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GENERAL QUESTIONS OF COMPLEX SAFETY

https://doi.org/10.18322/PVB.2019.28.03.6-13
YAK 614.849

MeToauka 060cHOBaHUA pe3epBa 3anacHbIX YacTeun
ANA paboTbl cneuuanbHOU TEXHUKU B XOAE AMKBUAALIUU
ype3BblYauHOU CUTYaALUM

© H. B. KameHeukas®, 0. M. MeaBepeBa®, C. b. Xutos®*, M. B. CunbHuKoB

1 Cankr-MNetep6yprekuin ynusepcutet IMIC MYC Poceun (Poceus, 196105,
r. CaHkr-Tetepbypr, MockoBckuii npocn., 149)
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PE3IOME

BBepeHue. Co3paHue pe3epBOB MaTepUanbHbIX PECYPCOB AAA AMKBUAALMM MOCAEACTBUI UpEe3BblUYaHbIX CUTyaLMIi
(YC) NpMPOAHOrO U TEXHOTEHHOTO XapaKkTepa ABAAETCA OAHON M3 OCHOBHbIX 3aAa4 €AMHOM rOCYAQPCTBEHHOW CUC-
TEMbI NMPEAYNPEXAEHUA U AMKBUAALIMW Upe3BblUyaiHbIX CUTyaLMIi. AOCTaTOUHbIM 06beM MaTepUanbHbIX PECYPCOB,
MX paLMoHaAbHOE pa3MelleHune, MpaBUAbBHOE XpaHeHWE U KauecTBEHHOe 0OCAyXMBaHKWe obecrneunBatoT BO3MOX-
HOCTb ONEepPaTUBHOIO YCTPaHEeHWS HEMOCPEACTBEHHOW OMACHOCTH AAS XKU3HU Y 3A0POBbS AFOAEW, OpraH13aLmm nep-
BOOUYEPEAHOTO XM3HEobecneUeH st HaCeAeHWs B 30He BEACTBUS.

Lieaun 1 3apaun. Bo3HWKaeT akTyanbHas npobaema NpeABapUTEABHON OLEHKU, yueTa 1 060CHOBaHWA pe3epBa 3a-
NacHbIX YacTei AAS paboTbl CreUManbHOM TEXHUKM NMOXapHO-CNacaTenbHbIX MOAPA3AEAEHUI B XOAE AMKBUAALMU
YC, ncxoana U3 npuHLMNaG HeobX0AMMOM AOCTaTOYHOCTH M MaKCHMaAbHO BO3MOXHOMO MCMOAb30BaHWSA MMEIOLLUXCS
CWA U CPEACTB.

MeToabl. AASt NTAQHUPOBAHUSE HEOOXOANMMOrO KOAMUYECTBA 3anacHbIX YacTen cneunanbHOM TeXHUKK C YYEeTOM UX CTO-
MMOCTH, @ Takxe AN 060CHOBaHUS peLleHns 06 ONTUMAAbHOM YMCAE PEMOHTHbIX 6pUraa, CnocobHbIx obecnevuntb
CBOEBPEMEHHYH 3aMeHY BbILLEALIMX U3 CTPOSA arperatoB B yCAOBUAX UC UAM NpW AMKBMAALIMKM €€ MOCAEACTBUMN,
NPUMEHMMbI METOABI TEOPUM OUEPEAEN U CUCTEM MaCCOBOIO 0OCAYXMBAHMS.

Pe3synbTaTbl U MX 06CYyXAEHUE. B cTaTbe NpeanoxeHa METOAMKA pacyeTa ONTMMaAbHOMO pe3epBa 3anacHblX YacTem
ANst obecneyeHuss HopManbHOW pPaboTbl cneurManbHON TEXHUKU C 9KOHOMUUYECKUM 0O0CHOBAHWEM, YYUTbIBAOLLMM
MaTepuanbHble 3aTpaTbl Ha UX NPUOBPETEHNE U HAa COAEPXAHUE PEMOHTHbIX Opuraa. MprUBEAEHbI pacyeThbl, KOTo-
pble NO3BOAAIOT Ha NPAKTUKE NPEABAPUTEABHO YUUTbIBATb PUCKM, CBA3AHHbIE C HEAOCTATOUYHbLIM Pe3epPBOM 3anac-
HbIX YaCTeN U C BbIHYXXAEHHbIMU NPOCTOSAMM CreLManbHOM TEXHUKK 13-3a OTCYTCTBUSI BO3MOXHOCTH BbICTPO ycTpa-
HUTb HEUCMPABHOCTM B XOA€ AMKBUAALMKM UC M npoBepeHWA aBapuiiHO-clacaTeAbHbIx paboT. BbipaboTaHbl
NpaKTMYeCckUe PEKOMEHAALIMM MO ONMPEAEAEHNIO IKOHOMUUECKM LIEAECO0HPA3HOM0 KOAMUYECTBA 3aMNacHbIX YacTen U
yncAa onepaTopoB, NPOU3BOASALLMX PEMOHT CNeLManbHOM TEXHUKM, C yYETOM MaTepUanbHbIX 3aTpaT U nokasaTenemn
HaAEXHOCTHU.

3akatoueHue. MpobremaTuka cTaTbi OTBEYAET COBPEMEHHbIM HanpaBAeHUSIM HayyHOro obecrneyeHust onepaTms-
HoW pesTenbHoCTH MYC Poccrmn M 06ycAOBAEHA HAAMUMEM LUMPOKOTO Kpyra 3aaay, CBA3aHHbIX C BONPOCaMU CO3Aa-
HUSA, XPAHEHWSA, UCMOAb30BaHWSA U BOCMIOAHEHUS PE3ePBOB MaTepUanbHbIX PECYPCOB B XOAE AMKBUAALMK UC npu-
POAHOTIO 1 TEXHOFEHHOTO XapaKkTepa.

KArtoueBble cAOBa: OLIEHKa HAAEXHOCTU; MaTepranbHble PEeCcypChl; MPOCTOU CneLManbHON TEXHUKK; ONTUMaAbHOEe
YMCAO PEMOHTHbIX BpUra; Teopus oUepeAent; CUCTeMbl MacCOBOTO 0OCAYXMBAHWS;
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ABSTRACT

Introduction. The creation of material resources reserves for the elimination of consequences of natural disasters
and technogenic accidents (emergency situations — ES) is one of the main tasks of United State system of preven-
tion and response to emergency situations. A sufficient amount of material resources, their rational placement,
proper storage and quality service ensures the ability quickly to liquidate the immediate danger to human life and
health, the organization of paramount life support for the population in the disaster area.

Aims and purposes. There is an actual problem of preliminary assessment, accounting and justification of the spare
parts reserve for work special technical means (STM) of the firefighting and rescue service in the course of emer-
gency response, based on the principle of the necessary sufficiency and the maximum possible use of the avail-
able forces and means.

Methods. For the planning the required amount of spare parts for STM, taking into account their cost, as well as for
substantiating the decision on the optimal number of repair teams capable of ensuring timely replacement of
failed units in an ES or its consequences, the methods of queuing theory and queuing systems are applicable.
Results and discussion. The article proposes a method of calculating the optimal reserve of spare parts to ensure
the normal operation of STM with economic justification, taking into account the material costs of their acquisition
and maintenance of repair teams. There are presented the calculations that allow in practice to take into account
the risks associated with insufficient reserve of spare parts and forced downtime of STM due to the inability to
quickly troubleshoot during ES response and rescue operations. Practical recommendations for determination of
economically expedient quantity of spare parts and number of the operators making repair of special equipment
taking into account material costs and indicators of reliability are developed.

Conclusions. The problems of the article correspond to the modern directions of scientific support of operational
activities of Emercom of Russia and due to the presence of a wide range of tasks related to the creation, storage,
use and replenishment of reserves of material resources during the liquidation of consequences of natural
disasters and technogenic accidents.

Keywords: reliability assessment; material resources; downtime of special technical means; optimal number of
repair teams; queuing theory; queuing systems.
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MPOBEJICHUH aBapHifHO-criacaTelbHbIX padoT (ACP),
HEOOXOMMOCTBIO €€ TPAHCIIOPTHUPOBKH B 30HY Oe/CT-
BUS1, HEOATONPUSITHBIMU YCIIOBUSIMH 3KCILTyaTaIHH.

BBeaeHue

Cosnanne pe3epBoB MaTEPUAIBLHBIX PECYPCOB IS JIHK-
BHJIAIMH MTOCIIEACTBUN Upe3BbIYaiiHbIX cutyanui (UC)
MIPUPOTHOTO U TEXHOTEHHOTO XapaKTepa SIBISETCS OJ1-
HOH M3 OCHOBHBIX 33/1a4 €IMHOW TOCYJapCTBEHHOM CH-
CTEMBI MPEJTYTIPEIACHUS U JTUKBUIAINH YPE3BBIYANHBIX
cutyauuit (PCYC). JledaTenbHOCTh 3TOW CUCTEMBI Ha-
mpaBiicHa Ha MOBbIIICHUE d(HHEKTUBHOCTH ICHCTBUI

LieAn v 3apaum Uccaep0BaHUA

B cBs131 ¢ BBIIIeCKa3aHHBIM BO3HUKAET aKTyaJibHasd
r[p06neMa 000CHOBaHMS pe3€epBa 3ammaCHbIX ‘IaCTefI,

MOYXKaPHO-CIIacaTeIbHBIX MOAPa3IeJIeHUH B 30HaX CTH-
XUIHBIX OJICTBHI WM TEXHOTCHHBIX aBapuii, Ha (op-
MHUPOBaHUE KOMIUIEKCA MEPONPHUATHA MO CHUKESHHIO
puCKOB BO3HUKHOBeHUSI YC U yMEHBIICHHUIO TSHKECTH
UX TocaeAcTBuit [1].

JlocTarouHslii 00beM MaTepHATBHBIX PECYPCOB, UX
paluoHaIbHOE pa3MelleHHe, IPaBUIILHOE XPAHEHUE U
KaueCTBEHHOE 00CITyKMBaHNE 00ECTIEUNBAIOT BOZMOXK-
HOCTb OIIEPAaTUBHOI'O YCTPaHEHUsI HEIIOCPEACTBEHHOM
OIACHOCTH JJISl AKU3HU U 30POBbs JIIOAEH, opranusa-
ITHH TIEPBOOYEPEIHOTO KU3HEOOCCIICUCHHUS HACEICHUS
B 30HE O€/ICTBHA.

Henb3s He yUUTBIBATH, YTO B KpalHE CIIOKHOU 00-
CTaHOBKE YPE3BBIYANHOM CUTYaLIH U B XOJI€ yCTpaHe-
HUS €€ IOCJIEACTBUH C TPUMEHEHUEM Pa3InYHbIX BUIOB
cnenuanbHoii TexHuku (CT) cyliecTBeHHO BO3pacTaeT
BEPOSATHOCTh OTKa30B B €€ paboTe M3-3a BHIXOAA U3
CTPOS OTAENBHBIX (DYHKIIMOHAJIBHBIX YacTel. D10 00y-
CJIOBJICHO IIOBBIILIEHHOH Harpy3KOM Ha 3Ty TEXHUKY LIPU

Tpebyemoro a1t obecnedeHust 6ecrepe0oitHoi padboTh
CTIEIMAIbHON TEXHHUKH TT0XKAPHO-CIIACaTeNIbHBIX MOA-
pasnenenwuii (nanee — I[1CII) B xone nukBuaanuu UC,
UCXOJS N3 IPUHIUIA HEOOXOUMOH TI0CTaTOYHOCTH 1
MAaKCHUMAaJIBbHO BO3MOXKHOI'O UCITIO0JIb30BaHUS UMCIOIIIHUX -
Csl CWJI M cpeAcTB [2].

Henocrarok 3anmacHbIX yacTel BbI3bIBAET BbIHYK/ICH-
Hble ipocton CT, B TO ke BpeMst Upe3MepHOe KoJIHude-
CTBO 3aMaCHBIX YaCTeH HEPALMOHAIBHO ¢ (PUHAHCOBOM
Toukn 3peHus. OOOCHOBaHHE ONTHMAJIBHOTO 3araca
JKM3HEHHO B@KHBIX JieTayeil MaluH TpedyeT cepbes-
HOTo SKOHOMHUecKoro noaxona. [Ipu pemennu chop-
My.HHpOBaHHOﬁ 3aa4u HYKHO YUUTBIBATb CTATUCTUKY
Beixoma n3 crposd CT B mpomecce ee dKCIITyaTanuH,
YPOBEHb IMOATOTOBKH OGCHy)KI/IBaI'OIHeFO TEXHHUYCCKOI'O
MepCOHaNa, BOZMOKHOCTH MO BOCCTAHOBJIEHHIO BBI-
IIE/IINX U3 CTPOsI JeTasel, y3/ioB, OJIOKOB, a TaKke
9KOHOMHYECKHE TTOKA3aTeNH, yUHTHIBAIONINE MaTepH-
ajbHbIe 3aTparhl Ha conepxanue CT.
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Peseps 3anmacHbIX yacTel A1 CTIEIMAIIBHON TEXHH-
ku [1CI1 nosmkeH ObITh TAaKKUM, 9TOOBI OHA paboTaia 3¢-
(hekTHBHO M 0€3 IPOCTOEB, 1 (pMHAHCUPOBaHKE e¢ 00-
CITy’)KMBaHHUs OBLIO SKOHOMHUYECKH 000CHOBAHO [3].

[ocTaBenHas 3aa4a sSBISICTCS ONTUMU3AIAOHHOM,
a 3HAYWT, PELIaeMOi C TIOMOIIBIO U3BECTHBIX MaTeMa-
THUYECKHX METOJI0B (METO/I0B UCCIIEA0BAHUS OTlepaluii).
[IpuMeHeHnE MaTEMAaTHYSCKOTO MOJICIUPOBAHUS IS
MPOTHO3UPOBAHNS PA3IMYHBIX BAPUAHTOB Pa3BUTHS CO-
OBITHI B CIIOXHBIX YCIOBUSX JIMKBUAIUHU MOCICICT-
Buit YC mo3BossieT 00ecneuuTb BBICOKYIO 3((EKTUB-
HOCTB (hOPMHUPOBAHHS ONTUMAJIBHBIX YIIPABICHYCCKUX
pEIIeHU, YTO MOATBEPKIACTCS MHOTOJIETHUM OTeue-
CTBCHHBIM H 3apyOeKHBIM OIBITOM [4—19].

Jist tutaHIpOBaHMS HEOOXOAUMOT0 KOJIMIECTBA 3a-
MACHBIX YacTeH CIICIMaIbHOM TEXHUKU C yUETOM HX
CTOMMOCTH, a TaKXe JUISI 00O0CHOBAHUSI PEIICHHS 110
ONTHMAIIEHOMY YHCITY PEMOHTHBIX OpHTaI, CIOCOOHBIX
00eCTIeUnTh CBOCBPEMECHHYIO 3aMEHY BBIMICIIINX 3
CTpos arperatoB B ycaoBusix UC vt pu JINKBAIAUT
e¢ MOCIIEICTBHHA, IPUMEHUMBI METO/IBI TCOPHH MacCo-
Boro obciyxusanus [9, 10, 18, 19].

B wactHocTH, HOpMasbHOE (DYHKIIMOHUPOBAHHE CIIe-
nuansHoi Texauku [TCIT MUC Poccun, obecrieueHHOE
HaJIMYMeM He0OXOAMMOTO 3aaca TEXHUYECKUX CPENICTB
M JIOCTaTOYHOTO KOJIMYECTBA OOCIYKHBAIOILIETO Tep-
coHana (OpuraJi MEXaHHKOB), B OIPEJICICHHBIX YCIIO-
BUSX MOYKHO PaccMarpuBaTh KaKk CHCTEMY MacCOBOTO
obcayxuanus (CMO).

Paccmorpum CMO, B KOTOPOit gomycKaeTcst 00ciy-
JKHBAHHE C PE3EPBOM, T. €. C 3aIIaCHBIMHU YACTSIMH, TPYTI-
B OTHOTHITHBIX MAIIHH (CTIeUanbHON TeXHUKH). Ha-
30BeM (PYHKIIMOHAIBHBIC YACTH MAIINH, KOTOPBIE MO-
TYT BBIXOJHUTD U3 CTPOSI BO BpeMs pabOTHI, arperaTamm,
a Crocod WX peMOHTa U BOCCTAHOBJICHUS B paboTe —
arperaTHbIM.

MoctaHOBKa 3apauu

ITyctb umeercst m opHoTunHbIX MauH (CT). B mpo-
necce padoThl arperaTsl, MPUBOJISIINE UX B IBUKECHUE,
MOTYT BBIXOJIUTh U3 CTPOS CIIyYaiHBIM 00pa3oM ¢ Io-
CTOSIHHOM TUIOTHOCTBIO A. BpeMsi BbIxoaa u3 cTpos pac-
MIPEe/IeNIEHO 0 MOKAa3aTeJIbHOMY 3aKOHY CO CpPEIHUM
3HAUYEHUEM Z J11st 3aMeHbI MPUIIEANNX B HETOTHOCTh
arperaroB UMeeTcs 1 3anacHbIX. Kak Tosbko arperar or-
Ka3bIBaCT, BO M30eKaHUe TPOCTOCB TEXHUKH €TO CPaszy
3aMEHAIOT UCIPABHBIM 3allaCHBIM, €CJIM TAKOBOI HUMe-
ercs. HencnpaBHbIl arperar moctynaeT B MyHKT pe-
MOHTa, KOTOPBIH 00CTYKHBAIOT ¢ OIEepaTopoB. Bpems
BOCCTAHOBJIEHHMs KaXJI0TO arperara onpesesercs xa-
paKTepoM HEUCIPABHOCTH, OIBITOM OIEpaTopa U Apy-
ruMH (PaKTopaMu U MOXKET paccMaTpuBaTbcs Kak CIy-
yaifHas BeJMYMHA. Bpems peMOHTa HEHCHpaBHBIX
arperaToB PaclpezesIeHo M0 MO0Ka3aTeIbHOMY 3aKOHY
CO CpPEIHUM 3HAYECHUEM @ U mapameTpom L (rae pL—
WHTEHCUBHOCTH MOTOKa OOCITY)KMBaHUs 3aBOK).

Bsenem orpannuenus. bymem cuntarh BXOASIIHMA
MMOTOK 00BEKTOB B Hcciemyemoit CMO mpocTeimnm
[20], T. e. oOmamaromKUM CIIEYIONTUM CBOWCTBOM: pe-
3yJBTATOM CIIOKCHHsI OOJIBIIOTO YHCIIAa OPIUHAPHBIX
CTallMOHAPHBIX TMOTOKOB C Pa3JIUYHBIMU TMOCIIENCHCT-
BHSIMH SIBJISIETCS TIOTOK OOBEKTOB, CKOJIb YTOTHO OJTH3-
KW K mpocreimemy [21].

B yka3aHHBIX YCIOBHAX HEOOXOAMMO OTIPEACTUTh
ocHoBHBIE Xapakrepuctuku CMO ¢ ydeTom BbIxo/1a u3
CTPOS arperaToB U UX BOCCTAHOBIIEHUS C UCTIOIb30Ba-
HUEM HMEIOIINXCSl B HAIMYUU UCIPABHBIX 3aITacHBIX
yacteit. [lo pesynsraraMm pacdyeToB clieflyeT BhIpado-
TaTh PEKOMEH/IAIMU TI0 YIIYUIICHUIO dTHX XapaKTepHu-
CTHK JUIsI TOBBITICHUSI () (PEKTUBHOCTH U HAJIEHKHOCTH
pabOTHI CUCTEMBI B IIEJIOM, T. €. IPUHSATH MEPbI, HAIPaB-
JICHHBIE HAa YCTPaHEHUE WK KOPPEKTHPOBKY BO3MOXK-
HBbIX PUCKOB, 06yCJ]OBJleHHbIX HEAO0CTAaTOYHbBIM KOJIN-
YeCTBOM 3allacHbIX yacTew [ 1-6].

MeToabl UCCAEAOBAHUA

st perennst copMyaIMpOBaHHOM 33/1a4 BOCIOJb-
3yeMcsl psIOM N3BECTHBIX Gopmyi [22, 23].

B paccmarpuBaeMbIX yCIOBUSX BO3MOXKHBI CIICTY-
rouue coctossnuss CMO ¢ oTkazamu:

S, — Bce 3amacHbIe arperarsl HCIIPaBHBI U BCE Ma-

[IMHBI Pa0OTAIOT;

S, — k 3amacusIx arperaroB (1 < k < n) Heucnpas-

HBbI B THOO PEMOHTHPYIOTCS BCe, JIMOO 4acTh pe-

MOHTHPYETCSI, 2 4aCTh O)KHUAET PEMOHTA;

S, s — 7 3aIaCHBIX arperaToB HEUCIIPABHEI U § Ma-

e He padoTaroT (1 <5 < m).

O0603HaYUM BEPOSITHOCTH ATHX COCTOSHUI B MO-
MEHT BPEMEHH ! COOTBETCTBEHHO depe3 p(f), pu(?),
Py+s(0). HHomyunm cnenyromyto cuctemy auddepenim-
aJIbHbIX YPaBHEHUI:

Po(t) = =kpo (1) +ppy (1);
Pi () = =L+ k) py (£) + Apy_y (1) +
+(k+Dpp;,(¢) opun 0 <k <c;
p}c(t)=—(7»+CH)Pk(l)+ka-l(l)+ (1)
+cup,.(t)npu c <k <n+ 1,
k+1
p;’l+5(t) = _(7\‘ + cu)pn+s(t) + 7\'anrsfl (t) +
+cup, e (2) mpu 1 <5 < m;

p;ler(l‘) =—CU Py () +Ap, (1),

TIe p,,+,,(f) — BEPOATHOCTb OTKa3a B 0OCIYKMBAaHUM,
KOTJIa CIIeMaNIbHAsl TEXHUKA POCTANBACT U3-3a OT-
CYTCTBHS 3allaCHBIX YacTeil. DTa BEpOATHOCTH B JIaH-
HOM MOCTaHOBKE 3a[a4M SIBJISAETCS PUCKOM, KOTO-
pBIi HEOOXOIMMO MUHUMU3UPOBATH [ 1—6].
Beenem oGosnauenne A/p=a. Torma ¢ yuerom

HOPMHPYIOIIETO YCIOBHUS

n+m
D p)=1
k=0
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IIOJIyYHUM JUJIs CTALlMOHAPHOI'0 PEXKUMA CIIELYIOLIHUE pe-
LICHHUS:
1) BepoATHOCTBH TOTO, UTO BCE arperaThl UCIIPABHBI
Y BCE MAIIMHBI pabOTaIOT:

2) BEpOATHOCTbH TOTO, YTO BBIIUIH U3 CTPOS k arpe-
raroB (niau s MamuH, 1 <5 < m):
k

P, =(Z—'P0 opu k<c; 3)
a\ ¢ ac
C C. (4)

mpu c<k<n+tl, n+1<k<m+n;

3) cpenHee YMCIIO HEUCTIPABHBIX MAIIMH, OXKHIa-
FOIIUX PEMOHTA!

Ny = kak+n; (5)
k=1

4) ko3¢ UIHEHT IPOCTOSI MAIINH:
Ko= Ny /m; (6)

5) cpenHee 4nClI0 HEUCTIPABHBIX arperaros:

n+m

N, = D kP, (7)
k=1

PaccmoTpenHast MaremMaTHueckass MOJIeNb pella-
eMoit 3ajaun siBisieTcs 3aMkHyToit CMO ¢ odepensio
JUIHHON N, (CpEeAHUM YHCIIOM HEUCIPABHBIX MAIIH,
OXKUIAIOIIUX peMOHTa). XapakTrepuctuku tTakoit CMO
MOKHO YITy4IlIaTh, MEHSSI 3HAUCHUS TTapaMeTpoB 7, C,
£ 6c» IOOMBASCH KAK MOYKHO MEHBIIIETO 3HAYeHHs Py =
- Pn+m‘

Mpumep oueHKU HapeXHOCTU paboTbl FpynnbI

OAHOTUMHbIX MaLUWH (CneuuanbHON TEXHUKK)

C BO3MOXXHOCTbIO NPUMEHEHUSA 3anacHbIx YacTen

J171s1 TOBBIICHNS HAZEKHOCTH pabOTHI TPYIIIHI IT0-
JKapHO-CTacaTeIbHON TEXHUKH B 30HE TuKBUaamu UC,
COCTOSIIEH U3 YeThIPEX OJHOTHITHBIX MalIuH (m = 4),
HUMEIOTCS B HAJIMYUH JIBE 3aMlacHbIe YacTu (1 = 2). D10
MOTYT OBITH JBHTATENH, KOJIECa WIN APYTHE BasKHBIC
netam CT. Bo Bpems nposenenus ACP atu pyHkImo-
HaJIbHbIE YAaCTH MALIMH (arperarbl) MOTYT BBIXOJUTD U3
CTPOS U HAXOUTHCSI HEKOTOPOE BpeMs B peMoHTe. Uto-
OBl 110 ATOH MPUYUHE HE BO3HUKAIN IPOCTON TEXHUKH,
BBIILIEALINE U3 CTPOS arperaTbl MCTHOBEHHO 3aMEHSIOT-
Csl UCTIPAaBHBIMHU 3allaCHBIMU YaCTSAMU, €CJIM OHU €CTh.
B npotuBHOM cilydae crieniMaibHas TEXHHKa Oe3ieii-
ctByeT. [Ipennonoxum, 4To cpeaHee Bpems HapaboT-
KU arperara Ha OfIMH OTKa3 B CIIOXKHBIX ycioBusax UC

Z =100 4. PeMOHT MPOW3BONUTCS ONHOW OpHUTaIOi
(¢ = 1). Cpennee BpeMsi BOCCTAHOBJICHHUS OJTHOTO arpe-
rarat,, =104,

OT TOrO, CKOJIbKO BPEMCHH B CPEIHEM CIICIIHAIb-
Hasl TEXHUKA OyJIeT MPOCTaNBaTh, 3aBUCST MOKA3aTeIH
HAJICKHOCTH U 3PPEKTUBHOCTH €€ pabOTHI.

ITonoxum, uto mokazarens Hajge:xkHOCTH AH (%)
MPOTIOPIIUOHAJICH YUCITY PA0OTAIOIINX MAIITUH U BhIPa-
JKaeTCsl 3aBUCHMOCTBIO

A =" No
m
rae N, — cpeaHee YHCIIo MaIlIvH, POCTAUBAIOIIHNX U3-3a

OTCYTCTBHSI HCITPABHBIX 3allaCHBIX arperaros;

m — 00ILee YKCIIO MAIIIKH.

OneHnM MoKa3areiau HaIeKHOCTH U 3PPEKTUBHO-
CTHU PabOTHI TPYIIITEI MAIIHUH (CIIEIUATILHON TEXHUKH ) B
pamKax NpUBEIEHHOTO MPUMepa, UCTIONB3YS (HOPMYITbI
(D).

CpenHsis MIOTHOCTh TTOTOKA HEUCIPABHOCTEH A =

=4 1 0,04. Torna . = 0,04 - 10 = 0,4.
100

ITo dpopmyne (2) onpenenum P:
P, =[1+04+ 0404 +0,16) +
+ 04 -0,4(0,16 + 0,064 + 0,0256)]71 ~ 0,601.
Io dopmysre (3) Berameum P, o hopmysie (4) — P,:
P,=0,4-0,601 ~ 0,2404;
Py,=0,4-0,4-0,601 ~0,0962.

Benuuuny N, paccunraem o ¢opmyie (5), mpexn-
BapHUTEIBHO ONPENIENNB BEPOATHOCTH P3, Py, Psn P 1o

hopmye (4):
P3;=(0,4)*-0,4-0,601 ~ 0,0385;
P,=(0,4)*-0,4-0,601 ~0,0154;
Ps=(0,4)"-0,4-0,601 ~0,0061;
Ps=(0,4)’-0,4-0,601 ~ 0,0024.

IIpoBepuM BBITIONHEHHE HOPMUPYIOILETO YCIOBUS
pabdotel CMO B CTallmOHAPHOM pEXUME:

z pe(t) =1
k=0

Py+ P+ Py+ Py+ P4+ Ps + Pg =
=0,601 + 0,2404 + 0,0962 + 0,0385 + 0,0154 +
+0,0061 + 0,0024 = 1.

VYciioBue BBIMOIHEHO, CJIEIOBATEIbHO, PACUCTHI
BEPHBL.

Haiigem mo ¢opmyne (5) cpennee 4nucio MaiiuH,
MPOCTANBAIOIINX U3-3a BBIXO/Ia U3 CTPOS arperaTos:

N(): 1P3+2P4+3P5+4P6z0,097.
Torma HamexxHOCTH paboTH! rpynmel MamuH (CT)

AH = (4 -0,097)/4 -100% = 97,6 %.
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Ecnu Ob1 arperaTsl He BRIXOAWIIHM U3 CTPOSI, TO Ha-
JISKHOCTB paboTel cocTaBmia 061 100 %. CrenoBareib-
HO, 2,4 % TOTEpSIHO M3-3a TOTO, UTO arperarsl padboTa-
IOT HE BIIOJIHE HAJICKHO.

PaccunraeM, HACKOIBKO MOBBICHIACH OBl HAIEK-
HocTh CT, ecrtu OBl OHA paboTarna Oe3 3amacHbBIX arpe-
raTroB, HO KaX/Iy0 MallMHy 00cyxuBaiia Obl CBOS pe-
MOHTHas Opuraja. B aTom citydae rmo yciioBusM 3a1a4u
Ha Kaxayro eaquauny CT mocTynaeT moTox Heucnpas-
HOCTe# ¢ mIoTHOCTEI0 Ay = 1/100 = 0,01. Bpems Boc-
CcTaHOBIEeHHS £ 5, = 10 4.

B sTHX ycioBusax MaTemMaTudeckast MOJEINb 3aa4u
Oyner sBIATBCA OfHOKaHANbHOM CMO ¢ oTkazamu.
Torma BeposiTHOCTH BbhIXoa Kakaoi eauuuisl CT u3
CTpPOS M3-32 HEUCIIPABHOCTH arperara MOXHO oIpeie-
JUTH IO GopMyne DpiaHra, e

0l =N Togo =0,01-10=0,1.

Torma
POTK = 091/(1 + 0,1) ~ 0,091

Ortcrona Cp€aHeC YUCJI0 MAalllMH, NPOCTANBAIOIINUX
Hn3-3a BbIXOJia U3 CTPOsA arperaroB, COCTaBUT:

Ny =4P,, = 0,364.
Torma

AH = 4 -0,364

-100% =~ 91%.

Taxum 00pa3om, HaIEKHOCTh B 3TOM cliyyae OyaeT
Ha 6,6 % HUXKe, UeM B cllyyae ¢ JBYMs 3allaCHBIMH ar-
peratamu. Kpome toro, norpedyercs B 4 paza 6osblie
PEMOHTHBIX OpuTaj. YUUTHIBas CTOMMOCTD 3aIlaCHBIX
JacTei, 3aTpaThl Ha COACPKAHNE PEMOHTHBIX OpHras,
JIOXOJl OT TIOBBIIICHHUSI HAJISKHOCTH, MOXKHO OIpejie-
JUTh, KAKOH M3 3TUX CIIOCOOOB IIENeCO00paseH ¢ KO-
HOMUYECKON TOUKU 3pEHUSL.

Pe3yAbTaThbl U UX 06Cy)XAEHUE

[IpousBenieHHBIC B paMKaxX PacCMOTPEHHOIO MpH-
Mepa pacyeThl MOKAa3bIBAIOT, YTO HAJACIKHOCTD PYHKIIH-
OHHUPOBAHUS CHEIUATHLHON TEXHUKHU HE BIIOJIHE Y/IOB-
JIETBOpUTEIbHA. {7151 CHI)KEHUST pUCKA Y TIOBBIIIICHUS
3(PeKTUBHOCTH PaOOTHI TPYIITHI OTHOTUITHBIX MAIITUH
(CT) HeoOXoaMMO YBEITHMUNTh YNCIIO 3aIaCHBIX YaCcTeH,
4T00BI HaJIeXKHOCTB PadboThl CT mpubnusmnack k 99,9 %,
YTO COOTBETCTBYET HOPMATHBHOMY 3HAYESHHIO BEPOST-
Hoctu oTkaza P, = 0,001. s noBbllIeHUs HAJEKHO-
CTH MOXHO TaK)K€ YBEIIMYHUTh KOJIMYECTBO PEMOHTHBIX
Opuraj. Cpenu pa3IMyHbIX BAPUAHTOB PEIICHUS 3a/1a41
CJIelyeT BBIOPATh ONTHUMAIIbHBIN 1O CTOUMOCTH.

st oripeneneHnst SKOHOMHYECKH IIeTIeco00pa3Ho-
TO KOJTMYECTBA 3aMlacHBIX YacTei 1 YHCiIa ONepaToposB,
npom3Boasammx peMoHT CT, mpemmaraercst BOCIIONb30-
BaThCs (POPMYIIOiL, KOTOPAst CPETU BCEX BAPHAHTOB I10-
3BONIMIIA OBI BBHIOPATH TOT, KOTOPBIH OBl 0OecreunBat
MUHHMYM IIOTEPb IIPU IKCILTYaTaI|H CICIHAIBHON TeX-
HUKU [22]:

min Cy, =nC,, + (cCy, +C P,

np’ otk

)Ta>

rae C,,, — CTOMMOCTb 3allaCHBIX JacTeH;

C,, — CTOUMOCTb COJIEPKaHUs OHOTO OIeparopa

B €JIMHMILY BPEMEHH;

C,,p— cTONMOCTB eAMHALBI BpeMeHH rpoctost CT

T, — cpenHee BpeMs aMOPTH3aLNH 3aIIacHOTO OJ10-

Ka (4acTH).

Pacrnionaras 5KOHOMHUYEeCKUMU TIOKa3aTeNISIMHU (CTO-
HMMOCTb 3allaCHBIX 4acTel, 3aTpaTbl Ha COJIEpKaHue pe-
MOHTHBIX OpHWTaJ], IOKa3aTeld HaIe)KHOCTH), MOXKHO
OIPEICUTh, KAaKOH 13 IIAaHOB IIeJIECO00pa3eH ¢ IKOHO-
MHUYECKON TOYKH 3PEHUS.

3aknoueHue

Mertoibl MaTeMaTHYeCKOIo MOAEIUPOBAaHUS HaXo-
IIT ITUPOKOE TIPUMEHEHHE TS BRIPAOOTKH ONTHMAITb-
HBIX YNPABICHUYECKUX PELICHHUI B ONEPAaTUBHON Jes-
tenpHOCTH MYUC Poccuu nipu miiaHupOBaHUN MEPOTIPH-
SITUH 110 3amuTe HaceneHus u reppuropuit ot UC.

B HacTos1iel ctaTbe ¢ IpUMEHEHHEM MaTeMaTuye-
CKOT'0 afrapara TeoOpuu ouepeiei U CUCTEM MacCOBOIO
00CITy’)KUBaHUS PACCMOTPEH BAPHAHT PEIICHUS aKTy-
ABHOM 3a]1a91 000CHOBAHHMS Pe3epBa 3aImacHbIX YacTei
JUISL CIIELMAIbHON TEXHUKH I0KapHO-CIIacaTeNIbHBIX
MOApa3/IeIIeHUH, HEOOXOIMMOTO ISl IIPOBEACHUS aBa-
puitHo-cniacaTenbHbIX padoT B 30He JuKkBuAauuu YC.

Chopmynupyem psist 3a71ad ONIepaTUBHOM JesSITEIThb-
Hoctu MUC Poccum, perierne KOTOPBIX MOXKHO OCYy-
LIECTBUTH C IPUMEHEHUEM NIPEICTABICHHON METOIUKH
000CHOBaHHUE CTPYKTYPHI M OpTaHU3aIUH (PYHKITHOHH-
poBanus MobunbHoro rocnurains MYUYC Poccun [9];
oleHKa 3(PPEKTUBHOCTH (PYHKIIMOHHPOBAHHS IIOCTA
PaIMalIOHHO-XUMHYECKOTO U OMOJIOTMYECKOro HabIo-
nenus B 30He UC [10]; pacuer mokazareneii 3ppexTun-
HOCTU (YHKIHOHUPOBAHUS MPOU3BOJICTBEHHO-TEX-
Hudeckoro nearpa MUC Poccun; MogennpoBaHue me-
pOIpPUATUN TEXHUYECKOM DJKCILIyaTallud CPEACTB
3JIEKTPOHHO-BBIUNCIUTEIBHON U OPTTEXHUKHU B CUCTE-
me MUC Poccun [18]; onieHka pucka oTkasza B padoTe
CTIEIUATIFHON TEXHUKH B XOJI€ JIMKBUJAIUU YPE3BbI-
yaiiHO# cutyaruu [19].
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BAvaHUue Ha pa3BuTUE ra3oBoro B3pbiBa B NOMeLLeHUU
pPpacCToOAHUA MeXXAY MeCTOM BOCNAaMEeHEeHUA U OKHOM

© 10. X. MNonaHpos™™, C. A. Ao6pukoB™ >

1 OpnoBckuit rocyaapcTBeHHbIN yH1BepcuteT um. W. C. TypreHesa
(Poccus, 302026, r. Open, yr. Komcomonbckasi, 95)

2 000 “MEPA-HH” (Poccus, 603163, r. HuxHuin Hosropoa, yA. Aenosas, 13)

PE3IOME

BBeaeHue. Aocene 6bIA0 M3BECTHO, UTO NPU ra3oBbIX B3PbIBax B HE3aMKHYTOM KaMepe AaBAEHWE B3pblBa TeM 60Ab-
e, Yem panbLLe 0T COPOCHOro NpoemMa (0KHa) HaXOAMTCA MECTO BOCIAGMEHEHUSA ra3a. ITo yTBEPXKAEHUE OCHOBAHO
Ha pe3yAbTaTax, MOAyUYEHHbIX PAAOM UCCAEAOBATEAEN, B TOM YUCAE HAaMU. OAHAKO NOCAEAHUE GUINYECKUE OMbIThbI
NnoKasaAu, 4To 3TO CNPaBEAAMBO TOAbKO MPU pa3mMepax OKOH, COMOCTaBUMbIX C TEMU, KOTOPbIE PEKOMEHAYIOTCA HOP-
MaTMBaMU Kak obecneuvBatoLlme onpeAeneHHble YCAOBUSA 6e30nacHOCTH. MpU MeHbLLKX Xe pasdmMepax OKOH 3Ta
3aBUCUMOCTb HUBEAUPYETCS, U BOAee TOro, MEHSIET 3HAK Ha MPOTUBOMOAOXHBIN.

3apauen UccrepOBaHUA ABASIETCA BbISCHEHUE MPUUMHBI MIHBEPCHUU BAUSIHUSI PACCTOSHUSI MEXAY OKHOM U MECTOM
BOCMAAMEHEHWA Ha AABAEHUWE B3pbiBa. PellueHre aToi 3apaun MMeeT HayuyHOe M MpaKTMYecKoe 3HaueHue.
MeToAbl U CpeACTBa UCCAEAOBAHUSA. AN MCCAEAOBaHHMSA BbIABAEHHOTO addekTa ObIAM UCNOAL30BaHbI ABa BapuaH-
Ta MaTemMaTU4yeCcKon MOAEAM Pa3BUTUSI ra30BOro B3pbiBa B HE3aMKHYTOW KaMepe — YNpoLleHHasa U YUCAEHHas.
MepBas U3 HKX, yNnpoLLLeHHas, OCHOBaHa Ha NPeACTaBAEHK M KaMepbl B BUAE COCPEAOTOUEHHOr0 06bema, CMOAb30-
BaHWUW ypaBHeHWst KnainepoHa B AvddepeHumanbHon dopme. MNoAydeHo, 4to, MOMUMO U3BECTHBIX GaKTOPOB, Tak1xX
KaK pa3Mep OKHa, CBOMCTBA MCTEKAIOLLMX Fa30B U AP., HA Pa3BUTUE B3PbiBa BAMAIOT NAOLLAAL GPOHTA MAAMEHU U
MOMEHT €ro MOAXOAQ K OKHY. K COXAAEHUIO, 3Ta MOAEAb B MPUHLIMME HE YUUTBIBAET AMHAMUKY PA3BUTUS MOCAEAHMX
¢dakTopoB. CaenaTb 3TO MO3BOAAET APYras MOAEAb, UMCAEHHas, NPeACTaBAEHHas NPOrpaMMHbIM MPOAYKTOM
“BynkaH-M”, 0CHOBaHHbIM Ha peLLeHUN METOAOM KPYMHbIX YaCTHL, CUCTEMbI YPaBHEHWI ra30BOM AMHAMUWKK B aWAe-
poBCKoM dopme npu AobaBAEHUN YCAOBUIA pacnpocTpaHeHUs NAaMeHU. Kpome Toro, “ByakaH-M” No3BoAsieT BU3ya-
AM3MPOBATb 3BOAIOLIMIO GU3MUECKOro NpoLecca, PerMcTpupoBaTh pa3BUTUE Ero NapamMeTpoB U NoKa3aTenei.
Pe3ynbTaThl UccAepoBaHUA. [10AyUYEHO, UTO MPU pa3Mepax OKHa, CPAaBHUMBbIX C HOPMAaTUBHbLIMK, CTOAb HOAbLLOE
BAMSIHWE €70 NMOAOXEHUSA Ha AABAEHWE ONPEAEAAETCA HE TOABKO Pa3HMLLEN CBOMCTB UCTEKAIOLLMX Fa30B (MCXOAHOM
CMECH 1 MPOAYKTOB CrOpaHus), HO M TEM, UTO B HAYaAbHbI NEPUOA Pa3BUTHUA B3PpbIBa NAOLLAAb GPOHTA NAAMEHHU B
CAyYae yAAAEHHOTO MOAOXEHWA OKHA 3HAUUTEABHO BOABLLE, YEM NMPU MAAOM PACCTOSIHUM MEXAY HUM U MECTOM BOC-
nAaMeHeHust. Mpu ManoM OkHe Temn Habopa AaBAEHUSI B HaUaAbHbIV MEPUOA B 060MX CAyYasnx B3pbiBa BbICOK U
NPaKTUUYECKU OAMHAKOB, NO3TOMY peLlatoLLiee BAUSSHUE Ha 3HaUYeHWE MakCUMaAbHOMO A@BAEHUS OKa3blBaeT BpeMs
ropeHus. Npu ypnarneHHOM PacrnoAOXeHWUU OKHa OT MecTa BOCNAaGMEHEHUS BPEMS FOPEHUSA MEHbLLE N0 CPaBHEHWUIO
¢ 6AU3KUM PaCNoAOXEHUUEM. B pesyAbTaTe 3TOro MakcvMyM AABAEHWS BO BTOPOM cAydyae 6oAbLLE, YeM B NEPBOM.
3TMM 1 06bsACHSAETCS 0OHaAPYXEHHbIN 3DDEKT.

BbiBoA. Yem 6oAbLLE pa3Mep OKHA, TEM CUABHEE EF0 BAUSIHWE Ha AABAEHUE B3pbIBa. [1pryem 310 BAVSIHWE HE TOAb-
KO 0bychaBAMBaETCS UCTEUYEHUEM ra3oB, HO U YCUAMBAETCA, MHOTAQ 3HAUMTEAbHO, Yepe3 BAMSIHWE Ha pa3BUTUeE
dpoHTa NAamMeHU. MpU yMeHbLIEHWU pa3MepPOB OKHa Ero BAUSIHKWE Ha pa3BuUTHE GPOHTa NAAMEHU OCAaBASIETCS, AO-
XOAA AO HUUTOXHOrO. B 3TOM CcAyyae Ha AaBAeHWe B3pbiBa, MOMUMO pa3Mepa OKHa, BAUSIET BPeMs ropeHus.

KaroueBble croBa: Aeq)/\aranMOHHbIVI B3pbIB; HeSaMKHyTbIVI 06beM; AaBAEHME B3pblBa; pa3Mep OKHa; NOAOXEHNE
OKHa, ¢M3VILIeCKVIl7I OKCMNEPUMEHT; YUCAEHHbIN IKCMEPUMEHT; GPOHT NAGMEHM.

Mpu3HaTeAbHOCTb. ABTOPbI MPU3HaTEAbHbI MHCTUTYTY KOMMAEKCHOM 6e30MacHOCTM B CTpouTeAbcTBe npu HUY
MTCY 3a NnoAAEpPXKY U NPEeAOCTaBAEHWE BO3MOXHOCTU NPOBEAEHUS GUNUECKUX IKCNIEPUMEHTOB.

AAs uuTupoBaHus: lloraHaos HO. X., AobprkoB C. A. BAMsiHWE Ha pa3BUTMe ra3oBOro B3pbiBa B NOMELLEHWM pac-
CTOSIHUSI MEXAY MECTOM BOCMAaMEHEHUS U OKHOM // MoxapoB3pbiBobesonacHocTb/Fire and Explosion Safety. —
2019. —T. 28, Ne 3. — C. 14-35. DOI: 10.18322/PVB.2019.28.03.14-35.

L« lNonaHaoB KOpuii Xpuctopoposmy, e-mail: polandov@yandex.ru

BeeaeHue Jiee — OKHOM), TPUBOJIUT K POCTY AaBJICHHS, B TOM YHCIIE
€ro MaKCUMaJILHOTO 3Ha4eHHUs P, **. DTOT pe3ynbrar
BOOOIIC M3BECTEH, MOJATBEPKICH U HAMHU IIPH HCIIbI-
TaHmsIX B Kamepe oobemom 0,125 1 10 M° B hopme ky6a
[1,2], ataxxe kommieramu u3 CLA (B kamepe oObeMoM
63 M) [3] 1 BenukoOpurtanuu [4].

TIpunsro cunrars, U 3TO T0KAa3aHO IKCIIEPUMEHTAIb-
HO, YTO TIPH I'a30BBIX B3PbIBaX* YBEIMUCHNE PACCTOs-
HUS MCKAY MECTOM BOCIUIaMCHCHU S ra3oBOM CMECH U
COPOCHBIM MPOEMOM, FITH OKHOM cOpoca TaBJIeHus (1a-

* PaccmaTpuBaeTCs ra3oBbli edarpalioHHbIH B3pbIB 6e3 TypOy-
JIU3aLUY TUIAMEHU U BUOPAIIMOHHOTO TOPCHUSL. ** JIMeetcs B BULy MAKCUMaJIbHOC 3HAUCHHUE IABJICHUS IIPH B3PBIBE.
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L c
p3, kllan o
60
404
20
— T T i 1
0 0,05 0,10 0,15 t,c

Puc. 2. Xon naBneHus npy B3pbIBax B KaMepe ¢ OKHOM JHaMeT-
pom 60 MM B 1103. 1 (a) u 1103. 3 (6)

OnHako camble BHEYATIISIOIINE PE3yabTaThl ObUIHN
nojiyyeHsl Ha ycraHoBke “Cepxkant” [5], umeromeit
Kamepy anuHoi /=1,5M u auamerpom d =200 mm
(puc. 1), Ha KOTOPOH HCCIIETOBAIOCH BIMSHUE pa3Me-
POB U MOJIOKEHUSI OKHA Ha pa3BUTHE B3pbIBa. Kamepa
3aMOJIHSIACh Ta30BOH CTEXMOMETPUUYECKON CMEChIO
nponan — 6030yx. Pe3ynbTarsl HCCIEI0BAHUHI IPUBEC-
HBbl Ha pUC. 2 U 3, Ha KOTOPBIX COBMELIEHbI JaHHBIE
10 omnbITOB 10 KaxaoMy u3 BapuantoB. Ha Hux BugHa
npremiieMast BOCIIPOM3BOANMOCTE PE3yNBTaToB, YTO I10-
3BOJISIET TOBOPHUTH 00 MX HECITYJaHHOCTH.

[anee npuHATO, 4TO B YMCIEHHBIX KCIIEPUMEHTAX
BOCIUIAMEHEHHE I'a30BOM cMeCH IPOU3BOJUTCS BCEraa
y nieBoro ¢uania®. IIpu 3TOM MECTOIOJIOKEHUE OKHA
y atoro (aHma — 3To Oyaer mo3uius 1, y mpaBoro

* B (usnueckom skcriepumenTe (cM. puc. 1) BoCIuIaMEHeHUE T1po-
U3BOAMIIOCH CIIPaBa.

Puc. 1. OOmuii Bua kamepsl
ycraHoBkH “Ceprkant” n (par-
MEHT OIIBITHOTO B3pbIBa: /| —
JIATYUKH JaBICHUS; 2 — OKHA
cOpoca naBneHust; 3 — ycTpoi-
CTBO BOCIUIAMEHEHHS

p1, kllan a
300+

200

100+

0 02 04 06 08 1,0 t,c

P3, Kllan 0
300

200

100+

0-
0 0,2 0,4 0,6 0,8 t,c

Puc. 3. XoJ naBneHus npu B3pbIBax B KaMepe ¢ OKHOM JHaMeT-
pom 20 mm B 1103. 1 (@) 1 1103. 3 (6)

(ranIa — WO3HIMA 3, a 1Mo LEHTPY KaMepbl — TMO3H-
must 2. COOTBETCTBEHHO, OyJieM 0003HauaTh X0 JaBje-
HUs1, KOTOPOE Pa3BUBAETCS NIPU B3PbIBE B IIOMEIICHUN
C OKHOM, HaxoJsIuMes B 11o3. 1, kak p(f), aB103. 3 —
Kak ps(f).

W3 puc. 2 BUHO, YTO 3HAYCHUS P, TP B3PBIBAX B
Kamepax ¢ OKHOM JramMeTpoM 60 MM, yCTaHABINBASMbIM
B 1103. 1 u 3, Oynyt pasnuuarbes Oonee uem B 10 pas,
T. €. P3max ~ 1Oplmax'

B T0 xe Bpemst Apyrue pe3yibTaThl, MOTydeHHBIC
Ha ITOI )K€ YCTaHOBKE, CBHICTEIBCTBYIOT O TOM, YTO
npu auamerpe okHa 20 MM HaOIIOMAeTCss MHBEPCHUS
3aBUCUMOCTH p,, OT No3uLuH OkHa (puc. 3). Cyns no
rpagukam puc. 2 u 3, BUIHO, YTO, BO-TICPBHIX, JaBICHHE
p;(f) mo cpaBHEHHIO C p,(f) 3HAUUTEIBHO BO3POCIO
(HO ATO W TOHATHO: pa3Mep OKHA YMEHbBIUWJICS) U,
BO-BTOPBIX, TeHepb (CM. pHUC. 3) P3rav <Pimax> T- €.
3HAK HEPAaBEHCTBA Pa3BEPHYJICS B MPOTHUBOMOIOXKHYIO
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CTOPOHY. 3aMETUM TaKXke, UTO MUKH JJaBICHUS MEXKIY
CO00M CIIBUHYTEHL: P\, HACTYTIAET PAHBIIIE, UM P/ o -

B cBs3M ¢ 3TUM UM IOCTaBIIeHa 3a/lauya BBIACHEHUS
NPUYUHBl MHBEPCUM BJIMSHUA Ha Pa3BUTHE I'a30BOTO
B3pbIBa MECTa YCTAHOBKHM OKHa MpPHU U3MEHEHHH €ro
pa3mepoB. PeieHue Takoii 3aja4uu UMEET He TOJIBKO Ha-
YUHBI{, HO U IPaKTUYECKUH HHTEpeC.

Pa6bouas runorte3sa

[ousTHO, UTO B 3aMKHYTOM 00BeMe (06e3 OKHA) BITH-
SHHUE OKHA Ha Pa3BUTHE INIAMEHH HCKIIIOYEHO, a B Ka-
Mepe ¢ OKHOM OHO Bo3HHKaeT. OTCroia JIOTMYHO BbITE-
KaeT IMOCTYJIAT, 4TO YeM OOJIbIIe pa3Mep OKHA, TEM 3Ha-
YUTENbHEE ero BIUsSHIE Ha ITpolecc B3pbiBa. [Ipu sTom
Ha HEro OKa3bIBAaeT BIMSHUE HE TOJILKO pa3Mep OKHa,
HO U IpyTHe YCIIOBUS pa3BUTHs B3pbIBa. B miepBy1o0 oue-
pelnb, pedb UJET O MOJIOKEHUH OKHA (B YaCTHOCTH, €r0
VQJIEHHOCTH) OTHOCHUTEIIBHO MECTa BOCIUIAMEHEHUS
ra3oBOH cMecH.

Onnako 0OBSICHUTH OOHAPYKECHHBIH 3((eKT, 3Has
JMING pa3Mep OKHA M CBOWCTBA MCTEKAIOUINX Ta30B,
HE [IPeJCTaBISIETCsl BO3MOXKHBIM. M B camoM Jiente, eciin
IIPH B3pBIBaX B Kamepe ¢ OKHOM ¢ d = 60 MM pacxox-
JeHue MeXy p,(f) U p4(f) emie MOXKHO TPAKTOBATh KaK
CIIEZICTBHE PA3HULIBI B CBOMCTBAX MCXOOHOM CMECH U
IIPOJIYKTOB CrOpaHusl, TO Pe3yJbTaThl B3phIBa B KaMepe
cokHOM ¢ d = 20 MM, KoT/1a p4(¢) OomnbIe, 4eM p(£), 3To
He ypaercs. Ocraercs NPeAroyioKuThb, YTO, TOMUMO
BJIMSIHUS pa3Mepa OKHa U CBOMCTB HCTEKAIOIUX ra30B,
Ha MPOLECCE B3PbIBA CKA3bIBACTCA BIUSHUE U JPYTUX
(hakTOpOB, KPYT KOTOPBIX MOKHO OIIPEEIUTh, TPUOer-
HYB K aHaJIN3y MaTeMaTH4CCKUX Mouenef/i B3pbIBA.

YnpoweHHaa matemaTuyeckasa MOAEAb

B cBs13u ¢ TeM 4YTO BEHISBIICHHAS 3aBUCHMOCTH Xa-
pakTepHa B [IEPBYIO 0YEPE/Ib [Tl IIUIHHIPUICCKUX Ka-
Mep ¢ GOJbIIMM OTHOLICHHEM //d, a 1jis yCTaHOBKH
“CepxaHT” OHO paBHO 7,5, AalbHEHIINE UCCIea0Ba-
HUs HpOBOI[HTC?I HNMCHHO B TaKOI’I KaMepe.

B nepByto odepenp paccMOTpUM pactpOCTpaHEeH-
HY0, BO MHOI'OM YITPOILIEHHYIO MOJIEIIb B3PhIBA B [IOME-
HICHUHN HpI/I yCJ'[OBI/II/I OAMHAKOBOI'O JAaBJICHUS BO BCEX
€ro TOYKaX HJIH, KaK IIUIITYT HEKOTOPBIE aBTOPEI, “KBa3H-
CTaTHYHOCTH WJIM ‘‘KBA3UCTAIMOHAPHOCTH  JABIICHUS
B momenienud [ 5, 6]. Hamo orMeTuTs, 9T0 TpMEHEHNE
3TUX TEPMUHOB HEY/IaYHO, TAK KaK B (DU3HKE U MEXaHH-
K& OHH YK€ U3BECTHBI U HCITOJIL3YIOTCS B IPYTrOM KOH-
TekcTe. B TO jxe BpeMs B MEXaHHMKE €CTh MTOHSITHS pac-
MPEJCIICHHBIX U COCPEOTOYCHHBIX MapaMeTpoB, Ha-
npumep Macchl. [To aHamoruu ¢ STHM MOXKHO U B HAIIEM
Cllydae TOBOPUTH O COCPEAOTOUYEHHOM 00bEME U TIPEI-
CTaBJIATH 00bEM KaMEPhI B BUJIC TOUKH, TIPUITUCHIBAS Cif
napaMeTpbl ra3a. Kpome 3Toro BaxxHOTO yCIOBUS, IPH-
MeM TaKke yCIIOBHEe HEM3MEHHOCTH COCTaBa rasa, He-

CMOTpSI Ha IPOTEKAHNE XUMUYECKON PEaKIMu TP To-
peHHH*, a CBOMCTBA Ta3a — HIaealbHBIMA. Torma mis
CMECH Ta30B B KaMepe CIPaBETMBO YPABHEHHE Ia30-
BOTO COCTOSIHUS

pV=MRT,, (1

rje p — nasieHue, [la;

V — o0beM KaMephl, M

M — macca ra3oB, y4acTBYIOIIUX B IPOIIECCe, KT}

M = const;

R — rasosas nocrosunas, [Ix/(xr-K);

T, — Cpe/iHee 3HAUYCHUE TEMIIEPATypPbI Fa30B B Ka-

mepe, K.

[Iponuddepennupyem ypasaenue (1) mo BpeMeHH.
[Ipu 3TOM prIMeM BO BHUMAHHUE, YTO OHO CIPABEIIIH-
BO IIPU HEM3MEHHOM KOoJIn9ecTBe (TIPU OHOMH ¥ TOH jke
Macce) rasza, XOTsl, Ha TIePBBIA B3I, MBI IMEEM JICIIO
C HCTCUCHHEM Ta30B U3 KaMEphl, T. €. C MePeMEHHOI
Maccoil. OJJHaKO ecii CYMTaTh UCTCKAIOLIUI ra3 pac-
HIMpeHueM 00beMa U ero YacThi0, TO 3HAYCHUE MACChHI
ra3a yCcJIOBHO OCTAHETCS TOCTOSIHHBIM. YMECTHO YIO-
MAHYTb, YTO HCKOTOPBIC aBTOPBI CHUTAKOT, UTO NPOLICCC
B3pBIBA U PACIIMPCHUE ra30B B KAMEPE IPOUCXOIST 110
aanadaTuYecKoMy 3aKoHy [6, 7], a Apyrue coramaroT-
Csl C TEM, YTO B PE3yJIbTaTe B3phIBA H3MEHSETCS Macca
razoB, HaxomsIIMXcsl B kKamepe [8]. B mepBom ciryuae
omMOKa aBTOPOB 3aKITIOYAETCSI B TOM, YTO TEMIIEpaTypa
ra30B MOBBIIIACTCS HE TOIBKO COTTIACHO aanadaTe, HO U
B pe3yJbTaTe TOPEHHS, T. €. TIPOIIECC B3PhIBA IIOIUTPO-
nudeH. B npyrom ciydae HapymaeTcs mpaBmiio HEm3-
MEHHOCTH MAaCCHI 'a30B, yYaCTBYIOIIHX B ITPOIIECCE, UTO
OIIMOO0YHO, TaK KaK MPH 3TOM HCKIIOYACTCS BO3MOXK-
HOCTB IIPUMCHEHHSI YPAaBHCHUS Ta30BOTO COCTOSHUSL.

[Tepeiinem k auddepenmanpHoit hopme ypaBHe-
Hus (1):

dp _ pdv MRIT,

2
dt Vodt Voodt @)

B nepBoMm usieHe nmpaBoit yactu ypaBHeHus (2) 3Ha-
YeHHE MPOU3BOJHON BBIPAYKAET MHTEHCHUBHOCTH pac-
mMpeHust o0bemMa U omnpeAenseTcs: yepe3 00beMHbII
pacxon:

dv/dt = Fyw, 3)

rae Iy — 3¢ dexTuBHas MI0mans OKHa, M7

W — CKOPOCTh UCTEYEHHMS, M/C.

MO’KHO BEBIIENUTH TP CITydasi HCTEUCHHS Ta30B B
3aBHCHUMOCTH OT IaBJICHUS B KaMepe, I KOTOPBIX CKO-
POCTB UCTEUEHHSI OYIeT OTIPEIENIATHCS ITO CIICTYFOIITHM
(hopmyam:

)mpup < 0,2p, (tne p,—arMocdepHoe 1aBICHHE,
[la) mcrekaromuii ra3 MOXKHO MPHUHATH 32 HECIKUMa-
€MYIO )KUJKOCTb:

* BHocuMast B 3HAYEHHUE a30BON MOCTOSHHON ONIMOKA HE TIPEBbI-
maet 3 %.
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w=N2p—p.)pi, G.1

e p; = p; — IUIOTHOCTb UCXOHON CMECH ra3oB B Ka-

Mepe, Kr/M’;

p; = P, — IUNIOTHOCTB MTPOTYKTOB CTOPAHNUS B KaMe-

pe, Kr/M’;

2) npu 0,2p, <p <p,, (ta¢ p,, — AaBICHHE, IPU
KOTOPOM HacTylaeT Kpuruueckoe ucreuenue, Mlla;
Pip ® 0,19 MIla) nmeer MecTo HOKPUTHYECKOE HCTe-
YeHHe:

k-1
2% p (1 _ Pa]k
k+1p; p ’
e k — noxasarens agmabares; k = C,/C; k= 1,4 —
JUTSL KICXOTHOM cMmecH, kK = 1,25 — i1 MpoayKTOB
CTOpPaHUS;
3HaYeHus oTHowenus 2k/(k + 1) MensroTcs He3Ha-
yutenbHO: oT 1,11 10 1,16 — npu ucredeHuu coot-
BETCTBEHHO MTPOIYKTOB CrOPAHUS U UCXOIHOHN CMe-

CH Ta3os;
3) mpu p 2 p,, ICTCUCHUE CTAHOBUTCSI KDUTHYCCKUM:

W= zikﬁzﬁ L
k+1p; Pi

raef} = \/2k/(k + 1) mano mensercs — ot 0,64 10 0,68

IPU UCTEUECHUU COOTBETCTBEHHO IPOAYKTOB Cropa-

HUS ¥ UCXOJHOU CMECH ra3oB.

[Janee. Bo BTOpoM 4iieHEe IIpaBOil 4acTu ypaBHeE-
Husl (2) cpeziHee 3HaUYCHUE TeMIepaTypsl B kamepe 7,
B CHUTy aJ)IUTUBHOCTH CBOMCTB CMECH Ta30B OIpeaeie-
HO KaK CpPeTHEB3BEIICHHOE:

_ ML+ M,T, (M -M,)T) + MyT,

(3.2)

3.3)

T M M

M
=T+ =2 (1 - Th),

rae M, M,— macca COOTBETCTBEHHO HCXOJHOU CMECH
ra30B U MPOAYKTOB CTOpaHUs, KT;
T, T, — teMIeparypa COOTBETCTBEHHO UCXOQHOM
CMeCH ra30B U MPOAYKTOB cropanwsi, K.
Ortcroza, B cuity Toro uto 7; u T, SIBJISIFOTCS HEpre-
TUYECKON XapaKTePUCTUKOW JAaHHON CMECH U UX 3Ha-
YEHUS U3BECTHBDI:

T,-T,=q/C,
3HaueHue npoussoaHoii d7;, /df onpenenutcs Kax
a7, L - dM, ¢ dM,
dd M dt M dr ’

€ ¢ — yACJbHas TCIJIOTAa CropaHus ra3zoBoi CcCMECH,

Joxc/xr;

C — yaenbpHasl TEMJIOEMKOCTh T'a30BON CMecH,
Jix/(xr-K).
Tpumewm Bo BrnManue, uto dM,/dt= U, Fy p,. Torya
dT,
cp q
=—U,F,p,, 4
dr cM H oP1 (4)

e U, — CKOpOCTh HOPMAJIbHOTO TOPEHHsL, M/C;
Fy, — nuomazap GppouTa niamenw, M.
[ToncraBus BenmuuHb 3 (3) u (4) B ypaBHeHue (2),
MOy YUM:
dp p MR q
Fo _Pyp + 20 1 U Fop,.
ar v T Ty o TP
[TpoBenem nmpeoOpazoBaHus JAHHOTO YPaBHEHUS C
YYeTOM TOTO, UTO

_ 1/k
P1 _pla(p/pa) >

Y [IOJTyYUM OKOHYATeNIbHOE YpaBHEHHE, CBA3BIBAIOLIEE

TEMII HapacTaHMs (MITU CTia/ia) IaBICHHsI C BAKHEHIIIN-

MH ITOKa3aTeNIIMH IpoIiecca:

k

o __p R q rY

L__Pyp +29s 1PV UF,,

d y oty Pia s ul'gp (%)

I71e p;, — IUIOTHOCTH HCXOAHOM CMECH IPH HOpMaJlb-
HOM J[aBIeHUH, KI/M°; p,, = 1,22 Kkr/M.

Pacuet MaKCMMaAbHOI0 AaBA€HUA
npu B3pbiBe

DuU3nYECKUEe OIBITHI TOKa3bIBAIOT, YTO CBOETO MaK-
CUMyMa (MHOTJA JOKAJIbHOTO) JaBJICHHE B3PbIBA J0-
CTUTAET, BOOOIIE TOBOPS, B HECKOJIBKHUX CIydasx:
BO-IIEPBBIX, 11pu dp/df = 0, T. €. Ipu paBeHCTBE cliara-
€MBIX B IIPAaBOH YacTH ypaBHEHHUS (5); BO-BTOPBIX, IPH
CMEHE HCTEKaIOel MCXOAHOW CMECH ra3oB Ha Ipo-
JYKTBI CTOPAHUs; B-TPETbUX, IPU PE3KOM U3MEHEHUHU
(YMeHBIIIeHUN) IIomaan GpoHTa ITIAMCHH.

PaccmoTrpuM nepBelif citydaid, Tak Kak K HEMY MOX-
HO [TOJTOMTH aHAIUTUYECKH, UCTIONB3Ys ypaBHeHue (5).
OcranbHble JBa BapHaHTa pealu3alid MaKCHMallb-
HOTO JAaBJICHUS p, .. PACCMOTPUM Ha KOHKPETHBIX MPH-
Mepax IpHU aHAIHU3€ PE3yIbTaTOB YHCICHHBIX OIBITOB.

[Ipu pacyere MakcuMyMa JaBICHUS TIPH OaTaHCe B
MIPaBO¥ YacTH ypaBHEHUS (5) OTHOCUTEIBHO MPOCTHIM
10JIy4aeTCsl BBIpayKeHUE JIsI KPUTUUECKOTO HCTEUEHUS
(P = Pnax IPH U3BECTHOM 3HAUEHUH k):

Py [ Lo prll Fo = 5 Eonph U Fy (6)
OTKy/1a
k
pmax=[[2’gzplaUijal/"p?’s}W- )
Ipuk=1,4
Do = (';‘j %g plavﬂ]w PP (8)

CornacHo 3To# 3aBUCUMOCTU YMEHBIIICHHUE TUIOT-
HOCTH UCTEKaIoLel razosoii cmecu ¢ 1,22 10 0,17 xr/ M
(Tmocne cropaHusi) MOXKET MPUBECTU K CHHKCHHUIO MaK-
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CHMAaJIbHOTO JIaBlieHUsI B Kamepe B 3,5 paza. [Ipasna,
3TO CHPABEIMBO TOJHKO B TOM CIydae, €CIH JPyTue
YCIIOBHSI Pa3BUTHSI B3pbIBAa HICHTUYHEI B CPAaBHHBA-
EMBIX CITydasiX, 4TO BPsI T BO3MOXKHO, IIOTOMY YTO H3-
MEHEHHUE OJTHOTO ITapamMeTpa BICUET 3a COO0H n3MeHe-
HUE U IPyTHUX.

MO’KHO IOCTABUTH U APYTOi BOIPOC: €CIIH MPU ITPO-
YHUX PABHBIX YCJIIOBHUSX, HO IPU Pa3HBIX TEMIIEpaTypax
UCTEKAIOIINX Ta30B JaBJICHHUE B KAMEPE BCE Ke OJIUHA-
KOBO, TO KAKOBO JOJIXKHO ObITh OTHOIIICHUE MEKIY Pa3-
Mepamu (PPOHTOB IJIaMEHH B 000ux cinydasx? 13 ypas-
nenns (8) cnemyet, uto Fy,/Fy, = (po/p)™, Torma B
HAIIEM CITy4ae Oy YUM COOTHOLICHHE Fy) = 2,65F ;.

Yro xacaercs JOKPHUTUYCCKUX BAPUAHTOB UCTCUC-
HUS, TO B ITUX BapwaHTax (opmMa 3aBUCHMOCTH
W = w(p;) BBEIIVISIAUT HECKOIBKO CIIOXKHEE, TOITOMY €€
pelieHre He MPUBOIUTCS. B mpuHImITe, MOXHO 000¥-
TUCH aHATH30M Qopmyi (3.1)—(3.3), BeIparkaroImx cKo-
pOCTh HCTeYCHUS. B HUX ITOTHOCTH MCTEKAIOIIETO ra3a
BO BCEX CIyYasX BXOIUT B BUJIE COMHOXHTEIIS pl.’o°5 ,
MO3TOMY CJEyeT OXKUJAaTh IMOIy4YeHUs 3aBUCUMOCTH,
onmskoit (7). Pasymeercs, k popmyie (7) Hamo oTHEC-
TUCH KaK K MPUOIMIKEHHIO, TaK KaK MHOTHE MTOKa3are-
7M1, BXOAAIINE B HEE, XOTb U HE3HAYUTEJILHO, HO MECHS-
I0TCA B Iporiecce B3pbiBa. K coxaneHuo, ycaoBus, Ipu
KOTOPBIX BO3MOXHO HCIIOJIb30BaHUE 3TOH (hOpMyIIH,
BCTPEUAIOTCSI HEUacTo.

0 dpakTopax, BAMAIOLLUX HA pa3BUTUE
¢$poHTa NAaMeHHU

Bnusiaue pasmepa turomaan GpoHTa rmiaMeHu F, P
Ha pa3BUTHE B3pbIBa CONIACHO (popmylie (5) OueBUIHO,
[I03TOMY 3TOMY BOIPOCY UCCIIEI0BaTEIH YACIAIOT J10-
CTaTOYHO BHUMaHHUA. [0BOPS 0 AMHAMHUKE 3TOrO BaXK-
HEWIIIero napamerpa, OTMETHM, 94TO TypOyIU3anus 1ia-
MEHH COITIaCHO IPUHATOMY YCJIOBHUIO HE IPUHUMAETCSI
B pacuerT, Ja OHa, Cy[sd IO pe3yapTaraM YHUCIECHHBIX
OIIBITOB, U HE HAa0JIO1aeTCs B KaMepe ycTaHOBKHU “Cep-
skaHT”. [IpencraBieHus e 0 pa3BUTUU JJAMHUHAPHOTO
IJIaMCHU XOPOLIO M3BECTHLBI: COTJIIACHO UM BI/IILI/IMI)II71
(hpoHT 1aMeHu GopMHUPYETCS 3a CUET €T0 IBUIKECHUS CO
CKOPOCTBIO, OMPEACTISIEMOM TpeMs MpoIeccaMu: coo-
CTBCHHO I'OpC€HUEM, PACIIUPECHUCM T'a30B IIPpU UX HaA-
TPEBC U ABMIKCHUEM IIOTOKA I'a30B K OKHY IJIsI UCTC-
YEHUSL.

Bo-nepBrix, eme B XIX Beke, CO BpeMEH pyCcCcKOro
yuenoro B. A. MuxenbcoHa, ©3BECTHO, UTO BEKTOP CKO-
pOCTH TOpeHHs B ra3e B JIJAMUHApHOM IUIAMEHU Ha-
TIpaBJIeH 110 HOPMAJTH K TIOBEPXHOCTH (ppoHTa. CKOPOCTH
pacnpocTpaHeHHs! OOBIYHO COCTABIISIET HECKOJIBKO Jie-
CSATKOB CAHTUMETPOB B CEKYH/]Iy, B HAIIEM Cly4ae JUIs
cMecu nponan — 6030yx — ot 0,38 10 0,42 m/c.

Bo-BTOpBIX, B 30HE TOPEHUS I'a3 PACLIMPSIETCS, a BHE
3TOI 30HBI IO 00€ €€ CTOPOHBI — CXKHUMAETCs, odecme-
4uBas TCM CaMbIM ABHXKCHUEC I'a30B OT 30HLI 'OPCHUA,

100 mc

250 mc

Puc. 4. B3pbIB B 3aMKHYTOM 00beMe yCTaHOBKH “CepkaHT”’

B TOM 4Hciie (ppoHTa m1aMeHu. Mofyiib CKOPOCTH (POH-
Ta TEM BBILIIE, 4eM OoJblie 10 00beMy CIIOH ras3a, HaXxo-
JUILIMINCSA B TOM CTOPOHE, KyZla HAaIIPaBJIeH 3TOT BEKTOP.
JlaHHBIN npoliecc HATIISTHO MPOCIIEKUBACTCS IIPU YHC-
JICHHOM MOJETMPOBAHIH ra30BOT0 B3PHIBA B 3aKPBITON
kamepe “CeprxaHTa” ¥ 0COOCHHO XapaKTEepPeH Ui Ha-
4aJIbHOTO MOMEHTA pa3BUTHs B3phiBa (puc. 4). 13 pu-
CyHKa BHIHO, YTO MO OCH KaMephl CKOPOCTH (ppOHTa
MIPUHUMAET 3HaYEHHE, IPEBBIIIAIOIIEE €r0 CKOPOCTh B
CTOPOHY CTEHKH KaMepbl, 4TO (POPMHPYET M3BECTHYIO
(hopMy TUIAMEHH B BHJIE ITOTYIIUIHIICOUA.

B-TpeThux, HCTEUEHHUE Ta3a TAKKE BIHSCT Ha (Hop-
My IJIaMeHU. MI3BeCTHO, UTO TeUEHHE I'a3a B LIIHMHAPH-
YEeCKOM 00beMe MTPU JJAMUHAPHOM PEKUME UMEET Ipo-
(bmIIb CKOPOCTH, TAKIKE HATIOMHHAIOMIMIN I1OJTY3JIIHUII-
coujl, BBITSIHYTBII B CTOPOHY CTOKA.

IIpu ra3oBoM B3pBIBE BEKTOPA BCEX 3THX CKOPOCTEH
CKJIQJIBIBAIOTCS IO TIPABIITY CYMEPIIO3HIIUH.

YucaeHHOEe MoAeAupoBaHUue
rasoBoro B3pbiBa

OCoOEHHOCTh YHMCIIEHHBIX METOHOB OITMCAHMSI I'a-
30BBIX B3PHIBOB 3aKIIFOYAETCS B TOM, UYTO OHH JIAIOT BO3-
MOXKHOCTh PaCCYUTBIBATH MTApaMETPhI raza MpH yCio-
BUHM UX paclpeielieHus: 1Mo o0bemMy. DTO TMO3BOJSET
CIICAUTh HE TOJIBKO 32 U3MEHECHUEM JaBJICHUS U TEMIIC-
paTyphl BO BCEX PACUETHHIX siYEKax, Ha KOTOpbIE pa3-
OuT 00BbEM, HO U 32 CKOPOCTBIO TEUCHUS U TPACKTOPHUEH
notokoB. Kpome Toro, moaenupys yclioBus pacrupo-
CTpaHEHUs MJIAMEHHU OT STUeHKH K sTUeiKe, MOKHO Ha-
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OuronaTh 3a pa3BuTHEM (POHTA INIAMEHH, ITOTO Kpae-
YTOJIBHOTO ITapaMeTpa, OMPEICISIONIeT0 Pa3BUTHE
B3pBIBa. [lis1 aTOTO 00paTHMCSl K YHCIEHHOMY MOJe-
JUPOBAHMIO B3PHIBA B KaMepe yCTaHOBKH “‘CepikaHT” B
COOTBETCTBHH C €T0 UCXOTHBIMU JAHHBIMH, HCIIOTB3YSI
OTEUYECTBEHHBIN TPOrPAMMHBIN MPOIYKT “‘Bynkan-M”
[9, 10], pa3spaboTaHHbBIi HA OCHOBE METO/AA “KPYITHBIX
yactun” [11].

MoaennpoBaHue B3pbiBa B 3aMKHYTOM

obbeme ycTaHOBKHU “CepxaHT”

st aHam3a pes3yabTaToB YHCICHHOTO MOICIUPO-
BaHMS BEChbMa IOJIC3HBIM SIBIICTCS YUET PE3YJIBTaTOB
pacdera ra3oBOro B3pbiBa B ycTaHOBKe “CepikaHT” B
clly4ae 3aMKHYTOro 00beMa KaMepbl. DTOT UUCIICHHBIH
SKCIIEPUMEHT ¢ BU3yanu3anueil (poHTa MiaMeHHu Ur-
paeTt poJib YCTAHOBOYHOI'O; €T0 MOYKHO CUUTATh TaKKe
KOHTPOJIbHBIM € TOYKH 3pCHUS OLICHKU aJICKBATHOCTH
IIPOrpaMMHOro npoaykra “Bynkan-M”. Monenupyercs
MpoIIecC B Kamepe, 3alI0JTHEHHON CMEChIO Ta30B CTEXHO-
METPHYECKOTO COCTaBa. BocmiamMenenue cMecu mpous-
BOJIMTCS CIIEBA OT ()JIAHIIA ITO OCH KaMepHl. Pe3ynmbraTst
OTIBITA MPUBENICHBI HA pUC. 4—6. PacueTHbIit 00beM pas-
OouT puOIM3HTEIHHO Ha 50 ThHICAY slUCEK, UMCHOIINX
KyOndeckyro Gpopmy ¢ JuTHHO# pedpa 1 cm. DpoHT mia-
MCHH TIPENICTABISCTCS TOPSIIUMHE STICHKaAMH, KOTOPBIS
BBIJICNICHBI KpPacHBIM LBeTOM. Ha pmc. 4 mpuBeneHa
TUIHYHAS KapTHHA pa3BuTUs HpoHTa. BHAUaNE OH MH-
TEHCHBHO pacIIUpsieTcs, mpuobperas GopMy IMOIyd-
JUIICOUIA, B PE3YJIbTATE YEro €ro IUIOMIAAb CTAHOBHUT-
sl MAaKCUMAJTbHOM. 3aTeM, JOCTUTHYB CepeIHbI 00beMa,
OH BBIPOXK/JAETCS B INIOCKOCTh. DTO OOBSICHIETCS TEM,
YTO B ATOM ClIy4ae 1o 00e CTOPOHBI OT PPOHTA TIaMe-
HH pa3zMepbl 00bEMOB KaMepbl, B KOTOPBIX IIPOUCXOUT
CXXaTnue, OANHAKOBBI 11O BECJIIMYHUHE, YTO OGCCHC‘II/IBaeT
WX OJIMHAKOBYIO YIIPYTOCTh. Bo BTOpOIi osioBMHE 00b-
ema QpoHT mpuodpeTaet Hopmy, TOYEMY-TO Ha3bIBa-
e€MYI0 “TIONIBIIAHOM, XOTSI OHA, CKOPEE BCETO, HATIOMU-
HAaeT BOPOHKY, CJIMBHOM KaHAJI KOTOPOW HAIllpaBJcH B
CTOpPOHY TPOIYKTOB Cropanus. Bumumasi ckopocThb
IBIDKCHHS (DPOHTA B OTOH YaCTH CHIIBHO 3aMEIIISICTCSI:
€CJIY TICPBYIO MTOJIOBUHY OH IMPOXOAHUT 3a 60 MC, TO BTO-
pyto — 3a 200 mc.

Ha puc. 5 npuBeneHsl pe3ynbTarsl pacuera Aabiie-
HUSI ¥ TUTOIIA U (poHTa MiaMeHu. Ha pucyHke BUIHO,
9YTO MaKCUMyMa IUIOIAAb (pOHTA JOCTHTAET depe3
50 Mc, 9TO COBMajaeT ¢ “BU3yaJIbHBIMU~ TAHHBIMH,
npencTaBiIeHHBIME Ha puc. 4. [Ipu nemwkennn ¢ppoHTa
IUTAMEHH B TIEPBOH TOJIOBHHE 00BeMa TeMI HapacTa-
HUS TABIICHUSI OYCHD BBICOKHIA, 3aTEM IT0 MEpe IPUOITH-
JKCHUS K CepeIHEe OHO OBICTPO cranaeT. OObscHsIeTCs
3TO TEM, YTO CXKaTHe 00bemMa HCXOJHOW CMECH razoB
MIPOMCXOJUT TEM MHTEHCHUBHEE, YeM OoJblIe ee 00beM U
MEHbIIE JABJICHHE B KaMepe, Tak Kak dV/dp = —V/(kP),
9TO XapaKTEPHO I HAYAJIbHOW CTAaTUuU Pa3BUTH
¢ponTa tuiamenu. Cyas no puc. 6, wiomaas GpoHTa

2

Py, k[an S, cm
A 1
8 l \ 2000
6 l \ 1500

A

0 50 100 150 200 250 300 t, MC

Puc. 5. Jlunamuka pa3putus gasieHus (/) u mwiomann hpoHTa
1aMeHH (2) TIpH B3pBIBE B 3aMKHYTOM 00beMe

T,K
2500
TTos. 1 |
2
000 ITo3. 2

1500 J
|
1000 -

500

J TMo3. 3 |

0 50 100 150 200 250 300 t, MC

Puc. 6. [lunamuka temneparypsl ra3oB IIpH B3PbIBE 3aMKHYTOM
obbeme: “marynku’ y sieBoro (urania (mo3. 1), mocepennHe Ka-
Mepsl (1103. 2) 1y npaBoro ¢axna (mo3. 3)

JaMeHH B MOMEHT 50 Mc IToclie ero COIPUKOCHOBEHUS
CO CTEHKaMU KaMepbl HAUMHAET YMEHBIIAThCS, TaK KaK
pa3BUTHE IJIAMEHU B pajiiajbHOM HAmpaBIEHUH OT-
CYTCTBYET, 2 B MOMEHT 75 MC ()pPOHT MPOXOAUT cepe-
JIMHY Kamepsl. /lanable, ipeicTaBIeHHbIC HA PHUC. 5 1 6,
YTOUHSAIOT KaJpbl BUJEOpsaa Ha puc. 4.

B3pbiB Ha ycTtaHOBKe “Cep)xaHT”
C OKHOM pAnameTpom 60 Mm

Ha puc. 7 u 8 mpuBeneHsI pe3yIbTaThl YNCICHHBIX
OIBITOB Ta30BbIX B3PBLIBOB B KaMepe C reoMeTpueit
“CeprxkaHTa” Ipy HAJIMYUHU OKHA, KOTOPOE pacrosara-
JIOCh TIOOYEPEHO B JIByX MECTaX — PSIIOM C MECTOM
BOCIIaMeHeHus (T103. 1) 1 Ha MPOTUBOIIOIOKHON CTO-
poue (1103. 3). Ha puc. 9 noka3an Xo KpUBO# JaBIeHUs
p,(?) Ipu NOJIOKEHUH OKHA B 1103. 1 U p4(f) — B 1103. 3.
CpaBHUM HX C pe3ynbTaraMu (PU3HYECKUX OTIBITOB (CM.
puc. 2). AIeKBaTHOCTh MaTEMAaTHIECKON MOJIEIH TIOI-
TBEPIXKIACTCS HE TOJNBKO KAYeCTBEHHBIM COBIA/ICHHEM
PE3YNBTATOB YUCIEHHOTO U (PU3UYECKOTO KCIIEPUMEH-
TOB, HO ¥ BO MHOTOM KOJIMYECTBEHHBIM. BuHO, 4TO
HE TOJBKO MPOIODKUTEIFHOCTH MPOIIecca IIOYTH OfH-
HAKOBa, HO M BECh XOJ KPUBBIX OIM30K MEXITy COOOI.
TakuM 00pa3oM, MOXKHO TOCTaTOYHO YBEPCHHO IPH-
HUMAaTh K aHAJIMU3Y MOJYYCHHBIC JaHHBIE YHUCICHHOTO
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Puc. 8. [lunamuka pa3BuTrs ppoHTa INIAMEHH TIPH PACTOiIoKeHNnH okHa d = 60 MM B 1103. 3

SKCTIIEPUMEHTa MO Pa3BUTHIO (POHTA TIaMeHH (CM.
puc. 7 u 8).

Ionooicenue oxna 6 nozuyuu 1. Ha puc. 7 BumHoO,
910 ()POHT TUTAMEHU TIOCIIC KaCaHHs CTCHKH KaMepbl
OUYEHb CKOPO JOCTUTAET OKHA, ITOCIIE Yero Ty/1a OCTYy-
TMAIOT U MTPOJTYKTHI CTOPAHUSI, 9YTO 00y CIIABIUBAET JOTO-
paHue UCXOHOM CMECH B OKHE U 3a IpeJiejiaMu KaMe-
pBL. 32 CHET ATOTO U MPAKTHYECKOTO PABEHCTBA CKOPO-
CTed, ¢ KOTOPHIMU (DPOHT JBUIKETCS BIPABO 3a CUET
CKaTHs HETOPEBILIEH YaCTH CMECH M BJIEBO 3a CUET CKO-
POCTH, C KOTOPOH I'a3bl yCTPEMIISIOTCS K OKHY, ITOJIOKE-

HUE U pa3Mmep GPOHTA HECKOJIBKO CTAOMIU3UPYIOTCS,
MIPaKTUYECKU He MeHsIsICh BILTOTH 10 =200 mc. [Ipu aTom
IOk (PPOHTA OCTAETCS MUHIMAIBHO BO3MOKHOH,
T. €. ONU3KOH K IUIOIIAIU TONEPEUHOTO CCUCHHS KAMEPEI.

ITo mpomectBun 200 MC (pPOHT OTpHIBACTCS OT
OKHA U MEJUIEHHO ABMXKETCS BIPABO C YBEIHMUCHHEM
IUTONIA/IU, KOTOpasi TOCTUTAeT MAKCUMyMa B MOMEHT
¢t = 450 Mc. YMEHBIIIEHHE IUTOMAAN (PPOHTA HACTYTIACT
IPU €T0 KaCaHUH IIPABOTO TOPIIA.

Ha puc. 9,a BunHO, 4TO NaBieHuE p,(f) UIMEET /Ba
MmakcuMyMa. [1epBbIif 00pa3yercs 3a c4eT HHTEHCHBHO-
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Py, kllan
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Puc. 9. JlunamMuKa pa3BUTHs JaBJICHUS [IPU MTOJOKEHUHM OKHA
d =60 MM B 1103. 1 (a) 1 1103. 3 (6)

TO pacIIMpeHus GPOHTA ITIAMEHH, THIIMIHOTO JIJIs Ha-
yaja €ro pacrnpoCTpaHEHMs, YTO MPUBOAUT K POCTY
JaBIICHHS B Kamepe. 3aTeM, 10 JOCTIKCHHH (PPOHTOM
OTHOBPEMEHHO M CTCHOK KaMephl, M OKHa, Yepe3 HEero
HAUMWHAIOT MCTEKaTh MPOJYKTHI CrOpPaHHs BMECTE C
9acThIO IUTAMEHH, B PE3yJIBTaTe Yero JTaBICHHUE PE3KO
najaeT. Bropoli MakcumMyMm Takke CBsI3aH C M3MEHe-
HHUEM IUI0IIaau PpoHTa Iu1aMeHu. B aToM ciryuae mio-
a/Ib BO3pacTaeT B MHTEpBaje BpemeHu ot 250 1o
500 Mmc, gocruras MakCUMyMa, I10CJI€ 4ero yMeHblla-
ercs (cM. puc. 7 1 fanee puc. 12).

Ilonooicenue okna 6 nosuyuu 3. B aToMm citydae pas-
BOPAYMBACTCS COBCEM JpyTasi KAPTHHA Pa3BUTHs (QPOH-
Ta maamMeHu (cM. puc. 8). 31ech CKOPOCTH TOPEHHUS,
CKaTHUs ra30B U ABWKEHUS [TOTOKA CMECH T'a30B K OKHY
CKJIAJIBIBAIOTCS, B PE3YIIBTATE Uero (PPOHT ITTAMEHH, HMe-
0N BHAYAJIE JIUTMIICOUAHYIO (POPMY, CHUIBHO BBITS-
TUBAETCs U yCTPEMIISIETCA K OKHY, 4epe3 KOTOpoe Hc-
TEKaeT UCXOIHAs cMech. HecMOoTps Ha TO 4TO CKOPOCTH
€€ UCTCUCHUS HNIKE, UEM IIPOAYKTOB CrOpaHUs, ABUKEC-
HUE (PPOHTA K OKHY IIPOXOIUT BECbMa CKOPOTEYHO, TaK
yTo uepe3 80 Mc on nocturaet okHa. [locie aToro cko-
pocTs (hpoHTa 3amemsiercs, u nocieaaue 10 % odbema
OH TIPOXOAHMT 3a T ke 80 MC, IPH ITOM TOBTOPSIETCS
KapTHHA pa3BUTHS PPOHTA TIIAMEHH, TIPEACTaBICHHAS
Ha puc. 7, B HaYaJIbHBIN IeproA. ITO HAOIIOEHHUE 1O
TBEPXKJACTCsI U Jaiee rpapuKoM Ha puc. 12.

Ha puc. 9,6 BuHO, 4TO JaBIeHUE p4(f) 1O MOMEHTA
70 Mc HapacTaeTr, B 3TO BpEMs HCTEKAET HCXOIHAs
cMmeck. [locne ucreyenus yepe3 OKHO MPOIYKTOB Cro-

paHus JaBlIeHUE MTAIaeT U B MHTEpBasie BpemeHu ot 120
1o 180 mMc oHO enBa oTnmmyaeTcs oT HyJs. Bpemst mpo-
ecca B3phIBa B ATOM CITyJae 3HAUNTEIFHO MEHBIIIE, 9eM
B ITepBOM. MaTeMaTH4yecKast MOIEIb IIOKa3bIBACT, UTO B
ClTyJae, KOTJia OKHO PacloJIOKEHO PSIOM ¢ MECTOM BOC-
IJJAMCHECHHSI, CTOPAeT MPAKTUYCCKUA BCS HCXOTHAS
cMmech. B 1o e Bpemsi, Korna OKHO HaXOIUTCS Y Aalib-
Hero ¢uania, 6onee 90 % HCXOOHON CMeCH BBIOPACHI-
BAETCS U3 KaMephl.

B3pbiB Ha ycTtaHOBKe “CepxxaHT”
C OKHOM pnameTpom 20 Mm

YMeHblIeHHE AUaMeTpa oKHa 10 20 MM IpUBOJUT
K KaueCTBCHHOMY H3MEHEHHIO XapaKTepa ero BISTHUS
Ha Ipoliecc B3pbIBa. J[eno B ToM, 4TO C yMEHBIICHUEM
pasMepoB OKHa pa3BuTHE (DPOHTA IJIAMEHH MPUOITH-
JKAETCS K KAPTUHE €ro Pa3BUTHUS B 3aMKHYTOH KaMmepe,
YTO 3aMETHO IPH CPAaBHECHUU MEXTy OO0 KaIpoB Ha
puc. 10 u 4. Ha 370 ke yKka3bIBaeT U OJIM30CTh 3HAYE-
HUI BpeMeH IpoIiecca IpH MOJI0KEHUSIX OKHA B TTO3H-
uusx 1 u 3 Ha puc. 12.

[aBneHre B kaMepe HapacTaeT OMHAKOBO ITPU 000MX
BapUAHTAaX PACTIOIOKEHHS OKHA JI0 TeX TOp, MOKa (PPOHT
IJIaMEHU He KOCHETCS CTeHOK Kamepsl (puc. 11). [lanee
rpauKu pacXomsITCs TaK, YTO JABJICHHUE B KaMepe Ipu
MTOJIOKEHUH OKHA B 103. 3 Bce BpeMs OymeT Oonblie,
4yeM B 1103. 1, T. €. p5(¢) > p (£), 4T0 0OBsICHAETCS BIIUS-
HUEM CBOWCTB HCTCKAOIIUX Ta3oB. OmHAKO (QpOHT
IUIAaMEHH TIPH p4(f) TOCTHraeT JalbHEro Toplia paHb-
11e, 4eM Ipu p (), Tak Kak CKa3bIBaeTCs BIMSIHUE CIIO-
JKCHUSI CKOPOCTEH, MOCIE Yero ropeHue K MOMEHTY
BpeMmenn 180 Mc mpekpaiaercs, 1 KaMepa HaunHAET
OTIOPOXKHATHCSI.

B T0 %€ Bpemsi npu MoJI0KEHUH OKHA B 1103. 1 BU-
JKCHHE (PPOHTA TUTAMEHH TTPOUCXOTUT MEIJICHHEE, TO-
peHue NPOAOIIKAETCS axe MOCIe TOro, KaK OHO Ipe-
KpaTWJIOCh IPH IMOJOKEHUH OKHA B I103. 3, IOITOMY
JaBieHue p;(f) IpoJOIKAECT PACTU U MOCIIE TOro, KaK
P5(f) yxe Hauano najgats. B pesynbrare Gonee qumrens-
HOTO TOPEHUSI MAKCUMAIIbHOE 3HAYCHUE py,..(¢) mpe-
BBIIIACT Py, (¢). [locie kacanns mpasoro Topa GpoHT
IJIaMEHHU TIpU p(f) HAYMHAET PE3KO COKPAILAThCs, TO-
pCHHE TPEKpPaIIaeTcs,, U KaMepa HAYMHACT OIOPOXK-
HATBCS IIOYTH TAKKUM K€ TEMITOM, KaK U TIpH p5(¢). Mak-
CHMYMBEI JIaBIICHHS B 000UX CITydasiX HUMEIOT OTUH U TOT
)K€ MEXaHM3M: IPU TOPEHUH JIABJICHUE B KaMepe Hapac-
TaeT, a MOCJIe €0 MPEKPAICHUS — MajaeT, popMupys
TaKuM 00pa30M MUK JaBJICHUS.

AvHaMuWKa pasBuTUS NAOLLLAAEN
$POHTOB NAaMeEHU

HucneHHast MOZIENb [TO3BOJIAET CYJUTh TaKXkKe O ILIO0-
maau pponTa mamenu. [Ipu 3ToM B HEll IPUHSATO, YTO
TONIIMHA (PPOHTA TUIAMEHHU OMpeJesieHa JTUHEHHBIM
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Puc. 10. [lunamuka pa3utus GpoHTa IJIAMEHH MPU B3PBIBE B Kamepe ¢ OKHOM d = 20 MM y JieBoro (a) u nmpaBoro (6) TOpIoB

p, bapu

0 150 300 450 1, MC

Puc. 11. JIlunamuika pa3BUTHs JIaBJICHUS TIPU MOJIOKEHUU OKHA
20MmMB1O3. 1 1 3

pa3MepoM SUEHKH, a ero mIomas S (M) pacCUnTHIBA-
eTcs uepe3 III0Iab TPaH! SUCHKH:

S:nSl,

L€ 71 — YUCIIO TOPSIIUX SUCCK;
S| — IUIOIIa/Th 'PAHH PACYETHOM TUEHKH, CM*; B Ha-
mem cityyae S; = 1 em”,

Ha puc. 12 cpaBHUBaeTCs AUHAMUKA Pa3BUTHUS ILIO-
mazei ppoHTOB ILIAMEHU, HMEBIINX MECTO B KaXKIOM
U3 YeThIPEX YUCIICHHBIX OIbITOB. M3 puc. 12 BunHO, 4TO
BO BCEX CIIy4asx B Hadaje Pa3BUTUs (POHTA, 10 MO-
MEHTa BPEMEHH 5 MC, JIaBJIEHHE HapacTaeT OIMHAKOBO,

S, em?
— 20 MM mos. 1
| — 60 MM mos3. |
2000 60 MM 1103. 3

i A
500 :'. 7 . \
7T

0 150 300 450 t, MC

Puc. 12. Jlunamuka pa3BuTHs IUIOMIAH (pPOHTA IUIAMEHH NIPU
nookennn okHa 20 1 60 MM B 03 1 1 3

BCE Tpa(UKd COBMAIAIOT, a Jajiee HAaYMHAIOT Pacxo-
nuThest. [lepBoit yMeHbIIaeTes miomanb GpoHTa Ipu
MOJIOKEHUH OKHA TuameTpoM 60 MM B 1103. 1. D10 00b-
SICHSIETCSI TeM, UTO (DPOHT IUIAMEHU JIOCTUTAET OKHA U
yepe3 HEro HaYMHAET UCTEKaTh BMECTE C MPOAYKTaMu
CrOpaHus YacTh PpOHTA MIaMeHH. B To e Bpems mia-
M [IpYU [IOJIOKEHUU OKHA nuameTpoMm 60 MM B 1103. 3
JIOCTHraeT HanOOoJIbIIEH rromaau. M HakoHel, MaJIbIi
pasMep OKHa ciabo BIUSET HA pa3BUTHE (POHTA ILIa-
MEHH, I03TOMY KPUBBIE, COOTBETCTBYFOIIINE MTOJIOKCHUIO
OKHa KaK B 1103. 1, Tak ¥ B 1103. 3, BeCbMa OJIM3KH MEXKTY
co00Ii.
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Haumenbluas npoJoKUTeIbHOCT B3pbIBa, €CTe-
CTBEHHO, UMEET MECTO IIPH YCTAHOBKE OKHA IUaMETPOM
60 MM B mo3. 1. [Tnomaas ropeHust BO BTOPOW 4acTH
Ipouecca J0CTaTO4YHO BeJIMKa 10 CPaBHEHMIO C APYTHU-
MU BapuaHTaMH B3pbIBa, HO, C YYETOM TOI'O YTO IPH
9TOM HCTEKAIOT IPOLyKThI CrOpaHHUsl, JaBIEHUE B KaMe-
pe Maio.

Bunno, uto npu quamerpe okHa 20 MM KpUBbIE U3-
MEHEHHSI TUIOAAN (PPOHTA IIaMEHH ONM3KU MEXKIY
co00i1 M HefaIeKu OT KPUBOH 17151 3aMKHYTOT0 00beMa.
ITpu nuameTpe okHa 60 MM TUHAMKKA pa3BUTHS (PPOH-
Ta TJIAMEHH MTPH PA3INYHBIX TIOJIOKEHUAX OKHA CyIIe-
CTBEHHO Pa3JIMYaeTCs.

BbiBOA

Ha pa3Burtue npoiiecca ra30Boro B3pbiBa B Kamepe,
UMEIOIIEH OKHO, OKa3bIBAIOT BIHSHHUE JBa BAXKHEHUIIIHX
(baxropa: pazmep OKHA U €ro MOJIOKEHHE OTHOCUTEb-

HO MecTa BOCIUIaMeHeHHs. PaHee M3BECTHOE yTBEPXK-
JieHHe 00 UX COYETAHHOM JICHCTBUH HA MTPOLIECC TPaK-
TOBAJOCh TaK: 4eM OOJIbIlIe pa3Mep OKHA M MEHBILE
PacCTodHUEe MCKAY HUM U MECTOM BOCIIJIAMCHCHUS
ra3oBOil CMECH, TeM HH)KE MAaKCHMaJbHOE JaBJICHHE
B3pbiBa. OIHAKO OKA3bIBACTCS, YTO BEPHA TOJBKO TIEp-
Basi YaCTh YTBEPIXKJICHHS: YeM OOJIbIIE pa3Mep OKHa,
TEM MCHBIIC TaBJICHUE B3PbIBA. Yto KacaeTcs BIUSHUS
MECTOIOJIOKEH s OKHA Ha JaBJICHHE B3PbIBA, TO OHO
nBosikoe. [Tpu GonbIux pa3Mepax OKHa OCTaeTCst Bep-
HBIM U3BECTHOC YTBEP)KICHUE, HO TPU YMCHBIICHUU
€ro pa3MepoB BIIHSHUE €T0 MOJI0KECHHSI HUBEIUPYETCSI.
Bosiee Toro, okaspiBaeTCsi, YTO IPH OJIM3KOM PacIioso-
JKEHHH OKHA K MECTY BOCIUIAMEHCHUS IABICHUE JIaXkKe
HECKOJIBKO BBIIIE, YeM MpH ynajaeHHOM. OObsCcHeHUE
aToMy 3QQeKTy JEKHUT B OCOOCHHOCTSAX Pa3BUTHS
(bpoHTa MJIaMeHH, ero IJIOIAAN K CKOPOCTH BHIUMOTO
JIBYKCHHSI.
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ABSTRACT

Introduction. It has been previously known that for gas explosions in an unconfined chamber the following rule
applies: the larger the distance between gas ignition location and relief opening (window), the higher the explosion
pressure. This statement is based on results obtained by a number of researchers, including ourselves. However,
as demonstrated by recent physical experiments, it is valid only for window sizes comparable to those recom-
mended by guidelines to ensure certain safety conditions. For smaller window sizes, this relationship is leveled out
or even changes its sign.

Research objective is to determine the cause of inversed relationship between distance from the window to igniti-
on location and explosion pressure. Tackling this objective is of scientific and practical importance.

Research methods and tools. Two mathematical model variants for gas explosion development in an unconfined
chamber were employed to study the revealed phenomenon, i. e. simplified model and numerical model. The first
one, i. e. simplified model, is based on chamber representation as lumped volume, and using the Clapeyron equa-
tion in differential form. It was obtained that besides known factors, such as window size, properties of outflowing
gases, etc., explosion development is influenced by the area of flame front and the time when it approaches
the window. Unfortunately, this model does not take into account the dynamics of last factors development
altogether. This task can be handled by the other model, numerical, implemented in Vulkan-M software. Itis based
on solving the gas dynamics equation system using large-particle method in Eulerian representation with added
flame propagation conditions. Besides, Vulkan-M can visualize the physical process evolution, as well as record
how its parameters and indicators develop.

Research results. It was found that if the window size is comparable to regulatory values, such a strong influence of
window position on pressure is due not only to the difference of outflowing gas properties (initial mixture and com-
bustion products), but also due to the fact that in the initial period of explosion development the flame front area is
much larger for a further removed window than in case of a small distance between the window and ignition loca-
tion. For a smaller window, the pressure increase rate in the initial period is high and almost identical for both ex-
plosion scenarios. Therefore, combustion time becomes decisive for the maximum pressure value. If the window is
located far from the ignition, combustion time is shorter than in case of a smaller distance. As a result, maximum
pressure in the second case is higher than in the first case. This explains the revealed phenomenon.
Conclusion. The larger the window size, the stronger it affects the explosion pressure. This influence is determined
not only by gas outflow, but it intensifies, sometimes significantly, due to the influence on flame front develop-
ment. If the window size is decreased, its influence on flame front development is weakened and becomes
negligible. In this case, the explosion pressure is affected by combustion time, besides window size.

Keywords: deflagrational explosion, unconfined volume; explosion pressure; window size; window position; phy-
sical experiment; numerical experiment; flame front.
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Introduction

It is generally accepted, as well as proven by experi-
ment, that for gas explosions™ increasing the distance
between gas mixture ignition location and relief open-
ing, or pressure relief window (further referred to as
window), results in pressure rise, including its maxi-

* We consider a gas deflagrational explosion without flame-gene-
rated turbulence and resonant combustion.

mum value p,, **. This result is widely known, and
confirmed by us during tests in the chamber of 0.125 m’
in volume and 10 m® with cubic shape [1, 2], as well as
by our colleagues in the USA in a chamber of 63 m® in
volume [3], and by our British colleagues [4].
However, the most impressive results were obtained
on the Serjant plant [5], equipped with a chamber having

** We assume the maximum pressure value for the explosion.
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Fig. 2. Pressure course during explosions in a chamber with
the window diameter of 60 mm in pos. 1 (a) and pos. 3 (b)

alength of /= 1.5 m and diameter of d = 200 mm (Fig. 1).
This plant was used to study how window dimensions
and position affect the explosion development. The cham-
ber was filled by gas stoichiometric propane/air mix-
ture. Research results are shown in Fig. 2 and 3 that pro-
vide combined data of 10 test runs for each of the va-
riants. They demonstrate an acceptable level of results
reproducibility which makes it possible to state that
they are not random.

Further, it is assumed that in numerical experiments
gas mixture is always ignited near the left flange®.
Whereby, window location near this flange would be
position 1, near the right flange it would be position 3,
and in the chamber center — position 2. Correspondingly,

* In the physical experiment (see Fig. 1), ignition was initiated on
the right-hand side.

Fig. 1. General view of Serjant
plant chamber and fragment of
experimental explosion: / —
pressure sensors; 2 — pressure
relief windows; 3 — ignition
device

p1» kPag a
300

200

100+

0,
0 t, sec
p3, kPag b
300
200
100 f
Oﬁ T T . T T T
0 02 04 06 08 £, sec

Fig. 3. Pressure course during explosions in a chamber with
the window diameter of 20 mm in pos. 1 (a) and pos. 3 (b)

we shall designate the course of pressure that develops
during explosion in a room with the window located in
position 1 as p,(¢), and with the window located in posi-
tion 3 as p;(?).

From Fig. 2 one can see that p,,, values for explo-
sions in chambers with the window diameter of 60 mm
installed in positions 1 and 3 will differ by more than
10 times, 1. €. P3pax > 109 max -

However, other results obtained using the same plant,
demonstrate that for the window diameter of 20 mm
the dependence of p,,,, on window position is inverted
(see. Fig. 3). Based upon the graphs in Fig. 2 and 3, one
can see that, firstly, p;(¢) pressure is significantly higher
as compared to p,(¢) (although it is evident, as the win-
dow size is reduced). Secondly, now p3,. < Pimax (S€€
Fig. 3), 1. e. the sign of inequality is now in the opposite
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direction. One should also note that pressure peaks
have moved closer to each other: p;,,,, occurs earlier
thanplmax'

Hence, the objective has been set to identify why
the influence of window location on gas explosion de-
velopment is inverted if its dimensions are modified.
Solving this objective is not only of scientific, but also
of practical significance.

Working hypothesis

Obviously, in a confined space (no window) the win-
dow’s influence on flame development is non-existent,
while in a chamber with a window it is present. Hence,
itis logical to formulate a premise that a larger window
size produces a stronger influence on the explosion pro-
cess. However, it is affected not only by the window
size but also by other explosion development condi-
tions. Primarily, this refers to the window position (in-
cluding distance) relative to the gas mixture ignition lo-
cation.

Still, it is impossible to explain the revealed pheno-
menon if only the window size and outflowing gas pro-
perties are known. Actually, even if one could interpret
the deviation between p,(¢) and p4(¢) with explosions in
a chamber with the window diameter of d = 60 mm as
caused by the difference between initial mixture and
combustion products properties, it is not possible for ex-
plosion results in a chamber with the window diameter
of d = 20 mm, when p;(¢) is greater than p (7). It only re-
mains to suppose that apart from window size and out-
flowing gas properties there are other factors that affect
the explosion process. Their range can be determined
by analyzing the mathematical models of explosion.

Simplified mathematical model

Due to the fact that the revealed dependence is pri-
marily typical of cylindrically-shaped chambers with
a high //d ratio (which equals 7.5 for the Serjant plant),
subsequent studies are conducted in this chamber.

Firstly, let us consider a widespread and in many
ways simplified model of indoor explosion on the as-
sumption that pressure is the same in all points of
the room or, as certain authors refer, on the assumption
of a quasi-static or quasi-stationary pressure in the room
[5, 6]. It should be noted that these terms are ill-suited
for this purpose, because they are already known in
physics and mechanics and are used in a different con-
text. Atthe same time, mechanics operates the notion of
distributed and lumped parameters, such as mass. Simi-
larly, in our case one could also refer to lumped volume,
represent the chamber volume as a point and assign gas
parameters to it. Besides the above-mentioned impor-
tant assumption, we shall also assume that gas compo-
sition remains unchanged despite the chemical reaction
that takes place during burning™, and that gas properties

are ideal. Then, the equation of state will be valid for
the gas mixture in the chamber

pV=MRT,,, (1)

where p is pressure, Pa;

V is the chamber volume, m>;

M is the mass of gases involved in the process, kg;

M = const;

R is gas constant, J/(kg'K);

T, is the mean temperature value of gases in the cham-

ber, K.

Let us perform a differentiation of equation (1) on
time. We shall also note that it is valid if the gas quantity
remains unchanged (mass is the same), although, at first
glance we are dealing with gases flowing out of the cham-
ber, 1. e. with variable mass. However, if we consider
that the outflowing gas is essentially the volume’s ex-
pansion and a part thereof, then the value of gas mass
remains conditionally constant. It is worth mentioning
that some authors believe that the explosion process
and gas expansion in the chamber take place according
to the adiabatic law [6, 7], whereas others agree that the
explosion results in varying mass of gases present in the
chamber [8]. In the first case, the authors’ error stems
from the fact that gas temperature increases not only
adiabatically but also as a result of combustion, i. e.
the explosion process is a polytropic one. The second
case violates the rule of invariable mass of gases involved
in the process. This is wrong because it precludes from
using the equation of gas state.

Let us proceed to the differential form of equa-
tion (1):

dp __pdV+MRdTaV

= . 2
dr Vodt Voode @

The first term on the right-hand side of equation (2)
uses the derivative value to express the intensity of vo-
lume expansion and is obtained via volume flow:

dv/dt = Fyw, 3)

where F|, is effective window area, m%;

w is outflowing velocity, m/sec.

Three cases can be differentiated for gases outflow
depending on chamber pressure. Outflowing velocity
will be determined for these cases using the following
formulas:

1) when p < 0,2p, (where p,, is atmospheric pressu-
re, Pa), outflowing gas can be assumed as incompres-

sible liquid:
w=y2Ap-p,)Pis (3.1

where p; = p, is initial gas mixture density in the cham-
ber, kg/m’;
p; = P, i1s combustion products density in the cham-
ber, kg/m’;

* The error introduced into the gas constant value is 3 % max.
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2) when 0,2p, <p <p,, (where p_, is the critical
outflow pressure, MPa; p_.~ 0.19 MPa), subcritical

outflow occurs:
k-1
2k p | Pa k
k+1p; p ’

where £ is the adiabatic value; k£ = C, /C,; k=14 for
the initial mixture, £ = 1.25 for combustion pro-
ducts;
the value of 2k/(k + 1) ratio varies insignificantly:
from 1.11 to 1.16 during combustion products and
initial gas mixture outflow, correspondingly;
3) when p > p,,., the outflow becomes critical:

(3.2)

2k
k+1p,

where B = +/2k/(k + 1) changes only slightly (between

0.64 and 0.68 during combustion products and ini-
tial gas mixture outflow, correspondingly).
Further. In the second term on the right-hand side of
equation (2) the mean chamber temperature value 7,
is defined as a weighted average due to the additivity of
gas mixture properties:
M\Ty + M,T, (M -M,)T, + M,T,

T = = =
av M M

M
=T, + -2, -T)),
1 M(Z 1)

=B, — (3.3)

l

where M, M, is the mass of initial gas mixture and
combustion products, correspondingly, kg;
T, T, is the temperature of initial gas mixture and
combustion products, correspondingly, K
Therefore, as 7 and T, are the energy characteristic
of this mixture, and their values are known:

T,-T=q/C,
derivative value d7,,/d¢ will be determined as
dTav _ T2 _Tl dM2 _ idM2
dr M A&t CM dt ’

where ¢ is gas mixture calorific value, J/kg;
C is gas mixture specific heat capacity, J/(kg'K).
Letus take into consideration that dM, /dt= U, Fyp;.
Then
7., _ ¢

a o e “)

where U, is normal combustion rate, m/sec;
F/-is flame front area, m>.
By applying values from (3) and (4) to equation (2),
we obtain:
dp P MR

q
P yp M4 g
a ety P

Letus rearrange this equation taking into account that
1k
p1 =P (/)"

then we obtain the final equation that connects the rate
of pressure rise (or fall) to the critical process indicators:

dp P R q p
Lo _Lyp 21 L1 UuF,, 5
ds VWO chla . nt'r (5

where p,, s initial mixture density under normal pre-
ssure, kg/m’; p,, = 1.22 kg/m’.

Calculation of maximum
explosion pressure

Physical experiments demonstrate that, generally
speaking, there are several scenarios when explosion
pressure arrives at its peak value p,,,, (sometimes lo-
cally). Firstly, this occurs when dp/df = 0, i. e. when sum-
mands in the right-hand side of equation (5) are equal;
secondly, when the outflowing initial gas mixture is re-
placed by combustion products; thirdly, when the flame
front area is abruptly changed (reduced).

Let us consider the first scenario, as it can be ap-
proached analytically, using equation (5). The other two
variants when p,,,, maximum pressure occurs will be
considered using specific examples in the analysis of
numerical experiment results.

When the maximum pressure is calculated with
the balanced right-hand side of equation (5), the expres-
sion for critical outflow is relatively simple (p = p,,.«
with the known value of k):

P max Pmax -1/k _R q —1/k
%B pLjpmaxFO_VEp aPa (]nEf’ (6)

whence
k
pmax{[g ﬁ%plaUnj ;l/"p?'s}wk_l- (7)
With k=14
T AP

According to this relationship, decrease in outflow-
ing gas mixture density from 1.22 to 0.17 kg/m’ (after
combustion) can result in the maximum chamber pre-
ssure dropping by 3.5 times. However, this is true only
when other conditions of explosion development are
identical for the cases being compared. This is hardly
possible as change in one parameter leads to changes in
other parameters.

One can also raise another question: if, with other
things equal, but with different outflowing gas tempe-
ratures, the chamber pressure is still the same, then
what should the ratio of flame front dimensions be in
both cases" From equation (8) it follows that F;, /F, =
= (pz/ pl) , hence in our case we obtain the ratio

2.65F_ -
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As far as subcritical outflow scenarios are concern-
ed, the relationship w = w(p;) assumes a more complex
form in these variants, hence its solution is not given
here. In principle, it is sufficient to analyze formulas
(3.1)—(3.3) that express the outflowing velocity. All of
them include the outflowing gas density in the form of
factor p;o.sj hence a relationship similar to (7) is to be
expected. Obviously, one should treat formula (7) as
an approximation, as many indicators it includes vary
during the explosion process, albeit slightly. Unfortu-
nately, conditions that allow to apply this formula, are
rarely met.

On factors that affect
flame front development

The influence of flame front area F; on explosion
development according to formula (5) is evident, hence
researchers give sufficient attention to this matter. Speak-
ing about the dynamics of this critical parameter, we
shall note that flame-generated turbulence is not taken
into account in line with the assumption made. More-
over, based on numerical experiment results it is not
observed in the chamber of Serjant plant. The notion
of how laminar flame develops is well known. Visible
flame front is formed due to its movement with the speed
determined by three processes: combustion itself, gas
expansion during heating, and gas flow movement to-
wards the window in order to be discharged.

Firstly, as early as in the 19™ century, since the time
of Russian scientist V. A. Mikhelson, it has been known

25 msec

37 msec

62 msec

100 msec

250 msec

Fig. 4. Explosion in Serjant plant confined volume

that for laminar flame the vector of combustion velocity
in gas is directed normally towards the front surface.
Propagation rate is typically a few tens of centimeters
per second. In our case, for propane/air mixture it is
between 0.38 and 0.42 m/sec.

Secondly, gas expands in the combustion area, and
contracts outside this area on both sides of it. This re-
sults in movement of gases away from the combustion
area, including movement of flame front. Front velo-
city modulus is the higher, the larger the volume of gas
layer located on the side that this vector is directed to.
This process is clearly observed during numerical gas
explosion modeling in the confined chamber of Serjant
plant. It is especially typical of the initial time of explo-
sion development (Fig. 4). One can see from the figure
that along the chamber axis front velocity assumes
a value larger than velocity towards the chamber wall,
forming a well-known semi-elliptical shape of flame.

Thirdly, gas outflow also affects the flame shape.
It is known that gas flow in a cylindrical volume under
laminar conditions has a velocity profile resembling
a semi-ellipsoid elongated in the discharge direction.

In a gas explosion, all of these velocity vectors are
combined according to the superposition principle.

Gas explosion numerical modeling

A feature of describing gas explosions by means of
numerical methods is that they provide a possibility to
calculate gas parameters when distributed over volume.
This provides for tracking not only pressure and tempe-
rature variations in all computation cells which the vo-
lume is divided into, but also flow velocity and flow
paths. Besides, by modeling flame propagation condi-
tions from cell to cell, it is possible to observe the deve-
lopment of flame front, a fundamental parameter that
defines how an explosion evolves. For this purpose, we
revert to numerical explosion modeling in the Serjant
plant chamber. It was completed according to the input
data, using the domestically produced Vulkan-M soft-
ware [9, 10] developed on the basis of large-particle
method [11].

Explosion modeling in Serjant plant

confined volume

To analyze numerical modeling results, it is practi-
cable to take into account the outcomes of gas explo-
sion calculation performed on the Serjant plant with
the confined chamber volume. This numerical experi-
ment with flame front visualization acts as a homing ex-
periment. It may also be assumed as a control experi-
ment in terms of evaluating the performance of Vulkan-M
software tool. The process inside a chamber filled with
gas mixture of stoichiometric composition is being mo-
deled. Mixture ignition occurs on the left of flange with
reference to the chamber centerline. Trial results are
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givenin Fig. 4-6. The computational volume is divided
into approximately 50,000 cells of cubic shape with
the edge length of 1 cm. Flame front is represented by
burning cells shown in red color. Fig. 4 illustrated a ty-
pical pattern of front development. At first, it rapidly
expands into a semi-ellipsoidal shape. As aresult, it ac-
quires maximum area. Then, having grown to half
the volume, it degrades into a plane. This is explained
by the fact that in this case the chamber space on both
sides of the flame front, where compression occurs, has
the same dimensions. As aresult, their elasticity is iden-
tical. In the second half of the volume the front acquires
a shape that is for some reason referred to as “tulip”,
although it more likely resembles a funnel, whose drain
channel is directed towards the combustion products
side. Visible front traveling speed is much slower in
this part: it needs 60 msec to travel the first part, while
200 msec are needed for the second part.

Pressure and flame front area calculation results are
given in Fig. 5. The figure demonstrates that the front
area reaches its maximum value in 50 msec. This is in
line with “visual” data shown in Fig. 4. While the flame
front is moving in the first part of the volume, the pre-
ssure increases at a very high rate. As it approaches
the middle, it is falling fast. This is due to the fact that
initial gas mixture volume is compressed the more inten-

p1, kPag S, cm

8 N 2000
6 l \ 1500
4 l \ 1000
2 / \ \2 500

)3a %

0 50 100 150 200 250 300

0
t, msec

Fig. 5. Dynamics of pressure and flame front area development
for a confined volume explosion
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Fig. 6. Dynamics of gas temperature for a confined volume ex-
plosion: “sensors” at the left flange (pos. 1), in the chamber
middle (pos. 2) and at the right flange (pos. 3)

sively, the larger its volume and the lower the chamber
pressure, as dV/dp = —V/(kP). This is characteristic of
the primary stage of flame front development. From
Fig. 6 one can see that the flame front area at point
50 msec starts decreasing after touching the chamber
walls, as the flame does not spread in the radial direc-
tion. At point 75 msec, the front crosses the chamber
middle line. Data shown in Fig. 5 and 6 clarify the video
frames on Fig. 4.

Explosion in Serjant plant
with the window diameter of 60 mm

Fig. 7 and 8 demonstrate numerical experiment re-
sults of gas explosions in a chamber with Serjant-type
geometry. Experiments were carried out with the window
successively located in two points — near ignition lo-
cation (position 1) and on the opposite side (position 3).
Fig. 9 shows the behavior of pressure curve p,(¢) with
the window in position 1 and p;(#) with the window in
position 3. Let us compare them with the results of phy-
sical experiments (see Fig. 2). Performance of a mathe-
matical model is confirmed not only by the qualitative
agreement on numerical and physical experiment results,
but to a large extent by their quantitative concurrence. It
is clear that not only is the process duration almost iden-
tical, but the behavior of curves in general is very close-
ly matched. Thus, we can quite safely accept the data
obtained in the numerical experiment on flame front de-
velopment and use them for analysis (see Fig. 7 and 8).

Window position 1. As shown in Fig. 7, after touch-
ing the chamber wall, the flame front very quickly re-
aches the window. Combustion products are also dis-
charged, hence initial mixture is finally combusted in
the window and outside the chamber. Due to this fact
and to almost identical velocities which the front tra-
vels with to the right side (by compressing the unburnt
part of the mixture) and to the left side (due to the velo-
city of gases rushing towards the window), front posi-
tion and size somewhat stabilize and remain practically
unchanged up to = 200 msec. At this time the front area
remains as small as possible, i. e. close to the chamber
cross-section area.

At the lapse of 200 msec the front detaches from
the window and slowly moves to the right, growing in area,
that achieves its maximum value at point # = 450 msec.
The front area decreases when it touches the right end.

As shown in Fig. 9a, pressure p,(#) has two peak va-
lues. The first one is produced due to intense flame
front expansion, typical for the initial stage of its pro-
pagation, that results in the growth of chamber pre-
ssure. Then, when the front simultaneously reaches
the chamber walls and window, combustion products
along with a part of the flame start discharging through
the front. As a result, pressure drops abruptly. The se-
cond peak is also related to a variation in flame front
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Fig. 7. Flame front development dynamics with the window of d = 60 mm in pos. 1

area. In this case, the area is growing within the time in-
terval of 250 to 500 msec. Having reached its peak,
it decreases (see Fig. 7 and Fig. 12 further).

Window position 3. In this case, the pattern of flame
front development is completely different (see Fig. 8).
Here, velocities of combustion, gas compression and
gas mixture flow movement towards the window are
combined. As a result, the flame front that initially has
an ellipsoidal shape, is strongly elongated and drawn to
the window which the initial mixture is flowing through.
Despite the fact that it flows at a lower speed than com-

™ 40 msec

bustion products do, the front moves towards the win-
dow very rapidly, and itreaches the window in 80 msec.
After that the front velocity slows down, and it takes
the same 80 msec to cover the final 10 % of space.
At this time, the pattern of flame front development re-
presented in Fig. 7 for the initial period is repeated. This
observation is further confirmed by the graph in Fig. 12.

In Fig. 95, it is evident that pressure p(f) increases
up to point 70 msec; in this period of time the initial
mixture is outflowing. After combustion products are
discharged through the window, pressure drops and it is

Fig. 8. Flame front development dynamics with the window of d = 60 mm in pos. 3
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Fig. 9. Dynamics of pressure development with the window of d = 60 mm in pos. 1 () and pos. 3 (b)

Fig. 10. Dynamics of flame front development for explosion in the chamber with the window of d = 20 mm near left end (« ) and
right end ()

almost equal to zero within the time period of 120 to
180 msec. In this case, the duration of explosive process
is much less than in the first case. The mathematical model
demonstrates that in the scenario with the window po-
sitioned near the ignition location the initial mixture
is combusted almost completely. However, when
the window is positioned at the far flange, more than
90 % of'initial mixture is discharged from the chamber.

Explosion in Serjant plant
with the window diameter of 20 mm

Reducing window diameter to 20 mm results in
a qualitative change in the way it affects the explosive

process (Fig. 11). With the smaller window size, the pat-
tern of flame front development becomes closer to its
behavior in a confined chamber. This is noticeable when
comparing the frames in Fig. 10 and 4 to each other. This
is also demonstrated by how close the process duration
values are for window positions 1 and 3 (see Fig. 12).

Pressure in the chamber grows in the same manner
with both window position options until the flame front
touches the chamber walls. After that the graphs diverge,
so that chamber pressure with the window position 1
will always be higher than with position 3, i. e. p;(¢) >
> p,(#), which is explained by the influence of outflow-
ing gas properties. However, at p,(f) the flame front
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Fig. 11. Dynamics of pressure development with the window of
20 mm in pos. 1 and pos. 3

reaches the far end earlier than at p,(7), as the effect of
velocities combination is manifested. By the point of
180 msec combustion stops and the chamber starts
emptying.

At the same time, with the window in position 1,
the flame front moves at a slower speed. Combustion
continues even after it has completely stopped in the case
with window position 3. Hence, pressure p,(#) conti-
nues to grow after p;(¢) has already started falling. As are-
sult of a longer combustion time, maximum value p,,,,.(¢)
is greater than ps, .. (¢). Having touched the right end,
the flame front at p,(¢) starts abruptly contracting. Com-
bustion stops and the chamber starts emptying at almost
the same rate as in scenario with p;(#). Pressure maxi-
mums are produced in the same manner in both cases:
pressure in the chamber grows during combustion and
falls after it has stopped, thus forming a pressure peak.

Dynamics of flame front areas
development

The numerical model also provides for assessment
of flame front area. The model assumes that flame front
thickness is defined by the linear cell dimension, while
its area S (m?) is calculated based on the cell edge area.
Then

S:nSl,

where 7 is the number of burning cells;

S| is the edge area of a computational cell, cm’;

in our case S, = 1 cm”.

Fig. 12 compares the dynamics of flame front areas
development occurring in each of the four above-men-
tioned experiments. From Fig. 12, one can see that in
all scenarios at the beginning of front development
(up to the time point 5 msec) pressure rise occurs in
the same manner. All graphs concur, but further they
start to separate. The first one to decrease is the front
area with the window diameter of 60 mm located in po-
sition 1. This is due to the fact that the flame front re-
aches the window and a part of the flame front starts

S, cm?
— 20 mm pos. 1
2500 —— 20 mm pos. 3
: — 60 mm pos. 1
2000 60 mm pos. 3
1500 —
1000 —— =
3 # 8
500 ¥
!
0 150 300 450 t, msec

Fig. 12. Dynamics of flame front development with the window
of 20 mm and 60 mm in pos. 1 and pos. 3

flowing out through the window along with combus-
tion products. At the same time, flame with the window
diameter of 60 mm in position 3 acquires maximum
area. Finally, a small window size has little effect on
flame front development. Therefore, the curves that
correspond to window position 1 and position 3 are very
close to each other.

The least explosion duration naturally occurs with
the window diameter of 60 mm located in position 1.
Combustion area in the second part of the process is
fairly large as compared to other explosion scenarios.
However, due to the fact that combustion products are
discharged in this case, the chamber pressure is low.

It is evident that with the window diameter of 20 mm
the curves of flame front area behavior are close to each
other and approach the confined volume curve. With
the window diameter of 60 mm, dynamics of flame front
development is fundamentally different for different
window positions.

Conclusion

Two critically important factors affect how a gas ex-
plosion develops in a chamber with a window. They are:
window size and its position relative to the ignition lo-
cation. Previously their combined effect on the process
has been interpreted as follows: the larger the window
size and the smaller the distance between the window
and gas mixture ignition location, the lower the maxi-
mum explosion pressure. However, only the first part of
the statement proves to be valid: the larger the window
size, the lower the explosion pressure. As far as the ef-
fect of window location on explosion pressure is con-
cerned, it is ambivalent. For larger window sizes, this
well-known statement remains true, but reducing its size
results in leveling out its location effect. Moreover,
it turns out that with the window position located close
to the ignition point, the pressure is even slightly higher
than with a window positioned remotely. The explanation
of this phenomenon lies in the specifics of flame front
development, its area and visible movement velocity.
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npeanaraet Bawemy BHUMaHUIO

YuyebHoe nocobue

XonuwesHukos B. B.
KoponbyeHko . A.
Mapdénerko A. M.

3BAKYALUMA 3PHTENEH aBAKYALl”H 3PMTEHE@
43 CHIORTMBMD SPEAMIIBIX s M3 CNMOPTUBHO-3PEJNLLHBLIX COOPYXXEHWUA
BHYTPEHHETO TPAHCIOPTA C UCIOJIb3OBAHMEM BHYTPEHHEIO
YYEGHOE NOCOBHE TPAHC“OPTA

M. : Nap-so “TOXKHAYKA”. — 88 c.

Bnepeble B NpaKTvke apXUTEKTYPHO-CTPOUTENBHOrO NpenogasaHna
paccMoTpeHa MeToAoNOrMA yueTa BaxHeMLero hyHKUMOHaNBEHOro
W npoLecca — ABWKEHUS NIOACKUX NOTOKOB € UCMOSb30BaHWEM
~ acKanaTopoB W NN TOBBIX YCTAHOBOK NPV PA3NMYHBIX PEXMUMaXx
SKCNyaTaLum1 3AaHuiA, BKNIOYas Ype3BblyaiiHyio cuTyaumio noxapa,

~ Ha npuMepe peanbHoro 06kekTa ¢ GoMbLIMM KONM4ECTBOM
HaXoAAWMXCH B HEM NIOAEIA.
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MoaenvpoBaHUe YPOBHA PUCKA peLUEeHUH,
nPUHUMaAEeMbIX NPU YyNpaBAEHUU AMKBUAALMEN NOXKapoB

© B. f1. Buaucos*™

1 Texnonornueckuin ynusepcutet (Poccus, 141070, MockoBckas 06A., I. KOpoAEB, yA. Tarapuna, 42)

PE3IOME

BBepeHue. CUCTeMbI MOAAEPXKKM NMPUHATUSI PELLIEHWI NPY YNPaBAEHUM NOXAPOTYLLEHUEM NO3BOASIKOT CHU3UTb NPAMON
MaTepuanbHbIi yep6, KOAMYECTBO NOrMbLLIMX M NOCTPaAaBLLMX. PaboTa nocsslleHa NOCTPOEHMIO MOAEAW PUCKA,
38KAHOYEHHOTO B PELLEHUAX, MPUHATLIX PYKOBOAUTEAEM TYLLEHUA Noxapa (PTI) kak AMLOM, NPUHUMAKOLLUM peLle-
HUA (AMP), B KOHTEKCTE yrpaBAEHUS TyLLEHWEM NoXapa B MHOMO3TaXXHOM 3AaHUU.

Lieav u 3apaum. Lienbto uccrepoBaHKA ABASETCA MOCTPOEHWE MOAEAW, OTPAXatoLWeN YPOBEHb PUCKA B PELLEHUSX,
npuHUMaemblx PTI. AASt AOCTUXEHUSA LIeAM HEODXOAMMO PELLWTbL CAeAYIOLLME 3aaaqn: 1) BbI6paTh TUM MOAEAU NPU-
HATUA PeLLEeHUIA; 2) NOCTPOUTb aATOPUTM OLEEHMBAHWA NapaMeTPOB MOAEAM NO HADAIOAEHWSAM 3a peLLeHUAMU, NPK-
HATbIMK PTI; 3) npoaHaAM3npoBaTb KAUeCTBO MOAEAM.

MeToabl. BbibpaH KAAcC MOAEAEN MPUHATUS PeLLeHWIA, HasdblBaeMbIX UrpamMu ¢ NPUPOAOH. MpoLeaypa NPUHATUS
peweHuit AMP npu TyleHMn noxapa B MHOrO3TaXXHOM 3AaHWM MPEeACTaBAEHa B BUAE TPEXYPOBHEBOIO AepeBa pe-
weHuin. OHo Npeobpas3oBaHO B HOPMaAbHYH (TaBAMUHYHO) GOPMY, UTO NMO3BOAMAO MPEACTABUTL BbIOOP PELLIEHWI B
BUAE KpuTepus Nypsuua. NMapameTp neccumuama-ontTuMmmuama lNypeuLa oTpaxaeT CTeNneHb pucka B pelueHuax ANP.
AAA npoBepkn paboTocnocobHOCTU NPEANOXKEHHOM TEXHOAOTUMM OLEHUBAHUA napameTtpa lypBuua BbIMOAHEHO
UMUTaLMOHHOE MOAEAMPOBAHHUE.

Pe3ynbTaTthl U UXx 06cyxxaeHUe. UMUTaLMOHHbIE 3KCNEPUMEHTbI MOATBEPAUAM PAabOTOCNOCOBHOCTb NPEANOXEHHOM
TEXHOAOTMU OLIEHUBAHUSA CTEMNEHU CKAOHHOCTU AP K pucky. OLEHKK, MOCTPOEHHbIE AAA pasHbiX AP, N03BOAAIOT
CpaBHMBATb CTENEHb CKAOHHOCTU K PUCKY Pa3AnUHbIX PTI. 3T0 AaeT BO3MOXHOCTb MOCTPOUTh 3TAAOHHbIE OLLEHKM MO
AHHbIM O MPUHATUW PeLLEeHN onbITHbIMKU PTI. OueHku Apyrix PTI MOXHO CpaBHMUBaTbL C 3TAAOHHbIMU 1 AEAaTb Bbl-
BOAbl O KAQ4YeCTBE UX ynpaBAeHUS.

BbiBOAbI. LleAb nccanepoBaHUA AOCTUTHYTa NyTEM peLUeHUst NOCTaBAEHHbIX 3aaay. [TpearOXeHHasa TEXHOAOTUS AB-
ASIETCSt Pa3HOBMAHOCTBIO MalLMHHOIO 00yYeHUs, NPeACTaBAAETCA NePCNeKTMBHON U MOXET OblTb MCMOAb30BaHa B
COCTaBe CUCTEM MOAAEPXKKU MPUHATUS peLleHui PTI, a Takxe npu 0bydyeHun U NOATOTOBKE NepcoHaAa, 3aHuMa-
toLLLEerocs ynpaBAEHUEM B Ype3BbIYaMHbIX CUTyaLMAX.

KAtoueBble CAOBaA: AEPEBO PELLIEHWI; UTPbI C MPUPOAOH; KpUTEepUi ypBULA; AULLO, MPUHUMAIOLLEE PeLLeHUsT; 06-
paTHas 3apava; oLeHUBaHUeE.

Ansa uuTupoBaHua: Buancos B. . MoaeAMpoBaHMe YPOBHA PUCKA PELUEHUI, MPUHUMAEMbIX MPU YNPaBAEHUK
AMKBMAALMEN noxapoB // MoxapoB3pbiBobe3onacHocTs/Fire and Explosion Safety. — 2019. — T. 28, Ne 3. —
C. 36-49. DOI: 10.18322/PVB.2019.28.03.36-49.
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Modeling the level of risk of decisions
accepted at management fire elimination

© valeriy Ya. Vilisov'™
1 Technological University (Gagarina St., 42, Korolyev, Moscow Region, 141070, Russian Federation)

ABSTRACT

Introduction. Systems of decision-making support, which are applied when managing fire-extinguishing opera-
tions, allow reducing direct financial damage and number of dead and wounded. The work in question is devoted
to the construction of the risk model based on the decisions taken by the Fire Ground Commander (FGC) being the
Decision Maker (DM) in the context of extinguishing the fire in a multi-storey building.

Aims and problems. The objective of the research is the construction of a model that would demonstrate the risk
level contained in the decisions of the FGC. In order to achieve the objective it is necessary to solve the following
problems: 1) to choose the type of a decision taking model; 2) to build the algorithm of model parameter estima-
tion using the decisions taken by the FGC; 3) to analyze the model’s quality.

Methods. The model class called Nature Games has been chosen. The procedure of DM’s decision taking process
observed while extinguishing the fire in a multi-storey building has been presented as a three-level decision tree.
It was transformed into a normal (table) form, thus presenting the decision choice as the Hurwitz Criterion.
Hurwitz’'s parameter of pessimism/optimism demonstrates the risk level contained in the DM’s decisions. Simula-
tion modelling has been performed in order to check the working capacity of the suggested Hurwitz parameter esti-
mation technology.
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Results and discussion. Simulation experiments proved the working capacity of the suggested technology on
assessingthe DM’s degree of risk proneness. The estimates that have been built for different DM allow comparing
the risk proneness degree of different FGCs. It provides a possibility to build model estimates based on the deci-
sions taken by the experienced FGC. Estimates of other FGCs thus could be compared with the model ones, draw-

ing conclusions on their management quality.

Conclusion. The objective of the research has been achieved due to solving the set problems. The suggested
technology is a high-potential type of machine education that can be used both as a part of the DM’s decision
taking support systems and when training personnel whose role involves emergency operation control.

Keywords: decision tree; nature games; Hurwitz criterion; decision maker; inverse problem; assessing.

For citation: Valeriy Ya. Vilisov. Modeling the level of risk of decisions accepted at management fire elimina-
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BeBeaeHue

Poccuiickas equnas cuctema npeynpeskIeHus 1 JIHK-
BUJAIMU upe3BblyaiiHbix cutyanuid (PCUC) umeer
HEePapXUUIECKYIO CTPYKTYPY, BKIIOUAIONIYIO (heepatb-
HBIA, MEKPETHOHAIILHBIN, PETUOHAIBHBINA, MYHHUIIAIIAb-
HBI U 00BEKTOBBIN ypoBHU [1, 2]. Ha Bcex ypoBHsX
HUMEIOTCSI COOTBETCTBYIOLIME YIIPABIISAIOLINE OpPIaHbI:
Ha TPeX BEPXHUX — LIEHTPbI YIIPaBJICHUS B KPUZUCHBIX
curyammsix (IIYKC), Ha AByX HMKHUX — JIKYPHO-
qucrieruepckue ciryxos1 ([1J1C). Bce ypoBHU 0XBaueHbI
ABTOMAaTH3UPOBAHHON HMH(POPMAIMOHHO-YIPABIIS-
roreit cucremoit (ANY C), obecrieunBaroiieii oneparus-
HBI 0OMEH COOOILIEHUSIMH U NIPUKA3aMHU JIUL, TIPUHU-
Mmaromux pemenus (JIITP). B 3aBucumocTty OT BO3HUKA-
OLIMX 33/1a4 ¥ OJlarofaps uepapxmu4eckoi opraHu3aluu
B CiIy4yae He0OXOJMMOCTH MOTYT OBITh UCTIOIB30BaHBI
pecypesnl Beeit cuctembl PCUC. Yem Huke ypoBeHb
MepapXuu yrpaBJIeHHUs, TEM BbIIIC TUHAMHKA TPOTEKa-
IOLIMX [IPOLIECCOB U IPUHUMAEMBIX pelieHuil. DakTop
BPEMEHH WTPaeT CYNIECTBEHHYIO POJIb B Ipoleccax
yIpaBlIeHHUs Ha HIDKHEM YPOBHE, UTO 00yCIIaBIUBACT
aKTyaJlbHOCTb 3aJ]a4i 00eCIeYeHUsT BEICOKOU A dek-
TUBHOCTHM pPEarupoBaHUsl HAa BO3HUKAIOIIME YPE3BbI-
qaitapie cutyanuu (YC) B yCIIOBUSX OCTPOTO JACe(HIIH-
Ta BpEeMEHHU.

K coepe orBerctBennoctr PCUC oTHOCSTCS pasHoO-
obpasubie UC [2, 3]: TOUCK U CTIaCeHUE JIFOJIeH Ha CyIIe
Y Ha MOpE; MPEAYNPEKJACHUE U JTUKBUAANNS aBapUd 1
KaTacTpod pasIuyHON MPHUPOIBI, TYHICHHE TTOXKAPOB
pasnuaHO# npuponkl u p. McciaenoBanue, mpeacTas-
JICHHOE B HAcTosAMIeH paboTe, OCHOBAHO HA aHAIIN3E
IIpoLEeNyp NPUHATUS PELIEHUH IPU TYLIEHUH [I0XkKapa,
XOTsI OHM BO MHOT'OM aHAJIOTMYHBI ¥ JPYTUM CUTYyallU-
AM. OTU IPOLENypbl, KaK IPaBUJIO, OXBAaTbIBAIOT J(Ba
HIDKHUX YPOBHS MEepapXU4ecKOl cucTeMbl yIpasiie-
Hust MUC, B KOTOPBIX MEXXYPOBHEBOE B3aUMOJICHCTBUE
3aKJII0YaeTCs B CIIEAYIOIIEM: KOMaH bl CBEPXY BHU3 —
BbIJICJICHHE PecypcoB (IoApas/iesieHuil ToKapHOH 0X-
paHsbl, crieualbHbIX TEXHUYECKUX CPEACTB U MaTEpHU-
aJI0B), KOMaH/bl CHU3Y BBEpX — HH()OPMUPOBAHHUE O
TEKyILeM COCTOSHUY Ipoliecca TYLIeHHs IToKapa U 3a-
MIPOCHI O JIOTIOJIHUTENBHBIX Pecypcax.

Ha HuxHeM ypoBHE HepapXuM YIpPaBIEHUs, T1I€ B
kayectse JIIIP BricTymaeT pykoBOAUTENb TYIIEHUEM I10-
skapa (PTII), MHOTHE IEHCTBHUS U THITOBBIC TPOLICAYPBI
peraMeHTHpoBaHbl [4]: HanpuMep, T/e pacroiaraTh aB-
TOLMCTEPHBI, KyAa [10JaBaTh CTBOJIbI U CKOJIBKO, KOT/Ia
TIPUMEHSITH BOJTY, a KOT/ia reHy u T. 1. O1HaKo He Bce AeH-
ctBusi PTII MoryT OBITH perfiaMeHTHPOBaHBI, M TOT/a
PYKOBOAUTENb IPUHUMAET PELLEHUE, OIIUPAsCh Ha Mep-
COHAITLHBIN OTIBIT U TEKYIILY0 HHpopMaIuo 00 odcTa-
HOBKE, TOCTYTAONTYIO IO KaHAJIaM CBSI3H OT TPYIII pa3-
BCIKHU WJIU U3 IPYTUX UCTOYHUKOB. B psane ciiy4aeB CO-
31aeTces mMTad TYIICHUS MoXKapa KaK COBEIIATCIbHBIN
Opras, HO OKOHUaTebHbIe peleHus npuaumaet PTII
1 Ha HECM JIC)KUT OTBETCTBECHHOCTD 3a UX IPUHATHUEC.

B nocnennaee Bpems B CBs3U ¢ OypHBIM pa3BUTHEM
MH()OPMAITMOHHO-KOMMYHHUKAIIOHHBIX 1 ITPOTPaMMHO-
TEXHUYECKUX CPEACTB, a TAK)KE ¢ KOMIUIEKTOBAHUEM
COBPEMEHHBIMH TaPKETAMHU HE TONBKO pabounx MECT
JIIIP Bcex yposneil ynpasnenus PCUC, Ho 1 ucrionHu-
TeJIeH Pa3NUYHBIX TTOYKAPHBIX CHEHATIBHOCTEH HHPOP-
MannoHHbIe MoToku B ANY C cymiecTBeHHO BO3POCIH.
OTH 00CTOATENBCTBA, C OJJHOW CTOPOHBI, CO3/IAIOT TIO-
TEHIUAJI JJIs1 TPUHATUS Oosiee 000CHOBAaHHBIX pellie-
HUH, a ¢ APYrol — Npu OCTPOM Je(HUINUTE BPEMECHU
OrpaHNUYUBAOT BO3MOXXHOCTHU IOJIHOTBI BOCIPUATHUS
HECTPYKTYPUPOBAHHBIX II0TOKOB JAHHBIX.

B Takux yCcnoBHsIX BOSHUKACT OCTpast TOTPEOHOCTh
B cucTeMax noanepkku npuHsaTus pemenui (CIITIP)
npu mukBugauuu YC [1, 2, 5, 6], KoTopble M03BOJININ
OBl BBITIOIHSATH MPEIBAPUTEIBHYIO 00pabOTKy MOCTY-
Maromux JaHHbIX, CBEPTKY U IPEACTABICHUC UX PYKO-
BOJUTEINIO B (hopMe, YIOOHOH AT BOCIIPUSATHS, U XKe-
JaTeIbHO C yYETOM €ro HNEPCOHAIBbHOM IPOIYyCKHON
cnocoOHOCTH. OCOOCHHO OCTPO Takas MOTPeOHOCTh
OLIYIIAETCs Ha HWXXHMX JBYX YPOBHAX HEpapXuu
yIpaBiICHUS, 00CCIICUNBAIONINX ONCPATUBHOC YIPaB-
JeHue, IJe TUHAMHUKA MPOIECCOB M3MEpsieTcs OT Je-
CSATKOB 10 ioyieid MuHYT. [y obecniedenus TpedyeMoit
¢dyukmonansHocT CIIIP B HacTosIIee Bpems pa3pa-
OaTpIBacTCA LIMPOKUN CHEKTP MAaTEMAaTHUCCKUX MO-
JieJIel, cpeid KOTOPBIX MOKHO BbIIEIUTb TPU IPYIIIIbL.
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1. Mooenu npoyeccos pazeumus noscapa. OHHA
OYeHb pa3HOOOPA3HbI U MO3BOJIAIOT MOJEIUPOBATH CKO-
POCTh pacpOCTPAHEHHUS OTHS B PA3IMYHBIX Cpeaax u
Ha 00BEKTaX, HAIIPHMEP B IOMEIICHHUSX PA3IMYHON KOH-
(urypanuu, Npu OTKPHITEIX U/UJIH 3a8KPHITHIX OKHAX U
IBEpSIX, C Pa3IMIHBIMU BHIAMH TOKapHOHW HArpy3Kd
(MarepuaoB CTEH, MOJIOB, MMOTOJIKOB, MEPEKPBITUI 1
T. 1.) [ 7-9], a Takxke Bo3jieiicTBHE ()aKTOPOB MOKapa Ha
mozieit [ 10]. Bonbimas yacTh ATHX MOJETeH pecTaB-
JIEHa MpPOrpaMMHBIMHM KOMILIEKCAaMH [6], MO3BOJIsI-
IOIIMMH OIICHUBATh T€ WJIK HHBIC CIIEHAPUH BO3/ICHCT-
BUs HA OTOHb U Pa3BUTHE MOXKapa.

2. Mooenu cucmem maccosozo oocayxncusarus (CMO).
OTUMH MOIEIISIMH OTIHCHIBAIOTCSI TAKKE IIPOLIECCHI, KaK
JIBHKEHUE TTOXKAPHBIX MOJpPa3/eIeHuii 0 BBI3OBY Ha
noxape B ropojickoit cpene [1], “obcmyxkuBanue” Tex-
HUYECKUMHU CPEJICTBAMH U TIEPCOHAIIOM 04aroB BO3ro-
paHus Ha ToXkKape, IBHKCHHE JTFOJICH ITPH UX DBAKyaIlluu
n3 3nanuii [11-13]. Monenun CMO, nipencraBieHHbIC B
HACTOsIIIEe BPeMs Ps/IOM YHUBEpCaIbHBIX [14] u cre-
[IIAJI3UPOBAHHBIX IPOTPAMMHBIX CPEJICTB, TO3BOJISIOT
MIPOCYUTHIBATH PA3INYHbIE BAPUAHTHI U BHIOUPATh U3 HUX
HAWIYYIIHE UCXOJIS U3 TEX WU HHBIX KPUTCPHUCB.

3. Mooenu svibopa onmumanerozo eapuanma (pe-
meHus ). IMEHHO B 9Ty IpyIITy BXOAST pa3HOOOpa3HbIe
MOJIEJIH UCCIIETOBaHUS oniepannii, mo3posstroriue JITTP
BEIOMpATh Hanbojee MPEAMOYTHTEIFHBIA BApHAHT U3
JIUCKPETHOTO HITM HEMPEPHIBHOTO MHOKECTBA aJIBTEP-
HaTuB. K 9T0¥ rpyrire oTHOCSTCST alTOpUTMBI BEIOOpa
pelIeHui Ha OCHOBE MaTPUYHBIX UTP (AHTATOHUCTHYE-
CKHX U ¢ mpupomoit) [15-17], neneit Mapkosa [17],
nepeBbeB pewenuii [17, 18] u np. PaccmarpuBaemMble B
paboTe MoJIeNl OTHOCSITCS HMEHHO K 3TOM TpyTIIe.

Monenu TpeTbeil TpyInsl TPAIUIIMOHHO Pa3BHBA-
I0TCA B CaMbIX Pa3HbIX cepax 6 npsamol nocmaHosxe
(npsimvie 3a0auu evibopa peuieruil), COXpaHUBIICHCS
CO BPEMCH 3apOXKICHUS MPUKIATHOTO HAIPaBICHHUS,
Ha3bIBaeMoOro “uccienoBanue omnepauuit”. Tpamuuu-
OHHAasl TEXHOJIOTHS HCIIOJIB30BAHUS MOJAEIEH 3TOM
TPYMIIBI PEANoaraeT, YTO UMeeTCsl 00bEKT, BepOalib-
Hasl IIeJb MCCICAOBAHMSA, B COOTBETCTBHH C KOTOPOI
ananutuk (He JIITP!) BoiOupaeT neneBoi mokasareib
(kak mpaBwIIO, OJIMH), CTPOUTCS IiesieBast (TUIaTeKHas)
(yHKIMS (JTUHSHHON WM HEJIMHEHHOW CTPYKTYpBI),
CBSI3BIBAIONIAS IIETIEBOI MMOKA3aTellb ¢ BAPbUPYEMbIMHU
(BBIOMpaeMbIMK) IepeMeHHbIME. [TapameTpsl (k03h du-
IUCHTHI) [eNeBON (DYHKIUU 3aal0TCSl aHATUTHKAMU
U3 CyOBEKTUBHBIX COOOpaKCHUM. 3aTeM perraeTcs 3a-
Jaga morcka (BpIOOpa) TaKuX 3HAUYCHHUN TIEPEeMEHHBIX,
KOTOpbIE OBl 00€CTICUMIIN MAKCUMYM UM MUHUMYM I1e-
neBoii pynkiuu. [TomydenHoe pereHue B O0JIBITHHCT-
BE CJIy4aeB OKa3bIBAETCS ONTUMAJIBHBIM C TOUHOCTBIO
JI0O CTPYKTYpBI U MapaMeTPOB LeJIeBOH (YHKIHMH, 3a-
JAHHBIX aHATUTHKOM, [T03TOMY TO00Hast cxema (Ipsi-
Masi 3a/1a4a) BbIOOpa pelIeHUi OueHb 4acTo SBISETCS

HEXH3HECTI0COOHOH, KaK 1 MHOTHE IIPOLIETyPHI yIIpaB-
nenust 6e3 oOpaTHOU CBA3M.

B psane pabort [17] B kauecTBE NEPCHEKTUBHBIX Ha-
TIPaBJICHUI HCIIONB30BAHUSI MOJIEICH HCCIeT0BAHUS
orepanuii B OIMYUe OT TPAIULUOHHOM CXeMbl Mpe.-
JaraeTcs MoCTPOCHUE MX Al THBHBIX BAPUAHTOB, YUH-
teiBatomux oneIT JITIP, B mHTEpEecax KOTOphIX 3TH MO-
JIeJIA U CO3JA0TCH.

B nacroseit pabote npeuiaraeTcs OUH U3 BapH-
aHTOB (pyTHe cM. B [17]) mocTpoeHus MmexaHu3ma 00-
paTHOM CBSI3H, 00CCIICUNBAIOIIETO AJalTHBHOCTH MO-
Jiesield IPUHATHUS PeLICHUI, UCTIONb3YEMBIX B POLIEY -
pax ymnpasJeHHUs TYIICHHEM MOXKapa. ITO MO3BOJISET B
[eNeBOi (PyHKIIMU HCTIONB30BaTh MapaMETPHI, BBISIB-
JIEHHBIE 110 pemeHnsM umeHHo toro JIIP, kotopsrit He-
CET OTBETCTBEHHOCTH 32 MPHUHSTHIC U PeaTN30BAHHBIC
pelieHus (B OTIMYKE OT aHAJIUTHKA). BisiBIeHUE napa-
METpOB (a2 B HEKOTOPBIX Cllydasx M CTPyKTypsl [17])
MPEJCTABIISIET CO00H 0Opammyto 3adayy NPUHATHUS pe-
NICHUI, 3aMBIKAIOIIYO TY CaMy0 00paTHYIO CBsI3b, 00ec-
MEYMBAIOLIYI0 aJalTUBHOCTB MoJieNin. Toraa oOpaTHas
3a/1aua MO3BOJISET CJeJarh MPSAMYIO 3a/1a4y aJeKBat-
Hol nmpennoureHusiM JIIIP, a HaiigeHHbIe O Moaenu
BapUAHTHI PELLICHUH HE BBI3BIBAIOT Y HUX OTTOPIKEHUS.
B pamkax Takoil TEXHOJIOTHU POJIb AHAJIUTHUKA CBOJIUT-
Cs1 JTUIIB K TIOI00PY MOJIENH, CTPYKTYPHO aeKBAaTHOM
MPOLEAYPE NPUHATHS PELICHHI, U B TOCTPOCHUHU (-
(DEeKTHBHOTO aNTOpUTMa pEUICHUST OOpaTHOM 3amaun
(TIpy HEOOXOTMMOCTH MOXKET pPeIIaThbes M 3ajada IH-
CKPUMHHALIUU CTPYKTYpBl Mojenn). Takum oOpaszom,
AHAJUTHUK MOJIHOCTHIO UCKITFOUASTCS U3 LIMKIIA yIpaB-
JICHHSI, @ IPOLIEAYpa PelIeHus 00paTHOM 3a1a4u obec-
revrBaeT (PaKTHYECKH arpPOKCUMAIHIO MPEOYTeHUN
JITTP HexoTopo#t Mojenbio BeiOOpa. [Ipu aToM yacto
CTAHOBUTCS HEBAXKHBIM KOJIMYECTBO LIEJIEBBIX I10KA3a-
Tesei (a 3HAUUT, U 1eNIeBbIX (PYHKUUN), BAUSIOMINX Ha
pelIeHre, TaK KaKk BCe OHH allllPOKCUMHUPYIOTCS HEKO-
TOpOH cBepTKOi. Micnonb3oBanue 00paTHOM 3a1a9u J1st
HACTPONKH ITApaMETPOB UK/ ¥ CTPYKTYPhI MOJEIH OTI-
TUMaJIBHOTO BbIOOpa peanu3yeT (HaKTUYECKH OJHY W3
aJJanTUBHBIX TEXHOJIOTHI MPUHSTHS pemrenui [16, 17].

3ajaua ynpaBieHUs, paccMarpuBaeMasi B JIaHHOM
paboTe, OTHOCUTCS K HU)KHEMY YPOBHIO HEpapXUIeCKOH
cuctembl ynpasnenuss PCUC u mpennazHadeHa uist
BKJIIOUYEHHUS €€ B COCTaB MaTeMaTH4eCKOro odecreye-
nus CIIIP, npegocrapnstonieii BHIOOP pelieHuid, nMe-
IOLUX YPOBEHb PUCKa HE Xy>ke HopmaTtuBHOro. Hopma-
TUBHBI ypOBEHb pUCKa orpenensercs (B pe3yiaprare
pelnieHus oOpaTHOM 3a]]a4M) IO PEIICHUSIM, TPUHSATHIM
JITIP, umerormm IOy CTUMBIN YPOBEHB KBATH(DUKAITHH.

B pabote npouemypa BeIOOpa penieHn  pH Ty1ie-
HUU TIOXKapa MOJIEIHUPYETCS C MOMOMIbI0 MaTPUYHOM
UI'PBI C IPUPOLOH, TapaMeTp NeCCUMU3Ma-OITUMHU3MA
KoTopoH (B pamkax kputepwus ['ypsuma [15]) mpemnio-
JKEHO OIICHMBATh MyTEM pellieHus: 00paTHOM 3a/1a41 110
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HAOJIONCHUSIM 3a PEIICHUSMH, paHee IPUHSTHIMHU
onbITHBIM JITTP, 94TO 0OCcieunT aganTHBHBIN XapaKkTep
ynpasienus. [1o anroputMam perreHus npsMoit u 00-
PpaTHOi1 33129 ITOCTPOCHA IMUTAIIOHHAS MOJIEIIb, U JIJISI
JIAHHBIX, OJIM3KHUX K peaibHbIM [ 1, 19], Ha 3TOH Moaenn
IPOBEICH UMHUTAUOHHBIN YKCIEPUMEHT, B KOTOPOM
UMUTHPOBAIIUCH paznuunble YC, mpuHUMaeMble pelie-
HUS U BO3HMKAIOILME IJIaTeXH. Pe3ynbTarsl sKciepu-
MEHTa MOATBEPANIN PabOTOCIIOCOOHOCTD MPEIOKEH-
HBIX aJIFOPUTMOB.

B crity orpannueHHOT0 00BbeMa IMyOIMKaIue KOHTYP
aJIanTalyuy AJICMEHTOB IUIATSKHON MaTPHIIBI I10 pere-
HUSM, IpUHATBIM onbITHRIM JITIP, 31ech He paccmarpu-
BACTCS. DTOT BHJ aalTAlldN MOKET OBITH BBITIONHEH
AHAJIOTHYHO JIPYTUM MOJOOHBIM MOJEISIM, HAIIpUMEp
AQHTAarOHUCTUYECKUM MaTpu4HbIM urpam [17, 20] u
ynpasisieMbIM 1ensiM Mapkosa [17, 20].

OCHOBHOMH LIEJIBIO HCCIIEN0BaHMSL, IPEACTABIEHHO-
TO B HACTOSIIIECH paboTe, SIBIISETCS IIOCTPOCHUE MOJICIIH,
OTpaKAIOIICH YPOBEHD PHCKA B PEIICHUAX, IPUHUMA-
embix PTII. Mojens nomkHA OBITH TIOCTPOEHA TIO BbI-
0opKe HAONFOJICHHI 32 PEIICHUSIMHU, TPUHSATHIMHA KOHK-
perabiM PTII.

Jist nocTHXKeHNs 3TOH 1esIn HEOOXOAUMO PEILIUTh
CIICAYIOIUE 3aJa4H:

1) BBIOpaTh THI MOJCIHM NPUHATHS PEIICHHH,
CTPYKTYPHO aJIeKBaTHON IPHUKIATHOMY KOH-
TEKCTY yIPaBICHHUS;

2) MOCTPOUTH AJNITOPUTM OLIEHUBAHHSI [TapaMETPOB
MOJIEJIN 110 HAOMIOACHUSAM 32 PELICHUSIMHU, ITPH-
HateiMu PTII;

3) mpoaHaTU3UPOBATH KAYECTBO MO TPUHATHS
pelLIeHNH, TTOCTPOCHHOM 10 HAOIIOICHUAM 32
pewenusmy, npussateiMu PTII, u cnenars 3a-
KJIFOYCHHUE O €€ a/IeKBaTHOCTH.

NocTaHoBKa 3apaum

Hetictust PTII kak JIIIP HuxkHero ypoBHst uepap-
xuu ynpasnerus PCUC BecbMa pa3zHO0Opa3HbI U 3aBU-
CSIT OT MHOTUX (DaKTOPOB: 00BEKTA MOKAPOTYLICHHUS,
OKpYyKaronie 00CTaHOBKH (HAINYHS PSAOM WIIH B TIPe-
Jenax JoCAraeMOCTH UCTOYHHMKOB BOJBI, OIH30CTH K
o4ary BO3TOpaHUs IPYTHX MOXKAPOOMACHBIX OOBEKTOB
U T. I1.), IMCIOIIHNXCS PECYPCOB, KOMIIETEHTHOCTH TIep-
COHalla W JIp. 3aJlauu MPHUHATHS pelieHui (ympasie-
HUs) Ha TOKape TakKe JOCTATOYHO Pa3HOOOpPa3HbBI
[3, 4, 6]: HampuMep, KaK ONTUMAJBHO PACIOJIOKUTH
ABTOMOOWIIH; KaK PaCcIpeACIUTh TTOKAPHBIE CTBOJIKI ITO
IUIOIIA M OOBEKTa M [0 BPEMEHH; KOIZa U B KaKOM
COCTaBe MPOBOAUTH PA3BEIKY MOKAPHOTO COCTOSHHS
00beKTa, HAIMUUS U MECTONOJIOXKEHHS B HEM JIIOfIEH;
KaK 1 KAKMMH CHJIaMH OPTaHU30BAaTh 3BaKyaLUIO JTIoAen
U3 30HBI TOXKapa U T. . Kaxxaas u3 3Tux 3a1a4 MOXKET
OBITH IPECTABICHA OAHOM MM HECKOJIBKUMU MOJIEINS-
MU IPUHATHS ONTUMAaNBHBIX penienuii [1, 3, 5, 6].

Bce neiicteust PTII kak JITTP nocraroyHo moapoo-
HO JAOKYMEHTUPYIOTCS U HaXOIAT CBOE OTPaKEHHUE B
kaptouke nerictBuil kapayna (KJK), kotopast B nainb-
HelnieM (B METOJMYECKOM IIaHe pazbopa JeWCTBUI
KapayJa) sIBISICTCSI OCHOBAHHMEM TS KBATU(DHKALIUH ICH-
ctBuil PTII kak ynOBIE€TBOPUTENBHBIX UIIA HEYIOBIIET-
BOPUTEJIbHBIX.

B HOpMaTUBHBIX JOKYMEHTaX U METOJUYECKHUX pe-
komennauusx [4] neiictBust PTII paccmarpuBaroTcs o
OTHOILIEHUIO K HEKOTOPOMY NepeuH:o (okosto 30) Turmo-
BBIX OOBEKTOB MOXKAPOTYIICHUS (HAIpUMEp, ACTCKUE
YUPEKAEHUS, KyIbTYPHO-3PEIHIIHbIEC YUPEHKICHHUS, HKH-
JbIe 3MIaHUS U Ap.). JKujible 3MaHus TOAPA3IeIIsoT Ha
ManosmagxcHole (BBICOTOM 10 3 3Taxkell BKIIOYHUTEIBHO),
MHo2oomadxcuvle (10 9 dTaxei), nosvlueHHoU dImadic-
nocmu (10 25 aTaxkeil) u evicomuule (6onee 25 sTaxeit).

B HacTosimieii pabore B kKauecTBe TUIIOBOTO 0OBEK-
Ta pPacCMaTPUBAIOTCS MHOI'OATa)KHBIE 3aHUs, KaK HaU-
0oJee 4acTo BCTpEUaroIUics OOBEKT M0KapOTYLICHUS,
JUIsL KOTOPOT'O B TUIIOBOM COCTaB CUJI U CPEICTB, ydacT-
BYIOIIMX B CIIACEHUH JIFOJIEH, BXOAAT 3BEHBS I'a30/1bIMO-
samuTHOU ciryx0bl (I/13C), ocymiecTBistomeit pas-
BEJIKY, M 3B€HbS Crlacareseil, BEIOIHAIONUX ClIAaCEHUE
W 9BaKyanuro Jroaeit. Kpome toro, ciennpurka MHOTO-
9TAXHOCTH, COCTOsIAsi B OOJBIIOM KOJIUYECTBE MO-
MEIIEHUN 1 3Ta)KeH, CyIEeCTBEHHO YCIOKHSET MTOMCK
Jofiei, KOTOpble MOTYT HaXOAUTHCS B OJIHOM MIIU He-
CKOJIBKHX U3 IECATKOB WJIM COTEH ITOMELIEHUH, YTO yBe-
JIMYMBAET BPEMSI BBITTOTHEHHS PA3BEIbIBATEBHBIX U/ WITH
CIIacarenbHbIX OIepanui. 3aabIMICHUE, /WM OT-
KPBITBI OTOHb, ¥/ WK OMTACHOCTE 00pYyIIeH s ete 60-
JIbIIIE YCIIOKHSET 3a/1a4y [TOMCKA U CIIaCeHMs, TaK Kak
oOHapy>KeHHBIE B OJJHOM TIOMEILEHUH JIIOAU Yepes3 He-
KOTOpOE BpeMsl, cracasch OT OOpPYIICHUS WIN JbIMa,
MOTYT MUTPUPOBATH B Pyrye NOMEIIECHHUs, YTO IIPUBO-
IUT K OBICTPOMY YCTapPEBAHHUIO TAHHBIX, TOITyICHHBIX
B pe3yJibTare pa3BeJKH, BbIoIHseMOi 3BeHoM [ 3/1C
[4], a 3HAYNUT, K YMEHBIICHHUIO IIIAHCOB HAa MX DBaKya-
LIMIO U CIIaCEHHUE.

@®parMeHT TUIIOBOM KapTOYKH ACHCTBUH Kapayia B
4acTH PacCMaTpUBAEMON IPOLEIyphbl IIOMCKA U 2Ba-
KyaluH JIIoIeH U3 MHOTOATAXKHOTO 3/JaHHSI UMEET MpH-
MEpHO TaKOH BU:

e 2:28 — Otnpasneno 38eno [ J[3C u3 2-x ged. B cex-
[UFO 3 371aHus JUIsL pa3BeIKy (IOMCKA JTIONICH );

e 2:35 — OOHapysxeHBbI 2 4ell. Ha 4-M 9Taxe B CEK-
1uu 3 B ABYX CMEXHBIX IIoMeleHusax. [lytu 3Baky-
aIuM OTPe3aHbl CUJIBHBIM 3aJIbIMIICHHEeM. TpelyeTcs
MoKapHas JIECTHULA JUIsl 3BaKyalluH JIoAel yepes
0asikoH 4-ro ATaka WK 3BEHO criacaresei co cre-
UATBFHBIM JBIXaTeIFHBIM 000PYIOBAaHUEM IS dBa-
Kyaluy 4epes3 JECTHUYHBINA Mapl;

e 2:38 — OrmpaBiieHO 3B€HO criacareiieli u3 3-X 4ell.
C IBIXaTebHBIM 000PYIOBaHHEM Ha 2-X YeJl. B CEeK-
LU0 3 37aHUs JIs1 HBAKyaluH JIIOJeH;
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e 2:48—Ortnpasneno 38eHo [ JI3C u3 2-x yein. B cek-
MO 2 3MaHUsI IS TIOUCKA JIFOIICH

e 3:52 — Ilocne MMKBUIALMHY TTOCIIE/ICTBUIM MTOKapa
B 3[JaHUU OTHOIINX JIFONeH He 00HAPYKEHO, KOJIH-
YECTBO TPAaBMHUPOBaHHBIX Jitozieil — 4. Beero Ha Mo-
MEHT BO3HUKHOBEHUS [10’Kapa B 31aHUH HAXOJUIIOCh
36 uel.

Takum 00pa3om, MPH TIOUCKE U IBAKYAIUH JIFOJICH B
MHOTO3Ta)KHOM 37IaHUU MOTYT YEPE0BATHCS PELICHHS
PTII o pa3Benke u pemieHust 00 3BaKyaIyu JIIOAeH. ITH
pelleHusl B 3aBUCUMOCTH OT CUTYallMH U OMBITHOCTH
PTII MoryT npuHHMATHCS B JIFOOOH, HAMITYYIIICH HA €ro
B3IUISA]], TIOCIIEIOBATEIbHOCTH U B JIIOOOM KOJIMYECTBE
UKIIOB (pa3Benkn — 3Bakyanun). “Ilmarexxn” ot pe-
aJM3aly IPUHATHIX PELICHHU HOCAT HAKOTIUTEIbHbIH
XapaxTep U He MOTYT OBITh H3MEPEHBI 110 Pe3yIbTaTaM
WCTIOJTHEHHUS KaXKJJOTO PEIICHUS, & CTAHOBSITCS U3BECT-
HBIMU TIOCJI€ JIMKBUJALMM MOCJIEACTBUN moXkapa (Ha-
npuMep, IpIMOi MaTepHANbHBIHN yIiepO, KOIHIECTBO
MOTHOIINX ¥ TPAaBMHUPOBAHHBIX JIFOJCH U IPYTHe KOJIH-
YeCTBEHHBIE MMOKa3aTeNu yuiepoa oT moxapa).

Ipsimas 3agaya. Kak BUIHO 13 IPHBEICHHOTO (par-
MEHTa KapTO4KH JEeWCTBUI Kapayna Ha noxape, JITIP
IIPAKTUYECKU BCErJa CTOUT Iepei OWIeMMON — mo-
TPaTUTh YacTb BPEMEHHU Ha pa3Be/Ky (ITOMCK JIIOACH),
YTOYHEHHUE U IPOTHO3UPOBAHUE CUTYALIMH WU, UCIIONb-
3ysl CBOM OMBIT U MHTYMLIHUIO (B TOM YHCIe PePIEKCUB-
HYIO0), HAI[PaBUTh CHJIBI M CPEJCTBA B OMpEICICHHBIC
MeCTa 3/1aHus 1711 DBAKYAI[MHU U/ WJTH CIIACEHUSI JTIOEN.

[Ipouerypa mpuHATHS PEIICHNH B IUKJIAX “pa3Be/-
Ka /WU cracenue” MOKeT ObITh [6] mpencraBicHa
MaTpUYHOUN UTpoH ¢ ipuponoi. Urpa 3amana, ecim u3-
BECTHBI BCE DIIEMEHTHI €€ TUIaTeKHON MaTpULIbI

C=|ec; (1)

g Hmn
W KpUTEpUii BBIOOpa ONITUManbHOTO pemrenus [ 15, 20].
31ech cTONOIBI COOTBETCTBYIOT COCTOSTHUSIM TIPUPOJIBI
§; € S, T71e S — MHOXECTBO COCTOSHUM PUPOJIBL, @ CTPO-
KU — BapHaHTaM pelienuii d; € D, tne D — MHOXKe-
CTBO BapHAaHTOB PEIICHUH.

B cocraB MHOXkeCTBa perieHuil D MOTyT BXOJIUTD,
HaIpuMep, PeIeHns: d; — HalpPaBUTh 3BEHO PAa3BEIIKU
B cOCTaBe 2 4ell.; d, — HalpaBUTh 3BEHO crlacareneii B
cocTrase 3 yell. Ui HBaKyaluu JIIoAeH U T. 1. MHOKecT-
BO COCTOSIHUM NPUPOJBL S B KOHTEKCTE 3a/lauu clace-
HUS JIIOAeH U3 rOpsIIero 3JaHusl JOJKHO COCTOSITh U3
BAapUAHTOB pa3MEIIEHUs JIIOJIeH B MOMELICHUSX 3]1a-
Hus. Tak, kpaliHUe 3HAYEHUS TaKUX COCTOSTHUA MOTYT
OoTpaxkaThb MHPOPMAILUIO 0 MAaKCUMAJIBHOM paccpeo-
TOUYCHUU JIIOJICH 10 ITOMENICHHSIM 37aHus (o) U J10-
KaJIM3alli UX B OJTHOM OIPE/ICICHHOM ITOMEIICHHH.

C ydeToM HEOOXOIMMOCTU U3MEPEHHSI JIEMEHTOB
MOJIENIH 10 peajbHOM cTaThcThKe, oTpaxaemoil B KK,

IPE/ICTABUM COCTOSHUS §; B AMHULUAX HETIHTPOIUH
(3kctporun) h(p), T. €. BETUYHHBI, IIPOTHBOTIOIOKHOMN
suTponuu [20]:

h(i))zl-’-zpilognpi: (2)
i=1

IJIe p — BEKTOP BEPOSATHOCTEH (I107H) MpeObIBaHUS
JONIed B TOM WJIM MHOM U3 7 TIOMEIIEHHIA;
p=Lpip> ~-~Pn]T;

T — cUMBOJ TPAHCIIOHUPOBAHHUSL.

3neck U ganee OyJaeM HCIONb30BaTh JorapudM 1o
OCHOBaHHMIO, PABHOMY YHCIIY JIEMEHTOB (ITOMEILIECHHIA),
4TO 00ECIICUUT BAPhUPOBAHUE SHTPOIINH B HHTEPBAJIE
[0; 1]. Mcrionp30BaHKe HETIHTPOIIMH B KaU€CTBE MEPHI
paccesiHus JTI0ACH 10 TOMEIICHHUSM MO3BOJISIET CIHHO-
00pa3HO yYUTHIBATh Pa3InYHbIE CTATUCTUYECKUE JIaH-
HBIC T10 MOKapaM B 3/1aHUsX. JlaHHAs Mepa MO3BOISET
Takke YHU(UIUPOBATH COCTOSIHUS IPUPOJIBI B KOJHYE-
CTBE OT JIByX H BBIIIE B 3aBUCUMOCTH OT HEOOXOAUMOM
cTerneHu TudQepeHInauy pacupeaeiICHUs JTIoIeH B
3MaHUN 110 MOMEMICHUAM. TakumM obpasom, h(p) sB-
JISI€TCsl T0Ka3aTelleM CTETEeHU KOHLEHTPALUH JIIOEH:
IIPH PAaBHOMEPHOM paclpeeNIeHHH UX 110 TIOMEIICHH-
M h(p) = 0, mpu KOHLIEHTPALUK BCEX B OTHOM ITOMeE-
nmennd h(p) = 1. Uem BbIIe KOHIEHTpAIUS JIIONICH,
TeM, KaK MpaBUJIO, JIErye MPOBOAUTH UX IBAKYalHIo,
B TOM YHCIIE ITOTOMY, YTO HE TpeOyeTcsi OTHICKUBATh
HX I10 OTJEJIbHBIM IIOMEILEHHUSAM B CIIOKHBIX YCIOBHUAX
noxapa u jgedunura BpeMeHu. [1o Mepe BBITOTHEHHS
[MOMCKOBO-CIIacaTeIbHON OIepannu mokasaressb A(p)
MOYKET KaK yBEJIIMYMBATHCS, TAK U YMEHbIIAThCA. Tax,
pasBejka, IPOBOANMAs HENPEPBIBHO MITH LIUKJINYECKH,
YBEIMUYHUBACT HEMPHTPOITHIO, CHUMAasl HEOPEIETICHHOCTB,
a pa3BUTHUE MTOYKapa MOXKET €€ YMEHbILIUTD (Halpumep,
pa30THATH JTIOACH U3 OTHOTO ITOMEINEHHSI B CHITY OIlac-
HOCTHU TIPpeOBIBAaHHUS B HEM 10 HECKOJIBKUM ITOMEIIe-
HusM). CTatucTudeckue ganneie [ 19] mo mposeeHNIo
criacaresIbHbBIX ONepalUil MpH Mokapax MOKa3bIBaIOT,
HaIpUMeED, YTO 3BEHO criacaTesieil u3 2 yeil. MOXKeT JBa-
KyHpOBaTh 3a OJJMH pa3 2 yell. ¢ BEpOSATHOCTHIO, PaBHOM 1,
3 gyen. — ¢ BeposaTHOCTHIO 0,4 1 4 uenn. — ¢ BEposTHO-
cthi0 0,2.

[Tnarexxu B Marpuiie (1) H0MKHBI OTpaXkaTb KOJTU4e-
CTBO CIIACEHHBIX JIIOAEH MPU Pa3INUYHBIX COUETAHUAX
COCTOSIHMIA TPUPOJIBbI M MPUHSTHIX pelieHusX. B nanb-
HeleM 0e3 moTepu OOIIHOCTH OyJieM paccMaTpuBaTh
B KQueCTBE IUIaTeXel KOIIMYEeCTBO CIIACEHHBIX JIIOACH,
XOTsI B peajbHON MOKAPHOH CTATHCTUKE aOCOIFOTHOE
KOJIMYECTBO CMACEHHBIX JIFOJIeH Ha pa3jiMyHBIX MOXKa-
pax CyIIecTBEHHO BapbUpyeTcs U 0oJiee YHHBEPCAIb-
HOW eTMHUIIEH U3MEepEHUs TUIaTeka SBIISIETCS A0S CTia-
CEHHBIX JIFOJIE} IPY TOM WJIM MHOM KOHKPETHOM I107Ka-
pe. OnHako B ciy4yae HEOOXOAUMOCTH OTHOCHTEIIHLHBIE
CJIMHUIIBI (JIOJTH) MOTYT OBITh IEpPECYUTaHBl B a0CO-
JIOTHBIE M HA0OOPOT. 3HAYEHUSI IEMEHTOB ILIATCKHOM
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MaTpHUIbI MOTYT OBITh TIOITYYEHbI 10 MHOTOUHCIIEHHBIM
CTaTHCTHYECKUM JIaHHBIM, ipesicTaBsieMbiM B KJIK [19]
B BUJI€ OLICHOK, aHAJIOTUYHBIX IIOCTPOESHHBIM aBTOPOM
Uit IpyTux GopM Mojenel (HampuMep, aHTaroHHC-
TUYECKUX MaTpU4HbIX Urp [17, 20] win yrnpaBiseMbix
nerneit Mapxkosa [17]).
3aja4a BBIOOPA OLTUMAIIBHOTO PELICHHUS d,,, 3AKIIFO-
4yaeTcsl B MAKCUMMU3aLuK LeneBoi ¢pyHkuuu L(d,):
d,, =arg gggL(di)- 3)
[IpaBwiio BeIOOpa onTHUMaIbHOTO pemeHus (3) Ha-
3bIBalOT KpuTepuem [ 15, 18, 20]. B Teopuu BeIGOpa or1-
TUMAaJbHBIX PEHICHUH B YCIOBHSIX PUCKA M HEOIPEIe-
neHHocTH [15, 20] pa3nu4aroT HECKOJIBKO TUIIOB KpHU-
TepHeB, OTIIMYAIOIINXCS 1eTeBor GyHKuner L(d):
e s kpurepusi Banbna [15] — neccumuctuueckoro

(MaKCMMHUHHOTO):
L(d;) = min c;; 4
s es
e Ui KPUTEPHS ONTUMHCTHYECKOTO (MaKCHMaKC-
HOTO):
L(d;) = maxc;. 5)
s;eS

OnuH n3 KOMOMHUPOBAHHBIX KPHTEPUEB — KPUTE-
puii ['ypBuIla IMeeT HeIeByro (yHKIIHIO, COCTOSIIYIO
U3 B3BELUEHHOH (C MapaMeTpoM A) CyMMBbI LIEJIEBBIX
hysxuwmii (4) u (5):

L)) = kglg c; + (l—k)glg?cy-. (6)
ITapametp A € [0; 1] oTpakaeT cTeNeHb PUCKA B BbI-
oope pemienus. [Ipu A = 0 kputepuii ['ypBuna npespa-
niaercs B Kputepuil Basbia, cooTBETCTBYIONIHI Oe3-
PHUCKOBOIA, 04eHB 0cTopoxkHOU mo3utwn JITTP. [Tpu A =1
JITTP npuaepxuBaeTcs NO3UIMHU, UMEIOIIECH KpailHe BbI-
COKYIO CTENIeHb PUCKa, HAJIesICh, YTO NPUpPOAa OyIeT K
HeMy OJIarOCKJIOHHA M BBIMTPHILI OyeT MaKCUMAaJIbHO
BO3MOXKHBIM.

[NockonbKy B HacTosiIel paboTe OCHOBHBIM JIEMEH-
TOM HCCJIEI0BaHMsI IBJISIETCA TI0Ka3aTelb pUCKa B IIPU-
HIMAaeMBIX PEIICHUSIX, KOTOPEIM B BHIE Tapamerpa A
U3 BCEX KPUTEPHUEB ATOTO THUIIA IPUCYTCTBYET JIUIID B
kputepuu ['ypBuna, npyrue kputepuu [ 15] He paccmar-
pUBaroTCs.

Uto6b! petuth npamyro zadady (1), (3), (6), HeoO-
XO/IMMO 3HATh BCC 3HAYCHMUSI C;; U [TApaMeTpa A, 4TO I0-
3BOJIUT HAWTH ONTHUMAIILHOE PEIIeHue, KOTopoe OyneT
“ONTHUMAaJILHBIM® ¢ TOYHOCTBIO JIO aJICKBATHOCTH HC-
T0JIb3YEMbIX 3HAUCHHI C;; ¥ A PEAIIBHBIM IIPEIIOYTCHN-
sim JITIP, B mHTEpEecax u 1Moy OTBETCTBEHHOCTH KOTOPO-
T'O BBIOUpAETCS pelIcCHHE.

BapuaHThI NpUMeHeHUs] MOJeJIM B Mpoueaypax
NPUHATHSA pelennii. Eciu Mopens noctpoeHa, To Ka-
KUM 00pa3oM OHa MOXKET MCIOJIb30BATHCS Ha MPAKTH-
ke? Jlnana3zoH Takux BapuaHTOB mUpokwii [18, 20] —

OT ““HMKAaK HE UCTIOJIh30BATh ’, @ IPOIOJIKATH YIPABIISTH

“Bpyunyto” (ecnu JIIIP, Hecymmii OTBETCTBEHHOCTh

3a pe3ynbTaThl YIIPaBlIeHUs, HE JOBEpseT MOAEIH HIIN

NPEINOYUTACT IPYrHe CocoObl BbIOOpa perieHus) 10

IOJIHOTO JIOBEPHS M aBTOMAaTHYECKOTO yIPaBICHUS Ha

OCHOBE Mojiel. B uncie npoMexyTouHbIX BApUAHTOB

WCIIOJIb30BAHUS MOJEIU B YIPABICHUU CYLIECTBYIOT

[14, 17]: uH(bOPMAITMOHHO-COBETYIOIUI PEKUM (MO-

Jeunb npeiaraert, a JIIIP orBepraer, KOppeKTupyeT uiu

MIPUHUMAET); MHOXXECTBEHHBII BBIOODP (KOTJ]a MOJENb

npejyraraeT HECKOJIbKO CYOONTHMABHBIX PEIICHUH B

OKPECTHOCTH ONTHMaJIbHOTO, a JITIP BEIOMpaeT omxHO 13

HUX, WU KOPPEKTUPYET, UIIM OTBEPraeT) u Ap. DT MPo-

MEXYTOYHbIE BapUAHTHI, KaK MPAaBUJIO, pEaU3yIOTCs

B COCTAaBE CUCTEM IOAJNEPKKU NPUHATHUS PEIleHUu

(CIIIIP), obGecmeunBas Ooyiee THOKOE YIpaBICHHE IO

CPaBHEHUIO ¢ KpalHUMU BapranTamu. Kpome Toro, npo-

MEXYTOYHBIE PEKUMBI IIO3BOJISIOT INIABHO IEPEUTH OT

“py4HOT0” K MaKCHMaJbHO aBTOMaTHYECKOMY yIpaB-

JICHHIO, €CITU Ha MPOTSIKEHUU JJOCTATOYHOTO BPEMEHHU

JIIP y6exnaercs, 4To MpUeMieMasl OIS Npejiara-

€MBIX MOJICTIbIO PEIICHUH YIOBJICTBOPUTEIIbHA.
[To3utuBHBIH 3(h(HEKT OT TPUMEHEHHUS MOJICIIN B TOM

niu nHOM pesknme B coctae CIITIP moxer 3akmroyars-

Csl B CIIEAYIOLIEM:

e COKpalllaeTcs LUKJ ypaBieHus (YTO OUYEHb BAXKHO
pu AepULUTE BpEeMEHH ITPY JIMKBUAALIMH [10XKApa);

e pelICHHE HE 3aBUCHUT OT (PU3NYECKOTO COCTOSHUS
JITIP;

e MOJIEIbh MOXKET OBITh UCTIOIB30BAHA JPYTUM CYOb-
€KTOM, BBITTONHSIONMMM pob JIIIP (T. e. pyHKIMS
BBIOOpA peleHust MOXKeT ObITh oTaeseHa ot JITTP-
CyOBEKTa, MOJICNIb THPAKUPOBAHA H T. II.);

e TMOSBISETCS BO3MOXKHOCTh CPABHUBATh MOJIEIIH, O~
cTpoeHHbIe a5 pa3HbIX JITTP-cyObekToB, 1 Ha 3TOM
ocHOBe 00y4ars MeHee onbITHbIX JITTP.
Oo6parHas 3aga4a. J711 HogaBIsOIIETo OOIBIINH-

CTBa MPHUKIATHLIX 00IaCTeH, B KOTOPBIX ACTAIOTCS T0-

IIBITKA IPUMEHEHUS pacCMaTPUBAEMOM (1 HE TOJIBKO)

MOJIENIM, HEU30€KHO BO3HUKAET anpuopHdas Heonpe-

denennocmp. OHa COCTOUT B TOM, YTO 3HAYCHHUS C;; ¥ A

HEU3BECTHBI U UX HAJ0 3a7aTh MAKCUMaJIbHO a/IeKBaT-

HO 00BEKTY MOAEIUPOBAHUS, U TOT/Ia HalleHHOe “OI-

TUMaJIbHOE” perieHre OyIeT YCIOBHO (C TOYHOCTBIO 10

aJICKBaTHOCTH) ONTUMAaNIbHBIM. CIOXKHOCTH Jlake ISt

paccMaTpUBaEMOro MpoCTEHIIEro BapuaHTa MOJICITH 3a-

KITIOYAeTCsl B TOM, YTO OOBEKT MOJICIIMPOBAHHUS pac-

IICIUICH Ha JIBE YacTH: of(Ha (00bEKTUBHAS ) HAXOAUTCS

B CTUXHH [TOKapa, a Bropas (CyObeKTUBHAsS) — B I'OJIO-

Be JITTP. O0bekTrBHAS HOPMUPYET COCTOSHUS | IJ1aTe-

XKH, @ CyObEKTHBHASI — OTHOIICHUE K ATHM IUIaTeKaM

(MX TOJE3HOCTBH), TO3UIUIO (OCTOPOXKHYIO UITU HET) U

BapHAaHThI PELLICHUH.

B TpaauumoHHO# mapanurme MccieoBaHUs Ore-
palmii 3J1eMEeHTHI MOJICIIH JIOJKHBI OBITh 3aJlaHbl aHa-
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JTUTHUKAMH (TI0CTAaHOBIIMKAMH 3a/1a9H ). AHaJTUTHKH 5K
B orinuuue oT JIIIP He HeCyT OTBETCTBEHHOCTH 3a I0-
CIIEACTBUS OT PeaM3alluy PEIleHUll, TPUHUMAEMbIX
Ha OCHOBE MOJIeIU. B 3TOM COCTOUT O1HO U3 OCHOBHBIX
MPOTUBOPEYUIl TPaIUIIMOHHON mapaJurMbl IpUMeHe-
HUS MOJZIETIEH.

B nmopaBnsronieM OOJBIIMHCTBE COBPEMEHHBIX
MPUIIOKCHUN TaKasi CXeMa HeXKM3HECTIOCOOHA, TaK KaK
JlaKe €CJIM arpropH BCE SJICMEHTHI 3aJaHbI aICKBATHO
W pEIIeHUs, TTOJyYaeMbIe C TIOMOIIBI0 MOJIENH, BCEX
yCTPamBaIOT, TO B CHJIy Pa3IHYHBIX OOCTOATEIHCTB
(B TOM YHCIIE HECTAIIMOHAPHOCTH CPEJIBI, M/ WJTH CHCTE-
MBI IIeHHOCTEH, u/uian onbita JIIIP) yepes HeKOTOpOE
BpEMsi OHU [1€PECTAIOT yCTpauBarh, T. €. allpuOpHast He-
OIIpPE/ICTICHHOCTh CMEHAETCS TEeKyIIEH.

HmeroTcst MHOTOUMCIIEHHBIE HCTOpUYECKHEe (DaKTHI,
COMIaCHO KOTOPBIM OT BHEAPEHHBIX ONTHUMH3AIHOH-
HBIX MOJIEJICH Yepe3 HEKOTOPOe BPeMs OTKa3bIBaIHUCh
(B CBSI3M C paccOTIIACOBAHUEM MEX/TY PEIICHUSIMHU, TI0-
JTy9aeMBIMH IT0 MOZCIH, U 3ApaBbiM cMbicioM JITIP) n
BO3BPAIIAIHCH K “PYydHOMY’’ YIIPABICHHIO.

W3BecTHBI cityyan, kojja peJIpUuHUMAINCh HOIBIT-
KM HOPMaTHBHOT'O OIIpeIeJIeHUs alpUOPHBIX 3HAUECHUI
HEKOTOPBIX U3 9TUX DJIEMEHTOB ““Ha BCE CITy4an KU3HU
(Tax, HarIpuUMep, AJs IpoleTyp BbIOOpa HMHBECTUIIMOH-
HBIX MIPOEKTOB MapaMmeTp Kputepus ['ypBuiia gommKeH
umeTh 3Hauenue 0,3). B nqpyrux ciayyasx (mpu MHOTO-
KpHUTepHatbHOM BbiOope [ 14, 18]) ans casTus anpuop-
HOI u/un TEKyIeH HEONPEEICHHOCTH CO3al0TCs
SKCIIEPTHBIC MPOLEAYPHI, KOTOPBIE MPEyCMaTPUBAIOT
“noowiBanue” y JIIIP HeoOXOMUMBIX CBEICHUH.

B psine pabor [16] mpeanaraeTcsi BMecTo HOpMa-
THUBHOTO MOJX0/1a (alpMOPHOT0 3aaHUs CTPYKTYPHI U
napameTpoB MOJIeJIeil) HCIIOIb30BaTh A0ANMUBHbI, CO-
[JIACHO KOTOPOMY MOJEIb HaJl0 Kak-TO IMOACTPauBaTh
noj JIIIP, agantupoBarh K Hemy, 4TOObI 00ECTIEYUTD
HEOOXOMMYIO aJIcKBATHOCTH U IOBEpPHE.

Bwmecte ¢ Tem B mocieiHue rojibl HHTCHCUBHO pas-
BUBAIOTCSI METONBI MAWUHHO2O 00yYeHUsi, KOTOPBIE
HalpaBjieHbl Ha OLEHMBaHHUE NapaMeTpoB Monesei
(pacmo3HaBaHus, KITACCU(PHUKALUH U IPYTUX IIPOLICITYP
BBIOOpA) IO MPOIILTOH CTATUCTHKE BEIOOPA, BEITTOTHEH-
HOro “YuuresneM”. DTH METOLI BO MHOTOM aHAJIOT Y-
HBI METO/IaM UOeHMUPUKAYUU TUHAMUYECKUX CUCTEM.

B nacrosieit pabote (4 B psije Ipyrux padoT aBTo-
pa [17]) npeanaraercs Moaxo/], aHAIOTUYHBIA yIOMs-
HYTBIM (aIanTanus, MalllmHHOE 00yUeHHE, HACHTH(H-
KaIlus ), Py KOTOPOM TI0 ITPOIILIOHN CTaTUCTHKE OLICHH-
BAIOTCS IMapaMeTpbl MOJIeTH (0OpaTHast 3a1a4a) sl UX
MIOCTIETYIOIIETO FCIIOIB30BAHS ITPH BEIOOPE PEIICHU
(mpstmast 3aa4a).

Takum 06pa3om, 1oy 00paTHOH 3a1adeii B paboTe 1mo-
HUMaeTcs (MPUMEHUTENBHO JIMIIb K MTOKa3aTesto nec-
CUMHU3Ma-ONTUMH3MA) CIEAYIOLIEE: 0 COBOKYITHOCTH
JAHHBIX 0 pemrenusx d * (rae k — Homep HaGmIOReHNS;

k=1, ..., K), npunsteix JIIIP, u 0 moxy4eHHbIX TpH
9TOM IIJIaTeXkax ¢ HOCTPOUTH OLICHKY [1apaMeTpa rec-
cUMHU3Ma-onTUMM3Ma Kputepus ['ypBuna.

MHuoromaroBblii Bb100p. TpaguinonHas mpsmast
3ama4a Beioopa (1), (3), (6) — onmHorraroBasi. OHa MOKET
MOBTOPATHCA MHOTO pa3, HO B HEH HET B3aUMOCBS3U
MEXK]ly IIaraMy MPpUHATHA pelieHuil. B paccmarpusa-
eMoM 00beKTe (IIpolelype cCriaceHus JoAei U3 MHOTO-
9TAKHOTO 3/IaHKS) TaKas CBsI3b €CTh, TAK KaK MOCIEy-
FOLUI BEIOOP CBA3AH C TEM, YTO U3BECTHO K TEKYLIEMY
MOMEHTY MO JJAHHBIM Pa3BEJKH WU U3 IPYTHX UCTOY-
HUKOB. DTa CBSI3b HE TIIyOOKasi, MOCKOIbKY CUTYaIHsI
Ha IIOKape U3MEHSETCs O4eHb TMHAMHUYHO, U 3TO JKeJla-
TEJIBHO Y4eCTh B MOjenu BbiOopa. [IpocToit crocod
C/ICTaTh 3TO — BOCIOJIB30BATHCS ICPEBOM PCIICHHH,
KOTOPOE 3aTeM MOKHO HopMasiu3oBarh [20], T. e. mpu-
BECTH K MaTpu4HOit popme (1), a 3HAYHT, U B IICIIOM I10-
CTaHOBKY 3aJ1a4¥l puBecTH K BUy (1), (3), (6).

[Ipouenypa HopManu3aMK 3aBUCUT OT CIIEAYIOLINX
CBOWCTB JIepEBa PEIICHMI: YUCIa YPOBHEHN, YUCIIA UC-
XOJIOB 10 YPOBHSM, CTEHEHH PETYJSPHOCTH JEpeBa.
Huxe mpuBeneHo onucaHue NpoLesypbl HOpMain3a-
WU JJ1s1 IpuMepa aepesa (puc. 1), ucrnonb3yemoro na-
Jiee B UMUTALIMOHHOM DKCIIEPUMEHTE.

3neck nepBblif mar (BBIITOTHSAET IPUPOJIA) COOTBET-
CTBYET UCXOHOH (Ha TeKyIUil MOMEHT) HH(opManuy,
kotopoii pacnionaraet JIIIP, o Mecrononoxenun ironeit
B 3/1aHUH, TJIE UCXO] ¢, HATIPUMEDP, COOTBETCTBYET 3HA-
yeHuto i(p) = 0; b — 3navenuto h(p) =0,3; c — 3Ha-
yenuro /1(p) = 0,7, d — 3Hadenuto h(p) = 1.

Ha Bropom mrare (Bermonnsier JITIP) mo Texymieit
uHpopmanmu (a, wiu b, umi ¢, wiu d) JITIP nenaet cBoit
BbIOOp: 0 — OTMpaBUTH 3BEHO pa3BelkH; 1 — oTmpa-
BUTH 3BCHO CIIacaTelleh.

Ha tperpem mrare (BBIMONHSIET MPUPOJA) MPOSIB-
JsIeTCsl (PaKTHIECKOE COCTOSTHIE IPUPOLIBI M ITPOUCXO-
JUT TUIATEX, ONPEACIISIONIMNA BKIal JaHHON LEeNOYKH
yIIpaBlieHHs B OOIMINH BKJIA]] IIOMCKOBO-CIIACATEILHON
orepanuu (TpaBMHpPOBaHUE, THOEIH, yIIEpO, T. €. 3Ha-
YEHHsI Ha KOHEUHBIX BEPUIMHAX JIEPEBa).

ITockonbky Ha BTopoM miare nepesa JIIIP npunu-
MaeT pellleHHe B 3aBUCUMOCTH OT OLEHKH COCTOSHUS

Puc. 1. lepeBo pelrieHuil Ipy ynpaBiIeHUU JUKBUIALUCH TO-
xKapa
Fig. 1. Decision tree made in the management of fire suppression
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Ha TIEPBOM II1are, Molo00HbIe permeHust 00braHo [15, 20]
TIPE/ICTABIIAIOT B Buje BekTopa crpareruit JIIIP, nme-
IOIIETO CTPYKTYpPY “eci ... T0”. Jlysa nepesa, nmpuse-
JIEHHOT0 Ha pHC. |, KOJIMYECTBO CUTyaLuii, TpeOyIOLIHNX
BbIOOpa JITIP, Ha mepBoM ypoBHE paBHO TpeM (b, ¢, d),
ucxojs u3 toro, yto JIIIP He paccmaTpuBaeT KpailHIOO
CHUTYalIMIO, KOTJa JIFOM PABHOMEPHO PAaCcCPEaOTOYEHbI
110 BCEMY 3/IaHHIO (CUTYAIHS a):

)

~
Il
[N

Pa3MepHOCTh BEKTOpa CTpaTEeTHil » paBHA YHCITY
HCXOZI0B Ha [IEPBOM YPOBHE JI€pPEBa, KOTOPbIE IPUBOAST
k HeoOxonumocTH JIITP nenars cBOit BEIOOP Ha BTOPOM
ypoBHe aepeBa (s puc. | 7 = 3). DieMeHTsl BeKTopa
CTpaTeruif MOryT NPUHUMATh 3HAUEHHsI U3 MHOXKECTBA
HCXOJI0B BTOPOTO ypoBHS (st puc. 1 s=2):x,y,z€
€ {0; 1}. Torna nonnoe koauuecTso crpareruit f; JIIP
COCTaBHT m = 5.

KonuecTBo cocTostHuiA IPUPO/IBI OMIPEETISIETCS KO-
JMYECTBOM COYCTAHUI BAPHAHTOB €¢ BBIOOpA Ha BCEX
YpOBHSIX JiepeBa. [lis nepeBa, IpUBEACHHOTO Ha puc. 1,
9Ta BEJIMUMHA ONPEAEIUTCS KaK n = n, X ny (rae n; —
YHCIIO UCXOJ0B 1-T0 ypOBHS, YJaCTBYIOIIHUX B CTpaTe-
rusix JITIP; ny — uncio ucxonos 3-ro ypoBHs).

B pesynbrare HOpMann3aIy AepeBo npeodpasyeT-
Cs1 B IUIATEXKHYI0 MATPHILy, B KOTOPOH pOJIb BAPUAHTOB
pemenwuii JITIP npuauMarot ctpareruu (d; = f;), a poib
COCTOSIHUIi IPUPOJIBL §; — BCE BO3MOXKHbIC COYCTAHMUsI
“BBIOOpA” TPUPOIBI HA €€ PA3TUUHBIX IIarax.

Marpuna riaTexeit 3aroaHAeTcsl B COOTBETCTBUU
C TeM, KaKO! CTpaTeru (CTPOKE) M COCTOSTHUIO TIPUPOIBI
(cTonb11y) COOTBETCTBYET KOHKPETHBIN JIEMEHT MaT-
PHIIBL, @ TAK)KE COTIIACHO TeM HCX01aM (KOHEUHBIM Bep-
IIMHAM), K KOTOPBIM IIPUBOJUT MOCIEI0BATEIbHOCTb:
BBIOOp TIPHUPOJBI (TIEPBBIA U3 JIBYX 3JIEMEHTOB, COOT-
BETCTBYIOIIUX COCTOSIHUIO IPUPOABI — CTOJIOILY); BbI-
6op JITTP cormacHo cTpareru (CTpoKe), yIUTHIBAKOIIEH
BBIOOp MPUPOJBl HA MEPBOM IIare; BHIOOpP MPHPOABI
(BTOpOH M3 ABYX AIIEMEHTOB, COOTBETCTBYIOIINX CO-
CTOSIHUIO TIPUPOIBI — CTOJIOLY).

Taxum o0pa3om, HopMasln3alus NpeBpaliaeT MHO-
TOIIATOBYIO MPOILEAYPY BbIOOpa pEIICHUl B OfHOIIA-
TOBYIO, TIpe/IcTaBIeHHYI0 3ana4eii (1), (3), (6), B KoTO-
pOH, OZIHAKO, YUYUTBIBAETCSI MHOT'OLLIATOBBINA XapaKTep
peajbHbIX MIPOLECCOB YIPABICHHUS.

PewweHnue

PaccmoTpum 3aauy oLleHUBaHUS TapaMeTpa A Mo
BbIOOpKE HAOMIOAEHUI 3a peleHusMU, MPUHSATHIMU
JIITP. ITo BeIpaxeHuto (6) MOXKHO MOCTPOUTH 3aBHCH-
mocti L,,,(A) uf,,(L). st paccmarpuBaeMoro npume-
pa (cM. puc. 1) 3TH 3aBUCHMOCTH IPUBEACHBI HA PUC. 2.

L Ji
4
R 4
5 \LT(M
~ -~
Ll 1= T < K
2 =~ ~
=< - L2
1 Rk R
Jf[3Hauenne Y] f[3nauenue Y]
f [‘value‘ Y] f[value Y]
L L
1

0 0l 02 03 04 05 06 07 08 09 A
Puc. 2. [TapameTpuueckue 3aBUCUMOCTH ONTUMAJIbHBIX 3HAYe-
Huii uenesoit ynkumn L, (1) n pewenns JIIP £, ()

Fig. 2. Parametric dependences of the optimal values of the objec-
tive function L,,(2) and the decision f,,(}) taken by the deci-
sion maker

o L, () u f,,(A) MOTyT OBITH IIOCTPOCHBI 0OpAT-
ubie Gynkuun: A(L,,) u A(f,,). Torna no nabmroneHn-
M 3a penieHussMu, npuHAThIMEU JITTP, MoxeT ObITh TO-
aydeHa oneHka mapamerpa A € [0; 1], kotopas u
OTpaXkaeT Mepy pucka, CBOMCTBeHHYI0 nanHomy JITIP.

Taxk, ecin, 1o maHaeIM Haomroaenni JIIP ucmois-
3yeT CTpAaTeruio f|, T. €. MpH 000 mHpOpMaMK O
npeObIBaHUU JroAel npuHuMaeT pemenue d; = 0 (Ha-
IpaBIISIeT HE CrIacaTeseid, a 3BeHO Pa3BEAKH ), TO €ro Mo-
KazaTeJsb pUCcKa HaxoauTcs B uHTepBaie [0,5; 1], a mua-
TEXH OINpeeNIioTcs meineBord ¢yHkmueir L,. Oto
COOTBETCTBYET YPOBHIO pHCKa, Oojiee OIU3KOMY K
TOMY, UTO 3aJIOKE€H B KpuTepuil Banmbma — mosuuus
KpaifHero mneccuMm3Ma (MaKCHMUHHOE peIIaroriee
npaBuio). Ecan, cyas no HabIIoAeHNAM, HCIIOTb3YeT-
Csl cTparerus f,, T. €. IpH HeolpeIeeHHONH HHpOopMa-
U 0 npeObIBaHUM JItojiel Ha miepBoM mmare (4 = 0)
JIIIP mpunuMaet pemenue d; =0 (pa3Beaka), a mpu
MOJTHOHN ompeneneHHocTH (h = 1) — pemenne d, = 1
(paboTaroT criacareinn), To ero mokas3areib pucka Haxo-
qutcs B untepsaie [0; 0,5], a muarexu onpeaensoTcs
neneBoi QyHKIHeH L,. DTO COOTBETCTBYET YPOBHIO
pHUCKa, CBOWCTBEHHOMY ONTHMHUCTUYECKOMY KpHUTE-
pHEO (O3NS KPAWHETO OITUMH3MA, T. €. MAKCUMAaKC-
HOeE perraroniee npaBuio). KoneuHo, mogoOHas HHTEp-
BaJIbHAasl OLIEHKA, MOJyuyeHHast o 00paTHON (pyHKIUN
A (f ,p1)» B HEKOTOPBIX CITy4asix MOXKET ObITh JOCTATOYHO
rpy6oii. B To e Bpems nccie0BaHus TOKa3bIBAIOT, UTO
npu OOJIbILIEM KOIUYECTBE COCTOAHUI (YPOBHEH HErdH-
TPOITHH ) MOXKHO TIOJTYYUTh 00JIee TOYHYIO (C MEHBIITUM
UHTEPBAJIOM) OLIEHKY MOKAa3aTEelsl pHCKa A.

3ameruM, uTo B peainbHol mpaxrtuxe JIIIP moxer
HE NPUAEPKHUBATHCS OAHON YMCTOW CTpaTeruu, a uc-
TMIOJTE30BATh CMEIITAHHYIO, B KOTOPOH YHCTHIC CTPATEruu
y4acTBYIOT C HEKOTOpPbIMH BeposiTHocTsamu [15, 20].
Torna BeJIMYMHY PHUCKA, KOTOPOW NpHUIEPKHUBAETCS
JITTP, MOYKHO OTICHUBATH 110 HAaKOOJIEe YaCTO UCTIOIB3Y-
€MOH YHCTOMN CTPATETHH JINOO BEIUUCIISATH KaK CpeIHE-
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B3BEIICHHOE 3HAYCHHE C YYETOM YacTOT (KaK BECOB)
UCIIOJIb30BAHUS YUCTHIX CTPATETUi.

AAroputm

TunoByro nocaen0BaTeaIbHOCTD IEHCTBHI 1O BBISAB-
JICHUIO YPOBHs pHCKa, fomryckaemoro JITIP B mpouecce
MPUHATHUS PELICHUH, TPEICTaBUM B BUJE CIIEIYIOIINUX
9TaroB.

Oman 1. IIpeacraBuTh JepeBO PELIEHUN B HOpMaJlb-
HOI (MaTpUYHOM UK TAOIMYHOHN ) POpPME OTHUM H3 CY-
HIeCTBYIOMIMX crioco0oB [17, 20].

Oman 2. TlocTpouTh 3aBUCUMOCTH ONTHUMAIBHON
1eJIeBOH (DYHKITMH ¥ OTITUMAJIBHBIX PEIICHUH OT Tapa-
merpa A: L, (A) 1 f,,()), BOCIONb30BABIINCH BbIPA-
skeHusiMu Jutst kputepust ['ypsunia (4) u (5). I1o Hum mo-
crpoutb obparubie GyHkunn: A(L,,) 1 A(f,,).

Oman 3. I1o cTaTUCTUYECKUM JaHHBIM HAOIIOACHHI
3a pemenusivu JI[IP Ha ocHOBaHMM 0OpaTHOM 3aBUCH-
MOCTH A(f,,,,) BBIYHCIUTH OLECHKY Mapamerpa A, KoTo-
pasi u OyJeT COOTBETCTBOBATh ypoBHIO pucka JIITP.

UMUTALUOHHBIN 3KCNIEPUMEHT

s mutrocTpanyi IpUMEHESHUS IPUBEICHHOTO ajl-
roputMa (TI0 9manam) pacCMOTPUM BapHaHT 3a7a4u C
TpeMsl YPOBHSIMH JiepeBa PCHICHUN U YeTHIPbMS yPOB-
HSMH HEOIPEAEICHHOCTH TPEObIBAHUS JIIOICH B 371a-
HUH, T. €. 3HAYCHUSIMHU HErIHTponuHu (cM. puc. 1).

Oman 1. JlepeBo NIPUBEJCHO B COKPAILIEHHOM Bapu-
aHTe: (parMeHTbl, COOTBETCTBYIOIINE HEOOXOAUMOCTH
pa3BeJIKU, OMYIIECHBl. YPOBHU COCTOSTHUN COOTBETCT-
BYIOT UEThIpEM 3HaueHusM HeraHTponuu / € {0; 0,25;
0,5; 0,75} B mpenrono)eHuu, 4To MOTHON OnpeiesieH-
HOCTHU IIOJIYYHUTHb HEBO3MOXKHO. OTHM 3HAUYEHHSIM COOT-
BETCTBYIOT COCTOSIHHA S; € {a; b; c¢; d}. Ha mepom
niare epesa npu coctosinuu a JIIP nanpasnsier npo-
IIeCC Ha Pa3BeIKy, & MPU OCTAIBHBIX COCTOSHUSX TIPO-
HCXONIUT ABIDKEHHE 1O AepeBy. [Ipn Hopmanm3ammm ae-

Ta6una 1. [Tnatexxnas matpuua epeBa peleHui
Table 1. Decision tree payment matrix

S

. ba | bb bc | bd | ca c¢b | cc | cd da db | dc dd
0000 4 |44 44|44 |4|4|4/|4]4
00133 /3 3|33, 3/3|]0/4,7]10
010 4144 4 |3|5]6|8|4/4/|4]4
o114 4|4 4 3 ,/5/6,8|0|4|7]/10
1001 23|44 4, 4]4 /4|4 4,4
1011 23|44 4 4[4]0/|4 7 10
1Moy 1 /23143 5/ 6|84 |4 4,4
1nmiry1 (2 (34|35, 6|8|0/|4|7) 10

peBa pelleHui MPUHUMAIOTCSI BO BHUMaHHE BOCEMb
yucTeix ctpareruii JIIP, coorBeTcTBYIOMINX TpEM 3Ha-
YEHHSIM COCTOSTHUI Ha TIepBOM Iare jaepesa (b; ¢; d):

0 0 0 0
L=10: f=]00 fi=|1]: fa=|1];
0 1 0 1]
. 8
1 1 1 1 ®
fs=100; fe=|0{; fr=|1|; fe=|1].
0 1 0 1

YucTele cTpaTeruy NpUpoAbI ONPEEIIAI0TCA BCEMU
BO3MOKHBIMH COUYETAHUSAMH TPEX 3HAUCHUN COCTOSTHUN
Ha 1-M 1are u yetbipex — Ha 3-M (Bcero 12 cocTosiHuit
— 0T §; 80 S1,): (b, a), (b, b), (b, ¢), (b, d), (c, a), (c, b),
(c,0),(c,d),(d, a),(d,Db),(d,c),(d, d). [Inarexxuas mar-
pHIla, TOCTPOCHHAsS TI0 JIEPEBY PELICHUN, UMEET pas-
MepHOCTh 8 x12 (Tabm. 1).

Oman 2. JI51s NOCTpOESHUSI 3aBUCUIMOCTH fopt (A) mpo-
BapbUPOBAHLI 3Ha4YCHUS A ¢ marom 0,1 Ha nHTEpBase
[0; 1] w oy kakIOT0 M3 HUX BBIYUCIICHBI ONITUMAJILHBIC
3HaueHus neneBoi pynkmmn L(f;). lllar BappupoBaHus
A MOXXET OBITh CKOJIb YTOHO MaJIbIM JUIsl 00eCTICUSHHSI

Ta6mauma 2. OnTuMmanbHbIC 3HAUCHUS LeneBol GpyHknun kputepus ['ypsuna

Table 2. Optimal values of the objective function of the Hurwitz criterion

A
/ 0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
000 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0 4,0
001 10,0 9,1 8,2 7.3 6,4 5,5 4,6 3,7 2,8 1,9 1,0
010 8,0 7.5 7,0 6.5 6,0 5,5 5,0 4,5 4,0 3,5 3,0
011 10,0 9,1 8,2 7.3 6,4 5,5 4,6 3,7 2,8 1,9 1,0
100 4,0 3,7 34 3.1 2.8 2,5 2,2 1,9 1,6 1,3 1,0
101 10,0 9,1 8,2 73 6,4 5,5 4,6 3,7 2,8 1,9 1,0
110 8,0 7.3 6.6 5.9 5.2 4,5 3,8 3,1 2,4 1,7 1,0
111 10,0 9,1 8,2 7.3 6,4 5,5 4,6 3,7 2,8 1,9 1,0

Lo,(M) | 10,0 9.1 8,2 7.3 6.4 5.5 5,0 4,5 4,0 4,0 4,0

Jod®) | o f /2 /2 f g g 55 N S N
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Lyp) Ji
N ]
9 > f[3Hauenue Y| 9
So | fIvalue Y]
8 h 8
7 f[3nauenue Y] < 7
‘[value Y RN
6 f [‘va ue‘ 1 _ 6
5 -f[3nauenue Y] = < AN EE
f[value Y] N opi*)
4 4
f[3nauenue Y] / f[value V]
3 3
2 2
f[3Hauenne Y|
1 f[value Y]

| | f[3nauenne Y] / [ [value Y|
0 01 02 03 04 05 06 07 08 09 A

Puc. 3. [psvbie Gynrkumn L, (A) u fo,, (A)
Fig. 3. Direct functions () and f,,(})

HEOOXOMMOM TOYHOCTHU. Pe3ynbTaThl pacueToB MpHBE-
JIeHbI B Ta0I. 2.

IMocTpoenHbie O pe3yibraraM BapbUPOBAHIS TTapa-
merpa A dyskuun L, (A) u f,, () npeAcTaBieHsl Ha
puc. 3. Kak BugHO u3 Tabi. 2, HauaTepBase A € [0;0,5]
GbyHKuA MHOTO3HA4HA (f; = f5, f4, f6, f3). 110 mpsiMoit
¢ynkuun nocrpoensl oOparuble $yHKuuH A(L,,)
)

Takum 06pa3om, pe3ysIbTaToOM BBITIOTHEHHSI TIEPBBIX
JIBYX DTAIOB AJITOPUTMA SIBJISTIOTCS 00paTHbIe PyHKINN
ML) 1 A(f,,), BUL KOTOPBIX TIOJHOCTBIO ONPE/eIIs-
€TCsl UICXOJTHBIMU JIJAHHBIMU 3aJ1a4¥ (CTPYKTYpOii fepe-
Ba M IJIaTEXKaMH).

Ha Tpersem sTane airopurma, B 3aBUCUMOCTH OT
TOro, Kakue pemenus npuaumaet JIIP B Tex nim nHbIX
CUTYaIUsIX (COCTOSHHSIX MPUPOJIBI), TIOTYYHM OLIEHKY
pucka B ero neicTBusx. [Ipousutoctpupyem npoueay-
Py OLICHMBAaHHS PHUCKA C TOMOIIBI0 MMHTAIIHOHHOTO
MOJICJIMPOBAHUS CUTYaIlUii, BOSHUKAIOIINX B IPOIIECCE
VIpaBICHHS MMOKAPOTYIICHUEM, W PEIICHUN, TIPUHH-
MaeMbix B Hux JITTP.

Oman 3. CrarucTudeckue CBONCTBA (BEPOSITHOCTH)
COCTOSIHUW TIPUPOJIbI, BO3HUKAIOIIUX Ha TIEPBOM H
TPEThEM IIarax IepeBa peIeHH, P UMUTAIIH OBLTH
cnenyromumu: P(a) =0,3; P(b) =0,3; P(c)=0,3;
P(d) =0,1. [Ipu umuranuu pemenuit JIIIP B Tex win

[N R O Y =) N B ]

Crparerust f; / Strategy f;

—

1 3 5 7 9 11 13 15 17 19 21 23 25

Ilar na6monenuii / Observation step

Puc. 4. Ilomarosas unrepsanbHas oneHnka crpareruu JIITP
Fig. 4. Step-by-step interval estimation of the decision maker’s
Sstrategy

MHBIX CUTYalusIX (COCTOSHHSAX MPHUPOABLI) OBUIO MpH-
HATO, uTO JITIP mpruaepkuBaeTcs YMCTOM CTpaTEeTHH f3
(cMm. (8)).

®parMeHT peanus3aluy, BKII0Yarolel creHepupo-
BaHHBIE CIy4YailHBIM 00Pa30M, C YKa3aHHBIMH BEpOAT-
HOCTAMH, COCTOSHUSI MPHUPOJBbl U CHIMUTHPOBAHHBIC
(mo crpareruu f;) pemenus JIIIP B 3Tux curyanusx,
a TakKe COOTBETCTBYIOIIME UM IJIATEKHU, IPUBEIICH B
Tabm. 3.

B pesynbrare mormaroBoro aHanm3a 1mo Mepe mocTyT-
JeHNsT HaONIONEHUH TOCTPOCHBI TOYeYHAs W HHTEp-
BaJIbHAsS OIIEHKH cTpareruu, npumensiemoit JITTP. Toueu-
Hasl OIIEHKA 3aKJIF0YAaeTCs B BBIYMCICHUN OTHOW (Ham-
OoJee BepOSITHOW) M3 BOCBMH CTPATETHil MO TEKYIIeH
BBIOOpKE HaOmoneHui. Ha 20-m mare mabnronenuii Ta-
KOBOH OKa3ajlach cTparerus f3. FiHTepBanbHast OleHKa
— 3TO OAMHOXKECTBO CTPATErHii, KOTOPHIM MOIJIa Obl
COOTBETCTBOBATh COBOKYITHOCThH HaONIOaeMbIX Ha Te-
KyIIUH MOMEHT Map cocmosHue npupoosl — peutenue
JIIIP. JIns paccMaTpUBaeMoro puMepa HHTepBajibHasl
OIIGHKA COMIIAch K CTPATeruu f; Takxke Ha 20-M mare
(puc. 4). Takum 06pa3om, 00a THITA OICHOK COBIAJH C
TOM cTpareruei, koropast iMUTHpoBasia noseaeHue JIIP
B CITyJaifHO BO3HUKAIOIIUX (IMUTHPYEMBIX ) CHTYAITHSIX.

Ha puc. 5 npusenenst oOparubie gynkunn A(L,,)
1 A(f,,), BBIYUCICHHBIE HA 2-M LUAre alrOpPUTMa.

Ha ocHoBanuu nosry4eHHO# 10 HaOJIIOIEHUSIM OLICH-
ku crpareruu JIIIP (f;) va dynkuun A(f,,,) BbICICH
unrepsan A € [0,5; 0,8], KOTOpOMY COOTBETCTBYET ypo-
BeHb pucka JI[TP. Takum oOpa3om, OIIEHKOH cTeneHH

Tabauna 3. ®parmenT BoIGOpKH Habmoaenuii / Table 3. Fragment of a sample of observations

HaGmonenue /
Howmep mmara /
1 2 3 4 5 6 7 8 100
1 (Tlpupopa / Nature) c b c c b c b c b
2 (JITIP / Decision maker) 1 0 1 1 0 1 0 1 0
3 (ITpupona / Nature) a c a c a b d c a
Inarex / Payment 3 4 3 6 4 5 4 6 4
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A : :
f[3nauenne Y]
0,9+ flvalue Y]
08 /3 l = A =[ 3Hauenue Y|
D — S b A = [value Y]
07 2 & = A\
5 Z o B~ A
55 8 A\
M
| = B = \
0.5 I N L
0,4 :
/2 f4 S N| /3
0,3
N
0,2 \Lopt(k) 1
N
0,1 N
0 N
12 3 4 5 6 1 8 Lope-f;

Puc. 5. O6parubie pynxumnn M(Lq,,) 1 Mfop)
Fig. 5. Inverse functions M(L,,,) and A(f;,,)

pucka A B mpuHEMaeMbIx JITTP perenusx sipiisiercs uH-
tepsan [0,5; 0,8].

CpenHee 3HaYEHHUE TUIATEKA 3 NIEPHOA HAOMIOMIE-
Huii A (L, )= 4,27. 3nauenne pyuxunn A(L ) He 1po-
TUBOPEUHT IOJy4YCHHOH OLECHKe A, TaK Kak A (L,,) =
=0,746, 1. e. HaxXoAMTCS B Tpe/eiiaXx MHTEPBAILHON

onenku pucka [0,5; 0,8].

06cy)xaeHue pe3yALTaToB

IIpuBeneM HECKOJIBKO PACHIMPEHHYIO TPAKTOBKY
PacCMOTPEHHOTO B padOTe IMOIXO0A 1 MOTYICHHBIX pe-
3yJBTATOB.

OuenuBanue >ppexTuBHOCTH AesTensHoctu JITTP
JIMIIb MO0 KOHECYHBIM MHTCT'PAJIbHBIM ITOKAa3aTCIIAM (Ha-
MpUMep, BEITMYMHA MAaTEPHAIBHOTO yiepda U 4uciio
JKCPTB Ha MOXKape) B OONBIIMHCTBE CIyYacB SBISICTCS
HEKOHCTPYKTUBHBIM, TaK KaK [1OJyYEHHbIE OLIEHKH I10-
Kazaresiell He CTPYKTYPUPOBAHbI U HE I103BOJISIOT BbI-
SIBUTH yIpaBJsieMble IepeMennsbie. [Ipencrasnenue (am-
MIPOKCHMAIIHS) IPOLIEAYPEI BEIOOPA PEIICHUS aIeKBaT-
HOW MOJIeJIbI0 TIO3BOJISIET CTPYKTYpUPOBATh BHIOOP U
BBISIBUTH 3HAYUMBIC (DPAKTOPBI WIIN HHIHKATOPEI.

[Ipemmaraemplii B paboTe METO OIICHUBAHHMS TTOKA-
3arens pucka B pemieHuax JIIP moxHo oTHeCTH K 3a1a-
yam mapametrpudeckoi unentudukaryu [ 17] JITP, kak
“gepHOro SIUKa” MO JaHHBIM HAONFOJICHHI 3a pelle-
HUSMH, IPUHUMAEMBIMU UM B [IPOLECCE HOPMAJILHOTO
¢yakauonuposanus. OieHUBaHUE TApaMeTpa BBITION-
HSETCS B NPEAINONIOKEHUH, YTO MIPOLEAYpa IPUHATHS
pelLeHHs CTPYKTYPHO MPeJCTaBUMa B BUJIE UT'PbI C ITPU-
POJIOH ITPU OTCYTCTBUH JIJAHHBIX O BEPOATHOCTSIX COCTO-
stHUM npupofsl. Torna kputepuii ['ypBuna, kak oaHa u3
CXeM MIPUHATHUS PELICHUH B yCIOBUSIX PUCKA M HEOTIpe-
JeneHHocTH [ 15], mpeacTapisieTcs J0CTaTOYHO YHUBEP-
CaJbHON MOJIENbIO, aIpOoKCUMUpyromiel Beioop JITTP.

B Tom cityuae, korna B pactiopsixkenuu JITTP nmerot-
Cs TaHHBIC O BEPOSATHOCTSIX COCTOSHUM MPHUPOABI (I10-

Jy4YeHHbIE, HAIIPUMEP, 10 TPOLLION CTaTUCTUKE), MO-
JIeJIBIO BBIOOPA, CTPYKTYPHO COOTBETCTBYIOLIEH CUTYa-
LMY, MOXKHO cuuTarh Kpurepuil Xomxa-Jlemana [15],
cozepkamuii napametp crernenu gosepust JIIP onen-
KaM BEPOSITHOCTEH COCTOSTHUHN MPpHUpoabl. B aToM kpu-
TEPUU C [IOMOILBIO [TapaMeTpa CMELIUBAKOTCA KPUTEPUI
Baunpna (kpalinero neccuMmu3mMa, MAKCUMUHHBIN ) ¥ KPU-
tepuit Jlamnaca-baiieca (yunThIBaronuii BEpOSTHOCTH
COCTOSIHHI MTPUPO/IBI).

O06a napamerpa cMecH, Oy/Ty4H OIICHEHHBIMH I10 Ha-
omonenusM 3a npuHaTeiMU JIIIP pemenusmu, orpa-
JKAIOT MEPCOHANBHYTO Mo3uIHIo (coctostaue) JITTP, mc-
XOZis U3 KOTOPOI1 OH IIpUHUMAET peleHue. Takoe AByX-
rnapamerpuyeckoe oroopaxenue cBorcTs JIITP moro Ob
OBITH Pa3BUTHEM OJHOIIAPAMETPHUYECKON Mephl (pHc-
Ka), Kak 0oj1ee HHPOPMATUBHOE CPEJCTBO MOHUTOPHH-
ra JITIP.

[Tapamerpuueckas uaentupukanus JIIP, nomumo
PEeKUMa HOPMAJTBHOTO (DYHKIIMOHHPOBAHHS, MOJKET TIPO-
BOJIUTHCS U B TOPa30 00Jee YyCKOPEHHOM TEMIIC U IPH
MEHbIIIEM KOJIMYECTBE IaHHBIX, €CITU BOCII0JIb30BaThCS
HMHCTPYMEHTAMH ONTHMAJIbHOIO IUIAHUPOBAHUS HKCIIE-
pumeHTa [ 17]. [IpuMeHNTENBHO K yIPAaBICHUIO TUKBH-
Jalyeil NoxapoB IJIAaHUPOBaHKUE KCIIEPUMEHTA, ecTe-
CTBEHHO, BO3MOYKHO JIMIIb B PAMKAX YYEHUH H/HIIH C
MCIOJIb30BAHUEM TEXHHUYECKUX CPelCTB MH(OpMaIu-
oHHO-ynpasisonie cucremsl MUC B pexume numu-
TalMH.

OuennBanne nokaszarens pucka B pemenusx JITTP
JUIsl UCIIOJIb30BaHUsA B ynpasiaeHuu jukBupanueit YC
HE eMHCTBEHHAs cpepa MpUMEHEHUS MPeIaraeMoro
noaxona. 3HaHWe (DAaKTHUECKOTO YPOBHS PHCKa (WK
CKJIOHHOCTH K PHUCKY) B perieHusx, npuHsaToeix JIIIP,
BaXKHO, HAIIpUMEP, B UHBECTULINOHHOM MEHEKMEHTE,
[JI€ JKE€JIaTEeJIbHO 3HATh, HACKOJIBKO PUCKOBAHHBI HHBE-
ctuionHsle pewenust JIIIP. Crenenp CKIOHHOCTH K
PHUCKY BaXKHa U B YIIPaBJIEHUU NPOU3BOACTBEHHBIMU
nporpammami [ 17]. ITpn 00y4eHUHN ONBITHBIMU OTIEpa-
Topamu podororexHuueckux cucteM (PTC), ucrons3sy-
€MBIX KaK B O0OOPOHHBIX MTPHUIIOKCHUSX, TAK U B JIPYTUX
9KCTPEMaJIbHBIX Cpeax, TAaKXkKe BasKeH yPOBEHb PUCKA,
nonyckaembli JITIP B kauecTBE HOPMAaTHUBHOTO MTPU NPHU-
usituu PTC pemenuii B aBToHOMHOM pexxume [ 16].

Nwmes B By Golbiioe pasHooOpa3ue CTPYKTypHO
Pa3IUYHBIX TPOIEIyp NPUHATHS PEUICHUH, BOSHHUKA-
IOLIUX ¥ MPUMEHSEMBIX Ha BCEX YPOBHSX HEpapXuu
ympasneanss B MUC, MOXXHO MCTIONIb30BATh MIUPOKUH
CHEKTpP MOjeNell npuHATus peueHuit [17], Takux kak
3a/1a4d MaTeMaTu4ecKoro NporpaMMHUpOBaHus (JIMHEH-
HOTO, KBaJJPaTHIHOTO, TUCKPETHOTO U JIp.), aHTaTrOHH-
CTHYECKHE MaTPUYHbIE UTPbI, e MapKoBa ¢ 10X0/1a-
MU U 1p. AnnpokcuManus STUMUA MOJIEJISIMU ITPOLIEAY P
npusarus pewenuil JINP Taxke MOXKET BBIIOIHATHCS
Kak napamerpuueckas uneHrudukams [ 17], a oneHkn
mapaMeTpoB Takke OymyT OTpakaTh HMEpPCOHAIBHBIC
csoiicta JIIIP, koTOpble MOTYT OBITH MCHOIB30BAHBI
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JUIsl yTIPABJIEHUS C UCIIOJIb30BAaHUEM ITOCTPOEHHBIX MO-

nenen.

K uucny HemocTaTKoB MpenioKEHHOTO MOJXO0a

MOKHO OTHECTH CJIEAYIOIIHE:

e HHTEpBAJIbHAS OICHKA TapamMeTpa A, MOJyYeHHas
0 HAOJIOAECHHSIM 32 pelIeHUsIMHU, TPUHSATHIMU JITTP,
CYIIIECTBEHHO 3aBUCHUT OT JIAHHBIX, KOTOPBIC B HE-
KOTOPBIX CIydasx MOTYT IPUBOIUTH K OUEHD IIIH-
POKOMY HMHTEpBaiy, HE MO3BOJISIIOLIEMY MOJIY4YHUTh
JKeJTaeMyo JIokanu3anuo nozunuu JIIP;

e IIpU yBEJIMUYECHUHM YMCIIa yPOBHEH JepeBa pelieHui
KOIM4eCcTBO YUCThIX cTpareruit JITIP, a Taxke pas-
MEpHOCTH ITOCTPOEHHOH 10 JIepEeBY TIATEKHOM MaT-
PHIIBI CYIIECTBEHHO BO3PACTAIOT, YBEJIMUUBAs Pa3-
MEpPHOCTh MOCIAEAHEN, YTO, OHAKO, HE MPUBOJIUT
K CYIIECTBEHHOMY POCTY BBIYMCIUTEIHHOU CIIOXK-
HOCTH 33/1a4H (/11 COBPEMEHHBIX KOMITBIOTEPOB) B
CHJTY TIPOCTOTBI BEIYUCIUTEIBHBIX TTPOLIEY].

BbiBoAbI

IIpeuioxKeHHBIN aIrOPUTM BbISIBIEHUS YPOBHS PUC-
Ka B pewmeHusx, npuHaThix JIIIP B Xone nposenenust
IIOMCKOBO-CIIacaTeNIbHBIX ONlepalluii B yCIOBUAX UpE3-
BBIYAMHBIX CUTYalli, TO3BOJIAET BBIABUTH CTPATETHUIO,

kotopoi npuaepxuBaercs JIIP, n onennts cpeanmit
miarex. Eciiv modydeHHBIH OT ynpaBieHHS 3PQeKT
IPU3HAETCA KOMIIETEHTHBIMU JIMLIAMH (3KCIIEPTaMH),
OLICHUBAIOLIUMH PELIEHUs, YIOBIETBOPUTEIbHBIM, TO
B JaJIHEHIIIEM TOTOOHBIN yPOBEHB PUCKA MOXKET OBITH
MpU3HaH MPUEMJIEMBbIM U Ha €r0 OCHOBE MOTYT OBITh
MOCTPOEHBI CUCTEMBI MOJAECPIKKHU MPUHATHS PEILICHUI
[IPH YIIPABIECHUH TIOMCKOBO-CIIacaTeIbHBIMU OIlepaly-
SIMH [TOJJOOHOTO THIIA.

[IpumeHeHune npenaoKeHHOTo OAX0/1a MOXKET I10-
3BOJIUTH BBISIBUTH [0 CTATHCTUYECKUM JIAHHBIM O pe-
HICHUSAX, IPUHUMAEMBIX 3aBEIOMO YPPEKTUBHBIMU H
oneITHeIME JITTP (3kcmiepramu), mpeaeabHO TOCTHXKH-
MBIC YPOBHH 3 (eKTa (KONNIECTBO CIACCHHBIX B UPE3-
BBIYAIHBIX CUTYAIHMSX JIFOZCH) U COOTBETCTBYIOIIUE UM
STAJIOHHBIC CTPATETHU IPUHSTHS perreHuid. [TlomoOHbIe
npenerbHbIe 2 (EKTH U ATATIOHHBIC CTPATETHH MOTYT
CITy’)KUTH OPHEHTHPOM IpH 00yICHUH MECHEE OTIBITHBIX
JITTP, neficTBYyIOIMX B UPE3BBIYANHBIX CUTYalLIHIX.

Takum 06pazom, MPeTOKEHHBIN ITOIXO TT03BOJISI-
eT 0becreunTh YPOBEHb PUCKa, IPUEMJIEMBIN U coria-
COBAHHBIH C HKCIIEpTaMH, OLIEHUBAIOIIMMHU Ka4yeCTBO 1
9 PEKTUBHOCT YIIPABICHUS OIEPALUSIMHI B YPE3BBI-
YaHBIX CUTYaIUsX.
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MoaeAb OLeHKHU BAUSSHUA MEPONPUATUMA NOXKAPHOU
6e30nacHOCTU Ha arperaTtHylo LeAb AN LUPPOBbIX
ABOUHUKOB 00bekToB TIK

© H. T. Tonoabckuit, U. B. Camapun™, A. 0. CtporoHoB?, Kitey TyaH AHb®
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Akapemusa IMC MYC Poccun (Poceus, 129366, r. Mocksa, yA. Bopuca ManylikuHa, 4)
Poccuiickuin rocyaapCTBEHHbIV YHUBEPCUTET HEDTU U rada (HaumMOHaAbHbIM UCCAEAOBATEAbCKMIA
yHUBepcuTeT) MeHU U. M. TybkuHa (Poceusi, 119991, r. MockBa, AeHUHCKUIA npocn., 65, kopn. 1)
UHCTUTYT noxapHomn 6e30naCHOCT|C| MwuHucTepcTBa obLiecTBeHHON 6e3onacHocTh BoeTHama
(BbetHam, 100000, r. XaHoM, yA. et Kuey, 44)

PE3IOME

BBepeHue. OTMeueHa akTyaAbHOCTb M BaXXHOCTb yyeTa TpeboBaHui K noxapHow 6e3zonacHoctv (MB) Ha npon3Boa-
CTBEHHbIX 00beKTax TONAMBHO-3HEpreTMyeckoro komnaekca (TAK) B pabouem npouecce. lNaaHMpoBaH1e Meponpu-
ATUI No obecneyeHuto MNb caepyeT yunTbiBaTh NpU pa3paboTke BUPTYaAbHbIX ABOMHUKOB A@HHbIX 0OBEKTOB, NpU-
HUMan BO BHMMaHWe TpeboBaHWA K UHGOPMALMOHHON He3onacHocTu (MB). BbiaeneHa HeobXoAMMOCTb yueTa
cTpaTerMyeckux Lenen npu noA0bHOM MOAEAMPOBAHMMU. AAS MOBbILEHUST KAauecTBa CO3AABaAEMbIX BUPTYaAbHbIX
NPOTOTMMNOB MPEANOXKEH annapar CTpaTerMyeckoro NAaHWpPOBaHWS, MO3BOASIOLLMI yYeCTb MHOXECTBO PUCKOB,
OnpeAeNeHHbIX 3KCNePTHOM rpynnoi. LleAbto paboTbl ABASIETCS NMOAYYEHWE MOAEAU, C MOMOLLLLIO KOTOPOM MOXHO
oLeHnTb ocobeHHocTH obecnedenus MNMB u UB, a Takxe CBSA3aHHbIE C HUM PUCKM.

MeToabl MccrepoBaHUA. BHavane onpeaeneHa cTpaternyeckas LeAb, CBA3aHHas C BbIMOAHEHWEM NPOVU3BOACTBEH-
HbIX YHKLUMI 06bekTa TOK, OT KOTOPbIX 3aBUCHT NOAyYEHWE NPUBBLIAK. AAS YNPOLLEHUS MOAEAM ONacHble GaKTopbl
pacnpeAeArAr Mo He3aBUCHUMbIM KaTEropUsiM: PUCKU HEraTUBHbIX MOCAEACTBUIA, CBSi3aHHbIX ¢ 16 1 UB, 3arpssHe-
HUEM CpPeAbI, OCTAHOBKOW TEXHOAOTMUECKOIO MpoLecca 13-3a BHELIHMX MPOBEPOK. AAA KaXAOM KaTeropum npea-
CTaBAEH BbIBOA 9KCMEPTHOrO U PACYETHOr0 3HAYEHWI. KCNEPTHbBIE OLLEHKU MOTYT ObIThb MOAYUYEHbI C MOMOLLLLIO 06-
PaTHOCUMMETPUYHbIX MaTPHL, MapHOro CpaBHEHWS, @ paCYETHbIE — C UCMOAB30BaHUEM rPaAYMPOBKU KaTeropuii no
Wwkane yuiepba. OnncaHa GyHKLMA BEPOATHOCTU, COOTHECEHHASA C KaXAbIM yyacTkoM ob6bekTa TOK. Tak paccuunTbl-
BaeTCA HEraTMBHOE BAWSIHUE OMACHbIX GaKTOPOB.

Pe3ynbTathl UCCAeAOBAHUA. YUNTbIBAs BbIAEAEHHYHO B UCCAEAOBAHUM GYHKLIMIO BEPOSITHOCTU, MOXHO NMOAYUYKUTb MaT-
puvLy pacnpeAeneHns BAUSIHUS onacHbIX GakTopoB Ha 06bekT TOK. OnvcaHHyto Bbile NPOLEAYPY NPUMEHAEM AAA
BTOPOrO U TPETLETO YPOBHEW MEPAPXUU BAUSIHWSA. BTOPOM YypOBEHb BKAKOUAET OMAcHbIE GaKTopbl, TPETUIM — MEpPOo-
NPUATUS N0 MPEAOTBPALLEHMIO MX BAUAHUA. UTOroBbIM pe3yAbTaToM ABASIETCA MOAYYEHUE PAacnpeAEAeHUS BAUSHUS
MeponpusATUiA No yyacTkam obbekTa TIK.

3aknoueHue. OTMeueHbl NPeUMyLLECTBA TEXHOAOTMU LMPPOBbIX ABOMHWKOB NpW NAaHUpoBaHuu B 06bekToB
TIK. MprMeHeHUe cTpaTerMueckoro NAaHMPOBaHUs NO3BOAAET pa3paboTaTb MOAEAb LUGPOBOro ABOMHUKA, yUNTbI-
BalOLLYO BAUSSHUE MEPONPUATUIA Ha AOCTUXEHUE LeAel obecneuenus Mb n UB.

KAtoueBble cAOBa: Mepapxusi; MaTeMaTUyeckasi MOAEAb; METOA aHaAn3a Uepapxvid; peLuatoLlas MaTpuua; aKc-
nepTHas OLEHKa; cTpaTernyeckoe naaHMpoBaHUe; MPOU3BOACTBEHHAS GYHKLMS; GYHKLMS BEPOATHOCTU; UHGOPMa-
uMoHHasi 6e30MacHOCTb; aBTOMaTU3aLMs.

Ana uutupoBaHnus: Tonoasckuii H. I., CamapuH U. B., CTporoHoB A. K., Kiiey TyaH AHb. MOAEAb OLEHKU BAUSI-
HWUA MEePONPUSATUIA NOXapHOM 6e30MacHOCTH Ha arperaTHyto LeAb AA LMGPOBbIX ABOMHUKOB 06bekToB TIK //
MoxapoB3pbiBob6e3onacHocTb/Fire and Explosion Safety. — 2019. — T. 28, Ne 3. — C. 50-58. DOI:
10.18322/PVB.2019.28.03.50-58.
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ABSTRACT

Introduction. Introductory part of this paper considers the actuality and importance of taking into account the re-
quirements for fire safety (FS) at the production facilities of the fuel and energy complex (FEC) in the working pro-
cess. The process of development of virtual twins of these objects should include planning of FS measures consi-
dering the requirements for information security (IS). There are noted the necessity of definition of strategic goals
in such modeling. Authors propose strategic planning apparatus to improve the quality of created virtual proto-
types. This kind of planning allows to take into account the many risks identified by the expert group. The objective
of scientific research is to obtain a model by which it is possible to assess the features of the provision of FSand IS.
Methodology. The strategic goal associated with the performance of the production functions of the FEC facility,
on which profit depends, is defined. To simplify the model dangerous factors were distributed into independent
categories: risks of negative consequences connected with FS and IS, environmental pollution and process stop-
page due to external inspections. The output of the expert and calculated values is presented for each category.
Expert evaluations can be obtained using inverse symmetric pairwise comparison matrices and calculated evalua-
tions using category grading on the damage scale. The probability function correlates with each part of the FEC
facility. The negative impact of the dangerous factors is calculated that way.

Results. It is possible to obtain a matrix of distribution of influence of dangerous factors using the probability func-
tion selected in the study. The above procedure is used for the second and third levels of the hierarchy of influence.
The second level includes factors, the third — measures to prevent the influence of dangerous factors. The final re-
sult is obtaining the distribution of the impact of activities on the parts of the FEC facility.

Conclusion. Finally, it was noted advantages of digital twin technology in planning FS of facilities of the FEC.
The use of strategic planning allows to develop a digital twin model, taking into account the impact of activities on
the achievement of the objectives of ensuring of FS and IS.

Keywords: hierarchy; mathematical model; analytic hierarchy process; decision matrix; expert evaluation; stra-
tegic planning; production function; probability function; information security; automation.
For citation: N. G. Topolskiy, I. V. Samarin, A. Yu. Strogonov, Kieu Tuan Anh. Model of an assessment of impact

of fire safety measures on the aggregate target for the digital twins of fuel and energy complex facilities. Pozharo-
vzryvobezopasnost/Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 50-58 (in Russian). DOI:

10.18322/PVB.2019.28.03.50-58.
P llya Vadimovich Samarin, e-mail: ivs@gubkin.ru

BeBeaeHue

Tpeboanus k noxapHoii 6esonacuoctu (I16) 06beKTOB
TOITUBHO-3HepreTudeckoro komriekca (TOK) Bcerna
OBLIN M IO CCH JICHb OCTAIOTCSI HANOO0JICE BaYKHBIMH JIJISI
uX JesrenbHoCcTH. [Ipodmiakrnyeckue U nHbIe pado-
ThI B 9TOM HaIllpaBJICHUUN HeO6XOﬂ,I/IMO TIIATCJIbHO ILJIa-
HUPOBATh U IIPOBOAUTE B COOTBETCTBHU C pa3padarhl-
BAaEMbBIMU JIJISI 9TUX LIEJIEH IOKyMeHTaMu. BeinoaHenne
TpeOoBaHMIi CTaHIAPTH3ALUY B cepe yrpaBieHus 6e-
301IaCHOCTBIO MTO3BOJUT 3P(HEKTUBHO CITPABUTHCS C HE-
MMpeABUICHHBIMU CO6I)ITI/I$IMI/I Ha TPOU3BOJCTBCHHOM
oObexre [1]. 1 HecMOTps Ha TO UTO B pe3yibrare QpyHK-
IIMOHUPOBAHUS TE€X MM HHBIX OOBEKTOB BO3MOXKHO
BO3HUKHOBCHHEC KPHU3HUCHBIX CHTyaHHﬁ, HC YYTCHHBIX
CTaHJapTaMH, HaIu9Iue 0a3bl, XapaKTepU3YIOIeH Bce-
BO3MOJKHBIC MEPBI 0€30TTaCHOCTH, KpaifHe BaxHO. Tak,
HAIpPUMEpP, C YY4ETOM OCOOBIX XapaKTEPUCTHK YIJe-
BOJIOPOZIOB MepaM IO TPEIOTBPALICHUIO MTOXKAPOB U
B3pBIBOB Ha 00BEKTaX HE(PTSIHOW OTPACTH YACISIECTCS
ocoboe BHUMaHUeE [2].

Cornacuo nporrosam kommanuu Gartner [3] k2021 .
MOJIOBHHA KPYITHBIX IPOMBIIIIEHHBIX IPEANPHUATHIA Oy-
JIeT UCTIOTB30BaTh I (PPOBIC TBOWHHUKH IIPH PEIICHUN
IMPOKOTO CIIEKTPa IPOU3BOJICTBEHHBIX 33/1a4, YTO B CBOIO
o4epellb MOXKET IPUBECTH K IMOBBIIICHUIO d(PPEKTHB-
HOCTH yIIpaBiieHus U iaHuposanus Ha 10 %. B cBa3u
C aKTUBHBIM BHCAPCHUCM B HACTOAIIEC BPEMsI CUCTEM
BUPTYAJIBHBIX IPOU3BOJICTB, HHCTPYMEHTOB “UHmycT-
pun 4.0” Ha obwvektax TOK [4, 5] npu co3manuu ux
BHUPTYaJIbHBIX IBOWHUKOB CJIEJIyEeT HE TOJIBKO Mpeayc-

MaTpHBAaTh BOMPOCHI IJIAHUPOBAHUS U IIPOBEICHUS MEPO-
npusTHii o obecrieueHuio I1b, HO u TecHO yBA3BIBAThH
ux ¢ nHdGopMarmoHHoi 6e3onacuoctero (MB) [6]. Tpe-
6oBanus Vb MOMKHBI YUUTBHIBATHCS HAPSITYy C WHBIMHU
TpeOOBaHUSIMHU TIPH MOJICITUPOBAHUH PaOOTHI IIU(PPOBBIX
npOTOTHUIOB. OTHAKO ClIeLyeT MPUHUMATh BO BHUMaHHE,
yto Tpedosanus 1o Vb k 1iudpoBeIM 00bEKTaM 3aIUThI
HAa CETOMIHSIIHUH AeHb CTPOT0o HEe 0003HAYEHBI U HE CTAH-
Japrusuposansl [4]. CortacHO nacnopry HallMOHaJIb-
Hoii mporpaMmel “Tludposas sxoHOMHUKa Poccuiickoit
Oenepanun” mums K Havany 2022 1. mpeaycMoTpeHa
peanu3anus MpoeKra 1o paspadborke crangapros b
B CHCTEMaX, PEaIU3YIOIIUX TEXHOJIOTUU UCKYCCTBEH-
Horo uHTesuiekTa [ 7]. UndopmaimonHas 030macHOCTh
MOXET BBICTYTIATh B CBOIO OUEPE/Ib IPABEPOM pa3BUTHS
TEXHOJIOI'MH, COBMELIAIOLIMX BUPTYaJIbHOE U PeaIbHOE
MIPOU3BOACTBA, BEIb OTPAKEHUE IPOU3BOJICTBEHHBIX
MPOLIECCOB B BUJIE MTOAOOHBIX MOZIENCH HeH30SKHO MPH-
BOZUT K ITpo0reMe yTeuky nH(popManuu. B cBs3u ¢ 3tum
JAHHYIO IPO0OIeMY CIIeyeT pelaTh B IEPBYIO OUEPE/ib.

B pabore [8] 6bu1n IpoaHanu3upOBaHbl 0COOCHHO-
CTH yHpaBJieHus ipoBeeHrneM Meponpustuii [1b Ha 00b-
ekrax TOK, moaxo/ sl k OlIeHKE KauecTBa MPUHATHS pe-
LIEHUH B aBTOMaTU3UPOBAHHOM cHCTEME II0KAPOB3PbI-
BOOE30MacHOCTH. B HacTOsAIIEM HCCTICIOBAHUH OITHCAH
MEXaHM3M IUTAHHPOBAHHSI MEPOTIPHSITHH MO obecre-
yenuto [1b pu pa3zpaboTke BUPTYaIbHBIX IBOWHUKOB
JAHHBIX 0OBEKTOB C Y4eTOM HEOOXOIUMBIX CTpaTeru-
YECKHUX LeJeil.
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MopenupoBaHHIO C TOMOMIBIO HHCTPYMEHTOB “UH-
nyctpuu 4.0” moaBepraroTcst Bce (B TOM UHUCIE elle
HE CO3/IaHHBIC) yYacTKH (11eXa, OTAEIbHBIC IPOU3BO/-
CTBCHHBIC JIMHHHU, MPOU3BOIACTBEHHBIC YYACTKH, OT-
JenbHbIe paboune Mecrta). [TomoOHOEe MOeTMpOBaHNE
MO3BOJISIET YYECTh MHOTHE BO3MOXKHBIE OOCTOSITEINb-
CTBa WX pabOTHI U HA ATAIE MPOCKTUPOBAHHS BHISIBUTH
HETOYHOCTH, OLUMOKH, PACCOIIaCOBAHMUS, UTO JACT BO3-
MOYKHOCTB B OyIyIIIEM YIy4IIUTh Pa3IMuHbIC ACTICKThI
ux ¢yHkponuposanust [9, 10]. Takoit mporecc TecHO
CBsI3aH ¢ 00pabOTKOH OOIBIIOTO 0ObEMa HAKOTIIICHHOM
uHpopMaIuu (00JIBIINX JaHHBIX). [IpHHATHE pereHni
BCE Yallle 3aBUCUT OT TOYHOCTH HAKAINTUBACMbIX JIaH-
HBIX U UX aHanmu3a. Mcrmonp3oBanue OONBIINX JTaHHBIX
B IIPOMBIIIIJICHHOCTH MOYET UMETh IICHHOCTh TOJIBKO B
ClTydae CIIeIHaIbHOi 00pabOTKU X METOIAMH, OTIIH-
YAIOIIUMUCA OT TPAAUIMOHHBIX. BakHO paznuuarh
GbyHKIUN U 3ama9u MHQPOBEIX TBOWHUKOB U TEXHO-
norun 6onbmux faHHbIX [11]. JlomonHss apyr apyra,
Ha HavyalbHOM JTane pa3sutus “Uumyctpun 4.0” onn
MOTYT CTaTh 3()(HEKTHBHBIMU HHCTPYMEHTAMHE IIPH MO-
JISJIMPOBAHUH TIOXKAPHOU 0E30MacCHOCTH Ha 00BEKTax
TOK. Oxanako B Poccuu mporecc BHEApEHUs M0100-
HBIX TEXHOJOTHH TOJHKO HAUMHACT HAOUPATh 0OOPOTHI:
ycTapeBiiee 00OpyJ0BaHUE HE TMO3BOJSET MOIYy4aTh
TpeOyeMblii i1 aHAJIA3a ¥ MOACITUPOBAHMS 00bEM HH-
(bopmarum, a ”HPpPACTPYKTypa HE BCeria roToBa 00pa-
0aTwBIBaTh TaKwe JaHHBIC.

OcHOBa IMOIOOHBIX MOZENIEH 0OBITHO BKITIOYAET IO~
XOJIbl, CBSI3aHHBIC CO B3IVIsIaMH Ha TIPOU3BOJICTBEHHBIN
nporiecc pa3paboTINKOB HHCTPYMEHTOB MOJEITUPOBA-
Hus npou3BoAcTB [12, 13]. B nmony4yaembIX BUPTyalib-
HBIX MOJICIISX 3a9aCTyIO JOCTHTAIOTCS YaCTHEIC, ITPH-
BSI3aHHBIE HEMOCPEACTBEHHO K MPOU3BOJICTBEHHOMY
IpoIlecCy LEeNH, a BaKHBIC B CTPATETHYCCKOM IUIaHE
LIEJIM BBICIINX pyKoBoauTeneit oobexkroB TOK u nx uH-
BECTOPOB IIPH ITOM HE YUIUTHIBAIOTCA.

BwMmecTe ¢ TeM peabHBIC YCIIOBHS KCILTyaTaIlHU CO-
3JIaHHBIX C ITOMOIIBIO IO0OHBIX U(POBBIX IPOTPAMM-
HBIX 000J104€K BUPTyalbHbIX 00bekTOB TOK TpedytoT
Oosiee THOKMX CPEACTB MOJCINPOBAHNUS, KOTOPBIC OB
MI03BOJISIIH YYUTHIBATh BCE HEOOXOAMMBIE CTpaTeTuye-
ckue 1enu. [1o3ToMy JIst OBBIIICHHUS KA4eCTBa TAKUX
MoZeJIeH W BHEAPEHUs IEPEIOBOr0 OTCUSCTBEHHOIO
ombITa paboThl B OOJACTH YNpPaBICHHUS MPOU3BOJCT-
BEHHBIMH TIPOIECCAMHU CIEAYeT BHEIPSATH B YK€ CO-
3/laHHbIE HHCTPYMEHTHI HOBBIC aJITOPUTMBI U MOJIEIIH,
YUUTHIBAIOIIUE PA3IUIHBIC CTPATETUICCKHE IIETH IPU
MOZETHPOBAHUY JIFOOBIX Pa0OT HA BUPTYaJIbHBIX 00b-
ekrax TOK. JIoruuHO MPEAIoNIOKHUTh, 9TO ITHM IIEJISIM
B [TOJIHOM MEpe COOTBETCTBYET MaTeMaTHYECKHIA arlma-
par CTpaTrernveckoro IIAaHUPOBAHMUS, MTO3BOJISIOLIHIHA
Ha OCHOBE aHaJM3a UePapXUi, IKCIIEPTHBIX OLEHOK 1
pemaromux marpuii [ 14, 15] onpenensits cTeneHs Biusi-
HUSI OTJICNIbHBIX MEPOTIPHUSITHI Ha TOCTABICHHBIE CTPa-

TETUYECKHE [eJTH, CHIDKASI TEM CAMBIM PHUCKH OITHO0Y-
HBIX HMHBECTULMH, BO3ZHUKHOBEHMSI KOJUIM3UM U CH-
Tyalui, CBSI3aHHBIX C IPUHATHUEM PUCKOB, B TOM YHCIIE
yrpo3 Ub.

[ HenocpeACTBEHHOrO BKIIIOUEHHUS 3asIBIICHHBIX
3a/1a4 B [P poBbIe ABOHHUKN 00bekTOB TOK B ux -
POBBIE MOJENU, IOMUMO MEPONpUSTUIL 10 obecrede-
HUIO MH()OPMALMOHHONW U MOXapHOH Oe30macHOCTH
Ha o0bekTax TOK, cienyer BHECTH OT/E/IbHBIC BHYT-
PEHHUE [IPOLEYPbl PYyKOBOAUTENIEH COOTBETCTBYIOLIUX
HoJIpa3/eneHnii, KOTOpbIE TaKXkKe COZIeprKaT 3aauu odec-
neuenus [1b n Vb Ha 3akpeniaeHHBIX 32 HUIMH 00BEK-
Tax. Takue mporeaypsl OOBIMHO PEATHU3YIOTCS HA YPOBHE
MOAYMHCHHBIX TOJO0OBEKTOB M OBIBAIOT CBS3AHBI C TIPO-
BEJCHUEM HKOJIOTMUECKOI0 MOHUTOPHUHIA, HENOCPE-
CTBEHHO cBsi3aHHOTO C [1b, 1 mpoBepkamu uX ymoIHO-
MOUYEHHBIMHU I'OCYAAPCTBEHHBIMM OpraHaMu. B cBs3u
C TEM 4TO TIepe;l Kaxk10i MPOBEPKOi HEOOXOUMO pas-
paboTaTh IUIaH U IPOTrpaMMy e¢ MIPOBEICHHS, a TAKXKe
C TeM, YTO IPOBOAMMBIE B paMKax TaKHUX IPOBEPOK 3a-
[JIAHUPOBAHHBIE MEPONIPUATHS BIUAIOT HA IPOU3BOJI-
cTBeHHBIH mpouecc 06bexToB TOK B 11e510M, UX yUeT B
BHUPTYyaJbHbIX MoJeNIx 00bekToB TOK kpaiiHe BakeH
JUISL TOCTHOKEHUS CTPATernYecKuX LeJiei, MoCcTaBiIeH-
HBIX TIepe]] YNPaBIAIOMIUMH UHBECTOPAMHU OOBEKTA.
Kax mpaBuito, ais KaKA0i IPOBEPKU TAKUE IUIAHBI U
IPOTpPaMMBI Pa3padaThIBAIOTCS HA CPETHECPOUHBIA U
JOJITOCPOYHBIN IIEPUOJBL.

[enbto uccaenoBaHus ABISETCS IOCTPOESHUE MaTe-
MaTHYeCKON MOJIENH, ITO3BOJILIONICH pH pa3paboTke
OU(PPOBBIX IBOHHHUKOB MPOM3BOACTBEHHBIX 00BEKTOB
TOK yuuteiBath 0ocobeHHOCTH 0OecnieueHus [15, a Tarxoke
yrpo3 Ub u tpeboBanwmii k Helt. 1iis penienns 0003Ha-
YEeHHOH aBTOpaMHM 3aJa4M UCI0JIb30BaH HHCTPYMEHTa-
puUil CTPaTernyecKoro MIaHuPOBAaHUS, YUUTHIBAOIINIA
Pa3BETBICHHBIN XapaKTep KaTeropuii pakTopoB, BIHS-
IOIIUX Ha BO3HMKHOBEHHE OMAacHbIX cutyaruil. Ilo-
JTAIHO OIPENEIIAIOTCS SKCIIEPTHBIE OLIEHKU HETaTUBHO-
TO BIIUSIHUS BBIICTICHHBIX (PaKTOPOB C IIOMOIIBIO 00paT-
HOCHMMETPHUYHBIX MaTpHIl MapHOTO CpaBHeHus [16].
Ornrcan MeXaHu3M MOJyUYeHUs TPEXYPOBHEBOM uepap-
XuM BIMAHUA. VIcronb3ys OTAEIbHBIE JIEMEHTHI 110-
CJIEJHETO YPOBHS, MOJKHO OLIEHUTbH BO3JI€HCTBHE Ollac-
HBIX (aKTOPOB Ha OOUIYIO 3aIIUIICHHOCTh YJacTKa
obbvekra TOK.

MeTtoAbl UCCAEAOBaAHUA

Jnst popMHUpOBaHYIS YUUTHIBAIOIICH HEPAPXHUIO YTPO3
[16 u 1B, nepapxuto TpeOOBaHMI 3KOJIOTHIECKOTO MO-
HUTOPHUHIA U MPOBEPSIOIINX OpraHu3aluil MaTeMaru-
YeCKOH MOJIEIH, KOTOPYIO MOYKHO OBUIO OBbI HCIIOIB30-
Bath B iu(ppoBom 1BoiiHnke 00bekTa TOK, monamoour-
Csl OTIPEACTUTH NOKA3aTe M BIUSHUS MIEPEUNCIECHHBIX
0COOEHHOCTEH Ha IIesH, TOCTABICHHBIE Iepe] 00beK-
toM TOK mnBecTropamu. @opmMupoBaHHE TAaKUX MOKA-
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MATEMATUYECKOE MOAEAWPOBAHWE, YNCAEHHBIE METOAbI U KOMINIAEKCbI TPOTPAMM -

3aTenei n3-3a MHOXKECTBA MOUICKAIINX yUeTy (pakTo-

POB B U(poBbIX Mogelsix 00bekToB TOK crenmyer BecTr

B aBTOMAaTHU3UPOBAHHOM PEXKHUME, YTO U OBLIO MPEII0-

JKCHO TIO PSAY MO3UIUN OTEUCCTBECHHBIMU CIICIIHAIH-

CTaMH 10 pa3paboTKe CHENUANTLHOTO MPOTPAMMHOIO

obecnieuenus (CI1O) [17-19].

ByneMm 3nech u nanee paccMaTpuBaTh B KauecTBE
cTparernyeckoif menu st oobekra TOK BeImonHeHne
€ro0 MPSMBIX TPOU3BOJICTBEHHBIX (DYHKITUH, CBSI3aHHBIX
C TIOJTyYeHHEM NMpUOBUTH (TP MTPOU3BOACTBE MPOIYK-
IIUU WK o0ecriedeHnn ycryr). Jlis yrnporenus pacue-
TOB OyZIeM CIUTATh, UTO IIPONU3BOICTBEHHBIC (DYHKITHH,
cBsi3aHHBIC ¢ 00bekTOM TOK, XapakTepu3yroT HEKOTO-
PYI0 33JaHHYIO TPUOBLITH, KOTOPYIO IPUMEM PaBHOM 1.
daxTudecku BIUIHUE (PAKTOPOB HA JAHHYTO BETHIHHY
OyzeM paccMaTpuBaTh Kak MPOHU3BEICHNAE BO3MOXKHOTO
yiep06a, pacCYUTaHHOTO B IIPOLIEHTAX OT 00IIei cTom-
MoctHu o0bekTa TOK, Ha BEpOSTHOCTh BOSHUKHOBEHUS
OITaCHOTO COOBITHS, TP KOTOPOM JAHHBIN (haKTOp pea-
JIM30BaH.

[t ympoIeHus onrcaHus MOIX0a TP OCTpoe-
HHUH KOJIMYECTBEHHON MOJIENHN PacueTa ¢ IPUMEHEHHEM
METOJIOB CTPATETHYECKOTO IUIAHMPOBAHIS TI0 aHAJO-
UM ¢ onuckiBaeMbiM B [20] rpadom crpynmupyem mo
KaTeropusM HEOOXOANMBIC [T yUeTa OMacHbIe (pakTo-
PBI, KOTOPBIE CLIOCOOCTBYIOT TOSIBIICHHIO OITACHBIX CH-
tyanwuii Ha o0bekTe TOK. /st 6onee TouHOTrO pacyera
B JaJibHEUIIEM TOTPeOyeTCs yIecTh (PH3HYECKOe pac-
MIOJIOXKEHHE OTACHBIX COOBITHI U 30H UX HETaTUBHOTO
BIMsiHUA Ha oObekTe TOK.

Bynem rpynmupoBars BEIOpaHHBIE TSI pacyeTa orac-
HBIE (DaKTOPHI IO CIACAYIOIINM KaTeTOPHSIM PHCKOB He-
TaTUBHBIX MOCIECTBAH, CBA3aHHBIX:

e C IIOXKapHOI 0€30MaCHOCTbIO;

e ¢ nH(OPMAIMOHHON 0€30MMaCHOCTHIO;

e  C 3arps3HCHUCM OKPYIKAIOIIEH Cpepl;

e CYaCTUYHOH (MM MMOJIHOW) OCTAaHOBKOH JT1O0 KOH-
cepBarell MpPOM3BOACTBCHHOTO IIpoIlecca Ha TIe-
pHuOz pabOTHI MPOBEPSIONINX HITH AyAHTOPOB.
CremyeT cuuTaTh JaHHBIE IPYIIIBI (PAKTOPOB HE3a-

BUCHMBIMH. JTO YIIPOCTHUT PACUET U IIO3BOJIHT CHEIATh

ero Oosiee HAIJISAHBIM.

y‘lI/ITLIBaSI, YTO KaKaas U3 MPUBCACHHBIX KaTETO-
puit GakTOpOB MpencTaBisieT co00i HepapXUIecKyro
CTPYKTYpY, I HEOPUCHTUPOBAHHBIN Tpad, Ui Kax-
JOW W3 BEPIIMH KOTOPOTO BBOIUTCS CBOSI MEPapXus
TpeOOBaHMI (aHAJIOTUYHO METOY aHAIH3a Uepapxui
[14, 21, 22]), npu MOCTPOCHHUH ACTAITHHONW KOTHIECT-
BEHHOI CXEMBI IPOIecca HETaTUBHOTO BIHSIHUS OIlac-
HBIX (paKTOPOB MEPEUUCICHHBIC KATETOPHH CIICYET pac-
KPBITh M JONOJMHUTH. OIHAKO MPU PELICHUH ITOCTaB-
JICHHOM MaTeMaTu4yecKoi 3a7a4u B 00111eM Buie od1iee
KOJIMYECTBO YKA3aHHBIX (DAKTOPOB, KOTOPHIC MOT'YT OKa-
3bIBaTh HETATUBHOE BIMSHKE HA TIOCTABICHHYIO CTpa-
TErUYCCKYIO LICJIb, 3HAUCHUS HE UMCCT.

3aHeceM B TaONHWIly NEPEUNCIICHHBIE KaTETOPUH,
0003HaueHUsT (DAKTOPOB, UX 3HAYCHHSI, KOTOPHIE MOTYT
OBITH OIPEHEIICHBI IKCIIEPTAMH, a TaK)Ke BEPOSTHBIC
3HAUCHUS, TIOyUYCHHBIC HA OCHOBE MaTeMaTH4ecKOro
pacyera. O6mIyto opMyry pacyeTa HEraTHBHOTO BITH-
stHUSL (DAKTOPOB YKA3aHHBIX KATETOPUH IPUBEIEM HIDKE.
DKcnepTHas OIIEHKA ONPEIEIseTCS Ha OCHOBAaHUU
00paTHOCHMMETPUYHBIX MATPHI] MAPHBIX CPaBHEHUI
[16], xoTOpbIE comepKaT B KayecTBEe 3HAYCHUN BEJH-
YUHBI IPUCBOCHHBIX UM dKCIIEPTaMU OLIEHOK. J{J1s1 Kaxk-
J0ro U3 (haKTOPOB B 1IEJISAX MOBBIICHUS TOYHOCTHU IKC-
MEPTHBIX OLEHOK CTPOUTCS CBOSI OOPaTHOCHUMMETPHY-
Has marpuna (1).
Marpuna P’ (1) mocTpoena s i-it kareropuu dax-
TOPOB BIIUSHUS:
Pl= i ] (1

3HAYEHUSIMU MaTPULIBI P’ syistiorest OLICHKH, JaHHbIE
KaXXJbIM U3 m BKCl'IepTOB B KOHTECKCTEC 3alIaHHOﬁ CTpa—
teruueckoi renn. Kaxknast u3z marpuit P! 00paTHOCUM-
MeTpruYHa. ITO 3HAYUT, UYTO

P =1/pi;. )

DneMeHTaMU JaHHOW MaTPUIIBI SIBIISIOTCS BETAIH-
HBI p_;k 9KCTIEPTHO OIPEIeIIIeMbIX OTHOIICHHUI 3HAYH-
MocTell k-To (hakTopa IO OTHOIICHHIO K 3HAYUMOCTH
Jj-To (akropa. JlaHHbIC BETHIHHBI HCIIOIB3YIOTCS 3aTEM
JUTSL TIOJTyYeHHsI COOCTBEHHBIX 3HAUCHHI MATPHII THITA
(1) nns xaxnporo u3 onacHbix (GaxTopoB [14]. Bynem
CYMTATh, YTO JUIA MATPHIE P’ OTyYeHO 3HAYCHHE TT,.

PacueTHOC 3HAYCHUE IS TAHHOW KAaTEropuu (ax-
TOPOB MOXKHO MOJIYYUTh HA OCHOBE I'PalyPOBKH ITepe-
YHUCIIEHHBIX KATETOPUii (haKTOPOB MO HEKOTOPOH IIIKAJIEe
yiiep6a. BeiOpas Bce He0OXOAMMBIE OIEHKH 10 TIKaJIe,
uMeeM:

2.0:=0, 3

rae O; — 3Ha4eHHe 10 IIKaje A i-i Kareropuu (ax-
TOPOB BITUSTHUS;
O — cyMMapHOe 3HaueHue (aKTopoB.
Torga uroroBoe 3HaueHUe onmacHocTH D; i i-i
KaTerOpUH COCTABHT:

D;=0;/0. 4

CrnenoBareiibHO,

> D, =1 (5)

Temnepb y Hac €CTh BCe JaHHBIE 7S] TAOJIHUIIBL.
O6wext TOK genutcs Ha ywactku. st Kaxaoro
y4acTKa PACCYUTHIBACTCS BIMSHUE CHaYaIa KaTeropun
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Kareropun aktopoB HeraTHBHOTO BiIMsiHMS HAa 00bekT TOK
Categories of negative influence factors on the fuel and energy complex facility

O60o3Ha4YeHnE
Ne n/ni  xaTeropuu

Kareropus ¢akTopoB onacHOro BIHAHKSL

OCTaHOBKOH JTHOO KOHCGpBaHHCﬁ TMPOU3BOACTBCHHOTI'O IIPOLECCa Ha IEPUOJ

3HavYeHUE BIUSHHS

MOJTyYEHHOE TIPH
SKCHEPTHOM OICHKE

HUTOTOBOC

1 1y Pucku HeraTuBHBIX MOCeICTBUM, cBA3aHHBIX ¢ [1b T D,
The risks of negative consequences associated with the fire safety

2 158 Pucku HeraTuBHBIX MOCIEACTBUM, CBA3aHHbIX ¢ b ) D,
The risks of negative consequences associated with the information security

3 TS Pucku HeraTUBHBIX MOCJIEACTBUH, CBSI3aHHBIX C 3aIPSI3HEHUEM OKpYXKa- T, D,
IOLIEH Cpesbl
Risks of negative consequences associated with environmental pollution

4 Ly Pucku HEraTuBHBIX MOCIEICTBUN, CBA3AHHBIX C YACTUYHOH (MIIN ITOJIHOMN) Ty D,

pa6()TI)I IMPOBCPAIOIIUX UIIA ayTUTOPOB

of inspectors or auditors

Risks of negative consequences associated with partial (or complete)
shutdown or conservation of the production process for the period of work

(axropoB. [ljisi 3TOro eMy CTaBUTCS B COOTBETCTBHE
(bYHKIHSI BEpOSITHOCTH

0
A(;) =B+ a;D;, (6)

i=1

rae O — KONUYECTBO Kareropuit hakTopOB BIUSIHUS IS
pacuera;
L; — Kareropust (akTOpOB BIIMSHUS;
a; — HaJIN4Ue Ha BBIOPAHHOM Y4acTKe KaTeropuu
(hakTopa BIUSHUS;

a - 0, ecTs; &
1, Her,

B — xoa¢pdunuent ymiepoa;
B =By /Buax; (®)

B, — MaKcHManbHO BO3MOXHBIN yiepd oT Bcex
KaTeropuit GaKTopoB BIUAHMS HA JAHHOM yYacTKe;
B,,,x — MaKCHUMaJbHO BO3MOKHBIH yIepo oT Bcex
Kareropuil (pakTopoB BIUSHMS Ha BCEM OOBEKTE

TOK.
AHaAU3 pe3yAbTaTOB

B pesynbrare pacuera MOKHO TIOTyYUTH MaTPHUILY
pacnpeseneHus Kareropuii GakTopoB BIHSHUS HA 00b-
exre TOK:

Ay, A

A(w) = ; (€))

A(lvl.)Ql A(u.)QM

rae M — 41cio y4acTKOB;

(Q — gncno kareropuit HakTopoB BIUSHHS.

Jlist kaxJ10i U3 KaTeropuil (pakTopoB OMHCAHHYIO
IPOLEYPY CIAELYET IOBTOPUTH, YTOUHUB, KAKUE UIMEHHO

(akTOpEI B HEee BXOMAT. Hampumep, A puCKOB, CBS-
3aHHBIX ¢ [1B, cnemnyer yuuTeIBaTh (pakToOpHl, 4acTh U3
KOTOPBIX IIPUBEIEHA HUXKE:

e Ommzocth 00bekTa TOK K JTMHHUSAM DIIEKTPHUECKHUX
repeayd BbICOKOTO HaIlPSKEHUS;

e IUIOTHOCTh pa3MeIEHHs MTOIKITFOYCHUH Ha SMHUITY
1oL u;

e IUIOTHOCTB JICKTPHUUCCKUX PeJie Ha SAMHUILY TIIO-
maau oosexra TOK;

e BezieHME MPO(UIAKTUIECKUX PadOT MEPCOHATIOM Ha
OTKPBITHIX yuacTkax o0bekta TOK, rae ects nmapsl
TOpPIOYNX MaTepUaoB;

e BefeHHE padOT MEPCOHAIOM C MPHUMEHEHHEM Me-
TAJITHYECKOTO PYYHOTO U HIEKTPUIECKOTO HHCTPY-
MEHTA B 3aKPBITHIX B3PBIBO- U TIOKAPOOIACHBIX TT0-
MEIICHHUSX, UMEIOIINX JKEJIC3HbIC ITOKPBITHUS, U T. TI.
[ kateropuu puckos, csizanubix ¢ b, cienyer

paccmarpuBarh IPUMEPHO Takue GaKTopbI:

e OIEHOYHOE 3HAYCHHME HarpeBa rOprYMX Marepua-
n0B ripu pabote Wi-Fi-coennnennii Ha oobexte TOK;

e  KOJIMYECTBO MPABUIBHO U KOPPEKTHO HACTPOSHHBIX
WTaTHBIX cpeacTB nogaepxkanus b oovexra TOK;

e KOJMYECTBO TEXHHMYECKHUX KAaHAJIOB BO3MOXKHOH
yTeYKHd UHPOPMALMU NPU NPUMEHEHUHU aTYUKOB
cocrosinust oobekra TOK s moctpoeHus ero Bup-
TyallbHOTO JIBOMHUKA;

e KOJIMYECTBO BEPOSATHBIX CIOCOOOB HECAHKLMOHHU-
POBAHHOTO JIOCTyNa K DIIEMEHTaM Iepe/ladyu JaH-
HBIX OT JaTYUKOB cocTosiHus 00bekTa TOK mpu pe-
ajM3aly BUPTyalbHOTO BOiHMKAa 00bekTa TOK
U T. I
Jig kaTeropuy HeraTUBHBIX MOCIEACTBUMN, CBSI3aH-

HBIX C 3arPsI3HEHUEM OKPY>KaIOIIeH Cpe/ibl, HEOOXOUMO

y4ecTb OPUEHTHPOBOYHO TaKkKe (HaKTOphI:
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e 00bBEM roproYux MaTepHaioB, XpaHALIUXCS Ha 00b-
exre TOK;

e 00bBEM TroprovYMX MaTepHalioB B OTKPBITHIX Pe3ep-
Byapax;

e KOJIMYECTBO PE3EPBYapPOB, B KOTOPHIX XpaHEHHUE I0-
PIOUHX U OMACHBIX BEIIECTB OCYHICCTBISETCS OT-
KPBITBIM CITIOCOOOM;

e JIMCTAHIMS OT KaXKJOTO U3 TaKUX PE3epBYapoB JIO
TPaHUIIBl KOHTPOJIUPYEMOH 30HbI 00bekTa TOK;

e HM3HOC OYUCTHBIX COOPY)KEHHUH 110 KAXKIOMY U3 00b-
extoB TOK u T. 1.

Jli1st KaTeropyuy HEraTUBHBIX IIOCJIEICTBUM, CBSA3aH-
HBIX C YaCTUYHOM (MJIH ITOJTHOM) OCTaHOBKOM JINOO KOH-
cepBaluell MPOU3BOJACTBEHHOTO MPOIECca Ha MEPUOJ
paboThI MPOBEPSIIONIMX WIIH AyJTUTOPOB, HEOOXOIUMO
y4ecTb Cleayomue GakTopbl:

e  KOJIMYECTBO HEMPUHSTHIX B 00PAOOTKY TOPIOUNX Ma-
TEpHAaJIOB;

e HOPMO-Yachl IEPCOHANA, 00CITYKHBAIOIIETO pe3ep-
Byaphbl C TOPIOYMMH MaTepHallaMu, TOTEPSHHbBIC B
pe3yabTaTe BHIOIHEHUS! UMU JISHCTBH, HE CBSI3aH-
HBIX C MPo(eccCHOHAIBHBIMH 00S3aHHOCTIIMH;

e  MPSIMBIC TIOTEPH OT POCTOS ITPOBEPSIEMbBIX YUACTKOB;

e KOCBEHHbIE IOTEPH, CBSI3aHHBIE C JIMKBUJALIKEH 10~
CIIEJICTBUH TPOCTOS HA yJacTKax, Iyie nepepadoTka
JIOJDKHA UATH HENPEPBIBHO, U T. I1.

Jnist Kask7oi U3 IepevuncIeHHbIX KaTeropuii (B Ha-
IIeM CITyJae YeThIpeX, HO MOJKET OBITh M OO0JIbIIe) 3HA-
4YeHUs 110 (PaKTOpaM BIHMSIHHUS 3aHOCSTCS B OTACTIHHBIC
Tabiuubl. bynem Ha3pIBaTh UX TaOIHIAMHE 2-TO YPOBHS
(cM. pHCYHOK).

Janee n1st Kaxka0# U3 mo3urmid Tabiui 2-ro ypoBHsI
OITMCaHHas BBIIIE ITOCJIEIOBATEIILHOCTD JEHCTBHH I10-
BTOpsieTcs. B nutore mo Kax0il U3 Kareropuii moayya-
eTCsI paclpeaeICHNE BIUSHIS OMACHBIX (haKTOPOB.

3aTeM [Tt KaxKI0ro u3 (hakTopoB GOpMHUPYETCs Ta0-

TIUIIa, COZIepIKaINasi MEPOIIPUSATHSI IT0 MPEIOTBPAILICHUTO

BJIMSIHUSI OMIACHBIX (DPAKTOPOB, BKIFOUCHHBIX B TUIAHBI

Ha OTHEJbHBIX ydacTkax oObekTa TOK [21, 22]. OTH

TaOMUIIBL, POPMHUPYEMBIE TS KAXKIOH ITO3UIIAH TaOJIHIT

2-T0 YypOBHS, CICAYET CINTATh TAOIHIIAMH 3-TO ypPOB-

Hs1. BBITTONHSIA 119 HUX JEUCTBUS B aHAJIOTUYHOM I10-

CJIEJIOBATEIILHOCTH, MOYKHO TMOYYUTh pacrpeiciicHIe

BIIMSIHMSI MEPOIIPUATHHN IO yyacTKaMm oobekTa TOK.
Kaxk y>xe roBopmIioch BblIllI€, KOJMUECTBO KaTerOpHid

(haKTOPOB BIUSHHS MOXKET OBITh Pa3InIHBIM. Eciu mo-

JaraTh €ro paBHbBIM /N, TO COOCTBEHHBIC 3HAYCHHS MaT-

puLl Kareropuil (hakTopoB BIUSHUA T; B OOLIEM BHUJIE

00pa3yroT BEKTOp COOCTBEHHBIX 3HaUEHHIA MaTpu1] 1-ro

ypoBHS (cM. TabmuILy, rpada 4):

=l 7,7y, (10)

rae rc,l- — COOCTBEHHOE 3HAYEHUE MaTPHULIbI KATETOPHii
(hakTopoB.

Kareropus
Category

o~ -~
S

Alw

M »
daxrop 2

Factor 2

“
Ak

3“')-

daxrop 1
Factor 1

A‘

& f‘\

—
Meponpusitue 1 Mepormpusitue 2 Meponpusitue N
Measure 1 Measure 2 Measure N

IIpumep nepapxuu BIUSHUSA
Example of a hierarchy of influence

AHaIOrUYHBIM 00Pa30M PACCUUTBIBAIOTCSI BEKTO-
PBI COOCTBEHHBIX 3HAYEHUH JUIs1 Tabmun 2-ro U 3-ro
YpOBHENL.

3HaYCHUE BIHMSHUS OTACTEHOTO MEPOTIPHSATHS MOXK-
HO paccunTaTh NCXOAS U3 MPEANON0KEeHUs 00 arperar-
HOM IT0Ka3aTeJie BIUSHHS, KOTOPBI MOYKHO BEIYHCIINTD,
MOCIIeI0BAaTeIbHO YMHOXas BekTop Tuma (10) Ha mart-
puity Tuna (9) 1uist KaXk10To U3 YPOBHEH HepapXuH (CM.
pHUCYHOK). B 3TOM citydae urorosast marpuiia 6yzneT co-
JepyKaTh BIUSTHUE MEPOTIPHSTHS Ha OOIIYIO 3alHIICH-
HOCTh yJacTka o0bexta TOK.

3aknoueHue

IIpobaema obecnieueH s IPUEMIIEMOT0 YPOBHS 110-
JKapPOB3PHIBOOE30MACHOCTH CTPATETHUECKH BAXKHBIX TPO-
U3BOICTBEHHBIX 00bekTOB TOK 10BOIBHO CIIOXKHA U 3a-
BHCHT OT MHOTHX (pakTOpOB. YCII0KHEHNE, HHPOPMATH-
3anus TEXHOJIOTHYECKUX TPOIECCOB BICKYT 3a CO00H
HEOOXOIMMOCTH CO3/IaHMS HOBBIX 3((DEKTHBHBIX CPEICTB
JUIS TIOBBIIICHNS Ka4eCTBa yIpaBiIeHus 00beKkToM. Of-
HUM U3 TAKAX CPEACTB ABIISIETCS TEXHOIOTUSI (D POBBIX
JIBOMHUKOB. [ImaHupoBaHKe MOKapHOI 0€30MacHOCTH
C TIOMOIIIBIO TAHHOH TEXHOJIOTUH CIIOCOOHO MPEeyCMOT-
PETh CKPBITHIE, HEABHBIC (DAKTOPEI BIUSHHSA, TIOBBICHTD
CKOPOCTb INITAHUPOBAHHUS M, KaK CJIEICTBHE, ONIePaTHB-
HOCTh NPHUHATHA pemeHus. [Ipencrasisas coboil mo-
JIe3HBIH, BaKHBI OOBEKT YIpaBICHUS, BUPTyalbHas
MOJIeNIb CBSI3aHa C Yrpo3aMu MH(pOPMAIMOHHOMN 0e3-
onacHoctu. Ilepeuens Mep o 3amuTe HU(POBBIX ABOH-
HUKOB, TpeboBanus no Ub B HacTosIee Bpemst CTporo
HE OTIPEJICICHBIL.
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B pabore mpeuioxeH BapuaHT IPUMEHEHHS METO-  Oe3omacHoCcTH Ha 00bekTax TOK, mo3Bomsiomuil co-
JIOB CTPaTernvyecKkoro IJIAHUPOBAHMS MPH aHaJIM3€e  3/1aTh MATeMaTHYeCKYH MOeb, KOTOPYH MOXKHO
BIIMSIHUSI OTJACIBHBIX MEpPONPHUATUH HAa JOCTHXKCHHE  HCIOJB30BaTh MPH pa3padoTke IH(POBBIX TBOWHUKOB
nesield o0ecrieyeHus MOKapHOH W MHPOPMAIIMOHHOH  YKa3aHHBIX 00BEKTOB.
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PE3IOME

BBeaeHuWe. Bonpocam opraH1aalum papMocBsA3u Ha Noxape, Kak BaxHOM YacTu npouecca ynpaBAeHWs NoXapHbI-
MU MOAPA3AEAEHUSAMU, YAEAAETCS 3HAUNTEAbHOE BHUMaHUE. APHGEKTUBHOCTb YPABAEHWUS Ha NoXape BO MHOrOM
3aBWCUT OT YCTOMUMBOW paboTbl CETU PAAUOCBA3U, B KOTOPOK B 3aBUCUMOCTH OT CAOXHOCTM CUTyaLIMK MOryT pabo-
TaTb Pa3AMUHbIE AOAKHOCTHbIE AMLA, YNPABAAIOLLME MPOLECCOM TyLLEHWs noxapa.

MeToabl. MoaeArpoBaHue paboTbl CETU PAAMOCBA3M OCHOBBLIBAETCA HA METOAAX TEOPHUM MaccoBOro 06CAyXMBa-
HuA. CocTaBAAeTCA NepeyeHb U3 N COCTOAHUIA, B KOTOPbIX MOXET NpebbiBaTh CETb CBA3M, 1 COOTBETCTBYHOLLMIA rpad

nepexoaoB.

C yueTom 06LLENPUHATLIX AOMYLLEHWI HAa OCHOBE rpada NepexoA0B COCTaBASETCA CUCTEMA U3 N AUdde-

PeHUMaAbHbIX YPaBHEHWI, CBA3bIBAIOLLMX BEPOATHOCTH COCTOSIHUIA M MHTEHCUBHOCTH NEPEXOAA B 3TU COCTOSIHUS.
Ha ocHOBE NOAYYEHHbIX PeLLIEHUIT OLeHWBaETCS 3GPEKTUBHOCTb PaboThl CETU PaAUOCBA3K.

PesyabTarthl. B cTathe paccmaTpuBatoTcs Tp BapuaHTa, AA KOTOPbIX ONUCaHbl BO3MOXHbIE COCTOSIHMS, MOCTPOEHbI
rpadbl U COCTaBAEHbI CUCTEMbI ypaBHEHWIH. B NepBoM BapuaHTe B CETU PAAMOCBSA3M B3aMMOAENCTBYHOT TPU AOAX-
HOCTHbIX AMLIA, BO BTOPOM — YETbIPE, B TPETHEM — TaKXe YeTblpe AOAMKHOCTHbIX AWML, HO C MHOW Mepapxueit ynpas-
AEHUA. B NepBbIX ABYX CAydasx MOAyUYeHbl aHAAUTUUYECKUE PELLIEHUS AAA BEPOATHOCTEM COCTOSIHWUM, AASI TPETLETO
npeanaraeTcs pelleHne ¢ UCNoAb30BaHUEM YNCAEHHbIX METOAOB. AASI KAXKAOTO CAyYas OnpeAeAeHbl KpUTUUECKUE

CoCToAHUA,

BAUAKOLLNE Ha yCTOVI‘-IVIBOCTb ynpaBAeHus. NoAYYEHHbIE PELLEHUS COMPOBOXAAOTCA NpUMepamu.

BbiBoAbI. [10OKa3aHa BO3MOXHOCTb MOAEAMPOBAHWUA CETU PAAMOCBA3KM Ha Moxape, Kak BaXHENLLEro aneMeHTa
ynpaBAeHUA AENCTBUAMMU NOXapHbIX I'IOApGSAeAeHMPI. PaccmoTtpeHbl Tpu BapuaHTta B3aWMOAEMCTBUA AOAKHOCTHbBIX
AUL, C UICNOAb30OBaHMEM CETU PAANOCBA3N. Pa3pa60TaHHble ANA paccMaTpuBaeMbIX CAydaeB MateMaTtuyeckme Mmo-
AEAU NO3BOAAKOT ONPEeAEAUTb BEPOATHOCTHbIE XapaKTePUCTUKU GYHKLIMOHUMPOBAHUA CETU PAAMOCBA3N U OLLEHUTb
BO3MOXHOCTb MOABAEHUA KPUTUUYECKUX PEXUMOB, BAUSAIOLLMX Ha 3QEKTUBHOCTb yNpaBAEHUA AEWCTBUSAMM MOXap-
HbIX I'IOApaSAe/\eHMVI.

KharoueBble cAoBa: papAMOCBA3b Ha Noxape; ynpaBAeHWe TyLLEHWEM Noxapa; TEOpUsa MacCoBOro 06C/\y)KVIBaHVIH;
MaTtemMaTuyeckas MOAEAb; rpad NepexoAos.

Ans uutupoBaHua: Anewkos M. B., bacos B. A., KonbacuHA. A., TapaHueBA. A., XonocToB A. A. MoaeAMpoBaHue

CEeTn CBA3N

AAS YNIPABAEHUA AEACTBUSIMU MOXaPHbIX MOAPA3AEAEHUI NP TYLIEHWM NOXaPOB PA3AUUHON CAOX-

HocTu // MoxapoBapbiBobe3onacHocTs/Fire and Explosion Safety. — 2019. — T. 28, Ne 3. — C. 59-69. DOI:
10.18322/PVB.2019.28.03.59-69.
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Modeling the communication network to control the action
fire units to extinguish fires of various complexity
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ABSTRACT

Introduction. The organization of radio communication at the fire, as an important part of the fire units operating
management, should be given a considerable attention. The effectiveness of fire units operating management
depends largely on the steady of the radio network operation, in which, depending on the complexity of the situa-
tion, can work different officials who control the process of extinguishing the fire.
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Methods. Modelling of radio network operation is based on Queuing theory methods. A list of n States in which
the communication network and the corresponding transition graph can is compiled. Taking into account the ge-
nerally accepted assumptions on the basis of the transition graph, a system of n differential equations connect-
ing the probabilities of States and the intensity of the transition to these States is compiled. The stationary case
is considered. Based upon the obtained solutions the efficiency of the radio network is estimated.

Results. The article presents three variants for which the possible States are described, graphs are constructed
and systems of equations are composed. In the first variant, three officials interact inside the radio network,
in the second, four officials interact. In the third variant the option of interaction between four fire units operating
management with other hierarchy of management is considered. In the first two cases, analytical solutions for
the States probabilities are obtained, for the third case, a solution using numerical methods is proposed. For each
case, the critical States affecting the control stability are determined. The obtained solutions are followed by
examples.

Conclusion. The possibility of modeling the radio communication network at the fire, as an important element
of controlling of fire departments operating is demonstrated. Three variants of interaction between officials with
use of a radio communication network are given. The mathematical models developed for the under consideration
cases allow to estimate the probably characteristics of the radio network functioning. It allows us to assess
the possibility of the probably of critical modes appearance that affect the effectiveness of the fire units operating
management and the success his implementation.

Keywords: radio communication at the fire; manage fire-fighting; queueing theory; mathematical model; transi-
tion graph.

For citation: M. V. Aleshkov, V. A. Basov, A. A. Kolbasin, A. A. Tarantsey, A. L. Kholostov. Modeling the communica-
tion network to control the action fire units to extinguish fires of various complexity. Pozharovzryvobezopasnost/
Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 59-69 (in Russian). DOI: 10.18322/PVB.2019.28.03.59-69.
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BBepeHue

Bonpocam ympasnenust cuiaMu M CpeicTBaMH Ha
HOXKape U TEXHOJIIOTUSIM MOJAEPKKU YIPABICHYECKUX
peIeHuid yaenseTcs 3HaYUTeNbHOEe BHUMAHHE Kak B
Hauel ctpane [1-8], Tak u 3a pyoesxxom [9—16].

J1st TOTO YTOOBI YCTICIIHO PYKOBOJUTE TYIICHHECM
noxkapa, Heo0XoauMo 3P(HEeKTHBHO HCIIOJIB30BAThH
CpeAcTBa CBS3M, 00ECIIEUNMBAIOIINE B3aUMOJCHCTBIE
JOJDKHOCTHBIX JIHIL.

[Ipu 3TOM HEOOXOAMMO PELTUTH PsiJI 331349 110 o0ec-
MICYCHNIO HEKOTOPBIX CIIEIH(PUICCKUX XapaKTEPUCTHK
CEeTH CBSI3M, 0C000€ MECTO CPEeIN KOTOPHIX 3aHHUMAIOT
0ocmynHocms U NPONYCKHASL CNOCOOHOCHb. BrImon-
HCHHE ITUX TPeOOBAaHUH CBA3aHO HE TOJIBKO C TIPUME-
HEHUEM CPEJICTB CBSI3H, 00J1aJar0IUX HEOOXOAUMBIMU
TEeXHUYECKUMH XapaKTePUCTHKAMH, HO U C IPaBUIIb-
HOU OpraHu3anueil cBsS3U Ha MecTe TyIICHHUs HOXapa.

OhheKTUBHOCTD yIpaBlIeHuUs Ha TIOKape BO MHOTOM
3aBHUCHUT OT yCTOWYMBOM pabOTHI CETH CBSI3U, B KOTOPOIt
B 3aBUCHUMOCTH OT CJIOKHOCTH CHUTYaIlUX MOTYT HAaX0-
JIUThCSl KoManaups! 3BeHbeB (K3), pykoBomutens Ty-
menus noxkapa (PTIT), nagansank mrada (HII). pn
9TOM K&KABIH M3 YIaCTHUKOB YIPABICHUS TYIICHHEM
noxapa (a0OHEHT) JIOJKEH MMETh BO3MOXKHOCTH He-
3aMEITHTEIBHO CBA3AThCS C APYTHM A00OHEHTOM B CITy-
gae HeOOXOTUMOCTH, a BEPOSTHOCTH 3aACPIKKU (OXKH-
JAHWs, €CITH CETh CBS3M 3aHATA) NOJDKHA OBITH MUHH-
MaJIbHOU WM HE BBIXOIUTH 32 MPEAEIBI JOIYCTHMBIX
3HAYEHUHN.

Kpome Toro, ot GpyHKIIMOHHPOBAHUS CETH CBSI3H 3a-
BUCHUT HE TOJBKO YCIIEHIHOCTb BBINOJHEHUSI 00eBOI
3a7]a4y 1O TYIICHUIO MOXapa, HO U )KU3Hb CaMUX I10-
JKapHBIX, YPOBEHb 'HOEIIN KOTOPBIX JOCTaTOUHO BBICOK
HE TOJIBKO B HaNICW CTpaHe, HO U 3a pyOexom [17].

K coxalienuro, BonpocaM MOJICIUPOBAHUS CBSI3H
Ha ToXKape, SBISIONICHCS BaXKHBIM CPEACTBOM yIIpaB-
JISHUs1, TIOCBSAIIEHO HE TaK MHOTO pabor [2, 6, 18, 19].
OcTaercsi HeM3y4eHHBIM BONPOC 00 YIyUIlICHUH BBIIIIC-
YIIOMSTHYTBIX XapAKTEPUCTHK CBSI3U (1 CBA3aHHOM C 3THM
3(h(}HEKTUBHOCTH BBIMTOJHEHHUSI OOEBBIX JCHCTBHIA IO
TYIIEHHUIO TIOX)KAapa) ¢ MOMOIIBIO OPraHU3aIMOHHBIX Pe-
ureHuit. J{is atoro, mo HameMy MHEHHUIO, HEOOXOTUMO
PEIINTh KOMITJIEKC 3aJ1a4 10 ONpPE/ICICHUIO BEPOSTHO-
CTHBIX XapaKTEPUCTUK CETU CBSI3H JJISl Pa3INIHbIX Ba-
PHAHTOB €¢ OpraHu3aliKi. JITH BapUaHThI OyIyT pac-
CMOTpEHBI ¢ y4eToM TpeboBanuii boeBoro ycrasa mo-
JKapHOHM OXpaHbl, YTBEPXKIEHHOrO B OKTs0pe 2017 .
npukazom MUC Poccun u onpesensroniero mopsiiok
OpraHu3alMy TYIICHUS TTOXKAPOB M MPOBEACHUS aBa-
pUitHO-crIacaTeNbHbIX padoT. JJ1s1 TOCTHIKEHHS ITOCTaB-
JICHHOM 11eJT1 He0OXO0IMMO PEIIUTH CIICTYOIIHIE 3a1a9H:
e OIKCATh BOBMOXKHBIE, HANOOJIEE pacIIpOCTPAHCHHBIC

BapHAHThI B3aMMOJICHCTBUS JIOJKHOCTHBIX JIUI;

e pa3paboTaTh MaTeMaTHYECKUE MOJICITH JIJIST PACCMOT-
PCHHBIX BAPHAHTOB B3aUMOJICHCTBUS;

e COCTaBHTh YPABHCHUSI, CBSI3BIBAIOIIIE BEPOSITHOCTH
HAaXOXKJCHHS CETH CBSI3U B PA3IIMYHBIX COCTOSHHUSAX
C MHTEHCUBHOCTBIO Mepe/laBaeMbIX COOOIICHU;

e Ha OCHOBE PCLICHUsI YPABHEHUI TIOJYYHUTh BEPOSIT-
HOCTHBIC XapaKTEPUCTHKH, TO3BOJISIONIUE OPTaHH-
30BaTh PAMOHAIBEHOE UCIIONB30BAHNE CETH CBSI3U
JIOJDKHOCTHBIMH JIUI[AMU, YYACTBYIOLIMMU B TYIIIC-
HUH TOXapa.

Amnanu3 pabor [6, 18, 19] monTBepkaaet, 4To ISt
MOJICTTUPOBAHUS PaOOTHI CETH CBSI3U HA IOXKAPE C yCIIe-
XOM MOXKET OBITh UCIIOJIB30BaHA TEOPHSI MACCOBOTO 00-
ciyxusanus (TMO) [20].
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Ta6auna 1. CocTosIHUS CETH CBSI3U B COOTBETCTBUH ¢ TpadoM mepexo10B Ha puc. 1
Table 1. The status of the network connection in accordance with the transition graph in Fig. 1

{S} Cocrosiaue / [pumeuanue /

So Certb cBoGoaHa / Network is free
S HBY, <> PTII / The chief of site 1 with the officer in charge of fire extinguishing
S, HBY, <> PTII / The chief of site 2 with the officer in charge of fire extinguishing

s HBY, <> PTII, HBY, — PTII / The chief of site 1 with the officer in charge of fire
’ extinguishing, the chief of site 2 with the officer in charge of fire extinguishing

S HBY, <> PTII, HBY, — PTII / The chief of site 2 with the officer in charge of fire
N extinguishing, the chief of site 1 with the officer in charge of fire extinguishing

3anepkKa B ypaBlIeHUH,
KPUTHUYECKHUH Caydait
Control delay, critical
case

IIpumeuanne. B rabmumax u Ha pucyHKax A; <> A, — aOOHEHT A BEJIeT IIEPEroBOPHI ¢ A0OHEHTOM A, (1Ba YEPHBIX KPyiKKa
CBsI3aHBI TUHKEH); A| — A; — aOOHEHT A KAET CBA3U C aDOHEHTOM A, (OeTIbIil KPYKOK CBSI3aH JIMHUEH C YEPHBIM KPYKKOM).
Note. Symbols here and further on: A | <> A, — subscriber A| negotiate with subscriber A, (two black circles are connected by
a line); A| — A,—subscriber A is waiting for connection with subscriber A, (white circle is connected by a line with a black circle).

OCHOBHbIE NOAOXKEHUA TEOPUU
MacCcoBOro 06CI\Y)KMBaHVIH NMPUMEHUTEAbHO
K MOA€AUPOBaHUIO CeTU CBA3U

Ocuosuoit npunun TMO npuMEHHTENHEHO K MO-
JICTUPOBAHUIO PA3TUYHBIX IPOLECCOB, B YAaCTHOCTHU
yIpaBlIeHHs TYIICHHEM IIOKapa, 3aKIII0UaeTcs B cle-
nyroreM. CoCTaBisieTcsl IepeueHb U3 71 COCTOSTHUM { S,
B KOTOPBIX MOJKET IIPEOBIBAaTh CHCTEMA (B TAHHOM CITy-
4ae CeTh CBS3U), U COOTBETCTBYOLIHI Ipad IepexoIoB.
C yueroM wu3BecTHBIX nomyulenuii [20] Ha ocHOBe
rpada nepexosoB COCTaBISIETCA CUCTEMA U3 1 OOBIK-
HOBEHHBIX AU(PepeHINaTIbHBIX YPAaBHEHHINA:

dn.
T fiph 0 ), e -1, ()

e ¢ — BpeMs ¢ MOMEHTa Havdayia paboThl (B JaHHOM

ClTy4ae CETH CBSI3H);

{p} — BeposITHOCTU cOCTOSTHUM {S}, mpudeM p, +

ot p =L

{A}, {} — MHTEHCUBHOCTH MEPEXO/IOB.

Penienne cuctemMbl OOBIKHOBEHHBIX MU GEpeHITH-
AIBHBIX ypaBHEeHUH (1) ¢ y4eTOM HauaIbHBIX yCIOBUI
AHAUTHYCCKIMH WM YACICHHBIMH METOJJAMHU IT03BO-
JSeT MOIY4YUTh JUHAMHKY BeposiTHocTel {p(f)} cocTo-
SIHAH CETHU CBSI3U, CIIENIATh BEIBOIBI 00 3)(HhEKTHBHOCTH
ee paboTsl 1 chOPMYIUPOBATH HEOOXOAUMBIE PEKOMEH-
JIAIHH TI0 €€ TOBBIIICHUIO.

Bo MHOTHX citydasix, mosarasi, 4To mpoIecchl IpH-
eMa-00CITy)KUBaHUSI BHI30BOB YCTaHOBHUBINHUECS (T. €.
d{p}/dt=0), upeobpasyem cucreMy OOBLIKHOBEHHBIX
nuddepeHnnanbHbIX ypaBHeHui (1) B cucteMy anre0-
paMYeCKUX YpaBHCHHIA:

0=7,(ps, W, 1), i €[0;n—1], 2

pelIeHne KOTOPOil MO3BOJISIET MOJIYYHUTh SIBHBIC BBIPA-
JKEHHUS JUISI BEPOSATHOCTEH COCTOSIHUIN {p}.

MoaeaupoBaHue ceTU CBA3U
C UCNOAb30BaHUEM TEOPUU MACCOBOro
ob6cay)xuBaHuna

Cayuaii nepsblii. Eciiu Ha noxape opranu3oBaHbl
JBa 6oeBbIx yuacTka (BY | u BY,), To B ceTu cBsI31 MOTyT
Haxoautbesi PTIT v HauansHuKH 000MX OOEBBIX ydacT-
xoB (HBY, u HBY,). Takast ceTb MOxeT mpeObIBaTh
B IISITU COCTOSHUSIX S;—S, (Tabmn. 1) ¢ BeposiTHOCTAMU
Po—P4 COOTBETCTBEHHO. I pad mepexonoB npeacrasiaeH
Ha puc. 1.

Cucrema ypaBHEHHH 17151 CTALIMOHAPHOIO CJly4asi B
COOTBETCTBHH C IpadoM Ha puc. | UMeeT BUA:

0= +2X)pg + 1Py +1ypos
0=%py— Ayt )Py +1opss

0="%Apg — (A + 1) Py + 1y P35 3)
0="%A,p; — 1y p3;

0=2%py —Hyp4;

4
Zpizla
i=0

rae Ay, A, — UHTEHCUBHOCTU HEOOXOIUMOCTH IIEPETO-
Bopos Mexay PTIIn HBY, /HBY, cootBeTcTBeHHO;,

Puc. 1. I'pad nmepexonoB st cetr csi3u PTII (BepXHUI KPy»KOK)
¢ HBY, (neBbiit nmoxnuit Kpysxok) u/uim HBY, (pasblii HIKHUN
KPYXKOK)

Fig. 1. The transition graph for the communication network:
the officer in charge of fire extinguishing (upper circle) contacts
the chief of site 1 (lower left circle) and/or the chief of site 2
(lower right circle)
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1, 1, — TapamMeTpsl, 0OpaTHO MPOIOPIUOHAIB-

HBIE CPETHEMY BpeMEHH nieperoBopoB Mex 1y PTII

u HBY, /HBY, cOOTBETCTBEHHO;

{p} — BeposATHOCTH cocTOSHUI {S}.

st cuctembl ypaBHEHHI (3) MOTy4eHO TOYHOE aHa-
JUTUYECKOE PEIICHUE:

z
o= Ay MY
z+x| 14+ —=[+x|1+—
My Ko
X X
)4 :Po—l§ p2:p0_2; 4
z z
_ hoxy _ Ay xy
P3 =Py nz P4 =Po n,z

e z = Ay py Ay Hy;

xp=h (A + A+ )

X =Ry (A T+ 1)

KpuTHYHBIMY ¢ TOYKH 3pEHUs yNpaBIEHUs TyIlIe-
HHEeM OyyT cocTostHus S; U S,. B nepsom ciydae PTII
Beget neperosopsl ¢ HbY |, ay HBY, B 310 Bpemst Toxe
BO3HHUKaeT HeoOX0auMOCTh cBs3U ¢ PTII, HO OH BBIHYX-
JI€H 0XMJIaTh, YTO MOKET IIPUBECTU K HEKOHTPOJIUPY-
€MOMY pa3BUTHIO cuTyaluu Ha BropoM bY. BepositHocTh
9TOTO COCTOSIHHSA p3. AHAJIOIMYHAs CUTyallls MOXKET
BO3HUKHYTH € BeposATHOCTHIO p,: PTII Benet neperoso-
peic HBY,, a HBY | BeHyxeH oxunars cBsazu ¢ PTIL.

Takum 00paszom, 00111ast BEpOSATHOCTh KPUTHIECKO-
IO COCTOSIHMS CETH CBSI3H P, MOXKET OBITh HalileHa U3
BBIPAKCHUSI

Aoy n Ay X,
U U
pr:p3+p4: 17\‘ 2 N . (5)
2 1
Z+x1(1+—]+x2(1+—j
My Ko

Ipumep 1. Ecmu A, = 1; A, = 2; n, = 30; pn, = 40, To
Po = 0,92027; p, =0,03020; p, = 0,04636; p; = 0,00201;
p4=0,00116; p,, = 0,00317.

Crienyer UMeTh B BUJLY, UTO TIPH [, = L, = Ll CyIlIe-
CTBYET YaCTHOE PEIlICHHE CUCTEMbI ypaBHEeHUH (3):

po=(1+ay+0n+2000) ;
P1= 0 Po;
P2 = 0z Po;
P3 = Ppa= 0 02 Po,
e o), 0., — MPHUBECHHBIEC HATPY3KY;
oy =M/ 0y = A/ 1
Ipumep 2. Ecmn A, =1; A, =2; u; =pn, =35, 10
o, =0,02857; a,, = 0,05714; p, = 0,91829; p, = 0,02624;
P> =0,05247; p; = p, = 0,00150; p,, = 0,0030.
Cayuaii BTopoii. Eciu Ha nojxape opraHH30BaHbI
TpUu 0O0EBBIX y4acCTKa, TO B CETH CBA3U MOT'YT HaAXOAUTh-
cs PTII n maganpHuKK G0eBBIX yyacTkoB — HBY),

(6)

Ta6aumna 2. CocTOSIHUS CETH CBSI3U B COOTBETCTBUU € TpadoM Mepexo10B Ha puc. 2

Table 2. The status of the network connection in accordance with the transition graph in Fig. 2

{S} Cocrosnue / Tlpumeuanue /
Sy Certb cBoGOHA / Network is free
S, HBY, <> PTII / The chief of site 1 with the officer in charge of fire extinguishing
S, HBY, <> PTII / The chief of site 2 with the officer in charge of fire extinguishing
S5 HBY, <> PTII / The chief of site 3 with the officer in charge of fire extinguishing
Sy HBY, <> PTII, HBY, — PTII / The chief of site 1 with the officer in charge of fire | S;—S,
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing 3aepkKa B YIPABICHHH
S HBY, <> PTII, HBY,; — PTII / The chief of site 1 with the officer in charge of fire | Control delay
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing
Ss HBY, <> PTII, HBY, —> PTII / The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing
A\ HBY, <> PTII, HBY, — PTII / The chief of site 2 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing
Sy HBY; <> PTII, HBY, — PTII / The chief of site 3 with the officer in charge of fire
extinguishing, the chief of site 1 with the officer in charge of fire extinguishing
Sy HBY,; <> PTII, HBY, — PTII / The chief of site 3 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing
Sho HBY, < PTII, HBY, — PTII, HBY,; — PTII / The chief of site | with the officer | §,4—S;,
in charge of fire extinguishing, the chief of site 2 with the officer in charge of fire Kputiueckuii cydait
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing Critical case
Sh HBY, <> PTII, HBY, — PTIIL, HBY; — PTII / The chief of site 2 with the officer
in charge of fire extinguishing, the chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 3 with the officer in charge of fire extinguishing
Sia HBY, < PTII, HBY, — PTIL, HBY, — PTII / The chief of site 3 with the officer
in charge of fire extinguishing, the chief of site 1 with the officer in charge of fire
extinguishing, the chief of site 2 with the officer in charge of fire extinguishing
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Cucrema ypaBHEHHH /IJIsl CTAIIMOHAPHOTO CITydasi B
COOTBETCTBHH C TpadoM Ha puc. 2 OyieT UMETh BU/I:

0=—(1+rt2A3) pot ipr+ap+ usps;
0=2Lipo— (Aot A3+ ) p1 + waps + U3 ps;
0="2Xpo— (M + A3+ o) po + Wi pa + 3 po;
0=2X3p0— (M1 + Ay + W3) p3 + i ps + papr;
0=22p1— A3+ ) pa+ L3 pio;

0=23p1— Az + ) ps + Lo purs

0=A1p2— A3+ o) ps + M3 pi2; (N
0=2X3p2— (M1 + W2) p7+ Wi pro;

0=2Xps— 2+ p3) ps+ papu;

0="22 p3— (A1 + 13) po + Wi pio;

0=2X3ps+ aps— 21 pro;

Puc. 2. 'pad nepexo 108 st cetr cBsizu PTTT (BepXHMIA KPYIKOK) 0="2A3ps + A p7— 212 p11;
¢ HBY, (neBbii HmxHu kpyxok), HBY, (cpennuii HmKHHI 0= ps + A1 po— 213 p12;
KkpyxoKk) 1 HBY; (mpaBblit HIKHUI KPYIKOK) 12

Fig. 2. The transition graph for the communication network: Z pi =1

the officer in charge of fire extinguishing (upper circle) contacts i=0

the chief of site 1 (lower left circle), the chief of site 2 (lower

¢ ) _ ! : : Tae A, Ay, Ay — MHTEHCHBHOCTH HEOOXOJMMOCTH TIepe-
middle circle) and the chief of site 3 (lower right circle)

rosopos mexay PTIT u HBY,/HBY,/HBY; coot-

BETCTBEHHO;

HBY, n HBY ;. Takas ceTb MOXeT UMeTh 13 cocTosIHUI L, Ly, L3 — TIAPAMETPBI, 0OPATHO MPOTIOPIHOHAITE-
So—S,, (Tabm. 2) ¢ BEpOSATHOCTSIMU COOTBETCTBEHHO HBIE CPETHEMY BPEMEHHU neperoBopoB Mexay PTII
Po—D1- I'padh mepexonos nmpeacTaBiceH Ha puc. 2. u HBY ,/HBY,/HBY 5 cOOTBETCTBEHHO.

Puc. 3. I'pad nepexonos ws cetu cesizu PTII (Bepxuuii kpyxok), HIII (cpenuuii kpyxok), HBY | (neBbiii HykHuit kpysxok) u HBY,
(paBblil HIKHUH KPY>KOK)

Fig. 3. The transition graph for the communication network: the officer in charge of fire extinguishing (upper circle) contacts the chief of
headquarter (middle circle), the chief of site 1 (lower left circle), the chief of site 2 (lower right circle)
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Ta6auma 3. CocTOSIHUS CETH CBSI3U B COOTBETCTBUU € TpadoM mepexo/10B Ha puc. 3
Table 3. The status of the network connection in accordance with the transition graph in Fig. 3

Status Note

Sy | Cets cBOGOIHa / Network is free

S, | HBY, <> PTII / The chief of site 1 with the officer in charge of fire extinguishing

S, | HBY, <> HIII / The chief of site 1 with the chief of headquarter

S; | HI <> PTII / The chief of headquarter with the officer in charge of fire extinguishing
S, | HBY, <> HIII / The chief of site 2 with the chief of headquarter

Ss | HBY, <> PTII / The chief of site 2 with the officer in charge of fire extinguishing

S¢ | HBY, <> PTIL HII <> HBY, / The chief of site 1 with the officer in charge of fire extinguishing,
the chief of headquarter with the chief of site 2

S, | HBY, <> PTIL, HIll <> HBY, / The chief of site 2 with the officer in charge of fire extinguishing,
the chief of headquarter with the chief of site 1

S; | HBY, <> PTII, HBY, —> PTII / The chief of site 1 with the officer in charge of fire extinguishing, | Sg—S,;

the chief of site 2 with the officer in charge of fire extinguishing Bazepkka
Sy | HBY, <> PTIL, HIII — PTII / The chief of site | with the officer in charge of fire extinguishing, | B yIpaBICHHH
the chief of headquarter with the officer in charge of fire extinguishing Control delay

Sio | HBY, <> HIII, PTII — HIII / The chief of site | with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of headquarter

Sy | HBY, <> HIL, HBY, — HII / The chief of site 1 with the chief of headquarter, the chief of site
2 with the chief of headquarter

S;, | HBY, <> HIIL PTIT — HBY, / The chief of site 1 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of site 1

S;3 | HII«> PTIL, HBY, — HII / The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 1 with the chief of headquarter

S14 | HII <> PTII, HBY, — PTII / The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 1 with the officer in charge of fire extinguishing

S5 | HIlI«> PTII, HBY, — PTII / The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 2 with the officer in charge of fire extinguishing

S | HILI«> PTIL, HBY, — HIII / The chief of headquarter with the officer in charge of fire extin-
guishing, the chief of site 2 with the chief of headquarter

S); | HBY, <> HIIL PTIT — HBY, / The chief of site 2 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of site 2

Sis | HBY, <> HIII, HBY, — HIII / The chief of site 2 with the chief of headquarter, the chief of site
1 with the chief of headquarter

S1o | HBY, <> HIL, PTII — HII / The chief of site 2 with the chief of headquarter, the officer in
charge of fire extinguishing with the chief of headquarter

Sy | HBY, <> PTIL, HIII — PTII / The chief of site 2 with the officer in charge of fire extinguishing,
the chief of headquarter with the officer in charge of fire extinguishing

S,1 | HBY, > PTII, HBY, — PTII / The chief of site 2 with the officer in charge of fire extinguishing,
the chief of site 1 with the officer in charge of fire extinguishing

S,, | HBY, <> PTIIL, HIII — PTII, HBY, — PTII / The chief of site 1 with the officer in charge of 85,—83
fire extinguishing, the chief of headquarter with the officer in charge of fire extinguishing,
the chief of site 2 with the officer in charge of fire extinguishing

Sy; | HBY, <> HIIL, PTIT — HII, HBY, — HIII / The chief of site 1 with the chief of headquarter,
the officer in charge of fire extinguishing with the chief of headquarter, the chief of site 2 with
the chief of headquarter

Sy, | HBY, <> HIIIL, PTII — HBY,, HBY, — HIII / The chief of site 1 with the chief of headquarter,
the officer in charge of fire extinguishing with the chief of site 1, the chief of site 2 with

the chief of headquarter

S,s | HIlI«> PTII, HBY, — PTII, HBY, — HIII / The chief of headquarter with the officer in
charge of fire extinguishing, the chief of site 1 with the officer in charge of fire extinguishing,
the chief of site 2 with the chief of headquarter

Sye | HII <> PTIL, HBY, — HIIL, HBY, — HIII / The chief of headquarter with the officer in charge
of fire extinguishing, the chief of site 1 with the chief of headquarter, the chief of site 2 with
the chief of headquarter

Kpuruueckuii
ciayvait

Critical case
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Oxonuanue maon. 3 | End Table 3

{S} Cocrostaue /

Tlpumeuanue /

with the officer in charge of fire extinguishing

the chief of site 2

the chief of headquarter

S,; | HII > PTIL, HBY, — HIII, HBY, — PTII / The chief of headquarter with the officer in
charge of fire extinguishing, the chief of site 1 with the chief of headquarter, the chief of site 2

S,s | HBY, <> HIII, HBY, — HIII, PTII — HBY, / The chief of site 2 with the chief of headquarter,
the chief of site 1 with the chief of headquarter, the officer in charge of fire extinguishing with

Sy | HBY, <> HIII, HBY, — HII, PTIT — HIII / The chief of site 2 with the chief of headquarter,
the chief of site 1 with the chief of headquarter, the officer in charge of fire extinguishing with

Sy | HBY, <> PTII, HBY, — PTII, HIII — PTII / The chief of site 2 with the officer in charge of
fire extinguishing, the chief of site 1 with the officer in charge of fire extinguishing, the chief
of headquarter with the officer in charge of fire extinguishing

S-S0
Kpurnueckuii
ciayyait
Critical case

OueBuiHO, COCTOSIHUA S,—Sg COOTBETCTBYIOT TOMY,
410 X0Ts 061 0uH 13 HBY He MmoxeT cBsi3arbes ¢ PTII,
a 9TO MOXKET MPEJICTABIATh HEKOTOPYIO TIPOOIeMy P
yIpaBJIeHUH TylleHneM noxapa. CoctosHus S-S, sB-
JISTIOTCSI KpUTHUECKUMU, TakK Kak cpa3y n18a HBY ne mo-
ryT cBsa3arbed ¢ PTIL BeposTHOCTh BOSHUKHOBEHUS Ta-
KO CUTyauuu

Pxp =P10 T pu t pia. (8)

Kak u B ipenpiyiemM ciydae, CyliecTBYeT 4aCTHOE

peleHne CUCTEMBI YPaBHEHUH (4) TIPH [ = [, = Ly = L

p0=[1 +o;toytoszt
+2(0000 + oo + 0as) + 600005]

P1= O Pos
P2 = 02 po;
P3 = 03 po; 9

P4= Pe = Q1 02 Po;
P5 = Pg = 01 03 Po;
P7= P9 = 0203 Po;
Pio=Ppu = P12 =20 0z 03 Py,
e o, O, Oy — IPHUBEACHHbBIC HATPY3KH; O = A,/LL;
oy = Ao/l 03 = As/p

Cayuaii Tperuii. Eciiu B ceTu cBsi3u HaxonsTcs
PTII, HIII, HGY |, u HBY,, TO Takas c€Th MOKET UMETh
31 cocrostane — S-Sy, (Tabm. 3). I'pad nepexomos
MIPE/ICTaBIICH Ha pHC. 3.

Cucrema ypaBHEHMH, CBA3BIBAIOIIAsl BEPOATHOCTH
COCTOSIHUM CETH M MHTEHCUBHOCTH MEPEX0/I0B, IS CTa-
LIMOHAPHOTO CTy4ast B COOTBETCTBUU € rpad)oM Ha puc. 3
HMeEeT BUJIL:
0:—(7\,1,1 +}L1p+)bm1 +}\'1m+7\'pm+}\‘mp+7\'m2+;\'2m+

+ Ap2 + Aap) Po T Hp1p1 + KunP2 T HpwP3 T HuoPa + Hpops;
0= (kpl + le)Po - (7\'2p + }\'mp + Mp1 + }\4m2 + }\'Zm)pl +

T MuoPe T HunP12 T HpuP1a T Upop21s
0= (7\,1“1 + klm)po — O\'pl + kpm + }\,2111 + 7\.'32 +

Tt Hw) P2t Mpop7 T HpwP13 T uopis;
0= Apw * Aup) Po — Mip + A + Aop + Ay + ppm) p3 +

T Up1po T unpro + HuaPio + UpaP2o;

0= (M2 + Aaw) po — ip + Apt + At + Az + A +
+ Huw2) P4 T Up1Ps T HuiPii T HpuDies

0=Cp2+A2p) po— (Mip + A + U2 + At + M) ps +
T M7 T Hp1ps + MpwP1s + HuoP17;

0= (Row + Au2) p1 + Mip + A1) pa— (K2 + Hp1) ps +
+ HUupog T UpuwPos;

0= (hp2 + Ap) P2+ (Mt + A1) P5s — (Bt + Hp2) p7 +
+ HpwP27 T Hunp2s;

0="22pp1 — up + Hp1) Ps;

0= Aupp1 — (Aap T Wp1) po + (1 = p) Kp2 P3o;

0= Apwp2 — (Aow + Hurt) 1o + (1 = p) Bz P2o;

0= Rowp2 — pt + Apm + Hat) P11+ 0,5Upw P26;

0="2p1 P2 — R + M) P12;

0="2X1up3 — Mo + Hpw) P13 T PHua P29;

0=Ripp3 — (haw + Upw) P14 + P2 P30; (10)

0= "2 p3 = (Miw + Hpw) P15 + Pp1 223

0 =22up3 — M + Hpw) P16 T PHui P23;

0=2Xp2p4 — M + Hu2) P17

0=21upa — p2 + Apw + ) P13 + 0,5 Pog;

0= Apwps— Aiw + W) 1o + (1 = p) fut p23;

0= hupps — (Mip + Up2) P20 + (1 = p) Lp1 p22;

0="RXipps — (hup + Up2) 213

0= Aup s + Aop Po — Hp1 P22

0="22up10 T Apw P11 — Mt P23

0=2pp1 P11 T Aow P12 — M1 P24;

0 =22 P14 — Hpu P2s;

0=22up13 T AMwPis — HpuP26;

0="Aiupis— Hpw P275

0=Awp17 + Ap2 P18 — Hu2 P2g;

0= RpwP18 T AMw P19 — Mu P29;

0 =Xip P20 + Aup P21 — Hp2 D305

30

z pi = ls

i=0

rae {A}, {LL} — mapaMeTpsl NepPeroBOpoB, NPUBEICH-
HbIC B Ta0. 4.
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Taﬁjmua 4. IHTCHCUBHOCTH HeO6XOZ[I/IMOCTI/I CBA3HU U IIEPETOBOPOB MEXKAY NOJLDKHOCTHBIMU JIMAMU Ha I1OXKape

Table 4. The intensity of the need for communication and negotiations between the officials at a fire units operating management

TlapameTtp, 0OpaTHBII BpeMeHH
HHTEeHCHBHOCTD HEOOXOAUMOCTH CBA3H TIEPErOBOPOB MEXKIY
L {m}
Apw | PTII ¢ HIII no mammmatuse PTIT / Communication of the officer in charge | p,, | PTITn HII / The officer in
of fire extinguishing with the chief of headquarter at the initiative of the of- charge of fire extinguishing and
ficer in charge of fire extinguishing the chief of headquarter
Ayp | PTII ¢ HII mo manumatuse HIL / Communication of the officer in charge Ky | PTIIm HBY, / The officer in
of fire extinguishing with the chief of headquarter at the initiative of the charge of fire extinguishing and
chief of headquarter the chief of site 1
Ly | PTII ¢ HBY, no nanumarnse PTII / Communication of the officer in charge Uy | PTIu HBY,/ The officer in
of fire extinguishing with the chief of site 1 at the initiative of the officer in charge of fire extinguishing and
charge of fire extinguishing the chief of site 2
Aip | PTII ¢ HBY, no unumuatuse HBY; / Communication of the officer in Wy | HII u HBY, / The chief of he-
charge of fire extinguishing with the chief of site 1 at the initiative of the adquarter and the chief of site 1
chief of site 1
Ay | PTI ¢ HBY, no unmmmaruse PTIT / Communication of the officer in charge || p,, | HIIu HBY, / The chief of he-
of fire extinguishing with the chief of site 2 at the initiative of the officer in adquarter and the chief of site 2
charge of fire extinguishing
Ay, | PTI ¢ HBY, no urmimaruse HBY, / Communication of the officer in charge p | BeposTHOCTh IpHOpUTETA CBSI-
of fire extinguishing with the chief of site 2 at the initiative of the chief of site 2 3u PTII / The probability of
Ay | HUI ¢ HBY, no manmuaruse HII / Communication of the chief of head- communication priority cififice
- . RS o e T head of the officer in charge of
quarter with the chief of site 1 at the initiative of the chief of headquarter L
fire extinguishing
My | HUI ¢ HBY, o uanmuaruse HBY, / Communication of the chief of head-
quarter with the chief of site 1 at the initiative of the chief of site 1
Ayo | HUI ¢ HBY, 1o manmuaruse HIII / Communication of the chief of head-
quarter with the chief of site 2 at the initiative of the chief of headquarter
Aoy | HIII ¢ HBY, no uanmmatuse HBY, / Communication of the chief of head-
quarter with the chief of site 2 at the initiative of the chief of site 2

Pemenne cuctembl JIMHEWHBIX ajreOpandecKux
ypaBHeHUH (7) BO3MOXXHO TOJIBKO YHCIIEHHBIMU METO-
namu. Kak cnenyer u3 tadi. 3 u rpada Ha puc. 3, Kpu-
TUYHBIMH JUIsl YCTOMYMBOCTH YIIPaBJIEHUS HAa TAaKOM
nokape OynyT COCTOAHUS S,,—S30, BEPOSITHOCTD YETO

30
P = D, Piv (11)
i=22
BbiBOADI

Takum oOpazom, B paboTe nokazaHa BO3MOKHOCTh
MOJIEJIUPOBAHUS BaXKHEHILIETO 3JIEMEHTa YIpaBJICHUS
JIeHCTBUSMHU MOKAPHBIX MTOJIPa3eIC€HUI — CETU CBA3HU
Ha TIO)Kape ¢ UCTOJIb30BaHUEM TEOPHH MacCOBOT0 00-
CIy’KuBaHUs. B kauecTBe mpuMepoB pacCMOTPEHBI He-
CKOJIKO BAPMAHTOB CETEH CBSA3H, B KOTOPBIX PYKOBOJIN-

TEJNb TYIICHHS OKapa B3aUMOICHCTBYET ¢ HAaYaIbHH-
KaMu OOCBBIX YYACTKOB M HauaJIbHUKOM InTada. Pa3pa-
OOTaHHBIC /ISl pACCMATPUBAEMBIX CITyYaeB MaTeMaTH-
YECKHE MOJIENHU MTO3BOJISIIOT OMPEACTHTh BEPOSTHOCT-
HBIC XapaKTePUCTUKU (PYHKIIMOHUPOBAHHUS CETH CBSI3U
U OIICHUTH BO3BMOYKHOCTD ITOSIBIICHHSI KPUTHYCCKHX Pe-
JKMOB YIIPABJICHUsI, KOTJIa y a00HCHTOB CETH BO3HHKA-
€T DKCTPCHHASI HEOOXOMUMOCTh CBSI3aThCS C IPYTUMHU
y4aCTHUKaMH, KOTOpPbIE, B CBOKO OY€pe/lb, YKE BEAyT
HEPEroBOphI ¢ a0OHEHTAMU CETH.

B nanpHeiiem npencrasisieTcs Meaecoo0pasHbIM
paccMoOTpeTh U APYrue BapUaHThl OpraHU3alluy CBA3U
Ha MmoXape, MOJIYIYUTb YUCJICHHBIC 3HAUYCHUSA BCPOAT-
HOCTEH COCTOSTHUH ceTH B C(HOpMYIHPOBATEH TPEIIIO-
JKCHUS 1T0 00ECTIEUCHUIO YCTOWIMBOCTH CBSI3H, B TOM
YHCIIE C YIETOM HAJCKHOCTH TEXHHUSCKUX CPENICTB.
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AKTyaAbHble Npob6AeMbl HABUrauMKM Ha ouar no)apa
NnoXXapHbIX po60TU3UPOBAHHBIX CTBOAOB
B po60TU3UpPOBaHHbLIX YCTAHOBKaX MO)KapoTyLLUEHMUS.

Yactb 1. Mpeanocbinku co3panuna PYI u cneuudpuueckue
ocobeHHOCTU TywweHUuA noxxapos NPC

© |A. M. MewmaH |*, B. A. BbinuHKuH, 10. U. Fop6aHb>~,
M. 10. Fop6anb?, K. 0. dokuuesa’

1 BcepoCCuCKMin HayUYHO-MCCAEAOBATEABCKHMIA MHCTUTYT MPOTUBOMNOXaPHO 0BOPOHBI
MYC Poccuu (Poceusi, 143903, r. Banawmxa MockoBckol 06A., Mkp. BHUAUMO, 12)

2 000 “MHXEeHepPHbIN LEHTP NoxapHoi pobototexHnkn “9O3P” (Poccus, 185031,
Pecnybanka Kapeaus, r. Metpo3aBoAck, YA. 3aBoackas, 4)

PE3IOME

PaccmoTpeHbl McTopryeckne NpeanoChIAKA CO3AaHMSA NPEALLECTBEHHUKOB POOOTU3UPOBAHHbIX YCTAHOBOK MOXa-
potyweHus (PYI) — ycTaHOBOK CaMOHaBEAEHUS Ha ovar noxapa. [1peAcTaBAeHbl CBEAEHUS MO YCNELHOMY Npu-
MEHEHUI0 MOBKABHBIX POBOTOB B BOEHHOM AEAe, MOAULIMK, MOXAPHOW OXpaHe, 6ECMUAOTHOM aBHUaLLMK, NPOMbILL-
AEHHOCTW, Ha TPaHCMopTe, B CTPOUTEALCTBE, CEAbCKOM X035MCTBE, COLMAaNbHOW chepe, AN 0BAErYeHUst YCAOBUI
XMUIHEAEATEABHOCTU YENOBEKA, NMPY NPOBEAEHWM HayUHbIX MCCAEAOBAHWI. OKa3aHbl MPUHUMNUAABHBIE OTAUUMS
cTaumoHapHbIx PYT oT MOOGMABHbBIX NOXapHbIX POOOTOB. YKa3aHbl NPaKTUUYECKUE NPUYMHDBI, NPENATCTBYOLLME LWK-
POKOMY NPUMeEHeHWI0 PYTT B KOHLLE NPOLIAOTO CTOAETHS. MPUBEAEHbBI KpaTKUE CBEAEHUSI 06 MCNOAb30BaHUM NOXap-
HbIX Po60TM3MpPOBaHHbIX CTBOAOB (MPC) AAS AMKBMAALMK aBapun Ha YepHobbiAbekon ASC. BbINOAHEH aHaAM3 pe-
3yAbTATOB 3KCMEPUMEHTAAbHbIX U TEOPETUUECKMUX UCCAEAOBAHWMI BAAAMCTUKM CTOSIUMX U CKAHWPYHOLLMX CTPYM.
OnwcaHbl OCHOBHblE MPOBAEMbI, BO3HUKALOLLIME B NpoLiecce NpoekTupoBaHus PYI, B coctaB koTopbix BxoaAsT MPC.
Moka3aHo COCTOsIHME NOXapHOM POBOTOTEXHWKM 3a pybexom. OTMeUYEHbI AMAMPYOLLME No3ULMK Poccrm B co3pa-
HuM 1 npoussoacTBe MPC, B pa3paboTke HopMaTUBHOM 6a3bl NpUMeHUTEABHO K PYT1. ChopMyArpoBaHbl OCHOBHbIE
TEPMUHbI 1 onpeaeneHns B obaacTv Hasuraumm MPC 1 noaaun OTB Ha ouar noxapa. BbIMOAHEH aHaAU3 OCHOBHbIX
NMOAOXEHUI HOPMATUBHbIX AOKYMEHTOB MO MPOEKTUPOBAHMIO U UcnbiTaHWto PYTT. peacTaBAeHbI pe3yAbTaTbl CpaB-
HUTEAbHbIX HATyPHbIX UCMbITaHUI oTeyecTBeHHOW PYI 1 3apybexHbIX CIPUHKAEPHbIX TPaAUUMOHHBLIX AYIT 1 AY
TPB npousBoacTBa Aatckoi komnaHun COWI A/S. UccaepoBaHbl BapraHTbl aAropUTMa GYHKUMOHUPOBAHKS Mo 06-
HapyXeHWo noxapa 1 HaBuraumu cteona MPC Ha ouar noxapa ¢ y4eToM NorpeLIHocTen HaBeAeHUs U NO3ULMOHK-
poBaHMsA. PacCMOTPEHbl Pa3AMUYHbIE BapuaHTbl peaAn3aumm npuHumna AEMCTBUS COBpeMEeHHbIX PYTI.

KAtoueBble cAOBa: CTaTUUeCKHe (CTosUMeE) CTPYH; BUOPUPYIOLLIME CTPYM; OCLMAAMPYIOLLME (CKaHUPYIOLLME) CTPYM;
KOMMaKTHbIE CTPYU; PaCMbIAEHHbIN NOTOK; GPOHTAAbHbIE CTPYU; HABECHbIE CTPYW; U3BELLATEAb HABEAEHUS; YTAOBbIE
KOOPAMHATbI; MAOLLAAb OPOLLEHMS.

Ans uutupoBaHua: Mewmar A. M., BeiaHkuH B. A., TopbaHb 0. Y., TopbaHb M. 0., ®oknuesa K. 0. AkTyanbHble
npobAeMbl HaBUraLMmn Ha o4ar noxapa noxapHblX PO6OTU3MPOBAHHBIX CTBOAOB B POOOTM3MPOBAHHbIX YCTAHOB-
Kax noxaportyweHus. Yactb 1. Mpeanocbinkn co3paHusa PYI u cneunduyeckne ocobeHHOCTHU TyLIEHWUA Moxa-
poB MPC // Moxapos3pbiBobe3onacHocTb/Fire and Explosion Safety. — 2019. — T. 28, Ne 3. — C. 70-88. DOI:
10.18322/PVB.2019.28.03.70-88.

P TopbaHb HOpuii UBaHoBmY, e-mail: frgroup@firerobots.ru

Actual problems of positioning of the robotic monitors
to fire area in robotic fire suppression systems.

Part 1. Background to the development of RFSS and
specific characteristics of the fire fighting by means of RFM

© |[Leonid M. Meshman |, Viadimir A. Bylinkin®, Yuriy I. Gorban®*,
Mikhail Yu. Gorban?, Kristina Yu. Fokicheva®

1 All-Russian Research Institute for Fire Protection of Emercom of Russia
(VNIIPO, 12, Balashikha, Moscow Region, 143903, Russian Federation)

2 Engineering Centre of Fire Robots Technology “FR” LLC (Zavodskaya St., 4,
Petrozavodsk, Republic of Karelia, 185031, Russian Federation)
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ABSTRACT

The historical background of the creation of the predecessors of robotic fire suppression system (RFSS) — plants
homing to the fire is described. The information on the successful use of mobile robots in the military, police, fire
protection, unmanned aircraft, industry, transport, construction, agriculture, social sphere, for the investment of
human life conditions, during scientific research is presented. There are shown fundamental differences between
stationary RFSS firefighters from mobile robots. The practical reasons preventing the implementation of the wi-
despread use of RFSS at the end of the last century are indicated. Brief information on the use of robotic fire moni-
tor (RFM) for liquidation of the accident at the Chernobyl NPP is given. The analysis of the results of experimental
and theoretical studies of the point of standing and scanning jets is carried out. There are described the main prob-
lems encountered in the design process of RFSS, which include RFM. It is shown the status of fire robots techno-
logy abroad. Russia’s positions in the creation and production of RFM, in the development of the regulatory frame-
work in relation to RFSS have been noted. The basic terms and definitions on navigation and parameters of fire
extinguishing agent supply are formulated. The analysis of the main provisions of normative documents on the de-
sign and testing of RFSS is carried out. Comparative full-scale tests of domestic RFSS and foreign sprinkler auto-
matic fire extinguishing system are presented, made by the Denmark company COWI A/S. Variants of the algo-
rithm of functioning of the detection and navigation of the trunk of RFM to the fire with respect to the error of aiming
and positioning are investigated. Different variants of implementation of the principle of operation of modern
RFSS are considered.

Keywords: static (stationary) streams; vibrating streams; oscillating (scanning) streams; compact streams; spray
stream; front streams; hinged streams; targeting detector; angular coordinates; irrigation area.

For citation: L. M. Meshman, V. A. Bylinkin, Yu. . Gorban, M. Yu. Gorban, K. Yu. Fokicheva. Actual problems of po-
sitioning of the robotic monitors to fire area in robotic fire suppression systems. Part 1. Background to the de-
velopment of RFSS and specific characteristics of the fire fighting by means of RFM. Pozharovzryvobezopas-
nost/Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 70-88. DOI: 10.18322/PVB.2019.28.03.70-88.

B Yuriy Ivanovich Gorban, e-mail: frgroup@firerobots.ru

MpuHATbIE COKpaLLEHUS

AVYII—aBroMaTHuecKas yCTaHOBKA [10’KapOTYLLIEHHUS;
MOII — MonenbHBIN ouar noxapa;

OTB — ornerymaniee BEmecTBO;

ITPC — mokapHbIil poOOTH3UPOBAHHBIN CTBOI;

TPB — ToHKOpacnbplUIeHHAs BOAA;

PYIT — poGotusupoBaHHas yCTaHOBKA ITOXKAPOTYILEHUS];
L,— uirHa 30HbI INIAMEHU € YYETOM IIOTPEIHOCTH Ha-
BEJICHUS M 30HBI HEUYBCTBUTEIILHOCTH U3BELIATENS Ha-
BEJICHUS B MOMEHT conpukocHoBeHust OTB ¢ 3amumia-
€MOI MOBEPXHOCTHIO;

L, — JUIMHA IUIaMEHH;

L oy — ANHMHA 30HBI OPOLICHHUS,

LCOHp — nnuHa conpukocHoBenust OTB ¢ 3ammmaemoit
HOBEPXHOCTBIO;

Sorg — MIOLIA b OPOLIEHHUS;

Seonp — THIOIIANB conprkocHoBeHMss OTB ¢ 3amuina-

€MOIi TOBEPXHOCTHIO;

X — k03 HUIHEHT, YIUTHIBAIOIINAN PACTEKAHUE 110 TO-
PHU30HTAJILHOMN 3alUIIAeMOI TOBEPXHOCTH (IIPH UHTEH-
CHUBHOCTH OPOILIEHHUsI, COOTBETCTBYIOLIEH CpeaHel nH-
TEHCUBHOCTHU OpOIIEHUs dmunca); X > 1;

Y — xon(ppUIHEHT, yIUTHIBAIOIINN CTEKaHHUE MO BEp-
TUKaJbHOU 3allMIIaeMOl MOBEpXHOCTH (IIPH UHTEH-
CHUBHOCTHU OPOIIICHHUSI, COOTBETCTBYIOIIEH CpeAHEH NH-
TEHCUBHOCTH OPOIIEHUS dJutuIca); ¥ > 1;

0L — YroJI IOTPELIHOCTH HaBUTallUY;

[3 — yrom HeYyBCTBUTEIHHOCTH (MEPTBOI 30HBI) N3BE-
11aTesis HaBeACHUs;

Y — JOTIOJIHUTEIIBHBII YIOJl OPOIIEHUS 3a CUET CTEKa-
Hus OTB 1o BepTHKaIbHOH 3al1IIaeMOi TOBEPXHOCTH
(Ip¥ MHTEHCHUBHOCTH OPOILEHUS, COOTBETCTBYIOLIEH
WHTEHCUBHOCTH OPOLICHHUS B CPEIHEH YaCTH JLTUIICA);

O — JIOTIOJIHUTETIBHBIH yToJI OPOILICHHS 32 CYET pacTeKa-
Husg OTB 1o ropu30HTaNBHON 3alUIIIAEMOM TTOBEPX-
HOCTH (TP UHTEHCUBHOCTH OPOIICHHUSI, COOTBETCTBY-
FOIIIEH NHTEHCUBHOCTH OPOIIEHUS B CPETHEH YACTH dII-
JIUTICA);

0 — yrout aTaky KOMITAKTHOH CTPYH WIIH PaCbIIICHHO-
ro noroxka OTB;

A — peasbHbIi Uana3oH yIJIOB OPOILIEHNUS;

A — PacUYETHBIN AWAIa30H yIIIOB, MOJUICKAIIUH OpO-
[ICHUIO;

&, &, — KOA(POUIMEHT, YIUTHIBAIOIINN yBEIHMUCHNE
rtotaau opoimieHuss OTB cooTBETCTBEHHO 3a CUET ero
CTEKaHUS 110 BEPTUKAIBHOW WJIM PACTEKAHUS 1O TOPHU-
30HTAJIbHON MTOBEPXHOCTH;

G — JIMAIa30H YIIIOB OPOIICHUS C yUETOM PACTeKaHUS
OTB 110 ropM30HTATBEHOM 3aNUIIIAeMON TOBEPXHOCTH;
1] — YTOJI IOTPENIHOCTH MTO3UITNOHUPOBAHNS;

Pz — YTOJI BU3HPOBAHMS U3BEILATENsI HABEICHMUS;
Pripc — yroa Bo3seimieHus creoaa I[TPC;

(p — YTOJI KOPPEKITHH JIMHUY BO3BbITIIeHUS cTBOJNA [IPC
OTHOCHUTEINBLHO JIMHUM BU3UPOBAHUS MOKAPHOTO U3BE-
IIATCIIs] HAaBEICHMS;

\y — 30Ha aKTUBAI[UU U3BEIIATEIISI HABEICHNUS;

(® — JIMAaITa30H yIIIOB CKAHUPOBAHUSI.

OcHOBHble TEPMUHbI U ONpeAeneHuUs

Bubpupyrowasa komnaxmmuas cmpys uau pacnvlieHHbl
nomox OTB: KOMIAaKTHasg CTPyS WIN PACHbUICHHBINA
motok OTB, coepmarontie HeOONbIIAE KOICOAHUS
(menee 2°) BOKpYT CBOEH OCH B OJJHOI MIIN JBYX TJIOC-
KOCTSIX;
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O0aNbHOCMb NOOAYU OSHEMYWAUe20 Belecmad: pac-
CTOSIHUE 10 OCH OT IIOYKapHOT'0 CTBOJIA JI0 SIUIEHTpa
nstHa koHTakTa OTB ¢ ouarom moxapa;

HaeecHas cmpys: HUCTAJAIOIIAs CBEPXY K OpolIaeMoin
MIOBEPXHOCTH CTPYS;

OCYUNIUPYIOWAsl (MAATNHUKOBAS) KOMNAKMHASA CINPYSL
WU Pacnvliennslli NOMoK: OIHO00pa3HbIe, IepHoIuYe-
CKU TIOBTOPSIOIIMECS BO BPEMEHH KOJIe0aHUs CTPYH UITH
PacCIbUICHHOTO MOTOKA T10 KECTKOM, OIepaTHBHO HE Mepe-
IPOrpaMMHUPyEeMOil IporpaMMe co CTaOMIIbHBIMHU Ta-
pamerpamu nnogauu OTB He3aBUCUMO OT pa3MepoB 04a-
ra 1okapa u paccrtosiHus ot Hero o IIPC;
NO2PeUHOCb NO3UYUOHUPOSAHUA: OTKIIOHEHUE Hadajlb-
HBIX KOOPJIMHAT KOMITAKTHOW CTPYH, PACTIBUICHHOTO TI0-
toka OTB wmim pactpa ckaHUPOBaHMSI 110 MPOIIECTBUU
OIPEIETICHHOT0 BPEMEHH UJIN OIPEAESIEHHOI0 KOJIhYe-
CTBa LIUKJIOB;

ROJHCApHBLLL POOOMUBUPOBAHHBI GO CTAIINOHAPHOE
ABTOMaTHYECKOE CPEICTBO POOOTHU3MPOBAHHOU yCTa-
HOBKH [10’KapOTYILEHUs C HAaBeICHUEM Ha odar rnoxapa,
MOYKAPHBI CTBOJI KOTOPOTO MUMEET HECKOJIBKO CTere-
Hell NOABM)KHOCTH, OTPAaHUYEHHBIX 10 IIEPEMEILEHHUIO,
1 KOTOpOo€e (DYHKIIMOHUPYET COMNIACHO aJITOPUTMY, TIpe-
JlyCMOTPEHHOMY TepenporpaMMHUPYEMBbIM YCTPOMHCT-
BOM yIpaBiieHHs, 00ECIEeUYnBAIOUIUM HaBUTAIUIO
CTBOJIA HA Oyar NoKapa W I1ojiayy OTHETYIIAIIEeTO Be-
MIeCTBA JUISl JTUKBHJAIMK WIH JIOKAIH3AINKA TTOXKapa
00 OXJIAXKICHUS TEXHOJIOTHUECKOTO 000PYI0BaHUS 1
CTPOUTENIbHBIX KOHCTPYKLUH;

POBOMUBUPOBAHHASL YCMAHOBKA NONCAPONYUICHUS: AB~
TOMaTH4YeCKas YCTAHOBKa I0YKapOTYLIEHUs, COCTOS-
11ast U3 COBOKYITHOCTH HECKOJIBKUX B3aUMOCBSI3aHHBIX
MOKaPHBIX POOOTH3HPOBAHHEIX CTBOJOB, OOBEINHEH-
HBIX 00IIeH IepenporpaMMUpyeMoi CHCTEMOH yIIpaB-
JeHus, U1l oOHapyKeHHUs MoXKapa W HaBUTAllUM Ha
oyar noxapa;

CcKaHupoganue: YyIpapasieMoe MO OMpPeAeIeHHON Mpo-
rpaMMe IUKInYHOe JABMxkeHue creona [1PC;
CKAHUpYIOWas (Cmpounas) KOMRAKmHas cmpys unu pac-
nblleHHbI NOMOK: KOMIIAKTHASL CTPYS HIIH PacIblICH-
HBII TOTOK, (hopmupyemsie [IPC n mepuonudeckn me-
PEMEIAIOIIMECS B TOPU3OHTAIBHOMN U/ M BEPTHKAIIb-
HOM TIITOCKOCTSIX;

CKONb3AWAA cmMpYs: CTPY, NEHCTBYIONIAs MOA YIIIOM
aTaky K opomiaeMoii mosepxHoctu 90° > 0 > 0;
cmamuyeckas (Ka3UCmamuyeckas), Ui cmosyas, Kom-
NAKmMHas cmpyst 1o pacnolleHHbIl NOMOK: KOMIIAKT-
Has CTpysl WK pacnbuieHHbIH moTok OTB, dopmupy-
eMble HeroABMKHbBIM cTBoJIoM [IPC, ¢ nomyckaembiMu
HE3HAUUTEJbHBIMH MEPUOANYECKUMHU OTKIOHEHUSIMHU
(menee 1°) oT OCeBOIi JIMHUU TOAAYM OTHETYIIAIIETO
BEIIECTBA;

mounocmo Hasedenusi cmeona [IPC npu nodaue xom-
Nakmuou cmpyu uau pacnviieHnozo nomoxa OTB: ot1-
KIIOHEHHE MEXIY MPOrpaMMHUPyEMbIMH KOOpIMHATA-

MH ooxeHus nokapHoro crBoja [IPC u ero peans-
HBIMU KoopauHaTamu nipu nonade OTB;

Yeon amakuy: yroil, MoJ KOTOPbIM KOMIIAaKTHasi CTPys
unu pacnbelieHHbIH noTtok OTB nogaercsa Ha nosepx-
HOCTb Oyara noxapa;

Y207 6036blUleHUs: YTOII MEXly TOPU30HTAIBHOM III0C-
KOCTBIO U 0ChbI0 cTBOMA ITPC;

yeon Koppekyuu (. OTKIOHEHHE YITia BO3BBILICHUS
ctBojaa IIPC 1o oTHOLIEHUIO K YTy BU3UPOBaHUS U3-
BeIIaTeIIsl HABEJACHNUS,

@dpoHmanvras cmpys: CTpysl, KBa3UTIEPIICHUKYISpHAs
K (DpOHTATIBLHOMN OpolaeMoi moBepxHocTH, 0 ~ 90;
aghpexmusHbvLl paouyc nodauu OcHemyuauje2o euje-
cmea: MakCHMaJibHas TanbHoCTh mogaun OTB, Ha xo-
HCYHOM yYacCTKE KOTOPOTO 00eCIIeUnBAIOTCS TPeOyeMbIe
TUIpaBIdYecKue napaMmerpbl (MHTEHCUBHOCTD U IJIO-
11a]{b OPOILLIEHUS) JIJIsl JIMKBUIALUHN WK JIOKAJIU3aUH
noxapa.

1. UcTopuueckan cnpaBka —
npeALwecTBEHHUKU coBpeMeHHbIX PYT

BypHBIi pocT MPOU3BOAUTEILHOCTH TPYAa B MPO-
MBIIIJICHHOCTH HEBO3MOXKHO MPEICTaBUTh O€3 UHTEH-
CHUBHOTO Pa3BUTHSI U BHEAPEHUS pa3HOOOPa3HbIX pPoOo-
TOTEXHUYECKUX TEXHOJIOTHYECKUX KOMILIEKCOB. DTOT
TEXHUYECKUH Mporpecc SBUICS PE3yJbTaToOM IIaHO-
MEpHBIX MEXJIYHAapOAHBIX M HAIlMOHAJIBHBIX TPO-
rpaMM IO CO3JJaHHI0 POOOTOB PA3IMYHOTO HA3HAUCHUS
MPUMEHHUTENIEHO K TIPOU3BOJICTBEHHBIM M OOIIECTBEH-
HBIM 33][a4aM.

Yenexu, JOCTUTHYThIC B TIOCTIETHEE BpeMsi B o0Jiac-
TH MEXaTPOHUKH POOOTOTEXHUYECKHX CHCTEM (MeXa-
HUKH, HCKYyCCTBCHHOTO HHTEIUICKTA, CPEIICTB OTYBCTB-
JICHUS U TEXHUIECKOTO 3PSHNS, IPOTPAMMHOTO UCTION-
HEeHUs, TU(HPOBON HHKCHEPUH ), TIO3BOJIMIIN BBIMTH Ha
HOBBIE pyOexH 1Mo co3aanuto [1, 2]:

e  AJaNTHBHBIX (OYyBCTBICHHBIX) POOOTOB, YIIPABIIS-
oLas IporpamMMa KOTOPBIX LeJIeHANPaBICHHO 13-
MEHSET MOCIIEA0BATEIbHOCTD MM XapakTep Jei-
CTBUH B 3aBUCUMOCTH OT KOHTPOJUPYEMbIX Mapa-
METPOB paboueii cpe/ibl v/Win (pyHKIUOHUPOBAHUS
caMux poOOTOB;

e HHTEJIEKTYaJbHBIX POOOTOB, YIIPABISIONIAS MTPO-
rpaMMa KOTOPBIX MOYKET IMOJIHOCTHEO MITH YACTHYHO
(hopMHPOBATHCST AaBTOMATHYECKU B COOTBETCTBUH C
ITOCTABJICHHBIM 3a/IaHIEM H B 3aBUCHMOCTH OT CO-
CTOSTHUS paboyveii Cpebl.

Takue poOOTH HAILTH YCIIEUTHOE MPUMEHEHHUE B
BOCHHOM Jieie [3, 4], OecniiioTHOM aBHalyu [ 5], mosu-
uuu [6], noxxapHoit oxpane [7-9], NpOMBIIIIEHHOCTH
[10, 11], na Tpancnopre [12], B crpoutensctBe [13],
cenbckoM xo3siiictBe [14, 15], comumanbHOi cdepe
[16, 17], nns obneueHus yCIIOBUN KU3HEICSATEIHHO-
cTH yenoBeka [ 18, 19], npu npoBeaeHNH HayYHBIX UC-
cnenoBanuii [20].
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ABTOMATU3UPOBAHHbIE CUCTEMbI N CPEACTBA -

daxkTH9ecKH Bce 3TH POOOTHI, B TOM YHCIIE TPEa-
Ha3HAYCHHBIE [Tt 00PBOBI C TIOKAPAMH, SIBIISTFOTCS MO-
OWJIHLHBIMH, BBITIONIHEHHBIMHA Ha 0a3e KOJIECHBIX FUTH
TYCEHHYHBIX macc. Y TOIpKO IpOMBIIUICHHEIE pO00-
THI, IPEAHA3HAYCHHBIE IS COOPOYHBIX, CBAPOYHBIX HIIA
OKPACOYHBIX PaldOT, MPEACTABISAIOT CO00I B OCHOBHOM
CTalllOHAPHbIE YCTPOICTBA, NOABMKHBIE KUHEMAaTHYe-
CKHE 3BEHBS KOTOPBIX UMEIOT HECKOJIBKO CTeTeHeH cBO-
601161 Paccysxias o OyayiiemM poOOTOTEXHUKH, MHOTHE
CHEIHAIHMCTHI MO-NPEXKHEMY TPUOPUTETHHIMH HATIPaB-
JCHUSIMM CUUTAIOT Pa3BUTHE MOOMIIBHBIX almnaparos,
U TIPEXKJIE BCETO aHTPONOMOP(HBIX, CBEIEHUE K MUHU-
MyMYy arpecCHBHOCTH MHTEJUICKTYyallbHBIX POOOTOB M
WCKJTFOUEHHUE OMIMOOK MPHU B3aUMOJICHCTBHH YeIIOBEKA
u pobota [21, 22].

K coxanenuto, COBpeMEeHHbIE JOCTHKECHHUS HAYKH
Y TEXHUKH, peaji30BaHHbIe B 001acTu poboTOCTpOE-
HUS JIaKe B MOCJIETHUE TOJIbI, TPAKTHYECKHA HE MOTYT
OBITH BOILJIOUICHBI PUMEHHUTEIHHO K CTAI[HOHAPHBIM
PVYII no cnexyromumM npuanHaM:

e BO-TIEPBBIX, COBPEMEHHBIEC TIOKAPHBIE POOOTHI 5IB-
JISTIOTCSL HE CTOJIBKO MEePEnpOorpaMMHUPYEMBbIMHU all-
naparaMu, CKOJIBKO JMCTAHIIMOHHO yIPaBIISCMbIMH
MallllHaMU;

e BO-BTOpBIX, IIpU Bcell kaxyuieiica npocrore PYII
OHH JIOJIKHBI BBITIOJTHATH pa3InYHbIe (DYHKIIMH, CBS-
3aHHBIC C OOHAPY)KEHHEM MOKapa, ONpeacICHIEM
koopauHat HaBeneHus crBoja [IPC Ha ouar moxa-
pa ¢ y9eToM MOTPEITHOCTH YIIa KOPPEKIIUH, BEIOO-
poM Hambosee ONTUMAIBHON OaTUCTUKU CTaTH-
4yeckol (cTostuelt) mim ckanupyroiei crpyn OTB
Y TUJIPABINYECKUX TapaMETPOB JIOKAIN3ALUU UITH
JUKBUJAIMH TTOXKAapa.

B cBs3u ¢ atnM passutue coBpemeHHsix PYII ocHo-
BbIBaeTCs Ha paborax, BhImoigHeHHbIX emnie B CCCP
BO BTOPO# mojoBuHe XX BeEKa.

[lepBbie MONBITKM CO3/1aHUS IPEIIIECTBEHHUKOB
MOKapHBIX POOOTOB — YCTAaHOBOK CAMOHABEICHUS
Ha o4ar roxkapa — Obumn nipeanpuHsaTel Bo BHUUIIO
emie B cepeanne 60-x — Hauasne 70-X rofoB MPOIIOTO
cronerus. bbun npeniokeHsl TPy KOHCTPYKLUH, TPUH-
LIUIHAIBHO OTIUYAIOLIUECs APYT OT apyra [23-25]:

e TUIIOM IIPUBOAA (AIEKTPUUECKUIA, BOASHON, Maciisi-
HBIA THIPONIPUBO/IBI);

e BHJIOM YYyBCTBUTEJIbHBIX JIEMEHTOB M3BeIIaTesIeH
(geTpipexxoopaunarnas auonnas MK-marpuna,
nBa UK-dotopesucTopa, yroi 3peHust OHOTO U3 KO-
TOPBIX OrPAaHUYEH TOPU3OHTAIBHOMN LIEJIbIO, a JIPY-
TOoro — BEPTHKAJIbHOW HIENbI0, U OJUH YD-cuer-
YUK (DOTOHOB, yroj 3peHHs KOTOPOTO 3aBUCHUT OT
HIEeNIeBOM JuadparMbl, OrpaHUYEHHON CBEPXY);

e MPUHIUIHAILHO PA3IUYHBIMH CIOCOOAMU HaBe-
JIEHHs HA oyar nokapa (B dSHEpreTMYeCKUi LEeHTP
IUIAMEHHU, Ha KPOMKY IJIaMEeHH, MoJ o0pe3 mia-
MEHHU).

[TonpoGHOE omMcaHMWe ITHX YCTAHOBOK H3JIOKEHO
B [26, 27].

[[Iupoxoro BHEAPEHHUS B TO BPEMsI YCTAHOBKH CaMO-
HaBEJICHHUS HE TIOJTYYHIIU 13-3a2 HECOBEPILECHCTBA MPH-
BOJIOB, HU3KOTO YPOBHS pa3BUTH MUKPOIPOIIECCOPHOI
TEXHUKU U CUCTEM T€XHHUYECKOro 3peHus. I1o npuHuu-
Iy IeHCTBUS OHM 00JaaIy SIEMCHTaMH aIalTallud 1
“KECTKOTO” IPOTrpaMMHIPOBaHHUsI, HO HE 00J1a1aJTH CIIO-
COOHOCTBIO OIEpaTHBHO 00ecIeurnBaTh U3MEHEHHE
IpOrpaMMbl YIpPaBJICHUS MPUMEHUTEIBHO K MECTY
BO3HUKHOBEHHMS ITOkapa u azam ero pazputus. Cyie-
CTBEHHBIM HEJOCTAaTKOM YCTAaHOBOK CaMOHABEICHMUSI
ABJISUIACH NI0a4a OTHETYIIALIEero BellecTBa IPU HEIo-
JBUKHOM I1OJIOKEHUH CTBOJIA (CTOSIUAs CTPYsL), T. €. OT-
CYTCTBHE CKAaHUPOBAHHUS CTBOJIOM B IIpe/ieiaX yIIIOBBIX
KOOpAMHAT (PPOHTAITLHOM 30HBI TAMEHH, JIOKAIUU Pac-
CTOSTHUSI 1 aBTOMATHYECKOTO U3MEHEHHSI yIiia BO3BbI-
IICHUS TTOKAPHOTO CTBOJA IO OOBEKTA 3aIINTHI.

Pesynprarom nanbHeiero pa3BuTus aBToMmaruye-
CKUX YCTaHOBOK MOXKapOTYIICHHS CTaIM CTAllMOHAPHBIE
ITPC, sxcniepuMeHTalIbHbIE 00pa3iibl KOTOPBIX BIIEPBBIE
ObLIH pa3padoTransl o pykoBoacTBoM H. JI. [TonoBa n
1O. U. Top6aHs 115 321U THI TAMSITHUKOB JIEPEBSTHHOTO
3omuectBa Kmxnm [28].

[Tocne aBapumu Ha YepHoobuibeckoit ADC (HADC)
OJTHOW M3 MEePBOOYEPENIHBIX 3aJay SBJSUIACh OYUCTKA
KpbIH (pazmepom nopsika 110x30 m) 3-ro sueprodio-
Ka OT paJuOaKTUBHBIX 3arps3HeHuil. Ilo Tenerpamme
munucTpa MBJI CCCP A. B. Biiacosa tpu I1PC 6b11m
ornpapneHsl HAa YADC, ycTaHOBIIEHBI C TOMOIIBIO BEP-
TOJIETOB Ha oTMeTKe 70 M KpOBJH 3-ro HHEprodaoka u
YCHELIHO MCII0JIb30BAIMCH JIJIsl yAAJIEeHHs C Hee Pauo-
AKTUBHBIX O0JIOMKOB, KyCKOB U IIBUTH. Takum 00paszom,
onaromaps npuMmenenuto PYII ynanocek coepeus 3710-
POBbE MHOTHX JIIOZIEH, U B IEPBYIO OUEPEIb COJAAT XH-
MUYECKUX BOHCK, KOTOPBIM 3Ty ONEpaLiio IPUILLIOCH
OBl BBIIOJIHATH BPYUHYIO.

Bwmecte ¢ TeM aHanmu3 cCOCTOSIHUS TIOXKApHOH PoOO-
TOTEXHHWKU HA MOMEHT aBapuu Ha YepHoObuThcKOi ADC
[29, 30] moka3zan, 4To U3 54 U3BECTHHIX B TOT MEPUOJL
BHUJIOB POOOTOB TOJIBKO IIECTH SIBISUTACH CTAHOHAPHBI-
MU, puueM detsipe [TPC O6butn oTeuecTBEHHOro Mpo-
U3BOACTBA (coBMeCTHBIE pa3zpaborku DDPIP (Ha TOT
momeHT [lerposaBozackoro [IKTHU TM) u BHUUIIO).

OcHoBHas mpo0bieMa, KoTopasi CTosuIa Iepes pa3pa-
oorunkamu [1PC Ha nepBoHaYaIbHOM dTare, — oTpe-
JIeJIEHUE BIMSIHUSA CKOPOCTH CKaHMPOBAHUS HA Jallb-
HocTh nogaun OTB, uroObl B NanbHENIIEM YUYUTHIBATD
JTAHHOE OOCTOSITENILCTBO MPH PACUETEe PACCTOSHUS MEXKITY
nByMmsi cmeskHbIME [TPC. C 9T0ii 11es1610 ObLIH IpOoBe/Ie-
HBI 9KCTICPUMEHTAIBHBIEC U TEOPETHYECKUE UCCIIEI0BA-
HUs OAJUTMCTUKH CKaHUPYIOMKX cTpyH (puc. 1) [31].

AHaJOrMYHbIe ceMelcTBa 3aBUCUMOCTEN JaJIbHO-
CTH [10J1a41 CKAaHUPYIOIIHUX KOMIIAKTHBIX CTPYH OT yria
HakJjoHa ctBoia [TJIC-20 momyueHs! B quamna3oHe JaB-
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Puc. 1. 3aBUcHMOCTD JaJbHOCTH MOJAYM CKAHUPYIOLIHX KOM-
MAKTHBIX CTPYH OT yria HakinoHa ctBoia [IJIC-20 (maBnenue
nonauu 0,6 MIla, nuamerp Hacaaka 28 Mm): / — rpaHuia KOM-
TIAKTHOHM YacTH CTos4eil (KBa3UCTaTHIECKON) CTpyH; 2 — CKO-
POCTh CKaHUPOBaHUsA CTPyH 3 rpaj/c; 3 — 1o xe, 6 rpan/c; 4 —
10 %€, 9 rpan/c; 5 — 1o ke, 12 rpan/c; 6 — 1o xe, 18 rpan/c
Fig. 1. Dependence of the range of scanning straight streams
on the inclination angle of the fire monitor PLS-20 (at a pressure
of 0.6 MPa, nozzle diameter 28 mm): / — stagnant (quasi-static)
straight stream part boundary; 2 — stream scanning speed
3 deg/sec; 3 — the same, 6 deg/sec; 4 — the same, 9 deg/sec;
5 — the same, 12 deg/sec; 6 — the same, 18 deg/sec

nenuit nogauu 0,6—1,0 MIla u npu auamerpax Hacan-
KoB 25, 28, 32 1 38 mm.

[To pe3ynbraTraM BEIOIHEHHBIX UCCIICIOBAHMUI Oa-
JUCTUKHM CKaHMPYIOUIUX CTPYH YCTaHOBJIEHO, YTO B
HCCIIeZlyeMOM JTMaria3oHe JABJICHUH U TMaMEeTPOB Ha-
CaJKOB!

e IIPU CKOPOCTHM CKAHMPOBAHMSA 3 TPaJ/C AaIbHOCTh

MOJJa4M KOMITAKTHON YacTH CTPYU MO CPaBHEHMIO

C KBa3MCTAaTHMUECKON CTpyel cHmxkaerca Ha 16 %,

6 rpaj/c—mna 20 %, 9 rpan/c —mna 30 %, 18 rpan/c

—Ha 50 %;

e OITUMAajbHasi CKOPOCTb CKAaHUPOBAHUA IpPU TY-

IICHUU TIOKapa Kiiacca A He JOJDKHA TPEBbIIIATh

6 rpaj/c, a Imar CKaHUPOBAHHUS 110 TOPU3OHTAITBHOM

mrockocTH Ha pacctosiauu 20—4 0 M ripu AuameTpe

HacaakoB 28 win 32 MM — He 6onee 0,5 m.

HoBble TEXHOIOTUU aBTOMAaTHYECKOTO MOXKapOTY-
IICHUsI, OCHOBaHHbBIE Ha Hcmoib3oBaHuu PYII, B ko-
TOPBIX BOIUIOLIEHBI [TOCIEAHUE AOCTH)KEHUS HAYKH U
TEXHUKH, 3HAUUTEIIbHO PACIIUPUIIN TEXHUYECKUE BO3-
MOXXHOCTH CUCTEM aBTOMATHYECKOTO MOKAPOTYIICHHUSI.
B nacrosimiee Bpemsi B oredecTBeHHOM npakTrke PYII
HAXOAAT BCce Oolree MIPOKOe IPUMEHEHHE IS IPOTH-
BOTIOKAPHOM 3aILUTHI IPOTSIKEHHBIX TIOMEIEHUH pa3-
JUYHOTO HAa3HAYCHU S, Pe3EPBYapHBIX ITAPKOB, IECOOUPIK,
Ha3eMHBIX KOMITIEKCOB He(PTETa30XMMIIECKOH ITPOMBIIIT-
JIEHHOCTH. VI3BECTHBIMU OT€UECTBEHHBIMH POU3BOAU-
tensamu PYII sBastores: OO0 “HHxeHepHbIH LeHTp

noxkapHoit pobotorexuuku “DDIP” u MA “Cucrem-
cepsuc”, a Takke OO0 “YpanmexaHuka’, KOMIaHUs
“HmxueBomKcknil mpoMbInuieHHbIH xonauur”, OO0
“Hay4Ho-1ipon3BOICTBEHHBIN 1IEHTP “CHCTEMBI OXKap-
Hol O6e3omacHocTr”. [Ipudem 3a pyOexoM 710 cux mop
OrpaHUYMBAIOTCS IPUMEHEHHUEM JTUCTAaHIIMOHHO-YIIPaB-
TsieMbIX TaETHBIX CTBOJIOB.

Poccust numupyet u B co3naHu HOpMAaTHBHOM 0a3bl
npumenutenbHo kK PYIL u [TPC. IToutn 20 net Hazan
BIIEPBBIC B MUPOBO#1 ITpakTHKe ObLIH pa3padoransl HITB
84-2000 [32], perntaMeHTHpYOIIKE OOIIME TEXHUYE-
ckue TpeboBaHus ¥ Metonabl ucnbitanuii PYIL. B Ha-
crosmiee Bpems aeiicteyetr 'OCT P 53326-2009. Tpe-
6oBanusa x PYII ycranosnens! Taxke cT. 116 dene-
panbHoro 3akoHa Ne 123-03 “TexHUYeCKHid periaMeHT
0 TpeOOBaHMAX MokapHOU Oe3zomacHocTH (majmee —
@3 Ne 123) [33].

3a pyoexxom TpeboBanus k Foam Monitors, Auto-
matic Oscillating and Electrically Operated Monitors
Systems ycranosiens B crangapre FM 1421 [34], Beryn-
JIEHHE KOTOPOTO B CHITY MPEAIOAaraeTcs TOJIbKo 1 Mast
2019t

Hopgsexckas pupma COWI AS 3aunTepecoBaiach
npumenenneM manopacxogasix [IPC TPB tuma T1P-
JICH-C4Ym-TPB-UK (mipousBoactea DDIP) ans 3amm-
TBI ITAMSATHUKOB JIEPEBSHHOTO 3019eCTBa. B koMmanuu
COWI A/S (Jlanus1) GbUIH IPOBEAEHBI CPABHUTEBHbIE
HaTypHble ucnbiTanus 3tux [TPC co cnipuHKIepHBIMU
tpagumonasiMu AYIT u AVIT TPB [35].

VcripITanus IpOBOIMIINCH B BEICOKUX JICPEBSIHHBIX
MTAaHETBHBIX TOMEICHUSIX U Ha HAPYKHBIX CTEHAX BBI-
coroii ot 7 10 10 M. B 3axitoueHny UCbITaHUI OTMe-
4aoch, YTO MO PacXO/Ly BOJIbl, BDEMEHH TYLICHUS, IPO-
TOPaHHUIO, MJIOIIAIM HAMOKAHUS U TITyOnHe 00yIinBa-
HUS U3 BOCbMU cpaBHUBaeMbIX TUIIOB AY 1 Hammydmme
PE3YIBTaTHl MPOJEMOHCTPHPOBAIH ITOTOJIOYHBIC POOO-
TU3UPOBAHHBIC HACAJIKU (MMEIOTCSI B BUTY MAJIOPaCXO-
seie [TPC). OHu 00ecrneunBarOT PerucTparu HCTou-
HUKa MoXxapa ropaszio obictpee cupuHkiepHbix AYTI,
HaIpaBJICHHO 1 ONIEPATUBHO TYIIAT €r0 COCPEIOTOUCH-
HbIM oTokoM TPB, npuyem B 1,6 pasza adekruBHee,
YeM TPH COPUHKIIEPHBIX pacibuinTels. [Ipu 6oiee BbI-
COKOI MOIIIHOCTH TIOKapa Jake TaKOH CIPUHKIIEPHBII
opocuTtens, kak K57 (HoMUHaNbHas TeMIepaTypa cpa-
OareiBanus 57 °C) MOXKET OKa3aThCsi aOCOIIOTHO He-
3¢ dexkTuBHBIM. Bricokoe ObIcTpoelicTBHE U HAIpaB-
nennast nogada OTB HenmocpeacTBEeHHO B 30HY TOPEHUS
MTO3BOJISTIOT YMEHBIIATH TOBPEXKICHUS OT OOYTITHBAHHS,
BOJIbl, HAMOKaHUA U 00pa3oBaHus ibIMa. Manopacxo-
Hble [IPC criocoOOHBI TMKBUAUPOBATH MOXKAP MOIIHO-
cThio Oosiee 3—4 MBT; ipu 6oJiee BEICOKO MOIITHOCTH
noxkapa AVII Ha 0a3e CHPUHKICPHBIX OpOCUTENEH W
pacTbUTUTENICH ¢ HOMUHAIIBHON TeMmeparypoii cpada-
TeiBaHusI 57 °C oKa3zanuch aOCONOTHO HEIPPEKTHB-
HbIMU. Macca BOJIbl, MOIIEAIISH Ha TYIIEHHE TT0KapOB
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crpunkiaepasiMu AYI13a 10 muH, cocraBuna 0,7-2,4 1.
Mainopacxonusie [TPC 1o cpaBHEHHUIO CO CIPUHKIIEP-
HbIMU AY 1 TO3BOJISIOT COKPATUTH PACX0]] BOJIBI OoJiee
yem Ha 70 %, a oOyrmuBaemMyo IUIOIA b — TOYTH B
15 pa3. Cnpunkiepabiva AYII mokapbl ObUTH MOTY-
ILICHBI B TCYCHUE HECKOJIbKUX MUHYT MeHee ueM B 1/3
ciyuaes; B 1/3 ciyuaeB nokapos ObLIa JOCTUTHYTA UX
JIOKaJIM3anus, a eme B 1/3 cirydaes moKaphl B TEEHHE
10 MuH BoOOIIE HE OBLIN MOTYIICHH! (T. €. 10 MPHOBI-
THUS TOXKAPHBIX MOAPa3AeICHUH).

WcnprTanus 1o onpeaeneHnio OrHeTyIamnie crmo-
cobnoctu [IPC tuna ITP-JICA-C10VYmu-UK u manopac-
xoxuoro [IPC TPB tuna I1P-JICHA-C4Ym-UK-TPB [7]
110 TIPOrpaMMe ¥ METOIMKE MCIIBLITaHKI ™, pa3paboTaH-
HbIM MHKEeHEepHBIM LIEHTPOM MOXKAPHOU pOOOTOTEXHHU-
ku “DDDP”, 6piu npoBesieHb! B 2018 T. HA MONIHUTOHE
[EHTpa.

O6ummii Buxa [IPC mpousBoacta DDDP npuBeneH
Ha puc. 2 [36].

Hcxonubie mapaMeTpbl U pe3yabTaThl UCIIBITAHUI
ITPC npencrasieHsl B Ta0. 1.

IIpu ucnsrranuu asyx IIP-JICA-C10VYw-UK onun
YCTaHaBJIMBAJIMCH C OJHOU CTOPOHBI OTHOCHTEIbHO MOIL
B 000ux MCHBITAHUSAX JOCTUTHYTO YPPEKTHBHOE TY-
menue MOIIL.

®DoToKaIpbl UCIIBITAHUNA TPUBEJEHBI Ha pUC. 3—5.

CrnenyeTr OTMETHTb, UTO, XOTA B BEyILIUX B TEXHUYE-
CKOM OTHOILICHUH CTpaHax COOCTBEHHO MevyaTHbIe pa-
60T1bI 10 PYT1 mpakTHYeCcKy OTCYTCTBYIOT, TEM HE MEHEE
¢ 2016 mo 2019 rr. B 3apyOeKHOI MEPHOIUKE HA ATy
TeMy ObUIO OMyOJIMKOBAaHO TPU OTEUYECTBEHHBIX MarTe-
puana [36-38]!

* OrHeBble ucbITaHus. ONpeselieHne MapaMeTpOB JHKBUIALUH
10’Kapa CTallMOHAPHBIMH TO’KaPHBIMU POOOTH3UPOBAHHBIMU CTBO-
JIaMH, BXO/ISIMU B COCTaB POOOTU3MPOBAHHBIX YCTAaHOBOK I10-
skaporyienus. [Iporpamma u meroauka. — M.—IleTpo3aBojck :
00O “Uuxenepusiit uentp “OPOP”, ®I'BY BHUUIIO MUC
Poccun, 2014.

Puc. 2. [ToxxapHblie poOOTH3HPOBAHHBIE CTBOJIBL: @ —
monsecHoit MuHU-cTBON [IP-JICA-C10Ym-UK; 6 —
noasecHoit munu-ctBoN [IP-JIC/I-C4Ymu-MK-TPB;
1 — cTBOJ ¢ HacagKoM; 2 — HU3BeLIaTeNlb OOHapyIKe-
HHS oyara 3aropaHusi 1 HaBeJICHUs Ha ovar I0Kapa;
3 — DIEKTPONPUBOJ BEPTUKAIBHOTO NIEPEMEICHUS;
4 — SMeKTPONPUBO/] TOPU3OHTATBHOTO TEPEMEIICHHIS;
5 — anexTporpuBoz GOPMUPOBAHUS KOMIIAKTHOI CTPYH
WU PACIIBIICHHOT'0 IIOTOKA; 6 — OJIOK IPOrpaMMHOT0
YIIpaBJICHHS

Fig. 2. Robotic fire monitors: @ — ceiling-installed mini-
monitor (firefighting mini robot) FR-LSD-S10Ub-IR; b
— ceiling-installed mini-monitor (firefighting mini
robot) FR-LSD-S4Ub-IR-WM; / — monitor with
nozzle; 2 — fire detector and fire source targeting de-
vice; 3 — vertical rotation electric drive; 4 — horizontal
rotation electric drive; 5 — electric drive for the for-
mation of a straight stream or a sprayed stream; 6 —
program control unit

Puc. 3. Pacnonoxxenue npu ucneiranuu [1PC tuna [MP-JICI-
C10Yw-HK na Beicote 7,5 M (a) u 3,2 M (6)

Fig. 3. Location of the RFM of type FR-LSD-S10Ub-IR at a height
of 7.5 m (a) and 3.2 m (b) during testing

HoBble coBpeMeHHBIC TEXHOIOTHH MTOKAPOTYIIICHUS
C IPUMCHCHUEM MOXKAPHbIX pO6OTOB, BBIITOJIHCHHBIX Ha
0a3e CTBOJILHOM MOXKAPHOUW TEXHUKH, MPE/ICTABICHBI B
kuure [39]. B Helt moka3zansl ncTOKHU co3nanus PYII B
Poccun, nocnenoBareiabHOe B MOPSAJIKE MPEEMCTBEH-
HOCTH COBEPIICHCTBOBAHUE UX KOHCTPYKIIMH, ITPHME-
HEHUE ISl JIMKBHJIAIUK TTOCIEICTBUN TEXHOTCHHBIX
KaTacTpod, a Takke BO3MOXKHBIE aCMEKThl UX MpUMe-
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Ta6auua 1. Mcxoausie napamerpsl u pesysbrathl ucnbitanuid [IPC tuna [MP-JIC/I-C4Ym-UK-TPB u [TP-JICA-C10Ym-UK
Table 1. The initial characteristics and the results of testing of the robotic fire monitors (RFM) of the type FR-LSD-S4Ub-IR-WM and

FR-LSD-S10Ub-IR

[Tapamerp

IP-JICI-C10Ym-MK
IIP-JIC/I-CAVur-UK-TPB

P 1/ P2/

Paccrosinue mexy ITPC u MOIL, m
Distance between RFM and SFS, m

Paccrosnue mexny [IPC 1 u IIPC 2, m
Distance between RFM 1 and RFM 2, m

Bricora [1PC mag ypoBHeM 3emun, M
RFM altitude above ground level, m

Bricora ocnoBanust MOIT Haz ypoBHEM 3emitu, M
SFS base height above ground level, m

Hasnenune OTB y [1IPC, MIla
RFM pressure of fire extinguishing agent (FEA), MPa

Pacxon IIPC, 11/c / RFM flow rate, 1/sec

na MOIT, rpan/c
RFM angular velocity scanning at FEA supply, deg/sec

Vron ckaunpoBanus oTHocuTensHO entpa MOII, rpan
Scanning angle with relative to the SES center, deg:

— 1o ropusonTanu / horizontal

— o Beprukamu / vertical

Tun moxensHoro ovara roxapa (MOIT) mo 'OCT P 51057-2009
Type of standardized fire (SFS) in accordance with GOST R 51057-2009

VYrnosas ckopocth ckanuposanus [IPC B npouecce nmogaun OTB

0,5A 4A

12,0 26,5

25,0

3,2 73 3,2

0,4 0,8

0,4 0,6 0,6

+10 +5 =)

Bpewmst Hadana nogaun OTB ¢ momenTta nomkura MOIT, MuH:c
FEA supply starting time from the moment of the SFS ignition, min:sec

[TpoaomKUTENPHOCTD TMKBUAALIMH TT0Kapa JI0 MOJTHOTO PEKPAICHUs
roperust MOII ¢ momenTa mogaun OTB, mun:c
Duration of fire extinguishing until complete SFS burnout from the mo-

08:49

6:40

11:26

7:58

ment of the FEA supply, min:sec

HEHUS JJIS1 3aIIUTHl YHUKAIBHBIX 00BEKTOB PAa3IUIHO-

ro Ha3HauyeHus. PaccMOTpeHbl OCHOBHBIE MOHATHUS 110

THIpaBIIMKE B MOXKAPHOM Jiejle U OaNTUCTHKE CTPYH,

a TaKoKe M0 OrHEONACHBIM MaTepuaaM U OTHETYIIAIUM

BEIIECTBAM, IPUMEHSAEMBIM B CTBOJIBHON TEXHHKE.
[puniwmn nefictBus coBpeMeHHbIX PYTT MoxeT ObITh

peann30BaH B HECKOJIBKUX BapuaHTaX, HallpuMep:

e cucrema obmiero o63opa PYII perucrpupyer mo-
JKap, orpenessieT pasMepbl U OTHOCUTEIbHbBIE KO-
OpAMHATBI O4Yara 3aropaHus U BbIIaeT KOMaH1y Ha
HaBeJIeHUE Ha HEero ogHou uian Heckonbkux [1PC;
IIOCJIE HaBEJICHHs Ha oYar Io)Kapa COOTBETCTBY-
roux [TPC oM HAYMHAIOT B 3aJaHHOM IPOrPaMMOI
pexxume nogasate OTB B 30HYy ropenus;

e cucrema obmrero o63opa PYII peructpupyer noxap
U BBIJJAET KOMAH/ly Ha COOTBETCTBYIOILEE KOIHYE-
cTBO Bxozsmux B ee coctaB [IPC Ha mouck ouara
noxkapa; nociie oOHapyKeHHs oyara u3BeniareiaeM
HaezieHus rieporo u3 [TPC on uepes cuctemy ynpas-
JIEHUs1 OTIpEIeIIIET Pa3MepPbl 1 OTHOCUTEIbHBIE KO-

OpAMHATHI IJTAMEHU M BbIJIa€T KOMaHIy Ha HaBeJle-

HUE HA 00BEKT 3aluThl TokapHoro croina [1PC.

Cucrema ynipasnenust PYI1 no3BomnsieT obecrieuntsb
(hopMHpOBaHHE HECKOIBKUX 3alporpaMMUPOBAHHBIX
pexumoB nmogagn OTB B Bue kak cTosueit, Tak U cKa-
HUPYIOIIEH KOMITAKTHOM CTPYH WITH PaCIIbUIEHHOTO T0-
toka. Octanbhbie [TPC b0 HaBOIATCS 1O YKa3aHUIO
cucremsl ynpasieHus PYII Ha 3ToT ke ouar moxapa,
100, €CITU ATOT0 HEe TPeOyeTcs, He MPHHUMAIOT yJac-
THUS B TYLIEHUHM MOXKapa. YTOJl CTPYH MOXKET BapbUPO-
BaThCs B npeneiax a0 90° BKItou.

CymectBeHHbIM mnpeumymectBoM PVYII mepen
cupuHkiepHbiMu AYII gBisieTcs BO3MOXXHOCTh 00OHa-
PpYKUBaTh U JIMKBUIUPOBATh OYar Moxapa IUIO0IIa b0
Bcero 0,1 M2, cocpenortounB nojnaay OTB ¢ onunako-
BbIM HOPMAaTUBHBIM pacxonoM Kak Juit AYTL, tak u 1u1st
PVII. Jnsa PYII npoaomKUTEIbHOCTh PErUCTPALMH U
HaBeZieHHs Ha ouar noxkapa [TPC cocraBnser He Oonee
30 ¢, a g cnpuHkiepHslx AYII mpeBblaer 5 MuH.
OpHako 3a 5 MUH MOXKap MOXKET MPUHSITh HEKOHTPOJIHU-
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05:00 Pazsurue noskapa / 05:00 Fire development 11:00 Pazsurtre moxkapa / 11:00 Fire development

19:24 KOHe Tymenust / 19:24 nd of extinguishig Pe3 tymenus / Result of extinguishing

Puc. 4. Ucnperranue [TPC tuma [TP-JIC/I-C10Y-UK no Tymenuro MOIT panra 4A
Fig. 4. Testing of the RFM of type FR-LSD-S10Ub-IR at extinguishing of the SFS class 4A
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08:35 Passurue noskapa / 08:35 Fire development

08:49 Hauaso tymenust / 08:49 Start of extinguishing

t=4

e ‘- WAk
nguishing

Pesynprar

Puc. 5. Ucnwrtanue [IPC TPB tuna I1P-JIC/I-C4Ym-UK-TPB no tymenuto MOII panra 0,5A (sbicota [IPC TPB 3,2 m)
Fig. 5. Testing of the water mist REM of type FR-LSD-S4Ub-IR-WM at extinguishing of the SFS class 0.5A (the height of the water

mist RFM is 3.2 m)

PYEMBIil XapakTep, KOTOPBIM HE BCETIa NOAAACTCS JaKe
JIOKaJIM3aL1H.

BwMmecrTe ¢ TeM criemyeT yUuThIBaTh, 4TO JII00As yIIIo-
Bas NorpemHocts (HaBuranuy, araku OTB, no3unuo-
HUPOBaHUS, BU3UPOBAHU U3BEIIATEIIs HABEACHUS WU
Bo3BbIIeHUs cTBoja [TPC), cocTamnstomas 1°, Ha pac-
ctosHuU 20 M IPUBOIUT K CMELIEHHIO KOMITAKTHOM
CTpyu WM pacibiieHHoro noroka OTB nmubo pactpa
WM TPAeKTOpUU ckaHupoBaHus Ha 0,35 M, npu norper-

HOCTH 2° BeTMYMHA CMEIICHUS PAKTUUECKH yIBAUBa-
ercst. MHoro 3to uinu mMano 1 u 2°? Jlomyctum, 4To
YIJI0Bast MOTPENIHOCTh OTHOCUTENBHO TNIAMEHHU JIBYX-
croponnsisi. Torma nst msitHa OTB, nmerotiero B Mo-
MEHT COITPUKOCHOBEHHUS C 00bEKTOM 3aIUThI TUAMETP
0,5 M, ero He0OXOIUMO YBEIIMYUTH COOTBETCTBEHHO HA
0,7u 1,4 m. YBenmuuTcs 1 mioma b opomienus ¢ 0,2 1o
1,13 u 2,84 M. OnHako MpU HEWM3MEHHOM DPACXOJe
3HAYUTEIILHO COKPATUTCS HHTEHCUBHOCTDH OPOILICHHUS:
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Puc. 6. Cnoco6st nogaun OTB Ha ouar nmoxxapa u3 [1PC: A, B,
— DHEPreTHYECKHE LIEHTPBI OOJIBILIOT0 U MEHBILIETO 110 pa3Mepam
IUIaMEH, HaXOSIIUXCs Ha paBHOM paccrosiHuu ot [1PC; B, —
SHEpreTHYEeCKUi HeHTp yaanenHoro miamenu; C, C, — To4kH,
HaXoAsIINecs Ha KOHTypax IIaMeH; o, 1, B2, Y1, Y2 — YTJIOBBIE
koopauHatsl mogaun OTB oTHOCHTENBEHO 00pe3a mIaMeHn
Fig. 6. The supply methods of the FEA to the fire from RFM: A,
B, — energy centers of the larger and the smaller flames that are
at equal distance from the RFM; B, — energy center of the re-
mote flame; C;, C, — points located on the contours of the flames;
oy, Brs Bas V1> Y2 — the angular coordinates of the FEA supply
relative to the flame edge

cooTBeTcTBeHHO B 5,65 u 14 pa3! Ecnu xe npousoii-
J€T CyMMHMPOBAHHE IOTIPEIIHOCTEH 1J11 HECKOJIBKHX
YTIIOB, TO HHTEHCUBHOCTH OPOIICHNUS eIIIe 0oree pe3ko
ynanet. TeM He MeHee JIaxe ITPU dTHX YCIOBHSIX U 00ec-
MIEYCHUH KBA3UPABHOMEPHOCTH OPOIICHUS, HAITPUMED,
3a cyeT BUOPUPYIOIICH WM OCHMLTUPYIONICH Moaun
OTB UHTEHCUBHOCTH OPOIIECHUS OyIE€T COCTABIATH IO~
psnka 0,5 i/ (C'Mz), T. €. JUIA TPYIIIbI ToMeleHu 1 Oyner
MIPEBBIIIATh HOPMAaTUBHOE 3HAUYEHUE JIJISl CIIPUHKIIEP-
HOTO opocuTens B 6,25 pas.

st monsecubix ITPC mambonee 1enecoodpa3Ho
obecrneunts nogayy OTB B 3HepreTHueckuii LEHTP
wiamMenu. OnHako Juid HanodbHbIX [TPC Hu 3TOT CcIio-
€00, HU TeM OoJiee criocod HaBEJACHUS Ha KaKyr-1100
IIPOM3BOJIbHYIO TOUKY, HAXOJAIIYIOCS Ha KOHTYpE Iljla-
MEHH, ITPY HEOOJIBIITUX PACCTOSTHUSX MEYKIY CTBOJIOM H
04aroM moxkapa M 3HAYMTENbHBIX pazMepax IIaMeHH
HE JIaeT YIOBJICTBOPUTENILHBIX PE3YIBTATOB M0 AP dek-
TUBHOCTH TyIlIeHus, Tak kak OTB He Bo3eicTByeT He-
[MOCPEJCTBEHHO Ha 30HY TOPEHUs, a IPOHUKAsI CKBO3b
BBICOKOTEMIIEPATypPHYIO 30HY, OPOLIAET HE OBEPKEH-
HYI0 OTHIO YJQJICHHYIO IIOLAdb.

Yrous HaBeieHUs PU OTHOM U TOM K€ PaCCTOSHUHI
MEXKIy OYaroM Iokapa ¥ BH3HPOBAaHUEM Ja(ETHOTO
CTBOJIA 3aBUCHT OT Pa3MepoB riamenu (puc. 6) [26,27].

Hanpumep, npu 0JMHAKOBOM yIaJe€HUH OT TOXKap-
HOTO CTBOJIA, HO MPHU PA3IMYHOM BBICOTE M ILIOLIAIN
oYara ropeHHs SHepreTHIeCcKe HEeHTPHI OOIBIIOTOo A |
1 MEHBILIETO 110 pa3Mepy IulaMeH B uMeroT pasiingyabie
HOJIIPHBIE KOOPAMHATBI OTHOCUTENIBHO ocH cTBoja O.
YroJ HaBe/ICHUS B 30HY INIAMEHH TaK)Ke 3aBUCHUT OT €ro
pa3mMepoB: yeM OOJIbIIIEe IJIaMsl, TEM 3HaYHUTENbHEE pac-
XOX/ICHHUE IO YTy HaBeAeHus (o, > ).

YrnoBast pa3HOCTH HaBEICHHS Ha JIFOOYIO TOUKY, Ha-
XOJIALLYIOCS] Ha KOHTYpe I1amenu, Hanpumep C; umu C,,
MOJKET UMETb ellle Oobllee 3HaueHUe (7, > B1; 7, > B,).

B cBs3u ¢ 3TUM npu TyleHUU MoxaposB kiacca B
Jutst HarroyibHBIX PYII Hamboliee mpennoyTHTeIbHBIM
sBisieTcst crocod nogaun OTB o oO6pe3 miameHw,
TaK Kak IPU STOM BHE 3aBUCHMOCTH OT €ro pa3MepoB
JIOCTaBKa OTHETYIIAIIET0 BEIIeCTBA OCYIIECTRISICTCS
HETIOCPE/ICTBEHHO B 30HY TOPEHUS, BCIICJCTBUE YETO
CYIIECTBEHHO MOBBIIIACTCS APPEKTUBHOCTD TYIICHHS
rnoXkapa.

2. 0co6€eHHOCTH TYLLEeHUA NOXKapoB
CTOAYUMMU (CTAaTUUECKUMMU)
U cKaHupyrowumu ctpyamu MPC

B cBsi3u co 3HAYMTETHHBIMU JIOCTHKCHUSIMHU B 00-
nactu koHcTpyupoBanwust [IPC u nmporpammuoro obec-
neueHns PYII, ¢ mupoknM BHEAPEHUEM ITUX TEXHHU-
YECKHUX CPENICTB [UIS POTUBOIIOKAPHOH 3aITUTHl 00b-
€KTOB Pa3JIMYHOI0 Ha3HAYeHHs] OCHOBHOW AaKIIEHT B
HCCIIEI0BATENILCKUX paboTax IepeHeceH Ha pelleHue
NPaKTHYECKUX BOIPOCOB, CBSI3aHHBIX C pa3pabOTKOit
HOPMAaTHBHBIX TpeOOBaHUII 1o IpoekTupoBanuio PYII.

OcHOBHBIE TIPOOJIEMBI B TIPOIECCE MPOSKTUPOBA-
uus PYTI, B cocta kotopsix Bxoasat [IPC, Bo3HukaroT
TIPH OTIPEICTICHUN PACCTOSTHUS MEX Ty cMekHbIMH [TPC;
BBIOOpE crIoc00a OOHApYKEHUS ouara moxapa; orpe-
JleJIeHnH yriia Bo3BbIenus creona [IPC oTHOCHTENB-
HO 3TOr'0 ouara, JI0IyCTUMBIX pa3MepoB ouara rnoxapa
(TuToiaiv oXkapa, KOTopyro HeoOX0MMO MOABEPTHY Th
OpOILLIEHHI0); BhIOOpe Tuma cTpyu uiu noroka OTB
(KoMIaKTHasE WM paclbUICHHas, CTOs4as, BUOpUPY-
olas, MasTHUKOBas WJIM CKaHUpYoLlas), crocoda
ompeieNIeHHsI pacCTOSHUS 0 o4yara, xapakrepa 0asu-
CTHUKH CTpYyH (HaBecHast WK IeHCTBYIOIAs 10 PPOHTY
00BEKTa 3aIUTHI); TP PELICHUH BOPOCA O TOM, YETO
HeoO0XoauMo aocTudb npu nogade OTB — HakpbITh
CTpye cpa3y BECh OYar mokapa uin 00ecreYnTh cKa-
HUPOBAHME B MpeEesiax TopsIel MTOBEPXHOCTH.

MMeHHO TH HaBUTALIMOHHBIE [TapaMeTPhl olpeie-
JSIOT B ajibHeem Borancienue pacxoga OTB u un-
TEHCUBHOCTH OPOILICHUS TOBEPXHOCTH OOBEKTa 3a-
LIUTHI IPU BO3/IEHCTBUM HA HEE BOJISHOM CTPYH.

[Ipoexrwst oporraeMoro IsiTHa HABECHBIX HITH (PPOH-
TaJBHBIX CTATHYECKUX (CTOSYUX ) THOO CTPOUHBIX CKa-
HUPYIOLIUX CTPYH, popmupyemsix ctoioM [1PC, B 3a-
BHCHMOCTH OT yIJIa, O] KOTOPBIM IOJIa€TCs CTPYsI Ha
00BEKT 3alIUThI, KAK YaCTHBIN MCaTbHbIHN CiTy4aii MO-
JKET UMETh (POPMY Kpyra UJIH Yalle — BBITSIHYTOTO JJI-
JUICa.

Tyl1eHue noxapoB CTOSYMMHU WIH CTPOUHBIMHU CKa-
HUPYIOIIMHA CTPYSIMHU ((HPOHTAIBHBIMHE, CKOJIB3SIIH-
MU HJIH HaBeCHBIMH ), popmupyeMbivu [IPC, umeet psin
CYIIECTBEHHBIX 0COOCHHOCTEH 110 CPAaBHEHUIO C TYIIIC-
HUEM TO0XapOB PACIbUICHHBIMU IOTOKaMH, IUCIEp-
TUPYEMBIMH W3 OPOCHUTEJIEH CIPUHKIEPHBIX U JAPEH-
yepHbIX AYII, KoTOpbie HEOOXOAUMO YUYUTHIBATH MPHU
MPOEKTUPOBAHUY MTOKAPHOH 3aIIUTHI 00BEKTA:
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Puc. 7. [Ipumeps! BU3HpOBaHYS N3BELIATEIsI HABEICHHS Ha o4yar
noxapa: a — (ppoHTaIbHOE, 0K 00pe3 INIaMEHH; 6 — I10 IIEHTPY
TOPHU3OHTAILHON MTOBEPXHOCTH IOYKAPHOIN HArpy3KH (I 10 SHEP-
TFeTHYECKOMY LIEHTPY); / — OOBEKT 3aIlUThl; 2 — HM3BEIIATENb
HaBeJICHMsI Ha ovar noxkapa; /¥ — JIMHUs BU3UPOBAHUS U3BEIIa-
Tens; [, b, h— COOTBETCTBEHHO IJIMHA, IMUPHHA (TTyOMHA) U BEI-
cOTa 00BEKTa 3aIUTHI; X — TOYKA BU3UPOBAHUS M3BEIIATEI;
Puss — YTOIl BU3UPOBAHMS M3BEIATEINST HABECHHS

Fig. 7. Examples of sighting of the fire targeting detector: a —
frontal, to the edge of the flame; b — to the centre of the hori-
zontal surface of the fire load (or energy centre); / — protected
object; 2 — fire targeting detector; W — detector sighting line;
/, b, h— length, breadth and height of the protected object; x —
detector sighting point; p,,,— sighting angle of the fire targeting
detector

e IIPEXJEe YeM NPUCTYIHUTH K TYLIEHHIO [10Kapa B COOT-
BETCTBHH ¢ anroputMoM (yHkimonuposanust [1PC,
JOJDKHO OBITH MPEIYCMOTPEHO aBTOMATHUYECKOE
olpeiesIeHre KOOpAUHAT 3aropaHus, IOUCK I1aMe-
HU 1 opueHTaIys Ha Hero ctBoia [1PC (puc. 7);

e TYILIEHHUE II0XKapa MOXKET OCYLIECTBIATHCA KaK CTa-
THYESCKUMU (CTOSINMH ), BHOPHPYIOIIINMH, OCIIHILTH-
PYIOIMMH (MasITHUKOBBIMH), TaK U CKAHUPYTOIIH-
MU (TIepEMETAIOIIMMHCS B YIIIOBBIX KOOPIHHATAX )
CTPYSIMH;

e TIpH CTpouHOM cKaHupoBanuu ctBojoM [TPC kax-
Jlasi TOUKa 3alllMIIaeMOl 30Hbl [IOJBEPraeTcsl BO3-
nerictuio msiTHa OTB nepuoanuecku;

e JUIMHA U KOJIMYECTBO CTPOK B pacTpe CKaHUPOBa-
HUSI 3aBUCSIT OT BHUJIA, THITA U Ta0apUTHBIX pa3me-
POB 3alIUIaeMO MMOKapHOH HArpy3KH (pacroio-
JKEHMsI TOPIOYMX MaTepUasloB, TEXHOJOTHYECKOTO
000pYIOBaHUS U T. I1.), @ TAKXKE OT AUAMETPa KOM-
MAaKTHOM CTpyH WM pacnblieHHoro notoka OTB;

e  IIpH 3amIUTe 0OBEKTA OIPEIACICHHBIX TNHEHHBIX pa3-
MEpPOB JMaIa30H YIVIOB CKAHUPOBaHMUs, a CJIe[j0Ba-
TEJbHO, U IPOJOKUTENILHOCTD LIUKJIA CKAHUPOBA-
HUA 3aBUCAT OT paccrogHus mexay [IPC u 3amu-
IIACMOM 30HOM;

e JlMaNa30H YIVIOB CKAHUPOBAHMsI, KPOME IIPENIEIbHO
JIOTYCTHMBIX JIMHEHHBIX Pa3MEpOB B LIMPUHY H
DTyOHHY MOXAPHON HATPY3KH, OIPEIEIAETCS TAKXKE
HOrpetrHocThio HaBuranuu creosa [IPC va ouar no-

’Kapa (IIOrpeIIHOCTbIO HaBeIEHUS U [TO3ULIMOHUPO-

BaHUSI, T. €. OTPAOOTKH IIMKJINYESCKON IPOTPaMMBI );
e anroput™m HaBeaeHus [IPC Ha owar moxkapa, BUJI

TEXHUYECKHUX CPEJICTB OOHAPYKEHHUs [ToXKapa, Koop-

JUHATHI HABEJIEHUS TOXKAPHOTO CTBOJIA HA ovar Io-

JKapa BBIOMPAIOTCS B 3aBUCUMOCTH OT KJlacca CI0XK-

HOCTH pelaeMbIX 3aja4 (puc. 8);

e HeoOxomuMocTh nmomaun cTpyu OTB mox 06pes mu
B SMUICHTP TUIAMEHHU PEeTNIaMEHTHPYETCS arperar-
HBIM COCTOSIHUEM IIO)KapHOW Harpys3kud U BUIOM
OTB;

e JIQJBbHOCTD [10JaYH CTPYH 3aBUCUT OT CKOPOCTH CKa-
HupoBaHus, nasieHus y [1PC u yria Bo3BbILLIEHUS
ctBona ITPC;

e monada ctpyn OTB (koMnakTHOW WM pacrbUICH-
HOI) TOJIKHA OCYIIECTBISTHCS C YYETOM YyIyia Kop-
PeKIIMH, a TaKkke B 3aBUCHMOCTH OT PacCTOSHUS
mexy [1PC u 3amuimaeMbiM 00beKTOM (OYarom
noxapa) (puc. 9).

Yem GoubIire paccTostaus L v [ Mex ity ctBosiom [TPC
1 04aroM Iokapa, TeM, COOTBETCTBECHHO, OOJIBIIIE YIIIHI (),
Pripc U Pysy- TIpH L > [MeM: @1 > @45 Pripe; > Pripc-s»
Puss-L > Puss—1-

[Ipu mpoextupoBanuu PYII moxeT ObIThH peasinzo-
BaH OJIMH W3 BapUaHTOB aJlropuTMa (PyHKIIMOHUPOBA-
HUS 110 OOHApPYKEHUIO TMOXKapa M HaBUTALlUU CTBOJA
[TPC na ouar noxapa:

1 — perucTtparus ouara noxapa mokxapHbiM H3Be-

nraresieM o01iero 0030pa Ui MOKapPHBIM 30HHBIM

W3BEIIaTeNIeM C MOCIEIyIOIei Bbljauell COOTBET-

CTBYIONICH KOMaH/IbI Ha OWH WK Heckonbko [TPC

JUIsl HABEJIGHUS Ha oyar 1oXkapa;

2 — perucrpanus o4ara rnoxapa CUCTeMOi TeXHu-

yeckoro 3penus (CT3) ¢ mocnenyromnieit Beiade

COOTBETCTBYIOIIMX KOOPAMUHAT 3aropaHus Ui aB-

TOMAaTHYECKOTO HaBEJCHHS OJHOTO WJIM HECKOIb-

kux [IPC HemocpencTBEHHO Ha ouar moxapa.

B nporniecce HaBUTaNMK U TyIICHUS MTOYKapa CUCTe-
Mma ynpasnenus PYII nomkHa aBroMarndecku npuHu-
MaThb PELIEHUs 110 OIIPEAECIIEHHUIO:

e crocoba nogauu crpyn OTB Ha ouar noxapa (Ha-
BECHBIM PaclbUIEHHBIM IIOTOKOM, CKAHUPYIOLIUMH
CTPYSIMH MJTH TOJIBKO O/IHOM cTpyeit oz o06pe3 mia-
MEHN);

e BenuuuHbl yria akena crpyu OTB B 3aBucumoct
OT JaJIbHOCTH TOJIa4¥ CTPYH;

e m3HavasnbHOU nogaun OTB (Ha ropu3oHTAIBHYIO
WIH BEPTHUKAIBHYIO MOBEPXHOCTH, BBIIIE KPOMKH
3alUIIAEMOM TUI0IIA 1, B IULEHTP TOPEHUs, IO
o0pe3 TIaMeH! Wi Ha OOKOBOH adpuc);

e yIVIa KOPPEKUHUHU (B 3aBUCUMOCTH OT JAJIbHOCTH U
nasienus nogaun ctpyu OTB).

[Ipu Ty1eHuN no>xapHOi HArpy3KH U3 TBEPABIX ro-
pIOYMX MaTepuajoB HEOONBIIOW BBICOTHI, PaCHOO-
JKEHHOM Ha TOPU30HTAJILHON MOBEPXHOCTH, WIJIM MPO-
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PoGoTH3MpoBaHHbIE OXKAPHBIE CTBOJIBI
Robotic fire monitors

OGHapyxeHne [ |
KOOP/THHAT 3aTOPAHHS Ussemarens o6miero 063opa W3Bemarens HaBeleHNs Ha OUAT TI0Kapa
Detection of the ignition General view detector Fire targeting detector

coordinates

Kuacc croxnOCTH 337189 -
. Ananrusssle / Adaptiv Iporpammupyemsie / Programmed
Task complexity class I a o / Adaptive | porp Py | / Prog
CperncrBa 0OHApyKEHUS. Cucrema TMoxapHrble Cpencrsa OpraHosenTnaeckoe
noapa TEXHWYECKOTO 3PEHUS W3BEIIATENN BU3yaIH3aUH BOCIIPHSATHE
Fire detection equipment Vision system Fire detectors Visualization tools Organoleptic perception
Hasenenne
ITonckoBoe 1o mporpamMme ITo neneykazanuto HenocpencTeHHO onepatopoM
TIOKapHOTO CTBOJIA o i . . . . .
) . . Search according to program According to target designation Directly by operator
Fire monitor targeting

Koopnunarsl HaBeieHns Iox o6pe3 B snepretuueckuii
MOXKAPHOTO CTBOJA P LEHTP IUIAMCHH

B 3amannyto 300y

B 3agannyto 300
JAHHY y 3aLIMIIAEMOTO 00bEKTa

) . . IUIAMEHU IUIAMCHHU e
Fire monitor targeting - To the energy centre To defined flz To the specitied zone
coordinates To edge of the flame of the flame 0 dehimed Hame zone of the protected object

\ } |
é’g};ﬁsﬁeﬂne I Tosunuonnoe / Positional l Kontypuoe / Contour l

Puc. 8. Anroput™m Haseznenus [IPC na ouar noxkapa / Fig. 8. Algorithm of the FEA targeting onto the fire source

L a

Puc. 9. 3aBucumocTs yria koppekuun ot pacctostaus Mmexay [IPC u ouarom noxapa: a—mnpu L > [; 6 —npu/ < L; [ —TI1PC; 2—wu3-
BeIaTeNb HABEJICHHs1; 3 — ouar noxkapa; 4 — JIMHUA Bo3BbllIeHus cTBosa [1PC; 5 — niHUs BU3HPOBAaHUS U3BEILATENsS HABEACHNUS,
L, | — paccrosiHue 10 04ara moxapa; Prpc_z, Prpc_; — yrod Bo3BbieHus ctBoa [IPC; Py 7, Puss_; — YTOJI BU3UPOBAHNUS U3BELLA-
TeJs HaBEACHUS; (7, (; — YTrOJ KOPPEKLUH

Fig. 9. The dependence of the correction angle on the distance between the RFM and the fire source: a—at L > /;b—at/ < L; | —RFM;
2 — targeting detector; 3 — source of fire; 4 — RFM elevation line; 5 — detector sighting line; L, / — the distance to the fire source;

PrEM-L» PREM_; — €levation angle ofthe RFM; p ., 1, Puer—s — sighting angle of the fire targeting detector; ¢, , ¢;— correction angle
nuBoB kuakoctu OTB HeoOXonuMo momaBars 1mox 00- MH cTpokami. [Ipu 3amuTe BepTUKAIBHBIX TOBEPXHO-
pe3 mwiamenu. [Ipu 3ammTe TEXHOIOTHYECKOTO 000py- CTEW OT TEIUIOBBIX BO3IACUCTBHI MOXET OBITH HOCTa-
JIOBAHUS CJOXKHOU KOH(MUrypaluu Lelecoo0pa3Ho  TOYHO OJJHOW CKaHMPYIOLIEH CTPOKHU B 3a1aHHYIO 30HY
OCYILLECTBJIATH OPOLICHUE HECKOJIBKUMU CKAHUPYIOLLIU- (Hampumep, MO BEpXHEH KPOMKE ITOH TTOBEPXHOCTH).
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3. OcHOBHbI€ NMOAOXKEHUA
HOPMAaTUBHbIX AOKYMEHTOB
Mo NPOEKTUPOBAaHUIO U ucnbiTaHuto PYN

OcHoBHbIe TpeOOBaHMsI U METOBI HCTibITaHnl PYTI
u [TPC npuseaenst B TOCT P 53326-2009, a oOuue
MoJOXKeHus 110 poektupoBanuto — B CI15.13130.2009
[40] (manee — CIT 5) u B BHIIB-CTO [41]. Onnako
npu npoektupoBanuu PY T npuMeHnTenbHO K KOHKPET-
HOMY OOBEKTY 3aI[UThl BOSHUKAET HEOIIPEICTICHHOCTb:
KaKHe Mpe/IeNIbHBIC O MJIOMIAd OYard MmoXkapa MOTyT
OBITh JIMKBHJIUPOBAHBI WM JIOKAJIU30BaHBI, C KAKUM
pacxomom OTB u Ha kakom paccrossauu j0 [TPC (mo-
CKOJIbKY 3TH CBEJICHUS B HOPMAaTHBHBIX JOKYMEHTaxX
OTCYTCTBYIOT).

[lepen mpoektuposanuem PYII neodxoanmo ompe-
JISIATHCSL C MAKCHMaJIbHO JOMYCTUMBIMH pa3MepamMu
oyara noxapa (B TOM YHCJIE C YYETOM IIOIPEIIHOCTH
HaBUI'aLlMU Ha oyar noxapa U MOrperHoCTH HO3UIHO-
HUPOBAHWSA), TPU KOTOPBIX €IIIe MOKHO 00ECIICUHT JIMK-
BUJAIMIO WM JIOKAJIU3ALUIO [10JKapa, TaK KaK UMEHHO
3T IapaMeTPbI OIIPeeIsIoT faBienue u pacxon OTB,
a TaKKe CBSI3aHHYIO C HUIMHU OAJUTMCTHKY KOMITAKTHOM
CTPYH WIM PACHBUICHHOTO MMoToka. OJHaKo AMAara3oH
ckanupoBanus crsosioM [1PC onpenensieTcs He TOJIBKO
JOMYCTUMBIMH pa3MepaMH oyara roxkapa, HO U TO-
FPELIHOCTAMU HAaBUTAllMM HA HEro M MO3ULMOHUPO-
BaHUSI.

B cBo1o ouepenip, 1OMyCTUMbIE pa3Mepbl oyara mo-
JKapa 3aBUCAT OT YyBCTBUTEIBHOCTU U OBICTpOJEHCT-
BUS armaparypbl OOHAPYKEHHsI 3arOpaHUs U TPOJIOII-
JKuTenbHoCcTH HaBuramuu ctBojsia [IPC Ha ouar moxa-
pa, MOTPEIIHOCTEH HABUTAIIMK M TIO3UITHOHUPOBAHHUSI.
BricTponeiicTBre oOHapy>KeHNS 3arOpaHus OIPEIes-
ercsi 4yBCcTBUTENbHOCThIO CT3, m3Bemarens oomero
0030pa (WM 30HHBIX M3BEIIATeNICH) WIH W3BeIaTesst

HaBEJICHUS, 00CCIIEUNBAIOIINX C 3aIaHHOI TOYHOCTHIO
napuranuo ctsosia [IPC nmo HaBegeHWIO KOMIIAKTHOM
CTPYH WIH paciblieHHoro noroka OTB Ha ouar moxa-
pa. UysctBurensHocts CT3 u n3Belaresneii 3aBUCUT OT
MHTEHCUBHOCTHU U3JIy4YeHHUs IJIAMEHHU, €0 CIIeKTpallb-
HOMW XapaKTepUCTUKU U PACCTOSHUS 10 OYara roxapa.

Cormmacao I'OCT P 53326-2009 uyBCTBUTEIHHOCTH
M3BEIIATEICH MPOBEPSIETCS 10 METOAMKE, M3TI0KEHHOU
B I'OCT P 50898-96 npumeHUTEIBHO TONBKO K TEC-
ToBOMY ouary miaaMmenu TII-5 (Tabmn. 2). Ho naxe ecnu
YUUTBIBATh U IPYTHE ouaru mnoxapa, Hanpumep TI1-2,
TII-4, TII-6, To 1 OHU HE UCYEPIIHIBAIOT BCETO MHOTO-
00pa3usi TOPIOYNX MaTepHAIOB.

Jomyctumoe o 'OCT P 50898-96 OvicTponeii-
ctBue u3pemareneit (180—510 ¢) cimmnikom BeIrKo, HO
JlaKe eCJIM MPHU peajbHOM odvare rmokapa Bpems cpa-
OarbIBaHMA OyAeT MEHbIIE, TO Hackoubko? IIpu mpu-
HSTOM YIJIOBOM CKOPOCTH HaBeieHUs 9 rpaji/c, paccTo-
SITHUU Bcero mpuMepHo 20 M 710 0OBEKTa 3aIIUTHl H
npu ObICTpOeHCTBUY Topsinka 1 ¢ mpober mo GpoH-
TaJIbHOM TNIOCKOCTH 0Yara rokapa CocTaBUT OKOJIO 3 M.
CokparuTh 3TO BpeMs 10 MUHUMYMa MOYKHO ITPH YCJIO-
BUH, YTO perucrpauus noxapa ocyuectsiusgercs CT3 ¢
MOCJIEIYIONIEH BbIIaY€H COOTBETCTBYIOIINX KOOPAHHAT
3aropaHusl [Uisl aBTOMarW4ecKoWd HaBUTallMU CTBOJIA
[TPC nenocpencTBEHHO Ha Odar rno)kapa Win 3aKper-
nensbM Ha [TPC u3Bemarenem HaBeIeHUS, KOTOPHIiA B
[poLecce HaBUrallMM M MIOUCKA odara mnoxapa coBep-
IaeT JBMKEHHE OJHOBpeMeHHO co ctBojiioM [IPC B
BEPTUKAILHOW ¥ TOPU30HTATLHON TUIOCKOCTSX U (hUK-
CUpYeT HauaJIbHbIE U KOHEYHBIC KOOPIMHATHI O4ara Io-
apa. CieyeT OTMETUTb, YTO Oylyliiee HECOMHEHHO 3a
CHUCTEMOH TeXHHUYECKOTro 3peHus. B HacTosmiee Bpems
MPOBOMISATCS HHTCHCUBHBIE PAaOOTHI MO0 MPUMEHEHHUIO
CT3 B KauecTBE CaMOCTOSITEIIBHONW CHCTEMBI MOXKap-

Tabauua 2. Bpemst cpabaTbiBanus H3BENIATENS HA TECTOBBIN ovar noxkapa / Table 2. Detector response time to test fire source

TecToBblii Ouar noxapa

XapaKTepHCTUKA TECTOBOTO 0Yara Ioxapa

Bpems cpabaTbiBanus
M3BEIIATENs, C, HE Ooee

TII-2 'openne apeBecUHBI
TP-2 Wood burning

TII-4 I'openre TOTMMEPHBIX
MaTepuaaoB

TP-4 Polymer materials burning
TII-5 I'openne JIBX c Bbine-
JICHUEM JIbIMa

TP-5 HFL burning with smoke

TII-6 T'openue JIBXK 6e3 BbI-
JICTICHUSL bIMa

TP-6 HFL burning without
smoke

70 OykoBBIX OpyckoB pazmMepoM 10x20x250 MM Kaxiblid, yIIo-
JKEHHBIX B 7 CJI0€B

70 beech bars of 10x20x250 mm each, laid in 7 layers

3 Mata u3 nexHonosuyperaa pasmepom 500x500x20 MM Kak b1
3 polyurethane foam mats of 500x500x20 mm each

650 r cmecu rentana (97 % 00.) u Tonyona (3 % 00.) B nozaione
pazmepom 330x330x50 Mmm
650 g of a heptane (97 % vol.) and toluene (3 % vol.) mixture in
a pallet of 330%x330x50 mm

2000 r cmecu 31r10Boro (90 % 06.) u metuiaosoro (10 % 006.)
CIHpPTa B OA0HE pazmepoM 435x435x50 mm

2000 g of mixture of an ethyl (90 % vol.) and methyl (10 % vol.)
alcohol in a pallet of 435x435x50 mm

370

180

240

510
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HOU CHTHAIM3AIINH U alapaTypbl 0OOHapY>KEHHS 3aro-
panuii B coctaBe AYII.
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Puc. 10. Yruossle nepemernenus creoia [IPC npu HaBeneHuu
Ha oy4ar nokapa: o, 3 — yrionsle niepemernenns crsoiia [TPC co-
OTBETCTBEHHO B TOPH30HTAIBHON U BEPTUKAILHON INIOCKOCTSIX;
0Ly, Oy Po» P — TO Ke, B HAYATBHOM M KOHEYHOM ITOJI0KCHUT
LUKJIA TIOUCKA; #, T — IPOAODKHTEIILHOCTD MEPEMEICHUSI CO-
OTBETCTBEHHO B TOPH30HTATBHON U BEPTUKAIBHON IIIOCKOCTSIX;
tg, te> Tg» T — TO XK€, B MOMEHT COOTBETCTBEHHO HaJasa U OKOH-
YaHs LMKJIA [IOUCKA; /, — HPOJOIIKUTEIBHOCTE PEBEPCa

Fig. 10. Angular rotations of the monitor RFM during targeting
at the fire source: o, § — angular rotations of the monitor RFM
in the horizontal and vertical planes; ay, o, g, B, — the same,
in the initial and final position of the search cycle; #, T — duration
of the rotation in the horizontal and vertical planes; ¢, #;, To, T, —
the same, at the start and the end of the search cycle; 7. —reverse
duration

L a
2
IPC /
REM 1<% w A ; A
R
b
L 0
3
/
[IPC W 4
REM ®
1 h
R
b

I'padmku yrnoseix nepemenienuii creona [1PC B ro-
PU30HTAJILHOM U BEPTUKAIBHOU IUIOCKOCTAX IIPU Ha-
BUTAIlMK HA OYar Io)kapa npuseneHsl Ha puc. 10.

B peanbHBIX YCIOBHAX CHIEKTpalibHAS XapaKTepHuc-
THKA II0’Kapa MOXET CYILIECTBEHHBIM 00pa3oM OTIUYATh-
Cs1 OT TECTOBOI'0 OYara rokapa. Belcokas 4yBCTBUTENb-
Hocth u3Bemarens no 'OCT P 50898-96, nanpuwmep,
k ouary TII-5 HUKaK HE O3HAYAET, YTO OH O0JIA/IAET MIPU-
€MJIEMOI1 UyBCTBUTEIBHOCTBIO K CIIEKTPY M3IyUYEHHS
MJIaMEHU PeaibHOTO oYara moskapa.

M3Bemarens HaBeIEHUsI, OCYLIECTBISIOMIUN TOUCK
W PETUCTPAIMIO YIIIOBBIX KOOPJIUHAT IMOXKapa, UMEeT
30HY HEYyBCTBUTEIBHOCTH [3 ¢ 00EMX CTOPOH IIAMEHH,
Ha KOTOPYIO OH He pearupyeT. Ha nmpaktuke cTpys Ha-
BOJIMTCS Ha O4ar o)kapa, BO-IIEpBbIX, C ONPEEICHHON
MOTPEIIHOCTHI0 HABUTAIMU HAa yrojl 0L U MOTPEIIHO-
CThIO MMO3UIIMOHUPOBAHUS Ha yroj 1, CBSI3aHHBIMHU CO
crennu(puIeCKUMHI 0COOCHHOCTSIMHU KHHEMAaTHKN MEXa-
Hu3Ma npusoza u cucteMsl ynpasienus [IPC. Cornac-
Ho 'OCT P 53326-2009 makcuMasbHas HOTPEHIHOCTh
yIJla 0L HE JJOJKHA TIpeBbIIaTh 2°.

B MeToauke onpeneneHus MOrpelrHocTeld HaBura-
nuu 1 no3uimonuposanus creoia [IPC, mpusenennoi
B 'OCT P 53326-2009, He yka3bIBaeTcsl, KakuM oOpa-
30M 3TH IOTPEUTHOCTH IOJIKHBI OBITH YUTEHBI ITPH ITPO-
extupoBanuu PYII u kakum 00OpazoM oHU OyIyT BIHATH
Ha npuHATHIN pacxoa OTB. B cBsi3u ¢ 5TUM BO3ZHHUKAIOT
npobaemsl 1 mpu 06ocHoBaHuU pacxoaa OTB, Tak kak

] '3 2

R
X \ X
R \\ \ ///// R 9
= — (o)
///O\\ z f
e y i y

e e

Puc. 11. Buges! ctpyii: a, 6 — (poHTaNbHAS; 6—0/c — HaBECHas; a—6, 0, e — 0Yar rokapa Kiacca A; 2, oc — odvar moxapa kiacca B;
a—0 — craTu4ecKas (CTosuas) CTpys; e, ¢ — CKaHUPYIoIas cTpysi; / — oOBEKT 3amuThl; 2 — (pOHTANIBHAS CTPYS; 3 — HaBeCHast
cTpysi; L — paccrostaue Meskay [IPC 11 00BbeKTOM 3aIUThI; () — yToJI KOPPEKINH (MEXTy OChIO BU3UPOBAHMS H3BEIIATENS HABEACHUS
u ocwio ctBosia [IPC); R — HampasiieHUe noja4uu cTpyu; W — JUHUS BUSHPOBAHUSI M3BEILATEIsI HABEACHHUS; /1, b — COOTBETCTBEHHO
BBICOTA ¥ IIUpHHA (TTyOMHA) 00BeKTa 3aunThl; - — BeIcOTa OcH BpateHus croia [1PC

Fig. 11. Types of streams: a, b— frontal; v—zh — high-angle; a—v, d, e — fire source of a class A; g, zh — center of fire source of a class
B; a—d — static (stationary) stream; e, zh — scanning stream; / — protected object; 2 — frontal stream; 3 — high-angle stream; L —
distance between the RFM and the protected object; ¢ — the correction angle (between the detector sighting axis and the RFM axis);
R — the stream direction; W — detector sighting line; /, b, h — length, breadth (depth) and height of the protected object; H — the RFM
rotation axis height
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OTCYTCTBYIOT PEKOMEHALUHU 110 [IPEJIEIbHO JOIYCTH-
MBIM [TOTPELIHOCTSM, IIPU KOTOPBIX IPAaBOMEPHO 3aUM-
cTtBoBaHue u3 tabi. 5.1-5.3 CII 5 [40].

Crnenyer y4ects, uto npenmymiectBoMm PYII epen
cupuHkiepHbiMu AYTI siBiseTCsl BO3MOXKHOCTD TYLINUTh
HayaJbHbII OYar 3aropaHus BCeM pacxoioM (Hopma-
TUBHO MPUPABHEHHBIM /sl 000UX BUAOB YCTAHOBOK),
YTO HA PAHHUX CTAJUAX 3arOpPaHUs MO OBICTPOAEHCT-
BUIO U 3(()EKTUBHOCTH HA MOPSJOK BBILIEC MOKA3aTe-
neil cnpunkiepHubix AVIL Ipu yBennueHuu miomanu
oyara UHTEHCUBHOCTb, €CTECTBEHHO, CHUIKAETCSL.

BMmecrte ¢ TeM HaJ0 YIUTHIBATh PA3IUUUS B CTPYK-
Type U (hopMe MOTOKA, TEHEPUPYEMOTO OPOCHUTEISIMHU
AVYII u crBomom ITPC. Jlns moOoro THma opocuTens
OCHOBHBIM ITapaMETPOM, BIFSIOIINM Ha 3(p(HEKTHBHOCTD
TYLLEHUS [105Kapa, sIBJIAETCS MHTEHCUBHOCTD OPOLIEHNUS
B TIpe/IeNax OMpe/eNIeHHO! 3auiaeMoit miomaau. [To-

Tok OTB U3 TpaguIEOHHOTO OPOCHUTETIS, KaK TPABUIIO,
HaIlpaBjIeH BHU3 IEPIEHAUKYIIPHO TOPU30HTAIBHOM
TMMOBEPXHOCTHU, ITOITOMY IPOCKIUA OPOIIACMOTO IISATHA
npezcTapisieT co0oi miomans kpyra. Cteon [TPC moxet
(hopMupoOBaTh KaK CTaTUYECKUE, TaK U CKAHUPYIOLIUE
cTpyH ((ppoHTaTIbHBIC, HABECHBIC), IPUYEM BEKTOP CKO-
pOCTH CTpyH B 3aBHCHUMOCTH OT pacroniokenus [TPC
OTHOCHUTEJIHHO 3aIMIIAEMOr0 0OBEKTA MOYKET ObITH Ha-
MIpaBIieH BBEPX, TOPU30HTAIBHO MM BHU3 (puc. 11).

Cormacuo m. 7.1.9 CII 5 [40] xaxmast TOYKa ImomMe-
IICHUS WX 3aIIUIIACMOTO 000PYI0BAHIS JOJDKHA Ha-
XOAUTHCS B 30He AelicTBus He MeHee 1ByX [IPC, npuuem
OHH MOTYT OBITh PACIIOJIOKEHBI KaK C OJTHOW CTOPOHBI
OTHOCHUTENFHO 00BEKTa 3aIlUThI, TaK U C MPOTHUBOIIO-
JIOXKHBIX CTOPOH.
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CoBepLueHcTBOBaHUe UHPOpMaLUOHHOro obecneueHusn
rpynn pa3BeAKU noxkapa npu ero MOHUTOPUHre B 3AaHUM
C UCNOAb30BaHUeM UHPpPaAKPaACHBbIX TEXHOAOTUMN

© H.T. Tonoabckuit', A. B. TapakaHos?, K. A. Muxaiinos™™, A. B. MokwaHueB*

1 Akapemus IMIC MUC Poccun (Poceus, 129366, r. Mocksa, yA. Bopuca FaaywkmHa, 4)

2 VBaHOBCKas NoxapHo-cnacaTtenbHas akapemus MC MYC Poceun (Poceus, 153040,
r. MBaHoBo, npocn. Ctpoutenen, 33)

PE3IOME

BBeaeHue. TakTMueckre BO3MOXHOCTM Ipynn pa3BeAKM Nnoxapa 3aBUCAT OT Pa3AUYHbIX GaKTOPOB, YCAOXKHSHOLLMX
nx paboty. HemanoBaxHbIM SBASETCS UCMOAB30BaHUE MHGOPMALMK OT MOBUABHBIX U CTALLMOHAPHbBIX CUCTEM MOHMU-
TOpWHra noxapa. Lleabto HacTosiLeln paboTbl ABASETCA OLEHKa TaKTUYECKUX BO3MOXHOCTEW rpymnn pa3BeAKu noxa-
pa npu ero MOHUTOPWHTE B 3AAHMU C UCTIOAb30BaHWEM MHdPAKPaCHbIX TEXHOAOTUIA. B paboTe pelleHbl ABE 3apauu:
NPOBEAEH aHAAW3 INEKTPOMArHWTHOro CBETOBOrO CMNEKTPA; pa3paboTaHa MOAEAb OLEHKU TaKTUYECKUX BO3MOXHO-
CTeW rpynn pa3BeAKM noxapa npu MOHUTOPUHIE Moxapa B 3AaHUM C UCMIOAb30BaHWEM KOPOTKOBOAHOBbIX MHPpPa-
KpaCHbIX TEXHOAOTUH.

MeTtoauka. B pabote ncnonb3oBaHbl MateMaTUueCcKne MEeTOAbI, BKAKOUAsi METOA Pa3A0XEHUS HOPMaAM30BaHHOTO
rnokasaTeAsi TakTUYECKMX BO3MOXHOCTEN B psip Teiaopa AAS ONMUCAHKSA TaKTUYECKUX BO3MOXHOCTEN rpynn pa3Bea-
KM Ha noxape.

Pe3ynbTatbl U UX 06cyxpeHUe. Ha 0OCHOBaHWM pacyeToB NPOW3BOAUTEABHOCTH U MAOLLAAM 30HbI OMCKa Py pas-
BEAKMW MOCTPOEHbI rpadprK1 3aBUCMMOCTM MAOLLAAM 30HbI MOUCKa OT NOKa3aTeAsi TaKTUYECKMX BO3MOXHOCTEN rpynn
pa3BeAKM Noxapa U HOPMaAM30BaHHOMO MoKa3aTeAst TaKTUYECKMX BO3MOXHOCTEW rpynn pa3BeAku noxapa. Noka-
3aHO, UYTO MPOU3BOAUTEABHOCTb TPYMNM Pa3BEAKM 3aBUCUT OT CKOPOCTU ABWXEHWSA 3BEHbEB ra3oAblMO3aLLUTHOM
cAyx6bl (FBAC), KoAMuecTBa 3BEHLEB, 3GDEKTUBHOIO PACCTOAHUA MEXAY 3BEHbSIMU U YCAOBUIA BUAMMOCTU. B pa-
60Te NpeararaeTcst UCNOAb30BaTh KOPOTKOBOAHOBbIE MHOPaAKPACHbIE KAMEPbI AAS YAYYLLEHUS BUAUMOCTU B AbIMY
npw NOUCKE U CnaceHun NoCTpaAaBLLKX.

BbiBOABI. B utore cuctema MHGOPMaLMOHHOM MOAAEPXKKU MPUHATUA PELLEHUI C UCTIOAB30BAHUEM MHPPAKPACHbIX
TEXHOAOTMIM YAYULLMT Ha 10-15 % B1AMMOCTb AAS 3BeHbEB TA3C, a Takke MX KOOPAMHALMIO. 3TO, B CBOKO OYEPEAb,
NO3BOAWT NMOBbLICUTb ONEPATUBHOCTb MPUHATUS YNTPaBAEHYECKUX PELLEHWUI NPY MOWUCKE U CMAaceHUK NOCTpaAaBLUMX
B HEMPUTOAHOW AASI AbIX@HUSI CPeAe.

KatoueBble cAroBa: MOHWTOPUHT MOXapa; KOPOTKOBOAHOBbIE MHOPaKpacHble TEXHOAOTUW; TaKTUYECKNE BO3MOX-
HocT; 3BeHo FA3C; MHPopMaLmnoHHoe obecneveHue.

DA uuTupoBaHua: TonoabCckuii H. I., TapakaHoB A. B., MuxarinoB K. A., MokwaHueB A. B. CoBeplLleHCTBOBaHUE
MHOOPMALMOHHOIO obecneyeHns rpynn pasBeAky noxapa npu ero MOHUTOPUHIe B 3AaHWUM C UCMIOAb30BaHUEM
MHOPaKpacHbIx TexHoAorui // NMoxapoBapbiBobe3onacHocTk/Fire and Explosion Safety. —2019. —T.28, Ne 3. —
C. 89-97. DOI: 10.18322/PVB.2019.28.03.89-97.

P MuxarinoB Kupumaa AHapeesmy, e-mail: mihkir.94@mail.ru

Improvement of information support fire
intelligence groups at fire building monitoring
using infrared technology
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2 Jvanovo Fire and Rescue Academy of State Firefighting Service of Emercom
of Russia (Stroiteley Avenue, 33, lvanovo, 153040, Russian Federation)

ABSTRACT

Introduction. The tactical capabilities of fire intelligence groups depend on various factors. It is also important to
use information from mobile and stationary fire monitoring systems. The aim of this work is to assess the tactical
capabilities of fire intelligence groups without using and using infrared technologies in the fire monitoring system.

MOXXAPOB3PbIBOBE3OMNACHOCTb/FIRE AND EXPLOSION SAFETY 2019 TOM 28 Ne3 m



- ECONOMICS AND FIRE AND COMPLEX SAFETY CONTROLE

The paper solves two problems: the analysis of the electromagnetic light spectrum; a model for assessing the tac-
tical capabilities of fire intelligence groups in the monitoring of fire in the building using short-wave infrared techno-
logies.

Methods. In the paper there were used mathematical methods, including the method of decomposition of the nor-
malized index of tactical capabilities in the Taylor series to describe the tactical capabilities of intelligence groups
in the fire.

Results and discussion. Based on the calculations of the performance and the area of the search area for intel-
ligence teams, the graphs of the search area versus the indicator of the tactical capabilities of the fire intelligence
groups and the normalized indicator of the tactical capabilities of the fire intelligence groups were plotted.
It is shown that the performance of the intelligence teams depends on the speed of the units of the gas and smoke
protection service, the number of units, the effective distance between the units and visibility conditions.
In the paper it was proposed the use of short-wave infrared cameras to improve visibility in the smoke during
the search and rescue of victims.

Conclusion. Inthe end, itis assumed that the system using infrared technologies will improve 10-15 % visibility for
fire links, as well as improve the coordination of fire links. This, in turn, will allow to increase the efficiency of mana-
gement decision-making in the search and rescue of victims in an inhospitable environment.

Keywords: fire monitoring; short-wave infrared technology; tactical capabilities; fire unit; information support.

For citation: N. G. Topolskiy, D. V. Tarakanov, K. A. Mikhaylov, A. V. Mokshantsev. Improvement of information
support fire intelligence groups at fire building monitoring using infrared technology. Pozharovzryvobezopasnost/
Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 89-97 (in Russian). DOI: 10.18322/PVB.2019.28.03.89-97.
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BBepeHue

Crerudukoii paboThI MOKAPHBIX TTOAPA3IETIEHUI IPH
TYLIEHUH TI0KAPOB B 31aHUAX 00YCIIaBIUBACTCS HAJIU-
que psga GakTopoB, YCIOKHSAIOMUX TaHHBIN ITPOLIECC.
Bo MHOrUX MpakTHYECKUX CITy4asiX, pUCKYsi COOCTBEH-
HOW JKU3HBIO, YIACTHUKHU TYIIEHHS TIOKapa MPOBOJST
paboThI IO/ BO3/ICHCTBHEM OMACHBIX (DAKTOPOB MOXKa-
pa (O®II). OTcyTcTBUE 1OCTATOYHON BHIIUMOCTH IIPH
TYIICHUH ITOKapa SBISETCS (PaKTOPOM, OTHOBPEMEHHO
CHIXAOMUM 3PPEKTUBHOCTD ISHCTBUI U OTIpees-
OIINM 0COOBIC ICUXOIOTHIECKHE YCIOBHUS, B KOTOPBIX
MOYKAPHBIM TPUXOJUTCS NPUHUMATh OTBETCTBEHHBIE
pelieHusl.

B cBoto ouepenn, 06cTaHOBKA ¢ IOKapaMHy Ha T10-
JKapOB3PBIBOOMACHBIX 00bekTax Poccuiickoit demepa-
UM OTIPEIEIIICT HEOOXOMUMOCTh IIOCTOSIHHOTO TIOBBI-
LIEHHs] YPOBHSA FOTOBHOCTH K O0prOe ¢ HuMu. OiHUM
U3 HanpaBJIeHUH MOBbIIEeHUS 3()PEKTUBHOCTH AEHCT-
BUH IOKAPHBIX MOIPA3ACTICHHIA [0 TYIIEHHUIO ITOKaPOB
B ycnoBusix BozaekcTBust ODIL B 31aHMAX moxkapo-
B3PBIBOOTIACHBIX OOBEKTOB SBISETCS COBEPIICHCTBO-
BaHUe MH(pOpMaAMOHHOTO oOecniedeHus. OHAKO WH-
(hopmarnusi, sIBISIACH ONHUM U3 HAaWBAKHEUIITNX BUJIOB
pecypcoB Uit 3PPEKTUBHOTO BEICHHS JICHCTBHIA TIO
TYIICHUIO TIOKapa, B CIIydae e€e¢ M30BITOYHOCTH HWIIN
IIPOTHBOPEYMBOCTH MOKET IIPUBECTHU K CHUYKEHUIO Ol1e-
PaTUBHOCTH NPUHMMAEMbIX YYaCTHUKAMHU TYIIEHHs
ro)kapa pEelIeHHH, 4TO B YCJIOBUAX BO3JCHCTBHS Ha
HUX OIMACHBIX (paKTOPOB MOXKapa KpaifHe HeKelaTeb-
HO. Ciie10BaTebHO, JTI00BIE JONOTHUTEIBHEIC CPEICT-
Ba nH(pOpMAIIMOHHOTO o0OecredeHus AecTBUi 1o Ty-
LICHHUIO MOKapa, MPUBOASIINE K YBEINYCHHUIO 00beMa
“H(pOPMALNH, TOJKHBI OBITh KPUTUYECKU OLICHEHBI C
TOYKH 3peHus 3PPEKTUBHOCTH UX IPHUMEHEeHUs. B mpak-
TUKE COBEPIICHCTBOBaHUS HHPOPMAIIMOHHOTO obecte-
YEeHUS TIOKAPHBIX MOJIPA3ACICHHUNA, OCYIIECTBISIFOIINX

TYIICHHUE TI0Kapa, CPOPMHUPOBAHKI MPOIIETYPHI OLICH-
k¥ 3(ppeKTUBHOCTH ACHWCTBUH MO TYIICHUIO MTOXKapa Ha
OCHOBE MMOKa3areyiel UX TAKTUYECKUX BO3MOXKHOCTEH.
B koHTekcTe paboThl MO/ MOKapHBIMU MOPA3IEICHU-
SIMU TIOHUMAIOTCS TPYTIIBI Pa3BeIKU MOYKapa B COCTaBE
3BEHBEB razo/ibiMo3auTHOM ciyx0b1 (I'3/1C).

TakTHueckre BO3MOXKHOCTH TPYII Pa3BEeIKH TIO-
)Kapa 3aBUCAT OT MHOTHX (PAKTOPOB, KOTOPbIE IPUBEJIC-
HBI Ha puc. 1.

B HacTosmieii pabore npeiaraeTcs UCIoJib30BaTh
KOPOTKOBOJTHOBBIE MH(PAKpACHBIC MOJIYIIH, MOIYJIH
ONVKHEH paJInoJIOKaIvK B (DYHKITMOHAIBHBIX ITOJICHC-
TEeMax aBTOMATH3UPOBAHHON CHCTEMBI ITOXKAPOB3PHIBO-
06e30TacHOCTH JJIs IPOBEACHHSI MOHUTOPUHTA, TIPETY-
TIPEKJICHUS U JIMKBUIAIUHN YPE3BbIYAHBIX CUTYAIH 1
noxkapoB [1—4]. Pazpaboran nporpaMMHbIi KOMILIEKC
MOHUTOPUHTA TOTEHIINAILHO OITACHBIX 00OBEKTOB U CH-
creMa HH(HOPMAIIMOHHOM MOAJICPKKU MTPUHATHUS Peliie-
HUH, peanu3yrolue Ipolecc MOHUTOPUHTA MoXKapa B
3IaHUM C KUCTIONB30BaHHEM HMH(PAKPACHBIX TEXHOJO-
ruit [5].

Lenpro nccneoBaHus SBISETCS OLIEHKA TaKTUYe-
CKHX BO3MOYKHOCTEH TPYIIT Pa3BE/IKH MOKapa MpH ero

DakTOpBbl, BAMSIOIINE HA TAKTHIESCKHE BO3MOXKHOCTH
IPYII Pa3BeAKU HOXKapa
Factors influencing tactical capabilities of fire intelligence groups

[ OnbIT (TPEHUPOBAHHOCTD)

OneparuBHas UHpOpMaLUL
Experience (training)

Operational information

Visibility conditions Psychological attitudes

1L

[ VeinoBus BUIIMMOCTH

%
R

Puc. 1. Cxema “(hakTopbl — TAKTHYECKHE BO3MOKHOCTH

TIcuxonoruueckue aCHeKTLI}

[ Bujast narpysku

OCHAIEHHOCTh
Types of load

Technical equipment

Fig. 1. Scheme “factors — tactical capabilities”
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MOHHTOPHHTE C HCIOJIb30BaHHEM HH(PPAKPACHBIX TEX-
HOJIOTMH, Peaan30BaHHbIX B BUJIE IPOrPAMMHOIO KOM-
IIeKca ¥ CHCTEMBI HH(OPMAIIMOHHOM MOAAEPKKI MPH-
HATUS PEUICHUN.

J1st foCTIDKEHUs TOCTAaBICHHOM eI HE0OX0AUMO
MOAUDUIPOBATH MOKA3aTENb TAKTHUCCKUX BO3MOX-
HOCTEH NOXKapHBIX MOAPa3ACICHUIT AT €r0 UCIIOIb30-
BaHMS IPH OLICHKE 3P (PEKTUBHOCTH MPAKTHUECKOTO MPH-
MEHEHUS TPOrPaMMHOTO KOMITICKCA.

TeopeTHueckue NONOXKEHUA
UccnepoBaHuA

ITo cpaBHEHUIO ¢ KaMepaMU BHIUMOTO JHara3oHa
HH(pPaKpaCHbIC TEXHOJIOTHH (Ha 0CHOBE (DOTOIUOTHBIX
CTPYKTYP apcenuoa uHousi — 2ajiiust) 00eCreunBarOT
Ka4eCTBEHHYIO ChEMKY B YCIIOBUSIX JIbIMa, TYMaHa U 3a-
MBJICHHOCTH, & TaKXKe JJOCTaTOYHYI0 BUAUMOCTH MPH
HU3KOU ocBelieHHoCTH [6—17].

B ycioBusx mOHMKEHHOH (HyJIEBOW) BHIUMOCTH
TPYTIBI pa3BEIKU TIOXKapa MOTYT:

e CBOEBPEMEHHO OOHAPYXUTh U CIACTH TMOCTPAIAB-

IIMX, KOTOPbIE Haxo/Is1TCs o1 Bo3ziericteuem ODIT;
e CBOCBPEMEHHO OOHAPYKHTh, JIOKAIU30BATh U JTUK-

BUIUPOBATH TTOXKAp.

Jl1st uccnemoBaHusl JaHHOTO HANpPAaBIICHUSI aBTO-
pamMu mpejiaraeTcs UCIoJib30BaTh KOPOTKOBOIIHOBHIE
nH(]paKpacHBIE KAMEPHI:

e B CHCTEME MOHUTOPHHTA B 3JJaHUH (CTAllMOHAPHBIE
yCIIOBHSA);
e B 00OPYIOBaHUH TOKAPHOTO JIJISt €r0 HH(POPMAILIH-

OHHOM TOJIJICPIKKH.

s pemieHusi MOCTaBICHHON 3ajjadul MPOBEJeHA
OIICHKA TAKTHUYECKUX BO3MOKHOCTEH TPYII Pa3BEAKH
nokapa Mpyu MOHUTOPHUHTE B 3[AHUH C UCTIOJIb30BaHH-
eM HH(paKpaCHBIX TEXHOJIOTHH C y4€TOM CUCTEMbI MO-
HUTOPHHTA U Oe3 ee yJera.

3T0 0COOEHHO aKTyaJILHO IPH pa3BeIKe Ha MoXKape
B IIpOIIEeCCe ITOMCKA TTOCTPATABIINX B 3JAHIHN 3BCHbSIMHI
I'I3C, Tak kak HEOOXOAUMO 00CIIeIOBATh 3HAYMTEIIb-
HYIO TUIOMIAb B YCIOBHUSIX HEIOCTATOYHON BUANMOCTH.

CxeMma muddepeHnmamuy 3MeKTPOMarHuTHOTO CBe-
TOBOTO CTIEKTpa MpPEACTaBICHA Ha pHC. 2.

KopotkoBosHoBbIH nH(pakpacHslii auamnason (KMJL)
— 9TO CBETOBOE M3JIYYCHUE DIIEKTPOMATHUTHBIX BOJIH
quHo ot 0,7 mo 2,5 Mxm. CeHcopbl Ha OCHOBE apce-
HUOA UHOUSL — 2annUs SBISIIOTCSI CEHCOPAaMH, KOTOPBIE
ucnonb3yrores npu cbemke B KM JI-aunanazone. Kopot-
KOBOJIHOBBIM MH(PAKPACHBIN JMara3oH OJHM30K K BH-
JIUMOMY, T7ie (POTOHBI JINOO OTPaKAIOTCS, JINOO TOTTIO-
marorcst oobekramu [ 18—20]. Dto, B CBOIO 0Yepeip, Mo-
3BOJISIET 00ECTICYNBATh MIUPOKUH THHAMUYECKUHN Tra-
1a30H, KOTOPBIN HEOOXOAUM IS H300paKeHHI! ¢ BBICO-
KHUM pa3pelieHneM. TeXHUueCKue CpecTBa Ha OCHOBE
HUH(pPaAKPACHBIX TeXHOIOTHH [6—10] MOTyT OBITH HEOOIB-
LIMX Pa3MepoOB U MOTPeONIATh MO dHEPTUHU, HO MPHU
9TOM BBINOJIHATH TpeOyemble PyHKLNH.

Ha ocnoge xapakrepuctuk, npucymmx KU/, mpo-
BeJIeHA OIICHKA TAKTUUECKIX BO3MOYKHOCTEH IPyYII pa3-
BEJIKM TIOKapa IPU ero MOHUTOPUHTE B 31aHuu [21].

[TpomsBogurensHOCTE U (Mz/ MUH) TPYTI Pa3BeaKH
nokapa B cocrae m 3BeHbeB [ JI3C B 3mannu oneHnBa-
eTcst 1o popmylie, MPUBEACHHOM B [22]:

U =V{(m-1)d + 2D}, ()

rue V— cxopocts aerkenns 3seHa [J13C, m/Mum;

m — KonnuecTBo 3BeHbeB [J13C;

d— 53 (deKkTuBHOE paCCTOSTHIE MEXKTY 3BEHBSIMH, M;

D — yCcloBUSI BUIUMOCTH, M.

B npakTuke perrennst 3a1a9 HHPOPMAIFIOHHOTO 00eC-
TIEYCHUS TTIOKAPHBIX TOAPa3AeIeHUH, BeIyIINX IeHCT-
BUSI 110 TYIIICHHEO [TOXKAPOB B 3/1aHUSIX, cOOTHOIIEHHE (1)

I[J'H/IHa BOJIHBI, MKM

CBepXBBICOKAsi HHTEHCUBHOCTD
Ultra-high intensity

Vrerpaduomner WudpakpacHoe n3nydeHne
Ultraviolet Infrared rays
0,1

BUJI KU/
NIR SWIR

Wavelength, pm

cuj
MWIR

CBepxHH3Kask HHTEHCUBHOCTh
Ultra-low intensity
MHUKpPOBOIIHBI
Microwaves
10,0

ANzl
LWIR

Puc. 2. Cxema nudpepeHnnanuu 3eKTpOMarHuTHOTO CBETOBOTO criekTpa: b1 /J] — Gmmxauit nHbpakpacHsil nuamazon; KN — ko-
POTKOBOJIHOBBII nH(pakpacHblii fuanazon; CUJ] — cpenHeBoaHOBbIN HHbpaKkpacHblil quanazon; J{1 /] — 1inHHOBOIHOBBIN HH(pa-
KpacHBI 1uana3oH

Fig. 2. Scheme of differentiation of electromagnetic light spectrum: NIR — near-infrared; SWIR — short-wavelength infrared; MWIR —
mid-wavelength infrared; LWIR — long-wavelength infrared
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HCIIOJIB3YETCS ISl OLEHKH IPOU3BOJUTEIBHOCTHU IPYIIIT
pa3Beaku B coctase ot 1 1o 3 3Bennes [J[3C.

[IpuMeHeHre KOPOTKOBOJHOBBIX HH(PAKPACHBIX
TEXHOJIOTUH MOKapHBIMU B cocTase 3BeHbeB [ J[3C mo-
3BOJIMT 3HAYUTEIBHO YIYUYIIUTh YCJIOBUS BUJUMOCTH,
YTO YBEJIMUUT NPOU3BOJUTEIBHOCTb IPYII Pa3BeIKU
Ha roxape.

I'pacdmuecku mpousBoauTENbHOCTS 3BeHbEB [ J[3C
IIpU MPOBECHUN PA3BEIKU MOXKAPA B 3aHUH IPEACTA-
BUM B BUJI€ IPSIMOYTOJIEHIKOB, TOKAa3aHHBIX Ha pHC. 3.

OG6cnenyemyro 30Hy MOUCKA Spy3c (MZ) TIpH MpoBe-
JICHUU Pa3BEAKH IoXKapa 3a BpeMs T (MHH) MO>KHO OI1e-
HUTb 110 COOTHOILLIEHUIO

Srize = Ut 2

Iloxazareib TAKTUYECKUX BO3MOKHOCTEH IPYIIIL pas-
BEJIKHU MOkapa K, peicTaBIsIeT cO00i OTHOILICHUE ILI0-
LAY 30HBI [IOMCKA K OOLIEN IIOIaau IIOUCKa S:

K, = Sruac /S. 3

Yewm Oomblre mokaszaTens K,, TeM BBIIIE TaKTHYe-
CKHUE BO3MO)KHOCTH ITPH HACHTH(UKAINH 0OBEKTOB I10-
ucka 3seHbaMu [ /13C npu noxape B 31aHUU.

OnHako Ipu pelIeHUN MPAKTUYECKUX 3a]a4 3a4ac-
TYI0 TpeOyeTCsl HOpMaIM30BaHHOE 3HAUCHHUE ITOKA3aTeNs
TAaKTHUECKUX BO3MOXKHOCTEH. [y 3TOro ucnomnb3yer-
Csl IOHSITHE BEPOSITHOCTH ycCIiexa Moucka. BeposTHoCTh
ycmexa P ompenensercst mo Gpopmyne, MpUBEACHHON
B [22]:

1

BECTO) @

[Ipenmnonaraercs, 4To MIOTHOCTH paclpeneIeHUs
CIy4ailHOM BEIWYUHBI IPU 3TOM UMEET 3KCIOHEHIIN-
aJbHBIA BUJ.

IIpuBenem 3HaueHue kputepus P K oOLien3BecT-
HOMY BHJly HOPMaJIM30BaHHOTO ITOKAa3aTess TaKTH4e-
CKUX BO3MOXHOCTeH E. [l aToro pasnoxum exp(K,)
B psn Teiinopa. Ucnonsszyem cienyroutyro Gopmyiy
JUIsL OTIPEIEJIEHNsI TIOKa3aTelsl TAKTHYECKUX BO3MOXK-
Hocreil 38eHa ['J[3C npu npoBeieHNH pa3BeaKH:

E=K,/1+K). )

[TpumeneHne cooTHOIIEHNS (5) TTO3BOJISIET paccMar-
puBath 3(p(HEeKTUBHOCTh MPUMEHEHUS CPEACTB MOHU-
TOPUHTa B KAHOHUYECKOM BH/IE:

1/E-1/K —1=0. (6)

ITepBoe cinaraemoe BeipaxkeHust (6) onpeesisieT OT-
HOIIICHUE MToKa3arelist 3Hh(HEKTUBHOCTH TPYIIT PA3BEIKH
HoKapa K eJIMHHMIIE, T. €. K OTEHIHATbHO BOBMOXXHOMY
3HAYCHUIO 3(DPEKTUBHOCTU PUMEHEHUSI CPEACTB MO-
HUTOpHUHTa. BTOpoe ciiaraemoe BoipaxeHus (6) xapak-
Tepu3yeT creneHb d(P(PEKTUBHOCTH NEHCTBUI TPy
Pa3BeIKH, OCHAIICHHBIX cpeicTBaMu MOHUTOpUHra. Co-
OTHOIICHHUE TAHHBIX TIOKa3aTesel 00ycIaBIuBaCT MOJ-
HYI TaKTHUYCCKYIO TOTOBHOCTb 3BE€HBEB PA3BCAKU ITPU

1 3Beno I[13C / | fire unit 2 3gena ['JI3C / 2 fire units

a By Ba

3

3 3gena I'JI3C / 3 fire units

"1 Y2 13

D d

Puc. 3. 'paduueckas mHTEpIpeTaLyis NPOU3BOAUTEIFHOCTH TPYIIIT
pasBenku, coctosmux u3 1, 2 u 3 3sensen ['/I3C: R — paccros-
HMe, IPOHICHHOE IPYIIIaMy Pa3BeIKH MOKapa 3a Bpems T; o, [3;,
Y; — yTJIbI 0030pa 3TUX TPyl

Fig. 3. Graphic interpretation of the productivity of fire intelli-
gence groups, consisting of 1, 2 and 3 fire units: R — covered
distance by fire intelligence groups at the time t; o, B; y; —
the groups viewing angle

peanusanuy JeHCTBUI B 30aHuN, T. €. paBHO 1. [Tpume-
HCHHE KaHOHWYECKOTO BU/IA OICHKH (PPEKTUBHOCTH
JIEWCTBUN TPy pa3BEAKN, OCHAIICHHBIX CPEACTBAMHU
MOHHUTOPHHTA, C UCTIOIb30BaHUEM BhIpaxeHus (6) mo-
3BOJISIET pacCMaTPUBATh KaXABIN 3 okazareneit £ u K
B €MHOH cUCTEME, a IPOLEAYPbl IPUHATHS PELLIEHUI
10 MPUMEHEHHUIO CPEJCTB MOHUTOPUHTIA JAIOT BO3MOJXK-
HOCTb aHAJM3UPOBaTh AAHHbIE [TOKA3aTeIN B OTIEJIb-
HOCTH.

Pe3yabTathl U UX 06CY)XAEHUE

[IpuBenem mpuMep UCTIOIB30BAHUS KPUTEPHUS JUIS
cpaBHEHUs 2(P(PEKTUBHOCTH BHEAPEHUS CUCTEMBI MO-
HUTOPHHTA C MPUMEHEHHEM UHPPAKPACHBIX TEXHOJO-
ruil. cxonHble ¥ pacyeTHbIE TapaMeTphl IOUCKA IPYII-
MaM¥ pa3BeJIKK pe/ICTaBlIeHb! B Ta0n. 1 1 2, Ha puc. 4
u 5. ([larHbIe 6€3 KCIOJIb30BaHUS HHPPAKPACHBIX TEX-
HOJIOTHH B3sThI U3 [22, 23].)

Tabauua 1. VicxoHble mapamMeTpbl HOMCKA TPYHIIaMHU PAa3BEAKN
Table 1. The source data search options by intelligence groups

Bes cuctembl C cucremoit
ITokazarens MOHHUTOPHHIA MOHHUTOPHHIA
V,m/Mun / V, m/min 30 35
d,m/d m
D,m /D, m 5
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Ta0auua 2. PacuetHble HapaMeTpbl IOMCKA FPYIIIaMU PA3BEIKU

Table 2. The calculated parameters search options by intelligence
groups

be3 cucremsr | C cucreMoit

Pacuernpiii napamerp | Npj3c | MOHMTOPHMHIA | MOHMTOPHMHIA

IIpon3BoIUTENBHOCTS, 1 300 490
M2/MUH

Productivity, m?/min 2 420 665
Inowans noncka*, M° | 1 3000 4900

The area of search®, m* | 7 4200

* Inomaps moxcka 3a BpeMs T = 10 MuH.
The area of search during T = 10 minutes.

6650

W3 ananusa puc. 4 u 5 cieayer, 4To MPUMEHEHHE
nH(pPaKPACHBIX TEXHOJIOTHI O3BOJISIET YIIyUIIUTh BU-
JUMOCTD JJIs TPYIII pa3Benku mnoxkapa Ha 10—15 %.

a
6,0

5,0
4,0 \
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0
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The area of search, m?

Puc. 4. /lunaMuka noka3ateisi TAKTHYSCKHUX BO3MOXKHOCTEH ISt
TPYIIITBI Pa3BEIIKU, COCTOSIIEH U3 OHOTO (@) ¥ IBYX (6) 3BCHBEB
I'13C: K, — nokasaTenb TaKTHYECKHX BO3MOXKHOCTEH TPy
Pa3BeNKHU MOXkKapa C MCHOJIB30BAHNEM HH(PPAKPACHBIX TEXHOJIO-
r'uil B cCHCTEMe MOHUTOPHHIA

Fig. 4. Dynamics of indicators of tactical capabilities for fire in-
telligence groups consisting of one (a) and two (b) fire units:
K/— indicators of tactical capabilities for fire intelligence
groups using infrared technology in monitoring system
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Puc. 5. Jlunamyka HOpMaJIM30BAHHOTO 110KA3aTeNsl TAKTUYECKUX
BO3MOKHOCTEH JJIs1 TPYIIIbI Pa3BEIKH, COCTOSILEH U3 0JHOTO (a)
u 1ByX (6) 38eHbeB [ [13C: E* — HOpMaH30BaHHBII [IOKa3aTelb
TaKTUYECKHUX BO3MOXHOCTEH IPYII Pa3BeIKHU I10’KaAPa C UCTIONb-
30BaHUEM HH(PPAKPACHBIX TEXHOJIOTUI B CHCTEME MOHUTOPHHTA
Fig. 5. Dynamics of normalized indicators of tactical capabilities
for fire intelligence groups consisting of one (@) and two (b) fire
units: E* — normalized indicator of tactical capabilities for fire in-
telligence groups using infrared technology in monitoring system

Hcnonp3oBanue mpeyiaraeMbIX HHPPAKPACHBIX TEX-
HOJIOTUH yIny4lIaeT KOOPAMHALUIO ICHCTBUIN TPyTIIbI
pa3BeIKU U €€ NPOCTPAHCTBEHHYIO OPUEHTALUI0. DTO
M03BOJISIET 00ECTIEYNTD IBUKEHUE TPYIIIIBI B 31aHUH T10
TpeOyeMOMy MapuIpyTy U TEM CAMBIM COKPATUTh BPEMsI
Ha MOMCKH MOCTPalaBUINX B 3a/bIMIIEHHON 30HE. Bee
3TO, B CBOIO OUEPE/lb, OBBIIIAET TAKTUYECKHUE BO3MOX-
HOCTH T'PYII pa3BeJKy NoXkapa B 3AaHUU IIPU €r0 MO-
HUTOPHUHIE U IOUCKE NOCTPAAABILNX B CIIOKHBIX YCIIO-
BUSX MJIOXOH BUIUMOCTH.

3aknloueHue

[IpumeHeHue cpecTB MOHUTOPUHTA TOXKapa rpy-
amHu pas3BeJKu B cocTase 38eHbeB [J]3C Ha 0CHOBE KO-
POTKOBOJIHOBBIX HH(PAKPACHBIX TEXHOJOTHM B CHCTE-
Me HHPOPMALIMOHHON NOAACPIKKH IPUHSITHA PEILICHUI
IIPU Pa3BeIKe MOXKAapa B yCIOBUSIX IPOBEICHUS Pa3Be-
KU MOXapa B 3AaHUH, IPETyCMaTPUBAIOIINX OTCYTCT-
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BHE BO3MOYKHOCTH HCITOIBH30BATh MPHOOPHI BUANMOTO
Jana3oHa, OCJI0KHEHO WM HEBO3MOXKHO. OTHAKO ITpU-
MEHEHHUE HHPOPMAITHOHHBIX TEXHOJIOTHIA TIPH BEICHUHT
JEHCTBUI 110 TYLIEHHUIO [ToXkKapa JOJKHO ObITh 000CHO-
BAaHO C TOYKH 3PEHHUS MOBBILICHUS TAaKTUYECKUX BO3-
MOXKHOCTEN MOYKapHBIX oipa3aesieHuil. B HacTosmen
pabote paccmorpeHa cnenuduka HHPOPMALMOHHON
MOJ/ICPXKKH YIPABIEHHs TPy pa3BeIKy Moxapa Ha
OCHOBE KOPOTKOBOJIHOBBIX MH(PAKPACHBIX TEXHOIOTHH.

Pazpaboran nokazarens 3(heKTUBHOCTU ecTBUM
TCPYNI pa3BeJKH, OCHAILEHHBIX CPEICTBAMH MOHHUTO-
PHHTa, I KOTOPOTO B KAYECTBE TEOPETHUECKOIT OCHO-
BBI BEIOPAH KPUTEPH TAKTHUECCKUX BOSMOXKHOCTEH 1M0-
JKapHBIX moapasnencHuid. [IpoBeaeHo GyHKIMOHAIb-
HOE HMCCIICOBAaHME MOKA3aTelsl ¢ MPUMCHCHHIEM IIPO-
LEAypPbl Pa3JIOKEHUs] KOMIIOHEHTOB IIOKA3aTessl B psj
Teitnopa asst ero MpuBEACHUS K KAHOHUYECKOMY BHLY,
YA00HOMY JJIs1 TIOKOMITIOHEHTHOTO aHan3a 3(h(HeKTHB-
HOCTH NPUMEHEHUsI CPEJCTB MOHUTOPUHIA B 3aHUM
IIpY IPOBEICHUH Pa3BeAKU Ha roxape. [IpeayoxeHo Bbl-
paskeHHe ToKa3aTeyst SPPEKTHBHOCTU B BUJIE OTACIb-
HBIX COOTHOLIEHHH CjaraeMblX, XapaKTepHU3YIOIIUX
CTEIEeHb JOCTIKEHHUS LIeIel KaX /101 U3 KOMIIOHEHT CH-
CTEeMBbl MOHUTOPHUHTA. DTO TIO3BOJIMIIO IIPU OLIEHKE (-

(DEeKTHBHOCTH TPYTIT Pa3BeIKU, OCHAIICHHBIX CPEICT-
BaMHM MOHHUTOPHUHIA, pPAaCCMaTpUBATh KaX bl U3 IOKa-
3aTeseil B OTIEILHOCTH.

[IpoBeneHo uccienoBanue 3PGEKTUBHOCTH CPEACTB
MOHHUTOPUHTA Ha OCHOBE KOPOTKOBOJHOBBIX HH(pa-
KPacHBIX TEXHOJIOTHH B CHCTEME HWHQPOPMAIHOHHOM
MOJICPKKHU NPUHATHS pelieHuil. Ha mogensHOM nipu-
Mepe NOKa3aHo, YTO CHCTeMa MO3BOJIUT YIyUIIUTh BU-
JUMOCTb JIJIsl 3BEHBEB ra30/IbIMO3aLIMTHOM CITy>KOBbI Ha
10-15 %, a Taxke ymy4InuTh KOOPAUHAIUIO I1EHCTBUH,
MPOCTPAHCTBEHHYIO opueHTtanuto 38eHbeB ['J[3C B He-
MPUTOHOM A71s ibixaHus cpese. CoxpaHeHue MpoCTpaH-
CcTBEHHOUN opueHTanuu 3BeHbsiMU [J[3C B ycinoBusix
CHW)XEHHOM (HYJIEBOIT) BUAUMOCTH MO3BOJISIET OCYIIe-
CTBJIATH JBH)KCHHUE 110 TPEOyeMOMY MapIIpyTy Cleao0-
BaHUS BHYTPH 3JIaHUSI.

[IpumeHeHue cpeacTB MOHUTOPUHIA HA OCHOBE KO-
POTKOBOJTHOBBIX MH(PPAKPACHBIX TEXHOIOTHH B CHCTEME
WH(GOPMAIMOHHOW TIOAJICPKKH MPUHATHS PEIICHUI
JIaCT BOBMOXKHOCTb MOBBICUTh TAKTHYECKUE BO3MOYKHO-
CTH Py pa3BeKH IIOKapa B 3[aHUH, YTO B CBOIO Oye-
peab MOBBICUT ONEPaTUBHOCTH IPUHATHS YIIpaBlieHYe-
CKHUX pelICHUH pU OUCKEe, O0HAPY>KEHUH U CIACEHUU
MOCTPAJABIINX B HEMPUTOAHOM JUIsl IBIXaHUS CpeJie.
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QUESTION - ANSWER

YAK 696.1

YacTHble BOonpochbl Mo NPOEKTUPOBaHUIO
BHYTPEHHEro NpoTUBONOXXapHOro BOAONPOBOAA

© |I\. M. MewmaH |1

1 BcepocCuitcKkuin HayuHO-UCCAEAOBATEALCKMIA MHCTUTYT MPOTUBONOXaPHO! 0BOPOHbI
MUC Poccum (Poceusn, 143903, r. banalumxa MockoBCKow 06A., Mkp. BHUMMO, 12)

AHHOTAUUA

PekoMeHAOBaHO KOAMUYECTBO MOXAPHbIX KPAHOB, OAHOBPEMEHHO WUCMOAb3YEMbIX MPW TYLUEHUM NOXapa, a Takxe
MWHUMaAbHbIA PacXoA BOAbl Ha MOXapOoTyLLUEHWE ONPEeAEAATb COrAacHO TabauLe, B KOTOPOM NPeACTaBAEHbl BCe
BMAbI 3A@HWI, COOPYXXEHWI U MOMELLLEHWUI B COOTBETCTBUM C UX GYHKLMOHAAbHBIM HadHayeHuem (P1-d4).
KnatoueBble CAOBa: BUALI 3AaHUIA, COOPYXEHUI U MOMELLEHUI; GYHKLUMOHAAbHOE Ha3HaueHKe; MoXapHbIM KpaH; no-
XapoTyLIEeHWEe; MUHUMAAbHbIN PacxoA BOAbI; BbICOTa MOMELLEHHS.

Ana umtupoBaHua: MeLwwmaH /. M. YacTHble BONPOCHI N0 NPOEKTUPOBAHUIO BHYTPEHHETO NPOTUBOMNOXAaPHOIo BO-
AonpoBoaa // Moxapos3pbiBobesonacHocTb/Fire and Explosion Safety. — 2019. —T. 28, Ne 3. — C. 98-100.

Special issues on design installation

of standpipe and hose systems

© | Leonid M. Meshman| 1

1 All-Russian Research Institute for Fire Protection (12, VNIIPO,
Balashikha, Moscow Region, 143903, Russian Federation)

2

ABSTRACT

It is recommended to determine the number of fire hydrants (FG) simultaneously used in the fire extinguishing,
as well as the minimum water consumption for firefighting according to the table, which presents all types of build-
ings, structures and premises in accordance with their functional purpose according to F1-F4.

Keywords: types of buildings, structures and premises; functional purpose; fire hydrants; fire extinguishing; mini-

mum water consumption, room height.

For citation: L. M. Meshman. Special issues on design installation of standpipe and hose systems. Pozharo-
vzryvobezopasnost/Fire and Explosion Safety, 2019, vol. 28, no. 3, pp. 98-100 (in Russian).

BOnpPoOC 1

B 1aba. 1 CM 10.13130.2009 “CuctemMbl NPOTUBOMNO-
XapHOW 3aLLMTbI. BHYTPEHHWI MPOTUBONOXAPHbIN BO-
ponposoa (BMB). TpeboBaHus noxapHoin Hesonac-
Hoctn” (c n3m. Ne 1) (aanee CI 10) npuBeAeHbI cBe-
AEHUWA O UNCAE MOXAPHbIX CTBOAOB U MUHUMaAbBHOM
pacxoAe BOAbl Ha BHYTPEHHEE MOXapoTyleHne Ha
OAHY CTPYHO B 3aBMCHMMOCTM OT 3TaXHOCTWU, 06beMa
WAM TIAOLLLAAM XMAbIX, 0OLLECTBEHHbIX, aAMUHUCTPa-
TUBHO-ObITOBbIX 3AQHWUI U MOMELLEHUN.

Mpn npoxoxaeHun akcneptnsbl No npoekram BI1B
4aCTo BO3HMKAOT MOCTOSIHHbIE pa3HOIAacHsa, Tak Kak
locakcnepTnsa cebinaetcsl Ha cT. 32 PepepanbHOro
3aKoHa “TeXHUYECKWUI PErAaMeHT 0 TPe6OBaHKMAX NO-
XapHoi 6e3onacHocTn” ot 22.07.2008 Ne 123-03,
KoTopas TpebyeT, UToObl 3AaHKSA, COOPYXKEHWUS, MOXap-
Hble OTCEKM, NOMELLEHUSI B 3aBUCUMOCTH OT MX Ha-
3HAYEHUSI MOAPA3AEANIAUCh MO KAaccam yHKLUMO-
HaAbHOM NOXapPHON ONacHOCTH.

OpHako B TabA. 1 CM 10 npuBOAATCA He BCe TUMbI
3AaHWI, @ BCEro nATb:

1) xuAble 3paHna — ©1.3;

2) 3paHuA ynpaBaeHUn — ©4.3;

3) KAYObI C 3CTPaAOW, TeaTPbl, KWHOTEATPbI, AKTOBbLIE

N KoHdepeHL-3aAbl, 060PYAOBaHHbIE KMHOaNMNapa-

Typon, — ©2.1;

4) 06LLEeXUTHA U 0OLLLECTBEHHbIE 3AaHUSA, HE YKa3aH-

Hble B No03. 2, — ®1.2;

5) aAMUHUCTPATUBHO-ObITOBbIE 3AaHWS NMPOMbILIAEH-

HbIX NpeanpuaTHii — ©4.3.

B 10 e Bpemsa B Taba. 1 Cl 10, Hanpumep, OTCyTCT-

BYHOT:

® MY3€eW, BbICTaBKU, TaHLEBaAbHbl€ 3aAbl U ApyTue
NOAOOHbIE YUPEXAEHUS B 3aKPbITbIX MOMELLLEHM-
ax — 02.2;

e 3AaHUA opraHu3auuin obLLIeCTBEHHOrO NUTaHKA
— ©3.2;

e BOK3anbl — ©3.3;

® MOAMKAMHUKK U ambynaatopun — O 3.4;

® QU3KYALTYPHO-O03A0POBUTEABHBLIE KOMMAEKCHI U
CMNOPTUBHO-TPEHUPOBOYHbIE YUYPEXAEHUA CNMOME-
LeHnaMKn 6e3 TpubyH ans 3puteneit — ©3.6;

e 00bEeKTbl PEAUTMO3HOIO Ha3HaYyeHusa — ©3.7;

e 3AaHMA 06pas3oBaTEAbHbIX OPraHM3aLmii BbICLLEro
obpasoBaHWsA, opraHu3auuin AOMOAHUTEABHOTO
npodeccuoHanbHoro obpaszosaHus — ®4.2.
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OTBET

B HacTtosilee Bpemsa cneunanmnctsl GIeBY “Bee-
POCCUNCKMUIM HAyYHO-UCCAEAOBATEABCKUI MHCTUTYT NPO-
TMBOMOXapHOM 060poHbI MYC Poccun” pekomMeHAyHoT
ANS 3p@HUN GYHKUMOHAABHOIO HasHaueHnsa ®1-d4 ko-
AMYECTBO MoXapHbIX kpaHoB ([K), 0oAHOBpPEMEHHO UC-
MOAb3yEeMbIX NPU TYLLEHWW MOXapa, a TakKe MUHUMaAb-

Hbl PACXOA BOAbI Ha MOXapoTyLUeHUe OMNpPeAeAdTb B
COOTBETCTBUM C HUXKEMNPUBEAEHHON TabAMLEN.

06wmin pacxop BIMNB AOAKEH pacCUMTbIBATLCS MO KOAKU-
yectBy MK, OAHOBPEMEHHO MCMOAB3YEMbBIX MPU TyLLe-
HUKW noxapa, C YY4ETOM MOTEPb AABAEHUA MEXAY AUK-
TYIOLUMM M MOCAEAYIOLLMMU, OAHOBPEMEHHO MCMOAB3Y-
€MbIMW NpU TyLleHun noxapos MK.

Konunuecteo MK, 0oAHOBpeMeHHO UCMOAb3YeMbIX AAA TYLUEHUA MoXKapa, ¥ MUMHUMaAbHbIM pacxop aAukTyrowero MK

AAA 3paHun P1-04

Ne
n/n

XKunble, o6LecTBEHHbIE U aAMUHUCTPaTUBHbIE 3AaHUA

Konnuectso
MK ana pac-
yeTa pacxopa

MUHUMaAbHbIN
pacxoa AUKTY-
owero MK, an/c

1

MHOroKBapTUpHble XuAble Aooma™ (P1.3), 06LEXUTUSA U FOCTUHMLILI KBAPTUPHOTO TUNa,
B TOM YMCAE C anapTaMeHTaMu, pa3MeLLLaemMble B XUAbIX 3paHUAX (P1.2):

NpPU KOAMYECTBE 3Taxewn oT 12 Ao 16 BKAKOY. (MAM Npu BbicoTe 3paHns o1 30 Ao 50 m
BKAIOY.) 1 NpK 0bLien AAMHe kopuaopa A0 10 M BKAKOM.

TO Xe, Npu 06LLEN AAMHE KoprAOpa CB. 10 M

NP1 KOAMYECTBE aTaxen CcB. 16 A0 25 BKAKOY. (MAM MPKU BbicoTe 3paHUs ¢B. 50 A0 75 M
BKAOY.)*™ 1 npu 06Lei AAMHE Kopraopa A0 10 M BKAIOU.

TO XXe, Npu 0bLLen AAMHe Kopuaopa ¢B. 10 M

2,5

2,5
243

2,5

3AaHVIH KOPUAOPHOIo N HEKOPUAOPHOTIO THUNa: aAMUHUCTPATUBHbIX 06Ll.leCTBeHHbIX OopraHu-
3auMi, 6ITOBOrO M KOMMYHaAbHOTO 06cAyXMBaHUA (D3.5); aAMUHUCTPATUBHO-ObITOBBIX MPO-
MbILUAEHHbIX MPEANPUSATUI, OPraHOB yNPaBAEHUS, YUPEXAEHWUN, MPOEKTHO-KOHCTPYKTOPCKMX
opraHv3auui, MHGOPMALMOHHbIX, PEAAKLIMOHHO-U3AATEABCKUX OPraHU3aLMi U HayYHbIX
opraHusauuii, 6aHKoB, KOHTOP, 0drcoB (D4.3); rocTnHUL, (D1.2); NOAUKAMHKK (D3.4);
bGUBKYABTYPHO-03A0POBUTEABHbBIE KOMMAEKCHI U CMOPTUBHO-TPEHUPOBOYHbIE YUPEXAEHUA
($3.6); 3paHMA obpa3oBaTeAbHbIX YUPEXAEHUI BbICLLIEro NpodeccroHaAbHOro obpasoBa-
Hua (04.2)**:

NpU KOAMYECTBE 3Taxen oT 6 A0 10 BKAKOU. (MAM NPU BbICOTE 3AaHMA OT 18 Ao 30 m
BKAIOY.) 06LLIEV NAOLLAABIO AO 8 ThIC. M2 BKAIOY. (06LLMM 06bEMOM AO 25 ThiC. M3 BKAOY.)

TO Xe, 0bLel NAoLLaAbO CB. 8 Tbic. M2 (06WKMM 06beMoMm cB. 25 Tbic. M3)

npu KoAnyecTBe ataxein cB. 10 A0 16 BKAKOY. (MAK NpKU BbicoTe 3paHKs ¢B. 30 Ao 50 M
BKAOU.) 06LLEV NAOLLAABIO CB. 8 ThiCc. M2 (061MM 06beMOM CB. 25 TbiC. M3)

2,5

285
2,5

3AaHUS AETCKUX AOLLKOABHBIX YUPEXAEHWI, CrieLMarn3MpoBaHHbIX AOMOB NPecTapenbix v
MHBAAMAOB (HEKBAPTUPHbIE); BOABHULbI; CMAaAbHblE KOpnyca 06pa3oBaTeAbHbIX YUPEXAEHWI
MHTEPHATHOrO TUMa U AETCKUX yupexaeHuit (O1.1) HesaBucMO oT obbema™™*:

NPy KOAMYECTBE 3Taxel A0 2 BKAKOY. (MAM MPU BbICOTE 3AaHUSI A0 8 M BKAKOY.)
npu KoaMyecTBe ataxen cB. 2 Ao 10 (MAv npu BbicoTe 3paHUsA CB. 8 A0 30 M BKAIOUY.)

npu KoAMdecTBe ataxein cB. 10 (MAK Npu BbicoTe 3paHKS ¢B. 30 M)

2,5
2,5
2,5

3paHWsA TeaTpoB, KMHOTEATPOB, KOHLLEPTHBIX 3aA0B, KAYOOB, LUPKOB U APYTMX MOAOOHbIX yu-
PEXAEHWI C PACYETHBIM KOAMYECTBOM MOCAAOUHbIX MECT AASl MOCETUTENEN B 3aKPbITbIX MO-
MelleHuax (©2.1):

npy BMECTUMOCTU 3pUTEABHOTO 3ana A0 300 MECT BKAIOY. 1 NP NAOLLAAM CLIEHbI AO
100 M2 BKAKOM.

TO Xe, NP BMECTUMOCTU 3puUTeAbHOro 3ana 6oree 300 mect

npy BMECTUMOCTU 3pUTEABHOIO 3ana 6oaee 300 MeCT U Npu NAOLLAAM cleHbl A0 500 M2
BKAOY.

TO Xe, MPY NAoLWaAAK cueHbl 6oree 500 m2

2,5

3paHus 6ubanoTek n apxmBoB (P2.1), cNoPTUBHbLIX coopyxeHuin (©2.1, ©3.6) u Apyrux no-
AOBHbIX YUPEXAEHUIN C pacyeTHbIM KOAMYECTBOM NMOCAAOUHbIX MECT AASl MOCETUTENEN B 3a-
KPbITbIX MOMELLEHUAX BbICOTOM A0 50 M BKAKOUY.:

npu obuien naowaam ¢s. 0,5 Ao 2,5 TbiC. M2 BKAIOY.

npu obLiel Naowaam cB. 2,5 Thic. M2

23
2,5
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B ouestion - answer

OKoHYaHue TabAMLbl

Ne
n/n

Xunble, 06LLeCTBEHHbBIE U AAMUHUCTPATUBHbIE 3paHUSA MK AnS pac- | pacxop AUKTY-

KonnuectBo | MMHMMaAbHbIN

yeTa pacxopa | towero MK, a/c

6 | 3aaHMA My3eeB, BbICTABOUHbIX 3aA0B, TAHLLEBAAbHbIX 3aA0B U APYrMX MOAOBHBIX yupexae-
HWIA B 3aKPbITbIX NomelleHusax ($2.2), 3paaHusA opraHusaLmuili Toprosan (©3.1)**:

NPV KOAMYECTBE 3TaXel A0 2 BKAKOY. (MAM MPU BbICOTE 3AaHUS A0 8 M BKAOY.) 06LWEel 1 2,5
NAOLLAABIO AO 2,5 TbIC. M2 BKAIOY. (06LLMM 06beMOM 7,5 TbiC. M3 BKAIOU.)

TO Xe, NMPU KOAMUYECTBE 3TaXel A0 6 BKAKOY. (MAM MpK BbicoTe 3aaHKsA A0 20 M BKAOY.) 2 2,5
06L1el NAOLLAABIO AO 2,5 TbIC. M2 BKAOY. (06LLMM 06bEMOM AO 7,5 ThiC. M3 BKAKOUY.)

7 | 3paHna 0BLLEXNTHIT KOPUAOPHOTO Tvna (P1.2)**:

npu KoAMuyecTse ataxen ot 3 A0 10 BKAOY. (MAM Mpu BbICOTE 3aaHKA 0T 9 A0 30 M BKAKOY.) 1 2,5
o6Ler naowwaabto ot 1,7 po 8,0 Thic. M2 BKAOY. (061MM 06bemom oT 5 Ao 25 Thic. M3

BKAKOY.)

npu uncne ataxen cB. 10 A0 16 BKAtOY. (MAM Npw BbicoTe 3paHust ¢B. 30 A0 50 M BKAKOY.) 2 2,5

o6LLen naoLaabio Ao 8,0 Tbic. M2 BKAKOY. (06LWLMM 06beMOM A0 25 ThiC. M3 BKAKOUY.)

TO Xe, 06Liei naowaabto cB. 8,0 Thic. M2 (06WKUM 06beMOM CB. 25 Thic. M3) 3 2,5

MpumevaHusna:

ycTaHoBKa [MK-Cc ponyckaeTcst OTKPbITO 6€3 noxapHbIx WKadoB.

XOA€ BOAbI AMKTytoLLero MK-c He meHee 5 A/c.

6oAblUEe, YeM yKa3aHo B Tabauue.

* B TOM UMCAE XMABIX MOMELLEHW, BXOASLLMX B COCTaB 3AaHUI C NOMELLEHUAMM APYroro GyHKLMOHAABHOTO Ha3HauYeHUs.
** TIpUHUMAETCH NPU AOOM U3 COBLITUI UAK COBOKYMHOCTU ABYX COOBITUIA, MPK 3TOM OMPEAEAAIOLLUM ABASETCS BbICOTA 3AAHUS.

1. Ha kaxpoit pabouei rarepee M KOAOCHUKaX CLEHbI AOAMKHO pasmeLLaThes He MeHee ABYX IMK-c, o OAHOMY C MPaBoit U A€BOM CTOPOH CLEHbI;

2. Pacxop BoAbl M KOAMUECTBO MK-C AAS XMABIX 3paaHKIn ©1.3, 06LLECTBEHHBIX, AAMUHUCTPATUBHBLIX U AAMUHUCTPATUBHO-ObITOBbIX 3AaHMIA
bYHKLMOHaAbHOW NoxapHoi onacHocTh ®3.1, $3.2, $3.4-13.6, ®4.2, ©4.3 (MAM NOXAPHbIX OTCEKOB) BbICOTOM CB. 50 M 1 06LLew NAo-
LWAAbI A0 17 TbIC. M2 BKAKOY. (MAM 06beMOM 50 Tbic. M3 BKmoq.)** CAeAyeT NPUHUMATL M3 pacyeTa TyLLeHus noxapa yetbipbMs MK-c npu
pacxoae BoAbl AMKTytoLero MK-c He MeHee 2,5 A/c; ecan 06LLas NAowWaAb (MAKU oébeM)** 3paHKA 6oAbLLe, TO YeTbipbMsa MK-c npu pac-

3. BrnomeLlleHHsAX 3aA0B C MacCcoBbIM NpebbiBaHUEM AOAEH MPW HAAMUYMU CFOPAEMON OTAEAKM KOAMUECTBO MK caeayeT NpUHKUMATh Ha OAMH

UHdopmauusa 06 aBTope

MELLUMAH AeoHup MyHeeBUY, KaHA. TEXH. HayK, BEAYLLMIA Hayu-
Hbl COTPYAHMK, BCEPOCCUMCKMI HayYHO-UCCAEAOBATENBCKUI
WHCTUTYT NPOTUBOMNOXapHOW 0b6opoHbl MYC Poccuu, r. bana-
wrxa MockoBckon 06A., Poccuiickas ®eaepaums
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NPABWUJIA 1191 ABTOPOB!

Hanpasnsemble B xypHan “lMOXAPOB3PbIBOBE30MACHOCTb/FIRE
AND EXPLOSION SAFETY” cTaTbi AOSXHbI COLIEpXKaTb Pe3yNbTaTbl HA—
YYHbIX UCCNELOBAHNA 1 WCMbITAHWA, OMUCAHUA HOBbIX TEXHWYECKNX
YCTPOICTB W NPOrpamMMHO-MHAOPMALNOHHBIX NPOAYKTOB; 0630pbl,
KOMMEHTapUu K HOpMaTUBHO-TEXHUYECKIM JOKYMEHTAM, CIPABOYHbIE
matepuansl 1 T. . ABTOpbI AOSMKHbI YKa3aThb, K KAKOMY TUMY OTHOCKTCA
X CTaTbs:

Hay4HO-TEOPEeTNYeCKas;

Hay4HO-3MNUPKYeCKas;

aHanuTuyeckas (0630pHas);

INCKYCCUOHHaS;

peknamHas.

He nonyckaeTcs HanpaBnsTh B peakLto paboTbl, KOTOPbIE 6bInn 0Ny6-
NINKOBAHbI W/WUAN NPUHATLI K NeYaTn B APYruX N3LaHnsx.

Pegakuynsg npocuT asTopos fpu ro4roToBKe PyKOMNCH PyKOBOJCTBO—
BATHCA USNTOXEHHBIMU HUXE IPABUITAMY.

1. Ctatba 1 conyTCTBYIOLLME eVl MaTepuanbl JOMKHbI ObITb HANPaBEHbI
B PeSAKLMI0 B 3NIEKTPOHHOM BIAE No agpecy info@fire-smi.ru.

CTatbql JOMKHA ObITb ACHO 1 TAKOHNYHO U3N10XKEHA M NOANUCAHA BCEMN
aBTOPAMM (CKaH CTpaHmMLbl ¢ nognucamu). OCHOBHON TEKCT CTaTby f0N—
XKEH COZlepXaThb B Ce6e YETKIE, NI0rM4eCKn B3aNMOCBA3aHHbIE Pa3aenbl.
Bce paszensl LOMKHbI HAYNHATLCS NPUBEAEHHBIMI HUXE 3ar01I0BKamm,
BbIAESIEHHbIMU MOMY>XUPHLIM HAa4epTaHWeM. [ Hay4HO CTaTby Tpa-
ONLUMOHHBIMM ABNAIOTCA CeAyoLLne pasaensl:
® BBeJieHNe,;
B \vaTepuanbl U MeToAbl (METOA0NOMNS) — L)1 HAYYHO-3MNNPN-—
4eCcKOW cTatby;
W TEOPETUYECKME OCHOBbI (TEOPUS W PacHeTbl) — AN HAY4YHO-
TEOPETUYECKON CTaTbK;
pe3ynbTaThl U UX 06CYXXAEHNE;
3aK/04eHne (BbIBOAbI).

Penakuns 4onyckaeT v uHyto CTPYKTYpY, 06YCNOBNEHHYIO CneLmthuKkon
KOHKPETHON CTaTbW (AHANUTUYecKol (0630pHON), AMCKYCCUOHHOM,
peKnamHoIi) Npyu yCnoBMM YETKOTO BbIJENEHINs Pa3fienos:

® BBE/EHME;

B OCHOBHas (aHanuTU4ecKas) 4acTb;

® 33K/0YeHNe (BbIBOADI).

[Toapo6Hyto NHGOPMALMIO O COLEPXKAHNI KXA0r0 U3 0603HAYEHHbIX
BbILLIE PA3JEN0B CM. Ha CalTe n3aarenbcTea www. fire-smi.ru.

Marepnan crarbu [JOIIKEH U3IAraTbCA B CIGAYIOLLEM T10PALKE.
2.1. Homep YK (yHuBepcanbHas [ecaTuyHas Knaccugukaums).

2.2. 3arnaswe CTaTbl (Ha PYCCKOM M aHFUIACKOM f13blKax). 3arnasus Ha-
YYHbIX CTaTe JOMKHbI ObITb TOYHBIMU 11 NAKOHUYHBIMIA 11 B TO XK€ Bpems
[0CTAaTO4HO MHCDOPMATUBHBIMI; B HUX MOXXHO WUCNONb30BaTh TOMNbKO
06LLEeNPUHATbIE COKPaLLEeHs. B nepeBoje 3arnasuii cTaTeli Ha aHr ni-
CKMI 3bIK HEJ0NYCTUMA TPAHCIUTEPALMS C PYCCKOrO A3blka, KPOMe
HENepeBOANMbIX Ha3BaHW COGCTBEHHbIX MUMEH, NPUOOPOB 1 APYruxX
00bLEKTOB, IMEIOLLIMX COOCTBEHHbIE HA3BAHWS, @ TAKXKE HEMEepPeBOMMbIiA
CINEHT, N3BECTHbI TObKO PYCCKOrOBOPALLMM CreunanmcTam. 1o ka-
CaeTCA TaKKe aHHOTALLMIA, aBTOPCKNX PE3IOME U KIHOYEBbIX CMOB.

2.3. ncpopmauma 06 aBTopax.

2.3.1.imeHa, oT4ecTBa M hamunum Bcex aBTopoB. OHM AOMKHbI NPUBO-
QNTLCSA NONHOCTBIO HA PYCCKOM A3bIKE W B TPAHCANTEPALUM B COOTBET—
CTBMM C CUCTEMOIA, KOTOpasi B HACTOSLLEE BPEMS IBNSETCS Hanbonee
pacnpocTtpaHeHHoi (http: //fotosav.ru/services/transliteration.aspx).

ABTOpamu sIBASIKOTCS NNLA, NPUHAMABLLUE y4acTue BO BCeil pa6oTe Ui
B €€ TMaBHbIX pasaenax. Juua, y4acTeoBaBLUMe B PaGOTe 4acTU4HO,
YKa3blBAOTCA B CHOCKAX.

2.3.2. Y4eHble CTeneHun, 3BaHns, JOMKHOCTb, MECTO paboThl BCEX aBTO-
POB C MOMHbIM tOPUANYECKNM afpecoM (Ha PyCCKOM W aHTMMACKOM
A3blKax). 3Aecb He06X04UMO YKa3aTb: MONHOE 0(PULMANbHOE HAa3BaHME
OpraHu3auuu, cTpaHy, UHAEKC, ropoA, HasBaHue yanLbl, HOMep [oMa,

2 TAKXXe KOHTaKTHbIE TeNetDOHbI U 3NEKTPOHHbIE apeca BCex aBTOPOB;
[aTb MHhOpMaLNo 0 KOHTakTHOM nnue. O6bpaliaem Balie BHUMaHMe,
4TO MpW NepeBoAe He06X0AMMO YKa3biBaTb 0COMLMANIBHO MPUHATOE Ha-
3BaHWe OpraHn3auny Ha aHrNIACKOM f3biKe. Bce No4YTOBbIE CBEAEHNS
(KpOome HauMeHOBaHWSA YNULbl, KOTOPOE [0/MKHO ObITb B TPAHCIIUTEPU-
POBAHHOM BWE) AOMKHbI ObiTh TaKXKE NepeBefeHbl HA aHTMNACKNIA
A3blK, B TOM 4Y/CNe Ha3BaHWe ropoja 1 CTPaHbl.

Mpwuwep: /nstitute for Problem in Mechanics, Russian Academy of Sciences
(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).

2.3.3. ORCID, Researcher ID, Scopus Author ID.

2.4.PaclunpeHHOe pe3tomMe Ha PyCCKOM U aHrNACKOM s3bikax. Heo6x0-
ANMO MMETbL B BMAY, Y4TO aBTOPCKOE PE3tOME HA aHTNINACKOM f3bIKe B
PYCCKOA3bIYHOM N3AAHUN ABAAETCA AN MHOCTPAHHBIX YHEHbIX U Che-
LMANNCTOB OCHOBHBLIM 1, KaK MPaBWsio, eANHCTBEHHbIM UCTOYHUKOM
MH(OpPMaLK 0 COAEPXKaHUMN CTaTb M 06 N3NOXKEHHBIX B HEli pe3ynbTa—
Tax uccnenoBaHuii. Moatomy aBTopckoe pe3tome [OMKHO ObiTh:
= H(OPMaTUBHBLIM (HE COAepPXaTb 06LLMX CIOB);
B COZlepXKaTeNbHbIM (LOMKHO 0TPaXaTb CYLLECTBEHHbIE PE3YTb—
TaTbl PabOTbI; HE JOMKHO BKNIOYATL MATEPKa, KOTOPbINA OTCYT-
CTBYET B OCHOBHOW YacTu Nyo6nnkayuu);
= CTPYKTYPUPOBAHHbIM (T. €. CIeA0BaTb NOrMKe OMUCAHNS Pe3yib—
TaToB B My6nmkaunm);
B [PAMOTHbIM (HanMCAHHbIM KQ4eCTBEHHbIM aHTTINACKUM A3bIKOM,
6€3 11CN0Jb30BaHNs NPOrpamMm aBTOMATU3MPOBAHHOMO NEPEBOAA);
® o6beMOM He MeHee 200-250 cnos.

CTpyKTypa pestome JOMKHA NOBTOPSATb CTPYKTYPY CTaTbi W BKAKYATb
4eTKO 0603Ha4eHHbIe noapaszaensl Beegenue (Introduction), Lienw n 3a-
naqu (Aims and Purposes), Metoabl (Methods), Pesynbtartsl (Results),
06cyxpeHune (Discussion), 3aknto4eHne (BbiBoabl) (Conclusions).

PesynbTathl paboTbl CNeayeT OnucbiBaTh NPeAeNbHO TOYHO U MHADOP-
MaTMBHO. [p1 3TOM A0MKHbI NPUBOAUTLCS OCHOBHbIE TEOPETUYECKIE 1
9KCMNEPUMEHTaNbHbIE Pe3yNbTaThl, (DaKTUHECKIE AaHHble, yCTAHOBNEH-
Hble B3aIMOCBS31 1 3aKOHOMEPHOCTH.

BbIBO/IbI MOTYT CONPOBOXAATLCA PEKOMEHAALMAMN, OLEHKaMI, Npea—
NOXEHNAMM, TUNOTe3aMu, ONNCAHHbIMU B paGoTe.

TekcT [OMKeH 6bITb CBA3HLIM; 3NaragmMble NoSIOKEHUs JOJKHbI 10—
I'MYHO BbITEKATb OJJHO M3 APYroro.

COKpALLEH!S 1 YCTIOBHbIE 0603HA4YEHNA, KPOME 06LLEYNOTPEBUTENbHBIX,
CeayeT NPUMEHATb B UCKMIOYUTENbHBIX Cy4aaX UMW [aBath X pac-
LWNPOBKY 1 ONPEAENEHNE NPI NEPBOM YIIOMUHAHWIA B TEKCTE PE3IOME.

B aBTOPCKOE pestome He CredyeT BKIYaTh CXEMbI, TAGNULbI, NAM0-
cTpawuu, hopMyJbl, a TAKXKE CChINKW HA NY6MMUKALIAN, NPUBEAEHHbIE B
CMUCKE NUTEPaTypbl K CTaTbe.

[ns noBbiweHns 3eKTUBHOCTH Npu OHMAH-MNOWUCKE BKIIOYUTE B
TEKCT aHHOTaLUWN KNHOYEBbIE CITI0BA Y TEPMUHBI U3 OCHOBHOIO TEKCTA U
3arnaBug ctaTbu.

2.5. KnioyeBsble €0Ba HA PYCCKOM W aHIMNACKOM A3blKax (He MeHee
5 CNoB 1M KOPOTKNX CNOBOCOYETaHNIA). OHM YKa3bIBAOTCA Hepes T04-
Ky C 3anToi. HejonycTMO B Ka4eCTBE KITH0HEBbIX COB UCMO/b30BaTh
TEePMUHbI 06LLEro xapaktepa (Hanpumep, Npo6nema, peLieHne n 1. n.),
He ABNSIOLLMEecs cneuuduyeckon XxapakTepucTukoi nyénukauum. Vic-
NONb30BAHHbIE B 3ar0/I0BKE CNOBA U TEPMUHBI HE HYXXHO MOBTOPATH B
Ka4yecTBe K/H0YEBbIX CIOB: KMKYEBbIE CNI0BA AOMKHbI AOMONHATL UH-
thopmaumio B 3aronoBke. lpu nepesoae KMYEBbLIX CNOB HA aHMNNii-
CKUI A3bIK N30eranTe no BO3MOXHOCTK ynoTpebnenns cnos “and” (u),
“of” (npepnior, ykasblBalOWMUA HA NPUHALNEXHOCTb), apTuknein “a”,
“the” nt.n.

2.6. OCHOBHOII TEKCT CTaTby AOMKEH ObITb HabpaH Yyepes 1,5 nHTepBana
B (hopmate Word. dopmynbl 4omKHbI 6bITb HabpaHbl B Microsoft Equa-
tion unn MathType.

Limtnpyemblit TEKCT U3 Apyrux ny6nukauui cnegyet 6patb B KaBbl4KU.
Tabnuubl, PUCYHKM, METOLbI, YUCNEHHbIE [aHHbIE (32 UCKIHOYEHNEM
06LLeN3BECTHbIX BENMYMH), ONYBANKOBAHHbIE PaHee, A0/MKHbI CONPO-
BOXAATbCA CCbINKAMMU.
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B ruies For auTHORS

Ecnun npeacTaBneHHble B CTaTbe UCCNEL0BAHUS BbIMOJIHEHbI aBTOPAMU
npu HMHAHCOBOW NoAfepxKe Poccnitckoro hoHaa hyHAAMEHTANbHbIX
nccnenosaHmin, Poccuiickoro HayyHoro doonga, MuHnuctepceTsa obpa-
30BaHus 1 Hayku Poccuiickoin defepauni 1. M., TO B KOHLE CTaTby
06513aTeNbHO CReayeT AaTb MHOPMALMI0 06 3TOM C yKasaHem HoMepa
11 Ha3BaHWA rpaHTa (Hay4HOro NPOeKTa, FOCKOHTpakTa u . 4.).

CoKpaLLeHus 1 ycnoBHble 0603HAYeHNS PUINYECKIX BENMYUH B TEKCTE
CTaTbl [O/KHbI COOTBETCTBOBATh LENCTBYIOLLMM MEXLYHAPOLHbIM
cTaHgaptam. @opmynbl 1 6YKBEHHbIE 0603HAYEHMS JOMKHbI ObITh YeT-
KNMK 1 SCHbIMI. Bce 6yKBEHHbIE 0603HAYeHNs, BXOAALLWE B (DOPMYbI,
DOSDKHbI 6bITh pacLMdpPOBaHbl C yKa3aHMeM eauHuL, u3mepeHus. Pas—
MEpPHOCTb BCEX XapaKTepuCTUK AOMKHA COOTBETCTBOBATL cicTeme G

VinntocTpauun B 3NeKTPOHHOM BEPCUW NpunaratoTcs oTAeNbHO. GoTo-
rpacouy LOMKHbI ObiTb CAENaHbl C XOPOLLEr0 HeratBa KOHTPACTHOA
neyvarbto (haisbl pacTPOBbIX M306paXeHNin NPeA0CTABNAOTCA C paspe-
LeHnem He meHee 300 dpi, 4epHo-6enas LwWTpuxosas rpacuka— 600 dpi).
daiinbl BEKTOPHOIA rpadhuku crneayeT npeaocTaBnsTh B hopmarte TOi
Nporpammbl, B KOTOPOI OHU CO3AaHbl, Nn60 nevatate PDF-chain n3
3TO NporpaMmbl. Bce UnnCTpaLmn A0MKHbI UMETb CKBO3HYO HYMe—
pauunio. YepTexu 1 KapTbl B Ka4eCTBE WNMIOCTPALMA HENpUeMNIEMbI.
CCbINKN Ha BCE PUCYHKM B TEKCTE 00653aTENbHbI.

Tabnuupl JOMKHbI ObITh COCTABNEHbI MAKOHUYHO 11 COLlEPXKaTb TONbKO
HEo6X0[Mble CBEAEHUS; OAHOTUMHbIE TabNNLbI CNefyeT CTPOUTb 01—
HakoBO. LinchpoBble fJaHHbIE HEOOXOAMMO OKPYINATh B COOTBETCTBUM C
TOYHOCTbO aKcnepumeHTa. CBeAeHMS B TabNMLAX U Ha PUCYHKAX HE 0K~
Hbl NOBTOPATLCA. CCbINIKM HA BCE TabuLbl B TEKCTE 0643aTeSbHbI.
B xypHane npeaycmarpuBaeTcs [Bys3bl4HOE NPeACcTaBeHne Tabnuy-
HOrO 1 rpachnyeckoro Matepuana, noaTomy Heo6xoAUMO NpucnaTh nepe-
BOJ, Ha aHTNINIACKNIA A3bIK:
® 08 Tabnuubl: ee Ha3BaHWA, Lwanku, 60KOBUKA, TEKCTA BO BCEX
CTPOKax, CHOCOK M MPUMeYaHnii;
® 1715 PUCYHKA: NOAPUCYHO4HON MOAMNUCH U BCEX TEKCTOBbIX HAA-
MNCEN Ha CaMOM PUCYHKE;
® 115 CXeMbl: MOANMCY K HEA 11 BCEro COAePKaHus CaMoil CXeMbl.

2.7. TpucTateiiHble CINCKM NNTEPATYPbl HA PYCCKOM SI3bIKE U A3bIKe
opuruHana (ecnm KHura nepesogHas).

Cnuncok nuTepatypbl JOMKEH BKN0YaTh 6M6nnorpacynyeckue ceeLeHus
000 BCex Ny6nnKaLmsax, ynoMUHaeMbIX B CTaTbe, 1 He JOMMKEH COAep-
)KaTb yKa3aHui Ha paboTbl, HA KOTOPbIE B TEKCTE HET CCbINOK. JTutepary-
pa [o/mKHa 6bITb 0GhOpMIEHa B BUAE 06LLEr0 CRNCKA B NOpSaKe yno-
MUHaHUA. B TEKCTe CCbifka Ha nuTepaTypy O0TMEYaeTcs nopsiaKoBOi
umndpoii B KBagpaTHbix ckobkax, Hanpumep [1]. bubnnorpaduyeckne
[aHHbIe NPUBOAATCA N0 TUTYNbHOMY NUCTY n3faHus. NMopsaok u3noxe-
HUA 3N1EMEHTOB 61MOIIMOrpacdUYeCcKOro oNcaHna onpeaenaeTcs Tpe6o-
BaHuamu FOCT 7.1-2003 n FOCT P 7.0.5-2008.

B onucaHum ncTo4HNKOB HEOBXOANMO YKa3biBaTb BCEX aBTOPOB.

Hapsay ¢ aTUM st Hay4HbIX CTaTei CNMCOK NUTepaTyphbl A0MKEH 0TBe—
4aTb CneayoLLM TPEBOBAHUSAM.

Cnucok nutepatypbl JOMKEH COfiepKaTh He MeHee 20 MCTOYHIUKOB (B 3TO
41CO0 He BXOAAT HOPMATUBHbIE JOKYMEHTbI, NATEHTbI, CCbINKN HA CaNTbI
KOMNaHui n1.0.). NMpn 3T0M KONNYECTBO CCbINOK HA CTATbU M3 MHOCTPAH-
HbIX Hay4HbIX >XYPHANIOB 1 PYrue MHOCTPAHHbIE UCTOYHNKM [OMKHO
6bITb He MeHee 40 % 06 00LLero KONuYecTBa ccbinok. He 6onee nono-
BIUHbI OT 0CTaBLIMXCA 60 % AOMKHbI COCTaBAATb CTaTbl U3 PYCCKO-
A3bI4HbIX HaY4YHbIX XYPHANOB, 0CTaNbHOE — APYrie NePBOUCTOYHNKY
Ha PYCCKOM 53blKe.

He mMeHee NONOBMHbLI UCTOYHWUKOB [OMKHO ObITb BKIHOYEHO B OAWH 13
BEAYLLMX VUHAEKCOB LUTUPOBAHUS: POCCUIACKNIA MHAEKC HAYYHOrO Ln-
TnpoBaHus elLibrary, Web of Science, Scopus, Chemical Abstracts,
MathSciNet, Springer u ap. B cny4ae npucsoeHus nybnukaunam uud-
poBoro naeHTudukaropa obbekra (DOI) ero Heo6Xx0AUMO yKa3aThb, YTO
NO3BOSIUT OJHO3HAYHO MAEHTUMLMPOBATL 06BLEKT B 6a3ax AaHHbIX.
CoCTaB NCTOYHNKOB [LOMKEH ObITb aKTyanbHbIM U COAEPXATb HE MEHEE
MOJIOBNHbI COBPEMEHHBIX (He cTapLe 10 neT) cTaTeil U3 Hay4HbIX Xyp-
HanoB Unu ApYrux ny6nmkaumi.

B cnucke nutepatypbl JOMKHO 6bITb He 601ee 30 % NCTOYHMKOB, aBTO-
poM NM60 COaBTOPOM KOTOPbIX ABASETCS aBTOP CTaTbMy.

Cneayet 06paTuTb BHUMAHUE HA Ny6NnUKauum gucceptaumi (0Co6eHHO
JOKTOPCKMX), 3aLiMLLEHHBIX B NOCNEAHINE FOAbI N0 6V KaiiLIei HayY—
HOIA cneumanbHOCTM UK Fpynne cnelnanbHocTeid. [1ns nomcka peko-
MEH/yeTCs MCrnonb3oBatb pecypc http://www. dissercat.com.

He cneayet Bkntoyatb B cnmcok nutepatypbl FOCThI; CCbINKM HA HUX
[OMKHbI 6bITb AAHbI HEMOCPEACTBEHHO MO TEKCTY CTaTbU.

Y6eaunTeCh, YTO YKa3aHHas B CnCKe uTepatypbl nHgopmauus (®.1.0.
aBTOpa, Ha3BaHMe KHUTW WAW XXYPHana, rod u3gaHus, TomM, Homep 1 Ko-
NINYECTBO (MHTEPBAN) CTPAHUL) BEpHA.

Heony6nuKkoBaHHbIe pe3ynbTaThl, NPOEKTbI AOKYMEHTOB, NMAYHbIE CO0O-
LLIEHNs U T. . He CneayeT yKasbiBaTb B CMCKE NUTEPATYPbl, HO OHN MO-
ryT 6bITb YOMSIHYTbI B TEKCTE.

2.8. References (npucrtateiHble CNMCKN NNTEPATYPbl HA AHTINACKOM
A3bike). MpeacTasnexne B References ToNbKO TPAHCANTEPUPOBAHHOTO
(6e3 nepesoaa) onucaxus Hegonyctumo. O6pallaem Bawe BHUMaHNE,
4TO NepeBoj, Ha3BaHUA cTaTel cneayeT faBaTb Tak, Kak OH MPOX0AuUs
npu ux nyénukauuu, a nepeBoj Ha3BaHUA XKYpHANoB AOMKEH ObiTb
omumanbHO NpUHATLIM. TPOM3BOSIbHOE COKpALLEHNe Ha3BaHUN UC-
TOYHWUKOB LIMTUPOBAHNS NPUBEAET K HEBO3MOXHOCTU MAEHTUMLMPO-
BaTb CCbIIKY B 371EKTPOHHbIX 6a3ax AaHHbIX.

[Tpwn coctasneHumn References He06X0AMMO CNeA0BaTh CXEME:

= []0® aBTOPOB (TPAHCNUTEPALWS; A1S €€ HAMUCAHNS UCMOMb3YNTE
canT http://fotosav.ru/services/transliteration.aspx, 0613atenb-
HO BKJTHOYMB B HACTPOJKax cnpasa BBEPXY (hnaxok “AMepnkaH—
ckas (ans Bu3bl CLLIA)”; ecnn aBTop LUTUPYEMOI CTATbI UMEET
CBOW BapuUaHT TPAHCNNUTEPALUM CBOEI hamunum, cneayet uc-
M0/1b30BATb 3TOT BAPUAHT);

W 33rnaBine Ha aHrACKOM A3blke — ANS CTaTbM, TPAHCANTEPA—
1S 1 NepeBoj Ha3BaHWS — ANs KHUIK;

® Ha3BaHME NCTOYHNKA ()KypHana, COOpHMKA CTaTen, MaTepuanos
KOHGbepeHUUN 1 T. N.) B TPAHCAUTEPALMW U HA aHMNUIACKOM
A3bIKE (KYPCMBOM, Yepe3 KOCylo YepTy);
BbIXO[HbIE [JAHHbIE;

B yKasaHue Ha A3blK N3NOXEHWs mMaTepuana B CKOOKax (Hanpu-
mep, (in Russian)).

Harpumep: D. N. Sokolov, L. P. Vogman, V. A. Zuykov. Microbiological
spontaneous ignition. Pozharnaya bezopasnost | Fire Safety, 2012,
no. 1, pp. 35-48 (in Russian) (apyrve npumepsl cM. www.fire-smi.ru).

3.CTatby, NpMCnaHHbIe He B NOIHOM 06bEME, Ha PACCMOTPEHNE He NpU-
HUMaTCA.

4. B cnyyae nomny4eHns 3aMeyaHinil B Xo/1e BHYTPEHHEr0 PeLIeH31pPoBa-—
HWA CTaTbW ABTOPbI JOMKHbI NPEAOCTAaBUTL [OPAGOTAHHbIA BapuaHT
TEKCTa B CPOK He 607ee 0IHOr0 Mecsla ¢ 06513aTeNbHbIM BbieNeHnem
L|BETOM BHECEHHbIX U3MEHEHN, a TAKXKE OTAENbHO NOAr0TOBUTh KOHK—
PETHblE OTBETbI-KOMMEHTApUI HA BCE BOMPOCHI 1 3aMeYaHns peLieH—
3eHTa.

HecBoeBpeMEHHbIi, a Take HeaaeKBaTHbIA OTBET Ha 3aMeyaHus pe-
LIEH3EHTOB 1 Hay4YHbIX PeJaKTOPOB NPUBOANT K 3a[iepXKe MyGnnKaLum
[10 UCTPABNEHNS YKa3aHHbIX HeA0CTaTKOB. [p1 UTHOPMPOBAHNN 3aMe-
YaHWi1 PELIEH3EHTOB U HayYHbIX PEAAKTOPOB PYKOMNUCH CHUMAETCS C Aa—
NbHEMLLEro PacCMOTPEHMS.

5. HenpuHsaTbie K ny6nnKaLmm ctatbi aBTOPY He BO3BpaLLarTes. Mpockba
peAakumm 0 nepepaboTke MaTeprana He 03Ha4aeT, YTO OH MPUHST K neYatit.

MpeaneyarHaa NOAroToBKa CTATei ONNAYMBAETCA 3 CYET CPEACTB N0A—
MUCYMKOB U TPETHUX NINLL, 3aUHTEPECOBAHHBIX B NY6MKALNAN.

Pepnakuus octanseT 3a co60ii NpaBo CHUTATb, YTO aBTOPbI, NPeaocTa—-
BMUBLUME pyKonuUcb Ang nybnukauuu B XypHane “MoxapoB3pbiBO-
6esonacHocTb / Fire and Explosion Safety”, cornacHbl ¢ ycnosusmu
ny6nuKauum nan OTKIIOHEHWS PYKOMUCKU, a TaKXKe C NMpaBunamun ee
ochopmneHus!
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Aeouna Myneesny MELLIMAH
09.12.1939-30.05.2019

npuckopburem coodbaem, 4to 30 mas 2019 r. Ha 80-M roay >KM3HM MOCAE NPOAOAKNTEAb-
CHOVI BOAE3HM CKOHYAACS M3BECTHbIN POCCUICKMI YHEHbIR, KAHAMAQT TEXHUYECKMX HayK,
BEAYLWMIt Hay4HbIn coTpyaHnk BHMTO MYYC Poccnn Aeonna Myneesnuy MELLIMAH.

AeoHna MyHeeBny poanaca 9 aekabps 1939 r. B r. Mockse.

B 1958 r. okoHuMA MocKkoBCKMIt aneKTpomMexaHnyecknin TexHukym. C 1959 r.no 1962 .
MPOXOAUA CAYXOY B psiaax COBETCKOM apmumMm.

B 1962 r. Mewman A. M. noctynua Ha paboty B LIHMMNIMO MBA CCCP, 1 c aToro mMo-
MeHTa BCS €ro XM3Hb OblAa CBSI3aHA C HAYKOW. 3a Bpemsl CBOEM AATEeAbHOCTU B MHCTUTYTe
OH MpoLeA NyTb OT CTapliero AabopaHTa A0 3aMeCTUTeAst Ha4aAbHUKa OoTAeAa. Bcs Tpyao-
Basl AeATeAbHOCTb AeoHnAaa MyHeeBMya ObiAa MOCBSLEHa pa3paboTKe pa3AMYHbIX CUCTEM
NOXapHOM aBTOMATUKKM M PODOTOTEXHMKK. 10 pesyAbTaTam HayuHbIX PabOT OH 3aLMTUA
KaHAMAAQTCKYIO AMCCEpPTaLMIO.

3a yyactue B AMKBMAaUMK KaTacTpodbl HAa YHADC Mewman A. M. noayuna meaarb MHC
“3a OTAM4ME B AMKBMAALMM NMOCAEACTBUIA YPE3BbIYaMHOM CUTyaummn”.

3a MHOrOAeTHMI AOBPOCOBECTHBIM TPyA AeOHMA MyHeeBMY HarpakAeH MeAaAsMM
“3a aobaecTHbIn TPyA”, “3a be3ynpednyto cAyx0y” |, [l v 1l cteneneit, a Takxke nmeeT MHO-
XKecCTBO bAaroaapHOCTeR OT PyKOBOACTBa MHCTUTYTa u MHC Poccun. OaHa m3 ero pabot
oTMeueHa 30A0TOM MeAaAbio BAHX.

MewmaH A. M. 9BAsSIeTCS aBTOPOM YeTblpex MOHOrpaduin, MHOXeCTBa cTaTei B Hayu-
HbIX XKYPHaAaX, aBTOPCKMX CBUAETEABCTB M NaTeHTOB Ha n300peTeHus. He pa3 AeoHna My-
HeeBUY MYOAMKOBAA pe3yAbTaTbl CBOMX HAY4YHbIX PabOT M B XXypHaAe “oxxapoB3pbiBObe3-
OMacHOCTb”, pa3mellaA CBOM KOMMeHTapun B pybpuke “Bonpoc—Otset”. o npockbe pe-
Aakummn AeoHnma MyHeeBMY 4acTO BbICTYMaA B KayecTBe CTPOroro, HO CrnpaBeAAMBOrO
peueH3eHTa cTaTei, NOCTyNalowWmX B Hall XKYPHaA.

[MoAyuYMAM M3BECTHOCTb AeKUMKM AeOHMAa MyHeeBHYa, KOTOPbIE OH YMTaA MO MpUrAalle-
HMIO B pa3AmMyHbiX By3ax U HMM. OHM OTAMHYAAMCH He TOABKO BOraTbiM COACPIKAHMEM, HO U1
XKMBOWM (POPMOW M3AOXKEHUS U HEM3MEHHO MPUBAEKAAM HE TOABKO CTYAGHTOB, aClMPAHTOB U
Hay4YHbIX COTPYAHMKOB, HO M MPaKTUKOB.

A. M. MelmaH 06AaAaA YHUKAABHOW TPYAOCMNOCOOHOCTBIO, HEMCCAKAEMbIM ONMTUMM3-
MOM, TaAQHTOM OObEAMHATL BOKPYT CeO5 KOAAET U €AMHOMBbILIAEHHUKOB, LLEAPO ACAMACS C
HUMMW CBOMMM 3HAHUAMM M OMbITOM. EFro OTAMHYaAM AODBPOTa, OT3bIBYMBOCTL, CEPACHHOCTD,
MHTEAAMIEHTHOCTb, MCKPOMETHBI IOMOP, HEOPAMHAPHOCTb. BClo CBOIO XXM3Hb OH AEMOHCT-
PUPOBAA WUMPOTY M MHOFOMPAHHOCTb HAYUYHbIX MHTEPECOB, MCKPEHHIOK AIODOOBb M NMpeAaH-
HOCTb Hayke.

CeeTAas namMatb 0 AeoHnae MyHeeBuye MelumaHe OyaeT BCeraa xXuTb B HalMx cepaLiax!
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