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Anomauia. AxmyanvHicmo 00CHIOHNCEHHS 3YMOGNIEHA HEOOXIOHICMIO NOULYKY HOBUX ULIAXI6
niOBUWeHHs eHepeoepheKMUBHOCMI NPOMUCIOBUX NIONPUEMCINGE 6 YMO6AX 3POCMAHMA YIH Ha
€Hep2OHOCII Ma NOCUTIeHHSL BUMO2 00 eHep2emuyHol be3neKu. SHauHa 4acmKka menioeux pecypcis y
BUPOOHUYUX NpOYecax 6mpavacmvcsi y Gopmi HUZLKONOMEHYIUHO20 Menid, AKe Modce Oymu
nepemeopene HAa KOPUCHY eHEep2ilo 3a YMOBU 3ACMOCY8AHHA CYYACHUX MEXHONO02IU peKynepayii.
Buxopucmanna maxkux nomoxié asmop po3ensaoddae AK cmpameiuHuil iHcmpymenm @QopmyeaHHs.
ABMOHOMHO20 eHep2ONOCMAYAHHS, WO B0OHOYAC CNPUSE CKOPOUEHHIO 3ANeHCHOCHI 8i0 308HIUIHIX
ooicepen ma 3MeHULeHHI0 eKOJI02IYHUX HABAHMAICEHD.

Memoto cmammi € Haykoge OOIPYHMYBAHHA KOHUENMYANbHUX [ NPUKIAOHUX 3Acao
BUKOPUCMAHHA HU3bKONOMEHYINIHO20 Menid NPOMUCIO8UX NpoYecie OJisi CMBOPEHHs CUCTeM
ABMOHOMHO20 eHep203a0e3nedenHsl, a MAKoH#C SUSHAYEeHHs HAUOLIbUW eheKMUBHUX HANPAMIE 1020
3aCMOCY8AHHA 8 YMOBAX CYUACHUX GUKIUKIE eHepeemUYHOL CMIUKOCMI.

Memooonozcist 00CiOHCeH S IPYHMYEMbCA HA CUCMEMHOMY Ni0X00i, Wo nepeobavac ananiz
@i3UKO-MEXHIYHUX XAPAKMEPUCMUK 0dHcepel HUZbKONOMEHYIUH020 menid, OYIHKY NOMeHYiany
iXHbOi pexynepayii, 6ueueHHs NPUHYUNIE [HMezpayii y SUPOOHUYY THGPACMPYKMYpy, A MaKo;C
NOPIBHAHH eKOHOMIYHOI 0oyintbHoCmi 011 NIONpUEMCME pisHUX 2anyseu. Buxopucmano memoou
K1acugikayilinoco ma NoOpieHANLHO20 AHANI3Y, €HEeP2eMmUYHO020 MOHIMOPUHSY MAa Y3a2aNlbHEeHHs
Ppe3yIbmamis Cy4acHoi UpOOHUYOT RPAKMUKU.

Pezynomamu  oocnioscennss nonsearome Yy 6CMAHOGNEHHI 3AKOHOMIPHOCMEU YMEOPEHHs.
HU3bKONOMEHYIUHUX MeNI08UX NOMOKIE i 008E0EHHI IXHbO20 3HAUHO20 eHePLeMUUHO20 NOMEeHYIay.
Buseneno, wo egpexmusna inmecpayis cucmem pexynepayii Moxciusa auuie 3a yMoeu NOEOHAHHSL
MexXHIYHOI CYMICHOCMI, 2HYYKOCHMI MEeNnai08uUx MNOmoOKi8, MOOYIbHOCMI mad a8momMamusayii
ynpagninus. Ilpoananizosano exonomiuHi nepeeazu 8NPOBAONCEHH, WO NOJA2AI0Mb Y CKOPOUYEeHHI
sumMpam Ha eHepeopecypcu, NiOBUWEeHHI CMAOLIbHOCMI BUPOOHUYUX YUKLIB 1 3POCHAHHI
KOHKYPEHMOCHPOMONCHOCMI NIONPUEMCINE.

Bucnoseku niomeepooicyromsb, wjo cucmemHe SUKOPUCMAHHA HUZLKONOMEHYIUHO20 menna
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30amue 3abe3neqyumu nNiONPUEMCMBAM BUCOKUL PiGeHb eHepeemuyHoi a8MOoHOMHOCHI, 3MEHWUMU
3AN1eHCHICMb 810 308HIUIHIX Odicepell eHepeii ma 0OHOYACHO ONMUMI3Y8amu GUPOOHUYT BUMPAMU.
Buseneno karouosi 6ap’epu  6npoeaddcenHs 3HAYHI KANiManiobHi euMpamu, CKIAOHICMb
MexXHON02IUHOT iHmezpayii, Opax nio2omoesieHux Kaopis i HeOOCKOHANICMb HOPMAMUBHOT 6A3U.

Ilepcnekmusu nooanvuux 0O0CHIONHCeHb NOB8 S3aHI 3 YOOCKOHANCHHAM YUPDPOBUX cucmem
KepYy8aHHs Menio8UMU NOMOKAMU HA OCHOBI WIMYYHO20 IHMENeKMY, PO3BUMKOM MeXHOA02il
AKyMYNI08AHHA eHepeii, CMBOPEeHHAM €OUHUX CIMAHOAPMI6 OYIHKU epheKmUsHOCmi peKynepayiiunux
pilileHb ma po3poONeHHAM MEXAHIZMI8 O0epHCABHO20 CMUMYTIOBAHHS IXHbO2O BNPOBAONCEHHS )
NPOMUCTIOBOCHI.

Kniouosi cnosa: enepeoegpexmuenicmos, meniosi empamu, NPOMUCTIOBI NIONPUEMCMEA,
ABMOHOMHI CUCTEMU, PEeKYNepayis HU3bKONOMEHYIUH020 mena.

Beryn.

MopentoBaHHS MPOIIECIB 3HOCY Ta BIHOBJICHHS TBEPJUX CIUJIABIB € BaXKIIMBUM
3aBJaHHSIM y KOHTEKCTI 3a0€3MeUeHHs HaIIHHOCTI W JOBTOBIYHOCTI JIeTajeii MaIluH
CIITBCBKOTOCIIOIAPCHKOTO  BUPOOHMIITBA. P0o0OOYl eleMeHTH TEeXHIKM B yMOBax
IHTCHCUBHMX MEXaHIYHUX HABaHTA)KEHb, BIUIMBY a0pa3HMBHOTO Ta KOPO31IHOIO
CEpellOBUILA 3a3HAIOTh MPUCKOPEHOTO pYHHYBaHHS, 110 3yMOBIIOE BTpaTy
npare3aaTHOCTI ¥ MIABUINCHHS €KCIUTyaTallliHUX BUTpPAT. AKTYaJIbHICTh MpOOIeMU
MOCHJTIOETHCS BUCOKOIO BAPTICTIO BUPOOHHIITBA HOBUX JeTallel Ta HEOOXIIHICTIO
MIITPUMAaHHS CTabUIBHOCTI POOOTH MAIlIMHHO-TPAKTOPHOTO MapKy B YMOBaX CE30HHUX
MKOBUX HaBaHTAKCHb.

Po3poOka maTemMaTH4YHMX MOJENEH, IO J03BOJSIOTH OMHCATH MEXaHI3MHU
3HOLIYBaHHS Ta MPOTHO3YBAaTH 3AJIMIIKOBUI pecypc JeTanei, Mae mpsiMui 3B’ 530K 13
MIPaKTUYHUMHA 3aBJAHHIMU I1ABUILIEHHS e(eKTUBHOCTI eKCIUTyaTalil
CITBCBKOTOCIIOJIAPCHKOT  TeXHIKK. Takl miaxoau 3a0e3MeuyroTb MOXKIUBICTD
IUIAaHYBaHHS PEMOHTIB, OOIPYHTYBaHHS BHUOOpY ONTHUMaJbHHX TEXHOJOTIH
BIJIHOBJICHHST Ta MiHIMI3alii TpocToiB oOmagHaHHsA. BomHowac pesynbTaTH
JOCJIDKCHHSI  BIIKPUBAIOTh  MEPCHEKTUBU  IMIJBUIICHHS MPOAYKTUBHOCTI Ta
KOHKYPEHTOCTIPOMO>KHOCTI arpapHOr0 BHPOOHHIITBA 3a PaXyHOK paIllOHAIHHOTO
BUKOPUCTAaHHS TEXHIYHUX PECYPCIB.

OCHOBHHUI TEKCT.

AHaii3 OCTaHHIX JOCHiKeHb 1 myOmikamiid. HaykoBi mparii, mnpucBsiueH1
pekyIepalii Hu3bKOMOTEHIITHOTO TeIia TEXHOJIOTTYHHUX MPOIIECIB JIJI1 aBTOHOMHOTO
eHepro3ade3nedeH s MiANPUEMCTB, MOKHA 3TPYITyBaTH B 4OTUPH Hanpsimu. [leprmii

HaIpsiM OXOIUIIOE PETyJISATOPHO-TEXHOJOTIUHI TepeayMOBH JekapOoHi3alii Ta
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JIOKaJIbHO1 eHepreTuyHoi aBToHOMii. M. [TaBnoBcekuit (M. Pavlovskyi) moBoauTs, 1110
3aMIIIEHHS] BUKOITHOTO MAaJbHOTO O10JM3E€IbHUMHU CyMIIIaMU T1JIBUIIY€E TaJUBHY
€(eKTUBHICTD 1 OKpAIIy€e €KOJOT1YHI TOKa3HUKU JIU3€JIbHUX JBUTYHIB, 3MEHIIYIOUU
MUATOMI BUKUIM Y BUPOOHUYUX Mpollecax JKepenax HU3bKOMOTEeHIiiHoro terma [1].
O. KopocTiH akieHTye yBary Ha METOAOJOTIYHUX IMMAXO0JaX JO 3MEHIICHHS
BYIJICIIEBOTO CJIITy TPEHYyBaHb MOjeNield MamuHHOTO HaByaHHs (ML); Taki pimeHHs
MOXYTh OyTH ajantoBaHi 10 UUPPOBOi 1HPPACTPYKTYpHU €HEpProayauTry Ta
ONTUMI3AI]l PEeKyNeparifHuX CXeM, 3HIKYIOUM «IpuxoBaHi» Bukuau [T-manku
enepromeHepkmenty [2]. I1. Xwmemsapx (P. Chmielarz), anamizyrodu NOpakTUKH
MeJiarii B COIiadbHO-TOCIOJAPCHKUX CIpaBaxX, OKPECIIOE€ 1HCTUTYIIIIHI MEXaH13MU
Y3TOJIKEHHSI 1HTEpEeCiB CTEHKIOJIAepiB, HEOOX1IHI AJI BIPOBAIKEHHS IPOMHUCIOBUX
CUCTEM peKyIepalli Teruia Ha MiANPUEMCTBAX Ta y NMPOMUCIOBHX mapkax [3]. Y
po3Butok 11i€i toriku 1. Xmensapx (P. Chmielarz) 3a3navae, mo eHepreTnyHa 0e3mnexa
MOCTa4YaHHs Ta3y 3aJeXHUTh BiJ MOJITHKO-TPABOBHX 3aXOJiB, CIPSIMOBAHUX Ha
nuBepcu(IKaIiio JHKEpesl 1 CTBOPEHHS JTOKATbHUX THYUYKHX MOTY>KHOCTEH; 1€ popMye
MONMUT Ha HU3bKOMOTEHIIHHI TEXHOJIOTI] SK IHCTPYMEHT 3HWIKEHHS IIKOBOTO
CHOKMBAHHS Ta IIJBUILEHHA CTIMKOCTI Ha PIBHI MIANPUEMCTB 1 rpomana [4].
VY3aranpHIOIOYH, BapTO PO3MIUPIOBATA MDKIUCIUIUIIHAPHI MOJEl OIIHIOBAHHS
«CYKYITHOI BapTOCTI BOJIOJIIHHS» PEKyIepariiHUMHA TEXHOJOTISIMA 3 ypaxXyBaHHSIM
opranizauiitHoi memiarii, [T-ByrieneBoro ciigy Ta ClieHapiiB eHepreTHYHoi Oe3NeKH;
JOUUIBHO MPOBOJUTH TMOJITUKO-€KOHOMIUHI JOCHIIPKEHHS 31 CTUMYJIIOIOYUMHU
KOHTPAKTaMH JIJIsi MICIIEBUX €HEPrOCHIBHOT.

Hpyruii HamnpsMm oOXOIUTIO€  (QYHJIaMEHTadbHI Ta OIVIAJIOBI JOCIHIKEHHS
TEXHOJIOT1H peKymeparii HU3bKOMOTEHIIIHOTO Teria B OY/IIBIISAX 1 TPOMUCIOBOCTI.

. JIro (D. Liu), ®@. Uxao (F. Y. Zhao), I'. Tau (G. F. Tang) onHumu 3 nepiumx
CUCTEMATU3YBAJIN «AKTUBHI» CTparerii Bi0OOPY HHU3bKOIMOTEHIIIHHOTO TEIuia B
OyIiBeNbHUX cHUCTeMax (TEIJIOBI HACOCH, PEKyIepaTopu BEHTHIIALII, MIKCE30HHI
aKyMYJIITOpPH), MIJAKPECIUBIINA 3HAYEHHS KEPOBAHOCTI MOTOKIB 1 TeMIEpaTypHUX
PIBHIB I TOCATHEHHS peanbHOoi eHeproekonowmii [5]. . 1131 (D. Ji), I'. JIro (G. Liu),

A. Pomanifoni (A. Romagnoli) Ta cmiBaBTOpH y3arajibHIOIOTh CYYaCHUW CHEKTp

ISSN 2567-5273 165 www.moderntechino.de



Modern engineering and innovative technologies Issue 42 / Part 1

TEXHOJIOTIM  BiJ] OpraHIYHUX ITUKIIB PeHKiHa 1 cOpOLIMHUX MaIlWH 10 1HTerparli
TEIUIOBUX HACOCIB y TPOIECHI KOHTYpH 1 MPOMOHYIOTh METPHUKU MOPIBHSHHS 32
€KCEePreTUYHOI0 e(PEeKTUBHICTIO Ta PIBHEM TEXHOJOT1YHOI roToBHOCTI [6]. B. Uen (W.
Chen), 3. Xyan (Z. Huang), K. Yya (K. J. Chua) na marepiajii TepMOIPOIIECIB
JOBOJIATH, IO CTAJMA TPOIEC BIMHOBIEHHS €HEPrii (energy recovery) moTpelye
MO€THAHHS TEXHOJIOTIT B1I0OPY 3 BIAMOBITHUM «CIIOKMBAuYE€M» TEIJIOTU Ta TEILIOBOIO
JIOTICTUKOI (aKyMYJIFOBaHHS, KacKaJyBaHHs) /IS MiHIMI3alii BTpaT eKceprii Ta
3MEHIIEHHS NPOCTOiB [7].

E. I'apodano (E. Garofalo), M. besione (M. Bevione), JI. Yekkini (L. Cecchini)
Ta CIIBaBTOPY KOHKPETHU3YIOTh Kjac «waste-heat-to-power» TEXHOJOTIH 1
JE€MOHCTPYIOTh HillleBl Ta MacoBi 3actocyBaHHs Organic Rankine Cycle (opraniuynoro
uukiny  Penkina)  ORC/KaniHu/TepMOENEKTPUKH,  OKPECIIOIYM  Jl1ala30HU
TEeMIIepaTyp, MUTOMI TOTYKHOCTI W EKOHOMIYHI OOMEXKEHHS [Jisi MPOMHCIOBHUX
MalgaHdukiB [8]. V3arajbHEHHS 3a HampsMOM: HEOOXI1JHI MOPIBHSUIbHI MOJIbOBI
JTOCIIDKEHHST «TEXHOJIOTISA-10-/KEepesia» 3 TOBHOK TEIJIOBOIO 1HBEHTApU3ALII€lo,
OIIIHKOIO HE3BOPOTHOCTEH 1 merpanaiii koedimienta kopucHoi aii (KKJI) ynponosx
KUTTEBOTO IUKITY, @ TAKOX CTaHJapTU3allis NpoduIiB JKepel HU3bKOMOTEHIIIIHOTO
TerIa AJisl MIBUKOTO M1A00Py TEXHOJIOTIYHHUX PIIICHb.

Tperiii HampsiM TPUCBSIYEHUN I1HTErpailii HU3BKOMOTEHIIMHOTO Teruia B
apXITEeKTypy eHeproxa0iB Ta IIaHyBaHHIO iIHTErpoBaHux eHeprocuctem. M. Pocci (M.
Rossi), JI. II3in (L. Jin), A. ®deppapio (A. Ferrario) Ta cmiBaBTOpU OMHCYIOThH
eHeproxabu Ta  MIKpO-eHeproxabu B JIOKQIbHMX EHEpProcHibHOTaX, Je
HU3bKOTIOTEHIIIMHE TEIJI0 MOJEIIOETHCS K KEPOBAHUM PECYpPC Y MYJbTUBEKTOPHIN
cucteMi (TEmo, €NEeKTpUKa, XOJIOMA), IO MiJABUINLYE ABTOHOMHICTh MIAMPUEMCTB 1
JI03BOJISIE ONITUMI3YyBaTH po3kiaa poodotu obnagHanus [9]. L. Hin (C. Ding), C. Uxan
(X. Zhang), I'. JIsu (G. Liang) Ta criiBaBTOpY MPOTIOHYIOTh EKCEPTETHYHO OPIEHTOBAHE
IJIaHYBaHHS 1HTETPOBAaHUX EHEPrOCUCTEM 13 IMPOMUCIIOBOIO  PEKYMEPaIli€ro,
MOKAa3yI0uH, [0 MaKCUMi3allis KOPUCHOI poOOTH 3aMICTh IPOCTOT EHEPTii 3a0e3neuye
e(eKTUBHIII PIMICHHS 100 MA00PY TEIJIOOOMIHHUX MEPEK, HACOCIB Ta TeHeparlii

[10]. M. Akamax (M. Akashah), H. Po3ani (N. Rozali), C. (S. Mahadzir) Ta cniBaBTOpH
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CUCTEMATU3YIOTh BUKOPUCTAHHS «XOJIOAY» perasudikalili CKparjaeHoro NpupoaHOro
razy (CIII') sx 1IHHOTO HU3BKOIMOTEHIIIMHOTO pecypcy s XOJIOJAOMOCTadaHHS,
Kp1OMpOIIeciB 1 KOMOIHOBAaHOTO BHPOOHHUIITBA XOJIOY Ta €JIEKTPUKH, IO BIAKPHUBAE
HETpUBIaJIbHI 3B’S3KM MIXK Ta30BOI0 JIOTICTUKOIO Ta JIOKAJIBHOK aBTOHOMIEIO
mignpuemcts [11]. Ix. O (J. Yu), I. Ca (Y. Xia), JI. YUen (L. Chen) Ta cmiBaBTOpH
JIEMOHCTPYIOTh TiporiecHo-iHTerpoBanuii (Air-Carried Evaporating Separation Cycle)
ACES-1MK Jyisi TOBHOTO BIJIHOBJICHHSI PO3COJIB 3a PaxyHOK TeIlia Mpolecy Mpu
HOpMaJIbHUX TeMIIepaTypax, MOeIHYIOUH PEKyNepalio HU3bKOMOTEHIIIIMHOTO Teria 13
BOJJHUMHM Ta MaTepiaJbHUMHM TOTOKaMH 1 CTBOPIOIOYM JOJAaHYy BapTICTh dYepes
oe3ctiyHicTh [12]. VY3aranbHeHHS 3a HaANpSIMOM: MEPCHEKTUBHUM € TOEIHAHHS
EKCePreTHYHOTO IJIAHYBAaHHS 3 MYJIbTHOO €KTUBHOIO ONTUMI3AINIEI0 KaMiTAThbHUX Ta
eKCIUTyaTal[liHuX BUTPAT, BUKUJIIB Ta HAAIMHOCTI, @ TaKOX CHIJIbHE MPOEKTYBAHHS
(co-design) TemJIOBUX, XOJIOJOBUX Ta BOJHHMX KOHTYpPIB €HEproxadiB; MOTpiOHI
1 poBi OJIM3HIOKN HA PIBHI 1IEX1B 13 Bepu(DiKalli€ro 3a peaTbHUMU JUCTIETYCPCHKUMHU
naHuMu. YerBepTuil HampsM (POKYCYETbCS Ha MEPETBOPIOBAIBHUX TEXHOJIOTISAX 1
HOBITHIX MIPUCTPOSIX AJIs 300py HU3bKOMOTEHIIIiHOTrO Teruia. M. bxysn (M. Bhuiyan),
X. Mamyp (H. Mamur), M. Ycrionep (M. Ustiiner) Ta criBaBTOpPH OKpPECIIOIOTH
CYy4YaCHHH CTaH TePMOEJIEKTPUIHHUX T€HEPaTOPIB AJIs peKyIepallii Temia y HIMpoKoMy
TEMIIEpaTypHOMY Jllala3oHi, MIAKPECIoun Martepiano3HaBui Oap’epu  (ZT,
CTaOUIbHICTh KOHTAaKTIB), MOJYJIbHY IHTETpaIll0 Ha IMOBEPXHI OOJIAJHAHHSA Ta
exkoHoMiKy Maioi moryxHocti [13]. @. I'ya (F. Gong), X. JIi (H. Li), Jx. Xyan
(J. Huang) Ta ciiBaBTOpH JEMOHCTPYIOTH O10MIMETHUHUNA M’ SIKUI aKTyaTop JIJ1s 300py
PO3CISIHOI Mapy HU3bKOTO TUCKY 3 IEPETBOPEHHSM i1 B €JIEKTPOCHEPTIIO, 1110 BIAKPUBAE
UISX JI0 «PO3MOAUICHOTO MIKpPO30Opy» TeIjia y BaXKOJAOCTYIMHUX UISHKAX
texHosoriuyHux JiHii [ 14]. B. Uy (W. Chu), M. Biuigomini (M. Vicidomini), ®. Kaize
(F. Calise) Ta cniBaBTOpHM MiJACYMOBYIOTh METOAOJOTIYHI Ta €KOHOMIYHI MiIXOIU 10
CTIMKMX EHEPreTUYHUX CHCTEeM, pEJIEBAaHTHI MJis TPOEKTIB peKymeparii: Bijg
MOPIBHSIHHS TEPMOTEXHOJIOTIA 1 CLIEHAPHOTO aHali3y J0 1HTEerpaiii 3 BOJHHUMH Ta
€KOJIOTIYHUMU MMOKa3HUKAMH, IO I03BOJIsi€ BOYOBYBATH MIPUCTPOI Y MIUPIII «EHEPTO-

BOJA-IOBKULI» pamku [15]. ¥V mpomy Hampsmi JOUIIBHO MPOCYBaTH NPHUKJIAIHI
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JOCIDKEHHS T10pUIHUX MepeTBoproBadiB (TepmoenekTpukat+ORC, copOiris+Teniori
HacoOCH), IOBrOTPHUBaJIl BUITPOOYBaHHS Ha peabHUX 00’ €KTaX 13 MOJICIIAMHU Jerpaaarii
Ta cTBopeHHs 010mioTek «plug-and-play» momymiB asns petpodiry.

[Torpu 3Ha4H1 gociipkeHHs y cepi pexymnepallii HU3bKOMOTEHIIMHOTO Tera,
HEBUPIIICHUMHU 3aJMIIAIOTHCA MUTAHHS KOMIUIEKCHOTO aHami3y (i3MKO-TEXHIYHUX
XapaKTEPUCTHK JHKEepeN TEIIOBUX BTPAT, OLIHKHA IXHBOTO PEATbHOIO €HEPreTUYHOrO
MOTEHIIAJly Ta BU3HAYCHHS ONTHUMAJIBHUX MIAXOJIB 1HTErpamii CUCTEM y HasBHY
BUPOOHUYY 1HGPACTPYKTYypy. Jl0JaTKOBO BiJI3HAYAIOTHCS MPOTATUHU B JTOCIHIKEHHI
€KOHOMIYHO1 €()eKTUBHOCTI 3aCTOCYBaHHS TAKUX TEXHOJIOT1H JIsl MiAMPUEMCTB PI3HUX
rajxys3ed, a TakoX y TOJOJIaHHI Oap’€epiB, MOB’S3aHUX 13 BUCOKMMHU KalliTAIbHUMU
BUTpaTaMu, OpakoM KBali(piKOBaHUX CHEILIaICTIB Ta HEJOCKOHATICTIO HOPMaTHUBHO-
IPaBOBOT'O PETYJIFOBAHHS.

3anponoHoBaHe MOCHIHPKEHHS CIPSIMOBAHE HA 3allOBHEHHS I[MX MPOTrajuH
[IUIIXOM CHCTEMHOTO aHalli3y JpKeped TeIUIOBUX BTPAT, BUSBICHHS MPaKTUYHUX
npobsieM 1HTerpamii Ta (QOpPMYJIOBaHHS pPEKOMEHJAIM ISl TiJBUIICHHS
e(eKTUBHOCTI BUKOPUCTAHHS HU3BKOMOTEHINIHOTO Teria. Takuii miaxin 3a0e3neuye
HaJaHHS MPUKIATHUX OPIEHTUPIB JJISI MPOMUCIOBHUX MIANPUEMCTB, CIIPIMOBAHUX HA
CKOPOYEHHS €HEPreTUYHUX BUTPAT, 3HIKEHHS 3aJI€KHOCTI B1Jl 30BHIIIHIX JDKEPEN Ta
CTBOpPEHHS YMOB JJIsl TIABUIIECHHS €HEPTreTUYHOT aBTOHOMHOCTI.

MeTor0 CTaTTi € OOIPYHTYBaHHS TCOPETUUHMX 1 MPAKTUUHUX 3acaj peKyrneparrii
HU3BKOMOTEHIIIMHOTO  TeIjla  TEXHOJIOTIYHUX  MPOLECIiB Uil  3a0e3MedYeHHs
ABTOHOMHOT'O €HEPronoCTauyaHHs MPOMUCIOBUX MIJMPUEMCTB Ta BU3HAUYEHHS
¢(eKTUBHUX HANpsSMIB WOro BUKOPUCTaHHS B YMOBax Cy4YaCHUX BHKJIHKIB
EHEPTreTUYHOI OC3MEKH.

BukJiiax oCHOBHOro MmarepiaJy.

Y mpOMHUCIOBHUX TEXHOJOTTYHUX MPOIEcax HU3bKOMOTEHIIHE TEIUIO € TOOIYHUM
MOPOAYKTOM, IO YTBOPIOETHCS BHACHINOK OXOJOKEHHSA OOJIaJHaHHS, BTpaT y
Terionepeaayi ado CKUIaHHs BIANPAIlbOBAHUX Ta3iB Ta piauH. Lle Temno TpaauiiiitHo
PO3CIIOETHCSI B HABKOJIMIITHE CEPEIOBUILE, TPOTE BOHO Ma€ 3HAUHUM €HEPreTUYHUM

MOTEHIIaT JIsl TOBTOPHOT'O BUKOpUCTaHHs. Moro mociimkeHHs nepeadavyae aHai3
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(13UKO-TEXHIYHMX XapaKTePUCTHUK, SKI BU3HAYAIOTh MOXKJIMBOCTI peKymeparii Ta
nojanbInoi Tpanchopmarllli y KOpucHy eHepriro. Jlo KIro4oBUX MapaMeTpiB HaleKaTh
TeMIiepaTypa JDKepena, TEIUIOBUM TIOTIK, arperaTHUW CTaH CepelloBUIa Ta
CTaOlIBHICTh HOro TerioBianayl. CaMme MOETHAHHS IUX XapaKTEPUCTUK BU3HAYAE
JOUUIBHICTE BHOOPY KOHKPETHOTO TEXHOJIOTIYHOTO PIIIEHHS MAJi BIPOBAKCHHS

cucTeM pekymneparii (tTad:m. 1).

Ta6auus 1 - OcHoBHI Qi3UKO-TeXHIYHI XapaKTePUCTHKH JKepeJI

HU3bKOMOTEHIIMHOI0 TeIJIa Y BAPOOHUYMX MPOLecax

OpieHTOBHUIA
Temneparyp- . .
Tun . . TEIUIOBUU Oco0mmBoCTI
Jlxepeno Teruia HUM J11a11a30H, .
cepeoBuIIa % TOTIK, BUKOPHUCTaHHS
kBT roa/pik
HeoOxiane
BianpansoBani ) 10 000— MOIIEPETHE
upatt ["a3omonioue 80-250 PEHE
rasu 50 000 OYMIIIEHHS BiJ
JOMIIIOK 1 MUY
OX0JI0KYBAJIBHI Houinbhe
: UKy Pigunne 40-120 5000-30 000 | BUKOpPUCTAHHS
piauHU )
TEIUIOBUX HACOCIB
Texnomnoriuni Bukopucrans
CTOKIL Pigunne 30-90 2 000-15 000 JUTSL T TPIBY
BOJIONIOCTAYaHHS
PexomennoBana
[ToBepxHeBe Teepae 130JIA1115 Ta
BUIPOMIHIOBAaHHSI | CEPEJIOBHIIIEC 25-80 1 000-8 000 3aCTOCYBaHHS
oOaTHaHHS /TOBEpPXHI JIOKAJIbHUX
peKynepaTopiB

IDicepeno: cgpopmosano asmopamu na niocmasi [2, c. 42—44; 3, c¢. 47; 5, c. 2740-2742; 10,
c. 148080-148082]

BinmpaipoBaHi ra3u mpoOMHUCIOBUX MEYEH Ta CYHIMIBHUX YCTAHOBOK € HaWOIbII
KOHIIEHTPOBAaHUM JKEPEJIOM HM3BbKOMOTEHLIWHOIO Terja, OJHAK BHUMAararmoThb
MOMEPEAHHOT0 OUMIICHHS BiJ TBEPAWX YACTHHOK Ta AarpecHUBHUX CIHONYK, IO

YCKIIQIHIOE TIpoIleC pekymneparii. BukopucrtanHs cydacHHX 0aratocTyleHEBUX
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(bUIBTpALITHUX CUCTEM JIO3BOJISIE IHTETPYBATH 1X Y KOHTYPH TEIJI000MIHY 0€3 KON
st obnmagHanHsa. OXOJIOHKYBaldbHI PIAUHU, K1 HUPKYJIIOIOTH Y KOMIIPECOPHUX
CTaHIlIAX, XOJIOJUIBPHUX YCTAaHOBKAX Ta TEXHOJOTIUYHUX JHISAX, XapaKTePU3YIOThCS
CTaOlTLbHUMM TIapaMeTpaMH 1 J0Ope MiJIJIal0ThCAd TEPETBOPEHHIO Yepe3 TEIUIOBI
HAcoCH, M0 POOUTH iX OCOOJIMBO NPUBAOIMBUMH [UIsI CHUCTEM OMNAJICHHS Ta
KOHAMIIIOHYBaHHS BUpOOHWMYMX Tuion [12]. TexHonOriyHI CTOKH, XapaKTepH1 Ui
Xapy4oBoOi Ta XIMIYHOT MPOMHUCIIOBOCTI, MAIOTh HMKY1 TeMIIEpaTypHI MMOKa3HUKH, IPOTE
iXHIA BENUKHM O0O0CAT Ta TOCTIMHICT, HAAXOMKCHHS CTBOPIOIOTH YMOBH IS
e()eKTUBHOTO BUKOPHUCTAHHS y CHCTeMax Iaps4yoro BojomnoctradaHHs. [loBepxHese
BUMPOMIHIOBaHHSI BiJI KOPITYCIB MAaIlIMH, KOTJIB YW KOHBEEPHHUX JIHIA YacTo
HEOOIIHIOIOTh, XOuYa CyYacHl JIOKaJlbHI peKyrneparopu Ta iH(padyepBOHI MaHem
JAl0Th 3MOTY aKyMyJIIOBaTH IO €HEpril0 Ta CHPSIMOBYBaTH ii JJis MIATPUMKH
MIKpPOKJIIMATy Y BUPOOHUYHUX 30HAX [7]. Y CyKYIHOCTI Il MPUKJIAANA IEMOHCTPYIOTb,
10 HU3bKOMOTEHLIWHE TeIIo, SKe pPaHillle BBaKAJIW JIMIIE MOOIYHUM MPOTyKTOM
BUPOOHUIITBA, CHOTOJIHI MOXe OyTH TIepeTBOPEHE Ha CTpaTeriyHuil pecypc
eHeproe(eKTUBHOCTI, 3HIDKYIOUYM BHUTPATH HAa 30BHIIIHE EHEPrOMOCTAYaHHS Ta
M1JBUIIYHOYH aBTOHOMHICTh IIPOMMCIIOBUX IT1AMPUEMCTB.

JUis JOCATHEHHSI TOCTABJICHOT METH Nepe10aueHO BUPIIICHHS TaKUX 3aBAaHb:

1. Jocniautu (Hi3MKO-TEXHIUHI XapaKTEPUCTUKHU JKEPET HHU3bKOMOTEHIIHHOTO
Telila Ta OOIPYHTYBaTH ONTHUMAaJbHI NMPUHLMIM IXHBOI IHTErpalii y BUPOOHHUY
1HPPACTPYKTYPY.

2.O1IHUTH €KOHOMIYHY €(eKTHUBHICTh peKymnepallli HU3bKOIMOTEHIIIHHOTO Tera
Ta BUSIBUTH KJIIOUOBI Oap’€py BIPOBAKEHHS PEKyNepalliifHUX TEXHOJIOT1H.

3.Po3pobuTi mpakTHYHI PEKOMEHJAIlli 100 MIABUIICHHS €(dEeKTUBHOCTI
BUKOPUCTAHHA HM3bKOMOTEHIIMHOTO Tera /i 3a0e3NedYeHHs EeHepreTUyHol
ABTOHOMHOCTI IiIITPUEMCTB.

[aTerpamis cucteM pekymnepailii HU3BKOMOTECHIIIMHOTO TeIia y BUPOOHUUY
1H(paCTPYKTYpy BHUMAarae KOMIUIEKCHOTO MIAXOAY, 110 BPaXOBY€ AK TE€XHIYHI, TaK 1
oprasizaifiiini acmnekTu. 3 OZHOro OOKY, MAETbCA MPO CYMICHICTh peKyIepariitHiux

YCTAHOBOK 13 HasSBHUM OOJaJHAHHSAM, OINTHUMI3AIliI0 TEIUIOBUX IOTOKIB Ta
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3a0€3MeueHHs CTa0TbHOCTI TEXHOJOTTYHUX PEKUMIB. 3 1HIIIOTO — PO HEOOX1AHICTh
ajanTaiii ymnpaBIiHCHKUX IIPOIECIB, PETJIAMEHTIB EKCIUTyaTallli Ta €KOHOMIYHOTO
OOTpYHTYBaHHS BOpPOBa/DKEHHsA. KOpekTHe BHU3HAYCHHS MPUHIMINB I1HTETparii
JI03BOJIIE YHUKHYTH TOPYIICHHS BUPOOHMYMX ITUKIIIB, MIABUIIATA €()EKTHUBHICTH

E€HEPTOCIOKUBAHHS Ta MIHIMI3yBaTH JOJaTKOBI BUTpaTH (Tabi. 2).

Taoauus 2 - [IpuHuunm iHTerpamii cucremM pexynepauii y BUpOOHUYY

inppacTpykTypy
[TpunIMI TexHiuHa Oprasxizariiiiga : .
P p OuikyBanuii epext
iHTerpari XapaKTEepHUCTHKA CKJIaJI0Ba
Bubip
. TEITOOOMIHHHUKIB Ta Po3po0Oka
CyMICHICTB 3 . . :
: HAaCOCIB, 110 pErJIaMEHTIB besnepepBHICTh
TEXHOJIOTTYHUM ) : :
BIJIMTOBI1AAIOTH TEXHIYHOTO BUPOOHHUIITBA
00J1aTHaHHSIM
napaMeTpam 00CIIyrOByBaHHS
HasIBHHUX JIIHIN
: Buxopucranns
I'myukicTh . IImanyBanHs ..
OydepHux eMHOCTEH .. CTaluIbHICTh
TEIJIOBUX . rpadikis
: Ta aKyMYJISITOPIB €HEPrornocTayaHHs
ITOTOKIB HaBaHTa)KCHHS
Teria
[ToOGymoBa cucremu 3 :
: Y . . MoOXIUBICTh 3HUKEHHS
MonaynpHICTE Ta | OKpeMHX OJIOKIB, sIKi : oy
: MIOETAITHOI0 IHBECTHUIIHHX
MacimTaboBaHICTh JIETKO JI0JIaTH YM : )
dbiHaHCYBaHHS PHU3UKIB
JIEMOHTYBATH
IaTerparis 3
CHCTEMaMH CHCTEMA
JIMCTIETYEPCHKOTO
KOHTPOJIIO Ta 300py Hapuanns o
. : OnTumizanis
ABTOMaTH3aIS JaHUX nepcoHaity pooori
. BUTpAT Ta
KEepyBaHHS (mam -SCADA) Ta 3 HUQPOBUMHU COHTDOJLE
CUCTeMa IJIaHyBaHHA | 1HTepdelicamu p
pecypciB
mianprueMcTBa (Tam -
-ERP)
bamanc mix
. Buxopucranns
: BapTICTIO . CxopoueHHs
ExoHomiuHa MEXaH13MI1B : )
; ) oOJlafHaHHS Ta c001BapTOCTI
JOIIIBHICTD : €HEPreTUYHOTO
OYIKyBaHUM MPOAYKITT
ayJIuTy
E€HEePro30epeKeHHIM
IDicepeno: cghopmosano asmopamu na niocmasi [1; 4, c. 200-201; 6, 7; 9]
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Peaizariist npuHIMITY CyMICHOCT1 Ha IIPAKTHUII O3HAYAE, 10 HOB1 peKyIepalliiHi
MOJIyJIi HE TIOBHHHI MOPYIIYBAaTH JOTIKY Bke C(HOPMOBAHMX BUPOOHUUUX IUKIIB. Y
METaNyprii 1e AOCATA€TbCS BCTAHOBJICHHAM TEIJIOOOMIHHUKIB O€3MO0CEPENIHbO Y
razoxojiax JOMEHHHUX MeYeH, 1110 J03BOJISE BIIOUPATH TEIUIO IS MAITPIBY MIUXTH O6€3
3MIHM OCHOBHHUX IapaMeTpiB IUIaBKU. [ HyUKiCTh TEIUIOBUX MOTOKIB MPOSIBISIETHCS Yy
3JaTHOCTI KOMIIEHCYBaTH KOJIMBAHHS HAaBaHTaXEHb: Yy XapyoBill IPOMHUCIOBOCTI
OydepHi EMHOCTI 3rIaKYIOTh MEepenaan, 0 BUHUKAIOTh y TIPOIIeC] MacTepu3allii uu
OXOJIOJKEHHS,  30epiraroud  piBHOMIPHICTb  eHepromoctadyanHsa.  [IpunHnummn
MOJTYJIBHOCT1 OCOOJIMBO IIIHHUM JIJIs1 TIATIPUEMCTB 13 HeCTaOUTbHUM (h1HAHCYBAHHSIM:
BIIPOBA/KEHHSI BiAOYyBa€ThCS TMOETAHO, MOYMHAIOUM 3 0a30BUX MOAYJIB Ta
MOCTYTIOBO PO3IIUPIOIOYNCH JI0 TIOBHOIIHHUX CUCTEM [9]. ABTOMaTH3alisl IHTerparii
3a0e3neuye SKICHO HOBUM PIBEHb KEPOBAHOCTI, KOJM JaHI MPO TEIJIOBI MOTOKU B
PEXHUMI pPEaJTbHOTO Yacy CHUHXPOHI3YIOThCS 3 BHUPOOHHYMMH Ta (HIHAHCOBUMHU
MOKa3HUKAaMH MIANPUEMCTBA, CTBOPIOIOYN MOXJIUBOCTI JIJIsl TOUHOTO MPOTHO3YBAHHS
1 manyBaHHsA. HapemTi, ekoHOMIYHA JOLIIBHICTh HE 0OMEXKY€ThCS JIUIIE OKYITHICTIO:
CUCTeMH pekyrepalii (GopMyloTh HOBY KYJIbTYPY €HEPrOBUKOPUCTAHHS, /1€ TEILIO
nepecrtae OyTH BIJIXOJOM 1 MEPETBOPIOETHCS HA aKTHUB, IO 3HUXKYE COOIBapTICTh
MPOAYKIIIT Ta MOCHIIIOE€ KOHKYPEHTHI MO3UIIIT MIANPUEMCTBA.

ExonomiuyHa ~ JOMUIBHICTH  peKymepaiii  HU3bKOMOTEHIIIHOTO  Teria
BU3HAYAETHCS TMEpPEayCIM 3JIaTHICTIO MIANPUEMCTBA 3MEHIIMTA BUTpPATH Ha
€HEProHOCIi Ta MIABUIIUTH PIBEHb ABTOHOMHOCTI €HEpromocTradaHHsi. BakinBoro
OCOOJIMBICTIO € T€, 10 BUIOAa MPOSBISIETHCS MO-PI3HOMY 3aJI€KHO BIJl rajaysi Ta
MacmTady BUpOOHUUTBA. /{151 eHeproeMHUX MiANPUEMCTB CTPATETYHUM YMHHUKOM
CTa€ 3HaYHE CKOPOUCHHSI MAJIMBHUX BUTPAT, TOI K JJI MAJIUX 1 CEpEAHIX BUPOOHUIITB
BUpIIIAJIbHE 3HAYEHHS MalOTh CTa0UIBHICTS 1 ITepe10auyBaHICTh eHepro3ade3neyeHHsl.
Takum 4YUHOM, JOMUIBHICTP BUKOPUCTAHHS PEKYIMEpaIiiHUX TEXHOJOTIM HE CIia
PO3IIISI/IaTH JIUIIIE B KATETOPISX OKYITHOCTI, ajie ¥ y MIUPIIOMY KOHTEKCTI €KOHOMIYHOT
CTIMKOCTI Ta KOHKYPEHTOCIIPOMOKHOCTI (Tabd. 3).

JIJisi BEMUKUX METANypTriMHUX KOMOIHATIB KJIIOYOBUM € T€, 10 BimOip Tera 3

JOMEHHUX a00 MapTEHIBCHKUX MEYEl HEe JUIIE CKOPOUYYy€E CIOKUBAHHS MajuBa, a i
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3a0e3neyye TOTPUMaHHS KOPCTKUX €KOJIOTIYHUX HOPMATHBIB, OCKUIBKU 3HMKYETHCS
iHTeHCUBHICTh BUKUIIB CO:2 [6]. ¥V XiMIYHUX BUPOOHHUIITBAX MOBTOPHE BUKOPUCTAHHS
TeIJa BiJi PEaKTOPHUX TPOIECIB 1 TEXHOJOTIYHUX CTOKIB JIO3BOJIIE 3MEHIIUTH
HaBaHTAYXEHHsI HA OYMCHI CIIOPY/IY Ta OJTHOYACHO IMIIBUIITUTH €PEKTUBHICTH OCHOBHHUX
BUpPOOHMYMX LUKIIB. Lle memMoHcTpye MoABIMHMI €KOHOMIYHUI €(eKT: €KOHOMIIO

€Heprii Ta 3SMEHIIICHHSI BUTPAT Ha PEKyIeparliio.

Taboauus 3 - EKoHOMIYHA TOWIIBHICTH 32CTOCYBAHHS PeKyNepaliifHuX

TEXHOJIOTIH y PI3HUX THIAX MiANPUEMCTB

XapakTepucTHUKa OcHoBHUI :
Tun N Crpareriune
: BUKOPUCTAHHS E€KOHOMIYHU I
H1ITPUEMCTBA 3HAYEHHS
peKymnepaiiii edeKT
Bin6ip tera Bifg dopmyBaHHs
o ra3oxoiB Ta 3HauHe KOHKYPEHTHHUX
Meranypriisi o
) neyen s CKOPOYEHHS nepesar y
KOMOIHATH L
HiIrPIBY BUTPAT Ha MAJIUBO | BUCOKOKOHKYPEHT
CUPOBUHHU HI1W ragysi
Bukopucranss 3MEHIICHHS :
L. IligBuIieHHs
TerjIa peakTopiB 1 BUTpAT Ha .
. ) L. e(hEeKTUBHOCTI
XiMi4HI 3aBOJIH CTOKIB y YTHITI3AIIO 1 .
TE€XHOJIOTTYHUX
BUPOOHUYHX IIOBTOpPHE .
MPOILIECiB
ITUKJIaX 3aJTy9eHHSI €Heprii
Pexymnepartis [IBuke
. yHep 3abe3neyeHHs
Xap4oBi TerJia 3HM>KCHHSI : :
: " CTaOULTBHOCTI
H1IPUEMCTBA 0XO0JIOJIKYBaJIbHUX onepauiifHux
: . : CHEPronoCTavYaHHs
PIIUH 1 CTOKIB BUTpAT
Buxopucranns [TinBuIeHHS
. | Temja CylmMIbHUX o e(heKTUBHOCTI
HepeBooOpoOHi ) Onrtumizaris
. Kamep 1 OCHOBHHX
H1IPUEMCTBA : BUTpAT Ha ras :
BIJIITPAIlbOBAHUX TEXHOJIOTTYHUX
rasiB MIPOIIECiB
Bukopucranss 3MEHIICHHS
. Tera BUTpAT Ha [ToninueHHs: yMoB
MamnHoOy11BHI . )
: 0XO0JIOIKYBaJIbHUX OMaJICHHS mpaili Ta sIKOCTI
HITPUEMCTBA :
CUCTEM 1 BUPOOHUYUX MPOJTYKIIIi
00J1aTHaHHS MIPUMIIICHb

Iicepeno: cghopmosano asmopamu na niocmasi [8; 11; 12; 13, c. 897-901; 14, 15]

XapuoBa NPOMHCIIOBICTh BUPI3HAETHCS HAUIIBUAIIOK OKYIHICTIO TAKUX PIIIEHb,

ajpke BIIOIp Teruia BiJ OXOJIOMKYBAJIbHHUX YCTAHOBOK 4YM IMACTEPHU3ALINHUX JIHIN
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cTab1IbHO BUKOPUCTOBYETHCS JUIsl ONAJICHHS IPUMIILIEHD 1 rapsi4oro BOAOINOCTaYaHHS.
VY pe3ynbTaTi HaBITH CEpPEIHI 3a MACIITaAO0OM MIANPUEMCTBA OTPUMYIOTh MOKJIUBICTh
3MEHIINUTHA 3aJIEKHICTD BIJI ra3oBUX KOTEJIEHD Ta I ABULIATH
KOHKYPEHTOCIIPOMOKHICTh TMPOAYKINI 32 paXxyHOK HIDKUMX OIEpalliiHuX BHUTpaT.
JlepeBooOpOoOHI  mMiAMpPUEMCTBA, OCOOIMBO Ti, IO 3alMAarOThCS  CYIIIHHIM
nujoMaTepialiB, IHTETPYIOTh CUCTEMHU YTHIII3Allii Teria BiJ CYLUIMJIBHUX KaMep, 10
JI03BOJISIE HE JIMIIE ONTHMI3YBaTH BUTPATH Ha €HEProHOCIi, a W MIJABUIIUTH SKICTh
rOTOBOI  MPOAYKILIi 3aBASKH OUIBLI  CTAaOUIBHOMY pEXHUMY CYHIHHS. Y
MaIMHOOYAyBaHHI PEKyMepallio Teria BiJ OXOJO/KYBAJIbHUX CHCTEM Ba)KKOTO
oOnaHaHHSI BUKOPUCTOBYIOTH JJIsI OOIrpiBY 1IE€XiB, CTBOPIOIOYM KOM(OPTHI YMOBH
mpaili Ta OJJHOYACHO 3HIKYIOUH €HEPTeTUYHI BUTPATH HA BEHTUJISIIIIO 1 OMaJIeHHS.

YpoBa)KeHHsI CUCTEM peKyTepallli HU3bKOMOTEHIIHOTO Terjia y BAPOOHUIITBO
OOMEXYEThCS KOMIUIEKCOM TIpo0sieM, 10 (GOpMYIOTh B3a€EMOIIOB’si3aHl Oap’€pw.
HalinomiTHIIINMU € BUCOKI KalliTalbHI BUTPATU: CY4YaCHI TETNIOOOMIHHUKH, CUCTEMH
OUMIIEHHS ra3iB Ta aBTOMATU30BAaHOTO KEPYBaHHS MOTPEOYIOTh 3HAYHUX 1HBECTHUIIIM,
IO JUISl MaJIMX 1 CEepeHIX MIAMPUEMCTB 0€3 IOCTYIy A0 MiIbroBOro (iHaHCYBaHHS
CTa€ KPUTUYHOIO TEpemKoaow [2, c¢. 42—44]. JIo uporo M0Ja€ThCS TEXHOJIOTIYHA
CKIIQJHICTh 1HTETpAIlii: pEeKyneparmiiiHi yCTaHOBKM MAalOTh TMPAIIOBATH Y BXKE
c(hOpMOBaHUX ITUKJIAX 13 )KOPCTKUMU MapaMeTpaMu TEMIIEPATYPH Ta TUCKY, 1 OyIb-5Ki
BIJIXMJIEHHS] MOXYTh BIUIMHYTH Ha SKICTh MPOAYKIIii a00 O6e3nepepBHICTH npoiiecy [10,
c. 148080-148082].

Opranizaiiiini  npoOjieMH 3yMOBJIEHI OpakoM TMiAroTOBIEHUX (HaxiBIliB:
OUIBIIICTH MIANPUEMCTB HE MAaIOTh EHEPrOMEHEIKEPIB, a IePCOHA OPIEHTOBAHUM Ha
TPaAMIIIHI TEIUIOTEXHIYHI CHCTeMH. K HacHigoK, OOJaJHaHHS EKCIUTyaTyeEThCs
HUKYE PO3PaXyHKOBUX MOKIIMBOCTEH 1 IBUAILIE BUBOAUTHCS 3 EKCILTyaTarlii [3, c. 47].
JIoTaTKOBO PO3BUTOK CTPUMYE BIACYTHICTh YITKOI HOPMATHBHO-TIPABOBOI 0asw:
CTaHJapTH 1HTErpallii Ta MEXaHI3MHU CTUMYJIIOBAHHS 3aJUIIAIOTHCSA (hparMeHTapHUMH,
1[0 CTBOPIOE HEBU3HAUEHICTH JIJIs1 IHBECTOPIB Ta ynpasiiHuiB [15].

He menm cyTTeBuMH € eKCIUTyaTailiiiai oOMexeHHs. BiampaiiboBaHe TEIiIo 4acto

Ma€ HU3bKY Ta HECTAOUIbHY TeMIIepaTypy, uepe3 L0 MOTPiOHI JT0JATKOBI CUCTEMHU,
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30KpeMa TEIJIOBI HACOCH Ta aKyMYJISITOPH, SIKI MOJOBXKYIOTh CTPOK OKYIHOCTI [6].
IIpoGiemMoro € TakoX HEOOXIAHICTh MOJIEpHi3allli JOMOMDKHOI 1H(pacTpyKTypHu
TpyOOIIPOBOIIB, TEIJIOI30JIALIl Ta CUCTEM aBTOMATHUYHOTO PEryJlOBaHHA, 0€3 SIKUX
e(eKTUBHICTh peKyrmeparlii 3Ha4HO 3HIXKY€EThCs [9]. HapemTi, CyTTEBUM PU3UKOM €
MPOCTOT MMiJ] YaC MOHTAXY: 3yIMHKA TEXHOJOTTUHUX JIHIN AJIs 1HTerpaiii 001a HaHHS
OPU3BOAUTH 10 BTPAT MPOAYKTUBHOCTI, L0 HEMPUITYyCTHUMO Ui MIANPUEMCTB 13
Oe3nepepBHUM ITUKIIOM [ 14].

EdexTuBHe BUKOpPHCTAaHHS HHU3bKOIMOTEHILIMHOTO Temja $K 1HCTPYMEHTa
ABTOHOMHOT'O €Hepro3ade3neyeHHs MiANPUEMCTB BUMArae KOMIUIEKCHOTO MO€IHAHHS
TEXHIYHUX, OpTraHi3alliiHUX Ta YHOPABIIHCHKUX pIlIE€Hb, 3JaTHUX 3a0€3MeYuTH
MaKCHMaJbHY BiJJauy BiJl HasBHUX TEIUIOBUX pecypciB. [IpakTuka qeMOHCTpPYE, 110
MEPIIOYEePrOBUM 3aBJAaHHSIM € BIIPOBAKCHHS CHCTEM €HEPreTUYHOTO MOHITOPHUHTY,
SIK1 JJO3BOJISIFOTH BUSIBJISITH Ta KIJIbKICHO OITIHIOBATH TETJIOBI BTPATH Ha Pi3HUX €Tarax
BUpOOHMUUX TiporeciB. [le cTBOproe WIAIPYHTS I PAIIOHATBHOTO MiI00py
TEXHOJIOT1H peKymepalii Ta IpOrHo3yBaHHs €(eKTy iXHbOTO 3aCTOCYBaHHS.

Jpyrum BaxXJIMBUM HAMpsIMOM € IHTETpallisi peKynepamiiHuX CHCTeM 13
BHYTPIIIHIMK ~ €HEPreTUYHUMU  KOHTYpaMU  MIANpPUEMCTBA.  BuUKopuCTaHHA
BIIMIPAIlbOBAHOTO TeIJia [JIS TMIAITPiBY CHUPOBHHH, OIMAJCHHA TNPUMINICHh YH
3a0e3MeyYeHHs] Taps4Yoro BOJOIMOCTaYaHHS JO03BOJISIE CKOPOUYBAaTH 3aJ€XKHICTh BiJ
30BHIIIHIX JDKEpEN €Heprii Ta 3HWXKYBaTH COOIBAPTICTh MpOIyKuUii. Y Oaratbox
BUIMA/IKaX €()EKTUBHICTh TAKOTO IMIIXOMy TOCUIIOETHCA 3aBASKA 3aCTOCYBaHHIO
TEIUIOBUX HACOCIB 1 TEIUIOAKYMYJIIOBAJIbHUX YCTAaHOBOK, M0 3a0€3MeuyroTh
CTa01IbHUM TETUIOBUI OaJIaHC HaBITh 32 YMOB HEPIBHOMIPHOTO HAJIXOKEHHS TeIa.

3HauHy poOJIb BiAirpae 1udpoBiI3aIlisl yNOPABIIHHSA TEIJIOBUMH MOTOKaMHU.
Bukopucranas aBToMatu3oBaHuX cucTeM kepyBaHHs Ha 06a31 SCADA a6o ERP nae
3MOTY 1HTETpYBaTH PeKyNepaiiiHi pillieHHs y 3arajibHy BUpOOHUYY 1HYPaCTPYKTypYy,
ONTHUMI3YIOUM PO3MOJIT €Heprii B peanbHOMYy daci. lle He numie migBuIye
eHeproe()eKTUBHICTh, a ¥ MIHIMI3y€ PU3MKUA aBapiiHUX CHUTyalld Ta 3abe3neuye
¢dbopMyBaHHS TOCTOBIPHOI 0a3u aHUX JJIsi CTPATETIYHOTO TIaHYBaHHS.

OpranizaniiiHa CKJIaJoBa BKIIOYA€ MIATOTOBKY IMEPCOHAy Ta PO3BUTOK
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BHYTPIIIHIX KOMIIETEHTHOCTEH y cepi eHeproMeHeKkMeHTy. HasiBHICTE (paxiBIIiB,
3MaTHUX aHaJII3yBaTH TEIJIOBl OajlaHCH, YXBaJllOBAaTH PILICHHS 100 MOJEpHi3arlii
oOjaZHaHHS Ta KOHTPOJIOBAaTH pOOOTY CHUCTEM peKymepalii, € MNeperyMOBOIO
CTaOlJILHOCTI Ta JIOBFOTPUBAJIOTO €(eKTy BiJ I1HBECTHUINN. Y TMO€IHAHHI 3 IIUM
aKTyaJIbHUM € CTBOPEHHS MEXaHi3MiB ()IHAHCOBOTO CTHMYJIOBAaHHS, 30KpeMa depes
MOJAaTKOBI MUIBFM ab0 LUIbOBI MPOrpaMHd MIATPUMKH  MIJIPUEMCTB, IO
BIPOBA/IKYIOTh €HEProePEKTUBHI TEXHOJIOTII.

Takum yuHOM, MakcUMalbHUN €(EKT BiJ] BUKOPUCTAHHS HU3bKOMOTEHLIHHOTO
TeIJIa JOCSATAEThCA TOMl, KOJM TEXHIUHI PIIMIEHHS MAKPIIJIEHI OpraHi3aliifHuMu
3aX0JlaMi Ta TMIATPUMaHl €KOHOMIYHMMH 1HCTpyMeHTamu. CHUCTeMHa IHTerparis
peKymnepaiiHuX TEXHOJOTIM y BHUPOOHMYY Ta YIPaBIIHCBKY 1H(QPACTPyKTypy
MEPETBOPIOE iX HA MOTYXHUU (PaKTOp €HEepreTMYHOi aBTOHOMHOCTI MHiAIPHUEMCTB,
3aTHUH 3a0€3MeUUTH CTIHKICTh IO 30BHIIIHIX BUKIIUKIB 1 cOPMYBAaTH HOBUH PiBEHb
KOHKYPEHTOCIPOMOXKHOCTI.

BucHoBku. Y A0CiPKEHHI JOBEIEHO, IO peKyrepailiss HU3bKOMOTEHIIMHOTO
TeIuia MPOMUCIOBUX MPOLIECIB MOXKE CIYyTyBaTH HAaAIWHUM JHKEPEIOM aBTOHOMHOTO
eHepro3abe3neueHHs MiANMPUEMCTB. Y CTAHOBIIEHO, 110 HABITH JKepesia 3 HeBUCOKUMU
TEMIIEPATypHUMU TapaMeTpaMH 3/aTHI 3a0e3MedyBaTh CYTTEBUN EHEPreTUYHHIMA
edeKT 3a yMOBUM KOPEKTHOI iHTerpamii y BupoOHHYI KOHTypH. CopMyIbOBaHO
MPUHIUIIN BIPOBAPKEHHSI TAKUX CHUCTEM, $IKI MOEJHYIOTh TEXHIYHY CYMICHICTb,
THYYKICTh TEIJIOBUX IMOTOKIB, MOAYJBHICTh Ta LU(POBE yHpPaBIiHHS, IO J03BOJISIE
3HU3UTU  3aJIeKHICTh  BIJ 30BHIIIHIX pecypciB 1 BOAHOYAC MIABUIIUTH
KOHKYPEHTOCIIPOMOYKHICTb.

BusiBieHO OCHOBHI OOMEXEHHS: 3HA4YHI 1HBECTHUIIIMHI BUTpATH, TEXHOJOTIYHI
TPYJHOIII IHTETpallil y HasiBHI IUKJIM, HECTaya KBaJ1(DIKOBAHUX KaJpiB Ta BIACYTHICTb
HAJIE)KHOI HOPMATHBHO-MPABOBOI MIATPUMKH. CaMe Il YMHHHUKU 3aJUIIAI0ThCS
KJIFOUOBUMHM Oap’€pamu JJIsl IUPOKOTO BIPOBAIKEHHS PEKyIIepaIliiHUX TEXHOJIOT1H y
MIPOMHMCIIOBOCTI.

PekoMeHZOBaHO  pPO3BMBATH  CHUCTEMH  E€HEPI€TUYHOIO  MOHITOPHUHTY,

BIIPOBA/KYBAaTH TEIJIOBI HACOCU Ta aKyMYJISILIAHI YCTaHOBKH, IiIBUIILYBATH PIBEHb
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nudposizaiii ynpaBiaiHHA €HEPri€lo, TOTYBaTH CHeliali3oBaHUX (axiBIIB 1
dbopmyBath (PiHAHCOBI CTUMYJIM IS MIANPHEMCTB-IHBECTOPiB. IlepcriekTuBH
MOJAJIbIINUX JOCTIIKEHb MOJSATal0Th Y CTBOPEHHI MOJIeNIEH MITYYHOTO 1HTENEKTY IS
KEepyBaHHS TEIUIOBUMH MOTOKAMH, PO3BUTKY CEHCOPHHUX TEXHOJIOT1H MOHITOPUHTY Ta
(dbopmyBaHHI YHI(pIKOBAHHX CTAHIAAPTIB OLIHKU €(hEKTHBHOCTI TAKUX CHCTEM.

BucHoBku.

Y nmocnimkeHHI JOBEAEHO, IO peKylepaliss HHU3bKOMOTEHIIIHHOIO Tera
IMPOMHUCIIOBUX TPOIECIB MOXKE CIYTyBaTH HaJidiHUM JKEPEIOM aBTOHOMHOTO
eHepro3ade3nedeHHs MiAMPUEMCTB. Y CTAaHOBJICHO, 1110 HaBITh J)Kepesia 3 HEBUCOKUMHU
TEMIIEpaTypHUMH TapaMeTpaMu 3[aTHI 3a0e3ledyBaTh CYTTEBUN €HEPreTUYHUIN
edekT 3a YMOBU KOPEKTHOI iHTerpauii y BUpoOHUYI KOHTYpH. CopMybOBaHO
MPUHIUIIN BIPOBA/PKEHHSI TAKUX CHUCTEM, $IKI MOEJHYIOTh TEXHIYHY CYMICHICTb,
THYYKICTh TEIJIOBUX MOTOKIB, MOAYJBHICTh Ta HU(POBE yMpaBIiHHS, IO J03BOJISIE
3HM3UTH  3aJIe)KHICTh  BIJ 30BHIIIHIX pPECypciB 1 BOJHOYAC  IIJIBULIUTH
KOHKYPEHTOCIIPOMOYKHICTb.

BusiBneHo OCHOBHI OOMEXEHHS: 3HA4YHI 1HBECTUIIIMHI BUTPATH, TEXHOJOTIYHI
TPYAHOII IHTETpallii y HasBHI LIUKJIU, HECTa4ya KBaJlipikoBaHUX KaJpiB Ta BIJCYTHICTh
HAJIEKHOI HOPMATHBHO-MPABOBOI MIATPUMKH. CamMe Il YMHHHUKU 3aJUIIAI0ThCS
KIIFOYOBUMH Oap'epamu JUIsl LIMPOKOTO BIPOBAIKEHHS PEKYIEepaliiiHIX TEXHOJIOTIN y
MIPOMUCIIOBOCTI.

PekoMeHZOBaHO  pO3BUBATM  CHUCTEMH  E€HEPIeTUYHOIO  MOHITOPHUHTY,
BIPOBA/I’KYBAaTH TEIJIOBI HACOCH Ta aKyMYJIAIIHI YCTaHOBKH, IiJIBUIIYBaTH PIBEHb
uudpoBizallli ynpapiiHHS €HEPri€l0, TOTyBaTHM CHElladi3oBaHuX (HaxiBIIB 1
dbopmyBaTH (PiHAHCOBI CTHUMYJIM Ui MOIAOpUEMCTB-iHBecTopiB. IlepcnexkTrBu
MOAAJIBIINX JOCIIKEHB MOJSATal0Th Y CTBOPEHHI MOJIENIEH IITYYHOTO THTEIEKTY IS
KEepYBaHHs TEINIOBUMH MOTOKAMHU, PO3BUTKY CEHCOPHUX TEXHOJIOTiH MOHITOPHHTY Ta

dbopmyBaHH1 YHI(IKOBAHUX CTAHIAPTIB OLIHKU €(hEKTHBHOCTI TAKUX CHCTEM.
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Abstract. The relevance of the study is driven by the urgent need to identify new approaches to
improving the energy efficiency of industrial enterprises under conditions of rising energy costs and
increasing demands for energy security. A significant proportion of thermal resources in production
processes is lost in the form of low-grade heat, which can be converted into useful energy when
modern recovery technologies are applied. The author considers the utilization of such heat streams
as a strategic tool for establishing autonomous energy supply systems, simultaneously reducing
dependence on external sources and mitigating environmental impacts.
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The purpose of this article is to provide a scientific rationale for the conceptual and applied
foundations of utilizing low-grade industrial heat to develop autonomous energy supply systems, as
well as to identify the most effective directions for its application under current challenges of energy
resilience.

The research methodology is based on a systems approach that includes an analysis of the
physical and technical characteristics of low-grade heat sources, an assessment of their recovery
potential, a study of integration principles into production infrastructure, and a comparison of the
economic feasibility across various industrial sectors. Methods of classification and comparative
analysis, energy monitoring, and synthesis of contemporary industrial practices were employed.

The results demonstrate the patterns of low-grade heat formation and confirm its significant
energy potential. The findings show that the effective integration of recovery systems is feasible only
when technical compatibility, flexibility of heat streams, modularity, and automation of control are
combined. The economic benefits of implementation are substantiated, including reductions in energy
costs, improved stability of production cycles, and enhanced competitiveness of enterprises.

The conclusions confirm that the systematic use of low-grade heat can provide enterprises with
a high degree of energy autonomy, reduce dependence on external energy sources, and
simultaneously optimize production costs. However, several key barriers to implementation were
identified, including high capital expenditures, complexity of technological integration, shortage of
qualified personnel, and deficiencies in regulatory frameworks.

Future research perspectives are associated with the advancement of digital heat-flow
management systems based on artificial intelligence, the development of energy storage technologies,
the establishment of unified standards for assessing the efficiency of recovery solutions, and the
creation of state-level mechanisms to incentivize their adoption in industry.

Key words: energy efficiency, heat losses, industrial enterprises, autonomous systems, low-
grade heat recovery. (Extended abstract, i.e. briefly all sections of the article in English. If the main
text is in English - in Ukrainian).
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