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TA3OIMHAMHAYECKH CIIOCOE MOBBIIIEHUS
IOPEKTUBHOCTH TOPOIIKOBOI'O TYIHEHUS ITOKAPA

GAS-DYNAMIC METHOD OF INCREASING THE EFFICIENCY
OF POWDER FIRE EXTINGUISHING

Heab. OGocHOBaHME KOHCTPYKTHBHBIX IapaMETPOB MOXKApOTYIIAIIETO YCTPOWCTBA € Ta30JUMHAMHYECKUM
YCKOPEHHEM Ta30IOPOIIKOBON CMECH IS TOBBILIEHHS () QEKTUBHOCTH TYILICHHS ITOXKapa.

Metoabl. AHaTUTHYECKHE METOIBI pacueTa TeUeHHs ra30MOPOIIKOBOM cMeCH B corutax Tuma JlaBas, MeToapl
aHAJIOTHH MKy MPOLECCAMH MCTEUCHHs KalebHOW JKHIKOCTH U TICEBIOKHIKOCTH (ra30MOpOLIKOBOW CMECH)
B COIUIAX U HACA/IKaX.

Pesyabrarpl. Ilomyuena cucrema muddepeHIMANbHBIX W anreOpanyeckuX YpaBHEHUH JBUDKEHUS
1 TeII000MeHa MKy AUCIEPCHO# (ha3oi (YacTUIaMy IOPOIIKA) ¥ HeCyIel ra30Boii (a3oii B ABYX(a3HOM COILIE.
[okazano, 4TO HavalbHBIE YCIOBHS NAHHBIX IH(depeHIMANBHBIX ypaBHEHHH MOXXHO IOIYYUTh W3 PELICHUS
cucTeMbl AU QepeHIHaNbHBIX U AIreOpanyecKiX YpaBHEHUH, ONMCHIBAIOIINX UCTEUCHNE Ta30MOPOILIKOBOH CMECH
u3 cocyaa B KoH(Y30p ABYX(a3HOTO COTIa.

Hayunasi HoBu3Ha. Pa3paboranHas MareMariyeckasi MOJENb OTINYAETCsl TEM, YTO HayaJbHBIE YCIOBUS IS
pemieHust cucreMbl UG GepeHIMANBHBIX U anreOpandecKuX YpaBHEHUH ABMKEHHS U TEIJIOOOMEHa MOPOIIKOBOI
1 ra30Boi (a3 mpemIokeHo UCKaTh B BUAE CHCTEMBI AU depeHIHaTbHBIX U aNredpandeckuxX YpaBHEHU NCTEUCHUS
ra30MOpPOLIKOBOM cMecH U3 cocyla B KoH(]y30p nByxdazHoro comia tuna JlaBans. Ha ocHoBe Merona aHanmoruit
BIIEPBBIE MOTy4YeH KOAP(UIMEHT CKOPOCTH T'a30MOPOLIKOBOIM CMECH.

[pakTuyeckass 3HAYUMOCTh. [Ipe/UTOKEHHBI Ta30JMHAMAYCCKUI CHOCO0 YCKOPEHHS Ta30MOpOIIKOBOM
CMECH TIO3BOJISICT MOBBICHTH UMITYJIbC M KHHETHYECKYIO SHEPTHIO Ha Cpe3e COIlla IUCHEePCHOM 1 ra3oBoii a3, uTo
noBbIIaeT 3pQPeKTUBHOCTL TylIeHHs moxapa. [IpemokeHHas MaTeMaThuecKass MOJENb TO3BOJSIET 00OCHOBATH
KOHCTPYKTHUBHBIE NTapaMeTPhbl Ta30OPOIIKOBOTO COTLIA.

KaroueBbie CJI0OBa: nopowikosoe myuieHue; 2a300uHamu4eckoe YCKopeHue;, OUcnepchas gasa; osyxgastoe
CONJIO; MAMEMAMUYECKASI MOOETb.

Josa murupoBanusi: Kupvsn A. I1., Hegpmubaii I U., Tanyxun H. A. T'a3oninHaMUYECKUi cIOCO0 TOBBITICHHS
3((PEKTUBHOCTH TIOPOIIKOBOTO TyIreHus noxapa // Hayunsrii Bectauk HUW «Pecrmparop». — 2025. — Ne 4 (62). —
C. 7-16. —EDN TEPLKU

Obijective. Justification of the design parameters of a fire extinguishing device with gas-dynamic acceleration
of a gas-powder mixture to improve the efficiency of fire extinguishing.

Methods. Analytical methods for calculating the flow of gas-powder mixture in Laval-type nozzles, methods
of analogies between the processes of flow of droplet liquid and pseudo-liquid (gas-powder mixture) in nozzles
and attachments.

Results. A system of differential and algebraic equations of motion and heat exchange between the dispersed
phase (powder particles) and the carrier gas phase in a two-phase nozzle is obtained. It is shown that the initial
conditions of these differential equations can be obtained from the solution of a system of differential and algebraic
equations describing the outflow of a gas-powder mixture from a vessel into the confuser of a two-phase nozzle.



Scientific novelty. The developed mathematical model is distinguished by the fact that the initial conditions
for solving the system of differential and algebraic equations of motion and heat exchange of the powder and gas
phases are proposed to be sought in the form of a system of differential and algebraic equations of the outflow
of a gas-powder mixture from a vessel into a confuser of a two-phase Laval-type nozzle. Based on the analogy method,
the velocity coefficient of the gas-powder mixture was obtained for the first time.

Practical significance. The proposed gas-dynamic method of accelerating the gas-powder mixture allows
increasing the impulse and kinetic energy at the nozzle section of the dispersed and gas phases, which increases t
he efficiency of fire extinguishing. The proposed mathematical model allows justifying the design parameters
of the gas-powder nozzle.

Key words: powder extinguishing; gas-dynamic acceleration; dispersed phase; two-phase nozzle; mathematical
model.

For citation: Kiryan A. P, Peftibay G. I., Galukhin N. A. Gas-dynamic method of increasing the efficiency

of powder fire extinguishing. Scientific bulletin of the NIl «Respirator», 2025, no. 4 (62), pp. 7-16. EDN TEPLKU
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BJIMAHUE HAJEZKHOCTU ABTOMATUYECKHUX CPEACTB
SAIMTBI HA TOXKAPHYIO BE3OITACHOCTDB CETH 6-10 kB

INFLUENCE OF RELIABILITY OF AUTOMATIC PROTECTIVE EQUIPMENT
ON FIRE SAFETY OF 6-10 kV NETWORK

Heap. OueHnTd BIMSHUE CPOKOB AMATHOCTHKM CHCTEMBI PEICHHON 3alUuThl KOMMYTAlMOHHOIO arapara
Ha o0ecrieueHne MoxapHoi 0e3onacHocTH KadensHoi cet 6—10 kB B quHaMiyeckoM pexuMe.

Mertoasi. TeopeTnueckne HCCaeI0BaHNS U3MEHEHHS COCTOSTHUS aBTOMAaTUUECKON CHCTEMBI 3aLIUTHI C TEUCHUEM
BpEeMEHH OBbUIN MPOM3BEICHBI C HCHOIb30BAHNEM MApPKOBCKUX MPOLIECCOB C ABYMsI AUCKPETHBIMH COCTOSHUSIMU H
HETIPEPBHIBHBIM BPEMEHEM.

Pesyabrarpl. [I1s1 KOHKPETHOTO HPEIpUsITUS ObUIO YCTaHOBJICHO, YTO W3MEHEHHE CPOKOB JUArHOCTUKH
CHCTEMBl DEJICHHOW 3allMThl KOMMYTalMOHHbIX anmaparoB 10 kB Ha moxacranmmu 110/10kB ¢ © =1rog
Ha ® = 0,5 roga nmozBomuiio B 3,33 pa3a yMEHBIIUT OKHIAEMOE YHCIIO BO3TOPaHUi n3osiuuu obopynosanus 10 kB
MPY KOPOTKHX 3aMBIKaHUSIX B CETU MPOMBILIICHHOTO TPEIPUSTHSL.

Hayunasi HoBM3HA. BriepBble MOMy4eHBI pacuyeTHbIE 3aBHCHMOCTH, KOTOPBIE IOJHOCTBHIO XapaKTepH3YIOT
HaJeKHOCTb CUCTEMBI peJIeHHOM 3alUThl B THHAMUYECKOM PEKUME PaboTHI.

IpakTnyeckas 3HaunMocTh. Pa3paboTaHHas METOAMKA PacueToB IMO3BOJIET ONMPEACIHUTh XapaKTEPUCTUKH
HaJeKHOCTH CHUCTEMbI PENEHHON 3allMThl U OLICHUTH BIUSIHUE CPOKOB AWArHOCTUKK CHUCTEMBI PEJICHHON 3aIIUThI
Ha TIO’KapHYI0 0e30MacCHOCTh 3aIMIAEMOH CETH.

KinroueBble c10Ba:  mpancopmamopuas noocCmanyus, HAOEICHOCMb CPeOCms 3aujumbl; KOPOMKoe
3aMbIKaHue; CPOKU OUALHOCIMUKUL; KO @uyueHm 20mosHoCnu.

Jas umtupoBanusi: Koganes A.Il., Axumuwmuna B.B. BnusHue HaJeXHOCTH aBTOMATUYECKUX CPENICTB
3aIUTHI Ha MokKapHyto OezonacHocTh cetr 6-10 kB // Hayunsnii Becthuk HUU «Pecrmparop». — 2025. — Ne 4 (62).
—C.17-25. - EDN DPZDMB



Objective: To evaluate the impact of the diagnostic time of the relay protection system of a switching device
on ensuring fire safety of a 6-10 kV cable network in dynamic mode.

Methods: Theoretical studies of changes in the state of an automatic protection system over time were carried
out using Markov processes with two discrete states and continuous time.

Results: For a specific enterprise, it was found that changing the diagnostic time of the 10 kV relay protection
system at a 110/10 kV substation from ® =1 year to ® = 0.5 years allowed for a 3.33-fold reduction in the expected
number of fires in the insulation of 10 kV equipment during short circuits in the industrial enterprise network.

Scientific novelty: Calculation formulas have been obtained that fully characterize the reliability of the relay
protection system in dynamic operation.

Practical significance: The above calculation method allows us to obtain the reliability characteristics
of the relay protection system and assess the impact of the timing of the diagnosis of the relay protection system
on the fire safety of the protected network.

Keywords: transformer substation; reliability of protective equipment; short circuit; diagnostic time; availability
factor.

For citation: Kovalev A. P., Yakimishina V. V. Influence of reliability of automatic protective equipment on fire
safety of 6-10 kV network. Scientific Bulletin of the NIl «Respirator», 2025, no. 4 (62), pp. 17-25. EDN DPZDMB
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UCCJIEJIOBAHUE ®U3UKO-XUMHUYECKHUX CBOMCTB U ITPOTUBOIIOKAPHOI
IOPEKTUBHOCTHU HTHI'MBUTOPAKOPPO3UHN HA OCHOBE ITOJIMAKPUJIATA HATPUS

INVESTIGATION OF THE PHYSICOCHEMICAL PROPERTIES AND FIRE-RETARDANT EFFICACY
OF ASODIUM POLYACRYLATE-BASED CORROSION INHIBITOR

Heab. KommexkcHoe uccnenoBaHne (HU3MKO-XMMUYECKHX CBOMCTB M MPOTHBONOXKApHOH 3()h(EKTHBHOCTH
HOBOTO HMHTHOMTOpPa KOPpPO3MM Ha OCHOBE IOJNMAKpHiaTa HaTpusl Uil TOBBILEHUs O€30IMacCHOCTH OOBEKTOB
MarucTpajibHBIX HE(TEIPOBOIOB.

Metoauka. s oneHKH CBOMCTB MHTMOMTOpa NPUMEHSUIMCH CTaHIapTU3UPOBaHHBIE METOIBI. ONpeeicHHue
temreparypbl  3acteiBanus ([OCT 20287-91), xunemarmueckoit Bsizkoct (I'OCT 33-2000) u  mmoTHOCTH
(T'OCT 18995.1-73). CoBMECTUMOCTS C IIACTOBBIMH (DIIFOM/IaMH M3y4ajiach MyTeM BU3YaJIbHOTO KOHTPOJIS cMecel
¢ He()THIO W TIacTOBOM BomOH. OleHKa BIMSHUS Ha TOXKapHYIO 0€30MaCHOCTh MPOBOMIIACH METOAOM TTOCTPOCHHS
«IepEBbEB COOBITHII» M PAceTOM PHCKOB B IporpaMMHOM Kommiekce TOXI+R™ mig yuacTka marmcrpaszoro
HedTernpoBoaa.

PesynbTarpl.  YCTAaHOBJIEHO, 4YTO  HMHIHOMTOp  OONAmacT  ONTUMAIBHBIMM  JKCIUTyaTallMOHHBIMU
XapaKTepUCTUKaMU: HU3Kas Temriepatypa 3actbiBanus (—8 °C), kuHemarmyeckas Bs3kocTh 1,42 Mv%/c M monHast
COBMECTHUMOCTb C TIACTOBBIMH (DiroMIaMu 0e3 BBINAIeHUS 0caika. PacueTsl IeMOHCTPUPYIOT, YTO €T0 MPUMEHEHNE
CHIDKACT WHIMBUAYAIIBHBIN TOXKAPHBIA PUCK JI0 TOMYCTHMBIX 3HAYCHHUM.

Hayunasi HoBu3HA. BriepBbie poBeieHa KOMIUIEKCHAs! OLIeHKa HHTMOMTOpa Ha OCHOBE MOJIMAaKpUIIaTa HaTpHs,
JIOKa3bIBAIOIAsl HE TOIBKO €ro BBICOKWE 3aluTHBIC cBoiicTBa (3dexruBHocTs 90 %), HO W MpsSMOE BIUSHHE



Ha CHIKEHHE BEPOATHOCTH aBapUIHBIX CUTyalllH, CBI3aHHBIX C KOPPO3UOHHBIMH MOBPEKACHUAMH, U KaK CIECTBUE
— Ha ypOBEHb M0KapHOTO PUCKA.

pakTnyeckass 3HA4YUMOCTb. Pa3paboTaHHBII WHTHOWTOp SIBISAETCS SKOJIOTHYHOM M JKOHOMHYECKU
spdexTuBHON anBTEpHATHBON TPAJMLWOHHBIM HUTPHUT- H (ocdarcoepKalmM coctaBaM. Ero BHeapeHHe
Ha 00BEKTax TPyOOIPOBOAHOTO TPAHCIIOPTa MO3BOJMT 3HAUYMTENBHO TOBBICUTH MPOMBIILIEHHYIO 0€30MacHOCTh 3a
CYET CH)KCHHS YacTOThI pa3repMeTH3allK TPyOOIIPOBOJIOB U, KaK CIACACTBUE, MUHUMH3AIINH PUCKA BOSHUKHOBEHHS
MOAPOB U B3PBIBOB.

KitroueBble c10Ba: koppo3sus; uneubumop; nOIUaKpunam Hampus; NOJICApHolil PUCK.

M uurupoBanus: Xaguzos U. @., Cymmanos P. M., baxupos /]. P. UccnenoBanue (pu3NKO-XUMHYECKUX
CBOWCTB ¥ IPOTUBOTIOXKAPHOH (P PEKTUBHOCTH MHIMOMTOPa KOPPO3UH Ha OCHOBE MONMaKpriiara Harpus // Hayunsrit
BectHK HUU «Pecrimparop». — 2025. — Ne 4 (62). — C. 26-34. — EDN OTOMCI

Objective. Comprehensive study of the physicochemical properties and fire protection efficiency of a new
sodium polyacrylate-based corrosion inhibitor for application at main oil pipeline facilities.

Methodology. Standardized methods were used to evaluate the inhibitor properties: determination of the pour
point (GOST 20287-91), kinematic viscosity (GOST 33-2000), and density (GOST 18995.1-73). Compatibility with
reservoir fluids was studied by visual monitoring of mixtures with oil and formation water. Assessment of the impact
on fire safety was carried out using event tree analysis and risk calculations in the TOXI™R software package
for a section of a main oil pipeline.

Results. The inhibitor was found to have optimal performance characteristics: low pour point (-8 °C), kinematic
viscosity of 1.42 mm?/s, and full compatibility with reservoir fluids without sediment formation. Calculations
demonstrate that its application reduces individual fire risk to acceptable levels.

Scientific novelty. For the first time, a comprehensive assessment of a sodium polyacrylate-based inhibitor
has been conducted, proving not only its high protective properties (90 % efficiency) but also its direct impact
on reducing the probability of accidents related to corrosion damage and, consequently, on the level of fire risk.

Practical significance. The developed inhibitor is an environmentally friendly and cost-effective alternative
to traditional nitrite- and phosphate-containing compositions. Its implementation at pipeline transport facilities will
significantly enhance industrial safety by reducing the frequency of pipeline leaks and, as a result, minimizing the risk
of fires and explosions.

Key words: corrosion; inhibitor; sodium polyacrylate; fire risk.

For citation: Khafizov I. F, Sultanov R. M., Bakirov D. R. Investigation of the physicochemical properties
and fire-retardant efficacy of a sodium polyacrylate-based corrosion inhibitor. Scientific bulletin of the NII
«Respirator», 2025, no. 4 (62), pp. 26-34. EDN OTOMCI

Cepeeit 'ennadvesuu Anexcees, kano. xum. Hayk, doyenm, cm. Hayy. comp.; e-mail: 3608113@mail.ru
Dedepanvroe cocydapcmsertoe Ordxcemroe yupexcoenue Hayku Hayuno-unoicenephviil yenmp
«Haoexcrnocmb u pecypc 6omvuux cucmem u mawun» Ypaivckoeo omoenenus PAH

620049, Examepunbype, yn. Cmyoenueckas, 54-a. Ten.:+7 (343) 374-16-82

Sergey Gennad’evich Alexeev, Cand. of Chem. Sci., Associate Professor, Senior Researcher;
e-mail; 3608113@mail.ru

Science and Engineering Center «Reliability and Safety of Large Systems and Machines»

of the Ural Branch of the Russian Academy of Sciences

620049, Yekaterinburg, Studencheskaya St., 54-a. Phone: +7(343) 374-16-82

CPABHUTEJIbHBII AHAJIN3 METOIUK ITPOTrHO3UPOBAHU A U3ELITOYHOI'O
JIABJIEHHS BO3IYIIIHOM YIAPHOM BOJIHBI B PEXKMME JIETOHALIMA

COMPARATIVE ANALYSIS OF METHODS TO PREDICT
OVERPRESSURE OF AIR SHOCK WAVE IN DETONATION MODE

Hesp. IToBbienne 3pdeKTHBHOCTH MEPONPUATHI TIO B3PHIBOIIOKAPHOM 3aIUTE MPOMBIILIEHHBIX 00BEKTOB
Ha OCHOBE BBISBICHHS HamOojee ONTHMAIBHOTO METOJa MPOTHOZMPOBAHMS IOCIEACTBUI B3PHIBOB TOILUIMBHO-
BO3/IYIIHBIX CMECEH B PEKHME AETOHALIUH.

Metoapl. AHATUTHYECKHE METO/IBI MCCIEIOBaHUs], IPUBECHHBIE B PYKOBOJCTBE 110 Oe30macHoCTH «MeToauka
OLICHKH TIOCJICCTBUI aBapHIHBIX B3PHIBOB TOILIMBHO-BO3AYMIHBIX cMmecel» or 20221 (meron1l) m T'OCT
P 12.3.047-2012 (metox 2), a Takxke MyJbTHIHEpreTHdeckuii Merox HumeprnaHackoi opraHW3alyy MPUKIaIHBIX



Hay4yHbIX uccnenoBanuii (Meron 3), meron befikepa-Crpenoy-Tanra (meton 4) u nporpamma «Pacyer mapamerpoB
B3pBIBA A301aPOBO3IYIIHEIX cMeceil. Bepeus 2» (metox 5).

PesyabTarhl. YCTaHOBIIEHO, YTO METO 2 M METOA 4 HEONPABIAHHO 3aBBIIIAIOT KOAPMUIIMEHT YI9acTHs TOPIOYEro
BEIIECTBA BO B3pbIBE (Z), MOITOMY HMX HCIOIb30BaHHE JUIS OINpPEICICHHS W30BITOYHOTO JABICHUS BO3IYIIHOM
YAApHO! BOJHBI NIPY IETOHAIMY TOIUIMBHO-BO3IYIIIHON CMECH HE PEKOMEHTYeTCS.

Metozpt 1, 3 u 5 maroT mpuemIieMble pe3yibTaThl OLEHKH BO3ICHCTBHS BO3MYIIHOH yIapHOW BOJIHBI, OZHAKO
IUIsl IpuMeHeHHss Metona 1 TpeOyeTcss BHECEHHE IOMOIHUTENBHBIX W3MEHEHHH, PACIIMPSIOMINX KpPYT BELICCTB,
KOTOpBIE MOTYT B3pBIBATHCS B PEXKUME AECTOHALWH.

Hayunasi HoBu3Ha. [Toka3ana BO3MOXXHOCTb NIPUMEHEHUS alBTEPHATUBHBIX CIIOCOOOB OLIEHKH TOCIEACTBUI
B3pbIBA TOIJIMBHO-BO3/IYIIIHBIX CMECEN B PEXMME JIETOHALIHH.

IpakTnyeckas 3HaunMocTh. [lomyvueHHbIe pe3ynbTaThl HCCIIEIOBAaHUS TO3BOJIST MOBBICHTH SP(EKTUBHOCTD
TUIAHUPOBAHUSI ¥ PeasTU3ai MEPOIPHUATHH O B3PHIBOMIOKAPHOH 3aIIUTE MPOMBIIIIEHHBIX 00BEKTOB.

KinroueBble c10Ba: 63pbig; nocap; moniueHo-8030YUIHASL CMECh; OeMOHAYUSL, ABAPUS.

Jns umrupoBanus: Anexcee¢ C. I CpaBHHUTENBHBIN aHaIM3 METONMK IPOTHO3MPOBAHUSI H30BITOYHOTO
JIaBJICHHS] BO3MYILIHON YIapHOW BOJHBI B pexkume aetonarmu // Hayunsni Bectank HUW «Pecnmparop». — 2025. —
Ne 4 (62). — C. 35-41. - EDN CNQBNZ

Objective. Enhancing the effectiveness of industrial fire protection measures by identifying the most optimal
method for predicting the effects of fuel-air mixture explosions in the detonation mode.

Methods. Analytical methods of the study given in the safety manual «Methodology for assessing
the consequences of accidental explosions of fuel-air mixtures» from 2022 (method 1) and GOST R 12.3.047-2012
(method 2), as well as multi-energy method of the Netherlands Organization for Applied Scientific Research /
Nederlandse Organisatie voor Toegepast Natuurwetenschappelijk Onderzoek (method 3), the Baker-Strehlow-Tang
(method 4) and the Program «Calculation of explosion parameters of gas-vapor-air mixtures. \Version 2» (method 5).

Results. Methods 2 and 4 have been found to inappropriately overstate the fuel factor in the explosion (Z),
so their use for determining the excess pressure of an air shock wave when detonating a fuel-air mixture (hereinafter
TBC) is not recommended.

Methods 1, 3 and 5 provide acceptable results for the evaluation of the effects of an air shock wave, but
the application of method 1 requires additional modifications to expand the range of substances that can be detonated
in the detonation mode.

Scientific novelty. The possibility of using alternative ways to estimate the consequences of explosion of fuel-air
mixtures in detonation mode is shown.

Practical significance. Taking into account the results of the study will make it possible to plan and implement
activities for the explosion-fire protection of industrial facilities more effectively.

Key words: explosion; fire; fuel-air mixture; detonation; accident.

For citation: Alexeev S. G. Comparative analysis of methods to predict overpressure of air shock wave
in detonation mode. Scientific bulletin of the NIl «Respirator», 2025, no. 4 (62), pp. 35-41. EDN CNQBNZ
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K BOITPOCY OBOCHOBAHMUSA CUCTEMBI JIOKAJIM3ALIUN
PA3JIMBOB HE®TU N HEOTEINPOAYKTOB

ON THE ISSUE OF SUBSTANTIATION OF THE LOCALIZATION SYSTEM SPILLS
OF OILAND PETROLEUM PRODUCTS

Heas. CoxpalieHre BpeMeHH IPOBEICHHS MEPOIPHSATHI 110 JIOKAIN3AIMU PA3IMBOB HE(YTH ¥ HEPTEPOIYKTOB
myTeM 000CHOBaHHSI CHCTEMBI JIOKAJIM3ALUK PA3IMBOB HehTH U HEPTEHPOTYKTOB, C LEITbI0 KOMIUIEKCHOTO TTOIX0/1a
K MEPONPHATUSIM IO JIOKAJIM3AUH M NPUMEHEHUIO MOOWJIBHBIX TEXHHYECKHX CPEJICTB JIOKAIW3AIMU B PaMKax
OTPAaHMYCHHH, OINpPENCIAEMbIX CYIICCTBYIOIIMMU HOPMATUBHO-TEXHHYECKUMH aKTaMH M JKOHOMHYECKHMH
YCIIOBHSIMH.

Mertonuka. [Togxoa OCHOBaH Ha aHANIM3E CYIISCTBYIOIMX PEIICHHH K ()OPMUPOBAHUIO CHCTEM, ONPEICTICHUI0
UX DJIEMEHTOB M B3aMMOCBSI3H MEXTy HUMHU. OObEIMHEHUE JIEMEHTOB PA3IMYHON MPHPOILI B SIUHYIO CUCTEMY
(dopMHUpyeT B3aMMOCBSI3b WX IapaMETPOB, B TOM YHCIIC MOOWIBHBIX TEXHHYECKHX CPEACTB M MEPONPUSITHIA
C HX TPUMEHEHHEM, 4YTO O0ECICYMBACT COYCTAHHE TEOPETUYCCKOH OOOCHOBAaHHOCTH M  IPAKTHYECKOM
PUMEHUMOCTH.

Pe3yabrarbl. BoIsBIICHB! CHCTEMHBIC IPH3HAKU 1 0OOCHOBAH COCTAB CHCTEMBI JIOKATM3AIUK PA3JIMBOB HE(PTH
u HepTenpomykroB. Ha ocHOBaHWMM aHajiM3a HOPMATUBHO-TEXHHMYECKHUX JOKYMECHTOB BBEACHBI OTPaHHYCHUS.
OG0CHOBaH TIepeYeHb MapaMeTPOB HCCIETYEMOI CHCTEMBI.

CucreMa JIOKaIM3allMy PA3IMBOB HE(TH M HE(PTEHPOMYKTOB BKIFOYACT TPU B3aUMOCBSI3aHHBIX AJICMEHTA:
MEPONPHATHS 110 JIOKAJIHU3ALHMHU PA3JIMBOB, MOOMIBHBIC TEXHHYECKUE CPEICTBA JIOKAJM3ALMK PA3IMBOB, HOPMATHBHO-
TEXHHYECKUE JOKYMEHTHI, TPeOOBaHMs KOTOPHIX (DOPMHPYIOT OrpaHW4YEHHS W OOOCHOBBIBAIOT €€ IMapaMeTphl.
Jns  mpoBeneHHMs MEpONpPUSTHH MO JIOKAIW3AalMU  PasiMBOB HeTH ¥ HE(PTENpOAyKTOB Ha  ONACHBIX
MPOM3BOJICTBEHHBIX OOBEKTaX TMPELIOKEHA KOHCTPYKIMS MOOWIIBHOIO TEXHHUYECKOrO CPEICTBA JIOKAIM3ALlHU
PAa3IMBOB, MPUMEHEHHE KOTOPOTO MOXKET OKa3aTh 3HAYUTENHHOE BIMSHUE HA MapaMeTphl CUCTEMBI JIOKAIU3AIMU
PaziInMBOB HEPTH U HEPTEMPOLYKTOB.

Hayunasi HoBH3HA. 3aK/TF04AETCS B KOMILUICKCHOM TTOJIXOZIE K MCCICIOBaHUIO A(Q(PEKTUBHOCTH MEPOIPUSITHI
no Jjokamu3aimy pasmuBoB HHIT myreM uX OObeOMHEHWS C TEXHUYECKMMH CPEICTBAMH M (PUHAHCOBO-
HOPMaTHBHBIMH OIPaHUUCHHUSMHU B CHCTEMY JIOKAJIM3AIMU PA3IMBOB HEPTH 1 HEPTEIPOITYKTOB.

IMpakTnyeckasi 3HAYMMOCTb. [IO3BONMT ONpENENHTh B paMKaxX BBUICICHHBIX CPEICTB pallMOHATbHBIC
napaMeTpbl TEXHHYECKHX CPEACTB JIoKamm3auuu paznmuBoB HHIT u mpoBOIMMBIX MEPOIPHATHH C Yy4eToM
CYILECTBYIOIINX OTPaHUYCHUH.

KaroueBrbie cioBa: neghmo u Heghmenpodykmol; asapusi ¢ paziueom He@mu u HeghmenpooyKmoa; Upe3sbluatinas
cumyayust; Meponpusimus no JOKAMU3AYUY PAITUB08; MEXHUYECKUe CPEOCMEA JOKATUZAYUL; CUCIEMA TOKAUAYUU
Paziueos Heghmu u HehmenpooyKmos; yuepo npu 4pe3sbluaiiHbix CUMYayusx.

Jos murupoBanus:. [apewna C. A., Jlamviwenxo K. II., Cxpwinnuxoe A. FO. K Bompocy obocHoBaHMS
CHCTEMBI JIOKIIM3AIMK pa3iuBoB He(TH U Hedrenpoaykros // Hayunsnii Bectank HUU «Pecriuparop». — 2025. —
Ne 4 (62). — C. 42-48. - EDN GEOQRW

Obijective. Improving the efficiency of measures to localize oil and oil products spills by substantiating the oil
and oil products spill containment system, in order to take an integrated approach to measures for localization and
the use of mobile technical means of containment within the limits determined by existing regulatory and technical
acts and economic conditions.

Methods. The approach is based on the analysis of existing solutions to the formation of systems, the definition
of their elements and the relationship between them. The combination of elements of different nature into a single
system forms the interconnection of their parameters, including mobile technical means and measures with their
application, which provides a combination of theoretical validity and practical applicability.

Results. Systemic features are identified and the composition of the oil and oil products spill containment system
is substantiated. Based on the analysis of regulatory and technical documents, restrictions have been introduced.
The list of parameters of the system under study is substantiated. The oil and petroleum products spill containment
system include three interrelated elements: spill containment measures, mobile technical means of spill containment,
regulatory and technical documents, the requirements of which form restrictions, and also substantiate the parameters
of the system under study. In order to carry out measures to localize oil and oil product spills at hazardous production



facilities, the design of a mobile technical means of spill containment is proposed, the use of which can have
a significant impact on the parameters of the oil and oil products spill containment system.

Scientific novelty. It consists in an integrated approach to the study of the effectiveness of measures to localize
oil and petroleum products spills by combining them with technical means and financial and regulatory restrictions
into a system for localizing oil and petroleum products spills.

Practical significance. It will make it possible to determine, within the allocated funds, the rational parameters
of technical means for the containment of NNP spills and the measures taken, taking into account the existing
restrictions.

Key words: oil and oil products; oil and oil products spill accident; emergency; spill containment measures;
technical means of containment; oil and oil products spill containment system; damage in emergency situations.

For citation: Garelina S. A., Latyshenko K.P., Skrynnikov A.Yu. On the issue of substantiation
of the localization system spills of oil and petroleum products. Scientific bulletin of the NIl «Respirator», 2025,
no. 4 (62), pp. 42-48. EDN GEOQRW

Pycnan Cepeeesuu Inemeneyxuii, cm. nayu. comp., e-mail: zoloto-russland@yandex.ru
Dedepanvroe 2ocyoapcmeeHHoe Ka3eHHoe YupertcoeHue

«Hayuno-uccredosamenvcxuii uncmumym «Pecnupamop» MYC Poccuu»
283048, Jloneyx, yn. Apmema, 157. Ten.: +7 (856) 252-78-45

Ruslan Sergeyevich Pletenetskiy, Senior Researcher; e-mail: zoloto-russland@yandex.ru
Federal State Institution «The Scientific Research Institute «Respirator» EMERCOM of Russia»
283048, Donetsk, Artema St., 157. Phone: +7 (856) 252-78-45

MATEMATHYECKASA MOJAEJIb ITMHAMWKHU COPBLINN
B PETEHEPATUBHOM JBIXATEJIBHOM AIIIIAPATE

MATHEMATICAL MODEL OF SORPTION DYNAMICS
IN AREGENERATIVE BREATHING APPARATUS

Hens. Paspaborka MaremMaTH4yeckoil  MOIENM  JMHAMHUKH ~ XEMOCOPOLMH  JMOKCHIA  yIVIepona
KUCJIOPOZICOIEPYKAILM IPOYKTOM Ha OCHOBE HaINEPOKCHU/IA KAIHS TSl YBEIMYCHUS BPEMEHH 3allIUTHOTO JACHCTBHS
W CHIDKCHHUS TEMIIEPATyPhI BIBIXAEMOM Ta30BOM CMECH.

Mertonpl. MeTopl  MaTeMaTHYEeCKOr0 MOJEIMPOBAHHS TPOLIECCOB  aiCOpPOIMM  TMOKCHAA  yIviepona
KUCJIOPOZCOEPIKAILIM MPOTYKTOM.

Pesynbrarbl. [lpemioxkeHa Maremathdeckas MOJCTb JUHAMHKH —XEMOCOPOIMH JIMOKCHAA yraepoja
KUCJIOPOCONEPYKAIM TPOYKTOM C YYETOM TEIIOMAacCOOOMEHA B PEaKLMsX PEreHEepaly ra30BOM JIbIXaTeIbHON
CMECH.

Hayunasi HoBu3Ha. [IpeioxeHHas MaTeMaTHIeCKass MOJIETb JUHAMUKHA XEMOCOPOIIMN JTHOKCHIA YIaepoaa
OTIMYACTCS TEM, YTO YYHTHIBACT SHTAJBIUKM COPOCHTA M MOTOKA TA30BO3MYIIHON CMECH, a Takke KO3((PHIIUCHT
TEIUIO0TAAYH, OTHECEHHBIH K eMHHIIC 00bEMa CIIOSl 3EPHUCTOTO TTOTIOTHUTEIISL.

IMpakTnyeckass 3HAYUMOCTb. [lONMyueHHBIC PE3YIBTATHl HCCIICMOBAHMN MOTYT SIBIATBCS —HAYYHBIM
000CHOBaHHEM TI0 COBEPIIICHCTBOBAHUIO U Pa3pabOTKe JbIXATENbHBIX AMNaparoB ¢ ONTHMATBHBIMUA TEXHHYICCKUMHU
napameTpamu.

KarwueBbie cioBa: OvixamenvHvili annapam, cpeocmed UHOUBUOYATbHOU 3auumsl OpP2aHO08 ObIXAHUSL,
pecnupamop;, peceHepayust; copoyust; Xemocopoyust; peceHepamueHblil NPOOYKM; KUCIOPOOCOOEPHCAuULE NPOOYKM.

Jns mutupoBanus: [Inemeneyxuul P. C. Maremarideckass MOJICNb TMHAMUKH COPOITUH B PEreHEPATHBHOM
npixatensHoMm armmapare // Hayunbnii BectHuk HUU «Pecmmpatop». — 2025. — Ne 4 (62). — C. 49-57. —
EDN LGDOZA

Purpose. Development of a mathematical model of the dynamics of chemisorption of carbon dioxide with
an oxygen-containing product based on potassium superoxide to improve the technical parameters of the
respirator, in particular, to increase the protective action time.

Methods. Analytical methods for investigation of adsorption processes of regenerative products.

Results. Mathematical model of dynamics of chemisorption of carbon dioxide with oxygen-containing
product is proposed.



Scientific novelty. Proposed mathematical model of dynamics of carbon dioxide chemisorption differs by
taking into account enthalpy of sorbent and flow of gas-air mixture, as well as heat transfer coefficient related to
unit volume of granular absorber layer.

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

Keywords: breathing apparatus; personal respiratory protection equipment; respirator; regeneration;
sorption; chemisorption; regenerative product; oxygen-containing product.

For citation: Pletenetskiy R. S. Mathematical model of sorption dynamics in a regenerative breathing
apparatus. Scientific Bulletin of the NI «Respirator», 2025, no. 4 (62), pp. 49-57. EDN LGDOZA
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BJIMSIHUE METAKAOJIMHA HA CBOMCTBA BBICTPOTBEPIEIOIIEIO MATEPHAJIA
B3PBIBOY CTOMYUBBIX IIEPEMBIYEK

INFLUENCE OF METAKAOLIN ON THE PROPERTIES OF FAST-SETTING MATERIAL
EXPLOSIVE-RESISTANT SEALINGS

Hean. DxcniepruMeHTaNbHAS OIICHKA BIUSHUS COACPKAHUS METAKAOIMHA Ha CPOKH CXBAThIBaHUS U TIPOYHOCTh
Ha CKaTUE MaTepUaia Uil BO3BE/ICHUS [IIAXTHBIX B3PHIBOYCTOMYHBEIX ITEPEMBIUEK.

MeTtonbi. CTaHapTHBIE METOJIBI OTIPE/ICTICHHUS CPOKOB CXBATHIBAHISI IIEMEHTHO-IIITAKOBOTO PacTBOPA U Ipejielia
MIPOYHOCTH TIPH CIKATHH OTBEPXKJICHHOTO MaTepraa.

PesyabTarbl. MccnenoBano BiausiHIE BRICOKOAKTUBHON aMOp(HOI 1o0aBku MeTakaonnna BMK-45 B nuanazone
KoHIIeHTparmi 5...15 macc. % Ha BpeMs Haualia ¥ OKOHYaHUsI CXBaThIBAHUS IIEMEHTHO-IIJIAKOBOTO PACTBOPA, a TAKKe
Ha TIpefie] TPOYHOCTH TIPH CXKATHA OTBEPXKACHHOTO Marepuaiia. B KauecTBe BSOKYIIETO HCIIONb30BaH
MOPTIaHIEMEeHT 0e3 MuHepanbHbiX n00aBok [[EM | 425H B couerannu ¢ JOMEHHBIM OTBAIGHBIM ILIAKOM
JIoHeIKOro MeTaJLTypru4ecKoro 3aBoja. [IpuBeleH aHaIM3 AKCHEPUMEHTAIBHBIX JTAHHBIX, O0OCHOBBIBAOIINX
HarOoJIee PAIOHATBHYI0 MACCOBYIO KOHIICHTPAITHIO METAKaOJIMHA B KOMIIOHEHTHOM COCTaBe OBICTPOTBEP/ICIOIIECTO
Marepuania.

Hayuynass HOBHM3HA. YCTaHOBJICHO TPOICHTHOE COJICPKAaHHE METAKaoJIWHA B IIEMEHTHO-IILTAKOBOM COCTaBe,
TO3BOJISIFOIIEE TTONYYHTh OBICTPOTBEPACIONIMN Marepuall ¢ HEOOXOMUMBIMU PEOJIOTHYSCKUMH W BBICOKMMH
MIPOYHOCTHBIMH XaPaKTSPUCTUKAMU.

I[pakTHyeckass 3HAYUMOCTD. Pe3ynbTarsl UCCICI0BAHUN UMEIOT BAXKHOE MPAKTHUYESCKOE 3HAYCHUE HE TOIBKO
UL CO3MaHusl OBICTPOTBEPCIONIEr0 MaTepHuaia ¢ PaHHUM HaOOpOM MEXaHHYECKOW MPOYHOCTH JUIsl BO3BEICHUS
B3PBIBOYCTOMYMBBIX HM30IUPYIOIINX COOPYKEHUH B YIOJNBHBIX INIAXTAaX, HO M B AaCIEKTE IOBBIINICHUS YPOBHS
SKOJIOTMYECKOM OE30MacHOCTH 3a CYET HCIHOJB30BaHHUS MPOMBIIUICHHBIX OTXOJO0B — JIOMEHHOTO OTBAJILHOTO
METaJLTYpriH4YecKoro IoiaKa.

KaroueBbie ci10Ba: 6b1cOKOAKMUBHASL AMOPPHASL 000ABKA; 86000MBEPOOe OMHOUEHUE; YEMEHMHO-ULIAKOBAS
CMeCh; MeXAHUYECKAst RPOYHOCb; NOOBUNCHOCTD YEMEHMHO-UIAKOB020 PACMEOpd.

Jois mutupoBanusi: Jlebeoesa B. B., Xpanonenro O.B., l]epbakosa O.H. BnusHue MeTakaonMHa Ha CBOMCTBA

OBICTPOTBEPICIOILIETO MaTepraa B3pbIBOYCTOIUYMBBIX TiepeMbruek // Hayunsrit Bectauk HUM «Pecrmparop». — 2025.
— Ne 4 (62). - C. 58-63. - EDN PHMDUK

Purpose. Experimental evaluation of the effect of metakaolin addition on the setting time and compressive
strength of cement-slag material for the construction of mine explosion-resistant lintels.



Methods. Standard methods for determining the setting time of cement-slag mortar and the compressive
strength of the cured material.

Results. The effect of a highly active amorphous additive, VMK-45, at concentrations of 5...15 mass. %,
on the start and end times of setting of a cement-slag mortar, as well as on the compressive strength of the cured
material, has been studied. Portland cement CEM | 42.5N was used as a binder, combined with blast furnace slag
from the Donetsk Metallurgical Plant. The article provides an analysis of experimental data that substantiates the
most rational mass concentration of metakaolin in the component composition of the fast-hardening material.

Scientific novelty. The most rational content of metakaolin in the cement-slag composition has been
determined, which allows for the production of a fast-hardening material with the necessary rheological and high
strength characteristics.

Practical significance. The research results are of great practical importance not only for creating a fast-
hardening material with early mechanical strength for the construction of explosion-resistant isolation structures
in coal mines, but also for improving environmental safety by using industrial waste, such as blast furnace slag.

Keywords: highly active amorphous additive; water-solid ratio; cement-slag mixture; mechanical strength;
and fluidity of cement-slag mortar.

For citation: Lebedeva, V. V., Khraponenko, O. V., Shcherbakova, O. N. Influence of metakaolin on the
properties of fast-setting material explosive-resistant sealings. Scientific Bulletin of the NIl «Respirators», 2025,
no. 4 (62), pp. 58-63. EDN PHMDUK
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OHEHKA SOOEKTUBHOCTH JETAZALIUU
B YCJIOBHUSAX CTOJIBOBOU CUCTEMBI PABPABOTKHA

EVALUATION OF THE EFFICIENCY OF DEGASSING
IN THE CONDITIONS OF THE PILLAR MINING SYSTEM

Heanb. Ornenka 3hHEKTHBHOCTH Jera3alii MoapabaTbIBaeMbIX YTONBHBIX IJIACTOB M ILIACTOB-CITyTHUKOB
CKBaKMHAMH JJIs Pa3pabOTKy TpeOOBaHUM 0e30IMacHOro (pyHKITMOHUPOBAHUS CPENICTB Jiera3alliy.

Metonuka. AHanmm3 U 0000IIEHNE PE3Y/IbTaTOB TEOPESTUYSCKUX U HATYPHBIX HCCICIOBAHUN S(PEKTHBHOCTH
Jierasainy yroibHbIX maxT Jonbacca.

Pesyabrarel. [lomyueHbl 3aBHCMMOCTH  S((EKTHBHOCTH Jiera3allii. OT CO3/IaBacMOTO  pa3peKeHHS
B CKBOKHMHAX MPU Pa3IMYHBIX UX JHaMeTpax, KOJIMISCTBA OMHOBPEMEHHO PabOTArOIMX JACTa3allHOHHBIX CKBKUH H
Ta30BBIICTICHUS U3 JICTa3UPYEMBIX IIIaCTOB-CITyTHHUKOB.

Hayuynasi HoOBHM3HA. YCTaHOBJICHA 3aBHCHMOCTh  O()(EKTHBHOCTH  JIeTa3allMd. OT  Pa3peKeHHUs
B JICTA3aIIMOHHBIX CKBOKUHAX M TA30BBIICTICHHS U3 IETa3UPYEMBIX TUTIACTOB-CITYTHHUKOB.

IMpakTnyeckass 3HAYUMOCTb. [IONMyUeHHBIC PE3YBTATHI TO3BOJIAT MOBBICHTH (M(PEKTHUBHOCT Jera3alvn
MoJIpadaThIBACMBIX IUIACTOB-CITYTHUKOB JICTa3all[MOHHBIMU CKBaXWHaMu B cpemHeM Ha 30-35%, a Takoke
0€30MacHOCTh BEJICHUS TOPHBIX PabOT YrOMbHBIX IIAXT.

KnawueBbie cioBa: cmonbosas cucmema  pazpabomxu;  noopabamvléaemviil  YeOlbHuIL  NAACH,
MeMaHosvloeNeHue; NIACM-CRYMHUK; 0e2a3ayUOHHAsL CK8ANCUHA; IPheKmuerHocmy decazayuul; Kanmanric Memaud.



Jna wurupoBanmsi: Awwxvun B. JI., Tuwwun P. A., Maspoou A. B. Ouenka 3(h(eKTUBHOCTH Jera3aliuyl B
YCIOBHSIX CTON0OBO# cuctembl paspadborku // Hayunsiit Bectank HUU «Pecnimparop». — 2025. — Ne 4 (62). — C. 64—
76.— EDN BAPWLT

Purpose. Evaluation of the effectiveness of degassing of coal seams and satellite seams by wells, as well as
setting requirements for degassing equipment for its safe operation.

Methods. Analysis and generalization of the results of theoretical and field studies of the effectiveness of
degassing of coal mines in Donbass. The data obtained characterize the distribution of total methane emissions by
individual satellites in half of all degassed mines in Donbass. Such a sample is quite sufficient to judge the maximum
possible effectiveness of de-gassing in general.

Results. The dependences of the degassing efficiency are obtained: on the discharge in wells at different
diameters, on the number of simultaneously operating degassing wells, on the discharge in degassing wells and gas
release from degassed satellites.

Scientific novelty. The dependence of the degassing efficiency on the discharge in degassing wells and gas
release from degassed satellites has been established.

Practical significance. The results obtained will increase the efficiency of degassing of the satellites being
worked by degassing wells by an average of 30-35 % and thereby reduce gas contamination and fire safety in mining
operations.

Keywords: pillar mining system; mined coal seams and interlayers (satellites); methane release; degassing
wells; parameters of degassing wells; degassing efficiency; methane production.

For citation: Ashikhmin V. D., Tishin R. A., Mavrodi A. V. Evaluation of the efficiency of degassing in the
conditions of the pillar mining system. Scientific Bulletin of the NIl «Respirator», 2025, no. 4 (62), pp. 64-76.
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OIIEHKA Y®®EKTUBHOCTH BHEJIPEHMS HOBBIX CPEJICTB UHIUBUIYAJIbHOM
MPOTUBOTIA3OTEILIOBOM 3AIIUTHI PABOTHUKOB YT'OJIbHBIX ITAXT
N T'OPHOCIHTACATEJIEU

ASSESSMENT OF THE EFFICIENCY OF IMPLEMENTATION OF NEW MEANS OF INDIVIDUAL
GAS AND HEAT PROTECTION FOR COAL MINING WORKERS AND MINE RESCUE WORKERS

Heanb. BremonHuTs OIEHKY (MHAHCOBO-DKOHOMUYECKOM A(PQPEKTUBHOCTH BHEAPEHUS HOBBIX CPEICTB
VH/IUBUTyaJTbHOM POTHUBOTa30TEILIOBON 3alUTHI PAOOTHUKOB YTOJIBHBIX IIAXT U TOPHOCTIACATEIIEH sl TIOBBIIICHUS
Oe3omacHOCTH Tpy/ia ¥ 3 (HEKTUBHOCTY JIMKBUIAIINN aBAPHIA.

Metonbl. AHaTUTHYECKUH W TCEOPSTUYSCKHA METOJ HWCCICHAOBaHUS C OOpaOOTKOW pe3y/bTaToB IMpU
HCTOJIb30BAHUY MTAKETOB MPUKIIAIHBIX KOMITBIOTEPHBIX MTPOrpaMM.

Pesyabrarel. [IpoBeneHa oreHKa (DMHAHCOBO-3KOHOMHUYECKON 3(D(EKTUBHOCTH BHENPEHUS HOBBIX CPEICTB
VH/IMBUIYaJIbHON MPOTUBOTA30TEILIOBOM 3amMThL. OXHUIaeMbIi TOJOBON SKOHOMUYECKHA 3(D(EKT OT BHEAPCHUS
MPEUIOKEHHBIX CPENICTB, YBEIMUCHUS MPOW3BOAMTEILHOCTH TPy/la TOPHOCIIAcATeNeldl M CHIDKSHUS yIiepOa mpu
TYIIEHUH TIO/I3eMHBIX MoXapoB cocTaBuT 45 908 Teic. pyo.

Hayuynas nHoBu3HA. [IpeyioskeHbl HOBBIE TEXHUYECKUE CPEACTBA MHAMBUAYATBHON IMPOTUBOra30TEILIOBOM
3aIlUTHl PAOOTHUKOB YrOJIBHBIX MIAXT U TOPHOCIIACATEIICH , BHEAPSHUE KOTOPHIX B IMTPOU3BOJICTBEHHYIO JICITEITHHOCTD
VTONBHBIX IAXT W TOAPa3IeieHUs TOPHOCIACATEIBHON CIYy)KObI TIO3BONUT COXPAaHHUTh JKHM3Hb M 3I0POBBC
TOpHOPabOYMX ¥ TOPHOCTIACATENCH ITPU BRICOKHX DPrOTEPMHUUYCCKUX HATPY3KaX U MPU STOM MOTYIUTh COIUATBHBIHN 1
AKOHOMUYECKHIA 3(h(HEKTHI ITyTeM MOBBIIIEHHUs 0€30MaCHOCTH Tpy/a 1 3 ()EeKTHBHOCTH BeICHHS TOPHOCIACATENEHBIX
pabor.



IIpakTH4yeckasi 3HAYNMOCTBL. BHepeHNe HOBBIX CPENCTB MHAMBHUIYAJIbHOM NMPOTHBOIAa30TEIIIOBOM 3aIUTHI
TO3BOJIMT MOBBICUTH OE30MMaCHOCTD Tpy/a paOOTHUKOB YTONBHBIX IIAXT U TOPHOCHIAcATENeH, a Takke 3PPEeKTUBHOCT
BEJICHHS TOPHOCTIACATENBHBIX PA0OT.

KinroueBble ¢j10Ba: yeonbHas waxma; agapuiiHblll Y4acmok;, 20pHas 6blpabOmKaA; NpOMuUeo2a3omeniosas
3awuma; 20pHopabouull; 2opHocnacamels; NosbluieHue 6e3onacHocmu mpyoa, nosvluleHue SP@ekmusHocmu
JUKBUOAYUU ABaPULL; OYEHKA (DUHAHCOBO-IKOHOMUUECKO20 I pexma.

s nurupoBanus: Kupvan A. I1. Onenka 3((eKTUBHOCTH BHEAPEHMS HOBBIX CPEACTB WHIMBUAYATBHON
MPOTUBOTA30TEIUIOBON 3allUTHl PAOOTHUKOB YrOJBHBIX HIaXT M TopHocmacarenei // Hayuneni Becramk HUN
«Pecnimparop». — 2025. — Ne 4 (62). — C. 77-87. — EDN CTIJIFMN

Purpose. Conduct an assessment of the financial and economic efficiency of introducing new means of individual
gas and heat protection for coal mine workers and mine rescuers to improve occupational safety and the efficiency of
accident response.

Methods. Analytical and theoretical research methods were used with the processing of results using application
software packages.

Results. Research has been conducted to assess the financial and economic efficiency of introducing new
personal gas and heat protection equipment. The expected annual economic effect from introducing the proposed
equipment, increasing the productivity of mine rescuers and reducing damage when extinguishing underground fires
will amount to 55,487 thousand rubles.

Scientific novelty. New technical means of individual gas and heat protection for coal mine workers and mine
rescuers are proposed, the introduction of which into the production activities of coal mines and mine rescue service
units will help preserve the lives and health of miners and mine rescuers under high ergothermic loads and at the same
time achieve social and economic effects by increasing labor safety and the efficiency of emergency mine rescue
operations.

Practical value. Introducing new means of individual gas and heat protection will improve the safety of coal
mine workers and rescuers, as well as the effectiveness of mine rescue operations.

Keywords: coal mine; emergency area; mine workings; gas and heat protection; miner; mine rescuer; improving
occupational safety; improving the efficiency of accident response; assessing the financial and economic effect.

For citation. Kiryan A. P. Assessment of the efficiency of implementation of new means of individual gas
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KOHIEINIUA PHCK-OPHEHT?POBAHHOﬂ CUCTEMbBI TEXHUYECKHUX CPEJACTB VIs1
HNPEAYHNPEXAEHUSA YPE3BBIYAUHBIX CUTYALIUU HA ITPOMBIIIVIEHHBIX ITPEAITPUATUAX

THE CONCEPT OF ARISK-ORIENTED SYSTEM OF TECHNICAL MEANS
FOR THE PREVENTION OF EMERGENCIES AT INDUSTRIAL ENTERPRISES

]_[em,. O6ocHOBaHME napameTpoB I/IHTel"pI/IpOBaHHOﬁ CUCTCMbl TCXHHUYCCKUX CPEACTB, 06’BCI[HHHIOLueﬁ
MOHUTOPHUHI" TPOMU3BOACTBCHHOI'O ITPOLIECCa U r[epepa60TI<y OTXOHOB B paMKax PpUCK-OPUCHTUPOBAHHOI'O IMOAXO0/AA,
I CHUKCHU A TCXHOTCHHOI'O pUCKA Ha IMMPOMBIINUICHHBIX IMPECANPUATUAX.

MeTOZ[])I. B pa6orre HCIIONB30BaH CUCTEMHBIN Ioaxona, OCHOBAHHBIM Ha HUHTCTrpallid  MCTPOJIOTMYCCKUX
XapPAKTCPUCTUK CPEACTB MOHUTOPUHI'A U KOHTPOJIA C [TapaMCTpaMun nepepa60TKM OTXO0J0B B MOACIN KOJIMYCCTBCHHOM



OLICHKH TEXHOTEHHOro pucka. [IprMeHeHo MaremaTHyecKkoe MOIEIMPOBAHWE I YCTAHOBJICHHUSI 3aBHCHMOCTH
MEXIy HEONpeeNEéHHOCThIO M3MEPEHUI M BEIMYMHOM TMOTEHIMAIBHOTO yiiepda, a Taike Ias 000CHOBAaHUS
paIOHANBHBIX CPOKOB SKCIUTyaTallMM IONWUTOHOB M ONTHMAJIbHOIO MOMEHTA 3allycKa MepepabOTKH OTXOIOB B
YCIIOBUSIX OTPAHUYEHHOCTH PECYPCOB.

Pesynabrarpl. [lomydeHbl aHANTUTUYECKHE COOTHOLICHHMS, CBS3BIBAIOLIME HEONPENeEHHOCTh W3MEpeHUH
(CpeTHIOI0 KBaJIpaTHYECKYH0 MOTPEIIHOCTh) C OLCHKOM IOTEHIHAIBHOIO Yyiep0a, OOOCHOBaHA aCHMMETPHS
nocienctBuid ommoOok | u 1l ponga (mokHBIe cpadaTbiBaHKS BEAYT K M30BITOYHBIM 3aTparaM, MPOITYCKH OMACHBIX
COOBITHII — K pocTy ymiepbda oT pa3BuTus cueHapueB). CQopMyanpoBaH KpUTEpHH «ymiepd — CpemHss
KBaJlpaTHyecKasl MOTPEeIIHOCTE» JJIsl 0OOCHOBaHUS TPEOOBAHMI K TOYHOCTH CPEACTB MOHUTOPUHIA M KOHTPOJIS.
[pennokeHa MOENb TOIOBOTO TEXHOTEHHOTO PHUCKA IS MOJMIOHOB OTXOZIOB, B KOTOPOM PHUCK BBIPKEH Uepes
CKOPOCTb HAKOIUICHHUS U TUIOIIAIs pa3MerieHus. Ha ocHOoBe KOMITPOMHUCCHON (PyHKIMH 3aTpaT Ha MpenylpesKIeHUe
W KOMIICHCAIIMIO ymep0a TOKa3aHO CYILECTBOBAHME ONTHMYyMa W BBIBEACHBI YCJIOBHS pacuéra ONTHMAaJbHBIX
napaMeTpoB (B TOM YHCIIC BPEMEHH SKCILTyaTalliy TMOJIMITOHA M MOMEHTA 3allycKa MepepadOTKH) MPH 33/IaHHBIX
WCXOIHBIX TAHHBIX U PECYPCHBIX OTPAaHUYCHUSIX.

Hayunasi HoBu3HA. BriepBble mpemioxeH KpUTEpHi «ymep0 — CpeaHsisi KBaApaTUuecKasi MOrPerHOCT IS
KOJTMYECTBEHHOW OLICHKH BIIMSHHS METPOIOTHYECKIX XapaKTEPUCTUK Ha YPOBEHb TEXHOI'GHHOTO pHcKa. Paspaborana
KOHLICTLMSI WHTErpallid MOHHUTOPHHTA M TepepabOTKd OTXOAOB B €IMHYIO CUCTEMY TEXHHYECKUX CPEACTB IUIs
npenynpexaeHns YC TEeXHOTEHHOro XapakTepa Ha NPOMBIIUIEHHBIX npeanpustisix. CdopmupoBaHa MoOnemnb
ONTHUMU3AIMK CPOKOB DKCIUIyaTalluy TOJMIOHOB M 3allycKa HepepabOTKH, YYMTHIBAIOLIAsS PHCK M PECYPCHBIC
OTpaHUYeHHs. JTO TMO3BOISIET MEPEHTH OT (PparMEHTApPHBIX PELICHWH K IIEIOCTHOMY PUCK-OPHEHTHPOBAHHOMY
YIPaBIEHUIO TPOMBILIIIEHHOH O€30MaCHOCTHIO.

IpakTryeckass 3HAYUMOCTb. BO3MOKHOCTH MpPUMEHEHHMS TPEMIOKEHHOTO MOAXoma HpH OOOCHOBAaHHUHU
(MHAHCOBBIX pelleHuH, pa3paboTKe MporpaMM TIOBBIIICHHS TMPOMBIIUICHHONW O€30MacHOCTH M BBIOOpE
MPUOPUTETHBIX HANpPaBICHUI MOIEPHU3ALNH TEXHHYESCKOH MHPPACTPYKTYPhl OOBEKTOB C BBICOKMM TEXHOTCHHBIM
pUCKOM. 3JTO OCOOCHHO aKTyaIbHO B YCIOBHSIX OTrpPaHMYCHHOTro OIO/KeTa M HEOOXOAMMOCTH COOMIONCHUS
HKOJIOTHYECKHX HOPMATHUBOB.

KaroueBbie cl10Ba: puck-opueHmuposantsilli nooxoo; npedynpedicoetue YC; npomvluwientas 6€30nacHocme;
HeonpeoenéHHoCmy U3MepeHUll; nepepadomka Omxo008; cpeocmea MOHUMOPUH2A U KOHMPOIA; KOIUYECHEEHHA
OYeHKa PUCKA; MaAMEPUAIbHbLIL Yuyepo.

s mutupoBanus: [ apenuna C. A. KoHIenys puck-opueHTHPOBAHHON CUCTEMBI TEXHUYECKUX CPEJICTB JUIS
NPEAYNPEKICHNAS YPE3BBIYANHBIX CHTyallMii Ha MPOMBIIUICHHBIX Tpemnpustusax // Hayunerii BecrHuk HUU
«Pecrnmparop». — 2025. — Ne 4 (62). — C. 88-100. — EDN GHKFHX

Obijective. To reduce man-made risk at industrial enterprises through the substantiation of parameters of an
integrated system of technical means that combines process monitoring and waste processing within a risk-oriented
approach.

Methods. The study employs a system approach, which considers the enterprise as an integrated set of interrelated
elements. The metrological characteristics of monitoring and control instruments are analyzed in conjunction with
waste-processing parameters within a quantitative risk assessment model. Mathematical modeling is applied to
establish the relationship between measurement uncertainty and potential damage, as well as to substantiate rational
landfill operation periods and the optimal timing for initiating waste processing under resource constraints.

Results. Analytical relationships have been obtained linking measurement uncertainty (root mean square error)
with the delay in detecting a threshold state and the estimation of potential damage. The asymmetry of the
consequences of Type | and Type Il errors has been substantiated: false alarms lead to excessive costs, while missed
hazardous events result in increased damage due to the development of accident scenarios. A «damage—root mean
square error» criterion has been formulated to justify the accuracy requirements for monitoring and control systems.
A model of annual technogenic risk for waste disposal sites has been proposed, in which the risk is expressed through
the waste accumulation rate and the disposal area. Based on a compromise function of prevention and damage
compensation costs, the existence of an optimum has been demonstrated, and conditions have been derived for
calculating optimal parameters — including landfill operation time and the initiation moment of waste processing —
under specified initial data and resource constraints.

Scientific novelty. For the first time, the «damage — root mean square error» criterion is proposed for the
guantitative assessment of the influence of metrological characteristics on risk levels. A concept is developed for
integrating monitoring and waste processing into a unified system of technical means for the prevention of man-made
emergencies at industrial enterprises. A model has been formed for optimizing landfill operation periods and the
initiation of waste processing, taking into account integral risk and resource limitations. This makes it possible to shift
from fragmented solutions to a holistic risk-oriented management of industrial safety.

Practical value. The practical significance of the proposed approach lies in its applicability for substantiating
financial decisions, developing programs to enhance industrial safety, and selecting priority directions for the



modernization of technical infrastructure at high-risk facilities. This is particularly relevant under conditions of limited
budgets and strict environmental regulations.

Keywords: risk-oriented approach; emergency prevention; industrial safety; measurement uncertainty; waste
processing; monitoring and control instruments; quantitative risk assessment; material damage.

For citation: Garelina S. A. The concept of a risk-oriented system of technical means for the prevention of
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BHEJIPEHUE MHTET PUPOBAHHBIX BEHTUIALIMOHHBIX CUCTEM B 3AIIUTHBIE KACKH
INTRODUCTION OF INTEGRATED VENTILATION SYSTEMS INTO PROTECTIVE HELMETS

Heawb. HccnenoBars mporiecchl BO3NEHCTBUS TMOBBIIICHHBIX TEMIIEPAaTyp Ha YENOBEKAa IPH BBHITOIHEHUH
TEXHOJIOTHYECKUX OIepauuii Ha XUMHYECKOM TIPOM3BOACTBE Ul MOBBILECHUS 3(PQEKTUBHOCTH YIpPaBICHHUS
TEIIOBOW HArpy3KOH IyTeM MPUMEHEHHSI THTETPUPOBAHHBIX BEHTUISILIMOHHBIX CHCTEM B 3aLUTHBIC KACKH M OLICHKH
MPEerMYILECTBa 1 OTEHIMAaa BHEAPEHHS BEHTUISITOPOB B KACKHU JUISl aKTUBHOTO OTBOJA TeIlJIa.

Meroasi. HccnenoBanue Oasupyercss Ha COBPEMEHHBIX NPEACTABICHUAX O Mpoleccax, MPOUCXOASIHX C
PabOTHUKOM TIPH TPOM3BOACTBE PabOT B YCIOBHAX IMOBBILIEHHOW TEMIIEPAaTypbl U BIAKHOCTH, OLCHKE YCIOBHM
TPYIOBOM JEATENHHOCTH IMPU MPOBEICHUH CIICHUATHLHON OLIEHKH YCIOBHH Tpyaa Ha padOYMX MecTax, BBIIBICHHH
BPEIHBIX U OMACHBIX (haKTOPOB IIPOU3BOICTBEHHON CPEAbl M TPYAOBOTO MpoLecca.

PesyabTarbl. [IpoBeeHHbIC HCCIENOBaHUS TO3BOJIIN pa3paboTaTh HHTETPUPOBAHHYIO B KACKY (DPOHTATBEHYIO
Y TBUTBHYIO BEHTWIALMOHHYIO CHCTEMY.

Hayunast HoBu3Ha. [Ipennaraemblil aBTopaMy HOBBIN TEXHUUYECKUH MOIXO] CHI)KEHUS TEIIOBOM HArpy3KH Ha
TOJIOBY SIBIISIETCSI MHHOBAIIMOHHBIM PEIIEHHEM B OOJNACTH COBEPLICHCTBOBAHMS M CO3JAaHHS HOBBIX COBPEMEHHBIX
CpEeICTB MHIMBUAYAIBHOW 3aLIWTHI, TMO3BOSIOLUIMI CHU3UTH PUCKH OOIMX M MpodeccCHOHaNbHBIX 3a00NeBaHU
PabOTHHKOB U MPOU3BOACTBEHHOTO TPAaBMaTH3Ma, Co3AaTh Oosiee KoM(OPTHBIE YCIOBHUS TPYAA.

IpakTnyeckas 3nauuMocTb. [Ipennaraemass KOHCTPYKIMSI CPEICTBA MHIWBUIYAJbHOW 3alMTHI TOJIOBBI —
3aIUTHAs KacKa He TOJBbKO 00ECTIeUNBAET 3allIUTy OT BHEIIHUX BO3ACHCTBHH, HO M IIPeOTBPAILacT TEIJIOBOi cTpecc,
MO3BOJISIET YIPABIATh TEIUIOBOM Harpyskold, obecreunBaeT KoMmM(oOpTHbIE M Oe3omacHble YCIOBHs Tpylda Ha
NPEINPHUATHASX XUMHUYECKOW IMPOMBIIUICHHOCTH, TOBBINIAThE O€30MacHOCTh M S(PQPEKTHBHOCTH MPOM3BOACTBA,
COXPaHSATD >KH3Hb U 300POBhE IIEPCOHANA.

KuroueBsble cioBa: sawumnsie xkacku; CHU3; mexnonozuu eeHmunsayuu; meniogo cmpecc, memnepamypHbiti
pedcum; dQhekmuerocms u 6e30nacHOCmb Mpyod.

Jna wurupoBanusa. Dowun A. U., Koneimos A.H., Muxaiinos B.I., Paguxos P.P. Bueapenue
MHTETPUPOBAHHBIX BEHTHJILIMOHHBIX CUCTEM B 3aiuTHbIe Kacku // Hayunsrit Bectauk HUU «Pecnmparop» — 2025.
—Ne 4 (62). — C. 101-108. — EDN NXRDMD

Obijective. To investigate the processes of the effect of elevated temperatures on a person when performing
technological operations in a chemical production and to improve the efficiency of heat load management by applying



integrated ventilation systems in protective helmets and to evaluate the advantages and potential of introducing fans
in helmets for active heat dissipation.

Methods. The study is based on modern ideas about the processes that occur to an employee when performing
work in conditions of high temperature and humidity, assessing the working conditions during a special assessment of
working conditions at workplaces, and identifying harmful and dangerous factors of the production environment and
the work process.

Results. The conducted research made it possible to develop a front and rear ventilation system integrated into
the helmet.

Scientific novelty. The new technical solution proposed by the authors is an innovative solution in the field of
improving and creating new modern personal protective equipment.

Practical significance. The proposed design of a personal protective headgear — a protective helmet not only
provides protection against external influences, but also prevents heat stress, allows for the management of thermal
load, provides comfortable and safe working conditions in chemical industry enterprises, increase the safety and
efficiency of production, preserve the life and health of personnel.

Keywords: protective helmets; personal protective equipment; ventilation technologies; heat stress; temperature
conditions; efficiency and occupational safety.
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OBOCHOBAHUE KOMILIEKCA MEPOITPUSITU 1O NOBBIIEHUIO
YPOBHS 3AIIMIIEHHOCTHA MPOCTEMAIINX YKPBITHUIA

JUSTIFICATION OF A SET OF MEASURES TO INCREASE THE SECURITY OF SIMPLE HIDES

Henp paGorbl. OOocHOBaHWE TpeOOBaHWN K TEPEBOAY MPOCTEHIIEr0 YKPHITHS B Pa3psi 3allUTHBIX
COOpPY)KEHHH TPa)KAaHCKOH OOOpOHBI NMPH BOCHHBIX KOH(IMKTaX W TMPH BO3HUKHOBEHHUH YpPE3BBIYAWHBIX
CHUTyalluid MPHUPOJHOTO M TEXHOT'CHHOTO XapakTepa C YYeTOM OLEHKH ero (haKTHUECKOro TEXHUYECKOTO
COCTOSIHMSI, 3aIUIIEHHOCTH B LIEJIOM WM OTJENIBHBIX JIEMEHTOB U TEXHHUYECKUX CUCTEM.

Mertoasl. Pacuernble MeTompl  ompeneneHHs — OOBEMHO-TIAHMPOBOYHBIX — PEIIEHHH OCHOBHBIX U
BCTIOMOTaTebHBIX IOMEILEHUH 3aIUTHBIX COOPY>KEHUH TpakKIaHCKOH 0OOPOHBI.

PesyabTarbl. PekoMeHIamy 0 NpUrOJHOCTH U BOZMOXKHOCTH NEPenpo(UITMPOBAHHS TPOCTEHILIETO YKPBITHS,
MpPECTaBICHHOTO B BUJE MOABAJIGHOIO MOMEIICHHUS aIMUHHCTPATUBHOIO MATUATAKHOTO 3[MaHKSA, B YOSKHIIE B
YCIIOBHUSIX COBPEMEHHBIX YTPO3 U Upe3BbIYANHBIX CUTYAIUI.

Hayunas HoBu3Ha. BriepBrie 000CHOBaHBI TPeOOBaHMUS K POCTEHIIIEMY YKPBITHIO JUTsl IEPEBOAA €0 B Paspsij
3aIUTHBIX COOPY)KECHUH IpaXkKIaHCKOH 0OOPOHBI MPH BOCHHBIX KOH(IMKTAX U MPH BOSHUKHOBEHUH YPE3BBIYAHBIX
CHUTyalii MPUPOJHOTO M TEXHOICHHOTO XapakTepa Ha 0ase CyIIeCTBYIOMNX HHPPACTPYyKTYPHBIX JIEMEHTOB.



IpakTnyeckas 3Ha4yuMocTb. Ha ocHOBaHMM NPOBEIEHHBIX HCCIENOBAaHUM pa3paboTaHbl PEKOMEHIALUH TI0
aJanTalyy MpPOCTEHIIEr0 YKpBITUS, MPEACTABICHHOIO B BHJE IMOABAIBHOIO IOMEIIECHHS aJIMHHHUCTPATHBHOIO
37aHUs, K TpeOOBAHHAM, TPEABIBIACMBIM K YOSKHIIIAM B YCIOBUSX BOCHHBIX KOH(IMKTOB M TIPH BO3HUKHOBEHUH
Ype3BBIYANHBIX CUTYalMi IPUPOAHOTO M TEXHOTEHHOTO XapakTepa JUIsl MTOBBIICHNS 3aUIIIEHHOCTH YKPhIBAEMBbIX.

KinrodeBble c10Ba: epadicoanckas 060poHa; 3aujumuble cOOPYIHCEeHUs 2PaXiCOaHCKOU 000POHbL, npocmeliuiue
VKpbImust; Yoexcuwya;, 4pe3blyatinas Cumyaylis; UsMeHeHue muna 3auumHslx COOPYHCEHULl 2padicOaHcKol 0OOPOHb;
00bEMHO-NNAHUPOBOYUHBIE PEUIEHU.
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Objective. To conduct an assessment of a simple shelter, represented by a basement room of an administrative
five-story building, in order to evaluate its actual technical condition, including overall protection level or individual
elements and technical systems. The goal is to substantiate requirements for upgrading it to the category of civil
defence protective structures in case of military conflicts and emergencies of natural and man-made origin.

Methods. Calculation methods for determining the volumetric and planning solutions of the main and auxiliary
rooms of civil defence protective structures.

Results. Recommendations regarding the suitability and possibility of re-purposing the simple shelter,
represented by a basement room of an administrative five-story building, into a shelter suitable for modern threats and
emergencies.

Scientific novelty. For the first time, the requirements for a simple shelter have been substantiated in order to
convert it into a civil defense shelter in the event of military conflicts and natural and man-made emergencies based
on existing infrastructure elements.

Practical significance. Based on the conducted research, recommendations have been developed for adapting
the simplest shelter, which is a basement in an administrative building, to the requirements for shelters in the event of
military conflicts and natural and man-made emergencies, in order to increase the safety of those who are sheltered.
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