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Annomayusa. B HacTosiee BpeMs H3-3a HAyYHO-TEXHHUYECKOTO IPOrpecca HEMPEPHIBHO
Pa3BHUBACTCA KU BBCIACHUC 6OCBI)IX I[CI\/IICTBI/II\/'I M0 TYHICHUIO IIOXKApOB, CO3AANOTCA MW IMATCHTYIOTCA
pa3nuYHbIe YCTPOMCTBA i TOBBIMEHHS SPQPEKTHBHOCTH PabOTHl 3BEHBEB Ta30bIMO3ALIUTHON
cy>)kObl B HENPUTOMHON A JABIXaHWS cpele B 30HE OrpaHWYeHHOW BuamMocTH. llpum 3ToM
HUCIIBITATCIIbHBIC MCPOIIPpUATHA, OCBCH_[éHHBIe B pa60Tax aBTOPOB, HE HUMCIOT eHHHOﬁ
OKCIEPUMEHTAILHON 0a3bpl, YTO 3HAYMTEIHHO YCIOXKHSET OOIIYyI OIICHKY paboToCIocoOHOCTH
1 3PPEKTUBHOCTA TPOEKTUPYEMBIX CHCTEM BOCCTAHOBIEHHS BHIMMOCTHA. B pabote pa3paboraHa
n 000CHOBaHa OSKCIIEPUMEHTANbHAs cpeaa JJisi OompejeieHus paboTocrmocoOOHOCTH —yCTPOIMCTB,
NMpE€aAHa3HAYCHHBIX JJIsI BOCCTAHOBJICHUA BUAUMOCTU B 3aJILIMHeHHOﬁ cpeae. PeSyJ'II)TaTLI, HN3JI0KCHHBIC
B JJTaHHOW CTaThe, MOTYT OBITh NMPHUMEHEHBI I COBEPIICHCTBOBAHUS M Pa3pabOTKU TEXHUYECKOTO
OCHAIIICHUS, WCTOJIB3YEMOTO JUIsl OPUEHTAIIMH B 3aJLIMICHHON CpElIe 3BEHOM Ta30JbIMO3AIIATHOMN
CITy>KObI U BJIMSIFOILIETO Ha MPOBEJICHHE O0EBBIX JACHCTBUI B 30HE OrPAaHMYCHHON BUIUMOCTH.

Kntoueswle cnosa: ycrapeBiive CriopTUBHBIE 00BEKTHI, PACIPOCTPAaHEHNE TPOIYKTOB TOPEHUS,
Mo>xapHasi 0€30MacHOCTb, MOJICIMPOBAHUE TUHAMUKH T10apa, MPOTUBOTIOKApHAs 3alllUTa
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Abstract. Currently, due to scientific and technological progress, the introduction of combat
operations for extinguishing fires is continuously developing, and various devices are being created and
patented to improve the efficiency of gas and smoke protection units in inhospitable environments with
limited visibility. However, the testing procedures described in the authors' works lack a unified
experimental framework, which significantly complicates the overall assessment of the performance and
effectiveness of the proposed visibility restoration systems. The paper developed and substantiated an
experimental environment for determining the performance of devices designed to restore visibility in a
smoky environment. The results presented in this article can be used to improve and develop technical
equipment used for orientation in a smoky environment by the gas and smoke protection service, which
affects combat operations in areas with limited visibility.
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B ycnoBusix orpaHMueHHOH BUAWMOCTH M HENPUTOAHOM ISl IBIXaHWUS Cpenbl, CO3JAHHBIX
MOXapoM, Tra30[bpIMO3alIUTHUKAM TpeOyroTcs dS((GEeKTUBHBIE TEXHHYECKHE CpelCcTBa IS
BOCCTaHOBJIEHUs BUIUMOCTH. OTHUM 13 Hanboliee paclipoCTpaHEHHBIX YCTPOHUCTB B HACTOSIIEE BPEMSI
ABJISIETCS TEIUIOBU30D, KOTOPBIA TO3BOJISIET OTCIICKHUBATh TEMIIEPATypHBbIE W3MEHEHHS OOBEKTOB B
30He AericTBusl. OTHAKO BBICOKAs CTOMMOCTb TaKHX MPUOOPOB 3aTPyAHSAET UX MaccoOBOE MPUMEHEHHE
B MOJIpa3AeNeHIUIX MOKapHOH oXpaHsl. [1]

OTO HenaeT MOUCK albTEPHATHBHBIX PEIICHUH aKTyaJbHBIM, B BHAY Y€ro B JAHHOH CTaThe
npeaiaraeTcs pacCMOTPETh CIEeIYIONINe TEXHOIOTHH CIIOCO0 OIICHKH UX IPEMEHUMOCTH:

1. JIupap (Light Detection and Ranging) — 3TO TeXHOJOTrHs, KOTOpas MCIOJb3YEeT CBETOBBIC
UMITYJIbCHl AJISl U3MEPEHUs] PacCTOSHUS A0 00BbekToB. OHa aHATU3UPYET BpeMsi, 32 KOTOPOE CBET
BO3BPAIAETCs, U Ha OCHOBE ATOTO ONpeessieT paccTosiHue. JlunapHaeie mpuOOphI OBIBAIOT IBYX THIIOB:
CKaHHUpymoume u atMocdepusie. OHM HE TOJNBKO MU3MEPSIOT PAacCTOSIHUE, HO U (PUKCUPYIOT, KaK CBET
pacceuBaeTcsl B BO3yXe WIH IbIMy. B ycrnoBusx moxapa, Tie CBET CHIBLHO pacceuBaercs, 00padoTka
JaHHBIX ycloxHsercs. OOHaKo JHIApHBIE CHCTEMBI Bce paBHO S((EKTHUBHBI UII MOHHTOPWHTA
1oXkapa M €ro MOCJIEACTBHH, OCOOCHHO B 3aAbIMJICHHBIX HOMeIleHHsX. OHH TOYHO ONPEHEISIOT
pacrosnoxxeHne 00bEeKTOB, YTO IOMOTAET B OOPHOE ¢ OTHEM U €r0 TOCJIEACTBUSMH.

2. YIbTpa3BYKOBas JXOJIOKAlUs — OTO METOJ, KOTOPBIA HCIOJb3yeT 3BYKOBBIC BOJHEI
JUIA ONpEeNeNEeHUs] MOJIOKEHUsT 00bekToB. OHa wH3MepsieT BpeMs 3aJepKKH OTPaKEHHON BOJIHBI
M Ha OCHOBE 3TOr0 BBIUUCIISIET PACCTOSIHHE A0 OOBEKTa. YIbTPa3BYKOBBIE NaTYMKH OCOOCHHO
3¢ GEKTHBHBI B YCIOBHSX, TI€ BUIUMbIE WM HHPPAKpPaCHBIC BOJHBI HE MOTYT OBITh HCIIOJIB30BAHbI U3-
32 CHWJIBHOTO PacCeMBaHUs. ODTO NeJIaeT WX WICAJIbHBIMM Il IPUMEHEHHUS B 3aJbIMJICHHBIX 30HAX,
I/ie TUJapHbIe CHCTEMBI MOTYT CTOJIKHYTBCSI C TPYJHOCTSIMU. Y JIbTPa3ByKOBasl HXOJIOKALUS TO3BOJISIET
TOYHO OIPEJEISATh PACIIONOKEHHE O0BEKTOB, UTO BaXKHO JUIst 00ecTiedeHns: 0e301acHOCTH
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n 3(Q(EKTUBHOIO pearupoBaHUs] B YPE3BBIYAMHBIX CUTYyalMsX, OJHUM U3 IPUMEPOB JAHHOI'O
000pyIOBaHHS SBIISICTCS aBTOPCKOE MPOrpaMMHO-annapaTHoe pemenue [2-3].

Jns pa3paOOTKM M TECTUPOBAaHUS HOBBIX alNapaTHBIX peEHIeHu TpedyeTcs paszpaboTka
9KCIEpUMEHTANILHOM cpeabl. Pa3pabarsiBaemast cpenia JOKHA 3MYJIMPOBATh YCIOBUS OKpY’KaroIlei
Cpeabl, KOTOpBIE CKJIAABIBAIOTCS MpPU MOXape B IMOMEIICHMSX, TaKUX KakK: 3aJbIMJICHHUE, TEIIOBOM
MOTOK, MeJICHTyeMble PENATCTBHS (B LIEISIX OLEHKH 3P(PEKTUBHOCTH U paboTOCHOCOOHOCTH) [4].

Ha ocHoBe ananu3a pabot [5-7] Hamu ObUTO ompezesneHo, 4to mojaenupyemas cpena (Puc.l)
JIOJKHA COCTOATH M3 CIEAYIOMINX 30H (IOMEIIEeHHH):

1. DxkcnepuMeHTanbHas 30HA SBISAETCS KJIIOUEBOW Ul TPOBEACHUS DKCIEPUMEHTOB
U TECTHPOBAaHUS MHHOBAIMOHHBIX peIIeHHH. B 3TOH 30HE pa3MelleHbl NAaTYUKU M IEJICHTyeMbIe
00BEKTBl /Al TPOBEPKM HABHTAIMOHHBIX BO3MOXKHOCTEH JUAAPHBIX CHCTEM M YCTPOWCTB
C YJNBTPa3BYKOBOH »JXOJOKalue. 30Ha HMUTHPYET YCIOBHS TMOXapa: BBICOKYIO TeMIlepaTypy
1 337bIMJICHHE, YTO IT03BOJISIET OLICHUTH 3(D(HEKTUBHOCTH TEXHOJIOTHH B CJIOKHBIX YCIOBUSIX, TIE IpyTrue
METOABI MOTYT OBITH Hed(h(hEKTUBHEIL.

2. Texuuyeckas 30Ha (TOIKa) pacIONIOKEHA BBIIIE YPOBHS M0J1a IKCIIEPUMEHTAIBHON 30HBI (Ne
1) 1 npenHa3HaueHa U1 pa3MELICHUS TOPAIINX MaTepHaioB. DTO CO3/1aeT PEATUCTUYHYIO MOXKAPHYIO
CUTyallMI0 C H3MEHSIOLIEHCS TEMIEepaTypoll M  KOHLEHTpAalMed [bIMa B  3aBUCHUMOCTHU
OT XapakTepa ropeHus. Bricota 30HBI oOecreunBaeT 0€30MacHOCTh IKCIIEPHUMEHTOB, TPEA0TBpaILas
pacrpocTpaHEHHE OTHS M YCJIOXKHAA BO3AYXOOOMEH M JABMKCHHE KOHBEKTHBHBIX IIOTOKOB,
YTO cO3/1aeT 0oJiee arpecCUBHYIO Cpely AJIsl OLICHKH TEXHOIOTHH.

3. 3onHa oOCmyXMBaHUS MpeTHa3HAYeHA IJIsI KOHTPOJS M MOHHUTOPHHTA Tpolecca TOPSHHS.
B aT0#1 30He OynyT pa3MelneHbl CHCTEMbl YHPABICHUSI U MOHUTOPHMHIA, KOTOPBIE OTCICKUBAIOT
TeMIeparypy, KOHIEHTPAIHUIO JbIMa M JpYyTHe MapaMeTphl MOKApHOW CUTyanuu. OTO 00ecleurnBaeT
oreparopaM  BO3MOXKHOCTb ~ KOHTPOJHMPOBaTh TMPOIECC TOPEHUS W  BHOCUTh  W3MEHEHUS
B 9KCIIEPUMEHTANbHYIO Cpely B COOTBETCTBUH C TPEOOBaHMSMHU TECTUPOBAHMS, YTO MO3BOJIAET Ooiee
TOYHO OLIeHHBATH 3)(HEKTUBHOCTH TEXHOJIOTHH.

3 2

Puc. 1. Ycnosnoe pazmewenue 301 mooeaupyemoti cpeobvi

JInst orieHKH 3¢ (EKTUBHOCTH YIIBTPa3BYKOBBIX JaTYUKOB U JIMJIAPOB B 33IbIMIICHHBIX YCIOBHUSIX
HEo0XO0MMO pa3paboTaTh ajarOpUTM HPOBEICHUs OSKCIEpUMEHTa. B naHHOW paboTe NpesiokeH
aJITOPUTM, NIPE/ICTABICHHBIH Ha Pyc.2, Ui TeCTHPOBAaHMS JaTYMKOB B SKCIIEPUMEHTAIILHOM Cpele.
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Puc.2. Ancopumm nposedenus sxcnepumenma

BaxHbIM KOMIIOHEHTOM 53KCHEPUMEHTAJILHON Cpelbl SIBISIETCS MaTepualbl, HCIOJIb3yEeMble
B TEXHMYECKOW 30HE, KOTOpPBIC JIOJDKHBI 00eCreunBaTh HEOOXOAMMBIN YPOBEHb JIBIMOOOpA3YIOIICH
CIOCOOHOCTH Y UMUTHPOBATH PeajbHBIE YCIOBHUS MOKAPOTYIIICHHUS.

OCHOBHBIM ITOKa3aTeJieM, 10 KOTOPOMY OCYIIECTBIISIICS BEIOOp KOJIIMYECTBA M BUAa MaTepuaa
JUist (POPMHUPOBAHMS MOZCIUPYEMOH SKCIIEPHUMEHTAIHON Cpebl SABISETCS ONTHYECKAas IIOTHOCTD,
KOTOpasi XapaKTepu3yeT CTENeHb OcIabIeHusI CBETOBOTO MOTOKA TP MPOXOXKIACHUU Yepe3 MaTepHall.
Ona ompexensieTcss Kak jJorapuM OTHONICHWS WHTEHCHBHOCTH TaJAIONIET0 CBETa WHTEHCUBHOCTH
MPONIEAIIETrO CBETA:

D = log(ly/D 1)

rae, D - ontuyeckast ImioTHOCTE;

|0 - OINTHYECKasd MHTCHCHBHOCTHL IMaJarolICro MW3JIYUCHUA (OHTI/IT-IeCKaSI HNHTCHCUBHOCTH
MIPH TIOTIAJJaHUN Ha MaTepuan);

| - mpoxoxsmias onTHYecKas WHTEHCHUBHOCTH (OINTHYECKas WHTCHCHBHOCTbH, IepeaaBaeMas
MaTepUaioM / MJICHKOM.

Jns pacdera onTHYEeCKOW IUIOTHOCTH JbIMa 3aMep ONTHYECKOW WHTEHCHBHOCTH PacCUHUTaeM
3a CUET JIa3epPHOTO CBETOBOTO 3yieMeHTa u (potopesucropa [8-9], paccrosiHMe Ha KOTOPOM Oyay
pasMeleHsl qaturku coctapiseT 1 cMm. [IpuHnunuansHas cxema npubdopa ykaszana Ha Puc.3.

305



Hay4Ho-aHanuTu4eckun xxypHan « Cubnpckmin noxapHo-crnacaTenbHbli BecTHMK» Ne 3 (38) — 2025
The scientific and analytical journal «Siberian Fire and Rescue Bulletin» Ne 3 (38) — 2025

MEGA

MINI

R1 10kOt

.
DoTopesucrop

Puc.3. Yempoiicmso ons 3amepa onmuueckou uHmeHcusHoOCmu

Jus ompeneneHWs pacCTOSHUS Ha KOTOPOM JIOJDKHBI OBITh PACIIONOKEHBI IIEJICHTyeMEbIe
MPEISTCTBUS M ONUPAsICh Ha JaHHBIC UcClieoBaHus aBTopa [10] ucnosb3yeM BhIBEICHHYIO (hOpMYITy
(2) ompenenenus ATUHBI BUAUMOCTH:

I, = =~ 2

rae, l, — BUIMMOCTD, M.

Hnst popMupoBaHus SKCIEPUMEHTAIBHONW Cpellbl M C YUETOM IOJIOKEHHUH, c(HhOPMHUPOBAHHBIX
[11-14] GbutO pemieHO, YTO KPUTHYECKHM (HAKTOPOM isi (POPMHUPOBAHHMS CpPEIbl SIBISIETCS BBIOOD
MaTepUajIoB U IEJIeCO00Pa3HO OCYIIECTBIISATh €0 10 KOAPGHUIIUSHTY JBIMOOOPA3YIOIICH CIIOCOOHOCTH.

Koadduuuent npiMoobpa3oBaHust — NOKa3aTeNb, XapakKTePU3YIOLIMHA ONTHYECKYIO IIOTHOCTD
JIbIMa, 00pa3yIoLIErocs NMpH IJIAMEHHOM TOPEHHH WM TEPMOOKUCIUTEIBHON AECTPYKUMU (TJICHUH)
OTIpeIeIEHHOT0 KOJIMYECTBA TBEPJIOTO BEIIECTBA (MaTepralia) B YCIOBUIX CIIEIIUATILHBIX UCTILITAHHH.

Hns  obecniedyeHusl pPENpe3eHTATUBHOCTH HCHBITAHUH M BO3MOXKHOCTH HMX ITOBTOPHOI'O
MPOBEIEHHs, CIEeIyeT HCIOIb30BaTh MaTepHaibl, KOTOPBIE YacTO BCTPEYAOTCS B OBITY W BXOIST
B COCTaB MeOEJH U OT/EIOYHBIX MaTepHaloB. [IpiuMepsl MaTepraioB Mo Tpymam:

I 1: npeBecrHa, KapTOH, XJIONOK;

J2: panepa, npeBecHo-cTpyxkeunblie minThl (JCII), muroneym;

J3: monuaTHIIeH, TEHOTIOINCTHPOIL.

3nayeHne Kod(ddummeHTa ABIMOOOpA30BaHUS HEOOXOOUMO BKIIOYAaTh B CTaHAApPTHI
WM TEXHUYECKHE YCIOBHSI HA TBEPbIE BEIIECTBA U MaTepHAIBL.

CymHOCTh  MeTOAa  ompeneNieHus  KodQ@HIMeHTa  JhIMOOOpA30BaHUS  3AKIIIOYACTCS
B OMPEJICNIEHUH ONITHYECKOHN IMIIOTHOCTH AbIMa, 00Pa3yIoIIerocs py TOPEHUH MM TIACHUU U3BECTHOTO
KOJINYECTBA UCTIBITYEMOT'0 BELIECTBA MIIM MaTepHaia, pacipeieIeHHOrO B 3aJaHHOM 00beMe.

Omnwupasich Ha BBIIIE U3JIOKEHHBIE JETAIW MOKHO CJIENIaTh BBIBOJ] O HEOOXOJUMOCTH IPOBEIACHUS
OTIBITA MPH CKUTAaHWUU MaTepuana B Tpex Bapuanusax 1, 12, J13.

Omnpenenenue KOJUYECTBa MaTepualia MOXKHO MPOU3BECTH, OMUPAsACh Ha MPOMOPLHOHATBHYIO
3aBUCUMOCTh 00BbeMa OT macchl. Jms 3Toro mcmoib3yem Qopmyny ompeneneHus koddduimenra
IeIMooOpa3oBanus ykazannyoo B [OCT 12.1.044-89:

V(abIMOBoﬁ cpeJbl) _ V(Moaejmpyemoﬁ cpe/ibl) (3)

M (macca o6pasua 4s f.K.) M (macca o6pasna aus M.c.)
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Hcnonp3ys OaHHYIO 3aBHCHMOCTh PAacCUUTaeM HEOOXOOUMYI0 Maccy Marepuana B KaMmepe

CTOpaHUsL:
0,51m® 106,03 M

0,015 kr X
106,03 x 0,015
¥ =T 051
x = 3,11 kr

Takxum 06pa3oM Macca MaTepuaia JaJisi CO3IaHus MOAeTupyeMoi cpensl paBHa 3,11 kr.

s mpoBeaeHus] SKCIEPUMEHTOB HEOOXOANMO OPraHU30BaTh U3MEPEHHE PACCTOSHUS MEXKIY
JaTYMKaMH M 1enplo. JlaTunku pacronaraiorcs IOCIENOBAaTENbHO B TMpOIEcCe MPOBEACHUS
SKCIIEPUMEHTA C IaroM B 1 MeTp Ha PacCTOSIHUU A0 8 METpOB OT menel. Takoil mar obecrieunBaeT
TOYHYIO TIpadaliuio M3MCHCHUA MokKaszaTejied M TO03BOJISIET BBIABISITH BO3MOKHBIE IMOTpCUIHOCTHU
IIPpU YBCIIMYCHUU PACCTOSAHUSA B YCIIOBUAX BBICOKOM 3aBIMJICHHOCTH.

Mpubop

PaccTtosaHue

N

P

Puc.4. Cxema nposedernus sxcnepumenma

Bpewms 3amepa Ha MTO3UITUH TOJIKHO COCTABIISATh HE MEHEE MHHYTHI, TAK KaK KpOMe OTpeelIeHUs
paccTosHUS 70 IedM HEeoOXOAMMO BEISCHHTH BO3MOXHOCTh (DYHKIIMOHHPOBAaHUS JaTYNKOB
B arpeccUBHOM cpejie moXxapa MpoaoKuTeIsHoe BpeMs. ClieJoBaTeNbHO, B XOJ€ U3MEPEHHUS MOKHO
OTCIIE/IUTH 3aBUCUMOCTH TIOKa3aHMiA TprOOpa OT 00pa30BaHU KOIIOTH Ha IOBEPXHOCTH JaTUUKA.

BriBoabI

[IpennoxxeHHast MojenbHas Cpela U IKCHEPUMEHTAIBHBIA IOAXOJl MO3BOJISIOT OOBEKTUBHO
OIICHUTh PabOTOCIIOCOOHOCTh 30HIUPYIONIMX YCTPONCTB, TaKWX KaK JIUJAapHbIE CHCTEMBI
1 yJIbTPa3ByKOBBIE JTATUYMKH, B YCJIOBHSX PEAIbHBIX MOKAPOB. Pe3ynbTaThl 3TUX HCIBITAHUNA OyayT
croco0cTBOBaTh pazpaboTke Oosee 3((HEKTUBHBIX TEXHOIOTUH AJisi o0ecrieueHus: 6e30MmacHor paboThI
MOKaPHBIX MOJIPa3ACICHHI B YCIOBHAX OIPaHUYCHHON BUUMOCTH U 33]IbIMIICHHUSL.
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