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Anomauia. Y cmammi po3ensiHymo akmyaibHy npoonemy OYiHIO8aHHs 2i0pOeHepeemuUyHO20
nomenyianry Mamux pivoxk YKpainu 6 KOHMmMeKCmi po36umK)y 6IOHO6II0BAHOI eHepeemuKku ma
nioguwjenHs  eHepzoegekmusHocmi  Oeyenmpanizosanux  enepeocucmem.  OOIpyHmMosano
O00YIIbHICb BUKOPUCMAHHS MATIUX 8000MOKI8, 0cOOIUB0 2ipcbKux pinok Kapnamcokozo peziony, saki
Xapaxkmepusyromscsi 3SHAYHUMU YXULAMU PYCAd, CMAOINbHUMU 2I0POJIOIYHUMU  pedcumMamu ma
HAABHICMIO  HEBUKOPUCNAHO20 — eHepeemuuno2o nomenyiany. Iloxazano, wo eghexmusHe
BNPOBAONCEHHSL MANUX 2I0POENeKMPOCMAHYIl NOMPeOyeE KOMNAEKCHO20 Ni0X00y 00 GU3HAYEHHS.
KAI0Y08UX 2i0PONIO2IUHUX NAPAMEmMPI8, 30KpemMa eumpamu 600U, 8eIUYUHU HANOPY MA MeMNepamypu
B800H020 cepedosuwa. Y pobomi uKOpuCmaro aHANiMuyHi, 2iOpOMEempuyHi ma MempoociuHi
Memoou O0CTIONCEHHS, A MAKONAC eNeMEHMU MAMeMamuiHo20 MOOen08anHs nomokie. Poszenanymo
npami ti HenpsAMi Memoou BUSHAYEHHs 8UMPAMU 800U, 30KpeMd 2I0pOoMempuyHuULl, NONIABKOBUL,
00’ eMHUTI MA aKyCMUYHUL MEmMOoOU, i3 3aCMOCY8AHHAM CYUACHUX BUMIPIOBATbHUX 3AC00i8, MAKUX 5K
0onnepiscvKi npoghinomempu, ereKmpoMacHiMmHI BUMPAMOMIPU MA ABMOMAMUZ08AHI 2IOPOLOCIUHI
cmanyii. Ocobaugy yeazy npuoiieHo aHanizy noxubox sUMIPIOBAHHA MA iX 6NIUGY HA pe3Ylbmamu
eHepeemuyHux po3paxyHkie. I[lokazano, uwjo Hagimv He3HA4HI 8I0XUNEHHA Y BUSHAUEHHI gumpamu abo
Hanopy npuseo0sims 00 HPONOPYIIHUX NOXUOOK Y PO3PAXYHKY NOMYNCHOCMI MA NPOSHO3VEAHHI
eHepeosupoobimky. Hasedeno y3zacanvnenuil nioxio 00 OYIHIOBAHHA CYMAPHOI HeBU3HAYEHOCMI
pe3yibmamis 8i0n0GIOHO 00 8UMO2 MidcHapooHux cmanoapmis ISO 748 ma ISO 6416. Hayxosa
HOBU3HA poOOMU NOJA2AE ) CUCMEMAmMUu3ayii Cy4acHux BUMIPIO8ANbHUX NIOX00i8 00 OYIHKU
2IOponomenyiany Manux pivox i3 ypaxy8aHHam Mempoi02iuHUX XapaKmepucmux ma MONICIUGOCmell
asmomamuzosanozo 300py oanux. Ilpakmuume 3HAYEHHA OMPUMAHUX pe3YIbMAMI6 NONA2AE Y
MOACIUBOCIE IX BUKOPUCMAHHA N0 YAC NPOEKMYBAHHS, MOOepHI3ayii ma onmumizayii pexcumis
pobomu manux 2i0poerekmpocmanyii 8 yMosax piukosux cucmem Yxkpainu.

Kniouogi cnosa: ciopoenepeemuxa, 2iopomypoina, enepeemuuna epexmuenicms, mana I'EC,
sumpama 600u, Hanip.
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Beryn.

Marna rigpoeHepreTuka BBaXKA€ThCS OJHUM 13 KJIIFOUYOBUX €JIEMEHTIB CTpaTerii
PO3BUTKY BIJHOBIIOBAHOI E€HEPreTHKU B YKpaiHi, HacaMmIiepel dYepe3 HasBHICTb
3HAQYHOTO TIPOTNOTEHIlIay, MPUTAMAaHHOTO MaJMM pidyKaM, OCOOJIMBO Yy pErioHax 3
BupaxxeHuM penbedom. Cepen ripcbkux perioHiB Kapnatu MawoTh HalOUIbIIY
MPUAATHICTH IO BIPOBAHKEHHS MAJIOT T1POSHEPTETUKY 3aBSKH 3HAYHUM TIepernaaam
BHUCOT Ta CTAJIUM T1IPOJIOTIYHUM XapakTepuctukam. Taki piuku, sk [Ipyt, Uepemor i
Tuca, NeMOHCTPYIOTh BHCOKI 3HAYCHHS €HEPreTUYHOTO TOTCHINATYy 4Yepe3 YXUJIH
pycen, 10 MOACKYAU A0CITaroTh 5-10 M/KM.

Cranom Ha chorojui B Ykpaini aie€ moHag 100 manux rigpoereKTpoCTaHIn
('EC) 3arayibHOIO BCTaHOBJICHOIO MOTYXKHICTIO Oymm3bko 200 MBT, 1m0 cTaHOBHTH
mumie 0,5% BiJ cyMapHOT MOTYKHOCTI HallloHaIbHOI eHeprocuctemu [1]. [Ipuknaau
airounx manux 'EC, po3mimennx Ha pidkax 3 BUCOKOIO BOJHICTIO Ta 3HAUHUM YXHJIOM

pycia — TAIIOBUMH YMOBAaMH JUISI TIPCHbKUX TEPUTOPiit Ykpainu (Tadum. 1).

Tadoauus 1 — Hpukaaaun maaux 'EC B Ykpaini

[ToTyXHICTB, Pik

Hazga I'EC Piuka Oo6macthb
MBT BBEJICHHS
Typ's-IlonsHchka Typ's 3akapraTchka 1.2 2011 pik
Cnobiaceka UYepemortn | [Bano-®paHKiBChKa 0,8 2014 pik
BepxupoOucCTpsiHCHKA Pika 3akapriatchbka 0,6 2016 pik
CsaHcbKa Can JIbBiBCHKA 1.0 2018 pix
KociBcbka [Tictunbka | [BanHO-®paHKiBChKA 0,7 2020 pix

binpmricte  00’exTiB  ¢QyHKIIOHYe Ha 0a3l o0OnagHAHHSA, BBEACHOIO B
eKCIUTyaTalio Iie B JApyrid mnosioBuHI XX CTONITTS, IO 3YMOBIIIOE HHU3bKY
eHeproe(peKTUBHICTh 1 MIJABUIIEHY 3HOIICHICTh. TOMYy HarajipbHOK € ToTpeda B
MoJepHi3alli 1CHyI040i 1H(QPACTPyKTypu Ta BIPOBAHKEHHI BHCOKOTEXHOJIOTTUHUX
plIlIEHb.

Pa3oM 3 Tum ehekTrBHE BUKOPHUCTAHHS MOTEHITIATY MaJIUX PIYOK HEMOXKIUBE O€3
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KOMIUJIEKCHOTO TMIAXOMY JI0 OLIHKK I1X BOJHUX pecypciB. ChOTOAHI 1€ BUMAarae
BIIPOBAPKCHHS TOYHUX METO/11B BUMIPIOBAHHSI KITFOUOBHUX T1JIPOJIOTYHUX IMApaMETPIB,
TaKMX SIK BUTpaTa, HaMip 1 BapilaTUBHICTh MOTOKY.

Bukopucranss HOBITHIX BUMIPIOBAIBHUX TEXHOJIOTIH, 30Kpema
TIPOAKYCTUYHUX CEHCOPIB, €JIEKTPOMArHITHUX BUTPATOMIPIB, a TaKOX APOHIB IS
aepo(oTO3MOMKH, BIOKPUBAE HOBI MOMJIMBOCTI IS TMIABUINEHHS TOYHOCTI
OILIIHIOBAHHS TapaMEeTPiB BOJHOIO MOTOKY, 30KpeMa BHUTpAaTH, HAMopy Ta IHIIUX
XapaKTEPUCTHK. 30KpeMa, TIAPOAKyCTUYHI METOJIU JIO3BOJISIOTH JOCSITTH TOXUOKH
BUMIpDIOBAaHHS Ha piBHI He OuIbmme =+1%, 1O ICTOTHO MIiABUIYE TOYHICTh
MPOTHO3YBaHHsI eHepropupoOiTky Ha Manux ['EC. BoaHouac aBTomMaTu30BaH1
TiIPOJIOTIYHI CcTaHIii 3a0e3neuyoTh Oe3nepepBHUi 30ip TaHUX y PEKUMI PeaTbHOTO
gacy, 110 Ja€ 3MOTy OINEpPaTUBHO pearyBaTH Ha 3MIHHM T1IPOJIOTIYHOTO PEXUMY Ta
ONTHUMI3YBaTU POOOTY CTAHLIM.

Came TOMY HEOOXIAHICTP MOJEpHI3aIlli METOMUYHUX TMIAXOIB JO OIlIHKU
TPOCHEPTreTUYHOIO TMOTEHIllaTy MaJuX pIYOK ChOrofHi HalOyBae 0COOJIMBOT
aKTyaJIbHOCTI Ta BUMAara€ KOMIUIEKCHOTO HayKOBO-IIPAKTUYHOTO OCMUCIICHHS.

OCHOBHHUI TEKCT.

OCHOBHOIO TIAPOJIOTIYHOIO XapaKTEPUCTHUKOK pPIUKH, SKa BH3HAYae il
SHEePreTUYHUH MOTEHIlial, € BUTpaTa BOJM, IO Mo3HadaeThes Ik O (M%/c). Butpara
BOAM € 0a30BUM I[IOKa3HUKOM JJisi PO3PaXyHKY MOJKIMBOCTEH BHUPOOJICHHS
SJIEKTPOCHEPT1l Ha NUITHKAX PIYKOBUX CUCTEM. IcHye Oe3mocepeiHs 3aueKHICTh MK
3HauYeHHSM () Ta TAKUMU XapaKTEPUCTUKAMU, SIK YXWJI BOJHOT TOBEPXHI, KIHEMaTUYHI
0COOJIMBOCTI Teyii, a Takok MOpdoIoris AHa — yci 1l pakTopu GopMyIOTh OCHOBY JJIS
T1IPOTEXHIYHOTO NPOEKTYBaHHS [1].

[cHye nBa MmiIX0au 10 BU3HAUEHHS BUTPATH BOJU: HENPSIMUH, 10 0a3yeThCs Ha
noOy/I0BI 3aJE€KHOCTI MIX pIBHEM BOIU Ta ii BUTPATOO, 1 MPSIMHUI — HUIAXOM
0e3rmocepeTHbOr0 BUMIpIOBaHHS. [IpsiMi MeTOMM BBa)XKarOThCsl OUIBIT TOYHHUMH,
0COOJIMBO 32 YMOBH 3aCTOCYBaHHS Cy4acHOTO 00JiaTHaHHS.

Haiie(ekTUBHIIIMMU Ha CHOTOJIHI € YJIBTPa3BYKOBI M aKyCTH4YHI JOIJIEPIBCHKI

npodIOMETPH, SKI JO3BOJISIOTH BH3HAYaTH IIBUAKICHUNA MOpodiis MOTOKY Yy
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MONEPEYHOMY Tepepi3l PIYKH 3 BUCOKOI MPOCTOPOBOIO PO3JUIBHOIO 3IAaTHICTIO [2].
3HAYHOTO MOMIMPEHHS HA0YBAIOTh TAKOXK T1JIPOMETPUYHI KOMILJICKCH 3 JUCTAHIIMHUM
3YUTYBaHHSIM 1H(OpMalii, SKi 1HTETPYIOThCA 3 TeolH(opMaliiHUMU TuTaThopMaMu
(GIS) ay1st mo1anbIIOro MOJICIOBAHHS T1IPOJIOTTYHUX MPOIIECIB.

ba3oBuM mpu BUMIpPIOBaHHI BUTPAaTH BOJU B PIYKOBOMY PYCJIl BBa)KA€THCS
T1APOMETPUYHUIN METOI, SIKU TIOJISATAE B OOYMCIICHH] 00’ €My BOJIH, 10 TIPOTIKAE KPi3h
nonepeyHuit nepepis pycia (puc. 1) 3a oAMHUIO Yacy. 3TiAHO 3 TPUHIIUIIOM METOY,
MoBHA BUTpaTa () BUSHAYAETHCS K CyMa YaCTKOBUX BUTPAT Ye€pPE3 YMOBHI CETMECHTH
nomepeyHoro mepepizy. KokeH Takuii CEerMEHT pO3TIsAacTbes SK  OKpema
eJIeMEeHTapHa AUISHKA, JUIS SIKOi O0UHCITIOETHCS TOOYTOK JIOKAIBHOT MIBUAKOCTI Teuil
Ta BiAMOBIAHOI TuToNml. Takuil MiAXia MO3BOJISLE€ 3 JOCTATHHOIO TOUYHICTIO OI[IHUTHU

3arajibHUil 00’ €M BOJIU, IO MPOTIKAE Yepe3 KOHTPOJIbOBAHY JIISHKY.

Uy q
upg

|a

m

Pucynok 1 — Ilonepeunuii nepepis noroky [1]

SKIIIO BEKTOp IIBUJKOCTI yTBOPIOE MEBHUM KyT O 3 HOPMAUIIO 10 HEi, TO
eJeMeHTapHy BUTpaty d(Q MokHa mojaatu y Burisi [3]:
dQ =u-cosa-dW (1)
1€ # — MOAYJIb JIOKJIbHOI IIBUJIKOCTI MOTOKY, 0L — KYyT MK HalpsIMKOM IIBUAKOCTI 1
HOPMAaJLTIO, d W — 1101112 €JIeMEHTapPHOT'O CerMEHTa MOTIEPEYHOTO TIEpepizy.
3arajibHa BUTpaTa BOJU 4Yepe3 BECh MEPEpi3 BU3HAYAETHCS 1HTETPYBAHHAM IIIET
3aJIEKHOCTI 1O BCi# 1101l nepepizy [3]:

Q=fu-cosa-dW = [[u-cosa-dx-dy (2)
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Taka MmaremaTM4Ha MOJAENb [JO3BOJIIE BpPAaxOBYBaTU CKJIAJHI IPOCTOPOBI
PO3MOJIIN IMIBUAKOCTI MOTOKY, IO OCOOJMBO BaXJIMBO IIPU T1IPOTEXHIYHOMY
MOJIETIIOBaHH1 00 MPOEKTYBaHHI MaJTUX TAPOEIEKTPOCTAHIIIH.

Ilei  Merom  akTUBHO  3aCTOCOBYETBbCS  3aBISKM  BIIPOBAKEHHIO
€JIEKTPOMEXaHIYHUX Ta aKyCTHYHUX 3aCO01B BUMIPIOBAHHS: MJIMHKU OOJIQAHYIOTHCS
nuppoBumu Jorepamu, a cucremu Tuiy ADCP 3a0esneuyroTh JetanizoBaHe
CKaHYBaHHS CTPYKTYpH IOTOKY B MOMEpEYHOMY Mepepi3l piuku [2].

MeTon NOBEpXHEBHX TOIJIABIIB, IO TMOJSITa€ Yy BHU3HAYEHHI IIIBUJKOCTI
MMOBEPXHEBOI TeUii NUITXOM (hiKcallii yacy MPOXOKEHHS MOTUIaBIEM BIJIOMO1 BICTaHI,
MONPH CIPOILIEHICTh, JOCI 3aCTOCOBYIOTH JIJIsl TIOTIEPEHIX OLIHOK BOJHOTO PEKUMY,
30KpeMa Ha paHHIX eTanax A0CIiIKeHb TiaponoTtenuiany Manux ['EC.

IBUAKICTH PYXy KOKHOT'O MOTUIABIT OOYUCITIOETHCS 32 CMIBBITHOIICHHSM [3]:

v=t ©)

ne L — noBxkuHa IUISHKYA M1 CTBOpaMH (M), a ¢; —4ac IPOXOHKEHHS MOTUIABIEM ITiET
BijcTaHi (c).

Jlns 3a0e3nedeHHs] BIIHOCHOI PENpe3eHTaTUBHOCTI pe3yJIbTaTiB BUMIPIOBAHHS
MOTUTABII MYCKAIOTh y PI3HUX TOYKAX IMOMEPEYHOrOo TMepepidy pycia, Mo J03BOJIIE
3aiKCyBaTH HEOTHOPITHICTH MIBUIKOCTI TOTOKY B TOPU3OHTAILHIN TIJIOMIMHI.

Ha ocHoBi nux nanux OyayeThCs IJIaBHA €MIOpa IIBUIKOCTEH, sika BigoOpaxkae
3MiHY HIBUAKOCTI Teuii MO MIMPHUHI MOTOKY. Bisyamizallis pe3ynbTariB, SK MPaBHIIO,
MOJAETHCS Y BUTJISAI CXEMAaTHYHOI KPUBOI, IO MPOXOIUTH Yepe3 HaHECEHI TOUYKU
NEepEeTHUHY MOIUIABIIB Ha CTBOPI (pHucC. 2).

[Tonpu crpoiieHicTh, METOJT MOBEPXHEBUX IOIUIABIIB JI0CI 3aCTOCOBYIOThH JIJIs
MOTIEPE/IHIX OIIHOK BOJHOTO PEXHMY, 30KpeMa Ha paHHIX eramax JOCIiIKEeHb
rigponotenmiany manux ['EC. Taki mani MOXyThb ciyryBaTH 0a3010 JUIsl IEPBUHHUX
imKeHepHuX pimenb. OMHAK 4yepe3 BUCOKY YYTIHUBICTH JO BITPY Ta CTaHy BOJHOI
MOBEpXHI BiH HE BHKOPHUCTOBYETHCS TiJ Yac JBOAOXOMY, JhOJOCTaBy abo mpu

HIBUAKOCTI BITpY moHan 6 m/c [1].
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Pucynok 2 — Enmopa po3noaiyty IIBUAKOCTI pyXy NOIUIABUIB 10 IIUPHHI PiYKH

3]

O6’eMHUIl METOJT 3aCTOCOBY€ETHCS MEPEBAXKHO ISl BUSHAYCHHSI BUTPAT BOJU Y
IpiOHUX BOJIOTOKAX, 30KpeMa CTPYMKax 1 JpKepeliax, Jie 1HII clocoOu BUMIPIOBaHHS
€ CKJIAIHUMU a00 eKOHOMIYHO HeJOIIbHUMHU [3]. CyTh METOy MOJISATAE Y TOMY, IO
B 00paHOMY MicCIll MOTIK CHPSMOBYETbCS U€pe3 BEPTHKAJIbHY CTIHKY 3 OTBOPOM 1
JIOTKOM, KOTp1 CKEpOBYIOTH BOJy Oe3mocepeaHbo B MipHY nocyauny. Lle mo3Bossie
3MIACHIOBATH TNpsSIME BUMIPIOBaHHS 00’€My BOAM 3a MEBHUU MPOMDKOK yacy. [lns
BUMIPIOBAaHHS BUTPATH 00 €MHUM METOJIOM BUKOPHCTOBYIOTH MIPHHI TTOCY]] PI3HOTO
TUITy — MEH3YPKH, KOJIOH, BiJipa uu 0aKH, 32 YMOBH 1110 YacC iX 3alIOBHEHHS] CTAHOBUTh
He meHme 40 cexyHa sl 3a0e3nmedeHHs TOYHOCTI pe3yJsbTariB. SIKIO BUTpaTa
MepeBUIIy€e 5 JI/C, BOAY BIJIBOJATH y MipHHM OaceliH 00’eMoM 1-2 M3, momepeaHbo
pOTapOBaHUM MPU PI3HUX PiBHAX. BUMiproBaHHS MPUPOCTY PIBHSA MPOTATOM IIEBHOTO
yacy, mo (iKCyeTbcs 3a JOMOMOIOI0 TaykoBOi ab0 ToiyacToi peuku, Tae 3Mory
OOYHCIIUTH BUTPATY MOTOKY 3 JOCTATHHOIO TOYHICTIO.

BumiproBanHs Hamopy piuHU 3I1ACHIOETHCS T1IPOCTATHYHUM METOIOM, CYTh
SIKOTO TOJISITa€ Y BUKOPUCTAHH1 JITHIMHOT 3aJIe’KHOCTI MK BUCOTOIO CTOBIIA PIUHU Ta
THUCKOM, 110 YUHUTHCA HUM 33/1aHy TOYKY BUMIPIOBaHHS [4]:

P=p-g-h (4)

ne P — TUCK CTOBIIA PiWHY; p — TyCTHHA Piguau (KT / MY); g — IPUCKOPEHHS BIIBHOTO
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naninyag (9,8 m/c?); h — Bucora ctoBna pigunau (M).

JIo BHCOKOTOYHMX 3aCOOIB BHUMIPIOBAHHS THUCKY HaJle)KaTh MPUIaA, IO
MpalolTh HAa OCHOBI I'€30eieKTpuyHOro edekty. Ilix yac poboTu 3 IUHAMIYHUMHU
HABAHTA)KCHHSAMM 3HAYHUN BIUIMB Ma€ TaK 3BaHUM KBa3ICTATUYHUN THUCK, SKHUM
3a3BUYail HabaraTo MEPEeBUIIYE€ MUTTEBI 3HaUYCHHS 1 Moxe nocsratu 10 MIla. Takox
JUIA  BHUMIPIOBAaHHS THCKY 3aCTOCOBYIOTHCS II'€30TPaH3UCTOpPH  (MITpaHH) —
BHCOKOYYTJIMBI €JIEMEHTH, III0 pearyloTh Ha 3MiHy THCKYy Ta BOYIOBYIOTHCS Y
BIJIMOBIIHI CEHCOPHI cuCTeMHU. Takox, cepell MPHUCTPOIB AJi BUMIPIOBAHHS THCKY
3HaQ4YHY pOJb BUAITPalOTh MaHOMETPH, sKi KIacu(iKylOTh Ha OIpHI Ta
nudepenianbHi. [lepiii 3acToCOBYIOTHCS ISl BAMIPIOBAHHSI BUCOKMX TUCKIB — IMTOHA/
100 MITa. Ixniii mpuamMO Oii 6a3yeThca HA 3MiHI €IEKTPHYHOIO OHOPY MaTepialy
(mpoBigHuKa a00 HaMIBOPOBIAHUKA), 1[0 BUHUKAE BHACTIIOK AedopMaliii mija i€k
TucKy. JludepeHuiaabHi  MaHOMETPM  BHKOPUCTOBYIOTH  JJIi  BU3HAUYCHHS
HAJTMIIIKOBOTO TUCKY, PI3HMII TUCKIB, PIBHA piIMHU Ta 00’ €My BUTpAT piauHu. Taki
MPWIAJIA YaCTO MOEAHYIOTH 13 3BY’KYBaJIbHUMHU €JIEMEHTAMH, 110 (POPMYIOTh JIHINHY
3aNIEKHICTh MK TIEpPemajioM THUCKY 1 BEIWYMHOI BHUTPATU. 3aBISKH IbOMY
JOCSITA€ThCS BUCOKA TOYHICTh HABITh B YMOBAX 1HTEHCHUBHOI €KCILTyaTallli.

Jlyist 3a0e3mnedeHHs] TOYHOCTI BUMIPIOBaHb B YMOBax KOJIMBaHb TeMIEPaTypH,
4acTo 3aCTOCOBYIOTh TEMIIEPATypHY KOMIIEHCallit0. BoHa 1ae 3Mory BpaxyBaTu BIUIMB
TEeMIIEpaTypy Ha TYCTHHY PiAMHH Ta BIMOBITHO CKOPUTYBATH pe3yabTaTh. J{Js 11010,
SK TIPaBWJIO, BUKOPUCTOBYIOTHCS CIEIIalIbHI TAOJHIN MOMPABOK, 32 SKUMU BPYYHY
BHOCATBHCSI HEOOX1/1HI KOPUTYBaHHS.

TemnepatypHy nomnpaBky 0OYMCITIOIOTh 32 HACTYITHUM CITiBBIIHOIIEHHSM [4]:

PKopzp(T)'g'h (5)
ne p(T) — ryctuna Boau npu Temnepatypi 7.

OriHKa TMOTY>XHOCTI TIAPOEICKTPOYCTAHOBKH 0a3y€eThCs Ha TiIPOJIOTIYHHX,

TEXHIYHHMX 1 METPOJIOTIYHUX JAaHUX Ta 3IMCHIOETHCS 3 BUpa3y [4]:
P=n-p-g-Q-H, (6)
ne P —notyxaicts (BT); n — KKJI; p — rycruna Boay, kr/m%; g — 9,8 m/c?; O — Butpara

BOIM, M*/c; H — Hamip, M.
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TouHICTh BUBHAUYECHHS T'IPOJIOTTYHUX TTapaMeTpiB Ma€ BUPIIIAIbHE 3HAUCHHS J1JIS
JIOCSITHEHHSI JOCTOBIPHUX E€HEPreTUYHMUX TIOKAa3HUKIB. 30KpeMa, KPUTHUUYHUMH €:
o0'eMHa BUTpaTa BOAM, BHCOTa TiPaBIIYHOTO HANOpy Ta TEMIIEpaTypa BOJHOTO
cepenoBuia. HapiTh He3HAYHI MOXMOKM Y BU3HAUCHHI IIUX XapaKTEPUCTHUK 3J1aTHI
CIOPUYMHUTH CYTTEBI BIAXWICHHA B OIIHII e()EeKTUBHOCTI (yHKIIOHYBaHHS
riipoarperaTiB 1 B KOPEKTHOMY IIJIaHYBaHHI PEKHUMIB IXHBOI €KCILTyaTallii.

[ToTyXHICTh Ti1IPOYCTAHOBKH € TIPSMO MPOMOPIINHOIO JI0 BHUTPATH BOIU.
BinmnoBigHo, MOMUJIKA Y BUBHAYEHH] BUTPATH MPU3BOAUTH IO €KBIBAJICHTHOT MOXHOKH
B OOYMCIICHHI MOTYKHOCTI Ta CyMapHOTO 00CATy BUPOOJIEHO1 €JIeKTPUYHOI €HEeprii.
Hanpuknazn, npu BIIXWICHHI BUMIPIOBAHHS BUTpPAaTH Ha piBHI 5% crnocrepiraeTbes
npuOIM3HO TaKUW caMuil piBEHb HEBIAMOBIAHOCTI y (DiHATBHUX po3paxyHKax [5].
AHanoriyHa 3aKOHOMIPHICTb CITOCTEPIra€ThCs 1y BUMAAKY BUCOTH HAIOPY, 110 TAKOXK
Ma€ JHIMHY 3aJ€KHICTh 13 BEJIMYMHOIO TMOTYXKHOCTI. Y IIbOMY BHIIaJKy HaBITh
noxuOka B 1% npu BU3HAYEHHI Hanopy TpaHnchopmyeThes y 61m3bKo 1% moMuaku B
OIlIHIII €HEeProreHepyroUoi 31aTHOCTI cTaHMii [5]. TemnepaTypHuii pexuM BOJHOTO
CepeIoBHINA, X04a 1 HE Ma€ MPsIMOTO BIUIMBY Ha MOTYKHICTb, BCE %K OMOCEPEIKOBAHO
BIUTMBAE 4epe3 3MiHy TYCTHHH BoAW. OCKUIbKM TYCTHHA BXOJWUTH JO PIBHSIHHS
MOTYKHOCTI Y BUIJISIIII KOeilli€eHTa, i1 KOJMBAHHSA MOXYTh BUKJIMKATH HE3HAYHI, aje
MOMITHI BIIXUJIEHHS B 00UHMCICHHAX. 30KpeMa, TOXUOKa y BUMIPIOBAaHHI TEMIIEPATyPH
Boau B Mexax 1 °C moke 3MiHMTH 3HaueHHS ryctuHd Ha 0,02-0,05%, mo mae
3HAYEHHS y CHUCTEMax, Je epe10aueH0 BUCOKOTOYHE EHEPreTUYHE MOIETIOBaHH [5].

Cymapna oxu0ka, sika BUHUKAE I11]1 9ac 00UMCIICHHS TTOTY>XHOCT1, 00yMOBJIEHA
TOYHICTIO BU3HAUCHHS BCIX BXIJHUX MMapaMeTpiB, 30KpeMa BUTPATH BOJIU, HAIOPY Ta
TeMIIepaTypu. Y BHMAJKaX, KOJIU Il TOXUOKM HE 3aJI€KaTh OJJHA BiJl OJJHOT, MOKJIIUBO
3aCTOCYBaTH y3arajbHEHY OI[IHKY BIJHOCHOI TMOXUOKM TMOTY>XHOCTI IILISIXOM
BUKOPWCTAHHS BIAMOBIIHOI aHATITUYHOI hopmynn [4]:

(AP/P)? =~ (Ap/p)* + (AQ/Q)* + (AH/H)? (7

Takuii miagxig HATa€ MOMKIMBICTH KIIBKICHO BH3HAUYWTH BIUIMB KOYKHOTO
OKpEMOTO MapaMeTpa Ha 3arajibHy HEBU3HAUYEHICTh Y PO3PAaXyHKY MOTY>KHOCTI, IO €

Jy’K€ BOXIIMBUM Yy Tiporieci popmMyBaHHsI OOTPYHTOBAHMX €HEPIe€TUUHUX MPOTHO31B.
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TakoX BCTAaHOBJIEHO YiTKI BUMOTH JI0 KJIacy TOYHOCTI mpuiadiB. 3rigHo 3 ISO
748 [6] B onTUMaJbHMX yMOBaxX BUMIPIOBaHHS BIJIHOCHA IOXHMOKAa HE IOBHHHA
nepeBunyBaTH £5%. Y OUIBII CKIIAHUX CUTYAIlISAX, SIK-OT ITiJT 9ac MaBOJIKIB YU 3MIHU
pycia, aonyckaerbes noxuodka no £10%, a mpu opi€eHTOBHUX pO3paxyHKaxX — HaBITh
10 £15%.

Omxe, HaJliHE OLIHIOBAHHS T1IPOCHEPTETUYHUX MOXIIMBOCTEH MaiuX PpIYOK
noTpedye MaKCUMaJIbHOI TOYHOCTI y BCTAHOBJIGHHI OCHOBHHMX TiAPOJOTIYHHUX
XapaKTEPUCTHK, 30KpeMa BUTPATU BOAM, BETUIMHU HATIOPY Ta TEMIEPATYPHOTO CTaHy
BOJIHOT'O CEPEIOBHIIA, OCKUIBKH caMme Ii mapameTpu 0e3mocepeHbO BILIMBAIOTh Ha
MPOJYKTUBHICTh Ta JOLUIBHICTh EKCIUTyaTaulii Majoi TiIpOoeNeKTPOCTaHIIII.
3acTocyBaHHS TaKMX IMIIXOJIB, K MJIMHKOBI, TOIUIABKOBI, aKyCTH4YHI Ta 00’ €MHI
METOJIMKH, BIAMOBITHO 10 BUMOT MixkHapoHux HopMatuBiB ISO 748 [6] 1 ISO 6416
[7], mae 3MoOry ajanTyBaTH OTpUMaHi pe3yJbTaTH O CHEHU(PIYHUX YMOB PIUKOBHUX
cucteM  Ykpainn. BomHouac  ocoOmMBe  3HAUGHHS  Ma€  BIPOBAKCHHS
aBTOMATU30BaHUX IuIaT@opM 300py Ta o0OpoOkM iHQopMalii, $KI HE JHIIe
3a0€3Meuyl0Th TOCTIMHUN KOHTPOJIb 3a 3MIHAMH TiAPOJIOTIYHOTO PEKUMY, a W

J03BOJISIIOTH OMIEPATUBHO IHTETPYBATH 111 JIaHi y IU(GPOBI aHATITUYHI MOJIENI.
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Abstract. The article addresses the akmyal problem of assessing the hydropower potential of
small rivers in Ukraine in the context of renewable energy development and improving the energy
efficiency of decentralized power systems. The feasibility of utilizing small watercourses, particularly
mountain rivers of the Carpathian region, is substantiated, as they are characterized by significant
channel slopes, stable hydrological regimes, and the presence of untapped energy potential. It is
demonstrated that the effective implementation of small hydropower plants requires a comprehensive
approach to determining key hydrological parameters, including water discharge, hydraulic head,
and water temperature. The study employs analytical, hydrometric, and metrological research
methods, as well as elements of flow mathematical modeling. Both direct and indirect methods for
determining water discharge are considered, including hydrometric, float, volumetric, and acoustic
methods, using modern measuring instruments such as Doppler profilers, electromagnetic flow
meters, and automated hydrological stations. Special attention is paid to the analysis of measurement
errors and their impact on the results of energy calculations. It is shown that even minor deviations
in the determination of discharge or head lead to proportional errors in power calculation and energy
yield forecasting. A generalized approach to assessing the overall uncertainty of results in
accordance with the requirements of international standards ISO 748 and ISO 6416 is presented. The
scientific novelty of the study lies in the systematization of modern measurement approaches to
assessing the hydropower potential of small rivers, taking into account metrological characteristics
and the capabilities of automated data acquisition. The practical significance of the obtained results
lies in their applicability to the design, modernization, and optimization of operating modes of small
hydropower plants within the river systems of Ukraine.

Key words: hydropower, hydro turbine, efficiency, energy performance, small HPP, water
discharge, head.
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