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CREATION OF A COMPUTER MODEL FOR TECHNICAL DIAGNOSTICS OF A
GENERATOR WITH A SPARK IGNITION ENGINE

Introduction. The basis of the diagnostic process is the collection of experimental data
and the analysis of diagnostic features that determine the state of the system. There are a number
of methods for diagnosing internal combustion engines, including compression measurement,
which allows you to detect problems with the tightness of the cylinder-piston group. However,
this method has its drawbacks, such as the complexity of the procedure and the unreliability of
the data.

The DVZ diagnostic system, which uses the starter current level as a diagnostic
parameter, avoided the mentioned shortcomings. This system analyzes the changes in the torque
of the crankshaft of the engine without fuel supply in the compressor mode, measuring the level
of current and voltage of the starter. Some devices, such as motor testers KAD-300-03, M3-2,
MT3500, use this method for diagnostics. Using this method facilitates the process and ensures
the reliability of the results, reducing time and effort. However, in order to apply this method, it
IS necessary to have preliminary data on diagnostic parameters, which can complicate the
process, especially when used on new objects. In order to successfully predict the parameters of
the technical diagnostics system of the generator, in particular, using the compressor method, it
is necessary to create a process model that allows the proper selection of system components.

The purpose and tasks of research. Taking into account the above-mentioned
limitations and shortcomings of the existing methods of diagnosing power equipment based on
internal combustion engines, it is possible to conclude on the need for further improvement of
the theory, methods and means of diagnosis. The purpose of this research can be the
development of a mathematical model of the system of technical diagnostics of a generator based
on an internal combustion engine using the starter current level as a diagnostic indicator. This
approach will improve the accuracy and reliability of diagnostics, reduce the complexity of
procedures and ensure more efficient functioning of energy equipment.

Material and research results. The developed diagram of the generator diagnostic
process includes the following main components: generator (1), internal combustion engine (2),
gearbox (3), starter (4), sources of direct current (battery) (5), position sensor (6), source sensor
power supply (7), analog-to-digital converter (8) and computer (9). In the process of obtaining
diagnostic data, the computer (9) registers the position of the engine crankshaft (2) and the stator
current (4). This diagnostic system allows you to establish the relationship between the stator
current and the state of the thermal unit of the power plant. During the development of this
diagnostic system, a key aspect is the proper equipment parameters that guarantee the necessary
accuracy and reliability of the process. Ensuring the efficiency of the diagnostic process is
possible thanks to energy parameters that allow the selection of sensors according to a certain
level of DC current, the power of the DC source and the polling frequency of the ADC channels.
The creation of a mathematical model of the system of technical diagnostics of a generator based
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on an internal combustion engine, using interactive tools and the construction of multi-level
hierarchical multi-component models, will allow predicting the physical parameters of processes
with high accuracy.

The scheme of the mathematical model of the system of technical diagnostics of the
generator operating on the basis of the internal combustion engine has been developed. This
diagnostic system is based on electromechanical components, which include elements of the
crank mechanism, such as a piston (1), a rod (2) and a crankshaft (3), as well as a generator rotor
(4), a flywheel (5), starter armature (6) and armature windings (7).

The equations that describe the operation of the starter are Cauchy normal form
differential equations for a DC motor with independent excitation from permanent magnets:

Ua—RaIa—kwd—¢= La%;
dt dt
do . d’p W)
kmla—bE—Mollg :‘]o?;
whereU, — DC power supply voltage; R, and L, — active resistance and inductance of the
armature winding; k , — constant electromotive force of the engine; k, — engine torque constant;
b — viscous friction resistance; M, — moment of resistance to rotation of the shaft.

Conclusions. The following conclusions can be drawn on the basis of the given scheme
of the generator diagnostics process:

The diagnostic system includes a variety of components, including the alternator, internal
combustion engine, transmission, starter, DC sources, engine crankshaft position sensor, sensor
power supply, analog-to-digital converter, and computer.

The process of obtaining diagnostic data involves fixing the position of the engine
crankshaft and the stator current by the computer. This allows you to detect the connection
between the stator current and the state of the thermal unit of the power plant.

Equipment parameters must be properly provided to ensure accuracy and reliability of the
diagnostic process. This includes power parameters for sensor selection, DC power supply, and
ADC channel polling frequency.

The creation of a mathematical model of the diagnostic system using interactive tools and
multi-level multi-component models will allow predicting the physical parameters of the

diagnostic processes of a generator based on an internal combustion engine.
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CTBOPEHHS HAIIIOHAJILHOI CACTEMM MOHITOPUHI'Y
EHEPITOE®EKTUBHOCTI BUKOPUCTAHHS TAJIMBHO —- EHEPTETUYHUX
PECYPCIB

Beryn. YV cygyacHOMY CBiTi MOHITOPHHT BUKOPUCTAHHS MAJMBHO—CHEPTETHYHUX PECYPCIB
€ HEBIJ’ €MHOIO CKJIaJJOBOIO 3arajibHOI CHUCTEMH MEHEIKMEHTY MiCIIEBOIO CaMOBPSAyBaHHS.
KoHuTponb epexkTUBHOCTI BUKOPUCTAHHS TaKUX pECypciB 6araTto B 4OMY BH3HAYa€ CTIHKICTh Ta
TEMIU PO3BUTKY KpaiHu. B ymoBax mnoBHOMacmTaOHOro BTOprHeHHsi Pocii Ha TepuTopito
YkpaiHu nepea TEpUTOpPIaIbHUMHU TPOMaJaMH 1€ CHUJIBHIIIE IMOcTaja MpodiieMa BHUPIMICHHS
BYUIMBHUX NHUTAaHb, OB’ SI3aHUX 31 CIIOKUBAHHSAM MAIMBHO-CHEPTETUYHUX PECYPCIiB, OOJIIKOM Ta
KOHTPOJIEM BUTPAT €HEPrOHOCIIB, 3aIPOBAKEHHSM 3aXO/IiB 13 IiIBUIICHHS PiBHS €HEPreTHYHOI
e(EeKTUBHOCTI Ta BHKOPHCTaHHSIM IIOTEHIIAly E€HEPro30epeKeHHS B YMOBAaX OOMEKEHOCTI
pecypciB [1]. Lls mpoOiieMa HE € HOBOIO, NPOTE 3aXOAW 3 TMIABUIICHHS €()EKTUBHOCTI
BukopuctanHsa [IEP Ha piBHI OKpeMHUX MICT Ta perioHiB Bce Iie He HaOynu B YKpaiHi MacoBOTO
Xapaktepy. Y Tepiry 4epry Ie MOB’S3aHO 3 THM, III0 BapTICTh €HEPreTUYHHX PEeCypcCiB Ie
JEKiTbKa POKiB TOMYy Oyiia HabaraTo HUKYOIO BiJl PUHKOBOI, 110 HE CTBOPIOBAJIO JIOCTATHHOI
MOTHBAIl JJIS OIIQJJIMBOTO CIOXHBAHHS eHeprii abo 1HBecTULId B eHeprozbepiraroue
o0JaTHaHHA, TEXHOJIOT1l a0 MpoeKkTH eHeprozoepexeHHs. [2] Takox, Mana Miclie HETOCTaTHS
0013HaHICTh TpoMal y chepl eHeproePeKTUBHOCTI, EHEPro30epeKEHHS Ta CHEPTOMEHEPKMEHTY.
Tum vacom, BIPOBAKEHHS CUCTEMHM E€HEPrOMEHEI)KMEHTY Yy IpoMaji Hece B co0l HACTYIHI
nepeBaru:

- IlinBumenHs edexktuBHOCTI BHUKOpUcTaHHS [IEP. 3HuXeHHS eHepreTuyHoOi CKJIal10BOi
KOMYHQJIbHUX TOCTYT. 3alpOBaJIMBIIN CHUCTEMY €HEPrOMEHEKMEHTY Ta €HEPrOMOHITOPHHTY,
MO’KHa 0e3 BeNMKHMX (DIHAHCOBUX BUTpAT JOCITTH €KoHoMii eHeprii Bix 3 10 5% 3a 1-2 poku.
Takuil mocTyn Ui yKpaiHCBKMX I'pOMaji y Cy4aCHHUX YMOBax € JOCUTb CYTT€BUM Ta BKpai
HEOOX1THUM. [3]

- [lixBumieHHs: eHepreTHYHO1 0€3MeKN Ta HE3AICKHOCTI MYHIITUTIATHHOT CHEPTETHKH.

Marepian i pe3yabTaTH jgociailkenb. [[nsg mnouatky pobotH 3 po30ynoBH,
BIIPOBA/DKEHHSI Ta (DYHKI[IOHYBaHHS CHCTEMH EHEPreTHYHOTO MEHEKMEHTY, IMepIl 3a Bce
HeoOX1JHEe BIANOBIAHE YNpaBIIHChKE pIIIEHHS TMpPO CTBOPEHHS Takoi cucreMu. Jlis
3a0e3meueHHs] KOPEKTHOro (YHKIIIOHYBAaHHS CHUCTEMH, HEOOXiTHO CTBOPUTH CIeEIialli30BaHUN
OpraH — BT eHeproMeHeKMeHTy. lIpaliBHUKM BiJJIUTy BHUKOHYIOTh MOCTaBJIEHI 3ajadi.
HauvanpHuk Bifiny nepeBipsie BUKOHAHHS ITOCTABJICHUX I[iJIeH, Ta 3/IIHCHIOE KOPETYBaHHS 3a]a4
3riJHO TOTOYHOTO BHUKOHAHHA. TakuM 4YMHOM, poOOTY CHCTEMHM E€HEPrOMEHEIXKMEHTY MOXKHa
omucatu 1wkiaoM Jleminra (PDCA — Plan — Do — Check — Act) — ynpasiiHHS
E€HePTOCIOXUBaHHAM BiAnoBigHO 10 cranaapty ISO 50001 (puc.1):
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Pucynok 1. Monens nukiny PDCA

[Ipn cTBOpeHHI CHUCTEMH EHEProMEHEI)KMEHTY Ha piBHI YCTaHOBM ab0 TpoMaju,
BUIIICHABEICHI MyHKTH 4YacTO KOpUTYIOThes. [4, 5] B MmyHinunamiterax ta rpoMaaax BHHUKAE
CHUTYallisl, KOJIM CUCTEMa €HEPrOMOHITOPUHIY JaBHO BIIPOBaJKeHa Ta (YHKIIOHYE, a cHUCTeMa
€HeproMeHe/DKMEHTY Ie BijacyTHs. IIpore, Ha ocHOBI iH(popMalii cucTEeMH, KEpiBHUITBO
npoBoIUTh aHaiiz BuUkopucTtaHHs [IEP Ta mpuiimMae BigmoBimHi ympaBmiHCHKI pimeHHs. J[ns
KOpEKTHOro TopiBHSIHHSA croxkuBaHHs [IEP rpomanoio HEOOXiZHO OXONMHUTH CHUCTEMOIO
€HEPrOMOHITOPUHTY SIKOMOTa OibIlle YCTAaHOB Ta OpraHi3amiid micta. Y CIHiBIpali 3 OAHIEI0 3
HAMOLIBIINX CHCTEM EHEPTOMOHITOPHHTY YKpaiHu «YMyHi» Oyio MpoaHalli30BaHO AEKiJIbKa
rpoMaj, 110 HPaIIOITh 3 CUCTEMOI0 MOoHaA 3 poku. Ha pucyHKax HHMXK4Ye MOKa3aHO KUIBKICTh
KopucTyBauis rpomaz A,b ta B.
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PucyHnok 3. AKTHBHICTB KOpHCTYBauiB rpoMa (y BiICOTKAX)
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Bucokuii BiZICOTOK 3allydeHHS KOPUCTyBadiB OyB JOCATHYTHH HE oOJpa3y, a B XOJi
HaBYaHb, TPEHIHTIB, KOHCYJbTAIill Ta pO3’sICHEHb MIOAO0 POOOTH MPOTrpaMu Ta HEOOXITHOCTI il
BIIPOBAIXKCHH.

BuchoBku. Mounitopunr cnoxuBanHs [IEP — mepma “cxogmHka” cucteMu
€HeproMEeHE/DKMEHTY, 0e3 sKkoi mojanbiie (YHKUIOHYBAaHHS CHUCTEMH  HEMOJKIIMBE.
BrpoBapkeHHST CHCTEMH E€HEPrOMOHITOPUHTY Ha piBHI MYHIIMOAIITETY AacTh Oe3mepedHi
nepeBaru oro kepiBHUUTBY. OnHAK, Ui IIUPLIOTO OXOIUICHHsS OyHiBeNb 1 YCTaHOB, a TaKOX
MOLIMPEHHS] TPOLECY EHEPrOMOHITOPUHTY, €HEepro30epeKeHHS Ta EHEpProMEHEPKMEHTY Ha
piBeHb 00JacTel, a 3roJIoM 1 KpaiHKM HEOOX1JHO CTBOPUTH HAIIOHAJIBHY CHCTEMY MOHITOPHUHTY
eHeproedekTuBHOCTi BHKOpucTaHHs [IEP. MaiiOyTHs cucremMa Mae BIANOBIIATH — SK
€BPOINEHCHKIM MPAKTHIIl BIPOBAKECHHS MOHITOPUHTY €HEpProeeKTUBHOCTI, TaK 1 HOBITHIM
U(POBUM TEXHOJOTISAM. Y pe3ynbTaTi CHCTeMa Ma€ CTaTH JKEPesoM TOCTOBipHOI iH(opmaril
PO PiBCHb CHEProcPEKTUBHOCTI, HA OCHOBI SIKOT OpPraHU BJIATU 1 Cy0’ €KTH TOCHOJAPIOBAHHS
NpURMATUMYTh TPAKTUYHI PIIEHHS 010 ONITUMI3aIlil eHePrOCIIOKUBAHHS.
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the Ministry of Health of Ukraine Ne31-o0d of October 28, 2022 "On approval of the Declaration of Energy Policy." -
2022: www.ukrvac.com.ua/HopMaTHBHi-TOKyMEeHTH/iHPOpMAITis-TIo-1Ti ATsTac-
OTIPIUTIO AHEHHIO/CHEPTOMEHE IKMEHT/ .

5. Ministry of Economy of Ukraine. ENERGY MANAGEMENT. Government portal. URL:
https://www.me.gov.ua/Documents/List?lang=uk-UA&amp;id=6f956bec-9b48-4f18-a64f-
d8ac0831a358&amp;tag=Energomenedzhment.
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V]IK 621.3
®poaos I.B., aciipanr,
HAayKOBUM KEPIBHUK: JI.T.H., mpodecop B.A.Ilonos
HarionanbHuii TeXHIYHUNA YHIBEpCUTET YKpaiHu
«KuiBChKHiA TOMITEXHIYHUN IHCTUTYT iMeHi1 Iropst CikopchKOTroy

MOJIEJIFOBAHHSA ITOKA3ZHUKIB HAJIMHOCTI B 6 — 20 KB PO3HOALIBYAX
MEPEXK 3 YPAXYBAHHSIM HAABHOCTI JKEHEP PO3OCEPEI[)KEHOj
I'EHEPAIIII TA AT'PEI'ATOPIB HA ITIIICTABI MATPUILb IHIIUJAEHIIN

Beryn. BpaxoByrouu TEHJIEHINIO TEPEeXOay BiJ BUKIIOYHO IICHTPATi30BAHOI CHCTEMHU
€JIEKTPOTIOCTAYaHHS JO 3MIMIAaHOI 3 BUKOPUCTAHHSIM JIOKATBHHUX JDKEPEN PO30CepeKeHOT
rerepanii ([IPI'), sk BiAHOBIIOBAaJbHUX TaK 1 TPATUIIAHUX, 3POCTAE€ AKTYyaJbHICTh MHUTAHHSA,
[IOJI0 MIATPUMKHU SKOCTI €JEKTPONOCTayaHHS Ha BiamoBigHoMy piBHI [1]. OmHUM 3 Takux
MOKA3HUKIB € HaJilHICTh €IEKTPONOCTaYaHHsI, sIka Mae OyTH BH3HAUY€HA 3 ypaxyBaHHSM: YCIX
MO>KJIMBUX JDKEPEJ JKUBIICHHS; TUIY, KIJTBKOCTI Ta pO3TalllyBaHHS KOMYTAlIHHOTO OOJIa HAHHS
(KO); mapameTtpiB Ta TOMOJOTII JIiHIA eJeKTpolepeaadi; Tomo. B yMoBax BiiiHH [Ie¢ TTUTaHHS
HaOyBae 1Ie OUTBIIOT aKTYaJIbHOCTI, OCKUJIBKM Yy pa3i MOIIKOKEHHS YaCTUHH E€HEProCHUCTEMH
HEOOX1THO ONTHMAJIHHUM YHWHOM JIOKATI3yBaTH IMONIKOKEHHS I MOXKIUBOCTI ITOJOBKEHHS
poboTH iHmMX i 4acTWH ab0 3a paxyHOK IEHTPATi30BaHOI TEHeparlii, Mo 3aJIuIInIacs He
VIIKO/DKEHOI0, a00 y 3MIlIaHOMYy pexumi, abo 3a0e3MeunuTd TUMYACOBY POOOTY YacCTHHI
posnoauibHuX Mepex (PM) y aBToHOMHOMY (OCTpiBHOMY) pexumi [2].

Mera i 3aBaaHHs aocjigxkeHb. MeTo poboTH € po3poOka HOBOTO MIAXOAY OO
MOJIETIOBaHHs MOKa3HUKIB HajiiHOCTI B PM 6 — 20 kB 3 ypaxyBannsm HasBHocTi JIPI" Ha
MiJCTaBl MAaTPUIlh THIWHIACHIINA. 3a3HAYCHUHN MiAX1A Mae 3a0€3MEeYUTH BUPIMICHHS MHUTaHb, K
BIJIHOCHO MOJKJIMBOCTI 4acTHHI PM mpo/IoBKUTH CBOIO poOOTY BijJ LEHTPATI30BAHUX JKEPEI
YaCTMHHU Y aBTOHOMHOMY/OCTPIBHOMY PEKUMI JO MOMEHTY JIIKBIJallil MOIIKOKEHHS, 1110 Mae
OyTH 3a3/aneriib OOrpyHTOBAHO 3 TOYKHM 30pYy 3a0e3ledeHHs OallaHCy reHeplis/CHOXUBaHHS,
SKOCTI eIeKTPUYHOI eHeprii, BiMOBIAHOCTI BUMOTaM, SIK YHHOT'O HAI[IOHAJLHOTO 3aKOHA/1aBCTBA,
TakK 1 €BpONENHCHKUX CTAHIAPTIB.

MarepiaJ i pe3yJIbTaTH A0CTIIKEHb.

1.@opmysanns mampuyi 3as’askie. OJHUM 3 BaXIJIMBHUX IMOKAa3HHWKIB HAIIHHOCTI €

OUIKYBaHE 3HAUEHHS HEJOBIANMYIIEHOT €Heprii, fKe 3aJeXUTh BIJl HU3KU PIZHOMAHITHHUX
napaMeTpiB, y TOMY YHCII, Yacy BIJHOBJIEHHS eJeKTpornocrayaHHs. Popmanizaiis mpoueaypu
BHU3HAUEHHS caMe IIbOro MOKa3HUWKA CTBOPIOE HAWOUIBINI CKIAJAHOMII. Y 3B’SI3KY 3 UM Y poOOTI
OyB 3ampoOINOHOBAaHWU MIAX1A 7O MOJETIOBAHHS TOKa3HHWKIB HaaiiHOCTI PM Ha OCHOBI
BUKOPUCTaHHA Marpulli iHuuaeHuid (M), sika BpaxoBye LUIAX >XHUBJIEHHS ycix By3niB [3].
Martpunst M, mo ¢opmyersess s PM, B 3aragbHOMY BHUMAJIKy € HPSIMOKYTHOIO, J€ YHUCIIO
psAKiB Bignosinae yuciay By3miB (I = 1, ..., |), a 4kCI0 CTOBMIIB BiMOBIIAE KUTBKOCTI JUISTHOK
MK cyMibKHUMH By3namu (j = 1, ..., J). BigmoBinHo, eneMeHTH MaTpHili MOXKYTh HpPUIMATH
3HaueHHns 0, 1, abo (-1). [lomanpma mporeypa BUSHAYEHHS YCIX CKJIQJIOBUX Yacy BiTHOBJICHHS
€JIEKTPONIOCTAa4YaHH MOXKe OYTH ITPEICTABICHA HACTYITHUM YHHOM.

[Ticnsa hopmyBanHs 3a3HaueHo] MaTpuili M MoTpiOHO po3paxyBaTH ii 00epHEHE 3HAYCHHS
M~ TIpu upomy matpung M~! (M1 =|M~1|) BimoOpaxye muisx Bin mkepena >KMBJIEHHS JI0
BIJIMOBITHOTO BY3Jla HABAHTAKCHHS.
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2. @opmysanna mampuyb 4acy pemMonmy, Jokanizayii ma nepemukanns. Ha HacTynmHomMy

eTami, JUIsi KOPEKTHOTO BHM3HAYEHHS CKJIQJIOBUX 4Yacy BIJHOBIEHHS €JIEKTPOIOCTaYaHHS 1
PO3paxyHKy MaTpHLb 4acy PEMOHTY (Tpey), JIOKANMi3amii (T,o), MEPEKIHOYEHHS (Thep) CIIA
Bu3HauuTH 30HY Aii KO, ski, mo cyTi, BiIMOBiAarOTh 30HAM iX 3axucry. Hamami dopmyemo
Matpuili: M;,,q — psaaku Kol (Iimod, ..., I7mod) BH3HAUAIOTHCS NUIIXOM BUKOHAHHS JIOT1YHOI
omeparii «ado» B MexaxX KOXHOi 30HH 32 GopMyNow: linod = Viezn li, A€ Zn — BignosimHa
3ona aii KO; marpuiti My, 12 Myy041p, AKI OYIyIOTBCS 1O QHAJIOTIT 710 TIONEPEHIX MATPHUIIb, ATIE
3 BUKOPMCTAHHSM JIOTi4HOI omneparii «He» BiaHocHo 10 marpuub M1 ta My,04, T06TO lin, # I;
12 limodrp # limoa;> BBOMMO BekTOp K, sixuit BinoOpaxae nasuicts KO nHa koxHid minsuui PM
31 cropoHH BiamoBigHOro By3na (mpu BiacytHocti KO BignoBigauii enmement K mnpuiimae
3HA4YCHHS «1»).

BuxopucToByroun 3a3HaveHi MaTPUIll pO3paxOBYEMO YCi CKIIAJOBI Yacy JIOKami3allii Ta
mpi N Mimodrpis MTpemi = Ki V. Mpoq.

3. Po3paxyHok ouixyeanoi geruyunu Hedogionycky. OdikyBaHe 3HAUYCHHS HEJOBIIITYCKY
CJICKTPUYHOI eHeprii B 3araJlLHOMy BHITQJKy Oy/e BHU3HAUATHCS 3a HACTYIMHOKI (GOpMYIIor:

PEMOHTY 3a HacTYHHUMH popmyrnamu: M7, = M

Ayen = Xizq Xj=1Wo X Ly X P; X T;j, Ie T;; - 4ac Bi[HOBJICHHs €JeKTPONOCTAYaHHS BY3Ja j y
BUIAJKY IOMKO/KeHHs I-1 nuissHkn PM. PospaxoBaHe 3HaueHHs Mae OyTH MiHIMalbHO
MOYJIMBUM, OCKIJIbKH 3a Takoi yMoBU PM MaTHMe MakCUMallbHUM piB€Hb HACTIMHOCTI.

BucHoBkmu. [IutanHs MozentoBaHHS MOKa3HUKIB HaJIHHOCTI B PO3MOJIUIBHUX MEpexax
norpedye HOBUX IMiJXOMAIB 3BaKAIOYH HA aKTyalbHI BUKIMKU Ta TEHACHIT PO3BUTKY Cy4aCHHX
CHUCTEM pO3MOJIITY EJEKTPUYHOI €Herii. 3amporoHOBaHAa METOJWKAa MOJCIIIOBAHHS BPaXOBYE
MOJKJIMBICTh KMBJIEHHS PM, sk Bin neHTpanizoBaHux jxepen, Tak 1 Bix JPI. MoaentoBanus
TaKOoX Iependadyae MOXKIMBICTD aHa3y HaAIMHOCTI, 32 YMOBH TUMYAacOBOTO BUXOJY YaCTHHU
PM y aBTOHOMHUI/OCTpIBHUN peXHM, (YHKIIOHYBAaHHS SIKOTO, BIAMOBIAHO 0 HOPMAaTHUBHHUX
JIOKYMEHTIB, Ma€e 00OBSI3KOBO OYTH MOTEPEahO 3MOJICIIOBAHUM (BU3HAYEHI BC1 IOTO YYaCHUKH Ta
IpoBe/ieHa MJIaHOBA OLlIHKA X POOOTH y TaKOMY pexuMmi). 3a3HaueHa METOJINKa MOJIEIIIOBAHHS
JIOTIOMOTa€ OLIHUTH HaJiiiHicTh PM, BpaxoByrour yMOBHU pO3TallyBaHHs YCiX JUKepels reHeparii
BITHOCHO BY3JIiB HaBaHTaXeHHs, Ta po3mimeHHs KO y mepexi g TOTpUMaHHS BHUMOT IIOJ0
SIKOCT1 Ta HaJIIMHOCTI €JIEKTPONOCTa4YaHHs. Y MOAAIBIIOMY Ma€e OyTH MPOBEACHHUM aHaMi3, 00
OIIIHKM E€KOHOMIYHOi JOILUIBHOCTI, SIK BCTaHOBJICHHS nonaTtkoBux KO (piBeHb €KOHOMIYHOI
BUTOJIU BIJTHOCHO PiBHS BUTpaT Ha noaatkoBuil KO), Tak 1 TuMyacoBoro ¢yHkiionyBaHHs PM y
peXuMi OCcTpoBa (piBEHb €KOHOMIYHOI BUTOAM BIHOCHO PIBHSI BUTPAaTH Ha (YHKIIOHYBaHHS
JIPT" Ta 3a0e3neueHHst poOOTH arperaropis).

Cnucox BUKOPHUCTAHHUX JIZKepeJa
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03.04.2024).

2. Posmonineya KoreHepariisi JOMOMOXE IMiABHIIUTU CTIHKICTh Ta HAIIHHICTH eHepro3abe3rnedyeHHs
KPUTUYHOT IHppacTpyKTypH MmicT VYxpainun. USAID Energy Security Project.
URL.: https://energysecurityua.org/ua/novyny/rozpodilcha-koheneratsiia-dopomozhe-pidvyshchyty-stiykist-ta-
nadiynist-enerhozabezpechennia-krytychnoi-infrastruktury-mist-ukrainy/ (nara 3sepuenssi: 03.04.2024).
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HayKOBHH KEpPiBHUK: JI.T.H., Tpodecop B.IL.Pozen
HamionansHuii TEXHIYHUHN YHIBEpCUTET Y KpaiHu
«KuiBcbkuii noniTexHiunuil incTuTyT iMeHi Irops CikopcbKoro

AHAJII3 PEXKUMY POBOTH COHSYHOI EJJEKTPOCTAHIII 3 YPAXYBAHHAM
CE30HHOCTI

Beryn. Ilepexin 10 BiZHOBIIOBAJLHUX JKEPEN €HEprii Hece 3HaYHI PU3MKH Ta BUKIUKU
JUIS EHePTOCHUCTEM KpaiH CBITY B YacTHHI 3a0e3MedeHHs cTablIbHOI, CTiiiKOI Ta Oe3mepediitHol
poOOTH EHEProcUCTEeMH B YMOBax 3MEHIICHHS KUIBKOCTI OOEPTOBHX pE3€pBIB, 3pOCTaHHS
IHEepIIHHOCTI EHEPrOCUCTEM Ta 3POCTAHHS IIBUAKOCTI 3MIHM TeHepallii eJeKTpUYHOI eHeprii Ha
CTaHIlISX, 3aCHOBAHMX Ha BIJHOBJIIOBAJIBLHUX JDKEPENax CHEprii 3a paxyHOK 3pOCTaHHS iX
BCTAHOBJICHOI TOTY)KHOCTI Ta IIOCTYIIOBOTO BHUTICHEHHS TEIUIOBOI TeHeparii. Baximeum
napaMeTpoM JIJIsl BiTHOBITIOBAJIBHUX JDKEPEI CHEPrii € mapamMeTpH CE30HHOCTI, JIe B 3aJIeKHOCTI
BiJl TIOPH POKY 3MIHIOIOTHCS MapaMEeTpH Ta XapaKTEPUCTHUKU Tpadiky reHeparii eneKTpUuIHOl
eHeprii. BpaxoByroun pu3uky, mo B co0i HECYTh BIJHOBIIOBAIIBHI JDKEpeNia eHeprii, HeoOX1THO
3a0€3MCUYUTH KOHTPOJIbOBAHE 3POCTAHHS YACTKH T'€HEpallii eJICKTPOCTAHIIIH 3 BIJIHOBIIOBAILHUX
JDKEpeI eHeprii uis 3a0€3MeUeHHS CTIKOCTI €HEPrOCHCTEMH KpaiH Ta iX YCTaJeHOTO PO3BUTKY B
MalOyTHBOMY.

MeTow0 € TIABUINEHHS aJeKBATHOCTI PE3YJIbTATIB PO3MOAUTY ACHIIUTHUX PE3EepPBIB
HNIATPUMKHM YacTOTH, pPE3EpBIB BIAHOBIEHHS 4YacTOTH JJs KOMIIEHcalli HeOalaHCIB, 0
BUHUKAIOTh MiJl 4Yac 3MIHM TeHepallli Ha COHSYHHUX €JIEKTPOCTAaHILIsX. 3MEHILIEHHS BapTOCTI
KOMITIeH a1 He0alaHCiB, [0 BUHUKAIOTh MPU 3MiHI TeHepallii Ha COHSIYHUX EJIEKTPOCTAHIIISX.
Jlns BUpIIEHHS METH HEOOXITHO MPOAHATI3ZYBAaTH PEKUM POOOTU COHSIUHOI €JIEKTPOCTaHLIl Ta
BEIMYMHY HeOaJaHCIB 3 YpaxyBaHHSM CE30HHOCTI, BUKJIMKAHUX BIIXWIEHHSAM BiJ rpadiky
reHepanii Ha COHSYHIA eJIeKTPOCTaHLIi Ta PpO3POOUTH HOBI METOAM KOPOTKOCTPOKOBOIO
IIPOrHO3YBaHHH.

PesyabTaTn pocaigkeHHsi. 3anporoHOBAaHO HOBE MAaT€MaTHYHE Ta TEXHIYHE PIIICHHS
JUIsl KOMIeHcalii HebajaHCy B €HEeprocucTreMi y pasl IIBHJKOI 3MiHI rpadiky TreHeparii
€JIEKTPUYHOI €HEepTii Ha COHSYHUX €JIEKTPOCTaHLisIX. Briepie mpoananizoBaHo rpadik reseparii
€JIEKTPUYHOI €HEepTii Ha COHSYHIN eIeKTPOCTaHIIl 3 ypaxXyBaHHIM CE30HHOCTI Ta 3 BpaXyBaHHAM
MIXKHapOJJHOTO 3aKOHOJaBcTBa B cepi enepreruku Commission Regulation (EU) 2017/1485 of
2 August 2017 establishing a guideline on electricity transmission system operation.
[IpoananizoBaHo rpadik 3aranbHOTO BIIXWJIEHHS BiJ NPOTHO30BAaHOrO rpadiky reHeparii
€JIEKTPUYHOI eHeprii Ha COHSYHIN eNeKTPOCTAHIII.

BucnoBok. IIpoanamizoBaHo [aHi TeHepalii eJIEKTPUYHOI €Heprii Ha COHSUHIN
enextpocrtaniii b. B mepiox 3 01.10.2022 00:00 mo 27.09.2023 14:00. 3a pe3ynbpratramu aHaTi3y
rpadgiky 3arajdpbHOrO BIAXHJICHHS BiA rpadiky TreHeparii eJeKTpHYHOI eHEeprii Ha COHSYHIN
eslekTpocTaHuii b. y mocmimkyBaHuil mepion yacy BHUIHO, IO MiJ 4ac poOOTH €EeKTPOCTAHLIT
HE3AJIKHO BIJI CE30HHOCTI CIIOCTEPIraeTbcsi 3HAUHI BIAXWIEHHS BiJ NMPOTHO3HOrO rpadika
reHeparlii B pe3yyibTari 3MiHA TOroaHUX yMOB. [IIBUIKICTh 3MIHU TaKUX BIIXWUJICHBb € 3HAYHOIO,
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0 HEraTHBHO BIUIMBA€ HA 3arajbHy CTIHKICTh €HEPrOCHCTEMH Ta SKICTh il PETyITIOBaHHS.
3pocTaHHs BiIHOBIIIOBAJIBLHUX JPKEPEJ €HEprii B YacTIli 3arajibHOi reHepariii HeraTUBHO BIUIMBAE
Ha EHEProCcUCTEMY B LIIJIOMY 1 BUHUKA€E HEOOX1IHICTh BIIPOBAPKEHHS HOBUX 1H)KEHEPHUX PillIeHb
Ta CyYaCHMX TEXHOJIOTiH, 3aCHOBAaHMX Ha IITYyYHOMY IHTEJIEKTI Ta CIPSAMOBaHI Ha
MPOTHO3YBaHHs Tpadiky reHepartii s MOKIMBOCTI MEPEAYacHOTO pearyBaHHsI HA BUKIUKU Ta
3arpo3H.
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METHODOLOGY FOR ACHIEVING UKRAINE'S ENERGY INDEPENDENCE BY
INCREASING THE SHARE OF RENEWABLE ENERGY SOURCES IN THE
STRUCTURE AND SYSTEM OF THE ENERGY BALANCE OF UKRAINE

Introduction. The problem of energy independence is currently one of the most urgent
for Ukraine, as it affects the country's stability and development. Dependence on energy imports,
especially from geopolitically unstable regions, creates risks for national security and economic
development. In such conditions, the development and use of renewable energy sources (RES)
becomes an important strategy for ensuring a sustainable, reliable and environmentally safe
energy balance.

The purpose and tasks of research. The main goal of our research is to analyze the
possibilities of achieving energy independence of Ukraine by increasing the use of renewable
energy sources. To achieve this goal, we formulated the following tasks:

- assessment of the current state of the energy sector of Ukraine and identification of the main
problems that prevent the achievement of energy independence;

- analysis of the potential and possibilities of using renewable energy sources in Ukraine;

- development of a strategy for increasing the role of RES in the energy balance of Ukraine from
different perspectives;

- evaluation of the economic efficiency of the transition to the use of RES;

- identification of obstacles and ways to overcome them on the way to energy independence.

Research materials and results. In our work, we used methods of statistical data
analysis, modeling of energy processes, and sources of information on renewable energy issues.
The result is a comprehensive strategy that covers the technical, economic, social and political
aspects of the transition to the use of RES to ensure Ukraine's energy independence.

Our analysis also showed the significant potential of renewable energy sources, which
can become an important factor for stabilizing and ensuring the security of Ukraine's energy
supply. With proper support and investment, this potential can be successfully realized, helping
to reduce dependence on energy imports and creating a sustainable and clean energy sector.

In this article, we will consider the key aspects of the strategy to increase the role of
renewable energy sources in the energy balance of Ukraine, analyze the potential and obstacles
on the way to achieving this goal, and also consider the advantages and challenges facing
Ukraine in this energy context.

The analysis requires a comprehensive approach and a thorough study of various aspects
of the country's energy policy. Below are key points and recommendations that can be
considered in such a study:

- assessment of the potential of renewable energy sources - conducting an analysis of the
possibilities of using solar, wind and hydropower in Ukraine, taking into account geographical
and climatic conditions, technological possibilities and economic feasibility;
- stimulation of investments in the development of renewable energy sources - development of
effective mechanisms for financial support and stimulation of investments in the sector of
renewable energy, including various financial instruments;
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- modernization of energy infrastructure - development and modernization of power grids for the
integration of renewable energy sources, as well as the creation of energy storage facilities and
other measures to increase the efficiency of the energy system;

- creation of a favorable legislative and regulatory environment - development and
implementation of legislative acts that contribute to the development of renewable energy
sources and their integration into the energy system;

- development of research and innovation - involvement of scientific institutions and the private
sector in the development of the latest technologies in the field of renewable energy;

- regional and international cooperation - cooperation with international partners and neighboring
countries to exchange experience and provide additional sources of funding;

- educational activities and involvement of the public - information campaigns and educational
events to raise public awareness of the benefits and possibilities of using renewable energy
sources.

These recommendations can be used to develop and implement strategies and programs
for the development of renewable energy sources in Ukraine.

Conclusions. This study is critically important in the context of modern challenges and
global trends aimed at the development of RES. Increasing energy independence will contribute
not only to ensuring national security, but also to stimulating sustainable economic development
and reducing the impact on the environment.

Achieving the energy transition towards greater use of renewable energy sources requires
an integrated approach and the cooperation of all stakeholders, including government, business,
the public and the academic community.

The transition process should be based on scientific research and the best global
practices, with the aim of maximizing efficiency and ensuring economic profitability, i.e.
profitability of these projects. It is important to ensure the stable development of renewable
sources, constant support and stimulation of investments in this sector, as well as the attraction of
technological innovations.

Successful implementation of this strategy will provide Ukraine with competitive
advantages on the global energy arena, reduce dependence on imported energy resources,
promote sustainable development and improve the quality of life of citizens. Therefore, it is
important to give priority attention to this issue and take the necessary measures to ensure energy
stability and growth of Ukraine in the future.
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HACOCHI YCTAHOBKH 31 CTABIVII3AIIIEIO TUCKY. OI'JIA METO/IB
CTABLII3ALIL TUCKY

Beryn. BukopucTtanns MetoaiB crabiiizamii THCKY B HACOCHUX CHCTEMax Ma€ BaKJIMBE
3HAUCHHsI U1 TIABUIICHHS €HEProeeKTHUBHOCTI, ONTUMI3aIlii MPOJYKTUBHOCTI CHUCTEMHU,
3HIDKCHHS €KCIUTyaTallliHMX BUTpaT, 3a0e3ledeHHs CTaOUIBHOCTI THCKY Ta 3aXHCTY
obnanHanHa. HacocHi cucTeMu MOXHA €KCIUTyaTyBaTH OiibIl €(EeKTHBHO, 3aCTOCOBYIOUU
METOU cTallIi3allii TUCKY.

Merta Ta 3aBAaHHSA J0CHiIKeHHsI. MeToro 1aHoi poOOTH € OTJIsL ICHYIOUUX MPONO3HIIIN
II0/10 METOJIIB CTa01mi3alii THCKY Y HACOCHUX yCTaHOBKAX.

Martepiau Ta pe3yabTaTH 10CTil>KeHHs1. 3HAYHI ITyJIbCAIlii TUCKY Ta SBUIIE TiAPOyIapy
y HACOCHUX YCTaHOBKax € MpoOJeMaMu sIKi BUILIMBAIOTh BHACIHIJOK HEXTYBAaHHS CTa0LIi3ali€io
TUCKY Y HAacOCHHMX ycTaHoBKax. Ilymbcariii TMCKy y Hacocax MOXYTb MPHU3BOISTH IO CHIIBHOT
BiOpallii Ta CHJIBHUX HamNpy>KeHb BCEPEAMHI 00JIaAHAHHS, 10 MOTEHIIMHO CIPUYUHSIE TPIIIUHU
poOoUoro Kosieca Ta MPOBOKYeE (Pi3WYHI MOIIKOIKEHHS yCiel HACOCHOI YCTaHOBKU. IcCHY€E Takox 1
3BOPOTHIN 3B'I30K, KOJIM TIOIIKO)KCHHS, SIKI BUHUKIW BHACIIIOK IMpoOjeM 3 cTabiiizariero
TUCKY TUIbKU HIBUILYIOTh PYHHIBHUI BIJIMB HA HAaCOCHY YCTaHOBKY [2]. I'iapoynap BUHMKAE,
KOJIM PanTOBl 3MIHU TOTOKY (HANpUKIAM, 3aKPUTTS KiamaHa abo BIAKIIOYCHHS YKUBJICHHS)
NPU3BOJATH 10 MIBHJIKUX 3MiH THUCKY, SIKi Y CBOIO Yepry TaKOX NMPHU3BOMATH JO TOMIKOPKEHHS
HAaCOCHOI yCTaHOBKH. Bulle onrcani siBUIlia He TUTBKU MPU3BOJATH 10 (PI3UYHUX PYHHYBaHb, ajie
1 710 30UIBIIIEHHS] €eHEPTOCTIOKUBAHHS, 3SMEHIIICHHS TEPMIHY CITy:KO0u obmagHanus [1].

Jns BupilleHHS OpoOjeMH MyJbcaliii THCKY 3acTOCOBYIOTh METOAU sKI OyayTh
PO3TIISIHYTI HUDKYE.

Rotor-Stator Gap Adjustment (RSGA): 30inblieHHs 3a30py MiK poOOYHM KOJIECOM
(poTOpoM) 1 CTAaTOPOM MOXKE 3HAYHO 3MEHIIUTH MyNbcallii TUCKY. J{OCHiKeHHs MiaTBEp AN
edekTuBHICTh 1IbOro Merony [1]. OnTumisyroun 1e po3puB, MOXKHA MOM'SIKIIUTH KOJMBaHHS
tucky. RSGA gmns crabumizamii THCKYy B HACOCHHUX CHCTEMax  Iependayae guHaMIidHE
PETYIIOBaHHS 3a30pY MK POTOPOM 1 CTaTOPOM JIJIsl PETYJIIOBAHHS THUCKY 1 MIBHAKOCTI MOTOKY.
ExcnieprMeHTanbH1 pe3ynbTatu MiATBepAKYIOTh epekTuBHicTh PCI'A y nocsrHeHH1 Hux Iiien.
Metoa RSGA mnoka3ye nepcrekTuBy /Ajsl OiIbIII IUPOKOTO 3aCTOCYBAHHS B HACOCHUX CHUCTEMaX,
IPOTOHYIOYH Kpallly eHeproe(eKTUBHICTh Ta CTa0UIbHICTh pOOOTH.

3MiHa nu3aiiHy pobodoro koseca Ta (opMu camoi Jionati : 3MiHa po3TallyBaHHs Jie3a
JloroMarae nociaabuTH Imyibcanii TUCKy. Jlomarti B 1M1ax0BOMY MOPSIKY MOPYIIYIOTh CTPYKTYPY
MOTOKY 1 3MEHIITYIOTh BIUTMB B3a€MOJIi1 poTopa-cTaTopa. 3MiHa ¢opmu jie3a abo nmpodiao Moxe
BIUIMBATH Ha MyJibcallli TUCKY. Perymoroun KyTu je3a abo KpUBU3HY, BU MOXKETE JOCATTH OUIbIIT
MJIABHOTO TMOTOKY 1 MiHIMI3yBatu mynbcarito [1]. Tligxomm mo moamdikamii sonateii MOXYTh
OyTH 3aCTOCOBaHI y PI3HMX THIAX HACOCHUX CHUCTEM 1 JOMOMAaraloTh MOKPAIIUTH iX 3arajibHy
NPOAYKTHBHICTh Ta HaIldHICTb. BCTaHOBIEHHS KOPOTKMX JIONATe Mae 3HAUYHWUN BIUIMB Ha
IPOAYKTHBHICTh Ta €HEProeeKTUBHICTh LEHTPU(PYTaIbHOTO HACOCY 3 HU3BKUM CIEHU(pIUHUM
obeprosuM unciaoMm [6]. KomOGinamiss RSGA 1 moaudikaniii nonacreit 103Bojsie e(heKTUBHO
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3MEHIIMTH MYyJIbCAIlll THCKY B CHCTEMI, [0 MOKpAIIy€e SKICTh pOOOTH HACOCHOI YCTAaHOBKHU Ta
3axuInae 00JaHAaHH BiJl HAIMIPHOTO HaBaHTAKEHHS.
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I'U .
I 1.10 ]
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Pucynok 1. KpuBi npogyKTUBHOCTI HacOCiB 13 pi3HUMU opMaMu JionaTe OTpuMaHi

CKCIICPUMCHTAJIbHO 1 YHCENBHO

[IpaBwiibHA MIBUAKICTH 3aKPHUTTS 1 THI 3aCIIIHOK 1 3amoOD1KHI KianaHu: ICHYIOTH 3aciiHKU SIKi
MOCTYIIOBO 3MCHINYIOTh IOTIK, @ HE PI3KO BUMHKAIOTHCS, 3HIDKYIOUH PH3HWK TiApOyAapy.
3acHiHKM MOBUIBHOTO 3aKPUTTS OCOOJIMBO KOPUCHI B CIICHAPIsX, KOJIHM PAINTOBI 3MiHU TMOTOKY
MOKYTh IMPHU3BECTU A0 TMOUIKOJKEHHS a00 eKciuTyatalidHux 300iB [5]. 3amoOikHI KilanaHu
ABTOMATUYHO 3BIUIBHSIOTH HAUIMIIKOBUN THUCK, KOJH BiH TMepeBuilye Oe3meuHi Mmexi. lle
3amobirae HaKOMUYEHHIO TUCKY Ta OTEHIIHHOMY MOIIKO/HKEHHIO. [4]

5 /1 aLmTuam sHiodoag

0 3 6 9 12 16 19
lanbMyBaHHA, m/s’

Pucynoxk 2. ITopiBHAHHS pi3HOTO TUITY 3aCITIHOK 3 MOXJIMBICTIO TNIABHOTO BIAKPUTTS 1 3aKPUTTS

MemOpanni Oaku: BxitoueHHs MeMOpaHHMX pe3epByapiB JONOMarae IOTJIMHATH CTPUOKH
THUCKY, BUKJIMKaH1 PaTOBUMH 3aKPUTTSIMU KJamnaHiB abo IHIIMMHU TOPYIICHHSIMU MOTOKY. [4] Lli
pe3epByapu Ait0Th sIK Oydep, T03BOJSIOUM CHUCTEMI TOTJIMHATH HAJIMIIKOBUA THCK, HE
BIUTMBAOYH Ha IUTICHICTh TPYOOIIPOBOY.
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BucnoBku. IlizcymoByroun, BHAHO, IO METOAM CTa0LTi3almii THCKY IOMOMAararoTh
HOiATpUMYBaTH CTaOlIBbHUNA PIBEHb THUCKY y CUCTeMi, 1 3abe3meuyBaTH HaJiliHy Ta IUIaBHY
poOOTy HAacOCHUX YCTaHOBOK. Lle 0co0iMBO BaXJIMBO NpU 3MIHHHMX YMOBAaX EKCILTyaTallii.
Peamizamist BHIE ONMCAaHUX CTpaTerii MOXKE MIJBUIIMTH TMPOIYKTHBHICTh, HAIIHICTD 1
CTaOUIbHICTP HACOCHOI YCTAHOBKHM 1 CHpPHUSATH EHEPro30epeKeHHIO, Ta JaHI METOAM HE €
YVHIBEpCaJIbHUMHU, 1 TOTPIOHO BPaxoOBYBaTH IO 3HMKCHHS NYJbCAllli THUCKY 3aJIEKUTh BiJ
KOHKPETHOI KOHCTPYKIIii Hacoca Ta yMOB €KCIUTyaTallii.
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MNEPCIIEKTUBU BUKOPUCTAHHS PET'YJIBOBAHUX EJIEKTPOIIPUBO/IB Y
KOMIIPECOPHHUX YCTAHOBKAX JJIAA AMIAYHOI'O XOJIOAY

Beryn. AKTyanbHICTh BUKOPUCTAHHS PEryIbOBAHHUX EIIEKTPOIPUBOJIB Y KOMIIPECOPHUX
YCTAaHOBKAX JUIsl aMiadqHOTO XOJOMy TOJsIrae B IXHbOMY TOTEHI[IaNi  MOJIMIIEHHS
NPOAYKTHBHOCTI Ta 3HWXKCHHS BHTpaT. PeryinboBaHi  €IEKTPONPHUBOAN  JIO3BOJISIOTH
ONTHUMI3yBaTU poOOUMii MpoIleC, alanTyIOud HOro 10 3MIHHMX YMOB, 1[0 MOKE NMPHU3BECTU N0
3MEHIIICHHS  EHEProClOXMBaHHS Ta IMIJBUIICHHS 3arajbHOl  e(EeKTHBHOCTI CHCTEMHU
XOJIOIMJIBHOTO 00JIaIHAHHS 3 aMiaYHUM OXOJIOKeHHM [ 1].

Takuii Mmiaxi TakoXX CHIpHUs€e 30LIBIICHHIO HATIHHOCTI Ta JIOBFOBIYHOCTI O0JIaJIHAHHSI,
OCKUIBKA MOJKJIMBICTD PETYJIOBAHHS MapaMeTpiB €JIEKTPOIPHUBOJIB TO3BOJSIE IMiITPUMYBATH
ONTUMAIIbHI YMOBH pPOOOTH KOMIIPECOPHHUX YCTAHOBOK. Y KOHTEKCTI CTPIMKO 3pOCTaIOUYHMX
€HEPreTHYHUX BUMOT Ta IIJBHINEHHS YCBIJIOMJICHOCTI IIOJO €KOJIOTIYHUX TIHTaHb,
BUKOPUCTAHHS PETyJbOBAHUX EJICKTPONPUBOIIB Yy TAaKUX CHCTEMax 3allPOIOHOBAHO SIK
e(eKTUBHMI NUISX A0 MOKPAIIECHHS MPOAYKTUBHOCTI Ta 3MEHILIEHHS BIUIMBY Ha HABKOJIMIIHE
cepenoBuiiie [2]. CrpareriuHe BOPOBA/PKEHHS I[MX TEXHOJOTIH MOXE JOTOMOITH TOCSATTH
ONTUMAJILHUX pe3yibTaTiB y cdepli amiayHOro XoJjoJxy, 3a0e3Meuyroud €eKOHOMIYHI Ta
€KOJIOT14HI IepeBary.

Mera i 3aBaaHHsl AOCHAIIKeHb. MeTOIO JOCHIIKEHHS € BHBYEHHS MOXKIMBOCTEH Ta
nepeBar BUKOPUCTAHHS PETYIbOBAHUX CJCKTPOIPHBOJIB Yy KOMIIPECOPHHUX YCTAaHOBKAX JUIS
aMIayHOTO XOJIOJY 3 METOI0 MIABUIICHHS €(PEKTUBHOCTI, 3MEHIIECHHS CIOXXUBaHHS EHEprii,
MIJBUIIEHHS HAIMHOCTI Ta 3MEHIIEHHS BIUIMBY Ha NOBKULIL. JlOCTIIHKEHHS CIpsSMOBaHE Ha
OOTpYHTYBaHHsI MepeBar Takoro MigX0oAy 3 TOUKH 30py TEXHIUHUX, EKOHOMIYHHUX Ta €KOJOTIYHHX
ACTEeKTIB, a TAaKOXX Ha BHUSABIEHHS ONTUMAIBHUX CTPATEriii BOPOBAIKEHHS PETYyIbOBAHUX
€JIEKTPOIIPUBO/IIB Y BUPOOHHUUI IIPOLIECH, MOB'sI3aH1 3 BAPOOHUIITBOM aMiaqyHOI'O XOJIOJY.

Marepiau i pe3yabTaTi Aoc/igxkeHb. EQEKTUBHICTh €NEKTPOIIPUBO/IIB Y KOMIIPECOPHHUX
YCTaHOBKAX JJIsi aMiaqHOTO XOJIOy BEJTMKOIO MipOO0 BU3HAYAETHCS THIIOM Ta XapaKTEPUCTUKAMU
BUKOPUCTOBYBAaHUX JIBUTYHIB. TpaauliiiHI HEperyaboBaHl JBUTYHH MalOTh OOMEXEHY
e(eKTUBHICTh Y BUCOKOOOOPOTHOMY O0JIaJHAHHI, TAKOMY SIK KOMIpecopH1 ycTaHOBKU. CydacHi
PEryJIbOBaHI €JIEKTPOIPUBOIH TPEJICTABISIFOTE COOO0I0 TIEPCIIEKTHBHY aJIbTEPHATHUBY, OCKIIBKA
BOHU MAalOTh 3HAYHO BUIIY €(QEKTHBHICTH Ta O3BOJSIOTH JOCITTH OUTBII TOYHOTO KEpPyBaHHS
HIBUJKICTIO 1 00epTamTbHUM MOMEHTOM. [Ipu BUKOpHCTaHHI PeryibOBaHHUX €JIEKTPOIPHBOJIIB B
KOMITPECOPHHUX YCTAHOBKAX JUJISl aMiayHOTO XOJIOMy, JOLLUIFHO BPaXxOBYBAaTH IXHIO 3/IaTHICTh JI0
pekymepariii eHeprii mpud TaTbMyBaHHI 4Yd 3MiHI HaBaHTaxeHHs. lle M03Boyse MiABUIIUTH
3aranbHy €(QEeKTUBHICTh CHCTEMH Ta 3MEHIIUTH CIOKHWBAaHHS EIEKTPOCHEPTii, 3a0e3redyroun
MIPH I[bOMY CTaOUTBHY Ta €(PEKTUBHY POOOTY KOMIPECOPHOI YCTAaHOBKH [3].

[lim wd9ac moCHiMKEHHS 3 BHKOPHCTAHHSIM PETYJIbOBAHUX  EJIEKTPONPHUBOMIB Y
KOMITIPECOPHHMX YCTAaHOBKAaX JJIsi aMiaqHOTO XOJIOAYy B MalOyTHROMY JOCTIDKEHHI OynyTh
BUKOPUCTOBYBATHCS PI3HOMAHITHI METOJIH 1 TOCIIITHULIBKI T1IX0IH, 30KpeMa:
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1. [TpoBeneHHsS EKCIIEPUMEHTIB Ha B)KE HAJAITOBAHUX CHUCTEMax €JICKTPOIIPHBOIIB JIJIS
OLIIHKH iXHBOT MPOYKTUBHOCTI Ta €HEProe()eKTUBHOCTI.

2. BukopucTaHHs KOMITHOTEPHUX MPOrpaM ik PO3POOKH MOAENEH eNeKTPONPUBO/IIB Ta
KOMITPECOPHHUX YCTAaHOBOK 3 METOIO MIepeI0aueHHs iIXHhOI pOOOTH B PI3HUX YMOBAX.

3. OOpoOka Ta aHami3 310paHMX MaHWX JUIS BUSBJICHHS 3aKOHOMIPHOCTEH, OIIHKHU
e(hEeKTUBHOCTI Ta BUSHAYCHHSI ONITUMAJILHUX PEKUMIB POOOTH.

4. TlopiBHSIHHSI PI3HMX THIIIB €JIEKTPONPHUBOIIB, IX MMapaMeTpiB Ta XapaKTEPUCTHK IS
BU3HAYCHHS TIepeBar KOKHOTO 3 HUX B KOHTEKCTI BUKOPUCTAHHS JIJIsl aMiaqHOTO XOJIOTY.

5. BuBYEGHHs peanbHUX EKCIUTyaTalliiHUX yMOB KOMIIPECOPHHX YCTAaHOBOK 3
PErylIbOBAaHUMH EIEKTPONPUBOJAMH il ToOadeHHsI 1XHBbOI e()eKTHBHOCTI Ta imeHTHdikarii
MO>KJTUBUX ITOKPAIIICHb.

Ii MmeToau TO3BOJSITH 3MIMCHUTH KOMIUICKCHE JOCIIDKEHHS Ta OTPUMATH OOTPYHTOBaHI
pe3yJIbTaTH, M0 CIPUATAMYTHh PO3BUTKY Ta BIPOBAKCHHIO €()EKTHBHUX TEXHOJIOTIH Yy Trairy3i
amiavyHOT0 XOJIO/Y.

HocnimkenHss OyayTb MPOBOAMTUCA HA MIANPHUEMCTBI 3 MEPEpPOOKH MPOIYKTIB
XapuyBaHHS JUIsl NTULI, A€ 30upaiucs AaHi, MOB’si3aHi 3 omepariero. AmiauHa XOJOIMJIbHA
cUcTeMa TpaIioe s 3a0e3neueHHs poOOTH TEPeaIoKOIB, XOJIOAWIBHUX YCTaHOBOK 1
JTBOJIOTEHEPATOPiB i 3a0e3MmeueHHsT  XOJOJHOK  BOJOI, MOPO3WIBHHX  TYHEIIB,
aKTIMAaTU30BaHUX TMPHUMILOICHb s OOpoOKM TKi Ta XONOMWIbHUX Kamep. BcraHoBieHy
MOTY>KHICTP 32 TUIIOM OO0JIaTHAHHS MOXHA IePEBIpUTH B Ta0mIIi 1.

Tabnuis 1 — BecraHoBieHa MOTYXHICTh 00NIaTHAHHS

Oobs1agHaHHA BcraHoBJ1eHHS IOTYXKHiCTh, KBT
Ox0J10/1KEHHS OBITPsI 166,8
['BHHTOBI KOMIIpEeCOpH 1030,4
Hacocu juist nupkyssinii amiaky 11,04
3arajbHa BCTAHOBJICHA MOTYKHICTh 1208,24

BucHoBku. JlochijkeHHs e(EKTUBHOCTI Ta €Heproe()eKTUBHOCTI PEryIbOBaHUX
€JIEKTPONIPUBO/IB B KOHTEKCTI IXHBOI'O 3aCTOCYBAaHHS B KOMIIPECOPHUX YCTAHOBKax JJIst
amMiayHOTO XOJIOJy MO’K€ BHUSBUTH KJIIOUYOBI IepeBarn LUX CHUCTEM, BPAaXOBYIOUM BHUCOKY
JTUHAMIYHICTh, TOBTOBIYHICTH Ta MOXJIMBICTH O1IbIII TOYHOTO KEPYBAHHS MPOIIECAMHU KOMIIPECii.
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®OPMYBAHHSA TAPU®HOI'O MEHIO SAIK MEXAHI3MY
KOHTPOJIbOBAHOI'O PO3BUTKY TA BUKOPUCTAHHSA BJE

Beryn. Ha cboronmHi CTpiMKHK pO3BUTOK "3eleHOi" €eHEepreTHKH BiIOyBaeThcs 0e3
ypaxyBaHHs peanbHux 1norped OEC VYkpainu y H0AaTKOBUX T'e€HEPYIOUHX MOTYKHOCTSX, IO
MOXXE TPHU3BECTH A0 aecTabimizarii (GyHKIIIOHYBaHHS C€HEProCHCTEMH KpaiHW W MOKIIHMBOCTI
aBapiifHUX CUTYAIli}.

Takox crocrepiraeTbcsi 30UIbIICHHS! YYACHUKIB PUHKY €IEKTPUYHOI €Heprii, 110 MarTh
pi3HOXapakTepHUH BIUIMB Ha Mepexy. TomMy HEOOXigHMI pPO3BUTOK Ta TOTJMOJICHHS
mudepenianii neBHUX Tapu(HUX CHCTEM Ui BpaXyBaHHS OCOOJIMBOCTEH TEXHIYHHMX MPOIECIB
€HEepreTUYHO]I ramysi.

Merta i 3aBaaHHsi JocCJdiIxkeHb. MeTO0 € pO3BUTOK METOAOJIONi MOIrIUOIeHHS
mudepeHmiamii TapudiB Ha MOCIYTH 3 PO3MOMALTY EJICKTPHYHOI €Heprii Ui 3abe3nedeHHs
e(eKTUBHOI'O BUKOPUCTAHHS CUCTEM PO3MOALTY B YMOBaX 30UIbLICHHS YYaCHUKIB PUHKY.

Marepian i pe3yabTaTH JgociaigxkeHb. B ymoBax (yHKIIOHYBaHHS E€HEPreTHYHOTO
PUHKY BUPOOHUKH €JIEKTPOCHEPTii MalOTh MOXJIHMBICTH BUKOPHCTOBYBAaTH BapiaTHUBHI CIIOCOOU
IPO/IaXxy, IPOTHO3YBAaTH Ta PO3POOIISATH CTpATETii CBOTO MOAAIBIIOT0 PO3BUTKY. B cBOIO uepry,
CHUCTeMa Iiepelladl MOXKe€ KepyBaTH IOTOKaMU eHeprii Oulblll epEeKTUBHO B MOPIBHSHHI 13
CHCTEMOIO PO3IOJILTY, OCKUIBKHA BOHA Ma€ OUTBIIE PE3EPBHUX MOKIMBOCTEH JIJIsl TIEPEPO3MOALTY
eHeprii B pasi aBapiii abo iHIIMX MpobieM. A TakOoX CUCTeMa Iepeadl J03BOJIsI€ Kpallle
KOHTPOJIIOBAaTH MapaMeTpH SIKOCTI eNeKTPONOCTayaHHs, Takl K Hampyra, 4acToTa Ta CTIMKICTb,
110 BaXJIMBO JJIsl HIATPUMKHA HOPMaIbHOTO (DYHKIIOHYBAHHS CIIOKHMBAYIB €JIEKTPOEHEprii.

VY cucremi po3noily yInpaBiiHHS HaBaHTa)KEHHSIM 4acTO OOMeEKeHe uepe3 BiJICYTHICTb
PE3EPBHUX MOXXJIMBOCTEH, a TaKOX MEPEJOBUX CHUCTEM MOHITOPHHTY Ta KepyBaHHA. Takox
ICHYIOY1 Mepexi po3MOlTy MaloTh 0OMEXEHY MOTY)KHICTh NMPHEJHAHHS HOBUX BiJJHOBIIOBAaHUX
mxepen eneprii (BJIE), oco0nMBO SIKIIO BOHM CKOHLIEHTPOBaHI Ha HeBeNnukii Teputopii. Lle
HOSACHIOETbCS ~ HECTaOlIbHICTIO  BUpOOHHMITBAa  enekTpoeHeprii 3 BJIE, 30uibmieHHsM
BapiabeIbHOCTI Ta HEAOCTAaTHHOIO TOTOBHICTIO MEPEXI J0 TaKUX 3MIH uyepe3 OOMEKEHICTh
TEXHIYHUX MOXKIIUBOCTEH 1HOPACTPYKTYpH.

IIpu 30iIbpIIEHHI B  EHEPreTUYHINM CHUCTEMI HEKOHTPOJIbOBAHUX TI'E€HEPYHOUMX
HOTYKHOCTEH KIIIOYOBOIO MOJKJIMBICTIO BHUPILICHHS ONUCAHMUX BHUIE NPOOJIEeM MOXE CTaTu
pEeXMMHA B3a€MOJIis eHeprocucTeMy i3 BaacHukamu BJIE Ha OCHOBI eKOHOMIYHHX 3aXofiB. IX
BUKOPUCTaHHS MOX€ TMOJsIraTM TepeayciM Yy 3alpoBa/UKEHHI Yy BIIHOCHHAX MIiX
€HEeprocucTeMOI0 1 BUPOOHUKaMU €(EKTUBHOI CUCTeMHU JU(EPEHLIOBaHUX TapuU(iB HA MOCIYTH
3 pO3MOILTYy.

Tapudu Ha mocayrm 3 po3MOALTY €NEKTPOCHEprii MokHa naudepeHuioBaTu 3a
JIeK1IbKOMa MapaMeTpamMH 3aJIeXKHO BiJl KOHKPETHUX LiJIeH Ta cTpaTerii eHepreTuyHoi KOMIaHii.
Hanpuknan, 3acTtocoByBaTH 4acoBy AudepeHlialio; (yHKIIOHaIbHY (Tapudu Uis pi3HUX
KJIaciB BUPOOHMKIB 32 HANPYrol YM TUIIOM); PEriOHAIbHY YM YMOBHY JIudepeHuianii (tapupu
MO’KYTh 3MIHIOBATHCS B 3aJIEKHOCTI B1J TEXHIYHUX a00 €HEPreTUYHUX YMOB).

Hapasi icHye Tapu¢ 3a 1Boma KjacamMu Harpyru, KOTpHH po3paxoBYEThCS JJIsI KOXKHOTO
OCP Ha OCHOBI MPOTHO30BAHMX BUTpAT Ta HEOOXITHOTO MOXOAY Bij 3MIMCHEHHS MISUTBHOCTI 3
posnoainy enekTpuuHoi eHeprii. Lleit Tapu¢ BpaxoBye omepauiliHi KOHTPOJBOBaHI Ta
HEKOHTPOJIbOBaHI BUTPATH, TEXHOJIOTIYHI BUTPATH, aMOPTH3allii0, TPUOYTKH, TOJATKH Ta
nedinuT/mpodiluT KOIITIB Bil HAJAHHIM MOCIYT 3 MPUETHAHHS €IeKTPOYCTaHOBOK [1].
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M#u npornoHyeMO 3aCTOCOBYBATH JUIsl BAPOOHUKIB eleKTpryHOi eHeprii 3 B/IE npuHunnm
Tapu(HOTO0 MEHIO, TOOTO HaJaHHS MOJKJIMBOCTI BHOMpaTH TapudHY CTPYKTYpPY 3 CYKYITHOCTI
tapu(HUX cUcTeM TN Ha ocHOBI Aitounx TapudiB. KinpkicTe MoOXJIMBUX Bapiamiii Tapugis
po3rnsaaThes i KokHOTO BJIE, OCKINBKHM €NEeKTPOTEeXHIYHI MapamMeTpu Mepexi Ta ix
MOYJIMBICTh (DYHKIIIOHYBAaTH 13 TaKUMH JDKEpeJaMH 1HIUBIAyalbHI Ui KOXHOTO By3Ja
CHEepProcUcTeMH. Y TaKOMy BUMAAKy TapudHe MeHIo T HaOyBa€e HaCTYITHOTO BUTJISTY:

T,(k®, ..., k®)

Tk, kD)

T (k™, ..., kM)

i . .. .
ze k} ) napamerTp, 3a KM BiIOyBaeTbes Audepenmiaris TapupHOi CHCTEMH.

Tapudny mkamy Ha MOCIyrd 3 PpO3MOJAUTY MOKHa Cc(HOpPMYBAaTH 3a JOINOMOIOO
xoepinienra edexruBHOCTI inTerpanii BJIE k,f, M0 3a1€XuUTh SK BiJl HapaMeTPiB MEPEXKI, Tax i
BiJl 0cOOIMBOCTEH (DYHKI[IOHYBAHHS cCaMUX JiKepel. B 3anexHocTi Bil BUOOPY 3alpOITOHOBAHUX
yMoB Bukopuctanus BJIE, k,r mnsa mepexi moxe HaOysatu 3na4ensb Bix 0 1o 1 (me 0 - Bucokuii
pusuk s mepexi Bin ¢ynkmionyBanHs B/IE, a 1 - Bka3ye Ha BiICYTHICTh PH3HKY ab0 Tyxe
HU3BKUM PU3HK).

Taka TapudHa NONMITHKAa MOXXE AaKTHBHO CHpPHUATH CTHMYJIIOBAHHIO pe3yJIbTaTUBHOL
B3aemonii BJIE ta cucremu posnonuny. Husbki Tapudu nms THX, XTO BUKOHYeE mepeadayeHi
YMOBU BUKOPHUCTaHHS (HampuKiaa, 30epiraHHsi eHeprii A MepeHeceHHs y iHII ToxuHU abo
aKTUBHA y4acTh Yy MporpaMax OalaHCyBaHHS Mepexi), OyayThb CTHMYJIOBATU CIOXHBAYiB 10
epextuBHoi 1HTerpauii BJIE B mepexy. CnoxuBadui, siki reHepytoTh eHeprito 3 BJIE 0e3
JOTPUMaHHS 3alIPONIOHOBAHUX YMOB, OyIyTh OIUIAUyBaTH BHILI Tapu(u, 110 CTUMYJIOBaTUME iX
70 KOHTPOJHOBAHOTO BUPOOHHUIITBA €JIEKTPOCHEPTii Ta 3MEHIIEHHS HEraTWBHOTO BIUIMBY Ha
napameTpu Mepexi. Lle H03BONNUTH YHUKHYTH IEpeBaHTa)K€Hb Mepexi Ta 3a0e3neduTh il
(YHKIIIOHYBaHHSl Yy HOPMaJIbHOMY PEXHUMI.

BucHoBkmu. [Ipu 30i1bI1€HH] B €HEPreTUYHIA CUCTEMI HEKOHTPOJIbOBAHUX I'€HEPYIOUHX
MOTY)KHOCTEH KJIFOYOBOIO MOXIIMBICTIO Ui YHHKHEHHSI HETaTWBHOTO BIUIMBY BiJI HUX MOXKE
CTaTU pPEXHMHA B3a€MOJIis olleparopa CHUCTEMH po3mnoiuly i3 BiacHukamu BJIE Ha ocHOBI
€KOHOMIYHHX 3aXO0/IiB.

3a Takoi 3ajmadi iCHyK4l OaraTOKOMIIOHEHTHI Tapu(pu MOXYTh PO3IJISIATHCh SIK
po3ocepemxkeni A koxHoro B/IE, To0To HananHs Tapu(HOro MeHIO AJi1 BUPOOHUKIB Ha OCHOBI
(GYHKIIIOHYBaHHS 13 €HEPreTUYHOIO0 CUCTEMOI0. Tapu(pHy MIKaIy Ha MOCIYTH 3 PO3MOALTY MOXKHA
chopmyBaTH 3a Jornomoror koedimienta edextuBHocTi iHTerpamii BJIE. Taka Ttapudna
MOJIITHKA MOKE aKTHBHO CHPHUSATH CTHMYIIOBAHHIO pe3ynbTaTuBHOI B3aemonii BJIE Ta cucremu
PO3MOiTY.

Cnucok BHKOPHCTAHMX JZKepet

1. IIpo 3aTBepmxenns [lopsaky BcTaHoBieHHS ((hopMyBaHH:) TapudiB HA MOCIYTH 3 PO3MOIITY
enektpuyHOi eHeprii : [loctanoBa Harl. komic., 110 31iHCHIOE AEpIK. perytoBaHHS y chepax eHepreTHKH Ta KOMYH.
mocayr Big 05.10.2018 p. Ne 1175 : ctarnom Ha 10 rpya. 2023 p.
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3AKOHOZABYI TA PEI'YJIATOPHI 3ACAJIU BITPOBA/I’KEHHA CEsM HA
MYHIIUITAJIBHUX OB’€EKTAX

Beryn. Ilparmyun npuennatucs no €spormeiicbkoro Corozy (€C) BiAmoOBigHO 10
Eneprernunoi crparerii g0 2050 poky eHEpPreTHYHHMA CEKTOp YKpaiHM Mae Ha MeTi
MaKCHUMaJbHO HAONM3UTUCS 1O KIIMATUYHOI HEHTPAIbHOCTI, MOJEPHI3yBaTH EHEPreTUYHY
iHppacTpyKTypy, MABUIIUTH €PEKTUBHICTh BUKOPUCTAHHS €HEPTETUYHUX PECYpCiB, pO3BUBATH
IbTEpPHATHBHI JKepesia eHeprii, HOBI MPOJYKTH Ta IHHOBAIIHHI PIICHHS.

Po3p’s3aHHs 1bOro 3aBAaHHA mossirae B iMruiemeHtanii 4-ro Enepromakery [1]. Ha
0COOJIMBY yBary 3aciiyrOBy€ BIPOBADKCHHS cucTeM eHepromeHemxkmenty (CEaM) B
MYHIIMIANITETaX, fKi MparHyTh OyTH TOTOBUMHU 10 EHEPreTUYHHX BUKIIHKIB, MPUIHHHUTU
HepallioHaTbHe BHKOPHCTaHHS €HEprii, MapHOTPATCTBO, CTaTH CHEProe(QEeKTHBHIIINMH Ta
KOHKypeHTHImMMH. A peanizanis CEHM Ha HamioHadbHOMY 1 MICLIEBOMY DPIBHSX, B MicTax 1
rpoMaJiax TepIl 3a BCe MOTPeOye YITKOTO 3aKOHOABYOTO Ta PErYJISITOPHOTO 3a0e3MeUeHHS.

Meto10 gociailzkeHb € aHali3 3aKOHOJABUMX Ta PETYIATOPHHUX 3acajl BIPOBAKEHHS
CEHM Ha MyHIIHIaIpHUX 00’ €KTaX.

Marepiaa i pesyabTatu aociaigkenHs. [IpuiiMaioun 10 yBarm HU3KY OCOOJIMBOCTEH,
30KpeMa, TPOIeAYpH MPUUHATTS pillleHb Ta 3MIHCHEHHS 3aKyIiBenb, BrupoBakerass CEHEM Ha
MYHIIMIATBHUX 00’€KTax Mae OyTH BperyibOBaHO 3aKOHAMH Ta PETYISTOPHUMHU aKTaMH,
CHPSIMOBAaHHMMH Ha CHPUSIHHS €HEpProeeKTUBHOCTI 1 CTAJIOr0 PO3BUTKY I'pomaj. Baxmuso, mo6
yci nporecu BrpoBakeHHs CEHM Oyno BceGiUHO BperyibOBaHO, @ MYHILMIIATITETH CyBOPO
JOTPUMYBAJIUCA BCTAHOBIEHUX HOpM. CTPyKTypy 3aKOHOAABYOI Ta peEryisiTopHoi Oa3u 3
npoBakeHHss CEHM B MyHinMmaniTeTax HaBeJeHo Ha puc. 1.

HepxaBHe areHTCTBO 3 eHeproedexkTuBHOCTI Ta eHeprosoepexenHs (HAEE) VYkpainun e
LIEHTPAJIbHUM OpPraHOM BHUKOHABUYOI BJIAJH, IO BIJIOBiJA€ 3a peai3alilo IIICHOI Ta IHTEIPOBAHOI
JICP)KaBHOI TOMITUKH y cdepl eHeproe(@EeKTHBHOCTI, €HEPro30CepeKeHHs Ta albTEPHATUBHUX BHUIIB
nanuBa B YKpaiti, 3a0e3neuye BrpoBaxenHss CEHM B opranax nepxaBHOI Bl Ta OpraHax MiCLIEBOTO
camoBpsnyBaHHs. Y 2024 poui omHum 3 mpioputeTHux HanpsMmiB poborn [AEE € po3pobka
pETYISATOPHUX JIOKYMEHTIB B paMKax YHHHOIO 3akoHojaBcTBa. CninbHO 3 MiHIHQPaCTpyKTypu
3aIJTAHOBAHO TPHUUHATTS JBOX HOPMATHBHO-TIPABOBUX aKTiB, SKi Hapa3i po3poOJIeHO Ta MPOXOASThH
MPOLEAYPY MOTOPKEHHS:

[Mopsinky BeZeHHST peecTpy OpraHiB JepKaBHOI BIIAJM Ta OPraHiB MICIIEBOrO CaMOBPSTyBaHHSI, B
SKUX BITPOBAPKEHO CHCTEMY €HEPTeTUYHOT0 MEHEKMEHTY [2];

[opsinky BemeHHs peecTpy CyO’ €KTIB TOCIOJApIOBaHHSI, MO0 OTpUMANH CepTU(DIKATA CUCTEM
€HEepPreTUYHOI0 MEHEKMEHTY Ta/a00 €KOJIOrTYHOI0 MEHEIKMEHTY [3].

[MpuiHATTS 1UX pPEryAsSTOPHUX aKTIB Mae 3a0e3MeYuTH MiABUIICHHS MPO30POCTi Ta
BIJIMOB1IAJTLHOCTI OpTraHiB JE€p>KaBHOI BJIaJId, OPraHiB MICIICBOTO CAMOBPSAYBAHHS IIOJ0 CTaHY
Ta pe3yibTariB BOpoBamkeHHs CEHM. HasBHicTh PeecTpy CTBOpUTH TEPCIEKTHBY Y4YacTi
OprasiB JIep>KaBHOI BJIaJid, OPTaHiB MICLIEBOTO CAMOBPSAYBAaHHA y J€p>KaBHUX 1HCTPYMEHTax i3
HIATPUMKH (JIOIOMOTH) ISl pealizaiii eHeproe)eKTUBHUX 3aXOJIiB BiIMOBIAHO 10 MYHKTY 22
[Topsinky BIPOBAKEHHSI CHCTEM E€HEPTreTUYHOTO MEHEHKMEHTY, 3aTBEP/PKEHOTO IMOCTaHOBOIO
Kabinery MinictpiB VYkpainu Big 23.12.2021 Ne 1460 «IIpo BHpoBamKeHHS CHCTEM
CHEePreTUYHOTO MEHEKMEHTY» [4].
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Pucynox 1. CTpykTypa 3aKOHOJIaBUOTO Ta PETyJIATOPHOTO 3a0e3neueHHs BrpoBakeHHs CEHM
B MyHIIMMaTITETaxX

PesynpTati aHamizy YMHHOTO 3aKOHOJABUOTO Ta PEryISATOPHOTO 3a0e3nedeHHs
BrpoBapKkeHHss CEHM B MyHIinMmamiteTax BHCBITHIIM KPUTHYHY HECTady 3BOPOTHBOTO 3BS3KY
BiJl opraHiB MicieBoro camoBpsiayBaHHs. Ockinbku BrpoBapkeHH CEHM chpsiMoBaHO Ha
HiATPUMKY YIPaBIiHCHKUX PIlIeHb, TOCATHEHHS MOCTaBJIEHOI METH Tependadae iHdopMmarliiHi,
oprasizauiiHi, KaapoBi, (iHAaHCOBI Ta TEXHIYHI 3aXOJM IIOJ0 IUIAHYBAaHHS 1 YIpaBJIiHHA
e(EKTUBHICTIO CITO)KUBAHHS €HEPreTHYHHX PECypCiB Ha MYyHIMIIATBHUX 00’€kTax. J[xepemamu
iH(popMarii Tpo 00CATH CIIOKUBAHHS €HEPropecypciB Ta HaJJaHHA KOMYHAJIBHUX MOCIYT MalOTh
OyTH CMapT CHCTEMH OOJIIKY, paXyHKH 32 KOMYHAJIbHI TIOCIIYTH, 3BiTH PO €HEPTeTUYHUN ayTUT
TOLO.

Touna, akTyanpHa 1 JOCTOBIpHA 1HGOpPMAIS TPO EHEPTrOCIOXUBAHHA € OCHOBOIO
npoaykTuBHoro 3acrocyBaHHs CEHM. JlocBin mokasye, 1o Hapa3si BiJICYTHI METOJIUKH Ta
MIIX0MU MOA0 €PEeKTHBHOTO aHaJi3y CIIOKMBAHHS E€HEPTeTHYHHUX PECypCiB Ta KOMYHAJTbHHX
nociayr B MyHuumnamirterax. Jlis po3B’s3aHHA IMX MpoOJieM BaXJIMBO MaTH HaJildHY
H}ppacTpykTypy st 300py MaHuUX, €PEKTUBHI alrOPUTMH OOPOOKHM 1 aHATI3y JaHUX, a TAKOXK
KBaJiQikamiitnuii nepconan s podotu i3 CEHM.

Pe3yabraTn monitopunry: Ha Buxonannsi [4] JAEE 3aiiiCHIOE MOHITOPHUHT CTaHY
BrpoBakeHHss CEHM B OyniBnsix oprasiB aepkaBHOI Biaau 3a opmoro [5]. 3a pe3ynbraTamu
MoHITOpUHTY y 2023 porti oTpuMaHo 1HGOpPMAIIIO Bl JepKaBHUX aJMIHICTpaIliii Ta OpraHiB
MICIIEBOT'O CaMOBPSyBaHHs 3arajoM cTrocoBHO 20205 OyiBesnb:

- mpu3HaveHo nmoHaj 1484 BinnosinansHi ocobu 3a CEHM;

- 3aTBEp/DKEHO TOHAJA 728 Hakas3iB MpoO 3ampOBaUKCHHS OpraHi3aliifHOl CTPYKTYypH
CEnM;

- 3aTBepKEeHO MoHa 339 nocaja eHeproMeHepKepa Ta mocaioBUX iHCTPYKIIN;

- mamucaHo a0roBip 3 17 opranizaiismu moao BukoHaHHs ¢yHkiiin CEHM;

- 3aTBEpUKEHO MoHa 159 neknapariii eHepreTMyHOi NOJIITUKH;
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- 3aTBEPUKEHO MOHAJ 542 TUIaHU ISUTBHOCTI CUCTEMH €HEPrOMEHEKMEHTY)
- OXOIUIEHO eHeproMoHiTopuHrom monazn 17750 (87%) Oyniens, 3 HuUX jaume 1474
Oynisii (8,3%( 0XOorIeHo aBTOMaTH30BaHUM €HEPTOMOHITOPHHIOM (pHC.2):

Oxomeno enepromonitopurrom 6yaisiai OJJA/OMC
25000 B 2023 nik
20000 -
15000 -
10000 -
5000 -
1474

0 4

BCHOTO OyaiBesn OXONJIEHHX €HeProMOHITOPHHIOM 3 AaBTOMaTH30BaHUM

€HepProMOHITOPHMHIOM

Pucynox 2. Cran eHepromoHiTopusry B oyaisisx OA/OMC

BucHoBkmu: VYkpaiHa cHOpsSMOBYe 3yCHWJUII Ha HaOMMKEHHS J0 KIIMaTU4HOI
HEUTpaIbHOCTI Ta MOJEpHi3alii eHepreTH4HOi iHPPACTPYKTYpH 3 METOr0 iHTerpyBaHHs B €C.
UYiTke 3aKOHO/aBUYE Ta PETYIATOpPHE 3a0€3MEUCeHHS Ha HAlllOHAJHbHOMY Ta MICIEBOMY PIBHSX €
KIrogoBuM s peartizamnii CEHM Ta TOCATHEHHS MOCTABJICHUX IUICH B CHEPTETUIHOMY CEKTOPI.
BnpoBamkennss CEHM B MyHIIunaniterax € BaXJIUBUM ISl MIATPUMKHU eHEproe(peKTUBHOCTI Ta
CTaJIOro po3BUTKY rpomana. OTpuMaHi JaHi CBiIYaTh MPO IMOCTYIOBUI MPOTPEC y BIPOBAHKECHHI
CEEM Ta HeoOXifHICTh TMOAANBINOI pPOOOTH HANS JOCATHEHHS TOCTaBICHHX LijIed 3
eHeproedextuBHocTi. [linBumenHs npoayktuBHocti CEHM mnosnsrae, 30kpema, y mepexojii 10
aBTOMAaTH30BAHOT'O EHEPIrOMOHITOPUHTY.
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HarionanbHuii TeXHIYHUNA YHIBEpCUTET YKpaiHu
«KuiBchkuit momiTexHiuHmMi iHCTUTYT iMeHi [ropst Cikopcbkoroy»

TAPUPHE YIIPABJIIHHA OBMEXEHHAMMU HA EJIEKTPOEHEPI'IEIO B
YMOBAX PUHKY EJEKTPUYHOIEHEPTII

Beryn. Haiibinbin peanbHUM 1 HaliMEHII BUTPATHUM JUIs I€P’KAaBU MTOCTBOEHHOTO 4acy
[UISTXOM HaOJIMKEHHS CTaHy €HEPTOCUCTEMH J10 a0COIFOTHOT HA/IIMHOCTI, BBAKAETHCS 3aTydCHHS
CHOXMBAYiB 0 PEryJlOBaHHSA CBOIO IONUTY Ha €JIEKTPUYHY EHEpriro BHOPOAOBXK noou. lle
NPAKTUKA T.3B. I8HO20 YNPAGLIHHA NONUMOM, IO OJHO3HAYHO € €eKOHOMIYHO MPUBAOIUBIIIONO 32
IPUMYCOBI OOMEXEHHSI CIIO’KUBAUIB, 1110 cynpoBoKytoTh OEC Ykpainu Bech yac.

Mera i 3aBaaHHs J0caiTzKeHb. MeTOI0 € po3riisi cnocoOy audepenmianii croxuBadiB
32 TOTOBHICTIO JI0 3HW)KEHHS HAaBaHTAXEHHs y Iepioau OallaHCYBaHHS EHEProcHUCTEMOI0 B
YMOBaX aBapiiHUX CUTYAIIii.

Marepiaa i pe3yabTraTH Aoc]aigxkeHb. 31 CTOPOHHM HamioHanbHOTrO omnepatopa HEK
«YKpeHepro» BBEICHHS KOHKYPEHTHHX BITHOCHH MK Cy0’€KTaMH Ha PHHKY EJIEKTPUYHOI
eHeprii yCKJIAQJAHWUJIO YOPABIiHHA pEeKUMaMH pPOOOTH  EJIEKTPOCHEPreTUYHOI CHCTEMH.
«3actapimumMu» aaMIHICTPATUBHUMH METOAaMHU OOMEXEHb CII0)KMBa4iB JIOCHUTH MIi€BO
3a0e3neuyeTbcsi OanmaHcoBa HaniHicTh OEC, He3Bakaiouum Ha IX JUCKPUMIHAINHUK 10
CHOXHBaUiB TposiB. Bee, X 1e € MopymeHHSM NpaBui Ji0epalizoBaHOTO PUHKY, TOMY BiH
notpedye HOBOro MeXaHi3My oOMexeHb. [lepcrieKTUBHUM B peanisx YKpaiHCbKOI €HEpPreTHKH €
CHUCTEMa KEPOBAaHOTO YIMPABIIHHSA NOMUTOM, 3 ()IHAHCOBOIO KOMIIEHCAII€I0 3a IMEepepUBaHHS
€JIEKTPOIIOCTAYaHHS CII0XKHMBaYa.

3 [UUII0 HacliyBaHHS KOHIEMIN «aKTHBHOTIO CIOKHMBauya», BHOKPEMUMO IEBHY
HiIMHOXKHMHY CIOXHBa4diB M, sKi MOXYTb HaJaBaTH MOCIYTM 3 KEpOBAHOTO YIPaBIIHHSA
MONMUTOM, IMpPH OOMEXKEHHSX Ha THYYKICTh BJIAacHMX MporeciB. JIOrYHO NpUIYCTUTH MO
HEMOXJIMBO BUKOPHCTATH BCIO BCTAHOBJICHY MOTYXKHICTh 00’ €KTa uepe3 TeXHIUHI 1 TEXHOJIOT14HI
0OMeXEeHHs, a TAKOK Yepe3 BHYTPILIHIO MMOMITUKY KOMIIaH1i, y SIKOi el 00’ekT Ha OanaHci. Jis
OLIIHKM CIIPOMOKHOCTEH 3MEHILECHHs/301IbIIEHHs] 1HTEHCUBHOCTI TEXHOJOTIYHUX IPOLECIB
CIIO’KMBAYIB MOKHAa BUKOPHUCTATU Koe@iyienmu 2omoenocmi. OJHAK B JAaHOMY MIpKYBaHHI,
Koe]illieHT Mae OyTH KOMIUIEKCHMM, 1 0a3yBaTHChb Ha 4YacOBUX XapaKTepUCTHUKax
3aIyCKy/BiTHOBJICHHS TEXHOJOTTUHHX TporieciB. ABTopoM [1] o3Hauyethest Ky —i1e koedimieHT
TOTOBHOCTI (JOCTYMHOCTI) BIJMOBIJHOI TEXHOJOIil Ha pO3BAaHTAKEHHs, IO BU3HAYAETHCA
CIIOKMBAYeM Ha OCHOBI aHaNi3y (YHKIIOHAJIBHOI 3B’S3aHOCTI O00’€KTIB BHUPOOHMIITBA B
TEXHOJIOT14HIN cxeMi. JIoOyTOK BCTaHOBJIEHOI MOTYKHOCTI Ha KOE(IIiEHT TOTOBHOCTI BU3HaYa€e
MaKCHMaJlbHy JOCTYIHY MOTY)XHICTh TreHepalii abo TeXHOJOrii 3 KEepOBAHOIO YIPaBIIHHS
MOMIUTOM

Py =k - Xu 1
ne Xy — BCTaHOBIIeHA MOTYXHICTh M crioxuBaua, MBT; Py'**— mMakcumasibHa MOTYKHICTB,
sKa MOXe OyTHM BUKOpUCTaHa Juid OalaHCyBaHHS Ha INEBHOMY YacOBOMY Mepioji 100U 3a
paxyHOK 3HHKEHHS TTOTYXKHOCTI criokuBada, MBT.

3 touku 30py OCP, cnoxuBa4iB M 1ouiibHO AU(EPEHLIIOBATH 32 TAKUMHU KPUTEPIIMU:
peaxilisi Ha KOMaH/y Ha BiJKJIFOYCHHS, BEIMYMHA 3HIDKCHHSI MOTYXHOCTI (Py'**), 11 TpuBamicTs i
4acToTa BIPOAOBXK J00M. 3po3ymisio, 1m0 e(pEeKTUBHICTh Jif CHOXHMBaya TUM OUIbIIA, YUM €
JIOCTaTHS ~ 3aBYACHICTh  TOBIOMJIEHHS TPO  3aIPOBADKEHHS  PEXUMY  YIPaBIiHHSA
CJIEKTPOCIIOKMBAHHAM. YTIPaBIiHHSA mependavdaeThCsi dYepe3 IEHTPaIi30BaHI ONEpaTUBHI
xkomaugu OCP.

Takum ynHOM, 32 OCHOBY KJacHdiKallii COKWBaYiB Bi3bMEMO TUIOMIAIKH KOMEPIIIHHOTO
00Ky Tpym «a» i «0» [3] — AK po3aieHHs 3a BCTAHOBICHOIO MOTYXHicTiO (Oimbire 150 kBT i
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merme 150 kBT). Takox mpoBenemMo KiacH}ikallilo CHOXHBAYiB, 10 XapaKTEPHU3yBaTUMYThCS
TFOTOBHICTIO JI0 CKHIy HaBaHTakeHHs (Tabmn.l). Ilpuyomy s «wiomaaku «O»» He
nependavacThCsl caMmocTidHa ydacth, a B3aemoxmis 3 OCII Oyme mnpoBOAWUTHCH depe3
CIEMiaJIbHOTO arperaropa.

Tabmuus 1 — xnacugikaris eHepreTHIHuX 00’ €KTIB 32 YaCOM peakiiii Ha KOMaHIy Ha

BIJIKJIFOYEHHS
<1 xB >30 xB JloroBipHuii
ITnomanka «a» pPirax pprax pnax
ITnomanka «6» Piax pnax pmaz
[puuomy Pii* > Pyd*  — Buxomsum 3 TIEPEBAKHUX 3a IOMUTOM 00’€KTiB B YKpaiHi

(TIPOMUCIIOBICTS 1 T.1I), 110 HAMOLTBII KEPOBaHI.

OueBuano mo Haibumem HiHHEMUA 111 OCII 3 TOukHM 30py perymoBaHHA OalaHCOBOL
HAJIHHOCTI — CKJIaJIaHHSIM MepesTiKy 00°€KTiB, 110 MOXKHA BIAKIIOUNTH, OYIyTh CIIOKHUBAYl IPyIH
P, Py, ockinbku TX BHXIJ HA € HANIIBUIIIAM 3a PEAKI€O.

Sk cratucTHYHE WIATPYHTS A 3ajadi, Ha puc. | TMOKa3aHi 3aBOaHHA JUISI PO3POOKH
€JICKTPOIepeIaBaIbHUMK ~ OpraHizalisMu rpadikiB aBapiiHHUX BIIKIIOUYEHb, CKJIAJCHUMU
excnepramu 3rigHo 3 [2]. Ha Bunagok nosisu nedinuty B eHeprocucremi, PJIL] OCII moxe natu

xoManty nucnerdepy OCP Ha BiIK/IHOUEHHS OTYKHOCTI cymapHo: P™%= 5500 MBrT (y 2021p)
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O0csiru aBapiitHUX
BinKiIIrOUeHs, MBT

Pucynok 1. OOcsru aBapiiHUX BIAKIIOYEHb CIIOKMBayiB, MBT
To6to 3anauero OCII € Bubip 1 HaOip TakuxX 00’ €KTIB HA BIAKIIOUEHHS €JEKTPOIIOCTaYaHHs, 1100
BUKOHYBAJIaCh YMOBA:
X Pl P PR Pl P PRy = 5500 MB 2)

3anponoHOBaHO OLIHIOBATH BapTICTh IIbOIO OOCATY 3a BEJIWYMHOK MPOMO3ULIi Ha
3HIDKEHHST HaBaHTaxeHHs. OOcAr BIOKIIOYEHb MOXKHA CKOPUTYBAaTH Yepe3 IMOBIPHICTh
HAcTaHHS aBapiiiHOi monii, 1 3JIHCHIOBaTH PO3MOALT Cepel MOXKIMBUX Ipyn ydacHHKiB. Ilpu
[[bOMY IPUHLIUI PO3MOALTY MOXKE PEali30BYBATUCH 3T1AHO 3 KPUTEPISIMU:
- MPONOPLIHHUH (YacTUHAMU OOCATY Ha KOKHY 3 TPYII)
- 3a PeTPOCIEKTUBHOIO 1HPOPMALIIE0 PO 00CATH BUKOPUCTaHHA IpadikiB HaBaHTAXEHHS
— 3a pe3yJbTaTaMH OIIHKH BiAnmoBigHocTi reneparlii (3BiT HEK «Ykpeneproy)

BucHoBku. B yMOBax pHMHKY €JIEKTPUYHOI €Heprii BUpILICHHs 3a7ay i3 3a0e3nedyeHHs
HAJIMHOCTI HEOOXITHO BHUPINIYBAaTH 3 BUKOPUCTAHHSAM EKOHOMIYHMX PHUHKOBUX METO/IIB.
BaxmBuM € Momyk MOXJIMBOCTEH 3aydeHHs /10 IIbOro Mpolecy crokuBadiB. [IpuHIHMTIOBHM
MATAHHSAM € BU3HAYEHHS CHCTEMH 3B'S3KIB MK Cy0'€éKTaMH PUHKY €JIEeKTPUYHOI €Heprii moao

oprasi3ailii B3aeEMo/Iii i3 CIIO)KHBaueM
Cnucok BHKOPHCTAHMX JZKepet

1. KocriokoBerknii b., HeuaeBa T. Teopetnune o0rpyHTyBaHHS HEOOXITHOCTI OIUIATH MOTYXKHOCTI B
OEC. Iuctutyr 3aranpHoi eHepretukn HAH Ykpainu. System Research in Energy. 2022. T. 2, Ne 71. C. 66.
2. IIpo 3arBepmxenHs IHcTpykmii mpo ckimagaHHs 1 3acTocyBaHHS TIpadikiB OOMEXEHHS Ta

aBapiiiHOTO BINKITIOUEHHS CIIOXKMBAYiB, a TAKOXK MPOTHABAPIMHUX CUCTEM 3HIDKEHHS €JeKTpoCToxuBaHHS : Hakas
M-Ba nayiBa Ta eHepreTHku Ykpainu Bix 23.11.2006 p. Ne 456 : cranom Ha 26 kBit. 2022 p

3. IIpo 3atBepmkenns Komekcy komepiiiiiHoro o6miky enexrpuyHoi eneprii : IlocramoBa Har.
KOMIC., IO 3MIMCHIOE JIEPXK. PEryNIIOBaHHS y cdepax SHEpreTHKH Ta KoMyH. mocayr Bim 14.03.2018 p. Ne 311 :
craHoMm Ha 12 ciu. 2024 p. URL
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IycroBuii A.M., aciipaHr,
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HarionanbHuii TeXHIYHUNA YHIBEpCUTET YKpaiHu
«KuiBchkuit momiTexHiuHmMi iHCTUTYT iMeHi [ropst Cikopcbkoroy»

OCOBJIMBOCTI IHTEI'PAIIIL ®OTOEJEKTPUUYHUX CTAHIIINA HA )KUTJIOBIA
BYIIBJII

Beryn CyuacHi TeHIEHIT PO3BUTKY CHEPreTHKH YKpaiHM akTHBHO HAaIlpaBleHI Ha
30UTBIIICHHST KUTBKOCTI PO3MOJNITICHOI TeHeparii, mo Oyae MakcMMajabHO HAOIMXKEeHa 10
cnokuBava. 3a omiakamMu 2023 poky MpOMHCIOBI 00’€KTH 301IBIINAIN MOTYXHICTh JOKAIBHOT
rerepanii 3 BJIE na 300 MBT, mo m03BOJIMTh 3MEHIIMTH CIOKUBAaHHS 3 LIEHTPATi30BaHOL
cuctemu Ha 310 I'Brroa. Pazom 3 umMm, OyZiBii HUBLIBHOTO MPU3HAYEHHS: )KUTIIOBI, TOPrOBi,
aJMIHICTpAaTUBHI Ta I1HIII, HE TaK AKTUBHO BIIPOBA/KYIOTh <«3ElIEHI» TEXHOJOril B CBOIX
eHepreTHuHUX Mepexkax. Ockinpku mpu iHterpauis BJIE o iHkeHepHHX cucTeM B OYAiBIISIX
BUHHUKAE psa MpoOJIeM TEXHIYHOI0, €KOHOMIYHOIO, HOPMAaTHBHOI'O/IOPUIWYHOIO Ta HAaBITh
MEHTAJIBHOTO XapaKTepy.

Mera i 3aBaaHHfl JOC]HiIxkeHb MeTO0 AOCHIKEHb € aHali3 OCOONMBOCTEH mpH
iHTerpanii GOTOCNEKTPUYHUX CTAHII B CUCTEMY €IEKTPOINOCTadyaHHs Oy/AiBeNb Ta BUSBJICHHS
NEepeIIKOo] IiJl Yac BUKOHaHHA JaHuX poOiT. Orisg OCHOBHHX BHMOTI HOPMAaTHBHOTO
3a0e3leueHHs] Ta HOPMAaTHBHO-TEXHIYHMX JOKYMEHTIB, SIKI pEerjJaMeHTYIOTh, BCTAHOBIIOIOTh
NpaBuJiIa, 3arajibHi MPUHLIUIN YW XapaKTEPUCTUKH PI3HUX MIAXOMIB 70 npouecy inTerpaii BJAE
710 1H)KEHEPHHUX CUCTEM Oy/iBelb.

Marepiaau i pesyabratu gociigxedb. OliHka 00’€kTa Ha TpeaMeT MOTEHIIamy
BcTaHoBiIeHHss PEC npoBoauThCS 3TiIHO 1HCTpYKLIN Ta pekomeHaaniii [1]. lanuil nokymeHT B
OUTBIIIM MiIpl HaJae PeKOMEHIMIT o0 BUOOpY 1uiomanok craHoBieHHs OEC Ha 3emenbHUX
JIUISTHKaX 1 HaIUICHWH Ha MaKCHUMI3aIlilo pivyHOI TeHepailii, mo Oyio IOIJIbHUM B YacH
aBTUBHOTO BUKOPHUCTaHHS <3eneHoroy Tapudy. Llei mopsaok He nae OKpeMHuX peKOMEHIaIlin
mono Bimoopy maiinanuukie @EC Ha OymiBnmsax Ta/abo ix ¢acamax Ta HE MICTUTH KOJIHHX
pexoMenaalii moso interpauii ®EC B Mepexi crioxuBaya.

IIpu peanizamii poOiT om0 po3mimeHHs QoTtoenekTpuuHux moayiis (PEM) Ha
OyaiBIIsIX, BIEPUIy YEpry pO3JSANAIOTHCS IUIONI HA TMOKPIBIAX OyiiBeslb. 3po3ymisio 110
HalBHIy e(peKTUBHICTh (MakcUMaJdbHMHA oOcsr reHepauii mpotsrom poky) ®EM maiots npu
HaIpaBJIEHH] Ha MiBAEHb, 1] KYTOM, 1110 3aJI€KUTh BiJl HIMPOTHU PO3paxyBaHHs 00’ e€kTa. OgHAK B
3QJIEKHOCTI B KOHCTPYKINi OyAiBii, TEXHIYHI PIMIEHHS MO0 BCTAHOBJEHHS TiJ IHITAMH
a3UMyTaMM Ta KyTaMH BITHOCHO TOPHU30HTY MOXYTh OyTH Oulbll e(peKTUBHIIUMU. OCKUIBKU
BUHHKAE MOMUIMBICTH mimiOpatu mosuiio miomuan PEM, mob poboTa ycTaHOBKHM SIKOMOTA
Kpalle mokpuBana rpadik HaBaHTaXXEeHHs Oy/iBii. Ajle HOPMATUBHUX BHUMOT I10JI0 PO3MIIIEHHS
@®EM Ha NokpiBii HE iCHye, OKpIM pO3ALTy HOPMATUBHOTO JAOKyMEHTa [2, po3. 13], skuii B
OUTBIIINA Mipi ONHMCYE YCTAaHOBKM TETIOCHMCTEM HAalpaBIEHUX Ha OTPUMAaHHS TEIJIOBOI eHeprii
(remokonekTopu), npupiBHO0YM 10 HUX DEM, 1110 € He 30BciM KopekTHUM. OKpiM 3a3HaUYEHUX
BUIIIE OCHOBUX MIAXOMAIB 110,10 pean3arii mpoekTiB gaxoBux CEC HeoOXiHO BpaxOBYBAaTH Psl
0COOJIMBOCTEH, HANPHUKIIAA: PO3MIIICHHSI BEHTIJIAMINHOTO Ta KOHJIWUIIIOHYIOYOTO OOJIaTHAHHS,
PI3HOMAHITHI TEXHIYHI HaOAYMOBH (MAalmIMHHI BiIUICHHS Ji(TIB), pI3HI TeIeKOMYKaIliifHi
pimeHHst Ta iHmN. HacTymHum pimeHHsM mono po3MimeHHsM PEM moxyTts Oyt dacamu

OyniBii. Hopmu, 1110 onmucyroTh BUMOTH 710 00JIafHAHHS B TPOIECI MOHTAXY, €KCILTyaTarii npu
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obnamTyBaHHs (hacasiB, OKpeMO A KOXKHOI Kareropii OymiBenb (PKUTIIOBI, aJMIHICTpaTHBHI,
3aKJIaM OCBITH 1 T.J.) Hapa3i HE iCHYe, ajie € BUMOTH II0JJ0 HOPM OCBITJIIEHOCTI ¢acajiB, TOOTO
BIJICTaHI Ta B3aEMOPO3MIIIIEHHS Mixk OyiBisiMu [3].

Ha erani npuenHanHs oONagaHHs: 1HBEPTOpiB, (OTOETNEKTPUYHUX TMaHENeH 0
BHYTPIIIHIX €NEKTPUYHUX MEpex OYIiBIIi BUHHUKAIOTH IEBHI TEXHIYHI HE3PYYHOCTI BUKIIMKaHI
TPaJULIIMHUM HOIJIAZOM J0 HOPMYBaHHs OOJIAIITyBaHHS eleKTpoycTaHoBoK [4]. Tak, iHBepTOpH
®EC 3amnsa 61u3bkoro po3mimieHHs Big @EM, mo B 611b1I1# Mipi pO3TalIoBYIOTHCS Ha Aaxy a0do
BEPXHbOMY TEXHIYHOMY IOBEPCi, HE MAIOTh MOKJIMBOCTI MPUEJHAHHSA 10 Mepexkl OyIUHKY «I10
MICIIO» iX po3TauryBaHHsA. ToMy IpH NPOBEJCHHI MOHT@)XHUX POOIT MO0 YJIalITyBaHHS
KaOenpHUX JiHIM 10 MepIIoro/IOKOJBFHOrO IMOBEpXY, A€ po3MimieHi OynunkoBi PY 0,4 B
BUHUKAIOTh TEXHIYHI MPOOIEMH, Cepel] SIKUX CIiJl BUIUINTH: HASBHICTIO IPOCTOPY B KaOEIbHUX
[IaXTaxX, BIACYTHICTh JOJATKOWX INAXT, OOJAIITYBaHHS HOBHX KaHAIIB B KOCTPYKIISIX OimiBIL.
Hapa3i peaizaliiss Ipo€eKTIB HaNpaBJIeHUX HA BTAHOBJICHHS BJIACHOI T'€Heparlil Iy 3MEHIIICHHS
BUTpAT Ha TEeXHIYHI MoTpeOu OyiBens € e()EeKTHMBHOIO IHBECTHIIEI0 SK 3 TEXHIYHOI, TaK 1 3
€KOHOMIUHOT TOYKU 30py. OnHak OinbIIiCTh OalaHCOYTPUMYBayiB BiJIMOBJISIOTHCS BiJl TaKUX
MPOCKTIB, OCKIIbKM HE MalOTh PO3POOJICHUX YITKUX HOPMATHBHO-TIPABOBUX aKTiB, sKi O
JIO3BOJIMJIM MIPOBECTU MOIMEPEAHI0O OOTPYHTOBaHY €KOHOMIYHY 1 TEXHIYHY OLIHKY €()eKTUBHOCTI
BcTanoBieHHss ®EC 3 1oTpuMaHHIM TEXHIYHHX 1 €KCIUTyaTalliiHUX BUMOT B KUTIIOBIH OymiBIIi.

BucnoBku. Bcranoenennss @EC Ha OCHOBHUX KOHCTPYKIISIX JKUTOBUX OYyHiBIICHb €
BOXJIMBUM €JIEMEHTOM JIOCATHEHHS YKpaiHOI €HepreTMuHuX Ta OesmekoBux minei. CydacHi
HOpMH OyIiBHUITBA Ta YJIANITYBaHHS HE 3aBXIU pPOOJATH MW MpOIEeC MPOCTUM, YaCTO
YHEMOKJIMBIIIOIOTh HOro peanizanito. Ockiibku JaHi pimeHHs mojo interpauii ®EC B cucremy
€JIEKTPOINIOCTaYaHHs Oy/iBJII TOBUHHICYIIPOBOKYBATUCS PSJIOM BHUMOT, sIKI MOXYThb OYyTH
peasi3oBaHi y TEXHIYHHUX JIOKYMEHTAaX.

B ymoBax BmpoBajkeHHA 1 peanizauii npoektiB BJIE HeoOXigHO BBECTH TEXHIUHE
peryitoBaHHs y Oy/iBenbHiN chepi, 0 CTBOPUTH 0a30BI YMOBH Ul IHTEpralii JaHUX pillleHb B
OyaiBii, 32 IPUKIIAZAOM MIKHAPOIHUX CY4aCHUX BUMOT .
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HarionanbHuii TeXHIYHUNA YHIBEpCUTET YKpaiHu
«KuiBChKHiA TOMITEXHIYHUN IHCTUTYT iMeHi1 Iropst CikopchKOTroy

AHAJII3 BIIVIMBY TEPMIYHO HEOJTHOPITHUX OI'OPO’KYBAJIBHUX
KOHCTPYKIIIA HA EHEPTETUYHI ITIOKA3HUKHA T'POMAJICHKOI BY IIBJIT

Beryn. Eneprernuna edektuBHICTH OyiBenb € OJHMM 3 KIIOYOBUX IPIOPUTETIB
cydacHoi YKpaiHu, aJpke BiJ Hel 3aJie)kKUTh He Juile KoMpopT Ta Oe3mneka Jrofel, aie i
€KOHOMIYHA Ta EeKOJIOTi4Ha CHUTYyaliss B KpaiHi. E()eKTHBHUM 1HCTpYMEHTOM Ui BH3HAYCHHS
HEOOXITHUX CHEPreTUYHHX IMOKAa3HUKIB OYMIBII € BUKOPUCTAHHS TUHAMIYHOTO MOJICIIOBAHHS,
SKE J1a€ MOKJIMBICTH TPOAHANI3yBaTH 3HAYHY KUIBKICTh MOKA3HUKIB €HEProe(eKTHBHOCTI Ta
piBHS TEIUIOBOro kKomdopTy y OyIiBIl, a TakKoX CHOCTEpiraTd 3a 3MIiHOKI pIBHA
EHEPrOCIIOKUBAHHSI IPU 3MiHI PI3HUX BXIJHUX JAHHX.

Mera i 3aBaaHHs gocigxkeHb. Po3poOka Ta anpoballisi eHepreTUHYHOro MOJIENIIOBAHHS
OymiBiali 3 BHUKOPHCTaHHSM IporpamHoro 3abesnedeHHs DesignBuilder, mo mg03BOIUTH
BpaxyBaTH JWHaMIYHI MapaMeTpu 30BHIIIHBOTO CEpEJOBUINA Ta BHYTPIIIHIX KOMIIOHEHTIB Ha
piBeHb eHepronoTpeOr Ha OMAJCHHS Ta 0XOJIOKEeHHs OyiBii. [I[poBecTy MOpiBHSIIBHUIN aHAII3
BIUIMBY TEPMIYHO HEOAHOPIAHUX OTOPOKYBAIBHHUX €JIEMEHTIB Y KOHCTPYKI[l 30BHIIIHIX CTiH
OyIiBJII Ta MPUBEACHOTO KOeRiIlieHTa TeIIonepeiadi, BA3SHAYCHUM 32 PI3HUMU METOIMKAMHU.

Marepiaa i pe3yabtaTtu aociigxedb. Oco0IMBO BaXIMBUM MAapaMeTPOM, IO BIUIMBAE
Ha piBEHb eHepronoTpedu OymiBIIi € TOKA3HUK TEIUIonepeaayi TpaHcmiciero. JlaHuii moka3HUK
3aJIeKUTh BIJl TUIY Marepiany, HOro TOBIIMHHU, (OPMU Ta IOBEPXHEBUX XapPaKTEPUCTUK
KOHCTPYKUIi. 3HayHUIl BIUIMB Ha TeIUIONEpeAauy TPAHCMICIEI0 MaroTh JIIHIMHI Ta TOYKOBI
KoedilieHTH TeruionpoBigHux BkiItoueHb (TB). 3a BimcyTHOCTI iH(pOpMaIii uu i HegocTaTHIN
KUIBKOCTI 11100 TEIUIONPOBIAHMX BKIIOYEHb Y KOHCTPYKIII NEPEeBakKHO ICHYIOUUX Oy[iBEIb
HallloHaJIbHA MeToaMKa [1] oaHUM 3 BapiaHTIB MPOINOHYE CIPOLIEHY OLIHKA BILIMBY
TEIUIONPOBIIHUX BKJIIOYEHb 3 BUKOPHCTAHHAM Kopuryrodoi nompaBku AUy 10 KoedilieHTa
TEeruIonepeiadi o OCHOBHOMY MOJ0. Takok cTaHaapt [2] Hajae 3MOry O1IbII TOYHO BpaxyBaTH
TEIUIONPOBIIHI BKJIIOYEHHS IIJISXOM BHMKOPHUCTAHHSI BEJIMKOi KIJIBKOCTI THUIIOBHX BY3JIB
TEPMIYHO HEOJHOPIAHUX OTOPOLKYBAJIBHUX KOHCTPYKIIHM Ta 3HaYeHHs JIIHIHHMX Ta TOYKOBUX
KOe(QILIEHTIB TEIUIONPOBIIHUX BKIIOYEHb, II0 3HAYHO MIABHUILYE TOYHICTh PO3PaXyHKY
HPUBEJCHOTO ONOPY TeIJIonepeaydi OropoKyBalbHOI KOHCTPYKIII.

O0’€eKTOM €HepreTUYHOr0 MOJIENIIOBaHHS € Oy/IIBIISl CEPEIHBOI 3aralIbHOOCBITHBOT KON
M. KueBa, sxa mnoOynoBaHa 3a THMOBUM mpoekToM. CucTema ONaJeHHS Ta Trapsyoro
BOJIOTIOCTAYaHHSI € IEHTPaTi30BaHUMH. 3arajibHa Tuionia Oy/iBii cTaHOBHTH 7386,8 ™M?%, a
saraneHKil 06’eM cTaHoBUTH 23399,7 M°. Bucora noBepxy cTaHoBUTH 3,0 M. 30BHIIIHI CTIHU
BUKOHAaH1 3 MMOPOKHUCTOT KEPAMIYHOI IIETJIM Ha [IEMEHTHO-IIIIAHOMY PO3YHHI, Ta € HEYTEIJIEHI.
YacTrHa BIKOH METaJIOIUIACTUKOBI, 1HIIA — AepeB’sHi. HasBHI Takox ckisiHi 6510ku. [lepekputts
3a;mi300eToHHI. B HeomamoBaJbHOMY TOpPHMILNI TEPEKPUTTS YTEIJIEHO IIApOM KEpaM3HTY.
CywmileHe nepekpurTs - 0e3 TerioBoi i3omwii. B po6oTi 6yno po3risiHyTO JeKijabKa CIeHapiiB
aHani3y piBHS eHepromnoTpebu. bazoBuii (6e3 TB) cuenapiii xapakTepusye ICHYIOUHMH CTaH
TEIUIOBOi OOOJIOHKKM ©e3 BpaxyBaHHS TEIUIONPOBIIHUX BKIIOYEHb Ta BHYTPIIIHI YMOBHU
KOM(pOPTHOCTI HaJalITOBaHI BIJAMOBIAHO 1O YWHHUX BHUMOr. 3ampornoHoBaHuil (6e3 TB)
CIIEHapiii J€MOHCTpPY€e pIBEHb €EHEpPromnoTpedr 3 OMOpPOM OrOPOKYBAJBHUX KOHCTPYKIIIH
BIIMOBIIHO 70 YWHHUX BUMOT [3], 0e3 BpaxyBaHHS TEIUIONPOBIIHMX BKJIIOYEHHL Ta 3
BUKOPUCTAHHSAM CHUCTEMH peKylepamii TEIVIOTH Yy CHCTeMi MeXaHIYHOI BEHTHJIALIl OymiBi.
3anpononoBanuii (AUyp) clieHapiii 3 BpaxyBaHHSM IONPABOYHOTO KOEQIIi€eHTa ISl OMOpPY
TeruIonepeiadi 30BHINIHIX CTiH BignoBigHo a0 [1]. 3anpomnonoBanuii (W- Ta - koedimienTn) 3
JHIMHAMH ~Ta TOYKOBHMH  TEIUIONPOBIIHMMHM  BKJIIOYCHHSMH  BiAMOBiAHO g0  [2].
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3anponoHOBaHUN 3 JIHIMHUMHU Ta TOYKOBUMH TEIUIONPOBIIHUMH BKJIIOUYEHHSIMHM B 30BHIIIHIX
CTIHAX Ta 3 BpaXyBaHHIM JETAJII30BAaHOI0 MOJIE/IIOBAHHS BIKOHHMX KOHCTPYKLIHN 3 BpaxyBaHHAM
BIUIMBY paMH Ha MoOKa3HUKM ckiomnakery (W- Ta y- xoedimieHTH 1 neTanmizoBaHe BIKHO).
[TopiBHSHHS OTpUMaHUX pe3yJIbTaTiB HaBeaeHO Ha Puc. 1.

EHepronoTpeba
Ha OXONOMMKEHHSA, 83.6

THc. KBT-roa/pik 87.7

122.7

EHepronoTtpeba 123.8
Ha onanexHs, 128.4
T™c. KBT-ron/piK 1133
- i ‘ } f f !
0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0
3anponoHosaHuit; W- Ta X- koedillieHTH | AeTanizoeaHe BiKHO M 3anponoHoBaHui; W- Ta X- KoedilieHTu
3anponoHosaHui; AUth 3anponoHoeanui; 6es TB

W Basosui; Ges TB

Pucynok 1. Enepronorpe0a Ha ornajeHHs Ta 0XO0JIOKEHHS.

BucHoBkH. 3 0OTpMaHUX pe3yNbTaTiB BUIHO, IO BIUIMB TEIUIONPOBIIHUX BKIIOYEHb HA
piBeHb PiUHOI eHepronoTpedu € 3HaYHUM (PAKTOPOM, KU HEe BapTO iIrHOPYBATH MpU BU3HAUCHHI1
MOKa3HHKIB €HepreTHYHO1 e(peKTUBHOCTI OyaiBens. Tak, pi3HUL B €HEPronoTpedi Ha ONmayeHHs
MDK 3allpOIIOHOBAHHMM ClLieHapieM ©0e3 BpaxyBaHHS TEIUIONPOBIAHUX BKIIOYEHb Ta 3
BKJIFOYEHHSIMU CcTaHOBUTH Biax 8,2% no 13,3%. BuxopucrtanHs cOpomieHOro METOny 3
BUKOPUCTAHHSAM IMONPOBOYHOro KoedinieHTy AUy, 3aBUIIlye eHepreTUyHl MOKa3HUKHU OyIiBil Yy
MOPIBHSIHHI 3 OLIBII J€TaJIbHUMU METOJaMHU BpaxXyBaHHS TEIUIOMPOBIJHMX BKIIIOUEHb. Takox
BUJIHO, IO PI3HMIISI PIYHOI €HEpPronoTpedr Ha OMaJeHHs Ta OXOJOJKEHHS MiHIMalbHA IS
ClEHapiiB, KOJM TEIJIOTEXHIYHI XapaKTEPUCTUKHU  CBITJIONPO30PUX  OTOPOKYBAIbHHUX
KOHCTPYKLIN 3a7atoThCsl JUIS 3arajbHOI CHCTEMH Ta IMpH OUIbII JEeTaJbHOMY MOJIENIOBaHHI
OKpPEMO CKJIOTIAKETY, & OKPEMO PaMH.
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HamionanbHuii TeXHIYHUHA yHIBEpCUTET Y KpaiHU

"KuiBcbkuii moiTexHiuHui iHCTUTYT iMeHi Iropst Cikopcebkoro”

YUCJIIEHHE MOJEJIOBAHHA BUBYXY B MICBKOMY
CEPEAOBHUIII 3 BUKOPUCTAHHSAM ANSYS EXPLICIT STR TA
ANSYS AUTODYN

Beryn. YV cydacHOMy CBITI NMUTaHHS O€3MEKM Ta 3aXUCTy Bill HACHIAKIB BHOYXiB B
MICBKOMY CEpeIOBHUIII HAO0YBalOTh HAJI3BUYANHOI BaxIMBOCTI. Haa3Buualini cuTyaiiii, moB's13aHi
3 BUOyXaMH, MOXYTb MaTdh CEpHO3HI HACIIAKU Ui JrojAeH, OyniBenb, TPAHCIOPTY Ta
iHdpacTpykTypu B minomy. [[o06 po3yMmiTH Ta MpOrHO3YBAaTH IIi HACHIIKHA, BUKOPHUCTAHHS
CydaCHHX IPOTPAMHUX 3acO0IB JUISI YUCEIIBHOTO MOJICIOBaHHS BUOYXiB, Takux sk ANSYS
Explicit STR ta ANSYS AUTODYN, crae Haa3Bu4aitHO BaxJMBUM. Ll cTraTTs mpucBsueHa
JOCITIJIKEHHIO MOXIIMBOCTEH Ta MPaKTHYHHUX 3aCTOCYBaHb YMCEIHHOTO MOJICITIOBAaHHS BUOYXY B
MICBKOMY CE€pEIOBUIII 3 BUKOPUCTAHHSIM BUIIIE3raJaHUX MIPOrPaMHUX 3aCO0i1B.

Meta i 3agaui jgocaimzkeHHsi. MeTo0 JaHOTO JOCHIDKEHHS € aHalli3 Ta OIliHKa
MO>KJIMBOCTEH YHMCEIbHOTO MOJENIOBAaHHS BHOYXY B MICHBKOMY CEPEIOBHINI 3 BHKOPHUCTAHHSIM
ANSYS Explicit STR ta ANSYS AUTODYN.

OcHOBHI 3aBAaHHS TOCTIPKEHHS BKJIIOUAIOTh:

- JlociikeHHsT MOXKITMBOCTEH Ta oOMexxeHb nporpamuux 3aco0iB ANSY'S Explicit STR
ta ANSYS AUTODYN anst monentoBaHHSI BUOYXY B MICBKOMY CEPEIOBUIIL.

- AHai3 pe3yNibTaTiB YACEIBHOTO MOETIOBAHHS 3 METOIO BUSBIICHHS BIUIMBY BUOYXY Ha
MICBKY 1H(PACTPYKTYpY Ta OLIHKM MOXKJIUBUX HACIIKIB.

- Bu3zHadyeHHs NpakTUYHUX 3aCTOCYBaHb OTPUMAHHUX PE3YJbTATIB AJIS PO3POOKH 3aXOiB
0e3neKy Ta 3aXUCTy MICHKOTO CEpelOBUIIA B1Jl BUOYXOBHX MOJIH.

Marepiann Ta pe3yJbTaTH JociaigxeHHsl. Po3paxyHok nepeabadaBcs 3a JOINOMOIOO
MO/ICITIOBAHHS Ta aHAI3y OTPUMAHUX PE3yNbTaTiB. Y Mepury 4epry, Oyslo BUKOHAHO JETaIbHUI
aHaJIi3 MicbKOi 1H(PaCTPyKTypH, BKIHOYaOUN OYIiBII, JOPOTY Ta IHII 00'€KTH, sIKi MOrIH OyTH
nijiadi BmiauBy BHOyXy. HacTymHuM KpokoM Oyino BH3HA4YeHHS HapaMeTpiB BHOYXOBUX
MmarepialiB Ta iX po3TalryBaHHS JUIsl CTBOPEHHSI TOUHOI MOJIEIII.

OtpumMaHi  pe3ynbTaTd JAOCHIKEHb IOKa3ylTh, 10 3aCTOCYBAaHHS  YHCEJIbHOTO
MmogemoBanHa 3a jgonoMororo ANSYS AUTODYN 1o3Boisic 3 BHCOKOIO TOYHICTIO
IPOrHO3YBaTH BIUIMB BHOYXOBUX XBWJIb Ha MiCcbKl CTpykTypu. Lli Meronu edexkTuBHO
MO/IEINIIOIOTh CKJIa/IHI B3a€MOIiT MK BUOYXOBUMH XBUJISIMH Ta MICBKUM CEpeIOBHILEM, HATAI0uu
iHHY 1H(QOpMaIli0 g Po3poOKH 3axo0jiB O€3MeKH Ta MPOEKTYBAHHS MICBKHX CTPYKTYP.
PesynbraTi mOCHiIKEHHS J03BOJIAIOTH 3PO3YyMITH TINIMOMHY BIUIMBY BHOYXOBHUX IOAIN, 1O €
KPUTHYHHUM JJIS TIOAAJTBIIIOTO BIIOCKOHAIEHHS CUCTEM OE3TEeKH.

B oMy moCipKeHHS 3aCTOCOBYIOTHCS TEPEIOBI METOJIM YHCEIBHOTO MOJETIOBAHHS IS
aHali3y B3aeMojli BHOYXOBUX XBWJIb 3 MICBKUMH CTPYKTYpPaMH, IO JO3BOJIIE 3 BHCOKOIO
TOYHICTIO BU3HAYUTHU NMOTEHLINHI PU3UKU Ta BIUIMBH. BUKOPUCTaHHS KOMIUIEKCHOTO MiAXO.NY,
mo BkIoyae Ak 2D, tak 1 3D MopentoBaHHS, PO3IIMPIOE PO3YMIHHSA IUHAMIKH BUOYXOBHX
npolleciB Ta iX BIUIMBY Ha ypOaHizoBaHi Tepuropii. Lle mocmijkeHHS € KpOKOM BIEpe] Y
PO3BUTKY HayKd Oe3leku Ta Moke OyTH BHUKOPHCTAHO JJIsi MOJANbIIMUX JOCHIKEHb Yy I
o0acri.

[Ilomo mpakTUYHOTO 3HAYEHHS, OTPUMaHI JaHI MOXXYTh OyTH BHUKOPHUCTaHI JJII PO3POOKH
3aX0JiB MO 3aXUCTy CHOpPYA ypOOmpoCTOpy BiJl MOXKIMBUX BHOYXoBuX mofiil. Taki 3axomu
BKJIFOYAIOTh B ceO€ MPOEKTYBaHHS CTIMKHX J0 BHUOYXIB KOHCTPYKIIIH, ONTHMI3aIll0 MICHKHX
TUTaHIB 3 ypaxXyBaHHSM MOTEHIIWHUX PU3HKIB, BJOCKOHAICHHS CHCTEM €BaKyallil Ta ImiIBUIECHHS
0e3MeyHOCTl MJisi IMBUILHOTO HACeNeHHS B TycToHaceleHux wMicisx. Lli 3axomm MoOXyTh

33



JOTIOMOTTH 3alo0irTH HETaTUBHUM HAcIigkaM BHOYXOBHUX IMOAIA Ta 3a0e3rneunT Oe3meKy Ta
3axXUCT ypOaH130BaHUX TEPUTOPI.

81740401
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55049401

3670e+01

18350401

0.000e+00

autodyn
Cycle 0

x
Units mm, mg, ms h

Time 0.000E+000 ms

Pucynoxk 1. Bizyanizauis cumyinsuii Budyxy y ¢opmari 3D

BucHoBkH. B pe3ynbTaTi IpoBEIEHOr0 MOAEIIOBAaHHS OyJIM OTpUMaHi 3HaU€HHsI TUCKIB 1
TEMIIepaTypy Ha KOHTPOJbHI ToukH 1, 2 Ta 3. 3aBAsKH 3HaYCHHSM THCKY BijJ BUOYXOBOI XBHII
Ha Oy/iBeIbHI KOHCTPYKLII MM MOXXEMO OIIHUTH MOXJIMBI MOIIKOJUKEHHS Ta Jedopmartii.
OtpuMaHi pe3yabTaTH CTAHOBIATh BAXKIUBY 1H(OOPMAIIIO JUISI TOMATBIIOTO JOCIIHKCHHS Ta
PO3pOOKU CTpaTeriii 6e3neku y BiIMOBIAHIX 00IacTAX.

Kinmeswuit anamni3z qanux A03BOJISIE 3pOOUTH HACTYITHI BUCHOBKH Ta MPOTO3HUIIIi:

1. BuOyx B MICBKOMY CEpEIOBHIIIl € CKIaTHOI Ta HEOE3MEYHOI0 TMOIIE0, 1 Pe3yIbTaTH
JOCIIJKEHHS MiITBEP/DKYIOTh HEOOXIHICTh PETeIbHOTO BUBUYEHHS Ta MJIAaHYBAaHHS 3aXOJiB JUIs
3MCHIIICHHS PU3UKY Ta HACIIIKIB MOJIOHUX TIOJIH.

2. Posrnsnaroun pe3yabTaTd, MOKIMBO, CHIJl PO3IIISHYTH MOXKJIUBICTH BCTAHOBJIEHHS
3aXUCHUX Oap'epiB, PO3POOKHM Ta BIPOBAKCHHS e(DEKTHBHUX eBaKyallliHUX IUTaHIB Ta
IUTAaHYBAHHS MICBKUX 00'€KTIB 3 YpaxyBaHHSAM MOXKIUBUX BUOYXIB.

3. Jlani nmocmi/pKkeHHs € IIHHUM JpKepernoM iHdopMarii uis HayKOBIIB 1 BIaJHUX
OpraHiB, IO MHpaLIOTh y cdepi Oe3MeKH, 1 MOXYTb BUKOPHUCTOBYBATUCS JIS MOJAIBLIMX
JIOCJTIJDKEHb Ta PO3POOKH CTpaTeTii 3MEHIIIEHHS PU3UKY BUOYXiB Y MICBKOMY CEpEIOBHIIT.

Le nocmikeHHs BiIKpUBA€ HOBI MOXKJIMBOCTI JUIsSl pO3YMiHHS Ta 3aro0iraHHs MoaioHUM

MOISIM y MICBKOMY CEPEIOBHII Ta CIPHIE MOKPANIEHHIO 0€3MEKN HACEICHHS.
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YK 624.012.4:693.546
Tarapun A.O., cTyzEHT,
HayKOBHM KEPIBHUK: K.T.H., 1o1icHT B.B.Banniuna
HarionanbHuii TeXHIYHUNA YHIBEpCUTET YKpaiHu
«KuiBChKHiA TOMITEXHIYHUN IHCTUTYT iMeHi1 Iropst CikopchKOTroy

3D-TEXHOJIOT'I Y BYJIIBHUIITBI

Beryn. [Iporao3 BueHuX mpo po3BUTOK AeMorpadiuyHoi cuTyallii B HaiOamx4i 20 pokiB
BKadye Ha OypxJIMBe 3pOCTaHHS HaceleHHs IuaHetu. lLle Moxe craTm cepio3HUM
BUMPOOYBAHHAM I ypsAldiB OaraThoX KpaiH B 3a0e3nedyeHHI KOMGPOPTHHX YMOB JKUTTS,
ocobOsmBo xuTiioM. 3a nanumu OOH, mo 2030 poky 6im3bK0 4 MIIp. 0Ci0 3 Malo3a0e3MeYeHUX
BEPCTB HAceNieHHA OyayTh MaTH TOCTpYy MoTpeOy B x)uTii. HallOumpin BipOTiZHUM HUISIXOM
BUPIMICHHS HApOCTalo4oi MpoOleMH — CTBEPIKYIOTh (axiBii — craHe 3acrocyBanHs 3D
TEXHOJIOT1H y OYAIBHUIITBI, TAKUX K OyiBeIbHI IPUHTEPH.

Mera i 3aBIaHHs A0CTiKeHb. J[OCTIIUTH MOXKIMBOCTI Ta TepeBard BUKopuctanus 3D
TEXHOJIOTiM y OyAiBHHUIITBI 3 METOI BHPIIICHHS HApOCTar4oi mpoliemMu Ae]iluTy KHUTIA B
yMOBax OYpXJHMBOTO 3pOCTaHHS HaceieHHs IulaHeTH. [1]o0 BHKOHAaTH TIOCTaBIEHY METY,
HEOOX1THO PO3MIIAHYTH TaKi 3aBIAHHS JUIsl TOCII1HKCHHS
- IPOBECTHU aHaJi3 cy4acHOro ctany 3D TexHousoriii y OyniBHUITBI Ta IXHIX MOKJIMBOCTEH JJIs
MaciTaOHOro BUPOOHMIITBA JKUTIIA;

- BUBYMTU TO3WTHBHHN BIUIMB 3actocyBaHHS 3D TexHosoriii Ha BapTicTh OyHiBHHUIITBA,
HMIBUAKICTH 3BEJECHHS Ta SIKICTh )KUTIOBHX 00'€KTIB;

- JIOCHIAWTH MOXXJIMBOCTI BUKOpUCTaHHA 3D TexHomoriii mysi OyqiBHUIITBA JTOCTYITHOTO Ta
€KOJIOTIYHOTO JKUTJIA JIJIsl Ma03a0e3NeyeHNX BepCTB HACEIEHHS;

- OLIHWTH NEpCHNeKTUBM Ta BHUKJIMKH, MOB'SI3aHl 13 BOpOBaKeHHsIM 3D  TexHonorii y
OyAIBHMIITBI Ha piBHI KpaiHU Ta MIXKHApOJAHOMY PiBHI.

Marepian i pe3yabtatH gociaimkenb. Oxna 3 ocHOBHMX mnepeBar 3D-apyky B
OyIIBHUIITBI — HOTO MIBUAKICTH Ta €QEKTUBHICTh. TpaauiliiHi MeToAn OyAiBHUIITBA MOXYTh
noTpedyBaTH 3HAUHYy KIUJIBKICTh Yacy Ta pecypciB, anie 3aBasku 3D-apyky 1ei mporec 3Ha4HO
IPUCKOPIOETHCS. 3a JIOTMOMOroK0 cretianbHuX 3D-npuHTepiB MOXHA IIBHUIKO BUTOTOBJISTH
OyZiBenbHI €1eMEHTH, K1 BIANOB1Ial0Th TOUHUM ITapaMeTpaM Ta BUMOTaM IIPOEKTY.

3acrocyBaHHs 3D-IpyKy TakoX 3aloyaTKOBYE MOXIMBOCTI JUI 3HMXKEHHS BapTOCTI
OymiBHHIITBA. BHKOPHCTOBYIOUM Ta YIOCKOHAIIOIOYHU II0 TEXHOJIOTII0 MOYKHAa €KOHOMHTH Ha
Mmarepianax, 30KpemMa HUIIXOM YTHUJIi3alii BiIXO/IB Ta BUKOPUCTAHHS BITHOBIIIOBAaHUX PECYpPCIB.
KpiMm Toro, € moreHuian A 3MEHILIEHHS BUTpAT Ha OIJIATy Ipalli, OCKUIbKK 0araTo MpolieciB
Moye OyTH aBTOMaTHU30BaHO, a pOOOTH, SIKi PaHillle BUKOHYBAJIKMCS BPYUYHY, 3/1lICHIOBATUMYThCS
NPUHTEPAMH.

HaiiBaxxnuBimoro nepeBaroro BUKOpHcTaHHS 3D-npyky B OyIiBHUITBI € THYYKICTh Ta
MOJKJIMBICTh CTBOPIOBATH CKJIAJHI apXiTEKTypHI (GopMu ¥ Au3aiiH. 3aBAsKU M1l TEXHOJIOrII,
OyaiBii MOXXYTh HaOyBaTH HEMOBTOPHUX (OPM i3 3aCTOCYBaHHSAM CTPYKTYp, SIKI paHime Oyio
ckiamgHo a0o HaBiTh HEMOXJIHMBO peanmizyBatH. OKpiM IIbOTO, BHKOPHCTOBYIOYH HOBY
TEXHOJIOTII0, 3 SIBIAETHCS MOXJIMBICTH JUISI apXITEKTOPIB CTBOPIOBATH  HECTaHJAPTHY
HEPYXOMICTh, SIKa BIANOBIAATHME I1HIUBIAYalbHUM IMOTpeOaM 3aMOBHHUKIB Ta BTIJIIOBATUME
HalCMIJMBIILI TBOpPUI i1€1 y peabHICTb.

B Vkpaini Bxxe po3noyany nepuuii mpoekT OyAiBHUITBA 3a JOMOMOTror0 TexHojorii 3D-
npuntepa. Y JIbBOBI cTapTyBano OyIiBHUITBO HABYAJIBHOIO 3aKjagy — KOPIYC JUIs
nepmokyiacHukiB mkomu Ne 23. Te, mo Bxe moOyaoBaHo, Oyino HaJAPyKOBAaHO BChOro 3a 48
roJvH 1 118 (a3a OyaiBHUIITBA Oyze 3aBepIIeHa MPOTATOM IBOX THXKHIB.

BukopucroBytoun Taki TexHoorii sk 3D-apyK, 10CATAETHCSI BUCOKA SKICTh Ta TOYHICTh
IpU BUTOTOBJICHHI OyJiBenbHUX eneMeHTiB. Lle 3a0e3neuye cTilikicTh Ta HailHICTD OyiiBens,
MiJBUIIYETHCS PIBEHb €HEProeeKTUBHOCTI Ta ONTHUMAJIBLHOTO BHKOPHUCTAHHS PECYPCIB.
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CrBOpIOI0THCS O1bII €(PEKTUBHI CHCTEMH YTEIUICHHS, BEHTWJIALII Ta OCBITICHHS, IO CHpUSE
30epeKEHHIO CHEPrii Ta 3HMKEHHIO €KOJIOTTYHOTO BIUIMBY OY/IiBJIi HA HABKOJIMIIIHE CEPEIOBHUIIIC.

Pucynox 1. IIporec OyaiBHUIITBA IIIKOJIH 3a HOBOKO TexHoJjoriero 3D mpunTepa

OpuH 3 epCrneKTUBHUX HAMPSMKIB BUKOPUCTAHHS MEPEJOBUX TEXHOJIOT1H y Oy1iBHUIITBI
— CTBOpPEHHS JKHTJIIOBUX IPOCTOPIB y BaXKOMOCTYMHUX abo apapiiiHuMx 30Hax. 3D-apyk
JI03BOJISIE  3aCTOCYBaTH TPAHCHOPTAOENbHI KOHCTPYKTHUBHI CHCTEMH, $KI MOXYTb OyTu
BUKOPUCTaHI JUISI PO3MIIEHHS JIIOACH Yy KPU30BUX CHUTYAlifX, HANPHUKIAM, MICIS MPUPOIHUX
Karactpo¢ abo B yMOBax BiiCbKOBUX KOH(IIKTIB.

3BHuaiiHo, uia cdepu OyIIBHUITBA II€ HOBI MOXIIMBOCTI y CTBOPEHHI CTaloro Ta
€KOJIOTIYHO YMCTOrO JKUTJIOBOrO mpocTtopy. OjaHak, pasoM 3 yciMa nepeBaramMu 3D-Ipyky B
OymiBHHMLITBI, ICHYIOTb 1 BHKIWKHM, $Ki TOTpiOHO BpaxoByBatu. Hampuknaa, moTpiOHO
pO3po0NIATH CTaHAAapTU Ta IMpaBHiIa, SKI PEryjOBaTUMYTh BHUKOPHCTAHHS TaKOro Ipolecy B
OymiBHHMLTBI, 00 3a0e3meynTy Oe3MeKy, SAKICTh Ta JOBrOBIUHICTH OyniBenb. Takok moTpiOHO
BUpILIYBAaTH NMHUTaHHS cepTudikamii OyAiBenb 1 KOHCTPYKIiH, 3BeleHHX 3a jpomnomorow 3D-
ApPYKY.

Ils iHHOBaIiliHA TEXHOJNOTIA J03BOJIA€ 3a0yJOBHHKAM CTBOPIOBATH VYHIKANbHI Ta
edexTuBHI OyiBIl, 3MEHUIYBATH BapTICThb Ta BIUIMB Ha JOBKULISA, a TaKOX MPHUCKOPIOBATH
OyaiBenbHI mporecu. 3amnpoBapkeHHs 3D-npyky B OyOiBHUITBO BHMMAarae CIIBIIpali Mix
JNOCTIAHUKAMH, 1H)XXEHEepaMH, apXiTeKkTopamMu Ta 3a0yJOBHMKaMH, IO BIJKpUBae Oe3iu
MOYJIMBOCTEHN Ta NEPCHEKTHUB JUIsl CTAJIOTO PO3BUTKY ralysi.

BucnoBku. Ilporo3 po3Butky nemorpadiuHoi cuTyauii Bka3zye Ha mnorpe0y B
e(eKTUBHHUX CTpaTerisx 3a0e3MedyeHHs JKUTIOM s MUIbApAIB Jojei. Bukopucranns 3D
TEXHOJIOTIM y OYIIBHHUIITBI BUSIBISETHCS TEPCICKTUBHUM pilieHHAM. JlaHa TexXHOomoris
IPUCKOPIO€E OYIiBENIbHI NMPOLIECH, 3HIKYE BapTICTh Ta 3abe3nedye BUCOKY sKIiCTbh >kuTia. [Iporte
BaYJIMBO BUPIIIYBAaTH BUKIIMKH, TaKl sIK po3poOKa cTaHIapTiB 1 cepTUdikallist KOHCTpYKLii. Tum
HE MEHII, IIi TEXHOJIOTil BiJIKPUBAIOTh LUIAX JUIA CTaJOro PO3BUTKY OyiBeNbHOI ramysi Ta
MOKPAIICHHST YMOB KHTTI.

Cnucoxk BUKOPUCTAHUX JKepet

1. Bukopuctanus 3D-apyky B OyIiBHUITBI: MOXJIHMBOCTI Ta TEPCIEKTUBHU. [HmepHem-eudanus
«lTonmaswunay. URL: https://blog.poltava.to/atlant/16536/.

2. 3BacrocyBanHs 3D-gpyky B OymiBHUITBI:  mepcrekTuBu Ta  MmoxumBocti. BUDUEMO.
URL: https://buduemo.com/ua/news/ecomaterials_technologies/3d-printing-in-construction.html

3. bymiBamurBo 3a Tpu  TwkHL: y  JIBBOBI  mKoiy  OpyKyloTe Ha  3D-mpuHTepi.
URL.: https://www.youtube.com/watch?v=_TOPPWIR7d4&ab_channel=RFI%D0%A3%D0%BA%D1%80%D0%B
0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%BE%D1%8E
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IMPROVEMENT OF DOWNHOLE CHARGE DESIGN FOR EXPLOSIVE ROCK
DESTRUCTION

Introduction. The impact of mass explosions on the environment, especially in terms of
dust and gas emissions, represents a significant environmental challenge within the mining and
construction industries. Traditional methods of blasting have been scrutinized for their
environmental impact, leading to the necessity for improved technologies and methodologies
that minimize adverse effects on the surrounding ecosystem. Figure 1 shows various designs of
downhole charges.
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Figure 1. Various designs of borehole charges: a — solid charge column; b — charge column dispersed
with an inert spacer; ¢ — combined charge of different types of explosives; d — charge in a sleeve.

Goal, Object, and Subject of Research. The goal of the research is to improve the
design of the borehole charge through the application of a backfill with increased inertness and
gas-absorbing properties. The object of the research is the process of blasting rock in quarries.
The subject is the increase in the efficiency of the explosion and the reduction in the volume of
harmful gases through the use of specialized backfill.

Relevance of the Work. This study becomes highly relevant in the context of increasing
demands for the environmental friendliness and efficiency of mining technologies. The
development of a new type of backfill with gas-absorbing properties can significantly reduce the
negative impact of blasting operations on the environment while ensuring a high level of rock
fragmentation efficiency.

Materials and Results of the Research. The analysis of scientific literature and previous
studies revealed the potential for improving the designs of borehole charges using backfills of
increased inertness. The review of existing solutions indicated possibilities for optimizing the
efficiency of blasting operations and reducing the emission of harmful gases. The table 1 present
a synthesis of information from scientific sources, which forms the basis for the development of

a new borehole charge design.
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Table 1. Literature review

Author/Source Technology/Methodology | Main Achievements | Limitations or
Disadvantages
Efremov E.I., Reducing the diameter of | Reduced dust Inadequate solution to

Nikiforova V.A.,
Chebenko Y.N.

the charge, air and inert
spacers between charge
columns

formation,
improved
containment of
detonation products

the problem of
harmful gas emissions

Humenik I.L.,
Sobolev V.V.,
Strelets O.P.,
Chebenko V.M.

Combined borehole
charges with bottom
initiation

Improved intensity
of rock mass
fragmentation

Gaponenko I.A.

Charge with an air cavity

Reduced specific
consumption of
explosives

Vorobiev V.V., Use of air gaps in charges | Reduced dust -
Vorobieva L.D., formation by 25-
Lotous K.V. 30%
Author/Source Technology/Methodology | Main Achievements | Limitations or
Disadvantages
Kurinnoy V.P. Theoretical study of gas- | - Unsubstantiated
dynamic processes increase in the volume
of the regulated
crushing zone
Berezhetsky A. Use of air radial gaps and | Increasing the -
Ya., Vovk O. A. water padding efficiency of
explosion energy,
partial
neutralization of
toxic gases
Gurin A. O, Various backfill designs | Reducing dust High labor intensity
Yermak L. D., emissions, and cost, insufficient
Teteria O. Yu. neutralizing impact on fractional

harmful gases

composition

Zdravka Mollova

Use of cumulative
funnels in charge design
to increase detonation
velocity

Significant increase
in detonation
velocity, better
material
fragmentation, 14%
reduction in
explosives used

Research limited to
the use of low
sensitivity explosives;
requires further testing
in different conditions

Gurin A. A,
GurinY. A,
Krivenko Y. Y.,
Krivenko A. Y.

Use of drilling slurry as a
backfill improving
backfill quality and
fragmentation efficiency

Improved quality of
rock mass
fragmentation,
reduced costs for
secondary
fragmentation

Requires additional
equipment for mixing
drilling slurry with
water and transporting
to the borehole
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Continuation of Table 1

Gaponenko A.L. Unique borehole charge Improved rock Requires further
design with optimized fragmentation research for
placement of additional process, reduced adaptation and
charges and backfill environmental optimization under
methodology impact and different mining and

increased safety of | geological conditions
blasting operations

Conclusions. The research results highlight the importance of innovations in the field of
blasting operations, particularly the application of new types of backfills that provide enhanced
rock fragmentation efficiency while simultaneously reducing environmental impact. Further
research and experimental tests could facilitate the implementation of these developments in the
mining industry's practice.
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