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PU3UKU NOKEXHOI HEBE3IEKHA Y ®OTOEJEKTPUYHUX
CUCTEMAX TA HIJISIXHU IX MIHIMI3AIIII

Beryn. BpaxoBytoun cuTyalito B eHEPreTHYHOMY CEKTOpi YKpaiHH, MOMUT Ha (DOTOETEKTPUYHI CUCTEMH
(mani — ®EC) nponorkye 3pocraru. 30Kkpema, crioctepiraethcsi BctaHoBieHHs DEC Ha 00’exkTax KpuUTHY-
HOT IHPPACTPYKTYpPH, 3aKJIajax OXOpPOHH 310poB’s [1], 3akiamax ocBitTy [2] Ta OaraTOKBapTUPHUX KUTIOBUX
OyauHKax [3], 3 METOK EHEPreTUYHOI HE3aJIe)KHOCTI Ta eKOHOMIl. BpaxoByrouu, 110 CUCTEMH BCTaHOBIIO-
I0ThCSI BXKe Ha icHyroui Oynismi/cnopyau, @EC B TakoMy BUTIaKy HE 3aMiHIOE€ 3BUYHHX Oy/IiBEIbHUX MaTepi-
aJIiB MPOTE CKIIAJIAE JI0JATKOBE roproye HaBaHTaxkeHHs. 3aranoM, DEC nozinstore Ha 1Bi kateropii [4]: BIPV
ta BAPV. [Ipunnun BIPV nonsirae B Tomy, 1110 3BUYHI OymiBenbHI Marepiaiu (MeTaJouepenulls, CKIiHHS,
Marepianu Juist oOJuItoBaHHs (hacajay TOIIO) 3aMiHIOKOThCA Ha (oToenekTpuyuHi komrnoHeHTu. BAPV — 1e
OEC, mo KpimsaThes BXKe Ha iCHYIOUI OyaiBIIi/CrOpynH, BPaXxOBYIOUH II€, JaHa KaTreropisi cucrteM € Oiibii
MOLIMPEHa, Yepe3 eKOHOMIUHHH acleKT, OCKIJIbKH He rnepeadadac KamiTaabHOro PEMOHTY.

MeTta: MeToro poOOTH € KOMIUICKCHUH aHaji3 MoKeKoHeOe3neuHuX (hakTopiB, OB’ sI3aHMUX 13 eKCILTyara-
ui€ro 3’€HyBaviB nocTiiftHoro crpymy tuiny MC-4 y ®EC tuny BAPV, Bu3HaueHHs: OCHOBHUX Je(EKTiB MiJ
4ac MOHTaXY Ta SKCIUTyaTallil, 0 MPU3BOISTH JI0 MOXKEXKI, a TAKOK PO3POOKa PEKOMEHIAIIIH 11010 MiHIMi3a-
i1 pU3UKIB IIISIXOM YJIOCKOHAJICHHSI IPOEKTHHUX PillleHb Ta TEXHIYHOTO 0OCITYTOBYBaHHSI.

Metonm: Jljisi TOCATHEHHST METH POOOTH OYJIO MPOBEACHO SKCIICPUMEHTAJIBHI JIOCIIKCHHS 3’ €IHyBaYiB
nocriiiHoro ctpymy MC-4 B yMOBaxX CTpyMOBHX IEPEBAHTAKEHb TAKOXK 3aCTOCOBAHO METOJI aHANi3y Ta MOpiB-
HSTHHS JaHUX.

Pesynbrarn: ExcriepuMeHTanbHi METOAM TMOKa3aly, 10 3’€qHyBayi nocridHoro crpymy MC-4 BiTums-
HSTHOTO BHPOOHMKA i Yac BHIIPOOYBaHHsI JIOCSIIM 3HAYHUX TEMIIEPaTyp, IO 32 YMOBH BiJICYTHOCTI MpO-
TUTIOKE)KHUX BIJICTAaHEH CIIPUYMHUTH MOXKEKY. AHai3 NPUUMH BUHUKHEHHS noxex Ha OEC B Ykpaini Ta
3aKOPJIOHOM TI0Ka3aB, IO 3’ €HYBai € OJHUM 3 KJIIOYOBHUX MUTaHb NoxkexkHO1 0e3nekn OEC, mo niakpeciioe
aKTyaJbHICTb JIOCIIJKCHb. 3alPOIIOHOBAHO MTPEBEHTUBHI 3aX0/IH CIPSMOBaHI Ha 3ano0iranHs noxex Ha PEC
tuy BAPV Ta MiHIMi3alli{0 pH3HKIB MOXKEKHOT HEOC3TIECKH.

BucHoBkH: AHani3 CTaTUCTHKH NMOXexX B Ykpaini y 2023-2025 pokax mokazas, 1o Bci 3adikcoBaHi
BUTIAJIKK cTOCyBanucs came cucteM tuny BAPV, Toni six na BIPV noxexx He Bunukaino. Lle cBiguuTh npo
HIMPILE BUKOPUCTAHHS AaXOBUX Ta (pacaJHUX CHCTEM, sIKi CTBOPIOIOTH JOJIaTKOBE rOPIOYE HABAHTAKEHHS JI0
ICHYFOUMX Oy/IiBeNb 1 YCKIIAJIHIOKTh Mpoliec JiikBiaamii nmoxex. [IpoBeaeHuii aHami3 Ta eKCIEPUMEHTAIbHI
JTOCITIJDKEHHS MiITBEPMIIN, 110 3’ €IHYBa4i HOCTIHHOrO cTpyMy Tuily MC-4 € OfHUM 13 HAWOLIBII ITOKEKO-
HeOe3MeyHnX eNeMeHTIB oToesieKTpuaHuX cucteM Tuity BAPV. Came BoHM HaifuacTilie CTaroTh OCEPEIKOM
BUHHKHEHHS KOPOTKUX 3aMHKaHb Ta CTPYMOBHX II€PEHABAHTAXKEHb, 1110 PU3BOJUTH JI0 YTBOPEHHS €JICKTPHY-
HOI JIyrd Ta TepMIYHOI JecTpyKuii MarepianiB. Pesynbraru BUNpoOyBaHb MOKA3aJH, 110 BITYM3HSHI 3pa3KH
3’€IHYyBa4iB 3HAYHO MMOCTYIAIOTHCS 3aKOPOHHUM aHAJIOraM 3a CTIHKICTIO JIO IepeBaHTaKEeHb. 3alPOIIOHOBAHI
MPEBEHTHBHI 3aX0/({ CIPSIMOBaHI Ha 3MEHIICHHS HMOBIPHOCTI BUHUKHEHHS TTOKEXK, MiIBUIIICHHS PiBHS 0e3-
MIEKU 00CIYTOBYHOYOI0 MIEPCOHAITY Ta MOXKEIKHO-PITYBAIBHUX I1IPO3/IIIIB, @ TAKOXK HA 3a0e3MeUCHHS Ha i iHOT
Ta Oe3MeyHol excruTyaranii GOoToeneKTPUIHUX CHCTEM Yy KPUTUYHIN iHPPACTPYKTYPi Ta KUTIOBOMY CEKTOPI.

Kuarouogi ciioBa: doroenexkrpuuni cucremu, BAPV, noxkexna Oesrieka, 3’€1HyBaui MOCTIHHOTO CTPyMY,
(oToeneKkTpuKa.
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FIRE RISKS IN PHOTOVOLTAIC SYSTEMS AND WAYS TO MINIMIZE THEM

Introduction. Considering the current situation in Ukraine’s energy sector, the demand for photovoltaic systems
(PV systems) continues to grow. In particular, PV systems are increasingly being installed at critical infrastructure
facilities, healthcare institutions [1], educational institutions [2], and multi-apartment residential buildings [3], to
achieve energy independence and cost savings. Since these systems are mounted on existing buildings/structures,
PV systems in this case do not replace conventional building materials but rather add additional combustible
load. Overall, PV systems are divided into two categories [4]: BIPV and BAPV. The principle of BIPV is that
conventional building materials (metal roofing, glazing, facade cladding materials, etc.) are replaced with
photovoltaic components. BAPV refers to PV systems mounted on existing buildings/structures. This category of
systems is more widespread due to economic considerations, as it does not require major renovations.

Purpose: The purpose of this study is to conduct a comprehensive analysis of fire hazard factors associated
with the operation of MC-4 direct current connectors in BAPV systems, to identify the main defects during
installation and operation that lead to fire incidents, and to develop recommendations for risk minimization
through improved design solutions and maintenance practices.

Methods: To achieve the study’s purpose, experimental tests of MC-4 direct-current connectors under
current overload conditions were conducted, and methods for data analysis and comparison were applied.

Results: Experimentalinvestigationsdemonstrated thatM C-4 directcurrentconnectorsofdomesticproduction
reached significant temperatures during testing, which, in the absence of fire safety distances, may cause fire. The
analysis of fire causes in PV systems in Ukraine and abroad confirmed that connectors are a key issue in PV fire
safety,underscoringtherelevance ofthisresearch. Preventive measuresaimed atpreventing firesin BAPV systems
and minimizing fire risks has been proposed.

Conclusions: The analysis of fire statistics in Ukraine for 2023-2025 showed that all recorded incidents
were related specifically to BAPV systems, while no fires occurred in BIPV systems. This indicates the wider
use of rooftop and fagade systems, which create additional combustible loads for existing buildings and
complicate the process of fire suppression.

The conducted analysis and experimental studies confirmed that MC-4 direct current connectors are among
the most fire-hazardous elements of BAPV photovoltaic systems. They most often become the source of short
circuits and current overloads, leading to the formation of electric arcs and thermal degradation of materials.
The test results demonstrated that domestic samples of connectors are significantly inferior to foreign analogues
in terms of overload resistance. Under conditions of sudden changes in current, they quickly lost structural
integrity, accompanied by intensive smoke formation and increased temperatures. The proposed preventive
measures are aimed at reducing the likelihood of fire occurrence, increasing the safety of maintenance personnel
and fire and rescue units, as well as ensuring reliable and safe operation of photovoltaic systems in critical
infrastructure and the residential sector.

Key words: photovoltaic systems, BAPYV, fire safety, direct current connectors, photovoltaics.

Beryn. BpaxoByroun BiIKpHTi 1aHi MeTia, B Iepio]
2023-2025 poky Ha TepuTopii YkpaiHu, 3adikco-
BaHO 18 BHUMAIKiB MOXKEkK, MOB’S3aHUX 13 EKCILTya-
Tanico (QOTOCTEKTPHYHUX CUCTEM. AHAIII3 TIOKa3yE,
0 3HAaYHA YacTHHA JaHuX (6 BUMankiB, 33 %) — 1e
HE BCTAHOBJICHI MPUYNHU BHHUKHEHHS MOXexki. J[o
KOHKPETHHUX TEXHIYHMX (DaKTOpiB HaJIekKaTh KOPOTKi
3amukanHs (nani — K3) — 6 pumajkis (33 %), a Takox
nopyueHHss ymoB 30epiranns 1 Bumagok (6 %) ta
HEeHaJIe)KHEe TexHiuHe oOciyroByBaHHs (fnani — TO)
1 Bunanox (6 %). IlpuponHi Ta 30BHINIHI YUHHUKA
(MexXaHIYHI TTOIIKO/KEHHS) TAKOK MalOTh BarOMHA
BIUTMB: 3a()iKCOBAHO BUIAJIOK YpaKeHHS OJMCKaB-
koro (1 Bumamox, 6 %) Ta BUHUKHCHHS TIOKEXKi BHA-
CJ1JIOK BOEHHUX Ait (2 Bumajaku, 11 %).

3a TUTIOM CHCTEM B a0COIIOTHIH O1JIBIIIOCTI ITepe-
BaxxaroTh BAPV cuctemu— 18 Bunankis (100%), Tomi
sik Ha BIPV He Bunukano noxex (0 %). Lle cBiguuTh
PO IIUpIIE BUKOPUCTAHHS JAXOBUX Ta Ha3eMHUX
CHCTEM, N[0 MOHTYIOTHCS Ha ICHYIOUMX OyaumHKax/
criopyaax, IOpIBHSHO 3 I1HTErPOBAaHUMH pilllCH-
HSMH.

leorpadiunuii  posmoxin Bunaakie (Pucynox
2) IEeMOHCTpY€ KOHIEHTpalilo y 3akapnarchbKiit
obiacti (3 Bunaaku), Onechbkiit obnacti (3 BUNaIKK)
ta JIpBiBCchKiM oOmacTi (2 Bumamkwm). IloommHOKI
BHIaaku 3adikcoBaHo y KuiBcekiid, IBano-DpaHKiB-
cbKill, PiBHeHCHKiH, TepHOMiNbChKii, J[HINpomeTpoB-
CbKil, BiHHUIBKIH, 3amopi3pkiii Ta XMEIbHUIBKIN
obnacTsix.
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Puc. 1. Hacainku nosxkexi y JIbBiBchKiii 001acTi Ha @EC, 1e NPUYHHOIO CTAT0 YPasKeHHsI 0JIMCKABKH,
M. PajnexiB, JIbBiBCbKa 00/1aCTh, JuneHb 2025

&l

Puc. 2. Po3nogis KiTbKOCTi mozKesK, 1110 BHHUKJIN
B o0s1acTaX Ykpainu Bnpoaos:x 2023-2025 pokis

Ha nnangopsl Bing
£ Microsoft, OpenStreetMap

AHaNi3 ocTaHHIX HOCATHeHb Ta myOJsikamiii.
ABTopamu [5] BUKOHAHO PO3pOOKY JepeBa HEeCIpaB-
Hocteld @EC Ta mpoBeieHOo KiTbKiCHUH aHaJI3 TIOXKEK
noB’si3annx i3 ®EC. BeraHoBIIeHO OCHOBHI KOMIIO-
HEHTH, 1110 CKJIA/Ial0Th HAWOUIBIINI PU3UK ITOKEKHOT
Hebesneku, cepexa sikux — 3’ennysadi (17 %). Pos-
paxoBaHO YacTOTY BUHUKHEHHS IOXKEXK, SIKa CKJa-
nae: 29 nmoxkex Ha 1 I'BT BCTaHOBIEHOT TIOTY>KHOCTI
Ha pik. Y poOoTi [6] mpencTaBIeHO aHAJI3 TOXKEK
y Benukiii bpuranii ne BupoOammu-iHiliaTOpaMu
y OLIBIIOCTI CTalM iHBEPTOPH Ta 3’ €JHYBadl, HUMH
3aIpOIIOHOBAHO MiHIMaJIbHI TIPOTHUIIOKEKHI BiICTaHi
Mixk komnoHeHTamMu OEC Ta mopsii po3ranioBaHUMH
POTUIOKEKHUMH EPEIIKOAaMH, KOHCTPYKLISMH,
a TaKkoK OOIPYHTOBAHO 3alPOBAUKECHHS MPOTHIIO-
JKSKHHUX BiZICTaHEeW 1Mo mepuMeTpy OyiBii/cropyau
3 MeTOI0 3a0e3nedyeHHsT 0e3mekn 0COO0BOro CKIaty
MOYKEIKHO-PATYBATBHUX IT1IPO3/ILTIB.

Y pobori [7] mpoaHalli3oBaHO TeMIepaTypHi
XapaKTepUCTUKU JIyrOBOIO 3aMMKAaHHsS IOCTIH-
HOTO CTPyMy, IO y OiIBIIOCTI BUMAAKIB BUHUKAE
B MicIsIX 3’€JHAHHA (DOTOCNEKTPUYHUX MOIYIiB
(DEM). Poz’sicHeHo yac HapOCTaHHS TeMIlepaTypu
JIyTU TIOCTIHHOTO CTPYyMY Ta XapaKTepHOTO PO3IOo-
NIy JAOBXUHU nyru. JlaHe MOCHiJUKEHHS MiATBEp-
JDKy€e TIOTpedy pO3pOOKH UITKUX TPOTHIIOKEK-
HUX BiJCTaHEeW MK (OTOCTEKTPUYHUMHU PIAKAMU
(cTpiHramm), Ta IHIIMMH TOPSJ PO3TANIOBAHUMHU

KOHCTPYKLiSIMU, IPOTUIIOKEKHUMHU MEPEIIKOJaAMHU,
TOIIO.

HeoOxinHICTh 3MEHIIEHHS PHU3UKY BUHHKHEHHSI
TTOJKEXK Ta CBOEYACHOTO TEXHIYHOTO OOCITYyTOByBaHHS
y cBoiii poOoti okpecmoroTh aBropu [8]. Humu
JOCII/PKEHO SBUIIE Tapsidoi TOYKH, CTapiHHS MaHe-
Jel Ta BU3HAUYCHO, 110 CaMe BOHM CKJIAJAIOTh Haid-
OUThIIMI PHU3MK. YMOBM 32 SIKHX BHUHUKAIOTh JIaHI
SIBUINA: IIUIBHICTh MUY HABKOJO MAaCHBY, TeMIIepa-
Typy HaBKOJMIITHHOTO CEpPEOBHUINA Ta MaTepiajbHy
CTPYKTYypy TaHeneil. 3amponoHOBaHO TPEBEHTUBHI
3aXO/IH JIJISl 3SMEHIIICHHS PU3UKY BUHUKHEHHS MTOKEXK,
30KpeMa pPO3AUICHO iX Ha /Ba HANpsIMH: IPOEKTY-
BaHHsI, AKiCHUH MOHTaXK PEM Ta TeXHIYHHI OIS,

Bigmosiguo mo [6], [9], [10] 3HauHuMit BixCcOTOK
13 TpOaHATI30BAaHUX MPHUYNH BHHUKHEHHS IOXKEK
3aKOPJIOHOM TIPHITAJa€ HA BHMHKAadi ITOCTIHHOTO
CTpyMy Ta 3’€JIHyBadi ocTiHOTO cTpyMy. He Menm
Bpa3JIMBUMH € iHBEPTOPH Ta (POTOECTEKTPUUHI KaOeJIi.
OEM, six BupiO — iHILIATOp, MPAKTUYHO HE CKIajaac
PHU3UKY 32 YMOB SIKICHOTO MOHTaXy, MpOTE 4epes
e(eKT «rapsunx TOYOK» Ta BHPOOHMUYUX HCHEKTIB
MOXYTh CIIPHYUHUTH TTOKEKY.

3 TOYKH 30py MOKEKHOT O3MEKH — CITOCOOU PO3-
MillleHHsT Ha (acajax Ta Jaxax CKIaJarTh HeaOu-
SIK1 PU3HKH, OCKUIBKY 3HAUHUM YHHOM 3aJIeXkKaTh BiJ|
03/100JICHHSI 30BHIIIIHIX CTiH OYIMHKIB Ta CIIOPY/, 10
Yy BHIAIKY TOXEXKi, pazoM 3 kommoHeHTamu DOEC
30i7bpIIaTh TOXKEKHY HABaHTAry Ta CKIIAIaTUMYTh
JIOIATKOBI CKJIAMHOII i1 Yac raciHHs.

Bukiax ocHOBHOro marepiajly J0OCTizKeHHS
3 MOBHUM OOIPYHTYBAaHHSIM OTPHUMAHHMX pe3yJib-
tariB. [Ipunnunosa cxema @EC Ta ii KOMIIOHEHTH
300paskeHa Ha pucyHKy 3. IIpoanamizoBana HamMu
iHopmarisi, MOA0 BUHUKHEHHS TOXEK Ha TEPHUTO-
pii YkpaiHu BIpOIOBXK OCTAaHHIX TPHOX POKIB Jana
3MOTY OKpECIUTH OCHOBHI peKoMeHpauii moxo 0e3-
neuHoi ekcrutyatanii @EC. BpaxoByroun cTaTHCTHKY,
OlbIIiCTH MOKeX (58 %) BuHMKAaNO Ha gaxoBii DEC.
Jle HaWMOIMMPEHIMUMA CTAIA BUTIAIKA HESKICHOTO
MOHTaXy, KOPOTKI 3aMHUKaHHS B MICISIX 3’ €JIHAHHS
3’€HyBauiB POTOCICKTPUIHHX, HECTIPABHICTh iIHBEP-
TOpa Ta BIJICYTHICTh 0OCITYTrOBYyBaHHSI.
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- Mepeska 3MIHHOTO
CTpyMy
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Puc. 3. Ipunnunosa oynosa ®EC:

1 — doToesiekTpHYHNI PAAOK; 2 — BUMHKAY
nocriiiHoro crpymy; 3 — inBepTop; 4 — BUMHKAY
3MiHHOTO CTPYMY; 5 — eJIeKTPUYHMIA IIHT;

6 — cmoxkuBaY; 7 — TYHIBHHK

SIk MOkHa 1100aunTH, KoKeH KomioHeHT PEC —
BOXJIMBHUH, Ta CTAHOBHTH PHU3HMK IOXEXKHOI HeOe3-
nek. Jns BU3HaueHHsS HaWKpalluxX MPaKkTHK HIOI0
MOTICPE/KCHHSI BUHUKHEHHsI TToxkek Ha OEC Hamu
MIPOBEACHO NOCHiKeHHs [ 12], e y IpOBIIHUKY CTBO-
pIOBAJIM CTPYMOBI HaBaHTKEHHSA (PIKCyBaJM: dHac,
3HaYEeHHS TeMIIepaTypu Ta CHIIA CTPyMy 3’ €HyBada
Ta MPOBITHMKA. 3HAYCHHS! HAPYTH Ta CUIH CTPyMY
¢ikcyBanucs 3a JOMOMOTOI0 BOJIBTMETPA Ta amIiep-
MeTpa, BBIMKHEHHX Y CXeMy JabopaTopHoOi ycra-
HOBKH, a TEMIIEPaTypH — 3a JOTIOMOT'O0 TETIOBi30pa
Ta TepMmortapu. ['apsamii cmait Tepmomniapu pikcyBamu
Ha TIOBEPXi KOHTAKTHOTO 3’ €HyBada JJIsi OTPAMAaHHS
3HauYeHb TEMIIEPaTypH 30BHILIHBOI MIApy 3’€IHyBaya
(i301511ii).

{06 mobaunTH HACKIIBKU BIMBAE MPOBIIHUK HA
3’€qHYBad A0 MIBUAKO3HIMHOI THI3ZA0BOI YacCTHHHU
TIPUENHATIA TIPOBIAHUK, SKUH MO3UIIOHYETHCS Ha
PUHKY, K KaOenmb Asi 3’€THaHb (OTOENEKTPUIHIX
cucTeM (BUKOHAHHWH 3 JIyIKeHOI Mini, B SKOCTI i30-
JISIIT — MOMIBIHUTXJIOPU/), @ JI0 IIIBH/IKO3HIMHOT IITe-
KepHOI YacTWHHW TPHUETHATN TPOBITHUK BITUYU3HS-
HOTO 3pa3Ka.

B xoxi mpoBeneHHS MOCTiAy, MMOCTYIOBO HaBaH-
TaXyBall 3 €IHYBAJIbHY UISTHKY 3a JIOTIOMOTOIO
71a00paTopHOi YCTaHOBKH. 3MIHIOBAIM MapaMeTpH
HaBaHTAKEHHS JUISHKU 3’€JHAaHHS 4acTUH (OTo-
CJIEKTPUYHOT CHUCTEMH 3a JIOMIOMOTOI0 aBTOTPAHC-
¢dopmaropa TV 1. ExcriepuMeHTalIbHI 3HAUECHHS CHJIU
CTpyMy, OOYMOBJICHI MOMYCTUMHUMH CTPpyMaMH IS
MIPOBITHUKIB TIEBHOTO Tiepepi3y, 3riaHo 3 I[IYE [11]
Tabmn. 1.3.4. imityBanocs 2, 3 ta 4-KpaTHe CTPyMOBE
NepeBaHTaKCHHS.

Po3MimienHst mabopaTopHoi YCTaHOBKH, 3pa3KiB,
BUMIPIOBAIBHOT TEXHIKH Ta 3ac00iB (oTO-Bieo Pik-
carrii 300pakeHa Ha pUCYHKY 4.

Pesynprat  BumpoOyBaHb ~ 300pakeHO  Ha
pucyHky 5. IIpotsirom 35 xB aBTOTpanchopmaTopom

Puc. 4. Po3milieHHs ycTaHOBKH, 3pa3KiB,
BUMipIOBAJILHOI TEXHIKHU Ta 3ac00iB
(oro- i Bineodikcanii

a
b
c

Puc. 5. ®oroesnexrpuyni 3’eanyBaui Tumy MC-4
Mic/Is1 MPOBeeHOro BUNPOOYBAaHHSA: a — 3Pa30K
3aKOPAOHHOI0 BUPOOHMITBA, b, ¢ — BITYM3HSIHOIO

CTBOPIOBAJIMCA CTPYMOBI T€peBaHTaKEHHs, (cuiia
CTPyMY, 110 MPOTiKaIa TPOBITHAKOM Ta 3’ €THyBa4YEM,
craoBmia 110 A, na 35 XB 3MiHWIM TTapaMeTpH Ha
aBrotpanchopmaropi. CraHoM Ha 36 XB cujia CTPyMy
cranoBmia 160 A) [13].

3 KOXKHMM HACTYITHUM KPOKOM 3MiHM Iapame-
TpiB MepeHaBaHTAKEHHS: TeMIleparypa Ta 30BHIIIHI
O3HAKH IITICHOCTI 3’€qHyBada Ta TMPOBITHUKIB 3Mi-
HIOBAJINCh.

dotoenekTpuuHi  3’€AHYBadi  BITYM3HSIHOTO
BUPOOHUITBA Yy MOPIBHSAHHI 31 3pa3kaMH 3aKOPJOH-
HOro — Habararo ripmie mokaszaim cebe B yMOBax
CTPYMOBOTO TICpEHABAHTAKEHHS. 3’ €THyBaul BITUM3-
HSHOTO 3pa3Ka IMpU CTPIMKIH 3MiHI CHIIH CTPyMy
BTPATWJIM CBOIO KOHCTPYKTHBHY IIUTICHICTH 4Yepes
TEPMIUHY JECTPYKILil0, IPU LOMY IHTEHCUBHE TUMO-
YTBOpEHHsI 3011bLIYBANOCh 31 3MIHOIO TapameTpiB
TeMmreparypu Ha 3’eqHyBadi.. [lopiBHAIbHA XapakTe-
pUCTHKA 3’ €QHYBaYiB 3a pe3ylbTaTaMH MPOBEICHUX
JOCITIPKESHb HaBEACHA Ha PUCYHKY 6.

[IpoBiBmM mocCIiKeHHS BU3HAYIIIN CIa0Ki MiCIIs
(hoTOEIEKTPUYHOT CUCTEMH CaMe Ha MPOBIJHHUKAX Ta
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Puc. 6. [lopiBHsIUIbHA XapaKTePUCTHKA 3’ €IHYBaYiB 3a pe3yJibTaTaMH MPOBEIEHHSI T0CTixy

3’enHaHHsX | 14]. Bukopucrants HecepTH(IKOBAaHOTO
00aTHAHHS TIPU3BEE 10 KaTacTpOoPiTHNX HACIIIKIB
He JuIIe cy0’eKTa roCIoapioBaHHs, a i JUIst orepa-
TUBHO-PATYBAIBHHUX CITYKO IIUBLIBHOTO 3aXHCTY, 110
npuOyBaloTh ra JiKBifalio HaA3BUYaliHOI CUTYaLi.

OTxe, K MOXKEMO MoOauuTH 3’€JHyBaul 3aKOp-
JIOHHOTO 3pa3Ka 3/laTHi BUTPUMYBaTH CTPYMOBE
MEepeHaBaHTAXEHHS Ta TPH [bOMY HE YTBOPIO-
BaTH  BHUCOKHX Temmeparyp. llepciiekTtuBHIM
€ TaKoX IIoHaibIle IOCIHIKEHHS BOTHECTIHKOCTI
Ta IHIIMX OKAa3HUKIB MOXEKHOI Oe3reku (poToenek-
TPUYHHUX CHUCTEM.

BpaxoByroun faHi JTOCIIKEHHS, 3 METOIO 3aro0i-
raHHs BUHUKHEHHS HOXKEXK Ta noxii Ha 00’ ekrax DEC,
a TaKkoK TIOTIEPEDKCHHS HEIIACHUX BHITAAKIB (TpaB-
MYBaHHS, 3arv0eb), sIK BIACHUKIB TaK 1 TOXEKHUX-
PATYBaJIBHUKIB MPOEKTYBaHHS Ta ekciutyaraiiss OEC
MOBUHHO 3JIIHCHIOBATUCS 3 YpaXyBaHHSM BHKOHAHHS
0a30BMX BUMOTI, 110 BKJIFOUAIOTH Taki acriekTa [10]:

— YHUKHEHHS TEpeIKoN Il pOOOTH CHUCTeMH
JIUMOBH/IATICHHS, HEJOIyIIEeHHs! OJIOKYBaHHS CBIT-
JIOBHX JIIXTapiB Ta yCKIAIHEHHS pOOOTH MPUPOTHUX
CUCTEM BiJIBEJICHHS UMY 1 TeILa;

— 3ano0iranHs nomwupenHio noxkexi Bix PEC Ha
OyaiBIIO Ta/ab0 MiXk 11 OKPEMUMH POTUTIOKEKHUMH
BiJCIKAMH;

— 3a0e3redeHHs] 3aCTOCYBaHHS (POTOENEKTPHY-
HUX KaOeliB, PO3MOAUTRIMX INUTIB Ta 3’€IHYBadiB
MOCTIHHOTO CTPYMY Ha IOLIUPEHHS MOXKEkKI Ha Jaxy
uu acasii OyIiBIIi/COPY/IH, JIe BCTAHOBJIICHO CHCTEMY;

— 3a0e3neucHHs Oe3neku 00CITyrOBYOUOIO IMep-
COHAITY;

— 3a0e3neueHHs] OE3MeKH IOKEKHO-PATYBAIb-
HUX IPO3ILITIB.

BucnoBok. 3ano0iranns noxexam Ha OEC 1o
NpUKpiMIIeHHi 10 hacary OyaiBiIi/COpyAHr HE MOXKITUBE
0e3 MeTOo/ly CHCTEMAaTHYHOTO OIVISIY BCiX KOMITOHEH-
TiB, OCKUIBKH, TOMKOKeHN @EM Moke reHepyBaTu
MOTYXXHOCTI, SIKi BKa3aHi BUPOOHUKOM B TEXHIYHOMY
nacropti 6e3 cyrreBux 3MmiH. lleli Meron edexTus-
HUU MPU BHUSBICHHI TPILUH, 10 MOXKYTh BHHUKATH,
SIK BiJl MEXaHIYHOTO TaK 1 BiJl PUPOHOIO BIUIMBIB,

«rapsiuX TOYOK», & TAaKOK NPU MOHITOPHHTY CTaHY
3’eqHans Ha ®EM abo macusi. [Ipu omsimi pekoMeH-
JIOBAaHO 3aCTOCOBYBaTH TEIUIOBI3OpH, SIK PY4HI, Tak
1 B ckiani OE3MIOTHHUX JITANbHUX amapariB, sKi 3a
YMOBH BEJIMKHX IUIONI, 3MOXYTbh MLIBHAIIE OOCTe-
JKUTH TEPUTOPIiIO Ta BU3HAYUTH MicCLS 3 MiABUIICHUM
PH3HKOM.
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