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BJINSIHUE HU3KOM TEMIIEPATYPBI HA IIAPAMETPBI
MOTOKA KOMITPECCUOHHOM INEHBI B PYKABHOM JINMHUU

THE INFLUENCE OF LOW TEMPERATURE ON THE FLOW
PARAMETERS OF COMPRESSION FOAM MOVING IN AHOSE LINE

Hesb. PackpbiTre 3akOHOMEPHOCTEH N3MEHEHHS ITapaMETPOB KOMIIPECCHOHHOM MEHBI B pyKaBHON JIMHUH O]
JIEVCTBUEM HU3KOW TEMITEpaTypbl OKPYKAIOLIEH cpebl IJIs ONPENEIEeHNS pacXo/a, 01aBaeMoro B o4ar o)kapa.

Mertoapl. AHAIMTHYECKHE HCCICAOBAHUS TEIUIOOOMEHHBIX IPOLECCOB MEKIy LMIHHAPHICCKON
MOBEPXHOCTBIO M OKpY)Karolled cpenod, (yHIaMeHTaJbHBIE 3aKOHBI COXPAHEHWS SHEPIUH U KOJMYeCTBa
JBIKEHUS B IBYX(Da3HBIX MOTOKAX, METOIBI OIpeleNieHHs IOTeph AABJICHHS Ha TPEHHUE.

Pesyabrarsl. [lomyuensr: muddepeHunans-noe ypaBHEHHE paciipeieNieHHs TeMIIepaTypbl KOMIPECCHOHHOM
TIeHBI 110 JUTMHE PYKaBHOW JIMHHM, anreOpandeckoe ypaBHEHHE TPeThel CTEMEHH Ul OIMpeNeleHHS CKOPOCTH
MIEHHOTO MOTOKA B 3aBUCHMOCTH OT JUTUHBI PYKaBHOW JIMHUW U TEMIIEPaTyPhbl OKPYXKAIOIIEH Cpepbl.

Hayunasi HoBu3Ha. Pa3paborana mMaremarnyeckas MOAENb Mpolecca ABMKEHHS KOMIIPECCHOHHOW TICHEI
B PYKaBHOH JIMHWH, OTIMYAIOIIAACS OT U3BECTHBIX TEM, YTO I ONPEACIICHUS paciipelielIeHHs ee TEMITepaTyphl
W CKOPOCTH MO JJIMHE JIMHUM HMCHONBb30BaH JIMHEWHBIH KOA(QQUIMEHT Teruronepenayn Ui MATHHAPHYESCKIX
MOBEPXHOCTEN M OKPYKAIOIIEH CPEJIbl, YTO CHMYKAET TIOTPEIIHOCTh pacueToB Ha 4-5 %.

IIpakTnyeckass 3HaYMMOCTb. [IpOBeleHHBIE HCCIENOBAHUS IO3BOJSAIOT YCTAaHOBUTH 3aBHCHMOCTD
JUIL ONpENeNIeHHs] pacxoja KOMIIPECCHOHHOM TIEHBI, MOJaBacMOM B 30HY IOXKapa, C yYETOM TEMIIepaTyphl
OKpY’KaroIIeH cpenbl ¥ JTMHBI PyKaBHOMW JIMHUH.

KinroueBble ¢J10Ba: Kkomnpeccuonnas neuwa, uusHue memMnepamypbl; pacuem aspamopa; menioooMeHHble
npoyeccyl; nomepu 0a6ieHUs.

Jos nurupoBanus: Kupwvsu A. 11, Iegmubau I U., Taryxun H. A. Bnusaue HU3KOM TeMmIeparypbl
Ha MapaMeTpbl MOTOKa KOMIIPECCHOHHOM TeHbI B pykaBHo# juHuM // Hayunbiii Becthuk HUW «Pecrmparop». —
2026. — Ne 1 (63). — C. 7-18. - EDN YHSVRQ

Objective. Revealing the patterns of changes in the parameters of compression foam in the hose line under
the influence of low ambient temperature to determine the flow rate supplied to the fire source.

Methods. Analytical studies of heat exchange processes between a cylindrical surface and the surrounding
environment, fundamental laws of conservation of energy and momentum in two-phase flows, methods
for determining pressure losses due to friction.

Results. The following were obtained: a differential equation for the temperature distribution of compression
foam along the length of the hose line, and a third-degree algebraic equation for determining the foam flow rate
depending on the length of the hose line and the ambient temperature.

Scientific novelty. A differential equation for the temperature distribution of compression foam along the hose
line was obtained using a linear heat transfer coefficient for cylindrical surfaces, which reduces calculation errors
by 4-5%. For the first time, expressions were analytically derived for determining the foam velocity and
its temperature at the aerator outlet. For the first time, an equation was obtained for determining the foam velocity
in any section of the hose line, depending on its length and the foam temperature in that section.



Practical significance. The conducted studies allow us to analytically determine the consumption of
compression foam supplied to the fire zone, taking into account the influence of temperature and the length of the
hose line.

Keywords: compression foam; temperature influence; aerator calculation; heat exchange processes; pressure
losses.

For citation: Kiryan A. P, Peftibay G. I., Galukhin N. A. The influence of low temperature on the flow
parameters of compression foam moving in a hose line. Scientific Bulletin of the NIl «Respirator», 2026, no. 1 (63),
pp. 7-18. EDN YHSVRQ
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KOJIMYECTBEHHAS OLHIEHKA ITOXKAPOOITACHOCTHU BBIPABOTAHHOI'O ITPOCTPAHCTBA
C YYETOM ASPOJIMHAMHUYECKHX IMTOKA3ATEJEN ET'O ®UJIBTPALIUHA

QUANTITATIVE ASSESSMENT OF THE FIRE HAZARD OF MINED-OUT SPACE TAKING
INTO ACCOUNT THE AERODYNAMIC INDICATORS OF ITS FILTRATION

Heap. OueHka BepOSTHOCTH BO3HHKHOBEHHS TOXApOB B BBIPAOOTAHHBIX HPOCTPAHCTBAX BBIEMOYHBIX
YUYacTKOB C YUETOM CIIeHU(HKA adpOIHHAMUKH (DHIIBTPALIIOHHBIX TIOTOKOB.

Meton. AHQIUTHYECKUE UCCIIEIOBaHNUS TOPHOTEXHUIECKUX U TOPHO-TEOIOTMYECKUX YCIIOBUM BBHIEMOYHBIX
Y4YacTKOB YTOJIBHBIX MIAXT C YU4ETOM (DHIIBTPAMOHHBIX IOTOKOB B BEIPA0OTaHHOM IPOCTPAHCTBE.

Pesyabrarel. [IpoBeneHHbIE HCCIENOBaHUS ITO3BOJITIOT KOJMMYECTBEHHO OIEHUTH IOXKapOOIAacHOCTh
BBIPaOOTaHHOTO MPOCTpaHCTBA M A()(PEKTUBHOCTh MPO(PUIAKTHUECKUX MEPONPHUATHH W BEHTWIALMU IS
CHMYKEHHSI TOKaPOOITAaCHOCTH BEIEMOYHBIX YYAaCTKOB.

Hayuynasi HoBHM3HA. YCTaHOBJIEHBI 3aBUCHMOCTH BEPOSTHOCTM BO3HMKHOBEHHS JHJOICHHOTO MOXKapa
B BBIPaOOTaHHOM MPOCTPAHCTBE OT HAYaIbHOH CKOPOCTH (DMITBTPALIMK U JJTMHBI OTPAOOTaHHON YaCTH BEIEMOYHOTO
CT0J10a, MO3BOJISTIONIHE OLIEHUTD ITOKAPOONACHOCTh BHIEMOYHOTO YYacTKa.

IpakTyeckas 3HaunMocTh. KonmmyecTBeHHas OlEHKa MMOKapOONacHOCTH BHIPaOOTAHHOTO MPOCTPaHCTBA
SBIISICTCS] BYKHBIM TTOJIOKHUTENBHBIM (PAaKTOPOM MPH ONEPaTHBHOM YIPABICHWH BEHTWIISILMEH YTOJIBbHBIX IIAXT.
Hcnonb3oBaHue MONMYyUYEHHBIX PE3YNBTAaTOB Ha CTAAWU TNPOEKTHPOBAaHMS BEHTHIILMM BBHIEMOYHBIX YYaCTKOB,
Ppa3padaThIBAIOIMX TUIACTH], CKJIOHHBIE K CAMOBO3TOPAHUIO, TIO3BOJIUT CBOEBPEMEHHO POrHO3UPOBATh Hanboee
HeOIaronpHUsTHbIE CUTYallMi ¥ TTOBBICHTH TIOXKapo0e30IMacHOCTh BEICHHUSI TOPHBIX paloT.



KinroueBble cj10Ba: nooswcapoonacHocms;, 6bipabomanHoe npocmpaHcmeo; QuibmpayuoHHble NOMOKU,
KONUYeCmBeHHas OYeHKA; asPOOUHAMUKA, 8bIEMOYHDBILL y4ACHIOK.

Jns murupoBanms: [onoguenko E. A., Hawrxoeckuii O. 1., I'ycap I A., I puwun A. H. KonnuecTBeHHas
OIICHKAa TOKapOOIIaCHOCTH BBIPAOOTAHHOTO TIPOCTPAHCTBA C YYETOM a’pOJAMHAMUYECKUX IIOKa3arelei
ero ¢unstpanuu // Hayuansnii Bectauk HUN «Pecrimparop». — 2026. — Ne 1 (63). — C. 19-26. — EDN YGGCXO

Objective. Investigation of the probability of fires in the developed spaces of excavation sites, taking into
account the specifics of the aerodynamics of filtration flows.

Methods. Analytical studies of statistical data on mining and geological conditions of coal mine excavation
sites, taking into account filtration flows in the worked-out space.

Results. The conducted studies make it possible to quantify the fire hazard of the developed space
and the effectiveness of various types of preventive measures and ventilation of excavation sites carried out in order
to reduce the fire hazard of excavation sites.

Scientific novelty. The dependences of the probability of aerodynamic fire hazard of the exhausted space
on the initial filtration rate and the length of the spent part of the excavation column are obtained, which make it
possible to assess the fire hazard of the exhausted space.

Practical value. A quantitative assessment of the aerodynamic fire hazard of the generated space is an
important positive factor in the operational management of coal mine ventilation. The use of this factor at the design
stage
of ventilation of excavation sites developing formations prone to spontaneous combustion will allow timely
response to the most unfavorable situations from this point of view and increase the fire safety of mining operations.

Keywords: fire hazard; developed space; filtration flows; quantitative assessment; aerodynamics; excavation
site.

For citation: Golovchenko Ye. A., Pashkovskiy O. P, Gusar G. A., Grishin A. N. Quantitative assessment
of the fire hazard of mined-out space taking into account the aerodynamic indicators of its filtration. Scientific
bulletin of the NIl «Respirator», 2026, no. 1 (63), pp. 19-26. EDN YGGCXO

Anexcandp Baaoucnasosuu Azapkos, kano. mexu. HAyK, 3aM. Ha4. UHCHUMYMA;

e-mail: aleksander_agarkov@mail.ru

Dedepanvroe 20cydapcmeentoe Ka3eHHoe yYupexncoeHue

«Hayuno-uccredosamenvcxuii uncmumym «Pecnupamop» MYC Poccuu»

283048, 2. [joneyx, yn. Apmema, 157. Ten.: +7 (856) 332-78-39

Bumanuii Jleonuoosuyu Egumenko, kano. mexu. Hayk, Hau. kag.; e-mail: vitaliy.yefimenko.74@mail.ru
DedepanvHoe cocydapcmeentoe KazeHHoe 00pas08amenbHoe YupedscoeHuUe 8blculeco 00paz08aHus
«oneyxuii uncmumym 20cy0apcmeeHHol npomueonoxcapHoil cyicovt M4C Poccuu»

283050, 2. Joneyxr, yn. Posvl Jliokcembype, 34A4. Ten.: +7 (949) 300-37-29

Anexceii Jleonuoosuy Kasepa, kano. mexu. Hayk, 0oy., 3a6. kag.; e-mail: alexey.kavera@ro.ru
Dedepanvroe 20Cy0apCcmeeHHoe OIOACEMHOE 00PA308AMETLHOE YUPENCOCHUE

svicute2o 00pazosanus «/JoHeyKull HAYUOHANLHBIL MEXHUYECKUL YHUBEPCUNEN

283001, 2. Joneyx, yn. Apmema, 58. Ten.: +7 (949) 334-89-06

JImumpuii Cepzeesuy Eemees, cm. npen. kagh.; e-mail: d.evteev@academygps.ru

DedepanvHoe 20Cy0apCcmeeHHoe OHONCEMHOE 00PA308AMETLHOE YUPENCOCHUE BbICULE20 00PA3068aHUS

«Axademus 2ocyoapcmeentol npomusonoxcaproi cyscovt M4C Poccuu»
129366, e. Mocksa, yn. bopuca I'anywkuna, 4. Ten.: +7 (495) 617-27-27

Aleksandr Vladislavovich Agarkov, Cand. of Tech. Sci., Deputy Head of the Institute;

e-mail: aleksander_agarkov@mail.ru

Federal State Institution «The Scientific Research Institute «Respirator» EMERCOM of Russia»
283048, Donetsk, Artyoma St., 157. Phone: +7 (856) 252-78-39

Vitaly Leonidovich Efimenko, Cand. of Tech. Sci., Head of the Department; e-mail:
vitaliy.yefimenko.74@mail.ru

Federal State Educational Institution of Higher Education

«Donetsk Institute of State Fire Service EMERCOM of Russia»

283050, Donetsk, Rosa Luxembourg St., 34A. Phone: +7 (949) 300-37-29

Alexey Leonidovich Kavera, Cand. of Tech. Sci., Associate Professor, Head of the Department;
e-mail: alexey.kavera@ro.ru



Federal State Budget Educational Institution of Higher Education «Donetsk national technical university»
283001, Donetsk, Artema St., 58. Phone: +7 (949) 334-89-06

Dmitry Sergeevich Evteev, Senior Lecturer; e-mail: d.evteev@academygps.ru

Federal State Budgetary Educational Institution of Higher Education

«Academy of the State Fire Service of EMERCOM of Russia»

129366, Moscow, Borisa Galushkina St., 4. Phone: +7 (495) 617-27-27

TEIIVIOMACCOOBMEHHBIE ITPOIECCHI B 'OPHBIX BBIPABOTKAX
ABAPUIHBIX YYACTKOB YTI'OJIBHBIX IIIAXT ITPH ITOYKAPAX

HEAT AND MASS TRANSFER PROCESSES IN MINING WORKINGS
OF EMERGENCY SECTIONS OF COAL MINES IN CASE OF FIRES

Hen. [IpoBeaenne TeopeTHUECKUX UCCIIEAOBAHMIA TETIIOMACCOOOMEHHBIX ITPOLIECCOB B TOPHBIX BBIPAOOTKAX
aBapUIHBIX YYAaCTKOB YTOJBHBIX IIAXT IMpPU MOXapaX M CPaBHEHUE IOMYYEHHBIX AAHHBIX C pe3yJabTaTaMy
9KCIIEPUMEHTANBHBIX HCCIAEIOBAaHUN MO W3YYECHHMIO JUHAMHMKU DPAa3BUTHS MOA3EMHBIX MOXKapOB B YCIOBUAX
9KCIIEPUMEHTAIBHOMN ILITONBHU.

Metonbl. Vcrionbs30BaHbl aHATUTUYECKHE, TEOPETHUECKUE U AKCIIEPUMEHTANIBHBIE METOIBI MCCIIET0BAHNS
MPOLIECCOB  TEIJIOMACCONEpPEeHoca ¢ OOpabOTKOW pPEe3yNbTaToB HCIOJB30BAHMEM IAKETOB MPHKIIJHBIX
koMrbroTepHbIX mporpamm Microsoft Office, Mathcad, Origin u gpyrux.

Pe3syabrarbl. YCTaHOBIEGHBl aHAIWTHYECKUE 3aBUCHMOCTH TEMIEPATyphl M KOHLIEHTpALU Ta3oB A
HECTAIlIOHAPHBIX U CTallMOHAPHBIX MPOLIECCOB PacHpOCTPAaHEHMs TEIUla U Ta3oB B 3aBHCUMOCTH OT YCJIOBHH
MPOBETPUBAHUSA C YUYETOM F€OMETPHUYECKUX Pa3MEPOB TOPHBIX BBIPAOOTOK aBapHHHBIX YUACTKOB YTONBHBIX IIAXT,
a Takke KodP(UIMEHTOB TEIJIO- U MacCONEPEHOCa B YCIOBHSX OI3EMHOTO MOXKapa.

Hayunast HoBu3HA. Pazpaborana MaremMatiyeckasi MOJIeTIb TeIJIOMAacCOOOMEHHBIX MTPOLIECCOB B aBAPHITHBIX
y4YacTKax YrofbHBIX IIAXT IPHU MOXKapax ¢ y4eTOM reOMETPHUYECKUX Pa3MEpPOB TOPHBIX BBHIPAOOTOK, YCIOBUI MX
MPOBETPUBAHKA, KOA(P(UIMEHTOB TEIUIO- M MAaccOlepeHoca, KOTopasi IMO3BONSET ONpENesiATh IUHAMHUKY
MO>KaPHBIX I'a30B BOJb BBIPAOOTOK.

IIpakTH4yeckast 3HAYMMOCTB. [ToTyueHne TOCTOBEPHBIX JaHHBIX O ra30BOM AMHAMUKE HA BCEM IPOTSDKEHUH
ABapUIHBIX TOPHBIX BBHIPAOOTOK C UCTOYHWKAMH Ta30BBIACICHUS NP IMOKapax MO3BOJUT TOBBICUTH YPOBEHb
0e30macHOCTH TpyAa ropHocnacareieil 1 3pQEeKTUBHOCTH BeACHHs padoT 110 JIMKBUIALMH [TOCIICICTBUN aBapuii.

KinroueBble ci10Ba: copHocnacamenshas cuyoucda; YeOonbHAs WAXMA; ABAPUIIHLIL YYACMOK; 20PHAS
8bLIPAOOMKA;, NOO3EMHbIE NOXCAPbL  IK302€HHO20 U IHOO2EHHO20 NPOUCXONHCOEHUS; MENIOMACCOOOMEHHbLE
npoyeccyl; meopemudeckue u SKCHepUMEeHMAbHbLEe UCCIE008AHUA.

s uutupoBanusi: Aeapros An. B., E¢pumenxo B. JI., Kasepa A. JI., Esmees J]. C. TennomaccooOMeHHBIE
TPOIIECCHI B TOPHBIX BHIPAOOTKAX aBAPUIHBIX YYACTKOB YTOJBHBIX MIAXT MpH Hoxapax // Hayunsrit Bectank HUU
«Pecnmparop». — 2026. — Ne 1 (63). — C. 27-37. - EDN WMFYOV

Purpose. Conducting theoretical studies of heat and mass exchange processes in mine workings of emergency
sections of coal mines during fires and comparing the data obtained with the results of experimental studies to study
the dynamics of underground fire development under conditions of experimental adit.

Methods. Used analytical, theoretical and experimental research methods with processing results using
application software packages Microsoft Office, Mathcad, Origin and others.

Results. Analytical dependencies of temperature and concentrations of gases for non-stationary and stationary
processes of heat and gases propagation are established depending on ventilation conditions taking into account
geometrical dimensions of mine workings of emergency sections of coal mines, as well as coefficients of heat
and mass transfer in conditions of underground fire.

Scientific novelty. A mathematical model of heat and mass exchange processes in emergency sections of coal
mines during fires has been developed, which differs from the known ones by taking into account the geometric
dimensions of mine workings, the conditions of their ventilation, heat and mass transfer coefficients, and allows
determining the dynamics of fire gases along the working.

Practical value. Obtaining reliable data on gas dynamics along the entire length of emergency mine workings
with sources of gas release during fires will increase the level of labor safety of mine rescuers and the effectiveness
of work to eliminate the consequences of accidents.

Keywords: mine rescue service; a coal mine; emergency section; mining; underground fires of exogenous and
endogenous origin; heat and mass exchange processes; theoretical and experimental studies.
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MMPOTHO3UPOBAHUE TEMIIEPATYPBI BCIIBIIIIKHA MMPUINHA U AJIKWJIIIMPUIUHOB
PYRIDINE AND ALKYL PYRIDINE FLASH POINT PREDICTION

Heapb. Beibop Hanbonee oNTUMAaIbHOTO METOAA pacyeTa TeMIepaTyphbl BCIBIIIKA aJKWIMHPHIUHOB IS
obecrnedeHus NOKapoB3PBIBOOE30IMIACHOCTH OOBEKTOB, Ha KOTOPBIX 00palIaloTcs IPOU3BOIHbIC TUPHIHHA.

MeTtonpl. AHaIMTHYECKUE METOnBl uccienoBanus, mnpuBeneHHbie B [OCT 12.1.044-2018, B paborax
Valenzuela u np., Keshavarz u aip., MeTon yriiepoaHo# mernu.

Pesyabrarbl. [IpeoOpasoBanne ypaBHenusi (1) m3 TOCT 12.1.044-2018 B ¢dopmyny (la) mosBomsier
NPUMEHATh €ro I ONpeleieHHs] TeMIEpaTypbl BCHBIIIKA MUPUIMHOB C aJKWIBHBIMH 3aMECTHTEISIMU
B Pa3JMYHBIX MOJOKEHUSIX TeTePOLMKIMYECKOro IMKia. Meron yrmieponHoi menu (ypaBHEHHE 4) MOXET ObITh
PEKOMEH/IOBaH ISl OTPENEIICHUS] TEMIICPaTypbl BCIIBIIIKA AKHIMUPUAMHOB. YpaBHeHus (2) u (3) ycrymaror
B TOYHOCTH TIPOTHO3UPOBAHMUS TEMITIEPATYPbI BCIIBIIIKH aJKUIITUPUIMHOB TI0 CpaBHEHUIO ¢ (opmynamu (1a) u (4).

Hayunas noBu3Ha. Ypapnenue (1) m3 TOCT 12.1.044-2018 agantupoBaHO Ui pacdyeTa TEMIIEPaTypbl
BCITBIIIKY IUPUAMHOB. Pacimpena 001acTh MpUMEHEHHs METOAA YITIEPOJHOM IENH Ha MPUMEpE MPOrHO3UPOBAHUS
TEMITEpaTyphl BCIBILIIKA MHPUIMHA U €T0 aJIKWIBHBIX TPOU3BOIHBIX.

IIpakTnyeckass 3HaYUMOCTh. Pe3ynbrarel mcciaemoBaHusl MO3BOMAT Oonee 3(PQPEKTHBHO IUIAHUPOBATh
U PpaUMOHAIBHO OCYIIECTBISTE MEPONPHATHS IO TOXAPOB3PHIBOOE30MACHOCTH OOBEKTOB, Ha KOTOPBIX
o0pamiaroTcsi MPOU3BOIHbIC TUPHIHA.

KioueBbie cJIoBA: memnepamypa BCHBIUKU, memnepamypa KUnemus, nUPUOUH,
N0HCapPOB3PbIBOONACHOCHIb; NPOZHO3.

Jna  ourupoBanmsi: Anexkcees C. I, IlporHozupoBaHHMe TemIepaTypbl BCIBIIIKM —MUPUAMHA
u ankumupuanaoB // Hayunerit Bectank HUW «Pecriuparop». — 2026. — Ne 1 (63). — C. 38—46. — EDN YKSBWN

Obijective. Choosing the most optimal method for calculating the flash point of alkyl pyridines.

Methods. Analytical methods of investigation, as given in GOST 12.1.044-2018, in the works of Valenzuela
et al., Keshavarz et al., and the carbon chain method.

Results. The transformation of equation (1) from GOST 12.1.044-2018 into formula (1a) allows it to be applied
for determining the flash point of pyridines with alkyl substituents in different positions of the heterocyclic cycle.
The carbon chain method (equation 4) can be recommended for determining the flash point of alkyl pyridines.
Equations (2) and (3) are less accurate in predicting the flash point of alkylpyridines than formulas (1a) and (4).

Scientific novelty. Equation (1) from GOST 12.1.044-2018 adapted for calculating the flash point of pyridines.
The application of the carbon chain method has been extended to include the prediction of the flash point of pyridine
and its alkyl derivatives.

Practical significance. Taking into account the results of the study will allow more effective planning and
rational implementation of activities on fire-protection of facilities that use pyridine derivatives.

Key words: flash point; boiling temperature, pyridine, fire alarm; prediction.

For citation: Alexeev S. G. Pyridine and alkyl pyridines flash point prediction. Scientific bulletin
of the NII «Respirator», 2026, no. 1 (63), pp. 38-46. EDN YKSBWN
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TEIIVIOBBIE ITPOLECCHI B 2JIEMEHTAX JIEKTPOYCTAHOBOK:
OT HOPMATHUBHOI'O PACYETA K OIIEHKE PEAJIbHOM ITOKAPHOM OITACHOCTH

THERMAL PROCESSES IN THE ELEMENTS OF ELECTRICAL INSTALLATIONS:
FROM THE NORMATIVE CALCULATION TO THE ASSESSMENT OF THE REAL FIRE DANGER

Heas. VccnenoBanue TEIIOBBIX MPOLIECCOB B HEWTPAILHOM MPOBOAE I OLIEHKH MOXKApHOM ONMacHOCTH
MEKTPOYCTAaHOBOK MPH AKCIUTyaTalluy HENWHEWHBIX HArPy30K.

Metoasi. CpaBHUTETPHOE MaTeMaTHYECKOE MOZCIHPOBAHHE IBYX PEXHMMOB PaOOTHl JIMHUM HAa OCHOBE
ypaBHEHW TemIoBoro OanaHca. [IpOeKTHBI pPeXUM pacCculTaH MO CTaHAAPTHOM MeToauke. I[lapamerpbl
peasibHOro pekuMa (HeCUMMETpHUYHas Harpy3Ka ¢ BBICIIMMU FAPMOHHKAMH) OIIPE/ICIICHbI HA OCHOBE PE3yJIETaToB
9KCIIEPUMEHTANIBHBIX UCCIIET0BAHMMN.

Pe3yapTarhl. YCTaHOBIEHO NPUHLIMIHAIBHOE OTIMYME PEAIbHOTO PEXXHMMA OT MPOEKTHOIO: MpU HATWIUU
HEJTMHENHBIX HAarpy30K C BBICOKMM COJEpPKaHHEM BBICIINX TAPMOHMK B HEWTpPAIBHOM MPOBOJE MPOTEKAET TOK,
MPEBBIMIAIOMNIA (a3HBIA. ITO MPUBOIUT K HEYUYTEHHOMY MPOEKTOM HarpeBy HEHTpanu 10 3HAUYCHUi, B MOITOpa
pa3a MpeBBIAOIINX AOMYCTUMBIN Tpeien Il U30MSALKU. PacueTsl MOATBEpAUIIN BOSHUKHOBEHHE KPUTHYECKOTO
W3HOCA W3OALMM W3-32 CYTOYHBIX TEPMUYECKHX IIMKJIOB, MHOTOKPATHO COKpAIAIOIIEI0 €€ pecype
1 (pOPMHUPYIOILETO CKPBITYIO MOXKAPHYIO OMTACHOCTb.

Hayunasi HoBu3HA. BriepBble ycTaHOBIIEHBI M 0000IMIEHBI KPUTHYECKUE B3AaMMOCBSI3H MEXK/Y Teperpy3Kon
HEeWTpaly, TeMIIEPaTypHbIM PEKHUMOM M PECYPCOM H3OJSILMM, YTO TO3BOJHIO CHOPMYIHPOBATh KOHKPETHBIE
KpPUTEpUH TIepexo/ia B ONTaCHOE COCTOSTHUE TS OLICHKK 0€30MacHOM SKCIUTyaTally SJIEKTPOYCTaHOBOK.

IIpakTyeckas 3HAYUMOCTD. Pe3ynbTarsl 000CHOBBIBAIOT HEOOXOAUMOCTD CHCTEMATHYECKOTO CPaBHEHUS
pacyeTHBIX U (PaKTHUECKUX MApaMETPOB, TTO3BOJISIIOLIETO BEISIBUTH IIOTCHIIMAIBHO OMACHBIE PEXXUMBI PaOOTHI.

KiniodeBble cj10Ba: mennosble npoyeccvl, NOJCApHAs ONACHOCMb, HeUmpanbHulii Npo6oo; ebicuilie
2apMOHUKU MOKA;, Nepezpes; MamemMamuieckoe MooeIuposanue.

Jna  ourupoBanms:  Kozrosa [O.C. TemnoBele TMpoLECCHl B 3JEMEHTAax AIEKTPOYyCTaHOBOK:

OT HOPMATUBHOT'O pacyeTa K OLCHKE pealibHOI mokapHoi oracHocTy // Hayunsrit BectHuk HUU «Pecrimparop». —
2026. — Ne 1 (63). — C. 47-54. — EDN WFTKKM

Obijective. Investigation of thermal processes in a neutral conductor to assess the fire hazard of electrical
installations during operation of nonlinear loads.

Methods. A comparative mathematical modeling of the two operating modes of the line based on the equations
of thermal balance is carried out. The design mode is calculated according to the standard methodology.
The parameters of the real mode (asymmetric load with harmonic components) are determined based
on experimental data.

Results. The fundamental difference between the real mode and the design mode has been established.
In contrast to the design conditions, in the presence of nonlinear loads with a high content of higher harmonics,
a current exceeding the phase current flows in the neutral wire. This leads to an unaccounted — for heating of the
neutral conductor to values one and a half times higher than the permissible limit for insulation. Calculations have
confirmed the occurrence of critical insulation wear due to daily thermal cycles, which significantly reduce its life
and create a hidden fire hazard.

Scientific novelty. The novelty lies in the identification and generalization of critical relationships between
neutral overload, temperature regime and insulation resource, which made it possible to formulate specific criteria
for the transition to a dangerous state.

Practical value. The results justify the need for a systematic comparison of calculated and actual parameters
to identify potentially dangerous operating modes.

Keywords: thermal processes; fire hazard; neutral conductor; higher harmonics of current; overheating;
mathematical modeling.
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PABOTA IHNAXTHOT'O CAMOCIHACATEJISA ITPU OTPUIIATEJIBHBIX TEMITIEPATYPAX
OPERATION OF MINE SELF-RESCUER AT NEGATIVE TEMPERATURES

Heapb. OmpeneneHre BO3MOXHBIX KOHCTPYKTUBHBIX W HWHBIX YCOBEPLICHCTBOBAHHMN CaMOCIAcaTellei,
MO3BOJISIIOIIMX MPUMEHATh UX B ycnoBusx Kpaiinero CeBepa Ha OCHOBE YCTaHOBJICHHS 3aBUCUMOCTH BPEMEHH
Havaja aKTUBALMN PETeHEPaTUBHON PEaKIMU OT COIEPKaHNUS BIIark U TeMIEParyphl.

Metoabl. AHATMTHYECKUE METOBI UCCIIEAOBAHMS IPOLIECCOB PEreHEePALU Ta30BOM JBIXAaTENbHON CMECH.

Pesyabrarbl. UccnenoBaHel 0COOGHHOCTH KOHCTPYKTHBHBIX —PEHICHHH M XMMHYECKOTO COCTaBa
KUCJIOPOZICOZIEPIKAILIETO MPOAYKTa U MYCKOBOTO OpHKeTa, MO3BOJISIIOLIME MUCTIONB30BATh MX MPU OTPULIATEIIBHBIX
Temreparypax B ycnoBusix Kpaiinero Cesepa.

Hayunasi HoBu3Ha. BrepBble 00OCHOBaHBI TEXHHUYECKHME pELICHHUS TI0 AaKTHUBALMK BO3ICHCTBUS
Ha XMMHUYECKH CBSI3aHHBIM KUCIOPOJ HA OCHOBE TOJYYCHHS LIENIOUM Ha JIOOOBOM CJI0€ KHCIOPOICOACPKAIIEro
MPOAYKTa, TO3BOJIAIOIINE OOECTICYHTh €ro paboTy MpU OTPULATENBHBIX TeMIleparypax B ycloBusax KpaitHero
Cesepa.

IpakTnyeckass 3HaunmmocThb. [lomydeHHBIE pE3yNbTaThl WCCIEAOBAHUNA MOTYT OBITH HCIONB30BAHBI
TpH pa3paboTKe HOBBIX MOJENEH caMocnacaTeneil ¢ yIyYIIeHHBIMI TEXHUYECKUMH XapaKTepH CTUKaMH .

KawueBbie ClI0Ba: ObixamenvbHbill annapam; cpeocmea UHOUBUOYATbHOU 3aujumbl OpP2aH08 ObIXAHUL,
camocnacameiny; pezeHepayus; copoyus, Xemocopoyusi, pe2eHepamueHblll NPOOYKMm, KUCIOPOOCOOEPIHCAUUL
NPOOyKm, OMpuyamebHvle memMnepamypol.

s murupoBanus: Mavaes B. B., 36opwux JI. A., [Inemeneyxuii P. C. PaboTa maxTHOro camocracares
TPU OTPHUIIATENBHBIX TeMreparypax // Hayunsnii Bectank HUW «Pecmupatop». — 2026. — Ne 1 (63). — C. 55-65. —
EDN YGVEAK

Objective. ldentification of possible design and other improvements of self-rescuers, allowing their use
in the Far North based on the establishment of the dependence of the time of activation of the regenerative reaction
on the moisture content and temperature.

Methods. Analytical methods for the study of the processes of regeneration of the gaseous respiratory mixture.

Results. Peculiarities of structural solutions and chemical composition of oxygen-containing product and
starting briquette, allowing their use at negative temperatures in conditions of the Far North, were investigated.

Scientific novelty. For the first time, technical solutions were substantiated to activate the effect on chemically
bound oxygen based on the production of alkali on the frontal layer of the oxygen-containing product, which
make it possible to ensure its operation at negative temperatures in the Far North.

Practical significance. The research results obtained can be used in the development of new models of self-
rescuers with improved technical characteristics.

Key words: breathing apparatus; personal respiratory protection equipment; self-rescuer; regeneration;
sorption; chemisorption; regenerative product; an oxygen-containing product; negative temperatures.

For citation: Mamayev V.V., Zborshchik L. A., Pletenetskiy R.S. Operation of mine self-rescuer
at negative temperatures. Scientific bulletin of the NIl «Respirator», 2026, no. 1 (63), pp. 55-65. EDN YGVEAK
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BbICTPOTBEPIEIOIINIA COCTAB JIJIsI BO3BEJEHUA B3PBIBOY CTOMYMBBIX
HEPEMBIYEK ITOCJIOMHBIM HAHECEHUEM

FAST-SETTING COMPOSITION FOR BUILDING EXPLOSION-RESISTANT
JOINTS BY LAYER APPLICATION

Hean. PazpaboTka OBICTPOTBEPACIOIIETO COCTaBA C PAHHUM Ha0OPOM IPOYHOCTH U COKPAIICHIEM CPOKOB €ro
CXBATHIBAHUS 711 BO3BEACHHUS B IIAXTaX B3PHIBOYCTONYHBBIX MEPEMBIUCK MTOCIOMHBIM HAHECCHUEM (8 TUTHBHBIM
Crocooom).

MeTtonb1. Onpe/eneHine HOpMaTbHOM TyCTOTHI U TIOABMIKHOCTHA PAacTBOPAa METOJIOM PacIlIbiBa YCEUEHHOTO
MHUHH-KOHYca. CTaHIapTHBIE METOIBI OMpPEIeTCHUS CPOKOB CXBAaThIBAHUS PACTBOpA, IMpEeNia MPOYHOCTUA TPH
M3ru0e M CKaTHUH OTBEPIKIICHHOTO Marepuara.

Pesyabrarbl. YCTaHOBJIGHO HauOONEe pAIMOHAILHOE CONCPIKAaHHE MOMU(PHUIUPYIONMX JT00aBOK —
TUTacTU(HUKATOpa ¥ METAKAOIMHA B IIEMEHTHO-IIIIAKOBOMH CMECH, MPHUHUMAS B KaY€CTBE 3HAYUMBIX OIICHOUHBIX
KPUTEPHEB. TIOKa3aTelb JUaMeTpa paciliblBa, BpeMsl Haualla M OKOHYAHHWS CXBAThIBAHHUS PacTBOPA, Mpees
MIPOYHOCTH TIPU CIKATHH depe3 5. ..6 U TBepaeHusL.

Hayunasi HoBu3Ha. PaspaboraHa perentypa IEMEHTHO-IIUIAKOBOTO COCTaBa, (DH3MKO-MEXaHMICCKUE
CBOICTBA KOTOPOTO TO3BOJISIFOT MCIIONB30BaTh €ro JUIs TIOCIIOWHOTO BO3BEACHUS B IIAXTaX B3PBIBOYCTOWYHBBIX
MIEPEMBIYCK.

M[pakTuyeckas 3HAYAMOCTH. CBOWCTBA pa3pabOTAHHOIO COCTaBa IMO3BOJIIIOT PACCMATPUBAThH €TI0 KaK OMH
3 A3(P(EKTUBHBIX BAPUAHTOB TONYyYCHUS OBICTPOTBEPICIONICTO MaTepuana s BO3BEICHUS INAXTHBIX
B3PBIBOYCTOMYMBBIX TIEPEMBIUCK aTATUBHBIMH TEXHOJIOTHSMU, KOTJIa pAaHHUIN Ha0Op MPOYHOCTU U COKpAIICHUE
CpPOKOB CXBATHIBAHUS SIBIISIOTCS IJIABHBIMU TEXHOIOTMYESCKAMHE YCIIOBHSMH.

KarwueBbie cJI0Ba: adoumusHble mMexHONO2UU;, OUAMEmMpP PACHIbIBA; MEXAHUYECKas: NPOYHOCHIb;
Mooughuyupyrowue 000a6Ku; NOOBUNICHOCHb PACBOPA; CPOKU CXBAMBIBAHUS PACMEOPA; YEMEHMHO-ULIAKOBAS
cmecs.

dns umrupoBanusi: Aeees B. I, Jlebeoesa B. B., Xpanonenko O. B. BBICTpOTBEpACIONIMI COCTaB IS

BO3BE/ICHUS B3PhIBOYCTOMYMBBIX TIEPEMBbIUCK MOCIONHBIM HaHneceHueM // Hayunsiit Becthik HUU «Pecrnimparop».
—2026. — Ne 1 (63). — C. 66-72. —EDN XMZCIQ

Obijective. Development of a rapid-hardening composition with early strength gain and reduced setting time
for the layer-by-layer (additive) construction of explosion-proof bulkheads in mines.

Methods. Determination of the normal consistency and mobility of the mortar using the truncated mini-cone
method. Standard methods for determining the setting time of the mortar and the bending and compressive strength
of the cured material.

Results. The most rational content of modifying additives — plasticizer and metakaolin — in the cement-slag
mixture has been established, taking as significant evaluation criteria: the slump diameter, the initial and final setting
times of the mortar, and the compressive strength after 5-6 hours of hardening.

Scientific novelty. A cement-slag composition formulation has been developed, the physical and mechanical
properties of which allow its use for the layer-by-layer construction of explosion-resistant bulkheads in mines.

Practical significance. The properties of the developed composition allow it to be considered as one of the
effective options for obtaining a fast-hardening material for the construction of mine explosion-resistant barriers
using additive technologies, when early strength development and reduced setting times are the main technological
conditions.



Keywords: additive technologies; spreading diameter; mechanical strength; modifying additives; mortar
mobility; mortar setting time; cement-slag mixture.
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OBECIIEYEHUE HOPMATUBHbBIX I'MIPABJIMYECKUX ITAPAMETPOB
MMPOTHUBOINIOXKXAPHOI'O BOOIOCHAB/KEHUSA C UCITOJIB30OBAHUEM INAXTHOI'O
BOJOOT/IMBA

PROVISION OF STANDARD HYDRAULIC PARAMETERS
OF FIRE-FIGHTING WATER SUPPLY USING MINE DRAINAGE

Hens. VccnenmoBaHue THIPABIMYECKHX IPOLECCOB IMPH COBMECTHOW pabOTe IIAXTHONO BOIOOTIHMBA
U TIPOTHBOIIOXKAPHOTO BOIOCHAOKEHHS I ONPEACNCHHS B PACYCTHBIX TOYKAX II0YKAPHO-OPOCHTEIHLHOTO
TpyOOIPOBOIAa HEOOXOIMMOTO PacXoyia BObI IS OKAPOTYLICHUS U BEJIMYMHBI THAPABINYECKOTO HAIopa.

Meronpl. [IpuMeHeH aHATMTHYECKUI METOJ] MCCIICIOBAaHNSI HEYCTaHOBUBILETOCS JBMKCHUSI BOIBI B CETH
TpYyOOIIPOBOZIOB C TEPEMEHHBIM CEUEHHEM C HCIIOJb30BaHHEM (YHIaMEHTAJIbHBIX 3aKOHOB THIPOIMHAMHKH,
¢ 00palbOTKOI1 PE3yIIBTATOB C IIOMOIIBIO TAKETOB MPUKIIATHBIX KOMITBFOTEPHBIX PO PAMM.

Pesyabrarbl. [lomydeHsl 3aBUCHMOCTH, TIO3BOJISFOLIME OIPE/ICIISTh PACXO U HAIOp BOJBI B TOUKAX OTOOpa
BOIBI Ha TIOXKAPOTYIICHWE NPH COBMECTHOW pa0dOTe IIAXTHONO BOJOOTIMBA M CETH IPOTHUBOIIOKAPHOIO
BOZIOCHA0KEHHS TOPHBIX BHIPAOOTOK.

Hayunas HoBu3Ha. Pazpaborana MeToauKa pacyera rHpaBIMIeCKuX MapaMeTpoB MPH COBMECTHOM padoTe
IIAXTHOTO BOIOOTIIMBA M ITPOTHUBOIIOKAPHOTO BOAOCHAOKEHHSI, OTIIMYAIOIIAsICS OT U3BECTHBIX YUETOM apaMeTpOB
TPUMEHSIEMOTO THIPABIMYECKOr0o 000PYIOBaHUs], a TAKKE XapaKTEPHUCTUKH CETH HIAXTHBIX TPYOOIIPOBOJIOB.

IMpakTnyeckasi 3HAYUMOCTb. Pe3ynbTaThl UCCIEIOBAaHUIA MO3BOJIAT TOBBICHTH 3(P()EKTHBHOCTD TYIICHHS
NOKapoOB B IIaxTax IIPU HCIOJIB30BAaHUHM [BYX CHCTEM BOJIOCHA0OKEHHS (IPOTHBONOKAPHOH CHUCTEMBI
Y BOJIOOTIIMBA).

KinroueBble €J10Ba: y2onbHas wiaxma; agaputiblll NOJNCAPHbBLI YUACMOK, 20pHAS 8bIPADOMKA; NOO3eMHble
nodicapbl - IK302€HHO20 U IHOO2EHHO20 — NPOUCXOIHCOEHUS;  WIAXMHBIL — 60000MIIUE,  NPOMUBONONCAPHOE
8000CHAbIICEHUE; 2UOPABTULECKULL PACYUEM.

Josi uutupoBanusi: Aeapxoe An. B., omumywuii /. A., bBypax /[. C., bawma . @. ObecneueHue
HOPMaTHBHBIX THIPABIMYECKUX TTAPAMETPOB IIPOTHBOIIOKAPHOTO BOJOCHAOKEHUSI C HCIIONB30BAHUEM IIAXTHOTO
BonooruBa // Hayunsrit Bectauk HUU «Pecmupatop». — 2026. — Ne 1 (63). — C. 75-82. — EDN ZGERQJ

Purpose. Study of hydraulic processes in the joint operation of mine drainage and fire-fighting water supply
to determine at the design points of the fire and irrigation pipeline the required water consumption for firefighting
and the amount of hydraulic pressure.



Methods. An analytical method has been applied to study the unsteady movement of water in a network
of pipelines with a variable cross-section using fundamental hydrodynamic laws, with the results processed using
application computer software packages.

Results. Dependences have been obtained that make it possible to determine the flow rate and pressure
of water at the points of water extraction for firefighting during the joint operation of the mine drainage and the fire-
fighting water supply network of mine workings.

Scientific novelty. A method has been developed for calculating hydraulic parameters in the joint operation
of mine drainage and firewater supply, which differs from the known methods by taking into account the parameters
of the hydraulic equipment used, as well as the characteristics of the mine pipeline network.

Practical value. The research results will improve the effectiveness of fire extinguishing in mines using two
water supply systems (a fire-fighting system and a drainage system).

Keywords: coal mine; emergency fire area; mine workings; underground fires of exogenous and endogenous
origin; mine drainage; fire-fighting water supply; hydraulic calculation.
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AHAJIN3 CITIOCOBOB 3AIIUTHI ITOXKAPHBIX YACTEM OT ATAK
C IPUMEHEHMEM BECITMJIOTHBIX ABUAIIMOHHbBIX CUCTEM

ANALYSIS OF METHODS OF PROTECTING FIRE BRANCHES
FROM ATTACKS USING UNMANNED AERIAL SYSTEMS

Hens. [ToBplmeHne 3aIMIICHHOCTH U BBISBICHHUE MOJIOKUTEIBHBIX MPAKTHK TIPUMEHEHUSI CPEICTB 3aIlUThI
NOKapHBIX YacTell OT aTak ¢ NIPUMEHEHHWEeM OCCIMIOTHBIX AaBHAIIMOHHBIX CHCTEM, a TaKkke paspaboTka
pEeKOMEHIaIi TI0 00eCIIeUeHHI0 HEOOXOMMOTO YPOBHS OIEPaTHBHOW TOTOBHOCTH TMOIPA3/IeICHUIN TOXKapHOU
OXPaHBI.

Meronpl. Vcnone3oBanbl myOnukanuu u3 oredectBeHHbIX (E-library) u 3apyoexusix (Scholar Google
Academy) 0a3 JaHHBIX Hay4YHBIX HCCICNOBAaHMI, a Taroke onbIT CrenuanbHOW BOCHHOW ONepaliy B YacTH
TPUMEHEHHS! CPEJICTB 3aLMThI TEXHUKH OT aTak ¢ IPUMEHEHNEM OCCITHIIOTHBIX aBHAIIMOHHBIX CHCTeM. B kauecTe
METO/IOB MCCIICIOBAHMS ObLIN UCTIONb30BaHbl KPUTUUECKUI M CPABHHUTENIBHBIN aHAITH3.

Pesyabrarpl.  [lomydeHa cpaBHHTENbHAs OIIGHKA CIIOCOOOB 3alIMTHI TIOXKAPHBIX 4YacTell OT arak
C IpMEHEHHEM OCCITMIIOTHBIX aBUAIIMOHHBIX CUCTEM. BBISBIICHBI TONOKUTEIIBHBIC TPAKTHKU PUMEHEHHUS TaKHX
CPE/ICTB M BBIICICHBI HamOoiee d(pdexTrBHbIe M3 HHX. Pa3paOoTaHbl peKOMEHIAIMU IO HMX TPUMEHCHHIO
B 3aBHCHMOCTH OT CIIOKHBLICHCSI 0OCTaHOBKH.

Hayunas HoBuM3HA. Pa3paOoTaHbl 4eThipe BapHaHTa 3alllUThl TOXKAPHBIX YacTeil OT arak OECIUIOTHBIX
ABUAIIMOHHBIX CHUCTEM, a IMEHHO: 3allliTa OKOH M BOPOT, 3allliTa Ha KapKace, JIOKaJIbHasi 1 KOMOMHUPOBAHHAS



(onHas) 3aIwMTa, MPOBEICH UX CPABHUTEIBHBIN AHATN3 M0 KPUTEPUIO CTOMMOCTH, YPOBHIO 3aIUTHI ¥ CJIOKHOCTH
MOHTaXa.

[pakTuyeckass 3HAYMMOCTh. [IpencTaBneHHBIC BapuaHTHl 3alUTHl TOXKAPHBIX 4YacTeld OT arak
C IPUMEHECHUEM OCCITMIIOTHBIX aBUAIMOHHBIX CUCTEM ITO3BOJISIOT TIOBBICHTH YPOBEHB 3alIUIIICHHOCTH 00bEKTOB
MOKAPHO-CIIACATEIFHOIO TapHU30HA, COXPAHUTh OINCPATUBHOCTh PEarHMPOBAHUS TOAPA3ICICHUN Ha BBICOKOM
YPOBHE ¥ MUHUMH3UPOBATh BEIMYMHY MATEPUATHHOTO M COIIMAITLHOTO yIepoa.

KarwueBbie cioBa: ananus; cnocod; 3awuma; NONCAPHAS YACMb; AMAKAd, NpUMeHeHue, Oecnuiomubvle
asuayuonnsie cucmemol; bAC; BIIJIA; Cneyuanvhas eoennas onepayus, CBO.

HMas wurupoBanus: Kuoii B. B., Ocmanos L. A., 3aebsan06 /[. E. AHamm3 crioco0OOB 3alUThI TOXKAPHBIX
YacTei OT aTak ¢ MPUMEHEHHEM OECITMIOTHRIX aBHaMOHHbIX crcteM // Hayunsiii Bectauk HUU «Pecrnimparop». —
2026. — Ne 1 (63). — C. 83-91. - EDN VXMOEV

Objective. To improve the security of fire departments and identify best practices for protecting them from
attacks using unmanned aerial systems, as well as to develop recommendations for their use.

Methods. The study utilized publications from domestic (E-library) and international (Scholar Google
Academy) scientific research databases, as well as the experience of the Special Military Operation regarding the
use of equipment protection against attacks using unmanned aerial systems. Critical and comparative analysis were
used as research methods.

Results. A comparative assessment of fire department protection methods against attacks using unmanned
aerial systems was obtained. Best practices for using such methods were identified, and recommendations for their
use depending on the current situation were developed.

Scientific novelty. Four options for protecting fire departments from attacks by unmanned aerial systems were
developed: window and gate protection, frame protection, localized protection, and combined (full) protection.
A comparative analysis was also conducted based on cost, protection level, and installation complexity.

Practical significance. The presented options for protecting fire departments from attacks using unmanned
aerial systems (UAS) improve the security of fire and rescue garrison facilities, maintain a high level of response,
and minimize material and social damage during attacks using UAS.

Keywords: analysis, method, protection, fire department, attack, application, UAS, UAV, Special Military
Operation, Special Military Operation.
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MNPOTHO3UPOBAHUE IMHAMUKHU OITACHBIX 30H ITPU JINKBUJALIUU TTOKAPOB
HA OITACHBIX TPON3BOJACTBEHHBIX OBBbEKTAX

FORECASTING THE DYNAMICS OF DANGEROUS ZONES WHEN FIRE SUPPRESSION
AT HAZARDOUS INDUSTRIAL FACILITIES

Hesb. Pazpaborka HHTErpaIbHOTO MOAXO0AA JJIs IPOrHO3UPOBAHKSA TMHAMUKH OMIACHBIX 30H, HAIIPABICHHOTO
Ha TIOBBIILICHHE 000CHOBAHHOCTH NPUHATHUS PEILICHHUH 110 3aLUTE )KU3HU U 300POBbsI IOKApHBIX U CriacaTesnel.

Metonbl. Mcronas30BaHbl METOBI TEOPHM BEPOATHOCTEM, HEYETKOM JIOTHMKM W TOCTPOCHHUS <«JIEPEBLEB
coObITUI» 1711 (POPMHUPOBAHHA M PAHKUPOBAHMS aBAPUHHBIX cleHapueB. [l AeTanbHOro MOIEIUpOBAHHS
BBIOPAHHBIX CIIEHAPUEB NPHUMEHSIOTCSI METOABI BEIYMCIMTEIBHON THAPOIMHAMUKHA Ha OCHOBE PELICHHUS CHCTEMBI
ypaBHenmii HaBbe-CTokca, Mozieseil TypOyJeHTHOCTH, TOPEHHS U TETIOMacCOIepeHoca.

Hayunas nHoBu3Ha. Briepsrie pazpaboTaH ABYXypOBHEBBIH aJITOPUTM HHTErPALIMK MOJENIEH, a TAKKe MOIXOJ,
MO3BOJISIIOIIMI Ha 3Tarle IUIAHUPOBAHUS OTEpallii U B PEAIbHOM BPEMEHH CyXaTh 00acTb HEONpeAeIEHHOCTH
1 TIPOBOAUTB PECYPCOEMKHIE pacu€Thl TOJBKO TSl Hanbojiee KpUTUYHBIX CLICHAPUEB.

IpakTnyeckass 3HaunMocTb. Ha mpumepe ycrnoBHOro noskapa pesepByapa € JIETKOBOCIUIAMEHSIOLIECs
JKHJKOCTBIO TIPOIEMOHCTPUPOBAHA MOCIEA0BATENIBHOCTh Pa0dOThl alfOpUTMa: OT UICHTU(HUKALMK S KITIOUEBBIX
CIICHapHEB 10 MOJEIMPOBAaHUA TEIUIOBBIX IOTOKOB M monedl koHueHTpammu CO mnsd cueHapus «moxkap
B 00BasioBaHUK». [loTydeHbI MPOrHO3HBIE KAPTHI OACHBIX 30H C BPEMEHHOW PHUBA3KOM.

KinroueBble ¢J10Ba: onacHwiil npou3eo0cmeeH blil 00beKm; nodicap;, cnacamenu; npogeccuoHanbHblil Puck;,
NPOCHO3UPOBAHUE, CYECHAPHO-TI02UYECKOe MOOEIUPOBAHUe;, HUCTIEHHOE MOOeIuposanue; 0epeeo CcoObImuil;
ONACHAs 30HA; 6E30NACHOCMb MPYOQ.

st mutupoBanusi: [lagnenxo A. T., Pvibaxoe A. B., Mankun B. FO. TIporHo3upoBaHne JUHAMHUKHI OTIACHBIX
30H TpU JIMKBUIAIMK TIOKApOB HA OMACHBIX IPOW3BOACTBEHHBIX oObekrax // Hayunbii BectHuk HUU
«Pecnimparop». — 2026. — Ne 1 (63). — C. 92-105. - EDN WICDCR

Objective. The purpose of this article is to describe such an integral approach to predicting the dynamics
of hazardous zones, aimed at increasing the validity of decisions to protect the life and health of firefighters and
rescuers.

Methods. Probability theory, fuzzy logic, and event tree construction are used to generate and rank
emergency scenarios. For detailed modeling of the selected scenarios, computational fluid dynamics methods are
applied based on solving the Navier-Stokes equations, turbulence, combustion, and heat and mass transfer
models.

Scientific novelty. A two-level algorithm for model integration is proposed. An approach is proposed that
allows for narrowing the uncertainty domain at the operation planning stage and in real time, limiting resource-
intensive calculations to only the most critical scenarios.

Practical value. Using a simulated fire in a tank containing a flammable liquid as an example, the algorithm's
operational sequence is demonstrated: from identifying five key scenarios to modeling heat flows and CO
concentration fields for the «fire in a bund» scenario. Predictive maps of hazard zones with time reference are
obtained.

Keywords: hazardous industrial facility, fire, rescuers, professional risk, forecasting, scenario-logical
modeling, numerical modeling, event tree, danger zone, occupational safety.

For citation: Pavlenko A. T., Rybakov A. V., Malkin V. Yu. Forecasting the dynamics of dangerous zones
when fire suppression at hazardous industrial facilities. Scientific bulletin of the NIl «Respirator», 2026, no. 1 (63),
pp. 92-105. EDN WJCDCR
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ONITUMM3ALIMS DBAKYALIUM MATEPUAJIBHBIX IIEHHOCTEM B YCJIOBUSIX
YPE3BBIYANHBIX CUTYAIIUI C YYETOM UX BAXKHOCTH

OPTIMIZING THE EVACUATION OF MATERIAL VALUABLES IN EMERGENCY SITUATION,
TAKING INTO ACCOUNT THEIR IMPORTANCE

Heap. Pazpaborka MareMarnueckoi MOAEIN U YUCIEHHOTO METOAIA ISl ONTUMU3ALUH IBAKyallUH 00BEKTOB
13 30HBI YPE3BBIYAHON CUTYalllH C YYE€TOM X BaKHOCTH.

Mertoapt. [lpy uuncieHHOW peanu3alid NPUMEHSUIICH METOABI YHCICHHOTO aHajn3a, HEeJIMHEHHOro
MPOrpaMMHUPOBAHHMSI, METOIbI TEOPUH paciucaHus. Taike NMpH MPOrpaMMHOM peanu3anuu Ha si3bike Python
MCIIOJNB30BAIMCH OMOIMoTekn Numpy u pulp.

Pesyabrarbl. PazpaboraHa maremarnueckas MOIENb M UHCICHHBIA METOH, TMO3BOJSIIOLIME OIPENesUTh
ONITUMAJIBHOE KOTMUYECTBO U PACIIONOKEHHE ITYHKTOB CHIEHATbHON 00paOd0TKH, YUUTHIBAsK TAKUE TApaMeTphl, KaKk
CTOMMOCTH Pa3BepTHIBAaHMS U MPOITYCKHAS CIIOCOOHOCTD, BIMSIONIAS Ha BpeMs dBaKyaluu. PaccMoTpeH mpumep
IUISL CITydasi aBapuy Ha PaJUalioHHO OMAacHOM OOBEKTE, AEMOHCTPUPYIOMUHA 3P(EKTHUBHOCTD MPEJIOKEHHOTO
MOAXO/a.

Hayunas nHoBu3Ha. Briepsrie pazpaboTana MareMaTH4yecKasi MOAEb M YUCIICHHBIH METO 1Sl ONTUMAaILHOTO
pacrpesieNieHus]  dBaKyUpPYEMBIX ~MaTe€pUajbHBIX IIEHHOCTEH IO MYHKTaM CICHUATBHOW — 0OpaboTKH,
MaKCHMH3UPYIOIIME CyMMAapHYIO BKHOCTB 9BAKYUPYEMBIX MaTepHaIbHBIX LIEHHOCTEH.

pakTnyeckass 3na4yuMocTb. [IporpammMuas peanuzanusi yKa3aHHOTO YHCIEHHOTO METOAA TIO3BOJHT
OCYIIECTBISITH paclpeielIeHIE 3BaKyHPYEMbIX MaTepHalbHBIX EHHOCTEH IO IyHKTaM CIieHUaIbHON 00paboTKu
MPY BOBHUKHOBEHUH UPE3BbIUYAHBIX CUTYALNH C Y4€TOM Ba&KHOCTH SBAKYUPYEMBIX O0BEKTOB IIPH OIPaHUICHHOM
BpEMEHH U OIOIKeTe.

KiroueBble ciioBa: upessviuaiinbvie cumyayuu; 36aKyayus; 6e30NacHOCMb 8 Upe3BbINAUHbIX CUMYAYUSX;
BAJICHOCMb; 3A0A4A ONMUMUAYUU.

dass wurupoBanmsi: [opnos B.B., Menvwux B.B., Huxumenxo B.A. Ontumuzanus 3BaKyaluu
MaTepHaIbHBIX IICHHOCTEH B YCIOBUSIX YPE3BBIYANHBIX CHTYallMH C y4eToM UX BaxHOCTH // HaydHblii BeCTHUK
HUU «Pecrmparop». — 2026. — Ne 1 (63). — C. 106-113. — EDN PPFIRY

Objective. Development of a numerical method for optimizing the evacuation of objects from an emergency
situation (ES) zone, taking into account their importance.

Methods. Numerical analysis methods, nonlinear programming methods, and scheduling theory methods were
used in the numerical implementation. The numpy and pulp libraries were also used in the Python programming
language.

Results. A mathematical model has been developed that allows for determining the optimal number and
location of special processing points, taking into account their parameters such as deployment costs and capacity,
which affect the evacuation time. A numerical example is given for the case of an accident at a radiation-hazardous
facility, demonstrating the effectiveness of the proposed approach.

Scientific novelty. A mathematical model and a numerical method have been developed for the optimal
distribution of evacuated valuables among the PUSO, maximizing the total importance of the evacuated valuables.

Practical significance. The software implementation of this numerical method will allow the distribution of
evacuated material assets to the PUSO in the event of emergencies with the maximum importance of the evacuated
objects, given limited time and budget.

Keywords: emergency situations; evacuation of the population; emergency safety; importance; optimization
task.
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CPABHUTEJIBHASI OHEHKA BEPOATHOCTHU I'IBEJIN TYPUCTOB-9KCTPEMAJIOB
B 3APETNCTPUPOBAHHBIX N HESBAPETUCTPUPOBAHHBIX I'PYIIITAX

COMPARATIVE ASSESSMENT OF THE PROBABILITY OF DEATH OF EXTREME TOURISTS
IN REGISTERED AND UNREGISTERED GROUPS

Henn. [loBbmmieHne 0€30MaCHOCTH TYPUCTOB-DKCTPEMATIOB 3a CYET O0O0SM3aTeNbHONW — PErucTpaIiiu
TYPUCTUYECKUX TPy B TeppuTOpHaibHbix opranax MUC Poccun.

Marepuansl u Metoabl. Vcnons3oBansl cratuctudeckue nanabie MUC Poccuu 0 KOJIMYeCTBE TypHCTOB-
akcrpemainoB B Poccuu 3a mepuoxa ¢ 2020 no 2024 1. 1 KonMYECTBE WX MOTHOIIMX 32 3TH K& TOIBI. DTH TOMBI
BBIOpaHEI IMOTOMY, YTO pyKoBoaCTBO Poccuu B mienmom 1 MUYC Poccruu B 4acTHOCTH, CTallMl YACIATh PA3BUTHIO
BHYTPEHHETO TypU3Ma MOBBIIICHHOC BHUMAHUE.

Pesyabrarel. [lpoBeneHa cpaBHUTENBHAsS OICHKA BEPOSTHOCTH THUOETM  TYpHUCTOB-3KCTPEMAJIOB
B 3apPETUCTPUPOBAHHBIX U HE3aPETHCTPUPOBAHHBIX TpyImax. [[oka3aHo, 4To perucTpanys TYPUCTHUSCKIX TPYIII
B MUC Poccuu cHIKaeT BEpOSTHOCTh THOCTH TYpHCTa-dKCTpeMaia B Jia U Ooliee pasa.

Hayunasi HoBH3HA. BriepBeie MpOBE/ICH aHAIINM3 COCTOSHHS SN B 00JaCTH BHYTPEHHETO 3KCTPEMATLHOTO
TypusMa Poccum, mokazaHo, 4To B HacTosinee BpeMs cepa 3KCTpeManbHOro Typu3ma B Poccuu pasBuBaercs
ObICTpee, YeM CO3/aeTCsl COOTBETCTBYIONIAs HHPPACTPYKTYpa. YCTaHOBIICHO, YTO OHOHM U3 BAKHEHIIINX MPOOIeM
AKCTPEMAJIBHOTO Typr3Ma B Poccru sBISIOTCS BEICOKHE PrCKU THOeM jironieid. [lokazaHo, 4To akTyallbHBIH CIIoco0
CHIDKEHVSI PUCKOB CBsi3aH ¢ peructpanueit B MUC Poccunt TyprCTOB, OTIPABIISIOIINXCS B SKCTPEMAJIBHBIN TTOXO]T.

[pakTuyeckass 3HaYUMOCTh. CHIDKCHHE KOJIMYECTBA TMOTHUONIMX TYPHCTOB-OKCTPEMANIOB 3a CUET
MIPOXOXKICHUS TIPOTICAYPBI PETUCTPAIIHH.

KaroueBrbie c10Ba: geposimHocmy; eubeinv; sunomesd; NoUCK08O-CNACameibHas ONEPayust; PUCK; mypucm-
IKCMpemar.

Jist nurupoBanust: Boponyog C. B. CpaBHHUTENbHAs OLIEHKa BEPOSITHOCTH THOEIH TYPHCTOB-OKCTPEMAIOB
B 3apETUCTPUPOBAHHBIX M HE3aperucTpupoBaHHbIx rpymmax // Hayunsrii Bectarnk HUU «Pecnimparopy. — 2026. —
Ne 1 (63). - C. 114-125. - EDN VLHGGE

Obijective. The aim of this study is to improve the safety of extreme tourists by mandating the registration
of tourist groups with the local offices of the Ministry of Emergency Situations of Russia.

Materials and methods. This article uses statistical data from the Ministry of Emergency Situations of Russia
on the number of extreme tourists in Russia for the period from 2020 to 2024 and on the number of extreme tourist
fatalities during these same years. These years were chosen because the Russian leadership in general, and the
Ministry of Emergency Situations in particular, has begun to pay increased attention to the development of domestic
tourism.

Results. A comparative assessment of the likelihood of extreme tourist fatalities in registered and unregistered
groups was conducted. The article shows that registering tourist groups with the Ministry of Emergency Situations
of Russia reduces the likelihood of extreme tourist fatalities by two or more times.

Scientific novelty. This is the first analysis of the state of affairs in the field of domestic extreme tourism in
Russia. The analysis shows that the extreme tourism industry in Russia is currently developing faster than the
creation of the corresponding infrastructure. It has been established that one of the most significant problems
associated with extreme tourism in Russia is the high risk of fatalities. The article demonstrates that a relevant
method for reducing these risks involves registering tourists planning extreme trips with the Russian Ministry
of Emergency Situations.



Practical significance. The practical significance of the obtained results lies in the reduction of fatalities
among extreme tourists through the registration procedure.

Keywords: probability, death, hypothesis, search and rescue operation, risk, extreme tourist.
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HOBBIIEHUE OTHECTOMKOCTH JIBEPHBIX BJIOKOB HA ITYTSIX 9BAKYAIIUA
B NHCTOPUYECKHUX 3IAHUAX

INCREASING THE FIRE RESISTANCE OF DOOR BLOCKS ON ESCAPE ROUTES
IN HISTORIC BUILDINGS

Hean. PazpaboTka criocoO0B MOBHIIICHHST OTHECTOMKOCTH JCPEBSIHHBIX OJIOKOB, PACIIONOKEHHBIX HA MYTIX
9BaKyallMd B WCTOPUYECKHX 3[aHUSIX OOBEKTOB KYJIBTYPHOIO HACIEMUs, C Y4YETOM OXpPaHHOIO CTaryca
KOHCTPYKIIH.

Metoasl. AHanm3 TpeOoBaHWii HOpMaTuBHOHM nokymenrtanmu: ®3-73, CIT 1.13130.2020; npoeneHue
WCIBITAaHUS OTHECTOMKOCTH 00pa3loB He 0Opa0OTaHHBIX KOHCTPYKIMH; BBEIOOP TEXHOJOTMU TOBBIIICHHS
OTHECTOMKOCTH B 3aBHCUMOCTH OT KIIPEAMETa OXPaHbI».

PesyabraTtsel. VccnenoBaHa OrHeCTOWKOCTh He 0Opa0OTaHHBIX W 00pPaOOTaHHBIX OOPA3IIOB JICPEBSIHHBIX
IIBEPHBIX OJIOKOB. B 3aBUCHMOCTHM OT OXpaHHOTO CTaTyca OOBCKTa MPEIOKEHBI CIOCOOBI TTOBBIIICHUS
OTHECTOMKOCTH JIBEPHBIX OJIOKOB Ha ITyTSAX 3BaKyaIlHH.

Hayuynasn HoBu3Ha. BriepBbie chOpMyIHpOBaHBI MPAKTUYECKHE METOMABI TMOBBIIICHUS OTHECTOMKOCTH
JIBEPHBIX OJIOKOB HA ITyTSX IBAKyaI[HMU C YYETOM HUCTOPUUYECKOTO CTaTyca 3/IaHus.

[pakTuyeckasi 3HAYUMOCTh. PacCMOTpEHBI THIOBBIC (POPMYJIMPOBKH, YCTaHABIMBAIOIINE OXPAHHBIN
CTaTyC KOHCTPYKITUH 3aHUs, UCXO/IS U3 KOTOPBIX MPEIONKEHBI METOBI TIOBBIIICHHS OTHECTOMKOCTH JBEPHBIX
OJIOKOB Ha IMyTAX dBaKyanuu. MX mpuMeHeHre TI03BOJIHUT COOCTBEHHUKAM U OPTraHU3aIlUsIM, KCILUTyaTHPYIOIIUM
WCTOPUYCCKUE 3/IaHHs, BBITOJTHUTH TPEOOBAHMSI HOPMATUBHOM JIOKYMEHTAIIMY C COXPAHEHHUEM OXPaHHOT'O CTaTyca
KOHCTPYKIIHH.

KnroueBbie CI0Ba: 00vbekm KYIbMypHO2O HACLeOUs; NONCAPHASL OE30NACHOCMb;, UCIOpUYecKds 08epb;
OZHECMOUKOCMb; NPeOMem OXPAHbL; 02HE3AUUMHAS 00PAOOMKA.
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Objective. Development of methods to increase the fire resistance of wooden blocks located
on evacuation routes in historical buildings of cultural heritage sites, taking into account the protected status
of structures.

Methodology. Analysis of the requirements of regulatory documentation: FZ-73, SP 1.13130.2020; fire
resistance testing of samples of untreated structures; selection of fire resistance enhancement technology
depending on the «subject of protection».



Results. The fire resistance of untreated and treated samples of wooden door blocks was investigated.
Depending on the security status of the facility, practical options for increasing the fire resistance of door
blocks on escape routes are proposed.

Scientific novelty. Practical methods of increasing the fire resistance of door blocks on escape routes
in historical buildings are proposed.

Practical significance. The standard formulations establishing the protective status of the building
structure are considered, based on which methods for increasing the fire resistance of door blocks on escape
routes are selected. The use of which will allow owners and organizations operating historical buildings to
comply with the requirements of regulatory documentation while maintaining the protected status of structures.

Keywords: cultural heritage object; fire safety; historical door; fire resistance; object of protection; fire-
resistant treatment.
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OBOCHOBAHHUE NAPAMETPOB TEXHHYECKHUX CPEACTB HPENOTBPALIIEHUS]
YPE3BBIYAUHBIX CUTYALIUU

SUBSTANTIATION OF PARAMETERS TECHNICAL MEANS
OF PREVENTION EMERGENCY SITUATIONS

Hean. CHmXeHNe pUcKa pa3BUTHSI YpE3BbIYANHBIX CUTyallMi Ha HAYaJIbHOM CTaJy aBapUHHBIX MPOLIECCOB
B YCIOBMSX OrpPaHMYEHHBIX pPECYpcoB 3a cu€T OOOCHOBaHMS MapaMeTpOB TEXHHYECKUX CPEACTB
MX TIPEOTBPAIICHUS C YYETOM BIMSHUS 3TUX TapaMETPOB Ha PHCK.

Metomuka. MeToqka OCHOBaHA Ha PUCK-OPUEHTHPOBAHHOM ITOJXO0JIE K MPEJOTBPAILCHUIO YpE3BbIYAHBIX
CHUTyalllll ¥ aHAJIN3€E CYIIECTBYIOIIMX MIOAXO0A0B K peai3alii COOTBETCTBYIOLIMX MEPONPHUATHI C TPUMEHEHHEM
TEXHUYECKUX CPEICTB W HHXEHEPHBIX pemleHuii. s oOoCHOBaHUS mMapaMeTpoB TEXHHYECKHX CPEACTB
WCIIONB30BaH METOJ aHalln3a uepapxuil, obOecreunBaromuii (opMUpOBaHHE U NPHOPUTH3ALMIO KPUTEPHUEB,
BIMAIOIMX Ha pHUCK-ONpenenstomuii mapamerp. OleHKka BIMSHUS IapaMETPOB TEXHUYECKUX CPEICTB
Ha CHWKECHHE YPOBHS PUCKa BBITIOJIHEHA C IPUMEHEHHEM PACUETHBIX 3aBUCUMOCTEN U METOJIOB MaTeMaTHYECKOTO
MOJIEIMPOBaHMsI. DKOHOMHYECKas LeJeco00pa3sHOCTh MPOEKTHBIX pelleHnH OOOCHOBaHAa C HCIOJIb30BAHUEM
OILIEHOYHBIX METOJIOB SKOHOMHUECKOTO aHAJIM3a.

Pesyabrarbl. Paspaborana metonrka 000CHOBaHMS MapaMeTPOB TEXHHMUYECKUX CPEACTB MPEAOTBPAILCHHS
Ype3BbIYANHBIX CUTYallMi, BKIIOYAIOIAS AJTOPUTM BBIOOPA PUCK-OMPEAECISIONIETO MapaMerpa, GopMHUPOBaHHUS
W TPUOPUTH3ALUM KPUTEPHEB, CTPYKTYPHOTO CHHTE3a, MApaMETPHYECKOTO M HKOHOMHUYECKOTO OOOCHOBAHUS
MPOEKTHBIX PEIIeHUH. AMpo0alys METOAMKH BHIIIOJIHEHA HAa MPUMEPE TEXHUUYECKOTO CPEACTBA JIOKAJIHM3AIUU
pazauBoB HepTH M HE(TEHPOAYKTOB, YTO MOATBEPAWIO €€ MPAaKTUYECKYIO NMPUMEHUMOCTh M KOPPEKTHOCTH
3aJI0’KEHHBIX PaCUETHBIX MTPEATIOCHIIOK.



Hayunasi HoBu3Ha. BriepBole paspaboTaH alropuTM METOOUYECKOTO PHCK-OPHEHTHPOBAHHOTO IOIXO/A,
(hopMaIM3YIOIMIA TPUINHHO-CIIECTBEHHYIO CBS3b COOTHOIICHUH «I1apaMeTphl TEXHUYECKOTO CPEACTBA — PHCK-
ONpEIENSIOIINIA apaMeTp — CHIDKEHHE YPOBHS PUCKa UpE3BBIYAWHBIX CHUTYaLUii» it 000CHOBaHUS Tepexona
OT OLICHKH PHCKAa Ha HAa4yaJbHOM CTAJMM BO3HMKHOBEHMS aBapUHHOW CHUTyalldd K OOOCHOBAHHMIO MapamMeTpOB
NpeyiaraéMbIX TEXHUYECKUX CPEJICTB C YUYETOM PECYPCHBIX OTpaHUICHUH .

IpakTnyeckas 3HayuMocTb. [lpemnokeHHas METOOMKA TIIO3BONSICT TOBBICHTH OOOCHOBaHHOCTD
MapamMeTpoB TEXHHMYECKUX CPEACTB MPENOTBPALICHUS M JIOKAJIN3alMK YpEe3BbIYAHHBIX CUTYyaluil 3a cuéT yuéra
WX BIMSHUA Ha YPOBEHb pHCKa U 3arpar. E€ npumeneHne odecnieunBaeT (popMUpOBaHUE PallMOHATIBHOTO OanaHca
MeXIy 3(GQEKTHBHOCTBIO TEXHUUECKUX CPEICTB M PECYPCHBIMH OIPaHHUYCHUSMU M MOXKET OBITh HCIIOIb30BaHO
NPy TNPOCKTUPOBAaHUHM TEXHUYECKHX CPEACTB Pa3iMYHOrO HAa3HA4eHHWs, BKIOYAas MOOWIIBHBIE CpeNCTBa
JIOKaJIM3alliy Pa3IMBOB HEPTH 1 HEPTEPOILYKTOB.

KiroueBble cli0Ba: puck-opuenmuposanivlii H00X00; Ype3gbluatinble CUmyayuu mexHo2eHHo20 XapaKkmepa,
Cpeocmeo npedomepPaeHUst YPe3GbIYAlIHbIX CUMYAYULl; OSPAHUYEHHOCHb Pecypcog; JIOKATU3AYUsL pasiueos
Hegmu u He(hmenpooyKkmoe; pucKk-onpeodesiouuil napamemp.
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Objective. Reducing the risk of emergency situations at an early stage of emergency processes in conditions
of limited resources by substantiating the choice of parameters of technical means of their prevention, taking into
account the impact of these parameters on the risk.

Methodology. The methodology is based on a risk-based approach to the prevention of emergencies and
an analysis of existing approaches to the implementation of relevant measures using technical means and
engineering solutions. To substantiate the parameters of technical means, the method of hierarchy analysis is used,
which provides the formation and prioritization of criteria affecting the risk-determining parameter. The assessment
of the impact of the parameters of technical means on the reduction of the risk level was carried out using calculation
dependencies and methods of mathematical modeling. The economic feasibility of design solutions is substantiated
using evaluation methods of economic analysis.

Results. A methodology for substantiating the parameters of technical means of preventing emergency
situations has been developed, including successive stages of choosing a risk-determining parameter, forming and
prioritizing criteria, structural synthesis, parametric and economic justification of design solutions. The approbation
of the method was carried out on the example of a technical means for localizing oil and petroleum products spills,
which confirmed its practical applicability and the correctness of the calculated prerequisites.

Scientific novelty. It consists in the development of a risk-oriented methodology for substantiating
the parameters of technical means of emergency prevention, which provides a formalized cause-and-effect
relationship «parameters of the technical means — risk-determining parameter — change in the level of risk of
emergency situations». For the first time, a step-by-step approach is proposed, which provides a transition from risk
assessment at an early stage of the emergency process to the justification of the structure and parameters of technical
means, taking into account resource constraints.

Practical significance. The proposed methodology makes it possible to increase the validity of the choice
of parameters of technical means for the prevention and localization of emergency situations by taking into account
their impact on the level of risk and costs. Its use ensures the formation of a rational balance between the efficiency
of technical means and resource constraints and can be used in the design of technical means for various purposes,
including mobile means of localizing oil and petroleum products spills.

Keywords: risk-oriented approach; man-made emergencies; means of preventing emergency situations;
limited resources; localization of oil and oil products spills; risk-determining parameter.
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