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AHAJII3 MEXAHI3MIB 3AXUCTY JAHUX
B XMAPHHUX CEPEJOBHUIIIAX

Mema. Iliosuwenns Oesnexu xmapuux mexuono2i. Ilposedenns aunanizy mexamizmis 3axucmy
inpopmayii 6 xmaprux cepedosuwax, euodinenus ix ocobausocmeu. Ilowyk HaubitLw eghexmuerno2o
MexaHizmy 3axucmy ingopmayii, axka 36epicacmovcs 8 xmapHux cepedoguwyax. llokpawenns oe3nexu XmapHux
MexXHON02TI 003680UMb KOPUCTYBAMUCL MAKUMU MEXHON02IAMU OiNbLill KitbKocmi todell ma opeauizayil,
ons sKux Oesnexa € Oyolce 8AJNCAUBON0. B 387a3Ky 31 30inblUeHHAM KilbKOCMI KOMNAHIU Mma YCMAaHo8, wo
BUKOPUCTHOBYIOMb XMAPHI cepedosuwya, Oasi 30epedceHuss ma oOMiHYy GHYMPIWHIMU OAHUMU GUHUKAE
HeobOXiOHicmb y nokpaujeri pisrs be3neku 0anoi cucmemu.

Memoouxa. B cmammi pozenawymo ocobaugocmi Mexawizmié 3axucmy OAHUX HA XMAPHUX
cepedosuwax. Ilposedeno ix ananiz ma eudineno ix 2onosHi eracmusocmi ma Qyukyii. Pozenanymo oaui
Mexanizmu ma o6pano Handinbu egheKkmueHull.

Pezynomamu. J{ocniosceno ocHo8Hi Mexanizmu 3axucmy, maxi AK wu@pyeants, 3axucm oanux npu
nepeoaui, asmenmugixayis ma izonayis kopucmyeauis. Budineno ocodonrusocmi yux mexauizmie. Kooicern 3 yux
MEXAHI3MI6 Ma€ AK CUNbHI CTMOPOHU, MAK | nesHi puzuku empamu iHgopmayii. /i b6inbuio2co po3ymiHHA
NPUHYUNie pobomu Mexawizmie 3axucmy OaHux 6i0 3azpo3, HpeoCcmasieHa Ccucmema OeMOHCmpayii
eghexkmuerHocmi 3a2p0o3 Ha Ne6Hi BUOU OAHUX MA MeXAHIZMU npomudiil 3azpozam. Onucani € pobomi MexaHizmu
3axucmy 0eMOHCMPYIOMb He0OXIOHICMb CMEOperHs HAOIUHOI cucmemu besnexku i 3axucmy ingopmayii 6
XmapHux cepedosuwax. Bukopucmanus xmapuux mexunonoziti 015 30epesicents ingopmayii 0608 ’13x060 mae
CYNpoBOONHCYBAMUCS NOCIIUHUM BO0OCKOHANEHHAM CUCEMU 3aXUCMY, d MAKOMHC BUKOPUCIANHHAM HAUOIIbUL
HAOIUHO20 MEXAHI3MY.

Hayxkoea nosusna. Ilpedcmagneni mexanizmu 3axucmy MONCymb CHAmMu OCHO80I0 OJisi pO3POOKU
HOBUX cnoco0ig 3axucmy iH@popmayii 6 XMapHomy cepedosulyi, wjo 003601UMb KOPUCIYBAMUC XMAPHUMU
mexHoao2isAaMU OLIbWIN KitbKOCmI 1t00ell 6e3 pU3uKy empamu OaHuXx.

IIpakmuuna 3nauumicms. Bionosiono 0o pesyivbmamis awanizy 6UHAYEHO ICHYIOUI MEXAHI3MU
3axucmy OaHUX 8 XMApHOMY cepedouwyi, NOPIBHAHO MEeXAHI3MU HAOAHH Oe3neKu XMAPHUM MeXHONO2IAM,
no6y0o08u cxemu 63aemo0ii KOpUCmyseaya, cepeepis YnpasiinHa KIouamu i XMapHozo cepeepa.

Knwuogi cnosa: xmapna mexnonozis, 3axucm ingopmayii, be3nexa, mexanizm, npomoxol.

Beryn. Ha cboroasinHii AeHb XMapHi TEXHOJIOTIT € BaXKIJIMBUM 3aC000M 30€peKeHHs TaHuX,
KM KOPHUCTYEThCS OaraTo KOMIaHiM, IepkaBHI opradizauii Ta mpocto [HTepHeT-KopucTyBadi.
[TepeBaramu XMapHUX TEXHOJIOT1M KOPUCTYETHCS BEITMKA KIJIBKICTh JItO/IeH Ta opraHizariii. CepBepu
MOKYTh BUKOPUCTOBYBATHCH SIK JJIs1 30epekeHHs 0cOOMCTHX (hailiB, Tak i ;uist podounx ganux. Came
TOMY aKTyaJIbHOIO TEMOIO € 3a0e3Me4YeHHs HAaIIIHOro 3aXUCTy JAAHUX B XMapHHUX CEpeJOBHILAX.
[ToxparieHHs: 6e3MeKH XMapHUX TEXHOJIOTIH J03BOJIUTH KOPUCTYBATHCh XMapHUMH TEXHOJIOTISIMU
OUTBII KUTBKOCTI JIFOACH Ta opraHizallid, Juisl sSKuX Oe3leka € JyXe BaKIUBOI. B 3B’sA3Ky 31
30UIBIIEHHAM KUIBKOCTI KOMIIaHIW Ta YCTaHOB, IIO BUKOPHUCTOBYIOTh XMapHi CepeloBHINA, IS
30epexeHHsT Ta OOMIHY BHYTPIIIHIMH JJaHUMH BHHUKA€ HEOOXITHICTh y MOKpAIeHl PiBHS O€3MeKn
JTAHOI CUCTEMH.

BuxopuctanHs XMapHUX CEpBICiB HAOYyJI0 MOMYJSIPHOCTI B TaKUX YCTAHOBAX SIK: MPOBIIHI
TEXHOJIOT14HI (hipMH, Aep>KaBHI OpraHu YIPaBIiHHSI, MEIUIIMHA, HA 1HII CTPYKTYpH. Pa3om 3 Takum
CTPIMKHM PO3BUTKOM XMapHHUX CEPEOBUIL BUHUKAIOTh HOBl PU3HMKH Ta 3arPO3H, 110 MPU3BOIATH 10
HEKOPEKTHOTO (PYHKITIOHYBaHHS CEPBICIB, MOSBU CIAOKOCTEH B CUCTEMI 3aXUCTY, & TAKOK 3HAUYHUX
MarepialbHUX BTpaT. ToMy, BUKOPHUCTaHHS XMapHHX TEXHOJIOTIH miisa 30epexeHHs iHdopmarrii
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00OB’SI3KOBO Ma€ CYMPOBODKYBATHCS MOCTIHHUM BIOCKOHAJCHHSIM CHUCTEMH 3aXHCTy, a TaKOX
BUKOPHUCTAHHIM HaNOUIBII HAIHHOTO MEXaHI3MY.

[Ipobnemam 3axucTy AaHUX Yy cdepl XMapHHUX cepenoBull npucesueHi podotu T.I'. binosoi,
B.O. Spyru, M.B. Bitpa [1]. IIpoTe, K10 B3SITH 10 yBark CTPIMKHIT pO3BUTOK JaHOI TEXHOJIOTIT Ta
piBeHb iH(OPMAIIIIHOT 3JI0YUMHHOCTI B JaHWUN yac, e MUTaHHA NOTpedye e()EeKTHBHUX MUIAXIB
BHUPIIICHHS.

IlocTaHoBKa 3aBJaHHsl. AHali3 HAayKOBUX JIKEpeN IO TEMaTHUIll XMapHUX CEpeIOBHIL
MOKa3ye, 10 OCTaHHIM 4YacoM MPOBEACHO Oarato BIOCKOHAJIEHb BITHOCHO Oe3meku 30epiraHHs
JTaHUX. 3 KOXKHUM POKOM PO3POOJIAIOTHCS HOBI OCOOJIMBOCTI XMapHUX TEXHOJIOTIH, MOKPAILYEThCS
JOCTYII, 301IBIITYETHCA JOCTYITHA JJISI BUKOPUCTAHHS TOTYKHICTh, 00’ €MH mam’sITi Ta MIBUIKICTh
00po6ku iHpopmarii. IIpoTe, mie i 10ci iCHYE s HEBUPILICHUXK paHillle MUTaHb HAIIHHOTO 3aXUCTY
iHopmarii xmapHUX cepBepiB. B OuUtbmiiii Mipi Il TUTaHHSA TOB’S3aHI 3 HECAHKIIIOHOBAHUM
JOCTYIIOM 1 BUTOKOM JIaHUX 13 XMapHOT MEPExKi.

Pe3yabTaTn gociigkeHHsi. BiamoBigHO B)Ke CTaBIIM TPATUIIMHUMH TPEICTABICHHSM,
KIIIOYOBUMH 1HCTPYMEHTAJILHUMHU KOMIIOHEHTAMH B Cy4acHOMY iH(OpMaLiifHOMY CepeloBHIl €
KOMIT I0Tep Ta Mepexa [HTepHeT, BUKOPUCTAHHS SIKUX B MOBCAKACHHIN ISJIbHOCTI 3HAYHO MTOKpAIIye
KHTTS CYCIIIbCTBA.

OCHOBHHMM BEKTOPOM €BOJIIOIIT CydyacHUX 1HGOPMAIIHHUX 1 KOMYHIKATUBHUX TEXHOJIOTIH €
PO3BUTOK XMapHHUX TEXHOJIOTiIH. XMapHi TEXHOJIOTIi — 11e MOJeNb HaJlaHHS 3PYYHOTO0 MEPEKEBOrO
JOCTYIy 70 3arajlbHOro myja KOH(IrypoBaHUX OOYHCIIOBAILHHX PECYpCiB, SIKI MOXYTh OyTH
IIBUJIKO TPEACTABJICHI 1 3BUIbHEHI 3 MiHIMAJIbHUMHU 3yCHJUIIMH 3 YIPaBIiHHSA 1 HEOOXiIHOCTI
B3a€EMO/IIT 3 TPOBaIEpOM.

Icaye Tpu momeni «Xxmap»: mporpaMmHe 3a0e3nedeHHs, sk mociyra (SaaS, Software as a
Service), mnatdopma, sk nociayra (PaaS, Platform as a Service) ta indppactpykrypa sik mociyra (IaaS,
Infrastructure as a Service) [2].

XMmapHi TEeXHOJOrii 3a0e3meuyroTh MIBHAKANA JOCTyn 10 pisHOMaHiTHUX IT-mocmyr i
CKOPOUYIOTh 3aTpaTH A0 PIBHS, BIIMOBIIHOTO (PaKTHYHOMY BHKOPHCTaHHIO pecypciB. Ilepexin Ha
XMapHy iH(pacTpyKTypy J03BOJIsIE OpraHizailii HIBHALIEC 3alyCKAaTH MPOEKTH 1 BUKOPUCTOBYBATHU
HOBI MOXJIMBOCTI, 30UIBIIIYIOYN BUPYUYKY Ta OTIEPATHBHO pearyryvd Ha 3MiHYy puHKY. [lepeBaramu
XMapHHX CEpPBICIB € TOCTYIHICTh, MOOLIbHICTh, EKOHOMIUHICTh, THYYKICTh, BUCOKA TEXHOJIOT1UHICTb.
3aBASKM IIUM TIepeBaraM, XMapHUMH TEXHOJIOTISIMA KOPHUCTYETHCS BEIWKA KIIBKICTh CEPEIHIX,
BEJIMKUX KOMITaHii Ta HaBiTh AP KaBHI OpraHizaiii.

st cIiJIbBHOTO BUKOPHCTAHHS PECYpPCiB Ta BIIAJIEHOTO JOCTYNY J0 JAaHWX HAa TEPUTOPIl
VkpaiHu icHye BeJHMKa KUIBKICTH XMapHUX cepBiciB, cepex Hux "duck Google”, "OneDrive",
"Dropbox”, "Box", "Mega", "SugarSync" ta 6araro ixmmux [3].

Jlns movatky poOOTH 3 IIMMHU CepBicaMM HEOOXiTHO 3apeecTpyBaTUCh Ha iX cepBepi. Ilicis
peecTparlii KOpUCTyBavl OTPUMYIOTh HE TIJIBKH CepBiC 30epiraHHs JaHUX 3 OOMEXEHUM, X0ua, K
MPaBUJIO, TOCTATHIM 00’ €MOM JTMCKOBOTO MPOCTOPY, alie 1 BIAMOBIIHI JOAATKOBI XMapHi CEpPBICH.

Cepgicu 30epiranHs JaHUX MOYATKOBO MaJIM JIMIIE MOXKJIMBOCTI IS 3arpy3KH Ha cepBep,
30epiraHHs Ta 3arpy3Ku 3 cepBepy. AJie 3 YacOM XMapHi CEpBICH OTPUMAIIH T0JATKOBUNA (PyHKI[IOHA,
3B’SI3aHHN 3 THTEICKTYAIBHOIO 0OPOOKOI0 BMICTY 3aBaHTAKECHUX (DAMITIB.

Hanpuknan, MOXXITMBOCTI XMapHOTO cepBicy 30epexenns aanux "Jluck Google", sxuii Hamae
BIpTyaJIbHUH TIPOCTIpP 151 30epiraHHs JaHUX, PO3IIMPEHI 3a paxyHOK oicHOro makety " JIoOKyMeHTH
Google". Cepgic "Iuck Google" mMae TeKCTOBUIl i TAONIMYHUI PETAKTOPHU, PEIAKTOpP MPE3SHTAIlIMH,
3aco0u 1 poOOTH 3 MATFOHKaMH Ta TpadiuHUMH CXEMaMH, a TAaKOX JT0JAaTOK ISl CTBOPEHHS TECTIB,
pe3yabTaTu SIKUX, SK 1 iHmN ¢aiinm 3 1poro ogicHoro makery, OyayTh 30epiratuch B cepBici
30epiranus qanux "Jluck Google".
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BOynoBanuii maker mporpam mae OuTbIie 0OMEXEeHb, TOPIBHSHO 3 HACTIILHUMH BEPCIsIMU
mporpam, ajie Mae€ 3pY4YHHHd IS BUKOPUCTAaHHS iHTepdelic Ta MOXe HaJaBaTh [OMYCK [0
penaryBaHHs iHpopMarii Bipa3zy AEKUIBKOM KOpPHUCTyBayaMm, 110 MOKpairye podoty. Takox cepsic
JT03BOJISIE BIJICITIIKOBYBATH 3MiHH (haiIiB, 3aBISIKA YOMY MOJKIIMBO BECTH CTaTUCTUKY 3MiH (haiJiB.

[lepeBaraMu XMapHHX TEXHOJIOTIH KOPHCTYETHCS BEIMKA KUIBKICTh JIIOACH Ta OpraHi3arfii.
CepBepr MOXKYTh BUKOPHCTOBYBATHUCH SIK JJIA 30€pekeHHsT 0COOMCTUX (aiiIiB, Tak 1 sl poOOUNX
TaHUX.

IHdopmariitHo-TeXHIYHUN TMPOTPEeC TOPKHYBCSA BCIX cdep MisUIBHOCTI, TMpHUHIC Oarato
MO3UTUBHUX IUJIOAIB. I, 3BHMYaiiHO, MpHHIC JEIKH (POHT pPU3MKIB, TMOB'SI3aHUIM 13 3aXUCTOM
iHpopmarrii.

Jns Oiapmioro po3yMiHHS NPUHIMIIB poOOTH MEXaHi3MiB 3aXUCTy JaHMX BiJl 3arpos,
MPEJCTaBIICHA CUCTEMA, B AKii IEMOHCTPYIOTHCS MEXaHI3MH 3aXUCTY Ha KOXKHY MOXKITUBY 3arpo3y.

Hami(xy,%5,%5, %4 . X,,); Mexamianvm (my, My, Mg, My ... M, ); MHEOFUHEE (23, 25,23, 24 - Zy),

ne x,, — [1e THIH JaHUX, 10 3HAXOJSThCS U 30epiraloTbcs Ha XMapHOMY cepBepi;
11; — MEXaHI13MH 3aXUCTy iH(dOpMaIlii BiJ 3arpo3s;
Z, — BHJIU 3arpo3, sIKi MOKYTh OTPUMATHU JAOCTYII, Y SKMMOCH YAHOM ITOIIKOINUTH JIaHi Ha
cepBepi.
3arposm Buaw gaHux

XaKepcbKi aTaku

N Y

HecaHKuioHoBaHMiA aoctyn

BWTiK KoHdigeHUiAHOT
iHbopmauii

TOMWIKM NPOTPamHOro
3abe3neyeHHn

MepexsaT iHbopmaLji npu
nepeaaui

Banom iHTepdeiicis
YrNpaeniHHA

N N O

MexaHiamu 3anobiraHHa

LMI ¢ M2 ¢ M3 l M4

Puc. 1. Cucrema gemoHcTpanii e)eKTHBHOCTI 3arpo3 HA NeBHI BUIH
JAHUX Ta MeXaHIi3MH NPOTHIiH 3arpo3am

Jlo BHIIIE HaBEACHUX 3arpo3 MPOTHIIEIO € TaKi METOIM 3a100IraHHs:

Metoa mmdpyBanHs Oyae epeKTUBHUM IPU TaKUX 3arpo3ax sK: nmepexsaT iHdopMarlii npu
nepeaadi, YaCTKOBO IIPH XaKEPChKUX aTakax Ta B3JI0Mi IHTEp(EHCiB yrpaBTiHHS.

Meton aBrenTHdikanii Oyne epeKTUBHUM B 3amoOiraHHi 3arpo3aM HECaHKLIOHOBAHOTO
JOCTYITy TA YaCTKOBO IPH XaKEPChKHUX aTakKax.
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Mertoa 130511l KOpUCTYBadiB J0MOMOXke 30epertu abo MiHIMI3yBaTH BTpaTd JaHUX IpU
XaKepPChKHUX aTakaxX, BUTOKY KOH(]iAeHIIIitHOT iHhOopMaIlii, TOMHIIKaX MPOTPaAaMHOTO 3a0e3T1IeUCHHS.

Metoa 3axucTy AaHMX TpU Mepefadi MPOAEMOHCTPYE CBOI IEpeBard IMpU IepexBari
iHdopmartii, mpu nepenadi, B3omi iHTepderciB YIIpaBIiHHS Ta YACTKOBO MPU XaKEPChKUX aTaKax.

Oprasi3zaniifHo-TeXHIYHUMH MeTO/1aMU 3a0e3nedeHHs iHpopmaiiHoi Oe3MeKH €: CTBOPEHHS
1 BJIOCKOHAJIECHHs CHCTeMH 3a0e3mnedeHHs iH(opmalliiiHoi Oe3meku, po3poOka, BUKOPUCTAHHS 1
BJIOCKOHAJICHHSI 3aco0iB 3axMcTy iHQoOpMalii, CTBOpeHHS CHCTeM 1 3acobiB 3amoOiraHHs
HECaHKI[IOHOBAHOTO JOCTyNy J0 00poOmroBaHOi iHGoOpMaIllii, a TaKoX BHSIBICHHS TEXHIUHUX
INPUCTPOIB Ta Hporpam, AKi NPeACTaBIsAIOTh HeOe3neky A epexTuBHOro ¢yHkiionyBanus IT-
cucteM [4].

[MocrifiHO 3pocTarodi BUTpaTH Ha CTBOPEHHS Ta EKCIUTyaTallilo iH(QOpMaIiiiHUX CcUCTeM,
CYTT€BE 3pOCTaHHS 30UTKY BiJl iHQOpPMAIIHHUX PU3UKIB 3MYIIIYIOTh KEPIBHUKIB IITYKATH HOBI ITUISIXH
HiABUILEHHS e()eKTUBHOCTI 1HPOpMaLIHOI chepu MAMTPUEMCTB Ta OpraHizariii.

Haii6inp1n eeKTHBHUMY MeXaH13MaMHu O€3MeKH XMapHUMH TEXHOJIOTISIM €:

1. llludpyBannus. Oaun 3 HaOUIBII eeKTUBHUX croco0iB 30epekeHHs nanux. [Iposaiinep
MOBUHEH mudpyBaTu iHGOpMAIIiIO KITE€HTa, sKa 30epiracThecst B meHTpi 00podku manmux (LIO/), a
TaKOX B BUMAJIKY BIJICYTHOCTI HEOOX1JTHOCT1 — BUJIAJIATH.

30epiranHs KJIIOYiB Ha XMapHOMY CEpBEpi HEAOUUIBHO, TaK K KOXEH, XTO Ma€ JOCTYI JI0
XMapHHX CepBepiB ab0 IabJoHIB, MIr OM OTpUMaTH JOCTYN A0 KIIo4Ya, a BIiATOAI 1 J0
po3mudpoBanux ganux. Habip maposst mpu 3anmycKy CUCTEMH YTPYIHEHHUH Y 3B’ S3KY 3 BIJACYTHICTIO
CHpaBkHBOT KOHCOJI. Di3nuHEe BBEICHHS KIIOYa 3aMIHIOETHCS 3alUTOM, KM XMapHHHA cepBep
BIJINpaBJIsi€ 30BHINIHHOMY JKEpey — cepBepy kepyBanHs kiatouamu (Key Management Server) [5].

Bupimansaum daktopoMm s 3a0e3nedeHHs O€3MeKW TaKoTo pIlIeHHS € PO3JAUIbHA
eKCILTyaTallisi XMapHOT0 CepBepy Ta cepBepy YIpaBIliHHS Kitouamu (puc. 2).

Skmo o6uaBa po3MilleHi y OJTHOTO ITPOBaiiiepa XMapHUX CEPBICiB, TO BCS iHGOpMAIlisi 3HOBY
BUSIBIISIETHCS 310paHOIO B OJJTHOMY MicCIli. AKTyalbHOIO aJIbTEPHATHBOIO € ycTaHOBKa cepBepy KMS B
JokaabHOMY 1eHTpy oOmiHy nmanux(L[O/]), abo B SIKOCTI 30BHINIHBOI MOCIYTH B IHIIOTO CEpPBIC-
IpoBanaepa.

Skmo o6uaBa po3MIIIIeHI y OJTHOTO ITPOBaiiiepa XMapHUX CEPBICiB, TO BCS iHGOpMAIlisi 3HOBY
BUSIBIISIETHCS 310paHOIO B OJJTHOMY MicCIli. AKTyalbHOIO aJIbTEPHATHBOIO € ycTaHOBKa cepBepy KMS B
JoKaabHOMY 1eHTpy oOmiHy nmanux(L[O/]), abo B SIKOCTI 30BHINIHBOI MOCIYTH B IHIIOTO CEpPBIC-
IpoBanaepa.

2. 3axuCT naHux npu nepenadi. s 6e3meunoi 00poOku gaHUX, 000B’SI3KOBOIO YMOBOIO € X
mudpoBana nepenada. B mimsx 3axucTy JaHUX B MyOMiuHIA XMapi BHKOPHCTOBYETHbCS TYHEIb
BipTyasibHOi mipuBaTHOT Mepexi (VPN), ska 3B’s3ye Kili€eHTa 1 cepBep UIsl OTPUMAHHS MyOJIYHUX
XMapHHX TOCIIYT.

VPN-tyHens crnpusie Oe3reyHuM 3'€JHAHHSM 1 JTO3BOJISIE BUKOPHCTOBYBATH €AMHE IM'S 1
napoJib i JOCTYIY 10 PI3HUX XMapHUX pecypciB. Sk 3acid mepemayi JaHUX B MyOJNIYHHUX XMapax,
VPN - 3'eqHaHHS BUKOPUCTOBYE 3arajbHOAOCTYITHI pecypcH, Taki sk [arepuer. [Ipomec 3acHoBaHui
Ha peXMMax AOCTyNy 3 HMIM(pyBaHHSAM 3a JOMOMOIOI0 JBOX KIIOYIB Ha 0a3i mpoTokoiy Secure
Sockets Layer (SSL).

Binpmiicts npotokoniB SSL i VPN B gxocTi onmii miaTpuMyloTh BUKOPUCTaHHS UPPOBUX
ceptudikaTiB 1 aBTEHTH(IKAIII1, 32 TOMTOMOTOI0 SIKUX TIePEBIPAETHCA 1IeHTH(iKaIiiTHa 1HQOopMaITis
1HIIOT CTOPOHH, MPHUYOMY III€ A0 MOYaTKy mnepenadi gaHux. Taki nu¢posi cepTudikaTh MOKYTh
30epiraTucsi Ha BIPTyaJIbHUX JKOPCTKHUX JUCKaxX B 3alIM(POBAHOMY BUTJISAII 1 BUKOPUCTOBYIOTHCS
BOHM TUTBKH MICJISI TOTO, SIK CEPBEP YIPABIIHHA KITI0UaMH IIepEBipUTS 11eHTUDiKaiiHy iHPOpMAaLito
1 uTicHICTB cucteMu [ 7]. OTKe, TaKUi JTAHITI0KOK JT03BOJIMTH TIEpeIaBaTH JaH1 TUIbKU THM XMapHUM
cepBepaM, sIKi MPOMIIUIN TOMIEPEHIO IEPEBIPKY.
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3amm@poBaHi 1aHi pH Niepeavi HTOBUHHI OyTH AOCTYIHI TUIBKH Ticiis aBTeHTHdiKaii. J{ani
HE BHii/Ie MpoYHTaTH a00 3pOOUTH 3MIHM B HUX, HaBITh Y BUNIAJKY JOCTYIYy Yepe3 HeHA/IiiHI BY3JIH.
Taki TexHonorii nocuth Bifomi, anroputmu i1 Hamiiiai nporokonn AES, TLS, IPsec maBHO
BUKOPHCTOBYIOTHCS TIPOBAIepaMH.

XmapHuiii cepeep XMBEPHWA cepeep Crcremn
E & BepiraqHa NaHWy,

—

XMEpHWA cepaap

. EMApHWA cepeep Cucremn
Y BepiraHHsa QaHmux
-

g F O
H ]
g :
T S
3 g
XMapHWia Bpoxep E: 7
S 1 5
CSP 'y L 5
b 2
& & +
g £ &
3 a
_— e i — o e A e e — — — — — — — — —
2
KopuctyBau §
d‘
KepyBaHH
KITIOMEMEA OOCTyny ADILDAP
F 3
Kopucryaa KopscTysas!
pone A

pone B
Ooagin \/

Puc. 2. Cxema B3aemojil KOpucTyBaya, cepBepiB ynpaB/IiHHSA KJIYaMHU i XMapHOIo cepBepa

3. ABtentudikauis. 3axuct naponem. [ 3abe3neueHHs O1IbII BUCOKOI HAAIMHOCTI, 4acTo
BUKOPHUCTOBYIOTh TOKCHHM Ta cepTudikatu. HalOumpm mpocTwii Ta JOCTaTHHO HAIIWHUM METON
aBTeHTU(IKAIlli — TEXHOJIOTIs oaHOpa3oBux mapoiiB [8]. Taki maposi MOXYTh reHepyBaTucs abo
CHeliaJbHUMH TIporpamMamMu, ado J0JaTKOBUMH MPUCTPOSIMHU, a00 CepBiCaMM C MEPECHUIIKOI0 CMC-
MOBIJJOMJICHh KOPUCTYBAUYy.

OcHOBHa BIIMIHHICTP XMapHOi 1HQPACTPYKTYpH TIOJSITa€ Yy BEIUMKUX MacmrTabax Ta
IMPOKOTO TreorpadivHoro posmoxairy. Ha nmepmuii miiaH BUXOIUTh BUKOPUCTAHHS 7Sl OTPUMAHHS
OJTHOPA30BUX IIapOJIIB HAa MOOUIBHI MPUCTPOi, SAKI CHOTOAHI € TMPAKTHYHO Y KOXKHOTO. Y
HAMMpOCTIIIOMY BHIIAJKy OJHOPAa30BUH Mapoib OyAe CTBOPEHUH CIEIialbHUM CEpBEPOM
aBreHTU(dikamii 1 Bucianuii B SMS Ha MOOUTbHMI TenedOH KOPHCTyBauya TICIS BBEICHHS
MPAaBUJIBHOTO CTaTHYHOTO MAapoJii Ha CTOPIHKY JOCTYIy 1O XMapHOro cepmicy. Jlist mpo3opoi
B3a€EMOJIII TIpoBaiiiepa 3 CHUCTEMOIO iAeHTHGIKAIl MpPU aBTOPHU3aIii, TAKOX PEKOMEHIYEThCS
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BukopucroByBatu nmpotokoi LDAP (Lightweight Directory Access Protocol) i MOBY nporpamyBaHHs
SAML (Security Assertion Markup Language).

4. Bonamis KopHCTyBauiB. BHKOpUCTaHHS I1HIUBIAYaJbHOI BIPTYaJIbHOI MAIIMHU Ta
BipTyasibHOI Mepexi. BipTyanpHi Mepeki MOBHMHHI OyTH PO3BEPHYTI 3 3aCTOCYBAaHHSM TaKUX
texHouorii, sk VPN, VLAN Ta VPLS. Yacro npoBaiinepu i3010I0Th JaHi KOPUCTYBaUiB OJHE Bij
OJIHOTO 3a PaxyHOK 3MIHHM KOJIy B €IMHOMY MpOTrpaMHOMY cepenoBuii. e miaxim mMae pusuK,
3B’s13aHUH 3 HEOE3MEKOI0 3HAWTH BPA3JIMBICTh B HECTAHAAPTHOMY KO/, sIKa IaCTh JOCTYI 10 TaHUX
[9]. B Bumagky MOXKIHBOI MOMHIIKH B KOJIi, KOPUCTYBAa4 MOKE OTPHMATH JOCTYI 10 iHpopmarii
1HIIIOTO KOpHUCTYyBayYa.

XMapHI TEXHOJIOTIT MPEICTaBIAI0Th, 3HAYHUN TIporpec B cdepi Po3BUTKY 1H(OpMAIiiHIX
TEXHOJIOTIH Ta cepBiciB. B maniit TexHomorii 6e3neka rpae HaiBaknuBimry poss. He nquBnsumnce Ha
BC1 CKJIATHOCTI B 00JyacTi Oe3meku, mepeBarn TaKuX TEXHOJIOTIH MEepeBaXKYIOTh MOXKIIUBI PU3HKH,
TOMY XMapHi TEXHOJIOTIT OyAyTh IIMPOKO 3aTpeOyBaHi Ha PUHKY iH(popMaliitHux TexHosorii [10].

BucnoBku. B pe3ynbrari mpoBeneHOTO aHaiizy Oyiau BHSBJICHI HaWOLIbII edeKTHBHI
MeXaHI3MHU 3axXucTy iH(opMmarii Ha xmapHUX cepBicax. KoxkeH 3 muUX MeXaHi3MIB Ma€ sSIK CHIIbHI
CTOpPOHHW, TaK 1 TEBHI PHU3UKU BTpath iH(opMmarii. Ommucani B poOOTI MEXaHI3MH 3axXHUCTy
JIEeMOHCTPYIOTh HEOOXIIHICTh CTBOPEHHS HAJIMHOT cucTeMu Oe3neku 1 3axucTy iHpopmarii B
XMapHUX CepeloBHINax. BiAMOBIAHO 10 pe3ynbTaTiB aHali3y, BU3HAYEHO 3acO0M HEWTpamizarii
3arpo3 o0 3a0e3MeveHHs 3aXUCTY JaHUX Ha XMapHOMY CEPEJOBHUIILI.
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WARANITSKYI D. V., 'ROZKOLODKO 0. 0.,
2LIUTA M. V., 2ZAKHAROVA M. V., ’KHOTUNOV V. I.
Kyiv National University of Technologies and Design, Ukraine
Cherkasy State Business College, Ukraine
ANALYSIS OF DATA PROTECTION MECHANISMS IN CLOUD ENVIRONMENTS

Purpose: Improving the security of cloud technologies. Analysis of information protection mechanisms
in cloud environments and pointing out of their peculiarities. Searching for the most effective mechanism for
protecting information, which is stored in cloud environments. Improving the security of cloud technologies
will allow more people and organizations, for whom security is very important, to use such technologies. Due
to the increase in the number of companies and institutions using cloud environments for the storage and
exchange of internal data, there is a need for improved levels of security of this system.

Methodology: The article examines the peculiarities of data protection mechanisms in cloud
environments. The analysis is conducted and the main properties and functions are pointed out. These
mechanisms are considered and the most effective one is chosen.

Findings: The main mechanisms of protection, such as encryption, data protection during
transmission, authentication and isolation of users, are researched. The peculiarities of these mechanisms are
pointed out. Each of these mechanisms has strengths and certain risks of information loss. To better understand
the principles of data protection mechanisms against dangers the system of demonstration the effectiveness of
threats to certain types of data and mechanisms for counteracting dangers is presented. The protection
mechanisms demonstrate the need to create a reliable system of security and protection of information in cloud
environments. The use of cloud technologies for information storage must be accompanied by regular
improvement of the security system, as well as the use of the most reliable mechanism.

Scientific novelty: The presented mechanisms of protection can be the basis for the development of
new ways to protect information in the cloud environment. It will allow more people to use cloud technologies
without the risk of data loss.

Practical value: According to the results of the analysis, the existing mechanisms for protecting data
in the cloud environment are defined; the mechanisms for providing security to cloud technologies, building a
scheme for user interaction, key management servers and a cloud server are compared.

Keywords: cloud technology; information protection; security; mechanism; protocol.
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UTILIZATION OF COMPUTER VISION AND MACHINE LEARNING
FOR APPLIED ENGINEERING: DATA ANALYSIS AND
RECOGNITION

Purpose. The primary purpose of this research article is to develop a ML model for applied
engineering for varied actions, such as identifying sunflower seeds from other seed types and adjusting the
screw press parameters accordingly for optimal oil extraction. Additionally, it aims to predict noise
propagation and implement measures for noise reduction in relevant engineering applications.

Methodology. The research methodology involved analyzing scientific sources, experimental data,
modeling, and machine learning. The ML model was trained using the Edge Impulse platform with a dataset
of seed images, annotated for focus. After iterative training, validation, and testing, the model was embedded
into an Arduino controller for real-time seed identification and automatic screw press operation regulation.

Findings. This article introduces an innovative applied engineering approach aimed at
revolutionizing the seed oil extraction process through the automation of screw press operations using
Machine Learning (ML) and Computer Vision (CV). Key findings include the successful differentiation
between sunflower and pumpkin seeds and precise adjustment of screw press settings based on seed type
identification. ML is also utilized to detect an empty seed feeder and halt press operations automatically,
preventing equipment damage and ensuring efficiency. These results pave the way for enhanced automation
and precision in seed oil extraction processes.

Originality. The application of ML and CV in seed oil extraction and screw press operation, as
presented, underscores the transformative potential of these technologies in agricultural processes.

Practical value. Incorporating computer vision and machine learning into applied engineering
streamlines processes, reduces errors, and enhances efficiency. This integration optimizes resource utilization,
enables real-time decision-making, and boosts productivity across various engineering applications.

Keywords: artificial intelligence; image recognition; Arduino; screw press; seeds; advanced
engineering.

Introduction. The dynamic evolving in advanced engineering, particularly within agricultural
domains, have sparked innovative approaches leveraging cutting-edge technologies such as
Computer Vision (CV) and Machine Learning (ML) to enhance and optimize processes, reshaping
the sector. A prime example of this technological fusion is the evolution of conventional seed oil
extraction methods, notably through the utilization of screw press technology.

Leveraging Computer Vision (CV) and Machine Learning (ML), the conventional method of
seed oil extraction via a screw press involves numerous manual tasks, posing challenges regarding
efficiency, time, and error rates. Given the varied characteristics of seeds and their unique extraction
needs, manually configuring the screw press settings for each seed type becomes labor-intensive. This
not only hampers process speed but also risks yield reduction due to potential inaccuracies. Thus, the
creation of an automated system to streamline and optimize this process could have substantial
implications for the agricultural sector.

As advanced engineering techniques progress, the integration of these evolment into screw
press operations to address existing challenges becomes increasingly relevant and feasible. Utilizing
Machine Learning (ML) and Computer Vision (CV) offers a promising solution to automate seed
identification and adjust machine parameters accordingly. This integration holds the potential to
enhance efficiency, decrease processing times, and boost yield.

Recent studies have begun to explore the potential of incorporating Al, ML and CV in various
agricultural practices. The article [1] reviews the application of advanced technologies like computer
vision and deep learning in seed testing and identification. It discusses the possible benefits and
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limitations of these methods and acknowledges challenges associated with their implementation and
suggests optimization strategies for these systems. Article [2] explores the use of computer image
analysis and machine learning algorithms, such as deep learning, SVM and random forest, to extract
morphological data from seeds and classify species of aquatic plants.

The study [3] presents a computer vision tool named DiSCount (Digital Striga Counter) to
automate the quantification of total and germinated Striga seeds. In research [4] authors developed a
computer vision system using a regular colour camera under controlled lighting and investigated that
the highest accuracy (95%) can be achieved using the GoogleNet algorithm. In research [5] authors
utilized computer vision to classify canola varieties, using images captured by a digital camera in
natural light. They achieved impressive accuracy rates — up to 98%. This work [6] introduces an
affordable and efficient system for measuring seed volume, crucial for seed breeding programs.

In work [7] authors applied four traditional classification algorithms and trained the dataset
using a deep learning method, VGG19. The paper [8] reviews how Al is transforming various
agricultural activities. Studies [9, 10] aim to create a food detection system based on Arduino to alert
users of food spoilage. However, the focus on automating and optimizing the screw press operation
specifically, using these technologies remains an under-explored area. This articles [11, 12] seeks to
address that gap by presenting a novel technological solution that leverages ML and CV for seed type
recognition and automatic parameter adjustment in a screw press operation.

Setting the research task. The primary task of this article resides in leveraging Machine
Learning (ML) and Computer Vision (CV) to differentiate sunflower seeds from other seed types
efficiently and effectively. The ability of an automated system to accurately identify a particular seed
type is integral in determining the optimal settings required for a screw press operation.

To concretize our research path, we outline the following main objectives:

1. Training Machine Learning (ML) algorithms to accurately recognize and differentiate
sunflower seeds from other seed types using Computer Vision (CV), focusing on the unique visual
aspects of sunflower seeds.

2. Leveraging the seed identification process to automatically optimize the operation of the
screw press. This involves determining and adjusting the screw press parameters for optimal oil
extraction based on the identified seed type.

3. Utilizing ML to recognize when the seed hopper is empty and automatically pause the
operation of the screw press, preventing possible equipment damage and promoting efficient use.

In accomplishing these goals, this article aims to cover the crucial yet under-explored segment
of infusing ML and CV into the field of oilseed extraction, bridging the existing gap and providing a
robust solution for the identified challenges.

Results. The Edge Impulse platform was leveraged in this study for its versatile and user-
friendly features, allowing for seamless development and implementation of machine learning models
even with modest hardware. The platform not only provides an effective training environment for the
model but also supports the deployment of this model into a real-time system.

A diverse dataset of sunflower and pumpkin seeds in various states (shelled and unshelled)
was collected for use in convolutional neural networks (CNNSs) and autoencoders. Images were taken
under different lighting conditions for better role modelling. Uploaded to Edge Impulse, this dataset
facilitates further analysis and generative adversarial networks (GANs) model development,
contributing to seed identification technology advancements.

Furthermore, to make the data analysis more efficient and focused, a technique known as
bounding box annotation was employed. This involved marking an area of interest — the seed — in
each image, which allows the platform to focus exclusively on the defined area during model training.

A convolutional neural network (CNN) comprises convolutional layers for feature extraction,
followed by activation functions like ReLU for non-linearity. Pooling layers down-sample feature
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maps, while fully connected layers learn high-level features for classification/regression. The output

layer produces final predictions. Through training on labeled data, CNNs learn to extract features and
make accurate predictions.
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Fig. 1. Seeds type detection

Using annotated images, the system trained the model to distinguish sunflower seeds,
pumpkin seeds, and an empty feeder. Through iterative cycles of supervised learning [13], validation
[14], and testing [15], the model's accuracy and performance improved. This meticulous training

enhances both performance and scientific understanding of feature recognition in machine learning
algorithms.
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Fig. 2. A convolutional neural network for images analysis
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In a live operational setting, a camera will be installed on the feeder to continuously monitor
incoming seeds, integrated into an Arduino controller. Utilizing a model trained and validated on
similar images, the system will identify seed types in real-time and classify them accordingly. With
the seed classifier, the screw press can automatically adjust to optimal working parameters, such as
height and temperature, specific to the identified seed type. Implementing this screw press model
setup reduces human errors and addresses obstacles through automated adjustments per identified
object. Moreover, the model's versatility allows it to be trained for various applied engineering
challenges.

In the screw press operation for sunflower seeds, key parameters affecting oil extraction
include height, temperature, and pressing speed. Maintaining the pressing temperature between 105—
110 degrees Celsius ensures a high oil yield and preserves nutritional quality. Optimal speed is crucial
for efficient seed crushing without overheating the oil. Additionally, the gap between the barrel and
screw shaft must be precise to facilitate smooth seed movement. A too-wide gap reduces pressure
and oil yield, while a too-narrow gap risks equipment damage.

Using ML, the system can adapt, learn, and improve over time, making the process more
efficient. Meanwhile, CV will assist by accurately classifying different types of seeds, helping the
system understand what type of seed it is dealing with and how to adjust the settings on the screw
press accordingly.

Conclusion. In this research article, we've demonstrated the integration of Machine Learning
(ML) and Computer Vision (CV) in optimizing the screw press operation. Firstly, with the use of the
Edge Impulse platform, we successfully developed and trained an ML model to differentiate
sunflower seeds from other seed types using distinctive visual characteristics. This was made possible
through utilizing a robust dataset and the application of bounding box annotation for focused image
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analysis. We effectively leveraged this seed identification process to optimize the screw press
operation. By determining the seed type, the ML model was able to automatically adjust the
parameters of the screw press for optimal oil extraction.

ML model was also trained to detect an empty seed hopper, allowing the system to
automatically halt the screw press operation, preventing possible damage to the equipment and
ensuring efficient use of resources.

These successful results solidify this ML-based method's potential in enhancing efficiency
and precision in the oil extraction industry. The integration of such smart technologies into
agricultural practices is a revolutionary step that opens the door for further advancements in
automating and optimizing manual processes, thereby paving the way for the future of smart

agriculture.
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I'ABPAH B. b., OPUHYAK M. P.

Hayionanvruii ynisepcumem «JIvsiscoka nonimexuika», Yxpaina
BUKOPUCTAHHA KOMIT'FOTEPHOI'O 30PY TA MAILIMHHOI'O HABYAHHSA
JIJIS IPUKJIAJTHOI TH)KEHEPII: AHAJII3 TA PO3III3BHABAHHSA JAHUX

Mema. Po3podxa mooleni MAWUHHOZO HABYAHHA ON 30ACMOCY8AHHS NPUKIAOHOL IHOICeHepii 0/
WUpokozo cnekmpy Oil, 5K [0eHmuikayis HACIHHA COHAWHUKA cepeld IHWUX 6udié HACIHHSA ma
HANAWIMY8aHHs NAPAMEMPIE WHEK0B020 npeca GI0N0GIOHO 0l ONMUMANLHO20 u000ymKy onii. Kpim moeo,
B80OHA CNPAMOBAHA HA WUPOKUN CNEeKMP aHanizy, 015 NPUKiady nepedbaueHus mMooeni O SUSHAYEHHS mda
SMEHUIEHHS WYMY.

Memooukxa. Ananiz nayxosux odcepen, eKCNepUMEHMANbHUX OAHUX, MOOENO8AHHA Md MAWUHHE
HaeuanHns. Mooenb mawunno2o Hasuanus Oyaa Haeuena 3a Odonomoeoio naamgopmu Edge Impulse 3a
donomoeoo Habopy 300padiceHb HACIHHA, aHomosanux oas ¢goxycy. llicia imepamuenozo maguaums,
nepegipxu ma mecmysanus modeav Oyia ebydosana ¢ xowmponep Arduino ona ioenmucpikayii Hacinns 8
PeanbHOMy 4aci ma asmomMamuyHo20 pezyrosanis poobomu WHeK08o20 npeca.

Pesynomamu. [l nayxosa cmamms NPONOHYE ANLIMEPHAMUSHUL EKCNEPUMEHMANbHULL NioXi0 @
NPUKIAOHIN IHJICEHePIl, CIPAMOBAHUIL HA npoyec 8UO0OYMK)Y HACIHHA OJisi OMPUMAHHA Ol 3a 00NOMO2010
asmomamu3sayii onepayili WHEKOB020 npecda 3 BUKOPUCMAHHAM MAawuHHo20 Haeuanua (ML) ma
komn'tomeprozo 30py (CV). Knouosi pe3ynemamu exniouaroms ychiuine po3pisHeHHs HACIHHA COHAWMHUKA ma
eapbyza ma moyHe HANAUWIMYBAHHI NAPAMEMPIE WHEK0B020 Npecd HA OCHOGI i0enmugikayii muny HAciHHsL.
ML makoc 8UKOpUCMOBYEMbCA 01 BUABLEHHS NYCINO20 HCUBULLHUKA MA ABMOMAMUYHOI 3YRUHKU pobomu
npeca, wo 3anobicac NOWKoOdiCeHHIo 001a0HanHs ma 3abe3neuye egexkmusnicms. Lli pesyismamu
8I0KpUBAOMb WIIAX 00 NOKPAWEHHS A8MOMAamusayii ma moyHOCmi 8 npoyecax 8ud0OYmKY HACIHHA O/
OMPUMAHHSA O

Haykoea nosusna. llpeocmasnene sacmocysanus ML i CV 6 konmexcmi excmpaxyii onii 3 HACIHHSA
3a 00ONOMO2010 UWIHEK0B020 Npeca NPAKMUYHUM eKCNePUMEHMANbHUM MemOOOM RIOKPeCcmoe NOmeHYian
BUKOPUCMAHHS MEXHO02IU Y NPUKIAOHIU IH)CEHePIL, 30KpeMa onmumizayii ciibCbKo20CcnooapCcbKux npoyecis.

Ilpakmuuna 3nauumicms. Cmamms GUABIAEC NPAKMUYHY KOPUCTb HA OCHOBI eKCNepUMEHMAIbHUX
OaHUX, WO NOIS2AI0OMb 8 AGMOMAMUYHOL onmumizayii npoyecy 6u00OVEaHHs O/il, 3MEHUEHHIO KilbKOCMI
PpYuHoOi pobomu, ma 30inbUeHH]I NPOOYKMUBHOCMI 6 OaHill IHOYCMPII BUCOMOBNEHHA OJil, a MAaAKOH#C
3ACMOCYBAHHA YUX Memooie y 2any3i NPUKIAoHoi iHdiceHepii. Lle O0ocniodcenHs € KPOKOM ) HANPAMK)
aA8MOMamu3068aH020 MatbymHb020, 6 AKOMY Nepedosi MexHON02ii odonomazamumyms peanizyeamu
npozpecusHi, epexmugHi ma cmani nioxoou 2any3i azpoxyibmypu.

Knrouosi cnosa: wmyunuii inmenexm; posniznaéanus 306padicenv, Arduino, wmnexosuil npec;
HACIHHS, NPUKIAOHA THIICEHEDISL.
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BEHTWJIALIA SAK CKIIAJOBA EHEPTETHYHOT' O
JAUHAMIYHOI'O BAJIAHCY B BY AIBJISAAX

Mema. Jlocniodicenns cnpsamosane Ha aHailiz OUHAMIYHO20 eHepeemui4H020 MOOent08anHs 0y0isensb 3
BUKOPUCTHAHHAM NpocpamHoeo 3abesneuenns EnergyPlus ma DesignBuilder. Ocnosna mema nonseae 6 oyinyi
eHep2emuyHoi eghexmusHOCmi, NOGIMPAHOI AKOCMI ma eHepeemuyno2o banaucy 6yoisenv 3 6paxy8anHAM
PIBHOMAHIMHUX ACNEKMIB, MAKUX K NOGIMpooOMIH ma OUHAMIYHI 3MIHU 8 MeMnepamypi ma 80a020CHI.

Memoouka. B pobomi suxopucmosysanuce npoepamu EnergyPlus ma DesignBuilder ons cmeopenns
demanbHux OuHAMiyHux mooenel 6ydisenv. OCHOBHA Y8aza NPUOLIALACH MOOENIO8AHHIO NOGIMPOOOMIHY ma
BUBUEHHIO eHepeemuyHo2o banancy. Pi3Hi aneopummu M00ento8anus NosimpooOMiHy NOPIBHIOBANUCL O
BUSHAYEHHS IX BNIUBY HA eHePeeMUYHY eqheKMUBHICTb.

Pesynvmamu. J{ocniosxceno enepeemuuri nomoxu 6 0y0ienax Ha OCHOBI OUHAMIYHUX eHePeeMUYHUX
banancie 031 nepiody onanenus. Ilposedeno noenubaenutl ananiz 6NAUGY NOGIMPOOOMIHY 6 OUHAMIYHUX
eHepeemuUyHUX OAIAHCAX O0CHIOIACYBAHOI KIMHAMU HCUMI080i 6Y0ii.

Haykoea nosusna. Lle 0ocniodcennss nponoHye HOGUUL NO2IS0 HA OUHAMIUHE eHepeemuuHe
MoOen08anusi Oyoigenb, pO3WUPIOIOYU 3HAHHA 6 Yili 2any3l uepe3 CHpPAMOBAHY Y8A2y HA ACHeKmu
nosimpooOMiny ma enepeemuynozo banaucy. Pezyiomamu enecyms 8asxiciuguil 6kiad y po3gumox nioxodie
00 NiOBUUEHHSl eHePeoeeKMUBHOCTIE, CIMEOPIOIYU HOBL MONCIUBOCHI OJisl NPAKIMUYHO20 3ACMOCYBAHHA 8
iHJICEHepHOMY NPOEKmMY8aHHI ma OYOigenbHill eKCHIYamayii.

Ilpakmuuna 3nauyumicms. Ompumani pesyibmamu € BANCIUBUM BHECKOM OJisl iHdCeHepie ma
NPOEKMYBANbHUKIE,  pO3POONAIOYU  Cmpamezii  3MEHUIeHHA  eHEeP2OCNOMNCUBAHHA ma  ONmumizayii
EHepeemuUyH020 CHONCUBAHHA Oyoigens. JlocniodceHHs Modice Cyey8amu 6KA3I6HUKOM OJisi NPAKMUYHO20
BNPOBAOIICEHHS OUHAMIYHO20 MOOENI08AHH. 8 NIAHY8AHHI ma excnayamayii 6yodieenv 0as 00CACHEeHHs
ONMUMANBHOL eHepeoeheKmuUeHOCMI.

Knrouoei cnosa: ounamiune mooentosants 0yoigensb, NOGIMPOOOMIH, Meni08uil 6ANAHC, eHepeemUuiHa
eqhekmueHicmb, CRONCUBAHHS eHepRI.

Beryn. EneproedextuBHICTH OyaiBenb — 1€ OHA 3 HAWMOUIBII aKTyalbHUX MpoOJeM
ChOTOZICHHA. 3a JaHUMH MIDKHApOJHOTO areHTCTBA 3 €HEPreTHKH, Ha OyaiBii mpuragae OIM3bKO
40% cBITOBOTO €HEProCIOKUBAaHHS 1 BUKUIIB B aTMocdepy [1]. YkpaiHa He € BUHATKOM - ICHYIOUHA
OyniBenbHUM GoHA KpaiHu nmorpelye peabimiTariii, 100 3MEHIIUTH BUTPATH HA EHEPril0 Ta BUKUAN
CO..

OnuH 3 IHCTPYMEHTIB Ul JAOCSTHEHHS eHeproe(eKTUBHOCTI OyiBenb — 1€ eHepreTHYHe
MOJICITIOBAHHS, SIKE€ JTO3BOJISIE OI[IHUTH C€HEPreTHYHY e(PEeKTHUBHICTH Oy/iBeNb Ta iACHTH(IKYBaTH
MO>KJIMBOCTI 171 iX nosinmeHHs. KpiM Toro, enepreTuuHe MOJIE/IIOBaHHS T03BOJISIE IPOBOJUTH Pi3HI
CIieHapii Ta BU3HAYATH HAMOUIBII ONITUMAJIBHI PIIEHHS 3 TOYKHU 30py eHeproedextuBHocTi. [le Moxke
BKJIIOYATH 3MIiHM B JAu3aiiHi Oy/iBenb, ONTHUMI3AIiI0 CUCTEM OMNAaJCHHsS, BEHTHIALII Ta
KOH/IUIIIOHYBaHHS MOBITPS, @ TAKOK BCTAHOBJICHHS €HEProe()eKTUBHOTO 00JIaTHAHHS.

TpaauuiiiHi po3paxyHKH 0a3ylOTbCs Ha aHalli3l CTATUYHUX EHEPreTUYHHUX XapaKTEPUCTHK
OyniBenb. OqHAK CydacHUM MIIX1A 10 JOCTIIHKCHHS BKIIFOYA€E B ce0e MOCITIOBaHHS B IMHAMIIIL, SIKE
JI03BOJISIE BPaxOBYBaTH 3MIHM B 4Yaci Ta iJeHTU(IKYBaTH JUHAMIKY €HEPreTHYHUX MpOIECIB B
OymiBii.

MopnentoBaHHS B JUHAMIII Ha/la€ MOXJIMBICTh BUBYATH B3aEMOJIIO MiXK PI3SHUMH CHCTEMaMH
OyniBii B peanbHOMY 4aci. Ile o3Hauae, mo JOCTITHUKN MOXYTh JOCIIKYBaTH, K 3MIHA B OJIHIN
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cHCTeMi BIUIMBAIOTH Ha iHIII [2], a TAKOXK aHaJi3yBaTH peaKilito Oy/iBii HA 30BHIIIHI YHHHUKH, TaKi
SK 3MIHM TIOTOJHHMX JaHuX, rpadikiB ekcruryatarii OymiBii. PexxumiB omalieHHs/0XOJIOKEHHS,
TOLIIO.

OnHi€ero 3 OCHOBHUX TIEpeBar MOJICIIOBAHHS B JIMHAMII € MOXKJIUBICTh PO3POOISITH OUIBII
TOYHI Ta PEANICTHYHI CTpaTerii JUIs MiJBUIICHHS eHeproeeKTUBHOCTI OyaiBenb. JlocmiaHUKH
MOXYTb €KCIEPUMEHTYBAaTH 3 PI3HUMHU CIEHApIsSIMH, IIyKAIOUd ONTHUMAaJbHI PIIICHHS 010
3MEHILIEHHS CTIOKUBAHHS eHeprii [3, 4] Ta BUKU/IIB.

TakuM YWHOM, €HEPreTUYHE MOJCITIOBAHHS B JHMHAMII € BaXJIMBHUM IHCTPYMEHTOM JIJIs
PO3YMIHHS Ta MOJIMIIEHHS eHeproeeKTUBHOCTI OyniBenb. J10CHiTHUKN MOXKYTh BUKOPUCTOBYBATH
nporpamu, Taki sk EnergyPlus [6] Ta DesignBuilder [7], mist cTBOpeHHS eTalbHUX MO
OyniBenb Ta AOCHIHKEHHS iXHbOT EHEePreTHYHOI MPOJAYKTHBHOCTI B peaibHOMY 4aci. Lle monomarae
PpO3pOo0JIATH CTpaTerii 3HMKEHHSI BUTPAT Ha €HEPTrilo Ta 3MEHIIIEHHS BIUTUBY Oy/IiBJIi HA HABKOJIUIITHE
CepeIoBHILE.

TennoBTpatu yepe3 moBiTPoOOMiH, a00 1HGIIBTpAIII0, IPEACTABISAIOTh 3HAYYIIUNA BHECOK Y
3aranpHi TeruioBTpaT Oynismi. Lleit nporec BinOyBaeThCs depe3 HenepeadadyBaHi HUIAXH, TaKi K
ITiITMHY, TPIIIMHM Ta 1HII HeIIUTHHOCTI B KOHCTPYKITIAX Oymiii. Huzpka edekTuBHICTD 1HGIIBTpAIIIT
MOJKE MPU3BOIUTH 10 BETUKUX BTPAT TeIlIa, 10 BIUIMBAE Ha €HEproe()eKTUBHICTH 1, BIAMOBITHO, HA
BUTpPATH HA OTAJICHHSI.

Jlyist BU3HAaUEHHS 1 KepyBaHHSI [IMMU TETJIOBTPATaAMH 3aCTOCOBYIOTh METOIM MOJICTTIOBAHHS Ta
aHaTi3y MoBITpooOMiHy. EHepreTn4Hi MoIeIi MOXKYTh BPaxOBYBaTH MMapaMeTPH, TaKi SK IMIBUIKICTh
BITpY, €(eKTUBHA IUJIOIIA MPOTIKaHHA, Koe(ilieHT iH(UIbTpanii Ta iHImI (GakTopH, m00 OIIHUTH
BIUTMB 1H(IIBTpAIlil Ha TETUIOBHM OanmaHc OyIiBIIi.

EdexTuBHE ympaBiaiHHA MOBITPOOOMIHOM MOXKE€ 3HAYHO IIJBHINUTH €HEProePeKTUBHICTH
OyniBenb, 3MEHIIUTH BUTPATH Ha OMAJCHHS Ta KOHAWI[IOHYBAHHS IMOBITPSA 1 COPHUSATH CTBOPEHHIO
KOM(OPTHUX YMOB ISl JKUTTA Ta pPoOOTH. BpaxyBaHHS TemsioBTpaT dYepe3 IH(UIBTpalio y
JUHAMIYHAX MOJENSAX OyJiBelb M03BOJISIE PEaTICTHYHO OI[IHIOBATH IXHI BIUIMBH Ha CHEPTETUYHY
€(eKTUBHICTP 1 pO3pPOOJISATH CTpATETii IS IXHHOTO 3MEHIIICHHS.

OpHuM 3 KITIOYOBUX (DAaKTOpiB, IO BIUIMBAE Ha €HEProe(eKTUBHICTH Oy/iBeNb, € SIBHUILE
TEIUIOBUX MEPETOKIB MK 30HAMU 3 PI3HUMHU TEIUTOMI3UIHUMH XapakTepuctukamu [5]. Lle sBume
BUHUKAE Yepe3 Pi3HULIIO B TEMIIEPATYPi, BOJIOTOCTI Ta IHIIUX MMapaMeTpax Mixk 30HamMH. Jlocii ke s
[IUX TIEPETOKIB € BAXKJIMBHUM IS 3a0€3eueHHs eHeproepeKTUBHOCTI OyaiBeIb Ta 3HIKCHHS BUTPAT
Ha CHEeprilo.

B 11bOMy KOHTEKCT1 €HEepreTUIHE MOJICTIOBAHHS B AUHAMIIII € KJIIFOUOBUM IHCTPYMEHTOM JIJISt
pPO3YMiHHS 1 BHABICHHA TIIEPETOKIB TEIUIOBOI €Heprii B OyHiBIAX Ta A MPOTHO3YBaHHS
eHepreTuyHoi  egekTuBHOCTI  OymiBenb. Jlmsi  mpoBeneHHsS — AOCHIIKEHb  37e01IbIIOro
BUKOPUCTOBYIOThCS mporpamu EnergyPlus [6] Ta DesignBuilder [7], siki 103BOJISIOTH CTBOPHUTH
JeTaNbHy MOJEIh OY/IBJII Ta BU3HAYUTH 11 €HEPreTUYHI XapaKTEPUCTHUKH. Y pe3yiabTaTi MOXKHA
pPO3pOOUTH cTpaTerii 3HMW)KEHHS EHEepProClOoXHMBAaHHSA Ta BUTPAT Ha EHEPrilo, IO CHpPUATUME
3a0e31eYeHHI0 eHeproePeKTUBHOCTI Oy 1iBEIb.

IMocranoBka 3aBaaHHs. Mera CTarTi monsArae B PO3B'S3aHHI KJIIOYOBOI MPOOIeMH
eHeproe()eKTUBHOCTI OyaiBeNb IUIIXOM BIIOCKOHAJIEHHS METOIB €HEPreTUYHOTO MOJICITIOBAaHHS B
muHamini. [lim yac orismy cy4acHHX JOCTIPKEHb BUSBIICEHO HEIONIKHM B PO3YMIHHI BIUTUBY
MOBITPOOOMIHY Ha TeruioBuil Oanmanc OymiBenb. OO0'€eKTOM JaHOTO JOCTIDKCHHS € aHalli3
B3a€MO3B'SI3KY MK TMHAMIYHUM MOJETIOBAaHHIM, MOBITPOOOMIHOM Ta TEIUIOBUM OajaHcoM. Takox
PO3IIISIIAETHCS BIUIMB KIIIMATHYHUX OCOOJIMBOCTEH Ha EHEpPreTHUHY e()eKTUBHICTh OyiiBensb. OTxe,
CTaTTS MPOIMOHYE HOBUHM MIAXiJ OO PO3YMiHHS Ta ONTHUMI3alii B3aemomii 1ux QaxkTopiB s
JOCSITHEHHS BUIIIOTO PiBHS €HEProe()eKTUBHOCTI OY/IiBEIb.
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3BEeEeHHS EHEPreTUYHIX
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OB6pobka pe3ynbraTis i

HanucaHHs HaykoBol pobotu

Puc. 1. Biok-cxemMa aJiIrOPpUTMY CTBOPEHHSI €HEePreTH4HOoi Moei

Onuc moaei. Etanu peaizariii eHepreTHYHOr0 MOJICITIOBaHHs Oy miBenb (puc. 1):

1. 36ip ingopmayii npo 06’cxkm. IHcmekuis 00’€KTy MOCHIIPKEHHS: pPO3TAIlyBaHHS Ta
KJIIMaTH4HA iHpOpMallis mpo 00’€KT, Mpu3HAYEHHs OY/iBIIi, TOBEPXOBI MaHu, (oTodikcaris Ta
3aMip KOHCTPYKTUBHUX €JIEMEHTIB OyaiBIi, iH(opMaIlis Mpo cucTeMy omajieHHs OyAiBii (IpKepeso
OTMAJICHHsl, THII CHCTeMH), I1HQoOpMaIlis, PO CUCTEMH KOHIWIIOHYBAHHS, BEHTHJIALII,
BOJIOTIOCTaYaHHs, OCBITJIEHHs, KUIBKICTh JIOJEH, IO TMpOoXKUBae y OyniBii, cepenHiii BiK Ta
COIIIaJIbHUH CTaTyC.

2. Obpooxka ma nidecomoska ingopmayii. IlobymoBa TOBEpXOBHX IUIaHIB OymiBIIi,
pPO3paxyHOK TEIIO(I3HUYHUX XapaKTEPUCTUK KOHCTPYKIIK Oy/iBii (30BHIIIHI Ta BHYTPIIIHI CTiHH,
CBITJIONIPO30pP1 KOHCTPYKIII1 Ta ABEPi, TOPHU3OHTANIBHI IEPEKPUTTS, TiJIOTa, JaxX).

3. Ilobyoosa apximexmypu 6yoieni. IlobynoBa 3D wmopem OyaiBiai B HporpaMHOMY
3abe3neuenHi DesignBuilder Ha ocHOBI 310paHoi iHpopMaii.
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4. Bazoei nanawmyeanHs. 3aqaHHA iH(pOpMaIi MPO poO3TallyBaHHSA, KIIMAaTH4HI IaHi,
OpIEHTAIIIIO Ta MPU3HAYCHHS OY/IiBIIi.

5. Obononka 6yoieni. HanamtyBanHsi MaTepiaiiB KOHCTPYKIiH OyniBii, iX TeropiznyHux
XapaKTEePUCTHK.

6. Inowcenepni cucmemu. HanamryBaHHsI CUCTEM ONAJCHHS, BEHTWIALI], KOHAUIIIOHYBaHHSI,
OCBITJICHHSI, BOJIOTIOCTAaYaHHs, 00afHaHHS (MTOOYTOB1 MPUJIAIN Ta 1H)KCHEPHI CUCTEMH).

7. Excnopm mooeni 6 EnergyPlus.

8. Bepudgpixayis ma demanvre nanawmyeanns. IlepeBipka BBECHUX AaHUX EKCIIOPTOBAHOI
Mojieni, 01 JeTalbHe HAIAIITYBAHHS JOCTIKYBAaHUX XapaKTEPUCTHK.

9. 3aoanns suxionux napamempie. BusHauuTH AOCTIIH)KYBaH1 TEIUIOBI 30HHU 1 €JIEMEHTH Ta iX
BUXI1JIHI TApaMeTpH.

10. Cumynayis mooeni ma ompumanHs pe3yibmamis.

11. Anuaniz pezyromamis.

12. 36edenns enepeemuunux 6anaucis.

DesignBuilder — e nporpamue 3a0e3nedeHHsl, [0 BUKOPHUCTOBYETHCS IS POCKTYBaHHS,
MOJICJTIOBaHHS Ta aHami3y eHeproedekTuBHOCTI OymiBenb. lle 1HCTpYMEHT uisi IHTETPOBaHOTO
MPOEKTYyBaHHsI OyiBelb, SIKMUW JT03BOJISIE BUKOHYBATH aHAlli3 €HEPrOCIOKUBAHHS Ta BU3HAYATH
ONTUMAaJTBHI CTpaTerii Jyist 3a0e3MeueHHs eHeproeeKTUBHOCTI.

OcnosHai moxuuBocTi DesignBuilder [7]:

CrtBopenns 3D-moneneit 6yniens. 3a qomomororo DesignBuilder MoxHa cTBOpUTH neTanbHy
3D-Monmens OymiBii 3 yciMa HEOOXiTHUMH €JIEeMEHTaMH, TaKHUMH SK CTiHHM, BIKHA, JBEpi, TaxXH,
OTIAJICHHSI Ta KOHIUITIOHYBaHHSI TIOBITPsI, OCBITJICHHS Ta 1H.

Busnauenns enepreruunoi egexruBHocTi. DesignBuilder no3Bosisie BU3HAYMTH €HEPrEeTUIHY
e(eKTUBHICTb OY/iBIi, BUKOPUCTOBYIOUH Pi3HI aHAIITUYHI MOJENI Ta alrOPUTMH. 3a JIOTIOMOTOIO
MporpaMyd MOXKHa BHU3HAUWUTH CHEPrOCHOXKHUBAHHS OyiBii, OIIIHUTH pIBEHb KOMQOPTY I
KOPHCTYBaYiB Ta BU3HAYUTH ONTUMAJbHI CTPATETIi [JIsl 3HMKCHHS €HEeProCIIOKMUBAHHS Ta BUTPAT HA
EHEPTiIo.

OnTumizanis OyniBenbHUX cucteM. DesignBuilder no3Boiisse BUKOHYBATH ONTHMI3aIliio
CHUCTEM ONAJICHHS, KOHAWI[IOHYBaHHS TOBITPS Ta IHIIUX CHCTEM, IO J03BOJSIE 3a0€3MEUUTH
ONTUMAJILHUM piBEHb KOM(POPTY AJIs1 KOPUCTYBAUiB Ta 3HU3UTH BUTPATH HA HEPTIIO.

CrtBopenns 3BiTiB. DesignBuilder mo3Bosisie cTBOproBaTH 3BITH 3 pe3yJbTaTaMH aHAII3Y
eHeproeeKTUBHOCTI OYAiBI, AKI MICTATh JA€TalbHY 1H(QOPMALiI0 PO EHEProCIOXUBAHHS Ta
ONTUMAJTBHI CTpaTerii Jyist 3a0e3MeueHHs eHeproeeKTUBHOCTI.

Kpim ocnoBHEX (yHK1IH MoemtoBanHA, DesignBuilder Takox Moxe 10IIOMOTTH B CTBOPEHHI
3D-momeni OymiBimi Ta TOYAaTKOBOMY HaalITyBaHHI mapamerpiB. Llg mporpama mo3Boiise
KOpHCTYBayaM 3pY4HO Ta IIBUJIKO CTBOpPIOBATU peanicTuuHy 3D-moznens OynaiBii, 101aBaTH BiKHa,
nBepi Ta iHII enemMeHTH iHTep'epy. Takox DesignBuilder Mmae MOXIIMBICTE €KCTIOPTYBATH MOJIEIb B
EnergyPlus, mo no3Boisie mopanblie AeTajdbHE MOEIIOBAaHHS Ta aHalli3 eHeproe(eKTHBHOCTI
oynisii. EnergyPlus € ogauM 3 HalO1IbII TOTY)KHUX Ta MIAPOKO BUKOPUCTOBYBAHUX 1HCTPYMEHTIB
JUIS  MOJENIOBaHHs eHeproedekTuBHOCTI OyaiBenb. EnergyPlus mosBonisie mocmimkyBaTH Ta
aHaATI3yBaTH MEPETOKH TEIUIOBOI EHEPTrii MiK 30HAMH 3 PI3HUMU TEIUIOBUMH YMOBaMH.

Jns nocnimkenHs Oyna B3sTa icHytoua 12 nmoBepxosa Oyaisis 1993 poky 3a0ynoBu. O6’ ekt
po3ramoBanuii 'y Comom’stHCbkOoMy paiioHi y M. Kwuesi. byxmias Oyna moOymoBana 3a
1HAMBITyaTbHUM TPOeKTOM. Y OyaiBii 175 kBapTup 3 3arajibHOIO KUIBKICTIO )KUTIOBUX KiMHAT 43 1.

Crinm OyaiBii caMOHeCy4l BUKOHAHI 3 KepamidHoi mycToTiioi rerim. Ha dacani nmpucyrhe
KJIANTUKOBE YTEIUIEHHS NpOBEJIEHE 3a iHAMBIIyaJbHOIO 1HII[IaTMBOIO BJIACHUKIB KBapTup. BikHa
METAJIOIUIACTUKOBI 3 MOABIMHUM CKIIIHHSAM B CBOill Outbmiocti (80%) mpoTe B IESKUX KBapTHpax
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3yCTpI4alOThCs M OJHOKAMEPHI METaJOIUIaCTUKOBI a00 BikHA 3 AepeB’sHUMHU pamamu (20%). Omip
TerIonepe1aydi 30BHIMIHIX c¢TiH Oymaim — 1,122 (m?-K)/BT.

l'opu3oHTaNBHI NEPEeKPUTT MK KBapTUpPAMU MPUUHATO 3 3a1i300€TOHHOI UTH 220 MM,
OIIITYKAaTYPEHOI 3 O[HI€T CTOPOHH, 00JIAIITOBAHE 3BYKO130JIAIII€I0 Ta 1 IOTOBUM MepeKpUTTIM. Otip
terutonepenavi nepekputta — 0,572 (m*-K)/Br.

BayTpinmHi MiKKIMHATHI CTIHH IPUHHATI 3 HETJISTHOT KJIAJIKK, TOBITUHOIO 125 MM (TIiBLIETIIN),
OILITYKaTypeHi 3 000X cropin. Omip remnonepenadi nepekpurts — 0,402 (m?-K)/Bt. Xapakrepuctuku
00010HKHU OY/iBIIl TIPEICTAaBIICH] Ha puUcC. 2.

Outer surface Outer surface Outer surface
T 1.00mmn___Cerent/plaster/martar - gupsurn(not to scale

Brick - bumed HALAMA

Inner surface Inner surface Inrer surface
a 0 B
Puc. 2. Ckiaan oropoaKyBajJibHUX KOHCYTPYKIiH KiMHATH:
a — 30BHILIHIX CTiH; 0 — BHYTPIlIHBOI0 TOPU30HTAJIbHOI0 NIEPEKPUTTH;
B — BHYTPillIHIX CTiH MIZK KBApTHPaM#

Jlis mpoBeAeHHS JIOCTiKeHb Oylo OOpaHO penpe3eHTaTHBHY KIMHATy B OAHIA 13
LEHTPATbHUX KBApTUP Ha 4-My ToBepci 1 mpuiieri 1o Hel nmpuminieHHs. Ha puc. 3 mpencraBieHo
3I-monens OymiBmi Ta ii maH.

CtBOpeHa NHWHAMIYHA MOJIEIbh OYIIBJII BPaXxOBYE BPaxOBYBATH MOTOAMHHI COHSYHI TEIIO
HA/IXO/UKEHHS B 30HY OY/iBII, piBeHb TOBITPOOOMIHY, BTpATH Yepe3 000JI0OHKY Oy/IiBi, aKyMYJISLI0
TeIJIa B OTOPOHKCHHSX, TOIO. B po3MIsiHYTIH MOl BHYTPIIIHI HKepera TeIJIOHAIXOKCHHS Bl
OCBITJICHHSI, 00JIaIHAHHS Ta JIIOJICH HE 3a/1aBaIUCh.

Puc. 3. Burasig 3D mozaeJii Ta IOBEpXOBOIo IVIAHYBAHHS

Jlnist MozeroBaHHS BUKOPUCTOBYBABCS MOTOJUHHMUN 1HTEpBaJl, OCKUIBKM BiH JI03BOJISIE 3
BHCOKOIO TOYHICTIO BIJTBOPIOBATH JMHAMIKY 3MIH 30BHIIIHHOTO CEPEJOBHINA Ta BHYTPIIIHHOTO
TEIUIOBOTO HABaHTAXXECHHs OYiBIi, IO € BaXJIMBUM IPHU OIIHII €HEPreTUYHOI e(PEeKTUBHOCTI Ta
MTOPIBHSHHI PI3HUX 3aXO0/IiB 3 CHEPro30ePEeIKCHHS.

AmnarnizyBanucsi KJIIMaTH4HI JlaHi 3 MDKHAPOJHOTO MOTOJMHHOrO norogHoro (ainy IWEC
st M. Kuis [8] (International Weather for Energy Calculation). B pamkax gocaiHUIIBKOTO TPOEKTY
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RP-1015 U.S. National Climatic Data Center Oynu cTBOpeHi KJIIMaTHuHi (paiiiil THIIOBOTO POKY
International Weather for Energy Calculations (IWEC) nns psany mict. [Iporienypa oTpuMaHHs TaHUX
Oysia 3acHOBaHa Ha BHOOPI THUIIOBOTO POKY MPOTAToM |8-pidHOT MOCTIIOBHOCTI MOTOAHUX JaHUX.
[Torogunni 3nauenns 3 daitry IWEC [8] BkirodaroTh B cebe TeMrepaTypy CyxXoro TepMOMETpa,
BITHOCHY BOJIOTICTb, IIBUJKICTh Ta HAPAM BITPY, OAPOMETPUUYHUN THUCK, MPSAMY (BUpakeHa yepes
direct normal) Ta po3cCisHy COHSUHY pajialiro Ha ropu3oHTaIbHY moBepxHio (diffuse horizontal)
tomo. Kiimaruunuit ¢aiin npencraBisie 3HAUYEHHS JUIA HOTOAMHHUX iHTepBamiB. CepemHs
TeMrieparypa 30BHIITHLOTO TOBITPs B IWEC Buma 3a cranmapt [9], mo oOyMOBIIOETBCS PI3HUMHU
YaCOBHMH IHTEpBaJIaMH, SIKi OYJIM BUKOPUCTaHI JUI CTBOPEHHS KJIIMAaTHYHHUX JAHUX TUIIOBOTO POKY
(puc. 4). B 3umoBwuii nepiof cepeaHboMicsigHa TeMiiepaTypa noBitps 3rigno 3 IWEC na 0,84°C uiia
3a ICTY «byniBenbHa kiiMatonoris» [9], a B miTHi micsmi Buma Ha 1,83°C.

35
MoroguHHi 3Have HHA

TemnepaTtypwv 30BHIWLWHbOTO
noeitpa 3rigHd WEC, °C

°C
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— - — CepepgHbomicAYHa
TemMnepaTypa 30BHiWHbOTO

15 nosiTpa 3ri aHd WEC, °C

-—-=-- CepefHbopivuHa TeMNepaTyp:
30BHI LUHLOTO NOBITPA 3ri AHO
IWEC, °C

— - — CepepgHbomicaAYHa
TemMnepaTypa 30BHiWHLOTO
nosiTpa 3rigHo GyajsenbHoi
-15 : knimatonorii;C

TemnepaTypa 30BHILLHTOrO cepeaoBMLLa ,

= === CepeHbOpiYyHa TEMNEpPATYP:
30BHI LWHbOTO NOBITPA 3ri 4HO
-25 ByaisensHoT KnimaTonorifC

01/01 01
01/09 23
01/18 21
01/27 19
02/05 17
02/14 15
02/23 13
03/04 11
03/13 09
03/22 07
03/31 05
04/09 03
04/18 01
04/26 23
05/05 21
05/14 19
05/23 17
07/16 05
07/25 03
08/03 01
08/11 23
08/20 21
08/29 19
09/07 17
09/16 15
09/25 13
10/04 11
10/13 09
10/22 07
10/31 05
11/09 03
11/18 01
11/26 23
12/05 21
12/14 19
12/23 17

o
o

Puc. 4. Temnepatypa 30BHIIIIHHOT0 MOBITPA

PesyabraTn gocain:kenHsi. TernaoHaaxoKeHHS BiJl CHCTEMHU OMAJICHHS MOKHA PO3JIIIUTH
Ha /1Bl yacTku: panianiiiny (Radiant) ta koaBektuBHy (Convective):

- Baseboard Radiant Heating Rate (IHTeHCHBHICTP paialliiHOTO TIOTOKY CHCTEMHU
OTMAaJICHHS);

- Baseboard Convective Heating Rate (IHTeHCHBHICTh KOHBEKI[IHHOTO TIOTOKY CHCTEMH
OTAJICHHS).

TemnoBi HaZXOJKCHHSI Ta BTPATH IIOBEPXOHB CTiH KIMHATH XapaKTePHU3YIOTh TEILIOOOMIH MIXK
TIOBITPSIM y KiMHATi Ta Bi/INOBiHOIO CTiHOIO. IX TaK0Xk MOKHA MOJIIINTH HA CKIIANOBi (pHC. 5):

- Surface Inside Face Convection Heat Gain Rate (IHTeHCHBHICTh KOHBEKIIITHMX TETLIOBI
HAJXO/KEHB JI0 BHYTPIIIHHOI TOBEPXHI);

- Surface Inside Face Net Surface Thermal Radiation Heat Gain Rate (InTeHcuBHICTBH
paniaiifHuX TEII0BUX HA/JIXO/HKEHB 10 BHYTPIIIHbOT IIOBEPXHI BiJl iHIINX MOBEPXOHD);

- Surface Inside Face System Radiation Heat Gain Rate (IHTeHCHBHICTH pasialiiftHHX
TEIUIOBUX HAJIXOKEHb /10 BHYTPIIIHBOI MOBEPXHI BiJl CHCTEMH OMAJICHHS).

TenoBi BTpaTu depe3 BIKHO MOAUISIOTHCS Ha MOTIK Yepe3 pamy Ta 4epe3 Mpo30py YaCTUHY
BIKHA, SIKU B CBOIO YepTy MOAIA€ThCcA Ha KoHBeKiitHmi (Surface Window Inside Face Glazing Zone
Convection Heat Gain Rate) ta indpauepBonuii (Surface Window Inside Face Glazing Net Infrared
Heat Transfer Rate) moroku.
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B nmocnmimkeHHI JAMHAMIYHUX EHEPreTUYHHMX OallaHCIB OyIiBIi 3 BHKOPUCTaHHIM
nporpamMHOTO mpoAykTy EnergyPlus, MOXIMBO pO3IIIUTH HaBaHTa)XCHHS HA 1H)KEHEPHI CHCTEMH
OyaiBIIi Ta TEIUIOBI BTPAaTH Ha OKPEMi CKJIAJO0Bi, 10 JO3BOJISIE CKIAJaTH Ta aHAJi3yBaTH TETJIOBUN
Oaytanc OyiBIII.

OCHOBHI CKJIaJIOBI HABaHTAXKEHHS, SIKI IPUCYTHI Y AOCTIKYBaHIN MOJIENTi:

- TemnmoBTpaTu yepe3 30BHIIIHIO CTIHY

- TemoBi mepeToku yepe3 BHYTPILIHI OrOpOKYBAIbHI KOHCTPYKIIIT (CTiHU, CTEJIS, MMiII0ra)

- TennoBuit MOTIK Yepe3 BIKHO

- CoHSYHI TETJIOHAIXOKCHHS.

- TenmoBTpatu uepe3 iHPUIHTPAIIIIO

- TemoHaAXOMKEHHS BiJl CHCTEMH OIAJICHHS.

Kimuara KopoTroxsuisose BHI’I[.‘IUMiHI()BilIlHﬂ Bin

/ COHIIA Ta BHYTPilIHIX TKepen

JloBroxBu/iboBe

A reeme—— BUHIPOMIHIOBAHHA B iHIINX

TMOBEPXOHE B 30Hi
JloBroxBuiiL0Be BHIPOMIHIOBAHHS Bijl

BHYTPIllTHIX J#epen

KopoTKoXBHALOBE BHNPOMiHIOBAHHS,
BKJIHOYAKYN npsaMe, gindure i posciane
COHSIHE CBiT/I0

. TenaompoinmicTs ::
B cTini, q ko :

JloBroxXBmiILORe

BHIPOMiHIOBANHA 3 —— [

HaABKOJIHIIHBOTO CEPEOBHIIA

.- Tenonaaxoaxen- -

KouBekuiiinmii ren/ioodmin 3 HSl 3 30BHINIHBOTO -
30BHiIHIM cepeloBHLIEM ©* cepenoBumia, q ko it
: KonpexTHpuuii renaoodmin 3
; ) noBiTPAM B 30Hi
30BHilIHE e
cepejloBHIIe

Puc. 5. TenJioBi N0TOKM Yepe3 30BHILIHIO CTiHY OyAiBJIi

[ToBiTpOOOMIH, BHKOHY€ B@XJIMBY pOJIb Yy JOCHIPKEHHI Ta aHaii3i eHepreTHYHoi
edexkTuBHOCTI OymiBenb. [loBiTpOOOMIH BIUTMBAaE Ha SKICTh MOBITPS B MPHUMIIIEHHI, KOMGOPTHI
YMOBH ISl KUTTA Ta POOOTH JIOJEH, a TaKOX Ha €HEepPreTHuHy e(eKTHBHICTh OMAaJIIOBaHHS Ta
KOHJIMIIIOHYBaHHsA. BapTo 3a3HaunTH, 10 Ha MAIrPiB BEHTWIHOBAHOTO TOBITPS B3UMKY
3aTpayaeThCs 3HAUHA YaCTHHA eHeprii. Slka 3aTpavaeThcst OyaiBiIsiMu Ha noTpedu onanenns [10].

EnergyPlus [6] no3Bosisie BpaxyBaTu MOBITPOOOMIH 32 JOMOMOTOIO Pi3HUX AITOPUTMIB, IOb
nepenbaveni nporpamoro. KoxeH anropuTM Mae cBOi OCOOJMBOCTI Ta BUKOPUCTOBYETHCS B
3QJIEKHOCTI BiJl JOCTYIHUX JaHUX Ta MOTPeO OCHiMKeHHs. JesaKi aqropuTMH 30CepeKeHi Ha
iH}inbTpanii, ska BiAOyBaeThCs dYepe3 LIUIMHU Ta TPIUIMHUA B OY/AiBEIbHHX €JIeMEHTaX, TaKuX K
JBepi Ta BiKHA. [HI aaTOPUTMH MOJACIIOIOTh BEHTHJIAIIIO, IO 3aJIEKUTh BiJl MIBUIKOCTI BITPY Ta
MPUPOJHOT KOHBEKIIII.

Koxxen anroputM M™ae CcBOi BXiJHI TapaMeTpu Ta pPO3paxyHKOBI (GopMynH, IO
BUKOPHUCTOBYIOTBCS JJIsl BU3HAUCHHSI OOCATY MOBITPS, 110 MPOHUKAE B OyIiBIIO a00 BUJAISETHCS 3
Hei. Jleski anropuTtmMu 0a3yloThCcsl Ha 3aJaHMX O00CsATax TMOTOKY TOBITPS, TOAI SK 1HIII
BUKOPUCTOBYIOTH (hi3WYHI BIACTUBOCTI Oy1iBEIHHUX €JIEMEHTIB Ta 30BHIIIHI YMOBH Il PO3PaXyHKY.

BukopuctanHs IMX aNTOPUTMIB JIO3BOJIAE MOJCIIOBATH TMOBITPOOOMIH B OymiBmi 3
ypaxyBaHHAM Pi3HHMX (DaKTOpiB, TAaKUX SK TEMIIEpPATypa, BOJIOTICTh, IMIBUIAKICTh BITPY Ta (i3ndHi
BJIACTUBOCTI OymiBenbHUX MarepianiB. lle mo3Bossie iHXeHEpaM OTPUMATH JCTAIbHY OIIHKY
CHEepreTU4HOi e(eKTUBHOCTI Oy/AiBeNb Ta MPUUHATH BIAMOBIIHI PIICHHA IS iX BIOCKOHAJCHHS.
OCHOBHI aITOPUTMHU PO3PAXYHKY MOBITPOOOMIHY B OY/TiBIISX:

1. Zonelnfiltration:DesignFlowRate: Lleii anroputm BUKOPHCTOBYE 3aJaHUN PO3PaXyHKOBHIMA
00'eM TOTOKY MOBITPsI JUIsl MOZACIIOBaHHS 1H(UIBTpaIlii B mpuMilieHHl. BUKOPUCTOBYEThCS, KON
BioMa a0o0 3aJaHa KOHKPETHA BeJIMYKMHA MIOTOKY MOBITPS, Ky Tpeda BpaxyBaTH B MOJIEIII.
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2. Zonelnfiltration:EffectiveLL.eakageArea: L{eit anroputM BUKOPHCTOBYE e(hEKTHBHY TUIOILY
MPOHUKAHHS JUIsI MOJENIOBaHHS 1HQUIBTpalii B mpuMinieHHi. EdexTuBHa mIioma mpoHWUKAHHS
BU3HAYA€THCS HA OCHOBI (Di3MYHUX XaPaKTEPUCTUK OyNiBEIHHHUX €JIEMEHTIB 1 30BHIIIHIX YMOB, TAKUX
SIK TEMIIepaTypa, BOJIOTICTh Ta IMIBUAKICTH BITPY.

3. Zonelnfiltration:FlowCoefficient: Lleii anroput™M BUKOPUCTOBYE KOE(]ILIEHT MPOIMTYCKHOT
3MaTHOCTI JJIsi MOJeoBaHHS 1H(UIbTpamii B mpumimenHi. KoedimieHT mpomyckHOi 31aTHOCTI
BU3HAYA€THCS HA OCHOBI PO3PaxyHKOBHUX 3HAYEHb IMOTOKY HOBITPS Ta PI3HUX MapaMeTpiB, TAKUX 5K
PI3HHIL TEMIIEpaTyp, PI3HUIIS BOJIOTOCTI Ta TUIOIIA MOBEPXHI Oy 1IBEIbHUX €JIEMEHTIB.

4. ZoneVentilation:DesignFlowRate: Leit AITOPUTM BUKOPHCTOBYE 3alaHui
pO3paxyHKOBHH 00'eM TIOTOKY TIOBITpS I  MOJEIIOBAHHS  BEHTHJIALII  MPUMIIICHHS.
BukopucroByeTbes, Komu Bioma a0o 3a/laHa KOHKpETHAa BEJIMYMHA MOTOKY IOBITpPS, Ky Tpeda
BpaxyBaTH B MOJIEIII.

5. ZoneVentilation:WindandStackOpenArea: Ileii anropuT™ BHUKOPHCTOBYE  ILIOILY
BIIKPUTHX BIKOH 1 IPOPI3iB I MOJICTIOBAHHS BEHTUIIALT TPUMIIIIEHHS, III0 BUHUKA€E BHACIIIOK il
BITPY Ta MPUPOIAHOTO KOHBEKILIMHOTO MOTOKY. BpaxoByeTbcs BIUIMB IMIBHIKOCTI BITPY, pPO3MipiB
BIKOH 1 IPOPI3iB, a TAKOXK 1HIIIKUX MapaMETPiB, IO BIUIMBAIOTH HA MOBITPSIHUH MOTIK.

6. ZoneAirBalance:OutdoorAir: Ileif anroputM BUKOPUCTOBYE DPIi3HHUIIIO MK 30BHIIIHIM
MOBITPSIM Ta BHYTPIIIHIM TOBITPSAM 11 MOJCIIOBaHHS BEHTWJIALII TpUMIlIeHHS. BpaxoByeTbes
3aJaHUi 00CAT 30BHIIIHBOTO IMOBITPs, KUK MOTPIOHO BBEAEHHS a00 BUTATHYTH 3 MPUMIILIECHHS 3
METOIO MiATPUMKH OaJaHCy MOBITPSI.

VY upomy nochijkeHHI BUKOpucTaHa Mmojens iHpimeTpanii DesignFlowRate [6], sxa mo
HOPMAaTHUBHOTO/33/TaHOTO 3HAYEHHS KPaTHOCTI MOBITPOOOMIHY J01a€ HAA0aBKY, sSKa 3aJICKUTh Bif
BHYTPIIIHIX Ta 30BHINIHIX YMOB cepeaoBHUINa (IJIsI TEIUIOro Mepioay I po30DKHICTh MEHIa, a
xonoaHoro mepiogy Oinbma) (dopmyma 1). Came ToMy, 3a pe3ylbTaTaMH MOJICIIOBAHHS
iH(}UIBTpallis BUIE, HDK 3a7aHa a00 KOHCTAHTA, sSKa 4acTO BUKOPHUCTOBYETHCS y PO3PaxXyHKax 3a
cragnapramu [11]. Oco0nuBO B OMamOBaIbHUM MEPiOA, KOIU PI3HUI TEMIEPATyp MOXKE 3HAYHO
BapitoBaTuCA. Takuil po3KHI CIPUUUHEHUH, OLTBIIIOI0 MIPOFO, 3MiHAMH B TIOTOTHUX YMOBAX, BiJl IKUX
3aJIeKUTh TEMIepaTypa, TYCTUHA, BOJIOTICTh MOBITPAL.

[HdinpTpania = (Inp)(Frpa(biK)[A + B |Tyy + Tyouul + C (LIB. BiTpy) +
D (ls. Bitpy?)],

ne Iy, — 1€ TPOEKTHE 3HAYEHHS iH}IBTpalii, sKe BBOAUTHCA B MOAeb. BOoHO BH3HaAYae

OYIKyBaHUH MOTIK MOBITPS Yepe3 1HPUIBTPAIliIo MPU CTAaHAAPTHUX YMOBAX;

Frpagix — GakTop BinoOpaxkae rpadix poboTu Oyisii Ta HOro BIIKB HA iH(IbTpalio. Bin
BpaxoBY€E 3MiHU B iH(UIBTpAIIi] B 3aJICKHOCTI Bl yacy i JHs ToKHS. Lleii gpakTop Moxe OyTu 3a1aHmii
KOpHCTyBadeM a00 BpaxOBYBaTHCh aBTOMAaTHYHO;

Ty, — TeMIiepaTypa MmoBiTpsi BCepearuH1 MPUMIIIIEHHS;

T,opn — TEMITEpATypa 30BHIITHBOTO TIOBITPS;

IIIB. BiTpy — mBUAKICTB BITPY 3TiHO KIIMAaTUYHUX JaHUX;

A, B, C i D — koedilieHTH BCTAHOBIIOIOTHCS UIsI PO3paxyHKy iHGinbTpauii. Bonn
KOPEryloTh Pi3HI (aKTOpH BIUIMBY Ha 1H(UIBTpalio (TeMIepaTypy BHYTPIIIHHOTO 1 30BHIIIHHOTO
CEepPEIOBHILI, IIBUIKOCTI BITPA).

1)

Ha puc. 6 npencraBineno rpadik 3MiHA KpaTHOCTI OBITPOOOMIHY OB’ SI3aHOI 3 MIPUPOJHOIO
BEHTWIALIIEIO.

Ha puc. 6 HaBeneHO piBeHb MOBITPOOOMIHY, SIKHI 3aa€ThCsl IPU HATALITYBAaHHI MOJENeil/B
po3paxyHKy 3a [12], st sknTinoBux OyaiBens gomyckaersest 0,6 Tox k. BinmosinHo, 1o dpopmymu (1)
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IpU TOTOJMHHOMY PO3paxyHKY (KOpPHUIYBaHHI) 3aJ@aHOTO 3HAYEHHS KPaTHOCTI MOBITPOOOMIHY
MPOTSITOM OTIATFOBAJILHOTO TIEPi0Ty 3MIHIOETHCS B Aianasoni 0,59...0,69 rom?L,

0.7
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Puc. 6. KpaTtHicTh NOBITPOOOMiHY

VY crarTi npencTaBieHo MOPIBHSHHS TETUIOBTPAT 3 iH(UIBTpaIlito, po3paxoBaHi 3a JOIMOMOT OO
CepeIHbOMICAYHHUX TeMIIepaTyp 3 OyAiBenbHOI KiIiMaToorii [9], 3 TeMI0BTpaTaMu, po3paxoOBaHUMHU
3a JOTIOMOTOI0 TeMIlepaTyp 3 eHepreTudHoi moxeni [13], Ta 3MoIeTbOBaHUMH 3HAYECHHSIMH
iHdinbTpanii (Air Heat Balance Outdoor Air Transfer Rate) [6]. Ha puc. 7 npencrasieHo TenaoBuit
MOTIK 3 TPHUPOAHOIO CKJIAJOBOIO TOBITPOOOMIHHY Il TOTOAWHHUX 1HTEPBAIIB PO3PAXyHKY
pO3paxoBaHUX Ha OCHOBI (HOPMYIH 2 Ta MOAEIHHOTO PO3pPaxyHKY B IPOTPaAaMHOMY CEpeIOBHIII
EnergyPlus.

Qinf = 0,337nV (tine — text), 2)

1€ Qins — TEIJIOBTPATH 3 NPUPOAHBOIO BEHTU/IALI, BT,
n — KpaTHiCTh IIOBITPOOOMiHY, FOI ™
V — 006’ eM mpuMIIIIEHHS, III0 BEHTHIIIOETHCS, M
tint — BHYTpILIHA TeMIepaTypa MoBiTps B npumileHi, °C;
text — 3OBHINIHS Temmeparypa moBitps, °C.

3.
’

3 puc. 7 ciiaye, Mo OCHOBHUM (PaKTOPOM, 110 BITUBAE HA 3POCTAHHSI TETIOBTPAT B 3SUMOBHUH
nepion, 1e 30UTbIICHHS PI3HUII TeMIlepaTyp MK BHYTPIIIHIM Ta 30BHIIIHIM HOBITpsM. Takox
1H(}UIBTpAIlist MOXKE TTOCUITIOBATHUCS Yepe3 BUHUKHEHHSI CTaK €(EKTy — 11€ SBUIIE, TKE BHHUKAE, KOJIH
TEIUIe TIOBITPS B cepeIuHi Oy IiBIIi MiIHIMAETHCS BIrOPY 1 BUXOIUTH Y€pe3 BEHTHWIIALIINHHI 0OTBOpH a00
BUTOKH, CTBOPIOIOYH HU3bKHUI THCK Y HIDKHIX ToBepxax. Lle ciprunHsie 3acMOKTYBaHHS XOJIOTHOTO
MOBITPSI 330BHI Yepe3 ABepi, BikHa a0o iHm nporanuuu [13, 14]. AHami3 BiIXWICHHS TETUIOBTPAT
yepe3 1H(PUIBTpaIil0 3 BUKOPHUCTAHHSM CEPEIHBOMICIYHHMX 3O0BHINIHIX TEMIEpaTyp 3a JBOMa
JDKepellaMy KIIIMaToJIOTiuHuX JaHuX s M. Kui [8, 9] cranoBuTts -0,68% mist X0JI0AHOTO TIepioay
POKY.

TennoBTparu, po3paxoBaHi 3a JOIMOMOTOI TEMIIEPATYp 3 EHEPTETUYHOT MOJIEII, JaIH OUTBII
AKICHY OLIIHKY TEIUIOBTpPAT 4epe3 1H(UIbTPaLil0 B MOPIBHAHHI 31 3HAYCHHSMH, PO3PAaXOBaHUMH 3a
JIOTIOMOT'OF0 CEPETHbOMICSIUHUX TEMIIEPaTyp 30BHIIIHHOTO MOBITPS.
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Tennoei BTpaTH 3 iHdinbTpauicto:
— a.Yepes NoroMHHI 3HayeHHA Temnepatyp 3 IWEC (dopmyna 2), BT;
—— 6. 3 nporpamuoro 3abeaneyenna EnergyPlus, Br;
—— B. 3 BUKopUCTaHHAM byaieenbHol knimatonorii (Gdopmyna 2), BT;
—— . Yepes cepeaHbOMICAYHI 3HaUSHHA TemnepaTyp 3 IWEC (dopmyna 2), BT;
PiaHnLA TeMnepaTypyu BHYTPIlWHbOMO Ta 30BHIWHLOIO nositpa, °C.

Puc. 7. TensioBuii MOTIK 3 NPUPOTHOIO CKJIAT0OBOIO MOBITPOOOMIiHY

PiBHsHHS TeTIOBOTO OalaHCy AJII BHYTPIITHBOTO TOBITPSI:

QOI‘Op.K + QCOH + QC.OH + QBH.T + QBeHT = 0'

PiBHSHHS TerI0BOTO OallaHCy ISt OTOPOKEHbB:

Qorop.}c = Q3.CT + QBiKH + QBH.CTl + QBH.CTZ + QBH.CT3 + QCT + Qn + QHaKOl‘IH‘{eHHH + QiHCl);
QBH.T = QJI}O,EL + QOGJI;
QBeHT = QBeHT.MeX. + QBeHT.HaT. = 07
Qmo,q =0;
Qo6)1 =0,
1€ Qorop.x — TEIIOBUH MOTIK Y€PE3 OrOPKYBaIbHI KOHCTPYKILT KIMHATH;
Qcon — TETTOB1 HATXOKEHHS BiJl COHIIS;
Qg — TCIUTOBI HAIXODKEHHS Bl BHYTPIIIHIX JOKEPET;
Qgeyr — TETUIOB1 HAJIXOKEHHS 200 BTPATH Y€pe3 CUCTEMY BEHTHIISAIIIT,
Q, cr — TEIUIOBUI TIOTIK Yepe3 30BHIMIHI CTIHU KIMHATH;
Qgixy — TETIOBUI TIOTIK Yepe3 CBITIONPO30Pi KOHCTPYKIIi KIMHATH;
Qsucrtr Qpncr2 Qpners — TETUIOBUH TOTIK Yepe3 BHYTPIIITHI CTIHA KIMHATH;
Q.; — TETUIOBUH MOTIK Yepe3 CTEI0 KIMHATH;
Q,, — TEeITOBUH MOTIK Yepe3 MiUIory KIMHATH;
Quaxonnuenns — TETJIOBA €HEPTIA, IO HAKOTTMIYETHCS Y CTIHI B MOMEHTI 4acy;
Qing — TETUIOBI HAIXODKEHHS 200 BTPATH Yepe3 IHQUILTpALio;
Qcon — TETUIOBI HAAXO/KEHHS BiJl CHCTEMU OIaJICHHS;
Q o, — TETUIOB1 HANIXOPKEHHS Bl IFOEH;
Qo6, — TCIUIOB1 HAIXO/KCHHS Bl 0018 THAHHS,
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Qpenrmex. — TETIOB1 HAIXOHKEHHS/BTPATH Yepe3 MPHUPOIHIO CUCTEMY BEHTHIIAIIIT;
Qgenrnar. — TCIUIOBI HATXOKCHHS/BTPATH Yepe3 MEXaHIUHY CHUCTEMY BEHTHIISIIII.

Ha puc. 8 npencraBineHo eHepreTH4Hi MOKOTH CKJIQJIOBUX OajlaHCy IO MOBITPIO B MPUMIIICHI
JUISL TIOTOJMHHUX 1HTEpBaIiB, HA MPUKIIA/I J0TOro. BiamoBigHo 1o ganux noroanoro ¢aitry IWEC
[8] cepen TpHOX 3UMOBHX MICSAIIIB ISl JTIOTOT'O XapakTepHO HalHMK4a Temneparypa (1o minyc 16°C)
Ta HaliBUIIIA COHSYHA aKTUBHI, TOMY JTaHHH MICAIb OyB OOpaHUH SIK perpe3eHTaTUBHUH.

| ® Zoewiwma crina

® BHyTpiwHa CTida 2
B By Tpimmn criva 3
W BryTpiwKa cTina 1
m [lignora
Crenn
W Bisnn
o lHpinurpauia
COHAMKI TENAOHANX01MEHHS

W CHOTEMA DMAAEHHA

Puc. 8. TenyioBuii 0aaanc

Ha puc. 8 mpoumrocTpoBaHo, MmO s PO3TIASHYTOrO MIcAIs (JIIOTOTO) XapaKTepHI TETUIOBI
MOTOKH 3 KIMHATH (BTpaTH) AJIs 30BHIIIHIX OTOPO/KEHb Ta BEHTHIIALIIHA CKJTag0Ba. [t BHYTpIIIHIX
OTOPOKEHB (BHYTPIIIHI CTiHH, MIJJIOTY Ta CTETI0) XapaKTEpHI CXOKI TEHJCHII 3MiHH TEIJIOBUX
MOTOKIB, SIKi B CBOIO UEpry 3ajexaThb BiJl TEIUIOBOTO MOTOKY BiJl COHSYHUX TEIJIO HAaIXOKEHb.
TennoBuit MOTIK Yepe3 CBITIOMPO30P] €IEMEHTH OTOPOHKEHB JIJIsi OUTBIIOT YaCTHHU PO3TISHYTOTO
YacoOBOI'0 MEPioAy XapaKTEpHI BiJI'€MHI 3HAYEHHS, JUII KOPOTKUX MPOMIXKKIB Yacy CBITIONPO30pi
€JIEMEHTH OTOPOPKCHBb Yy TEPIOAH IMKOBOI COHSYHOI aKTUBHOCTI CIYT'YIOTh SIK TMACHBHI CHCTEMH
OTaJeHHs (XapaKTepHUH TOAaTHIN TETUIOBUH TOTIK).

Ha puc. 9 npencraBiieHo neTanpbHU OalaHC OJHIET TOJAUHM JJIsl IEHHOTO Ta HIYHOTO Yacy
no0wu.

3 puc. 9 BUIHO, IO HABAaHTAKEHHS HA CHCTEMY OIAJIEHHS IS JICHHOTO Tepioay ao0u 3a
paxyHOK COHSYHUX TEIUIO HAIXO/KEHb 3HIKYEThCS MOPIBHSIHO 3 HIYHUM Tepiogom. HaBeneHi Ha
puc. 9 eHepreTH4Hi MOTOKH U PI3HUX TEPIOiB JTOOM PO3paxoBaHI I HE3HAYHHX JTOOOBHX
KOJIMBaHb 30BHINIHBOI TeMIEpaTypH (Maike He 3MiHHA 30BHIIIHS TeMIIepaTypa npotsarom n1o6u). B
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JICHHUI Tiepiod A0O0M TEIUIOBUM TMOTIK BiJl BiKHA HANpaBIIEHWH B 30HY KIMHATH, IO OOYMOBIEHO
COHSYHUMH TEIUIOHAIXOKCHHIMHU. BHYTpINTHI OropopKyBalibHI KOHCTPYKIlI B JEHHHUH IEpioa
100H aKyMYIIOIOTh TEIIO, @ B HIYHUHN 1epio 100U BiJa0Th B 30HY OyiBii. Tak, piBeHb OMajJeHHS
B pO3MIsAHYTHH JeHHuH MomeHT Ha 40% MeHmM, HDK y HIYHUNA. A 3arajdbHHUIl piBEHb
TEIUIOHAIXO/KeHb OubIn HiXK Ha 30% BHIIiH 32 paXyHOK COHSYHMX TEIUIOHAIXOJKEeHb. binbiie
TPETUHU TEIUIOHAIXO/DKEHD B ICHHUI MOMEHT 4acy i/1e Ha HarpiBaHHS BHYTPIIIHIX CTiH, ITJIOTH Ta
CTell.
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M 30BHILWHA CTiHa

Puc. 9. Hiununii Ta 1eHHUH po3pi3 TenJa0Boro d0anancy

BucHoBku. B po6oTi Oyna cTBOpeHa eHepreTHuHa TUHAMiYHa MOJIENb KHUTIOBOI OyiBIi B
nporpamHomy cepenoBuiili EnergyPlus ta DesignBuilder. Bunineno penpeseHTaTuBHY KIMHATY IS
SKOI IPOBE/ICHE JIeTaNIbHE JTOCII/KCHHS €HEPreTUYHHUX AUHAMIuHuX OanaHciB. B po6oTi mpoBeneHo
MorIMOJICHUH aHaIi3 TOBITPOOOMIHY SIK CKJIAJIOBOT €eHEpPreTHYHUX OajaHciB OymiBIi.

AmnaJti3 moxasas, 1110 MOJICNIIOBaHHS MOBITpooOMiHy B EnergyPlus Hanae kinbka Moaeneit s
pO3paxyHKy MTPOHUKHEHHS TMOBITPs B OY/IIBIIO, IO JTI0O3BOJISIE BPaXOBYBAaTH Pi3HI (PaKTOPH. Taki SIK
IIBUJIKICTB BITPY, €PEKTHUBHA IUIOIIA NPOTiKaHHA, Koe]imieHT iH(IIbTparii To1o.

KpiMm 115010, TpOBEACHO TOPIBHSUIBHUN aHai3 PO3PAaXyHKY TMOBITPOOOMIHY TMpH
BUKOPHUCTaHHI pI3HUX KIIMAaTHYHUX JaHuX. A came byniBenbHa Kiimaronoris YKpaiHu Ta
MDKHapO HHH noroauHani moroaauid daitn IWEC.

Ha ocHOBI ckmameHuX EHEpPreTUYHUX JWHAMIYHUX OallaHCIiB BCTAHOBIEHO, IO JUIS
BHYTPIIIHIX OTOPOJKEHb XapaKTePHI CXOX1 TCHJCHIIIT 3MIHM TETUIOBUX MOTOKIB, SIKi B CBOIO UEPTy
3aJiekaTh BiJl TEIJIOBOTO MOTOKY BiJI COHSYHHUX TEIUIO HAIXOKEHb. BHYTpIIIHI OropoKyBalibHI
KOHCTPYKITIi B ICHHUH TIepio/1 T00M aKyMYJIIOIOTh TEIUIO, @ B HIYHUM Mepioj J00U BiIal0Th B 30HY
OyniBni. TennoBui MOTIK Yepe3 CBITIONPO30pl €IEMEHTH OTOpODKEHBb Ui OLIbIIOI YacTHHHU
PO3MISIHYTOTO YacOBOTO TEPioay XapaKTEepHI BiJ €MHI 3HAYCHHS, JUISI KOPOTKUX MPOMIXKKIB Hacy
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CBITJIONIPO30Pi €IEMEHTH OTOPOJIKEHD Y TIEP10/IU MIKOBOI COHAYHOI aKTUBHOCTI CIYT'YIOTh SIK TACUBHI
CHCTEMH OTIAJICHHS.

OCHOBHUMH CKJIAJJOBUMH HAJIXO/DKCHb TEIUIOBOTO OajaHCy, sIKi B PO3TISHYTUX YMOBaX
BH3HAYAIOTh HOT0 KUTBKICHI TTOKA3HWKHU Ta JUHAMIKY 3MiHH, € ONAJICHHS Ta COHSIYHI HAIXOKEHHSI.
ButpatHi ckianoBi 11e, B OCHOBHOMY, BTpaTH Yepe3 30BHIIIHI CTIHH Ta MOBITPOOOMiH. [luHamika
3MIHU CKJIQJJOBUX TEIJIOBOTO OajJaHCy B MPUMIIICHHI CBIAYATH PO HEOOX1HICTH IMiABUIIICHOT YBaru
710 SIKOCTI PETYJIIOBaHHS OMAJICHHS MPU 3a0e3eueHH1 IEBHOTO PiBHS YMOB KOM(pOPTHOCTI.

B nmomanbmux qoCHiKEHHSAX MJIAHYEThCS TPOAHAII3yBaTH BIUIMB TEIUIO 1HEPIIHHUX BIACTUBOCTEH

OTOpOJIXKEHB OY/IiBIII HA EHEPTETHYHI OallaHCH.
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VENTILATION AS A COMPONENT OF THE ENERGY
DYNAMIC BALANCE IN BUILDING

Purpose. The research aims to analyze dynamic energy modeling of buildings using EnergyPlus and
DesignBuilder software. The primary goal is to assess the energy efficiency, indoor air quality, and energy
balance of buildings, taking into account various aspects such as ventilation and dynamic changes in
temperature and humidity.

Methodology. EnergyPlus and DesignBuilder software were utilized to create detailed dynamic
models of buildings. Special attention was given to modeling ventilation and studying the energy balance.
Various ventilation modeling algorithms were compared to determine their impact on energy efficiency.

Findings. Energy flows in buildings based on dynamic energy balances for the heating period were
investigated. A detailed analysis of the influence of ventilation on dynamic energy balances in the studied
residential building room was conducted.

Originality. This research offers a new perspective on dynamic energy modeling of buildings,
expanding knowledge in this field by focusing on ventilation and energy balance aspects. The results contribute
significantly to the development of approaches to improve energy efficiency, creating new opportunities for
practical applications in engineering design and building operation.

Practical value. The obtained results are an important contribution for engineers and designers
developing strategies to reduce energy consumption and optimize energy use in buildings. The research can
serve as a guide for the practical implementation of dynamic modeling in the planning and operation of
buildings to achieve optimal energy efficiency.

Keywords: dynamic building modeling; ventilation; thermal balance; energy efficiency; energy
consumption.
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'Hasuanvno-nayxosuii incmumym amommnoi ma mennoeoi enepeemuxu KIII im. Ieops
Cixopcovkoeo, Ykpaina
2 Inemumym mexuiuni mennogizuxu HAH Vrpainu, Yrpaina

BIIJIUB BUKOPUCTAHHA PO3KJIAZLY 3AHATDH JJIA
ITPOI'PAMYBAHHSA TEPMOCTATIB HA EHEPI'OCIIOKUBAHHS
BYIIBJII HIKIJIBHOI'O 3AKJIALY

Bemyn. Bapiayii’ nonusicennss memnepamypu 6 nepioou HesUKopucmauHs 0yoieii noKazauio ce0w
egpexmugnicmy, AK 3axi0 3 euepeosdepedxcenus. Ilpome, 6 3ax00ax nOG’A3AHUX 3 MEPMOPESYTIOBAHMHS
3bepicacmvcsi nomenyian enepeo3bepedicents, Nos sa3anull 3 Oilb OemanbHUMU 2pagikamu onaieHHs.
Jlocniosicenns nepesaz ma HeOORiKi6 OemanbHux epapiKie Onanents 05l RPOSPAMYSAHHS MEePMOCMAamie cmae
BANCIUBUM HANPSIMKOM 8 PO3GUMKY CYUACHUX CUCTNEM ONATIeHHS MA KOHOUYIOHYBAHMSL.

Mema. Memoio 0anozo 0o0cniodcenHs € O0CHONCeHH Nnepesaz ma HeOONIKI8 BNPOBAOINCEHHS
mepmopegyo8anHs CUCIEMU ONANeHHA HA 0A3i WKIIbHO20 PO3KIA0Y YPOKIS.

Memoouka. Jlocniodcents 8UKOHYIOMbC HA OA3] eHepeemuyHo020 MOOETIO8AHH Y NPOSPAMHOMY
cepedosuwyi DesignBuilder.

Pe3ynomamu. 3a pesyiomamamu eHepeemuyHo20 MOOem08anHs 0y0ieni OYI0 00CHIONCEHHs GNIUSG
BNPOBAOINCEHHS 2PADIKY ONANIEHHA HA OCHOGI PO3KIA0Y WIKIIbHUX 3aHAmMb 015 0y0isenv 3 pi3HUM piGHeM
mennogoeo 3saxucmy. Ipapix onanenHs oOcHoO8aHUUl HA PO3KIAOI 3AHAMbL NOKA3A8 PO nepesaz nepeo
npocmiwium epagikom 3 npoganamu 6 Hepoboyi 200uny, a came, guwy Ha nonad 3% eunepeoepexmusHnicms i
BHUIICEHHS NIKOBO20 HABAHMAMNCEHHS Ha cucmemy onanents Ha 3,3—3,7%.

Haykoea nosusna. /[ocniodicenns 6Ny npo6adicents 2pagiky onaieHHs 0CHOBAHO20 HA PO3KAAOI
3aHAMb HA eHep2oedekmugHicmy 8 6Y0iaNi WKOIU Ma KOMpOpmHicms nepedysanis 100etl 8 NPUMILYEHHSIX.

Ilpakmuuna 3nauumicme. Bpaxysanus Kiimamuunux ma O0y0igelbHUX 0coOaUBOCMEll, d MAKONC
HIBENIOBAHHA BNIUBY JTHOOCLKO20 (DAKMOPY, ULIAXOM GNPOBAOICEHHS NPOSPAMOBAHUX MEPMOCMAMi|, Modice
cnpusimu po3pooyi eghekmuenux cmpameiii ynpaguiHHi ONANEeHHAM, WO 8 C80K uepey npusgeoe 00 3HAUHOT
EeKOHOMII eHep2opecypcis.

Knrouoei cnoea: enepzosdepesicenns, enepeemuune MOOent08aHHA 0OyOigenv, 2epaghiku onaieHws,
KomgopmHi ymosu.

Beryn. He 3Baxkatoun Ha Te, 1110 HaiOIbIIIA Tpyma CIIOKHWBadiB cepesl OyaiBeb Ta CIOpY/ 11e
KUTIIOBI OymiBii, BCe OUIbIIE yBaru B JIOCIIIKCHHSIX MPUAUIIETHCS HEKHUTIOBUM CIIOXKUBAYaM,
OCKUTPKA BOHM € TapHUMH KaHIUIATaMH JUIsl BIPOBADKCHHS Majo 3aTpaTHUX 3aXxoMdiB 3
EHepro30epeKeHHs, B OCHOBI SIKUX JIGKUTh ONTUMaIbHE BUKOPUCTAaHHS OyxiBimi. [Ipu oMy, 3HauHa
yBara IpUAUIIETbCS OYAiBISAM IIKUIBHUX 3aXOiB, OCKIILKH TepeOyBaHHS JIIOJICH B MPUMIMICHHSIX
JIETKO TMPOTHO3YETHCSI.

OcraHHI ITOCTIPKEHHS B 00J1acTi €HeproeeKTUBHOCTI Ta ONMTHMI3aIlii CUCTEM OTAJIICHHS B
IIKUTBHUX 3aKJIa/JaX BKa3ylOTh HAa MEPCHEKTHBHICTbh BIPOBAKCHHS €HEProePEeKTHBHHUX PEXHMIB
OTIAJICHHS JUTS 3MEHIICHHSI €HEPrOCIOKMBAHHS 0€3 BILIMBY Ha KOMQOPT JIIOJCH B NMPUMIIICHHSX,
OCKIJIBKH y4HI JJOCHTB YyTJIHMBa 10 BHYTPIIHBOTO MIKpOKIiMaTy rpymna [1-4].

B mocnimkeHHs 9acTo BUAULIIOTH CIIPOIICHI PEKUMH, O€pydd 10 yBary BiJICYTHICTh CUCTEM
«pPO3YMHOT0» YIPABIIHHA B OUIBIIOCTI HIKLT KpaiHH, MPOTE MiAKPECTIOTh, 0 eHeproeeKTUBHI
PCKAMHU  OIMAJEHHS MOXYTh OYTH JOCATHYTI MUIAXOM IHTErpamii IuX TexHosorid [5,6].
BripoBamkeHHsT Takux 3aco0iB J03BOJISIE ONTUMAIbHO BHKOPHCTOBYBAaTH E€HEPTil0, pearylodd Ha
3MIHM y CKJaJl Y4HIB, BHYTPIIIHINA Ta 30BHIMIHIA TeMmmeparyp MOBiTps ab0 3a BCTaHOBJICHUM
rpadikom, pu 1boMy 3abe3nedyodn KoM(popTHI yMOBH NepeOyBaHHS B IPUMILICHHAX. SIK pHUKIIa,
MikHapoaHo Bu3Hanuii HopMatuB ASHRAE [7], pernamenTtye TemriepaTypy onaieHHs Ha piBHi 21°C
3 8:00 10 20:00 B poboui aHi, Ta 15,5°C B Bci iHII TOAUHU.
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3aranoM, OCTaHHI HayKOBi JOCIHI/DKEHHS BKa3yIOTh Ha Te, 10 BIPOBAIKCHHS MPOCYHYTHX
CUCTEM PETYIIIOBAaHHS B OY/IIBJISX € MEPCIIEKTUBHUM HAIIPSIMKOM 3 TOYKH 30pY €HEproeeKTHBHOCTI,
MPOTE JIOCUTh MAJIO YBaru NPHIUTIETHCS HUIIXaM peajtizallii Takoro 3aXoay 3 eHepro3oepexeHHs [8].

B naniif poOOTI MPOMOHYETHCS JOCTIIUTH MOKIIMBICT BUKOPHUCTAHHS HABYAJILHOTO TpadiKy
C3II sk 6a3u ans mporpamyBaHHS TEPMOCTATiB B HaBYAJIbHHUX MPHUMILICHHAX, Oepy4H 10 yBaru
KOMQOPT 3HAXOKCHHSI YIHIB B MPUMIIICHHSX MTPH BIPOBAKCHHI TAKOTO PETYJIIOBAaHHI

OO0pana Tema «BIUMB BUKOPHUCTaHHS PO3KJIANY 3aHATH JUIsI IPOTpaMyBaHHS TEPMOCTATIB HA
€HEPTOCIOKMUBAHHS OYIiBIIl IKUIHBHOTO 3aKIay» € HAJICKHOI0, aKTYaTbHOIO Ta TIEPCTIEKTUBHOIO IS
MOJAIBIINX HAYKOBHX JOCHIJKEeHb. JIOCIIPKEHHS B I[bOMY HAlpsSMKY CHPSIMOBAHE HAa CTBOPEHHS
ONITUMAIILHUX YMOB OIAJICHHS, SIKI OJIHOYACHO TapaHTYIOTh KOM(OPT JJIs YUHIB Ta MEPCOHATY Ta
CIPUSIOTh palliOHAIBHOMY BHMKOPHCTAaHHIO eHepropecypciB. Jlo TOro , JOCIIJKEHHS
TEPMOPETYJIIOBaHHS 3aKJIa[iB IIKUIBHOI OCBITH MOXXYTh HAJaTH IIOIITOBX JO BIPOBA/DKCHHS
MOJIMIIIEHOTO TEPMOPETYIIOBAaHHs B OYIIBIAX 3 MOCTIMHUM rpadikoM eKcIuTyaTaiii, He 3Ba)Karouu
Ha CKJIaJIHICTh WX TpadikiB.

IloctanoBka 3aBaaHHsA. B cywyacHomMy CBITi, 1€ eHeproe(eKTUBHICTb Ta CTaJliCTh
CHEepPronoCTavaHHsl CTalOTh BAKIMBHUMHU 3aBIAHHSMH, BHPIIICHHS Tpo0ieM epeKTHBHOTO
BUKOPUCTaHHA €Heprii y OyIiBIsSX € akTyaJlbHOIO HayKOBOIO Ta MPAaKTHYHOIO 3agaueto. OcoOauBy
yBary TpUBEPTAE OMATIOBAILHUN PEKUM OYHiBeNb, KU € KIIOYOBHM UYHUHHHKOM CITOKUBAHHS
€Heprii B OMaTioBaIbHUN MEePios POKY.

MeToro AOCHIHKEHHST € JOCTIKEHHS BIUIMBY IEpepUBUYACTUX TpadikiB OIMaJeHHs, 10
0a3yloThCsl Ha PO3KJIAJAl IIKUIBHUX 3aHATh Ha €HEproe(eKTUBHICTH OyniBIi Ta KOMQOPTHICTH
nepeOyBaHHS JIFOJCH B TPUMIIIICHHSX, B SIKUX TakKi rpadiki BUKOPUCTOBYIOTHCH.

Onuc o6’ekra pocaimkeHHs. OO'€KTOM JOCHIDKEHHS € iMiTalliiHa Monaenb OymiBii
CepeHbOl 3arajJbHOOCBITHBOI INKOJNHM, IO Oa3yeTbcs Ha peajgbHO icHyrowilt OyaiBmi C3LHI
po3ramoBaHoi B [BaHo-®pankiBchkiil obmacTi. [lIkona Mae Tpu moBepxu Ta TUIMOBY il mKia H-
nonioHy dopmy. Jlias MoneniOBaHHA EHEPreTUYHUX MPOLECIB Ta TEMJIOBOTO PEKUMY MIKIIBHOI
OymiBili, BUKOPHCTOBYBajacs mporpama DesingBuilder, na ocHosi EnergyPlus [9, 10].

XapaKkTepUCTUKN OTrOPOKYBAIbHUX KOHCTPYKLiN 6a30B0i Moieni:

CtiHM: BUTOTOBJICHI 3 YEPBOHOI MEeTau TOBIIMHOIO 0,525M 1 HE MarOTh JOJATKOBOTO IIapy
130JTsIIi1.

BikHa: n1BokaMepHHMH, BUTOTOBJICH] 3 METAJIOTUIACTUKOBOTO TIPO(1ITIO.

[Migmora mo rpyHTy: TmpeacTaBieHa OETOHHOIO IUTMTOK TOBIMHOKW 0,25M, Ha mimaHii
migcumIi, 6e3 J0AaTKOBOI 1301111,

Jlax: cknagaeTbes 3 0ETOHHOT IUTUTH TOBIIMHOKO 0,25M, MOKPUTOI OITYMOM.

Cucrtema omnajeHHs TPUIHATA TIPU CUMYJISIIIT — €JIEeKTPOHArpiBadi B KOKXKHOMY MPUMIIIEHHI
JUIsL 3MEHIIIEHHS BIUIMBY BTpAT B MEXaHIUYHUX CHCTEMax IpH aHai3i. Takox, He0OXiAHO 3a3HAYNTH,
10 HAJAXOPKCHHS CBIXOTO TOBITPS BiIOYBAIOTHCS 32 PaXyHOK HATYPaJIbHOI BEHTHUJIALII, CHCTEMH
MEXaHIYHOT BEHTWJISLIT Ta peKyreparii BiCyTHs.

Cucrema TapsS4oro BOJOINOCTA4YaHHS OpraHi3oBaHa 3a JOMOMOTOI0  CIEKTPUYHHX
BOJIOHArpiBayiB, pO3TALIOBAHUX OE3MOCEPEAHBO OLIsI TOUOK CIIOXKMBaHH:. BaxInBo 3ayBaXkuTH, 110
I CUCTEeMa MPU3HAYCHA JIUIIE IJIs1 3aI0BOJICHHS TOTPEO MIKITbHOT KYXHi.

3 MeTor0 OUTBII IIMPOKOTO JOCHIPKEHHS, OrOpoKyloui KOHCTpyKWii OymiBmi Oynu
MpUBEIECHI 10 MIHIMAJIBHUX 3Ha4deHb BiamoBimHo no0 Bumor JIBH B.2.6-31:2016 Ta JIBH B.2.6-
31:2021 [11, 12], TakuM YMHOM BimOOpaXkarouu TPU HAWOUIBII THUIOBI CTaHU OyIiBEb IIKUTBHUX
3aKkiaaiB B YKpaiHi. A came:

* bazoBa Mozens — IIKOJIA IO HE MPOMIIIIAa TEPMOMOICPHI3AIIIIO;

* JIBH B.2.6-31:2016 — mkoJa 1110 mpouImia TepMOMOJIEPHI3AIII0 PaHIIIIE;

e JIbH B.2.6-31:2021 — mikoua 1o mpoiIia cy4acHy TepMOMO/IEPHi3aIlifo.
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TennodiznuHi XapaKTEPUCTHKH OTOPODKYIOUMX KOHCTPYKLIN, 110 Oyiau BUKOPUCTaHI MpPU
MOJEJIOBaHH1 HaBexeHl B Tadmumi 1.

Tabnuys 1
KoediuieHT Tennonepenayi oropoaKyBajbHUX KOHCTPYKUiil, BUKOPUCTAHI B MO/IeJIfAIX,
Bm/(m?K)
Tun oropoKeHHS IcHyrOuMit cran JIbH B.2.6-31:2016 JIBH B.2.6-31:2021
30BHIIIHI CTIHU 0,8 0,303 0,25
BiKHA 1,67 1,33 1,11
Jax 0,89 0,167 0,143
Buxopucranns DesignBuilder mo3Bomwim  TpoBOAWTH — AWHAMIYHE  MOJICITIOBAHHS

E€HEPronoTpeOr Ta CHEProCTIOKUBAHHS OYIBIII 3 ypaxyBaHHSAM JETATHHOTO BioOpakeHHs TpadikiB
NPUCYTHOCTI JIIOJCH. IHIN YMHHHUKH, IO BPaxOBYIOTHCS MPOTPaMol0 IMPH MOJEIIOBAHHI 1€
KJIIMATOJIOTisI, OOJaJHAaHHSA Ta IHTCHCUBHICTh HOTO BHUKOPHCTAHHS, OTOPOKYIOUM KOHCTPYKIIIT
OyniBii, TUI onaneHHs i T.4. 3-D Bi3yanizaiis OyiBii 3 MporpaMu HaBeJeHa Ha PUCYHKY 1.

Puc. 1. Monean oyxiBJi y DesignBuilder

B Mopneni 06’exTy nociipkeHHS OyinM NMPOCUMYJIbOBaHI KOXKHE 3 MPUMIIICHb K OKpeMa
TepMiyHa 30Ha 3 1HAMBIAYaTbHUM TpadikoM MPUCYTHOCTI JIOJICH, TEMIIEPATYPOIO Ta €ICKTPUIHUM
o0JaiHaHHSM, B 3aJIeXKHOCTI BiJ] MPU3HAYCHHS MPUMIIICHHS, BChoro 149 tepmiunux 30H. Lle mamno
3MOTy MAaKCHUMAaJIbHO TOYHO BiJIOOpa3UTH peajibHI YMOBH €KCIUTyaTarlii Oy IiBIi.

B 6a30Biii Mojeni 17151 KOXKHOTO 3 HaBYAJIBHUX MPUMILIEHb Oy po3po0iieHi okpemi rpadiku
excrutyaTtariii. OnajaeHHs1 He PEeTYJIOEThCS, 3a1aH0 Ha nmocTiiiHoMy piBHI 20°C BignmosigHO 10 [13].

st napyroro pexxumy B rpadik onaynieHHs OyB momanuii mpoBai Ha 4°C B HEpoOOUl TOUHU
OynmiBii (HaBUaIBHUH TIpoliec BiAOyBaeThes 3 8 1o 16 ronunn). Bennunny nmpoBany 0yiio oOpaHo sk
MaKCUMaJIbHO PEKOMEHI0BaHUi 3a [3].

st pexxumy 3, 711 KOSKHOTO HaBYAJIBHOTO KJ1acy Oyiu po3po0ieHi rpadiku BUKOPUCTAHHS
CUCTEMH OMAJICHHS, [0 BIAMOBITAIOTh PO3KIAY IIKUIEHUX 3aHATh. B TOMWHU BiJICYTHOCTI JIfOJIeH B
MPUMIIIEHHSAX, aHAJOTIYHO I pexuMmy 2 3amanuii mpoBan B 4°C. Jlns BimoOpakeHHS JaHOTO
pexxumy O0yrno po3pobieno 50 iHauBiAyanbHUX TpadikiB OMajleHHs, 10 BiANOBIIAIOTh PEATbHOMY
PO3KJIaly 3aHATH MIKOJIU. B 1inoMy, rpadik 103BOJIMB CKOPOTUTH YaCcH TIOBHOTO OITAJIEHHS JIJISt BCIX
npuMinieHs 3arajgoM 3 1500 1o 1032 roaus Ha THXICHD.
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OTxe, TOCTIIKYETHCS TPH PEKUMHU:

1. Ilocriiine omanenus 20°C.

2. TloHmwKeHHs TeMIepaTypH BHYTPIIHBOro MoBiTps Ha 4°C B HepoOOUi TOAMHU.

3. OnayieHHs 3TiTHO 3 PO3KIAIOM 3aHSTh, 3 MOHWKEHHSM TEMIIEPATypH BHYTPIITHBOTO
noBiTps Ha 4°C B TOJMHHU BiCYTHOCTI JIIOACH.

Pe3yabTaT MoJe/II0OBaHb. 3a pe3yIbTaTaMU MOJICTIOBAaHHS 0yJ10 TOOY10BaHO psijI rpadikiB,
110 BiZJOOpakaroTh €HEProCnoKUBAHH CUCTEMOIO OMajieHHs OyIiBii B piyHOMY 3pi3i A OynaiBii 3
TEIUTIOBUM 3aXHCTOM BiIIMOBIIHO O pealbHOTO cTaHy, MiHiMansHuX BuUMor JIBH B.2.6-31:2016 Ta
JBH B.2.6-31:2021 (puc. 2).
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Puc. 2. PiuHe cio:KMBaHHS eHeprii Ha onaJeHHs

JluHamiuHEe MOJETIOBaHHS II0Ka3alio, IO BIPOBAKEHHS TIpadikiB ONAJCHHS 3HAYHO
BIUIMHYJIO HA €HEPTOCIIOKMUBAHHS B Oy/IiBITi.

[Ipu anani3i pi3HUX PEKUMIB OnaseHHs, OyJI0 BCTAHOBIIEHO, L0 BIPOBAHKEHHS MIPOBANIB B
HepoOoYl roawHM 3a0e3leuye 3HA4YHY €KOHOMito eHeprii. Hampuknan, y BHMaakKy HeyTeIIeHOT
OymiBII e MiaXia JO3BOJIUB 3HU3UTH eHeprocnoxuBanHs 3 221,29 MBr*rog no 170,66 MBt*rox,
T00TO Ha 22,9%. lle neMoHCTpye eheKTUBHICTH aanTallii CUCTEM OMaJCHHS O PealbHUX MOTped
OymiBIi.

[Ipu BopoBa/KEHHI BIPOBAKCHHS rpadika OMajeHHs, sSKAWA BpPaxoBYE PO3KJaJl 3aHATh,
CIIOCTEpITaeThCsl JTOJJATKOBE 3HIKCHHS CHOXKMBaHHA eHeprii. [lng Tiel x HeyTemeHoi OyaiBii
CIIOKMBaHH 3HM3MIOCS 10 167,58 MBT1*rog.

3riiHo 3 pe3yabTaTaMH MOJENIOBaHHA, pexXuM 3 (rpadik, M0 BpaxoBye pO3KJaJ] 3aHSITh)
JI03BOJIsSI€ 3MEHIINTH CIIO’KMBAHHA eHeprii Ha onajieHHs Ha 1,8—4,2% BiAHOCHO pexuMy 2 (TpoBall B
HEepoOoUi TOAUHN), IPU YOMY, BIIHOCHA EKOHOMIS 3pOCTA€ 3 TIOKPAIEHHIM PiBHS 13071111 OyIiBi.

Jnst mociimKeHHS OCOONMBOCTEM 1HAMBIAyadbHUX MAHIB PO3KIaAy, Ta IX BIUIMBY Ha
CTOKMBAHHS €HEPTii CUCTEMOIO OMaleHHs! O0yJ0 MPOBEIEHO MOACHHUIN aHali3 eHeproCIOXKHBAHHS.
OcepenHEHH] pe3yJIbTaTH MOJICIIOBAHHS B MOJACHHOMY 3pi3l HaBEIEHO Ha pHC. 3, 4 Ta 5 HaBeneHi
pe3yabTaTu.
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Puc. 4. IloneHHe cOKNBAHHSA €HePril HA oNaJIeHHsI, MiHiMaJIbHe yTelIeHHs
Bigmosingno no /IGH B.2.6-31:2016
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Puc. 5. IlonenHe cno:kMBaHHS eHePTil HA onaJieHHsl, MiHiMaJIbHe yTelJIeHHs
Bigmosinno 10 /IGH B.2.6-31:2021

AHai3 MOJIGHHUX PE3yNIbTATIB aHAJI3y MOKa3aB HASBHICTh JOJATKOBUX IMiKiB CIIOKWBAHHS B
pekuMax 2 Ta 3, 1110 MOJCKY/I EPEBHIYIOTh AaHAJIOTIYHI 3HAYCHHS [T PEKUMY 0€3 peryItoBaHHS.
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Awnami3 [OaHuX I[0Ka3aB, IO KM BHHHUKAIOTh B IOHEOIIKHM Ta IICISICBITKOBI OHI, IO
I ITBEP/UKYETHCSA W TUM, III0 BOHU AYOIIOIOTHCS 1 000X pekuMiB, Taki KM CBiAYATh MPO 3HAYHE
HABaHTAXXCHHS HA CHCTEMY OMAJICHHS B MEpexifHi nepioau (TOOTO Ipu Mepexoii BiJl MOHUKEHOT,
16°C temmepatrypu a0 po6odoi B 20°C), ToOTO BBEIEHHS PETYIIOBaHHS IMOTPeOye 301IBIICHHS
MOTY>KHOCTI OTAJICHHS.

Jlnst noCImiKeHHST BIUIMBY BBEACHUX PEXKHMMIB Ha HABAaHTAXXCHHS Ha CUCTEMY OTAJICHHS, a
TakoX Ha KOM(OpPTHICTH mepeOyBaHHS B MPUMILIEHHSIX Oylio 310paHO MOKAa3HUKHW MaKCHMAalbHUX
3HA4YCHb TEIUIOBOI IMOTY)XKHOCTI CHCTEM OMNAJICHHS /I BUNAJKIB ONMMCAaHWX BUIe. Pe3ympratn
Mpe/ICTaBJICHI Ha pHC. 6.
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Puc. 6. lloTyxkHiCTH CHCTEMH ONAJICHHS

3riiHoO 3 pe3ylbTaTaMy aHaji3y, K 1 OYiKyBaJIOCh, YTEIUICHHS OyiBJi 3HAYHO 3MEHIIYE
HeoOX1HY OTY)KHICTh CUCTEMH ONaJieHHs (B cepenHboMy Ha 36,6% npu yremienHi 1o pisaa JJbH
2016 Ta Ha 42,7% mnpu yremnenHi go Bumor JIBH 2021), a BBeneHHs MepepuBYACTHX PEKUMIB
301IbIIYE HEOOXITHY MOTYXHICTh (B cepeqHbomy Ha 37,7% mpu BBeneHH1 pexumy 2 ta Ha 36,5%
IIPU BBEJICHI peKuMy 3).

OcCKiTbKM BOPOBADKEHHS peXUMY 2 Ta 3 3HAYHO MiJBUILYE HABAHTAXKEHHS HA CHUCTEMY
OMAaJCHHS JUIsI BCIX PIBHIB 130JIbOBAaHOCTI OyfiBmi, s 3a0e3neueHHs KOMQPOPTHHUX YMOB
nepeOyBaHHsI B OyAiBiIi MOKe MOTpeOyBaTUCh 3aMiHA CHCTeMH omnaneHHs. [ HiBemsii qaHOTO
eeKTy MOXKHa PO3IJISIHYTH IMOCTYNOBE MiaBHIIeHHS Temneparypu Big 16°C mo 20°C mpotsrom
KUJIBKOX TOJIMH B BUMAa/IKaX MOBEPHEHHS /10 HABYAIBHOTO IIPOLECY MICII BUXIAHHUX, CBAT Ta KaHIKYII.

Takox, rpadik moxasye, M0 MiKOBE HAaBAaHTAXXEHHS JUIS MIEPEPUBYACTUX PEKHUMIB OMAJICHHS
B BHIAJIKY 130JIbOBAHOI OY/IIBJII HE TIEPEBUIITYE JaHE 3HAYEHHS JUIs IOCTIHHOTO OTIAJICHHS B BUTIAIKY
HEYTEIIeHOT KOIU. TakuM YMHOM, IPOBAKEHHS [IEPEPUBUACTHX PEKUMIB OIATICHHS 111 Oy/IiBeIb
0 MPOXOJATH TEPMOMOJICPHIZAII0 MOXJIMBE 0€3 3aMiHHM OINATIOBATHHUX MPUIAAIB Ha OLIbIIT
notyxHi. L{e poOuTh KOMOiHAaIII0 3aX0/1iB 3 YTEIUICHHS Ta TEPMOPETYJIIOBAHHS OLIBII TPUBAOIHBOIO
HE JIMIIE 3 eHEePreTUYHOI TOUKH 30pY, a i 3 TOUKHU 30py KamiTaIbHUX 3aTpar.

Pexum 2 notpelye OibIy MOTYKHICTh ONAJICHHS JU1s1 Oy/Ab-SKOTO PiBHS YTEIJICHHS OyaiBIIi
B MOPIBHSHHI 3 pekUMOM 3, a came: Ha 3,2% ans HeyTemieHoi OyaiBiai Ta 3,7% nns yTemieHHs 10
2016 a6o 2021 JIBH.
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Taki pe3ynbpTaTé MOKYTh OyTH MOSICHEHI THUM, II0 HE Bcs OyniBis nepexoauts Bix 16°C 1o
20°C omnouacHo. Take siBuie Moke OyTH BHKOPHMCTAHE I ONTHUMI3aIlli MOTY)KHOCTI CHCTEMH
LEHTPAJII30BAaHOTO OMNAaJCHHS, B BHIAJKy BHUKOPHUCTAaHHS CHEHU(IYHOTO PO3KIAAY 3aHATh (K
MPUKIIAA, MOXHA PO3MVIIHYTH TMPOCKTYBAaHHS MIKUIBHOTO 3aKJIaAy 3 IEHTPaTi30BaHOK CHCTEMOIO
OTAJICHHSI, JIe MOJIOIII KJIaCH MIOYNHAIOTh HaBYaHHS ITI3HIIIIE).

OcTaHHIM acTeKTOM, SKUM OyJI0o PO3TISHYTO B JOCTI/DKEHHI CTaB BIUIUB TTOHWKEHHS
TEeMIIepaTypy B CYCIAHIX MPUMILICHHAX Ha KOM(OPTHICTH mepeOyBaHHA JITEH B Kiaci, OCKUIbKH,
MMOHMYKEHHST TEMITepaTypH MOBITPS B CYCIIHIX KJIacax MOXE BIUIMBATH HA pajialliiHy TeMIlepaTypy,
Ta SIK HACJII0OK Ha KOM(OPTHICTh epeOyBaHHS B IPUMIIICHHI.

3 i€ MeTor, 0ys10 00paHO KyTOBUM KJIac, IO KOHTAKTYE 3 MPUMIIMICHHSM, SKE B MIEBHUH
JIeHb THXKHS nepeOyBae B moctiiHoMy pexkumi 16°C. KyroBe mpuminieHHs Oyno oOpaHO st
JOCIIDKCHHS, K Kjac, B SIKOMY caMme pajialliiiHa TeMmrepaTtypa MOXe 3Ha4HO BIUIMHYTH Ha
KOM(OPTHICTh y4HIB, Yepe3 BENUKHI KOHTAKT 3 30BHIMIHIMU CTiHaMHU. J{OCTiKEHHS TPOBOAUTHCS
Ha 0a3i HeyrerieHoi OymiBii, OCKIIBKM Taki OyIiBIl € HaWOIbII YyTIUBUMH 10 KOJMBAHb
TeMIIepaTypH, a TAKOXK 3MiHa MIOKA3HUKIB KOM(POPTY B HUX BUIUIAIOThCS HalsicKpaBie. Pe3ynbraTu
MOJICIIFOBaHHS TEMIIEPATyp B MOTOJIMHHOMY 3pi31 HaBEEH1 Ha pHC. 7.
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TemnepaTypa 30BHILIHbOTO NOBITPA

Puc. 7. BlUIUB CyCITHBOI0 HEEKCIJIyaTyEMOTI0 MPUMillleHHSI
HAa KOM(QOpTHICTH NepedyBaHHs B KJaci

AmnaJti3 Iokasye He3HauHe OHMKEHHS palialliifHol TeMIepaTypu pu BUKOPUCTAHHI PEKUMY
3 B MOpPIBHIHHI 3 PSKUMOM 2, SIKE, B TIM, HE BIUIMHE Ha Cy0 €KTHBHE CIIPUHHATTS KOM(OPTHOCTI.

JlonatkoBa i3osdwis mifgiiiMae pafmiamiiiny temmnepatypy npubmusHo Ha 1°C, mo me pa3
M IKPECITIOE BAYKIIMBICTD YTEIUICHHSI Oy 1iBEJb, a TAKOXK JJO3BOJISIE HIBETFOBATH HE3HAYHE TTOHMKCHHS
IIPU BIIPOBAKEHHI pexumy 3.

46



Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inycunipune, No 1(18), 2024

BucHoBkH. JloCHiPKEHHS, TPOBEICHE 3 METOIO OIIHKH BIUIMBY PI3HUX PEKUMIB ONMaJICHHS
Ha CHEProCIOKMBAaHHS Ta €PEKTUBHICTh CHCTEMH ONAJICHHS B IIKUIBHUX OYIIBJISIX, BUSBHIIO P
KITFOUOBHUX 3HAXIOK.

AHaJi3 MOJENIOBaHHS IOKa3aB, IO IMIUIEMEHTAIllsl NEPEPUBUYACTUX PEKHUMIB OMaJICHHS
3a0e3neuye 3HAYHE IiJBUIICHHS €HeproeQeKTHUBHOCTI SIK Ui OyaiBenb Oe3 i3owii, Tak 1 Jyis
IIKUTBHUX 3aKJIaiB, IO MPOWIUIM TEPMOMOJIEpHi3alito. BrnpoBamkeHHs PEeXUMYy B J03BOJISE
3aomaanty Big 23% 10 27% eneprii Ha onajeHHs.

I'padix omaneHHs OCHOBaHWM Ha PO3KJIAIl 3aHATH (PEKUM 3) MOKa3aB psija MEpeBar mnepen
mpocTimuM rpadikoM 3 MpoBajiaMu B HepoOodi roauHu (pexum 2), a came, BUIYy Ha moHan 3%
eHeproe()eKTUBHICTD 1 3HUKEHHS MIKOBOTO HAaBAaHTAXEHHS HA CUCTEeMY omnajieHHs Ha 3,3-3,7%.

JlomaTkoBO 110 mepeBar Ha3BaHUX BHINE, PEXKUM 3 MaiKe HE BIUTUBAE€ Ha KOMQOPTHICTH
niepeOyBaHHs B OY/IiBIIi, B IOPIBHSIHHI 3 PEXKHIMOM 2.

3 iHmoro 0OKy, peXHuM 3, € TOCUTh CKJIaJHUM Y BIIPOBA/PKEHHI Ta BHMarae Cy4acHOTO
oOJaHaHHS Ta MOPIYHOTO OHOBJIEHHS TpadiKy.

BrpoBamkenHst pexxumy 2 Ta 3 NPU3BOIUTH 10 3HAYHOTO 3POCTAHHS HABaHTAKEHHS HA
OTaJIeHHsI 1 Oy/AiBeNb BCIX THUIIIB 1301bOBAHOCTI, IO JOCIIKYBAIUCH, POTE, TP BIPOBAKECHHI
eHeproe(eKTUBHUX PEKUMIB OMAJICHHS B 130Jb0BaHUX /10 MiHiManbHUX BUMOT JIBH 2016 Ta 2021
HE MMEePEBUINYIOTh MOTYXKHICTh CHCTEMH OTTAJICHHS TIOCTIMHOTO PeKUMY HE 130J1b0BaHO1 OyaiBii. Jlana
3HaXiJIKa J03BOJISE€ PEKOMEHYBAaTH BIPOBAKYBAaTH peXuM 2 abo 3 B OyHiBIAX IO MPOXOASTH
TEPMOMO/ICpPHI3aIlit0, OCKIJIbKU B TAKOMY BHUTIAJIKY 3aMiHa CHCTEMH OIAJICHHSI HE MTOTPEOYETHCSI.

BpaxoByroun BuIlEe CKa3aHe, PETyIIOBaHHS OMAJCHHS 3a PO3KIAIOM 3aHATH B IIKOJI €
MEPCIEKTUBHUM 3aX0JI0M 3 €HEpro30epeKeHHsI 7151 Oy/iBeIb 3 OyAb-SIKUM PIBHEM 130JIAII11, aJie IpH
BIJICYTHOCTI Te€pMOCaHaIlii, K IpaBujIo, MOTpeOye MOAEPHI3aIll CUCTEMH OIaJICHHS.

BusiBneHe 3HMKCHHS] HAaBAaHTKEHHS HA CHCTEMY OTAJICHHS MPU BIIPOBAKEHHI pEeXXUMY 3 €
MEPCIEKTHBHUM HAMPSIMKOM ITOJATBIIOT0 aHATI3Y, OCKUIIBKH, TOTEHIIHHO, TPAaBUILHO PO3POOICHHI
rpadik 3aHATh Ta BUKOPUCTAHHS HAaBYAJIBHUX NMPHUMILIEHb (Hapa3i HEe TUHOBUN JUIS YKpPaiHCHKUX
IIK1JT) IO3BOJIMTH 3MEHIIUTH BUTPATH Ha OMAJICHHS MIKIIFHOTO 3aKiaay 0e3 MoJepHi3allii CHCTEMHU
OTIaJICHHSI, HATIPUKJIA/I, B BUTIQJAKAX BUKOPUCTAHHSI LIEHTPAII30BAHOTO OIAJICHHSI.

[Toni6HMIT aHai3 Oyae MPeIMETOM MOAABIINX JOCTIIHKCHb.
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THE IMPACT OF USING A CLASS SCHEDULE FOR PROGRAMMING
THERMOSTATS ON THE ENERGY CONSUMPTION OF A SCHOOL BUILDING

Introduction. Variations in temperature reduction during periods of building inactivity have proven
to be an effective energy-saving measure. However, there is still potential for energy savings in the field of
thermal regulation, specifically related to more detailed heating schedules. Investigating the advantages and
disadvantages of detailed heating schedules for thermostat programming becomes an important direction in
the development of modern heating and conditioning systems.

Purpose. The objective of this study is to explore the advantages and disadvantages of implementing
a heating schedule based on the school class schedule for the heating system.

Methodology. The research is conducted based on energy modeling using the DesignBuilder software
environment.

Findings. The results of the energy modeling of the building included an examination of the impact of
implementing a heating schedule based on the school class schedule for buildings with different levels of
thermal insulation. The class schedule-based heating schedule demonstrated several advantages over a
simpler schedule with gaps during non-working hours, including over 3% higher energy efficiency and a 3.3—-
3.7% reduction in peak heating system loads.

Scientific novelty. The study investigates the impact of implementing a class schedule-based heating
schedule on the energy efficiency of a school building and the comfort of occupants.

Practical value. Considering climate and building characteristics, as well as mitigating the human
factor's influence through the use of programmable thermostats, can contribute to the development of effective
heating management strategies, leading to significant energy resource savings.

Keywords: energy conservation; building energy modeling; heating schedules, comfort conditions.
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YK 685.34.05 KAPMAJIITA A. K., IYHIUK C. 1.
XmenvHuybkuii HayioHanrbHul yHieepcumem, Ykpaina

CIIOCOBHY KOHTPOJIIO MOJOXEHHS IVIOCKUX JIETAJIEN
B3YTTA 3A ACUMETPI€IO BJIACTUBOCTEM MOBEPXOHBb

Mema. Cucmemnuti NOWYK payioHAlbHUX ma epekmusHux piuleHb no CMEOPEeHHIO NPUCMPOis Oisl
KOHMPOJII0 NOJIONHCEHHA MA OPIEHMAYI] NIOCKUX Oemaiell 83VMms 3a ACUMempIEio N0BEPXOHb Ol Op2ani3ayii
cepedosuiya pobomu NPOMUCIOBUX POOOMIE.

Memoouxa. Y pobomi 6uKopucmano memoo CUCMEMHO20, MEeOPemuyHo20 ma NOPIGHAIbHO20
aunanisie. Teopemuuni 00CRIONCEHHA IPYHMYIOMbCA HA 0OA308UX NOJIONCEHHAX (DI3uUKU mMa MexXHON02ii
BUPOOHUYME N1e2KOT NPOMUCTOBOCHII.

Pe3ynvmamu. Bemanosneno, wo npoyec opienmyganns ob'ckmie pobomusayii 0Oun i3 enemenmis
VNOPAOKYBAHHA Cepedosulyd, 3a80aHHS OPIEHMYBAHHS BKIIOUAE eleMeHMU KOHMPOIO NOJ0NCceHHA. Tomy
KOHMPOIb NOA0JICERHS 00 'ekmie pobomuzayii € Hesi0 €EMHOI0 YacmUuHO0 YNOPIOKYBAHHSL Cepedosuiyd.

s opieumayii naockux Oemaneil 63ymms, NOpsA0 3 KOHMPOJeM HNON0JICeHHs Oemanell 3a
2COMEMPUUHUMU O3HAKAMU, HEOOXIOHUU KOHMPOIb IXHbO2O NONONCEHHS 3d ACUMEMPIEND 1ACMUBOCHel
nosepxoHw. IcHyoui 6 npunadody0y8anui ma Mawuno0y0yeanHi npuIaou Oisi KOHMPOIIO NOJONCEHHS NIIOCKUX
demanell no acumempii 61ACMUBOCHEU NOBEPXOHbL HEMONCIUBO 3ACMOCY8AmuU O OLNbUWOCHI NIOCKUX
Odemanetl 3ymmsi, OCKLIbKU 1ACTMUBOCMI NOBEPXOHb YUX Oemanell Marwms 80w cneyuixy. locnioiceni
pariuie cnocobu KOHMPOIO NOJONCEHHS 3VMMESUX Oemalell no acumempii 61acmugocmell NOBEPXOHb
CKIAOHI Ma HeHAOIUHI 6 poOOMI, OCKIIbKU 6CI 6OHU € OA2AMOCMYNEHESUMU CUCMEMAMU, 6 SIKUX CUSHA,
OMpUMAHUtL 80 0AMYUKI8 KOHMPOIIO, NEePUL HINC 0amu KOMAHOY UKOHABUOMY MEXAHIZMY, NOGUHEH NPOUmu
BEIUKY MPACY Yepe3 eleMenm, Wo NOPIGHIOE, NIOCUTI8aY, BUKOHA8YUll etemenm. Koowcen i3 yux cmynenie €
CKAAOHUM HpUcmpoem i 301l y pobomi 00HO20 3 HUX NPU3GOOUMb 00 NOPYULEHHS NPAye30amHocmi 6cici
cucmemu.

Tomy HeobxiOHO cmeopumu HO8I, OilbW OOCKOHAN MA HAOJIUHI CNOCOOU KOHMPOTIO, NPo8ecmu ix
00CHIONCEHHsl, CRPAMOBAHI HA O00EPICAHHS UYIMKUX DPEKOMeHOayill ma Munosux Memooux po3paxyHKy
KOHMPOMIOIYUX NPUCPOI8.

Haykoea nosusna. l[lposedero cucmemuuii ananiz cnocodie KORMpOJo NOIONHCEHHS NIOCKUX Oemaell
3a acumMempiclo NOBEPXOHb 6 PI3HUX 2aNY3AX NPOMUCIOB0CHI, 3anponoHo8ano Kiacughikayito cnocoois
KOHMPOJIO NONONCEHHS NIOCKUX Oemaneil 6 3anedCHOCMI 6i0 iX (Di3UKO MeXaHIYHUuX 61acmueoCmel.
Bcmanoesneno, wo icnyroui cnocobu € manoepexmusHumu 018 NIOCKUX Oemanell 63ymms i € nompebda
cmeopumu Hogi, OibuL OOCKOHAL Ma HAOIIHI CHOCOOU KOHMPOJIO.

Ilpakmuuna 3nauumicmo. O0eporcari pesyarbmamu 00CAIONCEHb MONCYMb OYMU SUKOPUCMAHI NpU
NPOEKMYBAHHI NPUCMPOI8 Ol KOHMPOII) NOJONCEHHS ma Opienmayii nAocKux Odemaneu 63ymms npu ix
aBMOMAMUYHIU ROO0A4i Ha MEXHONI02IUHY 00POOKY.

Knrouoei cnosa: niocki demani; KOHMPONb HONONCEHHA; ACUMEMPIS NOBEPXOHb, ABMOMAMUYHE
OpiEHMYBAHHS, 83VMMAL.

Beryn. [IpomucnoBi poboTu 3aiiMaioTh Bce OUIBITY YacTKy B TEXHIYHOMY OCHAIEHHI
I IMTPUEMCTB JIETKOI MPOMUCIIOBOCTI. bisibIlla yacTMHA 3 HUX II€ HE aJanTUBHI MPOTrpaMHi poOOTH,
K1 MPAIIOIOTh 110 JKOPCTKiM mporpaMi. MeHIIa yacTuHa 11 aIalTUBHI poOOTH, SKi MAlOTh CEHCOPHI
3axBaTH. SIKIIO NI MpOorpaMHUX PoOOTIB HEoOXigHE 000B’SA3KOBE BIOPSAKYBAaHHS CEpPEIOBHUIIA
00’eKTiB OOpOOKM TO Ui aJanTUBHUX IOTPIOHI CEHCOPHI 3axBaTH, sKi OyayThb poO3Mi3HaBaTH
MTOJIOXKEHHS THX ke 00’ €KTIB. SIK B IEpIIOMY TaK 1 B IPYyromMy BUIIAIKy HEOOX1JHO CTBOPUTH CUCTEMHU
JUTSE KOHTPOJIIO TIOJIO’KEHHS 00’ €KTIB poOOTH3aIlii.

ABTOMAaTHUYHE OPIEHTYBaHHS IUIOCKUX JIE€Tallel Yy 3arajlbHOMY BHIIQAKy € OUTBII Ba)KKUM
3aBJaHHSM, HIK Opi€EHTYBaHHS JeTajei ¢popmu Til obepTanHs. BinOyBaeThes 1€ TOMy, IO TUIOCKI
JeTaxi MOKYTh MaTH O1IbIIE Pi3HUX MOJI0XEHb [1, 2].
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ABTOMaTHYHE OpPIEHTYBAHHS IUIOCKUX JETallei B3YTTS YCKIATHIOETHCS 1€ PSIIOM MPUYUH:
HEBEJIMKOIO >KOPCTKICTIO JIeTaliel, CKIAAHICTIO KOH]Irypallii, HETOUHICTIO PO3MIpPiB, aCHMETPIEI0
BJIACTUBOCTEH MMOBEPXOHB, BETUKOIO KUIBKICTIO TUIIOPO3MIpiB, MAPHICTIO JAeTanei 1 T. .

IlocTtanoBka 3aBaanHs. HeoOXiqHICTE KOHTPOJIIO MOJOKEHHS TIOCKUX JCTAJICH B3YTTS 1O
acHMeTpii BIaCTUBOCTEH MOBEPXOHb B OCHOBHOMY 00YMOBIIEHA IBOMA MPUYUHAMMU:

1. HasBHICTIO pi3HO1 (haKTypH, MIOPCTKOCTI Ta BOPCUCTOCTI JIMIIHOBOI Ta BUBOPITHOI CTOPIH
JeTajeu.

2. [TapHicTio nmeraneit B3yTTs, TOOTO HASBHICTIO J3EPKaJIbHUX JIIBOI Ta MPABOi JIeTajieH, mo
BUKJIIOYA€ 3aMiHy KOHTPOJIO 33 aCHUMETPI€I0 BJIACTUBOCTEH IMOBEPXOHb BIIOMHMH CIIOCOOAMU
KOHTPOJIIO 32 TEOMETPUYHUMH O3HAKaMH.

JUist mATBEepAKEHHS LIBOTO PO3TIITHEMO TPUKIIA, KOJIM HEOOX1HO MOAATH IIKIPSHY MiAO0IIBY
Ha TO3HMIIif0 TeXHOIOT14HOT 00po0Ku (TO) HOCKOM Briepes i 6axTapM'sHOIO CTOPOHOIO Bropy (puc. 1).

10

a) 6)
Puc. 1. MoxknuBi mMoJ10KeHHs MAPHUX JAeTajieil

Ha pwuc. 1, 6 mokaszaHo JiBy IMiJIONIBY, sIKa 30pIEHTOBAaHa 3a TC€OMETPUYHUMH O3HAKAMU
BiloMHMH criocoOamu [3, 4] 1 MOJI0KEHHS SKO1 BIAMOBIa€ TOCTABICHOMY 3aBAaHHIO (6axTapM'sHOIO
CTOPOHOIO BrOpy).

Ha pwuc.1l,a mnoka3zana mnpaBa migomBa Ti€l >X Mapu B3YTTsA, IOJOXKEHHS SKOi 3a
F€OMETPUYHUMHU O3HAKaMU aHAJOTI4YHE TMIOJIOKEHHIO JIBOi MiJIOIIBH, OCKIJIBKU IOJIOKEHHS
KOHTPOJILHHUX TOYOK d 1 ¢ 30iraeThcs. Aje npu IibOMY He BUKOHaHa Ipyra BUMOTa 3aBJJaHHs, OCKLIbKH
IT1JTOIIBA 3HAXOUTHCS B TIOJIOKEHH1 «0axTapM'sTHOIO CTOPOHOIO BHU3Y.

Pe3yabTaTi nociifkeHHsi. Y TpHIanoOyayBaHHI Ta MalIMHOOYAYBaHHI 3YyCTPId4arOThCS
TJIOCKI JIeTali, 0 MalOTh B OCHOBHOMY JIBa THUIIA aCUMETPIi BIACTHBOCTEH TOBEPXOHbD:

1. Konu otHa moBepXHs Ma€ JieIEKTPUYH] BIACTUBOCTI, @ MPOTUJIC)KHA METaJli30BaHa.

2. Konmu opHa mOBepxHs TIJIaJKa, a MPOTHIIEKHA Mae PEryyisapHO pO3TAllOBaHI Ha Hid
HEPIBHOCTI MPaBUIBbHOI T€OMETPUYHOI (hOpMH, (OTBOPH, BUCTYIH, BUIMKH, Ta3u 1 T.1.). Ha puc. 2
MoKa3aHl MPHUKIAAM TaKUX JeTaleil: Ha puc.2,a — IUIOCKa Kpyrjia KepaMidHa IUIACTHHKA,
MeTajIi30BaHa 3 OJIHOTO OOKY, III0 3aCTOCOBYETHCS JUIsl BUTOTOBJICHHS pajiojaeTraieii; Ha puc. 2, 6 —
IUIOCKA JIeTalb 3 MapajeIbHUMU MPSIMOKYTHHMH BUCTYIIAMU HA OJHIN 3 MOBEPXOHH (HAMPUKIA,
JIETaIh KOPITYCY 1HTETPAIbHOT CXEMH).

VY TexHili iCHYIOTh IPUCTPOI KOHTPOJIIO CTaHY 1 OPiEHTYBAaHHS TaKuX AeTtaiei [6, 7].

BpaxoByroun, mo neram B3yTTS BHUTOTOBISIOTHCS TMEPEBAXKHO TUIBKU 3 JIEJIEKTPUUYHUX
MarepialiB, KpiM METaJi30BaHOi 3 OJHOT0 OOKYy MITY4YHOI WIKipH, IO 3aCTOCOBYETHCS IS
CHEIIaTbHOTO B3YTTsI, OMMMCAHOTO B [6] MpUCTpiit MOXKHA 3aCTOCYBATH JIMIIIE B TOMY BHUIAAKY, SIKIIO
Ha OJIHY 3 MIOBEPXOHb JICTANI B3yTTs HAHECTH METaIi30BaH1 MIiTKH.

Jesiki getam B3yTTs (HAMPUKIIAJ, IMIIOIIBU Ta KAOJYKH IS CIEIIaTbHOTO B3YTTS) MAalOTh
puQIIeHHS MPaBIIbHOI TeOMETPUYHOT (POPMH 1 [T KOHTPOJIIO iX MOJIOKEHHS Ta Opi€HTalii MOXKYTh
OyTH 3aCTOCOBaHI MPUCTPOI, MOAIOHI 10 onucaHuX y [7].

Haii6inpm OM3pKMMU Ta TPUWHATHUMU TSI B3YTTEBOTO BHPOOHUIITBA € BiTOMI y TEXHIIl
MIPHUCTPOT TSI KOHTPOJTIO TIOJI0KEHHS Ta OPIEHTYBaHHS IUIOCKUX JETajei, omucani B poboTax [8, 9].
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HEEEN

AN

a) 0)
Puc. 2. Ilpukyiaan nerajeii, 1o MalTh Pi3Hi XapaKTePUCTHKH IOBEPXOHb,
1[0 32CTOCOBYIOTHCS Yy NPWIAL00yyBaHHI

Ha puc. 3 300paxeHa cxema MpUCTPOIO A1t KOHTPOJTIO MTOJIOKEHHS Ta OPI€EHTYBAHHS TUIOCKHX
00'exTiB poOoTH3alii (30KpeMa KaxeJIbHUX IUIMTOK) 332 (PUKIIMHUMH BIACTUBOCTSIMUA TOBEPXOHb.

Puc. 3. CxeMa npucTpoIO 1Jisl KOHTPOJIIO MOJI0KEHHS Ta OPIEHTYBAHHS MJIOCKUX JeTajlel
3a GpUKIiIHHUMH BJIACTUBOCTSIMH IOBEPXOHb

[Tnutka 1 mepemimaeTsbes mo BiOposIOTKY 2 1 moTpariisie B KoMipky Oapabana 3. bapaGan
MIOBEPTAETHCS 1 EPEHOCUTH TUTUTKY HA MPOTHJICKHY CTOPOHY. 3ajeKHO BiJ KyTa HAXMIy CTIHKH
KoMipku OapabaHa Ta TOPU3OHTAIBHOI IJIOUIMHU Ta KoedilieHTa TepTs MOBEPXHI IUIUTKUH 00
MMOBEPXHIO CTIHKM KOMIPKH, TUTMTKA, KOB3aI0UH I10 CTIHIII, MOTPAIUIsE HE IEPEOPIEHTOBHUMN JIOTOK 4
a00 JIOTOK 5 1 1ani mepeMilIaeThCsi B OpIEHTOBAHOMY MOJIOKEHHI.

Takuii TpUCTpPii MOKHA 3aCTOCYBaTH y B3yTTEBOMY BHUPOOHHUIITBI 3a YMOBH pPOOOTH 3
JeTaIsIMU, TIOBEPXHI KMX MAIOTh CYTTEBY PI3HUIIIO T4 HE3HAYHI KOJIMBAHHS BEJTMUYMHH KOS(IIIEHTIB
TEPTS MPOTWIEKHUX CTOPiH. B iHIIOMY BUnagKy Baskke iX Opi€HTyBaHHS Ta PO3PAaXyHOK MTOJIOKEHHS
notkiB 1 Ta 2 BigHOCHO 6apabana. Kpim Toro, aerani MaioTh OyTH JOCUTH KOPCTKHMHU.
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Ha puc. 4 300paxkeHa cxema MPHUCTPOIO JJS OPIEHTOBAHOI Mojaui JeTaneld 3 Ppi3HOIO
IIOPCTKICTIO TTOBEPXOHB [9].

Herani 1 3 BiOpoOyHKepa 2 mepeMilyroThes 1o BiOpoJoTKy 3, sikoMy € BikHO 4. MexaHi3M
KOHTPOJTIO TIOJIOKEHHS CKJIAJIA€THCS 3 HECKIHYEHHOI CTPIYKH, BUKOHAHOT 3 MOJIIMEPHOTO MaTepiaiy,
10 eNIEKTPU3YEThCS (HAPUKIIA, TTOJIIypETaHy), M0 MePEMIIIAETHCS 3a JOTIOMOTOI0 BEIMKOTO IIKiBa
6 1 masoro 7 Hax BikHOM BiOposoTka. Ilix BikHOM € ponuk 10, 1m0 o0epTaeThCs, IKU MPUTHUCKAE
JeTani 10 HECKIHUEHHOI CTPIYKH. SIKIO AeTasi NPUTHUCHETHCS A0 CTPIYKH TJIaIKOI0 TOBEPXHEIO, TO
BOHH YTPUMYIOTHCS Ha Hill 32 paxyHOK €()eKTy BAKYyMHO-MOJICKYJISIPHOTO 3UETUICHHSI, IIEPEHOCSThCS
HA JIOTOK 1 CKHJIAIOTHCSI B OPIEHTOBAHOMY IOJIOKEHHI Y BiIOpoOyHKep. [IpaBuibHO OpieHTOBaHI AeTali
MEePEMINTYIOTECA 10 BIOPOJOTKY B poO0Yy 30HY MpoMHUCTOBOTO podota 9. Ilpuctpiii MoxHa
3aCTOCYBATH JJIS1 KOHTPOJIIO 32 MOJOKEHHAM JIpiOHUX B3YTTEBUX JA€Talel, HAIPUKIIAA, PUKPAC 31
MITYYHUX MaTepialiB 3 JAKOBAHOIO JUIIHOBOIO MMOBEPXHEIO.

Puc. 4. Cxema npHUCTPOIO /I OPi€HTOBAHOI Moaayvi AeTaJei
i3 pi3HOI0 HIOPCTKICTIO MOBEPXOHb

Hawm Bimoma numie omHa pobota [5], sika MpUCBSYEHA JTOCTIKCHHIO JESKUX BIIACTHBOCTEH
MOBEPXOHb B3YTTEBUX JETajJei, a TaKOX JESKUX CHOCOOIB KOHTPOJIO IMOJIOKEHHS JeTajeid Mo
acHMeTpii BIaCTUBOCTEH TTOBEPXOHb.

VY Hill 3a3HayYa€THCA, IO HAWOUIBII XapakTEepHUMM BIIACTHBOCTSAMH MOBEPXOHb IUIOCKHX
B3YTTEBHUX JETajliel, SIKI MOXXYTh OyTH BHUKOPHCTaHI MPU PO3IMi3HAHHI JIUIIOBOTO 1 BUBOPITHOTO
1apy, CJiJl BpaxOBYBaTH LIUIbHICTh, IPYKHICTh, KOJIp, MPodisb, GakTypy, €IeKTPOIPOBIIHICTD, a
TaKOXX 3JaTHICTh NEAKUX MaTepialiB CTBOPIOBATH 3apsJl CTaTUYHOI €JIEKTPUKH TpPH 3ITKHEHHI 3
JEeKTPUKAMH.

VY 3anponoHOBaHUX CIOCO0aX KOHTPOJO 30upanHHs iHGopMarlii po (HaKTUIHE MOTO0KESHHS
AeTani 3A1MCHIOIOTh YYTJIMBI €IEMEHTH NaTYMKH, IO pearyioThb Ha Ti UM 1HII XapaKTePUCTUKU
netaneir. OTpumany iHpopMmairiro KoHTposbHI opranu (KO) mepeTBoproroTs Ha CUTHA, KU MOTIM
NepeaeThCsl Ha BUKOHABYI OPraHM CENapylouuX, MEpeopi€HTOBYIOUUX a00 BUKOHYIOUHMX OIepaii
IHIIOTO BHIy MPHUCTPOiB. TakuM YMHOM, CHUTHAJ, IO OTPHUMYETHCS KOHTPOJIHHHMHU OpPTraHaMH, €
KEPYIOUHM JJIsl HACTYITHUX OPraHiB, MEXaHi3MiB a00 MPUCTPOIB.

[lpr aBTOMaTUYHOMY KOHTPOJIi TIOJIOKEHHS JIETalli 32 BIACTUBOCTSIMU IOBEPXOHB MOXKYTh
BUKOPUCTOBYBATHUCS NATYUKH, MPUHIMI Ail SKUX 3aJ€KUTh BiJ] MaTepialy JeTalli, BIaCTUBOCTEH
MOBEPXOHb Ta €TAITy TEXHOJOTIYHOTO MPOIIECY.
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SIkm1o Bei ieTari MaloTh pi3Hy (akTypy, BOPCUCTICTh 00 MIOPCTKICTh MOBEPXOHB, TO MOXKYTh
OyTH BHKOPHUCTaHI €JIEKTPOCTATUYHHU (pHucC. 5), TepMoenekTpuyHuii (puc. 6) 1 HOoTOCIeKTPUIHUMA
(puc. 7) cioco6u.

P

Puc. 5. Cxema e1eKTPOCTATHYHOIO CNOCO0Y KOHTPOJIIO MOJIOKEHHS
IJIOCKHUX JeTaJieil B3yTTA 32 BJACTHBOCTSMHU NNOBEPXOHb

SIEASAT TSNS ONLFIITS NI ICIPL
l
T C y u L1
P

Puc. 6. CxeMa TepMO€JEeKTPUYHOT0 CIIOCO0Y KOHTPOJIIO 32 MOJIOKEHHAM
IUIOCKHUX JIeTaJieil B3yTTsl 32 BJACTUBOCTSAMU NMOBEPXOHb

Puc. 7. Cxema (pOTOCJIEKTPHUYHOIO CIIOCO0Y KOHTPOJIIO MOJI0KeHHS
IJIOCKHUX JeTaJieil B3yTTA 32 BJACTHBOCTSMHU NNOBEPXOHb
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Konu KoHTpoIIO 32 acCUMETPi€l0 BIACTUBOCTEH MOBEPXOHB MiJUISATAIOTh JETalll, 0 MalTh
pi3HY HIUTBHICTH CTOpPIH, a OTXKE, Pi3HY OIMIPHICTh BXOKEHHIO B HEi TOJKH a00 KYJIbKH, MOXHA
BUKOPHUCTOBYBATH 1HAYKTUBHHM, 1HIYKIIMHUNA, €MHICHMHA, pEOCTaTHHUH, €IEKTPOHHUH crocodu

(puc. 8).

Puc. 8. CxeMa iHAYKTHBHOI0 CIIOCO0Y KOHTPOJIIO CTAHY IJIOCKMX JieTajieil B3yTTs
3a BJIACTHUBOCTSMHU MOBEPXOHb

[Ipu KOHTpOJII TOJOXKEHHA JeTajel, IO BOJOIIIOTh PI3HOI MPYKHICTIO JHUILOBOTO Ta
BHBOPITHOTO Iapy, MOXXKHA BHKOPHCTOBYBAaTH aKyCTHYHHMM CIOCIO 13 3aCTOCYBaHHSIM
YIBTPa3BYKOBUX JaTYUKIB, OCKUIBKU TaKi MOBEPXHI MO Pi3HOMY MOTTIMHAIOTH 1 BiIOMBAIOTh 3BYKOBI
xBuJi (puc. 9).

\

Puc. 9. Cxema yabTpa3BYKOBOI'0 ClIOCO0Y KOHTPOJIIO MOJIOKEHHS
MJIOCKUX J1eTaJieil B3yTTs 32 BJACTHBOCTAMHU NMOBEPXOHb

[IpoBeneni B po0OoTi [5] mocmiKeHHS MOKa3ajdu TakKi MOKJIMBOCTI BUKOPUCTAHHS OMIYHHMX
OTIOPiB MOBEPXHEBHX IIAPIB AT Il KOHTPOJIO IMOJIOKEHHS 11 32 BIIACTUBOCTSIMH TOBEPXOHb.

B sixocTi 1aTYMKIB Y IbOMY BUTIQKy BUKOPHUCTOBYBAIHCS TaTYUKH CIICIIAIBHOT KOHCTPYKITii
(puc. 10). Onnak yci 1i cnoco6u, onucadi B poOoTi [5] MartoTk psiJl HEJOMIKIB.
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Puc. 10. Cxema TeH30MeTPHYHOIO CIIOCO0Y KOHTPOJIIO 32 MOJI0KEeHHAM
MJIOCKHX JeTajiell B3yTTH 32 BJACTHBOCTSIMH IOBEPXOHb

Enextpocrarnunuii croci0 [10] mpumaTHUN TUIBKH JUIsl CYXHWX BOJIOKHHUCTHUX MarepiaiiB —
nienextpukiB. [Ipu peamizaiii TEpMOETEKTPUYHOTO CIIOCIO Mae Micle KOPOTKHHA TepMiH CIyxOu
JaTYUKIB, TaK fK TOJIOBKM TepMomap B pe3yjibTaTi TepTs [eTajllb HIBUAKO 3HOUIYIOTHCS.
®doToeNeKTpUUHUH COCiO BaXKKO peanizyBaTu y BUPOOHUYHMX yMOBaX y 3B'sI3KY 13 3anuieHictio. [Tpu
BUKOPHUCTAaHHI aKyCTHYHUX JaTUYMKIB BaXKKO BUKJIIOUMTH IIKIJIUBY A0 YIbTPa3BYKOBUX XBUJIb Ha
moauHy. Crioci0 3 BAKOPUCTAHHSM OMIYHHUX JaTYMKIB TPUIATHUHN TIIBKHU 715 3BOJIOKEHUX JeTaleH,
MMOKPUTHUX KJICHOBOIO TUTIBKOIO a00 CYyXHMX 3 HasBHICTIO BOJIOTO1 KJICHOBOT IJTIBKH.

Kpim 3a3HaueHUX HEOJIKIB, yC1 BOHU MAlOTh TaKOXX TPY 3arajbHi, 3HaYHI HETOJIKH:

1) BHCOKa BapTiCTh Yepe3 BUKOPUCTAHHS CKIAIHHX 1 JOPOTHX MPUCTPOIB;

2) CKJIaHICTh B €KCIUTyaTallii, OCKUIbKY MOTPiOHI BUCOKOKBaTi(piKOBaHI CIIeIiaaicTu s ixX
HaJIaroJKEHHs Ta 00CITyroByBaHHS,

3) HemocTaTHsI HaIHHICTh, OCKUIbKHM CUTHAJ, OTPUMAHHIA BiJl JATYUKIB KOHTPOJIO, TOBUHEH
MPOUTH BEJNMKY Tpacy J0 BUKOHABYOI'O OpraHy, uepe3 MOpIBHIOBAJIBbHY CHUCTEMY, MiJCHUIIIOBAY,
BUKOHABYMH MEXaHi3M, IO YCKJAJHIOE MPHUCTPIM Ta 3HMKYE HAIIHHICTH CIOCO0yY, Tak sK 3001 B
poOOTI OKpEMHX EJIEMEHTIB NMPHU3BOAATH O HHU3BKOI IMpaIre3/aTHOCTI crocol0y B oMy abo, y
IeIKMX BHIAIKaX, 10ro MOBHIl BiAMOBI.

MexaHigHi crOCOOM KOHTPOJIIO TIOJIOKEHHS TUIOCKHX JIeTajell B3yTTSA IO BIIACTUBOCTSX
HEPIBHOCTEH MOBEPXOHb € OLIBII MPOCTUMH Ta HAAIWHUMH. B okpemMoMmy BHMaaKy B IIpoleci
KOHTPOJTIO TTOJIOKEHHS 32 JIOMOMOTOI0 MPUCTPOIB, 10 PEaTi3yloTh Ili CIOCOOU, MOKIIUBO OJTHOYACHE
TPAHCIIOPTYBAaHHS JI€Talli HAa poOOUYY IMO3MINI0 TEXHOJIOTIYHOTO YCTaTKyBaHHS a00 Ha IO3MIIO
nepeopieHTyBaHHA [2].

Hamu 3ampomnoHoBaHO cmoci0 KOHTPOJIIO TOJIOKEHHS IJIOCKMX JeTaliel B3YTTS 3a
JIOTIOMOTOI0 CTPYMEHIB MOBITPS, Ha KM OTpUMaHO maTeHT Ha BuHaxig [11]. s nmpoekTyBaHHS
MPUCTPOIB, SIKI peani3yloTh e crocid, HeoOXiTHO BUKOHATH HAYKOB1 JOCIHIKEHHS 3 METOIO
BUSIBJICHHSA BCiX (DaKTOPIiB Ta MapaMeTpiB, 1110 BIUTUBAIOTH HA MPOLIEC KOHTPOIIO.

BucHoBKH:

1. IIpouec opieHTyBaHHA 00'€KTiB poOOTH3alii OFHA 13 E€JIEMEHTIB YIOPSAIKYBaHHS
CepeIOBUINA; 3aBAAHHS OPIEHTYBAHHS BKJIIOYAE €IEMEHTH KOHTPOJIO MOJOKEHHS. TakuM 4MHOM,
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KOHTPOJIb 3a IMOJIOKEHHSIM OO'€KTIB poOOTH3aLlii € HEeBiA'€MHOIO YAaCTUHOIO YIOPSIKYBAHHS
CepeIOBUIIIA.

2. Jlnst opieHTanii IUIOCKUX JAeTayiell B3YTTS, MOPSAJ 3 KOHTPOJIEM IOJIOKEHHS JeTaneil 3a
TCOMETPUYHUMU O3HaKaMH, HEOOXITHMH KOHTPOJb IXHBOTO TIOJOKEHHS 3a AaCHUMETPIEI0
BJIACTUBOCTEN MOBEPXOHb.

3. Icuyroui B puiago0yayBaHHI Ta MAIIMHOOYTYBaHHI TPUJIAIU JJISI KOHTPOJTIO TTOJIOKEHHS
TUTOCKUX JIeTallell 0 acuMeTpii BIACTUBOCTEN MOBEPXOHb HEMOXKIIMBO 3aCTOCYBATH ISl OLIBIIOCTI
IJIOCKUX JIeTaliel B3yTTs, OCKUTBKH BIACTHBOCTI MIOBEPXOHbB ITUX JIETaJICH MalOTh CBOIO CIICIH(IKY.

4. JlocnipkeHl paHinie cnocoOu KOHTPOJIO IMOJIOKEHHs! B3YTTEBHX JETaJIel MO acuMeTpii
BJIACTUBOCTEH MMOBEPXOHb CKJIQ/IHI Ta HEHAIIMHI B POOOTI, OCKIJIBKM BC1 BOHH € 0araToCTylEeHEBUMH
CUCTEeMaMH{, B SIKHX CUTHAJ, OTPUMAHUW BiJ] JATUYMKIB KOHTPOIIO, MEPII HIXK JaTH KOMaHIY
BUKOHAaBUYOMY MEXaHI3My, MOBMHEH MPOUTH BEIUKY Tpacy dYepe3 eJIEMEHT, IO IMOPIBHIOE,
MiCUIIIOBAY, BAKOHABYMM eneMeHT. KoxkeH 13 IIUX CTYNEHIB € CKJIAAHUM IPUCTPOEM 1 301i1 y poOoTi
OJIHOTO 3 HUX MPU3BOAUTH J0 MOPYILIECHHS Mpale3/1aTHOCTI BCI1€T CUCTEMH.

5. HeoOXiHO CTBOPUTH HOBI, O1JIBIII JOCKOHAMTI Ta HAJiIHI clTOCOOM KOHTPOJIIO, TPOBECTH X
JOCITIJDKEHHS, CIIPSIMOBaH1 Ha OJIepKaHHS YITKUX PEKOMEHAIIN Ta TUITOBUX METOJIUK PO3PAXYHKY
KOHTPOJIIOIOUUX ITPUCTPOIB.
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METHODS OF CONTROLLING THE POSITION OF FLAT PARTS
OF SHOE BY ASYMMETRY OF THE SURFACE PROPERTIES
Purpose. A systematic search for rational and effective solutions for the creation of devices for
controlling the position and orientation of flat parts of shoes according to the asymmetry of the surfaces for
the organization of the working environment of industrial robots.
Methodology. The method of systematic, theoretical and comparative analyzes was used in the work.
Theoretical studies are based on the basic principles of physics and technology of light industry production.
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Findings. It was established that the process of orienting robotic objects is one of the elements of
environmental organization; the orientation task includes position control elements. Therefore, control of the
position of robotics objects is an integral part of the organization of the environment.

For the orientation of flat shoe parts, along with the control of the position of the parts according to
geometric features, it is necessary to control their position according to the asymmetry of the surface
properties. The devices for controlling the position of flat parts based on the asymmetry of the surface
properties existing in instrument and mechanical engineering cannot be applied to most of the flat parts of
shoes, since the properties of the surfaces of these parts have their own specificity. The previously investigated
methods of controlling the position of shoe parts by the asymmetry of the surface properties are complicated
and unreliable in operation, since they are all multi-stage systems in which the signal received from the control
sensors, before giving a command to the actuator, must pass a long route through the comparing element,
amplifier, executive element. Each of these stages is a complex device, and a malfunction of one of them leads
to a malfunction of the entire system.

Therefore, it is necessary to create new, more advanced and reliable methods of control, to conduct
their research aimed at obtaining clear recommendations and typical methods of calculating control devices.

Originality. A systematic analysis of the methods of controlling the position of flat parts according to
the asymmetry of surfaces in various industries was carried out. The classification of methods of controlling
the position of flat parts depending on their physical and mechanical properties was proposed. It has been
established that the existing methods are ineffective for flat shoe parts and there is a need to create new, more
advanced and reliable control methods.

Practical value. The obtained research results can be used in the design of devices for controlling the
position and orientation of flat parts of shoes during their automatic submission to technological processing.

Keywords: flat parts; position control; surface asymmetry; automatic orientation; shoes.
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3ACTOCYBAHHS YJIBTPAZBYKOBOI'O TA PAAIOIPA®IYHOI'O
METOAIB HEPYUHIBHOI'O KOHTPOJIIO JIsA OHIHKHU SAKOCTI
METAJIEBUX BUPOBIB A/IUTUBHOT'O BUPOBHULITBA

Mema. 3’acyeamu MONCIUBOCTHI GUKOPUCIMAHHA AKYCMUYHO20 ma padiozpa@iynozo memoodig
HEPYUHIBH020 KOHMPOTIO 051 BUABTIEHHS OeDeKmis y upobax e1eKmpoOHHO-NPOMEHe80i HanIa8Ky 3 MUmMary,
cmani, onvpamy, Moniboeny ma OpOH3U, A MAKOUC BUSHAUUMU ONMUMALLHI MEXHON02I | napamempu
KOHMpOTIO.

Memoouxa. [lopigusanvhull KOHMPOIb AKYCHIUYHO20 OOCHIONCEHHS HPOBOOUBCS KOHMAKMHUMU
nepemeopro8auamy,  NO3008XHCHIMU  (KOMNPECIiHUMU) — YIbMPA3EYKOBUMU — XGUIAMU  HACHYHHUX
yacmom/Oiamempie pobouoi noeepxui: 2 MIy/24mm; 2,5 MIy/l10mm i 5 MIy/14mm. Paodiocpagiune
00CIONCEHHSL NPOBOOUNIOCL 3Ad MEXHONOZIE KiacuuHoi naiekosoi paodioepagii ma DR (yugposa npsma
paodiozpaghis).

Pesynomamu. I[loxazano, wo yiompaseykosuii ma padiayitinuti Memoou KOHMpoao 00380110Mb
npogecmu OYiHKY AKOCHI 8UpP00I6 AOUMUBHUX MEXHON02IU I0NOBIOHO 00 HOPMAMUBHUX OOKYMEHMIE.

Haykoea nosusna. 3a pezynomamamu 00CHiodceHb 3p00OaeHi peKoMeHOayii wooo GUKOPUCTAHHSL
MemoOi8 HepYUHIEHO020 KOHMPOTIO OJIsl BUAGLEHHS 0eheKmie ma MeXanHiYHUX GaACMusoCmeli 20mosux upoois.

Ilpaxkmuuna snayumicms. Bukopucmanms cy4achux yavmpaseyKosux 0eheKmockonia 3 pazosanumu
anumennumu pewimkamu (PAP), 3 oonouacnum euxopucmanns pexcumie TFM (Total Focusing Method) i
FMC (Full Matrix Capture) 0ns suseieHHs 0eghexmie 008inbHOI OpieHmayii, po3smaulo8anux Ha pisHil iuOuHi
€ NepCneKmMuUHUM OJisL O0CTIONCEHHS SIKOCTT BUPODIE AOUMUBHUX MEXHOIORIIL.

Knrouoei cnosa: aoumueui mexHonoeii, HEPYUHIBHUU KOHMPOIb,  AKYCMUYHUL — Memoo;
paodiozpaghiunuti memoo.

Beryn. YV tenepimHiii 4ac aTuTUBHI TEXHOJOTII 3HAXOSTh 3aCTOCYBaHHS MPAKTUYHO B yCIX
cdepax moachKoi misutbHOCT. Cepen HUX €: BUPOOHHUIITBO, MEAUIIMHA, HayKa, MUCTEITBO Ta iH.
HaiiGinem mmpokoro 3acrtocyBanHs 3D TexHosorii oTpumanu y mMammHOOymyBaHHi. HoBiTHI
TEXHOJIOTIi JTOCUTh aKTUBHO 3aCTOCOBYIOTHCS Yy Pa30BOMY Ta JApiOHOCEpiHHOMY BHPOOHHUITBI, a
TaKOX BIPOBA/DKYIOTHCS JIJIsl BATOTOBIICHHS JIETallel cKkiIanHoi (hOpMu, HAaNPUKJIIAJL JIONATOK TypOiH,
KpWJIBYATOK Ta iH. BUpoOHMKHM Takoi MPpOAyKIii BiA3HAYAIOTh BUCOKHUI PIBEHb BIACTUBOCTEH METay
BHPOOIB y 3B 513Ky 3 (hOpMYyBaHHSIM IPIOHO3EPHUCTOI CTPYKTYPH, SIKa MOXKE OYTH OIlIHEHA PO3MIPOM
3epHa, 1o Bianosigae 6—10 Homepis [1].

[Ipu Bukopuctanui 3D TexHOJOTIH 1 BUTOTOBIEHHS JCTAJICH 3 TYTOIJIaBKUX METaJiB 1
crnaBis (Tny > 2000°C) BUHUKAIOTH TPOGIEMH BUCOKOTO IPaieHTy TEMIIEPATyp, IO MPH3BOAUTH JI0
YTBOPEHHS BHYTPIIIHIX HaAMpy>KeHb y MeTam, 1 K Hachigok 1o aedektiB. Illomo TyrormmaBkux
METaJiB, TO BiJIOMa HEBEJIMKA KIJIBKICTh POOIT, y IKUX HaBeAeHO iH(opmartito npo 3actocyBanus 3D
TEXHOJIOTIH /I OTpUMaHHS BUPOOiB 3 MOITiOIeHy, TaHTaly, Bosibdpamy [2, 3].

P03BUTOK Cy4acHUX aJUTHBHHUX TEXHOJOT1M BHPOOHHUITBA MOTpedye HOBUX a0o0 amamTarii
B)K€ ICHYIOUHMX METOJ[IB KOHTPOJIIO SIKOCTI TOTOBOT MPOayKIlii. MeTaneBi Ta HEMeTaneBl BUpOOH, SKi
BUTOTOBJIEHI MeToaoM 3D-npyky, nazepHoi abo eneKTPOHHO-IIPOMEHEBOi HAIJIaBKM BHMAararoTh
HOBUX METOIB JOCTIHDKEHB SIKOCT1 TOTOBOI MPOIYKIli Ta po3pOOKH KpUTEPIiB, 32 IKUMH MOMJIHBO
OLIIHUTH Je(QeKTH y BUpoOax CKIaaHOi (hopMH.

Jns BusiBneHHss nedeKTiB y BHpPoOOAX OCTAaHHBOTO JECATHIITTS, OIIHKH (DI3UYHUX,
MEXaHIYHUX BJIACTHBOCTEH Ta MPOTHO3YBAHHS CTPOKY EKCILTyaTallii BUpOOY BiKe BHKOPHUCTOBYIOTHCS
Ha/IiiHI Ta Cy4acHi Ta MeToau HepyiHiBHOro KoHTpOoro (HK) [4-6].
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IHocTanoBka 3aBaaHHs. [lepeBakHy OUIBIIICTD BXKE ICHYIOUMX METOMAIB KOHTPOJIIO LIJIKOM
MOXJIMBO 3aCTOCOBYBAaTH 1 JUIsi KOHTPOJIIO TPOAYKII aguTUBHOrO BUpoOHHMITBA (AM).
HaiiBaxnuBimuMm  1eeKToM, SKHUM NOTPIOHO BHUSBUTH B METAJEBUX BUPOOaX aAUTHUBHOTO
BUpOOHUIITBA € TopucTicTh. [lopucrtictb y Bupobax AM BucTymae siK Miclie KOHIICHTpAIIii
Hanpy>KeHb, M0 MPU3BOAUTH O BHHUKHEHHS TPIIIMH Ta 3MEHIICHHS HECY4YOi CIIPOMOKHOCTI
Marepiaiis.

MeTtoro po6oTu Oyio 3’siCyBaT MOKIIMBOCTI Ta MEXI1 3aCTOCYBaHHSI KilachdHUX MeTo 1B HK
(pamiorpadiuHnii, aKyCTUIHHI) IJIT KOHTPOJIO TaKUX JE(PEKTIB, K MOPHUCTICTh Ta HECYIIIbHICTh
MICHs eNEeKTPOHHO-IPOMEHEBOI HAIJIaBKU 3 TUTaHy, CTalli, BoJlb(pamy, MoOJiOJeHy Ta OpOH3H, a
TaKOX BU3HAYUTHU ONTHUMAJIbHI TEXHOJIOTI1 1 TapaMeTpH KOHTPOJTIO.

PesyabTtaTn gociaimxenb. s akyctmunoro merony HK mocmimxyBani 3pasku Oynu
BUTOTOBJICHI 3 BOJb(PpaMmy Ta MONIOAEHY, OJepKaHI TEXHOJOTI€I0 KOMOIHOBAHOTO IIJIa3MOBO-
IHAYKIIAHOTO HAarpiBy JUis BHpPOLIYBAaHHS MOHOKPUCTAJIIYHMX IUIACTHH, 3aroTOBOK JUIs
MIUPOKOPOPMATHOT MOHOKPHUCTAIIYHOT IPOKATKH, MOHOKPHUCTAIIYHUX 3JIMBKIB 1 TUTIIB [7, 8].

a 0
Puc. 1. 3pa3ok 3 Boabdpamy (a) Ta mo.1ioaeny (0)

[TopiBHSUTBHUE KOHTPOJh MPOBOIMBCS KOHTAaKTHUMH TIEPETBOPIOBAYaMH, MO3IOBXKHIMHU
(KOMITpEeCIHHUMH) YIbTPa3ByKOBUMHU XBWJISIMM HACTYNHHUX YacTOT/IiaMeTpiB poOo4Ooi MOBEpXHi:
2 MI'u/24mm; 2,5 MI'n/10mMm 1 5 MI'/14mm.

3a pe3ynpTaTaMd KOHTPOJIIO JIyHA-IMIIYJIbCHUM METOAOM, HPSIMHUMH KOHTAKTHUMH
MepPEeTBOPIOBAYaMHU PI3HOI 4YacTOTH 3adiKCOBaHA HASIBHICTh TOHHUX CUTHANIB. HasBHICTh TOBTOPEHD
JIOHHUX CHUTHAJIIB Ha PO3TOPTIIl CBIIYMTH MPO TMOPIBHSIHO HE3HAYHE 3aTyXaHHS YJIBTPA3BYKOBUX
KOJIUBaHb y 3pa3Ky, Ta K pe3yiabTaT — TapHy KOHTPOJICHPUIATHICTb, IO OOMEXYETHCS TUIBKU
CTaHOM TIOBEpXHI Ta ¢opmoro 3paska. IleperBoproBau 3 wactoToro 5 MI'T 3abe3meunB Kparie
CITiBBiTHOIICHHSI CUTHAJI-IITYM 0€3 BTPAaTH aMILTITYH KOPUCHOTO CHTHAIY (pHC. 2).

[Tix yac ckaHyBaHHS TOBEPXHI IITIHAPUYHOTO 3pa3Ka BUSBIICHI 1HAMKAIII] HA Pi3HIN TIHOUHI,
110 MOXKYTh CBIJTYUTH NP0 HAsIBHICTH eeKTiB (puc. 3).

3a pe3ynpTaTaMu aKyCTUYHHX JOCITIDKCHb MOXKHA 3pOOUTH BUCHOBOK, IIIO METAJICBI 3pa3Ku
aJIMTUBHOT'O BUPOOHHIITBA € KOHTPOJIETIPUAATHUMH JIJIsl yIbTPa3BYKOBOTO METOY KOHTpotto. Kpari
pe3yiabTaTH MPOJEMOHCTPYBAB IEPETBOPIOBaY 3 poOodor0 uyactoToro SMIT, mo Moxke OyTu
OB’ S13aHO 3 BIJIHOCHO HEBEJIMKHUM PO3MIpOM J1e(heKTiB.
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Puc 2. louni curnanu: 1) neperBoproBau 3 yactororo 2,5 MI'u;
2) neperBopoBay 3 yactoromw 5,0 MI'n

Puc. 3. AKycTHYHI J0c/IiAKeHHs] HA Pi3HUX ramOuHax: 1) yacrora 5 MI'ny, ingukanis
Ha riauduHi 37 MMm; 2) yactora 5 MI'u, inaukanisa Ha riauouni 87 mm;
3) yacrora 2,5 MI'n, inaukanisa Ha rauouHi 37 Mmm

[lepcrieKTUBHUM € BUKOPUCTAHHS Cy4acHUX YJIbTPa3BYKOBUX JIE(EKTOCKOMIB 3 (ha30BaHUMU
anteHHumu penritkamu (DAP), 3 ogHouacHum BukopuctanHs pexuMmiB TFM (Total Focusing
Method) i FMC (Full Matrix Capture) nans BusiBIeHHS Je(eKTiB JOBUIBHOI OpieHTaIlli,
po3TanioBaHUX HA PI3HIN TITUOUHI.

s pagiorpagiunoro merony HK 3pa3ku Oynu BUTOTOBIIEHI:

- 3 TWTaHy, TEXHOJOTI€I0 TIIOMAPOBOTO HAIUIABJICHHS IOPOIIKOBUM JIPOTOM 3
BUKOpHCTaHHsAM TexHouorii 3D apyky mpodineHuM enektpoHHuM npomeHem (XBeam 3D Metal
Printing) (TOB «YepBona Xsust», Kui) [9, 10];

- 30 cram ¥ OpoH3HW, BUTOTOBJICHI 3a TexHosoriero Gas Metal Arc Welding (GMAW)
HaIJIaBJICHHS TUTABKUM eJIeKTpoaoM y cepenoBuili 3axucHux rasziB (HTYY «KIII» im. Irops
CiKOpchKOro).

Panmiorpadgiune gochmiKeHHS MPOBOAMIOCH 3a TEXHOJOTIEI KIIACHYHOI IITiBKOBOT
paniorpadii Ta DR (udposa npsima paniorpadis). JocmikeHHs: MeTalleBUX BUPOOIB MPOBeEH] y
nabopatopii HepyiiHiBHOTO KOHTpOt0 TOB «HaykoBo-BupoOHmnya dipma «JliarHOCTHYHI pUIaam.
JIxepeno BUIIPOMIHIOBAHHS: TE€HEpaTOp PEHTTeHIBCHKOro BHUNpoMiHioBaHHS Baltospot GFD165
(MakcuMalibHa TIPUCKOPIOIOYA HANpyra Ha peHTreHiBehKii Tpyomi 160 kB, ctpym 5 MA). @okycHa
Bigcranb 600 mm, Hanpyra — 100 kB, ctpym 5 MA. JlocnimkeHHsI BUKOHAHI HAa PEHTI'€HIBChKIH TUTIBII
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Fujifilm 1X 80 (C4 srigao ISO 11699-1), yac ekcrno3utii ;yis BUpoOiB TOBIIHHOK 10 MM CKJaB
1 xBununy Ta 30 CeKyH 1, 1151 BUPOOIB 3 TOBIMMHOIO 5 MM — 25 ceKyH 1. Yac eKCITO3HIIiT 3aIeKUTh Bl
HOMOTpaM EKCIO3UINl JUIsi KOXHOTO THITY IUTIBKM, a TaKOoX Bil OCOOJIMBOCTEH TreHeparopa
PEHTIeHIBCHKOTO BUITPOMIHIOBAHHS.

Ha puc. 4—6 HaBeneHi pe3ynbTaT paxiorpadiyHuX T0CTiKeHb Ui 3pa3KiB TUTaHY, CTaJll Ta
OpoOH3H.

II‘llJI||||||uIL]n|'.|IImlu'..ll-u s
5 e B
1 |

Puc. 6. Pagiorpadiune gociizkeHHs 3pa3Ky 3 OpOH3H
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JleTekTop — peHTreHiBChKa IUTiBKa, cucTeMa KoM otepHoi pagiorpagii GOSCAN 1510HR.
TakoX BHKOPHUCTOBYBAJIWCh 1HAMKATOPH SKOCTI 300paxkeHb Biamosimuo mo JICTY ISO 19232-1
BIJIMTOBIHOTO MaTepiamy.

Jlnst 3paska T-miozi6HOT popmu (puc. 4) KyT onpomiHeHHs cki1aB 60°, 110 IPH3BENO 0 3MiHH
pajianiifHOi TOBIIMHY HA PI3HHUX TUISHKAX 3pa3ka. Ha 3HIMKY 4iTKO BUAHO HEOTHOPITHICTh ONTHYHOI
rycTUHH. J[71 JOCTOBIPHOTO KOHTPOJIO BUPOOIB CKIAAHOI (OopMHU MOTPIOHO POOUTH JEKUTIbKa
eKCMO3MLINA 3 pI3HUM YacoM (po3paxyBaTh Yac €KCIO3MUII I KOXKHOI pajialiiHOi TOBIIMHHM).
OTpuMaHuii pe3yibTaT JEMOHCTPYE, 10 YYTIUBICTh I[OTO METOAY BiAmoBinae 4% BiIMOBIAHO 10
JCTY EN ISO 19232-1:2016.

OTpumaHi PEHTTeHIBCHKI 3HIMKH JEMOHCTPYIOTh, IO BHPOOM MOKHa PO3JAUBUTHUCH Ta
MPOBECTH OLIHKY BIJMOBITHO /J0 HOPMAaTHBHUX IOKYMEHTIB. [HAMKATOpW SIKOCTI 300pa)KeHHS
(GIKCYIOTBCS Ta 10 HOMEpPY €TAJIOHHOTO JpoTy abo0 KaHaBKM MOJKHA OIIHUTH HasBHICTb
HEIOMYCTUMHUX J1e(EKTIB 00’ €MHOTO THITLY.

BucHoBku. Pe3ynpTaTi MpoBeIeHUX JOCHIKEHb MOKa3adl MOKJIMBICTh 3aCTOCYBAHHS Ta
BUCOKY €(EeKTHBHICTh YJIbTPA3BYKOBOI'O Ta paiallifHOrO METOIB HEPYHHIBHOTO KOHTPOJIO IS
BUPOOIB aJUTUBHUX TEXHOJIOT1M BUTOTOBJIEHUX 3 BOJIb(pamy, MOJIIOACHY, TUTaHy, CTalll Ta OPOH3H.
[HauKkamii Tpu aKyCTUMHOMY METOJMi JOCIHIKEHHS CBi4aTh MPO HASBHICTh TaKUX ACQPEKTIB, 5K
MOPHUCTICTh. 3a MIMOWHOI 1HIWKAIlll MOYKHA BCTAaHOBUTH po3TanryBaHHsS jJedekTy. PeHTreHiBChKi
3HIMKH JIO3BOJISIFOTH OLIIHUTH SIKICTh TOTOBOTO BUPOOY 3 TOUYKH 30py HAsIBHOCTI HECYLIIBHOCTEH, SIKi
OB’ s13aH1 3 TIOTAHOIO HAIUIaBKOIO MeTany. [l BusiBIEHHS Ae(eKTiB y BUpoOax CKiIagHoi hopmMu
PEKOMEHIOBAHO PO3PaXOBYBATH YaC €KCIO3HIIIT JJIsI KOJKHOT palialliiHOT TOBIIMHYU Ta BUKOPUCTAHHS
nedekTockomiB 3 (a30BaHMMH AHTEHHUMH pENITKAMH IS BUSBICHHS Je(EKTIB TOBLILHOT
opieHTaIii Ha pi3HIN rauOuHI. Takok yIbTpa3ByKOBUU KOHTPOJIb JOIIBHO BUKOPUCTOBYBATH IS
BU3HAYCHHS MEXaHIYHHUX XapaKTEPUCTHK TOTOBUX BHPOOiB. [Ipy moganpmmx TOCTiIKEHHIX SKOCTI
MeTaJIeBUX BUPOOIB pEKOMEHI0BAHO Ha €TaIll po3p0oOKH KOHCTPYKTOPCHKO1 IOKYMEHTAIlii Ha BUPOOH
Ta TEXHOJIOT10 BBECTU KOPEKTHI KPUTEPii MPUIOMKH Y BIZTIOBITHOCTI 10 MILIHICTHUX XapaKTEPUCTUK
aIUTUBHUX MaTepialiB.
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APPLICATION OF ULTRASOUND AND RADIOGRAPHIC METHODS
OF NON-DESTRUCTIVE CONTROL FOR QUALITY ASSESSMENT
OF METAL PRODUCTS OF ADDITIVE PRODUCTION

Purpose. Find out the possibilities of using acoustic and radiographic methods of non-destructive
testing to detect defects in products of electron beam surfacing made of titanium, steel, tungsten, molybdenum
and bronze, as well as to determine optimal technologies and control parameters.

Methodology. Comparative control of the acoustic research was carried out by contact transducers,
longitudinal (compression) ultrasonic waves of the following frequencies/diameters of the working surface:
2 MHz/24 mm; 2.5 MHz/10mm and 5 MHz/14mm. The radiographic examination was carried out using the
technology of classic film radiography and DR (digital direct radiography).

Findings. It is shown that ultrasonic and radiation control methods allow to assess the quality of
products of additive technologies in accordance with regulatory documents.

Originality. Based on the research results, recommendations were made regarding the use of non-
destructive testing methods to detect defects and mechanical properties of finished products.

Practical value. The use of modern ultrasonic flaw detectors with phased antenna arrays (PHAS), with
the simultaneous use of TFM (Total Focusing Method) and FMC (Full Matrix Capture) modes to detect defects
of arbitrary orientation located at different depths is promising for researching the quality of products of
additive technologies.

Keywords: additive technologies; non-destructive testing; acoustic method; radiographic method.
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YJK 621.39 JIABEBHUH B. C., OMEJIBSHEID O. O.

Hayionanonuti  mexuiunuii  ynieepcumem Yxpainu «Kuiecokuil nonimexuiunuil
incmumym imeni leops Cikopcbkozo», Yrpaina

EJIEKTPOMAT'HITHA CYMICHICTDb BE3IIPOBOJOBUX MEPEXK
IEEE 802.11AC

Mema. Memorw yux 00CriONHCeHb € NPOAHANizy8amu napamempu 30HU 00CIY208Y8aAHHA MOYKU
docmyny mepeaci cmandapmy IEEE 802.11ac, 3anexcno 8i0 napamempie MoOYIAYii 1 KOOYBAHHSA, A MAKOIC
B3AEMHULL BNIUG CYMIJNCHUX Mepedic yiel cneyugixayii a cmabinbHicms ix QYHKYIOHY8AHHSL.

Memoouka. Ha niorpyHmi HOpMOBAHUX NAPAMEMPIE NOMYAHCHOCIT BUNPOMIHIOBAHHS MOYKU OOCHIYRY
i MIHIMATLHO HEOOXIOH020 PIBHA NPUUHAMO20 CUSHALY 3POOAEHO PO3PAXYHOK MAKCUMAILHOL 8i0cmani 8i0
MOuKU 0ocmyny 00 aOOHEHMCLKOI CmaHyii, Ha Kl MOJCHA 3abe3neuumu NPUUMAanHi Kaopié OAHux y
noxanvHiti mepexci IEEE 802.11ac, 3a nesnoco pesicumy mooyaayii u xooyeauus (MCS). Ompumani
pe3yIbmami 3acmoco8ano 018 OYIHIOBAHHS PIGHS eNeKMPOMASHIMHOL CYMICHOCMI CYMINCHUX 6€3nP080008UX
mepeaxc cneyugixayii IEEE 802.11ac.

Pesynomamu. Bcmarnosneno, wo 3a yMOBU OOMENCEHHS GUNPOMIHIOBAHOI NOMYI’CHOCMI MOYKU
docmyny ma pieni 100 mBm 6ucoxkowsuoxicui pesjxcumu nepeoasanus OaHux y 6e3nposooosii mepedici
IEEE 802.11ac, mooxcua peanizysamu 3a 8i0cymHocmi nepeukoo Ha ulisaxy po3no8Cro0NCeHHs padioXsulb 6
paoiyci 10~15 m 6i0 mouku docmyny. Pozmip 30Hu 06cy2o8ysanus 3anexcums 6i0 3aCmoco8an020 8 Mepeici
pedxcumy MoOYaayii tl KOOY8auHs, i paoiyc 30HU MOACE IMIHIOBAMUCH 00 Oecamu pasis. Lleti po3mip 3anexcums
MAKoNC 60 WUPUHU YACTOMHOL CMYeU PAOIOKAHANY | 3MEHULYEMbCS 808IUL, Y pa3zi 30I1bUeHHS YACMOMHOT
cmyau 8 yomupu pasu. Y paszi smeHuenHsa UnpoMiHIO8aH0oi NOMY*CHOCME MOoYKY 0ocmyny 00 60 mBm, padiyc
30HU 00CIY208y8aHHA 3MeHuyembcs Ha 25%. 3a pesyniomamamu aHauizy 3ACMOCOBAHUX 6 MEPeNCcax
IEEE 802.11 mexanizmie oyintosanus 3auHAMOCmi YaCMOmMHO20 KAHALY, 3p00IEHO 8UCHOBOK NPO me, Wo 8
JIOKAYIAX 31 WITbHUM PO3MAULYBAHHAM JOKATbHUX MEPENHC 3HAYHUL 83AEMHULL 8NIIUE MOJCe OYMU, K 6HACTIOOK
BUHUKHEHHSI CNIBKAHATIbHUX 3A8a0, MAK I BHACTIOOK MINCMEPEHCEBUX 3A8A0 CYMINCHUX YACMOMHUX KAHANLE.

Haykosa nosusna. Y3azanbHeHo YUHHUKY, WO GNAUBAIOMb HA (QYHKYIOHYBAHHL CYMINCHUX
besnposodosux mepesic cmanoapmy IEEE 802.11 na @isuunomy pieni ma 6UHAYEHO HUCLO8L OaHI, WO
Xapaxmepuzylomos  3A1eHCHICMb  30HU  00CTY208YV68AHHA Mepedcegoi mouKku oocmyny cneyugixayii
IEEE 802.11ac 6i0 pescumy nepedasants KOpUcmy8aybKux OAHuUX.

Ilpakmuuna 3nayumicmo. Pezyromamu moocymv O6ymu GUKOPUCMAHT N0 YAC NPOEKMYBAHHS,
NIAHY8aHHSI Ma 00CIy208y8anHs Oe3nposodosux mepexc cmanoapmy IEEE 802.11, 3i 3mo2010 cpopmyeamu
NPOCHO3HY OYIHKY WEUOKOCHI NepedasanHs OaHUX, 3a1edCHO 8i0 MICUs po3mauly8aHHs KOPUCHY8AYbKOL
cmanyii 8 30Hi 00CTY208Y8aHHSL MOUKU OOCHYNRY MA HASAGHUX NEPEUKO0 HA uLiXy po3nogciooxcennss OFDM
cuenany i 6i0 HasgeHocmi iHwux, 61u3bKo posmawosanux mepesic IEEE 802.11.

Kntouoei cnosa: mouxa oocmyny,; enepeemuunuti nopie; EMC; IEEE 802.11; MCS; RSSI; SNR.

Beryn. besmpoBonosi mepexi cranmapty IEEE 802.11 (Wi-Fi) mmpoko 3acTocoBYOTH y
pi3HOMaHITHUX c(epax JIIOACHKOT AISUIBHOCTI K 3pyYHUN 3aci® JUIsl CTBOPEHHS JIOKATBHUX MEPEK
OOMiHY JaHUMHM 1 IIBHUIKOTO AOCTYNY A0 iH(QOpMaLiiHUX pecypciB yepe3 mepexy Intepuer. Lli
Mepexi MmodYaar aKTHBHO BHKOPHCTOBYBATH s peamizamii Texuosorii IP-reredomnii (VolP) [1],
oprasizariii BijieokoHepeHiiii [2] Tomo. s peanizalii TAKMX TEXHOJIOTIH BAXXJIMBUMHU YHHHUKAMU
€ MaJll 3aTPUMKH TepeJaBaHHs, HEBEJIHWKa HEPIBHOMIPHICTh 3aTPUMOK 1 JOCTaTHSA MPOITYCKHA
3naTHicTh. Jleski QaxiBii He PEKOMEHIYIOTh BUKOPUCTOBYBaTH Mepexi Wi-Fi st opranizamii
oicHUX JOKATBPHMX MEPEK came dYepe3 HeCTaOUIbHUN XapakTep mapaMeTpiB 3’eaHanHs [3].
3aTpUMKH Ta iX HEpPIBHOMIPHICTh MOXYTh CATaTH BETUKUX 3HAUEHB [4], 1110 CYTTEBO 3MEHIIYE SKICTh
HAQ/IaHUX TIOCITYT. Y3araJbHEHO MOXXHA OKPECIUTH JIBa OCHOBHUX UYMHHHKH, IO BIUIMBAIOTH HA
MOTOYHI MOKa3HUKU MEpEeXi: BHYTPIIIHBO MEpekeBa KOHKYpEHIIisl MK aOOHEHTaMHM MEpexi Ta
BIUIUB €JIEKTPOMArHiTHOI OOCTaHOBKH, CTBOPEHOI OJM3BKO PO3TAIIOBAHUMH OE€3MPOBOJIOBHMH
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mepexxamu IEEE 802.11. Imme oaHMM YHHHHUKOM € TIEPEIIKOJAM, pO3TAIlOBaHI Ha MLUIAXY
PO3IMOBCIOKEHHS €JICKTPOMArHITHOI XBIITI. TakuMu Mepenko1aMyd MOKYTh OyTH IETJIsTHI i 0eTOHHI1
CTIHM 1 TEPEropoJIKH, METAJICBl Ta CKJSHI JBepi, TiO moauHu Tommo [5-7]. [Jeski mepemkomau
MOXXYTh TPHUTIYMJIIOBATH CUTHAJI Ha KUTbKa JIECATKIB ACIMOCIIB, YAM 3HAYHO CKOPOYYBATH 30HY
00CITyroByBaHHS.

VY nianazoni 2,4 I'T curnanm Wi-Fi Mmepex po3moBCIOIKYIOTHCS Ha OUTBIINY BiJICTaHb, HIXK B
niana3oHi 5 I'T'w, ane HasBHICTH BEIMKOI KITBKOCTI IPKEPET BUTIPOMIHIOBAHHS 1 MIXKMEPEKEBHX 3aBa/I
CIIOHYKa€ PO3POOHHUKIB MPOMOHYBATH KOPUCTyBadaM HajJaBaTu nepesary mianmaszony 5 [T [8], B
SKOMY MO>KHA OpraHi3yBaTu OiJIbIlIe YACTOTHUX KaHaNIB 0€3 MepeKpHUTTs YacTOTHUX cMmyT. [IpoTte, B
nianazoni 5 [T epexkTUBHI XapaKTEPUCTUKUA MEPEXK CYTTEBO BIIPIZHSIOTHCS BiJ 3aICKIApOBAHUX
[9].

Cranmapt IEEE 802.11 npusnaueno ajis oprasizaiiii 0e3mpoBOI0BHX MEpeX Ha (Ppi3uuHOMY 1
kaHanbHOMY piBHAX Mozeni OSI. Ilurannsam mono ¢ynkuionyBaHHs mepex IEEE 802.11 na
KaHAJIBPHOMY DPIBHI TPHUCBAYEHO OaraTto MOCTIKeHb, a NMUTAHHS (QYHKIIOHYBAaHHS MeEpexi Ha
¢bi3nyHOMY piBHI 3aIMIIAE€THCS 3/1€01JIBIIOTO 1032 yBaroo (axisuis. BogHodac nporec, o MaloTh
Miciie Ha (pi3MIHOMY PiBHI, CYTTEBO BIUIMBAIOTH HAa XapAaKTEPUCTUKU MEPEXIi, IX BpaXyBaHHS MOXKE
3abe3neuyBaTy Kpalli eKCIUTyaTalliifHi MOKa3HUKH MEpeXki B LIJIOMY, 110 i BU3HAYMIIO aKTyaJbHICTb
3M1JICHEHHS JOJATKOBUX JTOCIIIKEHbD.

IlocTanoBKka 3aBAaHHsl. MeETOI0 LMX JAOCHI/DKEHb € MPOAHATI3yBaTH IMapaMeTpu 30HU
oOcimyroByBaHHs TOUku noctymy Mepexi cranmapty IEEE 802.11ac, 3anexxHOo Big mapaMeTpiB
MOIYJAMil W KOMyBaHHS, a TAaKOXX B3a€MHMI BIUIMB CYMDKHUX Mepex Iiiei crneuu¢ikamii Ha
CTaOUTBHICTH 1X (PYHKITIOHYBaHHS.

Oco0uBOCTI 30HM 00CJIYrOBYBaHHSI TOYKHM J0CTyNmy O0e3MpoBOJOBOI MepekKi. Y
paniointepdeiici mepexi IEEE 802.11ac BukopucraHo cuctemy 0araTro4acToTHOI MOZYISALii i
koxyBanHsa OFDM. OcunoBHi mapamerpu OFDM curnanis nist mepex IEEE 802.11n 1 IEEE 802.11ac
[10], y pa3i BUKOpHCTaHHS OJHOTO, IBOX i TPHOX MIPOCTOPOBUX MOTOKIB, HaBEACHO y Tab. 1.

Xoua cranmaptom IEEE 802.11ac mepenbaueHo MOKIUBICTH BUKOPHUCTOBYBATH JI0 BOCHMU
MIPOCTOPOBUX MOTOKIB, IPOTE, 10 OKPEMOTO KOPUCTYBada TOYKA JOCTYITY MOKE CIIPSIMOBYBATH OJIUH,
1Ba a00 TPU MOTOKH, 3AJIKHO BiJl KUIBKOCTI MPUHUMAIbHUX aHTEH B AOOHEHTCHKOMY MPUCTPOI. Y
NEepUIOMY CTOBIYUKY Ta0s.l HaBeIEeHO HyMepalilo pexXuMiB Moayisuii i komyBanus (MCS) mis
mepex crnenudikarii IEEE 802.11n (HT MCS), y npyromy — nmns mepex crnenudikamii IEEE
802.11ac (VHT_MCS).

VY 1abn. 1, okpim 6e3mocepeIHbO MapaMeTpiB CUTHAIIIB, HABEJIEHO TepeadaueHi y CTaHaapTi
MiHIMaJIbHI 3HAY€HHS BiIHOWIEHHS cUrHan-mryM (SNR) Ta MiHIManbHI 3HaYCHHS MOTYKHOCTI Ha
Bxoxi npuiiMaya (RSSI), HeoOXiaH1 17151 MpUiMaHHS CUTHAJIIB 3 IEBHUMH ITapaMeTpaMu MOTYJISIIT i
koxyBanHs (MCS) [11]. RSSI ime Ha3uBaioTh 4yTJIHMBICTIO mpuitMada. I3 3acTocyBaHHSM IUX
rapameTpiB MO>KHA 3pOOUTH OIliHIOBAHHS PO3MIPIB 30HH OOCIIYTOBYBaHHS TOUKH JIOCTYITY, 3aJICKHO
BiJl 3aCTOCOBaHOI IIBUAKOCTI MepeaBaHHs i BUIIPOMiIHIOBaHOI MOTYXHOCTI. CIii 3ayBakKUTH, L0
nepexia Ha Ounblry abo MEHIy IIBHUIKICTh MepeaaBaHHs, 3AiicHIOBaHUN Toukoto moctymy (T]I)
aBTOMAaTHYHO, MOKe OyTH 00YMOBJICHHI, HAIPUKJIIA/L, TOSIBOIO 200 BiZICYTHICTIO TOMUJIKOBUX KaJpiB
ITiJT Yac mepeaBaHHsl, BHACHIIOK 3MIHH €JIEKTPOMArHiTHOI 0OCTaHOBKH .

CriouaTKy pO3IJISTHEMO MEXi 30HHM OOCIYrOBYBaHHS 3a 1/1€aJIbHUX YMOB PO3MOBCIO/KEHHS
curHairy. ToOTO, KOJIM Ha NIISAXY PO3MOBCIOHKEHHSI CUTHATY HEMa IMEPEIIKOd, 1 MPUCYTHI TIIbKA
TEIUIOBI IIyMHU.

3a mpOro BHM3HAYMMO, Ha SIKiM BIJCTaHI Bil TOYKU JOCTYyNy OyAe MOCATHYTO MIHIMAJIBHO
HEOOX1THOI HOTYXHOCTI MPUIHATOTO CUTHAY JJIs pi3HUX 3HayeHb MCS.
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Tabnuysa 1
ITapamerpu curnaniB OFDM mepexi IEEE802.11ac (VHT _MCS)
HT VHTY minon] S¥isie Minoce | S_8Ge Moo S¥igle Minoce| S50 Wi
onynsmisKon. s C in. s C in. R C in. s C in.
mesmes 800uc400HCSNR RSSI 800uc400HCSNR RSSI 800uc400HCSNR RSSI 800uc400HCSNR RSSI
Op¥H TPOCTOPOBHIN MOTIK
0| 0| BPSK |1/2/65|72| 2 |-82|135| 15 | 5 |-79]29,3|325| 8 |-76|58,5| 65 |11 |-73
1|1 | QPSK |[1/2]| 13 [144| 5 |-79| 27 | 30 | 8 |-76|58,5| 65 |11 |-73| 117|130 |14 |-70
2 | 2 | QPSK [3/4|19,5|21,7| 9 |-77|40,5| 45 |12 |-74|87,8|97,5|15|-71|175,5 195 | 18 | -68
3| 3 |16-QAM|1/2| 26 |28,9| 11 |-74| 54 | 60 |14 |-71|117|130 |17 |-68|234|260 | 20 |-65
4 | 4 [16-QAM |3/4| 39 |43,3|15|-70| 81 | 90 |18 |-67|175,5 195 | 21 |-64| 351|390 | 24 | -61
51| 5 |64-QAM |2/3| 52 |57,8| 18 |-66 | 108 | 120 | 21 | -63 | 234 | 260 | 24 | -60 | 468 | 520 | 27 | -57
6 | 6 |64-QAM |3/4|58,5| 65 | 20 |-65[121,5 135 | 23 | -62 [263,3292,5| 26 | -59 [526,5 585 | 29 | -56
7 | 7 |64-QAM |5/6| 65 |72,2|25|-64|135|150 | 28 | -61 [292,5 325 | 31 |-58 | 585 | 650 | 34 | -55
- | 8 [256-QAM|3/4| 78 |86,7|29|-59|162|180 |32 |-56|351|390|35|-53| 702|780 |38 |-50
- | 9 [256-QAM|5/6| - - |31]-57|180|200 | 34 |-54| 390 433,3 37 |-51| 780 [866,7| 40 |-48
JIBa mpoCcTOpPOBUX MOTOKHU
8 | 0| BPSK |1/2| 13 |144| 2 |-82| 27 | 30 | 5 |-79|58,5| 65 | 8 |-76|117|130 |11 |-73
9 | 1| QPSK [1/2| 26 [28,9| 5 |-79| 54 | 60 | 8 |-76|117|130 |11 |-73|234|260 |14 |-70
10| 2 | QPSK |3/4] 39 |43,3]| 9 |-77| 81 | 90 |12 |-74|175,5 195 | 15|-71| 351 | 390 | 18 | -68
11| 3 |16-QAM|1/2| 52 |57,8| 11 |-74|108 | 120 |14 |-71|234 | 260 | 17 |-68 | 468 | 520 | 20 | -65
12| 4 |16-QAM|3/4| 78 |86,7|15|-70| 162|180 | 18 |-67 | 351 | 390 | 21 |-64 | 702 | 780 | 24 | -61
13| 5 [64-QAM|2/3] 104 |115,6 18 |-66 | 216 | 240 | 21 | -63 | 468 | 520 | 24 | -60 | 936 |1040| 27 | -57
14| 6 |64-QAM|3/4|117 |130,3| 20 | -65 | 243 | 270 | 23 | -62 [526,5| 585 | 26 | -59 |1053|1170| 29 | -56
15| 7 |64-QAM|5/6| 130 |144,4/ 25 | -64 | 270 | 300 | 28 | -61 | 585 | 650 | 31 | -58|1170(1300| 34 | -55
- | 8 [256-QAM|3/4| 156 |173,3] 29 |-59 | 324 | 360 | 32 |-56 | 702 | 780 | 35 | -53 |1404|1560| 38 | -50
- | 9 [256-QAM|5/6]| - - [ 31]-57|360 400 |34 |-54| 780 |866,7| 37 | -51|1560(1733| 40 | -48
Tpu MpOCTOPOBUX NOTOKH
16| 0 | BPSK |1/2]19,5|21,7| 2 |-82|40,5| 45 | 5 |-79|87,8/97,5| 8 |-76|175,5/ 195 | 11 |-73
17| 1 | QPSK |1/2] 39 |43,3| 5 |-79| 81 | 90 | 8 |-76|175,5195| 11 |-73| 351|390 | 14 |-70
18| 2 | QPSK |3/4|58,5| 65 | 9 |-77 (1215 135 | 12 |-74 [263,3)292,5/ 15 | -71 |526,5| 585 | 18 | -68
19| 3 [16-QAM|1/2| 78 |86,7|11 |-74|162|180 |14 |-71|351|390 |17 |-68| 702 | 780 | 20 |-65
20| 4 |16-QAM|3/4|117|130|15|-70|243 | 270 | 18 |-67 |526,5/ 585 | 21 | -64 |1053|1170| 24 | -61
21| 5 |64-QAM |2/3| 156 |173,3 18 |-66 | 324 | 360 | 21 | -63 | 702 | 780 | 24 | -60 |1404|1560| 27 |-57
22 | 6 |64-QAM|3/4(175,5 195 | 20 | -65 [364,5 405 | 23 |-62| - - |26 |-59 (1580|1755 29 | -56
23| 7 |64-QAM |5/6| 195 [216,7| 25 | -64 | 405 | 450 | 28 | -61 |877,5/ 975 | 31 | -58 |1755/1950| 34 | -55
- | 8 [256-QAM|3/4| 234|260 | 29 |-59 | 486 | 540 | 32 | -56 |1053|1170| 35 | -53 |2106/2340| 38 |-50
- | 9 [256-QAM|5/6 | 260 [288,9 31 | -57 | 540 | 600 | 34 | -54 {1170/1300| 37 |-51| - - |40]-48

HOpumirka. HT MCS — mBuakicauii pexum 3a crenudikaiiero IEEE 802.11n; VHT MCS — ayke mBHIKICHUI peXuM
3a cnenudikaniero IEEE 802.11ac; S — mBuakicts nepenaBanus 010Ky nannx; SNR — BigHomeHHs curHan/mym; RSSI
(Received Signal Strength Indication) — MinimMasbpHe 3HaYE€HHS OTYKHOCTI Ha BXOJ1 IpUiiMaya.

MakcumanbHy TOTYXHICTh  BUIIPOMIHIOBaHHS  pajaioeneKTpoHHUX  3aco0iB  (PE3)
oe3npoBomoBux Mepex cranmapry IEEE802.11 B wacroTHiit cmy3i 5150-5850 MI'm B YkpaiHi
periiaMeHTOBaHO nmoctaHoBoio Kadinery MinictpiB Ykpainu Ne 801 Bix 15 mumas 2022 p. 3okpema
B Hilf BU3HAUEHO, IO «eKcIuTyaTamis pagiooonaananns ctanaaptis IEEE 802.11n, IEEE 802.11ac i
IEEE 802.11ax 3miliCHIOETBCS BHKJIIOYHO BCEpeaWHI MpHUMIilIeHb BiamoBimHo a0 b0l 3a ymoBu
BukopuctanHi B PE3 iHTerpoBaHux (KOHCTPYKTHBHHX) HECIPSMOBAHUX aHTEH 13 KOe]ilieHTOM
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migcunenns 10 9 nbi' Ta 0OMEXEHHS MAKCHMAITLHOT eKBiBAIICHTHOT 130TPONTHOI BUIMPOMIHIOBATBLHOL
noTykHocTi 10 100 MBty» [12].
YacroTHi cMyru MoxiiuBuX panaiokaHaniB mepex IEEE 802.11ac naBeneno Ha puc. 1 [13].

| n 5.735 | 5.825-
! 5,17-3331Tq 5.35-549 1T 5.49-5725 1T n 5.825TTn ' 59251Tnm
: o O = 00 O . :O’\

A T w3 283309 s

2o TEEE [ C

I .
I
i : ; |
ST L L] | ;
Espora o NN O H - | ;
oo N I ; ; .
10 — u ; :

Puc. 1. Po3moais 4aCTOTHUX CMYT HeslineH30BaHoOro aianazony SI'T'y

Ha puc. 1 HaBeeHO 4acTOTHI CMYTH, 1110 HE MEPEKpUBaIOThHCs Ha piBHI -20 1b HanpysxeHoCTI
€JIEKTPOMArHiTHOI'O 110JIs, CTBOPIOBAHOI'O B MEXaX OCHOBHOI CMyTH 4acTOT. CIeKTpaJIbHy MaCKy ISt
kanaiy mepexi IEEE 802.11 3 yactorHoro cmyroro 20 MI'1 HaBeeHO Ha puc. 2.

Bu3HaunMo 30HY MOKPUTTS TOYKH JOCTYIY 3 MAaKCUMaJIBHO MOKJIMBOIO BUIIPOMIHIOBAHOIO
notyxHictio Pap = 100 MBT (20 15M)2. 3po6umMo y3araabHeHHi po3paxyHoK s gactoTu 5,4 [T
i3 3acTocyBaHHAM (OPMYJIH 3aracaHHs y BiTbHOMY mpocTtopi [14].

L = (M)Z, 1)
C
ne d — BiZicTaHb BiJl TOYKHU JOCTYITY 1O TOYKH IPUHAMAaHHS, M;
f — gacrora pagiocurnany, I'i;
C — mBHUAKicTh cBiTma (3-1078 m/c).

I3 ciBBigHOMmIEHHS (1) 3HAXOUMO:

d :%: 0,00442 /L. )
T

Bennuuny 3aracans curtainy L 10 Mexi 30HH 00CIIyroByBaHHs U1l pi3HuX 3HadeHb MCS B
tepminax crangapty IEEE 802.11 moxHa BH3HAUWTH 4Yepe3 BUIPOMIHIOBAHY TOTYXHICTh TOYKH
noctyny (Pap) i MiHIManpHy NOTYXHICTh Ha BXOJl MNpHiiMada pajioCUTHANY HEOOXiAHYy s
npuiiManHs curHany RSSI:

L,0B = P,, —RSSI. 3)

OTtpumaHi 3rifgHO 3 (3) 3HAYCHHS 3araca”Hs 1 po3paxoBaHi 3riaHO 3 (2) BiACTaHi 10 MEXi 30HU
00CITyroByBaHHs HaBEACHO B TabII. 2.

! nbi — nenuGen BiHOCHO PiBHS i30TPONHOrO BMIIPOMiHIOBAaYa. XapakTepuzye KOe(iLUCHT MiICHIIEHHS AHTEHM CNPSAMOBAHOI Mii
BiTHOCHO KOe(illi€eHTa i30TPOITHOTO BUIIPOMiHIOBaYa.
2 1bm — abCcomOTHU piBeHb TIOTYKHOCTI B genubenax (dB) BianocHo 1 MBT (To6T0, ONOPHUM piBHEM € HOTYXHicTH 1 MBT).
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Tabnauys 2
3aracaHHsi CUTHAJY i pajiyc 30HH 00CJIyrOBYBaHHS
MCS 0 1 2 3 4 S) 6 7 8 9
L, nb 102 99 97 94 90 86 85 84 79 77
d,m [556,45/393,93/312,91|221,52|139,77| 88,19 | 78,60 | 70,05 | 39,39 | 31,29
SNR*, nb (18,849(21,849|23,849|26,849|30,849|34,849|35,849|36,849|41,849|43,849
SNR, nb 2 5 9 11 15 18 20 25 29 31
L, nb 99 96 94 91 87 83 82 81 76 74
d,m [393,93/278,88/221,52|156,83| 98,95 | 62,43 | 55,64 | 49,59 | 27,89 | 22,15
SNR*, nb (18,849(21,849|23,849|26,849|30,849|34,849|35,849|36,849|41,849|43,849
SNR, nb 5) 8 12 14 18 21 23 28 32 34
L, nb 96 93 91 88 84 80 79 78 73 71
dm |278,88/197,43|156,83|111,03| 70,05 | 44,20 | 39,39 | 35,11 | 19,74 | 15,68
SNR*, nb [18,849(21,849|23,849|26,849|30,849|34,849|35,849|36,849|41,849|43,849
SNR, nb 8 11 15 17 21 24 26 31 35 37
L, nb 93 90 98 85 81 77 76 75 70 68
160 dm [197,43/139,77/111,03| 78,60 | 49,59 | 31,29 | 27,89 | 24,86 | 13,98 | 11,10
MI'n | SNR*, nb |18,849|21,849|23,849|26,849|30,849|34,849|35,849|36,849|41,849|43,849
SNR, nb | 11 14 18 20 24 27 29 34 38 40

20 MI'g

40 MI'u

80 MI'g

VY 1abn. 2 HaBEJCHO TAKOX 3HAYCHHS BigHOMIEHHS curHan-mryM (SNR*) mis curnamiB Ha
MEX1 30HU OOCITYyTOBYBaHHS JJIsi IEPEBIPKA YMOBH iX HaJIIMHOTO NpUMaHHA. PiBeHb BiTHOIICHHS
curHas-irym (SNR*), po3paxoBanuii 3 ypaxyBaHHSIM MiHIMaJIbHO HEOOXi1HOT OTYKHOCTI Ha BXOJi
npuiiMaya, IepeBUIIy€e MiHIMaIbHO HEOOX1THI 3HAaYeHHS BiHOIIEHHS curHai-myM (SNR) ans Bcix
pPEeKUMIB, HaBEJICHUX Yy Ta0uI. 1.

BinmHomeHHs CHUTHanI-IyM Ha BXOJI MpuiiMadya a0OHEHTCHKOI CTaHIli BH3HAYEHO 3a
criBBigHOIIEHH M [15]:

RSSI a6o SNR, 15 =10Ig RSS

T-B k-T-B'
ne RSSI — MinimManbpHe 3HaU€HHS TIOTYKHOCT1 Ha BXOJ1 TpuitMada, HeoOX1He JUTsl TTPUHMaHHS
CUTHAITY;
k — crana Bombimana, 1,38-1072% I/K;
T — abcomoTHa TeMnepaTypa cepenosuia, K;
B — mmpuHa yacToTHOI cMyTH pajgiokanany, ['11.

SNR* = 4
. @

3a pesynapTaTaMy, HaBEJIEHUMH B TalJ. 2, MOKHA 3’sCyBaTH 3aJCKHICTh PO3MIPIB 30HU
00CITyroByBaHHSI MEPEKEBOT TOUKH BiJl PEKUMY MOIYJIALIT i KOJyBaHHS 1 BiJl IIMPUHH YaCTOTHOTO
ka"aiy. Tak, 31 3minor0 Moyssaii Big QPSK (MCS1) no 256-QAM (MCSS8) B kaHai 3 4aCTOTHOIO
cmyroro 20 MI'1 paaiyc 30HH 0OCTYyrOoByBaHHS y BUIBHOMY ITPOCTOPI 3MiHIOETHCS Big 394 M 10 39 M.
ToOTo, 3amexHO Big crocoOy MOAYJAMIl 1 IIBUAKOCTI 3aBa03axXMCHOTO KOy, pajlyC 30HHU
00CITyroByBaHHSI MOXKe 3MiHIOBaTUCh B 10 pa3iB. Ll 3anexHICTh Mae MicCIe 1 B MepeXax 3 1HIIOK0
IIUPUHOIO YaCTOTHOI CMYTrH KaHamy. B kanam 3 yactoTHoro cmyrowo 160 MI'1y pamiyc 30HH
obciyroByBanHs 3MiHIO€Tbes Bifl 140 M (MCS1) go 11 m (MCS9). Ilepexin Ha OiIbII 3aXUIIEHUAN
croci6 Momyssmii ¥ KomyBaHHS (MEHIIA IIBUIKICTH MepefaBaHHS aHUX) BIIOYBAa€ThCs, y pasi
301TBIICHHS PIBHA 3aBaJ 1 JOAATKOBOIO 3aracaHHsl CUTHANy B KaHAi, [0 MPU3BOJUTH J0 BTpPATH
KaJIpiB TaHUX a00 KepyBaHHS.
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3aJeXHICTh pajilyCy 30HU 0OCIYrOBYBaHHS BiJl IIMPUHHU YaCTOTHOI CMYTH PaJlio4aCTOTHOTO
KaHary 00yMOBJIeHa 0OMEXKEHHSIM BUIIPOMIHIOBAHOT MOTYKHOCTI MepelaBadiB MEPEIKEBUX CTAHIIIH.
3a 1poro, B pasi MOJABOEHHS YAaCTOTHOI CMYTH B 2 pa3H, pajJiyc 30HH 00CIYrOByBaHHS 3MEHIIYEThCS
npuOm3Ho B 1,4 pa3u (po3paxyHkoBe 3HaueHHs 1,4125). Tak, y pa3i BUKOPUCTaHHS YaCTOTHOTO
kaHany 20 MI' 1 pexumy moaymsauii ¥ komyBanHs MCSI, paniyc 30HH 00CITYrOBYBaHHS
ctaHOBUTHME 394 M, a B pa3i BUKOPUCTAHHS TaKOTO X PEKUMY B MEPEXi 3 YACTOTHUM KaHAJIOM
40 MTI'p — 279 M. Y pasi 30UIbIICHHS IIMPUHHM YaCTOTHOI CMYrd KaHaly B 4 pasu pajaiyc 30HHU
00CITyroByBaHHSI 3MEHIITYETHCS Y 2 pa3y. 3a3HavueHa 3aJeKHICTh paJlyCcy 30HU OOCITYyroByBaHHS BiJl
[IMPUHU YaCTOTHOTO KaHAIY Ma€ Miclie JJIs BCIX PEXKHMMIB MOIYJISLIT i KOAyBaHHS.

B3aemMHmil BIVIMB CYyMiKHMX MepesK Ha mapaMeTpH (izu4HOro piBHs. 3a pealbHUX YMOB,
6esnpoBogoBa Mepexxa IEEE 802.11 mexye 3 IHIIMMHM MOMIOHMMH MepeXaMu, sIKIi MOXYTb
BUKOPHCTOBYBAaTH TakKi cami ab0 CyMDKHI YacCTOTHI CMYTd pajioKaHaliB. Takuid crieHapii
XapakTepHUil 111 0QiCHUX MPUMIILEHb, HABUAIBHUX 3aKJIa/iB, 0araTOKBapTUPHHUX OYIUHKIB TOLIO.

B3aemMHMII BIUIMB  €IIEKTPOHHHX TMPHUCTPOIB 1 CHUCTEM XapaKTepPU3yIOTh piBHEM
enexkTpomarHiTHoi cymicHocTi (EMC) 1 piBHEM HECTIPUIHSTINBOCTI.
PiBenr enextpomarniTHOi cymicHOCTi (electromagnetic compatibility level) - 1e

YCTAHOBJICHHUH PiBEHb €JIEKTPOMArHITHOTO 30ypeHHs, SKUI 3aCTOCOBYIOTh, SIK OTIOPHUI PIBEHb IS
KOOpJAMHAIT y peryaioBaHHI PiBHIB eMicli Ta HECHPUHHATIWBOCTI. PiBeHb HECTPUIHATIMBOCTI
(immunity level) — makcumanbpHUI piBEHb €ICKTPOMArHITHOTO 30ypEHHs, IO /i€ Ha KOHKPETHUN
npuiaa, o0alHAHHS YU CHUCTEMY, 3a SIKOTO BOHH 30€piraroTh HEOOXimaHI poOOUl XapaKTepHUCTUKH
[14].

AOu 3’scyBaTH YMOBHM HaWKpaIoi €JIeKTPOMArHITHOI CyMICHOCTI OJIM3BKO PO3TaIlllOBaHUX
MepexK, Mo GYHKIIOHYIOTh B OJJTHOMY YaCTOTHOMY Jiana3oHi, Tpeda mpoaHaxi3yBaTH OTPUMaHI BUIIE
pE3yNbTaTH, a TAKOXK BPAaXyBaTH BILTUB JOJATKOBUX YNHHHKIB.

VY Tabmn. 2 nmpueptae yBary pexkum MCSO0 y kaHaii 3 MUApUHOIO YacToTHOI cmyrn 20 MI ',
CUTHAJIU SIKOTO a0OHEHTChKa CTaHIIisl MOXKE IPUIHHATH Ha YK€ BelUKii BincTani (6inbiie 550 m), y
MOPIBHSHHI 31 MIBUIKICHUMHU pexumamu. Hampukiaz, skmo mopiBHIOBaTH 3 pexkumoMm MCS9 y
kanani 160 MI't 3 nBoma npoctopoBumu motokamu (11+15 m). CrpaBa B Tomy, 1o pexum MCSO
BUKOPHUCTOBYIOTH BCi ctanmii cnerudikarii IEEE 802.11ac ansa HagiiiHoro nepenaBaHHs mpeamOyiu
KaJpiB, IPU3HAYEHOT Ul B3a€EMO/IIT 3 MEpeKEBUMHU IPUCTPOSIMHU ToriepeHix cnerudikamiii. TooTo,
B pa3l (YHKIIOHYBAaHHS JBOX TIPOCTOPOBO PO3HECEHMX Mepex Yy miama3oni 5 ITm, mro
BUKOPHUCTOBYIOTh OJIHAKOBI YacCTOTHI CMYTM, CHUTHAJM «CTapoi» mpeamOynu BiiJganeHOi Mepexi
MOXXYTb CYTTEBO BIUTMBATH Ha MPOITYCKHY 3/IaTHICTh JIaHO1 OE3MPOBOIOBOT MEPEIKI.

Le#t BruinB 0OyMOBJIEHHH MEXaHI3MOM OIIIHIOBAaHHS 3alHATOCTI KaHaimy. Todka moctymy
OJIHOYaCHO BHUKOPHUCTOBYE JBa METONM: BHsBICHHsA curHany Wi-Fi 1 BU3HaueHHsS piBHA
pamiogacToTHOi eHeprii B KaHami. 3TiJHO 3 MEPIIMM METOJOM, NpHiiMay MMOYHHAE JCKOIyBaTH
curHaJI, mo HaaxoauTh Bif iHmmX mepex IEEE 802.11, a 3rinHo 3 ipyrum — npuiiMad OIiHIOE PIBEHb
paziioyacTOTHOTO CUTHAITY JOBIJIBHOTO MOXO/PKEHHSI B YaCTOTHIN CMY31 KaHaly.

[ToporoBi 3Ha4eHHS PiBHIB CUTHAIB, IO BU3HAYAIOTh 3aHHATICTh KaHAy, HAaBEJICHO B Ta0J. 3

[15].
Tabnuys 3
Iloporosi 3HaYeHHS 1Jis1 BUSIBJIEHHS BiJIbHOT0 KAHAJIY
[upiHa kanany, M CHFHaHBHHfIUHOpiF, CurHanbHu nvopir, nbwm | EHepreTuyunmii mopir,

nbm (ocHOBHUM KaHa) | (HEOCHOBHMI KaHam) nbm

20 -82 -72 -62

40 -79 -72 -59

80 -76 -69 -56

160 -73 HE BU3HAYCHO HE BU3HAYEHO
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Tax, To4Ka TOCTYMy, IO 3HAXOUTHCS Ha BiacTadi 50 M, 32 yMOBH 3aCTOCYBaHHS HEIO EIBIT®
20 nbm B HanpsiMky aaHoi TJI abo aboHeHTChKOi cTaHIlii, chopmye curaan «minyc» 61,065 nbwm, o
MO3K€ TIPU3BECTH JI0 OLIHKH 3aiHITOCTI KaHATY 3a IBOMA 3TaJIaHUMU BUIIE O3HAKAMH.

OkpiM crhiBKaHaJIBHUX 3aBaji, TOOTO 3aBajJi, CTBOPEHUX MepexaMu, 1m0 (YHKIIIOHYIOTh B
KaHalax 3 OJHAKOBUMH YaCTOTHHMH CMYyTaMH, Ui 3a0e3leueHHs €JIeKTPOMArHiTHOI CyMiCHOCTI
OJIM3BKO PO3TAIIOBAHMX MEpeX Tpebda OpaTh 10 yBaru Mepexi, B SKHX BHKOPHCTaHI CyMIXKHI
yacToTHI cMyrd. CHekTpanbHy MacKy paniodactotrHoro kanainy 20 MI'n HaBemeHo Ha pwuc. 2.
OO0BiTHAa TT03aCMYTOBOTO BHUIPOMIHIOBAHHS PEABHOTO CIIEKTPY PaiOCHUTHAIY MPOXOIUTH HUKYE
KOHTYPY MacCKH, ajiec Ma€ JIOBOJII BUCOKUH PiBEHb, K 11¢ HaBeaeHO Ha puc. 2 [17].

CroexrpaneHa minsHICTE (0B) A

. Cnexrpansza Macka

_____________________‘_j-l_\b Turnoewit CeKTp CHTHATY
(mE IpMETan)

0 g1 20 30 UYactorta (M)
Puc. 2. Cnexkrpaabna macka mepexi IEEE 802.11 nis kanaay 3 4acToTHOI0 cmMyroxo 20 MI'y

Haiibinpimi ckimagHoOIlI MOXXYTh BUHUKHYTH, SIKIO 1HII ONU3BKO PO3TAaIIOBaHI MEpexi
BHUKOPHUCTOBYIOTh YaCTOTHI CMYTH, CYMIJKHI 3 JAHOIO MEPEKEI0 3 000X OOKIB. Y TaKOMYy pa3i CYMIXKHI
Mepexki MOXKYTh CITUTBHO CTBOPIOBATH JIOCTaTHHO BEJIMKI 3aBa/Id YACTOTHIN CMY31 JaHOTO KaHAIy, sIKi
MEPEBUIIYIOTh CHEPreTUYHUN TOpIT 1 OOYMOBIIOIOTH OINIHKY 3alHATOCTI KaHaimy. HaiOimbimn
HMOBIPHO JDKEpEJIOM 3aBajl MOXKYTh OyTH aOOHEHTCHKI CTaHIIi 1HIIOI Mepexi, 0 3HAXOAAThCS
Mo0JIM3y MEXKi 30HH 00CITyTOBYBaHHS JOCIIKYBaHOT MEPEXKI.

[I{o6 3abe3neunTH ENeKTPOMArHITHY CYMICHICTb MEpex, 10 (PYHKIIOHYIOTh B Aiana3oHi
5ITu, moxHa 3acTtocyBaTH JBa MiAXoau. MOXKHa BHUKOPHUCTOBYBAaTH CEKTOPHI aHTEHHU 1
PO3TaIIOBYBATH iX 3 ypaxyBaHHSM 3aracaHHs paJiOCUTHAILY IPHU MPOXOHKEHHI Yepe3 MepeIiKoIH
(cTiHUM, TIEPEKPUTTS TOLIO), ajieé TAKWW MIAXIT HE 3aBXIU MOKHA peali3yBaTH 4yepe3 BUIAIKOBUNA
XapakTep pO3TallyBaHHS OE3MPOBOJOBHUX MEpPEX y HE3aNCKHUX KOPUCTYBauiB. [HIIMHA minxin
MOJIsSiTa€ 'y 3MEHIICHHI BHUIPOMIHIOBAHOI TIOTY)KHOCTI TOYKOKO JIOCTYIy Ta a0OHEHTCHKHUMH
npuctposmu. Llel miaxin mae 3MOry 3MEHIIUTH PIBEHb MIDKMEPEKEBUX 3aBaj, aje BOJHOYAC
NPU3BOMUTH 10 3MEHIICHHS 30HH oOciyroByBaHHS TJl i 3MEHIIEHHS NPOMYCKHOI 37aTHOCTI
0e3MpOBOOBOrO KaHAIY.

Ha npaktumi B miamazoni 5 I'Tin gns 3a6e3nedenHss EMC 6e3mpoBoIOBUX MEpEX 4acTo
HaJamToByoTh T/] Ha MakCUMalbHY BUIIPOMIHIOBaHY MOTYKHICTh B Mexax 60-75 mMBrt [9]. V pasi
BUKOPHUCTAHHS MOTYXXHOCTI miepeaaBavya 60 MBT, 3amicts 100 MBT, pamiyc 30HH 00CTyroByBaHHS
3MEHIIYETbCs Ha 25%, y TOPIBHSAHHI 3 BIICTAHSAMU, HABEJICHUMH B Ta0II. 2.

Jlnst 3a0e3nedeHHs] BUCOKMX SIKICHMX IMOKAa3HUKIB (DYHKIIIOHYBaHHS MEPEKi Ha 3HAYHHUX
TEPUTOPISAX BHYTPILIHIX MPUMILIEHb y Aiana3oHi 5 I'T'1 1omibHO BUKOPUCTOBYBATH CTUIBHUKOBHMA

3 EIBII — exBiBaJIeHTHA i30TPOIIHO BUIIPOMiHIOBAHA OTYXKHICTb.
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NPUHIUI OpraHizalii Mepex i3 3a0e3reueHHsIM HaIilfHOrO POyMIHTY MiX CTiIbHUKaMu. YacToTHi
CMYTH JIJIsl CyMDKHUX CTUIBHHKIB JIOKQJTLHUX MEPEXK Tpeba BUOMPATH TaK, 100 IXHI YaCTOTHI CMYTH
He OyJu CyMIKHUMH.

BucHoBKkH. BHUCOKOMBHAKICHI peXUMH TIEpelaBaHHS JaHUX Yy OE3MPOBOJIOBIM Mepexi
IEEE 802.11ac, 3 mpuunHM OOMEXEHHS MaKCUMaJIbHOTO 3HAUYEHHS BUIIPOMIHIOBAHOI MOTYKHOCTI
(EIBIT) na piBai 100 mBt, MoxHa peamidyBaTH 3a BIJCYTHOCTI TIEPEIIKOA Ha IUIAXY
PO3MOBCIOKEHHS palioXBUJIb B paniyci 1015 M Bi TOUKH TOCTYyIy.

Po3mip 30HU 00CITyrOByBaHHS 3aJICKUTH BiJl 3ACTOCOBAHOTO B MEPEXKI PEKUMY MOAYJIALIT 1
KOJYBaHHs, 1 paJlyc 30HH MOXE 3MIHIOBaTHCh 10 JAecATH pa3iB. Lleil po3aMip 3aleXuTh TaKOXK BiJ
IIUPUHU YaCTOTHOT CMYTH paiOKaHay 1 3MEHIITYEThCS B/BIUl, y pa3i 30UIbIIIEHHS YaCTOTHOI CMYTH
B YOTHPH pasu.

Xoua B miama3oHi SI'T11 curHamm 4aCTOTHUX CMYT OKpeMHUX KaHamiB Ha piBHI -20 n1b Maiixke
HE NIepEKPHUBAIOTHCS, BHACIIOK BiZIHOCHO BEJIMKOT IHTEHCUBHOCTI I03aCMYTOBOT'O BUTTPOMIHIOBAHHS,
y CYMDKHUX YaCTOTHHX KaHAJIaXx MOXXYTh BHHHUKATH TIOMITHI B3a€EMHI 3aBaju, IO 3MEHIIYE
e(EeKTHUBHICTh BUKOPUCTAHHS KaHAILHOTO PECYPCY.

CniBkaHaIbHI 3aBaJIM MOXYTh HAJAXOIUTH BiJl MEPEXK, 110 3HAXOAATHCS HA BIJCTaHI B KUIbKa
JeCATKIB METPiB, BHACIIIOK IepelaBaHHs MpeamMOyTu KaapiB JaHUX Ul B3aEMOJIT 3 a00HEHTCHKIUMHU
MIPUCTPOSIMH OLTBIIT paHHIX crienrdikalliid, o MoXxe MpU3BecTH 10 (HOpMyBaHHS OI[IHKH 3aHATOCTI
KaHay 1 epexo/ly IPUCTPOIB MEPEXkKi B pEKUM OUIKyBaHHS.

Skmo B 0OOMeXEeHOMY TMPOCTOpI PO3TOPHYTO KUIbKa MeEpex 3a crherudikaliero
IEEE 802.11ac, ciin ovikyBatu, 10 Yyepe3 OOMEKEHY €JeKTPOMArHiTHY CyMICHICTh LIUX MEpEexX He
MOJKHA JTOCATTH MaKCUMAJIbHUX 3HAYEeHb KCIUTyaTaI[ifHUX TTOKa3HUKIB.

Jnst  HaiOmpn  e()EKTUBHOTO BUKOPUCTAHHS MOJKJIMBOCTEH OE3MPOBOJAOBUX MEPEK
cneuudikauii IEEE 802.11ac, mix gac ix muianyBanHs TpeOa BpaxoBYBaTH YNHHHUKH (Di13UYHOTO PiBHS,
10 BIUIMBAIOTH HA €JICKTPOMArHITHY CYMICHICTh MEPEXK.

s 3a0e3meyeHHs BUCOKHMX SIKICHMX TOKa3HUKIB (DYHKI[IOHYBaHHS MepeXi Ha 3HauYHUX
TEPUTOPISIX BHYTPIMIHIX MPUMIIICHB Y Aiana3oHi 5 [T qomiibHO BUKOPUCTOBYBATH CTUTBHUKOBUH
NPUHIUI OpraHizalii Mepex i3 3a0e3redyeHHsIM HaIilfHOrO POyMIHTY MK CTiIbHUKaMu. YacToTHi
CMYTH JIJIsl CyMIKHUX CTUTBHHKIB JIOKQJTLHUX MEPEXK Tpeba BUOMPATH TaK, 100 IXHI 9YaCTOTHI CMYTH
He Oy TOTUYHUMH.
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ELECTROMAGNETIC COMPATIBILITY OF WIRELESS NETWORKS IEEE 802.11AC

Purpose. The purpose of these studies is to analyze the service area parameters of the access point of
IEEE 802.11ac network, depending on the modulation and coding parameters, as well as the mutual influence
of adjacent networks of this specification on the stability of their operation.

Methodology. Based on the standardized parameters of the access point radiation power and the
minimum required level of the received signal, the calculation of the maximum distance from the access point
to the subscriber station of IEEE 802.11ac standard local network, at which it is possible to receive of data
frames, under a certain mode of modulation and coding (MCS), was made. The obtained results were used to
evaluate the level of electromagnetic compatibility of adjacent wireless networks of the IEEE 802.11ac
specification.

Findings. It has been established that under the conditions of limiting the radiated power of the access
point at the level of 100 mW, high-speed data transmission modes in the IEEE 802.11ac wireless network can
be realized within a radius of 10+15 m from the access point when the interference in the path of radio wave
propagation are absent. The size of the service area depends on the modulation and coding mode used in the
network, and the radius of the area can vary up to ten times. The size also depends on the width of the frequency
band of the radio channel and decreases by half, by increasing of the frequency band by four times. When the
radiated power of the access point is reduced to 60 mW, the radius of the service area is reduced by 25%.
Based on the results of the analysis of frequency channel occupancy assessment mechanisms used in IEEE
802.11 networks, it was concluded that in locations with a dense location of local networks, there can be a
significant mutual influence, both due to influence of co-channel interference and due to inter-network
interferences of adjacent frequency channels.

Originality. Factors affecting the operation of adjacent wireless networks of the IEEE 802.11 standard
at the physical level are summarized and numerical data characterizing the dependence of parameters of the
service area of the IEEE 802.11ac access point by the data transmission mode is determined.

Practical value. The results can be used during the design, planning and maintenance of IEEE 802.11
wireless standard networks to form a predictive estimate of the data transfer rate depending on the location
of the user station in the service area of the access point and the presence of obstacles on the path of the
OFDM signal propagation and by taking into account of others located nearby networks IEEE 802.11.

Keywords: access point; energy threshold; EMC; IEEE 802.11; MCS; RSSI; SNR.
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QUANTITATIVE ASSESSMENT SOFTWARE DEVELOPMENT FOR
THE CHLORELLA VULGARIS MICROALGAE POPULATION

Purpose. Software development to quantify the population growth for the microalgae Chlorella.

Methods. Software was developed using Python programming language, external libraries: Numpy,
Xlsxwriter, Matplotlib and PIL. The developed software suitability to quantify the population growth of the
microalgae Chlorella and its verification was determined. During this verification, the population growth of
the microalgae with different stages of biomass growth were evaluated. Samples of the microalgae Chlorella
were obtained over a period of several weeks’ population growth.

Results. Software that allows estimating the population growth of the microalgae Chlorella in the
aquatic environment has been developed. Using this software, data dependence of the heterogeneity coefficient
of microalgae Chlorella vulgaris biomass growth was obtained. The population growth leads to a decrease in
this heterogeneity. This effect can be due the optimal conditions presence for the cultivation of microalgae
Chlorella vulgaris.

Scientific novelty. The effect of microalgae Chlorella population growth on the system homogeneity
has been determined. The increase of microalgae Chlorella vulgaris biomass content within 4 weeks leads to
coefficient of heterogeneity decrease from 92% to 47%, due to the aggregation of microalgae Chlorella
vulgaris in the aquatic environment.

Practical significance. Developed software allows quantify the growth of the microalgae Chlorella
vulgaris population in the aquatic environment and can be used to control the algae biomass rise in industrial
production.

Conclusion. Software that allows assessing the uniformity distribution of Chlorella vulgaris microalgae
biomass population growth has been developed. It is applicable to study the level of microorganisms’
concentration in the aquatic environment. The results of its verification indicate the developed software
suitability for practical use. Using the developed software, the influence of Chlorella vulgaris microalgae
biomass population growth in the aquatic environment was determined. It is shown that microalgae Chlorella
vulgaris population growth from 1 to 4 weeks leads to decrease in the mixing index from 93% to 47%, which is
due optimal conditions presence for the cultivation of the microalgae Chlorella vulgaris. The research
methodology can be used in the automated monitoring complexes development for the ecological state of water
resources and for controlling the industrial production microalgae Chlorella vulgaris population.

Keywords: environmental monitoring software; heterogeneity mixing index; Chlorella vulgaris.

Intro. Today long-term voyages by submarines and, in the near future, by spacecrafts, pose a
problem in the diet of personnel. One solution to this problem is the cultivation of unique types of
algae, namely the green microalgae Chlorella vulgaris. Microalgae contain more than 60 trace
elements, the concentration of which is much higher than in the terrestrial plants. The dry biomass of
C. vulgaris contains more than 45-50% of proteins, including essential amino acids; 30-35% of
carbohydrates, including mainly starch, cellulose, hemicellulose and soluble sugars; 5-10% of lipids.
Chlorella vulgaris biomass includes vitamins of groups B, C, PP, E, and carotene. The use of chlorella
biomass solves the issue of an additional source of useful elements in the diet of personnel on long
journeys. Chlorella also produces a large amount of oxygen and consumes carbon dioxide, which can
be used to create a microclimate in cramped conditions [1-3].

Thus, the quantifying the microalgae Chlorella population in industrial production under
cyclic biomass growth conditions is acute. To assess the biomass homogeneity particles aquatic
environment distribution, the segmentation method can be used. It is based on image division into
regions for which a certain homogeneity criterion is met, for example, approximately highlighting
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areas equal brightness or pixel count ratio in the image. The image area concept is used to define a
image related group elements that have certain common features (properties) [4, 5].

The most difficult tasks are non-trivial images segmentation in digital image processing. The
final result of computer image analysis is often depending on the segmentation accuracy, so to
improve algorithm of the segmentation reliability considerable attention should be noted. Building
segmentation through the use of a threshold is one of the primary and straightforward methods. The
threshold, serving as a distinguishing feature, aids in categorizing the target signal into different
classes. The thresholding operation is based on the brightness value comparison of each image pixel
with a given threshold value. Achieving the suitable threshold value enables the possibility to
highlight areas of a certain type in the image. Binarization is the thresholding operation that produces
a binary image. The goal of this operation is to significantly diminish the amount of information
present in the image [6, 7].

During the binarization process, the initial halftone image, featuring a specific number of
brightness levels, undergoes conversion into a black and white image where pixels are assigned only
two values — 0 and 1. Due to the reduced information content in a binary image compared to a halftone
image, processing, storage, and transmission of binary images are more straightforward. The lack of
software implementation of the above method for assessing the homogeneity of the distribution of
biomass particles in the aquatic environment hinders its widespread use in practice, presented in this
article study which determines the relevance [8].

The task statements. The primary objective of this project is to create software designed to
evaluate the distribution of Chlorella vulgaris biomass homogeneity in aquatic environments. In order
to accomplish this objective, it was essential to examine information sources for the selection of a
suitable programming language. Furthermore, functions needed to be developed for converting input
data into a binary image, clustering binary images, and calculating the mixing index for the
distribution of biomass particles in the aquatic environment. Finally, the suitability of the developed
software was assessed through verification processes.

Research results. For the development of software to evaluate the homogeneity of Chlorella
vulgaris biomass distribution in aquatic environments, the Python programming language and
libraries such as Numpy, Xlsxwriter, Matplotlib, and PIL were used. Standard deviation calculating
functions of the particle concentration in clusters (std), the average particle Chlorella vulgaris biomass
concentration (avg) in the aquatic environment, and mixing index (mixinglndex) are shown in Fig. 1.

Fig. 1. Functions for mixing index calculation

The obtained microphotographs are converted into binary images using the Image module and
convert method of the PIL library (Fig. 2).
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Fig. 2. Function for image conversion to binary

The binary images acquired undergo conversion into a data array through the use of the
loadlmage function in conjunction with the numpy library's asarray method. Following this
conversion, the data array is segmented into subarrays, with the blocklmage function determining
their size. The above functions are shown in Fig. 3.

return

Fig. 3. Functions for converting binary images to a data array

The suitability of the developed software was determined by its verification. The Chlorella
vulgaris microalgae population growth was subjected to evaluation. To assess the biomass
distribution homogeneity in the aquatic environment, the image segmentation method was used. We
analyzed microalgae Chlorella vulgaris microphotographs population for 4 weeks (Fig. 4).

Fig. 4. Photo of the microalgae Chlorella vulgaris population
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Changes in the microalgae population concentration over 4 weeks can be seen in Figures 5-

Fig. 6. Chlorella vulgaris population week 2-3

Fig. 7. Chlorella vulgaris population week 4
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The cluster image analysis method was used to assess the uniform Chlorella vulgaris
microalgae distribution population and for further obtained data statistical analysis [9]. The
microalgae population micrographs were conditionally divided into a sections specified number and
the dispersed phase concentration in each cluster was determined. The the particle distribution
uniformity in the microalgae population was estimated by the mixing index (Kn), which is theparticle
concentration standard deviation ratio in the clusters (S) to their average concentration in the sample
(Pm):

Kn = (S /Pm) x 100%.

Chlorella vulgaris microalgae evaluation biomass results are shown in Fig. 8. The microalgae
Chlorela vulgaris in the first week of population growth are characterized by the highest particle
distribution heterogeneity (Kn =~ 93%). The microalgae population heterogeneity at the second week
growth (Kn = 85%) is higher than at the third week (Kn = 57%). Comparison of the data shows that
the population growth at the fourth week (Kn = 47%) is characterized by the highest homogeneity.
The decrease in the Kn value for population growth from one to fourth weeks can be explained by
the optimal conditions presence for the Chlorella vulgaris cultivation. The maximum biomass growth,
corresponding to 0.5 days, occurs at a temperature of 32.5 °C and at pH range 6.31-6.84.

Mixing Index (Kn), %

1 2 3 4

Population grow, wk
Fig. 8. Heterogeneity coefficient histogram (Kn) Chlorela vulgaris microalgae biomass
in aqueous solution from population changes in weeks (wk)

It is worth mentioning that Chlorella vulgaris possesses higher quantities of folate and iron
compared to other plant-derived foods, making it a potential supplement for mammals, including
humans. Studies have reported its diverse pharmacological activities, encompassing
immunomodulatory, antioxidant, antidiabetic, antihypertensive, and antihyperlipidemic effects [10].

The evaluation of homogeneity results for the population growth of Chlorella vulgaris
microalgae was conducted using the developed software mentioned above. These results were then
contrasted with data acquired through the manual homogeneity assessment method, without the aid
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of computer automation. The findings from this comparison affirm the practical suitability of the
developed homogeneity assessment software.

Conclusions. Software that allows assessing the uniformity distribution of Chlorella vulgaris
microalgae biomass population growth has been developed. It can be used to study the level of
microorganisms’ concentration in the aquatic environment. The results of its verification indicate the
developed software suitability for practical use. Using the developed software, the influence of
Chlorella vulgaris microalgae biomass population growth in the aquatic environment was determined.
It is shown that microalgae Chlorella vulgaris population growth from 1 to 4 weeks leads to decrease
in the mixing index from 93% to 47%, which is due optimal conditions presence for the cultivation
of the microalgae Chlorella vulgaris. The research methodology can be used in the automated
monitoring complexes development for the ecological state of water resources and for controlling the

industrial production microalgae Chlorella vulgaris population.
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'HOBAK J. C., °CYKAJIO M. JI.
YKuiscoxuii nayionanvuuii ynisepcumem mexnonoziii ma ousatiny, Yxpaina
°Hayionanvhuil ynisepcumem xapuosux mexnonoait, Ykpaina
PO3POBKA ITPOIT'PAMHOI'O 3ABE3INEYEHHS JIUISI KIJIBKICHOI OIIIHKH
nonyJisiiii MIKPOBOJOPOCTEM CHLORELLA VULGARIS

Mema. Po3pobka npocpamnozo 3abe3neyenHs O KilbKICHOI OYIHKU pocmy nonynayii
mirposooopocmi Chlorella.

Memoouxa. [Ipocpamne 3a6e3neuenns 6y10 po3pooAEHO 3a OONOMO2010 MOSU Npocpamysanis Python
ma 306Hiwnix o6ioriomex: Numpy, Xisxwriter, Matplotlib ma PIL. Busnaueno npudamuicmo po3poobieHo2o
npopamHo2o 3abe3nedents O0jist KilbKicHoI oyinku pocmy nonynayii mikposodopocmi Chlorella ma nposederno
tioeo sepugpixayiio. 11i0 yac eepuirxayii oyinosanu picm nonyaayii Mikposodopocmell HA PI3HUX CMAQInX
Hapowysanns biomacu. 3paszxu mikpogoodopocmi Chlorella 6yau ompumani npomseom O0eKiibKOX MUINCHIE
pocmy nonyaayii.

Pesynivmamu. Po3pobneno npocpamue 3abe3neuenns, sxke 0036019€ OYIHIOBAMU picm Nonyiayii
mixposodopocmi Chlorella y 6oonomy cepedosuwi. 3a 0onomocoio ybo2o NPoOSpaAMHO20 3a0e3nedenHs
OMPUMAHO 3aedcHicmb Koe@iyiecnma eemepoceHnocmi npupocmy 6iomacu mikposodopocmi Chlorella
vulgaris 6i0 uacy. 3pocmannsa yucenrvbHoCmi nonyIAYii NpU3E0OUMb 00 3MeHueH s Yiei cemepozennocmi. Letl
eghexm MOdHCHA NOACHUMU HASBHICTNIO ONMUMALbHUX YMO8 OJ11 Kyabmugysants mikposodopocmi Chlorella
vulgaris.

Haykoea nosusna. Buznaueno éniue pocmy nonyasayii mikposooopocmi Chlorella na comozennicms
cucmemu. Bcmanosneno, wo 36invwenns emicmy 6iomacu Chlorella vulgaris npomseom 4 mudicnie
npu3eo0uUms 00 3HUMNCEHHs Koegiyicuma cemepoeennocmi 3 92% 0o 47%, wo nog'szano 3 aspezayicio
mikpogodopocmi Chlorella vulgaris y 60o0nomy cepedosuuyi.

Ilpakmuune 3nauennsn. Pospoonene npoepamne 3a6e3neuentss 003805€ KibKICHO OYIHIO8AMU picm
nonynayii mixkposoodopocmi Chlorella vulgaris y 6oonomy cepedosuwi ma mogce 6ymu euxopucmaue 0jis
KOHMPOTIO pocmy biomacu 6000pocmelt y npOMUCTOBOMY GUPOOHUYME.

Bucnosox. Pospobneno npocpamue 3a6e3neuenisi, sike 003680J5€ OYIHUMU PIBHOMIPHICIb PO3NOOLILY
npupocmy nonynayii mikposodopocmeti Chlorella vulgaris y 6iomaci. Hoeo mosrcna suxopucmosysamu s
00CHI0JICEHH S PIBHSA KOHYESHMPAYIi MIKDOOP2aHizmis ¥ 600HOMY cepedosuwyi. Pesynomamu tioco nepesipku
c8iduams npo NPUOAMHICIb PO3POOIEHO20 NPOSPAMHO20 3abe3nedets 00 NPAKMUYHO20 guKopucmants. 3a
00nOMO2010  PO3POONEHO20 NPOSPAMHO20 3aDe3neuents. GUIHAYEHO GNAU8 Ha 3pocmanHs Oiomacu
mikposooopocmeti Chlorella vulgaris y 6oonomy cepedosuwi. I[loxazano, wo 3pocmanHs nOnyaayii
mikposooopocmeti Chlorella vulgaris 6i0 1 00 4 mudichis npuzeo0ums 00 3HUNCEHHSL THOEKCY 3MIULYBAHHS 3
93% 00 47%, w0 3yMO61EHO HAAGHICMIO ONMUMATILHUX YMO8 OISl KYbmugysanis mixkposodopocmeti Chlorella
vulgaris. Memoouxa 0ocrioxcenus modice Oymu GUKOPUCIARA NPU PO3POOYL ABMOMAMUZ0BAHUX KOMNILEKCIE
MOHIMOPUHEY eKOIOSTYHO20 CIMAHY 600HUX PECYPCI8 MaA KOHMPOIIO NPOMUCLO80I NpoOYKYii MIKposoodopocmell
Chlorella vulgaris.

Knwuosi cnosa: npocpamne 3abe3neyenns eKoa02iUHO20 MOHIMOPUH2Y, [HOEKC 3MIULYGAHHS.
neoonopionocmi; Chlorella vulgaris.
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CIEKTPOCKOIIIYHI JOCJIIDKEHHS XIMIYHOI NPUPOIM TA
B3AEMO/IIT 3 KOJIATEHOM MOJU®IKOBAHUX KUPYBAJBbHUX
MATEPIAJIIB

Memoro 00cnioxceHHa € aHanis XiMiuHOT NPUPOOU HOBUX KOMEPYIIHUX MOOUDIKOBAHUX HCUPYBATIbHUX
Mamepianie, ompumanux Ha 0asi cynvLosanux, cyrb@imosaHux, OKUCHEHUX NPUPOOHUX | CUHMEMUYHUX
HCUPIB, A MAKOINHC BUHAYEHHS 0CODIUBOCMEL 83AEMOOIT 8 CUCEMI «KONALEH-IHCUPYBATbHULL MAMEPIAN», WO
003604UMb NPOSHO3YEAMU NOGEOTHKY YUX MAMEPIai nid 4ac piouHHO20 030001eHH s WKIpU.

Memoouxa. /[na peanizayii nocmaenenoi memu SUKOPUCMAHO CHEKMPATbHULL aHANI3 Ma
iHmepnpemayilo cnekmpie MOOUPDIKOBAHUX HCUPYBATILHUX MAMEPIANI6 MA HCEAAMUHY, IK MOOEl KOId2eHY,
00pobnenoco yumu mamepianamu. JJociiodxceno nosi scupysanvhi 3acoou gipmu Smit & Zoon (Hioepaanou):
Sulphirol EG 60 — cyrehimosani namypanvui ma cunmemuuni scupu,; Synthol LC — namypaneni ma
cunmemuuni  ocupu, cyrbosani mpueniyepuou, aeyumunemicna cymiw, Sulphirol C — okucneni
cyab@imosani xcupu Ha 0azi KHcupis Mopcbkux pud. Ximiuny npupody ananizoeaHux mamepianie ma ix
83AEMOQII0 3 JHCENAMUHOM BUBHATU 3A OONOMO20I0 Memooy ingpauepeonoi cnexmpockonii. JJocuiodcents
nposoounu Ha ingpavepeonomy (FTIR) cnexmpomempi, npusnayeHomy 01 OMpuMaHHsa iHOpayep8oHux
CNeKmpis NPonyckanus abo 8iooumms 00Cai0NCY8aHUux 06 cKmis.

Pezynomamu nposedenozo oocniodicenna. Excnepumenmanvio 6cmanosieno, wo uepe3 HasaeHiCmb
DIBHOMAHIMHUX (QYHKYIOHATLHUX 2PYR MA 36 ’A3Ki6 HOGI MOOUDIKOBAHT JCUPYBANbHI Mamepianu Maroms
NOTIDYHKYIOHATLHY NPUPOOY | MOJICYMb 3AEMOOIMU 3 JICEIAMUHOM 3 YMBOPEHHAM Y U020 CIMPYKMYPT HOGUX
(800H€EBUX, eEKMPOBATIEHMHUX, KOBAEHMHUX | M.1.) 36 ’a3Ki6. Ha niocmasi docniodcents 6i0HOCHOI ONMUYHOi
2YCMUHU NIIBOK XPOMOBAHO20 NHCEAAMUHY 00 ma Nicisi 00poOneHHs MOOUDIKOBAHUMU IHCUPYBATbHUMU
Mamepianamu UsGNIeH0, Wo HAUDIIbULY YHACmb Y Yill 63aeM00ii bepymb cipko- ma hocghoemichi epynu scupie
ma azomoBmicHi (aminHi, IMIHHI, AMIOHT) epynu dHcenamumy, MeHu aKmueHi 020 KUCHEeBMICHI (2I0pOKCUNbHI
ma kapoouinwii) epynu. Ceped 00CHiONCYBAHUX HCUPYBATILHUX MAMEPIANi8 OLIbULy aKMUGHICMb Y 83A€MOOIT 3
arcenamunom sussasomos cyavpimosanuil scup Sulphirol EG 60 ma cynvgposanuii neyumunemicnuii Synthol
LC, nioe orcupysanvnuti mamepian Sulphirol C, cunmeszosanuii na 6asi okuchenux i cynvghimosanux sxrcupie
Mopcobkux pub. Busgnena 30amuicms MOOUDIKOBAHUX IHCUPYBATbHUX MAMEPIANi6 00 83AEMOOI 3 HCENAMUHOM,
a, omoice, i 3 KOJIA2EHOM, CHPUAMUME NONEPEONCEHHIO NepPepo3noOiLy ix y 0epmi abo unyyeHHs 3 Hel, uo
NO3UMUBHO NO3HAYUMBCA HA CMAOLIbHOCMI CIMPYKMYPU § 61ACIMUBOCMEN WKIPU MA WKIPAHUX 8UpODIs.

Haykosa nosusna nonseac y SUHAUEHHI XIMIUHOI npupoou HOBUX MOOUDIKOBAHUX IHCUPYBATbHUX
mMamepianie pizHO20 NOXOONCEHHS, NPUSHAYEHUX 05l 0OPOONEHHS WKIPU, A MAKONC XapaKmep)y ix 83aemooii 3
HCENAMUHOM — MOOELNIO KOAA2eHY, SIKULL € OCHOBHOIO CKAA0080I0 O0epMU WIKIPHO2O NOKPUBY MBAPUH |
HamypanoHOi WKipy, sIKy 3 Hb020 8U20MOGIsIombs. Lle 003601umy noscnumu 0cooIu80Cmi nepemeopets y
cucmemi «KONA2eH-JCUPYBATbHULL Mamepiany nid 4ac piOuHHO20 03000A€HHA, iX GNIUG HA (POPMYBAHHSI
CIMPYKMypu ma 61acmueocmi WKIipu.

Ilpakmuuna 3nauumicms. Pesynomamu pobomu CHpUAMUMYMb DOSUUPEHHIO ACOPMUMEHM) ma
00IPYHMOBAHOMY BUKOPUCMAHHIO XIMIUHUX DpedzceHmi8 H0B8020 HNOKOMIHHSA 6 I[HHOBAYIUHUX MeXHOJL02IAX
BUPOOHUYMBA WIKIP CYHUACHO20 ACOPMUMEHNTY.

Knrwouogi cnoea: wxipsaue supooHUYmME0; MOOUPIKOBAHT HCUPYBATbHI Mamepianu;, XiMiuna npupooa,
Konazen; ancenramun; I9-cnekmpockonisi.

Beryn. Bucoki BUMOTH ChOTOICHHS IO CHOKHMBUYMX BJIACTUBOCTEH BUPOOIB 3 HATYPAIbHOI
MIKipY Ta 3arajbHUN Ae(iUUT BITYM3HIHUX XIMIYHUX MaTepiajiiB CTBOPIOIOTH HAaraJbHy NOTPEOy Yy
MOIIYKY HOBHX, OLIbInm epeKTUBHHX 3aco0iB Ta mpenapatiB [1-6]. Ha migroroBumx eramax
BUPOOHMIITBA HATypalbHOI IMIKIpW MPHU 3HEBOJIOIIYBaHHI, 30JIiHHI, M SIKIIEHHI, 3HEKUPIOBAHHI Ta
MKETIOBaHHI OUIbIlIa YaCTHHA HATYPaJbHUX JKUPOBHX PEUOBHH BHUIAISETHCSA 31 MIKYpH, a ITICIIS
AyOJieHHs iX BMICT y HIKipsIHOMY HariB(haOpuKaTi cTae HEJAOCTATHIM Ui 3al00iraHHsl BUCUXAHHIO
JIEPMH 3 YTBOPEHHSM CYXOT0, TBEPJIOTO MaTepiaiy, 110 BaXXKO MiITAETHC 00poOieHHI0. ToMy s
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OTpPUMaHHS TOTOBOI IIKIpH 3 HEOOX1THUMH CIIOKUBYMMHU BJIACTUBOCTAMHU HEOOXITHO BUKOHYBATH 11
«3ManlyBaHHs» ab0 >KMPYBaHHs: 11€ 3aXMINA€ IIKIPYy BiJl PO3TPICKYBaHHS, OCKUIBKH 3armoodirae
3TUIAHHIO KOJIAr€HOBUX BOJIOKOH IPH CyIIiHHI. OCHOBHUMH XapaKTEPUCTHKAMHU IIKIpH, IIPOCOYEHOT
KUPOM, € M’SKICTh, TPUEMHHUIN JOTHUK 1 TIEBHUM CTYIIHb BOJIOBIIIITOBXYBAJLHUX BIIACTUBOCTEH.
BrimBae sxupyBaHHS 1 Ha Taki BXXIIUBI (PI3UKO-MEXaHIYHI XapaKTEPUCTHKH, K MIIIHICTh Ha PO3PHB,
MIIHICTh JIMIIHOBOTO IApPy Ta TITI€HIYHI BIACTHUBOCTI IIKIPH, OCOOJMBO JUIsl ONATY Ta B3YTTS.
EdexTuBHICT mpoliecy 3HAUYHOIO MIpOI0 BH3HAYAETHCS PIBHEM CTPYKTYpU KOJareHy, J0 SIKOTO
MacTUJILHUNA Matepian (GKUp) MPOHUKAE IO CTPYKTYPHIN iepapxii, Ta BiJ 3JaTHOCTI MaTepialy
JI03BOJISITA CTPYKTYPHHUM €JIeMEHTaM KOB3aTH OJIWH 1070 ofHoro [7-9]. Takum unHOM, YSBICHHS
po OyI0BY Ta BIACTUBOCTI )KHPYBAJIbLHUX MAaTepiajiB Ma€ BKJIMBE 3HAYCHHS IS YIOCKOHAICHHS
ICHYIOYHMX Ta CTBOPEHHS CyYaCHHMX TEXHOJIOTIH PIAUHHOTO 03100JCHHS IIKIPH, OAHUM 3 MPOBITHUX
MIPOIIECIB SKOTO € KUPYBaHHSI.

IlocTaHoBKa 3aBAaHHA. 3pOCTaHHS IONHUTY HA BHUCOKOSAKICHI KOHKYPEHTOCIIPOMOXKHi
BUPOOM 3 HATypaJIbHOI MKipH 00YMOBIIOE MOTPEOY B IHHOBAIIMHUX TEXHOJOT1SIX 1i BUTOTOBJICHHS.
Po3pobneHHs Ta BIPOBAKEHHS TAaKUX TEXHOJOTIH HEMOXUIMBI 0€3 MOUIYKY, TOCTKEHHS Ta
BUKOPHUCTAHHS €(PEKTUBHUX XIMIYHMX MaTepialiB Ha PI3HUX CTaAisX MIKIPSHOTO BUPOOHHMIITBA, Y
TOMY YHCIIi MiJ] Yac PiAUHHOTO 0300JICHHS, SIKE Micisl AyOJIeHHS POAOBXKY€E (POPMYyBATU CTPYKTYPY
Ta BiactuBOCTi Aepmu. Ha kadenpi 6iotexnosorii, mkipu Ta xyrpa KHY T/l mpotsrom Garathox
POKIB IIPOBOJATHCS KOMIUIEKCHI JOCTIKEHHS Cy4YaCHUX XIMIYHMX MaTepialiB Ta iX BIPOBAKCHHS
B TEXHOJIOTIi piMHHOTO 037001eHHs mKipu [1-3, 10-14]. Sk mepmwuii Kpok 10 OOTPYHTOBAHOTO
3aCTOCYBaHHs B IHHOBAI[IMHIA TEXHOJIOTII BHPOOHMITBA €IACTHYHOI IIKipu aBTOpamu [15-17]
MpoaHali30BaHO  (PI3UKO-XIMIUHI BJIACTUBOCTI HOBOi cepii KOMEpIHHUX MOau(]IKOBaHUX
KHUPYBaJBHUX MaTepiaiB, oJepX)aHUX Ha 0a3i Cyiab(pOBaHUX, CYIb(PITOBAHUX Ta OKHCHEHHUX
MPUPOJHUX 1 CHHTETUYHUX JKUpPIB. BcTaHOBIEHO, IO BC1 BOHM 3/1aTHI YTBOPIOBATH TOMOTCHHI
eMyJIbCii THITy «Maciio/Bosiay, CTiKi y yaci B aiana3zoni pH = 7-8,5, mo Bka3ye Ha MOXKJIMBICTD 1X
BUKOPHUCTAHHS JIJI1 BUTOTOBJICHHSI IIKipH, HAcCAMIIEpeI, il 9ac piquHHoro 031000eHHs. [IpoTe, mis
MIPOTHO3YBAaHHS BIUIUBY 3a3HAYCHUX JKHUPIB Ha Mepedir TEXHOJOTIYHOTO MPOIECy Ta BIACTUBOCTI
JIEPMH BAXITMBO MAaTH OUTBII MTOBHE YSBJICHHS PO XIMIYHY IPUPOY IIUX PEAreHTIB Ta OCOOJIMBOCTI
B33a€MO/IiT Y CHUCTEMI «KOJIareH-KUpyBaJIbHUI MaTepian». EQeKTHBHIM aHATITHYHUM IHCTPYMEHTOM
JUTsl BU3HaUEHHS (DYHKIIIOHAJIbHUX TPYI Ta XapaKTepy XIMIYHHMX 3B’SI3KiB B aHAII30BaHIi PEUOBHHI
Ta CHUCTEMI «KOJIaTeH-XIMIYHHI peareHT» BBaxkaeTbcs iH¢padepBona (I4) cmekrpockomis. 3
ypaxyBaHHSIM BHKJIQJICHOTO TIOCTABJICHO 3aBJaHHS MPOBECTH CHEKTpockomiyHi (a came [Y-
CHEKTPOCKOMIYHI) JOCHTIKEHHS OCOONMMBOCTEH OyMOBH, XIMIYHOI TPUPOIU Ta B3aEMOJIi 3
KOJIATeHOM HOBUX MOIM(IKOBAHMX >KUPYBAIBHUX MaTrepiajiiB, IO JO3BOJUTH NepeadadynTH iX
MOBEIIHKY, a, OTXE, 1 JOIUJIbHICTh BUKOPUCTAHHS Yy PIAMHHOMY O03700JIEHHI IIKIpH y HaIpsMy
ITOKPALICHH 11 CIIOKUBYMX XapPaKTEPUCTHK.

MeTtonoJorisi gocaiazkeHb. JlocmipkeHHsT MpoBoaMIM Ha mpuiami Spectrum BX Perkin
Elmer (CILIA) B mianaszoni yactor 400-4000 cml. Jlnsa peectpamii IU-crekTpiB UpyBagbHHX
MarepiaigiB OJIHY Kparumio JOCTIIKYBAHOTO KUPY PO3MIIIAIA MDK JBOMa TaOJeTKaMu OpoMiny
Kajito. J{s Bu3HaAUeHHS 0COOIMBOCTEN B3a€MOIIT KUPIB 3 KOJIAr€HOM Yy SKOCTI MOJIeNli OCTaHHBOT'O
3aCTOCYBAJIH JKEIaTUH y BUIIISIL 5%-T0 PO3UUHY, KU CIIOYaTKy 00poOIsSiIn XpOMOBUM TyOUTEIEM
npu Butpati 2,0% Big Macu kenaTuHy (y MepepaxyHKy Ha OKcua Xxpomy) i Temmeparypi 20 °C
npotsiroM 1,0 rox, a motiM nipotsiroM 1ie 1,0 ro )KupyBaIbHOIO eMyJbCiero ipu Temrepatypi S0 °C
1 BuTpati xupy 10,0% Big macu xenatuny (y nepepaxyHKy Ha aKTHBHY pEdOBHHY). JKupyBasbHi
eMyJbcii 25%-Boi KOHIIEHTpaIlli rOTyBaJIv MIITXOM JoaBaHHs rapss4uoi (55—60 °C) Boau 10 HaBaKKH
KHUpY TpH MOCTIHHOMY mepemimryBanHi. Ilicns CymIiHHS Ta peTesNbHOro MOAPiOHEHHS oAep)KaHi
YKEJTATHHOBI TUTIBKM MPECYBaH 3 OPOMIZIOM Kaliio y TaOJIETKH TOBIIMHOIO, TOCTATHHOIO JJIS TOTO,
11006 MaKCUMYM pOoOOYHX CMYT KOJTUBaHHS 3HaxouBcs B 001acti 20-80% npomyckaHHs.
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AmHai3 pe3ynbTaTiB eKCIIEpUMEHTY BUKOHYBAJIU 1IHTEPIIPETALIEI0 CIEKTPATbHUX KPUBUX Ha
mifcTaBi BiAKpHUTOI iHGopMarii B ramysi iHdpadepBoHOi crektpockomii [18-28] Ta Bu3HaYeHHS
MOKa3HUKa BIIHOCHOT onTuyHOI ryctunu Di/Do.

[Tpu 06po6ienni [U-cnekTpiB 3acrocyBanu a8a metonu [1, 12-13]: a) memoo b6azoeoi ninit,
1110 3aCHOBAHUI Ha 3HATTI CIIEKTpa MOTJIMHAHHS JOCIIKYBaHOT pEYOBUHH Ta MPOBEACHH] JOTHYHOT
JHIT 10 MIHIMyMiB ONTHYHOI TYCTHHH 200 MaKCUMYyMiB TIPOITYCKAaHHS 1 CIIY)KUTh /U1 BU3HAYCHHS
ontuuHoi ryctuau Di mpu neBHiit 4acToti; 6) Memoo eHympiunbo20 cmanoapmy, SKUi 1a€ 3MOTY
BHU3HAYMTH BiHOCHY ontuyHy ryctury Di/D, BHacaimok BimHeceHHs ontuuHoi ryctuHu Di mpu
MEeBHIM 4acToTi 10 OoNTHYHOI TycTUHU D, mpu Tiil 4acToTi, 3a AKOi BOHA 3aJHUIIAETHCS HE3MIHHOIO
(manpuknaz, Di/Dzsss npu BimaecenHi Di 1o Dagss mpu wactoti 2854 cml, a Takox Di/Disrs mpn
BigHecenHi Di mo Diszzs npu uactoti 1378 cm?l. Ili 4yacTOTH BIANOBIZAIOTH BAJIEHTHUM i
nedopmariiiitnum koauBanusM rpynn CH, CHz, CHa, mis sikux moka3Huk Do CyTTEBO HE 3MIHIOETHCS).

Oco06mmBOCTI B3aEMOJIT Y CUCTEMI «KOJIAareH-KUPYBaJTbHUI MaTepia BU3HAYAIN 32 TAaKUM
anroputMoM. CIo4aTKy BCTaHOBJIOBAIM HAsBHICTH (DYHKIIIOHAIBHUX TPYII Ta 3B’SI3KIB Y CTPYKTYpI
KEJIaTUHY JI0 Ta Micist 00poOIIeHHs TeBHUM XupoM (Hanpukian, Sulphirol EG60); morim Ha mixcTaBi
OJICpKaHUX JAHWX BH3HAYAIU 3MiHY BIJIHOCHOI ONTHYHOI TYCTUHU XPOMOBAHOTO JKEIATHHY 3a
MOKAa3HUKOM Z, SIKUI pPO3paxoBYBaIM JUICHHSIM IMOKAa3HUKA BIJHOCHOI ONTHYHOI T'YCTHHH BUX1IHOTO
xpomoBaHoro skematuHy Di/DOgx) Ha TOKa3HMK WOTO BiTHOCHOI ONTHYHOI TYCTHHH ITiCIIS
00poOiieHHst MO (iKOBaHUM KUPyBabHUM MaTepianoMm Di/Dox-+yoxm).

Pe3yabTaTu gocaigxenns. [lepi, Hixk mepeiT 10 0OTOBOPEHHS PE3yJIbTATIB TOCIIKEHHS,
3rajIa€Mo TpaaulliiiHe YSBICHHS PO KUPHU SIK OCHOBHY CKJIAJIOBY JOCIIKYBaHUX MaTepiainis. Kupu
HaJIeXaTh IO TAaKOTO KJIacy OpraHIYHUX XIMIYHUX PEUOBHH SK JIMAHW. 3 XIMIYHOI TOUKH 30py BOHH
SBIISIIOTH COOOIO TIIIEPUIN y BUTIISAL CyMilli edipiB JOBrOJIAHIIOTOBUX KapOOHOBUX (200 KUPHHUX)
KUCJIOT 13 12-18 aToMiB BYTJIEII0O B MOJICKYJII Ta TJiIEpUHY. MOJIEKYIH XKUPIB MOXKYTh MICTHUTH
3aJIMIIKK PI3HUX KapOOHOBUX KHCIIOT. 3aJIeKHO BiJl HASBHOCTI MHOKMHHHX 3B’S3KIB y CTPYKTYpi
KHCJIOT PO3MI3HAIOTh HACHYCHI Ta HEHAcW4eHl >kupu. Ha mpakTuii 3 METOH MOKpalIeHHS
BJIACTUBOCTEH JKUpPIB X MOAM(DIKYIOTH IIIIXOM BBEIEHHS B CTPYKTYPY JOJAaTKOBUX
(GyHKIIOHATBHUX TPy (CIpKO-, XJIOPBMICHHUX 1 T.1.).

Excnepumenrtanbhi [Y-criekTpu 3paskiB aHaIi30BaHUX JKUPIB MMOKa3aHO Ha puc. 1, a ix
iHTepIpeTarlio Ta BiTHOCHY onTruHy ryctuny Di/Do HaBeneno y taou. 1.
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Puc. 1. Buxigni IY-cnekTpu MmoaudikoBaHUX :KUPYBAJTbHUX MaTepiajiB:
1 — Sulphirol EG60; 2 — Sulphirol C; 3 — Synthol LC
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Tabnuys 1
InTepnperanisi Ta BiTHOCHA ONTUYHA I'YCTHHA
IY-cnekTpiB MOAM(PIKOBAHMX KUPYBAJTbHUX MaTepialiB
YacroTa v, [urepnperaris - DI/DO./ 4
ol * ’ (UPHPOIE [PYIT T4 CIIOMYK) Sulphirol | Sulphirol | Synthol
EG 60 C LC
3440-3456 . 6,39 1,29 0,81
.. yu. BaJIeHTHI konuBaHHs rpymu OH 3444 3440 3456
3006-3008 | BanenTHi konuBanus rpynu CH npu noxagiiHomy 0,04 0,07 0,09
Cp/I. 3B’ 513Ky =CH 3008 3008 3006
2,49 5,01 431
2854-2924 | BanentHi komuBanHsa CH B rpyni CH2 xupHUX 2924 2924 2924
C. KHCIIOT; BaJieHTH1 konuBaHHs rpynu CH» 1,00 1,00 1,00
2854 2854 2854
1746 BaJ'IeHTH.i KOJIMBaHHSI KapOOHIJTBHUX rpyn Cc=0 15,48 16.48 24.75
c. i;iﬁi;j;‘;‘m KHCIOT Y CTPYKTYPL 1746 | 1746 | 1746
1644 BaJIeHTHI konmBaHHs =CH-yrpymnoBaHb 6.75 3,31 L.73
C. 1644 1644 1644
1464 HasBHICTh rpynu CHz, mo miaTBepKye HasIBHICTD 9,17 6,56 9,71
Cp/I. (dbparMeHTiB BUIIUX aTihaTUIHUX KUCIIOT 1464 1464 1464
1378 ne@opMagiﬁHi KonuBaHHs 3B’13Ky -CH nentpanpHOro 1.00 1.00 1.00
o aToMa ILEPHHOBOTO (dbparmMeHTa B XHUpax; . 1378 1378 1378
nedopmartiiini konuannas rpynu CHz ankaHis
1354 nedopmariiiini konuBanss rpynu OH cniupris, 0,26 0,66 0,35
CIL. KHUCJIOT 1354 1354 1354
1238 BaJICHTHI KOJMBaHHA 3B’ s3Kky P=0 - - 114
C. 1238
1234-1236 BaJieHTHI KonmBaHH: Tpynu CO B cimprax 0.48 0.89 —
cpa. 1234 1236
1164-1168 |BanenTHi KoMBaHH#A 3B’ 513Ky -CO- y edipiB BUIIHX 2,61 151 5,38
C. KapOOHOBUX KUCJIOT 1164 1166 1168
1114;1118 nedopmartiiini konuanus rpynu CH )KUpHUX KHCTIOT %1?[1 flji% Z:LlllilL%
1044 BAJICHTHI KOTMBAHHS aHioHa SO3%~ 0.34 - 1.63
C., CIL 1044 1044
968-974 |3runanbHi KonuBaHHs rpynu CH B i301b0BaHuX 0,28 0,82 0,49
CIL. TpaHC-aJIKEHAX 974 968 974
722 BaJICHTHI KoJMBaHHA rpynu C-S 126 L19 L83
CIL 722 722 122
524 BaJICHTHI KoJMBaHHA rpynu SO3 1,63 0.58 1.36
CIL., YIII. 516. 515 524
466 BaJICHTHI KonmuBaHHs rpynu SO3 - 0.53 -
Cp/I., YIIL 466

[Ipumitka: * ¢. — CHIIBHI, yIII. — YIIUPEH1, CPJI. — CEPEHI, CII. — CIa0KI.

3 HaBeJeHUX JaHUX BUIHO CIEKTPAIbHI BIJIMIHHOCTI IIOCIIIPKYBaHUX MaTrepiaiiB, IO
BUSIBJISIIOTBCSL Y BapilOBaHHI 1HTEHCHUBHOCTI, ¢opMi Ta po3mupeHHI cMmyr. HesanexxHo Bin Buay
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KHPYBAJIHHOTO MaTepialy OCHOBHI BHJM KOJHMBaHb (DYHKI[IOHAIBHUX YIPYIOBaHb JIOKAJII30BaHI y
MEBHUX, JY)K€ BY3bKHX IHTEpBaJaX EJIEKTPOMArHITHOTO CIIEKTpa, J€ CIOCTEPIraloThCsl Taki
XapaKkTepHi CMYTH:

— CHJIBbHA YIIMpEeHa cMyra mpu dacToTi 3440-3456 cml, sxa BiamoBimae acuMeTpuyHMM
BaJICHTHUM KoJuBaHHsM rpynu OH;

—cMmyra B obmacti 3006-3008 i 1644 cM?, Ky MOXHA OTOTOXKHIOBATH 3 BAJICHTHUMH
KOJIMBAHHSIMU TIOJIBITHOTO 3B’S3KY;

— pan cMyr B obnacTi 2854-2924 ta 1464 cm ! nemoHcTpyroTh HassHicTh Tpymu CHa, 1m0
MIITBEP/KYE IPUCYTHICTH Y 3pa3Kax XUpy GparMeHTiB BUIIUX alipaTHIHUX KHUCIIOT;

— By3bKa iHTEHCHBHA CMyTa IpU 4acToTi 1746 cM ™ Moxke HajlexkaTu BaJEHTHUM KOIUBAHHAM
kapOoHiIBHUX rpym C = O 3aTUIIKIB )XUPHUX KUCIOT Y CTPYKTYP1 TPUTTIIEPHUIIB;

—cmyra npu uactoti 1378 cM ! xapakrepusye medopmariiini konusaHHA 3B’s13Ky -CH-
LEHTPATBHOTO aTOMa ITIEpUHOBOTO (pparmenTa, AedopmairiitHi konuBanHsa rpynu CHs ankaHis;

—cMyra npu uyactoti 1354 cM ! o6ymosinena nedopmaniiiaumu konusanusmMu OH-rpymu
CIUPTIB, KUCIIOT;

— cmyra npu 1234-1236 cm ! Binnosinae BanenTHUM KomuBaHHAM rpymu CO CIUPTIB;

—cmyra npu 1164-1168 cM ! BHKINMKaHA BaJeHTHHMH KOJNHBAHHSAMH 3B's3Ky -CO-, 1o
npUTaMaHHO eipam BUIIMX KapOOHOBUX KUCIIOT;

—cmyra 1114-1118 em ! xapakrepusye nedopmariiini konmusauas rpyn CH )KHPHHUX KHCIIOT;

— pan cmyr B obaacTi 1044 Ta 466722 cM ' MOKHA MOSCHUTH BAJEHTHUMHU KOJIUBAHHAMU
cipkoBMicHuX rpyn C-S ta SOs.

IosiBa B crieKTpi skUpyBanbHOro Matepiany Synthol LC moBosi cubHoi emyru mpu 1238 cm™
0o0yMOBJI€Ha, CKOPIII 3a BCE, BaJCHTHUMHU KOJHMBAHHSMH 3B’s13Ky P=0O, OCKIIbKH 1€l mMaTepial €
JEIUTHHOBOIO CYMIIIIIIO. SIK BiIOMO, MiJ TEPMIHOM <JICIIUTHHI» PO3YMIIOTh TpyIy amdidiTbHuX
KUPOTIOAIOHUX PEUOBHH (3ATy4alOTh K BOJY, TaK 1 KHUPHI PEYOBHHH, 1 TOMY € SK TiapodUIbHIMH,
TaK 1 JTinoUIBHUMH), IO TPEACTABISIOTH CO00I0 CyMill gpocghoniniois (65-75%) 3 Tpurminepuaamu
1 HEBEJIMYKOIO KUTBKICTIO 1HIIMX PEYOBWH. JIGMUTHHU MIMPOKO BUKOPHCTOBYIOTHCS Yy Xap4yOBiH,
KOCMETUYHIN 1 JIeTKiii TMPOMHUCIOBOCTI, OCKUIBKU € MPHUPOJHUMH eMmyibraropamu. Komepiriitauii
JICIUTUH OTPUMYIOTh TIEPEBAXKHO 13 COEBOI OJIii, IPOTE, € MOCIIKEHHS 3 BUKOPUCTAHHS y SIKOCTI
cupoBuHU (ochHaTHIiB COHSIITHUKOBOT 0l [26—28].

Buknanene Buiie 103BOJIMIO 3pOOUTH BUCHOBKH TIPO T€, 10 YePe3 HASIBHICTh PI3HOMAaHITHHX
(GYHKIIIOHATBHUX ~ TPym Ta  3B’S3KIB  JIOCHI/DKYBAaHI  JKHPYBaJIbHI ~ MaTepiaad  MaioTh
o yHKIIOHATBEHY TIPUPOJY, a 1€ BXKE € IMiICTaBOIO I Mepe0aYeHHs iX 3JaTHOCTI A0 B3a€MOJIT
3 KOJIAar€HOM 11T yac 00poOIeHHs WIKipH. BaxxMBicTh miaATBEpPKEHHS TAaKOTO Iepe10aueHHs MOXKHA
MOSICHUTA HACTYIMHUMH aprymeHTamu. [lig wac ekcruryaramii MKipsSHUX BHPOOIB 3MiHIOBaHHS
BJIACTUBOCTEH IIKIPM MOXKE MPU3BECTH JO TMOTIPIIEHHS SKOCTI BHPOOIB depe3 Mepepo3moiil
BBEJICHUX B JICPMY PEUOBUH a00 BUAAICHHS iX 3 Hel. 3rajlaHne CTOCYEThCS 1 MaTepialliB, IPU3HAYECHUX
IUIsL pIAMHHOTO 03/100JICHHS, HacamIiepel, MpOIeCiB HallOBHIOBAHHS Ta KupyBaHHs. [lepepo3noin
a00 BUMHUBAHHS 3TaJlaHUX XIMIYHMX MAaTepiajdiB MOKE€ 3HAYHO TOTIPIIUTH TaKi BaXKIIWBI
XapaKTePUCTHKH LIKipU SK PIBHOMIPHICTh HAIIOBHEHHS CTPYKTYPH, MILIHICTh, IPY>KHO-TUTACTUYHI Ta
TiTIEHIYHI BJIACTUBOCTI, (HOPMOCTIHKICTh TomIoO [29]. 3 ypaXyBaHHSIM IILOTO BHUIUIMBAE MOTpeda y
BU3HAYCHHI MOXJIMBOI B3a€MOJii MK XIMIYHUMM MarepiajaMu Ta CTPYKTYPHHUMH €JIeMEHTaMu
JePMHU.

Pe3ynbraTi MOpIBHSAHHS CHEKTPIB BUXIIHOTO XPOMOBAHOTO JKeNaTuHy (puc. 2, kpusa 1) Ta
00pobeHOro MeBHUM Mo aUbiKoBaHUM kupoM, Harnpukiaz, Sulphirol EG 60 (puc. 2, kpusa 2), a
TaKOX BIJHOCHOI ONTHYHOI T'YCTUHHU XapaKTEPUCTUYHHUX CMYT MOTJIMHAHHSA (Tabi. 2) cBig4aTh Mpo
TIeBHI MTEPETBOPEHHS Yy CTPYKTYPI1 JKeTATUHY BHACIIIOK 00po0IeHHs kupoMm. Lle BusBnseTscs y 3MiHi
XapakTepy KpUBUX Ta IHTCHCUBHOCTI NMOTJIMHAHHSA CBITJIA, OT)KE,  BITHOCHOI ONITUYHOT I'YCTHHHM IS
OKPEMHUX CHEKTPaJIbHUX CMYT.
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Puc. 2. Buxigni IY-cnekTpu xpomoBaHoro :kejgatuny 10 (1) Ta micas
00po0eHHs sKupyBajibHUM MaTepiasom (Sulphirol EG 60) (2)

Tabnauys 2
OcHoBHI cmyru norjinHaHHA B [UY-cnieKTpax XpoMOBaHOI0 KeJIATHHY
A0 Ta micjs 00po0JieHHs KUPYBAJIbHUMH MaTepiajiaMu
ExcnepumenTanpHi 3MiHA BIJHOCHOI
naui Di/Do [ v ONTUYHOI TYCTUHU Z **
= = = = = = =
= = = = = = =
< < < < < < <
TuTe . = Q| B = = Q = =
papeTaIlsa % o%) (o] % o%) o%) (o] o%) o%)
* O O
(mpupoa rpyIr Ta CroyK) o m0| om0 | =0 m0 =m0 =0
= =E—| E—= = S = E— | 5O
= TS| £EO o= T S ZTo| 5=
g g = g = g o g = g = g o
o oS o585 o= oS | o5 o=
= = = = = = £ = = ==| 2 £
) o 2| o2 o ] o2 o2
=7 Q| a8y a v v am| aum
>~ <o+ | X} + <+ <o+ XK+ | X+
1 2 3 4 5 6 7 8
3330-3400 c.
Awming A (v NH);

imiau (v C=N), 110 mepeKpUBaIOTHCS
MIDXK- Ta BHYTPIITHBO-MOJICKYISIPHUMU
BOJHEBUMH 3B’ sI3KaMH OIYHUX JIAHIIOTIB;
3200-3500 c., ymr.

v OH cnuptiB (3B’s13aH.);

48,74 13551 260 | 17,0
3402 | 3408 | 3392 | 3424

1,37 1,87 | 2,87

3400-3500 c.

v NH2 amiHiB niepBHH.

3020-3100 ca. 0,64 | 0,65 | 0,78 0,74

v CH ankenis 3074 | 3086 | 3080 | 3078 0,98 0.82 086
3000-3100 ca. B B B 0,25 B B 4
v CH ankenis 2966

2915-2940 c. 0,99 | 0,99 | 1,00 0,99

Vae CH atkani 2926 | 2028 | 2926 | 2926 | 00 | 0,99 100
2854 cpa. 3 3 0,13 B B + B
v CH ankanis 2854

1650-1850 c. B B 7,14 B B + B
v C=0 kapOOHIIBHUX CIIOITYK 1746
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IIpooosoicenns maon. 2

1 > 1 3 | 4 5 6 7 | 8
1640-1665 c.
3 0 . V)
11? I\C/Illfll'll(g (34/?3 lfxg)) 107 3319714101 31,33 | 1793 | 05 106 | 185
D 01880 - 1652 1652 | 1652 | 1648
v C=0 anpperiais
1530-1560 cpa.
! 514 383 | 7,82 | 470
0 0 1 1 ] )
?ﬁﬁ)ﬂ (40 % & CN, 60 % ot 252 Loe AT 13 066 | 1,09
1452-1456 c. 222 | 228 | 581 | 294
5 CH, anxanis 1454 | 1454 | 1456 @ 1452 | %97 | 0.38 1076
1400-1440 c. 1,00  0.80 0,99
5 OH crmprin 1408 | 1408 | ~ | 1406 @ b2 | - | 0%
1340-1370 cpn. 072 101 099 | 101
5 CH; anxasin 1336 | 1336 | 1338 | 1340 | O/t 0721071
1230-1250 cpn.
Awia Il (10% v CO;30 % v CN:30% | 127 | 159 | 243 | 159 | o0 gon | 108
5 NH; 10 % 8 O=CN); 1244 1242 | 1240 @ 1244 @O oL
v CN amiHiB BTOp., TPET.
1150-1250 cpn. 102 058 281 | 090
v C-N aminiB BTop.. Tper. 1156 | 1162 | 1162 | 1160 K 70 | 036 113
1030-1125 c.
103 o 103 | 067 150 & 1,69
IHII KONTMBAHH, 3B’13aH 3 COH 1080 | 1082 | 1084 | 1084 1,53 0,69 | 0,60
CITUPTIB BTOP.
1000-1075 c.
1HIII KoNuBaHHS, 3B s13aH1 3 COH
CITUPTIB TIEPB.; 133|091 | 159 1,08
1030-1125 c. 1032 | 1031 1048 1052 | L1746 0841123
1HIII KOoJIMBaHH4, 3B’s13aHi 3 COH
CIIHPTIB BTOP
570-608 cpa., yur.
Amin V (v NH); 151 | 319 172 | 1,97
5 CH TpaHc- Ta IHC-aNKeHiB; 572 | 608 | 606 | 572 | 047 0881078
0 OH cnmpriB (3B’s13aH.)
3ATANZ : 9,97 | 650 1013

[IpumiTKH: * v — BaJCHTHI, Vac — BAJICHTHI aCUMETPUYHI, 0 — gedopmariiiiHi KoJTuBaHHS;
** «+» — MM0sIBa HOBOi CMYTH; «—» — BIJICYTHICTh B3a€MO/Iii a00 IMOSBU CMYTH.

[linBumennst moka3Huka Z (moHayn 1) y pasi 3MEHIIEHHs MOKa3HWUKA BIHOCHOI ONTHYHOI
TYCTHHHU Ticlisi 00OpOOJICHHS KeNaTHHY XUPYBAIbHUMH MaTepianaMu (Tabil. 2) MOKHA MOSCHUTH
B3a€EMOJIi€0 OUTKa 3 MUMH MaTepiajlaMd 3 YTBOPEHHSM Pi3HUX (BOJHEBUX, CJIIEKTPOBAJCHTHHUX,
KOBQJICHTHHX 1 T.1.) HOBUX 3B’A3KiB. Hampukiiaa, mpu BBelEeHHI B XKelaTHH MOIU(IKOBAaHUX KUPIB
4yepe3 YacTKOBE PYHWHYBAHHS BOJHEBUX Ta IHIIUX BUIIB 3B’S3KIB Y CTPYKTYpl KEIATHHY MOXHA
nepeadauntu (opMyBaHHS HOBUX THIIIB acolliallii, y SKUX OepyTh y4acTh aMiHO-, IMIHO- Ta aMiJiHi
TPYIU KENaTHHY, 3 OJHOTO OOKY, Ta Cipko- 1 (hochoBMICHI TpynH kupy, 3 iHmOro. Ha e Bkasye
BelIMYMHaA TMoKa3Huka Z (He meHme 1,25) B obxacti vactoT Oausbko 3400, 1650, 1540, 1240 Ta
1160 cm . TIpore, SKIIO Y pa3i BUKOPHCTAaHHS cynbditoBaHoro xupy Sulphirol EG 60 cmyry npu
1652 cm™! oToTONKHIOBATH 3 BaTEHTHUMH KOIMBAHHAMHU KapOoHinbHOI rpymu C=0 anbJerinis, To He
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BUKJTIOYA€THCSI MEXaHI3M HYKJICO(DUIbHOTO NpPUETHAHHS — YTBOPEHHS XIMIYHOTO 3B’SI3KY MIXK
eNeKTPOPITPHUM aTOMOM BYIJICIIO KapOOHIJIBHOI TPyNMH Ta IHIIUM, HEBYIJICIICBUM aTOMOM S-
HyKJIeo(iny y cknani cynbgiT- abo rigpocynbdit-iony xupy [24].

[Ipo MOXIHBY B3aeMOi0 MOAM(IKOBAHUX KHUPIB (HANMPHUKIAM, iX CKJIQJIOBUX Y BUTJISII
kapOoHoBuX kucior) 3 OH-rpymnamu ’kenatuHy CBIJUUTH 3MiHA BiJIHOCHOI ONTHYHOI T'yCTHHH B
obmacti wacror 1408, 1082, 1052, 1031 cm?, i, He BuKmOUeHO, 61M3bK0 3400 cm! (Moka3HuK Z
3HAXOAMTHCS Ha piBHI 1,23-1,53).

[Ipu 30imbIIEHH]I 1HTEHCHMBHOCTI CMYT Ha CHEKTpOTpaMax KeJaTHHY IICIsS OOpoOIeHHS
MOIU(IKOBAaHNMHU >KHPYBAIBHUMHU MaTepialaMyd 3MEHIICHHS Noka3Huka Z (MeHIIe 1) MokHa
MOSICHUTHA PYHHYBaHHSM ICHYIOUMX 3B’SI3KiB 0€3 YTBOPEHHsI HOBUX Ta/a00 TMPOSIBOM KOJWBAaHHS
MEBHUX YTPYIOBaHb ITUX peareHTiB. Hanpuknan, BanearHumu konuBanHsamu rpyn CH, CH» ankeHis
Ta ankaHiB B o6macti ~ 3080, 2920 cm ! a6o nedopmaniitaumu komuBaHHsIMHE Tpyri CHp ankaHis mpu
gactoti 1450 cm.

TosBY cMyTH TIpH 4acToTi 2966 cM 114 skupyBansHoro marepiany Synthol LC, a6o npu 2854
ta 1746 cm! mna Sulphirol C MoxxHa po3LiHIOBaTH K TPOSIB BaJeHTHNX KoimBanb rpyn CH, CHa
aJIkaHiB 00 BaJICHTHUX KOJIMBaHb KapOOHUIbHOT rpynu C=0 3a1MIIKiB )KUPHUX KHCIIOT Y CTPYKTYpi
TPUTIILIEPHU/IIB.

TakuMm 4YMHOM, 3a pe3yabTaTaMU CIEKTPOCKOMIYHUX JOCHIIKEHb CHUCTEMH «KOJIareH-
KUPYBAJIBHHIN MaTepial» MOXHa 3pOOMTH BHUCHOBOK MPO TE, IO JOCIIIKYyBaHI XKUPYBAJIbHI
MaTepiaiu 34aTHI B3aEMOMISITH 3 KEIaTHHOM, IIPH IIbOMY 3 OOKY JKeJIATUHY HaHOUIbITY y4acTh y ik
B3aemMojii OepyTh a30TOBMICHI (aMmiHHI, IMiHHI, aMmifHi), MEHIIOK MIpPOI — KHCHEBMICHI
(TiapoKcHUIIBHI Ta KapOOHIBbHI) TPYIH; 3 O0KY KHUPIB 3aisHI CipKo- Ta pochoBMicHI rpynu. B mimomy
3a MiJICYMKOBHUM IOKa3HHKOM Z >xupyBaiabHi Matepiamu Sulphirol EG 60 ta Synthol LC B 1,5-
1,6 pa3u akTuBHiII Bij )kupyBasibHOro MaTepiairy Sulphirol C.

BucnoBku. IlpoBemena poOoTa € CKIAAOBOIO KOMIUICKCHOTO JOCHIDKCHHS XIMIYHHX
MaTepiajiiB HOBOT'O IIOKOJIIHHS 3 METOO MiATBEPHKCHHS JOLLILHOCTI IX BUKOPUCTAaHHS B IHHOBAITIMHII
TEXHOJIOTIT PIIMHHOTO 03/100JICHHS MIKIp Cy4acHOro acopTUMeHTy. J[isi hopMyBaHHS ySBIICHHS TIPO
XIMIUHY TpUPOAY cepii HOBUX MOAM(PIKOBAHUX KHUPYBATBHUX MarepiaaiB Ta OCOOIMBOCTEH IX
B3a€EMOJII1 3 KoJIareHOM TpoBezieHO [Y-crekTpocKkomivHi JOCTIDKEHHS K cCaMUX MaTepialliB, Tak 1
TUTIBOK XPOMOBAHOTO JKEJIaTUHY, SIK MOZIEJI KOJIareHy, Micyis 0OpoOJIeHHS IUMU MaTepialaMH.

PesynpraTt nmOCHIDKEHHS CBig4aTh MIPO T€, IO 4Yepe3 HAasSBHICTh PI3HOMaHITHHX
(GyHKIIOHATBHUX TPYII Ta 3B’3KIB aHAJI30BaH1 JKUPYBAJIbHI MaTepiaJid MAlOTh MOJTI(PYHKIIOHATBHY
MIPUPOJTY 1 MOKYTh B3a€EMOJIISTH 3 JKEJIATHHOM 3 YTBOPEHHSIM Y HOTO CTPYKTYpl pi3HUX (BOJHEBHUX,
€JIEKTPOBAJICHTHUX, KOBAJICHTHHUX 1 T.1.) 3B’s3KiB. Haiibinmpiry yudacTh y B3aeMofii i3 cipko- Ta
(dhochoBMICHUMHU TpyImaMH >KAPIB OepyTh a30TOBMICHI (aMiHHI, IMiHHI, aMiJiHi1) TPYIH >KeJIaTUHY,
MEHILIOI0 MIpOI0 — HOT0 KMCHEBMICHI (T1APOKCHUIIbHI Ta KapOOHUIBHI) TpyIu. 3a 3MIHOIO BiJTHOCHOI
ONTUYHOI TYCTUHU XPOMOBAHOTO J>KEJATHHY Ticis OOpOOJeHHA JKUpaMu Oinblia akTHUBHICTH
npuTamMaHHa cynbdiroBanomy mpemnapaty Sulphirol EG 60 Tta cynpdoBaHOMY JCHUTHHBMICHOMY
npenapary Synthol LC y nopisusiani 3 npemnapatom Sulphirol C, cunTe30BanuM Ha 6a3i OKMCHEHUX
1 cynb]iTOBaHUX J>KHPIB MOPCHKHX puO. BuUsBIEHa 3MaTHICTH AOCTIPKYBAaHMX MarepiajiiB [0
B3a€MO/IIi 3 KEIATHHOM, OT)XE, 1 3 KOJareHOM, CIpUATUME MONEPEPKEHHIO MTEPEePO3NOAiTY KUPY B
JIepMi, 10 TIO3UTUBHO MO3HAYUTHCS HA CTA0IILHOCTI i CTPYKTYPH Ta BIIACTUBOCTEH Ha MOAAIIBIINX
CTalisIX )KUTTEBOTO UKy IIKIPH.

Oneprxana iHdopmarris Oyae BUKOPUCTaHA y HOBUX JOCTIHKCHHSX, TPUCBIYCHUX POSKPUTTIO
TEXHOJIOTIYHUX MOXJIMBOCTEH MOIM(IKOBAHMX >KUPYBAaJIbHUX MaTepialliB MiJ Yac PiAMHHOTO
03700JIeHHs ~ IIKIpsSHOTO HamiBpaOpUKaTy, BHU3HAYCHHIO BIUIMBY YMOB OOpOOJIEHHS Ha
MIKpPOCTPYKTYpPY KOJIareHy JepMH Ta MOKa3HUKH SKOCT1 LIKIpH.
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SPECTROSCOPIC STUDIES OF THE CHEMICAL NATURE AND INTERACTION
WITH COLLAGEN OF MODIFIED FATLIQUOR MATERIALS

The purpose of the researches is to analyze the chemical nature of new commercial modified fatliquor
materials obtained on the basis of sulfonated, sulfated, oxidized natural and synthetic fats, as well as to
determine the features of interaction in the "collagen-fatliquor material™ system, which will make it possible
to predict the behavior of these materials during liquid finishing of leather.

Methodology. To achieve this goal, spectral analysis and interpretation of the spectra of modified
fatliquor materials were used. As the latter, new products from Smit & Zoon (Netherlands) were studied:
Sulphirol EG 60 — sulfited natural and synthetic fats; Synthol LC — natural and synthetic fats, sulfated
triglycerides, lecithin-containing mixture; Sulphirol C — oxidized sulfited fats based on marine fish fats. The
chemical nature of the analyzed fats and their interaction with gelatin as a collagen model was studied using
infrared spectroscopy. The researches were carried out on an infrared spectrometer (FTIR), designed to obtain
infrared transmission or reflection spectra of the objects under study.

Findings. It has been experimentally established that, due to the presence of various functional groups
and bonds, new modified fatliquor materials have a multifunctional nature and can interact with gelatin to
form new (hydrogen, electrovalent, covalent, etc.) bonds in its structure. Based on a study of the relative optical
density of chrome-plated gelatin films before and after treatment with modified fatliquor materials, it was
revealed that sulfur- and phosphorus-containing groups of fats and nitrogen-containing (amine, imine, amide)
groups of gelatin take the greatest part in this interaction, its oxygen-containing groups (hydroxyl and
carbonyl) are less active) groups. Sulphirol EG 60 sulfited fat and sulfated lecithin-containing Synthol LC
exhibit greater activity in interaction with gelatin among the studied fatliquor materials than Sulphirol C
fatliqguor material synthesized on the basis of oxidized and sulfited marine fish fats. The revealed ability of
modified fatliquor materials to interact with gelatin, and therefore with collagen, will contribute to the
prevention of their redistribution in the dermis or their removal from it, which will have a positive effect on
the stability of the structure and properties of skin and leather products.

Originality. The scientific novelty consists in determining the chemical nature of new modified
fatliquor materials of various origins, intended for skin treatment, as well as the nature of their interaction
with gelatin —a model of collagen, which is the main component of the dermis of the animal skin and natural
leather, which is made from it. This will make it possible to explain the peculiarities of transformations in the
"collagen-fatliquor material" system during liquid finishing, their influence on the formation of the structure
and properties of the leather.

Practical value. The results of the work will contribute to the expansion of the assortment and justified
use of chemical reagents of the new generation in innovative technologies for the production of leather of the
modern assortment.

Keywords: leather production; modified fatliquor materials; chemical nature; collagen; gelatin; IR
spectroscopy.
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YK 628. KHUCJIOBA O. B., ITATJIYH /. B.
315/54-4 Kuiscokuil nayionanvHuil yHigepcumem mexHono2it ma ousainy, Yxpaina

IHEPCIIEKTHUBH 3ACTOCYBAHHA HEOPI'AHIYHUX CIIOJIYK
JJIA OYUMIIEHHSA CTIYHUX BO/J I'AJIbBBAHIYHUX BUPOBHUIITB

Mema. Ananiz cyuacHux XiIMiYHUX MEXHONO02IU OYUWEHHS KOHYEHMPOBAHUX CHOKI8 Mda NPOMUGHUX
600 2ANbBAHIYHUX BUPOOHUYME, Y3A2ANbHEHH 0COOIUBOCIEl GUKOPUCMAHHS HEOP2AHIYHUX PEYOsUH O
SHEUKOOHCEHHS CMIYHUX 800.

Memoouka. Ananimuunuti 02110 HAYKOB0I mMda  HAYKOBO-NPAKMUYHOL  aimepamypu 074
cucmemamu3ayii Memooi8 3aCMOCY8AHHSA HEOP2SAHIUHUX CHOAYK PI3HUX KAACI8 O/si OYUWEHHA YiaHO- ma
XPOMOBMICHUX CMOKIG 2AbBAHIUHUX SUPOOHUYME, OCAONCEHHS UOHI8 8AJICKUX Memanis, Heumpanizayii pH
CMIYHUX 800.

Pesynomamu. {1 3HEUWKOONCEHHs KOHYEHMPOBAHUX CHIOKI8 MdA HPOMUBHUX 00 2Ab8AHIUHUX
BUPOOHUYME WUPOKO GUKOPUCTHOBYIOMbCS MIHEPANbHI KUCIOMU ma dy2u 01 Heumpanizayii, OKUCHUKU
(pioKull Xa0p, XA0pHEe 6aNHO, 2INOXAOPUM Kalbyilo abo Hampilo, 030H, Kaiil nepmaneanam, 2iopoceH
nepokcuo), 8iOHOGHUKU (cyabghim, 2iopozencynv@im, miocyabpam nampiio, gepym cyavpam), a maxodxnc
2idpoxcuou, xkapbowamu, cyrv@iou 011 ocadxcenHs UOHI8 eadxckux memanis. Ilepesacamu peazenmnozo
MEMOOY € YHIBEePCATbHICMb, NPOCMOMA eKCHLyamayii, 3acmocy8antsi Hedopo2020 00NAOHAHHSA, WUPOKULL
iHmepean NoYamKosux KOHYEHMpayil IOHI8, MOJICIUBICMb CYMICHO20 OHUWEHHS CMIYHUX 600 pDI3HUX
2ANbBAHIYHUX NPOYECI8 NICHS NONEPEOHbO20 3HEUKOONCEHHS MOKCUYHUX YIAHO- MA XPOMOBMICHUX CMOKIS.
Haeanvnum 3a80annsam € 600CKOHANEHHS peA2eHMHUX MemOOi8 3 Memo0 3HUINCEHHS BUMPAN XIMIYHUX CNOJIYK,
NIOBUWEHHS NOGHOMU GUNLYHEHHSL IOHI6 MEMANie Ma THUUX WKIOIUGUX PEUOBUH, CNPOWCHHS IX NOOAIbULO2O
BUOLNEHHA 31 WiaMy OJisl NOBHOI ymuaizayii.

Haykosa noeuszna. Ob62pynmosano onmuMaibHi YMOBU 3ACMOCYBAHHS HEOP2AHIYHUX CHOLYK O
3HEUKOOJICEHHST CIIYHUX 800 2ANbBAHIYHUX BUPOOHUYMS, AKI nepeddayarms HeoOXIOHICIb 8pax08ysamu
Xapaxmepucmuxky CMoKie KOHKPemHoz20 2a1b8aAHIYHO20 UPOOHUYMEA, MAKI K KOHYEeHMpPayii 3a6pyoHI0I0ux
peuosun, pH, nHasenicmb 000amkogux cnoyk y cknaoi ereKmpoaimie ma iHui hakmopu.

Ilpakmuuna 3uauumicms. Y3acanoneHo HANPAMKU OYUWEHHA CMIYHUX 600 2a/b8AHIUHUX
BUPOOHUYME PeaceHMHUM MEMOOOM, OXAPAKMEPUZ08AHO OCHOBHT HEOP2AHTYHI CROTYKU, AKI 3ACMOCO8YIOMbCS
07151 3HEUKOONCEHHS KOHYESHMPOBAHUX CMOKI8 [ NPOMUBHUX 800 2ANbBAHIUHUX SUPOOHUYME, ONMUMALbHI
YMOBU IX GUKOPUCMAHHSL.

Knrouoei cnoea: meopeamiuni pewosunu; 2aivb8auiuHe GUPOOHUYMBO; CMIYHI 800U; PeaceHMHULL
Memoo OUUUeHHS.

Beryn. TlanpBaHiuHEe BHPOOHHUIITBO 3aCTOCOBYETHCS Ul HAHECEHHS PI3HOMaHITHHX
METaJIEBUX MOKPHUTTIB, TAKUX K XPOM, HIKEJb, Mijb, IIMHK, KaJIMiil Ta 0JIOBO, 3 METOIO TIOKPAIIICHHS
¢bi3MYHMX Ta XIMIYHHUX BIACTUBOCTEW BUPOOiB. Lleit mporec cpsiMoBaHmii Ha 301bIIEHHS CTIKOCTI
BHPOOIB 10 KOPO3ii Ta MOKpAIIEHHs X 30BHIITHKOTO BUTISALY. [IpoTe raspBaHiuHEe BUPOOHHUIITBO €
OJTHUM 3 HaO1IbIII €KOJIOTTYHO MIKiATUBUX. JkepenaMu 3a0pyAHEHHS HAaBKOJIHUIIIHBOTO CEPEeIOBHILA
B TaJIbBAaHOTEXHIIII € BIIMPaIlbOBaHi KOHIIEHTPOBAaH1 PO3YMHU €JICKTPOIIITIB, PO3UYMHU 3HE)KHUPECHHS Ta
TpaBJICHHSI, TACUBYBAHHS, aHO{yBaHHS, €JIEKTPOJITUYHOTO MOJIIPYBaHHS Ta MPOMHUBHI BOAM PI3HUX
TEXHOJIOTIYHUX oreparid. 31 CTIYHMMH BOJaMHU Yy HaBKOJIMIIIHE CEPEIOBHUIIE IMOTpAIUIS€ 3HAaYHA
KUTBKICTh CIIOJTYK KOJIbOPOBHX METaJIiB, OPraHiuHi Ta HEOPraHiYHI PEYOBUHU, POZUYMHH MIHEPAIbHUX
KHUCJIOT Ta JIyTiB [ 1, 2].

Bimomo, 1mo TokcHYHA Misl 10HIB BOXXKHX METAJiB MPU HAKOMWYEHHI B OPTaHi3Mi JIOJUHU
MIPU3BOJIUTD 10 BAHUKHEHHS TOCTPHX 1 XpPOHIYHUX 3amajbHUX MPOoIeciB; MoaudiKallii MeTadomi3mMy
010JI0TIYHO aKTUBHHUX PeuyoBHH, HimiaiB, 6inkiB, JJHK, PHK; mocuieHHs mepeKucHOro OKMCHEHHS
JIMIiIB; 3MIH €HEepreTHyHoro oominy. Hammumoxk HOHIB BaKKHX METajiB B OpraHi3Mmi MOpYIIye
¢GyHKLIT cepLeBO-CyIMHHOI Ta HEPBOBOI CHUCTEM, pPOOOTY IITYHKOBO-KHMIIKOBOIO TpPAKTy Ta
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[EHTPATBHOI HEPBOBOI CHUCTEMH, NPHU3BOAUTH [0 PO3NAIIB CIyXy, 30py, HIABHUIINYE PHU3UK
OHKO3aXBOPIOBaHb [3, 4].

OunmieHHs CTIYHMX BOJ MOJKHA 3JIMCHIOBATH 3 3aCTOCYBAaHHSAM XIMIYHHX Ta (Pi3uKo-
XIMIYHUX MeTOAIB. HailOuIbIl mOmMpeHUMH € HACTYMHI XIMIYHI METOAM OYMINCHHS: pEarcHTHI
METOJIM BUIUICHHS 3a0pYyAHIOIOYMX PEUOBUH Y BUTIISAI MATOPO3UMHHUX Ta HEPOZYMHHHX CIIONYK,
HEWTpami3ailisi, OKHCHEHHS Ta BIAHOBIICHHs. XiMmMidHa OOpoOKa 3IIMCHIOETBCS Y CHCTEMax
JIOKAJIbHOTO OYHIICHHS BHPOOHWYMX CTIYHHX BOJ, TMEpeN iX IMOAAauei0 B CHUCTEMY OOOPOTHOTO
BOJIOTIOCTaYaHHs a00 CITyCKOM y BOJAOWMHMIIIE UM MICHKY KaHaJi3amiiHy Mepexy. TakoxK XiMIYHUI
METOJl 3aCTOCOBYETHCS [UISl TOMEPEAHBOTO OYHINEHHS CTIYHUX BOJ TMeEped BUKOPHCTAHHSIM
OiooriuHmux abo (Gi3MKo-XiMiYHKX METOIB [5—7].

IloctanoBka 3aBaanHHA. [IpoBecTn aHami3 CydyaCHMX XIMIYHUX TEXHOJIOTIM OUYHMIIEHHS
KOHIICHTPOBAaHUX CTOKIB Ta MPOMHMBHHUX BOJ| TaJIbBAaHIYHMX BUPOOHUIITB, CUCTEMATHU3YBaTH JaHI
070 €(PEeKTUBHOCTI Ta YMOB 3aCTOCYBaHHS PI3HMUX HEOPraHIYHUX PEYOBUH ISl 3HELIKOJKCHHS
CTIYHUX BOJI TAJIbBAaHIYHOTO BUPOOHUIITBA.

PesyabTaTn pociaigskeHHsi. CTOKM TadbBaHIYHOTO BHPOOHMIITBA MICTATH KOHIICHTPOBaHI
PO3YUHU COJICH, JIYTiB, KUCIOT Ta MPOMUBHI BOJAW 3 pi3HMMH TokasHukamu pH. 3anexHo Bim pH
CepeIOBHINA HAHECEHHS €JEKTPOXIMIYHOTO MOKPHUTTS CTiUHI BOAM MOXKHA PO3IUIMTH Ha KUCII Ta
myxHi. OkpeMo NOTpiOHO BUJIIJIUTH CTIYHI BOJH, SIKI MICTATH TOKCHYHI I[IlaHO- Ta XPOMOBMICHI
CIIOJTYKH, OCKUTBKY BOHHU TIOTPEOYIOTh 3aCTOCYBaHHSI CIICI[ialIbHUX METOIiB 00poOKku [8, 9]. 3aranbpua
XapaKTEePUCTUKA CTIYHUX BOJI TAJIbBAHIYHOTO BUPOOHMIITBA HaBeeHa B Tabymii 1.

Tabauys 1
3arajibHa XapaKTePUCTHKA CTIYHUX BO/l rAJIbBAHIYHOI0 BUPOOHUIITBA
Criuni [ianicTi XpOoMOBMiCHI Kucni JlyxHi
BOJIU (pH = 8-11) (pH = 4-5) (pH = 1-3) (pH =9-11)
1 2 3 4 5
[Ipouecu [IUHKYBaHHS, XPOMYBaHHS, 3HEKUPCHHSI, [IMHKYBaHHS,
MiTHEHHSI, CP10JICHHSI, TpaBJICHHS, TpaBJICHHS, MiJHEHHS,
KaJMIIOBaHHS, MacUBYBaHHS, MiTHEHHS, KaJMIIOBaHHS,
OCBITJICHHS MiHUX AHOIYBaHHSI, [IUHKYBaHHS, OJIOB’STHYBaHHS
JeTanel miclis 3HATTS | eJNEeKTPOJIITHYHE HIKETIOBaHHS
HIKEJIEBOTO, MOJTIpYBaHHS
XPOMOBOT'O TMTOKPUTTS | CTAJIEBHX BHPOOIB
Konuenr- | KommrekcHi miagigu CTOKH MOXYTh BianpanpoBani Ha | YTBOPIOIOTHCS MPU
poBaHi BaXKUX METAJIB mictutu 10 300 r/a | 50-80% pozuunu 3 3MiHI
CTOKH (0cO0IMBO ITIUHKY) xpom(VI) BMICTOM BUIBHOL KOHIICHTPOBaHUX
CXUJIBbHI 10 a"rigpunay. Bin kucinotu 20-50% | 3HEKUPIOBAIBHUX
YTBOPCHHS JTy’Ke JIETKUM, 10 BITHOIICHHIO JI0 | PO3YHHIB 1 MOXKYTh
HEPO3UYMHHUX CIIOJIYK 0c00JIMBO TIpU BUXI1JTHOTO. MICTHTH CHOJYKHU B
Ha CTiHKax TpyO Ta IT1IBUIIICHIH Pozunnn HaCTYITHUX
pe3epByapiB npu Temmeparypi JieKaripyBaHHs Jiarma3oHax
sHmkeHHi pH mo 8-9. CKHJIAIOThCA Y KOHIICHTpAITIN:
Yepes yTBOpeHHS koHnenrpauiax | NaOH - 20-30 r/m,
TOKCHYHOI CHHUJILHOT MaiiKe PiBHUX Na,CO3z — 10—
KHACJIOTH I[1aHICTHHA BuxigHuM. Moxyth | 30 r/m, NazPOs —
CTIK HE MOYKHA mictuta 10 20 /11 | 20-30 /1, NazSiO3
3MIITYBaTH 3 KUCIUM cycnensii -1-2r1/n
CTOKOM 3a0pyTHIOIOYNX
pEYOBUH
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IIpooosoicenns maon. 1

1 2 3 4 5
[IpomuBHI | micist HAHECEHHS ICIIsE XPOMYBAHHS | TICIIS omeparii TiCIIsT oTepartii
BOJM | FaJIbBaHOIIOKPHTTIB i3 | Ta TPaBJIECHHS Mic- | JeKamlipyBaHHS Ta HAHECEHHSI
[1aHICTHX BaHH TaTh 10-100 Mr/n | TpaBJCHHS MICTSThH | raJbBaHOIOKPUTTIB
MmicTsTh 50-100 mr/n Cr(VI) ta 1- MEPEBAKHO XJIO- B JIY’KHOMY

CepeIoBHIII, a
TaKOX 3HE)KUPEHHS
(micTsaTh 50—

punHy, cynbdaTHy,
piaiie HiTpaTHY Ta
dbocdaTHy KUCTOTH,

15 mr/n iHmumx
MeTaliB. Mae Kopo-
31iiHy aKTUBHICTb,

KOMILIEKCHUX
IaHIAIB BAXKKUX
MertaiiB. CXWIBHI 10

YTBOPEHHS NIaCUBYE€ CTaJlb, coxi pepymy Ta 150 wmr/n omiit Ta
HEPO3YMHHUX CIIOJYK | TOCUJICHO JIi€ HA | IHIIMX METaJiB, IO | Ha(TOMPOMYKTIB)
npu pH = 8-9 MICIIs 3BapIOBaHHS, HiAIATal0Th

10 MICTATh TpaBJICHHIO. MaioTh
CTOPOHHI BUCOKY KOpO3iiiHy
BKJIFOUCHHS AKTHUBHICTE

Otxe, CTiUYHI BOAM TaJlbBaHIYHUX BUPOOHHUIITB MOXKYTh MICTHUTH TOKCHYHI INaHIAW Ta
cnonyku Cr(VI), comi BaXKHUX METaliB, MOBEPXHEBO-aKTHBHI PEYOBMHHU Ta €MYJbIOBaHI >KUPH.
OuuiieHHsT CTIYHUX BOJ TOJISATAE B TEPITY Yepry y 3HEMIKOpKeHHI IiaHiniB Ta cmoiayk Cr(VI),
MOJANIBIIIN YacTKOBIM B3aeMHIM HeWTpami3alii BCiX BUIIB CTIYHUX BOJ, a TaKOX y 3aCTOCYBaHHI
KHCJIOT (xjopuaHa abo cynbdarTHa) abo JyriB (BamHSHE MOJIOKO) JJISI TOBHOI HEWTpasizariii.
HasBuicts [TAP Ta MacistHO-)KupoBUX 3a0pyAHEHB 3HIXKYE 3arajibHy SIKICTh OYMILEHHS CTIYHUX BOJ,
TOMY JKUPH BUAAJISIOTH 31 CTOKIB QinbTpyBaHHsM [6, 7].

JIJist 3HEUIKO/IKEHHS CTIYHUX BOJI, IO MICTATH IiaHiI-10HH, 1X OKHCHIOIOThH CIIOJYKaMH, IO
MICTSTh aKTUBHUM XJIOP (PIAKUN XJIOp, XJIOPHE BAITHO, TIMOXJIOPUT KaJbI[il0 a00 HATPII0), O30HOM,
KaJIiil mepMaHraHaToM, IEPOKCUIOM Tifporeny [8].

OKUCHEHHS IT1aH1IiB JI0 I[iaHATIB Y IPUCYTHOCTI T1IMOXJOPUTY MPOTIKAE 32 PIBHIHHSIM:

CN + OCI'=CNO" + CI' (pH =10,5-12,5)
[Zn(CN)4]* + 40CI~ + H,O — 4CNO™ + 4CI~ + Zn(OH)2|
SIK IPOMI>KHUH MPOAYKT YTBOPIOETHCS TOKCUYHHIA T'a3 XJIOpLiaH:
2CN "+ Cl2 — 2CICN

Jnst yCyHEHHST 1IhOTO TIPOIIECY HEOOXIAHO TOCTIMHO HEHTpali3yBaTH pPO3YHMHOM JIYTy
XJIOPU/IHY KHCIIOTY, SIKa BUAUISETHCA K NOOIYHUI MPOIYKT peaKiii.

[[IBUAKICTh OKMCHEHHS I1aH1AIB 3aJICKUTH BiJl TEMITEpaTypy Ta 3HAYHO 3MEHIIYETHCS TIPH ii
3HIKEHHI. TakoX MOTpiOHO KOHTPOJIIOBATH KOHILIEHTPAIIO XJIOPOBMICHUX OKHCHHKIB, OCKUIBKU
30UIBIICHHS 3aJTUIIKOBOT KUIBKOCTI aKTMBHOTO XJIOPY IiJBHIIYE YTBOPEHHS MOOIYHUX TOKCHYHUX
NPOAYKTIB. BCTaHOBIEHO ONTHUMalbHI YMOBH MPOBEICHHS peakilii, sKi MiHIMI3ylOTh YTBOPEHHS
XJIOpITiaHy: KOHIIEHTpAIlis I[1aHi/liB B CTIYHIM Boal cTaHOBUTH 0,2—1 1/11; c1abko JTy>)KHE CepeIoBHUIIE
3 pH >8,5; t <50°C.

[Tomanpia HeHTpami3allis miaHaTiB MOXKe 31HCHIOBATUCH JBOMA CIIOCOOAMMU:

1) B ny)xHOMy cepenoBuii pu pH = 7,5-8,5 miaHaTH OKHCHIOIOTHCS JI0 BYTJIICKHCIIOTO ra3y
Ta BUIBHOTO a30TY:

2CNO™ + 30CI" + H*— 2CO21 + 3CI" + 2N21 + H20;
2) B KucioMy cepeaopuii mpu pH < 3 BOHHU TiapoTi3yIOTh 0 COJICH aMOHIO:
CNO" + 2H,0 — CO3* + NH4".
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[iaHiay TakoX MOKHA OKUCHUTH MPH B3a€MOJIIT 3 T1pOreH NepOKCHIOM. 3aCTOCOBYBATH LIeH
OKMCHHK €KOHOMIYHO JOIIJIGHO JJIS 3HENIKO/UKEHHS BiIHOCHO KOHIeHTpoBaHux cTokiB ([CN] >
1 r/n):

CN" + H202 — CNO™ + H20 (pH = 10-11)
CNO™ + 2H202 — NH3 + HCO3"

KomMrutekcHi 1iaHiIiu OKHUCHIOIOTHCS TIAPOTeH MEPOKCHIOM IIBUIIIE 1 JIETIIe, HIXK MPOCTI
LiaHiqu;

[CU(CN)3] % + 3H20; + 20H — 3CNO" + Cu(OH)2 + H,0

[lepeBaramu 3acTOCYBaHHSI TIJPOTEH IEPOKCUAY €: CAMOBUIBHUN pO3KJIAJ HAUINIIKY
peareHTy, BIJCYTHICTh YTBOPEHHS TOKCUYHUX TMPOMDKHHUX CIIOJYK, 3HEIIKOKCHHS IIaHiAIB 10
IPaHUYHO JOMYCTUMHX KOHLIEHTpAIiil.

Y nmpucyTHOCTI Kalliii IepMaHraHaTy OKHCHEHHS I11aH111B BIIOYBA€ThCS 3a PEAKITIEIO:

3CN™ + 2MnOg4 + H20 — 3CNO"™ + 2Mn0O2| +20H"

3aBASKM BHUCOKOMY CTYIICHIO OYMINCHHS BIJ IIaHiIB JaHWK METOJ HaJla€ MOXJIMBICThH
MOBTOPHOT'0 BUKOPUCTAHHS OYHILEHOI BOJY B TalbBaHIiuHOMY BUpOOHMITBI. [IpoTe BUCOKa BapTicTh
KaJTiii IepMaHTaHaTy 1 HeOOX1IHICTh BUIAJIEHHS 3 Boi ocany MnOz € CyTTEBUMH HEOJIIKaMH IIOTO
croco0y.

3a TOMOMOTOI0 030HY MOYKHA OKHCHIOBATH 3Ha4HI 00’€MHU CTIYHUX BOJ Y CIAOKOIYKHOMY
cepenouiii (pH 9-10), sixo [CN] < 100 mr/m:

CN + O3 —» CNO + 0271
2CNO" + 303 + 20H — 2CO3* + N2t + 3021 + H20

B mpomeci po3kiagy o030HY YTBOPIOETBCS aTOMapHUM KHCEHb. Sk KaramizaTopu
BUKOPUCTOBYIOTH COJNi Kymnpymy, (epymy, BaHamito. [ KiJIbKICHOTO TMPOBEACHHS peakiiii Ta
3MEHIIICHHS BUTPATH 030HY HEOOX1THO TaKOK MOCTIMHO BUAAISATH OCAJIH T1IPOKCHUIIB Ta KApOOHATIB.

OpHi€I0 3 OCHOBHHX TIepeBar JaHOTO METOJy € MOXJINBICTh OKUCHEHHSI OpPraHIYHUX CIONYK,
MPOTE MPOLIEC OTPUMAHHS O30HY € EHEPrOEMHUM, IOPOTUM Ta OTPeOy€e TPOMI3IKOTO YCTaTKyBaHHS.

OKpeMoro OYMIICHHS MOTPEOYIOTh XPOMOBMICHI CTIYHI BOJH, SIKI MICTSATh BUCOKOTOKCHYHI
cnostyku Cr (V1) [9]. 3HemkomKeHHs TaKKX CTOKIB BiIOYBAa€ThCS Y AB1 CTaIIi:

1) BiHOBJICHHS BUCOKOTOKCHYHHUX CIOJIYK IecTHBajdeHTHOTro xpomy 10 Cr (I1I);

2) ocamxenns ioniB Cr (II1) y Bursiai rizpokcuy.

s BimHoBneHus cionyk Cr (VI) no Cr (I1I1) HailiuacTinie BUKOPUCTOBYIOTbCS HATPiH CynbdiT
(Na2S0O3) abo riaporencynbdit (NaHSO3), natpiit mipocynbdit (NaxS20s), Hatpiii Tiocyasdar
(Na2S203) B KHCIIOMY CEpPEIOBHIII.

30Kkpema BiJHOBJICHHS 3a JOTIOMOT'OI0 HATPii Cynb(iTy BiTOYBAETHCS HACTYITHUM YHHOM:

Cr,07% + 3503% + 8H* — 2Cr3* + 35042 + 4H,0

HaiiGinpima MBUAKICTh BIJHOBJICHHS CIIOJIYK XpOMY COJSIMH CYIb(ITHOI KHCIOTH
CIIOCTEpITraeThCs B KUCIOMY cepenoBuii npu pH = 2-2,8, m1o norpedye 10JaTKOBOTO MiAKHCICHHS
cTiyauX Boj. CyTTEBUM HEOJIKOM TaKOX € Te€, IO IIi BIAHOBHUKU B MpOIeCci 30epiraHHs JETKO
OKHCHIOIOTBCS, 110 TPU3BOAMTD 10 301IBIICHHS X BUTPAT.

Bimnosnennss Cr (VI) 3a gomomororo iHmMX cyiab@ypBMicHHX crmoiayk — SOz un HoS —
MOJKJIMBE Ha BUPOOHHMUTBAX, /i€ IIi PEYOBUHHU YTBOPIOIOTHCS SK MOOIYHI mpoxyktu. IlepeBaroro
BUKOPHUCTAHHS CYIb(IIIB IS YTHII3AIII1 CIIOTYK XpOMY € iX MOABIHHI BJIACTUBOCTI: CYNb(ia-aHIOHU
€ He numre BimHoBHUKaMu HoHiB Cr(VI), ane BoHm Takox ocamkytoTs Honu Cr (III) y Burmsmi
BOXKOPO3YMHHUX TIAPOKCHUIIIB — TMPOAYKTIB TiApomi3y cyiabdimiB (MakcuMaabHE OCAKCHHS
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BinOyBaeThes ipu pH = 11). Jlo HeomikiB IbOrO METOY CJIiJl BiAHECTH 3HAYHY BUTPATy PEAreHTIB,
J0JaTKOBE BUKOPUCTAHHS KUCIIOTH.

SIK peareHTH-BiIHOBHUKH TaKOX MOXYTh OyTH BUKOPHUCTaHI BIIXOAM METaJECBOIrO 3aji3a —
cTajieBa CTPYXKKa, Iap sIK01 BUKOPUCTOBYEThCS s pinmbTpyBanus (pH = 2-2,5). binbir ehektuBHUM
€ (¢uUIbTpyBaHHS dYepe3 KOJOHKY, 3amoBHEHy cywmimmio MetaneBux Al Tta Fe crpyxkox
(cmiBBimHOmeHHs Bix 0,5:1 mo 3:1), ockinbku yTBOpeHHS TanmbBaHomap Fe /Al 3HmKye macuBartito
MOBEPXHi amroMiHit0 Xpomatamu. OHak npu BigHoBieHHI Cr (V) 3ami3oM 1 Horo crioaykamu 3Ha4HO
3pocTa€E KiIbKIiCTh IIIaMy Yepe3 ocapkeHHs GepyM rigpokcuay [9].

Peaxuis 3 3acrocyBanusM FeSOs4 sik peareHTa-BiIHOBHHMKA Mepedirae 3 JIOCUTh BHUCOKOIO
MIBUJIKICTIO HE TUIBKH B KHUCJIOMY, aJle i HEHUTPaTbHOMY 1 JY)KHOMY CEpelOBHUINAX. 30KpeMa, B
KHCJIOMY CepeOBUIIIl BiIOYBAEThCS HACTYITHA PEAKIIIS:

Cr07% + 6Fe?" + 14H" — 6Fe®* + 2Cr3* + 7TH,0.

Jus moBHoro BimHoBieHHs Cr (VI) mo Cr (III) HeoOXigHWI nuilIe HE3HAYHHA HAJIUIIOK
pearenTy (06au3bko 5% BiJ crexiomeTpuuHoi KiibkocTi). depyM (II) cynbdar Takoxk € KkoaryasHTOM,
10 03BOJIsiE €PEeKTHBHO BUJAIATH 3 PO3UMHY 3a0pYyJHEHHS OPraHiuHOrO XapakTepy, sAKi 3HaXo-
ISIThCS B KOJIOITHOMY 3aBHCIIOMY CTaHi, Ta OTPUMYBATH MEHII KAJTaMyTHY Ta 3HEOApBIICHY BOIY.

IMporikanus peakuii BigHoBieHHs Cr(VI) moxuimBe i 0e3 MONEPEAHBOrO MiAKUCICHHS Y
npucytHocti cycnensii Fe (I1) rizpokcuny:

Cr07% + 3Fe(OH)2 + 4H20 — Cr(OH)3| + 3Fe(OH)s| + 20H"

3HaYHMM HEIOJIKOM BHUKOPHCTaHHS Cynb(dary 3amiza, a Ttakox cycmensii Fe(OH). sx
BITHOBHUKIB y TMOPIBHSHHI 3 COJIIMU CYJb(ITHOI KUCIIOTH, € 301IbIIeHHS 00’ €My 0caay BHACIIIOK
YTBOPEHHS 3HauHO1 KiTbKocTi Hepo3zuunHoro Fe (I1I) rimpokcumy.

[Micns BigHoBnenust Cr(VI) y kucioMy cepeaoBHINI CTiYyHI BOJM HEUTPATi3ylOTh IS
ocakerns iouiB Cr(111) y Burmsiai rigpokcuay [10]:

Cr¥* + 30H — Cr(OH)s)

Ha ycTanoBkax Oe3nepepBHOI Ail 110 CTAJII0 31HCHIOIOTH TICTS TONEPEIHBOTO 3MIIITyBaHHS
CTIYHHUX BOJ| 3 IHIIMMH BHUJAMHU KHUCIIUX 1 JIY’)KHHX BOJI TQThBaHIYHOTO BUPOOHHMIITBA, TOJl SK Ha
YCTaHOBKAX MEPIOUYHOI Jii XpOMOBMICHI CTi4HI BOAM HEUTPaTi3yroTh okpemo. Jls HerTpamizarii
1o pH = 8,5-9 3acTocoBYIOTh MepeBa)KHO BAIHSIHE MOJIOKO, PifIIe coay abo HaTpii TiIpOKCHL.
Ockinbku Cr(III) rigpokcua mae ampoTepHUii XapakTep, IpH MiABUIIEHHI 3HaYeHHs pH BiH moynHae
PO3YHMHSITUCH 3 YTBOPEHHSIM KOMILUIEKCHOI COJIi:

Cr(OH)s + 30H" — [Cr(OH)e]*

[Ipu 3MmimyBaHHI 3HEMIKO/KEHMX XpPOMO- Ta MIaHOBMICHHUX CTIYHHX BOJ 3 BHCOKOIO
KOHIICHTPAIII€EI0 aKTUBHOTO XJIOPY BIIOYBAE€ThCS peaKIlis, SKa MPU3BOJIUTH O 3BOPOTHOTO
okucHeHHs crionyk xpomy (III) o xpomy (VI). Tak, B mpucyTHOCTI HAAIUILKY HATPIH TiMOXJIOPUTY
B JIY’)KHOMY CEPEIOBHII YTBOPIOIOTHCSI XpOMaT-aHIOHH:

2Cr(OH)s + 3NaClO + 4NaOH = 3NaCl + 2NaxCrO4 + 5H,0

[[{o6 3amobirT TakoMmy IMpoIeCy, HAJIUIIOK aKTHBHOTO XJIOPY 3 IIaHOBMICHUX CTOKIB
OKHCHIOIOTH HaTpill Tiocynbdarom abo 301IbIIYIOTh KiJIBKICTh BIJIHOBHUKIB B CTOKAX.

KinmeBum eramomM OYHMINEHHS ICJIsS 3MINIyBaHHS BCiX BHJIIB CTOKIB TajbBaHIYHOTO
BUPOOHUIITBA € OCAJKCHHSI OHIB BAXKKUX METaTIB Ta HEUTpami3allis 10 HeoOXiaHoro 3HaueHHs pH
[10, 11].

Jlis momepeaHbOro BUAANECHHS CIONYK Ba)XKKUX METANliB 3 CTIYHUX BOJ HaHOUIBII
MOIIMPEHUMH € PEareHTHI METOAM OYMINCHHS, SIKi 3aCHOBaHI Ha OCA/HKCHHI PO3YMHHUX Y BOL
PEUOBHH B PEaKLiAX MMOABIMHOTO 0OMIHY 3 MOJATBIINM BiIOKPEMIICHHSM 1X y BUTJISAL OCAIiB.
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Tax, OYHINEHHS CTIYHUX BOJ| BiJl 10HIB BAXKKHUX METATIB 3A1HICHIOETHCS IIUISIXOM ITEPEBEICHHS
iX B MaJopO34WHHI CHOJYKH (TiAPOKCHIHM, OCHOBHI KapOoOHaTH, Cyiab(diam) mpu HEHTpamizarii
CTIYHUX BOJ JY)KHUMHU peareHTaMu (T1IpOKCHUIM Ta KapOOHATH KaJbI[il0, HATPilO, MAarHil0; OKCUIN
KaJIBI[II0 Ta MarHil0; OKCHIOBMICHI BIAXOaH, Hampukiad, pepoxpomoBuii nurak ( cymim CaO —
51,3%; MgO - 9,2%; SiO2 — 27,4%; Cr,03 — 4,13%; Al,03 — 7,2%; FeO — 0,73%); cynbdin HaTpiro).
YTBOpeHi ocany BUAAISAIOTH BiJICTOIOBAHHM, (uioTalieto, GpinbTpyBanusm [10].

Po3znoBcroxeHIM METOIOM € HEHTpaltizallisi CTIYHUX BOJ| BAITHSHUM MOJIOKOM 3 ITOAABIITIM
BIJICTOIOBaHHSIM B TOPU3OHTAJIBHHUX BiACTiiiHMKax Oe3mepepBHOi mii. [lpu HeWTpamizamii KuCIux
CTIYHHUX BOJ BAaITHSHUM MOJIOKOM, a TAaK0XX PO3UMHAMH COJAM 10HH METAIIB OCAJKYIOTHCS Yy BUIIISI
TIAPOKCH/IIB, OCHOBHUX KapOOHaTiB a00 KapOOHATIB, SKI XapaKTEPU3YIOThCS HUKYUM 3HAYCHHIM
I00YTKY PO3UMHHOCTI, HIXk BimoBiAHI Tigpokcuau [11, 12].

Me?* + 20H" — Me(OH)2|;
2Me?* + CO3% + 20H" — (MeOH),CO3;
Me?* + CO3%” — MeCOs|.

HIBUAKICTH OCAIKEHHSI CIIOIYK MOKHA KOHTPOJIIOBATH 3a JIooMoroio pH, Temneparypu ta
nepeMilTyBaHHS.

Binpi eeKTUBHUM peareHTOM JIsl BUJTyYSHHS KOJIbOPOBUX METalliB € HaTpii cynabdixa [10].
Bigomo, 1mo po3uMHHICTE Cyab(}imiB BaXXKHX METaJiB 3HAYHO HWIKYa TMOPIBHSIHO 3 PO3UYMHHICTIO
IHIINX Ba)KKOPO3YMHHUX EJIEKTPOJIITiB, 30KpeMa TiIpOKCHUIiB Ta KapOoHaTiB. OcalKyBaTH 10HHU
BOXKUX METAlIIB Yy BHUIAAI Cynbhily MOXKHA 3a Yy4YacTIO TIOKapOOHATIB JYXHUX abo
JTyKHO3eMeNbHUX MeTaniB (Hampukiaa, NaxCSs npu pH = 6-9) abo cycnensii FeS2 3 macoBoro
yactkoro 1-2% [10, 13].

Me?* + S = MeS|

OCKUTbKHY TIAPOKCHIIN Ta CYIb(}IIM BAXKKUX METAJIB YTBOPIOIOTH CTIMKI KOJOIIHI CUCTEMH,
JUISL TIOBHOTO iX OCA/KCHHSI BBOJATH KOaryiasHTH. KoJIOIIHI YacTUHKM MalOTh HETAaTUBHUU 3apsj,
TOMY SIK KOaryJssHTH BHKOPHCTOBYIOTH €JIEKTPOJITH 3 Oarato3apsJIHAMH KaTiOHaMH (IEpEeBa)KHO
amoMiHii cynbgat, 3ami3Huii kymopoc, ¢epym (III) xmopun abo ix cymimi). Takox MokHa
BUKOPHUCTOBYBATH TJIMHH, aJTFOMIHI€BI BIIXOAW BUPOOHUIITBA, cyMmili 3 kpeMHii (IV) okcumgom.

JUisi IpUCKOpEHHs MPOoLeCy KOAaryJssiii 3aCTOCOBYIOTH Pi3HI (IIOKYISHTH, HaiOLIBIIOrO
PO3IOBCIO/DKEHHS cepell KX HaOy/lIM TMOJiaKpuiIaMia Ta aKTHBOBaHA CHIIIKaTHA KucioTa. Tak,
BBEJICHHSA B PO3YHMH MOJIaKpUIaMigy 301IbIIye MBUAKICTh OCAIKEHHs CyNb(]iliB Ta TiAPOKCHIIIB
MetaniB y 2-3 pasu [2].

OcaKkeHHs 10HIB BXKKUX METAJIB MOXKHA 3IiIHCHUTH 1pH 0OpoOIli GochaTHOIO KUCIOTOIO
abo 11 conmsmu. YTBOpeHi dochaTy MepeBaKHO XaPaKTEPU3YIOTHCS MEHIIUM 3HAYCHHSIM JTOOYTKY
PO3YMHHOCTI, HiXK BiMOBIHI Tiapokcuan. [Iporec ocamkeHHs 10HIB METalliB Ma€ HACTYIHI CTaIii:

1) momaBaHHS 0 BOJHOTO PO3UMHY BaXKKOro MeTany (ocopHOi KUCIoTH abo 1i KUCIIol coui
y cmiBBigHOMIEHH] 1:1;

2) xopuryBanHs pH po3uuny cynbdaraoro kuciaororo (pH = 3);

3) nonasanns koarynsary (FeCls y konnenrpanuii 0,75-1,5 r/mn);

4) ocamxennst (ocdariB METaTiB Yy JIY)KHOMY CEPEIOBHINI TMPH JTOJaBaHHI KaJbIlii
rizpokcunay (pH = 8,5).

Jns medTpamizamii JIy)kKHUX CTIYHMX BOJI MOXXHAa BHKOPHCTOBYBATH BYTJIEKHCIWNA Ta3,
JDKEPEJIOM SIKOTO € TUMOBI ra3u [14]:

CO; + OH => CO3* + H.0
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[lepeBaramMu peareHTHOrO0 METOAY OYMILIEHHS CTIYHHUX BOJ €: YHIBEPCaIbHICTh, MPOCTOTA
eKcIuTyaTarlii, MOXJIUBICTh OJHOYACHOI OOpPOOKHM MPOMHBHUX BOJ 1 KOHIICHTPOBAHHMX PO3YMHIB,
IIMPOKHIA 1HTEpBAJI OYATKOBUX KOHIICHTpPALliii 10HIB.

Jlo HemomikiB METOAy MOXHA BIIHECTH 3HAYHY BHTpPATy pEAareHTIB Ta J0JaTKOBE
3a0pyHEHHS] HUMHU CTIYHUX BOJI, HETIOBHE BHJIYYCHHS 10HIB METaliB, oTpeda B MicIsIX 30epiranHs
YTBOPEHHUX OCaiB, HEMOKJIMBICTh TIOBEPHEHHS OYHUIIICHOT BOJIM B 0OOPOTHHI UK Yepe3 HASBHICTh
3aJTUIIIKOBUX KOHIICHTpAIlill MeTaniB, HEOOXIAHICTh BUKOPUCTAHHS JOJATKOBHUX (Pi3UKO — XIMIUHUX
(1oHOOOMIHHI, €JIEKTPOXiMiuHi, axcopOIiiftHi, MeMOpaHHI, 3BOPOTHHA OCMOC) Ta OIlOJOTIYHHUX
METOIB BHJIyYCHHS BXKKUX METAJIB 31 IIJIaMy JUIsl TOoJabIIoi yrumizamii [ 15].

VYrTumizais 1noiamiB, 10 YTBOPIOIOTHCS TPU OYHMIICHHI CTIYHHX BOJ, MOXKE ITPOBOIAMTHUCS
IIJISIXOM 3aCTOCYBaHHS X SIK J0OABKHU JI0 IEMEHTY, ac(hanbTy, CKIIa i INIacTMac, a TAKOXK IPH IepepooIi
B ¢apOu, BOrHETPUBKI MaTepiajd Ta INTy4YHI HaroBHIOBadi. /[00aBKM TalbBaHIYHUX BITXOIIB JI0
ckJaay OyaiBeTbHUX MaTepiaiiB MOJIMIIYIOTh iX eKCIUTyaTaliiHO-TEXHIYHI XapaKTepucTuku [16].

BucnoBok. OuumieHHs1 CTIYHMX BOJ| TajJbBaHIYHOTO BUPOOHHIITBA OO0 €HYE KOMILICKC
XIMIYHUX, (I3MKO-XIMIYHHUX Ta O10JIOTIYHMX METOAIB, BHOIp SKHUX BHU3HAYAETHCS TEXHOJIOTIYHHUMU
BHUMOTaMH, HAsSBHICTIO MaTepiaJbHUX Ta CHEPreTUYHUX PeCcypciB, €KOHOMIYHUMU UYWHHUKAMHU
nporiecy. YHiBepcaibHi XiMi4HI METOAM 3 3aCTOCYBAaHHSIM HEOPraHIYHHMX CIIONYK, SIKI BKIIOYAIOTh
OKHMICHEHHS Ta BiTHOBJICHHSI 3a0pYJHIOIOUNX PEYOBHH, iX OCA/DKEHHS Y BUTJISI BaKKOPO3UHMHHUX
CTHONYK, HEHTpai3allifo CTOKIB, JAIOTh MOXJIMBICTh 3HAYHO 3HU3WTH BMICT IIKIIJTMBUX PEYOBHH, B
JESKUX BUMAIKaX 10 TPAHUYHO JOMYCTUMHX KOHIIEHTpaliii. JloTpuMaHHS ONTHMAalIbHUX YMOB
(3HaueHHs pH, Temmeparypa, KOHIEHTpaIlii peareHTiB) A MPOBEACHHS XIMIUHUX NEPETBOPEHb,
3aCTOCYBaHHs €(EKTUBHUX KOAryJsSHTIB Ta (DIOKYISHTIB CHpUsE€ 3HIKEHHIO BHUTpAT XIMIYHUX
CTIOJIYK, IiIBUIIEHHIO IIOBHOTH BUJIYYEHHS 10HIB METJIIB Ta IHIIMX MIKIJIMBUX PEYOBUH, CIIPOIIYE
iX mopaJpIlie BUICHHS 31 IIUTaMYy JJIS IOBHOI yTuii3aiii. PeareHTHHiT MeTo1 00pOOKH CTIYHUX BOJT
MiaBUINYE €PEKTUBHICTD MOAAIBIIOTO0 3aCTOCYBaHHS (i3UKO-XIMIYHUX Ta O10JIOTTYHUX METOIB TSI
3HEIIKO/PKCHHSI CTOKIB TaJlbBaHIYHUX BHUPOOHUIITB Ta € OCHOBOIO CTBOPEHHsI O€3BIIXOJHUX
TEXHOJIOTIH.
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PERSPECTIVES OF INORGANIC COMPOUNDS APPLICATION FOR
ELECTROPLATING INDUSTRY WASTEWATER TREATMENT

Purpose. Analysis of modern chemical technologies for electroplating industry concentrated effluents
and washing wasterwaters treatment; generalization of the peculiarities of inorganic substances using for the
wastewater purification.

Methodology. Analytical review of scientific and scientific-practical literature for the systematization
of inorganic compounds application for galvanic industries cyano- and chromium-containing wasterwaters
treatment, precipitation of heavy metal ions, neutralization of pH wastewaters.

Findings. Mineral acids and alkalis for neutralization, oxidizers (liquid chlorine, chlorinated lime,
calcium or sodium hypochlorite, ozone, potassium permanganate, hydrogen peroxide), reducing agents
(sodium sulfite, sodium hydrogen sulfite, sodium thiosulfate, iron (Il) sulfate), as well as hydroxides,
carbonates, sulfides for precipitation of heavy metal ions are widely used for electroplating industry
wasterwaters decontamination. The advantages of the reagent method include universality, ease of operation,
use of inexpensive equipment, a wide range of initial ion concentrations, the possibility of joint treatment of
wastewaters from various galvanic processes after toxic cyano- and chromium-containing wasterwaters
purification. The main task is to improve reagent wastewaters treatment methods with the aim of reducing of
chemical compounds using, increasing the completeness of metal ions and other harmful substances
extraction, simplifying their subsequent separation from sludge for complete utilization.

Originality. The optimal conditions for the inorganic compounds application for the electroplating
industry wasterwaters treatment are substantiated, implying the need to take into account the characteristics
of the specific galvanic production effluents, such as the concentration of pollutants, pH values, the presence
of additional compounds in the electrolytes composition and other factors.

Practical value. The directions of electroplating industry wastewater treatment by the reagent methods
are summarized, the main inorganic compounds used for the concentrated effluents and washing waters
treatment and the optimal conditions for their use are characterized.

Keywords: inorganic substances; electroplating industry; wastewaters; reagent method.
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CORROSION RESISTANCE OF POLYMER-SILICA-CALCITE
TEXTURED SURFACES

Purpose. Determine the relationship between the corrosion resistance properties of the additive
coatings and the fractional composition of the components that form the texture.

Methodology. In this work, an additive bifractional texture was created on the basis of a styrene-butyl
acrylate copolymer as a binder and hydrophobized silica nanoparticles and hydrophobized calcium carbonate
microparticles as texture-forming fillers. The coatings were applied to the substrate by pneumatic means. To
assess the corrosion resistance, the samples were immersed in distilled water and salt solution. To assess the
change in properties, the angle of wetting with water (the sitting drop method) was used, and scanning electron
microscopy was used to observe structural changes on the surface. Electrochemical impedance spectroscopy
and potentiodynamic polarization curves were used to evaluate the corrosion potential.

Findings. The results show that the obtained coatings are not completely resistant to prolonged
exposure to water. The main defects are cracking and an increase in surface polarity. This leads to a drop in
the angle of wetting with water. An additional deterioration in the water-repellent properties is due to a
decrease in the adhesion of the polymer to the filler. According to the studies of self-corrosion potential, the
sample with the largest amount of micro-sized filler and the lowest polymer content was the most stable. For
this sample, no loss of hydrophobic properties was observed after prolonged immersion in a corrosive
environment, although cracks formed on the surface.

Originality. For the first time, significant changes in corrosion resistance have been shown to be
possible for additive coatings obtained by pneumatic spraying with a hierarchical surface structure, depending
on the fractional ratio of micro- and nanosized particles that form the texture.

Practical value. The composition of an additive coating based on a styrene-acrylic polymer and
structure-forming particles has been developed, which is characterized by increased corrosion resistance due
to the fractional ratio, which allows forming a structure with high water repellency.

Keywords: hydrophabicity; textured coating; contact angle; water-repellent coatings; corrosion.

Introduction. The use of textured surfaces to increase the ability to repel liquids by forming
anomalous wetting states — Wenzel and Cassie and it is attracting attention as a promising approach
to the formation of useful properties of materials: anti-icing, increased corrosion resistance, self-
cleaning, etc. [1-4]. There are many research papers that investigate methods of creating texture on
a surface among which laser engraving, electrochemical etching and sol gel fusion can be mentioned,
however these technologies have a scaling problem as further increasing the area of the lining requires
high equipment costs [5, 6]. An alternative is additive coatings that can be applied to the surface by
pneumatic means and solve one of the main problems of this technology, namely its scalability [7].
At the same time, the surface structure of such materials can be flexibly adjusted by varying their
fractional composition, which ultimately allows changing their degree of water repellency. The
development of a relatively technological method to adjust the texture parameters of coatings
obtained by classical pneumatic spraying technology by varying their component composition is a
way to solve two essential problems of textured water repellent surfaces at the same time: scalability
and cost [8-10]. In this work, the effectiveness of this method is evaluated by the indicators of one
of the final target properties — corrosion resistance, which illustrates the practical potential of its
application.

Task statement. The literature review revealed that there is a need for resistant coatings that
can provide water-repellent properties when exposed to corrosive media. For this purpose, water-
repellent coatings based on the principle of bifractional fillers of the micro- and nanoscale with a
depleted polymer matrix composition are effective. In this work, the method of electron microscopy
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was used to evaluate the structure of the texture, and wettability anomalies were determined using the
equilibrium edge angle of water wetting. The stability of the water-repellent properties was evaluated
during prolonged contact with liquid water and corrosive environments.

Purpose. The purpose of this work is to establish the relationship between the corrosion
properties of additive coatings and the fractional composition of the components that form the texture.

Materials and methods of the research. To form textured surfaces were used two filler types
—nanoscale and microscale. As a nanoscale filler, dimethyldichlorosilane treated silica (Aerosil R972,
Evonik, Germany), referred to as “R972”. As microscale filler, a commercial grade filler for plastics
was used, ground calcite (Normcal 2, Som Calcite, Turkey). The polymer matrix includes the AC80
styrene-butyl-methacrylate copolymer (OMNOVA Solutions, USA), referred to as “AC”.

To reduce surface energy, the calcite surface was treated with stearic acid according to the
procedure [11]. The process was carried out in 1 wt. % ethanol solution. After conditioning 5 g of
calcium carbonate in 30 ml of solution for 24 h, the liquid above the precipitate was decanted and the
particulate was washed with pure ethanol and filtered on a paper filter. Obtained hydrophobized
calcite referred as “CaCOz”.

The coating substrates were mirror polished aluminum plates (commercial anodized
6063 aluminum alloy). The coatings were applied by pneumatic spraying of polymer-filler solutions
in xylene (a mixture of para- and ortho-xylene). The ratio of xylene and other components was 4:1,
respectively. The compositions of the created samples are given in the Table 1. After spraying, the
coated plates were dried in an oven for 1 hour at 100 °C. Pure polished aluminum plate and polymer
coated aluminum plate were used as reference.

Table 1
Sample compositions

Sample name Aerosil R972, Hydrophobized calcium Styrene-butyl-methacrylate
wt. % carbonate (CaCOs), wt. % copolymer (AC), wt. %
AL - - -
AC - - 100
C3 13 78 9
C4 5 90 5
C5 35 42 23

The coated aluminum plates were insulated with epoxy resin. As a result, only one side of the
surface was subjected to corrosion. The test samples were immersed in 3,0 wt. % NaCl solution in
water. Electrochemical impedance spectroscopy and potentiodynamic polarization curves of the
samples were measured using an electrochemical workstation BP-300 (Biologic, France). In the
experiment, a three electrode system was used: the working electrode was the specimens with
different corrosion time; the auxiliary electrode was a 4 cm? Pt sheet; the reference electrode was a
saturated calomel electrode (SCE); the working temperature was room temperature (25 °C); all the
potential values were relative to the potential of saturated calomel electrode; the electrolyte used in
the experiment was 3,0 wt. % NaCl solution; the frequency range of electrochemical impedance
spectroscopy (EIS) was 10~100 kHz; the amplitude of disturbance AC potential applied during the
test was 10 mV; the scanning potential range of the potentiodynamic polarization curve was +0,3 V
vs. Ecorr (relative to the self-corrosion potential); the scanning speed was 1 mV/s.

Water contact angles data was obtained by sessile drop technique using an optical microscope
and a digital camera with a 10x objective. Scanning electron microscopy (Sigma 300, Zeiss) was used
for to observe structural changes on the surface.

Research results. Considering that polymers, especially polar polymers, can absorb liquid
water, their water repellent properties and long-term stability of coatings in wet or underwater
conditions may deteriorate with time. The samples did not lose Cassie condition after exposure to salt
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water for 32 hours (Table 2). The wetting angle of sample C5 (35% R972 + 42% CaCOs + 23% AC)
started to increase after 4 hours of immersion in water. A possible reason for this is the self-repair of
the structure after the surface layer was removed. Also, the results showed that sample C4 (5% R972
+ 90% CaCOs + 5% AC) was the most stable.
Table 2
Surface characterization of the water resistance (water contact angles, deg.)

Sample Composition Duration of immersion in water, hours
0 1 2 4 8 32
C3 13% R972 + 78% CaCOs3 + 9% AC 146° | 146° | 130° | 138° | 125° | 122°
C4 5% R972 + 90% CaCOs3 + 5% AC 146° | 146° | 141° | 140° | 136° | 130°
C5 35% R972 + 42% CaCOs + 23% AC 146° | 120° | 109° | 100° | 110° | 124°

It can be assumed that after wetting with water, the adhesion of the polymer to the filler surface
decreases and water can concentrate at the boundaries between the polymer and particles. This feature
is most visible for sample C3, which can be confirmed by studying the structure of such coatings
(Fig. 1). The photo shows that some particles have detached from the surface, forming well-defined
cavities (Fig. 1 C3a and C5a).

"Caa Cla C5a
Fig. 1. SEM images of the sample surface before (C3-C5) and after (C3a-C5a) 32 hours
of static water immersion

Figure 2 shows the polarization curves for samples C1-C5. Also, in table 2 are given self-
corrosion potential of samples C1-C5. The polarization curves measure the corrosion rate of the
surface of the samples. The lower the density of the self-corrosion current, the lower the corrosion
rate, the more positive the self-corrosion potential, the less the corrosion tendency.

From the self-corrosion potential data (Table 3), it can be said that sample C4 has the strongest
corrosion resistance. Sample C2 is more susceptible to corrosion than the pure aluminum plate (C1).
The self-corrosion potential of sample C3 is close to that of sample C4, but it also has high corrosion
resistance. The self-corrosion potential of sample C5 is close to that of pure aluminum, which may
be due to the fact that water molecules easily penetrate the coating.
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Fig. 2. Polarization curves of different electrodes, where: Sample 1 — polished aluminum plate;
Sample 2 — AC coated aluminum plate; Sample 3 — 13% R972 + 78% CaCOs + 9% AC; Sample
4 - 5% R972 + 90% CaCOs + 5% AC; Sample 5 - 35% R972 + 42% CaCOs + 23% AC

Table 3
Surface characterization of the water resistance (water contact angles, deg.)

Sample Composition Self-corrosive potential, mV (SCE)
Cl - -660
C2 100% AC -720
C3 13% R972 + 78% CaCOs + 9% AC -6
C4 5% R972 + 90% CaCOs + 5% AC 137
C5 35% R972 + 42% CaCO3 + 23% AC -658

Figure 3 shows the results of the AC impedance spectra of the samples. Table 4 shows the
modulus of high-frequency and low-frequency impedance of samples. The low-frequency modulus
for sample C4 is much higher than that of other samples. This indicates that the corrosion resistance
of the sample can be effectively improved by superhydrophobic modification. Sample C3 also
exhibits high corrosion resistance. Sample C5 has properties close to the pure aluminum surface.

750
600- = Sample 1
~ v e Sample 2
£ 450+ : 4 Sample 3
Q I v Sample 4
2300. ., b 4 Sample 5
N om X
150{ e
fai5y
0 R T

1 2 3 4 5
log (freq/Hz)

Fig. 3. Bode plots of the EIS results for different specimens, where: Sample 1 — polished
aluminum plate; Sample 2 — AC coated aluminum plate; Sample 3 — 13% R972 + 78%
CaCOs + 9% AC; Sample 4 - 5% R972 + 90% CaCOs + 5% AC,;

Sample 5 - 35% R972 + 42% CaCOs + 23% AC
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Table 4
The modulus of high-frequency and low-frequency impedance of samples
High-frequency Low-frequency
Sample Composition impedance modulus, | impedance modulus,
Q-cm? Q-cm?
Cl - 2,149 300
C2 100% AC 16,59 258
C3 13% R972 + 78% CaCOs + 9% AC 42,54 611
C4 5% R972 + 90% CaCOs + 5% AC 49,06 680
C5 35% R972 + 42% CaCO3z + 23% AC 9,67 364

When comparing the wetting angle with water after 72 hours of immersion in a solution of
3,0 wt. % NaCl, the surface of sample C5 suffered the most severe corrosion (Table 5). It is followed
by specimen C3, with specimen C4 having no obvious changes, indicating a significant improvement
in the corrosion resistance of the specimens after hydrophobic treatment of the microfiller — calcium
carbonate threated by stearic acid. The effect of increasing the wetting angle for sample C5, as was

the case when immersed in distilled water, was not observed for NaCl solution.
Table 5

Water contact angles (deg.) of coatings after immersion in NaCl solution

Duration of immersion in 3,0 wt. % NacCl
Sample Composition solution, hours
0 24 48 72
C3 13% R972 + 78% CaCOs + 9% AC 146° 120° 125° 120°
C4a 5% R972 + 90% CaCOs3 + 5% AC 146° 135° 134° 134°
C5 35% R972 + 42% CaCOs + 23% AC 146° 120° 104° 89°

Figure 4 shows the SEM images of the C3-C5 samples after 72 h of soaking in corrosion
medium (3,0 wt. % NaCl solution). The photo shows that many holes and uneven branches appear on
the surface, and some areas fall off, indicating partial erosion of the coating on the samples during
the corrosion process.

According to Figure 1 (C5) and Figure 4 (C5a), the surface of the specimens before corrosion
consists mainly of spherical particles, which are generally flat but with many cracks. Figure (C5c)
shows NaCl particles on the coating surface, which means that the coating was most degraded after
exposure to the corrosive environment for 72 h. By comparing the surface photo of the C3a and C4a
specimens after the action of water and the surface photo of C3c and C4c after the action of the NaCl
solution, it can be seen that the cracks and caverns increased after the action of the corrosive medium.
However, salt crystals are not observed in these samples, as in the case of sample C5c.

C3c ] Cic ] C5c
Fig. 4. SEM images of sample surfaces after corrosion C3c-C5c¢
(immersion in 3,0 wt. % NaCl solution)
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Conclusions. As aresult, it is shown that coatings based on a styrene-butyl acrylate copolymer
and two hydrophobic fillers nanosized silicon dioxide and microsized calcium carbonate are not
resistant to prolonged residence in water. The main defects observed are cracking and an increase in
surface polarity, which leads to a drop in wetting angle with water. Also, water reduces the adhesion
of the polymer to the filler, further degrading the water repellent properties. The self-corrosion
potential study showed that the most resistant specimen was the specimen with the highest amount of
micro-sized filler and minimum polymer. For this sample, no loss of hydrophobic properties was also
observed after prolonged immersion in the corrosive medium, although cracks were formed on the

surface.
References

1. Hooda, A., Goyat, M. S., Pandey, J. K., Kumar, A.,
Gupta, R. (2020). A review on Fundamentals, constraints
and fabrication techniques of superhydrophobic coatings.
Progress in Organic Coatings, 142, 105557. https://doi.
0rg/10.1016/j.porgcoat.2020.105557.

2. Murakami, D., Jinnai, H., Takahara, A. (2014).
Wetting transition from the cassie—baxter state to the
Wenzel State on textured polymer surfaces. Langmuir,
30(8), 2061-2067. https://doi.org/10.1021/1a4049067.

3. Nsilani Kouediatouka, A., Ma, Q., Liu, Q., Mawignon,
F. J., Rafique, F., Dong, G. (2022). Design methodology
and application of surface texture: A Review. Coatings,
12(7), 1015. https://doi.org/10.3390/coatings12071015.

4. Milles, S., Soldera, M., Voisiat, B., Lasagni, A. F.
(2019). Fabrication of superhydrophobic and ice-
repellent surfaces on pure aluminium using single and
multiscaled periodic textures. Scientific Reports, 9(1).
https://doi.org/10.1038/s41598-019-49615-x.

5. Dongre, G., Rajurkar, A., Raut, R., Jangam, S. (2021).
Preparation of super-hydrophobic textures by using
Nanosecond  Pulsed Laser. Materials Today:
Proceedings, 42, 1145-1151. https://doi.org/10.1016/
j.matpr.2020.12.497.

6. Ali, H. M., Qasim, M. A., Malik, S., Murtaza, G.
(2018). Techniques for the fabrication of super-
hydrophobic surfaces and their heat transfer applications.
Heat Transfer — Models, Methods and Applications.
https://doi.org/10.5772/intechopen.72820.
7. Manoharan, K.,  Bhattacharya,
Superhydrophobic ~ surfaces  review:  Functional
application, fabrication techniques and limitations.
Journal of Micromanufacturing, 2(1), 59-78.
https://doi.org/10.1177/2516598419836345.

S.  (2019).

8. Erbil, H. Y. (2020). Practical Applications of
Superhydrophobic Materials and Coatings: Problems and
Perspectives. Langmuir, 36(10), 2493-2509. https://doi.
0rg/10.1021/acs.langmuir.9b03908.

112

Jlireparypa

1. Hooda A. et al. A review on fundamentals,
constraints and fabrication techniques of
superhydrophobic coatings. Progress in Organic
Coatings. 2020. Vol. 142. P. 105557. https://doi.
0rg/10.1016/j.porgcoat.2020.105557.

2. Murakami D., Jinnai H., Takahara A. Wetting
Transition from the Cassie—Baxter State to the
Wenzel State on Textured Polymer Surfaces.
Langmuir. 2014. Vol. 30, No. 8. P. 2061-2067.
https://doi.org/10.1021/1a4049067

3. Nsilani Kouediatouka A. et al. Design
Methodology and Application of Surface Texture:
A Review. Coatings. 2022. Vol. 12, No.7.
P. 1015. https://doi.org/10.3390/coatings120710
15.

4. Milles S. et al. Fabrication of superhydrophobic
and ice-repellent surfaces on pure aluminium
using single and multiscaled periodic textures.
Scientific Reports. 2019. Vol. 9, No. 1. https://doi.
0rg/10.1038/s41598-019-49615-X.

5.Dongre G. et al. Preparation of super-
hydrophobic textures by using nanosecond pulsed
laser. Materials Today: Proceedings. 2021.
Vol. 42. P.1145-1151. https://doi.org/10.1016/
j.matpr.2020.12.497.

6. Ali H. M. et al. Techniques for the fabrication
of super-hydrophobic surfaces and their heat
transfer applications. Heat Transfer — Models,
Methods and Applications. 2018. https://doi.
0rg/10.5772/intechopen.72820.

7. Manoharan K., Bhattacharya S.
Superhydrophobic surfaces review: Functional
application, fabrication techniques and limitations.
Journal of Micromanufacturing. 2019. Vol. 2,
No. 1. P. 59-78. https://doi.org/10.1177/25165984
19836345.

8. Erbil H. Y. Practical
Superhydrophobic  Materials and Coatings:
Problems and Perspectives. Langmuir. 2020.
Vol. 36, No. 10. P.2493-2509. https://doi.org/
10.1021/acs.langmuir.9b03908.

Applications  of



https://doi.org/10.1021/la4049067
https://doi.org/10.3390/coatings12071015
https://doi.org/10.1038/s41598-019-49615-x
https://doi.org/10.1016/%20j.matpr.2020.12.497
https://doi.org/10.1016/%20j.matpr.2020.12.497
https://doi.org/10.5772/intechopen.72820
https://doi.org/10.1177/2516598419836345
https://doi.org/10.1021/la4049067
https://doi.org/10.3390/coatings120710%2015
https://doi.org/10.3390/coatings120710%2015
https://doi.org/10.1016/%20j.matpr.2020.12.497
https://doi.org/10.1016/%20j.matpr.2020.12.497
https://doi.org/10.1177/25165984%2019836345
https://doi.org/10.1177/25165984%2019836345
https://doi.org/%2010.1021/acs.langmuir.9b03908
https://doi.org/%2010.1021/acs.langmuir.9b03908

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inarcunipunz, N 1(18), 2024

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

9. Kausar, A. (2018). Polymer coating technology for
high performance applications: Fundamentals and
advances. Journal of Macromolecular Science, Part A,
55(5), 440-448. https://doi.org/10.1080/10601325.
2018.1453266.

10. Lei, Y., Jiang, B, Liu, H., Zhang, F., An, Y., Zhang,
Y., Yuan, Y., Xu,J., Li, X., Liu, T. (2023). Mechanically
robust superhydrophobic polyurethane coating for anti-
icing application. Progress in Organic Coatings, 183,
107795. https://doi.org/10.1016/j.porgcoat.2023.107795.

9. Kausar A. Polymer coating technology for high
performance applications: Fundamentals and
advances. Journal of Macromolecular Science,
Part A. 2018. Vol. 55, No.5. P. 440-448.
https://doi.org/10.1080/10601325.2018. 1453266.
10.Lei Y. et al. Mechanically robust
superhydrophobic polyurethane coating for anti-
icing application. Progress in Organic Coatings.
2023. Vol. 183. P. 107795. https://
doi.org/10.1016/j.porgcoat.2023.107795.

11. Cao, Z., Daly, M., Clémence, L., Geever, L. M.,
Major, 1., Higginbotham, C. L., Devine, D. M. (2016).
Chemical surface modification of calcium carbonate
particles with stearic acid using different treating
methods. Applied Surface Science, 378, 320-329.
https://doi.org/10.1016/j.apsusc.2016.03.205.

YONG ZUO

PhD student, Department of Chemical Technology of
Composite Materials, Chemical Technology Faculty,
Igor Sikorsky Kyiv Polytechnic Institute, Ukraine
https://orcid.org/0000-0002-5544-1159

Scopus Author ID: 57897584700

E-mail: zuo.yong@Ill.kpi.ua

11. Cao Z. et al. Chemical surface modification of
calcium carbonate particles with stearic acid using
different treating methods. Applied Surface
Science. 2016. Vol. 378. P. 320-329.
https://doi.org/10.1016/j.apsusc.2016.03.205.

BAKLAN DENYS

PhD student, Department of Chemical Technology of
Composite Materials, Chemical Technology Faculty,
Igor Sikorsky Kyiv Polytechnic Institute, Ukraine
https://orcid.org/0000-0002-6608-0117

Scopus Author ID: 57194569043

Researcher ID: ABH-1251-2021

E-mail: d.baklan@kpi.ua

MYRONYUK OLEKSIY

PhD, Associate Professor,

Department of Chemical Technology of Composite Materials, Chemical
Technology Faculty, Igor Sikorsky Kyiv Polytechnic Institute, Ukraine
https://orcid.org/0000-0003-0499-9491

Scopus Author ID: 57190497257

Researcher ID:

1-8423-2017

E-mail: 0.myronyuk@kpi.ua

TOH II., BAKJIAH ]1. B.,

MMPOHIOK O. B.

Hayionanenuti mexuiunutl ynisepcumem Yxpainu « Kuiscokutl noiimexuivHutl iHCmumym
imeni leops Cikopcokoeoy, Yrpaina
KOPO3IMHA CTIMKICTD HOJIIMEP-KPEMHE3EM-KAJIBIIUTOBUX
TEKCTYPOBAHUX ITOBEPXOHb

Mema. BcmarnosnenHs 63a€MO036'3Ky NPOMUKOPOZIUHUX 81ACMUBOCMEN AOUMUBHUX NOKPUMMIE 3

dpaxyitinum cKnaoom opmyouux mexcmypy KOMHOHEHMIS.

Memoouxka. Y Oaniti pobomi adumuena Oighpaxyilina mexcmypa Cmeopena Ha OCHOBI CONoimMepy
CMUPOR-OYMUN-aKpuiamy AK 36 A3VI04020 ma AK MeKCMYpOYMEOpPIoYl HAN0GHI08AY] HAHOYACMUHKU
2i0poh0bi3068aH020 KpeMHe3eMy ma MIKPOUACMUHKU 2I0pOp0oDI308aHO CMEApUHO80I0 KUCTIOMOI KapOoHamy
Kkanvyilo. Ha nioxnaoky noxpumms HAHOCURUCS NHEEMAMUYHUM CRocoboM. [ oyinoeanHs KOpPO3IUHOT

cmitikocmi  3pasKu  3aHyprO8aIUca y OUCMUTbOBAHY 600y MdA PO3YUH COJI.

Jlna  oyinosanHs 3MiHu

BAACTMUBOCEN BUKOPUCTIAHO KV 3MOYYBAHHS 800010 (MemoO CcUOsuoi Kpanii), CKaHyoud eieKmpoHHA
MIKPOCKONisL OJis1 CHOCMEPENCEeHHsL 3d CIMPYKMYPHUMU 3MIHAMU HA noepxHi. Enexmpoximiuna imnedancna
CNEeKMPOCKONisE ma NOMEHYIOOUHAMIYHI NOAPUZAYIUHI KpUsi OYIU SUKOPUCIAHT Ol OYIHKU KOPO3IUHO20

nomenyiany.
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Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

Pezynomamu. B pesynromami nokasano, wjo ompumaHi nOKpumms He € HOGHICMIO CMIUKUMU 00
mpuganoeo nepebysantns y 600i. OCHOGHUMU OedeKmamu € pPO3IMPICKY6anHs 1 30LMbUleHHA NOAAPHOCTI
nosepxui. ILle npuzsooumv 00 nAdiHHA Kyma 3MOYYBAHHA 68000w. Jlodamkose nocipuieHHs
60008IOUMOBXYBANLHUX BACIMUBOCIEN NOACHIOEMbCA 3MEHWEHHAM a02e3ii noaimepy 00 HANnogHI08aYA.
32i0no 0ocniddiceHb NOMeHYiany camoKopo3ii HaUOIIbW CMIUKUM 8UABUBCS 3PA30K 3 HAUOLILULOIO KITbKICIO
MIKPOPO3MIDHO20 HANOBHIO8AYA | MIHIMAIbHUM 6MicmoM nonimepy. /s yvoeo 3paska makodc He
cnocmepieanocsa empamu 2i0opogpooHUX racmueocmelt nNicisk MpUAIO20o 3aHYpents 8 KOpo3iliHe cepedosuuye,
Xoua Ha NOBEPXHi YMEOPUNUCA MPIUHU.

Haykosa nosusna. Bnepue noxaszano, wo 015 aOumugHuUX NOKpUmMmia, 00epiHCAHUX NHeBMAMUYHUM
PO3NUNIEHHAM, 3 IEPAPXIUHOI0 CIMPYKMYPOIO NOBEPXHI MOJICIUGI CYMMES] 3MIHU KOPO3IUHOI cmilikocmi 8
3ANeHCHOCI 810 PPAKYILHO20 CRIBGIOHOULEHHS MIKPO- MA HAHOPO3MIDHUX (DOPMYIOHUX MEKCIYPY YACTMUHOK.

Ilpakmuuna 3uauumicms. Po3pobreno cxiad aoumugHo2o NOKPUMMS HA OCHOBI CHUPOI-
aKpuiogozo nolimepy ma CMPYKMypoyMeEoprwyux YaCmMuHOK, 5Ke Xapakmepuzyemvbcs Ni08UWEeHO0
NPOMUKOPOIIIHOW 30AMHICIIO 30 PAXYHOK CNIGGIOHOUIeHHS (PpaKyitl, wo 00360J5€ Chopmy8amu CMpyKmypy
3 BUCOKOIO CMADINbHICMIO B000GIOUWMOBXYBAHHS.

Knrouoei  cnosa:  ciopogobuicms,  mexcmyposane — NOKpumms;, — KVM  3MOYYBAHH,
80008I0UIMOBXYBATIbHI NOKPUMMISL, KOPO3isl.
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SANPOITYEMO A0 CIIIBPOBITHHUILITBA

KuiBchbkuii HaIllOHAIBLHUM YHIBEPCUTET TexHOJOrli Ta nuzainy 3 19.04.2021 p.
BUJIAa€ TIEpIOAMYHE HayKoBe BHUJaHHS «TexHoyorii Ta 1HXUHIPUHI», SKE €
MPaBOHACTYNMHUKOM BUJaHHA «BicHuk KuiBCbKOro HalllOHAIBHOTO YHIBEPCUTETY
TEXHOJIOTIM Ta Au3aiiHy», SKUH y CBOIO uepry OyB NpaBOHACTYIHHMKOM BHJAHHS
«M3BecTusa BbICIIUX Y4eOHBIX 3aBe/leHUM. TEXHOJOTHS JIErKOW MPOMBIIIIICHHOCTHY,
kUil BuaaBaBcs 3 Oepe3nst 1958 poky y KuiBcbkoMy T€XHOJOTIYHOMY 1HCTHTYTI JIETKOT
npomuciaoBocti (CPCP).

Kypnana «TexHosoril Ta iHKUHIPUHI» — PEIEH30BAaHUN HAYKOBHUM KypHal 3
BIIKDUTHM JOCTYIIOM, MPU3HAYCHHWH ISl IMyOJmiKaiii OpWTriHaJIbHWUX, 1HHOBAIIMHUX,
HOBITHIX Ta BHCOKOSKICHUX HAyKOBUX CTaTeld 3 IMMPOKAM CHEKTPOM OXOILJICHHS
mpo0JeM, OB’ I3aHUX 3 PO3BUTKOM JIETKOT TPOMKCIIOBOCTI Ta CIIOPITHEHHUX 1 CYMDKHHIX
ranyzeil. Jlo Apyky NpuiiMaroThCsi CTaTTi, sIKi He OyJM OIyOJIiKOBaHI paHilie 1 He
PO3IIISIAIOTHCS B 1HIIMX BUAAHHAX, @ TAKOX MArOTh MIPUHITUIIOBE HAYKOBE, TCOPCTHUHE
Ta MPAKTUIHE 3HAYCHHS Ta € PE3yIbTaTOM OPHUTIHAIIBHUX HAYKOBUX JIOCITIKEHb.

TemaTu4Ha cIpSIMOBAHICTD KypHAJLY « TexXHOI0rII Ta iIHXKUHIPUH !

« CEKIIA: IHOOPMAILIIMHI TEXHOJIOI'I, EJTEKTPOHIKA, MEXAHIYHA
TA EJIEKTPUYHA IH)KEHEPIA.

« CEKIIA: MATEPIAJIO3HABCTBO IHJIYCTPII MOJH, TEXHOJIOIII
BUPOBFHUI|TBA TEKCTHUIIIO, OLHATY TA B3VTTA.

« CEKLIA: XIMIYHI TA FIOPAPMAILIEBTUYHI TEXHOJIOI'IIL

BunanHsi opieHTOBaHe Ha HAYKOBIIIB, BHKJIAJadiB, acIipaHTIB, CTYJCHTIB, a
TAKOX HAYKOBO-TIPAKTMYHUX TPAIIBHUKIB 1 (axiBI[iB BIJAMOBIIHUX Taily3ei
MTPOMHMCIIOBOCTI.

[lepioguunicTs BuAaHHs — 6 pa3 Ha pik. KypHan BUJAETHCS CTATTI YKPaiHCHKOIO
Ta aHTJIIACHKOI0 MOBaMHM, aHOTallli — YKPaTHCHKOIO Ta aHTJIIMChKOO MOBaMHU. MaTepiaiu,
10 HAJIXOJATh JJIsl MyOJIKalii B JKypHasi, MPOXOJATh PEICH3YBaHHS 3 OOKY 4YJICHIB
pPEeIaKIIHOT KOJIETrii, po3riIsaaloThCsl Ta peKOMEHAYI0Thes BueHotro panoro KuiBchkoro
HaIllOHAJIPHOTO YHIBEPCUTETY TEXHOJIOTII Ta TU3alHy 10 JPYKY.

AJIPECA PE)];AKIIIi: 01011, m. KuiB-11, Byn. Mana llIusiHOBCBKa, 2,
kopr. Nel, xim. 1-0347, (044) 256-21-39

CrarTi npuiiMalThCsl HA MOYTOBY CKPUHBKY: Vistnuk@knutd.edu.ua.

BankiBcbki pexBi3uTH BUAaHHSA «TeXHOJOTIT Ta 1HXUHIPUHDY AJS NepepaxyBaHHA
OIIATH 32 MyOJiKalilo HaAykKoBoOi crarTi (Baprticth 1 cTrop. ¢popmary A4 KomrTye
65 rpH, a 1 gpykoBaHoro npumipuuka 200 rpx):

OnepskyBau: KuiBchbkuil HaIllOHAILHUM YHIBEPCUTET TEXHOJIOTIN Ta qU3aiiHy

Kox €IPTIOY otpumysaua: 012070890

bank orpumyBaua: JIKCVY y M. Kuesi

Kon 6anky orpumyBaua: 820172

PospaxynkoBuit paxynok: UA038201720313251003202003551

Ipu3znauenns miaarexy: [1.Ib. (aBTopa (-iB) my0umikaiiii) — TexHIuH1 HAYKH.
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