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AHAJII3 HEAOJIIKIB ITPOTUITOKEKHOI'O 3AXUCTY OB’EKTIB
KPUTUYHOI IHOPACTPYKTYPH

Beryn. CraTTio MpUCBsYEHO aHaIi3y 0COOMUBOCTEN TaCiHHS MOXKEK Ha EHEPTeTHYHNX 00’ €KTax B YMOBax
BOEHHUX [Ii#1 1 crienu(iku HOPMAaTUBHO-IIPABOBOTO 3a0€3MeUEHHS MPOTUTIOKEKHOTO 3aXHCTY.

MeTta gocigKeHHs1 — BUSBICHHS IPOOJIEMHHX aCHEKTiB QYHKIIOHYBaHHS CHCTEM MOXKEKOTACIHHS eHep-
TeTUYHOI IHQPACTPYKTYpH B YMOBaX BiHM Ta BU3HAYCHHS IIUISAXIB YIOCKOHAJICHHS HOPMaTUBHOI 0a3u 3 ypa-
XyBaHHSM MIKHApOMHOTO gocBimy. Ilin gac HayKOBOTO MOCIHIKEHHS BHKOPHCTOBYBAJIUCS 3aralbHOHAYKOBI
METOJIY TTi3HAHHS: aHaJli3, CHHTE3, IOPIBHAHHS, y3araJIbHECHHS Ta CHCTEMHUHN ITiIX1]I.

Pe3yabTaTu AocaigKeHHS MTOKA3yIOTh, 10 MIPKHAPOIHA MPAKTHKA MTPOTUIIOKEKHOTO 3aXUCTy €HEPTETUIHUX
00’€KTIB TPYHTYETHCS HAa KOMITIEKCHOMY TIO€THAHHI aKTUBHHX 1 TACHBHIX 3aX0/iB. 30KpeMa, 3p00JIeHO aKLIEHT Ha
BuBueHHI cTaHmapty NFPA 850, me mociimkeHo BUMOTH ITI0/I0 BITPOBAHKEHHS CyJacHHUX aKTHBHUX CHCTEM ITOXKE-
JKOTaciHHA, SIK-OT BOISHHUIA TyMaH, TTiHa, Ta30Bi YCTAHOBKH Ta CUCTEMH MIBUAKOTO CKMIAHHA THCKY. Lle mae 3mory
MiHIMI3yBaTH pU3UKH BUOYXIB i momupenHs Borato0. [lopsin i3 M mokazano, mo craagapt IEC 61936-1 Bu3nauae
OUTBIII JIETaIbHI aCMIEKTH MO0 JOTPUMAHHS BifcTaHEH MIX TpaHCcopMaropamu, Kiacuikarlii pianH, BAMOT 110
BOTHECTIHKOCTI CTiH 1 BpaXyBaHHS ceiicMOCTiHKOCTi. JlociimkeHo, Mo yKpaiHChka HOpMaTHBHA 0a3a € JOCTaTHhO
PO3BHUHEHOIO, MICTUTB «HCTPYKILiO 3 TaCiHHS TIOXKEK HA €HEPreTHYHIX 00’ €KTax» Ta IHII JOKyMEHTH, SIKi peria-
MEHTYIOTb ITOPSIJIOK JIiHl y pa3i 3aropsHHs TpaHchopMaTopiB, KaOeTbHUX TYHEIIB i reHepaTopiB. 3HauHa yBara pH-
JInseThes Oe3relli IepcoHalTy, 3aCTOCYBAHHIO TIEeIEKTPUIHUX 3aC001B 3aXHCTY, a TAKOXK MPABUIIaM BUKOPHUCTAHHS
BOIM, IHEPTHUX Ta3iB 1 MiHU. BomHowac mokaszaHo, 110 BITYM3HIHI HOPME PO3POOIISUTHCS TIEPEBAXKHO B YMOBAX
MHPHOTO Yacy, yepe3 10 BOHN He BPaxOBYIOTh CY9aCHMX BHUKJIMKIB. HemocTarHh0 BperyIb0BaHIMH 3aJIUIIAI0THCS
MUTaHHS BUOYXOCTIMKOCTI CTiH, HEOOXIHOCTI BUKOPUCTAHHS CHCTEM IIBHIKOTO 3HIDKEHHS THCKY, CyJacHOi Kila-
cudikariii TpaHcopMaTopiB Ta EKOIOTTYHUX 0OMEKEHB IIOA0 3aCTOCYBAaHHS BOTHEracaInX peyoBHH. [ 3a6e3-
TICYCHHS TPAKTHYIHOI MIHHOCTI JOCTIHKESHHS 3allPOTIOHOBAHO KOHKPETHI HANIPSMHU BIOCKOHAICHHS HOPMATHBHOI
0azu, a came: 3arpoBaHKEHHS] BUMOT JIO CUCTEM IIBHUIKOTO CKUIAHHSI TUCKY; IeTalli3allis mapaMeTpiB aBTOMATHY-
HUX CHCTEM ITOXKEIKOTACIHHS, YCTAHOBJICHHST HOPM BHOYXOCTIHKOCTI TIPOTUIIOMKEKHUX CTiH; YBEICHHS CKOJIOTTIHIX
00OMeKeHb MO0 TIHOYTBOPIOBAUIB; iHTETPAITis ITOYKEKHOI aBTOMATHUKH 13 CHCTEMaMH KePYBaHHS €HEPTETHIHUMH
00’ekTamu i yTouHeHHS Kitacudikarii TpaHchopMaTopiB 3a TUIIOM JieTICKTPHIHIX PiIrH.

Kuio4oBi ciioBa: eHepreTnyHi 00’ €KTH, TIOKEKOTACIHHS, BilfHa, HOpMaTHBHA 0a3a, 3aXHCHI CIIOPY/IH.

D. P. Voytovych, R. Yu. Sukach
Lviv State University of Life Safety, Lviv, Ukraine

ANALYSIS OF SHORTCOMINGS IN THE FIRE PROTECTION
OF CRITICAL INFRASTRUCTURE FACILITIES

Introduction. The article focuses on analyzing the peculiarities of fire extinguishing at energy facilities
under wartime conditions and the specifics of regulatory and legal support for fire protection.

The purpose of the study is to identify problematic aspects in the functioning of fire extinguishing systems
within the energy infrastructure during war and to determine ways of improving the regulatory framework with
consideration of international experience.
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The research employed general scientific methods of cognition: analysis, synthesis, comparison,
generalization, and a systematic approach. The findings demonstrate that international fire protection practices
for energy facilities are based on a comprehensive combination of active and passive measures. Particular
attention is given to the NFPA 850 standard, which addresses requirements for implementing modern active
fire suppression systems, such as water mist, foam, gas installations, and rapid pressure relief systems. These
measures help minimize the risks of explosions and fire spread. At the same time, IEC 61936-1 specifies
more detailed aspects related to transformer spacing, fluid classification, fire resistance requirements for walls,
and seismic resistance considerations. The study shows that the Ukrainian regulatory framework is relatively
developed and includes the “Instruction on extinguishing fires at energy facilities” and other documents that
regulate procedures in case of transformer, cable tunnel, and generator fires. Significant attention is devoted to
personnel safety, the use of dielectric protective equipment, and the rules for applying water, inert gases, and
foam. However, it is demonstrated that domestic standards were mainly developed in peacetime and therefore
do not address current challenges. Issues such as explosion resistance of walls, the necessity of rapid pressure
reduction systems, modern transformer classification, and environmental restrictions on fire suppression
agents remain insufficiently regulated. For the study’s practical value, several specific directions for improving
the regulatory framework have been proposed, namely: introducing requirements for rapid pressure-relief
systems; specifying the parameters of automatic fire-extinguishing systems; establishing explosion-resistance
standards for fire barriers; implementing environmental restrictions on foam-forming agents; integrating fire-
protection automation with control systems of energy facilities; and refining the classification of transformers

based on the type of dielectric liquids.

Key words: energy facilities, fire extinguishing, war, regulatory framework, protective structures.

IlocranoBka npoOiaemun. B ymoBax BO€HHOI
arpecii mpotu YkpaiHu eHepreTHyHa iH(QpPacTpyK-
Typa cTaja OJHI€I0 3 TOJIOBHUX LI MacoBaHMX
aTak MPOTHBHMKA. PyliHyBaHHs TpaHchopMaTopHUX
MapKiB, PO3MOAIIBYMX MIACTAHIINA Ta IHIIUX eJe-
MEHTIB €HEpPrOCHUCTEMH HE JIUIIE 3arPOKy€e CTaOIIh-
HOCTI €HEeprornocTadyaHHs, aje W CTBOPIOE KPUTHYHI
PU3UKHU JIJISl HAalliOHAIbHOT Oe3neku. Y BiAMOBigs Ha
i BUKJIMKH PO3MOYANOCS IIMPOKE BIPOBAKEHHS
IHKEHEpHUX 3axXHCHUX CIOpYHA, AKI MiJABHIIYIOTH
CTIAKICTh EHEPTeTHIHHUX 00’ EKTIB /IO ypaKEHHS, aje
BOJHOYAC 3MIHIOIOTh YMOBH OpTaHi3aIlii Ta MmpoBe-
JICHHS TaKTHKH iX raciHHA. TakuM 4MHOM, BUHUKA€E
notpeda B KOMIJIEKCHOMY HayKOBOMY aHaji3i Mmoen-
HaHHS 3aX0A1B (Pi3MYHOTO 3aXKUCTy Ta CUCTEM IPOTH-
MIOXKEKHOT OE3IMEeKH.

Oco0nMuBy aKTyaldbHICTh AOCIIHKCHHS BHU3HAYAE
HEOOXITHICTh iHTeTparlii MDKHAPOAHUX CTaHIAPTIiB
Ta MPaKTHK 13 HAlllOHAIbHUMU HOPMaTUBHUMU JIOKY-
MeHTaMHu. MikHapoHi periamMeHTH (30kpema, NFPA
850 ta IEC 61936-1) nponoHyrTh cHCTEMaTU30BaH1
MiJXOAW JIO OpraHizaiii MPOTHUIOKEKHOIO 3aXHCTY,
sIKi 0a3yI0ThCS Ha 6araTopiBHEBUX TEXHIYHUX 1 Opra-
HizaniiHUX pimeHHsX. BogHouac ykpaiHCbKa HOpMa-
THUBHA 0a3a po3polIisiiacs B MUPHUH Yac 1 He Bpaxo-
BY€ Ccriei(iKH BOEHHOTO CEpelOBHIIIA, A€ AONATKOBI
IH)KEHEpHI YKPUTTS MOXYTh YCKJIaJHIOBATH JOCTYII
MOXKEKHO-PATYBAIBHUX MIAPO3ALIIB 1 pobOTY cTario-
HapHUX cucTeM. L{e 3yMoBIIO€ TOTpeOy B MOPIBHSIIL-
HOMY aHali3i Ta QopMyBaHHI peKOMEHIAIii MO0
BIIOCKOHAJICHHS ICHYIOUMX ITiJIXOIIB.

AHaJi3 OCTaHHiX HayKOBHX JOCJiIKeHb
i myOmikaniid. [lutaHHS o0COONMBOCTEH TaciHHS
EHEePreTUYHNX 00’ €KTIB B yMOBaX BIHU € JOCTaTHHO

JOCHIUKEHUM SIK Y BITYM3HSIHIM, Tak i B 3apyOix-
Hill HayKoBiil JjiTepaTypi, ajpke mpobiemarruka Oes-
MeKU KPUTUIHOT iH(pacTpyKTypu Halyna 0coOnmBoi
aKTyaJbHOCTI y 3B’SI3KY 3 BOEHHUMH disIMH TIPOTH
VYKpainu. 3HaYHUII BHECOK y PO3BUTOK TEMH 3PO-
OWiM BITYM3HSHI JOCITIIHUKH, Cepel SKUX BapTo
Bim3Hauntn B. M. bananroka, B. C. Mupoikina,
H. L. T'yzap, O. L. I'apacum’roka ta }0. O. Konuctun-
chKOTO [1], sIKi 3ampOMOHYBaJIM MiJBUIIEHHS €(eK-
THBHOCTI TaCiHHSI TTOXKEX Ha BIAKPUTHX CJICKTPUIHUX
MiJCTAHIIAX NIITXOM BHKOPWUCTAHHS BOTHETACHHX
aepo30JIiB, IO € 0COOIUBO BAKIMBUM B yMOBaX nedi-
LIUTY PECYPCIB MiJl Yac BOEHHOTO cTany. HopmarusHi
ACTICKTH BiI0OpaXkeH! B METOINYHHUX PEKOMEHIAIIISIX
I'enepanbroro mraby 36poiinnx Cun Ykpainu [2] Ta
iHCTpyKIii MiHicTepcTBa roctumii Ykpainu [3], me
BH3HAYECHO TEXHIYHI i OpraHi3amiliHi 3acajiy JiKBiga-
1ii OXKeXK Ha EHEPreTHYHUX 00’ EKTaX.

Cepen 3apyOiKHUX aBTOPIiB BaYKIMBUMH € TIpaili
P. Anakhov [5], sikuii aHamizye crmocoou 3aXuCTy KpH-
THYHOI €HEePreTUYHOI IHPPaCTPYKTYypH BiJl TEPOpPHC-
THYHUX 1 BOEHHHX 3arpo3, Ta M. Betus, M. Koncek,
M. Sofranko, J. Cambal i M. Ondov [6], sixi zocui-
JIIWJIA METOIM TaciHHA IOXKEXK Ha 00’ e€Krax i3 BUCO-
KOIO HAIpyTO0, MiIKPECIIOI0UN MoTpedy B afanTamii
TEXHOJIOTIH 10 eKCTpeMalbHUX yMOB. MiKHaApOIHi
CTaHIapTH TaKOX BiNIirpaloTh 3HAUYHy poib y (op-
MyBaHHI cydacHOi cucTeMu noxexxHoi Oesmekn: [EC
61936-1[7] Ta NFPA 850 [8] BCTaHOBITIOIOTH 3araJibHi
BHMOTH 1 IPAKTUYHI PEKOMEHJIAIII1 JUISI BUCOKOBOJIb-
THUX €JICKTPOYCTAaHOBOK Ta €JIEKTPOCTAHIIIH.

OcobnuBy  yBary  3acilyroBye  IyOJiKais
J. Przybylak [9], sska BUCBITIIFOE pU3UKH SKCIUTyaTaIlii
aTOMHHX EJIEKTPOCTAHIIA y 30HaX OOWOBMX i, Ta
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nocmimkenHas M. Schmitt [10], ne po3missHyTO TIpa-
BOBI aCIIEKTH aTak Ha EHepreTHYHY iHQPACTPYKTypy
B KOHTEKCTI MDXHApPOAHOIO T'yMaHITapHOTO IpaBa.
HonarkoBo mpamst O. Bacwmoka, E. CimoHOBa,
A. JlaBunoroi, B. Konoxexuoi ta 5. CrinoBoi [11]
BHCBITIIIOE€ €KOJIOTIUHI HACIIIKA PYHHYBaHHS C€HEp-
TETHYHHUX OO0 €KTIiB, IO MPSIMO BIUIMBAIOTh Ha 0e€3-
TMIEYHICTh MPOBEICHHSI aBapiHO-PATYBATBHUX POOIT.

[lonpu mOCTaTHIO KUIBKICTH JiTeparypu i3 wi€l
TEMH, BiAUYBa€ThCS HECTa4a CHUCTEMaTH30BaHOTO
Marepiaay MO0 OCOOIMBOCTEH TaCiHHS IMOXKEK Ha
CHEPreTHYHUX 00’€KTaX Y BOEHHHX YMOBax, a TOMY
3 BUKOPUCTAHHSM Pi3HUX METO/IIB HAYKOBOTO ITi3HAHHS
Oyno mpoaHai30BaHO, 3TrPYNOBAHO W Yy3araJbHEHO
iH(pOpMaiio 1 moAaHo 11 y CBITII TeMH AOCIHiIKSHHS.

MeTonosnorisi Ta MmeToau. MeToonoriyHa ocCHOBa
MOCIIDKEHHSI TPYHTYETbCS Ha TIOETHAHHI HOpMAa-
THBHO-aHAJIITAIHOTO ITi TXO.TY, HOPIBHSIILHOTO aHAJTI3Y
mixaapogaux (NFPA 850, IEC 61936-1) Ta Hario-
HaJILHUX periaMeHTiB [1-8], a Takox 3acTocyBaHHI
0a30BUX 1HKCHEPHHUX MOJICJICH OILIHIOBAHHS IOXKEK-
HUX PU3HKIB JUI €HEPTeTUYHUX 00 €KTiB. Y poOOTi
BHKOPHCTAHO METOM KIIbKICHOTO MOPIBHSHHS XapaK-
TEPUCTUK ITOXKEKHOI Oe3MEKH, 30KpeMa PO3paxyHOK
pazianiifHOTO TEIUIOBOTO MOTOKY, aHaJIi3 BIUIUBY I'€O-
MeTpil 1HKEHEpHHX YKPHUTTIB Ha 4Yac JOCTYHHOCTI
JI0 TpaHC(OPMATOPIB Ta OI[IHFOBAHHS BiJIIIOBITHOCTI
MEX BOTHECTIMKOCTI ¥ MIHIMAQJbHHX MPOTHITOKEK-
HUX BiJICTaHEW pPI3HUX HOPMATHUBHUX cucTeM. J[isa
OOTpYHTYBaHHS BHCHOBKIB TIPOBEJIEHO CHCTEMaTH3a-
{10 BUMOT HOPMaTUBHUX JIOKYMEHTIB, MOZETIOBAaHHS
KPUTHUYHUX CLEHAPIiB MOXeX Ta IXHHOTO BIUIMBY Ha
MOKIIMBOCTI T'aciHHsI B yMoBax OoHoBux mii. Takuii
KOMITJIEKCHUH Tiaxif 3a0e3MeunB iHTErpaIio Teope-
TAYHOTO aHaI3Yy, IHKCHEPHUX PO3paxyHKIB Ta HOP-
MAaTUBHOI OLIHKH 3 METOIO BHUSIBJICHHS CTPYKTYPHHUX
nporayvH i GopMyBaHHS NPAKTHYHUX PEKOMEHAAIIH
HIONO ajanTalii MPOTUIIOKEKHOTO 3aXHCTy €Hepre-
TUYHUX 00 €KTIB Y BOEHHUH TEPIiOJ.

Merta cTaTTi NOIATaEe y CTUCIIOMY aHaJi31 MiKHa-
POIHUX 1 HAIlIOHATHHIX HOPMATHBIB ITOXKEIKOTACIHHS
eHepreTHYHNX OO0 €KTIB 13 BpaxyBaHHSM cCydac-
HUX yYMOB BiliHM Ta BHU3HAYECHHI HampsMiB iX yxo-
CKOHAJIeHHA. Y MeXax AOCHIIHKEHHsSI BHUPIIIYIOThHCS
3aBJaHHS: BHBYCHHS MIXHAPOMHOI MPAKTHKH IPO-
tunoxkexaoro 3axucty (NFPA 850, IEC 61936-1),
OIliHKa YKpaiHCBbKOI HOpPMAaTWBHOI 0a3W 3 BHOKPEM-
JEHHSIM 1 CHJIBHUX CTOPIH 1 TPOTaliiH, a TaKoX
BCTaHOBIICHHA CIIEIM(DIKK MTOKEKOTACIHHI B YMOBaX
BOEHHHX 3arp03 3 OKpECICHHIM OTpedr B aganTamnii
YHMHHMAX 1HCTPYKILINA A0 HOBHUX peaii.

Buxnan ocHoBHOTo MaTepianay. B ymoBax BiiiHH
00’exTH eHepreTHyHOi iH(MpacTpyKTypu VYKpaiHu
CTaM HAWOLIBII ypa3NTUBUMU LIJISAMH, Ha SKi 3ii-
CHIOIOTBCSl CHCTEMaTH4HI Ta MAacOBaHi aTakd 3 OOKY

npoTuBHUKA. PyiiHyBaHHS TpaHC(HOpPMATOpHUX Hap-
KiB, PO3MOIUIBYMX MiJCTAHIIN Ta IHIIMX €JICMCHTIB
€HEeprocUcTeMH Oe3MocepeTHBO 3arpOXKy€e CTadLIb-
HOCTI pOOOTH €HEPTETUYHOTO CEKTOPY Ta HAIIOHAIb-
Hi# Oe3meri 3arajoM.

VY BiamoBine Ha 10 3arpo3y MiHICTepCTBOM Ta
I'enepanpanm mtabom 30poiinux Cun Yipainu Oyiau
po3po0iieHi # onpuitoaHeH] MeToIn4HI peKoMeH 1a-
1ii 3 iIMKEHEPHOTO 3aXKUCTy Oy/miBeIh, CIIOPY/ Ta JaxiB
00’exTiB KpuTH4HOI iH(pacTpykrypu [2]. Llei moxy-
MEHT CTaB OCHOBOIO ISl ITUPOKOTO BIIPOBAKECHHS
IHKEHEpHHUX 3aXHCHUX CIOpYA Ha BCiX KIIOYOBUX
EHEePreTHYHHUX 00’ €KTaX. Y MPaKTHUI BKE 3aCTOCOBY-
IOThCSI PI3HOMaHITHI KOHCTPYKTUBHI PillICHHs, KJIacH-
(hixoBaHi Ta mogani B Tab6m. 1.

Pazom i3 TuM mocTae BaKITMBE MUTAHHS: MTOTPH
HasBHICTH 0araropiBHEBOTO IHXXEHEPHOIO 3aXHUCTY,
OpsMi BIy4YaHHs OO€NpuNaciB 3alUIIAIOTHCS HEMU-
HYyYMMH, a OTXE, BUHUKAIOTh IOXKEKi, SKi MOTpe-
OyIOTh HETalHOi JoKami3aIlii Ta JKBigarii. Y mii
CUTYyaIlii KIIFOYOBUM € 3’SCYBaHHS, HACKUJIBKH Pi3HI
TUIN 3aXUCHHUX CIIOpPY/A CIPHUSIOTh a00, HAaBIIaKH,
YCKIIQJIHIOIOTh TMpoLec racinHs moxkex. [loctym mo
KPUTUYHOTO 0ONagHaHHs (TpaHCPOpMaTopiB, BUMH-
Ka4viB, IIUHHUX CUCTEM) MOXKE OyTH OOMEKEHHIA, 110
moTpedye amanTariii sIK CTallioOHapHUX, TaK 1 MOOLTE-
HUX CHUCTEM ITOXKEKOTACIHHSL.

s Toro 100 OIiHUTH MOIINIBHICTh Ta e(EeKTHUB-
HICTh BIPOBAKCHUX 1HKEHEPHUX DillleHb, HEOOXiI-
HUM € aHaJi3 HOPMAaTUBHUX JKEPE, SIKi BU3HAYAIOTh
BHUMOTH JI0 3aCO0IB raciHHs, TUCTAHINKH JOCTYIy Ta
TEXHIYHHX 3axofiB Oe3meku [3; 8; 7]. Came i3 boro
MTOYMHAETHCS JTOCHTIKEHHST TpOOIeMH — BWUBYCHHS
MDKHapOTHUX 1 HAMIOHANBHUX CTaHAAPTIB, MIO
BH3HAYAIOTh NPUHIMIIM OpraHi3alii CHCTEM MpPOTHU-
MOYKEXKHOTO 3aXHCTY B YMOBAX MiJBUILECHOT BOEHHOT
HeOe3MmeKH.

AHami3 MiXHApOMHOI MpakTuku (Tabm. 2) opra-
Hi3amii MPOTHUIIOKEKHOTO 3aXUCTy EHEPreTHYHHX
00’€KTiB IEMOHCTPY€E HAsBHICTh YCTaJICHUX CTaHAAP-
TiB, IO PErIaMEHTYIOTh SIK TEXHIYHi, TaK i opradi-
3alliiiHi 3aX0u NOKex)HOi Oe3neku. Cepes; HUX 0CO-
6muBe 3naueHHs maroTh NFPA 850 (CIHIA) Ta IEC
61936-1 (€C), sixi BU3HAYAIOTH MMIIXOON J0 Oe3rmed-
HOI eKcIuTyaramii Tpanc(opMaTopiB Ta iHIIUX BHUCO-
KOBOJIFTHUX YCTaHOBOK [8; 7].

VY noxymenti NFPA 850: Recommended Practice
for Fire Protection for Electric Generating Plants
and High Voltage Direct Current Converter Stations
(2020) BW3HAUEHO KOMIUIEKCHY CHCTEMY WPOTH-
MTOXKEXKHOTO 3aXUCTY ENEeKTPOTEHEPYIOUMX CTaHIIIN
i migcranmiii. OCHOBHA KOHIIEHIIS IIbOTO CTaHAAPTY
moJisArae y MiHiMi3arlii HacIiIKiB aBapiii 1 3aro0iranHi
MOIIMPEHHIO TIOXKEXKI BiJl OJHOTO TpaHchopMmaropa
Ha IHIIT eJIEMEHTH 1HPpaCTPYKTypH 9u OyIiBIIi.
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Taomums 1

Bujau 3axucHuX cnopyn AJisi eHepreTHYHUX 00’ €KTiB

Tun 3axucHol
CIOpyIu

Ne KopoTtkuii onuc koHCTpyKIii IToxkeskHa Oe3mexa Ta MOKJIMBOCTI raciHHA

Ilepemxonu 3

Crncani BaroHn abo KOHTEHHEpH,
po3ramoBadi B 1-2 sipycH, 3alI0OBHEHi

Cxknagnicts goctymy no KE. Jlns raciaas —
sanumaTy npoxonu (0,7 m). 3acTocoByBaTu

BIIJIA / paketn

1 pyxomoro ckiany / . ) . CTaliOHAPHI CHCTEMH OXKEKOTaCIHHS
N MICKOM / IPYHTOM; OIATKOBO Oir- . .
KOHTEHHEPiB Gern 3BepXy (mina / Boza / ra3) abo mozasati BOXY 330BHi
yepes3 clielliajbHi OTBOPH
Jo6pe nokanizyroTs BUOYX 1 ynamku. J{ist
[epemkonu 3 6ir- Crinu 3 OCTOHHUX TUTAT raciHHs MOTpiOHI cTamioHapHi TpyOOIpoOBOIH 3
2 OeriB / rabioHiB / (3BaproroThes) abo Hacumy 3 Oir-OeriB | HacagkaMu abo MEPEHOCHI CTBOJH Yepe3 BY3bKi
TITAT irabioniB y 2-3 spycu, Bume KE poxoau. BHYTpIIIHI CTiHM MOXKHA BHKJIACTH
MIIITKaMH¥ 3 ITICKOM JIJIsl 3HH)KCHHS YJIaMKiB
MakcumainbHa HepenKo/ia yis J0CTYIIY.
Kapkac 3i craneBux KoJoH i pepm, [ToxexxoraciHHsl OpPraHi3oByIOTh Yepes3
3 «Capxodar» OOIINTHH METaJIeBUMH JIMCTaMH, 3 CTalioOHAPHI CUCTEMH IOXKEKOTaCIHHS
(Mmetan + rpyHT) MPOMIXKKaMH, 3aCUITAHUMH IPYHTOM; | BCEPEAMHI YKPUTTS (CIIPUHKIICPH, Ta30BE).
Iax 13 IUIMT 1 KAHATHUX €JIEMEHTIB [oTpibHi Tr0KHM / IpOXOIH IS TTOAdi
BOIHM / IIHU
[Migsimeni Ha omopax JIEIT Ha no)xexoracinis He BILTMBAIOTh, JOCTYII
4 JlaHIIOTOBI €KpaHU | JIAHIIOTH / TPOCH, SIKi 30MBAIOTh BiIKpUTHH. BuKOpHCTOBYIOTHCS K Oap’ep Ha

maxonax

. Bucoxi cTiiiku 3 HaTATHYTOIO
ITacuBHMit 3axUCT

5 31 cTaneBux omop i

CITKH .
3ac00iB ypaXkeHHA

METaJIEBOIO Ta MOJIIMEPHOIO CITKOIO
(20100 ™m). 3MiHIOE TPAEKTOPIIO

Hocrym no KE 36epiraetsest. ['aciHHs MOKIHBE
3BUYAMHUMH METOIaMH (BOJSHI CTBOJIH,
CHCTEMH MiHOYTBOPEHHS).

OOMeXeHHS — CKIIaJIHICTh JOCTYITY TEXHIKH Mij1
CITKOIO

Merasesi / nepeB’siHi KapKacH,
[IpocTopoBi Kapkacu |HEepeKpUTi JPOTOBOIO UM

IToxexoracinas MOXKIJIUBE, aJIC YCKIIAAHCHC.

KOHTelHepamHu 4 Oir-oeramu

6 . . [MoTpiObHO MependaYnTH CreNiadbHi OTBOPH JUIS
3 CITKaMH TeOTEKCTUILHOIO CITKOIO; BUCOTA HPOKITAZAHES PYKABIB i JOCTYITY CTBOIIB
> 2,5 M Haj TaXxoM CIOPYIN p py yoy
.. . MeraneBi TpurpanHi BigouBadi s . .
KyTogi BinOuBaui He BrmmBaroTh Ha MOXKEKOTACIHHS, OCKUIBKU HE
7 . cnorBopeHHs PJIC-kapTunu
(MeTaneBi «KyTH») . ; MEPEKPUBAIOTH TOCTYII 10 00IaJHAHHS
(1a 3emuti, Ha BOJI)
. MoKy Tb YCKIaIHIOBAaTH AOCTYIL, aJI€ 1al0Th
Hacwumu micky / rpynTy (1:1), YTb yCKIan AOCTYIL, & .
; . . no0py i3omsmiro. s raciHHs — cTamioHapHi
. VIIiTbHEHI KOTKaMH; BUCOTa OiTbIna .
8 IpyHToBi Banu CHCTEMH TTOXKEKOTACIHHA a00 TPOKITaJaHHS

3a KE. MoxnuBe HapolyBaHHS

CIeI[iaTbHUX KaHAMTIB / JIOKIB y Bajly AJIS TOadi
BOJIM

[IpumiTKa: cCTeMaTH30BaHO aBTOPaMH Ha OCHOBI [2].

AKLEHT poOUTBCSI HA aKTUBHHUX CHCTEMaXx MOXKe-
xoraciHag. /s TpaHchopMaTopiB  103BOJISIETHCS
BUKOPHCTAHHS BOJIU, IIHH, BOJSTHOTO TYMaHy, iHEpT-
HUX Ta3iB Ta HaBiTh aepo30JIbHUX crucTeM. OcobnmBe
MICIlE TOCITAar0Th TEXHOJIOTII IIBUIAKOTO CKUNAHHS
TucKy (fast depressurization systems), ki pearyoTb
3a MUTICEKyHIM Ta 3a100iraroTb BUOyXOBOMY PYyiHY-
BaHHIO Oaka TpaHcopmaTtopa. 3aBIsSKHA LOMY 3Ha-
YHO 3HIDKYETHCSA PU3MK MacIITabHOT moXexi i 3a6e3-
MEIy€eThCS 30EpeKEHHS OPOTOTro  OOJIaTHAHHS.
VY Hu3II BUNAIKIB TaKOX Tepen0avacTbCs MOXKITH-
BICTh BBEIEHHS CIELiaJIbHUX PEYOBMH (HAIPHUKIA,
BYIJICLIEBUX MarepiajiiB), 10 MPUTHIYYIOTH MpPOIEC
TOpiHHSL.

JIOKyMEHT BCTaHOBIIIOE KOPCTKI BUMOTH 10 PO3-
TalryBaHHS TpaHcdopmaropiB. MaciaoHanoBHEHI
TpaHC(OPMATOPH TOBWHHI MaTH TPOTHUIIOKEKHI

BiJICTaHi BiJ KiJIbKOX METpiB (Uil HEBETUKUX yCTa-
HOBOK) 710 15 M (7151 BeNMKHX arperartib). SKiio take
PO3MIIIIEHHST HEMOXKITUBE, TTepen0adyacThCsl BCTAHOB-
TeHHs mpotumnoxexxHux criH (firewalls) 3 mexero
BOTHECTIMKOCTI HE MeHIlE HiK 2 ronuHu. Taki CTIHH
MOBHHHI TepeBUILYBaTH radaputu TpaHCchopmMa-
Topa i BUcTynaru MiHiMyM Ha 0,6 M 3a Horo Mexi.
Kpim Toro, 060B’I3KOBUMH € CHCTEMH YIIOBIIIOBAHHS
Macna (oil containment systems), IO TTEPEITKOIKA-
I0Th PO3TIKaHHIO TOPIOYOI PiAMHM Ta i 3aiiMaHHsS Ha
CYMIXHHX JUISTHKAX.

Oxpemy yBary NFPA 850 npuuinsie ansrepHaTHB-
HUM JIEJEKTPUYHUM piUHAM, SIKI € HETOPIOYHMHU.
BuxoprcTaHHs TakuxX piAMH 3HAYHO 3HUXKYE IMO-
BIpHICTH 3aiiMaHHS, IO B MOE€THAHHI 3 aKTHBHUMH
CUCTEMaMH 3aXHUCTy MiJBUIIYE HAMIHHICTH 00’ €KTa.
BaxnuBuM KOMIIOHEHTOM € TaKOX OpraHizaliiHi
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Tabmuug 2

OcobauBocTI MOKekoraciHHA eHepreTuyHNX 00’ ekTiB 3riqno 3 NFPA 850

AcCHeKT

Oco0auBocTi

Tumnm cucreM HoXKeKOoraciHHs

BukopucToByOThCSI BOZIA, MiHA, BOASHUMI TyMaH, IHEpTHI ra3u; peKOMEHI0BaHi
compressed air foam systems

CucremMu IBUIKOTO
ckunanus Tucky (Fast
Depressurization)

MexaHiuHa crcTeMa, 10 CIPAIbOBYE 32 MITICEKYH/IM TiCIIsl aBapii, 3HIKYE TUCK Y
TpaHcgopMmaropi Ta 3anobdirae BUOyXy

Aepo30IIbHI CHCTEMU

3acTOCOBYIOTHCS B HEBEIIMKUX MPUMIIICHHSX K JOMOMIKHHAHN 3aci0 raciHHs

AxTHBHE BBCACHHA BYIJICIIO

(Carbon injection) BHITaIKaX

BBenenns BymenieBux mMarepiaiis uisl iHMOyBaHHS MpoIieCy TOPiHHS B IEBHUX

[poTumoxexHi BigcTaHi
(MacistHI TpaHchopMaToOpH)

Bincrani 3anexars Bifg 00’ emy mMacna: < 500 ram — MiHIMaIbHI BUMOTH;
500-18 925 ran— 7,6 Mm; > 18 925 ran— 15 ™

[IpoTumoxexHi CTiHA
(Firewall)

MaroTh MaTH BOTHECTIHKICTh HE MEHIIE HiX 2 TOAWHHU, OyTH BUIINMH 32
Tparcdopmarop i Buctynaru MiHiMyM Ha 0,6 M 3a HoTO MEXi

CucreMH yInOBITIOBaHHS

macia (Oil containment) CyCiaHIX 00’ eKTax

O060B’s13KOBI YIIOBITIOBAYI JJIs1 3aII00iraHHs PO3TIKAHHIO Macia Ta Horo 3aiiMaHHS Ha

BuxopucranHs HEroprouux

JUENeKTPUYHUX PiJUH 3aropstHHSA

PexomeHnioBaHe 3acTocyBaHHs He(IaMOOBaHUX PiJIMH JUIS 3MEHIIICHHS PUBHKY

3axucT BiJ BUOYXIB 1 ylIaMKiB

Firewall mae BuTprMyBaTH BUOYXH BBOJIIB UM OaKiB; MOXKJIMBE 3aCTOCYBaHHS
JIOIaTKOBUX 3aXUCHUX ILUTIB

Oprasi3arliifHi 3aX0/u

[Tporpama yrpaBniHHs NOXE)KHUMHU PU3MKaMH, HABYaHHS IIEPCOHAY, iIHTErparis
SCADA — cucteMu Juisi MOHITOPHHTY TOXEX

[IpumiTKa: crcTeMaTH30BaHO aBTOpAaMH Ha OCHOBI [8§].

3aX0JH: PO3POOKa MporpaM yIpaBIiHHS HOXKEKHUMH
pPHU3MKaMH, peryiIsipHa MiATOTOBKA MEPCOHANY, HasiB-
HICTh IHTETPOBAaHUX CHCTEM MOHITOPHHIY Ta CHTHa-
mizarii (SCADA).

Mixuapogamii cranmapt [EC 61936-1: Power
installations exceeding 1 kV AC — Part 1: General
(2021) Bimpizasiersest Bin NFPA 850 inmmMm akien-
TOM: y IICHTpI yBaru mnepeOKBa€ MacHBHHUU IMPOTH-
NOXEKHHI 3aXUCT. Moro BUMOrM Hacammepes CToO-
CYIOTBCSI TIPaBWJI MPOEKTYBAaHHS, PO3TAllyBaHHS Ta
knacudikamii TpanchopMaTopiB 3a THUIOM JieleK-
TPUYHHX PiAnH (MacisHi, MEHII roproyi, cyxi) [6].

JIOKYMEHT 4iTKO BU3HAua€ MiHIMaJIbHI BiJCTaHI
MK TpaHcdopmaropaMu 3ajeKHO BiJl iXHBOT KOH-
CTPYKIIi Ta 00’emy pimuau: Bix 0,9 M s cyxux
TpanchopmaropiB 10 15 M 19 BETUKHX MacjoHa-
MMOBHEHHX. Y BHUIMAJIKaX, KOJW 3a0€3MeYNTH TaKi Bij-
CTaHi HEMOXJIMBO, OOOB’S3KOBHM € BCTaHOBIJICHHS
MPOTUIIOKEKHHUX CTIH i3 MEXKE BOrHecTihkocTi El
60 (60 xBuuH) a6o HaBiTh REI 90 (90 xBunwmH).
Takum guaom, IEC dopmye OinmpIn meTanbHY CHC-
TeMy Kiacudikarlii Ta HOpMyBaHHS, SKa Ja€ 3MOTY
THYYKO BpaxoByBaTW peayibHi YMOBHU eKcILTyaTarii
(Tabm. 3).

Y wMixHapogHux craHaaprax, 3okpema IEC
61936-1, akTUBHI CHUCTEMH IOXKEKOTACiHHS 3raay-
FOTBCS JIUIIE OTOCEPEIKOBAHO, MMEPEBAKHO K 3aci0
3MEHIIIEHHS POTHITOKEKHUX BiJICTAHEH MIXK TpaHC-
(dbopmaTtopamu, 6e3 meranizamii IXHbOI TEXHOJIOTid-
Hoi cneundiku. Hatomicte IEC mpuainse 3nauny

yBary MuTaHHSIM CEHCMOCTIHKOCTI Ta BILTUBY BiOpa-
LI HA €HepPreTUYH] YCTAaHOBKH, III0 MailkKe HE PO3-
msiHyTo B NFPA 850. Y3aransHeHHS MDKHApOAHOI
MPAKTUKH 3aCBiUy€ HASBHICTb CHCTEMAaTH30BaHUX
MpaBHJ TPOTUIIOKEKHOTO 3aXUCTy EHEPreTHUHUX
00’€KTiB, Opi€HTOBAaHMX Ha OaraTOpiBHEBHWH Mif-
XiJ1 1 3a0e3neueH s mpane3aTHoCTi 00aHaHHS 3a
YMOB aBapii.

Crmin HaromocutH, mo cranmaptda NFPA 850 Ta
IEC 61936-1 po3pobismics B MUpHHIA yac 1 He Bpa-
XOBYIOTb PHU3HUKIB, BJIAaCTHBHX BOEHHOMY Cepezo-
BuIly. B yKpaiHCBKMX yMOBax J0O CTaHJApPTHHUX
BHMOT JIOJIA€ThCsI HEOOXIIHICTh peai3allii 3aXuCHUX
YKPUTTIB 1 CIOPYH, SIKi MiABUINYIOTH CTIHKICTBH 0
aTak, aje BOJHOYAC MOXYTh YCKJIaIHIOBATH IOCTYII
MOXKEXHO-PATYBAJIBHUX MiAPO3ALTIB 1 poOOTY crari-
OHApHUX cHCTeM Nokexxoracinus. [lonpu ue, obuasa
JOKYMEHTH 3aJIMIIAIOTbCS 0Aa30BHMHU OpIEHTUPAMH
IUTS TIPOEKTYBAHHS W eKCIUTyaTamii eHepreTHYHHX
00’exTiB [8; 7].

VYkpaiHCbKe HOpPMAaTUBHE PETYIIOBAHHS IPYHTY-
€Tbesl Ha [HCTPYKUIT 3 TaCiHHA MOXKEX Ha CHePreTHY-
HUX 00’ekTax YKpaiHu, 3aTBepIkeHiii MiH 1ocToM
[3]. BoHa Bu3Ha4ae 3arajibHi MPUHIUMIN Ta CIellia-
JII30BaHi AJITOPUTMHU Jiil i 9ac MOXKEK Ha eIIEKTPO-
YCTaHOBKax, 10 TepeOyBatoTh mij Hampyroro. I1pi-
OpHUTETOM € Oe3leKa MEepCOHANy Ta PATYBaJbHUKIB:
3aCTOCOBYIOTBCSI 3acO0M TaciHHA, SKi MiHIMI3YIOTb
PHU3UK YPa)XCHHS CTPYMOM; BHKOPHCTaHHS PO3IH-
JIEHOT BOIW JIO3BOJIIETHCS JIMIIE 3 JOTPUMAHHSIM
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Tabmuig 3

BigminnocTti NFPA 850 ta IEC 61936-1

ACHEeKT

NFPA 850

IEC 61936-1

AKTHBHI CUCTEMH T'aClHHS
depressurization)

Joknamuuii onuc (Boja, miHa,
TyMaH, iHepTHi ra3u, aepo3o:ii, fast

JIuie 3ragka: JaroTh MOXKIIMBICTH
3MEHIINTH BiJCTaHi, Oe3 geram3arii

BorrecriiikicTs firewall MinimyM 2 ToquHA

EI 60 (60 xB), y neskux Bumnaakax REI
90 (90 xB)

Bumoru 1o Bigcraneit
00’eMy)

€IMHI HOPMH T MaCJIOHATIOBHCHUX
Tpancdopmaropis (o 15 M 3anekHO Bif

Yitka Tabmuist: Macistai (O), MeHI
roproui (K), cyxi (A) 3 pisHUMHU
3nauenHsmu Big 0,9 10 15 m

TeXHOIOTIs 3HHKEHHS THUCKY

Fast depressurization systems —
000B’I3K0OB1 U1 BUCOKOT HAMIHHOCT1

Bincyras 3ragka

Knacudixamis

TpaHcdopmaTopiB HEroproyi piiuHu

3araipHa pEKOMEHAIlis BUKOPHCTOBYBATH

Oxpema knacudikaris: O, K, A3
ypaxyBaHHSIM 00’ €My Ta PiBHS 3aXHCTY

CelicMOCTIHKICTh Ta BiOparii

Mailxe He po3IIsSIa€ThCS

CrieniajbHUI pO3/LT 3 ypaxyBaHHIM
CeHCMIYHMX HaBaHTAKCHb 1 BiOpaIiit

IIpuMiTka: cucTeMaTH30BaHO aBTOpaMH Ha OCHOBI Jukepen [7; 8].

HOPMATUBHOI JUCTAHIIIT 32JICXKHO BiJI KJIacy HapyTH;
PY4HI CTBOJM Ta HACOCH MiJJISATAIOTh 3a3€MJICHHIO.
[Tina 3a0opoHeHa yepe3s enekrponposianicTs [1]. Yei
poOOTH 3MIMCHIOIOTHECA B [ICJICKTPUYHHUX 3ac0o0ax
3aXUCTY.

Jns xabenpHUX CHOpPYJ TOJOBHHUM 3aBJaHHSIM
€ 3ano0iraHHs MOIIMPEHHIO BOTHIO B3IOBXK Tpac.
Y pa3i HecmpamioBaHHS aBTOMAaTHKH CHCTEMH
MOKEKOTACIHHS 3aIyCKAaIOThCS TUCTAHIIHHO abo
BPYYHY; 3aCTOCOBYIOTHCS BOASHI 3aBicH a00 TTOBHE
3aIIOBHEHHS IPUMIIIEHHS TOBITPSIHO-MEXaHIYHOIO
MiHOIO Micisl MEepeBipKM BiACYTHOCTI HepcoHaTy
[6].

VY pa3i noxkexi B reHeparopax i KOMIIEHCATOpax
nmependadaeThCsl aBapiiiHe BIAKITIOUCHHS 3 IONAJh-
IITUM BUKOPHUCTAHHSM CTaIliOHAPHOI BOMSHOI CHC-
TeMd ([ MallWH i3 MOBITPSIHAM OXOJOIKEHHSIM)
a0o iHeptHHxX ra3iB — COz, N2 — s BUTICHEHHS
BOJHIO W ycyHeHHS BHOyxoHeOe3meuHocTi (st
MAIIIMH 13 BOIHEBUM 0X0J0pKkeHHIM) [3]. JlonatkoBo
3MIHCHIOETHCS OXOJIOMKCHHS METAIEBUX (epM Tepe-
KpUTTA. Y pasi aBapiii MacIoCUCTeM 3IHCHIOETHCS
aBapiifHUH 37TUB y pe3epByapu a00 BMUKAIOTHCS CHC-
TEeMH 3poIIeHHs [1].

Just TpaHcopMaropiB 1 MacIOHAIIOBHEHUX peak-
TOPIB alNTOPUTM Tiependadac HETalHe BiIKITIOUEHHS
Ta 3a3eMJICHHS, MICIS YOTrO JIOMYCKa€eThCs 3acTo-
CyBaHHS pO3MMIIEHOI BOAM abo miHWA. Y pasi BHY-
TPILIHBOTO MOUIKOKEHHS 3 BUKUAOM Macja 3aco0u
raciHHs MOAIOThCS BCEpeAnHY 0aka yepe3 AOCTYIHI
OTBOpH. 3a00pOHSETHCS 3MMBAaHHS Macia. Y Belu-
KHX TIOKEXKaX MPIOPUTETOM CTA€E OXOJIOHKECHHS KOH-
CTPYKIi# i cycimHbOTO 00MamHAHHS [6].

[HCTpyKIisT Takok BUMarae CTBOPEHHS oOIlepa-
TUBHHUX KapTOK HOXKEKOTACiHHS JAJIsl KOXXKHOTO eHep-
TETUYHOTO 00’€KTa — 3 TEKCTOBUMH Ta IpadiqHUMU
cxemMaMu OyaiBedb, OOJNagHAHHS, BOJOILKEPET,

MapHIPYTIB PyXy TEXHIKH W alrOpUTMaMH Jid JIs
pI3HUX TUTIB 00MaaHAHHS [3].

B ymoBax BilHU mogaTkoBe 3HAYCHHS Ma€ JIOKY-
medT JJCHC - PexoMenparii IIOAO BHKOHAHHS
3aBIaHb Yy HAaceJeHUX MyHKTaxX MiA 4ac 30poifHoi
arpecii (naka3 Bijg 02.04.2024 Ne 375) [4]. Bin Bu3Ha-
Yyae BIMOTH JI0 OpraHizamii ciry>kou Ta 0e3rneku oco-
0O0BOTO CKJIaAy IiJ 9ac OOWOBHX Aiif: 3aCTOCYBAaHHS
3ac00iB OpOHE3axWCTy, OCHAIIECHHS PATYBaJIbHUKIB
1HAWBIAyaJIbHUMH allTeYKaMH Ta TypHiIKeTaMH, 3a0e3-
MIEYCHHS MOYKEXKHOT TEXHIKH MEANYHUMH YKIIaIKaMH
Ta HOIIIAMH, OPraHi3allis B3aeMOJii 3 BiCHKOBHMHU
CTPYKTYpaMH, BUKOPUCTAHHS OE3MEYHNX MapuIpyTiB
Ta MATPUMaHHS 3B’ 13Ky HaBiTh 32 yMoB PED [4].

OCHOBHI TOJOXEHHS MOKYMEHTa CHUCTEMaTH30-
BaHO B TaOmui 4.

TakuM 4YMHOM, y KOHTEKCTI TaciHHS HOXEX Ha
SHEePreTHYHHUX 00’ €KTax Il MOJIOKEHHS MAIOTh TIPUH-
[IATIOBE 3HAYCHHS: TOMAaTKOBHI OPOHE3aXHCT 1 CIIEITi-
abHI TpOIeTypr poOOTH 3a0€3MeUyIoTh 3HIKEHHS
PH3HKIB 11 0cOO0BOTO CKIIay B yMOBaX MAaCOBaHHX
arak i MIOBTOPHHUX OOCTPLIIiB.

OTtxe, ykpaiHChbKa HOpMaTHBHa 0Oa3a y cdepi
MOXKEXKOTACIHHS Ha CHEPIeTUYHUX 00’ €KTaX € JOCUTh
JIeTaJIbHOIO 1 BPEryJab0BaHOK. BoHa BCTaHOBIIOE 5K
TEXHIYHI BUMOTH, TaK 1 OpradizalliiiHi mpouenypH,
OPIEHTYIOUMCh Ha TapaHTilo Oe3leKu mepcoHany
M MIHIMI3aio IOLIKO/DKEHb oOnagHaHHsa. BoaHo-
Yac i IHCTPYKIil CTBOPIOBAJIKCS B MHUPHHI 4ac 1 He
BpaxoByBaJId CreU(IKK 3aCTOCYBaHHS 1HKCHEPHHUX
3aXHCHUX CIIOPYI, SK-OT 3alli300€TOHHI capkodar,
ra0ioHH, TPYHTOBI BajdM YW KOHTEHHEpH, IO HHHI
IIMPOKO BHKOPUCTOBYIOTBCS JUIA 3aXHCTy TpaHC-
(hopmaropiB Ta MiJCTAHIIM Bl NOBITPSAHUX aTak [2;
5]. CyuyacHa mpakTuKa MOKa3ye, M0 JTOJATKOBI CIO-
pyzu, 3 ogHOTO OOKY, TIABHIYIOTH CTIHKICTB 10 ypa-
XKEHHSI, a 3 1HIIOTO — MOXYTh YCKJIaJHIOBaTU AOCTYI
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Tabmuug 4

OcuoBHi Bumoru nHakaszy JICHC Ne 375 (02.04.2024) mono aiii nigpo3aijiiB y BoeHHHMIi yac

. 3Ha4eHHs 11 TACiHHA MOMKexK
Ne AcnekT KirouoBi BuMorn
HA CHePreTHYHUX 00’ €KTax
1 3acobum innuBinyansHOoro | OOO0B’S3KOBE BUKOPHCTaHHS OpPOHEXKUIIETIB, 3HIKEHHS PU3HKY YpaXKeHHS 3a
3aXUCTy OpOHEMIOIOMIB; KOXXEH PATYBaJbHHUK Ma€ OyTH | TIOBTOPHUX OOCTPLNIB i Yac

3a0e3MeueHnid anTeqKor0 3 TYPHIKETOM raciHHA

2 Menuune 3a0e3nedensst | [ToxkexxHoO-psATYBasIbHI aBTOMOO1T MOXJIHBICTB OIIEPaTHBHOTO
KOMILJICKTYIOThCSI MEAMYHUMH YKIIAJIKaMU Ta | HaJaHHs JJOIIOMOTH TTIOPAaHEHUM Y
HOIIIAMH 30H1 00HOBHX il

3 YKpuTTS Ta Oe3rexa HasBHiCTh yKPUTTIB Y MiCISIX TUCIIOKALIIT; 3abe3neueHHs 30epeKeHHS
BiJIIpaIibOBaHi MapIIpyTH NepEeMillleHHS, 0Cc000BOTO CKIJIay HaBITh MiJg Yac
CHUTHaJ «YBara, HeOe3meKay AJisl HeraifHOro MOBTOPHHX aTaK
BiLAXOOY

4 Bzaemonis 3 BilickkoBumu | [Tocriiina koopauHauis 3 3CY, Haureapaieto, | [apantyBanHs 6e31e4HOro A0CTYIy
nominiero, mrabamu TpO; cynpoBin JI0 €HEPreTUYHHUX 00 €KTIB, 110
MiIpo3/1LTiB y HeOEe3MEeUHUX paiioHax nepeOyBaroTh Iij 3arpo3010

5 [epecyBanns Bukopucranss naumre 6e3neYHnX MapmpyTiB | SMEHIICHHS PU3HKY ypasKeHHS
(OCHOBHOTO Ta 3aITACHOTO), PyX KOJOH i3 TEXHIKH 1 IepcoHaly mijx 9ac
mqucranmiero 100150 M, MiHIMI3aMis 3yTIMHOK | BUI3/LY 10 MICIIS TTOXKEXKi

6 3B’5130K 1 MOHITOPHHT BukopucTaHHs pajiio, CyImyTHUKOBOTO besnepepBHe ynpaBmiHHs
3B 513Ky («Crapinink»), nyomoanns [134 y MiIPO3/1iJIaMU Ta CBOEYACHE
3aXMCHHX CIOPYAAX, YePryBaHHS MOHITOPUHTY | OTTOBILIIEHHS [IPO HOBI 3arpo3u
TOBITPSTHOI 0OCTaHOBKH

7 Oprasizarist cyx0u UepryBaHHS BaXTOBUM METOIOM Y [ligTpuMaHHS Tpare3aaTHOCTI
npU(POHTOBUX paliOHAX; POTAIlisi 0COOOBOTO | Ta MOPAJBHOI CTIHKOCTI
CKIIay 3a TPUBAIUX POOIT; ICUXOJIOTIYHA PATYBaTBHUKIB
MiATPUMKA

8 B3aemonis 3 HaceneHHsAM | BukoHaHHs 3aBJaHb 3 €BaKyarlii, [MigBuICHHS AOBIpH 10
KUTTE3a0€3MEeUCHHS Ta TyMaHiTapHOT CHJI IMBUIBHOTO 3aXHCTY Ta
JTIOTIOMOTH B YMOBaX OOCTPiTiB cralimi3aris cuTyarii

[IpumiTKa: ccTeMaTH30BaHO aBTOpAaMH Ha OCHOBI [4].

MOXKEKHO-PATYBATBHHUX PO3PAaXyHKIB 1 poOOTY craiti-
OHApHUX CUCTEM IOXKEKOTaCiHHSL.

[MpoananizyBaBuy 3apyOiKHY JiTeparypy, MiXKHa-
POIHI CTaHAAPTH Ta YMHHI HOPMATHBHI aKTH YKpaiHu,
MO’KHa BUOKPEMHUTH KIIFOYOBI IIPOTaIMHH Y BITUHU3HS-
HOMY 3aKOHOJIABCTBI y c(epi moxke:koraciHHs eHepre-
TUYHUX 00’€KTIB, SIKi OULIBHO aJanTyBaTy 3 ypaxy-
BaHHSM HalpaloBaHb MXXHAPOJHOT MPAKTHKH.

1) BiICYTHICTh BUMOT JIO CUCTEM IIBHJIKOTO CKH-
JIaHHS TUCKY. B yKkpalHChKHX HOpMax HE IIPOMMCAHO,
mo TpaHchopMaTopy MOBHHHI MaTH MEXaHI3MH, SKi
MUTTEBO 3HWKYIOTh THCK ycepeauHi O0aka B pasi aBa-
pii. Y mixkHapoaHiii mpaktuni (Hanpuknaz, y CILIA)
Taka TEXHOJIOTiS BHU3HAETHCA OJHHUM i3 KIFOUOBHUX
cnoco0iB 3amobiranHs BUOyXam;

2) HemocTaTHS IeTaji3amis aBBTOMaTHIHIX CHCTEM
MTO’KEXKoTraciHHA. €BpONEHChKI Ta YKpaiHCBKI CTaH-
JapTH JIMILIE 3a3Ha4aloTh, 10 3aCTOCYBAHHS aBTOMa-
TUYHUX CUCTEM MOJKE CIIPUSITH CKOPOUEHHIO BiICTaHi
MK TpaHchopmaTtopaMu. AJie HE MOACHIOIOTbH, SKi
came 1ie MaroTh OyTH CHCTEMH: BOASHUI TyMaH, ITiHa,
ra3oBi YCTAHOBKHM YW iHIII, 1 SIKI ITapaMeTpH BOHHU
noBuHHI Math. Y NFPA 11e onrcano aeTajibpHO;

3) HEeMae HOPM IOAO CTIHKOCTI MPOTUITOKEKHUX
CTiH 10 BUOYXy. YKpaiHChKi JOKYMEHTH BHMaraioTh

JIMILE TIEBHY BOTHECTIMKICTh CTiH (Hanpukiaza, 60 abo
90 xBuiMH). Anle HE BPaXxOBY€ThCA, IO B pa3i aBapii
MOXITUBUIA BHOYX, KM MOXE 3pyHHYBaTH II€pPETo-
ponky. Y NFPA akmeHT poOUThCS TaKOXK Ha 3aTHOCTI
CTiH BUTPUMYBaTH BHOYXOBi HABaHTaXKECHHS;

4) BiJICYTHICTh €KOJIOTIYHMX BHUMOI JI0 3ac00iB
MOXKEIKOTACIiHHSA. Y HAC HE BU3HAYCHO, SIKi PCYOBHHU
MOXYTh OyTH BHKOPUCTAHI JUIS TaciHHS, 1100 BOHU
HE IIKOIWIM JOBKiULIO. Hampukian, y cBiTi 3apa3
AKTUBHO OOTOBOPIOIOTH 3a00pOHY IIHOYTBOPIOBA-
4iB 13 TOKcMYHUMH cronykamu (tak 3BaHi PFAS),
a B YKpalHChKUX JOKYMEHTaX IIbOTO HEMAE;

5) HemocraTHs yBara 0 IHTErpallii MOXKEXKHOT
ABTOMATUKM 13 CHCTEMaMH YIIPABIIIHHSA CTaHIIIETO.
VYKpalHChKa IHCTPYKIiS 3 TacCiHHSA TOXEX OIUCYE
TIOPSIIOK MTiH JIFOICH, ajie He BCTAHOBIIIOE BUMOT IO
TOTO, SIK aBTOMATU4HI CHCTEMU BHUSBIICHHSI Ta TACIHHS
MAalOTh Oy TH ITiIKJTFOYEHI JI0 3arajJbHOi CUCTEMHU Kepy-
BaHHSI CTAHLIEIO YU IO AUCHETYEPCHKHUX LEHTPIB;

6) BIACYTHICTh CydacHOi kiacudikariii Tpancgop-
MaToOpiB 3a THIIOM PITUHU. Y MIKHAPOTHUX CTaH-
JapTax YiTKO pO3AUIIIOTH TpaHC(OpMaTOpH: 3 MiHe-
PaNBHOIO OJMBOIO, 3 MEHII TOPIOYMMH DPiIMHAMH Ta
cyxi. Bixg mporo 3anexarh HPOTUIIOKEIKHI BUMOTH.
VYkpaiHCBKi HOPMH BiATBOPIOIOTH IIF0 CHCTEMY JIHIIE
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YacTKOBO ¥ HE 3aBKIN JAlOTh JTOCTAaTHHO TOYHI Opi-
€HTUPU IS TPOEKTAHTIB.

3 METO 3IiHCHEHHS eMITIPUYHOTO JIOCIiKEHHS
BUKOHAHO HU3KY PO3PaxXyHKOBHX OI[IHOK, IO JIal0Th
3MOTY BU3HAYHMTHU BIUIUB KOHCTPYKTHBHHMX 3aXHUCHHUX
CIIOpY/l Ha TITapaMeTPH TOKEKOTACIHHS Ta 31CTaBUTH
BHMOTH MI>KHAPOIHUX 1 HAIIOHAJTLHUX CTAHIAPTIB.

1. OuiHIOBaHHS paAiamiifHOTO TETUIOBOTO TOTOKY
mig yac nokexi Tpancdopmaropa. PoszpaxyHok mpo-
BEJCHO JUISI TUIIOBOTO MACJIOHAIIOBHCHOTO TpPaHC-
dopmaropa 06’emom 10 000 j1. 3rigHO 3 METOAUKOIO
NFPA 850, TerutoBuii moTik qr Ha BifcTadi R Bu3Ha-
Ya€eThCS:

Qr=x*Q/4nR?,

ae

X =0,35 — yacTka TETUIOBOTO BUIIPOMiHIOBAHHS;

Q = 3,8 * 107 kJ[>k — TeIIOTa MMOBHOTO 3TOPSHHS
OJIMBH.

s Bigcrani 7,6 M (Hopma NFPA nnst tpancdop-
MaTopiB cepeaHboro 00’emy): qr = 18,3 kBr/m?.

Jns Bigcrani 5 M (THMOBa yKpaiHChbKa MPaKTHKa
poamimiennsi): qr = 42,2 kBt/m%.

TakuM YWHOM, 3MEHIIEHHS BiACTaHI Ha 2,6 M
3011bLIy€E TerIoBe HaBaHTaxeHHs Ha 130 %, mo cyT-
TEBO YCKJIAJHIOE TACIHHA Ta NOTPeOy€e 3aXUCHUX CTIiH
a00 BOJSHOTO TyMaHy (Taoi. 6).

2. MogenioBaHHS BIUIMBY iHXXEHEPHHUX YKPHTTIB
Ha Yac J0oCTymny o Tpanchopmaropa. Bukopucrano
CIPOILIEHY MOJEIb TOCTYITHOCTI:

to.=t, T At AL,

acc

ne

t, — 6a3oBmii yac nocrymy (95—120 ¢ st migcTaH-
uiit 110-330 kB);

A t, — 1oaTKOBUH Yac yepe3 BUCOTY YKPUTTS;

A t, — nogatkoBHi Yac yepe3 KoH(Irypaiiro mpo-
XO/IB.

s THNOBUX CHOPYA Yac ITOCTYMHOCTI CTaHOBU-
tuMe (Tadim. 5).

OTxe, y cepeqHbOoMy iH)XKEHEpHI YKPHUTTS 301b-
LIYIOTh 4ac foctymy Ha 41-92 %.

3. Po3paxyHok MiHIMampHOI HEOOXimHOI 1HTEH-
CUBHOCTI BOASHOro raciggsa. BigmosigHo 1o NFPA
850, wmiHiManbHA IHTEHCHUBHICTH IIOAA4i BOJIH:
1=10,25 n/(cm?).

Hus Tpancdopmaropa 3 TUIOMICI0 OXOTUIEHHS
HOJIyM sIM

A=28m%,

Q=1*A=7,0un/c.

dakTruHi naHi ykpaincekux migapo3autis JJCHC
Ha CHEPreTHYHUX 00’ €KTaxX MOKa3yIoTh, IO peaabHa
JNOCTyIHA TIOfa4a CTaHoOBUTH 4,5-5,5 n/c (uepes
00OMe)KeHHS TiJPaHTIB Ta pyKaBHUX JIiHIH).

Omxe, nediuuT BOASHOI TMONAYi CTAHOBUTH
22-36 %, 1110 TOSCHIOE TIBHUIICHI PU3MKH TTOBTOP-
HOTO 3aliMaHHSI.

4. TlopiBHAHHS MEX BOTHECTIMKOCTI IPOTHIIO-
JKEeKHUX CTiH. BukopucraHo popMabHe 3icTaBIeHHS
HOPM:

— NFPA 850: > 120 xB;

— IEC 61936-1: EI 60 a6o REI 90 xB;

— yKpaiHchKi HOpMH: 60 XB (THIIOBO), iHKOIH 90.

Po3paxyemo koedillieHT BiIIMOBITHOCTI:

k =REI , / REI \pps.

Tomi st Ykpainu 3a THIIOBOT MEXKi BOTHECTIHKOCTI
60 xB orpumaemo 3HaueHHs k =60/ 120 = 0,50, TobTo
YKpaiHChKI MPOTUTIOKEKHI TIEPETOPOJIKU 3a0e3Tedy-
FOTh JIMINIC TIOJIOBHHY PIBHS CTIHKOCTI, Tepembade-
Horo Bumoramu NFPA 850.

Minimaneaa Bumora IEC (EI 60) Takox nmae
k = 0,50, ockinbku BOHA XapaKTEPU3YETHCA TIEKO
caMmoI0 Mexero BorHectilikocti — 60 xB. [Ipore Bax-
nuBo 3a3HaunTH, 1o IEC momyckae BUKOpHCTaHHSA
i Bumoro kimacy REI 90, 1o npuBoauTh 10 3HAYCHHS
k=90/120=0,75.

Takum unHOM, X0ua GazoBuii piBens IEC i ykpa-
THCBKHX HOPM (OpPMaIbHO 30ira€Thes, MiXKHAPOAHUI
CTaHIApT TIependadac MOXKIMBICTh 3aCTOCYBaHHS
3HAYHO CTIMKIMINX MEPErOpPOAOK. Y MJICYMKY YKpa-
{HCBbKA TpakTHKa y OUTBIIOCTI BHIAIKIB BiATOBiac
mumie 50 % Bumor NFPA mono mpoTumnoxexHoi
critikocTi, Tomi sik IEC — 3anexHo Bijg Kiacy CTiHU —
Bix 50 mo 75 %. lle o3Hadae, 110 YKpaiHCBHKI mepe-
FOPOJKK MarOTh HUXKYY 31aTHICTh MPOTUIISTH TEIIO-
BOMY BIUIUBY Ta BHOYXOBOMY THICKY, IO ITiIBHIIY€
PHU3UK MPOPHBY TOIYM’S V pasi aBapiitHOTO ITOIIKO-
JDKEeHHS TpaHcdopMmaropa.

5. MiHiManbHI BiJICTaHi: YKCEIbHA PI3HUII MiX
HOopMaMmu. [Iyis OIiHIOBaHHS BIIMOBITHOCTI YKpa-
THCBKMX HOPM MDKHApOJHMM IIpaKTUKaM OyJio

Tabmums 5
BuzHavyeHHs1 Yacy JOCTYNHOCTI I THIIOBUX CIIOPY/
Tun ykpurts Bucora, m At_h, c At ¢, ¢ t_access, ¢
bes ykpurra 0 0 0 105
laGionn y 2 spycu 2,2 +18 +25 148
Konreitnepn y 2 spycu 2,6 +27 +34 166
3/6 «capxodary 3,0 +42 +55 202
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MIPOBEICHO 3ICTABJICHHS MiHIMAJIBHUX MPOTHITOKEHK-
HUX BiJICTaHEeW MiXK MacllOHATOBHEHHMHU TpaHChOp-
maropamu 06’ emom 10 000 11 3rigHO 3 TpHOMa HOpMa-
THBHUMHM cUCTeMaMM: HarioHansHo10, IEC Ta NFPA.
Pesynbrati po3paxyHKiB 3BeICHO B TaOJIHIIIO 6.

Sk BumHO 3 Tabn. 6, yKpaiHChKiI BUMOTH IO i30-
TMAMIAHUX BifcTaHEeH € HaWMEHIIMMH Cepell TPhOX
cucreM 1 Ha 40-52 % mOCTyHarOThCS MiXHApPOI-
HUM HOpMmaMm. [Inist iHTeprnperauii wiel pi3HUII Bax-
JIMBO BpaxyBaTH, IO TCIUIOBHM MOTIK BiJ MOMKEXI

Tabnus 6
3BeeHUii po3paxyHoOK MiHiMaJLHUX BilcTaHe
Hopmarus Biacrans aias macaa 10 000 Pizuuus nopiBusno 3 UA
VYkpaiHa SM -
IEC 7™ +40 %
NFPA 7,6 M +52 %

Tpanchopmaropa criagae MpOMOPIIIHO 70 KBaapaTa
BiacTani. Ile o3Hauae, M0 HABITH BIAHOCHO HE3Ha-
YHE 3MEHILIECHHS BiACTaHi MPU3BOAUTH A0 CYyTTEBOIO
3pOCTaHHS TEIJIOBOTO HABAaHTAXEHHS Ha CyCiaHi
€IeMEHTH. BUKOpPHCTOBYIOYM MOJENb OLIIHIOBAHHS
TEIIOBOTO BUIIPOMIHIOBAHHS, MOYKHA BU3HAYUTH, 1110
3MeHIIeHHA BifcTadi 3 7,6 M (pexomenmamiss NFPA)
o 5 M (TmommpeHa yKpaiHChbKa MpaKTHKa) 301bITye
BEJIMUMHY TEIUIOBOTO IOTOKY, KM Jli€ Ha CyCimHIN
TpaHchopmaTop ab0 KOHCTPYKLilO, MPHOIU3HO Ha
130 %. Take 3pocTaHHsS TEIJIOBOTO HABAaHTAKCHHS
3[aTHE HE JIMIIe TPUCKOPUTH HarpiBaHHs o00J1aj-
HaHHS, aje W CIPUYUHUTH HOTO 3alMHUCTICTH abo
pyHHYBaHHS 13071111, O ICTOTHO MiJBHIIYE PU3UK
NEepeKUAaHHs BOTHIO Ta PO3BUTKY MacIuTaOHOI aBa-
pii.

Crhix Takok BpaxoBYBaTH, LIO B MIXKHAPOIHHUX
CTaHJapTax 30UIbIICHI BiJICTaHi BUKOPHCTOBYIOTHCS
HE JIWIIe JJI1 3MEHIIECHHS PaaialliifHOTO TEIUIOBOTO
BIUIMBY, ajie i U1 3a0e31e4eHHs] KOpUAOPIiB JOCTYILY
JUTSL  TIOKEKHO-PATYBAJIBHUX MIAPO3MITIB, MOXKIIH-
BOCTI po0OOTH MOOINTEHUX 3ac00IB TaCiHHS Ta CTBO-
PEHHSI JONATKOBUX 30H O€3MeKd MIjsl TepCOHay.
VYV Bumanky YKpaiHu MiHIMAJIbHO AOMyCTUMa Bif-
CTaHb 5 METPIB Y MOEAHAHHI 3 IHKCHEPHUMHU YKPHUT-
TSAMHU, SIKi aKTUBHO BITPOBAKYIOTHCS i 4ac BiliHM,
MOKE CTBOPIOBATH 3HAa4YHI TPYAHOLI Ui OpraHi3a-
1ii omepaTHBHUX i Ta 3HWKYBAaTH €(PEKTHBHICTDH
raciHHsl.

TakuM YUHOM, KJIIOYOBHM 3aBJaHHSIM ChOTOJIHI
€ ajanTallis HOPMAaTHBHHUX IHCTPYKIIA IO peaii
BilfHW: TOTPiOHO IHTETpyBaTH BUMOTH JIO TPOEKTY-
BaHHA 3aXMCHHUX CIIOpPYJ 13 NpaBHJIaMU ITOXKEKHOI
Oe3mneku, mo0 MOCATTH OajlaHCcy MiX 3aXHUIICHICTIO
00aiHaHHsI Ta MOXIIMBICTIO €()EKTUBHOTO TaCiHHS
nokex. lle macts 3Mmory 3abe3meunTd ITUTICHICTH
€HEepreTUYHOI IHPPACTPYKTYPH 1 BiATIOBIAHICTD yCIM
BUMOTaM O€3MeKH HaBiTh B yMOBaX BOEHHHUX 3arpo3.

BucHoBKkH. VY3arajbpHIOIOUM pE3yJIbTaTd aHa-
73y, MOXXHA 3pOOUTH Taki BHCHOBKH. MikHapomHa

[IPAKTUKa MPOTHUIIOKEKHOTO 3aXUCTy €HEPreTHYHUX
00’€KTIB IPYHTY€ETHCS Ha KOMIUIEKCHOMY IO€THAHHI
aKTHBHUX 1 MaCHBHUX 3aXOHiB. 30Kpema, CTaHAapT
NFPA 850 poOuth akiieHT Ha BIPOBAKCHHI Cydac-
HUX aKTHMBHHX CHCTEM (BOIASHUII TyMaH, IiHa, Ta30Bi
YCTaHOBKH, CHCTEMH LIBHIKOTO CKHIAHHS THUCKY),
o0 MIiHIMI3yIOTh PHU3WKHA BHUOYXiB 1 TOIIWPEHHS
noxex. Hatomicte IEC 61936-1 neranizye Bumoru
10 BiJIcTaHel Mixk TpaHchopmaTopaMu, Kiacugikaii
PiAvH, BOTHECTIHKOCTI CTiH 1 BpaxoBye (akTopH ceid-
cMocTifikocTi. OOuaBa TOKYMEHTH (POPMYIOTH Oara-
TOPIBHEBY CHCTEMY NPOTHIIOKEKHOIO 3aXHUCTY, sIKa
Jla€ MOXIIMBICTh 30epiraT mpamne3aaTHiCTh 00’ €KTiB
HaBiTh y KPU30BHUX YMOBaX.

VYkpaiHchbka HOpPMaTHBHAa 0a3a TaKOX € JOCUTh
PO3BHHEHOIO: «HCTPYKIIis 3 TaCiHHSI TIOXKEX Ha eHep-
TEeTHYHUX O0’€KTax» Ta IHII aKTH PETIAMECHTYIOTh
ANTOPUTMH JiH Y pasi MOKeX Ha TpaHcopMaTopax,
KaOeJIbHUX TYHEJSIX, TeHeparopax. 3HadyHa yBara
NpUIiNAeTbess Oe3neni nepcoHaty, BHKOPHCTAHHIO
JUCJIEKTPUYHUX  3aCO0IB  3aXUCTy, MNPABUIBHOMY
3aCTOCYBAaHHIO BOJHM, IHEPTHUX TIa3iB Ta miHu. Boj-
HOYaC YKpaiHChbKiI HOPMH CTBOPIOBAJIMCS NEPEBAXKHO
B YMOBaX MUPHOTO 4acy i He BpaXxOBYIOTh CIELU (iKY
Cy4acHHX 3arpos. 30KpeMa, BOHH He mnependayaroTb
BHMOT JI0 BUOYXOCTIMKOCTI CTiH, CHCTEM IIBHJIKOTO
3HMKEHHSI THCKY, Cy4acHOi knacudikarii Tpanchop-
MaTopiB 3a THIIOM PiWH YU €KOJIOTIYHUX 0OMEKEeHb
mono 3acobiB noxexoracinnsa. IloemHaHHS MiX-
Haponaux crannapriB (NFPA, IEC), ykpaincbkux
iHcTpyKUi Ta Haka3zy JCHC Ne 375 crBoproe Oara-
TOpIBHEBY CHCTEMY OE3MEKH, sIKa OXOILTIOE HE JIUIIE
TEXHIYHi, a W TaKTUYHI Ta OpraHi3aliiiHi acleKTH
pob6OTH pATYBaTHHUKIB.

[IpoBeneni po3paxyHKOBI OIIIHKH 3aCBiMUMIN
HasBHICTh CYTTEBUX pO30DKHOCTEH MIX YKpaiH-
CbKUMH HOPMAaTHBHUMHM BHUMOTaMH Ta MIXXHapoOa-
HUMH CTaHAapTaMU B YACTHHI TMOXKEKHOI Oe3meKH
SHEepreTHYHUX 00 €KTiB. AHaJi3 TEIUIOBOTO BHUIIPO-
MIHIOBAaHHS TIOKa3aB, IO TpUAHATa B YKpaiHi
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MIPOTHUIIOXKEKHA BiCTaHb 5 M 3abesmnedye Ha 130 %
OinpIIe TEeTIOBe HAaBAHTAXKEHHSI TOPIBHSHO 3 HOP-
Moro NFPA 850, 1o 3Ha4HO YCKIaJHIOE TaCiHHS Ta
MiIBUIIYE PU3UKU MEPEeKUIaHHs Moxexi. Mozaento-
BaHHSA JIOCTYITHOCTI JIOBEJIO, 110 3aCTOCYBaHHS 1HXKe-
HEPHHUX 3aXHCHHUX CIIOPYI 30UIBITY€E Yac TOCTYITY IO
Tpa"copmartopiB y cepenHbomy Ha 41-92 %, mo
MPSIMO BIUTMBAE HA OTIEPATUBHICTD JIKBIAIII] TOXKEXK.
Po3paxyHKky iHTEHCUBHOCTI 1OJ1aui BOAX 3aCBiIUMIN
nedinut 22-36 % Big HOpMmatuBHOTO piBHS NFPA
850, 110 CTBOPIOE YMOBH JIJIsl TIOBTOPHOTO 3aiiMaHHS.
TTopiBHSAHHS MEX BOTHECTIHKOCTI HPOTHIIOXKESKHHIX
CTiH TIOKa3aJIo, M0 YKPaiHChKi KOHCTPYKIIii 3a0e3re-
yytoTh Jume 50 % piBHS cTiiKoCTi, ependadeHoro
NFPA, Tta Big 50 no 75 % Bumor IEC. YucenpHuii
aHaJli3 MPOTUIIOKESIKHUX BiJCTaHEH MiATBEPAUB, 110
yKkpaiHcbki Bumoru Ha 40-52 % Hmx4i 3a MiKHa-
POIHI aHAJIOTH, IO ITiIBUIIYE TETUIOBI ¥ OlepaTHBHI
PU3UKH ITi]T 4ac TaciHHA. Y CyKYITHOCTI Ili pe3yJIbTaTu
JEMOHCTPYIOTb, III0 YNHHI YKpaiHCHKiI HOpMH Ta (ak-
TUYHI TPaKTHKH eKcIutyarauii TpancdopmaTropHux
napKiB MOTPeOyIOTh CHCTEMHOTO OHOBJICHHS 3 Ypaxy-
BaHHSM MDKHAPOIHHUX PEKOMEHJAIliN 1 peaiii BoeH-
HOTO CEPEeOBHIIIA.

CIIMCOK JIITEPATYPU

1. banantok B. M., Mupomikiu B. C., I'y3ap H. L.,
lapacum’rox O. 1., Komucturcekuii FO. O. IligBu-
ImIeHHS e()eKTHBHOCTI TaciHHA MOXKEeX Ha BIIKPUTHUX
SNIEKTPUYHUX MiACTAHLIAX LUISIXOM BUKOPHCTAHHS
BOTHETAaCcHUX aepo3oniB. Fire Safety. 2023. Ne 43. DOI:
https://doi.org/10.32447/20786662.43.2023.02 URL:
https://sci.ldubgd.edu.ua/handle/123456789/13108.

2. MeronuuHi pexkoMeHJamii 3 iHKEHEPHOTO
3axucTy OyIiBenb, CIOPYA Ta JaxiB 00’€KTiB KPUTHY-
HOl iH(QpacTpykTypu VYkpaiHu. 3acTylHHUK Hadallb-
HUKa [eHepanpHOro mrady 30poitHux Cui YkpaiHw.
URL: https://rada.info/upload/users_files/04378089/
¢38963081c5ea02a9b98059f26fc23a8.pdf.

3. Ilpo 3arBepmxkenHs I[HCTpykmii 3 raciHHA
MOKE)X Ha eHepreTHYHuX 00’ekrax Ykpainu. MiHic-
TepcTBO foctulii Ykpainu. 2012. Ne 13/20326. URL:
https://ips.ligazakon.net/document/re203267an=1.

4. PexomeHnpamii Tpo OCOONMBOCTI BHKOHAHHS
opraHamu ympapniaHa Ta migpozginmamu JJCHC
3aB/IaHb 3a MPU3HAYCHHSAM Yy HACEIEHHX ITyHKTax 1 Ha
TEPUTOPIsAX M 9ac 30poiHOi arpecii : 3aTBepIKeHO
HakazoMm JJCHC Big 02.04.2024 Ne 375.

5. Anakhov P. Defending the Critical Energy
Infrastructure Facilities from Wartime Dangers and
Terrorism. SSRN, 2024. URL: https://ss.com/
abstract=4931237.

6. Betu$ M., Kongek M., Sofranko M., Cambal J.,
Ondov M. Methods of extinguishing fires in objects
with high voltage. Fire. 2023. Ne 6 (11), 442. URL:
https://doi.org/10.3390/fire6110442.

7. 1EC 61936-1: power installations exceeding 1
kV AC —part 1: general. International Electrotechnical

Commission (IEC), 2021. URL: https://cdn.standards.
iteh.ai/samples/17311/217¢2112¢d97480480fca7eec
0b12a53/IEC-61936-1-2010-AMD1-2014.pdf.

8. NFPA 850: recommended practice for fire
protection for electric generating plants and high
voltage direct current converter stations. National Fire
Protection Association (NFPA), 2020. URL: https://
link.nfpa.org/all-publications/850/2020.

9. Przybylak J. Nuclear power plants in war zones:
lessons learned from the war in Ukraine. Security and
Defence Quarterly. 2024. Ne 46 (2). P. 84-103. URL:
https://doi.org/10.35467/sdq/174810.

10. Schmitt M. Attacking power infrastructure under
international humanitarian law. Lieber Institute, 2022.
URL:  https://lieber.westpoint.edu/attacking-power-
infrastructure-under-international-humanitarian-law/.

11. Vasyliuk O., Simonov E., Davydova A,
Kolodezhna V., Spinova Y. Xypran pobouoi rpynu 3
eKonorigHuX HacwikiB BiftHH B Ykpaini. UWEC Work
Group, 2024. Ne 21. DOI: https://doi.org/10.13140/
RG.2.2.29127.10400.

REFERENCES

1. Balaniuk, V. M., Myroshkin, V. S., Huzar, N. L.,
Harasymiuk, O. 1., & Kopystynskyi, Yu. O. (2023).
Pidvyshchennia efektyvnosti hasinnia pozhezh na
vidkrytykh elektrychnykh pidstantsiiakh shliakhom
vykorystannia vohnehasnykh aerozoliv [Increasing
the efficiency of fire extinguishing at open electrical
substations by using fire-extinguishing aerosols]. Fire
Safety, 43. DOL: https://doi.org/10.32447/20786662.4
3.2023.02. Retrieved from: https://sci.ldubgd.edu.ua/
handle/123456789/13108 [in Ukrainian].

2. Zastupnyk nachalnyka Heneralnoho shtabu
Zbroinykh Syl Ukrainy (n.d.). Metodychni rekomen-
datsii z inzhenernoho zakhystu budivel, sporud ta
dakhiv ob’iektiv krytychnoi infrastruktury Ukrainy
[Methodical recommendations on engineering protec-
tion of buildings, structures and roofs of critical infra-
structure objects of Ukraine]. Retrieved from: https://
rada.info/upload/users_files/04378089/c38963081c5
€a02a9b9805926fc23a8.pdf [in Ukrainian].

3. Ministerstvo yustytsii Ukrainy. (2012). Pro zat-
verdzhennia Instruktsii z hasinnia pozhezh na enerhe-
tychnykh ob’iektakh Ukrainy [On the approval of the
Instruction on extinguishing fires at energy facilities of
Ukraine]. No. 13/20326. Retrieved from: https:/ips.
ligazakon.net/document/re20326?an=1 [in Ukrainian].

4. Derzhavna sluzhba z nadzvychainykh sytuat-
sii. (2024). Rekomendatsii pro osoblyvosti vykonan-
nia orhanamy upravlinnia ta pidrozdilamy DSNS
zavdan za pryznachenniam u naselenykh punktakh
i na terytoriiakh pid chas zbroinoi ahresii [Recom-
mendations on the peculiarities of the performance of
tasks by management bodies and units of the State
Emergency Service in settlements and territories dur-
ing armed aggression]. Nakaz DSNS vid 02.04.2024
Ne 375 [in Ukrainian].

5. Anakhov, P. (2024). Defending the critical
energy infrastructure facilities from wartime dangers

50

IToxe:xxna 0e3mexa, Ne 47, 2025



and terrorism. SSRN. Retrieved from: https://ssrn.com/
abstract=4931237 [in English].

6. Betus, M., Koncek, M., Sofranko, M., Cambal, J.,
& Ondov, M. (2023). Methods of extinguishing fires
in objects with high voltage. Fire, 6 (11), 442. DOI:
https://doi.org/10.3390/fire6110442 [in English].

7. International Electrotechnical Commission
(IEC). (2021). IEC 61936-1: Power installations
exceeding 1 kV AC — Part 1: General. Retrieved from:
https://cdn.standards.iteh.ai/samples/17311/217¢211
2¢d97480480fca7eecOb12a53/IEC-61936-1-2010-
AMDI1-2014.pdf [in English].

8. National Fire Protection Association (NFPA).
(2020). NFPA 850: Recommended practice for fire pro-
tection for electric generating plants and high voltage
direct current converter stations. Retrieved from: https://
link.nfpa.org/all-publications/850/2020 [in English].

© [. I1. BoiiroBuy, P. FO. Cykau
OrnsoBa cTaTTs.
Crarts Hagiinuia g0 peaakiii 21.09.2025
Crarts npuiinsTa 04.10.2025
Crartio omy0iikoBano 23.12.2025

9. Przybylak, J. (2024). Nuclear power plants
in war zones: Lessons learned from the war in
Ukraine. Security and Defence Quarterly, 46 (2),
84-103. DOI: https://doi.org/10.35467/sdq/174810
[in English].

10. Schmitt, M. (2022). Attacking power infra-
structure under international humanitarian law. Lieber
Institute. Retrieved from: https://lieber.westpoint.edu/
attacking-power-infrastructure-under-international-
humanitarian-law/ [in English].

11. Vasyliuk, O., Simonov, E., Davydova, A.,
Kolodezhna, V., & Spinova, Y. (2024). Zhurnal robo-
choi hrupy z ekolohichnykh naslidkiv viiny v Ukraini
[Journal of the working group on environmental conse-
quences of the war in Ukraine]. UWEC Work Group, 21.
DOI: https://doi.org/10.13140/RG.2.2.29127.10400 [in
Ukrainian].

Fire Safety, Ne 47, 2025

51



