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CEKIUA I: EKOJIOTTYHU TA EHEPTETUYHUN
MEHE/[)KMEHT I MOHITOPUHT

PO3BUTOK AI'POBIZHECY YKPATHU Y IOBOEHHUI YAC

Bypno O.I'., 1.1.H., npodecop
OoecvKkuti HayioHATLHUL MexHoI02iYHul YHigepcumem, m.(Odeca

VY noBoeHHUII yac Oe3mneka, He3aJIeKHICTh Ta CAMOCTIHHICTh KpaiHu Oy 1yTh
BU3HAYATHUCS PIBHEM BIHOBJICHHS 3pyHHOBAHOI IHAYCTPii YKpaiHH, CTpATETIEI0
CTBOPEHHSI HOBUX 1HIYCTpiaJIbHMX 0a3, MPaBUILHUM BHUOOPOM MPIOPUTETIB. A
1€ 3aBJIaHHS MPOTHO3HOTO MOJIETIOBAHHS, SIKE MAa€ 1CTOPUYHI KOpHi. MapHOT-
paTHUM PO3XiJ CUPOBUHHHUX Ta €HEPreTUYHUX PECypciB, IHTEHCHUBHE 3a0py/i-
HeHHs1 aTMocdepu, Tipocdepu Ta JiTochepu MPUBEIN JIIOJACTBO JO TOCTPOi
rio0anbHOi Kpu3u. Taka Kpu3a MPOTHO3YBajlach y PI3HUX MOJIEISAX PO3BUTKY
moacTBa. Cepell TakuxX MojeNield BUIUISIOTHCS 3anpornoHoBadi 100 pokiB Tomy
ks Kouapareepa [1]. CTBopeHa Ha OCHOBI CHCTEMHOTO JOCIITKEHHS CBITO-
BO1 TEXHIKH Mojieih KoHpaTheBa y3aranbHuUIA TEPIOIN ACTIpECii, Kpu3, CIaiB
Ta OypXJMBUX POCTIB y Pi3HI €Tanu po3BUTKY JitoAcTBa. [lepioau pocty Ta cna-
Iy XapaKTepU3YIOThCS JOBTOIO JCHPECIEI0, KPU30I0, KA CYMPOBOIKYETHCS pe-
BOJIIOIISIMM, BilfHAMU, BEJIMKUMH COIllaJbHUMU HOTpsACiHHAMU. OmHAK KpH3a
3aBX/IM 3aKIHYyBajach 1HHOBALIMHUM PO3BUTKOM Ha 0a3l HOBHX TEXHOJIOTIi.
[TounHaBcst mepio pocTy, MIIHUNA HayKOBO-TEXHIYHUI MpoOTpec, KUl cTadii-
3yBaB Ta 0ajaHCYyBaB €KOHOMIYHI Ta COI{AIbHI MPOIECH. Y ChOTO PO3MIISIHYTO 6
UKIIIB (YKJIAiB), IO XapaKTePU3YBAIUCh 3arajlbHUMH O3HAKaMH, 3araJlbHUM
KITIF040BUM (pakTopoM. [louaTok moctoro mukiy nporHosysascs 3 2014-2025p.,
a xinenp y 2045poii. TyT MaloTh po3BUBAaTHUCS KOHBEPIeHIlis HAHO-, 010- Ta 1H-
dbopMaIliitHUX TEXHOJIOTIN, a KIYOBUM (DAKTOPOM MM BBAKAEMO TiOpUIHUN
nBuryH. KoskeH LUK BiJIpi3HIABCSA (DIarMaHCHKUMM rajy3siMU, SIK1 JUKTYBaJIH
3aBJaHHSI 1HITUM. BaKIIMBO, 110 CHOTOJIHIIIHS CBITOBA €KOHOMIYHA KpH3a MPO-
THO3YBaJIACsl JOCUTH TOYHO. 3HAYHO Mi3HIIIEe BUHUKIIA CX0Ka MOJAENb 1HIYCTpI-
QIBHOTO PO3BUTKY JIIOJICTBA, KA KOHIIETITYaJIbHO OBTOpIoBaja mukin Konmpa-
THEBA.

BaxxnuBo BCTaHOBUTHM il rany3l €KOHOMIKH, SIKI MalOTh CTaTU MPIOPUTET-
HUMHM. 3BEpHEMOCS JI0 TJI00AIBHOT MPOrHO3HOT Mojieli «PuMcbkoro kiryoy» [2],
3a SIKOT BU3HAUYMMO KOHIIENTYyallbHI cTaHoBHIIA (Tab. 1).

Ta6anns 1 - Ilepioau ¢gopmyBanHs r7100a1bHUX KpU3 Moaei «PHUMCBKOro Kiyoy»

Kpuzn ITepionn
Po3Butky Pocry Cra0binizami
Eneprii 1970 - 2000 2000 -2020 2020-2030
Exomnorii 2010-2030 2030-2050 2050 -2070
Dxi 2040-2060 2060-2080 2080- 3000




Bungno (ta6n.l), mo k1r09oBUMHU MpoOIEeMaMH JTFOACTBA IOTO CTOJITTS
OyIyTh «EHEprisi — eKOJoris - DKa». BupimeHHs mux npoOieM — 3aBJaHHS ar-
poripoMucioBoi cepu. [HCTpyMEeHTH TX BUPIIICHHS] BUBHAYUMO 13 PO3TISTHYTUX
BUIIE MOJIeJIeH 1HAYCTpiaTbHOTO PO3BUTKY. Lle — HaHO-610TeXHOMIOT1].

Bpakae TOUHICTh IPOTHO3Y Cy4acHHUX IMPOOJIEM, BOEH, CBITOBOI MOXKEXKI,
TEpOpU3MYy, IPOTECTIB. A 1€ MiJICTaBa JOBIPATH 1 NMEBHUM LUISIXaM BUXOIY 3
KpU3M HaIIOro €Tany: KOHBEpPreHIlls HaHO- Ta 1HQOpMalIMHMX TEXHOJIOTIH.
Cx01 BHCHOBKHM BHIUTMBAIOTH 13 BIJOMOI MOJENl 1HIYCTPIAJbHOTO PO3BUTKY
mrojicTBa. ba3oBi qoCATHEHHS B HayIll Ta TEXHII BiAOYBaIOThCS MPUOIHU3HO /IBI-
Y1 y CTOJITTI.

[Tpornosyetnest (Tabm.1), mo y 2030 pori JOACTBO OYIKYyE HA TOCTPY
eHepreTuuHy Kpu3y, 10 2060 — exomnoriuny, a 70 2090 — kpu3y ixi. Bei mi mpo-
0JieMH HaMsCKpaBille BUSABJISIOTHCS B arpolpOMHUCIOBOMY ceKTopi. OTxe, eKo-
Homika AIIK Ykpainu Oyae npiopuTeTHOIO y BUXO/1 3 II€T KPU3H, 1 IPIOPUTET-
HUMU OynyTh 010- HAHO TE€XHOJIOTIi. € HOBUN HAMPAMOK Y HAaHOTEXHOJOTISAX —
BIUIMB HAa HAHOPO3MIPHI €JIEMEHTH POCIMHHOI CUPOBUHU [3], OOIpyHTYBaNH i
MEXaH13M B3a€MO/I1i HAHOPO3MIPHUX €JIEMEHTIB POCIMHHOI CUPOBUHU Ta €JIEKT-
POMArHITHOTO TOJIsA. IHCTPYMEHTOM BIUIMBY € MIKPOXBUJIBOBI JKepesia eHeprii.
[TokxazaHo, 110 MOXKJIMBO 32 PaxyHOK CEJICKTHBHOIO MiABEACHHS €HEprii 10 Ha-
HOPO3MIPHHUX €JIEMEHTIB (MOJEKYIH BOJU, OOOJIOHKHM KIITHH, KamUIgpu, Ta
1HII.) 3MIHIOBaTH CTPYKTYpY HPOIYKTY.

Hapasi, nmocmiipkeHHsIM MPOIECiB MIKPOXBUIILOBOT 00pOOKHU Pi3HOT CHUPO-
BUHU Yy CBITI IIUPOKO 3aiiMar0Thcs. OueBrHgHA MO3UTUBHA TEHICHIIS Ta PI3HO-
MaHITHICTb 00'€KTIB AOCIIKeHb. HaroJyomyerbcst Ha JOIIBHOCTI 3aCTOCYBaH-
HS MIKPOXBWJILOBUX TEXHOJIOT1M 3 METOIO iHTEHCHU]IKAIlll IPOIIECIB IEpEHECeH-
Hsl, TOJINIICHHS SKICHUX XapaKTEpPHCTHK TOTOBOIO MPOAYKTY. Aue, BIIACYTHI
TEOPETUYHI OCHOBU HMPOIECIB B3a€MOJIl €JIEKTPOMArHITHUX IOJIB 13 CUPOBHU-
Hoto. Hemae pexoMeHaaili 1moa0 KepyBaHHS MapamMeTpaMmH eJIeKTpOoAruHaMIy-
HUX cUCTeM. BiIoMi AOCIIPKEHHS] 0OMEXKYIOThCS JIMIIIE JJaOOPaTOPHUMU CTEH-
JaMH.

B na6opatopii «Xapuyoux Hanorexuosoriii» OHTY po3po6iaeHo HOBITHI
TEXHOJIOT1i, SIK1 y MOBOEHHUHN Yac arpo0i3HEC MOXKE 3ayYUTH JO BIPOBAIKEH-
HsI, HAJaroJAWTH BUTOTOBJICHHS B YKpaiHi IHHOBAIlIMHUX IPOIYKTIB: Oaib3aMiy-
HOTO OIITY, PIAKO1 KaBH, Koeoto, kKodeiHy, piakoro numy, eipHUX O, KOH-
HEHTPATIB COKIB Ta €KCTPAKTIB 13 BMICTOM CYyXUX KOMIOHEHTIB 10 94% IHHO-
BaIllIMHUN MUISX PO3BUTKY HAHOTEXHOJOTIA XapYOBUX BHPOOHHIITB — I1€ KOMOi-
HOBaHA Jisl MIKPOXBUJILOBUX, BAKYYMHHUX Ta THIIMX TEXHOJIOTIM IJis peanmizanii
edekTiB «Mexanoaudysii», opraizaiii riOpuIHUX TPOLECIB.

Cnucok BUKOPUCTAHOI JiTepaTypu

1. URL: https://www.banki.ru/wikibank/volnyi_kondrateva/

Meadowsetal. Thelimitstogrowth: a report to the club of rome. — 1972.

3. Burdo O.G. Nanoscale effects in food-production technologies. Journal of Engineering
Physics and Thermophysics. 2005, 78(1), 90-96.
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PO NMEPCNEKTUBU MUIBUINEHHS
EHEPTOE®EKTUBHOCTI TA EKOJIOTTYHOCTI
CYJHOILTABCTBA

Boiunos O. I1., 1.1.H., CamoxBaJioB B. C., x.1.H. KooanaBa I'. O., k.T.H.
Xepconcokut HHI HYK imeni aomipana Makaposa, m. Xepcon

[HayCcTpist CyHOIUIABCTBA ICHYE MPOTSATOM CTOJITH 1 3a0e3medye nepeBe-
3€HHS TOBapiB 1 MacaKUPiB BOJHUMU HuIsixamu. OAHIE0 3 TPOOIeM CyHOIIIAB-
HOT Tally3i € ii 3HaYHUN BHECOK y TyioOanbHe 3a0pyaHeHHs. Tak, Ha 11 BUKHI
CO, nmpunamae nmpubauzHo 3—4% ycix TI00aTbHUX BUKHUIB, - Taly3b MIOPIYHO
BHUKHUJA€ OJIM3HKO | MIIPI TOHH BYTJICKUCIIOTO ra3y. SIkOM MIKHapOIHE CYTHOII-
JaBCTBO OyJ0 KpaiHOIO, BOHA Oyiria O Ha IMIOCTOMY MICHI cepell Hal3IiCHIIINX
3a0pyaHioBayiB atMochepu, odirnasmm Himeuunny. Bukua gi0KCHIY BYTJICITIO
3aB/la€ IIKOAM 37I0POB'I0 HACEJECHHA 1 CIpHsie TI00adbHOMY MOTEIUTIHHIO. 3a
HUHIIIHIX TEMITIB 3pOCTaHHS OOCSATY MOPCHKOi TOPTiBJI HMPOTHO3YETHCS HOTO
3poctanHs 710 2050 poky B 2,3 pa3u MOPIBHSIHO 3 CHOTOAHIIIHIM 00csroM [1].

[HIIMM €KOJIOTIYHUM BUKJIMKOM CYJAHOILIABHOI Taly3l € 3a0pyIHEHHS BO-
JI1 Ta MOPCHKOTO CEpPEIOBUIIA Yepe3 CKUM@HHA BIJIXO/I1B, BUTOKY MaJliBa Ta Ma-
ctui. Lle Bene mo mopyiieHHs: MOPCBKOI eKOocHeTeMHt, 3arubeni diaopu ta day-
HU.

Kpim Toro, mymoBe 3a0pyAHEHHS BijJ CYJHOBUX JBUTYHIB MOOJIU3Y TOP-
TiB MPHU3BOJUTH O JTUCKOMQOPTY HACENICHHS, HOPYIIY€E MOBEIIHKY MOPCHKUX
TBapHH.

3acTOCOBYIOYM HOBI, €KOJIOTIYHI TEXHOJIOT1i, Cy/IHOIJIaBHI KOMIIaHii 3Ha-
XOJISITh CMOCOOM HOM'SIKIIIMTH BIUIMB Ha JOBKULIS Ta 3a0€3MEYUTH €KOJIOTIYHY
CTIMKICTh Cy4aCHOI CYJHOINIABHOI ramty3i.

3arajibHOBIOMO, 1110 Mi>KHapoIHa Mopchka opraxizaiiis (IMO) nparue g0
0% BUKHIIB TApHUKOBUX ra3iB Bij cynHoruiaBcTBa a0 2050 poky, 1 BUCOKOTEX-
HOJIOT14HI CUCTEMH MOKIKKaHI 3pOOUTH MOPCHKY Taly3b €KOJIOTIYHO CTIHKOIO.

VY nepiry uepry 10 BACOKOTEXHOJIOTIYHUX CUCTEM BIIHOCITH eHeproede-
KTUBHI CUCTEMH, SIK1 3a0€3eUyI0Th CTIMKUN PO3BUTOK Tajy3i MpU MiHIMI3amiT ii
MIKIJIJTABOTO BIIMBY Ha HABKOJMIIIHE cepepoBHine. MiXHApO HI BUMOTH II0JI0
3a0e3mneueHHs] eHeproeeKTUBHOCTI cyaeH, npuitHaTi IMO, € HalBaXJIUBIIINM
THCTPYMEHTOM JIJIsl 3a0€3MeUYeHHsI CTIMKOTO MalOyTHHOTO Il MIXKHAPOJIHOTO
CYJTHOTIJIABCTBA.

Jlo TeXHOJOTiH, 10 3a0e3MeUy0Th €HEProe(PEeKTUBHICTh CYTHOIIJIABCTBA
IIPY €KOJIOTTYHIN CTIMKOCTI, HaJIeXKaTh TaKi.

1. IlpakTuka OpoCTOro pyxy CyJeH Ha OUTbII HU3bKINA MIBUIKOCTI, 3HAYHO
MEHIIIH 3a X MaKCHMaJlbHy HIBHUJIKICTh, SKa 3JaTHA 3HAYHO 3HU3UTH BUTpPATy
najuBa Iij yac peuncy.

2. Po3po0Oka O1bln epeKTUBHUX KOPITYCIB CY/I€H, - (popMa Kopmycy Kopa-
05 Ge3mocepeHhO BIUTMBAE Ha €(EKTUBHICTH HOTo poOOTH, a ONTHUMAILHO
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CIPOEKTOBAHUM KOPITYC MOXKE 3HAYHO 30UIBLINTH MIBUAKICTh Ta CKOPOTUTH BU-
TpaTy NajauBa.

3. OnTumizartis peicy, - cydacHi TEXHOJIOTII JO3BOJISIOTh MPOTHO3yBaTH
MOTOAY Ta WMOBIPHI MOPCHKI YMOBH 3 BHCOKOIO TOYHICTIO, pOOJISTUN TIJTaBaHHS
HabaraTo O0€3MeYHININM 1 epe10avyBaHIIIIM.

4, TTinBuieHHs: €(pEeKTUBHOCTI CHUJIOBOI YCTAHOBKH BaHTaKHUX CYJECH —
HalKpauui croci0 3HU3UTH BUTpATy NalvBa Ta BUKUAU OKCUIIB BYTJCIIO, JJIs
YOTr0 ChOTOJIHI JIOCTYyITHA HHU3KA 1IHHOBAIIMHUX TEXHOJIOT1MH.

5. 3HWKEHHSI BUTPATH MaluBa — €PEKTUBHUM criociO ISl CyAHOIIJIABHUX
KOMITaH1i CKOPOTUTH BUKHU]IA OKCUIIB BYTJICIIIO.

6. Bukopucranna cuctemu ¢uibTpamii Ha TpyOax 1 BUXJIONaxX CYJACH
(ckpyOepu) 1151 3HWIKEHHS TITKIIJTUBUX BUKH/IIB.

/. 3acTOCyBaHHSI TEXHOJIOT11 OUMILIEHHS OAIACTOBUX BOJ, 110 3aM00Iral0Th
TIOTIATAHHIO 3a0PYIHIOIOYHMX BOJ] Y MOPCHKY BOY.

8. BukopucTanHs HH3BKOBYTJICIICBOTO Ta aJbTCPHATUBHOIO TIaJIMBa
(3piKeHU MPUPOAHUN Ta3, METAHOJ, amiak, O10MaJIMBO, BOJICHB, CJICKTPHUKA,
TOIIIO).

9. YaockoHasieHa KOHCTPYKIIisi TPEOHOT0 TBUHTA 3HIKYE BUTPATY MaliiBa
110 4%; IpUCKOPIOIY1 HANTPSIMH1 HACaAKU 301MIBIIYIOTH EKOHOMIIO TTAJIMBA III€ Ha
5% 1, SIK HACHIAOK, CKOpOUyt0Th BUKUIH NO, Ta COy.

10. Cucremu nositpsiHoro mactuina Air Bubbles i Hosi dhapOu s kopiry-
CY 3MEHIIYIOTh TePTS Ta EKOHOMJIATH 10 8% manuBa.

11. JIurynu 3 noctiiHuMu MarHitam# (PM) 3a0e3nedyroTh HOJIMIICHY
MaHEBPEHICTb, 3HIXKEHHSI IIyMY Ta OUIblI BUCOKY €(DEKTHUBHICTh CHUJIOBOI yCTa-
HOBKH, CKOPOYYIOUHN SIK CITOKMBAHHS €HEpPrii, TaK 1 BUKUIU B HABKOJIMIIHE CE-
penoBuiIe.

12. 3actocyBaHHsI TIOpUIHIX CHUIIOBUX YCTaHOBOK, IO MPAIIOIOTh 3a JI0-
MIOMOTOI0 €HEprii BITpYy Ta CoHIls, o0iistoTh 3Hm3uTH Bukuan CO, mo 90%. Lli
CUCTEMHU ampo0OBaHI B YCbOMY CBIiTi, aj€ Ha ChOTOJMHI HAWOIIBII
OaratooOirsrounM KoHIenToMm € Ro-Ro cyano Oceanbird, moOynoBane mBeach-
Ko10 cyaHoOyaiBHOW kommaniero Wallenius Marine 3 m'stema 80-mMeTpoBuMHM
IOTJIaMH Ta KapOOHOBUMHM BiTpriiamu. HaitOuTbuii BITPUIILHUK IEPEBO3UTHME
1o 7000 tpancriopTHUX 3ac00iB uyepe3 ATIIaHTHYHUI OKeaH 3a 12 nHiB. Benuki
3BuvaitHi RORO cnokuBaroTh B cepennboMy 40 TOHH manvBa Ha J€Hb, BUPOO-
ssiroun 120 torH CO», 110 ekBiBasieHTHO moi3ani aBromo0Oiizem Ha 270000 Muiib.
Oceanbird Buniiatume Ha 90% menme CO,, Hix 3BHuaiini aBiaHocui. OqHaK
BiH HE Oy/ic TIOBHICTIO BUIBHHMH BiJ] BUKH/IIB, TOMY IO BiH, SIK 1 paHilie, BUKOPH-
CTOBYBaTHMME JBUTYHHU IS MAaHEBPYBAaHHS B TOpTax i 3 TOPTIiB, a TaKOX B
aBapiiHuX curyarisx. [locTauanHs cynHa 3amiaHoBaHO Ha Kiners 2024 p. [2].

Karamapan Turanor PlanetSolar, noGynoBanuii Ha Bepdsax Knierim
Yachtbau B Kini, Himeuunna Ha sikomy BcTanoBieHo 29000 consunux OGaTapeit
cymapHoto momiero 500 MZ, IIBU/IIIIE 32 BCI 1HIN CyJIHAa Ha COHSYHINA TA31
YCHIITHO OOITHYB 3eMHY Kyiro 3a 584 mwi. [licias mMoaepHizalii pyxoBoi ycra-
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HOBKHM Turanor PlanetSolar 3ymiB mominmuTy CBii CBITOBHIA peKOPJI 1 BCHOTO 32
22 nH1 IepeTHYB ATIAHTUYHUN OKeaH. B maHWi 4ac CyTHO BUKOPHUCTOBYETHCS
SIK MOpCBHKa IIaBy4a HayKOBO-JOCIiTHA J1abopatopis npu YHiBepcurteTi JKene-
BH.

TexHiuH1 1HHOBAIIT Ta MEPEJAOB1 TEXHOJOTI JI03BOJISIIOTh CTBOPIOBATH ar-
perati CyJHOBHX E€HEPreTUYHUX YCTAaHOBOK, SKI MaKCHUMAJIbHO ONTHUMI3YIOTh
BUKOPHUCTaHHs eHeprii Ha cynHi. Ile BkiItodae B cebe po3poOKy ehEeKTUBHUX
MEXaHI3MIB TeHepallli, po3MoJAlUly Ta BUKOPUCTAHHS CICKTPUKH, a TaKOX
ONTHUMI3allil0 MPOIECIB YNPABIIHHI Ta KOHTPOIK €HEProCHOKMBAHHS. 3aB/IsSKH
M1BULIEHHIO €HeProe(PeKTUBHOCTI, CyJHA MOXKYTh CKOPOUYBATH BUTpPATY Majlu-
BA, 3HIKYBATH BUKHIA 3a0pyIHIOIOYMX PEYOBUH 1 CIPHUATH EKOJOTIUHIN
CTIHKOCTI.

BrpoBamkeHHsT CydacHUX CYTHOBHX €HEPrOyCTAHOBOK Y CYAHOILIABCTBI
npuHOCUTH Oe3miy mepeBar. Hacammepen, Taki cTaHiii 3a0e3MedylOTh BUCOKY
HAJIMHICTD 1 cTaOUIBHICTh poOOTH cyAeH. [HTerparlis pi3HUX KOMIIOHEHTIB, Ta-
KHX K T€HEpaToOpH, €JIEKTPOABUTYHHU, IIPUCTPOi 30epiraHHs eHeprii Ta 3aco0iB
YIpaBIiHHS T03BOJISIE CTBOPUTH THYUKI 1 pi3HOrabapuTHI pilIeHHs, 31aTHI OyTH
IPUCTOCOBAHMMU JI0 PI3HUX YMOB €KCILTyaTarlii.

[HII0I0 BaXIIMBOIO TIEPEBArol0 MOYKHA BBAXKATH 1X BHECOK Yy 3HUKCHHS
€KOJIOTIYHOTO BIUIMBY IUIaBaJIbHUX 3aco01B. [lepexi Ha OuibIn epeKkTUBHI Ta
€KOJIOTIYHO YHUCTI €HEepreTUYHi JpKepesa, Takl K TIOpUAHI Ta EJeKTPHUYHI,
JI03BOJISIE 3HU3UTU BUKHUJIM PEUOBHH, 1110 BIUIMBAIOTH HA HABKOJMIIHE CEPEJIO-
Buie. e oco6iMBo akTyanbHO B CBITIII TJIOOAIBHMX 3yCHIIb 11100 OOPOTHOU 31
3MIHOIO KJIIMaTy Ta OXOPOHH HABKOJIMIIHHOIO CEPEAOBHILIA.

3aBASKM 1HHOBAIIIHAM TEXHOJOTISM 1 TI1ABUILIEHHIO €HEeProeeKTUBHOCTI
nigsumyetbcss KKJI cyqHOBHUX €HEProyCcTaHOBOK, 3HIKYIOTHCS BUTpATH Ta
HETaTHBHI BIUTUBU Ha HABKOJMUIIHE CEPEIOBUIIIE.

Cnucox BUKOPUCTAHOI JiTepaTypu

1. JleB’ATHaaUATH KpaiH JOMOBWINCS CTBOPUTHU «3€JI€HI KOPUIOpH» CyqHOIUIaBcTBa [Enek-
tporHuit pecype| / [loptu Ykpainu.- URL: https://ports.ua /19-stran-dogovorilis-sozdat-
zelenye-koridory-sudohodstva/.

2. Sk HOBI MOPCBKI TEXHOJIOTIT 3MIHATH CyaHOIUTaBCTBO? [ EnexTponHMit pecypc] / Maritime
zone.-  URL: . https://maritime-zone.com/news/view/kak-novye-morskie-tehnologii-
Izmenjat-sudohodstvo.
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IIJISIXY NIJIBUIIEHHSA EKOJIOTTYHOI BE3NEKH
CYYACHHUX 3EPHOIIEPEPOBHUX KOMIIJIEKCIB

B.M. Tkauenko, acraipanT, O.1. 'anoHwok, 1.T.H., 1pod.
OoecvKuii HayioHanbHUli mexHoao2iunuu ynisepcumem, m.Odeca

EdexTuBHE ynpaBiiHHS MUJIOM € KIIOUOBUM €JIEMEHTOM 3a0e3MeyYeHHs
O€3IeKy Tpalll Ta BIAMOBIIHOCTI €KOJOTIYHMM CTaHIapTaM y MPOMHCIIOBOCTI.
Oco0nuBO TrOCTpOoIO € mpobieMa MWIOBHUAJIEHb Y BUPOOHULTBAX, A€ BLACYT-
HICTh HAJIEKHOTO 3HEMWJICHHS MOXXE MPU3BECTU 10 3a0pyAHCHHS HaBKOJIMIII-
HBOTO CEpE/IOBUINA Ta CTBOPEHHSI HEOE3MEUHUX YMOB Tpami. Y 3B’S3Ky 3 HHM,
TeMa CTBOPEHHS €(EeKTHUBHUX 3aC001B MIJIOMPUTHIYCHHS HA OCHOBI MEXaHIYHUX
IPUCTPOIB € aKTYaJbHOIO 1 BIJMOBiAA€ Cy4aCHHUM BHUMOTaM HPOMHCIIOBOCTI Ta
€KOJIOTTYHOI Oe3MeKu.

OCHOBHOI0O METOI0 JOCTIIKEHHS € Po3po0Ka IHHOBAIIMHUX METOAMK i
KOHCTPYKIIA MEXaHIYHMX HOPHUCTPOIB UId NUJIONPUrHIYeHHs. JlochimkeHHs
CIpsIMOBAaHE Ha MiABUIIECHHS €(PEKTUBHOCTI CUCTEM 3HEMUJICHHS Ta 3HM)KCHHS
€HEpro- Ta MaTepiaIOMICTKOCTI acIipaiiitHoro o0JaHaHHS.

JlociKeHHS! BKJIIOYA€ TPU OCHOBH1 €Tallu:

1. 3HIKEHHS] IHTEHCHUBHOCTI JPKEpes MUJIOYTBOPEHHS IIJISTXOM ONTH-
Mi3allii TEXHOJIOTTYHUX MPOIIECIB 1 BUKOPUCTAaHHS HOBITHIX MaTepiaiiB Ta KOHC-
TPYKIIIH.

2. 3MEHIIeHHS MTPOAYKTUBHOCTI 3aJUIIKOBUX MUJIOMOBITPSHUX TMOTO-
KiB Ha TPAHCIIOPTHO-TEXHOJIOTTYHUX JIHISX, 0 JOCATAETHCS IUISIXOM MOJIEPHI-
3aI1ii acmpaiiHiX CUCTEM.

3. CTBOpEeHHS CNIPSIMOBAHMX MOBITPSHUX MOTOKIB JJIs 130JISL11T MUY B
pobounx 30HAX, IO J03BOJIsA€ €(EKTUBHO JIOKATI3yBaTH MHJIOBHAUICHHS Ta
3MEHIIUTH BUKUIN Y HABKOJHUIITHE CEPEIOBUIIIE.

VY €spomi Ta CIIIA mpobiema 3HENWIIOBAaHHS BUPILIYETHCA 32 JOMOMO-
rOK0 CHCTEM 3 1HHOBALIIHUMU TEXHOJIOTISIMU, TAKUMHU SIK BUCOKOE(PEKTHUBHI (Pi-
JBTPALiiiHI CUCTEMH, €JIEKTPOCTaTUYHI 0CaHKyBaul Ta CUCTEMH LUPKYJIALIT 1MO-
BITpS 3 JOJaBaHHSAM 3BOJIOKYBauiB. Hampukman, cucteMaTHuHUN OTISA
Anlimah et al. (2023) nemoHCTpy€ YCHINTHICTh METO[IB 3MEHIIICHHS 3alHJICHOC-
T1 IUUITXOM KOMOIHYBaHHS MEXaHIYHUX Ta XiMIYHUX MeToAiB. Dong et al. (2023)
TakoX 3a3HaudaroTh, mo y CIIIA ta €Bpomi akTUBHO 3aCTOCOBYIOTHCS METOIU
KOMOIHOBAHOTO 3HEMWJICHHS 3 BUKOPHUCTAHHSM HOBHUX XIMIYHHMX CKJIAJIB, IO
3a0e3neuye miaBUIleHy e(EeKTHBHICTh 3HEMUICHHS Ta JOBTOTPUBATICTH 3aXUCTY
pobounx 30H. CydacHi METOJM BKJIIOYAIOTh CyX1 Ta BOJIOT1 3aco0U, 30KpeMa 3a-
CTOCYBaHHSI THTEJIEKTYyaJIbHUX CYXMX TyMaHHUX cucteM (Saurabh et al., 2022),
AK1 € eEKTUBHUMH B YMOBAX MPOMUCIOBUX MIANPUEMCTB, Ta XIMIYHUX 3aC001B
3 KOHTPOJIbOBAaHMUM BHBIUIbHEHHSM aKTHBHHUX PEYOBUH JIJIs1 OOPOTHOU 3 TTHIIOM Y
ckianaux ymoBax (Li et al., 2022).



BucHoBok. Po3poOka Ta BIpOBaKEHHS MEXaHIYHUX MPUCTPOIB AJIs MU-
JIOTIPUTHIYEHHS TO3BOJIMTH 3HAYHO 3HU3UTH OOCSATH BUKHUIIB MUY HA IMPOMUC-
JIOBHX MIAMPHUEMCTBAX, 3a0€3MeUyI0Ur THM CaMHUM €KOJIOT14HY Oe3leKy Ta 3Me-
HITYIOYH €HEProCrokuBaHHS oOmamHaHHa. OCHOBOIO JUIsl PO3BUTKY METOIUK
NUJIONIPUTHIYEHHS € I0CB1Jl Ta HayKoBl HampaitoBaHHs kadenpu TO3B OHTY,
110 JT03BOJISIE CTBOPUTH BUCOKOC(EKTUBHI Ta HAJIHHI acmipariiHi CUCTEMH JJis
M1IPUEMCTB 3€pHONIEPEPOOHOT ramy3i.

CnucoK BUKOPHUCTAHOI JliTepaTypu

1. Anlimah, F., Gopaldasani, V., MacPhail, C., & Davies, B. (2023). A systematic review of
the effectiveness of dust control measures adopted to reduce workplace exposure.
Environmental Science and Pollution Research, 30, 54407-54428. (link.springer.com)

2. Dong, H., Yu, H., Xu, R., Cheng, W., Ye, Y., Xie, S., Zhao, J., & Cheng, Y. (2023). Re-
view and prospects of mining chemical dust suppressant: classification and mechanisms.
Environmental Science and Pollution Research, 30, 18-35. (link.springer.com)

3. Saka, M. B., & Hashim, M. H. M. (2024). Critical assessment of the effectiveness of dif-
ferent dust control measures in a granite quarry. Journal of Public Health Policy, 45,
212-233. (link.springer.com)

4. Kabito, G. G, Tefera, Y., Ramkissoon, C., & Gaskin, S. (2024). Evidence-based dust ex-
posure prediction and/or control tools in occupational settings: A scoping review proto-
col. PLOS ONE, 19(10), e0309967. (journals.plos.org)

5. Saurabh, K., Chaulya, S. K., Singh, R. S., Kumar, S., & Mishra, K. K. (2022). Intelligent
dry fog dust suppression system: an efficient technique for controlling air pollution in the
mineral processing plant. Clean Technologies and Environmental Policy, 24, 1037-1051.
(link.springer.com)

6. Li, M., Wang, R,, Li, G, Song, X., Yang, H., & Lai, H. (2022). Comprehensive Chemical
Dust Suppressant Performance Evaluation and Optimization Method. International Jour-
nal of Environmental Research and Public Health, 19(9), 5617. (mdpi.com)

PO NEPCIIEKTUBHU PO3BUTKY
AJBTEPHATUBHOI EHEPTETUKU B YKPAIHI

O. II. Boinos, a.1.1., }O. I'. EJbKIiH, K.T.H.
Ooecbka depoicasna akademisi 6yoisHuymea ma apximexmypu, m. Odeca

ATaku Ha 00'€KTH €HEepPreTHYHOI 1HQPaCTPYKTYypu YKpaiHu B XOZ1 BIWHU
PreTUKN HE CTallM BUHITKOM, OCKUIBKU 1X YacTKa y CTPYKTypi BUPOOHUIITBA B
TIOBOEHHMI 4yac ctaHoBwia noHan 13%. Ykpaina B 2019 pori onuHumacs B me-
PIIiil TecsTI KpaiH 32 TEMIIaMH PO3BHUTKY «3€JIeHO1» eHepreTuku, a B 2020 porri
— B IepIIid m'STipii KpaiH €BpoIu 3a TEMITAMH PO3BUTKY COHSYHOI €HEPTeTUKH
[1].

[Tpote Bke Bocenu 2022 poky BUMYIIEHO OyJi0 BUBEJEHO 3 €KCILTyaTalii
Maii’e BCl BITPOB1 €IEKTPOCTAHIl 1 OJM3bKO MOJIOBUHMU COHSYHMX, Yepe3 IO
YyacTKa BITHOBIIIOBAHUX JHKEPEJ y eHeproOagaHci Brajga OUIbII HIXK YB1Yi.
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TenneHuii MCISIBOEHHOTO BiHOBJIEHHS E€HEPTETHYHOI 1HPPACTPYKTypU
HAIIO1 KpaiHH Ta I YaCTKOBOTO BIJHOBJICHHSI B3K€ CHOTOJIHI AUKTYIOTHCS CBITO-
BUMH TCHJICHIIISIMH Y 111 cepi.

[lepexin Ha anbTEpPHATHBHI JHKEpesia €Heprii — OJMH 13 OCHOBHHUX IILJISXIB
BUPIIICHHS MPpoOieMHu Tio0anpHOro notemnHHs. Lleit HanpsiMok HaOyB iCTOT-
HOTO PO3BUTKY Iicis mianucanHs [lapusbkoi kimimatudHoi yroau 2015 poky.
Hanpukinmi aunas 2021 poky yKpaiHCBKHM ypsifi TIPOTOJOCUB aKTyalbHY KIIi-
MaTU4YHy MeTy YKpaiHu — ckopoTUTH 110 2030 poKy BUKUIM MAPHUKOBHUX ra3iB
10 piBHs 35% nopiBHsHO 3 1990 pokom [2].

Mumnynoro poky €Bponeiicbkuii Coro3 Briepiie oTpuMaB OUTbIIe €Heprii 3
BiJTHOBJTIOBAaHMX JDKEpEJl, HK BiJ CrialtoBaHHS Ta3y. Uepes BIAMOBY BiJl pOCiii-
CHKOTO Ta3y MicJig MOBHOMACIITAOHOTO BTOPTHEHHS B YKpaiHy €Bpona cKOoHIIe-
HTPOBaHA HA IIBUJIKOMY CKOPOUYEHH1 OMUTY Ha HHOTO.

VY Toit xe yac B YKpaiHi BiIOyBa€eThCs MOCTYNOBAa BIIMOBA Bij BYTLLIA,
30KpeMa TakoX 4epe3 BiiiHy, — 3 1 cepmusa 2022 poky B €C HaOyJi0 YMHHOCTI
emOapro Ha iMnopt Byriyuis 3 Pocii. HacTka pociiicbKOro BYT1/UISI B CTPYKTYpI
cnokuBaHHs €Bpocoro3y craHoBuna 45%. Lli pakTopn MaroTh JaTH MOIITOBX
JI0 CTPIMKOT'O PO3IIMPEHHS «3€JIEHOD» EHEPreTUKH B €BpOIl, 30Kpema, B YKpai-
Hi [3].

[lepciekTBHUM A7 €BPONM € PO3BUTOK BITPOBOI €HEpreTuku. Tak oj-
HUM 3 MpPIOPUTETHUX MUTaHb OCTAHHBOI'O HacCy CTaJ0 OYyIIBHULTBO BITPOBOI
eniekTpocTanuii HaBkojo YopHoounscbkoi AEC, sika 3Moxke 3a0e3MeunT CBIT-
JIOM OJIM3BKO THCSYl JOMOTOCHOAapcTB. YKpaiHa Ta HiMeuunHa mianucaiu me-
MOpaHAYM TIPO CHIBIpPAIO Y OYMIBHUIITBI M€ €MEeKTPOCTAHIIIT.

B Vkpaini octanHi 15 pokiB akKTUBHO pO3BUBAJIACs COHSIUHA €JIEKTPOCHE-
pretuka. ¥ YopHoOuni 3 2018 poky nparitoe coHsiuHa enektpocranuis - "Comnap
YopuoOuss-1". Best Teputopis Hamoi KpaiHu MIAXOIUTh ISl PO3MILIEHHS COHS-
YHUX eJIEKTPOCTaHIliN. HalcnpusaTIMBIIIMME, OYEBUTHO, € TIIBICHHI PET10HHU, J&
OyJ10 CKOHILIEHTPOBaHO 1moHax 60% MPOMUCIOBUX COHSTYHUX €JICKTPOCTAHIIH.

3 okymnaiier KpuMy ta akTuBHUMHA OOHOBUMU JIISIMH Y MIBICHHOMY peri-
oH1 6arato CEC onmHmrcs abo B okynariii, a6o y dponTosiii 30H1. [Tonan 30%
COHSIYHMX €JIEKTPOCTAHI[I HA TUMYACOBO OKYIOBAHUX TEPUTOPIAX Oyno 3pyi-
HoBaHo. Kpim Toro, 3pyitHoBaHo nonaz 25% npuBataux CEC.

Tomy AOIIUIBHO CHOTOJHI PO3BMBATHU BITPOBI €JIEKTPOCTAHINI, SKi, KPIM
TOTO, Ha BIMIHY BiJ] COHIYHUX, MOXYTh IMPAIFOBATH 1 BHOYI.

3aranmom B Ykpaini 6mau3bpko 40% TepuTopii mpugaTHi I TeHEPYBaHHS
BITPOBOI €Heprii. ¥ cepeAHbOCTPOKOBIN MEPCHEKTHBI MOKHA PO3BUHYTHU TMOTY-
YKHICTh BITPOBHX eJIeKTpocTaHlii 10 piBHA 20-30% BChOrO CHOKMBAHHS €JIEKT-
PHUKH B KpaiHi.

Hanpukinii tpaBusa 2023 poky Oyna BBeAeHa B Ait0 Tuiiryiabcbka BITpo-
eJIEKTpOCTaHlisl B MUKOJIaiBChKiM 00J1acTi, — Mepila y CBITI BITPOBa €JIEKTPOC-
TaHIis, NoOy10BaHa Mij yac Biiinu. [i 6yiBHULITBO € NEPIIMM KPOKOM y JOCAT-
HenHi 1inel inimiatueu JITEK «30 go 2030», meTa sikoi — matu B Ykpaini 30
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I'BT BcTaHOBNIEHUX MOTYKHOCTEN BITHOBIIOBaHOI eHepreTrku 10 2030 poky.

[Ile omHUM HAMPSMKOM aJbTEPHATHBHOI EHEPTETHKH € BUKOPUCTAHHS Oi-
OMETaHy, OJIEPKYBaHOTO ILISXOM OUHUIICHHS 0l0orasy, 10 BUPOOISETHCS 3 Bijl-
XOJIIB Xap4yOBOi MPOMUCIOBOCTI Ta TBapuHHUITBA. Y 2023 poui nobmuzy [Ipu-
ayK B UepHIriBcekiii 00y1acTi Ha 610ra30BOMY 3aBOJIi BBEJACHO B EKCILIyaTalliio
O6iomeTaHoBH Moayib. [loTeHmian Ykpainu y BUpOOHHUIITBI Oi0MeTaHy, 3T1AHO
3 o1liHKor0 bioeHepreTruuHoi acorrialiii, BiIMOBIAA€ TPETHUHI JIOBOEHHOT'O CIIOXKH-
BaHHA ra3zy B Ykpaini. €Bpomneiicbkuii Cor03 TakoX Mae HaMip CTUMYJIIOBATH
PO3BUTOK 010METaHOBOI rajysi y ceoe.

[HmuM HanpssiMKOM € «3enieHnil atom». Ha mouarky mumnHsa 2022 poky
€BponapiiaMeHT MiATPUMAB MPOMO3UIliI0 €BpPOKOMICii Mpo Te, mo0d BBaKATH
MIPUPOHUN Ta3 Ta SAAEPHY SHEPTII0 «3EJICHUMI» Y CTIMKUMU HKEpellaMy eHep-
rii.

HaiirosoBHima Hama npo6jieMa y 1[bOMy HanpsiMi — L€ OKyHamis HaiO1-
a0 B €Bporni — 3anopizbkoi AEC, sika pu3Bena 10 mepedoiB y eIeKTporoc-
TayaHHI.

Awmepukanceka kommanisi Westinghouse Electric Sweden pomomarae
VYkpaiHi TOCSATTH €HeproHe3aJIeKHOCTI Ta IIICH AekapOoHi3alli 32 TOMOMOTOI0
anepHoi eHepreTuku. CiM eHeproOJIOKiB YKPaiHCHKUX aTOMHUX €JIEKTPOCTAHIIIN
y moromy 2023-ro Oyio nepeBefeHO Ha MaMBO I1i€l KommnaHii. Takox Hae po-
00Ta 31 CTBOPEHHSI BUPOOHUIITBA SIICPHOTO MajMBa B YKpaiHi 32 TEXHOJOTIEIO
Westinghouse.

V¥ 2022 pomi Ha Kondepenuii 3 BigHOBICHHS Ykpainu B JloHmoHi Oyio
npe3eHToBaHO EHepreTnuHy cTpareriio Yipaiam 10 2050 poky, BiANOBIAHO 110
AKO1 nepen0ayaeThCsi BIIHOBIIEHHSI €HEPTeTHYHOIO CEKTOpY 3a HailCyyacHIIIU-
MU TEXHOJIOTISIMU, 3MIITHEHHSI CTIMKOCTI CUCTEMHU Ta MOCUJIEHHS €HEPreTUYHOT
Oe3rnekn YKpaiHu 1 €BpONEeMChKOro KOHTUHEHTY B Luiomy [4] . KimtouoBe x 3a-
BIAHHS CTpaTerii — MepeTBOPUTH YKpaiHy Ha eHepreTUYHui Xxab €BpoImu, SKHii
JOTIOMOK€ KOHTHHEHTY OCTaTOYHO MO30YyTUCS 3aJIEKHOCTI B1Jl POCIMCHKOTO BU-
KOITHOTO MaJINBa 3aBISAKU «UUCTIA» €HEPrii, [0 BUPOOJIIETHCS B HAIIIIM KpaiHi.

Takox rmepcrneKTHBHUM HAIMPSIMKOM PO3BUTKY ajlbTEPHATUBHOI EHEPTETH-
KU € BUKOPUCTaHHS BOJHIO SIK MajuBa. Bo/leHb BBaYKAEThCS MaTUBOM MaiOyT-
HBOI'0, aJKe HE BeJIe /10 BUKHU/IB BYTJIEKUCIIOTO ra3y, TOMY IO MPOAYKTOM HOTro
3TOPSIHHS € BOJIa. Y BOJIHIO 3HAYHO BHUIIA €HEPTOEMHICTD, HIXK Y ra3zy, HapTH uu
Byrimns. [oro, 30kpeMa, BHKOPHCTOBYIOTh JUIsl ONAJICHHS OYiBelb, K MalbHE
JUTSI TPAHCHIOPTY, B IPOMHUCIIOBOCTI. 3a TaHUMH MDKHApPOIHOTO €HEPTreTUIHOTO
areHTCTBa, Ha BOJIEHb IpHmagae 0au3bko 2,5% KiHIIEBOTO €HEepProCnoKUBaHHS Y
CBITI.

2020 poky B €C npeszentyBasiiu «BogneBy crparerito» 1o 2050 poky. Y
2022 porti O0yJ0 3amyIieHo MJIaH M030aBJICHHS 3aJ€KHOCTI BiJ] pOCIHCHKUX €HE-
propecypciB REPowerEU. V nokymeHTax 3po0JIeHO aKIeHT Ha BUPOOHHUIITBO
«3€JIEHOT0» BOJHIO. YKpaiHa >k BU3HAUEHA MPIOPUTETHUM MApTHEPOM 3aBISIKU
MOTEHITiaTy BiIHOBIIOBAHUX JHKEpeN eHeprii [5].

12



VYkpaina Mae 3HaYHUN MPUPOJHUN TOTEHINANT, IO JO3BOJISIE BUPOOIATH
BiJTHOBITIOBaHMM BOjieHb. ChOTO/IHI B YKpaiHi po3po0stoTh TPOSKT Oy IIBHUIIT-
Ba 3aBOJIIB 13 BUPOOHUIITBA «3€JICHOT0» BOJIHIO HA MIBJIHI Ta 3aX0/1 KpaiHU.

HaBiTh B yMOBax BiiffHH «3€JI€Ha» €HEpPreTHKa X04Y 1 MOBUIBHO, ajie pyXa-
€TBCS BIIEpe, — OYAYIOThCS HOBI €JIEKTPOCTAHIIIT Ta BiTHOBIIOKOTHCS Ti, 110 OY-
JIY TIOIIKO/[KEH1 BHACIIIOK OOMOBHX [T, 3aITyCKAIOTHCS P13H1 TPOCKTH.

3aBIsKH CBOEMY INPUPOJHOMY IOTEHIIAly YKpaiHa Mae Bce HEOOXiIHE,
11100 MOCWJIMTH BIJTHOBJIIOBAHUMHU JKEPEIaMHU CBOIO €HEProCUCTEMY, a MOTIM — 1
€BPOTEHCHKY Uepe3 eKCIOPT HAJTUIIIKOBUX MOTY>KHOCTEH.

Cnucox BUKOPHCTAHOI JiTepaTypu

1. Emnepreruka Ykpainu 2024-2025 pokiB [Enextponnuii pecypc| / PazymkoB 1eHTp.-
URL: https://razumkov.org.ua/statti/energetyka-ukrainy-20242025-rokiv-u-tumani-
nevyznachenosti.

2. Kabwmin cxBamus ckopouenHs CO; mo 35% y pamkax Ilapuspkoi yroau [EnextpoHHmid
pecypc] / GMK Center.- URL: https://gmk.center/ua/news/kabmin-shvaliv-
skorochennya-co2-do-35-u-ramkah-parizkoi-ugodi/.

3. CsiT BX0oauTh B enoxy uucToi eHeprii [Eaxekrponnuii pecype] / Forbes Ukraine.- URL:
https://forbes.ua/news/zelena-energetika-zabezpechue-12-svitovikh-potreb-zvit-
12042023-13001.

4. Enepreruuna ctpareris [Enextponuuil pecypc| / MiHicTepcTBO €HEPreTHKH Y KpaiHu.-
URL: https://mev.gov.ua/reforma/enerhetychna-stratehiya.

5. Ilpobnemu Ta mepcrneKTUBU PO3BUTKY BiAHOBIIOBaHO! eHepretuku B 2024 poui [Enek-
tponuuit  pecypc] /  Jlira-3akon.- URL:  https://biz.ligazakon.net/analitycs/
227024 problemi-ta-perspektivi-rozvitku-vdnovlyuvano-energetiki-v-2024-rots.

YK 697.94;621.565

YAOCKOHAJIEHHA HEHTPAJIBHUX CUCTEM KOHAUIIIOBAH-
HA ITOBITPA

Kuxapesa H.B., k.1.H, gonent, Koryr B.O., k.T.H., IOLIEHT
Ooecvkull HayioHavHuli mexrono2iunull ynisepcumem, m.Qoeca

B ymoBax mpucCKOpeHHS HayKOBO-TEXHIYHOTO TPOTPeCy 3aBIaHHS Tif-
BUIIICHHSI €HEProe()eKTUBHOCTI CUCTEM KOHJIUIIIIOBAaHHS Ma€ BAXKIIUBE 3HAUYCH-
H$l, OCKUIBKH iX PIIIEHHS, OKPIM MIABUIICHHS €(DEKTUBHOCTI KamiTaIbHUX BKJIa-
JieHb, 3a0e31euye eHepro30epeKeHHs, EKOHOMII0 MaTepialliB, a TaKOX IMOKpa-
IIEHHS YMOB Tpalli JItoAe# 1 HABKOJIMIIIHLOTO CEPEAOBUIIIA.

Peanizarrist iHHOBaIIHUX TEXHOJIOT1H MOB’s13aHA 31 CTBOPEHHSM ITYYHO-
ro MIKpOKJIIMaTy MPUMIIIEHb, TOOTO 3a0€3MeUeHHS 1 MATPUMAHHS HEOOX1THUX
napameTpiB MOBITPSHOTO CEPENOBUINA, HA IO MIOPIYHO BUTPAYAETHCS TOHA]]
30% enepropecypcis, oTpuMaHuXx B kpaiHi. HeoOximHi mapameTpu MiKpoKiIimMa-
Ty 3a0e3MeuyloTh 1HXXCHEPHI CHCTEMH, CEpell SKUX BaXXJIMBA POJIb HAJICKHUTH
CUCTEMaM KOHIUITIFOBaHHS TTOBITPSI.
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VY aockoHaneHHs €(pEeKTUBHOCTI €HEPro30epeKeHHs € OJHUM 3 HaiBax-
JUBIIMX 3aBJaHb. MiHiMi3alis CyMapHOi BapTOCTI KamiTaJbHUX 1 €KCIUTyara-
IHHUX BUTpAT (IPUBEIEHUX BUTPAT) HAa 3a0€3MEUCHHS IIJIOPIYHOTO MIKPOKIIi-
MaTy B MPUMIIICHHSAX € YACTUHOIO IPOrpaMu €Hepro30epeKeHHs.

[Tpu pimieHHi 3a7a4 KOHIUIIIOBAHHS MOBITPS BUpIIIEHA TPUEAWHA MPO-
Oyiema — MiHIMI3aIlisl €eHeProCIOXKUBAHHS JIJI1 IOTPUMAHHS HOPMATUBHUX , Mi-
HIMI3allii0 IIKIJJIMBOTO BIUIMBY Ha €KOJIOT1I0 HABKOJHUIITHHLOTO CEPEAOBHIIA., Ta
M1JBHUIICHHS €KOHOMIYHOI €()eKTUBHOCTI.

OnTuMizallisi CHCTEMH KOHJUIIIOBAaHHS MOBITPs 0a3yeThCsl HA KOHKYPY-
10unX BIacTUBOCTAX cucteMu. Mojens CKII, mo BkiItoyae MaTeMaTuyH1 MOJe-
11 migcucteM. KoskHuit mpoiiec 1 CUCTeMi pO3TiIsIa€Thes K HiACUCTEMA 31 CBO-
iMH BX1THIMH Ta BUXITHUMU TTapameTpamu. MaremaTrndHa MOACIbh KOXKHOI ITi -
cucTeMu BKirovae: (puc.l)

1. oCHOBHI 3MiHHi, [0 BIUIMBAIOTh HA MPOLIEC KOHAUIIIFOBAHHS;
2. 3B'SI3Ky MK 3MIHHUMH Y BUTJISAI PI3HUX PIBHSHB;
3. oOMeXeHHS Ha TMpOLIeC y BUIIIAMI PiBHAHb a00 HEPIBHOCTEH, Yy Mekax

AKUX (PYHKIIOHYE MIJCUCTEMA, BUKOHYIOUHN CBOI TEXHOJIOTIYHI 3aB/IaHHS.
w
NY

BC3B cO

NY

NY [MNpumMiLEeHHA N e
1 b
/ co Q w

nce
at TY %—{ CB %—k*

W Qx Qz

Puc. 1 — Mogens onTuMizanii KOMIUIEKCY KOHIUIIIOBaHHS MOBITPS

[ICKII -mpurmueaa CKII; BCKII - BuTsxHa cuctema CKII; TY - temo-
yruiizatop; COX - cucteMa oxonopkeHHs; XY - xonoauiabHe noctadanus; C3
- cuctema 3BosiokeHHs; COC - cuctema ocymenns; CII - cuctema miairpisy; Q
- BUTpara tera abo xonony kBT, W - Butpara Boau kr/c; N — BUTpaTa €JIeKT-
poeneprii kBT

VY IOCKOHJIGHHSI TIEHTPaJIbHOI CUCTEMHU KOHAUIIFOBAHHS TIOBITPS Bi0yBa-
€THCSl 32 PAXyHOK BUKOPUCTAHHSA METOJIB 1 TEXHIYHUX PIMICHb IIOJO0 TMiABU-
IEHHST €)EKTUBHOCTI CHCTEM KOHIUIIIIOBAHHS MOBITPS 3 BUKOPUCTAHHSIM 1HHO-
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BaIlIHUX TEXHOJIOT1M - KOHTAKTHUX TEIJIOOOMIHHUX amapartiB JJIsi OYHUIIICHHS,
HarpiBy, OXOJO/PKEHHS Ta MATPUMKHU BITHOCHOT BOJIOTOCTI.

PosrasayTa po6oTa 6;109HOTO MEHTPATHLHOTO KOHAMUIIIOHEPA B €KCTpeMa-
JHHUX yMoBax. [y po3B’si3aHHS IILOTO MUTAHHS OYyJW 3aIPOIIOHOBAHI OJIOKH 3
©KEKTOPHUMH 3BOJIOKYBa4aMH Ta HarpiBayaMu TMOBITpPs, sIKI 3allOTEHOBaHI
JAHH1 TPAKTUYHI YIOCKOHAJICHHS CUCTEMHU KOHAMIIIIOBAHHS MOBITPS;

LenTpanbHUil KOHAMIIIOHEP MOAYJIBHOTO THUIY 3JaTHUM MpalioBaTH B
pexuMax OJIM3bKUM 10 KpUTUYHUX. JIJisi BUPIIIEHHS 1[bOTO MUTAaHHS Oy 3a-
MIPOTIOHOBAH1 CeIliadbHI MOIYJI, B SIKMX 3aCTOCOBaHI KOHTaKTHI TEII000MiH-
HUKH €XKEKTOPHOTO TUITy. 3aCTOCYBAHHS KOHTAaKTHUX TETJIOOOMIHHUKIB JO3BO-
Jsi€ B 3MMOBHI Yac JOJATKOBO MiAITPIBaTH MOBITPSI B KOHIUIIOHEpl. Y JITHIN
Yac MpH BEITUKUX HABAHTAKCHHIX BUKOPHUCTATH JOJATKOBO OXOJIOKEHE TTOBIT-
ps, a y BUIIQJKax 30UIbIIEHHS TEIUIOBOIO HAaBaHTaK€HHs BOASHY wiyry. IIpumi-
JIEHHO yBara (pinbTpailil MOBITPS 32 JOMIOMOI00 KOHTAKTHUX TEIIOOOMIHHMKIB
Jlyis Takux BUMAAKIB Oyiu po3pobiieHi criocodu 1 MPUCTPOi OMUCAH] HIDKYE.

[HHOBALIIIHI METOAM YJOCKOHAJICHHSI CUCTEMH KOHJIUIIIIOBaHHS TMOBITPS
3a JIOTIOMOTOI0 KOHTAaKTHUX TEIJIOOOMIHHUKIB JO3BOJSIOTH MOHU3UTH KarliTa-
JIbH1 BKJIQJICHHS YCTaTKyBaHHS IIEHTPAILHOTO KOHIUIIIOHEPA MOAYJIBHOTO TUITY
3a PaXyHOK 3HUKEHHSI BUTPAT HA OCHOBHE YCTATKyBaHHs. 30UIBIIUTH €HEProe-
(EeKTUBHOCTh YCTAHOBKH 3a PaXyHOK PAIIOHAILHOTO BUKOPUCTAHHS 4acy po0o-
TH YCTaTKyBaHHS 3 BUCOKUM CHOKUBAHHSM €JIEKTPOCHEPTii.

Cnmcox BUKOPHCTAHOI JiTepaTypu

1. Zhykharieva. N., Khmelniuk M. Thermo-economic approach to optimizeair conditioning
systems. Refrigeration Science and Technology,53(4). 258-264 (2017).

2. Antonnikova A. A., Korovin N. V., Kudryashov O. B. Vasenin I. M., Polzunovskiy
vestnik 1, 123-126 (2013).

3. Volkov R. S., Kuznetsov G. V., Kujbin P. A., Strizhak P. A., Pisma v ZhTF 41 (20),
103-110(2015).

4. Dohov M. P., Uspehi sovremennogo estestvoznaniya fiziko-matematicheskih nauk
Kabardino-Balkarskoy gosudarstvennoy selskohozyaystvennoy akademii 10, 65-66
(2006)..

5. VYecraHoBka ans HarpiBaHHs noBiTps. [lateHT Ha xopucHy mozens Ne 140238 /Koryr
B.O., Baboit €.0., Tanu6mu P.E., )Kuxapesa H.B., Xmensutoxk M.I'., Jlopomenko O.B.
3asBka Neu201907886 ITy6unikamis 10.02.2020 p. 6rom. Ne 3.

6. Kogut V. Bushmanov V., Zhikhareva N. The filter on the basis of the ejector of the heat
exchanger for purification of harmful substances from flue gases using heat exchanger as
combustion gas filter // AIP Conference Proceedings 2285, 030087 (2020);
https://doi.org/10.1063/5.0026819
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CEKUIA 11: EHEPTOE®EKTUBHI TEXHOJIOI'I TA
OBbJIAJHAHHS

EKOJIOI'TYHI TA EHEPTOE®EKTUBHI TEXHOJIOT'Ii
BUPOBHUILTBA E®IPHUX OJIIN

Bypno O.I'. n.1.H, podecop, CaaBuncbka B.O. imxeHep kadepu
“IIOTaEM”, CnaBuncbkuii P.JL. acmipant xadeapu “I1OTaEM”
OO0ecvkuil HayioHanbHUll mexHono2iunutll ynieepcumem, m.Qoeca

KoBanenko O.A. 1.cx.H, goreHt, ®enocon S1.C. acmipant
Muxkonaiscokui HayionanvHul azpapuuu yHieepcumem, M. Muxonais

EdipHi omii — 11e maxydi Ta JE€TKI pIIMHHU, OJEpPKYBaHl 3 POCIHH, OaraTi
010JIOTIYHO AaKTUBHHMH PEYOBHHAMH. BIOAKTHBHICTH CTAaHOBUTH BEJIMYE3HMIA
1HTEpeC NIl HAyKW Ta MPU3BOAUTH JI0 BUKOPUCTAHHS y 0araThoX rajyssx mpo-
mucioBocTi. EdipHi onii, 4yacto Ha3uBarOTh " PIAKKAM 30J0TOM", SIK1 SIBIISIIOTH
co0010 TPyMy XIMIYHHUX CIONYK, Ta € JKeperaoM cnerudiuaux apomaris. Li pe-
YOBUHHU BUKOPUCTOBYIOTHCSI Y BUPOOHHUIITBI Pi3HUX BUIIB MpoayKiiii. O0car cBi-
TOBOTO PUHKY edipHUX ojii oriHioBaBes B 11,41 mapn nonapis CIIA y 2023
poili Ta, 3a mporHo3amu, 3pocte 3 12,47 mupa gonapi CIIA y 2024 pomi 1o
27,82 mupa nonapie CIIA no 2032 poky, AEMOHCTPYIOYH CEpeIHbOPIYHMIA
teMmIl 3poctadHsa B 10,55% mpotdarom nmporso3oBaHoro mnepioay. €spona qomi-
HyBaja Ha pUHKY e(ipHHUX Ol 13 4acTKoro puHKY 43,65% y 2023 poui, 3a HErO
ine IliBHiuHAa AMepuka Ta A3isl, TOA1 K OCHOBHUMHU BUpoOHUKamu € Kuraii Ta
[nais, 3a axumu WayTh Iaponesis, Llpi-Jlanka ta B'etHam. OcHOBOIMOMIOXKHI
IpaiiBepH Ta TPEHAM PUHKY e(IpHUX OJIH:

1) 3pocraHHs MONUTY HA HATYpaJIbHI IHTPEAIEHTH Ta 30UIbIIECHHS cepu
3aCTOCYBaHHS Y BUTUISLII KOHCEPBAHTIB Ta AHTUMIKPOOHHX 3aCO01B.

2) 3pocTarounid 1IHTEpeC A0 apomaTeparii Ta 3acCTOoCyBaHHA eDipHUX O
y PI3HHX TaTy3siX MPOMHUCIOBOCTI.

PiznHomaniTHI MeTOMM OTpuMaHHS €pipHUX OJIii BUKOPUCTOBYBAJIMCS Ha
OpOTsI31 OaraTbOX pokiB. Tak MUCTUIIALIS BUKOpUCTOBYBajach mie y Crapoaas-
Heomy €runti, [lepcii Ta [anii. EkcTpakTél oTpuMyBanu TpaguiliiHUMU IIAPO-
KOBIIOMUMU criocobamu 3 pociauHHOi maTpuiii. [TocTynmoBo MeToau €BOJIIOIIO-
HyBaJIM, IO TPU3BEJIO 0 MiJIBUILIEHHS €(PEKTUBHOCTI MPOILECY, BUXOAY MPOAYK-
Ty Ta HWOro sKocTi. AHaI3 NPOOJEMAaTUKH Ta OCTAHHIX JOCHIKEHb CBIIYUTH,
110 TPATUIIINHI METOAM 3acTapiii Ta MalOTh OaraTo HEIOJIKIB: HU3BKI SIKICTb,
€(eKTUBHICTh Ta €HEProePEKTUBHICTh; BETUKI €KCILTyaTalliitHI BUTPATH; €KOJIO-
rigHo HeOe3neuHl. KoHIeniiss eKoJoriYyHuX METOAIB BUIOOYTKY Jla€ MOIITOBX
JUISl CTBOPEHHS CTIMKUX METOJIB BUIOOYTKY Ta Ma€ HaMip CIiAyBaTU CTpaTerii
Opranizaiii O0’eqnannx Hamiit mo 2030 poxy. Ils xoHmemniis Ha3uBaeTbCA
MIPUHIAIIOM €° Ta BKIIOYA€ IICTh MPUHIMINB: YiTKO BH3HAYCHE KEPEIo; 00-
MEXEHHSI BUKOPHUCTAaHHS OPTaHIYHOTO PO3YMHHUKA;, MIHIMI3AIlS CHOKUBAHHS
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€HEeprii; CTBOPEHHS MOOIYHOI MPOIYKINIi 3 BUCOKHM TOTEHINAIOM J0JaHO01 Bap-
TOCT1;3MEHIICHHS TPUBAJIOCTI BUIYUYCHHS, BIAHOBICHHS MPUPOIHUX 1HTPEIi€H-
TiB. [TocTiiiHO pO3pOOIAIOTHCS Cy4acHI TEXHOJOTII, sIKi JO3BOJSIOTH BJOCKOHA-
JUTH TPaAWLIAHI METOH, Ta MIABUIINTH iX eHeproeeKTuBHICTb. B Tpanuiiii-
HUX TEXHOJIOTISIX MOTPiOHI 3MiHH, sIKI O IPU3BEIH O 3pOCTaHHS KUIBKICHOTO Ta
SAKICHOTO BUXOAY €(IpHUX OJiH 13 JTIKAPChKUX POCIHH. TakuM 4YMHOM iM Ha 3Mi-
HY NPUHIUIA 1HHOBAIIMHI (BUCOKOS(MEKTHBHI) METOAM, Kl € '"3eleHuMHu" 3a
CBOE€IO CYT1, KOHKYPEHTOCIIPOMOIKHI Ta OUIbII e(PeKTUBHI.

[IpomuciioBa ramy3b oTpuMaHHs e(dIpHUX O 3aBASKHA BHPOBAIKEHHIO
ocHOB «BupoOnuira 4.0» Ha/ilae HOBI MOXJIMBOCTI JIJIsl TEXHOJIOTTYHOIO OHOB-
JICHHSI TaHOTO cerMeHTy. [Iporec BupoOHMIITBA eipHUX O yIOCKOHATICHUI
32 paxyHOK BHUKOPHCTAHHS 1HHOBAIITHMX, BUCOKOC()EKTUBHUX TEXHOJIOTIH 3a-
Oe3meuye 3HAYHI TMepeBard MOYMHAIOYH 3 OUTHIIOTO BUXOIY MPOIYKTY Ta 3HU-
YKEHHSI BUTpAT €HEprii, Ta 3aKIHUyIOYM MO3WTUBHHMM BIUIMBOM Ha €KOJIOTIYHI,
(1HaHCOBI Ta eKCIUTyaTaliiHI pe3yabTaTu. E(peKkTUBHICT BUKOPHUCTAHHS €JIEKT-
POIMHAMIYHHUX TEXHOJIOTIN B IPOIECi OTpUMaHHs ePIPHUX OJiii 0OTpyHTOBaHA B
poOoTax aBTOpiB. [HHOBaUIMHUM MIAXOAOM A0 HPOBEAEHHS EKCTparyBaHHS €
BUHUKHEHHS edeKTy MexaHoaudys3ii 3aBasKu Jii riopuaHoro mnpoiecy. Popmy-
JIOETHCS TIIOTE3a: «00pOoOKa MIKPOXBHWIISIMU POCIMHHOI CHPOBHHHM MOKE CIPHU-
YMHUTU MepeAady TeIula Ta Macu 13 CEpeAMHU KauuLsIpy POCIMHM HA30BHI, 3a
JIOTIOMOTOI0 BIIUBY MeXaHOAW(DYy31i, 110 HPU3BEAE 10 3HAYHOI'O CKOPOUEHHS
4yacy eKCTparyBaHHs Ta IMiJBULICHHS BUXOAY MPOAYKTY». TakuM YMHOM, MIKPO-
XBWJIbOBE €KCTParyBaHHs - 1€ MO€HAHHS CYXOi AUCTWIIALIT Ta J1i eleKTpomar-
HITHUX JDKEpeI eHeprii, mo Big0yBaeThCcs 0€3 J0JaBaHHs eKCTpareHTy. Mikpo-
XBUJIBOBE €KCTparyBaHHs 0€3 pO3UYMHHHKIB — II€ aJpecHa JOCTaBKa €Heprii A0
HAHOPO3MIPHHUX CTPYKTYp, IIO0 BHKOHYETHCS TPU HOPMAIbHUX yMOBax 0e3 /10-
JaBaHHS PO3YMHHHMKA 4K Boau. OCHOBHA mepeBara IbOro METOIy — II€ BHIi-
JICHHSI 1 KOHLIEHTPYBAHHS MOJIEKCTpPaK-
Ty B OJHY CTaJil0, IKUHA MICTUTH e(eK-
THBHICTh, CCJECKTHBHICTh Ta OUIBII KO-
pOTKMH 4ac nporuecy. Llel meron BUKO-
puctoBye npubauzno 70% Boau, 110
MICTUTBCS B HAWCBUKINIIM POCITHHHIN
TKaHWHI, 1711 OTpUMaHHs e(pipHUX O,
1 METOJI MOEAHYE B COO1 MepeBaru Triapo-
© TUCTWIISIIT, CIOPUYMHEHOI MIKPOXBU-
1 - pesonamopna kamepa; 2 - padio nposo-  JTHOBUM BUIPOMIHIOBAHHSAM 1€ - IIBUJI-
DA EMHICIb 3 CUPOBUHOIO, 3 — XONOOUNIBHUK = KiCTh, BUCOKUIM BMXIJ 1 HU3BKE CIIOXKH-
oucmuaamop; 4 - emHicmo 05 300py piou-  panog CHEprii, 1P LBOMY IPAKTUYIHO

HU, 5 — eaxkyymemp, 6 - 8aKyyM-HACOC. .
Puc 1 — Cxema excriepuMeHTaNnbHOTO He BHpOOIAIoH cTiuHuX BOA. Tlpoucc
MIKpOXBHJILOBOTO E€KCTparyBaHHs 0e3
PO3YMHHUKIB JIOCHIPKEHO Ha CTEH/II
(puc.1). ExcriepuMeHTH TPOBOUIIUCH 3 CHHIM, POKEBUM Ta O1JTUM TiCOTIOM.

CTEeHIY
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VY pe3onaropHiii kamepi | po3ramoBaHa pagionpo3opa EMHICTh 3 CHPO-
BUHOIO 2, siKa MpUETHAHA 0 XOJOAWJIbHUKA-AUCTUISATOpa 3, e mapoBa ¢asa
KOHJICHCYEThCS Ta PiIMHA MOTPAIUIsiE€ Y EMHICTh 11 1i 300py. Bakyym y cuc-
TeMi 3a0e3Meuy€eThCsl BAKYYM-HACOCOM 6 Ta KOHTPOJIIOETHCS MAHOMETPOM 5.

[TpoBeneHo cepito eKCIepUMEHTATbHUX JOCIHIKeHh KIHETUKH €KCTpa-
I'yBaHHS KBITIB TicOMy Ha 00’€MHOMY BaKyyMHOMY MIKPOXBUJIBOBOMY €KCT-
pakTopi (puc.l) Ta moOymoBaHi rpadiku 3ajJeKHOCTEH THCKY B CHCTEMI BiJ
qyacy MPOBEICHHS eKCTIEPUMEHTY BiIMOBIAHO JJIT TPHOX COPTIB TiCOIY.

3anemHicTe BMxoay edipHoi onil 3 piaHux cOpTIB ricony Big Yacy
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Puc. 2 — 3anexHicTs BUXxomy eipHOT 01l Bij 4aCy eKCTParyBaHHS Ta COPTY TiCOIY.

BucHoBku

1) MikpoXBHW/IbOBE €KCTPATyBaHHA (€3 PO3YMHHHKA — II€ MepCcreK-
TUBHUH IHHOBAUIIHMI €KOJIOTIYHO YMCTUIL METOJ OTPUMAHHS e(pipHUX OJIiii
3aBISIKH JTii €JIEKTPOMArHITHOTO TOJISl Ha PIAMHY Y KalJigpi pOCIUHHOT CUPOBU-
HU, 110 BUKJIMKA€E BUX1J] KOMIIOHEHTIB 3 POCIMH y BUIVISAI TOTY>KHOTO T1ApOIH-
HaAMIYHOTO TIOTOKY. BiH € HOHIILHOIO albTepHATHBOIO ICHYIOUMX TPaJAMIIIHHUX
METO/TIB.

2) Bu3HaueHO EKCIEPUMEHTAIbHUM IIJISIXOM, 110 COPT TiICOIy, €Hepro-
CIIO’KUBAHHS Ta Yac Mpoliecy BIUIMBae Ha Buxij edipHoi onii. Tak npuban3Ho Ha
OJTHAKOBUX PEXHMax Ta 4acy MPOBEACHHS €KCIEPUMEHTIB BUX1A ePIpHOi oJli y
OL10T0 Ta POKEBOTO TICOITY BUILIUHI 33 CUHIN TiCOI.

3) OTpuMaHi pe3ysbTaTy A0CHIIKEeHb (PUC.2) € OCHOBOIO JJIsl OpraHizariii
€KOJIOTIYHO Oe3MeYHUX Ta eHeproe(EeKTUBHUX METO/IB €KCTparyBaHHS 13 KBITIB
ricomy. Jlyist orpuManHs e(eKTUBHUX PEKUMIB BUKOHAHHS JIAaHOTO 1HHOBAIIMHO-
IO TPOLEeCY HOTPIOHI OUIBIN IIJIECTIPSIMOBAHI Ta PI3HOMAHITHI JOCIIKEHHS TI0
OTPUMAHHIO MOJTIEKCTPAKTy e(PipHHUX OJiH.

Crnncoxk BUKOPHCTAHOI JIiTepaTypu

1. Valeria Cavallaro, Ana Paula Murray, Maria Lujan Ferreira,Chapter 12 - Innovative and
Eco-friendly methods and pretreatments for essential oil extraction: an update, Editor(s):
Atta-ur Rahman, Studies in Natural Products Chemistry, Elsevier, Volume 78, 2023.
DOI:10.1016/B978-0-323-91253-2.00002-9.

2. https://www.fortunebusinessinsights.com/industry-reports/essential-oils-market-101063 -
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VK 664.38:664.9:66.093.48

3ACTOCYBAHHSI HOBUX NPMHUMIIIB 3HEBOJHEHHSI B
TEXHOJIOT'TI OTPUMAHHSI KOJIATEHOBOI
CTPYKTYPOYTBOPIOIOUYOI JOBABKH

Jlyuskuii B.B., acniipant, [loBapoBa H.M., k.T.H., JOIEHT
OoecbKuti HayioHAILHUL MexHo02iYHul yHigepcumem, m.(Jdeca

Beryn. Ilotpeba B Oinkax TBapUHHOTO IOXOXKEHHS MOCTIMHO 3pPOCTAE.
BoHU € BaXJIMBUM €JIE€MEHTOM Xap4yyBaHHS JIOJWHU. TBapuHHI OUIKH MICTSTh
KOPHCHI PEYOBHMHHU, JOTIOMAraiTh BITHOBJIIOBATA TKaHUHU, HIATPUMYIOTh IMYyH-
HY CHCTeMY Ta poOOTy TOpMOHIB. HalimommpeHimuii 61710k TBAPUHHOTO MOXO-
JUKEHHS 1ie KOJIareH. oro akTHBHO BUKPHCTOBYIOTH B XapuoBiil MPOMHCIOBOC-
Ti. JlemeBuM JKkepesioM KoslareHy € 1kipa cBuHel. KomareH, sikuit MiCTUTBCS Y
IIKIpl CBUHEH, Ma€ BEJIMKY MOJEKYJISPHY Macy, 1 HOro BaxXko 0e3mocepeiHbo
MOTJIMHATU Ta BUKOPUCTOBYBATHU, TOJIL K JIPIOHOMOJIEKYJISIPHI KOJIAT€HOBI1 MeTl-
TUJY MICIIA T1APOJII3Y KOJAreHy MaroTh BUILY €()DEKTUBHICTh NOTJMHAHHS Ta CH-
JbHIITY 010JI0T1YHY aKTUBHICTh. 7151 301Ib1IEHHST TEPMIHIB 30€piraHHs Ta 3pyd-
HOCTI NMPU BUKOPUCTAHHI OTPUMAHOI O1JIKOBOi JOOABKM Ha MIANPUEMCTBAX Xap-
YOBOi IIPOMUCIIOBOCTI i1 HEOOX10HO BUCYIINTH.

AKTyaJIbHICTH TeMH. Y XapuoBUX Ta NEPEpOOHUX BUPOOHHUIITBAX CY-
HITHHSI, SIK TPaBWJIO, BU3HAYAE 1 COOIBAPTICTD, 1 SIKICTh NMPOAYKTY. Haitbinbimoro
NOIIUPEHHS TYT HAOyJIM KOHBEKTHBHI CIIOCOOM CYILIHHS, SIKI XapaKTEPHU3YIOThCS
CEepHO3HUM HAyKOBO-TEXHIYHUM NpOTHpiyusiM. [IparHeHHsS OOCSITH BUCOKHUX
Koe(DIIIEHTIB TEIIO-MaCOIIEPEHECEHH BUMAarae IMiJBUIYBATH MIBUIKICTh TEIl-
JOHOCIA, ToOTO, ¥oro BuTtpatu. OAHAK MPU 1IBOMY MPOMOPIIIAHO 3POCTAIOTH 1
BTPATH TEIUIOTH 3 CYIIMJIBHUM areHTOM, KM BIIpalloBaB, 110 B yMOBax €He-
pPreTUYHO1 KpHU3u Ta CTaOUTRHOTO 3POCTAaHHS BapTOCTI €HEPrOHOCIIB HEOaKaHO
[1]. ExepreTnuHni Ta eKOJIOTiYHI KOHICMIl CYIIiHHS BIUIMBAalOTh Ha CTa01JIb-
HICTh 1 PO3BUTOK Xap4yOBOI MPOMUCIIOBOCTI, MOTPIOHE BIIOCKOHATIEHHS TEIUIOTe-
XHOJIOT1M CYIIIIHHS, 3aCTOCYBaHHS HOBHUX MPUHIIMIIB 3HEBOJAHEHHS, 10 T'apaH-
TYIOTh O€3MeKy MPOJIYKTYy HpPH ICTOTHOMY 3HWKEHHI €HEpPreTMYHUX BHUTpAT.
3HaYHUX YCHIXiB y BAOCKOHAJIEHHI TEXHOJIOT1I CYIIIHHS MOKHA JOCSTHYTH SIK-
110 CKOHIIETPYBAaTH €HEPril0 Ha HarpiBi MEBHUX YACTHMHOK Xap4yOBOi CUPOBHHHU
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(HaHOYACTHHOK), a HE Ha 00’ €M MPOJIyKTa B IIoMy [2].

Martepiaan Ta MeToam Aocail:KeHHsl. TE€XHOJOTIYHA cXeMa, sSiKa BUKO-
PUCTOBYETHCS JIJIsl OTPUMAaHHS KOJAr€HBMICTHOI J00aBKHU, BKIIOYaE B ceOe Ki-
npKka eramiB. [lepmmii etan 1e miAroToBKa CUPOBUHU: MPOMHUBAHHS Ta MOAPi0-
HeHHs mKipu. [IpoBeneHHs nmonepenHboi 0OpoOKH, sika MPU3HAYEHA JIJIsT PO3PU-
BY KOBAJIGHTHUX MDKMOJIEKYJISIPHUX 3B’SI3KIB MK MoOJieKyldamMu Kojareny. Lli
3IIUBKU PYHHYIOTHCA JYy>K€ MOBUIBHO HABITh Y KUIUIAYiM BoJl. J{J1s 4acTKOBOIO
TiApOIII3y KoJIareHy BUKOPUCTOBYBAIM PO3YMHU MOJIOYHOI KMCIOTH 3 KOHIICHT-
pauiero Big 2,5% 1o 5,5%. Kucnora npoHukae B HIKipy, COPUYUHSIIOUHM i1 Ha-
OpsK y JBa-TpH pa3u BiJl MOYATKOBOTO 00’€My Ta riJipoJiizye 3mmBKu. [{ei me-
TOJ1 I03BOJISIE PO3MICTIIIOBATH 3IIMBKH, 3IMIIAIOYN KOJIAreHOBI JIAHIIOTH HEI0-
TOpKaHUMHU. J[71s1 eKCTpakilii KoimareHy 3acTocyBaiu (epMEHTHHM TiAPOIIi3 Mpo-
TEONITUYHUM (PEPMEHTOM TBAPWHHOTO TOXOJKCHHS TMENcuHoM, Big 2% mo 4%
70 MacHl YacTKOBO TiJpoiizoBaHoi miKipu. DepMeHTHHIA Tiapoi3 Jl€ JIUIe Ha
HECIIpaJIbHY YaCTUHY MENTUIHOTO JIAHIIOra KoJjlareHy (KiHII) 1 3aJIMIIIA€ CTPYK-
TYPHO Ba)XJIMBY CIIpajibHy YaCTUHY HEJOTOPKAHOIO, TOMY BiH 3a0e3medye Kpa-
Iy CEJICKTHBHICTh peakilii Ta MEHII MKOAUTh KojareHy. [licis Toro, sk Kona-
red OyB pO3UYMHEHH, HOT0 HEOOX1THO OCAAUTU 3 po34uMHY. [ HHOTO BUKOpPHUC-
toByBayu cisib NaCl, BianoBigHy Macy HEHTpaIbHOL COJi JT0IaBajIM JI0 TICBHOTO
00’eMy pO34MHY, IO MICTUTh KojareH. OTpUMaHUM Po3uuH BUTpUMYBaIn 12
rox [3]. HenomnikoM Takoi cymirii O11KIB € BUCOKA KUIBKICTh BOJIOTH, KA Y KiH-
[IEBOMY PE3yJIbTaTl MPU3BEJE IO IIBHUJKOIO ICYBaHHS Ta HE TpaHCHOPTaOesb-
HOCTI1 OLJTKOBOI CKJIAJIOBO].

Tomy HacTymHuUM eTamoM OyJO0 BHUPIIIEHO MPOBECTH 3HEBOJHEHHS MPH
HU3BKUX TeMIieparypax. Take CymriHHS TPU3BOAUTH O BUAUICHHS BEJIHKOI Ki-
JBKOCTI TEIUTOTH, HI0 BUTPAYAETHCS BUKIIIOUHO HA BHUIAPOBYBAHHS BOJIOTH 0e3
HarpiBy TKaHUH MPOJYKTY, B P€3yJIbTaTl YOIO BUMAPOBYBAHHS MOXE B110yBaTHU-
Csl TIpH HEBUCOKIN Temmnepartypi. Lle cnpuse iHTEHCHBHOMY BHUIIApPOBYBAHHIO BO-
joru 6e3 ICTOTHOI 3MIHH CTPYKTYPH MOBEPXHEBOTO MIAPY, 3HWKEHHS TPUBAJIOCTI
00poOKH, 30epekeHHS 010JIOMYHO AKTHBHUX KOMIIOHEHTIB CHPOBHUHHM, BIJIMU-
paHHs MIKPOOHMX KJTITHH 1 IHaKTHBAaIlli (epMeHTIB [4].

PosrisHemo ¢iznuny monens (puc.l) cucremu «TBepaa ¢aza — Bosora —
Kamuisip — eJIEKTPOMAarHiTHE MOJIe).

2 1 — tBepaa ¢a3za; 2 — Bojora;
— MapoB pOAaIlIKa;
] 3 — mapoBa OyJjb0a @;
EMII — enekTpoMarHiTHe IoJie;
J — 1oTiK mapu Ta BOJIOTH

Puc.1 — ®i3uvna cxema ocepenky

[Tpu BUKOpUCTaHHI €IEKTPOMArHiTHOTO oS (puc.l) B Kanuisapi Mae mic-
e Jucumalis eHeprii moss y TerioTy. [lomsipHi MoJieKylIM BOJIOTH B yMOBax
€JIEKTPOMArHiTHOTO TOJIsl HAJIBUCOKOT YaCTOTH MEPEXOSATh y PEXKHUM KOJIMBAH-
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Hst. e qucumaris enekTpoMarHiTHOI eHeprii y Temnoty. IlifBeeHa eleKTpo-
Mar"iTHa €Hepris BUTPAvya€eThCs Ha MiJBUIICHHS BHYTPIIIHBOI €HEPTii Ipu 3Mi-
Hi TEIJIOEMHOCTI, IEPEX0y BOAU B mapy. B pe3ynbTari — miABUILIEHHS TUCKY B
kanisipi. [Ipuuomy, 1e 3pocTaHHsS TUCKY MOXE€ HOCHTH BHOYXOBHM XapakTep
yepe3 Maliiid 00'eM piIMHM B Kamuyigpi 1 KoHIeHTpatii eneprii. Came 1eit cTpu-
00K THCKY ¥ BuKiMKae 6apoaudysito. [Ipu nboMy, CyTTEB1 3MiHH BIIOYAYTHCS B
dbopMyBaHHI MOJS KOHIEHTpAIlli BOJIOTH B cucTeMi. BusHauanibHuM (pakTopom
Ipy BUHUKHEHH1 Oapoaudysii € Temneparypa B JIOKaJIbHIA TOUIl 00'€MY cHUpPO-
BUHU [4].

O06e3BOKyBaHHSI OTPUMAHOT MAacH MPOBOJIMIN B KOHCAJITUHIOBIN Jlabopa-
topii «TEPMA» H/II OHTY na ob6mamnaHHI, M0 peaji3ye BiAMOBiIHI 3aC00U
TEXHOJIOT1H aIpeCcHOi TOCTaBKH CHEPTii.

Puc. 2 — Cymim O11KiB TicCIs TiApOTI3y 1 Puc. 3 — Cymimr OIKiB Micis 3HEBOIHEH-
0CaKEHHS CLIIIIO. HS Ta TOPiOHEHHS.

OTpuMaHuii POAYKT NMOJPIOHUIM A0 CTaHy Mopouky. Bosoricts otpu-
MaHOTQ HOPOMIKY CTaHOBUTH 2,15%, komip Big O6110r0 70 OEXKEBOT0, HEUTPATb-
HUI apomaT 0€3 3amaxy CMa’k€HOro, SIKWi MpUTaMaHHUA aHAJIOTIYHUM MPOAYK-
TaM 1HO3EMHHX BUPOOHHKIB.

Bucnosku. Ha oMy eramni Hamoi poOoTH MU OoTpuMaii OiJIOK TBapuH-
HOTO MOXOJPKEHHSI. 3aCTOCOBAHUN METOJ 3HEBOJHEHHS J103BOJIMB OTpUMAaTH O1-
JIOK 3 HATUBHUMH BJIACTUBOCTSIMH, HEUTPAILHUM apOMAaTOM Ta 3 HU3bKOIO BOJIO-
ricTro, Mo 3a0e3neynTh oMy TpuBanmuii TepmiH 30epirannsa. HactymHum era-
MOM, IUIAHYEMO BHU3HAYCHHS (PYHKIIIOHAIIBHO-TEXHOJOTIUHUX BJIACTUBOCTEH
OTpuUMaHoOi T0OaBKHM Ta MPOBEIEHHS CHEKTPAIbHOTO aHalli3y 3pa3KiB 3 HaMKpa-
[IMMH BJIACTUBOCTSAMHU.
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PO3POGEKA EHEPTOE®EKTUBHOI TEXHOJIOI'TI BAPOBHUIITBA
KOHLOEHTPOBAHOI'O OLITY

I'pumienko P.O., acripant, SIposwmii L.1., K.T.H., T10IIEHT
Ooecvruii HayioHanbHUll mexHoao2iunull yHieepcumem, m.Odeca

XapyoBa MPOMUCIIOBICTh € MPIOPUTETHOIO Taly3310 €KOHOMIKM Y KpaiHu,
JIe PO3BUBAETHCSI BUPOOHUIITBO TAKUX MPOAYKTIB, SIK 36pHOBI, OJIHHI KYJIbTYpH,
M'ICO, MOJIOYHI MPOAYKTH, XJ11000yI0uHI BUpoOU, HAMOi Ta ontu. CTaH 1€l ra-
Jy31 MOKE 3MIHIOBATHUCS 1] BIUTUBOM Pi3HUX (aKTOPIB, 30KpeMa €KOHOMIYHOI
CUTYaIli1, TOJITUYHUX MO/}, CBITOBUX PUHKOBHUX TEHJICHIIIN TOIIO0. 3apa3 uepes
CKJIa/IHE €KOHOMIYHE CTaHOBHIIE, PO3BUTOK M€l ceph HE NyKE aKTUBHUH, aje
WIyTh MOCTIHI NOLIYKA €KOHOMIYHO BUTIJHUX Ta €HEProe()eKTUBHUX TEXHOJIO-
riii BUpOOHUIITBA.

OcTaHHI POKHU CTAJIA MEPI0IOM 3HAYHOIO BILIMBY pi3HUX (PaKTOpiB HA PO-
3BUTOK Xap4OBOi MPOMHUCIOBOCTI Ta TOPTriBii. PO3BUTOK MiANPUEMCTB XapyOBOi
rajy3l BUSBIII€E TEHJICHLIIO 10 CHaay 3aMmicTh 3pocTaHHs. [lepmmm icTOTHUM
dakTopom cTaB crnanax 3axBoproBaHocTi Ha COVID-19, mo npusBiB 10 3a-
KpUTTS O13HECIB 1 IXHROTO TPUBAJIOTO BiIHOBJIGHHS. BHAcIiIOK 11bOTO B YKpaiHi
BITYYTHO CKOPOTHUBCS O0CST €KCIIOPTY Ta IMIIOPTY, a TAKOK BUHUKIU MPOOIEMU
3 TIOCTaYaHHAM TPOAYKINi 7st pectopanHoi cepu. [licnst meBHOI crabimizamii
CUTYyaIlll BUHUKIN HOBI TpyAHoiui: y 2022 poil moyanocs MOBHOMAcIITaOHE
BTOprueHHs PO B YkpaiHy, 1110 CHPUYHHIIO 3aKPUTTS KOPJAOHIB Ta YCKJIaHECH-
Hs IMIIOPTHUX onepamii. He3paxkaroun Ha TpyHOILI, Taly3b TEMOHCTPYE CTIM-
KiCTh, CHPSIMOBYIOUX 3YCHJUISI HA BITHOBJICHHSI BHYTPIITHBOTO PUHKY, PO3BUTOK
JOKaJIbHUX MOCTAYaJIBHUKIB 1 30epexeHHs1 poOoUnX Miclib. BakmBUM 3aBIaH-
HSM CTa€ MIATPUMKA €KCIOPTY, B SIKOTO 3aJ€KUTh €KOHOMIYHA CTaOUIbHICTh
KpaiHu, a TaKOXX BIPOBA/PKEHHSI HOBUX TEXHOJIOTIH, IO T03BOJIATH 3HU3UTH 3a-
JEKHICTh Bl IMIOPTHUX TOBApIiB 1 COPUITUMYTh PO3BUTKY CaMOAOCTATHOCTI
rajiy3i HaBiTh y TaKMX CKJIaJJHUX YMOBAX.

AHali3 pUHKY OUTYy Ha OcHOBI naHux 3a 2014-2017 poku mokasas, 110 B
VYkpaini nepeBakae BUPOOHHUIITBO CHUPTOBOrO onty. Y mepiox 2015-2017 po-
KiB 00CSTH BUPOOHUIITBA OLTY B KpaiHi 3MeHITyBayucs. Lle 3yMOBIeHO Sk €KO-
HOMIYHUMHU (paKkTOpaMu, Tak 1 MOJATKOBUMU YMOBaMH, 110 OOMEXYIOTh BHYT-
pIlIITHE BUPOOHUIITBO, OCOOJIMBO JIJISl TTPOJTYKTIB HA OCHOBI CIIUPTY, SIKWW MA€ BU-
COKY MOJIaTKOBY CTaBKY.

Cranom Ha 2019 pik, 3a HasBHUMU JTaHUMH, IMIIOPT OLUTY B YKpaiHy cTa-
HOBUTH 69% BiJl 3aranbHOr0 00CATY Ha PUHKY, TOJ1 5K 31% mpumnangae Ha mpo-

22



TyKITiI0 BIacHOTO BUpoOHMITBa. Haxkans, mani Ha 2024 pik mo10 eKCIopTy Ta
IMIIOPTY OUTY BIACYTHL.[1]

AKTyallbHICTh TeMH: B OCTaHHI pOKU CHOCTEPIra€ThCsl 3HAUHE 3POCTAHHS
MOMUTY Ha KOHIEHTPOBAHI OITH, 30KpeMa Ha Oanb3amiuni. OnHAK TpaguIliiiHi
METOJM BUPOOHHUIITBA 0ajgb3aMIYHOIO OITY HE BIAMOBIIAIOThH BUMOTaM Cydac-
HUX TEXHOJIOT1A Xap4doBoi mpomucioBocti. KiacuuHe BUPOOHUIITBO BKIIOYAE
Oararo eTamiB, Kl BUMararoTh Py4HOI Ipalli: COPTyBaHHs BUHOTPAy, OTPHUMaH-
Hs cyclla IUIIXOM IMpecyBaHHs, acTepu3allis, GepMeHTarlis, a TAKOK eKCTpary-
BaHHA y JiepeB'ssHuX 0oukax o0'emoM Bia 10 mo 100 mitpis. Lleit mporec 3akimae
He MeHI1Ie 12 pokiB, 1 Ha BUXOJI OTPUMYETHCS JIHIIIE MOJoAul Oanb3aMik. Yepes
TPUBAIICTH Ta TPYAOMICTKICTh MPOIIECY BUPOOHHUIITBA, BAPTICTh KIHIIEBOTO MPO-
IYKTY OyXe Benuka. J[01aTkoBO, BpaXOBYIOUH YHCIEHHI €Tanyd MOCEPEIHUKIB
Ha NUIAXY 70 CIIOYKKBaya, IiHa Ha TOBap 3pOCTa€, MO POOUTH HOTO MEHII J0C-
TYIHUM JJI IIUPOKOL ayAUTOPIi.

HeBianoBiHICTh TPAAUIIHHUX TEXHOJIOTI Cy4YaCHUM BHMOIaM Xap4oBOi
IIPOMHUCIIOBOCTI BKa3y€ Ha HEOOXIIHICTh PO3POOKH HOBUX METO/11B BUPOOHUIITBA
0anp3aMivHOTO OITY, IO JO03BOJISIOTH 3HIKYBATH BUTPATH Ta 3MEHIIIYBATH 4ac
BUPOOHUIITBA 0€3 BTpaTH SKOCTI, 3a0€3Meuyl0Yr JOCTYIHICTh MPOAYKTY JJIs
OUIBIIIOTO KOJIa CIIOYKHUBAYIB.

B Vxkpaini nomut Ha Oajib3aMIuHAM OLIET MOCTIMHO 3pOCTaE, aje €IUHUM
MICLEBUM BHUPOOHHUKOM LIOTO MPOIYKTY € KOMIIaHis, sika BUKOPUCTOBYE TPaIu-
LiHYy TEXHOJOrI0 BHUPOOHUITBA. BaXIMBUM 3aBJaHHAM € YJIOCKOHAJIECHHS
IPOLECY KOHLUEHTPYBaHHS, SIKAU TPaJULINHO 3/11MCHIOETHCA 1] YaC BUTPUMKHU
B JIepeB’THUX O0YKax. Y KJIACUYHOMY ITPOIIEC] piJIMHA MOCTYIOBO BUMAPOBYETh-
Csl yepe3 Kalulsipu JIEPEBUHU, 110 3 YACOM POOUTH OLIET OUIbII KOHUEHTPOBA-
HUM. JlJ11 MPUCKOPEHHS IHOTO MPOIIECY Ta 3HIKCHHS BUTPAT Ha BUTPUMKY, He-
00X1JHO PO3POOUTH €PEKTUBHIIII METOAN KOHILIEHTpAalli, Ikl O 103BOJIMIN CKO-
POTUTH YaC BUTPUMKH Oe3 BTpaTH SIKOCTI MPpoaykTy. Lle mo3BonuTh 3abe3neuntu
OUTBIIY TOCTYMHICTH 0aThb3aMiIYHOTO OITY JIJISl CITOKMBAYIB 1 BiAMOBIIaTH BUMO-
raM Cy4acHOTO pHUHKY.

Jlist inTeHcudikarii mpoiecy eKcTparyBaHHs JIOIIJIBHO 3aCTOCYBaTH TEX-
HOJIOT1T @JpecHOi IOCTaBKH €Heprii, po3pobieHi Ha kadeapi. L{i Texnomorii Oa-
3ytoThcsi Ha BukopuctanHi HBY mkepen eHeprii, siki CTBOPIOIOTH YMOBH LIS
00'eMHOTO MIABEACHHS €HEPrii 10 CUCTEMHU «IEPEBHHA - PO3UHH».[7] Y PE3YIIb-
TaTl BIUIMBY €JIEKTPOMArHITHOIO MOJIs, Ha TIMOMHI KanuIsipiB YTBOPIOETbCA OY-
Jh0AMIKa Mapy B PO3UMHI, MO 301IBIIYE TUCK 1 CIIPHSIE BUIITOBXYBAHHIO OLTY 3
nepeBUHU. TakuM 4MHOM, pazoM 13 AuGY31HHUM MPOLIECOM MaCONEPEHECEHHS
aKTUBYETHCS MOTY>XKHUM T1IPOJAMHAMIYHUMA MOTIK, IO 3HAYHO MPUCKOPIOE MPO-
I1EC eKCTPAKIIii Ta JO3BOJISIE OTY IIBUAIIC HAOyBaTH Oa)kKaHOT OPTaHOJETITHKH.

Jlyis excTparyBaHHs Ta JOCIIIHKEHb MOYKHA BUKOPUCTATH amapat po3poo-
JICHUH JJ1s1 BUPOOHHUIITBA KOHBSIYHOTO CIUPTY. TeXHOJIOTisI JO3BOJSIE HACUIYBa-
TH CIIUPTH KOMIIOHEHTaMH JEPEBUHU My0a y MOTOILl Ta KOHTPOJIIOBATH KOHIICH-
Tpalliio eKCTpakKTy. [3]. byaoBa Ta npuHIMN Aii YCTaHOBKU JO3BOJISIE BUKOPUCTO-
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ByBaTH HEOOXIIHY JEPEBUHY Jsl €KCTparyBaHHS. B sKOCTI eKCTpareHTy B Ja-
HOMY BHUIAJIKy OyJie OIIET.

[Ipomec kKoHIIEHTpaIlii, IKWIA y TPAAUIIIHHOMY BUPOOHHIITBI 3aiiMa€ KiJib-
Ka POKiIB, MOX€ OyTH 3HAYHO MPUCKOPEHMI 3a JOMOMOTror0 OaraToyHKIIIOHA-
JBHOTO BUMOPOXKYBaya. 4 Llei nmpucTpiii npu3HaYeHu U1 KOHLIEHTpalli piaiuH
1 aKTUBHO BUKOPHUCTOBYETHCS B XapyoBii, XIMI4HIH, mapdymepHiii Ta KOCMETH-
YHIA TPOMHUCTOBOCTI. BUKOpHUCTaHHS BUMOpPOXKyBada J103BOJIsI€ €(HEKTUBHO
3HUKYBATH BOJIOTICTB 1 30€piratu sSIKiCTh MPOJAYKTY, CKOPOUYIOUH Yac BUPOOHHU-
[ITBA Ta 3HWKYIOUU €HEPreTUYH1 BUTPATH.

KoHueHTpyBaHHS pIAMHU TPATUIIAHO 31ACHIOETHCS ILIIXOM BUIIAPOBY-
BaHHs, SIKE MPOBOJUTHCS 3a JIOMOMOTOI0 HarpiBaHHs B BIIKPUTIN €MHOCTI MPHU
atMocepHoMy TucKy. ONIHaK 1€l METOJ Ma€ HU3KY HEIOJIKIB, 30KpeMa BHCO-
Ky TeMIIepaTypy, SKa MO>Ke MMPU3BOJAUTHU J0 BUBUTbHEHHS JACIKNX KOMITOHEHTIB 3
MPOAYKTY, II0, B CBOIO YEpry, MOKE 3MIHIOBATH OPTaHOJICNITHYHI BIACTUBOCTI
KIHIIEBOTO MPOAYKTY. Jl7si 30epeeHHs IIUX BIACTHBOCTEH O1NbIN TOMUIBHUM €
3aCTOCYBaHHS BUMOpPOXKyBada. BukopucTaHHS IOTO METOAY 103BOJISIE CPEKTH-
BHO KOHIICHTPYBaTH OLIET, 30epiraroud HOro CMakoBi Ta apoOMaTHU4HI SIKOCTI,
OCKUIBKH TeMIlepaTypa B MPOLIECI BUMOPOXXYBAHHS € 3HAUHO HUXKUOIO, 1110 Mi-
HIMi3y€ BTpaTH KOPUCHUX KOMIIOHEHTIB Ta 3MIHY OpPraHOJENTHYHUX MOKa3HU-
KiB.

Cnmncox BUKOPHCTAHOI JIiTepaTypu
«https://pro-consulting.ua/ua/pressroom/kisloe-de»

Bbypno O.I'., Pamko I'.M., ExcrparyBanus B cucreMi «KaBa-Bonay,
«http://nanofood.com.ua/projects/index/view/23»
«http://nanofood.com.ua/projects/index/view/19»

PopbdRE

3ACOBU BUKOPUCTAHHS TPABMOOIIIATHUX TEXHOJIOT'TA
ITPU CTBOPEHHI OBJIAJHAHHSA J1JI1 TPAHCIIOPTYBAHHA
3EPHOBUX KYJIBTYP

Mipcbkux P. B., actiipant, I'onuapyk I'. A., K.T.H., TOIIEHT
OoecbKuii HayioHanbHULL MexHo02iuHul YHisepcumem, m.(Qdeca

OpHUM 3 OCHOBHUX 3aBJaHb arpolpOMHUCIOBOIO KOMIUIEKCY € CTalle Ha-
poilyBaHHs 00’eMiB BUpOOHHUIITBA 3epHA. OCHOBHHMH NUISIXaMH 301IbIIICHHS
BUPOOHUIITBA 3€pHA € TIJIBUIINCHHS BPOKAWHOCTI Ta 3HM)KEHHSI BTpaT Ha BCiX
roro eramax. OnHUM 13 3ac001B 301IbIIEHHS] BUPOOHUITBA 3€pHA 1 MPOIYKTIB
Horo nepepoOKu € MOKPaIIEeHHs] TOBAPHUX, TEXHOJOTTYHUX Ta HACIHHEBUX HOTO
BiacTuBocTeil. Ha cydacHoMy erami 30MpaHHs 36pHOBUX KYJBTYP BaXXKO OTpH-
MaTH SIKICHE 3€pHO 4Yepe3 HAsBHICTh MAKpO- Ta MIKPOTPaBM, L0 YTBOPIOIOTHCS
npu micis30upanbHid o0poOul ypokaro. MexaHiuHl MOLIKOKEHHS 3epHa Ma-
[IIMHAMU Ta 00JIaIHAaHHSIM HETaTHBHO BIUIMBAIOTH SIK HA HACIHHEBUW Martepial,
TakK 1 Ha MPOJOBOJIbYE 3epHO. [[OMTKOMKEHE 36pHO OLTBIIIOK MIPOIO TAAETHCS
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BIUIMBY XBOpPOOM, MIKpOOPTaHI3MIB Ta ILIKIJIHUKIB. TpaBMOBaHE HACiHHS A€
ocnabieHl mapoCTKH, 10 3HUXKYE MOJbOBY CXOXKICTh 1 B MOAAJIBIIOMY MPUTHI-
Yye piCT Ta PO3BUTOK POCIIHH.

Po3BuTOK TEXHIKM IS MiCAA30MpanbHOI 00pOOKH 3epHA HUHI OOTPYHTO-
BYETHCSI IHTECHCUBHUM 3POCTaHHSIM TEXHIYHOTO PiBHSI MAIllMH, arperaTiB Ta KOM-
IJIEKCIB. 3’ SIBJSIOTHCS MPUHLMIIOBO HOBI KOHCTPYKIIii, IIMPOKO BUKOPHCTOBY-
I0ThCSI TPUCTOCYBAHHS JI0 ICHYIOUOT'O TPAJULIIMHOTO TPAHCIIOPTHOTO 00JIaTHAH-
Hsl. 3MEHILICHHS] TPaBMYBaHHs 3€pHa MPU TEXHOJIOTIYHOMY TPAaHCIIOPTYBAHHI —
aKTyaJibHE 3aBJlaHHA CbOroJieHHA. [IpoBOAATHCS MOCHIIKEHHSI 3aJIEKHOCTL CTY-
TICHIO TPAaBMYBaHHS 3€pHA Ha PI3HUX CTaIsX MPU TpaHCHOpTyBaHHI1 [1, 2]. Are,
SK TIOKa3y€e MPaKTUKa, 3HWKEHHIO MEXaHIYHUX MOIIKOHKCHb Y MPOMHUCIOBUX
YMOBax MPUAUIAIOTh HebaraTto yBaru. 31 3pOCTaHHSAM PIBHsS MeXaHi3alii Jyke
HU3BKOIO 3aJMIIAEThCA €(PEKTUBHICTh BUKOPUCTAHHS HAABHUX 3ac00iB, MIO
BIJIMBAIOThH Ha XapaKTep MOIIKOKEHHS 3epHa 1 HACIHHEBOTO Marepiaity.

Tomy 3acTOoCyBaHHS HOBUX €JIE€MEHTIB O0JIaIHAHHS 1 TPABMOOIIIAIHUX Te-
XHOJIOT1H JTO3BOJISIE€ TIBUIIUTH BiJICOTOK MOBHOIIIHHOFO HETPAaBMOBAHOTO Ha-
CIHHS IIPH MICJISI30MpalbHii 00po0OIIi 3epHAa.

[IpononyeThcsi MoJziepHi3allisi KOHCTPYKII KiJTbKOX BY3JIIB THXOXIJIHOT
HODII.

1. MopepHizaliisi HATSPKHOTO Ta MPUBIAHOrO 6apabaHiB y BUTIISI BU-
TOTOBJICHHSI TIOBEPXHI 3 HAOOpoM pebep V-moaioHoi Gpopmu. Pebpa posrariiio-
BaHI BEpXiBKaMU Ha TUIOMIMHI cuMeTpii OapabaHa, MepHeHIuKyIApHIA A0 Oci
oOepranHs Oapabana. Takox pedOpa crpsMoBaHi 3a X0J0M 00epTaHHs1 OapadaHa
3 KpOKOM, II0 3a0e3mnedye iX B3a€MHE HEPEKpUTTs. 30BHIIIHI KPOMKH pedep
YTBOPIOIOTH OOYKOMO110HY MOBEPXHIO, 1110 MAKCUMAIIbHO KOHTAKTYE 3 TSATOBOIO
CTPIYKOIO.

2. MonepHizalis KoBIlla TUXOX1AHOI HOpii. Y JESIKUX THUIIIB KOBIIIB
TUXOXIZHUX HOPI 3ajisiHa 3BOPOTHA CTOPOHA KOBIIIA, SIKa BUKOHAHA Y BHUTJISII
JIOTKA Ta Ma€ MpsiMi CTIHKU. JlaHWi «JTIOTOK» JT03BOJIsIE TIPUMATH Ha cebe 3epHO
Ta HAIIPaBJISITH WOTO OE3MOCEPEIHhO Y 30HY BUBAHTAXKEHHA. BIUH1 CTIHKHM BCIX
KOBIIIIB TaKOT'O THITY BUKOHYIOTHCS 13 MPSMUMH CTiHKamu. [IporoHyeThcsi Bu-
KOHAHHS OIYHUX CTIHOK KOBIIIB 13 30UIBIIEHUMH O1YHUMH HANPSIMHUMH eJle-
MEHTaMH , M0 PO3XOJATHCS y MIPOTUIICIKHI CTOPOHH.

VY 3anpornoHoBaHOMY pillleHHI OOKOBI OBEPXHI pedep mpu odepTaHH1 Oa-
pabaHa y KOHTaKTi 3 TATOBOI CTPIYKOI YTBOPIOIOTH MOXWJII KaHAIM, MO SKUX
HACIHHS, 110 MOTPANUIO BCepeauHy OapabaHa, TpaBiTaAlllHHUMU CHJIAMU BUKU-
JAETHCS 1O 00UABI CTOPOHM OapabaHy. Y LEHTpaibHIN yacTuH1 OapabaHy BCTa-
HOBJICHUM OTIOPHHUMA AUCK, HAa SIKMM CIIUparoThes V-moaioHi pedpa. Taki 6apada-
HU BUKIIIOYAIOTh MOKJIMBICTh TPABMYBaHHS 3€pHA, a TAaKOXK 3a0€3MeUyIOTh PiB-
HOMIpHY 00€pPTOBY LIBHUIKICTH TSATOBOI CTPIUKH. Tak0X 3HMIKYETHCA MOMKEKO-
HeOe3MeKka 4epe3 3MEHIIICHHS] MOXKJIMBOCTI MPOCIH3aHHS CTPIYKUA HA TIAJTKOMY
OapabaHi Ta HanumaHHS Ha OapabaHi 3epHa, 110 MPOCUITATIOCS Ta MOMAIO0 MIXK
OapabaHOM Ta CTPIUKOK. 3a paxyHOK 3MEHIIIEHHSI PO3YaBJICHHS 3epHa M1k Oa-

25



pabaHOM Ta CTPIYKOIO 301IBIIYETHCA TEPMIH eKciuTyartaiii camoi ctpiuku. Lle
0CO0JIMBO aKTyaJbHO MPH POOOTI 3 OMIMHUMH KYJIBTYPaMH.

MopepHizaliisi KOBIIa HOPil y BUIJISIAL, 1110 MPOMIOHYETHCS, JO3BOJISIE 3Me-
HIIUTHA PO3CUIIM 3€pHa BCepeAnHl KopoOda HOpil 32 paxyHOK JOJATKOBUX MOXHU-
aux HanpsMHUX. Lle Takoxx 3MeHIye TpaBMyBaHHs 36pHOBOTO MaTepiaiy, SKHii
HOJIA€THCS 3 HOPIi.
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YCTAHOBKA JJ11 EOFEKTUBHOI'O 3BHEBO/ITHEHHA
KYKYPY/3U 3 3BACTOCYBAHHSAM EJIEKTPOMATI' HITHUX I
BIAJIIEHTPOBUX BIIJIUBIB

Kouyp 1.0., acuipant
Ooecvruii HayioHaIbHULE mexHoao2iuHuu yuisepcumem, m. Odeca

CBiTOBUI PUHOK 3€pHA CTUKAETHCS 3 BAKIMBUMH IIPOOJIEMaMu: 3pOCTalo-
YU TOMUT Yepe3 301TBIIICHHST HAaCSNEHHs, BIUIUB KJIIMAaTUYHUX 3MiH, 3pOCTaHHS
BUTpAT Ha €HEProHOCIi, 3a0py/THEHHS CEPeIOBUIlla Ta HEOOX1THICTh MOJIEpHi3a-
i iHppacTpykTypu [1]. Excriopt 3epHOBHX 3 YKpaiHu € KIFOYOBHUM, 3a0e3re-
YYIOUM BaJIFOTHI HAIXOJKEHHS Ta MIATPUMYIOUM arpapHuii cexrop. OmHak ic-
HYIOTh BUKJIMKH, TaKl SK 3aJIEXKHICTb B/l OJHOTO PUHKY Ta MOTpeda B IHO3EMHUX
IHBeCTHINIAX [2].

3HEBOIHEHHS 3€pHa Ta KYKYpY/I3H - 1€ BaXJIHMBUU eTam y ix o0poOii Ta
30epiranHi. Bubip onTUMajbHOrO METOAY 3aJE€XHTh BijJ 0aratbox (axTopis,
TaKUX K OOCAr MPOAYKIIll, KIIMAaTUYHI YMOBH, HasBHICTh OOJaAHAHHS Ta 1HIII
TEeXHIYH1 MOXJIMBOCTI. TpaguiiiiHni MeToAr 3HEBOAHEHHS BKIIIOUAIOTh:

[TpuponHe 3HEBOTHEHHS — TPOIEC BUMAPIOBAHHS BOJIOTU IiJi BILTHBOM
npUPOAHUX (PaKTOPIB, ajie MOBIILHUI Ta MOTaHO KOHTPOJIbOBAHUM.

CoHsiuHEe 3HEBOJAHEHHS - CYIIIHHS 3 BUKOPHUCTAHHAM COHSIUHUX YCTaHO-
BOK, aJie¢ MAlOTh 3aJICKHICTh BiJ] MOTOJIHUX YMOB, HEOOX1IHICTh BEJIMKHUX TLIOII
[3].

Ocymiennss abcopOeHTaMu - BUKOPUCTAHHS MaTepialiiB, MO MOTJIMHAIOThH
BOJIOTY, HEJIOJIIKOM € JJOPOTHii Ta 0OMEKEHUI B BAKOPUCTAHHI METO/I.

TepmiuHe 3HEBOJHEHHSI — HAWUMOIIMPEHIIIUNA METO[| 13 BUKOPUCTAaHHSAM

IaXTHUX CYIIapOK, ajie HEJOJIKOM € BHCOKI €HEproBUTPATH, €KOJOTIYHI MPo-
onemu [4].
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Po3BuTKOM MIaXTHUX CymapoK € po3poOka xadempu mporieciB Ta 00mai-
HaHHS, KA Tepedayae BUKOPUCTaHHSA €(PEeKTUBHUX TEIIOBOJIIB, & CAME TEPMO-
CU(OHIB JJI1 KOHAYKTHBHOTO MiJITPiBY 3€PHOMPOAYKTIB. 3a0€3MeUyeThCsl €KO-
JoriyHa Oe3neka, 3MEHIIYEThCSI €HEPrOBUTPATH. AJle JOCI BUKOPUCTOBYETHCS
BUTPATHU Ha CIAJIIOBAHHS MMaJIMBa JJI1 CTBOPEHHS TEIUIOBOTO HOCIsS, B POJI IKOTO
€ moBiTps [5].

OnHuM 13 cioco0IB YIOCKOHAJICHHS TPOIOHYETHCS HayKOBa-TEXHIYHA T'i-
noTe3a KOMOIHOBAHOI CHCTEMH 3HEBOJHEHHS 3€pHa. 3HATH C TOBITPS 3a/1ayy
TEIJIOHOCIA, a 3IMIIUTH TUIbKU 3aBJIaHHs JU(Y31HHOTO CepPelOBUILIA. SHUKCH-
HSl €HEPrOBUTPAT B 3HEBOJIHEHI 3€PHOBUX MPOYKTIB MOKJIMBO JOCATTH MPHU 110
eTarHii opraHizalii mpouecis:

- Ha nepmomy ertari — BAKOPUCTaHHS MIKPOXBHIILOBUX JIXKEpET €He-
prii, sIK1 JO3BOJISATH BOJIOTY 13 00’ €My TBEpAOi (pa3u AOCTaBUTH Ha ii MOBEPXHIO.

- Ha npyromy erari — BUIy4€HHs] TOBEPXHEBOI BOJIOTH MEXaHIYHUMHU
JISIMU, HAITPUKJIA]]: 3aCTOCYBaHHS BIAIIEHTPOBAHUX CHJI.

BuxopucTtanss mo4eproBo JaHUX €TalliB MPUBUAE 10 BHUIAJICHHS BOJOTH
C 3€pHa.

Ha ocHOBI rinoTe3u npouecy 3HeBOJHEHHS! CUPOBUHU 3 MOETAlTHUM BUKO-
PHUCTaHHSM 11 MIKPOXBWJIBOBHUX Ta BIALICHTPOBUX IOJiB, OYJI0 PO3pOOJICHO Ta-
paMeTpuuHy Mojenb (puc. 1).
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Puc. 1 — [Tapamerpuuna moaenb

3 mapaMeTpu4yHOi MOJeNi Ciiaye, MO € TEeBHI BXIAHI MapaMmeTpu, sKi
BITMBAIOTH HA BUXIJIHI TAPAMETPH SKOCTI €Talmy MiKpPOXBHJIBOBOT 0OpOOKH 1 me-
BHI BXIJIHI ITapaMeTpPH, K1 BILTUBAIOTH Ha €Tar 0OpPOOKH BIAIICHTPOBUM IOJIEM.

Jlist erarmy oOpoOKM MIKPOXBHJIBOBOTO TOJIA € BaXKIMBUMHU MapameTpH, a
came noTykHIiCTh (Ny;) Ta KK/ (#,;) MarueTpony, a Takox 4yac po0oTu (7) miei
JUISTHKA. 3MIHIOIOYH MapaMeTpu yacy abo MOTYX HOCTi, MU OyZIeMO MaTH pi3HUI
pe3ysbTar 0OpoOKH CUPOBUHM, a caMe Pi3HY KIJIbKICTh BUBEJICHOI BOJIOTM Ha
MOBEPXHIO CHPOBUHH.
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g eramy 0OpoOKH BIAIIEHTPOBUM IOJIEM € BOKJIMBUMU BXIJHUMH Hapa-
METpH, 1€ MapaMeTp CUPOBUHHU 3 KUIBKICTIO BOJIOTH, SIKUM YCHAJAKOBYETHCS BiJ
etary o0poOku B MXII. Ta ocHOBHUI mapameTp HEHTPU(YTH - 1€ MIBUAKICTH
o0epTiB Oapabany.
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PO3POBKA EHEPTOE®EKTHUBHOI IITHEKOBOI MIKPOXBHJILO-
BOI CYLIAPKHA

Aab-Xaman .M., acmipaut, Bypao O.I'., 1.1.H., npod.
OoecbKkuti HayioHANbHUL MeXHOA02IuHUl YHisepcumem, M. OQdeca

AxTyanbHicTb. CydacHi TeHIeHlll y cdepl MeaAUIMHY, (papMaKoJIorii Ta
Xap4yoBOi MPOMUCIOBOCTI HIAKPECTIOIOTh BaKJIMBICTh BUKOPUCTAHHS HATypasb-
HUX JpKepen 010J0r14HO akTUBHUX peuoBuH (BAP), Takux sik nonidenonu, ¢ua-
BOHOIY, aHTHOKCHIAHTH Ta 1HII MPUPOHI CIONyKH. Lli peuoBHHM MalOTh IIU-
POKHUI CHEKTp KOPHUCHUX BIACTMBOCTEW, 30KpEMa NMpOTU3analibHi, aHTUOAKTEpI-
aJbH1, MPOTUNYXJMHHI, IO POOUTH iX IIHHUMU JJIsI pO3pOOKH HOBHX Mpernapa-
TiB 1 QYHKIIOHATBLHUX TPOMYKTIB [1].

ExcrparyBanns BAP e ckinagaum mpoiecoM, mo notpedye eheKTUBHUX
TEXHOJIOT1 JUIsl 30€pe’KeHHS MaKCUMalbHOI aKTUBHOCTI Ta O010J0CTYIHOCTI
CIOJIYK. 3aCTOCYBaHHS MIKPOXBUJILOBOI €HEPTIi IJIsi €KCTparyBaHHs CTa€ Jeai
OUTBII MOMYJIIPHUM 3aBJSKH CBOIM YHCJIICHHHM TIepeBaram: IMBHUAKICTh MPOIIe-
Cy, 3HIKEHHS TTOTPeOr y PO3UMHHUKAX, IMIJIBUIICHA CEIEKTUBHICTh, Ta MIHIMI-
3arlisi BIUTMBY TEMIIEpaTypy Ha HeCTaOUTbHI crioiyku. L{eit MeTo qo3BosIsie 3Me-
HIIUMTH BUTPATH €HEPrii Ta yacy, miaBuiryoun Buxig BAP 3 pocivHHOI cUpOBU-
Hu [2].

HaykoBo-Texniuna rinore3a. HaykoBo-TexHiuHa rinmore3a JA0CIIKSHHS
0a3yeTbcs Ha HaykoBil ko kapeapi IIOEM OHTY.

«Teopis 1 TexHIKa MaKpO-MIKpPO Ta HAaHO-MACIITa0OHUX MPOLECIB MepeHe-
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CEHHsI B TEXHOJIOTTUHUX cucTeMax». B poOoTi BIpoBaKy€eThCs 1OCBIA Kadenpu
[TOEM 3a HanpsMKOM aJpecHOi JOCTaBKHU €HEPrii 0 €JIeMEHTIB CUPOBUHU. [H-
CTPYMEHTOM peaji3allii TEXHOJIOT1H € MIKPOXBUIILOBE HKEPEIO eHeprii.

BuxopucTtanas MiKpOXBHJIBOBOI €HEprii JJIsl eKCTparyBaHHs 010J0TI4HO-
aKTUBHUX PEYOBHUH JO3BOJIUTH 3HAYHO MIJBUIIUTH €(DEKTUBHICTH MPOIECY 3a
pPaxyHOK 1HTEHCHMBHOro BIUIMBY MX Ha marepian Ta pyWHYBaHHS KIITHUHHUX
CTPYKTYD (32 paxyHOK Oaponudy3ii), 1m0 30UTbIIUTh BUX1] IJILOBUX (DITOXIMIY-
HUX PEUYOBUH, 3HU3UTh CHEPrOBUTPATH Ta CKOPOTUTH YaC €KCTparyBaHHs HOpPIB-
HSIHO 3 TPAJAULIIHHUMHU METOJIAMHU.

OCHOBHI aCleKTH HAyKOBO-TEXHIYHOI TIIOTE3H:

- [lIBunke ekcTparyBaHHs — MIKPOXBHJIbOBA €HEPTisl IPOHUKAE BCEPETUHY
MaTepiany, 0 MOXKe CIPUSITH OUTBIT IHTEHCHBHOMY BUAIJICHHIO EKCTPAKTHBHUX
pPEUOBHH.

- PyliHyBaHHS KIIITHHHOI CTPYKTYpH - NpU 00 €MHOMY HIJBOAY €HEpTii
KIITUHHI BUHHUKAE Tpoiiec 6aponndysii, Mo pyiHHye KIITHHHY 000JIOHKY CHPO-
BUHH 1 MOJIETIIY€E BUX1] O10JI0TTYHO-aKTUBHUX PEUYOBHUH.

- 3HIDKEHHS €HEPTOBUTPAT — 3aBISKH MPHUCKOPEHOMY IPOIIECY MO>KHA
3MEHIIUTH CIIO)KUBAHHSI €HEPTIi.

- CKOpOYeHHS Yacy eKCTPaKIIii — BIUCOKa iHTEHCUBHICTh MIKPOXBUIHLOBOI
EHEPrii MOkKe CKOPOTUTH Yac 0OPOOKH.

Meta nocaigxennsi. Po3po06ieHHss KOHCTPYKITli IITHEKOBOT MIKPOXBUJIBO-
BO1 CYyIIIapKU Ta BU3HAYCHHS PalliOHATFHUX PEKUMIB 11 €KCILTyaTallii.

3arpyska
CHPOBHHH

3amHe
SECTPAareHTy
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Burpyzka
CHPOEHHH

1- 3asanmasicysanvnuii 6ynkep; 2- winek,; 3- macHempoHu, 4- mpyoa 3 padionpo3opozo ma-
mepiany; 5- pe3oHamopHa Kkamepa, 6- cucmema nooayi ekcmpazenmy, 7- niowmuntux, 8- ene-
KmpoogueyH,; 9- cucmema 3minu Kymy Haxuny ekcmpaxmopa, 10- nampyook onsa eusanma-
Jrcents cuposunu; 11- 0oozamop, 12- nampy6ox 0151 BUBAHMANCEHHS eKCIMPAKMY.

Pucl — [IpuHiunoBa cxema IIHEKOBOT MiKPOXBHJIILOBOT CYILIAPKH
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BUKOPUCTAHHS TEIIVIOBUX TPYB Y IPOLECAX CYIIIH-
HA 3BEPHOBHUX

Tapanenko €.10., actiipant, be3dax L.B., 1.17.H., To1eHT
OoecbKuti HayioHaTbLHUL MexHOI02iuHUl YHigepcumem, M. Odeca

[Ipouiecu CyuIiHHS Ha MIANPUEMCTBAX € OJHUMH 3 HaWOLIBIL €HEPrOeEM-
HUX 1 CTAHOBJIATH A0 25% NIPOMHUCIOBOrO €HEProCHOKHUBAHHS y PO3BHHEHHUX
KpaiHax. TexHika CyIIiIHHS pO3BUBAjacs IUIAXOM HAPOUIyBaHHS MNEPEBaKHO
KOHBEKTHUBHHUX CYLIApOK, I10 OyJI0 BUIIPABIAHO 3a YaciB IMOMIPHUX IIIH Ha €HEp-
roHocii. OCHOBHI Ipo0JieMU NMPU KOHBEKTUBHOMY cyiliHHI: HU3bkui KKJI ta-
KHX CYIIApOK, PU3MK MOTPAIUIIHHSA KaHIEPOTeHIB Y MPOAYKT Yepe3 Horo KOH-
TaKT 13 TONKOBUMU Tazamu. JlociiakeHHs, HPUCBSIYEH] TUTAaHHSIM CYIIIHHS, K
HIKOJIM aKkTyasibHI. PoOOTa y 1IbOMY HamnpsMKYy HOKJIMKaHa 3HAXOAUTU IUISXH
3MEHILIEHHS] €HEprOBUTpPAT, 3BEIECHHS J0 MIHIMYMY BTPaT MPOJYKTY, a TaKOX
3HIDKEHHS HAaBaHTaKEHHS HAa HABKOJIMIITHE CEPEIOBUIIIC.

BukopucTtanHs CymmiIbHUX amapatiB Ha 6a31 TETUIOBUX TPYyO MOXe AOIO-
MOTTH HaOJIM3UTH MOCTaBJICHY METy. [HTepec BUCHHX JI0 TETUIOBUX TPYO MOMIT-
HO 3piC 3a OCTaHH1 HiBTOpa necaTuiiTTs [1]. 3pocTanHs monmyysIpHOCTI 1€l Te-
MaTHKU 3yMOBJICHO TI€PEBaXXHO PO3BUTKOM MOPTATUBHOI KOMI'IOTEPHOI TEXHO-
JIOTi1 Ta MOTPEOH Y 11 BUCOKOTPOLYKTUBHOMY OXOJIO/IKEHHI.

Posnogin crateit nmpo temiosi TpyOku [1] 3 pi3HHMX raiy3eil 3HaHb MOKa-
3y€, 110 TeMATHKa XapYOBUX TEXHOJIOTIH MPaKTUYHO HE PO3TISHYTa. TakuM 4u-
HOM 00’ €M JOCTITHUIBKAX POOIT y IIbOMY HAMPSMKY YHMAITUH.

Bapro 3a3naunTH, M0 BUKOPUCTaHHS TEIUIOBUX TPYOOK y Mpolecax cy-
HIiHHS 3epHOBUX OOMekeHe. MOXKIIMBO, 11€ MOB'SI3aHO 3 BEJIMKOIO MPOTYKTUBHI-
CTIO 3¢pHOCYIIIAPOK, sKa BapitoeThes 31e01bmoro Bix 12 1o 120 TOHH Ha roau-
HY.

Ha xadenpi I[10 ta EM Ha ocHoBi ixeit npodecopa bypno Onera I'puro-
poBUYa PO3POOICHO KOHCTPYKINIO eHeproedeKTUuBHOI OapabaHHOI CyIIapKw,
BCEpEUHI SIKOT PO3TAIIOBAHO KOHACHCATOP TEPMOCH(OHA, a BUIMAPHA MIJISTHKA
posTaiioBaHa 30BHi. KOHCTPYKIIiIO 3aXHUIIEHO ATEHTOM Ha KOPUCHY MOJICTIb.

Takoxx Ha ocHOBI 171ei bBypno Omnera ['puropoBuda po3po06ieHo 11e OJHY
OapabaHHy CyIIapKy, BIAMIHHICTB SIKOi BiJl TOMIEPEAHBOI MOJISATAE Y TOMY, 11O ii
OapabaH BUKOHAHWMM y BUIIISAL KUIBLEBOTO TepMocu(poHy. KoHCTpyKILIiIO 3axu-
IIEHO TTATEHTOM Ha KOPUCHY MOJIENb.
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B pamxkax nporpamu nepxki3amoBieHHs Ha kadeapi [10 ta EM po3pobiie-
HO cymapky Ha 6a3i TepmocudoHiB [2]. OCHOBHUM €JIEMEHTOM KOHCTPYKIIii €
IApOBUN MIJIrpiBay. 3€pHO, AKE PYXA€ThCS WIUIBHUM TpaBITAllIiHUM IIapOM,
MIJIrPIBAE€THCS Y MIAPOBOMY TEPMOCU(DOHHOMY MiAirpiBadi, MicJsl 4OTo MOTpan-
JIsi€ B CYyIIWJIBHY KaMepy, A€ MPOAYBAEThCS MOBITPSM.

Benetbcst poboTa 3 yIocKoHaJICHHS AaHOI KOHCTPYKIi. [nes moomparrto-
BaHHS MOJIATAE y TOMY, [0 BUMAPHUK IIAPOBOTO MiJIrpiBada po3MimieHo 0e3mo-
CepeIHbO BCEPEAMHI TEIJIOTEHEPATOpa 1 BUKOHAHO Y BUTJISI/II 3aMKHEHOTO BUIIa-
PHHUKOBO-KOHACHCALIIHOTO MOTYJISI.

Xoua TeMaThKa BUKOPUCTAHHS TEIUIOBUX TPyO y Mpoliecax CyIIHHS 3ep-
HOBHX 3HAaXOJHUTHCS y CTa/ll pAaHHHOTO PO3BUTKY, OUEBHAHO, 10 MOIOHI KOHC-
TPYKILIi CyIIapoK 3/1aTHI B3STH y4acTh y HEMUHYUYOMY Mepeo0IaHaHHIO YKpai-
HCBKHUX arpapHUX MiJMPUEMCTB. Y 3B’SI3Ky 3 MMOCTIHHUM 3pOCTaHHSM HACEIICHHS
Ta 3pOCTAIOYHMM MOMTUTOM Ha €HEPriio Ta MPOAYKTH XapuyyBaHHS, €KOJIOTTYHUMHU
npoOsemMaMu, YAOCKOHAJIEHHS Ta PO3poOKa KOHCTPYKIIii cymapok Ha 6a31 TT €
aKTyaJIbHUM HAyKOBUM 3aBlaHHSM. [Ipo akTyalbHICTh TEMATHKW TaKOX CBIJI-
YUTh KUIBKICTh MyOmikaiiii B Scopus Ta WoS, aje B XapuoBiii ranaysi MUTaHHA
MIPAKTUYHO HE BUCBITIICHO.

[Tomanpini nochipKEHHS 3MOKYTh TOYHIIIE BIJAMOBICTH Yy SIKiH Mipi 1€
BJIaCThCSl 3pOOUTH.
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EKCTPAI'YBAHHA O.JII:I: 3 MAKYXH COHAIIHUKA B YMO-
BAX AIPECHOI JOCTABKH EHEPI'1I

3anopoxeus . O., acnipant
Ooecvbkuti HayioHanvbHUl mexnonociunull ynieepcumem m.Ooeca

VYkpaiHa € olHUM 3 NPOBIIHUX BUPOOHHUKIB Ta €KCIIOPTEPIB COHALIHUKO-
BO1 o1ii y cBiTOBOMY MaciuTabi. Ilicis apyroro npecyBaHHs y BIIX0JaX OJiHHO-
T0 BUPOOHUIITBA — MAaKyCl 3aIMIIAETHCS OJU3BKO 6 % 0711, IKYy MOXHA JJOJAaTKO-
BO Bwiyuntd [1]. CydacHi BUMOTH JIO €KOJIOTIYHOT Oe3leKh BUPOOHHUIITBA Ta
rOTOBOT MPOJIYKIIIi TPUBEPTAIOTH YBary 10 €TaHOIy B AKOCTI €KCTpareHTa, OCKi-
JbKU HOro, Ha BIIMIHY BiJl T€KCaHy Ta €KCTpaKUIMHUX OCH3WHIB, OJEPKYIOTh
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OpOMIHHAM BiJHOBIIOBAHOI CUPOBHHH. BapTo 3a3HaunTH, 1110 PO3YMHHICTH Ol
B €TaHOJ1 0OMEXKeHa, ajie MPU BUKOPHCTAHHI €TAaHOIY KOHIICHTPAIIE€0 OIM3BKO
95 % omis yTBOprOE emyibcii [2]. TakuM 4MHOM eMyJIbIyBaHHSM OJii MOKHA
MOSICHUTH BUCOKUH BUX1JI OJII TIPU €KCTparyBaHHI1 €TaHOJIOM.

Ha xadenpi nporueciB, o0jagHaHHs Ta €eHEPreTUYHOTO MEHEKMEHTY PO-
3p00JIeHO 1 YCHIITHO BUMPOOYBAHO €KCTpaKiliiiHe 001aIHaHHS Ha OCHOBI TEXHO-
JIOTIM aJIpeCcHOl JIOCTaBKU €HEPrii J0 MIKpO- Ta HaHOCTPYKTYpP 3a JOIOMOTOI0
MIKpOXBUJIBOBUX TEXHOJIOTIA. BcTaHOBIEHO, 1O A1l MIKPOXBWJIb BHUKJIMKAE
asuiie 6apoandysii. bapoaudy3iiiHui TOTIK MEXaHIYHO 1HILIIOE BUKU, EKCTPaA-
KTUBHUX PEYOBUH, TaKe SIBUIE OTpUMAJIO Ha3By mexaHoaudysis. Came yTBO-
PEHHS Ta BUKU] B €KCTPAreHT APIOHUX Kpareib eKCTPAaKTUBHOT PEYOBUHU 1MO-
BIpHO 1HTEHCH(]IKYye YTBOPEHHS €MYJbCii 0Jii, TOOTO OJiisi B €KCTPaKTI 3HAXO-
IUTHCS SIK Yy BUTTSIAL po3unny (audysiiftHa ckiamoBa), TaK 1y BUTISAL JUCTIEpC-
HOI cUCTeMHU (T1IpOMEXaHIuyHa CKJIaJ0Ba).

[TopiBHIOBaJIM BUX1J OJii IPU €KCTparyBaHHI B YMOBAX aJpeCHOI JJOCTaB-
KM €Heprii, Ta mpu TpaaulliiHOMy HarpiBaHHi. Buxia onii y MiKpOXBUILOBOMY
€KCTPAKTOPl 32 OJHAKOBUX MUTOMHUX €HEPrOBUTPAT BUSBUBCA OUIBIIMM IPHUO-
mu3HO y 1,5 pa3u OLIbIIMM B IOPIBHSIHHI 3 TPAAMIIIAHUM TT1JIBEIEHHSIM €HEprii.

Takox BUBYABCs BIUIMB ITMTOMOFO MijiBeACHHS eHeprii. HalOiunpmmii Bu-
X171 OJIii CrocTepiraBcs 3a HAWMEHUIMX MUTOMUX €HEProBUTpaT. B sikocTi mosic-
HEHHSI MOKHA 3pOOUTH NMPUIYLICHHS, 1110 33 MEHIIOT0 €HEProMiIBEICHHS CUPO-
BMHA 3a3HaBaJjla MEHILIOTO TEPMIYHOIO MOIIKOKEHHS.

TakuM yMHOM, MOKHA 3pOOUTH BUCHOBOK, IO 3aTy4eHHs MeXaHOoAu(Py3ii
MO3UTUBHO BILJIMBAE HA MPOIEC U EKCTPAryBaHHS Ta €MYJIbI'YBaHHS OJIii €TaHO-
JIOM, 1O JT03BOJIsi€ 30UIBIIUTH BUX1J MPOAYKTY IPH 3MEHIIEHH]1 BUTPAT EHEPTIi.
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CEKIIIS I1T: MOJEJIOBAHHS EHEPIOTEXHOJIOI'TH

ANALYSIS OF THE STABILITY OF ENERGY SYSTEMS USING THE
LYAPUNOV STABILITY THEORY

Doroshenko D., student of the 4th year, Faculty of Mechanics and Mathematics
Oles Honchar Dnipro National University, m. Dnipro

Energy systems are some complex dynamic structures consisting of many
interdependent components. Their stable operation is critical to ensure
uninterrupted energy supply. The occurrence of external and internal influences
can disrupt the stability of such systems, which can lead to a loss of energy or
stop the operation of the equipment. To analyze the stability of these systems,
the Lyapunov stability theory is used, which allows to estimate the stability of
the equilibrium state of the system based on the analysis of its dynamics and
behavior.

The essence of the Lyapunov method is to Investigate the energy system
for stability by introducing a special function - Lyapunov. This function has the
property of decreasing in the process of movement of the system to the equilib-
rium state. If such a function can be constructed for the system, and its time de-
rivative is negative at all points except the equilibrium one, then the system is
Lyapunov stable.

The general form of the Lyapunov function for a nonlinear system looks
like this: B(x) =V V(x) - f(x), where:

V(x) is a Lyapunov function that depends on the state of the system,

f(x) is a vector function describing the dynamics of the system.

If B(x) < 0 at all points except the equilibrium point, this system is as-
ymptotically stable.

Example: Consider an example of stability analysis for a simplified model
of an electrical system consisting of a generator and a load. The dynamics of the

system can be described by the equations of motion:
% =w, ‘2—‘2’ = —ksin(0) — dw, where:
0 is the generator rotor angle,
w - angular velocity,
k - proportionality factor,
d is the decoefficient.

The Lyapunov function for this system can take the form:
1
V(e,w) = sz + k(1 — cos(8))
Let's calculate her day off in time:
B= WCL—V: + ksin(0) % = w(—ksin(0) — dw) + ksin(6) w
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Simplifying: B = —dw?.

Ago B(x) < 0, the system is stable according to Lyapunov, i.e., the oscil-
lations of the generator decay over time, and the system returns to the equilibri-
um state

The theory of Lyapunov stability is quite a powerful tool for the analysis
of dynamic energy systems. This theory allows us to estimate whether the
system will be stable under certain conditions, or even know unstable
oscillations. Applying this approach is particularly useful in complex power
networks to ensure their uninterrupted operation and protection against failures.
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OPTIMIZING THE DISTRIBUTION OF ENERGY IN ALTERNATIVE
SOURCES

Doroshenko D., student of the 4th year, Faculty of Mechanics and Mathematics
Oles Honchar Dnipro National University, m. Dnipro

The growing use of alternative energy sources, such as solar and wind
energy, poses the task of efficient distribution of generated energy to energy
systems. Since such a source is often unstable due to natural factors,
optimization of energy distribution becomes a tool to ensure reliable energy
supply, minimize costs and improve overall system efficiency.

Optimizing production energy distribution using mathematical methods,
which allows finding the most efficient way to transfer energy between
consumers and storage systems. The main goal is to maximize the use of
available resources with minimal losses. Factors such as current energy
production, consumer demand, battery availability and storage capacity are
taken into account during optimization.

The optimization problem can be described in terms of a function that
minimizes energy losses or costs: )i~ x;b;.

Subject to restrictions: }I; a;x; = b;, Vj.

Example: Consider a solar power plant that supplies energy to several
consumers and a storage system. Generation depends on the amount of solar ra-
diation during the day. The optimal allocation problem can be formulated as a
linear programming problem. For example, we have three sources of generation
(solar panels) and two consumers, as well as a battery for energy storage. The
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optimization model can look like this: byx; + b,x, + b3;x5, sSubject to re-
strictions:
x1 + x, = P; (energy for the consumer 1)
x, + x3 = P, (energy for the consumer 2),
where P;, P, — energy needs of consumers.
Optimizing the software's ability to determine how much energy will be
sent to each consumer and stored to minimize energy loss or costs.
Conclusion. Optimizing energy distribution in alternative energy systems
IS key to ensuring a stable and cost-effective supply. The use of mathematical
models allows not only to effectively manage resources, but also to reduce the
impact of unstable generation from renewable sources, which improves the
overall efficiency of energy systems.
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IMPROVING COLD CHAIN PERFORMANCE THROUGH IOT: REAL-
TIME TEMPERATURE AND HUMIDITY CONTROL FOR PERISH-
ABLE GOODS TRANSPORT

Volodymyr Shemiakin, PhD student, Olga Yakovleva, Associate Professor
Odesa National University of Technology, Odesa

The global demand for high-quality perishable goods, such as fruits,
vegetables, and pharmaceuticals, has driven the need for highly efficient Cold
Chain logistics. Maintaining optimal environmental conditions throughout the
transportation process is crucial to ensuring the freshness and safety of these
sensitive products.

To address these challenges, the integration of the Internet of Things (IoT)
into Cold Chain systems has become a transformative solution. 10T technologies
enable real-time monitoring and control of environmental conditions inside
refrigerated trucks, allowing for automated adjustments to maintain optimal
conditions even in the face of changing external factors. By utilizing a network
of sensors, GPS tracking, and data analytics, loT-based systems provide
dynamic and predictive management of temperature and humidity levels. This
study focuses on the implementation of an loT-driven control system in a 30-ton
refrigerated truck transporting grapes along the Odesa-Kyiv highway in July.
The system continuously monitored inside temperature and humidity, outside
temperature, and truck location, adjusting the cooling system to account for door
openings at key checkpoints (e.g., Odesa, Uman, Bila Tserkva, and Kyiv). The
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goal of this research was to evaluate how loT technologies enhance Cold Chain
efficiency by stabilizing environmental conditions, minimizing temperature
excursions, and ultimately improving product preservation.

The transportation of perishable goods under controlled temperature
conditions is governed by strict regulations to ensure product safety and quality.
ATP (Agreement on the International Carriage of Perishable Foodstuffs [1]) sets
standards for the use of refrigerated vehicles and containers, requiring specific
temperature ranges based on the product type. Continuous temperature
monitoring and control throughout the journey is mandatory, using tools like
thermometers and loT-based systems to ensure compliance and prevent
spoilage. Additionally, the HACCP (Hazard Analysis Critical Control Point
[2,3]) Plan is required for all establishments handling perishable goods, focusing
on identifying and controlling potential hazards. Together, these regulations
ensure food safety, maintain product integrity, and provide traceability across
the cold chain.

The loT-controlled inside temperature for the refrigerated truck
transporting grapes, as a function of outside temperature and distance, can be
described mathematically using a combination of base cooling dynamics,
external temperature influence, and door-opening events.

Base temperature control is presented by:

d
Tbase(d)::g—klxﬁ (1)

Where: T,,..(d) - the base internal temperature set by the cooling system,

with gradual efficiency reduction as the truck moves further from the starting
point; k, - is the small constant representing cooling efficiency loss over

distance.
Outside temperature impact is shown with:
Toutside_impact (Toutside (d )) - k2 (Toutside (d ) - 30) (2)
Where: k,- a coefficient representing how much the outside temperature
affects the internal temperature; T (d) - the varying external temperature

outside
along the route.
Door Opening Temperature Spike using Gaussian function is shown with:

Tspike (d ) - Z AXx eXp£_%] (3)

di € Devenls

Where A — the magnitude of the temperature spike due to a door opening;
o - controls how quickly the spike dissipates after the door closes; d. - the

distances where door-opening events occur (e.g. Odesa, Uman, Bila Cerkva,
Kyiv)
Inside temperature can be modelled with:
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Tinside (Toutside,d ) = Tbase (d) + Toutside_impact (Toutside (d )) + Tspike (d ) (4)
Where: T,

wae (d) - the cooling system’s baseline temperature control,
which is gradualy affected by distance; T, impact (Tousice (d)) - the influence of
external temperatures, increasing or decreasing the internal temperature based
on the difference from a standard reference (30°C); T, (d) - the spikes caused

by door opening at key locations, which temporarily raise the internal
temperature, with impact diminishing over time

o"ts/g: 7o 30
peratllr 32
8 (e, 34 0
Fig.1 - loT-Controlled Inside Temperature for Refrigerated Track (grapes transport)
Dependence on Outside Temperature and Distance

The Fig.1 incorporates the exact door opening events at Odesa, Uman
(270 km), Bila Tserkva (399 km), and Kyiv (483 km). This reflects the precise
impact of these events on the internal temperature of the refrigerated truck,
accounting for real-time monitoring and control via the IoT system. The loT
system used to control temperature and humidity in the refrigerated truck
transporting grapes works by continuously monitoring environmental conditions
(both inside and outside the truck) and adjusting the cooling and ventilation
systems in real-time to maintain optimal conditions for the cargo. The loT
Temperature and Humidity Control include: real-time monitoring of internal and
external temperatures, with automatic cooling adjustments to handle external
heat and door-opening events; active control to maintain 95% humidity, using
humidifiers or dehumidifiers depending on internal conditions and external
influences; predictive algorithms that respond to forecasted changes in
temperature and humidity, ensuring stable conditions for grape transport. The
0T system dynamically responds to environmental changes and optimizes the
conditions inside the truck to maintain quality control for sensitive cargo like
grapes.
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The integration of an loT-controlled environment within the refrigerated
truck improves Cold Chain efficiency by: reducing temperature fluctuations and
product losses; enhancing real-time monitoring, traceability, and compliance;
optimizing energy usage, routes, and logistics; minimizing disruptions and
delays. These improvements lead to better product quality, longer shelf life,
reduced waste, and greater profitability for stakeholders across the cold chain.
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Al-OPTIMIZED HVAC IMPROVING ENERGY EFFICIENCY AND
PERFORMANCE IN COMMERCIAL BUILDINGS

Volodymyr Kushnir, PhD student, Olga Yakovleva, Associate Professor Odesa
National University of Technology, Odesa

The rapid advancements in Artificial Intelligence (Al) have opened new
avenues for optimizing building operations, particularly in the realm of Heating,
Ventilation, and Air Conditioning (HVAC) systems. With commercial buildings
accounting for a significant portion of global energy consumption, improving
the energy efficiency of HVAC systems has become an essential target for
reducing operational costs and minimizing environmental impact. Traditional
HVAC systems, while effective, often lack the adaptability and intelligence to
respond to dynamic changes in building occupancy, weather conditions, and
equipment performance in real-time. This results in inefficiencies such as energy
overuse, higher maintenance costs, and inconsistent occupant comfort.

To reveal the impact of Al — driven HVAC systems on operational
efficiency, energy usage, and predictive maintenance in a 2000 square meter
administrative building in Odesa, Ukraine, over a one-year period. The system's
performance is measured against international standards for human comfort in
office spaces.

Building Specifications: Location: Odesa, Ukraine; Building Type:
Administrative Office; Area: 2000 square meters; Occupancy: 100-150
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employees.

HVAC System Configuration: Centralized HVAC system with individual
zone control (VAV — Variable Air Volume); Al integration for predictive
maintenance and energy management.

Time Frame: 12 months

International Comfort Standards: ASHRAE Standard 55: Thermal
Environmental Conditions for Human Occupancy; ISO 7730: Ergonomics of the
Thermal Environment; EN 15251: Indoor Environmental Input Parameters for
Design.

Assume the total annual energy consumption of the HVAC system for a
2000 m? administrative building is 200,000 kWh/year, as calculated earlier.

The energy consumption is divided between heating, cooling, and
ventilation in Tab.1.

Table 1. Data
Heating (H) -> 35% of Cooling (C)-> 40% of Ventilation (V)-> 25% of
total energy total energy total energy
H, iz = 70.000kWh year | C, ., =80.000 kWhyear | V, ..., =50.000 kWh year

Al optimization impact can be provided with following. Al can reduce
energy usage in each category based on better controls, predictive analytics, and
real-time adjustments. Al reduces unnecessary heating by optimizing heating
schedules, adjusting heating based on occupancy, and factoring in weather data.

Suppose Al achieves a'10% reduction in heating energy: H, . =7.000

kWh year, H,. ., =63.000 kWh year. Al adjusts cooling by using occupancy

sensors, dynamic temperature controls, and integrating real-time weather data.
Al is often more efficient.in cooling due to the high energy consumption in this
area. Cooling savings can be increased to 25%: C =20.000 kWh vyear,

C. =60.000 kWh year.

Al optimizes airflow based on real-time air quality and occupancy,
reducing the need for excessive ventilation during unoccupied hours. Assume a

savings

final

15% reduction in ventilation energy: V... =7.500 kWh year, Vg, =42.500
kWh year.
Now, sum the total energy savings across all components:
TOtalsaVingS = Hsavings + Csavings. +Vsavings (l)

TotalSavings =34.500 kWh year. Finally, calculate the total percentage

of energy savings by dividing the total energy savings by the original energy
consumption equal 17.25%.

These savings result from better control over system operations, dynamic
adjustment of setpoints, real-time monitoring, and proactive maintenance.

The Al optimization for HVAC system shows significant reductions,
especially in cooling and ventilation, leading to overall energy savings in Fig.1.
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Fig.1 — Comparison of Baseline and Al-Optimized Energy Consumption

Al's predictive maintenance features reduced unscheduled downtime by
25%, lowering maintenance costs by 12%, or $1,200/year. This proactive
approach not only extends the life of the HVAC system but also improves
reliability, minimizing interruptions in building operations. The Al system
ensured compliance with international human comfort standards, such as
ASHRAE Standard 55 and 1SO 7730, by maintaining optimal indoor conditions
(temperature: 22-24°C, humidity: 40-60%, CO, levels below 1000 ppm). This
contributes to enhanced occupant comfort and productivity in the workplace. By
reducing energy consumption, the Al-optimized HVAC system also contributed
to a lower carbon footprint. Assuming the local energy grid has a CO, intensity
of 0.4 kg/kWh, the reduction in energy consumption results in an approximate
14,400 kg/year reduction in CO, emissions, aligning with global sustainability
goals.

The Al-driven optimization of the HVAC system could achieve an 18%
energy reduction by optimizing heating (10% savings), cooling (25% savings),
and ventilation (15% savings), leading to a total energy savings of 36,000
kWh/year, as estimated earlier.

Results from LCCA. The integration of Al into the HVAC system not only
results in significant cost savings of approximately $90,400 over 20 years but
also delivers substantial environmental benefits, reducing CO, emissions by
288 metric tons. This dual benefit of economic and environmental savings
makes Al-driven HVAC optimization a viable solution for sustainable building
operations, particularly in commercial settings. The calculation of LCCA system
environmental impact draws upon globally recognized standards such as 1SO
14040 for lifecycle assessment, 1SO 15686-5 for lifecycle costing, and
ASHRAE standards for energy efficiency and human comfort. In addition, IPCC
guidelines and EPA calculators are used for accurate greenhouse gas emissions
calculations. These standards ensure that both the economic and environmental
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aspects of the HVAC system are comprehensively evaluated, providing a robust
foundation for optimizing HVAC systems with Al-driven solutions.

Recommendations for Future Work: scalability, Al and loT Integration,
Long-Term Studies. The approach demonstrated in this study could be scaled for
larger buildings or campuses, further amplifying energy savings. Enhanced Al
algorithms, combined with the Internet of Things (loT) for real-time data
collection, could enable even greater efficiency improvements in HVAC
systems. A longitudinal study could provide deeper insights into the long-term
impacts of Al on system performance, maintenance needs, and energy usage
trends.

This study demonstrates that Al-driven optimization offers a promising
solution for achieving significant energy efficiency improvements in HVAC
systems, reducing operational costs, and improving occupant comfort, all while
supporting sustainability goals. These results should encourage further adoption
of Al technologies in building management systems across various sectors.
Through the application of internationally recognized ASHRAE and ISO
standards, and the use of Life Cycle Cost Analysis (LCCA), this research
quantifies the economic and environmental benefits achieved through Al-
optimized HVAC solutions.
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CEKLIA 1IV: TPUBYHA MOJOAUX HAYKOBIIB

SMART GRIDS: POWER TRANSMISSION AND DISTRIBUTION

Yefremov I., student
Odesa National University of Technology, Odesa

Smart grids are modernized power grids that use digital technologies to
automatically monitor and manage energy flows between producers and
consumers. The implementation of such networks is aimed at increasing the
efficiency of energy transmission and distribution, reducing losses and
optimizing the use of resources. They also contribute to increasing the resilience
of the power system to external and internal factors, such as failures and
accidents. Main components of smart grids include sensors, smart meters,
monitoring systems, information systems for data processing and decision-
making, as well as two-way communication between producers and consumers.

Traditional power transmission systems involve a one-way flow of energy
from large generating stations to consumers through a multi-stage distribution
system. In contrast, smart grids provide two-way transmission of electricity with
the ability to connect distributed generation sources such as solar panels or wind
turbines. Intelligent control systems allow energy to be distributed in real time,
preventing overloads and accidents. They also use energy storage systems, such
as battery storage, to smooth out peak loads.

The expanded adoption of smart grid technologies is significantly
changing not only the way electricity is consumed, but also generated. In
particular, Flexible AC Transmission System (FACTS) technologies provide the
ability to reduce transmission losses, which is critical over long distances. The
use of these technologies allows you to increase the throughput of the system
and the stability of energy transmission. Such systems are actively used in
countries with large territories, such as China, where stable energy transmission
over long distances is important.

Another key technology is distribution automation (DA), which allows
real-time detection and correction of faults in networks, minimizing outage
times. This technology plays an important role in ensuring the reliability of the
network; in particular during peak loads or emergency situations. According to
reports from the U.S. Department of Energy, the application of DA reduces
companies' operating costs by 15%, which is a significant saving.

Core smart grid technologies include advanced metering infrastructure
(AMI), which enables remote meter readings, providing energy companies with
the ability to respond quickly to changes in electricity consumption and
emergencies. The Distribution Automation (DA) system automatically detects
faults and rectifies them quickly, reducing downtime and downtime costs. The
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integration of renewable energy sources and the strengthening of cybersecurity
are key aspects of the further development of smart grids.

Core smart grid technologies include advanced metering infrastructure
(AMI), which enables remote meter readings, providing energy companies with
the ability to respond quickly to changes in electricity consumption and
emergencies. The Distribution Automation (DA) system automatically detects
faults and rectifies them quickly, reducing downtime and downtime costs. The
integration of renewable energy sources and the strengthening of cybersecurity
are key aspects of the further development of smart grids.

Further development of smart grids will largely depend on the
introduction of artificial intelligence and machine learning technologies. By
processing large amounts of data to predict faults and optimize system
performance, energy companies will be able to reduce operational risks and
improve the overall efficiency of their networks. An additional key aspect will
be the development of microgrids that will help manage local energy resources
more efficiently, making power systems more flexible and resilient to external
threats.

An important aspect of smart grids is their positive impact on the
environment. By optimizing the use of renewable energy sources such as solar
and wind energy, it is possible to significantly reduce CO, emissions. Dynamic
pricing, which encourages consumers to use electricity during periods of low
demand, also helps to reduce the load on networks and further reduce emissions.
In addition, energy storage systems, in particular storage batteries, play an
important role in improving the resilience of power systems by allowing excess
energy to be stored and used during peak periods.

The experience of implementing smart grids in countries such as the US,
EU, and China demonstrates significant economic benefits. In the United States,
thanks to government support, the share of renewable energy sources in the
country's total energy balance has increased. The European Union is focusing on
creating uniform standards for smart grids, which contributes to their faster and
more unified implementation throughout the region. China is actively investing
in infrastructure development, including the integration of renewable energy
sources such as solar and wind energy.

Conclusion. The development of smart grids will fundamentally change
the energy industry, increasing its efficiency, reliability and resistance to possi-
ble failures. Despite some challenges associated with the implementation of the-
se technologies, the long-term benefits will be significant in both economic and
environmental aspects.
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With global energy demandsand environmental concerns on the rise, en-
ergy technology modeling has become a cornerstone in the planning, optimiza-
tion, and implementation of sustainable energy systems. Effective modeling al-
lows for a comprehensive analysis of energy technologies, enabling stakeholders
to evaluate economic feasibility, environmental impact, and efficiency in both
current and future scenarios. This approach is vital for optimizing energy use,
transitioning to renewable sources, and meeting international climate goals. By
simulating different energy systems and scenarios, researchers and policymakers
can better understand the implications of various energy choices on a local, na-
tional, and global scale.

Relevance of Energy Technology Modeling The necessity of energy
technology modeling stems from the complexity of modern energy systems,
which require balancing economic growth, energy security, and environmental
sustainability. According to the International Energy Agency (IEA), the integra-
tion of renewable energy sources, energy storage, and grid management systems
calls for sophisticated modeling to ensure stability and efficiency. Modeling
supports the development of renewable energy projects, optimizes existing ener-
gy infrastructure, and reduces reliance on fossil fuels. Additionally, in the con-
text of climate change, models provide valuable insights into carbon emission
trajectories, which are essential for achieving targets set by the Paris Agreement.

Core Types of Energy Technology Modeling Renewable Energy Sys-
tem Modeling Renewable energy modeling focuses on systems utilizing solar,
wind, hydro, biomass, and geothermal sources. Modeling these technologies
helps forecast energy generation capacity, assess investment requirements, and
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evaluate environmental impacts. Solar and wind energy modeling, for instance,
incorporates meteorological data to predict generation potential under different
conditions. By simulating output based on location-specific weather data, mod-
els help optimize site selection and inform grid integration strategies. Models for
hybrid systems, combining different renewable sources, offer insights into how
various technologies can complement each other, enhancing reliability and re-
ducing intermittency issues.

Energy Storage and Grid Management Modeling energy storage is es-
sential for renewable integration and grid stability, as it addresses the intermit-
tent nature of renewable sources. Models assess the capacity, efficiency, and
cost of storage solutions such as batteries, pumped hydro, and compressed air
storage. Grid modeling includes demand-response strategies, load forecasting,
and distributed generation management. Advanced models simulate how grid
components interact, allowing for the design of flexible grids capable of han-
dling renewable variability and peak load demands. Grid management models
support “smart grid” concepts, integrating real-time data from Internet of Things
(1oT) devices, sensors, and smart meters, thus improving overall energy effi-
ciency and reliability. Energy Efficiency and Demand-Side Management De-
mand-side modeling focuses on optimizing energy use within buildings, indus-
tries, and transportation. This type of modeling enables precise energy savings
predictions by simulating how different energy-saving measures affect overall
consumption. Building energy models, for example, analyze insulation, lighting,
and HVAC system efficiencies, while industry models can simulate energy us-
age across manufacturing processes. These models are instrumental in designing
demand-response programs, helping utilities and policymakers encourage ener-
gy-saving behavior during peak times to reduce strain on the grid. Integrated
Energy Systems and Hybrid Models Integrated models examine how different
energy systems interact within a larger network. This includes power, heating,
cooling, and transportation sectors. Hybrid models incorporate renewable energy
sources, storage, and conventional energy sources, analyzing how best to com-
bine them for optimal performance. These models assess the impact of integrat-
Ing renewables on energy security, cost, and emissions. Integrated models are
crucial for developing “net-zero” strategies that balance carbon emissions from
various sources with sequestration or offset mechanisms. Benefits of Energy
Technology Modeling.

Informed Decision-Making Modeling enables stakeholders to assess the
feasibility and efficiency of different technologies and policies, allowing for da-
ta-driven decisions that reduce risk and uncertainty. By simulating various sce-
narios, decision-makers can optimize investments, predict system performance,
and avoid costly errors.

Cost Reduction and Economic Optimization Effective modeling helps
reduce costs by identifying the most efficient technologies and configurations
for specific needs. For instance, models can identify the optimal mix of renewa-
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ble energy sources and storage to minimize operational costs and maintenance.
Environmental and Social Impact Assessment Modeling allows for the evalua-
tion of environmental impacts, including carbon emissions and land use. Social
Impact modeling assesses how energy projects affect communities, particularly
in terms of job creation and energy access. Risk Management and Resilience By
simulating extreme weather events, fuel price fluctuations, and demand shifts,
models can help design resilient energy systems capable of withstanding various
disruptions. This is crucial for ensuring energy security in a changing climate
and fluctuating global economy. Challenges and Limitations in Energy Technol-
ogy Modeling.

Complexity and Data Requirements Comprehensive modeling requires
large amounts of accurate data, including real-time meteorological data, histori-
cal consumption patterns, and detailed technical parameters for energy technol-
ogies. The availability and quality of data are often limited, particularly in de-
veloping regions. Computational Demand Advanced models, such as those for
integrated systems, require significant computational power, which can limit
accessibility. Additionally, complex models may need specialized software and
expertise, creating barriers for smaller organizations. Uncertainty in Long-Term
Predictions Models depend on assumptions about future technological advance-
ments, policy changes, and climate conditions, all of which are subject to uncer-
tainty. Long-term predictions, particularly regarding renewable energy potential
and demand shifts, may vary widely from reality. Modeling for Policy and Reg-
ulatory Constraints Regulatory frameworks vary greatly between regions, and
models must be adapted to these local policies. Changes in policy, subsidies, and
market structures can render models inaccurate if they are not continually updat-
ed. Opportunities and Future Directions Energy technology modeling is continu-
ally evolving, with emerging trends that could further enhance its impact on en-
ergy systems:

Machine Learning and Al in Modeling Machine learning (ML) algo-
rithms enhance prediction accuracy by analyzing vast amounts of historical and
real-time data. ML applications include load forecasting, predictive mainte-
nance, and optimization of storage solutions. Blockchain and Decentralized En-
ergy Systems Blockchain technology offers a secure platform for managing de-
centralized energy transactions, enabling peer-to-peer energy trading and en-
hancing the effectiveness of microgrid models. Enhanced Visualization and User
Interface Improving model accessibility for non-experts through intuitive inter-
faces and visualization tools allows a broader range of stakeholders to engage
with and benefit from energy modeling. Cross-Sectoral Integration and Net-Zero
Planning

Future models will increasingly integrate power, transport, industry, and
agricultural sectors, providing a holistic view of how to achieve net-zero emis-
sions and balance competing needs within an energy system. Conclusion Model-
ing of energy technologies is essential for designing sustainable and resilient
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energy systems that align with global energy and environmental goals. Despite
challenges, ongoing advancements in data analysis, computational techniques,
and cross-sector integration will strengthen the utility of modeling. As countries
strive to meet energy demands while reducing carbon footprints, energy tech-
nology modeling remains a critical tool for developing cost-effective, efficient,
and environmentally responsible energy solutions. Enhanced support, invest-
ment, and collaboration in modeling initiatives will help pave the way toward a
sustainable energy future.
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[linBumIeHHS 3aJI€’KHOCTI CBITOBOiI €KOHOMIKH BiJ] BUKOITHUX €HEPTrOpecy-
pCiB, TAKUX SIK BYrULId, HapTa Ta NPUPOAHUI ra3, Mae Cepilo3H1 €KOJIOTIYHI Ta
€KOHOMIYHI HACIiAKA. Y BIAMOBIAL HA KIIMAaTHYHI BUKJIMKA 1 HEOOXITHICTH
3HIDKCHHS IIKIJUTMBUX BUKHUIIB, aJbTEPHATHBHA €HEPreTHKa BUXOJUTH Ha TIe-
peaHiii maaH I00ATbHUX CHEPTreTUYHHUX CTpaTeriii. BUKOpHUCTaHHS BITHOBITIO-
BaJTBHUX JIKEPEJT €Heprii, TaKMX K COHSYHA, BITPOBA, T'IpO- Ta O10€HEPreTHKa,
CHpUsi€ 3MEHIICHHIO BYIJICLIEBOTO CIIJIy Ta JOCATHEHHIO €HEpTeTHUYHOI He3alle-
YKHOCTI.

AKTYaJIbHICTh PO3BUTKY AJbTEPHATUBHOI eHEPreTUKH 3aJICKHICTh BiJl
TpaAMILIITHUX JKepesl EHeprii 3arpoKye €KOJOTITYHUMHU MpoOieMaMu Ta eHepre-
TUYHOIO KPU3010 B YMOBaX HECTaOUIbHUX IIH Ha CUpOBUHY. KpiM TOTO, BUKOMHI
BU/IM TIAJIMBA HE € HEBUUEPITHUMHU, 110 CTUMYJIIOE KpaiHu JI0 TONIYKY ajJbTepHa-
tuB. Y 2023 poui nonaxa 80% ycix rio0anbHUX BUKU/IIB MAPHUKOBUX ra3iB Oyiu
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CIIPUYMHEHI BUKOPHCTAHHSIM BUKOITHMX BHUJIIB MajivBa. PO3BUTOK anbTepHATHB-
HOI €HEepPTreTUKU, TAKUM YMHOM, € HEOOX1THUM KPOKOM JI0 CTAJIOTO PO3BUTKY.

OCHOBHi BU/IY AJIbTEPHATUBHOI €eHEPreTUKH:

ConsiuHa eHepreTuka. BUkopucTanHs COHSYHOI €HEprii € OAHUM 13 Hall-
OUIBIII €KOJIOTTYHO YMCTUX CIOCO0IB BUPOOHMIITBA enekTpoeHeprii. CydacHi Te-
XHOJIOT1i, Taki SIK (POTOENEKTPUUHI TTaHEel Ta KOHIEHTPOBAaH1 COHSYHI CUCTEMH,
J03BOJISIIOTh €(PEKTUBHO TEPETBOPIOBATH COHSYHY €HEPril0 B €IEKTPUKY, IO
MIIXOJUTh SK JJIA MPUBATHUX OYJIMHKIB, TaK 1 JIJI MPOMHUCIOBUX 00’ €KTIB.
CxiaiHICTh BIIPOBA/KEHHSI TOJIATAE Y BUCOKHUX MOYATKOBUX 1HBECTHIIISX 1 3a-
JIEKHOCTI B1JI IOTOTHUX YMOB.

BiTtpoBa enepreruxa. BiTpoBi TypOiHU J03BOJISIIOTH BHPOOJSTH €IEKT-
POEHEPTio 3 KiIHeTHUHOI eHeprii BiTpy. Llei Bua eHeprii miAXOAUTH sl MicClie-
BOCTEH 3 OCTIHHUMU BITpamH, 30KpeMa, y30epexoks MOPIB Ta OKeaHiB. BiTposa
EHepreTHKa MIBUAKO PO3BUBAETHCA Y TaKMX KpaiHax, sik Jlanig, Himeuunna Tta
CIIIA. B Ykpaini noTeHuiai po3BUTKY BITPOBOi €HEPIeTHKN OCOOJIMBO BUCOKUN
B npubOepexHuX perionax. OCHOBHI BUKJIMKHU BKIIIOUAIOTh 3AJICKHICTh BiJl TOTO-
THUX YMOB, IITyMOBE 3a0pyIHEHHS Ta BUCOKI BUTpATH Ha OyTIBHUIITBO.

Iinpoenepreruka. I'ingpoenekTpocTaniii MEpEeTBOPIOIOTh €HEPIio BOAU B
€ICKTPUKY, o 3abe3neuye crabiibHEe MocTayaHHS 0e3 IIKIIJIMBUX BHKHU/IIB.
Benuki rigpoenekTpocTaHilii, SK MpaBuUio, BINIMBAIOTh HA €KOCUCTEMH BOJIONM,
1110 oTpedye 00epeKHOTo IUIaHyBaHHSA. YKpaiHa Ma€ 3HAUHUN T1IPOCHEPreTH-
YHUH NOTEeHIIIall, 30KkpeMa Ha piukax [uinpo, Auictep ta [liBaennuii byr.

bioeHepreTuka. BUKOPUCTOBYE OpraHiuHI MaTepiaiu JJii BUPOOHUIITBA
eHeprii, BKIIOYAaYM BIIXOJU CUILCBKOIO TOCHOJIApCTBa, JIICIBHUIITBA Ta Opra-
HIYHI BIIXOJIM MICBKOT0O rocnojapctsa. IlepeBaru 010€HEpPreTUk MoJsratoTh y
MO>KJIMBOCTI YTHIIi3allli BIIXO/IB Ta 3MEHIIEHH] BUKU1B MapHUKOBUX ra3iB. He-
JOJTIKOM € TOoTpeda B CHPOBHUHI, Ky MOXHA Oyno O BUKOPHCTOBYBATH IJISl BU-
POOHUIITBA IPOIOBOJIHLCTBA.

['eoTepMajibHa eHepreTHMKAa. BUKOPHCTOBYE TEIJIO 3€MHUX HAAp IS
00irpiBy Oy/iBesb Ta BUPOOHMIITBA enekTpoeHeprii. [linxonaute ass kpaiH 3 ak-
TUBHOIO M'€OTEPMAJILHOIO MISIIbHICTIO, TakuX sk Icinanmis. ['eotepmanbHa eHep-
reTHKa MoTpedye BUCOKUX MOYATKOBUX BKJIAJICHDb, ajle MA€ HU3BKI €KCIUTyaTa-
II¥HI BUTPATH Ta BUCOKY CTaOUIbHICTD.

IlepeBaru ajbTePHATHBHOI eHePreTUKH. EKOJIOTIYHICTh. 3MEHIICHHS
BUKHUJIB BYTJICIIO Ta 1HIIUX IIKIJIMBUX PEYOBUH CIPHsi€ 30€pEKEHHIO €KOJIOT1-
YHOI pIBHOBarv Ta MOKpPAILEHHIO 370pOB'st HaceneHHs. EnepreTnuHa He3anex-
HICTb. BUKOpHUCTaHHS MICLIEBUX JPKEpea €HEprii JA03BOJISE€ 3MEHIIUTH 3aJIeikK-
HICTh B1JI IMIIOPTY eHepropecypciB. EkonoMiuHi nepeBaru. Hezpakarouu Ha BU-
COKI MTOYaTKOBI 1HBECTHUIIi1, BAKOPUCTAHHS BiIHOBIIOBAIBHUX JIKEPET MOXKE 3a-
0e3IeYnTH 3HaYHy €KOHOMIIO B JIOBFOCTPOKOBIM MEPCIEKTUBI 3aBJIIKH HU3bKUM
eKCIUTyaTaliiHuM BUTpaTaM. Bukiauku ta oOMexxeHHs Bucoki 1HBECTHIlIHHI BU-
tpatu. [loOymoBa Ta BHpOBa/KEHHS AIBTEPHATHBHUX EHEPTETHUYHUX CHUCTEM
BHUMarae 3Ha4HUX (PIHAHCOBUX PECYPCiB. 3aJeKHICTh Bia mpupoaHux ymoB. Co-
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HSYHA Ta BITPOBA €HEPreTHKa 3aJeKaTh BlJ MOTOJHUX YMOB, IO YCKIAIHIOE iX
BUKOPHUCTAHHS B TMEBHUX KIIMAaTUYHUX 30HaX. [IpoGmemu 30epiraHHsi eHeprii.
BincyTHicTh e(heKTUBHMX TEXHOJIOTIN AJis 30epiraHHsi eHeprii MpU3BOIUTH 10
HEOOX1THOCTI OyAIBHUIITBA TOJAATKOBUX HAKOIMUYBAJIBHUX CHCTEM.

MoxauBocTi ajasi Ykpainu. YkpaiHa Mana O 3HauyHUM MOTEHINAT IS
PO3BUTKY aJIbTEPHATUBHOI €HEPTETUKU 3aBJSIKA BUTIAHOMY TreorpadiuHOMy po-
3TalllyBaHHIO Ta MIPUPOJHUM pecypcaM, ik OM HEe YMOBH BIMHU. 3T1JHO 3 JAHUMHU
ATEeHTCTBa BIJIHOBIIIOBAaHUX JIKEpesl eHeprii YKpaiHu, yacTKa albTepHATUBHOI
€HEPreTUKH B 3arajibHOMY eHeprobananci kpainu Moria 6 nocsirt 50%. Ipio-
PUTETHUMHU HANPSIMKaMU MOTJIM O OyTH PO3IIMPEHHS COHAYHOI Ta BITPOBOI €He-
PTreTUKH, a TAKOK PO3BUTOK O10€HEPTETUKH.

BucHoBOK. AJbTepHATUBHA €HEPIreTUKA € BAXKIMBOIO CKIIAIOBOIO CHEP-
TEeTUYHOI O€3IMEKH Ta €KOJOrTYHOI CTanocTi. PO3BUTOK LIOrO CEKTOpa CHPHUATHU-
M€ 3MEHIICHHIO €KOJIOTIYHOTO HABAHTAXKEHHS Ta MOCUJICHHS €HEePTreTUYHOI He-
3aJIeKHOCTI. B yMoBax rio0anbHUX KIIMAaTUYHUX BUKJIMKIB Ta €KOHOMIYHHUX
PU3UKIB TEpexia 10 albTEPHATHBHOI €HEPreTUKU CTAa€ OAHUM 13 KIIIOYOBUX
NPIOPUTETIB JIJIs1 YKpaiHU Ta CBITY.
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Energy efficiency in wartime feed production is critical to maintaining
productivity, reducing costs, and reducing dependence on external energy
sources. In such conditions, adaptation of enterprises to limited resources and
unstable energy supply becomes important. Here are some approaches and solu-
tions that can help increase the energy efficiency of compound feed production
in such conditions:

1. Use of local sources of alternative energy.

Reducing dependence on centralized energy sources is one of the main
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tasks for maintaining continuous production:

Mobile Solar Panels and Generators: Solar panels are relatively easy to in-
stall and can be placed on factory roofs or even on temporary structures. This
ensures a minimum level of autonomous power supply for critical processes.

Biogas plants from organic waste: Biogas obtained from organic waste
from agriculture or production can be used as fuel for heating or operating
equipment. This allows not only to provide energy for production, but also to
efficiently dispose of waste.

Compact wind turbines: In regions with significant wind activity, mobile
or small wind turbines can provide additional electricity generation.

2. Reduction of energy consumption through automation and optimization
of processes.

In conditions of limited energy, enterprises should optimize production
processes as much as possible:

Intelligent control systems: Automated systems with sensors that monitor
temperature, humidity and other parameters help reduce energy consumption by
precisely adjusting equipment. This reduces the need for resources and allows
for more efficient use of available energy.

Control of the speed and intensity of equipment operation: Adjusting the
speed of mixers, granulators and packaging equipment according to current
needs allows you to significantly save electricity.

3. Energy-saving technologies for drying and mixing.

Drying and mixing processes are among the most energy-intensive, so en-
ergy-saving technologies are of particular value:

Infrared and vacuum drying: These technologies are more energy efficient
compared to traditional methods and provide fast drying with low energy con-
sumption. Infrared drying.is especially useful in cases where it is necessary to
quickly dry components with a low energy reserve.

Minimizing heat loss: Using insulating materials to reduce heat loss in
dryers and mixers allows more heat to be stored, which significantly reduces
overall energy costs.

4. Use of reserve energy sources and optimization of peak loads.

Maintaining the operation of critical processes, even in the event of a
power outage, is a necessary condition for stable operation:

Backup diesel and gas generators: These provide a constant power supply
for key processes, such as the operation of mixing and packaging equipment,
especially in situations where other sources of power are not available.

Scheduling off-peak hours: Shifting energy-intensive processes to off-
peak hours when possible helps reduce the load on internal power systems and
reduce costs.

5. Rational use of waste and resources.

In the conditions of war, enterprises can work with a limited supply of
raw materials, so the maximum use of all resources is extremely important:
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Use of residues and waste: Residues from the production of compound
feed, such as grain hulls or husks, can be used to produce biogas or as fuel in
solid fuel boilers.

Rational dosage: Controlling the accuracy of dosage of components helps
to avoid overspending of raw materials and reduces the amount of waste, which
also helps to reduce energy costs for disposal.

6. Energy-efficient packaging and storage.

In conditions of limited energy, it is important to minimize costs at the
stages of packaging and storage of products:

Automated packaging lines with low energy consumption: Using energy-
efficient packaging equipment helps reduce energy costs while ensuring quality
packaging.

Temperature control in warehouses: Using energy-efficient systems to
maintain temperature and humidity in warehouses avoids product spoilage while
reducing storage costs.

Conclusion. Energy efficiency in the production of compound feed in
conditions of war requires quick and flexible solutions. Integration of alternative
energy sources, automation of processes and efficient use of resources allow en-
terprises to remain productive even under conditions of limited resources. Such
approaches help preserve production capacity, reduce costs and maintain prod-
uct quality, which are key to food security in challenging times.
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3rigno 3akony Ykpainu IIpo enepretnuny edextuBHICTh (BimomocTi
BepxoBHoi Pagu Ykpainu (BBP), 2022, Ne 2, ¢t.8) 13 3MiHaMu - oTpeda y miji-
BUILEHHI €HEeProe(eKTUBHOCTI B MPOMHUCIOBOCTI, OYIIBHUIITBI Ta KOMYHaJIbHO-
My CEKTOp1 CTa€ Jeaali akTyaIbHIIIOW Yepe3 BIMCKOBUHM CTaH, r100aibHl eHep-
TeTHYHI BUKJIMKA Ta €KOJOTiyHI oOMexxeHHs. EneproedexTuBHI TeXHOJOTII J10-
3BOJISIIOTH B HAWKOPOTIINM Yac BUJHOBUTH JPKEpeEsa eHeprii, ONTUMI3yBaTH BU-
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TpaTU €Heprii, SMEHIIUTH BUKHUIU MAPHUKOBUX Ta3iB Ta MIJABUILUTH KOHKYpPEH-
TOCTPOMOXHICTh MIANPUEMCTB. BUKOpUCTaHHS TaKuX TEXHOJOTIH € BaXKITUBUM
THCTPYMEHTOM JJIsl JOCATHEHHSI CTAJIOr0 PO3BUTKY Ta E€HEPreTUYHO! Oe3MeKH
KpaiHH.

AKTyaJIbHICTH eHeproegeKTUBHUX TEXHOJIOTiH 3ri1HO 3 faHuMu Mix-
HapogHoro areHTcTBa 3 eHepretuku (IEA), 6musbko 30 % yciel crnoxuBaHOi
eHeprii y CBITI BUTpayaeTbcsi Hee(PEKTHBHO, IO CTBOPIOE 3HAYHI BTPATHU IS
E€KOHOMIKHM Ta CIpusie 3a0pyJHEHHIO HABKOJIMIIHBOIO CEpEJOBHINA. YIIPOBa-
JOKEHHST eHeproe(EeKTUBHUX TEXHOJIOT1H J03BOJISA€ HE JIUIIE 3HU3UTU BUTPATH, &
I crpusie 3MEHIICHHIO 3aJIe)KHOCTI BiJi BUKOMHUX JDKEpeNl eHeprii, 30KkpeMa B
YMOBax BIWHHU, CHEPreTUYHUX KPU3 Ta HECTAOIIBLHOCTI HA PUHKY.

OcCHOBHi HANPAMM PO3BUTKY eHEpProe(eKTUBHUX TEXHOJIOTI Ta o0sa-
HaHHSA. [HHOBaIiMHI OyIiBeNbHI MaTepiaiu Ta TEXHOJIOT1: BUKOpUCTaHHS Ter-
JOI30JISIIHHUX MaTepialliB Ta Cy4aCHUX METOJIIB OYAIBHHUIITBA JO3BOJIIE 3MEH-
IINTH BUTPATH €Heprii Ha oOirpiB Ta oxonomkeHHs OymiBens. [Ipukiamom €
eHeproe(eKTUBHI CKJIOMAKEeTH, (dacaaHi CHUCTEMH 3 TEINIOI30IIIIEI0, a TaKOX
iH(padepBoHi 00irpiBayi AJig TOYKOBOTO 00irpiBy. «Po3ymu1» OymiBii, ocHale-
Hl CEHCOpaMU JJIsl pEryJIIOBaHHS OCBITJIEHHS Ta TEMIEPAaTypH, JO3BOJISAIOTh 3HA-
YHO 3MEHIIUTH €HEPrOCIOKUBAHHS.

BuxopuctanHs po3yMHUX MEPEXK - CICKTPUUHUX MEPEK, 110 BUKOPUCTO-
BYIOTh TEXHOJIOT1i KEpYBaHHsI €JIEKTPOCHEPreTHYHUMH CHCTEMaMu Ta 1HpopMa-
I[IHHOTO OOMiHY, ITOB’S3aHOTO 13 HUM, BIJIMOBIAHI €JIEMEHTH TEXHIYHUX CHUCTEM,
pU3HAYEH] JUIsl 3YUTYBaHHS, KEpYBaHHS MPOIECaMu, 30KpeMa JIaHUMHU, Ta KO-
MyTaliifHe 00JIalHaHHs JJIs1 00’ €IHAHHSL B €eKOHOMIYHO e(DeKTUBHUH c1oci0 mo-
BEJIHKM Ta 1 BCIX HPHUEIHAHUX J0 HET CHOKHMBAYiB, YYACHUKIB PUHKY €JIEKT-
PUYHOI eHeprii 3.METOl 3a0e3MeYeHHs] €KOHOMIYHOI e€(EeKTHUBHOI, HaIiNiHOI,
0e31eyHoi, cTajiol POOOTH €HEPFETUYHOI CUCTEMH 3 HU3bKMMHU BTPAaTaMH 1 BUCO-
KHUM PIBHEM SIKOCTI Ta O€3MEeKH MOCTaYaHHS.

Cucremu pekymepauii ta yruiaizauii Tenyia Bukopucranusa cucreM pe-
Kynepallli Terja B IPOMHUCIOBUX Ta KOMYHAJIBHUX 00'€KTax JO3BOJISIE TOBEPHY-
1 10 80 % BuUTpaueHoi eHeprii. Pexyneparopu epekTUBHO YTUIII3YIOTh TEIIO 3
BCHTHJIIIIMHAX CUCTEM, TapsiYMX BIAXOAIB a00 BiAmpalibOBaHUX rasiB, 110 3HH-
XKye moTpedy B HOAATKOBUX eHepropecypcax. L{i TexHonorii ocobinBo akTya-
JBHL JJIS TIIPUEMCTB 3 BUCOKMMH €HEPrOBUTpPATaMU, TAKUX SK METaIypris,
XIMIgHA Ta Xap4oBa MPOMUCIIOBICTb.

EneproedextuBne ocBitiiennsi Ceitinomionni (LED) namnu ta cucrtemu
J03BOJISIFOTH 3HU3UTH €HEProcrnokuBaHHsa ocBITIeHHS Ha 50-80% y mopiBHIHHI
3 TpaIUUIMHUMH JIAMIIAaMH PO3KApPIOBaHHA. Y cydacHUX odicax Ta IPOMHUCIO-
BUX 00’€KTax BCE YaCTillle BUKOPUCTOBYIOTHCS CEHCOPHI JaTUMKH Ta CUCTEMH
ABTOMATHUYHOTO PETyJIOBAaHHS OCBITJICHHS, K1 HAJIAIITOBYIOTh 1HTEHCHUBHICTH
CBITJIa 3aJIe)KHO BiJI yacy J0OM Ta HAasSBHOCTI Jojaed y npumimieHHi. LED-
OCBITJICHHS HE JIMIIE CKOPOUYE BUTPATHU EIEKTPOECHEPrii, ajie i Mae AOBIIUNA Te-
PMiH CITy’K0H Ta 3HIKY€E HEOOXIIHICTD Y peryJIsipHii 3aMiH1 JIaMII.
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ABTOMAaTH3aLliA Ta «PO3YyMHI» eHepreTu4yHi cucremu. CrucreMu aBTO-
MaTH3allli 103BOJISIFOTh MIANPUEMCTBAM Ta MPUBATHUM CIIOKMBadyaM KOHTPOJIIO-
BaTU BUTPATU €Heprii B peaqbHOMY udaci. CMapT-TiYHIbHUKHA, CEHCOPH Ta IPO-
rpaMHe 3a0e3meueHHs ISl yIpaBiIiHHSI €HEproBUTpaTaMH JOMOMAaraioTh e(ek-
TUBHO PO3MOJUISATH HaBAaHTAKEHHS Ha €JIEKTPOMEpexKi. BUKOpUCTAaHHS TEXHO-
norii «IaTepuery peuein» (IoT) 3abe3neuye HeHTpani30BaHe KEPYBaHHS €HEPro-
CIIO>KMBAaHHAM, 3HI>KYIOUHM BUTpaTu 10 30%.

EneproedextuBHe 001aJHAHHA B MPOMHUCIOBOCTI Ta TpaHcnopTi Cy-
YyacHe MPOMUCIIOBE OO0JaJHAHHS, HAMPUKIIAJ, BUCOKOS()EKTUBHI €ICKTPOABUTY-
HU Ta KOMIIPECOPH, BUKOPUCTOBYE MEHIIIE €HEPrii MPU BUKOHAHHI TI€T 3K poOo-
Tu. Ha TpaHcmopTi Bce yacTiiie BIPOBAKYIOThCA TOpUH] Ta €IEKTPUYIH] JBU-
T'YHH, 10 J03BOJISi€ 3HAYHO 3MEHIIUTH CIOXHBAaHHS MalliBa Ta BUKHUIU BYIJIe-
0. Takox 3pocTae MOMYJSIPHICTh €JIEKTPOTPAHCHOPTY Ta 3apsAIHUX CTAHIIIM,
K1 MalOTh 3HAYHUN MOTEHITIaN 715 3MEHILIEHHSI BUTPAT €HEeprii Ha TPaHCIOPTHI
nepeBe3eHHs. [lepeBaru eHeproe(peKTUBHUX TEXHOJIOTI Ta 00JIAAHAHHA

3umxenHst BUTpaT. EHEproe)eKTHBHI TEXHOJOTI] JI03BOJISIOTh CKOPOTH-
TH BUTPATH Ha SHEPTit0, M0 OCOOIMBO BAKIUBO JJIS MIAMPUEMCTB Ta OpraHi3a-
i 3 BEJIMKUM OOCSTOM €HEprocrnoXKMBaHHs. 3MEHIICHHS €KOJOTIYHOIO BIUIU-
BY. 3HI)KCHHSI BUKHUJIB MAPHUKOBHUX Ta3iB 1 3MEHIICHHS 3a0pyIHEHHS MOBITPS
CHpUsi€ MOKPALIEHHIO CTaHy HABKOJMIIHBOIO CEPENOBHINA Ta 3J0pPOB’S Hace-
neHHs. IligBuiieHHs eHeprertuyHoi Oe3nekn. CKOpPOYEHHS MOTpeOU B IMIIOPTI
eHeprii Ta BUKOPUCTAHHS MICLIEBUX €HEPrOPECYpCiB CIpUsS€ CHEPreTUdHii He-
3aJIeKHOCT1 KpaiHu.

IToxkpameHHs KOHKYPEHTOCIIPOMOMKHOCTI. 3aBIsKN 3HM>KEHHIO BUTpAT
KOMITaHii MOXYTh 301JIbIIYBATH CBOKO KOHKYPEHTHY IE€peBary, 3aJly4aTd 1HBEC-
TULII Ta 3MILHIOBaTH CBOI MO3MIIII HA PUHKY. BUKIMKM Ha HUISIXYy 0 BIPOBa-
JUKEHHSI eHeproe(peKTMBHUX TEXHOJOT1M Bricoka BapTicTh 1HBECTHIIII. YIIpoBa-
JUKEHHSI. €Heproe(eKTUBHUX TEXHOJIOTIM BHMMarae 3HA4YHUX (PIHAHCOBUX BKJIA-
JI€Hb, L0 YacTO CTa€ CTPUMYIOUUM (HaKTOPOM, OCOOIMBO ISl MAJIOrO Ta Cepei-
HBOTO O13Hecy. BiicyTHICTh 00i13HAaHOCTI Ta KBasi(hikoBaHUX KaApiB. bpak 3HaHb
1 ¢axiBuiB y cdepl eHeproeeKTUBHUX PIIIEHbh 0OMEKYE MOMIUBOCTI JIJIsl IITHU-
POKOT0 BHPOBAKCHHS TaKMX TexHoJjorii. HemocratHs miaTpumka 3 OOKy Jiep-
»aBu. Hu3bka KiTbKICTh MPOTpaM MIATPUMKH Ta CTUMYJIOBaHHS €Heproe(exTu-
BHOCTI TaJIbMy€ PO3BUTOK IIbOI'0 HANpsSMKY, OCOOJIMBO B KpaiHax, 1[0 PO3BUBA-
JOThCS.

IlepcnekTBM PO3BUTKY eHeproe(eKkTHBHMX TEXHOJIOTIA B YKpaiHi
VYkpaina mMana O BeIMKUNA MOTEHLIAN AJIA MIJBUIIECHHS €HEproeeKTUBHOCTI Y
3B’SI3KY 3 BUCOKHM PIBHEM EHEPrOCHOKMBAHHS B MPOMUCIOBOCTI, CLILCHKOMY
rocCroAapcTBl Ta KOMyHaJIbHOMY CEKTOpi. 3ampoOBaKEHHSI MpOrpamM Miclis BO-
€HHOrO0 BIJIPOJKEHHS, €HEProayauTy, KpeAUTYBaHHS AJii OHOBJIEHHS 0O0Jaj-
HaHHS Ta CTUMYJIB JIJIsl BIPOBA/KEHHS €HEProe()EeKTUBHUX TEXHOJOTIH MOXe
3HAYHO MOKPAIIUTH €KOHOMIYHY Ta €KOJIOT1uHYy cuTyauito. Kpim Toro, akTuBHe
BIIPOBAKEHHSI Ta BUKOPUCTAHHS BIJHOBIIOBAJIBHUX JKEPET €HEprii, TaKUX sK
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COHSIYHA, BITPOBa Ta O10€HEPreTUKa, CIpUsITUME 3MIIIHEHHIO €HEPreTHYHO1 0e3-
IIEKU KpaiHu.

BucHoBok EneproedexkTuBHI TEXHOIOTIT € HEB1I'€MHOIO YACTUHOIO CTpa-
TETii CTAJIOTO PO3BUTKY Ta €KOHOMIYHOTO 3pOCTaHHS. BOHU CHIpHSIIOTH 3HMKEH-
HIO BUTpPAT Ha €HEPropecypcH, MOKPALICHHIO €KOJIOTIYHOI CUTYyallli Ta IiJIBU-
HICHHIO SKOCT1 KUTTA. 151 JOCSTHEHHS CTaJoro €HEpreTUYHOr0 PO3BUTKY He-
00X1JIHO TPOJIOBXKYBAaTH 1HBECTYBATH B 1HHOBAIIIMHI TEXHOJIOT1i, BJOCKOHAJIO-
BaTH MOJIITUKY JEP>KaBHOI MIATPUMKH Ta CIIPUSATH 0013HAHOCTI cepe] HaceIeHHS
Ta O13HECYy.

Jlireparypa

1. 3axon VYkpainu [Ipo €HEPreTUYHY e(eKTUBHICTD
https://zakon.rada.gov.ua/laws/show/3915-20#n64

2. 3akoH Ykpainu IIpo BHeCEHHs 3MiH 10 NESKUX 3aKOHIB YKpPaiHW 1100 BPETYIIOBaHHS
OKpeMHX muTaHb https://zakon.rada.gov.ua/laws/show/3915-20#n64

3. EneproedexTuBHi TexHomorii : HaB4aapbHUKA nocionuk / A. C. Manapuka Ta iH. ; 3a 3ar.
pen. A. C. Manapuku. — Cymu : CyMcbkuii epskaBHuid yHiBepeuteT, 2021. — 330 c.

INIABUINEHHA EOEKTUBHOCTI NIPOLECIB
KOHIHEHTPYBAHHA XAPYOBUX PO3YHUHIB B YMOBAX
EJEKTPOMATI'HITHOTI'O 110OJIA

Travenko M. A., crynedt CI-10MH
OoecbKuti HayioHaIbHUL MexHoI02iuHUl yHigepcumem, M. Odeca

VYkpaiHna Mae BEMKUN MOTEHI[IaN Y HAYKOBO-TEXHIUHIN cdepi, KU 371a-
TEH BUPIIIYBAaTU CKJIaJHI €HepreTuyHi npoodsemu. [Ipore Garato mianpueMcTB
HE BOJIOJIIOTh HABITH 0A30BUMM 3HAHHSIMU ILIOJ0 AHAI3Y €HEProCHOKMBAHHS,
PO3paxyHKy BUTpAT Ha €HEPriio Ta BIPOBAKEHHS MPOCTUX METO/IB IMiABUIICH-
Hs1 eHeproe(eKTUBHOCTI.

UYepes BUKOpUCTaHHS 3aCTApIIMX TEXHOJIOT1HM PiBEeHb €HEproeeKTUBHOCTI
B YKpaiHi 3HaYHO HWKYMM TIOPIBHSIHO 3 pO3BUHEHUMH KpaiHamu. KynbeTypa pa-
HIOHAJILHOTO €HEPrOCHOXKUBAaHHS Mailke BIACYTHS, 1O JIMILE MOCUIIOE EHepre-
TAYHUIN 1eIiuT y AepKaBi.

[liBnennnii perion YkpaiHu € MEHTPOM Xap4yoBOi MPOMHUCIOBOCTI, SIKa B
YMOBaxX €HEpreTU4HOT KPU3U CTUKAETHCS 3 MOTPeOOI0 BIPOBAHKEHHSI €HEPro3-
Oepirarounx pilieHb. Xap4yoBe BUPOOHUIITBO XapaKTEPU3YETHCS BUCOKUM pIB-
HEM E€HEProCIOXKHUBaHHS.

[TigmpuemMcTBa arpapHOro CEKTOpy, 110 aKTUBHO BUKOPUCTOBYIOTH IMaJU-
BHO-CHEPIreTUYHI PECYpPCH, MaIOTh 3HAYHUM MOTEHIIIal Y 3aCTOCYBaHH1 BTOPUH-
HUX EHEPreTUYHUX pecypciB. Pa3oM 13 TUM, PI3HOMAHITTS TEPMIYHOIO OOJaj-
HaHHSI Ta KOHCEPBATHUBHUU MiJXiJ Taiy3l YCKIIQJHIOIOThH aJanTailil0 HOBITHIX
eHepro30epiraroynx TEXHOJIOTIH. Sk HacmiJ oK, BTpara €Heprii y BUPOOHUYUX
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npolecax MOTipulye €HEepreTHYHy KpHU3y, OCKUIbKHM CraJ BHPOOHHUIITBA y Il
rajry3i € MEHIIUM, HIJK y IPOMHCIIOBOCTI 3arajioM.

CydacHa IpOMUCIIOBICTh MOCTIHHO TepedyBae y MOLIYKYy pillleHb, siKi O
ONTUMI3YyBaJHl TEXHOJOTI4HI MPOIIECH, MiABHUIYBaINA MPOAYKTUBHICTD, 3a0€e3me-
YyBaJId THYYKICTh BUPOOHHUIITBA, MOKPALTYyBAIU AKICTh KIHIIEBOTO MPOJIYKTY Ta
BI/IMOBIZAIM 3POCTAl0YMM BHMOTaM III0JI0 €HEProeEKTUBHOCTI M e€KOJOTTYHOL
Oe3neku. Y 1bOMY KOHTEKCTI BaKyyM-BUIIApHI YCTAaHOBKM O€3MepepBHOI [I1i 110-
CiaroTh 0co0JMBe Miciie. BoHM cTaroTh Bce OUIBII aKTyaJdbHUMHM 3aBISKH 3/1aT-
HOCT1 €()eKTUBHO KOHIICHTPYBATH PO3UMHU, 3HIKYBATH TEMIIEPATYPY KUIIHHS,
3a0e3reuyBaTh JACTIKaTHUN PeXUM 0OpOOKH UyTIMBUX KOMIIOHCHTIB, MiJABUIITY-
BaTU CTIHKICTb BUPOOHMUYUX MPOIIECIB Ta IHTEIPYyBATHCS B KOMIUJICKCHI TEXHO-
JIOT14HI CXeMH 3 MiHIMAJIbHUMHU €HEPTrOBUTPATAMH.

AKTyaJpHICTh TaKMX YCTaHOBOK OOYMOBJIE€HA HHM3KOI YWHHUKIB. [lo-
nepIne, MOCTiifHE 3POCTaHHS CBITOBOTO TOIMUTY HA MPOAYKIIO, SKa MOTpeOye
KOHIICHTPYBAaHHS PITUHHUX CEPEIOBUII, CTUMYIIOE HIAMPUEMCTBA BIIPOBAKY-
BaTh OOJaJHAHHS, 3/1aTHE MpalIoOBaTH Oe3NEepEepBHO, 3BOASYU /10 MIHIMyMY
IpOCTOi Ta MepeHanamTyBanHs. MoBa iijie He TUIIe PO KIaCU4Hi ramysi, SIK-OT
BUPOOHUITBO LIYKPY, KPOXMAJIO, MOJIOYHUX HPOAYKTIB UM (PPYKTOBUX COKIB, 1€
BXKJIMBA CTAOLIBHICTh MapaMeTPiB 1 MOXKIUBICTE OOPOOISATH BEUKI 00CITU CH-
POBUHHU, aje il PO XiIMIYHY, O10TEXHOJIOTIYHY, (hapMaleBTUUHY, KOCMETUYHY Ta
1HII1 cepu.

BakyyMm-BunapHi ycTaHOBKM Oe3mepepBHOI /i1 CTAlOTh Jenali mpuBadIiu-
BILIMMH, OCKIJIBKA BOHU CYTTEBO 3HMKYIOTh HOTPEOY Y BUCOKOTEMIIEPATYPHOMY
HarpiBaHHi, a BIAMOBIAHO I €HEPrOBUTpPATH. 3HMXKEHHS TEMIIEPATypU KUITIHHS
i BAKyyMOM AO3BOJIsi€E OOpOOJIATH PIAMHHM 3HAYHO JArifgHIIIe, ONTUMIZYIOUH
BUKOPHUCTaHHs TEIJIOBOI €HEeprii.

Kpim TOr0, 3aBASIKM MOMXJIMBOCTI OCTITHOTO BUJTYYEHHS BUIIAPEHOTO PO-
3YMHHUKA Ta OIATPUMAHHS CTAa0UIBHUX YMOB MpPOILECY, MOXKHa €(EeKTHBHILIE
peani3yBaTu CUCTEMHU 0araTopa3oBOr0 BUKOPUCTAHHS TeIla, peKyneparii Bi-
palbOBaHO1 MMapy Ta KOHAEHcATy. Pe3ynbTaToM € 3MEHILEHHS 3arajlbHOro eHep-
TETUYHOI'0 HABAHTAXKEHHS, EKOHOMISI TAJIMBHO-CHEPTETUYHUX PECYpPCiB, MIHIMI-
3aIlisi BUKKU/I1B TAPHUKOBUX Ta3iB Ta 3HMKCHHS €KOJIOTIYHOTO CIIiTy BUPOOHHUIIT-
Ba.

TEXHOJIOI'TYHI TA EHEPT'ETHUYHI ITPOBJIEMMU B PO3POBII
MIKPOXBHUJIBOBUX CYHIAPOK

Anuedopos B. O., crynenr, rpyna CI-10MH
OoecvKuti HayioHANbHUL MeXHOI02iuHUl YHigepcumem, m. Odeca

B Vkpaini 3poctae iHTEpec A0 BUPOOHHUIITBA CYIICHOI MJIOJOBO-ST1THOT
npoaykilii. [lo3uTuBHa TeHaeHIlis 30epiraeTbes 1y 2024 poril.
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OpHak MONpHW MO3UTHBHIN JAMHAMILI POCTY €KCHOPTY CYHIEHHX (PPYKTiB
3a JIOMIOMOTOI0 CYIIMJIBHUX YCTaHOBOK 1 AT, 13 OBOYAMHU CHUTYyallid Tipiia,
VYkpaiHa 3aMUIIa€eThCsl HETTO-IMIIOPTEPOM I11€T POAYKIIIi.

Maibxe Bcio CylieHy HUOYIIO IMIIOPTYIOTh, TaK CaMoO SIK 1 YaCHUK, MOP-
KBY, OypSIK TOIIO.

B VYkpaini cymieHi oBoyi WayTh Ha nepepoOKy 1 Hajaldl MPUCYTHI HA PUH-
KY y BUTJIS1 CIIELI Ta MPUIIpaB.

TaxkuM 4MHOM 3HAaYHA KIJIBbKICTh KOMIIaHIH, IO MaOTh J1HII BIIIOBIJHOTO
oOnaHaHHS HAa CBOEMY BUPOOHUIITBI, BUTOTOBJISIIOTH CYIII€HI OBOYI JiJIsi Biac-
HUX MOTPeO, a caMe I MOJANIbIIOro BUPOOHUIITBA MPUIIPAB Ta CHEIIN.

B Vkpaini € mianpueMcTBa 1 iX HE Majo, SKi HE BOJOMIIOTH 0a30BUMHU
3HaHHAMHU IO /0 aHali3y €HEeprocrnoKuBaHHA. Po3paxyHKHM BUTpaTu €HEprii,
MIPOCTI METOAM IIJIBUILIEHHS €HEProe(PEeKTUBHOCTI 1 T.1I.

Ane yepe3 BUKOPHCTAHHS 3aCTapUIMX TEXHOJOTIM CYIIIHHS Ta CaMUX CY-
[IapOK, PiBeHb €HEeproeeKTUBHOCTI B YKpaiHi 3HAYHO MEHIIWN TOPIBHSHO 3
IHIIMMHA PO3BUHEHUMHU KpaiHamu. ParioHanbHEe BUKOPHUCTaHHS €HEprozoepe-
KCHHsI Ty>K€ HHU3bKa 1 3aBISKU [bOMY MOCHIIOETHCS €HEPreTUYHUA NediluT y
JIepoKaBi.

YoMy MIKpOXBUIBOBI CYIIWIbHI @apaTv CTAlOTh MOIMYJISIPHIIIUMH B Pi3-
HUX TaTy3sX ?

B Hux € cBOi yHiKaJbHI mepeBaru nepei TpaJIulIiHUMU METOAAMU CY-
mIiHHS. MIKpOXBUJIBOBI CyIIapKU CKOPOUYYBATH Yac CYIIIHHS 3aBISKU IPSIMOMY
BILJTUBY Ha MOJIEKYJIM BOJY BCepeuH1 MaTepiany. BoHu O1ibIl eKOHOMHI 10 BU-
TpaTH eHeprii. 3abe3neuyBaTd BUCOKY HPOAYKTUBHICTD, 1110 € OCOOJIUBO BAXKJIIHU-
BUM JIJI1 MACOBOTO BUPOOHUIITBA XapUOBUX MPOTYKTIB.

Tomy e pillieHHs, a caMe PO3POOIISITH MIKPOXBHIIbOBI CTPIYKOBI CYIIAPKH.

Po3po6ka MIKpOXBHIABOBOI CTPIYKOBOI CyIIApKH BUMAara€ CUCTEMHOTO TIi-
IXOAy, SIKAW BKIIKOYAE @HANI3 1l HPUHUUIY Jii, KOHCTPYKTUBHUX €JIEMEHTIB Ta
crietu(p1YHUX BUMOT 0 pOOOTH TaAKOTO 00JIaIHAHHS.

Mu MoxxeMo cKa3aTu HI0 MIKpOXBHJIbOBA CTPIUKOBA CyIIapka — II€ BU-
COKOTEXHOJIOTYHUI TPUCTPIN, IKUi 3a0e3medye MIBUJIKE Ta PIBHOMIPHE CYIIIiH-
Hsl MaTepiaiis.

TexHONOTIYHI Ta €HEpPreTU4yHi MpoOJeMH B PO3pOOIl MIKPOXBHIBOBHX
CYLIapOK:

S mocniauB 11e TUTaHHS 1 OCh K1 eHEPTeTUYHI Ta TEXHOJIOTTYHI MPOoOJIeMH
BHHUKAIOTB IIPU PO3POOIIi.

1. ¥V MIKpOXBUJIBOBOMY IOJII €HEPTisl MOTIMHAETHCS HEPIBHOMIPHO Yepes
edexT iHTepdepeHii Ta BiaOUTTI. MoxkauBe pimeHHsi: 3aCTOCYBaHHS MYJlb-
TUMOJOBHUX PE30HATOPIB, 1110 3MIHIOIOTh CXEMY PO3MOoAiLLy eHeprii. OnTumizaris
reoMeTpii CyImMIbHOT KaMepy AJIsl TOKPAIEHOTO PO3MOILTY XBHIIb.

1.2. Jlesiki MaTepiainy 4yTIUBI 0 BUCOKOI TeMIIepaTypH, a JOKAIbHUI Te-
perpiB MOXK€ COPUYUHHUTU 3MIHU KOJBOPY, BTPATy BITaMiHIB (y XapuyOBHUX IPO-

TyKTax).

56



MoxauBe pimennsa: KomOiHoBaHe cymiiHHS (MIKPOXBUJIbOBE + KOHBEK-
niiHe abo BakyyMHe).. BukopuctanHs iMImyJIbCHOIO pesKMMY BUIIPOMIHIOBAH-
Hs1 JUTsI 3a1100iraHHs TIepPeTpiBy.

1.3. V npedaxux mpoayKTax MIKpOXBMIbOBA OOpOOKa 3MIHIOE CTPYKTYPY
O1IKIB, BYIJICBOIB, 3MIHIOE TEKCTYpy Ta OPraHOJICITHYHI BIACTUBOCTI. MOXK-
JuBe pimeHHsi: KoHTposb TeMiiepaTypu Ta NOTYKHOCTI BUIIPOMIHIOBAaHHS. Bu-
KOPUCTaHHS MIKPOXBUJILOBOTO CYIIIHHS Ha (DIHAIBHIA CTajli Mmicis Momnepe/-
HbOI 00POOKH 1HIITUMU METOIAMH.

Eneprernyni npooaemu:

2. MikpOXBUJILOBI CYIIAPKH CIIOKUBAIOTh 3HAYHY KUIBKICTh €IEKTPOEHe-
prii, 0oco0aMBO y MpoMHUCTOBHUX MaciiTabax. MoxkiauBe pilienHs: OnTumizalis
KOHCTPYKIIIi KaMepH JIJIsl 3MEHIIICHHS TEIUIOBUX BTpAT.

2.1. YactuHa MIKpOXBHILOBOTO BUIIPOMIHIOBAHHSI BIAOMBAETHCSA a00 MOT-
JMHAETHCSA €JIEMEHTaMU CYIIUIBHOI KaMepH, a He MPOAYKTOM, IO MPU3BOIUTH
110 HEe(PEKTUBHOTO BUKOPUCTaHHS eHeprii. MoxkauBe pimenHsi: Bukopucran-
HS CIELlJIbHUX MAaTeplajiB JJisl BHYTPIIIHBOTO MOKPHUTTS CYIIAPKH, 110 3MEH-
IIYIOTh TIOTJIMHAHHA €Heprii cTiHKaMu. PerymtoBaHHs TOBXWHM XBWJII IS Kpa-
IIOT0 Y3TOJ)KEHHS 3 (PI3MYHUMHU BJIACTUBOCTAMMU MaTepiamy.

2.2. KnacuyHi MarHeTpoHH, IO BUKOPUCTOBYIOTHCS Y MIKPOXBHJIBOBUX
cymapkax, MaroTh KKJI 6mm3sko 50-60%, 110 03Hayae 3Ha4HI BTPATH €HEPTii y
BUrAl Tera. MoskauBi pillenHss: BUKOpUCTaHHS HOBUX T€HEpaTOpiB Ha OC-
HOBI TBepAOTUILHUX elleMeHTIB (solid-state RF generators), sxi matore KKJ]I 1o
90%. BripoBa/keHHs 1HTENEKTYaIbHOTO KEPYBaHHS MOTYKHICTIO, 1[0 PETYIIIOE
1oJIaqy MIKpOXBMIIb 3aJI€KHO B1JI BOJIOTOCTI MaTepiaiy.

o Mu Moxkemo BuHeCTH 3 MBOT0? Te 1o, pO3BUTOK MIKPOXBHIIBOBUX
CyIIapOK BHMArae MOE€JHAHHS TEXHOJOTIYHUX Ta €HEePreTUYHUX PIIICHb IS
NIJBUIIEHHSA €(QEKTUBHOCTI TMpoILleCy Ta 3MEHIIEHHS MHOro BHUTPATHOCTI.
[HTENneKTyaNbHl CHUCTEMHU KEPYBAHHS [JIsi ONTUMAJIBHOTO PO3MOALLY €HEeprii.
BnpoBa/pkeHHSI HOBHX T€HEpPATOpPIB MIKPOXBUIBLOBOTO BHUIIPOMIHIOBAHHS 3
nigBuienuM KKJ. Ontumizaiiss KOHCTPYKINi CyHmIapok Juisi PiBHOMIPHOTO
PO3ITOALTY CHEprii.
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3MICT

) CEKIIAI
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