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MHOOPMALMOHHAA NOAAEPHKKA PALUOHANIBHOIO
PASMELWLEHUA CUCTEMbI MPOTUBOMNMOXAPHOIO BOOOCHABXEHUA
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AHHOTaUMA. AKTyaNbHOCTb MCC/IeA0BaHMA 3aK0YAETCA B TOM, YTO ONTMMa/IbHOE pasMeLLeHne
TMAPAHTOB ABNAETCA OAHUM U3 OCHOBHbIX GPaKTOPOB NOBbIWEHMA IPPEKTUBHOCTU TyLLEHUA KPYn-
HbIX MOXapOB, BO3HMKLIMX B pe3y/bTaTe Ype3Bbl4alHON cuTyauuun. B HacToAwel ctatbe npea-
CTaB/leHa peanunsaums PaLMOHANbHOMO PasMELLEHUA CUCTEMbl MPOTUBOMOMKAPHOIO BOAOCHAb-
YKEeHUsA, KoTopas npeanonaraeT MacluTabupoBaHme NCXOAHbIX AaHHbIX B TOYKU eAUMHUYHOTO Kyba.
MpennoxeHo rpaduyeckr KOMMAKTHOE PACMoNOKeHNe MAPAHTOB, NO3BOAIOLLEE NPU TPACCHU-
POBKE COKPaTUTb KOIMYECTBO PacnpenennTeNbHbIX TMHUI U apyroro obopysoBaHua, a TakkKe
YCKOPUTb MPUHATUE YNPABNEHYECKUX PELUeHUM NO PaLMOHA/NIbHOMY Pa3MELLEeHUI0 CUCTEMDI
rMAPAHTOB HA 334aHHON MECTHOCTU. Pe3ynbTaTbl NPpUMeHeHMsA pa3paboTaHHOro anropuTMa Mmo-
ryT 6bITb UCMONb30BaHbI MPU NOCTPOEHUN MOAENEeN YCTAHOBKM MOXKAPHbIX MMAPaHTOB, KOTOPbIEe
UrPatoT BaXKHYIO PO/Ib B ONTMMM3ALLMM NPOLLECcCa pearnpoBaHua Ha noap, TeM caMbiM cnocob-
CTBYS NOBbILIEHWIO LAHCOB Ha BbIXKMBaHMWE rPaKAaH BO BPeMA Ype3BblYaiiHOW CUTYyaLLUK.
KnioueBble cnoBa: YpessblyaliHan cUTyaums, NPOTUBOMNOXKAPHOE BOAOCHAOKEHME, NOXKapoTyLe-
HWe, No¥XKapHas 6e30NacHOCTb, NOXKAPHbIW TMAPAHT
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PLACEMENT OF A FIRE-FIGHTING WATER SUPPLY SYSTEM
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Abstract. The relevance of the study lies in the fact that the optimal placement of hydrants is one
of the main factors in increasing the effectiveness of extinguishing large fires that arise as a result
of an emergency. This article presents the implementation of the rational placement of a fire-
fighting water supply system, which involves scaling the initial data to the points of a single cube.
A graphically compact arrangement of hydrants is proposed, which makes it possible to reduce the
number of distribution lines and other equipment during tracing, as well as speed up management
decisions on the rational placement of the hydrant system in a given area. The results of applying
the developed algorithm can be used in constructing models for installing fire hydrants, which



play an important role in optimizing the fire response process, thereby contributing to increasing

the chances of citizen survival during an emergency.
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BeepeHue

KpynHble YC B munpe npoucxomar exxe-
rogHO M A0CTAaTOYHO 4YacTO COMPOBOXKAAOTCA
MHOFOMWUZIMOHHBIM  MaTEPUANbHbIM, 3KOJO-
rTMYeCcKMM yLepbom U, K COXKaneHuto, He 06-
XoAasTcs 6e3 4yenoBeyeckux KepTB. TaK, no
CTAaTUCTUYECKUM [aHHbIM, yuwepb oT ogHowm
YC B 2023 r. oueHumBanca B ~210,9 mnH pyb.
Konnyectso normbwux B 2023 r. cocTtaBuio
310 yenoBek, U3 HUX 288 yenoseKk nornbau
npu TexHoreHHbix YC 1 29 4yenosek — npu
npupoaHbix YC [1].

BarKHO TaKXe yuynTbiBaTb, YTO B OO/bLUMH-
ctee YC npoucxogmut BO3HMKHOBEHWE Mac-
WTabHbIX NOXApOB, CO3AAKOLWMX aBaAPUIHYIO
o6CcTaHOBKY. B HacToswee Bpems B noaob-
HbIX CUTyaUMAX NIMKBUAALMA FTOPEHMA BELLECTB
M MaTepunanoB OCYLLECTBAAETCA MOCPEACTBOM
OXNaXAEeHMA OrHeTYLWalWMMKM BELECTBAMWN UK
nepemelLnBaHua roptodero [2], ogHako Hanbo-
Nlee AOCTYMHbIM OFHeTyLWaluM CpeacTBOM A0
CUX Nop ABNAETCA BOAA. TaK, Ha/JM4yMe MUCTOou-
HMKOB HapY’KHOro MPOTUBOMOMKAPHOIO BOAO-
CHabeHuns (BoAHbIX OOBEKTOB) U UCNpPaBHOE
COCTOSIHWE TMAPAHTOB CTAHOBATCA BaXKHbIMM YC-
noBMAMKM obecneyeHUa noxapHoi 6esonacHo-
CTH, BANAKOWMMMN Ha 3PPEKTUBHOCTD TyLLEHMUA
NoOXapoB, MpPOBeAEeHMA aBaAPUMHO-CNacaTeslb-
HbIX PaboT, cnaceHMa YeNI0BEYECKUX KU3HEN U
MmaTepuanbHbix LeHHocTen [3]. Takum obpasom,
BOMPOC OMNTMMA/ZIbHOFO Pa3MELLEHMA TUAPAH-

TOB, YCTAaHOB/IEHHbIX HAa BOAOMNPOBOAHOMN CETH,
ABNAETCA aKTyaNlbHbIM.

Pe3ynbTaTbl U UX 06CyKAeHUE

CornacHo ycTaHOB/AIEHHbIM HOPMaM U Npa-
BMIaM B CTPOMTENbCTBE, 34aHUA OO0MXHbI
pacrnonaratbCa Ha pacctoaHum 20-25 m gpyr
oT gpyra. lpu 3TOM nX pasamepbl B HECKOJIbKO
pa3 MoOryT npesblwaTb 0603HAYEHHblEe Napa-
MeTpbl M ObITb coMamepumbimu c Tpebosa-
HMEeM pacnofaaratb rMApPaHTbl Ha PAacCTOAHWUM,
He npesblwatowem R = 200 m. CnefgyeTt Takxe
OTMETUTb, UYTO MNO)KapHble Npoe3abl Mexay
34aHUAMU O0/IKHbI UMETb PasMep, PaBHbIN
9 m [3-7]. ChepoBaTenbHo, npu paspaboTke
MOAENN pas3MeLLeHNA 31EeMEHTOB CUCTEMbI
NPOTUBONOXAPHOro BOAOCHabKeHNA Heobxo-
OMMO Y4YMUTbIBATb PasmMepbl 34aHWNA, PaBHO-
MepHO pacnpeaenas rmapaHTbl.

B npeanoxeHHOM anroputme MoucKa pa-
LMOHA/IbHOrO pa3smelleHnA CUCTeMbl MPOTUBO-
NoXKapHOro BOAOCHAbXEHUA 34aHMe CNOXKHOM
KOHCTPYKLMK (pUc. 1) MOXKHO paccmaTpuBaTb
KaK HECKOJIbKO 34aHUIN CTOALLUX PALOM.

lpadunyeckn KOMMAKTHOE pacrosioXKeHue
rMOPaHTOB NO3BOJINT NPU TPACCMPOBKE 3KOHO-
MUTb KOJIMYECTBO PacnpenesimTesibHbIX JMHWUMA,
MO*KaPHbIX PYKaBOB M Apyroro 060pyaoBaHUS.

Ecnn n3BeCcTHbl KOOpAMHATBLI YII0B Mpo-
EeKTUPYEMbIX 34aHWUIN, UX 3TAXKHOCTb, CTATyC
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Puc. 1. lpadurueckas MHTepNpeTauma 30aHUIN CI0KHON KOHCTPYKLMK

Fig. 1. Graphical interpretation of buildings of complex construction

NPWUHAANEKHOCTU, TO MPOLLECC pasmelLeHus
rTMAPAHTOB, @ TaKMKe MX YUCAEHHOCTb MOXKHO
aBTOMaTM3MPOBaTh [8].

[nsa noucka pauMoHaNbHOro pasmelle-
HUSA CUCTEMbl NMPOTMBOMOMKAPHOIO BOAOCHA6-
EHUS Ha BXOA, Peann3oBaHHOW MPOrpamMmbl

nogaBann Habop TouyeKk B ABYMEPHOM Mpo-
CTPAHCTBE, PACMO/IOXKEHNE KOTOPbIX OTHOCU-
TEeNIbHO Apyr Apyra No3BonseT uaeHTUduum-
poBaTb npu nomowm 2D-BM3yanusauum
Hanbonee noaxogsAwmMe MecTa ANa YCTaHOBKM
rmapaHTosB (puc. 2).

s ° ® licxoaHbie TOUKK
7 L]
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1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Puc. 2. Mpumep pacnonorKeHna NCXOLHbIX TOYEK B MPOCTPAHCTBE OTHOCUTENIbHO ApYr Apyra

Fig. 2. An example of the location of the starting points in space relative to each other
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NcxoaHble paHHble npeobpasosbiBany MaJIeHbKMX KBaApPaTUKOB, LEHTPbl KOTOPbIX
ONA pasMeLleHna B NPOCTPaAHCTBE eauHUY- BbIYMCAAKOTCA NO OAHOM U3 ABYX METPUK pac-
Horo Ky6a, BM3yanbHO OENMMOro Ha BOCEMb CTOAHWUIN:

p(Mk7Mi):“xk_xi|+|yk_yi|+|Zk_Zi‘ (1)
7
2 5 2 (2)
p(Mo, M) = (3, = %) +(3 =3V +(z-2) -

Bblumcnaem muHMmanbHoe 3HavyeHue me- B cnyyae yctaHoBneHHOro nopora npwu-
TPUKWN PACCTOAHMA M TEM CaMbiM onpeaensem 6/UKEeHUA B ABE TOUYKM OTBET AOCTUTHYT, U TOT-
LEHTP KBagpaTMKa, B KOTOPOM OHO AOCTUraeT- 03 ONTUMAIbHbIMWU TOYKaMM U3 UCXOAHOTO Ha-
ca (puc. 3). 6opa 3HayeHun byayt 1,7 n 3,8.

Ha puc. 4 n 5 npeacrasneH pacyet B npo- Ecnu TOYHOCTb 33aHa B OAHY TOYKY, TOraa
rpamme, COMPOBOXKAAEMbIN KOHCONbHbIM Bbl- BbIIB/IEHHDbIN KBAaAPaTUK C LEHTPOM, rae ue-
BOZOM YMCNEHHbIX 3HAYEHMIN Ha IKPaH. neeasa PpyHKUMA OOCTUTAET MUHUMYMA, U TOY-

Pa3neneHwe KeagpaTa v BU3yanusauud

® [peobpa3soBaHHble TOYKK
NyHWwnin ueHT|
1.0 4 .y B
TOYKW B NyyLIeM KBagpaTe
&
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Puc. 3. leneHne npocTpaHCTBa eANMHMYHOMO KBaApaTa Ha YeTbipe KBaApaTuKa 1 onpeaeneHune ueHTpa
O4HOTO0 U3 HUX C MUHUMA/IbHbIM 3Ha4YE€HUEM u,eneBoﬁ d)yHKLI,I/IVI

Fig. 3. Dividing the space of a unit square into four squares and determining the center of one
of them with the minimum value of the objective function

168



TEXHOC®EPHAA BE3OMNACHOCTb 2025 Ne 1 (46)

Wcxoguwe Toukw: [(1, 3), (2, 4), (1, 7), (5, 1), (3, 8)]
lpecbpazoBaHHsie Touku: [(0.9, @.286), (.25, ©.429), (0.0, 06.857), (1.8, @.8), (0.5, 1.8)]
MuHuManbHOe 3HauveHue Fl: 3.322

lleHTp € MMHMManbHeM 3Hadenuem F1: (.25, 0.25)
OcTaeBwnecs TOYKM B KBagpaTe C MUHuManshom F1: [(0.0, 8.286), (0.25, 9.429)]

Puc. 4. KoHCONbHbIN BbIBOA, Pe3y/IbTaToB paboTbl MPU BbIYUCNEHUN NEPBON METPUKM
Fig. 4. Console output of the work results when calculating the first metric

MuHMManNbHOe 3Ha4dedHwe F2: 2.534

LleHTp € MMHMManbHEM IHadvedwem F2: (@.25, 6.75)

OcTaBwvecAa TOYKM B KBagpaTe ¢ MMHMManbHumM F2: [(0.0, 8.857), (8.5, 1.8)]

Puc. 5. KOHCO/bHbIN BbIBOA Pe3y/ibTaToB paboTbl MPU BbIYUCAEHUM BTOPO METPUKM
Fig. 5. Console output of the work results when calculating the second metric

K1, nonaslive B Hero (puc. 6), nogatoTca Ha MonyyeHHble pe3ynbTaTbl COMNPOBOXKAAMOT-
BXO4, Cheayollen utepauuu ans npeobpa- CA KOHCONIbHbIM BbIBOOM Ha 3KpaH (puc. 8).
30BaHMA K eAWMHWMYHOMY KBaZpaTy W BblYM- TakMm obpasom, B cyvyae 3aAaHHOM Tou-
CNEHUs B HEM HOBOIO KBagpaTUKa C MUHMMa- HOCTM B OZIHY TOYKY B Ka4ecTBe ONTUMa/IbHOIo
JIbHbIM 3HAYeHUemM UeneBor GpYHKUUU B LIEH- peLleHns NoAYYUAN TOUKY C UCXOAHBIMWU KOOP-
Tpe (puc. 7). AMHaTamu, paBHbiMKu 1,7.

Paspenenune KeagpaTa v BU3yanusauus

® [peobpasosBaHHble TOYKN
- @ lyswwia ueHTp
' TOYKM B Ny4lleM KBaapaTe
0.8 1
®
0.6
-
L ]
0.4 1
&
0.2 1
0.0 4 s
0.0 0.2 0.4 0.6 0.8 1.0

X

Puc. 6. Busyanumsauma UCXOLHbIX TOYEK ANA BTOPOM UTEPALLMM anropUTMa
Fig. 6. Visualization of the starting points for the second iteration of the algorithm
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Pa3pneneHne keagpaTa 1 BU3yanusauus

@® [MMpeobpa3oBaHHbIE TOYKM

@ yywwi ueHTp
1.0 1 : 9

TOYKK B Ny4ylleMm KBaapaTe
0.8 A
0.6 4
S
0.4 1
o
0.2 4
0.0
0.0 0.2 0.4 0.6 0.8 1.0

Puc. 7. NMpuneegeHne neBoro BepxHero KBagpaTnKka n To4eK B HeM K eJUHMYHOMY KBagpaTy M pe3ynbrat
onpeaeneHnAa ueHTpa HOBOro KBagpaTtnka C MUHMMa/IbHbIM 3Ha4YeHUEM u,enesoﬁ d)YHKLI,MVI

Fig. 7. Reducing the upper left square and the points in it to a unit square and the result of determining
the center of the new square with the minimum value of the objective function

[na HarnagHoro npeactaBneHus paboto- Ons ynobctBa OTMEYEHHbIE TOYKU Oblnu
CNocobHOCTN MOXKHO MCMONb30BaTb HEobXxoau- NPOHYMepOoBaHbl, YTOObl B pe3ynbTaTe obpat-
MbIA Y4aCTOK MECTHOCTM, M300paKeHHbIN Ha HbIX BbIYMCNEHUA BO3MOXKHO OblIO MOMYYUTb
KapTe, B KauecTBe ¢oHa rpadumka (puc. 9). Tpebyemyto TOUKY B ABHOM BUAE.

Wcxoguue Toukm: [(0.8, 8.857), (@.5, 1.8)]
lNpeobpazoeanHue Touku: [(9.6, @.8), (1.6, 1.8)]

MuHuMmansHoe 2Haqenwe F1l: 2.0
UeHTp € MMHMManbHeM 3Hadedwem F1: (0.25, 6.25)

OcTaBuMecAa TOYKM B KBagpaTe € MUHMManbHbm F1: [(8.8, ©.0)]

Puc. 8. KOHCONbHBIN BbIBOZ, pe3yabTaToB PaboTbl BTOPOM UTEpaLLMM afropmuTma

Fig. 8. Console output of the results of the second iteration of the algorithm
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PaszpeneHue KBagpaTa W BU3yanunsauusa
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Puc. 9. Mprmep pacrofioKeHa CXOAHbIX TOYEK B MPOCTPAHCTBE Ha KapTe OTHOCUTE/IbHO APYr Apyra

Fig. 9. An example of the location of the starting points in space relative to each other on the map

BbiBOAbI MEHEHNA MOTyT ObITb MUCNOMb30BaHbI npun no-
CTpoeHUU Mo,u,eneﬁ pa3melieHnAa 31eMeHTOB

MpepnctaBNeHHbIN aNTOPUTM MOUCKA paLy- CUCTEMbI MPOTMBOMOMKAPHOIO BOAOCHAGKEHUS,
OHaNbHOMO Pa3MeLLEHMA CUCTEMbI MPOTMBOMO- pa3paboTKe TMNOBbIX NacnopToB 6e30MacHOCTM
*KapHOro BoAoCHab»KeHMa 6bln anpobuposaH TEPPUTOPUI, NacnopToB H6e30MacHOCTU MOTEH-
Ha cUcTeme MPOTUBOMOXKAPHOro BOAOCHAbKe- LManbHO OMacHbIX 0OBLEKTOB M COBEPLUEHCTBOBA-
HMA AO «YpasbCKUI 3NEKTPOMEXAHUYECKUNN HUW NAaHa AEWUCTBUIM OpraHu3auui U yupexae-
3aBog» (r. EkatepuHbypr). PesynstaTbl ero npm- HWIA MO NpeaynpexXaeHuio 1 ainkengaumm YC.

CMUCOK NCTOYHUKOB

1. YpesBblualiHble cUTyauum n mMx nocneactsms B Poccuiickont ®epepaumm 3a 2022-2023 1. :
CTAaTUCTUYECKMI COOPHUMK / noa obuw,. pea,. A.T. dupcosa, A. A. MopowuHa. M. : BHUMMO, 2025. 100 c.
2. 06 yTtBepxaeHMn boeBoro yctaBa noapasaeneHnn NoXapHOM OXpaHbl, onpeaenarLero no-
PALOK OPraHn3aLmMm TyLLeHMA NOXKapoB U NPOBeAEHNA aBapUIMHO-cnacaTeNbHbIX PaboT : npukas MYC
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