TAKOXK HAsSBHICTP Jiane/Ie3HNX BUXO/IIB EPUTPOIMTIB Y TKAHUHAX MTEYiHKH 1 KMIIEYHUKA i1 BIUIHBOM
xyiopatiB. OTpuUMaHi JaHi CBiYaTh MIOJA0 HEOOXITHOCTI MOJANBIIOrO BUBYCHHS IIMX ACIEKTIB BILUTUBY MiOKCHIY
XJIOPY, XJIOPHUTIB U XJIOPATiB Ha OPTraHi3M.

Crnin 3a3HauMTH, IO BHBYEHA KOHLEHTpAIlisl XJOPUTIB Malke y 2 pasd MEepeBHIIYE piBEHb,
pexomenoBanniit BOO3 n maiibke y 7 pa3iB — BITUM3HSIHUIA HOpMaTuB. Pa3oM i3 THM HEOOXiHO BpaxoBYyBaTH, IO
IIpY KOHILEHTPALI]l AIOKCHIY XJI0py 1,35 MI/I KiNBKICTh XJIOPHTIB, 110 YTBOPIOIOTHCA, Oy/Ie CKIIaaTH MaKCUMAJIEHO
70 % Bix BBeIEHOI'O BUXIHOTO peareHTy [6], TooTo 0,945 mr/m, mo pemo Huxue HopmatuBy EPA (1,0 mr/m) [15],
MIepeBHUIINye piBeHb, pekoMeHpoBaruii BOO3 (0,7 mr/m) [8] i 3HAYHO HUXKYE BCTAHOBJICHOTO OE3MEUHOTO piBHA 1,7
Mr/i [16]. BpaxoByrouu, 10 3aJIMITKOBA KOHIIEHTPAITS XJIOpaTiB He TepeBHIye 1 % BiJ BBEICHOTO TIOKCHTY XJIOPY
[17], mokHa cyauTh Tpo OE3MEYHICTh TIOKCHIY XJIOPY IIpH 3HE3apaKeHHI BOJAM B  KOHLIEHTpaLisX, SKi He
MepeBUIy0Th 1,35 Mr/m.

AmHaii3 BITUM3HSHOI HAyKOBOi JITEpaTypd Ta HOPMATHBHO-METOIMYHOI JOKYMEHTAlii CBIIYHTH IPO
HarajbHy mOTpeOy peanizallilo HaCTyIHHUX 3a/ad.

1. Y3aranbHeHHs! pe3yJbTaTiB AOCIIDKEHb BMICTY XJIOPHTIB y NMUTHIH BOJI 13 CHCTEM LIEHTPali30BaHOTO
rOCMOAAPCHKO-IIUTHOTO BOJIOTIOCTAYaHHsI, /I 3aCTOCOBYIOTh JIOKCH] XJIOPY.

2. Po3poOka, ampoOaitisi Ta BIPOBAaJDKEHHS B INPAKTUKYy pPOOOTY BOJOKAaHAIIB METOLY BH3HAYEHHS
XJIOpATIiB Y MUTHIN BOJI.

3. BusHaueHHs BMICTYy XJIOPUTIB 1 XJIOpATiB B TOTOBOMY TINOXJIOPUTI HATPIlO, SKHH MOCTaBISETHCS Y
BOJIOKaHAJIH, B 3aJICKHOCTI BiJI TEPMiHIB 1X 30epiraHHsl.

4. IIpoBeneHHs] MOHITOPHHTY BMICTY XJIOPUTIB 1 XJIOpATiB y MUTHIHM BO/II HAaCENEHHX ITyHKTIB, Jie B IPOIECi
BOJIOMIATOTOBKH 3aCTOCOBYIOTh TIOXJIOPUT HATPIIO.

5. BusHaueHHs BMICTY XJIOpATiB Y XJIOpOBaHii BOJIONPOBIIHIN BOAI Micis il 00poOKH 030HOM.

6. OOrpyHTyBaHHsI ONTHMAJBHUX PEXUMIB OOpPOOKM BOAM OKUCHIOBaYaMH JUIsl MiHiMi3alii BMmicTy
XJIOPUTIB Ta XJIOPATIB Y UTHIN BOJII i3 BOJOPO3NOALIBHOT MEPEXKi.

7. Po3po0OiieHHsT aNrOpUTMy MiHiMi3amii BMICTY XJIOpUTIB Ta XJIOpaTiB  SK MOOIYHHMX TPOAYKTIB
3HE3apaKEHHs BOJYM OKHCHIOBAYAMHU.

Bucnosok

JocnimkeHHs 3 po3po0IeHHs TEXHOIOTIYHHUX 3acajl MiHIMi3allii BMICTy XJIOPUTIB Ta XJIOPATIB K MOOIYHUX
IPOIYKTIB 3HE3apaKyBaHHS BOAM OKHCHIOBaYaMHM B YKpaiHi He NPOBOAMINMCH, IO CBIAYMTH IMPO HeabHsKy
AKTYaJIbHICTh Ta TOCTPY HEOOXIHICTh TaKOi HAYKOBO-AOCIITHULIEKOT pOOOTH.

Jlitreparypa

1. [IpoxonoB B. O. [lutHa Boga YkpaiHu: MeIHMKO-SKOJIOTIYHI Ta CaHITAPHO-TITIEHIYHI acTieKTH / 3a pe. A.
M. Cepmroka. Kuis : BCB «Memummna» 2016. 400 c.

2. Moxkuenko A.B., [Terpenko H.®., T'oxenko A.W. O6e33apakuBanue Bojabl. [ MTHEHHYECKUE U MEMKO-
skonorugeckue acrektsl. T. 1. Ximop u ero coemuaenus. Onecca. TOC, 2011. 484 c.

3. Mokuenko A.B., Ilerpeako H.®., ['oxenko A.W. O6e33apaxxinBaHue BOJBL. | HTHEHUYECKHE U MEHUKO-
skonorugeckue acrektsl. T. 2. [lnokeun xmnopa. Oxecca. TOC, 2012. 604 c.

4. Moxkuenko A.B., Ilerpeaxo H.®., T'oxenko A.M. Obe33apaxkuBaHue BOAbI. | HTHEHNYECKUE U MEIUKO-
skostorndeckue acrekTsl. T. 3. O300. Opecca. @enike. 2017. 322 c.

5. Mokuernko A.B. O6e33apaxuBanue BOAbl. | HMTHEHHUECKHE U MEAUKO - SKOJIIOTHYECKIE acleKThl. Tom 4.
VYibrpaduoneroBoe o0nyueHne u kKoMOuHIpoBaHHbIe MeTobl. Onecca. Denikce. 2020. 378 c.

6. Moxkuernko A.B. Jlnokcun xjaopa: IpUMEHEHHE B TEXHOJIOTHSIX BOJIOMIOATOTOBKH 2-€ U311, Tiepepad u Jo1.
Opecca : «Denikey, 2021. 336 c.

7. Ipo 3atBepmxenHHs [lepKaBHUX CaHITApHUX HOpPM Ta mpaBun "[irieHidyHi BUMOTH IO BOIU IUTHOLI,
MIPU3HAYCHOI TS CIIOKUBaHHS moauHoio" 2.2.4-171-10. Haka3 MinicTepcTBa 0XOpOHU 310pOB's YKpaiHnu Bix 12
tpaBHs 2010 poxy N 400. 3apeectpoBano B Minictepcti toctuiii Ykpaiau 1 nmunas 2010 p. 3a N 452/17747.
Pexxwum moctymy: https://zakon.rada.gov.ua/laws/show/z0452-10#Text

8. Guidelines for drinking water quality: fourth edition incorporating the first addendum. World Health
Organisation. Licence CC BY-NC-SA 3.0 IGO 2017. 631 p.

9. Directive (EU) 2020/2184 of the European parliament and of the council of 16 December 2020 on the
quality of water intended for human consumption (recast). Pexxum moctymy: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32020L2184&from=ES.

10. Siddiqui M. S. Chlorine-ozone interactions: Formation of chlorate M. S. Siddiqui // Water Research. —
1996. —V.30,N9. —P.2160 —2170.

11. Asami M. Bromate, chlorate, chlorite and perchlorate in sodium hypochlorite solution used in water
supply / M. Asami, K. Kosaka, S. Kunikane // Journal of Water Supply: Research and Technology—AQUA. — 20009.

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 9



Technical sciences ISSN 2307-5732

—-V.58,N2.-P.107-115

12. WHO Chlorite and chlorate in drinking-water. Background document for preparation of WHO
Guidelines for drinking-water quality. Geneva, World Health Organization (WHO/SDE/WSH/03.04/86) . —2003.

13. EurEau (European federation of national associations of water services). 2018. Pexum moctymy:
https://www.eureau.org/resources/position-papers/3012-drinking-water-directive-plenary-vote-eureau-explanatory-
memorandum-1/file

14. Mokuenko A. B. DKOJOTro-TUTHCHHYCCKHE OCHOBBI 0O€30IMAaCHOCTH BOJIBI, o0e33apakeHHON
quokeuaoM xsopa. Juc. ... n. Mea. H.: 14.02.01 TI'Y«MHCTUTYT TUrHeHsl U MEIULMHCKOH 3koimorun uM. A.H.
MapseeBa AMH Vkpaunen. K.. 2009. 348 c.

15. ®omun I'.C., ®omuna O.H. IlutheBas u MuHepanbHast Boma. TpeOOBaHMS MUPOBBIX M €BPONEHCKUX
CTaHJIAPTOB K KauecTBY u Oe3omacHocTH. Mocksa:“TIpotektop”. 2010. 320 c.

16. Subchronic toxicity of sodium chlorite in the rat. R.M. Harrington et al. Jour. Amer. Coll. Toxicol.
1995. V14,N 1. P. 21 - 28.

17. Aieta E.M., Roberts P.V., Hernandez M. Determination of Chlorine Dioxide, Chlorine, Chlorite and
Chlorate in Water. JAWWA. 1984. V.76, No 7. P. 64 — 74.

References

1. Prokopov V. O. Pitna voda Ukraini: mediko-ekologichni ta sanitarno-gigienichni aspekti / za red. A. M. Serdjuka. Kiiv : VSV
«Medicina» 2016. 400 s.

2. Mokienko A.V., Petrenko N.F., Gozhenko A.I. Obezzarazhivanie vody. Gigienicheskie i mediko-jekologicheskie aspekty. T. 1.
Hlor i ego soedinenija. Odessa. TJeS, 2011. 484 s.

3. Mokienko A.V., Petrenko N.F., Gozhenko A.I. Obezzarazhivanie vody. Gigienicheskie i mediko-jekologicheskie aspekty. T. 2.
Dioksid hlora. Odessa. TJeS, 2012. 604 s.

4. Mokienko A.V., Petrenko N.F., Gozhenko A.l. Obezzarazhivanie vody. Gigienicheskie i mediko-jekologicheskie aspekty. T. 3.
Ozon. Odessa. Feniks. 2017. 322 s.

5. Mokienko A.V. Obezzarazhivanie vody. Gigienicheskie i mediko - jekologicheskie aspekty. Tom 4. Ul'trafioletovoe obluchenie i
kombinirovannye metody. Odessa. Feniks. 2020. 378 s.

6. Mokienko A.V. Dioksid hlora: primenenie v tehnologijah vodopodgotovki 2-¢ izd. pererab i dop. Odessa : «Feniks», 2021. 336 s.

7.7. Pro zatverdzhennja Derzhavnih sanitarnih norm ta pravil "Gigienichni vimogi do vodi pitnoi, priznachenoi dlja spozhivannja
ljudinoju" 2.2.4-171-10. Nakaz Ministerstva ohoroni zdorov'ja Ukraini vid 12 travnja 2010 roku N 400. Zareestrovano v Ministerstvi justicii
Ukraini 1 lipnja 2010 r. za N 452/17747. Rezhim dostupu: https://zakon.rada.gov.ua/laws/show/z0452-10#Text

8. Guidelines for drinking water quality: fourth edition incorporating the first addendum. World Health Organisation. Licence CC BY -
NC-SA 3.0 IGO 2017. 631 p.

9. Directive (EU) 2020/2184 of the European parliament and of the council of 16 December 2020 on the quality of water intended for
human consumption (recast). Rezhim dostupu: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32020L2184 & from=ES.

10. Siddiqui M. S. Chlorine-ozone interactions: Formation of chlorate M. S. Siddiqui / Water Research. —1996. — V.30, N 9. —P.
2160 —2170.

11. Asami M. Bromate, chlorate, chlorite and perchlorate in sodium hypochlorite solution used in water supply / M. Asami, K.
Kosaka, S. Kunikane // Journal of Water Supply: Research and Technology—AQUA. —2009. - V.58, N2.—P. 107 —-115

12. WHO Chlorite and chlorate in drinking-water. Background document for preparation of WHO Guidelines for drinking-water
quality. Geneva, World Health Organization (WHO/SDE/WSH/03.04/86) . —2003.

13. EurEau  (European  federation of national associations of water services). 2018. Rezhim  dostupu:
https://www.eureau.org/resources/position-papers/3012-drinking-water-directive-plenary-vote-eureau-explanatory-memorandum-1/file

14. Mokienko A. V. Jekologo-gigienicheskie osnovy bezopasnosti vody, obezzarazhennoj dioksidom hlora. Dis. ... d. med. n.:
14.02.01 GU«Institut gigieny i medicinskoj jekologii im. A.N. Marzeeva AMN Ukrainy». K.. 2009. 348 s.

15. Fomin G.S., Fomina O.N. Pit'evaja i mineral'naja voda. Trebovanija mirovyh i evropejskih standartov k kachestvu i bezopasnosti.
Moskva:“Protektor”. 2010. 320 s.

16. Subchronic toxicity of sodium chlorite in the rat. R.M. Harrington et al. Jour. Amer. Coll. Toxicol. 1995.V 14, N 1. P. 21 —28.

17. Aieta E.M., Roberts P.V., Hernandez M. Determination of Chlorine Dioxide, Chlorine, Chlorite and Chlorate in Water. JAWWA.
1984. V.76, Ne 7. P. 64 — 74.

10 Herald of Khmelnytskyi national university, Issue 4, 2021 (299)



TexHiuHi Hayku ISSN 2307-5732

KOMIT'IOTEPHI HAYKH, IH®OOPMAIIIMHI TEXHOJIOII,
CHUCTEMHUM AHAJI3 TA KIBEPBE3IIEKA

DOI 10.31891/2307-5732-2021-299-4-11-17
YK 004.5.02
NAZAR MYKOLAYOVYCH TROSTYNSKYI

Khmelnytskyi National University
ORCID ID: 0000-0002-2271-7526
e-mail: trost1999@ukr.net

OLEKSANDR ANATOLIIOVYCH PASICHNYK
Khmelnytskyi National University

ORCID ID: 0000-0002-8760-4688

e-mail: o.a.pasichnyk@gmail.com

TETIANA KAZYMYRIVNA SKRYPNYK
Khmelnytskyi National University

ORCID ID: 0000-0002-8531-5348

e-mail: marine_1996@ukr.net

EDUARD ANDRIIOVYCH MANZIUK

Khmelnytskyi National University
ORCID ID: 0000-0002-7310-2126
e-mail: eduard.em.km@gmail.com

INFORMATION TECHNOLOGY OF MAKING CONTROLLED CRITICALLY SAFE
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The developed software product performs the following functions: work with cloud storage, work with camera,
work with stage, work with model measurement, work with models and work with point clouds. The application of such a
system is designed to automate and improve the end user's work with point clouds, namely their storage in the Autodesk
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H.M. TPOCTUHCBHKHM, O.A. TACIYHUK, T.K. CKPUITHUK, E.A. MAH3IOK

XMenpHUIbKUI HalliOHAIBHUH YHIBEpCUTET

THO®OPMAIIMHA TEXHOJIOT'ISI OITUMIBAIIN KOHTPOJIBOBAHUX JIIOAAHOIO KPUTUYHO-
BE3IEKOBHUX PIIIEHD ITPA NEPETJIAAI XMAP TOUYOK “WEB POINT CLOUD VIEWER”

Pospo6aenuii npozpamHuill npodykm 6UKOHYe maki yHKYii: poboma 3 XMapHUM cxosuwjeM, poboma 3 kKamepor, poéoma 3i
cyeHolw, poboma 3 euMipo8aHHAM Modesell, poboma 3 modeAsiMU ma poboma 3 XMApamu Mmo4oK. 3acmocyeaHHss makoi cucmemu
npusHayeHe 015 asmomamu3ayii ma nokpawjeHHs: pobomu KiHyego20 KOpucmyeaia 3 XxMapamu mo4ok, a came ix 36epicaHHs y XMapHOMy
cxosuwi, eidobpaxceHHi ma mawinyaeanHi Autodesk. Bzaemodis 3 makol cucmemoio He 8UMA2AE BUCOKUX CUCMEMHUX 8uMoz2 00
anapamHoz0 ma npozpamHozo 3abesneyeHHs. 3 OMPUMAHUX pe3yAbmamie MOXHA 3po6UMU KOHCMPYKMUBHUU BUCHOB0K, WO
PyHKYiOHANbHUL HaNPSAMOK CKAAOHOT aszopummivHoi Modesi nogHicmio gidnosidae 8umozam 3a80aHHs.

Katouosi caoea: moukogi xmapu, cucmemu gisyaaisayii, nazepuutl ckavep, pomoepammempis, 3D cucmemu koopduHam,
Autodesk, Autodesk ReCap.

FORMULATION OF THE PROBLEM

The cloud of points obtained as a result of laser scanning is the primary result that requires high-quality
processing. Further work consists in solving two main and sometimes mutually exclusive problems - increasing the
accuracy of surface reproduction, which is solved by increasing the points in the cloud, and providing the necessary
speed, with a diametrically opposite solution.

The development and implementation of appropriate efficient information technologies using appropriate
modern development tools allow the implementation of systems that simultaneously provide high scanning accuracy
combined with acceptable speed, allow you to operate large clouds of points with acceptable lead times.

ANALYSIS OF RECENT RESEARCH

Currently, there are quite a few desktop applications for working with point clouds, first of all, it's
Autodesk ReCap (Figure 1). This application allows you to create 3D models from photos or laser scanning with
excellent accuracy and efficiency, as well as accurately create 3D clouds or grids for further design in Autodesk
tools [2], such as Revit, Civil 3D, AutoCAD, Navisworks and more. Recap provides an opportunity before indexing
the project and its completion in a single cloud of points, to apply various settings using a set of filters.
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Figure 1. Autodesk ReCap

ReCap determines how to exclude aggressively rejected points from an imported scan file, that is, points
that do not belong directly to the object. The ReCap toolkit allows you to measure, mark point clouds and share
them with collaborators.

In addition, because points are generated by your own Autodesk product, points can be imported into all
other Autodesk products. You can use the ReCap dot file to clean up a scan of an existing building and then import
it into Revit to start the exact 3D BIM design [3]. You can also import a cleaned ReCap cloud in Civil 3D [4].

The main disadvantage of ReCap is its desktop and paid implementation.

The current global trend in the development of modern information technology is their Internet orientation,
which consists in the implementation of software in the form of web applications with obvious conveniences and
benefits.

The Potree web application [4] is a free open source cloud point rendering created at the Institute of
Computer Graphics and Algorithms, TU Wien [6] (Figure 2).

This technology is easily integrated into the mechanical engineering and manufacturing industries. It is
possible to capture the reality of any existing part, such as a pipe flange, to which you want to connect, but has no
design parameters. With this technology, you can impose a new part according to the size, placement of holes in the
bolts with tolerances.

® v

Aboul

Poiree is a free open-source WebGL based paint cloud rendarer for large point clouds, developed at the institile of Computer
Giraphics and Algorithma, TU Wian

Examples Third Party
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Figure 2. Potree
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This web application provides opportunities directly for point cloud rendering, as well as additional
features for measuring geometric parameters.

The main advantage of this web application is its open source.

Another example of specialized sites for viewing point clouds is the site Online LIDAR point cloud viewer
[7] (Figure 3). This site also provides the ability to render a cloud of points with a set of additional features.

The main disadvantage of this site is the support of only two data formats LAS 1.2 [8] and XYZ [9].

Online LIDAR point cloud viewer

wmhih weris drmntlp w e brosesar s e iransiorrieg aep des 1o e Daerses

Figure 3. Online Lidar point cloud viewer

The analysis of literature sources shows a significant and growing need for means of identification of
remote users. This is due to the rapid development and widespread introduction of information technology in
various spheres of human life. The process of informatization and digitalization of society creates opportunities for
raising the standard of living of people to a qualitatively new level, and creates a whole range of challenges and
threats associated with various types of misuse of data. A prerequisite for abuses in the information sphere is the
acquisition of unauthorized access by attackers, which determines the issue of identification of remote users as a
priority.

In modern systems, various access control systems are implemented from hardware, hardware-software,
software-hardware to purely software that implement various technical solutions and software algorithms.

In the case of information systems and information technologies, the basic tools of these issues are the use
of appropriate algorithms for identifying remote users. These algorithms should provide reliable protection against
malicious intrusion, and on the other - to provide comfortable access to appropriate users. One of the most effective
are technologies that implement the concept of "zero knowledge". However, the application of this technology
requires a solution to the question of the level of computing power.

The purpose of the research: as a result of the analysis of existing approaches the following tasks of
research which purpose is realization of the viewer of clouds of points "Web Point Cloud Viewer" with a sufficient
level of accuracy and speed of computing ability and availability are formulated:

1. To analyze the existing methods, technologies and solutions of methods of information system of
visualization of objects as clouds of points;

2. Improving existing methods of visualization of objects as a cloud of points in the direction of improving
accuracy and speed;

3. To develop information system for visualization of objects as a cloud of user identification points using
the obtained models and methods;

4. Perform an experimental test of the information system for visualization of objects as a cloud of points.

PRESENTATION OF THE MAIN MATERIAL

In modern production, the wide expansion contains models that are stored in the form of a cloud point. A
point cloud is a set of data about points in a real coordinate system [10].

In a three-dimensional coordinate system, points define the coordinates X, Y, and Z, and are most often
defined to represent the outer zone of an object.

The point cloud can be created by a 3D scanner [11]. Such devices form a large number of points in the
objects with the subsequent presentation of information about the cloud of points in the data files.

Capturing individual unrelated points is the key to using a cloud point. Recovered point clouds are easy to
edit, display and filter. The computer should not worry about the scale or ask for points, limit the position and
capabilities, color. This makes them a convenient way to store large amounts of detailed data.

Although point clouds can be used for rendering and validation, they do not need to be supplemented for

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 13



Technical sciences ISSN 2307-5732

use in the context of 3D applications. Therefore, they are usually retold in models with a polygonal or triangular
grid, in the NURBS model or CAD model through the process of so-called system reconstruction. It is not
uncommon for a scan of a single area, such as a city block or airfield, to contain billions of data points.

There are many methods of converting a cloud of points into a 3D surface. In particular, in [12] a
comparative table with 35 methods of converting information from a cloud of points is given. Some approximations,
such as the Delaunay triangulation, the Alpha form, and the rotary crop method, will construct a triangular or
polygonal grid for already existing vertices of the point cloud, while other approximations will construct long-range
volumetric tables or reconstruct uncertain confidentiality using a cropping algorithm.

One of the industries where point clouds are used is industrial metrology and quality control using
industrial computed tomography. The cloud of points obtained as a result of three-dimensional scanning of the
finished industrial production is compared with the corresponding CAD-model of this production or other
(reference) chromatography, which provides a difference between the projects and the actual parameters. These
differences can be reflected in the form of color maps, in those places and areas that deviate between the actual
surface and the formal model can be automatically highlighted by certain indicators. Geometric dimensions and
additional dimensions can also be used using a point cloud.

Dot clouds can be used to represent and visualize volumetric data, for example, in the field of medical
imaging. Due to the use of cloud points in such tasks, data animation and stimulation are achieved.

In geographic information systems, point clouds are one of the sources used to create a digital terrain
model. Point clouds are also used to create digital models of urban areas.

To design the structure of the web application "Web Point Cloud Viewer" provides analysis and automation
of information flow processing. Specialized software is developed for users of the system; its functionality must
meet all the necessary conditions for processing account data. Business processes in the work of the user of the
system can be divided into the following groups:

1. Business process "Using cloud storage" (Figure 4):

- creating a new user;

- user login;

- user logout;

- creation of new folders;

- loading point clouds into the storage;

- loading point clouds from storage.

Figure 4. Business process for working with cloud storage

2. Business process "Working with the camera" (Figure 5):
- change of the camera inspection sector;

- change the type of camera;

- change the position of the camera;

- return the camera to its original position.
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Figure S. Business process for working with the camera

3. Business process "Working with the scene" (Figure 6):
- showing the model from different angles;

- taking a picture of the scene;

- change the color background of the scene;

- support for the list of keyboard shortcuts;

- display of the global coordinate system of the model.

Figure 6. Business process for working with the scene

N

. Business process "Working with the model" (Figure 7):
modification of the size of points;
color change of model points;
return to the original color.

Figure 7. Business process for working with the model

5. Business process "Working with model measurement" (Figure 8):
- measuring the position of the point;

- measuring the distance between two points;

- measuring the distance between many points;

- measuring the angle between points;

- area measurement.
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Figure 8. Business process for working with model measurement

6. Business process "Working with point clouds" (Figure 9):
- file extension recognition;

- processing and reading binary files;

- processing and reading files in ASCII format;

- model preview.

Figure 9. Business process for working with point clouds

Business process for user work with cloud storage. This business process provides the user with the ability
to create an account, log in to an account, log out of a personal account, upload point clouds to the repository, and
upload point clouds to a local computer.

Business process for working with the camera. This business process provides the user of the IP with the
ability to change the viewing sector of the camera, change the position of the camera, change the type of camera
(perspective orthogonal) and return the camera to its original position.

Business process for the user's work with the scene. This business process allows the user of the IP to
change the side from which the model is displayed, take and load a scene image, change the background color of the
scene, dynamically show the direction of the model using a global coordinate system. In addition, this business
process provides the ability to support the execution of commands using hotkeys, as well as displays a list of them.

Business process for user work with the model. This business process allows the user of the IP to modify
the colors and sizes of the model points and return the sizes and colors of the points to the default state.

Business process for user work with model measurement. This business process allows the user of the IP to
determine the position of the point, measure the distance and angle between the points, as well as measure the area.

Business process for user work with point clouds. This business process provides the user of the IP the
ability to process and retrieve data from binary files as well as files in ASCII format. This business process also
determines the file extension and allows you to view a preview of the model.

In order for a web application user to be able to work with personal account data, he must perform the
required set of operations for authorization.

To start working with the connected cloud storage, the user must log in to the personal account of
Autodesk. If an error message was received while trying to log in to your account, it means that the IP user entered
incorrect data. If the login and password were entered correctly, the software application will have to grant
permission to access user data from Autodesk servers.

On its account page, the user deals with the following functionality: working with the cloud storage
(creating a new user, user login, user login, creating new folders, loading point clouds into the repository, loading
point clouds from the repository), working with the camera, change camera view, change camera position, return
camera to starting position), work with scene (show model from different sides, create scene snapshot, change scene
background color, display global model coordinate system, work with hot keys), work with model (modification of
point size, coloring of model points, return of original color), work with model measurement (measuring point

16 Herald of Khmelnytskyi national university, Issue 4, 2021 (299)



TexHiuHi Hayku ISSN 2307-5732

position, measuring distance between two points, measuring distance between many points, measuring angle
between points, measuring area) and working directly with point cloud (file extension recognition, processing and
reading binaries and files in for mother ASCII, model preview).

Thus, after analyzing the processing of information flows, for the web application "Web Point Cloud
Viewer" was defined a complete list of business processes that are subject to automation algorithms. With an
organized functional diagram of the end user and object-oriented feature groups, you can develop an information
system structure that will be designed to view, manipulate, and modify point clouds, as well as to store documents
from an Autodesk account.

CONCLUSION

The developed software product performs the following functions: work with cloud storage, work with
camera, work with stage, work with model measurement, work with models and work with point clouds.

The application of such a system is designed to automate and improve the end user's work with point
clouds, namely their storage in the Autodesk cloud storage, display and manipulation. Interaction with such a system
does not require high system requirements of hardware and software.

From the obtained results it is possible to draw a constructive conclusion that the functional direction of the
complex algorithmic model fully meets the requirements of the task.
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BIIJIUB KOJIBOPY TJIA 30BPA’KEHHS-TECTY HA YHAC
BUSABJIEHHSA JIIOAUHOIO-OITEPATOPOM OB’€EKTA, JTOKAJI30BAHOI'O
HA HBOMY, B CUCTEMAX KOMII'KOTEPHOI'O TPEHIHI'Y

B po6omi npedcmaesieHi pe3ysbmamu eKcnepuMeHma/nabHo20 00CAIONCEHHS 8N/AU8Y HA YAC pPO3NIZHABAHHS
06’ekma ygazu 3a0aH020 K0/1bopy, 8i0 KOAbOpy m/a, Ha KoMy yell 06’ekm gunadkosum YuHoM sokasizoeanutl. [lo yeazu
6yau 83ssmi maki pakmopu: opienmayis maa, cekmop aokanizayii 06’ekma, niowa diAsiHKU 3 06’ekmom, Koaip Yiei dinsiHku
ma ckaadHicms camozo po3nizHasaHHs. AHaAi3 pe3ybmamie nokasas, wo He dUBASIHUCL HA 8IOMiIHHOCMI Y ncuxo@izuvHux
iHdugidyabHUX XapaKkmepucmuKax, icHye 8naus Ko/160py m/d Ha 4ac po3ni3HA8aHHs 06’ekma ysazu.

Kamwouosi cnosa: cniggioHOwEeHHS K0/1bOpi8 06°'€km-ms10, KomMn'lomepHUll mpeHasxcep, 3006paxceHHs-mecm, 4ac
pO3ni3HasaHHs1, diazpama po3maxy.
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Lviv Polytechnic National University

INFLUENCE OF COLOR OF THE IMAGE-TEST BACKGROUND ON THE TIME OF DETECTION BY THE
HUMAN-OPERATOR OF THE OBJECT LOCATED ON IT, IN COMPUTER TRAINING SYSTEMS

The paper presents the results of an experimental study regarding the influence on the recognition time of an object of a given
color, from the background color on which this object is randomly localized. The following factors were taken into account: background
orientation, object localization sector, area of the site with the object, color of this area, and the complexity of the recognition itself. Eight
young students agreed to take part in the experiment. The working hypothesis was whether the recognition time depends on the color of the
background area on which the object of attention is located. The object of attention was a light gray image of the plane. The research results
are presented in the tables of values of expert estimates of factors and diagrams of the scope - box plot diagrams. The homogeneity of the
psychophysical characteristics of the recipients is represented by the result of cluster analysis using as signs of indicators of individual time
series, multiple regression equations. The organization of the experiment was to provide the recipient on the monitor of a computer
simulator sequence of test images with the appropriate characteristics. The analysis of the results showed that despite the differences in
individual psychophysical characteristics, background-color influences the time of recognition of the object of attention. In general, the study
showed that, despite some simplicity and primitiveness of the test image, we could confidently accept the assumption of the influence of
background color on the time of search and detection of objects of attention. As the sets of scale diagrams show, each recipient perceives the
color differently, and in this case, for some background colors, the difference between the recipients is quite small.

Keywords: Color ratio object-background, computer simulator, image-test, recognition time, scope diagram.

[ocTranoBKka mpodaeMu

OpmHEM 13 BHUIB ONEPATOPCHKOI MiSUTBHOCTI € TOIIYK i BUSBJICHHS Ha 300paKeHHi, MPUBEICHOMY Ha
MOHITOpi, 00’€KTiB 3afaHoro kiacy. Hampuxian, momyk nedekTiB B MaTepialli, IOMHJIOK B TeKCTaxX, 00’ €KTIB
iHTepecy Ha aepOKOCMIYHMX 3HIMKax Tomno. Came Ha oAiOHI 0 OCTaHHIX 300pakeHb € Opi€EHTOBaHA JaHa POOOTa B
CEHCl MATOTOBKM OMEepaTOPCHKOTO IMEPCOHATYy 3 IOMOMOTOI KOMIIFOTEPHHX TpeHaxkepiB. B sikocTi TecToBOTO
MaTepiany TyT BHKOPHCTaHO CIICLIaNbHO po3poOieHuit Habip 300pa)keHb, SKi (HaKTHYHO € MOAEISIMUA PeaTbHHUX
CHUTYyAIIil, TPOTe I1i 300pa)KEHHS MaIOTh METPOJIOTIYHI TTapaMeTPH: KOJIp, OPiEHTAIII0, PO3MipH CEKTOPIB Ta AUISTHOK
JoKaizarii 00’ ekTiB momykKy. Takuii HaOip MOJA€THCS PEUIIEHTY Y BUTIISAL MOCITIJOBHOCTI 300paKeHb-TECTIB Ha
MOHITOpPiI KOMII'FOTEPHOTO TpeHakepa 1 SK pe3ynbTaT Woro (Habopy) € IOCIiIOBHICTH 3HAYEHb BTPAuCHOTO Ha
TIOIIYK 33aaHOTO 00’ €KTa. IS KOKHOTO HAJJAaHOTO Yac BHUSIBICHHS BUMIPIOETHCS 3 MOMEHTY ITOSIBH 300pa’KeHHSI Ha
MOHITOpi 10 MOMEHTY CHTHAITy IIPO WOTO BUSBICHHS. He BHsBIICHHS 00’€kTa O3Ha4ae, IO Yac HOTo IMOMIYKYy Ha
JAHOMY 300pa’keHHi-TeCTi piBHUI Yacy eKCIO3MIIii FOTO 300paxkeHHs. B mocmimkeHHI 00’€KT yBaru OyB OIUH i
TOM caMHid — JIiTaK CBITJIO-CIpOTO KONBOPY, 8 KOJMBOPH AUISTHOK TJIA YTBOPIOBAM MAJITPY: TEMHO-Cipuii, TEMHO-
CHHIH, CBITJIO-CHHIH, ONAaKUTHHIH, TEMHO-3€JICHHUH, CBITIIO-3€JICHUH, KOBTHI. B 3arampHOMYy, 0azoBe 300paskeHHS
MIPEJCTAaBISUIO KOJMBOPOBE CTHJII30BaHE 300paK€HHS TIMOTETHYHOTO (parMeHTy 3 BHIIQJAKOBHMH 3a (HOPMOIO
BOJIHIMH ITOBEPXHIMHU Ta cyxozosioM. O0’€KT MOIIyKy HAa KOKHOMY 300pakeHHI OyB JIOKai30BaHHWH BHUIIAJKOBUM
YMHOM Ha PI3HUX 3a KOJBOPOM 1 po3Mipamu IinsHKA. Po3rairyBaHHS 00’€KTa Ha PIi3HMX JUISTHKaX CTBOPIOBATIO
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TIEBHY CKJIa/IHICTh HOTO BUSIBIICHHS, TOMY POOOYOIO TiITOTE3010 B JAHOMY JOCIIKEHHI € H): «KOJip TiIa BIUIMBAE HA
Yac BHUSBIEHHS 00’€kTay. OTKe, BUABIICHHS BIUIMBY Ha ONEPATUBHICTH JIIOAMHH-OTIEpaTOpa MapHu «KOJip 00’ekra —
KOJIp Thay», Ha SKOMY Lieil 00’€KT JOKali30BaHHH Ma€e BaKIWBE 3HAYCHHS Ul MOOYIOBU BiIITOBITHUX peabHUM
poboYMM cUTYyalisiM TeCTYBAIBHHX 3aco0iB, a B JaHOMY BUNAJIKy cnenmgiuHux 300pakeHb-TecTiB. Tomy maHe
HAYKOBO-TIPUKJIaJIHE JOCIIKEHHS € OPIEHTOBAaHE HA JJIS MiABUIIEHHS e(heKTUBHOCTI pO3p0oOKH 300paskeHb-TECTIB B
cucremax mnpodeciiHoro BinOopy, HaBYaHHS Ta arecTalii ONEepaTOPCHKOTO IIEPCOHANY 3 BHKOPHUCTAHHSIM
KOMIT IOTEPHUX TPEHAXKEPIB.

MeTo010 JaHOTO JIOCIHI/PKEHHSI € BUSIBJIICHHS BIUIMBY KOHKPETHOTO KOJILOPY TJIa Ha 4Yac MOMIYKy o0’eKra
YBaru 3aJ[aHoTro KJacy, sIKHH JIOKaTi30BaHHUA Ha IIbOMY TJIi.

Orasp nireparypu

B [1] moBa iine nmpo moOyAoBy rapMOHIMHUX KOJIPHHUX CIIOJNy4eHb, BUKOPHCTaHHS KOJIPHHUX MOJEJEH,
HAJAIITYBaHHS CUCTEMH KEPYBaHHS KOJBOPOM, 3aCTOCYBaHHS KOJIPHUX MPoQiiB, BAKOHAHHS KOJILOPOKOPEKIii Ta
KOJIbOPONOAUTy TOIIo. HaBeJeHO MpHKIamM, CHOpsSMOBAaHI Ha MiABHINCHHS €()EKTUBHOCTI TpoIecy 3AiHCHEHHS
KOMIT'IOTEPHOTO Ta APYKapChKOTO KOJNBOPOBIATBOPEHHS. Y [2] BKa3zyeThcs Ha Te, IO XOdYa OUIBIIICTE HAYKOBHX
3aCTOCYBaHb aHANI3YIOTh 1 TOSCHIOIOTH JlaHI, BUKOPHCTOBYIOUHM CEpelHE 3HA4YeHHS, B TOH yac sk Boxplots
BiJloOpaskae iH(OpMaIlito HABKOJIO CEPEIMHHOTO 3HAYEHHS — MEJIliaHH.

CTOCOBHO JIOCITI/PKEHHSI BIUIUBY KOJIBOPY Ha PO3Mi3HABAHHS 00’€KTIB JIOKATI30BaHUX HA TCKCTYPOBAHOMY
T PI3HOTO KOJNBOPY 3arajibHy KapTHHY 30pPOBOTO CHPHHUHATTS Hajae aiarHocTyHWil Tect lmmxapu [3]. Y
MoHorpadii [4] BHCBITIIIOIOTBCS Pi3HI AaCHEKTH B3a€EMO3BSI3KY KOJBOPY 1 MCUXIKM JroguHU. Onucyerhbes
ncuxoizioNoriyHMi 1 ICUXOJIOTIYHUH BIUIMB KOJILOPY Ha JIFOMUHY. AHANII3YIOThCS (DAaKTOPH i MEXaHi3MHU KOJIPHUX
niepeBar. OOrOBOPIOIOTHCS AKTYyalIbHI MUTAHHS KOJIPHOI MCHXO/IarHOCTHUKH. Y po0oTi [5] 3anponoHOBaHO MOJaTH
KOPOTKWH ONHC OTPUMAaHHUX JAaHWX Y BUTJISIL JiarpaMd po3Maxy, Ha3BaHOIO B OPHUTIHATI «SIMK 3 BycaMu». Y
po0oTi [6] MOCHIIKY€EThCST BILUIMB BUOOPY KOJILOPY Tja Ha BUSBICHHS Ta PO3PI3HEHHS KOJBOPOBUX OO’ €KTIB 3a
pizHux ymoB. [IpoBezeHe BHMIpIOEMO TPHIATHOCTI KOJBOPY Tia 3 JBOX PI3HUX TOUOK 30pYy: BHSBJICHHS Ta
PO3pI3HEHHS PI3HUX KOJIPHUX TPyl 00’ €KTiB. 3aBISKH €KCIIEPUMEHTANBHIH OLHII BUSBIEHO, 1[0 HEMAE ETUHOTO
ONTUMAJBHOTO KOJIBOPY TJIa, MPUIATHOTO JUIsl BCIX TPyl KoybopiB. B [7] omucanuii eKCriepuMEHT, METOIO SIKOTO
OyJI0O BUBYUTH BILTMB IOEJHAHHS TEKCTY BEO-CTOPIHKH 1 KOJNILOPY (OHY HA YMTAOENBHICTH, 30epEIKEHHs, ECTETUKY
Ta MOBEIIHKOBI HaMipu. SIK MoKa3aiuu pe3ysbTaTH JOCHiPKEHHS: KOJIbOPH 3 OLTBIINM KOe(illieHTOM KOHTPACTHOCTI,
SK MPaBUIIO, MIPU3BOAATH JI0 OUIBIIOI YNTAOENbHOCTI; TTOEJHAHHS KOJILOPIB HE CYTTEBO BILIMHYJIO HA 30€pE)KEeHHS
00pa3y; Oa)kaHUMH KOJIbOpaMH (CHHI Ta XpOMaTH4H1) MPU3BEIH JI0 BUILKX OI[IHOK €CTETHYHOI SKOCTI.

CucreMaTH4HHUN OIJISL HAYKOBOT JIITEPaTypy NPO BILIUB KOJIbOPY Ha PO3Mi3HABaHHS 00’ €KTIB IPUBEJICHO B
[8]. ABTOpHM HBOrO AOCHI/KEHHSI BHSBWIIM, IO KOJIp BaXIJIMBHHA Ui 3[aTHOCTI po3Mi3HaBaTH apTedakTd Ta
npuposHi 00’€KTH, pPO3IMi3HABATH 00 €KTH, MPEICTaBICHI y BUDIAI THMIB (JiHIi-MaTIOHKK) ab0 SIK JKETOHU
(poTorpacii) Ta posmizHaBaTH 00’€KTH, IpeACTaBieHI Oe3 eranell MOBEpPXHI, TAKUX SIK TEKCTypa YW TiHb. Y
CYKYIIHOCTI pe3yJIbTaTd MeTa-aHalidy MiATBEPPKYIOTh Te, L0 KOJIp Bifirpac BaXJIMBY pOJb Y pO3IMi3HaBaHHI
00’€eKTIB, a LIe 03HAYAE, IO POJIb KOJILOPY CJIiJI BpaXOBYBAaTH y MOJIENISIX PO3ITI3HABAHHSI Bi3yallbHUX 00’€KTiB. B [9]
JOKJIaJTHO PO3TJISTHYTO METOI OOUUCIICHHS 0araTOBUMIpHOT CepeHbOI.

BuxJjan marepiauay

3aneXHiCTh Yacy pO3Mi3HaBaHHS 00’€KTIB OJHOIO KOJILOPY HA TJi AUISHOK IHIIMX KOJBOPIB CYTTEBO
3aJIeKHUTh Bifl MOEAHAHHS IIUX KOJBOPIB B CEHCI IHIMBIAyaIbHUX MCUXO(I3UYHUX BIACTUBOCTEH. J{JIs1 BUSIBICHHS
3aJIe)KHOCTI Yacy 3HAIICHHS KOHKPETHOro 00’€KTa yBarW Ha TOMY YM IHIIOMY KOJBOPOBOMY TJIi 3aIlpOIIOHOBaHA
METO/IMKa po3po0KH HAOOPy CIieliani30BaHNX 300paKeHb-TECTIB. B SKOCTI 300pa)KeHHS] TAKOTO TJa BUKOPHCTAHO
CTHJTII30BaHEe 300pa)keHHsI BOJIOJUTY 1 CyXOIOJdy Jesikoi rimoteTudHoi micueBocTi. O0’€KTOM yBaru B JAHOMY
JIOCITIJDKEHHI € CBITJIO-Cipe 300pa)KeHHs JITAIBHOTO armapary, 3a SKHMM BEIeThCS CIOCTEPEKEHHs 3a JIOTIOMOTO0
CyIMyTHHUKA, PO3MIIIEHOTO HaJl TEPUTOPIEI0 AaHOT MICIIEBOCTI.

Ilobyoosa 6a306020 300pasrcenns

300paKeHHSIM TJIa € CTHIII30BaHUM 300pa)KEHHSIM [IIISHKHM TiOTETUYHOTO BOAOPO31iTy. BukopucTaHHs
MPSMOKYTHHUX Pi3HOKOJIBOPOBUX €JIEMEHTIB J1a€ MOMIIMBICTE OTPHUMATH OIHOPiAHI 32 KONBOPOM IUISTHKA
JoKani3arii 00’ e€kTa yBard Sk Iie MOKa3aHo Ha puc. 1.

ANTOpUTM  CTBOpPEHHS 300pakeHHS Tia MOXKHA
mogatd B Takuii  cmocid.  CTpykTypa  300pa)keHHs
BOJIOPO3MiTy BUKOHAHA MUIIXOM BHOOPY KOOPIMHAT IIEHTPIB
PO3BUTKY TEKCTYpH YTBOPIOBAHOI BUIIAJKOBOIO JIOKAi3aIli€l0
TBIpHHX €JIEMEHTIB — BUTIAIKOBUX 32 ()OPMOIO, BETHINHOIO Ta
KOJIbOPOM TPSIMOKYTHUKIB. CyTh aNroputMy TOJSITAE B
HACTYITHOMY.

1. Bubuparots po3mip 300paskeHHs Ti1a 1 Oro KoJIip;
B JIAHOMY BHIIQJIKy II¢ CHHIH Komip. BumaakoBuMm uymHOM B

T rape) e i MeXKax 3aaHOTO TIOJI YBard (3a po3MipoM 300pa’keHHS TJIa)
Puc. 1. Burisia 6a30B0ro TecToBOro 300paxenns BHOHMPAIOTHCS JEKIIbKa Tap KOOPIMHAT, AKi 3aJal0Th IICHTPH
9 4 3 v . .

(06’exrmn yBaru sincyTni) YTBOpPEHHSI 00JacTel BUMAAKOBOI (POPMH, IO BiATBOPIOIOTH

300pakKeHHs CyXO0ITy.
2. KoopauHaTi BU3HAYAIOTh HEHTPH 0a30BUX TOUOK. B OKOJI KOXXKHOT 6a30BOT TOYKH T€HEPYETHCS rpymna
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nap KOOpAMHAT HOBUX TOYOK. OCHOBHOKO BUMOTOIO TYT € Te, IO BiJICTAHb MK TOYKOIO, 5IKa € LIEHTPOM 1 3aJaHOI0
HUM HOBOIO TOYKOIO HE MOE TIEPEBHILYBATH JESIKOT0, 33J]aHOTO 3HaYCHHs. B JaHOMy BHIaNKy, BiICTaHb € JIUIIE Y
2 —2.5 pa3u € OunbIa 3a po3Mip 00’€KTa.

3. B koxHiil HOBil TOYIIl AHOI TPYIH TOYOK FEHEPYETHCS OFHA HOBA Tapa KOOPAMHAT, K2, y CBOIO 4epry
BHUKOPUCTOBYETBCS IUIs TCHEPYBaHHS HACTYIHOI MapH KOOPAWHAT, MPUYOMY BHMOTa IIOJAO BiNCTaHI MiK HHMH
3aJIMIIAETHCS TAKOIO K, @ KUIBKICTh TaKUX iTepariif € 0OMeXeHOIO KiJIbkoMa JiecsiTKaMH. Po3noais To4oK B IIbOMY
ITOPUTMI Haragye OpOyHIBCHKUH pyX.

4. YTBOpeHa B TaKWil CrOCIO ITOCIIIOBHICTh TOYOK BHKOPHCTOBYETHCS B SIKOCTI LIEHTPIB JIOKaJTi3arii
€JIEMEHTIB TEKCTYpH 00JacTeH, SKi IMITYIOTh CYyXOAUL [HIIMMH ClIOBaMH, SIK TUTBKM BU3HAauYeHI KOOPJWHATH TaKoi
TOYKH, B HEi MOMIL[AIOTh EJIEMEHT TEKCTYPH 3 BHIIAIKOBHM 3HAYCHHSM KOJBOPY Ta Po3MipiB. [l JaHUX TeCTiB
BHUKOPHCTaHO TaKy HaJITPy KOJBOPIB: VI BOJIOJUTY — CHHIH, SICKpaBO-CHHIH, ONAKUTHUH; JUIS CyXOJ0Ny — TEMHO-
cipuii, KOpUYHEBHH, 3eJICHUH, CBITIIO-3CIICHUM, JKOBTHH.

OCKiJIbKH KOOPJIMHATH TOYOK € BUIAJKOBHMH, TO 1 TPAEKTOPIT 1X MOCITiTOBHOCTEH OYIyTh JICKATH B MEKaX
JIesikoi 00MaCTi TIepeBaXXHO HempaBWIbHOT (GopMu. [ BU3HAYCHHS BIUIMBY KOJBOPY TJa Ha Yac 3HAXODKCHHS
JIOKaJi30BaHOTO Ha I[bOMY TJI O0’€KTa yBard 3aJaHoro Kiacy HeOOXiHO BHUKOPHCTOBYBAaTH IIBHIKO3MIHHY
MOCITIIOBHICTH 300pakeHb. KibKiCTh 300paskeHb-TECTIB B HaJaHid MociigoBHOCTI ctaHoBUTH 180. 3 ormsgy Ha
TaKe YKMCci0 300pakeHb 1 BUMOTY IO OJIHE 1 Te caMe 300paKeHHsSI Ma€ AEKiJbKa pa3 OyTH €KCIIOHOBaHE BHPIIIEHO
0OMEXHTHUCS MOCITIOBHICTIO B 60 300pakeHb, ajic €KCIIOHYBATH ii TPU pa3u MOCIIiJIb.

Memponoziuni xapaxmepucmuku 300paxcenb-mecmis.

B sKOCTI ClieHapit0 BUKOPUCTAHO JSSKUH TIOTEeTHYHUI POIIEC 3HAXOHKCHHS Ha 300paKeHHI-TeCTy
00’€eKTiB 3a/1aHOTO Kiacy. Taki 300pakeHH-TECTH, MOJIAIOTHCS Yy BUTJISII ITOCIIJOBHOCTI, YAM IMITYIOTh peallbHi
CIICHH 1 CHTYaIlil B JAHOTO THITY ONEPAaTOPCHKOI AisUTbHOCTI. KojkHe 300paKeHHA-TECT MOJICITIOE BUITAJKOBOIO
KOJIbOPOBOIO TEKCTYPOIO TITOTETUYHE aePOKOCMIuHE 300pakeHHS 3¢MHOT TOBEPXHI, & 00 €KTOM yBaru €
MaJIopo3MipHe 300pakeHHsI JiTaka. J{Jst KiTbKICHOTO OIIHIOBaHHS KOXHOTO 300pa)kKeHHsI BUKOPUCTAHO TaKy
CUCTEMY OI[IHOK:

- Opi€eHTallis IPSIMOTO Ta J3ePKaJIbHOTO 300paKEHHS TJIa BiJHOCHO TOPH30HTAIBHOT Ta BEPTUKAIBLHOI OCeH;

- po30HTTS 300paXkKeHHS TJIa Ha CEKTOPH MMOBIPHOT JIOKati3allii 00’ €KTa MOIIYKY;

- BU3HAYCHHSI METOIOM €KCIIEPTHOTO OIIHIOBAHHS IO TUITHKH JIOKai3allii 00’ eKTa;

- BUOIp KOJNBOPY AUTSIHKY JIOKaMi3alii 00’ ekTa;

- cy0’€KTHBHOI CKJIaJHOCTI BUSIBJICHHS JAHOTO 300paskeHHs 00’ €KTa MOIIYKY.

Opienmauin 306pascennsn. B nanomy Habopi 300pakeHb-TECTIB BUKOPHCTOBYETHCS JIUILE OJIHE
300paKeHHs B YOTUPbOX ahiHHUX MOJAHHSIX: OPUTiHAJ, IOBOPOT 3i1iBa Harpaso Ha 180°, mOBOpOT 3BepXy BHHU3 Ha
180° i mOBOPOT 3J1iBa HAINIPaBO 1 3BEpXY BHU3, KoxkeH Ha 180°. Takum urHOM, cama TekcTypa 0a30BOro 300pakeHH:I
3aJMIIAETHCS He3MIHHOK. OTKe, BAKOPUCTAHO JIMIIE 11 YOTUPH Tpajallil MOBOPOTIB. 3 TOUKH 30pYy KUIbKICHOTO
MpeCTaBICHHS i TOBOPOTH BiAMOBIIAI0TH KOHKPETHUM YHCIIOBUM 3HAYCHHsM, a came: 1, 2, 3 i 4. ba3osi
300pakKeHHA-TECTH BiAPI3HAIOTHCSA MK COOOIO JIMIIIE MTOJIOKEHHAMH BiTHOCHO CIIOCTEepiraya — IoBOpoTaMu Ha 77 . B
Tabi. 1 HaBeJeHi Yucia THITYy OpIEHTALIT T KOYKHOTO 3 300pakeHb KOPOTKOi nociioBHocTi. L{i uncna He €
HOMIHAJIBHUMH O3HAKaMH TIOBOPOTY, & €, CKOpIIIle, KITbKICHOIO OLIHKOO IaHOT OpieHTallii 3a 4-0abHOI0 CUCTEMOIO.
Taxa inTepnperais HeoOXiHa /It TOOYIOBH MOJIENI BILUTUBY KOHKPETHOTO 300paXKeHHS Ha 4ac HOro 30pOBOr0
OIIPAIFOBAHHS B IIPOLIEC] MOIIYKY.

Tabmmng 1

Ne 3006- | OpienTaris Ne  300- | OpienTaris Ne  300- | OpienTanis Ne  300- | OpienTaris
pakeHHs | 300paskeHHs paKeHHs | 300paKeHHs paskeHHs | 300paskeHHs paskeHHs | 300paskeHHs
1 2 16 2 31 4 46 3

2 3 17 1 32 2 47 4

3 4 18 3 33 1 48 2

4 2 19 4 34 3 49 1

5 1 20 2 35 4 50 3

6 2 21 1 36 2 51 4

7 4 22 3 37 1 52 2

8 2 23 4 38 3 53 1

9 1 24 2 39 4 54 3

10 3 25 1 40 2 55 4

11 4 26 3 41 1 56 2

12 2 27 4 42 3 57 1

13 1 28 2 43 4 58 3

14 3 29 1 44 2 59 4

15 4 30 3 45 1 60 2

Cxnaonicms 0inanok nonsa yeazu. 300pakeHHS CYXOJOINy 1 BOIOUTY € HEPETYIAPHUMH i 3 TOYKH 30py
MOUIYKY BKITIOYAIOTh AUITHKY 3 Pi3HOKO TEKCTyporo. Hanpuknan, 1uis BOJOAITYy XapaKTepHi BENHKI TUISTHKA OJHOTO
KOJIbOPY, & JUISl CYyXO/I0JTy HEBEIIMKI Ta HaBiTh JOCHTh Masi. OCKUIBKH JIOKauti3amist 300paskeHHsI 00’ €KTa OXOIUTIOE
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yCIo TUTonty 300pak€HHsI 1OJIsl yBard, JUIs BU3HA4YEHHs BIUIMBY KOJBOPY AUSIHKM Ha Yac MOMIYKy 00’€KTa ycio
wromy Oyno po3outo Ha 20 OZHAKOBUX 3a BEIIMYMHOIO CEKTOPIB — MPSIMOKYTHHX oOiacted. st KOKHOTO 3
300paKeHb-TECTiB 00 €KT yBaru OyB JIOKAJII30BaHUM JIMIIE B OHOMY BHIIQJKOBOMY cekTopi. JIokamizaris 00’ €KTiB
yBaru 37iiCHIOBaJach 32 YMOBH — SIK HalKpalle «3aXoBaTH» 00’€KT. Buxoamnm 3 Takux MipKyBaHb: CEKTOP Ma€
OyTH TOCTATHHO BEJIMKHM, aJie TAaKUM, IO CITiBBiJJHOIIEHHS IUIONI BOAOALTY 1 CyXOIOJIy BiIOBIIAIIN AESKiN MIKai
foro rpananiii. [HImMu coBamu, ceKTOp, SIKHH MPAKTUYHO OXOTUTIOE TUIBKK BOAOILT Ma€ HAWMEHIITY CKJIaIHICTb, a
CEKTOP, 1[0 OXOILTIOE JIUIIIE CYXO/i1 — HaiBuLy. [IpoMixHi rpajanii BU3HaYeHI eKCIIEPTHUM METOJIOM.

HowmiHanis cekropiB BiAmoBinana ix HOMepaM B MOPSIKY 3J1iBa HAIIPABO 1 3BepXy BHU3 SIK JUISl 3BHYAHHOI
Tabmuii 5 X 4, Tooto 1, 2, ... , 20. Cekropu 3aHyMepOBaHi K MOKa3aHO Ha puc. 2. ONiHIOBaHHS CKJIAJHOCTI Yd
HACHYEHOCTI ITpoBe/IeHe 3a 4-0aIbHOI0 MIKajI00. Po3moisn cekTopiB 3a OanamMu € TaKHii:

1 Ganm — Haierme BUAUTMTH 00 €KT B cekropax 8 i 14;

2 Oanu — OUTBI CKJIATHO B ceKTopax 2, 3, 7,9, 10, 13, 16, 20;

3 Gaym — JOCHUTH CKJIaTHO B cekTopax 1,4, 6, 11, 15, 17, 18, 19;

4 0anu — qy)Ke CKIIaTHO B CeKTopax 5, 12.

KoxeH 3 1mHMX CeKkropiB IOAaHO  SIK
XapaKTepPUCTUKYy YMOBHOI CKJIAQJHOCTI TIOUIYKY Ta
BUSIBJIEHHSI 00 €KTa yBaru a0o sIK CTYIiHb HACUYEHOCTI
JIpIOHUMH  pI3HOKOJIIPHMMH  elleMeHTaMHu.  Take
OIIIHIOBaHHS IPOBE/ICHE EKCTIEPTHUM METOJIOM.

Ouinioganns nnowii OiNAHOK 3 00’ekmamu.
BpaxoByroun rmcuxo¢i3udHi 0COOJMBOCTI MPOIIECIB
MONIYKY MOXKHA TPHUITYCTHTH, IO YUM OUIBIIOK €
IUIOIA 3 JIOKAJTI30BaHUM Ha Hi 300pa)KeHHSIM, TUM
MEHIIIi BUTPATH Yacy Ha MOIIYK 1 PO3Mi3HaHHA 00’€KTa
yBard. OIIHKY TaKoi IUIOIII TYT 31 ICHEHO eKCIIEPTHUM
METOJIOM TakoX 3a 4-x OaypHOIO cuctemor. Kpurepii
OIIIHIOBaHHS B LIbOMY BHIAJKY TaKi:

1 Gan — tulom@a XOCTAaTHsS JUIS PO3MIIIEHHS
KIJIBKOX TaKuxX 00’€KTIB 0e3 X mepekputts (> 3 );

2 GaJi — TUIoIIA JIOMYCKA€e PO3MIIIIEHHS JIMIIE TPhOX TAKUX 00 €KTIB);

3 6anu — MOXKHA PO3MICTUTH JIMIIIE J1Ba 00’ €KTH;

4 Gast — MoKe OyTH JIOKaJIi30BaHUM JIMIIE OJJUH 00 €KT.

Ilanimpa xonvopie. KoybopoBa majitTpa JUISHOK TJa 3 HIYKAHUM 00 €KTOM CKJIajianacs 3 CEMU KOJIbOPIB:
TEMHO CIpOT0, CHHBOTO, CBITJIO-CHHBOTO, OJIaKUTHOTO, 3€JIEHOT0, CBITIIO-3€JICHOTO 1 XOBTOrO0. JUITHKY Maiu pi3HY
¢dopmy 1 ruromty.

Puc. 2. [Toain moJist yBaru — TeCTOBOIro 300pakeHHsI HA CEKTOPH

Tabmust 2
Homep KoJip Homep Koaip

1 CuHiit Bononin 9 CBiTno-cuHIN Boponin
HErMMOOKHIt rIOOKuUit

2 3enenuit Cyxoaina jicu 10 CeiTino-3enenunii | Cyxois TyKu

3 Bnaxutanit Bomoxin minmuau | 14 JKostnit Cyxonuin

Masui

8 TemHo-cipuii Cyxopin 7 Ceimio-cipuii O0’exT yBaru

KaM’ THUCTHH

3 MEeTOK OTPHMAaHHS SIKOMOra OLIBIIOr0 00CSTY BHOIPOK KOPOTKA MOCIIIOBHICTh Oyia po30uTa HA TpH
JacTuHH, a came: 28 + 28 + 4 300paxkenss. Ilepma i Apyra miAmOCTiZOBHOCTI BKIIIOYAIHN IO YOTHPH 300pakKeHHS
PI3HOTO KOIIBOPY TJIa, ayie BiJIpi3HSUIUCS JIOKali3amiero caMux 00 €kTiB. OCTaHHI YOTHPU 300paXKeHHS BiIIOBI AN
HAMJIEeTIIOMY PO3Mi3HABaHHIO 00’€KTiB. TakuM YMHOM, KOPOTKA MOCHIJOBHICTh ae § 300paXKeHb-TECTIB 3 3aIaHUM
KOJIBOPOM TJa 1 JUIs JeSKUX KOIBOPIiB IIle MO0 OJHOMY. B pe3ynbTati, [UIA MOBHOI HMOCITIJOBHOCTI MaeMO IO TPH
BUOIPKH 3 PI3HUM KOJIBOPOM Tia oOcsiroM 24 300pa)KeHHsI-TECTIB 1 0 YOTHPH BUOIPKH 00csroMm 27 300pakeHb-
TECTIB.

Jokanizauia 06’cxkmie ysazu. B mponeci po3poOku 300pakeHb-TECTIB BHOIp MUISHOK UIS JIOKaJi3arii
00’€KTIB yBard € cy0 €KTHBHO-BHUITAKOBHM, TOOTO 3MICHEHWH OMHUM i3 OPraHi3aTOpiB JOCHIKEHHS. [HImmm
CJIOBaMH, BiIIyKYBaJHUCh NUISTHKH, B AKi MIir Oyt momimeHui 06’ext. Ha 06a3oBomy 300pakeHHI Tia Oyab-ska
IUISTHKA € BHITAIKOBOI0. 3 Apyroro 00Ky, BIAIIYKATH MOTPiOHY KUTBKICTH MUITHOK KOXXKHOTO KOJIBOPY CKIAIHO — 00
ix Moxe i He Oytn. Tomy, B I[bOMY TUTaHI TOBOPUTH PO OIJHOPITHICTE JIOKaJi3aIlii 00’ €KTiB HE MOXHA OCKUIBKH i
¢dopma i po3mipu ix € pi3Hi. Ha pmc. 3 mpuBeneHi ¢parMeHTH 300pa’k€HB-TECTIB 3 JIOKANI30BAaHWMH Ha HHUX
00’extamu. 3o00paxeHi (parMeHTH BimOOpakalOTh CHUTYyalii, Ha SKHX PEIHIIi€HTaM HaW4acTilie He BJalloCh
BHSIBUTH IIi 00’ €KTH.
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Puc. 3. ®parmeHnTH 3 HaliCKJIAAHIIIMM BHSIBJIEHHAM 00’ €KTiB Ha KOJIBOPOBii aiasiHni Tia:
a — TeMHO-CHHBOT0; b i f— TeMHO0-3eJIeHoro; ¢ i g — TeMHO-ciporo;
d ih — cBiT/10-3€JIEHOT0; € — )KOBTOI0 KOJIbOPiB

Iliocomoexa i nposedennsn eKcnepumMeHmaaibHO20 00CII0IHCEHHA

TakuM 4YMHOM, BH3HA4YEHHS XapaKTEPUCTUK HaOOpy 300pakeHb-TECTIB Ta JIOKaji3alii Ha HUX 00’€KTiB
yBard 3aJlaHoTO KJIACy, a0 MOXJIUBICTE B PE3YJIBTATI TPUKPATHOTO 00’ €JHAHHS YTBOPUTH OJHY IOCIIIOBHICTH 3
TECTOBHX 300paxkeHb. L[5 mocminoBHIcTh BKitoyae 180 300pakeHb-TECTiB, SIKI MatOTh OyTH Mpe.’ SBJIeHI KOXKHOMY
peuunienToBi.. PoboTa mosnsirae y Tomy, mo0 sk HAWIIBUIIIE BUSBUTH 00’ €KT YBard i MpUHHSITH PillleHHS PO HOTO
MIPUCYTHICTh HA JIAHOMY 300paKEHHI-TECTI NUIIXOM HaBeJACHHSIM Ha BUSBICHUH OO0 €KT 1 HATHUCKaHHSAM Ha
BIJINOBIIHY KJIaBIIIy.

3MiICT polecy JOCIIHKEHHS MOXKHA IOAaTH TAKUMH KPOKaMH.

1. PenumieHT 3amyckae mporpaMmy eKCIo3uilii 300pakeHb TecTiB. B MOMEHT MOsiBH 300pakeHHS-TECTY
BKJIFOUAETHCSI KOMIT FOTEPHUN CEKYHIOMIp 3 KPOKOM BUMiproBaHHs 1 ms. ¥ mpolieci MouryKy peuumieHT B MOMEHT
BUSBJIEHHS 00’€KTa yBard HaBOAUTH Ha 00 €KT BI3Up 1 KJIAIla€ MUILIKOIO, YUM 3yIHHAE CeKyHIOMIp. B pesynbraTi y
¢aiin naHux maHOro perMiiieHTa Oyzae 3amucaHo Homep 300paxenHs tecty (1, ... , 180) tTa wac momyky Ta
BUSBJICHHS 00’ €KTa.

2. [icns 3HaxomKeHHs 00’ €KTa pa3oM 3 KJIal[aHHSIM MUIIKK 300paKeHHS-TECT 3MIHIOEThCSI HA HACTYIHE. Y
BUIAJIKY, KOJIM 00’ €KT HE BUSIBIICHO, JJaHe 300pakeHHs yepe3 30 ceKyH]| 3aMiHsI€ThCs Ha HACTYITHE.

3. B KO)XeH MOMEHT IOYaTKy EeKCIIO3MILIII 300paKECHHS-TECTY BKIIIOYAETHCS CEKYHIOMIpP, SIKW B MOMEHT
KJIallaHHS MUILIKK, [0 BIiANOBIJA€ HAKIAJAHHIO BI3Upa HAa BUSBJIECHHH O0’€KT ab0 B MOMEHT 3aBEpILCHHS
€KCIO3HIIii, SIKIIO0 00’ €KT HE BUSBIICHO, CEKYH/IOMIP 3YIUHSIETHCA.

4. lata npOBEJCHHS €KCIIEPUMEHTAIBLHOTO JOCIIJDKEHHS, 3arajbHi JIaHi PEelMITIiEHTa, pe3y/bTaTd 4acy
pO3Ii3HABaHHS — MOUIYKY 1 BUSIBJICHHS, JIaHl PO TMOCIIIOBHICTh 300paXkeHb-TECTIB, KUIbKICTh BUSBICHUX 00’ €KTIB
Ta TPUBATICTh EKCIIEPUMEHTY.

Onpauytosanns pe3yivmantie.

JlocTiKkeHHs BIUIMBY KOJIBbOPY TJIa Ha 4Yac IOLIYKY 1 BHSBIEHHSA 00’€KTa 3aJaHOro Kiacy (akTH4HO €
B3aEMOJIIEI0 Mik Cy0’exkToM (peuumieHToM) 1 00’€KTOM (300pa)KeHHSIM-TeCTOM). Pe3ynbTatoM KOXKHOTO
€KCIIEPUMEHTY € YacOBHH psiji 3HaYCHb 4acy 3HaWJeHHs 00’€KTiB Ha 300pakeHHsX-Tectax. Lli psau e psmamu 3
MIPOIYCKAMH, OCKUTBKH JKOZEH 3 PELMITIEHTIB He 3MIr 3HAlTH 00’€KTH Ha YCiX 300pakeHHSX MOCTiIOBHOCTI. J{ist
MOJIaHHS Ta IHTEpIpeTallii pe3yabTaTiB IOCHIPKEHHs BUKOPHCTAHO 2 METOMU: METOJ Jiarpam po3Mmaxy i MeToj
MHOXHHHOI perpecii.

JInst BCTAaHOBJIGHHS BIUIMBY KOJIBOPY TJIa Ha Yac MOLIYKY 00’€KTa 3aydeHa rpyla peruIlieHTiB MPaKTHIHO
OJIHOTO BIKY, a iXHsl (DYHKIIisI IOJIATAE Y BUSBICHHI AesKoro 00’ ekta. {10 (HyHKIIII0 MOXKHA OJATH SIK BUMIPIOBAHHS
CKIIQJHOCTI MapH KOJBOPIB [UIA MOLIYKY O0’€KTa B OAMHMIIIX dYacy. TOMy MpakTHYHHUHA IHTEpeC MPEICTaBIISE
IIGHTUYHICTh IXHIX NCHUXO(I3NYHUX XapakTepucTuk. [ 1nporo Oyno BHUKOPHCTAHO BIJHOILICHHS KOXKHOTO
pElHMIIEHTa 0 KOXXHOTO 300paKeHHS-TECTY y (OpMi pIBHSHHS MHOXHHHOI perpecii. B skoCTI YMHHHKIB, 110
XapaKTepU3yrTh 300pakeHHS-TECT, BUKOPUCTAHO: OpIEHTAIlis 300paXkKeHHS, CEKTOp JIoKamizaiii 00’€KTa, IJola
JUIISTHKY JIOKaui3alii 00’ekTa, KOJip AUISHKH JIOKaNi3amii Hb0ro 00’ €KTa Ta CKIAIHICTh BHUSBICHHS. 3a CKIAIHICTh
BUSIBIICHHSI BUKOPHCTAHO CEpelHIM dYac, BUTPAUCHUH PpEIHITi€EHTaMH Ha KOXKHe 300paskeHHS-TecT. OCKUIbKH 3a
pe3ysbTaTaMy KOpeJsIiHOro aHaiizy 3B’S30K IUX YMHHUKIB MiXK COOOI0 BUSIBUBCS CIIA0KHUM, TOMY yCi BOHU Oynu
BKITFOYCHI B MOJIENTb MHOKUHHOI perpecii.

Jis i€l Momeri BU3HaUeHO KOe(illieHTH BIUIMBY YMHHHKIB BU3HAYCHO /IS yCiX perumieHTiB. KoHkpeTHi
3HAa4YeHHA KOe(]illi€HTIB MOEI MaIOTh TAKUH BHUTIIST

Y; =-3107 +875x; +46x, +304x;3 +94x, +3223x5;
Y, =—1712—-563x) —24x, +378x3 —288x4 +5129x5;
Y5 =368 —256x) —58x, +312x3 +4x, +3731x5;

Ys =—7105+1100x; +74x, +1787x3 —2x4 +3037 x5 ;
Y; =182 —466x; —96x, —27x3 —87x4 +4598xs5;
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Yo =-2777+35x; +111x, +512x3 +50x,4 +3255x5 ;
Yo =-3130+265x; +152x, —968x3 —10x, +4967 x5 ;
Yo =1023-251x; —59x, —720x3 +12x, +4754x5.
Tyt xoedilieHTH Npu 3MiHHIH X, BiJNOBiJAIOTH Opi€HTAlil 300paKEHHA-TECTY, MPH X, — CEKTOpY
JIoKai3anii 00’eKTa, Ipu X; — IUIONIi ALISHKM JIOKali3allii boro 00’€KTa, IpH X, — KOJBOPY JUITHKH JTOKasi3awii

00’€KTa, X; — CKIAAHOCTI BUABJICHHS 00’ €KTa Ha JAHOMY 300pasKeHHi-TECTI.

3 puc. 4 BUIHO, IO HAWOUTBII OMM3BKUMH MiX COOOIO € perummieHTr 2, 5, 7 Ta 3 1 8, mpote perurmienTH 1,
416 € «cami o coGi», TOOTO CYTTEBO PI3HATHCS MiX COOOIO, BiTHOCHO ONpPAIIOBAaHHS TaKUX 300pa)KEHb-TECTIB.
3arajgom, MOXHA MPHUITYCTHTH, OCKUTEKY MOMIOHICTE MiXK 2, 5, 7 Ta 3 1 8 penumieHTaMu € He YK€ BHCOKOIO, 0
PELMIIEHTH € OKPEMUMH I1HJMBITyMaMH, 1 PI3HATbCA NCHXOQI3MUYHUMHU XapaKTepucTHKaMu. s BCTaHOBIEHHS
BiIMIHHOCTEH MiXK KOJbOpaMU CTOCOBHO iX BIUIMBY Ha 4Yac pO3IMi3HaBaHHS 00’€KTa yBard BHKOPHCTaHO YCi ITSITh
MTOKa3HUKIB JliarpaMu po3Maxy MojaHux taoum. 3.
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Puc. 4. liarpamu po3mMaxy BOCbMHU PeUUIIEHTIB

Haiicknamaimoro a1t po3mi3HaBaHHs 00°€KTa € Tapa — CBITIIO-3€JIeHe TJI0 1 CBITIIO-Cipuii 00°€KT, B TOH dac
SK mapu — OJAaKUTHE TJIO 1 CBITJIO-Cipuil 00’€KT abo CBITJIO-CHHE TJIO 1 CBITJIO-Cipuii 00’€KT € HaiiOinbmI
CHPUSATIAMBUMH JUIS JIIOAWHH. [HIIMMHU CITIOBaMH, TIPH TOOYI0B1 TECTOBHUX 300paXKeHb, OB’ I3aHNX 3 PO3ITi3HABAHHAM
00’€KTiB BapTa BUKOPUCTOBYBATH NPHUBEICHY METOMKY JUISI BUSIBIICHHS 1 OI[IHIOBAHHSI BIUIUBY TJIA.
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Tabmns 3
minimum quartil 1 median quartil 3 maximum
blue 1029 1497 2701 7719 22449
bright blue 1389 2485 5539 10673 21830
green 1593 3506 5982 8942 19144
light blue 1726 4566 7971 13613 23836
yellow 1205 2350 3703 6460 17648
dark grey 2220 5792 9573 14114 26664
bright green 1846 3981 6802 11103 24031

BucnoBkn
B pe3ynbTati IpOBEAEHOTO JOCIHIHKEHHS CTOCOBHO BIUIMBY IapH KOJBOPIB TiIa i 00’€KTa MOIIYKY Yac
3HAXO/DKECHHS I[HOTO O0’€KTa YBard 3aliC)KUTh BiJl CIIBBIMHONICHHS NUX KONBOPIB. B 3arampHOMY, aHami3
MTOBEICHOTO JOCIIPKEHHSI TI0Ka3aB, 10 MO-TepIlle, BIUTMB MOEIHAHHS KOJIBOPIB Ha Yac MOMIYKY 00’ €KTa 3aJIeKUTh
BiJl IcMX0(i3NYHUX XapaKTEPHCTHK 30pPOBOTO aHajli3aTopa JIOIMHH, 1 MO-Apyre, B MOMIOHMX eKCIepUMEHTAIBHIX
JOCTIDKCHHSAX, & (DaKTHYHO B OYyIb-SKUX, J€ JIOAWHA, MPUAMAIOYM PIIICHHS 3a JOMOMOIO0, MPUHAWMHI 30Dy,
HEOOXiTHO BUSCHUTH 1JICHTHYHICTh PEIUITIEHTIB CTOCOBHO TIOCTABIICHOT 3a7adi.
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AHAJII3 TEHAEHIIIA PO3BUTKY IMIPUHTOBUX MEPEXK

IIpoananizoeaHo noHammsi ma npupody nipuH208ux Mepexc, 0ocAidxceHo ma npedcmas/aeHo KOpomky icmopiro ix
po3eumky. Po3z2as5Hymo noko/iHHs nipuHzo8ux mepexc ma ix apximekmypHi ocobausocmi. /locaidxiceHo 0CHOBHI nepesazu
ma Hedosiku 00HOpaH208UX Mepedc. BukoHaHo nopieHsnbHUll aHaai3 00HopaH2o08ux ma 6a2amopaH208uUX Mepedi.
JlocaidxnceHo Halibinbw 8idomi HA Cb0200HI NpaKMUKU BUKOPUCMAHHS NIPUH208UX Mepexc. BuzHaveHo nepcnekmueHi
HanpsiMKu 00caidxceHb ma po3gumky nipuHao80i mexHos02ii 06MiHy iHgpopmayieto.

Kamwuosi caosa: nipuHzoea mepesca; deyeHmpasnizosaHa apximekmypa; 00HOPAH208a Mepexca; po3nodineHi
064UC/EHHS.
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MYKHAILO D. KRENTSIN
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ANALYSIS OF PEER-TO-PEER NETWORKS TRENDS

The concept and nature of peer-to-peer networks are analyzed, a short history of their development is researched and presented.
The first network of this type (Usenet), its features and prerequisites are described. Three types of peer-to-peer network architectures are
considered - pure, federal and hybrid; advantages and disadvantages of each. The hybrid architecture is the most widely used today, as using
a central server to connect nodes is a promising approach. Three generations of peer-to-peer networks are considered and their
architectural features are presented. The first generation involved only file sharing, its feature was the use of a central server, which had
information about which node contains which file. The second generation was characterized by the absence of a central server, but there was
no indexing of nodes and data, which caused long delays in finding a node to connect. The third generation is more advanced, because it
provides storage in each node of hash tables with information about other network members. The main advantages and disadvantages of
peer-to-peer network architectures are investigated. A comparative analysis of peer-to-peer and multi-peer networks is performed. It is
determined that it is more expedient to use decentralized networks in comparison with centralized ones, especially in cases where
anonymity, confidentiality, fault tolerance and scalability are a priority. The most known directions of practical use of peer-to-peer networks
are investigated. Today they are used in chat systems, banks, cryptocurrency systems, video communication systems. Decentralized systems
are also used when working with digital wallets, because it makes online payments more effective.

Keywords: peer-to-peer network; decentralized architecture; distributed computing.

Beryn

BukopuctanHs KoM’ l0TepHOI TexHiku movajioch i3 EOM, mo Oymu posmipom 3 OynmiBmto. Bonu Oynu
MpU3HAYeH] JIMIIEe JUIS [IBHAKOI OOpOOKM JaHuX. 3roJoM OOYHMCIIOBaJibHA TEXHIKA IoYyaja IIHPOKO
BUKOPHCTOBYBATUCS Y HAYKOBHX JOCIIIKEHHSIX, BUPOOHUIITBI, OCBITI [1]. ¥ KOpHCTYyBauiB BiJJIaICHUX OIUH BiJl
OJIHOTO KOMIT IOTEpIB 3’sIBUJIACS MOTpeda y mBHIKOMY 0OMiHI JanuX. st iporo OyJio 3amporoHOBaHO 00’ €THATH
KOMIT'IOTEpPH Y €IMHY CHCTeMy (Mepexy) 1 TAKMM YMHOM Mepe/aBaTd JiaHi BiJ OJHOTO KOMII'IoTepa 0 iHILIOTO.
Komm’totepui mepexi (KM) — 1e nmommpeHa TexHika 3aCTOCYBaHHS iH(QOpMaIifiHO-KOMYHIKAIIHHIX TEXHOIOTIH,
110 3apa3 BUKOPHUCTOBYIOThCA JUISl Pi3HUX Lineil [2]. BukopucTtanHs Mepex JomoMarae BAKOPHCTOBYBATH 3MEHILICHY
KUTBKICTh amapaTHOTO 3a0e3MedeHHs, TaKOoro SK MPHHTEPH, CKaHEPH, KaMepH, YKOPCTKI AUCKH TOIIO 32 PaxXyHOK
ONHi€l 13 OCHOBHUX mepenxyMoB cTBopeHHss KM — cymicHe BUKOpHCTaHHA pecypci. Kpim Toro, pecypcamu mepex
MOXyTh OyTH He TUIbKM OONamHAHHS, a M HeMmaTepiajbHe, HampuKian, [HTepHeT-3’€aHaHHs, 0aza MaHUX, web-
nomatok. Ilpu mpomy KM momomaratoTh CTBOPIOBATH Ta OOPOOIIATH JaHI Ha MPUCTPOSIX OKpEMUX 0ci0, 30epiratu Ta
3aXUIIATH Ii JaHi B YHIKaIBHIN CHCTEMI.

I3 mmmHOM dacy JIOAM CTBOPIOBANHM pPI3HOMAHITHI IporpaMyd OOMIHY HaHUMH, IO Oyiam HEoOXimHi
KOpHCTyBadaM I10 yChoMYy CBITY. [IpoTe 30epirants iX Ha EHTPAIBHOMY CepBepi TyKe 00MEeKyBaIO MOXKIIMBOCTI X
mepenadi, aJpke MPOITYCKHA 3/IaTHICTh OAHOTO cepBepa Oyna HeenmKka. Lle mpu3Beno 10 MOsSBU MipHHTOBUX (peer-
to-peer, P2P) mepex [3], cyTh SIKHX MOJATAE y PIBHOIIPABHOCTI YYACHUKIB. Y TaKUX Mepekax BiIACYTHIN BHIIITCHHHA
cepBep 1 KOXKEH BY30II (peer) SBIIEThCA K KIIEHTOM, Tak 1 cepBepoM. OTKe, HaBiTh SKIIO JEsAKi KOMIT FOTEpH/BY3IH
BHHIYTH 3 JIady, MEpeska Ta 3B’ 30K BCE OJTHO MPAIIOBATHMYTh. Takox 0OYHCIIIOBATIBHI PECYPCH € 30alaHCOBaHIMH
MDXK y9acHHKaM# Mepexi [4].

Cranom Ha 2009 pik Bimeo-Tpadik depe3 MpPHUHTOBI MEpexki CKIaJaB OJHY TPETIO BCHOTO TpadiKy Ha TOU
yac. 3a ocTaHHI poku KinbkicTe P2P Tpadiky 3mauno 3pocma — 60-80% ycworo IaTteprer-Tpadiky [5]. Taka
TOMyJsIpHiCT  3a0e3medeHa psimoMm mepeBar P2P mepexx. Ane pa3oM 3 THM HEOOXiJHO YIiTKO PO3YMITH
MIePCIIEKTUBHICTh HANPSMiB BUKOPUCTAHHS ITi€l TEXHOJIOTii, CKIIAJHOIII B OpraHi3amii Ta pO3rOpTaHHi, MOXJIHBI
3arpo3d Ta aTakd. PO3yMiHHS OCHOBHHMX OCOONMBOCTEH Ta TPHHIUNM (YHKIIOHYBaHHS OJHOPAHTOBHX
(TTipUHTOBHUX) MEpeX MO3BOJMTH YCBIOMHTH JOMUIBHICTh iX €(EKTHBHO BHKOPHCTOBYBATH IUISI PO3B’SI3aHHS
MPUKIIAJHAX 337124 .
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Mertoro po0OOTH € aHalli3 PO3BUTKY Ta CY4aCHOTO CTaHY HMipHHTOBHX MEpPEX Ta MEPCIIEKTUBHUX HAIPSIMKIB
X BUKOPUCTaHHS.

Bukiax 0CHOBHOr0 MaTepiainy

[onsrrs mipunrosoi (P2P) mepexi Bmepmre Oyno BukopuctaHo B 1969 pomi. P2P — me mepexesnit
MIPOTOKOJ, 10 3a0e3neuye MOXKIIMBICTh CTBOPEHHSI Ta (DYHKI[IOHYBaHHS MepesKi pIBHOIPABHHUX BY3JIB, iX B3a€MOJI1
[6]. V baratpox Bunankax P2P € HaknageHMMH MepeskaMu, 10 BUKOPHUCTOBYIOTH iICHYIOWI TPaHCIIOPTHI MTPOTOKOIN
(TCP a6o UDP) creka TCP/IP. IlpoTe mepmior0 cCHOpaBXHBOK pearmizamiero Mepexi P2P crama «Usenety,
po3pobiiena B 1979 p [7]. Y Usenet, B TO# yac SIK KIi€HTH — KiHIIEBI KOPHCTYBadi — BCE M€ OTPUMYIOTh JOCTYII JIO
PECYPCIB Yepe3 CepBEpH, CaMi CEPBEPH B3aEMOJIIOTH MiXK CO0O0 sk P2P-Mepexa, KOMyHiKyl09H MK coOor0 0Oe3
LEHTPAJIBHOTO oprany. ToOTO CyTh OIHOPaHTOBOI MEpEeXki HOJISrae y TOMY, IO Mepeka HE Ma€ IEHTPAILHOTO
BYy3JIa YIPaBIIiHHSA, a BCi 1l YYaCHHKH € PIBHONMPABHUMHU MiK co0oto (puc. 1,a) [8]. Xoda cTaTyc KOKHOTO By3Jia €
OJTHAKOBUM, aJleé MOMJIMBOCTI X MOXYTh ICTOTHO BiJpi3HATHCH. OIHOpaHroBa Mepexka, Je KOXEH BY30l € B
JIMCHOCTI PiBHOIPAaBHUM, Ha3WBAETHCS YUCTOIO MEpEkKero. Ale TaKUi MiJXiJ Ma€e HEJOMIKH, OB’ sI3aHi 3 TOIIYKOM
IHINUX BY3JIiB Ta BCTAHOBJICHHSM 3’ €JJHAHHSI Mi>K HUMH, aJDKe HEOOXITHO OTPHUMATH 1H(POPMAIIIIO ITPO caMi BY3ITH.

Ockinbkyu yuacHuKU P2P Meperxi TOBUHHI IEBHUM YHMHOM OTPHMYBATH iH(OPMAaIIilo PO HAsBHICTH 1HIINX
BY3JiB M€l )X MepexXi Ta cnoci® 3B’s3Ky 3 HUMH, 3 SBHIACH MOM(IKOBaHI MIPUHIOBI MEpeXi, sKi MPUHHSITO
Ha3UBaTH TIOPUIHUMH. Y IIbOMY BHIIQJIKy IPUCYTHINH LIEHTPAJIbHUHA cepBep, KU IPOCTO MICTUTH iH(OPMAILIiIO PO
yCIX y4YacHHUKIB Mepexi Ta JI03BOJISE 3JIMCHUTH TNOUIYK HeoOximHoro Bysna [9]. HacTymHUM KpOKOM KIiEHTH
BCTaHOBIIIOIOTH 3B’SI30K Oe3rocepenHbo oAuH 3 omHuM (puc. 1,0). LleHTpanizoBaHa cucTeMa TaKOX J03BOJISIE
OTpUMaTH HAaWHOBIIII BiJJOMOCTI MpPO Te, SKi PECypcH MO)KHa BHKOPUCTOBYBaTM B JaHWH MOMEHT. ['iOpuaHa
apxitektypa P2P Mepex € HailOuIbII B)XKMBAaHOIO Ha CHOTOIHIIIHIA JEHb, a/Ke BUKOPHCTaHHS cepBepa s
JIOTIOMOTH 3’ €JTHAHHSI BY3JIiB € JIOCUTH 3PY4HHM.

[le oguuM criocoOOM 3HAXOJIDKEHHsI HOBUX BY3JIB Y Mepexi € BUKOPUCTAHHS TPAaHCISALIT edTarpam «B
HiKyW». [HII By37IM MOXYTh MPOCIyXaTH Il Jedtarpamu ta o0poOutu. IIpoTe 1eil MeTos mpaioe B HEBETUKIH
Mepexi, /ie yYaCHHUKaM He 3aBaXKArOTh 1HIII OTOKHU JIaHUX.

IcHytoTh Takox ¢QenepatuBHi P2P cucremu, cyTh SKHMX NONATa€e B TOMY, IO B3a€MOJIS MIX By3JIaMH
BiZIOYBa€THCS BCEpeMHI MONEPEIHBO BU3HAYECHUX JJOMEHIB, TAKHX K OpraHizais (puc. 1,B).

[Ticnst crBopenHst «Usenet» OIHOPaHTOBI Mepei IMoYall CTPIMKO PO3BHBATHCH. 3MIHHIJIOCH KiJIbKa
MIOKOJIIHb MEpPEeX, MOKM BOHM He HalyJM MOTOYHOro cTaHy. llepiie MmokosiHHS nepeadayasno Jvile 3BHYAHUI
oOmiH ¢aiinamu. Y 1999p. 3’sBunack Mepexa «Napster», sika TepeTBOPIOBaja KOMIT IOTEp KOPHCTyBada y BY301
obminy ¢aitnamu [10]. Ls Mepexa nepeabayana HasBHICTb LIEHTPAJIBHOTO CEPBEpA, 110 30epiraB JiaHi Mpo Te, sKi
(aiinu € B y4aCHUKIB MEpeXi Ta sIK iM 3’€IHATUCh OJIUH 3 oiHUM. «Napster» npunuHuB cBoe icHyBanHs B 2001 poui
4yepe3 IpHIHYHI TPOOIEMH.
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Puc. 1. CTpykTypa nipuHroBoi Mepe:ki: a) uucra; 0) riopuana; B) ¢erepaTuBHa

T'onoBHOMO prcoro apyroro mokomiHHS P2P-Mepex € BiACYyTHICTh IEHTPATBbHIX CEPBEPIB Ta «XBHIBLOBHII
QITOPUTM TIOIIYKY 1HIIMX y4acHUKIB Mepexi. [Ipukiamom takoi mepexi Oyna Gnutella [11]. TIpore po3podiaenwii
AITOPUTM TOIIYKY OYB MOCHTH HEe(DEKTUBHUM TIPH 3POCTaHHI KIJIBKOCTI YYaCHHKIB MEpexXi, ajpke BIH IMPAIOBaB
JoBoui moBineHO. [TpudnHOIO ITBOTO OYII0 TE, MO Mepeka 0yira HECTPYKTYpOBaHOIO, TOOTO Oe3 iHAekcarii By3iB. A
IIe B CBOIO Yepry BH3HAYAIO YacOBY CKIATHICTh momryky By3ia sk O(n). IlepeBaroro miei mepexi Oyio Te, mio
3HHUIMTY {1 MOXIIMBO JIMIIIE BUBIBIIH 3 JIATy KO>KEH BY30JI. AJle HEIOMIKOM € Te, IO JJIs TOTO, 00 i € JHATUCH [I0
ICHYI0401 Mepeski, He0OXiIHO ofMH pa3 3HaTH [P-aspecy Oyib-sIKOTO MPAIIOI0Uoro By3JIa.

BinMiHHOIO PHCOIO TPETHOTO TOKOJIHHS MIPHHTOBHX MEpEeX OylIo Te, MO TYT HE BHUKOPHUCTOBYBAaBCS
LIEHTPAIBHUH CepBep, aje MpH IIbOMY alTOPUTM MOITyKy OyB Oinbmn ockoHanmii. BiH 0a3yBaBcsi Ha BHKOPHCTaHHI
PO3MOIiIEHIX XeMI-TabInIIb, MO MiATPUMYIOThCS KOXKHUM YIaCHHKOM Mepexki. Taki Mepexki € CTpyKTypOBaHHMH,
a/pKe BUKOPHCTOBYIOTH iHAEKcalifo maHux. KirieHToM, 1o BUKOpHUCTOBYBaB Taky mMepexy Oy Edonkey2000 [12].
®aifny 3 OTHAKOBUMH IMEHAMH, aJie Pi3HUM BMICTOM PO3TIIINAIOTHCS, SIK Pi3Hi (aitmm, a Gaiim 3 pi3sHUMH iIMCHaMHU
Ta OJHAKOBHUM BMIiCTOM — sk onHakoBi. Edonkey2000 Takox HO3BONSB 3MIMCHIOBATH IIOMIYK 33 CKJIATHUMH
sorivHUME QopMymoBaHHAMHE. [IpoTe 115 Mepexa Mana BETMKUI HEJOMIK — Mally TPOIYCKHY 34aTHICTh. A TaKoX
Oyma mpunmHeHa ii poOoTta depe3 ropuamdHi mpobnemu. Ha ocHoBi Edonkey2000 Oymo cTBOpeHO psii HOBHX
BJJOCKOHQJICHUX OJTHOPAHTOBUX MEPEXK.

OCKiTbKH MipUHTOBI (OZHOPAHTOBI) MEPEXi € JOCUTH MTEPCIIEKTUBHOIO TEXHOJIOTIEI0 CHOTOAEHHS, JOLIIBHO
JOCIIIUTH iX IepeBard Ta HENOJIKM y TOpPIBHAHHI 3 KII€HT-cepBepHMMH (OaratopaHroBumu). bararopanroBa
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Mepeka — I MepeXa Ha OCHOBI BHJIUIEHOTO cepBepa. B Mepexy MiIKiIroYaeThCcs BHIUICHUH KOMIT'IOTEp, SKUN
TIpaIroe K CepBep, a iHIII BY3JIM € KIIEHTAaMH i 3BepTaroThest 10 cepBepa [13]. Taki Mepexki CTBOPIOIOTHCS TO,
KOJIM OJIHOPAHTOBI MEpEXi € HeIOCTATHhO NMPOAYKTHBHUMH. Taka NMPOIYKTHBHICTH 3a0e€3MeUyeThesl 3a paxyHOK
BUKOPHUCTaHHS MOTYKHINIMX KOMITOHCHTIB KOMIT FOTepa Ta CIEIiadbHOro mporpaMHoro 3adesmedenns [14]. B P2P
MepeXi KOKEH BY30JI MOXKE TPAIIOBAaTH SIK CepBep, Tak 1 K KIIieHT. IlepeBaru Takoro MifXomy AOCATAIOTHCS 3a
paxyHOK BIiZICyTHOCTI cepBepa, IO BIIIIOBia€ 3a aJMiHICTpyBaHHS Bciel Mepexi. Y Tabmuui 1 HaBelneHO
Ppe3ysIbTaTH MOPIBHSUILHOTO aHAJIi3y BUIEONMCAHNX THITIB MEpeX y OaibHil mIKaji:

- 1 6an — xapaKkTepuCTHKa ITPUCYTHS;

- 0,5 6axiB — XxapakTepUCTHUKa IPUCYTHS 32 JIESIKUX YMOB

- 0 6aniB — XapaKTEepUCTHKA BiJICYTHS.

B pesynbprati aHamizy Oysio BHIUICHO 18 XapaKTepUCTHK JUIA MOPIBHAHHA. I3 gaHWX TaOmwii 1 MoxHA
3pOOUTH BUCHOBOK, III0 BUKOPHCTAHHS MiPHHTOBAX MEPEXK € OLIIBII JOIUIEHUM, aJKe BOHH MArOTh OLTBIIE ITepeBar,
HiXK OaratopanroBi (13>8). [IpoTe BUKOpHCTAaHHS IICHTPATI30BAHUX MEPEXK € IOIIBHUM TOJi, KOJM HE BUCTAYae
o0unciroBaNbHUX NOTYXHOCTel P2P, a Takox opraHizamii KOHTPOIJIIO JOCTYITY A0 AAaHHX (KOJM Tpeba oOMexyBaTh
JOCTYI JI0 JAaHUX OKPEMHM BY3JIaM, JOCTYII J0 NEBHUX JAHUX, a TAKOXK X (inbTpallis Ta pe3epBHE KOMiIOBaHHS B
€IMHOMY MiCITi).

Tab6mung 1
IlopiBHSIJILHA XapaKTePHCTHKA THIIIB Mepex
Ne XapakTepucTHKa [Mipunrosa | Baratopanrosa
1 | BincyTtHicTh BUTpaT Ha 30epiraHHs JJaHUX Ta MPOIYCKHY 3/1aTHICTh 1 0
2 | BiacyTHICTh CHCTEMHOTO a/IMiHICTPYBaHHS 1 0
3 | KopuctyBalbkiii KOHTPOJIb PECYPCIB 1 0
4 | MoXJUBICTb OTPUMATH JIOCTYI JI0 OyAb-sKOTO (haiiiry B Oi1b-SIKMHA MOMEHT 0,5 0
qacy
5 | Hemae He0oOXiTHOCTI B CIiCIlia/IbHO HABUCHOMY MEPCOHAI 0,5 0
6 BigMoBOCTIHKICTE 1 0,5
7 | HeszanexHicTh BY3JiB 1 0
8 | Opranizaitisi KOHTPOJIIO JOCTYIY 0,5 1
9 | CraOispHICTh IBUIKOCTI OOMIHY JJAHUMH 0,5 1
10 | KoHTpons Haj pO3MOBCIOKEHHSIM 3aXUIIEHOTO AaBTOPCHKUM IIPaBOM 0 1
KOHTEHTY

11 | TIpocToTa CTBOpEHHS 0 1
12 | AHOHIMHICTH Ta KOH(IACHITIIHICTh 1 0,5
13 | banancyBaHHsl HABaHTKEHHS 0,5 1
14 | Jlerka macmraboBaHiCTh 1 0,5
15 | IlpocroTa KOHbIryparii 1 0,5
16 | Pe3epBHE KOMiFOBaHHS JaHUX 0,5 1
17 | Bucokwii CTyIiHb JOCTYIHOCTI iH(pOpMAITIi 1 0
18 | BiaCyTHICTB CrienialbHOIO 00713 THAHHS 1 0
Pazom 13 8

Mepexi Tury P2P po3BHBaIoThCS i 10 CHOTOHI. IX BUKOpHCTaHHS HeoOMesxkeHe Juie oOMiHOM daiiniB, sk
ue Oyno panime. HaliGinbiioro nommpeHHs Taki Mepexi HaOyiu B cdepax, Je BOKIUBHNA KOH (iJeHIIHHII 00OMiH
JaHuMH Mk JroaeMu. Le € cucremu Bineo3B’si3ky, tpaHchsuii Bizeo (P2PTV), IP-tenedonii, cucremu iHTEpHET-
tenebaueHHs tomo [15]. B P2PTV cuctemi KoXXeH KOPHCTyBady, 3aBaHTAXKYIOYH BiIE0 MOTIK OJHOYACHO
BUBAaHTAXY€E WOr0 JUIS IHIINX KOpHCTYyBadiB. Lle 103BOJIsIE mOcTayanbHUKaM IIOCIYT BUTpayaTH MEHINE KOLITIB Ha
MIJTPUMKY BChOTO TEXHIYHOTO 00JaHAHHS, HEOOXIAHOTO sl TPAUIIIHHOTO MIAX0AY. A 1ie, B CBOKO 4epry, poOUTh
BHUIIIE BKa3aHi MOCIYTH OLIbII JOCTYITHUMH JAJIs KIHIIEBOTO KOPHCTYBaya.

[MipuHroBi Mepexi 3HAWILIM CBOE BHUKOPUCTAaHHS TakoK y Texnouorii Blockchain [16]. Omnopanrosa
apxitekrypa Blockchain Hagae xopuctyBauam Ge3miu mepesar. Ha BiqMiHy B cTaHIapTHUX OaHKIBCHKUX PaxXyHKIB,
KPUITOBATIOTHI TaMaHIlI HE MOXYThb OyTH 3aMOpOKEHiI abo aHynbpOBaHI ypsaoM. Takok pO3MOAiNT TaHUX B
Blockchain cepes Bermkoi KiTbKOCTI BY3I1iB pOOHTh MEPEKY MPAKTHIHO HECIIPUNHHSTINBOIO JIO aTaK THITY «BiMOBA
B obciyroByBauHI» (DoS/DDoS), Bin skux cTpaxknae Bennka dactuHa cucteM [17]. B pe3ymerarti, po3moaisicHa
Mepeka, B TO€IHAHHI 3 O0OB’S3KOBHM ITOTO/DKEHHSM OinbIIOCTi y4acHHWKIB 3abesmedye Blockchain cucremam
BIIHOCHO BHCOKY CTYIIiHb CTiKOCTI [0 3JOBMHCHOI AaKTHBHOCTi. HalmepIinor KpHUOTOBANIOTOMO, IO Oyia
mobynoBana Ha TexHomorii Blockchain 6yB Bitcoin. Tpanzakmii 3 mudpoBuM MmiAMHCOM MiXK TBOMa aIpecamu
TepenaroThest 10 Beix By3iniB P2P mepeski, a cami maHi npo mepeMimieHHs Bitcoin 30epirarotbes y ayOiapoBaHii 6asi
maHux. J[ms 3amobiraHHS MOMXIIMBOCTI BTpAaTH 4yXuX Bitcoin abo MOABIHHOTO BHKOPHCTaHHS CBOIX BIIACHUX
BHKOPHCTOBYIOTHCSI KPUIITOTPa(idHi METOTH.

Ie omHier0 00TACTIO 3aCTOCYBAHHS JIETIEHTPATi30BAHUX MEPEK € CHCTEMH, IO MPALIOIOTh 31 3BUYaHUMH
rpommmMa [18]. BoHM BHKOPHCTOBYIOTECSI B TaKWX OINEpAIlisiX, SIK BUKOHAHHS TPOIIOBHUX TPAH3aKIiH, BigIpaBKa
paxyHKiB, Oe3le4HOro aaMiHICTpyBaHHS AaHMX Tomo. P2P Mepexxi BHKOPHUCTOBYIOThCA Hie W MpH poOOTI 3
nu(poBUMH TaMaHISIMH, He TOB’s3aHuUME 3 Oankamu (PayPal, Venmo) ta B momatkax, mo NpHW3HAYCHI IS
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6e3koHTaKTHOI orutatu (ApplePay, GooglePay) [19].

He3spaxkaroun Ha MIBHIKICTH, KOH(IICHITIHHICTH, BIIMOBOCTIHKICT Ta iHIII MEpPeBar MipHHTOBUX MEPEK,
BOHM TaKOXX MiAMaroThCsl aTakaM. JleneHTpadi3oBaHy Mepexy 3aXMCTHTH Habarato CKJIaJHille, HIK
LeHTpati3oBany. Jleska yactiHa iH(opMaIlii MoKe TepeiaBaTUCh B HE3aIN(PPOBAHOMY BUIIIAAL (T 301IbIICHHS
MIBUIKOCTI), icHye mpobnema migpoOku IP-ampecn Bysma (MoximBa ¢anscudikamnis mannx). Jo P2P mepexi
MOXYTh MiJKIIOYaTHCh HEABTOPU30BaHI KIIEHTH 1 CTBOPIOBATH HABAHTAXXCHHS, IO HE HECE HISKOI KOPUCHOI
iHpopmamii. /[y BUpIIIEHHS BHIIE OMMCAHUX IIpoOJieM Oe3NeKH CTBOPIOIOTH PI3HOMAHITHI METOM, IO 0a3yIOTHCS
Ha MepioJUYHIN 3MiHI KIFOUIB, CIIMCKY KOHTPOIO JOCTYITY, M(pyBaHHi qaHux oo [20, 21].

3a JaHUMH JIOCTIDKEHb Ha CHOTOJHIIIHIA JA€Hb CIOCTEPIraloThCs Taki TEHJEHIT B PO3BUTKY ITiPHHTOBHUX
Mepex [22, 23]:

- EBomronis icHyrounx KoHnenmiid. BinOyBaeTbcsi BIOCKOHaJEHHSI alrOpUTMIB MOUIYKY KOHTEHTY,
3aCTOCYBaHHS HOBHX METO/IiB 3a0e3neueHHs Oe3I1eKH, BIIOCKOHAJICHHS] METOIB B3aEMOIIT BY3JIiB MEPEKI.

- AXxioTax — MepeKOHaHHs B TOMY, IO MIPUHIOBI MEPEXi € KpallMMH 3a IeHTpasi3oBaHi. Xoya Taki
MepeXi MaloTh BEJHMKY KiJIbKICTh TepeBar, ajieé BOHM 4YacTO BHKOPHUCTOBYIOThCS O€3 OLIHKH JOIIIBHOCTI IX
BUKOPUCTAHHS [UTsl BUPIIICHHS KOHKPETHOT 3a/1adi.

- CTBOpEHHs HOBUX Ta BJIOCKOHAJIEHHSI ICHYIOUHMX IPOTOKOJIIB 0OMiHY TaHUMH.

Texnomnorist P2P mepex crae Bce OibI NOMYNISpHOIO, ane choroauimui P2P — e He Te came, mo Oyno Ha
moyartky ix po3pooku. OHOpaHroBI Mepexi HEOAHOPa30BO MM TEXHOJIOTIYHI MPOPUBU Ta MOXYTh 3HAWTH CBOE
3aCTOCYBaHHS Y TakuXx cdepax:

- Mynetamenia P2P. BinOyBaTUMeThCS MOKPAIICHHS MPOTOKOJIB OOMIHY JaHUMH JUIs 30LTBIICHHS
MIPOITYCKHOT 3/IaTHOCTI Ta MIBUKOCTI epeadi 0e3 BTpaTH SKOCTI KOHTEHTY.

- Xwmapa P2P. TexHosorisi AelleHTpalli30BaHUX MEpEeXk 3pOOUTh XMapy OLIbII HaJAIHUM CepeZoBHILEM
00OMiHY IJaHUMH 3a paXyHOK TiOpuaHOT iIHPPACTPYKTYpH.

- TlomyxoBi cucremn Ha ocHOBi P2P. Koxen By3on 3miliCHIOBaTMME IIOLIYK OKPEMO, THM CaMUM
IPULIBHUILIYIOYH LEH ITPOLIEC.

- BpockoHaneHHsi mporpaM Juii OOMiHY MHTTEBUMH TOBiioMieHHsAMHU. [loeaHaHHsS cydacHUX
KpUITorpaiyHuX MNPOTOKOJIIB OOMIHY JaHMMHU 13 TexHojorietro P2P wmepexx /J03BONMTH BUBECTH OOMIH
MIOBIIOMJICHHSIMH Ha HOBUH PIBEHb.

- Mamunae HaBuaHHi. P2P Mepexi /M03BOJNSATP HEWPOHHMM MepeaM IIBHJIIE HAaBYATHCh Ta
NOKpalyBaTy Oa)kaHU| pe3yJbTar.

- binbm edekTHBHE BUKOPHCTaHHS INIO0AJBHUX OOYMCIIOBANBHUX pecypciB. Komm’rorepu, 1o He
BUKOHYIOTh HISIKMX 3aJa4, Y MIEBHUI MOMEHT 4acy 3MOXYTb OpaTu y4acTb y pO3B’s3aHHI 3ajady, siki HOTpeOyIoTh
3HAQYHHUX OOUYMCITIOBATIBHUX MOTYKHOCTEH.

- CTBOpeHHsI aBTOHOMHHUX CHUCTEM, SIKi 3MOXYTh BUPIIIyBaTH MEBHI 3a/a4ui Oe3 BTpy4YaHHs KOPUCTYyBaya,
a TaKoX aJanTyBaTUCh JI0 3MiH.

BucHoBku

[IpoananizoBaHo 0a30Bi MOHSATTS Ta OCOOJMBOCTI MIPMHTOBUX MEPEX, JOCIIHDKEHO OCHOBHI eTamu ix
PO3BUTKY Ta MOKOJiHHS. BUKOHaHO OaraTtokpurTepiajibHe MOPIBHSIHHS OJHOPAaHTOBUX Ta 0araTOpaHrOBUX MEPEX.
BusHaueHo, 10 JIeleHTpalli3oBaHi Mepexi OULIbII AOLUIPHO BUKOPHCTOBYBATH Y MOPIBHIHHI 3 IIEHTPAi30BaHUMHU
0COOJIMBO y THUX BHUNAAKaxX, 7€ NPIOPUTETHOW € AaHOHIMHICTh, KOH(QIIACHIINWHICTh, BIIMOBOCTIHKICTH Ta
MaclTabOBaHICTb.

Haii0inpiioro mommpeHHss OAHOPAHTOBI Mepex HaOylnu B CHCTeMax, 10 OOpOOJSIOTH BENHMKI OOCSTH
JIaHUX 1 320€3MeUyI0Th 1HMBIyalbHUN 00MIH iH(OopMaIlieto Mixk KoprucTyBadamu. [TippHrOBI Mepexi movaiu cBiit
PO3BUTOK 13 3BHYaliHOTO OOMiHY (haiiamu, a Ha CHOTOJHIIIHIM JIeHh BOHU BUKOPHCTOBYIOTHCSl y HaT-CUCTEMaXx,
0aHKax, KPUIITOBAJIIOTHHX CHCTEMax, CHCTeMax BiZeo3B’si3Ky Tomo. JluHamiuHe 3pocTaHHS oOcsry IHtepHer-
Tpadiky, 110 OXOILIIOE MIPUHIOBA TEXHOJIOTIS 13 POKY B PiK MIATBEPXKYE 11 aKTyaJIbHICTh Ta MEePCIeKTUBHICTh. Lle
MTOSICHIOETHCS] MEHIIIMMHU BUTpaTaMH Ha Tpadik, SMEHIICHHSM 3aTPUMOK IIPH Tiepeaadi JaHUX, ITiABUIICHHSIM SKOCTI
Tpadiky Ta Kibep3axuineHocTi B miomy. [lipuHroBi Mepexi MOXYTh 3HAHTH CBOE 3aCTOCYBAHHS y MAalIMHHOMY
HaBYaHHI, TOIIYKOBUX CHCTEMaX, XMapHUX obuncieHHax. KpiMm Toro, BimOyBaTUMEThCS OKpAIIEHHS iCHYIOUHX Ta
CTBOpPEHHSI HOBUX 3aXWIICHUX BUCOKOMPOIYKTHBHUX MPOTOKOIIB OOMIHY MaHUMH IS OXOIUICHHS OiIBIIOL
KUTBKOCTI chep 3aCTOCYBaHHS JACIICHTPAIII30BAHUX MEPEK.
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OCOBJIMBOCTI BUKOPUCTAHHA METOAY NPOEKTIB ITPU BUKJIAJTAHHI
OCBITHIX KOMITIOHEHT CIIEHIAJIBHOCTI KOMITI'IOTEPHI HAYKH

YnpoeadiceHHs 6 oceimHili npoyec modesi HABYAHHS, WO NOEGHYE nepesazu ayoumopHoi opeauizayitiHoi popmu
HABYAHHS [ NPOEKMHUX MemOoJuK ma idpi3HIEMbCS 8i0 ICHYOHYUX BUKOPUCMAHHAM HABYA/IbHUX 3aday (npoekmig), documb
mpusaaux y uaci ma yinecnpsimMoeaHux HA 6cebiuHull po3sumok ocobucmocmi 8 iH@opmayiliHomy cycnisbcmsi, €
nepcnekmueHuUM HaNpPsAMoM HAYKO8UX NOWYKI8 i Haza/bHOow nompeboio npakmuku. HasedeHo o6rpyHmosaHy mMemoouky
3acmocysaHHsi Memody npoekmie npu 8uKAadaHHi Hag4aabHux ducyunaii cneyianvHocmi «Komn'tomepHi Hayku», wjo
6azyembucst Ha iHmMezpayii Haykosux nidxodie do 3micmy HA8YAHHS Ma HA NpiopumemHocmi 8UBYEHHS NPO2PAMYBAHHS,
npobsiemHocmi 3micmy hpoeKmHux 3a80aHb HA 8udu JislAbHOCMI, hapMmMHepCbKilli 83aemMo0il yuacHukie npoekmy Ha 0cHo8i
dia(noai)snoziuHozo cninkyeaHHi. [losedeHo, wjo 8UKOPUCMAHHS MemOoOUKU Hadae 3mozy 30ilicHr8amu KOMNemeHmHicHO
opieHmogaHe HAB4YAHMA Ha [HMezpayiliHill ocHo8i Haykosux nidxodie. BusieseHo ekchepumeHmMasnabHO nidmeepdiceHy
meHdeHyilo  do  nideuweHHs pisHa  cgpopmosaHocmi  iHopmayiliHo-KomyHikayiliHOi ~ komnhemeHmHocmi
eKcnepuMeHma/ibHUX 2pyn 3a pPAaxyHoK nideuuwjeHHs1 MIHIMA/AbHO20 piBHSI 3HAHb, YMiHb, HABUYOK, iX cmasesieHHs 00
onaHyeaHHs amicmom iHpopmayiliHoi oceimHboi cKaadoeoi HasuaHHs, ix momusayitinoi ma pegaekcusHoi 2comosHocmi do
3acmocysaHHs Yyugdposux mexHo102ill i npozpamHozo cepedosuwya 015 camocmitiHoi po6omu ma cninky8aHHs.

Karouosi cnosa: komn’tomepHi Hayku, Memod npoekmis, oceima, npo2pamys8aHHsi, Memoouka Ha84aHH.

SERHII S. PETROVSKYI, OLEKSANDR A. PASICHNYK, TETIANA K. SKRYPNYK
Khmelnytskyi National University

PECULIARITIES OF USING THE PROJECT METHOD IN TEACHING EDUCATIONAL COMPONENTS OF THE
COMPETENCE OF COMPUTER SCIENCE

The introduction of a learning model into the educational process, which combines the advantages of classroom organizational
form of learning and project methods and differs from existing ones by using educational tasks (projects), quite long in time and aimed at
comprehensive personal development in the information society, is a promising area of research practices. The substantiated technique of
application of a method of projects at teaching of disciplines of a specialty "Computer sciences" based on integration of scientific approaches
to the maintenance of training and on priority of studying of programming, problems of the maintenance of project tasks on kinds of activity,
partnership interaction of project participants) logical communication. It is proved that the use of the methodology allows to carry out
competency-based learning on the basis of integration of scientific approaches. The experimentally confirmed tendency to increase the level
of formation of information and communication competence of experimental groups by increasing the minimum level of knowledge, skills,
their attitude to mastering the content of informational educational component of learning, their motivational and reflexive readiness to use
digital technologies and software environment for independent work and communication.

Keywords: computer science, project method, education, programming, teaching methodology.

IocranoBKa mpodiaeMu

Jns YkpaiHu xapakTepHUM € 0araTOBEKTOPHHH PO3BHUTOK CYYacHOTO iH(OpPMAIIfHOTO CYCHiIBbCTBA, IO
PO3BUBAETHCS AK BIAKPUTE, TPOMAASHCHKE, PUHKOBE, «akTUBHe» [l], 1 moTpebye HOBHUX BIAKPHUTHX OCBITHIX
Mojenell Ta IEMOKPAaTHYHOTO YIPaBIiHHS HUMH, MEXaHi3MiB pPO3MOIUTy KOINTIB 1 PO3BUTKY MapTHEPCTBA 3
TPOMAJCHKUMH IHCTHTYTaMH 3/ 3a0e3medeHHs] BCeOIYHOTrO0 PO3BUTKY KOMIIETEHTHOI OCOOMCTOCTI, 3aTHOI 110
AKTUBHOI Ta YCHIMIHOi JXUTTEHSUTBHOCTI B CYCIIIBCTBI, PIBHOTO AOCTYIY 1O sKicHOi ocBiTH. Bci 1i 3aBmaHHA
MaloTh CTpaTeTiYHe 3HA4YeHHS U1 pedopMyBaHHS CEpH OCBITH, a SKICTh OCBITH IOB’S3YETHCSA 3 pealizalliero
KOMIIETEHTHICHOTO, OCOOMCTICHO OpI€HTOBAHOTO, iH()OPMALIHHOTO, TEXHOJOTIYHOTO Ta IMPOEKTHOTO ITiAXOIB.
SIKicTB OCBITH HE 3aBXKIH TOCATAETHCS 32 KIACHYHOI ayAUTOPHO-JIEKIIHHOI CHCTEMH HaBYAHHS.

AHaJi3 ocTaHHIX TKepest

PesynpraTi BUBYEHHS OCBITHBOI NMPAKTHKHA CBiA4YaTh, II0 B OpraHi3amii mporecy HaBYaHHS IIPEBAIIOE
ayIUTOPHO-JICKIIIfHA CHUCTeMa HaBYAHHS, SKa BKIIIOYA€ KIACHYHI JIEKIii, JTabopaTopHi poOOTH, MPaKTU4HI Ta
ceMiHapchKi 3aHATTS Tomio. CTBepAHY BiNMOBiAb HA me muTaHHS Hamamd 94,0% KepiBHUKIB 3aKJa/liB OCBITH Bif
3araibHOTO 00CATY BHOIpKHM, IO cTaHOBHIA 1266 pecroHIeHTIB i cknamae npudmusHo 7,32 % Bix «17, 3 THC. iX
3aranbHOi KITBKOCTI B YKpaiHi» Ta BiANOBImAaE iHAyCTpianmpHIN, a He iHopmamiiiHii emoci [2, c¢.51]. Hus
TIOBHOIIIHHOI peaii3amii HAayKOBHX MiAXOMIB y IX CHHKPETH3MI CIiJ] KOHCTATyBaTH MpO iX JHIIE YaCTKOBE
BiJOOpakeHHSI B HAyKOBO-METOJMYHOMY CYIPOBOJI KOMIIETETHTHICHO OpIEHTOBAHOTO HaBUYaHHS, HaBYAIbHO-
MMi3HABAJBHOI Ta MPOEKTHOI BHUIAX MisTbHOCTI. OHHUM i3 Hi€BUX 3ac00iB PO3BUTKY OCOOMCTOCTI Ta 3700YTTS
KIIFOUOBHMX 1 NPEJAMETHHX KOMIIETEHTHOCTEH mNpH 3700yTTi OCBiTH € MeTox mpoekTiB. IIpoekT € edekTuBHUM
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e Takox IMOAKTHYHWIA 3aci0 akTHWBi3amii Ta IHAWBIMyami3amii HAaBYANBHOI Mi3HABAIBHOI JiSUTBHOCTI, 3aci0

PO3BHUTKY KpeaTHBHOI'O iIHHOBATOpA Ta BiAMOBIAAIBHOTO 3a Pe3yJIbTaTH isTIBHOCTI CBIZIOMOTO I'pOMa/ISTHIHA KpaiHH.
DopMyaIOBaAHHSA HiTei

Y poOOTi TPOMOHYETHCS MOOeIb HABYUAHHSA, KA MAE nepesazu ayOumopHO-AeKYitHoi opeaHizayiinol
dopmu HauanHs [ NPOEKMHUX MemOOUK mMa pIZHUMbCA 6i0 ICHYIOYOI SUKOPUCMAHHAM HABYAAbHUX 3a0ay
(npoexmig). JInst NOCSTHEHHS! METH JIOCIIDKEHHS TIEpe]l aBTOpPAaMH IIOCTa€ BUKOHAHHS TAaKUX 3aBJaHb!

1) po3poOka Mozemi HaBYaHHS 3 3aCTOCYBaHHSIM METOJAY IPOEKTIB Il BHBYECHHS iH(opMaIiiftHuX
TEXHOJIOTIH;

2) TOpIBHSHHS OTPHUMa@HHMX PE3YJIbTATiB BIPOBAUKEHHS METOJY IPOEKTIB NMpPU BHKJIAJaHHI MpPEAMETIB
CHENiabHOCTI KOMIT ‘FOTEpHI HaYKH.

Buxnan ocHoBHOro matepiany

CyuacHa cucTeMa HaBUYaHHS Ma€ 3a0e3NeYUTH YMOBH ISl OBOJIOJIHHS TEXHOJIOTISIMH OTIaHYyBaHHS
3HAHHSMH, PO3BHTKY HABHYOK ITOCTAaHOBKM METH, 3aBJaHb, BUOOpPY 1 OMaHyBaHHsS IHCTPyMEHTaMH ITi3HaHHS,
MOJISIIIOBaHHsI, PUHHATTS pillleHh B yMOBaxX HEBHW3HAYEHOCTi, HAOyTTS YMiHb CaMOCTIHHO 3/100yBaTW 3HaHH:,
cuctemaru3aiii i y3araJbHEHHS BJIaCHUX 3HaHb.

[Ipouec HaBuaHHS Ha JaHWIl Yac BiIOyBaeThCs 3a MPUHIMIIOM HarpoMa/pkeHHs 3HaHb. KoxHa npouenypa,
(YHKIIIS BUBYAETHCS OKpEMO. 3HAHHS OTPUMaHi Ha IOINEepeHIX 3aHATTAX HE 3aBXKIW MOTPIOHI Mij 4ac BHBUCHHS
HACTYIHOI TEMH, IIOPYIIYETHCS LUTICHICTE CUCTEMH 3HaHHSI.

Kpim Toro, Hemomiku ayquTOPHO-JIEKIIHHOI CHCTEMH HaBYaHHS 3yMOBIIOIOTH 3MiHY pOJIi Cy4acHOTO
BUKJIaJaya, SKHA Mae CTaTH OpraHi3aTopoM HaBYaJbHO-NIPOEKTHOI Ta MPOEKTHO-TEXHOJOTIYHOI JsUTBHOCTI
CTYACHTIB 1 BHHHMKAa€E HEOOXIiJHICTh 3aCTOCYBaHHS HEJIHIHHMX TEXHOJIOTI HaBYaHHs, LU(PPOBUX TEXHOJOTIH,
OHJIAWH CepBICiB, MOKJIMBOCTEH CepeIOBUIIA PO3POOKH MPOrpaMHOro 3a0e3nedeHHs. Y 3B’SI3KY 3 [IMM HarallbHOIO
NoTpeOOI0 MPAKTUKU € PO3POOKAa METOIMKU 3aCTOCYBAaHHSA METOAY IPOEKTiB y HAaBYAaHHI CTYAEHTIB 3 HANPSAMKY
KOMIT‘IOTepHI Hayku. MeToj TpOeKTiB 0a3yeThcsi Ha JISUIBHICHOMY, KOMIETEHTHICHOMY Ta OCOOHCTICHO
30piEHTOBAHOMY Ii/IX0/IaX JI0 HABYaHHS CTY/ICHTIB.

Posrnsinemo mexnonozito nposedenns npoexniy Bl HOTo 3alI04aTKYBaHHS JI0 JIOTTYHOT'O 3aBEPILICHHS:

1.Ha mnepmiomy erami BinOyBaeTbcs IUIaHYBaHHS IPOEKTHOI [isUIbHOCTI  3100yBaviB  OCBITH,
apryMEHTOBaHO OOTOBOPIOETHCS TEMATHKa Ta 3HAUYIIICTh MAaHOYTHBOTO MPOEKTY LISl HOro yCeO1uHOTrO PO3BUTKY Ta
MIPOTHO3YBAHHS OUIKyBaHMX PE3YNbTATIB MPOSKTHOI MISUIBHOCTI, IJIAH YHPaBIiHHS NpoekToM. [lnaH ympaBiiHHS
MIPOEKTOM — IIe JACTAJbHUI, YITKO CTPYKTYPOBAHHI, IIATOTOBJICHUH 1 Y3TO/PKCHUI JOKYMEHT, SIKUW OMUCYE L i
3aBJIaHHSI, 1110 HEOOX1THO BUPIIIMTH YYHIO, CIIOCOOM 1 Pe3yJIbTaTi IOCSTHEHHS LiJIeH.

2.Ha ppyromy erami BHUKOHAHHS IPOEKTY BHKJIQJayeM BHAAE€TbCA CTYINCHTY 3aBIaHHSA Y BHUIVIAAL
cneuudikanii 3aBJaHHs MPOEKTY, MPHUUYOMY HE OJHOMY, a JBOM. HaBuanbHUII MPOEKT Ma€ BEIUKY CKIAIHICTh y
BUIJIAl PEajbHOrO 3aBIAHHSA, 1 TOMY CTYJEGHTH OTPHMAIOTh KOHKpETHE 0COOMCTE 3aBIAaHHS AT HOTO BHKOH aHHS.
Ha npomy etamni nepeciiiyeTbcsi HACTYITHA METa — HABYMTH CTYACHTA JOCSATATH METU Ta HAOYTH HABUYKU POOOTH
B KOMaH/Ii Ta KOJICKTUBI Ha/l OJJHUM MIPOCKTOM.
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3. Ha tperboMy eTami BHKOHaHHS MPOEKTY PO3MNOYNHAETHCS BIIaCHE PO3pOOKa CTYIEHTOM/MH IPOEKTY.
Leit eTanm BUKOHAHHS MPOEKTY Ma€ XapaKTepHY BIIMIHHICTb, III0 BUPI3HSE BiJl CTAHAAPTHOI ayMTOPHO-JIEKIIHHOT
CHCTEMH HaBYaHHA. /{1 TOro, mo0 HamicaTH KOMIT IOTEPHY MPOrpaMy CTYIEHT IOBHHEH MATH IIUIICHY CHCTEMY
3HaHb, [0 BKIIOYAa€ HEOOXiHE 3HAHHS YChOTO BHBYEHOIO HABUAJIBHOTO MaTepialy, a He JIMIle BHOIPKOBHUX
okpemux TeM. [Ipy IIbOMY HaIpalbOBYETHCS HABUYKAa YMIHHS TiSITH — B JIAHOMY BHIIQJKY PO3POOISATH TOTOBY
KOMIT'IOTEpHY IIpOTpaMy, a 3HaHHS (YHKIIOHAIBHUX MOXIIMBOCTEH CEpeIOBHINA PO3POOKH MPOEKTY BUCTYIIAE
IHCTPYMEHTOM JIOCATHEHHS! BU3HAYEHOI MeTH IpoekTy. CIlil BIAMITHTH, IO JUISl HAITMCAHHS ITPOrPaMHOT0 MPOIYKTY
B MEXaX IPOEKTy HeOOXiHO 3HAHHS, 1[0 NMEPEBHIIYIOTH PiBEHb BUKJIAJaHHS OCBITHBOI CKJIanoBoi. Lle crionykae
CTYZEHTA 10 OZEPXKaHHS HOBHX 3HAHb 3 PI3HUX OCBITHIX rajy3eil Ta caMOpO3BHTKY B PI3HUX BHIaxX MisUIBHOCTI,
BKJTIOYAIOYHU ITPOEKTHY.

4. Ha 4erBepTOoMy eTami Ticis 3aKiHUYeHHsS HaBYAJIBHOTO TMPOEKTY CTYAEHT 3axWilae HOoro Ha
CeMIHapChKOMY 3aHSTTI.

[Ipuknamm BUKOHAHHS HABYAIBHOTO MPOEKTY: PE3yJIbTaT BUKOHAHHS MpoekTy «KyxHs» (puc. 1).

Y3aranbHeHa MOJIENb MisUTBHOCTI Cy0’€KTIB OCBITHBOTO IPOLIECY B MPOIECI 3aCTOCYBAHHS 3aIIPOITOHOBAH O
METOJIMKH MPH BUKJIAJAHHI HABYAJIBHUX TUCIHIUIIH CIeiadbHOCTI « KoM’ roTepHi Hayku» 300pakeHa Ha puc. 2.

JisiabHiCTH BUKIaga4ya
IligroroBka i mpoBeIeHHs MyOJIYHUX 3aXHUCTIB POOIT, HOpMyITIOBaHHS, OOIPYHTOBaHE JOBEACHHS 10 BigoMa
CTY/AEHTIB OLIHKOBUX CY>KEHb.

ETAII 3

JisabHICTH cTY/IEHTa
3aXUCT CTYAEHTOM IHIUBiNyalbHOI YACTHHH IPOCKTY.

JlisanbpHICTh BUKJIaAa4a

DopmyBaHHS TPy, IO NPALOBATUMYTh HaJ KOHKPETHHUMH IPOEKTAMHU, IOBEIACHHS 10 HUX 3MICTy
MPOCKTHUX 3aB/IaHb.

YupapitiHHs DisTIbHICTIO CTYACHTA.

[TinroroBka 0 eTamy IpeaCTaBICHHS Pe3yIbTaTiB IPOEKTIB.

JisnbHicTh yUHs

Bubip npoexTHOTo 3aBIaHHS.

CrpuiHATTS 1 OCMHUCIIEHHS 0JIep)KaHOr0 HABYAIBLHOTO MaTepiajly MpOeKTy.

3acToCyBaHHs CTYJICHTOM HaOYTHX 3HaHb Ta YMiHb y CTAHJAPTHUX 1 TBOPUUX YMOBAX IPOEKTY.
I'pymoBa npoekTHa TisUIbHICTh CTY/ACHTIB, HAOYTTS YYHSAMHU MPAKTUYHUX YMiHb 1 HABUYOK, popMyBaHHS
3aBJSKU LILOMY OpPIEHTOBAaHOT OCHOBH JiSUTBHOCTI.

OmnparroBaHHs 1 aHAIII3 pe3yIbTATiB IPOEKTY, MIATOTOBKA JI0 3aXUCTY HPOCKTY.

ETAII 2

e

JisabpHicTh BUKJIaKa4Ya

[TnanyBaHHS HABYaJIBHOTO MPOLECY MPOQPITBHOrO HABYAHHS KOHKPETHOTO HABYAIIBHOTO MTPEAMETA.
CtBOpeHHS (KOPUTYBaHHSI, TIOHOBJICHHS, aIaNITYBaHHsI) TPOCKTHUX 3aBIaHb, TOBEICHHS iX 10 BimoMa
CTYIICHTIB.

CrBOpeHHS (IIONOBHEHHST) JOCTYITHUX JUIS CTYAEHTIB 6a3 JaHHX HaBYAIBLHOIO MaTepially (JIOKaJIbHHX 1
B II00aJbHIN KOMIT IOTepHIN Mepexi).

pe———

JissnbHicTL yuHst
Os3HaifoMJIeHHS 3 TeMaMH NIPOESKTHUX 3aBJaHb MPOEKTIB (aKTyasi3allist ONOPHHUX 3HAHB).

ETAIl 1

Puc. 2. Y3araibHeHa Mo/ieJib AislVIbHOCTI ¢y0’€KTiB OCBITHHOI'0 NIPOLECY B MPOIECci 32CTOCYBAHHS 3AIPONIOHOBAHOT METOIMKH NPH
BHKJIAIaHHI CHIeiaIbHOCTi KOMII'IOTEPHi HAYKH

CepemHi 3HA4YeHHS Ta MATEeMATHYHUX CIIOMIBaHb OIIHOK CTYACHTIB i3 HABYANBHAX TUCHHUIUTH Yy
KOHTPOJIbHHUX Ta EKCIEPUMEHTAIBHHUX Tpynax 300pakeHo Ha puc. 3.
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Puc. 3. Cepenni 3HaueHHsI Ta MATeMATHYHHUX CHOAIBAaHb OLIHOK CTY/JAEHTIB i3 HABYAJIbHUX NMPeAMETIB Y KOHTPOJbLHHX Ta
eKCMepUMEeHTAJBHHUX IPynax

BucHoBkn

Orxe, pe3yjbTaTd EKCIEPUMEHTY JIO3BOJSIIOTH 3POOMTH BHCHOBKM MpO Te, L0 BUKOPHUCTAHHS
3allPOIIOHOBAHOI EKCIIEPUMEHTAIBHOT METOAMKM TpPH BHUKJIAJAHHI HABYAJbHUX JMCIHMIUIIH  CIHElialbHOCTI
«Komm’1oTepHi HayKn» Ta METOAY MPOEKTIB y MpPOLeCi BUBYCHHS OCBITHIX KOMITOHEHTIB 3 MPOTrpaMyBaHHs, SKUMU
nepeadayeHa caMoCTiiiHa, HaOJMXKEeHa 1O HayKOBO-TIONIYKOBOI, MisUIBHICTH CTYJIGHTIB, 3a0e3leduye CyTTEBO,
CTaTUCTUYHO 3HAYYIII Kpalli pe3yabTaTH, HiX TPaAUIiiiHe HaBYaHHSI.

ExcriepuMeHTaNbHO MiATBEPIHKEHO, IO BIPOBAKEHHS aBTOPCHKOI METOJMKU Ta METOJAY MPOEKTIB Y
IpoLeC BUKJIAJAHHA CIELiaJbHOCTI KOMIT IOTEepHI HAayKH, aJIeKBaTHE Cy4acCHOMY €Tally PO3BHTKY iH(opmamuiiiHoro
CyCHiIbCTBa B KpaiHi Ta 3a0e3nedye:

- TIOKpalleHHs MOKa3HUKIB HABYAHHS;

- 3JaTHICTb CTYJEHTIB JI0 BAKOPUCTAHHS iH(POpMALliHHO-KOMYHIKaliHHKUX 1 IIM(PPOBUX TEXHOIOTIH;

- MOTHBAIiiiHy TOTOBHICTh CTYJICHTIB O 3aCTOCYBaHHs 3a3HAUY€HHWX TEXHOJIOTIH Ui CaMOOCBITH,
CHIJIKYBaHHS, HaBUaHHS yIPOJIOBXK KUTTEAIANBHOCTI;

- pedreKkcUBHY TOTOBHICTh 1O BHUKOPHCTaHHS iH(OPMAIMHUX 1 KOMYHIKAI[IHHUX TEXHOJOTIH JuIs
CaMOOCBITH 1 MPOJIYKTUBHOI JisUTBHOCTI, 0 BUOOPY 3ac00iB AisIBHOCTI, aIeKBaTHUX LIJISIM JTiSUTBHOCTI M BIaCHUM
MOXJIMBOCTSIM;

- 3JIfiCHEHHS MiJrOTOBKU CTYJEHTIB JI0 YYacCTi B IPEIMETHHX OJIiMITiaJiax.
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INFORMATION TECHNOLOGY OF MAKING CONTROLLED CRITICALLY SAFE
DECISIONS ABOUT MODEL PARAMETERS CONVERSION AT TRANSFER
BETWEEN VISUALIZATION SYSTEMS

In modern production, computer-aided design systems have become widespread, which provide the opportunity to
create technological processes with less time and engineering. Automated design system is a system capable of automated
level to implement information technology to perform design functions, is an organizational and technical set of software
tools designed to automate the design process, consisting of staff and a group of technical, software and other means of
automating its activities.

Computer-aided design systems are an important link in industrial design, widely used in many industries, including
the automotive, shipbuilding and aerospace industries, industrial and architectural design, prosthetics and many others. CAD
is also widely used in computer animation for special effects in movies, commercials, and technical materials, often referred
to as digital content. Due to its economic importance, the computer-aided design system has become the main driving force of
research in the field of computational geometry, computer graphics (both hardware and software) and discrete differential
geometry.

In today's automated manufacturing market, most constructors use additional engineering software. As a rule, such
add-ins are used in the functional infrastructure of a specialized set of solutions that implement the principle of building
information modeling (BIM). The most common system of this type is Autodesk Revit, a platform that provides three-
dimensional modeling of building elements and flat drawing of design elements, designed for architects, designers and design
engineers.

This research presents the results of information technology for Autodesk Revit computer-aided design system
based on 2019-2021 packages, which will allow users of the architectural visualization platform to use the functions of
viewing, processing, mathematical transformation and serialization on elements of 3D building models.

Keywords: coordinate systems, visualization systems, Autodesk, Autodesk Revit, Building Information Modeling.

POMAH PYCJIAHOBUUYT PUMAK
XMenpHUIBKUN HalliOHAIBHUH YHIBEpCUTET
OJIEKCAH/IP AHATOJIIOBHY ITACIYHUK
XMenpHUIbKUI HalliOHAIBHUH YHIBEpCUTET
TETSAHA KASUMHWPIBHA CKPUITHUK
XMenbHUIBKUH HAlliOHAIBHUH YHIBEpCUTET
EAYAPJ AHHPIﬁOBHq MAH3IOK

XMenbHUIBKUH HAlliOHAIBHUH YHIBEpCUTET

ITH®OPMAIIAHA TEXHOJIOT' LS HPI/II‘/'IHHTTHMKOHTPOJILOBAHI/IX KPUTUYHO-BE3IEKOBUX PINIEHD
INEPETBOPEHHS ITAPAMETPIB MOJEJIEH ITPU TPAHC®EPI MIDK CUCTEMAMM BI3YAJII3ALII

Ha cyuacHOMy pHHKY aBTOMAaTH30BaHOI'O BHUPOOHHMIITBA OUIBLIICTH iH)KEHEPIB-KOHCTPYKTOPIB MaroTh HOTpeOy B 3aCTOCYBaHHI
JI0JJATKOBOTO TpOrpaMHoro 3abe3medeHHs. Sk mpaBumiio, Taki HanOyAOBH BHKOPUCTOBYIOThCA Y (YHKIIOHaNbHIM iH(pacTpyKTypi
CHEeNiaIi30BaHOTO0 KOMIUIEKCY pillleHb, IO Peai3yroTh HPUHLMI iHGOpPMaliiHOrO MOZENIOBaHHsA OyaiBenb. HaiimommpeHimow cucteMoro
Takoro tumy € Autodesk Revit, To0T0 miardopma, sika Hagae MOXKIHBOCTI TPUBHUMIPHOTO MOJICTIOBAHHS €JIEMEHTIB OYAiBIi 1 MIIOCKOTO
KpECJICHHS eJIEeMEHTIB 0(pOPMIICHHS, IPH3HAYECHOTO JUISL apXIiTEKTOPiB, KOHCTPYKTOPIB 1 iHKEHEPIB-NPOSKTYBaJIbHUKIB.

KirouoBi cioBa: ccTeMH KOOPIMHAT, CUCTeMH Bizyaunizanii, Autodesk, Autodesk Revit, Building Information Modeling.

FORMULATION OF THE PROBLEM
Computer-aided design system has a set of functional tasks that allow engineer to basically proceed the
information modeling of architectural and construction 3D models. However, like any system of geometric
visualization, these platforms are limited in the implementation of specialized processes, for example, in the
calculations of local coordinates related to the view elements on the engineering sheets. Therefore, by the
infrastructure of Autodesk platform and its application programming interface developers obtain the ability to
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organize an unlimited number of engineering add-ins which will be used to solve a specified collection of tasks.
ANALYSIS OF RECENT RESEARCH

Autodesk Inc. is the world's largest provider of software for industrial and civil construction, mechanical
engineering, media and entertainment markets. The company has developed a wide range of replicated software
products for architects, engineers and designers. There are currently more than 9 million Autodesk users worldwide
[1].

In total, Autodesk currently produces about a hundred software products. Four systematized divisions are
engaged in development:

1. Solutions for industrial production and mechanical engineering is a comprehensive set for design and
engineering, which is used in various industries, including mechanical engineering, electromechanical, automotive
production of industrial equipment and consumer goods. Many products are based on digital prototype technology.
The solutions of this segment include: Autodesk Inventor, AutoCAD Mechanical and AutoCAD Electrical,
Autodesk Simulation.

2. Solutions for the architectural and construction industry [2]. The programs of this group are used mainly
by various architectural and design workshops, as well as other construction companies for the design of various
buildings and structures, modeling and analysis of their structures and subsystems. These solutions include
parametric design systems based on building information modeling technology Autodesk Revit Architecture and
Autodesk Revit Structure, applications for the design of building subsystems AutoCAD Architecture, AutoCAD
Civil 3D and AutoCAD MEDP, as well as analytical systems for solving problems of environmentally friendly design.
The solutions of this segment include: Autodesk Revit, AutoCAD Civil 3D, AutoCAD Map 3D.

3. Solutions for working with animation, graphics and creating virtual reality. Tools for creating
multimedia materials in all areas of the entertainment industry, from visual effects in film and television, and color
correction to animation, rendering, and computer game development. Major developments include 3D graphics
editors Autodesk Maya, Autodesk 3ds Max and Autodesk Softimage, Motionbuilder animation solutions, Mudbox
digital image sculpting, Burn, Inferno, Flame, Flint, Luster and Smoke special video effects processors.

Information technology about parametric transformation based on the system of building information
modeling belongs to the category of solutions for the architectural and construction industry, so at the stage of
analysis of existing software in the subject area were selected the following computer-aided design systems:
Autodesk Revit and AutoCAD Civil 3D.

Autodesk Revit or simply Revit is a software package for computer-aided design, which implements the
principle of information modeling of buildings (figure 1).

The computer-aided design system is designed for architects, designers and design engineers [3]. The
platform provides the opportunities for three-dimensional modeling of building elements and flat drawings of design
elements, creation of custom objects, organization of joint work on the project, starting from the concept and ending
with the release of working drawings and specifications.

AUTODESK’
REVIT 2021

Figure 1. Autodesk Revi

AutoCAD Civil 3D is a software product for professionals in the field of land management, surveying, master
plan design and infrastructure [4]. It is based on the use of BIM-technologies and three-dimensional mathematical
model of objects. AutoCAD Civil 3D allows you to fully automate the design of infrastructure objects, the creation and
release of working documentation, ranging from the collection and processing of field data, geodetic surveys and
ending with 3D-visualization of the design concept and the construction of the objects themselves.
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In the market of automated products for solutions of the architectural and construction industry, there are a
large number of software products for the development of BIM-model and subsequent design of working
documentation. If you consider modeling tools, the Revit package has everything you need to quickly and accurately
build a 3D model.

With proper preparation of the template, all the information part will already be embedded in the BIM-
model. As part of the template preparation, BIM coordinators configure all the necessary specifications. As the BIM
model is built, these specifications are automatically populated and, in the event of any changes, are automatically
updated. These settings can also be made with dynamic blocks in Autocad, but in some technical scenarios they may
not look very stable.

In the Revit computer-aided design system, the model and the specifications are interrelated [5]. That is,
you can select any element in the specification and show it in any form where this element/elements are present.
This allows you to: eliminate unnecessary elements, quickly fill in the specifications and coordinate the project.

When Revit lacks standard tools, there is a large database of plug-ins that allow you to perform various
actions. From the simplest, such as alignment of elements according to the given law or the expanded choice of
elements of model on parameters, to more difficult - for example, automatic construction of finishing of rooms.

Therefore, after analyzing the existing software of the subject area and determining all the necessary
conditions for creating information technology for model parameters conversion, we can conclude that the software
add-in will be implemented for the automated design system Autodesk Revit.

The purpose of the research: thus, having analyzed the characteristics of the subject area, a set of
definitions for working with the position of mathematical objects and architectural and construction visualization
system, for information technology about conversion of BIM 3D model parameters there is an implementation of the
following functional stages:

1. Development and organization of technical means for creating a tool add-in in the computer-aided
design system Autodesk Revit.

2. Definition of the basic parameters for work with components of building 3D models. Systematization of
data on the elements of the room, obtaining standard information through the Revit API.

3. Formation of a mathematical model in order to convert the coordinates between the elements of the
architectural and construction model and engineering sheets.

4. Organization of the results related to mathematical processing in the text format of data exchange.
Generation of built-in elements of architectural and construction visualization.

5. Development of an auxiliary module for working with software resources of the Azure cloud service.
Create and configure a storage account with a SGB quota. Sending the resulting data with subsequent synchronization
within the cloud service. Transfer of engineering specification between architectural visualization systems.

PRESENTATION OF THE MAIN MATERIAL

Coordinate transformation is the replacement of a coordinate system on a plane, in space, or, in the most
general case, on a given n-dimensional variety [6].

All rectangular coordinate systems in the study space are equal, ie the choice of one of them is not worse or
better than the choice of another. These or those preferences are given based on the specifics of a particular task.
The use of different coordinate systems poses the problem of converting the coordinates of a point, ie the problem of
calculating its coordinates in one coordinate system by its coordinates in another system.

The Revit computer-aided design system, designed to work with architectural solutions, uses two
coordinate systems: the survey coordinate system and the project coordinate system [7].

The survey coordinate system is the real context for the building model. It is designed to describe the
location on the earth's surface. The survey coordinate system is used to identify a specific location on the ground
where the Revit model is located. This coordinate system is created outside the context of the project.

A large number of shooting coordinate systems are standardized. Some systems use latitude and longitude,
while others use the coordinates of points on the X, Y, and Z axes. Surveying coordinate systems use much larger
scales than project coordinate systems, and take into account details such as land and terrain curvature that are
insignificant for coordinate systems of project systems.

The coordinate system of the project describes the location relative to the building model. It uses the
selected point within the plot as a reference point to measure the distances and locations of objects relative to the
model.

The project coordinate system is used to determine the location of objects relative to a given point next to
the model. This coordinate system is unique to the current project. The beginning of the internal coordinate system
is the basis for the survey coordinate system and the project coordinate system.

Information technology for converting the parameters of geometric objects involves the generation of a
single digital model in the context of architectural components. To implement this idea there is a need in
systematization of mathematical algorithms to convert the coordinates between the elements of the BIM model and
engineering sheets.

The essence of the View is the basic view for all types of View in Autodesk Revit. The view can display an
image created with the Revit model. Displays can be graphical, such as plans, heights, or 3D views, or textual, such
as graphics (figure 2).

Autodesk Revit's suite of application programming interface allows you to operate architectural objects at
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the Active View level. As a rule, the array of geometric primitives is organized under the coordinate system of the
project, that is, the center of mathematical calculations is a point set by the author of the document.

Figure 2. Floor Plan in Autodesk Revit

Engineering sheet or Sheet/ViewSheet entity is a type of architectural mapping consisting of a model view
and a header. Each sheet has a unique sheet number in a complete set of drawings. The number is displayed before
the sheet name in the project browser (figure 3).
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Figure 3. ViewSheet in Autodesk Revit

The main structural element for the ViewSheet entity is an object called Viewport, which acts as an
information intermediary between the specific mapping of the floors and the engineering sheets on which these
mappings are placed. The ViewSheet coordinate system is a two-dimensional paper space, where the center of
coordinates by default is the lower left corner of the active sheet. In case the user of the platform for architectural
solutions tries to remove the header from the ViewSheet view, Autodesk Revit will automatically set the center of
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the paper coordinate system depending on the location of the Viewport components.

For design of structure and systematization of information technology regarding the parameters
transformation of architectural and construction 3D models there is a need in the analysis and automation of
information flows processing. The functionality of the engineering add-in must match all the necessary conditions
for data processing from the Revit API. The business processes in Autodesk Revit can be divided into the following

groups:

1. Business process for working with views of the active document (figure 4):

- display a list of document views;

- view data of the active view;

- interactions through Revit: connection and scaling functions for the relatively active view;
- search for objects from the list of available views.

Figure 4. Business process for working with views of the active document

Figure 5. Business process for working with a sheet of an active document

2. Business process for working with a sheet of an active document (figure 5):
display a list of engineering sheets of the document;

view data on active sheet;

interactions with Revit: function of connection of the active engineering sheet;
search for objects from the list of available engineering sheets.

Figure 6. Business process for working with rooms at the level of active view

3. Business process for working with rooms at the level of active view (figure 6):
- display a list of available rooms;
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- view data on the active room;
- interactions with Revit: zoom function to the active room;
- search for objects from the list of available rooms.

Figure 7. Business process for working with doors at the level of active view

4. Business process for working with doors at the level of active view (figure 7):
display a list of available doors;

view data on the active door;

interactions with Revit: zoom function to the active door;

search for objects from the list of available doors.

5. Business process for working with linked documents (figure 8):

display a decision tree for linked documents;

display rooms and doors for each linked document;

Figure 8. Business process for working with linked documents

6. Business process for working with metadata generation (figure 9):

display a list of engineering sheets at the level of the active document;

give the user the opportunity to select sheets before sending to the resources of the Azure cloud service;
review of current information on the created data;

generate metadata and their images based on selected engineering sheets.

Figure 9. Business process for working with metadata generation
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Figure 10. Business process for working with sending data to Azure File Storage

Storage account

Figure 11. Functional user diagram of the engineering add-in
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7. Business process for working with sending data to Azure File Storage (figure 10):

- view information about the list of metadata to send;

- allow the user to delete metadata;

- sending the created metadata to Azure File Storage.

The user of the computer-aided design system must perform a certain sequence of actions to activate the
engineering superstructure and further work with the data on the connected architectural and construction 3D
models.

Queries with subsequent information modeling of architectural and building elements of 3D models
engineering add-in in the structure of Autodesk Revit should be carried out due to the integrated software interface
Revit APL. To work with the business processes of the active document, the end user must first approve the
installation of the main library of the add-in in the functional infrastructure of the computer-aided design system.

It is expected that the implementation of the information module, resource manager and cloud service
Azure will be implemented through the components of the user interface from the Windows operating system. The
above set of elements will prepare the data of the geometric specification when transferring between visualization
systems.

CONCLUSION

Thus, after analyzing the processing of information flows, the engineering technology of model parameters
conversion was determined by a complete list of business processes that are subject to automation algorithms. Given
the object-oriented feature groups and the organized functional diagram of the computer-aided design systems user,
it is possible to configure the structure of the information system, which will be designed to work with the elements
of the level with the subsequent generation of their geometric data at the local paper-space coordinate system.
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OLIHIOBAHHSI SIKOCTI TH®OPMAIIIMHOI' O HAITIOBHEHHS BEB-PECYPCIB
3AKJIAZLY BUIIOI OCBITHU 3 BPAXYBAHHSAM TAPAMETPIB, 11O
XAPAKTEPHU3YIOTh EOEKTUBHICTh MOT'O KOMYHIKATUBHOI JISITIBHOCTI

Y po6omi nposedeHo docaidxceHHs 8eb-pecypcie 3akaady suujoi oceimu sk epekmusHO20 3aco6y KOMYHIKamueHoi
disisieHocmi yvozo 3BO y gipmyaabHomy npocmopi. JocaioxceHHss TpyHmMyemvbcsi Ha 8ublip memodie oyiHku skocmi
iHgpopMmayiiiHo20 HanosHeHHs1 8e6-pecypcie 3akaady euwoi oceimu 3a 8UKOPUCMAHHAM Mempuk cmaHdapmy 1SO / IEC-
25010, wo sepaxosyroms napamempu egekmusHocmi kKoMmyHikayii 3akaady euwjoi ocgimu. Pesysbmamu docaidxceHHs
BUKOPUCMOBYIOMbCS | MONCYyMb 6ymu 8uKopucmaui 01 oyiHWE8aHHs skocmi iHgopmayiliHozo HaNOBHEHHS 8ebpecypcis
3akaady euwjoi oceimu 015 npakmuyHo20 OYIHKWBAHHS edekmusHocmi UYbo2o eebpecypcy y 11020 KOMYHIKamueHill
disiibHOCM.

Kamwuosi caosa: sebpecypc, iHpopmayiliHe HanosHeHHs, mempuku cmandapmy ISO / IEC-25010, komyHikamusHa
disibHicmb, 3aKaad euwoi oceimu.
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ASSESSMENT OF THE QUALITY OF HIGHER EDUCATION INSTITUTION’S WEB RESOURCES
INFORMATION CONTENT TAKING INTO ACCOUNT THE PARAMETERS WHICH CHARACTERIZE THE
COMMUNICATIVE ACTIVITY EFFECTIVENESS

The aim of the article is to study the web resources of a higher education institution as an effective means of communicating the
activities of this HEI. The study is based on the choice of methods for assessing the quality of higher education institutions’ web resources
information content, taking into account the parameters of the effectiveness of its communication. The article identifies the role of official
web resources of higher education institutions in modern conditions (in particular, in the context of the Covid-19 pandemic). In this paper,
the information content of web resources of higher education institutions is defined as an information product. It is established that high-
quality information content is a necessary condition for effective communicative activity of a higher education institution in the virtual
space. The article uses approaches to assessing the quality of higher education institutions web resources information content by assessing
the quality of such information products as software. That is why their quality is determined by a set of indicators determined according to
the ISO / IEC-25010 standard, taking into account the parameters of the effectiveness of communicative activities of higher education
institutions in virtual space. As a result of research it is established that to assess the quality of the higher education institution’s web
resources content, taking into account the parameters of the effectiveness of its communication, the appropriate characteristics / sub-
characteristics of software quality in accordance with ISO / IEC-25010 standard. It is this approach that allowed us to practically assess the
effectiveness of free resources of the higher education institution in communicating with consumers of educational services in cyberspace.

Keywords: web resource, information content, metrics of the ISO / IEC-25010 standard, communicative activity, higher education
institution.

[ocTranoBKka mpodaeMu

VY CTONTTI HOBITHIX TEXHOJOTIH CYTTE€BOIO OCOOJMBICTIO € IX 3POCTaHHS, a OCOOJHMBY pOJb y IIBOMY
mpolieci Bigirpae came mMepexa [HrepHerT, sika (opMye BipTyallbHy peaibHICTh Ta € 3aC000M MacOBOI KOMYHIKaIIii.

3a TakuX yMOB, OCOOJIMBOTO PO3BUTKY HaOyBae cepa BipTyaaIbHOI OCBITH.

OpHuM i3 HEBiJ' €MHHUX €JIEMEHTIB (PyHKITIOHYBaHHS Ta KOHKYPEHTOCIPOMOXKHOCTI 3aKJIaay BHIIOI OCBITH
(3BO) Ha pHHKY OCBITHIX MOCIYT € HOro aKTWBHA MO3MIIA Y BCECBiTHIII Mepexi [HTepHeT. OmHUM i3 OCHOBHUX
odiniiiaux npeactasieHs 3BO y BipTyansHOMY mpocTopi € iioro Bed-pecypcu. CTBOpPEHHS BIIACHHX BeO-pecypciB,
sIKi 320€31e9yIOTh HE TiTHKM BHUCOKUW piBEHb HaBYAHHS, a M MPENCTaBICHHS Ta iMiIHK CAMOTO YHIBEPCHTETY Ha
OCBITHBOMY PHHKY, CTaJIO MPIOPUTETHIM HampsMkoM po3BUTKy 3BO, ocobnmBo B ymoBax manmemii Covid-19. Ha
CBOTOJIHI, KOMYHiKatis B [HTepHETI MICTHTPD TTOTYKHI €JIEMEHTH 3BOPOTHOTO 3B’SI3Ky ¥ THM CaMHM CTBOPIOE 3HAYHI
MOXXJIMBOCTI s KomyHikarii. Came ToMy KOMyHIKaTWBHa misuTbHICTE 3BO y BIpTyampHOMY MpOCTOpI €
AKTyaJBbHUM JOCIIPKEHHSIM Ha CHOTO/IHI.

KomynikatuBHa misutbHicTh 3BO y BipTyamsHOMY TPOCTOpPi HE OOMEKY€ETHCS JIHIIE CHIIIKYBaHHIM Ta
momaHHsAM iHGopMamii Ha odimifHEX Beb-pecypcax. € 0araTo BIIMOBIMHMX OCBITHIX TPYH Y COIaJBHUX
cepenoBumiax IaTepHEeTy. Ane oQimiitHMit BeO-pecypc € TOCTOBIpHHM [DKEPENIOM OCBITHBOTO KOHTEHTY JUIS
KOMYHIKaTUBHOI HisUTBHOCTI, OCKUTBKM ycsi iHQOpMaIlis sK OCBITHSA, TaK i BIiAMOBiAI HAa JOMICH YYacHHUKIB,
MIPOXOJUTH MEepPeBipKy BiAmoBigHUX migposaiuniB 3BO, ski BiamoBimatoTs 3a iH(opmamiitauii o6pa3 nsoro 3BO y
BipTyasbHOMY IpocTopi. Came ToMy, y IIbOMY JOCIHIKEHHI aHali3yeThes iHGOpMamiiHe HAOBHEHHS OQimiiHNX
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BeO-pecypciB 3BO.
AHaJIi3 0CTaHHIX JzKepeJt

HocmimkenHs mporecy komyHikanii 3BO y BipTyaqbHOMY TIpPOCTOpi pO3IISAIAcThbes y JEKUIBKOX
HampsiMax. 30Kpema, y mociipkeHHAX [1, 2] posrisimaerbes (opMyBaHHS BeO-pecypciB Ta ONpamioBaHHS
iH(popMamiiHOro HamoBHEeHHs. Po3poOka meroniB Ta 3acobiB mepcoHidikamii iH(OpMAIifHOTO HAIlOBHEHHS Yy
BIpTyaJIbHOMY IIpOCTOpi € mpenmeroM pociikeHs [3]. Ponp BeG-pecypciB y mporieci KOMyHiKamii y4acHHKIB
OCBITHBOTO TIPOIIECY BU3HAaUYeHA y poOoti [4]. Pobotu [5, 6] mpucBsyeHi GpopMyBaHHIO iH(GOpPMAIIHHOTO 00pa3y
3BO Ta BIUMB Ha HBOrO iHQOpMaNifHOrO HamoOBHEHHs Yy BeO-pecypcax. KomywikamiitHa nisueHicTs 3BO y
BIpTyaJIbHOMY IIPOCTOpi € mpeaMeToM nociijpkenHs [7]. Kpurepii mapkeruHroBoro anamizy caiity 3BO s
e(peKTUBHOI KOMYHiKalii onmucaHi y qociimKenHi [8].

Hocmimkennss IH ocBiTHIX BeO-popyMmiB BinOyBaeTbcs Ha OCHOBI JIHIBICTHYHHX XapaKTEPHCTHK, IO
BIUIMBAIOTh Ha KOMYHIKAIlil0 Ta COLIaTbHY B3a€EMOJII0 YYacHHUKIB criskyBaHHS [9]. Oco0anBoCTI KOMYHIKaTUBHOI
B3aeEMOZIi y BIPTYaJIbHHX CIUIBHOTaX Ha OCHOBI BeO-(hOPYMIB XapaKTepH3YIOTbCS MpPOLECAMH BHSBIICHHS
MoTuBalidHUX HaMipiB [10], Ta BUSBIEHHS MaHIMyJAiA y peansHoMy 4aci [11].

3 iHmoro 60Ky, y HOpMaTHBHOMY AOKYMeHTi [12], BU3HaueHO nepelik iH(opMaIiifHOro HalOBHEHHS, 10
SIKOTO ITOBHMHEH Aath Aoctyn 3BO yciM crioskuBayaM OCBITHIX MOCIYT.

JepxaBHi cTaHAapTH YKpaiHU CUCTEM yIpaBIliHHS SKICTIO BU3HAUeHI y ToKyMeHTax [13, 14]. BuznaueHHs
iH(opMaLiifHOr0 HaOBHEHHS BeO-pecypciB sK iH(GOPMAIIITHOTO POIYKTY Ta 3aCTOCYBaHHS METOJIIB OIIHIOBAaHHS
SIKOCTI MPOTPaMHOT0 3a0e3MeUYeHHs 1151 iH(QOpMAIliITHOTO MPOAYKTY ONMUCaHO y podoTi [15].

Aue Ko/HE 13 JOCHI/PKEHb HE PO3IJIs/Ia€ OLIHIOBaHHS SKOCTI iH(OPMAIifHOTO HAaNOBHEHHs BeO-CalTy
3BO 3 BpaxyBaHHsIM IapaMeTpiB, IO XapaKTepH3yIOTh e(EeKTHBHICTh KOMYHIKaTUBHOI aismibHOCTI. Lle ¢opmye
AKTYaJIbHICTh JTAHOTO JIOCIIDKEHHS.

OT1xe, METOI0O CTATTi € MPOBEJCHHS JOCHiKeHHs1 edexTuBHOCTI BeO-pecypcy 3BO Ha OCHOBI MeETpHK
OIIIHIOBaHHS SIKOCTI #Horo iH¢opmaiiiiHoro HamoBHeHHS 3a crangaptom [SO / IEC-25010 3 BpaxyBaHHAM
napaMeTpiB e(peKTHBHOCTI KOMYHiKalIlii.

Buxki1ag ocCHOBHOr0 MaTepiary
Buoip MeToay oniHoBaHHS AKOCTi iH(popMaNiliHOr0 HANOBHEHHS
BeO-pecypcei 3BO y BipryansHoMy npocTopi

KomynikatuBHa misbHicTh 3BO Ha odiniiiHux BeO-pecypcax Oe3mocepeHbO 3aJeKHUTh Bif SKOCTI Ta
JIOCTOBIPHOCTI 1X iH(opMariliHoro HaroBHeHHs. J{o iHdopMaliiiHoro HanoBHeHHs BeO-pecypcy 3BO BinHOCATH He
JIMILIE TEMATUYHI JIONKMCH, CTBOPEHI mpaiiBHUKamu 1iporo 3BO, ane i KoMeHTapi BiiBiyBadiB IbOTO BeO-pecypcy.
e popmye BiamosinHuii 380poTHU# 385130k 3BO 31 criokrBavyamMu OCBITHIX MOCIYT.

BpaxoByroun pociimxensst [16], MOXHa CTBeppKyBaTH, 110 iH(pOpMAIlliiiHe HalOBHEHHS BeO-pecypciB
3BO, 30kpema BeO-caiiTy, Oe3nocepeaHbO BIUIMBA€ HAa HOTo aKTHMBHHX Ta MACHMBHHX KOpHUCTyBadiB. Came ToMy,
JIOCJTI/DKeHHST €()eKTUBHOCTI KOMYHIKAaTUBHOI JisuTbHOCTI BeO-pecypciB 3BO Ha OCHOBI METPUK OLIIHIOBaHHS SIKOCTI
oro indopmariitnoro HanoBHeHHs 3a crangaprom SO / IEC-25010 [17, 18] € akTyaabHUM Ha ChOTOIHI.

Merton ouiHku skocti iHQopmaiiiiHoro HamoBHeHHs BeO-pecypciB 3BO monsrae y 3actocyBaHHI
MoKa3HUKIB sikocTi cranaapty ISO / IEC-25010 no oniHku sKOCTi Horo iH(GOpMAaIiiHOTO HATOBHEHHSI.

3riiHo 3 MOCHiPKeHHsM [8], OCHOBHMMH MapaMeTpamH, IO XapaKTepu3yloTh e(EeKTUBHICTh 1 SKiCTh
koMyHikauii caiity 3BO, sik omHOrO 13 0piniiiHUX BeO-pecypcis, €:

1) pekiamMa i npocyBaHHS OCBITHIX IOCIYT;

2) nosunionyBants 3BO i miaTpuMKa iMimaKy;

3) GyHKIis yrIpaBIiHHS B3a€EMOBITHOCHHAMHE 3 KJIIEHTaMH KUJIbKICTh JIOMHICIB HOBUX KOPUCTYBAYiB;

4) TpoMa/IChKi BiTHOCHHH;

5) moszutuBHI my6mnikauii npo 3BO, mpo HOro OCBITHI MOCIYTH, Mpe3eHTallil, mpec-KoHepeHIii, mpec-
peni3u, «BipTyanbHi» ekckypcii mo 3BO.

Omxe, cepen ycix mnokasHHKIB sikocTi ctanmapry ISO / IEC-25010 neoOxigHo BHOpaTH Taki, IO
BIJIMOBIIAIOTh BUMoOTraM Moo (GopMyBaHHs iH(OpMaIiiiHOTO HamoBHeHHs BeO-pecypciB 3BO, sk mporpamue
3a0e3MeYeHHs.

AHali3 TMOKa3HWKIB, IO BIAMOBIAAIOTh XapaKTEPUCTUKAM/IIAXAPAKTEPUCTUKAM SIKOCTI MPOTPaMHOTO
3abe3nedeHHst BianosiaHo 1o cranaapty ISO / IEC-25010, noka3sye, 1m0 Taki XapaKTepUCTUKH/TIAXApaKTEPUCTUKA
MIJXO/SITh IS OLIHKH SIKOCTI 1H(OpMaliifHoro HarmoBHEHHsI BeO-pecypcy 3BO 3 BpaxyBaHHSM MapaMeTpiB, IO
XapaKkTepu3yTh e(PeKTHBHICTh KOMYHIKATUBHOI AisuibHOCTI 3BO, €:

1. ®ynkmionansHa npuaatHicTs (Functional suitability):

- Bigmosimaicts (Appropriateness);

- Tounicts (Precision).

2. E¢exruBricts npomyktuBHOCTI (Performance efficiency):

- Buxopucranns pecypcis (Resource utilisation).

3. [IpunatnicTs Mo Bukopuctanus (Operability):

- PiBens nonomoru (Helpfulness);

- IIpuBabmusicTs (Attractiveness).

Merto/1 OLiHIOBaHHS SIKOCTI KOMYHIKaTuBHOI AisutbHOCTI 3BO rpyHTY€ETHCS Ha MOKa3HUKax cranaapty 1SO /
IEC-25010, sixi 3a10BONBHSFIOTH BUMOTaM IIOJI0 OIIHKH SKOCTI iH(opMmartiiitHoro HamoBHeHHs BeO-pecypcy 3BO ta
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3 BpaXyBaHHSM I1apaMeTpiB, 10 XapaKTePU3YIOTh ePEeKTUBHICTh KOMYHIKaTHBHOI AisutbHOCTI 3BO y BipTyassHOMY
IIPOCTOPi.
Po3poOxa nmokasHuKiB IKOCTi iHopManiiiHOro HATIOBHEHHS
BebO-caiity 3BO y BipTyasibHOMY IpocTOpi

[HpopmaniliHe HamoBHEHHS € iHQOpMAUifHUM NPOAYKTOM, 1 camMeé TOMY BOHO BIUIMBAE Ha SKiCTh
3aJI0BOJICHHS iH(OpManiiHUX NoTped KopucTyBadiB odimiiiHuX BeO-pecypciB 3BO Ta crpuse KoMyHiKaTHBHIM
nisutbHOCTI 3BO y BipTyansHoMmy mpoctopi. Komn ¢dopmyerses indopmariiine HarmoBHeHHsT BeO-pecypcy 3BO,
HEoOXiIHO HaJaTH TaKy akTyajbHy iHQopmalito, sika O BpaxoByBaja OCOOJMBOCTI Ta iHQopMariliHi moTpedn
KOPHUCTYBayiB X OCBITHIX BeO-pecypciB JUIs I IBUILECHHS e()eKTUBHOCTI KOMYHIKaTHBHOI fisutbHOCTI 3BO.

Sxicte iHpOpManiiHOrO HarmoBHEHHsI odiumiiHMX BeO-pecypciB 3BO 3 BpaxyBaHHSIM HapameTpiB, IO
XapaKTepu3yoTh e(EeKTHBHICTh KOMYHIKATUBHOI JisUTBHOCTI BU3HAYAa€THCS HAOOPOM MOKa3HHKIB ctanmapty I1SO /
IEC-25010.

Po3podka pyHKIiOHATEHUX NOKA3HHUKIB AAKOCTI iHGopMaLiiiHOro HallOBHEHHS Bed-pecypciB
3BO 3 BpaxyBaHHSAM NapaMeTpiB, 10 XapaKTePU3YIOTh e(peKTUBHICTh KOMYHIKATHBHOI AifIBHOCTI

Bumoru 1o skicHOi OIiHKM BMicTy iH(opMmamiiiHOro HarmoBHEHHsS BeO-pecypciB 3BO 3 BpaxyBaHHSM
MapaMeTpiB, IO XapaKTePH3YHTh C(PEKTUBHICTh KOMYHIKATHBHOI MisUTBHOCTI, 3aJJ0BOJILHSIOTHCS TaKHUMH ITij-
XapaKTepUCTUKAMH NOKA3HHUKIB (PyHKIIIOHAIBHOCTI:

- @yskuioHaneHa BinosiaHicTs (Functional suitability);

- Tounicts (Precision).

OyHKIOHaTIbHA BIMIOBIAHICTE — 1€ TOKAa3HWK BIAMOBIAHOCTI (YHKLIH NPOrpaMHOrO MpPOAYKTY,
BHUSIBJIEHMM Ta IIPOTHO30BAaHKUM NOTpedaM KopHuCcTyBauiB BeO-pecypcis 3BO.

BiamoBimHicTh QYHKITIOHAIBHII TOBHOTI BU3HAYAETHCS 3a TOMTOMOTO0I0 (1):

. ‘Elementi(HEICOntent)

- (AllContent)
‘Elementi

HEIContQuality™ -1, (1)

ne HEIContQualityiF S=Elementi(HEIContent)Elementi(AllContent)—1, ‘Elementi(HEIC""’e"t)

KIJIBKICTh €JIEMEHTIB MHOXHHHM 1H(QOpMaliifHOro HamoBHeHHs i-ro BeO-pecypcy 3BO, skuii BigoOpaxae

(AllContent) . .
— KUIBKICTb

no3uiionyBanHs 3BO Ta miaTpuMKa HOro iMiJDKY Y BIpTyalIbHOMY CEPEOBHILL, ‘Elementi

yCIX eIeMEeHTIB MHOXUHH iH(OPMAIIHHOI0 HANlOBHEHHs i-To BeO-pecypcy 3BO.

Tounicth (Precision) — e Mipa, 3a sIKOIO MPOrpaMHUi MPOAYKT Hajae iH(popMalliiiHe HAIIOBHEHHS y BeO-
pecypcax 3BO 3 Hajie)KHUM PiBHEM TOYHOCTI.

L5 migxapakTepucTHKa BU3HAYAETHCS 32 JJOIIOMOT 010 (2):

(HEIPrecisionData)
Element,

HEIContQuality!™ =1~ -1, 2)

T

(HEIPrecisionData) . . . . .o
ti — KUIBKICTh HCTOYHHX CJICMCHTIB MHOXXHMHH lH(I)OpMaI_III/IHOFO HartOBHEHHA IIPO

e Elemen

ocsitHi ociyru 3BO B i-my BeO-pecypci 3BO, T — uac 00poOk#H 115010 iH(OPMAIIIHHOTO HATOBHEHHSI.

Takum unHOM, BYHKIIOHAT 1HPOPMALIIITHOrO KOHTEHTY MOKa3y€e aKTyalbHICTh Ta JOCTOBIPHICTh HASIBHOTO
iH(popMalliiiHOrO HAalOBHEeHHs y BeO-pecypcax 3BO y BipTyaabHOMY IPOCTOPI.

Po3po0ka moka3HUKIB IKOCTi e()eKTUBHOCTI MPOAYKTHUBHOCTI iHjopManiiiHOro HANOBHEHHS Be0-

pecypciB 3BO 3 BpaxyBaHHSIM NapaMeTpiB, 110 XapaKTepU3yIOTh e()eKTUBHICTh KOMYHIKATHMBHOI AislJILHOCTI

Bumoru oo omiHioBaHHs SKOCTI iH(oOpMaliiiiHoro HamoBHeHHs BeO-pecypciB 3BO 3 BpaxyBaHHSM
mapaMeTpiB, M0 XapakTepPH3yIOTh €(EeKTHBHICTh KOMYHIKATHBHOI MisUTBHOCTI 3a/IOBOJIBHSIE ITiAXapaKTEPUCTHUKY
€(EKTUBHOCTI BUKOPUCTAHHS OCBITHBOTO 1H(OPMAIIHOIO HATOBHEHHS IMX BeO-pecypciB Bukopucranus pecypcis
(Resource utilisation) — mipa, 3a SKOi mporpaMHIil MPOAYKT BUKOPUCTOBYE BiAMOBIMHI KUTBKOCTI 1 THIIH PeCypciB,
KOJIM TIpOrpaMHe 3a0e3MeYeHHsT BUKOHY€E CBOIO (DYHKITIFO B 3a3HAYCHUX YMOBaX.

BukopuctanHs pecypciB BU3HAYaTUMEMO TaK:

) ~ ‘Elementi(POExperience)

. (Res
HEI Quahlyi - ‘ Element (MPOEwerience) —1 ®

¢ (POExperience)
i

ae Elemen — KUTBKICTD aKTyaJbHUX €IEMEHTIB MHOKUHH iH()OPMAMiHHOTO HAIIOBHEHHS i-TO

(AIIPOExperience) . .
t, — 3arajibHa KUIBKICTh

BeO-pecypey 3BO mpo criBmpaifto 3 rpoMaCEKUMU OpraHi3alisiMH, ‘Elemen
yCiX eJeMEeHTIB MHOXXHMHH 1H(POPMAaLifHOTO HAOBHEHHS i-T0 BeO-pecypcy 3BO mpo cmiBmpamio 3 TpoMajchbKUMU
OpraHi3amisMu.
Otxe, sKicTh iH(OpMaLiiiHOTO HarmoBHEHHS BeO-pecypcy 3BO 3a eeKTHBHICTIO BUKOPHCTAHHS PECYpCiB
MTOKa3y€e piBeHb aKTYAIBHHUX JIONHCiB po criBnpaiiio 3BO 3 rpomancekumu oprasizarismu i-ro Bed-pecypey 3BO.
Po3podka noka3HUKiB IKOCTi MPUIATHOCTI 10 BUKOPHCTAHHS OCBiTHHOr0 iHdopMmaniiiHoro
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HanoBHeHHs BeO-pecypcis 3BO 3 BpaxyBaHHAM IapaMeTpiB, 10 XapaKTepH3y0Th e)¢KTUBHICTh
KOMYHIKAaTHBHOI TislJIbHOCTI

BuMoru miono omiHrOBaHHS SKOCTI iH(OpMaImiiHOTO HamoBHEHHS BeO-pecypciB 3BO 3 BpaxyBaHHSIM
rmapamerpiB, IO  XapaKTepu3ylOThb e(EKTUBHICTh KOMYHIKATUBHOI  JisUIBHOCTI  3aJJOBOJIBHSIIOTH  TaKi
TiIXapaKTepPUCTHKHU, TPUIATHOCTI O BUKOPUCTaHHS:

- PiBens monomoru (Helpfulness);

- IIpuBabnusicTs (Attractiveness).

PiBens monomoru — 1e Mipa 3a0e3Me4eHoCTi KOpHCTyBada BeO-pecypcy I0MOMOTOIO.

PiBeHb 1OMOMOTY BH3HAYaTHMEMO TaK:
(HEIExperience)

‘Elemem‘i

HEIContQuality, """ —1 (4)

(AllDam)

‘Elementl.

(HE[Experience)

ne Elementi — KUIBKICTB €JIeMEHTIB MHOKMHH iH(OPMAIiIfHOTO HallOBHEHHS i-T0 BeO-pecypcy

3BO, sikuii MICTATh TMO3UTHBHI BIiATyKM Tpo HisibHICTH 3BO Ta s SKMX HaZaHO 3BOPOTHUH 3B'I30K 31

(AllData) (AllData)

Element Il€ 3arajibHa KUIBKICTh €JIEMEHTIB

CITOKUBAYaMH OCBITHIX TOCJIYT, ‘Element

MHOKUHH 1H(OpMaIiHHOTO HAMIOBHEHHSI i-r0 BeO-pecypey 3BO.

Takum 4MHOM, IPUAATHICTH 10 BUKOPHCTaHHA iHpOpMaliiHOTo HanoBHEeHHs BeO-pecypciB 3BO 3a piBHeM
JIOTIOMOTH MTOKa3y€ YacTKy aKTyaJIbHOTO iH(OpMaIliifHOro HaIOBHEHHS, Ha SIKUH pearye Ta popMye KOMyHIKaTUBHY
JISUTBHICTh KOPUCTYBAY IIUX PECYPCIiB

[TpuBabnuBicTh — 1E piBEHb BIUIMBY NPOTpaMHOro 3a0e3leueHHs1 Ha KopucTyBada. [IpuBalOiuBicTh
BU3HAYAETKLCS 3a JOMOMOTOI0 (5):

(HEIActive)
HEIContQuality'°" = ‘Elemem" 1 (5)
d E, l ¢ (HEIPresent)
ement,;
(HEIActive) . . . . ..
e Elementl. — KUIBKICTh €JICMCHTIB MHOXUHHU aKTHBHUX TEM, K1 BUPAXKAIOTh MMO3UTHBHI BIATYKHU

nipo aisuteHicTh 3BO y i-My BeO-pecypci.

TakuM 4YMHOM, NPHUIATHICTH IO BUKOpUCTaHHS iH(popMaliiiHOro HarmoBHeHHs BeOpecypciB 3BO 3a
MPUBAOIMBICTIO TOKA3Y€E YACTKY LITBOBOTO iH()OPMAI[IITHOrO HATIOBHEHHSI, 110 BUKJIMKAJIO iHTEpeC 11 y4aCHUKIB Y i-
My Beb-pecypci.

MoHiTOpHHT pe3y/1bTaTiB BUOPAHUX MOKA3HMKIB IKOCTI iH(popManiiiHOro HAaNOBHEHHS Bed-pecypciB

3BO 3 BpaxyBaHHAAM NapaMeTpiB, 110 XapaKTepU3yIOTh e()eKTUBHICTH KOMYHIKATHBHOI AilIbHOCTI

Juist MoHiTOpUHTY sIKOCTI iH(opMaliiiHoro HanoBHeHHs1 BeO-pecypciB 3BO 3 BpaxyBaHHSIM HapaMeTpiB,
10 XapaKTepU3yOTh e(PEKTUBHICTh KOMYHIKATUBHOI [ISUTBHOCTI, BUKOpUCTaHO o(iliiiHuii BeO-caiiT HarionansHOTo
yuiBepcutety «JIpBiBchka [lomitexnika» (https://lpnu.ua). MOHITOPHHT TOKa3HUKIB SKOCTI iH(pOpMaIiiHOTO
HamoBHeHHs odimiiiHoro BeO-caiity HamionansHoro yHiBepcuteTy «JIbBiBcbka [lomiTexHikay 3 BpaxyBaHHSIM
napamerpiB, MI0 XapaKTEePU3yIOTh E(QEeKTHUBHICTh KOMYHIKATUBHOI JisUIBHOCTI 3/IHCHIOBABCS 33 TaKMMH
MIOKa3HUKAMU:

- OyHKIOHAJbHA BIANOBIMHICTE IH(QOPMAINIHHOTO HAMOBHEHHS I0J0 Mo3uIioHyBaHHs 3BO Ta
MIATPUMKY IMIIXKY;

- TounicTs iH}poOpMaLIIITHOTO HATOBHEHHSM IIOJI0 IPOCYBAaHHS OCBITHIX nociyr 3BO;

- EdextuBHICTh BUKOpUCTAHHS iH(GOPMAIIHOTO HAIOBHEHHSA Yy KOHTEKCTI CHIBIpAIl 3 TPOMaJACEKUMHI
OpraHi3amisiMu;

- PiBenp jgomomMoru iH(pOpMAIIHHOTO HAMOBHEHHS MO0 KiBKOCTI JIOMHUCIB Ta 3BEPHEHb CIOXMBA4IiB
OCBITHIX ITOCITT;

- TlpuBabnuBicte iH(OpPMAIIHOTO HAMOBHEHHSI 3a KUIBKICTIO MO3UTHBHHX BIATYKIB PO OCBITHIO
misuepHIcTs 3BO.

Jns aHamizy HAWHAMIKK TIOKAa3HWKIB SKOCTI iHQoOpMariiiHoro HamoBHEeHHs BeO-pecypciB 3BO 3
BpaxyBaHHSAM IIapaMeTpiB, IO XapaKTepU3yIOTh E(PEKTUBHICTh KOMYHIKATUBHOI [isUTBHOCTI, BBa)KaTHMEMO
3HAYCHHA TOKAa3HWKA OINTHMAIBHAM, SIKIIO BOHO HANEXWTh HpoMikky [0,7; 1], i TpUIHATHUM, SKIIO BOHO
HaJeXHUTh TpoMixkKy [0,4; 0,7).

[Toka3HuKM sKOCTI iH(pOpMAIiitHOrO HamoBHEHHs ogimiiiHoTO BeO-caiiTy HarioHampHOTO yHiBEpCHTETY
«JIpBiBCBKA [lOMiTeXHIKa» TOKa3aHO HA pHC. 1.
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dyHHWDHANbHA TOUHICTE EdseHTHBHICTL PispHL MpuaabinueicTs
BUANOELAHICTD  HGODMaLWIRAHOND  BHKODMCTAHHA LOTCMOTH IHpopMaLIRHOND

IHDopMaURHOTD  HanosHeHHA  HGOPMAULIRHOTD IHGOPMALLIRHOTD  HANOEHEHHA
HAMOEHEHHA HAMOEHEHHA HAMOBHEHHA

Puc. 1. Iloxa3uuku sikocTi inpopmaniiiHoro nanosHenHs oginiiinoro Bed-caiity Hanionanasnoro ynisepcurery «J/IbBiBchka
Monirexnika»

Otxe, sIK BUIHO 3 pUC. 1, ONTHMAIBLHOTO 3HAYCHHs HAOy/IM MOKAa3HUKU (DYHKIIOHAJIBHOI BIAMOBITHOCTI
iH(QOpMAIIfHOTO  HAIOBHEHHS, TOYHICTh IH(QOpPMALIHHOTO HAMOBHEHHS, €(EeKTUBHICTh BUKOPHCTAHHS
iH(pOpMaIifHOTO HANOBHEHHS Ta NPHBAOIMBICTH iH(OpPMAIIHHOTO HarmoBHEHHs. [lOKa3HMK pIBHS JOMOMOTH 3a
iH(OpMaIIiHIM HAIOBHEHHSM ITPUIHAB 3HAYEHHS 3 IHTEpBaTy NPUHHATHUX MOKA3HUKIB sikocTi. Lle 3ymMoBiIeHo TuM,
0 y BIPTyaJbHOMY CepeloBHILI iH(opMallis npo HisutbHICTs 3BO Ta MOMXIIHMBICTH KOMYHIKATUBHOI IisTBHOCTI
NIpe/ICTaBJIeHI Ha pi3HUX BeO-pecypcax. Came TOMy, KOPHUCTYBadi y BIpTyaJbHOMY MPOCTOpI HE 3aBXIH OOUPAIOTh
odimiiiHi BeO-pecypcu, ne iH(opMmallis € TOYHOK Ta aKTyallbHOIO, a KOMYHIKaTuBHA AisubHICTh 3BO € Ounbli
e(eKTHBHOIO Y OPIBHSHHI 3 HeoilitHNMH BeO-pecypcamu, siKi MOXKYTh HAIIKOJUTH iH(popMalliiiHoMy o0pa3y 3BO.

Pe3ynbTaTl OLIHIOBaHHS MMOKAa3HUKIB SKOCTI iH(oOpMaliiiHOro HamoBHeHHs1 odiliiiHoro BeO-caiity 3BO
MOKa3yIOTh €(EeKTUBHICTH HaJaHOro iHQOpMaIiiiHOr0O HAlOBHEHHS 3 BpaxyBaHHJIM MapaMeTpiB, MIO
XapaKkTepu3yoTh €(peKTHBHICTh KOMYHIKATHBHOT JisTbHOCTI.

BucHoBku

Komynikarueaa nisutbHicTs 3BO y BIpTyallbHOMY HpPOCTOpPI € HEBIJ’ €MHOIO0 YAaCTHHOI €(EeKTUBHOI Ta
KOHKypeHTocrpoMoxHoi no3uiii 3BO Ha puUHKY OCBITHIX HOCHYyr. AJie Mpolec KOMYyHiKaulii y BipTyaJllbHOMY
MpocTopi He 3aBXKIU € e(PEeKTHBHUM, OCKLIBKM KOPUCTYBadi OOMpPAalOTh pi3HI BeO-pecypcH, YacTHHA 3 SKHX HE €
odiuiliHuMu, a0o 1 B3arayi He MalOTh BIJHOMIECHHS 110 AisuibHOCTI 3BO.

Sxicte iH(popManiiiHoro HamoBHeHHs! BeO-pecypciB 3BO e BH3HauanbHOIO Uit €()EKTHBHOTO IMPOLIECY
KoMyHikatuBHOI AisuibHOCTI 3BO y BipTyanmsHOoMy mpoctopi. CaMe TOMy, y JOCIHIPKeHHI MpoaHali3oBaHO BUOIp
MOKa3HUKIB sikocTi iH(opMmaliiiHoro HamoBHeHHs BeO-pecypciB 3BO 3 BpaxyBaHHSIM mapaMeTpiB, MIO
XapaKTepu3yrTh €(QEeKTUBHICTh KOMYHIKATUBHOI JisUIbHOCTI. BuOip TOKa3HHKIB SKOCTI iH(pOpMamidHOro
HamoBHeHHs BeO-pecypciB 3BO, 110 BiMOBIAIOTh XapaKTePUCTHKAM/IIXapaKTEPUCTUKAM SIKOCTI MPOrPaMHOTO
3abe3nevennst 3a cranmaptom I[SO/IEC-25010 patoTh 3MOry OIIHUTH PpIiBE€Hb BIJIMOBIIHOCTI BiJIOBITHICTH
iH(OpMAIIIHOTO HANOBHEHHS 100 To3ullionyBaHHs 3BO Ta miaTpUMKy IMIJDKY Ta TOYHICTH iH(pOpMAIiiHOTO
HAIOBHEHHSM [IONO TpocyBaHHs OcBiTHIX mociayr 3BO  (xapakrepuctuka ¢yHkuionansHicts (Functional
suitability) 3 migxapakTepUCTUKOIO BiAMOBIAHICTE (Appropriateness) Ta migxapakrepuctuka Tounicth (Precision));
piBeHb €(pEeKTUBHOCTI BHKOPUCTAHHS IH(QOPMAIIHHOrO HAMOBHEHHS y KOHTEKCTiI CHIBIpaIll 3 TPOMaJChKHUMHU
opranizamisMu (xapakrepuctuka edektuBHICTh npoaykTuBHOCTI (Performance efficiency) 3 migxapakTepucTHKOO
BUKOpHCTaHHs pecypciB (Resource utilisation)); piBeHb JomoMoru iHGOPMAIIHHOTO HAOBHEHHS MO0 KiTbKOCTI
JIOMTUCIB Ta 3BEPHEHb CIIOXKMUBAUIB OCBITHIX MOCIYT Ta MPUBAOIUBICTh 1H(OPMAIIHHOTO HAMOBHEHHS 32 KUIbKICTIO
MO3UTUBHMX BIATYKIB Ipo oOCBiTHIO HistibHICTE 3BO (xapakrepuctuka (Operability characteristic with sub-
characteristics, mpunaTHicTs 10 BukopuctanHs (Usability) 3 minxapakrepuctukamu pieHs gonomoru (Helpfulness)
Ta npuBaOmuBicTh (Attractiveness)). Lle 3a6e3meunio mpakTU4HE OIiHIOBAHHS 1H()OPMAIIHHOTO HAIIOBHEHHS BEO-
pecypcis 3BO 3 BpaxyBaHHSIM IapaMeTpiB, 10 XapaKTepU3yIOTh e(heKTHBHICTh KOMYHIKaTUBHOI JisUTBHOCTI.
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BUKOPUCTAHHA KOTHITUBHUX JTUHAMIYHUX CUCTEM JJIsA
IHTEJEKTYAJIBHOI'O YIIPABJIIHHA TEXHIYHUMU CUCTEMAMU

Ocb yace dpyeuli pik, no ecbomy cgimy, gidbyearombucsi 8Ud03MIHU  KOpoHasipycHoi xeopobu COVID-19. Omoce
cyvacHull ceim Ha cb0200HI nepebysae y kKpumuuHill cumyayii 8 6opomv6i 3 naHdemier, de 8i06Y8AEMbCS 3MA2AHHS
/1100cmea 3a c80€ NpuUpooHe BUNHCUBAHHS Ul 0XONUA 8eCb €8IM, WO 3HAYHOK MIPOH0 8NAUHYN0 HA eKOHOMIUHI, coyianbHi ma
nosaimuyHi acnekmu. IlpoeHo3u gpaxieyie pisHomaHimHux cdhep xcummsi cycnisbcmea MarwmMev pi3HOOIUYHI BUCHOBKU. Ase
mexHo/102ivyHI ma iH@opmayiliHi ckaadosi HABY1U HOBUX MOXcAUBOCMell po3sumKy I mym yikagum 045 po3aasdy cmae
MOMeHmM cmeopeHHs1 €0UHOo20 IHPopmayiliHo2o npocmopy, wo 06yM08/1eHO epeKmUBHUM 8NPOo8AdHCEHHAM HOBIMHIX
iHgpopmayiiiHux pecypcis, siki Moxcyms mpaHcopmysamu 38uyatiHi nocayzu Ha siIKiCHO Ho8oMy pigHi. Lle i numaHHs
gipmyausizayii okpemux 2asayseil 3 8UCOKUM eKOHOMIYHUM nomeHyiasom. Takoxc iHmezpayisi HOBIMHIX MeEXHO/102IYHUX
piweHb (numaHHA KepysaHHs Gi3Hec-cucmemamu Ha nidnpuemcmesax, ope2aHizayis poboyux micys, 8idMmosa 8id ycmaHos 3
npug’si3kor do koHkpemHoi 6ydiesni ma iHwe). [Ipu cmeopeHHi ducmanyiiiHoi popmu akmyasbHumMu cmaroms pecypcu Big
Data, wo ananisytome eeauki macusu daHux ma 30amui eudasamu 6/4acHi BUCHOBKU MaA NAAHy8amu 06TPYHMOBAHI
nponosuyii. BucHoeku, ompumaHi Ha 6a3i CKAAOHUX aHAAIMUYHUX MeXHO/A02IYHUX cucmeM Ha 6asi wmy4yHo2o0 iHmesnekmy,
CNPOMOJKCHI KOHKypysamu 3 ekchepmamu KOHKpemHoi eaaysi. Cucmemu 3i CKAAOHOW I€papXxiyHow cucmemoro 30amHi
3alimamucsi ceplio3HUM NPO2HO3YBAHHAM, aAJ/e HaYileHicmb MajneHbKUX KOMNAHIll Ha He3HauyHi 3a80aHHs He daomb
KOMN/eKCHO20 pe3yabmamy 6 macumaobax depxcasu. Haykosyi ma ¢axisyi, 3adisiHi 8 yux 3adayvax, o6 medxnceHi 8 2106a1bHill
iHpopmayii, momy numaHHs 3a1yYeHHS1 KO2HIMUBHUX OUHAMIYHUX cUCmeM 3 MOYKU 30py eekmueHo20 ynpasaiHHs €
aKmya/abHUM NUMAHHAM 051 eupiwleHHs1 3asdaHb wmy4Ho20 iHmesekmy. B po6omi € nocunamHsi Ha Oxcepena, siKi
po3'sicHIoloMb npedcmasaeHuli mamepian.

Karouosi cnosa: koeHimusHa duHamiuHa cucmema, kpumepii, cmpykmypa, iHmesiekmya/ibHe ynpas/iHHsl, cepsicu.
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USING OF COGNITIVE DYNAMIC SYSTEMS FOR INTELLIGENT TECHNICAL SYSTEMS CONTROL

For the second year around the world the impact of the coronavirus disease COVID-19 has been taking place. And, therefore, the
modern world today is in a critical situation in the fight against a pandemic, where humanity is competing for its natural survival and has
embraced the whole world, which greatly influenced the economic, social, and political aspects. The forecasts of specialists in various spheres
of social life have versatile conclusions. But technological and informational components have received new development opportunities, and
here it becomes interesting to consider the moment of creating a single information space, due to the effective implementation of the latest
information resources that can transform ordinary services at a qualitatively new level. This is also the issue of virtualization of individual
industries with high economic potential. Also, the integration of the latest technological solutions (issues of managing business systems at
enterprises, organizing workplaces, abandoning institutions with reference to a specific building, etc.). When creating a remote form, Big
Data resources become relevant, analysing large amounts of data and can issue their own conclusions and plan informed proposals. The
conclusions obtained based on complex analytical technological systems based on artificial intelligence can compete with experts in a
particular industry. Systems with a complex hierarchical system are capable of serious forecasting, but the focus of small companies on
minor tasks does not give a comprehensive result on a national scale. Scientists and specialists involved in these tasks are limited in global
information, therefore, the issue of attracting cognitive dynamic systems from the point of view of effective management is an urgent issue
for solving artificial intelligence problems. In the work there are links to sources, explain the presented material.

Keywords: cognitive dynamic system, criteria, structure, intelligent control, services.

IMocTanoBKka npodJjaeMu

OcHOBHUMH TpaHC(OpMAIIHHAUMHI TIPOLIECAMHA CYYacCHOTO CBiTy BHCTYMalTh I1HpOpMAIiiiHi Ta
rno6anizamiitai mponecu. Ix anamizom 3aitmamucs Bueni XX CTOMITTS NUIIE 3 TOUKU 30y Cy6’ €KTHBHOTO YHHHHUKA,
MIPUPOTHI YMHHUKK HE MPOTHO3yBaJmcs 30BciM. Ll ogHoOiuHICTH mama mpo cede 3Hatu mpu nossi Covid-19. A
caMe KapaHTHHHI YMOBH TiepeBer YKpaiHy Ta Oynmb-sKy iHITy KpaiHy CBITy Ha JUCTaHIIWHY (GopMy opraHizamii
pobogoro wacy. Lle, sk Bimomo, 3auemiiio Bci cepu KHUTTA. Y [BOMY KOHTEKCTI MOXKHA 3a3HAa4uTH 0a30Bi
HaNpsIMKA PO3BUTKY KPH30BOi CHTYyamii, sika HaOyBae 0oOEpTiB: 3HMIKEHHS PIBHS POCTY OCOOHMCTOCTI Ta HM3BKUI
PiBEHb MPAKTHYHOI MiArOTOBKKA MaiOyTHIX (axiBIiB Yepe3 BIACYTHICTb JOCTATHBOTO PiBHS (hiHAHCYBAHHS OKPEMHX
raimyseil Ta Opaky HEOOXiJHOTO Cy4YacHOTO TEXHOJIOTIYHOTO YCTaTKyBaHHS B OLTBIIOCTI KpaiH CBiTy. Ase W He
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JVMBIISTYMCH HA JKaXJIMBI HACIIKU BiJ MaHAeMii, MOXKHA ITIIKPECIUTH i TO3UTHUBHUI MOMEHT 3 TOYKU 30pYy 3MOTH
opraHizyBatu OuIbIl e(eKTHBHE BHKOPUCTAHHs iH(GOPMAIIfHUX pecypciB Ta HagaTH SIKICHO HOBI BHJIM ITOCIYT.
HeoOximHO KOHIIEHTpYBaTH yBary caMe Ha BipTyajizamii pi3HMX ramyseil [1] 3 TOYKW 30py HamMCcaHHS SIKICHHUX
MPOrPaMHUX MPOJYKTIB, 0 XapaKTePU3YIOThCS BUCOKUM €KOHOMIYHMM ITOTEHIIIAIOM Ta BUKOPUCTOBYIOThCS Y BCiX
BHJIAX POOIT.

[Mono inTerpamniitanx npouecis [2], TO BAPTO pO3MipKOBYBATH Ha TEMY: a UM B3araji 3ajIMIIaThCS TaK 3BaHi
odicu, ycTaHOBH, KOHTOPU Ta iH. B TOMY BHTJISZI SIK 3apa3, 3 TOUYKH 30py PO3MILIEHHs poOouymnx micub. MoxxHa
KOHCTaTyBaTH 3apas3, 1o 0araTo KOMIaHil, a 0cOOIMBO, IO BITHOCATHCS JI0 Chepr TeIeKOMYHIKalii BiAMOBIATHCS
Bim Bemukux odiciB. Touka HEMOBEPHCHHS IIPOWCHA, KEPIBHUKH BIIKPWIH Jisi ce0e HOBI MiIXOAW TIpU
TUCTAHIlIMHIA (GopMi. B sSKOCTI ambTepHATHBH MOXKHA 3ampoONOHYBaTH pecypcu Big Data [3], mo m03BONSIOTH
HAKOMWYYyBaTH BEJHKI 0a3 MAHMX Ta MPOBOJUTH IPOTHO3 BUHUKHEHHS TOI Y 1HIIOI CHTYyAllil Ha MEpexKi, 3aTydaTH
iH(opMaTHBHI MaTepiaiM 3 IHIIMX MOMIOHMX pecypciB Ta IUIaHYBATW MoAanbin aii. ToOTO 3BHYaliHHI iHXKEHEp
3MOXKE OTPHUMYBAaTH 3ajadi Ha JEHb 3 aHAIITHYHUX BHCHOBKIB CHCTEM Ha 0a3l INTY4YHOTO IHTENEKTY
(aBTOMaTH30BaHI CHCTEMH Ta JIOTiKa 332 TUIIOM "KepyBaHHS sk cepBic” (management-as-a-service)). ll{o crocyeThes
CyCHiIbCTBa: BXKe 3apa3 kommnanist Google mporoHye Tak 3BaHy TapretoBaHy pexniamy (Bix anri. Target Function),
IO HAaIllJIHAa HA KOHKPETHI 3allUTH 0COOMCTOCTI, TOOTO CHCTeMa 3/IaTHA MPOIOHYBATH OakaHi pe3yinbraTd. Takum
YMHOM, BX€ 3apa3 CUCTEMH IITYYHOTO IHTEJEKTy CIIPOMOXKHI 3aiiMaTHCs CEpHO3HMM NpPOTHO3YBaHHsM. Alie
MpUBaTHI KOMIIaHii B Wil ramy3i 3aKpHTi i NPOMOHYIOTH BHAM POOIT, HIO peai3yloTh MaJEHBbKY 3ajady, He
PO3KPUBAIOUM IPH I[OMY BCIO KOHIICTIIFO Ta KOHTEHT. TOOTO HABITh CIHCIIANICTH, 3adisHI B IMX IMPOEKTaX,
oOMexeHi B iH(opMarii r100aIbHOTO XapakTepy, He 0auaTh KapTHHH B 1ijioMy. CTOCOBHO MEIMUYHHX 3aKJIAJiB, B
paMKax Cy4acHUX MEJIMYHUX peOPMH BIIPOBAIDKYETHCS BEJIMKE PO3MAITTS IPOTPaMHHUX JIOIATKIB.

CkJiafiHiCTh TOOYJIOBU IHTEJICKTYalbHAX CHCTEM BHMAara€ KOMIUICKCHOI OIIHKH MOXJIMBOCTCH peatizarlii
Ta IX BIPOB/KEHHS y PeasIbHI MOJIEN, 110 i 00yMOBHJIO MPOBE/ICHHST AaHOTO JJOCIIPKSHHSI.

AHaJIi3 OCTaHHIX JzKepeJt

AHati3 0OCTaHHIX JIOCHIPKEHb 1 MyOiKaIlii 100 JOCTiPKEHHsI KOTHITUBHUX CHCTEM PO3KPUTO B po0OTax
3HAYMMOI KiJIbKOCTI HayKoBLiB, a came: [Incapuyk O.0., I'pinerko O.O. (mUTaHHS KOTHITHBHOI HAyKU B iH)XXeHepil
nporpamHoro 3abe3nedenss), Ky3nenos A.A., lllrena B.H. (muTaHHs npoeKTyBaHHS IPOTPaMHOr0 3a0€3MeUeHHs),
UYyxpait A. I'. (Mozesni Ta METOIM IHTENEKTYaIbHUX KOMIT FOTepHUX mporpam), [lorpeduiska A.M., InbscoBa M.K.
(KOTHITHBHUH MAX1/ IPH AOCIIKEHHI CTPATEriyHOro MOTEHIlIa]y €eKOHOMIYHOT CHCTeMH) Ta 0araTo iH.

Metol0 po6oTH € BUABICHHS OCHOBHUX UHMHHHKIB, fKi HEOOXiIHO BpaxoByBaTH IpU MOOYIOBH
KOTHITMBHUX JAWHAMITHUX CHUCTEM IIpH pO3po0Li Mojenel (pyHKIIOHAIBHUX CTPYKTYp Ha 0a3i BXIIHOI JIOKaJbHOT
iH(popMartii.

BukJj1ax 0cCHOBHOT0 MaTepiajy

B nmepuiomy HaOMMKeHHI CJiJl TPOBECTH KOMIUICKCHE JIOCHIJDKEHHS 3aCTOCYBaHHS BIJOBITHUX
MPOrpaMHUX pillleHb, 10 BKIIOYAae B ceOe aHami3 ICHYIOYHMX IPOrpaMHHUX JOJAATKIB, iX OCHOBHI (yHKIII Ta
MOJJIMBOCTI [4]. BapTo 1poBOIMTH OILIHKY PiBHS SKOCTI IHHOBAI[IHHOTO MPOAYKTY 32 JONOMOIOI0 a0COJIOTHUX Ta
BiTHOCHUX MOKAa3HUKIB, OIIIHKY KOHKYPEHTOCIIPOMOXHOCTI IHHOBAaI[IHHOTO TOBapy B IOPIBHSIHHI 3 TOBapamu-
ananoramu. CaMe Benuki 0a3u JaHMX MalOTh HAKOMHMYyBaTH iH(OpPMAIliI0 TPAKTHYHO 33 BCIMa BUAAMH MisUTBHOCTI
cycrminberBa. ToOTo QopmyBaHHS MmomiOHMX 0a3 B MacmTabax jaepkaBH. TyT KIFOUOBUM BHUCTYNAE CTBOPEHHS
TEXHOJIOTiH, sKi 3a0e3lmeyyBaTUMYTh JOCTYN 3BHYAHUX KOPUCTyBaudiB 10 iH(opMariiiHux pecypciB [5].
30ibIIeHHS. (YHKIIIOHAJTBHUX MOMIIMBOCTEH Ta CTBOPEHHS JIOKAIbHUX, 0arato-(pyHKIIOHANIBHUX MPOOJIEMHO-
Opi€EHTOBaHMX 1H(GOPMAIIMHMX CHUCTEM PI3HOMAHITHOTO TpH3HAYEHHsI Ha OCHOBI moTy:kHMX EOM Ta JOKaJIbHHUX
004KCITIOBANBHUX Mepek. JloyueHHsT TaKUX CUCTEM, Oy/b-SIKMX TEXHIYHHX 3ac00iB Ta crenu@ivHux iHTepdeiicis
KOPHUCTYBaYiB JI0 B3a€EMOJIIT 3 EKCIIEPTHUMU cucTeMaMu. LM BUMOTaM BiJITOBIIAIOTh caMe KOTHITHBHI CHCTEMH, SIKi
Ha 0a3i croctepexeHb 31aTHI (QopMyBaTH pe3ylnbTaTH MPO OTOuykouuil cBiT [6]. Ha ocHOBI maHOi cuctemu
(bopMy€eThCSI MeTa Ta MPHUUMAIOTHCS CYTTEBI PILICHHS B CKIQJHUX CHUTYyallisx. B OCHOBI Takoi CHCTEMHU JICKHUTDH
B3a€MO/IisI MUCIICHHS, IHTEIEKTY, IaM 4TI Ta MOBH;, HOCIEM TyT BUCTYIIAE «MO30K».

KornitnBaa muaamiuHa cuctema (KJIC) sBiste coboi0 OKpeMmy IICHCTEMY 3 OpPraHi30BaHUMH IisIMH,
CIIPSIMOBaHY Ha MEBHY HpoOiIeMy, B SKii YiTKO MO3Ha4YeHi (yHKIIOHAIbHA CIOPSIMOBAHICTE 1 cpopMoBaHi KpUTEpii
JUIsL OCSTHEHHS IIOCTaBJIEHOI METH, a TaKoXX IIPUCYTHS MOMIIMBICTH OIMCYBAaTH ICHYIOMY peEalbHICTh 3
nependavyBaHOIO CXEMOIO KOHTPOIIIO HaJl CUTYAIli€I0, M0 CKIIAlacs B PeXKUMI PeabHOTO Yacy, TAKOXK IependadeHa
MOJXXJIMBICTH aHAaJ3y MOTOYHHUX CTaHIB [7].

Po3kpuBaroun 110 cucteMy B SKOCTI €IMHOTO KOHIETITY, MOYKHA OXapakTepu3yBaTH ii CTaH K
BimoOpakeHHsT pOOOTOTEXHIYHOIO CHCTEMOIO CUTYaIlii Ha OCHOBI KOMIUIEKCHOCTI B JUHAMIII MUTTE€BOTO MIPUHHSATTS
pileHb, SKUi TPOSBIAETHCS B €IHOCTI JOMYCTUMHX OIEpaIliii i 3aJaHiil MMOCIiZOBHOCTI BUKOHAHHS HUMH Jii.
3aranpHa KiJTbKICTh 3HAYEHb MOYKHA YSIBUTH TaK:

k=(kik,....kn )7, (1)
e 1 — CYKYITHICTb 3HAY€Hb, 10 XapaKTEPU3YIOTh TEXHOJIOTIYHUHA 00'€KT, i BITHOCHHN MK HIMH.

Y upomy ¢QopmymroBaHHI TIOBHHHI BimoOpa)xaTwCsi KaTeropianbHI O3HAKH NTPUUHSATTA PpIIICHB:
CHUTYaTHBHICTb, IIUTICHICTh, BapiaHTH pilleHb 3a7ad i BHOIp ONTUMANBHOTO pIlIeHHS, CTAOUIBHICTH B daci,
B3a€MO3B'3KY 3 OKpPEMUMH (DYHKIIOHATBHUMH OCOOIMBOCTSIMH 1 KOTHITUBHUMH IpoliecaMi. A TaKoX i CHCTeMHi:
cyOCTpaTHHH acCmeKT TPEACTABISETECS B TOHATTI IINICHICTH CTaHy; iHpoOpMamifHHA — B 00'€KTHBHOMY
Bi0OpaskeHH1 0c00010 sIKa MpuiiMae pimreHas (OyAp TO areHT abo poOOTOTEXHIYHA CHCTEMa) CTaHy; THMYAaCOBUH —
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B TPUBAJIOCTI NepeOyBaHHS B 3aJlaHOMy 4YacOBOMY II€piOJii; ITPOCTOPOBHI — B YSBJIEHHI IPO MOXJIIMBI BapiaHTH
PO3BUTKY MPOTHO30BAHOI CHTYyallii SIK CYKYIHOCTI 3aJaHHX YMOB, II0 XapaKTepH3YEThCsS YIPaBIiHCHKAM
MTOTEHIIAJIOM; €HePIreTHYHUI — CTIHKOCTI B pecypcHiit 06asi.

CrpykrypHa (iepapxiuHa) opranizamis ctaniB KJC wmoxe OyTu mpejacTaBlieHa y BHUIJLIII MOJEII
(YHKIIOHAIBHUX CTPYKTYp, IO, OJHO3HAYHO, Ma€ PpO3MISAATHCS, SK IUTICHICTh METOMIB IHTEJIEKTYaJIbHOTO
ynpaBiiHHA (CYKymHOCTI cTaHiB) [8], po3kpuBae 3BSI3KM MK CTPYKTypHHMH €IIEJIOHAMH CTaHy — IapaMeTpiB
(YHKIIOHAIBHUX 3B'SA3KIB MK KOHIIETITAMU 3 YpaxXyBaHHSIM TMHAMIYHUX XapaKTepUCTHK 00'€KTa:

xi = Fij(Axj (1), 2)
e i,/ — HOMep BX1THOTO 1 BUXiJJHOTO 3HAYCHHS, BIIMOBITHO;

Axj (t) = xj (t) — xj (t — 1) — IPUPICT BXiTHOTO 3HAYCHHS X;.

BunineHHs Takoi MiJICHCTEMH B CHCTEMi IITYYHOT'O IHTEJIEKTY IPU3BOJUTH JO CKIAJIHOCTI OIMUCY IIJICH,
3aBJlaHb, pilieHb, ToMy st KJIC 10BOAUTHCS pO3IIISIATH MiMi KOMILIEKC (opMalti3oBaHuX 3a7ad. AHaNI3 TaKHX
CKJIQJIHUX 3aBJIaHb OTpeOye HabOpy YiTKO chopMyTHOBAaHUX, & YACTO 1 CYINIEPCWIMBUX, KPUTEPIiB OIIHKK CUTYAIl,
o cknanacs [9].

[epenbauyBannii Habip QyHKIiH CTaHIB TOBUHEH BKJIIOYATH:

- iHTerpyBaHHs (00'eqHAHHS IHTEICKTYaIbHUX IPOLECIB 1 BIACTUBOCTEH B IPUHHSATTI PillIeHb);

- mudepeniianis (pi3Hi B3a€MO3B'SI3KY 1 1X CTIHKICTh 3 yIPAaBIIHCHKIUMHU MIPOIIECAMH 1 BIACTUBOCTSIMH );

- BigTBOpeHHs (no3Boyisie (OPMYBaTH CTiliKi CTaHy, IIO JIO3BOJISE BijoOpa)kaTH OCOOIMBOCTI
30BHIIIHBOTO CEPEIOBHUIIA);

- PO3BHUTOK YIPABIIiHCHKHX MPOIIECIB 1 BIACTHBOCTEH;

- Kopeklis (3a0e3mnedyeTnest mpolec aganTarii (yJOCKOHAJICHHS));

- cuHXpoHi3auis (Bci (GYHKIIT CTaHIB B IIJIICHOT KOTHITHBHOI isUTBHOCTI MPECTaBIIEH] SK OJJHE I1iJIe).

Bei posranyTi ¢yHkuii moBuHHI 3a0e3ledyBaTH B3a€MOIIOB'S3aHICTh €IEMEHTIB CTPYKTypH CTaHIB
¢ynkuionysanus KJ{C; nepexiza 3 oHOTO cTaHy B iHIINIA; 3MiHA TIOCJIIIOBHOCTI PUAHSATTS YIIPABIIHCHKUX PillIEHb.

Ha nanomy erami Bce 6inbin 3aTpeOyBaHUM CTa€ €MHE CEPBICHE CEPEIOBHUIIIE, IO J03BOISIE 3a0€3MeUnTH
e(peKTUBHY B3a€EMOJIIO PI3HUX CEPBICHHUX JOMEHIB 3 METOIO MPOIO3HUIIi]l IHHOBAI[IITHUX KPOC-JIOMEHHHUX MOCIYT, L0
3a0esrneuye HaJaHHS HEOOMEKEHOI, Ha CKIJIbKHU 11€ MOXKIIBO, MHOYHHH MOCITYT Y€pe3 MOXKITHBI MEPEXKi 3B'SI3KY TIPpH
Oe3repepBHOMY CepBici MpH nepeMileHHi aboHeHTiB. ToMy 3apa3 MocTae MUTaHHS PO HANOLIBII KOMILJIEKCHE 1
(yHKIIOHANIBHE DIllIeHHsI, 10 3a0e3Medye BeCh >KUTTEBHH IMKI TOCIYT BiJl X PO3pPOOKH, BIPOBAIDKEHHS Ta
PO3BUTKY JI0 yrpaBiliHHS HUMH — r1atdopmu Tuny IMS (anrmn. IP Multimedia Subsystem) [10] o3Hauae nepexiz Biz
"CepBICHUX BEpTHKAJICH" 10 €MHOI CEPBICHOT IIIATPOPMHU, sIKa CTAE BCE OLIIBII BUTIIHOIO B Mipy 30UIbILIEHHS YUCIa
MOCITYT, 10 HAJAI0Thes Ha 11 6as3i.

Jo BaxnuBHX (QYHKILIN CiIiJl BIIHECTH HAKOMMYEHHS 1 HaJldHHS MPOTrpaMHUX J0JaTKiB 1 ciayx6 OSS/BSS
iHpopMallii mpo KopucTyBada i Mepexi i ayTeHTrdikanii, Tapudikarii, o0siKy Micls po3TalryBaHHsS aOOHEHTa,
HOro cTatycy i psdy JONATKOBHX JIaHUX, siKi (QOPMYIOTh B pe3yJbTaTi yHiBepcaibHHU Npodiis aboHeHTa. OmHaK
Mpy HaJaHHI a0OHEeHTaM (YHKIIOHAJIBHOCTI MOCIYT BIIMOBIIHI iM cyO0M B TakuxX ruiaTgopmax KOHCOJIiIOBaHi i
BUJIJICHI B CEPBICHMU piBeHb, JIe BH3HAUYAIOTHCS iHTepdelcH cepBiciB 1 iX peamizallis, a TaKoX KOMIIOHEHTH
TPAHCIIATOPIB, MIO MEPETBOPIOIOTH (OPMATH NAHUX MiX Oi3HEC-pIBHEM 1 KOHTPAaKTAMHU 30BHIIIHIX NaHHUX. Tak,
peasti3yeThest 0JJHA 3 HAMOUIBII BaXKJIMBUX KOHIIEMIIIN JOTIKM Ha KINTANT "YIpaBIiHHS SK CEpBIc": CepBiC HIKOIM HE
MOBUHEH PO3KPUBATU BHYTPIILIHI CYTHOCTI, 1[0 BAKOPHUCTOBYIOTHCS Ha Ol3HEC-piBHI.

BuchoBku

3 orsiy MeToiB MOOYAOBH KOTHITHBHHX OOpa3iB CIiJi KOHCTATYBATH, L0 Ui MOHITOPUHTY CKJIaTHUX
KJIC naii6inbin edekTiBHI OaraTopiBHEBI COCOOM MOJAHHs cuTyallii. YUCIO PiBHIB B MPaKTHYHUX JOJATKAaX HE
MEPEBUIYE TPHOX, TAK SIK 1X 30UIbIICHHS YCKJIAJHIOE CIPUNHSITTS 1 3HUXKYE ONEPaTHBHICTh aHaji3y CTaHiB.
CrpykTypoBaHi aHi B 6e31i4 00'€KTiB, TOOTO CYKYITHICTh 3B'SI3KIB 1 BITHOCHH MiK YaCTHMHAMH II1JIOTO, HEOOXIIHI
JUIA JOCATHEHHS MeTH. MeTONOoJOris I1HTeNEeKTyaIbHUX CHCTEM Ma€ BKIIOYaTH OOpOOKY JIOKAIBbHOI BXiIHOT
iHpopMmallii, moOyIOBy Ta IUIAHYBaHHS MOJENEH KOTHITMBHHX KapT, METOMAIB TOOYJOBM 3aKOHIB KEpPyBaHHS 3
MaTEeMaTHIHUMH MOJIENSMHI 00'€KTIB yrpaBiiHHA. J{OCTiIKYIOUH pi3Hi raily3i OYEBHIHUM CTa€ Te, IO Ti KOMITaHii,
SIKI MarOTh JOOpEe CIPOEKTOBaHY CHCTEMY i e(heKTUBHHU cepBic caMOOOCIyroBYBaHHS, B MEHIIINA Mipi BTpadaioTh
KITIIEHTIB, TaK SK 1X HasIBHICTB 3a0e31euye CKOPOUCHHS BUTPAT Ha 0OCITYyTrOBYBaHHS KIIIEHTIB; 30ip B peaTbHOMY daci
JIOCTATHIX 1 TOYHUX JAHUX; aKTyalbHy 1 e(peKTUBHY 1H(OPMAIIIIO PO 3MICT 1 CTaH KIIEHTCHKOI 0a3u; IHTETparliio
soBHimHIX (front-end) i BHyTpimmix (back-end) cucTeM; MOMUIMBICTH MPOCTOTO Y BHUKOPHCTAHHI KOHTPOIIO;
THYYKICTh B IPOITO3HUIIil HOBUX MOCIYT 1 aKIii I TOCTaYaIbHUKIB TIOCITYT.

3arajpHUi BHCHOBOK 3 3a3HAUCHOTO MO)KHA BHCJIOBUTH HACTYIHUM YHMHOM, LIO BAapTO PO3MIILAATH
TEHJICHIIII PO3BUTKY HOBITHIX IMPOEKTIB 3 PO3POOKH IITY9IHOTO IHTENIEKTY, PO3BHBATH Ta BIPOBADKYBAaTH HOBI
METOIM KEpPYBaHHS KOMITaHISIMH, MPOBOIUTH OIIHKA 3 E€KOHOMIYHOTO MOTEHINialy, a TaKOX HEOOXiTHICTH B
(hopMyBaHHI IOPUANYIHOI 0a3u MIOJ0 TAKUX BUIIB poOiT. EpekTMBHIMI B IbOMY BHIIAAKY BHCTYNAIOTh KOTHITUBHI
JMHAMIYHI CHCTEMH 3 YpaxyBaHHIM MapaMeTpiB (QyHKIIOHANEHUX 3B s3KiB Ha 0a3i AWHAMIKH PO3BUTKY CEPBICHUX
JOJATKIB, aJie CJIiJl BpaXOBYBaTH CYIEPEWINBICTE OKPEMHUX BUAUICHUX KPUTEPIiB OIiIHKHA KOHKPETHOI CHUTYAITil.
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YAOCKOHAJIEHHSI AJI'OPUTMIB 3ABE3ITEYEHHA
BIZIMOBOCTIMKOCTI NIPOT'PAMHUX CUCTEM

Y po6omi npedcmasseHo koHyenyii gidmosocmitikocmi npo2pamMHux cucmem ma Memoou peazy8aHHs cucmemu
Ha gidmosy. Y docaidsicenHi 0ockoHa/1eHO Memod peazy8aHHs cucmemu Ha 8I0M08Y WASIXOM NPOEKMYBAHHS KOMNIEKCHO20
piweHHs, ujo ska04ace 8 cebe doonpayr8aHHs: ma po3wWUpeHHs KAACUYHUX namepHig gidmosocmiiikocmi. O6rpyHmosaHo
doyinbHicms ma akmyabHicms NPOEKMy8aHHs1 HO8020 Memody 8idMosocmilikocmi. Y0ockoHa/1eHo aa2opummu aemoma-
MUu4HO020 peazy8aHHs ma nonepeosceHHs 8i0M08, ujo 038045€ IMEHWUMU KIIbKICMb NOMUAOK, IKI BUHUKAOMb y cucmemi,
Y NOpiGHSAHHI 3 ICHylOvUMU piweHHsIMU. Pesysbmamom docaidxceHHss € nokpaweHull Memod 3abe3neyeHHs
gidmosocmilikocmi npozpamMHux cucmem.

Kamwuosi cnoea: npoepamua cucmema, aszopumm, gidmosocmitikicms, namepH giomosocmiiikocmi

DMYTRO YURIIOVYCH ANTICH, GALINA IVANIVNA RADELCHUK
Khmelnytsky National University

IMPROVEMENT OF SOFTWARE SYSTEMS FAULT TOLERANCE ENSURING ALGORITHMS

The study investigates the concepts of fault tolerance and methods of system responses to failures. The study is based on the
research of modern resiliency patterns and common approaches of reaction to failures. During the research, the common unresolved issues
with modern resiliency and fault tolerance approaches were defined. The study improved the method of the system response to failures by
designing a comprehensive solution that includes refinement and expansion of classical patterns of fault tolerance as a proposal to resolve
common problems. The new solution of fault tolerance is based on the combination of basic monitoring approaches, load balancing
approaches, circuit breaker pattern, and re-designing of the sharding pattern to be applicable not only for databases but also for modern
applications. The new solution is based on an automatic decision-making expert system, which based on anonymous data saved by the
monitoring layer decides the root cause of the issue and validates which scenario is applicable for the current situation. Based on the decision
system can either enable a user and load balancing approaches by isolating harmful users using improved sharding and load-balancing
solutions or enable a circuit breaker to temporarily disable the faulty features. The new method of resiliency is supposed to prevent and
reduce more errors compared to the existing solutions in the domain of fault tolerance and resiliency, thus the efficiency of the new approach
is higher. The expediency and urgency of designing a new method of fault tolerance are substantiated by expressing the importance of
resolving existing problems. Improved methods of automatic response and failure prevention, which allowed to reduce the number of errors
that occur in the system compared to existing solutions in resiliency and fault tolerance.

Keywords: software system, algorithm, fault tolerance, fault tolerance pattern

Beryn. IToctanoBka npo6jiemMu

VY cywyacHoMy CBiTI Mepexka IHTepHET 3aiiMae 3HauHy YacTHHY JKUTTS JtoJuHH. KoXeH 3 Hac IojHs
nepesipsie iHGOpMaLLi0 PO MOTo/Y, KyIy€e TOBAPH, CIIUIKYETHCS 3 APY3SIMH YU 3HAHOMUMH, YNTAE HOBUHH, KHUTH,
Neperssiiae BiJleo OHJIAWH TOIIO. 32 4ac MaHaeMii OUTBIIICTh 3BUYHUX HaM peuel 3MylleHa Oyia aJanTyBaTUCh 10
HOBOI peasibHOCTI, 30KpeMa, 3HauHa KUIbKICTh BWIB JISUILHOCTI Moyania 3[iHCHIOBATHCh OHIaiH. Hampukmarn,
0arato KOMIIaHiii 3MmyIieHi Oy TMepeBecTH CHiBPOOITHHUKIB Ha BifyialieHy poOOTY, YHIBEPCHTETH Ta IIKOJU
MePEHIIUTN Y PEXKUM AUCTAHIIIMHOTO HABYAHHS TOIIIO.

Takum 4rHOM, Y 3B’SI3KY 31 CTPIMKOIO i DKUTAJI3ALIEI0 BUHUKAE TIOTpeDa 3a0e3neYnTH HaiiHICTh Ta BiJl-
MoBocrTilikicte mporpamuux cucteM (IIC). A wme, y cBOW uYepry, MNOpOXKye MOTpedy B ajIroputMax
BiIMOBOCTIMKOCTI, SIKI HaJaJayTh MOXJIMBICTh MiABUIMTH npane3aaTHicts [IC Ta 3abe3neynTd iX IIBUJIKE
Bi/IHOBJIEHHS ITiCJIS HACTAHHS BiIMOB.

AHaJi3 ocTaHHIX J0CTiIzKeHb Ta myO aiKamiii

VY pesymnbTaTi gocmimkens yHiBepeuteTy Kapreri-Memnona (CIIA) Bu3HaueHO TOHATTS BIAMOBOCTIHKOCTI
Ta JIOBeIEHO, IO JKOIHA IporpaMHa cucteMa He € Ha 100% BigMOBOCTiiiKOIO 200 HE € CTIMKOIO 0 BiMOB B3araii
[1]. I'pyna mocmimaukiB [2] BH3HA4MIa OCHOBHI ()aKTOpH, IO IIKOAATH BiJMOBOCTIMKOCTI, Ta SKHH BIUTHB I
¢dakropu wmatoth Ha [IC. Takumu ¢dakTopaMu € HACTYIHI: pO3MIp Ta CKIAQIHICTh MPOrPaMHOi CHUCTEMH;
B3a€MO3AJICKHICT, Ta B3a€MO3B’SA30K; MEpEKEBa OPIEHTOBAHICTH, CTpIMKa TiIoOaii3amis KOMIIaHil; MporpamHe
3a0e3nedeHHs 3 BIOKPUTHM BHUXIIHAM KOIOM; TiOpHAM3AIlis, IIBHUIKI 3MiHH, IIOBTOPHE BUKOPHUCTAHHS y PI3HUX
KOHTEKCTaX.

KoMmmurekcHU migxix A0 BIAMOBOCTIMKOCTI MpOTrpaMHIX CHCTEM BKJIIOYA€E B ceOe 4OTHpU 0a30Bi METOIH
peaunizartii BiIMOBOCTIHKOCTI, a came:

- peakmis Ha TOMHJIKA (K TUTBKM BHHUKA€ TIOMHIJIKA, TPOTPaMHA CHCTEMa aBTOMATHYHO abo
PO3POOHUKH IIPOTpaMH Y pydIHOMY PEKUMI IOBHHHI BiJjpearyBaTy Ha MTOMHUIIKH ),

- aBTOMAaTH4HE JIOTyBaHHs (MpOrpaMHa CHCTeMa MOBHMHHA aBTOMATHYHO JIOTYBaTH BCI MpoOiIeMH Ta
TTIOMIJIKH JI7IS1 MOKJIIMBOCTI aBTOMAaTHYHOTO pearyBaHHsI Ha IPOOIIEMH );

- werpuku MTBF, MTTF, MTTR (u1i MeTpuky BH3HAYAIOTh CepeiHi Yac MiXK BiIMOBaMH, CepemHIid
4ac JI0 Bi]MOBH, CEpEIHIN Yac Ha YCYHEHHS BiIMOBH);

- aBTOMATH3aIlisl IUIAHY BiJHOBJICHHS (HEOOXiTHO aBTOMATH3YBaTH KPOKH, SKi CHCTEMa Mae€ 3IiHCHUTH
JUTSL BiTHOBJIEHHSI HOPMAJIBHOTO (DYHKI[IOHYBaHHS).
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BuaineHHst HeBHpPilIeHUX YaCTHH 3arajibHOYI Po0aeMHu

[IpoananizyBaBum omucani y po6orti [3] cTpaterii yrpaBiiHHS Ta 3armo0iraHHs HOTEHI[IHHAM TTOMUJIKaM,
MOKHA BUIUTUTH HACTYITHUIA aqrOpUTM peakilil CHCTEMH Ha BiMOBY:

- aBTOMATHYHE BHM3HAYCHHS TOMWJIKH — CHCTEMa MMOBHHHA CaMOCTIHHO BHSBHTH MOMHIIKY, 30epertu
JOJJATKOBY 1H(OpMAIliI0 (JIAHIFOX)KOK BHKIIUKY, TOMII0, IO CIPHYMHMIA MOMHJIKY, TOINO) Ta, 3a MOXKIIHBOCTI,
BUBECTH KOPUCTYBauy Harepe ] BU3HAYCHE MOBIIOMIICHHS PO TIOMUIIKY;

- aHaji3 Ta MOSCHEHHS MOMMJIKH (Ha I[bOMY €Talli He0OXi/THO BUCYHYTH TilIOTe3y NP0 NPUYMHY TOMHUIIKA
Ta 3HalTH criociO ii BUpiIIeHHS);

- 00poOKa MOMIIIOK IPOTrPaMHOI0 CHCTEMOIO 3a JIOIIOMOT'OI0 BUKOPUCTAHHS ITATEPHIB BiIMOBOCTIHKOCTI,
IO MiIXOISITh TSl KOHKPETHOI MPOOIEeMH.

Haituacrimie BHKOPHCTOBYIOTECSI HACTYITHI METOAM peajizanii BiamoBocriiikocTi I1C:

- mabJIOH BUMHUKAYA;

- 1abJIO0H MOBTOPEHE;

- 1abJIoH KOMITEHCaIi] TpaH3aKIIii;

- IIapJiHT.

Lllabnon eumuxaua oOpoOIsie HECIPABHOCTI, JUIs BUPILICHHS SKUX MOXKE 3HAJOOMTHCS PI3HUHA 4Yac mpu
MIJKITIOYEHH] JI0 BiJJANEHOTO CepBiCy YW pecypcy. BuMukau nie sik mpokxci-cepBep sl Omeparii, sSiKi MOXYTh
BHUITH 3 Jany. [IpoKkci BiICTE)KY€E KINBKICTh OCTAHHIX TIOMIJIOK, SIKi CTAJIHCS, 1 BAKOPUCTOBYE 110 1HGOPMAITIIO JIIs
MPUAHATTS PillIeHHS — TO3BOJIUTH MPOIOBKEHHS OTepallii Yu mepepBarH ii Ta MOBEPHYTH MOMHJIKY [4].

Illabnon noemopensv peanizye mporpamy s oOpoOKu 3001B, KOJIM CHCTEMa HAMAara€ThCs 3IIHCHHUTH
3alUT JI0 CEpBICY UM pecypcy, HMUIIXOM IPO30POro IMOBTOPEHHS HeBjaasoi omepamii. SIKIIO mporpama BUSBIISE
MMOMMJIKY TIiJi 4Yac COpoOM HAIICIaTH 3aluT BiATAJICHOMY CEpBiCY, BOHa MOXE BIIOPATHCS 3 ITOMHUJIKOIO,
BUKOPHCTOBYIOYH TaKi CTpaTerii:

- CKacyBaTH 3aIuT (SKIIO MOMHJIKA BKa3ye Ha Te, 10 HECIIPaBHICTh HE € THMYACOBOIO 200 3alUT HaBPAL
yu Oy[e YCHIIIHAM IpH HOTro MOBTOPEHHI, TO NporpamMa MOBMHHA CKACyBaTH OIEpAIlil0 Ta MOBIJOMHUTH IIPO
HOMHIIKY);

- TOBTOpUTH cnpoOy (SKIIO KOHKPETHE MOBIJOMIICHHS PO MOMHIIKY € HE3BUYHHMM YH PIAKICHUM, TO 1€
MOXKE 6yTI/I CIIPUYMHCHO HEC3BUYHHWMU O6CTaBI/IHaMI/I, TaKUMH, HAIIPUKIIAA, AK IMOIIKO/PKCHHA MEPEKEBOIO IMaKeTa
iz yac Horo mepepadi; y IibOMy BUIIQJIKy IPOrpamMa MOXKe HEraifHO MOBTOPHTH HEBAAIMHI 3alUT, OCKIIBKHM Ta cama
NIOMUJIKA HaBpsizl 4u OyJie MOBTOPEHA, 1 3aMUT, IMOBIPHO, Oy/ie YCIILIHUM);

- TOBTOpPUTH cOpoOy Tmicins 3aTpUMKd  (SKIIO HECHPaBHICTh CIpHUYMHEHAa mpoliemMaMu 3
(YHKIIOHYBaHHSAM Mepeki abo HaJMIPHUM HaBaHTAKCHHSM Ha JOJATOK, TO MOXE 3HaJ00MTHCS ACSKWil mepiof
Yyacy, MOKM MPOOJeMH 3 MiJKIIOYEHHSIM OyayTh BHIIpaBieHI abo BCi MOTOYHI 3amuTH 00poOJeHi); mporpaMa
ITOBHHHA MOYEKATH JESKUI Yac mepe]] MOBTOPHOIO CIIpoOoto 3anuTy [S].

Lllabnon Komnencauii mpanzaxuyin ckacoBye poOOTy, BUKOHAHY 3a JIOTIOMOTOIO JIEKUIBKOX KPOKIB, SKi B
CYKYIIHOCTI BU3HAYaIOTh Y3TO/DKEHY B KiHIIEBOMY paxyHKY OIepallito, K0 OJMH a00 KibKa KPOKIB 3aBEPIINIHCS
3 nomuikoro. TakuM uymHOM, Leld mMmalIOH Ja€ 3MOTY IOBEPHYTHCh O IIONEPEIHBOIO CTaOUIBHOIO CTaHy
MIPOrpaMHOI CUCTEMH Ta YHUKHYTH Po30iXKHOCTel B qaHuX. lleil maTtepH € 0ocoOIMBO aKTyaaIbHUM Y BHIIAKaX, KON
Jesika fist HoTpeOye 3anucy B JeKiIbka TaOnuilh 0a3u JaHUX Y BUKJIMKY JEKUTBKOX CepBiciB [6].

Llapoinz peanizye po30UTTs TabIUIb y 0a3i AaHUX HA MEHII «IIMaTKi» (mapau). Po3ouTTs Moxe OyTh
SIK TOPU30HTAIBHUM, TaK 1 BEpTUKAIBHUM. [IpH BepTHKAIBHOMY pPO3OHMTTI CTOBII TaOIHMII 30€piraloThCs B OKpeMiit
0a3i JaHKX, a MPU TOPU3OHTATILHOMY — PSIJIKU O/IHIET TaOMuIIi 30epiratoThes B JCKUIbKOX By3Jiax 0a3u qaHux [7].

Takum 4MHOM, CTpaTerisi BiIMOBOCTIHKOCTI He mepeadayae MPOaKTUBHY PEaKIlilo Ha MOTEHIIHHI BiMOBU
[1C, a nparoe 3 yxe icHytounmu. ToMy BKazaHa peIMeTHa 00JIaCTh Ma€ HACTYIIHI HEBUPIILIEHI TPoOIeMu:

- BIJCYTHICTH JTOPUTMY AJISI TIepe0adYeHHsI BiIMOBH, 1110 IPU3BOAUTH JI0 BiJICYTHOCTI aBTOMATUYHOTO
OJIOKyBaHHS IIEPIIONPHYNHH TOTEHITIHHOI BiIMOBH;

- BIACYTHICTh pEaKIliii Ha YacTKOBI BiIMOBH Ta MiAXOMIB IV aBTOMATHYHOTO BHUPIIICHHS YaCTKOBOI
HENpane3JaTHOCTI CHCTEMH.

3aranoM, METOIU Ta aJrOPUTMHU BiJMOBOCTIMKOCTI Ha CHOTOIHIMIHIN JeHb (OKYCYIOTHCS Ha TOMY, II00
3MEHIIUTH HeraTuBHUI BIDIMB BimMmoB Ha I[IC micms Toro, sk cucteMa Irmodvana IpaifoBaTH HEKOpeKTHO. OHak,
METOIM Ta IMiAXOMH, IO BHKOPHUCTOBYIOTBCA Y CYYaCHHMX INPOTPaMHHUX IPOINYKTaX, HE pearyioTh Ha YacTKOBI
BiZIMOBH, HE 3[aTHI aBTOMAaTHYHO BH3HAYATH NMPUYMHY YaCTKOBOi BiAMOBH Ta 3AiHCHIOBATH aBTOMATHUYHI CIIPOOH
YCHYTH TaKy BiIMOBY a00 OCHOBHY IPHYMHY BiJMOBH.

DopMyTIOBAHHS LiTei

s mpoBeneHHsT TOCIiHKEHHS C()OPMOBAHO HACTYIIHI ITiTi: TIPOBECTH TEOPETHYHUM aHali3 CIoco0iB Ta
METOIiB 3a0e3MeYeHHs BiIMOBOCTIIIKOCTI MPOTpaMHIX CHCTEM; OXapaKTePU3yBaTH OCHOBHI IMOHSTTS Ta MPoOIeMH
BiIMOBOCTIMKOCTi; ONHWCATH ICHYIOYi METOAW BIIMOBOCTIHKOCTI; BHIUIMTH HasBHI TpobiemMu y Tamysi
BimmoBocTiiikocTi [IC Ta onmcaTé OUIAXW iX BUPIMICHHS, YIOCKOHAIMTH ICHYIOUl alTOPUTMH 3a0e3MeUeHHS
BigmosocTiikocTi I1C.

BukJax 0CHOBHOT0 MaTepiaay

Ha ocHOBi anamnizy HeBHpimIEHHX MPOOIEM BiIMOBOCTIHKOCTI MPOTpaMHUX CHCTEM OYJIO 3aIpOTIOHOBAHO
pO3pOOMTH BIACHUN aNTOpUTM MUITXOM KOMOiHamii Ta Momudikamii iCHYFOUMX METOMIB, IO TO3BOJHTH
ONTHMI3yBaTH HasiBHI BY3bKi MicIs B iCHYIOUMX Miaxonax. BH3Ha4YeHO BUMOTH J0 YIOCKOHAICHOTO alrOpUTMY
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BigmoBocTikkocTi [1C:

- QITOpUTM MOBMHEH pearyBaTH HA YaCTKOBI BiIMOBH, a CaMe: aBTOMAaTHYHO aHaJi3yBaTH Ta CKAHYBATH
yCi MOMMIIKH, IO 3’ SBJISIIOTHCSI Y IPOTPaMHiil cHCTeM;

- QITOPUTM IIOBHHEH MaTH MOMJIMBICTh aBTOMaTHYHO BHCYBATH TilIOTE3W PO MPHYMHY ITOMHIIOK Ta
HaMaraTuch aBTOMaTHYHO yCYBaTH TOMUIIKY.

Juist mouaTKy OyJi0 BHPIIIEHO BUKOPHCTATH IIIIXOJH JI0 MOHITOPHHTY Ta 30€peKeHHS JaHWX 33Ul TOTO,
mo0 aNropuTM MaB 3MOTY aHaJi3yBaTH BXIiJHI JaHi KOPHCTYBadiB Ta POOWUTH MPUIYIIEHHS MPO MOXKIIHBI
IIOTEHIIMHI BIIMOBU CUCTEMH.

Juist BUpilIeHHS MocTaBlieHOl 3aJa4yi HeoOXijHO 30epiraTv aHi IpO KOPHCTYBadiB Ta iX 3alUTH, TOMY
yIOCKOHAJIEHUI METO/]I BIIMOBOCTIMKOCTI 30MpaTHMe Ta aHajli3yBaTHMe JiaHi, sIKi MpeACTaBieHi y Tadmmi 1.

Tabmurs 1
Bxigui gani aaropurmy

Bxinnuii mapametp Mpukaaa gaHux
IP-anpeca xopuctyBaya 188.123.19.208
Onepariiina cuctema kopuctyBaya | macOS 10.15.7
Bpaysep xopuctyBaua Chrome 91.0.4472.106
3anuT, Mo 3AIHCHIOETBCS somesite.com/login
BxiqHi mapaMeTpH 3amuTy {

"username": “dmytro”,

"password": "sometext"

}

BigmoBiges cucTeMd Ha  3amMT | {
KOpHUCTyBaya "code": 300,

"message": "Login failed"

"meta info™: "Uncaught PHP Exception
Ramsey\Uuid\Exception\InvalidUuidStringException: ~ "Invalid UUID
string: " at
/var/www/project/vendor/ramsey/uuid/src/Codec/StringCodec.php  line
146"

}

Ha ocHOBI JaHuX KOpuUCTyBaya (OPMYETHCS YHIKAIBHUNA aHOHIMHHUI XElI-KII0Y, SIKHHA CIyrye
imeHTH()IKATOPOM KOpHCTYBaya. AHAI3YIOUHM JIaHi, AITOPUTM MOXKE aBTOMATUYHO PUITYCTUTH, Jie iICHY€E mpodiema,
Ta cripoOyBaTH ii aBBTOMaTUYHO BUPIIINTH.

[Micns 3aBeplieHHS POOOTH MOHITOPUHTY 3allyCKa€ThCsl JIOTIKa MPHUMYIIeHb. [ 1bOro peanizoBaHO
AJITOPUTM IPUITYLIEeHb, KM Ha OCHOBI JaHWX, 30€peKEHUX MOHITOPHHIOM, UM BUKOPHUCTOBYIOUM OalaHCyBay Ta
LIAPJIIHT, 130JII0€ MOTEHIIIHO HEOE3MeUYHNX KOPUCTYBaviB a00 BUKOHYE 3aIlyCK MTaTepHy BUMHKAYa.

VY pasi, sKmo cucremMa Oyae HAACWIATH ITOMIUIKM BCIM KOPHUCTyBadaM, SIKi BUKOHYIOTh MEBHUH 3aIUT, TO
TOMAI aJNTOPUTM 3MIHCHUTH MPUIYIICHHS, IO MpobjeMa € JTOKAIBHOI Ta CTOCYETHCA JIMIIE OJHOTO CepBicy (Um
onHi€l KiHIEBOI TOYKH). B pe3ynbraTi anropuT™M aBTOMAaTHYHO BHUMKHE IAHUH CEpBiC 3a JOMOMOTOIO MaTepHa
BUMHUKava. Hampukiras, Ko cTopiHKa aBTOpU3allil He mpallioe, KOPUCTYBadi 3MICHIOIOT 3allUTH Ha aBTOPU3AILIIO,
MPOTE OTPUMYIOTH IIOMHJIKH, TOMI AITOPUTM aHATI3y€e IMOMHJIKHY 1 JaHI KOPUCTYBadiB Ta pOOUTH MPUITYIICHHS, 110
po0bIieMa CTOCY€ETHCSI KOHKPETHOTO MOIYJISl CUCTEMH 1 OJI0Ky€ BCi ITOAANIBIII 3aIIUTH 0 BUPIIIEHHS TPOOIEMH.

CxemaT4He BigoOpaskeHHS pOOOTH aITOPUTMY Y TAKOMY BHIIQJIKY TPEICTABICHO HA PUCYHKY 1.

Ha pucyHsky 2 npeacraBieHa po6oTa anropuTMy Yy BUIIaIKy OBHOI npame3aaTaocti [1C.

OnucaHuil mMOXix JaCTh MOXIIMBICTH 130JIOBATH MPOOJEMHI YaCTHHH MPOTPAMHOTO MPOAYKTY, a Ie, y
CBOIO Yepry, JacTh MOXJIMBICTh KOPHCTYBa4aM MPOJOBKYBATH KOPHCTYBATHCh YaCTHHOIO IPOTPAMH, SKa ISl HUX
3aJUIIAETHCS MPale3aTHOO.
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——————Failure result—————— Bumuiay BanaHcyeay KoHTehHep

Kopuctyeay

Puc. 1. Po6oTa aaropuTMy BUMHKa4ya — BiIKPHTHIi CTaH

O

———site.com/posts———>| P
—————success resut——————— Bummxay Banaxcysay ——/posts—>| KoHTeiiHep

KopucTtyBay

Puc. 2. Po6oTa aroputMy BUMHKAa4a — 3aKPUTHIi CTaH

VY TOl xe Yac aJropuTM BiJIMOBOCTIMKOCTI Ta MOHITOPHHT JaHUX MPO KOPUCTYBAaudiB MOXYTh 3IIHCHUTH
MIPUITYLIEHHSI TIPO MOTpeOy B 13011l KOPHCTYBAYiB Ta 130JII0BATH IX BiJ IHIIMX y BHIAJKY, SKIIO CUCTEMA ITOYHE
MOBEPTATH TTOMUJIKH JIMIIIE IEBHUM KOPHCTYBadaM abo rpyri KOPUCTYBaviB.

s peamizaifii HOBOro miaxoay 10 OaJlaHCYBaHHS Ha OCHOBI KOPHCTYBadiB Ta HaBaHTaXKCHHS OYJIO
BUPILIEHO MEPEOCMUCIUTH MiAXOAM INApIiHTy Ta CKOMOIHYBaTH iX 3 MaTepHOM OajlaHCyBada. 3a3BHYal, Takuii
QITOPUTM BUKOPUCTOBYETHCS y 0a3ax JaHMX il 30epekeHHsS JaHUX B PI3HUX TaONUIIX, TPOTE, 3aBISKU
JIOOTIPAIIOBAHHIO, HOTO MOKHA BUKOPUCTATH y CyYacHHX JI0AaTKaX.

VY pesyibTaTi po3poONIeHO aNropuTM, KU 130JI0€ TOTEHIIHHO HEeOe3MeYHOro KOpPHCTyBada abo rpymy
KOpPHCTYBayiB, IO CIPHIE 3HMKEHHIO KUTBKOCTI MOTEHLIMHWX MOMHJIOK 1 TMOBHHMX BiJ]MOB CHUCTEMH Ta HaJae
MOXIIMBICTB 1HIINM KopucTyBadaMm [1C mpo1oBxKyBaTH BUKOPHUCTOBYBATH JIOJATOK 0€3 MEPEIIKO/I.

VY BumnajaKy BUSBIICHHs MMOTEHIIHHO HEOE3NEeYHOro KOPUCTyBaya aliTOPUTM BiJMOBOCTIMKOCTI Ha OCHOBI
JIAHUX MOHITOPUHTY 3 ICHUTH PO3IOJIIJI HABAHTAXKEHHS KOPUCTYBAUiB 32 JIOMOMOTOI0 AJITOPUTMY HMIAPJIHTY TAKHM
YMHOM, WI00 Tpyma MiA03pIIMX KOPUCTYBayiB OyjJa MaKCHMMAaJbHO I30JIbOBaHA Ta HE MOIJIA 3aBajUTH
BUKOPUCTOBYBATH NIPOrPAMHUM MPOLYKT 1HIIMM KOPHCTYBadaM.

CxemaTtnyHa poOOTa OIMCAHOTO AJITOPUTMY NpECTaBIeHa HA PUCYHKY 3. B naHomy Bumaaky KopucTyBada
3 i3omboBaHo y kKoHTelHepi C 1yist Toro, 1100 KopucTyBadi 1 Ta 2 MOTJIM MPOAOBKYBAaTH BUKOPUCTOBYBATH CEPBIC
0e3 nepelKo/.

»,

h i

KoHTeiHep A KopueTyeadi 1 1a 2

Kopuctyead 1
& i ' > ' Kopucrysasl 1 Ta 2
i MOHITODMHI Hlapnitr »  Kouvelinep B OpUCTY!
KopucTyeay 2
Q IsonsoBaHo

¥

KoHTeiHep C

KopucTyea4a 3

Kopuctysad 3
MoTeHWRHo HebeaneyvHWiA

Puc. 3. Po3noain kopuctyBauiB Ta cepsiciB

BucHoBku
Takum 9lHOM, y CTATTI OXapaKTEePHU30BaHI OCHOBHI MOHATTS Ta MPOOIEMH BiIMOBOCTIHKOCTI MPOTPaMHHUX
CHCTEM, JOCHIPKEHO METOOu Ta anroputMmu 3abesmedeHHs Biamooctiiikocti I1C. 3okpema, ommcaHi icHyIOdi
MeToau BiamoBocTiiikocTi [IC, Ha OCHOBI aHANI3Y SKMX BHUSBIICHI HasiBHI IpoOJieMH y ramysi BiqMoBocTiiikocTi I1C;
ONHMCaHI NUIXM BUPIMICHHS HasBHUX MPOOJIeM 3a JOMOMOrOI0 peamizarlii HOBOTO ajirOPUTMY BiIMOBOCTIMKOCTI,
SIKM{ T03BOJISIE€ 3MEHIIUTH IoTeHIiHHI BiqmMoBH [1C Ta mpoakTuBHO pearyBaTi Ha IpOOJIEMH.
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PO3POBKA KOMIT’'FOTEPHOI MOJIEJI IMTPOIIECY OTPUMAHHSA PO3YNHY
MIZHOI'O KYIIOPOCY, ATAIITOBAHOI JIJISI PO3B’SI3AHHSI 3ATAY
YIIPABJIITHHA

B po6omi HagedeHo pe3ysbmamu po3pobku ma 00cAidHceHHs1 kKomn'tomepHoi modesai npoyecy supobHuUymea
pO34uUHy MidHO20 Kynopocy 3a donomozoio yHigepcanbHoi modenrruoi npoepamu ChemCAD, a makodxc po3pobseHi
npuHyunu inmezpayii yiei modeni do cyuacHux SCADA cucmenm.

Knarouosi cnoea: mioHull Kynopoc, Komn'romepHa modeab, yHigepca/nbHa MoOdenr4d Npo2pama, cucmema
kepysaHHs, OPC cepsep.
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Ukrainian State Chemical and Technological University
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Ukrainian State Chemical and Technological University

DEVELOPMENT OF A COMPUTER MODEL FOR OBTAINING A SOLUTION OF COPPER SULFATE ADAPTED
FOR SOLVING CONTROL PROBLEMS

Copper sulfate is an inorganic compound that is currently widely used in the chemical industry, medicine and agriculture. When
developing systems for automated control of the process of obtaining copper sulfate, there is a need for simple, high-speed and at the same
time accurate mathematical models that are used both in improving algorithms for optimal control of this process, and in developing
operator interfaces and debugging control algorithms. At the same time, the development of full-fledged mathematical models of
technological processes is a very laborious task that requires significant material and time costs.

The subject of study in the article is a computer model of the process of obtaining a solution of copper sulfate, implemented in the
software environment of the universal modeling program ChemCAD.

The aim of the work is to develop in a software environment a universal modeling program ChemCAD, a computer model of the
process of obtaining a solution of copper sulphate, adapted for solving problems of control and integration into modern SCADA systems.

Objectives: to develop a computer model of the process of obtaining a solution of copper sulfate in the ChemCAD simulation
program; explore the process using a computer model, get graphical dependencies that describe the main technological parameters of the
process; perform a comparative analysis of the data obtained by calculation with the experimental data of the laboratory setup and draw a
conclusion about the functionality of the developed computer model; adapt the computer model to solve the control problem and develop the
principles of two-way information exchange of the computer model based on OPC technology with the modern SCADA system TRACE-
MODE 6.

The methods used are: computer modeling of technological processes; OPC technology; SCADA.

Conclusions: the novelty of the results obtained is as follows. In the ChemCAD software environment, a computer model of the
process of obtaining a solution of copper sulfate has been developed, adapted for solving control problems and integration into existing
SCADA systems. The principles and structure of two-way information exchange of a computer model with external control programs based
on OPC technology have been developed.

Keywords: copper sulfate, computer model, universal simulator, control system, OPC server.

IMocTanoBKka npodJjaeMu
[Ipn BupimeHHI 3aBIaHb ABTOMATH30BAHOTO YIPABIIHHSA Pi3HUMH TEXHOJOTIYHHUMHM IIPOIECAMH, iCHYE
BeJMYE3Ha MoTpeda B JOCUTH TOUYHHX 1 B TOH )K€ Yac MPOCTUX 1 MIBUIKOJIIOUMX MAaTEMAaTHYHUX MOJEISX MPOLECIB,
IO IMUIATAI0OTh YIPaBIiHHIO. Taki MOZeN BUKOPUCTOBYIOTHCSI B CHCTEMAaX IPOMHMCIIOBOI aBTOMATH3aIlii, B MEpITy
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Yepry NpH BHPIMICHHI 3aBAaHb ONTHMAIBFHOTO YIPABIIHHS TEXHOJOTIYHHMH IpPOLECcaMi, TOMY IO MaTeMaTH4Ha
MOJIENIb  JTO3BOJISIE CHUCTEMi YINpPaBiHHSA IPOTHO3YBAaTH IIOBEAIHKY pEaJbHOTO TIIporecy ©0e3 IIOCTaHOBKH
eKCIIEPUMEHTY Ha peallbHOMY 00'e€KTi ympaBiliHHA. B Toli sxe yac po3poOKka TOYHMX 1 MIBUIKOIIIOYNX MaTeMaTHUYHUX
MoJIeNiel TEXHOJIOTIYHHX MPOILECiB - My)Ke TPYAOMICTKE 3aBIaHHS, 1[0 BUMArae iCTOTHUX 4aCOBHX 1 MaTepiaJlbHUX
BUTpAT, a TAKOX 3aTy4eHHs BUCOKOKBasi(hikoBaHUX (axiBiiB [1].

Ha cporomnimmiii 1eHp B 00J1acTi IPOTpaMHOTO 3a0e3NedeHHs 3'SBUBCS OCOOJMBHI KJac IPOTpaMHHX
MAKeTiB, IPHU3HAYEHUX JUII KOMIT'IOTEPHOTO MOJETIOBAHHS pI3HUX TEXHOJOTIYHUX TPOLECIB, HAHOUIbII
norrysipauME cepent sikux € ChemCAD, PRO//II, Hysys, DWSIM, Aspen Plus. Po3po6ka Monenei B 1iux makerax
3IIHCHIOETBCS y Bi3yasbHill (opMi, Ha OCHOBI TEXHOJIOTIH 00'€KTHO-OPIEHTOBAaHOTO MPOTPaMyBaHHS, II0 3HAYHO
CIPOIIYE 1 MOJETIIYE MPOIEeC CTBOPEHHSI MaTEMAaTHYHUX Moyiesield. A HasBHICTh BOyzoBaHoi TexHounorii OPC (Open
Platform Communication) 103BoJIsie OTpPUMAaHUM MaTEeMaTHYHUM MOJEISIM 3/iHCHIOBAaTH iH(OpMAaIiifHui 0OMIH 3
Oy/Ib-SIKUMH CTOPOHHIMH TPHCTPOSIMU 1 IpOrpamMamMH, y TOMY YMCIi 1 NpU3HAYEHUMH ISl BHUPILICHHS 3aB/aHb
ABTOMATH30BaHOT'O YIPABJIIHHS TEXHOJOTIYHUMH Tpoliecam [2].

Cynbdar Mimi (MiTHAH KyOpoC) € HAHBaKIIMBIIIOW CIJUTIO Miji, sSKa 3HAXOIAWThH ITUPOKE 3aCTOCYBAHHS B
MEAUIMHI, XIMIYHI MTPOMHUCIIOBOCTI 1 CUTBCBKOMY TrocroaapcTBi. [IpoayKTUBHICTH Mpoecy OTpHUMaHHS MiJJHOTO
KyIIOpocy 3HaYHOIO MipOI0 3aJIeXKHTh BiJl €(peKTHBHOCTI BUKOPUCTOBYBAHOI CHCTEMHU YIIPABIIHHS, JUTS ITiBUIICHHS
sIKOT MOTpiOHa MaTeMaTHYHa MOZENb Tpolecy. 3 ypaxyBaHHSIM Pi3HOMAaHITHOCTI 3aCTOCYBaHHS MiJHOT'O KyIOPOCY
MOJKHA 3pOOUTH BUCHOBOK, 0 YIOCKOHAJIEHHS TPOIECY HOr0 OTPUMAHHS € aKTyaJ bHUM IMUTaHHsM [3].

Meroio ganoi po0OTH € po3poOKa ajganToBaHOl Ul BHUpIIICHHS 3aBAaHb YIPaBIiHHS, KOMIT'IOTEPHOL
MOJIEJIi MPOIIeCy OTPUMAaHHS PO3YHHY MiTHOTO KYIIOpOCy B YHiBepcaibHil Mojemtotodiii mporpami ChemCAD.

AHaJIi3 OCTaHHIX JIzKepeJt

Minnuii Kymopoc - HeopraHiyHe 3'eHaHHS 3 XiMidHOWO (opmynoro CuSO4*5H,0, € mnpo3zopumu
KpHCTaJIaMH PI3HHUX BiJTIHKIB CHHBOTO, JIETKO PO3YMHSETHCS Y BOJII, Mae TipKyBaTO-METalleBUN TEPIKUil cMak [3].

CriexTp 3acTOCYBaHHS MIJHOTO KyHopocy Oye Inupokuii. Hampuknan, B OymiBHUITBI BOAHWH PO3YMH
cynb(ary MiJi 3aCTOCOBYEThCS Ul HeWTpaiizalii Hacii/KiB MPOTIKaHHS, JIKBIigalil IUIsIM ipXKi, a TaKOX JUIs
BUJIAJICHHS BUJIUJICHb COJIEH 3 LIETJISIHUX, OETOHHMX 1 OIUTYKaTypeHHX IOBEPXOHb, 4 TAKOX 5K aHTUCENITHYHUU 1
¢yHrinuaauid 3aci® ans 3anoOiraHHs THUTTSA JAepeBHHU [4]. Y CUIBCBKOMY TOCIOJApCTBI MIJHHMN KyImopoc
3aCTOCOBYEThCS SIK QHTHCENTHK, (PyHriuma i migHo-cipuaHe noOpuBo [5]. [ns GOpoTbOM 3 UBITIHHAM BOJH Y
BOJIOCXOBHII[AX TaKOX BUKOPHCTOBYEThCS XiMiyHAa 0OpoOKa MIHHUM KyHmopocoM. TakoX 3acTOCOBYETBCS JUIs
BUTOTOBJICHHS MiHepaibHUX (ap0 [6]. YV MeauuumHi, SIK OJMH 3 KOMIOHEHTIB €JIEKTPOJTITHYHUX BaHH JJISl MiTHEHH:I
[7]. Y xapuoBiii IpPOMHCIIOBOCTI 3apeeCcTpOBaHUit B SIKOCTI Xap4oBoi 1obaBku E519, BuKopucToByeThCs SIK ikcaTop
3abapBiieHHs 1 KOHCepBaHT [8].

Crnioco6u BHPOOHHUIITBA MIJHOTO KYIOPOCY DPO3PI3HSIOTH TOJOBHMM YMHOM 3a BHJIAMH CHUPOBHHH, SKY
3aCTOCOBYIOTb:

- 3 MIJJHOTO OpPYyXTYy 1 BiIXO/IIB MiJli (CTPYXKKH, BUCIKAHHSI, APOTY, TUPCH 1 T. I1.) 3 OKUCICHHSIM Mifli KUCHEM
MOBITPSI, €IIEKTPOIII30M 200 PO3UNHOM XJIOPHOTO Mifi [9];

- 3 OKHCY Miji i cipurcroro razy [10];

- 3 OKHCJIGHMX MIJJHUX PYJI, IO MICTSITh HE3HAUHY KUTBKICTh Mimi [11].

AJie HaWTOJIOBHIIIMI - OamITOBUIA (3 MIITHOTO OpyXTYy), TOJOBHOK CHPOBHHOIO SIKOTO € MiJb 1 CipuaHa
kucnota. Komi'toTepHa MoieNb bOro Croco0y OTpUMAaHHS MiJIHOTO KyIOpPOCY peajli3oBaHa B Lii poOOTi.

Bukjaa 0cHOBHOT0 MaTepiaiy

3a nonomororo yHiBepcanbHol Moentorouoi mporpamu ChemCAD 0yna peanizoBaHa KOMIT'FOTEpHA MOJIEb
nepiioi craii mporecy OTPUMaHHS PO3YMHY MIJHOTO KYIOpocy 3 MiqHOro jJomMy. CTpYKTYpa KOMIT'FOTepHOT MoJieli
MpeACTaBiIeHa Ha PUCYHKY 1.

Ha Bxin nporecy HaAXOIATh:

—  OKHCHHUK MiJi, CipuyaHa KHCJIOTAa;

—  KHCEHB, IKAU MOTPiOCH I OKUCICHHS MiJi;

—  MigHAN OpPYXT.

KiHIeBrM MpoIyKTOM MpOLECy €:

—  po3umH cynb(aTa Mifi IO HAIXOAUTH Ha MOMAIBITy KPHCTATI3AIi0;

— mapoBa (a3za, sika BiIBOJUTHCS 3 CerapaTopy «4»;

—  BOJIa, III0 YTBOPIOETHCS NP PO3YMHEHHI OKCUAY Mijli B Cip4aHiil KHCIIOTI.
[Iportec oTpuMaHHS PO3YHHY MiJHOTO KYITOPOCY B KOMII FOTEPHIN MOJEI CKIIaJae€ThCs 3 TPhOX CTadiit:
[ligBeeHHS pearyrounx pedoBHH JI0 TBEP/IOi TOBEPXHi;

XiMigHOI peaxiii;
3. BinBeneHHs pO3YMHHUX IPOAYKTIB peakilii B pO3UHH.

N —
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Puc. 1. CTpykTypa KOMI’10TepHOi Mo/eJ1i npouecy OTPUMAHHS PO3YHHY MiIHOT0 Kynopocy

OCHOBHUMM anapaTaMy IpPOLECY €:
1. Peaktop «1» 3 Oe3nepepBHUM 3MIIIyBaHHSM, B SIKOMY BiOYBA€TbCSl OKUCIEHHS OJHOBAJIEHTHOI Mili y
nBoBaneHTHY. KiHeTHuHa Mozienb peakTopa OMUCY€ThCS HACTYITHUM PiBHSHHSM:

No= "=V (1)
He N; — KUIBKICTh MOJICH KOMITIOHEHTa A, 1110 HAJIXOSITh B PEAKTOD;
X — CTyIliHb KOHBEPCIi;
t — yac;
v — 00’eM peakTopy;
T — IIBUJKICTh PEaKIl.

2. AniabatuuHiit peakTop «2», KIHETHYHA MOJIEINb SIKOTO OMUCYETHCS PIBHSIHHSIM:

F:
V="by ()
-~
He Vv — 00’eM peakTopa;
Fy — BXiJJHa MOJISIpHA BUTPaTa KOMIIOHEHTA i,
X — CTyIiHb KOHBEPCIT;
—T; — IIBUJIKICTh PEaKIii.

Jns BU3HAYEHHS IIOBHOI IIBHJKOCTI peakdii UIi OJHOTO KOMIIOHEHTY PO3YHMHY BHKOPHCTOBYETHCS
HAaCTyITHE PiBHSIHHS:

-Ej)

n=|ZIENy # A re TEDTLL ()™ 3)

e T — IIBUJIKICTh YTBOPEHHS KOMITOHEHTA 1, MOJIb/00’ eM*uac;
i — IHJEKC I KOMIIOHEHTA i;

k — iIHJeKC 1y peareHry k;

] — IHAeKC peakil j;

N;; — CTeXioMeTpUYHUH Koe(DIIlieHT AT KOMIIOHEHTA i B peakiii j;
A; — Koe]ilieHT YacTOTH B peaKilii j;

E; — SHepTig aKTHBAIlii B peaKIlil j;

R — yHiBepcaJbHa Ta30Ba IMOCTilHA,

T — abCoII0THA TEMITepaTypa;

Cy — KOHIIEHTpAIlis peareHTy k, MOIb/00’eM;

. — eKCITOHCHLIHNI MHOXXHUK JUUISI peare’Ty K B peaxuii j;
n — KUTBKICTD PEareHTiB;

nrx — KUTBKICTD PEaKIIii.
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CrexiomeTpruHi KoedillieHTH KOMIIOHEHTIB, III0 BCTYIAIOTh B PEaKIlii, HaBeJeHI Ha pUCYHKY 2.

[Ipomec oTpuMaHHS pO3YMHY MIJZHOTO KYNOPOCY, peai30BaHMH B KOMIT'IOTEpHIH MOZET MpPOTIKaE
HACTYITHUM YHHOM.

Pearyroua pedoBuHa ITicisl 3MIlTyBaHHS HAaJXOAUTH /IO TEIUIOOOMIHHUKA «5», SIKMH 3HMXKYE TEMIEparypy
MaTKOBOTO PO3YMHY ISl iMmiTarii peasbHUX yMoB. Iliciisi OXOJOIKEHHSI MAaTKOBHH PO3YMH IIOTPAIUISE JIO amapaTy
3mimryBaHHS «10», B skuii Takox moctymae 20% cipyana kuciora. s KepyBaHHS IOJa4Yei0 KUCIOTH TepeadadeHo
BUKOHaBUMH MexaHi3M «9». [licis 3minryBaHHS BeCchb 00’€M PEYOBHHHM HAJIXOJHUTH IO OCHOBHOTO peakTopy «1», B
SIKAH JTOJAaTKOBO BBOJUTBLCS KHCEHb, OIS OKHCICHHS omHoBaneHTHOI Mimi CuxSO4 mo mgBoBaneHtHoi CuSOs B
MIPUCYTHOCTI CipYaHOT KHCJIOTH 32 JJOIIOMOTOFO PEaKIIii:

CuzS0O4 + 120, + HySO4 = 2CuS0O4 + H,O

- Kinetic Data - - Kinetic Data -
Reaction Number: 1 Reaction Number: 2
Frequency factor he+ETEETE - Frequency factor 11000
Activation energy | 11300 Activation energy I:i
Beta factor [ Beta factor [
Stoichiometric Stoichiometric
Component coefficient Component coefficient
4Cu v -2 ‘ 8 Cu20 w |1
& Oxygen v |05 | 2SulfuicAcid w1 _
8 Cu20 v [ | | 5Cu2S04 v |[1 ’
{Mone> w | 1w ater w1 I

Puc. 2. CrexioMeTpuyHi KoedilieHTH KOMIOHEHTIB peakuiii

HIBMAKICTh TpOLIECY BHU3HAYAETHCS MIBUIKICTIO HAHOIIBII MOBUIBHOI peakiii, a came IIBUJKICTIO
OKHCIICHHS] MiJli KUCHEM TOBITps. Lle MOsSICHIOEThCSI MaJIOO PO3YMHHICTIO KMCHIO 1 MOBUILHOIO HOro Iudy3iero 10
noBepxHi Mifi. [Ipolec 3HaYHO MPUCKOPIOETHCS, KOJIM B PO3UMHI BXKE MPUCYTHIM MigHuil Kynopoc. B pesynbrari
nenonsipuszanii CuSO, BigHOBIOETBCS Mifmo 10 CuxSOs, a notiM CuxSOs 3HOBY OKHCIIOETHCS PO3UMHEHHM
kucHeM 10 CuSOy. TakuM 4MHOM, MITHHH KyIOpPOC Ipa€ poJib MEPEeHOCHHKa KHCHIO. [liBHINEHHS TemIiepaTypu,
MIPUCKOPIOE XIMIUHI peakilii, aje BUKIMKAE 3MEHILICHHS! PO3YMHHOCTI KUCHIO, IO YITOBUIBHIOE OKUCIICHHS. ToMy B
peaxkTopl OKHCIEHHS MiATpUMYEThesi Temrepatypa He Bume 80 - 85°C 3a J0MOMOror BHKOHABYOTO MEXaHi3My
«12», sKili 703ye mojady TEIUIOHOCIS B <OKakeT» oOirpiBy peakrtopa «l1». Ilpy 1mboMy mpu OKHCICHHI MiJi
BUKOPUCTOBY€ETHCS IPUOIM3HO 1/2 KUCHIO, 0 HAAXOAUTH B peakTop. PO3YMHHICTE KUCHIO 3MEHILYETECS 3 POCTOM
konueHTpanii CuSO4 B po3unHi. MakCMMyM IIBUJKOCTI PO3YMHEHHS CIIOCTEPIraeThesi MpH KoHueHTpamii 120 r/n
CuSO; (mnst pozunny mictuthb ~110 /1 H,SOy) [12].

[Iporec 3minryBaHHS B peakTopi «l» BimOyBaeTbcs MO THX Iip, MOKA HE Oyae AocsarHyTa HeoOXiTHa
TYCTHHA MAaTOYHOTO PO3YHHY, ITCIS YOr0 YaCTHHA PO3UMHY BigOMpaeThCS Ha KPHUCTANIAIIO 3a IOTIOMOIOIO
BHKOHABYOTO MEXaHI3My «0», a B PEaKkTOp BBOAUTHCSA TakWi ke 00’eMm 20% cipuaHOi KHCIOTH 3a JOIOMOTOIO
BHKOHABYOTO MEXaHI3ZMY «9».

3 peakTopy «1» pedoBHHA HAIXOAUTH IO CEmapaTopy «4» I pO3AUICHHS Ha PiAKy Ta mapoBy (dasy, sika
BIJIBOJIUTECS 3 CHCTEMH.

IMomma «8» 3abe3medye MUPKYILILII0 MaTOYHOTO PO3YMHY B CHCTeMi peakTopiB «1» — «2». Ha Bxomi
IIOMITH THCK JopiBHIOE 1.5, a Ha Buxomi 1.7 atmocdep.

Jns BupimeHHS 3amadi aBTOMATH30BaHOTO KEpPyBaHHS B peaJbHOMY 4Yaci, HeoOXimHa KOMII IOTepHA
MOJIeTIh, KA MO3BOJS€E iH(OPMATHBHO BiJCHIIKYyBATH KiJBKICHI 3MIHH TPOIECY OTPUMAHHS PO3YMHY MiTHOTO
Kymopocy, Tomy MozentoBaHHs B mporpaMi ChemCAD BHKOHYBanoOCs y AWHAMITHOMY PEKUMI.

IlepeBipka ameKBAaTHOCTI PO3POONIEHOI KOMIT'IOTEPHOI MOZENi BHKOHAaHA NUIIXOM IOPIBHSHHS
PO3paXyHKOBUX [aHUX, OTPHMAaHUX 3a JONOMOTOK KOMIT'FOTEpHOI MOJeNi, 3 eKCIEePUMEHTAILHHMH JaHUMH
OTPUMAHHUMH 3 J1a00PATOPHOI YCTAHOBKH JJIsl OTPUMAHHS MITTHOTO KyIIOpOCY, o QyHKIioHy€ B madoparopii «HAJI
MeTponoriqHOTo 3a0e3MeueHHsI €KOJIIOTITHOTO KOHTPOITIO 30BHIMHBOTO cepenoumay IBH3 YIXTY.

Ha pucynky 3 mpexacraBieHa OTpHMaHa 3a JIOTIOMOTOI0 KOMIT FOTEPHOI MOZENI 3aleXHIiCTh 00’ eMHOL
KOHIIEHTpALlil CipuyaHOI KHCJIOTH Ta cyJb(haTy Miji Bi 4acy B MAaTOYHOMY PO3UHHI.
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3 MJIMHOM Yacy B Mipy OKHCIICHHS MiJTHOTO OpyXTy KOHIIEHTpallisl CipYaHOi KUCIOTH B MAaTOYHOMY PO3YHMHI
3MEHIIYETHCS, @ KOHIEHTpALisl cynbdaTy Mifi, BINIOBIAHO, 3pocTae. XapakTep OTPHMAaHOI 3aI€XHOCTI TIOBHICTIO

BIJIMIOBiIa€ PeaTbHOMY TIPOIIECY.

OtprMaHa 3a JOITOMOTOI0 KOMIT FOTEPHOI MOJIENi 3aJIeKHICTh 3MiHM 00’€My pearyrodoi pedoBHHH B
peaxropi 1 (pucyHOK 4) CBIiIUHMTH PO HE3HAUHI BTpaTH 00’eMy peakuiinoi cymimi (0,37 miTpa) 3a 4ac MOTOYHOTO
IUKITy (YHKIIOHYBaHHS YCTaHOBKM (Oinst 8 roamH), IO TakoX BIiINOBiNae peajdbHOMY mporecy. Hesnaune
3HWKEHHSI 00’€My DIJMHU B PEAKTOPi MOSCHIOETHCS 30UIBIICHUM ITapOTBOPEHHSM 4Yepe3 BHUCOKY TEMIIEpaTypy

peaxuitiHoi cyminti (80-85°C), sika € OJIM3BKOI 10 TeMITepaTypH KHITiHHSL
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Puc. 4. 3mina 06’emy pinuHu B peakropi

4%

Yac Cyasdar Cipuana
Mmigi KHCJIOTA
min gmol/min gmol/min
10 0,483 0,934
40 0,503 0,903
70 0,551 0,877
100 0,613 0,844
130 0,685 0,806
160 0,762 0,763
190 0,841 0,719
220 0,922 0,674
250 1,001 0,629
280 1,079 0,585
310 1,154 0,542
340 1,225 0,501
370 1,293 0,462
400 1,357 0,425
430 1,417 0,391
460 1,473 0,358
490 1,514 0,328
Yac 3arajabHuit
00’eM piguHn
min liter
10 4,831
40 4,922
70 4,908
100 4,889
130 4,868
160 4,846
190 4,823
220 4,798
250 4,773
280 4,746
310 4,719
340 4,691
370 4,662
400 4,633
430 4,604
460 4,574
490 4,544

Ha pucynky 5 BimoOpaxeHa oTpumaHa 3a JOIOMOTOI0 KOMIT FOTEPHOI MoJeNi rpadidHa 3a1eXHICTh, [0
BifoOpakae 3MiHY IIUIBHOCTI MAaTOYHOTO PO3YMHY B daci. IIpm oTprmaHi MiJHOTO KyHmOpOCY B NPOMHCIOBHX
YMOBaX MaTOYHHHA PO3YHMH BiJBOIUTHCA HAa KPUCTAJI3AIli0 Ta CYIIiHHS IPHU JOCITHEHI OKa3HUKA MIUTEHOCTI 1.42
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r/cm®. TIpy 4OMy HMKIIYHICTE NPOIECY BiIOOPY, B 3AIEKHOCTI BiJi CTAPTOBUX YMOB MPOLECY, OCOBIMBOCTEN HOTrO
amapartHOi peaizaliii Ta TEXHOJIOTIYHOTO DPEXHUMY, AOpiBHIOE 6-8 romuH. OTprMaHa 3aJeXHICTh JEMOHCTPYE
301IBIIEHHS TYCTUHM MaTOYHOTO PO3uMHY 3 mokasHuka 1.19 r/em® o 1.42 r/cM® mpoTaroM § romwH, Mo 3arajnoMm

BiZ[HOBi)la(Z IMMOKa3HUKaM IMPOMHCIIOBHUX YCTAaHOBOK.

[ycrma

I'yctuna
=l [ TIEL pOTTIEY Yac po3unny

FL min kg/m3
10 1193,87

e ® 40 1189,78

1400 -

g 70 1201,25

- o ainbopy pormmEy 100 1215,78

134 L - 430m: 14321, Tekg 130 123227

2
i 160 1249,93
-

E {100 - 190 1268,17
k| - 220 1286,55
= i 250 1304,74

LN L 280 1322,5
- Lo 310 1339,66

e -

LAt T 340 1356,09
x 370 1371,73

400 1386,52

H TR : e . . 430 1400,45

w4 B0 130 160 190 220 XS0 280 310 340 370 400 430 4600 490
min 460 1413,52
Puc. 5. 3viHa rycTHHE MaTOYHOI0 PO3YHHY 3 YACOM 490 1422,87

[TopiBHSUIBHUI aHaNi3 Yacy TPHUBAJIOCTI OJHOTO IMKIY OTPHUMaHHS PO3YMHY MIJTHOTO KyIopocy IO
KOMIT IOTEpHIM MOJIeNi 3 MOKa3HUKaMK J1abopaTopHOI YCTaHOBKH, Ha SIKIM peani3oBaHWil aHAJIOTIUYHUN 3 MOJEILTIO
TEXHOJIOTTYHUI pPEXUM, T0Ka3aB IOXMOKY pO3paxyHKy TpPUBAJIOCTI wukiay Oins 12 xBwimH. Lle BOueBHMIb
MOSICHIOETBCSI HE 1/IealIbHOI0 peaji3alliero MOJIeNiell OKpeMHX amapariB B YHIBEpCalbHIA MOJENIOUii mporpami
ChemCAD. KpiM TOro, mocekyHIHHI MpopaxyHOK KOMITIOTEPHOI MOJENi B JMHAaMILll, 3arajJbHOI0 TPUBAIIICTIO B
KiJIbKa TOJIMH BIPTYaJIHOT'O Yacy, Ha/la€ MOMHJILI pO3paxyHKy HAKOMMYYBAIBHUN XapaKTep, YUM CYTTEBO 30LIbIIYE
ii.

VY Toii ke yac HasBHA IOXHOKA PO3PAXyHKY TPHBAJIOCTI LUKIY B 2,5% HE pOOUTH ICTOTHOTO HEraTUBHOTO
BIUIMBY Ha OCHOBHE IiJIbOBE IPH3HAYCHHS PO3POOIEHOI KOMIT'FOTEPHOI MOJENi IPOLeCYy OTPHUMAHHS MiIHOTO
KyIopocy 1 A03BoJIsI€ il BHKOPUCTOBYBATH MTPU PO3pOOIIi Ta HAIArOKEHHI CUCTEM YIIPABIIHHS.

B nanwmii yac SCADA cuctemu (Supervisory Control and Data Acquisition - gucrieTuepcbke ypaBiiHHS i
30ip manux) [13] € onHieo 3 HaHOLIBII PO3MOBCIOKEHUX Ta TMEPCIEKTHBHUX TEXHOJOTH B o0macTi
ABTOMATU30BaHOT'0 yHpaBiiHHsA B cydacHomy cBiti. [lonynsipHicte SCADA MOSCHIOEThCS THM, IO IIi CHCTEMH
JIO3BOJISIIOTh CTBOPIOBATH sIK e(eKTHBHI JroauHO-MammHHI iHTepdeiici (HMI) Tak 1 peamizoByBaTtu airoputMu
KepyBaHHs MPaKTHYHO Oynb-sikoi cknaaHocTi. OcHoBHEM iHcTpyMeHTOM B SCADA s oOMiHy iH(opMmalii€ero 3
30BHiImHIM cBiToM € TexHouorist OPC (Open Platform Communication)[14].

VYHiBepcanbHa Mozemoroda nporpama ChemCAD, B cepenoBuiLi K0T po3po0iaeHa KOMIT IOTEpHA MOJIENb
MIPOIECY OTPUMAHHS MiJHOTO KyIOpoCy, Takoxk miarpumye Texaonorito OPC ta mae BOynoBaruit OPC cepsep. Le
JI03BoJIsIE MoJieTsiM po3pobiiernMm B mporpami ChemCAD BuctynmaTtu B SIKOCTI Jokepena 1 mpuitMauya JaHuX JUist
3oBHImHIX SCADA, npuuomy mapametrpu OPC cepsepa ChemCAD MOXINBO pO3TIIAgaTd SK BiAJalieHI TeXHIYHI
3acobu aBTOMAaTH3AaIlil, a caMe SIK JaTYMKH, IO BEMIPIOIOTh MapaMeTpPH TEXHOJOTIYHOTO IMPOIECY Ta PETyIIodi
KJIAIIaHH, 110 3MiHIOIOTh BUTPATH MaTepialbHUX ITOTOKIB.

Po3pobmena  cTpykTypHa cxema iHQOpMAaIiiiHOro oOMiHy MiX KOMIT IOTEPHOIO MOJCIUIIO IIPOIECy
OTPUMAHHS MIHOTO KyHopocy Ta momyisipHoto i mommupeHoro SCADA Trace Mode 6 HaBeieHa Ha PHCYHKY 6.

Hna peamizamii kepyBanHi B SCADA mporecoM OTpUMaHHA MIZHOTO KyHOpOCy IO pPO3pOOIeHii
KOMIT'IOTepHIH Mozeni mnepenbadeHo iHdopmaritHnii oOMiH 3a HactymauMu mapametpamu OPC  cepsepy
ChemCAD:

- Streams.Stream 6.Component.3 Cupric Sulfate, moTik 6, KOHIIEHTpAIlis MiTHOTO KyIIOPOCY Ha BUXOI 3
peaxropa, T/, BUMipIOBaHHH TapameTp;

— Streams.Stream 6.Component.2 Sulfuric Acid, moTik 6, KOHIIEHTpAaIlisl CipYaHOi KWCIOTH HA BUXOI 3
peakropa, T/, BUMipIOBaHUH ITapaMeTp;

- UnitOperations.Unitl.46 Calc liquid volume.Value, peaxtop «1», po3paXxyHOK 3araiapHOTO 00’eMy

PpiovHH, 1, BAMiPIOBAaHHUNA TTapaMeTp;

- Streams.Stream6.Properties.46 Liquid actual density.Value, notik 6, rycTiHa MaTKOBOTO PO3YMHY Ha

BHXOJIi 3 PEAKTOPY, I/CM>, BUMIPIOBAHMH MapameTp;
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- UnitOperations.Unit6.11 Valve position %.Value, BukoHaBunii MexaHi3M «6», CTymHiHb BiAKpUTTS 0-
100%, xepoBaHui1 mapameTp, Bi10Ip MAaTOUYHOTO PO3YMHY HA KPUCTATI3AIII0 Ta CYIIiHHS;

- UnitOperations.Unit9.11 Valve position %.Value, BukonaBunii MexaHizM «9», cTymiHb BiakpurTs O-
100%, xkepoBaHmii mapameTp, momaBanHs 20% cipuaHOi KiCIOTH.

OB "EKT ¥IIPABIITHHA
YCTAHOBEKA 3 BITPOEHITITBA MITHOID KYTIOPOCY
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Puc. 6. Cxema ingopmaniiinoro oominy ChemCAD & OPC <& SCADA

[MiaTpuMaHHs BiJIOBITHOT TEMIEPATypH B PeakTopi «1» IUILXOM MoAadi TEIIOHOCIS B <OKaKeT» O0IrpiBy,
peaii3oBaHO 3a JIONIOMOIOK JIOKAIBHOTO peryisitopa «11», 1Mo Kepye BHKOHABYMM MexaHi3MoM  «12»
6e3nocepeanbo B ChemCAD, 6e3 Bukopuctanus texuosorii OPC.

BucnoBok. B yniBepcasnbHiii Mozentorouiii nporpami ChemCAD po3pobnena kowmii’toTepHa MOJEb
JMHAMIKH TIPOLIECY OTPHMaHHS PO3YHMHY MiJHOTO KyIOpocCy, aialToBaHa I BUPIIIEHHS 3a/a4 aBTOMAaTH30BaHOTO
kepyBanHsi. HaBeneHa ctpykrypa po3poOieHoi Mojielni. 3a MOASIUIF0 OTPUMaHI 3aJIe)KHOCTI KOHIEHTpallii cipyaHoi
KUCJIOTH Ta cyib(daTy Mili B peakiiiHOMY pO34uHi, 3MiH 00 €My pIIMHM B PEAKTOpi Ta TYCTHHU PEaKIiHHOTO
po3unHy. BUKOHaHWI NOPIBHANGHHMN aHANi3 pPO3PaXyHKOBHUX MJaHUX 3 EKCIEPHUMEHTAIbHHMH, OTPHUMaHHMH 3
71a00paToOpHOl YCTAHOBKM Ui OTPUMAHHS PO3YMHY MIJHOTO Kymnopocy. PospoOneHi mnpuHIum iHTerpaii
po3pobinienoi mojaenm B cydacHi SCADA cucremu. Takoxk po3poOneHa cTpykrypa iH(opMaIiiiHoro oOMiHy Mix
KOMII FOTEPHOI0 MOJIEJUTIO IIPOLECY OTPHMAHHS PO3YMHY MIiJHOTO KYyIOpOCy Ta CHCTEMOIO KepyBaHHSA Ha 0asi
SCADA Trace-Mode 6 3a monomororo texsoiorii OPC.
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OCOBJIMBOCTI BACTOCYBAHHA EJEKTPOHHOI'O HABYAJIBHOI'O KYPCY
IIPU BUBYEHHI XIMIYHUX JUCHUIIJITH

Y po6omi npedcmaesieHo Memodoa02i0 po3pobKu Kypcy OUucmaHyiliHo20 HABYAHHS 3 Op2aHivHOI Ximil 0as
cmydenmis cneyianbHocmi «biomexHoso2ii ma 6GioiHxceHepisty 8 060.40HYI Moodle. EnekmpoHHUll Has4aabHUll Kypc
nponoHyemMucs 0415 opaaizayii ducmanyitinozo HaguaHHs cmydeHmis. BiH 8kauae 8i3umky Kypcy, 3a2a/1bHy iHpopmayiro,
3 3micmoeHux modysaie i koHmpoarwwuull 6.10k. Kypc micmums pisHi munu esnemeHmis: aekyii, npesenmayii, anocapiti,
@dopym HOBUH, mecmu, 3a80AHHSI.

Karuoei crosa: Moodle, Kypc TUCTAHIIIHHOTO HABYAHHSI, XIMis.
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FEATURES OF APPLICATION OF E-LEARNING COURSE IN THE STUDY OF CHEMICAL DISCIPLINES

Abstract The paper presents the methodology of developing a distance learning course in organic chemistry for students
majoring in "Biotechnology and Bioengineering” in the Moodle shell. An e-learning course is offered to organize distance learning for
students. Based on the use of Moodle modules, there is a system of learning and control over it, which is focused on the organization of
interaction between teacher and students and can be effectively used for the organization of blended learning and distance learning. With
the help of such a system the student can remotely, get acquainted with the study material, perform tasks and send the results of their
performance for verification, pass electronic testing in the mode of self-control and control. In the period of growing relevance of distance
learning, the use of such elements as video and audio clips, animations, illustrated graphics and diagrams, interactive educa tional games,
links to Internet resources, simulations and various tools for communication, collaboration and messaging are appropriate. It includes a
course business card, general information, 3 content modules and a control unit. The course contains different types of elements: lectures,
presentations, glossary, news forum, tests, tasks. The task of the course is to organize distance and independent work of students and perform
tests. Laboratory works are presented using video materials. The developed electronic course in the discipline is constantly evolving and
focused on the needs of students with the ability to modify the presentation of the material. The course in organic chemistry for distance
learning activates the independent work of students. The use of e-course in the educational process allows you to write and test in a remote
format.

Keywords: Moodle, distance learning course, chemistry.

Beryn. BukopucraHHs JAUCTAHIIHHMX TEXHOJOTIH HaBUaHHS Yy BHIMX HaBYaJIBHHX 3aKlaiaX €
HEOOXIIHICTIO 1 Ba)XJIMBUM HAMPSMKOM, SKHIl JIO3BOJISIE SIKICHO HAJaBaTH JIOCTYN CTYIEHTY JIO HeoOXiaHOl
iHpopMmarii npu 3abe3nedeHH] BUCOKOI e(eKTHBHOCTI HaBuaHHs. JlMcTaHIifiHe HABYaHHS — 1€ 1HAMBIAyaJTbHUN
npoiec HaOyTTs 3HaHb, YMiHb, HAaBUYOK, CHOCIO MI3HABAIBHOI IisUTBHOCTI JIIOAWHH, SKHA BigOyBa€ThCs 3a
OTIOCEPEKOBAHOI B3a€EMO/I{ BiAJAJICHIX OIUH BiJ OJHOTO YYACHHKIB HABYAJIBHOTO MIPOIECY B CIEHialli30BAHOMY
CepeIOBHUIIIi 3 BUKOPUCTAHHAM 1H(POPMALiHHO KOMYHIKAI[ITHIX TeXHOMIOTiH [1].

YV HamnioHansHOMY YHIBEpCHTETi 6i0pecypciB i MPUPOLOKOPHCTYBAaHHS YKpaiHU HA OCHOBI BUKOPHCTaHHS
MonyiiB cucteMu Moodle QyHKIIOHYE crCcTeMa HaBYaHHS Ta KOHTPOJIIIO 32 HUM, sIKa OPiEHTOBaHA HAa OpTaHi3ailiio
B3a€MOJIIi MiX BHUKIAQJa4eM Ta CTYACHTaMH 1 MoOxe e()eKTHBHO BUKOPHCTOBYBATHCS JUIs OpraHizailii 3MilIaHOTro
HaBYaHHSA TaK 1 UCTAHIIIHOTO HaBYaHHA. 3a JOIMOMOTOI0 TaKOi CHCTEMH CTYIOCHT MOXE UCTaHIITHO
O3HAOMUTUCS 3 HAaBYAIBHHM MarepiajloM, BHKOHATH 3aBJAHHS Ta BIANPABUTH pe3YJIbTaTH iX BUKOHAHHS HA
NepeBipKY, MPONTH ENEKTPOHHE TECTYBAHHS B PEXKUMI CAMOKOHTPOIIIO Ta KOHTPOJIO. B cBOIO uepry, BUKIagay Mae
3MOT'Yy CaMOCTIHHO CTBOPIOBATH AWCTAHIINHHI €IEKTPOHHI KypCH i MPOBOJWTH HAaBYAaHHS IUCTAHIIWHO, HAACHUIATH
TIOBIIOMJICHHS CTyICHTaM, 30MpaTh 1 TEepeBipsATH 3aBIAaHHS, BECTH CIEKTPOHHHN >XypHal OOJNIKy OIIIHOK Ta
BiJIBi{yBaHHS, HAJIAIIITOBYBATH PiI3HOMAaHITHI peCypcH HaBYaIBHOTO Kypcy [2].

MerToto gaHoi poOOTH CTaJI0 CTBOPEHHS KYPCY AMCTAHIIHHOTO HABYAaHHS 3 HUCIUILIIHA «OpraHidHa XiMis»
JUTSA CTYICHTIB crienianbHOCTI «bioTexHomorii Ta 6ioimkeHepis» Ha matdopmi Moodle.

[pu migrorosii ¢axismiB 3 OioTexHOIOTII Ta GioiHXeHEepii He0OXiTHO BpaXOBYBAaTH, IO 32 MPOQeCiiHO0
kBani(ikariero OIOTEXHONOT MOXeE 3aiiMaTé Tmocaad OlOTEXHONOTa BIIMOBIAHOI KaTeropii 4M KepiBHUKA
MiMIPHEMCTBA Ta BUKOHYBAaTH HAYKOBO-AOCHIJHI, TEXHOJIOTiYHi, AaHANITHYHI, BHPOOHWYI, IHCHEKIIHHI Ta
MEHE/DKEpChKi poOOTH B ramy3i BUpOOHMIITBA OlOMPOAYKTIB Ta OiompernapartiB, a TakoX HaaaBaTH MpodeciiiHi
MOCIYTH JUIA PI3HUX Tamy3ed mpomucioBocti. Came TOMy BHKJIAaJaHHS OpraHiyHoi XiMii, BiZOyBaeTbcs y
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KJIACHYHOMY BapiaHTi OMUPAIOYMCH Ha MPOTrpaMy 3 AMCIHUIUIIHY, aJie BpaXOBYIOUH crennpiky MiAroTOBKH (axiBIliB-
6iotexnosoriB. OTpuMaHi 3HaHHS [TOBUHHI MaTH aKTyaJIbHICTh Y ITOJANBIIOMY HaBYaHHI 1 MpodeciitHil AisTBHOCTI.

Kypc cxiazeno miapyYHuKkoM i HaBUaJIbHAMHE MTOCiOHMKaMH [3, 4], siki BAKOPUCTOBYETHCS JJIsl BUKJIAJaHHS
quctuInTiHA «OpraHivyHa XiMisy I CTyISHTIB CIEIaTbHOCTI «Bi0TeXHOIIOTIT Ta O10iHXKEHEePisD».

Kypc mucTaHmiiiHOro HaB4aHHs BKITFOYA€E TaKi €JICMEHTH: Bi3UTKA KypCy, 3arajbHa iH(QOpMAIlis mpo Kypc,
TPH 3MICTOBHUX MOAYJIIB 1 KOHTPOJIIOIOUMH OJIOK.

VY ucnmIniiHi nependavyaeThes ayqUTOpHA (JIEKIiKHI, JlabopaTopHi 3aHATTS, MOJIYJIBbHI KOHTpPOIIBHI
poboTH) i caMocTiiiHa poOOTa CTyACHTIB. 3aBJaHHAM KypCy € OpraHisallis JUCTaHINIHHOI 1 caMOCTiiHHOI poOoTH
CTYZIEHTIB Ta BUKOHAHHS KOHTPOJIBHUX POOIT.

VY Bi3UTII TOAaHO 3araibHy iH(OpPMaLio PO eIEeKTPOHHHUK Kypc Ta HOTo aBTOPIB, CIIEiabHICTh, KypC Ta
ceMecTp HaBYaHHS, KUTbKICTh kKpeauTiB ECTS Ta piBeHb AOCTYIY 10 KypCy.

3aranpHy iH(QOpMAIIito PO Kypc MpeICcTaBIeHO Ha puc. 1. BoHa MiCTHTS:

- pobouy mporpamy HaBYAIBHOI NUCHMILTIHH, J€ OKPECICHO MeTa Ta 3aBJaHHS BHUBYEHHS Kypcy,
TepelyMOBH BHBYEHHSI KypCy, OMUC CTPYKTYPH KypcCy, METOJMYHI peKOMEHJalii Ui CTYAEHTIB IOAO0 BHUBUCHHS
JUCIUTUTIHH,

- TJOcapii — CIIOBHUK, 3B'SI3aHUH TiNEPHOCHIAHHSIMHU 3 TEKCTOM JIEKLIiH, TECTIB Ta IHIINX PECYPCIB;

- KaJIeHJapHHH IUIaH IPOXOKEHHS KypCy;

- JpykoBaHi Ta [HTEpHET JDKepena;

- KpuTepil OIIIHIOBaHHS, IO MICTATh iHQOpPMAIIiIO II0JI0 CHCTEMH OILIHIOBAHHSI HaBYAJIbHUX JOCATHEHb
CTYAEHTIB 3 JMCIMIUIIHH, SK IMOTOYHMX, TaK 1 MiJICYMKOBHX. 3 KOXKHOTO MOJIYJIsl BKa3yeThCs pO3MOiN OaniiB 3a
BUKOHaHHS 3aBJaHb Ta IIKajga ouiHoBaHHA. OIiHKa 32 KOXXEH MOJAYJb BPaxOBYE TpPH CKJIQJOBI: 3aCBOEHHS
TEOPETUYHOT0 MaTepiaiy, BMIHHS TPAaKTHYHO 3aCTOCOBYBATH OTPHMAaHIi 3HAHHS, Ta YCIIIIHICTh BUKOHAHHS 3aB/aHb,
BUHECEHUX Ha CaMOCTilHE OIpaIlFOBaHHSI;

- HOBUHM — iH(popManiliHuii Gopym, B SKOMY Jaerbcsi iH(pOpMAIlisl PO HOBUHHM Kypcy (HanmpuKIia,
MIONIOBHEHHST MaTepialiB Kypcy).

.‘] Dpranivsa xiuin (brb)
¥

=

Puc. 1. 3araabHa indopmanist kypey «Oprasiuna ximis»

Y Kkypci 3 opraHiyHOi XiMii 3amponoHOBaHO Taki 3MicToBHI Moayini: 1. HaiiBaknuBimi TeopeTHyHi
MOJIOXEHHSI OpraHiyHoi Ximii. ByrieBomHi amiariiHoro ta KapOOUMKIIYHOro psiay. 2. OKCUTeHOBMICHI OpraHivHi
cnonyku. 3. ByrieBomu. HiTporeHoBmicHi opraHidHi crionykd. ['eTepolMKiiuHi Ccrionyku. Bumisg 3micToBHOTO
MOJyJIsl TpeICTaBIeHO Ha pHC. 2.

VY upomy Kypci Mmoayiib Kuura BukopucTaHo st 30epiranus jekiii. Lleii ¢popmaT mo3Bosisie BUKIagaqy
CTBOPIOBATH CTPYKTYPOBaHI 0araTOCTOPIHKOBI TEKCTOBI LTFOCTPOBAaHI pecypcH 3 po3AilaMy Ta MiApO3AiIaMH, 3MiCT
SIKHX HAJa€ CTYyAEHTY TEOPEeTHYHI BiZOMOCTI 3 MOAYIsl y MOBHOMY o0cs3i (pue. 3). Y mepion 3pocTaHHA
aKTyaJbHOCTI [MICTAHIIIHHOTO HAaBYAaHHS 3aCTOCYBAaHHS TaKMX €JEMEHTIB SK Bileo 1 aymio pONWKH, aHiMarii,
irocTpoBaHi rpadiky 1 CXeMH, IHTepaKTUBHI HaBYaJIbHI ITPH, ITOCHIIAHHS HA IHTEPHET-PECYPCH, CUMYIIALIT 1 BCUISKI
IHCTpYMEHTH [UI1 CHINKyBaHHS, CHIiBOpari Ta OOMiHY NOBIIOMJICHHSMH € JONUIBHUMH. TOMYy TEOpeTHYHHMA
HaBYAJIBHUHA MaTepial MICTHTh TaKOX MYJNbTUMEIiiHI mpeseHTamii Jnexmii. JlabopaTopHi pobotu momaHo 3
BUKOPHCTaHHSM BiJeOMaTepiaiiB.

Yci OCHOBHI TOHATTSI, SIKi 3YCTPIYarOTHCS Y JICKIISX, MAIOTh TIMEPIOCHIAHHS Ta 3aHECEHi IO TII0Capifo.
3anmcu rIaocapito MOXKYTh OyTH IeperysHyTi 3a andaBiToM abo 3a KaTeropisiMu.
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Magyie 1. Hanmasnienlul seaparicis nonamerisn opramkies il Byrnsaonel shigarvssmen e sapia yasnikrs
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Puc. 2. Burasa 3microBHoro moay.as HaiiBaxiusini TeopeTnuHi nos1oskeHHs1 opraHigHoi ximii.
ByrieBoaHi anipaTHuHOro T2 KAPGOUUKIIYHOTO PsIAY
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Puc. 3. Burasia aekuii 1. HaiiBaxxauBinni TeopeTHYHI M0J105KeHHS OpraHivyHoi XimMii

VY marepianax Kypcy € mepelnik 1a0opaTOpHHX poOiIT y BUIIISIAL oKpeMux pecypciB (puc. 4). Jlo xoxHOI
poboTH chopMyITHOBAHO METy Ta 3aBJAHHS, HAJAHO METOIMYHI peKOMeHAalii 3 X BHKOHaHHS, (OpMY MOAAHHA
pe3yiIbTaTiB BUKOHAHOT pOOOTH, KpUTEpii OMIHIOBaHHA KOXHOI PpOOOTH, CIIMCOK IHIWMBIIyaldbHUX 3aB/aHb.
JlaboparopHi poOoTH 3 OpraHid4HOi XiMii BHKOHYIOTHCS EKCIIEPUMEHTAJIBPHO B ayAUTOPHHX YMOBaX, MpO IO
3a3HAYAETHCS NMPH (HOPMYITIOBaHHI 3aBAaHHS. Pe3ynbraT BUKOHAHHS J1a00paTopHOI poOOTH CTYAECHTH HAJICHIIAIOTh
BHKJIaJaueBl B €JNEKTPOHHIH (opmi m0 HaB4anpHOro moprtamy. Ilicis mepeBipkd Ta OIIHIOBAaHHS BHUKOHAHUX
3aB/IaHb, BUKJIa/1a4 Ma€ BUCTABUTH OAJM Y BiAMOBITHY OIIHIOBAHY HisUTEHICTE.
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Nat. 2 ByrnesogHi. GaepsaH=A Ta BUEYEHHA BNACTMBOCTEH METAHY, ETWNEHY, SUBTHABHY.

Wwrmadenm imeenmsisee R T B e e T LT TR I S P

PaaynnTar culHoEaHA

Puc. 4. Burasn 1a6oparopHoi podoru Ne 2 Byriiesoai. Onep:kaHHs Ta BUBYEHHsI BJIACTUBOCTEH MeTaHy, eTHJIEHY, alleTHIIeHY

3 MEeTOI0 caMOIIepEBIPKH Ta MEPEBIPKU CTYIEHTaM MPOIOHYETHCS MTPOUTH TecT 1o TeMi. Llelt Mmoxyns Hanae
BHKJIaJjaqy MOKIIMBICTh PO3POOIIATH TECTH, SIKI MOXKYTh MICTUTH TIUTaHHS Pi3HUX TUITIB, y TOMY YMCIIi MHOKHHHOTO
BUOOpY, Ha BIMOBIAHICTD 3 KOPOTKOIO 200 YMCIIOBOIO Bi/OBIJISIMH.

Bukianau Moke I03BOJIMTH OJIHY 200 JEKijbKa CIIPOO MPOXOIKEHHS TECTY, MUTaHHI MOKYTh BUOHPATHCS
BUITaJIKOBUM YMHOM 3 OaHKy NHTaHb. Takok MOXXE BCTAHOBJIIOETHCS OOMEXKEHHs Yacy Ha MPOXOKEHHS TECTy.
KoskHa crnipoba OLiHIOEThCS aBTOMAaTHYHO, 13 3alIMCOM Y JKypHai ouiHOK. CTyleHTaM HaJaeThesl iHpopMallis po
Yyac BiJIBeZiCHMH Ha TECT, MAKCUMaJIbHy OLIHKY 1 KUJIBKICTh cIpo0, sika gomyckaeTbesi (puc. 5). Ilo 3akiHueHHIO
NIPOXOJKEHHSI TECTYBaHHSI BUCBIUYETHCS BIKHO 3 pe3yJIbTaTaMK JUIsd CTyAEHTa. SIKIIO CTyeHT He MPOMIIOB TeCT Ha
MIHIMaJIbHO MO3BOJICHY KITBKICTH OasiB, HOMY IIPOIMOHYETHCS MPOWTH TECT IA INE pa3 MiciA Meperisimy
TEOPETUYHOTO MaTepiaiy.

Puc. 5. Burasia recty nepumoro 3mictoBHoro moayJsi. HaiiBaskausimi reopeTnyHi mos1o:xxeHHs1 opraHiyHoi ximii

ByrJeBoaHi agigpaTuuHOro Ta KApOOUMKIIYHOTO PALY

CamocrTiiiHa po0OTa € BaXXJIMBOIO JIAHKOIO IIPH 3aCBOEHHI Marepiany. B eneKTpoHHOMY HaB4albHOTO Kypci
PO3MIIIIEHO 3aBIaHHs JUIS CAMOCTIHHOTO BHKOHAHHS. 3aBIIAHHS CKJIQJAIOThCS 3 TECTIB JO JIEKIiil. TecT MOXyTh
OyTH 3 OZHMM 4YHM JAEKUTPKOMAa BapiaHTaMH{ BiIOBiAi, BigKpuTi abo Ha BiamoBigHicTh. Ilpm mepeBiprii 3aBHaHHS
BHKJIAIa49 MOKE 3QJIUIIATH TEKCTOBI BiITYKH.

VY KiHIOI Kypcy MAWCTaHLIHHOTO HABYaHHSA NependavdaeThcss KOHTPOIOIOUHMM OJOK 3 IiICYMKOBOIO
aTeCTaIli€r0 3 OPTaHiYHOI XiMii, SIKa CKIaa€ThCS 3 IECSITH TECTOBHUX 3aBJaHb PI3HUX MOAYIIB, 00paHUX MPOrPaMOI0
B BHIIAJIKOBOMY IOPSAIKY, Ta JABOX TEOPETUYHUX NHUTaHB 3 PI3HUX TeMaTHYHHX po3autiB. [limcymkoBa aTecrtaris
MO>ke OyTH BUKOPHCTaHA IIPH MPOBEACHHI iCIIUTY 3 AUCIUIUIIHY [P AUCTAHIIHHOMY HaBYaHHI.

BucHoBku

CtBOpeHMI eNeKTPOHHWHA KypC 3 MUCHUIUTIHM TIOCTIHHO PO3BHBAETHCA 1 OPIEHTOBAHWA Ha MOTpPeOH
CTYIICHTIB 3 MOXJIMBOCTSIMHU Moan(iKkallii mogaHHs Marepiainy B Mipy HeoOximHocTi. Kypc 3 opraniunoi ximii s
JICTAHIIIMHOTO HAaBYaHHS AaKTHBI3y€ CAMOCTIHHY pPOOOTY CTYAEHTIB, JO3BOJISIE IPOBOIUTH CAMOKOHTPOIb Ta
KOHTPOJIb OZICP)KAHUX 3HAHb.
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3ACTOCYBAHHSI CHEINAJIBHOT'O OBJIATHAHHS JUIS1 ®OTODPIKCAIIIT
CJ1A0OBOI IHOOPMALII TPACOJIOI'TYHOTI'O MOXOA’KEHHA

Kpuminaaicmu4uHa mexHika po38u8aemuscst 8 mpboxX OCHOBHUX HANPSAMAX: ONepamusHo-cAid4d, Haykoso-docaioHa,
npoginakmuyuHa. HalickaadHiwum HanpsmMoMm € p038UMOK HAYKOBO-00CAIOHOT MexHIKU, KA 3acmoco8yemuvCsi 8 OCHOBHOMY
8 J1a60pamopHUX yM08ax 8UCOKOK8azidikosaHumu daxieysmu. IIpoaHanizoeaHo mexHiuHe 061a0HAHHS 0151 OMPUMAHHS
KpuMiHaaicmuuHoi pomoepagpii npu nposedeHHi ekcnepmHux docaidxiceHb. 3anponoHo8aHa KOHCMPYKYist 061a0HAHHA 0451
¢pomo-gikcayii caidosoi inpopmayii mpacoaoziunozo noxodcenus. llpusedeHo cxemy 3azanbHoi KOHCmMpyKyii ma sueasd
OCHOBHUX 8y3/1i8 06.1a0HaHHS. HagedeHo pe3ysbmamu 0ocaidxiceHb 0aKmMuUA0CKONTYHOI naieKku npu Wmy4HoMy HABKICHOMY
ocgimseHHi i3 BuKopuCmMaHHAM npucmpoio 04 gikcayii caidie mpacoa02i4H020 NOXOOHCEHHSI.

Knarouosi cnosa: cneyianvHe o6aadHanus, gomo-dikcayis, caidosa iHgpopmayis, ekcnepmui docaidxiceHHs.

A.L. GANZYUK, A.I. HORDEYEYV, O.V. KRAVCHUK, A.S. OILIYNIK
Khmelnytskyi NDEKTS

APPLICATION OF SPECIAL EQUIPMENT FOR PHOTOFIXATION
OF TRACE INFORMATION OF TRACOLOGICAL ORIGIN

Forensic technology is developing in three main areas: operational and investigative, research, preventive. The most difficult area
is the development of research equipment, which is used mainly in the laboratory by highly qualified specialists. Forensic photography is a
system of special methods, techniques and tools used to obtain new facts during forensic examinations. The technical equipment for
obtaining a forensic photograph when establishing the true circumstances of a criminal case and conducting expert research is analyzed.
Employees of the Department of Forensic Research of the Khmelnytskyi NDEKTs of the Ministry of Internal Affairs proposed the design of
equipment for photo-fixation of trace information of trasological origin during forensic expert research. The scheme of the general design
and a kind of the basic knots of the equipment is resulted. The results of researches of a dactyloscopic film at artificial oblique illumination
with use of the device for fixing of traces of a trasological origin are resulted. As shown by research on photo-fixation of trace information of
tracing origin, the proposed design of the equipment provides the ability to obtain high-quality digital images of the entire surface of the
object for further analysis by an expert.

Key words: special equipment, photo-fixation, trace information, expert researches.

Beryn

HaykoBo-TexHiuHI 3aco0M KpPUMIHAJNICTHKK — 1€ TpWIaad, IPUCTOCYBaHHS Ta Martepianu, sKi
BUKOPHCTOBYIOTHCS ISl 30MpaHHs 1 JOCIHIKEHHs J0Ka3iB ab0 CTBOPEHHsI YMOB, IO YCKJIAJHIOIOTh BUMHEHHS
3nmounHiB. Taki 3aco0m MOXyTh OyTH TOJUIEHI Ha KiJIbKa TPyTI: B3ATI 0€3 3MiH i3 Pi3HUX TEXHIYHHUX 1 IPUPOTHAYIO-
TEXHIYHIX HAyK; CIIEMialbHO MPUCTOCOBAHI A KPUMIHATICTUYHHMX MLiJIeH; CHEialbHO PO3pOoONeHi s el
KPUMIHATICTHKH.

OcHOBHUMH (POpMaMU 3aCTOCYBAHHS KPHMIHAIICTUYHOI TEXHIKM €. BUKOPUCTAHHS HAYyKOBO-TEXHIUYHHUX
3ac00iB OMepaTHBHUMH IpAI[iBHIKAMH IIPH IIPOBEJCHHI OIEPaTUBHO-PO3IIYKOBUX 3aX0/IiB; 3aCTOCYBaHHS HAYKOBO-
TEXHIYHUX 3acO0iB CIIJYMMHU TPH TPOBEACHHI CHITYMX Mdild; BHUKOPUCTAaHHSA HAYKOBO-TEXHIYHHX 3ac00iB
CIIEIialiCTAaMH Ta EKCIepPTaMU [ dYac BIAMOBIIHUX JOCHI/DKEHB; 3aCTOCYBaHHS HAYKOBO-TEXHIYHHX 3ac00iB
YYaCHHKAaMH CYI0OBOTO PO3TIIY.

KpuminamicTnaaa TexHika pO3BHBAETHCS B TPHOX OCHOBHHX HAaIpsIMax: OIEPATHBHO-CIiA4a, HAYKOBO-
nociimHa, mpodimaktuyHa. KoxHuit 3 HampsaMiB mependadae po3poONieHHS HE TUTBKH BiNMOBITHUX MPUITAIIB,
MIPUCTOCYBaHb, IHCTPYMEHTIB, MaTepiaiiB, a ¥ HaleQEeKTUBHIMMX MPHUIOMIB, METOIIB BHUKOPHUCTAHHS HAayKOBO-
TEXHIYHUX 3aCO0IB.

HaiickmaHinmM HanpsiMOM € PO3BHTOK HayKOBO-IOCIIJHOI TEXHIKH, 5IKa 3aCTOCOBYEThCS B OCHOBHOMY B
mabopaTOPHUX YMOBaxX BHCOKOKBaJi(ikoBaHUMHU (axiBIsMHu. [0 HAyKOBO-IOCHIAHOI TEXHIKA HAJeXXaTh Pi3HO-
MaHiTHE OO0JagHAHHS Ta amapaTypa, SKi JaloTh 3MOTY 3[IHCHIOBATH JOCIIIKEHHS B PEHTICHIBCHKUX MPOMEHSX,
3aCTOCOBYBATH PaJi0aKTHUBHI 130TOMNH, MPOBOJUTH JIOMIHECIEHTHHH Y1 CIIEKTPAIBHAHN aHaJIi3 TOIIO.

Ha nmanmit yac cucrema KpUMIHAJIICTUYHOI TEXHIKM CKIIaJa€Thbcs 3 TAKUX OCHOBHMX Tajly3ei: CyIoBa
¢ororpadis; cynosa kinemarorpadis 1 Bifeo3amnrc; Tpacosoris; cyaoBa 0anicTHKa; KpUMIHAIICTUYHE JOCITIHKEHHS
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MMCbMA; TEXHIKO-KPHMIHAJIICTUYHE JOCITIPKEHHSI JOKYMEHTIB; ieHTH(]IKalisl ocoOn 3a O3HaKaMH 30BHIIIHOCTI;
KpPHUMiHaIbHA PeeCTpallisl.
AHaJti3 OCTaHHIX J0CTiTKeHb i myOsikaui

[MuranasMu xpuminamicTnyHoi ororpadii Ta Bineosamucy 3aiiMarOThCS MPOBiIHI BUEHI KPUMIHATICTH:
Biprokos B.B., binenuyk I1.J]., Kodarnos A.B., Kooumsacerkuit O.J1., Tepemrkesuy A.lL., Ckinscka JI.JI., JTapia C.JL.,
Canrescekuit M.B., Opepitt O.B., Joeruii JI.M., Xinpuerko C.B.

CynmoBo-nocmimaunbka ¢ororpadis — e CHCTEMa CIeHialbHUX METOMIB, MPUUOMIB 1 3aco0iB, MO
3aCTOCOBYIOTBCSI ISl OZEp)KaHHS HOBUX (DakKTiB NpPH TPOBAPKEHHI CYIOBUX eKcrepTu3. JlochmimkeHHS 3
BUKOPHCTaHHSM 3aco0iB 1 MeTomiB cynoBoi Qotorpadii mepeadayae BHUSBICHHS claObKo BHIUMHX abo 30BCIiM
HEBUJMMUX 32 3BUYANHMX YMOB O3HaK, MOAIOHOCTI a00 pi3HUI Mix HuMH. CyIOBO-IOCITITHHIEKY (oTorpadiro
1HOJIl HA3UBAIOTH EKCIIEPTHOIO Yepe3 Te, IO 11 METOAM 1 3ac00M 3aCTOCOBYIOTH €KCIIEPTH ITiJ] Yac CBOIX JOCHIKEHb.
O0’exTamMu CYJOBO-IOCITITHUIIBKOI (hoTorpadii € pedoBi NOKa3w, sSKi MiATAIOTBCS CKCIEPTHOMY JOCIIIKCHHIO,
TTOPIBHSJIbHI 3pa3KH Ta MaTepialii, 10 BUKOPUCTOBYIOThCS i yac excriepTusu. Taka dororpadis 3ailicHIOEThCS 32
0COOJMBUX YMOB OCBITJICHHS, IPOBEICHHSAM 3HOMKH B HEBHIMMHX IPOMEHSX, 3HOMKOIO JIFOMiHECHEHIII],
MTOCHJICHHSIM KOHTPACTIB 13 BAKOPUCTAHHSIM PO3PI3HEHHS KOJILOPIiB, MeTOI0M MikpodoTorpadii Tomro.

Tpacosoriuna ekcriepTiU3a MPOBOJUTHCS 3 METOO ieHTH(IKAIT PI3HUX 00'€KTIB 3a O3HAKAMH 30BHINIHBOT
OyZOBH, IO BiTOOpa3WIMCh HAa MICIli TOil, & TaKOX JUIS JIarHOCTHKH pPI3HUX OOCTaBHMH, sKi TOB'A3aHi 3
pO3CIiyBaHHSAM: HAMNPSIMOK pPYXy, Yac BHUHHKHEHHS CIIfiB, CIOCI0O 1 ITOCTIOBHICTh B3a€MOJIi O0'E€KTIB,
BiIOOpa)keHHsl 3O0BHIIIHBOI OYyJOBM B3a€MOiIOYMX 00'eKTiB TOmmO. JlaHi eKCHepTH3W TNPHU3HAYAIOTHCS LIS
BHpIIICHHS IIUPOKOI0 KOJNA 3aBJaHb IACHTH(IKAIIINHOTO 1 He iIeHTU(IKAIIIIHOTO XapaKTepy.

[Ipu po3ciimyBaHHI KpUMIHAJIBHUX CIpaB, IMPOBEJIEHHI CyIOBOTO CIIJCTBA, PO3MIS/AI LMBIIBHUX 1
TOCTOAAPCHKUX CIpaB Ul 3'SICyBaHHS PI3HMX OOCTABMH MOXYTh €()EKTUBHO BHKOPHUCTOBYBATHCSI Pi3HOMaHITHI
ciigu. CBoeyacHe BUSBJICHHS, HalexkHa (ikcallis i KBami(ikoBaHe AOCHIHKEHHS TaKUX CIIIIB JO3BOJISIE OJCPKATU
BOXJMBY JIOKa30BY iH(OpMaIil0 MpO MO0, NPUYETHUX 10 Hel ocid, 3acTocOBaHi 3HApSIASA, CHOCOOM i
MOCTIIOBHICTD 3MICHEHHS MEBHUX Al Tomio [1].

OO0'ekTaM¥ CyJJOBO-TPACOJIOTIYHOT €KCIIePTU3U € MaTepianbHi ciiay (pyK, HIr, B3yTTS, LIMH, 3HAPSIb Ta
IHCTPYMEHTIB TOIIO), Cepell SIKMX BHUPI3HSIOThCS 00'€KTH-HOCI CiifiB (ciijocnpuiiMarodi 00'€KTH), 00'€KTH, IO
YTBOPHIIU CITiH (CITiI0yTBOPIOOYI 00'€KTH), 00'€KTH-3Pa3KH.

OCHOBHUMH BUJAMH TPACOJIOTIUHOT EKCIICPTH3H € AOCIIHKESHHS: CJIiIiB JFOAUHN; CITiIiB TBAPUHH;, 3HAPSIb,
IHCTPYMEHTIB, MEXaHIi3MIB, arperartiB i YTBOPEHMX HUMH CIIJiB; I0J0 BCTAHOBJICHHS LJIOr0 3a OKPEMHMH
YaCTHHAMM; BY3JIIB 1 IETEJb; TPAHCIIOPTHHUX 3aCO0IB 1 yTBOPEHUX HUMH CIIiIiB.

Binomi npuctpoi mist poto-dikcarii, a came: poTorpaMmeTpudHuil npucTpiit [2], 110 MICTUTH MiJICTABKY 3
MiJHOMHUMHU TBUHTaMH, (poTorpadiuHy Kamepy 3 MOXKIIMBICTIO HAXHMITY Y BEPTUKAIbHIH IUIOIINHI Ta BCTAHOBICHUM
piBHEM, sika 3’€JHaHa 3 TeoJONiTOM, a QoTorpadidHa kamepa € HU(POBOIO 1 po3MilieHa y (GyTIspi; yCTaHOBKa
«Ynapyce» [3] ans dortorpadyBaHHs CHiIIB PyK, IO MICTHTh KOPIIYC Ha SIKOMY pO3TAalIOBaHO CTOJIMK ISt
BCTaHOBIICHHSI NIpeaAMeETY (oTorpadyBaHHs, KPOHIITEHH 3 KOJIOBUM OCBITIIIOBaYeM, (hoToanapar sikuii BCTAHOBJICHO
Ha KpoHiuTehHi. Jlo Bax BIIOMHX MPUCTPOIB BIJHOCUTBCS T€, W0 HEMAE MOXIMBOCTI IPOBOAMUTH
MakpogoTorpadyBaHHs CIigy MiJOMIBH B3yTTS Ha MPOo30piii ab0o TeMHIi MONIMEpHIH IUIBLI 13 MO30aBICHHIM
BUHHUKAHHS BiJIOJMCKIB BiJl HEPIBHOCTEH TLTIBKH.

Mera pociizxeHHs

Mertoro 1iei poOOTH € O3HAMOMIICHHS LIMPOKOIO KOJa EKCIEepTiB 3 HaOyTKaMH y MpPOEKTYBaHHI
IHHOBALIIHHOT KpUMIHATICTHYHOT TeXHIKK At poTodikcalii, 110 po3podiaeHa KOJIEKTHBOM aBTOPIB, Ta PO3TIISIOM
MOJKJIMBOCTEH PO3BUTKY HAIPSIMIB 3aCTOCYBAHHS Ta BIPOBA/PKEHHS IHHOBAIIHHOTO BITYU3HIHOTO 1HCTPYMEHTAPIIO
JUISl TPOBEACHHS €KCIIEPTHUX JOCIIIJKEHb.

Bukjaa 0cHOBHOTO MaTepiay

[Ipu mpoBeneHHI TPACONOTIYHUX EKCHEPTH3 BUKOPHUCTOBYETHCS IMIMPOKHN CHEKTP METOZIB 1 amapaTHO-
TeXHIYHUX 3aco0iB. I[lepeBaroio Takux EKCHEpPTH3 € Te, M0 OaHi METOAW 1 3aco0M TO3BOJSIOTH HMPOBOIUTH B
OCHOBHOMY HEpYyWHIBHI JocmipkeHHS o00'exTiB. Lle mocsraeTbes 3a paxyHOK 3aCTOCYBaHHS Bi3yalbHHX,
MIKpPOCKOMIYHKUX, (oTorpadiyHuX, MarHiTOONTHYHHUX Ta IHIIMX METOMAIB. Y Tpacoyiorii TakoX IIHPOKO
3aCTOCOBYIOTHCSI METOJM MOJIEITIOBAHHS 1 pEKOHCTpPYKIii. CHCTeMa METOJIB TPACOJOTIYHOI eKCIIEPTU3U TO3BOJISE
BCTAHOBIIIOBATH (pAaKTUYHI JaHi, IO BiTHOCSTHCS SK 10 O0'€KTIB, Y pe3yabTaTi B3aeMOJIi AKUX YTBOPUJIUCS CIIi[IH,
TaKk 1 JI0 MeXaHi3My YTBOpEHHS OKpEeMHX CIiIiB i KOMIUIEKCIB CIIZiB, B3a€MO3B'SI30K MiX CIiJaMH, BIUTUB Ha
CIiOyTBOpEeHH 0OCTAaHOBKHM MicIsl TTOIl 1 Ha Hil OCHOBI OJEPKyBaTH iH(POPMAIIiI0 PO XapakTep i crocodu mii
ocib.

MO>KITHBOCTI TPacOJNOTiYHOI eKCIePTH3H, 1i BUIIB i MiABUIIB BiOOPaXKArOTHCS y MEPeIliKy NUTaHb (3a/1a4),
10 MOXYTB OyTH BUPIIICHI 3 BHKOPUCTAHHSM BiIOBITHIX METOAWK 1 allapaTHO-TEXHIYHHUX 3aCO0iB.

HesnauHi po3Mipy 9l HEWITKICTh BUSBJICHUX CIIiJIIB HE IMOBHHHI PO3TIIIOATHCS SIK IIJICTABH UIS BiIMOBH
Bil iX BWIy4YeHHS 1 HampaBICHHS Ha Ja0OpaTOpHE MOCTIKEHHSA. Y CIiJaX HEBEIMKHAX PO3MIPIB MOXKYTh
BimoOpa3WTHCS O3HAKW, AOCTATHI A imeHTHdiKamii ciigoyTBopiorodoro o0'ekra. O3HAKH CIiJOYTBOPIOIOYOTO
00'ekTa MOXXYTH OyTH OLITBII ITOBHO BHSIBIICHI B J1a0OpPATOPHMX YMOBAX IPH 3aCTOCYBaHHI CHEIIaIbHUX METOIiB
¢dorositoMmkn abo 3a paxyHOK momaTkoBoi 0OpoOkm. Hampukiazn, HewiTki abo crmaOko BHpa)KeHI cIian nerajeit
TPAaHCIIOPTHHAX 3ac00iB Ha 0531 MOXyTh OyTu cdoTorpadoBani 3 JOCTATHIM KOHTPACTOM IIPH BHKOPHCTaHHI
ynbTpadioneToBuX, iHpauepBOHNX IPOMEHIB UM CIEiaTbHUX CBITIOQUIBTPIB.
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VY HewiTKO BHpPaXeHUX CIIiIaX MOXKYTh MICTUTHCS MIKPOKLUIBKOCTI PEYOBHHHM CJIiIOYTBOPIOIOYOT0 00'€KTa,
SIKI B3araji Bi3yaJbHO HEMOMITHI (Ciligu Meraizamii Tomo). BapTto Takok BpaxoByBaTH, IIO B HEYITKUX CIIijax
3aBXK/IM BiIOOPaKAOTHCS O3HAKM MEXaHI3My B3a€MOIii, SIKi HECYTh BXIIUBY 1H(POPMAIIIIO CHTYAIIHHOTO XapaKTepy
(HanpuKIaj, IIpo HAIPSMOK IEpEMIIIeHb 3HapsAb 31aMy TOIIO).

[Ipn mnpoBeneHHi ineHTHUOIKANIHHUX CyIOBO-TPACOJOTIYHUX EKCIIEPTU3  JOCIIDKYIOTBCS — O3HAKH
30BHIIHBOI OyMOBHM CHiZiB, IIO BimoOpaswimcs Ha cligocnpuiiMarounx oO0'€KTaX, 3 YypaxyBaHHSIM iXHBOTO
B3aEMHOTO PO3TAINIyBaHHS, MEXaHI3My YTBOPEHHS TOIIO. Y pa3i HEOOXiTHOCTI TPOBOIATHCS BiAIOBIIHI
€KCTIEPUMEHTH.

3a ciiaMu-BiIOOpaKEHHSIMH MOXKYTh OyTH OTOTOXKHEHI Oy/b-sIKi IpEeIMETH MaTepialbHOTO CBITY, SIKi
MaloTh BIHOCHO CTaly CTPYKTYpy, B TOMY WYHCIi, IO BapTo OCOONMBO 3a3HaYMTH, H BHUPOOM MacOBOTO
BUpPOOHMIITBA (B3YTTA (haOpPUYHOTO BUTOTOBJICHHS, IIMHW W CKIO pO3CitOBaviB (ap TPaHCIOPTY, KaOeapHa
TIPOIYKIIis, I'YA3UKH, IBSIXH, TUISIIKA TOIIO).

CriBpoOiTHUKAaMH  BiAAUTY KPUMIHANICTHYHUX JIOCITKEHb XMEJIbHHUIILKOTO HAEKIT MBC
3aMpoIOHOBaHa KOHCTPYKIis oOmamHaHHs s ¢doTodikcamii cimioBoi iHpopMaIlii TpacoJOTiYHOTO MOXOHKEHHS
IIpY TIPOBEICHHI KPUMiHATICTHYHUX €KCIIEPTHHUX JIOCHIPKEHb.

3abe3mneyeHHs] OTpUMaHHs SIKICHOTO 300paxkeHHst (oTtorpadii ciigy MiOmMBHU B3YTTsI Ha MPO30pid abo
TEMHIH TMOJIMEpHil MIBLI 1 1M030aBJIeHHs BUHUKHEHHs BiIOJIMCKIB BiJl HEPIBHOCTEH IUIIBKH 13 3aCTOCYBaHHIM
PO3CilOBaHOTO OCBITJICHHS € aKTyaJbHUM TEXHIYHMM 3aBIaHHIM. 3aBAaHHS BHUPIIIYETHCS THM, 10 O0JIaJHAHHS JUIs
¢orodikcaii ciigoBoi iHpOpMaIil TPACOIOTIYHOTO MOXOMKEHHS MICTUTh KOPITYC, 3aKPHTUI KPHIIKOIO 3 OTBOPOM
Ta TAHENSIMH 3CEpeMHH MOKPHUTUMH MaToBOIO (apOoro, y SKOMY € MOIJIMBICTH PO3TALIOBYBaTH Ha OMOpax
TUTACTHHY 13 CKJIa 3 MATOBOIO TIOBEPXHEIO a00 IIIACTHHY i3 CKJIa 3 TeMHUM (DOHOM, Ha KOPITYCl BCTAHOBJIEHA CTilKa 3
peryJIb0BaHUM KPOHIITEWHOM Ta peryJibOBaHa INTaHTa, Ha sIKiid KpinuThes nudpoBuii poroamnapar [4].

TexHiYHMH pe3yNbTaT 3aCTOCYBAaHHSA 3alPOINOHOBAHOTO OOJAaJHAHHS IONATa€ B OTPUMAHHI SKICHOTO
U(PPOBOro 300paKeHHS 1O BCiil MOBEpXHI 00 €KTy CiioBOi iH(pOpMAIl] TPACOIOTIYHOTO MOXOPKEHHS 3aBIISKH
3aCTOCYBAHHIO PO3CIIOBAaHOTO OCBITIIEHHSI, 1110 T030aBJIsie BAHUKHEHH:I BIJOJIMCKIB BiJl HEPIBHOCTEH IUTIBKH.

Konctpykuisi oOnagHanHs s Qorodikcarii cmizoBoi iHpOpMAaIii TpacoNOTiYHOTO MOXOKESHHS
HIOSICHIOETBCSI KPECJICHNKAMH, Ha SIKMX 300pa)KeHO0: Ha puc. | — TOJIOBHUIA BUJ OOJaHAHHSI, HA PUC. 2 — MPOEKILis
BUIIAAY OOJIaJHAHHS 3 IIEPETHHOM 3a A-A.

ol -y
 S——
i
-‘-I E
Puc. 1. I'osioBHUIi BU 00J1aTHAHHS Puc. 2. BurJisii 06J1aiHaHHS 3 IEPETHHOM 32 A-A

OOnannanus s Goto-dikcaiii cmimoBoi iHpopMarii TpacororiYHOro moxopkeHHs (puc. 1 - puc. 2)
MICTUTB KopIlyc /, Ha SIKOMY BCTaHOBJICHA CTilika 2 3 peryJbOBaHHM KPOHIITEHHOM 3 Ta PeryjabOBaHOIO IITAHTOIO
4, Ha sKiii kpinuthes mUdpoBuit Gotoanapat 5. Kopryc / 3akpuTuil KPUIIKOIO 6 3 OTBOPOM Ta MaHEIAMH 7,
3CepeIMHN MOKPUTHMH MaToBOIO (apOoro, y SKOMY pO3TallOBaHO Ha OmMopax & IUIACTHHY i3 Ckia 9, Ha fKy
BCTAHOBIIIOETHCSI 00 €KT JIOCIHI/PKEHHST — MOJIiMepHa TuTiBka /0 13 CJiJOM MiJOIIBU B3YyTTsA. Y Kopryci / Ha aHi
BCTaHOBJICHO JIaMITy //, a Ha cTiHKax Kopmyca / y mpopizaxX HaJ IUTAaCTHHOIO i3 CKJIa § PO3TAlIOBaHO IBi jJammu /2
(puc. 2).

[Ipamroe oOmagHaHHS HACTYIHHAM YHHOM: B 3aJIeKHOCTI Bix BuAy o0’ekty [0, sKwid mimgmsrae
¢dororpadysanHio, a came ciioBol iH(opMallii oTpuMaHoi Ha Mpo3opiii a00 Ha TEMHIN IUTIBI, BCTAHOBIIOETHCS
BiAMOBiMHO MiacTHA 9 i3 MaTOBOTO CKia abo IUTACTHHA 3 HEMpPO30pOoro TeMHOro ckia. Kopmyc / 3akpmBaeThCs
KPHUIIKOIO 6 3 oTBOpoM. DoToamapaT 5 BCTAHOBITIOETHCS HA MITAHTY 4 1 PiKCyeThCs. 3a JOIOMOTOXO KPOHIITEHHA J 1
PETYIIOBaHHSAM HOTO BiTHOCHO CTiHKH 2 Ta 3aKpillJIEHHsM (piKcaTopaMu BCTAHOBIIOETHCS HEOOXiTHE TOJIOKEHHS 1
BimcTanp g0 ob’ekra /(. Ha puc. 3 mpexacraBmeHo ¢ororpadito By3na KpirueHHS (oroamaparty Ta Ha puc. 4
TTOKAa3aHO 3aTallbHAN BUTIIS pOO0OYOTo 3pa3ka 00IaqHaHHS.
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Puc. 3. By3oa kpinsiennst Ta nepeminieHust nu¢posoro Puc. 4. 3araapnuii BUTJIsSIA 0012 THAHHS
¢oroanapary

B 3zanexxnocti Bix Buay o0’exkty /0 ( TeMHa IIriBKa) BKJIrOYaeThest jamma // abo (mpo3opa IutiBKa)
BKIIIoUaroThest jamnu /2. KoHCTpykuisi mpucTporo 3abesnedye mapajiesbHICTh IUommHu 00’ekta [0 1o
TOPU3OHTANILHOT O¢i (hoToamapary J.

IIpoBoauThcs dororpadyBanHs 00’ exkta /() Ta MOTIM €JIEKTPOHHUH (haiil MEPEHOCUTHCS HA TICPCOHATBHUN
KOMIT'I0Tep. 3aBASKU MaHeNsIMH, 3 HyTpl MOKPUTUMH MaToBOIO (pap0oi0 Ta po3TallyBaHHIO JIaMII, OTPUMYETHCS
po3cisiHe OCBITIIEHHS 00’ €KTY, 110 hoTorpadyeThesl, Ta BiJCYTHICTH BUHUKHEHHS BiJIOJIMCKIB Ha MTOBEPXHI 00’ €KTY.

[Ipy mpakTHYHOMY 3aCTOCYBaHHI 3alpONOHOBAHOTO OOJIaJIHAHHA OTPUMaHi HACTYNHI pe3yibTratd. I[lpu
JIOCITIJPKEHH] TaKTUIIOCKOIIYHOT IUTIBKHM IPH 3BUYaiHOMY OCBITJICHH] OTpUMAIH i1 BUTIIS], TOKAa3aHUH Ha pHUC. 5.

Puc. 5. ®ororpadis BUrIsA1y JaKTHIOCKONIYHOI ITiBKY, 1110 0y/1a BUABJIEHA B YIaKYBAHHI IPU 3BHYAIlHOMY OCBIiTJIeHHI

[Ipu nmocmimkeHH! AaKTHUIIOCKONIYHOT IUTIBKH MPH INTYYHOMY HAaBKICHOMY OCBITJICHHI 13 BUKOPHUCTAHHSM
MIPUCTPOIO AJst ikcallii CimiiiB TPACOJIOTIYHOIO MOXOPKEHHS, Ha i CJIiJOKOMIIOBAIbHIM MOBEPXHI BUSBICHO OJIMH
CTaTUYHHH CIIiJI HallapyBaHHS HU3Y MiJOIIBU B3YTTS, YTBOPEHHH PEUOBHMHOIO CIPOr0 Ta KOPUYHEBOI'O KOJIBOPIB
(puc. 6).

Puc. 6. @otorpadis BUrIsALY CJIily HA JAKTWIOCKONIYHIN MJIiBLi (B A3epKaJbHOMY BUIJISAI) NPU IITY4YHOMY HABKICHOMY
OCBITJIEHH] y 3a1IPOIIOHOBAHOMY 00/1aJHAHHI

BucnoBku. KpuminamictuuHa (oTo3ioMKa CIIYKUTh OJHUM 3 €(DEKTHMBHUX 3acO0IB 1 METOIIB HAOYHOL
¢ikcanii ekcrepTHUX AOCTIKEHb 1 pe3ysbTariB. BoHa € HajiiHUM 3acO00M 1 METOJOM HAOYHOI 3HOMKH CIiiB
3JI0YMHY, OKPEMHX TMPEIMETIB Ta IHIIMX MarepialbHUX O0'€KTIB, II0 MArOTh 3HAYCHHS Ul CIPaBH, a TaKOK
JIOCITI/DKEHHS ISSIKMX PEYOBHUX JIOKA3iB, 1 THM CAMUM CIPHSIE BUPIIICHHIO 3aBJIaHHs 00'€KTHBI3AIIT IOKa3yBaHHSI.

SAx mokazamm mochipkeHHS 1o Gorodikcarii chmimoBoi iH(OpMamii TPACOTOTIYHOTO ITOXOMKEHHS,
3allPOTIOHOBAaHa KOHCTPYKIis oOmamHaHHSA [4] 3a0e3nedye MOXKIMBICTP OTPHMaHHA SAKiCHOTO IMdpoBoro
300paskeHHs BCi€l MOBEPXHI 00’ €KTa AT MOJAIBIIOr0 HOTO aHaANI3y EKCIIEPTOM.
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XMeNnbHUIBKAN HAL[IOHAIBHUI YHIBEPCUTET

AHAJII3 AHAJITHYHUX MOJIEJIEN BIGPAIIMHOI'O IPUBOAY MAIIIMHMA JIJIS
MUUKU I OYUCTKH IYJbCYIOUUM CTPYMEHEM PI/IMHU TA
EKCHEPUMEHTAJIBHE JOCJII)KEHHSA PEXKUMIB MOT'O POBOTH

3anponoHosaHo 08i aHaaimuy4Hi modeai 01 onucy po6omu po6o4o20 op2aHy eibpayiliHoi MawuHu - Kamepu
nyavcayii 3 Hacadkom 0.19 CMBOPEHHS NY/AbCYIo4020 CmpyMeHs piduHu. T'osaoe8HUM dakmopom y npoyeci muiliku ma
oYuWeHHI 3a6pydHeHb sUCMynae WeUIKICMb CMpPYyMeHs ab0 MAKCUMAAbHUU 1i020 MUCK npu 83aemo0ii i3 3a6pyOHeHHsIM ma
cu/iu mepms NOMokKy npu po3mikaHHi no nosepxti, wjo ouuwyemsucsi. [I[posedeHo ekcnepumeHmasbHi 00CAI0NCEHHS 8naugy
yacmomu Ko/U8aHb Npusody HA 3MIHY MAKCUMA/AbHO20 MUCKY NY/AbCy04020 CMpyMeHsl Ha 3pi3i conaa 3a donomozor
damuuka OUHAMIYH020 MUCKY ma anapamypor 0as peecmpayii. 3 aHaaisy pe3ysabmamie ompuMaHux 3 AHAAIMUYHUX
Modesell ma eKcnepuMeHmMaabHUM WASIXOM, SIKI npedcmae/eHi Ha NnopieHsIbHOMY epadiky, ecmaHosneHi koegiyieHmu
Kopez2y8aHHs aHaAImu4Hux modesell, aki 6ydys8aaucsi 3 neHUMU NPUNyweHHAMU ma ckaadHicmro docmamHub0 KOPEeKMHo
aHaaimuyHo onucamu kasimayitliHi npoyecu y kamepi nysavcayii egibpayitiHoi mawuHu. Pe3ysibmamom nposedeHux
eKcnepuMeHmaabHux 0ocaidxceHb € pekomeHdayii no eubopy yacmomuozo dianazoHy po6omu npugody MAaWwuHUu, KUl
3Haxodumbcs 8id 14 do 16 'y npu diamempi kamepu nyavcayii 0,1 m, diamempi nacadka 0,01 m ma amnaimydi konueaHb
npusody 0,002 m.

Knarwuoei cnoea:  ouucmka, mullka 3a6pyoHeHb, 8ibpayiliHa MaWuHa, MAKCUMAAbHULU MUCK CMpYyMeHs,
ekchepumeHmasbHi docaidsceH s pexcumie pobomu 8i6payitiHo2o npugody.

A.R. STARIY, A.I. HORDEYEV
Khmelnytskyi National University

ANALYSIS OF ANALYTICAL MODELS OF VIBRATION DRIVE OF THE MACHINE FOR WASHING AND
CLEANING BY PULSATING STREAM OF LIQUID AND EXPERIMENTAL RESEARCH OPERATING MODES

Two analytical models are proposed to describe the operation of the working body of the vibrating machine - a pulsation chamber
with a nozzle to create a pulsating jet of liquid. The analysis of analytical models which describe change of parameters of a pulsating stream
in a nozzle of a working body of the vibrating car for washing and cleaning of parameters of work of its drive and constructive dependences
is carried out. The main factor in the process of washing and cleaning of contaminants is the speed of the jet or its maximum pressure when
interacting with the contamination and the friction force of the flow when spreading on the surface to be cleaned. Experimental studies of
the influence of the frequency of oscillations of the drive on the change of the maximum pressure of the pulsating jet at the nozzle section at
certain design parameters using a sensor with recording equipment. As a result of experimental studies, it was found that the use of a
diaphragm check valve, which connects the pulsation chamber with the bath for washing and cleaning, allows to increase the maximum
pressure of the immersed pulsating fluid jet by reducing the volume of cavitation bubbles in the pulsation chamber liquid. This in turn allows
you to increase the maximum pressure of the liquid jet from the nozzle. From the analysis of the results obtained from analytical models and
experimentally presented on the comparative graph, the adjustment coefficients of analytical models are established, which were built with
certain assumptions and complexity. The result of the experimental research is the recommendations for choosing the frequency range of the
machine drive, which is from 14 to 16 Hz with a pulsation chamber diameter of 0.1 m, a nozzle diameter of 0.01 m and amplitude of
oscillations of the drive of 0.002 m.

Keywords: cleaning, washing of pollution, vibrating machine, maximum jet pressure, experimental researches of operating modes
of the vibrating drive.

Beryn

Ha moBepxHi merameil 1 ckIagadbHUX BY3JiB B TIPONECi iX BHUTOTOBJICHHSA, CEKCIUTyaTallii MammH 1
YCTaTKyBaHHsS YTBOPIOIOTHCS TEXHOIIOTiYHI Ta BUpOOHWYI 3abpymHeHHs. [Ipm TexHiuHOMY OOCIyroByBaHHI Ta
PEMOHTI BUHHKA€ HEOOXiAHICTh OUMIICHHS Ta MHUAKH JeTalel MpH iX 30upanHi y By3nH. SIKiCHe OunIIeHHS 00'€KTiB
BiI 3a0pyIHEHb MOCATAETHCS KOMIUIEKCHHM (I3MKO-XIMIYHMM 1 MEXaHIYHHM BIUIMBOM Ha HBOTO, Iepiie —
3a0e3nedyeThCcsl BUKOPUCTAHHSIM XIMIYHHUX PEYOBHH, IO BIUIMBAIOTh Ha 3a0pyAHEHHS, IPyre — BHKOPHUCTAHHIM
MEXaHIYHO1 eHeprii BIUIMBY Ha 3a0pynHEHHs (CKpeOKH, IIITKH, CTPYMEHi PiIuHH, CTpyMeHi aOpas3uBy). YacTka
CHENiaIbHOTO 00JaHAHHS, K€ BUTOTOBISETHCS JUI MHUTTS Ta OUYMILICHHS J€Tajlell JOCHTh BHCOKA ajie B yMOBax
IpiOGHOCEPIHHOTO BUPOOHUIITBA [T PEMOHTY YCTATKYBaHHS MPHIOAHHS BapTICHOTO OOJaTHAHHS CTA€ HEIOIUIBHO.
ToMy BuHMKae moTpeba po3pOOIEHHS MPOCTUX 33 KOHCTPYKIIEIO Ta HEAOPOTHX MAIIMH JJISI MUTTS Ta OYHMILECHHS
JeTanei pisHOMaHITHUX IO KOHCTPYKIIii KOHKPETHOTO KJIaCy 3 MEBHOIO KOHQITypaIi€ero.

AHaJi3 ocTaHHiX T0oCHizKeHb i myOrikamii

[MutarHasME TEOpii Ta MPAKTHKA OYUCTKH i MUMKH JIETallel P BUTOTOBJICHI Ta PEMOHTI 3aiiManmcs 6arato
BUEHHX JOCIiAHUKIB, a came: FO.C. Koznos, A.A. Kymukos, A.Il. Cagoscekuit, M.®. TenproB, P. I. Cinin Ta iH. [1-
4] ame mosiBA HOBHUX TEXHOJOTIYHHX IIPOIECIB BHUTOTOBIICHHS JeTanel, HOBHX BHMOT [0 SKOCTI PEMOHTY
Pi3HOMaHITHUX OO'€KTIB TEXHIKM NPU3BOJMTH /IO MOUIYKY HOBUX TEXHOJIOTIH 1 METOAIB Ta CTBOPEHHS HOBHX
KOHCTPYKIIH YCTAaHOBOK JUI OYMCTKHM Ta MUHMKH jAeTajel 00'eKTiB, 0cOOIMBO IpiOHOCEPIHHOMY Ta OJUHHYHOMY
TUTIaX BUPOOHMIITBA IIPY BUTOTOBJICHI JieTaneil i peMOHTY oOnasHaHHs. SIKiCHE OUHMIIEHHS 00'€KTIB JIOCSTAEThCS 3a
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paxyHOK KOMIUIEKCHOI B3aeMOIii (hi3MKO-XIMIYHOTO T4 MEXaHIYHOTO BILIMBY MHIOYOTO CTPYMEHS Ha 3a0pyJHEHHSL
OcrtaHHIM YacoM 3pOCTaHHS €(PEKTUBHOCTI OYMIIEHHS MAIIMH TP BHUKOPHCTaHHI TEXHOJOTIH CTPYMHHHOTO
OYHILEHHS JJOCSATAETHCS 38 PaXyHOK 301IbIIEHHS KIHETHYHOI €HepTii CTPYMEHS [UISIXOM ITiABUIIEHHS TUCKY IoJaqi
MHUIOUOi PITUMHU. 3 METOI0 OYHCTKA KOHKPETHOTO 3a0pyJHEHHS pO3POOJSIOTHCS TEXHOJOTii OYHMCTKH, SIKi
3IHCHIOIOTH 3pUB 3a0pyAHIOIOUOTO MaTtepially HiJ €0 TOJAaTKOBUX Halpy)KeHb, CTBOPEHHX Ha ITOBEpXHi, IO
OYHINAETHCS, TTOTOKOM MHIOUOI PIAMHM Ta KaBiTalIHHUX MyXUPIIB 1 32 JOIIOMOTOI0 YaCTHHOK ITOJIIMEPHOI KPUXTH
abo MeraneBHX Kynbok. [lns muiiku 3a0pyIHEHb NEPCIEKTHBHUM € 3acTOCYyBaHHs BiOpalliifHWX NPHBOXIB B
MalllMHaX Ta SBHINE KaBiTalil, ske Ma€ 3HauHy PYHHIBHY €HEpri€lo, a Ta3oBi ITyXHUpI[, II0 HE CIUIECHYJHUCH,
301IBLIYIOTH CHUJTY TEPTS Ta30piJMHHOTO ITOTOKY Ha ITOBEPXHI JieTaei i3 3a0pyAHeHHsM [5].

Binomi crrocoOu Ta KOHCTpYKIii MamIvH Ta MPUCTPOIB 3 BIOpAIlifHUM MPUBOJOM JUISI OYMCTKU Ta MHUHKH
Jertanei 1 By3JiB Bijl 3a0pyiHEHb PI3HUX 110 IPHPOJI , SKi BUHUKAIOTh IIPH BUPOOHUIITBI 200 PEMOHTI 00JatHaHH
Ta TexHiku [6, 7]. Bizoma kaBiTauiitna dopcynka [8, 9] (puc. 1,a) s MUIKH, siKa T03BOJISIE OTPUMYBATH CTPYMIHb
13 KaBITal[ifHUMH IyXUPISIMU TIPY BUTIKaHHI 3 kKamepy JlaBajst mpy 3HAYHMX MIBUAKOCTSX Ta THCKaX piuHH (pHC.

1,6).

Puc. 1. Cxema kaBiTaniiiHoi ¢opcyHKH Ta po3moaiji NOTOKY MHIOYOI pinnHu: (a) 1 — kopmyc; 2 — Kamepa 3aKpyTKH
CTpyMeHI0; 3 — kamepa JlaBaus; 4 — como; (0) — oniHka KaBiTaniifHOro MoJIsi MHIOYOI PiAVHN 3 HacaaKa

[Tpu mpoBezneHi eKcEepUMEHTATBHUX AOCHKeHb [4] mo Bizyamizamii mpouecy KOJMBaHHS PIAMHU Y
pobouomy opraHi BiOpaIliiiHOT MalIMHU OyJI0 BCTAHOBJIEHO, 10 TP MEBHUX PeXXUMax poOOTH BiOpalliiiHOT MalMHA
BUHHKAE ITyJILCYIOUUH CTPYMIHB 3 HacaJKa i3 BKJIFOUCHHSM KaBiTallilHUX MyXHUpLiB (pHC. 2). ABTOpaMH TaKe sSBUILE
OyJ10 3anPOITOHOBAHO JJIsl 3aCTOCYBAaHHS y BiOpalliliHii MallMHI U1 IPoLiecy MUHKY 3a0py/AHEHb.

Puc. 2. ®otorpadis npo3oporo creH1y Ta npouecy OTPUMAHHSA MYJIbCYIOY0ro CTPYMeHs 3 BKIIOYEHHSAM KaBiTauiiHux
nyxupuis: I — kamepa nyJjbcamii; 2 — Hacagok; 3 — MyJIbCYIOUYMii CTPYMiHb i3 KaBiTauliiHUMH MyXUpUSAMH

[IpoBenenuit anam3 pyxy ABo()a3HOT0 MOTOKY PIAMHU 3 KaBITALIHHUMH MyXUPISIMU [S], IpH PO3TIKaHHI
HOro mo TOBepXHI JAeTani i3 3a0pyJHEHHSM II0Ka3aB, M0 BUHHUKAE TYpOYJICHTHUHA PEXUM pPyXy pIIMHH 3
YaCTHHKAMH, SIKHH pO3TIKAETbCS TOB3JI0OBXK IOBEPXHI 13 3a0pyIHEHHsM, BiJIOyBa€ThCsS EHEPriliHE XaOTUYHE
MepeMilllyBaHHS PIIUHU Ta 301NIBIIYIOThCS JOTHYHI HAMPY)KEHHS TEPTS 3aHYPEHOTO MOTOKY piauHu. B 3arampHOMY
BUITAJIKy OCepeIHEHUI TypOyJeHTHHUI MOTIK OJHOYACHO Ma€ MOJEKYJIAPHY W TypOyleHTHY B's3KicTb. ToMy moBHe
CyMapHe NOTHYHE HAIpy>KEHHS TEpTS IMOTOKY PIAWHU HA TIOBEPXHi i3 3a0pyAHEHHSIM Oe3 BKIIOYCHb BU3HAYAETHCS
3a (OpMYJIOLO:

du
r=(u+4)— , (1)
dy
e M — nuHaMiuHUM KoedilieHT B'A3KOCTI Hecyyoi (asy; A - KOeQILi€HT MPOIMOPIIIHOCTI, 10 HA3UBAETHCS

du

TUHAMIYHAM KOe(ilieHTOM TypOYJICHTHOTO OOMIHY; d_ — TPaliEHT MIBUIKOCTI.

Jns nBodasHux cepenoBuil (piriHa 3 BKIIOUSHHSIMHI Ta30BUX ITyXHPIIiB a00 TBEPAUX YACTHHOK) ITUPOKE
PO3MOBCIOKEHHS Mae ronpaBka EfHmTeitHA 10 AmHaMivHOTO KoedimieHTa Hecyqol (a3m.
BpaxyBaBinm ii, Toxi y3araJbHEHMH IUHaMIUYHMN Koe(ilieHT Hecy4oi (a3 MOXHA BUPA3UTH depe3

. . . . . o . * . .
B1OIIOB1IH1 KO€(1)1H1€HTI/IZ ILI — UL 9ACTO1 HECYYOl (1)331/1,/1 — U1 OIOMIIIOK TBEPANX YACTHHOK 13 C(l)epI/I‘IHOIO
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(dhopmoro.
Toni nuHAMIYHUH KOS)IIIEHT B'SI3KOCTI HeCy4ol a3y mpuiiMe BUTIIST;
. 5
W=ul+—al, 2)
2
ae O — 00'eMHa 10715 TOMIIIOK TBEPAUX YaCTHHOK.

3 ypaxyBaHHsAM (2) JOTHUYHI HAMpyKEHHS TePTS TypOYJICHTHOTO MOTOKY Hecydoi (a3i 3 BKIIOYCHHIMU
TBEPAUX YACTHHOK MOKHA MPEACTABHUTH HACTYITHHUM BHPA30M:
5 du
r=|\yl+=-a|+4|—. (3)
2 dy

3 anamizy (3) BWTiKae, MO JOTUYHI HANPYXEHHS TepTs TypOyJEHTHOrO TOTOKY Hecydoi ¢azu 3
BKJIIOUYEHHSMH TBEPIUX YaCTWHOK 3HAYHO OLTbIIE 1 3ajearh BiJ 00'€eMHOI J0JIi JOMIIIOK TBEPJUX YAaCTHUHOK,
Hanpukiaa, moxictiuposioBoi kpuxtu (I1C) abo mMeTaneBux Kyiabok. OKpiM 30UTBIICHHS JOTUYHUX HATIPYKEHBb Mik
MOTOKOM piIMHKA Ta 3a0pyIHEHHSM MOJIJIMBHU IIPOIEC BIABIIOBAHHS TBEPJOI YacTKU y 3a0pyIHEHHs, a MOTIiM
IHII[IIOBaHHS TpOIeCy 3pYILICHHS eleMeHTa 3a0pyIHEeHHsS 3aBISKM HasBHOCTI rocTpux kpaiok Ha [IC mpwm
MOJIAJIBIIIOMY PO3TIKaHHIO MMOTOKY 110 TOBEPXHI.

CtBopeHHs BiOpallifiHOr0 00JaJHAHHS 3 MyJbCYIOUMM POOOYHMM TiJIOM Ha OCHOBI TiIpOIyJIbCATOPa, y
SIKOMY po0OOU€E TIJIO BUCTYMAE SIK IHCTPYMEHT, CTPUMYETHCSI HEJIOCTATHICTIO €KCTIEPUMEHTAIIBHUX JTOCHIPKEHD B il
obuacri.

AKTYaJIbHICTh H0C/TiIZKEHHS

CTBOpEHHS HOBUX KOHCTPYKIIH BiOpaI[ifHUX MaluH JJIsl MUMKH Ta OYMCTKH Bij 3a0pyIHEHb, NOOya0Ba iX
AQHAJITUYHUX MOJIENIel 3 METOI0 OTPUMAaHHS PO3PaXyHKOBHX 3aJIE)KHOCTEN Ta METOJIMKH PO3PaxyHKy BiOpalliiHOTO
NIpUBOAY MalllMH IS OUUILEHHS Ta MUTTSA ﬂeTaJ’leﬁ MallvH € aKTyaJIbHUM HayKOBO-TeXHi‘{HI/IM 3aBJaHHSAM.

Buxki1ag ocHOBHOT0 MaTepiary

Pe)KUMM OYMCTKM Ta MHUMKH TIOBEPXHI JIETali MOTOKOM MHIOYOi PIAMHM (ONTHMAalbHY TEXHOJIOTI0)
BU3HAYAIOTh, BUXOJSYM 3 aHaji3y TiIpOJMHAaMIYHOI B3a€MOJIi MHIOYOi PIIMHM 3 YaCTUHKAMHU Ta iCHYIOYOTO
3a0py/HEHHSIM Ha JETajsiX, a TaKoX Ha INJICTaBl aHami3y pe3yJbTaTiB EeKCIEPUMEHTaIbHUX JociimkeHb. He
NPUMEHIIYIOYM TP [bOMY 3HAaueHHs (I3UKO-XiMIUHMX (akTopiB, OOYMOBIEHHX aKTHBHICTIO MHIOUOTO
Cepe/IOBHIIA, BBAXKAETHCS, L0 MPOIIEC MEXAHIYHOTO BIUIMBY PIIMHU HAa 3a0pyIHEHHS € OHIEI0 3 OCHOBHHUX YMOB,
110 BU3HAYa€ e(peKTUBHICTh OUMCTKH Ta MUUKH. [Ipoliec 04MCTKH Ta MUKWKU MMOBEPXHI BUPOOY MOTOKOM PiJIUHH 3
TBEPIMMHU YaCTHHKAMH MOJKHA PO3JUIMTH Ha HACTYITHI, 3B's13aHi MDXK COOOI0, elleMEeHTapHI mpoliecu: (GopMyBaHHS
IYJIbCYIOUOT0 CTPYMEHIO PIAMHMU 3 TBEPAMMH YacTHHKAMH, [10Jlaya MOTOKY PiIMHM [0 MOBEPXHi, [0 OYMIIYETHCS,
BiJJpUB YaCTUHOK 3a0pyJHEHb Ta 1X 3MHUBAaHHS 3 MOBEPXHI, II0 OYMIIAETHCS, 3aBHUCAHHS 3a0pyIHEHb Y HOTOII
PLAMHH, TPAHCIIOPTYBaHHS 3a0pYAHEHB /10 (UIBTPYIOUOTO MPUCTPOIO.

Po3risiHeMO MHIHKY Ta OYHCTKY, SIK OKpEMi MPOLIECH, 3 MOMVISLY Ha OCOOJMBOCTI MEXaHIUHOI Mii MOTOKY
MHIOHOI piguHM Ha 3a0pyJHEHHS MOBEPXOHb. B mpoleci MHHKM B OCHOBHOMY MPOXOAUTH 3pHB YAaCTHHOK
3a0pyIHEHHsI TOTOKOM MHUIOYOI PIJIMHM 3aBJSIKM CHJIAaM TEpPTs Ta ITiABHUILEHOTO CTYMEHs TYpOYJIEHTHOCTI IMOTOKY.
[pu ouwncTii 3a0pyAHEHD, IPH MEXAHIYHOMY BILUTUBI Ha 3a0pyJHEHHsI, JOIATKOBO IIOYMHAIOTh AiSTH IHEPLIHHI CHUITN
TBEPJUX YACTHHOK, SIKI CTBOPIOIOTH MPOILIECH MIKPOpI3aHHS Ta 30UIbIIYIOTh HOPMANbHI Ta JOTHYHI HAIPY)KEHHS B
api 3a0py THEHHL.

Sk Bigomo [1-4] HaiOLIbIIA TPOMYKTUBHICTH MPOLECY MHUHKH XapaKTEPU3YEThCS MaKCHUMAIbHUM
3HaYCHHSM TUCKY 3aHYPEHOTO IIyJIbCyI0Y0ro cTpyMeHs (a0o MBUAKOCTI) Ha TIOBEPXHI SIKa IPOMUBAETHCS, CTYIIEHEM
Horo TypOymi3ailii, a MPOAYKTUBHICTh MPOLIECY OYUCTKH 3aIICKUTh, SK BiJl MAKCUMAaJIBHOI'O THUCKY MYJIbCYHOUOTO
CTpYMEHSI, TaK 1 BiJl KUTBKOCTI Ta MACOBOI XapaKTEPUCTHKHA YaCTUHOK, 110 B3aEMOIIIOTH 13 3a0pyIHEHHSIM.

3anporoHoBaHa KOHCTPYKist BiOpaniitHoi mMammau [10], 0 MICTHTh BaHHY U OYMIIEHHS 3a0pyIHEHb
MYJIBCYIOYUM MTOTOKOM TBEPAMX YACTHHOK Ta BaHHY IJISI MUMKH MYJIECYIOUMM CTPYMEHEM KaBITAIlIHHHUX ITyXHPLIB.
CTBOpEHHS IyJIbCYIOUOT0 CTPYMEHS B 000X BaHHAX OTPUMYETHCS 3a JONOMOTOI0 KOJHMBAaHHSI MEMOpPaHH 3 TUCKAMH
y Kamepi myJbcartii 3 HacaakoM Ipu poOoTi BiOpaIiifHOTO MPHUBOALY MAaIIWHH.

OCHOBHUMH 3aBJaHHAMH AHQJIITHYHAX Ta EKCIEPHMCHTAIBHUX JOCHIIKEHb Oylno: BH3HAYCHHS
3aJIe)KHOCTI MaKCHMAJIBHOTO THCKY 3aHYPEHOTO ITyJIbCYIOUOTOo CTPYMEHS PiAMHHU 3 Hacajgka Bill PEXHUMIB poOOTH
MIPUBOY, a CaMe BiJl YaCTOTH Ta aMIUIITYJH KOJHMBAaHb, B3a€MO3B’ 3Ky KOHCTPYKTHBHHUX MapaMeTpiB BiOpamiiHOl
MallliHA Ta CIIBBIAHOIICHHIO [iaMeTpa Hacagka A0 Jiamerpa Kamepu mynbcarii. s moOymoBr aHamiTHYHOL
MOJIeT po3pobIIeHo cxeMy poOodoro OpraHy BiOpaIliifHOI MAITMHN [T MUHKH Bif 3a0pyIHEHb IOBEPXOHB JleTajel
MaIH MYJIbCYIOUAM 3aHYPEHUM ITOTOKOM PiIMHY 3 KaBiTAITHAMH ITyXHUPIISIMA, SIKa TIOKa3aHa Ha CXeMi puc. 3.

Sk moka3aHo Ha puC. 2 TIPH IMITyJILCHOMY BUTIKaHHI piIMHU 3 HacaJKa TP IIEBHUX YMOBAX yTBOPIOIOTHCS
KaBiTAIlIfHI MyXWpIi, SKi HE CIUICCHYNIHCS Ta y CTPYMEHI DiIMHM BOHH IIONAJAI0Th HAa IOBEPXHIO, KOTpa
MIPOMUBAETEHCS Ta 30UIBIIYIOTH HOPMANBHI Ta TOTWYHI HAPYXKCHHS y Iapi 3a0pyIHEHHS, 0 CIPUSE MOKPAIICHHS
YMOB TIPOIIeCy Ta MiABUIIY€ MPOIYKTUBHICTh MUIKH 3a0pyIHEHB.

PosrmstHemMo ocHOBHI etanm poOoTH pobodoro oprany BiOparttiitHoi Mamuan (puc. 3). [Ipu pyxy memOpanu
3 IMCKaMH YBEPX 6 CTBOPIOETHCS MAKCUMAJIBHUH THCK y KaMepi mynbcanii 7. [Tynbcytounii moTik 3aHypeHol piJuHu
3 HacaJKa 8 CTBOPIOEThCA 33 PaXyHOK PyXy MeMOpaHH 3 JUCKaMH 6, sIKi MPUEIHAHO IUTOKOM 10 BiOpompuBoay 4.
ITpu xoni MmemOpanu 3 mUcKaMu 3 YHHU3 pinnHa 9 BTATYeThes y Kamepy mysbcarii 7. Ilpu xoai MmeMOpanu 3 iuckamu
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3 yBepx piguHa 9 BHUINTOBXYETHCS 3 Hacajka 4, y SIKOMy BUHHKA€ KaBiTalliifHa KiJplleBa MOPO’KHUHA 3allOBHEHA
KaBiTamifHUMHU TyxXupnsMu. IIpy MEeBHHMX peXUMax poOOTH NPHBOLY IIsI MOPOKHWHA PYHHYETHCS Ta ITyXHPI
BUKHUJIAIOTHCA Y ITYJIECYIOUOMY CTPYMEHI PiJMHYU Ha MOBEPXHIO /(), 0 TPOMHUBAETHCSL.

==

ma|

Puc. 3. Cxema moze1i po6o4oro oprany BidpaniiiHoi MamIMHu JUIsi MUIiKH 3a0py/IHEeHb IIOTOKOM HMYJIbCYIOYHM CTPYMeEHeM
piannm 3 KaBiTaniiHUMH MyXUpUsIMU: ] — eJJeKTPOABHUIYH NMOCTiHHOTO cTpymy; 2 — mydra; 3 — criiika;
4 — o0oiiMa eKCIEHTPHKA 3 MIUINITHIKOM; 5 — Bich; 6 — mpy:kHa MeMOpaHa 3 IHCKaMH; 7 — KaMepa MmyJibcailii;
8 — Hacanok; 9 — pinuna; 10 — noBepxHs, 1110 IPOMHBAETLCS

Tuck pianHu, KU CTBOPIOETHCS Y KaMepi MyJibcallil, BATPa4a€ThCsl HA YTBOPEHHS HATUCKY MYJIbCYIOYOTO
BEPTHKAJILHOTO 3aHYPEHOI'0 CTPYMEHsS PIIMHU 3 ypaxyBaHHs TTIMOMHU 3aHYPEHHS Haca/ka Ta BH3HAYAETHCS 3a
3aJIE)KHICTIO:

2
V.
Ap:/"—zmax_p.g.h, @)
ne 0 — winbHicTb pigunn (998 k['/m*); V' — mBuakicts crpymens pigunu; /1 — rinGuHa 3aHypeHHs Haca/Ka.

PosrissHeMo 7Ba BapiaHTH aHAIITHYHOIO ONKCY MEXaHI3My YTBOPCHHS IYyJBCYIOYOTO 3aHypEHOro
CTpyMEHsl pimMHM 3 Hacagka 3 I[EBHUMH [PUNYIICHHSIMH, SIKi Jal0Th MOXJIMBICTh BH3HAYUTH BIUIUB
KOHCTPYKTUBHHMX MapameTrpiB BiOpamiiiHoi MammHu Ta pexuMiB ii poOOTH Ha BEIUYHUHY THCKY 3aHYPEHOTO
MYJIBCYIOYOTrO CTPYMEHSI PiAHHH.

PosrisiHeMo meprimii  BapiaHT MOOYJOBH aHAJNITUYHOI MOJENI PyXy iJeajbHOl pIAMHH 3aHypeHOro
MyJIbCYIOUOT'0 CTPYMEHS 3 Hacajka y BiOpalilHiii MalIuHi i3 3aCTOCYBaHHSIM Teopil BUHMKHEHHS Tipoynapy y
KaMmepi mmyJnbcalii 0e3 ypaxyBaHHsI SIBUILA BAHUKHEHHS KaBiTALIHHAX MYXUPLIB.

[Ipu poOoti mpuBoAy MallMHH, 33 Tepioj] KOJMBaHHS MeMOpaHH yBEpX, y PiIUHI B Kamepi mysbcallii,
BHUHHUKA€ MaKCUMAJIBHUI THCK 3aBISKH TiApOyaapy, SKHil BU3HAYAETHCS 33 GOPMYJIOL0:

AP:p'Vmax'C_p'g'ha Q)

ne Ap — nepenan Hatucky; O — winbHicTs piguan (998 KI'/M*); C — WBUAKICTH PO3MOBCIOKEHHS Y IaPHOT

xsuii (1350 m/c.); Viax = 4, - f — MakcumanbHa WBUAKICT PiAMHK Y HACALIKY.

Jdust 3MIHM THCKYy CTpPyMEHsl y HacaJkKy poOo4Yoro OpraHy BiOpalliiiHOi MAalllMHA MOXKHA 3alucaTd
3aJIE)KHICTD:

AP=p-A,-f-C—p-g-h, (6)
D4,
d 2
D, — niametp kamepu; d, — AilaMeTp HacaaKa; A, — aMILTITyJa KOJIMBaHb MEMOpaHH y KaMepi ITyJIbCarlii.

3 ypaxyBaHHSIM 3BY)KEHHS [TOTOKY PiJUHHU y HACAJKY, MAaKCHMAIIbHA IBHU/KICTh Y HhOMY BU3HAYAETHCS 32
3aJIE)KHICTIO:

ae f —uacrora konmmBanb Bibponpusogy A, — ammiiTyxa KoauBaHb pisuHu y Hacanky A, =

>

§DF A f
Vmax = Y (7)
dH
e & =0,39 — koeiLieHT 3BY)KEHHS IOTOKY Y HACAKY.

3 ypaxyBanHsM Qopmymu (7) mepenaa THCKY 3a ¢opMmynoro (5) y xaMmepi mmynbcarii pobodoro oprany
BiOpariffHOi MaIIMHA MO>KHA 3aIMCaTH HACTYITHUM YHHOM:
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E-D?A-f

H
3rinHo §.(8) mpoBenEHO INiACTAHOBKY YWCEIbHMUX 3HAUYCHb NapaMeTpiB Ta OTPUMAaHO aHAIITHYHY
3aJICKHICTh 3MIHU BEJIMUYMHA MaKCHMAJIBFHOTO THCKY BiJl YaCTOTH KOJNHMBaHbL BiOpompuBomy (puc. 4). Buxomsun 3
TOTO, IO Y PiAMHI IPUCYTHE PO3UMHEHE IMOBITPS Ta TasM i Mpu poOOTI MAIIHU BUHHUKAIOTH KaBiTalilHiI MpOIECH,
BEJMYMHA PEeaJbHOrO Iepernasty THCKY MMOBUHHA OyTH 3HA4YHO MeHIIa. ToMy Uit BU3Ha4YeHHS (JaKTUYHOTO Tepernamsy
TUCKY MYJIbCYIOUOTO 3aHYPEHOTO CTPYMEHS PIIMHH JIajli HEO0OXiTHO TPOBECTH €KCIIE PUMEHTAIIBHI JOCTIIKESHHL.

Ap C-—p-g-h (8)

Aotk

i 'I .r r I.

& 8 B o om £l

Puc. 4. 3anexxuicTh rizpoyaapaoro Tucky Bix yacrorn kommBanb: A = 0,002 m; D =0,1 m; d=0,01 m

IIpoBenemo aHami3 APyroro BapiaHTy aHATITHYHOI MOJEN, 3alPOIOHOBAaHOI paHitre [11], pyxy pinuHu y
Hacaaky mpu poOoTi mpuBomy BiOpauiiiHoi MammHu. TpebGa BiAMITHTH, IO i3 CKJIAQIHICTIO OMHUCY IIPOLECY
BUHHMKHEHHS KaBITA[IMHUX TYXUPLIB Y MOJENI, pH 1i o0y 10Bi 3acTOCOBaHO JAudepeHIiiHI PIBHSHHS, Y SKUX OyJI0
BpPaxOBaHO BIUIMB 00’€My ra3y, pPO3YMHEHOTO Yy piJMHI, NPYXHI BIACTHBOCTI ABO(A3HOro cepenoBuina Oe3
BUHHMKHEHHS TipoyAapy y KaMmepi mysnbcarii. 3riTHO, 3aIIpOIOHOBAHOI aHAITUYHOI MOJIEII PYXY PIAMHH Y HACAJKY
npu poOoTi mpuBomy BiOpaumiitHoi Mammuu [11] Ta OTpUMaHOi aMIUTITY/JHO-4aCTOTHOI XapaKTEPHCTHKH,
100y 10BaHO Tpadik 3MiHH TUCKY IIyJIbCYFOUOTO CTPYMEHS y HacaJKy. 3HAaIO4M BEJHUYMHY aMILUTITYAU 4 KOJIMBaHH
CTpyMeHsSl Y HacaJKy INpH MEeBHIH YacTOTI KOJNWMBaHb 3a Xii MeMmOpaHHM yBepX (CTHCHEHHS DiMHU Yy Kamepi
nyJIbCcallii) MOXKHa po3paxyBaTH IBHUKICTb PyXY PIAMHH y HacaJKy 3a (OpMyJIOL0:

V=py2gH, ©)
ne @ - xoediuient wBnaKoCTi, =0,97; g - NPUCKOPCHHS CUIM TSOKIHHS; [1 — reoMeTpuyHui HATHCK

pimunn, H = A.

Po3paxyHKOBI 3HaYeHHS 3MIHM JUHAMIYHOTO TUCKY PIIIMHU CTPYMEHS y HacaJlKy BiJl YaCTOTH 3HAMJICHO 32
¢dopmyioro (4) Ta modynoBaHo rpadivHy 3aeXKHICTh, SKa MpecTaBieHa Ha puc. 7 (KpuBa 2).

Jlnst BU3HAUEHHS PEaIbHOrO0 MAaKCHMAaJIbHOTO THCKY PIAMHU Yy Hacaiky OyJo IpOBeNEeHO AOCHTiIKeHHS Ha
€KCIIEPUMEHTAILHOMY CTEH/I BiOpalliiiHOl MallIMHU 13 3aCTOCYBAaHHSM JIaTYMKa TUCKY, KU OyB PO3TAlIOBAHO HaJ|
HACaJIKOM y IOYaTKOBii AUIBHUIN CTpyMeHs Ha Biactani 20 mwm. Jlocnmi/pkeHHS NPOBOIUINCH O€3 YCTAaHOBKH
3BOPOTHOrO KJIallaHa Ta i3 3BOPOTHHM KIIAIIaHOM, SKHH 3’€IHYy€ MOPOKHUHY KaMepH IyJbCallil 3 BaHHOIO IJIA
npomuBaHHs (puc. 5). s BHKOHAHHS omepamii OYUCTKH IYJIBCYIOUYMM CTPYMEHEM i3 TBEpAUMH YaCTHHKAMH
yCTaHOBKa KJIallaHa B KaMepy IyJbcamii Ja€ MOXJIMBICTh YHHUKHYTH BUHUKHEHHS 3HAYHOTO 00’€My KaBiTaLliffHHX
MyXHPIIB Y KaMepi MmyJbcarlii mpyu X0l MeMOpaHu yHU3, 30UIbIIye 00’ €M PIMHHA Y CTPYMEHI, 110 BUKHIAETHCS 32
LUK X0y MeMOpaHH 3 TMCKaMK yBepX 1 30UIbIIye ioro quHamiuHuii THCK. CXxema 3’€THaHHS 3BOPOTHOTO KJlaraHa
1 3 xameporo myJbcarllii S mokaszaHa Ha puc. 5.

P =

= il

Puc. 5. Cxema 3’¢1HaHHSI 3BOPOTHOIO KJanaHa 3 KaMepolo myJibcauii: / — 3B0poTHHI kjanaH; 2 — Tpy0onpoBiz;
3 — wrTok BidOpauiiinoro npusBoay; 4 — npy:kHa MeMOpaHa 3 JUCKaMH; 5 — kamepa nmyJibcanii; 6 — Hacaaok

Jnst BUMIpIOBAaHHS MUTTEBOTO 3HAYEHHS T'iJPOIMHAMIYHOTO THCKY 3aTOIUICHOTO IYJBCYFOUOTO CTPYMEHS
piOMHM 3 HacaJKa 3aCTOCOBAHO TEH3OMETpWYHMU maTunk TUcKy MPM489 (puc. 6) i USB ocrmmorpad BM8020,
SIKUH 3'€JHAHUH 3 MEePCOHANBHUM KOoMITIoTepoM depe3 mopT USB i 00cIyroByeThCS MPOTpPaMHUM TPOIYKTOM
«DiSco».

Y pe3ympTari aHamily 3alpolOHOBAaHMX AHAITHYHMX MOJENIel Ta pe3yibTaTiB IPOBEJICHUX
eKCTIIEPUMEHTAIBHAX JOCIi/DKEHb 3MIHM BEJIMYMHM MAKCHMAaJIBHOTO THUCKY 3aTOIIEHOTO IMyJbCYIOUOTO CTPYMEHS
pianHM 3 Hacanmka BiOpauiitHoi mMammHM Oyno moOynoBaHO Tpadikyd 3MiHM MAaKCHMaJIBHOTO THCKY BiJ 4acTOTH
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KOJIMBaHb BiOpaIliifHOT0 IPHBOY P MEBHUX KOHCTPYKTUBHUX HOTO MapameTpax (puc. 7).

B Ml
7% =

<
E
Puc. 6. ®otorpadis naTunka 1151 BAMipIOBaHHS Puc. 7. IopiBusasHi rpagiku AHHAMIYHOr0 HATHCKY PiAMHA
MHUTTEBOT0 THCKY MYJIbCYIOYOT0 CTPYMEHH: CTPYMEeHsl Ha BUXO/Ii 3 HACA/IKA 32 Pi3HUMH MOJEJIIMH Ta
1 - narunk MPM489; 2 — kopnyc narumka, eKCIIePUMEHTAJbHUMH pe3yJibTaTaMu: I — 3a Teopi€lo rigpoynapy;
3an0BHEeHMIi PiInHOI0; 2 —3a MOJIeJITI0 PYXY PiAMHHU Yy HacaAKy BiGpauiiiHol MamnHu;
3 — memOpana; 4 - KpuIIKa 3 — eKkcriepuMeHTAJbHI Pe3yJIbTAaTH i3 3BOPOTHHM KJIAIAHOM;

4 — exCIepUMEHTAJILHI Pe3yJIbTATH (€3 3BOPOTHOT0 KJIANIAHY

VY pesynbrari NPOBENEHOTrO MAOCII/KEHHS BCTAHOBJIEHO, IO MEpUly aHaJiTH4YHY MOJENb MOXHAa
3aCTOCOBYBaTH JJIsl PO3paxyHKiB MapameTpiB MpPUBONY BiOpaliiiHOi MallMHMA IS MHAKA 3 KaBiTallliHUMH
nyxupisiMu. 3 aHanizy rpadikiB / Ta 4 puc. 7 s IPaKTHYHOTO BUKOPUCTAHHS Y METOAMI PO3PaxyHKy HapaMeTpiB
BiOpamifHOro NpUBOAY JUIS TPOLECY MHUHKM CTPYMEHEM 3 KaBiTallilHUMHU IyXHPLSMH BBEJCHO KoeillieHT
KOpEeryBaHHs k& 3MIHM PO3paxyHKOBOTO THCKY Yy ¢opmyiy (5), IO JacTh MOXJIMBICTh KOPHCTYBAaTHCS HEIO MPH
NPOEKTYBaHHI BiOpaliifHOTro MPUBOLY Ul BU3HAYEHHS PEAbHOTO Mepenay THCKY y HacaaKy BiOpamiiHOT MallmHu
s muiikn (k=038 B mexax Big 10 mo 14 I'm). Toxmi pospaxyHkoBa 3anexHIicTb (8) Ans HMPaKTHYHOIO

BUKOPHCTAHHS Y METO/MIII PO3PaxyHKy MapaMeTpiB BiOpaliiiHOro NpuBOY JUIsi MUHKH ITPUITMAa€e BUTIIS
2
£-D}A-f
2
dH

AP=k-p C-p-g-h (10)

JJisi TpakTUYHOTO BUKOPUCTAHHS Yy METOAMII PO3paxyHKy IapaMeTpiB BiOpalliifHOro MpUBOLY IS
MIPOLIECY OYUCTKH CTPYMEHEM 3 TBEPIMMH YaCTHMHKAMHM 13 3aCTOCYBAHHSM 3BOPOTHOTO KjanaHa OuIbIIe MiIXO0IUTh
aHaimiTiuHa Mojenb [11], y skii 3MiHA THCKY IyJIbCYIOUOTO CTPYMEHS BH3HA4a€TbCsl 3a IOMOMOIOI HOro
aMILTITY/IHO-4aCTOTHOI XapakTepucTuku. 3 aHamizy rpadikiB 2 ta 3 puc. 7 3HaueHHs KoeQillieHTa KOperyBaHHS

ky 3minm AificHOTO THCKY MyJIBCYHOUOTO CTPYMEHS PiIMHH BH3HAYEHO, 5K ky =1,5B mexax Bin 14 go 18 I'n. Toxi

PO3paxyHKoBa 3aJexHICTh (1) Ul MPaKTHYHOTO BUKOPUCTAHHS Y METOJIHIII PO3PaxXyHKY MapameTpiB BiOpamiiHOro
[PUBOIY AJISL OYHCTKU IPHIAMAE BUTIISIA

PV
AP=k -—F% —p.g-h (11)
2

[IpoBenenunit aHaii3, 3ampoNOHOBAaHMX AaHAMITUYHMX MOJENIEH II0Ka3aB, IO TIPH IPOCKTyBaHHI
BiOpaliiHUX MalMH A7 MUUKM Ta OYMIICHHS BiJ 3a0pyIHEHb Ta BHOOpY IX KOHCTPYKTHBHUX IapaMeTpiB,
BU3HAYCHHS PSKHUMIB POOOTH MPUBOJIY 3aCTOCOBYBATH iX MOXUJIMBO 13 KOe(il[leHTAMU KOPUTYBaHHS, SKI OTpUMaHi
eKCIIePIMEHTAJIBHO, TOMY IO Ay’Ke CKJIAJHO aHAJITHYHO OMUCATH MPOLEC 3apOHKEHHS KaBiTALlIHHOT TOPOKHUHH Y
KaMmepi mynecanii TpuUBOMYy BiOpamiifHOT MampHH. 3aCTOCYBAaHHS aHANMITHYHHUX MOJENeH Ui BH3HAYCHHS
MaKCUMAJBHOTO Iepenaay TUCKY MOXIIMBO MpPH IONEpeIHiX po3paxyHKax, a OCTaTOYHI 3HAYEHHS IapaMeTpiB
HE0OXiTHO BU3HAYATH MPH HAJATOKYBaHHI BiOpAIIfHOTO MPHUBOAY IIIIXOM KOPETYBaHHS YacTOTH a00 aMILTITy N
B PEKOMEHIOBAaHUX MEXaX.

BucHoBku

1. 3ampornoHOBaHO aHANITHYHI MOZENi BU3HAUYEHHS pEXHMIB pob0oTH pobodoro oprany BiOpamidHOL
MAaIlMHH JUIS CTBOPEHHS ITyJIbCYIOYOro CTpyMeHs piguHH. [IpoBeeHo aHali3 aHATITHYHUX MOJETIEeH, SIKi OMHUCYIOTh
3MiHY THCKY ITyJIbCYIOUOTO CTPYMEHS y HACaIKy poO0Yoro opraHy BiOpamiiHOI MATIIMHY ISl MUHKA Ta OYUCTKH Bij
rmapaMeTpiB poOOTH ii IPUBOIY Ta KOHCTPYKTHBHUX 3aJICKHOCTEH.

2.V pe3ynpraTi NpPOBEACHUX EKCIICPUMEHTAIBHUX JOCHIIDKCHh BCTAaHOBJEHO, IO 3aCTOCYBAaHHS
3BOPOTHOIO KJIalaHy MEMOpPaHHOTO THITY, SIKMI 3’€IHye Kamepy MyJbcalil 3 BaHHOK Ui MHMKH Ta OYHCTKH,
JI03BOJIIE€ 30UTBIIMTH BEIUYMHY MAKCUMAIBHOTO THCKY 3aHYPEHOrO IIYJIBCYFOUOTO CTPYMEHS PIIMHH 3aBISKH
3MEHIIEHHIO 00’ €My KaBITAI[IMHUX MTyXUPLIB y KaMepi MyJbcallii mpu BTSATyBaHHI y Hel pinuan. Lle B cBorO "epry
JI03BOJISIE  OTPUMATH 3OUTBIIEHHS MAaKCHMAJIBHOTO THUCKY CTPYMEHS pIIMHM Yy Hacaaky Ta ITiJIBHIIECHHS
MIPOTYKTUBHOCTI OYHMCTKH BiOpamiiHOi MalIMHH.

3. AHami3 pe3ynbpTaTiB, OTPUMAHMX 3a JOIMOMOIOI0 AHATITHYHUX MOJEJICH Ta eKCIepUMEHTAIbHUM
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LUISIXOM, 3 MOPIBHSJIBHOTO rpadiky, HagaB MOXKIMBICTH BCTAaHOBUTH BEIMYMHM  KOE(DIIi€HTIB KOpEryBaHHS
AQHATITUYHUX MOJeNiel, sKi OyayBanwcs 3 TEBHHMH IPUIYIIEHHSAMH Ta CKIAQJHICTIO JIOCTaTHHO KOPEKTHO
aQHAJITUYHO OIKMCATH KaBiTalliifHI IIporiecy y Kamepi MmyJbcanii BiOpamiifHol MalHy.

4.V pe3ynbTaTi IPOBEAECHUX €KCIEPHUMEHTAIBHHUX JIOCIIPKEHb 3aIllpONIOHOBAHO PEKOMEH/IAII] 110 BUOOpY
YaCTOTHOTO Jiana3oHy poOOTH BiOpamiiHOTO MPUBOY MAIIWHHM, KUK 3HaX0muThCs Bif 14 mo 18 I'm mpu miametpi
Kamepw mynbcartii 0,1 M, miametpi Hacagka 0,01 M Ta amrutiTy i kosmmBaHb ipuBoxy 0,002 M.
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KOMBIHOBAHA CHJIOBA YCTAHOBKA ABTOMOBLISA

B po6omi HasedeHOo pe3ysbmamu po3po6KU KOMOIHOBAHOI CU/I080 ycmMAaHOBKU a8MoMo6iis i3 3acmocy8aHHs
KoM6IiHayii JdeKkinbkoX 0euzyHis, Wo npaywrwoms 3a pisHUMuU @i3uvyHUMu npuHyunamu. OCHOBHUll cusio8ull azpezam
BUKOPUCMOBYE eHepaito nauea 8 pexcumi 08u2yHa BHympiuiHb020 320pSAHHS, a 0ONOMINCHUL cu/108Ull azpe2am 6UKOHAHUU
Y 8uanadi 06opomHoi MawuHu 06'€eMHO20 8UMICHEHHS] 3 KOAUBA/AbHUM DPYXOM pPOOOYUX Op2aHI8, BUKOPUCMOBYE eHepzilo
cmucHymozo nogimps. /Jas ymuaizayii mensoeoi eHepeii eidnpaybosaHux 2aszi8 OCHOBHO20 CU/08020 azpezamy
KOMO6IHOBAHY CU/08Y yCMAHOBKY 000amKo80 OCHAWyrwms dguzyHom CmipsiHea a6o modysiem napozeHepayii i naposum
deugyHoM, a 045 pekynepayii eHepzii 2a1bMy8aHHs a8MOMpaHcnopmHozo 3aco6y ii dodamkoso ocHawyroms 2idpo- abo
esnekmpu4HuM npugodom. lle 00380.151€ cymmeso 3HU3UMU 8umpamy naaued, nidguwumu eHepzemuyHulli nomeHyias,
Koegpiyienm kopucHoi dii ma noainwumu eko102iyHi NOKA3HUKU a8MOmMpaHcnopmHo20 3acoby.

Knrouogi cnosa: xombiHo8ami cunogi yCmanosKu asmomoobins, —O08USYH GHYMPIWHbO2O 320PSHHS, NHEEMOOBUSYH,
enekmpo-2ioponpusio, 0gueyn Cmipiinea, naposuil 08UsYH, epeKmueHicmy GUKOPUCTIAHHSL.

KOSIYUK MYKOLA, KOSIIUK ARTEM, KRAVCHUK VITALY
Khmelnytskyi National University

COMBINED POWER PLANT OF A MOTOR VEHICLE

Currently, the most promising areas of development of motor transport are an increase of the horsepower characteristic of their
power plants as well as increase of fuel efficiency, and reduction of the toxicity level of exhaust fumes. An internal combustion engine as a
power unit of the car in a number of operation modes (supplemental motion, small work load, idling, etc.) works extremely inefficiently and
contains the high concentration of harmful components in the exhaust fumes. Additionally, in a context of growing shortage of carbohydrate
fuels and increase in their value, the problem of the fuel-burn improvement is especially acute. To improve the environmental compatibility
and efficiency of power plants of the vehicles, combined cycle power plants are used. One of the most important problems that the machine
construction faces is the creation of environmentally friendly and economical power plants. A hybrid power plant, which contains several
power units operating on different physical principles, is proposed by the authors. The main power unit uses the energy of liquid or gaseous
fuel in the mode of an internal combustion engine; the auxiliary power unit which is made as a reverse volumetrical driving machine with
swinging motion of the work tools (forcers or blades), uses air power which comes from a pneumocylinder through a cooler and / or
pneumatic air tank. The auxiliary power unit is equipped with a reversible invertor of the driving direction, made on the basis of a spherical
slider-crank mechanism. This insures the operation of the auxiliary power unit in the mode of a pneumatic motor or compressor in
accordance with the algorithm generated by the electronic control unit of the combined power plant of the vehicle. To utilize the heat energy
of the exhaust fumes of the main power unit, the combined power plant is additionally equipped with a Stirling engine or steam generation
module and a steam engine; in order to break energy recuperation of the vehicle it is additionally equipped with a hydraulic or electrodrive.
Naturally, when choosing the specific forms of application of combined cycle power plants, any combinations of auxiliary power units are
possible. They can be supplemented and / or specified based on the knowledge of specialists. Combined cycle power plants are technically
complete solution. Their industrial applicability is obvious and is substantiated by experiments. Nowadays, the creation of a combined cycle
power plants of a vehicle, which are a combination of several engines operating on different physical principles is the task of great economic
importance. Combined power plants this allows to reduce fuel consumption per 100 km significantly, increase energy potential, horsepower
characteristic and improve the environmental performance of the vehicle. The work is planned to be continued in the direction of
optimization synthesis of auxiliary power units that work on different physical principles.

Key words: combined power plants of the car, internal combustion engine, pneumatic motor, electro- hydraulic drive, Stirling
engine, steam engine, efficiency of use.

[ocTranoBKka mpodaeMu

Ha croroaninmHiii 1eHb HAKOLIBIT IEPCIIEKTHBHUMHI HATIPSIMKAMU PO3BUTKY aBTOMOOIITBHOTO TPAHCTIOPTY €
30impmeHast KKJ[ iX CHIOBHX YCTaHOBOK, MiABHINEHHS MAJIUBHOI EKOHOMIYHOCTI, 3HIKCHHS TOKCHYHOCTI
BiAmpanpoBaHUX TaziB. J[BuryH BHyTpimHBOTO 3ropsHHSA ([IB3) sk cunoBuii arperatr aBTOMOOUTS Ha psmi
eKCIUTyaTAIllIfHUX PEKUMIB TpAlIO€ BKpall HEEKOHOMHO 1 3 MiABHUINEHHM BMICTOM IIKi[UTMBUX KOMIIOHEHTIB Y
BiAMpaIibOBaHMX ra3ax. B ymoBax 3poctarouoro neinuTy BYTJIEBOIHUX IAJHMB W 30UTBIICHHS iX BapTOCTI TOCTPO
MIOCTA€ MUTAHHS 3MEHIIIEHHS BUTPATH IIHOTO BUAY MalMBa. Y 3B'S3KY i3 UM, CTBOPEHHS OUTBII €KOJIOTIYHO YUCTUX
1 EKOHOMIYHMX CHJIOBUX YCTaHOBOK IUIS aBTOTPAHCIOPTHHX 3acobiB (AT3) € Ham3BHYaWHO aKTyalbHIM
3aBmaHHAM. J{JIs TiABUIICHHS €KOJIOTIYHOCTI Ta €KOHOMIYHOCTI CHJIOBHX yCTaHOBOK st AT3 BHKOPHCTOBYIOTHCS
komOiHoBaHi cuioBi yctaHoBku (KCVY), ski € koMmOiHaIi€lo AEKITBKOX IBHUTYHIB, IO IPAIIOIOTH 3a PI3HUMH
¢iznunuMy npuHIMNIamH [1].
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AHaJti3 OCTaHHIX JKepeJt

HeoOximHiCcTh pO3BUTKY TiOpHIHMX CHJIOBHX arperaTiB 3aCHOBaHA Ha LIJIOMY Pl 00'€KTHBHHUX IPHYMH.
Cyuacumii AT3 Mae 1OCHTh XOpPOIII MTOKa3HUKH MAITMBHOT €KOHOMIYHOCTI 1 €KOJIOTYHOCTI IIPH PIBHOMIPHOMY PYCi B
JOCUTH IIMPOKOMY Adiana3oHi poOOYMX MBHIKOCTEH. Y TOH jke dYac, MpU pyci B PeXHMi MICBKOTO IHWKIY, IO
IpeJcTaBiIsie co0OI0 IOCTiHHE 4YepryBaHHS (a3 pO3TOHY, PIBHOMIPHOTO pPyXy, YIHOBIIBHEHHS 1 CTOSHKH Ha
XOJIOCTOMY XOAy, Ii K ITOKa3HUKH 1CTOTHO ToripmrytoTbes. Kpim Toro, cywacui JIB3 marors KKJ[ Grm3eko 42%.
Binpma x uactuHa eHeprii «BmiiTae B TpyOy» pa3oM 3 BHUXJIONHUMH Ta3aMu. 3HA4HI BTpaTH eHeprii 3
BignpanboBaHMMHU Tazamu JIB3 3MymnIyloTh OIyKaTu IUIAXW 1i BUKOpHUCTaHHS (yTwutizamii). Bucokuii TepmiuHmit
BOJIOJIFOTH BHCOKOKO SAKICTIO. Y THJIi3allisl TeIlJia BUXJIONHUX ra3iB [IB3, Oymyduu eHepro3oepiratoyoro TEXHOJOTIEN,
3HAYHO 30UIbINYy€e 3arajgbHUil KoedilieHT BUKOpHcTaHHSA mamuBa (1o 85-90%) 1 3abesmeuye edekTHBHE
BUKOpHCTaHHs TeruoBoi eneprii. [lpu rampMyBaHHI BTpadaetsest Bix 15 10 60% kiHeTHUHOI eHeprii, mepeaaHoi
aBTOMOOIIIO JBUTYHOM. SIKIIO II0 €HEpPrilo aKyMYJIOBaTH 1 IIOTIM BHUKOPHCTOBYBAaTH B PEXHUMax pyXy 3
TIepeBaHTaKEHHIM, TO MOXHa 3aouaauty 10 30% nanusa. [Ipo e cBig4aTh iIHTEHCUBHI HAYKOBO-AOCIiTHI pOOOTH,
10 TPOBOJIATHCS Y MPOBIIHUX KpaiHax cBiTy [1-4].

TakuM 4MHOM, TPOBENICHHS IOCIIIJHO-KOHCTPYKTOPCHKHUX POOIT 31 cTBOpeHHS eheKTHBHUX TiopuaHnx AT3
€ Ha CHOTOJHINIHIN NEHb aKTyaJbHUM i1 MEPCIEKTUBHUM 3aBJAaHHSM, SIKE Ma€ HaJ3BHYAliHO BEJIMKE €KOHOMIiYHE
3HAYEHHSI.

MeTto10 po0oTH € y3aranbHeHHs pe3yibTaTiB podotH 3i ctBoperHst KCY aBToTpaHCIOpTHOTO 3ac00y, siKa
€ KOMOIHaIII€I0 IEKITBKOX JBUTYHIB, 1110 IPAIOIOTh 32 PI3HUMH (Di3UYHUMH MPUHIUIIAMH.

Puc. 1. Biiok cxeMu KOMOiHOBAHOI CHJIOBOI YCTAHOBKH ABTOTPAHCIOPTHOIO 32C00Y:

a) rosioBHa 0,10k cxema KCY; 6) 6.10k cxema KCY 3 1ogaTkoBumM cuiioBuM arperatoM (ABuryd Cripiinra), ikuii BAKOPMCTOBY€
TENJIOBY €Heprilo BilNpanboBaHUX ra3iB 0CHOBHOI0 CHJIOBOTO arperaty; B) 6ok cxema KCY 3 101aTKOBMM CHJIOBHM arperaTom
(napoBuii ABUI'YH), IKHii BHKOPUCTOBYE TEIJIOBY €HEPrilo BiANPanb0BaHUX ra3iB 0CHOBHOIO CHJIOBOr0 arperary; r) 6Jok cxema KCY 3
J0AATKOBUM CHJIOBHM arperatoM (riiponpmsin), skuii BUKOPHCTOBY€E peKylepauiio eHeprii raasMyBaHHs (Xoaoctoro xony) AT3; 1)
0,10k cxema KCY 3 101aTKOBMM CHJIOBHM arperaTom (eJ1eKTponpuBin), AKHii BAKOPUCTOBYE peKynepaunilo eHeprii raJibMyBaHHsA
(xos10cToro xony) AT3.

Bukiaa ocHoBHOro MaTtepiany
Astopamu mpornonyetscst KCY  aBToTpaHCmOpTHOTO 3ac00y, 30KpeMa, sl aBTOOYCiB 1 BaHTaXHUX
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aBTOMOOLJTIB, sIKa MICTUTb JIEKIJIbKA CHJIOBHX arperaTiB, MPAIO0YrX 3a pisHUMH (izndHuMHy npuHOumamu. Ha puc.
1 300paxkeno Omox cxemu KCVY, ne 1 — enexrponHuit Giok kepyBanHst AT3; 2 — OCHOBHMI CHJIOBHIA arperar
(IBUTYH BHYTPIIIHBOTO 3TOpSTHHA); 3 — MEXaHi3M TpaHCMicil; 4 — 3a7Hiil Beaydnii MicT 3 KojlecaMu; 5 — MeXaHi3M
Bi0OOpY MOTYKHOCTI; 6 — TOTTOMDKHHI CHJIOBHI arperat 3 000pOTHUM IEpETBOPIOBAYEM PYXY 1 OJIOKOM KepyBaHHS;
7 — nmHeBMOOAJIOH; 8§ — aBTOMATWYHHUH pETyJsITOp THCKY; 9 — TermooOMinHUK; 10 — moBiTpstHMH pecuBep; 11 —
npuiiMaibHa TpyOa rimynmuka J[B3; 12 — 6ok kepyBaHHs; 13 — enexrporeHeparop; 14 — msuryH Cripiinra; 15 —
ABTOHOMHHUH MOAYJIb IaporeHepaiii; 16 — mapoBuil qBuryH; 17 — enexktpoakymyisitop AT3; 18 — Oiok kepyBaHHS;
19 — mexani3m Bigbopy notyxHocti; 20 — rigpasniuHuid Hacoc; 21 — rigpoakymynsTop; 22 — rigpoaBUryH; 23 —
€JIeKTPOreHepaTop; 24 — eNeKTPOAKyMyJIATOP; 25 — eNeKTPOBUTYH; 26 — IeAab.

3aranpHe KepyBaHHs cuiioBuMH arperatamu AT3 31MiHCHIOETHCS €IEKTPOHHHM OJIOKOM KepyBaHHS 1.
EHepronocieM y OCHOBHOMY CHIJIOBOMY arperati 2 € pinke abo rasomnoziOHe namsHe. BiH 3a0e3medye ocHOBHE
eHepromnocrauanas AT3 1 mepenady KpyTHONO MOMEHTY 4epe3 MeXaHi3M TpaHCMicii 3 Ha 3ajHill BeIy4uid MICT 3
kosiecamMu 4. OCHOBHMH CHJIOBHI arperar OCHaIlleHHH MeXaHi3MOM BilOOpy HOTYXHOCTI 5, 110 3a0e3nedye npuiiom
KPYTHOTO MOMEHTY BiJl JOIOMIXKHOTO CHJIOBOTO arperaTy 6 (mpu poOOTi B peKHMi MHEBMOABUTYHA) abo BiaOip
MOTY>KHOCTI Ha JIONOMIXKHHUI CHJIOBHUIA arperaT 6 (mpu poOOTi B pexkuMi KOMIIpecopa) BiJi OCHOBHOTO CHJIOBOTO
arperaty 2, HampuKIal, Yy pexXuMi pekynepauili eHeprii raabMyBaHHS (B pexumi xonoctoro xony) AT3.
[oromxenHss poOOTH OCHOBHOTO CHJIOBOI'O arperaty 2 1 JIOMOMDKHOTO CHIJIOBOTO arperary 3 0OOpOTHUM
MIEPETBOPIOBAYEM PYXY 1 OJJOKOM KepyBaHHS 6 B PI3HHX PEKMMaXx 3a0€3MeuyeThCsl €IEKTPOHHUM OJIOKOM KepyBaHHS
1 y BiAMOBIMHOCTI /0 anropuTMy iX QyHKmioHyBaHHS. Ha puc. 2 300pakeHi IpOCTOPOBI cXeMH OOOPOTHOTO
MEPEeTBOPIOBAYA PYXY 1 TOMOMIKHOTO 4-TIOPIIHEBOTO CHIIOBOTO arperary 3 o0OpOTHUM NEPETBOPIOBAYEM PyXy Ha
OCHOBI C()EpPHYHOTO KPHBOILIMITHO-TIOB3YHHOT'O MEXaHI3MYy.

0) B)
Puc. 2. IIpocToposi cxemu:

a) 060pOTHOIO NEePeTBOPIOBAYA PYXY HA OCHOBI c()ePMYHOr0 KPMBOIIMITHO-IIOB3YHHOI'0 MeXaHi3My; 0) 10MOMi’KHOI0 2-NIOPIIHEBOTO
CHJIOBOT'O arperaty 3 000pOTHHM IEPETBOPIOBAYEM PYXY; B) JOMOMIKHOI0 4-MOPIIHEBOI0 CHIOBOIO arperaTy 3 000poTHHM
NEepPeTBOPIOBAYEM PYXY, Ae 27 — BaJ, 28 — miqmunuunk; 29 — kpusowun; 30 — minmunauk; 31 — noB3yH; 32 — o6oiiMa; 33 — cTpuKHeBMii
ejieMeHT; 34 — BaJi; 35 — 000poTHUIi NepeTBOPIOBaY pyXy; 36 — Bakiib; 37 — po6oumii opran 10NOMizKHOro CHJIOBOTO arperaTty

[lepetBoproBau pyxy B HONOMIKHOMY CHJIOBOMY arperati 6 BHKOHAaHOTO Ha OCHOBI C(EpHYHOTO
KPHBOIIMITHO-TIOB3YHHOTO MEXaHI3My, Y SIKOMY T€OMETPHYHI OCi yCiX yCTaHOBJIEHHX 3 MOXKJIMBICTIO OOepTaHHS
JeTayeil MepeTHHAIOTHCS B OJHIN «IEHTPANbHIN» TOUI 1 KUK Mae Bas 27, II0 BCTAHOBJICHUI Y KOPITYCi B JBOX
MIPOTUJIEKHUX CIIBBICHUX ITiIIIMITHUKAX 28, PO3HIMHUN KpUBOLIMI 29, II0 )KOPCTKO 3B'A3aHUN 3 BaloM 27 y HOTO
CepelHi YacCTHHI 1 OCHAIIEHWIH MOCAZOYHMM MICIEM JJIsi BHYTPIIIHBOTO Kbl migmunHuKa 30, TUTOIMHA
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CHUMETpIi SKOT0 HaXWJIeHa JI0 TEOMETPUYHOI Oci Baja ImiJ] KyToM, Imo mnepeBuinye 0°, axe meHmmid 90° 1 MicTHTB y
co0i 3rajjany «IeHTpaJbHY» TOYKY, ITOB3yH 31, 110 BUKOHAHWH Ha OCHOBI 30BHIIIHBOTO KUTBI migmumnHuKa 30,
KOJIMBAJIbHY KIHEMAaTHYHY JIAHKY BUKOHaHY Y BUIUIAIl oOoiimu 32, 1m0 3 O6e3nepepBHUM 3a30pOM BIJIBHO OXOILTIOE
moB3yH 31, Mae IoHalMEeHIIIe OJH CTPYKHEBUI IPOMIKHUK efleMeHT 33 KIHEeMaTHYHOTO 3B'SI3KY 3 HUM, )KOPCTKO
3B's3aHy 3 JBOMa CIIIBBICHUMH JOJAaTKOBHMHM BajaMH 34, sKi BHCTYIAlOTh 32 MEXi KOpIycy 0OOOpOTHOTO
IepeTBOpoBava pyxy 35 3 HOro MpOTHIICKHUX CTOPiH. Banmu 34 MexaHIYHO MMOB’sI3aHi BaXelsaMHu 36 3 poOounmu
opraHamMu 37 IOJATKOBOTO CHJIOBOTO arperaty 6. OOOpOTHHMH INepeTBOpIOBaY HANpsMKY pyXy 3JaTHUM Ipu
KOJIMBHOMY pPycCi poOounx opradiB (MOpIIHIB abo jomnateil) 36 obepratu Ban 27 3 KpuBommioMm 29 abo mpu
obepranHi Bama 27 3 KpuBOmMIIOM 29 TPUBOAMTH poOOdi opraHu 36 IOMOMIKHOTO CHJIOBOTO arperaty 6 B
konuBHAN pyx. Lle mo3Bonsie 3abe3meunTd  poOOTY JIOMOMIKHOTO CHJIOBOTO —arperary 3 OOOpOTHHM
TIEpPEeTBOPIOBAYEM PYyXYy 1 OJIOKOM KepyBaHHS 6 B pEXMMi ITHEBMAaTHYHOT'O JBUTYHa a0o KomIpecopa. Sk mokaszye
MIPAaKTHKa BUKOPHCTAHHS IMHEBMAaTHYHUX MOPIIHEBUX ABUTYHIB iX IOIJIBHO BUTOTOBJISITH 3 BiJJHOIICHHSIM XOIY
mopitHs 1o miamerpy Iputiaapa S/D = 0,5-0,7. Llum mocsraeThCcsl 3MEHILICHHS PO3MIpIB ABUTYHA B HAmpsMi oceit
LWIIIHAPA 1 BEJIMKA YacTOTa IIUKIIIB IIPH MEHIIIH CepeHI IBHIKOCTI MOPILIHSL.

EHepronocieM y 10MOMi>XKHOMY CHJIOBOMY arperati 6 € cticHyTe moBiTps. CTHCHYTE O BHCOKOTO THUCKY
(manpuximan, 25-30 MIla) moBiTps, IO 30epira€Thcs B MHEBMOOAIOHI 7 MPH TeMIepaTypi HAaBKOJHMIITHBOTO
cepenoBuiia. [loBiTps, mo HaaXxoauTh 3 OajloHa 7, JPOCENIOETHCS B aBTOMAaTHYHOMY PETYJATOPI THCKY 8 /10
pobouoro Tucky 0,5-1,0 MIla 3i 3HaUYHMM 3HIDKEHHSIM TEMIIEpaTypu HHXKYE TeMIlepaTypd HaBKOJHMIIHBOTO
cepepoBuia. J1si MiJBHINEHHS ESHEPreTHYHOI aKTUBHOCTI CTHCHEHOTO MOBITps, HOro HEOOXiJHO IMONEpeJHbO
nigirpita. ToMy 3 ra3oBoro peaykropa 8 MOBITPsS HaIXOIHUTh y TEIUNIOOOMIHHUK 3 HABKOJIMIIHIM CepeoBUIIeM 9.
Jnist miABUIIEHHST TEMIIEpaTypy IOBITPS IO PiBHS, IO HEPEBUIIYE TEMIIEPATYpy HAaBKOJMIIHHOIO CEpeNOBHINA
(manpuxian, monan 100 °C) MoXHa BUKOPHUCTOBYBATH TEIJIOHOCIH, HANPHUKIIAA, PITUHY CHCTEMH OXOJIOJKCHHS
i/abo BiAnpalbOBaHi ra3u OCHOBHOTO CHJIOBOTO arperaty | i/abo BigmpainboBaHy mapy mapoBoro nBuryHa 16. Y
npoleci MiAIrpiBy MITBHICTh CTUCHEHOTO MOBITPS 3MEHIIYEThCS, a, OTKE, SMEHIIYEThCSl BUTpaTa poOOYOro Tija Juis
BUKOHAHHSI poOOYOro LUKIY B MHEBMOJBHUIYHI. 3HM)KEHHS MHMTOMOI BUTpATH IMOBITPSI HAa BiJTBOPEHHS OJMHHUIII
HOTYXHOCTI ITHEBMOJIBUTYHOM NpuBoauTh a0 miaBuiienHs KKJ{ ocrannboro it KCY B minomy, a Takox J103BOJISIE
30inbmTH po6ir AT3.

CTucHEHe MOBITPsS HaKauyeThCS B MHEBMOOAIOH 7 y cTanioHapHUX yMoBaX. CTHUCHE MOBITpS HaKa4yeThCs
B MOBITpsiHUi pecuBep 10 BiJ AOMOMIXKHOTO CHJIOBOTO arperaty 6, sSIKHil Ipaiioe B pexxuMi kommpecopa. Lle
JI03BOJISIE IOMIOBHIOBATH 3aracu noBiTps B pecusepi 10 KCVY B nporieci rabMyBaHHs 200 B pEKHUMIi XOJIOCTOTO X0y
AT3.

KepyBanns pobdororo enementiB KCY 3uilicHIOETBCS B Takiil mocnigoBHOCTI. Boiit 3a gomomororo nemaiti
LUKJIOBOI IMojaui namisa 26 3aqae HEOOXiJHE TATOBE 3yCHJUII OCHOBHOI'O CHJIOBOro arperaty 2. IloromkyBaHHS
POOOTH OCHOBHOTO CHIIOBOTO arperary 2 i JOMOMIXXHOTO CHIIOBOTO arperaty 3 000pOTHHM IEPETBOPIOBAYEM PYXY i
OJIOKOM KepyBaHHsI 6 B PEeXHMi ITHEBMOJBHTYHa a00 KOMIIpecopa, 3a0e3redye eNeKTPOHHHUK OJIOK KepyBaHHS 1
AT3, mo oxepxye iHpOPMAILIIO PO TArOBE 3YCHUILISI OCHOBHOTO CHIIOBOTO arperaTy 2 Ta CUTHANY JATYMKIB, 11O
PEECTPYIOTh PEKUMH POOOTH OCHOBHOTO 2 1 JIOMOMIXKHOTO 6 CHIJIOBUX arperatiB, HasBHICTb CTHCHEHOTO TOBITPSI B
nHeBMOoOaioHi 7 1 moBiTpsinomy pecuBepi 10. Iliciist 06poOKHM OTPUMaHUX CHTHATIB €JICKTPOHHUI OJIOK KepyBaHHS
1, 3abe3nevye ONTHMAIbHI PEXUMU POOOTH OCHOBHOTO 2 1 JOMOMIKHOTO 6 CHIIOBHX arperaTiB, HalpuKIal,
3a0e3eyyour MiHIMaJIbHy TITOMY BUTpaTy NaluBa ab0 MaKCUMaJIbBHUHM KPyTHHI MOMEHT.

3 piBHA TEeXHIKH BiZOMO, IO B ABUTYHaX BHYTpilmHbOro 3ropsHHA Bix 30 mo 40% eHeprii sropinoro
[IaJIMBa YHOCUTHCS 3 BUKHIAMU. 3HAUHI BTPATH €Heprii 3 BiAmpansoBaHUMH razamu JIB3 3MyIIyIoTh mIyKaTu DULSIXH
il BukoprcTanHs (yTumizarii). Bucokuil TepMiuHMi MOTEHMIAN 11i€] eHeprii CBIIYUTH MPO MOMKIIUBICTH 1 IOLILHOCTI
Oyy4uH eHepro30epirarouoio TEXHOJOTIEI0, 3HAYHO 30UTBINYE 3aralibHUi Koe(ilieHT BUKOPHCTAHHS MaiuBa (10 85—
90%) i 3a0e3neuye eeKTHBHE BUKOPUCTaHHS TEIUIOBOI €HEpril.

Ha#i6inpIn pamioHaIbHIM BapiaHTOM BUKOPHUCTAHHS JOJATKOBOI IOTYXHOCTI, OTPUMAHOI BiJl yTHIII3alii, €
mpuBOIM pi3HUX arperaTiB (cuctem) AT3 — BEHTHIATOPIB, HACOCIB, KOMIIpecopiB 1 T.m. O4eBUAHO, M0 HAHOLIBII
e(EeKTUBHO 11ell PUBIJ 3AIHCHIOBATH HE MEXaHIYHO, & 3 IOOMOTOI0 €JIEKTPOCHEPTii.

OpHi€ro 3 yTUTI3aNiiHOI CHCTEM, IO A03BOJISIE TOCUTHh €(DEeKTUBHO peati3yBaTH IO iIe0, € CHCTEMa, 0
MICTUTh TpuiiManeHy TpyOy rinymmuka J[B3 11, 6ok kepyBanHus 12, enexrporeneparop 13, muryn Cripmiara 14
a00 aBTOHOMHHI MOyJIb TaporeHeparii 15 i maposuii ABUTYH 16, CyMIIIEHNX 3 €IEKTPUYHIM T€HEPATOPOM.

B piBHi TexHikd TiOpUIOHWIN MPHBIA BiZOMHNA SK e(pEKTHBHA CHCTeMa peKyIleparii eHeprii raJbMyBaHH:I
(xomoctoro xomy). [mst pekymepamii eHeprii rampmyBaHHA (xonoctoro xoxmy) AT3 i#oro KCY momatkoBo
OCHAIYIOTH OJIOKOM KepyBaHHA |8, MexaHi3MOM BimOopy moTyxHOCTI 19 Bim TpaHcMicii aBTOTPaHCHOPTHOTO
3aco0y 3, HOMOMI>XKHUM CHJIOBUM arperaToM, SIKHi BKIFOYa€ B ceOe TOB'I3aHNI 3 MeXaHi3MOM BiZOOpY MOTY>KHOCTI
19, rigpaBiiuauii Hacoc 20 TiAPONPHBOY i3 3aMKHYTOIO CXEMOIO IUPKYIAILil, TigpoakyMyisTop 21, riapoasuryH
22 i/abo moB's3aHMIt 3 MeXaHI3MOM BiZOOpYy MOTYXHOCTI 19, emekrporeHeparop 23, eIeKTpOaKyMyIsTop 24,
€JIEKTPOJBHUTYH 25, IPUUOMY TiAPOABUTYH 22 i €NEKTPOIBUTYH 25 TOB's13aHi 3 TpaHcMmiciero 3 AT3.

VY pasi rampMyBaHHS (XOJIOCTOTO XOAy) TiApaBIiYHHNA BY301 (E€IMEKTPOIPHBIN) EKCILTyaTyeThCS SIK
TigpaBniyHAN Hacoc (ETMEKTPOTEHEPATOp), 3aBISIKH YOMY B TIAPOAKYMYJIIATOPI (€IEKTPOAKYMYISITOPi) CTBOPIOETHCS
TucK (enmexrpoeneprist). Llelt THCK (eneKkTpoeHepris) MoXke BHKOPHCTOBYBATHCS JUIS MOJAIBIIOTO IPHCKOPEHHS
TPAaHCIIOPTHOTO 3aco0y. Y pa3i NPUCKOPEHHS TiAPaBIiYHUA BY30d (ENEKTPONPHUBIN) EKCIUTyaTyeThCs SIK
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TiIpOABUTYH (ETIEKTPOABUTYH), 100 BiJIABATH B TPAHCMICIIO TPaHCIIOPTHOTO 3aC00Y JOJATKOBHH KPYTHHUH MOMEHT
1 THM caMHM pPO3BaHTa)KyBaTH JIBUTYH BHYTPILIHBOTO 3TOPSIHHS. 3aBAAKW LiH peKyreparii eHeprii rajJbMyBaHHS
(X0JI0CTOT0 X0/1y) MOKJIMBA CYTTEBA €KOHOMIS T1aJIMBa.

[MoromxyBaHHS poOOTH OCHOBHOTO 1 JIOTIOMIXKHUX CHJIOBHX arperatiB B PeXWMi ITHEBMOJBHIYHa, a0o
Komrpecopa,  auryHa CripiiHra, mHapoBOTO, TiJpPaBIYHOTO 1 EJNEKTPHUYHOTO JABUTYHIB 3MIHCHIOETHCS Y
BiJIMIOBITHOCTI 70 aJlrOpUTMY, C()OPMOBAHOTO elIeKTPOHHMM O10KoM KepyBaHHs KCVY 1 i Grokamu kepyBaHHs 12 i
18, mo onepKyroTh iH(OPMAILIIO PO TATOBE 3yCHIUII OCHOBHOTO CHIJIOBOTO arperaty 2, pexuMy Horo pobotu Ta
CUTHAJTy JaTYUKIB, IO PEECTPYIOTh PEXXUMH POOOTH JOMOMIXHUX CHJIOBUX arperariB, sKi HPalOOTh 3a PI3HUMHU
(I3UYHIMH IPUHIMIIAMH.

[pupomHo, mo npu BuOOpi KOHKpeTHHX (GOpM MpakTHuHOro BUKOpHcTanHs KCY MoXIuBI JOBUTBHI
KoMOiHalil BUKOPUCTAHHS JOIMOMDKHUX CHJIOBHX arperariB, siki MOXYTb OyTH JOMOBHEHI 1/ab0 yTO4YHEHi 3
BUKOPHMCTAHHAM 3BUYAiHUX 3HaHb (axisuis. KCY € TexHiuHo 3aBepieHnM pimeHHsM. i mpoMucioBa npuaaTHiCTh
OUEBHJIHA Ta MIATBEPKYETHCS IPOBECHUMH BUIIPOOYBaHHIMH.

BucHoBxn

CrBopenns edextnBHuX KCVY aBToTpaHcnopTHOro 3acoly € HaJI3BHYallHO aKTyaJlbHUM 3aBJAHHSM 1 Mae
BeJMKe ekoHoMiuHe 3HadeHHs. [Ipaktnune Bukopuctanus KCY, sika € koMOiHAII€I0 NEKIIbKOX JIBUTYHIB, 103BOJISIE
CYTTEBO 3HU3UTH BapTICTh MPOOIry, MOJIMNIIMTHA eHEepreTHuHi Ta exonoriuni nokazuuku AT3. PoboTy minanyeTbes
MIPOJIOBXKUTH Y HANPSIMKY ONTHMI3aI[iifHOTO CHHTE3Y JOTOMDKHUX CHJIOBHUX arperaris, siKi MPaIlOIOTh 32 PI3HUMH
(I3UYHUMH PHHIUTIAMH.
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BILIMB MOMEHTHOI HE3PIBHOBAKEHOCTI TA ITOJIO)KEHHS IIEHTPY
KOPCTKOCTI HA BIBPOAKTUBHICTDb 'OPU3OHTAJIBHUX BAPABAHHUX
MAIINH

B po6omi Ha npukaadi koHcmpyKYii npaiabHoi MawuHu docaidxiceHo 8niue MOMeHMHoOI He3pigHosaxdceHocmi ma
NO/0J}CEeHHST YeHmpy copcmKkocmi Ha ei6poakmusHicmb cucmemu 6ak-6apabaH. CmeopeHo mamemamuyHy Modenb
cucmemu y 8u2/10i pieHsIHb KO1UBAHb 6A2amo38’s13Hoi cucmemu 6ak-6apabaH Ha npyxcHUX nidgicax. Modesawb nepegipsiacs
eKcnepuMeHmasbHo, a 8idnogiona imimayiiina modensv docaidxcysanace y Simulink. CihopmyabosaHo ocHosHi sumozu 0o
KOHCMpYKYii 20pu30HMaAbHUX pOMOpHUX MAWUH 6apabaHHo20 muny 3 no2aady ix mMiHimaabHoi 8ibpoakmugHocmi.

Kamwouosi caoea: gibpayisi, 6apabaH, 20pu3oHmMaabHUll pomop, #Hopcmkicmeo.

ANDRII V. GOROSHKO
Khmelnytskyi National University
ILONA V. DRACH
Khmelnytskyi National University
VITALII P. TKACHUK
Khmelnytskyi National University

The issues of reducing the vibration caused by rotating rotors at the frequency of the first rotor harmonic (so-called rotor
vibration) are among the most important in the design, manufacture and operation of almost all types of modern rotary machines. The
washing machine as an object of study of the dynamics and reduction of vibration and noise is of particular interest due to the constant
presence of randomly located and wandering imbalance of laundry in the drum and low requirements for accuracy of its manufacture and
assembly of parts and assemblies.

A mathematical model of oscillations of a multiconnected tank-drum system on elastic suspensions for the main types of machines
and spin centrifuges with a horizontal axis of rotation is created. The model is developed in a linear formulation based on the Lagrange
equation of the Il kind for a washing machine. The accuracy and adequacy of the mathematical model was tested directly on the field object
by measuring noise, vibration, forces in the supports and stress distribution in the individual elements and components of the machine in the
entire range of drum speeds.

Studies of the nature of system oscillations depending on the change in position and attachment points of elastic and damping
elements were performed using simulation in the Simulink environment. As a result of research, the basic requirements for the layout of
horizontal rotary machines of the drum type were experimentally confirmed: the center of mass of the tank must lie on the axis of rotation of
the drum; the axis of rotation of the drum should be the main central axis of inertia of the tank; the center of mass of the tank must coincide
with the center of mass of the loaded drum; the center of rigidity of the system of elastic supports must coincide with the center of gravity of
the tank, and the main axes of rigidity - with the main central axes of inertia of the tank; the main axes of the constant viscous friction must
coincide with the main central axes of inertia of the tank.

The results of the theoretical study were applied to the problem of evaluating the efficiency of a liquid auto-balancing device for a
proper squeezing machine depending on its dynamics.

Keywords: vibration, drum, horizontal rotor, stiffness.

IMocranoBka npodjemMu

PoTopHi MexaHI3MH 3aCTOCOBYIOTbCA B  0ararbOX OONACTSIX Cy4acHOI IPOMHCIOBOCTi:  Bif
MAaIIMHOOY/TyBaHHS 10 KOMITIOTEPHOI Ta MOOyTOBOi TexHiku. Lli MexaHi3MH YacTO MOBUHHI (DYHKI[IOHYBAaTH Ha
BHCOKHX IMBHAKOCTSX, TOMY CHJIbHI BiOparii, BHKIMKaHI 3MIIIEHHSAM IIEHTPY Bard pOTOpa, MOXYTh CTaTH
CepHO3HO0 TPOOIEMOIO 1 HaBITh MPU3BECTH J0 MOJIOMKH MEXaHI3MY.

[Mutanas 3HWKEHHs BiOpallii, CIpPUYMHEHOI OOEPTOBHMH pOTOPaMH HAa YaCTOTI MEpIIoi pPOTOPHOL
TapMOHIKH (TaK 3BaHOi POTOPHOI BiOpaIlii), BITHOCATHCS 10 HAWBAXITUBIIIMX IMPU KOHCTPYIOBaHHI, BATOTOBIICHHI Ta
eKCIUTyaTallii MPakKTUIHO BCiX BHUIIB CY4YacCHHMX pOTOpHHX MamwH. PoTtopHa BiOpallis B 3HauHii Mipi BH3Ha4ae
HAJIMHICTP TAaKWX MAIIWH, IS SKHX XapaKTepHI BHCOKI YacTOTH OOEpTaHHSA, BIIHOCHO Malla >XOPCTKICTh
KOHCTPYKIIii, a KpUTHYHI PEXKAMH YaCTO PO3TAIIOBYIOTHCS B MEXaX POOOUMX JTiama30HiB KyTOBUX MIBUIKOCTEH.

[IpansHa ManmHa K 00'€KT MOCTIIKEHHS TUHAMIKA 1 3HWKCHHS BiOpaIliil i mIyMy BHKIIMKAE OCOOIUBHUI
iHTepec "yepe3 MOCTiiHY MPUCYTHICTh BHITAJKOBO PO3TAIIOBAHOTO i OIykarodoro mucbanancy Oimm3HH B OapabaHi i
HEBUCOKHX BHMOT JI0 TOYHOCTI il BATOTOBIICHHS 1 CKJIA[IaHHSI JieTajel 1 By3JiB, 00 HE 37J0pOKYBaTH BapTiCTh.

A HaJIi3 0CTAHHIX TOCTiTKEeHb

Po3B’s13aHHs 33124, OB'I3aHNX 3 IpoOJIEMaMyl 3HWKEHHS POTOPHOI BiOpaIlii, I'pyHTY€eThCsl Ha 0a3i JiHIHHOL
Teopil MeXaHIYHUX KONMBaHb. Teopis BKa3ye 1 OCHOBHI HampsAMKH OOpoThOM 3 BiOpamiero: BiOpoizomsmis [1];
neMngipyBaHHs [2]; AMHaMi4HE TaciHHS KOJIHMBAHb [3]; BIOCKOHAJIEHHS METOIB OajgaHCyBaHHS pOTOpiB [4], B ToMy

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 89



Technical sciences ISSN 2307-5732

YHCII 1 3 ypaXyBaHHSIM iX THY4YKOCTI [5].

Y Oaratbox po0OTax MOCTIUKYIOTBCS E€JIEKTPOMAarHiTHI OajlaHCYBajbHI HPHUCTPOi Yy  BHUIILLII
€JICKTPOMAaTHITHHX ITiIITUITHUKIB [6] 1 enekTpoMarHiTHUX Kiens [7]. 1o Baxy Moxke OyTH MpHKIaicHa CHHXPOHHA
panianbHa cuia, mo0O BpiBHOBaxuTH aucOananc [8]. Illupoke 3acrocyBaHHS OTPHMAaIM METOIH ONTHMAIBLHOTO
ynpaBiiHHS BiOpamiero [9]. 3HayHa YacTMHAa HAyKOBHX pOOOT TNPHCBSYEHA IOCHIPKEHHIO SBUINA MacHBHOTO
aBTOMAaTUYHOIO0 OaNaHCYBaHHS C JIOTIOMOTOI0 KYJBKOBHX, MasTHUKOBHX aBToOamaHcupiB [10] i 3a paxyHOK
BIJILHOTO pyXy pianHu. Hanpukian B po6ori [11] anamizyerscs siBuie camoOaaaHCyBaHHs poTOpa 3a JOIOMOTOI0
TEKy4YOro CEepe/IOBHUINA, [0 PYXA€ThCS B YACTKOBO 3alIOBHEHUX HEIO MOPOXKHIX Kamepax, 10 BUKOHYIOTH (YHKIIT
MIACHBHUX DETYJISATOPIB, KOTPI MAalOTh MOTPeOM B CHCTEMi €HEprornocTavyaHHs Ta ymnpasliHHS. B poGoti [12]
CTBOpPEHA MaTeMaTH4YHa MOJEb JUHAMIYHOI CHCTEMHU NpajbHOI MalllMHH, SIKa BUKOPHUCTOBYBANACh Ul aHANi3y
JUHAMIKH 1 ONTHMIi3allil MapaMeTpiB MAaIlUHH 332 TEXHOJIOTIEK MKOPCTKO-THYYKOro 3’€IHaHHA. B poboTti [13]
JOCII/DKYIOTBCSL  POTOPHO-IMHAMIYHI e€peKTH [ TOPH3OHTAJIBHUX TMpalbHUX MalmlMH 3 (pOHTaIbHUM
3aBaHTAKEHHSM. 3aCIyTOBYIOTh TaKOXXK Ha yBary METOAW IeMII(pyBaHHS INPAIbHUX MAIIUH 3 BHKOPHCTaHHSIM
MAarHiTO- 1 €JICKTPOPEOJIOTIYHUX PiavH [ 14].

Mera pocaimkens. He3akaioun Ha Te, IO OCTAaHHIM YacoOM JOCIIJHHKH JOCSTIIM 3HAYHHX YCIIXiB y
CTBOPEHHI aKTHBHHUX 1 MACHBHHX METOJIB 1 3ac0o0iB 3HIIKEHHs BiOpallili MpajbHUX MallWH, PiIBEeHb HeOaKaHUX
BiOpaiii Moxxe OyTH TaKOX 3HIKEHHH 332 paXyHOK ONTUMAaJIbHOI KOMIIAHOBKH CKJIAJIOBUX KOHCTPYKIii MalIMHH.
30kpeMa, oTpedye MoJaNBIINX JIOCTIPKEHb BIUIMB FOPU30HTAIBHOTO 3MIIIEHHS IEHTPa Mac 10 JOBXUHI poTOpa,
10 BUKJIMKAE MOMEHTHY HEBPiBHOBa)KeHICTh. HeocTaTHhO BUBUCHUMH € TUTAHHS MOJIOKEHHSI LIEHTPY KOPCTKOCTI
Ha BiOPOAKTUBHICTh MAILIHU, 10 YACTO 3yCTPIYAETHCS Ha MPAKTHIII.

Pe3yabTaTu nocaigkeHb.

Mamemamuuna moodenv cucmemu bak—6apabar. Po3TIsIHEMO KOJMBaHHS MPYXKHO-MIIBIMICHOT0 Oaka, 1o
MICTUTh B €001 KOHCOJIbHO-3aKpIIUICHWI HEeBpiBHOBakeHMU OapabaH. Taka cxemMa NpHTaMaHHa MalllMHAM 3
TOPU3OHTAJILHO PO3TAIIOBAaHUM 0akoM [yt Oinmu3Hu, Hanpukian, “LG”, «Electroluxy Torto.

JonyuieHHst B X0l cxeMaTu3allii 00'eKTa JOCIiKEHHs TaKi, 0 peajbHa TUIIOBA KOHCTPYKIis 3aMiHeHa
PO3paxyHKOBOIO CXEMOIO (JIMHaMIYHOI MOJIEJUII0), B sIKid abCONMIOTHO TBepAe Tijo (0ak Macu mj) NPYKHO
NIOB'si3aHE 3 KOPITYCOM JIOBUILHMM 4YHCIIOM OMOp 1 3/1aTHE MEepeMilaTucsi B IpOCTOpi, Mato4u 6 CTyMeHiB CBOOOAM
(puc. 1). Y upoMy Tijli € MOPOKHUHA, B SIKIl 3 KyTOBHH IIBUIKICTIO ® obepTaeThest poTop (bapaban), Macoro miz, o
CIHUpaeThes Ha a0COTOTHO JKOPCTKI OMOPH, PO3TAIIOBaHI B IIbOMY K TiJi.

3a y3arajgbpHeHI KOOPAMHATH, SIKi 3a/1af0Th MOJIOKEHHSI 1[i€1 CUCTEMH B IIPOCTOPI, MPUUHSATI TPH AEKapTOBI
KOOpPJIMHATH IIEHTpY iHeplii 6aka maumHu (oci ai, by, ¢| € TONOBHUMH LIEHTPAIBHUME OCSMH) 1 TPU KYTH ., B, ¥, IO
3a[1al0Th IOBOPOTH LIUX OCEH KOOPAMHAT BiJTHOCHO HEPYXOMHX, 3B’SI3aHUX 3 KOPITYCOM, ocell koopauHaT X1, Y1, Zi,
a0o napayienbHUX iM oceld X, Y, Z, ki cXOIAThCs B IeHTpi Mac 0aka O, 1110 B 3araji-HOMY BHIIQJIKy HE JISKUTh Ha OC1
obepranHs Oapabana (puc. 2).
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Puc. 1. Po3paxyHkoBa cxema cucteMu 6ak—6apadan Puc. 2. [lepemimenns 6apadana B 3araji-HOMy BHIQJIKY

[MouaTok Bimmiky T. D OTpUMaEeMo SK pe3yibTaT MEPETHHY Oci oOepTaHHS OapabaHa 3 IUIONIMHOIO,
MIPOBEJICHOIO Yepe3 IEHTP Mac T. S MepIeHANKYIISPHO J0 oci o0epTaHHs OapabaHa. Y BHXIZHOMY IOJIOXKCHHI 1 TIPH
BimcyTHOCTI ekcrieHTpucuTeTy (e=0) T. S cmiBmamae 3 T. D. [Ipumyckaemo, mo y BuximHoMy ctasi oci ¥, Vi, 12, Y3 i
b1, by, by € mapanensHUMH OCi 0OepTaHHA OapabaHa.

Hudepenmianbai piBHAHHS KONUBaHb CHCTeMH Oak-OapabaH byio oTpuMmaHWil BUXOISYM 3 PIBHAHHS
Jlarparka Il pomy 3 ypaxyBaHHSIM po3CitoBaHHS eHeprii mpu aemndipyBanHi mo Pexero [15]. Otpumana cuctema 3
mecT AuepeHnialbHUX PIBHSIHB B MATPUUHIN (OpMi Mae BUTII:

Mg+ (G+D)q+Aq=Q, (1)
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6 . . P . . S
l — Matpuls iHepHiiHUX KoedimieHTti; G = [gi/} — MaTpuIs TiIPOCKOMIYHUX KOE]illieHTIB;

6 P 6 S .
D= [%- ]1 — MaTpuis KoedilieHTIB neMrndyBaHHS; A = [aij ]1 — MaTpuus KOe]ilieHTIB >KOPCTKOCTI;

q:[x,y,z,a,[)’,}/]T — MAaTpPHULA-CTOBIIECLb y3arajlbHEHUX KOOpPIUHAT; Q:[Qx,Qy,Qz,Qa,Q/,,QJT — MaTpuI-
CTOBIENb y3araJbHEHNX CHIIOBUX (aKTOPIB.

[Ipane3paTHiCTh, aAE€KBAaTHICTH 1 TOYHICTH pPO3pPOOJEHOI MaTeMaTH4YHOI MOJeNi mepeBipsiach 3a
JIOTIOMOT'OI0 HAaTYpHHUX BHITPOOyBaHb. JIJIs1 HOTO BUKOPUCTOBYBABCS JIA0OPATOPHHUIA CTEHJI, 0 MICTHThH ITOOYTOBY
npanbHy MammHy (puc. 4). TeopeTHuHO po3paxoBaHi BIacHI YaCTOTH KOJMBAIBHOI CHCTEMH IPaJbHOI MAallWHH
BIJIPI3HSUIMCH Bil €KCHEpHUMEHTANbHO OTpuMaHMX He Oimbme 10%. Po3paxoBaHa amrutiTyna BEpTHKAIBHHX
KOJIMBaHb IT1/IBICHOT YaCTHHHU TP IITYYHOMY AncOanaHci 6apadana 1800 r-mwm ckiana 3,7 MM, a €eKCIIEpUMEHTAIBHO
BUMIpSIHA TIPY TOMY K JcOananci — 4 Mm.

Hunamiuna  cumynayia ma ananiz mooeni. IlepeBipka cGhOpMyIbOBAHUX BHUMOI 10 KOHCTPYKIIi
MPOBOAMJIACH NUISIXOM MOJICIIIOBAHHS TIOBEAIHKM IiJBICHOI YacTWHHM TpaJbHOI MAallMHH 13 BUKOPHCTaHHSIM
IHTEpaKTHUBHOIO iHCTpYMeHTYy Simulink Ta TakeTy NpuUKIagHuX nporpam Matlab. JluHamiuyHa MOZETbh MalllHA
npencrasiaeHa Ha puc. 3. [ligBicHa yacTHMHA MallMHH KPIMUTHCA 3a JAOMOMOTOI0 IBOX MPYXKHMH 1 JABOX JeMiidepis.
JuHaMiuHi XapaKTepUCTHKH MPaJIbHOI MAIIMHK NPEACTaBIeH] y Tadmui 1.

B ineanpHOMY BUMAJKy, KOJIM IIEHTP Mac 3piBHOBakKeHOTo OapabaHa cIliBMasace 3 IEHTPOM Mac 0aka, a Bich
obepranHsi Oapa®ana mpoxoauTh uepe3 Horo 1eHTp Mmac (e=0), mpaBa dyactuHa piBHSHHAQ =0 1 KOnMBaHHS
MiJIBICHOI YaCTUHM BiZICYTHI NMpU Oy[b-SIKMX 3HAYEHHSX KyTOBOI IIBHJIKOCTI oOepranHs @ . Ha mpakTtuii udepes
BHITAJIKOBUI XapaKTep PO3MOALTY 3aBaHTaXEHOI OLM3HM y OapabaHi eHTp Mac OapabaHa 3aBxau OyJie JIe)KaTH He
Ha oci 00epTaHHS, IO XapaKTePU3yEThCSI EKCIEHTPUCUTETOM e. BCTaHOBIIGHO, 1110 HANOIIBIINI E€KCIEHTPUCUTET
Ipu po3KiIafaHHi OimusHu B 6apabani cknagae e =0.08R;, ne R, — pagiyc 6apabana. Jlna gociimKyBaHoi Mosei
NpaJbHOI MallMHU TpuiHATO e=14,8 MM. Y Tabmuni | HaBeA€HO OCHOBHI JIMHAMIYHI XapaKTePHCTHKH
JIOCITIJPKYBAHOT ITPabHOT MalIMHH.

Tabmuns 1
JlMHaMiuHI XapaKTEPUCTUKH MPaJIbHOI MALIMHU
Maca 6axy mi, KT 48.2
Maca G6apabana my, KT 12.5
JKopcTKicTh KOKHOI 3 IBOX MPYKMH HifBicKu ¢, H/MM 6,0
KyT Haxuiy npyxuH 75°
Koeditient nemmdysanns koxuoro aemidepa -, H.e/m 175
Kyt Haxuny nemmndepis 70°
EkclieHTpucHTeT e, MM 14,8
Dampers JowxuHa 6apabaHa L, , MM 190

Puc. 3. IlunamiyHa Moj1esIb NpajibHOT
MalIMHA

Ha puc. 4 npezctaBieHo aMILTITYJHO-4acTOTHY xapakTepuctuky (AUX), omepikaHy JUisi BEPTUKAIBHHUX
KOJIMBaHb MiABICHOI YaCTUHM IPaJbHOI MAalMHU 3 BPaXyBaHHSM, IO IEHTp Mac 0aka JISKUTh HAa OCi 00epTaHHS
Oapabany 1 OapabaH Mae JIe CTATHYHUN JUCOaNaHC, [0 XapaKTepPU3yeThCs eKCLIEHTPUCUTETOM e. B 1iboMy pasi
y3aranbHeHi cunosi daxkropu O, =0, =0, =0,=0, a 0,0, #0. Bracninok cunoBoro 30ypeHHs B3I0BK 0CeH

OX i OZ BUHUKAIOTH TIONEPEYHi KOJMBaHHS B IUTOMMHI XOZ.

Bpaxysanns momenmmnoi nespienosadsicenocmi. YMoBa x, =z, =0, 3rifHO 3 SKOIO LEHTp Mac Oaka
MOBUHEH JIEXKATH Ha OCi oOepraHHs OapabaHy, MOke OyTH 3 JIOCTATHHOIO TOYHICTIO BUKOHAHA KOHCTPYKTHUBHO Ta
TEXHOJIOTIYHO 1 HE TIOPYIIUTRCA B IpoIeci poOOTH CHCTEMH, a TOMY HaJami ii HeBUKOHAHHS HE PO3TIIAJATHMETHCS.
[IpoTte BHACIIOOK BHUITAIKOBOI PO3KIAINKH OUTM3HU HEHTP Mac 3aBaHTAKEHOTro OapabaHa OKpPIM E€KCIEHTPHUCHTETY
MOX€ MaTH IOB3J0BXKHE 3MILIEHHSA ), B3JI0BX oci OY, 110 BUKIMKAE MOMEHTHY HEBPIBHOBa)KEHICTb POTOpA.

IIuraHHs po3paxyHKy 3HAYEHHA y, PO3IIAHYTI y po0OoTi [16], 1€ BCTaHOBJIEHO, WO BEJIMYMHA I1OB3I0BKHBOIO
3MIMIEHHS 3POCTAE 3 POCTOM 3aBaHTAXKEHOCTI OapabaHa i JOBXWHK OapabaHa. ABTOPH ITOKAa3alH, [0 MaKCHMAJIbHA
BENIMYMHA 3MilleHHd ¥, —=0,476L;, ne L, — nosxuHa 6apabana. Jlna nocnimkyBaHoi B i po6oTi Moaeni Oyio
OPUAHATO Y, =90 MM.

Just pozpobnenoi Moneni it BUnaaky y,=0...90 MM IpoBesieHO CUMYJIALII0 MOJIENl Y BChOMY Jiala3oHi

po0oUYMX YacToT, sKa MOKa3aja He3HAYHHMI BIUIMB 3MIICHHS Ha BEIMYMHY MOMEPEYHUX BiOpalliil y 3ape30HaHCHIN
30Hi. Ha puc. 5 mpencraBimeHa 3aleXHICTh aMIUTITYyIM BiOpaIifHUX KOJMBaHb y TOB3IOBXKHBOMY Hampsimi OY
ITiIBICHOI YaCTHHH BiJ] BEIMYUHU TOPU30HTAIBHOTO 3MIIIIECHHS Y Jiarna3oHi pobounx gactoT. OTpuMaHi pe3yiabTaTi
MOKa3ajy, IO 3MIIIEHHS IEHTpa Bark 3aBaHTaXEHOro OapabaHa Ha poOOYMX YACTOTAX Yy 3aKpUTHUHIN oOiacTi
Maike He BIUIMBA€ Ha PiBEHb MONEPEYHHX KOJMBAHB, ajie CYTTEBO IiJBHILYE ITOB3JOBXHI KOJNMBAHHS MiABICHOI
yacTHHU. Ha KpUTHYHIN YacTOTi 301IBIICHHS MOB3/IOBXHIX KOJIMBAHb csrae Makcumymy. Lleit ¢akT mosicHIoeTbCs

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 91



Technical sciences ISSN 2307-5732

3pOCTaHHSIM MOMEHTY Jiii BiILIEHTPOBOI CHJIM, 1110 MPU3BOJIUTH 0 3pOCTAHHS KyTOBUX KOJHMBaHb BiTHOCHO oced OX

. e . . 2 .
Ta OZ BHACHIOK Jii y3aralbHEHMX CHJIOBHX (DaKTOpiB IO KoopauHaTaM o i y: O, =m,w’ey,cosat i
0, =-m,w’ey, sinot. [lpu npoMy Matpuus iHepuilinux koediuientis M HabyBae BHIINISLY, BiAMIHHOTO Bij

JIarOHATFHOTO. 3pOCTaHHs KyTOBUX KOJMBAHb BUKJIMKAE PICT 3MIMICHHS ITiIBICHOI YACTHHH, SIKE € PE3YyIHTaTOM
MoCTymanpHOTO 1 obOeproBoro pyxy. ILlga oOctaBmHa MOXe HETATHBHO BIUIMBAaTH HA IIPaIe3JaTHICTh
ITi IITUITHUKOBOTO BY3J1a 1 3HIDKYBATH HOTO pecypc.
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Puc. 4. AUX (nonepeyHi koJiMBaHHsI B HanpsMi oci 0Z) Puc. 5. AMILIiTY1a KOJIMBaHb Y OB3/10B:KHBOMY Hanpsami OY

Bnaus xoopounam npucoHanms ONOp HA 3MIWEHHs NONOJCEHHs yeHmpy odlcopcmiocmi. Marpuus
YKOPCTKOCTI A € HeiaroHaJbHO, SKIIO BiIMIHHMMH BiJl HYJIS € CTATUYHI 1 BiAIIEHTPOBI MOMEHTH >KOPCTKOCTEH.
Anari3 nokasye, 10 3MiHa KOOPJMHAT X,,z, i-i IPy’KUHH HE BIUIMBAE HA MOJIOKEHHs PiBHOAIMHOI MapanenbHuX CHl
peaxifii ormop B3JOBXK OCEH, a OTXe, 1 Ha IMOJIOKEHHS OCI JKOPCTKOCTI MiJBICKH. AHAJOTIYHI BUCHOBKA MOXKHA
3pobutH i moao Marpuni nemmdysanns D. [IpoTe Bich KOPCTKOCTI MiABICKK He OyJie CIIBNAJATH 3 EHTPOM Baru
0aka, SIKIIO TOJIOBHI OCI )KOPCTKOCTI HE Oy/IyTh CITIBIAJIATH 3 TOJIOBHIMH IIEHTPAILHUMH OCSIMU CUMETDIi Oaka, a 1ie
CIIOCTEPIra€eThCsl 32 yMOBH, KOJIM KOOPAUHATA i-i IPYKUHU Y, # 0 .
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Puc. 6. AUX ningicnoi vacrunn npu y, =0 (Bepruxanbui Puc. 7. AYX nigsicuoi wactunu npn Y, =90 mm (Beprukanbui
KOJIUBAHHS) KOJINBAHHS)

3 MeTOI0 BHBYCHHS BIUIMBY HECIHIBIAIIHHS IIEHTPY KOPCTKOCTI MPYKHUX OIOp 3 LEHTPOM Baru Oaka
MIPOBEZICHO CUMYJISAILII0 MOJIEIi ¥ BChOMY [Iiama30Hi poOOYMX YacTOT MiJ] 9ac 3MIHH IIEHTPY JKOPCTKOCTI B HAIPSMI
oci OY. Ha puc. 8 i 9 mpencrtaBneHi pe3ylbTaTd CHMYISAMIl cucTeMu Oak-0apabaH TpH pi3HUX 3HAYCHHSIX
BIIXWJICHHSA /. TIOJIOKEHHS IMEHTPY >KOPCTKOCTI TPYXKHUX OIOp IMJABICHOI YAaCTHHM BiJl IEHTPY Baru Oaka.
3aJ1eXXHOCTI OTpUMaHI Ul BUNAKy ), =0, KOIM LIEHTP Mac 3aBaHTa)KeHOro 6apabaHa JISKUTH B IIOIMHI XOZ, ne
po3TamoBaHui meHTp Mac O6aka (prc. 6) i KOJM IEHTP Mac 3aBaHTakeHOro OapabaHa € 3MmimeHnM 1o oci OY Ha
BEIMUMHY Y, (puc. 7). 3pOCTaHHA aMIUITYJId BEPTUKAJIBHMX BiOpalili MOB’A3aHO 3 MOSBOK Yy MaTpHLi
JKOPCTKOCTEH A KpYTHJIBHHX KOPCTKOCTEH a,, , ay BiAHOCHO ocell OX 1 OZ, cTaTHYHUX MOMEHTIB YKOPCTKOCTEH
a,, =ag, 4y, =a, BIJHOCHO KOOPAWHATHOI MJoMMHM XOZ, a TakoX BiALUEHTPOBUX MOMEHTIB KOPCTKOCTEH
A, =ds,, s, = dg BITHOCHO Iap KOOPJAMHATHUX MJIOLIMH.

AHaNOTIYHI JOCTIUKEHHS OO BIUIMBY HECIIBHAAIHHS LEHTPY AeMI(yBaHHS 3 IIEHTPOM Baru 0aky Ta
TOJIOBHHX OCEH IMOCTIMHUX B’SI3KOTO TepTs JeMI(epiB 3 TOJOBHHUMH MEHTPAJbHUMH OCSAMH IHEpIi ITiABiCHOI
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YaCTHHU TTO0Ka3aJd, 110 el BIIJIMB € HE3HAYHUM.
Bnnue nosopomy npysicnux i demngheprux onop na smiyenus NOIONACEHHs Yyenmpy icopcmkocmi. Y pasi
MOBOPOTY IIPYXHOi (memripepHOI) OMOPH HA KYT ¢ BIIHOCHO
wiomuHan XOZ cucteMa OIOp € HEPIBHOXKOPCTKOIO, a MAaTpHIls
XKOPCTKOCTI (nemripyBaHHS) — HE[larOHAJIBLHOIO.
Jns mpyxuHHOI omopu 0aka 3 0CbOBOIO >KOpcTKicTio C,
300pakeHoi  Ha  pHC. 8,  BHUKOHYETHCS  CITIBBIJIHOIICHHS

C= «/Cf +Cy2 +C? . YKopcTKicTh TIPYXUHU B3/I0BK OCEl KOOpIMHAT
BH3HAYAETHCS SIK

C.=Ccos ycosp,

C,=Ccos ysing,
C. =Csinycos@,

ne X — KYT Haxujy MPYXWHH, ¢ — KYT IDOBOPOTY MPYXUHU Puc. 8. [Ipyxunna onopa miaBicHoi YyacTHHA

BimHOCHOIIONMHN XOZ. OTXe, /I MPYKUHU 3 0OCHOBOIO KOPCTKICTIO
C i xyrom Haxuiy y 1ii mpoekuii C i C, OyAyTh MaKCHMalbHHMHU JIMIIE TOAi, KOJNH HPYKUHHU JIEKATHUMYTh y

wiomuHi OXZ, mo Bimnosigae ¢ =0.
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Puc. 11. 3anexHicTb aMIUIITY/ M OB310BKHIX KOJIMBAaHb BijJ Puc. 12. 3ajexHicTh aMILTITY/IM NOB3/10B:KHIX KOJUBaHb Bl

4aCTOTH i KyTa OBOPOTY () NPYKMHM NPH 3MilleHHi V) 4aCTOTH i KyTa OBOPOTY () nemndepa npu smimenni y,

3a ymMOBH MalmMX 3Ha4eHb KyTa ¢ 1 BIICYTHOCTI TOB3[IOBKHBOTO 3MIIIIEHHS IIEHTPA Baru 3aBaHTAXCHOTO
Oapabana ( y, =0) KoJIMBaHHs, 110 BUHUKAIOTh IiJ 4ac oO0epTaHHsA OapabaHa y BCbOMY [Jialla3oHi poOOYUX YacTOT
3MIHIOIOTbCSA He3HayHO. HasBHICTh TOPU3OHTANBHOIO 3MIIIEHHS ), # (0 1 KyTa IOBOPOTY MpPYXUHU ¢ # (0 uepes

JOJJATKOBY 3B’SI3HICTh KOJMBaHb MPU3BOAUTE IO MiJBUINEHHS IX aMIUTITyIi. AHAJOTIYHA KapTHHA CIIOCTEPITa€ThCS
1 Ipy aHami3l BIUIMBY KyTa IOBOPOTY JeMmdepy. 3aJeKHOCTI aMIUTITyd BEPTHKAJIBHHUX KOJIMBAHb BiJl 9acTOTH
obepranHs OapabaHy, ofepskaHi IiJl yac CUMYJISLIi MO/eli Uil KyTiB ITOBOPOTY NMpYHH 1 Aemndepis Big 0 mo 3°
npeacrasieHi Ha puc. 91 10.
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HaiiOunp1n yyTiMBUME 10 3MIiHM KyTiB IIOBOPOTY NPYXHUH 1 AeMIQepiB € MOB3/I0BXKHI KonuBaHHA. Ha puc.
11 i 12 mpexacTaBieHi 3al1eXHOCTI aMILITyAu BiOpamiii mifBicHOI 4acThHH B3#OBX oci OY y niama3oHi pobounx
YacTOT B 3aJIEXKHOCTI BiJl BEIMYNHH KyTa TIOBOPOTY ¢ TPY>KHHHU Ta Aemiidepy mpy 3MilIeHH] eHTpa Baru OapabaHa

3 OiLIM3HOIO HA Y, BJIOBXK OCi OapabaHa.

PesynpraTi TpOBEAEHOTO TEOPETHYHOTO MAOCIHI/DKEHHs OylM 3acTOCOBaHI J0 3a7adi  OLIHIOBAHHS
e(EeKTUBHOCTI PiJMHHOTO aBTOOANAHCYBAJIBHOTO IPHCTPOIO JUISl MPAaBMIIBHO-BIKUMHOI MAaIMHH 3aJ€KHO Bix 1l
quHaMIK. B po6ori [15] noBeneHo, 1110 MOKpamieH s JUHAMIKA POTOPHOI MalllMHK 3HAYHO ITiJIBUINYE €(PEKTUBHICTh
AaBTOMAaTHYHOTO OajlaHCyBaHHS.

BucHoBkn

B pesynbraTi mpoBeAeHUX NOCHIIKEHb OYJIHM OAEp)KaHI TEOPETHYHO 1 MiITBEPIUKEHI EKCIIepUMEHTAIBHO
OCHOBHI BHUMOTH JI0 KOMIIOHYBaHHSI TOPH3OHTJIBHHX POTOPHUX MamMH 0apa0aHHOTO THIy: IIEHTp Mac Oaka
ITOBMHEH JIeXKaTH Ha oci o0epTaHHs OapabaHa; Bich 00epTaHHs OapabaHa MOBHHHA OYyTH T'OJOBHOO ICHTPAIBHOIO
BicCl0 iHepIlii 0aka; IeHTp Mac Oaka IMOBHHEH 30iraTHCs 3 IICHTPOM Mac 3aBaHTAXCHHs OapabaHa; ILEHTP
YKOPCTKOCTI CUCTEMHU TIPYKHUX ONOpP MOBHHEH 30iraTHCs 3 LEHTPOM TSDKKOCTI Oaka, a TOJOBHI OCl )KOPCTKOCTI - 3
TOJIOBHUMH [EHTPAJIBHUMHU OCSIMU iHepIii 0aka; TOJOBHI OCI MOCTIHHMX B'SI3KOrO TEpTs MOBHHHI 30iratucs 3
TOJIOBHUMH [EHTPAIBHIUMU OCSIMHU 1HepIii Oaka.

JloBeneHo, 110 MNpOBEJIEHE YAOCKOHAJEHHS EKCIEpUMEHTaNbHOI YCTAaHOBKM JUIS 3MEHIIEHHA i
BiOpOAKTHBHOCTI MiABUIILY€E e€(EeKTHBHICTh 3aCTOCYBaHHS PIIMHHUX aBToOaiaHcupiB mpsmoi aii. [lokaszaHo, mio
piauHHI ABIT eexTrBHO 3HMKYIOTH BiOpalii pOTOPHUX MAIllMH HE TiNBKW B 3aPE30HAHCHIN 30HI 00epTaHHs, aje i
I TIEPEeXO0/i Yepe3 pe30oHaHC.
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AHAJITUYHE JOCJILIKEHHS MOTYKHOCTI, SIKA CIIOKUBAETHCS HA
BEJITYYOMY BAJIY TAJTYBAJIBHOI MAIIIMHU 31 CKJIAJJTHUM PYXOM
POBOYO0OI EMKOCTI

Po6oma npucesveHa aHaaimu4HoMy 00CAI0NHCEHHIO eHep2emuYHUX napamempie MaWUHU 3i CKAAQOHUM pPYXOM
pobouoi emkocmi. 30kpema, 6yaAuU BUKOHAHI aHAAIMUYHI docaidHceHHs1 OUHAMIYHO20 MOMEHMY ONopy, Wo ymeopremucs 8id
npocmopogoz2o nepemiujeHHs1 pyXoMux AAHOK MAWUHU. BcmaHoeeHo, wjo npu po6omi MawuHu 3i CKAGOHUM pyXoM pobouoi
EMKOCMI MOMEHM 0Nnopy Ha 8edyyomy 8aJ1y 3MIHI8AMUMeMbCsl deKiibKa pasie 3a 0duH tio2o obepm i Moxce mamu 8i0'emMHi
3HavenHs. Take ss8uUje 3yMo8/1eHe NPOCMOPOBUM PYXOM EMKOCMI MA PI3KOI0 3MIHOK NOI0MCEHHS PpO6O1020 CUNKO20 MACUBY
gidHOCHO ii cmiHok. Y pesysbmami aHaaimuyHux 0ocnidxiceHb OMpUMAHO PIGHSIHHA 04151 BU3HAYEHHST MAKCUMA/AbHO20
3HAYeHHS1 OUHAMIYHO20 MOMEHMy O0nopy, CMBOPeH020 NpPOCMOPOSUM NEPeMIiWEeHHSIM PYXOMUX JAAHOK MAWUHU.
BcmatosseHo, ujo nosHull MakcuMaabHUili MOMeHmM onopy Ha eedy4omy 8a/ay MAWUHU 8USHAYAEMbCS AK 6eKMOPHA CyMa
MAKCUMA/IbHUX MOMeHMIB Ycix cus, wjo diromb Ha 3asaHmaxceHutl cunkuil macue do eMKocmi ma Ha pyxXomi NaHKU MAWuHU,
SKI BUKOHYOMb npocmoposull pyx 8i0HOCHO 8i0n08idH020 yeHmpy pisHosa2u MAwWuHU. AHAAIMUYHO OMPUMAHO 3a2aAbHUL
8upas 011 8U3HAYEHHA MAKCUMAAbHOI NOMYHHOCMI, WO CNOHCUBAEMBCA MAWUHOKW 3i CKAAOHUM DYXOM po6ovoi emKocmi
Ha ii eedyvomy easy. OmpumaHi pesyabmamu 00CAI0KHCEHb MOXCYMb 6ymu 8UKOPUCMAHI KOHCMPYKMOPCbKUMU 610po
8i0nogidHux mawuHo6ydisHuUx nionpuemcme Ha cmadii npoekmyeaHHs 2a1My8a bHUX Munie 06/1a0HaAHHS.

Kawouoei cio8a: po6oya emkicmv, nomydicHicms, MOMEHM 0Nopy, CUnkuii Macus.
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ANALYTICAL INVESTIGATION OF POWER CONSUMED ON THE DRIVE SHAFT OF A REPLACING
MACHINE WITH COMPLEX MOVEMENT OF WORK CAPACITY

The work is devoted to the analytical study of the energy parameters of a machine with a complex movement of the working
capacity. In particular, analytical studies of the dynamic moment of resistance formed by the spatial movement of the moving parts of the
machine were performed. It is established that when operating a machine with a complex movement of the working capacity, the moment of
resistance on the drive shaft will change several times during one revolution and may have negative values. This phenomenon is due to the
spatial movement of the tank and a sharp change in the position of the working environment relative to its walls. As a result of analytical
research, an equation is obtained to determine the maximum value of the dynamic moment of resistance created by the spatial movement of
the moving parts of the machine. It is established that the total maximum moment of resistance on the driving shaft of the machine is defined
as the vector sum of the maximum moments of all forces acting on the loaded working medium to the tank and on the moving parts of the
machine. Analytically, a general expression is obtained to determine the maximum power consumed by a machine with a complex movement
of the working capacity on its drive shaft. The obtained research results can be used by design bureaus of relevant machine-building
enterprises at the stage of designing rolling types of equipment.

Keywords: working capacity, power, moment of resistance, bulk array.

IlocranoBka 3agaui. Ha cporomHimmHiii neHs ranTyBajbHI MAIIMHA 3HAWIIIM CBOE 3aCTOCYBaHHS
MPAKTAYHO B YCIX Tamy3sX MPOMHUCIOBOCTI. Takum crmocoOoMm 0OpOOISAIOTE AeTalli, BHKOPHCTaHHS SKHX HE
moTpedye JOTpUMaHHS iX po3MipiB 3a KBaJiTeTaMH BHCOKOI TOYHOCTI, a SIKICTh iX 0OpOOKHM MOXXHAa BU3HAYWTH Ha
OCHOBI OpPraHOJENTHYHOTO MeToAy. Hampukman, y Jerkii TpPOMHCIOBOCTI TaK OOpPOOIISIIOTHCS OUTBIICTB
GbypHITYpHUX Aetaneit micist autTs [1] Ta Ti, M0 mpOUIUTH MeXaHidHY 00pOoOKyY [2]: muTihyrOTECS Ta MONIPYIOTHCS
TIOBEpXHIi T'yM3uKiB [3], BIAOUIAIOTECS BiJ JMBHUKIB MeTaneBi netani 3amka "OmickaBka' [4], BILIUIAIOTBCS Bix
JUBHUKIB Ta O0JIOO IMOTIMEpPHI JIeTalli B3YTTA, a came TigOopH, HaOliKu, 3aJHIKH TiI0mBH. TakuM caMo criocoOoM
MiIA0TECS 0OpoOIi pi3HOMAHITHI JAeTali, sKi BHKOPHCTOBYIOTBCA Yy PI3HHX Tally3siX MAaImMHOOYIyBaHHS Ta
npunanodyayBanHd. Hampukmaz, oYMImaroThCs BiA MPOAYKTIB KOpO3il pi3HI METaleBi AeTali TOmo. AHaIOTidHI
TUNM KOHCTPYKLIHA OOJMafHaHHSA 3 PYXOMHMH €MKOCTSMH 3 PI3HHM XapaKTepoM pyXy 3aCTOCOBYIOTBbCS 1 IS
3MILTyBaHHS JpiOHOANCIIEPCHUX CHITKUX PEYOBHH [5].

JJist TaknX TEXHOJIOTIYHHMX OMepaliii BHKOPHUCTOBYIOTHCS Pi3HI THMHM TalTyBaJbHOTO oOnamHaHHS [6]. Sk
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3a3HAvaNOoCs, ACSKI THIN oONasHaHHs [7] € 3acTapianMu Ta Masoe()eKTUBHUMH, iHII [8] — BHKOPHCTOBYIOTHCS JUIS
«BY3BKOTO» CHEKTPY TEXHOJIOTIYHHX oOmepamiii. ¥ CBOIO 4Yepry, OZHHUM 3 HaHOUIBII IEPCIEKTUBHHUX THUIIIB
00JaTHAHHS BBAXKAIOTHCS MAIIIMHH 31 CKJIaTHAM MIPOCTOPOBHM PYXOM poboumx emkoctei [9, 10].

Jnst Oyap-SKOTO THIY TalTyBalIbHOTO OOJaJHAHHS AaKTyaJbHUM € JIOCHIJDKEHHS IIOTY)KHOCTI, SIKa
CIOXKMBAETHCSI TIPH BUKOHAHHI BIiIMOBITHUX TEXHOJOTIYHMX omepaiiii. 30Kpema, SIKIIO MpH pOOOTI 3BHYANHHX
OapabaHHMX 3MiIyBadiB, 32 paXyHOK ITPOCTOro o0epTaHHs OapabaHy, BUHHKAE CTAIMH MOMEHT OTIOpY Ha BEyIOMY
Baiy [l1], xkoTpuii He 3MIHIOETBCSI 32 OAWMH TOBHHMH 00epT OapabaHy 1 BH3HA4Ya€THCS HAa OCHOBI BiJHOCHO
TpUBiaTBHUX (OPMYJI, TO IIPH POOOTI MAIIMHU 31 CKIAJJHUM PYXOM poO0Y0i EMKOCTI MOMEHT OIOpPY BEIYUYOTO Bajly
3MIHIOBaTUMETHCS JIEKiJIbKa pa3iB 3a OJIMH HOTO TOBHHUN 00EPT, IPH YOMY, HaBITh JIOCATATHME BiJ€MHHX 3HAYCHb.
AHaJIOTIYHHH XapakTep 3MiHHU Oy/ie MaTH i TIOTY)KHICTb, SIKa CIIO’KUBA€EThCS HAa BETy4OMYy Bally Takol MammHu. Came
TOMY METOJMKA BU3HAYCHHS IMOTYXHOCTI, 10 CIIOKUBAEThCS MIPHU POOOTI 00epToBUX OapabaHiB [12] He mpumaTHA
JUISl BAKOPHCTAaHHS TPH BH3HAYEHHI IOTY)KHOCTI, IO CIIOXXHMBAETHCS HA BEAY4YOMY Bally MAIMHU 31 CKJIAJHUM
IIPOCTOPOBUM PYXOM p0o0OOYOT EMKOCTI.

TakuM YUHOM, TIPOBEICHHS aHATITHYHUX JIOCHIJDKEHb TIOTYKHOCTI, IO CITOXXHBAETHCS Ha BEIYIOMY Bally
MAaIlMHY 31 CKJIaHUM HPOCTOPOBHM PYXOM PO0OYOi EMKOCTI € aKTyaJbHOIO 3a/1aue0 JUIS MOAAJbIIOT0 PO3BUTKY
MIPOMHCIIOBOCTI YKpATHU B II1JIOMY.

AHasi3 nociimkeHb Ta myOmikamid. Y poGotax [11, 12] mpeacraBneHi Bupasw Ui BU3HAYCHHS
MOTYKHOCTI, IO CIOXKUBAETHCA TIPU poOOTI 00epToBUX OapabaHiB. Takok BiJOMI JOCIHIIPKCHHS CHEPreTHUHHX
rapameTpiB rajTyBaJlbHUX MalIMH 31 CKJIAJAHUM IMPOCTOPOBUM PyXOM poOounx emkocTeid. 3okpema, y poboti [13]
BHUKOHaHI JIOCII/PKEHHS! CTATHYHOTO MOMEHTY OIOpY BEAyHOro Bajly TalTyBaIbHOI MalllMHHU, Y poOoTi [14] Takox
JIOCITIJPKYBABCsl CTATHYHUIT MOMEHT OIOpY Ha BeIy4OMY Bally, OHAK, SIKH CTBOPIOBABCS MacOl0 CUITKOTO MacHuBY,
SIKM{ 3aBaHTaXKEHUH 10 pobouoi eMkocti. Y cTatti [15] HaBeaeHi pe3ynbTaTd JOCHiPKEHb JUHAMIYHOIO MOMEHTY
OIOpy Ha BEy4OMY Bally, YTBOPEHOT'O MEPEMILIEHHSIM CHITKOTO MaCUBY Y EMKOCTI.

Bupginennsi HeBuUpilleHUX dYacTHH. TakuM YMHOM, IIOCTa€ AKTYaIbHOIO 33j7a4ya LIO0 OTPHUMaHHS
y3arajlbHeHOi METOJMKH BH3HAYECHHS €HEPreTHYHUX IapaMeTpiB rajTyBaJbHUX MAllMH, y SKUX poOoYa €MKICTh
BUKOHY€E CKJIAJHHMH TPOCTOPOBUI pyX, OTPHUMaHHS 3arajbHOTO pIBHSIHHS, BUKOPHUCTOBYIOUM SIKE, MOXKHA
pO3paxyBaTH NOTYXHICTb, SKa CHOXXKUBAETHCS Ha BELydOMY BaJly TaKMX THUIIIB MAalIMH B 3aJIeXHOCTI BiA 3MiHH
pizHHX (QakTopiB BILIMBY. Bce e morpeOye MpOBENCHHS MOAAIBIIMX AHATITHYHHX Ta EKCIEPUMEHTAIbHUX
JIOCJTI/PKEHb €HEPIeTHUHHX MapaMeTpPiB BUILEOMUCAHNUX TaJTyBaJbHUX MalINHH.

®opmyaoBanHs miteil. Meroro aHOl poOOTM € aHANITHYHE JIOCTIDKEHHS IIOTYXKHOCTI, sKa
CIO’KMBAETHCS HA BEy4OMY Bally TalTyBaJbHOI MAIIMHY 31 CKJIaJHUM PyXOM poO04O0i EMKOCTI.

BukJjax 0cHOBHOr0 MaTepiany

JocnimKeHHsT TaHUX EHEPreTHMYHUX IapaMeTpiB BHUKOHYBAJIOCS aHANITHYHO 13 3actocyBaHHsM CAITP
SolidWorks. Mogaens mociipkyBaHoi KOHCTpyKIii Mainau, 1o 3mozensoBaHa y CAITP SolidWorks, a Takox
KiHeMaTu4Ha ii cxema rpejcrasiieHi Ha puc. 1 (a) Ta puc. 2 (0) BIAMOBITHO.

Puc. 1. KoncTpykuisi MammHu 3i CKJIaJiHUM NPOCTOPOBHM PYyXOM pPo6040i EMKOCTI:
a — MojeJIb MaIllMHHU, 0 — KiHeMaTHYHA cXeMa

MamvHa MiCTHTE CTaHUHY |, Bemyumii 2 Ta BeJeHHI 6 Bali, SIKi BCTAHOBJICH] Y CTaHWHI | mapaiiepHO B
OJIHIH TUTONIMHI Ta 3'€qHaHI MK COOOI0 TOJBIHHIM MPOCTOPOBUM MIAPHIPOM, IO BUKOHAHWN y BUTJISAI BEIy4OrO
martyHa 3, BEZICHOTO MAaTyHa 5 Ta po60d0i eMKocTi 4 (IpOMIKHOTO MIATYHA), 3aKPITICHOT MiXK BEIy4HM Ta BEJICHUM
maTyHaMy Ha JiaMeTpalibHO B3a€EMHO MEPHCHINKYISIPHAX TEOMETPUIHUX OcsX 7 Ta 8 BimmoBigHO. Pyxomi maHku
MalliHA YTBOPIOIOTH COOOK0 MPOCTOPOBHH MISCTHJIAHKOBHHM MeXaHi3M [16] 3 oOepTambHUMH KiHEMAaTHYHUMHU
napamu.

[lix yac BUBEIEHHS PiBHAHHSA, 10 XapaKTEPU3ye 3aralbHUH MOMEHT OIOpY Ha BEIy4OoMY Baly MalldHH,
OKpiM CHJI IHEpIii, IO IiIOTh Ha CHUIKWA MAaCHB, HEOOXIJHO TAaKOX BpaxyBaTH CHWIIM iHEpIlii, CTBOpEHi
TIEPEMIIEHHSIM PYXOMHUX JIAHOK MalIMHHU. TaknM 9iMHOM, HEOOXIZHO 3anmMcaTH OKpeMe PiBHSHHS JUIS BU3HAYECHHS
MOMEHTY OIIOpy CTBOPEHOTO NMMH CHJIAMH BIJTHOCHO BIiJIOBIHOTO LEHTPY pIBHOBAarM MAaIlMHHU, Micle
pO3TalIyBaHHS SKAX BH3HA4eHO y pobOotax [13, 14]. AHanoriyHo a0 momepeaHix YacTUH Oylo MPUIHATO, IO
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BEKTOpH CHJI iHepIii Oy yTh OpaTu CBiif moyaTok y Toukax E ta F (puc. 2 (a) ta puc. 2 (0)).

Puc. 2. PospaxyHkoBa cxeMa B IPOEKIii HA BEPTHKAJILHY IUIOIIHHY

BcTaHOBUTH MONOXKEHHS POOOYOi EMKOCTI, MPHU SIKOMY OyJe BUHUKATH MaKCUMAlbHE 3HAYCHHS MOMEHTY
OMopy Ha BEIy4YOMY Bally, CTBOPEHOTO CHJAMH IHEpIil PYXOMHX JAHOK, HaJ3BHYAHHO CKJIAJHO, OCKUIBKH st
KOYKHOTO KyTa MOBOPOTY BEyYOro Bayly HAMpPSM BEKTOPIB CHJI iHEPIIii Ta JOBKHUHY TUIeUel OyIyTh PI3HUMH, OKPIM
TOTO0, 31 30UIBIIEHHAM KyTOBOI IIBHIKOCTI BEIy4Oro Baly 3MiHIOBATUMETbCS 3HAYEHHS KyTa HOTO NOBOPOTY, SKE
BIZIMOBIZIATUME BUHUKHEHHIO MAaKCHMAaJbHOTO MOMEHTY ONOPY B 3B'A3Ky 3 THM, IO HEpPIBHOMIpHE NepeMilleHHs
TOYKM E BUKJIMKae TaHICHIaJbHY CKJIQJOBY IPHCKOPEHHS, fKa BIUIMBaTMME Ha 3MiHY HAIpPSMKY IIOBHOTI'O
IIPUCKOPEHHS TOUKH E.

[puiimatoun 110 yBaru pe3yiabTaTh JOCHIKEHb, sIKi omyOnikoBaHi y mpausx [13—15], makcumanbHi
3HAUCHHS CTATUYHUX MOMEHTIB OIOpPY BeIydoro Baly (TpU 3aBaHTaXEHHI €MKOCTI CHIIKUM MacHBOM Ta 0e3
3aBaHTAXKEHHA) Ta MaKCUMaJbHE 3HAYEHHS IMHAMIYHOTO MOMEHTY ONOpY IPH 3aBaHTAKEHHI €MKOCTI CHIIKUM
MacHBOM YTBOPIOIOTHCS TIPH KyTax TOBOPOTY Beaydoro Baiy B 54° Ta 126°. Takum 4nHOM, 3HAUEHHS JUHAMIYHOTO
MOMEHTY OIIOpY Ha BEIy4OMY Bally, CTBOPEHOI'O CHJIAMH 1HEpLil PyXOMHX JaHOK, TaKOX OyIeMO pO3paxoByBaTH
VIS X caMO KyTiB IOBOPOTY BEIy4Oro Baly MallWHH.

BuBenemo piBHSHHS Ui PO3paxyHKy AMHAMIYHOTO MOMEHTY OIOpY Ha BeAy4OMy Baily MallWHH,
CTBOPEHOT'0 CUJIAMH IHEpIIii, BiJl IEpeMillIEeHHS PyXOMHX JIAHOK BiJIHOCHO BiJITOBIIHOTO LIEHTPY PIBHOBAaru MallnHH,
sIKe € BEKTOPHOIO CYMOIO MOMEHTIB CHJI iHepLii ToYoK F' Ta £ BIIHOCHO I[bOTO K LIEHTPY piBHOBaru MammHu. [1pu
LOMY, aHAJIOTI4HO 10 [ 14] kepyBaTHMEMOCsI PO3IMOALIIOM CyMapHOi MacH PYXOMHUX JIAHOK MK JIBOMa ToYKaMu £ Ta
F:

_ -
M on.rin = ZMFiftQ). (1)

—— —F —E

M o1 mie =M Fin. + M Fin. ()

PiBHsIHHS U BH3HA4Y€HHsI MOMEHTY CHIIM iHepuii mpukianeHol B Touli F orpumano y pobGori [14].
3anumiiemMo Horo, ane Ie i 3 ypaxyBaHHSIM MacH PyXOMHX JIAHOK:

M o = 0.42my (0" V12, 3)

ne my — CyMapHa Maca CHIIKOTO MAacHBy Ta IiBMAacH JIaHOK, KOTPi BUKOHYIOTh IIPOCTOPOBHM pyX, w®" —
KyTOBa IIBHUKICTH BEAY4OT0 Bally, /oo — BIACTaHb MXK OCSIMH BEITy4Or'0 Ta BEJEHOT'O BaJIiB MaLlNHH.

VY cBoW dYepry, 3amuiieMo BHpa3 Ui BU3HAYCHHS CYMapHOI MacH CHUIIKOTO MAacHBY Ta IMIBMACH JIAHOK,
KOTpP1 BUKOHYIOTH IIPOCTOPOBUI pyX:

my =mg +m,. )
My =my. )
e m¢ — CyMapHa Maca CHUITIKOTO MacCHBY, 3aBaHTaXKEHOT'O J0 pOO0UOl EMKOCTI, M (Mg) — MOJOBUHA CyMapHOT

MAacH JJAaHOK MAINHH, SIKi BHKOHYIOTh IPOCTOPOBHUIL PyX.
3anuiemMo piBHAHHS U1 BU3HAYCHHS MOMEHTY CHJIM 1HEpIil MpHUKiIaaeHoi B Touri £:

M i = Finl
Fin — mbp - (6)
—E . N . . .. .
e F'iu. —MOIynb CUIHM iHEpUii, MpUKIaAeHUH y Toull E, /r;, — Iede cuian iHepii NpUKIaaeHoi B Toumi F.
—E
Moayiib cumn inepuii B Tourti /¥ in. MOXHA BH3HAYMTH sK:

Fi.=mgac. @)
ze ar —TIOBHE IPUCKOPEHHS TOUKH E.
Momyb TOBHOTO NMPHUCKOPEHHS dr € BEKTOPHOIO CYMOIO HOPMAJIBHOTO Ta TaHTEHIIATBHOTO MPHCKOPEHb,
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OJIHAaK, OCKUIBKM MHTTEBA TaHTEHI[IaJbHA CKJIQJ0BA IPHUCKOPEHHS TOUKM E TpH TaKOMy ITOJIOKEHHI Oyne 3Ha4yHO
MEHIIOI0 32 HOPMaJIbHY CKJIJIOBY, KpiM TOTO 1i BU3HAUEHHS BUKJIMKA€E 3HAYHI TPYIHOIIl, TO YMOBHO BBa)<aJH, II0

Ha Touky E Oyze aisTv miie HopMajibHa CKJIa[0Ba IPUCKOPEHHS, a oTxke Bupas (7)(3.79) MmaTiuMe BUTIISA:
_E —_—

Fiu. =MmMganE. (8)
ne ape — HOpMasbHa CKJIa0Ba IPUCKOPEHHS TOUKH E.
VY cBOMO 4epry, HOpMaJIbHY CKJIaJ0OBY IPUCKOPEHHS TOUYKH £ MOXHA BU3HAUUTH 32 BUPA30M:
v
_ 6e0eH
a, —(a) ) Loo- 9)
ne ®°¢%°" — XyTOBa IBUJIKICTH BEJIEHOTO BaTy MAIHHH.

VY poOori [13] BCTaHOBIEHO, IO MUTTEBE 3HAYCHHS KYTOBOI IIBHUAKOCTI BEJICHOTO Bally, IO Bi/IMOBIIAE
KyTy IOBOPOTY Beay4oro Baiy B 54° (126°) piBHe 3Hau€HHIO TOCTIHHOT KYyTOBOI IIBUAKOCTI BEIYYOT0 Bajly, TOMY:

6e0eH __.6eoyu
Oiyegy =@ (10)
3 paxyBanHsaM piBHOcTi (10) Bupa3 (9) matime BUTIISA:
6eoyu
a, :(a) i’ )ZZQO. (11)
PiBusinns (8) 3 ypaxyBanHsaM Bupaszy (11) maTume BuTmsi:
—E 6e0yu
Fm.sz(a) Y )ZZQO. (12)

BusHauumo miede cuim iHepiii Touku E. YMoOBHO Oyio mpuiiHsATO, mo Touka E Oyme pyxatucs
piBHOMIpHO (6€3 TaHTeHLIaNbHOI CKJIaJ0BOi MpHCKOopeHHs). OTke, NOBXUHA IJIeya CHUJIM 1HEpUil MPUKIaIeHOl B
toutli £ Oyne gakTtiuHO piBHOIO BijicTaHi [yg (puc. 2 (0)). 3 podotu [15] BioMo, 10 3HAYECHHS COSY MIPU TAKOMY
NOJIOKEHHI PyXOMHUX JIAHOK MalllMHKA Maike piBHE OJIMHHUIII, B CBOIO YEpTy:

Iy, = ZUQ’ =lo- (13)

BpaxoBytoun Te, mo Tpaekropii obepTaHHs Touok £ Ta F jotukarotrhes y toumi (puc. 2 (0)), korpa
CHiBIagae 3 CepeAMHOIO BIICTaH1 MiXK OCSIMHU BEJly4OT0 Ta BEJJCHOTO BaJliB MAIIMHU /oo, TO JJIsl BU3HAUCHHS BIICTaHI
lo'k cipaBeITMBUM OyJie BUpa3:

3 2 1
lok =lox =loo :ZIQO_EIQO :EZQO' (14)
PiBusinns (13) 3 ypaxyBannsm Bupasy (14) Oyae Matu BUTIISL:
1
=—1,0- 15
fu1p 70 (1
[MincraBumo Bupaszu (12) Ta (15) y piBusinus (6):
—E
M iy = 0,08m, (0" f loo- (16)
Hami, mincraBumo Bupasu (3) ta (16) y piBHsHHS (2):
Mo = (@ | -12,(0,42my, +0,08m,.). (17)

VY pe3ynbTaTi OTPUMAHO 3arajbHE PIBHAHHS Ui BH3HAYCHHS MAaKCHMAJIBHOTO JUHAMIYHOTO MOMEHTY
OIIOpY Ha BeAy4OMY Baly MalliHHM 3 YpaxyBaHHSIM MAacH JIAHOK, SIKi BUKOHYIOTb IPOCTOPOBHH PyX Ta MAacH CHIIKOT'O
MAaCHBY, 3aBaHTXXEHOTO JI0 00040l EMKOCTI.

3 poGoru [14] BimoMO, 10 MaKCUMaJIbHUII MOMEHT OMOPY Ha BEAy4OMY Bajly MAIMHH BU3HAYAETHCS SK
BEKTOpHA CyMa MaKCHMaJIbHUX MOMEHTIB yCiX CHJI, IO iFOTh Ha 3aBAHTAXXCHUI CUITKHHA MacHB 0 pOO0Y0i EMKOCTI
Ta HA PyXOMi JIAHKM MAIIMHHU, SKi BHKOHYIOTh IIPOCTOPOBHH PyX BiIHOCHO BIiJIIOBIZHOTO IIGHTPY pPiBHOBArd
MAaIlMHH IPH BCTaHOBJIEHOMY iX IOJIOXKEHHI:

— MAX —00)
Mon =) Mr . (18)
abo
—MAX  — — —
Mon =M on+ M on.cm +M on Fin. (19)

[MincraBumo y piBHsHHES (19) BHpa3 s po3paxyHKY CTATHYHOI CKJIAZIOBOI MOMEHTY OIOPY CTBOPEHOTO
Macor PYXOMHX JIaHOK, KU OoTpuMaHuil y po6oTi [13], Bupa3 ans po3paxyHKY CTATUYHOI CKIIAJ0BOi MOMEHTY
OTIOPY CTBOPEHOTO MACOI0 CHITKOTO MAaCHBY 3aBaHTa)KEHOTO JI0 po00Y0i €MKOCTI, IKHi OTpIMaHui y pobori [14], a
TakoX piBHAHHA (17) Ta OTpUMaEeMo BUpa3 Ul BU3HAUCHHS MOIYJISl MAKCHMAJIBFHOTO MOMEHTY OIOpY Ha BELy4OMY
BaJly MAIIHH 31 CKJIaTHIM ITPOCTOPOBUM PYXOM poOOU0i EMKOCTI:

5, MAX 8eoyu 2
Mon' =033m,gly, +0 yomegly + (@ F 125(0,42my +0,08m,).  (20)
[icns apudmeTnaHIX IEpeTBOPEHD PiBHAHHSA (20) MATHIME BUTIIS:
Mon =1y (O,33mF g+ 0 yumeg + (@0 J1,,(0,42m, +0,08m, )) 1)

Takox Bimomo [12], mo MakcHManbHy MOTYKHICTh, IIIO CHOXHWBAETHCS MAIIMHOIO HA ii BeIydOMYy Baiy
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P)r4x, MOKHA BU3HAYATH HA OCHOBI MAKCHMAJIBHOTO MOMEHTY OITOPY:
_ MAX __eedyu
Py =Mop 0™, (22)
e M }4¥ — MaKCHMaJIbHO MOXJIABHI MOMEHT OIIOpY, SIKUM BHHHKAE Ha BeIydOMYy Bally MAIIUHK; " —

KyTOBa IIBHUJIKICTH BEy4OrO BATy MAIIAHH.
3anmmemMo BHUpa3 IS BU3HAYCHHS MAaKCHMATbHOI MOTYKHOCTi, 1[0 CHOXXHBA€EThCS HAa BEAYUOMY Bally
MAIIWHY 31 CKJIAJJTHIM PYXOM POO0Y0I EMKOCTI, IiICTABUBINY PiBHAHHA (21) v (22):

Py =150(0.33m,. + 0o meg + (@0 f 1,0(0,42my, +0,08m,, ) ko>, 23)

ne lpo — BiJICTaHb MIX OCSIMH BEIy4OTO Ta BEJICHOTO BaJliB, [M]; my (mg) — MOJOBUHA CyMapHOi MacH JIAHOK
MallNHY, Ki BUKOHYIOTh IPOCTOPOBUH PyX, [KT]; g — MPUCKOPEHHS BUIBLHOTO MaiHHs, [M/c2]; Oxy, — KoedilienT,
0 XapakTepu3ye rabapuTHI MapaMeTpy MalllHU; #ic — Maca CUIIKOTO MacHBY 3aBaHTaXKEHOTO 10 pOOOYO0i EMKOCTI,
[kr]; @*®* — KyToBa WBUAKICTH BEILYYOTo Baly MalIMHH, [paj/cl; my — Maca CHIIKOrO MacHBY 3aBaHTAKEHOTO JI0
Ppo00YO0T EMKOCTI Ta OJOBHHA CyMapHOi MacH JIAHOK MallIMHH, SKi BAKOHYIOTh IIPOCTOPOBHUH PYyX, [Kr];

Ha ocHoBi Bu3Ha4eHOI 3a piBHSAHHAM (23) MakCHMaJIbHOT MOTYXHOCTI, IO CIIOKHMBA€ETHCS HA BEIYYOMY
BaJy MAIMHW, BUHHMKA€ MOXIIMBICTh MiAiOpaTH eJEeKTPOJBUTYH 3 HEOOXIJHMM CTaHJAPTHUM 3HAYCHHSIM
MOTY>KHOCTI Ta CIPOEKTYBAaTH BiIIOBIIHUIA MTPUBOJI, MICIS YOO MOXKHA C(pOpMyITIOBATH TEXHIYHY XapaKTEPUCTHUKY
MAalllMHY i3 3a3HaYEHOI0 KYTOBOIO MIBHJIKICTIO OOCpPTAHHS BEJYy4YOTO BaJy Ta MAaKCUMAaJbHO JI03BOJICHOIO Macolo
CHUIIKOTO MacuBY, SIKa 3aBaHTAXKy€ThCS 0 POOOYOT EMKOCTI.

BucHoBkn

1. BukoHaHi aHANITHYHI JOCII/PKEHHS MOTYXXHOCTI, SIKa CIIOXKHMBAETHCS Ha BEJy4YOMY Bajly TrajTyBalbHOI
MAIIIMHH 31 CKJIATHAM IPOCTOPOBUM PYXOM PoOOUOi EMKOCTI.

2. OTpuMaHO pIiBHSHHS Uil BU3HAYEHHS MAaKCUMAallbHOTO 3HAUYEHHS JUHAMIYHOTO MOMEHTY OIopy,
CTBOPEHOTO IIPOCTOPOBHUM TIEPEMIIIEHHSIM pPYyXOMHX JIAHOK MAIIMHU, a TaKOX BCTAaHOBIEHO, IO TOBHUMN
MaKCHMaJIbHUH MOMEHT OIOpy Ha BEAy4OMYy Bajly MAlllMHM BH3HAYA€ThCS SIK BEKTOPHA CyMa MaKCHMAJbHHX
MOMEHTIB YCiX CHJI, LIO JIIOTh Ha 3aBaHTAXXCHUI CHIIKWII MacHB 0 €MKOCTI Ta Ha PyXOMi JIAHKH MAIlMHH, SKi
BUKOHYIOTB ITIPOCTOPOBHIA PyX BIIHOCHO BiJIOBIAHOTO IIEHTPY PiBHOBArd MallliHU.

3. OTpuMaHO 3arajbHU BUPa3 JUIs BA3HAUCHHS MaKCUMAIIBHOI MOTY>KHOCTI, 10 CIIO)KHUBAETHCSI MAILIMHOIO
31 CKJIaJHUM IIPOCTOPOBHM PYXOM po0OUOi €MKOCTI Ha ii BeayuoMy Baiy.
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I[OC.JIIIDKEHHH“TOHOJIOFIT EJJEKTPOMATI'HITHOI'O I1OJIA
CIHIPAJIEIOAIBHOI KOTYHIKU AKP-AETEKTOPA BUBYXOBHUX TA
HAPKOTHYHUX PEYHOBUH

IlepcnekmugHum MmemodoM 0415 8USI6/1eHHSI NepesasicHoi 6iabwocmi 8U6yXo8ux ma HAPKOMUYHUX PEYOBUH, SIKI y
c80eMy ckaadi micmams amomu azomy (14N) a6o xaopy (35Cl, 37Cl), € Memod s0epH020 K8AOPYNOabHO20 PE30HAHCY. B
pobomi HaeedeHo pe3zyabmamu docaidxiceHb monoJio2ii HanpyjiceHocmi esneKkmpoMazHimHo20 nhoasi chipasnenodi6Hoi
KOMYWKU, Npu3Ha4eHoi 01 8UKOPUCMAHHA y sikocmi nepedasa/bHO-nputiMaabHoi aHmeHu nopmamusHo20 demekmopa
BUOYXOHEb6Ee3NeYHUX npedmemis ma HaApPKOMUYHUX pPe408UH, hpuHYyun Oii K020 TPYHMyemMbvbCcs Ha peecmpayii cuzHasie
i3omony 14N memodom s10epH020 K8adPyNno/1bHO20 PEe30HAHCY. 3 Memor 8U3HAYEHHS MONo/102ii e1eKmpoMasHimHO20 nos
CMBOpPEHO po3paxyHKogy 06.1acms, Wo A845€MbCsi Modeanio izuuHoi koHcmpykyii cnipasenodiéHoi komywku. Memodom
KiHYyesux esieMeHmie nposedeHo yuc108e ModeawsaHHs y cepedosuwi COMSOL Multiphysics. ModeatogaHHs npo8odu1och
Ha yacmomi 3,4 MI'y, wjo Habuxcaemvcsi 00 3HA4EHHS YaCmMomu 8us8/1eHHs CU2Ha.1y cnady einvHoi iHdykyii eid Himpumy
Hampito 3,41 MI'y. Hailikpawi pesyabmamu nokas3ana mModenb KOMYWKU 3 n'simbMa eumkamu, 6HympiwHiM padiycom
25 mm, 306HiwHIM padiycom 225 mm.

Knarouosi cnosa: sdepHuli keadpynoabHUll pe3oHaHc, chipasienodibHa Komywka, mono/ao2is eAeKkmpomazHimHoz20
no/si, Mo0ea8aHHSI.

OLEKSANDR V. MOISIUK, ANDRII. P. SAMILA
Yuriy Fedkovych Chernivtsi National University

INVESTIGATION ABOUT ELECTROMAGNETIC FIELD TOPOLOGY OF THE SPIRAL COIL FOR NQR
DETECTOR OF EXPLOSIVE AND NARCOTIC SUBSTANCES

Given the increased likelihood of dangerous situations in Ukraine and abroad related to the intensification and scale of terrorist
acts, it is important not only to quickly locate and eliminate the terrible consequences, but also to prevent, including prevent destabilizing
factors. That is why remote detection of explosives and drugs is relevant and promising in the direction of strengthening the fight against
terrorism and increasing national security.

A promising method for detecting the vast majority of explosives and narcotics that contain nitrogen (14N) or chlorine atoms (35Cl,
37Cl) is the nuclear quadrupole resonance method. In the presence of a gradient of high-frequency field strength inside the sample in the
process of forming the response signal is "blurring” the vector of the total spin magnetization, which leads to the expansion of the resonant
signal and reduce its amplitude. Increasing the homogeneity of the high-frequency field is especially important for the detection of weak
signals observed in the study of substances with a low natural prevalence of magnetoactive nuclei.

The paper presents the results of research on the topology of the electromagnetic field strength of a helical coil designed for use as
a transmitting and receiving antenna of a portable detector of explosives and drugs, the principle of which is based on the registration of
14N isotope signals by nuclear quadrupole resonance. To determine the topology of the electromagnetic field, a computational domain was
created, which is a model of the physical structure of the spiral coil. The finite element method performed numerical simulations in COMSOL
Multiphysics. The simulation was performed at a frequency of 3.4 MHz, which is close to the value of the detection frequency of the
attenuation signal of free induction from sodium nitrite 3.41 MHz. The best results were shown by the model of the coil with five turns,
internal radius of 25 mm, external radius of 225 mm. The obtained magnetic field diagrams indicate better resistance to radio frequency
interference when working in a real experiment. Based on the data obtained during the simulation, a multilayer (Multislice) model of the
electric field and the isosurface of the electromagnetic field of the studied model were created, which demonstrate the dyn amics and density
of the electromagnetic field around the coil. From the obtained graphical dependences it is possible to draw a conclusion about the
normalized attenuation of the intensity of electric field radiation from the geometric center of the coil, which, in turn, makes it clear exactly
how to place the sample.

Keywords: nuclear quadrupole resonance, spiral coil, topology of the spiral coil, simulation.

TTocTanoBka 3ama4i J0CTiTKeHHA

B ymoBax migBumeHoi WMOBIPHOCTI BUHHWKHEHHS HEOE3NMEYHHWX CHUTYyallii B YKpaiHi Ta 3a ii Mexkamu,
TTOB’SI3aHMX 3 aKTHBI3AIII€I0 Ta PO3MAXOM TEPOPUCTHYHUX aAKTIB, BXKIIMBUM € HE JIMIIE IIBH/IKA JIOKATI3AIlis Ta JTiKBLIAITis
YKaxXJTMBUX HACIII/IKIB, ajie ¥ 3arro0iraHHs1, 30KpeMa rmornepepKeHHs ectabimizyrounx gaktopiB. Came ToMY, aKTyaTbHIM i
MIEPCIIEKTUBHUM Y HampsMi TOCHIEHHS OOpOTHOM 3 TEpOPMU3MOM Ta MiJBUIICHHS HAI[lOHANBGHOI Oe3meKku €
JWICTAHIIIiHE BUSBIICHHS BUOYXOHEOES3IMEUHIX MIPEIMETIB Ta HAPKOTUIHUX PEUOBHH.

HesBaxaroun Ha iHTEHCHMBHHH PO3BHUTOK HAayKH 1 TEXHIKHM, HAa JaHUW Yac OCHOBHHMH HPHCTPOSMH VIS
BUSIBIICHHSI BHOYXOHEOE3IIEUHNX MPEIMETIB BCE IE € eJEKTPOMArHITHI METaJONIyKadi, MMepIli MPOTOTHUIHN SKHX
BHKOPHCTOBYBAMCH IIIe i 9ac Jpyroi cBiToBOI BiiHM. MeTanonrykadi JTaHOTO THUITY MAlOTh pA Hepoumikis. Uepes
Te, MIO E€JIEKTPOMArHITHUHA CHUTHAN BiIOWTHH BiJI MPOTUMIXOTHOI MiHM HabaraTo ciaOmmii, omepaTtop MOBHHEH
MJBUIIYBAaTH YyTIUBICTH JneTekTopa. OmHak, Ipu OUTBII BUCOKIH 9yTIMBOCTI HabaraTo OULTBIIE 1HIIMX METaJIeBUX
00’€KTIiB, TAaKUX SIK IBSXHM Ta YJIaMKH KOPIYCiB, CTBOPIOIOTh TEPEHIKOAW JiIsl AeTektopa. Omneparop 3MyIeHHi
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MIpAIIOBaTH MpPU Jy’K€ BUCOKIH YyTJIMBOCTI Ta MO3HAYaTH OyAb-fKy TPHBOTY, SIK HOTEHLiHHY MiHy. Ha skamsb,
HACTYNHHUH KPOK € HAMCKJIaJHIIIMM — MOTPIOHO BiOKPEMHTH Ha3eMHI MIiHM Bifl “NOMHJIKOBUX TpuBor’. B manmii
Yac Ile BU3HAYCHHS “TIOMWJIKOBHX TPHBOI” BCE€ IIe POOMTHCS 3a JOMOMOTOK MeXaHIyHOro 30HAyBaHHs. Camep
BHUKOHY€E Iy’Ke JeiKaTHE BWIYYCHHS i3 3arOCTPEHOI0 MAJIMYKOI0 JUIs Kiacudikamii JpKepena BiIONTOrO CUTHAIY:
Ha3zeMHa MiHa, Qanbcudikaris ado mpocTo ip>kaBui IBSIX. Y IIbOMY CEHCI MOUIYK MiH JOCTAaTHBO JIETKHH, OJHAK,
BIJIOKpEMJICHHS iX BiJl iHIMX MPEIMETIB € BAKKUM 1 Ha[3BUYaliHO HeOesnewyHuM [1]. [HImuM cyTTeBHM HEIOIiKOM
€JIEKTPOMATHITHUX METAJIONIyKayiB € HEMOXKJIMBICTh BHUSBICHHS BUOYXOHEOE3NEUHHX IPEAMETIB Y HEMETAJIEBUX
KOHTelHepax (py4Hi MOKJIaXi, KOHBEPTH, INTACTHKOBI KOHTEHHEpH Ta iHIe) [2].

AJNBTEpHATUBHAM METOJOM BUSBJICHHS BUOYXOBHX PEYOBHH € 3aCTOCYBaHHSI BUCOKOUYTJIMBHX NApOBHX
nerextopiB. Ilpore, BUIMapoByBaHHS BHUOYXOBHX PEYOBHH, IO BHKOPHUCTOBYIOTbCS y HAa3eMHHX MiHaX JIOCUTH
Hu3bKe. Takox cydacHi MiHM BUTOTOBJISIFOTH 3 TEPMETHYHO 3alleyaTaHOI BUOYXOBOIO PEYOBHHOIO B MOJIMEPHOMY
kopmyci. Ilapy i yacTuHKM BHOYXOBHX PEYOBHH JIOCHTH JIMIIKI, TOMY IPOCOYYBaHHS BHOYXOBOI PEYOBHHH 4epe3
KOPITYC a MOTIM Yepe3 3eMITIO BiJIOYBAETHCS MOBLIBHO 1 Hee(heKTHBHO. [IpoBeneHi JOCIiHKEHHS CBITYaTh PO TE, 10
B ITOJILOBUX YMOBAaX HaBiTh BUCOKOYYTJIHMBI MAPOBi IETEKTOPYU MOXKYTh HE BUSBHUTH LUICH( BUIIApPOBYBaHHS BijJ MiH
[3]

[lepcnieKTUBHUM METOJIOM JUIsl BUSIBJICHHS MEPEBAXKHOI OIJBIIOCTI BUOYXOBUX Ta HAPKOTUYHHX PEUOBHUH,
Aki y cBoeMy cknafi Mictare atomu aszoty (“N) a6o xmopy (*°Cl, ¥’Cl), € MeTon AmepHOro KBaApyIIOILHOIO
pesonancy (JIKP) [2, 4]. Ha ocHOBI npoBeieHOTO aHalli3y Ta 3 BpaXyBaHHSM SIBHUX IepeBar MeToJy (HepyWHIBHUI
BILIMB, MOXKJIMBICTb JIOCTIJDKEHHS HEOJHOPITHUX CyMIIlIeH, eKcrpec-aHaii3 0e3 monepeaHbol MiroTOBKU 3pa3KiB)
BCTaHOBJICHO, 1[0 PO3POOJICHHS arapaTHO-MPOTPaMHUX 3ac00iB BUSBICHHS HeOE3MeYHNX pevyoBHH Ha ocHOBI SIKP €
OUITBII JOIIJTBHAM MOPIBHSIHO 3 IHIIIMMH METOIAMH.

MerToro maHoi poOOTH € po3poONeHHST MO MpuiiMabHO-TiepeaaBaabHoi anTeHn SIKP-metektopa mist
BUSIBJICHHA HPOTHIIIXOTHMX 1 NPOTHABTOMOOUIBHMX MiH B YMOBaX pO3MIHYBaHHS Ta JOCHIPKEHHS TOIOJOTIT
€JIEKTPOMArHiTHOTO 1oJIst B ii poOoYiii 30Hi.

Mopeas cnipajienonionoi koryumku B cepegopuiti Comsol Multiphysics

Antena SIKP-nerekropa mpencraBisie coOOK CHipalbHY pajiouyacTOTHY KOTYIIKY, sSKa TIpalloe B
OommkHbOMY TONI [5]. 3 Meroro amanTaiii 10 (YHKIIOHAJIBHUX BUMOT PO3MIHYBaHH:, PO3MIp KOTYIIKA BHOpaHO
NPOIOPIIHHUM PO3MIpPYy MPOTHABTOMOOITBHUX MiH, 3 YOTO CIIJy€E, IO JliaMeTp KOTYIIKA CTAHOBUTH MPUOIU3HO
400 mm. KpiM TOro, KOTYIIKY HPOIOHYEThCS BHUTOTOBUTH 3 JIOCTYIHOI MiJHOI TPYOKH i3 30BHILIHIM J{iaMeTpOM
8 MM Ta TOBIIMHOIO 2 MM, 10 3a0e3Meuye Majly Bary Ta HU3bKY BapTiCTh, @ TAKOXK CIIPOILYE MPOLIEC BUTOTOBICHHS
KOTYIIKH.

st MonientoBaHHS Ta 00OpOOKK Pe3yJIbTATIB YMCIOBOT MOJIEIl OYJIM 3aCTOCOBaHI KOMII IOTEpPHI IpOrpamu,
SKI TpaLIOIOTh HAa METOJaX CKIHYEHHHX eneMeHTiB [6]. lllupoke 3acTocyBaHHS HPOCTOPOBOIO MOJETIOBAHHS
3YMOBJICHE CKJIAJHICTIO (DOpMYJIFOBaHHS 3aqayi Ta BIACYTHICTIO TCOPETHYHOIO OOIPYHTYBAaHHS PO3PAXYHKY
CJIEKTPUYHOTO Ta MArHiTHOTO IOJiB, OCOOJMBO B BHIMAIKaX, KOJH 3aJadl BUXOIATH 3a PaMK{ KIACHYHOI Teopii
eNIeKTPOMArHITHOrO Mons. B mepiny uepry 1e cTocyeThCsl HOCTAHOBKH 3a[ad PO3PAXYHKY €IEeKTPOMArHITHOTO IO
II0J0 BEKTOPHMX MArHITHMX Ta CKALIPHUX EJICKTPHYHUX MOoTeHIiamB [7]. Tomomoris eIeKTpHYHOIro IIOJIs
cripaernoaionol KoTymkd Oyiga mpoanamizoBana B cepemoBuiti COMSOL Multiphysics, sike MPONOHYE IIHPOKI
MOXJIMBOCTI B TajTy31 MOJICIIOBAHHS €JICKTPOMArHiTHOT0, TETUIOBOTO, MEXaHIYHOTO, aKyCTUYHOT'O Ta IHIIKX MOiB [8§].

3anpornoHoBaHa TeOMeTpUYHA MOJENb CHIpanenomiOHoi KOTyIkH 300paxkeHa Ha puc. 1. Ha Topiisax
KOTYIIKA 3’€HAHA 3 NPSIMOKYTHHMH IIOBEPXHSMH, 5K ABIISIOTH COOOI0 KOHTAKTHI KiIeMH. [IBa MPsIMOKYTHHKH, SKi
BCTYIAIOTh B POJII 3aTHCKadYiB MPE/ICTABIIAIOTh MAPATIEITbHY KoH(irypaiiro mopry 30y/DKCHHs Ta KOHIEHCATOpa
TAPaJIebHOTO KOTMBATBLHOIO KOHTYPY BxijgHoro kosia SIKP- -JIeTeKTOpa (puc. 1,a). KoTymka reoMeTpuyuHO SIBISIE
coboro cmipanb i3 3aJaHMMH BHYTpIIIHIM 1 30BHIMHIM pajiycaMH, 3 HYJIBOBHM OCHOBUM KPOKOM Ta IISITbMa
BUTKaMHU. TaKoX TeOMeTpis KOTYIIKH MoxKe OyTH mpezcTaBieHa KpuBoro besre 3 BiqHOoCHIM fnomyckoMm 1E-5.

3 Meroro iMiTalii iJeanbHMX YMOB TIOTJIMHAHHA €HEprii eJIeKTPOMAarHiTHOTO BHIPOMIHIOBAHHS Ta
YHEMOXITUBIICHHS! TIOMUJIKOBUX BiIOWTTIB, TEOMETPUYHA MOJEIbh KOTYIIKH IHKAICYIhOBaHA IOBITPSHOIO KYJIECIO
paaiycom 1000 mm i mepepizom mapy 100 MM, BU3HAYEHOIO SIK ineansHO y3romkenuit map (PML) (puc. 1,0).

Jnst 4ucenbHOTO MOJENIOBAaHHS BHUKOPUCTAHO BHCOKOYACTOTHHH MOJYJIb HPOIPAMHOTO CEpelOBHIIA.
3okpema, I OOYHCICHHS peakilii MOJelni, fKa MiANA€TbCsAd TapMOHIYHOMY 30yIKEHHIO, BHKOPHUCTOBYETHCA
JOCTIDKCHHS YaCTOTHOI 00JIacTi Ta aJalTHBHA YACTOTHA PO3TOPTKA IS OUTBIN TOYHOI PO3AUTHRHOI 3JaTHOCTI 3a
4acTOTO0. XBIUJIbOBE piBHSAHHS (1) omucye obmacte moBiTpsHOI chepun PML Ta 061acTe TOBIIMHU MiJHOT TPYOKH.
JloMeHOM TOPOXXHUCTOI TPYOKW, SKa HACIpaBli MICTHTh MOBITPS, MOXKHA 3HEXTYBaTH, OCKUIBKH BiH Bimirpae
MiHIMaJIbHE 3HAYEHHS MPH PO3PAXYHKY PO3TIOALTY €IEKTPOMATHITHOTO TMOJS 32 MEKaMH 30HH BHUSBIICHHS. Takum
YHHOM, BUMOTH JI0 OOYNCITIOBAJIBHHUX PECYPCIB CYTTEBO 3MeHmy10TLc;[.

Vxu ' (VXE)—k, | E, - E=0. (D

a)E0
Jns mpencTaBieHHS KOHTaKTHMX KJIEM KOTYIIKM JOMAIOTBCS METaleBl MpPOBiMHWKKM 0€3 BTpaT, IO
3’€IHYIOTh MOPT 30YKSHHS 3 TOPIIEBUMH KIeMaMH KOTYIIKH, BUKOPHUCTOBYIOUH TPAaHUYIHY YMOBY (2) ieaapHOTO
esrektpraHoro mposinauka (PEC)
nxE=0. (2)
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a) 0)
Puc. 1. 'eomeTpnyHa Moze/ib cnipajienofioHoOl KOTYIIKHU: a) 3arajibHUN BUIISA] 3 TOPUEBUMHU KJIeMaMH, IOPTOM 30Y/IsKeHHs Ta
BiANOBITHUM KOHAEHCATOPOM; §) KOTYIIKA iHKAINCYJIHLOBAHA MOBITPSAHOIO KY.1er0 paaiycom 1000 mm i PML mapom 100 mm

st rapMoHiliHOTO 30y KEHHS KOTYIIKH, Ha TiepeTHHi MetaneBux kieM kotymok (PEC) i3 xapakrepaum
imMreancoM 50 OM BH3HAYAETHCSA PIBHOMIPHUN MOPT 13 30CEpEKCHUMH mapameTpamu. st 30cepeIKeHoro
€JIEMEHTa Ta IOPTa BBOJAUMO piBHHHS 3akoHy Oma (3)

Z= 4 . (3)
1

Hnst rapmoHiiiHOoro 30ymkeHHst KoTymikd Lumped Port posmingyeTbcs MK KiIeMaMd KOTYIIOK 3
XapakTepucTHUHUM oropoM 50 Om. Voro kmemu CIYTYIOTh Uil (hOpMyBaHHS JIiHIT nepeaBaHHs MOJYJIbOBaHOTO
['aycoBoro immynbcy pi3HOi 4acToTu. LleHTpanbHa uyacToTa Ha SKid IMPOBOJMJIMCH MOJETIOBAHHS CTAaHOBHTH
3,4 MI'u, mo HaOMMXKaeThCs O 3HAYEHHS 4acTOTH BHUsBIEHHs HIiTputTy Hatpito 3,41 MI'u. Hesnauna pisnuis
yactor 0,01 MI'u He cTaHOBUTH IpOOJIEM JJisl aHAIi3y Pe3yJIbTAaTiB MOJENIOBAHHS, OCKUIBKH € HE 3HAYHOIO MO0
XapaKTepPUCTUK BUIIPOMIHIOBAHHSI NPU MOPIBHSUILHOMY OLIIHIOBaHHI KOTYIIOK 3 pi3HOI reomerpieto. Omke, s
TOrO, 100 AociiuTy iMrenanc Ha yactoti 3,4 MI'y emuicuuit Lumped Element nopaerscst napanensHo Lumped
Port na neperuni mex Perfect Electric Conductor.

Ha nonepeansoMy eTari 10 MOJIETIOBaHHS OCTaTOYHO! TEOMETPUYHOI MOJIENl, CTBOPEHHS Ta PO3PaXyHKY
€JICKTPOMArHITHUX MapaMeTpiB OyJI0 MPOBEACHO TOMepeHil aHalli3 YyTIMBOCTI CiTKU. [lapaMeTpu CITKM MOBHHHI
OyTu TakuMu, sKi O 3a0e3reuyBaay KOMIIPOMIC MiXK 4aCOM MOJICJIIOBAHHS Ta TOYHICTIO PE3yJIbTATIB. 3 II€I0 METOIO
OyB BU3HaueHUii robanpHuil napametp citku (hl), sikuit 61 APoOOBO PO3MOALISIBCSA MO BCIX JOMEHAX Ta MeXax
ctBopeHoi Mozeni. Takoxx mapamerp (hl) moBuHEH OyTH CyMICHMM pO3MipaMH OCTATOYHOI MapaMeTpH30BaHOT
MOJIEeJIi: CITlipanbHa KOTYIIKA 3 I1’ThMa BHTKaMH, BHYTpIIIHIA pamiyc (tr) 25 MM, 30BHImHINA paaiyc (br) 225 MM i
noBiTpsiHa Kyns pagiycom 1000 MM i3 mapom PML 100 mm. Takoxk Oyio po3paxoBaHO €MHICTh KOHJAEHCATOPA
KOJIUBAJIBHOTO KOHTYDY, ska ckianae 394 nd. J{ns toro, mob ouiHuth octaroune 3HadeHHs (hl) ta orpumanHs
ONTUMAJBHUX MAPAMETPIB CITKH OYJIO PO3MOYATO MapaMEeTPUUHE JOCIHIKEHHS YaCTOTHOTO IOMEHY IIOJ0 PO3MIpy
CErMeTiB CITKH, TOYHICTIO Ta 4YacOM MOJIEIIIOBAHHS ISl MTapaMeTPU30BaHUX 3HAYEHb B Jiama3oHi Bim 15 MM 3
posmipom kpoky 0,1 Mm. ByJ0 BcTaHOBIIEHO, 1110 MAKCUMAJIbHUMH 3HAYESHHAMH, SIKi HE MOTJIM O CyTT€BO HOTipLUINTH
OTpHMaHi JiaHi, €: MAaKCUMaNbHUNA po3Mip eneMeHTy 200 MM, MiHIMANBHUN pO3MIp eJIeMeHTy 4 MM, MaKCHMaJIbHUNA
KpPOK TPUPOCTY PO3Mipy eneMeHTy 1,5 MM, koedimienTt kpusu3au 0,6 i po3aiapHA 34aTHICTD BY3bKUX oOmactei 0,5.
HaBeneni 3HaueHHsS MOBMHHI OyTH MiAiOpaHi OKpeMO JUisi KOXHOI reoMeTpudHoi (opmu [Uis IiIBHILICHHS
€(pEKTUBHOCTI MOJICTIOBAHHS Ta 3aM00IraHHS IEPETHHY EIEMEHTIB CITKH B MICISIX BUKPHBIICHHS T€OMETpIii MOJIEI.

Cka3zane BHIIE OCOOJIHMBO aKTyaJlbHE y BHIIAKY IMIIOPTY TEOMETPHYHOI MOJIEN 3 THIIMX MPOrPaMHUX 3acO0iB.
JLi1s1 iMITOpTOBaHUX MOJIENIel HAMKPAIIM PillleHHsIM Oy/ie 3acTOCYBaHHS OyJIeBHX OIeparliil HOEJHAHHS Ta Pi3HHUII.

30BHIMIHIN BUTIAA TApaMETPUYHOI CITKH HAKIIAJAEHOI HAa TEOMETPIO CIipaJernoAiOHOl KOTYIIKA 300paykeHo
Ha (puc. 2,a) Ta 30UIBIICHUI BUTIISA CITKH Ha (pHC. 2,0).

AHaJi3 pe3yabTariB

OO0pobiieHHsT pe3ybTaTiB 3ailicHeH0 BOymoBanmMHu 3acobamu COMSOL 3 momomororo 00’€KTiB 1 OmIIii
myHKTY «Resultsy. B mboMy IyHKTI aBTOMAaTHYHO CTBOPIOIOTHCS (Daifiil pe3yNbTAaTiB MOJCIIOBAHHS, SKI Hamali
OyayTh BUKOPHUCTaHI, SK 00’ €KTH HEOOXimHI s rpadivyHOTO TPEICTaBICHHS PE3YIbTATIB IICIS 3aBEPIICHHS
po3paxyHKy. Y BikHi «Graphicsy» rpadiuao BimoOpaxaroThcs MPEICTaBICHI Pe3yIbTaTH YHCEITBHOTO MOICTIOBAHHS.
[Napamerpu BimoOpa)kKeHHS 33JAIOTHCS OKPEMO ISl KOXKHOTO TpadigHOTO pe3ynbTary, i B OCHOBHOMY 3aJIeKaTh Bij
mo0axaHb KOPUCTYBaYa.

Jns toro, mo0 3HANTH PE30HAHCHI PEXWMHU [UISA PI3HUX T€OMETPill KOTYIIOK IOCIIIKEHHS YacTOTHOL
obmacti Oymo posmowaro 3 kpokom | MIm. [lns 3HalJEHMX PEXHWMIB IPOBOAMIIOCH MOBTOPHE IOCIIIKEHHS
yacToTHOI oOacTi 3 kpokoM 0,1 MI'n. Halikpanry reoMeTpito KOTYIIKH Ta OLTBII TOYHI PE30HAHCHI PEKUMHU OyII0
3HAWICHO 13 3aCTOCYBAaHHSM aJAaNTHBHUX YaCTOTHHX po3MaxiB 3 kpokoMm 0,01 MI'm. [locmimkyBani mozemi Oyio
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aZlanTOBaHO /10 YacTOTHOI oOmacTi 3,4 MI'n (1110 € BiAIIOBITHOIO YaCTOTHOIO 00JIACTIO, IO MPEJICTABIISIE IHTEPEC IS
BusiBnieHHst SIKP) 3a nomomororo emuicHoro Lumped Element, po3mimenoro mapanensHo moao Lumped Port.

6)
Puc. 2. CiTka KiHIeBHX eJleMeHTiB 0TPHMAaHA YHACTI0K TpiaHryasinii po3paxyHKkoBoi o0JacTi: a) 3arabHuii BUj; 0) 1eTaizoBane
npeJcTaBieHHs pparMeHTy KOTyIIKH

3 oTpuMaHUX i Yac MOJENIOBaHHSX JaHUX OyJio cTBOpeHO OararomrapoBy (Multislice) Monens
€JIeKTPUYHOTO ToJIst (pHc. 3) Ta 130MOBEPXHi €JIEKTPOMAarHiTHOro nodst (puc. 4) nociiukyBanoi mojedi. [3onoBepxHi
3a3BUYall BiJIOOPAKAIOTHCS 33 JIOTIOMOTOI0 KOMIT IOTEpHOI Tpadiki i BUKOPUCTOBYIOTBCS K METOJM Bi3yaizarii
JIAaHUX TPU OOYMCIIOBAIBHIA AMHAMIII PIAMH Ta OB, IO J03BOJISE iH)KEHEpaM BHBYATH OCOOJIMBOCTI MOTOKY
MOJISl HABKOJIO O0’€KTIB, TAKMX SIK QHTEHH. [30MOBEpXHi, SIK MPaBUIIO, € MOMYJIIPHOIO (opMoro Bizyamizamii ams
00’eMHHUX HAOOpIB JAHUX, OCKUIBKH, IX MOXKHa BiJITBOPUTH 3a JOIMOMOTOIO TPOCTOI MOJITOHAIBLHOT MOJEN, Ky
MOJKHA JIy’Ke IIBHIKO BioOpa3uTH rpadidHo Ha eKpaHi.

HaBeneni 300pakeHHsT JEMOHCTPYIOTh IMHAMIKy Ta IIUIBHICTh €JIEKTPOMArHiTHOrO MOJsl HAaBKOJIO
koryuku. [lyunicte goBkona Lumped port (mopr xwusienns) Ta Lumped elemet (emMHicHb# eneMeHT) 3yMOBIIEHI iX
ONMM3BKUM PO3TALIYBAHHSM BiJHOCHO OJMH OJHOTO Ta IXHBOIO OJM3KICTIO /O KOTYLIKH. B peanbHUX yMoOBax
My4YHICTh He Oy CIIOCTePIraTHCh, BHACIIIOK BiJIAICHOCTI KOTYILKH BiJl OOUMCIIIOBAIBHOTO IPUCTPOIO.

3 ycix JOCHiDKEHHX MOJieNied HalKpalll napameTpu BHUOIPKOBOCTI, KoedilieHTy HampsimieHoi mii Ta
Jiarpam HarpsiIMJICHOCTI Ma€ TeOMETpis KOTYIIKM 3 MapamMeTpaMH BHYTPIIIHBOTO paiiycy 25 MM, 30BHIIIHBOTO
paniycy 225 MM, 30BHIIIHIM JliaMeTpoM TPYOKH 8 MM 1 BHYTpILIHIM AiaMeTpoM TpyOku 6 MM. [{iis mapameTpuyHoro
MOJISJIIOBaHHSI KOTYIIKK OyJio MigiOpaHo KoHjeHcarop eMHicTIO 394 nd. Pe3ynbTaTé MOJAENIOBaHHS YacTOTHOI
3aJIeKHOCTI IMITEIaHCy MOPTY HaBEJIeH] Ha puc. S.

B npomeci MozenroBaHHS TakoK Oyiau  oTpuMmaHi rpadikd  IHTEHCHBHOCTI  BUIIPOMIHIOBAHHS
€JIEKTPOMATHITHOTO NOJISL B po0OYiii 30H1 KOTYIIKHM Ha BincTansax 40 mwm (puc. 6) ta 100 mm (puc. 7).

m Al e see o EONEEC-aE
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Puc. 3. Multislice moaens esiekrpuunoro nojsi B COMSOL Multiphysics
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3 HaBemeHWX rpadikiB MOXXHAa 3pOOMTH BHCHOBOK IIPO HOpMAali3OBaHE 3aTyXaHHS IHTEHCHBHOCTI
BUIIPOMIHIOBAHHS! €JIEKTPHYHOTO TI0JISI BiJl TEOMETPUYHOTO [EHTPY KOTYIIKH, III0 CBOEIO YEPTOI0 Ja€ 3pO3yMITH, K
came He0OXiTHO PO3MICTHTH JOCIiPKyBaHUH 3pa3ok [9].

0)
Puc. 4. I30n0BepxHs eJIGKTPOMATHITHOIO MOJIs I0CTIKYBaHOT MO/IeJIi: a) BUIVISL 3BepXY; 0) BUIJIsA] 300Ky

He 3Bakaroun Ha Te, L0 CIPOSKTOBAaHA KOTYIIKA BUKOHYE (YHKILIi MepefaBanbHO-NIPUHMAaNbHOI aHTEHH,
IIPY MOJEIIOBAaHHI BOHA HAJNAIITOBYBAJAcCh JIMIIE B pexxuMi nepeaaBaHHs. OOIpyHTYBaHHS LIbOTO MiAXOLy HOJIATAE
Yy BUKOpHCTaHHI “Teopemu B3aeMHOCTi”. [IpakTHuYHO, BKJaJ y OTPUMAaHHH CHTHAJ BIATYKY BiJI peUOBHHH-3pa3Ka
MIPOMOPIIHHUIA IMIYJIbCY 30y/DKEHHSI B TAKOMY K MOJIOXKEHHI, K 1 Y BHUIIQJKy poOOTH MaHOI KOTYIIKH B PEXUMI
nepenasanss [10].
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Puc. 5. YacToTHA 3a/1esKHiCTH iMIIeJaHCy NOPTY NPH €EMHOCTi KOHIeHcaTopa 394 nd
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Puc. 6. I'padix iHTeHCUBHOCTI BUNIPOMIHIOBAHHS €JIeKTPHYHOIO MO Bix HeHTpy KoTymku. Ha Bincrani Bin korymkn 40 MM Ta yacroTi
3,41 MI'y

Puc. 7. I'padix iHTeHCUBHOCTI BUIIPOMIHIOBAHHS €J1eKTPUYHOIO MO Bil neHTpy koTymku. Ha Bincrani Big korymku 100 MM Ta
vacroTi 3,41 MI'

BucnoBku

Y naniii poOOTI MPENCTaBIEHO KOHIENTYalbHI €Taly eJIeKTPOMArHITHOTO MOJIIIOBAHHS CITipasibHOT
panioyacToTHOI mNepenaBaibHO-TIpuiiManbHoi KoTymku SIKP-netexktopa [uis BHUSBICHHS BHOYXOHEOE3IEYHUX Ta
HApKOTUYHUX MaTepiaiB.

Haiixpamii pe3ynbTaTé mokasana MOJIENb KOTYIIKU 3 1’IThMa BUTKAMH, BHYTPIMIHIM pajiycoM (tr) 25 mm,
30BHIIHIM pagiycom (br) 225 mm. OTpuMaHi xiarpamMy MarHiTHOTO MOJsS CBiAYaTh PO Kpally CTIHKICTB 10
PamioYacTOTHUX MEpeIIKOoj IMPH eKCIDIyaTalii B YMOBaX PEallbHOTO €KCHEPUMEHTy. XO4a BHIMHA KOEQIIieHT
HampsMJIeHOi nii Ha4eOTO BUIVIINAB OM BWTIAHINIMM Ui TaKOi KOHCTPYKIii KOTYIIKH, aie B TOW Xe dac il
CIIPUHAHATIUBICTE A0 JDKEpeN MIyMy 3pociia 0 piBHO3HAYHO, IO IPHU3BENO O 10 MOTipHICHHS EKCIUTyaTamiiHUX
XapaKTEPUCTHUK.

Monens (tr)25(br)225 mneMOHCTpYe Y3TOMKEHICTh BiIHOCHUX 3aJIe)KHOCTEW 3aTyXaHHS IHTEHCHBHOCTI
BUIIPOMIHIOBaHHA €JIEKTPHYHOTO TI0JIS, OTPHMAHHUX 32 JIOTIOMOT O YHCEITBHOTO MOJIEITIOBaHHS.
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MPUCTPIA JJIA MPUIIBUAIINEHHSA PEABLIITAIII
HICJIAA TPABM HUKHIX KIHIIBOK

A5 sikicHoi ma weudkoi peabinimayii nicas eaxckoi mpaemu HuxCHIX KiHYi80K 8kpatll HeobxidHo pezyatoeamu ma
nocmynoego 36i1buy8amu HABAHMANCEHHS HA X8opy Hozy. JlaHa poboma npucssaveHa po3pobyi cneyiasbHo20 npucmpoio,
AKUll cknadaemvcsl 3 HACAOOK HA MUAuYyl, Wo B8UMIPHIOMb HABAHMANCEHHS HA X80pY HUNMCHIO KiHYIBKY U nepedaromb
pe3ysabmamu 8uUMipr8aHb Ha cmapmg@oH 045 iHgopmysaHHs sikapsi. Hosa memoduka peabinimayii i3 3acmocy8aHHsAM
Ybo20 npucmpoio deMoHcmpye no3umusHi pesyabmamu. Ilodaabwa modepHizayiss npucmporw cnpsimoeaHa Ha iioz2o
3dewes/ieHHs: ma 36i1bWeHHs1 MpuU8a/10cmi BUKOPUCMAHHS HACAdOK, wjo dacmb 3Mo2y 3anycmumu cepitiHe 8upo6HUYmMe0
npucmporo.

Kamouosi cnoea: meHzodamuuk, MIKpOKOHmMpo.Jiep, peabinimayis, mpasmu HUMCHIX KiHYI80K, Hacadku Ha Muauyi.

VITALIY BILYIL, VLADYSLAYV BILYI, VIKTOR BONDARENKO, NATALIIA BONDARENKO

National Technical University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute»
DEVICE FOR ACCELERATING REHABILITATION AFTER LOWER LIMBS INJURIES

For high-quality and fast rehabilitation after a severe injury of lower limbs, it is extremely necessary to adjust and gradually
increase the load on the patient's leg. This work is devoted to the development of a special device consisting of attachments for crutches that
measure the load on the patient's lower limb and transmit the measurement results to a smartphone to inform a doctor.

It is possible to accelerate rehabilitation by rather exact regulation and gradual increase of loading on a sick leg. The procedure
and scheme of rehabilitation is proposed. Smart nozzles on crutches have been proposed to monitor the load on a sore foot. Functionally, the
device consists of a pair of nozzles for crutches. A strain gauge is integrated into each nozzle, which is connected to the wireless information
transmission unit. In our case, we used a strain gauge DYHW-116 and a microcontroller MCU ESP32, designed to process and transmit
information. The doctor determines the rehabilitation program according to the diagnosis and prescribes it to the patient, and the patient
installs the application on the smartphone and enters his account (where there is already a rehabilitation program). The developed
rehabilitation device includes a strain gauge, control board, screws and piston, which are housed in the housing. Printing parts can use ABS
plastic.

The patient uses nozzles on crutches, which determine the load on the patient's leg according to the program, as well as captures
their own feelings on the smartphone. The algorithm of the device allows you to get Statistics, which is sent to the doctor (nozzles -
smartphone - doctor). The doctor can change the rehabilitation program if necessary.

Rehabilitation techniques using this device show positive results. Further modernization of the device is aimed at making it
cheaper and increasing the duration of using attachments, which will allow mass production of the device.

Key words: tense sensor, microcontroller, rehabilitation, lower limbs injuries, attachments for crutches

Beryn

[Ipob6nema sKiCHOT Ta MBUAKOI peadimiTarii micis BaXKKUX TPaBM HIDKHIX KiHIIIBOK 3aBXIU € aKTYaJIbHOIO,
OCKITBKH JIIKyBaHHS 3a3BU4ail moTpedye HoBoii Oararo vacy. [IpumBuammTy peabiiTamiro MOXHA IUITXOM TOCUTh
TOYHOTO PETYIIOBAHHS i TOCTYNOBOTO 301IbIIIEHHS HAaBaHTAKEHHS HA XBOPY HOTY.

3a CTaHIAPTHOIO MPAKTHKOIO I1€ POOIATH 32 JOTIOMOIOI0 3BHYAMHUX MIUIMIG, OKJIAJAl0UNCh Ha BIJIACHI
BimayTTs XBoporo. Takuii miaxia He € HaAIHHIM, OCKUTHKH JIFOIMHA HE MOXKE WiTKO PETyNIOBATH HaBaHTAXXCHHS Ha
HOTY, IO MPU3BOANTH 10 301IBIICHAS TEPMIHY peadimiTalii, a B AeIKUX BHUIIAJKaX, HABITh, 10 TPaBM a00 PELUANBY.
Jis MOHITOPUHTY HaBaHTaXXCHHS Ha XBOPY HOTY 3allpOIIOHOBAHO PO3yMHI Hacaakw Ha mrumuimi. OyHKIiOHATBEHO
MIPUCTPIA CKIamaeThcs 3 Mapd HACAAOK OIS MWIMIb. B KOXHY Hacagky IHTETPOBAaHO TEH30AATUHK, SKHH
MiIKII0YeHO 0 OJoKy 0e3mpoToBoi mepenmadi iHdopmamii. B HamoMy BHITagKy BHKOPHUCTAHO —TEH30JaTIUK
DYHW-116 [1] Ta mikpokorTpoxep MCU ESP32, npu3znauennii st o0poOkw i mepenadi indopmartii [2].

Bimomi iHII KOHCTPYKIli HacaIoK IS MHJIMIG, HAPUKIIA, IO JO3BOJIIOTH MOJETTINUTH TepecyBaHHS
XBOpOTO B Tepion pealimiTamii IUISIXOM 3HIKCHHS PH3UKY KOB3aHHS MWJIHIG 1 IMIJBUIICHHS iX CTIHKOCTI mpH
BHUKOPHCTaHHI (aTeHT Ha KopucHy moaens RU 162715 i marenT Ha kopucHy mozaensb Ne UA 39990 [3]). Ha xais,
MOi0HI MIPHUCTPOI HE JAF0Th MOXKIIMBOCTI BUMIPIOBATH Ta PETYIFOBATH HABAHTAXKEHHS HA XBOPY HIDKHIO KIHITIBKY.
HaiiOunpmn Om3bkuM 10 BUpPIMIEHHS JaHOI MPOOJEeMH € MPHUCTPIK Ul BUMIPIOBaHHS HaBAHTAXKCHHS Ha MIJIUIIIO
(matet Ha kopucHy Mmonens ES1249804, MIIK A61B5/103; A61H3/02, 3asska Ne ES20200031029U Bin
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22.05.2020 [4]). [pote, el Bimomuii TPUCTPIH HE A€ 3MOTY JIKapeBi CIiIKyBaTA 3a MPOTPECOM pealdimiTartii
XBOPOT'O Ta CBOEYACHO 3MIHIOBATH porpamy. Takosx Lel MPUCTpPil He Ja€ 3BOPOTHOTO 3B’ 3Ky MAIli€HTY.

Metoauka peadiiTamii

IMopsmok 1 cxema MpoOXoKEHHS peadimiTamii (puc. 1):

1. Jlikap 3a JiarHO030M BH3HAYA€ MPOTPaMy peadimiTaIlii Ta mpu3Havae i MaIlienTy.

2. [TamieHT BCTAHOBITIOE JOJATOK Ha cMapT(OH 1 BXOJWUTH B CBii OOJIIKOBHIA 3amwuc (e BXKE € mporpama
peabimiTarii).

3. TlamlieHT BUKOPUCTOBYE HACAJKKM Ha MHIHMIL, [0 BH3HAYAIOTh HABAHTAXKCHHS HA XBOPY HOTY 3TiJHO 3
MIPOTPaMoIo, a TAKOXK (iKCY€E BIACHI BiTUYTTS Ha cMapT(hOHi.

4. CraTHCTHKA BiANPABIISETHCS JiKapeBi (Hacaaku - cMapTQOH - JIiKap).

5. Jlikap B pa3i HCOOXiTHOCTI MOKE 3MIHUTH IPOTrpaMy peadimiTalrii.

Lo

LY

«". Sv! 4

liarHo3 B3 MNporpama peabinitauii

' 2t

CMapTdoH 3 BCTAHOB/NEHUM AOAATKOM

E t3

3

Puc. 1. Cxema npoxoa:keHHsl peadimiTauii

Ipucrpiii ansa peadimiTamii
3oBHilIHIi BUIJISIA NPOTOTHILY
Ha puc. 2 noka3anuii 30BHILIHIN BUTIISA IPOTOTHITY. J[J1st ApYKY BUKOPUCTOBYETHCS TiacTuk ABS:

Puc. 2. 3oBHimHii BUIIsSA NpoTOTHILY

Bynosa nporoTumy
[IporoTun ckiagaeThes 3 HACTYIMHUX YacTuH (puc. 3):
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Puc. 3. Buyrpimns 6yaoBa npororuny

1) TBUHT BEpXHBOI KPUIIIKY;

2) TBUHTHU IlepeMuKaya (2 mir.);

3) mepemuKay;

4) BepXHs KPHIIIKA,;

5) aKyMyJIsTOD;

6) KoOpIIyC IS €IEKTPOHIKH;

7) mata KepyBaHHS;

8) rBuHTH [UIs dikcarii Muuii (2 wrT.);

9) KoHTpraiku s ¢ikcarii Munmi (2 1wr.);

10) BuCyBHa CTiHKA OJIOKY EIIEKTPOHIKH;

11) rBunTH (ikcamii TenzomaTunka (3 mr.);

12) nmpomixkHa TIIACTHHA;

13) TeH30AaTUHK;

14) xopmyc;

15) BucokoMminHi raiiku (4 mr.);

16) BucoKOMiIHI IBUHTH (4 mT.);

17) mopiuens;

18) ronoBHwuit 60T

19) rymoBa Hacasxka.

Buoip TenzogaTunka

Korxna Hacaznka Mae OyT KOMITAaKTHOIO Ta JIETKOIO, a TAKOK BUTPUMYBaTH HaBaHTakeHHS B 100 kr 1 mati
moxuOKy B Mexax | kr. TeHzomaTumk oOHMpaBcs TOMIK TPbOX BapiaHTIB, aje BHUCYHYTHM BHIIE YMOBaM
3amoBonbHse mume DYMH-116. OcHOBHI XapaKTepHCTHKH TEH30JAaTYMKIB HaBeIeHHI Hkue (tabm. 1). Bimem
JIeTaJbHO O3HAWOMHUTHCH 3 Xapakrepuctukamu TtenzogaTuukie TAL208/DYLY-106/DYMH-116 wmoxna B
JoKyMeHTaii [1].
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Tab6mmns 1
%%
Hassa MaKCI/IMaJIbH: , Tounicts, % ®opma I'abapurn**,
TEH30JaTYNKA nepeBaHTaKeHHs1*, %o MM
TAL208 150 5 [Mapanenenine 150%35x40
DYLY-106 150 5 [Mapanenenine 25%x12x%30
DYMH-116 150 0,2 Hymieap 20x12
* — HaBeJIeHE 3HAYEHHs B BijcoTKax BigHOCHO 100 KT}
ok — TUIS bopmu “[Napanenemninesn”’ (hopmar: JIOBXKHHA X IIMpUHA X BHCOTA,

st popmu “Tuniaap” popmar: giamerp X BUCOTA.

EnexTpoHHa yacTHHA NPUCTPOIO

Po3risiHeMO CTpYKTYpHY CXeMy eJIeKTPOHHOI YacTHHH, 10 300pakeHa Ha puc. 4. UepBOHMM KOJIHOPOM Ha
cXeMi ITo3HaveHi OJIOKM >KWBJICHHS, CUHIM — OJIOKM mepudepii. Yci BXiZHI 4epBOHI JIiHII BKAa3ylOTh Ha Hamlpyry
JKHUBJICHHS OJIOKY, IO MTOCTYIIA€ 3 TIEpPEeTBOPIOBaYa/mKepena Hanpyry. [lepepada qaHnx Mixk OJ0KaMu Ta HapSIMOK
nepenadi 300paKeHO YOPHUMH JTiHISIMU.

JKuBrieHHs: OCHOBHOI YaCTHHHM CXeMH BiZOYBaeThCs Bij Hampyru akymyistopHoi Oarapei VBATT. Bona
MOJIAE€ThCS Ha IMITYJIGCHUH ITiIBHIIYIOUNI MepeTBOpIoBad-cTabiiizaTrop Hanpyru Ha Mikpocxemi MT3608, 3 sikoro
OTpUMY€eMO 5 B, 110 BUKOPUCTOBYIOTBCS ISl )KUBJIEHHS TeH30/1aTYHKa, TIONepeHbo poimoBnm yepe3 HY ¢inbtp.
Takox 5 B momarothest Ha JiHiHUN cTabimizatop AP-1117-3.3V, 3 skoro >xuBUThCS MiKpokKoHTpojep ESP32-
WROOM-32. Tlpu nigxnrouerni USB ka0einio, akyMyJIsTop TOYHHAE 3apsHKATHCh, TAKOXK MOJAETHCS KUBJICHHS
Ha USB-UART nepeTBoproBady, 10 BUKOPUCTOBYETHCS JJIsl BUBAHTA)KEHHS MPOLIMBKY HA MPUCTPIH.

B sxocti 00poOHuKa 1 nmepenaBada iHdopmarii BukopucroByethcs MCU ESP32-WROOM-32 (nanani
ESP32), sixkuii 0O6paHO ToMy, 1110 BiH Mae miaTpuMKy Bluetooth 3 Hu3bkum eneprocnoxuBannsm (BLE) [5], Ta aBa
snpa, oaHe 3 sikux npamoe 3 BLE nepudepiero, a iHIe MOBHICTIO BUKOPUCTOBYETHCS ISl TPUKIIAHOT TPOTPaAMH,
110 JJa€ CYTTEBHH MPHUPICT MPOAYKTUBHOCTI.
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Puc. 4. CTpyKTypHa cXeMa eJ1eKTPOHHOT YaCTHHHI

AjroputM pobOTH MPUCTPOIO Toisrae B HacTymHoMy. Crodatky, depe3 curHan PWR_EN, mo3Bomsiemo
JpaiiBepy >KUBJICHHS [TOJATH HAIIPYTy Ha TEH30JaT4YMK Ta MiACHIoBad. J{aii BUXITHUI CUTHAN 3 TEH30JaT4nKa, [0
3aJIeKUTh BiJ MPUKIAJICHOI 10 HROTO Bard, MOJAETHCS HA IMiJICHIIIOBAY, 3 SKOTo 3unTyeThess ESP32 3a momomororo
AHAJIOTO-III(PPOBOTO IIEPETBOPIOBaYa. TaKoXK, B TOW CaMHUI dac, 3UYUTYETHCS HANPyTra aKyMyJSITOpHOI Oatapei mis
BU3HAuUCHHs piBHsI 3apsay. [Jami dopMmyerses nakeT nanux ais nepenadi mo BLE kopuctyBauy Ha cMapTdoH, abo,
SIKIIIO HEMAE TIKITFOYCHHS, TAKeT JaHUX 30epiraeThes B IaM SITi.

PosrmstHeMo 1 00TpyHTYEMO AesKi TPUHHATI TEXHIYHI PIllICHHS, a caMe:

- MJCWJICHHS BUXiIHOI HAPYTH TEH30IaTINKA;

- moOymoBa CXEMH IIiICHIICHHS TEH30IaTINKa;

- KepyBaHHS HaIPYTOIO KMBJIECHHS TEH30aTIHKa Ta MiACHIIOBaYa.

MMincunenHss BUXiIHOT HANPYrH TeH3ogaTuyuka. [IpuHIMI poOOTH MaTyMKa BarW 3aCHOBAaHWN Ha 3MiHI
€JIEKTPUYHOI HAIIPYTH TPOIIOPIIifHO Ba3i BUMipIOBAaHOTO TIpeaMeTa. Y JaHOMY MPUCTPOi BUKOPHUCTOBYETHCS AATIUK
BarW, BUKOHAHMH Ha MPYKHUX PE3NCTOPaX, BKIIOYEHHX 33 MOCTOBOIO CXEMOIO YiHCTOHa (HaNiBMOCTOBAa CXeMa
MeHII 9yTauBa). [Ipn 3MiHi Bary, 1o Ji€ Ha JaTYMK, 3MIHIOETHCS 1 OMIp TEH30PE3UCTOPIB, THM CAMHM IUIEYi MOCTa
p0o30aIaHCOBYIOTECS, @ OTXKE 3 SBISIETHCS PI3HUIS HANpYT Ha BUXOJl MocToBOi cxemu (puc. 5). ns DYMH-116
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YEepBOHWH 1 YOPHUIT BUBOAM L€ TUTIOC 1 MiHYC JKHBIICHHS, a 3€JICHUH 1 OUIMIA BiIOBIAHO IIIOC 1 MiHYCH CHTHAJIBHI.
HeoOxigHO miAcMiIMTH pI3HUIIO HAIPYT Ha OCTaHHIX JBOX BHBOAAX. OCKUIBKH PI3HHUIIS HANPYT Ha CHTHAJIBHUX
BHBOJIaX Ma€ MOPSIOK MutiBonbrt, ii moTpioHo mincmwmuta 10 3.3 B mo6 ESP32 Mir KOpeKTHO 34MTaTH CUTHAI IS
TTOJIAJIBIIIOTO ITEPETBOPEHHS B Bary.

= Red: excitation+

= - Groon: Signal+
- - - Black: excitation-
- T YWhile: signal-

Puc. 5. Cxema TeH301aTUHKA

Jlist po3paxyHKy KOeQilli€eHTa MiJICHICHHS HEOOXiJHO BpaXyBaTH OCHOBHHU MapaMeTp JaTdhMka — TaK
3BaHy YyTJMBICTB, TOOTO sKa Hampyra Oyne Ha BUXOAI Jardywka (B MuUTIBonprax), sIKIIO HOTO HABAHTAXHTU HA
MaKCUMYM, TIPU HaNpy3i )KUBJICHHS B 1 BoJbT.

OTxe, MaeEMO TEH30JATYHK, IO MPAITIoE 3 Jiarma3oHoM HaBaHTaxkeHb 0-100 kr, dyTnmBicTs (Usens) SKOro
1.6 MB/B. PexomenzoBaHa BHPOOHMKOM MiHIMajibHa Hampyra >KUBJEHHS cTaHOBUTH 4.5 B, TomMy oOupaemo
Hanpyry kuBJieHHs 3 3anacom: 5 B (VCC).

Po3paxyemo Hampyry Ha BUXO/Ii TaTUMKa MPH HaBaHTaeHHI B 100 Kr:

Upurie =VCC*Usens =1.6*5=8mB . (1)

Ockinbku MikpokonTposiep ESP32 Ha ananoroswuii Bxia npuiimae Bin 0 B (HynpoBe 3HaueHHs Barn) a0 3.3
B (MakcumanbHe HaBaHTaKeHHs, B HamoMy Bunaaky 100 kr). [Ipy MakcMMajibHOMY HaBaHTa)KeHHI Hampyra Ha
BUXO0zi miacwiroBaya mMae Oytu 3.3 B. Po3zpaxyemo HeoOXimHUN Koe(ilieHT TiICHICHHS:

338 o
Y 8.10°B

IToOynoBa cxemu mificujieHHsl TeH304aTunka. Cxema TEeH30JaT4iKa € MOCTOBOKO 3 TEH30PE3UCTOPaMH,
JUIsL TIZICUIIEHHS SIKOi HeoOXiJHO BHOpaTH ONepauiiiHuil MiACHIIIOBaY 3 HU3bKOI HAIPYTOK 3MIIEHHS, BEJIUKHM
BXiJIHUM OIOPOM Ta HU3BKUM PIBHEM 3aJIeXHOCTI Apely Hys Bix yacy. ba3yrounch Ha BUIIEBKa3aHUX KPUTEPIAX,
o0OpaHa MiKpocxeMa MPenu3iiHOro onepaniiHoro mizcuiaroBada AD8552.

[Mepeiinemo 10 moOy0BaHOT CXEMH IMIICHIICHHS, 1110 300pakeHa Ha pHC. 6, sIK JBa MOCIII0BHO BKJIIOYEHHX
HEIHBEPTYIOUMX ITiJICUITIOBaYa.

3unaveHHs miHiB Bxoay J501 cxemMu HacTymHi:

- 1 — Signal-(Vsig-);

- 2— GND (Kusnenus -);

- 3 —VCC (Kunenns +);

- 4 — Signal+(Vsig+t).

Puc. 6. CxeMa migcu/ieHHs] TEH30AaTYNKA

[epumit migcumroBaw USO1 A 3miHIOE piBeHB omopHOi HanpyTu Apyroro US01B. To6to Buxigauii curaan 3
US01A nogaersest Ha inBepryrounid Bxig US01B, Tomy migcumoad US01B mifcumioe audepeniiiitnuii BXiqHui
curHan (Vsigt+ - Vsig- ). Taka cxema 3a0e3mnedye HabaraTo OUTBIINI BXiTHWHN IMITEHIAHC HIK IIPH BUKOPHCTaHHI
omnoro OY Ha HEiIHBEPTOBAHOMY ITi JCHITIOBAYI.

Hudepenmiiiamii koedimieaT miacuneHHs (Kdm) TOpiBHIOE:

R
~| 1+2% 3)
503
A xoedimienT miacuneras cnH(Pa3Horo (Kcm), HEKOPHCHOTO CUTHAITY Oy/ie TOPiBHIOBATH:

_ (R504 'Rsoz - R503 'R501 ) _ R504 'Rsoz 1
- R501 'R503 R501 'R503

K

dm

(4)
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BignosigHo, Axmio:
Ry, _ Ry, (5)
Rsp; Ry
TO KoeQillieHT miacuieHHs cuH(pa3Horo curaany Kem = 0. 3 boro MokeMo 3poOHTH BHCHOBOK, IO B i7IcaTbHOMY
BUNAJKy, KOJM pE3UCTOpH OyayTb ©Oe3 BiIXWIEHHS, cxema Oyle IiJCHIIOBAaTH TUIBKKA IOTPIOHWH Ham
mudepeHiiHui curHai, a cuHdaszHui Bigkunata, T00to CMMR Oyne npsimyBaTé 10 HECKIHUEHHOCTI. B peanbHux
ymoBax Kcm He MOXe JOpIBHIOBATH HYJIIO X04a O TOMY, II0 PE3UCTOPH MAIOTh BiAXUIICHHS.
Koediuient mincuienns mae 6yt 412.5, To0T0o Buxoas1um 3 popmyiH (3):

K, =1+50 4125 (©)
503

Howminamu pe3ucTopiB MOKHA BUOUPATH 3 OTJISAJIOM Ha T€, 1110 HAHMCHIIHIA 3 HUX TIOBUHEH OYB OLTbIIe HiXk
1.5 kOM (s craGineHOCTI poboTH cxemu). Takoxx Ayt OLTBIIOI TOYHOCTI poOOTH MiACHIIIOBada Kparie oOupatu
pesucropu 3 JONycKOM He Oumbine sk B 1%. 3rigHo 3 BHINE cKa3aHUM, Oynu OOpaHi HAcTynHI HOMiHa M
R502=R503=2 xOm, R504=R501=825 kOm.

KepyBannusi Hanmpyrow :KHMBJeHHSI TeH30JaTYHMKa Ta miAcwiIoBada. Hacaaku IKMBIATBCS Bif
aKyMyJISITOPIB, @ TEH30[aTYMK B YBIMKHEHOMY CTaHi CIIOKMBAa€ CTpyM 5 MA, Ipu TOMYy L0 HOro poGora €
HEOOXiTHOK TUTLKA B MOMEHT 3aMipiB. B iHIIHMi1 yac BiH MO)ke OyTH BUMKHEHUH 11 €KOHOMII eHeprii, ToMy Oyia
po3pobieHa cxeMa KepyBaHHsS JKuBJICHHsM (puc. 7) Ha 0a3i aBox MOS FET Ttpansucropis, 1mo 3abe3mneuye
BKJIIOUEHHS 1 BUKJIFOUSHHS ITiJICHJII0OBaYa Ta TEH30IaTYHKa.

Oo TenaodaTidea ) E'j;”,
Ta nidcuasceaya BSSZ09PW Qo Bxepens Hanpyri
TO_GENSOR) 3@? POWER_INP
& 5 i
[Ty} -
— =
Ly
)
]
Mo sw=xody
Lk
MiKkpOEOHTROASPS L
[SENS_EN) } S 2
= = 7
™4 o

Puc. 7. Cxema KepyBaHH{ )KMBJICHHAM TE€H30aTYHKA Ta miacuioBaya

[puHumn poboOTH cXeMH AOCHUTH MPOCTHA: MpH mojadi Bucokoro piBHs Ha BXinm SENS EN, N-kananbHuit
Tpansucrop Q502 BimKpHeEThCSs, TOI Hampyra Ha 3aTBopi (BuBij 1) P-kanampHOTo Tpansuctopa Q501 Bmage mo
HYJISI, # BIH TaKOX BiJKPUETHCS, MOJABIIU HANpPYTry >kuBiieHHs Ha BuBogi POWER INP Ha natuumk, migkiaroueHui
1o Buxoxy TO_SENSOR.

BucHoBok. Po3risiHyTo mOOymOBY MPUCTPOIO JUIS TPHIIBHIIEHHS peaOlUTiTaIlii Micis TpaBM HUXKHIX
KIiHIIIBOK. 3allpoOllOHOBAHO CTPYKTYpHY CXEMy €JEeKTPOHHOI YacCTHHH IPUCTPOI0 Ta alropuTM HOro poGoTH,
00TpyHTOBaHO MIPUUHATI TeXHiyHi pimeHHsA. HoBa merommka pealimiTamii i3 3aCTOCYBaHHIM LBOTO TIPHUCTPOIO /A€
HACTYMHI pe3yabTaTu: B OUTbII HiX 30 MaIlieHTIB, IO MPOXOIMIIN JIKYBaHHS 3 MPUCTPOEM, HE OyIo 3ahikCOBaHO
JKOTHOTO penuaAnBY. TakuM YHHOM, BIPOBaDKEHHS pO3pOOIEHOTO 1 3amaTeHTOBAHOTO WPUCTPOrO [6] mms
BHUMIpIOBaHHS HABAHTA)KEHHS HA MIUIMII B TIpOIleC peabiTiTarlii mcisl BaXKUX TPABM HIDKHIX KIHITIBOK CIPHUSATIME
MIJIBULIICHHIO e()EKTUBHOCTI BiJTHOBJICHHSI HIIKHIX KIHI[IBOK, 3HIDKCHHIO PU3UKY PELMIUBIB Ta 3MEHILICHHIO TEPMIHY
peabiniTarii mamieHTiB.

Jliteparypa

1. Ten3zomatauku [Emekrponnnit pecypc] // Pammomroburenms. — 2015. — Pexum pmoctymy
http://www.radiomexanik.spb.ru/8.-primenenie-elektricheskih-signalov/7.-tenzodatchiki.html.

2. ESP32 Series Datasheet [Enexrponnmii pecypc] // Espressif Systems Version 3.7. — 2021. — Pexum
noctyty : https://www.espressif.com/sites/default/files/documentation/esp32_datasheet en.pdf.

3. Natent Ykpainn 39990U. Mangpuuenko C. — KuiB : [lepxaBHe mateHTHE BiqoMcTBO Y Kpainu, 2009.

4. Sanchez, S., Corchado, R., Calderon, L. (2020). Patente Spain ES1249804U. Oficina Espaiola de
Patentes y Marcas.

5. Townsend K., Cufi C., Akiba, Davidson R. Getting Started with Bluetooth Low Energy: Tools and
Techniques for Low-Power Networking (1st ed.). Sebastopol, CA: O'Reilly Media, 2014. 180 p.

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 113



Technical sciences ISSN 2307-5732

6. ITonos 1., Boponkoga €., bumii Bnagucnas, bimit Bitamiii (2021). ITarent Ykpainn 146685U. Kuis:
Jlep>kaBHE MaTeHTHE BiIOMCTBO YKpaiHH.

References

1. Tenzodatchyky [Elektronnyi resurs] // Radyoliubytel. — 2015. — Rezhym dostupu : http://www.radiomexanik.spb.ru/8.-primenenie-
elektricheskih-signalov/7.-tenzodatchiki.html.

2. ESP32 Series Datasheet [Elektronnyi resurs] // Espressif Systems Version 3.7. — 2021. — Rezhym dostupu
https://www.espressif.com/sites/default/files/documentation/esp32_datasheet en.pdf.

3. Patent Ukrainy 39990U. Madrychenko S. — Kyiv : Derzhavne patentne vidomstvo Ukrainy, 2009.

4. Sanchez, S., Corchado, R., Calderon, L. (2020). Patente Spain ES1249804U. Oficina Espaifiola de Patentes y Marcas.

5. Townsend K., Cufi C., Akiba, Davidson R. Getting Started with Bluetooth Low Energy: Tools and Techniques for Low-Power
Networking (1st ed.). Sebastopol, CA: OReilly Media, 2014. 180 p.

6. Popov 1., Voronkova Ye., Bilyi Vladyslav., Bilyi Vitalii (2021). Patent Ukrainy 146685U. Kyiv: Derzhavne patentne vidomstvo
Ukrainy.

114 Herald of Khmelnytskyi national university, Issue 4, 2021 (299)



TexHiuHi Hayku ISSN 2307-5732

TEXHOJIOI'TI XIMIYHOI, XAPYOBOI TA JIETKOI TIPOMUCJIOBOCTI

DOI 10.31891/2307-5732-2021-299-4-115-122
VJIK 675.046
A.O. BOHJIAPEBA

KuiBchkuii HalliOHANBHHI TOPrOBENbHO-CKOHOMIYHHUM YHIBEpCUTET
ORCID ID: 0000-0002-3241-2726
e-mail: a.bondarieva@knute.edu.ua

E.€. KACbSH

KuiBcpkuil Hal[ioHANBHUI YHIBEPCUTET TEXHOJIOTIH Ta AU3alHy
ORCID ID: 0000-0002-9540-2824
e-mail: kee2@ukr.net

0.P. MOKPOYCOBA

KuiBcbkuit HaiOHAIBHUN TOPrOBEIbHO-EKOHOMIUHHN YHIBEPCUTET
ORCID ID: 0000-0003-1943-8048
e-mail: olenamokrousova@gmail.com

MOJAEJIIOBAHHS ITOKA3HUKIB AKOCTI HOKPUTTS LIKIP

Cmamms npucesiueHa MoO0e/n8AHHK NOKA3HUKIE sKocmi nokpumms WKIp WAAXoOM onmumizayii ckaady
NokpusHoi komno3uyii Ha ocHosi niigkoymeoprogauie pisHoi XimiuHoI npupodu ma niemeHmHo20 mamepiaay. B po6omi
BUKOPUCMAHO N/iBKOYymMaeoprosai 3 8UCOKUM I HU3bKUM Mody/eM eaacmuyHocmi ma niemeHmHuUll mamepian 4opHo20
KO/IbOpy HA OCHOBI 3a6apsseH020 modugikosaHo2o MoHMMopuioHimy. Onmumizayito cknady nokpusHoi komnozuyii
3dilicHeHo i3 BUKOpPUCMAHHAM Memody CUMNJAEKCHO-pewimuacmozo naaHysaHHs. Kpumepii onmumanvHocmi naaHie
3a6e3neyeHi D-onmumanbHO CUMNAEKCHOW pewimkow 048 noAiHomMy mpemboz2o nopsdky. OnmumanvHull ckaad
NOKpUBHOI KoMNo3uyii 6U3HAYEHO 3 BUKOPUCMAHHAM 2padiuHo20 Memody 3a KpusuMU pi8HUX 3HAYeHb s1acmusocmell Ha
nAoOWuUHIi npasuabHoz2o cumniaekcy. Bcmanoseneno onmumanvHull ckaad nokpusHoi komnosuyii ma 3modeabosaHo
ONMUMa/AbHI 3HAYEeHHS NOKA3HUKIB AKOCMI noKpumms WwKip.

Karouosi cnosa: 03006.1eHHs, nokpummsi, WKipd, MoOea08aHHs, onmumisayis, n1iekoymeoprosay, nizmeHm.
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MODELING OF QUALITY INDICATORS OF THE LEATHER COATING

The article is devoted to modeling the quality of leather coatings by optimizing the composition of the coating composition based
on polymer film formers of different chemical nature and pigment material. Finishing coating affects the quality of the leather coating and
regulates the physico-chemical, physico-mechanical and hygienic parameters of the leather semi-finished product. The quality of the leather
coating is assessed by a lot of indicators. Quantitative indicators of physicochemical, physico-mechanical and hygienic properties
characterize the behavior of the coating during operation. The aim of the work is to model the quality indicators of the leather coating by
optimizing the composition of the coating composition obtained using pigment materials based on colored modified dispersions of
montmorillonite and polymer film formers of different chemical nature. The influence of components of covering compositions on physical-
mechanical and operational indicators of a covering is investigated in the work. Mathematical models were obtained using D-optimal
simplex lattice plans of the experiment. Using mathematical models, the influence of individual components of the coating composition and
their ratio on the quality of the leather coating is described. By multicriteria optimization of the generalized desirability function and the
method of fair compromise, the optimal (rational) ratios of the components of the coating composition are obtained, which give the leather
finishing coating the necessary quality indicators. The obtained experimental indicators of the properties of the leather coating are
completely correlated with the indicators calculated by modeling. This confirms the reliability of the simulation results and indicate the high
quality of the studied coating on the leather.

Keywords: finishing, coating, leather, modeling, optimization, film former, pigment

[ocTranoBKka mpodaeMu

CyuacHe 03100JIeHHS WIKIpSHOTO HamiB(aOpukaTy mnependavyae CTBOPEHHS KOMIUIEKCY BIIACTHBOCTEH
TTOKPUTTS 1 TOTOBOI MIKipH, [0 MAIOTh 33I0BOJBHATH TEXHOJOTI9HIM, EKCIUTyaTaIlifHAM i €CTETHYHUM BAMOTaM Ta
3a0e3nedyBaTd KOM(OPTHICTH 1 TpHWBajie BUKOPHUCTAHHS IMIKIPSHUX BHUPOOiB. BakmmBy ponms y mpoMy Bimirpae
MOKpuBHE (hapOyBaHHS, B IKOTO 3aJie)KaTh HE JIMIIE 30BHIITHIA BUTIIA, ale i eKCIUTyaTalliifiHi XapaKTepIUCTHKA Ta
KOM(pOPTHICTH BHPOOIB.

BuxonanHs nporecy moKpuBHOTO (hapOyBaHHS 3HAYHOIO MipOIO BIUIMBAE HA TIOKA3HHUKH SIKOCTI TOKPUTTS
Ha IIKipi, OCKIIBKK B KiHIIEBOMY Pe3yJbTaTi BU3Ha4Yae (i3uKO-XiMidHi, Pi3MKO-MeXaHIuHI Ta TiTi€HIYHI TOKa3HUKA
IKipstHOTO HamiBPaOpHUKaTy i HaHECEHOI Ha HHOTO MOKPUBHOI IUIIBKH, MIO BPEMITi-pemIT POPMYE SKICTh TOTOBHX
mKip. BimoMo, 1m0 30BHIMHINA BUTISA MIKipSHAX BHPOOIB Y mporieci X eKcIuTyaTarii moripiuIy€eThes HacaMIiepen y
pe3ysbTaTi pyHHYBaHHS HE caMOi IKipH, a MOKPUTTS Ha Hii [1-3].

SIKiCTh MMOKPHUTTS Ha IIKipi MOXKe OyTH BH3HAUCHA JIMIIE 32 CYKYNHICTIO ITOKa3HHKIB, 1[0 XapaKTEPU3YIOTh
iX OCHOBHI BrmacTUBOCTI. {151 BceOIYHOI OWIHKM SIKOCTI MOKPHUTTS 1 TOTOBOI IIKiIpM BHKOPUCTOBYIOTH moHan 30

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 115



Technical sciences ISSN 2307-5732

MTOKAa3HUKIB, IIPHYOMY JAEsKI 3 HUX HEMOJMUIMBO KiJbKICHO BU3HAYMTH (HANpPHKIAMA, 30BHIIHIA Burisan). KingbkicHi
MTOKAa3HUKH IIMX BJIACTUBOCTEH XapaKTEpU3YIOTh IOBEMIHKY MOKPHTTS ITiJ 4ac eKciuryaTamii. Jlo HaliBayIMBIIINX
BJIACTHBOCTEH, 3 TOYKH 30py KOM(MOPTHOCTI i TPHUBAJIOTO BUKOPHCTAHHS BUPOOIB, MOJKHA BIIHECTH: MIIHICTb, SIKY
00yMOBITIOE TTOKPHUTTS TPH €KCIUTyaTalii B CyXHX 1 BOJIOTMX YMOBaX; BHUIOBXEHHS, JOCTaTHE Ul 30€pe’KeHHS
MOKPUTTS IPU MAKCUMAaJIbHOMY, IPAKTUYHO HEOOXiTHOMY PO3TATYBaHHI LIKipH; TBEPHICTb, O XapPaKTEPU3YEThCS
MOJIyJIEM BHCOKOEJACTHYHOCTI ITOKPHUTTS; CTIHKICTh J0 MOBTOPHUX JedopMariii "po3TsaryBaHHI—CKOpOUYCHHS" Ta
BUTHHY; CTIMKICTH JO TEPTS B CYyXOMY i MOKPOMY BHIVIIII, IO OOYMOBIIOE MILHICTh IOKPUTTS B IIpOIECi
eKCIUTyaTallil B CyXHX 1 BOJIOTHX yMOBaXx; a/Are3iiiHi BIaCTHBOCTI, 10 3a0€3MeUyI0Th MIIIHICTh TPUMAaHHS TOKPHUTTS
Ha MIKipi; Mapo- i MOBITPONPOHUKHICTH, 10 0OYMOBITIOIOTH TiTi€HIUHI BIACTHBOCTI MOKPHTTS, a TAKOXK CTIHKICTh
MTOKPHUTTS 10 cTapiHHs [2, 3]. 3a3HaueHe CBIMUNTH MPO BAXKIMBICTH LINECTIPSIMOBAHOTO OLIIHIOBAaHHS BJIACTHBOCTEN
Ta IMOKa3HMKIB ISl BCTAHOBJICHHS SIKOCTI 03/I00JIIOBAJILHOTO Ta 3aXHUCHOTO IIOKPUTTS HIKIp.
AHaJi3 0CTaHHIX J0CTiZKEeHb

[TopiBHSJIPHUM aHaNI30M PE3YJIbTATIB JOCHIHKECHHS SKCIUTyaTAIlIiHAX BIACTHBOCTEH TOKPHUTTIB HA OCHOBI
MOJIIMEPIB Pi3HOI XIMIYHOT IPUPOAN BCTAHOBJICHO, 10 HAWTIEPCIIEKTUBHIIIMMH 03]100JTI0BATEHIMH KOMITO3HILISIMH €
BOJIHI CUCTEMH aKpUJIOBUX 1 MOJIiypETaHOBHX IUTIBKOYTBOPIOBAYIB, IX cyMmimlel Ta criBnoiiMepis [1, 2, 4].

3acToCyBaHHS TaKMX KOMITO3HUIIN ISl MOKPUBHOTO (papOyBaHHS Ja€ MOXJIMBICTH MOEJHATH TO3UTHUBHI
BJIACTHBOCTI KOXKHOI CKJIQJIOBOI 1 3aB/ISIKM YHIKQIBHUM OCOOJIMBOCTSIM OKPEMHUX KOMIIOHEHTIB ()OPMYBATH ITOKPUTTS
Ha IIKipi 3 BUCOKUMH, SK Y TOJIypeTaHiB, (i3MKO-MEXaHIYHUMH 1 TEPMOJMHAMIYHUMH XapaKTEPUCTUKAMHU Ta
3a0e3revyBaTy 3aB/SIKH MOJiaKpHUiIaTaM rapHi Tiri€eHIuHI BJaCTHBOCTI MOKPUBHUX ILTIBOK [4, 5].

BaxMBUM KOMITOHEHTOM HOKPHUBHUX (hapd TakoX € MIrMEeHTH, Helpo30pi, HEPO3UMHHI B JMCIEPCIHHUX
CepesIoBHUIIAX 1 cepeIoBHUIIax, mo 3ahapOoBYIOTh, BUCOKOIUCIICPCHI 3a0apBIicHI PEUYOBHHH, 0 HAJIAIOTh MIOKPUTTIO
HeoOXiHOTO 3a0apBIIECHHS.

VY nokpuBHIA KOMIO3MINI MirMeHTH mepeOyBaroTh y (opmi TOHKOI cycrieHsii B aucrepcii momimepy-
IUTIBKOYTBOpIoBaya. Jlist 3a0e3neyeHHs KOJIOIMHOT CTIHKOCTI MOKPUBHOI (apOu HeoOXiqHO, MO0 MIrMeHT y Hil OyB
PIBHOMIPHO IHMCHEPrOBaHMii, MaB MOBHUI KOHTAKT i3 MOJIMEpOM, OyB 3aXHIIEHUM BiJl 3NHIaHHs ((IOKyswii) i He
BUIIAJIaB B 0CaJ. 3 II€I0 METOK BHUKOPHCTOBYIOTH Ka3eiH, METHJILIEIION03Y, aKpPUIIOBI B'SDKYYi PEYOBHHHU, 3aXUCHI
kosoinu, ITAP Tomo [3, 6, 7].

OnHuUM i3 Cy4acHMX HalpsMIB YIOCKOHAJICHHS CKJIaly TMOKpUBHUX (apd € BUKOPUCTAHHSM MIrMEHTHUX
MarepiaiiB Ha OCHOBI 3a0apBiieHUX MOAM(IKOBaHMX IUCHEpPCii MOHTMOPWIIOHITY, IO JIO3BOJISIE BUKIIOYHATH
3aCTOCYBaHHS Xap4OBOTO NPOJYKTY Ka3eiHy Ta IHIIMX 3TyIIyBayiB y CKJIJi MIrMEHTHUX IACT, MiJBUIIMTH X
arperaTMBHY CTaOUIBHICTH Ta CTIHKICTh 0 OloypaskeHHs. BUKOpHCTaHHS NIrMEHTHHX MaTepiajiB Ha OCHOBI
aHIOHHUX OapBHUKIB Ta MOJM(IKOBAHOIO MOHTMOPHJIOHITY 3a0e3leuye OTPUMAHHS BUCOKOSIKICHOTO TIOKPHUTTS Ha
LIKIpi 3 XOPOIIMMHU EKCIUTyaTalliliHUMH XapaKTepUCTHKaMH IIpU 3JCUICBJICHHI MIrMEHTHUX MaTepiajiiB Ta
3MEHIIEHUX BUTpATax MOKpUBHOI Gpapou 1yis 03n00eHHs [8—11].

OCKUIbKY CKJIaJI TOKPUBHOI KOMITO3MIIIi Ta OCOOJIMBO BMICT Yy Hilf MIrMEHTY BILIMBAIOTh HA BJIACTHBOCTI
MOKPUBHOI IUTIBKH, Ba)KJIMBHM 3aBJAHHSIM € IOCHTIPKCHHS JAHOTO BIUIMBY Ha MOKAa3HMKU SKOCTI NOKPHUTTA Ta
BU3HAUEHHSI TAKOrO CIIIBBIJHOILICHHS KOMIIOHEHTIB y TOKPHBHIA KOMIIO3MIi, 10 3a0e3neuye OnTUMaibHi
MOKa3HUKH SIKOCTI JIOCITIDKYBAHOT'O TOKPUTTSI.

OT1xe, METOI0 POOOTH € MOJICITIOBAHHSI ITOKA3HUKIB SIKOCTI MOKPUTTS MIKIPU HUISIXOM ONTUMI3alii CKIamy
MOKPUBHOT KOMITO3UIII], OTPUMAHOi 3 BHKOPHCTAHHSIM IIITMEHTHUX MaTepiajiB Ha OCHOBI 3a0apBICHUX
MOJU(IKOBAHUX AUCTIEPCIi MOHTMOPHUIIOHITY Ta TLTIBKOYTBOPIOBAUIB Pi3HOI XIMIUHOT IPUPOH.

Bukjaa 0cHOBHOTO MaTepiaiy

MozemntoBaHHsI MOKa3HUKIB SKOCTI 03/100JII0BAIILHOIO MOKPUTTS HIKIp 3/1iHCHIOBANHN IIUIIXOM OINTHMI3aIlil
CKJIaJly MOKPHBHOI KOMIIO3HIII Ha OCHOBI IUIIBKOYTBOPIOBAUiB Pi3HOI XIMIYHOI MPHPOIM, a caMe IMOJaKpuiary i
MOJIlypeTaHy, Ta MIrMEHTHOTo Martepiany — 3a0apBlieHOT aHIOHHUM YOPHUM OapBHUKOM MOAM(DIKOBaHOI aucrepcii
MOHTMOPHWJIOHITY.

OCKIiJIbKU  JT0JIaBaHHsI OyAb-5IKOTO MITMEHTY B TOKPUBHY (GapOy, a OCOOJMBO 3a Y4YacTIO MPUPOTHHUX
MiHEepaiB, CIIPUYUHSIE MOTIPIIAHHS €JACTUIHOCTI 1 BUJOBKEHHS TOKPUBHOI IUTIBKH, TO 10 CKJIQJy KOMITO3HIIII CITif
obupat M'ski ¥ TBepAi IUIIBKOYTBOPIOBAadi 3 JAOCHTH PI3HUMH 3HAYEHHSIMH MOZYJS €MaCTHYHOCTI, IO 3HAYHO
301BIIye MOXKIIMBICTh BapiloBaHHS (I3MKO-MEXaHIYHMX ITOKa3HUKIB, a caMe MIIHOCTI, eNacTHYHOCTI U
BHUIOBXKEHHSI, TIPU ONTHMI3allii Ta PETYIIOBAaHHS 3HAYEHb IIUX IMOKA3HUKIB 3T1IHO 3 AaCOPTUMEHTOM T'OTOBHX IIKIp.

[oennaHHs IUTIBKOYTBOPIOBAYIB Pi3HOI XIMIYHOI TPUPOIHM, SK 3a3HA4anoch, 3abesmneuye (HOpMyBaHHs
TTOKPUTTS 3 HEOOXiTHUM pIiBHEM EKCIUTyaTalliifHIX BIACTUBOCTEH, 30KpeMa BHCOKOI aare3il MOKPUTTS IO IIKipH Ta
CTIHKOCTI 10 CYXOTO i MOKpPOTO TEepTSI.

Hns nocnimpxers obpano M'skuit momakpuiaat SMITCRYL 2100 (Smit & Zoon) — BHCOKOEIACTUYIHHH,
THYYKHHA, 3 BHCOKOIO ITOKPHBHOIO 3[ATHICTIO, TIOKPHUTTS 3 SKOTO XapaKTePU3YEThCS CTIMKICTIO MO Aii BOAM Ta IO
TIOSIBH TPIIIMH 32 HU3BKHUX TeMIepaTryp, a Takox teepauii momiypetan PUR 3365 FF (Codyeco, Smit & Zoon
company) — BACOKOMIITHUH, CTIKUI 10 (hi3NKO-MEXaHiYHIX HaBAaHTA)KEHbB, TEPTS Ta 3HOITYBAHHS.

[lirmMeHTHHMIT MaTepial YOPHOTO KOJIHOPY OTPUMAHO IUIIXOM ITOCTYIIOBOTO 3MIITyBaHHS KaTiOHHOI (hopMH
MOHTMOPHWJIOHITY 3 OapBHUKOM aHIOHHNM 4YOpHWM. KaTioHHY (opMy MOHTMOPHJIOHITY OTPHAMAaHO B PE3yJbTaTi
Mo dikarii HaTpili-MOHTMOPHIIOHITY Tiapokcokomiuiekcamu xpomy (III) 3 Butparoro ocramnix 10-12 % macu
MiHepaiy. [lirMeHTHHH MaTepian XapakTepu3yeThcs IHTEHCUBHICTIO BIATIHKY Ta HACHYEHICTIO YOPHOTO KOJBOPY B
mMpoKkoMy iHTepBanmi pH, € cTifikuM 1O ocalpkeHHS Ta pO3ILApyBaHHS y 4Yaci, Ma€ BHCOKY MOKPHUBHICTh Ta
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HeoOXiHuiA piBeHb pH 1711 €eKTHBHOTO CyMIIIEHHS 3 TUIIBKOYTBOpIOBaYaMy pizHOi pupou [8, 9].

[lokpuBHI KOMIIO3WIII OTPHMYBaId UUIIXOM PETENBHOTO IEPEeMIllyBaHHS IUTIBKOYTBOPIOBAUiB 1
JIOCITI/PKYBaHOTO MITMEHTHOTO Matepiany. IlokpuBHI TuniBku GopMyBaimu B Te(pIOHOBHX KIOBETaX 3a CTaHAAPTHOIO
MeTo Koo [12] 3rimHo moBiaHUKOBOI iHpOopMartii Biamosigao 10 TOCT 14243—78 «Matepuaisl JIaKOKPaCOYHBIE.
Mertomu mosmydeHUs] CBOOOJHBIX IUIEHOK» Ta OIHIOBAIM I1X (i3MKO-MeXaHi4HI XapakTepucTHkKH. DopmyBaHHS
TTOKPHUTTSI BUKOHYBAJIM HIISIXOM HAHECEHHS IMOKPHBHUX KOMIIO3WIIH Ha JHIFOBY MOBEPXHIO IIKIPH 3a THITIOBOIO
TEXHOJIOTI€I0 03IOOJICHHS IIKip JUTS BEPXY B3YTTA 13 IPUPOAHBOIO JHUIICBOIO MOBepxHer0 [13]. [Toka3HuKH sSKOCTI
MTOKPHTTS HA IIKipi BU3HAYAJIN 3TiJHO TPAAMIIIHUX MeToiB [ 14].

Jnst onTuMizanii ckiamy JIOCHIIKYBaHOI ITOKPUBHOI KOMITIO3WIi BHKOPHCTAaHO METOJ| CHUMILIEKCHO-
pemriTuacroro miuanyBaHHs. [Ipy BUBUEHHI BIIACTHBOCTEH 03100IF0BaJIBHUX TOJTIMEPHUX KOMITO3HIIIH, SIKi 3aJIeKaTh
JIHIIE BiJ{ CITiBBiZHOIICHHS KOMIIOHEHTIB, (paKTOPHHUII MPOCTIp MpejcTaBiIsie coboro npaBuIbHuil (g — 1) — MipHuit

cumrutekc [15]. [y TakuX CHCTEM BUKOHYETHCSI CITIBBITHOIICHHS:

Zq:xl. =1 (1)

ne x; >0 — KOHLIEHTpAIlisl KOMITOHEHTA; g — KUIbKICTh KOMIIOHEHTIB.

Cepen pi3HMX BIJJOMHX KpHUTEpiiB ONTHMAIBHOCTI IUIaHIB HalBaXJIHMBIIMMH € BuMord D 1 G-
ONTUMAJBHOCTI. D-ONTHMallbHUM BBaXXAa€ThCS IUIAH, SIKMH 3MEHIIYe O0’€M eINCOiny PpO3CIIOBaHHS OLIHOK
koeillieHTiB piBHSAHHA perpecii. BiactuBocti G-ontuManbHOCTI 3a0e3neuye HAHMEHITy MakCUMaIbHY BEIHYHHY
aucnepcii nependadeHNX 3HaA4YeHb BiATYKY B 00JacTi gociipkeHHs. Jns cummekcHo-penriTkoBux mnaHis Lledde
xapakTepHi BiractuBocTi D i G-ONTHManbHOCTI TUTBKM TPH TOOYIOBI IOJIHOMIB JAPYrOro i HEMOBHOTO TPETHOTO
mopsAKy. D-onTuMalibHa CHMILIEKCHA PENIiTKa JJIs MTOJIIHOMY TPEThOTO MOpsAKy modynosaHa Kipepom (tabdm. 1).

B sikocTi Mozeni it TPMKOMITOHEHTHOI CyMillli 0OpaHHii ITOJIIHOM TPETHOTO MOPSIIIKY:

Yy=P1x1+ Byxy + Byxy + Piaxixy + Bi3xixy + PoXa Xz +715%1 X, (xl —x2)+

71330 X3 (0 = x5 )+ 703300 (6 = x3)+ Brasxixoxs
ne X; — KOHLIEHTpAI[isl KOMIOHEHTIB; [,y i Dk — BLANOBIAHI KoediieHTH noniHomy, npuuomy 1 < (i, k) <
3; itk

[Ticns Bu3Ha4YeHHs KoeQillieHTIB pPIBHSIHHSA perpecii MpPOBOJASATh CTATUCTHYHUI aHalli3 OTPHUMaHHUX
pe3ysbTaTiB Ta NEePEBIPSIOTh aIEKBATHICTh MOJIEN. 3 I[I€10 METOIO IPOBOJIATH JOCIIIN B JOAATKOBUX KOHTPOJIBHHUX
TOYKax. AJEKBaTHICTh MOJENEl BU3HAYAIOTh 3a JONOMOrow f-kputepiro Ctbrogenta [16, 17]. Otpumani mojedi
Jal0Th MOMJIMBICTH BHSBUTH BIUIUB KOXKHOTO KOMIIOHEHTY O03100JIOBAIBHHMX IIOJIMEPHMX KOMIO3MLIN Ha
BJIACTHBOCTI BCi€l cHCTeMH. BU3HAYeHHS ONTHMAIBLHOTO CKJIQJy IIOKPUBHOI KOMITO3MIII MOXXHA 3ZilCHUTH
rpagiuHIM METOJIOM 332 KPUBUMH PIBHHX 3Ha4€Hb BIACTHBOCTEH HA MIIOIIMHI IPABHUIILHOTO CUMILICKCY.

Po3paxyHok koe(illieHTIB perpecii, mepeBipkH X 3HAYUMOCTI Ta aJEKBATHOCTI OTPUMAHUX PIBHSHB,
PO3paxyHOK 3Ha4YeHb BUXIJHUX 3MIHHUX [IPU ONTHMI3allii BUKOHAHKH 3a nornomoroo VBA B cepenosuii Microsoft
Excel.

2

[Ipu BUBYEHHI BJIaCTHBOCTEH CyMIlll, SIKi 3aJIe)KaTh JIMILE BiJl CITIBBIIHOIIECHHS KOMIIOHEHTIB, ()aKTOPHUI
MIPOCTIp MPEICTABIIsIE COOOK0 MPaBHIBHUIN CUMITICKC. J[Js TAKUX CHCTEM BUKOHYETHCS CIIBBIIHOIICHHS 32 PIBHSIHHS
1, koM cyma BIJIHOCHMX KOHLEHTpAIiii yCIX KOMIOHEHTIB CyMillli JIOpiBHIOE OJUMHUIN. [Ipy 1bpoMy BimHOCHA
KOHIIEHTpALlisl KOYKHOTO KOMITOHEeHTa 3MiHIoeThes Bif 0 10 1, ToOTo B Mexax 0—100 %.

Bimomo [8, 9], m1o 3Ha4HUil BMICT MIrMEHTY B MOKPUTTI CIPHYMHSE 3POCTAHHS MOTO KOPCTKOCTI, OJIHAK
HEJOCTaTHIM BMICT HEraTHMBHO TII03HAYA€ThCS HA TOKPUBHOCTI. ToMy 0OpaHO HACTyNHI IiHTEpBaIM 3MiHU
KOHIIEHTpaLil KOMITIOHEHTIB y JOCHiHKyBaHii KOMIO3ULIIl: mrMeHTy — (x;) — 0-30 %, TBepaoro IUIiBKOyTBOpIOBaYa
(PUR 3365 FF)— (x2) —0-100 %, m’sixoro mmiBkoytBoproBada (SMITCRYL 2100) — (x3) — 0-100 %. B skocTi
GyHKIIHA BIATYKY BHOpaHO HACTYMHI TMOKA3HUKHM MOKPUBHHMX IUTBOK: Y| — MOAYyNb enactudHocTi mpu  100-
BimcoTkoBOMY BHAOBkeHHI, MIla; Y> — Mexka MirtHOCTI ipu po3TsryBanHi, MIla; Y3 — BiTHOCHE BHAOBXKEHHS IIPH
po3puBi, %; Y4 — aare3is HOKpUTTA 10 mKipH, H/M; Ys — CTIHKICTD MOKPHUTTS 10 MOKPOTO TePTsl, 00SPTH.

[Ipu HasBHOCTI OOMEXEHb 3MIHM KOHIICHTpAIlill JESKWX KOMIIOHEHTIB (HampWKiIal MirMeHTy) B CyMili
JIOKaJIbHAa OONAcTh Ha Jiarpami IMPeACTaBisie COOOI0 HENMPAaBIIBHUA CHMIDIEKC. Y [BOMY BHUIAIKy IPOBOIUTHCS
TIEPEHOPMYBaHHS 1 CKJIaJy B BEPIIMHAX JIOKAJIFHOTO CHMIUIEKCA MPUHMAIOTECS 3a TICEBIOKOMIIOHEHTH (zj, z2, Z3) TaK,
mo0 BUKOHyBamach ymoBa (piBHsSHHS 1). ID1aHyBaHHS eKCHEpHUMEHTY 1 OTPUMaHHS HOrO0 MaTeMaTHYHOI MOpelni
BUKOHYBAIM B CHCTEMi KOOPIMHAT IICEBIOKOMIIOHEHTIB. {711 MpOBENECHHS EKCIIEPUMEHTY BHKOHYBAIM TEPEXill Bin
TICEBIOKOMITOHEHTIB z; IO TTIOYaTKOBUX KOMIIOHEHTIB X;. [[aH excrieprMenTy 1 3Ha4eHHS (YHKIIi BiATyKy HaBeAeHI B
Tabm. 1.
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Tabmmrs 1
XapakTepHUCTHKA MJIAHY EKCIIEPUMEHTY
Homep [lnan Y, Yo, Y3, Y4, Ys,
JOCTi Ty Z1 7> 73 X1 X2 X3 MIla | MIla % H/m | OGeptn
1 1 0 0 30 0 70 9,6 9,7 110 160 40
2 0 1 0 0 100 0 2,1 12,6 990 320 120
3 0 0 1 0 0 100 0,43 4,8 1285 160 230
4 0,7236 | 0,2764 0 21,71 27,64 50,65 4,9 5,9 250 180 20
5 0,2764 | 0,7236 0 8,29 72,36 19,35 2,8 6,3 625 240 50
6 0,7236 0 0,2764 | 21,71 0 78,29 4,1 10 610 200 20
7 0,2764 0 0,7236 | 8,292 0 91,71 1,34 5,1 750 320 40
8 0 0,7236 | 0,2764 0 72,36 27,64 1,63 7,1 825 225 80
9 0 0,2764 | 0,7236 0 27,64 72,36 0,8 4,35 | 1070 230 130
10 0,3333 | 0,3333 | 0,3334 | 10,00 33,33 56,67 2,03 | 6,35 690 195 40
11 0,22 0,56 0,22 6,6 56 37,4 2,0 6,6 915 290 40
12 0,44 0,12 0,44 13,2 12 74,8 2,4 8,4 700 290 20

OTpuMaHi MAaTEMAaTHYHI MOJICITI BUXIHUAX 3MIHHUX MArOTh BUTIIS;
Y1=9,6z; + 2,12, + 0,4323 - 9,999822> - 11,4752123 - 0,252573 - 7,01022122(21-22) - 7,49552125(21-23) +

0,464982223(22—23) + 10,8142]2223 (3)

Y2=9,7z; + 12,62, + 4,823 - 25,2522, + 1,52123 - 14,8752,23 + 5,01382122(21-22) + 15,1422123(21-23) - 4,12652,73(2>-
23) +43,4252,2,73 (4)

Y3=100z; + 990z, + 128523 - 537,492z, - 62,499z,z3 - 949,992,7; + 128,62Z122(Z]-Zz) + 2179,82]23(2]-23) -
632,122223(22-23) +1905,1212,73 (5)

Y4=160z; + 3202, + 160z3 - 1502122 + 499,992,273 - 62,4992,75 + 64,5792,22(21-22) - 670,832123(21-23) -
427,952223(22-23) - 1357,5Z]Z2Z3 (6)

Y5=40z; + 120z, + 230z;3 - 2252125 - 524,992,273 - 349,997,273 + 32,289Z]Z2(Z]-Z2) + 363,192]23(2]-23) -4,51 692223(22-
73) + 869,95212,73 (7

AJleKBaTHICT, OTpUMaHUX piBHAHL (3—7) mepeBipsuii 3a Jonomororo f-kputepito  CThIOAEHTA,
BUKOPHCTOBYIOUM 2 KOHTPOJBbHI TO4kH (Homep apocminy 11-12) mnany ekcnepumenty (tabu. 1). Ilpu kinbkocti
Jgociigie N=12, uucni napayienbHUX JOCHiAIB #=5 1 piBHI 3HauumocTi p=0,05 TaOiuuHe 3HAYEHHS KPUTEPito
CrbronenTa #=2,17. Jlnsi BCiX KOHTPOJBHUX TOYOK {-CITIBBIJIHOLICHHSI MeHIle Tabau4yHoro, Tooto moxeni (3—7) €
aJIeKBaTHUMH.

3 MeTol0 BUBYCHHS BIUIMBY CKJIALy 03400JIIOBAJbHOI MOKPUBHOI KOMITO3MIII Ha BJIACTHBOCTI MOKPUTTS
BUKOHaHI BIZIMOBIJHI PO3paxyHKH 3HAYCHb BUXIJHUX 3MIHHUX Ta MOOYJOBaHI KpUBI PIBHUX 3HAYCHb MOKA3HHUKIB
MIOKPUTTS Ha IUIOLIMHI IPaBUIIBHOTO CUMILIEKCA B CHCTEMI KOOPAMHAT IICEBAOKOMIIOHEHTIB (pHC. 1).

JJisi IpakTUYHOTO BUKOPHUCTAHHSI Pe3yNbTAaTiB aHaji3y perpeciiiHuX Mojeseldl BHUKOHYBaJIM MepeXia Bif
MICEBIOKOOPIMHAT JI0 HATYPaJbHUX 3MIHHHX 32 JIOMOMOToio (OpMyII MepeBe/IeHHs] KOOPIUHAT 13 OfIHIET cucTeMu B
iy [15]. BukopucToByroun po3paxoBaHi GpopMyIu 3B’ 3Ky MiXK KOOPJHHATAMH Z; 1 X; ©

X;] = 0,3 Z], X2 =2Z2, X3 = 1—0,3 Z]—Z2 ZI—X1—)C2;
MOXXHA BU3HAYMTH ONTHUMAJbHI CHIBBIIHOIICHHS KOMIIOHEHTIB TIOKPUBHOI KOMIIO3WIII B MOYaTKOBUX
(HaTypaJbHUX) KOOPJMHATAX Ta ONTHMANbHI 3HAYE€HHS KOXKHOT BUXITHOT 3MIHHOT Y o,

Sk BUAHO 3 piBHsHB (3—7), yci KOMIIOHEHTH MMOKPUBHOI (hapOu BILIMBAIOTH HA SIKICTH 03100JIFOBAIEHOTO
nmOKpHUTTs 1wKip. [lirMeHT, 3B’s3aHui 3 MOHTMOPHWIJIOHITOM, MiJBUIIYE MIIHICTh IUIIBOK 1 3HUXKYE 1X BHOBXKEHHS,
MIOMITHO BIUJIMBA€E Ha a/Ir€31F0 MOKPUTTSI 1 3HIIKYE HOTO CTIMKICTh 10 MOKPOTO TePTS.

3amady onTHUMIi3allii MPOLECIB, MO XapaKTePH3YIOTHCS NEKUTPKOMa BIATYKAaMH, SK IIPABIUIO, 3BOJAATH JIO
ONTHUMI3allii 32 OJHUM KPUTEPieM 3 OOMEKSHHSIMH y BUTIIANL PIBHSHB Ta HEPIBHOCTEH. B 3ameHOCTI Bix mOBepxHi
BIATYKY Ta XapakTepy OOMEXEeHb s ONTHMi3alii BUKOPHUCTOBYIOTH psn MeTomdiB. OmHMM 3 HalOUTBIN BIATUX
c1toco6iB BUPIMICHHS 3a7[adi ONTUMi3alii 3 BEIUKOIO KUTBKICTIO BIATYKIB € BUKOPUCTAHHS Y SIKOCTI y3arallbHEHOTO
KpUTEPII0 ONTHMI3allii TaK 3BaHOTO KPHUTEpPif0 XapwHITOHa abo y3araimbHEeHOi (yHKHii OaxkaHocti D, a TaKOX
METOJY CHPaBEJIMBOIO KOMIIPOMICY.

Jns mobynoBu y3aranbHeHO! (QyHKIII OaxkaHOCTI D TMEpeTBOPIOBANM BHUMIPSHI 3HA4YeHHS BIATYKIB Y
0e3po3MipHy mKamy 06akaHOCTI d 32 JOMTOMOTOI0 METOY KUTbKICHHUX OIIIHOK 3 IHTepPBaJIOM 3HaUeHb OA)KAaHOCTI Bif
Hynsa no omuHumi. 3HadeHHS d=0 (abo D=0) BiamoBigae aOGCOMOTHO HEMPUHHITHOMY 3HAYEHHIO JaHOTO BIATYKY;
0,63-0,79 = xopomomy; 0,80-0,99 = myke xopomomMy 3HauYeHHIO; a d=1 (abo D=1) = HaWKpamoMmy 3HAYECHHIO
BIATYKY, MPUYOMY TIOIANIBIIE HOTO MOKpaIIaHHs a00 HeMOXIHBe, a00 He Mae pariii [16].

SAx BuaHO 3 puc. 2, y3araipHIO04a (pyHKIis OakaHocti D mae makcmmansre 3HadeHHsS D=0,60-0,65 B
O3HaYeHill 00MacTi CHMIUIEKca, M0 XapaKTepu3ye L0 IUISTHKY CHUMIDIEKCY SK OONacTh ONTHMAIBHUX 3HAYCHB
BUXITHUX 3MiHHUX, 1 TO3BOJISIE€ IPOBECTH ONTHMI3AIIiI0 CKIay TOKPUBHOI KOMITO3HIIIT 3 BUCOKOO IOCTOBIPHICTIO.

SIKmo meBHUIA MPOIIEC OMMCYIOTH NEKITbKOMa PIBHSHHSME perpecii i BayXIMBUMH € Pe3yIbTaTH KiTBKOX
BUXIJIHUX 3MIHHHX, TO y LbOMY BHUIIaJKy CJiJI BUPIIIyBaTH KOMIIPOMICHY 3aJady — BH3HAYaTH EKCTpeMallbHe
3HA4YEHHs O/Hi€] BHXiJTHOI 3MIHHOI 3a YMOBH OOMEXEHb, II0 HAKJIAJAIOThCS HA IHIN Ta Ha TPaHMI oOiacTer
JOCITI/KeHHS (METO/] CTIpaBeUIMBOrO KOMIpoMicy). ONTHMYM IapaMeTpiB, IO JOCSATAETHCS IIPH BUKOHAHHI TaKUX
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YMOB, SIK IPaBUJIO, HA3WBAIOTh YMOBHHUM 200 BiTHOCHHM, a 00JacTh TApaMETPiB MPOIIECY, B MEXKaX SIKOi OTPUMYIOTh
BUXIJIHI 3MiHHI, 1[0 33J0BOJBHSIOTH yCiM 3a3HAYCHUM BHMOTaM, — PaIlioHAFHOK Y1 KOMIIPOMIiCHOO o0macTio [16].

T
R
725\

Puc. 1. Kpugi piBHUX 3HaYeHb NOKA3HUKIB MOKPHUTTS ISl BUXiZTHUX 3MiHHMX: Y1 — MOy b ejdacTuyHocTi npu 100-BincorkoBomy
puaoBxkeHHi, MIIa; Y:— mexka minHocTi npu po3tsarysansi, MIla; Y3 — BilHOCHe BUIOB:KeHHsI IPH po3puBi, %;
Y4 — aaresist mnokpurrs a0 wkipu, H/m; Ys — crilikicTh NOKPUTTA 10 MOKPOTo TepTsi, 06epTH

)

—, // ,
/////%Z/ ////////;//,

Puc. 2. Y3araabHeHa GpyHKIisA 6axkaHOCTI

OCoOOIUBICTIO TAKOTO METOIY OINTHMI3alii € Te, M0 3MIHIOIYH TpaHWIi 0OMEXEHb BHUXIJTHHX 3MiHHUX,
MO>KHA PETYJIIOBATH CIiBBIJHOIICHHS KOMIIOHCHTIB MOKPUBHOI KOMIIO3MIIii 3 METOI0 OTPUMAHHS BUXiJHAX 3MIHHHX
3 ypaxyBaHHSIM TEXHOJOTIYHMX BHMOT A0 (OpMyBaHHS IMOKPUTTS Ha IOKIpax IMEBHOTO AaCOPTUMEHTY, TOOTO
pETYJIIOBAaTH, a TOYHIIIE, MOJIEITIOBATH ITOKa3HUKH SIKOCTI IOKPUTTA PI3HUX BHIB IIKIp.

Bu3HaueHHS ONTHMANBHOTO CKJIAAy MOKPHBHOI KOMIIO3WIN MPOBOAMIIM INUIIXOM OaraTOKpuTepiaabHOL
ontuMizanii rpadiYHUM METOAOM 3a KPHBHMH PIBHHX 3HAa4YEHb ITOKa3HMKIB MOKPHTTS Y| — Ys Ha IUIONIHMHI
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MIPaBIWIFHOTO CUMIUTEKCY (pHC. 3).

oY1
8Y2
+Y3
“Ya
~Ys

Puc. 3. O6s1acTh onTHMATBHUX 3HAYEHb BUXITHUX 3MiHHUX: Y1 — MoyJIb enacTuuHocTi npu 100-BincorkoBomy BuaoB:kenHi, MIla;
Y2 — mexka mintHocTi npu po3tarysanui, MIIa; Y — BizHocHe BH10BKeHHs Npu po3puBi, %; Y4 — aaresis nokpurrs a0 mxkipu H/m;
Y5 — CTIHKICTh HOKPHUTTS 10 MOKPOTO TEPTs, 00epTH

BpaxoBytoun 0coONMBI BUMOTH JI0 MOKPUTTS LIKIp JUIS BEPXY B3YTTs, & caMe BUCOKI MILIHICTb, a/re3ito JI0
HIKIpH Ta CTIMKICTh IO MOKPOTO TEepTs, HA BHXIJHI 3MiHHI OyJIM HakJaJieHi HACTYIHI OOMEXEHHS MiHIMAJIBHUX 1
MakcUMaJbHUX 3HadyeHb: Y 1=0,5-1,5 MIla; Y,=4,4-5,0 MIla; Y5=800-1100 %; Y4=270-300 H/m; Ys=90-140
00epTiB.

Y  pesynabraTi IpoOBENEHOI ONTUMI3allii OTPUMAHO ONTHMaNbHI (pallioOHANIbHI) CIiBBIJHOILEHHS
KOMIIOHEHTIB ITOKPHBHOI KOMIIO3UIlii, 1110 3a0e3Me4yloTh IMOKPUBHIA IUIBII HEOOXiqHI SIKICHI MOKa3HUKH.
OntuManbHU# CKiTa]] MOKpUBHOI KoMIo3uIlil (%o):

nirmMmeHTHHA Matepian — 4,5 - 5,0;

yperaHoBuii uiBkoytBoptoBad PUR 3365 FF — 3,0 - 5,0;

akpuioBuil miBkoyTBoproBay SMITCRYL 2100 — 90,0 - 92.5.

BukopucTanHs aHOTO CKJIaqy MOKPHBHOI KOMITO3MLIi 3a0e3rnedye (popMyBaHHS MOKPHUTTS Ha ILIKIpi 3
HACTYNHUMHU TOKa3HUKaMu skocTi: Y1=0,96 — 1,06 MIla; Y»,=4,4-4,5 MIla; Y3=900-915 %; Y4=280-290 H/m;
Ys=100-110 obepriB (puc. 3).

Juist miATBepPKEHHST Pe3yJbTaTIB ONTHMI3AIlil CKiIajy TMOKPUBHOI (GapOu Oyso MPUTOTOBIECHO MOKPHBHY
(apOy oNTUMATBLHOTO CKJIaIy Ta MPOBEICHO 03100JEHHS JMIBOBOI MOBEPXHI HIKip. Pe3ynbTaTit JOCIIIKEHDb SKOCTI
03100JTF0BAIBHOTO TIOKPUTTS IIKIpU HaBeeH] y Tab. 2.

Tabmurs 2
IMoka3HNKH AKOCTi NOKPUTTS LIKIip
Nerni/m IToka3HHUKH AKOCTI HOKPHTTS SHACHHA
PO3paxyHKOBE EKCIIePHMEHTAIIbHE

1 Moaynb eTacTHIHOCTI G100, MIIa 0,98 1,1
2 Merka MIITHOCTI IPH PO3TATYBaHHI Gp, MIla 4,48 4,65
3 BingHocHe BHIOBXKEHHS ITPH PO3pHBI, € % 915 905
4 Anresist MOKpUTTS 110 wiKipu, H/m:

- cyxoi 285 300

- MOKpOI - 185
5 CTifiKicTh IOKPUTTS J10:

- MOKPOTO TepTs, 00epTiB 100 110

- baratopa3oBOTO BUTHHY, THC. BUTHHIB - < 100000
6 I1OBiTPOIPOHUKHICTE, CM>/CM>XTOL. - 42,3
7 PiBHOMIipHICTB 3a0apBieHHS, OaiB - 5
8 CrifikicTs 3a0apBICHHS JO MOKPOTO TepTs, Oal - 5

TakuM 4YMHOM, OTPHMaHi eKCIIEPUMEHTAIBHI JaHi KOPETIOITh 3 PO3PaXyHKOBUMH JTaHUMHU MAaTEMaTHYHOT'O
MOJICTIIOBAaHHS, IO TiATBEPHKYE MOCTOBIPHICTH PE3yJibTATiB MOIETIOBAHHS 1 CBi4aTh IPO BHCOKY SKICTH
JIOCITIJPKYBAHOTO ITTOKPHUTTS Ha mKipi. He3HauHa BiAMIHHICTD €KCIIEPHMEHTAIFHHUX 1 PO3PaxXyHKOBUX MOKA3HHKIB
SIKOCTI IOKPUTTS MOXXe OyTH MOB'A3aHa 3 yMOBaMH (pOpMyBaHHS TOKPUBHO] TLTiBKH.
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BucHoBkn

CrarTsi TpHCBSYEHA MOJIENIOBAHHIO IOKA3HHUKIB SIKOCTI MOKPHUTTS IIKIp NUIAXOM ONTHMIi3amlii CKIamy
TTOKPUBHOI KOMITO3MIIii HA OCHOBI aKpHJIOBOTO M YypeTaHOBOTO IUIIBKOYTBOPIOBAYiB PI3HOT'O CTYIEHS TBEPIOCTI Ta
MIIrMEHTHOTO MaTepiajly, OTPEIMaHOTO Ha OCHOBI 3a0apBiIeHNX MOIM(IKOBAHHX JHCIEPCiii MOHTMOPHIIOHITY.

B po06oTi gociipKeHO BIUTHB KOMIIOHEHTIB IIOKPHBHITX KOMITO3UIIIH, a caMe MIrMEHTHUX MaTepialliB Ha OCHOBI
3a0apBJICHOT0 aHIOHHUM YOPHMM OapBHHKOM MOAM(IKOBAHUX JHCIIEPCii MOHTMOPHJIOHITY Ta IUTIBKOYTBODIOBAYiB
Pi3HOI XIMIYHOI TPUPOJIH ¥ TBEPIOCTI, Ha (hi3UKO-MEXaHIYHI Ta eKCIUTyaTalliiHi MOKa3HUKU HOKPHTTSL.

3a nmonoMoror0 D-onmTUMansHUX CHMIUIEKCHO-PEIITKOBHX IUIAHIB EKCIIEPUMEHTY OTPUMAaHO MaTeMaTH4Hi
MOJIeli, IO OMNKCYIOTh BIUIMB OKPEMHX KOMIIOHEHTIB TPHUKOMITOHEHTHOI ITOKPMBHOI KOMIO3WIII  Ta iX
CHIBBIIHONIEHHSI HA TOKA3HHUKH SKOCTI TTOKPUTTS Ha IIKipi.

[Insxom GaraTokpUTEpianbHOI ONTHMI3aI] y3araibHeHol (pyHKIil 6a’KaHOCTI Ta METOJy CIIPaBETHBOTO
KOMIIPOMICY OTPUMAaHO OITHMAaJbHI (paliOHaNIbHI) CITIBBIJHOIICHHS KOMIIOHEHTIB ITOKPUBHOI KOMIIO3MIIIl, IO
3a0e3MevyIOTh MOKPUTTIO Ha IIKipi HEOOX1THI SIKICHI TTOKa3HUKH.

OtpuMaHi eKclepruMEeHTalIbHI ITOKa3HUKW BJIACTUBOCTEW MOKPHUTTS Ha INKIPI ITOBHICTIO KOPEIIOIOTH 3
MMOKa3HUKaMH, PO3PaxOBaHUMH IUITXOM MOJIETIOBAaHHS, 110 MIATBEPAXKYE TOCTOBIPHICTH pe3yJIbTaTiB MOJIETIOBAHHS
1 CBIIYaTh PO BUCOKY SKICTh JOCIIIKYBAaHOTO TIOKPUTTS Ha IIKipi.
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JTAHAMIKA KPYTJIOB’SI3AJIbHOI MAIIIMHA 3 IPUCTPOEM 3HUKEHHSA
JUHAMIYHUX HABAHTAKEHD 3 IPY KUHAMU KPYYEHHA

B po6omi nposedenull aHa.iz doyinbHOCMi 8UKOPUCMAHHS NPUCMPOK) 3 NPYHCUHAMU KPYHEHHS 04151 3HUMNCEHHS
JuHaMIiYHUX HasaHmaxiceHb 8 npusodi Kpy2/a108’a3a1bHUX MAWUH, po3pobKka Memody subopy payioHanabHUX napamempis
npucmporw ma oyiHka eghpekmugHocmi ii020 BUKOPUCMAHHSI.

Kawwuosi caoea: duHamika 8’A3a/4bHUX MAWUH, NpUcmpili 3HUXCEHHST OUHAMIYHUX HA8AHMAdXiCEeHb, hpugio
8’13a/1bHoi MaWUHU, OUHAMIYHI HABAHMAMCEHHS NPUBOAY, NPYHCUHA KPYUEHHS, napamempu NPYHCUHU KPYHeHHS.
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PLESHKO SERGEY A.

Kyiv National University of Technologies and Design
LOPUKHOV EVGENY V.

Kyiv National University of Technologies and Design

DYNAMICS OF A CIRCULAR KNITTING MACHINE WITH A DEVICE
OF REDUCTION OF DYNAMIC LOADS WITH TWIN SPRINGS

The issue of improving the efficiency of circular knitting machines remains relevant, so the task of research is to develop a new
design of circular knitting machine with a device to reduce dynamic loads with torsion springs, engineering method of choosing rational
parameters of the device, and evaluate its efficiency. The aim of the work is to analyze the feasibility of using a device with torsion springs to
reduce the dynamic loads in the drive of circular knitting machines, to develop a method for selecting rational parameters of the device and
evaluate the effectiveness of its use. The article uses modern methods of the theory of dynamics of mechanical systems in order to assess the
feasibility of using a device with a torsion spring to reduce the starting dynamic loads in the drive of machines.

Based on the analysis of the dynamics of mechanical systems with elastic ties, an algorithm for calculating the dynamic loads that
occur during the start of circular knitting machines, the calculated dynamic model of which is reduced to a three-mass dynamic model with
an average leading mass. A new design of the device is proposed to reduce the dynamic loads that occur during the start of circular knitting
machines. In contrast to the known devices, the proposed device is made in the form of two cylindrical torsion springs and bypass couplings,
which increases its efficiency. The new design of the drive of the circular knitting machine with the device of reduction of dynamic loadings
with torsion springs, a method of a choice of rational parameters of the device and results of an estimation of efficiency of its use are
presented. A scientific novelty is the development of scientific bases and engineering methods for designing devices for reducing dynamic
loads in the drive of knitting machines. The practical significance lies in the development of a new design of the device for reducing dynamic
loads in the drive of circular knitting machines and an engineering method for selecting its rational parameters.

Keywords: dynamics of knitting machines, device for reducing dynamic loads, drive of knitting machine, dynamic loads of drive,
torsion spring, parameters of torsion spring.

[ocTranoBKka mpodaeMu

BpaxoByroun axTyanbHICTh NUTAaHHS MTiIBUIICHHS e()eKTUBHOCTI pOOOTH KPYTIIOB S3albHUX MAIIUH,
3aBJAHHSAM JOCIHIDKEHB € pOo3poO0Ka HOBOi KOHCTPYKIII MPHBOAA KPYTJIIOB A3aJbHOI MAalIMHU 3 IPUCTPOEM
3HIDKCHHS JMHAMIYHUX HAaBaHTAKEHb 3 INPYKHHAMU KPYYCHHS, 1H)KEHEPHOTO METOAy BHOOpY palliOHAJIBHUX
IapaMeTpiB IPUCTPOIO, Ta OIliHKA e(hEeKTHBHOCTI HOTO BUKOPUCTAHHSI.

AHaJi3 ocTaHHiX T:Kepen

OnuuM i3 pakTopiB, IO 3HUKYIOTH €(PEKTUBHICTH POOOTH MEXaHIUHUX CUCTEM, B TOMY YHCII 1 B’SI3aJIbHUX
MAallliH Ta aBTOMATiB, € MUHAMIYHI HABaHTAXXCHHS, II0 BUHHUKAIOTH IIiJ Yac iX HECTANoOro pexumy podotu (Iyck,
3ymuHKa Ta iH.) [1-4]. Bigomi 3aco0u 3HIKEHHS NWHAMIYHUX HABaHTAXCHb B MPHBOAI MAmIuH [5] HE 3aBXId
MOXYTh OyTH BHKOPHCTaHI B MaIIMHAX JIETKOI MPOMHCIOBOCTI. ToMy mpoOiiemMa IiABWINECHHS HAAIHHOCTI Ta
JIOBTOBIYHOCTI 1X pOOOTH HIISXOM 3HIMIKECHHS TUHAMIYHUX HABAHTAKEHB € aKTYaJIbHOIO Ta CBOE€YACHOI0. Buxomsun 3
IbOTO, TIPH MPOCKTYBaHHI 00JaIHAHHS JIETKOI MMPOMHCIIOBOCTI, B TIEPIIY YepTy, CNiJ MPUAUIATA yBary 3HHKEHHIO
QUHAMIYHAX HABaHTAXCHb B TPUBOJI Ta 3aMoOiraHHIO aBapiifHWX curyamid. BupimeHas miei mpobmemu 0e3
YIOCKOHAJICHHS KOHCTPYKLIH IPUCTPOIB 3HIKSHHS INHAMIYHUX HAaBaHTa)KCHb HEMOXKIIUBE.

Merto10 po00OTH € aHaJi3 JOIMUTBHOCTI BUKOPUCTAHHS MPUCTPOIO 3 TMPYKUHAMH KPYUYCHHS IS 3HIDKCHHS
JVUHAMIYHUX HaBaHTAXXEHb B MPUBOJI KPYIJIOB’SI3aIbHMX MAallMH, pO3poOKa METOxy BHOOpY palioHAIBHUX
TapameTpiB MPUCTPOIO Ta OLiHKA e(h)eKTHBHOCTI HOTO BUKOPHUCTaHHS.

Bukiaa ocHoBHOro MaTtepiany
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Amnauri3 nokasye [2, 6], o B IprBOAax KpyIiioB’ s3aabHUX MamyH Ty KO BepTHKambHUI TPUBOTHUIN Bajl
KiHEMAaTUYHO 3’€JJHAaHUHU 3 €JIEKTPOJBUTYHOM 32 JIONOMOTOI0 KJIIMHOITACOBOI Ta IMJIIHAPUYHOI 3y0UacToi mepenmadi.
XKopcrke 3’emHanHHs 3y04acToro Kojeca Ta INECTEPEHb 3 BEPTHKAJIBHMM IPUBOJHHMM BaJOM 3yMOBIIIOE 3HAYHI
JMHAMIYHI HaBaHTA)KEHHSI, 10 BUHUKAIOTh I/ 4ac ITyCcKy, IO 3HIKYE JIOBIOBIYHICTH HOTO POOOTH.

3 [IpomonyeTbcsi HOBa  KOHCTPYKIiS IpUBOJA

- 1 i KPYIJIOB’ SI3aJIBHOL MAalIVHH, SIKMI oOagHaHni

4 "I"'"[-" ? NPUCTPOSIMH ~ 3HIDKCHHS  JMHAMIYHMX  HaBaHTaXEHb

g ! (ITI3JH) [9], mo MicTATh TPYKUHY KpYy4eHHs, 1€ cami

2 f o s [13/1H BcTaHOBIEH] Ha BEPTUKAJIGHOMY IIPHUBOJHOMY Bajly
- (puc. 1).

g | — O6nannanns mnpuBoma (I13JJH) 3abesmeuye

3HMKEHHS JMHAaMIYHMX HaBaHT@XEHb KPYIJIOB’s3aIbHOI

- : - : MalllHY, 1110 BUHUKAIOTH ITiJ] Yac MYyCKy, 110 MPHU3BOAUTH

. ' T .-f;'. (M AL JIO T BHIICHHS JJOBIOBIYHICTH pOOOTH HpI/‘I'BOI[a. 3

Jod [MpuHnmn pobotu npuBosa Takuii. OOepTaIbHUIMA

17 8. PyX Bajia eNeKTPOABUTYHA | TepeaaeThcs KJIMHOMACOBIH 5

4 T 5 Ta 3yOuacTiii 6 mepemauam. OOepTaHHS 3y0UacToro Kojeca

! 1- 9 3ybuacroi mnepemadi 6 3a JIOMOMOIOI0 MPYKHHX

3armo0KHUX My(T 7, 8 3yMOBIIIOE 3aKpYUyBaHHS MPYKUH

Puc. 1. KinemaTn4a cxema npuBoja Kpyrjios’s3ajbHol KpYy9CHH 10, 11, cum TIPY’KHOCTI SAKUX TIPUBOIATE B PyX

mammnn 3 [13/IH 3 npykunamu kpydenns: 1 — mectepHi 3, 4 BiamoBigno. IllectepHi 3, 4 nuIIxoM
€JIEKTPOBUTYH; 2 — NPHBOHMIi BaJ; 3, 4 — mecTepHi; 5 — 3y04acToro 3aderyieHHs NPUBOJATH B OOEpPTAIBHUM pPyX
KJIMHONACOBA Nepeaaya; 6 — 3yduacra nepenaya; 7, 8 — senyui MEXaH{3MH B’SI3aHHSI T TOBAPOIPUIIOMY, IO HEOOXiTHO

HaniBMy¢TH; 9 — 3y6uacre koJeco; 10, 11 npyxunu 6 s ..
KpyueHHs; 12, 13 — BeieHi HaniBMydTH (COHsUHI mIecTepHi); A1 pOOOTH prFHOB A3aJIbHO1 MAIIHNHH. .
14, 15 — mecTepHi caTesiTn B nepiog mMyCcKy HpuBOJa ITYCKOBUM MOMEHT

eJNIEKTPOJIBUTYHA 32 paxyHOK TMpyxHoi zaedopmariii
npykuH KpydeHHs 10, 11 3HMXKYEThCS, WO MPU3BOAMTH JO IIiJABHUIIEHHS JOBIOBIYHOCTI POOOTH NpPUBOAA
KPYIJIOB’SI3aJIBHOI MaIlIMHHU.
BaxxjmBuUM erarnoM B TPOEKTYBaHHI J@HOTO NPHBOAA € PO3PaXyHOK INPYXKHUH KpydeHHs. Sk Bimomo,
NPY>KHHU KPY4YeHHS MPAIIOI0Th Ha 3TMH BUTKIB. YMoBa npane3aatnocti [13/1H, npu 1ipomy, Oyae HaCTyIHORO:

o= 5], (1)
w
ae O - po0oye Hanpy>KeHHs 3TUHY BUTKIB IPY)KUHU;

[6 ] - JIOIICTUME HANPY>KEHHS 3THHY BUTKIB [PYKUHM, [o-] =(1,25... 1,5)[r];
[2' ] - IOy CTUME HATIPYKEHHS MaTePiaily NPYKUHH MIPU KPYIEHHI;

T - KpyTHuUIT MOMEHT IIPYXKHUHU;

k - xoeiwienT, 10 BpaxoBye KyT Miai oMy BUTKIB NPYKUHHU Ta iX KDMBU3HY,

ool 2)
4c—4

C - IHIEKC IIPYy>KUHH,
c=2; c=4.12; (3)
d

D, d - cepenniii niaMeTp Npy>XUHH Ta AiaMeTp JIPOTY, 3 IKOTO BOHA BUTOTOBJICHA.

W - moment onopy 3runy,
3
woZd (4)
32
BpaxoByroun (4) i3 ymoBu (1) 3HaX0AMMO HEOOXiqHUH AlaMETP APOTY:

d>217 i/ﬁ Q)
o]

KyT ckpydyBaHHS OPYXKHUHU (P IIpH PoOOYOMY HaBaHTaXKEHHI 3HAXOIUThCA i3 yMOBU [7]:

TL
$== > pan, (6)
e L - noBxuHa JpOTY, 13 KOO BUTOTOBJIEHA NpYKUHA (poO0odi BUTKH; cosa ~1; « - KyT MigHoMy BHUTKIB
npysKiHH),
L=rDi; ™)

E - monyns npysxnocti apory (ctams), E =215- 10° MI]a;
J, - MOMEHT iHepLii nepepisy ApoTy,
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rd*
Jy=—; 8
0%z ®)
i - KUIBKICTh pOOOYNX BUTKIB IPY>KHHHU,
H
i=—; )
p
H - poGoya j0BKHHA (BUCOTA) MIPYKUHH;
P - KPOK TIPYKUHH,
p=d+(1..2) mm (10)
JKopcTkicTh NpyXHHU Kpy4YEeHHS 3HAXOIUTHCS 13 YMOBU
T
ng,HM/paz[. (11)

Busnaunmo partioHansHi napameTpu npyxut [13/IH npu BUKOprcTaHHI HOTO B IPUBOAI KPYIJIOB SI3aJIbHOT
Mamman KO-2 3 enekrponsuryHom tumy 4A100L6Y3 motyxknictio 2,2 kBT Ta wactoToro obepraHHs Baia
950 06/xB. [6].

Sk HOKa3yIOTh PO3PaxXyHKH, PO3MOALT KpyTHUX MoMeHTiB T, , T, Mix npyxunamu 10, 11 (puc. 1) Oyze
nactynaum: 7, =30 Hwm; 7,, =7,5 Hwm.

INpuitHaBIM IS BKa3aHUX MPYXKHUH ¢; =8; ¢, =12, 3 (2) maemo: k; =1,107; k, =1,068.

Toni, npuiHsABIIN [a] =1500 MIla [38], i3 (5) 3HaxXoauMO IiaMeTpH NpykuH: d; = 6,5 MM; d, =4,5 MM
i BigmoBimHi X mapametrpu D) =60 MM, D, =55 MM, p, =8 MM, p, =6 MM.

IIpuitMaemMo KinbKicTh poOOUMX BUTKIB MPYKHUH 3TiAHO: i =3; i, =3 Ta NOBXKUHA IPOTY MPYXKUH 3TiJHO 3
(7): Ly =753,4mm; L, =519 mm.

BpaxoByroun, 110 MOJyJb NPYXXKHOCTI ApoTy (cTanb) E = 2,15-10° MIla Ta 3HaifmoBmu 3rigao (8)
MOMEHTH iHepuii mepepidy mpory npyxun J, =87,58 mm*, J,, =20,12 mm*, 3Haxoaumo, BHKOPHCTOBYHOUH
3aNexkHICTh (6), KyTH CKpydyBaHHS Ipy)uH: ¢ =1,2 pam; ¢ =0,9 pan.

XKopcrkicts npyxus 3rigHo 3 (11): C; =25 Hwm/pan; C, =8,33 Hwm/pan.

PosrisiHeMo jmuHamiky mycky Kpyrio’sizanbpHoi mammHu KO-2 mpu HasBHocti [I3/IH 3 mpyxuHamu
KPY4YCHHS.

Sk moxazye anamiz koHCTpykuii Mammuu 3 [13/IH, B sikocTi po3paxyHKOBOI JUHAMI4HOI MOJIeNi Jyist
BU3HAUEHHSI [MHAMIYHMX HABaHTAXKEHb, 10 BUHHUKAIOTH Yy IEpioA IMycKy (HailOLIbLI HECHPHUSTIMBUA PEXUM
po6oTH), JOUIIBHO MPUHHATH TPUMACOBY AMHAMIYHY MOJEIb 3 CEPEAHBOIO BEAYUOI0 Macolo 3 mapamerpamu: 1) -
IIyCKOBMH MOMEHT €JIeKTPOABUIYHA (TYT 1 Iaji HaBeleHi [0 Baly eJIeKTPOABUIYHA 3HAUCHHS); 7> - MOMEHT CHJI
OMoOpy MEXaHi3My TOBapoIpuiiomy; 73 - MOMEHT CHJI OMOpPY MEXaHi3My B'si3aHHSA ; Ji - CyMapHUI MOMEHT iHepiii
pOTOpa eNeKTPOJBUIYHA, KIMHOMACOBOI Ta 3yO4acTol mepenad; J, - MOMEHT iHepIiii 00epTOBUX Mac MeXaHi3My
TOBapONpHIOMY; J3 - MOMEHT iHeplIii 00epToBUX Mac MexaHi3My B's3anHs; Ciz - )KOpCTKicTh npyxunu 11 (puc. 1),

C, =C, =8,33 Hw/pan); Cj; =C; =25 Hwm/pan - sxopctkicts npysxkunu 10 (puc. 1) npyxHoi B’3i, 1o nepenae
PYX MeXaHi3My B’s3aHHSI.

[yck naHoi TpUMAcCOBOI CHCTEMH BiI0OyBa€eThCsl Y Tpu etanu [8] puc. 2.

Ha puc. 2 npencrasiesi: nepiuuii eran mycky (0); npyruid eran mycky (B); TpeTid eTan mycky (a); a Takox
mo3HaueHHs: 71 - MyCKOBUI MOMEHT €JIeKTPOJIBUTYHA (TYT 1 Jaji MpHBEICHI 3HaYCHHs); 12 - MOMEHT CHII OTOPY
MeXaHi3My TOBapoIpuiomy; 73 - MOMEHT CHJI OIIOPY MEXaHi3My B'S3aHHSA ; J| - CyMapHH MOMEHT iHepIlii poTopa
€JIEKTPOJBUTYHA 1 BEAy4Oro IIKiBa MMAacoBoi mepenadi; J» - MOMEHT iHepmii 00epTOBHX Mac MeXaHi3My
TOBapornpuiiomy; J3 - MOMEHT iHepIii 00epToBUX Mac MexaHi3My B's3aHHS; Ci2 - JKOPCTKICTh MPYXKHOI B’S31, IO
mepenae pyx MexaHizmy toBaponpuiiomy ; Ci3 - JKOPCTKICTb IPYKHOI B 5131, MO Iepeae pyx MexaHi3My B’sI3aHHS

VY mnouatkoBud MOMeHT mpu ¢=0 BCl TpU MacH 3HAXOAAThCSA Yy cCHOKoi. Y MpoMiKKy yacy 0+t

BiZ0yBa€ThCsl HAKOIIMYEHHSI MOMEHTIB IIPYKHUX CUII Ha AlIAHKaX 1-2 1 1-3 1o Tux mip, IOKM MOMEHT 1}, He CTaHe
piBHEM MOMEHTY 7, (OCKIIBKH IUIS HAIIOTO BHIIAAKY (P > (P, ). Ha mpomy mepmmii eTan IyCKy 3aKiHIy€ThCS, B
PyX NPUXOIMTH JPYra Maca, i IOYMHAETHCSA APYTUIA eTall MycKy, AKUi TpuBaTHME Bifl T; 10 T, . Y IIPOMiKKY IIbOTO

eTaly BinOYBaeThCs IIOJAbIIE HAKONMYCHHS MOMEHTY CcHI HpyxHocTi Ijy3Ha abpmmi 1-3. Ilpu 73 =T,
NPUXOJMTh B PYyX TPETs Maca, IO XapaKTepH3ye 3aKiHYECHHS APYToro eramy IMyCKy MAIIMHHU i T0YaTOK TPETHOro

eTarly, IKAi TpuBaTuMeE Bi T, 1o 75 (dac mycky).
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T2 T] T3 &
\ \ \ ’
C12 C13 C]2 J1 13
J> J; J3 2

[9)

a) )
f Tg / T]
C C
J 12 J, 13
[
6)

Puc. 2. TpumacoBa JuHAMIYHA MO/1e/Ib MIPHBO/IA 3 CEPEHBOI0 BEAYY0I0 MACOI0

Meroauka IUHAMIYHOTO PO3PaXyHKY MEXaHIYHUX CHCTEM, JMHaMIuHa MOJENb SKUX SBISIE COOOMO

TPUMACOBY CHCTEMY 3 CEPEJHBOIO BEIYUOI MacoIo JIETAILHO Mpe/cTaBieHa B MoHorpadii [8].

Juist 3py4HOCTI BUKOPHCTAaHHS TPHUBEJICHOI METOJMKM B IH)KEHEPHIH NMpaKTHIll MOXXHAa PEKOMEHIyBaTh

HACTYIIHUN QJITOPUTM PO3PaxyHKY:
1. Buxinni mapamerpu npusoga: 1;75;75;J,5J5:5J5: Gy Cs.

2. Yac TpUBAIOCTI MEPILNOTo eTamy ImycKy 7; (12) 3Hax0AUMO 3 PiBHIHHS:

T, (C,+C
7 = N arccos I—M .
Cpr+GC; LG,

3. [TouaTkOBi YMOBH pyroro eraiy nycky (13) 3HaXxoMMO, BUKOPHCTOBYIOUYH CHCTEMY PIBHSHb:

q C, +C
Taay =125 Thap = = [1_‘305 —— 13TIJTI;
£ B G, +Cy

. + +
T(lz)o — C12 \/CIZ Cl3 sin\/clz Cl3 Tl T1 :
C, +Cp; J| J,

: + +
T(13)0 _ G \/Clz Gs sin\/clz G 7T,
Cp+GC; Ji Ji

4. TlocTiiiHi CKJIaIOBI MOMEHTIB CIUI TIPY>KHOCTI (14) 3HaXOIUMO 13 PiBHSIHHS:
ap=1; a3 =1 -1,.

5. LIuki10Bi 9aCTOTH KOJIMBaHb MOMEHTIB CHUI IPY>KHOCTI B TIEPi0JI IPYTOTO €Ty IIyCKY:
G (S +72)+Cisdy i\/[cl2 (Ji+J,)+ C13J2]2 —4C,,C3J,J,
2J,J,
6. 3HaxX0MMO, BUKOPUCTOBYIOUH 3ajexHOCTI (16), (17), aMIuniTy 11 rapMOHIK cos 1 sin .
B —Ciy (T(13)0 _a13) ) B Cp (T(13)0 _“13) .

B 7] R L ey

Ay = Ay (72213)0 2‘“13) Ay = Ap (Tin)o _2"13) .
B =5 B =5

2
1,2

>

(12)

(13)

(14)

(15)

(16)

126 Herald of Khmelnytskyi national university, Issue 4, 2021 (299)



TexHiuHi Hayku ISSN 2307-5732

. C, . C, . .
A12T(12)0 _J71127213)0 J7112T(13)0 _A11T(12)0
B = s By, = ;
(12)1 > Doy ;
B(B -5 B (8- 5 )
J| J
B(13)1 = B(12)1 A B(13)2 = B(12)2 LA, (17)
‘2 ‘2
ae
J+J
Ay =ah=fs Ap=ah-f5; 60122=C12#- (18)
172

7. MoMeHTH, 0 BUHHMKAIOTh B NPYXKHHUX B’S3sIX NPHBOJAA B IIEpiON 2-TO €Taly ITyCKY, 3HaXOAWMO 3
piBasHE (19), (20):
T\, = Az cos Bit+ A1), €08 Bt + B,y sin St + B,y sin B,t+7,; (19)
Ti3 = 43) cos pit+ A3y c08 Pt + B3, sin B¢ + B3, sin Byt + 1, -1, . (20)
8. BpaxoByroun, 1o 3-# eTan mycKy MOYMHAEThC NpH yMOBi 73 =75, i3 piBHsAHHA (20), 3HAX0IMMO Yac
I0YaTKy LbOTO eTay - 7, .
PiuleHHs 1bOro piBHAHHA BIHOCHO 7, CKJIQJa€ MEBHY MPAKTHYHY CKIaIHICTb. ToMy [OUIIBHO

BUKOPHUCTATH Tpadiunuii MeTox [4] 3HAXO/KEHHS T, , LIO MOJATae B HACTYIHOMY; BUSHAYMBIIK TIEPiO]] KOJIMBAHbL T

T 0 Tiove Lo Tiove Lioo 1

120 L2)0 Lz a2y Lz L2y T(12)0 T{y7p1, 1O BiINOBifae IMKIOBIH wacToTi B 11 To - P2, B meBHOMY

MaciuTabi Ha oci abcuuc, micns yoro Oyayemo rpadiku GpyHKIIH

= Aoy cosft;  y,= A(13)2 -cosfit :
Vs =By sinfits vy =By, -sinfit

Ta Tpadik, IO MpelcTaBise CyMy BKa3aHUX (QYHKLIH y = )yj, 3 SIKOTO JIETKO 3HaWTH 4ac, BiIMOBIIHUI
opauHarTi, ska gopiBHIOE T3-a3 | a3=T1-T»|. I3 rpadika (monarox b) BuaHO, 110 OJHIM 1 TiH ke OpAMHATI MOXKE
BIJMOBIIATH JIeKUIbKAa 3Ha4eHb T3-a»3, 110 OOYMOBJIIO MOXJIMBICTH TOMMJIKM TIpH pilieHHi piBHsAHHSA (20)
AQHAJITUYHUM IUIIXOM. 3aIPOITOHOBAHMI METO/I, 3BaXKAI04M Ha HAOYHICTh 030aBICHHUI ILOTO HEOMIKY.

9. IouaTkoBi yM0BH 3-ro0 eramy nycky (21):

T(u)0 = A(12)1 -cosp T, + A(12)2 -cosp, - T, +B(12)1 -cosp T, +
+B(12)2 -cosf, T, +a,;
T,

(130 = A(13)1 -cospf T, + A(13)2 -cospf, T, +B(13)1 -cosf T, +

+B(13)2 -cosf, T, +a;;

@2y
T(I2)O ==p A(lz)l “Sinf -7, =, - A(IZ)Z -sinf, T, + B, 'B(12)1 “cospf T, +
+5, -B(lz)2 -cospf, T,
T(13)0 ==p 'A(13)1 -cosfp -, = 'A(13)2 “cosf, T, + 'B(13)1 ~cosf T, +
+ﬁ2 ’ B(13)2 ’ COSﬁZ Ty
10. IlocTiifHi CKJIa0B1 MOMEHTIB CHJI IPYKHOCTI JUIS TPETHOTO €TaIy ITyCcKa 3 piBHSHB (22):
_ L -T3)+ (1 +J3)T; :
2 Ji+dy+J5
(L =T)+(J,+J5) T
a13—Tl+iT2— > (6 -T)+ (Y, 3)2. Ji+J, _ (22)
J, Ji+J,+J; J,

11. IlMkI0OBI 4acTOTH KOJMBaHb MOMEHTIB CHJI HPYXHOCTI B Mepiof 3-ro eTamy MycKy, 3HaXOAUMO 3
piBHsHHS (23):

(23)

2
J+J Ji+J J+J J+J Ji+J,+J
ﬂlz,zzclzl 2 . 3+\/( 172 o 3}_12 St B Bk By

13 - 12 13
24,7, 2J,J5 24,7, 2J,J; Iy,
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Puc. 3. I'padiunuii MeTo 3HAXO/ZKEHHS Yacy JPyroro eTamy nycky - 72

. IUNTYIM KOJIMBAaHbL MOMEHTIB CHI IT HUX B’sA3€il B Iepiol 3-ro eramy II , 3HAXOIUM
12. Ammm KOJIMBA] OMEHTIB C K ’s13€ epiog 3-ro eTa CKy, 3Haxo, o

BUKOpHcTOBYIOuH piBHsiHHA (18), (24), (25):
C
Ap <T(12)0 —dpp ) _J7112(T(13)0 —adi3 )
Aoz = -2 !
24
C
B LTIIZ(T(B)O _aIS)_All (T(lz)o _alz) '
Ao = iR |

J . Ji .
A3y = Aoy~ Ay Az = Ao A
(135 = 42) Ciy e A =An) C,

C., . .
%T(B)O _A11T(12)0

. C, -
A12T(12)0 _JT(IS)O
By = /i 5 Biop = : T ;
A B (B -5
(25)
J, J,
Biiay =By ——Ar1s Biay, = Bay —= A,
(131 = By Co 115 B3 = B2y Co 12

13. TlocriiiHi - D 3HaX0MMIMO, CKJIa1al0ul KOJMBAaHHS OJHAKOBOI 9acTOTH (26):
2 2 2 2
D(12)1 = \/A(lz)l + B(12)l ; D(12)2 = \/A(lz)z + B(12)2 ;
(26)
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D(23)1 = A(223)1 +B(223)1 ) D(23)2 = \/A(zzs)z +B(223) ’

14. MakcuMaIbHi BETMYMHN AWHAMIYHUX HaBaHTa)KeHb, 1110 BUHUKAIOTH ITiJ Yac IyCKy B IPYXKHUX B’S35X
MIPUBOJA:

Tomax = Diaay + Diayy + s (27)
Dspar = Dz + Doy + 3

15. lunamivuni nepeBaHTaxeHHs (28), 10 BUHUKAIOTh B IPYXXHUX B’ SI35IX IPUBOJIA ITiJ] Yac MYCKY:
b
T T
_ “12max . _ “13max
kyy = T k13——T ‘ (28)
2 3
BuxopucroByroun  IpHBENEHHUH  alropuT™, aBTOpaMH  BHUKOHAHO 03paxyHOK  JWHAMIYHHX
9
NepeHaBaHTaxeHb KpyrioB’s3anbHol Mammuan KO-2 3 II31IH. Ilpy mpomMy B SKOCTI BHXIIHHX IapaMeTpiB,

BPaXOBYIOUM DPO3PAXyHKM IPYXKHUH KpYYeHHs Ta pe3ylnbTaTH jochimkeHb [10], mpuitaaro: 7, =26,5 Hw;
T, =4,4Hm; T,=17,7 Hwm; J,=0,038 xrm* J,=0,026 krm* J;=0,021 xrm* Cj, =6,25 Hw/pag;

Po3paxyHkn moka3yroTh, 1o npu BukopuctanHi [I13/IH nuHamiyHi HaBaHTa)XEHHS NPYKHUX B’s3eil
MIPUBOJIA CTAHOBJIATH!

T,

12max

=16.07 Hm; 75, =28,3 Hwm

Ilpyn npoMy aWHaMiYHI TepeBaHTa)KGHHs NpPHUBOJAA: Ha JHiHii mepemaui 1-2 carawote kj, =3,65, mo

3max

NPAKTHYHO HE 3MIiHMJIOCA BiIHOCHO iCHYIOUMX KPYTJIOB sI3a/IbHUX MAlllMH, Ta kj; =1,6 Ha minii nepexadi 1-3, mo B

2.2 pa3y MeHIle HiXX B iCHYIOUMX KPYTJIOB’A3aJbHUX MallIMHAaX [2].
BucHoBKkH

BcTaHoBieHa JOUUIBHICTh BUKOPUCTAHHS B NMPHUBOAI KpyrioB’s3anpHoi Mamuuu [13/IH 3 3anobixHor0
3y04acToro My(TOI0 3 IMIIHAPHYHUMH TPYKUHAMU KPYUeHHS, PO3TAllOBAHMMH HA BEPTHKAJIBHOMY IPUBOIHOMY
BaJLy.

BukoHaHi pO3paxyHKH MiATBEPDKYIOTh Mpale3/aTHICTh Ta JOIUIBHICTh BHKOPUCTAHHS B TPHBOJI
KkpyrioB’si3anpHol Matiau [13/]H 3 3ano6ixkHOI0 3y0uacTor My($Toto 3 IpyKMHAMH KPYYSHHSI.

3anpornoHoBaHa KOHCTpPYKILis MpHUBojAa KpyrioB’s3aibHoi Mammuu 3 [13[IH 3 3amobixHOI0 My(TOIO
3y04acTolo 3 MpYKMHAMU KPYUYEeHHs 37aTHA MPAKTHYHO B 2,2 pa3u 3HU3UTH AMHAMIYHI HaBaHTA)XKCHHS MPHUBOJA Ha
JIHIT epeiad MeXaHi3My B’s3aHHsI 1, TAKUM YMHOM, HiJIBUIIMTH €(DEeKTUBHICT pOOOTH KPYIJIOB’ S3aJIbHOT MAIINHH.
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10 PO3PAXYHKY HABAHTAKEHOCTI B'SA3AJIBHUX
I'OJIOK LIKAPIIETKOBUX ABTOMATIB

B po6omi HasedeHO pe3yabmamu 00CAiI0HCeHb 8NauU8y WBUJKICHUX peXcuMis wkapnemkosux asmomamie Ha
HasaHmasceHicmsb 8’3a/1bHUX 20/10K 34 CYMAPHUM HUCAOM Yukale HasaHmaxceHv. BcmaHoesneHi 3asnexcHocmi Koa08ux
weudkocmell 20,1K08020 YUAIHOPY, 3a AKUX MOXCAUBUU PO3PUE CU/N08020 3AMUKAHHS N'SIMOK 20/10K npu ydapi 3 KAUHOM ma
dodamkosa 83aemo0isi n’sIMok HegidibpaHux 2010K 3 20pU30OHMANbHUMU 0OMENCY8ANbHUMU KAUHAMU.

Karouoei crosa: wkapnemkosuli agmomam, 8°s13a/1bHa 204Ka, HABAHMANCEHICMY, yOap, YUKA HABAHMANCEHHSI.

BEREZIN LEONID M.
Kyiv National University of Technologies and Design

TO CALCULATE THE LOADING OF KNITTING NEEDLES OF AUTOMATIC HALF-HOSE MACHINES

An important link in the analysis of the longevity of details by the criterion of fatigue strength is the calculation of parameters
that take into account the peculiarities of the technological regime in terms of load and the corresponding number of cycles that affect the
accumulation of fatigue failure. The final range of loads of knitting needles of automatic half-hose machine was based on the systematization
of amplitudes of forces depending on the frequency of their implementation. Previous works has assumed the assumption of a one interaction
of the needle heel with the cams, which is experimentally refuted by the example of modern high-speed automatic half-hose machine.

The aim of the work is to adjust the provisions of calculating the load of knitting needles of half-hose machines for design estimate
of longevity, taking into account the specific features of the impacts of needles with the cams of the knitting system, which affect the total
number of load cycles.

The condition of rupture of the contact in the pair of the needle heel and the inclined cam after their impact is considered, taking
into account the inertial and rigid parameters of the system, including the resisting force of the needle in the groove of the cylinder.
According to the results of the dynamic analysis, the expressions of the minimum speed at which the needle can rebound from the cam and
the vertical component of the needle rebound speed at the moment of its separation from the cam are obtained.

The analysis of the influence of the force of resistance of the needle movement in the race on the vertical speed of the needle is
performed. The issue of the bounce of the heels of unselected needles from the lower edge of the inclined cam due to their inertial run-out was
studied separately. It is established that at certain circular speeds of the needle cylinder leads to additional impacts of the needles with the
horizontal limiting cams and increases their destruction.

The results of studies of the possible rebound of the needle heel from the inclined cam and the interaction of the needle with the
limiting horizontal cams are a supplement to the method of calculating the loading of needles and are aimed at improving the accuracy of
design longevity of needles.

Keywords: automatic half-hose machine, knitting needles, loading, impact, load cycle

IMocTaHoBKa npodeMu
BaxMBOIO JTAHKOIO B pO3paxyHKax [OBrOBIYHOCTI JeTajeldl 3a KpUTEpIEM BTOMIICHOT MIIIHOCTI €
004YHCIIeHHs TTapaMeTpiB HanpyXkeHOCTi [1], Ha TOYHICTh SKOTO BIUIMBAIOTh PEKHUM HABAHTAXKEHHS Ta CYIYTHE
HAKOIMMYEHHSI BTOMIICHUX MOIIKO/KeHb. Lle miaTBepaKy€eThcs HEBIAMOBIAHICTIO MPOSKTHOI JJOBrOBIYHOCTI MAIIIMH 3
pe3yjibTaTaMHu  eKCIUTyaTallifHUX —CIIOCTEpeXeHb Ui BUPOOIB  MamuMHOOymyBaHHS [2—4], BKIIOYHO 3
KpYTJIOB sI3aJIbHUM 00NIaiHaHHsM [5, 6]. He3Baxkaroun Ha 3HayHy 0a3y HOPMATUBHO-TEXHIYHOI TOKyMeHTaIl1 [7-9]
I0/I0 METOJIB OOpaxyHKy HANPYXKEHOCTI JeTalied MalllH, OYEBHHOI0 € HEOOXIJHICTh BUSIBJICHHS CHEUU(pIYHUX
3aKOHOMIPHOCTEH 3MIHM HaBaHTAXKEHb 332 YaCOM 3 ypaxXyBaHHSM TEXHOJOTIYHHUX OCOOJIUBOCTEH pOOOTH 00’ €KTY
npoekTyBaHHs. OIliHKa HaBaHTa)KEHOCTI BKIIOYAE CXEMAaTH3AI[I0 HABAHTAXKCHb Ta BH3HAYEHHS CTaTHCTHYHUX
XapaKTEPUCTUK HABaHTAXKEHOCTI.
AHaJi3 ocTaHHiX T:Kepen
Jns cknamgaHHS TiICYMKOBOTO CIEKTPY HAaBaHTAXKCHb B’ S3aBHUX TOJOK BHOMPAIOTh IIEBHUHN IHTEpBA
4acy, NepeBaXHO 32 SIKHI BUTOTOBIISIFOTH TUIIOBHUI IIKAPIIETKOBUN BHPIO 3 ypaxyBaHHSIM MOXKIJIMBHX TUIIOPO3MIpiB
Ta PI3HOBUAY acopTUMeHTy [5]. BpaxoByiounm peXiM HaBaHTaXXCHHS TOJOK 3 BHPAKEHOIO 3aKOHOMIipHICTIO
4epryBaHHs, BUKOPHCTOBYIOTh OJHONAPAMETPUYHY CHCTEMATH3aIlil0 32 aMIUITYyIaMM HAaBaHTAXXCHb F; 3aJIeXKHO

BiJl 4acTOTW iX peamji3alii — 4YWcia LUKIIB HaBaHTa)XeHb AaHoi amiuityau N;. Ilpu anamisi posnomineHHs

. . . N; .
HaBaHT@XeHb B (YHKUIl YacTOTH IX NpHKIaJaHHA a0o BiIHOINGHHS YHCIA IMKIIB V; = Z]i’ nepeaycim
i
BHKOPHCTOBYIOTH IIPEJICTABIICHHS B BUI TICTOTPaMH (IIMCKPETHOTO CTYIIHYACTOTO TPadiKy), M0 CIPOIIYE OIiHKY
HABAaHTAXXCHOCTI B ITOPIBHSHHI 3 BUKOPHCTAHHIM IIINBHOCTI po3nomineHus aMmmmityn f(F; ) [4]. Sxmo npu oninmi

HABAHTAXXCHOCTI BH3HAYCHHSI [MHAMIYHMX HABAHTAXXCHb HA TOJKY IIUPOKO TMPEJCTABICHI B JiTepaTypHUX
JoKepenax, Harnpukman B [5, 10-12], To icHye meBHa HEBH3HAYEHICTh MO0 OOYMCIICHHS YaCTOTH TMPHKIAJaHHS
HaBaHTA)KCHb, KA 3yMOBJICHA PI3HUMH MTOEJHAHHSIME PETIIaMEHTOBAaHUX (PaKTOPIiB B yMOBAX CKCILTyaTaIllii.
OCKiJTbKM HAaBaHTAXKEHICTh TOJOK JOMUTBHO MPEICTABIATH ONIOKOM X HABaHTAXXCHb INPH BHUTOTOBIICHHI
TUIIOBOTO BHPOOY, TO CyMapHa KiJbKICTh IMKIIB HaBAHTAXXEHHS TOJKH 3a I NepioJ] JOpIBHIOE YHCITy yAapiB
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TOJIKA 3 yCiMa KJIMHaMH B'S3JIBHOI CHCTEMHM Ha pOOOYMX IIBHUAKICHHX PEKMMAaxX BHUTOTOBJIEHHS PI3HUX IUISHOK
BHPOOY, SIKi 0OUYNCITIOIOTh HAa OCHOBI aHAJI3Y PyXY IT’SITKH TOJIKH BiTHOCHO KJIMHIB B'I3aJIbHOI CHCTEMH.

OOpaxyHOK BHKOHYB&JIM INpPH BHUTOTOBJIEHHI BHUPOOYy 3 JKakapJOBHM IIEpPEIUIETEHHSM Ha TOMUIIL Ta
YaCTKOBO CIIJy, 3 KJIACHYHOIO II’ATKOIO 1 MHCKOM, BPaXxOBYIOUH BiJOip TOJOK KIMHOM HEMOBHOTO 3aKITIOYEHHS B
TpeTiii cuctemi mpu B’si3aHHI O0OpTy BHpOOyY, BiOip pHCyHYacTHMHU IIHOEpaMH B TPHOX CHCTEMaXx IJISl YTBOPEHHS
PUCYHKIB Ha JAUISHKAaX TOMUIKM (CepelHs KUIBKICTh MMOepiB, IO BKIIOYAIOTHCS, AopiBHIOE 2,23 [13]), Bimdip
mmbepaMu 30010 Ha TUISHINI CJTily, B IPUCTPOSIX BiOOPY TOJIOK TIPH B’sS3aHHI IT"ITKOBOTO Ta MUCKOBOTO KapMaHiB.
B po6orTi [14] npencrapieHa y3arajabHeHa iH(GOpMAILis 00 BU3HAYCHHS CYMapHOTO YUCIIA ITUKIIiB HABAHTaXKCHHS
TOJIKA 3aJIeKHO BiJ KUIBKICTh TETENBHUX PSIKIB Ha IUITHKaxX OOpTY, TOMUIKH, CIigy, I'STKH, MHUCKY, PSAAy
TiJICUIICHHS, PaH)KEeWHOTO psiy Ta psAy PO3MYCKy BimmoBimHO. HenockoHaicTh HaBeJEHWX BHpPA3iB MOJSTAE B
TIPUITYIIEHHI 0JTHOPa30BOI B3a€MOJIIT I’ SITKU TOJIKH 3 KJIIMHAMH, TOOTO ITPH HETlepepPBHOMY KOHTAKTi MiX IT'SITKOIO Ta
ITOBEPXHEIO KIINHY, 10 €KCIIEPHMEHTAIBHO CIIPOCTOBYETHCS HA CYJaCHUX IIBHUIKICHUX IIKAPIIETKOBUX aBTOMATaX.

Mertoro po0OOTH € KOpEeTyBaHHSI MOJI0KEHb OOUYHCIIEHHST HABAHTAKEHOCTI B SI3aJIbHUX TOJIOK IIKAPIETKOBHX
aBTOMATIB JJIsl IPOEKTHOI OIIHKM JIOBTOBIYHOCTI 3 ypaxXyBaHHSIM CHEeUM(pIYHUX OCOOIMBOCTEH yHapHOi B3aeMOAii
TOJIOK 3 KIIMHAMH B’ SI3aJIbHOT CUCTEMH, SIKi BIUIMBAIOTh Ha CYMapHE YKCJI0 UKITiB HABaHTa)KEHb.

Buxuiag ocHoBHOr0 MaTepiany

YMOBY pO3pHBY CHIJIOBOTO 3aMHMKaHHS B KIHEMAaTH4HIM Mapl I’ATKa — HaXWJIEHWH KIMH Ticis iX yaapy

BH3HAYAJIU aHAJIOTIYHO JI0 KYJIauKOBOTO MeXaHi3my [15]:

thga\/m-Cnp~KC /(=52 /4r) > Fy +2hVytga-m upu |sinagt] <1, (1)

ae m, Cnp — Maca Ta IpHBEJEHA )KOPCTKICTh TOJNKH Npu OOKOBiH B3aeMopil ii M’SITKM 3 HAXHJICHOIO
MIOBEPXHEI0 KIMHY (MPUBEICHY Macy TOJIKH MPUPIBHIOBAIM JI0 il Macu m , a Cnp 004YHMCITIOBAIH 33 OCLHIIOTPaMOIO0

BITBHUX 3aTyXalO4uX KONMBaHb IPH BiATBOPEHHI YaCTOTHHX XapaKTEePHCTUK YAapHOro mpouecy); Ko —
KOe(II[iEHT, KM BpaxoBY€E BIUIMB 3TMHY CTEPHsS T'OJIKM Ha HOro MOB3AOBXKHIO AedopMallilo B MOMEHT YAapy;
V/y — KOJIOBa MIBUIKICTh I1’SITKM TOJIKM HA TTOBEPXHI IMIIHAPA; « — KyT HaXuIy mpodiaro pobouoi AiNSHKYE KINHY;
F,, — cuna omopy pyXy TOJKH B a3y, sKa CTBOPIOETbCS IITYYHO ISl YHEMOXKIHBIEHHS JOBIIBHOTO OITyCKaHHS
TOJIKK B masy wiHapa; h=¢0/T — koediuieHT aemndipyBanHs; o — gorapuMiuyHAN JEKPEMEHT KOJIMBaHb, SIKHA
BU3HAYAETHCA 32 OCLIJIOIPAMOIO 3aTyXalOuMX KOJIMBaHb ymapHoro mpouecy; T =27/@ — Hepiol 3aTyXarouux
KOJIMBaHb TOJIKH pu YacToTi BUMYIIEHUX KOJIMBAaHb ;

oy =\/a)2—h2 =\/w2—a)252/47z2 =\/(1—52/47r2)Kchp/m) — YacToTa BJIaCHMX KOJMBaHb 3

ypaxyBaHHsIM AeMIiipyBaHHSI.
Toni kosoBa WIBUJKICTH T'OJIKOBOTO IMJIIHIPY, NMPH SIKIH MOXJIMBUA BIAPUB IT'SITKH TOJKH B KIUHY
BU3HAYAETHCS 328 OPMYJIOLO:

Vy>F, /tga(\/m-Cnp-KC /=82 /472 ) 2h-m). )

IIpu migcTaHoBUi B (2) BMXiOHMX JaHMX JUIS aBTOMATIB cepemHboro kaacy (m=0,6-107 xr; o =47°30'
F,=48 H; h=6-wy/2x=565,1 ¢! mpu §=0,43; Cnp =5,31-10* H/™m; K(=0,352 [16], niameTp roakoBOro

. 3 . iy
uwtHapy D=3 ), oTpuMyeMO, 1[0 KOJIOBA HIBHIKICTB, PH SKili MaEMO PO3PUB 3aMUKAHHS II'ITKUA Ta KIHHY,
4

CTaHOBUTH V). > 1,64 M/c abo n =328,5 06/xB, TOOTO € peanbHOIO UL HEPCIIEKTHBHUX MBHUIKICHUX aBTOMATIB.
[IpaBoMipHICTE 3aCTOCYBaHHS 3AIEKHOCTI (2) OyJI0 IepeBipeHO EKCIIEPUMEHTAIBHO: PO3PUB B Mapi TOIKa—
KJIMH B 30HI 1X TOYaTKOBOI B3aeMo/ii (hikcyBaBcs ociiiorpadom 3a J0moMOror KOHTAKTHOTO IATYHKA.
Ilpyu xiHeMaTU4HOMY aHaji31 BU3HAYaIl BEPTUKAIbHY CKJIaJ0BY IIBUIKOCTI BIICKOKY T'OJIKU Vg B MOMEHT

yaapy ii Mo HaXUJICHOMY KJIIMHY 32 HasiBHOCTI pO3pUBY KiHEMaTH4YHOI napu. J{udepeHIiroroan piBHSIHHS PyXy TOJKA
[8], piBHSIHHS BepTHKAIBHOI CKJIaIOBOI IIBUAKOCTI IT"ITKH TOJIKH IIPH BiJICKOKY Ma€ BU:

)';:thga(l+e_h't(£sina)dt—coswdt)). 3)

BpaxoByroun, 1mo BiZCKOK IT'SITKH Bifl KJIMHY MOXKIMBHM, KOJIH CHJIA yIapHOi B3aemonii mopisHIoe 0, TO
OTPUMYEMO:

F, +2mhVt
o mnv xiga 260

sinogt=—
Koot thga\/m Cpp /(1-62 /4% )K

(Fp +2mhVytga )og

sinwgt =—

e : o)
e " Vxtga-Cyp-Kc

e
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Cnp / 0g :\/m~Cnp/(1—52/47r2)KC Ta

[ F, +2mhV,t
coswt = l—sinza)dt: 1-( (Fp +2mhVyiga)od )2. (5)

e_h'th rtga-Cpp K

MMicns migcranoBku (4) i (5) B (3), Ta BpaxoByrOuM 3MICT KOpeHs B piBHsAHHI (5), NpH SKOMY
3a0e3MeuyeThesi yMOBa > V) fgar, OCTATOUYHO OTPUMAald BHpPa3 JUlsl BHU3HAYEHHS IIBMIKOCTI BiJICKOKY TONKH

¥ =V Bl HAXMJICHOTO KJIUHY:

|
_ (Fy +2mhV5,cm )@, h
Ve =Vy(l+e M [1-( — yem d)z)_K (Fo+2hVyem-m) (6)
e “Vyem Cpp-KcC C tnp
ae Vytgo = Vy — IIBHUJIKICTD YCTAJIEHOTO PYXY ITSITKU 110 KITUHY.

Amnani3 dopmyu (6) mokasye, 0 MIBHIKICTb BIICKOKY Vg 3pocTae 3 MiJABHIIEHHSM JiHIHHOI IBUAKOCTI

Vx, KyTa Haxujiy KIMHY o , IPHBE/ICHOT XOPCTKOCTI CHCTEMH roiiKa—KinH—i1a3 Cy Ta 0COOIMBO NPH 3MCHILICHHI
CHIIM KOPHCHOTO omopy Fy, . Ilpu ymoBHUX Fy, +2mhVytga —0 maemo Vg =V, ( 1+e_h[ ), a pH 3pOCTaHHi

Fp +2mhVytga —Bimnosiano Vg — V), 10610 Vy, <V SVy(1+e_ht).

[Ipu BimckoKy I’ATOK HEBiAIOpaHMX TOJNIOK BiJ HIKHBOI KPOMKH HAaXMJIEHOTO KIMHY BHACHIZOK iX
iHepIiiHOTO BHOIry MOKIIMBA JIOJATKOBA B3a€EMOJis 11'ITOK 3 TOPU3OHTAIBHUMH OOMEXYBAJILHUMH KIIMHAMH, 110
BiANIOBIAHO 301IbIIY€E HAaBaHTAXXEHICTh roflok. OOMeXKyBasibHI KIMHU NPU3HAYeH] JUls 3a0e3neueHHs (hiKCOBaHOTO
HepeMillleHHs NpU TajlbMyBaHHI TOJOK I YCYHEHHS IONEPEeYHOi CTPOKATOCTI Ha IIKAPIETKOBUX BUPOOaX.
BenmnuuHy 3a3opy A MDK HIDKHIM TOpUEM IIU'STKM TOJNKH 1 pOOOYOI0 IUIONMHOK OOMEKYBaJIbHOTO
TOPU30HTAJILBHOTO KJIMHY 33al0Th 3a JOMYCTUMOIO BEIMYMHOIO BiIXWICHHS MOBXKUH IeTenb (He IHOBHHHA
nepesuiryBatu 0,2...0,3 mm) [17].

PiBHSHHS pyXy TOJKU Ha IEPEMILIEHHI A MDK TOpLEM TOJKH Ta 0OMEXyBaJIBHUM KIMHOM Ta BiAIOBiAHI
BEPTUKAJIbHI CKJIaIOBI MIBUAKOCTEH 1 MEPEMIIIICHh MatOTh BUJI:

mupy2 ==Fp; 7
) F, )
Ja ==—C=t+320; ®)
Mpp
2
F, ¢t .
yp === 4201, ©
Mpp 2
e y) — BIJHOCHE BEPTHKAJIbHE NEPEMINICHHS I'STKH TOJNKU B3IOBX TOJNKOBOTO LHIHAPY, Vo) =Vg —

MOYaTKOBA YMOBA 32 HASBHOCTI BIJICKOKY.
B MoMeHT B3aeMofii II’'SITKH TOJIKH 3 OOMEXYBaJIbHIM KIMHOM HpuiiMaeMo t=7 Ta y) =A. Toxi 3a

2

F, ¢
o . ’ .
> +Vgige *T 3 HACTYIIHUMM PO3B’I3KaMH:

piBHsiHHSAM (9) oTprMaeMo A = —
Mpp

2
Veioc J—r\/(Veidc) —24-Fp /myp
Fo /mpp '

2=

IMicns migcTaHoBKM ¢ =712 B (8) Ta MEBHUX NEPETBOPEHb, 3ANEKHICTb UL BEPTUKAJIBHOI CKJIAJOBOI

IIBUKOCTI B MOMEHT yZapy I’ ITKH T'OJIKU 3 0OMEXyBaJIbHUM KIMHOM IPUHAME BUI:

2r =\/(V6iéc)2_2A'F0/mnp . (10)

Oueugno 3 (10), mo mpu mnp( Veioe )2 —2A4-F, <0 ymap n’SITKM TOJNKA MO OOMEKYBaJIBHOMY KIMHY

HEMOJKIIMBUH yepes ii ranbMyBaHHA CUI0I0 [, , a BEIMYUHA 3a30pYy, sKa 3a0e3ledye BiACYTHICTh yaapy CTaHOBUTh

A=myp(Veioe ) / 2Fy <[A]11073 . 3simcn Vo < \/ZFO [4]-1073 /myy, . Beranosaero, mo npu Fp= 4.8 H,
[A]:O,ZS MM T2 m=0,6-10" Kr ynapHa B3a€MOJIis II’SATKHM TOJKH 3 TOPU3OHTAIBHMM OOMEKYBAIBHUM KIMHOM
BIACYTHS, SKIIO Vg <2,0 M/c, 1m0 BiANOBifae KoIOBii mBuaxocTi numinapa Vy < l2|A|~FO / mpp ctga <171

m/c.
BucHoBku
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00MeXyBaIbHIM TOPU30HTAJIBHAM KJIMHOM € JIOMOBHEHHSM JI0 METOAWKH OOYMCIICHHS HaBaHTa)KEHOCTI T'OJOK Ta
CHpsSMOBaHI Ha ITIIBUIICHHS TOYHOCTI WMOBIPHICHUX pO3paxyHKiB iX JOBrOBIYHOCTI 3a KpPHUTEpiEM BTOMJIEHICHOI
MiIHOCTI. BuKiazeHi NONOXEHHS TakoX CHpaBeIMBI NpPH PO3paxyHKaX IHIIMX CTEP)KHBOBUX EJIEMEHTIB
B’S3JIFHOTO MEXaHI3MY LIKapIIETKOBUX aBTOMATIB.
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DEVELOPMENT OF THE INFORMATION SYSTEM FOR ANALYSIS THE
PARAMETERS OF THE LOADING OF HYDRAULIC STRUCTURES

Hydraulic structures are designed not only for the use of water resources, but also for the fight against water
elements. They must have a significant margin of safety, resistance to cyclic loads during floods, flood waters for long periods
of time, since their destruction can lead to significant damage to the environment, the national economy, economic damage
and even human casualties. The impact of the harmful effects of flood waters is observed in 27 percent of the country's
territory (165 thousand sq. Km.), where almost a third of the population lives. The population of the mountainous and foothill
regions of the Carpathians suffers the most from floods, where the area of half of the reclaimed slopes is affected by landslide
processes. There is practically no territory of the state where the negative impact of floods is not felt from time to time (a
significant increase in the water content of the river within the annual cycle, occurs irregularly; forms during heavy rains or
during a thaw).

The longer the flood waters last, the longer the dam or dam is subject to destruction. The constant pressure exerted
on hydraulic structures by water can lead to water leakage through dams and underground currents, leads to leaching and
subsidence of the bottom of a hydraulic dam or dam, and this threatens its stability. The consequence of such softening can be
a breakthrough of the dam, which entails negative consequences. The increase in the frequency and intensity of destructive
floods and floods on mountain rivers prompts an analysis of the state of hydraulic structures. Therefore, it is proposed to
develop an information system for analyzing the parameters of the loading of hydraulic structures (dams and dams), which
will make it possible to formulate recommendations for the design of new ones and prevent the destruction of existing ones.
The development of the information system was carried out in the Borland C ++ Builder software environment with the
support of groundwater filtration and dynamic loads.

Keywords: meat comminutor, meat, screw, serve, rheological properties.
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PO3POBKA THOOPMAIIITHOI CACTEMM AHAJII3Y ITAPAMETPIB HABAHTAJKEHOCTI I'IIPOCIIOPY /I

Y po6omi 3anponoHo8aHo po3pobKy iHgopmayiliHoi cucmemu aHaaizy napamempie HaganmaxceHocmi zidpocnopyd (damé i
2pebev), AKa 00360.1UMb CHOPMYAH08AMU PeKOMeHOayil 3 npoeKMy8aHHs HOBUX Ma 3anobiemu pyliiHy8aHHIO ICHYHOHUX.
Kawuosi caosa: HasanmasxceHicms 2idpocnopyd, daméa, epebas, pinempayis, ingopmayilina cucmema.

Formulation of the problem
Safe and reliable operation of hydraulic structures is one of the important directions for ensuring the stable
operation of power plants and preventing dangerous impact on the environment. Constant monitoring of the
condition of hydraulic structures and preventive work is carried out by the personnel of the hydrotechnical services
of power plants. In order to establish additional control over the technical condition, the authors of the work have
developed an information system for analyzing the workload of hydraulic structures. It was found that the fight
against the consequences of filtration is specifically aimed at reducing water losses from the headwater, at reducing
back pressure, at reducing the velocities of the filtration flow and the arrival of the front and crest of the wave after
the breakthrough of the hydraulic structure depends on the distance at which the residential areas are located.
Analysis of the latest sources
In works [1, 2] it was established that calculations must be carried out for two groups of limiting states:
calculations of the total strength and stability of the structure-base system, the total filtration strength of structures,
the strength of individual elements of structures, the destruction of which leads to the termination of the operation of
structures; calculations of individual structural elements, on which the strength or stability of structures as a whole
depends and calculations of the foundations for local strength; calculations to limit displacements and deformations,
formation or opening of cracks, violation of local filtration strength or strength of individual elements of structures,
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which are not considered the limit states of the first group [3].

KINPRO-SYSTEM [4]. contains innovative and cost-effective technologies for the protection of existing
hydraulic structures and hydraulic structures under development. Sealing with Aquaconstruct the KINPRO-Nano-
System method is a natural method for the construction of lakes, ponds, sedimentation tanks, reservoirs, pools of
wet biotopes.

Existing soil does not need to be removed. The Aquaconstruct components are applied to the soil and then
mixed. As a result, the "KINPRO" technology increases the physical and mechanical parameters, improves the
waterproofing properties and protection against erosion of the treated and compacted soil. Mycorrhiza is offered due
to the increased tolerance compared to salinization and waterlogging, advantages in the reclamation of flood-
damaged areas and when used in biological strengthening of dams and banks [5-8]. Advantages of mycorrhiza in
strengthening dams and banks: it has been proven that growth rates have been improved when planting greenery on
dams and banks; strengthening of coastal ramparts and protection against erosion by rapid germination and the
formation of the root system; increasing plant resistance to drought, waterlogging and salinization; self-regeneration
of the biological system.

Construction companies of Ukraine, such as: "Minstroy", "Eurasia" propose in advance to protect the
population, cities, hydraulic structures from floods and floods, using PVC sheet piles as a building element.

A sheet pile fence is a solid sheet pile wall formed by plastic sheet piles by vibration, hammering or
indentation. In order to strengthen the banks from erosion near Ivano-Frankivsk, in the village Ugryniv,
Tysmenytsya district, Ukrainian-Romanian enterprise "Iteko" began to produce modular dams. The first trial batch
of modular dams has already been produced at an enterprise like Romanian.

Now experts are collecting orders and determining the number of modular dams required for the region,
which are used during floods and floods. We are talking about modular metal structures with rubber connecting
gaskets.

Each section of the dam weighs 110 kg, has a height of 1.5 m and is designed for a water load of up to 3
tons. According to Romanian experts, 15 people lay out a 1 km-long dam in 8 hours [14].

The analysis showed that these protective structures are at the stage of development or design, and the
developed information system will prevent the premature destruction of technical hydraulic structures and prevent
flooding of residential areas or adjacent agricultural land.

The purpose of the work is to ensure the ecological safety of the environment by monitoring the
parameters of hydraulic structures.

Presentation of the main material

When designing hydraulic structures, it is necessary to take into account the following loads and effects:
the influence of the filtration rate and pressure; water-physical and thermal properties of soils; dynamic load NF
effect of the breakthrough wave on hydraulic structures.

The influences described above will be taken into account in the development of an information system for
analyzing the state of hydraulic structures using mathematical formulas and laws.

Calculation of the rate of filtration of groundwater using Darcy's law - the law of filtration of liquids and
gases in a porous medium, where the main input parameters are the rate and coefficient of filtration and the pressure
gradient.

Hydraulic gradient, pressure gradient - the value (dimensionless) of the pressure loss per unit length of the
path of fluid movement. It characterizes the degree of resistance of the medium to the movement of water. In the
dynamics of groundwater, the hydraulic gradient (piezometric slope) is proportional to the filtration rate and,
depending on the geological structure and composition of rocks, varies mainly from hundredths to thousandths of a
unit.

In hydraulic structures, the hydraulic head is the depth of the reservoir in front of the building, or the
difference in water levels in front of the structure and behind it.

The filtration coefficient of rocks is the proportionality coefficient in the Darcy equation, the value of
which depends on the threshold structure of the rock, density and viscosity of the filter fluid. It characterizes the
degree of permeability (water permeability) of rocks, which depends on the size of interpore gaps in granular rocks
and the width of cracks in rocks.

Rock filtration coefficient is a proportionality coefficient in the Darcy equation, the value of which depends
on the rock structure, density and viscosity of the filter fluid. Characterizes the degree of permeability (water
permeability) of rocks, which depends on the size of interpore gaps in granular rocks and the width of cracks in
rocks.

The development of the information system was carried out in the Borland C ++ Builder software
environment (Fig. 1).

For calculations, we will take the value of the loam corresponding to the rock: the size of the porous body
is 0.0001 m, the filtration coefficient is 0.001 m/day [9]. The density of the liquid is 1000 kg/m3, the acceleration of
gravity is 9.8066 m/s2, the pressure gradient is 3 m.

Loam can be found on the banks of the Seret River (Chertkov, Ternopil Region), as well as sections of the
river where the bottom is covered with this soil.

Conversion of dimensions from m/day to m/s is taken into account in the text of the program.
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Fig. 1. Information system window for calculating filtration rate and pressure

Figure 1 shows one of the windows of the information system (IS). This IS window calculates the filtration
rate, pressure drop, reflects the dependence of some values on another: namely: filtration rate on the pressure
gradient.

The text of the program is written in such a way that the calculation of the filtration rate and pressure drop
is carried out up to the value entered for the pressure gradient, therefore, we obtain the values of filtration rates
1.1574 * 10-4.6297 m/s, and for pressure 0.0098-0.039 Pa.

The results obtained above (Fig. 1) allow us to conclude that the filtration rate and pressure increase with
the pressure gradient. An increase in the rate of filtration of groundwater, with prolonged precipitation, leads to the
fact that the filtration flow, with an increase in gravitational forces, comes to the surface, causing landslides,
suffusion.

The constant pressure exerted on hydraulic structures by water can lead to leakage of water through dams
and underground currents, leading to leaching and subsidence of the bottom of the dam or dam, and this threatens its
stability. The consequence of such softening can be a dam breakthrough, which entails negative consequences.

The runoff of groundwater in the form of silt leads to an increase in the level of rivers, the creation of
additional pressure on hydraulic structures, since in addition to groundwater, everything that it washes in its path
gets into the rivers.

The phenomena described above can be attributed to both anthropogenic and natural causes of the
occurrence of flood waters [6].

Thus, the fight against the effects of filtration is specifically aimed at reducing water losses from the
headwater, at reducing back pressure, at reducing the velocities of the filtration flow.

A priori, it can be argued that with the same head on the dam, the filtration under the structure and its
consequences will be the smaller, the larger the filtration path, that is, the length of the filtration circuit.

The lengthening of the filtration paths is created by a device in front of the dam of a waterproof covering,
called dull, and under the gloomy and construction - vertical obstacles in the form of sheet pile walls in soft soils, or
in the form of cement, bitumen and other curtains in rocky foundations.

A similar filtration process occurs on the banks of the channel or valleys, which are adjacent to retaining
structures. The fight against this phenomenon is also carried out mainly by lengthening the filtration paths.

Therefore, in order to reasonably determine the dimensions of the anti-seepage elements of the dam and to
fully account for the flow in the section of the hydroelectric complex, it is necessary to be able to calculate the
values of the main parameters of the filtration flow: its speed, flow rate and pressure.

The volume of the reservoir is approximately determined by the obelisk formula [15, 16], if we assume that
the average depth of the flow behind the reservoir is equal to half of its maximum depth. The relevance of
calculating the effect of flow rates and water pressure on the volume of a reservoir lies in the fact that when
designing, at the initial stages of construction of dams and reservoirs, it is advisable to take into account the water
consumption in certain periods, namely: low-water periods, floods, floods, since the discrepancy between the
volume of the reservoir and the water flow rates, pressure leads to the creation of a dynamic load and a dam break,
and this, in turn, to flooding.
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Fig. 2. Information window for calculating the effect of water discharge on the reservoir volume
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Fig. 3. General view of the window of the influence of water pressure on the volume of the reservoir

The graphs of the dependence of the reservoir volume on discharge (Fig. 2) and water pressure (Fig. 3) are
linear (the higher the water flow rate and pressure, the more the reservoir volume grows). Flood waters occurring
earlier in the selected area.

The text of the program (for calculating the effect of water discharge on the volume of the reservoir) is
written in such a way that the volume of the reservoir depends on the influence of the water discharge, pressure, and
the length of the dam base.

A separate issue is the assessment of the impact of the breakthrough wave on hydraulic structures (Fig. 4).

The influence of the wave on dams, dams can be as follows: impact of the wave front in the GTS; long-
term hydraulic pressure on the elements of hydraulic structures (supports) erosion of soil between the supports
(general erosion) and erosion of supports (local erosion), destruction of regulatory structures and earth
embankments; impacts of large floating objects on supports; the formation of congestion of floating objects and the
formation of flow constraints, creates an additional backwater [17].

From the results obtained, it can be concluded that the arrival of the front and crest of the wave after the
breakthrough of the hydraulic structure depends on the distance at which the residential zones are located. With the
distance of objects from 1 m to 6 m, the flooding time will be respectively 0.08-1 h.

A breakthrough wave when moving along the riverbed causes colossal damage to the national economy.
First of all, it poses a serious danger to the population as a result of the sudden flooding of residential buildings and
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office buildings. Therefore, the issue of timely prediction of the consequences of the impact of the breakout and
flooding wave is extremely important.

Thus, an information system has been developed for analyzing the parameters of the loading of hydraulic
structures, which will make it possible to formulate and prevent the destruction of existing hydraulic structures in
order to protect the population from the catastrophic consequences of flood waters, floods.
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Fig. 4. Dam break time

Conclusions

The technical article presents the existing methods for calculating the loading of hydraulic structures,
analyzes the existing protection systems for hydraulic structures, discloses a set of works that will maintain the
working condition of hydraulic structures, which will allow in more detail when designing hydraulic structures to
take into account the water-physical and thermal properties of the soil.

The developed information system makes it possible to substantiate the influence of the parameters of the
water-physical properties of soils during the construction of hydraulic structures, the dependence of flow rates and
water pressure on the volume of reservoirs, in order to prevent the breakthrough of dams and leakage of dams, are
successfully operated, and the formulation of appropriate recommendations for the design of new hydraulic
structures.
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AHTUMIKPOBHI BJIACTUBOCTI JITHIHY SK IIPUPOJAHOI'O BIOLUAY JJIA
3AXUCTY TEKCTUJIIO

AnmubakmepiaabHa @PyHKYioHani3ayis € o0dHielo 3 eaxcausux 2asyseli docaidiceHb 8 ~MmeKCMmuabHill
npomucsioeocmi, asne maki 6ionosnimepu, K AleHIH | NeKMuH, Wo Marwme 2apHy 6iocymicHicms, aHmuokcudaHmHi ma
aHMUMIKPOOHI 8s1acmugocmi, Ha 8IMYU3HSIHOMY PUHKY 3dCMOCO8YIOMbCS 8 OCHOBHOMY 8 OydigesbHill ma xap4osiil
npomucaosocmi. Byso docaidyiceHo aHmumikpobHy akmusHicmb Hampill siegHocyabgpoHamy, 164y4H020 neKmuHy ma ix
cymiwi do 6akmepitl zpamnosumusHux (Staphylococus aureus) i epamHezamusHux wmamis (Escherichia coli, Pseudomonas
aeruginosa). 3's1c08aHO, WO Ji2HIH 8 NOPIGHAHHI 3 NEKMUHOM Npose/s€e 6iAblly AHMUOAKMEPIAIbHY aKmueHicmb |
Halibinbw egpekmusHull npomu 6akmepiii Staphylococus aureus. I[locuieHHs 8 2-4 pa3u aHmubakmepiasibHo20 edpekmy ho
8i0HOWeHHH J0 8CiX MIKpOOp2aHi3Mi8 cnocmepizanocs npu CyMIiCHOMY 3aCMOCY8AHHI /li2HIHY | NeKMUHY, SIK CUHep2emu4Hoi
cymiwi. [lana poboma modce 6ymu KOpucHa npu CmeopeHHi aHMUMIKpoOHUX Komno3uyitl 045 3axucmy mekcmu/ibHUX
mamepianis.

Karouosi cnoea: aHmumikpo6Hi azeHmu, aHmumikpoOHUll mekcmuJib, AieHIH, NEKMUH.
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ANTIMICROBIAL PROPERTIES OF LIGNINE AS A NATURAL BIOCIDE FOR TEXTILE PROTECTION

The functionalization of antibacterial drugs is one of the important areas of research in the textile industry. It uses traditional
antimicrobial agents of synthetic or natural origin, and generates new biopolymers with useful properties. Some of them, such as lignin and
pectin, have good biocompatibility, antioxidant and antimicrobial properties, but the domestic market uses them mainly in the construction
and food industries, respectively.

The antimicrobial activity of sodium lignosulfonate, apple pectin and their mixture against gram-positive bacteria (Staphylococus
aureus) and gram-negative strains (Escherichia coli, Pseudomonas aeruginosa) was studied. Experimental results have shown that lignin
exhibits slightly higher antibacterial activity compared to pectin and is more effective against Staphylococcus aureus in terms of minimal
bactericidal and minimal inhibitory concentrations. Determination of cytotoxicity of sodium lignosulfonate by MTT showed the non-toxicity
of this biocide for human cells.

It was found that the antimicrobial behavior of lignosulfonates, pectins and their mixtures differs in relation to gram-positive and
gram-negative strains of bacteria. It appeared that the most vulnerable to bactericides are gram-positive strains of Staphylococcus aureus
due to the possible absence of double-membrane wall cells.

In addition, the simultaneous use of lignin and pectin as a synergistic mixture showed an increase in antibacterial action against
all microorganisms by 2-4 times.

The antimicrobial effect of the studied biocides was compared to the traditional antimicrobial drug argent nitrate, which is widely
used in various industries, including textile production. It was found that lignin and pectin in amounts of 1-5 m2/cm3 have the same
antimicrobial effect for gram-positive strains and 10-20 me/cm3 - for gram-negative bacteria, as a solution of AgNO3 with a concentration of
0.2 m2/cm3. Higher concentrations of lignin and pectin can be offset by significantly lower prices compared to argentum salts, as well as
greater environmental and medical safety for human health. In addition, lignin is potentially available in large quantities as a by-product
from the pulp industry and lignocellulosic bioprocessing plants.

This piece of work may be useful in future when creating antimicrobial compositions for textiles.

Keywords: antimicrobials, antimicrobial textiles, lignin, pectin.

IMocTanoBKka npodJjaeMu

B cywacHomy cBiTi mporec rTioOamizailii CIPHYMHWB CTPIMKE PO3MOBCIOKEHHS pI3HUX BHIB
MIKpOOpTaHi3MiB 1 BHHHKHEHHS OaraThOX emifeMiil i maHaemiii, TakuxX sSK Xojepa, BiClia, KOBTa JMXOMaHKa,
icmaHCchKAi TpUN 1 KopoHaBipyc. IIpHCYTHICT MATOreHHMX MiKPOOPTaHi3MiB HA TIOBEPXHI TEKCTIIHBHOTO MaTepiay
(Tabum. 1) MOXXe IPUBECTH A0 CEPHO3HUX TPOOIIEM 31 30OPOB'SIM 1 HABKOJIHIIHIM cepeZoBUIIeM [1].

OCKIUTBKH OJIT 3HAXOIUTHCS B O€3MOCepeHFOMY KOHTAKTI 3 TIJIOM JIFOJWHH, TO PO3poOKa aHTHMiKPOOHOT
TEKCTWJIBHOI TPOJyKUii BKpail HeoOXifHa i akTyanpHa. Came TOMy, B Tepiof OCTAaHHIX JIEKUTBKOX JECATHIITH,
aHTHOaKTepiaTbHa (DYHKIIOHATI3ALIS € OJJHIEIO 3 BAXKIIMBHX Taly3ei IOCIIDKEHb Y TeKCTHIBHIM POMHCIIOBOCTI [2].
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Tab6mmns 1
MikpooprasizMu BHSIBJICHI HA TeKCTHJII
MooxiiBe oxoukeHHst | MikpoopraHizMu MoxJuBe OX0KeHHs | MikpoopraHizmu
Ex3orenne Acinetobacter Jlronceke Candida
Brevundimonas Citrobacter
Micrococcus Corynebacterium
Pseudomonas Propionbacterium
Enterococcus Staphylococcus

Pi3Hi aHTUMIKpOOHI TEKCTHIIBHI MaTepiaii po3poOJISIOTECS 3 BUKOPHCTAHHSIM 0€3J1iui aKTHBHUX XIMIYHHX
CIIONIYK, Cepell SIKUX CHHTETHYHI MPOTUMIKPOOHI areHTH, Taki sIK TPUKJIO3aH, METAIH Ta 1X CoJli, ()EeHOIH, CIIOITYKH
YETBEPTHYHOTO aMOHII0 1 METallOpTraHivyHi CIOJNYKH TIOCIAa0Th 3HayHe wicine [3-5]. Xoua CHHTETHYHI
MIPOTUMIKPOOHI IpenapaTH eQeKTHBHO MPUTHIYYIOTh PICT OaKTepii, OUIBIIICTD 3 HUX TOKCHYHI, MOXYTbh IIKiJIMBO
JUSATH Ha 37I0pOB’SI JIFOUHM 1 € 3a0pYIHIOBaYaMH OTOUYIOUOTO cepeoBuia [6].

[HmMM HanpsiMoM B 3a0e3ledeHHI Ha TEeKCTHIII aHTUMIKpOOHOTO e(eKTy € CTBOpPEHHS HaHOOOpPOOHOI
TKaHWHU [ULSIXOM, HAMPUKIAJ, J0JABaHHS BYTTICICBUX HAHOTPYOOK 1 HAHOYACTHHOK I[UHKY IO BOJIOKHA B TIPOIIECi
TPSIIHHS 3 PO3ILIABY, BHECEHHSI HAHOYACTUHOK MONTIMOIOYHOT KUCIOTH 3 MPOMOJIICOM B MPSIIHIBHUN PO3YHH, IO
00yMOBITIOE aHTHUMIKPOOHY aKTHBHICTh MPOTH S. aureus, S. epidermidis, Proteus mirabilis i E. coli, cCTBOpeHHs Ha
MOBEPXHI TKaHWHU 3aXHUCHOTO aHTUMIKPOOHOTO 1Iapy 3 HaHoyacTHHOK Ag, Zn, Cu, ix coneii abo oxcuniB Ti, Fe [7-
9]. I xoua naHi MaTepianM MalOTh BEJMYE3HUH TOTEHINa] Ul IIMPOKOr0 KoJia 3aCTOCYBaHb, iX HECHPUSTIMBHUI
BILIMB Ha )XMBI KIITHHH BUKJIMKAE CEPHO3HI TTOOOIOBAHHS IICIIsl IX BUKOPUCTAaHHS B cepi 00CTyroByBaHHs JItOAEH 1
B CHOXHBUOMY cermeHTi. lle TOB’s3aHO i3 3aHAATO MajMMH PO3MipaMH HAaHOYACTHHOK, SIKi MOXYTh JIETKO
MPOHMKATHA Yepe3 CTIHKU JKMBUX KIITHH Ta YAHUTH IIKIJTMBUN BIUIMB Ha 370POB’S JIOAWHHM 1 HA HABKOJIMIIHE
cepenoBuiie. [lops 3 BaXIMBICTIO TakMX pPI3HOMAHITHHX TEKCTHJIBHUX HAHOMAaTepialiB 1 MOXJIMBOCTSAMHU iX
3aCTOCYBaHHs, BCE X iCHYeE iH(opMalliiiHa Jiipa MiX IHHOBaIliHHUM TIPOTPECOM B HAHOTEXHOJIOTISIX 1 HAHOOE3MEKOIO.

CyuacHi JOCII/PKEHHS! JOBOZSATH, IO B SIKOCTI €KOJIOTIYHMX MPOTHMIKPOOHMX areHTiB Oe3NeYHHX st
3JI0POB’Sl JIFOJIMHU, MOXXYTh OyTH 3aCTOCOBaHI HATypajbHI NMPOIYKTH POCIMHHOTO MOXOJDKEHHS 3 aKTHBHHMH
NPOTUMIKPOOHUMH 1HTPEMi€HTaMH, IO MICTATHCS B EKCTpaKTax AEsSKUX pOCIWH (uaiiHe JepeBo, ajoe Bepa,
I'BO3JIMKOBE MacJlo, LIKipa rpaHaTy, Kypkyma, eBkaiintosa oiisi) [9, 10] ta mpupoxHi GionosiiMepu, Taki sk, XiTO3aH,
XITUH, NeKTuH, Jirdid Tomo [11-13]. OctanHi cepen 3a3HaYCHUX, MOPS 3 AHTUMIKPOOHUM e(EeKTOM TPOSIBISIOTH
TAKOXX aHTHOKCHJIAHTHI, X€JIaTOyTBOPIOIOU] BIACTUBOCTI 1 MAlOTh TAKOX IEBHI NIepeBard HaJl IHIIMMHU OioLUAaMH, a
came, IIOHOBITIOBAIIbHE TIOXODKEHHS, 010CyMICHICTh, HU3bKY COOIBapTICTh TOLIO.

Exonoriuna i ekoHOMiYHa TPUBAOIMBICTH OiOMOJIMEPIB HA CBITOBOMY PHUHKY 3YMOBIIIOE MPOTHO30BAaHE
301IbIIEHHS IX BUKOpUCTaHHs 10 KiHI 2021 poky Maibke Ha 17% B NOpiBHAHHI 3 IPOrHO30BaHKUM Iepiogom 2017-
2021 pokiB. 3axigHa €Bpona 3aiiMae HaOUIBIIMI CETMEHT LILOTO PUHKY, ckianatoun 41,5% Bix cBITOBOrO, B TOH
Yac, SK 1HII PerioHH TAKOX IIBUAKO 30LIBUIYIOTH CBOIO YAacTKy B JAaHOMY CEKTOpi. BuibIl TOro, BITHOCHO HU3bKa
BapTiCTh OiomoiiMepiB Ta BiAHOBIIOBaJIbHA MPHpOJA POOIIATh LeH Ki1ac MarepiaiiB O0cOOJIMBO MPHBAOIMBUM IS
TaKUX JIOPOTOBAPTICHUX rayy3ell BAPOOHUIITBA, K XapuoBa, OioMeqiuHa, (papMalieBTHIHA.

Amnaii3 HaykoBHX mNyONiKalliid Mmokasye, 110, HANpPUKIAJ, TAaKWi OlomoniMep, sSK JIITHIH, B OCHOBHOMY
3HANIIOB BUKOPUCTaHHS, SIK HAMOBHIOBaY i Jjo0OaBka B OyaiBenbHIM raiysi, Jucrnepratop B HadronepepoOHii,
KOMIIOHEHT B TOJIMEPHHX KOMITO3UIIHHMX MaTepianax [6, 14]. lllomo 3acTocyBaHHs JITHIHY AJsi PO3pOOKU Ha
TEKCTHJII aHTUMIKPOOHOTO 3aXKCTY, TO Ha ChOTOJHIIIHIN JIeHb B YKpalHi BiZICYTHI IaH1 OCIII/PKEHHS, 1 B 11l SKOCTI
BiH 3Ta/Iy€ThCs JIMIIE B 3aKOPAOHHUX MYOIIKaIlisiX MPaKTUYHO 3aBXKIM B KOMIUIEKCI 3 HAHOYACTHHKAMH METAIliB
(naHocpi6bmo) abo 31  cmomykamu wmertamiB  [15-17].  [uHmmii  Olomomimep, SK TOPOAYKT mepepoOKH
CIJIBCHKOTOCTIOIAPCHKOT MPOIYKIIT — MEKTHH 31 CBOIMH YHIKaJbHUMH aHTHOKCHJAHTHUMH, PaIiONPOTEKTOPHUMH 1
AHTUMIKpDOOHHMH BJIACTHBOCTSIMH 3HAWIIOB 3aCTOCYBaHHSA B XapyoBild, KOCMETHYHIN Ta (apMareBTHUYHIH
MIPOMUCIIOBOCTI, B OCHOBHOMY, SIK 3aT'yCHHUK Ta KOMITOHEHT TLTIBOK U Xap4yoBUX MpoaykTiB [18]. Takum unHOM, Y
BITYM3HSIHAX HAYKOBUX IIyOJNIKaIlifX Ha CHOTOAHINIHIA [I€Hb BIACYTHI MJOCHIIDKEHHS IIMOAO0 MOXIJIMBOCTI
3aCTOCYBaHHS TaKUX EKOJOTIYHUX OlONWIIB, SK JITHIH 1 HEeKTHH, Ui aHTHUMIiKpOOHOI OOpOOKH TEKCTUIBHUX
MatepiaiiB.

VY miif cTaTTi HAaBENGHO pPE3YIbTATH IOCTIHKEHHS 3 BHU3HAYCHHS MOXIIMBOCTI BHKOPHCTAaHHS IaHUX
OiomosiMepiB AN HATAHHA AHTHMIKPOOHHX BIIACTHBOCTEH TEKCTIIIIO 3 TEPCHEKTHBOIO CTBOPEHHS EKOJIOTIYHO
YHUCTUX IPOLYKTIB MEJUYHOTO TEKCTHIIIO.

AHaJi3 ocTaHHIX TKepen

Uncrno HayKoBHX IMyOsTikamii 3a TEMOIO JITHIH 32 ocTaHHI 5 pokiB 3pociu Ha 42%. Ha mouatok 2021 p. ix y
HaykoMeTpuuHiit 6a3i Web of Science Hamiuyethcs O6mu3pko 16 000, OimpIIicTs 3 SIKHX 30Cepe/keHi Ha Kpadt-
JTHIHI Ta JIrHOCYIh(pOHATAX, SK HAWOLIPIMX 3a KIJBKICTIO MPOMHCIOBOTO BHPOOHHWIITBA Ta HAWOLIBII
KoMepIliani3oBaHux BimnmoBimHO. CTOCOBHO IiTHIHY, SK aHTHOAKTepiaJbHOTO 3aco0y, TO IaHi JOCIIIKEHHS
BHCBITIIOIOThCS B IMyONIKAIlifAX JIMIIE OCTAaHHIX KITBKOX POKIB B TaKWX HANpsAMKaX, SK TKAaHHHHA IH)XXEHEPis,
OioMenuIIMHA, JOCTaBKa JiKiB, (papmaneBTraHMiA JirHIH [19]. TlepeBaskHa OIMBIIICTh 3aKOPIOHHNX 3aIIATCHTOBAHUX
TEXHOJIOTIH CTOCYETHCSI aHTHOAKTEpiaJbHUX BIACTUBOCTEH JITHOLENIONO3HMX MaTepialliB, HANPHKIA, ACPEBHO-
MOJIIMEPHUX KOMITO3UTHHX MatepialiB Ta crnocoOiB ix oxepxanHs [16]. Iadopmaniiiauii MONIyK CTOCOBHO
3aCTOCYBAHHS JITHIHY, SIK aHTUMIKpOOHOTO areHTty, mpoBeaeHHi Ha 0a3i CrenianpHOI iH(OpManiiHOI cucTeMu
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VYxpratenty (Bepecenb 2021 p.) He BUsBHB iH(OpMAIlii 32 3asBJICHOIO TeMOI0. B naHiil 0a3i Haidy€eThCs JIUIIE 1B
3apEeeCTPOBAaHMX TATEHTH Ha KOPHUCHY MOJENb, B SKUX 3YCTpIUa€ThCs JITHIH, aje TUIBKH SK CHPOBHHA IS
onepxanHs copbenris [20, 21].

[MuTaHHS CTBOpEHHS AHTHUMIKPOOHOTO TEKCTHJIIO B HamIliii KpaiHi Ha CHOTOJHINIHIM Yac BHPINIYETHCS
JIEKUTbKOMA IIUIIXaMH, Cepell SIKUX, HalOUIbII MOMMPEHUH — [1e 3aCTOCYBaHHS HAHOYaCTHHOK METaJIB abo X comew,
SIK OKPEMO, TaK i B KOMITJIEKCI 3 IHIIMMH aHTUMIKpPOOHUMH (apMarieBTHYHUMHU a00 POCIMHHUMH Ipenaparamu [22-
30]. TluTaHHS CTOCOBHO JOCITI/DKEHb AaHTHUMIKPDOOHMX BIIACTUBOCTEH JITHIHY /IS HaJaHHS TEKCTHIIIO
AHTUMIKPOOHOTO e(heKTy 3aJIMIIA€THCS BIAKPUTHM y BITYM3HSHIN HayKOBIi cTbHOTI. JlaHuii OiomoliMep BUKINKAE
3alliKaBJIEHICTh SIK €KOJIOTIYHO Oe3NedHHi ISl JIIOAMHH O10IH/] 3 IEPCIEKTUBOO 3aCTOCYBaHHS HOTO B TEKCTHIIbHIN
rarysi.

JIir"iH € ApYruM 3a MOMIMPEHICTIO 010TONIMEPOM TICTIS LEI0I03H 1 HAHOUIBII TOIMPEHUM apOMAaTHYHUM
GiomomiMepoM y mpupoai. biocnHTe3 IirHiHYy TOBHICTIO HE JOCHI/PKEHWH, ajle BCTaHOBJEHO, IO HOTO
TIOTIEPETHIUKOM, SIK 1 psiTy iHIIMX apOMaTHYHHUX CHOJYK B POCJIMHAX, € IIIKIMOBa KHCIIOTa, SKa MPUHMae y4acTh B
HACTYITHUX OCHOBHHUX CTalisiX OIOCHHTE3y: HIIKIMOBa — KHCJIOTa — (EHINANIaHiH — KOpPUYHA KHCJIOTa —
(depynoHoBa KHCIIOTa — KOHIQEpUIOBHI CHUPT —> JirHiH. JIiTHIH HaJSKUATh N0 POAWMHHU IMOJIMEpIB 3
pO3Taly)KEHUMH MaKpOMOJIEKYJIaMH (EHUIPOIIaHOBOTO THITY i3 Pi3HOMaHITHUMHU (YHKIIOHATBHHUMHU TPyNaMH —
KapOOHUIEHUMH, T'lIPOKCUIIBHUMH (30KpeMa (DeHONEHUMH ), & TAKO)K METOKCHIIBHUMHU (pHc. 1).

R T T

(%10

Puc. 1. CTpykTypHa hopmyJia MAKpPOMOJIEKYJIH JIirHIHY

@DeHosIbHI KOMIIOHEHTH JIITHIHY Ta TiIPOKCUIIBHI IPYNU B apOMATUYHOMY KUIBI BiJNOBINAIOTH 3a HOTO
TOKCHYHICTh J0 MIKpPOOPTaHi3MiB, a 3pOCTaHHS iX KUIBKOCTI IMOCHIIIOE aHTUMIKpoOHuH edekT. Bynao Ttakox
BUSIBJICHO, IO KUIBKICTh Ta PO3TALIYBaHHS MOJBIMHMX 3B'S3KIB B OIYHOMY JIaHIIO31 BiAITPalOTh BAXJIMBY POJIb B
aHTHOAaKTepiaNbHil aKTUBHOCTI cionyku [31].

JIirHiH TOTEHIIHHO MOCTYNMHUN y BEIMHKHX KUTBKOCTAX SK TMOOIYHUHA MPOIYKT LIETFOIO3HO-TAepOBOi
MIPOMHUCIIOBOCTI 1 JITHOLETIONIO3HUX OiomepepoOHUX 3aBoAiB. BwmicT IirHiHYy B JITHOLETIONO3HIM Oiomaci
KonuBaeThcsl B Mekax 15—40 % 3amexxHo Big BuAy pociwH (JHCTSHUX TOPiA, M SKAX TOpin nepeB abo
OIHOPIYHMX), YMOB POCTY Ta iX BiKy. Tak, HaifOlIbIIa KUIBKICTb JITHIHY B I€pEBHHI XBOHHUX (10 35%) 1 MHCTIHNX
(20 — 21 %) mopia. BiH MiCTHTBECS TAKOK y BOJOKHHCTHX BiX0/AaX MEPEPOOKH POCIMHHOI 1Ki, IIyKPOBOT'O OYEPETY,
KOKOCOBOI ITKapaIyIH, JyIIITUHAS HACIHHS COi, PHUCY, BiBCa, BOJIOKHAX JIFOHY 1 KOHOILII TOIIIO.

JIirHiH 3 POCIMHHOI CHPOBHHH MOXXe OYTH BHAUICHHH ABOMa CIIOCO0aMH: OOPOOKOIO TiAPOIi3yHOUNMH
areHTaM# a00 PO3YMHEHHSIM CaMoro JiTHiHY. B mpormeci BUpoOHUIITBA TEXHIYHUX JITHIHIB Y 2-3 pa3u 3MEHIIYETHCS
iX MOJNeKyJIsApHa Maca 1 3pocTae XiMidHa akTHBHiICTB. Cepeln BUIUICHUX JITHIHIB PO3PI3HSAIOTH MpernapaTH
HEPO3YMHHUX 1 PO3YMHHUX JirHiHiB. Hepo3umHHI IirHiHKM 30epiraloTh CiT4acCTy CTPYKTYpY, @ PO3UHMHHI, IO
SIBITIOTH CO0O0 ()parMEHTH CITKH, MAlOTh CTPYKTYPY 3 BHCOKHM CTYIICHEM pPO3Tally/pKEHOCTI 1 HeOmHOpiAHI 3a
MOJIEKYIIIpHOIO Macoto. 1106 po3mmputr 06IacTh 3aCTOCYBaHHA Pi3HUX TUIIB TEXHIYHOTO JIITHIHY, OyIH 3p0o0iieHi
IHTEHCHBHI 3yCWUIA ISl WOTO BHKOPHUCTAaHHSA B SIKOCTI KO, COpPOCHTY, BYTJCLEBOTO BOJIOKHA, CMOJIM,
eMYJIBIYI0Uoro 3aco0y A BHPOOHHIITBA ac(albTiB, MUCIEPTYIOUOTO areHTy UL IIEMEHTY, OCTOHHHX CYMIIIeH,
JMCIEepraTopy AJIsl TEKCTIIIBHUX OapBHUKIB, HOCisl O10JIOTIYHO aKTHBHOTO areHTY i JOOaBKH A0 KOPMY JUIsS TBapUH
[6, 32, 33]. Po3unHHI nirHiHA, TOOTO JIrHOCYIH(GOHATH, IPAKTHYHO HE TOKCHYHI 1 HE BUKIMKAIOTh TIOpa3eHHS, HE
BOJIOJIIOTh MYTareéHHUMH ab0 TE€HOTOKCHYHMMH BIIACTHBOCTSAMHM, IO 30LIBLIyE MOXIMBICTH iX NPAKTHYHOTO
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3acTocyBaHHA. Uepe3 1ie HaOLIBIIMIA CBITOBHH PHHOK JITHIHY, B OCHOBHOMY, 3aliMa€ThCsl HOTO BUPOOHMIITBOM 32
JIOIIOMOTOI0  JTiITHOHOCYJb(OHATHOrO Tponecy. KirodoBumu kpaiHaMH — BHPOOHHMKaMH IPOIYKTiB Ha OCHOBI
nirnocynbsdonatiB € CIIA, 3axinaa €Bpona, Kuraii, Llentpansna ta Cxigaa €Bpora, a TakoX ITPOBiAHI KOMIaHIT —
Borregaard Lignotech, Changzhou Shanfeng Chemical Industry Co. Ltd., kommanist LCC B A3ii Tomo [32, 34, 36].

Daxmopu, Wo eNIUBAIOMb HA AHMUMIKDOOHI 61ACMUBOCHIE JICHIHY.

JIirHiH, K TpUpoaHa MoMi(eHoIbHa MOJIEKYJIa, BOJIO/IE CHIIBHOI aHTHOKCHIAHTHOIO Ta aHTUMIKPOOHOIO
AKTUBHICTIO, ayie 11 IHriOyloYa 3MaTHICTh 3aJICKHUTh Bif psamy (GakTopiB: ximiunoi 6y006u MaAKpOMONEKYI,
NOX0O0JICEHHsL POCAUHY, CROCOOY eKxcmpakyii; nodarvuioi obpodbxku. B cBolo dYepry iHriOyroumid edext s
MiKpOOPTaHi3MiB BapilO€ 3aJISKHO BiJl IBOX TIOKA3HUKIB: Muny jaieHiHy i U0y MIKPOOHUX WMAMIS.

BcraHoBnieHO, 1110 JIITHIH Pi3HOTO MOXOJDKEHHS TPOSBISIE 1HAWBIAyaldbHUI aHTHOAKTEpiabHUIM eQeKT.
Hanpuxnazx, nmirHiH i3 XBOMHOI JepeBWHM, akamii, KYKypyZ3u Ta creOna OaBOBHH BOJIOJE AHTHMiKpOOHOIO
AKTUBHICTIO MPOTH TPaMIIOZUTUBHOTO MTamy Staphylococus aureus, a JNITHIH TOIMOJI, akailii, IIyKPOBOi TPOCTHHH,
KyKypyA3u Ta 6amOyka iHriOye MikpoOu mramiB Escherichia coli; NirHIH eBKaJiNTa Ta SJIMHA Ma€ aHTUMIKPOOHY
BIIACTUBICTh NIPOTH A. niger, E coli, S. aureus, Pr. microbilis, Pr. oulgaris, P. Aeruginosa, a 0Opi3KH JIepPEBUHU
sIONyHI BOJIONIIOTH AHTHMIKPOOHUMH BJIACTHBOCTSAME TpoTH A. niger ma Saceh cerevisiae [34, 35, 37]. Tomy
BiJITIOBIIHO JIO TUITY JIITHIHY 1 MIKpOOHHX IITaMiB 3aCTOCYBaHHs JITHIHY MOXJIMBO, SIK areHTy JUIsS IOCTaBKH JIKiB,
Xap4yoBOTO AHTHOKCHJIAHTY, HATYpaJIbHOTO aHTHOAKTEPiaJbHOTO areHTy, MPOTHMIKPOOHOI J00aBKM y XapyoBii,
TEKCTUJIBHIN Ta XIMIYHIH MPOMHCIOBOCTI [6].

[HmMM BakMBUM  (AaKTOpPOM BIUIMBY Ha aHTHMIKPOOHI BIAaCTMBOCTI JIrHIHY € Horo ¢opma —
MaKpOMOJIEKYJIM 1 HaHOYacTHHKU. OcTaHHI BOJIOJIIOTH OLTBIIMM aHTHOAKTEpiabHUM e(EeKTOM, HIO TOB’S3aHO 3i
3HAYHOIO IUIONICHO MTOBEPXHI YACTUHOK Ta OLTBIIO aacopOiliero akTuBHOro OKCUIeHY B CTPYKTYpi HOJieHOoITy, a
Maluii po3Mip HAHOYACTMHOK JITHIHY HaJa€ MOXIMBICTH NPOHUKATH BCEpeIMHY OakTepiajJbHUX KIITHH 1
yTBOpIOBaTH MOHOGeHONbHI cTpykTypu [38]. Ha choropnimHiii JAeHb JIrHIH SIK aHTUMIKpOOHHMH areHT
BUKOPHCTOBYETHCS, SIK B (DOPMI MOJIMEPHOI MaKpOMOJEKYJISIPHOI PEYOBHHM, TaK 1 B (opMi HAHOYACTUHOK B
KOMILIEKCI 3 IHITUMH peyoBUHAMH [6].

OcKiJIbKHU JIITHIH 3a3HA€ 3Ha4YHI CTPYKTYPHI 3MIHH B pe3yJbTaTi XiMiuHOI Ta (i3u4HOi 00poOKH, Memoou
00epoicanis ieHiHy TaKOX MalOTh BIIMB HA aHTUMIKPOOHY aKTHBHICTB JITHIHY. Tak JOCIiKEHHS aHTHMIKPOOHHX
BJIACTMBOCTEH JIITHIHY BHIJIYYEHOI'O 32 JOIMOMOTOI Kpagm-npoyecy TOKa3ald, WO s MOJIMEPHOTO JITHIHY
MOKPUTOTO YaCTHHKaMH cpibia 30Ha iHriOyBaHHs ctaHoBuia 10, 12 1 80% mns Staphylococus aureus, Escherichia
coli, Aspergillus niger BiINOBiIHO. AHTHMIKpOOHA Ais JITHIHY 3 KyKypyI3SHUX KayaHiB €KCTParoBaHOTO 3a
JIOLIOMOTOI0 OP2aHOPO34UUHHO20 npoyecy Oyna ehEeKTUBHOIO VIS JOCITIDKYBaHUX MikpoOiB rpynu Escherichia coli
Ta Listeria monocytogenes. HaHOBOJIOKHa HATpill sicHoCyibponamie TOKa3any MPOTUMIKPOOHY aKTHBHICTBH UL
Staphylococus aureus nHa 99,9%, B Toi wac sk mns Escherichia coli iHriGyioda nis He CHoCTepiranach.
[Mpurnivyrounii BrumB Ha 63% nns Escherichia coli posiBUIIM HAHAYACTUHKH JieHOCYAbOHAmY Y BUIIAAKY, KOJIU
BOHHM BUKOPUCTOBYBAJIMCA SIK 30BHIIIHIK mIap XiTo3aHy i Ha 95 % Oyia 3araJbMOBaHICTb, KOJIH JIITHOCYJIb(OHATH
BUKOPHCTOBYBAJIM SIK BHYTpIilHIM map XitozaHy. Hatpiii zienocynvghonam moxputuii HanowyacTuHkamu ZnO
M0Ka3aB CHJIBHILIY aHTHOAKTepiajbHy aKTHBHICTh NpoTu Bacillus subtilis, vix npotu Escherichia coli [39]. Kpim
TOrO, aHTHUOAKTepiajbHI BJIACTUBOCTI JITHIHY TICHO TO’BS3aHI 3 703010 (KOHIICHTpAII€I0) M€l PeYOBHHU IS
KOXKHOT'O OKPEeMOro cyocTpary.

OCKIIbKY JITHIH 3a3HA€ 3HAYHI CTPYKTYpHI 3MIiHHM B pe3yNbTaTi XiMiuHOI Ta (i3uuHOi 0OpoOKH, BCi
TEXHIYHI JITHIHK YHIKaJIbHI 3 TOUYKU 30py XIMIYHOI CTPYKTYpPH, MOJIEKYJISIPHOT MacH, MOJIUCIEPCHOCTI 1 mpodiito
JOMIIIOK. BimmoBifHO 10 1bOTO, AJS OIIHKH 1HTIOYHOYOT 3[aTHOCTI JITHIHY BaXKJIMBO BPaxOBYBATH THII JIITHIHY,
TOOTO #Oro XiMiUHYy OY/IOBY 1 CIIOCIO OZIEpIKAHHS, @ TAKOXK BU MIKPOOHHX IITAMIB.

Tomy B paHiii poOOTI HEOOXigHO OyJIO JIOCHIAMTH MOXJIMBICTh AHTHMIKPOOHHMX BJIACTHBOCTEU
BOJOPO3YMHHOT'O JITHOCYJIB(GOHATY 3 BCTAHOBICHHSM ONTHMAIbHUX POOOYMX KOHIEHTpALid Ta MOXIIMBICTH
MTOCHUJICHHS TIPOTUMIKPOOHOI Jii 32 paXyHOK T0OaBKH — IEKTHUHY, K IPOAYKTY arpoIpOMHUCIOBOTO KOMILIEKCY.

Metolo poOoTH €: TmONmepenHe MJOCHIDKEHHS Ha MpeaMeT MOXJIMBOCTEH HaIaHHA TEKCTHIIIO
AHTUMIKpOOHHMX BJIACTUBOCTEH 3a IOMOMOTOIO JITHIHY 1 MEKTHHY IUISIXOM BCTAHOBJICHHS ONTHMAIBHHUX POOOUHMX
KOHIEHTpALlil JaHUX PEYOBHMH Ta IX ONTHMAJIHHUX CYMICHUX CIIiBBIJIHOIIEHB, SKi BOJOIIIOTH aHTHUMIKpOOHMM
e(peKTOM.

Buxiag ocHOBHOro MaTepiary

Mamepianu ma memoou 0ocnioxHceHHs.

1. Anmumixpobna peuosuna Nel. B sKocTi aHTEMIKpOOHOI PpEYOBHHM BHKOPHCTOBYBAJIHM HATPIH
JMTHOCYIB(POHAT 13 BITYM3HSAHOI CHUPOBHHH (TOoproBa Mapka «Pybedinm BDKy»), sxuit 3a Qi3uko-xiMidHIMH
MMOKa3HUKaMH BimoBigae 3apyOikaoMy aHanory Reax 83A (dipma Vestwaco Co, CIIIA). [laHa pedoBHHA BOJOIIE
MIHHUMHA BIIACTUBOCTAMH (JIOCTYTIHICTh, JCIICBH3HA, HU3bKA TOKCHYHICTH) 1 B TEMEPIIHIA Yac BUKIHMKAE
mpakTiyHui iHTepec. Tak B po6oTi [40] BHBUEHO BIUIMB CHiBBIJHOMNICHHS ITONMIMEpPHUX (Qpakiiii B HATpii
JMTHOCYIh(OHATAX 1 CTYHNEHIO Cynb(yBaHHS IIrHIHY HAa WOTO CTaOiUMi3yl0dy CIPOMOXHICTE 1 po3pobieHo
yHiBepcanbHuil [IAP Ha oCHOBI cybdaTHOTO HirHiHY (TOproBa Mapka «Pybedin BOK»).

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 145



Technical sciences ISSN 2307-5732

O
Puc. 2. CtpykTypHa popmyJia MAKpPOMOJIEKYJIH JirHOCY 1bOHATY
2. Anmumixpobna peuosuna Ne2. J[pyror0 pEeUOBHHOIO, sKa 3a JOCTipkeHHsMU [41, 42] cnpuunHse

iHTIOyIO9y Mi0 Ha MiKpoopraHiamMu rpymu Staphylococus aureus, Escherichia coli BUKOPHUCTOBYBadM TNEKTHH
sionyunuit SWEJ-1 TM Pektowin.

Puc. 3. CTpykTypHa hopmMyJia MAaKPOMOJIEKYJIH NIEKTHHY

3. Tecmosi opeanizmu. MikpoopraHi3Mu, siKi BAKOPHCTOBYBAJIU B IIbOMY JIOCIIPKEHH1, HAJISKATh JI0 TPYIH
NIATOTeHHUX BHIIB, sIKi 3a3BU4ail acOIiiOBaHI 31 IIKIPHUM OKPUBOM i CITU30BOIO 00OJIOHKOIO, 3IATHUMHU BUKITUKATH
OTIOPTYHICTHYHI 1H(EKIIIi: rpaMIO3UTHBHI Tpokapiotu Staphylococus aureus (ATCC 6538P) ta rpamHeratuBHi
mrtamu Escherichia coli (ATCC 25922) i Pseudomonas aeruginosa (ATCC 9027).

4. Humomoxkcuunicmes Bu3Havanu 3a jgornomororo MTT Ttecty nHa kynbrypi kit momuan HCT116
(ATCC® CCL-247™) [43].

5. Aumumikpobui eracmugocmi JNiTHIHY 1 TEKTUHY BH3HAa4YalM JUCKO-TUQy3IHHUM MeTomoM (MeTon
nudys3ii B aHTap i3 3aCTOCYBaHHSIM MallepOBUX JAUCKIB) Ta METOAOM PO3BE/ICHHS Y P1IIKOMY OXHBHOMY CEepeIOBHIII
[44]. Cratuctiuny 0OpoOKy pe3ylbTaTiB €KCIIEPUMEHTY IIPOBOIMIIN 3 BUKOPUCTaHHIM KpuTepito CThiofeHTa (p <
0,05).

Pesynomamu ma ix o62060pennsi.

[Ipu BU3HAYEHHI TECTOBUX POOOYMX KOHIIGHTPALIiH JIITHIHY 1 IEKTHHY BPaxoBYBalIH (haKTop, SIKWH BILJIMBAE
Ha aHTUMIKPOOHI BJIaCTHBOCTI PEYOBHHH, a came — ()OpMY JITHIHY 1 TEKTUHY — MaKPOMOJIEKYJIM YA HAHOYACTHHKH.
B po6oTi BUKOPUCTOBYBAJIH MOJIIMEPHI CIOIYKH JITHIHY 1 IEKTHHY, TOMY TECTOBI KOHIIEHTpAIii IMX PEYOBHH Ta iX
cyminn cknaganu 1 — 30 mr/cm® i OyniM BUIMMM B MOPIiBHSAHHI 3 KOHIIEHTPALI0 HAHOYACTUHOK Hirdiny (0,25 — 0,5
Mr/cM’), siKi 3a3BUYAll BAKOPMCTOBYIOTh JUIs aHTUMIiKpoOHOro edekry [6, 38].

L{umomoxcuunuii pe3yivmam.

[oBimoMIISIIOCH, IO JITHIH, B TOMY YHCII 1 JIITHOCYJIL()OHATH, HETOKCUYHI IS JIFOJUHU [45], a kambiii
mirHocynbdonat 3 Mr = 40000-65000, 3a ominkamu BOO3, HanexuTth A0 Xap4oBoi J00ABKH 3 BCTAHOBICHHM
JN000BUM criokuBaHHsM 20 MI/Kr Macu Tina Ha 100y [46]. OnHak, TexHIuHI OpMHU JTHIHY YHIKalbHI 3 TOUYKH 30py
XIMIYHOI CTPYKTYPH, MOJEKYIIAPHOI MaCH, O AUCTIEPCHOCTI, TPOQIITI0 JOMIIIOK 1 BiAMOBITHO CBOIX BIIACTHBOCTEH.
ToMy IUTOTOKCHYHICTh HATPIH JTHOCYIb(OHATY, SIKMH 3aCTOCOBYBAIM B MOJAJBIIMX JOCIIHKEHHSX, BU3HAYAIH
omocepeakoBano 3a mgomomororo MTT TecTty HacTymHUM uYmHOM: KynbTypy kimituH mroguan HCT116
(ATCC® CCL-247™) kynpTBYBaIH y noxuBHOMY cepenoBuiti DMEM (HIIII [Tan3Dko) 3 momaBanusm 10 %
tensuoi emOpioHanpHOi cupoBatkn (HyClone®, Thermo Scientific), 2MM L-rmytaminy (HIIII IlaaDko), 1%
rearaminay (OK «/Japaums») y sxocti artndiotaky. Kimitnan 3aciroBamu 10 96-TyHKOBOTO TUIAHIIETY B KUTBKOCTI
1-10* kritun/200 Mk Ta KynbtuByBamu npu 37°C B atmochepi CO» (5 %). ITicas 24 romun iHKyOyBaHHS 10
KylnbTyp KITHH OyJlO IOJAaHO IOCTIDKYBaHI CHONyKH y KoHIeHTpamisx (1-30 Mr/cM®) miA  TIOAANBIIOrO
KyJIbTUBYBaHHS B THX K€ yMOBaX MpoTsaroM 48 romuH. [t KOXKHOI KOHIICHTpaIii JOCIiKeHHs Oy TPOBEACH] ¥
TpHOX MOBTOpax. L{uToTOKCHYHICTH BI3Hadamym 3a gomomororo MTT-tecty. Ilicns iHKyOyBaHHS 1O KOKHOI JTyHKH
Oymno momano 1o 20 mxa MTT (6pominy 3-(4,5-mimeTnnrrazon-2-un)-2,5-mudenmirerpasomas) (5 mr/cm®) (Sigma-
Aldrich) Ta nogaTtkoBo iHKYyOyBaii MPOTATOM 2-X TOOWH. 3a JOIMOMOTOI0 TUIAHIIETHOTO aHali3aTopa BH3HAYAIN
ONTHYHY IIUTBHICTH Tipu 520 HM. Pe3ynpTaTé TecTy Mmoka3and BiACYTHICTh MUTOKCHYHOCTI JITHOCYJIh(OHATY IO
KJIITHH JIFOMHNA.

AumubaxkmepianvHuil pesyrbmam.

B mucko-mudysiiHOMy MeTOMdi IS TOCTIIKCHHS aHTHOAKTepialbHUX BIIACTUBOCTEH PEUOBHMH KOXKHY 3
yamok Ilerpi 3 M'sco-mentonHuMm arapom (MIIA) 3acitoBamm mramMu OakTepii MeTomoM razony. CycrieHsito
MikpooprasizmiB y 0,9% NaCl piBHoMipHO HaHOCHIN Ha ToBepxHI0O MIIA Ta po3MiltyBanu 1S «IiACYIIyBaHHSD Y
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Tepmoctar 3a Temneparypu 37 °C. TlomepeHBO TOTYBaaM ManepoBi AUCKH JIaMETPOM 5 MM 3 (LIBTPYBAIBHOTO
marepy Ta IpocodyyBalM ixX NOCHiKyBaHUM po3unHoM. Ilicis mporo Ha miacymreHi nmociBu Ha MITA nowmimamm
TiJIrOTOBJIEH] AMCKH 3 TIOAANBIINM KyJIbTUBYBAaHHSIM y TepMocTati. Yepes 24 rognHu BUMipIOBAIN 3aTPHUMKY POCTY
OakTepiif HABKOJIO JTUCKIB.

3a OIiHKY aHTUMIKpPOOHOI aKTHBHOCTI JOCII/KYBaHHX 3pa3KiB OyB B3STHH CTYIIHb NMPHUTHIYEHHS POCTY
MIKpOOpTraHi3MiB: 30Ha iHTi0iTyBaHHS 10 10 MM — BifcyTHs 6ioakTUBHICTB; 11-15 MM — ciabka akTuBHICTB; 15-25
MM — BUpa)X€Ha aKTHBHICTbH; > 25 MM — BUCOKA aHTUMiKpOOHa aKTHBHICTH [47].

Judy3iiiHIM METOJOM BCTAaHOBJICHO, IO O10aKTHWBHICTH PO3YMHIB JIITHIHY 1 MEKTUHY BipI3HSAETHCS MiX
c00010 1 3aJIeKHUTH BiJl TPUPOAN aHTHMIKPOOHOTO TIperapaTy, HOro KOHIIEHTpanii Ta BHIy IpoKapioTiB (Tabm. 2).

Tab6mmnsg 2
BioakTHBHICTS i 3HAYEHHS 30H iHrIOYBaHHS PocTy (MM) J0CTIIKYBAHUX 3pa3KiB

AHTHUMIKpOOHA BioaKTHBHICTS KoHIeHTpanis aHTHMIKpoOHOi peYOBHHM, MI/cM’
pEe4OBHHA 1 | 2 I 5 | 10 | 20 | 30
Jlirain Staphylococus aureus (ATCC 6538P)
BigcytHs — — — — 9,84+0,8 6,7+0,6
Cnabka axr. — — 13,8+0,8 | 11,7+0,7 — —
Bupaxena axr. 17,741,0 | 15,1+0,8 — — — —
Escherichia coli (ATCC 25922)
BigcytHs 10,7+1,1 7,3+0,8 — — — —
Crabka akT. - - - - - -
BupakeHa axT. - - - - - -
Pseudomonas aeruginosa (ATCC 9027)
BincyTHs 10,4+1,0 6,4+0,6 - - - —
Crabka akr. - - - - - -
BupakeHa axT. - - - - - -
[MexTun Staphylococus aureus (ATCC 6538P)
BigcyTHs - - 10,8+£0,9 | 8,6+0,9 | 6,6+0,8 4,8+0,6
Cnabka axr. 14,3+1,1 12,6+0,8 — — — —
Bupaxena akrt. - - - - - -
Escherichia coli (ATCC 25922)
BigcytHs 9,2+1,0 7,0+0,8 — — — —
Crnabka akT. - - - - - -
Bupaxena akrt. - - - - - -
Pseudomonas aeruginosa (ATCC 9027)
BigcytHs 9,8+1,1 6,4+0,9 — — — —
Crnabka akT. - - - - - -
Bupaxena akrt. — — - - - -
Jlirain + IMekTun Staphylococus aureus (ATCC 6538P)
BincyTHs - - 8,5+0,6 | 6,8+0,6 | 5,6+0,5 4,8+0,5
CnabKka axT. — 11,3+0,9 — — — —
Bupaxkena akr. 18,5+1,1 — — — — —
Escherichia coli (ATCC 25922)
BigcytHs — 6,3+0,9 — — — —
CnabKa axT. 11,2+0,8 — — — — —
Bupaxena akrt. — — - - - -
Pseudomonas aeruginosa (ATCC 9027)
BincytHs — 6,8+0,7 — — — —
CrnabKa axT. 12,6+1,1 — — — — —
Bupaxena akrt. — — - - - -

Ak cBiguaTh maHi TaONMWIN 2, CHOCTEPITA€THCS 3POCTAHHS AHTUMIKPOOHOTO €(eKTy TOCTiKYyBaHMX
PEYOBHH IS TPAMITO3UTUBHUX IITaMiB, III0 MOXKIIMBO TTOSICHIOETHCS HASIBHICTIO TIEPEIIKOM 3 JOJAaTKOBOTO 0ap’epy
MO/IBIHHOT MEMOpaHW Yy TpPaMHETaTUBHHUX IMpOoKapioTiB [38], a Ha OUTBINI BHUpa)XeHYy aHTHUMIKpPOOHY aKTHBHICTH
JTHIHY BIUIMBAIOTH (PEHINBHI pamlikalid B CTPYKTYpl HdaHOro OiomoiiMepy. 3arallbHOIO 3aKOHOMIPHICTIO B
JOCTIKCHH1 BUSBIIIOCS 3pOCTaHHS iHTI0YF04U0i 3IaATHOCTI PO3YHMHIB IIPHU CyMiCHIH IIPHUCYTHOCTI JITHIHY 1 IEKTHHY B
SIKOCTI CHHEPTeTHYHOI TapH, aje 9YiTKO MPOCIHiTKOBYETHCS 3HIDKEHHS O10aKTHBHOCTI XIMIYHHUX DPEUOBHH IIPH
3pOCTaHHI IX KOHIEHTpaliil y po3unHi. Tak mocmabiaeHHs: aKTHBHOCTI TOCIIKYBaHUX PEYOBHH I10 BiJHOIICHHIO 10
TPaMIO3UTUBHUX INTaMiB MIKpOOPTaHi3MiB MAalOTh PO3UMHH JITHIHY 1 MEKTHHY Ta iX CyMilli BXe MOYMHAIOYA 3
KOHIEHTpawiii Bume 5-10 mr/cm®. Jlns TpamMHETaTMBHHMX MPOKApiOTIB MeXi iHriGyrouoi KOHmeHTparii Giormis
3BYKYIOTBCS JIO OinblI po30aBIEHOT0 PO3YMHY 3 BMICTOM KOMIOHEHTiB 1-2 Mr/cm®, mo Moxke GyTH MOSCHEHO
CHOBITBHEHHSM TIporecy M dy3ii BUCOKOMOIEKYIApHUX Oi0MOIIMEPHUX PEYOBHH IIPH 3pOCTaHHI iX KOHIEHTpamini

BicHuk XMeabHUYbK020 HayioHa1bHOo20 yHisepcumemy, Ne4, 2021 (299) 147



Technical sciences ISSN 2307-5732

y po3umHi. JlaHmii ¢axT y3romKyeTbcs 3 JNTEpaTypHUMH [aHUMH CTOCOBHO JH(QY3ifHHX METOMIB OI[HKA
aHTHOAKTepiaJIbHUX BJIACTUBOCTEH PEYOBHH, SIKI B JESKUX BHUITAJKaX € HEMPUIAATHUMH JJIsI aHANI3y CKIQJAHUX 3a
CKJIaJIOM KOMIIO3UIIH 1 BIIPI3HSIOTHCS 32 MOJIEKYJISIPHOIO Macoro IperapaTiB. B oKpeMux IOCIiHKEHHSX IHCKO-
mudy3iiHUI MeTOJ MiIXOMUTH TIIBKM B SKOCTI TIONEPEIHBOTO CKPIHIHTOBOTO TECTy TMepe]] KUTbKICHUMH
BU3HAUYECHHSMU METOJIaMU PO3BelIeHb [48].

ToMy Ha HacTymHOMY eTami poOOTH aHTHMIKpPOOHI BIIACTHBOCTI JITHIHY 1 MEKTHHY JOCIHIKYBaINCS
METOJIOM CepiiiHuX po3BesneHb. KoHTposeM ciyryBainu mpoOipKH, OfHA 3 SKMX MICTHJIa M'SICO-TIEHNTOHHUH OYJIbOH
(MIIB) 6e3 nmomaBaHHS JMOCHI/DKYBaHOTO IIpenapary Ta MIKpOOPraHi3MiB (Tak 3BaHHMH, KOHTPOJIb CTEPUIIBHOCTI
cepeloBHINA), iHIIA — 3 MIKpOOpraHi3MaMu (ITO3UTHBHUI KOHTPOJB). AKTHUBHICTH JIOCHTIPKYBaHHX DPEUOBHH
JOCTIDKYBaJM 13 BUKOPUCTAHHSM 3a3HAYCHUX BHINE TeCT KyiubTyp: Staphylococus aureus (ATCC 6538P),
Escherichia coli (ATCC 25922) i Pseudomonas aeruginosa (ATCC 9027). ToTyBanu CyCHEH3i0 3 ONTUYHOIO
wineHicTio 0,5 3a McFarland (1,5 - 10° KYO/cm®) ta o 0,5 cm® iHoKyJ1r0Ma BHOCHIIM 10 KO%HOI pobipku i3 MITh
Ta BIANOBIHOIO KOHLEHTPALIEIO JOCHHKYBaHUX cnoiyk. [lociBu iHKyOyBaium mpoTsroM J00M 3a TemIepaTypu
37°C. Tlo 3aBepieHHi 4acy iHKyOyBaHHsS JOCHTi/UKYBIM HAsABHICTH YM BiJICyTHICTH POCTY BiNOBIJHHMX
OakTepiaJIbHUX INTaMiB LUISIXOM IPHUIOTYBaHHS MasKiB CycHeH3ii 3 mpoOipok 3 mojaisimM (apOyBaHHSIM Ta
JOCTTI/DKCHHSIM 32 JOIMOMOTO0 iMepciitHol cucteMu Mikpockormy Micromed XS-5520. Jlocmiau mpoBOAMIN B 3-X
MOBTOPAxX 13 KOKHOIO KOHIIEHTPALIEIO IMpenapary i KOXHOI KyJIbTYPOK MIKPOOpPTraHi3MiB i3 METOK OTpPHUMaHHS
JOCTOBIPHHUX pe3yJbTaTiB. AHTUMIKPOOHY aKTHBHICTb JIOCHI/PKYBaJIbHUX CIIOJNYK PO3PAaXOBYBAIH 33 TIOKa3HUKAMHU
MiHIMaIBHOT OakTepuimHO1 KoHIeHTpaii (MBK) ta MiniManbHOi iHTi0yi0401 koHIeHTpanii (MIK) (tadi. 3).

Sk cBimuaTh qaHi TabmuIi 3, aHTUMIKPOOHA aKTUBHICTB JIITHIHY 1 IEKTHHY BiJPI3HSAETHCS VIS PI3HUX BUIIB
MikpoopraHi3MiB. Tak, HaiiMeHIIi 3HaYEeHHS MiHIMaJIbHOI OaKTEPUIMIHOT KOHIIEHTpallii AOCIIDKYBaHUX PEUYOBHH,
sKa BUKJIMKAE 3arnOenb MIKpoopraHiamiB dyepe3 24 To0J., CIOCTEpITalOThbCcs sl TPAMIO3UTHBHOIO IITAMY
Staphylococus aureus (4,00-7,66 Mr/cm®), a Ju1s TPy TpaMHETaTUBHUX Oaktepii Escherichia coli Ta Pseudomonas
aeruginosa MBK nirdiny Ta nekTMHy 3pocTac BianmoBimHo B 3 pasu (16,66-23,33 mr/cm®). Taka pisHuus B
MiHIMaIBHIH OaKTepUIM/IHIN KOHIEHTpALii Ul Pi3HUX BHUIIB MIKPOOPTraHi3MiB MOXe OyTH MOSCHEHa BiJICYTHICTIO
JPYTOi KINITHHHOI CTIHKH Yy TpaMITO3UTHBHUX OakTepiit [38].

Tabmums 3
AHTHMiKpOOHA AKTHBHICTB JIITHiHY, NeKTHHY Ta iX cymiuri
. . AHTHMiIKpOOHa peyoBHHA
Mikpooprasizmu — —
JITHIH | MEKTHH | JITHIH + MEKTHH

MBK, mr/cm®
Staphylococus aureus 4,00+2.48 7,66+1,36 1,33+0,65
Escherichia coli 16,66+2,41 23,33+3,41 8,33+1,54
Pseudomonas aeruginosa 16,66+2,41 13,33+£2,41 8,33+1,54

MIK, mr/cm?
Staphylococus aureus 0,67+0,19 1,33+0,65 1,33+0,65
Escherichia coli 1,33+0,35 1,33+0,35 1,33+0,65
Pseudomonas aeruginosa 1,67+0,23 1,67+0,23 1,67+0,23

Takox B poOOTI BCTAaHOBJIEHO, 1[0 aHTUMIKPOOHY aKTHBHICTh OlononiMepiB mis 6akrepiit Escherichia coli
Ta Pseudomonas aeruginosa MOXHa MiJCHINTH CYMICHOIO TPHUCYTHICTIO (JIITHIHHIIEKTHH», IO BKa3ye Ha
010CYMICHICTh J@aHMX TMOJIMEpiB, a L€ € OJHAM 13 BaXIUBHX KPHUTEPIiB OLIHKK MOMIHUBOCTEH OyIb SKHUX
mpemnaparis, MmO 3aCTOCOBYIOThCSI B OlOMEOUUHIA ranmy3i. 3’SCOBaHO, IO AHTUMIKPOOHWH edekT cymimn
JITHIHHIEKTHH» JJIsl BCIX BHUIIB OaKkTepiii MOCUIIOETHCS MPAKTUYHO B 2 Pa3d 1 MPOSBISETHCS 32 KOHIEHTpAIIIl
CyMIIlli «JTTHIH+TIEKTHH» 1 Mmr/em® st Staphylococus aureus 1 3a KoHIeHTparmii 10 mr/em® st Escherichia coli i
Pseudomonas aeruginosa. Jlannii epekt Moxke OyTH MOB’SI3aHUN 13 CHHEPreTHYHOIO [[€I0 OJHOYACHO JIBOX
AHTUMIKPOOHHX IIpemapaTiB.

Mexanism maHoi mii He 3’sACOBaHWil, aleé MOXHA 3pOOMTH HACTYNHI NPUOyHIeHHSA. SK Bimomo,
aHTUOAaKTepiaNbHUil eeKT NTHIHY MOB’sA3yI0Th 3 (CHONBHUME ()parMeHTamMu OlOMOoJIMEpy, a TAKOXK XIMIYHUMH
rpymaMd B TIONIOKEHHI ¢, £ y OIYHOrO JaHIIora Ta OpTOMETOKcH rpymu 4-rigpokcundenimy [31]. 3okpema,
moBiHUH 3B's130K y monoxeHHI Ca = Cf Oi4HOTO JIaHIFOTa Ta METHJIBHI TPYIH B )-TIOJIOKEHHI € MO3UTHBHUM
(akropom iHTIOyrouoro edekry. 3a Takoi OyIZOBM MaKpOMOJEKYIH JITHIHY B3a€EMOIIIOTH 3 MeMOpaHamu
OaxTepialbHIX KIIITHH, BUKJIMKAIOTh BUCHAXKEHHS 1 TiIBUIIEHHS MPOHUKHOCTI KIITHHHUX CTiHOK, JecTa0ili3aIiio
mapy NEeNTHAOTIIKAaHY 3 MOJANBIIMM BHTIKOM BHYTPIIIHBOKIITHHHOTO BMICTY, IO TPU3BOAWTH IO I3UCY
OaxTepialbHIX KIITHH.

B cBoto uepry, HasBHICTE B MoJeKynax JirHiHy OkcureHy B rpynax —OH, =CO, —-COOH y Giunomy
JIAHITIOTY MOYKE 3HIDKYBATH iHTi0yr0ui B1acTUBOCTI Oiomumy [31]. MokHa IPUITYCTHTH, IO CHHEPTETHYHUHA e(EeKT
I ICWJICHHS] aHTUMiKpOOHOiI aKTUBHOCTI JIITHIHY B TPUCYTHOCTI NEKTHHY, IHOB'I3aHUI IO-TIEpIe, 3 JOJATKOBUM
OJIOKYBaHHSM TIEKTHHOM IHTIOYIOUHMX TPYIl y JIiTHiIHI, a 0 Jpyre, y MOXKIMBOCTI OUTBII MIIHOTO 3aKpillJICHHS
JTHOCYIH(OHATY Ha MOBEPXHI OaKTepiil 3a paxyHOK ajcopOIii MOJIEKYJ MEKTHHY, IO MICTUTH BEJIMKY KUIBKICTh
AKTHBHHUX KapOOKCHIBHUX TpyI. Tak sk s po3unHy nekTury pH=4,35, T0o JaHII0KKN TIEKTHHY MTOBHICTIO aH10HHI,
TOMY MIiX MaKpOMOJEKYJaMH IEKTHHY JiFOTh CHJIM eIEKTPOCTATHYHOIO BiNIITOBXYBaHHS, W0 Ja€ 3MOTY
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MIPOHHUKATH MK HUMH JIITHIHY, SIK CIIOJYKH 3 QpOMaTHYHOIO CTPYKTYPOIO, BUCOKUM CTYIIEHEM IONEPEYHNX 3B SI3KiB
1 TOCUTH 3HAYHOIO PEaKUiifHOIO 3/1aTHICTIO 3aBISIKH CBOIM (PyHKIIIOHAIEHUM TpYyIIaM.

KinbkicHuit aHami3 aHTHOAKTEPiaaTbHOI aKTHBHOCTI O1OIUIiB 32 MiHIMAJIBHOIO IHTi10YI0Y0I0 KOHIICHTPAIIIE0
(MIK), HeoOximHOI0 11 3aTpUMaHHS POCTY MIKpOOIB Ticis BiAMOBIAHOTO Mporecy iHKyOalii mokasas, O JaHa
KOHIICHTPAIIS TS TPAMIIO3UTHUBHUX — Staphylococus aureus Ta TpaMHETaTUBHUX OakTepilt rpynu Escherichia coli i
Pseudomonas aeruginosa mernma B nopiBastHHI 3 MBK B 1,5 - 2 pasu BiAmoBigHO.

AHTHMIKpOOHY A0 JOCITIHKYBaHUX OIOUAIB B pOoOOTI OYyJI0 MOPIBHSHO 3 TpaJWIIHHUM aHTUMIKpPOOHUM
TIpenapaToM apreHTyM HiTpaToM, KU HIMPOKO 3aCTOCOBYETHCS B PI3HUX rajly3sX IPOMHUCIIOBOCTI, B TOMY YHCII 1 B
TEKCTHIFHOMY BHPOOHHMIITBI, i 3’SCOBAHO, IO JITHIH i IEKTHH B KOHLEHTpALifaX 1-5 Mr/cM® BOIOMIIOTH TaKHMM 3Ke
AHTUMIKpPOOHMM €()EKTOM JUIs IPaMIIO3MTHBHUX mTamiB i 10-20 Mr/cm® — s rpamMHeraTMBHUX OakTepiif, fK i
posunn AgNO; 3 konuentpauiero 0,2 mr/cm®. Binbll BHCOKa KOHIEHTpALis JITHIHY i NMEKTUHY MOXE OyTH
KOMIIEHCOBaHAa IX 3HAYHO HIDKYMMH I[IHAMH B TIOPIBHSIHHI i3 COISIMU APreHTyMY, a TaKoX OLIBIIOI0 €KOJIOTIYHOIO 1
MEJMYHOIO0 Oe3MeKOI0 I 370pOB’s MoANHHU. KpiM TOro, JIrHIH € NOTeHIIHO JOCTYITHUM Y BETUKHX KUTBKOCTIX
SIK TTOOIYHHIH IIPOYKT LENI0I03HOT TPOMUCIIOBOCTI Ta JIITHOLETIONO3HUX Ol0nepepoOHUX 3aBO/IIB.

Takum 4nHOM, BCi AOCIIHKYBaHi PEHOBHHU 30€piraju BUCOKY aHTHUMIKpOOHY aKTHBHICTB, IO € MiJCTaBOIO
JUTSL 1X TTO/IANIBIIOTO BCEOIYHOTO BUBYEHHSI | BUKOPHCTAHHSI.

BucHoBxkn

1. Ha ocHOBi aHaii3y OCTaHHIX IOCHTI/UKEHb i MyOmiKaliif, a TakoX IOCIHiKeHb, BUKOHAHUX aBTOPaMH
CTaTTi, BU3HAYEHO, 11O JIITHIH, 3aB/ISKHA CBOIM YHIKaJbHUM BJIACTUBOCTSIM, MOXe OyTH Ha/3BHYAIHO MPHUBAOIMBOIO
CHIOJIYKOIO HE TUTBKH /TSl (hapMaleBTUYHUX MpenapariB Ta 010MEeJUUHUX MPOrpaM, a TAKOXK K €KOJOTIYHUNA 01011
JUIL  CTBOpPEHHS aHTUMIKpoOHOro Ttekctumo. Meromom MTT TecTy mOKa3aHO HETOKCHYHICTH HATpid
JITHOCYJIb(OHATY SK OIOLHUIY O KJIITHH JIFOUHH.

2. [IpoBeneHO MOPIBHSUIBHY OLIHKY MPOTHMIKPOOHOI e(heKTHBHOCTI JIITHIHY 1 MEKTHHY Ta MOKa3aHo, IO
JITHIH BOJIOJIE€ CHJIBHIIIMMH aHTHMIKPOOHMMH BJIACTHBOCTSMHU MPOTH TPaMIO3UTUBHUX (Staphylococus aureus) Ta
rpamueraTuBHuX (Escherichia coli i Pseudomonas aeruginosa) mTamiB 0OakTepiii 4epe3 HasSBHICTh B CKJIAi
MaKpOMOJIEKYJI BEJTMKOI KITBKOCTI MOJi(peHOIBHUX TPYIL

3. BcraHoBNIeHO, IO AHTUMIKpOOHA IOBEAiHKA JIrHOCYNb(OHATY, HNEKTHMHY Ta iX cyMimi pi3Ha IO
BiJIHOILICHHIO JI0 TPaMIIO3UTHBHUX Ta TPaMHETATUBHHUX IITaMiB OakKTepii, cepes SIKMX HaWOUIbII BpasiMBi 110 mil
OakTepUIMIIB € TPaMIO3UTUBHI mwTamu Staphylococus aureus 4epe3 MOXIMBY BiACYTHICTb B OyAOBi iX KIITUH
MOIBIAHOT MEMOPaHHOT CTIHKH.

4. ocuiieHHs aHTHUMIKPOOHOTO e(deKTy MOCHIiPKyBaHHX IpenapariB BiJOYBa€ThCS HUISIXOM CYMIiCHOT
MPUCYTHOCTI B PO3YMHI JIBOX PEUOBHH — JITHIHY 1 MEKTUHY, KOMOIHAI[Sl SKUX i€ SK CHHEPreTHYHA rpyra, L0
3MEHIIye MiHIMaIbHY OaKTEePUIMIHY KOHIEHTpAIII0 OIOLMAIB Ui TPAMHETaTUBHUX 1 TPAMIIO3UTUBHUX OaKTepiil B
cepesiHbOMY B 2 14 pasu BIANOBIIHO.

5. JlocmipkyBaHi  pedyoOBHHHM JITHOCYJNb(OHAT 1 MEKTUH MOXYTh OYyTH BHKOPHUCTaHI B  SIKOCTI
AHTUMIKPOOHMX areHTIB IPH CTBOPEHHI aHTUMIKPOOHHUX KOMITO3HMILiH Uil TEKCTUIIBHUX MatepiaiiB. Tomy mopanbii
JIOCJIIJDKEHHSI MOTJIM O BUCBITJIMTH MOTEHIIIa] JaHMX OI1OMOJIIMEPIB Ta CTHUMYIIOBATH PO3POOKH aHTHMIKPOOHOTO
TEKCTHJIIO, TIOTpeba B IkoMy B YKpaiHi B OCTaHHIHN Yac 3HAYHO 3pociia.
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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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Kyiv National University of Technologies and Design, Kyiv, Ukraine

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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PO3POBJIEHHA MATPUII KOMIIETEHTHOCTEM HA OCHOBI 3ICTABJIEHHS
PIBHIB ITIPO®ECIOHAJII3MY I CGOPMOBAHOCTI ITPO®ECIMHOI
KOMIIETEHTHOCTI

B ymoeax cyuacHux peanitl, das ¢popmysaHHa uimkux yiasell npodeciliHoi nideomosku, a makoxc OoyiHKU
cgopmosarocmi npogecioHanizmy, 8 yinomy, i nepcoHa1bHO20, 30KpeMa, NompibHi opieHmupu, wjo 0038041Mb 00HO3HAYHO
gusHayamu icHyto4y Ha daHull MoMeHm nosuyito iHdugida ma npozHo3yeamu pigeHb lio2o npogeciilinozo 3pocmanHs. B
pobomi npedcmasseHo Kpumepii ma pisHi npogecioHanizmy, cmadii npogeciiiHoeo po3gumky, wo onucyroms ¢axoee
3pocmaHHs 8i0 HU3bK020 pigHsa npogeciliHoi komnemenmHocmi do Hailieuwo2o, ma chopmy1bOBAHO Memy, AKIi NOBUHHA
gidnogidamu ocoba (kaHdudam). Takosxc no6ydosaHo mampuyr KomnemeHmHocmell HA OCHOGI 3icmaesieHHs pieHie
npogecionanizmy i cgpopmosarocmi npogeciiiHoi komnemerHmHocmi.

Knarwuosi caosa: mampuyss komnemenmHocmeli, npogecionanizm, IT, yHieepcumem, KomnaHii-po6omodasyi,
cmydeHm.

VOVK OLENA, HRABOVSKA NATALIYA, LUTSKO VICTORIYA, HOLOSHCHUK ROMAN

Lviv Polytechnic National University

A DEVELOPMENT OF THE COMPETENCE MATRIX ON THE BASIS OF COMPARISON OF LEVELS OF
PROFESSIONALISM AND FORMATION OF PROFESSIONAL COMPETENCE

As you know, professionalism can be described through the ratio of the motivational component of a person (professional values,
goals, self-esteem, etc.) and its operational component (ability to learn, mastering techniques and technologies, professional abilities, etc.). As
professionalism can be shown both in high indicators of results of activity, and in emotional and physical states of the person, it is necessary
to allocate two groups of criteria of efficiency:

1) external (objective) criteria that focus on assessing the effectiveness of the professional task;

2) internal, psychological criteria for evaluating activities.

If we talk about skills and abilities, then first they are acquired as separate components (actions), then they are "honed",
combined and form integral structures (so-called skill systems), and then - are generalized to the level of "secondary skills" which are
characterized by flexibility, variability, indirectness of knowledge. However, any skills can not only be improved, but also subjected to
destructive processes under the influence of subjective and objective factors.

These processes are accompanied by the destruction of the structure of activity, which is manifested in various types of
occupational deformities. For example, a programmer who has not worked with a programming language for a long time eventually loses
the level of work achieved in it, and to return to the proper level of work, must spend some time to remember and improve previously
acquired skills and abilities. In today's conditions, this can be critical, because quite often the result is required immediately.

The article defines qualitative evaluation criteria and quantitative indicators that meet them and which should be quantified to
form a clear picture of the level of professionalism of the individual in decision-making in a given situation. The paper presents the criteria
and levels of professionalism, stages of professional development, which describe the professional growth from a low level of professional
competence to the highest, and formulates the goal to be met by the person (candidate). A matrix of competencies is also built on the basis of
comparing the levels of professionalism and the formation of professional competence.

Keywords: matrix of competencies, professional, IT, University of employers, student.

IMocTanoBKa MpodJieMH y 3aralbHOMY BHIJISA/I Ta 1i 3B’A30K i3 BaKIMBUMH HAYKOBUMH Y
NPAKTHYHUMH 3aBJAAHHAMH
[Tix mpodecionamisMOM B CTATTI PO3YMIETBCS 0COOIMBA BIACTHBICTD JIO/CH CHCTEMAaTHIHO, CEKTHBHO 1
HaJIHHO BUKOHYBAaTH CKJIAIHY MiSUTBHICTH B Haiipi3HOMaHITHIIMX ymoBax. [IoHATTS «mpodecioHai3m» MOBHICTIO
KOPEJIOETHCS 31 CTYNEHEM OBOJIOJIHHS JIIOAMHOIO BCiMa TPaHSAMH CTPYKTYPOBaHOI MpodeciiiHoi MisTbHOCTI, SKa
BIMOBiIa€ ICHYIOUNM B CYCIUIBCTBI CTaHOapTaM 1 HasBHUM CyYacHHUM BuMoram. JIfomiHa MoXke HaOyTH IO
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BIIACTUBICTh B PE3YJIBTATI CIICI[IAJIGHOI ITiITOTOBKU 1 TPHUBAJIOTO JIOCBIMY POOOTH, a MOXKE 1 HE JOCATTH, PaXyIOUHCh
«yMOBHHM mipodecionanom». Hampukian, MoXHa BHBYMTH IMIIXOJW IO CTBOPEHHS BeO-CaWTIB, MpOTE, SKIIO HE
CTBOPUTH 1 HE BHUBECTH Ha PHHOK YOJHOTO BeO-caiTy — TO B TAaKOMY BHITaJKy MOXKHa TOBOPHTH, BJACHE, IPO
«yMOBHOTO IIpodecioHanay.

Takox B cTaTTi BU3HAYCHO SIKICHI KpUTEPii O[IHIOBAaHHS Ta KUIbKICHI TOKA3HUKH, sIKi IM BIATIOBIIAIOTH Ta
SIKI TTOBMHHI OyTH BHIMIpsIHI KINBKICHO, Uit ()OPMYBAHHS YiTKOi KapTHHHU IIOAO piBHS ()axoBOCTI iHAMBINA NpPHU
TIPUAHSTTI PillIeHb B Till 4M 1HIIIH cUTYyarii.

AHAJIi3 OCTaHHIX J0CTiUKeHb i myOaikanin

Bimomo, mo mnpodecionanizaMm Moxxke OyTH ONHCAHWI Yepe3 CHiBBIIHOIICHHS MOTHBAIIMHOI CKJIaJ0BOT
moauHu (TpodeciiiHi IHHOCTI, 11iJTi, CAMOOIIIHKA 1 T.I.) Ta #oro onepariiHoi CKJIaJoBoi (3AaTHICTh 10 HABYAHHS,
OCBOEHHSI TIPHUHOMIB 1 TEXHOJNOTiH, mpodeciiiHi 3mi0HOCTI Tomo) [3, 5]. Ockinmbku, mpodecioHanisM Moxe
MIPOSIBIISITUCH SIK Y BUCOKUX TOKa3HWKAX Pe3yJIbTATIB JISUIBHOCTI, TaK 1 B eMOLIHHO-(DI3NYHUX CTaHaX JIIOJUHH, TO
BapTO BUALINTH Bl TPYIH KPUTEPIiB €()eKTHBHOCTI:

1) 30BHIIIHI (00 €KTUBHI) KpHUTEpIi, 10 OPIEHTYIOTh Ha OIHKY PE3yJIBTATHBHOCTI BUKOHAHHS TPOQeCiiHOro
3aBJIAHHS,

2) BHYTPIIIHI, ICUXOJIOTIYHI KPUTEPIi OLIHKH JiSUTBHOCTI.

[epury rpymy KpuTepiiB CTAHOBISTH TaKi HOKA3HUKH PE3yJIbTATHBHOCTI, SIK:

. KIJIBKICTB 1 SIKICTh BUPOOJICHOT MPOAYKIii (HE3aJIe)KHO BiJl HAIPAMY JisUTBHOCTI);

. NPOIYKTUBHICTH MpaIi.

o npyroi rpynu KpuTepiiB BapTo BiJJHECTH:

. npoceciitHo BaxkimBi sikocti (I1BSI) (Harprikiias, BMIHHS NPUAMATH MHTTEBI PIIIGHHS B €KCTPEMAaIbHHUX
CHTyaLisiX);

. npodeciiiHi 3HaHHS, BMIHHS 1 HABUYKH;

. npodeciiiHa MOTHBALIIST;

. npodeciiiHa caMoolLliHKa;

. piBEHb OYIKYBaHb B IIE€BHIN CHUTYAIlIi;

. 0co0MBOCTI MpodeciitHOl B3aEMOIT;

. CTPECOCTIMKICTh Ta MOYKIIMBOCTI CAMOKOPEKIIIi;

. 3arajbHa (pi3MYHa BUTPUBAIICTb.

Takox MOXJIMBE BUKOPUCTAHHS 1 JOJATKOBHX MOKAa3HUKIB Ta IMapaMeTpiB, IO BiJOOpaxaroTh crieudiky
Toi un iHmoi mpodecii. I skuio nepiia rpyna KpuTepiiB € OUIbII-MEHII 3pO3yMIJIO, TO APYTY IPYyIy KpUTEpiiB
BapTO PO3IISIHYTU OLbll netanbHo. [Ipodeciitno Baxmmumu sikoctsimu (I1BS) Ha3uBaroTh iHAMBIAYasbHI SKOCTI
cy0’€eKTa, 110 BIUIMBAIOTh Ha €(PEKTHBHICTD AisIBHOCTI 1 yemimHicTb i1 ocBoeHHs. J{o TIBSI BigHOCAThCS 1 3110HOCTI,
ajie BOHM He BHU4epnyloTh ycboro obcsry I[IBS. Ilin yac oBomominHs mnpodeciitHoro pommo (daxom) TIBS
PO3BUBAIOTHCS, CKIIANAIOTHCS Y MPUHOMH Ta KOMIIETEHTHOCTI, BJIOCKOHAIIOEThCs 1X cTpykTypa [6]. [Ipodeciiini
3HaHHs (paxiBIs BIAPI3HSIOTHCS 0AraTOrpaHHICTIO, CUCTEMAaTHYHICTIO 1 MOXKJIMBICTIO BiJjpa3dy MpUrafatd Te, O B
JlaHy XBUJIMHY HEOOXI1IHO JUTsl BUPIIICHHS 33/1a4i (3aBlIaHHS1 ), TIOCTIHHOI0 MOOLITI3aIi€l0 (3a/IisIHICTIO) BCHOTO 3amacy
3HaHb.

BupisieHHs1 HeBHpilleHNX paHillle YaCTUH 3arajbHoi MPodJieMH, KOTPHM NPUCBAYYETHCS CTATTSA

[Ipote, Ha chOTOMHI iICHYE Take SBUILE SK rineprepeHacuueHHs iHopmaliero. BoHO BHHUKAE B HACIIIOK
MPAaKTHYHO Oe3MepepBHOro MOIIMpeHHs iH(opMaiii pisHUMH 3aco0amMu (I HU(PPOBUMHU, B TEPUIy HYepry), IO
MIPU3BOJIUTH JI0 3POCTaHHS B MpodeciiHOMY TUIaHi, poji KOTHITHBHOTO Ta, 0COOJIMBO, IHTEIEKTYaIbHOTO (hakTopiB.
UYepes 1ie, Ha CHOTONHINIHINA JIeHh BXJIMBUM € HE TUIBKM BHUCOKWI pIBeHb 3HaHb, ane W crenudidHuii craH
MUCIICHHSI, 3/IaTHOTO BiJIPI3HATH KOPEKTHY iH(opMmallito Bija nceBnoindopMaliii, BMiHHS IPOTHO3YBATH 1 IUIaHYBATH
pi3HI BapiaHTH PO3BHUTKY IOJIN Ta CUTYyallid, 3a0e3Meuylodr Mpy [[bOMY SIKICHI Ta aJeKBaTHI PIIICHHS CKJIAIHHX
npodeciiinnx 3aBaanb. Take MUCIICHHS MOYKHA Ha3BATH «IIPOQECIiHIMY.

SIKo TOBOPHTH TIPO BMIHHS Ta HABUYKH, TO CIIOYATKy BOHH HAaOYyBalOTHCA SK OKpeMi KOMITOHEHTH (i),
MIOTIM BOHHU «BIATOYYIOTHCSD, 00’ €IHYIOTHCS 1 YTBOPIOIOTH IIUTICHI KOHCTPYKIIii (TaK 3BaHI CHCTEMH HaBHYOK), a B
MMOIAJBIIOMY — Y3arajJbHIOIOTECS O PIBHS «BTOPHHHUX YMIiHBY», SKAM IPHTaMaHHI THYYKICTh, BapiaTHBHICTB,
OTIOCEPEAKOBAHICTh 3HaHb. lIpoTe, Oymp-sKi BMIHHS 1 HaBUYKH MOXYTh HE TIIbKM YAOCKOHATIOBATUCS, a H
MiIaBaTHCS NECTPYKTUBHUM TIPOILIECaM IIiJl BIUIMBOM CYO €KTHBHHX 1 00’ekTuBHHX (akropiB. Lli mpomecu
CYNpPOBOJDKYIOThCS PYHHYBAHHSM CTPYKTYPH MisUZIBHOCTI, IO BHUSBISETbCS TPH PI3HUX BUAAX MpodeciiHol
nedopmariii. Hampukian, mporpaMicT, 10 JOBIIMKA Yac HE MpAIFOBaB 3 TOK YW IHIIOK MOBOIO MPOrpaMyBaHHSI, 3
4acoM BTpAadva€ JOCSITHYTHH PiBEHb POOOTH B Hii, 1 m00 3HOBY BHHTH Ha HAJCKHHUH PiBEHb POOHUTH, TOBHHEH
3aTpaTUTH MEBHUW Yac JUIs NPUTATyBaHHS Ta BIOCKOHAJICHHS OTPUMAaHUX IEpea TUM BMIiHb i HAaBHYOK. B ymoBax
CBOTOJICHHS 11€ MOYKE OyTH KPUTHYHUM, OCKIJIBKH JOCUTH YacTO PEe3yJbTAaT BUMAraeThcs BXKE 1 HeraiHo.

[Ipodeciitna MoTHBaIlisl € OCOOIMBUM BHAOM OyIb-KOI KOHKPETHOI TPYJAOBOI MOTHBALIi Ta 00yMOBIEHa
crieriaizami€ero B Tid 9u iHmIN mpodeciifHii obmacTi, i GopMyeTECS B Mipy HaOyTTS ocobmcToro mpodeciitHoro
JOCBiy. BUOINSAIOTh TpH Tpynmyu MOTHBAIH, SKi CIIOHYKAIOTh JIIOJUHY A0 BUKOHAHHS TOTO YH iHIIOTO BHIY POOIT
[4]:

. CIIOHYKAHHSA JI0 MOPAIKY (CHCTEMH) B COIiyMi;

. OTpPUMaHHs MartepiaJbHUX Ojar s cebe Ta CBOiX ONM3BKHX, 3aJ0BOJICHHS MOPAJbHUX Ta
JIyXOBHHX NOTPeO;
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. 3aJI0BOJICHHS ITOTPeO B CaMOBUPaXXEHHI, caMopeanizariii.

i mpocpeciiini MOoTHBaLlIT MOXKYTb ICHYBaTH SIK OKPEMO, TaK 1 YTBOPIOBATH pi3Hi KOMOiHaIii Mik c000I0.

[Ipodeciiina camooriHka — e OILiHKa Cy0’€KTOM IIpali CBOiX OCOOWCTICHO 3HAa4YymMX (i3UYHHUX,
MICUXIYHUX 1 COIaJbHUX IapaMeTpiB IO BiJHOMIEHHIO 10 NpodeciiHUX 3aBlaHb. 3 TOYKH 30pY YCIIIIHOCTI
BHUKOHAHHS Oy/Ib-SIKOTO POAY IiSUTBHOCTI MalOTh 3HAUEHHS HACTYITHI TTOKa3HUKH:

. piBEHb CAMOOITIHKH;

. aJIcKBaTHICTh CAMOOI[IHKH;
. CTIHKICTh CAMOOIIHKH;

. THYYKICTh CAMOOITIHKH.

Y Mipy oBoJIOTiHHS TIPO(ECITHO POJLTIO BiOYBAETHCS PO3BUTOK CAMOOIIIHKH, IITKAJIa SKOT MOXKE BapIFOBATHCS
BiJI YaCTKOBO-aJIeKBAaTHOI JI0 MaKCHMMaJIbHO-a/iekBaTHOI. [Ipy IboMy Ipy MakCHMalbHOMY 3arajlbHOMY BHCOKOMY pPiBHI
nipodeciiiHOl aIeKBaTHOCTI 3 SIBJISIOTHCS TaKi JIOJATKOBI BJIACTHBOCTI IHMBI/A SIK CTIMKICTh MEPEKOHAHb Ta THYUKICTH
(amamTariiss) 1O HOBUX CHTyaIlil. BimXuiieHHS CaMOOITIHKM BiJl aJICKBATHOTO PIiBHS TAaKOX MOXKE TPH3BOIWTH JIO
nipoceciiiHoi gedopmarii (mpoTe, 11e BINTMBATHME BXe He Ha MpogeciiiHy isUIbHICTh, @ HAa OCOOHCTICTS).

Camoperyisiisi Ha moyatky nmpodeciifHoro pocty crnpsiMoBaHa Ha 3a0e3MedYeHHs! MPUHHATHUX POOOYMX
XapaKTEepUCTHK JUIsl OKPEMHX JIiif, siKa 3T0JIOM CKJIaJla€ThCs Y CHCTEMY aeKBaTHOI MoOimi3alii pecypciB iHAMBiLy
JI0 HOBUX CHUTYaIlil.

Camo30epekeHHsT HOCUTH CIOYaTKy JIOKaJIbHUK Xapaktep. Jlami TMMYacoBa 30Ha CaMOpEryJisiii
PO3IIMPIOETLCS IO KOPAOHIB POOOYOro IHS, THXHs, Micsis. Ilicist 1mporo (GopMyroThCs aaeKBaTHI CIOCOOH
KOMITeHcalil MpogeciiHOro BUTOpaHHS, PO3IIUPIOETHCS 30HA CaMOPETYJIsMii, CBIJOMO BHKOPHCTOBYIOTHCS
IHJMBIyaJIbHI TPUHOMH CaMOpPEeTyYIISILii.

[Ipodeciiina B3aeMoist IPOXOAUTH IUISIX BiJl 3MATHOCTI BITUCATHCS B KOMaH/1y (KOJIEKTUB, TPYITy 38 YMOBH
CYMICHOCTI 3 IHIIMMH Ti WwieHaMH 1 JiMIle B Tid YacTHWHI JiSUIHOCTI, SIKa BHKOHYETBCS CIUIBHO). 3aBISIKH il
3IATHOCTI BKJIFOYAIOTHCS 1 BCl iHIII CTPyKTypH. [Ipu 11bOMY, PO3BHBA€THCS BHYTPILIIHBOTPYIIOBA aKTUBHICTH 3i
CTBOPEHHSIM BJIACHOI CTpaTerii MOBEAIHKH, SKa MOXE JOXOJWUTH 10 BHCOKOTO DIBHS TPYIOBOi aKTHBHOCTI Ta
NIOTO/KEHHS CTpaTEriil 3 OTOUYHOUYHMH 3apajil KOMaHIHUX (KOJIEKTHBHUX, IPYITOBHX ) IILJICH.

®i3nyHa BUTPUBAIICT Ha MEPUIMX Mopax (OPMYETHCS B YMOBaX HaBYAIBHOI JAiSUIBHOCTI, MOTIM B MpoIeci
ajanTaiii 10 npodeciiHOro cepefoBHINa i 3roJJOM Ha0yBae CTIMKOCTI B yMOBax IOCTIIHOI Mpaie3gaTHOCTI Ta
BIJIHOBJICHHSI TMICJsI HECHPUSTIMBUX BIUMBIB. [IpodeciiiHa KOMIETEHTHICTh € HEOOXiIHHM KOMIIOHEHTOM
npodecioHanizmy, sikuii GopMmyeTscs B Iporeci npodeciiiHoro HaB4aHHs Ta € 00i3HAHICTIO Cy0’e€KTa mpari mpo
chepy mismbHOCTI. BoHA MOXeE pO3risiiaTUCh 3 IBOX CTOPIH:

. y BY3bKOMY CEHCI — II¢ 3HaHHS, BMiHHS, HABUYKH, a TAKOX CIOCOOM iX peanizamii B JisUTbHOCTI,
CHIJIKYBaHHI 1 CAMOPO3BUTKY OCOOUCTOCTI;
. y IIUPOKOMY CEHCI — 1€ MMOKa3HUK YCIIIIHOT B3aEMOIIi 3 COLliabHIUM CepeloBUIleM [2].

@DopMyTIOBAHHA Lineil cTaTTi
Tomy BaxkimBuM € GopmyBaHHs MPodeciiHUX KOMIIETEHIII Ha paHHIX PIBHAX MPOQEciiiHOro po3BUTKY,
OJIHUM 3 SIKMX MOKHA BBa)KaTW HaBYaHHA y 3aknaji Buiioi ocBiti (3BO). Came noOymoBi (po3po0iieHHI0) MaTpHUI
KOMIIETEHTHOCTEH Ha OCHOBI 3iCTaBlIeHHs PiBHIB mpodecioHanizmMy i copMoBaHOCTI MpodeciiHOl KOMIETEHTHOCTI
IIPUCBSYEHA IaHa CTAaTTA.
BukJjag 0cHOBHOT0 MaTepiaay
Ha ocHoBI chopmMoBaHUX BHIIE KPUTEPIiB MOOYAyeEMO Mipaminy 3 mabiiB npodecioHanizMy Mo aHaorii 3
nipamizioro A. Macnoy. [ns uporo, misi OWIHKK PiBHSA MpodecioHami3sMy MNpPOMOHYEThCS BUKOPHCTOBYBATH
I’SITUPIBHEBY cHCTeMy Tpafaniii. HalHwkuuii piBeHb BHU3HAUYUMO SIK «IIOYATKOBHI» («eleMeHTapHHi» abo
«pyHnameHTanpHuii»). HacTynmHuii 3a HUM MO3HAYUMO SIK «0a30BHil» («HABUAIBHUN» a00 «IOTEHIIHHUI).
CepeHiit piBeHb, IO BIANOBIIA€ JEIKOMY HOPMATUBHOMY (BH3HAY€HOMY) CTYINEHIO npodecioHari3aMy, TO3HAYMMO
SIK «OCHOBHHID (abo «HomiHanmpHUI»). Ille Bummi piBeHs mpodecioHanmisMy OyaeMo IO3HAYaTH SIK
«TPOTPECUBHANY» ((ONTUMAIBHUI a00 «IIepCcreKTUBHIINY ). HalOImbIn SAKiCHII piBeHb, OB’ SI3aHAN 3 BUXOJIOM 32
MeXi BUMOT 10 TpodeciiHoi isubHOCTI «mpodecioHanay, OyneMo IMO3HA4YaTH SK PIBEHb «IOCKOHAIHUI
(«MaiicTepHICTEY).

«JlockoHaTHI»

«IIporpecuBHuii»

«OcHOBHHID»

«bazoBuii»

«ITouaTkoBUII»

Puc. 1. Ilpodeciiinuii po3BUTOK y BUIJIsAI «nipamMiau npodecionamizmy»
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YcepemHi KOKHOTO 3 PiBHIB (CTYIEHIB) /U KUTBKICHOI OI[IHKM MOXKHA BBECTH IiArpajarii (mizpiBHi)
npogecionanizMy. TakuM YMHOM, OTPUMAEMO IIKATY OLIHKHU PiBHS c(opMOBaHOCTI podecioHanizmy.

[Ipodeciiianii po3BUTOK TaKOXX MOXKE OYTH MPEICTABICHO y BHUIIIAAI HUKIIYHOTO (200 CIipaieBUaHOTO)
TIPOIIECY, 1[0 Ma€ OKPEMi Iepiojiy, IKUM BiINOBIIAIOTH SKICHI CBOEPiHI (POpMH ITpodeciHHOI TsUTHHOCTI.

w JoCROHTEID: [mEicTepETEr)

AlEDOrpeCHERIE: (ONIMAERE: 300 «IepCTEIHEREL)
wUicrossngts (b0 sHouETEEEy )

wB2302min | MEAETATEHIGT: 200 (BOTSEIRENLy )

vIlo=aTEnEmEy ($SmaMeaTapHmEy 200 wiryEnaMEETARIID: )

Puc. 2. IIpodeciiinuii po3BUTOK y BUIJIsiAl «cnipaji npogecionanizmy»

HukniyHICTh Mpoliecy IMiABUIIEHHS MpodecioHaizMy MOB’si3aHa 3 MOXIIMBICTIO BUPIIICHHS JIFOIMHOO Ti
BHYTPIIIHIX MPOTUPIY, BUKINKAHUX JIAJIEKTUYHUM 3allepeueHHsIM C(POPMOBAHOTO y HEi paHillle BiJHOIICHHSM J10
npodeciiiHol MisTBHOCTI IPH NEPeX0/li Ha HOBHMA, OLTBII BUCOKUH PiBEHb (HANIPUKIIAA: «3HAI0 — HE 3HAIO», KMOXKY —
He MOXy»). Jns omiHkn piBHA chOpPMOBAaHOCTI MpodeciiHOl KOMIETEHTHOCTI HaiKpalle BHUKOPHCTOBYBATH
y3arajlbHeHy MoJiellb podeciifHOro HaBYaHHS piBHA «OakanaBp» Ha 0a3i cremianbHOCTi «KOMIT IOTEpHI HayKn».
[lpu upOMy, HEOAMIHHMM KOMIIOHEHTOM € 3B’s3aHICTh OyZ0BaHOI MOZENb 3 PIBHEM YCBIJOMIICHHS Cy0 €KTOM
(TOOTO CTYIEHTOM) HasIBHOCTI Y HHOTO HEOOX1AHUX 3HaHb, yMiHb 1 HABUYOK 3 PIBHEM ITPOQeciiiHOT KOMIIETEHTHOCTI.

Ockinbky, HaBYaHHs BiIOyBaeThbcs 4 POKM, TO BHIUIMMO YOTHPH CTafii pocTy mpodecioHamizmy,
MIOYMHAIOYH BiJl TOYATKOBOTO 03HAHOMIJICHHSI 3 HOBUM MaTepiaiioM, (hopMOIo HOro mojadi, TPUBAIICTIO HABYAHHSI Ta
3aKiH4YyI04H c(hOPMOBaHOIO IPOdeCiiHOI KOMIETEHTHICTIO Y BUTJISAI MaTPUILI KOMIIETEHTHOCTEH.

[epura crajis: HeCBiIOMa HEKOMIIETEHTHICTh — Y JIIOAMHH HEMa€ HEOOXiHHX 3HaHb, YMiHb, HABUYOK, 1
BOHA HE 3HAa€ PO BUMOIrM 10 Hei ais ycnmimmHol peamizanii mpodeciiinol misutbHOcTi. Ilepmia cramis
XapaKTepU3y€eThCs HACTYIHOIO IpodeciiiHol camoolikoro cy0’exra: «S1 He 3HaI0, 10 s He 3Hato». Konu moanHa
YCBIIOMIIIOE Opak 3HaHb, BMiHb, HABHKIB, TOIIO, HEOOXIIHUX JIIst JaHOT MPpo(eciiHOl AisIBHOCTI, BOHA IEPEXOUTh
Ha JIpYTy CTaI0.

Hpyra cramis: cBiloMa KOMIIETEHTHICTh — JIIOMHA 3HA€, L0 BXOAWTH B MPOQECIHHUN «CTpiM», 3MICT
npodeciiHUX 3HaHB B AaHii mpodeciiiHii Hill, 3po3yMi€e OCHOBHI HOTO acHeKTH, BMIHHS Ta HaBHYKH 1 MOXe iX
e(peKTHBHO 3acTocoByBaTH. Ha 1iii ctazil xapakTepHa caMOOIiHKa Cy0’€KkTa B HAcTymHIA ¢opmi: «5 3Haro, 10 s
3HAIOM.

Tpetst crazis: cBiloMa HEKOMIIETEHTHICTh — YAM OlJIbIIIE JIFOIMHA «3aHYPIOETHCS» B MpodeciiiHy o0nacTs,
TUM OlJIblIe BOHA YCBIJIOMIIIOE, 1110 il He BUCTaYa€ MEeBHUX NMPOQeCiiHUX 3HaHb, yMiHb, HABUYOK. TyT MOXIIMBI J1Ba
Ppe3yJIbTaTH YCBIJOMIICHHS:

a) KOHCTPYKTUBHHIA — IK JopMa MpOosIBY OCOOMCTICHOI Ta npogeciiiHOT aKTUBHOCTI;

b) JECTPYKTUBHUI — (hopMa COLiaNnbHOI ITACHBHOCTI.

KoHCTpYKTHBHMIA NUISX O3HAYa€, M0 YCBINOMIICHHS Cy0’€KTOM CBOET TpodeciiiHoi HEeKOMITETEHTHOCTI
CIIpHsi€ TiABUINEHHIO HOTO MOTHBaMii Ha 3100y TTA BiICYTHIX MpodeciiiHnX 3HaHb, YMiHb, HAaBUYOK. Jl7s i€l cramii
XapakTepHa HacTyIHa pedekcis cy0’ekra: «51 3Har0, 10 s HEe 3HAIO 1 IparHy 11e BUBYUTH (OIMaHYBATH )».

JleCTpyKTUBHHUI pe3ysbTaT MOXe NPU3BOJUTH IO BUHUKHEHHS MOYYTTS HEBIECBHEHOCTI B CBOIX CHIIAX,
MIiJIBUIIIEHOI TPUBOXKHOCTI TOIIO — II€ CYTTEBO 3aBaXkae MpodeciiHoMy HaBUaHHIO: «B MeHe HIYOro He BHiiae, 00 5
3Halo, IO A [11e] He 3HAOY.

UetBepTa cTajis: «IpUXOBaHa» CBiIOMa KOMIIETEHTHICTD XapaKTepH3ye PiBEHb MaCTEPHOCTI: mpodeciitHi
HaBUYKM I[IOBHICTIO IHTErpOBaHi, BOyZOBaHI B MOBEMIHKY; MpoQecioHali3M CTa€ YaCTHHOI OCOOHCTOCTI.
«IIpuxoBaHiCTEY MONATaE B TOMY, B CKIAIHIN CUTYyallii npodecionan npuitMae €JMHO BipHE PIIIICHHS, alle HE MOXE
tioro mosicautH. [loemHyroun cramii mpodeciiiHoi KOMIETeHTHOCTI (3a piBHEM IX YCBIIOMIJIEHHS Cy0’€KTOM) 3
piBHsAME nTpodecioHani3My, OTPUMYEMO KAy, IPEICTaBICHY B Ta0I. 1.

[epexix Ha BumMiA mA6eTs MpodecioHani3My HEMOXIMBUN 0e3 yCBIIOMIICHHS TOTO, y YOMY IHAWBIIyyM
e HeKOMIIETEHTHHH. A 11€ YCBiIOMIICHHSI 0OYMOBJICHO HAsIBHICTIO y JIIOIWHU PO3BUHEHOI PEPIEKCHBHOI KyJIbTYPH
Ta METH, SIKY BOHA IIParHe JOCSTTH.
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Tab6mmns 1
3icTaBaeHHs piBHIB Ipodecionanizmy i cpopmoBaHocTi npodeciiiHOi KOMIIETEHTHOCTI
PiBenb npodecionamizsmy PiBeHb cpopmoBaHoCTi podeciiiHOl KOMIETEHTHOCTI
Haiisnmuii «Ilpuxosana» ceéiooma KOMHnemeHmHicmy
(«/lockoHaIM») («s1 3HAIO, mo s 3HAIO, ane He 3HaIO 3BIAKN»)
Ceidoma HeKOMNnemeHmHicmby
(«s1 BHAIO, mo st HE 3HAIO»)
[Iporpecusnmii Ceidoma KOMnemeHmHicmy
(«OntumanbHuit» ado nepcnektuBHu»)  |(«s1 3HAIO, mo s 3HAIO»)
Hecegiooma HeKoMNnemeHmHicmy
(st HE 3HAIO, mio s1 HE 3HAIO»)
Ceéidoma HeKoMNnemeHmHicmy
(«s1 BHAIO, mo st HE 3HAO»)
«OCHOBHUIDY Ceéidoma KOMnemeHmHichy
(«HomiHanbHMI» ) («s1 BHAIO, 1o s1 SHAIO»)
Hecegiooma HeKOMNnemeHmMHICHb
(«s1 HE 3HAIO, mo st HE 3HAIO»)
Ceidoma KOMnemeHmHicmo
(«s1 BHAIO, 1o s1 SHAIO»)
«ba3oBuin» Ceidoma KOoMnemeHmHicmo
(«HaBUaNBHUIT» 200 MOTEHLIHHNUIT) («s1 3HAIO, 1o 51 SHAIO»)
Hecegiooma HeKoMNnemeHmMHicmy
(«s1 HE 3HAIO, mo st HE 3HAIO»)
Ceiooma HeKoMnemeHmMHicmy
(s1 SHAIO, o s HE 3HAIO»)
«ITouaTkoBMID» Ceiooma KoMnemeHmHicmy
(«HABYATBHUI» 200 ITOTCHIIHHUI) («st BHAIO, mo s1 SHAIO»)
Hecegiooma HeKoMnemeHmMHicmy
(«s1 HE 3HAIO, mo 51 HE 3HAIO»)

SIkio B3SATH SK NPUKIAN CTYAEHTIB crenianbHOCTI «KOMIT'IOTEpHI HAayKM» — TO METY, SIKy IparHe

JOCSITHYTH CTY/ICHT MOYKHA ONHUCATH (PYHKIIi€, KA HA3UBAETHCS «(DYHKIIEI0 METHY!
N

M
z p(Xp ) — max
=1

W

o
fit) = z §(X;)
1

1=1 7

f — cTyvaeHT
J — BTeMERT MATPHII KOMOSTEHTHOCTEH X
Jc
X =< XuXec, Xs > (1)

[Ipu uboMy, B «mpocTopi mpodecioHanizMmy» MakCHUMallbHe 3HaueHHs i€l (QYHKIIT MOXIJIUBE TIJIbKU 32
HAasBHOCTI TPHOX KIIFOUYOBUX Cy0’€KTiB («3alliKaBICHIX CTOPiH» a00 CTEHKXOIIepiB), a came:

. yHiBepcuTteTy (V) — SIKHii 110 CBOIll CYTi € OpI€EHTOBAaHUM Ha IMOOYA0BY TEOPETUIHUX ITiTXOIIB IIPH
pO3B’s13aHHI 3a7adi (IpobIeMH), a TOMY € IIPOOIEMHO-OPiIEHTOBAHNM;
. KoMmaHii-poboTonaBmis (P) — siki, B mepIry depry, OpieHTOBaHI Ha BUPIMICHHS KOHKPETHHUX 33134

3aMOBHHKA, a BXKE TOTIM — Ha MOXIIMBE CTBOPCHHSA TEOPETHYHHX IMIOXOMIB IO PO3B’S3aHHA CHOPMYIHOBAHUX
MIPaKTAYHHX 337134 (po0ieM), a OTKE € 3a/1a9e0pieHTOBaHi / IpoOIeMHO-0pi€HTOBAHI,

. cryneara (C) — sKOTO, BiacHe, IIIKaBUTh HAOYTTA KOMIIETCHTHOCTEH ISl PO3B’S3aHHS 3a/1ad
(mpobeM) KOMMaHIH-poOOTOAABHIB (BUKOHAHHS 3aBJaHb B PEATHHUX IPOCKTAaX) Ta YHIBEPCHTETY (BHUKOHAHHS
3aBJIaHb B MEKax HABYaHHS), & TOMY — € KOMIIETCHTHO-OPiEHTOBaHUM.
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CryneHr

[Ipodecionanizm

Kommnasii-
poboTonasij YHiBepcHUTET

Puc. 3. TpukyTHUK «ripodecioHaTizMy»

Ockinbky, IT-cremianicTi cTaroTh Bce OUTBII 3aTpeOyBaHMMH B KOMIIAHISX Oyb-skoro mpodiidro, a
OUiKyBaHHS 100 TPOJYKTHBHOCTI iX poOOTH (T€XHIYHI HABUYKH, KUIBKICTh Yacy, 3a SKUi BOHH MOXXYTh BUKOHATH
MeBHY poOOTy, «BapTICTh SK CIIEIialicTa») — BCe BUIIMMHU, TO CYTh LINX 3aJIe)KHOCTEH Mojisrae B TOMY, 1100 3HaTH
pilieHHs, ske O J03BOJMIO ONTHUMAJILHO 30ajaHCyBaTW BCi HEOOXiNHI MapaMeTpu Ta OTPUMAaTH Ha BUXOII
HeoOXiHMK TMpodecioHanisM CTyJeHTa 3a 3a/IeKIapoBaHi 4Yac Ta KOIUTH INPH HaBYaHHI B YHIBEPCUTETI JUIs
JOCSITHEHHS HallKpalioro pe3ysbTaTy Ul KoMnaHid-poooTtonasuis. [Ipore, 11e 3aBk/au MOB’S3aHO SIK 3 YaCOBHMHU,
Tak i piHAaHCOBUMH 3aTpaTaMH yCiX TPbOX YYaCHHUKIB IIbOTO TIPOIIECY.

Jnst xoMnaHiii-poOOTONABIIB IIe O3HAayae, MO Ticis 3aBEpIICHHS HaBYaHHS, BOHM XOYYThb OTPUMATH
BHCOKOKBaJTi(hiKOBaHMX ~ crieriaiicTiB  (mpogecioHaniB  «OCHOBHOTO» piBHs), TOTOBHX JIO PpO3BHUTKY Ta
BJIOCKOHAQJICHHS Y BIAMIOBIHOCTI /10 «IipaMian npogecioHanizMmy». 3 iHIIOTo OOKY, MiCis 3aBepIICHHS HaBYaHHS,
CTYIEHT, 4Mi JOCSTHEHHsS 30iratoThcs (ab0 € BHIIMMH) 3a OYiKyBaHHS ILIOJ0 OTPUMaHHS 3HaHb, € Habararo
BMOTHBOBAHIIIIMM Ta Ma€ Oa)kaHHS BJIOCKOHAJIOBATH OTPHMaHi 3HaHHS, HABUYKHM Ta BMIHHS B IMOJAJBIIOMY, Y
HOPIBHSIHHI 31 CTY/IEHTOM, O4YiKyBaHHsI SIKOT'O II0/I0 OTPUMAaHHS 3HaHb € HU3bKUMU (a0 HeBianoBigaumu). Tomy —
Ba)XXJIMBUM € CTBOPEHHS TAKOTO HABYAJIBHOTO CEPEIOBUIIA B YHIBEPCHUTETI, K€ JIONIOMOXKE JIOCATTH THX OYiKYyBaHb,
Ha sIKi opieHTyeThCst CTYICHT.

®dopmaltizoBaHoO 1€ MOXKHA 3aITUCATH SIK:

Wy, (;J(..’i':“}) =Un

we (u(%2)) = €

BUCHOBKH 3 1aHOT0 JOCJIi/IKEHHSI i IePCHEeKTHBH MOJATBUINX PO3BiIOK y TaHOMY HANPSAMI
B pesynbraTi mnpoBeAEHOro JOCHIDKEHHS Oyino chOpMyIbOBaHO TaKi MaTeMaTUYHO-aHaJIITHYHI

2

y3araJbHEeHHS:
Xue , Xce — J10acbKi pecypen:
° Xsed — 3a1eXuTh Bijl IKOCTI adiTypieHTIB (BCTYIT) — «30HA 3aI[IKABJIEHOCTI» YHIBEPCUTETY;
° Xsin, Xsed — «30Ha 3alliKaBIEHOCTI» CTYJEHTA Ta MOXJIMBOCTI BUYHTUCS («30HA

Bi/IMIOBIIAJILHOCTI» YHIBEPCUTETY) BiIIOBIIHO:
Xsin — 3anexuTth Big Xu ta Xc: Xsin=f(Xu,Xc);

° HaBYaHHS, TYPTKH, MEHTOPCTBO — «30HA BIJMOBIIAILHOCTI» YHIBEPCUTETY;

° MEHTOPCTBO, MalcTep-KiIacH Ta MapKETHHIOBI 3aXOIU — «30Ha BiJIIOBIIANBHOCTI» KOMITAHIN-
po6oTOAABIIIB;

Xuinf, Xcinf — pecypcu Ha po3BuTOK iHppacTpyKkTypH:

° MaTepiaJbHO-TeXHIUYHa 0a3a CIIbHA «30HAa BIAIOBIJAIBHOCTI» YHIBEPCUTETY Ta KOMIaHii-
poboTonaBIIiB;

° MO>KIIMBOCTI CAMOPO3BHUTKY — «30HA BiJIIOBITAIIEHOCTI» CTYICHTA.

Ha npaxTuui 11e Moke BUTIISAATH TAKHM YHHOM:

BimoOpakeHHs Ha 00’ €KT MOCHIIHKEeHHS 1:

0 pik — adirypienTu: meta (yHiBepcuTeTy / KOMIaHii-pOOOTOAABIIB) — OTPUMATH I[iJIECIIPIMOBAHOTO
cryneHTa 3 pecypcoM Xsed. AKTHBHOCTI, IO CIIPHUSIOTH TOCATHEHHIO METH!

° IHI BIAKPUTHX BEpPEH,

° JIITHI IIKOJIH,

° MaicTep-Kiacu,

° MTOCTIWHO Jif04i KypcH IpH Kadeapi / yHiBepcUTeTi (HAIIpUKIad, POOOTOTEXHIKH TOIIIO).

Jlroaceki pecypcu mo 1o 3a0e3nedeHHs aKTHBHOCTI Ta JIOCSTHEHHS METH:

° BHKJIA/Ia4l YHiBepCUTETY (IIPOBENICHHSA aKTHBHOCTEH );

° MpamiBHUKA KOMIAHIA-poOOTONaBLiB  (iap-MEHEDKEepH [UIS peanizaiii / MpoBaJKEHHS

(3milicHEeHHS) MApKETHHTOBHX 3aXO0IiB).

1 pik — kpearuB: Mmeta (YHiBEpCHUTETY / KOMITaHiH-poOOTONABIIB) — MPUBUTH OakaHHS CTYACHTOBI
BYMTHCS 1 pPO3BHBATHCS, MIATPUMYBATH BCi (HaBiTh, HaWyTOmiUHINN ab0 Hai(aHTaCTHUHINI B TUIaHI peasizaii)
i7e#, MaKCHMi3yro9n Xsmin. AKTHBHOCTI:

O 1 ceMecTp: MITYMHT Ta OIIHKA MTOTEHIIANY i7ei — K Pe3ysIbTaT — MOXKJINBA YaCTKOBA peajizarlis
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crapTamy abo KOpeKTHa Bi]MOBa BiJl peaizallii 3 00IpyHTyBaHHSM.
JIronceKi pecypen 1m0/10 3a0e3neyeHHs] aKTUBHOCTI Ta JIOCATHEHHS METH:

° BHKJIaJa4i YHIBepCUTETY (ITPOBEICHHS aKTUBHOCTEH );
° MIPAIiBHUKN KOMITaHiii-po00TOAaBIIB («Iim» a00 «CIHBHOPU» B SIKOCTI MEHTOPIB / 3Kypi).
O 2 cemecTp: TIPOJOBXKEHHS / peamizarii ifedl, mo OyJM CXBaJeHI Ha TONEpPEeIHbOMY eTarli, KOJI-

PEBBIO IHIIUX KOMaH/, MiICYMKOBHUI aHalli3 MPUYKH YCHiXy (HEYCIiXy) Ipy peati3amii IpoeKTy.

JIroncwKi pecypen 1mo/10 3a0e31eYeHHs] aKTHBHOCTI Ta JIOCSTHEHHS METH:

° BHKJIaJa4l YHIBEpCUTETY (ITPOBEICHHS aKTHBHOCTEN );

° CTY/ICHTU-OHOTPYIMHUKHA (200 CTapHIOKYpPCHHKH) (OTpUMaHHS HaBHKIB KOMaHIHOI poOOTH B
PI3HOIUIAHOBUX MPOEKTAX Ta B PI3HUX POJISIX (BUKOHABELb, TIM-JIi/I, MEHTOP TOLIO).

2 pik — nmpoekTHa podoTa: MeTa (YHIBEpCUTETY / KOMIAHIH-pOOOTOAABIIB) — HAOYTTS TEXHIYHUX («Xapi»)
Ta «M’IKUX» («co(T») HAaBHYOK, MakCcHMizallist X. AKTUBHOCTI:

O 1 cemecTp: BUOIp TEMH MTPOEKTY, MIATOTOBYA poOOTa (aHANI3 PUHKY, MiI0ip MEHTOPIB), peaiizaiis
0eKy, KoJI-peB’10 IHIMX KOMaH[. Pe3ynbTar — 9acTKoBa peatizallisi IpoeKTy.

JIroncwKi pecypen 1m0/10 3a0e31eYeHHs aKTHBHOCTI Ta JIOCSTHEHHS METH:

° BUKJIaJa4l yHIBEPCUTETY (IIPOBEJECHHS aKTHBHOCTEN );

° NpaliBHUKU KOMIaHii-poboToaaBLiB («aeBenonepu» Ta (a00) «IpomKEeKT-MEHEIKEPH» B SIKOCTI
MEHTOPIB);

° CTY/ICHTU-OJHOTPYIMHUKKA (200 CTapHIOKYpCHHKH) (OTpUMaHHS HaBHKIB KOMaHIHOI poOoTH B

PI3HOIUIAHOBUX MPOEKTaX Ta B PI3HUX POJISX (BUKOHABELb, TIM-JIi/I, MEHTOP TOLIO).

BinoOpakeHHs1 Ha 00’ €KT HOCIIIHKEHHS 2

O 2 cemecTp (2-ro poKy HaBYaHHsI): TIPOJOBKEHHS peatizallii MpoeKTiB (KOMIUIEKCHA pO3paxyHKOBa
st pucuuiutid «CucteMHuUi aHani3y, «OpraHizaiis 0a3 JaHUX Ta 3HaHBY, «BeO-nmpoekTyBaHHs»), 11 3aXHCT.
Pe3ysbrar — oliHKa KOMaHAHOi pOOOTH, OI[iHKA TEXHIYHUX HABUYOK.

° BUKJIa1a4l yHIBEPCUTETY (IIPOBEJCHHS aKTHBHOCTEN );

° NpaliBHUKA KOMIaHii-poOoToaB1IB («aeBeonepu» Ta (a00) «IpoKEeKT-MEHEIKEPU» B SIKOCTI
MEHTOPIB);

° CTY/ICHTU-OJHOTPYMHUKKA (200 CTapUIOKYPCHHKH) (OTpUMaHHs HABHKIB KOMaHIHOI poOOTH B

PI3HOIUIAHOBUX MPOEKTAX Ta B PI3HUX POJISIX (BUKOHABEI[b, TIM-JIi/I, MEHTOP TOLIO).

3 pik — npodinizanist (L1 / AI): meta (yHiBepcuTeTy / KOMIaHiH-pOOOTOIABIIIB) — NPOCKTYBAaHHS CHCTEM,
JlaTta-caifHC HABUYOK, IPaKTHYHA po0OTa B KOMITaHisSX-pOOOTOAABIX, MAKCHMi3allisi X. AKTHBHOCTI:

0 1 cemecTp: CHiIBHUI KypCOBUH NPOEKT Al AUCHUILTIH «IHTENEKTyalbHUH aHami3 JaHHXY,
«Bizyamizanist nanux» ta «CHCTEMHU MITYYHOTO IHTEJIEKTY», HOTO 3aXUCT. Pe3ybraT — BUBYCHHS! OCHOBHUX METOJIIB
Ta MiJXOIB B c(epl TYyYHOTO IHTEICKTY.

JIronchKi pecypeu 110,10 3a0e31eUeHHs] aKTUBHOCTI Ta JIOCSATHEHHS! METH:

° BUKJIaJ1a4l yHIBEPCUTETY (IIPOBEJICHHS aKTHBHOCTEM );

. NpaliBHUKU KOMIaHIi-poOoTonaBLiB («aeBenonepu» Ta (a00) «IpomKeKT-MEHEIKEPH» B SIKOCTI
MEHTOPIB);

° CTY/ICHTU-OJHOTPYIMHUKKA (200 CTapUIOKYpCHHKH) (OTPUMAaHHS HAaBHKIB KOMaHAHOI pOOOTH B
PI3HOIUIAHOBHUX MPOEKTaX Ta B PI3HUX POJISIX (BUKOHABEI[b, TIM-JIi/I, MEHTOP TOLIO).

0 2 cemecTp: peaiizallis iHIUBIAyanbHUX (a00 KOMaHIHMX) MPOEKTIB HA 3aMOBJICHHS KOMITaHii-

poboToaaBIiB (MOXIMBE BHKOPHUCTaHHS OTPHMMaHUX 3HAHb 3 IUCHUILIIH «BHIOOyBaHHS BEJMKHX JAHHXY,
«OmnpallfoBaHHsl BEIMKUX AaHUX», «TexHoorii mapanenbHUX OOuHcIeHb» Toulo). PedympraT — BigOip Kpaimmx
CTYZCHTIB 32 YHCEIbHIMH ITapaMeTpaMH MPOIIOHOBAHOI MOJEINI, KpalllUM CTyIEHTaM BiAIIKOLYBaHHS BUTPAT IIOJ0
y4acTi B BOPKIIONAX, KOH(PEPEHIIisSX, CHMIIO31yMaX TOIIO, OMyOIiKyBaHHS pe3yJIbTaTiB IPOEKTIB.

Jlroaceki pecypcu moIo 3a0e3neueHHs aKTHBHOCTI Ta JOCSTHEHHS METH:

° BHKJIAIa4l YHiBepCUTETY (IIPOBENICHHA aKTHBHOCTEH );

° MpamiBHUKA KOMMaHii-poboTomaBmiB (mpamiBauke R&D-BinminiB, «aeBemomepm» T1a (abo)
«IPOKEKT-MEHEHKEPU» B SIKOCTI MEHTOPIB / XKypi);

° CTYICHTU-OJHOTPYIHHUKH (200 CTapmIOKypCHUKH) (OTpMMAaHHS HAaBUKIB KOMaHAHOI pPOOOTH B

PI3HOILTAHOBUX IPOEKTAX Ta B PI3HUX POIISIX (BUKOHABEIb, TIM-JIi/I, MEHTOP TOIIIO).

4 pik — gemnoiiMeHT: MeTa (yHiBepCHTETY / KOMIaHIA-poOOTOAABILIB) — HAOYTTS CTYACHTAMH HABHYOK
JETUIONMEHTY B XMapi, CTBOPEHHS KOMIUIEKCHUX IMPOEKTiB, MAKCHMi3amist XC. AKTUBHOCTI:

O 1 cemecTp: JEIIONMEHT B XMapi pe3yJbTaTiB momepeqaporo (3-ro) kypcy. Pesymprar — mimicHe
PO3YMIHHS CTPYKTYPH NPOEKTY, HOTO POEKTYBaHHS, CTBOPEHHS, CYIIPOBOJY.

Jlroaceki pecypcu moIo 3a0e3neueHHs aKTHBHOCTI Ta JIOCSTHEHHS METH:

° BHKJIA/Ia4l YHiBepCUTETY (IIPOBENICHHSA aKTHBHOCTEH );

° MpamiBHUKA KOMMaHii-podoTomaBmiB (mpaniBankn R&D-BinminiB, «umeBemonepm» T1a (abo)
«IPOHKEKT-MEHEDKEPH» B IKOCTI KOHCYTIBTAHTIB).

O 2 cemecTp: BIOCKOHANEHHS (YCKIATHEHHS) NMPOEKTy (OMpAIfOBaHHS MOBH Ta B0 B PEXHUMI

peanpHOro 4Yacy), BUKOHaHHSA OakanaBpchKoi KBammidikariitHoi podotu (B T.4. mia IT-kommaniit). Pesymprar —
I ITOTOBJICHUH CTyIeHT-0aKaiaBp, IO BiANOBiIa€ KBai(iKaiifHUM BUMOTaM Ta MaTPHUIli KOMIIETCHTHOCTI.
Jlroaceki pecypcu mo o 3a0e3neueHAs aKTHBHOCTI Ta JIOCSTHEHHS METH:
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° BHKJIaJa4l YHIBEpCUTETY (ITPOBEICHHS aKTHBHOCTEN );

° MIpaIliBHUKK KOMITaHii-poboTonaBuiB (mpauwiBHukn R&D-Bimminis, «zmeBemorepu» Ta (abo)
«IIPOJKEKT-MEHEKEPH» K KOHCYJIBTAaHTH Ta (200) CIIiBKEpiBHUKH OaKaiaBpChKUX KBaJTi(iKalifHUX pooiT).

B pe3ynpTaTi Takoro miaxoay mpodecioHanizM 0coOH, sika TMPOXOMUTh NUIAX BiJ abiTypieHT IO CTyACHTa-
OakamaBpa (X), GOpMyeTbCS TIPEICTABICHOK HIKYE MATPHICI0 KOMIIETCHTHOCTEH (po3poOiieHa UIsl JTBOX
HanpsMKiB crierianmbHOCT «Komm’torepHi Hayku»: «[laracaiiaTcT» (anrn. Data-scientist) Ta «Po3poOHuK
porpaMHOTo 3a0e3medeHHs» (aHriI. software engineer, software developer).

[Momanbmii mociiKeHHS B AaHil cdepi mepeadavyaroTs:

° (hopMyBaHHS PO3IIMPEHOI MATPHIlI KOMICTEHTHOCTEH i3 YITKMM BKAa3aHHSIM POJi KOXKHOTO 3
YYacHHUKIB IIPOLIECY;
° HaJIaro/LKEHHS KOOIeparlii Mi>k Y4aCHUKaMH TPOLECy «yHIBEPCUTET» Ta «KOMIaHii-poOOTOaBIIi»

JIO TaKOTO PiBHS, O0:

(X)) -
#( 74 ) OyJ10 3araIbHOBU3HAHUM Ta Xcl, Wu Ta WC 00TOBOPIOBAJIHCS III0CEMECTPOBO.

Tabmwmrst 2
Marpuusa KoMIeTeHTHOCTeH Ha OCHOBI 3icTaBjJeHHs piBHIB npodecionanizmy i cpopmoBanocti npodeciiinoi
KOMIIETEHTHOCTI
Competence matrix |t Desl
T=ines joamior i
Kaowizdge Competess Datz  |Devl  |Dalm  |Dewel
HTML, programming languages | i

E_

Wlans programmer
DADS snzinzsr

g

Data

Oop 00D - X
i + X
Data structures, 0 notation
abgarthms

Probability theory
STRLSTISE

ML methods

DL methods

University Company  Selfeducation

Strong

Less strong

theomtical

nﬁﬁﬁiiﬁﬁ'gg

""EEHIIIE

-]
E|E|E E|m|Hf=|=
E|B|B B |R[B [=|=

)
I
X

g(5(E|= 8

soace rarsformation
English B2
Englisi 1
teamwoek

timemanagemeant
selfpresentation

soit skilk

suessesness ability

[EMpEny wiles

PrOjECS

tEftificates

1-3y experiencs X 1 o E DX i
3y Bxperience ] ] I i
&1 yy experience | I X

practical

Jlxeperno: aBTopcbka po3poOka

Omxe, KOPOTKO MOXKHA COPMYITIOBATH BHILIEHABEACHI T€3U y BUIIIAAI iJCYyMOBYFOUOT TaOMHIIi-MaTpHLIi:
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Tabmurs 3
Martpuus KpuTepiiB Ta 00MekeHb c()OPMOBAHOCTI IPodeciiiHUX KOMIIETEHTHOCTel

00’exT YuiBepcurer Komnanii-po6oronaBui Crynenr
1 OtpuMaTH yCHIIIHOTO BUITycKHWKA, | OTpuMaTtn ¢axiBus 0e3 cramii
SIKMI cTaHe XC Ta 320€3Me4UTh XCinf AOBYAHHS JUISI  3MCEHIICHHA

BHTpAaT Uil Kommauii Bix | 3100yTu

HEBUKOHAHHSI TPOEKTIB sIKOMOTa

Kpurepii IIporpecyBatu (BmockoHamMTHCH), | OTpUMaTH (axiBis 3 | Oijbie

30umbmBIM  Xu.  (Xu.  MOXE | MAKCHMAJIBLHO  3alIOBHEHOIO | KOMIIETEHT-
OTPUMYBaTHCh HE Ofpa3y IIiClid | MATPHIIEI0 KOMIETEHTHOCTeH | HoCcTel

3aKiHYCHHS YHIBEPCUTETY ) g 30LIbIIeHHS  JTOXOJIB
KOMITaHii
2 Xc; - croxactmuHa ckiajosa, mpo | K (haxiBiis 3
3HaueHHsA SAKO1 Xu, [I3HAETBCA 13 | KOMIIETEHTHOCTSIMHU
3aIi3HEHHIM
X =< Xu, Xe;, Xs > Hesnanms
Oo0MekeHHs B | 3HAUEHB Wy
MOMEHT Hacy ¢ Ta we

Yacosi obmexenns Xu,, moB’si3aHi 3 | Xc¢; — cTOXacTHYHA CKJIaI0Ba
MONITYKOM JIOJIATKOBOTO (DiHAHCYBaHHS

Jlis yHiBEpCUTETY Ta KOMIIAHIH-pOOOTOMABIIIB IIISIXH BUPIIICHHS 3a/1a4, 3BEJICHUX B Ta0JI. 2 MOXKYTh OyTH
chopMyIbOBaHI HACTYITHUM YHHOM:

° NIOCTIHE ONepaTHBHE BUPILICHHs iHPPACTPYKTYPHHUX MUTaHb 3TiHO 3 Y3rO/KEHHUMH rpadikamu
Ta JIOMOBJICHOCTSIMH MIJK YHIBEPCUTETOM Ta KOMIIaHiIMH-POOOTOIaBIISIMY;

° mocTifiHa po0oTa Hajg pPoOOYMMH MporpaMaMd — IEPMaHEHTHE BIOCKOHAJICHHS Ha OCHOBI
HEMepepBHOIO MPSIMOTO KOHTAKTY 3 KOMITaHiIMU-POOOTOIABIISIMY;

° NOCTIHHMH KOHTAKT BUKIJIAJa4 yHIBEPCUTETY — MEHTOP KOMIIaHiii-poO0TOIaBIIiB;

° (dbopMyBaHHS €IMHOTO ILEHTPY iHGopMamii Ans TEepMaHEHTHOTO KOHTaKTy: BHKIalad

YHIBEPCUTETY — MEHTOpP KOMIIaHii-pOOOTOAABIIB — MapKETHHTOBHH IEHTp — Ui Oe3repeOiiHOro BHCBITICHHS
MO 3 METOI CBOEYACHOTO IH(GOPMYBaHHS CTYIEHTIB PO HaWaKTyasbHIII 3MIiHM B IPOLECI HABYAHHS B
YHIBEPCUTETI Ta HallaKTyasbHIIlll BUMOTH LIOAO KaHJHUIATIB BiJ| KOMIaHiH-poOOTOAABIIB (32 BIJICYTHOCTI TAKOTO
LEHTPY — 000B’sI3KOBE HOTO CTBOPEHHSI);

° HOCTIIHMM KOHTAaKT CTYIEHT — LIEHTP HOBHH — JUI1 OTPUMAHHs CBOE€YAaCHOTO 3BOPOTHOTO 3B’S3KY
Ha HallaKTyaJbHIlIl 3MIHM B MPOILECI HABYaHHS B YHIBEPCHTETI Ta HaWaKTyaJbHIIIl BUMOTH IIOJIO KaHAMAATIB Bif
KOMIIaHIi-po00TO1aBIIiB.

3a TakMxX YMOB IMPOIMOHOBAHWM MIiAXiJ JIO3BOJIUTH OINEPATHBHO OL[IHIOBATH CTYIIHb OBOJOJIHHS
npodeciiHo PO Cy0’€KTOM (CTY/ACHTOM) JUIsi YHIBEPCHUTETIB 3 METOI Bijl JIAro/DKEHHs iX poboTH y
BIJIMIOBIIHOCTI [0 BUMOT CHOTOJICHHS, & TAKOXK OLIHUTH piBeHb C(HOPMOBAHOCTI HOro (CTyAeHTa) mpodeciiiHux
KOMIIETEHTHOCTI (KOMITETEHIIii1) 3 00Ky KOMIaHii-poO0TO/1aB1IiB.
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BiHHULBKHI Hal[iOHANBHUIT arpapHUN YHIBEPCHTET

PEKOMEHJIAIIII OO0 OLIHKHU TA JIATHOCTYBAHHSA JU3EJBHOI'O
JABUI'YHA ITPU BUKOPUCTAHHI BIOITAJINBA

B cmammi HaeedeHo pekomeHndayii wodo oyiHKU ma 8U3HAYEHHs 8naugy 6ionaausa Ha dsu2yH Mak sik lio2o
8UKOpUCMAHHs1 dydce chipHe, ckaadHe | HEOoOHO3Ha4He numaHHs. [IposedeHo 8cmMaHOB/EHHA 3a/excHocmell po6omu
deuzyHa Ha 6iona.usi i io2o 8niue Ha pi3HI NOKA3HUKU eHep2emuyHOo20 azpe2amy mak siKk Ma/10 hpudijzieHo ygazu momy, Wo
pi3Hi 8udu Gionasusa € a6coOMHO 8IOMIHHUMU 3 MOYKU 30py iX 8n/U8y HA MAWUHU, AJAUBHY anapamypy i daseko He 8ci
3a0080/1bHSIIOMb BUMO2AM, WO NPeQ's1845110MbCs1 00 HUX NpU po6omi 8 yMo8ax azponpoMuci08020 KOMNAEKCY.

Kamwouosi cnoea: dsueyH, 6ionaaueo, pekomeHdayii, oyiHka, NOKA3HUKU.
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RECOMMENDATIONS FOR EVALUATION AND DIAGNOSIS OF DIESEL ENGINE WHEN USING BIOFUELS

The practical use of biofuels is a very controversial, complex and ambiguous issue. Biofuels are considered to be a means of getting
rid of many problems. It has gained this reputation due to the lack of attention paid to the complex processes of production of biofuels and
raw materials from which it is produced, as well as the great difficulties that arise in its use. Unfortunately, little attention is paid to the fact
that different types of biofuels are completely different in terms of their impact on cars, engines, fuel equipment and not all meet the
requirements for them when working in the agro-industrial complex. In fact, it is already clear that the daily unregulated use of biofuels will
lead to numerous failures of diesel engines and huge repair costs.

Each family of biofuels is produced using different technologies. Despite this, work in this direction is being actively pursued, there
are still no standards for various types of biofuels, as well as for the raw materials used, production and technological processes and
environmental standards. In practice, this may mean that different biofuel producers will sell under the same name fuels with very different
physical and chemical characteristics, not to mention that they contain potentially hazardous substances. In addition, its effect on engine
mechanics, whether biofuel in a mixture with conventional or pure biofuel, whatever it may be, has not been sufficiently studied. Biofuel itself
can be a strong solvent and gradually clog the injectors with dissolved substances. Biofuels made from ethanol can be hygroscopic, and the
moisture dissolved in them affects the corrosion of engine parts. Components of such fuels can also adversely affect engine gaskets and seals,
as well as fuel supply systems made from organic materials. Simply put, there is a clear incompatibility between the materials of modern
diesel engines and biofuels when used in high concentrations.

Key words: engine, biofuel, recommendations, assessment, indicators.

IlocTanoBKa npodJieMH y 3aralbHOMY BUIVIA/I Ta il 3B’A30K i3 BasKJIMBMMH HAYKOBUMH YM NPAKTHYHUMH
3aBJAHHAMH

Hepnomix KoHCTpyKuUil, coco0iB MiarHOCTYBaHHS Ta MOMJIMBOCTEH PEryJIOBaHHS IMpPH BUKOPHCTAaHHI
pi3HHX BHIIB OionanmBa € MPUYMHOIO TOTO, IO MOPSA 31 CKOPOYEHHSM BHKHIB BYTJICKHCIOrO a3y, AedKi 3 HUX
MOXYTb IPUBECTU [0 3a0pyIHEHHS HaBKOJMIIHBOTO CEPEeOBHIIA IHIIMMH, HE MEHII HEOE3MEeYHNMH PEUOBHHAMM,
CTaHIApTiB Ha sKi moku Hemae [1]. SIk HACHIZOK HE MPEACTABISAETHCS MOMIUBUM IMPOBECTH IOBHY BCEOCSIKHY
JIarHOCTUKY BCiX BHIIB IIKi[UIMBUX BUKW[IB IPH BUKOPHUCTaHHI OiomammBa. Ha 1711 BXe yCTaleHOTO B Cy4acCHOMY
CBiTI po3moaily manuBa Ha OEH3WH 1 OW3eIbHE, a0COMIOTHO HE3PO3YMUINM 3alHINA€THCS MO3HIIOHYBAaHHSI
OionmammBa. biomanmBoM Ha3WBalOTh B HaIll YacH OyIb-fKe ITaJMBO, BUPOOJEHE 3 MaTepialliB pOCIMHHOTO abo
TBaPHHHOTO ITOXOKEHHS [2].

AHaJi3 gociixKens Ta myoaikamin

€sponeiiceknii ctanaapt EN590 Ha mu3enpHe MaauBO JOMTYCKAE MPUCYTHICTh B HBOMY 110 5% 610100aBOK.
OpHak Ha BiIMIHY BiJ €TaHONY, KU NONAETHCSA B OCH3WH, B TU3EIHHOMY IATHBI MOXYTh OyTH pi3HI H00aBKU. Y
Oyb-sIKOMY BHITAJKY, IPH MIEPEBUIIEHH] TOMYCTUMUX 5% TMOYMHAIOTHCS IPOOJIEMH 3 ABUTYHOM [3, 4].

Hafigacrinre B siIkocTi CUpOBHHU Ui OioMannBa BHKOPHCTOBYETHCS HACIHHS piMaxy, IO BUPOIIYETHCS B
€Bporri, mameMoBa onist 3 [HmoHe3i1 1 Manaizii abo cost, Ha sSIKy B ocHOBHOMY mokianatoTees B CIIA. Ximiuanit
CKIIaJ1 OJTil, OJIepXKYBaHUX 3 PI3HUX BHUJIB CHPOBHHH, Oyze pi3HUM. [Ipn HeIOCTaTHEOMY CTYTICHI padiHyBaHHS Ol
3 pi3HOI cHpOBHMHU OymyTh MICTHTH pi3HI MOOIYHI MPOAYKTH B pi3HIN KUTBKOCTI. Bci BOHM MOXYTh UHMHHATH
HETaTHBHHUH BIUIMB HAa MPOAYKTHBHICTH 1 Ha/iiiHICTh pOOOTH IBUTYHA Ta TPU3BOJHUTH JIO TIOTIPIIEHHS SKOCTI ITajnBa
3 IJTMHOM Yacy ITiJT BIUTABOM TernIa i cBiTia [5].
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Bin Takoi x mpoOieMn MOXYTb CTpayKIaTW 1 aBTo3ampaBHi cTaHIii. Ha craHmisx posramoBaHux Oins
TpacH Jie MPOJIAIOTh OI0MATHBO Y BEUKIH KITBKOCTI, SIKICTh MOYKE 3aJIMIIATHACS I[UIKOM TOCTiiHOr. OHAK B 1HIINX
MicIsIX OlomajMBO IMOOBry IepeOyBae B IT3EMHUX pe3epByapax Jie MOKe ICyBaTHCS. SIKIIO cKiaja IainBa
HETOCTIHNI 1 3MIHIOETBCSI 3 YacOM, TO IPAIIOBaTH 3 HUM OyJ]e NMPakTUYHO HEMOXKIMBO. bynb-sike 3aBIaHHS 1O
3a0e3reYeHHI0 POOOTH ABUTYHA 3 MAJBOM IEPETBOPUTHCS HA HEMOCHIIBHY, TaK SK HE MOXKHa Oyze 3a0e3neunTd
HaJIe)KHY CTYIiHb XIMI4HOI HEWTPaJIbHOCTI MaTepialiiB, SKIIO CKJIaJ] MaJiBa MOCTIHHO 3MiHIOETheA. Hamaromurn
JBHUTYH il ONTAMAJIBHAN BUTpaTa IMajliBa 3 TOCTIHHO 3MIHIOBAHUMH XapaKTEPUCTHKAMH 3TOPSHHS TaKox Oyne
HEMOXXJIMBO. JIBUTYyHM OyIyTh MOCTIHHO pyKaBiTH 1 OTPUMYBAaTH IHIII XiMiYHI IOIIKO/DKEHHS, CHCTeMa Iojadi
nanmuBa OyJe 3a0buBaTHCs NMPOAYKTaMH PO3KJIAJaHHS KOMIIOHEHTIB CaMOro IajiiBa, a aBTOBHPOOHUKU OyIyTh
3MyIeHi 200 0OMeXyBaTu IPOIMIOHOBaHI TapaHTii Ha ABUTYHHU, 200 PO3OPUTHCS HA IX BiANpamroBaHHs [6].

3apa3 xOJICH 3 aBTOBUPOOHHUKIB HE BOJIOJIIE TOCTATHHOKO KUTBKICTIO 3aCO0IB 1 TEXHIYHIX MOMJIUBOCTEH JIIs
TIEPEeBIpPKU CBOIX JBUTYHIB HA CYMICHICTh 3 Cy4aCHHMH COpTaMHu OlomajiuBa B yChOMY iX pi3HOMaHITTi. Jlysi HHX
TAKOX iICHY€ PU3UK BUTPATHTH BEJIMKI IPOLII 1 TPUBAJIMIA Yac Ha po3poOKy ABUTYHA i/l NaJMBO, SIKE MPOICHYE JINIIIE
JIECATOK POKIB a00 OJM3BKO TOTO, a MOTIM Oy/ie BUTICHEHE MaJIMBOM «JPYTOTO MOKOIIHHS».

[ManuBO «ApPYroro IOKONIHHS» IUIAHYETHCS CTBOPIOBAaTH BXKE HE 3 IUIBOBUX KYJBTYp 1 CHEIiabHO
BUPOIICHOI CHpOBHHU. Moro GyyTh BUPOGIATH 3 BiAXOMIB - XapUyOBHX, JICOBOrO KOMILIEKCY, IHIIMX OpPraHiqHMX
BimxomiB [7].

B Hamn nHi geski BUpOOHWKM HE JIAIOTh TapaHTiI0 Ha BUKOPUCTAHHS CBOIX NIBUTYHIB 3 mamuBom B100
(moBHicTIO Oiosoriune) [8].

@DopMyJIIOBAHHA 1€l cTaTTi

MeTtoro poboTH €: po3poOKa PEKOMEH[AIli 3 MPOBEICHHIM OIIHKYM BILUTUBY OlOmajnBa Ha HAIIWHICTI,
TEXHIKO EKOHOMIYHI Ta €KOJIOTi4Hi TOKa3HUKH.

Bukan ocHoBHOro Martepiany

EKCriepMEHTH 3 BUKOPHCTaHHSIM B SKOCTI JAM3EIBHOIO MajlBa POCIMHHOI OJIii, MmepepoOsieHol Mmiciist
BUKOPHCTAHHS JUISl IPUTOTYBAaHHS T)Ki, MAIOTh JIOCHTh HETaTHBHI PE3yJIbTATH. 3MIIyBaHHS HE3TOPIJIOro majiusa 3
MOTOPHHUMH MacjaMH B JIBHTYHI caMo 10 co0i € mpo0sieMoro 3BUYaiiHIX aBTOMOOLITIB 3 TU3EIbHUMH JIBUTYHaMH [9].
OpHaK BUKOPUCTaHHS B SIKOCTI TajMBa POCIMHHUX O, sKI He Mpoiuum nepeerepudikaiii 0e3 Moimmydnx
J00aBOK PU3BOJUTH 10 TOTO, L0 I1i OJii IOYMHAIOTH pearyBaTH 3 MaCTWIaMHU, YyTBOPIOIOYH MOTIMEPH, BIaCTUBOCTI
SKUX HISIK HE CIIPUSIIOTh HOPMaIIbHIKA poOOTi IBUTYHIB (pHc. 1).
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Puc. 1. IIpo6emu, 110 BHHHKAIOTH IPU BUKOPUCTAHHSAM GionainBa

3 MeTor po3poOKKM peKOMEHIAlill Ta OIHKM BIUIMBY OiomaniBa Ta OIOMANMBHUAX KOMITO3WINNA  Ha
MIOTY’KHOCTI, €KOHOMIYHI Ta €KOJIOTiUHI MOKa3HUKH 3a MpHUKiIajn B3sATo mBUTYH J[-240 (4411/12,5). JocnimkeHHs
HPOBOMIIACS B YMOBAX PETYJIATOPHOI XapaKTEPUCTHKH 3 9aCTOTAMH OOEpPTaHHs KOJIHYAcTOro Baiy Bim 1400 xp!
(PEKMM MaKCUMAJIBHOTO KPYTHOTO MOMEHTY) 110 2200 xB™! (penM HOMIHATBHOT TOTYXkKHOCTI) 3 iHTepBasom 200 XB”
''i B ymMOBax HaBaHTaXyBaJIbHOI XapaKTEPUCTHKU 3 HaBaHTaxeHHsM 80 %, 90%, 100% mpu pisHMX yacToTax
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o0epTaHHsI KOJIIHYacTOTO Baly, a TaKOXK B YMOBaX XapaKTEPHUCTHKU XOJOCTOTO XOAY 3 HYacTOTaMH OOepTaHHS
KoJiHgacToro Banxy Big 800 xB' (MiHiManbHO-cTilika wacToTa obepraHHsa) mo 2330 xB™! (MakcumanbHa YacToTa
obepranns). [Toka3HUKM ITOTYXHOCTi, €KOHOMIYHOCTI Ta €KOJIOTIYHOCTI ABWUTYHa NpH poOOTi Ha OiomanmBi Ta
6iomajJMBHUX KOMITIO3HIIISIX HMOPIBHIOBAIIMCS Ha TMOAIOHMX peXHMax 3 BiJNIOBIIHMMHU NMOKa3HHMKAMH HAa TOBAPHOMY
JM3EJIbHOMY MaJIMBI HAQ)TOBOTO TOXO/KEHHSL.

Ha Bcix gacToTax obepranHs KoniHgactoro Bay mpu 100% HaBaHTa)KeHH] HAOLTBITY OTYXXHICTD JBUTYH
BUJa€ NpH pOOOTI HA TOBAPHOMY Ha()TOBOMY JHM3EIHHOMY MAJMBI 1 JEIM0 MEHITy Ha 0lOMajiMBHUX KOMIO3HIIISIX.
[Mpuyomy B Mipy 30iNbIIEHHS NPOLEHTHOTO BMICTY METHJIOBOTO e(ipy pimakoBoi omii B CyMilIeBUX HajMBi IS
pi3HHIA 3pocTae, ane He nepeunrye 5% (puc. 2). Ha HoMiHanbHOMY pexXnMi MaKCUMaJIbHE 3HM)KEHHS TIOTY>KHOCTI 1
301IbIIIEHHS TOAMHHOI BUTPATH NAIMBA BiJ3HAYA€ThCS IpH poOoTi Ha cymimi B75. [Ipu iboMy NOTYKHICTH IBUTYHA
Braia Ha 3,2% (3 56,1 kBt mo 54,3 kBT), a roquHHa BUTpaTta maimuBa 3pocia Ha 8,3% (3 15,02 kr/rox mo 16,38
kr/ron). Haiimenme 3HmxenHs nortyxHocti (Ha 0,7%) 1 miaBWIIEHHS TOXMHHOI BUTpatH nanuBa (Ha 3%) Ha
HOMIHAJIBHOMY PEXHMI CIIOCTEpIraeThes IPH POOOTI Ju3eis Ha cyMilieBuX naiauBi B25. B ymoBax perynsTopHoi
XapaKTepUCTUKA au3enst rmpu 100% HaBaHTaXkeHHI B [iama3oHi yacToT obepranHa Bim 1400 xB! go 2200 xB™!
MaKCUMaJIBHUIA THCK IUKITYy npu poboTi Ha Il i Ha Bcix Bumax OiomanuBa 3pocTae. OnHak 31 301TBHICHHSM
kimbkocTi MEPO B cymileBoMy nasiiBi MakCHMaibHUIM THCK IMKIY 3MeEHINyeThcs. Tak, mpu poGoti Ha I Ha
HOMIHAJIBHOMY pEXHMMi BOHO ckiano 7,54 MIla, Ha cyminn B25 - 2,292 MIla, na cymimi B75 - 7,108 MIla i Ha
B100 - 7,0 MIIa, To0TO HaWOLIBIIE 3HUKECHHS MaKCHMAJIBHOTO TUCKY IKiy ckinano 0,54 MIla (puc. 3). 3 Touku
30py €KOJIOTIYHHMX MOKa3HHWKIB, HalMEHINAa KOHIEHTpAllis WIKI[UIMBUX PEYOBMH Yy BiJNpalbOBaHMX Tra3ax Ha
HOMIHAJIBHOMY pEXHMI BiJ3HA4aeThcsi Tpu pobori neuryHa Ha B100. Y mnopiBHsHHI 3 poGotoro Ha JII1
KOHIICHTpAIlis B BiAMPAIbOBAHUX Ta3aX OKCHAY BYTJICIIO 3HWKYEThCS Ha 26%, BYIVICBOMHIB - Ha 35%, TUMHICTH
(caxa) - Ha 14% (puc. 4,5,6).
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Puc. 2. IlokazHuku edeKTUBHOI MOTYKHOCTI ABUryHa 4411/12,5 (J1-240) B yMOBaX pery/iaiTOPHOI XapaKTePUCTHKH NPH podoTi Ha
NaJHBAX Pi3HOTO CKJIAXY
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Puc. 3. IToka3HUKH MAKCUMAJIBHOI0 THCKY HMKJIY ABUryHa 4411/12,5 ([1-240) B yMoBax pery/siTOpHOi XapaKTePUCTHKHU NPUH PodoTi Ha
NaJMBax Pi3HOro CKJIAxy
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Puc. 4. Bukuau CO2 y Bignpanb0BaHUX razax B 3aJ1e;KHOCTI BiJl MOTYKHOCTI IBUTYHa
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Puc.5. Iloka3nuku BMicTy okcuais Byrieuio apuryna 4411/12,5 (J1-240) B yMoBax peryJsiTOpHOi XapaKTepUCTHKH NPU poOoTi Ha
naJjuBax pi3HOro cKJaaay
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Puc. 6. IlokazHuku 1uMHOCTi ABUryHa 4411/12,5 ([1-240) B yMOBax peryJisiTOpHOi XapaKTePUCTUKH NPH Po6OTi HA NaJUBaX Pi3HOro
CKJIay

Po3pobky pexomeHmamiii Ta e(EeKTUBHICTH BHUKOPHCTAHHS OiomannBa Ha aBTOTPAKTOPHIMA TEXHIIl
MIPOIIOHYETHCS OIIHIOBAaTA KOMIUIEKCOM TOKa3HHKIB HA KOXKHOMY 3 YOTHpPHOX eTamiB (puc. 7). Ha mepmomy erami
BUKOHYETBCSI OI[IHKA (DI3MKO-XIMIYHUX 1 TEIJIOTBOPHUX BIACTUBOCTEH OlOMalMBa, BUSIBISETHCS BIMOBIIHICTH IIUX
BIAacTUBOCTEH HadTOBOMY (MiHEpAIIbHOMY) AM3ENBHOTO MAlMBa, BiIOYBa€ThCs BUOIp BUY MasiBa (pirmakoBa OIis,
MeTIIIOBHA eip pimakoBoi oiii abo CymileBe MairMBO) [UIA JBUTYHA 3 PO3IUICHOI0 a00 HEpO3AUICHOTO (OPMOIO
KaMepH 3TOPSHHSA, JAIOThCS MEePBUHHI peKoMeHAallii (HampsMK{) ajanTamii Uis BHKOpHCTaHHS OiomammBa. Ha
JaHWA MOMEHT JJIS afanTallii BITYM3HIHUX IBUTYHIB JISBHKOPHCTaHHS OiomaimBa 0e3 iCTOTHUX KOHCTPYKTHBHHUX
3MiH HAWOINBII NPUHHATHUM alTbTEPHATHBHUM BHJOM IalWBa € CYMIIIEBE ITaJMBO, MO MPEACTABISE COOOIO
0iomaNMBHY KOMIIO3HIIiIO 3 HA()TOBOTO TOBAPHOTO NTU3EIBHOTO TIANBa i pimakoBoi oiii (abo meTmioBoro edipy
pimakoBoi odil).
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Puc. 7. CTpyKTypHa cXeMa OUiHKH NOKA3HUKIB e()eKTUBHOCTI BUKOPHCTAHHSA Gionaansa

Ha npyromy erari mpoBOANTHCS €KCIIEPUMEHTATIbHA OLIIHKA MapaMeTpiB MoJaui najamsa i podovoro MHUKITY,
IHAUKATOPHUX, €(PEKTUBHUX Ta EKOJIOTIYHMX TMOKa3HUKIB JBUTYHAa. [Ipy I[bOMY BHKOHYIOTHCSI TODIBHSIIbHI
JIOCITIDKEHHS TTANMBHOI anapatypu Ha O0e3MOTOPHOMY CTEH[Il, a TAKOXK Ha rajibMiBHIN yCTaHOBII MpuU poOOTI Ha
HAaTOBOMY [U3eIbHOMY MalMBl 1 PI3HUX BUAAX CYMINIEBOrO TMaiuWBa. B pe3ynbTaTi MpOBEICHHS
€KCTIIEPUMEHTAIBHUX ~ JIOCHI/DKEHb BHU3HAYAETHCS  ONTHMAJIbHE TPOIEHTHE CHIBBITHOIICHHST HA(TOBOrO 1
010JIOTIYHOTO NajKMB B CyMIlll, BHOAIOTHCS MPAKTUYHI PEKOMEHIAIIl Ta TEXHIUHI PillleHHS IS KOHCprKTI/IBHOI
ajanTanii MpH BUKOPHCTaHHA CyMIIIEBOrO0 HajuBa. Ha TpeThboMy eTami OLIHIOETHCS TEXHOJOTIYHHWH piBEeHb i
BU3HAYAIOTHCS TEXHIKO-€KOHOMIUHI ITOKa3HUKH MallMHHO-TpakTopHOro arperaty (MTA) B ymoBax ekcruryaramii
mpu poboTi Ha cymimeBux manusi. [Ipy IbOMY BCTaHOBIIOIOTHCSI ONTUMAIIBHI PEKMMH BUKOHAHHS TOTO 9H IHIIIOTO
TEXHOJIOTIYHOTO IPOLECY, 10 BU3HAYAIOTh CKIAA i pobodi mBuakocti MTA, po3paxoByrOTeCS MPOIYKTHBHICTD 1
BapTICTh poOiT. ArpoTexHiuHi BaactuBocTi MTA (arpoTexHi4HHMI HPOCBIT, 3aXMCHA 30HA, CEPEHIN MUTOMUI THCK
pywIiiB Ha IPYHT, KEPOBAHICTh, OTJISIOBICTH 3 MICISI BOZIS)) MPAaKTHYHO HE 3alIeXKaTh BiJ BHIY 3aCTOCOBYBAHOTO
MaJIBA, TaK K OCHOBHMH BIUIMB HA HUX YHHATH KOHCTPYKTHUBHI OCOOJIMBOCTI MAIIMH, IO BXOAATH 10 cknaxy MTA.
OpHak KO0 BPaxOBYBAaTH SIKICTh OJIEPXKYBAaHOTO BPOXKAIO 3 €KOJOTiYHOro ¢akropy, To mpu pobori MTA Ha
CyMIIEBUX MANMBI IIKOJa BpoXkaio Oyne MeHINa, HiXK Ha Ha(TOBOMY TOBAapHOMY IW3EIBHOMY IajiMBi, 4epes3
3MEHIIeHNI BMICT y BiANpanboBaHMX Tra3ax IIKITMBHX pedoBWH. Ha deTBepTOMy erami BH3HAYA€THCS TEXHIKO-
eKOHOMIYHa €()eKTHBHICTb BHKOPHUCTAHHS CyMIIIEBOro mnanuBa. lIpy IpbOMy MNJIaHYeTbCS IUIOMA JUIS TIOCIBY
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OiOKYJIBTYpH 3 ypaxyBaHHSM piuHOi morpedm mianmpueMcrBa B Oiomammsi. CoOiBapricTs OlomanuBa, a oTxe i
CyMIIIEBOTO MajnBa, Oy/e 3ajeXaTH BiJl IPHHHATOT TEXHOJIOTIT Hioro BupoOHunTBa. OCHOBHI BUTPAaTH CKJIAAAIOTHCS
3 BUTpAT Ha IIPUMIIIEHHS, [TPUIa0Be 00JIaJHaHH Ta 3apO0ITHY IJIaTy, BapTOCTI HACIHHS 1 eIeKTpoeHeprii. Y cBoro
Yepry BapTiCTh HaciHHs OyJie 3aleXaTH BiJ BapTOCTi IIOCAJKOBOTO MaTepially, BUTpAT Ha NMPHIO0AaHHS I10CaKOBOT,
00poOHOi 1 30MpabHOT TEXHIKH, BUTPAT Ha MaJIMBO, MACTHJIBHUX MaTepialiB Ta 3apo0iTHY IUIaTy.

BuCHOBKH 3 1aHOT0 JOCJIiKeHHS i IePCNeKTHBH MOAANBIINX PO3BiIOK Yy JaHOMY HATIPpAMI

Po3pobmeni pekomeHpamii /il iarHOCTYBaHHS Ta BHSIBICHHS IIPUYAH HECIPABHOCTI JBWIYHIB
MIPAIIOI0YMX Ha OioManuBi Ta HOro cymimax, BKa3aHi MPUYUHH, IIPOOJIEMHU Ta METOAM 1X YCYHEHHSI.

VY3aranpHIOIOUM OTPUMAaHI PE3yJbTaTH JOCHIIKeHb MpH poOOoTi ABUTYHa Ha OlomaivBi Ta OloManuBHUX
KOMITO3HIISIX B IIOPIBHAHHI 3 pOOOTOIO HA TOBAPHOMY Ha()TOBOMY JAM3EIILHOMY NaJIMBi, MOJKHA 3pOOMTH BHCHOBOK:
HAMKpaIIO CyMIIINII0, 3 TOYKH 30pY HAWMEHIIOro 3HIKEHHS MOTYXXHOCTI 1 IMiJBHINCHHS BUTPATH NajHBa, €
OiomayuBHa Kommo3umis B25; 3a ekosoriyHMMHM TOKa3HMKaMH Haiikpamoro cymimmmo € B100. Ha Bcix
JOCTIDKYBaHUX PEKUMAaX MpU POOOTI Ha OlOMATMBHUX KOMITO3MINSX HE3HAYHE 3HW)KCHHS MOTY>KHOCTI (Ha 1,6 ...
4,8%) 1 migBHINEHHS TOXWMHHOI BUTpaTH mamuBa (Ha 7 ... 11%) MOSCHIOETHCS MEHIIOI TETJIOTOK 3TOPSHHS
CyMINIEBOTO MayiuBa (TEIJIOTBOPHA 3/IaTHICTH OlonaliiBa) KOMIICHCYETHCS BEJIMKUM MPOLIEHTHUM BMiCTOM B HHOMY
BIUJILHOT'O KHCHIO, SIKHH Oepe y4acThb B IPOLIEC] 3rOPsIHHS.
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CyMCBKHH JIep)KaBHUIT YHIBEPCUTET

POJIb TA MICIIE YKPATHCHKHMX KIBEPTPABIIIB Y CBITOBOMY KIBEPCITIOPTI

B cmami npoaHasizoeaHo cyvacHull cmaH cg8imosoi iHdycmpii kibepcnopmy ma 8u3Ha4eHi 0CHO8i 3akOHOMIpHOcMI
if pozeumky npomsizom 2002-2020 pp. JocaidxceHo poab Kibepchopmy 8 cy4acHOMy YKpaiHCbKOMy Cychiibcmea, a makoxe
8CMAHO08/IEHO piBeHb 1020 NhOMOYH020 po38UMKY. 3’C08aHO Micye B8IMUYU3HAHO20 Kibepchopmy y ce8imogomy
Kibepcepedosuwi. IdeHmugbikosaHi OCHOBHI npob.siemu po3eUMKY YKpaiHCbK0z20 Kibepcnopmy ma hnpoaHaaizoeadi
iHcmpymeHmu 0ocsi2HeHHs1 nepcnekKmugHUX NAaHie ii020 OUHAMIYHO20 CMAHOB/AEHHS.

Knarouoei cnosa: kibepepasyi, kibepcnopm, KibepmypHip, nocmynaabHutl po36Umox.

ANTON O. BOIKO,

OLHA V. KUZMENKO,
VITALIA V. KOIBICHUK,
OLEKSANDR S. KUSHNEROV
Sumy State University

THE ROLE AND PLACE OF UKRAINIAN CYBER PLAYERS IN WORLD CYBERSPORT

Ukrainian e-sportsmen have long been world-renowned figures in the cyber environment, who have been successful
internationally since the early 2000s, but they have no official status in their own country. Thus, only in 2020 in Ukraine, namely on
September 7, e-sports is recognized as an official sport along with football, basketball, tennis, swimming and other traditional sports. This
event marked a qualitatively new stage in the development of e-sports in Ukraine. The creation of the Ukrainian Professional E-Sports
Association (UPEA) opens new opportunities for the development of a modern e-sports ecosystem in our country, free movement of e-athletes
around the world and hopes for a synergistic effect of this process for the entire domestic economy. Therefore, in order to effectively develop
e-sports, defined by the strategy of its development in Ukraine for 2020-2025, it is necessary to explore the role and place of domestic cyber
players in world e-sports and to form the most operational measures to implement the proposed strategic objectives. This determined the
purpose of the proposed study.

The article analyzes the current state of the world e-sports industry and determines the basis of the laws of its development during
2002-2020. The analysis is based on such indicators as the total prize fund of world cyber tournaments, the total number of cyber
tournaments in the world, the total number of active cyber players in the world, the average prize fund of cyber tournaments, the average
earnings of cyber players in the world. The role of e-sports in modern Ukrainian society is studied, and the level of its current development is
established. The statistical indicators of the study were: prizes received by Ukrainian e-athletes, the number of Ukrainian active cyber
players, the average earnings of Ukrainian cyber players, Ukraine's ranking of prizes in cyber tournaments, the share of prizes won by
Ukrainian cyber players in the global prize fund, the share of Ukrainian cyber players in the world. The place of domestic e-sports in the
world e-environment has been clarified. The main problems of Ukrainian e-sports development are identified and the tools for achieving
long-term plans for its dynamic development are analyzed.

Key words: cyber players, e - sports, cyber tournament, progressive development.

IMocTaHoBKa MpodJieMH Y 3aralbHOMY BHUIJISIAL Ta ii 3B’ A30K i3 BaXK/IMBUMH HAYKOBHMH YH NPAKTHYHUMH
3aBJAHHAMH

YkpaiHchKi KibepcopTCMeHH BKe JAaBHO 3HaHI OCOOMCTOCTI CBITOBOrO MaciuTady B KibepcepemoBHILI, K OYar
YCITIIHO BUCTYTATH Ha MDKHAPOJHOMY PIBHI IIIe 3 TIOYATKy JBOXTHUCSYHIX POKIB, IIPOTE KOAHOTO OMIIIIHOTO CTaTycy y
BJIACHIN HepkaBi BoHM He Mamm. Tak, smme y 2020 pomi B YKpaiHi, a caMe CBOMOTO BepecHs, KibepcropT BH3HAHO
odimiftHIM BUIOM CriopTy Topsin 3 QyTOoioM, 0ackeTOONOM, TEHICOM, TUIABAHHSAM Ta IHIMMH TPAIULIMHAM BAIAMHA
cnopry. Came Il TOAiS BM3HAYMNA SKICHO HOBHI €Tall PO3BHTKY KiOepcropty B Ykpaini. CTBOpeHHS YKpaiHCHKOI
Ipodeciitaoi Kidepcmoprieroi Acomiamii (UPEA) BinmkpuBae HOBI MOMIIMBOCTI U PO3BUTKY CYYacHOI €KOCHCTEMU
KiOepcriopTy B Hammid JAepkaBi, BUIBHOTO TIIEpeCyBaHHS KiOGPCIIOPTCMEHIB CBITOM Ta JIO3BOJISIE CIOMAIBATUCH Ha
CHHEPreTHIHUI e(PeKT I[hOr0 TpOoLecy [UIs BCi€l BITUMBHSIHOI €KOHOMIKH. ToMy 3 MeTO0 e(EeKTHBHOTO CTAHOBIICHHS
KiOepcIopTy, BI3HAYEHOTO CTPATETIEl0 HOro po3BUTKY B YKpaiHi Ha 2020-2025 poku, HEOOXiAHO AOCIIMTH POIb Ta MicIe
BITUM3HSHMX KiOeprpaBIliB B CBITOBOMY KiOepcropTi Ta cdopMyBaTH HaHOLTHII OMEpaTHBHI 3aXOIW TI0 IMIUIEMEHTAILi
3aIPOIIOHOBAHMX CTPATETTIHHX 3aBAaHb. Lle i 00yMOBHIIO MeTy 3aIpOIIOHOBAHOTO JOCITI IKEHHS.

®opmy.ToBaHHS Hinei craTTi

BceranoBuTH pomb Ta Miclle YKpaiHCBKHX KiOeprpaBIiB B CBiTOBOMY KibepcmopTi Ta oOIpyHTyBaTé

TIPIOPUTETHI IHCTPYMEHTH peamizalil 3alpolOHOBAaHOI cTparerii po3BUTKy Kibepcmopty B Ykpaini Ha 2020-2025
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poku. Iopsin 31 3HAYHUMH yCIiXaMH KOHKPETHHX YKpaiHCBKUX KiOeprpaBIiB Ha MDXHApOJHOMY piBHI, 3arajbHe
PO3YMIHHS MiCIIsl yKpaiHCHKOTO KiOepcIiopTy Ha MI>KHApPOAHIH apeHi BiICYyTHE. AKTyalbHOCTI HaOyBae popMyBaHHS
CHCTEMH YJIOCKOHAJIICHHS 1HCTPYMEHTIB 30epekeHHs Ta NPHMHOXKEHHS ICHYIOHWOTO IOTeHHiady KibepcmopTy B
VYkpaiHi, a Tako)X akTHBHOI peanizarii cTparerii po3BUTKy KibepcropTy B Ykpaini Ha 2020-2025 poku.
AHaui3 gociKkeHb Ta myoaikanii

VYxpaiHchka HayKOBa CIIFHOTA TLTBKM PO3IIOYMHAE CBOI HAYKOBI JJOCIIPKEHHS ITPHUCBSUYEHI 0COOINBOCTIM
oprasizaiii kibepcrmopTy B Jep)kaBi, MEXaHi3MaM HOTO OpraHizaiii Ta 3a0e3IeUeHHS OJAIBIIOT0 PO3BUTKY. Tak,
T'oposa K.O. Ta I'oposuii [I.A. [0] mociimKyroTh TEHAEHIIIT PO3BUTKY PHHKY KibepcropTy B YKpaiHi Ta BU3HAYaIOTh
JpKepena Horo MacmraOyBaHH, a TAKOX IEPCIEeKTUBH NoAanbiiol nonyispusanii. Jlazaesa 1. O. ta Lapanenko .
I. [0] mocmimkyroTh BILIMB KiOepcHopTy Ha TpaHC(OpMalil0 PHHKY KOMII IOTEpHHUX irop B CBiTi. Tak, aBTopamu
BCTaHOBJICHAa BHUCOKA IHBECTHIIiliHa MPUBAOIMBICTh PHHKY KOMII' IOTEPHHX Irop Ta ifeHTH(IKOBAaHO HECTaaalodnii
TpEH]| PO3BUTKY CBITOBOTO Kibepcropty. HaiiOinpm akTyaabHI CTaTTI PO YKPATHCHKUE KiOEPCIOPT HOCSATH CYTO
iH(opManiifHO-TI3HABAIBHUN XapakTep Ta MyONiKyrOThCS Ha JIUTIOBUX EJIEKTPOHHUX MopTajiax (Hanpukiazn delo.ua
[OD.

3BakarouM Ha OUThIN TpUBaJIMK O(DIliiiHUI PO3BUTOK KiOepcHoOpTy B IHIIMX KpaiHaxX CBITY, 3aKOPIOHHI
HAYKOBIII IPUAUININ HOMY 3Ha4HO Oibiny yBary. [Ipote, cipaBeaniMBo 3a3Ha4YMTH, 1110 KUTBKICTh HAYKOBHUX Ipallb 3
1i€l TEMATHKH B CBITI TakOXXK He3HauHa. Tak, Ha OCHOBI mociimkenHs Peiitmana J1.I'., Aunepcon-Kortu M. k. ta
iHnmx [0] TMpHCBSYEHOTO JIiTEpaTypHOMY OISy KiOepcropTy B CBITi, 3ayBakMMO, o modnHaroud 3 2002 p.
MIPOCIIIIKOBYETHCSL HECHAAAIOuMil TPEHJ YMCENbHICTh aKaJIeMIUYHHX Ipalb KiOepCIIOPTHBHOTO CIIPSIMYBaHHS.
Bunepemxatoue 3poCTaHHS HayKOBHX CTaTeld IPUCBSUEHHUX pPI3HHUM OCOOIMBOCTSIM PO3BUTKY KiGepcropTy
crioctepirasiock y 2012 porri, koimu o0csr 1ux myOsikaiiii 30iIpIMBCs OUTbINE Hik y aBa pasd. HactymHi BiciM
POKIB 3pocTajia He TUIbKM YHCENBHICTh HAyKOBUX Mpalb NMPHCBIYEHUX KiOepcriopTy, aje W po3MMpIoBaiach
KIJIBKICTB Tasly3ell 3HaHb B SIKMX JIOCIIDKYIOTh Kidepcnopt. Tak, Ha 1el Jac, KibepcropT BUBYAIOTh B iH(OpMaTHIL,
Meia, Oi3Heci, CIIOpTi, COIIOJIOTI], MPaBi Ta KOTHITUBHKUX Haykax. [lepiia HaykoBa mpariis mpucBsiueHa Kibepcrnopty
Buiinuia 3 couiojorii [0]. B momanemiomy mocnmijpkeHHs KibepcrmopTy nepeinuio no crnoptuBHoi Hayku [0, O].
HaiiGinpimii  00csr J0CIiKeHb TPUCBIYEHUX KiOEpCIOpTY CIIOCTEpIraeThcss B Mejia Tranmysi, B sKid Horo
npoOiemaMu modaim 3aiimMatuck 3 2006 p. [0, 0, 0, 0]. B mHactynromy 2007 p. kibepcnopT BiIKpUBAIOTh AJIst cede i
HaykoBlli 3 ramysi OizHecy [0]. OmHMMHM 3 OCTaHHIX Taily3eldl 3HaHb, SIKI MOYANM JOCIIKYBaTH IMpPOOIEeMH
kibepcriopty € iHdopmaruka [0, 0] ta mpaBo [0]. Cy4yacHuid TpeHJ y BHBYEHHI KiOEpCIIOPTY IpPOSBISIOTH i
KorHiTuBHI Hayku [0]. B mimomy , cripaBeyIMBO 3a3HAYMTH, IIO 3arajibHa 4acTKa HAyKOBUX POOIT MPUCBSUYECHUX
KibepcropTy Iiie JOCUTh MaJia, IPOTe OCHOBHUI BEKTOP HAYKOBOT'O JIOCIII/DKEHHS BiKe C(HOPMOBAHO.

BukJjax 0cCHOBHOT0 MaTepiajy

[epexomsiun, Oe3mocepesHbO, 10 aHaji3y 3aKOHOMIPHOCTEH pO3BHTKY CBITOBOTO Ta YKPaiHCHKOTO
KibepcropTy, 3yMUHUMOCH B-TIEpIIy Yepry Ha AWHAMII TaKUX MOKA3HMKIB, SIK 3arajbHa Cyma MPHU30BOr0 (OHIY
CBITOBUX KiOEpTYypHIpIB Ta 3arajbHa KiJIbKICTh aKTHBHUX KiOeprpaBLiB B cBITI (pucyHok 1). Came naHi MOKa3HUKU
JI03BOJISIIOTH C(OPMYBATH 3arajibHe Bpa)kKeHHs PO TEHJCHIIT CTAHOBJICHHS KiOepCropTy B CBiTi Ta 0COOIUBOCTEH
Horo po3BUTKy. Tak, YMCENbHICTh CIIOPTCMEHIB OOYMOBIIIOE HOr0 CTAHOBJICHHS SIK CHIOPTY (0€3 CrIOpTCMEHiB Oy/ib-
SKOTO CIIOPTY HE ICHY€), B CBOIO Yepry, 3arajbHa cyMa IMPH30BHX 3yMOBIIO€ NPHBAOIMBICTh KOHKPETHOTO CIOPTY
IUIsL ayUTOpii (CIIOHCOPH HE IPHXOAATD B CIOPT, KU HE Ma€ MEPCIEeKTHB B IUIaHI HAPOIIEHHS ayauTopii, a oTxe
301IbIIEHHS 00CATIB PEKJIAMHIX KOHTPAKTIB).
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Puc. 1. /luHamMika 0CHOBHUX NOKA3HUKIB XapaKTePUCTHKH CBiTOBOro KiGepcnopry 3a 2002-2020 pp. (nodyaoBaHo Ha ocHoBi [0])

Otrxe, Ha OCHOBI TaHWX 300paKEHMX Ha PHCYHKY 1, CIIpaBeIMBO 3ayBakKHTH, 10 potsirom 2002-2020
Pp. CHOCTEpIrajoch AeKiIbKa aHOMAJbHUX 3MiH. Tak, mepmuii 371aM MO3UTHUBHOI TEHIEHII] 3pOCTaHHS 3arajbHOl
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CyMH NPH30BOTO (hOHTY CBITOBUX KibepTypHipiB crioctepiraetbes y 2009 p., KO Micis KPUTHYHOTO MiHIMaJIbHOTO
3pOCTaHHS JOCHIKyBaHOTO TokasHuKa y 2008 p (3poctanHs mopiBHSIHO g0 2007 p. cxiano 1%), BinmOynock foro
3MeHIeHHs ax Ha 44% (3,3 mumH. mon CHIA). 11s 3akoHOMipHICTE 00yMOBJIEHA CBITOBOKO (DiHAHCOBOKO KPH30I0, KA
posmouanacs y 2007 p., a ii HeraTuBHI Hacmigku HaiOuteme BimuyBamuch y 2008-2009 pp. Hdns cBiToBOTO
KibepcriopTy I1e MOSBHIIOCH Y CKOPOYEHHI IHBECTHILIIHHUX PecypciB Ta 3HAYHNUX (PiHAHCOBUX BTpAT OCHOBHUX Oi3HEC
mapTHepiB. Y TOH ke Yac, 3ayBa)kKUMO, 10 KUTBKICTh KiOEpCIIOPTCMEHIB B el Mepio] MoCTiifHO 3011bITyBajiack, Tak
npotsarom 2007-2009 pp. Temn NpuUpoCTy JAaHOTO NMOKa3HUKA CKJIalaB B cepetHboMY 5%.

KapnunanpHO iHINA TEHJIEHIIS CIIOCTEPIraeThCs IMPOTATOM HACTYIMHOTO 3J1aMy MO3WTHBHOI JWHAMIKH
po3BUTKyY Kibepcnopty y 2019-2020 pp. Tak, B Hachigok mangemii Covid-19 maibke B NBiYi 3MEHIIMBCS OOCST
mpu3oBoro (oHIy CBITOBHX KiOepTypHipiB Ta Ha 12% cKOpoTHiIach YHMCENBHICTH KibepcrmopTcMeHiB. Skimio
CKOpPOYEHHSI MPHU30BOTO (POHITY KiOEPTYpHIpIB MOSCHIOETHCS CYTO €KOHOMIYHOIO CKJIaZ0BOIO, a caMe (piHaHCOBOIO
HECTIPOMOXKHICTIO IHBECTOpIB IIITPHUMYBAaTH JaHi 3axOJd, TO HETaTUBHA TEHJICHIS 3 KUIBKICTIO aKTUBHHX
KiOepCropTCMeHIB OB ’s13aHO 3 (I3UYHMMH MOXJIMBOCTSIMH JIIOAMHHM, SIKa B TEpiojl HMaHAeMii HE CIPOMOXKHA
3IIHCHIOBATH aKTUBHY [IisUTBHICTH. IIpoTe, SIKIIO BeCTH PO3MOBY IIPO 3aralbHi TEHJEHII PO3BUTKY CBIiTOBOTO
KibepcropTy, TO BOYNOBYEThCS UITKMH TpPEHJ IO HOro akTUBHOTO PO3BUTKY 3 Ounbine HiX 40% mopiyHuM
3pOCTaHHSM CEPETHBOTO MPU30BOTO0 (hoHIY KibepTypHipiB Ta 30% IMPUMHOKEHHSM KiJIbKOCTI KiOEpCIOPTCMEHIB.

dokycyrourch Ha JIOCTIDKEHHI ITOKa3HHUKIB XapaKTEPUCTUKU CBITOBHUX KiOepTypHIpiB (pHUCYHOK 2),
3ayBa)XMMO, IO 3arajbHa KUIBKICTh KiOepTypHipiB moumnatoun 3 2002 p. (80 TypHipiB) HEOAMIHHO 3pocTaia,
nocsrHyBum y 2015 p. 3navenHs y 5258 omuuunb. Hactymui m’sate pokiB (2016-2020 pp.) crnocrtepiranack
KOJIMBAJIbHA TEHJIEHIIisl YMCENBHOCTI TYpHIpiB, MpOTe X KiJbKICTh HE 3MEHIyBaylach 10 piBHA y 4690 oguHunb. Y
TOH ke uac, mouynHatoun 3 2012 p. Ta mo 2019 p. cepenniii nmpuzoBuii GoHI KiOEPTYpHIPIB HEOJAMIHHO 3POCTaB.
HaiicyrreBime 3poctanHs, Oinblie Hix y Ba pa3u (Ha 60%), npunanae Ha 2016 p., Koy cepe/iHii 00CsT MPU30BOTO
¢doHay onHOrO KibepTypHIipy ckianas Oinbine Hixk 20 Tc. non CILA.
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Puc.2. luHamika 0CHOBHUX NOKA3HUKIB XapaKTePUCTHKHU CBITOBUX KiGepTypHipis 3a 2002-2020 pp. (modyroBaHo Ha ocHOBI [0]).

TakuMm 4MHOM, CIIpaBEATIMBO 3POOUTH BUCHOBOK, 110 TIpoTsiroM 2015-2020 pp. KUTBKICTh KiOEPCIIOPTHBHUX
TYpHIpiB 3HAWILIA CBOE CTaOUTPHE 3HAUCHHS B MPOMIXKKY MK 6700-5700 ognHUIIB, a cepeHe 3HAYECHHS IPU30BHUX,
skmo 6 He mangemis Covid-19, HeoAMIHHO 30UTBITYBANIOCh. 3a3HaUCHA 3aKOHOMIPHICTh CBIAYHUTH PO 301NIbIICHHS
SIKOCTI TYpHIpIB Ta HaOpaHHsI TEHICHIT CTa0Lmi3amii KUIBbKOCTI TYPHIpIB 3 MIiJIBUINEHHAM iX SKOCTI Ta OOCSATiB
npu3oBux QouxaiB. Ile € HeoAMIHHO MO3UTHBHOK TEHJCHIIIEIO, SKA CIPUSE TOKPAICHHIO SKOCTI 3MaraHb,
I IBUIIEHHIO PiBHS 1X MPECTHKHOCTI Ta, BiIIIOBITHO, 3pOCTAHHIO MTPO(eCcioHaTi3MYy YIaCHHKIB.

[lepexomsun 10 aHaNMi3y YKpaiHCHKHX KiOEpPCIOPTCMEHIB Ta iX Micog y CBITOBOMY KibGepcmopri,
3YIMIUHAMOCH B TIEPIIy Yepry, Ha TAaKUX IOKAa3HHUKAX, SK KITBKICTh YKpaiHCHKHX KiOEprpaBLiB Ta IX YacTKa y
cBiToBoMy MacmTadi (pucyHOK 3). Tak, SKIIO YHCENBHICTh KiOEpCIMOPTCMEHIB JAEMOHCTPYE MOIIUPEHHS JAHOTO
BHJy CIIOPTYy B YKpaiHi Ta MEPCHeKTHB HOTO MOMMyJIpH3aIlii, TO YacTKa yKpaiHCHKHX KiOeprpaBIliB y CBITOBOMY
MacmTabi BU3HA4Ya€e caMe poIlb OCTAHHIX B CBITOBOMY KiOepCHopTi.
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Puc.3. lunamika 0CHOBHUX NOKA3HUKIB XapaKTePUCTHKH YKpaiHCbKHUX KidepcnopTcMenis 3a 2002-2020 pp. (mnodynoBaHo Ha ocHoBi [0])

TakuM yMHOM, BHU3HAYAIOUYM TPEHJI XapaKTEPUCTUKH KUILKOCTI YKpaTHChKHX KiOeprpaBuiB npotsirom 2002-
2020 pp. crnpaBeUIMBO 3ayBa)KUTH IMPO HOTro HUKIIYHICTb. Tak, KUIBKICTh yKpaiHCHKMX KiOEpCIOPTCMEHIB, IO
npuiiManyd y4acTb B MIDKHApOJHUX 3MaraHHsX, KOXKHMH HACTYIHHUI pIK 3MiHIOBajach, TO 3pOCTAaIOYH, TO
ckopouytouuch. [Ipo neBHy cTabiIBHICTh BUCOKOMPO(DECIHHIX YKPaTHCHKUX KiOEPCIOPTCMEHIB MOKIMBO TOBOPHTH
TIJIBKH B MPOJIOBX OCTaHHIX TpboX pokiB (2018-2020 pp.), konu ix yncensHicTh nepesuiryBana 200 ocid. IIpote,
SKIIO PO3TIISATH JaHi U(PH B paMKax CBITOBOTO KiOEpCHOPTY, TO MOYKHA TOBOPHTH IIPO KPUTHYHY CHUTYAIIilo,
OCKIUJIBKHM YacTKa yKpailHChKUX KiOepCHOPTCMEHIB y CBITOBOMY MacmTadi He nepeBuilyBaia 5%. 3a ocTaHHI BiCiM
POKIB YHCENBHICTh BITYM3HSHHX KiOepcropTcMeHiB ckopotuiack 3 2% mo 1 %. Bix cBiToBOro macimraly
kibeprpaBuiB. lle cBiguuTh NMpo 3HA4YHE BIJCTaBaHHS PO3BUTKY KibepcropTy B YKpaiHi HOPIBHSHO JO 1HIIMX
JIepKaB, € TEMIl IPUPOCTY AKTUBHUX KiOEPCIIOPTCMEHIB, WO MPUAMAIOTh y4acTh B MIKHApPOJHUX TYpPHIpax,
BHUIIEPEIDKAE KOXKEH TOIepeIHIN PiK.

[epexonsun 10 SIKICHOI XapaKTEePUCTHKH YKPATHCBKHX KiOEpCIOPTCMEHIB BiI3HAYMMO TEBHI MO3UTHBHI
spyuieHss. [lounmnaroun 3 2010 poky, 3a BukioueHHsm 2019 p., cepenniidi 3apoOiTOK YKpaiHCHKHX
KiOepCropTCMEHIB MEPEBUIIYBAB BiIIOBIIHUH TOKa3HHUK B CBITi (PUCYHOK 4).
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Puc.4. luHamika 0CHOBHUX NOKA3HUKIB XapaKTePUCTHKH YKpaiHCbKUX Kidepcnopremenis 3a 2002-2020 pp. (no6yroBaHo Ha ocHoBi [0])

B cepemHpoMy 3a ecaTh poKiB yKpaiHCHKI KibepcropTecMeHn 3apobisimi Ha 144% Ginble HiX KiGeprpasii
B CBIiTi, TOOTO piBeHp BITYM3HSIHUX KiOEpPCIIOPTCMEHIB OyB 3HAYHO BWINUM BiJ CepemHbOCBITOBOTO. I[IpoTte
HEOOXiTHO TaM’ATaTH PO HE3HAYHY HYHCENBHICTh BITUYM3HSHUX KibepcrmopTcMeHiB. I[liqTBepKEHHSM IHOMY
BHCTYNA€ i MOKA3HUK BiHOLIEHHS NMPU30BUX BUTPAHHUX BITYM3HIHUMHU KiOEpCIIOPTCMEHAMH J0 3araJbHOCBITOBOTO
npuzoBoro QGoHay SKimo, aHami3yBaTH MiCIe YKpaiHCBKHX KiOeprpaBIiB B CBITOBOMY KiOepcmopTi Ha OCHOBI
BiJJHOIICHHS MIPU30BUX BUTPAHHUX BITUM3HSAHMMH KiOepCIIOpPTCMEHAMH 0 3aralbHOCBITOBOTO IMPH30BOTO (POHIY, TO
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HEOOXiTHO 3a3HaunTH, MO 3a BukIoueHHsM 2010 p. Ta 2011 p., manwii TOKAa3HWK HE TmepeBUINyBaB 4%.
[IpoBenenuii anani3 CBLAYUTH PO BiACYTHICTH eekTy MacmTaby B yKpaiHCBKOMY KiOepcHopTi, Hallla epkaBa Mae
BHCOKOKJIACHUX KiOEpCIIOPTCMEHIB, $Ki JEMOHCTPYIOTH JJ00pi pe3yibTaTd Ha CBITOBI KiOepapeHi, NpoTe
YHCENBHICTh TaHUX TPaBIiB MiHIMaIbHA.

3aBepIIaJbHUM €TarioM JOCIiKEHHS POl Ta Miclie YKpaiHChKUX KibeprpaBliiB B CBITOBOMY KibepcHopTi €
aHaJIi3 PeHTHHTOBOTO Micus YKpaiHU 3a IPH30BUMH OTPUMAaHHMH B CBITOBHX KiOEpTypHipax, a TaKoX aOCOIIOTHE
3HAYEHHS NPU30BUX OTPUMAHHMX BITYM3HSHMMH KiOepcriopTrcMeHamu. OTXKe, CIPaBeIMBO 3ayBaXKHTH, IO B
ocranHi BiciM pokiB (2012-2019 pp.) YkpaiHa mBHAKO BTpayae pPEHTHHIOBI MO3UIII 32 00CATOM NPH30BUX
OTPUMaHMX Yy CBiTOBUX KiOepTypHipax. Tak, sikmo y 2011 p. Hama nepkaBa 3a JOCIiIKYBaHUM HOKAa3HHKOM
nocizana tpere pedTuHroBe micie, To B 2019 Bxe 28 micue. [leBHe mokpameHHs] peHTHHIOBOI Mo3uIii YKpaiHu
npociigkoByerecst B HactymHoMy 2020 p. (19 peiftunroBe Micne), npore Ha (OHI CKOpOYEHHS aOCOJIOTHOTO
3HA4YEHHS IPU30BUX OTPUMaHUX YKpaiHCHKUMH KibepcropTcMeHamH. Lli 3MiHM MOSICHIOIOTBCS OiJIbIle HACHIKaMU
MmaHAeMii Ta, BIJIIOBIJHO, I¢ iIHTCHCUBHIIIIOTO CKOPOYCHHS KiOSPCIOPTCMEHIB IHIMX JepKaB, SKi BUCTYIAIOTh Ha
MDXKHapOJIHHUX 3MaraHHs;X Ta, SIKi He MaJIi 3MOTH BHIXaTH 3 JIEp)KaBH.
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Puc.5. luHamika 0CHOBHUX MOKA3HUKIB XapaKTePUCTHKH Miclsl yKpaiHcbkoro kidepenopry B cBiti 2002-2020 pp. (modya0BaHo Ha
ocHoBi [0])

BucHOBKY 3 AaHOT0 JOCJTiUKeHHS | NepcneKTUBHU MOJAJbIIUX PO3BIIOK Y JaHOMY HANPAMI

TakuM YMHOM, CHpaBeIMBO 3pOOMTH BHCHOBOK, IO BIiTUM3HSHHMN KibepcmopT B 2020 p. modaB CBOE
odiuiliHe iCHyBaHHS Ha MDKHApPOJHIA apeHi. B 1inoMy », MOXHa BIJI3HAYUTH, IO PO3BHTOK YKPaiHCHKOTO
kibepcropty Oepe cBiii mouaTok 3 2002 p. Came B 1ie#i pik BITYM3HIHUIA KiOEpCIIOPTCMEH BIEpIIE MPUHHSIB Y4acTh Y
odiniiHUX MDKHAPOJHUX 3MaraHHsX. 3a 1eit nepion (2002-2020 pp.) ykpaiHChbKi KiOGepcropTCMEHH 3aiimMaiu pi3Hi
MICIISI Ha CBITOBIM apeHi, IOCSATHYBIIM Halkpammx pe3ynbraTiB y 2011 p. B meskux aucrmrutiHax ykpaiHCBKi
KOMaH/M TPUBAJIHMH Yac yTPUMYIOTh JIIUPYIOUH TO3UIIT, TPOTe B AeskuX B3aram BiacyTHi. [Iporsrom 2017-2020
pp- Miclle BITUM3HSHHX KiOEpCIIOPTCMEHIB y CBITOBOMY KiOeprpocTopl 3HA4YHO MOTipHIIock. Tak, Tmicis
cemupiunoro (2010-2016 pp.) 3HaXOKeHHS B AECATII HAHKpAIIUX KpaiH 3a 00CAroM MPU30BUX KOIITIB 3J00yTHX
Ha KibepTypHipaX, B OCTaHHI TPH POKH YKpAIHCHKi KiOEpCIOPTCMEHHM 3HAXOIATHCA 1032 MEKaMH I ATHAAISTH
HallKpammx KpaiH 3a JaHUM TOKa3HHKOM. lIpore MiHiMaibHa yBara KiOepcropTy HAchOTOMHI HEIOIMYyCTHMA,
OCKIJIBKH 11 OJIMH 3 HalOiIbI MPUOYTKOBUX Ta MIBUAKO3POCTAIOUUX 1HBECTHIIHHUN KaHa, SIKUX 3/11HCHIOE BIUIUB
Ha YMCJICHHI €eKOHOMIYHI MPOIIECH B IePKaBi.

Buxonsun 3 Buie 3a3HaU€HOr0 Ta MPUHHATOI CTpaTerii pO3BUTKY Kibepcmopty B Ykpaini Ha 2020-2025
POKH B HAMOMIMKYi TPU POKM OCHOBHHMH 3aBIAHHSAMH UL JCp)KaBH, CAMOPETYIIBHHX OpraHizamiii Ta iHIINX
cy0’€eKTIB pUHKY KOMIT IOTEPHUX irop B YKpaiHi Oy/ie HaCTyIIHE.

AxTHBHa pobOTa OO0 MOMyJspH3allii KidepcrmopTy Ha pajnio, TenebadeHHI Ta B IHTEPHET-IIPOCTODI.
Buxomsun 3 ToOro, mo s 06arateox OaTHKIB KiOEPCIIOPT aCOIIOETHCS 3 KOMIT IOTEPHIMH irpaM Ta, sIK pe3yabTar,
TIOTIPIICHHSIM 3[I0POB S TiTEH B pe3yIbTaTi aflHaMii, TO aKTHBHY MPOCBITHUIIBKY MisUTBHICTH HEOOXITHO MPOBOAUTH
1 32 TOTTIOMOTOI0 SIK TPAIWIIHHUX KaHAJIB 3B’SA3Ky: Tele0adeHH Ta paiio, Tak i iHTepHeTy. MOXINBO HEOOXiTHO
3aIyCTATH W [WKI HEBENIWKANA IMPOMO-POJIHKIB 13 3alydeHHSAM MiI0YMX KiOepCrnopTCMEHIiB, MEHEIKepiB
kibepkoMaHA, JiKapiB Ta IHIMX 3aIliKaBICHHX 0Ci0, AKi CHPOCTOBYBAaTUMYTh XHOHY CYCIHIJIBHY IIyMKY IIpO
KibepcIopTCMEHiB Ta iX pUTM KUTTSI.

CTBOpEHHS CIPHUATIAMBOTO I1HBECTHUIIIMHOTO KIIMATy IS 3alydeHHS 3aKOPJOHHUX Ta BITYH3HIHUX
iHBecTHLi B KiGepcropT. be3yMoBHO, HaWkpammii BapiaHT 3MIHM Cy4acHOTO IHBECTHI[IfHOTO KIiMaTy, Iie
3MEHIIICHHS TI0IaTKOBOTO HABaHTAKCHHsI Ha iHBECTOPIB a00 BCTAHOBJICHHS MUIBIOBOTO IIEPIOy ONOAATKYBaHHS Ha
eTani po3BUTKY IHBECTHIIIHOTO ITPOEKTY, IPOTE i JOCTATHHOIO YMOBOIO aKTHBi3alii BXiJHOTO IPOILIOBOTO ITOTOKY B
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Kibepcriopt Oyze crporieHHsT 0(OpMIIEHHS JO3BUIBHUX JOKYMEHTIB Ha YCiX pIBHSX Ta MOpATOpid Ha INepeBipKd
6i3Hecy IOB’A3aHOTO0 3 KiOepCIopTOM Jep>kaBHUMH OpraHaMi TEPMIHOM X04a O Ha TPU POKH.

30iTbIICHHST KUTHPKOCTI aKTUBHHUX IIIAadiB KiOepTypHipiB. Peamizarmis maHoro 3aBHaHHS MOXJIHBA 3a
paxyHOK aKTHBHOTO pEKJIAMYBaHHS ICHYIOUHMX 3JI00YTKIB YKpalHCHKHX KiOEpCIIOPTCMEHIB; MPOMOIl HaiOLIbII
YCHINHUX CIIOPTCMEHIB, SK T'PaBIiB Ta OCOOMCTOCTEH, sIKi COIIaIbHO BiAIOBIATIBbHI A0 CYCIIIBCTBA; BUAUICHHS
e¢ipHOro Yacy Ha HaliOHATHHUX TeJIEKaHAJIaX JJIsl TPAHCILII HalO1IbII oMy IsipHUX KibepTypHipiB. Lle npussene
JI0 HACTYITHOTO 3aBAaHHs PO3BUTKY KibepcrmopTy B YKpaiHi, a came 301JbIIeHHs KUIBKOCTI KiOEpCIOPTCMEHIB Ta
mojiajblie 00’ €HAHHS IX Y KOMaHAW MIXKHAPOJHOTO PIBHS, a caMe TOJIOBHE IiJBHINCHHI 3aIliKaBJICHOCTI JITCH B
KiGepcropTi Ta TpaHcdopmallii CycriIbHOI JyMKH.

BaxmiBo0 yMOBOIO TIOSIBM BUCOKOKJIACHUX YKPAilHCHKUX TPaBIiB € MpodeciiiHi KOMI I0TepHI KITyOu IiIst
TpeHyBaHb Ta OpraHizauis B YKpaiHi TpeHyBaJbHUX TaOOpIiB Ha TPUBAIMI MPOMDKOK Yacy. He MeHII BayKIIMBHM
aCIIeKTOM PO3BHUTKY KiOepcrmopTy B YKpaiHi € ¥ opraHizaiisi B Halliil AepkaBi pisHUX JIr KiOepcropTy (HalpHKIIa,
amaropchbka Jiira, IIKUIbHA JIira, CTyAEHTChbKa Jira, mpodeciiiHa Jira 3 JeKiIbKOMa AMBI3iOHaMH), a TaKOX
MDKHapOJIHHUX KiOEpPCIIOPTUBHHUX TYpHIipiB. TiIBKM 32 YMOBH PO3TaNy)KEHOI CHCTEMH TYpHIPIB Ta YHCIEHHOI
KUJIBKOCTI 3MaraHb, BITYM3HsIHI KiOeprpaBlli MiABWIIYBaTUMYTh BIIACHWI pIBEHb T'PU Ta CTABAaTUMYTh OUIBII
KOHKYPEHTOCIIDOMO)KHUMH Ha MDKHapoJHid apeHi. B cBolo uepry, HeIOHIIBHO OOMEXYBaTHCh TiNBKU
opraHizamiero KiOepTypHIpiB Ha HalliOHAILHOMY piBHI, NPOBeIeHHs B YKpaiHi 3MaraHb MiDKHapOJHOTO piBHS
JIOTIOMOXE OUTBIIIHA KUTBKOCTI BITYM3HSHHUX KiOEpCIIOpTCMEHIB, 32 YMOBH iX (biHaHCOBOI 0OMEKEHOCTI, 3p03yMiTH
CBill piBE€Hb I'pH TIOPIBHSHO JI0 CBITOBUX KiOEPCIIOPTCMEHIB Ta C(hOPMYBATH IHANBIAYaIbHY TPAEKTOPIE MOAIBIIOTO
PO3BHTKY.

bazoBuM, Ha HalI OIS, € TAKOX 3aBJaHHs opraHizauii B mpoBiguux BH3 Ykpainu ocBiTHIX nmporpamu
MiJrOTOBKM OakaiaBpiB Ta MaricTpiB 3 kibepcroprty. Came BHCOKOsIKICHa OCBiTa, M0 Oyzae Oa3yBaTHCh Ha
€BPOIEHCHKOMY Ta BITYM3HSIHOMY MPAKTUYHOMY JIOCBIJI, JJO3BOJIHUTH C(HOPMYBATH MEPIIOYEPTOBY JIAHKY MOOYAO0BH
e(peKTUBHOI eKOCHUCTEeMH KibepcrmopTy B YKpaiHi y BUIVIAAI TiJrOTOBICHWX BHCOKOKBaTi(ikoBaHMX (haxiBIliB
pizHoro mpodimo. Ile go3BomuTh  3a0e3neueHHs  3pOCTAYOro  IONUTYy B KibepcepemoBuin — Ha
BUCOKOKBaJII(piKOBaHUX POOITHUKIB Ta HE CTPUMYBATH aKTHBHHUIA PO3BUTOK BITYHU3HSHOTO KiOepCIopTy.

JociimpkeHHs] B HACTYIIHUX HayKOBHUX ITyOJKaIlisx OyIyTh CIPSIMOBaHI Ha MOOYZOBY Mojenel MPOrHO3HUX
NIOKa3HHKIB PO3BUTKY KiOEpCIOpTY B CBITI Ta YKpaiHi, a TAKO)K KOPETyBaHHsI, B 3aJISKHOCTI BiJl OTPUMAHHUX MPOTHO3HUX
3HauYeHb, IHCTPYMEHTIB JIOCSATHEHHS! CTPATEriuHuX IiJIel po3BUTKY Kibepcropty Ha 2020-2024 pp.
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DIGESTIBILITY OF NUTRIENTS AND BROILER CHICKEN PRODUCTIVITY
UNDER THE ACTION OF PROBIOTIC ENTERO-ACTIVE

The probiotic "Entero-active”, due to the formation of lactic and acetic acids, creates an unfavourable pH
environment for pathogenic microflora, stimulates the growth of intestinal normal flora, which has a positive effect on the
composition of the microbiocenosis. In addition, probiotic microorganisms produce biologically active substances, enzymes
and amino acids. The aim of the research was to investigate the digestion of feed nutrients by broiler chickens fed by the
probiotic supplement Entero-active. Optimal doses of probiotic feeding are determined on the basis of obtained results. The
influence of probiotic supplement on digestibility of feed nutrients, availability of amino acids and retention of mineral
elements of mixed fodder is established. Tendencies of changes in productivity and safety of poultry under the effect of
probiotic are revealed.

The broiler chickens fed by additive Entero-active have increased the digestibility of dry matter by 2.4% (P <0.01),
protein by 3.4% (P <0.001), fiber by 31.1% (P <0.001) and NFE by 4.0% (P <0.001) comparing with the control group.

According to our research, the application of probiotic supplement Entero-active for the broilers’ feeding increases
the availability of essential amino acids, i.e. lysine by 4.8%, histidine by 3.8%, arginine by 4.9%, threonine by 7.5%, valine by
4.1%, methionine by 2.6%, isoleucine by 7.6% compared with the control indicator. It was found the absorption of Ca, P, Mg,
Mn, and increases respectively, by 23.5%, 6.9%, 12.2%, and by 33.1% under the action of probiotics.

The Entero-active probiotic application in the diet of broiler chickens increases the pre-slaughter live weight by
16.7%, the weight of ungutted carcasses by 15.0% and gutted carcasses by 17.3%, feed costs per 1 kg increase by 12.9%,
relative to control.

Our studies have made it possible to identify certain patterns in the digestion of nutrients by poultry, depending on
the different doses of probiotic Entero-active used in their diets.

Keywords: broiler chickens, probiotic, digestibility, amino acids, mineral elements, slaughter qualities.

10. M. IIOBEPEXELb,
I. M. KVITUVK,

B. M. APOIIY [,

C. A. BYPJIAKA

BinHuNBKHI HalliOHANBHU arpapHUN yHIBEPCHTET

3ATPABJIEHHA ITOKABHUAX PEEHIB TA ITPOJYKTHUBHICTDH KYPSIY BPOIMJIEPA I JIEFO IPOBIOTUKY
EHTEPOAKTHUB

Ipo6iomuk «EHMepo-akmue», 3a80s1KU ymeopeHHI0 MO/I04YHOI ma oymosoi Kuc/om, cmeopre Hecnpusmauge pH-cepedoguuje
04151 namozeHHoi MIKpod10puU, CMUMYAIOE picm HOPMAABLHOT PI0pU KUWEYHUKA, WO NO3UMUBHO 8NAUBAE HA CKAAd Mikpo6ioyeHo3y. Kpim
mozo, npobiomuyHi MIKpoOp2aHizMu 8upobasitoms 6i0/102iY1HO akmueHi pevyosuHu, gepmenmu ma amiHokucaomu. Memoro docaidsceHHst
6ys10 docaidumu nepempagseHHs NOXCUBHUX PevO8UH KOpMY Kypyam-6poliaepis, sikux 2odysanu npobiomuyHorw dobaskor “EHmepo-
akmue”. Ha ocHosi ompumaHux pesy/bmamie 6U3HA4AMbCsl ONMuMaabHi 003U npobiomuuHozo 20dyeanHs. BcmaHoeseno enaus
npobiomuyHoi do6asKu Ha 3ac8008AHICMb NOHUBHUX PEHOBUH KOPMY, HASABHICMb AMIHOKUC/0M Ma 306epexceHHs MIiHepaabHUX e/eMeHmie
KOMOIKOpMY. Busisneno meHdeHyii 3miHu npodykmusHocmi ma 36epexceHocmi nmuyi nid dieto npobiomuka.

Kypu-6poiinepu, skux 2odysaau dobaskor “Enmepo-akmus”, nidsuwuau 3aceorweaHicms cyxoi pewosuHu Ha 2,4% (P <0,01),
6inka Ha 3,4% (P <0,001), knimkogunu Ha 31,1% (P <0,001) i NFE na 4,0% ( P <0,001) y nopigHsiHHI 3 KOHMPO/bLHOIO 2pYNoio.

32i0H0 3 HawuMu 00CAI0HCEHHAMU, 3aCcMOocy8aHHs npobiomu4Hoi dobasku “EHmepo-akmug” 045 200ysaHHs 6potiaepie nidsuujye
docmynHicmb He3aMIHHUX aMIHOKUCA0mM, mo6mo ai3uHy Ha 4,8%, 2zicmuduny Ha 3,8%, apeiniHy Ha 4,9%, mpeoHiHy Ha 7,5%, eaniHy Ha
4,1%. %, memioHiH Ha 2,6%, i30aeliyuH Ha 7,6% NOpi6HAHO 3 KOHMPOAbHUM NOKA3HUKOM. BcmaHosseHo, wo ecmokmyearHs Ca, P, Mg, Mn
36inbwyemucs 8idnosioHo Ha 23,5%, 6,9%, 12,2% i Ha 33,1% nid diero npobiomukis.

3acmocysaHHss EHmepoakmugHoz2o npobiomuka 6 payioHi Kypuyam-6potinepie 36iabwye neped3abiliHy xcusy macy Ha 16,7%,
macy HenompouweHux myw Ha 150% ma nompowenux Ha 17,3%, eumpamu kopmy Ha 1 k2 36inbwyrombcsa Ha 12,9% nopisHaHO 3
KOHMpOJb.

Hawi docaidxcenHs do3eonunu eusieumu neeHi 3aKOHOMIpHOCMI nepempas/neHHsl NONHCUBHUX Pevo8UH JOMAWHBOIO NMuyero
3a/1e3xcHO 8i0 pi3Hux do3 npobiomuka «Entero-activer, ki 8ukopucmogyromucs 8 ix payioxi.

Kawuosi caosa: Kypuam-6potinepu, npobiomuk, 3aceoreaHicms, amMiHOKUCA0MU, MIHepabHI eqeMeHmu, 3a6iliHi skocmi.

Introduction
Nowadays, there is a problem of offering competitive, environmentally friendly and cost-effective products
in many world countries. It is known that antibiotics are widely used to increase the growth of farm animals often
used as growth stimulator. However, this approach has got a number of disadvantages, as the antibiotics accumulate
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in livestock products developing stable microflora, which increases their efficiency, reducing the balance of
microorganisms in the gastrointestinal tract leading to antibiotic application control in Europe (Barrow P. A., 1992;
Mookiah, S. et al., 2014; Shtainer T. et al., 2010; Podolian Yu. M., 2016; Chudak R.A. ef al., 2019).

Analysis of research and publications

Numerous feed additives have been used in animal diets in recent years. However, they do not always have
a positive effect on product quality. Nowadays, this issue is important because of advanced technologies
introduction for new feeds application, the application of chemical and microbiological synthesis products in animal
nutrition (Dunkley C., 2008; Alavi S.A. et al., 2012; Sobolev O. L. et al., 2019).

Probiotics have become widespread among feed additives of natural origin. They create an unfavorable pH
environment for pathogenic and opportunistic microflora, stimulate the growth and biological activity of normal
intestinal microflora having a positive effect on the composition of the microbiocenosis, probiotic microorganisms
also produce biologically active substances and amino acids (Xiaolu Liu, 2012; Park J. H., 2014; Podolian Yu. N.,
2017; Salim H.M. et al., 2013; Chudak R. A. et al., 2020).

Digestibility of nutrients depends on the species and the animal age, chemical composition, preparation
methods for feeding, feeding level and other factors. It is known that the hydrolysis of feed nutrients to monomers is
carried out using enzymes and acids, and symbiotic microorganisms that are in the digestive tract (Chudak R.A. et
al., 2020.).

Formulation of goals

The aim of the research was to investigate the digestion of feed nutrients by broiler chickens fed by the
probiotic supplement Entero-active. This probiotic supplement contains lactic acid bacteria of the Lactobacillus and
Enterococcus genus. This drug was developed at PE BTU-center (Ladyzhyn, Vinnytsia region).

Material and methods

The experiment was carried out at the research farm of Vinnytsia National Agrarian University. The
experiment lasted for 42 days. Four groups of one-day-old broiler chickens of the Ross-308 cross were selected by
the method of analogous groups, each group contained 50 heads (Kozyr V. S. et al., 2002).

Broilers were kept in one tier group cages considering all zoohygienic requirements. The control group
consumed a basic diet (BD), i.e., complete feeds. The experimental groups were additionally fed by different doses
of a probiotic drug (Table 1).

The amount of digestible nutrients, nitrogen balance and retention of mineral elements was determined by
the difference between the nutrients, nitrogen or minerals intake with feed and their excretion with manure
according to generally accepted methods (Ibatullin I. 1. et al., 2017).

Table 1.
Feeding patterns
Group Duration, Feeding characteristics
days Age, days
1-10 | 11-28 | 29-42

Control 42 BD (complete feeds)
Experimental Il 42 BD+0.062% Entero-active BD +0.025% Entero-active BD +0.0125 % Entero-active
Experimental 11l 42 BD +0.125% Entero-active BD +0.05% Entero-active BD +0.025% Entero-active
Experimental IV 42 BD +0.25% Entero-active BD +0.1% Entero-active BD +0.05% Entero-active

Control slaughter of poultry was performed to research hematological parameters at the end of the
experiment. Morphological parameters of blood were determined at Vinnytsia Veterinary Hospital. Hematological
parameters were researched according to appropriate methods (Levchenko V.1. et al., 2002).

Biometric data processing was performed on a PC according to M.O. Plokhinskyi, 1969. The results of the
average values were considered statistically significant at ¥*P<0.05; ** P <0.01; *** P <0.001.

Results and Discussion

According to the research results, the highest digestibility of protein and nitrogen-free extractives (NFE)
was observed when the average dose of the additive were additionally fed; they were higher by 3.4% and 4.0% (P
<0.001) than the control one. The broilers of the I and IV groups had increased the digestibility of protein, although
a probable difference with the control was not found (Fig. 1).

It is advisable to pay attention to the dry matter and fiber digestibility by broiler chicken dependence on
different doses of Entero-active probiotic supplement comparing them with the control poultry group.

According to the research results, feeding the probiotic maximum dose increased the dry matter
digestibility by 2.3% (P <0.01), the average dose increased the dry matter digestibility by 2.4% (P <0.01).

The maximum dose of the additive caused the highest digestibility of fiber by broilers (31.1% (P <0.001))
relative to the control group. However, in groups II and III the digestibility of fiber was higher than in the control by
20.2% (P <0.01) and 16.0 % (P <0.001), respectively.

Group II consumed the minimum dose of probiotic drug; they outperformed by NFE digestibility the
control group by 1.5% (P <0.05).

The consumption of probiotics by group IV increased the NFE digestibility by 1.3% (P <0.01). However, it
caused decrease of fat digestibility by 1.3% (P<0.01).
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Fig. 1 Coefficients of feed nutrients digestibility

According to research data, the probiotics application for broiler chicken feeding has a positive effect on
the amino acids’ digestibility (Fig. 2).
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Fig. 2 Digestibility of amino acids by broiler chickens, %

According to the research results, the broiler chickens fed by the average dose of the supplement have the
highest digestibility of amino acids. Thus, the digestibility of such essential amino acids as lysine, histidine,
arginine, valine, methionine, isoleucine and leucine in group III significantly exceeds the control analogues,
respectively, by 4.8%, 3.8%, 4.9%, 4.1%, 2.6%, 7.6% and 4.1% (P <0.001). In group II the absorption of
phenylalanine was by 31.9% (P <0.001) less than the control sample.

It should be noted that feeding by the minimum dose of probiotics causes a decrease in the coefficients of
digestion of amino acids compared to control values. The highest digestibility of aspartic and glutamic acids was
found in the group III, it was higher by 5.3% and 9.7% (P <0.001 and P <0.001), respectively, compared with the
control.

It was found that the digestibility of threonine was by 7.5% (P <0.001), serine was by 6.0% (P <0.001),
proline was by 4.3% (P <0.001), glycine was by 6, 3% (P <0.001), alanine was by 6.6% (P <0.001) and cystine was
be 3.1% (P <0.001) more in group III than in the control one. The highest content of tyrosine is observed in group
IV, it was higher by 4.6% (P <0.01).

The mineral elements play a vital role in metabolism, because the organic matter of feed is better used by
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animals in the presence of sufficient amounts of both macro-and micronutrients. Diets imbalance in terms of mineral
content leads to metabolic disorders in animals, as well as a decrease in natural immunity.

Therefore, an important aspect of our research was to study the retention of mineral elements in the feed of
broiler chickens (Table 2).

Table 2.
Retention of mineral feed elements, %
Group Ca P Mg Mn
Control | 17.9+ 1.53 60.8 +1.42 31.8+1.14 72+245
Experimental Il 39.9 £ 2.82** 67.7 £ 1.95* 32.7£3.95 31.8 £ 3.29*

Experimental Ill

40.1+£0.91

66.8 + 1.02*

40.8 £ 0.68***

26.0+ 1.13*

41.4 + 1.49"

66.4 +2.18

44.0 + 1.69*

40.3 + 1.36***

Experimental IV

It was found that poultry additionally fed by feed additive had an increased retention of Ca and Mn,
respectively, in group II by 22.0% and 24.6% (P <0.001 and P <0.01), in group III by 22.2% and 18.8% (P <0.001
and P <0.001) and in group IV by 23.5 % and 33.1% (P <0.001 and P <0.001) compared with the control group.

The animal growth phosphorus need is the sum of the absorbed phosphorus accumulated in soft tissues and
phosphorus deposited in the bones. A significant difference in the phosphorus absorption increase was observed in
experimental groups II and III by 6.9% and 6.0% (P <0.05), respectively.

The probiotic has a positive effect on Mg content, it was by 9.0% (P <0.001) and by 12.2% (P <0.01) more
in group III and IV than in the control. Lack of this mineral element in the poultry diet leads to increased excitability
of the nervous system, ataxia and seizures.

It was found that group II consumed 189.4 kg of feed, it is by 1.5% less than the control group. However,
feed consumption per 1 kg of growth decreased by 3.1% in group I, by 7.7% in group III and by 12.9% in group IV
(Fig. 3).
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Fig. 3 Feed costs and returns of broilers, kg

It should be noted that poultry additionally fed by Entero-active probiotic drug have increased both feed
conversion feed payment. However, feed costs per 1 kg of growth were lower than in the control group.

According to the research results, the probiotic additive had a positive effect on the slaughter indicators of
broiler chickens (Table 3).

Poultry from groups III and IV had a significant advantage by 9.3% (P <0.001) and 16.7% (P <0.01)
considering the pre-slaughter live weight.

When broilers consumed the probiotic drug, the weight of ungutted and gutted carcasses increased by 8.7%
(P <0.001) and 9.5% (P <0.01) in the group III, and by 15.0% (P <0.01) and 17.3% (P <0.05) in group IV
respectively, compared with chickens in the control group.

Table 3
Slaughter rates of broiler chickens, g
Indicator Group
Control | Experimental Il Experimental lll Experimental IV
Pre-slaughter weight 2,064.5 + 15.3 2,104.0+14.8 2,258.04£26.7*** 2,410.7£95.6**
Ungutted carcass weight 1,867.2 + 8.3 1,923.0+55.9 2,031.0£24.8*** 2,148.0£93.1**
stzi”;'ht gutted  carcass | 4 650 5 4 53.0 1,652.5+73.0 1,793.2 + 30.0 1,918.0:101.6
Gutted carcass weight 1,406.0 + 18.2 1,412.5+89.5 1,540.5+29.5* 1,650.0+82.14*
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The weight of semi-gutted carcass was higher by 8.6 % and 16.2 % in groups III and IV, respectively, than
in the control group. However, no significant difference was found.

The obtained results on the nutrients digestibility increase under the influence of probiotic additives are
consistent with other scholars’ researches (Belova et al., 2009; Fedorchenko, 2017; Wondwesen and Moges, 2017).
Many scientists confirm the probiotic drugs positive effect on the amino acids absorption and retention of mineral
feed elements in poultry (Urdzik , 2010; Balukh, 2016). The positive effect of probiotics on slaughter rates is
mentioned in the scientific publications, in particular, that their use increases slaughter qualities and improves the
development of internal organs and digestive organs (Patreva and Shevchenko, 2010; Otchenashko, 2012).

Conclusion

1. The broiler chickens fed by additive Entero-active have increased the digestibility of dry matter by 2.4%
(P <0.01), protein by 3,4% (P <0.001), fiber by 31.1% (P <0.001) and NFE by 4.0% (P <0.001) comparing with the
control group.

2. The application of probiotic supplement Entero-active for the broilers’ feeding increases the availability
of essential amino acids, i.e. lysine by 4.8% (P<0.001), histidine by 3.8% (P<0.001), arginine by 4.9% (P<0.001),
threonine by 7.5% (P<0.001), valine by 4.1% (P<0.001), methionine by 2.6% (P <0.001), isoleucine by 7.6% (P
<0.001) compared with the control indicator.

3. It was found the absorption of Ca, P, Mg, Mn, increases respectively, by 23.5% (P<0.001), 6.9% (P
<0.05), 12.2% (P <0.01), and by 33.1% (P <0.001) under the action of probiotics.

4. The Entero-active probiotic application in the diet of broiler chickens increases the pre-slaughter live
weight by 16.7% (P <0.01), the weight of ungutted carcasses by 15.0% (P <0.01) and gutted carcasses by 17.3% (P
<0,05), feed costs per 1 kg increase by 12.9%, relative to control.
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CIIOCIb OIJIHKHU BIIVIMBY KOHTYPIB BULIUTOI'O EJIEMEHTA
HA ®I3UKO-MEXAHIYHI BJIACTUBOCTI TKAHUHU

B cmammi po32/1iHYymMo NUMAHHA NOAINWEHHS SKOCMI HAHECeHHS UWUMO020 ejeMeHmd HAd MeKCMmu/abHUull
mamepiaa, 3 Memorw nid8uWeHHsI KOHKYPEHMOCNPOMONCHOCMI WeeliHUX 8upobie HA 8IMYU3HSIHOMY PUHKY mosapie ma
nocaye. Bcmanos.ieHo, Wo nid Yac MawWuHHO20 8UWUBAHHS HAUOLNbW PYUHIBHUM € 2pAHUYS CUCMEMU «MKAHUHA-8UWUBKAY.
3anponoHo8aHo obupamu xeuaenodi6HUll KOHMyp 8UWIUMO20 eJ1eMeHma.

Kawuosi cno08a: komMn'tomepHa 8uWUBKA, PYLUHY8AHHS MEKCMU/bHO20 Mamepiaay, KOHMyp PUCYHKA, SIKicmb
BULIUBKU.

RIPKA GALYNA A.

Volodymyr Dahl East Ukrainian National University, Severodonetsk, Ukraine
ZASORNOVA IRYNA O.,

Khmelnytskyi National University, Ukraine

METHOD OF ESTIMATING THE EFFECT OF CONTOURS EMBROIDERED ELEMENT ON PHYSICAL AND
MECHANICAL PROPERTIES OF FABRICS

Computer embroidery is one of the modern types of garment decoration. But in our country this industry is insufficiently studied.
Instead, today there are entire associations of embroidery companies abroad, periodicals are published, special schools operate,
international conferences are held, and Internet conferences on computer embroidery are organized.

The article discusses the issues of improving the quality of applying an embroidered element to a textile material in order to
increase the competitiveness of garments in the domestic market of goods and services.

It was found that during machine embroidery, the most vulnerable point is the border of the “fabric-embroidery” system. If the
embroidered pattern along the contours of the edge is characterized as a "straight line", then the maximum value of the destruction of the
samples at the warp occurs with tatami stitches, and weft with tatami stitches and zigzag. When the pattern is embroidered in the form of a
circle, the destruction already occurs not only along the perimeter of the "arc line”, but also in the middle. If the embroidered pattern is a
rectangle with wavy edges, in contrast to the straight and arc border lines in the system "fabric-embroidery”, the process of destruction
occurs within, starting from the upper and then the lower contours. There is also a decrease in rupture characteristics at (S), (Z), and (T) -
stitches.

When studying the effect of embroidery needles on the physical and mechanical characteristics of textile materials, it was
experimentally established that this process should be attributed to the destructive, the degree of which depends on their number, as well as
the step and type of stitches. This is evidenced by the increase in the values of the coefficient of air permeability of the samples of materials
and the decrease in the breaking indicators in comparison with the initial values.

Thus, the research and their analysis shows that the degree of change in rupture characteristics, as a control indicator, pri marily
depends on the contour of the edge of the pattern, as well as the type of computer embroidery weave, but the greatest influence of these
factors occurs when the geometry of the system boundary " fabric-embroidery "is a straight line, and the smallest - a wavy line that does not
contradict the mathematical model, the conclusions of which were used in the design of the embroidered element for children’s clothing
(pants).

Keywords: computer embroidery, destruction of textile material, contour pattern, quality of embroidery.

IMocranoBka mpodiaemu. Crmparounch Ha 0araToBiKOBHI OOCBiJ YKpaiHCBKOTO Hapoay B 03100JeHHI
omATy Ta IMOOYTOBUX pedel, MepeKiIagaroud HOro Ha CydYacHI TEXHONOTil IPOEKTYBaHHS Ta BHPOOHHIITBA,
IM3aiiHepH i3 Ce30HY B CE30H BUXOMAATH Ha ITOJ1YM 3 HOBUMH MOJEISIMH, 03J00IEHUMH BHILIUBKOIO.

BummBka crae nenaii NOMyJISIpHIIIO 3aBISKA aBTOMAaTH30BAHOMY IAapKy BHIIMBAJIBHUX MAIIHH, 8 TAKOXK
KOMII IOTEPH30BaHOMY JIOTIOMIXKHOMY OOJIaZIHaHHIO, BHCOKOSIKICHAM HHTKaM, BEJIHUKOI KiTBKOCTI BHIIUBAIBHUX
mporpam Juiss po3poOKu Oy/b-KOTO PUCYHKa 4d jorotuna ¢ipmu Tormo. Ha choroaHimHii neHs KOMIT I0TepHa
BUIIMBKA € OJHUM 3 CYYacHHX BHIIB 03100JEHHS MBEHHWX BUPOOIB. AJie B Hammiid KpaiHi IS rayy3p BHBYEHA
HeJOoCTaTHRO. [Ipo 0 CBiAUNTH HEBENMKa KiITBKICTh MyOITiKalliii, B OCHOBHOMY PEKJIAMHO-OTJISITIOBOTO XapaKTepy Ta
IHTEpB’10 MAJOYMCENFHIX BHUINMBATRHUX (ipM Ta (ipM-IuCcTpuO’IOTOpPIB 1HO3eMHHX Kopropariif. HatomicTs,
CHOTONHI 32 KOPJOHOM ICHYIOTH ITi acoIliamii BHIMMBAIFHUX KOMIIAHIA, BHIAE€THCS NEpIOAMYHA JiTEepaTypa,
MPAMIOIOTh  CTICIIIKOIH, IIPOBOAATHCS MDKHAPOOHI KOH(EpEeHIi, OpraHi3oBYIOTECSA IHTepHET-KOH(EpeHIlii,
MIPUCBSYCHI MTUTAHHSAM KOMIT IOTEPHOI BUTIINBKU.

AHaJIi3 ocTaHHIX JocTiKeHb | myGaikanii. [TutanHsvMu pyiHYBaHHS TEKCTIIIBHOTO MaTepialy MAIIMHHOO
ronkoro 3aiimaroTecs Psoumkos MLUJL, 3acoproB O.C., Mazme €.0. Ta iHmi nHaykoBmi [l, 3-5]. BuBueHHSIM
TEXHOJIOTIYHOTO TPOIECY HAHECEHHS MAallMHHOI BWINMBKM HAa TEKCTIWIBHMI Matepian — Tuxommpos BJL [6],
pockyprun 0.1 [7], Koxkauna I'.C. [8] ta iHmi [9-15]. OmHak MOMIMIICHHS SKOCTI HAHECCHHSI PUCYHKA Ha IIBEHHI
BUPOOH JI0C1 3aJTMIIAETHCS aKTyTBHOIO IPOOJIEMOIO Ta MOTpedy€e HAYKOBUX JIOCILKEHb.
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Buknax ocnoBHoro marepiany. [Ipy BHBYEHHI BIUIMBY BHIIMBAIFHHX TOJIOK Ha (hi3MKO-MEXaHIdHI
XapaKTEPUCTUKU TEKCTHIBHUX MaTepialiB eKCIIEPUMEHTAILHO OyJI0 BCTAHOBJIECHO, 10 JAHUH MPOLIEC CIIiJT BiTHECTH
JI0 pYHHIBHOTO, CTYHIHb SIKOTO 3QJIOKUThH BiJ IX HOMEpa, a TaKOXX KpOKy Ta THIly cTiOKiB. IIpo me cBimuuTh
301IbIIEHHS 3HAYeHb Koe(illieHTa MOBITPOIPOHUKHOCTI TPO0 MaTepiaiiB Ta 3MEHIIECHHS PO3PHBATHHUX TOKA3HHUKIB
Y TIOPIBHSHHI 3 BUX1THIMH 3HAYCHHSIMH.

Tomy, B mporeci po3poOku (Hi3MUHOT MO/ENI BUIIMTHX EIEMEHTIB Oys10 C(OPMYITHOBaHO MPHITYIIEHHS PO
MOJKJIUBICTh PYHHIBHOTO BILTMBY KOMIT IOTEPHOTO BHINMBAaHHS IO KpasX TPaHMIl CHCTEMH «TKaHHHA-BHIINBKa,
3HAYEHHS SIKOTO 3aJe)XKaTHME BiJl KOHTYPIB HAHECEHOTO PHCYHKa. Tak, SIKIO WOro KOHTYp NpPAMOJiHIHMI Ta
criBIIaae 3 HaIPSIMKOM OCHOBHHX a00 YTOKOBHX HHUTOK, TO PyHHYBaHHS IIpoOu Oyze MPOXOUTH 10 HOTo IpaHuIli.
Aute, SIKIIO TEOMETpisl TPaHMIli BKa3aHOI CHCTEMH BiIPI3HIETHCS BiX MPSIMOIIHIKHOI, TO pyHHYBaHHS MaTepiaiy,
HAIPHUKIIAJ, Ul XBUIISCTO] JTiHii, Oy/e BiAOyBaTHCS B IHIINX MEkKaX.

JaHi npunyIieHHs HaMy TepeBipsUTICH CIIOYAaTKy TEOPETHYHO, 3 BUKOPHCTAHHSIM MaTEMaTUYHOI MOJIEN, a
MOTIM €KCIIEPUMEHTAIBHO, 3 BUKOPUCTAHHSIM P00 TEKCTHIILHOTO MaTepiaty TUIY JXKHHC, 3 BOJIOKHUCTUM CKJIaJIOM
100 B/100 IIE, po3mipom (50x200) MM 1O OIMPHHI SIKMX, y HAallpSIMKY OCHOBH 1 yTOKY TaKHMH 3allOBHEHHSIMH, SIK
catuH (S), sur3ar (Z) i tatami (T) Oynu BUOIMTI reoMeTpudHI (Girypu NpsSMOKYTHHK, KOJIO Ta MPSIMOKYTHHK i3
XBUJICHIOIOHUMH KpasiMH IO OLIBIIII Horo cTopoHi (puc. 1).

K

Puc. 1. Buxiani 3pa3ku ¢popmMu BUIIMTHX eJIEMEHTIB: a — NPAMOKYTHHUK (S); 6 — npAMOKYTHHK (Z);
B — npaMokyTHUK (T); r — koo (S); 1 — ko010 (Z); 1 — koo (T); e — xBusnenonioHmii KoHTyp (S);
€ — XBWJIENoaioOHuii KOHTYP (Z); x — xBujaenoaionuii kouryp (T)

OdeBHHO, IO BKa3aHI KOHTYPH HE BHIAAKOBI, a OOTPYHTOBaHI HAsBHICTIO MPAMOi, AyTOBOI Ta XBIJIACTOI
JiHIA Ha TPaHUIl CUCTEMU «TKaHWHA-BUINNBKay [1-2]. {15 BU3HAUEHHS CTYTICHS BIUIMBY BHIITUBAIEHOTO MIPOIIECY B
3aNIe)KHOCTI BiJ] BKa3aHWX YMHHUKIB BUKOPHUCTOBYBAINCHh PO3PHBAIBHI XapaKTEPUCTHKH MPOO y MOPIBHSHHI 3 iX
Buxigaumu nokasaukamu (785,0 H mo ocHoi; 1045,0 H o ytoky) [16]. Tak, sIKio pucyHOK, BUIIMTHA Y BHTIISII
NPSIMOKYTHHKA, TOOTO 3a KOHTYpPaMH Kparo XapaKTEpH3YEThCs SIK «IpsAMa IiHis», TO MaKCHMalbHEe 3HaYCHHS
pyHHyBaHHS pob 1o ocHOBI (Ha 26,1 %) BinOyBaeThes pu Tatami (puc. 2, B), a o yToky (Ha 32,1 %) — sk ipu (2),
tak i (T) - cribkax (puc. 2, 6, B). B ToMy pa3i, Konu pUCYHOK BHIIUTO y BHUIJIAMI KON, 3alIOBHEHOTO II0 ILTOIII
BHIIMBAIFHOIO HUTKOIO, TO pyHHYBAaHHS IIPOOH BXe BiOYBA€THCS HE TUIBKU 110 TIEPUMETPY «IyTOBOI TIiHII», ane i B
fioro cepeauHi (puc. 3).

B mepmomy Bumanky BKazaHWH MpPOLEC XapaKTEPHUH TIIBKM Ul yTOKOBMX NpoO 1 BCIX TPHOX THUMIB
cTiokiB (S, Z, T), sKi 3yMOBIIOIOTH 3MEHIIEHHS BUXITHUX 3HAYE€Hb PO3PHBAIBHUX XapaKTEPHCTHK, Ta HAHOLIbITY
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cTymniHb pyiHyBaHHS (Ha 29,2 %) npuBHOCATH CTIOKM Z. A B IpyromMy BHIAJKY, TOOTO KOJU pPyWHYETHCS BIIACHE
PHUCYHOK, BUIIMTHH HAa OCHOBHHX Ipo0ax, TO MakCHUMallbHe 3MeHIIeHHS (Ha 21,7 %) KOHTpPOIIOI0UOTo ITOKa3HUKA
CIIOCTEPIraeThesl 3HOBY-TaKH NPH CTiOKax TUILy Z.

a 0 B

Puc. 2. PyiinyBannsi npsiMoJliHiiiHOr0 KOHTYPY BUIMIMBKM Pi3HUMM THIIAMH CTiOKIB: a — caTHH;
0 — 3ur3ar; B — Tatami

Puc. 3. PyilinyBanHs 1yroBoi JiHii KOHTYPY BUIIMBKH Pi3HUMH THIAMM CTiOKiB:
a — caTHH; 0 — 3UI3ar; B — Tatami

SIKIIO BUIIMTUI PUCYHOK MPEICTaBIIsE COOOK MPSIMOKYTHHUK 3 XBWJICTIOAIOHMMH KpasMH 1O OUTbIIii
CTOpOHI (Qirypu, TO CIiJ BIIMITUTH, IO NMpH S-cTIOKaX OCHOBHI MpoOKM Matepiany 3MEHIIMIH PO3pHBAIBbHE
HaBaHTaxeHHs: Ha 0,64 %, a yrokoBi — Ha 3,2 %. lllo x crocyerbes Z i T-cTIOKIB, TO 3MEHILICHHS TIOKA3HUKIB 110
ocHOBI BijOynocs Ha 3,2 1 2,2 %, a nmo yroky — BimnoBigHo Ha 4,1 i 3,0 % B mMOpiBHSIHHI 3 1X BHXITHUMH
3HAYCHHSIMH.

OxpiM 1BOTO0 HEOOXIJAHO 3a3HAYMTH, IO HA BIAMIHY BiJ MPAMOJNIHIAHOI Ta AYyroBOl JiHIA TpaHMI B
CUCTEMI «TKaHWHA-BUIIMBKA» IMPOLIEC PYHHYBaHHS NPH XBUISICTIN JiHIT BiIOyBa€ThbCS B MeXax, MOYMHAIOYU 3 1l
BEPXHIX, a MOTIM HUKHIX KOHTYPIB (pHc. 4).

Puc. 4. PyilinyBanusi XBuienoioHoi JiHii KOHTYpy BUIIMBKH Pi3HUMH THIIAMM CTiOKiB:
a — caTHH; 0 — 3MI3ar; B — TaTami

Takuii mpomec pyHHYBaHHS B JAaHOMY BHIIAQAKY 3YMOBIIOETHCS HANpPyKeHHAM mpu aedopmamii
PO3TATYBaHHS HE MO IEHTPaJbHIHN JiHIl TpoOH, OCKUTBKH ii OCHOBHA 1 YTOKOBa MpshKa 3aKpilUIeHa BHIIMBAIBHUMHA
HUTKaMH, & PO3MOIUIAETHCS 110 HAHOLIBII BPa3anBUM (BEPXHIM Ta HIKHIM) €KCTPEMaIbHUM 30HaM XBHJILICTOI JIIHII.
Ie mpr3BOaUTH 10 30UTBIIEHHS CTIHKOCTI 3pa3KiB MaTepiaty MpH PO3PHBATBHUX BUIIPOOYBAHHSIX.

Orxe, TpOBEACHI IOCT/UKEHHS Ta X aHadi3 CBIIYMTH NMPO T€, IO CTYMiHb 3MIiHM PO3PHUBAIBHUX
XapaKTEPUCTHK, SIK KOHTPOIIOI0YOT0 MMOKa3HNKA, HacaMIIepe]], 3aJISKUTh BiJl KOHTYPY Kpalo PUCYHKA, @ TAKOXK THILY
TIepeIIeTeHHS. KOMII I0TEpHOI BUIIIMBKY, ajie HAalHOUTBIINI BIUIMB BKa3aHUX YNHHUKIB BiTOYBA€THCS, KON TE€OMETPis
TPaHHMIli CHCTEMH «TKaHMHA-BHUIINBKA» IIPEACTaBIsE cOOOI0 MPsIMy JIiHIIO, 2 HAMMEHIIMI — XBUJISICTY JiHIIO, IO HE
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CyNepeunTh MaTeMaTH4Hil MoJeNi, BHCHOBKM sIKOi OyiM BHUKOPHCTaHI HpH po3poOli KOHCTPYKIIi BHIIATOTO
€JIEMEHTA ISl I TSIOro osry (mTaHiB) (puc. 5).

a 0 B
Puc. 5. Pexomenanii ¢popMu KOHTYPY BUIIUTHX eJIeMEHTIB:
a — Tun crioka ¢gony (T); 6 — Tun cridoka dony (S, T); B — Tun crioka pony (T)

BucnoBkn. 1. Ilpu BHBYEHHI BIUIMBY BHINMBAIGHHX TOJOK Ha (Di3UKO-MEXaHIYHI XapaKTEPUCTHUKH
TEKCTHIILHUX MaTepialiB eKCIIEpUMEHTAIbHO OYJI0 BCTAHOBIIEHO, 1110 JAHWI MPOLIEC CIIiJI BITHECTH 10 pyHHIBHOTO,
CTYMIHb SIKOTO 3aJIEKUTD BiJI THITY CTiOKIB.

2. Tak, SKIIO0 BUIIMTHH PHUCYHOK 3a KOHTYpaMM Kparo XapaKTepH3YETbCS SK «IpsiMa IIiHis», TO
MaKCHUMaJIbHE 3HAYCHHS PYHHYBaHHs pob mo ocHOBI (Ha 26,1 %) BinOyBaethes npu (T) - cTiOkax, a mo yToky (Ha
32,1 %) npu (T) i (Z)-cribkax.

3. Ko puCyHOK BHIIMTO y BUTJIANI KOJIa, TO PYHHYBaHHsS Bk BiZOYBA€ThCS HE TUIBKU MO NMEPUMETPY
«IyTOBOI JIiHI», ane i B HOTo cepe/IvHi.

4. SIKIo BUIIMTHH PUCYHOK MPEJICTABIIIE COOO0 MPSMOKYTHUK 3 XBUJICTIOAIOHUME KpasiMi, Ha BiIMIHY BiJ|
NPSMOJTIHIHOT Ta YrOBOI JIiHIH T'PaHUIIl B CUCTEMI «TKaHMHA-BHUILIKMBKa», TO MPOILIEC pyHHYBaHHS BiIOYyBaeThCs B
MeXax, MOYMHAIOYM 3 BEPXHiX, a MOTIM HMKHIX KOHTYpiB. Tako CIIOCTEpIraeThcsi 3MEHIIEHHS PO3PUBAIBHUX
xapaxrepucTuk 1pi (S), (Z), 1 (T)-criOkax.

5. TloniOHI BMIIMTI MaJIOHKM Kpallle BChOI0 BUKOPUCTOBYBATH, SIK 3aXMCHHH €JIEMEHT B 30HI KOJIIHHUX
CyrJIo0IB TUTSYOTO OLIATY.
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