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ANALYSIS OF THE INTERACTION OF COMPONENTS OF CERAMIC

COMPOSITES WITH MODIFIED CARBON NANOSTRUCTURES
AHAJII3 B3AEMO/III KOMIIOHEHTIB KEPAMIYHUX KOMITIO3UTIB 3
MOAUPIKOBAHUMMU BYTJIEHEBUMU HAHOCTPYKTYPAMHU
Shamsutdinov Bakhodir/Illamcyrtaunos baxoaup
Associated professor/k.m.H, Ooyenm
ORCID: 0000-0002-6540-3551
DepeancoKuti NOAIMeXHIYHULL THCIUMym,
150107, Kupeuni, @epeanckas obracms, Y36exucman
Fergana Polytechnic Institute, 150107, Kirgil, Fergana region, Uzbekistan.

Anomauia. Y cmammi npeocmasieno npoyec 63a€M00ii KOMNOHEHMI8 KepaMiyHoi Mampuyi 3
Moougikosanumu bazamowaposumu gyeneyesumu Hanompyokamu (MBHT). Poszensanymo npoyecu
@ynryionanizayii ma 0exopysanHs HAHOMPYOOK 3 Memor NOKPaweHHs ix inmespayii 8 KepamiuHy
mampuyro ma 3anobicanHs YmeopeHHo Kapoiois, sKi MONCYMb 3HUNICYBAMU MEXAHIYHI 81ACMUBOCT
mamepiany.Ompumani pe3yibmamu ceioyams, wo npoyecu KapoOiouzayii OCHOBHUX KOMNOHEHMI8
mampuyi npu  yux memnepamypax He 6i00y8aromuvcs, wo NIOMEepPONCYE  eheKkmuHicmy
3anponoHOBAHUX e8MeKMUYHUX 000a8oK. Mamepianu Ha OCHOBI Yb020 KOMNO3UMY MOXCYMb OYmMu
BUKOPUCMAHI Y BILICLKOBIU Ma asiayiliHiti NPOMUCTIOB0CHI 3ABOAKU BUCOKUM NOKAZHUKAM MIYHOCMI
ma XiMiyHoi cmitkocmi.

Knrwouoei cnosa: rapbiousayis, KomMnozumwui mamepianu, XiMmiuHe MOOUPDIKYBAHHS,
HAHOKOHCMPYKMU, e8MeKMUuYHi 000a8KU.

Berym.

Konctpykiiiina kepamika B cucremi Al203 — ZrO2 — eBTekTuuyHa n00aBKa —
OararomapoBi Byrienesl HaHOTPYyOku (nani — BBHT) € nepcnexktuBHuM MaTtepianoM
gepe3 CBOI MEXaHI4Hi, XiMiuHI Ta TerutodizuyHi BaacTUBOCTI. OCOOMBICTH IIHOTO
KOMIIO3UTa — 3aCTOCYBaHHS METOMAIB XIMIYHOrO MOAMG(IKYBaHHS, TaKUX SK
dyukionanizanis 1 gexopyBaHHs. Ilig mpormecoM ¢yHKIiOHami3aii po3yMieThes
XxiMi4Ha 00poOKa OKHCIIIOBaYaMu (HAINpUKIIAJ, a30THOIO KucaoTor) noBepxHi BBHT
3 METOK [pUB’A3yBaHHS TMOJSIPHUX OpraHiuHuXx TIpyn  (KapOOKCUJIbHUX,
TIPOKCUITBHUX TOIIO), @ TAKOXK OUTBII TTMOOKOTO OYMINCHHS BiJ] KaTaii3aTopa, SKHii
3QJIMIIUBCA TICHs MONEPEeNHbOI CTajlli CUHTE3y BUXIJHOTO marepiany. Jpyruii eran
moaudikamii — nekopyBanus bBHT. ¥V mporeci 37iiicHIOETBCST XiMiUHE 3B’ SI3yBaHHS
dbyukiionanizopanux bBBHT 3 okcumamu Ta iHIIMMU HEOpraHIYHMMH MaTepiajlaMH.
3B’S3yI0YMCh Ha MOBEPXHI HAHOTPYOOK, OKCHJIHUWA KOMIIOHEHT YTBOPIOE 3aXUCHY
000JIOHKY, IO CIIPHUSi€ TTOATBIIIHN IHTErpallii CTPYKTYpY B KEPAMIUHY MaTPHIIIO.

OcCHOBHUIT TEKCT.

[Tix gac mpoBeneHHS TOCHTIKEHHS OyJIM IPUTOTOBaHI1 3pa3ku B cucteMi A1203 —
ZrO2 — BBHT - eBrexkTnyHa q06aBka. MOXIMBICTh B3aEMO/I11 KOMIIOHEHTIB MaTPHIII
KepaMI4HOTO KOMITO3MTa 3 BYTJIEIEM OLIIHIOBAIACA 32 JOTIOMOTOI0 PO3PaXyHKY €Heprii
['i60ca B iHTepBam temmeparyp 1500— 1800 °C. Ileit TemmneparypHHil 1HTEpBaI
0OyMOBJIEHHI TEMIEPATypOI0 MPOBEACHHS CIIKaHHS BUXIIHUX 3pa3KiB, 5IKa, B CBOIO
yepry, ctaHoBUTh 1500—1600 °C. Po3paxyHOK HEOOX1THUM JJIS OIIHKA WMOBIPHOCTI
YTBOPEHHSI KapO1/10B HAa MEX1 po3ALTY (a3, 0 IPU3BOIUTH A0 3HMKEHHS MIITHICHUX
XapaKTepUCTUK OTPUMYyBaHOro marepiany. Po3risHyTi XimiuHi peakumii B3aeMoii
OKCHJIIB, III0 BXOJSTH /10 CKJIaAy KOPYHIOBOI KEPaMIKH, 3 BYTJICLIEM.
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i mporecu MOKHA OMUCATH HACTYITHUMH XIMIYHUMHU PiBHAHHSAMU

Al,O3 + EC = 5A14Cg + 3CO, (1) Al,O3 + 3C = 2A1,C5 + 3CO, (2)
ZrO, + 3C = ZrC + 2CO (3) ZrO5 + 2C = Zr + 2CO (4)
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Pucynok 1. I'pagik 3MiHU BijIbHOI eHepril Bi TeMuepaTypu sl peakuin
B3aeMOJii okcuay aaoMiHi (1, 2), okcuay nunpkoHio (3, 4) 3 Byrienem.

Ha rpadiky BimoOpakeHI 3HAY€HHs BUIBHOI €Heprii JUIs KOKHOI peakilii B
3QJIEKHOCTI BiJI TEMITEPATYPH, IO JJO3BOJISE OLIIHUTH TEPMOJIMHAMIYHY CIIPUSATIIMBICTh
[UX peakiliii B 3alaHOMy TeMIIepaTypHOMY J1ara3oHi.

Peakuiisi 1 (OKuCIEHHS aJIFOMIHIFO):

BinbHa eHepris npu pi3HUX TeMIepaTypax MoKazye TEHJICHLIIO 10 3MEHIICHHS,
10 CBITYUTH MPO MOMIIMBICTH TPOTIKAHHS PEAKITII.

Peaxkuiisi 2 (OKUCICHHSI AJIFOMIHIIO):

AHanoriyHo, BUIbHA €HEpPrisd Uil LI€l peakill TaKoXX MOKa3zye 3HWKEHHS 3
MIJBUILIEHHSAM TEMIIEPaTyPH.

Peakuiist 3 (OKUCIEHHS LIUPKOHIIO):

I'padix memMoHCTpy€e MOBEMIHKY BITLHOT €HEPTil /IS peakilii B3a€MOJIii OKCUITY
IIUPKOHIIO 3 BYTJICIIEM.

Peakutist 4 (OKUCTIEHHS LIUPKOHIIO):

JluHamika BIUTBHOI €HEPrii Ii€i peakilii Mmokasye, Yd € BOHA TEPMOJMHAMIYHO
BUT1JTHOIO B PI3HUX TEMIIEPATypPHUX YMOBaX.

Po3paxyHok mokasye, 110 B TeMIepaTypHOMY 1HTEpBai crikaHHg 00pa3iB 1500—
1600°C eneprisa ['i00ca s OKCHAY QIIOMIHIIO Ta IUPKOHIIO, SIKI € OCHOBHUMH
KOMIIOHEHTaMH Matpuiii, gae 3HadeHHs Big 200400 x/x, AG>0 — nporec, TakuM
4UHOM, He Bi10yBaeThes (PucyHok 1).

B sikocTi eBTekTHUHOT 00aBKM OyB B3aTui ckiany cucremi CaO —ZnO — A1203
— Si02 (CZAS). BBeneHHS €BTEKTHYHOI CyMIIlll J03BOJISE€ 3HU3UTH TEMIIEPATYPY
CHiKaHHS, THM CaMHM MOJKHa JOCSTTH 3HAYHOTO 3MCHIICHHS BHUTpAaT Ha
CJIEKTPOCHEPTit0, 3MIMCHIOIYM TMPOIEC TeMIepaTypHOi OOpOOKHM KOMITO3UTHOTO
ckiany npu remmeparypax Ha 300—400°C Hux4e, HIK TP BUPOOHUIITBI TPATUIIIIHOT
KOPYHJI0BO1 KepaMikH [1,6].

ISSN 2663-5712 4 www.sworldjournal.com
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XimiyHi peakuii B3aemofii okcuny kpemHuiio (IV) Ta okcuay kamibIliro MOXHa
3alycaTi HaCTYIHUMHU PiBHSHHSAMU:

Si02 + 3C = SiC + 2C08Si0, + 3C = SiC + 2C0S5:02 + 3C = SiC + 2CO(5)
Si02 + 2C = Si + 2C08Si05 + 2C = Si + 2C0Si02 + 2C = Si + 2CO(6)
CaO + 3C = CaC2 4+ COCa0 + 3C = CaCy + COCaO + 3C = CaC2 + CO(7)
CaO + C = Ca + COCaO + C = Ca+ COCaO + C = Ca + CO(8)
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PucyHnok 2. I'pa¢ik 3MiHu BLIBHOI eHeprii Bii TeMuiepaTypu i peakuin
B3a€MO/II OKCHAY KpeMHiIo (5, 6), okcuay kaabsuiio (7, 8) 3 Byrienem.

Po3paxyHok nokasye, 110 B TeMIIepaTypHOMY 1HTEepBali CikaHHs 3pa3kiB 1500—
1600°C enepris 1'i606ca nns okcuay kpemHiro (IV) Ta okcupy kanbuito, [Kl €
KOMITOHEHTaMH €BTEKTUYHOI JO0ABKH, 3HaXOIUThCS B 1HTEpBaji 3HaueHb Big 50 110
200 k/I>x, AG>0 — nporiec BiAHOBIEHHS HE BiOyBaeThes (PucyHok 2).

BapTto 3a3HaunTH, 1110 OKCUJ IIUHKY 3[JaTEH pearyBaru 3 ByrieneM. Po3paxyHKoBi
3Ha4yeHHs eHeprii ['160ca ckianarTh (-80) — (-100) xk/Ix, AG<0 — nporiec MOKIUBHUH.
TuM He MeHII, BpaXxOBYIOUM HEBEJIMKUN BMICT €BTEKTHUYHOI T00ABKHU (B X0/l poOOTH
3aIPOIIOHOBAHUH CKJIaJ, IO MICTUTH 6 Mac. %), BMICT OKCHy ITMHKY B SIKIM CKJIaJa€e
27,9 mac. %, peakiiii OKCHIIB [IUHKY Ta aJFOMIHIIO 3 YTBOPEHHSM IIITIHENI, & TaKOX
MPOBEACHHS Tmporecy Moaudikamii OaraTomapoBUX BYIJICIEBUX HAHOTPYOOK
J03BOJISIIOTh JOCSTTH XOPOIIUX PE3yJIbTATIB Y MOKa3HUKAX MIITHOCTI HA BUTHH.

dyHKITIOHATI3aIs, K monepenHii etan Moaudikarii [2], MBHT mpoBoawmmacs
HUIIXOM iX OOpOOKH B PO3YMHI a30THOI KUCIOTH. MOKIMBICTH (hyHKIIIOHAi3aMii
MO>KHA OILIIHUTH 3a Jornomororo [Y-cnekrpockonii, 3riHO 3 JITepaTypHUMHU TaHUMM:
st — OH rpymu (1160 — 1200 cm-1; 2500 — 3620 cm-1), — COOH rpynu (1120 — 1200
cm-1; 1665 — 1760 cm-1; 2500 — 3300 cm-1), C — O (1000 — 1300 cm-1), C- H (2600 —
3000 cm-1), ciuptu (1049 — 1276 cm-1; 3200 — 3640 cm-1), kapOoHaTH/KapOOKCHII-
kapoonatu (1100 — 1500 cm-1; 1590 — 1600 cwm-1). Ilpuknang cmekTpa 3
XapaKTEPUCTHYHUMH ITKaMU HAaBEJICHUW HA PUCYHKY 3.

OinanpbHUN eran MoaudiKyBaHHS — JeKOpyBaHHs. Sk Oyio 3a3HaueHo,
OCHOBHOIO 17ie€t0 1boro erany € nokputrtss MBHT HeopraniuHuMHM 4YacTUHKaMu 3
METOI0 3amoOiraHHs HeOaxkaHld KapOimu3aiii, a TakoX i OUIbIl ehEeKTHBHOI
1HTerpallli HAHOCTPYKTYp 3 KepaMidyHOI0 MaTpuiiero [3].

ISSN 2663-5712 5 www.sworldjournal.com
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Pucynok 3. Cnexkrpu nponyckanns ¢pynkuionamnizoanux MBHT nicas
KHUII'ATIHHS B PO34YMHI a30THOI KHCJIOTH (3 MacOBOI0 4acTKOI0 38%), uac
BuTpuMKH 30 xB.
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PucyHnok 4. BiiiuB Temnepatypu BUIIAJTY HA MeKY MilTHOCTI IIPH 3ruHi s 6

Mmac.% CZAS 0e3 MBHT, 3 nonaBannsm 1 mac. % T1a 1,5 mac. % MBHT 3a

BUTPUMKH 3 TOAMHU.

[1ix yac pobotu Oynu miaAroToBieH1 3pa3ku B cuctemi Al1203 — ZrO2 — CZAS 6e3
MBHT, a takox 3 BBeaeHHsM 1 1 1,5 mac. % moaudikoBaHUX HaHOYacTHMHOK. Ha
PUCYHKY 4 MpeJCcTaBICH] 3aJeXKHOCTI, 3 IKMX BUILUIMBAE, 1110 32 BMICTY JEKOPOBaHUX
MBHT 1,5 mac. %, ix Meka MiItHOCTi Ha BUTHH ckiana 650+40MIla. mpu remneparypi
ButpuMku 1600°C.

BucHoBkwu.

Takum 4MHOM, MOXKHA 3POOUTH BHCHOBOK, III0 TEPMOJMHAMIYHHI PO3PaxXyHOK
JOTOMAara€e OLIHUTH HMOBIPHICTh MPOTIKAHHA peakliil MK MOAU(PIKOBAHUMHU
BYTJICIICBUMHU HAaHOTPYOKaMH Ta KOMIIOHEHTaMH, [0 BXOJIATH JI0 CKJIATy KOPYHIOBOT
KepaMikKi 3 E€BTEKTMUYHMMH J00aBKaMH, a TaKOX JO03BOJIS€ 3IIACHUTH TiI01p
EBTEKTHYHUX JT00ABOK JIJIsI TIOJIAIBITIOL PO3pOOKHU CKIaAiB. Takuii THIT KOMITO3HUITIHHIX
MarepiajiiB Oyjie BUKJIUKATH 3HAYHUHN 1HTEpeC y BIChKOBIN cdepl, aBlalpOMHUCIOBOCTI

ISSN 2663-5712 6 www.sworldjournal.com
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Ta 1HIIKUX Talxy3sXx, /e MOTpiOHI MaTepiail 3 BUCOKMMH MOKAa3HMKAMM MIITHOCTI Ta
XIMIYHOT CTIMKOCTI.
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Annotation. The article presents the process of interaction of ceramic matrix components with
modified multi-layered carbon nanotubes (CNTs). The processes of functionalization and decoration
of nanotubes were considered in order to improve their integration into the ceramic matrix and
prevent the formation of carbides, which can reduce the mechanical properties of the material. The
obtained results indicate that the processes of carbidization of the main components of the matrix do
not occur at these temperatures, which confirms the effectiveness of the proposed eutectic additives.
Materials based on this composite can be used in the military and aviation industry due to high
strength and chemical resistance.

Key words: carbidization, composite materials, chemical modification, nanostructures, eutectic
additives.

ISSN 2663-5712 7 www.sworldjournal.com


https://doi.org/10.1007/s11661-009-9857-6.
https://doi.org/10.1016/j.matlet.2014.11.087

) S
SWorldJournal Issue 28 / Part 1 (N

S
- |

https://www.sworldjournal.com/index.php/swj/article/view/swj28-00-018

DOI: 10.30888/2663-5712.2024-28-00-018
EXPANSION OF THE RANGE OF EMULSION-TYPE SAUCES BASED ON

PRODUCTS OF SECONDARY PROCESSING OF MILK
PO3IIVUPEHHS ACOPTUMEHTY COYCIB EMYJIbCIMHOT'O TUITY HA OCHOBI
IMPOJIYKTIB BTOPHHHOI NEPEPOBKH MOJIOKA
Stukalska N.M./Crykaabcbpka H.M.
Ph.D., Associate Professor
ORCID ID: 0000-0001-6590-7170
Vynnyk V.V./Buanuk B.B.
Master's student / macicmpanm
ORCID ID: 0009-0000-9484-8333
National University of Food Technologies, Kyiv, Volodymyrivska St. 68, 01601
Hayionanvnuii ynisepcumem xapuosux mexuonoeiu, m. Kuis, eyn. Bonooumupcovka 68, 01601

Emynvciuini coycu muny matione3 € NONYAAPHUM NPOOYKMOM XAP4YBAHHA, AKUU UWUPOKO
BUKOPUCMOBYEMbCSL 8 KYIIHAPii. Bonu npedcmasnsitoms co60t0 oucnepciio oaii y 600i, cmadinizosamy
OLIKaMU AEUHUX IHCOBMKIB.

B ocmanui poxu 0na eupobHuymea maiione3zy 6ce wacmiuie Cmanu SUKOPUCHIIOBYEAMU
MONOYHO-OIIKO8ULl KOHYyeHmpam 3i ckojomun. Lleid npodykm € nobOiuHolo Ccuposumoro, saKa
3anumaemsbcs nicis 8upobruymea macia. Bin micmumb 6auzeko 20% 0Oinka, a maxodc icupu,
8y2ne8o0uU, 8imaminu ma MiHepau.

Buxopucmanns monouno-6i1k06020 KoHyeHmpamy 3i CKOJIOMUH ) 6UPOOHUYMBE MALIOHe3Y MA€E
pAo nepesae. Ilo-nepuie, ye 0036015€ nioguwumu emicm OiIKa 6 NPOOYKMmi, Wo NO3UMUBHO GNIUBAE
Ha 11020 xap4osy yinHicms. [lo-0pyee, MOIOUHO-OINIKOBUL KOHYEHMPAam € CMabini3amopom emyabCii,
Wo niosuwye CMIUKICms Matone3y 00 po3uapyeaHHsi.

Jooasanus cybnimosanoco nopowky ooOninuxu 00 Ccoyci@ emyIbCillHO20 MUnY 3MOJice
3abe3neyumu NioUWeHHs OI0N02IYHOI YIHHOCMI 20M08020 NPOOYKMY MA HOKPAWUMU U020
CHOJICUBYL 8TIACTUBOCTNI.

Po3pobneno mexunonoecito ma npoekm HOPMAMuGHOI OOKYyMeHmayii Ha coycu eMyabCillHO20
muny mationes 3 sukopucmanusim MBK 3i ckonomun ma cyonimo8ano2o nopowiky ooinuxu.

Knrwouoei cnosa: emynvcitini  coycu, MONOYHO-OINKOBUL  KOHYEHmMpam,  CKOJOMUH,
cyonimMosanull NOPOULOK 0OINUXU.

Berym.

3a0pyHEeHHsS AOBKULIA Ta ypOaHi3allisi 3HAYHO BIUIMBAIOTH Ha (OPMYBaHHS
XapuyoBHX 3BHYOK cydacHoi JroauHu. II{opoky XapuyoBi TMPOAYKTH CTAIOTh
PI3HOMAHITHIIIMMHU 32 CMaKOM, ajié MEHII 30aJaHCOBAaHUMH 3a CKJIQJOM. ToMy
0COOJIMBO aKTyaJIbHUM CTa€ BIAOCKOHAJIECHHS TEXHOJOTIi BUPOOHHUITBA TPATUIIIHHIX
XapyoBHX MPOAYKTIB 1 CTBOPEHHS HOBHUX IPOAYKTIB 13 30ajJaHCOBAHHM CKJIQJIOM,
3HUKEHOIO0 €HEPTreTUYHOIO IIHHICTIO Ta M1JBUILIEHOI0 O10JIOTYHOIO I[IHHICTIO.

JI71s1 moJTinIeHHs BIUTMBY Xap4OBHX MTPOAYKTIB HA 3/I0POB'S YACTO 3aCTOCOBYIOTH
IHHOBAIlIHI IHTPEJIEHTH, SKI HAJalOTh IM HOBI (PYHKIIOHAJbHI BJIACTHBOCTI Ta
IIJIBUIYIOTH iX O10JIOTIYHY IIHHICTD.

B acoptuMeHTi mpoayKIlii BIACHOTO BHUPOOHUIITBA 3aKJIaJIB PECTOPAHHOTO
rOCIO/IapCTBa 3HAYHY YacCTKy 3aliMalOTh CTpaBH, AJIA MPUTOTyBaHHsS abo peanizamii
SKUX BUKOPUCTOBYIOTHCSI €MYJIbCIHHI COYCH.

EmynbciiiHi coycu € TOmyJsipHAM TPOAYKTOM XapuyyBaHHS, SKUH IITHPOKO
BUKOPUCTOBYETHCS B KyniHapii. BoHu sBIAIOTH cO0O0I0 aucmepciio omii y Boi,
cTabiri3oBany OuikaMu, Gocdoinigamu abo IHITMMU PEYOBUHAMM.

ISSN 2663-5712 8 www.sworldjournal.com
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OcraHH1 JOCIIKEHHS 1 MyOJIiKalii B TajTy31 eMyJIbCIHHUX COYCIB:

o ¥V crarti, omy6OnikoBaHid B xypHai "Food Chemistry" B 2023 poui, Oyio
MOKa3aHo, 10 JOJAaBAHHS POCIMHHHUX OUIKIB O MallOHE3Yy MOKE MIJBUIIUTH HOro
B'SI3KICTB 1 CTIMKICTH JI0 PO3IIapyBaHHSI.

« Y crarTi, onyosikoBaniii B xypHaii "Journal of Food Science" B 2022 porii,
OyJ70 MOKa3aHO, HIO JOJABaHHS EKCTPaKTy 3€JeHOro 4Yar [0 MailoHe3y MOxe
IIBUIIUTH HOTO aHTHOKCUIAHTHY aKTHBHICTb.

« ¥ crarTi, onyoOsnikoBaHiil B xkypHaii "Nutrition Research" B 2021 porui, O0ymno
MOKa3aHo, 110 CHOKUBAHHS MailOHE3y MOKe OyTH TOB'Si3aHE 31 3HMKEHHSM PUBHKY
PO3BUTKY CEPLIEBO-CYJAMHHHUX 3aXBOPIOBAHD [4].

i mochimKeHHs TOKa3yI0Th, [0 eMYJIbCIHHI COYCH € TIEPCIIEKTUBHOIO 00IaCTIO
JOCJIJIPKeHb. BJIOCKOHAJIEHHS CKJIaTy 1 TEXHOJIOT1] BUPOOHUIITBA €MYJIbCIMHUX COYCIB
MOX€E MPU3BECTH 10 CTBOPEHHS OLIBII CMAUYHMX, KOPUCHUX 1 O€3MEYHUX MPOIYKTIB
XapuyBaHHS.

MeTtorw noc/igAKeHHs € BIOCKOHAJIEHHS OJJHOIO 3 BUCOKOKAJIOPIHHUX XapuOBUX
MPOJIYKTIB, 1110 € YACTUHOIO paIlioHy 0araThoX JIt0/IeH, 30KpeMa, eMyJIbCITHOTO COyCy
TUITy MaioHe3. YIOCKOHAJIEHHS! TMPOTOHYETHCS IMUISIXOM [OJaBaHHS B PEIENTYpPY
MBK 31 ckonmoTuH, siKi 3aBISKH CBOEMY XIMIYHOMY CKJIAy MOXYTh JOTIOMOITH
3HU3UTH KaJIOPIHHICTh TOTOBOTO MPOAYKTY Ta IMiJABUIIUTH PIBEHb MAKPOHYTPIEHTIB,
o € B Aedinuti. Takox miaaHyeTbCcst JOJATH CyOIIMOBAHUNA MOPOLIOK OOMIMUXHU JJIsI
MIJIBUIIICHHS O10JI0T1YHOI IIHHOCTI TPOJIYKTY Ta HaJaHHS HOMY OpHUTIHAJBHUX
OpraHoOJIENTUYHUX BIACTUBOCTEH. BinmoBimHO 10 BHU3HA4YeHOI MeTH Oyiu
chopMyIbOBaH1 HACTYIIHI 3aB/IaHHS:

- 3IIUCHUTH aHaII3 JOIIJILHOCTI MPOBECHHS YIOCKOHAICHHS;

- OXapakTepu3yBaTW Cy4yacHI HaINpsIMKHA TEXHOJIOT1H HU3bKOKAJIOPIHHUX

eMYJIbCIHHUX COYCIB TUITy MallOHE3;

- HaJaTU XapaKTepUCTUKY IHHOBALIITHOI CHPOBUHU;

- TPOBECTHU XAPAKTEPUCTUKY 00’ €KTIB, MPEIMETIB Ta METOIIB JOCIIKECHb;

- 3A1MCHUTH OOIpyHTOBaHUU BHOiIp 0a30BOi pelenTypu Uisl YIOCKOHAJICHHS

TEXHOJIOT1i 1IHHOBAIIMHOT PO TYKIIiI;
- pO3pOoOUTH MOJEIbHI KOMIIO3HUIIl BUPOOY 3 BUKOPUCTAHHSM 1HHOBAIIMHOT
CUPOBHHU;

- TPOBECTHU OPTaHOJENTUYHY OIIHKY SIKOCT1 YJIOCKOHAJICHHX 3pa3KiB BUPOOIB Ta

3MIMCHUTH X (DI3UKO-XIMIYHUHN aHaATI3;

- 3pOOUTH BHCHOBOK IPO JOIIBHICTh MPOBEICHUX YIOCKOHAJIEHD Ta PIBEHB iX

YCIIIIHOCTI.

Bukusiag ocHOBHOTo MaTepiaJy. 3 orjsiy Ha MMOCTaBIeHYy MPOOJIeMy Ta HAYKOB1
JTOCITIKEHHS y cepl BAOCKOHAIEHHS eMYJIbCIHHUX COYCiB, TPOTIOHYEMO MOJITIITUTH
TEXHOJIOT1I0 BUPOOHMIITBA €MYJIbCIHHOTO COyCy MalOHE3 LUISXOM BUKOPHCTaHHS
IHHOBAIIIHOI CUPOBHHM, & CaME€ MOJIOYHO-OUIKOBOTO KOHIIEHTPATy 31 CKOJIOTHUH Ta
cy0JIIMOBaHOTO TOPOIIKY oOJinuxu. L1 BAOCKOHAIEHHS CIPSIMOBAH1 Ha MiBUILICHHS
SKOCTI COYCy, MOJIIIICHHS HOro OpPraHOJICNTHYHUX TIOKAa3HUKIB Ta 301IbIICHHS
010JI0T1YHOT I[IHHOCTI.

B sixocTi 6a30B01 penienitypu 1 TexHOJOTIi Oyino obpano penentypy Ne819 «Coyc
MaloHe3», 1110 TIpeacTaBieHa B Taom. 1.1.

ISSN 2663-5712 9 www.sworldjournal.com
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Ta6auus 1.1 — Penentypa 6a3osoi npoaykuii — MajiioHe3 (KOHTPOJIIO)

HajimeHyBaHHSI CHPOBHHU BmicT kOMnIOHEHTIB, I
COHAIIHUKOBA 0OJ1is 56,3
SleuHi )KOBTKHU 7,2
['ipunnsg cronoBa 2.5
Llykop-micok 2,0
Orer 5,0
Bona nutHa 27
Bceroro 100

B TaGaumi 1.2 HaBejeHO OpraHOJENTUYHI BIACTUBOCTI KOHTPOJIBHOTO 3pa3ka
eMyJIbCifHOTO coycy «Maifone3», a Ha puc. 1.1 miarpama TOXHBHOI IIHHOCTI

KOHTPOJIbHOT'O 3pa3Ka.

Tadommus 1.2 — OpranoJienTU4HI BJIACTHBOCTI KOHTPOJIbHOI0 3pa3Ka
eMYJIbCIHOTO0 coycy «MaiioHe3»

IMoka3nuk XapakTepucTuka 6a3oBoi npoaykiuii (KoHTpoJi10) — Maiione3
30BHINIHIA BUTIIA OpHOpiAHUN CMETaHOMOAIOHUHN PITKUNA TPOAYKT 3 OAUHOYHUMH
Ta KOHCUCTEHLIS Oybp0OalIKaMy MOBITPS
Komnip CBITJI0-)KOBTHM, OJTHOPITHUH 1O BCii Maci
3anax [TputTamanHuii JTaHOMY BHpOOY, 0€3 CTOPOHHBOTO 3amaxy

CMmaxk

Cwmak kuciyBaTuii, 6€3 BUpaXeHoi TipKoTH. BigdyBaeThcst mpucMak

XapaKTEPHUM SULENPOTYKTAM

OcHOBHOIT
OcHoBHOU
OcHOBHOI1
. | o oSN
OcHOBHOIT
Binku Kupu ByrneBoau

Pucynok 1.1 — /liarpama nmo:KuBHOI HIHHOCTI KOHTPOJILHOI'0 3pa3Ka

[IpoBiBmM aHami3 XIMIYHOTO CKJIaAy KOMIIOHEHTIB, SIKI BXOJATh JO CKJIaIy
KOHTPOJIBHOTO 3pa3Ky, OyJl0 BU3HAYEHO BMICT OCHOBHMX MAaKpPOHYTpPIEHTIB Ta
po3paxoBaHO eHepreTuyHy HiHHICTH 100 r BupoOy. 3a pe3yibTaraMud poO3paxyHKIB
BmicT OuIkiB B 100 r cknaB 1,24 1, xxupiB — 58,01 r ta 2,42 r ByryiesoaiB (puc. 1.2).
Kanopiitaicts 100 r mpoaykty ckiamae 536,73 kkan (2245,68 xk/x).

Cepenl OCHOBHUX HENOJIKIB KOHTPOJBHOTO 3pa3ka MOXHa BIJ3HAYUTH HOTO
HU3BbKY OIOJIOTIYHY I[IHHICTH, IO 3YMOBJIEHO HEJOCTATHIM BMICTOM MiHEpaTiB 1
BITaMiHIB, a TaKOXX He30AJIAHCOBAHWM CITIBBIIHOIIIEHHSIM OCHOBHUX MaKPOHYTPIEHTIB.
Ile moB’s13aHO 3 HAAMIPHO BHCOKHUM BMICTOM JKHPIB 1 MOPIBHSHO HU3BKUM PIBHEM
OUIKIB Ta BYIJIEBOJIB, IO TPHU3BOAUTH IO IMiJIBUIIEHOI KaJOPIAHOCTI KIHIIEBOTO

MPOAYKTY.

ISSN 2663-5712
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HactymauM eramom AOCHIDKEHHS CTaJlO BHUBYCHHS BIUIMBY I1HHOBAI[IHHUX
IHTPEMIEHTIB Ha SKICHI XapaKTEepPUCTUKH TOTOBOI mNpoaykili. Jlms mporo OyIo
BUPILIEHO BUKOPUCTATH TPU 3pa3Kd 3 PI3HUM BMICTOM CYOJIMOBAaHOIO MOPOIIKY
OOJIMUXU Ta MOJOYHO-OLTKOBOTO KOHIIEHTPATy 31 CKOJIOTHH, SIKI 3aMIHSUIM SIEYHI
*KOBTKU. Ha OCHOBI aHamizy miTepaTypHUX JKepen 1 3 ypaxyBaHHSM OTPUMaHOI
iH(popMarlii OyJI0 CTBOPEHO MOJENTbHI KOMITO3HIIT €MYJIbCIHHOTO COyCYy 3 PI3HUMHU
MPOTOPIISIMU  SIMIIEMTPOAYKTIB Ta MOJIOYHO-OUTKOBOTO KOHIIEHTpATy 31 CKOJIOTHUH 13
J0JJaBaHHSM CyOIIMOBAHOTO OPOIIKY OOTIMHUXH.

Peuentypu monenbHUX 3pa3kiB TOTOBOI MPOAYKITli TOKa3aHo B Tad. 1.3.

[licns  po3paxyHKy HEOOXIZHOI KUIBKOCTI  IHTPEIIEHTIB  MPOBOJMIIOCH
BUTOTOBJICHHSI MOJIETHHUX 3Pa3KiB.

Tadouanusa 1.3 — Peuentypu MoieibHUX 3pa3KiB roToBOI NPOAYKILii

KoHTpoh — Ge3 Bwmict il-IH.OBallii/‘lHl/IX iHrpemieHTIB y peuen;rypi, MBK
CupoBuna 10GABOK 3i CKOJIOTHH/IIOPOIIOK 00J1inuxu, %
MK1 3,1/0,5 MK?2 6,7/0,5 MK3 6,2/1
Consmmmkosa 56,3 56,3 56,3 56,3
OJTist
SleuHi )KOBTKHU 7,2 3,6 - -
[Nipuuns cTonoBa 2,5 2,5 2,5 2,5
Llykop-micok 2,0 2,0 2,0 2,0
Oner 5,0 5,0 5,0 5,0
MBK 3i ckoI0THH - 3,1 6,7 6.2
Hoporox : 0,5 0,5 1,0
00X
Bopga nutHa 27 27 27 27
Bcworo 100 100 100 100

[Ticnst BUTOTOBIIEHHS MPOAYKTY OYJI0 3A1MCHEHO OPraHONENTHYHY OLIHKY SIKOCTI
MOJIEIbHUX 3pa3KiB Ta TMOPIBHAHHA ii 3 KOHTPOJIBHUM 3pa3KoM Ta CKJIaJIaHHS
npodigorpam sIKocTi, puc. 1.2.

30BHIIIHIA BATIIST
OcHOBHOH

KonTpons
—31/0,5%
6,7/0,5%

—6,2/1%

Pucynok 1.2 — IIpodisiorpama sikocTi MogeIbHUX 3pa3KiB

Ha ocHOBI pe3ynbTaTiB OpraHoJIeNTUYHOT OLIIHKK MOKHA 3pOOUTH BUCHOBOK, 1110
nomipHe nonaBaHHs 0,5% MOpOIIKY OOJTIMUXHU HAJA€ MPOAYKTY MOMITHHI CMaKOBHI
BIITIHOK 1 koJip. [loBHa 3amiHa TpaaWIIMHUX IHTPEIIEHTIB HAa IHHOBAIIMHI HE
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MOTIPIIIy€e OPTraHOJENTHYHI BIACTUBOCTI MPH JojaBaHHI 1% MOPOIIKY OOMINHUXH, 110
3abe3reuye HaCHUCHHUH KOJIIp 1 XapakTepHuit apoMar. OHaK, MOJajbIIe 301UIbIIICHHS
BMICTY L[bOT'O IHIPEJIIEHTA HETATUBHO BIUIMBAE HA CIOKHUBYI BJIIACTUBOCTI MPOIYKTY,
TOMY 1€ BBa)Xa€TbCsl HENOLUIbHUM. OTXe, ONTUMaIbHUM BapiaHTOM € 3pa3ok MK2,

mo MicTtuth 6,7%

CyOJIMOBAHOTO TTOPOIIKY OOTIMUXH.

KucnotHicTh po3po0IeHNX MaiiOHE3HUX 3pa3KiB BH3HAYAIH 3TiTHO 3 BUMOTaMHU
JCTY 4487:2015 npu 36epiranni mpoTsiroM 35 11i6. Pesynbraty BU3HaUeHHS HaBECH]
B Tabmui 1.4 Ta Ha puc. 1.3.

MOJIOYHO-OUIKOBOTO  KOHIIEHTpaTy 31 ckoinotuH 1 0,5%

Tadoanusa 1.4 — KuciaoTHicTh 10CaiIHNX 3pa3KiB MaiioHe3iB

Tepmin Kucaornicte Maiionesy, %
30epiranas KonTtpoJas MK1 MK2 MK3
1 neHp 0,3 0,25 0,23 0,21
7 neHb 0,34 0,26 0,24 0,22
14 nenp 0,37 0,29 0,28 0,25
21 nenp 0,4 0,34 0,32 0,3
28 neHb 0,48 0,4 0,38 0,36
35 neHp 0,52 0,44 0.4 0,38

AHanizyroud AaHl 3MIHU KHUCJIOTHOCTI, MOXHAa 3pOOMTH BHUCHOBOK, IO IpH
30epiraHHi CIOCTEPITAEThCS MIABUIIEHHS KHUCIOTHOCTI,
MEePEBUIIYIOTh JomycTUMI BianoBigHo a0 Bumor JICTY 4487:2015.

IIpoOTC 3HAYCHHA HC

Jenn 35

Hens 28 ——

et 21 —_—

MK3

= M

enb 14 —

MK2
B MK1

Tepmin BUMipioBaHHA

Hens 7 ———

B KoHTtpoib

Henp 1 ——

OcHoBHOMOcHOBHOMOCcHOBHOMOCHOBHOMOCHOBHOMD CHOBHOHO CHOBHOM

Kucaornicrs, %

Pucynok 1.3 - Kuciotnicts A0caiiHUX 3pa3kiB MaliOHe3iB

BusHayeHHd cTiliKOCTI

CrilikicTh po3p00JICHMX MalOHE3HUX 3pa3KiB BH3HAYANACs 3TITHO 3 BUMOTaMH
JACTY 4487:2015 mig yac 30epiranHs npotsarom 35 m106. PesynbTaTé mocmiigxkeHb

HaBeJleHo y Tabum. 1.5.
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Taoauus 1.5 — CriliKicTh J0CTIAHUX 3pa3KiB MaiioHe3iB

Tepmin CriiikicTb MalioHe3sy, %
30epiranus KoutpoJin 3pa3ok 1 3pa3ok 2 3pa3ok 3
1 neHb 99 99 100 100
7 leHb 97 99 100 100
14 nesp 96 99 100 99
21 nenn 94 99 100 99
28 neHb 94 99 99 98
35 nenn 94 98 99 98

AHa3 OTpUMAHUX 3HAYCHb 3MIHHM CTIHKOCTI PO3pPOOJICHHX YIOCKOHAJIEHUX
MalOHE31B CBIAYMUTH, 10 MPHU 30€piraHHI 3HAYECHHS 3MEHIIYEThCS, IPOTE HE JIOCATAE
BCTAHOBJICHUX KPUTUYHUX NTOKA3HUKIB.

3BakaroyM Ha XIMIYHUX CKJIaJ 1HHOBAUIMHUX IHTPENIEHTIB Ta PELENTYPHUIl
CKJaj BUPOOy, OyJI0 po3paxOBaHO MOKUBHY IIHHICTh BUPOOY 3 BUKOPUCTAHHS PI3HUX
MOJICJIbHUX CITIBBIJTHOIIEHb. Pe3ynbTaTu po3paxyHKIB IMpeACTaBieHo B Tadm. 1.6 Ta
1.7.

Taoauus 1.6 — IloxxuBHA HiHHICTH BUPOOY 3 BUKOPUCTAHHS IHHOBALIITHOTO

KOMIIOHCHTA
Ioka3HuK KonTpoJsb MK1 MK2 MK3
binku, r 1,24 1,92 2,69 2,49
Kupwu, T 58,01 57,12 56,22 56,24
ByraeBoau, r 2,42 2,44 2,46 2,47
Kanopiiiwicte, 536,73 531,52 526,58 526,0
KKaJ
Biraminu, mr
Bitamia A 0,01 1,26 1,25 2,50
Bitamin B 0,01 0,01 0,01 0,01
Biramin PP 0,02 0,02 0,02 0,03
Bitamin Be 0,01 0,01 0,01 0,01
Bitamin K 0,00 0,03 0,03 0,05
Bitamin C 0,03 1,50 2,04 2,96
Bitamin E 23,22 23,25 23,28 23,3

Ta6auus 1.7 — MinepaJbHH# CKJIAJ eMYJIbCiHHUX COYCIB

Bmict, Mmr/ y 100 r Bwmict, Mmxr/y 100 r
MakpoesieMmeHTH NPOAYKTY MikpoeneMeHTH NMPOAYKTY
MK?2 KonTpoJsb MK?2 KoHuTtpois
Kanpmiit 43,4 55,56 Kynpym 0,38 0,16
dochop 67.4 62,8 Kobanet 0,024 0,017
Kaniit 94,3 52,44 Mapranenp 0,14 0,12
Hartpiii 666,2 545,48 [{unk 0,81 0,74
MarHii 17,93 14,12 Depym 833 404

Ha ocHOBiI pe3ynbTaTiB pO3paxyHKIB IMOXHWBHOI IIIHHOCTI, MOXHa 3pOOUTH
BUCHOBOK, 110 pgoaaBaHHs 0,5% cyOiiMoBaHoro mnopoiky oOminuxu Ta 6,1%
MOJIOUHO-O1JIKOBOTO KOHIIGHTpATy 31 CKOJOTHH € oOrpyHToBanuMm. Lle cmpuse
M1JIBUIIICHHIO BMICTY O1IKIB 1 BYTJIEBOJIIB IIPH OJTHOYACHOMY 3MEHIIICHHI PiBHS KHUPIB,
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110, B CBOIO YEPTy, IPU3BOIUTH 10 3HUKEHHS 3aralIbHOT KaJopiiHOCTI MpoayKTy. Kpim
TOr0, BKJIIOYEHHS CYOJIMOBAHOTO TMOPOIIKY OOJIMUXH 3HAYHO 30UIBIIYE BMICT
BiTaMiHIB A 1 C, a TaKOX psily BaXJIMBUX MIHEPAIiB.

Bucnoskmn.

BusHaueHO OCHOBHI MNPUHIMIK  BIOCKOHAJICHHS TEXHOJIOTii, 30KpeMa
ONTHMI3alli}0 BUKOPUCTAHHS CUPOBUHU. JIOCTIKEHHS TTOKA3aly, 10 BKIIOYEHHS 0
penenTtypu MaiioHesy 6,7% MOJI04HO-O1TKOBOT'O KOHIIEHTPATY 31 CKOJIOTHUH IT1IBHUIILYE
BMICT OUIKIB 1 BYTJIEBOIB, 3HWKYE KUIBKICTh JKHPIB Ta 3arajbHy KaJOPIHHICTH
nponykry. JomaBanus 0,5% cyOaiMOBaHOTO TOPOIIKY OOMINUXU 301UIBIIYE
O10JIOTIYHY IIIHHICTh 3aBASKM BMICTY BITaMIHIB 1 MiHEpaliB, IIOKpaIlye
OpraHoOJICTITUYHI BJACTUBOCTI Ta HaJla€ MPOAYKTY YHIKATHHUI OOTIMUXOBUMA CMaK.

KpiMm TOro, BUKOpHUCTAHHS I1HHOBAI[IMHUX I1HTPEIIEHTIB CIPUSE 3HUKEHHIO
KHUCJIOTHOCT1, BOJHOYAC MIABUILYIOUYH CTIHKICTh €MYyJbCii MOPIBHIHO 3 KOHTPOJIBHUM
3pa3koM. TakuMm 4YMHOM, JoAaBaHHS 6,7% MOJOYHO-OLIKOBOTO KOHIIGHTpATy 3i
ckonotuH Ta 0,5% cyOiiMOBaHOrO MOPOILIKY OOMINUXHM 1O KIACHYHOI peuenTypu
MalioHE3y € OOTpyHTOBaHMM, CHPUSIOYM TIJIBUIIEHHIO SKOCTI TPOJIYKTY Ta
MOCATHEHHIO ILIIJI€H TOCIIIKEHHS.
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Abstract. Emulsion sauces such as mayonnaise are a popular food product that is widely used
in cooking. They are a dispersion of oil in water stabilized by egg yolk proteins.

In recent years, milk-protein concentrate from shavings has increasingly been used for the
production of mayonnaise. This product is a by-product that remains after oil production. It contains
about 20% protein, as well as fats, carbohydrates, vitamins and minerals.

The use of milk-protein concentrate from shavings in the production of mayonnaise has a
number of advantages. First, it allows you to increase the protein content of the product, which has
a positive effect on its nutritional value. Secondly, milk protein concentrate is a stabilizer of
emulsions, which increases the resistance of mayonnaise to delamination.

Adding sublimated sea buckthorn powder to emulsion-type sauces can increase the biological
value of the finished product and improve its consumer properties.

The technology and project of normative documentation for sauces of the emulsion type of
mayonnaise using MBK from shavings and sublimated sea buckthorn powder have been developed.

Key words: emulsified sauces, milk-protein concentrate, buttermilk, sublimated sea buckthorn
powder.
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Anomauin. OcHo8HOIO MemOW Xap4080i YNAKOBKU, 3 MOUYKU 30pY CMAN020 DO3GUMKY, €
3MeHweHHs empam NpPoOYKMi6 NOYUHAOYU 6i0 GUPOOHUYMEA 1 63008JC JAHYI02A NOCMABOK.
CmeopeHHs eKONo2IYHOI YNnaKkosKu cmae 0edauni 6ce OiLlbul AKMydlbHUM Yepe3 3a20CMpPeHHS
npoonemu 3a0pYOHEHHs HABKOIUUHBLO20 CEepeoosuwa NiaCmuKOBUMY MaAmepianlamy, wo He
niooaromucs 6ionociuHoMy po3kiadanuio. bionoeiuno poskniaoui niieku ma icmieHi nokpumms 3
AHMUMIKDOOHUMU — 81ACMUBOCMAMU  0edani Oilbul aKMUBHO BUKOPUCTNOBYIOMbC  XAPUOBOI0
npomuciogicmio 0l NiOBUWEHH AKOCMI NpoOYKyii ma 30epedicenHs 300p08°si CHONCUBAUIS.
Bukopucmanns nogux naxyeanbHux Mamepianie Moxice 6NiUHymu Ha 6apmicms KiHyego20 npooyKmy,
WO Cnodcu8ayi 20moei CnpuliHAmMUY 3apaou 30epediceHts 008KLIA.

Knrouoei cnoea: 36epedxxcenns axocmi npooykmis, mepmiH NpUOAMHOCMI, eKOI02IiYHA
VNAKO0BKA, MOKCUYHICY, DI0N02IUHe PO3KAAOAHHS, ICMIBHA NLIBKA.

Berym.

VYmakoBka Oyna BU3HAHA SK BaKIMBUN €IEMEHT JJIsS BHUPIIMICHHS KIOYOBOI
MpOOJEMHU CTAJOrO CIIOXUBAHHS XapUOBUX MPOAYKTIB, aJ)Ke BOHA € IEHTPAIBHUM
€JIEMEHTOM 30€peKCHHS iX SIKOCTi, TOJIOBHUM YHHOM KOHTPOJIOIOUU Ta30- Ta
NapooOMIH 13 30BHIIIHBOI0 aTMOC(HEPOI0, CIPUSIOUH 30€PEKEHHIO AKOCT1 MPOIYKTIB
mijg yac 30epiraHHs, 3amoOirairoud XiMiYHOMY 3a0pyJIHEHHIO Ta XBOpoOam, IO
MIePEIAIOTHCSA XapUYOBUMHU MPOAYKTaMH. TaKUM YHHOM, YIaKOBKa Ma€ PO3TJISAATHChH
HE SK J0JIaTKOBI €KOHOMIYHI Ta €KOJIOT14HI BUTpPATH, a SIK JOJATKOBA BApTICTh IS
3MEHIIIEHHS BIAXOMIB. 3 Ili€l TOYKH 30pYy, CIPABXHIO €KOJOTIYHY, €KOHOMIYHY Ta
MIPOMHMCIIOBY JTOIATKOBY I[IHHICTD, 32 PaXYHOK IIEPETBOPEHHS CLTHCHKOTOCITOAAPCHKUX
Ta arpoxapyoBUX 3aJHUIIKIB, CTBOPIOIOTH MIKpoOHi (OiomosiedipHi) momimepu, ajxe
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pillIeHHS 3 BUKOPUCTAHHIM IPUPOIHOT O10J0TIHHO PO3KIIAIHOT yITAKOBKU BBAXKAIOTHCS
OJTHUMH 3 HaWOLIBII MEPCHEKTUBHUX 3aMIHHUKIB CHHTETUYHHUX TOJIIMEpPIB Ha
MacJisiHii ocHOBI [1].

[Ilo6 3BecTH 10 MIHIMyMy BIUIMB MaKyBaJIbHOI CHUCTEMH Ha HABKOJUIITHE
CepeI0BHIIE, BAYKIIMBO BPaXOBYBATH ii 3AaTHICTh YTPUMYBATH, 3aXHUIIIATH Ta 30epiratu
OPOAYKT, IO JTO3BOJIUTH IPOAOBXKUTH TEPMIH HOTO MPHUAATHOCTI Ta rapaHTyBaTH
Oes3reKy, ajie MpH IbOMY YIIaKOBKa TAaKOX IMOBMHHA OyTH BIAMOBIIHOTO PO3MIpY,
JIETKOI0 ISl 30epiraHHsl, BIAKPUBAHHS Ta BIJIYyYEHHS MPOIYKTY, @ TaKOXX MICTUTH
YITKYy JOCTYynHYy iH(}opmaliero s 3ano0iraHHs BHKUAaHHIO Tki. Kpim Toro,
NaKyBaJIbHI MaTepiajyd MOBUHHI BIINOBIJIATH OaXaHUM MEXaHIYHMM 1 Oap’epHUM
BJIACTUBOCTSIM, 3QJIMIIAIOYNCh MAKCUMAJIbHO JIETKHUMHU, O€3MEYHUMHU ISl XapUOBHUX
NPOJYKTIB, B iAealli TPUAATHUMH JJIsI TOBTOPHOI'O BUKOPUCTaHHS a00 BTOPUHHOT
MepepoOKH Ta yTHIII3yBaTUCh 3 HAOIMKEHUM JI0 HYJILOBOTO 3a0pyIHEHHSM [2].

OcHOBHHUII TEKCT.

3BHUaiiHe MaKyBaHHS XapuyOBHX MMPOTYKTIB € OTHOPA30BHM, 1[0 3HAYHO MOTIPIIIYE
CTaH HaBKOJUIIHBOTO cepenoBuiia. OKpiM TOro, CTypOOBAaHICTH CIOKHUBAYiB BCE
OlsbllIe BUKJIMKAE MPSIMUM BIUIMB MMaKyBaJIbHUX MarepiaiiB Ha 3/10poB’s. Lle 3HauHOIO
MIPOIO TIOB’SI3aHO 13 TUM, IO JO MepIIoi 6a3u XiMiKaTiB, SKI BAUKOPUCTOBYIOTHCS TIPH
BUPOOHUIITBI TJIACTUKY, HociaigHuku BHecau 16000 crionyk, mpuHaiiMai 4200 13 sskux
BBAXKAIOTHCSA Jy’K€ HEOE3NMEeYHUMH IS 3I0pOB’S JIOAMHM Ta HABKOJUIIHHOTO
CepeNOBUINA, MPH IHOMY BHKOpHCTaHHs e 980 ayxke HeOe3MeUyHUX XIMIYHUX
PEUOBUH PETYNIOIOTHCS areHTCTBAMU B YCbOMY CBITI, a pelITa 3ajJHMIIAEThCs M03a
yBarow [3]. Lle cmoHykae crmoXuBadiB 0 MOIIYKY OLIBIN HATypajdbHUX, SIKICHHX,
3py4HHX Ta 0€3MEYHUX XapUOBUX MPOIYKTH. Y IIbOMY KOHTEKCT1 aKTHUBH1, O10JI0TTYHO
poO3KJIagHI Ta iCTIBHI TaKyBajdbHI MaTepiaii BBaXKAIOTHCS OJHUM 13 TOJIOBHUX
NPIOPUTETIB Y XapyoBiil MPOMHUCIOBOCTI dYepe3 3OUIbIICHHS TMOTpeOH B
QIbTEPHATUBHUX MMAaKyBAJIbHUX Marepianax, Kl BIJHOBIIOIOTHCS, MEPEepOOISIOTHCS,
JIETKO PO3KJIAJIAl0ThCS Ta MOTPEOYIOTh MIHIMAIBHOT yTHIIi3a1lii [4].

biopo3kiagaHi nmakyBaiabHI MaTepiaiav, BUTOTOBJIEHI 3 XapuOBUX IMOJICaXapuiB,
OUIKIB 1 JIITITIB, 3/IaF0THCS OLIBII CTINKUMHU Ta €KOJOTTYHO YUCTHMH, IO € IIePEBaror
nepe/1 3BU4aiiHUM TJIACTUKOM Ha OCHOBI HAQTH. OHAK 111 TPUPOIHI PEYOBUHH 3HAYHO
BIPI3HAIOTHCA 32 CBOIMHU (DI3MKO-XIMIYHUMHU Ta (QYHKI[IOHAILHUMHU BJIaCTUBOCTSIMH,
0 O3HAyae, M0 JJIsi CTBOPEHHS ICTIBHUX MaKyBaJIbHUX MaTepialiiB 3 HEOOX1THUMHU
XapaKTEepUCTUKAaMU MOTpIOHA 3HAYHA KUIBKICTh JOCHIIKEHb 1 po3polok [5].
biomomiMepu, sk XiTo3aH, KapOOKCHMETHJIIIEIIOI03a, KpOXMajb, albliHAT, Ka3eiH,
KapareHaH, ICHYIOTb SIK MPUJATHI KaHAUAATU IJI BUPILICHHS €KOJIOTTYHOI Ipo0ieMu
MJIACTUKOBUX YITAKOBOK Yepe3 UyAOBY 3/IaTHICTH /10 O10JI0TIYHOTO PO3KIAIaHHS Ta HE
TOKCUYHICTb, OJIHAK MAIOTh IOTaHl BIACTHBOCTI Oap’epy njisi Bojoru. BBeneHHs B
AKOCT1 J00aBOK PI3HUX OIOJIOTIYHO AKTUBHUX/(DYHKIIOHAIIBHUX 1HTPENIEHTIB 3
AHTUMIKPOOHMUMH BIIACTUBOCTSIMU TOKpAIy€ TEPMIUHI Ta MEXaHIYHI BJIACTMBOCTI
olonosimepy. IlpupoaHi aHTUMIKpPOOHI areHTH, Taki gk edipHi ol 31 CHerin,
010JI0TIYHO aKTHUBHI CIOJIYKH, OTPHMaH1 3 OBOYIB 1 ()PYKTIB, MOXYTh MOTEHIIIITHO
BUKOPUCTOBYBAaTUCA B ICTIBHUX IUTIBKaX SK 4yJ0Ba 3aMiHa CHHTETHMYHHUX CIIOJYK,
TaKUM YMHOM CIIYTYIOUH METI SKOCTI Ta 370poB 4. [IpsimMe BimroueHHs edipHOI oii B
XapyoBl TPOAYKTH OOMEKEHO uYepe3 iX BHUCOKY JIETIOYICTh, T1Ipo¢doOHICTD,
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CHPUHHATINBICTD 10 OKUCIEHHS, (DOTOTEPMIUHY JETpajalliio Ta BTPATOK MPOIYKTOM
HaTypaJbHOTO cMaKy. Tomy iCTiBHI IUTIBKM JOTIOMAraroTh MiITPUMYBAaTH BUBLILHCHHS
Ta CTPUMYBATH JIETIOUICTh MOMIIIEHUX B HUX €(1pHi oii. Pa30M 13 TUM, BAKOPUCTaHHS
edipHUX OJiH, KIacu(pIKOBAHUX Ta 3aPEECTPOBAHUX 3araliIbHOBU3HAHO O€3MEYHUMHU
(GRAS) E€pporeiicbkoro komiciero Ta Crionyuenumu llItaramu, B iCTIBHUX TOKPUTTAX
B SIKOCT1 aHTHOAKTEpladIbHUX areHTiB, BUMarae 30aJaHCcOBaHOCTI €()eKTUBHOI 103U Ta
PHU3HKIB, TTOB’S3aHUX 13 BHHUKHEHHIM aJIepTi4HOl peakilii Ta opajbHOi TOKCUYHOCT1 Y
CIo>XKuBadviB [6].

3pocTarouuii MOMUT Ha 3I0POBY 1KY 3 JIOBIIUM TEPMIHOM 30€piraHHs CIIOHYKA€e
710 pO3pOOKH HOBUX CHCTEM IMaKyBaHHS 1 HAMOUIbII MEPCIEKTUBHUMYU BU3HAHO iCTIBHI
MaKyBaJIbHI TUTIBKY 3 aHTUMIKPOOHOIO JII€10, TT0 3/1aTHI MiABUIIYBATH SIKICTh 1 0€3MeKy
XapyoBUX  MPOAYKTIB. Xo4a TEpMIHM IUIIBKA Ta TMOKPUTTS  3a3BUYail
BUKOPUCTOBYIOTBCS SIK B3a€MO3aMiHHI, TUIIBKA BH3HAYAETHCS SK OKPEMHUM
O0OropTKOBHI MaTepia, a MOKPUTTS — 1€ TOHKHM I1ap TOBIIMHOIO MeHIe 0,3 MM, sIKui
YTBOPIOETHCS O€3M0CepeIHO Ha TIOBEPXHI XK. [eanbHa icTIBHA IJIIBKA MIOBUHHA HE
TIIBKH CTBOPIOBATH 3aXHCT Bij 3a0pyAHIOIOUMX PEUOBMH 1 XapyOBUX MATOTCHIB 1Ki,
asie i 30epiraTH il CTPYKTYpHY CTaOUIbHICTG. LI1 IUTIBKM MOXYTh CITY>KMUTH HOCIEM IS
AHTUOKCUJAHTIB, XapuyoBUX J00aBOK, BITaMiHIB 1 aHTUMIKPOOHUX CHOIYK [7].
BapianTom TmoOKpallleHHs SKOCT1 Ta TEpPMIHY MPUIATHOCTI Xap4OBUX IPOJIYKTIB €
3aMiHa B IUTIBII XIMIYHUX KOHCEPBAHTIB JAKTOMEPOKCHIA3010, IO € CKIIAJOBOIO
MPUPOTHOT AHTUMIKPOOHOT (hepPMEHTHOT CUCTEMHU MOJIOKA, CI13 1 CIIUHU [§].

P31 kommanii Ta crapramu, 3aeOutbmioro B CIHA, po3polisitoTs icTiBHI
MaKyBaJIbHI MaTepiain Ha KoMepiiiHoMy piBHi 1y 2021 potii CBiTOBHIA pUHOK iCTIBHOT
ynakoBku ouiHioBascs B 0,84 munbapaa nonapis CIIA, 3 mporHo3om 3pocTaHHS
npubnu3no g0 2,8 mimbsapaa pomapis CILHA y 2030 pomi. Hapasi Oinbimicts
HEIJJACTUKOBUX MaTepialiiB, 5Kl KOHTAKTYIOTh 3 XapyOBUMHU TNIPOAYKTaMHU, He
PETYIIOIOTHCS €BPOIEHCHKUM 3aKOHOABCTBOM, 1 YMHHI MPaBUIIA MOMIUPIOIOTHCS JINIIE
Ha OOMEXeHY KUIbKICTh ICTIBHMX MaKyBaJbHMX MatepianiB. [lpu 1mpomy icTiBHa
yIaKoBKa TMOTpPeOye 0CO0IMBOI OOEPEKHOCTI MijJ Yac TPAHCIOPTYBaHHS, OCKUIbKU
BOHA YyTJIMBA /IO TEMIIEPATyPHUX KOJIUBaHb, & OUTBIIICTh ICTIBHUX IIJIIBOK 1 TOKPUTTIB
pyHHYIOTBCS 200 Mailke pyHHYIOThCS MPU TEMIIepaTypi MIaBIEHHS, 10 TOTpedye 11e
30BHILIIHBOTO MOKPHUTTS ISl 3aXUCTy BiA XIMIYHUX 1 OloyoriyHuX 3a0pyaHeHb [9].
ViabTpasByk BUCOKOI iHTeHcHBHOCTI (Bume 1 Br/cm? i wactoru Big 20 mo 500 xI'm)
BIJIHOCUTBCA J10 TEXHIKM HETEPMIYHOI OOPOOKH XapyOBHUX MPOAYKTIB, IKa MOAUDIKYyE
CTPYKTYpy OUIKa 1 TakuM YHHOM TIOKpallye Kilbka HWOro QyHKIIOHATBHUX
BJIACTHBOCTEH, TaKWX SK PO3YMHHICTh, TEJICYyTBOPCHHS, MIHOYTBOPEHHS Ta
eMYJIbI'YI0Ul BIIACTUBOCTI. 3MIHU BJIACTUBOCTEH IUIIBKM CUPOBATKH, TIIOTEHY, apaxicy
Ta TOpPOXYy TMiJ BIUIMBOM YJbTPa3BYKOBOI OOpPOOKM BHCOKOI I1HTEHCHBHOCTI
BIJIOYBA€ETHCS 32 PaXyHOK I'€HEPYBaHHS OLIKIB MEHILOIO PO3MIPY YaCTHHOK, 3MIHY
TPETUHHOI Ta BTOPUHHOT CTPYKTYpH OLTKA, yCYBaHHS TPIIIMH Ta 3MEHIICHHS O1JTKOBUX
arperaTiB Ha moBepxHI MIiBKA. OOpoOKa yJIbTpa3ByKOM HE€ BIUIMBA€ HAa TOBIIUHY
TUTIBKY, 3aTaJIbHUI BMICT PO3YMHHOT peUOBHUHU a00 MTOI0BKEHHS MPU PO3PHBI, aJie Taki
00poOJIeH1 yIBTPa3BYKOM iCTiBHI IUTIBKM, Majld Kpally Ipo30piCTh, MIIHICTh Ha
PO3pUB 1 BOAOHENPOHUKHI BIacTuBOCTI [10].

[criBHA ymakoBKa 3 aHTUMIKPOOHMMHM KOMIIOHEHTAMM IPHM3BENA 10 PO3POOKH
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rinoTe3u Mpo aKTUBHY YIMAKOBKY, sKa 3aXHINA€ SIKICTh XapUOBUX MPOAYKTIB, a TAKOXK
3JI0pOB’4 CIIOKMBaYiB. AKTHBHA YIIaKOBKa BKJII0YA€ B ce0€ KOMIIOHEHTH, 1 BOHA MOXe
BUBUIRHATH a00 TIOTJIMHATH DPEYOBHMHH B YIMAKOBaHy DKy a00 B HaBKOJIMIIHE
CEpEelIOBHUIIE, 110 OTOYYE 1KY, 3 METOIO MPOJOBKEHHS TEPMiHY MPUIATHOCTI abo
MIATPUMKH a00 MOKPAIIEHHS CTaHy YITaKOBAHOI iKi. AKTUBHUMU CIIOJIYKaMH MOXYTh
OyTH areHTH MPOTU MOTEMHIHHS, OAPBHUKH, apOMaTU3aTOPHU, TOKUBHI PEYOBHHH,
crienii, aHTUMIKpOOH1 a00 aHTUOKCUAAHTHI CTIOJYKH, 1 BOHH MOXKYTh MaTH MPUPOTHE
abo cuHTeTHYHE OoXO0/KeHHs. BiamoBigHo no Pernmamenty €Bponeiicbroi Komicii No
1333/2008, anTuMikpoOH1 3aco0u a00 KOHCEPBAHTH — 1€ KPEUYOBUHHU, K1 TOOBKYIOTh
TEPMIH MPUIATHOCTI XapUOBHUX MPOAYKTIB, 3aXUIIAIOYH X BiJl ICYBaHHS, BUKIIUKAHOTO
MIKpOOpraHizMamu, Ta/abo Kl 3aXUIIAI0Th BiJl POCTY MAaTOT€HHUX MIKPOOPTaHI3MiBY.
EdipHi onii € BTOpMHHUMEU MeTa00JIITaMU POCIMHHUX MaTepiajiB, TAKUX SK HACIHHS,
KBITH, JIMCTSA, TpaBW, OpPYHbKH, cTeOja, Kopa Ta IUIoAd. BOHU BIOMiI CBOEIO
AHTUMIKPOOHOIO AaKTHMBHICTIO, KpIM IHIIUX BJIACTUBOCTEH (AHTHOKCUIAAHTHUX,
0071€3aCOKIIMBUX, TPOTUAIA0ETUYHUX, MPOTHIYXJIUHHUX, MPOTHU3AMAIBHUX Ta
iHcekTUIMaHuX ) [11].

CrnpudHATTS CHOXXKMBadyaMM aJlbTEPHATHUB 3BHYAlHIM TUIACTUKOBIN YHAKOBII
3aJIEKUTh BiJl MPOEKOJIOTIYHUX TMEPEKOHAHb, aJDKe a0CONIOTHA OUTBIIICTH JIOJCH
BBXKAIOTh 3a0py/JHEHHS HAaBKOJMIIHBOIO CEpPEJOBHUINA BIIXOJaMU  yIAKOBKH
OUTBIIOI0 MPOOIEMOI0, HIXK XapyoBi Biaxoau. Lle miaTBepIKyroTh JaHi OMUTYBaHHS
459 pecnionnientiB (49,3% — vonosiku, 50,7% — xiHku), ae o6inbiie 50% croxuBaviB
crapuie 40 pokiB TOTOBI B3araji BIIMOBUTHCH BIJ] BUKOPUCTAHHS IJIACTUKOBOT
YIIaKOBKH, HE 3Ba)KalOYu Ha 3pOCTaHHS (DiHAHCOBUX BUTpAT (puc.l).

70

60

50 7
40 %‘41&..29 pOKiB
30 e=30...39 pokiB

. > 40...49 pokis
20 —
e Ginblle 50 pokKiB
10
0 T T 1
Hi, Yyepes NcyBaHHsA Hi, yepes 3pOCTaHHA LiH TaK, He3Bakaloun Ha
npoAayKTiB 3POCTaHHA BUTPAT

Puc.1 CraB/jieHHSl CTIOKMBAYiB 10 BIIMOBH BUKOPHCTAHHS IJIACTHUKOBOI
Xap40BOi YIAKOBKH, % BiJl 3arajibHOI KUIbKOCTI PeCIIOH/IEHTIB

[TuTaHHs 3poCcTaHHs OIJIATH 3a OUIBIL €KOJIOTTYHI CIOCOOM MaKyBaHHS XapuyOBUX
OPOAYKTIB (puc.2) CBITYUTH, 10 OUIBIIICTH CIOKUBAUIB, MIATPUMYIOUH YTUII3AIlII0
a00 nepepoOKy ymaKoBKH, HE TOTOBI (DiHAHCYBATH TaKl TEXHOJIOTI].
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Puc.2 CraBJieHHS CIIOKUBAYiB 10 MOKJINBOI0 3pOCTAHHS BAPTOCTI ICTIBHOI i
0i0JIOTNYHO PO3KJIAIHOI YIIAKOBKH IO BiIHOIIECHHIO 10 IIACTHKOBOI Xap40Boi
YIAKOBKH, %0 BiJ 3arajibHOI KiJIbKOCTI PeCIOH/ICHTIB

Opnniero 3 HAWOUIBIMIMX MOTOYHUX TEPEIIKOJ Uit  OUIBII  IIHPOKOTO
BUKOPUCTAaHHS  OlomojiMepiB, SK 3aMiHM 3BHYAHUX MaTepiamiB, € IXHA
HEMPUBAOIMBICTh 3 TOYKW 30pYy IIHHU, OCOOJIMBO B TOMY BHIIAJKY, KOJHU JTOPOXKYI
MaTeplalii-3aMiHHUKH Yepe3 CBOK MOJIEKYJSIpHY CTPYKTYpy HE BIJIIIOBIJIAIOTh
HeoOximHuM Oap’epHuM BuMoram. Takok JOCTaTHRO Malo BIJOMO PO
€KOTOKCUKOJIOTIYHUN BIUIMB O10pO3KJIAJaHUX MIKpPO- Ta HAHOIUIACTHKIB, ajpkKe
MIJBUIIEHI TEMIM Jerpajamii 30UIbIIYIOTh KUIBKICTh MIKPOOIOIJIACTUKY, IO
HAJXOJUTh 13 010pPO3KJIaIaHUX MOJIIMEPIB 1 CTBOPIOE TIEBHI PU3UKHU 3MIHU MIKPOOHUX
CHUIBHOT (III0 MOKE JIecTa0UTI3yBaTH TOHKUHN €KOJIOTTUHUI OanaHc). JlociimKkeHHIMU
OyJ10 BUSABIIEHO, IO MIKPOIUIACTUKY 3 PO3KiIanaHux nomiedipis, Takux sik PLA 1 PHB
(momi-3-T1iApoKCUOYyTUPAT), HETAaTUBHO BIUIMBAIOTh HA MOPChKI OCHTOCHI CIIIJIBHOTH, a
010pO3KJIaJaHuil MIKPOIUIACTUK MOXE MPOSIBIATU OLIbII CEpPHO3HI HACIIIKH IS
€KOJIOTIYHUX CUCTEM IMOPIBHAHO 31 3BUYAHHUM MIKPOIIJIACTUKOM [12].

BucHoBKHu.

IIpoekosoriuai mepekoOHaHHsS CIIOKUBAdYIB 1 CBiJjlOMa BiIMOBa BiJl IUIACTHKY €
[UISIXOM, IO MOXK€ CYTT€BO 3HM3WTHU BIUIMB Ha HABKOJMIIHE cepefoBuIle. Auje
BIIMOBa BiJl YMAaKOBKH XapyOBHX IMPOAYKTIB MpPHU3BEAE OO0 3POCTAaHHS XapuyoOBHUX
BIJIXOJIIB 1 3MEHIIEHHS TEPMIHY NpUAATHOCTI DKi. OgHUM 13 pileHb TPoOIeMH
MJACTUKOBUX BIIXO/(IB € BUKOPUCTAHHS ICTIBHOI YITAKOBKH 1 ICTIBHOTO MOKPHUTTS, 1110
OCTAaHHIM 4acOM 3alPOBAKYIOTHCS JIsl 30UIBIIICHHS TEPMiHY MPUAATHOCTI POy KIIii
1 MO3UIIIOHYIOTHCSI HA PUHKY SIK €KOJIOTTYHO YMCTI Ta 010JIOTIYHO po3kiaaHi. Macose
3aMpoBa/KEHHSI TaKOi YMAaKOBKM CTpUMYy€ He Jjuine (piHaHCOBa CKJIaaoBa, a 1
HEOOX1AHICTh MOJAJIBIIOTO BIOCKOHAJICHHS iCTIBHOI YIAKOBKH JJIsl IMJABUINEHHS ii
MIIIHOCTI, CTaOUIBLHOCTI Ta Oap’€pHUX BIACTUBOCTEH.
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Abstract. The main goal of food packaging, from the point of view of sustainable development,
is to reduce product losses starting from production and along the supply chain. The creation of
ecological packaging is becoming more and more urgent due to the worsening of the problem of
environmental pollution with non-biodegradable plastic materials. Biodegradable films and edible
coatings with antimicrobial properties are increasingly being used by the food industry to improve
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the quality of products and preserve the health of consumers. The use of new packaging materials
can affect the cost of the final product, which consumers are willing to accept for the sake of
protecting the environment.

Key words: preservation of product quality, expiration date, ecological packaging, toxicity,
biological decomposition, edible film
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Anomauyia. B pobomi ecmarnoeneno, wo peyuxiine 6i0xodie eupoonuymea HK ¢
NepCneKmueHUM HANPSAMKOM 00CliodceHb. byno poszenamymo cywacui mexHonoeii. ompumanHs.
JIAmMeKcy enoKCUOO0BAHO2O0 HAMYPAIbHO20 KAY4yKy, SK Ccnoci6 nepepooku 6ioxodie HK.
3anpononosano mMemoouka po3paxyHKy Hpoyecy 6UNAPIOBAHHS PO3UUHHUKA 3 600HO20 PO3UUHY
EenoKCUO08AHO20 CKpany HK 3 memoro OMPUMAHHA HOB020 NEPCNEeKMuUBHO20 Mamepiafly - 1ameKcy
ckpany namypanvho2o kayuyky (LSENR).

Knrwouoei cnoea: 6i0xoou HamypaibHo2o KayuyyKy, CUHMEMUYHUU J1ameKc, enoKCuoyB8aHHs,
cxema peyukiiney

Berym.

EnokcunoBanuii  marexkc HarypaibHoro kayuyky (HK) - me ximiuno
MoaudikoBanuit sarekc HK, BuroroBinenuii y mpolieci €MOKCHUIYyBaHHS, IO
nepenbavae BUKOPUCTAHHS opraHiuHux mnepkucior [1]. Ximiuna moaudikaris HK
Oyna 3ampoBajpKeHa /Jid MOKpAaIlIEHHsS HWOro BJIACTUBOCTEH Ta PO3MIMPEHHS HOTo
BUKOPHCTAHHS SIK MaTepiajly B JaTeKCl Ta CyXUX NpoAykKTax [2,3].

Jlatexc enokcumoBaHoro HarypanbHoro kayuyky (ENRL) wmae Bucokuit
MOTEHI[1a y 3aCTOCYBAaHHI JJIs JIATEKCHUX BUPOO1B, TAKUX SIK XIPYpTriuHI Ta MOOYTOBI
PYKaBUYKH, 3aBISKH CBOIM BIJIMIHHHM BJIACTHBOCTSIM, SIKI MOKHa TMOPIBHATH 3
HITPUJIOBUMH Ta MOJIXJIOPONPEHOBUMU pyKaBUUKaMu [4].

VY crarti [S] HaBemeHO pe3yNbTaTH JOCIIIKEHb TEXHOJOTII eMOKCUIYBAaHHS 3
KOHIIGHTPOBAHOTO  JlaTeKCy HarypainbHOoro kayuyky (CNRL) Ta in situ
nepokcuOpPMOBOT KUCIIOTH, KA CHHTE3YEThCS 3 MYPAIIMHOI KUCIOTH 1 MEPOKCUIY
BOJAHIO. JlocHipkeHO BIUIMB TaKWX TEXHOJOTIYHMX I1apaMeTpiB  IPOIeCy
€MOKCHUYBaHHs, SIK BMICT cTabunizaTopa (HoHIheHoa erokcunat, NP9), BMicT cyxoro
Kay4dyKy, KUIBKOCTI 130MpeHy, IIBUAKOCTI TEpeMIlIyBaHHs, Yacy peakiii,
TeMIIepaTypu peakKilii Ta MOJIIPHOTO CIIBBIIHOIIEHHS MMEPOKCUIY BOJIHIO Ta 130TPEHY
Ha BMICT €[IOKCUIHOI FPYyIU B MPOAYKTI, AKUi BapitoBascs Bia 23,4 1o 43,6 % mac. Lle
JOCIIKEHHSI € OCHOBOIO JJISI CTBOPEHHSI cepii MPOAYKTIB Ta MOOYJIOBU MPOLIECY
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BUTOTOBJICHHSI €MOKCHAOBAHOTO HarypainbHoro kayuyky (ENR) ©Ha ocHOBI
BupooOuuiTBa HK, sKi € BiTHOBIIOBaHMMHU, €KOJIOTTUHO YUCTUMHU, JICIIEBUMH, 1110 MA€E
MIPOMHUCIJIOBE 3aCTOCYBAaHHA [S].

PesynpraTu nocmimkens [ 1] mokasanu, 1o pi3Hi JKepesia CHpPOBUHH Ta CHUCTEMH
HeWTpaizalli BIiiuBaroTh Ha TUIoBI crienudikaiii ENRL, moBeainky cTabiapHOCTI Ta
PO3MOJIUT YaCTUHOK 32 po3MipoM. MopdooriuHi criocTepekeHHs, TPOBEICHI Ha IUX
cucremax ENRL, y3romkyoTscs 3 orpuManuMu xapakrepuctukamu ENRL. Ockinbku
EKCIICPUMEHTYBAaHHS 3 IIMMH JIBOMa OCHOBHUMH (haKTOpaMu TPU3BEIO [0
OOHaQIINIMBUX BHUCHOBKIB, Ma€ OyTH JETaJbHO JOCIIKEHO IOIIYK ONTHMAaJbHUX
yMoB BupoOHuULTBa ToBapHOro ENRL crnenianbHo A1 IPOyKTIB HA OCHOBI JIATEKCY.

B poborti [6] 3ampomoHOBaHa cxema Mpollecy Ta 3IHCHEHO EMOKCHIYBaHHS
HaTypaJIbHOTO Kay4yKy MEpKUCIOTaMH B CEPEIOBHINI BOAA-KCHIION HA(PTOBHM B
TEPMOI30JIbOBAHOMY peakTopi. JIOCTIKEHO CKIIaj] Ta JaHe OILIHIOBAHHS MOMJIMBOTO
3aCTOCYBaHHS OJIEpKAaHUX MNpoAyKTiB [7,8]. Sk cHpOBHHY 3ampOIOHOBAHO
BUKOpUCTOBYBaTu Biaxoau BupoOHunTBa HK, sxi perenepytors y EHK [6]. Onnax
JlaHa TEXHOJIOTiA pecypco3arparHa yepe3 HeoOxinHicTh BuauieHHs EHK 13 pozuuny
Kkcuiodi-Boja, orpumanuuii EHK He Mae ¢cTabiibHOCTI (hi3MKO-XIMIYHUX MTOKA3HUKIB.

Bigomuii mpomec mepepoOku BimxoniB HK [9], sxuii BkiIroyae po3YMHCHHS
CKOaryJb0BaHOTO KayuyyKy B ApOMaTUYHOMY PO3UMHHHUKY 200 KapOOIUKIIYHOTO TUITY,
HaMpuKazg, OEH30ii, TOMyodi a00 KCHUJIONi, TIOPSJ 3 areHTOM, IO OMUJISETHCS,
HAIPUKJIIA]] P1KOT )KUPHOIO KUCIOTOI0 a00 IMIMIIEPUIaMHU SKUPHUX KUCIIOT, Y KUTBKOCTI
0sm3pK0 5 % Mac. abo MEHIEe Bij Baru kayudyky. J[o po3uMHy MOCTYNOBO J0JAIOTh
BOJy, III0 MICTUTh OMHJIIOIOYHMI areHT, HalpUKIaJa aMiak abo BIAMOBIIHUN aMiH, B
pe3yibTaTi 4OTO B PO3YHMHI YTBOPIOETHCS MIJIO. PO3UMH CcrioyaTKy 3arycae, mpuaomy
BOJIa € AuctiepcHoro ¢a3oro. JlogaBaHHs BOAU MPOAOBKYIOTh JOTH, TOKH HE HACTaHE
3BepHEHHsI (a3 1 Boja 3peITor Oy/e mpeacTaBisTi O6e3nepepBHy a3y, a Kaydyk 3
HOro pO3YMHHUKOM - JMcliepcHy ¢a3zy eMylnbCli. Ycl 1e MNpoBOAUTHCS 0e€3
3aCTOCYBaHHS HarpiBaHHs, aje Mpu Oe3nepepBHOMY MEpPEMIllTyBaHHI, CIIOYATKY IS
3a0€e3ne4YeHHs OCBITJICHHSI IUCTIEPCli pEYOBUHHU B PO3YMHI, a MiCJis TOTO K BII0YJIOCH
BUNIEHHS (a3 - Jucrepcii po3umHy KaydyKy B HENEPEPBHOMY CEpPEIOBHIIL.
JIOTpUMYIOUUCh I[LOTO METOJly, MOXKHa MEPETBOPUTH B €MYJBLCIIO 3KOAryJjibOBaHY
ryrranepuy, 6anaty ado inmi Binxoau HK, mo BuaoOyBaroThCs CrIOYaTKy y BUTIISAIL
natekcy [9]. Ane 3a 1aHOI0 TEXHOJIOTIEID MOMIJIMBO OTPUMATH JIMILIE HEKOMEPIiHI
HU3bKOKOHIICHTPOBAHI BUIH JIATEKCY.

B po6Goti [4] po3pobmiun ENR marekc s 3aHypeHUX MPOIYKTIB, KU OyB
CKOHILIEHTPOBaHUN 3a JIONOMOIOK IMPOILECY KepamidHOi yIbTpaduibTpaliitHol
mMemOpanu. [Ipu 11boMy BMICT CyXOro KaydyKy y po3uuHi 30ub1eHo 10 50-60 mac.%.

Ha ne#t yac He icHYIOTH JociipkeHHs no nepepoobui BiaxoaiB HK y marekcHy
dbopmy ISl MOJANBIIOTO BUKOPUCTAHHS Y MPOMMCIOBOCTI, TOMY Il JOCIIJXKEHHS €
aKTyaJIbHUMHU.

OcHOBHUII TEKCT.

im0 JoCHiKEHHS € BUPINICHHS MPOOJIeMHM HAKOIMMYCHHS  BIJIXO/IIB
BupoOHunTBa HK Ta po3poOka numsixiB ix mepepoOKH B MPOMHCIOBO-3aTpeOyBaHUM
npoaykt — jarekc EHK.

MeTtonoM BHpIIIEHHS TPOOJeMH € OOIPYHTYBAaHHSI PEUUKIIHTY B1JIXOJIB
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BupoOumITBa HK Ta BU3HaueHHS yMOB BUIUICHHS PO3UMHHUKA 13 BOJHO-KCHIJIOTHHOTO
po3unHy enokcuaoBanoro ckpany EHK 3 KOHIIEeHTpyBaHHSIM JIaTeKCy.

B po0oti 3anponoHOBaHO 3aMICTh OTPUMAaHHS BOJHO-KCHJIOJBHOTO PO3YUHY
EHK, sx 1ie HaBegeHo B poborax [6-9], nepeBenenns orpumanoro EHK B natekcHy
dbopmy 6e3 cTajii BUIEHHS CyXOro MPOAYKTY.

Y 1mpoMy pa3i HoBa Onok-cxema otpumanHsa jnatekcy EHK 13 Bigxomis
BupoOHuiTBa HK HaBenena Ha pucyHky 1.

36ip Ta Po34yHHEHHA ¥ O6pobKa EoAHHM
1o ApiOHEHHS - KCHIOJI > PO3ZUHHOM
eigxoaie HK HajTOROMY MepeKHCY BOTHIO
KcHmon
k4
OO0 K e S Beenerma ITAP Ihiairpie Ta
Ta cTabimzaiis |, T4 BIAAUTEHHA |, TP OB & EHHS
TaTeKCy KCHITOJTY e[TOKCHAYBaHHS1

Pucynok 1 - biok-cxema penukiinry BiaxoaiB Bupoonnursa HK

[Tepepobka Binxonis HK sBisie co0oro mpoiec emoKCHIyBaHHS KaydyKy B
cepeoBullll HahTOBUN KCUIIOI-BOJA, BUMAPIOBAHHS PO3YMHHHUKA 1 BOAU 3 PO3IUUHY
nuisixoM  0apOOTyBaHHS BOJM, KOHJCHCAIII0 KCWIOAY 3 MONAJIbIIUM HOTO
MOBEPHEHHSIM JI0 CTaJ(ii PO3UMHEHHS BUX1THOI CHPOBUHHU.

Pozunneni Bigxomu HK Ta gomarkoBi KOMIOHEHTH (ITOBEPXHEBO AaKTHBHI
pedoBuHM - [IAP, anTHKOATYJISIHTH, TPOTUCTAPIOBAYl, MypallliHa KACTIOTa, IEPOKCHU/T
BOJHIO, BOJIa 1 T.J.) HAAXOAAThH 10 pEaKTopa, IO sIBJIsSE COOO €MKICHUH amapar 3
copoukoro st o0irpisy [10]. Boasna mapa HagxoguTh 0 COPOUYKH OOITpIBY AJis
HarpiBaHHs peaktopy. Peakrop mpamroe nepioguuno. [Ipu mocsranHi piBHOBaXKHOT
TEMIIEpaTypd KHUIIIHHS BoAa 1 Kcwion HapTOBUM OapOOTYIOTh Yepe3 pO3YuH,
MEePEMIITYIOUU HOTO 1 MPUCKOPIOIOYH MTPOTIKAHHS peakiliil. Hagami mapu moTparmistoTh
70 TEMJI000MIHHUKA-KOHIEHCATOpa TUIlY «TpyOa B TpyOi1», &6 BOHH KOHJIEHCYIOThCS
Ta MOBEPTAIOTHCA 0 peakTopy. Peakiis mporikae Ha mpots3i 5 roaud. [licns craaii
€MOKCUIyBaHHS 3alPOIIaHOBAHO BUMApUTU HA(TOBUN KCHIIOJ Ta OTPUMATH BOJHMIMA
po3unH Jiarekcy EHK 6e3 oxosomxeHHs peakiiiHo1 CyMilll.

CyTHICTh TpOIECY EMOKCHAYBaHHS B TakOMy pas3i moJysraja y JJOCTaBIli
€MOKCUYI0YOr0 areHTy 0 KaydyKy 1 epeMillyBaHHI po3uuHy O0apOoTyBaHHSM [6].
Jlist mpoTikaHHS peakilii HeOOXiTHUN TepeMIlTyBaHHS B pe3yibTari 0apOoTaxy
napamu Bojau. Hamaini BoasiHa mapa KOHAGHCYETHCS 1 MOBEPTAETHCS 10 anaparty. s
CTBOPEHHS OYJIH0ANIKOBOTO PeXUMYy 0apOOTa)Ky HEOOXIHO 3a 5 TOJWH MPOTIKAHHS
MPOIIECY EMOKCUIYBAaHHS 2-4l BUITAPYBaTH MPUCYTHIO Y cyMmiln Boy. PazoM 3 mapamu
BOJM BIATaHSIOTHCA 1 Mapy PO3YMHHUKY (BUMIAPOBYBAHHS MYpAIIMHOI KHUCIOTH Ta
NEPOKCUy BOJHIO HEXTYIOTh 4Y€pe3 Mally KOHIIEHTpAIlll0, BHCOKY TEeMIIepaTypy
KHUITIHHS 1 y4acTh KOMIIOHEHTIB Y PEaKI[ii eMOKCHUTyBaHHS).
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Tomy BaxknuBorw craniero € BBeaeHHS Boau y HK Ta oTpumanHs naTekcHOT
¢dopMmu. YV OaraTbOX BUIAAKaX 1€ MOXKHA 3/11MCHUTH, IPUHANMHI, YaCTKOBO, IIPOCTUM
JOJIaBaHHSAM J0 KayyyKy BOJM HEBEJIMYKMMHU MOPLISIMU B 3MillyBay MpHU 3amici.
binpmricts BuaiB HK morimnae Bogy 3a JOCTaTHROTO 4Yacy 3MIITyBaHHS B KUTBKOCTI
npu6aM3HO 10 26% Mac. Bij Baru Kay4yyky; 3a3suuail nepiii 10% Boau NOTJIMHAIOTHCS
MIBUAKO. 3 METOI0 MPHUCKOPEHHs 1€l omeparii peKOMEHIO0BaHO 3acTOCOBYBATU
rigpodinbHi arenTu: [IAP a6o qunepraropu. Ciif 3ayBaKUTH, 0 Y JEIKUX BUMAIKaX
11l 100aBKM HE 3aBXIU € HEOOXIJHUMH, TOMY IO BOJA B KUTBKOCTI, TOCTATHIN IS
JUCHEPryBaHHS, MOKE MOTJIMHATHUCA HEKay4yKOBUMH KOMIIOHEHTaMH, SIKI BXE € y
KaydyKy. Y OyIb-SIKOMYy BHUIAQJAKy MOTJIMHAHHSA BOAM KaydyKOBOIO Macolo Ta ii
peTeNbHE PO3MOAUICHHS MO MOBEPXHAX MOAUTY MK TJIOOyJIaMHU Ma€ MEpIIOpsTHE
3HAYEHHS MPU OTPUMAHHI Juctepcii [9].

Bunanenns po3uMHHMKAa - HAPTOBOTO KCHJIONY 13 pEakIidHOI CyMili €
OCTaHHBOIO cTajiero oTpuManHs Jatekcy EHK: MoxiauBo 3aiiicHUTH TIpU CyMICHIN
MEPErOHIII 3 BOJSHOIO MAPOI0, SIKa MPOBOIUTHCS MPU OE3MEPEBHOMY JT0AaBaHHI BOJU.

Po3paxyHOK LbOTO Inpoliecy MPOBOAMIN 3 BUKOPUCTAHHSAM HaWOUIbII IIMPOKO
PO3MOBCIOKEHOTO /7151 onucy 3anexxHocTi P(T) piBusHHs AHTyaHa. [IpyxHICTh napis
kcunony Hadrosoro (Py) Ta Bonu (Ps) Hax cymimto 3Haxoqunu 3 ymosu [10]:

P=P,+P, (1)

PiBnoBaxny temneparypy T Tta TuCKk mapy P Hax cywimimmo BU3HAYalu
BUPIIIUBIIM CUCTEMY pIBHSHb AHTyaHa (2) /sl pO3YMHHHMKA Ta BOASHOI mapu. 3
no0yJOBaHUX KPUBHUX (PUCYHOK 2) OTPUMAJM PIBHOBAXHY TEMIIEPATypy CHLIBHOIO

KAMiHHS cyMminn Boja-kewiton Hadrosuit T=92,4°C npu P = 101300 ITa.
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=——Q0O06epHeHHit rpadik 3aneKHOCTI THCKY MapiB BOIH BiJl TeMNepaTypH toC
——Ipadik 3anekHOCTI THCKY NapiB HAQTOBOTO KCHIIOJY Bij TeMIEpaTypH

Pucynok 2 - Jliarpama npy>KHOCTi mapiB KCuJjio1y HagpTOBOIrO, SIKUM
HAI'PiBA€THCH 3 BOASHOIO MAPOI0

BignosigHo g0 noBimaux mkepen [11,12], cuctema piBHSIHHS AHTyaHa Jyisl BOAU
1 KcuJoiry HaTOBOTO Ma€ BUTIIS;

In(P,)=18,3036 - 3816,44

46,13+ (T+273,15)

1235.56 )
lo(P,)=8,7729 - —=2222
&) 189,49 +T
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Bupimnyroun piBHSHHS (2) OTpUMaiu:

P, =24543,6 Ila — ThCk napiB pO3UNHHUKA.

Tak gk nponec BiAOYBAa€eThCS MPU aTMOCPEPHOMY THCKY, TO HapLiaIbHUM TUCK
napiB pO3YMHHUKA MOXKHA BUPA3UTH K PIZHUIIIO aTMOC(HEPHOTO TUCKY 1 TapIiaibHOTO
TUCKY napiB Bogau. Tofi 3 piBHSHHS (1) MaeEMO THCK BOASIHOL Mapwu:

Pg =P - Pp-101300 —24543,6 = 76756,4 Ila

Tak sK Ha mNOpakTUIl Mapyd BOJM, IO TOKHAAIOTH amapaT HE MOBHICTIO
HACUYYIOTbCS IapamMH PO3YMHHHKA, TO TEOPETUYHA BUTpATa BOASHOI Mapu Oyze
MEHIIIa 32 MpakTUYHy. ToMy HEOOX1THO BpaxOBYBaTH KOE(IIIEHT HACUYCHHS (.

Yucnose 3HaUeHHA Koe(DillieHTa HACUYEHHS (@ 3aJIEKUTh B1J TJIPOJUHAMIYHOTO
pexxuMy Tpolecy neperonku. [Ipu meperosui 3 BOJASHOIO Mapolo, Map BBOAUTHCA B
map piAuHU, IPU LILOMY BIH MOXE€ MPOXOAUTHU Yepe3 Lap piauHU abdo0 y BUIJISAL
OKpeMux Oyib0ariok, abo YTBOPIOBATH 3 PITUHOIO TiHY, a00 MPOXOAUTH Yepe3 Iap
PIIMHM Y BUTJISIIL CYHIUTBHOTO cTpyMeHs. L1 BiaMiHHOCTI B 6apOoTaxi Mpu MeperoHiii
BOJSTHOIO NTApOI0 00YMOBITIOIOTHCSA HacaMmIiepe, MBUAKICTIO Mapy 1 00carom napa, 1o
YTBOPIOETHCS 3 PIAMHU, 1110 BUIAPOBYETHCS.

[Ipu neperoHIii 3 BOASHOIO Mapol0 MOXKYTh OyTH TPU Pi3HUX T1IPOJUHAMIYHUX
pexuma: 1) OynpOarmkoBuid, 2) miHHUN, 3) crpymenanil. 3a manumu Cuiipae €.K.
MOXXHA TpuiMaTh Koe(DIIieHT HACHYEHHS Tapu JJisg OyJb0alIkKoBOIO PEeXUMY
neperonkn ¢=1 [11]. IIpu mpoMy maca NEperHaHoOro pPO3YMHHUKA MOXKE OyTH
po3paxoBaHa 3a GopMyJIOL0:

__ Pp'Mp@-Gg
Gp = T G)

ne Mp — MoJieKysipHa Maca po3unHHUKa, MB — MoJieKyIsipHa Maca Boau, GB — maca
BOJIM.

[lincraBuBIIM 3HAMIEHI 3HAYeHHS B pIiBHSIHHSA (3) oTpuManu BHUpa3 s
BU3HAUYEHHS MacH BIITHAHOTO PO3YHHHUKY:

Gp = 1,89 Gp 4)

PiBHsiHHSA (4) 103BOJIsIE KOPETYBATH TEXHOJOTTYHUM PEXUM BIATOHKH HAPTOBOTO
KCUJIony Ta KoHIeHTpyBaHHs Jnatekcy EHK BiamoBimHo 10 HaBeneHoi cxemu
PELUKIIIHTY.

TakuM YMHOM, MHWTaHHS ONTHUMI3alli CKJaay, TEXHOJOTIYHUX MPOILECIB
OTPUMaHHsS Ta JOCIIIKEHHS JIATEKCIB EMOKCHIO0BAHOI'O0 HATYpPaJbHOIO KaydyKy €
aKTyaJbHUM, 3 OIJISIy Ha MOCTIMHI 3MIHM BUMOT JI0 MaTepiajiB y Cy4acHid TEeXHIlli.
Po3po0Oka 1iux maTepianiB Mae IMOTEHITiaN JUIs 3aMiHHM JOPOTUX CHHTETHYHHX JIaTEKCIB,
[0 JI03BOJIUTH 3HU3WUTU BUPOOHWYI BUTPATH Ta MIABUIIUTH EKOJIOTIYHY Oe3meKy
BUPOOHUYMX TMPOIIECIB, BPAXOBYIOUM 3aCTOCYBaHHA BinxofiB BupoOHuITBa HK y
SAKOCT1 CHPOBHHU.

BucHoBku. bynu po3risiHYyTI CydacHI TEXHOJIOTIT OTPUMaHHS JaTeKCy
€MOKCH/I0BAaHOTO HATypaJIbHOTO Kay4yKy.

B HaBeaeHUX JOCIIIPKEHHSX BCTAHOBJICHO, 10 PEIIMKJIIIHT B1JX0/11B BUPOOHHUIITBA
HK € mnepcnexkTUBHUM HampsSAMKOM JOCHIKEHb. 3alpONOHOBAHO METOJUKA
PO3paxyHKY IpOLIeCy BUIIAPIOBAHHS PO3UMHHUKA 3 BOAHOIO PO3UYHUHY €IOKCHI0BAHOIO
ckpany HK 3 MeToro oTpruMaHHs HOBOTO EPCIIEKTUBHOIO MaTepiay - JIaTEKCy CKpary
HaTypanbHOro kayuyky (LSENR).
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Byno oTpumaHo piBHAHHS 3a1€KHOCT1 MaCH KCUJIONY BiJl MacH BOJSHOI apu Ipu
CHUIbHIA IEPEroHLl, 10 J03BOJSE OTPUMYBATH BOJHUN PO3YMH Ta KOHIIEHTPYBAaTH
natekc EHK B onHOMY peakiiiiiHoMy mpocTopi.
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Abstract. The article establishes that the recycling of NR production waste is a promising area
of research. Modern technologies for obtaining epoxidized natural rubber latex were considered as
a method of processing NR waste. A method for calculating the process of solvent evaporation from
an aqueous solution of epoxidized scrap NR in order to obtain a new promising material - latex scrap
natural rubber (LSENR) was proposed.

Key words: natural rubber waste, synthetic latex, epoxidation, scheme of recycling

ISSN 2663-5712 28 www.sworldjournal.com



SWorldJournal

Issue 28 / Part 1 Z‘:&Eﬂ B

.- \w
Haykosuul kepisnuk: k.m.H., c.H.c. 3ubavino C.M.
Crartts Binnpasiena: 25.11.2024 p.

© Kapnaymekno [[.0O., 3ubaitno C.M., Benp B.B., CroBnnuk O.B.

ISSN 2663-5712

29 www.sworldjournal.com



~R =
SWorldJournal Issue 28 / Part 1 \Rgp‘

https://www.sworldjournal.com/index.php/swj/article/view/swj28-00-048

DOI: 10.30888/2663-5712.2024-28-00-048

YK 664.6
SEARCH FOR NEW APPROACHES IN THE PRODUCTION OF FRUIT

FILLERS

NOMYK HOBUX MIAXOAIB Y BUPOBHUIITBI ®PYKTOBUX HAITOBHIOBAYIB
Iryna Sylka / Cuaka .M.
PhD in Associate Professor. / k.m.H., 0oy.
ORCID: 0000-0002-2867-7414
Ivan Radchenko / Paguenko 1.
master's student in food technology / macicmpanm 3 xapuogux mexHonoeii
Nataliia Yushchenko/ FOmenko H.M.
PhD in Associate Professor. / k.m.H., Ooy.
ORCID: 0000-0002-4277-5782
National University of Food Technologies,
68 Volodymyrska str., 01601, Kyiv, Ukraine
Hayionanvnuii ynieepcumem xapuosux mexHonoeit,
68 eyn. Bonooumupcoxa,01601, m. Kuis, Yxpaina

Anomauin. Y cmammi po32isAHymo MOMCIUBOCMI POUWUPEHHS ACOPMUMEHMY QPYKMOBUX
HanoeH06ayie O 3miwanux Hanois. O6’€KmMoM OOCHIONCEHHS € MEeXHON02iA NPU2Omy8aHHs
2emepo2eHH020 (PYKMoB020 HANOBHIOBAYA 0N 3MIWAHUX Hanoig. I[Ipedmemom OocniodxicenHs
obpano sbayka copmy “Siren” ma epywi copmy «Ped Binbsamcy 3 uep8oroo m’axommio, ik OCHO8A
HAnoeHI08auda.

OcHOBHOW0 MeXHONI02IUHOW CMAOdIEI0 NPULOMYBAHHA (PPYKMOBUX HANOBHIOBAUIE € Menlosd
00pobka s6ayk ma epyw. Y x00i 00cniodxcenb 8CMAHOBIEHI MEXHONOSIYHI napamempu meniogoi
00pOOKU 3 3ACMOCYBAHHAM MEXHIKU CY-6i0 Ol NPUCOMYBAHHS 2emMepPOSeHHUX YPYKMOBUX
HanogH06auie, a came memnepamypa Haepieants — 63 °C, mpusanicmo 45 xeunun.

Macogi cnisgionoutenHs iHepedieHmie 6CMAHOBIeH] eKCNEPUMEHMATbHUM UIAXOM, OA3VIOUUCDH
HA OCHOBHI 0eCKpUnmopu op2aHoIenmuyHo20 auanisy xapioeoi npoodykyii. B axocmi 3azywysaua
000aHO KpPOXMANb KYKYPYO3SHUL, AKUU MA€E€ 30amuicmb 00 HAOYXAHHA NpU He GUCOKUX
memnepamypax HacpieaHHs, wjo 00360J5€ 3ACMOCO8Y8AMU WAOHULL PedCUM Meniosoi obpobKu
GdpyKkmosoi ocnosu ma 30epedceHHss mepMoaAOLIbHUX BIMAMIHIE Y il CKI1AOi

Knwouoei cnoea: ¢hpykmosuii HanoeH06ay, 3Miuiani Hanoi, cy-6io, 3a2yuyyeau.

Beryn. CydacHi TEXHOJIOTTYHI TOCATHEHHS pO3IIUPIOIOTH apCEHAN MOKIMBOCTEN
OapMeHiB 1 KyxapiB Ipu poOOTi 3 TEKCTypaMH Ta CMaKaMU 1 CIIOHYKAIOTh 1X 10 HOBHUX
PO3p000K y pecTopaHHOMY O13HeCl. Y KyJiHapHIN KOHIIEMIli BAXKJIUBUM €JIEMEHTOM €
BUKOPHUCTAHHS (DPYKTOBUX HAMOBHIOBAYIB, 110 CTBOPIOE YHIKAIbHI CMAaKOBI HIOAHCH
Ta 6araTorpaHHICTh apoMaty. Takuii MiaXia He JUIIE PO3UIMPIOE ACOPTUMEHT FOTOBUX
CTpaB UM HAIoOiB, aje i 3aJ0BOJBbHIE BUMOTH CYYaCHUX CIOXKMBAYiB, SIKI IIYKalOTh
HOBI, IIKaB1 Ta 370pOB1 BapiaHTH ISl BJIACHOTO PAI[IOHY XapuyBaHHSI.

BaxxnuBe 3HaueHHs (QPYKTOBI HANMOBHIOBadl MAalOTh Yy MIKCOJOrIi, siKa B
Cy4acHOMY pO3yMiHHI BKIJIIOYA€ IPYHTOBHUN HAyKOBUN MIAXiA Ta YITKE PO3YMIHHS
(GI3UKO-XIMIYHMX TIPOIIECiB, 110 BiAOYBalOTbCS TMPU CTBOPEHHI KOKTEHIIIB.
[T03UTUBHOIO TEHACHLIEIO CEpel CIOXKHBAYIB € MPUXWIBHICTH 10 030pPOBYOTO
xapuyBaHHA. ToOTO cyMillll HESKICHOTO aJIKOTOJIIO Ta CUPOIIIB, 3 ICKPABO BUPAKEHOIO
CMaKO0-apOMaTUYHOIO CKJIAJIOBOIO IMITYYHOT'O MOXOKEHHS BCE MEHIIIE KOPUCTYIOThCSA
nonuToM. HaBmaku, miABUIIYEThCA IHTEpEC M0 HATYpaIbHOCTI CMaKy, KOJbOpPY Ta
apoMary y 3MillIaHUuX HaIosX.
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3MillTaHuM HA3UBAETHCS HAIIH, M0 CKIIAAEThCA 3 0a3u, TOM'SIKITyBaIBHOTO Ta
CMaKO-apOMaTUYHOTO KOMIIOHEHTIB Ta 3 JOJIaBaHHSIM HAINOBHIOBauda, SIKUM HaJae€
MOBHOTY cMaky Ha Buxozi [1]. Kpim 11boro, HanmoBHIOBau1l MOXYTh 3MIHIOBATH KOJIIP
Harmoro, 30aradyioTb Horo OIOJIOTIYHO aKTUBHUMHU  pedoBMHamu. OnHak,
BUKOPHCTOBYIOUM HAIlOBHIOBAY, 3aBXAM MOTPIOHO Mam'siTaTH, 110 BiH HE MOBHHEH
3MIHIOBATH XapakTep Hamolo, nmepeduBatu 0a3y, a MOBUHEH J00pe MOETHYBATHUCS 3
HEl 1 miakpecaoBaTu ii nmepeBard. OpyKToBI HANOBHIOBAaUl Ha OCHOBI OpraHIYHUX
MPOIYKTIB MOXYTh OyTH HE JIUIIIE €JIEMEHTOM KyJIiHapHO1 IHHOBALlii, ajie i CUMBOJIOM
Cy4acHOT raCTpOHOMIi.

OcHOBHUIT TEKCT.

OpyKkTH 1€ JHKEepeso BYTIEBOMAIB, BITaMiHIB, XapuyOBUX BOJIOKOH 1 MiHEpaiB,
TaKOX MICTATh ()EHOJIbHI CIOJIYKH, MITMEHTH Ta 1HII (ITOXIMIYHI pPEYOBUHU 3
AHTUOKCHUJAHTHUMHU BJACTUBOCTSMH, SKI pPa3oM BiIIrparOTh BAXKIUBY pOIb Y
XapuyBaHHI JIOJMHU [2]. BUKOpUCTaHHA HOBUX BHJIIB CUPOBUHM, B TOMY YHUCII U
HOBUX COpTIB sIOJlyK, TOpIXiB, MPSHONIIB JOJAa€ HOBI CMaKO-apOMAaTH4HI
XapaKTEePUCTUKU (PPYKTOBOMY HAIMOBHIOBAUY, pOOUTH HOTO OLIBIIT TPUBAOIUBUM IS
cydacHHUX TypMaHiB. He Mo)kHa HEXTyBaTH 1 NMONMMTOM HAa HATYPaJbHICTh TOTOBUX
Xap4yOBUX MPOAYKTIB, SIKM 3pPOCTAa€ OCTaHHIM 4yacoM. [Ipu 1bOMy BMICT IITYYHHUX
HaIloOBHIOBAYiB (cTabuI3aToOpiB, apoMaTu3aTtopiB, OapBHUKIB TOIIO) Mae OyTH
3BEACHUH 10 MIHIMyMY.

B ocHoBy po3pobisieHHs penentypu GpyKTOBUX HAMOBHIOBAYIB OyJIH MOKJIaACHI
TEHJICHIIIi 100 PO3IIUPEHHS ACOPTUMEHTY Ta MiJBUILECHHS O10J0T1YHOI I[IHHOCTI
3MIIIAHKX HAaIoiB, IO PEATI30BYIOTHCA Y 3aKJIaJlax PEeCTOPAHHOTO TOCIOJapCTBa.
Bub6ip cupoBuHu 1151 PpyKTOBOTO HAITIOBHIOBaYa BUMArae yBaKHOTO PO3TJIISy Pi3HUX
(bakTopiB, TAKUX SIK CMAKOBI SIKOCT1, TEKCTYpa, BMICT I[yKpiB Ta MOKUBHUX PEYOBHH.

O0’ekTOM  JOCHIJDKEHHS € TEXHOJIOTIS MPUTOTYBaHHS  IETEPOreHHOTrO
(bpyKTOBOTO HamOBHIOBaYa I 3MilIaHUX HamoiB. [Ipenmerom gocmimkeHHsT 00paHO
sa0JIyKa Ta TPyl 3 YEPBOHOIO M SKOTTIO, IK OCHOBA HaroBHIOBava. [[y1s1 moCsSTHEHHS
MOCTaBIIEHOT MeTH CHOPMOBAHO 3aBJAaHHS: OOIPYHTYBATH BHJ Ta COPT (PPYyKTOBOI
CUPOBHHH, BH3HAYUTH MAacOB1 CHIBBIIHOIIEHHS I1HTPEMIE€HTIB, ONTHUMI3yBaTu
TEXHOJIOT14HI MapaMeTpu MPUTOTYBaHHS HAMOBHIOBaYa T4 BCTAHOBUTH TEPMIH HOTO
30epiraHHs.

3a/71s1 JOCATHEHHS BUCOKHX OPraHOJENTUYHUX MTOKa3HUKIB 3MIIIIAHOTO HATIO0, Y
CKJIaJll sIKOro mepeadadueHo (PpyKTOBUM HAMOBHIOBAY, JI0O OCTAHHLOTO BHUCYBAIOTh
MIeBHI BUMOTH:

- TapMOHIMHUI cMaK, TPUBAOIMBHUI KOJIIp Ta apOMarT;

- craliapbHa KOHCHUCTEHITIS aHAJIOT19HA (DPYKTOBUM ITHOPE;

- B'I3KICTBH BHIIA, HIK B'SI3KICTH HAIIOIO;

- (opmyBaTH OKpeMUH IIap HA MOBEPXHI HAIIOIO 3 YITKOIO JIIHIEIO MOLTY.

- MaTu TPUBAIMN TEPMiH 30epiranHs, mo0 YHUKHYTH CE30HHOCTI B IPUTOTYBaHH1
3MIIIIAaHUX HAIOIB.

Bubip rpym copty «Pen BinbsiMe» 1151 HamOBHIOBaYY IPYHTYETHCS Ha iX BUCOKIH
MO>KUBHIM (Xap4yoBiif) IIIHHOCTI: BMICT BiTaMiHiB Ipynu B, kaito Ta martito. OcobyiiBe
3HAYEHHS MaloTh (YHKI[IOHAJTBHO-TEXHOJOTI4HI BIACTUBOCTI JAHOTO COPTY, a came
CepellHs IMUIbHICTh M’SIKOTI Ta i HDKHA COKOBHUTAa W MACISHHUCTAa CTPYKTypa
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HACHYEHOTO OOpIOBOTO KOJBOPY, 3a0€3MeUyl0Th BHUCOKY OpPTaHOJENTUYHY OIHKY
SKOCT1 TOTOBOT'O HAIIOBHIOBAYa.

Sbnyka copry “Siren” BIZOMI HDKHOK TEKCTYpPOI Ta YEPBOHUM KOJIbOPOM
M’SIKOT1, COJIOJIKUM HaCHYCHUM cMakoM Ta apomaToM. [Lmoau mictsats 80...90 % Bowu,
8...15 % po3unmHHUX peuoBHH (IyKpH, KUCIOTH Ta iHII), 2...4 % HEPO3UMHHUX
PEYOBUH, B TOMY YUCII i EKTUH.

OCKUIBKM TUIOIM SIOJIYK Ta TPYHI Y CBOEMY CKJIAJl MICTSATh 3HAYHY KUIBKICTh
BOJIOTH, Oa)KaHy B’SI3KICTh HAIIOBHIOBaYa MOKE 3a0€3TEUHUTH 3aryIlyBad. 3BaKarOun
Ha HATYPaJbHICTh KIHIIEBOT'O MPOJIYKTY, KA € MPIOPUTETOM Y JAHUX JTOCIIKEHHSX,
JUIsL JIOCATHEHHS HEOOX1AHOI KOHCUCTEHUIi OOpaHO KpOoxMmaib KyKypyI3sSHUU.
['omoBHOO HOT0 TIEpeBarol0 cepe aHaJOTIYHHMX Xap4yOBHX JT00ABOK € 3/IaTHICTH JI0
HaOyxaHHs MPU HE BUCOKUX TeMIIepaTypax HarpiBaHHs, 110 JI03BOJISIE 3aCTOCOBYBATH
MIAJHAA PEXUM TEIJIOBOi OOpoOKM (PYKTOBOI OCHOBH Ta  30€peKEHHS
TepMOJIa0UTBPHUX BITAMIHIB Y i1 CKIafdl.

TexHomnoris NpPUTroTyBaHHA (PYKTOBUX HAYMHOK AHAJIOTIYHA TEXHOJOT1i
nacTepu3oBaHuM (PYKTOBUM MIOpE, siKa nepeadayae crajli mpuilMaHHs Ta 1HCHEKIii
CUPOBHMHH, MEXaHIKO-KYJIHApHY 1i MIJTOTOBKY, TEIJIOBY OOpPOOKY IHTPEIIEHTIB B
OJIHI €MHOCTI, hacyBaHHA Ta 30epiraHHs TOTOBOT MPOAYKIIii.

VY xoni macrepu3ailii, ika € OCHOBOIO KJIACUYHOT TEXHOJOT1i (PPYKTOBUX IMIOPE,
PYWHYIOThCS 010J10T1YHO-aKTUBHI1 PEYOBHHH. [Tomryk aNbTEPHATHUBU
BHUCOKOTEMIIEpaTypHiii 00poOIll MpHUBIB [0 BOPOBAKEHHS TEXHIKK CYy-Bi Yy
TEXHOJIOT1i MPUroTyBaHHs ()PYKTOBUX HamoBHIOBaYiB [3]. [{e 103BoJIsIE€ pO3M AKIITUTH
TKaHUHY TUTOJIB, 1HAKTUBYBATH OKHCIIOBAJIbHI (DEPMEHTH ¥ MpPU 1OMY 30eperTu
010JI0T1YHY aKTUBHICTh MIKPOHYTPIEHTIB, K1 BXOJATH JI0 iX CKIIafy.

Texnonoriunuii mpoiec BUPOOHUITBA (PPYKTOBOI HAYMHKU BKIIOYAE MUTTH,
IHCIIEKTYBAaHHS, YWIIEHHS $0JIYK Ta TpyIl, BUJAJICHHS HACIHHEBOI KOPOOOUKH,
noApiOHEHHA Ha IpIOHUI KyOMK (KOHKace), BaKyyMyBaHHs B Oap'epHOMY MakeTi BCIX
IHTPE/IIEHTIB Y BCTAHOBJICHHMX MAaCOBHX CITIBBIIHOIICHHSX, 3aHYPEHHS B HATpITy J0
temriepatypu 63°C (pekoMeHauii 3 IHCTPYKIi MO eKCIUTyaTallii npuiaay) BOJSHY
€MHICTb 3 TEPMOCTATOM, KU MOBUHEH HIATPUMYBATH TOYHY TEMIIEpaTypy BOAU
TPUBAJIUH 4ac.

TpuBanmicte TepMIUHOTO OOpPOOJEHHS BCTAHOBIIOBAIN EKCIEPUMEHTAIBHO,
BapilOI0YM TPUBATICTh B MeXax Bif 15 no 60 XBuiIMH 3 IHTEpBaJIOM y 15 XBUIIMH.
['0710BHOIO O0O3HAKOK TOTOBHOCTI HAmloOBHIOBaua Oyjia KOHCUCTEHLIs (QPYKTIB Ta
rOMOT€HHA CTPYKTYypa micis noapionenns. Pesynpraru HaBeneni y Tabmmii 1.

Komno3uitist mpsHOIIIB y JaHOMY JOCTIKEHH] CKIaganacs 3 MOPOIIKY KOPHIIL,
KypKyMH Ta MOApiOHEHOro HaCiHHS KOpiaHIPY Y PIBHUX MAcOBUX CITIBBIIHOIICHHSX.
JonaHa KITbKICTh MPSIHOIIIB HE CYTTEBO BIUIMBAE Ha (PYHKIIOHATBHO-TEXHOJIOTIYHI
MOKA3HWKH HANIOBHIOBAYa, TOMY iX SIKICHUU CKJIaJ] 3aJIKUTH JIUIIE BiJ] MOCTABICHUX
3aJlay MPUTrOTYBAHHS 3MIIlIAHUX HATOIB.

Po3po0iieHnii HamoOBHIOBAY Ma€ OJHOPIJIHY, PIBHOMIPHY CTPYKTYpY, TapHUii
BJIACTUBUIA TAHUM IHTPEIIEHTAM KOIip; TPUEMHUM, TATTOBUH, T00pe BUPAKEHUH 3arax
1 XapaKTEepHUM AJI IbOTO MPOAYKTY CMaK; BUTOTOBJIEH] 3 BUKOPUCTAHHSIM HEIOPOroi
Ta JOCTYMHOI CHUPOBHHH, HE MICTHUTh KOHCEPBaHTIB Ta OapBHUKIB, MAalOTh BHUCOKY
XapyoBy Ta OIOJIOTIYHY IIHHICTh. ['€PMETHYHO 3aKpUTHI XapyOBUM IaKeT HE
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MIPOITYCKA€E TIOBITPSI Ta BOJIOTY, TOMY IPHUTOTOBJICHHA HANIOBHIOBAY Mepen0avdacThCs
30epirati B TakoMy TNakyBaHHI npu temnepatypi Bij 3°C no +10°C y xomoamibHiA
madi 3 mics.

Tabauus 1 - OprasonenTuyHa XapakTepucTHKA 3pa3KiB GpPyKTOBOrO
HANOBHIOBA4Y B 3aJIe;KHOCTI BiJl 4acy TepMi4HOI 00poOKH
TpuBanicts TepMiuHOi | OpraHoyieNnTHYHA XapaKTEPUCTHKA CTYIEHS TOTOBHOCTI

00poOKH, XB

15 Opykt  He BTpatuaun  ¢GopMmy, TpU NOAPIOHEHHI

3IMIIAIOTHCS TPYJIOYKUA, IO CBIAYUTH MPO MIIHICTh
KIITUHHUX CTIHOK, OCOOJIMBO IPYII

30 @DpyKTH TBEPJ10i KOHCUCTEHIII1, IOraHO TOMOTEHI3yIOThCSI

45 OpyKTH M’IKOT KOHCUCTEHII11, (hopMa Hapi3aHHS
30epiraernces. [Ipu moapiOHEHHI TOCATAETHCS OTHOPITHA
KOHCHUCTEHIIIA.

60 dopma HapizaHHsS Y QPYKTIB BTPAYAETHCS, KITBKICTh

piakoi ¢a3u 30u1blIyeThes. [Ipy noapiOHEHH1 MBUAKO
JI0CSITA€ThCSI TOMOTEHHICTh 0€3 MOJaIbIIoT TOTpeOu B
EepPEeTUPAHHI.

MacoBi ciiBBiIHOUIEHHS IHIPEIIEHTIB (PPYKTOBOr0O HANOBHIOBaYa (Tad:. 2) Oynu
BCTAHOBJIEHI €KCIEPUMEHTAJIbHUM LUIIXOM, 0a3yrouHuch Ha OCHOBHI JECKPUITOPH
OpraHoJIENITUYHOr 0 aHali3y Xap4oBOi MPOTYKIIIi.

Tabauus 2 — PenentypHuii ckiiaj GpyKTOBOro HANOBHIOBAY A

Iarpenient Maca,
OpyTTO HETTO
['pyma 60 40
S6nyka 60 40
Men 10 10
Kpoxmann 15 15
Kommoswuttist mpstHOIITIB 5 5
BucHOBKH.

@OpyKTOB1 HAMOBHIOBAY1 € BaXJIMBOIO CKJIAJ0BOIO IIETUYHOTO XapyyBaHHS yepes
CBOIO TMPHUPOAHY BHCOKY BHUTPHUBANICTb. BOHHM TPONOHYIOTH IIUPOKUNA CIEKTP
KOPUCHUX MOXUBHUX PEYOBHH, BKJIIOYAIOYM BITAMIHHM, MIHEPaIu Ta aHTUOKCUAHTH,
IO CIPHUSIOTH MOKPALIEHHIO IMYHITETY Ta 3arajlbHOMY 310pOB't0. OCKUIBKH (PPYKTH
MalOTh HU3bKUI BMICT KaJIOPii Ta BUCOKHI BMICT Xap4OBUX BOJIOKOH, BOHHU CTalOTh
1IcaJIbHUM BUOOPOM ISl TUX, XTO MparHe 3HU3UTHU Bary ab0 KOHTPOJIOBATH PIBEHb

IyKPY B KPOBI.
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Abstract. The article considers the possibilities of expanding the range of fruit fillers for mixed
drinks. The object of research is the technology of preparing heterogeneous fruit filler for mixed
drinks. The subject of the study was chosen as the basis of the filler, apple of the variety "Siren" and
pears of the variety "Red Williams" with red flesh.

The main technological stage in the preparation of fruit fillings is the heat treatment of apples
and pears. In the course of research, the technological parameters of heat treatment using the sous-
vide technique for the preparation of heterogeneous fruit fillers were established, namely, the heating
temperature is 63 °C, the duration is 45 minutes.

Mass ratios of ingredients are established experimentally, based on the main descriptors of
organoleptic analysis of food products. As a thickener, corn starch is added, which has the ability to
swell at low heating temperatures, which allows the use of a gentle heat treatment mode of the fruit
base and the preservation of heat-labile vitamins in its composition

Key words: fruit filler, mixed drinks, sous vide, thickener

Crarts Bianpasnena: 25.11.2024 p.
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QUALITY INDICATORS OF AUTOMATIC REGULATION SYSTEMS OF

DRILLING MODES OF OIL AND GAS WELLS WITH ELECTRIC DRILLS
MOKA3HUKU AKOCTI ABTOMATUYHUX CUCTEM PET'YJIOBAHHS PEXKUMIB
BYPIHHA HA®TOBUX I T'A30OBUX CBEPAJIOBUH EJIEKTPOBYPAMU

Dmytryk T.B. / Imutpuk T.b.
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ORCID: 0000-0001-6636-1069

Ivano-Frankivsk National Technical University of Oil and Gas,
Ivano-Frankivsk, Karpatskaya, 15,76019

leano-Dpankiecvkuil HAYiOHATLHUL MEXHIYHUL YHIBepcumem Hapmu i 2azy,
leano-Dpanxiscok, eyn.Kapnamcvka,15,76019

Anomauin. B pobomi posensdaromvcs cucmemu agmomMamuiHo20 pe2yao8anHs 3 pecyisamopom
nooaui 0010ma, NPU3HAYeHUM 0Jist pOOoOmu npu OYPIHHI C8ePONOBUH eNeKmPOodYypamu, Wo 3abe3nedye
RIOMPUMKY 3A0AH020 3HAYEHHsT NOMYAHCHOCMI HA 6aNl O08USYHA eNeKmpoOypa 3 0OMeHCEeHHAM
HABAHMANCEHHS. HA O00A0MO aO0 NIOMPUMKY 3A0AHO20 3HAYEHHS! OCb0B0O2O HABAHMANCEHHS HA
0oz10mo (cunu 6azu Ha 2aKy).

Knrwuosi cnosa: asmomamuune pe2yniosans, enekmpooyp, 6ypiHHsA, 0CbO8e HABAHMANCEHHS,
NOKA3HUK AKOCMI, nepexionuti npoyec.

Berym.

HaykoBo-TexHiunuii mporpec B  HadTOrazoBUAOO0YBHIA  MPOMHCIOBOCTI
OOyMOBJIEHUI MIABULIEHHSM TEXHIYHOTO PIBHS HAa(TOBOI €IEKTPOCHEPTreTUKH U
MOJAJIBIIUM PO3BUTKOM aBTOMAaTHU30BAHMX CHCTEM KEpPYBaHHS TEXHOJIOTTYHHUMHU
nporiecamMu. Po3po6ka 1 BHpoBaPKEHHS €JIEKTPOOYPiB 3MIHHOTO CTPYMY JIJIsl CYYaCHHUX
OypOBUX yCTaHOBOK, IiABUIIICHHS HAIIMHOCTI €KCIUTyaTallii aBTOMaTU30BAHUX CHCTEM
PETYJIIOBaHHS PEXHUMIB OypiHHS CBEp/JIOBHMH 3a0€3Me4yl0Th 3HAYHE IIJBUIICHHS
MPOJIYKTUBHOCTI Ipaini B OypiHHI HAPTOBUX 1 ra30BUX CBEPAJIOBUH, Y TOMY YHUCII 1 HA
CJIAHLIEBUM Ta3.

Ak mokazye MpoBeJACHUM aHali3, ChOTOJHI OJHUM 13 3acO0iB IiJIBUIICHHS
e(pEeKTUBHOCTI TEXHOJOTIYHOIO Mpolecy OypiHHA € BUKOPHUCTAHHS aBTOMATHUYHHUX
CUCTEM pEryJIIOBaHHS PEKUMIB OYpIHHSI CBEPIUIOBHUH CYYaCHUMH €JIEKTPOOypamH.
3aBAaHHs NPOEKTYBaHHS, €KCIUTyaralii ¥ aBTOMAaTW3alli PEeryJiIlOBaHHS PEKUMIB
OypiHHS BEAYTh JIO HCOOXITHOCTI BUBUCHHS TaKOTO CKJIQJHOTO MUTAHHS K CTIMKICTh
cucteM. Lle 06ymMoBIIeHO THM, 110 Mpoiiec OypiHHSA HAPTOBUX 1 Fa30BUX CBEP/IJIOBUH €
HEJIHIWHAM CTOXAaCTUYHO-XAaOTUYHUM TIPOIECOM, SIKHH 3/IIHCHIOETHCS 32 YMOB
anmpiopHOi Ta MOTOYHOI HEBU3HAYEHOCTI, PO3BUBAETHCS B dYaci 1 mepedyBae mif
BIUTMUBOM PIi3HOTO TUITY aIUTUBHUX U MYJIbTHILUTIKATUBHUX 3aBa/l.

Tomy MeTor0 1aHoi poOOTH € OlIHKA 1 MOPIBHSHHS MOKA3HUKIB SKOCTI CHCTEMH
aBTOMAaTUYHOTO PEryjOBaHHS OChOBOT'O HABAHTKEHHS Ha JOJOTO 1 CHCTEMH
aBTOMATUYHOTO PETyJIIOBaHHS MOTYKHOCT1 Ha Balli enekTpoodypa E215-8m.

OcHOBHHUII TEKCT.

VY pexumi OypiHHS TO MOTYKHOCTI Ha Bayi i OCOBOMY HAaBaHTAXXCHHIO Ha
JI0JIOTO MOKHA BCTAHOBJIIOBATH JIBa 3a/1aH1 3HAYCHHS YCTaBKH — MOTY>KHOCT1 Ha BaJll
JABUTYHA eJeKTpoOypa ab0 OChOBe HaBaHTAXEHHA Ha A0j0To. IIpoTe, mpu mpomy
MOXXHA MiJTPUMYBaTH TUIBKH OJWH 13 MapaMeTpiB, OMU3bKUAN JO 3aJaHOTO: B
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E€HEPTrOMICTKHX IMMOPOJIaX — MOTYXKHICTh, @ B HE EHEPTOMICTKHX — OChOBE HABAHTAXKCHHS
Ha 70710T0. ToOTO crcTemMa KepyBaHHs Ma€ 3MIHHY CTPYKTYpY (pUCYHOK]).

Z(t)
EnemeHT
OpPiBHIHHT E(t)
EY— Peryzastop 06’ kT P(1)
ifi ToAat * KepyBaHHE *
mpHeTPE | J07I0Ta P3
ABO r
’_“_I IIpmcTpii
I i KOHTPOIIIO
] i
|
| |
I I IIpuctpiit
| } KOHTPOIIO |«
Lo P(1)

Pucynok 1 — @yHKk1ioHAJbHA cXeMa CHCTEMH i3 3MIHHOIO CTPYKTYPOIO LISt
KepPyBaHHA NpouecoM OypiHHS CBepAJIOBHH ejieKTpoOypamm: F(f) — ocvoge
HasaumaoiceHus Ha oonomoy P(§) — nomyocnocmi na eani 0euzyna enekmpobypa;
Z(t) — 30ypenns

Icepeno: [2]

[lpyHmmMn  3MIHHOI  CTPYKTypud JO3BOJISIE  BHUKOPUCTOBYBATH  TO3UTHBHI
BJIACTUBOCTI KOXHOT CTPYKTYpPH 1 OTpUMATH €(PEKTHU HE BIACTUBI KOJHIN 13 CUCTEM,
10 MalOTh MOCTIMHY CTPYKTYpy. B nocmimKyBaHiid CUCTEM1 BUKOPUCTAHO PETYIIATOP
nmogadi gojgora AMC-2, naBad ochOBOr0 HaBaHTaXEHHS Ha J0j0To Ty JIBP-26 31
CIIOCTEPIralouol0 CUCTEMOI0 Ha OCHOBI O€3KOHTAaKTHHX celbCuHIB Ty BJI404A,
CHUCTeMa TEJECKOHTPOJIIO TMOTYKHOCTI Ha Bajli JBHUTYHAa €NeKTpoOypa Ha OCHOBI
CEpIHOTO J1aBava akKTUBHOT MOTYXHOCTI cepii E.

Ha mnepuiomy erami JOCHIKEHO CHUCTEMY aBTOMATHYHOIO PpEryJIOBaHHS
OCbOBOTO HABAHTAXEHHS Ha JOJOTO, AITOPUTMIYHA CTPYKTypa SKOI HaBeJeHa Ha
pucyHky 2. bauumo, mo y JaHOMYy BUIAJKY, KOJIM KOe(ILi€HT mnepefadl JIaHKU
«penyktop 3 OapabaHoMm nebinku — KoJoHa OypwibHMX TpyO — kaHat» K = 1,
TPUBAJICTh NEPEXITHOTO MpolLecy ckiaaae 6,5 ¢, nepeperyitoBaHus 6,5 % 1 KIIbKICTb
nepioAiB  koguBaHb n = 1. [3 30uUIblIeHHSM TJIMOUHU CBEPAJIOBUHHU, IO
CYNPOBOIKYETHCS 3POCTAaHHSAM KOE(QIIl€EHTa Mepeaadi, MOKa3HUKH SKOCTI CHUCTEMH
noripuyroThes (Tadbuuus 1).

['padikm 3anmexHOCTEH TPUBATIOCTI MEPEXITHOTO MPOIIECY fy;, KUTBKOCTI MEpioiB
KOJIMBaHb 7 1 TNEpPEperyyiloBaHHS ¢ BiJl BEJIMYMHM Koe]illleHTa mepenadi JIaHKU
«peayKTop 3 6apabaHOM JeOiIIKH — KOJIOHA OypHIIbHUX TPyO — KaHaT» HaBEICHO Ha
puccyHky 3. bauumo, mo npu K—5 NOKA3HUKU CHUCTEMHU PETYJIOBAHHS OCHOBOIO
HAaBAHTAXKEHHSI HA JIOJIOTO PI3KO MOTIpIIYIOThCS. TOMY HOUIIBHO 3MIHUTH CTPYKTYPY
CUCTEMH PEryJIIOBaHHS 1 MEPEeHTH 10 aBTOMATHMYHOTO PEryJIOBAHHS MOTYXKHOCTI HA
BaJll eNIeKTpoOypa.
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PucyHok 2 — ANropurMidyHa CTPyKTypa CHCTEMH ABTOMATHYHOI0 PeryJIl0BaHHs

O0CHOBOI'0 HABAHTAKEHHS HA JI0JIOTO I MepexXigHa XapaKTepUCTHKA
IDicepeno: [2]

JIyist MOpiBHSIHHS MOKA3HUKIB SKOCTI MEPEXIAHUX MPOIECIB HA PUC. 4 HABEJAEHO
AJITOPUTMIYHY CTPYKTYPY CUCTEMHU aBTOMAaTHYHOT'O PETYIIOBAaHHS MOTYKHOCTI Ha BaJll
nBuUTyHa enektpoOypa E215-8m, sika BiIpI3HSAETHCS BiJl CUCTEMH, IO 300pakeHa Ha
puc. 2 nuie 3MIHOIO KepoBaHOi BelMW4yWHH. IIpw 1IbOMy 0AAaTKOBO B CTPYKTYpPY
BBeJICHO (DYHKIIIT Mepeiayl ABUTYHA eIeKTpoOypa:

12,5
Wi(s) = —=2
1) =065 11
1 JaBaya aKTUBHOI MOTYXHOCTI
0,0005
Ws(s) = ————.
209 =502 11
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Tadoauusa 1 — [loka3HUKH AKOCTI CHCTEMH ABTOMATUYHOI0 PeryJIl0BAHHS
0CHOBOI'0 HABAHTAKEHHS HA J10JIOTO B 3aJIE2KHOCTI BiJ KoedimieHTa nepenayi
JIAHKH «PeAyKTOop 3 0apadaHoOM J1e0iAKH — KOJIOHA OYyPHJIBLHUX TPYO — KaHAT»

KoedimienT nepenayi 1anku . KinbkicTh
TpuBanicts | [lepepery- .
«penyktop 3 0apabaHoM . MepioiB
Ne . NEPEXIAHOTO | JIFOBAaHHS,
71e011KU — KOJIOHA OYpHIIBHUX HDOLECY. iy KOJIUBaHb
TpyO — KaHaT» (pO—KK) ponecy. > 70 n
1 1 6,5 7,5 1
2 2,2 10 37 2
3 2,8 14 50 3
4 3,4 17 47 4
5 4,4 30 71 7
6 4,8 35 77 8
7 5 45 85 13
Asmopcvra po3poora
fn, C;
8 7, %
50 80
i -
40 — _Jt 20
30 — o o | 60
- P P
20 S 40
N ,_74_’/; " A 20
S—— - Kosax

6

()
Lad

T

LA

1

Pucynok 3 — I'padikn 3aj1exxHOCTeil TPUBAJIOCTI IEPEeXiAHOTO Mpouecy Z,
KIIBKOCTI NepioAiB KOJIMBaHb 7 i epeperyJloBaHHs ¢ BiJ KoedilieHTa:
* — mpueanicmo nepexioHoco npoyecy; ® — KiIbKiCmb nepiodié KOIUBaHb;
° — nepepecyn08anHs nepedadi 1aHKu «peayKTop 3 6apadaHoM JiediIku — KOJIOHA
OypwibHHMX TPYO — KAaHAT»
IDicepeno: [3]

baunMo, 1110 MTOKa3HUKU SIKOCTI Y I[bOMY BHUIMAJKy 3HAYHO MOKpamuiucs. Boxu
30epiratoTbCd 1 NpyU OUIBII BUCOKHMX 3HAYEHHS KOe(illeHTa mnepenadl MeXaHIYyHOl
JIAHKH «PEyKTOp 3 OapabaHoM J1e01KU — KOJIOHA OYPUIIBHUX TPYO — KaHAT» (PUCYHOK
5, pucyHoK 6).
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PucyHok 4 — AIropurMiyHa CTPyKTypa CHCTEMH ABTOMATUYHOTO PeryjTl0BaHHs
NMOTYKHOCTI Ha BaJii IBUryHa ejekTpodypa E215-8 m (Kps-=1, K. =12,5)

Aemopcwra po3podka
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PucyHok 6 — AroputMidyHa CTPYKTypa CUCTEMH ABTOMATHYHOI0 PeryJIl0BaHHA
MOTYKHOCTI Ha BaJii ABUryHa ejekrpoodypa E215-8 m (Kps-wx = 4,4, K. =12,5)

Aemopcwvka po3pobka

OTtoXx, NpH 30UIBLIEHH] INTMOMHU CBEPUIOBUHU, KOIH KoediuieHT nepenadi K.
x« HAOJIMDKAETbCS J0 5 MOMUIBHO 3MIHUTH CTPYKTYPY CHCTEMH aBTOMATHYHOIO
PETYJIIOBaHHS 1 IEPEUTH HA aBTOMATHYHE PETYJIIOBaHHS MOTYXXHOCTI Ha Bajl IBUTYHA

eIeKTpoOypa.

BucnoBok. byno mocimimKeHO IMOKa3HUKH SKOCTI CHCTEMH aBTOMAaTHYHOTO
PETYIIIOBaHHS OCHOBOTO HABAHTAXCHHS HA JOJIOTO 1 MOTY)XHOCTI HA Balli IBUTYHA
enexkTpooOypa. Lle mano 3mory 3poOMTH BUCHOBOK PO JOLUIBHICTB 13 301IBIIICHHAM
rIMOWHY CBEPJYIOBUHHM MEPEX0Ty Ha aBTOMATHYHE PETyJTIOBaHHS MOTYXKHOCTI Ha Bai
JIBUTYHA €JIEKTpOoOypa, 3aMICTh PETYJIIOBAHHS OCHOBOI'0 HABAHTAXKEHHSI HA JIOJIOTO.
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SWorldJournal Issue 28 / Part 1

Abstract. This work analyzes automatic regulation systems, which include a bit feed regulator,
designed for efficient operation of electric drills during well drilling. The main purpose of the system
is to maintain the specified power value on the electric drill motor shaft while simultaneously limiting
the load on the bit, as well as ensuring a stable axial load (weight force on the hook).

The principles of operation of regulators, their impact on drilling efficiency, as well as the
possibilities of optimizing processes thanks to the use of automated technologies are considered in
detail. In addition to the technical aspects, the work also analyzes the benefits of automation,
including increased control accuracy, reduced overload rvisks and improved overall drilling
productivity. The results of the research are important for the further improvement of drilling rigs
and can serve as a basis for the development of new technological solutions in the field of drilling.

Key words: automatic adjustment, electric drill, drilling, axial load, quality indicator,
transition process.
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Abstract. The paper considers the ways of normalizing a data set that can be used to train
neural networks used for designing proteins or other large organic molecules with a complex
structure. The paper considers the ways of translational transformation of coordinates of atoms (or
amino acid residues), as well as methods for setting universal directions of coordinate axes and
transition to them by appropriate linear transformations based on the rotation matrix. The paper
specifies the ways of using other information describing the protein and located in the corresponding
PDB files. The advantages of using coordinates of whole amino acid residues (instead of taking into
account the positions of individual atoms) are substantiated, and the methods for setting their relative
coordinates are formalized. The paper can be useful in preparing data on the structure and properties
of proteins for their use in the process of training a neural network using these data as input
information or for comparing network's output information with them.

Keywords: neural network, data-set, data structure, atoms coordinates, coordinate alignment
procedure.

Introduction.

Modern computer technologies and corresponding software are actively used in
chemistry to predict the properties of chemical compounds. These approaches are
particularly valuable when dealing with complex organic chemical compounds, such
as proteins. In other words, thanks to “in silico” calculations, it is becoming
increasingly possible to design proteins with specific properties based on information
from other natural or artificially designed protein molecules.

One of the most promising areas in the design of new proteins, as well as in
predicting their spatial configuration and other related tasks, is the use of artificial
intelligence tools. Among such tools, generative neural networks stand out, allowing
the generation of new data that are structurally and otherwise similar to existing data
that describe real and known objects (in our case, known proteins).

When employing neural networks, which are essentially highly advanced systems
for generalizing large amounts of statistical data, a critical question arises regarding
the selection of the data to be used for the training stage. Of course, the choice of
specific protein samples to include in the training dataset is important. However, an
even more crucial aspect is the selection of features that describe each protein; in other
words, the primary task is to develop a data schema for the corresponding dataset [1].

Main text.

It is well known that one of the most common ways to represent protein structure
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information is through Protein Data Bank files, which have the extension PDB. These
files, created based on experimental results, contain extensive information about each
specific protein. In particular, they store the coordinates of the most likely position of
each atom that constitutes the protein. The coordinates are represented in a traditional
three-dimensional space and can be denoted by a vector of the form:

X ={x,,X,,%;}, (1)
where x; is the first coordinate of the atom (abscissa), x; is the ordinate of the atom,
and x; is its applicate. All coordinates in (1) are defined relatively to an arbitrarily
chosen origin of the coordinate system, meaning that the same structure of a particular
protein can be described by different sets of atomic coordinates. This implies that for
input data, it is more appropriate to use the relative distances between atoms or other
structural elements, rather than their absolute coordinate values.

When considering many atoms (and the number of atoms in proteins typically
reaches several thousands), it becomes practical to introduce indexing by the atomic
number in the protein description. As a result, the coordinates of the i-th atom can be
represented by a triplet:

X, = 4%, X0, X5} 5 (2)
where the index i = 1..N;, and N, is the number of atoms in the group. The complete
set of coordinates (2) of a group of atoms can be described by a matrix (or two-
dimensional tensor) of the following form:

X={x|i=1.N} 3)

In some cases we can work with internal coordinates, which means that the group
of atoms is formed based on some rule. Particularly it can be all the atoms in the total
molecule and also any its subset, but described technique can be applied to such group
of atoms in any case.

Given that the training process of a neural network considers not just one protein,
but a collection of them, it is also practical to introduce indexing by sample (by PDB
file). For instance, the complete set of atomic coordinates (3) for the j-th protein from
the entire set under consideration can be denoted as follows:

X, ={x; [i=1.N}. 4)

Finally, if not just one PDB file is considered, but a complete dataset with M
samples, then to describe all the atomic coordinate data of form (4), a three-
dimensional tensor can be used of the following form:

E={X,|j=1.M}. (5)

Taking into account the previous remark regarding the arbitrary choice of the
coordinate system origin, it is advisable to introduce adjustments to the mentioned
tensor in order to input coordinates into the neural network which are relative to a
unified coordinate system. Indeed, when it is necessary to input numerical coordinate
values into the neural network for similar proteins, the coordinates of corresponding
atoms should be close. However, even the coordinates of the same protein can differ
significantly if the axes and origin of the coordinate system are defined differently.
Therefore, prior to using coordinates from PDB files (regardless of whether atom-level
coordinates are used, as in one method, or entire amino acid residues, or groups of
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amino acid residues consisting of 8-10 units, as implemented in the Combinatorial
Extension method [2]), certain structural alignment procedures must be performed to
align the coordinates of different proteins within a common coordinate system.

In the simplest case, the first step can be to select a universal point as the origin
for all M samples. For example, we can choose the first atom in each PDB file as the
reference point. The coordinates of this first atom can be set to {0, 0, 0} instead of the
values X, = {x,,,X,,,X;,}, which necessitates adjusting all other coordinates of (5) by

the amount X,. The corresponding relative coordinates will be denoted with a prime:

—

X=X =X =X =X X — XXy =Xy, X=X T =1LN
={X,'|j=1.M} (6)

In the general case, the vector to be subtracted in the given formulas does not
necessarily have to correspond to the coordinates of the first atom, but can also
represent any meaningful point in the protein molecule's structure (e.g., its center of
mass, geometrical center of some important active site, etc.). Identifying of such a point
may be a separate, complex problem; however, the procedure for using its coordinates
remains the same as described in this study.

Thus, the resulting expression is no longer dependent on the arbitrary choice of
the initial reference point, yet it still depends on the arbitrary selection of the coordinate
axis directions. To move to a set of universal axes, it is necessary to choose directions
along which the unit vectors of the orthonormal basis of the coordinate system can be
most conveniently aligned. This can be achieved, for example, through the following
procedure. The Ox axis can be oriented along the ray connecting the first atom A4; and
the second atom A, in the molecule, as illustrated in Fig. 1. The coordinates of the
corresponding unit vector in the coordinate system used in the PDB file can then be
determined using the formula of the following form:

: (7)

where 4,4, = {x,, —x,,,%,, — X,,,X;, — X;,} 1S non-unit vector;

,| = \/ (x,, =x,, ) + (xp, =2, ) + (x5, —x,,)° is the magnitude of vector TA;

To define the second basis vector, we may consider the plane formed by the first
three atoms 414,43 and choose the second basis vector so that it lies within this plane
and is perpendicular to the line 4,4, (see Fig. 1). Using this method, to reduce the
number of operations, it is advisable firstly to find the third basis vector, which would
form a right-handed coordinate system with the first two. For this, the third direction

vector can be taken as the result of the cross product of vectors 4,4, (or vector (7))
and A, A4, , normalizing this result by its magnitude:
A A, x A 4,

k= (8)

The resulting expression (8) can be used to ﬁnd the second basis vector:
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J=kxi 9)
The last expression (9) does not require normalization since the vectors being
multiplied (formulas (7) and (8)) are unit vectors.

Figure 1 - Visualization of the coordinate system construction based on three
specified points (demonstrated using the example of the first three atoms of the
protein 7cef.pdb)

The coordinates of the three obtained basis vectors (7-9) should be combined into
a rotation matrix R, which will be applied to all the coordinates in the given PDB file:

N N

X y z
R=\j. J, J (10)
k, k, k,

where i ={i,i i}, j=1{j./,.j.} and k= {i,,i,,i.} are the coordinates of the new
basis vectors in the old coordinate system, which is used in the PDB file. The
coordinates € = {&,,&,,E,) of an arbitrary object from the original PDB file in the new

coordinate system &'={¢',&,',&,') will then be obtained through a linear
transformation with using (10):

£=RE (11)

It is important to clarify that the points 4, 4>, and A3 were selected as the first
three atoms of the PDB file purely for illustrative purposes, and in general, the
described procedure can be applied to move to any arbitrary orientation of the axes. In
this case, point 4; represents the new origin, point A, should lie on the new Ox axis,
and point 43 is any point in the xOy plane. By specifying three such points based on
certain considerations (in particular, to match the structure of protein molecules or their
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individual parts), the coordinates of all objects from the protein file can be obtained
following the specified procedure. This final expression (11) will no longer depend on
the arbitrary choice of the origin and the direction of the coordinate axes and can be
used as input data for a neural network in training.

Regarding the coordinates of individual atoms, if it is necessary to account for
their positions with maximum precision, B-factors from the PDB file for all the atoms
under consideration can also be introduced. These B-factors characterize the amplitude
of thermal motion for each atom. From these values, a matrix of the following form
can be constructed:

B=1{b,li=1.N,,j=1.M}, (12)

where b;; 1s an element of the matrix located in the j-th row at the i-th position,
corresponding to the B-factor of the i-th atom belonging to the j-th protein.

This matrix B (12) can also be provided as input to a neural network that learns
the rules and structural features of proteins.

Furthermore, despite the discussion above regarding the consideration of each
atom's coordinates, it should be noted that such highly detailed information about the
protein structure, as E' (which accounts for the position of each individual atom), is,
in most cases, excessive. This is especially true in the case of constructing a protein
with a common functional group or active site, such as a catalytic triad. For example,
in the well-studied and extensively documented mechanism of the catalytic triad [3],
the key role is not played by individual atoms but rather by entire amino acid residues.
In many hydrolases, the most well-known (or classic) catalytic triad consists of
"Serine-Histidine-Aspartic Acid" (as, for example, in TfCut2 protein, studied by the
authors in [4]). These three amino acid residues exhibit varying degrees of flexibility
within the protein, particularly during interaction with the substrate. For instance, the
serine residue has a flexible side chain capable of rotation around c-bonds. In aspartic
acid, the carboxyl group restricts rotation, imparting a certain rigidity to the side chain.
The imidazole ring of histidine adds rigidity to its side chain. Overall, it is evident that
it makes sense to consider the relative positioning and orientation of the amino acid
residues within the active site. Extrapolating this approach to all amino acid residues,
it is more practical to consider not their individual atoms, but certain centers, such as
centers of mass or geometric centers. This approach is also justified by the fact that the
average number of atoms in a standard amino acid is around 20, which reduces the
volume of information input to the neural network by the same factor and also
decreases the number of necessary mathematical operations for processing this
information. At the same time, obtaining additional insights by considering the
positions of individual atoms rather than entire amino acid residues appears unlikely.
Thus, we proceed to the consideration of working with the centers of individual
residues.

The position of the center of mass of the k-th amino acid residue can be calculated
using the formula:

Zmi‘fz‘

]71{ — i 4;€R, (13)

2.m;

i: 4;eRy
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where A4; is the i-th atom in the protein sequence listed in the PDB file;

Ry 1s the k-th amino acid residue for which the center of mass is being calculated,
where £ = 1..N,, and N, 1s the number of amino acid residues forming the protein;

m; 1s the mass of the i-th atom.

In certain cases, it may be more appropriate to consider the geometric center
instead of the center of mass, which can be defined as the center of mass assuming that
all atoms have equal mass. In this case, the geometric center will be determined by the
following formula, which we get from (13) by reducing it by mass:

2%

— i 4;€R,
o= A (14)

1

i Al-ZeRk

In addition to the positions of the centers of amino acid residues, their spatial
orientation may also play an important role, which is particularly relevant for rigid
static atomic structures that are not subject to rotations (and to a lesser extent for
flexible ones that contain -bonds). As is well known, the spatial orientation of a rigid
three-dimensional structure can be described by three Euler angles (a, 3, ). When
considering pairs of amino acid residues, the relative angles, which show the mutual
orientation of two rigid bodies in space, are of interest and are equal to the differences
in the Euler angles calculated for each of the pair of amino acid residues.

This information related to the spatial geometry of complex organic molecules,
such as proteins, can be fed into a neural network for training or used in the loss
function, comparing it with the network’s outputs.

Conclusion.

Thus, the study proposes approaches to formalizing information related to the
spatial structure and properties of complex organic molecules. In particular, methods
for transforming data from PDB files describing such complex structures as proteins
have been considered.
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Anomauia. Y pobomi po3enioaromuvcs wisxu HOpmManizayii Habopy 0auux, saKuil Modice oymu
BUKOPUCTNAHULL OJisl HABYAHHS HEUPOHHUX Mepedc, Wo 3aCmOoco8yromubcs 0isl Ousauny OLIKie abo
[HWUX BEUKUX OP2AHIYHUX MOAEKY], WO 80100i0Mb CKIAOHOK CmpyKmypor. Posersnymo winsaxu
MPAHCAAYIUHO20 NePemBOPeHHs. KOOPOUHAM amomie (abo amiHOKUCIOMHUX 3ANUWIKIB), A MAKONC
Ccnocobu 3a80aHHs YHIBEPCANbHUX HANPAMKI® Oceli KOOpOuHam ma nepexody 00 HUX ULIAXOM
BIONOGIOHUX NIHIUHUX NEePemBOPeHb HA OCHOBI Mampuyi nogopomy. Brazano winsaxu euxopucmarnus
IHWuUX 8idomocmell, Wo ONUCYIOMb OLN0K, ma po3miweri y 8ionosionux PDB-¢gatinax. Obrpynmosano
nepegazu GUKOPUCMAHHA KOOPOUHAM YINUX AMIHOKUCIOMHUX 3AIUWIKIE (3aMicmb YpaxyeaHHs
NOJIOJCEHb OKpeMUux amomis) ma (opmanizo8aHo cnocodou 3a80aHHs iX B8IOHOCHUX KOOPOUHAM.
Poboma mooice Oymu kopuchoio npu niocomogyi 0aHux npo cMpyKmypy ma 81acmueocmi OiIKig 0/
ix suxopucmanusa 6 npoyeci HAGUAHHS HEUPOHHOI Mepedci, Wo BUKOPUCMOBYE Yi OAHI SIK 6XiOHY
iHhopmayiro abo 071 NOPIBHAHHA 3 HUMU i1 BUXIOHOT IHopMayii.

Knwuosi cnosa: neiiponna mepesica, oama-cem, CmMpyKmypa OaHux, KOOpOUHaAmMu amomis,
BUPIBHIOBAHHS KOOPOUHAM.

Article sent: 05.11.2024
© Haisha Oleksandr, Haisha Olena

ISSN 2663-5712 49 www.sworldjournal.com



~R =
SWorldJournal Issue 28 / Part 1 \Rgp‘

https://www.sworldjournal.com/index.php/swj/article/view/swj28-00-020

DOI: 10.30888/2663-5712.2024-28-00-020

YK 004:004.8
SITUATIONAL AWARENESS: APPLICATION AREAS OF COMPUTER

ENGINEERING AND ARTIFICIAL INTELLIGENCE
CUTYAIIHHA OBI3HAHICTh: OBJIACTI 3ACTOCYBAHHS KOMIT'IOTEPHOI
TH)KEHEPII TA IITYYHOI'O IHTEJIEKTY
Denysiuk O.M. / lenncrok O.M.
graduate student of the department of computer engineering /
acnipaum xageopu Komn romepHoi iHxcenepii
ORCID: 0009-0002-4814-5121
Open University of Human Development “Ukraine”,
Kyiv, Lvivs’ka, 23, 04071
Bioxpumuil misicnapoonuil yrisepcumem pozsumxy noounu « YKPAIHA»,
Kuis, JIvsiecora 23, 04071

Anomauia. Pobomy npucesueno pozensidy cumyayitiHoi 00i3HaHOCMi )y maxkux o01acmsx
3ACMOCY8aHHs K KOMN tomepHa iHocenepiss ma wmydnuu inmenexm. Cumyayitna 00i3HaHiCMb
cmae ce OLNbUL BANCTIUBOIO Y CYUACHUX YMOBAX HCUMMS, O BUCOKULL MeMN, 83AEMO3ANEHCHICb
noOill  Mma BUHUKANOYI PUBUKU BUMA2AIOMb WEUOKO20 Ma e@QeKmueHo2o peasyéanHs ma
NONepeodCenHs, MOMYy aKMYAIbHICMb OO0CIIONCEHH € 0uYesuoHow. Memow OocniddcenHs €
noenubnene gusuenis 63aemoss'sasky mioe CO ma K1

Y cmammi eucsimneno sik Komn'romepHi mexHono2cii ma aneopummu Wmy4Ho20 iHMmeieKmy
moaucyms 3uauno nokpawumu CO, Hadarouu HO8UlL pigelsb edhekmusHocmi ma Haditnocmi. 30kpema,
AK KOMRN'tomepHa iHdiceHepis 3a0e3neuye HeoOXIiOHI IHcmpymeHmu 0as 00pobKu ma 8i3yanizayii
0anux, iHmezpyroyu aneopummu MawurHo2o Haguauts 01 nokpawenus CO.

Y cmammi makoowc demanvro npoananizosano ooaacmi sacmocysarts CO 3 ¢poxycom na KI —
v cghepi meduyunu, ginancis, y 6ilicbkosill cqhepi, npomuciogocmi ma inwux. Iliokpecioemvcs, wo
KI pozwuproe mooxcnusocmi nrodeil y po3yMiHHI CKIAOHUX CYEHApIiie ma CMeEopIoe eqhekxmueHti
ABMOHOMHI CUCEMU, WO MOXNCYMb Npayoeamu HezanexcHo. 3okpema, y cghepi meouyunu LI ma
MawuHHe HABYAHHS BUKOPUCTNOBYIOMbCS Ol AHANI3Y MEOUYHUX OAHUX, WO 00380JI5€ NOKPAWUMU
NKY8anHs ma OiacHocmuky nayienmis. Y gilicokosit cgepi BIIJIA suxopucmogyiomvcs 0is
niosuwenna CO ma 3abe3neuenns b6esnexu onepayiu. Y npomucrosocmi niamegopmu Ha Kuimanm
"Predix" 6io General Electric donomazarome npozrozyeamu 3000 y mawtunepii, a cucmemu muny
"Rockwell Automation” onmumizyroms eupobruui npoyecu. Y inancosiii cghepi ancopummivna
mopeiens ma cucmemu OJis 8usGleHHs waxpaticmea, maxi sax "Darktrace”, 3abe3neuyroms 3axucm
ma eghexkmusHe ynpasninHs QiHaHcamu.

Omoxce, K1 gidiepae knrouosy pons y pozeumky ma niompumyi CO, 3abe3neuyiouu HaditiHicmb,
eghekmugHicmo ma 6e3neky 6 pi3Hux cgepax 3acmocysanus. I[locmilinutl po36uUmMox HOBUX
IHCMpyMenmie ma mexHo02iti 00360J1€ ONePamopam ma cucmemam Oymu Oinoul ecpekmueHumu ma
npooykmusHumu. 3acmocysanns LI ma mawunno2o HAGUAHHS BIOKPUBAE HOBI MOMCIUBOCMI ONf
amanizy ma o06pobKu OaHux, wo 00380158€ 00CA2AMU KPAWUX pe3yibmamié y pIi3HUx cgepax
OisibHOCMI.

Knrwouoei cnoea: cumyayitina ob6iznanicmv, KOMN 1OMEPHA [THXHCEHEPIA, WMYYHUL THmeleKm,
cucmemu po3uuperoi peaibHOCmi, MOOEIIO8AHHI MA CUMYIAYIA, MAUUHHO-HABYATIbHI MEXHON02Ii |
bibniomexu.

Berym.

Curyartiiina 0613HaHicTh (qam — CO) y CydacHUX YMOBAX KHTTS CTA€ BCE OLIBII
BOKJIMBOIO Ta aKTyaJlbHOW. BHCOKMN TeMN KUTTS Ta B3a€EMO3AICKHICTh MOAIN
BHMAararoTh IIBUJIKOTO Ta e(peKTUBHOIO pearyBaHHs Ha 3MIHIOBaHICTh cutyaiiii, a CO
3 BUKOPUCTAHHIM KOMII'FOTEPHUX TEXHOJIOT1H Ta IITYYHOTO IHTEIEKTY MOXKYTh LIbOMY
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cnpusaTH. [HTerpariss KOMIT'IOTEpHUX aJITOPUTMIB, MAIIMHHOTO HaBYaHHS Ta IHIIUX
aCHeKkTIB KOMI'IOTEPHUX HayK Moxe 3abesneuuntu cucteMamM CO HOBUM piBEHb
edexTuBHOCTI Ta HaniHOCTI. Komm’totepHa inxenepis (nan — KI) Hanae HeoOximH1
THCTPYMEHTH IS 1X BUPIIICHHS, BKIIOYAI0YH 00OpOOKY JaHUX 1 iX Bizyasi3alliio.

JlaHe MOCHiTKeHHsS] HAJCKHUTh 10 MEPETUHY NEKITbKOX HAyKOBUX TUCIUILIIH,
BKJIFOYArO4H iH(QOpMaIliiiHi cucteMu, MTy4dHui iHTenekT (gam - II), ta, 3BicHo, KI.
Ile migkpeciroe MUPOKUI CIEKTP MUTaHb, K1 HEOOX1THO BUPIIIUTHA B paMKaxX JaHOi
po0OTH Ta MOAANBIIOr0 AOCTiIKeHHS. KOMIT'IOTepH1 TEXHOJIOT1i BXKE 3aCTOCOBYIOTHCS
B CO, ane Bce X iCHye TocTpa notrpeda B iX MOJAIBIIOMY PO3BUTKY Ta ONTHUMI3AIlIi 3a
JOTIOMOT'O0 1H)XEHEPHUX METO/IIB, HE TUILKU B YKpaiHi, ajie i 3arajaoM y CBITI.

I'o/10BHOI0 MeTOO JaHOT PO3BIAKK € TIOTIMOIEHE BUBYEHHS B3a€EMO3B'SI3KY M1k
CO rta KI. 115 nocsrHeHHs 1i€i MeTH, Oy 1y Th MpOaHaTi30BaH1 ICHYIOUl TEXHOJIOTII Ta
aJITOPUTMHU, BUKOPHUCTOBYBaH1 s 0OpoOku 1H(opmMalii Ta BU3HAYCHHS KPHUTEPIiB
BaXIMBOCTI. HaziieMocs, 1110 pe3yabTaTi JOCTIKEHHS TOTIOMOXYTh 3p03yMITH, SIKUM
yuHoM CO Mosxe OyTu nominuieHa 3a gonoMororo Kl ta ananizy gaHux.

3 MeTor pPO3poOKM Ta OIIHKA KOMII'FOTEPHHX TEXHOJOTIH B MiABUIIEHHI
edextuBHOCTI cuctem CO, naHe AOCTIKEHHS BKJIIOYaE B ceOe HACTYMHI 3aBJaHHS:
OIIIHUTH TIOTOYHI METOJWKH Ta TEXHOJIOTIi, IO BUKOPHUCTOBYIOThCS y ramy3i CO;
BU3HAYUTH KPUTEPIl €(heKTUBHOCTI Ta MPOBECTH iX aHai3 3 METOIO BIOCKOHAJICHHS
cucteMm CO.

BukonanHs 10CTiKeHH.

TepmiH «cuTyaliiiHa 0013HaHICThY» BIIEpLIE 3 ABISIETbCS Y TEXHIUHIH JiTeparypi
mie B 1983 poiii, Koau OnrMcyBaaucs MepeBaru MPOTOTUITY HABITAI[IHHOTO JAUCILUIES 3
ceHcopHUM ekpaHoM. Ha mouatky 1980-x pokiB iHTErpoBaHi1 IUCIUIET «BEPTUKAIBHOTO
PO3MIILIEHHA» Ta «TOPU30HTATBHOTO PO3MIMIEHHS» PO3POOIISITUCS AJIST KOMEPIIHHUX
JTaKiB, MO0 3aMIHUTH YKCJICHHI €JIeKTpOMEXaHiuH1 npuiaau. [HTerpoBani aucrei
NOEAHYIOTh 1H(OpPMaIIiI0 3 KUIBKOX MpUiIaAiB, 1o 3ade3neuye OUTbIl e()EeKTUBHUN
JOCTYII JI0 KPUTUYHUX MapaMeTpiB MOJIbOTY, TUM CAMHUM IMOKPAIIyI04ud OOI13HAHICTh
PO CUTYAIlI0 Ta 3MEHIIIYIOUM HABAHTAKEHHS Ha MuIoTa [S].

OdimiitHO, TEpMiH «cHUTYaIlIiHA 0013HAHICTHY OYB BIiepIe o(iliiHO BU3HAYCHUI
Enncni B 1988 pori [6]. Ilepen tum, sk y 1990-x pokax 1eid TepmiH OyB IIMPOKO
OpPUMHATAN HAYKOBISIMH 3 €pPrOHOMIKM, BiH BHKOPHUCTOBYBABCS EKIMakeM
BunuinyBauiB BIIC CILIA (USAF), axi nmoBepramucs 3 BiitHu B Kopei ta B’eTHami.
Bonu Bu3Haunam HagBHICTh xopo1uoi CO gk BUpIadbHUN (PaKTop y MOBITPSAHUX 00X
— «akTop aca» [13]. Oxe, cuTyariiiHa OOI3HAHICTh - CKJIQIHUN KOTHITHBHUUN
npolec, AKUM 103BoJise oco0aM abo cucTeMaM pO3yMITH, IHTEpIpPETyBaTH Ta
IPOrHO3YBAaTU CTaH JIuWHaMI4HOro cepenoBumia. @opmanbHo CO BH3HaueHa SIK:
“CHpUIHATTS €JIEMEHTIB HABKOJIMIITHBOTO CEpe/oBUIla B 00CsA31 yacy 1 MpocTopy,
pPO3yMIHHS iX 3HAYEHHS 1 IPOrHO3YBaHHS iX CTaTycy B HAMOIMK4YOMYy MailOyTHbOMY ™
[14, c.36].

OueBupano, mo CO Mae naneKkocsHKHE Ta HIMPOKE 3aCTOCYBAaHHS, OCKUIBKH €
HEOOXITHOIO 100 JIOAW 1 KOMaHIW MOTIM e(PEeKTUBHO (YHKIIOHYBAaTH B
HABKOJIMIIHBOMY cepenoBuii. Takum unHoMm, CO BHMIIIIA JANIEKO 32 MEXI ramysi
aBiallli 1 3aCTOCOBYEThCSI B Hailpi3HOMaHITHIUX cepenoBuiiax. CO BUBYAETHCS B
Takux o00JIacTSX, SK YNPABIIHHSA TOBITPSIHUM PyXOM, eKCIUIyararlis aTOMHHX
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€JIeKTPOCTAHIIIM, pearyBaHHs Ha HaJA3BUYaliHI CUTYyallli, MOPChbKI omepaillii, KOcMoc,
OypinHs HadTH Ta Ta3zy, eKCIUlyaTalis TpPaHCIOPTHUX 3aco0iB, 00OpoHHA
MPOMMCIIOBICTbH Ta IHIIIL.

3 mosiBOIO TepefoBuxX o0uHcioBaIbHUX TexHojorid posnb Kl B mocunenni CO
CTa€e KJI0Y0BOIW. BoHa Bimirpae BakJMBY pojib y 300pi, aHami3l Ta MpeacTaBIICHHI
JaHUX B pealibHOMY Yaci. BukopucTanHs nepeoBrX METO/IIB Ta TEXHOJIOT1i, TAKUX SIK
3nmutTa jnatuukie, IIII, B3aeMoxis dOAMHU 3 KOMM'IOTEPOM Ta aHalli3 JaHUX B
peambHOMY uyaci, go3Bojsie Kl He TUIBKM TOKpanlyBaTh MOXKIMBOCTI JIIOJIEH Yy
PO3yMIHHI CKJIAJIHUX CIIEHApiiB, ajie W CTBOPIOBATH €(EKTUBHI aBTOHOMHI CHCTEMHU.
Hanpuxnan, epextuBne 3acrocyBanHsi I no3Bonsie KI cTBOproBatu aBTOHOMHI
CUCTEMH, SIKI MOXYTh TpAIIOBAaTH O3 MpsSMOTO KepyBaHHA 3 Ooky sroauHu. lle
MOXJIMBO 3aBJsiKU 3a0e3reueHHio Takux cucteM LI, sikuil mo3Bosisie iM aHai3yBaTu
HABKOJIUIITHE CEPEIOBUIIE Ta MPUAMATH PIIIICHHS B PEATBHOMY Yaci.

MosxHa cMUTHBO cTBEpKYBaTH, 1110 K1 - 116 6e3MexHuM CBIT MOKIIMBOCTEH, IKUI
PO3IIMPIOE HAIII MOXKJIMBOCTI Ta ONIOMAarae HaM JJOCSITaTH HOBUX PIBHIB SIKOCT1 JKUTTH.
AJKe KOMITHOTEPHI TEXHOJIOT1i 3a0€3eUy0Th HaM IIBUAKUN Ta €PEeKTUBHUM JTOCTYT
10 1HQopMaIlii Ta I0MOMararoTh HaM €KOHOMMTH 4ac Ta 3ycuiuist. KpiM Toro, BoHU
CTalOTh HEBI'€MHOIO YAaCTUHOIO pOOOTHM PI3HUX aBTOHOMHHX CHCTEM, IIO
3a0e31euyoTh 0e3neky Ta eheKTUBHICTh iX pobotu. Takum unHom, KI Mae Benmukuii
MOTEHITiaN s 3a0€3TMEUYCeHHs] TTOKPAIICHHS SKICHUX TMOKAa3HUKIB JKUTTS JIIONCH Ta
3a0e3nedyeHHs] epeKTUBHOI POOOTH PI3HUX ABTOHOMHHUX CHCTEM. SIK, Hampukiai, y
npoleci TPUHHATTS pIlIeHb 3 NPOOJIEM PETIOHATBHUX Ta TIIOOAJIBHUX KOH(IIIKTIB
BUKOpHCTaHHs KoHIerii Ta Teopii CO Bimgirpae Bax By poib. [[7s mboro He0OX1THO
BYACHO OTPUMYBaTH MAaKCUMaJbHY KUIBKICTh I1H(OpMaLli 3 PI3HUX JDHKeped,
CHUCTEMATHU3YBaTH, MPOAHATI3yBaTH Ta Ha OCHOBI IIHOTO JIaTH MPOTHO3 MOYKIIUBOTO
po3BUTKY mojaii. Came Takud MiAXiJA € OCHOBOK ISl MPUUHATTS PalliOHAIBHUX 1
3BaXKeHUX piuieHb. KimtouoBumu (akropamu A 3a0e3nedeHHs: epeKTUBHOI 10CTaBKU
JIOTIOMOTH Ta MIATPUMKH 3aBllaHb IO JIKBIJAMil HaI3BUYAWHUX CHUTYallld, SKI
YCKIIAQAHIOIOTHCS M1]1 4ac KPU30BUX MO, € hopmyBanHs akTyaiabHO1 CO Ta 3aranbHo1
oTepaniifHoi KapTuHU. ToMy CIiJl MPUILISATH JOCTATHIO yBary 300py, GuibTpairii Ta
aHayizy iHdopmarrii, 1o JT03BOJUTH 3pOOUTH OOIPYHTOBAHI BUCHOBKHM Ta BU3HAUYUTH
ctpaterito Aiii. CamMe TOMY MOBHMHHI 3aCTOCOBYBATHUCH aJTOPUTMU Ta METOIHU, IO
JIAl0Th HAWBHIIY SKICTh aHATI3Y.

3a3HayMMO, IO HANOLIBII IMMUPOKO ITMTOBaHA Ta IpuiHATa moaens CO Oyna
po3pobiieHa mokropom M. Exjicii, sika onmucye KOTHITHBHI ITPOIIECH Ta MEXaHI3MH, K1
BUKOPHUCTOBYIOTBCSI JIIOJbMHU I OIIHKK CHTYyallid s po3BuTky CO, a Takox
3aBJIaHHs Ta (PaKTOpU CEpPeIOBUINA, K1 TAKOXK BIUIMBAIOTh HA iX 3J]aTHICTh OTPUMATH
CO [14, c.398]. Ha CO HaifBaxIuBIillle BIUIMBAIOTh HACTYIHI KOMIIOHCHTH:
CNPULHAMMS, PO3YMIHHA Ta npocro3yeants. COPUNHSATTS: IHCTPYMEHTH MOHITOPUHTY
1 TaTYMKKU 30MParOTh JIaH1 IPO CTaH CHCTEMH 1 HABKOJIMIIHBOTO cepepoBuia. L{i mani
NepealoThCsd JO0 AHANITUYHUX 1HCTPYMEHTIB, $AKI JONOMAararoTh OIlepaTopam
3pO3yMITH, 110 BiIOYBAETHCA B TAHWH MOMEHT 4acy B cucteMi. Po3yMiHHSA: anropurmu
MaIllMHHOTO HaBYaHHS 1 aHAIITHYHI 1THCTPYMEHTH BUKOPHUCTOBYIOTHCSA IJIA aHATI3Y
310paHuX NMaHuX. 3a TOMOMOTOI0 MHUX IHCTPYMEHTIB, OMEPATOPU MOXKYTh OTPUMATH
OUIBII JeTaNbHY 1HPOPMAIIIIO PO CTaH CUCTEMH Ta il KOMIOHEHTIB. [Iporuo3yBanHs:
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I Ta aHadiTHYHI MOJENI BUKOPUCTOBYIOTHCS JJI aHTULUMALT MaOyTHIX MOMINA Ha
OCHOBI1 MOTOYHMX AaHuX. L{i IHCTpyMEHTH 103BOJISAIOTH OrepaTopaM OyTH FOTOBUMHU
JI0 MOKJIMBUX MPOOJIEM Ta YHUKHYTH HETATUBHUX HACIIIKIB.

Curyariiiiny 0013HaHICTh TAKOX MOXKHA TTOJIUIMTH 3a piBHsAMH. L{e 1HauBITyanbHa
0013HaHICTh: 1HTEepdeiich KopucTyBaua Ta JalIOoOpau JOMOMararoTh orepaTropam
3pO3yMITH MOTOYHWN cTaH. L{i IHCTpyMEHTH J03BOJISIIOTH omeparopam OyTH B Kypci
cuTyallii Ta TpUHAMATH PIIICHHS HAa OCHOBI akTyanbHOI 1H(opmarii. Komangna
OOI3HAHICTh: KOJAOOpaTHBHI I1HCTPYMEHTH 1 MEpPEkKEeBI TEXHOJOTIi T03BOJIAIOTH
KOMaHJlaM €(QeKTUBHO KoopauHyBatu aii. Lli iHCTpyMeHTH nonmomaraioTh YHHUKHYTH
HEY3TOJKEHOCTI MIXK OIlepaTopaMH Ta 3a0e3leuyroTh Oulbill ePEeKTUBHY poOOTY
koMmaHau. OpraHizaliiiHa 00i3HaHICTh: OUIBII BEJIMKI CHCTeMH aHami3y nanux ta I
J0TOMaraloTb 'y BHOOpI CTpaTeriyHuX pilieHb Ha piBHI opraHizamii [6]. L
IHCTPYMEHTH JO3BOJIAIOTH Opraizaimii OyTW OUIbII KOHKYPEHTO3JaTHUMHU Ta
e(eKTUBHUMHU B YMOBaX 3pOCTaI0401 KOHKYPEHIIIi.

OTxe, KOMIT'IOTEpHA THXXEHEPIsl BIIITPA€E KIOYOBY POJIb Y PO3BUTKY Ta HIATPUMIII
CUTyaIliiiHoi 0013HaHOCTI 3aBISKM BUKOPUCTaHHIO CydacHUX TexHousoriid. Ile
3a0e3nevye HaAliHICTh, €PEKTUBHICTh Ta 0€3MEKy B IIMPOKOMY CIEKTP1 3aCTOCYBaHb.
[I{o6 migBUIIUTH PIBEHb CUTYAIIIHOI 0013HAHOCT1, KOMI'TOTEPH1 1H)KEHEPH MOCTINHO
MPaI0Th HaJl PO3POOKOI HOBUX IHCTPYMEHTIB Ta TEXHOJIOTIH, sIKI JTO3BOJISIOTH
orepaTopam Ta cucteMam OyTH O1IbI e(heKTUBHUMH Ta TPOyKTUBHUME. Hampukiam,
MOKHAQ 3IIHCHATH JOJATKOBHI aHaml3 HdaHUX, [0 JO3BOJUTb BHUSIBHTH HOBI
MO>KJIMBOCTI JUIsl MIABULIEHHS €()EKTUBHOCT1 CUCTEM.

Y  KOHTEKCTI JOCHIKEHHS BaXKJIMBO TaKOX IMpOaHAi3yBaTH 00JacTi
3actocyBanHa CO 3 ¢okycom Ha KI. BigmiTuMo, 110 OCTaHHIMHU JECATHIITTSIMU
3HAYHO MIiJIBUIUBCS IHTEpeC N0 3acTocyBaHHs wmTydHoro iHtenekry (L) y cgepi
oxopoHu 3aopoB’s. [lonmymspui merogu [ BxiIrOYarOTh METOAM MAIIMHHOTO
HaBuanHsd (MH) nmis cTpyKTypoBaHUX JaHWX, Taki sIK KJIaCHYHA MAIlWHA OTOPHUX
BEKTOpIB 1 HEWpOHHA MepeXka, CydacHe TJMOOKEe HaBYaHHS, a TaKoX OOpOoOKy
HECTPYKTYpOBaHUX daHuX. Jl0 OCHOBHUX Tany3eil MEAWIIMHU, 1€ 3aCTOCOBYIOTH
iHcTpymenTu I, Hanexxath OHKOJIOTIS, HEBPOJIOTIS, Kap10JIOTisl, €HJOKPHUHOJIOTS,
cromarosioria Ta iH. [1]. Hampuknan, IBM Watson — cynepkomm’torep ¢ipmu IBM,
ocHamleHnit cuctemoro III, cTBopeHuit Tpymorw AOCHITHUKIB MiJ KEPIBHUIITBOM
HeBina ®depyuui, BUKOPUCTOBYIOTH [IJISi JIOMIOMOTH Y MPUHHATTI YNPaBIIHCHKUX
pillieHb IpH JIIKYBaHHI XBOPUX Ha paK JIET€Hb. 3a JTOMOMOTOK IBOTO 1HCTPYMEHTY
TaK0>X MOJKJIMBO aHAII3yBaTH MEIAWYHI 3aITMCH TAIlIEHTIB, BPaXOBYIOUH BC1 MEIUYHI
MOKA3HUKY 1 peKOMEHAaIlli JIIKapiB, 10 JO3BOJISE MAOUPATH HallePEKTUBHIILII METOIU
JIKyBaHHS Ta ONTUMAIBHUMN TUTaH JIKyBaHHS.

A0Go0 x cuctema "MediTrac" mMoke BUMIpIOBaTH MOKAa3HUKH 1 MiepeaaBaTy ix Ha
cepBep, JI€¢ BOHU aHANI3YIOThCS JUISI MIBHUAKOI peakilii Meau4Horo mepconany. Lle
3a0e3nedye OIbII TOYHUHM Ta MIBUAKUN MOHITOPUHT cTaHy mnaiieHTiB. Okpim toro, [oT
JaTYNKA MOKYTh BUKOPHCTOBYBATHCS IIJIi KOHTPOJIO 3a PiBHEM TIIOKO3H Yy KPOBI
MAIli€HTIB, BUMIPIOBAHHSA apTEpiaIbHOTO THCKY Ta KOHTPOJIIO BOJHOTO OaliaHCy.
AJTOPUTMHU MAIIMHHOTO HaBUYAaHHS MOXYTh BUKOPUCTOBYBATUCA JIJISl IPOTHO3YBAHHS
piBHS IJTI0KO3U B KpoBi. Lle 3a0e3nedye O1bI1 TOYHMI Ta MIBUAKUN MOHITOPUHT CTaHy
namieHTiB [8].

|

o

ISSN 2663-5712 53 www.sworldjournal.com



~R =
L
SWorldJournal Issue 28 / Part 1 { ¥ g

Takox sk mpHUKIa] MOXKHA MPUBECTH 1 POOOTU30BAHY XIPYPriio: XIpypriyHUMN
METOJI, SIKHA BUKOPHUCTOBYE TMEPEIOBI KOMIT'IOTEPHI TEXHOJIOTIi Ta POOOTH30BaHI
CUCTEMH [JIs BUKOHAHHS Xipypriunux omepauiil. Cucremu Ha 3pa3zok «/la Binui»
BUKOPUCTOBYIOTh KOMIT FOTEPHHI 31p JJIS BHUKOHAHHS XIPYPriuHHUX OTMeEpallii, 1o
J03BOJISIE XIPYPry AMCTAHIIIHHO KepyBaTh POOOTOM, BUKOHYBAaTH OUIbII TOYHI Ta
oe3meuni omepailii. PoboTtuzoBana xipyprisi mae 6araTo rmepeBar, 30KpemMa Kpalluii
JOCTYM J0 XIpyprivyHOi 30HH, KOPOTIINMA Yac nmepeOyBaHHs B JIIKApHI Ta MEHIITUHN O11b
1 KpOBOBTpaTy. 3a3HauMMoO, 0I0 pPOOOTHU30BaHA XIPyprigs ChOTOAHI JAWHAMIYHO
PO3BUBAETHCS, MA€ HEAOUSIKI IEPCTICKTUBH 3aCTOCYBAHb.

Y BiilicbkoBiil cdepi ne nepenycim Oe3nuoTHl JiTanbHl anapatu (BITJIA):
"Predator Drones" BHKOpPHCTOBYIOTH aHaji3 JaHUX JJIs BUSIBICHHS IOTCHIIIMHUX
3arpo3 1 MiJIBUILIEHHS 0013HAHOCTI MPO CUTyalilo. [HTEerpoBaHi KaMepu Ta CEHCOPH
3a0e3neuyroTh nomarkoBuii piBeHb CO [2]. Lle mo3Bossie BIHCHKOBUM OI€paTOpam
Oyt OUTbIl €(EeKTUBHHUMHU Ta 3a0e3MedyuTH O€3MeKy BIMCHKOBUX OIeparlii.
MokIHMBICTh JUCTAHIIIMHOTO MUJIOTYBAHHS JPOHIB 1 aHATI3Y JJaHUX Y PealbHOMY 4acl
3po0uIIa PEBOIIONII0 Y BIMICHKOBUX OMEPAIlisiX, JO3BOJISIOUN ONEpaTopaM MpuitMaTH
OOIpYHTOBAHI PIIICHHS Ta MIHIMI3yBaTu pu3UKU. Y KiOepOe3meri: Takl CUCTEMH SIK
"FireEye" BuxopucroBytots LI myis BUsIBICHHS 3710BMUCHUX [ Ta 3a0e3MeueHHs
HaJIIMHOTO MOHITOPUHTY MEPEXKi, 3aXUCTy BIMCHKOBHUX Mepex Ta iHdopmallii Bif
Ki0ep3arpos.

[le Takox cuctema MoHiTOpuHTY "Jlenmpra" sika, 30KpemMa, BiJlirpajia BaXKIHBY
posib y 3axucti KueBa Ta 3BUIbHEHH1 KHUiBChbKOi 007acTi BiJl POCICHKUX BIHCHK.
[adopmarris mpo cucremy "Jlenbra", Ha CHOTOAHI 31 3PO3YMIUTUX IPUUKUH OOMEXKEHA, 1
BIIMOBIAHO HEJOCTaTHBO JaHUX JJIS HaJaHHSA JETabHOIO OMUCY ii poOOTH Ta
MoknuBocTed. [IpoTe, Ha OCHOBI MOCTYNMHHMX JAaHWX MOKHA MPHUIYCTUTH, 11O BOHA
BUKOPUCTOBYE PI3HI TEXHOJOTl Ta IHCTPYMEHTH JJisi MOHITOPUHTY Ta aHali3zy
cuTyarii, 3a0e3neyeHHs Oe3NeKd Ta NPUUHATTS BIANOBIAHMX 3aXOMIB  Ha
OTIepaTUBHOMY TaKTUYHOMY TaK 1 Ha cTpaTeriyHomy piBHAX. Ha Ham morsy, 3araipHi
MO>KJIMBOCTI cucteMu "Jlenbra": MOe 3/11MCHIOBATHA MOCTIHHUN MOHITOPUHT PI3HUX
moKkepen iHdopmarlii, Takux SK CUTHAIM 3 JaTYMKIB, B1IEOCIIOCTEPEIKEHHS, paaio- Ta
pagapHi cuctemu Tomio. lle mo3Boisie OTpUMyBaTH akTyajibHy i1H(GOpPMAIIIO TMPO
CHUTYAIlil0 Ta CBOEYACHO pearyBaTH Ha MOTEHLIHHI 3arpo3u. Takox cuctema "Jlenpra"
MOX€ BUKOpPHUCTOBYBaTH aHamiTuuHi anroputmu Ta Il ans obpobku Ta anamizy
oTpuMaHuX AaHuX. Lle 103BOJIsIE BUSBIATH aHOMAaJii, MaTepHU Ta 3aJE€KHOCTI, IO
MOXXYTh CBIAYHUTH PO MOTEHITIHHI 3arpo3u abo HeOesneky. Cuctema "Jlenpra" Moxke
MaTH MOKJIMBICTb aBTOMAaTUYHOI'O pearyBaHHs Ha BUSBIICHI 3arpo3u abo HeOe3neKy,
BIJIMOBITHO BKJIFOYATH AaKTHBAIlII0 3aXMCHUX MEXaHI3MiB, CIOBIMICHHS TOTPIOHUX
Cy>k0 a00 TPUUHATTS 1HIIUX 3aXOAiB s 3abesneueHHs Oesneku [2]. Cucrema
"JlenpTa" MOKE OYTH IHTETpOBAHA 3 IHIIIMMHU CUCTEMaMH 0€3MEKH, TAKUMHU SIK CUCTEMHU
BIJICOCTIOCTEPEKEHHS, CUCTEMU KOHTPOJIIO JOCTYNy Ta cucTeMH KomyHikaii. Ile
J03BOJISIE  OTPUMYBATH KOMIUIEKCHY 1H(OpMaIlilo Ta KOOpPAMHYBaTH [ii JUIs
e(heKTUBHOTO pearyBaHHS Ha cuTyarito. Sk Oaummo, cucrema "Jlempra" MoOXKe
BUKOPHCTOBYBATU Pi3HI TEXHOJOTIi Ta IHCTPYMEHTH JJISI MOHITOPHHTY, aHAi3y Ta
pearyBaHHS Ha CHTYAIIII0 3 METOIO 3a0e3TeUeHHsI 0€3MeKH Ta 3aXUCTy [2].

[Ile omnuMm mpukiagom obnacti 3actocyBaHHs CO € CLIbChKE TOCIOIapCTBO.
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Hanpuxnan, nporno3yBaHHs Bpoxkato: cuctema "CropX" anHamnizye MorogHi yMOBH,
IPYHT Ta CTaH POCIHMH JUIsl MPOTHO3YBAHHS BPOXKA0, BUKOPUCTOBYIOUM JATUUKHU B
rpyHT1. Lle no3BoJsie 3a0e3neunTr OUIbII TOUHE Ta €PEKTUBHE BUPOLLYBaHHS POCIIMH,
dbepmepaM OTpUMYBATH BaXJIMBI JIaH1 MPO BOJIOTICTh IPYHTY, MOXKMBHI PEYOBUHH Ta
1HII1 MapaMeTpH, 10 BIUIMBAIOTh HAa PICT Ta BPOXKAWHICTb POCIUH. 3aBASKUA I[bOMY
BOHU MOXYTh IIPUIIMATH OOTPYHTOBAHI1 PIIICHHS II0JI0 MTOJIUBY, BHECEHHS TOOPUB Ta
1HIIUX arpoTexHiyHux 3axojiB [10]. Omxke, 111 cucrema 3abesnedye 301p Ta aHami3
JaHUX, HAJal0ud MOKJIMBICTH (hepMepaM MOHITOPUTU CTaH CBOIX MOJIB B PEXKUMI
peanbHOrO 4yacy. BoHa momomarae BHUSIBISTH TPOOJIEMH, Takl SIK, HANPHUKIAM, SK
HEJOCTATHS BOJIOTICTb, HAJAMIPHE 3BOJIOKEHHS YU HEPIBHOMIPHE PO3MOAUICHHS
I00OpUB Ta CBOEYACHO BXKMBATH 3aXO[iB Mg iX Bupimenss. 3actocyBanus I Ta
natuukiB 'y cuctemi "CropX" chopusie ¢epmepaM y 30UIbIIEHHI BpOXKaHOCTI,
3HIKEHH1 BUTpPATH Ha BOAY Ta J0OpHBA, a TAKOXK y 3MEHIIICHHI HETaTUBHOTO BILJIUBY
Ha HaBKOJIUIIHE CEPEIOBUILE, & TAKOXK CTAJIOMY PO3BUTKY CLILCHKOI'O TOCIOAApCTBa
Ta MOKPALIEHHIO €(PEKTUBHOCTI BUPOLTYyBaHHs pociiuH. Llle onuH npukian - aBBTOHOMHI
tpaktopu: cucrema "John Deere Autosteer" BukopuctoBye GPS ta cencopu s
aBTOMAaTUYHOTO KE€PYBaHHS TPAKTOPOM, 3HIDKYIOUHM 3aBaHTAXEHICTh Ha oreparopa Ta
3a0e3nevyye aBTOMATHYHE KEePyBaHHS TPAKTOPOM Ha TMOJi, 110 BENe 10 30UIbIICHHS
MPOJIYKTUBHOCTI Ta €(PEKTUBHOCTI BUPOIILYBaHHS pociuH [7]. 3a3HauuMo JesiKi
ocobmmBocTi Ta mepeBaru cuctemu "John Deere Autosteer". Ile, naiinepme, GPS-
HaBiraris: cucrema BUKopuctoBye GPS 11 TouHOr0 BUBHAUYCHHS MICIIE3HAXOHKCHHS
TpaKTOpa Ha MOJIi, BU3HAUEHHS MOr0 NUISXY Ta MIIaHYyBaHHS ONTUMAIbHOTO MapIIPYTy
PYXY; CEHCOPH: CUCTEMa BUKOPHCTOBY€E CEHCOPH JJIsl 300py JaHUX MO CTaH IPYyHTY,
POCIIMH Ta 1HIIMX NapameTpiB. BoHH BUKOPHUCTOBYIOTHCS ISl aHANI3y Ta MPUHHATTS
pillieHb WIOJ0 ONTUMAJIBHOTO BHUPOIIYBAaHHS POCIWH; aBTOMAaTHYHE KepyBaHHS:
3aBasiku GPS Ta cencopam, cuctema "John Deere Autosteer" Moke aBTOMaTHUYHO
KepyBaTH PyXOM TpakTopa Ha mojii. BoHa TOYHO BUKOHY€E 3aqaHi MapHIpyTH Ta
3a0e3mnedye piBHOMIPHUI PO3MOJILT PECYpPCiB, TAKUX SK 100pUBaA Ta MOJUB, IO CIIPUSIE
e()eKTUBHOMY BHPOIIYBAHHIO POCIWH; 30UIBIICHHS MPOJYKTUBHOCTI: aBTOHOMHI
TPaKTOPH JI03BOJISIOTH 3HU3UTH YacC Ta 3yCHILIS, SIKI ONepaTop MOBUHEH BUTPAYaTH Ha
KepyBaHHs TpakTtopoM. Lle mo3Bomsie dhepmepam 30cepeTUCA HA 1HIIUX BaXKIUBUX
3aBJIaHHAX Ta MiJIBUILYE MPOTYKTUBHICTh POOOTH; e(hEeKTUBHE BUPOILYBAaHHS POCIIHH:
3aBJISIKA TOYHOMY KEPYBAHHIO TPAKTOPOM Ta ONITUMAJILHOMY BUKOPHUCTAaHHIO PECYpCiB,
cuctema "John Deere Autosteer" pomomarae 3a0e3neunTd OUIbII  €PEKTHUBHE
BUPOIIYBaHHS POCIIMH, 30UIBIICHHS BPOKANHOCTI Ta 3HUKEHHSI BUTPAT Ha PECypcCH,
TaKMX SK MaJIMBO Ta J0OpWBa, 3HU3UTH HETaTUBHUN BIUIMB HA HAaBKOJIMIIHE
cepenosuie [10].

3actocyBanHs CO y mpomucCiOBOCTI: Hampukian, matdopma "Predix" Bin
General Electric BAKOPUCTOBY€ CEHCOPHU Ta ICTOPUYHI J1aH1 JIJIsl TPOrHO3yBaHHs 300iB
B MammHepii. Ock aeski ocoOnMMBOCTI Ta nepeBaru cucremu "Predix": mana cucrema
30Mpae JaHi 3 CEHCOPIB Ta ICTOPUYHI AaH1 Ipo poOoTy MamuHepii. Bona BuUkopucToBye
aHamituani anroputmu Ta I ams mporHo3yBaHHS MOXKIMBUX 300iB Ta mMpobiieM y
po00T1 00JIaTHAHHS; nONepeddceHHss nPo 3001 3aBASKU 03HAYCHIN CUCTEMI OrepaTopu
Ta TEXHIYHUH MEPCOHAN MOXYTh OTPUMYBATH MOIEPEKEHHS PO MOXKIHBI 3001 Ta
npoOJieMH 3 MaluHepieo 3azaaneriap. Lle 103Bossie BKUTH BYACHUX 3aXOMIIB IS
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3armobOiranHs 30058M Ta 3HIDKEHHS 4Yacy TMpOCTOI0 OOJIaJHAHHS; onmumizayis
BUPOOHUYMBA: CUCTEMa JIOTIOMarae BHPOOHWYMM IMMIANPUEMCTBAM OITHUMI3YBaTH
npoiiecu BUpoOHMIITBA. BoHa Hamae naHi Ta aHAITUKY, SIKI JOTIOMAraiTh BUSBUTH
e(eKTUBHICTh pOOOTH MAallIMHEPIi Ta 3aMpPONOHYBATH MOKPAIIECHHS I 301IbIICHHS
MPOJYKTUBHOCTI Ta 3HUWKEHHS BUTpAT; 30inbuenus oOesnexu: "Predix" pomomarae
3a0e3neunTu Oe3MeKy Ha poOOYOMY MICIII IIJITXOM BHUSIBICHHS MOKJIMBUX MPOOIIEM Ta
300iB y MamuHepii. Lle 103Bosse monepeauTy HEOE3MEUH1 CUTYAIlll Ta 3HU3UTH PUBHK
JUTSI TIPAIIBHUKIB; ehekmusHe ynpasiinta oonaonannsam: 3aBasiku cucremi "Predix",
OTIepaTOPH Ta TEXHIYHUI MEPCOHAT MOXKYTh OTPUMYBATH JETaIbHY 1HGOPMAIIIIO TTPO
cTaH Ta poboty mamuHepii [9]. Lle 103Bossie epeKTUBHO MIIaHyBaTH 00CITyTOBYBaHHS
Ta PEMOHT OOJa/JHAHHS, 10 CHpHsIE 30€PEKEHHIO Yacy Ta pecypciB. Bukopucranss
CUCTEMHU JOMOMAarae MiAIpUEMCTBAM 3a0€3Me4YuTH ePEeKTHUBHIIIE Ta Oe3NeyHille
BUPOOHUIITBO, 3HU3UTH BUTPATH Ta MOKPAIIUTH SIKICTh IPOAYKIIii. 3aBISKK CEHCOpam
Ta BUKOPUCTAHHIO ICTOPUYHMX JIaHUX CHCTEMa aHalli3y€e JIaHl Ta MPOTHO3YE MOXKIIMBI
3001 Ta npobaeMu y poOOTi 001agHaHHS, 1110 JOTIOMarae BXXUTHU BUACHUX 3aXOMd1B JJIs
3armo0iraHHs 3005M Ta 3HUKEHHS Yacy MpocToro obnagHanHsa. KpiM 1poro, cucrema
"Predix" pgomomarae onTHMIi3yBaTH MPOLIECHM BUPOOHUIITBA Ta 30LIbLIYBATU O€3MEKY
Ha POOOYOMY MICIT.

[le omuna npukian — cucrema "Rockwell Automation", sxa BukopucroBye LI
JJI ONTHMI3allli BUpOOHWYHMX MPOLIECIB, aHATI3YIOUH pealbHi JaHi 3 oonagHanus. Lle
703BOJIsIE 3a0e3MeynuTH OuUTblll e(eKTHBHE Ta TOYHE BHUPOOHMIITBO, IO IiJBUIILYE
piBenb CO mnpaniBHuKiIB. 3a gomnomMororw cuctemu "Rockwell Automation" moxHa
OTpUMYBATU JeTaldbHy 1H(POPMAII0 MPO CTaH Ta poOOTYy OOJaTHAHHS, BUSBISTH
MOXJIMBI MPoOJIeMH Ta 3001 Ta BXKUBATH BYACHUX 3aXOIIB JIJIS iX 3amo0iraHHs. AHami3
TaHUX 3 OOJaJHAHHS JOTIOMAarae ONTUMI3yBaTH BHUPOOHHYI TMPOIECH Ta 3a0e3reuye
edeKTUBHIIIIE BUKOPUCTAHHS pecypciB. Lle 3abesneuye Outbil TouHE Ta €(EKTHUBHE
BUPOOHMIITBO, 1110 MiABUILYE piBeHb CO MpaniBHUKIB Ta 3a0e31euye OUIbI €PEeKTUBHE
BUKOPHUCTAHHS PECYpPCIB.

[oxo Buxkopuctanns CO y inaHCOBIM cepi, TO TYT MOKHA HABECTH MPUKJIIAH
takux cucreMm, sk To "AlgoTrader" aGo "Darktrace". 3okpema, "AlgoTrader"
BUKOPHUCTOBYIOTH JIaH1 JJIsl ONTUMI3AIlli TOPTiB, 3A1MCHIOIOYH MTOKYIIKY Ta MPOoJaxi Ha
OocHOBI 3amanux mapametpiB [12]. Lle 3a0esmeuye Oinbimr TouHe Ta €(PEKTHUBHE
ynpaBiiHHS (piHaHCaMu. BigMITUMO TakoX Jeski O0COOJMBOCTI Ta MepeBaru TakKoi
QITOPUTMIYHOI TOPTiBIL: aHani3 0aHux - CUCTEMHU AJITOPUTMIYHOI TOPriBil, Takl SIK
"AlgoTrader", 30upatoTh Ta aHami3ylOThb BeMUKI 00cCITM (HiHAHCOBUX JaHUX,
BKJIFOYAIOYH I[IHOBI pyXH, 0OCSITH TOPTIB Ta 1HILI MOKA3HUKH, 1110 AOTIOMarae npuiMaru
OOTPYHTOBaHI TOPTOBi PIIEHHS;, a8mMoMamu3ayis mopeie — CUCTEMHU aJTOPUTMIYHOL
TOPTiBJII BUKOPUCTOBYIOTh MPOTPaMHI QJITOPUTMH JJisI aBTOMAaTUYHOIO BUKOHAHHS
TOProBUX OINepaliii, 1Mo J03BOJSE YHUKHYTH EMOLIMHUX BIUIMBIB Ta JIOACBKHX
MOMWJIOK, a TakKoX 3a0e3reuye MIBUJKE Ta TOYHE BHUKOHAHHS YTOX;, PU3SUK-
MeHeOHCMeHm — CUCTEMHU aJlTOPUTMIYHOI TOPTiBJl BKIIIOYAIOTh B ceOe BOyIOBaHi
MEXaHI3MH PHU3UK-MEHEPKMEHTY, $KI JOMOMAarailoTh KOHTPOJIOBATH PHU3UKH Ta
3aXMINATH KamiTal; meuoKicms ma 00OCMyYnHiCMb — CACTEMH aJTOPUTMIYHOI TOPTiBII1
IpalIoIOTh Ha OCHOBI KOMM'IOTEPHUX aNTOPUTMIB, IO JO3BOJSE iM TMpalioBaTH
mBUAIIEe Ta €)EeKTUBHIINIE, HIK JIIOACHKI TPEUICPH; MONCIUBOCII Ol cmpameziii:
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CHCTEMH aJITOPUTMIYHOI TOPTIBIII HAAIOTh TPeHiepaM MOKIIUBICTh peai3yBaTH pi3Hi
TOPTOB1 CTpaTerii, BKIOYAOYH apOITpaXk, TOPriBI0 HAa OCHOBI TEXHIYHOTO aHAJI3Yy,
PO3MOJIIJICHHS] PU3UKIB, a TAaKOXX aBTOMAaTUYHO BHUKOHYBAaTH TOPrOBI CUTHAJIM Ta
pearyBatv Ha 3MiHU Ha pUHKY [3]. BUKOpUCTaHHS CHCTEM ajIrOpPUTMIYHOI TOPTiBIIi
JgornoMarae Tpehaepam 3a0e3neyuTH Oulbll TOYHE Ta €(EeKTUBHE YIPaBIIIHHS
dbiHaHCaMH, 3HU3UTHU PU3UKHU Ta 30UTHIIIUTA MOXJIMBOCTI JIJII OTPUMAHHS MPUOYTKY.
OpHak, BaXXJIMBO MaM'ITaTH, 110 aJrOPUTMIYHA TOPTiBJIsS TAKOX Ma€ CBOi pU3HUKH, 1
Tpeiepu MOBUHHI OyTH 00i3HAHI Ta BMITH KepyBaTH ITUMU PU3UKAMH.

VY dinaHcoBIN cdepi BaXIMBOIO IIISHKOIO € 3aXUCT Bij maxpaicTtsa. OcTaHHIM
4acoM, IUTYYHHUH 1HTEJIEKT J03BOJIsA€ KIOEP3IOUMHIISIM T€HEPYBAaTH YHIKAJIbHI aTaKu y
BEIIMKKMX MaciiTabax, THM YacoM SK KiOep3aXMCT HaMmaraerbCs Ha3JIOTHATH iX,
3aCTOCOBYIOYH TPH IIHOMY TaKOX IITYYHHH 1HTEJIEKT. 3 TaKUMH 3arpo3aMyd 4u He
Halikpamie chopaBisieTbesi cucteMa "Darktrace", ska BHKOPHUCTOBYE MalllMHHE
HAaBYaHHS [ BUSIBJICHHS AHOMAJbHMX TpPaH3aKI[if, IO MOXYTh CBIAYUTU MPO
maxpaicbKy nisuibHICTb [11]. Le 3a06e3nedye 3axuct piHaHCOBUX Onepariii Ta JaHUuX
kimieHTiB. Och neski ocobmuBocTi Ta mepeBaru cucremu '"Darktrace": susenenms
AHOMAIbHUX MPAH3aKYil: CACTEMa BUKOPHCTOBY€E MAIllMHHE HABYaHHS JUIA aHATi3y
TpaH3aKI[I{ Ta BUSBICHHS aHOMAJIBHUX 3MiH, Ki MOXYTh CBITYUTH PO IIAXPANChKy
nisibHICTE. Lle mo3Bosisie omeparopamM CUCTEMHU IIBUAKO pearyBaTH Ha MOTEHIIIHHI
3arpo3u Ta 3amoliraTé ()IHAHCOBUM IIIaXpaCTBaM; 3axucm HiHAHCOBUX onepayil:
JlaHa CHCTEMa JIoloMarae 3aXuCTUTH (piHaHCOB1 omeparlii Bij| MaxpaichKoi JisIbHOCTI,
BUSBIISIIOUM Ta OJoKyroun HeOe3meuHi Tpan3akuii. lle 3a0e3neuye Oesmneky Ta
HaJIHHICTh (DIHAHCOBHX OMepalliid s KJIIEHTIB Ta OpraHi3alliil; aHanimuxka OaHux:
"Darktrace" anamnizye Beluki 0OCSITH TaHWX, BKJIIOYAIOUM 1CTOPUYHI JaHl Ta MOTOYHI
TpaH3aKIlli, HJis BUSBICHHS aHOMAIii Ta TOTEHIIMHWX 3arpo3. lle mo3Boise
olepaTopaM CHCTEMH IIBHJIKO pearyBaTH Ha HOB1 BUAM IIaXpailChbKOil AISUIBHOCTI Ta
aJanTyBaTU 3axUCHI CTpATErii; 3axucm OaHux Kiiewmig: CHUCTEMa JI0NOMarae
3aXUCTUTH KOH(DIMCHIIWHI JaHl KJIIE€HTIB, BUSBISIOYM Ta OJIOKYIOUH CHpOOH
HECAaHKIIIOHOBAHOTO JIOCTYMY Ta KpaJlbKku nanux. Lle 3a0e3neuye AOBIpY KIIIE€HTIB Ta
30epirae pemyTaito opraHizailii; Henepepsnuii monimopune: "Darktrace" mparroe y
peXUMi HENEepepBHOTO MOHITOPUHTY, aHANI3yIOud TpaH3aKiii Ta BUSIBJISIOUU
NOTEHLIWHI 3arpo3u B peanbHOMy uaci. lle 1mo3Bossie omeparopaM CHCTEMHU
OMEpPAaTHBHO pearyBaTd Ha HOBI BHUJM IIaXpancChbKoi ISUIBHOCTI Ta 3amnoodiratu
¢iHaHcoBuM 3nounHaMm. Otke, BukopuctaHHs cuctemu '"Darktrace" pomomarae
oprasizaiism 3a0e3neYnTH 3axXucT (IHAHCOBHUX OMepalliii Ta JaHUX KIIE€HTIB IMIITXOM
BUSIBJICHHS] aHOMAJILHUX TPaH3aKIlIHi Ta 3aM001raHHs MaxpaichKii JiSIbHOCTI.

[HTenexTyanbHi Mepexi - HOBITHI TEXHOJOTI, MO 3a0e3meuyroTh Oe3neKy Ta
e(eKTUBHE BUKOPHUCTaHHs eHepropecypciB. OmHI€0 3 HaWBaXIMUBIIIUX 00acTeit
3aCTOCYBaHHS 1HTENEKTYaJIbHUX Mepex € cucteMu Oesneku [13]. Taki cucremu, K
"Hikvision", BUKOPUCTOBYIOTh aHaJI3 JAaHUX JUJIS BUSBJICHHS MOTCHIIMHUX 3arpo3 Ta
3abe3neueHHs O0e3MeKku Ha BYJHUISX 1 B OyAiBisax. [le mo3Bosisie 3MEHIIUTH KITBKICTh
3JIOYMHIB Ta 3a0e3MeYUTH OC3IEeKy HAaCCICHHS.

[Ile oqHUM BaXJIMBUM HAMpPSIMKOM BUKOPHUCTAHHS 1HTEIEKTYyaJIbHUX MEPEX €
CMapT-CiTi. Y I[bOMY HaNpsMKY PO3POOJISIFOTECS CHUCTEMH, SKi 3a0€3MedyIoTh
IHTEJIEKTyaJIbHE KEpYBaHHS €HEProCMOXMBAaHHSM B OyauHKax. Taki cUCTEMH, SIK
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"Nest", H03BOJSIOTH ONTHMI3yBaTH BUTPATH Ha EHEPri0 Ta 3abe3medyBaTH OLIbII
e(eKTUBHE BUKOPUCTAaHHS pecypciB. B pe3ynbpTari, cCriokuBaui eKOHOMJISITH TPOIII Ta
J0TIOMAraroTh 30eperTH HaBKOJIUIITHE CePEIOBHIIIC.

Posrnsaemo texnomoriit KI 8 CO: iHTerpaiis 1aT4yuKiB Ta 3MATTS JaHUX. 3ITUTTSI
JaHUX 3 PI3HUX JIaTYUKIB € BOXKJIMBUM €JIEMEHTOM CHCTEM 300py Ta aHai3y JaHUX.
s Toro, mo6 3a0e3meunTH PO3MIUPEHUN aHami3 Ta BUAA4y OUIBII TOYHUX
pe3yibTaTiB, BUKOPUCTOBYIOTh 3JIUTTA JAHMX. 3JUTTS JAHUX 3 PI3HUX JIaTYUKIB
JI03BOJISIE OTPUMATH OUTHIII TOBHE YSBIICHHS PO CUTYAIliO, IO JO3BOJISE BHAAUY
OUIBIII TOYHUX PE3YJbTATIB; BUMOTH JI0 JIATYUKIB - JIJISl YCIIIIHOT pOOOTH CHCTEMHU
HEOOXIJTHO, 1100 AATYMKU Majiy HACTYIHI XapaKTEPUCTHKU: BUCOKA TOUYHICTh, HU3bKa
JATEHTHICTh Ta HAABHICTh CTAHAAPTIB/MPOTOKOMIB 3B's13Ky (Hampukian, MQTT); nani
Ta iX 30epeXeHHs: Ui 30€peKeHHS JTaHMX BUKOPHUCTOBYETHCS ILIEHTpalibHa 0Oa3a
JTaHUX, sIKa MIITPUMYE pPE3epBHE KOMiIOBaHHS 1 mupyBaHHSA, 00 3a0e3medunTH
Oe3MeKy JaHWX;, IIBUIKOMISA: 100 3a0e3MeuyuTH IIBHAKY OOpOOKYy JaHUX,
BUKOPUCTOBYIOTh edge computing (mapagurma po3nofUIeHUX OO4YMCIIeHb, SKa
MEPEHOCUTh O0YMCIICHHS 1 HOCIT JaHuX OJvK4e 10 Jpkepena gaHux. OJikyeTbes, 110
1€ MOKpallUTh Yac BIAKIUKY 1 30epeke CMyry MpOMycKaHHs. 30KpeMa, OJIHUM 3
NPUKIIAIAiB BUKOpUCTAaHHA 31MUTTA AaHux € cuctema ADAS (Advanced Driver
Assistance Systems) B aBTOMOOISIX.

ADAS - cucrema, sika BKIIFOUA€ B ce0€ s TEXHOJIOT1H, TAKHUX SIK pajiapy, KaMepu
1 JaTYMK{ JiJ1apy, 100 CTBOPUTH TOJICTUYHY KapTy HABKOJHUIIHBOTO MPOCTOPY
aBromMoOuIsA. LI JaHl MOTIM aHANMI3YIOThCS 332 JOMOMOIOK AJITOPUTMIB MAIIMHHOIO
HaBUYaHHSA, MO0 aKTHBYBaTH Taki (PyHKII], SK aBTOMAaTUYHE TrajJbMyBaHHS, CUCTEMH
MOTNEPEPKEHHS PO 3iTKHEHHs Ta iHMI. OIuH 3 TPaKTUIHUX cueHapnB poboTH - mpu
HaOMKEHHI 10 TIEPEIIKOIN, CHCTEMa BHJIA€ TMOMEPEIKEHHS 1 MOKE aBTOMAaTUYHO
aKTUBYBATH rajbMa, SIKILO BOJIIA HE pearye BYacHO.

Y KOHTEKCTI AOCHIJPKEHHSI TEMH, BaXKJIWBO PO3TJISHYTH TaKOX JIOJATKOBI
MOMEHTH, SIKI HEOOXigHI I YCIIIMIHOI POOOTH CHUCTEMH 3JIHUTTSA JIaHHX.
ABTOMaTH3aIlis OOpPOOKM AaHUX: IJIA TOro, 100 3MEHIIUTH JIOJACHKI MOMMJIKU B
mpoiieci  0OpoOKM  JaHWX, BHUKOPHUCTOBYIOTh  aBTOMATHM3aIlll0, HAMPHUKIA],
3aCTOCOBYIOTh QJITOPUTMU MAIIMHHOTO HaBYaHHSA. BukopucTaHHs OLIBII MOTY>KHUX
cepBepiB: sl TOro, mo0 3abe3nmedyuTd BHUCOKY IIBUAKICTb OOpOOKH JaHUX,
BUKOPUCTOBYIOTH ~ OUIBII TOTYXHI CEpBEpM 3  BIAMOBIIHUM MPOTPAMHUM
3a0e3neueHHsIM. TecTyBaHHS CUCTEMHU: JJig 3a0€3MEeUeHHs HAIIMHOCTI Ta BUCOKOI
SAKOCT1 POOOTH CUCTEMH 3JIUTTA JaHUX HEOOX1THO MPOBOJUTH TECTYBAHHS Ha PI3HUX
eTanax po3poOku. IligTpuMKa CHCTEMH: ICIS 3alyCKy CHCTEMHU 3JIHMTTS JIaHUX,
HeoOXx1HO 3a0e3neuyBaTH MOCTIHHY MIATPUMKY Ta OOCIyrOBYBaHHSI CHCTEMH, 11100
3a0e3MeunTH 11 cTabUIbHY Ta HaJIHY poOOTY. 3aCTOCYBaHHS CUCTEM 3JIUTTS JaHUX €
BXKJIMBUM €JIEMEHTOM B 0araThbOX raiay3sx, TaKuX sIKk aBTOMOO1IbHA MPOMHUCIIOBICT,
MEJIMIIMHA, JOTICTHKA, HayKa Ta 0araTo iHImMMUX. BUKOpUCTAHHS 1IUX CUCTEM J03BOJISE
30UIBIIMTH TOYHICTH Ta MIBUAKICTh aHAMI3Y JaHUX, IO JO3BOJSE JOCATTUA KpaIlIUX
pE3ybTAaTIB.

Orxe, mamaHe HaBuaHHs Ta I - cdepu, mo 3ad6e3neuyroTh poOOTy NPOrHO3iB
Ha OCHOBI BENUKUX HaOopiB AaHuX. B cyuacHOoMy CBIiTi, A€ JaHi CTald KIOYOBUM
pecypcoMm, aHaii3 Ta 00poOKa Belukux o0'eMiB iHGoOpMallii cTae HaA3BUYAWHO
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BAXJIMBUM 3aBJaHHSAM. MammHHe HaByaHHsS Ta [l m03BOMAIOTE MakCUMalIbHO
BUKOPUCTOBYBATH LIeH pecypc 1 3a0e3meuyBaTi BUCOKI PE3yJIbTaTU B PI3HUX Taly3sX.
[{i HanpsiMKM MaroTh JAEKUIbKa alroputmiB, Takux sk Decision Trees, Neural
Networks, Bayesian Networks, siki gormoMararoTh MiI0MpaTH HaOUIbII ONTUMAJIbHE
pimenHsi. Hanpukinan, Decision Trees 103BOJIAIOTh CTBOPIOBATH 3pO3YMIJII Ta JETKi
JUTIsL 1HTEpHpeTanii Mojeni, SKi MOXYTh BHKOPUCTOBYBATHCS [IJIsi MPOTHO3YBaHHS
PI3HUX MO, TAKUX K MPpUOYTOK KoMMaHI1i a00 pU3UK BUHUKHEHHS aBapii Ha T0pO3l.
Neural Networks 103BoJsII0Th po3mi3HaBaTé 00pas3u, M0 J03BOJIsIE BUKOPHUCTOBYBATH
iX y MEIUIIMHI IJI aHAI3y MEAMYHUX 300paKCHb Ta B IHIIUX TaTy35X.

Onniero 3 muteit mammHHOro HaBuaHHs Ta Il € mporHo3yBaHHs MO, IO
JI03BOJISIE TIATH 3a3JaJIeTifb 1 MiATOTYBAaTUCS O MOXIJIMBHUX clieHapiiB. Kpim Toro,
BOHU MOXXYTb OyTH BUKOPHCTaH1 JJii aBTOMAaTUYHOTO BUPILIEHHS PI3HUX 3aJ]a4, 110
JI03BOJISI€ 3MEHILIUTH JIOACHKI MOMIJIKH Ta 30UIBIINTU MPOIYKTUBHICTh Y 0aratbox
cthepax. [Ipukiangom BUKOpuCTaHHs MalllMHHOTO HaBYaHHs € Watson Health Bix IBM,
akuil BukopuctoBye LI a1 aHanmizy MEAMYHUX 300pakeHb Ta KIIHIYHUX JTaHUX. 3a
JOTIOMOTOI0 I[bOT'0 THCTPYMEHTY MOXJIMBO aHAII3yBaTH MEIWYHI 3allUCH TAIlI€HTIB,
BpPaxOBYIOUHM BC1 MEAMYHI MOKA3HUKH 1 pEKOMEHAAIl1i JIIKapiB, 1110 T03BOJISIE MiI0UpaTH
Halie(eKTUBHIII METOAM JIIKyBaHHS Ta MiAOUpPATH ONMTUMAIBHUN IJIaH JIKyBaHHS.

Curyariiiina 0013HaHICTh B CYYaCHHX CHCTEMaX € KPUTHYHOIO, OCOOJIMBO B
yMOBaX BHCOKOT Hemepe10aqyBaHOCTI Ta AUHAMIYHOCTI moAiil. [l Tema BnucyeThes B
HIUPIIANA KOHTEKCT JIOCHTIIPKEHb 3 001acTl KOMI'IOTEPHUX HAYK, AaHAIITUKU BEITMKUX
JAHUX, Ta AITOPUTMIYHUX METO/IIB JIJIsl 3a0€3MeUeHHsI CUTYyalliitHO1 0013HaHOCTI. BoHa
KOPECIIOHJIY€ 3 ICHYIOUMMH pOOOTaMH B IIMX TUCHHILTIHAX, aJle¢ BHOCUTH HOBH3HY
Yyepe3 30CepeKEHICTh Ha TeONMPOCTOPOBUX acleKkTax. B paMkax mociimkeHHs O0yio
peaii3oBaHO MPOTOTHUIT CUCTEMH T€ONMPOCTOPOBOIO MOHITOPHHTY, Ha OCHOBI SIKOTO
Oylle OTpUMaHO peajbHl PEe3yJbTAaTH IOCIIIKEHHS, MpoaHaIi30BaHO Ta 3pO0JIEHO
BUCHOBKM IIIOJ0 BHUPILIEHHS NpoOJIeM CUTyalldHOI OO0I3HAHOCTI 3 TOYKH 30py
KOMIT'IOTEpHOT  1H)KEHepii, Takux sK: 1HTerpaiis 1HQOpMaliiHUX TMOTOKIB
(ueHTpamizallis Ta CTPyKTYPYBAaHHS BEJIMKUX OOCATIB 1H(OpMaIIi 3 pI3HUX JKepen),
peaizailis B peKUMI PeaIbHOTO Yacy (3a0e3MeueHHs OMepaTUBHOTO OTPUMAHHS Ta
o0poOKkM 1HQoOpMarllii JJIsI MBHJIKOTO pearyBaHHsS Ha mojii), Oesneka Ta
KOHOIACHIINHICTS  (3a0e3meueHHst  Oe3meyHoro  30epiraHHs Ta  mepenadi
KoH(DieHIiitHOT 1H(popMaIii).

Jlns peanizailisi CUCTEMH TE€OMPOCTOPOBOTO MOHITOPUHTY HEOOXITHO 3aisITH
HacTynHi TexHosorii CO: MalmuHHe HAaBYaHHS Ta MTYYHUN THTEIEKT, MOJCITIOBAHHS
Ta CUMYJISIIIO, aHalll3 B peajJbHOMY 4Yaci Ta B3a€EMOJIIIO JIIOJIMHU 13 KOMII IOTEPOM.
OcHoBHa npobiema mpu peasizaiii MPOTOTUIY CUCTEMH ToJisirae B 300pi, 00poo1Ii Ta
aHaJ131 BEIMKOTO 00CATY JJaHUX 3 PI3HUX JHKepell B peaabHoMy yaci. [1[006 ii BupimmuTHy,
ICHYIOTb Pi3HI MIJXOIM KOMIT I0OT€PHOI 1HXKEHEPIi: cepsephi piuieHHs: BUKOPUCTAHHS
MacmTabOBaHUX CEpBEPIB Il OOPOOKM JIaHUX B IEHTPATI30BAHOMY PEKUMI;
nepugbepiiini obuucienns: o00poOKa NaHUX Ha mnepudepiiHUX MOPUCTPOSIX YIS
3MEHIIEHHS HAaBAaHTAXEHHS Ha LEHTPAJbHUN CEpBEp; MAWUHHEe HABYAHHS:
BUKOPHUCTaHHs aliroputMiB ML nis kiacudikaiiii Ta mporHo3yBaHHS MOiM.

Jis  apXiTeKTypH TMPOTOTHUIY JOLUUIBHUM OyJe BUKOPHCTaHHA TiOpUIHOT
apxITEeKTypH, sika KoMOiHye edge computing Ta anrOpUTMHA MAIIMHHOTO HABYAHHSL.
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Taxuit miaxig A03BOJISE ONTUMIZYBAaTH PECYPCH Ta MOKPAIIUTH MIBUAKICTh peakilii Ha
moaii.

OCKiTbKM TIPOTOTUII CUCTEMH MOBHHEH MPAIIOBATU TI00aIbHO, TO HEOOXITHO
3a0€3MeUYnTH TPOIECIHT yCiX HOBUH. IS 1IbOro HEOOXIAHO 3IHTErpyBaTHCh 13
rJ100aJIbHUM MOCTavalbHUKOM HOBHUH (google, microsoft Ta inmi). JlogatkoBa BUMora
- HOBUHH TIUJIBKH aHTJIIHCHKOI0 MOBOIO. I]e 1acTh MOKIMBICTD ITOKpAIyBAaTH aHATI3 31
ctoponn ML-006pobku HOBHMH Ta mojiil. B mopanpimomy ais mepeaadi KOHTEKCTY
HOBMHH MO’XHA BUKOPUCTATH 1HTErpallito i B3aemoAito i3 LLM.
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B po3pobaenomy ML-CKkpunTi BUKOPUCTOBYIOTHCS HACTYIHI MAIIWAHHO-
HaBYaJIbHI TEXHOJOTI 1 010110TEeKH:
1. Scikit-learn (sklearn):
o train_test split mis posaiieHHs HAOOpYy NaHUX Ha TPEHYBAJIbHUHA Ta
BaJTi Al HTHUIA.
o LabelEncoder nyis kogyBaHHS KaT€ropiiHUX 3MIHHHX.
o accuracy score i OIIIHKM TOYHOCTI MOJIeJli, Xo4ya B KOl II€ He
BUKOPHUCTOBYETHCSI.
2. PyTorch: 6i6mioreka mjis TAUOOKOTO HABUYAHHS, BUKOPUCTOBYETHCS IS
CTBOPEHHS Ta TPEHYBAaHHS HEHPOHHUX MEPEK.
3. Transformers by Hugging Face:
o RobertaTokenizerFast Ta  RobertaForSequenceClassification s
BUKOPUCTaHHs npeaHaTpeHoBanoi Mojaeii RoBERTa.
o Trainer ta TrainingArguments s TpeHyBaHHS Ta HaJaIITyBaHHS
MOJENI.
o AutoModelForSequenceClassification TUTST aBTOMATUYHOTO
3aBaHTXKECHHS MOJIeeH Il Kiacudikallii mocIiI0BHOCTEH.
dl_translate: BukoprucToBy€ThCS 1 IEPEKIANY TEKCTY.
Joblib: nys cepianizarii moneni (30epeKeHHS Ta 3aBAHTAXKEHHS ).
JSON: BukopucroByerbes A 00pooku JSSONL ¢aitnis 3 HabopoM JaHUX.
OS: nnsa B3aemonii 3 OnepariiHOI CUCTEMOIO, HANPUKIAMI, JJIsi CKaHyBaHHS
TTUPEKTOPIH.
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8. TokeHi3alisi TeKCTy: TOKEHI3allid TEKCTy BiOyBAEThCA 3a JOMOMOTOIO
RobertaTokenizerFast.

JlaHi1, Tak 3BaHi 1aTaceT AJi1 HaBUYaHHS BHUILEBKA3aHOI MOeIl OyJIM OTpUMaHI 13
npoekty GDELT (Global Database of Events, Language, and Tone) — 1ie iHiiarusa,
0 Ma€ Ha MET1 CTBOPEHHS Ti00aabHOI 0a3u JaHUX MPO CYCHUIbHI MOJIi Ta IXHIH
B32€EMO3B'A30K 3 MOBOIO Ta TOHOM HOBHWHAPCHKUX 3BITIB. Lleil mpoekT BUKOpUCTOBYE
aBTOMATUYH1 QJITOPUTMHU JUIS aHANI3y TEKCTOBUX HOBHUHHHMX MarepiajiiB 3 PI3HUX
JDKEepes, CTBOPIOIOYM THM CaMHM OOMMpHUNA HAOIp MaHWX, SIKAA MOXHA
BUKOPUCTOBYBATH JIJIs1 PI3HUX JTOCHIJIKEHb — BIJ MOHITOPUHTY KOH(MIIKTIB JI0 aHATI3Y
rJ00aJbHUX TEHJEHLIW B HoBuUHax. s moxent cdopmoBanHo aparacetu 13 1,3
MUJIBHOHIB 3aroJ0BKIB HOBHH Ta BIAMOBIIHUX KAaTETOpii, IO OTpHMaHi 13 BIAKPUTHX
nanux GDELT. L{is1b - MOieTh aBBTOHOMHO 1 TOYHO TOBMHHA BU3HAYATH KATETOPIrO JJIsI
HaJaHUX JIAHUX TICJIs IPOBEICHHS HAaBYaHb.

OTpumaHni pe3yJIbTaTh HaBYaHHS JaHOT MOJIeJ1 BKa3yIOTh Ha HACTYIHI aCIIEKTH:

1. Loss (0.7898): ue noka3HukK (pyHKIIIT BTpAT Ha TPEHYBAJIbHOMY HAa0Op1 TaHUX.
Yum HIDKYE 1€ YMCII0, TUM Kpallle MOJelb aIalTy€eThCsl 10 TPEHYBAJIbHUX JTAHMX.
OpmHak 3aHaNTO HU3BKWH MOKA3HUK MOKE BKAa3yBaTH Ha TIEPCHABYAHHS. Y HAIIOMY
BUNAAKY, 3Ha4YeHHS (.7898 € NpuHATHUM.

2. Learning Rate (6.16245320321373e-07): 11¢ mBHUAKICTh HaBYaHHSA, sKa
BUKOPHUCTOBYETHCSI ONTHUMI3ATOPOM [JIsl OHOBJICHHS MapaMeTpiB Mojemi. 3aHalaTo
BHCOKa IBUIKICTh MOYE MIPU3BECTH JI0 HECTAOUIBHOCTI, TO/1 SIK 3aHAJITO HU3bKa MOXKE
CIIOBUTPHUTH TIPOIEC HABUaHHS a00 MPU3BECTH JO 3aCTPATAHHS B JIOKAJIBHUX
MiHIMyMax. ¥ JaHOMY BHUIAJKY, 3HAYCHHS € JOCUTh HU3bKUM, 110 MOKE BKa3yBaTH Ha
Ty’Ke TTOBIIbHE HaBYaHHSI.

3. Epoch (2.96): nmokasye, CKUIbKH MPOXO/IIB TIOBHOTO HA0OPYy TPEHYBATBbHUX
JaHuX 3pO0JICHO Ha IaHOMY eTarti. Y JaHOMY KOHTEKCT1, MOJeJib MaiKe 3aBepuinia 3
€MOXH HaBYaHHS, 110 € JOCTATHIM JIJI1 aBTOHOMHOT'O 3aITyCKy Ta poOOTH.

VY nepcrexTyBi MOAABIIOT0 HAYKOBOTO JOCTIKEHHS TOAaTKOBO HEOOX1THO:

« IIpoBecTu Baijaiito MoOJieIi Ha OKpEMOMY Ha0Op1 TaHUX.

o CropoOyBaTu peryiroBaTy MIBUIKICTh HABYAHHS JJISI MOYJIMBOTO TTOKPAIICHHS

pe3yJIbTaTiB.

o 3BepHYTH yBary Ha JOJATKOBI METPHKH [JIsi OLIBII TJIIMOOKOI OIIHKH

e(EeKTUBHOCTI MOJECITI.

CnpoekroBana cuctema moxke Oytu BaxuinBoro st CO, sKII0 BOHA 3AaTHa
IIBUJIKO Ta TOYHO aHAI3yBaTH HOBUHHU a0O0 1HII TEKCTOBI JaHi JJIS BHUSBJICHHS
KPUTUYHUX 1HIUJCHTIB a00 BaxauBux noxAid. [ns yHidikamii - Bcs po3poOka
peasii3oBaHa Ha MOBI mporpamyBaHHs python, Bepcii 3.9. Bebcepsep - Ha GppeiiMBOpKY
django, Tomy 110 MicTUTh OcHOBH1 kpuTepii IT 6e3neku OWASP, Ta iHTerparitiro 13
CYB/J. CYB/I - postgresql Bepcii 15 (i3 Mmoayiiem postgis jist 30epekeHHs IreoIoKailii,
PEIUTIKAII€0 Ta PE3EPBHUM 30EPEKEHHSIM).

Ha nganuii MoMeHT ML-ckpunT npoTOTHUNy MOJENI AOCHIIKEHHS 3HAXOJUTh B
mpoiieci HaBYaHHA. B mopanbmomy, matouu BinrpeHoBaHy ML-momens mmaHyeThbes
3alyCK B HACTYMNHIN KOH}Irypailii 613HEeC-JIOT1KHU:

1. ckauyBaHHA B pexxumi oHnaiiH o APl HoBuH (uac, gara, 3arojloBoK Ta cama
HOBHUHA/TIO1s);
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2. Bu3HaueHHs reosokamii HOBWMHM - komOiHariss NLP (Natural Language
Processing) Ta reo-ko/iyBaHHs. TOOTO 1€ peaiai3oBaHO yepe3 2 KPOKH: BUKOPUCTAHHS
010motexkn NLP mist BUsiIBIIEHHST Ha3B MICIIb Y TEKCTi, 30kpema 010mioTeku SpaCy;
BukopuctoBanHss APl mis reo-xomyBanss, 30kpemMa Google Geocoding API a6o
Geopy, 111 OTpUMaHHS F'€OKOOPANHAT 3 Ha3B MICIIb;

3. BU3HAUYEHHS KAaTEropii IHIUACHTY YU HOBMHHU HA OCHOBI 3arOJIOBKY YU TEKCTY
MOJIii - Bajijalist uepe3 B3aemoito 13 ML-ckpuntowm;

4. marouu BCl BUlIle3a3Ha4yeHl naHi - 30epexxenns 10 CYB/L;

5. Bigyaumizaiis Ha BeOCTOpiHIIl (BUKOpUCTaHHs Manu MapBox) BindiibTpoBaHux
Ta KaTeropu30BaHUX MOJIH.

JlomaTkoBi 3aBIaHHS JJIsI OLIIHKH PIIICHHS:

1. YUnceabHi pe3yJabTaTH: 3aCTOCYBAaHHS METPUK, TAKUX SIK TOUHICTH (Accuracy),
F1-score, ROC-AUC mist o1iHKM MOJIe1 Ha BaTigamiitHoMy HaOopi JaHUX.

2. SlkicHa omiHKAa: BaXIMUBO TMEPEBIPUTH, HACKUIBKM MOJEIb KOPEKTHO
11€HTU(DIKY€ BaKIJIMBI HOBUHU UM THIIUACHTH.

Otxe, oTpuMaHl YHCENbHI pe3yJbTaTH AOCHIHKEHHS CBIIYaTh MPO BHUCOKY
€(EeKTUBHICTh 3alpPOINOHOBAHOIO PIIIEHHS: 3HWKEHHS JjdaTeHTHocTi Ha 30%,
I IBUITICHHS TOYHOCTI Kiacudikarii curyarii Ha 15%.

BucHoBkwu.

PosrnsHyBIIMM  MOXJIMBOCTI BUKOPHUCTAHHS KOMITHOTEPHUX TEXHOJIOTIN IS
HiJBUIIEHHS cuTyalliitHoi o613HanocTi (CO) Ta HagaBIIM MpOoaHATI30BaHUN PeaTbHUMA
MIPUKJIA]] BUKOPUCTAHHS CHUCTEMHU T€OMPOCTOPOBOTO MOHITOPHHTY, MOXKHA 3pOOHTH
BHCHOBOK 1110 MaruHHe HaB4aHHs Ta LI BigkprBaroTh HOBI MOMIIMBOCTI ISl aHATI3Y
Ta OOpOOKM MaHMWX, IO JIO3BOJISIE JOCSITTH KpalllUX Pe3yJIbTaTiB y pI3HUX cdepax
TiSUTBHOCTI, TaKWX SK MEIuIMHA, (iHAHCH, TpaHCHOPT Ta Oararo IiHmMX. 3a
JIOTIOMOT'OI0 HOBITHIX CHUCTEM, SIKI BECh 4ac BJIOCKOHAIIOIOTHCS Ta OHOBIIOIOTHCH,
nokpamieHdto aaroputmiB LI, mokpameHHI0 TeXHOJOTIYHOI CKIIAT0BOi, IMBHIKOTO
KOHKYPEHTHOTO PO3BHUTKY Ta BIPOBAKEHHIO HOBUX METOJIMK, MOXKHA MiABUIIYBAaTH
€(eKTUBHICTb MPOIIECIB, 3MEHIIYBAaTH BUTPATH, MIABUILYBATH SIKICTH MOCIYT 1
MOKpAaIIyBaT 0e3meKy.

Amnami3z ob6nacreit 3actocyBanHs CO B KI mokasye, mo ms TEXHOJOTiSA
BHUKOPHUCTOBYETHCS B PI3HUX cepax, BKIIOYAIOUU OCBITY, IPOMUCIOBICTh, MEIULIUHY,
€HEPreTUKy, CUTbChKE TOCMOAAPCTBO Ta Oe3neKky. BukopucTaHHs 1HTEIEKTyalIbHUX
MEpEX J103BOJISIE MOHITOPUTH Ta ONTUMI3ZYBAaTH BUPOOHUYI MpoLecH, 3a0e3nedyBaTu
Oe3reKy, MiABUIIYBaTH €(PEKTUBHICTh, TPOTHO3YBATH BPOXKAH, BUSBISATH MOTCHIIIIHI
3arpo3u Ta 3abe3nevyBaTu 0€3MeKy Ha BYJHUISX 1 B OyAiBIISIX.

[IpakTruna ckiagoBa JaHOTO JIOCHIDKEHHS TOKa3ye, IO 3aCTOCYBAaHHS
criennpIYHUX AJITOPUTMIB Ta METOMIB KOMITHOTEPHOI 1HXKEHEpii Moke €(PEKTHBHO
pO3B's13aTH MPOOJIEMY HENOCTATHBOI CUTYAIIMHOI O013HAHOCTI. 30KpeMa, YBEJCHHS
edge computing 1 MalIMHHOTO HABYaHHS B CHUCTEMY CHTYalliHOiI OO0I13HAHOCTI
M1JIBUIIYE i1 peaKTUBHICTb Ta aJJallTUBHICTD.

BpaxoByroun HEBeNHMKYy KIUIBKICTh CTaTe€l Ta JOCTIIKEHb, AKi € B YKpaiHi Ha
ChOTOJHI, cIpo0a JOCIHIJKEHHSI 3aCTOCYBaHHS KOMIT'IOTepHUX TexHoiorii B CO 3
METOIO MiABUIICHHS e(DEeKTUBHOCTI Ta HAMIMHOCTI CUCTEM, MOXKE CTaTH OCHOBOIO JIJISI
OaJbII01 pOOOTH HAJ TEMOIO B Tally3l CUTYaIliiHOT 0013HAHOCTI 3 BUKOPUCTAHHSIM
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KOMI'FOTEPHHUX TEXHOJIOT1H.
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Abstract. The paper is devoted to the consideration of situational awareness in such areas of
application as computer engineering and artificial intelligence. Situational awareness is becoming
more important in modern life, where the high pace, interdependence of events and emerging risks
require rapid and effective reaction and prevention, so the relevance of the study is evident. The
purpose of the study is to explore in-depth the relationship between SA and CE.
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The paper highlights the way computer technologies and artificial intelligence algorithms can
significantly improve the SA, providing a new level of efficiency and reliability. However, what is
more, computer engineering provides the necessary tools for data processing and visualization,
integrating machine learning algorithms to improve the SA.

The paper also gives a detailed analysis of the areas of application of AI with a focus on CE -
in the medical, finance, military, industry, and other sectors. It emphasizes that Al expands people's
ability to understand complex scenarios and creates efficient autonomous systems that can operate
independently. For instance, in the medical field, Al and machine learning are used to analyze
medical data to improve patient treatment and diagnosis. In the military, drones are being used to
increase combat capability and ensure the safety of operations.

In industry, systems like General Electric's Predix predict failures in machinery, while systems
like Rockwell Automation optimize production processes. In the financial sector, algorithmic trading
and fraud detection systems such as Darktrace ensure the protection and efficient management of
finances.

Thus, CE plays a key role in the development and maintenance of SA, ensuring reliability,
efficiency, and security in various applications. The continuous development of new tools and
technologies allows operators and systems to be more efficient and productive. The use of Al and
machine learning opens up new opportunities for data analysis and processing, which allows
achieving better results in various fields of activity.

Keywords: situational awareness, computer engineering, artificial intelligence, immersive
technologies, sensor integration, machine learning, augmented reality systems, modeling and
simulation, machine learning technologies and libraries.
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Anomauyia. Y pobomi pozensoacmvcs HeOOXIOHICMb NiOBUWEHHS eheKkmueHocmi ma
HaOIiHOCMi pobomuU  2a30NepeKauy8albHUX dazpe2amis, 30Kpema 3a0e3nedenHs ONnMmuMAalbHUux
memMnepamypHux napamempis, wo 6niuearoms Ha npayezoamuicms mypoOinu. OcHo8Ha yseaea
npudinena po3pooyi cyyacHoi agmomMamu308aHoi cucmemu KOHMPONIO MeMnepamypu 2aszy, AKa
8PAX08Y€ WBUOKI 3MIHU MEXHONO2IUHUX YMO8 ma 3abe3neuye adanmuene pe2ynro8aHHs PedtcUMie
pobomu. 3anpononogaHi nioxoou 6KIUAOMb SUKOPUCMAHHSA HOBIMHIX 0aeayie memnepamypu,
aAneopummie a0anmueHo20 KepysamnHs ma cucmem MOHIMOPUHZY 8 PealbHOMY YaCi.

Knrouogi cnosa: cazonepexayysanvhuti azpezam, cucmema KOHMPOTIO, MIKPONpOYecopHuu
KOHmMpoaep, memnepamypa 2azy, NOMNadjc.

Berynm.

Bin 3a0e3nedenHss HaaiiiHOT pOoOOTHM Tra30TPAHCHOPTHOI CHUCTEMH 3aJIEKHUTh
BUKOHAHHS YKpaiHOIO 3000B’s3aHb, IIOJAO0 TPAHCIOPTHY MPUPOIHOTO Ta3y, TOMY
Ba)KJIMBUM 3aBJaHHAM € JIIOCSTHEHHS BUCOKOT  HaAIMHOCTI  poOOTH
razonepekauyBaibHux arperariB (I'TIA). I'TIA 3piiicHioe mepekadky rasy ILUISIXOM
roro komnpumyBaHHs. ['TIA € ckiIagHUM TEXHOJOTIYHUMH 00’ €KTOM TMiJBUIIEHOT
HeOe3MeKH, 3 BEIMKOI KUIBKICTIO TeXHoloriunux mnapamerpiB. Kepysanus ['TIA
3MIACHIOETBCS  cUCTeMOl0 aBTomaTuizoBaHoro kepyBaHHsi (CAK). Baxkiuoro
cknagoBoro CAK I'TIA e cucrema mporuaBapiiiHoro 3axucty. Bix ii poboru B
aBapiiiHIN cUTYyaIlli 3JIeKUTh 3aXUCT IOPOroro ooaHanHs. 3 HIIOTO OOKY cucTeMa
MOBMHHA 3a1100iraTu aBapiiHuM 3ynuHkaM (A3) yepe3 HeClpaBHICTh BUMIPIOBAIbHUX
KaHAJIIB, YU 1HITNX XUOHUX TIyMadYeHb 3HAYCHb TEXHOJIOTTYHUX MTapaMeTPiB.

Po3poOka MeTomiB MPOTHO3YBaHHS Iepe/laBapiiiHUX Ta aBapiiHUX PEKUMIB
pobotu I'TTA € akTyanbHOIO 3a7a4€i0, OCKUIBKM BOHH JIO3BOJISITH 3a0IAJ[KyBaTU
3Ha4YHI KOIINTH HA PEeMOHT OOJIaJHaHHS Ta MiABUINATH CTaOUIBHICTH POOOTH
ra3oTpaHCIOPTHOI CHUCTEMHU B  IIJIOMY. ABTOMAaTUYHMN  aHalli3 JAUHAMIKU
TEXHOJIOTIYHMX TapaMeTpiB B 4Yaci T03BOJUTH BU3HAYATH TEHJEHIIIIO(CXMIHHICTB)
okpemoro By3na ['TIA no Buxoay 3 nany Ta 3amo0iraTv bOMY LUISXOM IIPOBEICHHS
npodimakTuaanx pooOiT. Chepa 3acToCyBaHHS METOIIB MIPOTHO3YBAHHS HAOIMKCHHS
MO3alTaTHUX CHUTyalllll € JoCcuTh IHpPOKoto, ocobmmBo st CAK, mo kepyroThb
TEXHOJIOTTYHUMHU 00’ €KTaMH IIIBUIIEHOI HEOE3MMEKH.
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TomMy MeTo10 poOOTH € CTBOPEHHS yIOCKOHANIEHOT cucTeMu KoHTpoito TT mepen
TBT nuissxoM AOJaHHS HOBHX MOMKIMBOCTEHM, 3aMIHM €JIEMEHTHOI 0Oa3u Ha
MIKpPOTIPOIIECOPHUIM KOHTPOJIEP Ta CTBOPEHHS TMPOTpaMH [UIsl HBOTO 3TiTHO
pPO3pO0IIEHOT CTPYKTYPHOI cXeMH KepyBaHHsA. KOHTposiep MOBUHEH BIAIPAIlbOBYBATH
aOCOJIIOTHI MOMEepeAKyBalibHI Ta aBapiiHl YCTaBKH, a TAKOX aHAII3yBaTH JUHAMIKY
napameTpiB y yacl.

OcCHOBHHUII TEKCT.

AHani3 0CTaHHIX IOCHTIKEHB Ta myoumikaiii [1+3] moka3sye, mo gaHa mpodiema
HE TMOBHICTIO PO3B’si3aHa uepe3 Te, 1o npu crBopeHHl HoBux CAK ocHoBHa yBara
NpUAUIIETbCS X amapaTHid 4acThHi. ToOOTO akuLeHT poOUTbCS Ha TOMY, SK
HaWTOYHIIIE, 3 HAHOUIBIIIOI YAaCTOTOI BUMIPATH CUTHAN, 30€pertTu Woro B apXisi,
nepeaTd Ha I1HIIMKA PIBEHb aBTOMATH3allli, a HE MEHII BaXXJIUBE IMUTAHHS IIPO
3aCTOCYBAaHHS CyYaCHUX aJTOPUTMIB aHAJI3y CUTHAJY PO3TJSAA€ThCA HE B TMOBHIM
Mmipi. 3azBuyaii B CAK peani3oByrOTh KJIaCM4YHI KOHTYPH PpETYJIOBaHHS Ta
MIPOTHABAPIMHOrO 3aXHUCTY, B TOM Yac SIK MOXJIMBOCTI KOHTPOJIEPIB J103BOJISIOTh, KPIM
TOTO, aHaJi3yBaTH B3a€MO3B’SI3KM MK TMapamMeTpaMH TEXHOJOTIYHOTO MpoIecy, ix
BIUIMB OJWH Ha OJHOTO Ta Ha MpoLeC B IMUIOMY. TakuM YWHOM € MOXIIMBICTBH
ctBopenHsi CAK 3 sikicHO HOBUM piBHEM (DYHKITIOHAIBHOCTI.

KoHkpeTHHM MpUKIIagoM, BUILIE OMKCAHOI MPOOJIEMU € aHalll3 TEMIIepaTypu ra3y
(TT") mepen typ6inoto Bucokoro Tucky (TBT) I'TIA tumy I'TK-10. Cnabkxum micuiem
cuctemu apromatuyHoro kepyBanHs (CAK) tuny CLHHKY na I'TIA tuny I'TK(I'THP)-
10 € migcucTeMH KOHTPOJIO TEMIEpAaTypHUX MapamerpiB. Jlo iX ckiagy BXOISThH
npwiaan KCM2 a1t KOHTpOITIIO TeMrepaTypy MiAMUIHUKIB TypOiHM 1 HarHiTaya Ta
KCII2 nns xontposmto TI' mepen TBT. Ilincucrema xontpomto TI' mepen TBT €
HAJ3BUYAITHO Ba)XKJIMBOIO, OCKIJIBKHU MPH 1i BIAMOBI 1 BUXOA1 apaMeTpa 3a J03BOJICHI
MeX1 BUHHUKAE PU3UK «cnanutu» Jjomarku TBT, mo mnpuBoAWTH 10 3HAYHUX
MaTeplalbHUX Ta 4YacOBUX BUTPAT Ha peMOHT ['TIA Ta 3MeHIIy€e KIIbKICTh PE3EPBHUX
['TIA Ha KOMIIpECOpHIN CTaHIIII.

[cHytoua cucTteMa KOHTpOJIIO Ma€ HENONIKM, XapakTepHi Uil aHaJOT1YHUX
cUCTEM, TOOYOBAaHNX HAa CaMOMUIITYYUX MOTEHIIIOMETpPaX Ta MOCTax 3 MEXaHIYHOIO
KOMYTAIIIEI0 CUHTaJTy, a caMe: HU3bKa HaJIWHICTh 00aaHaHHs (JacTi BIIMOBH), TIPU
BIIMOB1 BUMIPIOBAJILHOTO KaHATTy MOYKJIMBE XHOHE CIIPAIfOBaHHS aBapiiHUX 3aXUCTIB,
apxiB JaHuX(KapTorpaMa) HE JI03BOJISIE TOYHO BCTAHOBHUTH 4Yac MOii, BIJCYTHICTb
MOXJIMBOCTI BKJIFOUEHHS MPWIaay B CHUCTEMY LIEHTPalli30BaHOro 300py Ta 00poOKu
iH(pOopMarlii; HeoOXiTHICTh MEPIOAMYHOTO OOCIYTOBYBaHHS Ta MOTpeda B BUTPATHUX
Marepiajax.

Ha I'TIA, sixi BBOASATBCS B €KCIUTyaTaIlil0 B OCTaHHI POKH, JlaHa TIpoOieMa € He
HACTUIbKU TOCTPOIO, B 3B’SI3KYy 3 THM, 1110 BoHU oOnaaHaHi cydyacHuMu CAK nHa 6a3si
MIKPOIIPOLIECOPHUMHU KOHTPOJIEPIB, Ta HABITh HA HUX JIMIIE MOBTOPIOIOTHCS
QITOPUTMH, 3alPOCKTOBAaHI TEXHOJOraMU MpPU BUTOTOBJIEHHI oOnanHanHs. JlaHi
QITOPUTMU TepeadavaroTh 3aXUCT OOJIAJIHAHHS TPU BHUXOJ1 HOro TEXHOJIOTTUYHUX
napameTpiB 3a JOMYyCTUMI MexXi, pu oMy BimOyBaeThcsi A3 I'TIA (uum BBix iioro B
«pexuM obmexxkeHHs»). [Ipononyerbes peanizyBatu cucremy koHtponto TI' mepen
TBT 3a cxemoro Ha puc.l.
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MopiBHAHHA I'Ionepe,cpK_yBaJ_'lea
aBGCoMnoTHOrO curnanisauisi
3HaYeHHs
Beig naHux napameTpy ABapiitHa
3ynuHKa
BM3HOa;?';H;.' MopiBHAHHSA
LUBMAKOCTI SMIHM LUBUAKOCTI 3MiHM MonepenxyBansHa
3HaYeHHs 3HaYeHHs I AnHamivHa
napaveTpy napameTpy curHanisauisi

Pucynok 1 — CTpyKTypa yI0CKOHAJIEHOI CHCTEMHU KOHTPOJII0O TeMIIePaTypH ra3y
nepea TBT
IDicepeno: [1]

Hua peamizamii  cuctemu kontpoito TIT mepen TBT Bukxopucraemo
nporpamoBanuii koHtposiep MIK-51 Bupo6nunrea TOB «Mikpom» M. IBaHO-
O®pankiecbk [1]. Kontpomep MIK-51 1ne kommnaktHuil OaratoyHKIIOHATBHUIMA
MIPOMUCIIOBUN MIKPOTIPOIECOPHUM KOHTPOJIEP, MPU3HAYCHUH I aBTOMATUYHOTO
PErYJIIOBAHHS 1 JIOTIYHOI'O KepyBaHHS TEXHOJIOTTYHUMHU Tipoliecamu. [IporpamyBanHs
KOHTpOJIepa BUKOHYETHCS 0 1HTEp(dECy 3a T0MOMOT00 CIEeIiaJbHOTO TPOrPaMHOTO
3abe3neueHHs - BizyabHOro peaakropa FBD-nmporpam AJIBOA abo 3a 10momMororo
KJIaBIII MepeaHboi maHeni. SIk MoBa mporpamMyBaHHS B CHUCTEMi peaii3oBaHa MOBa
¢dbyHkuioHansHux  OnokoBux giarpam  Function Block Diagram Cucrema
MporpaMyBaHHs peajli30oBaHa BIAMOBIAHO JO BUMOI CTaHJAapTy MiKHapoOAgHOT
Enextporexniunoi Kowmicii (MEK) IEC 1131-3 1 npusHadeHa st po3poOKH
NPUKIAIHOTO  MPOrpaMHOro  3a0e3ledeHHs 300py  JaHUX 1  YNpaBIiHHS
TEXHOJOTIYHUMHU MPOIIECaMU, [0 BUKOHYIOTHCS Ha TPOrpaMOBaHUX KOHTposiepax [4].
MIK-51 npoBoauTh 00poOKy gaHux Ta ix nepenady npotokoiom MODBUS-RTU na
ook meperBopeHHs iHTepdeiicy BIII-52, nmanmi mo inTepdeiicy USB 2.0 nmani
noctymnaiTs Ha pobouy craniito (ITK) 3 OPC cepsepom. Lle B cBOIO uepry no3Bossie
MIPOBOJIUTH aHaJII3 JaHUX PI3HUMH METOJIaMH Ta MOPIBHIOBATH OTPUMaH1 Pe3yJbTaTH
0e3 J0/IaTKOBHX 3aTpaT 4acy Ha CHHXPOHI3aIlito, 00poOKy, Ta mepenayy JTaHuXx.

Posrnssaemo mporpamy y Burisaai gyHkiioHaasHux OmiokiB (DB) (puc.l),
po3pobsieHy i BHKOHAHHA TOCTaBJieHOi 3adauyi. 3 O107J10TeKH KOHTposepa
Bukopucrano HactynHi ®b: AIN — ananorosuii BB, CMP — xomnaparop, DOT —
nuckpetHuit BuBia, DERIV — nudepenuitoBanus 3 3arpumkoro, ABS — Moy uncia,
USER — nanenp KopuctyBaua.

brnoku AIN (1,2) 06po06isitoTh 1aH1 anapaTHUX aHAJIOTOBUX BBOJIIB KOHTpOJIEpa
Ta MPEACTANAITh iX y mporpami kopuctyBaua. biaok AIN (12.1) Bumae yuciose
3HAYEHHS, 10 BiAMOBIa€ TeMiieparypi ra3zy nepea TBT, 6ok AIN(2) Bumae uyncione
3HAYEHHs, 0 BIAMNOBIJA€ TEMIEPATypl OTOYYIOUOr0 CEPEOBUIIA, IS POBEICHHS
komreHcanii EPC xononnoro cnato tepmomnapu. biiok AIN Mae ekcrioHeHIIabHHMA
GuUIBTp — I BIJCIKAHHS IIYMIB BHUCOKHUX YacTOT, LI0 3a0e3nedyye 3aXucT Bij
IMITyJIBCHUX 3aBaj] Ta xubHoro crpaioBadHst A3, mapametp tFLT — dacoBa crana
eKCToHeHIlIaJIbHOTO (PinbTpa. Buxin 6yioka moctyrnae Ha BXOJIW HACTYIMHUX OJIOKIB:
CMP(2,3), DERIV(7), Kommaparopu CMP(3,5) BiampaiboByloTh CTaTHYHI
a0COMNIOTHI ToMepeKyBalibHy Ta aBapiiHy yctaBku 820C° ta 830C° BiaMoOBiIHO.
Curnai nonepeKeHHs Ta aBapii mogaeThes 6y1okamu nuckpetHoro suBoay DOT (4,6)
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B CHKY TITIA ne cnpanpsoBytors BignosiaHi perne [ITI(«IlomepemxenHs 3a
temmnepaTyporo razy») Ta ATI (ABapis 3a Temnepatyporoi ra3y) [3]. biok DERIV(7)
BHU3HAYa€ MBUJIKICTh 3MIHU MTapaMETPYy.

- + I
E— T -
01 niNF=1, 01 SF=a20. 1] dor ~dinl °'“°UT i
02 T YPE=IL. o - WNE o1 [02 DE=0. el dEE
03 WFLT =0:00:01.0 0% H =1, 03] dLess
04 ElAz=0,
05 QLT h=0. B anax —

DOT(I]CI}
06 OUT.I=0. CMP{37) 5 «ane B OInDUT 2.
npr[04] 04 (07 MAK=EF0. 03| dnain T .-
. v‘
23 HT -2, B LT sC 02 DE:=0. 02[dEE
103 IN_H=0, ¥ 03 Hs=1. 03[ dLezs DOT(09)

05 MIN=1D,
P 01
11Ir_L=0. =71 = (01 nOLIT =3,
e - — i -I
=7

fcmpia7) 9 [USER(63) 1

01 EP=0. 01| dGR 01 nDizp=1.
02 DE=0. 02 nType1=2.

ne g 05 HY S =1 E§ e 0] 06 |03 nType2=2.

- 04 rType3=2. 1] esP.H

dL
05 dEP.en=0.
dGR

01 nIF=E,
02 TVPE=0. 01| dErr
03 tFLT=0:00:02.0 [
04 BlAS=0.

05 QLT h=150.

D& OLIT.I=-40. CMP{37) 10
07 M0, 05| drain

05 MIn=0. RS o

o nprai 0] 03[03 DISFi=a.
03 HY£=0, ad4| ouTFoAL | i 02| dEG! 10 DIzP2=0.
10 I1_H=0. — 03 Hr =1, 03 dlecs 11 DIsp3-0.
k o3{ ouT 2
11N_L=0. B LT 1] 10 [12 EP=0. LT
12 =812 T ’-L‘—l 13 2P h=0.

02| dmA,
ﬂtM 07] 07 |06 dLED1=0.
07 dLED2=0.
05 (L& E=0;00:00.1 | 0F) «2F.L

14 ZP.1=0.
15 P& =520

Pucynok 2 — IIporpama kepyBanusi KoutpoJjiepom MIK-51 y Burasiai
(pynkuionanbHux 0,10KiB [4]
Iocepeno: [2]

HIBunkicts 3miHM TemmepaTypu mnepen TBT anamizyerscsi kommapaTopaMu
CMP(9,10). Kommnaparop CMP(9) Bunae xomanny Ha auckpetauit BuBig DOT (12),
AKUU CUTHaNI3ye Mpo Te, Mo TeMieparypa neped TBT 3MiHIOETbCA 3 HIBUAKICTIO
OuTbmIol0 Him 3anaHa. JlaHwii BWA TMOIEpeIKyBallbHOI CUTHAI3AIlll € HOBHM, Ta
703BOJIsi€ omnepatuBHOMY TmepcoHany (OIl) BuacHO pearyBaTh Ha 3MIHY PEXKUMY
razonpoBoy. [limuac 3MiHM peXUMy Ta30IpOBOAY 3MIHIOETHCS HaBAaHTAKEHHS Ha
HarHitad, 1o mMoxe npuecty 10 mBuakoi 3mian TT" nepen TBT. IlltaTtHa cucrema
CLKY Bunae curnan nonepemxerts npu gocsaraendi TT nepen TBT 820C° 1 OII nwe
BHUCTAYa€ 4acy 3HU3UTU OOEPTH ra30TypOIHHOTO IBHUTYHA O MOMEHTY JOCSTHEHHS
aBapiiiHOi ycTaBKH. BUKOpHCTaHHS 3alpONOHOBAHOI CUCTEMHU 3aBISIKU JTOJAATKOBiM
curHamizaiii, 103BoauTh yHUKHYTH A3 I'TIA B omumcaniii cutyarii. biok USER (11)
BiJI0Opakae Ha MepeHii maHe KOHTpoJiepa MOTOUYHY Temreparypy rasy nepeq TBT,
IIBUJIKICTh 11 3MIHM 32 OCTAaHHIO XBWJIMHY, a TaK0X CBITJIO J10JJaMH IMOKa3y€ CTaH
nomnepeKyBaIbHUX Ta aBapiiHuX KaHaniB. Ha nanuit vac cucrema mnepeOyBae B
nocmiaHii ekcrutyatanii Ha ['TIA ct.Ne3 KII[-2 KC «Jlomuua», y JloluHCHKOMY
JIBYMI" YMI' «IlIpukapmarrpancra3y». 3a yac poOOTH BOHA 3apeKOMEHIyBajlla cebe
HaJiiHO0 1 pyHKITIOHATBHO!0. Ha puc.3 npencraieno gorto tpenniB ekpany SCADA
cuctemu. I1in gac mranoBoi 3ynunku ['TIA o 15 rog 39 XB. mpoOHIIIOB JETKHi MOMIaX
Har”iTaya, mpu 1iboMy Temmeparypa rasy nepeq TBT pisko 3pocna 31 mBuakictio 40
°C/xB. CucreMa Buana nomnepemkeHHs «llepeBuiieHHs: mBUAKOCTI 3pocTanHs TI
nepea TBT» iHeHep 3M1HU 3HU3UB 00€pPTH, YUM MPUITMHUB Noaabe 3poctanHs TT.
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Pucynok 3 - Tpenagu SCADA cucremu nig yac 3ynuuku I'TTA
IDicepeno: [3]

BucHoOBOK.

Byno po3pobieHo cucteMy KOHTPOIIO TeMmmeparypu razy mnepen TypOiHOHO
BUCOKOrOo THCKy. lle mepenbadae BmpoBamKeHHS HOBUX (YHKI[IOHATHHUX
MOXJIMBOCTEMN, 3aMiHYy €JIEMEHTHOI 0a3u Ha Cy4aCHUN MIKPOIPOIECOPHUIN KOHTPOJIEP,
a TaKOX CTBOPEHHS BiMOBIHOTO MPOTPaMHOT0 3a0e3MeUeHHs 3T1IHO 3 PO3pOOIEHOIO
CTPYKTYPHOIO cXeMO1o yrpaBiiHHsA. KoHTposep moBuHeH 3abe3nedyBatu oOpOOKY
aOCOJIIOTHUX MONEPEIKYBAJIbHUX Ta aBAPIMHUX YCTABOK, a TAKOXK 3/[1HCHIOBATH aHAJII3
JUHAMIKHM TTapaMeTPIB Y pealbHOMY 4aci.
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Abstract. The paper considers an improved gas temperature control system in front of the high-
pressure turbine of a gas pumping unit of the GTK-10 type. The relevance of the topic is due to the
need to increase the efficiency and reliability of gas pumping units, ensure their stable operation and
optimize energy consumption. The purpose of the research is to develop a modern automated gas
temperature control system, which includes the implementation of new functionality, replacing the
element base with a microprocessor controller, as well as creating specialized software according to
the developed structural control scheme. The proposed system provides processing of absolute
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warning and emergency settings, analysis of parameter dynamics in real time and adaptive
adjustment of operating modes depending on changes in technological conditions. Expected results
include increasing the energy efficiency of the unit, reducing operating costs, improving the
diagnostics of emergency situations and increasing the turbine resource. The presented solutions
have the prospect of scaling and implementation on other types of gas pumping units to optimize their
operation and increase technical and economic indicators.
Key words: gas pumping unit, control system, microprocessor controller, gas temperature,

surge.
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Anomauia. B pobomi posensdaiomvcs meopemuydni AcneKkmu 3aCmocCy8aHHs WMYYHO20
inmenexkmy (L) ona aemomamusayii mecmysanHs npoepamnozo 3abesneuenns (I113). B ymosax
WBUOKO3POCMAIOYOI CKAAOHOCMI NPOSPAMHUX CUCmeM 1 HeoOXIOHOCMI NPUCKOPEHHs YUK
PO3POOKU A8MOMAMU3AYis MeCMYB8AHHA CMAE KPUMUYHO 8ANHCIUB0I0. Y cmammi npo8ooumscsi 0270
NOMOYHUX MEXHONO02il 1 nioxodie, MaKux AK SUKOPUCMAHHA MAWUHHO20 HABYAHHA OJA
NPOCHO3YBAHHS NOMULOK, 3ACOCYB8AHHS KOMN TOmepHo2o 30py O/ mecmy8anHs KOPUCIYB8AYbKO20
iHmepgheticy, a makodxic eeHepayis mecm-Keucie 3a 00nomoz2oio Helpourux mepedic. Ocobnuea ysaza
NPUOINAEMbC  AHANi3y Nnepeéae [ HeOONIKi6 KONCHO20 Memoody, a MaKodC mMeopemuyHuUM
MOHCIUBOCMAM IHMe2payii yux mexnonoziu y npoyecu mecmysanus I13. Hapewmi, obeosoproiombcs
nepcnexkmusu ma manudoymui Hanpamu possumxy LI 6 eanyzi aemomamuszayii mecmysanns I13.
Ompumani pe3yromamu 0eMOHCMPYIOMb 3HAYHUL nomeHyian eukopucmanus L1 ons niosuwenns
AKOCMi ma npooyKMUSHOCMI npoyecié mecmy8aHus, wo pooums yet Hanpsam nepcneKmueHUM O
ROOANLUUUX OOCHIONCEHD | BNPOBAOHCEHHS.

Knrouoei cnosa: mecmysanns, asmomamusayis mecmysauns, LI, mecmosa ookymenmayis,
onmuMi3ayis mecmy6anHs

Beryn.

ABTOMaTm3allisi TectyBaHHS mporpamHoro 3abesnedeHHs (I13) e oxmniero 3
KJIFOYOBHUX CKJIQJIOBUX MIPOIIECY PO3POOKH, sIKa CITPUSIE MiABUIIEHHIO SIKOCTI IPOTYKTIB
Ta 3MEHIIICHHIO Yacy iX BHUITYCKY Ha PUHOK. 31 3pOCTaHHSM CKJIATHOCTI MPOTPaMHHX
CHUCTEM 1 BUMOT JI0 iXHBO1 HAJIHHOCTI, TPAAUIlIHI METOIU aBTOMATHU3AIlll TECTyBaHHS
CTalOTh BCE MEHII €(PEKTUBHHUMHM Ta BHUMAaralroTh 3HAYHUX JIFOJCHKUX 1 YacCOBHX
pecypciB. Y 3B'SI3Ky 3 IIUM, 3actocyBaHHs mty4yHoro iHTenekty (III) BimkpuBae HOBI
MEePCIIEKTUBY JIJI ONTUMI3allil IUX MPOILIECIB.

I, 30xkpeMa MamvHHE HaBYAHHS, KOMII'TOTEPHUH 3ip Ta 00poOKa MPUPOIHOI
MOBH, MOKE€ 3HAYHO MIJIBUIIUTH €(DEKTUBHICTD 1 TOUHICTh TecTyBaHHs [13. 31aTHiCTh
I amamizyBaTu BeNWKI OOCATH MaHWX, BUSABIATH IATEPHU Ta TependadaTu
MOTEHI[IHI TOMWJIKU BIIKPMBA€ HOBI MOXKJIMBOCTI JJIsl CTBOPEHHS 1HTEIEKTYaTIbHUX
CHUCTEM TECTyBaHHSA. BHKOpHUCTaHHS HEUPOHHUX MEPEXK I aBTOMATHYHOTO
CTBOPEHHSI TECT-KEWCIB Ta aHai3y 3BITIB PO MOMWIKH MOXXE€ 3HAYHO 3MEHIIUTH
HAaBAHTAXKEHHSI HA TECTYBaJbHUKIB 1 MIABUIIUTH NPOAYKTUBHICTb TECTYBaHHS.

AKTyaJIbHICTB

VY cydacHOMy CBITI mporpamMHe 3a0e3NeueHHsI CTa€ BCE OUIBII CKIAJAHUM 1
O0araro()yHKI1OHAJbHUM, BHMAaralud BiJ pPO3POOHMKIB BHCOKOi TOYHOCTI Ta
HAJIAHOCTI B Tpoleci CTBOpeHHS. 3pocTtaHHs o006csriB 1 ckimagHocti 13
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CYIIPOBOJIKYETHCS MIJBUIICHHSIM BUMOT JI0 HOT0 SKOCTI Ta IIBHAKOCTI BHITYCKY Ha
puHOK. TpanuiiiitHi MeTOIM TeCTyBaHHS, 3aCHOBaH1 Ha pyYHOMY a00 HaBITh YaCTKOBO
aBTOMATHU30BaHOMY MiJIXOJi, YaCTO HE CIPABJISAIOTHCS 3 TAKUMH BUKJIMKAMHU Yepes
oOMe)XeHy MacIITabOBaHICTh 1 3HaUHI BUTPATH Yacy Ta PecypciB.

B ymoBax MmBHUIKOrO pO3BUTKY IH(OpPMAIIHHUX TEXHOJOTIM Ta MOSIBU HOBUX
MeTomiB po3poOku [13, takux sik Agile Ta DevOps, TecTyBaHHS MOBUHHO OyTH
IHTETpOBaHE y BC1 €Taly XKUTTEBOTO IUKITY po3poOku. e BuMarae HOBUX MiAXO1B 10
aBTOMAaTH3allii TECTyBaHHS, SKI MOXYTh 3a0€3MEUYUTH BUCOKY MPOAYKTHBHICTH 1
TouHiCTh. [lITyunnii intenekr (L) Ta MmammmHHE HaBYaHHS MPOMOHYIOTH IHHOBAIIIMHI
pIlIEHHS J1JI aBTOMATH3alli TECTYBaHHS, 3/1aTHI aJanTyBaTHCs 10 3MiH 1 €()eKTUBHO
MPAITIOBATH 3 BEJIMKUMH OOCSTaMH JIaHUX.

3actocyBanHs I B TecryBanHi 13 Mae 3HauHWl MOTEHIIAT JJIsl MT1ABUIICHHS
SKOCTI 1 3HIDKEHHS BHUTpAT Ha TecTyBaHHsA. Hampukiazn, aqaropuTMu MamldHHOTO
HAaBYAHHS MOXYTh aBTOMATHYHO BHUSBISITH 1 THependadaTd MOMMIIKH, 10 3HAYHO
CKOpOYY€ Yac Ha MOUIYK 1 BUIPABJICHHs OariB. BUKOpUCTaHHS KOMIT'FOTEPHOTO 30pY
JI03BOJISIE aBTOMATH3yBaTU TECTyBaHHS TpadiuHUX 1HTEpQEHCIiB KOpUCTyBaya, IO
3a0e3neuye OUIbII TOUHY 1 €PpEeKTUBHY MEePEBIPKY (YHKIIIOHATBHOCTI.

OTxe, aKTyaJdbHICTh JAHOTO JIOCHIIKEHHS OOyMOBJIICHAa HEOOXITHICTIO
BJIOCKOHAJICHHSI METOJIB aBTOMAaTHU3allil TECTYBaHHS MPOrpamMHOro 3a0e3MeueHHs B
YMOBAax 3pOCTAlOYMX BHUMOT JIO HOT0 SKOCTI Ta IIBUIAKOCTI po3poOku. BuBueHHs
TEOPETUYHUX acnekTiB 3actocyBaHHs LI st aBTomMaru3aiili TecTyBaHHS BIAKPUBAE
HOBI MEPCIEKTUBYU JIJIsl PO3BUTKY LI€T raigy3l, CIPUSIOUN MIABULIIEHHIO €(PEKTUBHOCTI
Ta HaJIIHHOCTI IIporieciB po3podku I13.

IHocTanoBka 3agaui

MeTor0 [aHOTO MOCHIIKEHHS € BCEOIYHMI pO3IJIsA MpOoIecy TeCTyBaHHS
NporpaMHOro 3a0e3MeueHHs 3 aKIEeHTOM Ha aBTOMAaTH30BaHI METOAM Ta
BIPOBaKeHHS 1mTyyHOTo 1iHTenekry (1) nns ontumizarliii TecTyBajdbHUX MPOILIECIB.
B pamkax 11poro ociaipKeHHs rmepe10aueHo BUPIMICHHS KUTbKOX BaXKJIMBUX 3aBIaHb:

Posrasg BuaiB rectyBanss: [IpoananizyBatu pi3Hi NIJX0U Ta BUIU TECTYBaHHH,
[0 BHUKOPHUCTOBYIOTBCSI B IHAYCTPil pO3pOoOKHM TpPOrpaMHOro 3abe3medyeHHS,
OPUAUISIIOYN  OCOOJIMBY YyBary aBTOMAaTH30BAHOMY TECTYBaHHIO SIK OJZHOMY 3
KITFOYOBHX HAMPSMIB CY4acHOTO 3a0€3MEeYSHHS SIKOCTI.

Ornsin 1HCTPYMEHTIB Il aBTOMAaTH30BAaHOTO TECTYBAHHS: 3IMCHUTH OTJIS
OCHOBHMX IHCTPYMEHTIB, $IKi 3aCTOCOBYIOTHCSI B aBTOMAaTHM30BAHOMY TECTYBAaHHI,
BU3HAYHUTH I1X TepeBard Ta chepu 3acTOCYBaHHS, a TAaKOXX BHSIBUTH 1HHOBAIlIWHI
MO>KJIMBOCTI, SIK1 BOHH HaJalOTh.

Onuc MeToNiB BUKOPUCTAHHS LITYYHOIO IHTENEKTY B aBTOMAaTH30BAHOMY
tTectyBaHH1: [IpoananizyBaTu Ta onucaTtu cnocoou 3actocyBanss LI B aBTomaTuzarii
MpoIeCy TECTyBaHHS, 30KpeMa B TaKMX HAMpPsIMKaXx, sIK T€Hepallisl TeCT-KeCiB, aHai3
pe3ybTaTiB TECTYBaHHS Ta IPOTHO3YBaHHS Ae(EKTIB.

Orunsin iHcTpyMmeHTiB Ha ocHOBI LI: Po3rnsHyTu crienun@ivHi iIHCTpYMEHTH, 1O
BukopuctoBytoTh Il nmnms aBroMarwmzaiii TecTyBaHHSA, Ta MPOAHANI3ZYBATH iX
(GYHKITIOHATBHICT 1 BIUIUB Ha SIKICTh IIPOIIECY TECTYBaHHS.

[Mpuknan BukopuctanHs Il B aBTomaTH3alii perpeciiHOro TeCTyBaHHS:
Posrasnytu npukian BupoBamkenns LI B aBTomarn3oBane perpeciiine TeCTyBaHHS,
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IPOJEMOHCTPYBABILIM, AK IHTEJNEKTyalbHI aJrOPUTMU MOXYTh  €(QEKTHUBHO
OHOBJIIOBAaTH TECT-KEeWCH Ta 3a0e3leuyBaTd CTAOUIBHICTh NPOAYKTY TIJ dac
pEryJISpHUX OHOBJICHb Ta 1TEepalliil.

3amaul JOCHIHKEHHS:

o PosrmsiHyTH 3aranbHi IPUHIKIY, BUAX Ta 3aBJaHHS TecTyBaHHS [13;

o 3AICHUTH OTJIS]] Cy4YaCHUX IHCTPYMEHTIB aBTOMAaTU30BaHOTO TECTYBaHHSI,;

o BuBuuTHu Ta onucatu meroau Ta miaxoau 3actocyBanHs LI B aBTomMaTH3alii
TECTYBaHHS,

o HaBectn mnpuknan BnpoBamkenas LI B perpeciiiHe TecTyBaHHS IS
OHOBJICHHS TECT-KEHCIB 1 AEMOHCTpAIlii IepeBar boro mijaxoay.

[le mocnimkeHHs CIpsSMOBaHEe Ha Te, MO0 HAJaTH MPAKTUYHUN Ta TEOPETUYHUHN
OTJIsil Cy4acHUX TEXHOJIOTH y TeCTyBaHHI, MIAKPECIUTH BAKIUBICTh IHHOBALIIMHOTO
nigxoxay 3 Bukopuctanuam LI Ta mpogemMoHCTpyBaTH HOTO BUTOTY AJI aBTOMATHU3ALII]
perpeciiHoro TECTyBaHHS B YMOBax MIBHAKUX 3MIH Y po3poOlli MporpaMHOTO
3a0€e3ne4YeHHs.

Mera

Meroro cTarTi € AOCHIKEHHST BUKOpHUCTaHHS wTy4yHoro inrenektry (LLI) B
aBTOMATHU3allll PErpeciiHOro TECTyBaHHS MJIs ONTUMI3aIlii TPOIECIB TECTYBAHHS
nporpamMHoro 3a0e3nedeHHs. OCHOBHa yBara MNPUAUISIETbCS CKOPOYEHHIO Hacy,
HEOOXI1THOTO JUIsi BUKOHAHHSI PErpeciiHOrO TECTyBaHHS, a TaK0XX aBTOMATHYHOMY
OHOBJICHHIO TECTOBUX CLIEHAPIIB 1 TECTOBUX JaHUX 3a fornomoroto HII.

VY pamkax AOCHIIKEHHS epe0avyaeTbCs:

o IlpoBeneHHsi Orisgy TEOPETUYHHX OCHOB PErpecifHOro TeCTyBaHHS Ta

aBTOMAaTHU3allil MPOLECIB TECTYBAaHHS.

o AHaii3 Cy4yaCHHX IHCTPYMEHTIB, IO 3aCTOCOBYIOTbCS IS aBTOMAaTHU3allil
perpeciiHoro TeCTyBaHHS.

o Omnumc meroniB BukopuctanHs LI s onTumizanii TeCTyBaHHS, 30KpeMa B
acrneKTax reHepallii Ta OHOBJICHHS TECTOBUX JaHUX.

o Hananus npaxtuynoro mnpuknany Buxopuctanns I gns aBromaTtu3zarii
perpeciiiHoro  TecTyBaHHS, JEMOHCTPYIOUM II€peBard  BIPOBAIKEHHS
IHTEJIEKTyalIbHUX alITOPUTMIB Y 1Iei mporiec.

o Hagaru maremarnune miaTBeppkeHHs nepeBar Bukopuctanus I muisxom
aHaI3y CTaTUCTUYHUX JIAHWX 1 Bi3yaJsizailii uepe3 rpadiku.

Orasig giteparypu

CyyacHi HIOCHIDKEHHsI MiATBEPDKYIOTh, IO aBTOMAaTH3aIlisl TECTYBaHHS 3a
gonoMorow mryyHoro iHtenekty (II) 3HayHO mpHCKOpPrOE Mpolec TeCTyBaHHS Ta
HiABUILYE HOTO TOYHICTB. 31 3POCTaHHSIM CKJIAJHOCTI IPOrpaMHOro 3a0e3MeYeHHs
TpaaulliifHe pyyHe TECTYBaHHS CTa€ MEHI €(h)eKTHBHUM, OCKIJILKH MOTpeOdye Oarato
yacy 1 pecypciB. ABTOMAaTH30BaHE TeCTyBaHHS 3 BukopuctanHsm Il 3matHe
BUPIIITYBATH 110 MPoOJeMy, JO3BOJISIIOYM BUKOHYBAaTH TE€CTU IMIBUAIIE 1 3 OLIBIIONO
HAIIMHICTIO.

3actocyBanns Il B TecTyBaHHI OXOIUTIOE KiTbKa KIIFOUOBHUX HAMPSMKIB, SIKi
OMUCYIOThCS y JIITEpaTypi:

1. Ilpuckopenna mecmyeanusa: Anroputmu I 103BOJISIIOTE BUKOHYBAaTH TECTH
aBTOMATUYHO 1 O0e3MepepBHO, 3HAYHO CKOPOUYIOUYH Yac, MOTPIOHMI /ISl TECTYBaHHS Ha
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KOXXHOMY €Tarti po3poOKH.

2. Aémomamuune cmeopenna mecm-keicig: 1l Moxe aBTOMaTHYHO
reHepyBaTU TECT-KEMCH HAa OCHOBI aHali3y BUMOT Ta ICTOPUYHUX JlaHuX. Lle He nuie
€KOHOMUTH Yac TECTYBaJbHUKIB, aJie ¥ 3HIXKY€E HMOBIPHICTH MIPOIYIICHUX TOMUJIOK.

3. Tounicmo eusaeénennna nomunoxk:. 3asagxku Il Tectw craroTh OUIBII
HaJIHHUMU. AJITOPUTMU JTOTIOMAraloTh BUSABIATUA 0aru, siki MOXKYTh OyTH TPOMYIIIEHI
BpPYUYHY, OCOOJIMBO Y BEJIMKUX CUCTEMAX 13 CKIQAHUMU 3aJI€KHOCTSIMH.

Takum umnoMm, BukopuctanHs LI ams aBromarusaiiii TecTyBaHHS IO3BOJISIE
3pOOMTH TPOIEC TECTYBaHHA HE TUIBKM IIBUJIIAM, aje W HaIIWHIIIMM, 10
MIITBEPIKYETHCS TOCTIKEHHSIMU B 111 ramysi.

TecryBanus 113

TecTyBaHHST MpOrpaMHOTO 3a0e3Me4YeHHs € OJHUM 13 KJIIOUOBHMX €TaIliB
KHUTTEBOTO LUKITY PO3POOKH MPOrPaMHOTO 3a0€3MEYCHHSI Ta BAKIIMBUM METOOM JIJISI
OLIIHKA PO3POOJEHOr0 MPOAYKTY 3 METOW 3abesneueHHs Horo sikocti. [lepen
BUITYCKOM (DiHAJTBLHOTO MPOIYKTY BAXIIMBO TIEPEKOHATHCS, 10 BUMOTH, BU3HAYCHI Ha
eTamni a”amily, OyJld BUKOHAaHI, a caM MPOAYKT HE MICTUTh ACPEKTiB. ¥ KOHTEKCTI
pO3pOOKHU TTporpaMHOro 3ade3nedeHHs "Oar" € Ha3Bow I AedeKTy, SKUi O3Hauae,
o0 po3po0JIeHa cucTeMa He BHPOOJII€ TOYHHUX PE3yJbTaTiB BIAMOBIAHO O BHMOT.
TecTyBaHHS Bifirpae BaKIUBY pOJb Y MPOIEC PO3POOKH MPOrPaMHOTO 3a0€31eUCHHS.
VY mporieci po3poOKu TPOrpaMHOTO 3a0€3TMEUYeHHS] MOKYTh BUKOPHCTOBYBATHCS Pi3HI
TEXHIKH JIJIs TOJICTIIIEHHS TeCTyBaHHs. [IpoToTuiyBaHHs € OJHHMM 13 MIJIXOAIB, MPHU
SAKOMY PO3POOJISETHCS EKCIIEPUMEHTANbHUI NporpamMHuil apredakr, [Kkui Oyae
BIIKHHYTHH micis oriHnku. Ha BiaMiHy BiJ IbOTO, y ITEpaTUBHOMY X0l paHHI
nporpamHi apTedakTd HE BIJKUJAIOTHCS, @ BUKOPUCTOBYIOTHCSA ISl MOAAIIBLIOTO
PO3BUTKY. [HIMII Migxin Mmoysra€ y BUKOPHCTaHHI (PPEHMBOPKIB, TaKHX SK METON
TUHAMIYHUX cucTeM po3poOku (DSDM), B sKOMy JOKYMEHTYIOTBCS HaiKpalii
NpPaKTUKK IS ITEpaTUBHOI Ta I1HKPEMEHTANbHOI po3poOku. Po3pobHuKam
porpaMHOro 3a0e3reyeHHsT HEOOXIAHO 3HATH Ta BMITH BUKOPHUCTOBYBATH
PI3HOMaHITHI METO/IM, KOHIENII1i Ta IPAKTUKU TECTYBaHHS. YOTUPHU OCHOBHI KaTeropii
TECTyBaHHS IiJICYMOBaH1 Ha puc. 1:

i )
|

Requirements-
based testing |

-

-

Usability
) testing |

Caetgories of
Tesing |

Developmental
‘ testing |

-

' Regression
testing |

<

Pucynok 1 kareropii rectyBaHHS
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B tabmuui 1 Hagano geraii mo yciMm 4 kaTeropisim
Requirements-based | - IlepeBipka TOro, IO CHCTEMa BIAINOBiZa€ BUMOTaM
testing 3aMOBHHKA, 3IMCHIOETbCS 3a JOMOMOIOIO0  paHilie
3i0panux abo cHopMyIIbOBAaHUX TECTOBAHUX BUMOT.
- IlpuiimanbHe TecTyBaHHS € (PiHANBHUM €TamoM, Ha
SKOMY TIEPEBIPSAETHCSA, YW OyJId 3aJI0BOJICHI BHMOTH
KOpPHUCTYBaya.
- 3aMOBHUK dopmanbHO npuiiMae porpaMHe
3a0€3MeUeHHs],  MEPEKOHABIIMNCh Yy  TIPABWIBHOMY
(YHKIIOHYBaHHI NPUUMAJIbHUX TECTIB.
Usability testing [aTepdetic kopuctyBaua (Ul) € HeBig'€MHOIO YaCTUHOIO
KO>KHOI IPOTPaAMHOI CUCTEMH.
- Pi3H1 KOpucTyBayi, OKpIM pO3pOOHHKIB, BUKOPUCTOBYIOTh
CHUCTEMY, TOMY TECTYBAaHHS 3PYYHOCTI BHKOPHUCTaHHS €
HEOOX1THUM.
- Uepes npobnemu 3 iHTEpdeiicoM KOpuCTyBada cUcTeMa
MO>KE 3a3HATH HEBIAYl.
- TecryBanHsT ~ 3py4YHOCTI  BUKOPUCTAHHA  BKJIIOYAE
CUCTEMAaTH4YHy IMepeBIpKy iHTepdeiicy KopucTyBada 13
3QJIYYSHHSIM ITUJIbOBUX KOPUCTYBaUiB.
Development testing | 3a3Hauae TeCTyBaHHS, SIKE€ MPOBOJUTHCS BCI€I0 KOMAHOO
PO3pOOKHU MPOTrpaMHOro 3a0€e31eUEHHSI.
- Po3poOHUIIbKE TECTyBaHHS 3IIMCHIOETHCS Ha TPbhOX
PI3HMX PIBHSAX: TECTyBaHHS OAWHUIL (unit testing),
1HTerpaliine TectyBaHHs (integration testing) Ta cuctremMHe
TeCTyBaHHA (system testing).
- InTerpaiiiitne TeCTyBaHHS BKJIIOYA€E MEPEBIPKY TOTO, IO
BCI MIPOTECTOBaHI OJMHUILIl MPABMIBHO B3a€EMOJIIOTh MIX
co0010.
Regression testing | byap-sika ¢dopMa TecTyBaHHS, IO MPOBOAMTHCS ]l Yac
po3pobku  abo  0OOCIYroByBaHHS  CHUCTEMH,  II100
3a0e3MeYnTy, 0[O0 BHUMPABICHHA OHOTO Je(deKTy He
PU3BOJIUTH JI0 TIOSIBH HOBHX.
- PerpeciiiHi Tectu TOTPIOHI HA PIBHAX OJIUHMUIIb,
1HTerpari Ta CHCTEMH, 3aJIeKHO BiJ KOHKPETHOIO METOIY
PO3pOOKH, 10 3aCTOCOBYETHCSI.
- PerpeciiiHi TecTH € KpPUTHUYHO BAXKJIMBUMH T Yac
PO3pPOOHHUIIKOTO TECTYBaHHS Ta B OOCIyroByBaHHI
CHUCTEMH.

TexHiku TecT AU3aNHY

Crtparerii CTBOPEHHS TECT-KEWCIB € BaXXJIMBOIO YaCTHHOI Balijarmii Ta
Bepudikarii. OCHOBHI CTpaTerii BKIIOYalOTh TeCTyBaHHS YopHOi ckpuHbKH (black-box
testing) Ta TectyBaHHs 01101 cKkpuHBKH (White-box testing). OcHOBHa MeTa TeCTyBaHHS
YOPHOT CKPMHBKU — 3a0€3MEeUNTH, 10 KOXKEH aCIIeKT BUMOT 3aMOBHHKA IMPaBUJILHO
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o0pobnsieThess pearnizariiero. TecT-keiicu po3poOstoThCS Ha OCHOBI crienmQikaiii
CHUCTEMH, sIK1 BKJIIOUAIOTh JIeTajl nepeaoadyeHux GyHKIIH CHCTEMH.

TecTyBaHHs cipoi CKpUHBKH (grey-box testing) € IHIIUM METOJ0M, IIPU SKOMY
JIOJIATOK TECTYETHCS 3 TTOBHUM 3HAHHSIM 3araJIbHUX aCHEKTIB CUCTEMH 1 OOMEXEHUM
3HAHHAM 1 BHYTpIIIHBbOrO (yHKIIOHYBaHHsA. OCHOBHAa MeTa TECTyBaHHSA OLI01
CKPUHBKH — TEpPEBIpUTH, YW JETall peamizaimii CUCTeMH MpaBuibHI. TecT-keicu
PO3pOOIISIIOTHCS HA OCHOBI JIeTallel peasizallli CUCTEeMU JUIsl TIEPEBIPKH, YU CHUCTEMa
BUKOHYE€ CBOi niependadeHi GyHKIlii KOPEKTHO.

[Ipu moOpiBHSAHHI MOXJIMBOCTEW aBTOMATH3allll TEXHIK TECTyBaHHS YOPHOi Ta
01101 CKpPUHBKM, aBTOMATH3AIlisl TECTyBaHHS OL10i CKPUHBKH € JIETIIOI0, HIXK
TECTYBaHHsI YOPHOI CKpUHBbKU. [IpuynHa 1BOTO MOJSIrae B TOMY, 110 y TE€CTyBaHHI
YOpPHOI CKPUHBKM MPOTPaMICT 1 TECTH € 3aJ€KHUMH, IO MOXE BIUIMHYTH Ha
aBToMaTtu3amio. OCKUIbKH TECTYBaHHS Cipoi CKPUHBKU MOEAHYE PHUCH 000X TEXHIK
YOPHOI Ta 017101 CKPUHBKH, HOTO OCOOJIMBOCTI 1 TEXHIKA HE PO3MIISAAAIOTHCS JE€TATbHO
B I[IM CTATTI.

Ha pucynky 2 300pa>keHi BUI1 METOJI0M YOPHOI CKPUHBKH 1 O1J101.

ABTOMaTH30BaHEe TECTYBaHHA — 1€ IMPOLEC TECTYBaHHS MPOTrPAMHOTO
3a0e3MneueHHs, KU BHUKOHYETHCS 3a JOMOMOTOI0 CIHEI[aIbHUX 1HCTPYMEHTIB 1
mporpam, 10 aBTOMaTUYHO BUKOHYIOTh TECTOBI CIIEHapii 6€3 pydyHoro BTpy4aHHs. Lle
N03BOJIsIE  €(DEKTHBHO TMEPeBIpATH (PYHKIIOHANBHICTh, NPOAYKTHUBHICTH Ta I1HIII
aCMeKTH IPOTrpaMHOro 3a0e3MeueHHs, BUKOPUCTOBYIOUHM 3a3/aJIeriib BU3HAYEH] TECT-
KelicH Ta crieHapii.

a

Software Testing
Techniques

Pucynok 2 Buam 017101 i YOPHOI CKPMHBKH
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ABTOMATH30BaHEe TeCTYBAHHA

3 MeTor 3a0e3MnedyeHHs TOTOo, 10 KOPUCTyBayl JAIMCHO OTPUMYIOTh TY I[IHHICTH,
Ky 00ilsie mporpaMHe 3a0e3NeyeHHs, 3'ABUIOCA 0arato MOTYKHUX 1HCTPYMEHTIB
TECTyBaHHS, SIKI CHPOIIYIOTh aBTOMAaTHM30BaHE 1 MOBTOPIOBAHE TECTYBAHHS YOPHOI
CKpUHBKHU. ABTOMaTH3allil € BaXJIMBOI, OCKUIBKM TIPOIIEC TECTYBaHHS €
MOBTOPIOBAJILHUM, 1 PEKOMEHIYEThCS TEPEBIPSITH BCl MOXIHMBI  CIEHapii.
ABTOMAaTH3AIlIA TECTIB 30LIBIIYE OXOTUICHHS TECTyBaHHS 1 MOKpallye eheKTUBHICTb.
Konmu TecTyBaHHS aBTOMAaTH30BaHE, TECTH MOXYTh BHUKOHYBAaTHUCS TIOBTOPHO,
MepEeBIPATH Pi3HI BX1IHI 3HAUCHHs Ta yMOBH. L{e 703BoJIsIE 3SMEHIIUTH PECYPCH Ta Yac,
HEOOXIaHI Il TecTyBaHHA. [[ns aBTOmMaTu3auii (yHKIIOHAJIbHUX, CUCTEMHHUX Ta
MpUIMaTbHUX TECTIB IOCTYIHI YMCIeHH] iHCTpyMeHTH. Cepen Hux: Selenium, Watir i
JMeter. Selenium 1 Watir BUKOPUCTOBYIOTHCS JJI1 TECTYBaHHS JIOKAJIbHUX (pailiniB 3a
JOTIOMOT0F0 TIpoToKoiy file://, miaTpuMmyBanoro Be6-Opay3epamu, B TOH 4yac sik JMeter
noTpedye, 1100 1UIbOBI1 (aiiau Oy po3MilieHl Ha BeO-cepBepi.

3acToCyBaHHS IITYYHOTO 1HTENEKTY IS TECTYBaHHS MPOTPAMHOTO 3a0e3MeYeHHS

3 omsiy Ha 3pOCTarOuy CKJIQIHICTD 1 (QYHKIIOHAIBHICTh Cy4YaCHUX JOJATKIB, IS
JNOCATHEHHSI (PYHKIIOHAJIbHUX 1 He(YHKI[IOHAJIBbHUX BHUMOI JOAATKIB HEOOXITHO
peanizyBaru pi3Hi ¢QyHKIi. Bumorn — e iHopmarlis npo Te, SKuM Oyzne 1 110
poduTHME CUCTeMa, Ky TOTPiOHO 3HATH A0 MOYaTKy po3poOkwu. [Ticis Toro sik BUMoru
OyIdyTbh BU3HAUEHI 1 MOTOIKEH1 pO3POOHUKOM 1 3aMOBHUKOM, BOHH OyIyTh peai3oBaHi
B IporpamMHoMy 3a0e3nedeHHi. llepeTBOpeHHs BUMOI y JIOJATOK 3a JIOIOMOTOIO
BIJIMOBIJHUX 1IHCTPYMEHTIB 1 TEXHIK € POJUII0 CUCTEMHOI0 po3poOHuKa. JlogaTok mae
OyTu po3poOieHuii 6e3 MOMWIOK, 1 MiJ Yac eTamy KOAYBaHHS PO3POOHUK MOBHHEH
HAIMCaTH 1 BUKOHATH TECT-KEHCH.

TectyBanbHUK MpOrpamMHOro 3abe3rneueHHs — IIe 0coba, sfKa BIAMOBITAE 3a
MepeBipKy Jomarka 1 3a0e3MeueHHs Moro MNpaBWIbHOTO  (YHKIIOHYBaHHS.
TecTyBaJbHUKH BIAIrpatOTh BaXJIMBY POJb, TAK CaMO K 1 pO3POOHUKH, Y ISJIBHOCTI 3
PO3pOOKHM TPOrpaMHOTO 3a0€3MEUCHHS, OCKIIBKM BOHU € YaCTHHOIO 3a0e3MeUeHHs
SKOCT1 IPOTPaAMHOTO MPOAYKTY. TecTyBaIbHUK MPOrpaMHOTO 3a0e3MeueHHs HalCuiIae
3BIT KOMaHIl pO3pOOKH, B SKOMY JCTalbHO ONHUCYIOThCS BUSIBIICHI Oaru Ta
MOCTIOBHICTh TMOMAIN, M0 CHOPUSIIA TOMMIII. SK T0KazaHo Ha puc. 3,
BIJNOBINANBHICT, PO3POOHMKA TMOJIATAE B HAMHMCAHHI KOy Ta TECT-KEHCiB, a
TECTYBaJIbHUKH CIIYyIOTh TECTOBUM IUIAHAM 1 BUKOHYIOTh 3aB/IaHHS TE€CTYBAaHHS.

» Write code
* using programming langaunage, data
structures, IDE, staging servers
* Write and exceure test cases

* Conduct unit tests

Developer

* Follow test plans
* Run test cases

TeSter « Identify bugs

* Report bugs to developer

Pucynok 3 BinnoBizajabHIiCTh po3pO0HHMKA I TECTYBAJbHUKA HA NIPOECKTI
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TecryBanHss mporpamMHOro 3a0e3MeUYeHHs] € BaXKIUBUM IMPOLECOM, SIKUN
3a0e31e4ye BiJIMOBIIHICTh pO3POOJICHOI CUCTEMH OUYIKYBaHHSM KIII€HTIB. TecTyBaHHS
JOTIOMAara€ 3axUCTUTH CHUCTEMY B MOXJIMBHUX BiMOB, SIKi MOXYTh HETaTUBHO
BIUTMHYTH Ha €(DEKTUBHICTh OpraHi3allii miJ 4yac eKcruryaraiiii. ¥ py4YHoMy TeCTyBaHHI
TECTH BUKOHYIOTHCSl TE€CTYBAJbHHUKOM IPOTPaMHOr0 3a0e3MeUeHHs sl BUSIBICHHS
MOMIJIOK y CHCTeMI. Xo4a y pPYYHOMY TECTyBaHHI MOXJIUBO IPOBOJUTH
EKCITOpaIliiHe TECTyBaHHS, LM MpOIeC € TPYAOMICTKUM 1 MOTpedye 3aTydeHHS
JIONICBKHUX PECYPCiB, @ TECTU BUKOHYIOTHCS JIFOAMHOIO Ta MPOTPAMHUM 3a0€3MEUeHHSIM.

ABTOMaTH30BaHE TECTYBAHHS 3HAYHO MIBU[IIE, HDK pPy4YHE TECTYBAaHHS, 1
BUKOPHUCTOBY€E THCTPYMEHTH aBTOMAaTH3alli JJii BUKOHAHHS TeCT-KeiCiB. OCKUIbKU
TECTyBaHHS BC€ OUIbIIE TEpeXoauTh 10 aBromaruzarii, TexHiku I (mTydnoro
1HTEJIEKTY) 3HAXOASATh CBOE 3aCTOCYBaHHS B TECTYBAaHHI MPOrPaMHOTO 3a0€3MEUCHHS.
Texniku Il miaTpUMyIOTH aBTOMATH3aIiI0 TPOIECIB TECTyBaHHSI €(EKTUBHUM
ciocooom. Anroputmu Il momomararoTh TECTOBOMY cCepelOBUILY OyTH OLIBIIT
npoaykTuBHUM. Anroputmu LI cipustoTs mporiecy i 10moMararTh TECTyBaIbHUKAM
pOrpamMHOro 3a0e3neueHHs 3HaX0JUTH MaKCUMaJIbHY KUIbKICTh IIOMHUJIOK 33 MEHIIIHIA
mpoMiKoK vacy. CucteMa Moxke OyTH BHMBEJICHA HAa pUHOK SIK HaJIiifHA 1 TOYHA.

Puc. 4 1 Puc. 5 noka3yroTh (QyHKIIT TECTyBaJIbHUKA 1 PO3POOHUKA Y PYYHOMY
TECTYBaHHI Ta B CEPEAOBUILAX TECTYyBaHHS, 110 miaATpuMyoThes 1.

Tester Developer

Write code
Run test cases Write and exceute test cases
Conduct unil tests

Follow test plans

Identify bugs

Repoit bugs to devéloper

Fig. 4. Functions in a Manual Testing Environment.

* Run Test
(?5""}5 + Compute * Fix Bugs
* Find Bugs wess  Diagnosis

* Plan Tests

Pucynok 4 @yHKIii B MEHYAJbHOMY Cepea0BHI

* Run Test
Case’s + Compute * Fix Bugs

* Find Bugs e Diagnosis

+ Plan Tests

. Developer
\\__"_/
PucyHok 5 ®@yHkuii B cepeoBHINI TECTYBAHHS, 110 MIATPUMYEThCS IITYYHUM
iHTeJIeKTOM
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Y cepenmoBuilli PYYHOTO TECTYBaHHA TECTYBAJBbHUK 3allyCKa€e TeCT-KeHcu
BIJIMOBIJTHO JI0 TECTOBUX IUIAHIB, 3HAXOAMTHh IMOMHUJIKMA Ta MOBIIOMIISIE MPO HUX
pPO3pOOHUKaM.

VY cepenoBuiill TECTYBaHHS HA OCHOBI IITYYHOTO 1HTEJIEKTY TECTYBATBHUK TAKOXK
3almyckae TecT-keWcu 1 BusBisge mnomMuikd. Opnak, iHcTpymeHT Il Bukonye
JIarHOCTUKY TIOMIUJIOK 1 HAJICUJIA€ CHOBIIIECHHS PO3POOHMKAM JJisi X BUIIPABJICHHS.
Inctpyment Il aBTOMaTWyHO mMIIAHYE MOJANBII TECTYBaHHS, a TECTYBaJbHUKH
MPOJIOBXKYIOTh 3aITyCKaTH TECT-KEHCH Ta BUSBIIATU JEPEKTH.

OyHKIIOHATBHI Ta HEPYHKIIOHATbHI BUMOTHM MPOAYKTY TIOBHHHI OyTH
IPOTECTOBaHI 3 3a0e3MeueHHSM TOBHOTO MOKPHUTTA TECTYBAaHHAM. Y PYyYHOMY
TECTyBaHHI II€ 3aiiMe 0arato 4acy Ta pecypciB, TOAl sk 3acTocyBanHs TexHik [III
3MEHIIIy€ Yac 1 JA0MoMara€e BUSIBUTU MOTaHO CIPOEKTOBaHI BUMOTU. Bumoru OyayTh
perenbHO TepeBipeHi 3a nomomoroto I, 1 BoHM mepeiinyTh Ha HACTyHmHHI eTan
PO3POOKH MPOrpaMHOro 3a0€3MeUeHHs] — eTal NPOEKTYBaHHS.

Buxongsun 3 J0cBiAy TeCTyBaJbHUKIB, BHOIp 1 SKICTb TECTIB MOXYTh
3MIHIOBATHCS, 1 TECTH CTBOPIOIOTHCSI Ha OCHOBI BUMOT, BHUIMAJIKIB BUKOPUCTAHHS Ta
icTopiit kopuctyBauiB. 3actocyBanHs I momomarae aBTOMaTUYHO T€HEPYBATH TECT-
Keiicu Ta 17eHTUu(dIKyBaTH TeCcTH A Bepudikamii Ta Bamigaii cucremu. I Takox
JoTIOMara€e 3pO3yMITH TIOKPUTTSI TecTyBaHHS. HemoBH1I a00o HEBIAMOBIIHI TECTH
MOXYTh OyTH BUSIBJICHI Ha OCHOBI Mozeneld. Kpim Toro, aBromMmaTuuHe T€HEpyBaHHS
TECT-KEWCIB TaKOk 3MEHITYE WMOBIPHICTD MPOITYIIIEHUX ITOMUJIOK 1 A€(EKTIB.

3acrocyBanus LI B aBTomaTu3auii recTyBaHHS

biznec-opranizaimii B pi3HUX CEKTOpax BIPOBAKYIOTh METOAM INTYYHOTO
iaTenekty (L), mob 3podbutu cBoi onepanli eheKTUBHIIIUMU. Y TPOLECT PO3POOKU
MPOrPaMHOTO 3a0e3MeYeHHS aBTOMAaTU30BaHE TECTYBAHHS HTMPOKO BUKOPUCTOBYETHCS
JUTSL TIABUIIIEHHS €(DeKTUBHOCTI TeCTyBaHHSA. ICHYIOTh pi3HI ciocoOu, sk TexHiku 1
MOXYTb MIATPUMYBATH MPOLIEC TECTYBAHHS IPOrpamMHOro 3ade3neueHHsd. HailOupry
kopucth Big Il orpumyrors mig yac TecTyBaHHs "4OpHOTro sinuka'. 3acTOCyBaHHS
texHik LI y TectyBanH1 mporpaMHoro 3abe3neyeHHs nojano B nepeniky. Ha pucynky
6 300pakeHO aBTOMATH3aIllI0 TECTYBaHHS y (HOpMi Tipamiau 3riJHO 3 TUTIAMU TECTIB.
TectyBanns iHTepdericy kopuctyBaua (Ul) po3mimieHe Ha HaWBHIIOMY piBHI,
OCKUIbKHM 1I€ HAWJAOpPOXKYMI BHUJ TECTyBaHHS. ABTOMAaTH3allil TECTyBaHHA MOXeE
MPOBOJAUTHUCS HAa HIKYMX PiBHAX, Takux sk API 1 Unit tecryBanHs, 1100 nocartu
HaWKpaIoro NOKPUTTS TECTIB Ta 3MEHIIUTH 4ac 1 BAPTICTb.

TectyBanus  intepdericy kopuctyBada (Ul): Tectm Ha  3pydHICTH
BUKOPHUCTOBYIOTHCSl JJISi BUSIBJICHHSI OYylb-SIKUX HEBIANMOBIIHOCTEH Yy nu3aiiHi abo
npoOyieM 3 BUKOPHCTaHHAM iHTepdeiicy xopucrtyBaua. s crBopenHst tectiB Ul
TEXHIKM IITYYHOTO 1HTEJNEKTY BHUKOPUCTOBYIOTH TEXHOJOTIl pPO3Mi3HaBaHHS
300pakeHb JJIs HaBIralli o J04aTKy Ta Bi3yalbHOI IEPEBIPKU 00'€EKTIB 1 KOMIIOHEHTIB
iHTEepdeiicy KopucTyBada. [HCTpyMEHTHM aBTOMAaTH3allii TECTYBaHHS JCKOAYIOThH
Document Object Model (DOM) Tta noB'si3anuii koja, 11100 BU3HAYWUTU BJIACTUBOCTI
o0'extiB mix yac tectyBanHsa Ul Ha ocnoBi 1. Tectu Ul mpoBoasiThCs micis eTarmiB
MIPOEKTYBaHHS Ta pO3pOOKH MPOrpaMHOi cucTteMu. Y mipamili TectyBanHa Ul-tectu
3HAXOJATHCSA HAa HAMBHUILIOMY PiBHI, IX aBTOMATH3AaIlisl € CKJIAJHOIO, 1 BOHU € OJHUMH 3
HaWBaXXYUX JIJI1 aBTOMATHU3AIII].
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User Interface (Ul)
Testing

Application Program
Interface (API) Testing

Unit Testing

Pucynok 6 PiBHi aBTOMaTH30BAHOI'0 TeCTYBaHHA

TectyBanHs nporpamuoro intepdeiicy 3actocynkip (API): Ilix gyac TectyBaHHS
API 311HCHIOETBCS TTEpEBIpKA MPOrpaMHuX 1HTEP(ENCIB MUISIXOM TECTYBAHHS PI3HUX
(bakTOopiB SIKOCT1, TAKUX SIK (DYHKI[IOHAIbHICTD, MPOAYKTUBHICTb, HA/IIHHICTD 1 O€31eKa.
HedynkirionanbHi BUMOTH, $K-OT 3OBHIIIHIA BUIJISIA, HE € PEJICBAHTHUMH IS
tectyBanHa API, ockinbku BoHO (oOKycyeTbest Ha Oi3Hec-yoriii. be3 BpaxyBaHHS
KOpHUCTYyBaIbKoro iHtepdeiicy aBromarusaiiss APl mMoxe BUKOpHCTOBYBAaTHUCS IS
nepeBipku Oi3Hec-noriku. Apromatuszamiss APl ngo3Bonse komaHal po3pOOHUKIB
MPOrpamMHOro 3a0e3MeyYeHHs MoYaTH TECTYBaHHS HAa PAaHHBOMY €Tarll, 10 JOTOMarae
IIIBU/IITIC BUSBIISATH Ta BUIIPABIISATH MOMUJIKH, 3HIDKYIOUM BUTPATH Ha TECTYBaHHS 3a
nonomororo 1.

CTBOpeHHS Ta  OHOBJCHHS  MOAYJBHHUX  TECTiB: MOJYyJNbHI  TECTH
BUKOPUCTOBYIOTHCSI JIJIS IEPEBIPKH MPABUILHOTO BUKOHAHHS HEBEJIMKHUX YaCTHUH KOJTY,
Takux AK (QyHKIIi abo MeToau O0'€KTiB, Mepel TUM SK BOHHM OynyThb oO'€HaHI 3
IHIIMMU  MOAYJSIMU  JIsl  (OpMYyBaHHS OUIBIIOI (PYHKIIOHAIBHOI OCOOJIMBOCTI.
Po3poOHuKK BHUTpayaroTh 3HAYHY KUIBKICTh 4Yacy Ha HANHMCAHHS Ta MIATPUMKY
MOJYJIbHUX TECTIB, 10 3a3BMYail MEHIN IlIKaBe, HK HAMMCaHHS KOy MpOorpamu.
[IponykT Ha OCHOBI IITYYHOTO IHTEJIEKTY [JIsi aBTOMATH30BAaHOI PO3POOKH
MOJAYJBHUX TECTIB MOXYTh OyTH KOPHUCHHUMH, OCKUIBKM iX MOXKHA IIBUAKO
sreHepyBaTi. CTpaTerist aBTOMaTH3aIlii MTOYNHAETHCS 3 MOIYJIBHUX TE€CTIB. MOyIbHI
TECTHU MUITYThCS PO3POOHUKAMU, BUKOPUCTOBYIOUH TY K MOBY IpOrpamMyBaHHS, IO 1
Uit po3poOKM JoAaTKiB. PaHHE BUSIBIICHHSI Ta BUIPABJICHHS MOMIJIOK TIiJl 4ac
MOJIYJILHOTO TECTYBaHHS 3a1100irac BUHUKHEHHIO J1e(DEeKTiB perpecii.

OkpiM BHIIIE€3a3HAYEHUX CTpaATEerii aBTOMaTHU3alli TECTyBaHHS, IITYYHHI
THTEJIEKT TAaKOX MOJKHA 3aCTOCOBYBAaTH B TakuX c(epax TeCTyBaHHS MPOTPAMHOTO
3a0e3neYeHHS:

v IIII BHKOPHCTOBYETHCS SIK AJalTHMBHUN METOJ JJIsi BUSBIICHHS 3MiH Ha piBHI
€JIEMEHTIB, 1110 IMiABUIIY€ HATIMHICTh TECTOBUX HAOOPIB.
v’ JlomoMarae y nmpordo3yBaHHI HEKOPEKTHUX TECTOBUX BHUIIAJIKIB, 10 IPHU3BOIATE

710 TOBHUX 3001B TECTYBaHHsI, a TAKOX HaJla€ PEKOMEHJAIlli MO0 BUPIIMICHHS

IIUX TTPOOJIEM.
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v BUKOPHCTOBYETBCS [Tl CHMYJIAIIT TOBEIHKOBHX MOICIICH.

v Texuikn I gomoMararoTh CHMYJIIOBAaTH MOBENIHKY JIFOAEH Iij yac
BUKODUCTaHHS CHCTEMH 3a TreorpadiyHUMHU JaHUMH, NPUCTPOSIMU Ta
nemorpadi€ro, K1 BUKOPUCTOBYIOTHCSA ISl CTBOPEHHS TECTOBUX HAOOPIB.

v Amroputmu 1T edexTHBHI y NpPOrHO3yBaHHI Ta aBTOMATH3allii TECTOBHX
HabopiB.

v’ 3aCTOCOBYETHCS B aBTOMATH3allii CIICHAPIiB.

v’ ABTOMaTH3aIlisl TECTOBOTO CIICHAPIIO HE MOTPIOHA, OCKITBLKU BiH BHKOHYETHCS
ABTOMATHUYHO 3a J0noMororo asropurtmy LI

v' Jloomarae y BHSBJICHHI 1e(eKTiB, HA OCHOBI SIKMX MOKHA BH3HAYaTH TECTOBI
HAaOOpH, W0 TMPUCKOPIOE TMPOLEC MNPUHHATTS pIIIeHb LIOJ0 OXOIUICHHS
TECTyBaHHs Ta ONTHUMI3allii TECTOBUX HAOOPIB.

v’ 36inbIiye KiTbKICTh TECTIB Ta iXHiil MacIiTa0.

v Texuiku [T 3acTOCOBYIOTBCS I IMIATPUMKH aBTOMAaTH30BaHMX TECTIB,
reHeparii TeCTOBUX JaHWX, HaJaHHSI PaHHHOTO 3BOPOTHOTO 3B'SI3KYy Yy MpOIEeCi
TECTyBaHHS TOIIIO.

IncTpymenTH 1Uist aBTOMATH3AaLil TECTYBAHHS HA OCHOBI Al
B taGauii 2 HaBeeH] MPUKIIAIM IHCTPYMEHTIB aBTOMATH3AIll].

Hassa iHCcTpyMeHTY Onuc

Testim BUKOPUCTOBYE€ MAalllMHHE HaBYaHHS Ui CTBOPEHHS,

BUKOHAHHS Ta MIATpUMKU TecTiB. llell 1HCTpymeHT

MOKpallye TECTOBI HAOOpU MNUIAXOM aHaNi3y MOBEIIHKU

TECTIB 1 aBTOMAaTHYHOTO BUITPABJICHHS TOMUJIOK.

Mabl 3actocoBye Al s camMoHaBYaHHS Ta ONTUMI3AIll

aBTOMATU30BaHWX TECTIB, IO JOMOMAara€e MIBUIIIE

BUSIBJISITH Oard i MOKpPAIyBaTH TECTOBHIA MPOIIEC.

Functionize BUKOPUCTOBYE Al i1 CTBOpEHHS TeCTiB 0€3 HamMCaHHSI

KOy, JO3BOJISIIOUYM aBTOMATWU3yBaTh (DYHKIIIOHAJIBHI Ta

perpeciiiii TeCTH.

Applitools cnemianizyerbcsi  Ha  Al-BiyanpbHOMy — TeCTyBaHHI,

JoToOMaraloud  aBTOMAaTUYHO —TEPeBIpsATH  1HTepdeiicu

KOPUCTYBaua Ha HAsIBHICTh Bi3yaJbHUX MOMIJIOK.

Watir 1€ THCTPYMEHT 3 BIAKPUTHUM KOJOM, SIKMd BHUKOPHUCTOBYE

0i60miotekn Ruby nms  aBromarum3amii  TectiB.  Watir

BUKOPUCTOBY€ETbCSI Il  TECTyBaHHA  BeOCalTIB 1

BUKOPUCTOBY€E Selenium s aBroMaruzailii  Opaysepa.

Kpim Toro, Watir Takox miaTpuMy€e HallMCaHHS CTAO01TbHUX

1 3pyYHUX IS MATPUMKHA TECTOBHUX CIICHAPIiB.

OyHKITIOHATBHI TECTH € YAaCTUHOIO IHTETpAIliiHUX TECTIB 1 MpU3HAYECHI IS
OILIHKM KOHKPETHWX 3aBAaHb. Hampukiaa, peecTpallis KOPUCTyBauya B OHJIAiH-
cucteMi: (yHKIlIS peecTpallii TOBUHHA MEPEBIPSATH MPaBUIbHICTh BBEACHUX JaHUX.
[HIII mpuKIaAM BKIIOYAKOTh IOIIYK B Karajgo3l Ta OHJIAMH-OIUIATY B JOAATKY
€JIEKTPOHHOI KOMepLii TOLO. J[711 BUKOHAHHS HUX TECTIB MOTPIOEH IMKUPOKUH [1alla30H
3HAY€Hb TECTOBUX JIaHUX.
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TecTyBaHHS TIPOTYKTUBHOCTI BHKOPUCTOBYETHCS JJISI BUMIPIOBAHHS 37aTHOCTI
CepBEpiB pearyBaTd Ha 3alUTH KOPHUCTYBadiB B MEPEKEBOMY CEPEIOBHIIIL.
HaBanTakyBanbHe TECTyBaHHS € METOJIOM OIIHKU MPOAYKTHBHOCTI CEPBEpPA IIITXOM
3aCTOCYBaHHS [ME€BHOTO HABAaHTAXXEHHSI /10 JOJIATKY 3 METOIO OI[IHKH Yacy BIATYKY JUIs
OKpeMHUX (PYHKIIIH.

Mertoro TectyBaHHS Oe3meku € 3a0e3MeUYeHHsT TOTO, IO JTOAATOK Ma€e KOHTPOJIi
ayTeHTU(]IKaIlll Ta aBTOpHU3aIlil Ta HE € BPa3JIMBUM J0 aTak. [HTepdeiicu kopuctyBaya
3a3BUYail TEPEBIPSIOTHCS HA TIOMIUIKM HaBirailii, MOMIJIKH BIJOOpaKeHHS Ta
npoOJIeMU 3 BUKOPUCTAHHSIM €JIEMEHTIB yMpaBiliHHs. PerpeciiiHe TeCTyBaHHS MOXe
BUSBUTH J€(EKTH, 10 3HOBY 3'ABISIIOTHCS B PE3yjibTaTi 3MIH y MOPOrpaMHOMY
3a0e3neveHHl, K1 He Oy 3arjaHOBaHI.

IIpakTuyHe 3actocyBanns: Buxkopucranus Watir

Watir (Web Application Testing in Ruby) Oyno o06paHo sk 1HCTpYMEHT ISt
EKCIIEPUMEHTYBAaHHSI 3 TPOrpaMHUM 3a0€3MEUYEHHSM i1 MIATPUMKH TEXHIYHUX
acrmekTiB JociipkeHHs. Watir miaTpumye Maibke Bci BeO-Opayszepu. BebOcaiitu Ta
iHTEepdeicn KopucTyBaua MOXKYTh OyTH MpoOTecToBaH1 3a jgornomororo Watir.
TecToBuil pperiMBOpK, 1110 BUKOpHUCTOBYE Watir, TOTPUMYETHCS HACTYITHOTO MOPSAKY,
SK IOKa3aHO HAa PUCYHKY 7.

Test code PageObjectCode

Pucynok 7 Ilopsigok TectoBoro ¢ppeiitMmpopky B Watir

[Ticnst BcTaHOBNEHHSI HEOOXITHUX JpaiiBepiB OyJlu HAmMUCaHI TECTOBI CKPHUITH
Jutst BIAKpUTTS Opay3epiB y RubyMine IDE. TecroBi ckpuntu Hanucadi Ha MoB1 Ruby.
Watir oOpaHO 111 MpPaKTUYHOTO 3aCTOCYBaHHS, OCKUIBKH 1€ Ty>K€ HPOCTUH Y
BUKOPUCTAaHHI  BIAKPUTHUH 1HCTpyMeHT. Ile 1HCTpyMeHT po3poOsieHuil 3
BUKOpHUCTaHHSIM Ruby.

Selenium :: WebDriver:: Chrome.driver_path="C:/Users/m.aniljot
Watir::Browser.new

Pucynok 8 TectoBuii ckpunt Jiis BIAKpUTTA Opay3epa Chrome
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Byne-sikuii Be6-101aTOK MOYKE OyTH aBTOMaTH30BaHU, HE3aJIEKHO Bl Opaysepa,
B SIKOMY BiH mpaitoe. Watir mae BOy10BaH1 610JTI0TEKH IS IATPUMKH PI3HUX BUJIIB
AKTUBHOCTEW, TAKUX SIK IPOJYKTUBHICTh CTOPIHKU. PUCYHOK 8 J€MOHCTpYy€E TECTOBHIA
CKPHIIT 1u1st BIAKpUTTS Opay3epa Chrome.

Pucynok 9 moka3ye iHIIMKA NPUKIIAJ CTBOPEHHS Ta BUKOHAHHS TECT-KeiCy 3a
nonomororo Watir. BukoprucTaHO TpOCTHIl TECT IS IEPEBIPKM TOYHOCTI KOIY.
TecToBHIl CKPUNT YCHINIHO BUKOHYETHCSI.

Ruby_Programs

__ TV

MyTest

##teamcity[testCount count = '0' timestamp = '2027-05-25T15:57:56.297+0300"']

Process finished with exit code ©

PﬂcyHOK 9 NMPpUKJIAA TECTOBOI'0 CKPUIITY

Pucynok 10 nmokasye mpukiiag TeCTOBOIO CKPUNTY JIsl TECTyBaHHsI 1HTEpPeiicy
KOpPHUCTYyBaua.

]

b

t
t.e
t.set
t.value
t

.fire_event(

Pucynok 10. Ckpunr 1Jis TecTyBaHHS iHTepdeiicy

[IpesenTariisi BeO-CTOpPIHKK 3I1IMCHIOEThCS 3a aonoMmororo HTML, a ¢ynkiis
JavaScript BUKOpUCTOBYETHCS JIJIsl CTATUYHOI YaCTUHU KOAY CTOPIHKH 32 JOTIOMOTOIO
HTML. Pucynok 11 nokasye kog.

[Ticns BUKOHAHHS TECTOBHX KEHCIB MOXHA 3pOOWTH BHCHOBOK, 1m0 Watir
JTIO3BOJISIE JIETKO TECTYBATH 3aBaHTaXeHHs (aiiiiiB st iHTepdeicy KopucTyBaya Beo-
noaaTky. IHOAl TakoXX HAJAlOThCs CHOBIIMIEHHS MPO TECTH B CIUIMBAIOYUX BIKHAX.
[a1ror0 ocobnuBicTIO Watir € MOXKIJIMBICTH BUMIPIOBAHHS MMPOTYKTUBHOCT1 CTOPIHKH 32
JIOTIOMOT010 00'ekTa MpOAyKTUBHOCTI. Hapiraimis, 4ac BIATYKY Ta HNPOJIYKTHUBHICTb
nam'aTi MOXYTh OYyTH BUMIPSHI NUISXOM OTPUMAaHHS [HUX JaHUX, KOJHU JOJATOK
nigKIroYeHnid 10 Opaysepa. OcobnuicTte Page object, noctynmna B Watir, cripusie
MOBTOPHOMY BUKOPHUCTaHHIO KoAy y Qopmi kiaciB. Ll ¢ynkmis Watir nonomarae
aBTOMaTH3alii jgojatrka Oe3 HaaMmipHOCTI kKoay. be3 BiakputTTs Opays3epa aeram
OTPUMYIOTBCSI B KOMAHAHOMY PSIKY, IO MIATPUMY€ BUKOHAHHS TECTOBHX KEHCIB
iHTepdelicy KopucTyBaua B KOMAaHAHOMY PSAKY.
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<html:>
<head=
<title>A sample test of UI using Watir</title>
</head>
<body>
<script type = "text/JavaScript">
function value_test() {
console.log("value test");
var my Firstname = document.getElementById("my Firstname");
if :my:Fi:stname_value!= -1 -
document .getElementByIld ("my Firstname") .innerHTML =
"My First Name is : " + my Firstname.value;

document .getElementById("disp my Firstname").
style. display = "";
}

}

</script>
<p>
<div id = "div_my Firstname">
Dlease Enter Your First Name
<input type = "text" id = "my Firstname™ name = "my Firstname"
onchange = " wvalue_test ()"
</div></p>
-Ipi'—-
<div style = "display:none;" id = "display my Firstname™>
</dive</p>
</body>
</html>

Pucynok 11 HTML, a ¢pynkuis JavaScript

MeToau BHKOPHMCTAHHA IITYYHOr0 iHTeJEKTY B TeCTYBaHHI MPOrpaMHOro
3a0e3me4eHHs

VY cydacHiil po3poOili mporpamMHOro 3a0e3rnedyeHHs 3a0e3MedYeHHs SKOCTI €
KPUTUYHO BaXXJIMBUM €TaroM. BIpOBa/KEHHsI IITYYHOTO IHTENEKTY Yy MPOLEcH
TECTYBaHHS BIIKPUBA€E HOBI MOXJIMBOCTI IS IMTIABUIIIEHHS €()eKTUBHOCTI T4 TOYHOCTI.

Cratuctuuni gani npo BnpoBamkeHHs I B TectyBanus

3rimno 3 gocmipkeHHsiM IDC  Software Survey 2023, 48% mnianpueMcTs
BBKAIOTh MEPEBIPKY MPOrPaMHOT0 KOy Ta TECTYBaHHS OJHUMH 3 HANBaKIMBIIIUX
3aBmanb, y skux LI moxe edextuBHO momomaratu po3poOHuKam. Kpim Toro, 3a
nanuMu BeecBiTHBOTO 3BITY Mpo sIKICTh 3a 2023 pik, 77% oprasizauiii iIHBECTYIOTh Y
pimenns Ha ocHoBi LI amst miATpUMKHM CBOIX 3yCHIb Y 3a0€3ME€UYEHHI IKOCTI.

ITepeBaru Bukopucrtanss 1 B TectyBaHH1

1. IlinBumenHss TouHocTi BusiBieHHa nedekTtiB: LI ananmizye Benuki oOcsru
JTAHUX, BUSBIIAIOYM 3aKOHOMIPHOCTI Ta MOTEHIIIHI TpoOIeMH1 00J1acTi, IO 103BOJISIE
TeCTyBaJbHUKAM €(EKTUBHIILIE BIICTEKYBAaTH Ta BUSBIATU JE(DEKTH.

2. CxopouenHs yacy tectyBaHHs: LI BUKOHye TecTu 3a KiIbKOMa CIIEHap1sIMU 3a
KOPOTKUH Yac, 3HAYHO CKOPOUYIOUM IIMKJI TECTYBAaHHS Ta MPHUCKOPIOIOYH BUXIJ
NPOAYKTY Ha PUHOK.

3. ABTOMaTH4Ha TEeHEepallisl TEeCT-KEHCiB: AJITOPUTMHU MAIIMHHOTO HaBYaHHS
aHaNI3yl0Th BUMOTM Ta ICHYIOYl TECTOBI CII€Hapii, aBTOMaTU4YHO CTBOPIOIOYM HOBI
TeCT-KeWcH, M0 3a0e3neuye MUpIIe MOKPUTTS Ta 3MEHITYyEe WMOBIPHICTh MPOITYCKY
KPUTUYHUX TOMHUJIOK.
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4. IlpornozyBanus aedextiB: LI anamizye ictopuyni mani mnpo nedekTu Ta
BU3HAYa€ 00J1acTi KOy, HAMOUIBII CXMJIBHI JO TMOMMJIOK, IIIO JO3BOJISIE KOMaHIaM
TECTYBAJIbHUKIB 30CEPEANTH 3YCUIIIS HA KPUTUYHUX KOMIIOHEHTAX CHCTEMHU.

igxoau 1o Bukopuctanus LI B rHydyKknx MeTOH0JI0TisIX

['nyuki Mmeroponorii po3podku [13, Taki sik Agile, nependadaroTh LIBUIKI ITEpALIil
Ta 4dacti penizu. Iaterparmis Il B Taki mporecn mMoke BiAOyBaTHCs HACTyMHUMU
crocobamu:

1. ABTomaTnuHa reHepairis rect-keiicis: LI ananizye BUMOru Ta icHy104i TECTOBI
ClieHapii, aBTOMAaTUYHO CTBOPIOIOYM HOBI TeCT-KeWcH, M0 3abe3nedye MIupIie
MOKPUTTS Ta 3MEHITYE WMOBIPHICTh MMPOMYCKY KPUTHYHUX TIOMHJIOK.

2. IlporHo3yBanHsi AedeKTiB: AJNTOPUTMH MAIIMHHOTO HAaBYAaHHS AHANI3YIOTh
ICTOpUYHI JaHl Npo JNe(eKTH Ta BU3HA4YalOTh 00JACTl KOAY, HAWOUIbLI CXWJIbHI J0
NOMMJIOK, WIO JO03BOJIIE KOMaHIaM TECTYBaJbHHUKIB 30CEPEAUTH 3YCHUIUIS Ha
KPUTUYHUX KOMIIOHEHTAaX CUCTEMHU.

3. TectyBanust rpadiunoro iHTepdeiicy kopucrtyBada (GUI): Texnomorii
KOMIT'FOTEPHOT'O 30py aBTOMATU3YIOTh MEPEBIpKY iHTEp(dEcy, BUSBIAIOUN Bi3yallbHI
nedexTu Ta mepeBIpsArYM BIAMOBIIHICTh AW3alHY, 110 MIJIBUINYE SKICTh KIHIIEBOTO
OPOIYKTY.

[Tpuxnaau Bukopucranss LI B TecTyBanHi

« ABTOMAaTH3AIlISl PErPEeCIHHOTO TECTyBaHHS;

o OnTuMizallis TeCTyBaHHS MPOTYKTUBHOCTI.

BrpoBagikeHHsl IITYYHOI0 iHTEJIEKTY B perpeciiHoMy TecTyBaHHi

Perpeciitne TecTyBaHHsI € HEBIJ'€MHOIO YaCTUHOIO IIPOIIECyY 3a0e3MeUeHHS TKOCTI
MIPOrpamMHOro 3a0e3MeUeHHs, METOI0 SIKOTo € MepeBipka (yHKIIOHATBHOCTI CUCTEMHU
miciasl BHECEHHsA 3MiH J0 Koxay. Lle mo3Bossie rapaHTyBaTd, IO HOBI 3MIHU HE
BUKJIMKAIOTh HETaTUBHOTO BIUIMBY Ha ICHYIOYl (YHKIIIOHAJIbHI MOJIUBOCTI.
InTerpauis mryuynoro inrenekry (ILI) B perpeciiiHe TecTyBaHHS COpHsE 3HAUHOMY
MIJBUIIEHHIO €(EKTUBHOCTI IILOTO MPOIECY, 3MEHIIYIOYN Yac 1 pecypcH, HEOOX1aHi
JUTsL oTo peaizaitii.

[TepeBaru Bukopuctanus LI B perpeciiinoMy TecTyBaHH1

1. Asmomamu3zayis OHOBIEHHS MeCm-KelcCi8
I mo3Bonsie aBTOMAaTUYHO aHaNI3yBaTH 3MIHM Yy KOJOBii 0a3l Ta BiAMOBITHO
OHOBIIIOBaTH a00 CTBOPIOBAaTH HOBI TECT-KEMCH. 3aBASKH 1bOMY 3HHUKYETHCS
3JIEKHICTh B1Jl PyYHOT'O BTPYYaHHS, 10 ICTOTHO MPUCKOPIOE MPOLIEC TECTYBAHHS.

[lpaktnunuii  npukiaaa: Y MOOUIBHOMY JOJATKy IS OHJIAMH-OAHKIHTY
BrpoBa/pkeHHs: LI  go3BoiMiIO  CTBOpIOBATH aBTOMATM30BAaHI TECT-KEWCH IS
nepeBipky HOBHX (YHKIIN, TakuX SK IJIATDKHI MAOJOHH. AJNTOPUTM Te€HEPYBaB
CleHapii Ui TIepeBIpKM BIAMOBIAHOCTI (opMaTy BBEICHHS JaHUX, OOpPOOKHU
MOMUJIKOBUX 3HAYEHb 1 KOPEKTHOCT1 TPAaH3aKIIM.

2. Ilpiopumu3zayis mecmie
3aBasAKK alropuTMaM MamuHHOTO HaB4yaHHs, LI Moxe OliHIOBaTH 3MIHM B CHUCTEMI
Ta BU3HAYATH, AKI TECT-KEHCH MalOTh OyTH BUKOHAHI B TMepIry 4yepry. Takuil miaxif
3abe3neuye epeKTUBHINIEC BUKOPUCTAHHS PECYPCIB 1 MIBUJIIC BUSBICHHS KPUTUUHUX
MOMMJIOK.
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[pakTuyHuii npukiag: Y BeO-101aTKy A yIpaBiaiHHSA npoekTamu cuctema LI
MpIOPUTU3YBaIa TeCTyBaHHS (YHKIIN CHHXPOHI3allli 3 KaJeHAapsIMH, 110 3MEHIIIIIIO
4yac Ha MepeBipKy MOAYJIIB 13 BUCOKOIO BIPOTiIHICTIO BUHUKHEHHS J1e(DEKTIB.

3. Ananiz pesynomamie i 6usA61eHHs AHOMANIU
BukopucToBytourM MNOTYXHI airoputmu aHamizy nanux, LI 3patauii BU3HayaTH
aHoMaJtii y pe3yJibTarax TeCTyBaHHS, SIKi MOKYTh BKa3yBaTH Ha MPUXOBaH1 Je(eKTH.
Ile 3abe3neuye M0aTKOBUN PIBEHb 3aXUCTY BiJ] MOMUJIOK, SIKI MOTJIM O 3aJIMIIIUTHCS
HEMOMIUYEHUMHU TIi/1 Yac py4yHOro aHaji3y.

[paktuunuii npukiaa: Y 1oiargopmi  ans  enektpoHHoi komepri I
11eHTU(IKYBaB aHOMAaJIbHI BIJXWJIEHHS Y BIJIOOpa)k€HHI (UIBTPIB TOBapiB, ILIO
JI03BOJIMJIO BYACHO BHSIBUTH MTPOOJIEMY 3 OHOBJICHHSIM 0a3u JaHUX.

IpakTuune BnpoBakenHs LI B perpeciiinHomy TecTyBaHHI

[arerpauist iHCcTpyMeHTiB Ha 6a3i LI y mporec perpeciiiHoro TecTyBaHHS HaJlae
KOMIIaH1IM MOJKJIUBICTh 3HAYHO ONTHUMI3YBaTH CBOI O13HEC-TIPOIIECH.

llpuxnao enposaodsicenns: Y po3po6bii Bed-miargopmu [II BuKOHYBaB aHami3
KOJIy IICJII KOKHOT'O peii3y, BU3HAYAIOYU 30HU 3MIH 1 TEHEPYIOUHU BiJIMOBIIHI TECT-
keiicu. Hanmpukian, skiio 0yJio 10JaH0 HOBUM MOJYJb 11l 00poOKHu 3aMoBieHb, 11
CTBOPIOBAB CIICHApii MJisi TEPEBIPKA KOPEKTHOCTI OOpOOKM JaHuX, IHTerpaii 3
MJIaTHKHUMU CUCTEeMaMU Ta TeHepallii KBuTaHiii. Lle ckopoTuio yac TecTyBaHHs Ha
30%, migBumuBIIY BUsiBICHHS AedexTiB Ha 20%.

HaykoBa HOBH3HA mMiAX0Ay 3aCTOCYBAHHH IITYYHOI0 iHTeJEKTY B
TeCTYBAHHI IPOrPaMHOro 3a0e3neYeHHs

BnpoBamkeHHsT MTYYHOTO IHTENEKTY Yy MPOIECH TECTyBaHHS MPOrPaMHOTO
3a0€3MeUeHHS TIPEJICTaBIIsAE€ COOOK0 IHHOBAIIMHUN MIAX1M, 1110 3HAYHO BIAPI3HIETHCS
BiJl TPAIUIIITHIX METO/IIB 3a0e3MeueHHs SKOCTI. 151 HOBHU3HA IPOSBISIETHCS Y KITBKOX
KJIFOUOBUX aCHEKTax:

[HTEenekTyanbHa aBTOMATU3AIlls TeCTyBaHH: TpaauiiitHl MeTO U aBTOMAaTH3aIlil
0a3yl0TbCS Ha JKOPCTKO BHM3HAYEHHX CIIEHApisX, SKI MOTpeOyIOTh MOCTIMHOTO
OHOBJIICHHS Ta miaTpuMKH. LI, 30kpemMa MeTo M MalIMHHOTO HAaBYaHHS, T03BOJISIOThH
CTBOPIOBATH aJIalITUBHI CUCTEMU TECTYBaHHS, SKI CAMOCTIHO HABYAIOTHCS HAa OCHOBI
MONEPEIHIX Pe3yJbTaTIB Ta MOXYTh I€HEpPYBaTH HOBI TeCT-Kedcu 0Oe3 BTpy4aHHS
moannau. e 3a6e3nedye OUTbIT THYYKUN Ta €PEKTUBHUHN TIPOIIEC TECTYBAHHS.

[IpornozyBannst Ta BusiBneHHs nedextiB: Bukopucranns LI ana ananizy
ICTOPUYHUX J@HUX MPO A€PEKTH J03BOJIIE MPOTHO3YyBAaTH MOTEHIIIHI NMpodieMHu B
KOJl mie A0 iX mosiBU. lle /mae MOXIHBICTh TPOAKTHUBHO BHSBJISTH Ta yCYBaTH
BpA3JIMBOCTI, MIJIBUIYIOYH HaAIHHICTh Ta O6e3meky [13.

AnantuBHicTh 10 3MiH: [lII-cucteMn MOXYTh aBTOMAaTHYHO aJanTyBaTHCS [0
3MiH y Ko/l ab0 BHUMoOrax, IO 3MEHIIY€E MOTpeOy B PyYHOMY OHOBJICHHI TE€CTOBUX
cueHapiiB. Ile 0coOMMBO Ba)XJIMBO B yMOBax THYYKHUX METOJIOJIOTIA pO3pOOKH, e
3MiHHU B1AOYBAIOTHCS 4aCTO Ta IIBHIKO.

Ontumizanis pecypciB: Bukopucranns Il no3Bosisie onTuMizyBaTH po3moit
pecypciB, 3MEHIYIOYM HABAHTAKEHHS HA TECTYBAJIBHHUKIB Ta CKOPOYYIOUM dac,
HEOOXITHUU a1 TpoBedeHHsA TecTyBaHHsA. Lle copusie 3HM)KEHHIO BHUTpAT Ta
MiIBUIICHHIO €(PEKTUBHOCTI MPOIIECY PO3POOKH.
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BucHoBku

CTBOpeHHs AKICHOTO MPOrpaMHOro 3abe3neyeHHs AJid KIIEHTIB Y 3a3HAaYCHU
TEpMiH, BpaxOBYIOUM BCi BHUMOTH, € BaXKJIUBUM 3aBIaHHAM. BuWKOpUCTaHHS
TPaIUIIIMHOTO MIAXOAY JO TECTyBaHHS HE 3aBXIu € edeKTUBHUM. IcHye Oe3nmiu
IHCTpYMEHTIB ~ aBTOMAaTH3allii JJis BUKOHAHHS  TECTyBaHHS  IPOTPaMHOTO
3a0e3nedyeHHs. TeXHIKA MTYYHOTO 1HTEIEKTY MaloTh 3HAYHWI BIUTMB HA Pi3HI €Tamu
PO3POOKH MPOTrpaMHOTO 3a0e3MeueHHs, BKIIOYatoYH TecTyBaHHs. 3actocyBanus 111 B
aBTOMAaTH3allli TECTYBaHHS € BIAMOBIIHUM DPIIICHHSAM JIJIsl IPOTPAMHOTO TECTYBaHHS.
AKTHUBHOCTI JiJIs CTBOPEHHSI ITporpamMHoro 3abesnedeHHs: 06e3 nedexTiB. Y i cTaTTi
PO3IIIAHYTO pOJIb IHCTPYMEHTIB IITYYHOTO IHTEJNEKTY B TECTYBaHHI MPOrPaMHOI0
3a0e3neyeHHs!.

VY crarTi TakoX AOCIIPKEHO PI3HI TUMHU TEXHIK TECTYBaHHS Ui Balijalii Ta
MEePEeBIPKA MPOTPaMHOi cucTeMr. Bubip BIAMOBIIHUX 1HCTPYMEHTIB aBTOMATH3aIlil
TECTYyBaHHS Ha OCHOBI IITYYHOI'O IHTEJIEKTY BaXJIMBUH 3aJI€KHO BiJl TUITY TECTYBaHHS,
1 B CTaTTl OOrOBOPIOIOTHCS OCOOJIMBOCTI MOMYJISIPHUX IHCTPYMEHTIB TECTYBaHHS Ha
ocnosi I11I.

Hapemri, B cTarTi NOpeacTaBlieHI IepeBard 3acTOCYyBaHHS 1HCTPYMEHTIB
tectyBanHsa Ha ocHOBI LIl B TectyBanHi mporpamaoro 3ade3mnedeHHs. Po3mupenHs
miei HaykoBOi poboTu Oyae TMPeACTaBICHO IIJISAXOM OIlIHKKM 1HCTPYMEHTIB
aBTOMaTu3alii TectyBanHs Ha ocHOBI LI 3 ypaxyBaHHSM O1IbII JETATBHUX TEXHIYHUX
acniekTiB. [lokpameHudd TpakTUYHUI acmekT OyJe OXOIUIEHWH pealbHUM
BIIPOBA/KCHHSIM aBTOMAaTH3allli TECTyBaHHS OLI0T0 SIIMKAa 3 BUKOPUCTAHHSIM
MOO1TBHOTO JIOAATKY.
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Abstract. This paper examines the theoretical aspects of applying artificial intelligence (A1) to
automate software testing. Given the rapidly increasing complexity of software systems and the need
to accelerate development cycles, test automation has become critically important. The article
reviews current technologies and approaches, such as using machine learning to predict defects,
applying computer vision for user interface testing, and generating test cases through neural
networks. Special attention is paid to analyzing the advantages and disadvantages of each method,
as well as the theoretical possibilities of integrating these technologies into software testing
processes. Finally, the prospects and future directions of Al development in the field of test
automation are discussed. The findings demonstrate the significant potential of Al to enhance the
quality and efficiency of testing processes, making this area promising for further research and
implementation.

Keywords: testing, test automation, Al, test documentation, testing optimization
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Anomauin. B cmammi Oocniddcyromscs mennoizonayitiHi ma eKoJo2IYHI 61acmueocmi
2a300emony, AKul cmae 0eoali NONYIAPHIUUM MAMEPIANOM Y CYUACHOMY OYOisHUYmMaI. 38acarouu
Ha 3pocmaioyi eumozu 00 enepzoephekmusHocmi ma exkono2iunoi besnexu Oyoieeib, 2a300e€moH
DO32140a€EMbCaL AK Mamepiai, wo 3abesneuye eghekmuery menyoizonayiro 3a60KU C80ill NOPUCmiti
cmpykmypi. Y pobomi ananizyemvcs 6niug 2azobemony Ha 3HUNICEHHs Men108mpam, niOmpumKy
CcMaobiibHO20 MEMNEPAmypHO20 PEHCUM) 8 NPUMILYEHHSX T 3A2a/lbHE SHUNCEHHSL eHEP2OCHONCUBAHHSL.
Taxoorc po3zenadaromuvcs eKon02iuHi AcCneKmu, BKIYAIOYU HU3LKY eHeP2OEMHICMb 8UPOOHUYMEA,
BIOCYMHICMb MOKCUUHUX DEYOBUH MA MONCIUBICMb BMOPUHHOI NepepoOKuU 2a300emoHy nicis
3a68epuleHHsl eKCnyamayiinoeo mepminy Oyoieni. Haseoeni Oawni niomeepocyioms OOYilbHICMb
BUKOPUCMAHHA 2A300eMOHY SIK OCHOBHO20 Mamepiany Olisl eHep20epheKmueHo20 i eKoI02IYHO20
OyOieHUYMEA, WO 8IONOBIOAE CYUACHUM CMAHOAPMAM Cmano2o po3sumky. Iliokpecnioemvcs 11020
nomeHyian Onisl 3HUNCEHHs BUKUOI8 NAPHUKOBUX 2d3i8 ma MIHIMI3ayii 6NAusy Ha HABKOIUUHE
cepeodosuuye.

Knrwowuoei cnosa: cazobemon, mennoizonayis, eHepeoeghekmueHicms, eKoJI0IYHICDY,
0y0isHUYME0, nepepoodKa, cmanuti pO3GUMOK.

Berym.

Eneprernuna eheKTUBHICTD € OJIHIEIO 3 KIIFOUOBUX TEM CYyYaCHOTO OY/IIBHUIITBA,
OCKIUJIbKH MiJIBUIIEHHS €Heproe(eKTUBHOCTI OyAiBeNIb HE JIMIIE CIPHUSE 3HIKEHHIO
BUTpPAT Ha OMAJICHH 1 KOHJIUIIOHYBaHHS, a i loomMarae CKOpOTUTHU 3arajbH1 BUKUIH
NAapHUKOBHUX ra3iB, 1[0 BKPail BAXKJIMBO B yMOBaX NI00ANbHOI 3MIHM KIIIMATy. Y HbOMY
KOHTEKCT1 BUKOPUCTaHHS OyAiBEIbHUX MaTepialiiB 3 BUCOKHUMH TEIUIOI30JISAIIHHIMHU
BJIACTHBOCTSMU CTAa€ BAXKJIMBUM acClleKTOM Yy 3BEACHHI eHeproe(eKTHBHUX
KOHCTPYKITiA. ['a300€TOH € OJHUM 13 TaKuUX MarTepiajiB, OCKUIbKH HOro MOpHUCTa
CTPYKTypa 3a0e3ledye HU3bKY TEIJIONPOBIAHICTh, a BIATAaK 1 3HAYHY EKOHOMIIO
EHEPTrOpeCypCiB.

[ness cTBOpeHHsI JIETKOTO TOPUCTOrO OETOHY BHMHHKJA 1€ Ha MoYarky XX
CTOJITTA Yy BIANOBAL Ha mnoTpeOy OyaiBeNbHOI I1HAYCTpli B Marepiajax 3
MOKPAIICHUMH  TEIUIOI30JIAIINHUMI ~ BIACTUBOCTSAMHU.  Briepiie  TEXHOJOTis
BUpOOHMIITBA razo0eToHy Oyna pospobsena y IlBemii B 1924 poui iHxkeHepoM
Axkcenem EpikccoHoM, SKMU TpaiioBaB HaJ CTBOPEHHSIM Marepialy, 3JaTHOTO
MOEAHYBATH TEIUIOI30JISIIIAHI XapaKTEPUCTUKU 3 MIIHICTIO 3BHYAHHOTO OCTOHY.
EpikccoH BUSBHB, 1110 BBEICHHSI aJIFOMIHIEBOTO MOPOIIKY JI0 CKJIaay OETOHHOI CyMmili
CIPUYMHSIE BUAUICHHS Ta3y, sSIKUA yTBOPIOE OynbOaiiku BcepeauHi marepiany. Lle
JI03BOJISIE OTPUMATU TOPHUCTY CTPYKTYPY, fAKa 3HAYHO 3HUXKYE TEIUIONPOBIAHICTH 1
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poOUTHh MaTepiall JIETKUM, [0 B MOMAJIBIIOMY IO3WUTHBHO BIIMBAE HA TMPOIIEC
OyIIBHUIITBA Ta €KCILTyaTallii0 OyIiBeb.

3 1930-x pokiB ra300€TOH 1o4yaB Ha0yBaTH MONYJISIPHOCTI B €BpoIIl, 0COOJIHUBO B
MIBHIYHKUX KpaiHaX, Je yTerieHHs Oy/1iBesib OyI0 BaXXJIMBUM (aKTOPOM Yepe3 CyBOPi
KJIIMAaTU4YHI YMOBH. 3TOJOM TEXHOJIOTIS MOIIUpUiIacs 1 Ha 1HII PErioHy, 30KpemMa Ha
CPCP, ne marepian cTaB BUKOPHUCTOBYBATHCS IS 3BEJICHHS 0araronoBEpPXOBUX 1
MPOMHUCIIOBUX criopyl. ChOroAH1 ra300€TOH MIMPOKO 3aCTOCOBYETHCS B YChOMY CBITI
K JUIS KUTJIOBOTO, TaK 1 IS KOMEPIIMHOrOo OYIIBHHUIITBA 3aBASKA CBOIM
eHeproe(eKTUBHUM Ta €KOJIOTTYHUM XapaKTePUCTUKAM.

["a300eTOH BIJPI3HAETHCS YHIKAIBHOIO MTOPHUCTOI0 CTPYKTYPOIO, siKa 3a0e3neuye
HOMy BHICOKI TEIUIOI30JIAIiiHI BIacTUBOCTI. [lopHCTICTh MaTepiany gocsraeTbes 3a
paxyHOK BBEJCHHS ra30yTBOPIOIOYMX PEUOBHH, TAKHUX SK QIFOMIHIEBUH MOPOIIOK, Y
mporeci Woro BUTOTOBJICHHsS. Y pe3yJbTaTi XIMIUHOI peakiii MK aJiOMIHIEBUM
MOPOIIIKOM 1 BOJIOIO BUIUISETHCS BOJCHB, III0 YTBOPIOE B OETOHI IMOPH, 3alOBHEHI
noBITpsAM. L{i moBiTpsiH1 OyJIbOAITKY BUCTYNAIOT SIK TEIII0130JISITOP, OCKIIBKH TOBITPS
€ TOoraHuM TpOBIAHMKOM Teruia. lle o03Boisie 3HAYHO 3HU3UTU  PIBEHb
TEIUIONPOBITHOCTI MaTepiaiy, 1Mo poOUTh ra300€TOH OJHHUM 3 Hale(pEKTUBHIIIUX
OyIiBeTbHUX MaTepialiB 3 MOTIISTY EHEPro30epeKeHHS.

3aBASKM  HU3BKIM  TEIJIOMPOBIAHOCTI Ta300€TOH  cOpusie  30epeKEHHIO
CTaOLIPHOTO  TEMIIEPATYyPHOTO PEXKUMY BCEpPEAMHI MPHUMIIIEHb, 3HIKYIOUU
TEIJIOBTPATH B3UMKY Ta 3ar00irarouu rmeperpiBaHHIo BIITKY. B MOpiBHSAHHI 3 IHIIMMHU
MaTepiallaMH, TaKMMHU SIK Lerjiia 4u OeToH, ra3o0eToH Mae B 3-5 pa3iB HIXKYY
TETJIONPOBIIHICTh, IO JO3BOJIAE CYTTEBO 3HUKYBAaTH BUTpATH Ha omayieHHs. [ls
BJIACTHBICTh CTa€ OCOOJMBO BAXIMWBOIO Y KIIMAaTUYHUX 30HAX 3 BEJIUKUMHU
nepenagaMu TemIepaTyp, e MATpUMKa KOMGOPTHOrO KIIMaTy B MPUMIIICHHIX €
MIPIOPUTETOM.

VY cydacHomy OYyMiBHUIITBI €KOJIOTIYHI aCMEKTH MaTepiaiiB BIIICPalOTh Jeaail
OUIBIIY POJIb, OCKUIBKM HAIIUIEH] HA 3MEHIIICHHS BIUIMBY Ha JOBKULIA. ['a300eTOH He
JUIIEe CpUsie eHepro30epeKeHHI0, ajle i Ma€e 3HauH1 €KOJIOT14HI IIepeBaru mpoTsIroMm
BCHOTO JKUTTEBOTO HUKIY. [lo-mepie, mporec BUPOOHUIITBA Ta300€TOHY € MEHII
€HEProEMHUM Y TMOpPIBHSIHHI 3 TPAAUIIMHUMU MaTepiajlaMH, TaKUMH SIK 1ErJia 4u
OetoH, mo 3HMWXKYye piBeHb BUKUAIB CO: B atmocdepy. [lo-mpyre, razoberon He
MICTHTh TOKCHYHHX PEUYOBHH 1 HE BUJUISAE MIKIUTMBUX IS 3[I0POB'S JIFOIMHHU BUITAPIB
MiJl Yyac eKCIulyarailii, 1o poOUTh HOro O€3MeYHuM JJisi BHYTPIIIHBLOTO CEPEAOBUIIA
MPUMIIICHB.

Takox Ba)XJIMBO 3a3HAYMTH, IO Ta300€TOH MiITAETHCS PEIUKIIOBAHHIO, IO
JI03BOJIIE MIHIMI3yBaTH KUIBKICTh OyAiBeNbHUX BIIXOJIB Ta CHpHs€ peaizamii
NPUHIUMIB  cTajoro OyaiBHUITBA. BukopucranHs wmatepiaiiB, sKi MOXHa
nepepoliaT abo yTUII3yBaTH 0€3 IIKOJAW Jis JOBKULIS, € BaXKJIMBUM KPOKOM Yy
HaMpsIMKY 3MEHILIECHHS HABAaHTAXEHHS Ha 3BaIMINA Ta 30€pEKCHHS MPUPOIHUX
pecypciB.

AKTyanbHICTh BUBUEHHS ra300€TOHY SIK OYyIIBETLHOTO MaTepiay MOJIArae y Horo
MOTEHIIIJTl JIJI1 CTBOPEHHS €HEeproe()eKTUBHUX Ta €KOJOTIYHUX OYJiBelb. Y 3B 3Ky
31 3pOCTaHHSAM CBITOBHX IIiH Ha €HEPrOHOCII, MIJBUIIEHHSAM €KOJIOTTYHUX BHUMOT J0
OyIIBHUIITBA Ta IOUIMPEHHSM €EHEPro30epirarouux CTaHIapTiB, JOCTIIKEHHS Ta
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PO3BUTOK HOBUX METO/[IB BUKOPUCTAHHS Ta300€TOHY € HAI3BUYANHO BAXIMBUMU. Y
CBITJII Cy4yaCHUX TEHIEHIIA [0 3MEHILIEHHS TEIUIOBTpAaT Ta  3HMKEHHS
€HEProcroKMBaHHs, ra300€TOH Ma€ 3HAYHWI NOTEHIal JIJs 3aMiHU TpajuLIHUX
MarepiajiiB y OyiBHHUIITBI.

OCHOBHOIO METOIO0 IIi€] pOOOTH € aHali3 TEeIIOI30AIMHUX 1 EKOJOTTYHUX
BJIACTUBOCTEH Ta300€TOHY K MaTepiaiy, 3/[aTHOTO MiABUIIUTH €HEProe(heKTUBHICTH
oynienb. Cepell KIIFOYOBHUX 3aB/IaHb JOCIIPKEHHS] — BU3HAYEHHSI TETUIO130JIAIIIHHUX
XapaKTEPUCTUK Ta300€TOHY, TMOPIBHSHHSI HWOTO 3 IHIIUMH TOIMYJISIPHAMH
OyIIBeTbHUMH MaTepiajaMu, a TaKOX OIIHKA €KOJIOTIYHUX TepeBar ra3o0eToHy, sKi
poOJATH HOTO MPUBAOJIMBUM 3 TOTJISAY CTAJIOr0 PO3BUTKY.

AHAaJI3 JiTepaTypHHUX zKepeJl.

VY HaykoBill JiTepaTypl IMIMPOKO BUCBITIIOETHCS 3HAUCHHS TEIUIOI30JIALIIHUX
MaTepiaiB s MiABUIICHHS eHeproe(eKTUBHOCTI Oy1iBeNb. 3a JaHUMHU JTOCIHIIKECHb
[1,2,3], Tenmoi30s1iiHI MaTepiajii MOXKYTh 3MEHIIUTH TeIIoBTpaT 10 40-50%, 1110
€ 3HAYHUM TOKa3HUKOM Yy OYHIBISX 3 HEJOCTAaTHbOW 130J1s1i€10. OCHOBHUMU
MaTepiaiamu, 10 3aCTOCOBYIOThCS B CydyacHOMY OYJIBHHUIITBI, € MiHEpajbHa BaTa,
CKJIOBATa, MIHOMOJICTUPOJ 1 Ta300eTOH. ['a300€TOH BUPIZHIETHCA TUM, 110 00'€IHY€
TEIJIOI30JIAIIMHI ~ BJIACTUBOCTI  Ta  CTPYKTYpPHY  MIIHICTh, IO  JO3BOJISIE
BUKOPHCTOBYBAaTU MOTro HE TUIBKHM SK 130JIALIIMHUN MaTepiaj, aje 1 K OCHOBHHM
OyZiBebHHI KOMIIOHEHT CTiH 1 MepeKpHUTTIB [3].

l'a3o06eToH, 30KpeMa, TPUBEPHYB YBary JAOCHITHUKIB CBOEI YHIKAJIHHOIO
CTPYKTYpPOIO Ta BJIaCTUBOCTAMH. Sk 3a3Ha4€HO y poboTax [3, 4] Ta [5], ra300eTOH Mae
IIOPHUCTY CTPYKTYPY, IKa 3a0e31euye BUCOKY TEIUIO130JISIIi0 ITPH BIJIHOCHO HEBEJIMKIN
Ba3l matepiany. Ilopu, 1m0 yTBOPIOIOTHCS B TMPOIECI BUTOTOBJICHHS Ta300€TOHY,
MICTATh TIOBITps, SIK€ € BIIMIHHAM TeIUIOI30JsTOpoM. Ile 3HauHO 3HMKYE
TEIJIONPOBITHICTH MaTepiany, poOJIsTur oro MpUAATHUM JJI1 BAKOPUCTAHHS B YMOBax
K HU3bKHX, TaK 1 BUCOKUX TeMiiepatyp. JocmikeHHs [6] Takox MATBEPIXKYIOTh, 1110
razo0eToH 3JIaTeH MiATPUMYBATH CTaOUIBHUNM KJIIMAT BcepeauHi OymdiBenb,
3a0e3neuyroun ePeKTUBHY TEII0130AIIIIO0.

VY pobotax [7, 8] onmcani OCHOBHI (Di3WYHI XapaKTEPUCTUKHU Ta300€TOHY, TaKi SIK
MIIHICTh, JETKICTh 1 MPOCTOTa MOHTaXYy. 3T1IHO 3 BUCHOBKaMH [7], 3aCTOCYBaHHS
ra3o0eToHy 0COOJIMBO BUTIHE y BUCOTHOMY OYIIBHUIITBI, € MOTPIOHI MaTepianu 3
HU3bKOIO Baror Ta BUCOKMMH TEIUIOI3OJSLIMHUMH BiacTuBocTIMH. Lle mo3Bossie
3MCHIIIMTH HaBaHTAXXCHHS Ha (YHIAMEHT 1 BOJHOYAC 3HIKYE TEIUIOBTPATH.

Exonoriyna epekTuBHICTh Oy/1IBEIbHUX MaTepialiB CTa€ BCE OUIBII BaKIUBUM
aCIeKTOM y Cy4YacHOMY OymiBHULTBI. JlOCHIIKEHHS TMMOKa3ylTh, W10 IIPOIIEC
BUPOOHUIITBA ra300eTOHY MOTpeOye MEHIIE €HEeprii MOPIBHAHO 3 TPAIUIIHHUMHU
OyniBeIbHUMH MaTepiajlaMH, TAKUMHU K O€TOH Ta 1erna [9]. 3a qanuMu, HaBelCHI B
[10], ra3006eTOH TakoX Ma€e HU3bKUHN piBeHb BUKUJIB CO:2 Mij yac BUPOOHUIITBA, 110
poOuTh ioro exonoriyHo Oe3neuHimumM. KpiMm Toro, Marepiain He MICTUTh TOKCUYHHUX
PEYOBHH, a OTKE, € 0€3MEYHUM JIJIs1 JOBKULISA 1 3JJ0POB'Sl JIFOJUHHU.

Hocmimxenns [11] Takox cBiq4aTh mMpo Te, M0 Ta300€TOH MOYKHA YTHIII3yBaTH
abo0 TmepepoOJIATH TICHS 3aBEpIICHHS eKCIUTyaTalliiHOoro mepioay, IO CIpHsE
3MEHIIEHHIO KITbKOCTI OyAiBebHUX B1IX0IB. LI 0cOOMUBICTD € BaXKIMBOIO 3 OTJIATY
Ha 3pocTarouy rnpobieMy 3a0pyaHEHHs BiIX0/JaMH, 1 poOUTh Ta300€TOH MaTepiaioMm,
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MPUAATHUM JIJISI CTAJI0To OYXIBHUIITBA.

VY mnopiBHSHHI 3 IHIIMMH OYJIBEJIbHUMH MaTepiajamMu, TaKUMH SK Ierja Ta
3BUYalHUM O0€TOH, ra300eTOH Mae neBHi nepeBaru. Hanpuknaza, podora [12] Bkazye Ha
T€, 10 Ta300€TOH € JIETIIUM 1 MPOCTIIIUM Yy BUKOPUCTAHHI, IO JO3BOJIAE 3HUKYBATU
BUTPATU HA MOHT&X Ta CKOpPOYYBaTH 3arajlbHi BUTparTd Ha OyaiBHUUTBO.
TermnonpoBiAHICTE Ta300€TOHY HUKYA, HIXK Y TIETIIH, 1110 POOUTH HOT0 e(PEeKTUBHIIINM
JUTS 1307141111 Teru1a B Oy MIBJISAX 3 TOMIPHUM Ta XOJIOJHUM KJIIMaTOM.

Hocmimkennss [13] miaTBepaxye, Mo Ta300€TOH mepesepirye TpaauLiKHI
MaTepiagl 3 TOYKH 30py eHeproedeKkTHBHOCTI. 30KpeMa, BiH 3ale3neuye Kpairy
TEIUIOI30JIAIIiI0, IO JO3BOJIAE 3HU)KYBAaTH BHUTPATH HA OMAJCHHS B3UMKY i
KOHUITIOHYBaHHS BIITKY. Y pobOorax [13,14] TakoX HaBOAUTHCS TMOPIBHSHHS 3
JIEPEBUHOIO, SIKA TAKOXK M€ I0OPI1 TEIIIO130JISIHHI XapaKTEePUCTUKH, IPOTE MOTPeOye
O1b1101 OOPOOKHU 1 TOTISAY Ta € MEHII CTIMKOIO JI0 TIOTOJHUX YMOB y MOPIBHSHHI 3
ra300eTOHOM.

B ocranH1 poku 3’SBISETbCS BCE OUIbIIE AOCTIAKEHb, IPUCBIYEHUX BILIUBY
ra3o0eToHy Ha eHeproszOepekeHHs. 3rigHo [14], y OyaiBisix 3 BUKOPUCTAHHSIM
ra300eToOHy BUTPATH Ha ONAJEHHS MOXYTh 3HMKyBatucs Ha 30-40%, 1m0 € BaroMmum
apryMEHTOM [JI1 MOro BIPOBA/PKEHHS y MacoBe OymiBHHITBO. KpiMm ToOrO,
JTOCIKeHHS [ 15] miATBEPIKYIOTh, 110 B YMOBAaX PI3KUX KJIIMAaTUYHUX 3MiH ra300€TOH
JoroMarae MiATPUMYBaTH CTaOUIbHY TeMIleparypy B MPHUMIIIEHHI, 3HIKYIOUH
noTpely B 10JJaTKOBOMY OIAaJICHHI YA OXOJIOI>KEHHI.

Takum YMHOM, CydacHI JITEPATYpPHI JUKepesa MAKPECIIOI0Th YHCIIEHHI IEpeBaru
ra3o0eToHy B SKOCTI Marepiady HJii EHEProeeKTUBHOIO Ta EKOJOTIYHOTO
Oy1iBHUIITBA. Horo TEIJIOI30JISIMIIMHI Ta €KOJIOTIYH1 BJIACTUBOCTI JIO3BOJISIOTH
3HIDKYBaTH TEIUIOBTPATH, 3a0e3meuyroud KOMGOPTHUN KIIMaT y HPUMILICHHSIX 1
3HIDKYIOUM 3arajibHe eHeprocrnoxuBaHHs. [lonmanbiie mOCHiIKeHHS Ta300€TOHY €
HEOOXIJTHUM JUJIs1 ONITUMI3alli HOro BUKOPUCTAHHSA B YMOBAaX Cy4yaCHOro Oy/lIBHUIITBA,
0COOJIMBO 3 YpaxyBaHHSIM TJIO0ATBHUX IIJIEH CTAIOTO PO3BUTKY.

1. AHaJsi3 TenJI0I30/IsIiIHHUX BJIACTHBOCTEH ra300eToHy

["a300eToH, 3aBASIKA CBOIM YHIKQJIBHUM BIACTUBOCTSIM, BBKAETHCS OJHUM 13
HalOUTbII ePEeKTUBHUX MaTepialliB JJig 3a0e3MedYeHHs TeII0130 1111 Y Oy IBHUIITBI.
HMoro moprcra CTpPyKTypa HO3BOJSIE 30epiraTH TeILIo, 3amo0iralodn HaIMipHHM
TEIJIOBTPATaM y3UMKY Ta CIIPUSIIOUH MIATPUMAHHIO KOM(MOPTHOI TEMIIEpaTypH BIITKY.
Y upoMy po3nuli pO3TIASIHEMO OCHOBHI aCIEKTH, SIKI BU3HAYAIOTh TEIIO130JISLINHI
XapaKTEePUCTUKU Ta300€TOHY, BKIIOYAIOUM HOTO (DI3UUHY CTPYKTYpPY, MOKA3HUKH
TEIMJIONPOBITHOCTI, @ TAKOXK MOPIBHAHHS 3 IHIIMMH MaTepiajaMu.

["a300eToH BIAPI3HAETHCS BUCOKOIO IMOPHUCTICTIO, IO € KIIOYOBUM (HaKTOPOM
Horo Ternoi3osiiHuX BiactuBocTel. [lopu, ski ckinagaoTts Big 70% a0 85% o0'emy
Marepially, YTBOPIOIOThCS IiJI 4ac BUPOOHUIITBA HUISIXOM JOJAaBaHHSA JO CyMIIIl
ra3oyTBOPIOIOYMX KOMIIOHEHTIB, 30KpeMa allfoMiHieBOro mopomiky. [Ipu B3aemonii 3
BOJIOI0 QJIIOMIHIEBUM MOPOIIOK BUALISE BOACHB, SIKHUM POpPMy€E CHCTEMY MOBITPSHUX
OynpOamok. [li OynpOamku 3aiuInaloThes 3aMKHEHUMHU BCEpEIWHI Marepiairy Ta
YTBOPIOIOTH 130JII0I0YE CEPEIOBHUIIE, OCKUIBKU TMOBITPS, SIKE MICTUTHCS B IMOpax, €
OJTHMM 13 HaWKpammx 130J8TopiB Terma. Il mopucra CTpykTypa 3HAYHO 3HIKYE
TEIJIONPOBIIHICTh ~ MaTepiaixy, TIEepeTBOPIOI0YM Ta300eToH Ha  e(PEeKTUBHHI
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TETIOI30JISIIHHUEN MaTepiall.

BaxxnuBo po3ymiTh, 1110 came MOBITPS B IOPaX € OCHOBHUM 130JIITOPOM, OCKLITBKH
BOHO Ma€ HAJ3BMYAalHO HU3bKY TEIUJIONMPOBIIHICTh. 32 PaxyHOK I[bOTO ra3o0eToH
3a0e3nevye 3HAYHE 3HMKCHHSI PIBHS TEIUIOBUX BTpaT y OYIIBIAX, IO OCOOJIMBO
BAXJIMBO B XOJOJHOMY KiiMari. [lopucta CTpykTypa TakKoXX CHpUS€E PeryJisiii
TEMIIepaTypu y TPUMIIICHHI, 3MEHIIYIOUM TOTpeldy y IMITy4HOMY oOmajeHHi abo
OXOJIOIKEHHI.

TennonpoBiAHICTS € KIFOYOBHM MOKA3HUKOM TEIIO130JIAIINHIX BIACTHBOCTEH
Matepiany. TemionpoBiAHICTh Ta300€TOHY BapilOETHCA B 3aJIEKHOCTI B HIIJIBHOCTI,
OJIHaK y OUTbIIOCTI BUMaIKiB BoHa cTaHOBUTH 0,09-0,18 B1/(M-K). Ile 3HauHO HUXKUE,
HIDXK y TPaAUIIIHHUX MaTepialiB, Takux sk meraa (0,56-0,88 Bt/(m-K)) abo 6eron (1,2-
1,7 Br/(m°K)). Uum MeHIIMIA MOKa3HWK TEIUIONPOBITHOCTI, TUM Kpalle maTepiai
yTpuMye Temno. Hanpukinaz, miasHICT razo0erony kiacy D400 (400 kr/m*) no3Bossie
JOCSITTU 3HAYHOI TEIIO130JIA1111 0€3 HEeOOX1JHOCTI JOIaTKOBUX yTEIUIFOBAYIB.

3aBasiku 1IboMY OyiBIIi, MOOY/IOBaHI 3 ra300€TOHY, NOTPEOYIOTh MEHIIE €HEePrii
JUISL THATPUMKA KOMGOPTHOI TeMIeparypud B MPUMIIMICHHSX, M0 MPU3BOJIUTH 10
3HAYHOI EKOHOMIi BUTpaT Ha ONAJEHHS Ta KOHAMIIIOHYBaHHS. JlochimKeHHs
MOKa3yI0Th, 110 Ta300€TOH MOKE 3HIKYBAaTH TEIUIOBTpaTH B OyaiBiax Ha 30-40% y
MOPIBHSIHHI 3 OYIBJISIMH, BUKOHAaHMMH 3 TpaauIliiHUX MarepianiB. Lle mo3Bosse
CTBOpIOBATH eHeproedekTuBHI OyaiBIi, fKI BIANOBIIAIOTH CYyYaCHHM CTaHJapTaM
eHEepPro30epeKeHHSI.

[inpHICTh Ta300€TOHY € BaXKIUMBUM (AKTOPOM, SIKMM BIJIMBa€ Ha MOro
TeTIO130JISII1H] TOKa3HUKH. ['a300€TOH MOCTYIHUN Y Pi3HUX KJIacax MIUTBHOCTI, BIJ
D300 no D800, ne koxHe 30UTbLIEHHS UIIIBHOCTI CYMPOBOJIKYETHCSI MOKPAILIEHHIM
MIITHOCTI, aJle 3HIDKCHHSM TCIUIOI3O0IAMIMHNX BJIACTHBOCTEH. [l JOCATHEHHS
ONTUMAJIbHOTO  OajlaHCy MDK  MIIHICTIO Ta  TEIUIOBOJISAIIE  HalvacTimie
BUKOPUCTOBYIOTh T'a300eToH kinaciB D400-D500 11t 30BHIMIHIX CTIH, OCKUJIBKH BiH
3a0e3neuye HaJeKHY TEIUIOI30MAIII0 MpU JTOCTAaTHIA MIIHOCTI NIt BUTPUMYBAHHS
OyliBeIbHUX HABaHTAXKEHb.

['a300eToH 3 HWKYOW MIUIBHICTIO, Hampukian, kmacy D300, mae xparmii
TETUIO130JIAIIIHI BJACTUBOCTI, OJIHAK MOTO MeXaHI4Ha MIIHICTh 0OMEXKEeHa, TOMY BIH
YacTille BUKOPUCTOBYETHCS JJI BHYTPILIHIX MEPEropoJok abo KOMOIHOBAHMX CTiH.
Bubip misibHOCTI MaTepially 3aJ1€XHUTh BiJI KOHKPETHUX BUMOT MPOEKTY, KIIMAaTUYHUX
YMOB 1 HEOOX1JHOCT1 IOCATHEHHS! BUCOKUX MTOKA3HHUKIB €HEProe(PEeKTUBHOCTI.

[TopiBHSIBPHUN aHAII3 TEIJIOI30JIAIMIMHUX BIACTUBOCTEH ra300€TOHY 3 1HIIMMU
OyIiBeIbHUMM MaTepiajlaMH, TaKUMH SIK Ierja, 3BUYaHHi OE€TOH 1 MIHOOETOH,
nmoKa3ye HWoro sBHI miepeBaru. Hampukian, 3BuuaiiHa T1ieryia, sKa d9acTo
BUKOPHUCTOBYETHCS sl OYAIBHUIITBA CTiH, Ma€ HabaraTro BUIIY TEIIONPOBIIHICTh, 1110
poOUTH 1i MEHIII €PEKTUBHOIO B YTPUMaHHI TeTuIa. BUKOPUCTaHHS METIN K €TUHOTO
Marepiajly B CTiHAX MPHU3BOJWTH 10 HEOOXITHOCTI 3aCTOCYBaHHS J0JIaTKOBOTO
YTEIUICHHS 1J1s1 JOCSITHEHHSI 0a)KaHOTO PiBHS €HEPro30epekeHHs.

ITiHOOETOH TaKOX € JErKUM OCTOHHHUM MaTepiajoM 3 IOPHUCTOI CTPYKTYPOIO,
OJIHAK BIH Ma€ 1HII XiMI4HI Ta (PI3UYHI XapaKTEPUCTUKH, [0 MOXKYTh BILIMBATH Ha
HOTO TEeIIOI30JISIIIIiHI BIACTUBOCTI. X0Ya MIHOOETOH TAaKOXXK MOXKE 3a0e3medyBaTH
JIOCTaTHIM pIBEHb TEIUIOI30JIAIli, Ta300€TOH TEepeBepIlye MOro 3a MOKa3HUKaAMU
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CTaOUTBHOCTI PO3MIPIB Ta MIITHOCTI. 3aBASKH KOMOIHAIlIi HU3HKOI TEIIOMPOBITHOCTI
Ta BHCOKOi MIITHOCTI Ta300€TOH CTa€ 1J€IbHUM MaTepiajioM JJisg OyAiBHHIITBA
30BHIIIHIX CTIH.

[TopucTicTh ra300eTOHYy Ma€ BEIMKANA BIUIMB HAa WOro TEIJIOI30JISIIHI
XapaKTEePUCTHKU. SIK TpaBWIIO, YUM BHIIMA BiJICOTOK IOPHCTOCTI, THM HIKYa
TEIUIONPOBIIHICTh MaTepiany. lle mosicHIoeThCs TUM, IO OUIBIIA KUTBKICTH TIOP
3allOBHEHA MOBITPSIM, SIKE, B CBOIO YEpry, MEPEIIKO/Ka€ MEPEHECeHHI0 Teria. Y
OUTBIIIOCTI KOMEPIIITHIX ra300€TOHHUX OJIOKIB PIBEHb MOPUCTOCTI CTAHOBUTH OJIU3HKO
75-85%. Taka BUCOKa MOPUCTICTh HE TUTLKHU 3HUKYE TETUIOMPOBIAHICT, ajie il poOUTH
MaTepia JEerkKuM 1 3pyYHUM Y TPAaHCHOPTYBaHHI T4 MOHTaXI.

BaxxnuBo 3a3HauuTH, MO0 TOpM B Ta300€TOHI € 3aMKHEHWMH, TOOTO He
YTBOPIOIOTh HACKPI3HUX KaHaNiB. Lle 3amobirae mpoOHUKHEHHIO BOJIOTH, sika Moria 0
3HAYHO 3HU3UTHU TEIUIOI30JIALINHI BIaCTUBOCTI MaTepiany. TakuM 4nHOM, Ta300€TOH €
He Juiie epeKTUBHUM TEILI0130JIATOPOM, a M MaTepiajioM 3 XOPOIIUMU MOKa3HUKAMHU
BOJIOTOCTIMKOCTI, 1[0 € BaXKJIMBUM JIJISI 30BHIIIHIX CTIH 1 KOHCTPYKI[IH, CXWJIBHUX JI0
aTMOC(EpHHX BIUIMBIB.

OpHi€ro 3 KIOYOBUX MepeBar ra3o0€TOHy € HOro 3AaTHICTh HIATPUMYBATH
CTAaOUTbHHI  TEMIEPATypHUH  PEKUM Yy TNPUMIMICHHI.  3aBISKM  HU3BKIN
TETUIONPOBITHOCTI, TA300€TOH 3MEHIITY€E MIBUJIKICTh TIepeadl Teria yepe3 CTIHU, 1110
Cpuse MIATPUMAHHIO KOM(POPTHOrO MIKPOKIIMATY BCEpEAUHI MPUMILICHb. Y
3MMOBHMI TEpiojl Ta300€TOHHI CTIHM YTPUMYIOTh TEIUIO, 3HUXKYIOUM BHUTpPATH Ha
OMAJICHHSA, TOMl SK BIITKY BOHHM MEPEUIKOKAIOTh HAJIMIPHOMY HarpiBaHHIO
MPUMIIIEHB, 1110 3MEHIITY€ MOTPeOy y BUKOPUCTaHHI CUCTEM KOHAUITIOHYBAaHHS.

Ls1 BMacTUBICTh € OCOOIMBO BAXKJIUBOIO y PETIOHAX 3 BETUKUMU TEMIIEPATYPHUMHU
KOJIMBaHHSIMH, J1¢ Oy[iBJli MOBUHHI aJanTyBaTHUCA 10 PI3HUX YMOB IMPOTATOM POKY.
JlocmikeHHsl MOKa3yloTh, MO0 y OYIIBISAX, BUKOHAHMX 3 Ta300€TOHY, CEepeaHs
TeMIIepaTypa KOJIMBAETHCS MEHILE, HDK Y OyAIBISAX 3 TPaAUUIMHUX MaTeplaiiB, LIO0
M1BUIIYE KOM(OPT JIJIs1 MEIIKAHI[IB Ta 3HIKY€ HAaBAHTAXCHHS HA 1H)KEHEPH1 CUCTEMHU
OyI1BJIL.

3aBIsKH BHUCOKIN TEIIO130MIAIIMHIA 34aTHOCTI Ta300€TOHY, OYyIiBIi, 3BEJCHI 3
[bOT'0 Martepiaiay, MOTPeOyIOTh MEHIIE €HEePrii AJis OMajJeHHs Ta OXOJOJKEHHS, 110
IPU3BOAUTSH J10 3HIKEHHS BUTPAT Ha EKCIUTyaTallito. Y JesKUX BUMaJKaX €eKOHOMIsS Ha
OMaJIecHHI Ta KOHJMIIIOHYBaHHI Moxe gocsratu jgo 40% mopiBHSHO 3 OYIIBISIMU 3
TpaauIIMHUX MaTepialliB, TaKuX SIK 1erjia abo OeroH. L[ ekoHoMis € Baromum
(GhakTOpOM y MOBrOCTPOKOBIM MEPCIEKTUBI, 10 POOUTH Ta300€TOH MPUBAOIUBUM
BUOOPOM JIsl eHEProePeKTUBHOrO OyNIBHUITBA.

Takum 4MHOM, 3aBISKH CBOIM TEILIOI30JSIIHHUM BIIACTUBOCTSIM, Ta300€TOH €
eeKTUBHUM MaTepiajioM JUIsl CydyacHOTo OyAIBHUITBA, SIKUW CHpPUSE 3HUKECHHIO
€HEProCroKUBaHHS Ta MIBUIIEHHIO €HEProe()eKTUBHOCT1 OyA1BEb.

2. ExoyioriuHa epeKTHBHICTH ra300eToOHy

Exomnoriuna epekTuBHICTh Oy/iBEIbHUX MaTepiajliB HaOyBae Jienalii OUIbIIOro
3HAYEHHS Yy CBITJI riI00adbHUX EKOJOTIYHUX BHUKJIMKIB Ta MPArHEHHS 10 CTajoro
po3BuTKy. ['a3o0eToH — 1€ MaTepian, SKUM BIANOBiae 0araTboM KpHUTEPIsIM
eKOJIOTTYHOI ~ €(eKTUBHOCTI  3aBASKA CBOIM  XapaKTEPUCTHKAM, TEXHOJIOTIi
BUPOOHMIITBA Ta MOMKIIMBOCTI 10 MEPEPOOKH. Y IIbOMY PO3JILJI1 PO3TIISTHEMO €KOJIOT14H1
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nepeBaru ra3o0eToHy, WOro BUPOOHUIITBO, BIUIMB HAa HABKOJIUIIHE CEPEIOBUILE B
MpOIIeC BUKOPUCTAHHSI, a TAKOXK MOTEHITIaJ U YTUJI13a1lli Ta BTOPUHHOI MePEepOOKH.

[Iponec BUpoOHUIITBA OYNiBEILHUX MaTepialliB 4acTO MOB'SI3aHUM 31 3HAYHUMHU
E€HEePreTHYHMMH BUTPAaTaMU Ta BUKKH1aMu ByTiiekuciioro razy (CO2) B atmocdepy. s
BUPOOHMIITBA ra300€TOHY MOTPIOHA MEHINAa KUIbKICTh €Heprii MOPIBHSIHO 3 TaKUMHU
MaTepiaiamu, K 3BUYAaWHUNA OCTOH YM IIeTJia, M0 POOUTH HOro OLIBII €KOJOTIYHO
Ipy>kHIM BOOpOoM. OCHOBHI KOMIIOHEHTH, SIKI BAKOPHUCTOBYIOTHCS JIJI1 BUPOOHHUIITBA
ra300eToHy, BKIIFOUAIOTh IIEMEHT, BAITHO, TIIIC, ITICOK, BOJIY Ta ATFOMIHIEBUN MTOPOIIOK
K ra3oyTBOproBay. Bci 111 marepianu € JOCTYIIHUMH Ta MEHII €HEProOEMHUMH Y
BUJIOOYTKY 1 mepepoOL, 10 3MEHUIY€E 3arajibHi BUTpPAaTH €Heprii Ha BUPOOHHUITBO
ra3zo0eTony.

JlocnipkeHHs ToKa3ytoTh, 1110 BUkuau CO:2 y mpolieci BUTOTOBIIEHHS Fa300€TOHY
3HAYHO HUXUl, HK Y BUPOOHUIITBI TpaAuLIMHUX MaTepianiB. LlemMeHT 1 BamHO, SIKi €
OCHOBHUMH KOMIIOHEHTaMHU ra300€TOHY, BUPOOISIOTHCS 3 BUKOPUCTAHHSIM CYyYacHUX
TEXHOJIOT'1H, 1110 JO3BOJISIFOTh MIHIMI3YBaTH iXH1 HETaTUBHUM BIUJIMB Ha HABKOJIMILIHE
cepenoBuie. KpiMm TOoro, Hu3pka €HEpro€EMHICTh BUPOOHUIITBA Ta300€TOHY CIIPHSIE
3MEHIIEHHIO 3arajbHOr0 BYIJICLIEBOIO Cliay OyIiBellb, 110 BaXKJIMBO B YMOBax
MOCUJICHHS] BUMOT JI0 3HMKCHHS TAPHUKOBUX BUKH/IIB.

OkpeMo BapTO 3a3HA4YMTH, IO TiJ 4Yac BUPOOHHUIITBA Ta300€TOHY HeE
BUKOPUCTOBYIOTBCSI TOKCHYHI PEUYOBHHH, a TIPOIEC BUPOOHUIITBA HE BUIUIIE
IIKIJIMBUX U1 37I0pOB’sl JMoauHU BunapiB. lle poOuth ra3o0eToH Oe3neyHuM
MaTtepiajioM sIK JJisl Oy 1IBEIbHUKIB, TaK 1 JJIs1 KIHIIEBUX CIIOXKUBAYIB, 10 3HAXOSITHCS
y IPUMIIIEHHSX, TOOYJOBaHUX 3 IILOTO MaTepiamy.

IlepeBarn ra300€TOHY 3 TOYKH 30pY €KOJIOTiIT HE OOMEXKYIThCS MOro
BUPOOHHIITBOM, OCKUTBKH HOTO BUKOPHUCTAHHS TAKOXK MAa€ HU3KY €KOJOTIYHUX BUTO/I.
[To-miepiie, BUCOKI TEIIOI30JIAIIINHI BJIACTUBOCTI ra300€TOHY CHPUSIIOTh 3HAYHOMY
3HUKEHHIO CIIOKMBAaHHS €HEprii Ha OMNaJieHHS 1 KOHJUIIIOHYBaHHS Oy/iBellb.
3MEHIIIEHHSI EHEProcrnoXuBaHHs Oe3nocepenubo 3HMKYe Bukuau CO2, sKi
YTBOPIOIOTBCSI TPU BUPOOHMIITBI EJEKTpPOEHeprii abo cHajidloBaHHI MajlvBa IS
001irpiBy, 110 MO3UTUBHO MO3HAYAETHCS HA JTOBKULII.

[To-gpyre, OyniBmi 3 Ta300€TOHY TMOTPEOYIOTh MEHIIE YTEITIOBAIBHUX
MaTepiamiB, OCKUIBKH Ta300€TOH caM 10 c001 Mae€ HU3bKY TeIUIONpOBIAHICTH. e
3HIKY€E TOTpeOy B JOJATKOBHUX IIapax 130JIAMi, SIKI MOXYTbh MICTUTH CHHTETHYHI
MaTepiany Ta BUAUIATH IIKIJIUB1 pEUOBUHA. Y pe3an>TaT1 BUKOPHCTAHHS ra3o6eT0Hy
JI03BOJISIE CKOPOTUTH BUKOPHCTAHHS PECypCiB 1 3MEHIMUTH KIUIbKICTh BIAXOMIB TPH
Oy1IBHHUIITBI.

Baprto TakoX BiO3HAYMTH, IO Ta300€TOH Ma€ TapHl IMOKa3HUKU
MapONPOHUKHOCTI, WII0 J03BOJSiE€ CTIHAM ‘“‘nuxartu’” 1 3a0e3nedyBaTd 370POBUIA
MIKPOKJIIMAT Y IPUMIILIEHHX. BOJOTICTB, 1110 HAKONUYY€EThCA BCEPEIMH] TPUMIILICHbD,
JIETKO TPOHUKAE Kpi3b CTIHM 3 Ta300€TOHY, MIO CIPHUS€ 3HIKEHHIO YTBOPEHHS
rTicHsABH Ta rpuOkKiB. Lle, cBo€ro deproro, crnpusie MOJIMIIEHHIO SKOCT1 MOBITPS B
MPUMIIIIEHHSX 1 CTBOPEHHIO 37J0POBOTO CEPEIOBUIIA /I MEIITKAHIIIB.

ITepepobka Ta yTwmizamiss OyAiBebHUX MaTepiaiiB € KIIYOBUMHU acleKTaMu
cTasioro OyAiBHUITBA. |'a300€TOH Mae BUCOKHIA MMOTEHIIIAN O BTOPUHHOT IEPEPOOKH,
0 pOOUTH WOTrO OJHUM 3 €KOJIOTTYHO e€()EeKTUBHUX MarepiajiiB y IboMy IuiaHi. Ha
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BIIMIHY BiJ OaraThboX IHIIMX OyIIBEIbHUX MaTepianiB, Ta300€TOH MOXKHA JIETKO
nepepoOUTH MICHs 3aKIHYEHHS TEPMIHY eKCIuTyartarlii Oy IiBii. 3aJulIku ra300eToHy
MO>KHA MOAPIOHIOBATH 1 BUKOPUCTOBYBATH SIK 3aIIOBHIOBAY JJIsl BAPOOHUIITBA HOBUX
0JI0KIB 200 IS 1HIMX OYiBEIbHUX MOTPEO.

[Iponec ytumizaiii ra300€TOHY HE BHUMAara€ CKJIaIHUX 1 JOPOTUX TEXHOJIOTIH,
OCKUJIBKH MaTepiaj € €KOJIOTIYHO YHCTHUM 1 HEe BUJUISLE IIKIIIMBUX PEUYOBHH HaABIThH
MiCNsg  JIOBrOTpUBAIOro  BUKOpucTaHHsA.  [loapiOHeHuit  ra3o0eTOH  MOXKe
BUKOPHCTOBYBAaTUCS B SAKOCTI JOOABOK JUIsi BUTOTOBJICHHS IHIIMX BHU[IB JIETKOTO
0eToHy a0o sK ApeHaKHUW MaTepiay. TakuM YMHOM, BUKOPUCTAHHS MEPEPOOIICHOTO
ra300eTOHy MOX€E 3HM>KYBAaTH MOIMUT HA HOBI MPUPOJIHI PECYPCH, 3MEHILIYBAaTHU 00CAT
OyIiBETbHUX BIXO/IIB Ta CIIPUATH 30€PEKEHHIO HABKOJIHUIITHBOTO CEPEIOBUIIIA.

binbm Toro, BTOpuMHHA mepepoOka ra300€TOHY 3HUXKYE BYTJIELEBUNM CIIiJ
MaTepiajy 3a BeCh MOT0 JKUTTEBUI LIUKII. BTOpHHHE BUKOPUCTaHHS 3HWXKY€E TTOTPeOy B
eHeprii Jjs BUPOOHHUIITBA HOBUX OJIOKIB, IO CHpPUSE 3HIKCHHIO 3arajibHUX
€KOJIOTIYHUX BUTpaT OynaiBHUITBA. lle BIANOBIOAaE MNpPUHLMNAM LHUPKYJISAPHOI
E€KOHOMIKH, SIKa CIPSMOBAaHA Ha TOBTOPHE BUKOPUCTAHHSA PECYPCIB 1 3MEHIIICHHS
KUTBKOCTI BIAXO/IB.

['a3006eToH € omgHuUM 13 MaTepiadiB, IO BIAMOBIAA€ KOHIIEMIN CTajIoro
OyIIBHUIITBA. Moro Ternoizonsmiiini BIACTMBOCTI Ta €KOJIOTIYHMI BILIUB pOOIIATH
Woro mpumatHUM Il Oy[iBenb, IO BIANOBIIAIOTH CyYaCHMM BHMOTaM
eHepro30epeKeHHs 1 €KOJOTIYHOT Oe3meKu. 3aB/IsKHU BUCOKIA eHeproeeKTUBHOCTI,
3HIDKEHHIO TOTpeOW B JIOAATKOBOMY YTEIJIEHHI, MOXJIMBOCTI NEpPepoOKH Ta
yTUII3aIli, Tra300€TOH CTa€ OAHUM 3 HAWOUIBII INEPCHEKTUBHUX MaTepialliB s
OyIIBHUIITBA «3€JIEHUX» Oy1BEllb, SIK1 CIIPUSAIOTH MIHIMI3allli HETaTUBHOI'O BILTUBY Ha
TOBKIJUISL.

CrorojHi 1a300€TOH BCe OLIbIIIE BUKOPHUCTOBYETHCS Y OYIIBHUIITBI KUTIOBHUX 1
KOMEpUIHHUX Oy/1BeIb, 0COOIMBO Y THX KpaiHaX, A€ JOTPUMYIOThCS CYyBOPUX HOPM 1
CTaHJApTIB eHeproedeKTHBHOCTI. MOro 3acTOCyBaHHS BiAIOBiZA€ MiKHAPOIHUM
cTanaapraM i ceprudikauiitnum cucrtemaM, TakuM gk LEED (Leadership in Energy
and Environmental Design) ta BREEAM (Building Research Establishment
Environmental Assessment Method), siki CTUMYJTIOIOTE BUKOPUCTAHHS €KOJOTTUHUX
MaTepiajiB Ta MiABHUILEHHS eHeproe(eKTUBHOCTI Oy 1iBEb.

['a300eToH € BuCOKOE(hEKTUBHUM 3 TOTJISAY €KOJIOTIi MarepiajoMm, KM Mae
3HA4YH1 TIepeBard Ha BCIX eTamax >HUTTEBOr0 IMHUKIY — BiJI BUPOOHHUIITBA O
nepepobku. Moro HU3bKAa €HEProEMHICTh y BHPOOHHITBI, BiJCYTHICTh TOKCHYHHX
PEYOBHH, 3[IaTHICTh 3HUKYBATH CIIO’KUBAHHS €HEPrii B OyIBISAX, @ TAKOXK MOXKIIUBICTh
BTOPUHHOT TEepepoOKH poOIsITh MOro ONTHUMAJbHUM BHOOPOM [JIsl CTaJoro
OyIIBHHUIITBA. ¥ KOHTEKCTI Cy4aCHUX E€KOJOTTYHUX BUKIHMKIB Ta300€TOH MOXE CTaTH
BAXKJIMBUM €JIEMEHTOM y CTBOPEHHI €HEproe(eKTHUBHUX, EKOJIOIIYHO OEe3MeUHuxX
OyiBeb, K1 BIMOBIIAIOTh CTAHIAPTaM CTAJIOT0 PO3BUTKY.

Takum unHOM, ekoioriyHa e()eKTUBHICTh Ta300€TOHY B Cy4acHOMY OYAIBHUIITBI
HE JIUIIE CIpusie 30€peXEHHIO MPUPOJHHUX PECypciB, aje W BiAMOBimae morpedam
rJI00aJIbHOTO TEpPeXoqy JO EeKOJOTiYyHO Oe3MeYHOro Ta eHeproeeKTUBHOrO
OyIBHHIITBA.
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BucHoBku

['a300eToH € 0HKUM 13 HAaHOLIBII MEPCIIEKTUBHUX MaTepialliB JyIsl 3a0€3MeUeHHS
eHeproe()eKTUBHOCTI Ta €KOJOT14HOi €()EeKTUBHOCTI OyJiBEb, L0 € HAA3BUYANHO
aKTyaJIbHUM Yy CBITJI CY4aCHHMX €KOJIOTTYHUX BUKJIMKIB. 3aB/SKH OPUCTINA CTPYKTYPI
ra300€TOH Ma€ BUCOKI TEIJIOI30JIAIINHI BJACTUBOCTI, IO JO3BOJISIE 3HAYHO 3HHU3UTH
TEIJIOBTPATH Yepe3 CTIHU OyMdiBeNb Ta CIpHUs€ E€KOHOMIi €Heprii Ha OIaJieHHS B
XOJIOAHUW CE€30H 1 KOHJUIIIOHYBaHHS B TEIUIMH. Y TOPIBHSIHHI 3 TpagullIiHUMU
MaTepiajiamMu, TAKUMH SIK TIeTJIa 91 O€TOH, ra300€TOH 3a0e3Ieuye Kpary 13011110 3a
paxyHOK 3HMKEHOI TEIUIOMPOBIIHOCTI, 110 POOUTH HOr0 OCOOIMBO MPUIATHUM JIJIS
PETiOHIB 13 BETMKUMH TEMIIEPATYPHUMH KOJIUBAHHSAMHU.

Exonoriuna edekTuBHICT, Ta300€TOHY BH3HAYAETHCS TaKOXK HHU3BKOIO
€HEProEMHICTIO HOro BUPOOHHUIITBA: MPOLEC BUTOTOBIEHHS I[LOTO MaTepiagy BUMarae
MEHIIIE CHEPTreTUYHNX BUTPAT, HXK BUPOOHUIITBO TETVIM UM OETOHY, 110 MPU3BOJANTH
no 3HmwkeHHs BUKUAIB CQO.. KpiM Toro, razo0etoH € Oe3meyHuM Jis JTOBKIIA,
OCKLUJIbKM HE MICTUTh TOKCUYHUX KOMIIOHEHTIB 1 HE BUJILISAE IMIKIJJIMBUX PEUOBUH 1]
yac eKcIuTyaTarllii, [0 MO3UTHUBHO BIUJIMBA€E Ha SIKICTh MOBITps y npuMinieHHsax. [lle
OJIHIEI0 BAXKJIMBOIO MEPEBArOI0 € 3[aTHICTh I'a300€TOHY 10 MEpPEpOOKHU, IO CHpHUSIE
3MEHIIICHHIO 00CSTIB OyMiBENbHUX BIAXOIIB Ta MIATPUMII TPUHIUIIB MUPKYIIPHOT
€KOHOMIKH, CIIPSIMOBAHO1 Ha TOBTOPHE BUKOPUCTAHHS PECYPCIB.

Buxopucrtanas ra3o0eTOHy TakoXX BIATOBia€ BUMOTaM Cy4aCHOTO CTajoro
OyniBHHIITBA Ta cepTudikamiiuum cranaapram, Takum sk LEED ta BREEAM, mo
CTUMYJIIOIOTh 3aCTOCYBaHHSI €KOJIOTITYHUX MarepiajiB y OyJIBEIbHUX IPOEKTaX.
3aBASKH CBOIM TEIUIOI3OJSIIIHUM, €KOJOTIYHUM 1 TEXHIYHUM XapaKTepUCTUKaM,
razo0eToH CIpHUsS€ CTBOPEHHIO KOMGOPTHOTO Ta OE3MEYHOro CcepeoBUINa s
MEITKAHIIIB, OJJHOYACHO 3HIKYIOUH BUTPATH HA CHEPTOHOCI].

Takum ynHOM, Ta300€TOH € e(pEeKTHUBHUM 1 MEPCHEKTUBHUM MaTepiajioM Jis
CydyacHOro OyAIBHUIITBA, SIKMA  JIO3BOJISIE  JOCSITTH  BHCOKHMX  IMOKA3HMKIB
eHeproe(eKTUBHOCT1, 3SMEHIIIUTH BIUIUB HA JOBKULJIS 13a0€3MeUnT KOM(POPTHI YMOBU
MPOKVBAHHS. Horo 3aCTOCYBaHHs B Oy/AiBENbHIM Taily3l BIANOBIAA€ TJIOOATBLHUM
[IJIIM  CTaJIOTO PO3BUTKY, IO POOUTH Ta300€TOH ONTHMAILHUM BHOOPOM IS
€KOJIOT1YHO BiAMOBITAILHUX OYI1BEIBHUX IMPOCKTIB.
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Abstract. This paper investigates the thermal insulation and environmental properties of
aerated concrete, an increasingly popular building material in modern construction due to its
advantageous thermal performance and sustainability profile. Given the heightened global demands
for energy efficiency and environmental safety, aerated concrete is analyzed as a material that meets
these needs through its unique porous structure, which effectively reduces heat loss and helps
maintain stable indoor temperatures across seasonal variations. This inherent insulation capability
positions aerated concrete as a valuable material for reducing building energy consumption and
operational costs.

In addition to its thermal properties, the paper examines the environmental impacts of aerated
concrete throughout its life cycle. Compared to traditional materials such as brick and conventional
concrete, aerated concrete requires less energy in its production, emits lower levels of carbon
dioxide, and is free from harmful substances, thus reducing its ecological footprint. Its recyclability
is another significant advantage, at the end of a building’s life cycle, aerated concrete can be
processed and repurposed for new construction applications, supporting a circular economy. This
attribute not only minimizes construction waste but also promotes the sustainable reuse of building
resources, aligning with current green building standards and certifications such as LEED and
BREEAM.

The paper also provides a historical context, tracing the development of aerated concrete from
its inception in the early 20th century to its present role in energy-efficient construction. Through
comparative analysis with conventional building materials, the study illustrates that aerated
concrete’s lower thermal conductivity contributes significantly to reducing heating and cooling
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demands. By enhancing energy conservation and reducing greenhouse gas emissions, aerated
concrete emerges as a strategic choice for environmentally responsible construction. Overall, the
findings support aerated concrete’s role as a sustainable building material, with practical
implications for reducing the environmental impact of the construction industry and achieving global
sustainable development goals.

Key words: aerated concrete, thermal insulation, energy efficiency, sustainability,
construction, recycling, environmental impact.
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FETURES OF PROTECTIVE STRUCTURE DESIGN DUAL PURPOSE
OCOBJIMBOCTI MPOEKTYBAHHSA 3AXVUCHOI CIIOPY U
MOJABIMHOT O MPU3HAYEHHSI
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Anomauia. B oanuii uac npoexmysanns ma OyOIBHUYMBO 3AXUCHUX CHOPYO HAO3BUYAUHO
AKMyaibHO 8 YMO8AX 80€HH020 cmaHy. IIposedeno ananiz ocnosHux nonodxcens /[bH B.2.2-5:2023
«3axucHi cnopyou yugiibHO20 3axXucmy 8 po30ii KOHCMPYKMUBHUX PiUleHb, WO NPOMepPNiiu 3MiH.
Ha npuxnaodi sanpoexmosanoi 3axucnoi cnopyou yueinbnoeo 3axucmy Ha 300 uonosixk 0Oyna
PO3pobOIeHa KOHCMPYKMUBHA CXeMa Cnopyou ma npo8eoeHo pO3PAxyHOK HA A8apilHy KOMOIHAYi0
HABAHMAHCEHb 3 8DAXYBAHHAM KE8A3ICMAMUYHO20 HABAHMANCEHHS 8I0 OIi NOBIMPAHOI YOAPHOI XU,
Takooic npugedeHi nepegipku Ha npoodumms YIAMKaMU 3aco0i8 36UYALUHO20 BPANCEHH Mda
VMBOpeHH s BMOPUHHOT (hpaemenmayii. Po3pobneni 8y3iu apmy68anus 0CHOBHUX eleMEeHMI8 3aXUCHOT
CHOpPYOU 3 YPAXYBAHHAM BUMO2 YUHHUX HOPM.

Knwuoei cnoea: cxosuwe, ykpumms, HAOMIPDHUNU MUCK NOBIMPAHOI YOApPHOI X6uili,
NPOHUKHEHHS Ma 8MOPUHHE CKOJIIOBAHHSL.

Beryn. Ha choromni € HaiOUThII TOMIMPEHUM BHJIOM 3aXHUCHHUX CIOPY
LIMBUIBHOTO  3aXHCTY «CIOPYOM TOABIMHOTO MPU3HAYEHHS 13 3aXUCHUMHU
BJIACTHBOCTSIMH YKPHUTTS», OCKUIBKH BIIMOBIAHO 10 YAHHOTO 3aKOHOJIABCTBA Y KpaiHU
YKPUTTIO Y TaKUX cHopyaax mijyisirae 6imusbko 90% HaceleHHs.

Ha mpaxTuili npu nmpoeKkTyBaHHI HOBUX 3aXHUCHUX CIIOPYJ [UBUIHBHOTO 3aXUCTY
3’ABHJIOCS Oarato MUTaHb, HAWBAKIIMBIIII 3 IKUX - IPU3HAYEHHS 3aXUCHOT CIIOPY/IU Ta
BU3HAYCHHS 3aXHWCHUX BIAcTUBOCTEH. [TOpIBHSHO 3 YKPUTTSM, CXOBHIIEC € 3HAYHO
CKJIQIHIIIOK Ta OUIBII 3aTPATHOIO 3aXMCHOIO CIOPYJIOI0 IMBUIHHOTO 3aXUCTy, a
YKPHUTTS B HhOMY TIepe10a4aeThCsl OpraHi30BYBaTH BUKITFOYHO JIJIST OKPEMHUX KaTeropii
HACEJICHHS, HAIPUKIIAJ, JIJIs TIEpCOHANy 00’ €KTIB KPUTUYHOI 1IH(PPACTPyKTypH, SIKI B
CUJTY 0COOJIMBOCTEN TEXHOJIOTTYHOTO MPOIIECY HE MAIOTh MOKJIMBOCTI MOKUHYTH TakKi
00’ €KTH.

BpaxoByroun BiJICYyTHICTh JOCTaTHHOI KITBKOCTI 3aXMCHUX CIOPY] IUBLILHOTO
3aXMCTy Ta CHOPYA MOABIMHOTO MPU3HAYEHHS 1 HarajbHy MOTpedy B HAPOIILYBaHHI
($hOoHIYy 3aXHUCHUX CIIOPY/I, B 0COOIMBHII 1epiof (B yMOBax BiifHH ) OCHOBHA yBara majia
0 Oyru mnpuaiieHa TMPUCKOPEHOMY OYIIBHMIITBY caMe€ YKPUTTIB abo CHopyn
MOABIHHOTO IPU3HAYEHHS 13 BIAMOBITHUMH 3aXHCHUMHU BJIACTUBOCTSIMU [1].

JIbH B.2.2-5:97 «3axucHi cnopyau IUBUIBHOTO 3aXUCTy» 3 3MiHamMu Nel (ymHHA
3 01.10.2006), Ne2 (yunna 3 01.04.2012), Ne3 (umnna 3 01.08.2018), No4 ta Jlogatok
1 (umnani 3 01.08.2019). Kuis, Minbyn VYkpainu, 1998. 125 c. (Hamionanpuwmii
CTaHJapT YKpaiHu) HE BIAMOBIJAaB Cy4yaCHUM BHUMOTaM ITiCJIsl BBEJACHHS B YKpaiHi
BOEHHOTO cTaHy. 3 mucronana 2023 poky Bcrynus B aito JIBH B.2.2-5:2023 «3axucHi
CIIOPY/IU LIUBLIILHOTO 3aXUCTy» [2, 3].
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Ane JIBH B.2.2-5:2023 @QaxTuuHO YpIBHIOE 3a BHUMOTaMH HOPMH JO
MPOEKTYBaHHS JUIsi OYIIBHUIITBA CXOBHMIIl Ta YKPUTTIB, 30KpEMa, II0JI0 iX 3aXHUCHUX
BJIACTHBOCTEH, 1 HE mepeadadae CTBOPEHHS MIBHUAKOCIOPYIKYBATbHUX 3aXHUCHUX
CHOpyA LHMBUIBHOTO 3axuCTy. Bce 1€ yCKJIaIHIOE TMPOIEC CTBOPEHHS 3aXMCHUX
CHopy, 30UIbILIye HEOOX1IHUM JI71s1 iX OyAIBHUITBA Yac Ta MiABUILYE iX BapTICTh.

BuknagenHsi 0CHOBHOT0 MaTtepiajy. Y 11iii poOOTi IpHUaiJIeHa yBara 3MiHam B
JIBH B.2.2-5:2023, siki CTOCYIOTBCS PO3/1Ty KOHCTPYKTUBHUX pillieHb. OCHOBHUMU
MOMEHTAaMHU JUIsI 3MIH Y PO3/1LTy KOHCTPYKTUBHUX PIlICHb OyIIH:

1. [IponricaHO TOHSTTS «CXOBHUIA» Ta «YKPUTTS», «CHOPYAU TOJBIMHOTO
MpU3HAYEHHSI 13 3aXUCHUMHU BJIACTMUBOCTSIMHU CXOBHINl a00 MpOTHpaaialliiHUX
YKPHUTTIBY.

2. 3axMCHI CHIOpYAW Ta CIOPYAW TOJABIHHOTO MPHU3HAYEHHS MPOEKTYIOTHCSA Ta
OyylOTbCS TaKUM YHMHOM, II00 MPOTATrOM MEBHOro 4acy (10 48 roawH) CTBOPUTH
HaJIeKH1 YMOBH JIJIsl IepeOyBaHHs JIIOJEH, [0 MIJUISTaloTh YKPUTTIO, Ta 3a0€3MeYUTH
iX 3aXMCT UUIAXOM BHUKIIOYEHHS ab0 3MEHIIEHHS TMPOTHO30BAaHUX BIUIMBIB
HeOe3MeYHNX YNHHUKIB, K1 MOXKYTh BUHUKHYTH SIK CKJIaJIOBa YaCTUHA HEOE3MeUHUX
SIBUII] HAJ[3BUYANHOI CUTYallli, BOEHHUX (00MOBHUX) /il Ta TEPOPUCTUUHHUX AKTIB.

3. B Tabmumi 1 ta 2 Jlomatka A mpu po3moisii CXOBHUII] Ta YKPUTTIB Ha KJIACH Ta
rpymnu OyJiv 3MIHEHH1 HAaBaHTaKCHHS B1J1 HAIMIPHOT'O TUCKY MOBITPSHOI yIapHOT XBUJII
APex B 3aJIe)KHOCTI BiJl PO3MIIICHHS X CIIOPY/] HA MICIIEBOCTI.

4. ]lnsi OoKpeMO pO3TallOBaHUX 3aXHCHUX CIOpPYA Ta CHOPYA MOJABIMHOTO
MPU3HAYCHHS PEKOMEHIOBAHO BIAIITOBYBATH IO MEPUMETPY Ta 3BEPXY AOIATKOBE
MOKPUTTS ITPYHTOM a00 1HIIMM CHUITYYUM MaTrepiajioM ImapoM He MeHie Hik 0,8 M i
BJIAIIITYBAHHSM 110 BEPXY TBEPJOTO MOKPHUTTS a00 eKpaHa.

5. BBeneHHsT TOHATTS TPaHUYHE PO3PAXyHKOBE 3HAUEHHS KBa3iCTATHUYHOTO
HABAHTAKEHHS (exd -

6. loGaBneno po3ain «IIpoHMKHEHHS Ta BTOPUHHE CKOJIIOBaHHS». B sxomy
BKa3aHO, 1110 B XO/[1 MPOEKTYBAHHS 30BHIIIHIX CTiH, TOKPUTTSI, KOHCTPYKI[iH TaMOyiB,
TaMOyp-IIUTI031B, 3aXUCHUX CTIH-€KpPaHIB, KOHCTPYKIIH aBapiiHUX BHUXOMIB CI1J
BUKOHYBATH iX TIEPEeBIPKY Ha MPOOUTTS (NMIPOHMKHEHHS) yJaMKamMH  3aco0iB
3BUYANHOT0 BpakKeHHs, & TAKOK Ha YTBOPEHHS! BTOPUHHOI (hparMeHTarlii (CKOJIIOBaHHS
OeTOHY Ha BHYTPINTHINA MMOBEPXHI) 3a3HAYCHUX KOHCTPYKITIH.

BcranoBneHnH1 MiHIMaIbHI TOBIIIMHU KOHCTPYKIIIH, 110 3/1aTHI Y JOCTATHIN Mipi
MIHIMI3yBaTH CTIHKICTh KOHCTPYKIIIA 1O MPOHUKHEHHS [TPU BUKOHAHHI ii y OAMH 11ap,
a TakoX TpuBeneHa (opmyna Ta TaOMUI 711 BU3HAYCHHS MPHUBEICHOI TOBIIMHU
€JIEMEHTIB BCIX IIApiB KOHCTPYKIii. TakoX MpUBEIEHI YMOBH, SIKI MOBUHHI OyTH
BUKOHAHHI JJIs 3a00ITaHHs MPOHUKHEHHIO yJIAMKIiB Ta YHUKHEHHS SIBUIIA BTOPUHHOT
dbparmeHTarii.

7.3 METOH 3MEHILIEHHSI BIPOTIJHOCTI MHPOHUKHEHHS Ta 30UIbIICHHS OIOpPY
KOHCTPYKIlli BTOPUHHOMY CKOJIIOBAaHHIO Y BCIX 3aI300€TOHHHX eJeMEHTaXx
3a3HaueHux y 14.2.3.1 apMyBaHHS NPUHAMAETHCS MO PO3PAXYHKY, ajle HE MEHIIE HIXK
3 psAu CITOK 13 3MIIIEHHSM YapyHOK OJ[HAa BITHOCHO 1HIIOI Ha 1/3 KpoKy dYapyHKH.
3axucHui map OETOHY 13 CTOPOHM BHYTPILIHBOI MOBEPXHI MOBUHEH CTAHOBUTH HE
MeHIIIe Hixk 25 MM Ta He Oubie Hik 40 MM. Kpok CTpHkHIB y CiTKaX y MO3J0BKHbOMY
Ta TMONEPEYHOMY HaNpsIMKaxX MOBUHHI CTAHOBUTU HE Oinbiie HDK 150 mwm.
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Minimanbauil giameTp CTpukHIB ciTok 12 mm. CiTku MOBHMHHI OyTH pPO3HECEHI IO
TOBIIIMHI ITepepi3y KOHCTPYKIIii Ha BiACTaHb HEe MeHIe 50 MM M1k CITKaMH Y IIPOCBITI.

VY it poOOTI PO3IIISIIAETHCS 3aXUCHA CIIOPYAa MBUILHOTO 3aXUCTY PO3MIPOM B
miani 57,0x21,7v, ymoBHa Bucota Oymimi 2,700. 3a ymoBHy mo3nauky 0,000
NPUIHATO PIBEHb YMCTOI MIJJIOTH MEPUIOr0 MOBEPXY, LIO BIANOBIIAE aOCOIOTHIM
BigmiTi 44,850 M. Vipurrs momero 1140m? pospaxosano Ha 300 gonosik (puc. 1).
B ykputTi nependadeHo mpuUMIiIeHHs I 30epiraHHs TPOIYKTiB, OPYIHOTO OATY,
CaHBY3/H (y TOMY YHUCHI JJIsI MAJIOMOOUTHbHUX TPYH), MEAIMYHKT, MPUMILIEHHS OaKiB
3amacy BOJAM, BCEHTWIALIMHA KaMmepa, eJeKTpOoIIMTOBa. BXoau B mijBaibHI
NPUMILIEHHS — 32 IHAUBIAYAJIbHUMH CXOJIAMH — Y KUIBKOCTI 3 IITYK.
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Pucynok 1 — Ilsian Ha nosu. +0,000
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KoOHCTpYKTHBHO-IIJIaHYBaJIbHI PIIICHHS BXOAIB (BUXOIB), MiJHECEHUX HaJ
MOBEPXHEI0 YKPUTTS, PO3TAIIOBaH1 Tak, 100 3a0e3nmeuyBaTi HEOOX1THUI 3aXUCT BiJl
10HI3yI0YOr0 BUIIPOMIHIOBAHHS Yy pa3l paJl0aKTUBHOIO 3a0pyIHEHHS MICLIEBOCTI, Jli
3aCc001B 3BUUAWHOTO0 YPa)XKCHHS T4 BUKIIOYATH MOMJIMBICTD X MPSIMOTO MOTPATUISHHS
y TPUMIIICHHS K1 3aXUIIatoThes. g poro nependadyeHo BIAITYBaHHS y BXOJax
(Buxomax) moBopoTiB mix kKyrom 90°, a TakoX 3aXMCHHX CTiHOK-€KpPaHiB HPOTH
JIBEPHUX TMPOPI3IB 3 MEPEKPUTTAMU MK €KpaHAMHU 1 YKPUTTSIM.

3axucHa cropyaa po3TamioBaHa Mg 3emiero (puc. 2). JIis 10AaTKoOBOTO
MIBUIEHHS  3aXMCHUX  BJIACTUBOCTEM  BUKOPUCTOBYBAJIOCS  OOBaJyBaHHS
CYTJIMHUCTUM I'PYHTOM BUCOTOIO 1,5M.
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Pucynok 2 — Ilonepeuynuii po3pi3 yKpurTs

3rinno [Homarka A JIBH B.2.2-5:2023 npuifHATO Tpyna 3aXHCHOI CHOPYAH
MO/ABIAHOTO MPU3HAYCHHS 13 3aXHUCHUMH BIACTUBOCTSIMH MPOTUPATIALIHHOTO YKPUTTS
- rpyna II-1, ToOTOo 3axucHa cropyJa poO3TalloBaHa y 30HI MOMJIMBHX 3HAYHHUX
pyWHYBaHb, 3aXHMCHI BJIACTUBOCTI — HAAMIPHUN THUCK MOBITPSHOI YJAapHOi XBHWII
100kI1a, koedimieHT nocnabneHHs pagianiiiHoro BBy — 1000.

Cnopyia moaBiHOTO MPU3HAYCHHS Ma€ OYTH 3alPOEKTOBaHA TAKUM YUHOM, III0
O OJHOYACHO 3aJOBOJILHATHM BCTAHOBJIEHI BHMOTH BIAIOBIAHO JO 000X
GyHKIIOHATBHUX TMPU3HAYeHb Ta MaTH 3axHCHI BJIACTUBOCTI CXOBHIN abo
npoTupamiaiiHuX yKpUTTiB. [Ipy mpoekTyBaHHI CIOPY]l MOABIHHOIO MPU3HAYCHHS
nopsin 3 nosioxkeHHssMu HopMm JIBH B.2.2-5:2023 «3axucHl cnopyad LHMBLIBHOTO
MPU3HAYEHHS» CIIIJI TaKOXX KEPyBaTHUCh TMOJIOKEHHSIMU OYIIBETbHUX HOPM, IO
BCTAHOBJIIOIOTH BUMOTH 710 Oy/1iBeJIb a00 CIIOPY/T 3 BUBHAYEHOIO (DYHKITIEI0 (FKUTIIOBA,
BUPOOHMYA, CyCUIBHO-TPOMAJIChKA TOIIIO), 1110 € OCHOBHOIO TSl HUX [4+5].

KoncTpyktuBHa cxema OyaiBii YKpUTTA Oyjla TpUHHATA — MOHOJITHHHN
3ami300eTOHHUI Oe3purenbHuid  Kapkac. [IpuitHITH po3MipH  KOHCTPYKTHBHHUX
€JIEMEHTIB:
. @yHaamMeHTH — pyHJaMEHTHA TIMTa TOBIMHOI0 400 MM.
. CTiHM 30BHIIIHI — MOHOJITHI, 3a11300€TOHHI, TOBITUHOIO 350 MM.
. CTiHU BHYTpIIIHI — MOHOJITHI 3a11300€TOHH1 TOBIIMHOIO 200MM.
. [Tinonu — MmoHoiTHI, 3am1300eToHHI 4000x200MM, 5000x200MM.
.[lnutr TIepeKpUTTs Ta TOKPUTTS — MOHOJITHI, 3a71i300€TOHHI TOBIIMHOIO

350mM, 400MM.
. Cxoam — MOHOJIITHI, 3aJ11300€TOHHO JIBOX Ta TPHOX MapIiioBi. TOBIIMHA TUTUTH
cxoaoBoro mapury — 160 MM, ToBIIMHA MIIMTH Maiiaanyrka — 200 M.
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Jlsis BUTOTOBJICHHS 3a1i300€TOHHHUX €JIEMEHTIB KOHCTPYKILIii OyB NpUMHATHN
Baxkuii Oeron kmacy C20/25 wHa cynabdaTocTiikoMy IIEMEHTI, MapKu
BOZOHENPOHUKHOCTI W6. Jlns apMyBaHHS 3a/11300€TOHHUX KOHCTPYKUIA Yy SIKOCTI
OCHOBHOI'O apMyBaHHSI BUKOPHCTOBYBajach apmarypy kiacy AS00C, A240C ACTY
3760:2006.

['eonmoriuni ymoBu OyAiBEIBHOTO MalilaHYMKa HACTYMHI — HECY4YWd Map
npuiinsatuit II'E 3 cymicok JiecoBuil, BAXKKUN, CBITI0-)KOBTHH, TBEPIUN, MPOCATHUM 3
HACTYITHUMH  XapaKTePUCTHKAMH: WineHicTs TpyHTa Y1 = 15,6kH/M’; Kyt

BHYTpilIHBOro Tepts ¢ = 15°; 3uenmenns ¢; = 5klla; nmpupoana sonoricts W=0,160;
BOJIOTICTh Ha rpaHull po3kadyBaHHd W,=0,18; Bosoricte Ha rpaHuIl IUIMHHOCTI
W1=0,26; monyns npyxaocti E = 12,0 MIla; nmopucricte ¢ = 0,971; xoedirmient
BojoHacuueHHs Sr = 0,44; moka3Huk mmHHOCTI [1<0. Ilig3emHi Boau Ha mepiof
re0JIOTYHUX BUIITYKYBaHb PO3BiTyBaJIbHUMHU CBepAsIoBUHAMH 10 Tiubuau 10.00M He
po3kpuTi. CelicMivHICTh paiioHy OyaiBHunTBa — 7 6anis (JIbH B.1.1-12: 2014 poky,
kapta 3CP-2004-A). 3rimno Tabmumi 5.1 usoro x JIBH, karteropis IpyHTIB
TUISTHKA OyJIBHHUIITBA 3a celcMIYHUMHU BiacTUBOCTsMU Il (apyra), Takum 4YuHOM
ceiicMiyHicTh AUIstHKA OyaiBHuuTBa 7 OamiB (JABH B.1.1-12-2014). Kareropis
CKJIQJHOCT1 BJIAINITYBaHHS OCHOB Ta (DYHJAMEHTIB 1 MIA3€MHHX CIIOPYJ Ha AUISHII
—II (mpyra) ABH A.2.1-1:2008, Jlomatok 1.2.
3axucHa criopyna Oyia po3paxoBaHa 3a TPpaHUYHUMHU CTaHAMU MEPIIOi Ta APYTrol
rpyn. OCHOBHMM HaBaHT)XEHHSIM OyB BIUIMB Jiii MOBITPSHOI yJapHOi XBWJII Ha
KOHCTPYKIlii, SIKHA BpaxOBYBaBCSA TPAHUYHUM PO3PaXyHKOBHM 3HAYCHHSIM
KBa3iCTATUYHOTO HAaBaHTAKEHHs. [IpM MPOEKTyBaHHI OKpPEMO PpO3TAIIOBAHUX
3aXHCHUX CIIOPY/I, sIK1 OyIyIOThCSl y CEUCMIYHUX palioHaX, pO3paxyHOK Ha CEMCMIYHUMN
BIUTMB HE BUKOHYETHCA.
['panuune  po3paxyHKOBE  3HAYEHHS  KBa3ICTATUYHOTO  HaBaHTAKCHHS
OOUHCITIOETBCA 32 POPMYJIOLO:
Jex,d = Yfm ° q ex,eqvs (1)
J€ (exeqv — KBA3ICTATUYHE XapaKTEPUCTUYHE HABAHTAXKEHHS, IO MPUAMAEThCA
PIBHUM  KBa3iCTATUYHOMY  HABAaHTAKEHHIO  (E€KBIBAJEHTHOMY  CTaTUYHOMY
HaBaHTa)XEHHIO) Ta BU3HavaeThes 3a m.14.1.3.1 — 14.1.3.8 JIBH B.2.2-5:2023.
Ym — Koe(biuieHT HAA1MHOCTI 32 HAaBaHTAKEHHSM JIJISl TPaHUYHOTO PO3PaxyHKOBOTO
3HAYEHHS KBa31CTAaTUYHOI'O HABAHTAXKEHHSI, SIKUHW CII1I IPUHAMATH Yy = 1,00.
[IpuBeneHe HaBaHTa)KEHHS HA €JIEMEHTH KOHCTPYKIIM BH3HAYAETHCS YMOBaMHU
nii TOBITPSHOT yAapHOi XBWJII HA 3aXUCHY CIOPYIY 3ajJeXHO Bi PO3MIIIEHHS,
3arauOJIeHHs iX y IPYHT Ta rigporeonoriyaux ymos (pucyHok 14.1, JIBH B.2.-5:2013).
[IpuBenene HaBaHTa)XCHHS BiJ BIUIMBY IMOBITPSHOI yaapHOi xBuii Pn mpuiiMaeTbes
PIBHOMIPHO  PO3MOAUICHMM MO  IUIOMII  Ta  MPUKIAJACHUM  HOPMAJIbHO
(meprneHIuKyJIIpHO) O MOBEPXHI KOHCTPYKIIi 3a cxemor «a» pucynka 14.1 JIBH
B.2.-5:2013.
PospaxynkoBuit Haamipauii Tuck APex, klla nns rpynu I1-1 3axucHoi criopyau
npuitmaBes 100kl 1a BigmoBigHOo 10 Tabmui A.2, monatky A, JIBH B.2.2-5:2023.
[IpuBenene BeprrkagbHe HaBaHTaxeHHs P, k[1a Ha MOKPUTTS 3aXUCHOT CIIOPY U
3aJeKHO BiJ CXEMH MpPHUKJIaJaHHs MPUBEIECHOTO HABAaHTAXXCHHSI BHU3HAUYAIHCS 3a
dbopmyrnamu, HaBegeHuMu B Tabmumii 14.1 JIBH B.2.2-5:2023.

ISSN 2663-5712 104 www.sworldjournal.com



32.

SWorldJournal Issue 28 / Part 1 \Qp

[IpuBeneni ropusoHTaidbHi HaBaHTaxeHHs P,, klla, mo mnepematoTecs Ha
30BHIIIHI CTIHM, BU3Ha4Yamcs 3a popmysnamu B Tabnuii 14.2 JIBH B.2.2-5:2023.

[IpuBenene BepTukanbHe HaBaHTaxeHHA Ps, Pg (klla), mo nepegaerbcst Ha
bynaameHTH, BU3Havanucs 3a popmynamu B Tabsmmi 14.5 JIBH B.2.2-5:2023.

BignosigHi koediieHTH npuitManucs 3rigHo tTabauus 14.3, 14.4.

[IpuBenene HaBaHTa)XEHHS Ha BXOJHM Ta aBapiiiHI BUXOJIU 3aXUCHUX CIOPYI
BU3Hauanucs 3a popmynamu B Tabnuiii 14.6, iagnoBiaHi koeddiienta — tadn. 14.7,
14.8.

[IpuBenene BepTUKaibHE HABaHTaXKEHHS P puitmaemo 3a hopmMynoro

P, = APex = 100kIIa (2)
P> =Ko *APex = 0,4*100=40xI1a 3)
[Tpu Sr<0,5 ( 3a 3aBnannsm Sr=0,44) npuitmaemo 3a tadmuiero 14.3 Ko=0,4.
Ps = APex = 100kIIa 4)
[IpuBeneHe HaBaHTa)XCHHS Ha BXOAU TPUKHMAEMO
P=Ks * APex =2,2 *100 = 220kI1a (5)

KBazicTaTuuHe HABAaHTAKEHHS (ex eqv HA €IEMEHTH 3aJ11300€TOHHUX KOHCTPYKILIN
noKpUTTiB 3axucHux cropyd Ta CIIII i3 BIANOBIAHUMH 3aXUCHUMU BIACTUBOCTSIMU
npuiiManocs piBHUM IMPUBEIECHOMY HaBaHTa)xeHHIO 3a 14.1.2.2, moMHOXeHOMY Ha
koedimienT nuHamiyHocTi Ky, 1o npuiimaeTses 3a Tadnuiero 14.8.

BepTI/IKaJII:.He KBa31CTaTUYHE HABAHTAXKEHHS (excqv (ITO310BXKHE 3yCHILIA Bix mii
yAQpHOi XBUJII HA TOKPHUTTS) MPU PO3PAaXYHKY KOJIOH 1 BHYTPIIIHIX CTIH CIIJ
BU3HAYATH PO3PAXyHKOM 3 BpaxXyBaHHSIM HaBaHTKCHHSI B1Jl TOKPUTTS, III0 BU3HAYCHE
3riguo 3 14.1.3.1.

BepTukanbHe KBa3iCTaTUYHE HABAHTAXECHHS (exeqv (MO3JOBXKHE 3yCUIUIA) HA
30BHIIIHI CTIHM BiA Aii TOBITPAHOT yAapHOi XBHJII HA TOKPUTTS BHU3HAYAIOCS
PO3pPaxXyHKOM 3 BpaxXyBaHHSM HABaHTAKECHHS Bl MOKPUTTS, 10 BU3HAYEHE 3T1HO 3
14.1.3.1.

[Ipu po3paxyHKy 3O0BHIIIHIX CTIH CJiJi BpaxoOBYyBaTH, IO BEPTHUKAJIbHE
(MO310BXKHE 3yCWJUIS BIJ Jii yJapHOi XBWJl Ha TOKPUTTS) Ta TOPU3OHTAIIbHE
€KBIBAJICHTHE CTATHYHE HABAHTAXKECHHSI JIIFOTh OJTHOYACHO.

['opu3oHTanpHe KBa3iCTaTUYHE HABAHTAXKEHHS MPHU PO3PAXYHKY 30BHIIIHIX CTIH
BHU3HAYAIOTH 32 (POpMyII0T0:

qex,eqv = Pmax *KI[ *KO, (6)
1€ Pmax — IMpUBEICHE TOPU3OHTATIbHE HaBaHTaXeHHs, Klla, ike BU3HAYAETHCS 3T1THO 3
n.a. 14.1.2.3, 14.1.2.6 JIBH B.2.2-5:2023;

Ky — koedilieHT TMHAMIYHOCTI, SIKUWA TpUAMaeThCs 3a Tadnuiero 14.9;

Ko — koeodimienTt, sfkuili BpaxoBy€e 3MIHYy THCKY Ha CTIHH 3a paxXyHOK
TOPU30HTAJIBHOI CKJIaJ0BOi MacoBO1 IMIBHUAKOCTI YaCTOK IPYHTY, 3aTyXaHHS XBHII
CTUCKY 3 IMTMOMHOIO 1 3HU)KEHHSI TUCKY 32 PAXyHOK pyXy CIOpy v Ta aedopmariii CTiH.
st 3arnmubnennx Ta oOBallOBaHUX CTiH 3Ha4eHHs koedimieHta Ko mpuiimaerbces
piBHUM 0,8 Mpu po3paxyHKy 3a PO3PaxyHKOBOI yMOBOIO [A.

[Ipu po3paxyHKy CyHUIBHUX (PYHIaMEHTHUX IUIMT BEPTHKAJIbHE KBa3iCTaTUYHE
HABAHTAXKEHHSI MPUUMATH PIBHUM MPUBEICHOMY HAaBaHTAXKEHHIO, SIKE BU3HAYAETHCS
3a 14.1.2.5 JIbH B.2.2-5:2023, noMHoxeHOMY Ha Koe(ilieHT nuHaMiqHOoCT Ky, kit
npuitMaeThCs 3rijHo 3 Tabmunero 14.11.
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OronoBku aBapiiHUX BHXOJIB, MIAHECEHWX HaJ TOBEPXHEI0  3eMJIi
pPO3paxoByBaJOCh HAa FOPU3OHTAJIbHE KBAa3ICTATUUHE HABAHTAXKEHHS (exeqv, SKE
JOpPIBHIOE ~ HAJMIPHOMY THCKY Yy (pOHTI MOBITpAHOI ynapHoi xBuil APex,
MMOMHOXKEHOMY Ha KoedilieHT quHamigyHocTi Ky = 2.

KBa3zicTaTuuHe HaBaHTa)>KEHHS (ex,cqv HA 30BHIILIHI CTIHH y MICLSX pO3TalllyBaHHS
BXOJIIB, Ha CTIHM TamOypiB-IIUIIO31B 1 TaMOypiB, HA OrOPOKYBaJbHI KOHCTPYKIIiT
aBapIMHUX BUXO/IIB Ta 3aXMCHO-TEPMETHYHI ¥ 3aXUCHI JABEPI CIiJ MpUIMaTH PIBHUM
IPUBEJICHOMY HABaHTA)XCHHIO, $KE BHU3HAYaeThCsA 3rimHo 3 Tabm. 14.1.2.6,
MMOMHOXKEHOMY Ha KoedinieHT quHamidHocTi Ky 3rigHo 3 Tabnunero 14.12.

3 ypaxyBaHHs KOe(ill€eHTa AUHAMIYHOCT1, OTPUMAEMO:

- nnsa nokputts Ky npu po3paxyHkoBoi ymoBH [A 3a tabn. 14.8 Ky =1,2

Qexeqv (P1) = 1,2* 100 = 120kIIa (7)

- gns 3oBHimHIX cTiH K =1,0, Ko = 0,8 — nns okpemo po3TamioBaHHX,

0OBaJIOBaHUX CTIH
Qex.eqv (P2 ) = P2 *Kj; *Ko = 40*1,0*0,8=32xI1a (8)

- Uit GyHIaMEHTHUX IUIUT OKPEMO PO3TAIIOBAHUX HA HECKEJIbHUX IPYHTAX MPH

PO3paxyHKy 3a po3paxyHKoBow ymoBow [A Ky =1,0
Qexcqv (Ps) = 100*1,0 = 100xI]a. 9)

- Ha eleMeHTH BxoliB mnpuiiMaemo Ky =1,5 mpu tumy BXoay — 13 CXOAOBUX

KJIITOK TMPHU BXO/I1 Y CXOJOBY KIIITKY 3 BYJHIII
Qexeqv (PBXx )= 220*1,5 = 330kI]a. (10)
Po3paxyHkoBi cxemu OyayTh BUTTISIIATH TaK, sIK MPECTABICHO HA PUCYHKY 3.

a) 0)
q1=120 &1z
I
G=330 klla : — G=330 klla
N T R R T R N TS N R
§s=120 T _ S — §:=120 /T2
1 R A T Ty Tl f
= _ [ S I
§:=32 klla q2=32klla — i
|
NN N T AV 1 11
Ge=100 k12 =100 T2/

Pucynoxk 3 — Po3paxyHkoBa cxema:
a — 0151 0CHOBHOI KOHCMPYKYii, 0 - 0715 6xX00i8

Po3paxyHok 3axucHOI cmopyAau NpoBoauBcs B mporpami Monomax-Camp 3
MPUKIAJaHHSIM BUYMCICHUX HaBAaHTA)XCHb BiJI BILUIMBY JIii MOBITPSHOT YAapHOI XBUIII
Ta CTATHYHUX EKCIUTyaTalllfHUX HaBaHTaXeHb. B pe3ynpTari OTpuMaHuX JaHuX OyIio
MPOBE/ICHI MEPEeBIPKM MIITHOCTI TPYHTY OCHOBH, pO3paxyHOK (yHIaMEHTy 3a
nedopMallisiMu OCHOBH; IOMTYCTUMUX MPOTHHIB TUIUT MOKPUTTAL.
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3rinno JABH B.2.2-5:2023 Oyma mnpoBeaeHa TmepeBipka Ha MPOOUTTS
(MpOHMKHEHHS) yJIaMKaMM 3ac00iB 3BUYAlfHOTO BPAXKEHHs, & TaKOX Ha YTBOPEHHS
BTOPUHHOI ()parMeHTallli.

MiHiManbHI TOBIIMHM KOHCTPYKIIIH, 110 3aTHI y JIOCTaTHIA Mipi MiHIMI3yBaTH
CTIMKICTh KOHCTPYKI[IM O MPOHUKHEHHS MIPU BUKOHAHHI ii Yy OJUH IIap — HaBeJIEHl y
tabmumi  14.13  JIBH B.2.2-5:22023. B xoml po3paxyHKiB BCl €JIEMEHTH
OrOpOJIKYBaJIbBHUX KOHCTPYKLIH YMOBHO MPUBOASITHCS 10 TOKa3HUKIB 6eTony C25/30.
[TpuBenena ToBmmHa hyp. BCIX HIapiB KOHCTPYKIIM BU3HAYA€THCS SIK:

By = 3 (b % ki ), (11)
ne h; — pakTuyna abo MpoeKTHA TOBIIMHA 1-T'O HIapy OrOPOJKYBaJIbHOI KOHCTPYKIIIT
(pOo3paxoBY€ETHCS OKPEMO JIJIsi KOJKHOTO IIIapy HECydoi KOHCTPYKIIii, BHYTPIIIHHOTO
03700JIEHHS, 30BHIIIHHOTO OOBATYBAaHHS, BCTABOK JOAATKOBUX €KPaHIB, «TIO(PSIKIBY
Ta 1HIIIE), MM;

Kupi ~ — IpuBeneHU Koe(illeHT MaTepiany MIAAATIMBOCTI MPOHUKHEHHIO IS
JAHOTO 1-I0 11apy OropoIKyBajJbHOI KOHCTPYKIIii.

3 MeToro 3amoOiraHHs MPOHUKHEHHIO YJIaMKIB 3aco0iB  ypakKeHHS Ta
HEJIOMYIIEHHsI HeOe3nmeku Mg ocid, 1[I0 MEepPeXOBYIOThCS, CyMapHO BCl IIApH
OrOpOJKYBaJIbHOI KOHCTPYKIIT TOBUHHI BIAMOBIAATH YMOB1  hyp > 330MM.

JUJi1 yHUKHEHHS SIBUIIIAa BTOPUHHOI (hparMeHTalli 6e3 BiIamTyBaHHs J0AATKOBUX
3ax0/[iB TOBUHHA BUKOHYBAaTUCh BUMOT'a hyp, > 520MM.

Jlane 3Ha4YeHHs MIHIMaJIbHOI IPUBEJICHOI TOBIIMHH MOXKE OyTH 3MEHIICHO [0
330mMM, 32 YMOBM BHMKOHAHHSI OJIHOTO 13 HaBeleHUX B M. 14.2.3.5 KOHCTPYKTHUBHUX
3aXO0/I1B.

Tak, ToBIIMHA 30BHIIIHBOI CTIHM (IKa pO3TallIOBaHA BUIIE PIBHS 3€MJI1) TOBUHHA
OyTu MiHIMalbHOT TOBIMHY 350MM mipu BuKopucTaHHi 6etony C20/25, Toxi

hyp =2 (350 x 0,943) = 330MM > 330MM.

Hpyra ymoBa 330MM > 520MM — HE BUKOHYETBHCS, TOOTO HEOOX1THO BUKOHATH
JIOTIOBHIOIOUN KOHCTPYKTHBHI 3aX0]IH.

[Tnuta mokputts ToBmMHOW 400MMm Geton C20/25 miA TOBIIMHOK TPYHTY Yy
1500mMm

hyp = (400 x 0,943 + 1500%0,228)=720MM > 330MM.

Hpyra ymosa 720mm > 520MM — BUKOHYETBCH.

J1J1s1 30BHINIHIX CTiH, pO3TAlIOBAHUX BHIIE PIBHS 3€MJI1 Ta IJIUT MOKPUTTS BXO/IIB
B SIKOCTI JIONOBHIOIOYMX KOHCTPYKTMBHHUX 3axo0[IB OyJI0 OOpaHO BIAILTYBaHHS
JI0JTaTKOBOTO IMTPOTUCKOJIBHOIO apMyBaHHSI, IKE BUKOHY€ETHCS 13 BHYTPIIIHBOT CTOPOHU
3aXMCHOro Iapy OeToHy Ha MIMOWHI He OIbllle HK 25MM Bil BHYTPIIIHBOI TOBEPXHI
3a11300€TOHHOI KOHCTPYKIIII CTaJleBUMHU CITKAMU J1aMETPOM CTPUXKHIB (ApOTY) HE
HIDKYE JiamMeTpa 2MM, 13 KpOKOM YapyHKU He Ouibiie HiXK 40MM IO KPIMHUTHCS J0
OCHOBHOI'O apMyBaHHS KOHCTPYKUIi (KpIMUICHHS BHKOHYBaTH HE MEHILE HDK 3
BUTKaMU B’SI3aJIbHOTO APOTY Y KOXKHIM TOUII, 13 KPOKOM He MeHIe Hixk S00MM B 000X
HaIpsiMKax).

[lpuknan apMyBaHHS IUIMTH TOKPUTTS MPHUBEICHO HA PHUCYHKY 4, MPHUKIa]
apMyBaHHsI 30BHIIIHIX CTIH Ha PUCYHKY 5, a, HA PUCYHKY 5, 0 — apMyBaHHS CTiH
BXO/IIB.
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. CMiHa MOHOTiMHa

Pucynok 4 — ApMmyBaHHS IVIMT OKPHUTTS:
a) naumu noKpummsi, 0) naumu NOKPUMmsL 6x00y

B po6oti 6y1no npoanainizoBaHo Ta mpopaxoBaHo ykpurts 3rigHo JIbH B.2.2-5:97
«3axuCHI COPYIY IMBUILHOTO 3aXUCTYy» 31 3MiHamu, a Takox 3rigHo JIbH B.2.2-
5:2023. B pe3ynbTaTi OTpMMaHO OCHOBHHI 00’ €M MaTepiaiB, MPUBEICHUIA B TaOIHUIT
1.

Amnani3 oTpuMaHux 00’ €MiB MaTepiaiiB MOKa3as, 110 3 ypaxyBaHHsIM HoBoro /IbH
30UThIIMIIOCH 00’e€M OeToHy B nutomy Ha 2% (B 30BHImHIX criHax Ha 23,4%),
apmatypu B 1i1oMy Ha 23% (B riuTi noKputTTs Ha 35%, B 30BHIIIHIX CTiHAX Ha 22%)).
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PucyHok 5 — ApmyBaHHA CTiH:
a — 306HIWHbOI cminu, 0 — CMIiHU 8X00i8

Taouuus 1 — Pe3yabTati po3paxyHkiB

EneMeHTH KOHCTPYKIIiT ‘ JABH B.2.2-5:97 | AbH B.2.2-5:2023
ToBmMHA KOHCTPYKTUBHUX €JIEMEHTIB
- pyH/1aMEeHTHA TJTUTa 400Mm 400mMm
- 30BHIIIIHI CTIHU 300mm 350Mm
- BHYTpIIIHI CTIHU 200Mm 200MMm
- TUTUTA MMOKPUTTS 400mm 400mMm
- CTIHM BXOJIIB 300MMm 400Mm
O06’em MatepialiB
@yHIaMEHTHA IUIUTA!
- 6eToH 524.4 524.4 m°
- apMarypa 66244 xr 72850 kr
30BHIIIIHI CTIHHU:
- OeToH 100,5 m* 127,0 m*
- apMarypa 8235 kr 11529 kr
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BayTpimHi cTiHu:

- OeToH 82,92 m* 82,92 m*

- apMarypa 5011,6 kr 5011,6 xr

Ilnnta nokpuTTs:

- 6eTOH 482.6 M 482.6 M

- apMarypa 62094,0 xr 96245,7 kr

CTiHU BXO/IB:

- OeToH 163,3 M 217,2 M3

- apMarypa 31886,2 xr 39857 kr
BCHOT'O 1353,72 m* 1380,3 m*

173470,6 kr 225493,3 kr
BucHoBkwu.

[IpoananizoBani OyaiBenbHi Hopmu JIBH B.2.2-5:2023 «3axucHi cnopyau
UBUIBHOTO 3axucTy» po3nin 14 «Po3paxyHOok Hecydnx Ta OropoKyBaJbHUX
KOHCTPYKIII», SKI BCTymwid B cwiy B Jucronaai 2023 poxky, Ha mpuUKIadi
3alPOEKTOBAHOI 3aXMCHOI CHOPYAM TOABIMHOIO MPU3HAYECHHS 3 3aXUCHUMU
BJIACTUBOCTSIMHU MPOTUPATIAIIAHOTO YKPUTTSL.

HenonikaMu HOpMAaTHBHOTO JOKYMEHTY € HecTada JeSKHX pPO3PaxyHKOBHUX
BUMAIKIB. Tak HE Mae JyTsl BU3HAUYCHHS Koe(ilieHTa x, Ta K, (Tadn. 14.7, 14.12 JIBH)
BUIAJIKy BUXOIB JUIsl OKPEMO PO3TAIIOBAHUX CHOPY/ Yepe3 BIACHI CXOJ0B1 KIITHHHU.

Ha npuxnazai 3anpoekToBaHOl 3aXUCHOI CHOPYAM HUBLILHOTO 3axucty Ha 300
4OJIOBIK OyJia po3po0iieHa KOHCTPYKTHBHA CXE€Ma CIIOPYAH Ta MIPOBEICHO PO3PAXYHOK
Ha aBapiiiHy KOMOIHallll0 HaBaHTAXEHb 3 BpaxyBaHHSAM KBa3ICTaTUYHOTO
HABAHTAXKEHHS BIiJ Jii MOBITPSAHOI yAapHOi XBWJl. TakoX BUKOHaHI MEPEBIPKA Ha
NpOOUTTA yJIaMKaMU 3ac00iB 3BHYAMHOTO BPAXKEHHS Ta YTBOPEHHS BTOPUHHOT
¢dbparmenTariii.

AHani3 pe3yabpTaTiB po3paxyHKIB 3alPOEKTOBAHOI CIOPYIH IIUBLILHOTO 3aXUCTY
3 ypaxyBaHHSM TPUHHATA MIiHIMaJIbHUX 3HAYCHb TOBIIMHU OTOPOKYBaTbHUX
KOHCTPYKITI/ Ta yHUKHEHHS TIOSIBU €(DEKTy CKOJTIOBAHHS HAa BHYTPIIIHINA MOBEPXHI CTIH
30UTBLIYIOTBCA BUTPATH Ha Marepiadu B JESKUX €JeMEHTax Ta B LUIOMYy 10 25
BiJICOTKIB.

3rizno unHHUX HOpM JIBH B.2.2-5:2023 po3poOmeHi By3iu apMyBaHHS TUTUTH
MOKPUTTS, 30BHIIIHIX CTIH BXO/IIB Ta 30BHILIHBOT OTOPOI)KYBaJIbHOI MOHOIITHOI CTIHHU.
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Abstract. Currently, the design and construction of defensive structures is extremely relevant
in the conditions of martial law. An analysis of the main provisions of DBN V.2.2-5:2023 "Protective
structures of civil protection" was carried out in the section of constructive solutions that underwent
changes.

On the example of the designed protective structure of civil protection for 300 people of shelter
group P-1, a structural diagram of the structure was developed and a calculation was made for the
emergency combination of loads, taking into account the load from the action of an air shock wave.
The structural scheme of the building is a reinforced concrete monolithic frame consisting of external
and internal monolithic walls and pylons. The structure is located underground, and in order to
increase its protective properties, it was planned to fill it with loamy soil 1.5 m high.

At the same time, the calculation of the seismic impact was not performed. Checks for
penetration by fragments of conventional impression means and the formation of secondary
fragmentation are also given. Reinforcement units of the main elements of the protective structure
have been developed, taking into account the requirements of current regulations.

Key words: storage, shelter, air shock wave overpressure, penetration and secondary

chipping.
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Abstract. This article introduces a theoretical model developed specifically for sustainable
urban planning in hot climates, where challenges such as extreme temperatures, water scarcity, and
rapid urbanization place unique demands on the built environment. The model emphasizes the
strategic integration of landscape infrastructure to create urban spaces that are both resilient to
climate-related stressors and sensitive to the preservation of cultural heritage. Through the
combination of green infrastructure, water-sensitive design, and renewable energy integration, this
approach aims to foster urban environments that prioritize both ecological sustainability and human
well-being. The model is significant in its ability to address the layered complexities of urban
resilience, cultural preservation, and environmental sustainability, providing a structured, adaptable
framework for city planners and policymakers. By applying this model, planners can create livable,
resilient, and culturally rich urban landscapes, supporting sustainable growth and enhancing the
quality of life in hot climate regions. This work underscores the vital role of landscape integration in
achieving sustainable urban development and offers insights into practical applications that respond
effectively to environmental and cultural imperatives.

Keywords. Strategic Urban Planning, Landscape Infrastructure, Sustainable Urban
Development, Hot Climates, Urban Resilience, Renewable Energy Integration, Thermal Comfort,
Cultural Heritage Preservation, Climate-Adaptive Design, Green Infrastructure.

Introduction.

Formulation of the Problem. The objective of this research is to develop a
theoretical model that enhances sustainable urban planning in hot climates, with a
particular focus on the integration of landscape infrastructure. To achieve this goal, the
following tasks have been outlined:

o Identify the primary environmental and socio-economic challenges associated
with urban planning in hot climates, such as extreme temperatures, water
scarcity, and urban sprawl.

« Examine the role of landscape infrastructure, including green spaces and water-
sensitive design, in mitigating urban heat, conserving resources, and enhancing
ecological resilience.

« Explore methods for preserving cultural heritage in urban planning, ensuring that
development respects and integrates historical and cultural sites.

« Analyze current urban planning approaches in hot climate regions, particularly
Casablanca, to assess their effectiveness in addressing environmental and
cultural challenges.

« Develop a structured model that balances sustainable growth, climate resilience,
and cultural preservation, providing practical guidance for urban planners and
policymakers.

Materials and Research Methods. To develop this theoretical model, a
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multidisciplinary approach was adopted, drawing on methods from urban planning,
environmental design, and landscape architecture. The research utilized Geographic
Information Systems (GIS) for spatial analysis, enabling the mapping of urban zones
and the identification of key areas for strategic infrastructure integration [10]. Climate
data analysis, using tools such as Climate Consultant 6.0 [9] and Ladybug Tools [11],
helped assess thermal comfort, water usage, and solar radiation patterns, providing
data-driven insights for sustainable design. Additionally, documents provided by the
Urban Agency of Casablanca (AUC) [12] served as foundational sources, offering
valuable planning data and strategic insights specific to Casablanca’s urban context.
This methodological framework allows for a comprehensive understanding of the
environmental, social, and cultural dynamics that influence urban planning in hot
climates.

Analysis of Recent Research Sources and Publications. Recent studies have
highlighted the growing importance of sustainable urban planning, particularly in hot
climates where environmental and socio-economic pressures are intensifying. Authors
like Beatley (2011) [3] and Gehl (2010) [4] have emphasized the role of green
infrastructure in improving urban resilience, while Jacobs (1961) [5] and McHarg
(1969) [6] have shown how planning practices can integrate nature and culture to
enhance urban environments. Research focused on North Africa, including insights
from AUC (Agence Urbaine de Casablanca) planning documents [12], points to the
increasing need for adaptive planning strategies that incorporate both climate resilience
and cultural preservation. The integration of renewable energy, water conservation
techniques, and cultural heritage into planning frameworks has been identified as
essential for creating sustainable and livable urban spaces. This article contributes to
these ongoing discussions by proposing a practical model that combines landscape
infrastructure with strategic urban planning to achieve sustainability, resilience, and
cultural preservation.

Main text.

Strategic Urban Zones and Functional Allocations. Urban planning in hot climates
demands strategic zoning to address environmental challenges while preserving
cultural and social values. The model for Casablanca prioritizes green belts, flood
management zones, and high-density areas for crowd management, which collectively
contribute to urban resilience and livability [Fig-1].

Green belts surrounding the city are designed to mitigate the urban heat island
effect by introducing extensive vegetation. These green spaces not only lower surface
and air temperatures but also promote ecological biodiversity and serve as communal
areas for recreation and social interaction. By fostering connections between natural
and built environments, green belts create multifunctional spaces that enhance both
environmental and social resilience.

Flood management zones are another critical component. Casablanca faces
seasonal rainfall, which can lead to flooding in vulnerable areas. This model
incorporates natural flood barriers, improved drainage systems, and permeable surfaces
to absorb and redirect excess water, protecting urban infrastructure and minimizing
damage. These flood management strategies seamlessly blend functional design with
aesthetic integration, ensuring they align with the broader urban vision.

ISSN 2663-5712 113 www.sworldjournal.com



SWorldJournal

Issue 28 / Part 1

A‘*:ﬁ

\

Version 2030 of the
Green Blet

spaces around Casablanca

availability by 2030,

Aims to expand and integrate green
to enhance
ccological resilience and  recreational

Green Roofs

Old Medina

Represents o historic area bung
preserved and  integrated  into
broader urbun renewal efforts to
maintain its cultural significance.

Principle Axes of
Urbanization Break

essential landscapes.

Strategic planning lines that guide
urban cxpansion and infrastructure
development  while  preserving

Features

systems.

Incorporate technology for su
water management, including automated
irrigation and smart rainwater harvesting

i

Smart Water,/) Ny

Employed as a
])rsl:l ce to reduce urban heat, improve

nsulation, and increase gl
urb-nsmmgs

sustainable  building

e SERE GRS

~ 1 Potential Flood
Zones

Areas at risk l'ﬂ»dlna

dev :Iopmm

~\ Potential Renewable

Energy Points

Designated areas optimal for renewable
energy generation, like solar and wind, to
support sustainable urban energy needs.

Crowd Management Area

and high activity)

C) Anthropological spaces (dense construction

Sutainable Urban Elements
v Potential renewable energy locations

W Lirigation and water conservation

Potential Urban Affordances
&%, Bicycle friendly pathways
ree® Walkways

Cultural and Social Spaces
(% Communication engaging spaces

44 Historical preservation

Sustainable Infrastructure
& -9 Potential Eco-transportation Pathways

Environmental Psychological Aspects
4 Hierarchy needs

@® Crowd management arcas

Figure 1- Research Model and the Urban Blueprint: A Strategic Model for

Sustainable Growth and Ecological Balance of Grand Casablanca.

High-density zones, often the most active parts of the city, require effective crowd
management to maintain safety and accessibility. These areas are structured to facilitate
pedestrian movement, reduce congestion, and support public transportation. By
organizing crowd management systems within high-activity regions, the model ensures
that urban expansion remains efficient without compromising safety or cultural

accessibility.
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Through these interconnected zoning strategies, the model provides a
comprehensive framework for sustainable urban growth in Casablanca. Each zone—
green belts, flood management areas, and crowd-controlled regions—addresses
specific environmental or social needs while contributing to the overall livability of the
city.

Sustainable Urban Elements and Infrastructure. In Casablanca’s model,
sustainable infrastructure addresses key challenges such as resource conservation,
energy efficiency, and climate resilience. By integrating renewable energy sources,
green roofs, and advanced water management systems, the model ensures a balanced
and adaptive urban environment.

Renewable energy systems are a cornerstone of this approach. Solar panels,
strategically distributed across rooftops and open spaces, harness Casablanca’s high
solar potential, significantly reducing the city’s dependence on non-renewable energy
sources. These installations contribute to lowering greenhouse gas emissions and
improving energy efficiency in high-demand regions. Their positioning supports
sustainable energy generation and positions Casablanca as a leader in climate-adaptive
energy strategies [Fig-1].

Green roofs provide natural insulation, reducing indoor temperatures and
lowering the demand for air conditioning. In addition to improving energy efficiency,
these installations create additional green spaces in the urban environment, fostering
biodiversity and improving air quality. By mitigating the urban heat island effect, green
roofs enhance ecological sustainability while improving thermal comfort.

Water scarcity, a critical concern in hot climates, is addressed through advanced
water management systems. Automated irrigation technologies monitor soil moisture
levels and adjust water distribution, preventing overuse and ensuring resource
conservation. Rainwater harvesting systems capture runoff during rainfall events,
storing water for later use in dry periods. These systems integrate seamlessly into the
urban design, reducing dependence on municipal water supplies and contributing to
Casablanca’s water resilience [Fig-1].

Collectively, these sustainable urban elements—renewable energy generation,
green roofs, and advanced water management—address critical environmental
challenges while improving resource efficiency. By combining ecological innovation
with practical urban design, the model demonstrates a holistic approach to
infrastructure planning, emphasizing sustainability, resilience, and environmental
stewardship.

Environmental and Psychological Aspects of Urban Design. Urban design in hot
climates must balance environmental challenges with the psychological and social
well-being of residents. Casablanca’s model integrates features that enhance social
interaction, promote mental well-being, and support a sense of community while
addressing extreme temperatures. This is achieved through the thoughtful placement
of shaded walkways, pedestrian paths, and social spaces that make public areas more
inviting and comfortable [Fig-1].

Shaded walkways and green corridors are crucial in providing relief from high
temperatures. Tree canopies, pergolas, and other shading devices are strategically
distributed along key pedestrian pathways, reducing direct solar exposure and creating

o
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comfortable routes for walking or cycling. These green corridors also link parks,
plazas, and cultural sites, fostering connectivity and a natural cooling effect that
enhances the livability of public spaces.

Social spaces, including plazas, gathering spots, and open areas, are designed to
facilitate community interaction and engagement. By integrating historically and
culturally significant sites into the urban framework, the model reinforces a sense of
identity and continuity. These spaces serve as venues for communal activities, cultural
events, and celebrations, strengthening community ties and fostering a shared sense of
belonging [Fig-1].

Eco-transportation pathways further improve accessibility and sustainability.
Bicycle lanes, pedestrian zones, and shaded resting areas encourage non-motorized
movement, reducing reliance on motorized vehicles and contributing to lower air
pollution. These pathways not only improve mobility but also enhance social
engagement by creating safe, inclusive spaces for residents and visitors alike.

Access to green spaces and well-designed public areas also has significant
psychological benefits. These spaces help reduce stress, promote mental well-being,
and provide opportunities for relaxation and recreation. By prioritizing environmental
and psychological design aspects, Casablanca’s model ensures that urban spaces are
not only resilient but also socially and emotionally enriching for residents.

Thermal Comfort and Climate Adaptation Strategies. Thermal comfort is a crucial
consideration in urban planning for hot climates, where extreme heat can significantly
impact livability and energy consumption. The model for Casablanca incorporates
design interventions that enhance thermal comfort, improving outdoor environments
and reducing heat exposure for residents and visitors.

Key strategies include the use of shading structures, green spaces, and reflective
materials to mitigate the urban heat island effect. Tree canopies and pergolas are placed
in high-traffic public areas to create shaded zones that lower temperatures and provide
relief from intense sunlight. These elements work in combination with reflective
materials on building facades and pavements to minimize heat absorption and enhance
overall comfort levels [Fig-2].
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The psychrometric analysis presented in Figure 2 compares natural comfort levels
with enhanced conditions achieved through these interventions. By reducing direct
solar exposure, these strategies help improve outdoor thermal comfort while also
reducing the demand for energy-intensive cooling systems.

Seasonal solar dynamics also guide the placement of shading elements. As
illustrated in Figure 3, shading structures are positioned to block excessive solar
radiation during the summer while allowing sunlight to reach public areas in cooler
months. This adaptive design approach ensures year-round functionality, balancing
thermal comfort with energy efficiency.

SWorldJournal Issue 28 / Part 1
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Figure 3 - Sun Shading Dynamics: Evaluating Thermal Discomfort and Comfort
Across Seasons in Casablanca

These climate adaptation strategies align with the model’s broader goals of
creating sustainable and comfortable urban spaces. By addressing the challenges of
extreme heat and enhancing thermal comfort, the model supports healthier, more
resilient environments that are better suited to the climatic conditions of Casablanca.

Climate Profile and Sustainable Energy Integration. A thorough understanding of
Casablanca’s climate profile is essential for effective urban planning in a hot climate.
The model incorporates climate-responsive strategies, such as renewable energy
integration and passive design techniques, to address energy efficiency while reducing
environmental impact [Fig-4].

Latitude/Longitude: 3337° North, 7.58° West, Time Zone from Greenwich 0
Data Source: IWEC Data 601560 WMC Station Number, Elevation 206 m
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Figure 4 — Seasonal Diurnal Climate Patterns: Monthly Averages of

Temperature and Solar Radiation in Casablanca
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Casablanca’s high solar potential provides a significant opportunity for harnessing
renewable energy. Solar panels are strategically positioned across rooftops, open areas,
and along key infrastructure to maximize sunlight exposure throughout the year. This
ensures a sustainable energy supply that reduces reliance on non-renewable sources
and lowers greenhouse gas emissions. These renewable energy installations align with
the city’s broader goals of sustainable urban growth and energy independence.

In addition to active energy systems, passive design strategies are employed to
optimize natural lighting and ventilation. Building orientations and public space
layouts are designed to leverage prevailing winds and minimize heat retention,
reducing the need for mechanical cooling and lighting systems. These techniques
further enhance the energy efficiency of urban infrastructure, contributing to a balanced
and adaptive energy profile.

The climate data, including temperature fluctuations and solar radiation levels,
are depicted in Figure 4, which provides a detailed overview of Casablanca’s seasonal
diurnal climate patterns. By analyzing this data, urban planners can tailor renewable
energy placements and passive cooling techniques to local conditions, ensuring optimal
performance.

Together, these climate-responsive strategies address Casablanca’s immediate
energy needs while positioning the city as a leader in sustainable urban development.
By integrating renewable energy systems and passive design solutions, the model
exemplifies how urban planning can balance environmental sustainability with energy
efficiency, creating resilient and adaptive urban spaces.
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Abstract. The design of highway vertical curves is a complex optimization problem that must
balance safety, comfort, construction cost, and environmental impact. Traditional design methods
often rely on simplified models and heuristics, potentially overlooking optimal solutions. This paper
presents an advanced mathematical framework employing optimal control theory and differential
geometry to model the vertical curve design problem rigorously. By formulating the problem as an
optimal control system, we derive necessary conditions for optimality using Pontryagin’s Maximum
Principle. We then solve the resulting boundary value problem using numerical methods.
Furthermore, we integrate artificial intelligence techniques, specifically deep learning, to enhance
computational efficiency. Numerical simulations with realistic parameters demonstrate the
effectiveness of the proposed method, showing significant improvements over traditional design
approaches.

Key words: highway, design, vertical curves, Pontryagin’s Maximum Principle, optimal
control theory, differential geometry, deep learning, artificial intelligence.

Introduction.

Highway vertical alignment design is a critical aspect of transportation
engineering, directly affecting vehicle dynamics, safety, and user comfort. The vertical
curve connects two differing gradients, requiring careful consideration of factors such
as sight distance, driver comfort, and construction costs. Traditional design methods
typically utilize parabolic curves based on prescribed standards, which may not capture
the full complexity of real-world scenarios [1].

This paper introduces an advanced mathematical approach to vertical curve
design, leveraging optimal control theory and differential geometry. By treating the
design problem as an optimal control problem, we can derive optimal solutions that
balance multiple objectives. Additionally, we employ artificial intelligence techniques
to manage computational challenges and improve solution accuracy [2].

Main text.

1.Mathematical Framework

We model the vertical curve design problem using the principles of optimal
control and differential geometry. Let x € [x,, x/] denote the horizontal alignment, and
y(x) represent the vertical elevation profile of the highway [3]. The objective is to find
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the optimal function y*(x) that minimizes a cost functional J while satisfying physical
and design constraints [4].

The cost functional is defined as:
xf

J= [1e0@ = 7 @) + B0 @) + yk)ax &
Xo

where: y,(x) - natural terrain elevation.

x(x) - curvature of the vertical profile.

a, p, and y - are weighting coefficients reflecting the relative importance of
earthwork cost, ride comfort, and safety.

The curvature x(x) is given by [5]:
Y (x)

KO = T )P (2)
Constraints:
Y(x0) = yo, y(xg) =yr (3)
Y '(x0) = s, ’(Xf) =Sy, (4)
|v" @) | < Vinax (5)

2.0ptimal Control Solution
We formulate the problem as an optimal control problem with state variables y(x)
and y'(x) and control input u(x) = y"(x). The state equations are [6]:

dy
Y _
dx u(x) (7)

The Hamiltonian H is [7]:
u 2
H = a(y - yt)z + ﬁuz + 14 ([1 + (y,)2]3/2> + Aly, + /12% (8)

where A;(x) and A,(x) are the costate variables.
Applying Pontryagin’s Maximum Principle, the optimal control #*(x) minimizes
the Hamiltonian, leading to the optimality condition [3]:
oH 02 ) u
ou O AP oy
Differentiating and rearranging terms, we derive a highly nonlinear differential
equation for y(x):

+1,=0 9)

1+
3.Numerical Simulations and Results
To demonstrate the effectiveness of the proposed method, we perform numerical
simulations using realistic parameters.
Simulation Parameters:
* Domain: x € [0, 1000] meters.
* Terrain elevation: y,(x) = 0.01x + 5 sin(0.0057x) meters.
* Boundary conditions: y(0) = 0 m, y(1000) = 20 m, y'(0) = 0, y'(1000) = 0.

14 <[ 4 2]3/2> By +aly—y)=0 (10)
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* Weighting coefficients: a = 1, f = 1000, y = 5000.

e Maximum allowable curvature: |x(x)| <0.001 m™".

We discretize the domain into N = 500 intervals and use a finite difference method
to approximate derivatives. The resulting system of nonlinear equations is solved using
a Newton-Raphson iterative scheme.

Comparison with Traditional Design:

For comparison, we also design a vertical curve using the traditional parabolic

method [2]. The total earthwork volume and maximum curvature are compared in
Table 1.

Table 1 - Comparison of design methods

Design Method Earthwork Volume Maximum Curvature
(m?) (m™)
Traditional Parabolic 25,000 0,0012
Proposed Optimal Control 18,500 0,0009

The proposed method results in a 26% reduction in earthwork volume and
satisfies the curvature constraints more effectively.

Artificial Intelligence Integration:

To enhance computational efficiency, we train a neural network to approximate
the optimal control u*(x). The network architecture consists of four hidden layers with
50 neurons each, using the hyperbolic tangent activation function [8].

2

The loss function is defined as:
N "
L=2y y( L ) — Bug () + € () = 7: ()| (A1)
N L | \[1+ (g (x))? P/ o o e
where uy(x) and yy(x) are the outputs of the neural network parameterized by 6.

After training for 1,000 epochs, the neural network accurately approximates the
optimal control and state variables, reducing computation time by 50% compared to
the iterative numerical method.

Conclusion

This paper presents an advanced mathematical approach to highway vertical curve
design, integrating optimal control theory and differential geometry. By formulating
the design problem as an optimal control system, we derive a complex nonlinear
differential equation that captures the trade-offs between earthwork cost, ride comfort,
and safety. Numerical simulations with realistic parameters demonstrate significant
improvements over traditional design methods, including reduced earthwork volume
and better compliance with curvature constraints.

The integration of artificial intelligence techniques, specifically neural networks,
enhances computational efficiency and offers a practical tool for engineers. The
proposed framework is flexible and can be extended to include additional factors such
as environmental impact and construction constraints.
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Anomauia. B pobomi pozensioaemvcsi Ho8e KOHCMPYKMOPCbKO-MEXHON02IUHEe PiuleHHs OJisl
38€0eHHs NPUYAIbHOI CHOPYOU 2pasimayitino20 muny npu GUKOPUCMAHHI HOB020 PAYIOHATLHO20
muny xam'snoi npusmu. Po3poonenuii cnocib 36edenHs 3a0e3nedye MONCIUBICIb OMPUMAHHSL
BEPMUKAILHOI MUNOBOI 2paHi KAM'AHOI pPO36AHMANICYBANLHOI NPUSMU, WO NPU3BOOUMDb 00
CKOPOYEeHHs. 8umpamu KAMeHl0 6 mini cnopyou ma 30ewesienHs 0yoisHuymea. /[nia Oanoi
KOHCMPYKYii po3p0OaeHO MeMOOUK)Y PO3PAXYHKY OIUHO20 MUCKY 3ACUNKU, WO OA3YEMbCA HA meopii
2PAHUYHO20 HANPYIHCEHO20 CMAHY, ajle GIOPISHAEMbCA IO THUWUX HAOTUNCEHUX MemOoOi8 MuM, o
8paxo8ye 6 3acunyi CHopyou HAABHICMb 080X 30H HANPYAHCEHO20 CMAHY (2paHU4HOo20 ma
002PAHUYHO20).

Knrouoei cnoea: 6iunuti muck ipynmy, epanuyHull i 002panUyHULL HANpylceHuli CmaH 3acunKi,
Kam sIHa npu3ma, NPUYaIbHAa Cnopyoad epasimayitino2o muny.

Beryn.

[lepcrieKTUBHUM HAmPsIMOM YJOCKOHAJICHHSI METOJUKH MPOEKTYBAHHS CIIOPYT
I'PaBITALIITHOTO TUITY € PO3pOOKa KOHCTPYKTUBHUX CXEM, SIK1 O BpaXOBYBaJId IIepeBaru
Ta BUKJTIOYAIA HEJOJIIKU BXKE HAIBHUX MOAU(IKAIIIH.

Sx mpaBuio, B TWIY NPUYAIBHUX CIOPYH BJIAIITOBYIOTH IPYHTOBY3aCHUIIKY.
HeratuBHuMHM 4YMHHHUKaMU POOOTH Takoi CHOpPyOu SK y OyjaiBelIbHUH, Tak 1 B
eKCIUTyaTaI[iiHuN TMepioj] € CyTTEBHM OIYHUN THCK 3aCHUIIKH MPU BEITUKHUX BUCOTaX
CTIOPY/IH, & TAKOX MOXJIMBICTh BUMUBAHHSI IPYHTY Y€pe3 IIIBU CTiHOK.

Y psAal BUMAAKIB BHUKOPUCTOBYIOTH TEXHIYHI pIIIEHHS, CTBOPEHI 3aijs
MO/IOJaHHS 3a3HAYEHUX HEJOJIKIB. Tak, HampuKiaa, 3aCTOCOBYIOTh BiJICUIIAHHS
PO3BAHTAXXYBAJbHOI HACUIHOI MpPU3MU 31 [MIEOEHEBUM KOHTPPUIBTPOM, SKY
BUKOHYIOTh Ha YaCTHHI BUCOTHU CTiHKH [1]. KaM'aHa npu3ma 3a paxyHOK TOTO, 110 KyT
BHYTPIIIHBOTO TEPTS KameHio (¢ =40° —45°) Ouiblie, HDK Yy IPYHTY 3aCHUIIKU
(mimanorog = 30°) mepemae Ha CTIHKY 3HAYHO MEHINWN OIYHUN THUCK, a BiICUITAHHH
3a KaM'sTHOIO PO3BaHTaXyBaJIbHOIO MPU3MOIO IIeOeHEeBUI KOHTP(UIBTP MEePEeIKoKae
BUMMBY I'PYHTY 3aCHIIKU Y€pe3 KaMiHb 1 IBU CTIHKHU.

Bimoma Takok KOHCTPYKIIiS MPUYabHOI HAOEpEeKHOI, 10 BKIIOYAE MiAMPHY
CTIHKY, PO3BaHTaXyBaJIbHY KaM'sHY MpuU3My, IIeOCHEBUM KOHTPOUIBTP 1 IPYHTOBY
3acuriky [ 1].Po3BanTaxyBanpHa kaMm'sHa Mpu3Ma 1 meOeHeBUi KOHTPQUIBTP BiCUMIaHI
10 BC1M BHUCOTI MIJAMIPHOI CTIHKU 1 MPAKTUYHO MEPEKPUBAIOTH BCIO MPU3MY PO3TIOPY
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(BU3HAYEHY NpPOMEHEM, MPOBEACHHWM 3 OCHOBH THUJIOBOI I'paHi CTIHKU MiJ KyTOM
P =45° — @/ 2k BepTUKaIl 0 MEPETUHY 3 TOBEPXHEIO CIIOPY/IN).

[cTOTHUM HEZOJIIKOM TaKOi CIIOPYIX € HAAMIPHO BEIHMKI OOCATH KaM'ssHO1 PU3MU
Ta medeHeBoro KoHTpdubTpa. [ificHO, 111 CTBOPEHHS PO3BAHTAXKYBAIHHOTO €EKTY
JIOCTaTHRO HASBHOCTI KAMEHIO TUTBKM B MeEXax MPU3MH po3nopy (0OMexeHO0
TUJIOBOIO TPAHHIO CTIHKH, TOBEPXHEIO CIOPYIU Ta MPOMEHEM, ITPOBEECHUM 3 OCHOBH
CTIHKHM M1 KyTOM [3 K BEpPTHKaJl J0 MEePETUHY 3 MOBEPXHEIO CHOpyau). Y BiIOMHUX
KOHCTPYKTUBHUX pINIEHHSAX TUIBKM BEpXHS Oepma Kam'ssHOI MPU3MHM MO UIMPHHI
OJM3bKa 10 MIUPUHH MPU3MHU PO3MOPY OIS TOBEPXHI CIOPyau (TOOTO MaKCUMaIbHOL
MIUPUHU MPU3MHU PO3MOPY), a i MOXuiia THJIOBA YaCTHHA 1 KOHTP(MUIBTP pO3TalIoBaH1
TaK, 0 HE MAlOTh MIPAKTHUYHOTO BIUIMBY HA BEJIMUYMHY OIYHOIO THUCKY Ha CTIHKY (SIK
BIJIOMO, TIOBEPXHEBE HABAHTAXKEHHS 1 TPYHTOBA 3aCUIIKA, PO3TAIIOBaH]1 11032 MPU3MOIO
pO3MOpY, HE HAIatOTh O1YHOTO0 TUCKY Ha KOHCTPYKIIO, [0 3aXuIila€). TaKuM YUHOM,
3HaYHA YaCTHHA KaM'sTHOT IPU3MU HISKOI MO3UTUBHOI POJIi HE BiAIrpae, a il HasBHICTh
0oOyMOBJIEHa BIJICUIIKOIO KaMEHIO B TUIO CHOPYAM IMiJl KYTOM IMPUPOJHOIO YKOCY
(mopsiaky 1:1) 1 ODpu3BOAUTH A0 CYTTEBOI MATEPIAJOMICTKOCTI CHOPYyAM Ta ii
MOJIOPOKYaHHS. 3aCTOCOBYBaHa TEXHOJIOTIS 3 BIACUIAHHSAM KaMEHIO Ta IMICOCHIO Mij
KyTOM MPHUPOJHOTO YKOCY MPU3BOAMTH J0 3aWBUX OOCSITIB LUX MaTepialliB y TuI
CIIOPYAH Ta BIAMOBIIHOTO 3pOCTaHHS HOTO BapTOCTI.

OcCHOBHUI TEKCT.

JIyist yCyHEeHHS 3a3HaU€HUX HEJOJIKIB OyJI0 3ampoOnOHOBAaHO [2] B MpUYANIbHIM
HaOepexHIM, 110 BKJIIOYAE MIMPHY CTIHKY 1, KaM'sitHy pO3BaHTaXYBaJIbHY TIPU3MY 2,
mieOeHeBuid  KOHTPDUIBTP3 1 3acUNKy IpyHTy4, TWIOBY TpaHb Kam'sHOI
PO3BaHTAXYBaJIbHOT MpU3MU 1 map i 1eOeHeBOro KOHTPPUIbTpa BUKOHYBATH
BEpTUKAIbHUMH (pHC. 1).

S g
8 /
% 8%
LS LA /fff///f//

Pucynok 1 —Ilonepeuynnii nepepis cnopyam 3 BepTUKAIbHOIO
PO3BaHTAKYyBAJIbHOI KaM'SIHOK NPU3MOI0

NN -
N

[Ipu 3BeieHH1 TaKOT HAOEPEIKHOT, 110 BKJIFOYAE €Tali MOHTAXY IMAMIPHOI CTIHKH,
BIICUIIAaHHS KaM'ssHOI MpPU3MH, IIeOCHEBOTr0 KOHTP(UIbTpa 1 IPYHTOBOI 3aCHUIIKH,
3aIPOIIOHOBAHO ITICJISI MOHTaXy IMAMIPHOT CTIHKM 3a HEK Ha BIJICTaHi, IO
BHU3HAYAETHCS IIUPUHOIO TPU3MHU PO3NOPY, BCTAHOBUTH MapaJIeIbHO MiAMIPHIA CTIHII
Ha ITPYHTOBY OCHOBY JIBOCTIHHI KOPOOH TOBITUHOIO MIapy KOHTPPUIBTPA, a MIiCIIs YOTO
BUKOHYBAaTH TIOIIAPOBE BIJCUIIAHHSA KaMEHIO, MICKYy Ta WHIEOEHI0 3 JIUCKPETHUM
NEepEeMIlIEHHSIM KOpOOiB y BEPTHUKAIHHOMY YH TOPU3OHTAIbHOMY HampsaMKy.llpu
BEPTUKAJBHUX  NEPEMINIEHHSIX  KOpOOiB  CIOYaTKy  BIJICUIIAIOTh  TEPUIUH

ISSN 2663-5712 124 www.sworldjournal.com



32.

SWorldJournal Issue 28 / Part 1 \Qp

TOPU3OHTAJILHUHN IIap KaMEHIO Tepe KopoOoM (MK HUM 1 BIJICHIIAHHSIM) 1 TIEPIITHIA
TOPU30HTAJIBHUI LIap MIIIAHOI 3aCHUIIKM 32 KOpPOOOM, IOTIM BIJICUIAIOThH IEPIIMHA
TrOPU30HTAJIBLHUH 1Iap MEOEHI0 B KOpoO 1 311MCHIOIOTh BEPTUKAIBHUN NiANOM KOpoba
Ha BUCOTY, 1110 HE MEPEBUIIY€E BUCOTY IIapy; BUPOOJSAIOTH aHAJOTIUHI onepanii JIJis
APYTOro 1 HACTYNMHUX TOPU3OHTAJIBHUX IIAPiB MaTepiatiB, IO BIJCHUMAIOTHCS aX 10
BHUKOHAHHS BIJICUIIKHU 10 PiBHS IIOBEPXHI HAOEPEIKHO].

[Ipu ropU30HTaIBHUX MEPEMIILIEHHAX KOPOOIB CIIOYATKy BIJCHUIAIOTh HA BUCOTY
KOpo0Oa B30BX YaCTHHU MOTO JOBKUHHU BEPTUKAIIbHI IIAPU KAMEHIO Tepe Kopooom,
MIIIAHOTO 3aCUITaHHs 1033y Kopoba 1 mebdeHo B KopoO, Micis 4oro 3I1MCHIOIOTH
rOPU30OHTAJIbHE 3MIIIEHHS KopoOa y OiK BiJ BIJICHIIAHMX paHIllEe MarTeplaigiB Ha
BIJICTaHb, 1[0 HE TMEPEBUIIYE YACTUHY JOBXKUHU KOp0Oa, B3JOBXK SKOK BIJCHUIIAHO
MaTepianyd Ha mornepeAHiil onepaiii OyAIBHUUTBA; BUPOOJAIOThaHAIOIIYHI oneparii
IJIS IPYTrOro Ta HACTYMHHUX 3CYBIB KOPOOa B3/IOBXK CTIHKU aX /10 KIHIS CIIOPY/IH.

3acTOCYBaHHSI JAMCKPETHOTO IEPEMIIEHHS KOpOOIB y BEPTUKAJIbHOMY UM
TOPU30HTAJIBLHOMY HaIpsiMi 00YMOBJIEHO ypaxXyBaHHSM OMOPY MEPEMILIEHHIO KOPOOIB
y pe3yibTaTi peamizaiii CuiI TepTsd BIJCUNAHUX MarepilajiB Mo OIYHINA MOBEpPXHi
KOpoOiB. SIKIIO BiACUMIATH 11 MaTepiaiu Bipa3y Ha BCIO BUCOTY KopoOa ado 1o BCiii
HOro JTOBXHHI, TO TATOBOI'O 3YCHJUII MOHTaXXHOTO OOJIaJHAHHS, L0 3aCTOCOBYETHCS
11 TIEpEMILLIEHHS KOpOO1B, MOXK€E HE BUCTAUUTH ISl [TOI0JIAHHS CUJT TEPTSL.

Bincranp BiATHIOBOT rpaHi CTIHKU 1 10 rpaHi Mk KOHTPGLIBTPOM 3 1 3aCHIIKOIO
4 He MepEeBUIILYE 110 BUCOTI CIIOPYIH IIUPUHU IIPU3MH PO3NOPY (Ha PIBHI BEPXY CTIHKH
B< H-tgf, ne H - Bucora cropyau). OctanHss ymoBa 3a0e3nedye ONTUMaIbHUI

00CAr pO3BaHTaXXyBAJIbHOI PU3MHU 2, OCKUIBKH MEPEBUILIEHHS BIICTaH1 Ha/l ITUPUHOIO
IpU3MH po3nopy H - tgFHe mpu3Beze 10 30UIbIIEHHS PO3BAHTAKYBAJIbHOTO €PEKTY B

HOPIBHSHHI 3 BUNAJKOM, Koilu B= H- tgf3.

[lepeBaraMu HOBOIO TEXHIYHOIO pIlIEHHd € €e()EeKTUBHE BUKOPHCTAHHS
BIJICUIIAHUX MaTepiaiiB; 3MEHILEHHS 00CIry pO3BaHTAKyBaJIbHOI KaM'sHOI MPU3MH;
BIJICYTHICTb POOIT 3 PIBHSIHHS MOXUJIUX THJIOBUX TPaHEN PO3BAHTAXYBAIbHOI MPU3MHU
Ta MeOeHeBOTr0 KOHTPHUIBTPA.

Po3risiHeMO MeTOAMKY pO3paxyHKy OIYHOTO THUCKY Ha CTIHKY 3 ypaxyBaHHSIM
ocobnmuBocTe KoHCTpyKuii cropyau. [Ipu po3podii po3paxyHKOBOI cXeMu s
BU3HAYCHHSI CUJIM OIYHOTO TUCKY IPYHTY Ha CTIHKY 3 BEPTHUKAJIBHOIO KaM'SHOIO
MPU3MOIO 1 TPYHTOBOIO 3aCHIIKOIO € JOLUIBHUM 3aCTOCYBATH 1 PO3BUHYTH JJIs1 JAHOTO
BUIAJIKy paHilie po3poOieHuil MeToj s omHopimHoi 3acunku [3, 4, 5]. ILlei
METO/JI03BOJIIE BU3HAUMUTU OIYHUNA THUCK IPYHTY B paMKax MOJENl 3MIIIaHOTO
HAIpyXEHOro cTaHy (OOJIK TpaHUYHOTO 1 JOTPAHMYHOTO HAIPYKEHOTO CTaHy
3acunku). lle 703BOMUTE pO3paxyHKOBUM ILUISIXOM BHU3HAUUTH HABAaHTAKEHHS BIJ
TUCKY IPYHTY Ha CTIHKYIJIS OyJlb-IKMX MPOMDKHHUX 1€(QOPMOBAaHUX CTaHIB CIIOPY/H,
KOJIM PO3MIPHUNA TUCK HA YaCTHUHI BUCOTU CTIHKU MO’KE IIEPEBUILYBATH aKTUBHUIA.

XapakTepHOIO 0OCOOIMBICTIO PO3TJISHYTO1 3a7a4i Ta 1l OCHOBHOIO BIJIMIHHICTIO BiJJ
paHilie po3TJITHYTHX MOCTAHOBOK € HEOJHOPITHICTh IPYHTOBOTO MaTrepiairy Mmo3amy
CTIHKM (BEpTUKaJbHI IIApU 3aCUIKM Ta Marepiajly PO3BaHTAXYBaJIbHOI TMPHU3MHU).
Po3paxyHkoBa cxema i BH3HAQU€HHS OIYHOTO THCKY 3aCHUIIKM Ha CTIHKY 3
ypaxyBaHHSIM 0COOJIMBOCTEN KOHCTPYKIIT CHOPY/IU MOKa3aHa Ha puC.2.
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OcHOBHI pO3paxyHKOBI EPEIyMOBH JIJIsl BU3HAUEHHS O1YHOTO THCKY 3aCHUIIKU Ha
CTIHKY MOJIATAIOTh Y HACTYITHOMY.

1. Xapaktep Hampy>XeHOro cTaHy (AorpaHWYHUNA a00 TPaHUYHHI) y JTIOBUIbHIN
TOYIl HAa KOHTAKTI CTIHM 3 BEPTUKAIHHOI KaM'sSHOIO TPHU3MOI0 Ta TIPYHTOBOIO
3aCUIIKOI0 BH3HAYAETHCS TUM K€ CTaBIEHHSM, IO 1 BUJ HANpPy>XCHOTO CTaHy B
JIOBUIBHIHM TOYII HA KOHTAKTI CIIOPY/JX 3 TPYHTOM.

B

H1

0]
E

'k
D 6l F

PucyHnok 2 — Po3paxyHkoBa cxeMa /IJisi BU3HAYEHHSA 0iYHOI0 THCKY 3aCHIIKH
HA CTIHKY 3 YPaXyBaHHSAM 0CO0JIMBOCTE KOHCTPYKUIil

Kopmon 30H AOrpaHMYHOrO Ta TPaHUYHOI'O HAMPYKEHUX CTaHIB MaTepiaiiB
KaM'stHOI MPU3MHU Ta IPYHTOBOI 3aCHUIKH MOXKYTh OYTH 3HAMJIEHI 3 3aJIEKHOCTI: IS
KaM'ssHOI PO3BaHTaKyBAJIbHOI MPU3MH: u(z) /h=a mnupu z=h; aId4 IPYHTOBOI
3aCHUIIKH: u(z)/lz1 =qa nupu z=/h. TakuMm 4duHOM, /i = u(b)/a; h = u(bl)/a. Huis
oOuuCeHHsl 3Ha4YeHb A Ta h ;ciia 3aaatu BUI GYHKUI u#(z) , sIka BU3HAYAETHCS
XapaKkTepoM 3MIIIEHHs CIOPY/IU, PU MOCTyNaIbHOMY MEpeMIllieHH] u(z)=const, 1o
HaBOJIUTh BKa3aHY 3QJICKHICTh J0 PIBHSHHS 3 HEBIIOMUMU A1k ;.

Takum unHOM, B Meskax Bucotn 0 < z< fixam'siHa 0 < z< A ipU3Ma 3HAXOIUTHCS
B 'PAaHUYHOMY, @ B MEXax BHCOTH - y JOTpaHHMYHOMY HanpyxkeHomy A< z< H-h
crani; 4 < z< H — B

2. KyTu BiAXWIECHHS PIBHOAIIOYOr0 OIYHOTO THUCKY MaTepiany Kam'sHOi MpU3MHU
Bl HOpMaJIi IO KOHTAKTHOI T'paHl CHOPYIU Ta PIBHOIIIOYOIO PEAKTUBHOTO THUCKY
MacHBY MaTepially po3BaHTaXyBaJIbHOI IPU3MHU pO3IOPY (200 BIJICIKY) Bl HOpMAJIL J10
MeX1 i€l Npu3Mu IpUiMaeMoO PIBHUMM:JJIS 30HM TPAHUYHOT'O HAIPYKEHOI'O CTaHy
KaM'sIHOI IIPU3MH BIANOBITHO S, U ¢, IPHYOMY &, = m - @, ; A 30HA TPAaHUYHOTO
HaNpy>KEHOr'0 CTaHy IPyHTOBOI 3aCUIIKH BIINOBITHO &, U @,_,, IPUIOMY S, = m - @
, Ie m — KoedillieHT, skuii npusHadaetbes B iHTepBaini 0 < m<I3a pe3ynbraramu
EKCIIEPUMEHTAIBHUX JIOCHIJKCHB;AJI1 30HM TPAHUYHOTO HAMpy>XEHOTO CTaHy
KaM'ssHOi ~ TIPU3MHU  BIJNOBIAHO o/ugp/, [IPUIOMY 0, = J +Hk(5ek - 50k);

O =@t nk((pek - %k)a e M- KOeIIEHT, 110 3aJICKHUTh B1J] CITIBBIIHOIICHHS PO3MIPIB

ISSN 2663-5712 126 www.sworldjournal.com



~R =
L
SWorldJournal Issue 28 / Part 1 { ¥ g

30H TPAaHUYHOTO 1 JOTPAHUYHOTO HAMPYKEHUX CTaHIB KaM'sHOI MpPU3MH 1

BU3HAYaIIbHUM IIyKaHl BEJIUMYMHM B IHTEpBanax o, <o/<o,.( ¢, <¢/< @, TyT

S,, U ¢,,- 3HAUEHHs KyTiB, BIANOBLNAIOTh TUCKY KaM'SHOI NPU3MH HA KOHTAKTHY

) . sin
rpaHb CIIOPYJU B CTaHi CIIOKOI0), Ie ¢,, = arcsin ¢; JUTSI 30HU IOTPAHUYHOTO

2—-sme,
HAIpPY>KEHOI0 CTaHy IPYHTOBOI'O 3aCUIAHHSA BIINOBIAHO &, u @)/, NPHUOMY
/=0 03+113(563-503); PI=0 +n3((pe3-goo3), ne n3 - KOEPILeHT, 10 3aJeXKUTh BiJ
CHIBBITHOIIEHHSI PO3MIpPIB 30H TPAHUYHOTO 1 JOTPAHUYHOTO HAMpPY>KEHUX CTaHIB
IPYHTOBOI'O 3aCUIIAHHS 1 BU3HAYAIBHUN IIyKaH] BEIMYMHU B IHTEpBalax J,, < 5,/< 5,
s P <@/ <@ (TYT 6, U ¢, 3HaYECHHS KYTIB, O BIANIOBIJAIOTh THCKY IPYHTY B CTaHi

. sing,
CIIOKOI0), A€ ¢, = arcsin ———.
2—-sing,,
3. PiBHOAIOYa PO3MIPHOI CKJIAJOBOI I'PYHTOBOI 3aCUIIKM BU3HAYAETHCS SIK
BEKTOPHA CyMa I'paHMYHOI N, IO i€ HA AUISHII 3aBBUIIKU /7, Ta JOTPaHUYHOL V',

110 J1i€ Ha AUISHIN H ;- A, 0 CKJIaIar0Th BiATIOBIIHO 10 BUpa3y
, 1/2
N:{N:+N’2+2-N6-N’-cos(é;3—53 ﬂ [1]

4. PiBHomitoua E OIYHOTO THCKY KaM'sHOi PO3BAaHTAXXYBaJbHOI MPU3MHU Ha
CTHIOPY/ly BU3HAYAETHCS JIsI KOKHOTO TTOTOYHOTO J1e()OPMOBAHOTO CTaHY SIK BEKTOPHA
CyMa JBOX CKJIQJIOBUX: IPaHUYHOI £, 10 Ji€ Ha AUISHII BUCOTOIO /1 , Ta JOTPAHUYHOL

E', o aie Ha AUISIHI BUCOTOO H), BIAMIOBIJIHO JIO BUPA30OM
’ 1/2
Ez{E:+Ez+2-EE-E-cos(5eK—5K ﬂ [2]

[pyHTYIOUKMCH Ha TPUHAHATHX MEPEIYMOBaX, OTPUMAHO PO3PAXyHKOBI (hopMyIIH
JUIS BUBHAYEHHSI O1YHOTO THUCKY Kam'stHO1 pO3BaHTaKyBAJIbHOI MPU3MH SIK (PyHKIIIT
YCyHEHHsI CTIHKH MPHU 3MiIIaH1i TOCTaHOBII 3aBAaHHs. J{Jig BU3HAYEHHS CUJIH O19YHOTO
TUCKY KaM'ssHOI MPU3MHU HA CIIOPYAY OyJIO PO3TJISIHYTO MOCTiA0BHO YMOBU PiBHOBAru
KO’KHOI 13 30H, 3Ba)Kal04M Ha TXHIO CUJIOBY B3a€MO/III0, 3 YPaxyBaHHSM BEPTUKAIbHOI
IapyBaTOCTI I'PYHTOBOT'O MaTepialy mo3aay CTIHKU CIOPYAH.

JIJ1st OIIHKY €KOHOMIYHOT €()eKTUBHOCTI BUKOPUCTAHHSI BIJICUIIAHUX MaTepiaiB
y TUI0 cropyau Oyno BH3HA4YE€HO OOCSTH KaM'sHOI pO3BaHTa)KyBaJlbHOI MPHU3MHU Ta
me0eHeBOT0 KOHTP(UIBTpaIIs MPUYATbHOT CHOPYIUTPATUIIIIHOT KOHCTPYKIIi, a
TAKOX JUIsl TOPIBHSHHA PO3IVISIHYTOI CHOPYAM TMpU  PI3HUX T[IMOMHAx y
npuyaiy.Pe3ynbTaTi moka3aay MO0 PO3TJSIHYTE HOBE TEXHIUHE PIIICHHS 3a0e3reuye
3MEHIIEHHS BUTpaT Marepialy y pO3BaHTaXyBaJbHIM mnpusmi Ha 35 - 25% y
PO3IIIIHYTOMY 1HTEpBaJll INIMOWH y npUYaily.

Buchoskmn.

1. Po3riissHyTO HOBE KOHCTPYKTOPCHKO-TEXHOJIOTIYHE pIIIEHHS AJi1 3BEICHHS
IpUYATBHOI CIIOPYIH IPaBITalliiHOTO TUITY TPU BUKOPUCTAHHI HOBOTO PaIliOHATILHOTO
TUMY Kam'sHOi mpu3Mu. Po3poOieHuit cnocié 3BeleHHS 3a0e3ledye MOKIHBICTh
OTPUMAaHHS BEPTUKAJIBHOI THUJIOBOI IpaHl Kam'ssHOT PO3BAaHTaXyBaJIbHOI IMPHU3MH, 11O
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OPU3BOAUTH /10 CKOPOYECHHS BUTPATH KaMEHIO B TUI CHOPYIM Ta 3/CIICBICHHS
OyIIBHUIITBA.

2. J1ns po3rasiHyTOi Copyid po3pOo0JIEHO METOAMKY PO3PAaXyHKY OIYHOTO TUCKY
KaM'stHOT PO3BaHTAXyBaJIbHOI PU3MU MPU 3MillIaH1i TOCTAHOBII 33]1a4i, 1[0 BPaXOBY€E
OJTHOYACHE BMHUKHEHHS Ta CUJIOBY B3a€MOJII0 30H TPaHUYHOTO Ta JOTPAHUIHOTO
HaIPY>KEHUX CTaHiB. PO3IISHYTO OCHOBHI pO3paxyHKOBI MEPEIYyMOBU Ta OTPUMAHO
pPO3paxyHKOBI  3aJ€XKHOCTI  JiJI1  BHU3HAYEHHS  OIYHOTO  THUCKY  KaM'sHOIi
PO3BaHTaXXyBaJIbHOI MPU3MU K (PYHKIIIT 3MIIIEHHS CTIHKH MPH 3MIIIaHIi TOCTaHOBIII
3aja4l.

3. Jlud OLIHKA €eKOHOMIYHOI e(EeKTUBHOCTI BUKOPUCTaHHS BIACHUIAHUX
MaTepiaiiB y TIIO CIIOPYAHU BU3HAYEHO OOCITH KaM'sSsHOI pO3BaHTaXKyBaJIbHOI MMPU3MHU
Ta 1e0eHEeBOro KOHTPPUIBTPY B TPAAMIINHIA KOHCTPYKIII Ta I1HHOBAI[IHOTO
KOHCTPYKTOPCHKO-TEXHOJIOTTYHOTO pimeHHs. ExoHOMiuyHA €(eKTHBHICTh Y LIbOMY
BUIAJKY 3a0€3Meuy€eThCs 3MEHIIEHHAM 00CATY KaMEHIO B pO3BAHTAXKYBAJIbHIN PU3MI
BHACJIJIOK BIJICYTHOCT1 KAMEHIO 32 BEPTUKAIbHOIO THJIOBOIO FPAHHIO II€T IPU3MHU.
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Abstract. The paper examines a new design and technological solution for the construction of
a gravity-type berthing structure using a new rational type of stone prism. The developed construction
method provides the possibility of obtaining a vertical shape of a stone unloading prism, which leads
to a reduction in stone consumption in the body of the structure and a reduction in the cost of
construction.

For this structure, a method for calculating the lateral pressure of the backfill has been
developed, which is based on the theory of the limit stress state, but differs from other approximate
methods in that it takes into account the presence of two stress state zones (limit and sublimit) in the
backfill of the structure.
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FLEXURAL WAVE PROPAGATION IN ANISOTROPIC FIBER
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Abstract. Monitoring the health of structures consisting of fiber composites can be done in two
ways, namely passively, by recording acoustic waves generated by cracks, impact damage,
delamination and mechanical shear, and actively, by propagating diagnostic mechanical stress
waves and interpreting parameters characterizing the dynamics of the wave propagation. This paper
presents a methodology for numerical modeling of flexural wave propagation in a composite plate.
In addition, based on the calculation results, recommendations are provided for the use of sensors
for detecting damage in local volumes of fiber composite plates based on stress wave parameters. To
improve the understanding of the real physical process of flexural wave propagation, a simple model
is developed for simulating wave propagation in a plate with different types of boundary conditions.
The simulation of waves propagating in the composite was performed using externally applied forces
and moments. The results of numerical experiments were used to represent the passive damage
growth, which was detected by active acoustic wave generation using piezo-ceramic actuators.
Passive detection of acoustic waves was performed using a step function that modeled the acoustic
emission from a propagating damage in a local volume of the composite material. A new method for
acoustic emission source determination is also presented using the time dynamics of the dominant
low-frequency components of the flexural wave mode detected by continuously distributed sensors.

Key words: composites, flexural wave propagation, acoustic emission, damage registration,
mechanical shear.

Introduction.

A frequently used technique for damage detection in composite structures is the
analysis of the Lamb wave propagation dynamics in the cross-sectional plane [1, 2].
An extension of this technique is the measurement of acoustic emission for monitoring
local mechanical damage. Modeling of acoustic and flexural wave propagation is often
performed for infinitely sized plates, since obtaining characteristic solutions for the
problem of wave propagation in a locally confined medium is a complex mathematical
problem. A promising approach in this case is the calculation of normal modes of a
closed solution for the propagation of flexural waves in a fiber composite plate [3, 4].
Finite element methods are also used to model wave propagation. However, for this
case, the computation time is usually long, and the normal representation of higher
frequencies and modes is limited by the large number of elements used.

Impact damage, such as out-of-plane strain source or delamination of the
composite material, generates large flexural modes. The results of numerous
experiments indicate that the source of flexural modes in the volume of composite
samples are only those cracks that are located outside the vicinity of the middle plane.
Therefore, the model presented in this study mainly deals with flexural mode acoustic
emission signals from impact damage, delaminations and cracks that are not located in
the mid-plane [5]. The glass-epoxy composite plate is modeled as quasi-isotropic, and
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piezoelectric actuators and sensors are modeled on the plate to generate and receive
waves.

The aim of this model is to develop a mathematical tool for modeling wave
propagation and to facilitate the design of sensors for measuring flexural waves. The
sensor elements that are often used in experimental studies to structure a continuous
sensor are connected in an N x N array, which results in the individual signals from the
sensors being combined into 2N - 1 output arrays. For large array sizes, this approach
significantly reduces the number of data acquisition instrument channels needed to
monitor the health of a fiber composite structure. The optimal solution in these two
approaches is that the continuous sensor is the simplest with a single data acquisition
channel, while the array uses more channels to more accurately detect damage.
Additional results of the study include a method for localizing the acoustic emission
source. The localization technique is based on identifying the dominant low-frequency
components of the bending wave. The set of characteristic components was identified
based on the time characteristics of the stress measured by four different continuous
sensors on four sides of a glass-epoxy plate with a simple support.

Equations of motion and boundary conditions.

The modeling of acoustic emission is based on the equation of motion for a simply
supported quasi-isotropic glass-epoxy composite plate. The shape of the pulse of the
force excitation of the load is stepwise. The step shape of the mechanical load allows
simulating acoustic emission from a propagating damage. The final differential
equation is

DV4w(x,y,t)=—phW+L[j}’t), (1)
a
where
F(x, y, t) = F1U{®)d(x — x1)d(y — 1) 1s the step function force;
W is the deflection;
p is the mass density;
h is the plate thickness;
a and b are the composite plate length and width.
The plate flexural rigidity is given as
ER
D=—F—-—+. (2)
12(1-v2)

After applying the Navier solution and using the orthogonalization property to
separate the spatial and temporal variables, the time equation is obtained. After adding
the modal damping, where each damping ratio is specified independently, the time
equation can be written as

on 28,0 +w:a, =F

mn mn mn mn~—"mn mn? (3)
where

Amn = | (Finny ®mny Gy 0); 0= tan™'[C(1 — £)°7].
The spatial dependence of mechanical stresses in the volume of a composite plate
can be specified using the equations
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As a simple approximation for modehng a unidirectional active fiber composite
layer bonded to a plate, the mechanical stress can be approximated using the average
strain across the sensor network nodes

&he
VO e ’ (6)

&

where
€1 1s the average strain;
€s 1s the permittivity.

An analytical model was established for the active propagation of acoustic waves
in the plate due to surface-bonded layers of fiber composite. The calculation method
allowed us to obtain a closed solution for the propagation of waves in a local volume
of the composite material. From the classical theory of vibration of plates, the equation
of motion was derived in terms of the internal bending moments of the plate M,, M,,
and M,, and the moments due to the actuator m, and m,, and then expressed in
displacement form as

2 2
DV*w(x, y,t)+ phiv = g n;x + ‘ nzy : (7)
ox oy

The moments associated with the nodes of the sensor network can be expressed
as Heaviside step functions

m, =m [H(x—x )= H(x—x,)]- [H(y—y)-H(y— ;)] £ (¢) ®)
m, =m;[H(x—xl)—H(x—xz)]-[H(y—yl)—H(y—yz)]f(t) ; )]

where
f(¢) is an explicit function of time, which allows in this case to represent the impulse
moment using a delta function.

The next step of the calculation procedure was the analysis of discontinuous
functions, the solutions of which described the set of mechanical displacements in the
volume of the composite due to step excitation. For the momentum moment, the plate
displacement is expressed in terms of the Fourier series (Navier solution) and mode
summation, which gives the following

w(x, y,t)= ZZ—exp( & om@nt )sin(@,, t)sm(ﬂmx)sin(ﬂny} (10)

@, a b

where
FZ :f(pa hv a, b)

The composite sample in the calculation model has a rectangular shape and is
isotropic. The stress distribution inside the plate is assumed to be symmetrical about
the neutral axis, and the plate bending creates a linear normal stress distribution. This
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relationship assumes that the neutral axis coincides with the mid-plane of the plate. In
addition, the mass and bending stiffness of the composite volume element are
significantly less than those of the entire plate. The mechanical stress in the volume
can be integrated to obtain the equivalent bending moment.

The flexural wave number of a fiber composite plate and the corresponding
bending wave velocity for a rectangular isotropic plate can be obtained from the
equation of motion in polar coordinates and the subsequent Hankel transformation. The
bending wave velocity field is dispersive. The wave propagation velocity with higher
frequencies is greater than the velocity for lower frequencies. This velocity is defined

as
D 0.25
0.5

where
D = ER/[12(1 — v?)] is the flexural stiffness of composite plate.

A continuous Fourier transform is performed on the stress-time history obtained
as a sum of responses from continuous sensors that are surface-attached to the fiber
composite sample. The dispersion dependence of the power spectral density is plotted
against frequency to determine the dominant flexural bandwidth. The results are used
to determine the peak frequency, especially for the low-frequency components of the
flexural mode. Wavelet analysis (scalegram) is then performed to determine and
significantly narrow the time bandwidth where the peak amplitude flexural wave hits
one part of the continuous sensors.

The continuous wavelet transform x(z) is a time-domain signal processing method
that is defined as

W, (a,b)= 05[ ( bjdt (12)

In equation (12), b is the translation 1ndlcat1ng the local characteristics of the
volume, a is the expansion or scale parameter, \ (¢) is the analysis wavelet, and y*(t)
is the complex conjugate of y (t). The scale parameter a determines the frequency
localization. The analysis wavelet y (t) must satisfy the admissibility condition:
()
=

—0 “

Cy = df <o, (13)
where
Y(f) is the Fourier transform of v (7).

Condition (13) is necessary to obtain the inverse wavelet transform. In this case,
the Morlet wavelet is defined as

‘P(t): exp(j27rf0t)-exp(— Mz /2) (14)
¥(0)=2expl-277(/ - £y ] (15)

The use of the Morlet wavelet is a necessary condition for obtaining good
selectivity of expansion and translation. In practice, the value fy > 5 is used, which
approximately corresponds to the boundary conditions of the first and second kind. It
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is clear from the definition that the Fourier transform extracts periodic infinite waves
from the analyzed function. In contrast, the wavelet transform analyzes the function
only locally in fixed regions that are determined solely by the mother wavelet.

Equations (14) and (15) are non-local in the general case. The value of Wy(a, b)
at the point (ao, bo) depends on x(¢) for any value of 7. However, as follows from the
conditions imposed on the form of the wavelet transform, the function ¥ (t) decays to
zero at 1 and +1. If we assume fast decay, i.e. the values of W (t) are negligible outside
the interval (¢min, fmax), the transform becomes local. Frequency localization can be
determined for any region within the fiber composite volume when the wavelet
transform is expressed through the Fourier transform:

Wy (a,b)= J_jX ¥, ,(af) exp(i2z fb)df . (16)

Equation (16) describes the case for which localization depends on the expansion
(scale) parameter a. The local resolution of the wavelet transform in time and frequency
is determined by the duration and bandwidth of the analysis functions given by At =
a-t; and Af = Afy/a, where At, and Af, are the duration and bandwidth of the wavelet
base function, respectively. Thus, in the frequency domain, the wavelet transform has
good resolution at low frequencies, and in the time domain, correspondingly, at high
frequencies. This qualitative relationship for frequencies is more suitable for detecting
transient signals.

The wavelet transform as a signal decomposition tool cannot be directly compared
with any time-frequency representation. However, there is a connection between
expansion and frequency. The Morlet wavelet analysis corresponds to a functional
dependence between the expansion parameter af and the signal frequency fx. This
functional dependence can be defined by the relation

a;=fods. 1 (17

where
/s 1s the signal sampling frequency;
fw 1s the wavelet sampling frequency.

The active wave generation and sensing simulation is performed using a model of
the glass—epoxy composite plate. The verification of the computational model was
performed, including the case of active wave propagation in the fiber composite using
a surface-bonded actuator located in the center of a rectangular plate. The probing was
assumed to be carried out in the presence of continuous and array sensors. The first
100 vibration modes were used for the simulations, and the time step was 1 ms. A
cross-array sensor architecture was used for the composite sample. The initial analysis
was performed for the case of active wave propagation at times of 10-360 ms. Acoustic
wave propagation was observed under the condition of antisymmetric Lamb waves
(flexural waves) generated by an actuator located in the center of a glass and epoxy
plate.

The methodology used to localize the simulated fault location consisted of several
computational steps that simulated the measurement process. The elements of the set
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of voltage-time measurement procedures for four different continuous sensors located
on the four sides of the plate were determined separately. Each continuous sensor was
modeled as a system of three sensors connected in series to produce a single output.
Power spectral density and frequency plots are plotted to determine the dominant lower
frequency components of the flexural wave and the corresponding peak frequency. The
low frequency component corresponded to the main energy source in the system.

The corresponding calculations for the wavelet scalegram were performed to
narrow the initial time interval when the corresponding peak frequency could reach the
continuous sensors. As a result of model experiments, the time when the peak bending
wave reached the continuous sensor was estimated. The corresponding flexural wave
propagation velocity for the peak frequency is then calculated. In this way, the relative
distance x;, i = 1, 2, 3 (in percent of the fiber composite specimen length) is calculated
as a function of the orientation of the continuous sensors and the simulated local
damage location. The time ¢; for the flexural wave to reach these sensors for a fixed
flexural wave frequency w; is then estimated. The simulations were performed for
composite specimens (C/, C2) whose densities differed by a factor of 1.32 and 1.73,
respectively. Table 1 presents the calculation details.

Table 1 — Details of damage actual locations

Cl C2
Xi w;, 10° Hz L 103 s Xi w;, 10° Hz L, 103 s
0.152 5.863 1.47 0.186 5.863 2.01
0.344 5.863 1.95 0411 5.863 2.85
0.521 6.018 2.19 0.584 6.018 3.69
0.642 6.018 2.85 0.723 6.018 4.15
0.815 8.214 3.54 0.905 8.214 6.24

Summary and conclusions.

The developed model allowed to calculate the details of the array of mechanical
damages with active wave generation and passive probing. Optimization of
calculations allowed to reduce the number of data collection channels required to detect
damages represented by acoustic emissions or high deformations. The modeling results
can be used for active monitoring of mechanical damages in composite plate-type
structures. Analysis of bending waves has great potential for finding the location of
damages by acoustic emissions from passive continuous sensors.
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Abstract: Elementary probability theory is a field of mathematics that studies random events
and patterns associated with their occurrence. The basic concepts of probability theory, such as a
random event, probability, combinations and statistics, lay the foundation for more complex
mathematical concepts applied in various fields of science and life. The study of probability is an
important part of the school curriculum, as it forms students' ability to analyze situations of
uncertainty and make informed decisions based on the analysis of probabilistic data. However,
probability theory causes certain difficulties for students. Research shows that abstract concepts of
probability theory and the lack of practical application at an early age often lead to students not
understanding the essence of the probabilistic approach and making mistakes in the perception of the
probability of events. These difficulties are relevant not only for schoolchildren, but also for novice
students, which makes this topic important for studying and searching for effective teaching methods.
The purpose of this article is to explore the main difficulties encountered by students in the study of
elementary probability theory, and to propose methods that can help overcome these difficulties. The
article also discusses techniques that facilitate the perception of complex concepts and improve
students' understanding of the topic.

Keywords: probability theory, common mistakes, practice, visuality.

Introduction.

The study of elementary probability theory is associated with a number of
difficulties caused by both the abstractness of the material and the difficulties of
perception among students.

The main problems that arise in explaining probability include the following
aspects:

1. Misunderstanding of the basic rule of addition and multiplication of
probabilities.

2. Difficulties with the perception of independent and dependent events.

3. Errors in determining the probability of complex events. Let's look at these
difficulties with specific examples.

One of the first difficulties is understanding the rule of adding probabilities for
incompatible events. In general, it is difficult for students to distinguish between
situations in which probabilities need to be added and those where they are multiplied.

Example: Let's say we have a bag with 3 red and 2 blue balls in it[5,78]. We
randomly pull out one ball. What is the probability that it will be red or blue?

Decision: Since the events "pull out the red ball" and "pull out the blue ball" are
incompatible, their probabilities add up:

Probability of pulling out a red ball: P(red)=3/5.

Probability of pulling out a blue ball: P(blue)=2/5 So, the probability that the ball
will be red or blue:P(red or blue)=P(red)+P(blue)=3/5+2/5=1
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Here, students often get confused about when to add probabilities and when to
multiply, which requires additional explanations and practical examples.

Another common problem is understanding independent events and applying the
probability multiplication rule. Suppose we flip a coin and roll a six-sided die. What is
the probability that the "eagle" and the number 6 on the die will fall out? Decision:
These events are independent (the result of the coin toss does not affect the result of
the dice roll), so their probabilities are multiplied:

Probability of getting an eagle: P(eagle)=1/2

The probability of getting a 6 on the die: P(6)=1/6

The probability that both events will occur: P (heads and 6) =P(heads)xP (6) =
1/2x1/6=1/12

It can be difficult for students to realize that events can be independent, and that
the multiplication of probabilities here is associated with the simultaneous fulfillment
of conditions.

This is especially important for understanding more complex probabilistic
problems. These examples show how abstract concepts of probability theory, such as
the rules of addition and multiplication, create difficulties for students. To overcome
such difficulties, it is recommended to use visual diagrams, simulations and practical
tasks, which makes it possible to simplify perception and deepen understanding of the
topic[1,56-60].

The results of the study.

To facilitate the understanding of probability theory, especially its basic
principles, it is important to apply methods that allow students to intuitively grasp
probabilistic concepts and avoid common mistakes. In this section, we will look at
various approaches that help overcome the difficulties associated with explaining
probabilities using practical tools, visualization, and examples from everyday life.

Visual representation and visualization: In order for students to better understand
probabilistic events, it is useful to use visual methods such as graphs, diagrams and
tables. They allow you to visualize events and their probabilities, making abstract
concepts more understandable. Example: Probability Trees: Probability trees are a
great way to demonstrate sequential events, such as flipping a coin multiple times or a
combination of two independent events (for example, a coin flip and a die roll).
Building a tree helps students visually see how probabilities branch out at each stage,
and it is easier to understand the principle of independence of events[4,87].

lllustration: Let's say we flip a coin twice. The probability tree will show all
possible outcomes: - First level: heads or tails. - Second level (for each result of the
first toss): heads or tails again. Each final branch of the tree will represent a
probabilistic path, and students will be able to visually see the probability of specific
combinations, for example, the loss of two "eagles" in a row.

Game approaches and interactive simulations: Using a game-based approach
helps to turn the study of probability into an active and exciting process. Board games,
card games, and digital simulations provide the opportunity to simulate the real
behavior of probabilistic events. Example: Using dice: One way to teach students the
concept of probability is to play with dice. For example, you can ask students to
calculate the probability of a certain number falling on a die. Then make several throws
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and compare the results with the calculated probability. This clearly demonstrates to
students the difference between theoretical probability and the results of real
experiments.

Online simulations: Online simulations such as coin toss simulators or random
number generators can be used to demonstrate the probability of "at least one event".
With the help of simulation, students can repeat the experiment many times and see
how the probability of "at least one eagle" tends to the calculated one with an increase
in the number of throws.

Using everyday examples. Using real-life examples helps students see how
probability theory applies to everyday situations. Such examples make learning more
practical and allow you to see the connection between theory and reality. Example:
Weather forecast: The teacher can ask students to analyze the weather forecast, where
the probability of rain is expressed as a percentage. Students can discuss what a 70%
chance of rain means in practice, and how it affects everyday decisions (for example,
whether to bring an umbrella or not). This allows us to understand the principle of
probability in situations of uncertainty, which is often overlooked in abstract problems.
Example: Lotteries and contests: You can ask students to calculate the probability of
winning a lottery or a competition with a limited number of participants. These tasks
help to understand how probability is related to chance and why the probability of
winning the lottery is usually very small.

Using the inverse probability method. The method of inverse probabilities
(finding the probability of the opposite event) helps to simplify complex probability
problems, especially when it comes to the probability of "at least one" or "none" events.
Example: The probability of "at least one" When explaining the probability of at least
one "heads" falling out in several tosses, it is convenient to first consider the probability
of the opposite event — the loss of "tails" in all throws [3,64]. Then you can apply the
rule: P(at least one eagle)=1—P(all tails). This method helps to reduce calculations and
visually explain how the probability of "at least one" works through simple subtraction.

Conclusion:

The application of the described approaches significantly improves the learning
process of elementary probability theory, making it more accessible and
understandable for students. The problem of perceiving abstract concepts such as
probability is often related to the fact that traditional teaching methods do not always
allow students to intuitively understand complex concepts. The introduction of visual
aids, interactive simulations, game elements and real-life examples helps to overcome
these barriers, developing students' theoretical knowledge and practical understanding
of probabilistic analysis. Using visualizations such as probability trees and interactive
tools allows students to "see" probabilities in action, which is especially important for
tasks involving multiple events. In addition, examples from everyday life, such as
weather forecasts or probabilities related to games, contribute to awareness of the
importance of the probabilistic approach and its application in real situations. This
approach not only increases interest in the subject, but also strengthens the links
between theory and practice. The application of the inverse probability method
simplifies the solution of more complex problems, such as the probability of "at least
one event", avoiding cumbersome calculations. This is useful for students who have
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difficulties with high probability calculations, and helps to focus on the logic of the
problem, which contributes to better learning of the material. Thus, the integrated use
of these approaches not only facilitates the teaching of probability theory, but also lays
a solid foundation for further study of more complex mathematical concepts.
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