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VYAK 614.84, 681.51

N3MEPUTEJIbHBII MOHUTOPUHT OITACHBIX
PAKTOPOB ITIO2KAPA 1 NTH®OPMAIIMOHHDBIE
ITAPAMETPHI CUCTEM JVUHAMUWYECKOTI O
VIIPABJIEHUS S9BAKYAIIUEI.

B.M. Koaodxun, Z.B. Bapaamos, B.B. Qupros, A.B. Pomanenxo,
I'M. Yuzeunues.

Vamyprckuit rocymapcrBennbiii yausepcurer, . Uxkesck, Poccus
e-mail: Kolodkin@rintd.ru, b.v.chirkov@gmail.com

Passusaemcs nodrod % C030aHUI0O cucmem OJUHAMUYECKO20 YNPLBAECHUS
268akyauUett Ha 0CHO8E NOCMOAHHO20 USMEPUMEADHOZ0 MOHUMOPUHZG NAPEMEMPOS
cpedv 8 MOMEWEHUAT, PAHHE20 OOHAPYINCEHUA B0320PAHUS U NOCMPOECHUA NYmMet
26aKYQUUY 60 6pems mnoscapa. Paspaboman sxcnepumenmasvroili  cezmenm
NOOCUCTNEMD, USMEPUTNEADHOZ0 MOHUIMOPUHZA TAPAMEMPOs cpedvl, pabomarou,ets
8 pesicuMe PeanbH020 8pemery Ha 6a3e mukpoxormpossepos ATmegal28RFAL, %
KOMOPBIM NOTKAIOUEHDE MHOZOKAHAADHBLE 0EMEKMODPYL ONACHHLE HAKMOPO8 NOHCAPG.

KuaroueBble cjioBa: u3MepuTe/ibHbI MOHUTOPUHT, OlaCHbIE (DAKTOPHI, [10XKAP,

crucTeMa, yIpaBJleHHe 3BaKyallneit.

Paccmorpensr BOIMpPOCHI M3MEPUTEIHHOTO MOHUTOPHUHIA OMACHBIX
dakTopoB nokapa u uHGOPMAINMOHHBIE IAPAMETPHI CHCTEM HHA-
MHUYECKOrO YNpaBjieHust 3Bakyamnumeil jgoneii. IIpobaema obecrneuenus
0e30MacHOCTY JIIO/IEH B CJIyYae BO3HUKHOBEHWS MOXKAPa B 3MaHUU CO
CJIOYKHBIMU O0BEMHO-TIAHNPOBOYHBIMU PEIEHUsME 00YCJIOBIEHA TEM,
9TO B TAKUX 3JAHUAX JIIOJU HE BCEr/a OPHEHTUPYIOTCS W HE BCe-
raa o0 AI0T JOCTATOIHOM MHGpOpMaIuei o 6e30IMaCHbIX MapIIPyTax
JBUYKEHUS 0 IBAKYAIIMOHHBIX BHIXOJOB UJIM 6€30MACHBIX 30H. AKTyaIb-
HOCTBH CO3QHWS MTPOTPAMMHO-AMIAPATHBIX KOMIIJIEKCOB MOHUTOPUHTA,
U JUHAMHWYECKOTO YIIPDABJIEHMS 3IBaKyalweil Joneil u3 3maHuil 1Ipu
moxkape OOyCJIOBI€HA OOJIBIINM KOJMIECTBOM YETIOBEYECKUX IKEPTB
BO BpeMs II02KaPOB, OCHOBHBIMU IIPUYMHAMU KOTOPBIX SIBJISIOTCS BO3-
JgefictBue onacHbIX (pakTOpoB moxkapa. IlosTomy B HacTosIee BpeMms
BO3BHUKJIA HEOOXOIUMOCTH MEPEX0a K TAKUM TPOrPAMMHO-ANIAPATHBIM
KOMILJIEKCAM, KOTOPbIE B JIUHAMUYECKOM DPEXKWME MPEICTABIT JIIOISIM
rHAOPMAINIO O MyTHAX IBAKYaI[Ud, B 3ABUCUMOCTH OT TEKYIIErO COCTO-
SIHUSI CPEJIbl B TOPSIEM 3JAHUU.

B macrosieit crarbe pa3BUBAETCS TOAXOA K CO3JAHUIO CHCTEM
JWHAMAYECKOTO YIIPABIEHUS IBAKyalllieli HA OCHOBE IIOCTOSIHHOTO
M3MepUTEJIHbHOT0 MOHUTOPHUHTA IapaMeTpPOB cpedbl B 3/IaHUU,
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PaHHero oGHapy>keHus BO3TOPAHUS U JUHAMHUYECKOTO MOCTPO-
eHusl IIyTell 3BaKyaluu BO BpeMms moxkapa. 1o ecTh co3anne
TAKOI CHCTEMBI YIIPABJICHUS IBAKyaIueil, Mpu KOTOPOit 0becneInBaeTcs
MUHAMW3AIUS BPEMEHU 3BaKyaluu npu TpedyemMoMm ypoBHE Oe3omac-
noctu Jofeit. Ilpm sToM ypoBeHB 0E30MACHOCTH JIOAEHl 3aBUCUT OT
BpeMeH OJIOKMPOBAHWS MyTeH SBAKYAIWH, OMPEIeITeMbIX PACITPEIese-
HUeM 3Ha4YeHuil mokasareseil omacHbx ¢dpakropos moxapa (O®II) ma
My TSAX IBAKYAIMH U X JUHAMHUKON. [I0pOTOBBIit MpUHIIMTT MOHUTOPUHTA
3HaYeHUil TTOKa3areseil OMacHbIX PAKTOPOB MOXKAaPa, KOTOPBI MCIIOb-
3yercsi B DOJIBIIUHCTBE OOBIYHBIX CHCTEM [IPOTHUBOIOXKAPHON 3aIUTHI,
obecrieynBaer MUHMMHU3ALUIO 33TPAT HA AIlIAPATHbIE CPEACTBA, HO
nMeeT W TPUHIANHNAJIbHBIE HEJOCTATKM, CBA3aHHBIE C HEMOJHOTONW WH-
dopmanyy 0 IUHAMWKE PA3BUTHUS MOKAPA ¥ M3MEHEHUST IPE3BbIYANHON
curyanuu. O4YeBHIHO, 9TO MPU 3TOM TEPAIOTCS JOMOPOroBbIE U
HaAMOPOTroBble JaHHbIE 3HAUEHM OoMacHbIX (PaKTOPOB moXKapa
U BO3MOXKHOCTH IIOBbBINIEHUS O€30MACHOCTU JIIOZEll 3a CYer pPaHHero
OOHAPYKEHUsT 09Yara BO3TOPAHUS HA WX OCHOBE.

CoBpeMeHHbIE MUKPOIIPOIIECCOPHBIE CHCTEMBI ITO3BOJISIOT 6€3 M30hI-
TOYHBIX 3aTPAT HA AMMAPATHBIE CPEICTBA MEPEUTH B MECTAX, TJI€ ITO
HEOOX0IMMO, K U3MEPUTETHHOMY MOHUTOPUHTY 3HAYEHUI MOKa3aTesiei
onacHbIX (PaKTOPOB MOXKAPA, KOHTPOIIO JUHAMUKH DA3BUTHUS ITO2KAPA
U U3MEHEHUN 4YpPe3BbIYAlHONW CUTyaluUuu LIPU YIPABJICHUU 3BAKyalUen
momeii. Kpome TOro, Takme CHCTEMBI MUKPOIPOIECCOPHON 00paboTKu
CUTHAJIOB C JETEKTOPOB OMACHBIX (DAKTOPOB MOXKAPA B MOMEIIEHUAX
MTO3BOJIAIOT TOJIYYUTh KAYECTBEHHO HOBBIE BO3MOXKHOCTU TIO DAHHEMY
OOHADYKEHUIO, [M0XKAapPa, MPOrHO3MUPOBAHUIO CIIEHAPHUEB PA3BUTHUS I0-
JKapa 1py ylpaB/ieHuu Bakyauueii [1].

OcobeHHOCTHIO TIOAX0OAA SBJISETCS IIOCTOSTHHBI W3Mepu-
TeJIbHBIM MOHWTOPWHI 3HAYEHUH TOKa3aTeseil omacHbx (axTopoB
moXKapa B 3JAHWM W HA €ro OCHOBE ONpEIe/IeHWe W JUHAMUIECKOEe
TepecTpoeHme MyTell BAKyalldh C OIOBEIIeHWeM Joaei 00 m3MeHe-
Hun 6e30IACHBIX MAPIIPYTOB ABuKennsd. [locTosHHbII n3MepuTeIbHbBIN
MOHHUTOPWHT TapPaAMETPOB CpPeabl B MMOMEIIEHUSIX W PACIpeIeTeHuit
3HAYEHUI OMACHBIX (DAKTOPOB HA MYTIX BAKYAIIUU B TPOIECCE TTOXKAPA,
HEe0OX0 MM 1151 00JIee paHHEro OOHAPYKEHWsT BOSHUKHOBEHUS MTOXKAPA
7 JIOKAJIM3AINKA MECTa BO3TOpaHusA, Oojiee TOYHOrO OIpeae/ieHus 6e3-
OIACHBIX [IJIs IPOX0/IA JIIO/IEHl yIACTKOB 3aHUs WJIU [MOMEIIEeHU, YeM
1py OOBIYHOM IIOPOIOBOM MOHUTOPHUHIE.

[ToporoBbIit MOHUTOPUHT 3HAYEHUN TOKA3ATeNel OMACHBIX (DAKTO-
POB TT0XKapPa, OCHOBBIBAETCS HA, CPAOATHIBAHUN ABTOMATHYIECKUX TTOXKAP-
HBIX m3Bermareneir mpu gocrumxkennn 3uadenusvmu O@PII mopora cpa-
GarblBaHMs, HAIPUMED [I0POra OOHAPYKEHUS (Topy) UM MUHUMAILHO
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OOHAPYKUMOTrO W3MEHEHUsI BEJIMYMHBI KOHTPOJIUPYEMOTO MapaMerpa.
Boinenuv Buasr omacHbix (axkTOpoB moxkapa. K mepBoMy oTHECEM
GdakTOphI, 3HAYEHNS KOTOPHIX B OCHOBHOM PAaCTyT BO BPEMEHU 110 MEPE
pa3BUTHS TOXKApA: IJIaMs, TEIIOBOI MOTOK, TeMIepaTypa BO3LYITHON
Cpe/ibl, KOHIIEHTPAIUs TOKCUIHBIX IIPOLYKTOB NOPEHUS U TEPMUIECKOTO
pasnoxenusi. Ko Bropomy orHeceMm (DaKTOPHI, 3HAUEHUS] KOTOPHIX B
OCHOBHOM YOBIBAIOT TTO MEPE PA3BUTHS MOKAPA: KOHIIEHTPAIUS KUCJIO-
pofia, BUAUMOCTD B JbiMy. [ljisi Ja/ibHEHIero pacCMOTPEHUS SBJISETCS
BayKHBIM TO, 9TO TMOPOrH ODHAPYKEHUs OMACHBIX (DAKTOPOB MOKAPA
OJIHO3HAYHO CBA3aHBI C BPEMEHAMH 3aJEPKKH OOHADPYKEHUS OHACHBIX
dbaxropoB n0KAPA (Togmopm), YTO YCJAOBHO IIOKA3AHO HA PHCYHKE
1 ma rpadwukax IWHAMUKU W3MEHEHWs] HOPMAJIU30BAHHBIX 3HAYECHUN
onacHbIXx (HaKTOpOB mHoxkapa nepsoro u Broporo BuaoB (O®@II 1 u
O®II 2). Kpome Toro, moporu 0GHAPYZKEHUST Mogu.odpn COOTBETCTBYIOT
MUHUMAJIBHO OOHAPYXKUMbIM H3MEHEHWSIM BEJIUYIMHBI OMACHBIX (hak-
ropoB noxkapa O®@II 1 u O®PII 2, uro HEOOXOAMMO It DPAHHErO
OOHApYKEHUs OMACHBIX (DAKTOPOB TMOXKApa W 0Yara BO3TOPAHWS, TO
€CTh MUHUMW3AINN BPEMEHW Togu.opn- Jlajee OTMETHM TO, UTO TO-
POTH IPOXOJUMOCTH (Thpox), KOTOPBIE COOTBETCTBYIOT KPHUTHIECKHM
3HAYEHUSIM OMACHBIX (PAKTOPOB IMOXKApa MEPBOrO W BTOPOrO BHJIOB
(OPII 1 u OPII 2), n03BONAIOT BBLIEIUTH [IOMEIIEHUs (WId 30HBI B
KOPUJIOPAax), KOTOPbIE MPH TIOXKAPE CTAHOBATCH HEMTPOXOIUMBIMU HJIU
ONACHBIMU JJIA MPOXOJA JIIOJeH yJacTKaMU 3IaHUN MJIN TTOMEIeHUIt.
Kputndeckne njisa mromeit 3HaYeHAA OMACHBIX (PAKTOPOB MOXKAPA Mrpox
PEryIaMEeHTHPOBAHBI U TI0 BEJIUYMHE 3HAYUTETHHO MPEBBIMAIOT TOPOrd
OOHAPYIKEHUS Toem.odm, ITO MOKA3AHO HA PUCYHKE 1.

1,0 /—

ToGu.opn2 | _ N

mnpox.opn2 |«
05

mupox. ol |-

/

{ENE §
Tobm.opnl ToGn.opn2 Bpews, cex.

ToGH.opnl |- -

0,0

Pucynok 1 — JIluHaMuKa n3MeHEHUST HOPMUPOBAHHBIX
3HAYEHUI OMACHBIX (PAKTOPOB MOXKAapa MEPBOTO M BTOPOTO
BumoB O@IT 1 u ODII 2.

[Toporoebie neTeKTOPHI OOHAPYIKEHUS ONACHBIX (DAKTOPOB MOXKAPA,
MIpEeIHA3HAYEHDI JId PAHHEro 00HAPYKEHUs BO3TOPAHWS WUJIN OMACHBIX
$aKTOpOB TOXKApa B IMOMENIEHUAX W KOPHIOPAX, OHH HMMEIOT CBOIO
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crierupuKy U psii HEIOCTATKOB. JleTEeKTOpHI MOPOrOB MPOXOIUMOCTH
NpeHAa3HAueHbl [JIs ONpe/iesieHust 0e30MacCHbIX JJIs MPOXO/a JIO/Iei
Y9IaCTKOB 3/IaHUS WJIA TOMEIIEHUH U MOTYT OTJIMYAI0TCH OT JIETEKTOPOB
OOHApY?KEHNsT OMaCHBIX (PAKTOPOB MOXKapa, gaxke ecau (PaKTop
nokapa oimH u TOoT Ke. Jljusg cucreM yOopaBJieHus 9BaKyarmei
JI0ZIell HEOOXOIMMBI KaK JIETEeKTOPhl PAHHErO OOHAPYZKEHHUs OMACHBIX
dakTOpOB TOXKApa, TaK © JETEKTOPhI TMOPOTOB MTPOXOJUMOCTH.
[Ipu sTOM BO3HWKAET HEOOXOAMMOCTH B U3OBITOYHBIX 3arparax Ha
anmapaTHble CPEJCTBA, JAETEKTOPhI OMNACHBIX (DAKTOPOB MOXKApa H
JIpyTHe HeJIOCTATKH, 9TO CHUKAET TEXHUKO-IYKOHOMUYECKHUE TapaMeTPhl
CHCTEM U UX HAJIEKHOCTb.

B cucreme omoBemeHus u ynpapieHusi dBakyarnuei mo QyHKIHO-
HAJIbHOMY HA3HAYEHUIO MOXKHO BBLIETUTH TPU [OCUCTEMBbI:

e TlonchcreMa W3MEPUTENLHOTO MOHUTOPUHTA COCTOSTHUSI CPEIbI B
snannu (IICUM).

e Tloncucrema ympaBJieHUsT 3BaKyalyeli W KOHTPOJS COCTOSTHHS
cpenst B 3garnu (IICYIKC).

e Iloacucrema onosemenust u nHGOPMUPOBAHUS. JIOJEH O HAIIPAB-
JIGHUW JIBUZKEHUS TIPY YBAKYAI[HH.

IlocTOosiHHBIA W3MEPUTEJbHBIA MOHUTOPUHI HapaMeTpoB
cpelbl B OTJIUYHE OT IPOCTOrO MOPOTrOBOrO0 MOHHUTOPHHIA OCHOBBLIBA-
€TCsl HA HOBBIX JETEKTOPAX OIACHBIX (DAKTOPOB IOXKApa HA OCHOBE
60oJ1ee COBPEMEHHBIX MUKPOIIPOIIECCOPOB U TIEPUOIUUECKUX (C yIpaBIs-
€MBIMHY TIEPUOAMHU) U3MEPEHUIX PACIIPOCTPAHEHUS OACHBIX (PAKTOPOB
MO’Kapa, TO €CTh CBA3aH C 00S3aTENIBHBIM YCIOKHEHUEM MOICHCTEMbI
MOHUTOPHHTa COCTOAHUA CPpeIbl B 3JaHUU, YTO ABJIAECTCA ILJTATOH 3a ee
Ka4eCTBEHHO HOBBIE BO3MOXKHOCTH TI0 PAHHEMY OOHAPYKEHHUIO, KOHTPO-
JIIO TMHAMUKH U CIIEHAPHUEB Pa3BUTHU OKapa. IIpu 9ToM MHOrOKpaTHO
yBeIuuuBaeTcsd u 00beM WHMOPMAINN, KOTOPasi TOJYYIAeTCs TPU H3-
MEpPEHHSIX OTMACHBIX (PAKTOPOB MOKapa, 00PAOATHIBAETCS W TIEPEIACTCS
HO,ZLCI/ICTGMOﬁ U3MEPUTETHbHOI'O MOHUTOPHWHIA. HOCHQ,ZLHGQ TOZKe ABJIAET-
csI IJTATON 38 HOBBIE BO3MOXKHOCTH CHCTEM AWMHAMHUYIECKOr'o yIIpaB/JI€HUA
IBaKyarnueil, KOTopble ObLIN paHee OTMEIEHDL.

IToacucrema n3MepuTEIHLHONO MOHUTOPHHTA, CTPOUTCS Ha Da3e ceTn
IPOBOJAHBIX /1 GECIPOBOJHBIX CEHCOPHBIX U3MEPUTEJIbHBIX Y3JI0B.
HO,H,CI/ICTeMa U3MEPUTE/IbHOI'O MOHUTOPDHHI'A B OTJIMYHUE OT IIOPOroBoro
MOHUTOPpHWHTA TPpEAHASHAYCHA AJIA MEPUOIUICCKUX I/ISMepeHI/Iﬁ 3Ha4Ye-
HUA KOHTPOJMPYEMBIX NapaMeTpPOB CPelbl B 3apaHee OIpeIeseHHBIX
MecTax HOMeH_[eHI/Iﬁ " Ha IyTAX SBa,KyaL[I/II/I; BbIYHCJICHHE CPEeIHUX 3Ha-
YeHuil mapaMeTPOB U CKOPOCTU WX M3MEHEeHWd B 33aJaHHOM WHTEPBAJe
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BPEMEHU U TIEPEIAdH Oy IeHHBIX JAHHBIX YIIPABIISIONIEH TOICUCTEME.
Kaxaprit y3em Takoit cetw mpeacTaBisieT COOOH ABTOHOMHBIN OJIOK,
COCTOAIININ U3 MUKPOKOHTPOJLIEPA, K KOTOPOMY IMOIKJIIO9E€HBI HECKOIb-
KO U3MEPHUTEIbHBIX [TATINKOB-IETEKTOPOB IaPAMETPOB CPEIbI, MOILYIhb
uupoBoit 6eCuPOBOLHOM U/UlM UPOBOAHOM CBsA3U M OJIOK IUTAHUS.
Momynb cBsi3u obecreunBaeT Mepenady W MpUeM JTaHHBIX. Karkabrit
y3e/I ceTw mMeeT COOCTBEHHbBIN YHUKAJbHBIA apec, MOITOMY JaHHBIE
MOTYT T€PeIaBATHCS aAPECHO, TO €CTh C 3aJAHHBIMU KOOPIMHATAMHI
€ro yCTaHOBKY B 3/[aHWH.

Iloncucrema ympaBiieHHs 3BaKyalieli MW KOHTPOJISA CO-
crosiuust cpeapl B 3panun  (IICYDKC) cocrour wu3 uporpammHo-
anmaparuoro kommiaekca (ITAK) nquHaMuueckoro ynpasjieHus IBAKya-
nmeit Jio/1ell B BUJIE CEPBEPOB U CIENUATIN3UPOBAHHBIX Y3J/I0B. Kazkmbrii
TaKOI aBTOHOMHBIH CEPBEP COCTOUT U3 BHIYUCIUTENHHOIO OJI0KA, MOILY-
Jiell CBsI3uM, MOJYJiA uHTerpanyu ¢ nogcucremamu. B 3amaun [ICYIKC
BXOJUT: — OCYILECTBJIEHHE KOHTPOJs PadOTOCHOCOOHOCTH BCEX Y3JIOB
¥ TIQACWCTEM; — TIOJyYeHHe TAHHBIX OT TOACUCTEMBI MOHUTOPWHTA, U
COXpaHEHHUE TOJIYYEHHBIX ITAHHLIX; — MPOBEIeHNe 00pabOTKU U aHa-
JIN3a TOJIYYEeHHBIX AHHBIX Ha TPEIMET MPEBBINIEHNUsT MOPOrOBBIX U
KPUTHYECKHX 3HAYEHUIl; U B CJIydae MX IpPeBbllleHus, (OPMUPOBAHUA
HEeOOXOAMMBIX CHIHAJIOB YIIPABJIEHMS; IPOBEIEHHE pacdera W Ilepe-
pacuera myTell 3BaKyaluu; Iepejiada JAHHBIX O HUX B IOJICUCTEMY
ONOBeNIeHus 1 TH(MOPMUPOBAHUS JIIOIEH O HAIIPABJICHUN JBAYKEHNUS IPU
9BaKyaIlnH.

[Ipu nosryyeHnn TaHHBIX OT MOJACUCTEMBI U3MEPUTETHHOIO MOHUTO-
puHra, ux 06paboTKe U OOHAPYKEHUU I[IPEBBILIEHNs IOPOrOBbIX U /Wil
KPATHUYECKUX 3HAYEHUI OIACHBIX (PAKTOPOB I102KAPA IIPOU3BOIAUTCH
TTEPEBOJT, TTOJICUCTEMbBI U3 JEKYPHOrO SHEPTOCOEPETAOIIero B aKTHBHOE
COCTOSIHWE; OCYIIIECTBJIISIETCS OTIPe Ie/IeHne OIOKMPOBKY OMaCHBIME (DaK-
TOpaMU MOXKapa IyTell dBaKyaruu u nomemnteHuii 3manuii. OcymecTs-
JIsIeTCd PacyeT W MepepacdeT myTeil SBaKyaluw; Iepesada JaHHBIX O
HUAX B IIOACHCTEMY OIOBeleHusi u nH(MOPMUPOBAHUS O HAIPABJIEHUU
JBUKEHUS TPU IBAKYAINNA W ayINOBU3YATHLHOTO OTIOBEIEHUS JI0Jeit O
0e30MmacHbIX MAPIIPYTaX JABUYKEHWS K BbIxomaMm. Ilpu 3ToM B cucreme
JWHAMAYECKOTO YIIPABJICHUS dBAKYyalWed JI0el TO/KHO ObITh peaJjiu-
30BAHO PE3ePBHOE KOMUPOBAHWE U XPAHEHUE JAHHBIX U3MEPUTETHHOTO
MOHHUTOPHHTA PACIPOCTPAHEHUs OIIACHBIX (DAKTOPOB MO2KAPA, U BCETO
[IPOIECCa dBAKYaIMU HA [OJIOBHOM CepBepe.

IToacucrema omoBereHuss U WHGOPMUPOBAHUS O HAMPAB-
JIEHUW JBVIKEHUSA TIPU IBAKYAIlMd COCTOUT W3 CIENHAJIN3NPOBAHHBIX
ayIMOBU3YyaJbHBLIX y3J0B. VIX HasHavdeHWe — OMOBEINEHUE JIIO/Iei Tpu
BO3HUKHOBEHUH [0O2Kapa, WH(MOPMUPOBAHHE O TEKYIIEM MAaPIIpPyTe
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9BaKyaluu Jis Kaxka0ro nomerierns. OHU mpeacrasiisier coboil aBTo-
HOMHBIE OJIOKHU, COCTOSAIINE U3 MUKPOKOHTPOJLIEPA, MOYJ/Is MudpPOBOii
IPOBOHOI U /Uy GeCHPOBOIHOI CBA3M, ayMOBU3YaJIbHBIX yKa3areeil
HAIPABJICHUs J(BUXKEHUs U OJIOKA MITATHOIO W/UJIM aBapUHOIO 3JIeK-
TPONUTAHUSA.

O yHKIIMOHUPOBAHNE TPOTPAMMHO-ATIIAPATHOTO KOMIIJIEKCA OCHO-
BAHO HA M3MEPUTEIHHOM MOHWUTOPWHTE COCTOSHUS CpEeIbl B 3apaHee
OTpeJIeJIEHHBIX MECTAaX MOMEIIEeHNH U Ha MMy TAX IBAKYallud B 3/1aHun. B
ciIytvae, eCJIA COCTOSHUE CPeJibl HAUNHAET MEHITHCS, B ABTOMATHIECKOM
pezkume cpabarbiBator noacucreMbl IICUM u I[ICYI9K u uner nuenru-
dukanusa Ipe3BbHAHON curyarnuu. Bee moacucTeMbl epeBoaATCA B
AKTUBHBIN PEKUM TOATOTOBKYM K pabOTe B UPE3BBIYANHOI CHUTYAIHH.
Eciu upesBbruaiinas curyaims uaeHTudunupoBana nomcucrembl [TTAK
nepexondar B pexkuMm UC u ynpasienns ssakyaunuei mozgeit. IIpu srom
OCYTIECTBJISAETCSI MOJIETUPOBAHNE TMEePeMeIeHns JTIIOJICKNX MOTOKOB, B
pexKmMe BPEMEHHU, OIEPEZKAIOIEM peabHOe BpeMs. B pexkume peasib-
HOTO BpeMmeHu (hOPMUPYIOTCI KOMAHIBI JIJIsT YKA3AHWS HAMDPABICHUN
JBVKEHUSA JII0JIel, KOTOpble TEPEIaloTCA Ha BU3yaJbHBIE yKa3aTesn
HaIIpaBJIeHUd, 3ByKOBbIe U peYeBble OIIOBEIIATE .

Jlasee paccMOTpPUM TPH OCHOBHBIX PEXRHMMA (DYHKIMOHUPOBAHUS

I[ICUM u IICYDK:

1. TexKypHblil PeKMM MOHMTOPHHIA COCTOSHMS CPEJbl B 3/aHUK
(APM).

2. AKTUBHBIH peXKNM MOHUTOPHWHTA N MIACHTH(DUKAIMN Ipe3BhIaaii-
Hoit curyanun (APMITYC).

3. Pexxum upesBbIuaiinoil cuTyanuy W yOpPaBJIE€HUs 3IBaKyarueit
(PUCYD) uyrem yka3aHusi JHOAAM O€30LACHBIX MAapUIPYTOB [0
9BAKYAIIMOHHBIX BHIXONOB. BBIGOD peXnMa W TEpexombl MEKIy
PEXRKUMAMU OCYIIECTBIAIOTCA aBTOMATHYIECKH.

Jexypubiii pexum MouumTopuHra. (OCHOBHOE COCTOSTHHWE
PACIPEIENEHHBIX 0 3JAHUI0 CeTH YCTPOHCTB — SHEProcOeperaromee
COCTOsIHME, U3 KOTOPOr0 yCTPOHCTBA HA KOPOTKOE BPEMS NMEPEXOIAT B
AKTUBHOE COCTOHHME C HePUOUOM They. (5 — 10 cek). I3mepuresbubie
V3JbI CETH, COAEPIKAINNE CEHCOPBbI, CcOOMpaioT uHMOPMAIWIO O
XapaKTEPUCTHKAX CPelbl, BIYUCISIOT CPEIHNE 3HAYEHUS MMapaMeTpOB
M CKOPOCTH WX M3MEHEHWsl B 3aJaHHOM HWHTEpBane Bpemenu. [lamee
KPATKOBPEMEHHO AKTHUBUPYIOTCS MOJLYJIM CBSA3H Y3JIOB, OTHPABJISIOTCS
nakerbl ¢ umHdOpManmeil HA MApLIPYyTH3ATOPBI, IIOCJIE YEr0 MOJLYJIH
CBSA3W JEAKTUBUPYIOTCSA W Y3JIbl BO3BPAIIAIOTCA B COCTOSTHUE <«CHAY.
Jlanee mMapmpyTu3aTopbl (POPMHUPYIOT MAKETHI COOOINEHWI Ha OCHOBE
COOOIIEHNH T OT CEHCOPHBIX Y3JI0B, KOTOPBIE 3aTEM IEPeNAlOTCS Ha,
cepepbl. [1akeThl BKIIOYAIOT HHPOPMAIUIO O XaPAKTEPUCTHKAX CPEIBI
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U COCTOdHUN y3HOB, YTO TIO3BOJIAET TIOCTOAHHO KOHTPOJNUPOBATH
pPabOTOCIIOCOOHOCTE CETH.

AKTUBHBIN peXXUM MOHUTOPUWHTA U UAeHTUMDUKAIUN Upe3-
Beruaiinoii curyamuu. Cepeepst [ICYIK nonyuaror nadopmaruio o
COCTOSTHUM CpeIbl, 0OpabaThiBatoT ee u, ecyn 3uadenuss O @II cpenbr nan
JVWHAMAKA WX U3MEHEHUN BBIXOAAT 3a PAMKHU yCTAHOBJIEHHBIX T'DAHWIIL,
OCYIIIECTBIISIETCS IEPEXO, K UICHTU(MUKAIIUN IPE3BbIYANHON CUTYAIUH.
B cnydae npunsgTus pemreHus O mepexojie B JAHHBIA DEXUM, CepBep
dopMupyer KOMaH/y O HEOOXOIUMOCTH B T€YEHUN MHTEPBAJIA BPEMEHH
to — t1 OCYILIECTBIATH KBA3WMHENPEPBIBHLIN (60Jee 4acThiii, 4eM depes
T . ) COOD JAHHBIX O COCTOSTHUH CPEJIbI B MOMEIIEHUSX, TJe 3HAYCHNUST
XapaKTEePUCTUK CPE/IbI WU JUHAMUKA X U3MEHEHUH BHIXOIAT 32 PAMKHI
YCTAHOBJIEHHBIX TPAHUI] M OTHPABJATH HHQMOPMAIMIO HA TOJIOBHON
cepBep st 00paboTKu, aHamu3a u xpaHenus. CepBepbl HEIPEPHIBHO
KOHTPOJIUPYIOT BBIXOM TapPaMeTPOB CPEIbI 33 PAMKHU YCTAHOBJIEHHBIX
TOPOTOB WJIA TPAHUI] ¥ aBTOMATHIECKU (DOPMUPYIOT KOMAHIBI TEPEBOIA
cucrembl B pexkuM UC u OTIPABIAIOT KOMAH/IBI YIIPABJICHUS.

Pexxum ype3BbIYaiHON cUTyaluu U yIpaBJIeHUs 3BaKyallu-
eii. B aTom peskume akTuBUpOBaHbI Bce KommoueHThl [TAK, cencopubie
V3JIbI, OCYIIECTBJIAIOT KBA3WHEIPEPBIBHBIN COOp JaHHBIX O XapaKTe-
pHUCTHKAX OKPY2KAaloOIleil CPeabl W OTHPABIAIOT WX Ha cepsepbl. Ha
TOJIOBHOM CEPBEPE OCYIINEeCTBIISIETCS XPaHEHWe IOJIHOW wmHMOpMAaun
0 IOXKape W COCTOSIHWM Cpejbl B 3aaHuu, 0OpaboTKa m aHa m3 ee. B
pesynbrare aHann3a GOPMUPYIOTCS KOMAHIBI YCTPOWCTBAM YKA3AHUS
HAIPABJIEHNS, PEYEBBIM U 3BYKOBBIM OMOBEIIATE/ISIM U JIPYTUM YCTPOIi-
CTBaM.

[Mpumenenne MaTeMATHIECKUX MO pACTPOCTPAHEHNS TTOKAPA,
¥ ObIMA B 3JAHUW T[PU HUCCIAEJIOBAHWH U pa3spabOTKE CHUCTEM
JWHAMAYECKOTO YIIPABJIEHUS IBAKYAIINEl TIO3BOJIAET 0€3 3HAIUTETHHBIX
3aTpaT ¥ PHUCKOB AaHAJTU3UPOBATH CIEHAPDUHA W BHUBI TIOXKAPOB,
MMOBBICUTH KAYECTBO MOJIEJTUPOBAHUS C II€JIbIO BBISBIEHUS OCHOBHBIX
XapaKTEPUCTHK U IapaMeTpoB Takux cucreMm. s paborbl BbIOpaH
OTKPBITHIA MTPOAYKT, PEAJIN3YIOMINHI MOJEBYI0 MOJIEIb PACTIPOCTPAHEHU
nokapa B 3ganu — Fire Dynamics Simulator (FDS) [2]. B
FDS peanuzoBana BbIYUCTUTETHHAS MOJETH TEILIOMACCONEPEHOCA TTPH
ropennu. [IporpaMma 9uCIEHHO PEIIaeT CUCTEMY yPABHEHUI B 4aCTHBIX
[IPOUBBO/IHBIX, BKJIIOYAIOILYTO YPABHEHHsI COXPAHEHUs] MACCHI, MOMEHTA
KOJINYECTBA [BUKEHWS W 3JHEPIUU, [0 TPEXMEPHO peryaspHoi
MpSMOYTOJIbHOM ceTkKe. B mporecce paboOThl CO3MAOTCs  (DAMIIBL,
KOTODBIE TO3BOJILIOT BU3yaJU3UPOBATH PACIPOCTPAHEHWE [IbIMA, U
TeIJIoNepeiady Mpu MOXKAaPE.
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MonenupoBanme TPOBEAEHO [IJIT CETMEHTa 3JaHUS  BBICIIETO
oOpa3oBaTeslbHOTO yupexkJeHus. llman TmepBoro sTayka CerMeHTa
npeacTaBieH Ha pucyHke 2. CerMeHT OXBAThIBAET 3 dTaxKa, MMeeT 3
’BaKyarmoHHbIX Bbixoga — A, C, D, Koropbie pacmoioKeHbl Ha TIEPBOM
JTaKe.

C

A | T @

ool ]

]
% o

Pucynok 2 — Ilnan omHOTO 3Taka CErMeHTa 3TaHUS.

18

Cymmapaasi MomuOCTh moxkapa cocraiaser 1.06 MBr. Bpems
JOCTHKEHUsT MAKCUMAJIbHOM MorHocTn — 77.1c. g momenmpoBaHus
B mporpammve FDS BbiOpan psij noMerenuii, KOTOPbIE SBJISIIOTCS
KPUTHYECKUMHM C TOYKM 3pEHUsT OJOKHPOBAHWS 3IBAKYAITHOHHBIX
myreir. I[loxkap B KaxXJA0M U3 TAKUX TOMEIIEHWIH MTPUBOIUT K
6JI0KHPOBKE 9BAKYAIMOHHBIX BHIXOIOB € 3Taxka. Ha pucynke 2 crienapuu
oboznauenbl mubpamu. Cuenapuii 1. Iloxkap B Touke 1 (pucyHox 2).
Cuenapuii 2. Ioxkap B rouke 2. s u3MepeHuil 3HaYeHUN OMACHBIX
¢dakTOpPOB MOXKapa B MOJENb 3JAHUS MOMEIIEHBI PsiJl «IeTEeKTOPOB-
U3MEpUTeNeiy TEMIEpPaTypbl W BHAWMOCTA B 33JaHHBIX MECTAX
MTOMEIIEHUH U KOPUIOPOB, KOTOPBIE SBJISAIOTCH KPUTHIECKUMU W3-33
BO3MOXKHOTO OJIOKHPOBAHWS 3BAKYAIMOHHBIX myTeil. Bce merekTophi-
“3MEPUTENH YCIOBHO PACIIOJIOKEHBI HA BbicoTe 1,7 MeTpa OT 1moJia, Tak
KaK 3TO CPeJHSsT BBICOTA, HA KOTOPOW HAXOMSATCS OPraHbI 3PEHUs U
JbIXaHUd JTIOAeH.

st pacgera ¢ momoInbio mporpammMbl FDS ucmonms3oBaics BXomHOIM
daiin, KOTOPBIH COAepKUT HHQPOPMAIHUIO O pPa3Mepax W CTPOEHUH
3/IaHUSA, [VIATEJTHHOCTH MOJIEJIUPYEMOrO [IPOIECCa [M0XKapa, mapaMerpax
MaTepuasioB u peakuuil. [ljs nocrpoeHus Moesud 31aHus UCIO0JIb3YeT-
€S OTKPBITHIN ¥ CBOOOIHO PaCTPOCTPAHIEMbIH TpapuIecKnii peIakTop
Blender m crnenmann3mpoBaHHOE PACIIHpEHHE TPaAPUIECKOTO pemak-
topa BlenderFds, koropoe mo3Bossier aBTOMATH3UPOBATL PabOTy IO
dopmuposanuio Bxoauoro ¢aitra mis FDS. B kagecrse roprogero uc-
[IOJIb30BAJICS MATEPUAJI IPEBECUHA C U3BECTHHIMHU XaPAKTEPUCTUKAMH.

MomenupoBaHue oX)Kapa OCYIIEeCTBIISIIOCh HA TPEXMEPHO pa3HOCT-
HOIT ceTKe, comeprKailieil 0ojiee TPEXCOT Thicsd y3Jj0B. [lpu momemupo-
BAHUU UCIOJIb30BAJIOCH CEPBEPHOE OOOPYIOBAHNE C XaPAKTEPUCTHKAMU:
12 dusuueckux sgaep Intel Xeon CPU X5690 3.47 I'Ti, obbem ome-
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Pucynok 3 — TpexmepHast MO/IEIb OTHOTO 3TAYKa 3TAHUS.
[Iporpamma Blender.

paruBHOit mamsaTu 96 I'6. Bpems MomeampoBaHus OJHOIO CIIEHAPHSA
TOYKapa, COCTABJIAJIO HECKOJBKO JECATKOB YaCOB.

Pesynbrarom momenmpoBanus siBjsercsa (aitj, B KOTOPOM TIPEJI-
CTaBJIEHBI TOKA3aHUS JEeTEKTOPOB-U3MEPUTENIel B MOMEHTHI BDEMEHU OT
0 mo 600 c. B kauecTBe mpuMmepa HA PUCYHKE 4 MIPEICTABIEHBI ABa I'Pa-
duka n3MeHeHus TEMIEPATYPHL B IPOIECCE MOIEJNPOBAHUS [I0KAPa B
obsacTu 2 mepBoro 3raxa (cM. pucyHok 2). IIITpuxmyHKTUpHAS KPUBast
COOTBETCTBYET «JIETEKTOPY-U3MEPHUTENI0» TEMIIEPATYPhI, YCTAHOBJIEH-
HOMY BOJIM3W OdYara BO3rOpaHUs, a CILIOITHAS KPUBas COOTBETCTBYET
«JIETEKTOPY-U3MEPUTEIO» TEMIIePATyPhl, YCTAHOBIEHHOMY B 0OJiacTH
[TOBOPOTA KOPHUIOPA.

N3 rpadbukoB AuHAMUKEA HU3MEHEHHWS TEMIIEPATyPbl CIeIyer, B
YaCTHOCTH, 4YTO IIPU IIOpOre OOHAPYKEHHA Tosm.opn — 30 IPALYCOB,
BpeMeHa 3aJEepKKH OOHAPYKEHHsS OMACHBIX (DAKTOPOB IIOXKAPA
(Todm.0dn) AETEKTOPAMU-U3MEPHUTEIISIMY C HAUAJIA BO3TOPAHUS COCTABUT
53 u 64 CexyH/IBI, COOTBETCTBEHHO. A IIPH OPOTe IPOXOAUMOCTH (Trpox )
— 70 rpamycoB BpemeHA OJOKHPOBAHWS yYACTKOB 3AHUs, COCTABAT
COOTBETCTBEHHO 84 1 92 CeKyH/IbI.

AnamorngabiM 00pa3oM, Kak W <«JIETEKTOPbI-U3MEPUTEN» TeMIIe-
paTypbl, yCTAHOBJIEHBI «JIETEKTOPBHI-U3MEPUTEIN> BUIAAMOCTU B JIBIMY
BO/IM3HW OYara BO3rOPAHMSA U B 00JIACTH MOBOPOTA Kopuaopa. Kpurmde-
CKOe 3HaUYeHUue (Wnpox) — 20 MeTpOB BUAMMOCTH B JIbIMY W OJIOKHPO-
BaHUE MPOXOKIEHUS JTIIOAbMU ODJACTH 3AHUS C STUMU JIETEKTOPAMH,
JocturaeTcs depe3 70 ceKyH/I ¢ HavdaJs a MoXkKapa.

Ha pucynke 5 mokazanbl gBa rpadwka JIHUHAMUKA W3MEHEHUS
BUIUMOCTH B JBIMY [IPU MOJEJIMPOBAHUU TTOXKAPa B 00/1aCTH 2 MEPBOTO
sTaxka (CM. PUCYHOK 2).
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Pucynok 4 — JIluHaMuKa M3MEHEHHSI TEMIIEPATyPhI IPH
MO/JICJTUPOBAHUU TTOXKAPA.

Pucynok 5 — JlunamMuka n3MeHeHUs BUAUMOCTH B JIBIMY IIPHU
MO/IEJIMPOBAHUY 1102KAPa.

Takum ke o00pa3oM BO3MOXKHO HCCAeIOBaHHEe pPabOTBI BCEX
«JIETEKTOPOB-U3MepuTeieily Ha JIOObIX 3aJJaHHBIX yYaCTKAX 3/aHUs
U HOJCHCTEMbl M3MEPUTEIHLHOIO MOHUTOPHHIA, [TPOIHO3UPOBAHUE
BO3HUKHOBEHWSI OJIOKHPOBKHU OMACHBIME (HaKTOPAMU MOKApa MyTei
9BAKyaIlMu U MOMEIIEeHNH 3MaHuil TPU PA3INIHBIX CIIEHAPUSAX TTOXKAPOB
C JATBHEHIITNM KOMILTEKCHBIM AHAJU30M Pe3yTbTATOB.

SKCHepI/IMeHTaJIbHI)Iﬁ CerMeHT IIoACHUCTeMbl U3MepUuTeJIbHOIO
MOHUTOPpMHTIAa.

Ha ocHoBe MHKpPOMPOIIECCOPOB CO3AHBI IKCITEPUMEHTATbLHBIE CEH-
COpHBIE Y3JIbI, K KOTOPBIM TOJKJIOYEHBI OJHOKAHAJIbLHBIE W MHOTO-
KaHAJIbHBIE JETEKTOPHI OMACHBIX (DAKTOPOB MOXKAPA [JIsi TPOBEICHUS
n3MepeHuii ¢ mepemadeil JaHHBIX depe3 Tu@POBOi KaHAT CBA3H HA
cepBepbl. DTU y3JIbl HOCTPOEHBI HA 6a3€ SKOHOMUYIHBIX 8-OMTHBIX MUK-
pokouTposiepos ATmegal28RFA1 nma RISC-apxurexType, KOTOpHIE
BBITIOJIHAIOT 135 MHCTPYKIUH 3a OJWH IHWKJI CHHXPOHM3AINW, Peaju-
3yioT npousBoguresabHocts 10 1 MIPS/MI' (no 16 MIPS na rtax-
roBoii wacrore 16 MT'u), 4yro mo3Bosisier ONTUMU3UPOBATH COOTHOLIIE-
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HUE TTPOU3BOAUTEIHLHOCTL-TIOTpeb IsIeMast MoIHOCTh. ATmegal28RFA 1
umeer 10-paspsaaubiit AT va vacrory mguckperusaruu 10 330 k1 ¢
BOCHMWKAHAJbHBIM BXOJHBIM MYJIBTUILIEKCOPOM, YTO ITTO3BOJISET IO/~
KJI0YaTh 0 BOCbBMHU «jerekTopoB-u3mepuresneiiy O®PII k omHOMY
yaiy. BercokockopocTroit Tparcusep guamna3ona 2.4 I'T'm obecequBaer
GeCPOBOIHYIO Tlepeiady JaHHBIX Ha cKopocTH mo 2 Mowur/cek. Hanpsi-
skenne muTanus: 1.8-3.6 B, Tok morpebisiemblii Ha Tpueme/nepesade
meHee 18.6 MA [3]. B GecipoBOHOl ceTr BO BpeMst MMoxKapa BO3MOMKHO
JWHAMAYECKOE ITEPECTPOCHNE MAPIIPYTOB MEPEIadn U MPUEeMa JTaHHBIX
B CJIy4ae BBIXOJA U3 CTPOsA pAma y3/0B. Kaxkiaplit y3en ceru mmeer
YHUKAJIbHbBIH a/Ipec, I03TOMY JIAHHbIE LIEPEeIAI0TCH aPECHO.
IIpoBeennl uccaemoBaHus OMBITHBIX K3EMILISIPOB CEHCOPHBIX Y3-
JIOB 3KCHEPUMEHTAJIHHON IIOACUCTEMbI U3MEPUTEIHHOIO MOHUTOPUHTA,
MTO3BOJISIONINX YCTAHABIUBATH (DAKT BO3HUKHOBEHUS TOXKAPA U OTIPEIe-
JIITH MECTO BO3TOPAHUsI, OTCIEKUBATH 33 IbIMJIEHHOCTb U TEMIIEPATYPY,
mepeIaBaTh JAHHbIE HA yHOpaBiadomuii cepsep. s obHapyKeHwust
odYara BO3rOpaHusi Pa3pabOTaHbI OMBITHBIE CEHCOPHBIE y3JIbl HA OCHOBE
nH(ppakpacHbiX gerekTopoB UK-uzmydenns ¢ onTudeckuMu (PUaIbTpa-
mu. OnpejiesieHue Mecra BO3rOpaHus IPOUCXOAUT 38 CYET PA3MEIIECHUs
HECKOJIbKUX (HE MeHee JIBYX) TaKUX IPOCTPAHCTBEHHO-PA3HECEHHBIX
JATYNKOB Ha CTeHe BOMM3M moTosika momerrnennii. Ha pucynke 6 mpes-
CTaBJIEHBI PE3YJIbTATHI PETUCTPAINYA CUTHAJIOB OMBITHBIX IK3EMILISIPOB
5-tu cermenTHbix K-merektopoB mnpu wusmepennn WK-uznyuenus
HCTOYHUKA-MMUTATOPA JIOKAJIBHOI'O 0Yara BO3IOPAHUSI.
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Pucynoxk 6 — Pezynbprarst moruropunra UK uzmy4uenus ot
AMUTATOPA 0Yara BO3TOPAHMUSI.

Ha rpadukax perucrpanuu K uznydennsi oT #MATATOPA JIOKATb-
HOTO OYara BO3ropaHmst HavaJIo mkaJbl BpeMenu (0 cek.) cooTBeTCTByeT
MoMmeHTy BKioueHnsa HWK-m3mygarens — mMmmTaTropa odara BO3TOpa-
Hug. o sroro momenta 10-paspsamabiM ALl MEKpPOKOHTpOJLIEPA
ATmegal28RFA1 u3mMepsyinch U NepeaBaIuch Yepe3 PATuOKAHAT s
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perucrpamyu Ha IIK webosbimme (GOHOBBIE W IITyMOBBIE YPOBHU CHI-
HAaJIOB, YTO COOTBETCTBYET IEKYPHOMY DPEXKUMY DPaAOOTHI SKCIIEPUMEH-
taabaoro cermenTta [ICVIM. B sTom pexkume npu CpaBHUTEIBHO PEIKAX
[MKJIaX U3MEPEHNS HAKAILJINBAETCS NH(MOPMAIUS O CPEIHUX SHAYCHUAX
¢doHa, MIyMOB 1 UX JUHAMUKE, I KOHTPOJIs pabOTOCIIOCOOHOCTH y37T0B
IICUM, ona OymeT HEOOXODMMA IJIs TTEPEXO/a K AKTUBHOMY PEKUMY
MOHUTOPWHTA TPU UACHTU(DUKAINY IPE3BBIYANHON CUTYAIIWH.

AKTUBHBIN peXWM MOHHUTOpWHTA Ha rpaduKax PUCYHKa 6 Hadw-
naerca ¢ 0 ceKyHI Ha IIKajie BpeMeHu, mpu dtoMm m3mepenus AIITT
UK wusnydenusi OT uMATATOPA OYara BO3TOPAHWS W TI€PEIAda MUKPO-
kouTposuiepoM ATmegal28RFA1 nannbix 4epe3 paJiMOKaHAJ IPOH3-
BOIUJINCH YK€ TPUKALI B cekyHy. CjenoBarenbHO, WIeHTU(DUKAIINAS
9pE3BBIYANHON CUTYAINU IPU STOM PEKMME MOHUTOPUHTA MOXKET OBITH
peann3oBaHa 3a eJIMHUILI CeKyH 1. 13 rpadhuKoB JUHAMUKY U3MEHEHUsT
BBIXOJIHBIX CHUTHAJIOB ONBITHOrO 3K3emiuisgpa NK-merekropa ciemyer
TO, 9TO IPHU [OPOre OOHAPYKEHUSA Toey.ux PABHBIX 25 MB, Bpemena
3aI€PKKU OOHAPYKEHUsI OMACHBIX (PAKTOPOB TMOKAPA (Togw.ux) ITUMU
JIETEKTOPAMU-U3MEPUTEIAMA C HAYAJIA <«BO3TOPAHUsI» COCTaBjasgeT 1
U 2 CEeKyHIbl COOTBETCTBEHHO B HAIIPABJICHWM HA HMHUTATOP OdYara
Bo3ropanus (kpuBas «l») ¥ B HANpaBJEHUSX COCEAHUX O00JAcCTell C
UMHUTATOPOM oOuara Bo3ropanus (Kpusble «2», «3»). A npu nopore
HPOXOANMOCTH (Tpex) = 500 MB BpemeHa Gi10KMPOBaHUS JJIst TPOXOIA
JIOIe 3TUX yYIaCTKOB 3JaHUsd, COCTABAT COOTBETCTBEHHO 62 m 74
CEeKYHJbI COOTBETCTBEHHO B HAIIPABJIEHUAX «1» M «2».

Hauanbhas cragus wmuranuu noxapa (a0 50 — 60 cexyHubi)
COOTBETCTBYET JIOKAJILHOMY H30TPOIHOMY MOJyCheprIeckoMy odary
mwramenu ¢ paguycom 50 cm, ¢ momaocthio UK uzmnyuenus no 40 kBt
W ¢ JATBHEATTIM MEepexXoI0oM BO3TOPAHWA B TOXKAP 9e€pe3 paclinpeHune
30HBI TOpenns. Ha 3Toi cTagum MHOTOKPATHO yBEIMYHMBAETCA 00HEM
nHMOPMAIAN TTOIyIaeMOil IPH U3MEPEHNIX OMMACHBIX (PAKTOPOB MOKa-
pa (or merekropoB-uzMepureseil Temueparypsl, abiva, U1K u ap.) B
CMEKHBIX C 09aroM BO3TOPaHUs IOMEMEHUAX U KOPHIOPAX, KOTOPBIE
ABIAIOTCA KPUTAYECKAMY W3-3a BO3MOKHOTO OIIOKNPOBAHWS SBAKYAIIN-
OHHBIX MyTel. ITH TAHHBIE TIEPEIACTCS TTOACHCTEMON N3MEPUTEIHHOTO
MOHHUTOpWHTA ympasisomeii nogacucreme [ICYIK.

Vupasisiomas MOJACHCTeMa OCYIECTBISAET TpPHeM U 00PaboTKy
nHdOpMAIUd OT IOJACHUCTEMbI MOHHTOPHHTA, MPOU3BOAUT KOHTPOJD
PabOTHI BCEX y3JI0B IMOACUCTEM, IIPH IOy I€HUH JTAHHBIX OT ITOACUCTEMbBI
MOHHWTOPWHTA W TIPU TIPEBBIIIEHUN KPUTHUYECKUX 3HAYEHWH OMACHBIX
GbakTOPOB TOXKAPA; OCYIIECTBJISIET TPOrHO3UPOBAHNE BO3HUKHOBEHUS
OJIOKMPOBKU Iy TeH IBAKyaI[MH U TOMEINIEHUH 3MaHuil OnacHbIMA PAKTO-
pamu moyKapa, OCYIIeCTBJISAET PacydeT W Iepepacder IIyTeil IBaKyalluu;
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nepesaer JaHHbIE O HUX B MOACUCTeMY (DOPMUPOBAHUS W TMEPEIadn
uHGOpPMAIMY O HAPABICHUAX IBUKEHUs JIIOJeH TpHU 3BaKyalluu.
DKCIEePUMEHTAILHBI CerMEHT MPOTPAMMHO-AMIAPATHOTO KOMILIEKCA
JIMHAMUIECKOTO YIIPABJIEHNAsT BaKyanmeil Jiogeil ObL1 Peann30BaH B
YUPOLIEHHOM BHJIe (OLBITHOM 3K3€MILISIPE) sl YUPABJIEHUs HECKOJIb-
KUMU JECITKAMI MUKPOTPOIIECCOPHBIX y3JI0B. Pazpaboranuas Mozenn
9BaKyalli¥ U COIYTCTBYIOIINE AJTOPUTMbI ObLIA pPEaJn30BAHBI HA,
s3pike C++ cranmapra ISO/IEC 14882:2011. Vcnosb30Bajics KOMIIH-
aarop GNU/GCC Bepcuu 4.9.1. IIporpamma 6bLia CKOMIUIUPOBAHA,
¥ IpOTecTUpoBaHa Ha ciefyfomux miardopmax: x86 64 mox ympas-
aennem OC Linux/OpenSUSE v13.1, ARMv7 nog yupasienuem OC
EmbeddedLinux/RaspbianWheezy. leranbHoe onmcaHue mporpaMMHO-
ANMmapaTHOro KOMIJIEKCa BBIXOJAWUT 33 PAMKH JaHHON pabors! [1,4].

IIpoBeens! ycnerHbie nCCae0BaHUS IKCIEPUMEHTATIBHOIO CErMeH-
Ta MMOACUCTEMbI U3MEPUTEIHLHOIO MOHUTOPUHTA HA 06a3e OecCrpOBOIHBIX
CEHCOPHBIX y3Ji0B. IloKa3aHO, 4YTO B HOBBIX CHCTEMAX JIMHAMUYIECKOIO
YOpAaBJIeHNA 3BaKyalWeil HAa OCHOBE M3MEPUTEIbHOTO MOHHUTOPHWHTA
MOTYT OBITH PEAJTN30BAHBI KAYECTBEHHO HOBBIE BO3MOYKHOCTH IO W/IE€H-
TUDUKAINYA IPE3BLIYANHON CATYAIMH, CBA3aHHOM C MOKAPOM, PAHHEMY
OOHADYKEHUIO, JIOKAJU3ANNNA M0KAPA, MAajas BEPOSTHOCTH JIOZKHOTO
cpabarbiBaHus; BbICOKas nH(MOPMAIMOHHAS IPOU3BOAUTEILHOCTD IPU
VIPABJIEHUH IBAKYAIIMEil U BHICOKAS HAJIEIKHOCTH PAOOTHI CHCTEMBI TTPU
33/JAHHBIX TEeXHUKO-3KOHOMWYECKIX OIPAHNYEHUAX.

AxryanpHbIE TIPOOSEMBI BBEJEHWs ITOKAPHOIO MOHWTODWHTA B
Poccun m 3ddexkTuBHBIE TOAXOABI K TMOBBIIMIEHHIO KadeCTBa W
HAJIE?)KHOCTU CHCTEM [OXKAPHON CUTHAIU3AIUEA BbIIEIUIA BEJLyIIAE
skcmepThl  KoMmmauuit  «Apryc-Crekrp», <«Bomums u <«KOHTYP
CB». JlocTOBepHOCTH W3BEINIEHWsT B TEPBYIO OUYePeb 3aBUCUT OT
METO/IOB IPOBEPKH HA HMCTUHHOCTH. /Jljisi TOro Ha MepBOM YpPOBHE
mpoBepsieTcs COOOIIEHNE OT MOXKAPHOH CUTHAIU3AIUE, TAK B CHCTEMAX
C MOPOTrOBBIME W3BEIIATEISME MTPUMEHSIETCS KOCBEHHBIH Iepe3arnpoc
34 CYeT KPATKOBPEMEHHOro cOpoca nuranus. B aJpecHbix cucremax
KOHTDOJIb COCTOSIHHSI HM3Belaresieil KBAa3WHENPEPBIBHBIH, TOITOMY
MOYKHO ¥ II€pPe3alpoCUTh €ero COCTOsHWe, ¥ CJeJaTb 3TO IpH
rexobeaykuBaaun. Bropoit ypoBeHb MPOBEPKHU — IIPOBEPKA HCTHHHOCTH
CUTHAJIa, TOCTynuBIinero ¢ oobekTa. OHa peanmsyercs 3a CYeT €ro
nepesadu cpasy o JIByM KAHAJAM CBs3H, HAIPUMED [0 PAJIUOKAHAIY
u nmpoBogHoit cern. Tak crpositcs Bce 3apybeskubie cucrembl B CIITA
(cranmapr NFPF 72) u Eppone (cranmapr EN). B stux cucremax
[IPUOPUTETHBIM SIBJISIETCS HE PAMOKAHAJ, & JOCTOBEPHOCTH COODITIEHN ST
u BpeMs ero gocraBku [4].
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Takum 00pa3oM, MO pe3yabTaTaM JIAHHONW PabOTHI MOKA3aHA BO3-

MOXKHOCTb TIOCTPOEHUS 3IKCIEPUMEHTAJHHOTO CETrMEHTA IOACUCTEMBI
M3MEPHUTEIHLHOIO MOHUTOPHUHTA, pA0OTAIONIEl B pesKUMe peaJIbHOrO Bpe-
Meru Ha 6a3e MukpokoHTpostepoB ATmegal28RFA1, k koropbiM mos-
KJTIOYEHbl MHOTOKAHAJIbHBIE JTETEKTOPHI OMACHBIX (PAKTOPOB IIOXKAPA.
[TokazaHbl MPENMYIIECTBA PEATUIANNT M3MEPUTETHHOTO MOHUTOPUHTA
ONACHBIX (PAKTOPOB TOXKAPA, KOHTPOJS JUHAMUKN PA3BUTHUS TOXKAPA
W W3MEHEHUN 4Ype3BbIYallHOW CUTyallud NP 3BaKyalWu JOAeH 14
TIOBBIMIEHNST YPOBHSI IMOXKAPHON 0e30MacHOCTH 3IaHUil ¢ MaCCOBBIM
npeObIBaHUEM JTIOEi.

Cuucok aureparypsbl

B.M. Kosionkun, /1.B. Bapiamos, B.B. Yupkos, A.B.Pomanenko,
T'"M.Yursunmnes. [IpocTpancTBEHHO-pACTIPEIEIEHHBIH MOHUTOPUHT
omacHbIX (DAKTOPOB MMOKapa Ha OCHOBE MHKPOIPOIECCOPHBIX
CEHCODHBIX ~ y3JIOB  CHCTEMbI  YIpPaBJEHHWs  3IBaKyarueii.//
Beszonacuocrs B Texuocdepe , Mxenck, 2016. Ne10. C. 17-27.

IIpumeHeHMEe TTOJIEBOIO METOIa MATEMATUYECKOTO MOJIEIUPOBAHU S
MOXKApPOB B TOMeIeHusx: Merogmdeckne pekoMmeHgammn M.:

BHUMNUIIO, 2003 C.35.

Texunueckas cruenudukanms ATmegal28RFA1. Onucanne Muk-
pokonrposuiepa ATmegal28RFA1. (ssekrponnbiii pecypc). —
http://www.rtcs.ru/pdf/Atmel/AVR /ATmegal28RFA1_S.pdf.
TTorkapHbI MOHUTOPUHT 34AHAN COMUATBHBIX B 0OPAa30BATETbHBIX
yupexaeanii OmyonukoBano: 2Kypuan «Cucrembr 6e30macHOCTH
#1, 2014 http://www.secuteck.ru/articles2/firesec/pozharnyy-
monitoring-zdaniy-sotsialnyh-i-obrazovatelnyh-uchrezhdeniy.

19



MEASURING MONITORING OF HAZARDOUS
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An approach to the development of dynamic evacuation management systems is
being developed based on continuous measuring monitoring of indoor environment
parameters, early detection of ignition and construction of evacuation routes during
a fire. The experimental segment of the subsystem for measuring monitoring of
environment parameters operating in real time mode based on ATmegal28RFA1
microcontrollers is designed, to which multi-channel detectors of dangerous fire

factors are connected.
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KOHIIEIIINA NMHTEPHETA BEIIIEN B CUCTEMAX
VIIPABJIEHUSI SBAKYAIINE

.E. Ywaxos
YamypTcKuit ToCy1apCTBEHHBIN yHUBEpCUTET, T. VxKeBck, Poccns.
e-mail: sleepinthewater@gmail.com

Cospemennbie MELHOAORUL U MEMOJbl NO3EOAAIOM DACCMOMPEMD HOGDLE
nodrodu, K paspabomke cucmem ONOSEWeHuA U ynpasaenus ssaryoyuets (COYD)
a00ett us 3danus. Tax 6 cmamve PacCMampPueaemcs KOHUENUUA UHMEPHemMa
seweli 8 CUCMEMAT YNPABACHUS IBAKYAUUET, GHAAO2YU, 0 MAKHCE NPEUMYULECMEL

% HEeQOCTNAMKY CUCTNEM, DEANUSYIOUUT KOHUECTIYUUIO UHTNEPHEMA 86’(146'[2.

KuaroueBble ciioBa: MHTepHer Bemeit, COYD, 3Bakyalus, KOMIbIOTEDHOE

MOJEJUPOBaHNE, MUKDOKOHTDOJIJIEDHI.

BBegenne

Baxkubim aciekrom B npoektupoBanun COYD sBisiercs cBoeBpe-
MeHHOe u 0Oe30mubo4YHOe oloBeleHre 00 OacHOCTU B 37aHuu. Takue
CUCTEMBI JIOJIZKHBI YMETh OIPENESSITh PA3JUYHBIE THIHI OMACHOCTH,
YMETh OIEHUBATH BEPOSATHOCTH COOBITHS €I 330JIT0 JI0 TPOUCITIE-
CTBUsI, UCXOJs U3 JAHHBIX Cpeabl. A, TJIaBHOE, B CHCTEMaxX HOBOTO
MTOKOJIEHUST — BO3MOXKHOCTD yIIPABJIEHNs IBAKyalueil, Koraa, B paMKax
YC, cucrema MOXKET UCKJIIOYUTH YEJIOBEYeCKuil (PAKTODP U MOJHOCTHIO
B34TH Ha Ce0s1 OOJIBINYI0 YaCTh HEOOXOINMBIX BHIYUCJICHMUIA.

AxTHBHOE pasBUTHE MUKPOKOHTPOJIJIEPOB, CTUMYJIUDPOBAIO pa3pa-
OOTKy HOBOI'O TIOKOJIEHWSI CHCTEM YKa3aHWs MyTeil IBaKyarmu, (hopMu-
pPOBaHUE JIUPEKTUB UCXOMA U3 COCTOSHUS OOCTAHOBKU BHYTPH 3/IAHWSI.
PazpabarbiBaemasi cucrema 0Oa3upyercs Ha MPUHIUAIAX TTOCTPOCHUS
COVYD nsitoro tuma ¢ HPUMEHEHUEM JIONOJHUATEJbHBIX CBOWCTB, OIU-
CaHHBIX KOHIIenInel HTepHeTa Beleii.

NHaTepHeT Bereii

Nurepuer Beweii (anri. Internet of Things, IoT) — meromonorus
BbIUUCJIUTENbHOM ceTr (DU3MYECKUX HpeAMeToB («Belieil»), oCHAIEH-
HBIX BCTPOEHHBIMHU TE€XHOJOTHAMU I8 B3aUMOAEHCTBHA APYT C IPYyTOM
WM ¢ BHemmHeill cpenofi [1], paccMaTpuBaroImasi OpraHu3alnio TaKuX
ceTeil Kak sIBJIGHWE, CITOCOOHOE TEPECTPOMTH IKOHOMHYECKHE W 0OIIe-
CTBEHHBIE TIPOLECCHI, MCKJIIOYAIOIIee U3 4YacTU JIEHCTBUNA W omepanuii
HEOOX0IMMOCTD y4acTus desioBeka [2].
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W aeosmornst nHTEpHETa BeIllel HANMPABJIEHA Ha TOBBIMEHHE P deK-
TUBHOCTH 33 CYET aBTOMATH3AIMH IPOIECCOB B PA3NIMIHBIX cdepax
JEeSITeJTbHOCTA W MCKJIIOYEHHUS U3 HUX YeJIOBEKA:

1 aBTOMOOMIILHAS TTPOMBIIIIEHHOCTh — TIO3BOJISIET TPAHCINPOBATH
MHMOPMAITHIO KaK O COCTOSHUN aBTOMOOMJIS, TAaK W HH(POPMAIIHIO
00 OKpyKaIOIIeil ero cpese;

2 suepreruka — 3(hdEeKTUBHOE SHEPrOMOTPEOIEHNE TTyTEM OOIEHS
MEXK/Iy YCTPOMCTBAMHU B PEXKUME PEATHHOIO BPEMEHH;

3 3/IpaBOOXpAHEHWE — HOCUMBIE YCTPOHCTBA KOHTPOJIS COCTOSTHUS
0OJIBHOTO B PEAJIbHOM BPEMEHW;

4 yMHOE TPOW3BOCTBO — ONTUMU3AIUS IPEIMTPUATHHA U TIOBBIIEHNE
6e30IracHOCTH J7IsT Pab0OInX;

5 yMmHBIE J0Ma — 0E30MMACHBI, ABTOHOMHBINA ¥ SKOHOMWYHBIH JIOM,
CO BCEMU CHCTEeMaM¥ aHAJIN3a U PACHO3HABAHUA XO3AMHA;

6 ymuble 3manmda — UHTepHeT Bemieil TO3BOJISET PEMUTH IIPO-
GJIeMbI TIOBBIIIEHUsT PACXOIOB HA JJIEKTPOIHEPIHUIO, COIUATHHO-
9KOJIOI'MYE€CKONl OTBETCTBEHHOCTU M COOTBETCTBUA Pa3/IUIHbIM
TPeOOBAHUAM C [IOMOIIBIO HO/KJIIOYEHUs, YIIPABIECHUS U 3AMUTHI
YCTPOUCTB, OCYIIECTBISIOMUX COOP JAHHBIX OCHOBHBIX CHCTEM.

COBpeMeHHI)Ie CuCcTeMbl

Nsyuas Temy Wuarteprera Bermeil, HeOOXOMUMO MOHATH MAaCIITAO
3aMHTEPECOBAHHOCTH ITOI TEMOii, €€ MPOHNKHOBEHHE BO BCe Cdephl Je-
ATeIbHOCTH. TaK MOKHO OTMETUTH HECKOJIBKO KOMIIAHUHN 13 OrPOMHOTO
MHOXKECTBA, AKTUBHO PA3BUBAIOIINX TEXHOJIOTUIO U MPEICTABUBINNX HA,
PBIHOK pellleHnsi KoHnenuuu VHTepHera Bemieil B cucreMax obecrede-
HEsA OE30ITaCHOCTH:

1 Komnanus Intel siBisiercss oqHON W3 KPYyNHEHITUX B WHIYCTPUA
Nurepuera Bemeii. OcOGEHHOCTHIO CTAIA UX UIES PAZBUTHS TLIAT-
dopm s pemrenus B JTIOObIX cepax. Kommamns mpou3BoauT
MHUKPOIIPOILECCOPBL ¥ YCTPONCTBA CBA3M, PEATUIYIOINE CTAHIAPT-
HbIE TPOTOKOJIBI, ITOOBI KaXKJbI MOT WCIMOJb30BATH B CBOWX
cucTemMax. IDTO TO3BOJSET PA3BMUBATHL TEXHOJIOTHMIO, CO3/1aBaTh
COVYD HOBOro MOKOJIEHUS, & TAKMKE DPACIINPATH CO3JAHHBIE HA,
UX KOMIUIEKTYIOIMX HOBbIE JATYUKHA [3].
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2 Komnanusi MeradoH BBITYCTH/Ia, HA PBHIHOK «YMHBIH JOM», OCO-
OEHHOCTHIO KOTOPOTO SIBJISIETCSI CIIEKTP yCTPOHcTB. B KoMOuHaInn
HEKOTOPBIX JTATYNKOB BO3MOXKHO OPTaHM30BATH CHCTEMY OIIOBE-
meHnss 00 OMACHOCTH B J0Me, HO He CHCTeMy OOeCmevueHus u
ylpaBJieHus BaKyauueii [4].

3 Tak ke peanu3anus KOHIENIUY MHTEPHETA BEIel IpeICTaBIeHa
B paMKax HaywHO!l mearembHocTH Hammeil kadeapwr. Cucrema
WCIIONIBb3YET COBPEMEHHBIE MUKPOKOHTPOJIIEPHI, YTO MO3BOJISET
CO3/1aBaTh GOJIBIIKE CETH CEHCOPOB U ONOBEIIATe I, MOAK/II0YaTh
UX K PACIPEIETCHHBIM BBIYUCIHTEIBHBIM y3J1aM, a TaKxkKe
IPOM3BOUTH AHAIU3 Cpesbl, onopemenne o IYC, u npou3BoauThH
ylpaBJieHue sBaKyauueii [5]

N 310 ToNBKO HEDOIbBINAS YACTh PACCMOTPEHHBIX cucTeM. OTHAKO
CTOUT OTMETHTH, 9TO CKOJBKO ObI XOpOma HU ObLIa Ujes NPUMEHEHHs]
WNureprera Bemeit Bo Bcem, a B dwactHoctu B COYD, HyxKHO
paccMoTpeTh €€ MOJIOKUTEILHBIE W HEraTUBHBIE CTOPOHBI, YTO
TpeICTaBIeHo B Tadaure 1.

BroiBog

Warepec k konmeniun VIHTEpHETa Belmeil OTMeYeH JIHAIIb B
[IOCJIE/IHME HECKOJIbKO JIeT, HO yKe cefi4yac TexXHOJIOrHH II03BOJIAT
CO3aBaTh CHUCTEMBI CIOCOOHBIE KOHIENTYAJIBHO PEIIUTH TPOOIeMbI
rekymux COYD. Heobxommmo obecrmednTh pa3BUTHE HAIIEH CHCTEMBbI
JIJI IOJCOTOBKU €€ K MACIITAOHLIM TeCTaM, YTO IIO3BOJUT CKA3aTh
O peHTabe/JIbHOCTH HIeM B paMKax KoHuenuuu IHTepHera Belnei,
npuMenuMbix K COYD B 31anusx ¢ O0JIbLUIMM CKOILIEHUEM JIFOIei.
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Tabnuna 1 — CpaBHUTEIbHBINA aHAJIN3 TEKYIIUX CUCTEM M CHCTEM C
kounennueir lareprera Bemei

CpaBHUTEJIb-
Has XapaKTe-
pucruka

Texymuiue cCuCTeMbl
obecriedeHUs YIIPaB-
JICHUA 3BaKyallun

CucreMbl ¢ MpUMeHe-
HueM KoHieniuu [oT

CooTBeTcTBHE
[IPHHIMIIAM
MMOCTPOCHHUST

COvV2

PAa3HBIX THIIOB

CO3JaHBI U SKCILIya-
TUPYIOTCA CACTEMBI
BIIOTH /10 CHCTEM
IATOrO TUIIA.

Co31ar0TCsI CUCTEMBI
BCEX TI/IHOB, a TaK>Ke
CHCTEMBI MHOTO IIIHPE.

OTkazoycToii-
YHUBOCTH

Ocuosuo#t npobsemoit
TAaKOH CHCTEMBI SABJIA-
eTCsl IeCTPYKTUBHOE
Bozaeticteue IC Ha
caMy CHCTEMY, B 9aCT-
HOCTH, Ha TPOBOJA.
A Takxke sHEpro-
morpebiienne y3-
JIOB C CEHCOPAaMH.

CoBpeMeHHbIE MUKPO-
[IPOIECCOPEL ITO3BOJISIOT
€03/1aBaTh yCTPOHCTBA
3HeproddPeKTUBHbIE.
BecupoBonnas cBa3b
MEeHBIIIe MOIBEpPIKEHA
BO3JeHCTBUIO COMYTCT-
pyromux 4YC bakToOpoB.

Beszonacuocth

IlenTpanu30BaHHBI’
GJIOK YIIPABJIEHUS MO-
KeT CTaTh MPUYIHHOHN
BBIXOA U3 CTPOS BCeil
cuctembl. MajoBepo-
STHBI BO3JIEHCTBUS
HA CHUCTEMY YeJI0Be-
Ka B IIPOIIECCE IBAKY-
AU,

BesonacuocTs cuctem ¢
kounennueit lurepuera
Belel 10 CuX MOp OCTa-
eTcst 0ObLEKTOM JJIsI 00-
cyxpenus [6]. Ho mmd-
pOBaHUE U 3aKPBITOCTH
HpOTOKOJ’IOB yMeHbH_Ia—
0T PUCK CTOPOHHETO
BO3eHCTBUS.

IIpocToTa
pazpaborku

CJI03KHOCTD 3aKJIIOUa-
eTCsl B IIPOEKTUPOBA-
HHUU OTAEJbHOH CHC-
TEMBI TOJ KOHKPET-
HOE 3/IaHHE.

Pazpaborka mmardopmbl 3aHu-
MaeT JJIHTeIbHOE BpeMs,
OJHAKO OJ[HAXK bl Pa3pabo-
TAHHAsI CHCTEMA IIPOCTa B
MacCITabUPOBAHUK HA JIIOOOH
06BEKT C pA3IUIHBIMU
XapaKTePUCTUKAMHI

IIpocToTa
YCTaHOBKH H
06C Ty KUBaHUSA

MonTax CIenuaancToB
O, KasKJI0e 3IaHHe C
COIIPOBOAUTENIbHBEIMHA

JIOKYMEHTAMU U IJIAHAMHA

Tpebyer exKeromHol mpo-
BEPKH, UTO IOBHIIIAET

PHCK HECBOEBPEMEHHOTO

00CIy>KUBAHUSI CUCTEMBI

MoHTaX MOMXKET TPOU3BOJIUTCS
UCXOAd U3 yKa3aHUHM B IPUJIOXKE-
HHAU JIOOBIM MTOJTB30BATETIEM.
CrocobHa MPOBOAUTL aHAIU3
CHCTEMBI B PEAJIbHOM BPEMEHH
W CBOEBPEMEHHO TIPEIyTIPEIUTh
0 HemoJagKe. DHeprodddeKTus-
HBIE YCTPOUCTBA HYXKIAIOTCS
B 3aMeHe Oartapeu 1 pas B
HECKOJILKO JIeT

D YHKIMOHAIB-
HbIE 0CODeH-
HOCTH

IleHTpasbHBIH ITyJIBT,
mepevYeHb CEHCOPOB
U yKa3zaresei

Pacnpenenennas cerb ceHco-

poB u ykazaresme#. Kaxxabrit

y3eJ criocobeH IPOU3BOJUTH

BBIYUCJIEHUA U JaBaThb OLCH-

Ky Tekyiueil curyaruu. CBo-

6oguas macmrabupyeMocTs
1 3aMeHIeMOCTD
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Modern technologies and methods allow us to consider new approaches to the
development alert and evacuation management systems (AEMS) of people from
the building. So in the article the possibility of the IoT in evacuation management
systems, similar and similar advantages and disadvantages of systems realizing the
concept of the IoT is considered.
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IIPOBJIEMBI YIIPABJIEHISI SKCTPEHHON
9BAKYAIINMEW JIFOJAEV N3 3JAHNA ITPA IIO2KAPE
" IIYTU UX PEIITEHUA!

B.B. Yupxos
Yamyprckuit rocyrapcTBeHHbIH yHUBepcuTeT T. MkeBck, Poccus
e-mail: b.v.chirkov@gmail.com

Paccmampusaromes cnocobvs U Cucmemsvs 0MOBEUEHUA U YNPAEAECHUA IEGKY-
ayueli u3 3danua u ur wedocmamru. Paccmompenv Parxmopvl, SAUSIOULUE HG
6e30NaCHOCTMIL MAPWPYMO8 deudicenua 8 3danuu. IIpedcmasaena KOHUENYLS pewie-
HUA OMCYMCMBUE YNPABAECHUA IBAKYGUUET — CUCTNEME AJANMUBHO20 YNPABAEHUS

aKempennoti asakxyayuets aodeti u3 30aHUA.

KitodyeBble ciIoBa: 9BAKyallus, YIPABICHNAE 3BAKyalHeHd, CHCTEMBL OIOBEIIe-

HUS, TPOXOAUMOCTD ITOMEINIEeHNsI, ITPOEKTUPOBAHHE Iy Teil.

[IpobGyteMbl  SKCTPEHHOU 3IBaKyaluu w3 3JaHWH C MAaCCOBBIM
npeObIBaHWEM JIIOEHl Bcerga ObLIm B IleHTpe BHUMAaHWsA. llofg
3BaKyalyen JiroJieli mpu moxKkape cjaeayeT MOHUMaTh BbIHYKIEHHBII
[IPOIECC JIBUKEHMs JIIOJIell M3 30HBI, IJle HMEEeTCAd BO3MOXKHOCTD
Bo3zeiicrBus Ha HuX onacubix (akropos noxapa (FOCT 12.1.033-81).

[Tpo6aeMbl 06OCTPHIINCH C TTOSBJIEHUEM CJIOYKHBIX W JIUHAMAYECKUX
(TOpProBbIE U BBICTABOYHBIE TIABUIBLOHDBI, KOTOPHIE MEHSIIOT BHY TPEHHIOI0
[JIAHUPOBKY ) IJIAHUPOBOYHBIX pellleHuii B 34aHuaX. B Takux 31aHu-
SIX JTIOJM, 3a49aCTyI0, IUIOXO OpueHTHpyoTcsa. OCODEHHO B yCJIOBHSAX
4pe3BbIYANHBIX CUTYAIUil, KOI/1a BBIOOP MAPIIPyTa /10 3BAKYAIMOHHOIO
BBIXOJIA HE SIBJISETCS OYEBHIHBIM. JacTO BHIOOD MPUXOIUTCS HA OJIv-
JKAfIMil M XOPOITIo 3HAKOMBI Bhixoz [1]. Tpers sBakynpyrommxcs
PYKOBO/JICTBYIOTCH YKa3aHUAMH TEXHUYECKOrO IePCOHAJIA 31aHUS.

Ho mapmipyT 10 3BaKyammoOHHOTO BBIXO/A, HA KOTOPOM 3HAYEHUS
OmnacHbIX (DAKTOPOB IMOKApa HE JOCTHUIJIO KPUTUYECKHX 3HAYEHUM,
MOYKET TTPOXOIUTH Ye€pe3 JAPYTHe YPOBHU (ITAXKM) 3MAHUSA. TOT MAPII-
PyT HEODXOIWMO BBIJEJUTH W3 MHOXKECTBA OE30MACHBIX W COOOIIUTH
9BAKYUPYIOIIIMCS BO BpEMSI SKCTPEHHOU 3BaKyanun u3 37aanus. Kpo-
M€ TOro, HEeOOXOIMMO YYHWTBHIBATH COCTOSIHWE JIIO/IEH, OKA3ABINUXCS B
9KCTPEeMAJIbHBIX YCJIOBUAX, C TOUYKU 3PEHUS BO3MOKHOCTHU BOCHPUATHUA

lPaBora BimOSHEHA B pamkax rpanTta <«Hayusmsli norenmmasns (KOHKYpC
HAYYHO-HCCJIEI0BATEIbCKUX paboT (rPAHTOB) MOJIOABIX YUEHBIX, IpernojaBareseil
u acnupanToB Yal'V, (duHAHCHUPDYeMBIX U3 COOCTBEHHBIX CPEJICTB YHHUBEPCUTETA
(«Hay4nblif moTeHnmas» ), MOCBAIEHHBIR 85-yeTHeMy 1o0mmiero Yal'V, 17.05.16-
17.11.16 1)
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vvu “HAGOPMAIMH O MYTAX [0 YBAKYAIMOHHBIX BBIXOIOB, MOITOMY
nHMOPMAIHUS JTOKHA ObITH TOCTYITHON jIs BOCITPUSTHSI.

VKazaresaun 3BaKyalMOHHBIX IIyTell C HEM3MEHAEMbBIM CMBICJIOBBIM
3HadeHueM (Crarmdeckue), OObIMHO IIPUCYTCTBYIONIME B KAXKJAOM 3/a-
HUW C MACCOBBIM TPEOBIBAHWEM JIIO/IeH, BO MHOTHUX CIIydasX I[I0-
Ka3bIBAIOT HE CcaMble ONTHUMAaJIbHBIE, a IOPOil JlayKe HEKOPPEKTHBIE
HaIIPaBJIEHUd JIBUKEHUS IBAKYUPYIONIUMCH B YCIOBUAX Da3BUBAIOIIe-
rocs moxkapa. JTO CBA3AHO C TEM, YTO YKA3ATEJU IBAKYAITHOHHBIX
LyTeil ¢ HeM3MEHHBIM CMbICJIOBbIM 3HadeHueM (CTaTHYeCKHUe) LPEeLio-
JIararoT ONPEIEeHHbIH creHapuit mokapa. OTKIOHEHUsT OT 33JaHHOTO
CIleHapHd ToyKapa, HalpuMep, MecTO o4ara BO3TOPaHHUSA B JIDYTOM IO-
MEIIEHNH, MOT'YT IIPUBECTU K HEBO3MOXKHOCTH IBAKYAIIUN 110 3aJaHHBIM
mapriipyram. Q49eBuIHO, YTO HEKOPPEKTHOE YKA3AHUE My Tel SBaKyaIuu
HE CIIocOOCTBYET COXPAHEHUIO YKU3HU U 3J0POBbSI JII0/IeH, OKA3ABIINXCH
B ropsmeM 37aHun. [IpuduHoi TOMy SBJsieTcss OJOKHpPOBAHWE MTyTei
9BAKyaIMH MPOIYyKTAMU TOPEHUs UJIU DOJIBIIIOTO CKOIIeHus Joaeit. Bo
BpeMs IBAKyalluu u3-3a OBICTPOrO PA3BUTHS UPE3BBIYANHON CUTyaAIlnn
MHOTHE IIyTH, BeAylue B O€30MaCHBIE 30HBI, 3a9aCTYI0 OKA3BIBAIOTCS
HEIPOXOJIUMBIME M3-33 I[OXKapa W ero mpoaykroB ropenus. 06 aib-
TEePHATUBHDIX, €lle IIPOXOJAUMbBIX, IyTAX JIIOAU B 3JlaHUU MOL'YyT He
3HATH. ITO MOKA3BIBAET, UYTO CYIIECTBYET MPOOIEMA ONIPEIEIEHUS Ty Teil
JI0 9BAKYAIMOHHOTO BBIXOJA B 0DXOJ HEMPOXOAMMbBIX momereHuii. Ee
pelrerre MOryIo Obl MOBBICUTH YPOBEHD MOXKAPHON GE30TaCHOCTH JTIO/IeH
B 3JlaHUU.

CucreMbl yrpaBJieHUs dBaKyalueii IIpu moxape

Ha rekymuit MOMEHT OTHHUM W CpeaCTB obecredeHus 0OE30IACHO-
CTH JIFOJEH B 3JAHUM SIBJISETCH CHUCTEMa OIOBEIlEeHUsl W yIpaBJeHUs
sBakyarmeit. Cormacuo craree 5 @PemepaspHOro 3akoHa Nt 123 or
22.07.2008 (pex. or 03.07.2016) kaxKablii 0ObLEKT 3amUTHI (37aHUE)
JIOJI)KeH MMETh CHCTeMY ODeCredeHusi MOXKAPHON 0e30macHOCTH, KO-
TOpass B CBOIO OYepeib BKJIOYAET B cebs CHCTEMY OIOBEIIeHHS WU
yupasienus ssakyanueii (COYJ). B coorsercrsue ¢ Poccuiickumu
HOpMaMu To¥KapHoit be3onacuocTr, COYD — 370 «KOMILIEKC OpraHu3a-
[IMOHHBIX MEPOINPUATHA ¥ TEXHUYECKUX CPEJCTB JIJIsI CBOEBPEMEHHOI'O
coobienus JoaaM nHGOPMAIMA O BO3HUKHOBEHUM MOXKapa W (Wjiu)
HEOOXOIMMOCTHU U IYyTIX 3BAKYyalluu».

Hopmamu moxkapuoit  6e3omacaocru Nt 104-03 ot 30.06.2003
OTIPEJIJIEHO 5 TUIIOB CHUCTEM OTIOBEINEHUsI W YIPaBJICHUs dBAKyalueit
JIIOJIEN W3 3JaHUs TIPHU TOXKape u TpeOOBaHus 10O uX npuMenenuio. Bee
OHHU OTJIMYAIOTCA XapaKTEPUCTUKAMMA. HaI/IMeHee OCHaHLeHHOﬁ ABJIAEeTCA
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cucTeMa MepBoro Tuma. B cucreMax BO3MOXKHBI BapHAIMH, KOTOPBIE
3aBUCAT OT 3JIaHUN.

B pabGore [2] aBTOp MOKa3bIBaET HEAOCTATKH CYIIECTBYIOIHX
COVYD ¢ TouYkHM 3peHus YHOpaBJIEHUsS W OTMEYALT TJIABHBINA: <IIOCTe
KOMAH/Ibl HA HAYAJIO IBAKYAIMH YIPABJIECHHE [IPOIECCAME JBAKYallUU
npekpaiaercss». HecMoTpst Ha TO, YTO ¢ MOMEHTa, MyOIUKAINYA JAHHON
paboThI MPOIILIO OKOJIO JECATH JIET, HEKOTOPbIE MpOOeMbl HE ObLIN
PEIIEHBI.

Heobxoanmo oTMeTHTb, UTO CYIIECTBYIOIINE CHCTEMBI B OOJbIIEit
CTEIeHU BBIIOIHSIOT (DYHKIIUIO OMOBEIeHusi, YeM yrupasiierus. Hamnpu-
Mep, OObIYHO B CUCTE€MAaX OLOBELIeHHMs U yUpPaBJeHus dBakyauuei (c
[EepBOro MO YeTBEPTHIl THIIbI) MPUMEHSIOTCA CTATUYECKUE CBETOBBIE
yKa3aTe M HAMPABJICHUSI JBUMKEHUs, KOTOPbIE HECTIOCODHBI MOICTPAU-
BaThCA K MEHSAIONIMMCS YCJIOBHAM Moxkapa B 3panuu. Jlmmbs COYD
MSITOrO THIA MPEIYCMATPUBAIOT CBETOBBIE YKA3ZATEN C U3MEHSAIOITIUMC S
CMBICJIOBbIM 3HAYE€HHEM. BO3MOXKHO, 9TO CBI3aHO CO 3HAYUTETHHBIM
ynopoxkauuem COYD mnpu pacuimpeHun uxX (DYyHKIUOHAJBHBIX BO3-
MOXKHOCTEH. ITH HEJOCTATKY OOYCIOBUIN HAPABJIEHUS O COBEPIIIEH-
CTBOBAHUIO W CO3/QHWI0O HOBBIX CHCTEM OIOBEINEHUS ¥ YIPABJICHUS
IBaKyaluei.

Tak B pabGore [3] aBrop npejjaraer yCTaHOBUTb HA JIOKAJIbHbBIE
cepBepa OpraHu3alUy JIOMOJHUTEbHOE [POIPAMMHOE ObecHedeHue
(TIO), koTOpOE WMMeeT pa3pellieHre Ha YIPABJIEHHE KOMIIbIOTEPAMU
COTPYAHUKOB. JlanHoe mporpaMMHOe OOeCeYeHrne COMPSIXKEHO C
ycranosinernoit B 3ganun COYD. B ciaydae BOZHUKHOBEHHST MOXKAPA
B 3/IAHUU COTPYIHUKAM HAIMPABJSIOTCS YIPABJSIONME KOMAH/IbI HA
koMIibioTepbl. HanpapiieHuble KOMAaHJIbI OPUEHTUPYIOT COTPYIHUKOB
Ha 3aBepiieHne Tekymux pabor. [To MHEeHUI0 aBTOpa, JaHHBINA MOIXOT
MO3BOJIUT YMEHBIIUTh BPEMEHHOW MHTEpBaJ J0 Hadvajla dBakyanuu. B
pabore mpeIaraeTcs pelneHne 3a/1a49u yIpaBJIeHUusT BpeMEeHeM HadaJIa,
9BAKyalliu U HE PACCMATPUBAETCs YIPABIEHUE YBAKYAIUEH B POIECCe
pa3BUTHS.

MHorue CUCTeMBbI CErOfHsl PA3BUBAIOTCS B HAMPABICHUW TOBBI-
IMEeHusT BO3MOXKHOCTEH 3BYKOBOTO omnoremierus. COBEpIIeHCTBOBAHNE
COYD 3a cyer yaydlleHWsi 3BYKOBOT'O OIOBEINEHWS MPEIJIOKEHO B
pabore [4]. ABTop onmchiBaeT cucremy, B KOTOPOl MCTOYHMK 3BYKa
paboraer Kak CpeiCcTBO yKa3aHWsl HAIPABJIEHUs, 33 CYET U3MEHEHUs
I'POMKOCTH.

Bumecre ¢ Tem HeoOXOmMMO yIydIleHWE CHUCTEMBI W B YaCTH
YIPABJICHUS IBAKYaIHEit.

B paborax [5,6] aBTOpBI IpeJIAraloT peleHne, KOTOpoe MPU3BAHO
MOMOYb OTBETCTBEHHOMY 33 IBAKYAIIUIO JTOJKHOCTHOMY JIUILY TPUHATH
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pellier e O HAMpPaBJIEHUN YBAKyallnu Jroael. B mamHOM ciryuae moryT
MIPUMEHATHCS CBETOBBIE YKA3ATE/N C U3MEHSIOMINMCS CMBICIOBBIM 3HA~
gennem kak Mounus-12 SMART, KPUCTAJLJI-12 JIWNH1/ANH2 I,
MIWHHI-12 IMH1. Kpome TOro, mpoeKTHPYIOTCs Ooiee YHUBEPCATbHBIE
ycrpoiicrBa [7, 8] Koropbie npeHa3HAYEHbL [l WHTEJIEKTYaJbHbIX
cucreM. ABTOPBHI JAHHBIX CUCTEM MPEIIOJIAraioT, YTO 3JAHUE 000PY-
JIOBAHO CHCTEMaMU BUICOHAOIONEHUS, aIPECHBIMU TTOXKAPHBIMU U3BE-
MATEIIMU U MPOYAMH YCTPONCTBAMHU, KOTODPHIE TO3BOJISIOT CJIEIUTH
3a CUTyalueil B 3[aHWH, & CHUCTEMA MOIJIEP:KKHU TPUHSITHS PEIeHus,
OlepUpysl ITUMHU JAHHBIMH, OMOTAET OIPEIETUTh IIyTh IBAKYAIUH,
KOTODbIH IO3BOJIUT IOBBICUTH BEPOATHOCTH YCIIEIIHON IBAKYyaIlUH.

Moaxon pacompenuss COYD cucremMoit MOMIEP:KKA TPUHATHSA
pemennss He Tpebyer pPa3pabOTKM U CO3JAHMS  JIONOJHUTEIbHBIX
YCTPONCTB, & TOJIHKO pPa3pabOTKy MaTeMaTHYecKOro Aamnmapara u
MTPOrPAMMHOTO OOECTIEUeHNsT Ha er0 OCHOBE.

Jajee ciemyer BbIIEIUTD MMOIXO0J, KOTOPBIHA CYNIECTBEHHO OTINYA~
€TCsl OT ONMHWCAHHBIX BBHIIE — CO3JAHNE ABTOMATH3MPOBAHHBIX CUCTEM.
9TO HaIpaBJIEHWE HAMMEHee PA3BUTO, MOTOMY 4TO TPeOyeT MHOTO Ma-
TepUaJIbHBIX, JIIOJACKAX U BPEMEHHBIX 3aTpaT. HecMoTps Ha 310 ciaemyer
OTMETHUTH yIIOMUHAHUE OIKMCAHKsI TAKOl CUCTEMbI aBTOPOM B pabore [9].
B pabore u3znoxkena naesi, 6e3 ykazaHus geTajeil peaan3anuu 1 paboTol
CUCTEMBL.

Asroper Tatiana Tabirca, Kenneth N. Brown u Cormac J.
Sreenan B cBoeii pabore [10] upeacTaBIAIT AMHAMUYECKYIO MOJEIb
JIJIsT 9BAKyaIlMy TIPU TIOXKApe, OCHOBAHHYIO HA CETH PACTIPEIETIeHHBIX
ceHcopoB. PaccMmorpennast Momenh TpeacTaBiseT coboit asa rpada,
rJie y3JIaM¥ SIBJISIIOTCS CEHCOPBI, PACIIOJIOKEHHBIE B KJIIOUEBBIX MECTaX
TOMOrpaduIeCcKOro TIaHA 3JAaHUS, CBA3AHHBIE PeOPAMH, MMEIOUAMHU
Bec. [TepBbrit rpad mpecTaBIsieT TOMOMOrnYeCKUe WM HABUTAIMOHHbIE
BECa, 3aBUCAINIME OT BPEMEHM NIPOXOXK/IEHHsI 4€J0BEKA W3 OIHOM
TOYKM B Jpyryo. Bropoii rpad mpencraBisier Beca MOKapHON
OTACHOCTH, JIUHAMWYECKH MEHSIOIMIEHCS BEJIWYUHbBI, 3aBUCAIIEH OT
MApaMEeTPOB, MOMYYEeHHBIX C CEHCOPOB. BCs MOIETh HAYMHAET PACUETHI
co craTnaecknx rpadOB, KOTOPBIE BIIOCTIEICTBUA MEHSIOT CBOM BECA OT
0 10 0O, TEM CaMbIM OIpEJe/isis Kpardaimmue myTu 1mo rpady.

Pa6ora asropos Pradeep Ramuhalli u Subir Biswas [11] onucsiBa-
€T CeTh PACIPEIETEHHBIX TaTIYNKOB, OCHOBHBIMHU 33Ia4aMU KOTOPBIX
ABJIsieTCsT 00paboTKa COOBITHi, BXOISIIUX B CIHCOK YPE3BBIYAMHBIX
CUTyanuii 1Jis1 JAaHHOTO 3/IaHNsI, U JajhHelTiee yipaBjIeHne dBaKyalme
JIOJIeH B CJIydae HACTYIJICHUS TaKUX COObITHUil (moxKap, 3eMJIeTPICEeHNE,
XUMHUYECKOe 1 Grosiornueckoe 3apazxenue). Cerb pacipeieleHHbIX JaT-
YUKOB MPOBOJUT AHAJN3 MAPAMETPOB OKPYZKAIOIIEH CPeIbl B 3IaHUN:
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JIBIM, TEMTIEPATYPY, BJIAXKHOCTH, BUOPAINN, W HA OCHOBE PE3yJHTATOB
paCIpesiesIeHHBIX BBIYUCICHUH W [JaHHBIX O DPaCHpeeIeHuH JIomeit
IIPOM3BOIUT yIpaBJIeHUE 3dBaKyarueil miomeil mpu HOMOIMHM Ay HOBH-
3yaTbHBIX HHINKATOPOB, BKJIOYEHHBIX B CHCTEMY aBTOMATHIECKON
3BaKyaluu JIOJei.

[IpakTHaeckoe npUMeHEHHE Oy YHIa CUCTEMA CBETOBOIO OIIOBeIe-
uus Hure Apuaanbt [12]. Ona nokassiBaer 3apanee cchOpMUPOBAHHbBIE
9BaKyallMOHHbIE LIy TH 1IPY IIOMOLLM CBETO/IMOJHBIX yKa3areeil. B pabo-
tax [13,14] mpeacTaBIeHBl CHCTEMBI YKA3aHUS Ty Tell CBETOBBIMY JIEHTa-
MH, KOTOPBIE PACIOJIATalOTCA Ha CTEHAaX y mojia. Tak e MpaKTrdecKoe
npuMenenne nosnydnna cucrema — MILS [15]. Ona Bkiiodaer HabGop
CEHCOPHBIX JATYUKOB, PACIHPEIEIEHHBIX 110 00bEKTY (COOPYZKEeHUIO), 1
HAOODP CBETOAMOTHBIX HAMPABAAOIMNX JeHT. OCOOEHHOCTHIO CHCTEMBI
SIBJISIETCST BO3MOXKHOCTH PAbOTHI B JABYX PEKMMAaX: CTATHIECKOM — BCE
MapIIpyThI 3apaHee CIPOEKTHPOBAHBI, M THHAMUYIECKOM — HH(MOPMAITHS
0 MapIIPyTax MOCTYIAaeT U3 YIPaBJAIIero renrpa. CIoKHOCTBIO IpU-
MEHEHUsI CUCTEMbI SIBJISIETCS HEOOXOJUMOCTh KOHKPETHU3AIUU YCJIOBU
BBIOOpA MapPIIPYTA IBAKYAIUN I JAHHOTO OOBEKTA.

Cnenyer, Tak K€ OTMETUTh BHYTPHOOBEKTOBYIO DPAJIUOCUCTEMY
«Crpesienry  [16] kommanuu <«Apryc-Crekrp». Cucrema wucnosb3yer
paguokanas s oomMena uHdoOpManueit MeX Iy J1eMEeHTAME CUCTEMBI.
Cucrema npejcrapisger coOOl PACHPENEIEHHYI0 PAUOCETh, y3JIaMy
KOTOPO# ABJISIOTCS TPUEMHO-KOHTPOJIbHBIE yeTpoiicTBa. Kazk bt y3en
BMECTE C JOYEPHUMHU yCTPOCTBaAMU (DOPMHUPYET MUKPOCOTY. TOmOJI0-
IUsi MUKPOCOTHI — «3Be31a». B cocTaB MUKPOCOTBHI BXOJAT PA3IHIHBIE
3JIEMEHTBI: U3BEIATENN MOKAPHbIE, OXPAHHBIE, TEXHOJIOIMIECKUE, UC-
moJIHUTEIbHBIE U Jp. B paMKax MHKDPOCOTBI 3JIEMEHTHI ODIAIOTCH
TOJIBKO C TPUEMHO-KOHTPOJIbHBIM mpubopoMm. Cucrema He 00/1313eT
dyHKIIMEl U3MEHEHNs MyTel SBaKyallil B 3aBUCHMOCTH OT PA3BUBA-
TOIIENCs TOKAPHOM CUTYAIINA U IIYTH.

B paborax Iuxanesa . B. u XabuGynauua P. ITI. [17-21], npwm
YTIPABJICHUN 3BAKYAIeHl yIATHIBAIOTCA PE3yIbTaThl MATEMATHIECKOTO
MOJIETIPOBAHKsA. IIpu 3TOM, HAIpABJICHHE JBHKCHHS OIPEIeTAeTCs
U3 YCJIOBHA MUHAMYMa (DYHKIMOHAJA, 3aBUCAIIErO OT IMOKA3aTeseil
IJIOTHOCTH JIIOJEH Ha ydYacTKe 3BAKyallud ¥ OTHOIICHUS 3HAYEHUIT
OMacHBIX (PAKTOPOB TOXKapa K MX KPUTHYICCKAM 3HAYCHUAM. B CBOMX
paboTax aBTOPBI MCTOIB3YIOT PE3YJIbTATHI MOIECIUPOBAHUSA TIPOIECCA,
JIBIDKeHns josieit B mporpamme JuPedSim [22].

B pabore [23] aBTOpHI MpeIaraoT aTaNTHBHYIO CHCTEMY TIO/IeP K-
KU TIPUHATHUS DEIIeHuil s 3BaKyalud U3 3JaHnsd. PaccMOTpeHHasd
CHCTEMA, COCTOUT W3 PANA Y3JI0OB PeIeHuil, PacloJOKEHHBIX BHYT-
pu 3mamma. Vx 3amada 3aK/II0YAETCS B ONPEIETEHHH OEe30IaCHOrO
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MapIpyTa SBaKyannu. B cucreme MMEIOTCs y3JbI, KOTOPHIE COOMPAIOT
uHOOPMAINIO O HAJIAYUH JHIMA, JTUOO OTKPLITOIO TOPEHWsT HA MyTSX
9BAKyaIllnyu W TIEPEJAIOT ee Ha y3Jbl perennit. VccmenoBamue mporecca
9BAKYyalluy C yIETOM IPUMEHEHHNs TPEJIAraeMOi CHCTEMBI ILyTEM MOJIE-
JIMPOBAHUS MMOKA3A/IM, 9TO OOMMIi PE3yJIbTAT IBAKYAIMU IOBBIIIAETCS
(yMeHBITIeHre BpeMeHH IBaKyallnm).

[1aBHBINA HEJTOCTATOK CUCTEM MONNEPKKHU [PUHATHSA DPEIIeHui —
OTCYTCTBHE DEKIMA ABTOMATHIECKOTO BBIOOPA, Ty TH.

OTmeTrwM, 9TO B HACTOsIEE BpeMs B Poccum He TPEICTABICHBI
COVYYD, BO3MOKHOCTH KOTOPBIX JOIYCKAIOT AaJANTUBHOE YIIPABJIEHHUE
9BaKyanuell 10CPEJICTBOM HUCIIOJIb30BAHUS JMHAMUIECKUX OIIOBEIATe-
Jielt B TOpSIIEM 3aHUU B PEIKIME PEATHHOTO BPEMEHH.

ITocTanoBKa 3ada4Yu IIO IIPOEKTUPOBAHUWIO M YKAa3aHUIO r[yTeﬁ
dBaKyalym unU3 Top4dilero 3JaHud B peXuMe peaJibHOTO
BpeMeHun

[IpoekTupoBanue u yKaszanue myTeil 9BaKyanuu JIoAel u3 ropsmero
3IaHWST B DeKWMe DeasibHOTO BPEMeHW TPEeJoJaraeT MOCTOSHHBIH
MOHUTODUHT COCTOSIHWsI CpeJbl B TIOMEIIEHNSAX 3JaHus. B TepByio
ovepe/ib KOHTPOJIMPYIOTCS 3HAYEHHSI [IPOLYKTOB NOPEHNST IPH TTOXKape B
snannn. B rabaune 1 npencrapiaeHbl NPOLYKTHI TOPEHUS M UX 3HAYECHUS
NP OTCYTCTBUM NOZKAPA U KPUTUYECKUE 3HATEHUS I I€JI0BEKA IIPH
ro’kape B 3/IaHWH.

Ha ocHoBe amamm3a wHMOpPMAIME B aBTOMATHYECKOM DEXKHME
[MPOrHO3WPYETCsT BO3MOMKHOCTH TPEOBIBAHUS JIO/EH B MOMEIIEHUAX
(30max) 3maHUsA B JAHHBIE MOMEHT Bpemenu. g 3qanus GopMupyercs
Tak Ha3piBaemas (GyHKUuA pacupepeseHus npoxomumocru. PyHums
HPOXOAUMOCTH I/l 1€/I0BEKA B KAZK/I0M JIEMEHTE 3/1aHUs MOXKET U3Me-
HAThCs OoT 1 (monmHast mpoxoauMocTh) 10 0 (TToJTHAsT HEMTPOXOANMOCTS ).
Ananm3 yHKIMH OPOXOAUMOCTH TIO TIOMEINEHUSM 3JaHus (MM 1Mo
9ACTAM MOMENIEHUH — 30HAM) TIO3BOJISET BBIAEIUTH MOMEIECHUS (M
30HBI BHYTDH IIOMEIIEHHI{), KOTOPbIE B yCJIOBHAX II02KAPA CTAHOBATCS
HEIPOXOAUMBIMH JJIA JIO/EH.

BeigeneHsl JiBe TPYNNBl TPOAYKTOB TOPEHUSI TIPU TOXKape B
3nannn (tabmuna 1). B nepByo rpymiy BXOIAT MOKA3aTeNH, 3HAUECHHE
KOTODBIX B OCHOBHOM BO3DAaCTaeT IIPW BO3HUKHOBEHHH II0XKapa:
TEMIIEPATY DA, TEIUIOBON IIOTOK, COAEPKAHME YTJIEKHCJIOrO U yrapHOro
ra3oB, XJIOPUCTOrO BOAOPOAA. Bo Bropyio rpyumy nonanu nokasaresy,
3HAYEHNST KOTOPHIX B OCHOBHOM YOBIBAIOT MTPU BO3HWKHOBEHUHN TIOXKAPA:
npesieNibHas TATbHOCTh BUINMOCTH, COEPYKAHNE KUCIOPO/IA B BO3LYXE.
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Tabmuma 1 — IlpoaykThl roperust u uX (HOHOBBIE W IIPEIETbHBIE
BHAYECHUS JIJIsl 9EJIOBEKA.

PonOBOE Kpuruueckne
DaxTOp mozxKapa PazmepuocTs
3HAYEHWE 3HAYEHU ST
Jlnokcus yriepoja _3 3
! (yrnekucasriii raz, CO2) 1.46-10 0-11 Kr/M
g | Oxcumyrmepora 0.02-1073 | 1.16-10~3 Kkr/M3
(yrapusrit ra3, CO)
XJIOPHUCTHII BOTIOPOT _6 3
3 (xmoposogopog, HCI) 0 23-10 Kr/M
4 IIpenenbuas 100 20 .
BHIUMOCTD B JIBIMY
5 WNuTencuBHOCTD 0.1 14 KBrr/:2
TEIJIOBOr0 M3JIyIeHUsl
6 | Temmeparypa 20 70 °C
7 Cruxenne 21 15 u menee % 06.
KOHIIEHTPAIIUH KUCIOPOIA
[Ipumeganns:

m. m. 1-4 — TOCT 12.1.004-91. «Iloxkapuast 6e3omacHocTh. Oo6rme
TPeOOBAHUS>.

m. 5 —TOCT P 12.3.047-98. «Iloxkapuasi 6e30MacHOCTh TEXHOJIOTU-
geckux nporeccoB. Obmue TpeboBanus. Merogbl KOHTPOIS».

6, 7 — [24]. _

[onoxnwm, & — 3nadenue i ro Gpakropa noxapa, & — KpuTuieckoe
sHadenue i-ro axTopa noxkapa us j-oit rpymusi, C; — ¢onosoe
sHadenne i-ro (axkropa moxkapa. Torma dbyHKIUIO TpoxomuMocTH p,
B 3aBHCUMOCTH OT 3HAYEHUH (DAKTOPOB MOKAPA B MOMEIINEHUN, MOXKHO
aNMmpOKCUMHUPOBATD:

JJ1d 3HaYEeHUIl epBOM IpyIiibl

1 i—C;

P =1- Eg,cia

JJ1d 3HAYEHUIl BTOPON IPyIIIbI
2 _ &i—C;

p; = &=, 1.

B caydae BO3HMKHOBEHWsI 4YPE3BBIYAMHON CHATyanuu Ijis IPOEK-
TUPOBAHUA IyTEH dBaKyaruu HeoOxomumma mHdOpMalusd O pacupeze-
JIEHUW JIOJEeH TO TOMeIeHuaM (30HaM) 31aHusa. JTa uH(bOpPMAIUs
JomKkHA (HOPMHUPOBATHCS MO PE3Y/IbTaTaM aHAJN3a BHUIEOMOTOKOB B
30HAaX 3JaHusd (JAHHBIA CHOCOO MO3BOJISAET OIPENEIUTh KOJIUYECTBO
JIOJIEHl B 30HE BUIMMOCTH YCTPOICTBA C BHICOKOI TOYHOCTHIO). OHAKO,
CYIIECTBEHHOE BO3PACTaHUE CTOMMOCTH COOTBETCTBYIOIIErO [IPOrPaMM-
HOTO OOeCTeYeHnsl M amMapaTHbIX CPEICTB st 00pabOTKM BHIEOIMO-
TOKOB, OOYCJIOBHWJIM, HA JAHHOM 3Talle, WCIOJb30BAHWE DPE3y/IbTaTOB
MaTEMATUIECKOTO MOIEINPOBAHNS JBUKEHUS JIIOJCKUX TTOTOKOB. [Ipn
MO/IEJINPOBAHNUY UCIOJIb3YIOTCH IKCIIEPUMEHTATIBHO YCTAHOBIEHHBIE 3a-
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KOHOMEPHOCTH J[BUKEHUS JIOACKNX MOTOKOB [25]. IIpemmomaraercs,
YTO B JaJIbHENINEM ILUIOTHOCTD JIIOJEH B MOMeNIeHuaX (30HaX) 3aHus
OyIeT KOPPEKTHPOBATHCA C YIETOM aBTOMATHIECKOTO aHAIM3a MOTOKOB
JIojieil, TPOXO/IAIIUX Yepe3 BhlIeIeHHbIe CeueHUs 3 aHus.

Ha ocuoBe nndopmarmn o0 GyHKINN PACTPEIEIEHIS TPOXOIUMOCTH
U pacrnpeIesIeHuu JIIoel B KayKJI0M U3 MOMEeIIeHui 31annsi, (hOpMUpy-
IOTCsSI KOMAHbI YIPABJIEHUS, KOTOPbIE MOBOAATCS [0 JIOAEH ToCpe-
CTBOM CIIELMAIU3UPOBAHHBIX CBETOBBIX M I'OJIOCOBBIX OIOBEIaTesed.
MaremarudyecKkas MOJIEJIb IBUKEHHS JIFOJICKUX [IOTOKOB [IOCTPOEHA TaK,
YTOOBI OOECTIEYNTH MUHUMAIHLHOE BPEMST JOCTUYKEHUS JII0OIBMU BHIXOIOR
13 TI000T0 MOMEIIEHNS 3AHUS IO 6e30MacHbIM MyTsaM [26], To ecTh u3
BCErO MHOYKECTBA BO3MOXKHBIX IyTel 3BaKyallil BCErIa BBIOMDAIOTCS
TaKue IyTH, KOTOPbIE IPUBOAAT K MAUHAMYMY (DYHKIMOHAJIA BPEMEHU
SBaKyalluu.

3akJiroueHne

W3 ananmm3a TpeGoBaHU MO TMOKAPHONW OE30MACHOCTH 3IAHMI
C MaccoBbIM TpPeObIBAHKEM JIONEH CllefyeT BayKHas pOJib CUCTEM
OIIOBEIIEHUST ¥ YIPABJIEHUs IBaKyaled, TakK KaK dYacTO TOJIbKO
WCIIO/IF30BAHNE CUCTEM YETBEPTOrO WJIU TSTOTO THIA, ODECITEeInBAELT
BBINOJIHEHUE TPEOOBAHUI TI0 MOKAPHOM GE30MaCHOCTH.

OTMedeHo, 9TO CyMIECTBYIONINE CHCTEMbI B OOJbINEH cTemneHn
BBIIOJIHAIOT (PYHKIIUIO OITOBEIIEHHS, Y€M YIIPABJIECHUS.

CucremMbl MOAMEP:KKA TPUHATHS PEIIEHUs, WCIOIb3YIOIINe MOHU-
TOPWHT PACIPOCTPAHEHNs MPOAYKTOB TOPEHUS TPH TTOXKApe B 3TaHUU U
MMeEOIre BO3MOXKHOCTh MPOEKTUPOBATD Iy TH IBAKYAIINN, OTBEYAIOIIINE
TpeboBaHuI0 OE30IACHOCTH, UMEIOT HEIOCTATOK — OTCYTCTBHE PEXKHUMA
ABTOMATHUYECKOTO BHIOOpA MY TH.

VcioBust ycmemnrHoi dBakyanun (HPaKTHIECKH O3HAYAIOT, UTO IPHU
JOOOM CIIEHAPUH MOXKapa W3 MOMENIEHWH B 3AaHUU JIIOIU JIOJXKHDI
9BAKYHUPOBATHCA paHee, YeM IyTH IBAKyaluu OyayT 3aDJI0KHPOBAHDI
onacabiMu (pakTopamu moxkapa. Heobxoammo, aroObr obiiee BpeMms
9BAKyaIlu JJIs KaXKJ0r0 MOMEIIEHNsT ¢ HAYAJa TOXKApa 10 MOMEHTa,
obuapy:xenus ¢akTa BO3TOpaHUs OBLIO MEHbINE, 9eM BpeMs OJIOKH-
POBAHUS JTAHHOTO MOMEIIEHUs BCJIEJCTBUAE TPEBBIIIEHUS JTOYCTHMBIX
3HaYEHUH NPOIYKTOB ropenus. B 9ToM ciiydae Bce JIIOU yCIeBarmoT mo-
KUHYTH 37anue. HeoOX0auMOCTD MOBBIIIEHU ST BEPOSATHOCTH YBAKYAIIUH U
MTOMCKA, KCIIIyATAIIMOHHBIX OTPAHUYEHUH JIs OOIIECTBEHHBIX 3IAHUI,
C TOYKH 3peHust 00eCIevYeHns MOKaPHOH DE30IIaCHOCTH JII0Iei, TpedyeT
CO3/IaHMs CHCTEMbI aJAITUBHOTO YIIPABJIEHUS SKCTPEHHON IBAKyaIuei.
Cucrema JOKHA TPOEKTUPOBATH OE30MACHBIE W MUHUMAJBHBIE [0
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BPEMEHHBIM 3aTpaTaM TYyTU OO0 3IBAKYAITUOHHBIX BBIXOJOB, YYUTHIBAA
pacmpeneaeHue Jroeil B 37aHNN.
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PROBLEMS OF MANAGING EMERGENCY
EVACUATION OF PEOPLE FROM BUILDING IN THE
CASE OF FIRE AND THE WAYS OF THEIR SOLUTIONS

Chirkov Boris Vladimirovich
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: b.v.chirkov@gmail.com

Discusses the methods and systems of notification and management of
evacuation of the building and their shortcomings. Examines the factors influencing
the safety of traffic routes in the building. The concept of decision no evacuation
control — adaptive control system of emergency evacuation of people from buildings.

Keywords: evacuation, evacuation management, warning systems,
patency of premises, design of roads.
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VYAK 614.84, 681.51

NCCJIEJOBAHUE CUCTEMBI AJAIITUBHOTI' O
YIIPABJIEHN A S9KCTPEHHOU 9BAKYAIINEU N3
3AHUS ITPU ITOXKAPE!

B.B. Yupxos
Yamyprckuit rocyrapcTBeHHbIH yHUBepcuTeT T. MkeBck, Poccus
e-mail: b.v.chirkov@gmail.com

IIpedcmasaeno uccaedosarue cucmemv, adanmMueHO20 YNPABAEHUS, IKCTNPEH-
HOt 26aKyayuet, U KOAUMECMBEHHAA ouenka ee sfipexmusnocmu. Ouenka spder-
MUBHOCTU CUCTNEMDL AJGTMUBHO20 YNPABAEHUA IKCTPERHOU I6AKYAUUY NPOEOOU-
AACH HA MOJEAU Ce2MEHMA 30aHUSL NYMEM MOJEAUPOBAHUS JBUNCEHUA A0ICKUT
NOMOKOS8 C NPUMEHEHUEM DPEYALIMAMOE MOJEAUPOBAHUA PA3EUMUSA ONACHYT Pak-

Mopos noAHcapa.

KuaroueBble ciioBa: 9BaKyallusi, yIpaBJIeHUE dBaKyalneil, onenka 3pdeKTun-

HOCTH, TTOXKaPHBIH PUCK.

BBenenmne

s amann3a mokazareseit 3(pGEKTUBHOCTH CHCTEMBI M HCCIIEI0-
BaHUS [UHAMUKHU ee (DYHKIMOHUPOBAHUS HCIOJIb3YETCsl METOJ MOJe-
JIHPOBAHKS HA JEKTPOHHOM BbraucauTesbHON Marmue. Oupeiesennl
WHCTPYMEHTBI, KOTOPBIE UCIOJIb30BAHBI [IJIsT UMATHPOBAHUS PEATbHBIX
MPOIECCOB — PACIPOCTPAHEHWE MMPOAYKTOB TOPEHWS IPU TMOXKape u
JIBUKEHUE JTIO/ICKUX TIOTOKOB B 3J]AHUH.

Ucxons w3 MoaenupyeMbix MPOIECCOB, ONPEJEUM H3MEHEHHe
KaKUX I[apaMETPOB 3JaHus BiugeT HA DQOEKTUBHOCTH CHCTEMbI
YIPABJICHUS:

1. u3MeHeHnEe KOJIMYIECTBA JIIOJEH B 3TaHNUH;

2. U3MEHEeHNe WHTEHCHBHOCTY TEILJIOBBIICICHUS TIPU TTOXKAPeE.

lPaBora BimOSHEHA B pamkax rpanTta <«Hayusmsli norenmmasns (KOHKYpC
HAYYHO-HCCJIEI0BATEIbCKUX paboT (rPAHTOB) MOJIOABIX YUEHBIX, IpernojaBareseil
u acnupanToB Yal'V, (duHAHCHUPDYeMBIX U3 COOCTBEHHBIX CPEJICTB YHHUBEPCUTETA
(«Hay4nblif moTeHnmas» ), MOCBAIEHHBIR 85-yeTHeMy 1o0mmiero Yal'V, 17.05.16-
17.11.16 1)
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Koumm4yecTBenHnasi onmenka 3 @peKTUBHOCTA CUCTEMBI aJIalITUB-
HOTO YIIpaBJIEHUS 3SKCTPEHHOM »3BaKyanueil W3 3/IaHUS TPU
noxkape

Onenka 3(O@EKTUBHOCTA  CHCTEMBI  AJIAIITUBHOIO  YIIPABJIEHUS
SKCTPEHHOU 3BAKyalWyd IPOBOIAUIACH HA MOJIEJIN CErMEHTA 3IAHUs,
CXeMa TEePBOTO ITarKa KOTOPOTrO MPEICTABIEHa HA pucyHKe 1. 3mamnue,
obmeit momaabio 2154 M2, COCTOMT W3 Tpex 3STaxKeil, CBA3AHHBIX
JByMs JIECTHUYHBIMU MPOJIETAMHU, U HMEET TPHU 3IBAKYAIIHMOHHBIX
BbIX0ZAa. [Ipoembl, oTBeYaONINE IBAKYAIMOHHBIM BBIXOJIAM TOMEYEHbI
oykBamu a, ¢, d. Kopmmoppl Ha 3Takax pa3OUTBHI HA HECKOJIBKO
30H, 0DECTIEYNBAST TOMOJOTUIECKYIO CBSI3HOCTD MPU TTOCTPOEHUN My TeH
sBaKkyaruu. [lepBonadanbHo B 3maHnn Haxoaurcsa 204 4eoBeka.
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Pucynok 1 — Ilnan mepBoro srazka cerMenTa 37aHus.
Hudpavu 0603HATEHBI MECTA, OYATOB TTOKAPOB.

[IpeaBapuTenbHO OIpEIETEHHBIE CIEHAPUU HUCCIEIOBAIUCH C HUC-
nosib3oanuem nporpammbl FDS [1]. Anasnu3sy nomsiexasu BpeMeHHble
WHTEPBAJIBI OJIOKUPOBAHUS TIyTel 3BAKyalldd OMACHBIMU (haKTOpaMu
moxkapa. [lpw amanmu3e ymasoch BBIAEIUTH CIEHAPWH, TPH KOTOPBIX
HAYMHAIOTCH MPOOJIEMBI 9BAKYAIMHU MPU PACIPOCTPAHEHWH MPOIYKTOB
ropenus. [IpobiaeMbl sBakyamnuu BO3HUKAIOT TOJBKO B CIydae PacIo-
JIO’KEHUsI O9aroB BO3ropanus B nomernenusix 1 u 2. Maremarundeckoe
OXKWJIaHWE BPEMEHU OJIOKMPOBAHUS TOMeIeHuit cocranisier 63.0 u 73.8
c. coorBercTBeHHO. OTMETHM, UTO CIIEHAPUU C BO3TOPAHUEM B JIPYTUX
MTOMEIIEHUSAX 3JAHUsT TPAKTAIECKH HE CKA3BIBAIOTCA HA JUHAMUKE
9BaKyaIUH.

MopesnmpoBanue mporecca 3BaKyalnun Jiojeil TPOBOIMIIOCh B JIBYX
pekrMMax: OTCYTCTBHE MOXKApa B 3JaHWM W MOXKAP B COOTBETCTBUU
co crenapweM. B mepBoM ciydae JIIOAM TOKUJATH 3JaHWE [0
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MyTsIM  3BAKyallud, KOTOPbIE OOECIEeYNBAIN MUHUMAJIHLHOE BpEMS
OCBODOXKIEHUS 3MAHUS B MPEANOJIOKEHNN, 9TO YKA3ATEN IBUKEHUS
JIIOJICKUX TIOTOKOB HE MEHSIOTCS BO BPEMEHHU. IJTO PEKWM, KO
cUCTeMa OIIOBEIeHUs W yIpaBJeHUd 3dBaKyallueidl He IOJJIep:KUBaeT
pPeKuM aJIAITUBHOIO yiipaBseHus. Bo Bropom ciydae myTu dBaKyaluu
W3MEHSIOTCSA B 3aBUCUMOCTH OT CIIEHAPHS PACTTPOCTPAHEHNS TPOAYKTOB
TOpeHUd TPH TOoXKape B 31AHUN.

[Ipenmosaramoch, YTO €CIM TOMENIEHNE OJIOKUPYETCS OTMACHBIMU
dakTopaMu TOXKapa, TO JIIOIA WMEIOT BO3MOXKHOCTH MOKWHYTH JaH-
HOE TIOMEIIEHNEe, HO HE WMEIOT BO3MOXKHOCTH BOWTH B Hero. llytum
3BaKyallud, CIIPOEKTUPOBAHHbIE CUCTEMON AJANTUBHOTO YyIPAaBJICHUA,
OTBEYA0T YCJIOBHIO 6e3OHaCHOCTI/I 1 MHHHMAJIbBHOCTH BPEMEHH OCBO-
OO2K/ICHUS 3/IAHUSA.

B kaxk0M ciryvyae KOHTPOJIUPOBAJIOCH KOJUYIECTBO JIIO/IEH, IPOIITe/I-
mAX 4Yepe3 KaxKk bl aBepHOi mpoem. Ho ocHOBY g ganbHeHmmx
WCCJIeTOBAHMT COCTABUIIN TIPOEMBI, BeAyIye B O6€30MacHyI0 30HY, T. €.
3BAKYaIMOHHBIE BHIXOAbI. IMEHHO OHM MPOMYCKAIOT BECHh MOTOK JIIO/IEH.

I[Io mpuumbe TOrO, YTO BpeMsd HAYATA IBAKYAIUU 3ABUCUT OT
MHOTEX (DAKTOPDOB W MOXKET CHJIBHO BapbUPOBATHCH, JIsi OIEHKHU
3¢ HEKTUBHOCTH CHCTEMBI 3TA BEIUYNHA DPABHIAETCS BPEMEHU HAYAIA
mozkapa.

Pucynok 2 npemoHCTpUpyeT [IUHAMWUKY OCBOOOXKIEHWS 3IAHUS
JIFOAbMH B OTCYTCTBHH [IOXKapa M IPU BO3ropanuu B nomenienuu 1. 1o
MOMeHTa OJIOKMPOBaHUs IIOMEIIeHrs 1 IPOAyKTaMu POpPeHus: rpapuku
Ha pucyHke 2 copnamaror. C MOMEHTa OJOKHPOBAHWS MTPOUCXOIUT
TiepepacIpe/ie/ieHre JIIOACKUX TTOTOKOB Yepe3 0e30MaCHbIe TOMEIIEHNS.
W3 rpadukoB caemyer, 9TO TpU UCIOJIH30BAHNN CUCTEMbBI AJAIITUBHOTO
YIpaBIeHUs BPeMs OCBOOOKIEHU 3/1aHUs HECKOJIBKO YBEJIMINBAETCS,
HO BCe JIIoAM HOKuIaioT 3nanue. Ilogobnasd juHaMuka HabI0maercd u
1py 6JIOKMPOBAHUYU LIOMELIEHHUs 2.

DD DEKTUBHOCTD CHCTEMBI 3TAIITUBHOTO yIIPABICHUS HILTIOCTPUPY-
erca rpadbukamu, [PeICTAaBICHHbIME HA pucyHke 3. B coorsercrsuu
¢ rpaduramu 1 pucyHkKa 3 i BepXHEHl OIEHKHU MPEI0TBPAIIEHHOTO
yuiepba (MaTeMaTuIecKoe OXKUIAHNe MAKCUMAIBLHOTO KOJIMIECTBA, ClIa~
CEHHBIX JIIOJIEH [IPU M0KAPE B IIOMEIIEHUH ), OOYCJIOBJIEHHOTO IIPUMEHE-
HUEM CHCTEMBI 3/IAITUBHOIO yIIPABJIEHNS IBAKYyalueil, mMeeM 3HaYeHre
43.4 4gen. llpu OsokmpoBanuu mnomermeHus 1 cucreMa aJaTUBHOIO
yIpaBJIeHUS IBAKyaIlnei mepepacnpeie/uniaa Joaeil mo IPYyTuM My TIM
9BAKyallMd, TEM CAMBIM MPEIOTBPATUIIA WX THOEIb. Y MEHBIIEHUE KO-
JUYEeCTBA JIOJEell depe3 COOTBETCTBYIOIIMI 3BAKYAIIMOHHBINA BBIXOJ B
yCJIOBUSX TOXKapa oTpaxkaer 3(pGdEeKTUBHOCTb CHCTEMbI aJANTUBHOTO
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Pucynok 2 — /IunamMuka BBIXOAA JIOEi U3 3MAHUA MIPH
BO3TOpAHUU 110 clieHapuio 1.

YIPABJIEHUST SKCTPEHHOU 3Bakyanuu. [lpw moxkape B MOMeNeHuH 2
3¢ deKT He CTONb 3HATUTEIECH.
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Pucynok 3 — 3aBucuMoCTh KOJIUYECTBA, JIIOIEH OT Bpemenu: 1

— BBIIIEIIAX Yepe3 IBAKYAIMOHHBIN BBIXOM A MpU BO3TOpAHUH

O CIEHAPHUIO 1; 2 — BBIMEAINNX YePe3 IBAKYAIMOHHBIE BHIXOIbI
C u D npu noxkape 1o creHapuio 2.
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Ha pucynke 4 npeacraBierbl rpadhuKe, KOTOPbE JeMOHCTPUPYIOT
MIPEIOTBPAINEHHBIN yIep0d Tpu KOJUYIeCTBe 4YesioBeK B 3manmnu — 500
ges1. IlpemoreBpariieHubiit ymepd B 9TOM Ciiydae JIOCTUTAET 3HAUEHUS
120 gesr. 910 moKazbIBaeT, 9TO IPMEKTUBHOCTD CHCTEMbI AJIAIITUBHOTO
YIPaBJIEHUs PACTET C yBEIUIEHUEM KOJIMIEeCTBA JIIOJAEeH B 3/1aHWUH.

o nowape
663 noxapa
spews Bnokposakys nomewerms

Komruecrso mogei, wen.

o 30 60 % 120 150 180 210 240 270
Bpews, .

Pucynok 4 — 3aBucumMoCTh KOJIUYIECTBA, JIIOIEH OT BPEMEHH,
BBIIIE/IIIUX Yepe3 IBAKYAIUOHHBIH BHIXOA A MPU BO3TOpAHUH
1o creHapuio 1 mpu KoamdecTse denoBek B 3ganuu 500.

Pesynbrarbr MomeMpoBaHus TMOKA3BIBAIOT, 9TO BPEMS BAKyaIlUU
YBEJIUYINBACTCSA TPH OJOKUPOBAHUN TOMEINEHUN 31aHus TPOIYKTAMHU
rOpeHusi. YBeJUYeHHe BPEMEHHU 3BAKyallud OOYC/IOBJIEHO TeM, d9TO
MapIIPyThI IBAKYaIlUN, IOCTPOEHHBIE C UCIOTHb30BAHUEM MOJIE/N BU-
JKEHUSI JIFOJICKUX TIOTOKOB B YCJIOBUSIX MOKAPA, MPOEKTUPYIOTCS B 00XOT
TTOMEINEHU, T/e 3HAYEHUS OMACHBIX (PAKTOPOB MOXKAPA TPEBBIMIAIOT
pomycrumbie 3HadeHusd. OIHAKO, HECMOTDsS HA YBEJIMYEHWE BPEMEHU
9BAKyallli, HCIOIb30BAHNE CHCTEMBI AJAINTHBHOIO YIIPABICHUS JKC-
TPEHHOH dBaKyarueil Jogell u3 3MaHuA [MPU I0XKape MTO3BOJIIeT 00ec-
MTEYUTH YBAKYAINIO BCEX JIIOEH M3 TOPSIIero 3manus. J(MdheKTHBHOCTE
CUCTEMBI YIPABJIEHUS IBAKyaIlMeil ¢ y9eTOM YaCTOTHI BO3TOPAHUS B
moMerieHusax 1 u 2, MOKHO OIEHUTD Y€PE3 BEJIMIUHY IPYTIIOBOrO PUCKA,
R s momeit, HaxomAmuxcs B 3MaHAM:

R:Q'Xk:Qk'ANk;

rme () — 9acToTa moyKapa B 3JAHUN; (Ji— OTHOCUTEIHHAS JacTOTa, k-
ro cueHapus; ANy —MaTeMaTUIeCKOe OXKUTaHIe KOJINIECTBa IOruOInX
npu k-oM CIleHApHUu.
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[Monmoxkum, YTO dACTOTA BO3HUKHOBEHWS TIOXKAPA B 3IaHUU
Q =1.16-10"2 rox~! (wacrora moxapa B obIecTBeHHOM 31aHUN). Ya-
CTOTa PEAIN3AINY TOKAPOONACHBIX CUTYAIIUN OMPEIEIIeTCS IaCTOTON
BO3HUKHOBEHUS TI0Kapa B 37aHnn B Tedenune roaa. Ilopsmok ompenese-
HUs 4aCTOTbl BO3HMKHOBEHUs 1102Kapa B 3/1aHuu Lpuseied B [2]. Yuu-
THIBAS TJIOIMIAIb 30HBI, 3a0JJOKMPOBAHHONW TPOAYKTAMU TOPEHUS TMpPU
mozKape, /I OTHOCUTETHHOM JACTOTHI CIIEHAPHS TT0KAPA, B TOMEIIEHUN
1, mMeeM omeHKy 6.44 - 10™% rog~!. [l OTHOCHTEIBHON TaCTOTEL CIie-
Hapus Hoxkapa B nomeniennu 2 onenka — 1-107% ron~!. Bermunna rpyn-
[IOBOT0 PHUCKa 0€3 MpUMeHeHUsi CUCTEMBbI a/IANTUBHOIO YIIPABJIEHUS:
R=1.16-10"2.(6.44-10"%-43.44+1-10"% - (3.8 +4)) = 3.33 - 10 %uesn./rox .

[Ipu ucmosb30BaHNY CHCTEMBI AJANTHBHOTO YIIPABJIEHNUS BEJIUINHA,
TPYNIOBOrO PHUCKA O0Opalmaercs B HOJb, TaK KaK JKEPTB yIaeTcs
n30exKaTh.

Takum obpa3om, a1 [AHHOTO CJaydas CHCTEMAa aJAIITHBHOTO
yIpaBJeHUs 3JBaKyanueidl 0OyCIaB/IMBAET YMEHbIIEHHE BeJIUIUHbI
IPYIIIOBOTO PICKA, JIJIA JIIOJEH, HAXOAAINXCA B 3MaHuN oT 3.33 - 1074
ges./ron ! 10 Hyns.

KoummdectBeHHasa oneHKa 3(h@EeKTUBHOCTA CUCTEMbBI aallTHB-
HOTO YIpaBJIEHUS SKCTPEHHOM »3BaKyanueii W3 3/I[aHUS TPU
M3MeHEeHUs MHTEHCUBHOCTHU TEIIOBbLJEJIEHUd IIPU I102Kape

NHTEHCUBHOCTh TEIJIOBBIIEIEHUST TPH TMOXKAPE 3aBUCUT OT TIO-
JKApHOH HArpy3kKu moMmerrenus. [109ToMy st uCCaeq0BaHUs BIUSHUAS
JAHHOW BEJUYUHBI HA 3(DMEKTUBHOCTH CHCTEMBI TTPOBEIEHBI IKCIIEPH-
MEHTHBI [0 MOJIEJIMPOBAHUIO MO2Kapa ¢ PA3JINYHON NOXKAPHOU HATPY3KOA.

Mecra ouaroB BO3ropaHms IO CIEHApUAM 1 W 2 OCTAIUChL HEU3-
MeHHbI. B paMKax JaHHOrO MCCJe0BaHUs U3MEHAIACh HHTEHCUBHOCTD
TEIJIOBBIIEIEHUS Y€PEe3 MOXKAPHYI0 HATPY3KY, T. €. M3MEHEHUE KOJIIIe-
cTBa Kpecesi. 113 COBOKYITHOCTH IKCIIEPUMEHTOB BbIIEIEHBI PE3YIBTATHI,
KOTODBIE MOy YeHbI TPU YMEHbIIIEHUY HHTEHCUBHOCTHU TEILTIOBBIIEICHUS
n yBesmaennn Ha 25 %. I[Ipu 9ToM 3HaUeHUS 6IOKMPOBAHKS TOMEIIECHIH
[POAYKTAMHU I'OPEHUS IO CUEHAPUsAM 1 u 2 IOJyYUJIUCH CJIeAyIOIue:
npu ymenbitiennn — 81 ¢. u 71 c., npu yBeawdenun — 54 c¢. u 47 c.

B Tabmmne 1 npeacraBieHbl pe3yIbTaThl PACIETOB MPEIOTBPAIIEH-
HOTO yiepba u rpynmnoBoro pucka. V3 tabmure ciemyer, 910 3dder-
TUBHOCTH CHUCTEMbI YBEJIUYUBAECTCH IPU YBEJIUIEHUU HUHTEHCHBHOCTU
TEIJIOBbLIEIEHUs 04Yara moKapa, a COOTBETCTBEHHO HA 3(DDEKTUBHOCTH
BJIMISIET TIOYKAPHAsT HATPY3KA MOMEIIEHUH.
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Tabmuma 1 — I[lokasanus 3¢ PEeKTUBHOCTH CHCTEMBI aJAIITHBHOTO
YIPABJIEHUS SKCTPEHHON IBAKyalMeil pyU M3MEHEHUH UHTEHCUBHO-
CTY TEIJIOBBIJEEHNST 0Yara, Mpu MoKape.

Mavenene IIpemoTBpa- IIpenorBpa-
FIHTCHCTE- IEHHBIH yiepd | ImeHHb yiepo T'pyrmosoii
HocT e IPHU CHEHAPUH IIPU CHEHAPUH prer, -
JIOBBLIEJIe- gen. /rom !
1, gen. 2, geJ.
HEA ouara, %
-25 35.2 5.6 2.69- 1071
0 43.3 7.8 3.33-107¢
+25 61.9 21.9 4.88-1014
3akJrroueHmne

Onpenenenst (paxkTOpbl, BARSIONME Ha 3P(OEKTUBHOCTH CHCTEMBI
AJAITUBHOTO yIIDABJIEHUS 3KCTPEHHOHU 3BaKkyamnueil Jirojleil n3 31aHud
[IpY TIOXKape:

® KOJINYECTBO JII0/Iel B 3JAHUN;

® UHTEHCUBHOCTDH TEILIOBbIIEIEHHUS [IPU I0XKAPE.

s ananu3a mokasareseil 3(MEKTUBHOCTH CUCTEMBI W HCCJIEI0-
BaHUs NUHAMUKN €€ (DYHKIMOHWPOBAHUS WCIIOJB30BAH METO MOJIe-
JINPOBaHWS HA, JJIEKTPOHHOW BBIYUCJIWTEIBHOM MaimuHe. B kadecTse
IIPOIECCOB, KOTOPBIE ITPOMOIEIUPOBAHBI, B3ATHI PACIIPOCTPAHEHUE TPO-
JIYKTOB TOPEHUS IIPU [0KAPE U JIBUKEHUE JIIOJCKUX [IOTOKOB B 3JAHUM.

Ananusy nomiexkau BpeMeHHbIe HHTEPBAJIbI OJIOKUPOBAHUS 11y Tei
9BaKyallMu OMacHbIMEU (PAKTOpAMU TOXKapa. llpw aHamm3e ymaaoch
BBIJIEJIUTH CIIEHAPHUH, IPXA KOTOPHIX HAYMHAIOTCS MTPOOJIEMBI 9BAKYAIIUN
IpYU PACIPOCTPAHEHWH MPOIYKTOB ropenus. lIpobiembl 3Bakyanuu
BO3HUKAIOT TOJBKO B CJIy4ae PACIOJIOXKEHHS OYaroB BO3TOPAHUS B
[IOMEIIEHUAX BO3JIE€ IBAKYAIMOHHBIX BBIXO/IOB.

Cucrema aIanTHBHOTO YIIPABJICHUS IBAKYyAIIHEl MPOEKTUPYET My TH,
KOTODBIE SABJISAIOTCS OE30TACHBIMU ¥ MUHUMAJIbHBIMY 110 BPEMEHH.

ObdEeKTHBHOCT CHCTEMbl YIPABJIEHUS JBaKyaleil C ydeToM
9aCcTOTHI BO3TOPAHUS B MOMEIIEHUSIX BO3JI€ IBAKYAIMOHHBIX BBIXOIIOB,
MOXKHO OIEHUTDb Y€PE3 BEJIMYUHY I'DYIIIOBOTO PUCKA JIJIsl JIIOIEH.

i paccMOTPEHHOrO CerMeHTa 3JAaHusl CUCTEMAa AJANTUBHOIO
VOpaBJIEHUs JBaKyalueidl OOYCIABIMBAECT YMEHBINIEHUE BEIUINHBI
IPYIIIOBOTO PICKA, JIJIA JIIOJEH, HAXOAAIINXCA B 3JaHUN OT 3.33 - 1074
ges./ron !t 10 Hy/s, a MaKCHMaJbHbBIH NPEJOTBPAIEHHBIH yIepo
coctapiger 43.3 deut.
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Otmedeno, 49r0 3hPEKTUBHOCTH CHCTEMBI YBEJIUYUBACTCSH TPU
YBE/INYE€HNN WHTEHCUBHOCTHM TEILIOBBIJEJIEHUS OYara IMoXKapa, a
COOTBETCTBEHHO HA 3I(PDEKTUBHOCTH BIIMAET BEJUYNHA TOXKAPHON
HArpy3Ku nomernerus. Poct 3¢ppeKTUBHOCTH TaK ke HAOII0IeTCsa mpu
YBEJIMYEHUU KOJUYECTBA, JIIOAEH B 3/1aHUN.

Crucok aureparypbl

1. Fire Dynamic Simulator — FDS. URL: http://fire.nist.gov /fds/
(mara obpamenus: 01.03.2017).

2. Meronuka ornpejeseHns PACYETHBIX BEJIMYHH IOKAPHOTO PHUCKA
B 3IAHUSX, COOPYXKEHUSX ¥ CTPOEHUSX PA3JIMIHBIX KJIACCOB
DyHKIMOHAIBLHOI TTOYKAPHOIN OMacHOCTH [DJIEKTPOHHBIN pecypcl:
yrB. mnpukazom MYC Poccum or 30.06.2009 r. N 382:
saperucrpupoBano B Muntocre Poccuu 6.08.2009 1. Ne 14486 (B
pex. npukaza MYC Poccum or 12.12.2011 Ne 749). Hocryn u3
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Study of the adaptive emergency evacuation management
system from the building in case of fire

Chirkov Boris Vladimirovich
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: b.v.chirkov@gmail.com

A study of the system of adaptive management of emergency evacuation is
presented, and a quantitative assessment of its effectiveness. The effectiveness of
the adaptive emergency evacuation control system was evaluated on the model of the
building segment by modeling the flow of human flows using the results of modeling

the development of dangerous fire factors.

Keywords: evacuation, evacuation management, performance
evaluation, fire risk.
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NHTEJIJIEKTYAJIBHAf CUCTEMA OBECIIEYEHUN 1
IIO2KAPHOU BE3OITIACHOCTN

A E. Yuaxos, O.U. Xapuna
Vamyprckuit rocymapcrBennbiii yuusepcurer, . xkesck, Poccus.
e-mail: sleepinthewater@gmail.com,10092@mail.Tu

B cmamve paccmompena uUHMEAAEKMYAADHAA CUCTNEMA 06ECEMeHUs No-
srcapHoti 6e30MacHOCNU, NPEICMABACHHAA NPOZPAMMHO-ANTADATTIHBLM KOMTAEKCOM
NPOEKMUPOBAHUA U YKAZAHUA A00aAM NYyMel 26aKYauUY U3 30aHUA NPU NOHCAPE.
ABmopom nposoodumcs GHAAU3 CUCTNEMDL, YKA3GHbL 00U ue NPUHUUNDL pabombvl U

NPUMEHUMOCTNU.

KoiniodyeBble cJjioBa: 3Bakyaljdsi, HHTE/JIEKTYAJbHAs CHCTEMA OOeCIevueHust

MOXKAPHOU 6e30MacHOCTH, 6ECIIPOBOAHAS CUCTEMA.

PazsuBas uzneio «besomacHocrs B TexHocdepes», Mbl CTATKABACMC
¢ OOJIBIIMM KOJIMYECTBOM PEINeHui, TTPeIJIOKEHNH, KOTOPhIE OTBEYAIOT
Ha BOIPOCHI KakK O0ecrevYnTh Oe30MaCHOCTh MOXKAPHYI0 W IKOJIOrHde-
CKyI0, Ha IPOU3BOIACTBE, B MPOMBbIILIeHHOCTH. B nybaukanusax [1, 2],
MTOCBSAIIEHHBIX 3TOM MpobJieMe, JOKA3aHO, 9TO KOHKPETHOI'O PelleHus He
CYIIECTBYET, AaBTOPHI CCHLIAIOTCH HA HOPMATUBHbBIE JJOKYMEHTHI U Pa3pa-
6orku, B ToMm uncie, CII «HopMbr u mpaBuia mpoeKTUPOBAHUS CUCTEM
OTIOBEIIEHNUS U YIIPABJIEHUS dBAKyanueil Troaei npu noxapes. [Ipu co-
3/aHUYM TEXHWYIECKUX YCTPOUCTB I YIPABJICHUs dBAKYaIMeld JIIOIeit,
AJIrOPUTMOB UX PabOTHI, U JIPYIUX Pa3paboOTOK (CUCTEM, COBMEIIAMOIIUX
B cebe 60Ol (DYHKIMOHA) PEIKO y4UuThIBAIOT IPMEKTUBHOCTD U
3a0BIBAIOT 00 OOCTIYKWUBAHUN TAKWX MTPUOOPOR.

Paspaborka «HTEIIEKTyaTBHON CHCTEMBI ODECTIEYEH NS TTOXKAPHON
6e3011aCHOCTH» B 3/AHUU DeNIaeT 33/1avdy CBOEBPEMEHHOI'O OIpe/ieJie-
HUAS BO3rOpanwusi, (POPMUPOBAHWUU AKTYAJIHHBIX MyTel IBAKYyAIUH WU
OIOBEIIEHNU O HUX B peasibHOM Bpemenu. lIporpamvuo-amnmnaparHbiii
KOMILJIIEKC SIBJISI€TCS OCHOBOM 151 pa3pabOTKu yHUBEPCAJIBbHON cucre-
MBI WHTEpPHETa BeIleil W TPEJICTaBIsgeT cOOON pacrpesesieHHyI0 CeThb
YCTPOWCTB: JATIYNKOB, AKTYATOPOB, OMOBEIATE e, PEATM30BbIBAET aJl-
TOPUTMBI PACYETa U YKAZAHWS MyTEH IBAKYAIUN.

s uccieoBaHus W TECTUPOBAHUSI CUCTEMBI ObLI M3TOTOBJIEH
UCIHbITATe IbHBIA crens (pucyHOK 1), rae peanuzoBaHa 0eCHPOBOAHAS
CHCTEeMa, XapaKTePH3YIOIIasIiCs:

® BO3MOXKHOCTHIO OPraHU30BBIBATH WHTEJJIEKTYAJIbHYIO CHCTEMY
yOpaBJeHWs JBaKyalweil O0Jbmux pa3mepoB. Tak, KOJUIECTBO
YCTPOWCTB HA OJHOM yPOBHE ceTu MOxkeT gocturarh 6osree 50000;
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® COBPEMEHHBIMHU 3YHEProdddEKTUBHBIMA MHUKPOKOHTPOJITIEPAMH,
TTO3BOJISIONTMMY CHU3UTH MOTPEOJIEHNe SHEPTUU B PeXKUMe TIyOOKOTO
cua Beeit cucrembt 250nA * N (N — Kosm4aecTBO y3710B);

® OTKPBITBIM JIETKOBECHBIM MPOTOKOOM LwMesh co BCcTpoeHHBIM
mudpoBarrem AES, Koropwiii mo3BOsIsIeT IepeaBaTh JIAHHBIE CO
cKopocThIo Gosee 2 M6/ cek;

® MPOCTOTON YCTAHOBKYM CHCTEMBI YCTPOWCTB, YTO CHUYKAET €€
KOHEYHYIO CTOMMOCTb M CTOUMOCTH OOC/Ty?KWBAHUS B JIECATKHU Pa3.

Pucynox 1 — UcnbiTaTeTbHBIN CTEH/T.

Kaxnoe YCTPOUCTBO BKJIIOYAET MUKPOKOHTDOJLIED
ATmegal28RFA1, ABTOHOMHOE JIEKTPOIIUTAHUE yCTPOMCTB.
Pacmupenne, myrtem pasMereHuss B y3JlaX  BBIYHUCIUTEIHHON
CeTH COOTBETCTBYIOIINX YCTPOWCTB sBsieTCd  (DYHKIIHOHATIBHON
BO3MOXKHOCTBIO KOMILIEKCA. lUiaBHast O0CODEHHOCTH KOMILJIEKCA — BCE
KOMAH/Ibl yKa3aHus myTeil 3Bakyaunu GHOPMUPYIOTCS B PeKUMe
peajbHOr0 BPEMEeHH, C YyYETOM JAHHBIX MOHUTOPUHIA OIACHBIX
GdakTOPOB 10XKAPa, B rOPALLIEM 3/AHUU.

Pesynbraramu pa3paboTKu WHTEIIEKTYATBHON CUCTEMBI CTAJIN:

® IIPUHINITHAJIBHAS CXeMa y3JIOBOI'O YCTPOHCTBA;

® MOJE/b CHUCTEMBI B KOHIENIIMYM WHTEPHETa, BeIeil, CrocoOHas
U3MEHSITh CBOIO TOMOJIOTHIO U KOJIMIECTBO y3JI0B, U WX OOCIIyKWBAHWE
BO BpEMsl IKCILIyaTAINHN;

® [IOJIyYEeHbl CBUJETEIbCTBA perucrpaiumu nporpamm IBM «mpo-
€KTUPOBAHUS MyTell BAKyallnu JIIOIEHl W3 3IaHUS» U <«PACCTAHOBKU
CEHCOPOB B 3IaHWUWY.

TectupoBanme CHCTEMBI B KOPIycaX YIMYPTCKOTO FOCYAapCTBEHHO-
0 YHHBEPCHUTETA MOKA3a0 3P (PEKTUBHOCTD JAHHOI CHCTEMBI. B cBsA3M
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C OTWM, CHCTEMa, MOXKET ObITh TMPUMEHEHA: B 3JAHUAX C OOJIBITIM
CKOIIJIEHUEM JIIOIeH ¥ CIIOKHBIMEU O0bHEMHO-IIJIAHUPOBOYHBIMU PeTiie-
HUAMH, KaK CHCTEeMa yKa3aHUdA IIyTell 3BaKyalluu; Ha IIPOU3BOJICTBAX,
KaK CHUCTEMa yIPABJIEHUS MPEINPUITAEM U CHCTeMa Oe30MacHOCTH; B
4aCTHBIX JIOMaX, KaK CUCTeMa yMHOI'O JIOMa.

Crucok aureparypbl

].. HHTI)IIHI/IH A O CBETOBDBIX II02KaPHbIX OIIOBEHIaTe/IAX U CBETOBbLIX
9BaKYAIlMOHHBIX yKa3areasx. Ajropur™ 6e3omacuoctu, Ne 5, 2009.
C. 10-12.

2. Uurepuer pecypc http://www.inotec-licht.de/DER.56.0.html.

INTELLECTUAL SYSTEM OF SUPPORT OF FIRE
SAFETY

Danil Evgenyevich Ushakov, Oksana losifovna Kharina
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: sleepinthewater@gmail.com, 10092@mail.Tu

In article the intellectual system of support of fire safety provided by a hardware
and software system of design and specifying to people of ways of evacuation from
the building in case of the fire is considered. The author carries out the analysis of

system, the general principles of operation and applicability are specified.

Keywords: evacuation, intellectual system of support of fire safety,
wireless system.
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AJITOPUTM BbBIBOPOB I'”IABHOI'O CEPBEPA B
CHUCTEME VIIPABJIEHUS 9BAKVYAIIUE

A.T. Buwueues
Yamyprckuit Tocy1apCcTBeHHbIN yHUBEpcuTeT T. MkeBck, Poccus
e-mail: waspagv@gmail.com

Hpu ucnoav3o06aHUU MHOZOKOMNOHEHHOT CUCTEMDL YNPABAECHUS IBAKYAUUY
B803HUKAEM NPOOAEMA AGBMOMAMUYECKO20 YUEMA BTOJAWUL 6 Heé ycmpolucms.
Boaanosicernue amoti Gynkuuy 1o eOUHCNBEHHOE CNEYUAAUSUPOBAHHOE YCMPOTUCME0
(cepsep) omacno, Max KAK NPU NOACAPE CEPEEP AELKO MONCEM SWUMU U3
cmpoa. B cucmeme ¢ MmHo2uMU cep8epamu  Go3HuKaem npobaema  6wvboOpa

2aa6HuT—nodvunennnt. IIpedaosicen 603moocHbil anzopumm marxozo ewvbopa.

KuamoueBble cJjioBa: yupaB/ieHHE 3BaKyalueidl, cepsep, I[JIABHBIA cepsep,

BBIOOPBI, KPUTEPHUU BBIOODA.

BBenenne

B cucremax sBakyaluu IeJ1IeCOO0PA3HO WCIOJb30BATH MMOMIMO
MUKPOKOHTPOJIIEPOB € HU3KON 3IHEPTOEMKOCTHIO W ABTOHOMHBIM
IIUTaHUEeM TaK2Ke cepsepa, IIOCTOAHHO IIOJKJIIOYEHHDbIE K cerTn
mutanusg. Ha cepsepa Boaiaraercs (pyHKIHS ydera BCEX HMEIONIAXCS
KOHTDOJLIEPOB, VIPABIEHUE WMH, COOMpaHWe CTaTucTuku. Ilpum
3TOM CEpPBEpPOB JOJKHO OBITH OOJBIIE OXHOrO, YTOOBI ODECIEeUnTH
OTKa30ycTOﬁqHBOCTb CUCTEMBI B Cnyqae BBIXO/Ja U3 CTPOA OTACIbHBIX
eé smemenToB. OnWH W3 CEPBEPOB HA3HAYAETCS TJIABHBIM; WMEHHO
OH XPAaHUT ITAJOHHBI BapWAHT Il€epeYHs KOHTPOJJIEPOB U APYTHUX
cepBepoB. Ecam Xe TIaBHBLIN cepBep BBIXOIUT W3 CTPOSI, OCTATHLHbBIE
JOJIZKHBIL  «TIOTOBOPHUTHCA» Me}KILy CO6OI>1 n BbI6paTb HOBOTO FJIaBy.
Bo3MmokHBIIT BapHaHT MPOIEAYyPhI «BHIOOPOBY OMKUCAH HUXKE.

O6BbsaBIeHE BHIOOPOB

Kaxxaprit ceppep mmeer craryc JambO <«IJIAaBHBIN», OO «pe3eps-
HbI». B cucreme moxkeT OBITH TOJIBKO OJMH TJTaBHBIN cepBep. Kazkmbrii
DPEe3epBHBIIl CepBep Cpeaud IHIPOYMX CBOMX OOA3aHHOCTEH BBIIOJIHAET
MEPUOAMYECKYIO TIPOBEPKY TPUCYTCTBUS IJIABHOTO cepBepa. AJaropurm
MTPOBEPKU TIPEICTABIEH B (hOPMATHHOM BUIE HUWKE.

CormacHo 3TOMY aJIrOPUTMY, KaKIbIii DPE3epPBHBIA CepBep pas3
B T,; Cek TpOBepser HaJW4YWe B CEeTH TJIABHOrO cepsepa. Ecin
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Ha N,y TOCIEI0BATEIBHBIX 3aMpOCOB HE MOJYYEeH OTBET, OCOOBIM
MITAPOKOBEIIATEIHHBIM TAKETOM B CETU OObSIBIISAIOTCS BHIOODHI.

cueTunk <+

MOBTOPATH

nosoxkaarb Ty, cex

[OCJIATH MTUPOKOBEIIATEIbHBINH 3aIPOC «KTO [JIABHBIN»

€CJIM OTBET He TOJIy4YeH TO

| cueryuk < cuerumk + 1

uHavye

| caertuk < 0

Jo caeTank = Nyg

00BSIBUTH BBHIOOPHI TVIABHOTO CepBepa

OAATh COOCTBEHHYTIO 3asABKY HA BHIOOPHI

IIpouenypa BoIOOpOB

Kaxxaprit cepsep, momyduB coobimnenne 00 OObsBIEHUN BBIOOPOB,
[IUPOKOBEIIATEIbHBIM [IAKETOM OTIPABISET JJisi CBEJICHUsS JIPYTHUX
CepBEPOB 3asiBKy Ha «JIOMKHOCTH» TJIABHOTO CEpBepa. 3asiBKa
COZIEPKUT Ciiemytontyto nagopmaimio: Homep Bepcrn 10 cepBepa, ero
pefituHr, Bpems pabOThl ¢ MOMEHTa MOCJEIHEH Mmepe3arpy3Ku, UMs
cepBepa. JlaHHble KpPUTEPUH TPOCMATPUBAIOTCS JAPYTHME CepBEpaMU
B ykKazanHoMm mnopszake. Tor u3 cepBepoB, KTO 00Jafaer JIydiniuaMu
KPUTEPUSAMH, TIEPEXOOUT B COCTOSTHWE <TJIABHBIN», MTpoune — B
cocTostaue <«pe3epBHbIii». [lo ucreuenne Ty, CeK TUIABHBIA cepBep
COOOITAeT O CBOEM CTaTyCe OCOOBIM MIHPOKOBEIIATEHHBIM MTAKETOM.

B dopmanbrOil 3anucu aaroput™m pabOTHI CepBEpPa BO BpeMs
BBIOOPOB MOYKHO OIKCATH TaK:

€CJIU TIOJIyYeHO O0bsIB/IEHNE O BBHIOOPAX TO

MOJIATh COOCTBEHHYIO 3asBKY Ha, BHIOOPHI

KIATH IPYTHE 3asBKU B TeUeHne Ty cex

N3asBOK ¢— KOJMYECTBO NPUHATHIX 3aBOK

4l.rnaBubIil ¢— uCTUHA

i+ 0

noka f.rmasubiit u (i < N3asgBOK) HOBTOPATH

ecsin f.BepeusallO < Bagekali].BepcusallO To

| fl.raBHBIA — JIOXKB

nHade ecau Sl.peiitnar < 3asBkali].pefiTHHT TO

| fl.rnaBHBI — JIOXKB

nHade ecan S1.epemsPaborsr < Baserali].spemsPa6orsr To

| d.ruaBHbBIA <— JIOXKB

nHade ecau d.umsa < Bazaskali].ums To

| d.riaBHBIA < JIOXKB
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ecqn ¢.raBHBIN TO

KAaTh Tge; ceK

M3BECTUTH O CBOEM CTaTyCe

Peiitunar cepsepam Ha3zHadaeTCss MEPCOHAIIOM, UCXOs M3 IKCIIEPT-
HOIT OIEHKH pabOTOCIIOCOOHOCTH CcepBepHbIX ycrpoiictB. Ilocmemumii
KPUTEpUii — UMsI — BBEJIEH JIJIs1 ONPEIEJEHHOCTH TTPU MPOYNX PABHBIX
YCJIOBUSIX.

danbHeilinme jeiicTBusd

[MepBuyHOe TecTHpOBAHUE AJTOPUTMA MOXKHO MPOBOIUTH YHCTO
MIPOIPAMMHBIME CPEJCTBAME, MOJEIUPYS CEPBEPHL C MOMOIIBIO 0ObEK-
TOB B MHOI'OLOTOYHOH cpejie. B cirydae mosioKuTesibHOro pesysbrara
HEOOXOIMMO TPOBECTH TTPOBEPKY HA PEAbHBIX YCTPONCTBAX B YCJIOBU-
X, OJIU3KUX K «OOEBBIM ».

Pesynbrarhl mpoBepKH, a TAKKe ATTOPUTM B3AUMOIEHCTBUS CePBe-
POB ¥ KOHTPOJLIIEPOB OyAET MPeICTaBIeH B OTAEIbHOM HCCIIeIOBAHUY.

EVACUATION CONTROL SYSTEM MAIN SERVER
SELECTION ALGORITHM

Vshivtsev Alexander Georgievich
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: waspagv@gmail.com

In a multicomponent evacuation management system the problem of accounting
devices is arised. The assignment of this function to a single specialized device
(server) is dangerous because of the high probability of its damage. In a multi-
server systems there is a master-slave selection problem. A possible algorithm for

solving this problem is proposed.

Keywords: evacuation management, server, master server, master-
slave selection criteria.
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JUHAMUYECKUN BU3VAJIbBHBIN YKA3ATEJIb
IIVTEN S5BAKYAIINN

ZI.B. Bapaamos
Vamyprckuit rocymapcrBennbiii yausepcurer, . xkesck, Poccus
e-mail: big.black.fox@gmail.com

B danwnoti pabome onucanv, 0CHOBHBIE NPUHUUNGE PAGOMbBL JUHAMUYECKO20
BU3YAADHO20 YKa3amessa nymeld ssakyauuy. JJonnut ykKa3amesv NPUMEHAECCH
8 PAMEKAT CucCMmemb JUHAMUMECKO20 Ynpasaenus ssaryouyuet. ITpunyun pabomovl
ykazamenels caedyrouwuli: 8 30aHUU 8 3aparee ONPEJEAEHHBIT MECMOT YCMAHAG-
AUBAIOMCA BUSYAALHBIE OUHOMUYECKUE YKAZAMEAU, 8 CAYHAE ONACHOCTIU CUCTNEMG
onpedensem mecmo 8o3nukHosenus IC u OUHAMUNECKU BBNUCAAETL MAPULPYIDL
26AKYAGUUY, UHPOPMOAUUIO O MAPWPYMAT nepedaem 68 MOM WUCAE HO KaHCIuT
BUIYAALHBLT YKA3ATNEAD, YKA3AMEAL 0TNOOPAHCAET HANPABAEHUE OBUNCEHUSA T0
mapwpymy ssaxyayuu. Ipu usmenenuy obemanosxu 6o epems 4C (usmenuaaco
AOKANUZAUUA ONACHUT GAKMOPO8 UAY 00PA306AAUCH CKONAEHUA A100el) cucmema
NePeCMPauBaemn MAPUWPYMbL I8AKYAUUY UCTO0A U3 mexyuwed undopmayuu o 4C
U JaHMblEe CHOBG NEPedalOMCA MG Ha KadHCOuwld 6u3yarvHuli yrazameav. Taxum
06pa3om 100U 6 300HUU ONEPAMUBHO TMOAYHAIOM UHPOPMOYUUIO 0 6E30TACHLE

MAPUWPYMAT 0BUNCEHUA K IBAKYGUUOHHBIM SbLTO00GM.

KiroueBble cioBa: AVPEKTUBHOE YIPpaBJCHHE, 3BAKyallud, KOMIIBIOTEPDHOE

MOJEeJINPOBaHNE, MUKDOKOHTDOJIJIEDHL.

Vkazaresnsb npeacrasisier coboit Tabsio co cBeromuogaMu popMupy-
IOIUME YKA3aTeId B BHIE CTPEJIOK HAIPABJICHHBIX BJIEBO U BIPABO.
Vkazareab SBISETCST ABTOHOMHBIM, HE TPEOYIONINM TMOIKJIIOUEHUST
BHEIITHEr0 UCTOYHUKA TuTanus. /1y mepegatin naHdOpMAIUy UCITOIb3Y-
eTCs IByHANPABIEHHBIN 1 pOBOI pagnokana. T.e. yka3arejab MOXKET
HE TOJBKO MPUHAMATH WH(MOPMAIUIO, HO U OTIPABIIATH.

Anropurm paGoThl yKazaressi MOXKHO ONUCATH B BHJE KOHEIHOIO
aBroMara. B KaxKaplii MOMEHT BDEMEHH YKA3aTejb MOXKET ObITh B
OTHOM W3 CJEAYIONUX COCTOSHMUIA:

YxazaTeab BBIKTIOYEH.

Vkazarenab B peuMe CHa.

VKazaresab B peKuUMe CaMOIUATHOCTUKH.

VKazaresb B PeKUMeE OLOBEIIEHUS.

Vkazaresab B peKUMe CUHXPOHU3AIMH BPEMEHN.

Ilepexom MexXIy COCTOSHUSAMH MPOUCXOAWT IO  CJIETYIOIIIM
COOBITHSIM:

Bxrouenne ykazarens.
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Brikmiouenne ykazartens.

Brixon u3 pexkuma cHa Mo Taimepy.

Bxon B pexkuwm cHa.

IIepexom B peKuM CaMOIAArHOCTUKHY IO TAMeEPYy.

VYkazaresb B peKuMe OIOBEIIEHHUsI IO COODIIEHUIO OT IMEHTPATHLHOIO
V3718 CHCTEMBI.

[Tepexon B peKuM CHHXPOHU3AINN BPEMEHH.

Paccmorpum moipobree KaxKa0e u3 COCTOSHUN yKa3aTeis.

B cocrosnnm «Ykazarenab BBIK/IIOYEH» OTCYTCTBYET MHTAHHE BO
BCEX y3JI1aX yKa3aress. BeriiTu m3 JaHHOTO COCTOSTHUST MOYKHO TOJIHLKO 110
cobbrTuio «Brirrouenme ykasaressy. BoiiTu B JaHHOE COCTOSHIE MOXKHO
TOJIBKO 110 COOBITHIO «BhIKITIOUeHNE yKa3aTeIs>.

B cocrosinum «Ykazarenb B peXuMe CHA» TUTAHWE HA OCHOBHBIX
y3/axX yKas3aTeas OTCYTCTBYeT, paboOTaloT TOJBKO YacChl PeaaTbHOro
BpEMEHH MHUKPOKOHTpOJIEpa. B JaHHOM cOCTOSHWM —yKa3aTesb
HAXQUUTCsi OOJIBIIYI) YacTh BPEMEHU. JHEPronoTped/ieHue 1npu 3ToM
MHUHAMAJIbHOE. YKa3aTejlb [I0JKEH ABTOHOMHO pabOTaTh B TAKOM
peKrMe HECKOJBKO JieT 0e3 3aMeHbI JJIEMEHTA NMUTaHusd. Boiiitu u3
JAHHOTO COCTOSTHHMSI MOYKHO TOJIBKO IO COOBITHIO «BbIXOa m3 pexkmma
CHA IO TaifiMepy», KOTOPOe TeHEPUPYETCs 9aCaMHU PEaTbHOIO BPEeMEH!
MHUKPOKOHTPOJLIEPA.

B cocrosinnm «Ykazarenb B peKuMe CAMOIUATHOCTHKHUY» IIPOUCXO-
JIUT HECKOJIBKO IITaroB:

— IlporepsieTcst ypOBEHD 3apsiIa SJIEMEHTa MUTaHusI. He3aBucumo ot
pe3yabTaTa TPOUCXOINUT MEPEXO K CJIeAYIONEMY IIary.

— Ilo pammokaHaly OTHPABJSIETCS COODIEHWE HA IIEHTPATbHBIN
y3€JI CHCTeMbl O TEKYIIeM COCTOSHWM yKasaress (uIeHTU(DUKATOD
yKazaresid, dbJar HU3KOro 3apsia sjieMenTa nutanus). HesaBucumo or
pe3ynbTaTa MPOUCXOMHUT MEPEXO K CJIeAYIOIeMy IIary.

— B Tedenne HEKOTOPOro BpEMEHH OKHIAETCS OTBET OT IEHTPATb-
HOro y3Jia cucreMmbl. OTBET MOXKET cozuepzKarb (Jiar 0 HeoOXOAUMOCTH
mepeiiTi B pekuMe OMOBeIneHusi. KCan OTBeT He MPUXOIUT, TO YKa-
3aTejIb TEPEXOIUT B PEXKUM CHHXpPOHU3AIuu Bpemenu. Ecim orser
npuxoauT u djar 0 HeOOXOIUMOCTH MEPENHTH B PEKUM OIOBEIIEHUs HE
YCTAHOBJIEH, TO y3eJ MEPEXOINT B PEKUM CHA. Ecau oTBeT MpUXOIuT u
dar o HeOOXOAUMOCTH MEPERTH B PEKUM OIOBEIEHUs] YCTAHOBJIEH, TO
y3€JT IEPEXOIUT B PEXKUM OIOBEIIECHUSI.

B cocrosinnmm «Ykazarenb B peKuMe OIOBENIEHUA» BCE Y3JIbI yKa-
3aTesiss paboTaioT, BKJIIOUEHBI CBETOINOIBI COOTBETCTBYIOIINE HATIPAB-
JleHnio dBaKkyaruu. [IoCTOSTHHO WaeT mpoBepKa MOJIyYeHus COOOIMIEHUH
OT TEHTPAJJIBHOTO y3j1a CHCTEeMbl. JlaHHOE COCTOSHWE COXPAHSIETCS 10
[IOJIyYEeHHsI COODIIEHUsI OT HEeHTPaJbHOro ysia cucrembl. CooblneHne
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MOXKET COAEp:>KaTh JTMOO JAHHBIE O HATPABJIEHWN dBAKyaruu, JuO0 00
OTMEHE PEXKWMa OMOBeIIeHus. KCn B COODIIEHNN NPUIILIA JAHHBIE O
HAIPaBJIEHUN IBAKYAIIUU, TO MPOUCXOJUT MEPEKIOYEHNE CBETOINOI0B
HA YKa3aHHOe HampasjeHue. Eciu B COODIEHWN NPUILIM JAHHBIE O
3aBEPIIEHUN PEXKUMA OIOBEIIEHUS, TO YKA3aTeIb MEPEXOJAUT B PEKUM
CHA.

B cocrosinum «YkKa3zarenb B PEXUME CUHXPOHUBAIUA BPEMEHU»
MPOMCXOAUT CHHXPOHW3AIUS YaCOB PEAJbHOTO BPEMEHW YyKa3aTells
¥ [EHTPAJTBHOTO y3Jjia CUCTeMbl. [Ipu 3aBepIeHnd CHHXPOHUBAIUH,
yKa3aTesb MEPEXOIUT B PEKUM CAMOIUATHOCTHKA.

Ha momenT nanucanus crarbu ObLIO CIAEJTAHO HECKOJIBKO IPOTOTH-
moB yka3aress. B kKayecTBe MUKPOKOHTPOJIIEPA HCIIOIb30BAJICS UHUIT
AVR atmega8p. Takoii BLIOOP GBI CIeIaH U3 32 BO3MOKHOCTH PabOThHI
JIAHHOTO KOHTPOJLIEPA B PEXKUME DIIyOOKOTO CHA ¥ BBIXOJ, U3 CHA
mo cur"asy i2c¢ mwmabl. [lo i2¢ 1mmHe ObLT MOAKJIIOYEH PATUOMOIYIID
Ha 6aze MukpokoHTpoJsuiepa atmegal28rfal. B kadecrBe cBerommonon
ncnoab3oBaanch WS2813. Boiio ¢ienano 2 JUHUN TUTAHUS: CHIOBAS
Ias cBeroauonoB (Ha 6ase crabusm3aropa Hampsienus amslll?) u
sueproaddeKTUBHAS sl MUKPOKOHTDOJLIEPOB (Ha 06a3e crabuam3aro-
pa nanpsixkenus 1m2936). Vicrounukom nuranus ciryzxkuiu 2 6arapeiiku
THITA «KPOHA», BKIIOYEHHDIE APAJIETBHO.

Boutn poBeieHBI WCHIBITAHUS: B PEXUME CHA TOTPEOJIeHNe TOKa,
610 0.08 MA, B pexxuMe caMOIUATHOCTUKHU MOTPEOJIEHNE TOKA, ObLIO
22-40 mA, B pexxume onoserneHus norpebierre Toka 06110 120-130
mA.

B crepyronpx Bepcusix mraHupyercs mepexo/] Hd MUKPOKOHTPOJLIEe-
pbt STM32 cepuu L1 gjist Toro 410066t MOKHO ObLIO TIEpEiTH HA O0IILY 0
KOJOBYIO 0a3y C OCHOBHBIM MOmysieM (Ha 0a3e MUKPOKOHTDOJLIEPa
STM32F407) u Breapurh nporpammuoe mudposanue RSA. A tak xe
mepeidTy Ha HEyNPaBIsSeMble CBETOIUOILI JJIs CHUXKEHWsS] CTOMMOCTH
KOHEYIHOTO U3JIEJIHs.

53



DYNAMIC VISUAL EVACUATION WAYS

Varlamov Dmitriy Viktorovich
Udmurt State University, 426034 Russia, [zhevsk, Universitetskaya, 1.
e-mail: sbig.black.for@gmail.com

In this paper, the basic principles of the work of the dynamic visual indicator of
evacuation routes are described. This index is used within the dynamic evacuation
management system. The principle of the indicators is the following: in the building
in a predefined location, visual dynamic pointers are installed; in case of danger,
the system determines the place of occurrence of the emergency and dynamically
calculates evacuation routes; information about the routes passes, including for
each visual indicator; the pointer shows the direction of the evacuation route. If
the situation changes during the emergency (localization of dangerous factors has
changed or crowds have formed), the system reconstructs evacuation routes based on
current information about the emergency situation and the data is again transmitted
to each visual index. Thus, people in the building quickly receive information about

safe traffic routes to evacuation exits.

Keywords: directive management, evacuation, computer Modelling,
microcontroller.
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IMPOEKTNPOBAHUE BECIIPOBO/JHOM CUCTEMBI
JANPEKTUBHOI'O YIIPABJIEHUN S 9BAKVYAIINEU

ALE. Ywakos
Vamyprckuit rocyapcTBeHHbIN yHUBEpCcuTeT, . kesck, Poccus
e-mail: sleepinthewater@gmail.com

IIpu paspabomre cucmem onosewenus u ynpasaenus seakyayuet (COY3)
arodet; u3 300HUA UHIACEHEPDL U UCCAEI08AMENY NPEINOAGLAIOM, YMO BAAHCHBIM AC-
NEKMOM NPY CO30AHUY MAKOT CUCTIEMDE ABAAEMCA BO3MONCHOCTIL JUPEKIMUBHO20
YNPasAEHUS 360KYAUUCT, YO NO3COAUT COKPAMUMYL HE TOADKO 6PEMA I6AKYA-
YUY, HO U Yuepb NPUHECEHHLT UMYUECTNBY, G 2AG6H0E — 300p06bI0 At0deli. B
Mot CMaAMbE PLCCMAMPUBLEMCA PA3PAOOMKG CUCTIEMb, YNPLBAECHUS IBAKYAUUET
C NPUMEHEHUEM CUCTEMHO020 NOJLO0A, COBPEMEHHbBIE UHPOPMALUUOHHIE U MUKPO-
NPOUECCOPHBLE METHOAO2UL, G MAK HCE KOMNBIOMEPHOE MOIEAUPOBAHUE ISAKYAUUY
0AA NPOZHOZUPOBAHUA DE3YADMANOE Pabomu, cucmemvt. B pamxar uccaedosarus
b6ona peanusosana COYD namozo muna. Obrapysiceno, wmo o06pamruas c6A3%b
cucmemv, COBMECMHO € OUPEKMUBHBIM YNPABACHUEM NO360AAEM IPPHEKMUBHO
soadeticmeosams Ha saemenmv. COY D, wmo npu NodkAONEHUY PACNPEJeAeHHBLE
cucmem 06pabomxy 60ALUWUL JAHHBL daem MOOYAD NOMOUY NPUHATIUA PEUeHUT,
4 MaK Hce G6MOMAMUBUPOBAHHOE YnpasaeHue eceli cucmemoti. Taxum o06pa-
3om dupexmuenoe ynpasaenue becnposodnoti COYYH yeeaunusaem pacuiupsem
eé Pynryuonan, daem urGOPMAUUIO, HEOOLOOUMYIO NPU NPUHAMUY peuwerus. A
maksice 0aem CneceMesiMm GEMYAALHYIO UHPOPMAUUIO 80 8PEMA “PEIBBLINATIHOT
CUMYAUUY.

KoiioueBble ciloBa: IUDPEKTHBHOE YIPABJEHHE, JBAKYyalus, KOMIBIOTEDHOE

MOZEeINPOBaHNe, MUKDOKOHTDOJIIEDHI.

Bsenenne

AxkTUBHOE pa3BUTHE MUKPOKOHTPOJIEPOB, CTUMYINPOBAINA Pa3pa-
OOTKY HOBOTO TIOKOJIEHUSI CHCTEM YKa3aHWs MyTeil 9BaKkyarmu, (popMu-
pOBaHWE JTUPEKTUB MCXOIs U3 COCTOAHMS OOCTAHOBKU BHYTDHU 3IAHUS.

Tak a3KcTpeHHas 3BaKyalus JOaeil n3 OOIECTBEHHDBIX 3IAHMI
u coopyxKeHuii mnpmobOpena HOBBI cwmbica. Jliojackwe moTepu B
Poccun, nanpumep, npu moxkapax, Ha MOPsJIOK HMPEBBIMIAIOT IOTEPH B
cTpanax 3amnanHoit EBpornbl u AMEpUKU Mpu COM3MEPUMBIX YACTOTAX
BO3HUKHOBEHUsI MOKAPOB. AKTYaJIbHOCTH UCCIIEIOBAHUS U PA3pabOTKU
0eCrpOBOIHON CHCTEMbI NUPEKTUBHOTO YKA3aHUS IIyTell BAKyalluu B
COVYD obycnopieHa Tem yiiepboM, KOTOPBIA Hecer OOIIECTBO IPH
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BO3HUKHOBEHUM 4YPE3BBIYANWHBIX CHUTyalldii, a TaK ke TeHIeHInei
pa3BUTUS TEXHOJIOTUI W HOBOW KoHmenmnwueii WuTepHera Beleir B
pPaMKaXx pa3JUIHBIX CUCTEM.

PaspabarsBaemasi cucrema 6a3upyercst Ha, TPUHITAIIAX TOCTPOESHUST
COY3 maroro Tuma ¢ MpUMEHEHNEM JTOMOJHUTEIHHBIX CBONCTB:

1 BecnipoBoaHO# CBA3M MeK/Ty KOMIIOHEHTAMHU CHCTEMBI.

2 KombunupoBauuu 1aT9uKOB, BXOAIIUX B COCTAB YHUBEPCATIbHBIX
CEHCOPHBIX Y3JIOB I KOHKPETHOTO TWTMAa 3/IaHWS W YCJIOBUH
IKCILTyaTalllu.

3 IlpumMenenue BbIYUCIUTEIBHBIX M ADXUTEKTYPHBIX BO3MOKHOCTIX
COBPEMEHHBIX MUKPOKOHTPOJLIEPOB.

4 IlporpaMmuOe u anmaparHoe 0OeCIeYeHre TPOIeCCca YIIPaBIeHUs
3BaKyalyeil U IMOMOIIY NPUHATHASA PELIeHUud BO BpeMs JIMPEKTUB-
HOI'O yIIpaBJICHUS.

Tak B 9aCTHOCTH pa3pabOTAHHAS CHCTEMa B PAMKAX WCCJIEIOBAHUS
SBJISIETCST 9YaCTHBIM CJIy9aeM TJIOOAJIbHOW KOHIIENINY YIIPABJIEHUS
«yMHBIM» JOMOM. Pa3BuTme Takoro KOHIENTa OOYC/IOBHJIO HATUIUE
psma (paxTopos:

1 PazBurre MEKPOIPOIECCOPHBIX TEXHOIOIHH, MO3BOIAIONINX Pea-
JIN30BBIBATH CUCTEMbL C IPUMEHEHUEM BBICOKOIIPOM3BOIUTEIbHBIX
7 9HeproddMGETUBHBIX MUKPOKOHTPOJIJIEPOB.

2 PazBuTne 6GecmpoBOIHBIX TEXHOJOTHiA: CO3JAHHME CEeTH, MOCTPO-
ennoit Ha 6a3ze mnporokosa IEEE 802.15.4 wacroroit 2.4I'T'1
(LwMesh).

3 Pa3BuTne TOHKOILUIEHOYHBIX TEXHOJOTHH TPUMEHUTEIbHO K
pa3paboTke KOMOMHUPOBAHHBIX MOXKAPHBIX H3BEIATEEH.

4 HoBble mOaX0mbl CO3JaHUST TPOCTPAHCTBEHHO-MH(MOPMAITHOHHBIX
mozesneit (ITNM) [1] 3ganus.

OCOBEHHOCTHIO PEATTU3AIUN CUCTEMbI SBJSETCS BO3MOXKHOCTH €8
[TOJTHOTO ABTOHOMHOI'O yIpaBJieHusi. BBejeHune IUPEKTUB U BBIYUCJIH-
TeJIbHbIE MOIIHOCTA MUKPOKOHTPOJLIIEPOB MO3BOJILIOT (DOPMUPOBATH
crenapun. HacTpawBas clieHapum Ha TYyJbTe YIPABJIEHUsI, MOXKHO
3HAYUTEHHO YCKOPHUTD MPOIECC B3auMoaelicTeus cucrembl Ha YC. 910
TOBOPHUT O BBEJEHUN HOBOI'O IOKOJIEHUS CUCTEM, KaK CUCTEM «yMHOI'O»
yIIpaBJIEHUd WM «PA3yMHOTO 3JaHUA.
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ITpusnunbsl TpoeKTUpoOBaHUsI OGECHIPOBOAHON CHUCTEMBI JUPEK-
THUBHOTIO yNpaBJIEeHUs 3BaKyaruei

[Tpobitemoit MpOEKTUPOBAHUS U PA3PADOTKY CHCTEMBI COOTBETCTBY-
IOIIEr0 KAYECTBA, MO3BOJISIONIEH MPOU3BOANTH CBOEBPEMEHHBIE MAHW-
MyJIANANA, SBISETCA HAJu4due OOJIBIIOTO MOTOKA JAHHBIX, €r0 HeoJ-
HOPOAHOCTH. BribpanHas B OCHOBE ceTeBas apXUTEKTypa MPUBHOCHUT
JIOLOJIHUTEJIbHbIE OCOOEHHOCTH HPU Pa3pabOTKe ajIropuTMOB B3AUMO-
JeiiCTBUST BCEX dYacTeil CHUCTeMBbI. 3a/adva yIPABJIEHWS IBAKyaIluei
SIBJISIETCSI OHOM M3 CJOXKHBIX 3a7a4. Cucrema J0JKHA CBOEBPEMEHHO
nHMOPMUPOBATH O COCTOSHWM BCETO OOBEKTA HA MPOTSKEHUU BCETO
BpeMeHM 3Bakyarnuu. Takoil mOaXOn TOJKEeH OOeCIedmBATHCS HAIEHK-
HOCTBHIO BCEX Y3JIOB, HA BCEX dTAIAX KU3HEHHOI'O IHUKJA CHCTEMBI OT
pPa3pabOTKM U BO BPEMsT €€ SKCILIYATAINH.

Takum 00pa30M OCHOBHBIMHU (DYHKIIUSIMA OECIIPOBOIHON CUCTEMBI
JUPEKTUBHOTO YIIPABIECHUS SIBJISIOTCS:

— c6op mHGOPMAIIUH C y3JI0B-CEHCOPOB;

— MpeOCTaBIeHEe NHPOPMAIMYA PACIETHBIM MOJYJISAM MMOJKII0Yae-
MBIM K CHCTEME;

— npejocrapiieHne uHGOPMANMY [Jisd HPUHATUS PEIeHUs KOMIIe-
TEHTHBIM OPTaHAM;

— JIMPEKTUBHOE YIPABJIEHHUE y3/IaMU-OIIOBEIIATE UMY (CBETOBBIE U
3BYKOBbIE YKa3aTeJu, AIAKA C [EePCOHAJbHON 3alluTOil, CHUCTEMOI
TYIIEHUS U T.J1.);

— pabora B pexkuMe CIEHAPUEB: KAXKIBIH y3€/ MOXKET YIPABIATH
YKa3aTeJIaMU, UCXO/IA U3 YCTAHOBJIEHHBIX TPABUII.

Ha puc. 1 ymporreHHo mpeacTaBaeH IpoIece paboThl CUCTEMBI OT
Havdasia paboOThl U JI0 OKOHYAHUS Iporecca 3Bakyaiuu. OH BKIIOYAET
B cebsl COCTOSTHVE OXKUIAHUSI, MOHUTOPUHT COCTOSTHUS CPEIbI KAZKIBIM
y37I0M, BO3HWKHOBEHHE YPE3BBIYAWHON CHUTyaIllud U JIUPEKTUBHOE
yIIpaBJICHUE.

Apxurektypa 6ecripoBogaoit CY3 ¢ BO3MOXHOCTHIO AUPEK-
THUBHOI'O yIIPaBJICHUS

Apxurekrypa CYD ¢ BO3MOXKHOCTHIO JUPEKTHUBHOIO YIIPABICHUS
oJipa3yMeBaeT peau3aluio yIpaBjeHud ¢ BHEIIHero YCTPoiicTBa,
B 9YaCTHOCTH MOOWJIBHOIO ycrpoiicTBa. JlupekTtuBHOE ympaBiieHue
peau3yercsi HeCKOJIbKUME ClieHapusMu Bo3z/eiicrsus Ha CYI:

1 VYmpapismoriee yCTpONCTBO MOXKET U3MEHHTb COCTOSTHHE OTIOBe-

IATEJIs, TEPEKJIIOYNB HAIIPABJIEHNE CTPEJIKU, WU BOCIPOU3BEIS
HEOOXOIUMBIH HAOOP TOOCOBBIX KOMAH[ HA ayIu0y3JIe.
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Hanano pabotsl
CHCTEMED

Tlepexon B pexHM JIHATHOCTHEA
OKHIAIHA BCEH CHCTEMED

I

MoRHTOpHET CpeTE
B TEUCHHE T

TIpaby

HET

Tponsomna 9C?

oA
¥

OnoBecTHTE Bee IpaKyauns
MOJIYITH 00pafoTRE IABEPIHIACHT

3apepmnTs padoTy,
COXPAHHTS HEGOPMAITHIO H
TePE3ANMYCTHTE CHETEMY

Pucynok 1 — IlpuniunuanpHas cxema pabOThl G€CITPOBOTHON
CHCTEMBI.

2 Ymupajsioliee yCTPORCTBO TTPU BHIOOPE CEHCOPHOTO Y3714 MOXKET
BJIMSATH HA €r0 COCTOSIHUE, 3aMEHss TAHHBIE HA HEOOXOIMUMBIE HA,
OnpeJIeJIEHHBIN MMPOMEXKYTOK BPEMEHH.

Bo mepBoMm ciydae TPOMCXOAWT JIHINL OIOBEIEHHE YIACTHUKOB
B KOHKPETHOI 00acTh 37aHus, TAaKOW BAapPHAHT HEOOXOAUM IpPH
TEPPOPHUCTUIECKON yrpo3e, KOrma nH(OpMaIius 10/ 12KHA ObITH TOHECEHA
TOJILKO JI0 HEOOXOAWMBIX JIOAeil, m oO0Ilee TMOBEeJeHNe CUCTEeMBI He
JOJIZKHO TTOKA3bIBATh BHEITHUX BO3AEUCTBUIA.

B BTOPOM cnyt{ae TIPOUCXOJUT BJIUAHUE Ha AJITOPUTMBI pacY€Ta B
IIOAKJIIOYaE€MbIX MO/‘lyJIHX pacueTa HyTeﬁ :-)Ba,KyaL[I/H/I, 9TO MOMEHTAJIBHO
OPUBOAUT K U3MEHECHUIO HyTefI. STO IIO3BOJIAET USMEHATH B PACICTHOM
anropuT™Me K03 UIUEHT TPOHUIIAEMOCTH [IJiT KOHKPETHOH 30HBI.
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ApxurekTypa OeCTpPOBOMHON CHUCTEMBI YTPABIEHWS 3IBaKyarmeit
C BO3MOXKHOCTBIO JUPEKTUBHOI'O YIPaBJIEHUdA IpPeACTaBIeHA Ha
PHUCYHKe 2.

I
o o [

Konewisie ysms [~ Moy pacweTa myTei

D
of b

MEPIIPYTHIATOPEL

0y Moayns

[HPEKTHEHOTO

D; BOINEHCTBHA HA
cHCTEMY

Becnposoagoii nporokon LwMesh

Iy Mogyms
[TenemeTpry cuoTeMEL

Pucynok 2 — Apxurekrypa CYD ¢ BO3MOXKHOCTBHIO
JUPEKTUBHOTO yTIPABJICHMUSI.

Ucxonsamas uadopmanus Oy, 0,03z, O4 OT yCTPONCTB HAIPAMYIO
WK Yepe3 MAapIIPyTU3ATOPbI IOIAaeT B IOJIKJIOYaeMble MOJYJIN
pacuera iyTeii sBakyauuu [5].

Nudopmarmonnsie noroku I, Is, I3 HecyT B cebe KOMMYHHUKATHB-
HYI0 (DYHKIIHIO, MTPEIOCTABIISIO JOCTY K HHGMOPMAIMH OIMPEIeIeHHBIX
YCTPOUCTB U TOAKJIIOYAEMBIX MOjesell, TAKMX KAK MOYJIb XPAHEHUs
TeJeMeTpuu.

B cBoio ouepenp mupexktuBHble KOMaHIAbI D1, Do, D3, Dy, Dy mo3-
BOJISIOT TIPOM3BOINTEL BHEITHEE BO3JeiicTBIEe Ha, daeMeHThl CYD Hermo-
CPEeJCTBEHHO C MOJIYyJIeil TUPEKTUBHOTO BO3/IEHCTBUA NN MOJAKJIIOYae-
MBIX MOZEJIEH pacdeTa IIyTell IBaKyallun.

ApxurekTypa MO3BOJIIET HU3MEHSATH COCTAB yKe pabOTaoIe
cucrembl. B cucremy MOXKHO BHOCATH M3MEHEHUSA:

— U3MEHATH KOJIMYECTBO Y3JIOB KaK KOHEYHbIX TaK U MapPHIPDYyTU3a-
TOPOB;

— MEHSTh BBIYUCIUTEHHBIE MOIIHOCTH CEPBEPOB, BKIIIOYEHHBIX B
MOJy/IM PACYeTa MMyTel IBAKYAIWW, B 3aBUCUMOCTH OT CJOKHOCTH U
obbeMa mHGPOPMAIINH, TPEIOCTABIEHHON B KOHKPETHOH CHCTEME;

— [POU3BOAMUTDL JONOJHUTENbHbIE IOJKJIIOYEHUS KOHEYHBIX
YCTPOUCTB /111 KOHTPOJIS 33 CATyaluei Ha 00beKTax;

— MPEIOCTABIATh AKTYAJbHYIO W CBOEBPEMEHHYIO WHMOOPMAIUIO
JJIs  CIIy:K0 CrHaceHus, yYaCTHUKOB 3BAKyallMd U BEIOMCTBEHHBIX
CITyK0.
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HpaKTI/I‘-IECKaH peajmn3anusda CUCTeMbl

Peanuzyemas xonrmenmus VHTepHeTa Beleil B 6€CIpOBOAHON CH-
creMe JUPEKTHBHOIO YIPAB/IEHUsl 9BAKYyalUell [103B0JIeT IPOU3BOAUTH
BOBJEHCTBUS HA CHCTEMY OIMBOENIEHUS IBYMS Ty TIMU:

— ABTOMATWYECKUU DEXKUM MPU PACIeTe IWHAMUYECKUX ITyTeil
MOJIyTISIME pacdeTa B aBTOHOMHOM pexkuMe, MOAKIIoYeHHBIX K CVI),
WM [IPU TUPEKTUBHOM Bozzeiicreum Ha ITVIM.

— BOCIIPOU3BEIEHUE JUPEKTUB C BHELIHEIO yCTPOMCTBA yIIPaBJIeHUsA
cpa3y Ha OIMOBEINATESIX: CBEeTOBbIe TabJI0, 3BYKOBBIE OTOBEIIEHUS TI0
3QHUIO WJIM B KOMHATE, YIIPABJIEHUE 3AMUPAIOIIMMI MEXAHU3MAMU TIPU
X HAJIUIUH.

[To3Bosisier Opragu30BaTh CeTh YCTPOKCTB, CHOCOOHBLIX IPOU3BOAUTH
obienne MexK Iy coOOM, s nepenadn, OOpabOTKH JAHHBIX W AHAIU3A
CUTYAITUH.

Wcxomst m3 3TOro OBLI ONpeeeH OCHOBHONW COCTaB ammapaTHO
CUCTEMBI:

1 CoOBOKyITHOCTH KOHEYHBIX CEHCOPHBIX Y3JIOB.
2 COBOKYITHOCTH MapIIPYTH3ATOPOB.

3 BurumcaurenbHble MOAyaU. PacdeTHble MOIYIHW, TO3BOJIAIONINE
JaBaTh OIEHKY COCTOSHWIO CPeIbl B 3JAHUHM B KayKJIbIH MOMEHT
BpPEMEHMU.

4 CoOBOKYITHOCTH OIMOBEIATEIEN.
5 Ilysnbr yupasiienus cucreMoil i MOOHIBHOE yCTPOICTBO.

Anmaparnas acTh BCeX y37I0B OCHOBaHa Ha MHKPOKOHTPOJLIEPE
ATmegal28RFA1 cO BCTPOEHHBIM DAAMO MOIYJIEM. DTO TMO3BOJISET
HCIOJIB30BaTh GecnpoBoauoii mporokon LwMesh [6], mocTpoenmbrii Ha
6aze nporokosia IEEE 802.15.4 ¢ wacroroit 2.4 I'T'n.

OcoberrocThi0 mporpaMvuOil wacTu, Hanucanuoil asbike C/C++,
ABIAETCA 00ImAas NPOLIMBKA. TakOol I10/X0J IIO3BOJIET HA CTAUK
HACTPOMKM CETH TPOM3BECTH PN JUPEKTUBHBIX YKa3aHWH  [1Jist
HACTPOMKM KayKIOrO y3Jia, YKa3aB MepedYeHb TOIKIIOUYEHHBIX K HEMY
CEHCOPHBIX YCTPOHCTB u/uiu onosemareneil. Tak ke 310 mO3BOJIsIET
HA& XOJy HM3MEHSATb KOH(DUTyPAIMIO CeTH I ONTUMAJTBHOR JOCTABKH
[IAKETOB, CKOPOCTH PabOThI, & TaK K€ MOAM(PUKAIMHE TOIOJOIUU BCEi
CUCTEMBL.

Takoif MOAXOM, MO3BOJSIET TOIKIIOYATH JIOObIE THITBI CEHCOPOB
u omnoseraresnel, noimepxuBamoimx padory ¢ ADC, i2¢c, PWM,
HAIIPUMEP MPOrPAMMHUPYEMBIE CTPEJIKH, 3BYKOBbIE OIOBEIATETH U T.II.
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DTO TO3BOJISET YUUTHIBATH TOTPEOHOCTH KAXKIOTO 0OBEKTA HA KOTOPBIi
YCTAHOBJIEHA, CUCTEMA.

BoiBoabl

Baxmoit 3agaueit mpu paspaborke CYOD sapisercsa peajan3arus
JWPEKTUBHOTO yIpaBjeHus Ha cucremy. I[locTpoenne cetu ¢ BO3MOK-
HOCTBIO MEPECTPOEHUs TOMOJOTHH, COCTABA CHCTEMbBI B BO3MOXKHOCTHIO
eé macrpoiiku gpenaer CYD rubkoil, 0TKaz0ycTOHYUBON, a T[JIABHOE
dyukuuonanpuoii. Ilo3Bosisier BHEAPATH B CUCTEMY KOMAH/bI, KOTO-
pble yMeHbIAT yIepd WMYIIEeCTBY, & TJIABHOE 3I0POBHI0O W JKU3HU
momeii. OHAKO BCTAIOT MPOOJIEMBI TPU MACIITAONPOBAHUN CUCTEMBI B
«BECKOHEYHOCTh», KOIJIa PA3Mep 3/aHUsl YBETUIUBACTCS 0 OIPOMHBIX
npoekToB. Tpebyercs BBeJeHWE PACIPEIETEHHBIX BbIYUCTUTEIHHBIX
MOITHOCTEH, CAHXPOHUBUPYIOMIUX AJITOPUTMOB ¢ COOTBETCTBYIOIIEH TO-
mostorueii. OgHAKO TaKO TOIXOM, Pa3pabOTKU CHUCTEMbI YIIPABJIEHUS
9BAKyaIHu JAeT BO3MOXKHOCTH CBOEBPEMEHHO TIOJIyIUTh WHMOPMAIUIO
¥ TIPOW3BECTH BCE HEOOXOIMMBIE BO3IEHCTBHUS, KAK HA, CAMY CHCTEMY,
rak u npu Juksupanuu UC. B kadecrBe paszpaboraHHON cHCTEMbI
[pejiaraercst Pacipe/ieJieHHasi CeTh YCTPONRCTB, OCHOBAHHBIX HA MUK-
POKOHTDOJIJIEPAX, YTO TO3BOJISET MOBBICUTEH (DYHKIIMOHAJIHHOCTh CETH,
€€ CcTabuJIbHOCTH MOCPEICTBOM B3aMMO3aMEHSEMOCTH, CHU3UTH CTOW-
MOCTb MOHTHUPOBAHUS U OOCTy?KMBAHWUS TAKOH CHCTEMBI.
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DESIGNING A WIRELESS SYSTEM FOR DIRECTIVE
EVACUATION CONTROL

Ushakov Danil Evgenyevich
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1.
e-mail: sleepinthewater@gmail.com

When developing alert and evacuation management systems (AEMS) for
evacuating people out of buildings, engineers and researchers assume that directive
evacuation management constitutes a key aspect of such a system, and allows to
reduce evacuation time, as well as to minimise the damage to the property, and what
is more important — to the people’s health. This article treats the development of an
evacuation management system involving the system approach, modern information
and microprocessor technologies, as well as computer modelling of evacuation aimed
at forecasting the system performance results. For the purpose of this research, the
AEMS of the fifth type has been developed. It has been found that the system feedback
in combination with directive management allow to efficiently impact the AEMS
components, which — if distributed systems for big data processing are connected—
offers a module to assist decision-making, as well as automated management for
the whole system. As such, directive management for the wireless AEMS expands
its functionality and provides the information critical for decision-making, as well

as supplies the rescue teams with the relevant data in emergency situation.

Keywords: directive management, evacuation, computer Modelling,
microcontroller.

62



BesonacHocTth B TexHocgepe 2017

VIIK 004.93'1
NMBYXJYYEBOHI CUETUYUK TOCETUTEJIEI!

A.M. Cuskos
Vamyperkuit Tocymapcrsennsiit Y ausepcurer, r. Uxesck, Poccus
e-mail: amsiv@mail.Tu

B cmamwve paccmampusaemcs KCNEPUMERMAALHOT NPUGOD 04 UYHEHUS
803M0O2HCHOCTIET 08YTAYUEB020 MEMOJa CHEMA BTOOAUWMUT U BBLOOAUUT NOCe-
mumeaneti. OnNucueaemca aa20pUmMM CHEME, OCHOBAGHHHIT HA PACNO3HABAGHUL GO-

CMPAKMHDT oﬂpasoe, nopomcdaemm:c USMEPUMENDHBUMU KAHAAQMU.

KiroueBble cJioBa: ;[Byxnyquoﬁ CUYETINK l'IOCeTI/ITeJ'IeI‘/'I7 paciO3HaBaHHUE

abcTpakTHBIX 00pa30B.

Bsenenne

Jist TMHAMAYECKOTrO MOCTPOEHMS ITyTeil 9BaKyalluu MIPU BO3HHUK-
HOBEHUU YPE3BBIYAWHON CUTyaIu TPEOYEeTCsl OIEHKA pPACIpeIesIeHusT
sroeit o 3aanuto. Takas oreHKa BO3MOXKHA, €CJIM BECTH HEITPEPBIBHBIN
ABTOMATUYIECKUH TTOACIET KOJTUIECTBA JIIOIEH, BXOIATINX W BBIXOIATIINX
U3 KaXKJOro IMOMeIleHWd WU TCPYNIbl IIOMEIIEHU, U pPe3yabTaThl
MOACYETa TIepeIaBaTh HA MEHTPAJIbHBIA y3em 00paboTKu.

st mojcaéra moceTuTesieil B Mpoaazke HMEIOTC IPUOOPhI PA3IHd-
HOTO THIA, OPUEHTUPOBAHHBIE, B OCHOBHOM, HA YCTAHOBKY B Mara3wHax
C TIEJIBI0 CTATHCTUIECKON OmeHKY 3(PDEKTUBHOCTH PAOOTHI TIEPCOHAIIA.
CTOI/IMOCTb 9TUX HpI/IGOpOB JIEZKUT B JUAalla30HE OT HECKOJIBKUX ThICAY
JI0 HECKOJTbKUX JECATKOB ThICsad pyoOseit. [IponsBoauTesn m mposaBIibl
CYETUMKOB, 3asBJISIOT BBICOKYIO TOYHOCTH CBOMX Hpubopos. OHAKO,
opn BCEM yBaXKeHUU, XKejlaTeJIbHa He3aBUCUMad OIEHKa pPeaJbHBIX
BO3MOXKHOCTEH 3a/I0’KEHHBIX B MPUOOPAX METOIOB KAK TAKOBBIX.

N3 pa3noobpa3Hbix OECKOHTAKTHBIX METOIOB CUYETa MOCETUTeseit
ISl WCCIeIOBaHMsA OBLT BBIOPAH METOM CYETa, HCIOJIb3YIOMMA IBa
TOPU3OHTAIBHBIX MMAPAJIETbHBIX HHPPAKPACHBIX Jyda, Kak Hambosee
TIOAXOASIIAN JIJIT MacCOBOTO TPUMEHEHNsST B ODIIMECTBEHHBIX 3IAHWUSTX
BCJIEJICTBUE CPABHUTEJBHON JEIeBN3HbI TPEOyeMOro oOOPYIOBAHMS.
B sToM MeTome mosiBlIeHMe UesIoOBEKAa B KOHTPOJIbHOHM 30HE CUYETYMKA,
OOHAPYKUBAETCA TIO TMEPEKPBITHIO WHEMPAKPACHBIX CBETOBLIX JIYUEH.
HOCJ’IB,D;OBaTeJ'[bHOCTb 3aKPbITUA W OTKPBITHUA ﬂy‘leﬁ IIO3BOJIAET OT-
JIMYUTDL OJHO HallpaBJi€HUE ABH2KEHHUA {Ye/IOBEKa OT JApYIroro. ,Z[JIH

IB pa6ore npunnmanu yaactue A.H. Cemaxuna u JI.A. Ilyxosa
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UCCJICIOBAHUS METOJA KAaK TAKOBOTO, M3YUEHWUSI €ro IOCTOWHCTB U
HEJOCTATKOB OBLI CO3/aH IKCIEPUMEHTAJILHBIA BapuaHT npudopa, B
KOTOPOM JIETKO OBLIO ObI 3aMEHATh PA3JIMYHBIE JEKTPOHHBIE OJIOKH, C
TeJIBIO TTOA00pa Hanbo Iee MPOCTOi, AeIeBOoil, HO 3P PEKTUBHON KOHGU-
rypalyu, a TAKKE UCIBbITHIBATH PA3JINIHBbIE BAPUAHTHI IIPOrPAMMHOIO
obecrievuenns W3MEPEHHii.

Pucyrnox 1 — Brermrauit B 3KCIIepUMEHTATLHOTO TpHOOPA.

I/I3MepnTeanaﬂ cucremMa

MN3mepurenpHas cucreMa COCTOMT W3 JABYX OJWHAKOBBIX W3MEPU-
TeJIbHBIX KAHAJIOB (KOHTYDPOB), UMEIOLIUX ONTUYECKYIO U DJIEKTPOHHYIO
qaCTh.

Bazkmeiimmeit yactbio mpubopa, 00ecnednBaronieii OGECKOHTAKTHOE
30HIUPOBAHUE, ABJIAETCA OINTHUYECKWIA KaHaJ, CO37JaBaeMbIil ITapOIii:
n3IydaTesb - NPUEMHUK. J[Ba mapasiesbHbIX ONTHYECKAX KaHAJA
B 1npubope pa3HeceHbl JApyr OT Jpyra Ha PACCTOAHWE D CM
(u3mepuresbuas 6a3a).

B onrTuuecknx KaHaJiaX B KAYECTBE W3JIyYaTEsel WCIOIb30BAHBI
undpakpacubie cseroauoasl TSALE100.

JI71st IPOEKTUPOBAHNUSA CHCTEMBI BayKHO OBLITO MPABUILHO BBHIOPATH
CUJIy TOKa 4Yepe3 CBEeTOJAUO/bI, TAK KAK MMEHHO OT Heé 3aBUCHT W3-
JlygaeMblii cBeToBoit morok. Cusia cBera JOJKHA ObITh MAKCHUMAJIBHO
BO3MOXKHO, HO He HACTOJBKO OOJIBINON, YTOOBI CBETOMMOM OBICTPO
BBIET U3 CTpost. HeoOxomumMbie [1j1si IPUHATHS PEIIeHUsT PE3y/IbTaThl
HCCJIeIOBAHUS IHEPTETUIECKUX XaPAKTEPUCTUK CBETOIMOIOB IIPUBEIE-
bl Ha pucyHke 3. VI3 npuBenéHHBIX HA PUCYHKe IPAGdUKOB BUIHO, UYTO
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Pucynok 2 — Onruyeckast cxemMa M COCTaB M3MEPHUTEIHHOMN
CHCTEMBL.

UCTIONB30BaHe ToKa cuioit 6osmee 100 MA daBjsgeTcs SHEPreTHUECKU
Hed(HEKTUBHBIM, TAK KAK TEMII POCTA CBETOBOT'O MTOTOKA C YBEJIHYe-
HUEM CHJIbI TOKA CTAHOBUTC MeHbIne (3bMEKT «HACBIIIEHUST > ).

Namepennsi TakkKe MOKAa3ajid, 9TO YyIJOBas IMHPUHA CBETOBOIO
y4Ka (110 I0JIOBUHHON MHTEHCUBHOCTU U3JlyY€HUs ) ITUX CBETOIUOIOB
cocrapysier okosio 20 rpagycoB. Bosbiias mupuHa CBETOBOTO TyYKa
UMeET U TLTIOCHI (He TpebyeTcsa TOYHAas I0CTUPOBKA KAHAJIOB), U MUHYCHI
(c paccrostHHEM CBETOBO} MOTOK GBICTPO OCIAGEBAET).

B kadecrBe NpuéMHUKOB W3/ydeHUs] B MPUOOpPE HUCIOTH30BAHDI
doromnonsr BVP10ONF.

Cnabbiii  veKTpuydeckuil curtaj ¢ (GOTOAMON0B LOJAETCA Ha
VCUIWTEIN HAMPSXKEHUs, & 3aTéM TMOCTYMaeT HA BXOI AHAJIOTO-
nudpoBoro mpeobpaszoBaresisa. Bjarogapst yCUIEHUIO IJIEKTPUIECKOTO
CUTHAJIA, PACCTOSTHUE OT W3JIydaTeseil 10 TPUEMHUKOB MOXKHO MEHSITh
B JauamnazoHe ot 1 10 4 MeTpos.
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CBeToROR HOTOE, Y8

o 15 30 & 0
MocTposn Ha cafie yoboru

S0 105 120 135 150 165 180 185 210 225 240 255 270 285 300

Pucynok 3 — 3aBucumMoCTb CBETOBOIO [IOTOKA OT CHJIbL TOKA,
uepes ceeroguog TSAL6100. 1 - uneanu3upoBaHHas
XapakTepucTrKa 6e3 3 dexra HACHIIEHNS; 2 - peajbHasd
XapaKTEPUCTHUKA, JJId TIOCTOSHHOTO TOKA; 3 - peajibHas
XapaKTePUCTUKA JJisi UMITYJIbCHOIO TOKA (CKBasKHOCTh
UPSAMOYIOJIbHBIX UMILYJIbCOB paBHa 10).
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NmnynbcHBIN pexXxum

N3mepurenpHble KaHAJBI OpubOpa pabOTAIOT B  HMITYJIbCHOM
pexkumMe. DTO HEOOXOIUMO M0 JIBYM MPUINHAM.

IlepBag m nHambosiee BarKHAsE COCTOUT B TOM, YTO OITHIECKHUE
KaHAJbl JTOJKHBI OBITH 000cO0seHBl Apyr or apyra. ObocobireHunto
KAHAJIOB MPEMATCTBYET OOJIbINAs MHUPUHA CBETOBOIO IyYKA W3/Iydare-
neit. Kaxkaplit n3/mygarenib OCBEIaeT U COOCTBEHHBIH (hOTONPUEMHNK, 1
doronpuémMHUK cocenrero Kanasa. [Ipeogorers 3Ty TPyIHOCTH MOXKHO,
HAIPUMED, IOIEPEMEHHBIM BKJIIOYeHneM wu3iydareseit. Korna pabo-
TaeT TepBBbIl M3MEPUTEJbHBIN KaHAJ, W3JIy4aTeJab BTOPOTO KaHAJIA
BBIKJIIOYeH. U HA0O0OpOT: KOrma paboTaerT BTOPOM KaHAJ, BBIKJIIOYEH
U3JIy9aTeNb TepBOro.

Takast cxema pPabOTHI OOECTIEUMBAETCS MOJAUEH HA W3JIydaATETN
UMITYJIbCHOTO HANPSIZKEHUsI, CO CABUTOM HUMITYJIHCOB 1O BpeMenu. [ljm-
TEJIFHOCTH OJIMHOYHOIO U3MEPUTETHHOrO nMiyabca — 0.0002 cex. dToro
BPEMEHM JOCTATOYHO, YTOOBI 3aBEPINUINCH TEPEXOIHBIE TPOIECCHI
B 3JIEKTPOHHOW YAaCTH CHUCTEMBI W YCIEJ BBLIIOJHUTH CBOIO pabo-
Ty aHaJ0roBO-TUGPOBOI mpeodpasoBareib. [lomHbIT H3MEpUTETbHDIH
[IUKJI CHCTEMBI COCTOUT W3 UYETHIPEX U3MEPEHWH: MO [BA B KAXKJIOM
kanaje. IlepBoe m3mepenwe B KaHaj€ JAET BEJIUYWUHY CHUTHAJA TPU
BKJIIOYEHHOM m3iydaresie. Bropoe m3mepenne B KaHaje MPOU3BOIAATCS
[IPY BBIKJIIOYEHHOM W3JIy YaTeJIe, JJis MOy YeHnst (POHOBOIO YPOBHS CHUT-
HaJ1a, 00YCJIOBJIEHHOrO NAPA3UTHON 3aCBeTKON IPUEMHUKA (COIHEeYHbLIT
UM MCKYCCTBEHHBIH CBeT). BelnunHa MOIE3HOrO CHrHAA HAXOIUTCS
MPOTPAMMHOI 00pabOTKO#, TyTéM BhrauTaHusi (OHOBOTO ypOBHsi. W3-
MepHuTeIbHbIE IHUKIBI CIEAYIOT IPYT 3a Apyrom ¢ dactoroit 500 I'm.
Buibop Takoit 4acTOTHI OMpOCca KaHAJIOB AUKTyeTCs Tpebyemoil pa3pe-
MIATOIIE CIIOCOOHOCTHIO FKCIEPUMEHTATHHOM N3MEPUTETHHON CHCTEMBI.
IIpexk e BCero, KOHEYHO, TPEOYETCsI, YUTOOBI «HE3AMETHO» TTEPECedh WH-
dpakpacHbie Jyun 33 BpeMs 0e31eiCTBUS CHCTEMBI ObIJIO HEBO3MOXKHO.
JMCKpeTHOCTh M3MEPEHNUil TOXKHA, ObITh TAKOM, ITOOBI 32 TPOMEXKYTOK
BPEMEHM MEXKIy M3MEePEeHUsIMH 9eJIOBEK, /Tarke ObICTPO Oeryiuii, ycmes
cMmecTuThes He Oostee, vem Ha 1 canTumerp. IIpu yciaoBuu, 910 CKOPOCTH
Gera He LpeBblAer 5 M/C, UHTEPBAJ AUCKPETU3ALMU HE JIOJIZKEH
6bITh Gosbiie 1/500 ¢. Kpome Toro, skcrepuMeHTabHbIA CUETUNK, B
HCCJIE0BATEIbCKUX TEJIIX, JOJKEH YCIEeBATh PEarupoBaTh HE TOJBKO
Ha TYJIOBWINE YEJIOBEKA, HO W HA JBUXKEHUSA PYK WA TAJIBIEB PYK, a
TakKe HeOOJIbIIIe TEPEHOCUMBbIE ITPEIMETHI.

Bropas mpuynHa HCIONB30BAHUS HMITYJIBCHOTO PEXKUMA pPabOTHI
COCTOMT B HEOOXOAWMOCTH OOECIEeUNTh IPUEMJIEMOE OXJIArKICHNE
CBETOIMOMOB TIpH OOJBINONH CHUIe TOKa dYepe3 HUX W HeOOXOIMMOCTH
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SKOHOMUTD 3apsJ], MATAIOIIEH 6aTapen, KOrma HeT BO3MOKHOCTH ITUTATH
TpHOOP OT SJIEKTPOCETH.

MukKpoKOHTPOJLJIED

VupasiagonmM y3/0M Opubopa  sABISETCs MHUKPOKOHTPOJLIED
STM-32.

Bemmosiasiembie UM B U3MEPUTEIBHON cucTeMe QyHKITUN:

1 ®opmupoBanue 3JIEKTPUIECKUX UMITYJIHCOB 3aJAHHOM JJIUTEIIb-
HOCTH U 4aCTOTbhI, 00€CHEYNBAIOMINX CIAXKEHHYIO PA0OTy U3Mepu-
TeJIbHBIX KaHAJIOB.

2 N3mepenne BeIWIUHBI SJIEKTPUIECKOTO HANPAXKEHUSA HA, BBIXOJE
HpI/IéMHI/IKOB B KaXXJOM KaHaJIe B TOYHO 33aJlaHHBIE MOMEHTHI
BPEMEHHN C TIOMOIIIBIO aHAJIOTO-III(PPOBOTO TPEOOPA3OBATES.

3 Hudposoe oresienue n0e3HOr0 CUrHAJIA OT IIyMOBON COCTABIIS-
[omIeit.

4 OHO3H3,HI/Ie OEePpEeKPbITHA OIITHYIECKOIO KaHaJla TeJIOM YeJIOBEKa
U ero LOCJIEAYIOee OTKpbiTUe (3JeMeHTapHble COObiTUd B
KaHaJax).

5 ®opmupoBanue u 3anomunanue GPeimMos, ComePKAIIUX TOCIeI0-
BATEJILHOCTH JIEMEHTAPHBIX COOBITHI.

6 Amanu3 dpeiiMoB Uid  pacno3HaBaHus abCTPAKTHOTO 00pa3sa
JIBUZKEHMUS.

7 Tlomaga 3ByKOBOrO CHUTHAJIA [IPU TPOXOXKIEHUH I€IOBEKA.

8 Ilomcuér kKoamdYecTBa BOIIEANINX B TIOMEIIEHWE U BBIIIEIITUX
W3 HEro, a TaKKe IMOACUYET KOJMMYECTBA JIIOMEH, HAXOMAMNXCA B
IIOMEIEHNN B JAHHBIA MOMEHT.

9 Orobpazkenre pe3yabTATOB MTOACIETA HA, IUCILIEE.

Brueraue ycrpoiicTtBa

Bremare 1m0 OTHOIEHWIO K MHUKPOKOHTDOJIIEPY YCTPOMCTBA
BKJIIOYAIOT B ce0si JIBA YCUJIUTEIs] MOIIHOCTH, JIBA YCHJIATEsS CATHAJIA,
3BYKOBOU OIOBEIATEb U JIBOMYHBIA WHIUKATOP CYETUUKA.

Yeunurenb MOITHOCTY BBITOJHEH HA OUIOMSPHOM TPAH3UCTOPE
KT315. Insa BritodYeHWs W3AyYaress TPAH3UCTOP C IMIOMOIIBIO
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MPSIMOYTOJILHOTO WMITYJIbCA TIEPEBOIUTCS B PEXKUM HAChIIeHus. [1pu
9TOM CHJIA TOKA HYepe3 CBETOMWOJ OrPAHUYIUBAETCS CIEIHAIBHO
OI00paHHBIM PE3UCTOPOM U cocTasisger 100 MA.

Yeunurenb curHaga — ABYXKACKAIHBIA C mepemadeil MOCTOSHHOM
COCTABJIAIONIEN CUTHAJIA, — BBIIOJTHEH HA KOMILIEMEHTAPHON mape OUIIo-
napubrx TpansuctopoB KT315 u KT361 ¢ memocpeacTBeHHOM CBA3BHIO
Mexk Ty Kackagamu Koadbdunment ycunenus no nanpsizkeanto — 103.

Ha BbixOme ycuiurenss ypoBeHb IIyMa, OOYCJIOBIEHHBIN (IIyK-
TyaIusiMi OCBEIEHHOCTA MPUEMHUKA H3IYICHUA U IJIEKTPHICCKUMHU
HABOJKAME, UMEET BEIUIHHY MOPIIKA HECKOJbKUX IECATKOB MUJLIH-
BOJibT. OILIbIThI IHOKA3aJIM, YTO HAJIE2KHOE OT/Ie/IEHHE [10JIE3HOIO CUIHAJIA,
OT TIIyMa BO3MOXKHO, €CJIM TOJIE3HBI CHUTHAJ TPEBHIMAET (DOHOBOE
3HAYEHNE HE MeHee, 9Ye€M Ha, BeIudYuHy ypoBH# Immyma. OTmenenue
MOJIE3HOTO CUTHAJIA OT (POHA BO3TOXKEHO HA apudMeTHIecKuil OJ0K
MHUKPOKOHTposiepa. s mudpoBoit 06paboTKM BBIXOIHOE HAIIPSKE-
HHE YCHUJIATEJIsI CATHAJA ONUMPOBLIBACTCH HMEIONIAMCSI B MUKPOKOH-
TpOJLIEPe aHAJIOTO-IIU(PPOBHIM TTPEOOPA3OBATEIEM.

3BYKOBOi1 OIMOBEMATE/b MPUOOpa TMPEACTaBIsieT n3 cebsd MUHHUA-
TIOPHBIA I'POMKOTOBOPHUTEJIb, TTOJIK/IIOYEHHBIN Yepe3 OrpaHuYUuBAOIINA
PE3UCTOp HEMOCPEICTBEHHO K MU(PPOBOMY MOPTY MHUKPOKOHTPOJLIEPA.
st momadn 3ByKOBOI'O CHUTHAJA MHKPOKOHTPOJIJIEDp TE€HEPHUPYET Ha
9TOM MOPTE KOPOTKYIO CEPUIO MPSIMOYTOJIHHBIX UMITYIbCOB C TPEOYyEMOii
9aCTOTOMH, B 3aBUCHMOCTH OT TOTO, O KAKOM COOBITHHU HYKHO OTIOBECTUTH
9KCIIEPUMEHTATOPA.

JIBOMYHBI WHAMKATOP CYETYMKA BBINOJHEH B BHIAE JUHEHKH
W3 HECKOJBKHX CBETOIMOMOB, MOAKJJIIOUEHHBIX K IU(PPOBOMY IOPTY
MHKPOKOHTpO/LIepa. VHINKATOp B peajibHOM BPEMEHH OTOOpazKaer
(B ABOMYHOM KOJ€) Pa3HOCTH MEXKJIY HYHUCJIOM BOUIEIIIAX W YUCIOM
BBIIIEINTAX U3 TOMEIEHNS TOCeTUTEIeH.

Yr[paB.nsnomaﬂ InIporpamMmmMma

Vupasisiomas Bceifi U3MEPUTESbHONH CHCTEMON mporpaMmMa Ha-
nucana #Ha sa3bike C++. IIporpamma 3aBegyer MOJKIIOYEHHBIME K
MHUKDPOKOHTPOJIJIEPY BHEITHUMHU YCTPOWCTBAMHU W AHAJU3UPYET COOBI-
TUA, TPOUCXOAAIINE B U3MEPUTEJIHHOI cucTeMe.

KnroueBast dbyHKIMs mMporpaMMbl — pPACIO3HABaHWE aOCTPAKTHBIX
00pa30B [IBUIKEHWS GEJIOBEKA [Jisi KOPPEKTHOrO CYéTa BXOAAIMAX WU
BhIXOAANMX ocerureseii. [Iponeaypa pacno3naBanus 4epuaer JaHHbIe
"3 CIEeIMaIhHOTO CTEeKa, HAKAIIMBAIONEro W XpaHsimero dpeiv c
OdYepeHBIM 00Pa30M.

69



Paszgen 1

AbGcTpakTHBIE 00pa3bl ABUXKEHUS

AbGcrpakTHblii 00pa3 ABHXKEHHUsI Ye/IOBEKA — ITO IOCJIEI0BATE b
HOCTH 3JIEMEHTAPHBIX COOBITHI B ONTHYECKHX KaHa/ax npubopa. B
CUCTEME pA3JIMYAIOTCHd JBa BUJIA DJIEMEHTAPHBIX COOBITHIl, KOTODbHIE
yI00HO 0D03HAYUTD CJIEAYIOMINMEA CUMBOJIAMY:

. — 3aKpbITHE ONTHYECKOTO KaHaJa (TeJOM 9YesOBeKa)

O — OTKPBITHE OMTHYIECKOTO KaHAJIA

Cepuro 3jeMEHTAPHBIX COOBITHH, (OPMUPYIOMIYI0 AOCTPAKTHBIH
obpa3, ymobHO u300pa3uTh MATPHUIEH, TJAe HOMEpP CTPOKH, Ha
PHUCYHKaX BO3pACTAOMUil CBEPXy BHH3 — 3TO HOMEP KaHAIa, a
[OCJIEZOBATEIBHOCTD CTOJIOIOB MATPUIIbl CJIEBA HANPABO M300pazkaer
YIOPSITOYEHHOCTD HJIEMEHTAPHBIX COOBITHH MO0 BPEMEHU, KaK TIOKA3aHO
B Tabaure 1.

Tabauna 1 — AbGcrpakTHble 00pa3bl, KOTOPbIE yMEET PAaCIO3HABATH
cucrema

«MEJIKO€» BTOPXKEHHE YeJIOBEKA B KOHTDOJIbHYIO 30HY B
.O HaIpaBjieHnu 1-2 ¢ BO3BpaToM Ha3a/]| (BTODKEHHE JIUIIb B
onTHIECKHA KaHAI)

«MEJIKO€» BTOPXKEHHE YeJIOBEKA B KOHTDOJIbHYIO 30HY B
.O HaIpapjieHuy 2-1 ¢ BO3BpaToM Ha3aJ| (BTOD:KEHHE JIUIIb B
ONTHYECKUA KAHA)

«rIy0OKOe> BTODIXKEHHE T€JI0BEKA B KOHTPOJIBHYIO 30HY B
[ ) O HampapjeHnu 1-2 ¢ Bo3BpaToM Ha3aJ (BTOp:KeHHE B 06a

L4 ONTHYECKUX KAHAJIA)

P «ITyOOKOe» BTODKEHHE UeJI0OBeKa B KOHTPOJIPHYIO 30HY B
® 9] HalpaBjeHuu 2-1 ¢ BO3BPaTOM Ha3al
® O CKBO3HOE IIPOXOXK/IeHHEe 9€I0BEeKa UepPe3 KOHTPOJIbHYIO 30HY

e O B HalpaBJeHUu 1-2

e O CKBO3HOE IIPOXOXK/I€HHE JeJIOBeKa Iepe3 KOHTPOJBHYIO 30HY
® O B HanpasjeHun 2-1
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3akJiroueHue

JIerko 3ameTuTh, 9TO OCHOBHO# ITPOOJIEMON IBYXJIyIEBOIO METOIA
CU€Ta IIOCETUTENEN ABJISETCH er0 OPUEHTAIM HA CJIMIIKOM YIIPOIIEH-
HYI0O MOJEJb YeJIOBEKA: BEPTUKAIbHBIA €TOJI0 0e3 pyk u 6e3 HOr.
OH_II/I6KI/I cuéra BO3HHKaAIOT, KOIJJa ONTHUYECKHE KaHaJIbl PaCIIOJIOXKEHbBI
Ha YPOBHE TIOsICA YEJOBEKA, M UETOBEK HAUMHAET MPH XOALOE IMIMPOKO
pa3maxmBaTh pykamu. HapepHoe, mpaBUIbHBINH CIET BO3MOXKEH W B
9TOH CHTyaluw, HO Jjid 00jiee TOYHOIO PACIO3HABAHHUS TOILO, 9TO
JIefCTBUTEIHHO MPOUCXOJAUT B KOHTPOJBHOM MPOCTPAHCTBE, TpebyeTcs
YBEJIMYEHUE YUCIIa ONMTUYECKUX KAHAJIOB U, COOTBETCTBEHHO, YCIOXKHE-
Hre Habopa abCTPAKTHBIX 00PA30B ABMKEHH. KakKuM MMEHHO JOIKHO
6bITb MHUHHUMAJIBHOE KOJINYECTBO OIITUYECKUX KaHAJIOB U a6CTpa,KTHbIX
00pa30B, MOXKHO BBIACHUTD TOJBKO B 9KCIIEPUMEHTAX.

TWO-BEAM VISITOR COUNTER

Anatoly Michailovich Sivkov
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: amsiv@mail.Tu

The article deals with an experimental device for studying the possibilities of
a two-beam method of counting incoming and outgoing visitors. An algorithm is
described, based on the recognition of abstract images, generated by measuring

channels.

Keywords: two-beam visitor counter, recognition of abstract images.
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AHAJIN3 TEXHUNYECKUX CPEICTB IIOJCYETA
KOJIMYECTBA JIIOAEU B 3JAHNN

P.A. I'puzopsn

Axazemusi rocymapersennoit nporunokapHoit ciayk6oer MUC Poccun,
r. Mocksa, Poccus.

e-mail: evacsystem@gmail.com

IIposeden anaau3 cyuLecmsyrOWUT METHUYECKUT CPEIcme nodcuema Koaure-
cmea ardet 6 3danuu. Onpedeserv ux npeumyuecmes u wedocmamxu. Cdeaan
8600 0 NPUMEHUMOCTNY CYULLCTNBYOUWUT METHUYECKUT cpedcms das nodcuema
KoAuvecmea aodeli 6 30aHUU.

KiniodeBble cJIOBa: MOHHTODHHI, IOACYET JIOAeH, CHCTeMBI MOHHTOPHUHTA

KOJIAYIeCTBa JIOAeH.

B Hacrositiee BpeMst Kpaiine akTyasbHa TpobeMa obecrneder s 6e3-
OTMACHOCTHY JIIO/Ie B MECTaX C WX MACCOBBIM MPEOBIBAHMEM, TAKUX KaK
KPYIHBIE TOPTOBBIE IEHTPHI, TOPTOBO-PA3BJIEKATEIbHBIE W O(MUCHBIE
KOMILTEKChI. CJIOKHOCTD IMJIAHUPOBOYHBIX PeIeHuit, OOIBbIIoe KOJIU-
YECTBO 3BAaKYAIlMOHHBIX BbBIXOJO0B CO3AAI0T TPYAHOCTHU IIPH 3BaKyallun
BO BpeMsd 4Ype3BbIYAiHBIX cHATyalmii, TAaK KaK 3a4acTyl0 OHU HE OCBe-
JOMJIEHBI O HAJIUYUU U OJOCTYMHOCTHU CYMIECTBYIOIMINX 3BAKYAITMOHHBIX
BbIXOJIOB. Jljist perieHus JaHHON 3a/Ja4M TPEJJIaraloTcsd pa3jundHbIe
CHUCTEMbI yIpaBJieHus 3BaKyalmeii jaroeil npu noxape [1-3], koropsie, B
TOM YHCJIe TO3BOJISIOT OIPEIETSATh O€30MACHBIA MAPIIPYT ABUKEHUT HA
OCHOBAHUU PsAa MapaMeTPOB: KOJWYECTBO JIOAell B 3JaHUU, HAJTUINE
OTMACHBIX (PAKTOPOB MOXKAPA, JJIMHA MApIIPyTa ABuzxkeHus u ap. OaHa-
KO B COCTaBe JaHHBIX CHCTEM BOIIPOC NMOJYYICHUA TOCTOBEPHBIX JTaHHBIX
O KOJWYeCTBe JIIOJeH BHYTPH 3aHUdA, PelIeHne KOTOPOro ABJAETCH
HEOOXOINMBIM /I ONpee/TeHns 0e30IacHOr0 MapIIpyTa IBAKYAIluH,
HIO-TIpEeKHEMY ABJIAECTCA aKTYAJbHBIM.

s amanm3a  crmocoboB cObopa WHQMOPMAIMH O pacipeaeIeHnn
HIOILeﬁ 0 TIOMEINEHUAM 3JIaHUA U CPAaBHEHUA XAPAKTEPUCTUK YIKe
CYIIECTBYIONINX CHCTEM TIOJACYETa KOJIMYECTBA MOCETUTEJEeH ObLI
MPOBeIeH UX 0030p, Pe3yaIbTaThl KOTOPOTO MPeACTaBIeHb B Tabaure 1.
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Tabmmna 1 — CucreMbl mOACYETA KOJMMYECTBA IIOCETUTENeH

Crocob moxcyera IIpumene-
Ne Hazsanue (Buieocuerduxk, HUe B CUC-
n/m | KOMIaHWW CTEPEOBUILOCIETINK, Temax Oe-
CHEIMATbHbIH MOLYJIb U JP.) 30MMACHOCTH
1 2 3 4
OoTOoT Nudpakpacubrii
1 Electronics BHUJIEOCUETUNK, HET
LtD CYUTBHIBATEH OUIETOB
CrepeoBu1€0CUIETINK,
2 SenSource nudpaKPaACHDBII HET
CTEPEOBUIEOCTETINK
3 Trisys Nudpakpacubrii Her
CTEPEOBUIEOCIETINK
4 Axper Bugeocueryunxk, HeT
CTEPEOBUIEOCTETINK
CrepeoBuie0CcYeTINK,
5 V-count nadpPaKpacHbIi, HeT
CTEPEOBUIEOCHETYUK
Crepeosuneocuerank + 10,
6 Cognimatics nadpPaKpPaCHBIH, HET
CTEPEOBUIEOCIETYNK
CeHCOpHBIH TOPU30HTAIHHBIH
. Trafsys CYETYHK, BI/I,ZLBOC‘{GT‘{HvK+HO, o
nHMPaAKPACHBII
CTEPEOBUIEOCHETUNK
8 Xovis CrepeoBuaeocYeTInK HeT
9 LASE JlazepHrbrit ckamHep, HeT
CTEPEOBUIEOCIETINK
Harauk gBuzKkenunsa +
10 Geovision [IPOrPAMMHO- HET
annapaTHbIi, KOMIIJIEKC
11 Tee MLI crepeoBugeodeTdnk HeT
12 Density Mndpaxpacibiii HET
CTEPEOBUIEOCIETINK
Chambers- Paznuanbie Bapuanun
13 . TOPU30HTATBHBIX HET
electronics
CYETUINKOB, IIATOMEP.
14 Axis ITO + cramuonapHbIit o
BHJICOCEPBED
15 Aimetis 1o HET
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[Ipomomxkenne Tabaumbr 1

1 2 3 4
CrepeoBueocueTduk +
16 | Footfallcam HET
oeciiarnoe 110
TopusoHTaNBHBIH CYETYHK,
People-
17 . BU/IEOCUETYUK, HET
counting .
uH(PAKPACHBIA BUIEOCUETINK
CrepeoBueocyeTdnK +
18 Eurotech P 8 . HET
MYJIBTHCEPBUCHBIN, TILITIO3
.. . IIporpamMmmuO-anmapaTHbIi
19 | Kiwisecurity borp P HET
KOMTLJIEKC
Paznuanbie Bapuanun
TOPU3OHTAJIBHBIX CYETINKOB
20 Evolveplus p . ’ HET
nH(PAKPACHBIN BUIEOCIETINK
+ ceTeBoi 1103
. . Buneocueruuk, nndpakpacubrit
21 HighLite s ’ (_;OP P HET
TOPU30HTAJILHBIA CYETIUK
22 Inkryptis Buneocuerank HeT
lopu3oHTANBHBIN CIETYHK,
. CTEPEOBUIEOCIETINK
23 | Blipsystems P A . HeT
nHOPaAKPACHBII
CTEPEOBUIEOCIETINK
Topu3zoHTANBHBI CYETINK
24 Nortech Ha HEIPOHHOI CeTH, HeT
BUJICOCYETINK
25 TDSI NudpakpacHblii BUIE0CIETINK HET
26 Vitracom CrepeoBuIe0CueTInK HET
CrepeoBuieocaeTInK
27 | Megacount P A0 ’ HET
TOPU30HTAJILHBIA CYETIUK
28 Macroscop IT1O + IP - Bumeokamepa HeT
Buneocuerunk
29 CountBOX . ’ HET
CTEPEOBUIEOCTETINK
Paznuunnie Bapuanun
purarg
TOPU30HTAJIBHBIX CYETINKOB
30 CountMax P ’ HET
CTEPEOBUIEOCUETYNK, PAMIIA
¢ UK pgaramkamu, TepMOIATINK
Institute for
1O + Buaeokamepa
31 Advanced (cre eOBI/I:;IeOKaMepa) rer
Simulation P P
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Awanuz rtabmumer 1 mokasaj, YTO CaMble PaCIpPOCTPAHEHHBIE
CIOCOOBI  TIOZICYeTa KOJIMYECTBA IOCETHUTENeil B PA3HBIX CHUCTEMAX
JeATcd Ha CIeAYIoNIne THITLI, TPeJCTAaBIeHHbIE Ha PUCYHKEe 1.

m rOpHBDHTEII bHbIH CHETHMK

— BuaeocyeTymK

— CTepeoBMALOCHETHMK

— WHdpakpacHbIi BUOEOCUETYHK

— WMHbpakpacHslii CTEPEOBUABOCHETUMK

THNbl TEXHUYECKMX YCTPOWCTB

. Buaeokamepa co cneumansHeim N0

Pucynok 1 — Twumnbl TeXHUYECKUX YCTPONCTB, UCIOIB3YEMbIX
JJ1d IIojicYeTa KOJIU4eCcTBa JIIoJeld B 3/IaHUHU.

PaccmoTpum Kaxk bt U3 3TUX €rnocoboB. [Opu3OHTAILHBIE CYeT-
YUKW yCTAHABJMBAIOTCHA B JBEPHBIX IPOXOJAX WK KOPHIOpaX Ha
HEOOBIIOM PACCTOSHAU CAMMETPUYHO JAPYT OT Apyra. llogcder mo-
CeTHUTENel OCYNIECTBISETCSA IyTEM IIOJCUYETa KOJIUIECTBA MEPECedeHnit
vesioBekom undpakpacuoro (1K) syua. Hekoropsbie u3 paccMorpentbix
POPU3OHTAJILHBIX CUCTYUKOB HE SIBJIAIOTCS [IBYHANPABJCHHBIMHU (T. €.
HE ONPEJIEJISIOT HANPAB/ICHUE [IBUKEHUS TOCETUTEIsI U TAKUM 00pa3oM
HE MOIYyT KOPPEKTHO IMOJCYUTATH KOJMYECTBO BOIIEAIIUX W BbIIIE-
mnx). HeBo3amMoxKHOCTb OIHOBPEMEHHOIO MOICYeTa HECKOJIbKUX JIHOZEit
IPOXOAANIMX YePe3 JIMHHUIO IOJCYETa TOPU3OHTAILHOIO CUYETIUKA W
OIPAHUYEHHOCTH B HAJWYUW MPUEMJIEMBIX MECT IJIf WX DPA3MEIICHUs
JIeJIaeT 3aTPYAHATELHBIM UCII0/Ib30BAHNE TOPU30OHTAIbBHBIX CIETINKOB
JUIS 339U MOJICYeTa KOJIMIECTBA TOCETUTEIEH.

BugeocueTynk — 3TO BHIEOKAMEpa € MHTETPUPOBAHHON IIPONEC-
COpPHO# IIJTATOM, BHYTPH KOTOPOIl BEIyTCs pacdeTbl U (pOopMUpyeTcs
roropas TabJMIA JAHHBIX, KOTOPas IIEPEJAETCA HA CEPBED, IIEPCOHAb-
Hbiit kKommbiorep (ITK) min 1pyroe mofKIIIOYEHHOE K CHCTEME TIOJICUeTa
noceruTesiell ycrpoiicrBo. B GOJBIIUHCTBE CHUCTEM BUICOCUYETIUK I0-
CTaBJIIETCsI BMECTE€ CO CIEIUAJILHBIM [POrPAMMHBIM 00eCIeYeHueM
(TIO), ¥ KOTOpPOMY TakKe MpPeIOCTaBJsdercs OOJIadHbIl cepBep JJist
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xpanenns: gaHabX. [logcuer KommdecTBa moceTuTesneil BeIETCS MyTeM
MO/ICYETa KOJUYIECTBA, JABUKYIUXCS OOBEKTOB, TEPECEKINNX YCJIOB-
HYIO «JIMHUIO» IOJCYeTa, OIpededeMyl0 IPU IIOMOIIU CIelUaaIbHOrO
ITIO (upu wanuuuum). Bujgeocyeryuk siBjseTcs CBETOUYBCTBUTEIbHBIM
YCTPOHCTBOM U pearupyer Ha BCIBILIKM CBeTa WU €ro OTCyTCTBUE
Ha ydJacTKe TO/CYeTa, MOKET MPWHATHL He TIPEJICTABJISIONINEe MHTEpeC
00beKTHI (KOP3UHbBI, CYMKHU, KPYIHAsA JBUXKYINAACT TEXHUKA) 38 JIOEH
¥ BKJIIOYUTH UX B IMOJCYET.

CTepeoBu1€0CIETINKY OTINIAIOTCS OT BUIEOCUETINKOB HAJIMINEM
JIOTIOJTHATEIFHOM KaMepbl, TAK2KE BCTPOEHHON HA IIJIATY, 9TO MO3BOJISIET
BECTHU MOJICYETHI B TPEX U3MEPEHUAX C YIETOM rabapuTOB JIBHKY IIIAXCS
00bekToB.  CTepeoBuIeOCYETINK — sBJSETCs  00Jiee  TOYHBIM, YeM
BUJEOCUYETUNK, TOCKOJIBbKY MOMXKET OTCENBATH OOBLEKTHI, HAMPUMED,
9bs BBICOTA HE V/IOBJETBOPSET MUHUMAJIBHO 33aHHON, W HE BECTHU
MOJICYET HE TPEACTABILAIONINX wWHTEpeC 00bekToB. J[lasg paboTst
CTEPEOBHUIEOCIETINKA TaKKe TpeOyeTcss cTabnIbHOE OCBEIEHNE.

Moaudukanum BHIEOCIYETINKA U CTEPEOBUIEOCIETUNKA CO BCTPO-
E€HHBIMU HHQPPAKPACHBIME JATIAKAMH MOTYT CTa0HIBHO PAabOTATH B
[IOJTHOM TEMHOTE, 9TO 00eCHeYnBaeT CaMyI0 BBICOKYIO TOYHOCTD IOJI-
cyera.

Bosnee nompobro 6buia m3ydena pabora crnenuanbuoro 1O mis
ToZICYeTa TIOCETUTENIEH, KOTopas cobmpaer mgaHHble ¢ IP-KaMmepnl
7 TPOM3BOAWUT TOJACYET yKe He B O00OJIOYKe BH/IEOyCTPOMCTBA, a
HEITOCPEICTBEHHO HA KOMIbIoTepe. /15 onenkn paboThl CHenuaabHOrO
IO B mpemenax omuoro 3sraxka ydebHoro kopryca Axkagemun T'TIC
MYC Poccurm Obutl pa3BepHYT HKCIEPUMEHTAIBHBI TPOrPAMMHO-
ammaparubiii kommieke (DITAK), mossonsronmii pa3paboraTs HayIHO-
OOOCHOBAHHBIE TOAXOALI K YCOBEPIIEHCTBOBAHUIO CYIIECTBYOIINX
criocoboB duKcamyy MepeMeIIenns JoAel BHyTpu 3maHus. B xome
paborsr B DITAK 6bL1u 0Ty YeHbl CIIeYOIHe Pe3yIbTaTh:

1 HeBo3moxkna koppekTHasi paboTa MOIy/d IMOACYETA JIOAeH B
IIOMEIIECHUHN C HU3KUM YPOBHEM OCBEIICHHOCTH.

2 Moaynp mozcaeTa MOCETUTENel He peaju3dyeT 3aJady TOJICUeTa
Jofel, WAYIIMX BMeECTe, KakK MpPH BbIOOpe QYHKIUH TOJCUYETa
JBUKYIIUXCS TPYII JIIOAeH, TaK W IpHU BbIOOpPe (PYyHKIHMH MMOACIETA
JIEOJTEl, ABUKYIIUXCS pa3aesbHo. B 0b60oux ciydasix 00beKTHI, WayIIue
BMeCTe, BOCTTPUHUMAIOTCS CUCTEMOM HEeI0CTOBEPHO.

3 Pabora wMomynst moicuera MOCETUTENEH 3aTpydHSAETCS TpU
HaJIMIUU IEPCIIEKTUBBI HA I/I306pa)KeHI/H/II yBeJII/I‘-IeHI/Ie njain yMeHbIHeHI/Ie
pa3Mepa 00bEKTOB Ha, BHACOM300PAKEHNH MEIIAET CHCTEME ITPOBOINTD
KOPPEKTHBIA pacydeT nX KOJIUIECTBA.
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4 TIpome:KyTOK BpEMEHH MEXKIY BBIBOJAMU WHGMOPMAIUNH O
KOJIMYECTBe JIIo/Iefl Ha yJacTKe B HACTOsIIee BpeMsI cocTaniser OoJiee 1
MHUHYTBI, YTO HEY/IOBJIETBOPUTEIILHO J1JIs1 PAOOTHI CUCTEMbBI YIIPABJIEHUS
sBakyarueit. Indopmarus o KogmdecTse JIio/ieil Ha yIacTKe MePecTaeT
ObITH AKTyaJjIbHA yXKe depe3 3-5 CEeKyHI,.

B xome mambHEHINX WCCIETOBAHMI TIAHWpPYeTCs pa3paboTka
MTPOrPAMMHOTO 00eCedeH st /7T AaHAJIN3a BU/IEOTIOTOKA C TPUMEHEHNEM
HePOCeTeBhIX MOJesieil ¥ TEeXHOJOruil TiIyOMHHOro obydeHwus. ITO
MO3BOJIUT JOCTUYh TOYHOCTH TOpsiaka 95 % B ycnoBusx OMu3KHX K
9BAKYAIMOHHbIM (Cs1a00€ OCBeIleHUEe, BBICOKAs IHJIOTHOCTH JIIOJICKOIO
LIOTOKA).
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ANALYSIS OF TECHNICAL MEANS OF COUNTING OF
NUMBER OF PEOPLE IN THE BUILDING
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The analysis of the available means of people counting systems in the building
was carried out. Their advantages and disadvantages were determined. The
conclusion was made about the applicability of technical means for calculating the
number of people in the building.
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ABTOMATU3NPOBAHHASI CUCTEMA IIOXKAPHOW
(OXPAHHO-IIO2KAPHOU) CUTHAJIN3AIINN

U HU. Mawuno, B.II. Bounkos, B.U.3vix06

OI'OY BO «Kypramuckasi rocygapCTBeHHAs CEIbCKOXO3AICTBEHHAS
akagemus umenn T.C.Manbuesas, r. Kypraun, Poccua, ®T'BOY BO
«Akanemus Tocymapcrsennoit nporuBonoxapHoit ciayx6er MUC
Poccuns, r. Mocksa, Poccus

e-mail: kaf ppb@muail.ru, zykov01@mail.ru

Paccmompenv, npeumyuecmss v HeAOCMAMEU GE8MOMAMUSUPOSAHHBE CU-
cmem oTparnol u noscaprot cuznasusayuy (ACOIIC), npu cozdanuu KOMOPHL
NPUMEHAIOMCA PAOUAGALHO-AYUEBAA U KOADUEEEA TONOAO2UU NOJKAIOUYEHUA PYUHLE
nosicapnux uzsewamenetd (PITH) % yenmpaavnomy nyasvmy ynpasaenus (I[ITY).
Hoxaszana yeaecoobpasnocms NPUMEHEHUA KOALUEBOT MONOA02UY NOOKAOMEHUS
PITHA % uenmpasvhomy nysvmy ynpasaenus. Pewena 3adana coxpaweHus npo-
MANCERHOCTU KAOEALHUT AUHUT (NepeudHuE waeldPos) 6 Heckoavko (decamros
u boaee) pas.

KuiroueBble €JI0Ba: aBTOMATH3UPOBAHHBIE CHCTEMBI OXPAHHOW M MOXKAPHOM
curnanusanun (ACOIIC), paaunanbHO-mydeBas crpykrypa nocrpoenuss ACOIIC,
KosbieBas TonoJiorusi nocrpoenuss ACOTIC, pyduHblie moXKapHBIE U3BENIATENH, JIV-

HUM CBA3W (muteidbl), KOMMYTaTOPEL, (POPMEPOBATENN CATHAIOB, IEPEKIIOIATEN.

3HauuTeNbHAS YACTh HAXOMSIIMXCS B HACTOMAINEE BpeMs B
SKCIIyaTAIlMH CHCTEM OXPAHHOW ¥ TOXKAPHON CHUrHAJIU3AINNN, KakK
OTEYECTBEHHBIX, TaK U 3apy0exKHbIX, HMET PATUATbLHO-IIYYEBYIO
cTpyKTypy mocrpoenus [1, 2]. Takoe HaydHO-TEXHHYECKOE DEIeHNUE,
0 MHEHHIO aBTOpa [2|, ONpaBIaHO <«IPOCTOH CXEMHO-TEXHWYECKO
peanu3aimeil, 00eCeInBaONIEH OJHOZHAYHOCTD PACITN(POBKY BUIA U
aJipeca TPEBOXKHOTO COODIIEHUS, & TAKKE HAJIEKHOCTHIO, JOCTUTAEMOi
HE3aBUCHMOM 00OPabOTKOHW CHTHAJIOB, IOCTYMAIONAX U3 KaxKJI0ro
wreicas.

CoryacHO JAHHOMY TEXHUYECKOMY MOJIXO/Y DSl CEPUIHO BBILYCKa-
€MbIX OTEYECTBEHHBIX [IPUEMHO-KOHTPOJIBHBIX TPUOOPOB, KAK PABUIIO,
UMEET JKECTKYIO CTPYKTYPY, paboTaeT JIUIIh ¢ paguaabHbIMu mIeiida-
MU ¥ C HEAIPECYEMbIMU MOXKAPHBIMY U3BEIIATEIAMU.

Anpuopu paamasbHO-JIydeBas CTPYKTypa TOCTPOEHUST CUCTEMBI
OXPAHHO-TIOYKAPHOW CHUTHAIM3AIMHU OOJiee HAIeXKHa, OJTHAKO Tpedyer
GOJILIIONO KOJIMYECTBA, TIPOBOJOB (JJIMHDI 1IeH(OB), YTO MOBBIIIAET
CTOUMOCTH WH(DOPMAIMOHHON CETH B IETOM.
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CoKpaTuTh MPOTAKEHHOCTh KAOEIbHBIX JIUHU{ (TEPBUYHBIX IIIJIei-
boB) B HECKOIBKO (IeCATKOB 1 G0JIee) pa3 MOXKHO 3a CIET IPUMEHEHUS
KOJIBIIEBOH TOIOJIOTUH, T.€. KOJIBIEBONH KOHMUIYpAIMU ITOIKII0YEHNs
(mocsiefoBaTENILHOrO NOAKJIIIOUEHUsT) epUdEpPUiiHbIX AATIUKOB (U3Be-
maTeneﬁ) C UHJIMBUJAYAJIBHOW aJapecauueil ux B Ipeneax I'PYIIbL
(onTuMmabHBIN BapuaHT 6 u3BemaTesell B OQHON IpyTIe).

[Momaua cuUrHAJIOB TPEBOTM BPYYHYIO B CJIyYae BU3YAJBHOrO O0-
HapYZKEHUsS HA TEPPUTOPWUY 3AIMUIIAEMOr0 OO0BEKTa 33IbIMJIEHHOCTH,
BO3rOpaHud, MI0XKAapa, B3pbIBA, HECAHKIIMOHWPOBAHHOI'O NPOHUKHOBE-
HHA Y€JI0OBEKa, CHT'HaJia TPEBOI'nu (yCTaHOBJ'IeHHOFO COOTBETCTBYIOIIIUM
peKUMOM HA 00DbEKTe, HAIIPUMED, O HEOOXOTUMOCTH IBAKYAIINH JTIO/IEH
73 3AIUIIAEMOT0 TOMEIEHUsT TTPU aBAPUIHON yTeUYKe ra3a, CIOCOOHOH
CO37aTh B3PBLIBOOMACHYIO CHUTYallUI0) OCYIIECTBJISETCS I[TOCPEICTBOM
nyabro PIIN [3].

PIIU moHTHpPYIOTCS, TPEUMYIIECTBEHHO, B 30HAX C ITOBBIMIEHHON
B3pbiBonozkapoonacuoctbio (AXOB, XO, arperarer XTO), a rakxke
BJOJIb IIyTEH 3BaKyalUuu JIOAEd U3 IOMelleHuit (S,HaHHP'I) B COOTBET-
CTBUH C TPEOOBAHUSIMU HOPMATUBHBIX JIOKYMEHTOR.

IMposepka paborocmocobuoctr PIIN  ocymiecTBasiercss momadeit
curuajioB 6e3 pasdurtus creksa (eciau JjuneBas naxeas PIIN 3akpbita
CTEKJIOM, NOKDBITBIM ITIOJIMMEPHOW IJIEHKOH, IIpPeIOXpaHdoIeil oOT
TpPaBM Ipu Pa3bUTHU CTEKJIA).

B mwrarHoMm pexkume (HOPMAaJIbHBIX IKCIUIYATAMOHHBIX YCIOBHUIX
Ha oObekre) cucrema ACOIIC maxoaurTcst B COCTOAHUE IIOCTOSHHOIO
KOHTPOJIST (DYHKITHOHATIBLHBIX OJIOKOB W 1€t OB.

B ciyuae obHapy:KeHHs] OTKJIOHEHUS OT HOPMBI MEPCOHA (BU3Y-
aIbHO O0HAPYKUBIIHIA TO OTKJIOHEHNE) pAa30UBaeT CTEKJIO HA JIUIEBO
marenu PIIV n HaxkuMaeT KHOMKY, KOTOpasd MEXaHUIECKH (DUKCUPYETCs
B HA)KaTOM COCTOsIHWMHU, WJIM BKJIIOYAeT lepekJiodaresb (Tymbiep),
COOTBETCTBYIOLIUIT BUy BO3HUKIIEH HEIITATHOH (MM Ype3BbluaiiHoil)
curyanuu (BHC). Tlpu mocrymmennu curHasia (uHdopMamuu O 3a-
MbIKaHUM KOHTAaKTOB Ha PIIN) ma Tabmo (sxkpame momumropa) LIITY
mosiBJIgeTCs WHMOpMAaIus O BUIE, MECT€ W BPEMEHH BO3HWKHOBEHUS
HEIITATHON CUTYyalluu.

B ciay4aae neobxomumoctu nadopmanus ot HITY mo mogemy moxker
[EPeIABATHC B MOXKAPHYIO YaCTh, CIAYXKOYy OXPAHbI M T.JI., & TAKWKE
WCIIO/IH30BATHCS [IJIsT BKJIIOYEHUST 3BYKOBBIX CUPEH, WH(OPMAITHOHHBIX
TabJI0, YKA3BIBAIOIINX TIYyTH YBAKYAIUH.

CymecrBenubiM HemoctarkoMm cyrmectByonmx ACOIIC, kak yxe
OTMEYaJsOCh BBIIIE, SIBJIAETCS IIOSBIEHUE TEXHUYECKUX TPYIHOCTEN
W MaTepUATbHBIX 3aTPAT INPU HAPAIWBAHUN KOIHIECTBA PYIHBIX
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noxkapubix wussemareneit (PIIN), mpegHasHAueHHBIX I MEPEIAYH
CUTHAJIOB.

Hapsay ¢ »tum, wmontaxk PIIM ©Ha oxpaHseMbIX O0bEKTax
BBI3BIBAET DPsJl TpyaHocTeit u Tpebyer OOJIbIINX KANMUTAIbHBIX
3arpar, Tak Kak Kaxkiabri m3 PIIN coemmmsercs ¢ 1eHTPaJIbHBIM
mynbrom ynpasienus (IITY) asronomubiM kabeseMm, T.e. onpoc PTIN
POU3BOANTCS 1O paauanbHbiM guausM [1-3]. Paspaborana ACOIIC,
CTPYKTypHAsi CX€Ma OJHOTO U3 BAPWAHTOB KOTOPOW C KOJBIIEBOI
koHurypamnueit mnoakmodenuss PIINA, cBobomHas oOT yKa3aHHBIX
HEJIOCTATKOB, IPUBEIEHA HA PUCYHKE 1

Pyqnoit moxkapHbBIii u3BEIIATENH BKJIIOYAET B CeOST KOMMYTATOD
K, dopmuposarens @K, nepekiouarens (tuna tymbiaepa) T u 6710k
BB. Takoe ucnommenme PIIN mo3Bonser mcmomb30BaTh B KadecTBe
smHuy (cBsi3u) nepesadn HHGOPMAIIUY BbIIEJIECHHY IO TeIeOHHYIO I1apy
MIPOBOJIOB AOOHEHTCKOrO TesiepOHA U IepeaaBaTh HH(POPMAIHAIO HA
3HAYUTEIFHOE PACCTOSTHWE TPU BBICOKOW goctoBepHoctu. Bee PIIN
coequnenst ¢ LIITY asyxuposomuoil Tenedonnoit munueii caasu (TJIC).

®opmuposarenb @K BHITIOTHEH ¢ KOTHIECTBOM BXOI0B, PABHBIM | +
m, TPUYEM MEePBBII BXO/ COEIUHEH HEMOCPEICTBEHHO C KOMMYTATOPOM
K, a ocranbabIe M BXOMOB — depe3 mnepekaodaresns 1.

rTABJIO
|(moEHTOP)

|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Pucynok 1 — Crpykrypuas cxema ACOIIC.

K — kommyTarop; @K — popmuposarens Kona; T — mepexkmodaTenn;
BB — Beixommoii 6510k ITK# — mynsT kouTposs; ITK 1 — mpeobpa3oBarens
kozoB; TJIC — renedonnas smnus csasu; BOn — 60k onpoca; BY
— ousiok ympasyenusi; BK — 610k kouTpossi; TOn — tabmo ompoca;
PKn — pacnpenenu-tens komos;. BOII — 60k dukcanum mpocToes;
BU - 6moxk wummukanum; BYm — 00k ymuoxkenus; BC — 0ok
caerankoB; 'BU — remeparop BpemeHubIx umiryabcos; PIIN — pyqnoit
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noxkapHblii uzsemarens; 3IM — «3AJBIMJIEHHOCTb»; B3I -
«BO3T'OPAHUE>; TIZK - <«IIO2KAP»; B3P - «B3PhIB»; HCII
— «<HECAHKIIMOHUPOBAHHOE TTPOHUKHOBEHUEs; CTP -
«CUTHAJI TPEBOT'U».

Pacnpenenmurens PK i cocront u3 n rpynm KOMMYyTHPYIOIIAX SI€EK,
Kaxkgas rpynmna — w3 1 + m gyeek. O JHONMEHHBIE STIYEHKU BCEX TPYIII,
COEIMHEHHBIE TTOC/IEIOBATEIbHO, COCTABIISAIOT PETUCTPHI.

[lpu BO3HWKHOBEHWH JOOOTO W3 BBIMIEYKA3AHHBIX ITECTH BUIOB
HelITaTHON cuTyanuu Ha OObekTe oneparop (Wiau JIpyroe JIUIO)
Brogaer Ha PIIV coorBercTByfomuit nepekaiodarens 1 misd mogadn
curaasa xna rabsmao HITY.

Pyunble mokapHble W3BEIIATEN, MPUMEHSEMbIE B TpPEIIaraeMoi
ACOIIC, neckosbko cinoxuee PITN, ucnonb3yeMbIx Mpu paauaibHO-
JIy9eBOi CTPYKTYpPe MOCTPOEHHUSI CUCTEMbBI OXPAHHO-TIOXKAPHOH CHTHA-
smsamun. Oxanako soinonHenne PIIM, kak um Bcex ocrajibHBIX OJIOKOB
cECTEeMbl Ha djieMeHTax (peppur-peppuToBOil JIOIUKHU, HE [IPEJACTABIsLer
OCODOBIX 3ATPYIHEHWIl W OTJIMYAETCS CPABHUTEIBHO HU3KONH CTOMMO-
CTHIO, YTO TO3BOJIAET MOJIYyYUTh 3HAYATEIHHOE COKDAIIEHNE 3aTpaT 33
CYeT COKpAIIeHus O0IIell MPOTAKEHHOCTH NIIEH(OB, M0 CPABHEHUIO C
pagumasnbHO-Ty4YeBoit crpykrypoii mocrpoenust ACOIIC.

IIpu pazpaborke paccmorpernnoit ACOIIC ucnonb30Banbl HAYIHO-
TEXHUYECKUE DEIIeHns (2 Tak:Ke A APYTUX TPUOPUTETHLIX I1y6/u-
Kaluii aBTOPOB) 110 KOJIBIIEBOI TOMOJIOIMH COEIUHEHUS TepudepuiinbIx
JATYNKOB TIEPBUYIHON NH(MOPMAINH, 3AIMUIIEHHbIE ABTOPCKUMU CBUIE-
TenbCTBaMu Ha u3o0perenns (a.c. Ne 760142 u Ne842883).
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AUTOMATED FIRE-FIGHTING SYSTEM (BURGLAR
AND FIRE) ALARM

Manilo Ivan Ivanovich, Voinkov Victor Pavlovich, Zykov Viadimir
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Abstract. The advantages and disadvantages of automated systems security and
fire alarm systems, the creation of which used the radial-radial and ring topology
connection manual fire detectors (MFD) to the Central control unit. The expediency
of application of the ring topology connect the MFD to the Central control panel.
Solved the problem of reducing the length of the cable lines (primary loops) in a few
(tens or more) times. Such scientific and technical solution provides a relatively
low cost of installation and maintenance of alarm systems by reducing the total

length of strips on the subject of the economy.

Keywords: automated systems security and fire alarm systems
(ASSFAS), radial-beam structure of ASSFAS, ring topology build
ASSFAS, manual fire alarms, communication lines (cables), switches,
signal conditioning, switches.
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Ilposeden anaaud nodrodos x Habatodenuro 3a nosedenuem 4w00ets SHYMPU
3daruu daa 3adavu obecnevwenun ux besonacnocmu. Onpedesenvs UL NPEUMyULe-
cmea u Hedocmamru. CdeaaH 6b1600 0 NPUMEHUMOCTY CYULLCMBYIOULUL CNocobos
HAOAOOEHUA OAA 300GMU MOHUMOPUH2AG KOAUMECTNES A100ell 8 30aHUU 60 6PeMA

26aKYAUUU NPU NOAHCAPE.
KitogyeBble cjlOoBa: MOHUTOPHUHL, YIPABJICHUE IBAKYALUEH, IOACIET JIIOAEH.

OnHoit U3 BaXKHEHIUX 3329 TFOCYIAPCTBA SIBJISETCS ODECIeYEHHe
0e30macHOCTH JIIOel, B TOM YHC/I€ B 3JAHUSIX C WX MAaCCOBBIM TIpe-
ObiBanueM. KomuuecTBo KpynHbIX 3/aHuil (TOProBo-pa3BiiekaTesbHbIe
UEeHTPbI, OUCHBIE U JEJIOBbIE LEHTPbL U AP.) B FOPOAAX HEIPEPHIBHO
pacrer. BmecTe ¢ Tem mHOBBIMAIOTCA W TpeOGOBaHUs IO ODECIEICHUTO
0e30MacHOCTY B TAKUX 3JaHUAX. HEeCMOTpsi Ha OTHOCHUTEHLHO HEDOJIb-
1I10€ CHWKEHUE KOJIMYIECTBA MOKAPOB M MOTHOINMNX B PACCMATPUBAEMON
KaTeropuu OOBbEKTOB, YHCJIOBbIE 3HAYEHUS BCE €Ie BBHICOKU. Tak, B
2015 roxay, B 3manusx npeanpusTtuii Toprosiau Poccuiickoit @eneparun
npousornwio csbime 3 000 moxkapos, HA KOTOPbIX morubso Gosee 30
vesnorek [1]. B mocseamee BpeMsi, K TPAIAUIIMOHHBIM yTPO3aM st TAKUX
3manuii (moxKap, 3eMJIeTPICEHNe U Jp.) M00ABUIACH U TEPPOPUCTUIE-
cKagd yrpo3a (3axBar 3a/I0)KHUKOB, MUHUDOBAHUE 3/aHUS ).

Kak mpaBuiio, mepBooYepeiHbIM OTBETOM HA ITH YIPO3bI SIBJISIETCS
ObicTpas U Ge30omacHast IBaKyalldsl JIOJEH W3 3JaHUS HAPYXKY WU B
30HYy 6E30LIACHOCTH, IJIe TAKKE YI'PO3bl OTCYTCTBYIOT. Jljist 910 3a1a4u
MPEIyCMATPUBAETCS CUCTEMA OIOBEINEHNsT YIPABIEHUS IBAKyaluei
mozeit [2]. Bamada naHHON cHcTEMbI CBOAWTCS K MHOOPMHUPOBAHUIO
JMofel 0 HeoOXOAMMOCTH MOKHHYTH 3JAHWE C MOMOIIBI0 PEYEBBIX
cooDIeHN ¥ yKazaHue HAIpaBJIeHuil ABUKeHus K Bbixogam. OmgHako
[pejjiaraeMble MapIIPyThl HE BCErJA sIBJISIOTCH OE30MACHBIME, TaK KAK
JAHHAS CHCTEMA HE YUNTHIBAET HU HAJIMYNME OMACHOCTEN HA MapIipyTe
JIBIKEHNUsI, HU pacrpeziesienne noaeil BHyTpu 31aunus [3]. Kpome roro,
OTCYTCTBYIOT DEINIeHWsI, HAIPABJE€HHbIE HA obecrmedueHne Oe30macHON
9BaKyalluu OpHU yrpo3e repakra. [103ToMy MOXKHO yTBEPXKIATh, 9TO
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Paszgen 1

WMEHHO OTCYTCTBHWE CHUCTEMBbl MOHWUTODWHTA KOJWYECTBA JIIOAell B
3/IaHUN He IO03BOJIFAET NOJYy4YUTb CBEJIEHHd O pacIpelesieHuu JIojei
BHYTPH 3aHUsI, ONPEIEIUTH OE30MaCHbBIE MAPIIPYThHI ABUKEHUS JTIOIEH
BO BpeMd 3BaKyallud U3 3JaHUdA, U COOTBETCTBEHHO OCYIIECTBJIATH
ylIpaBJieHue U KOOD/IMHAIIMIO IIPOIecca IBAKYalUHU.

B macrositiiee Bpemst Bce OOJIbINE UCCJIEI0BATENIEH YIRIAI0T BHUMa-
HUE PA3BUTHUIO CHCTEM YTIPABICHWS dBaKyallueil JIoel Mpu moxKape:
pa3pabarbiBAIOT MOJEH ONpeeeHns Oe30MaCHbIX MapHIPYTOB JIBU-
Kenus [4], upejiaraior pasjMuHble KOHLUENUMU LIOCTPOEHUH CUCTEM
ympapieHusi spakyanmeit [5]. OmHako 70 HACTOSIIErO BpPEMEHH BCe
elle TEeXHWYECKH HE peaIn30BaHa HU OJHA W3 CUCTEM YIpaBJIEHUS
IBaKyalueii. DTOMY CIOCODCTBYeT cleayomnee OOCTOATenbCTBO. B
OGOJIBIIMHCTBO W3 MPEJJIaraéMbIX ABTOPAMHU MOJENeH U AJTOPUTMOB
BKJIIOYEH LapaMerp — KOJIMYECTBO JIOJell HA Pa3jIMYHbIX y4acTKax (B
MOMEIIEHNH, B KOPUIOpEe, Ha JIECTHUYHON Kjerke u T.1.). Hekoropsie
HCCJIEIOBATEIN TPEJIATAIOT OTPAHUYUTHCS TIPUHITHEM JIeTePMUHUPO-
BaHHbBIX 3HAYEHMI (HANpUMED, U3 pacdera 3 YejioBeka Ha 1 KBaapaTHbIil
MeTp JJisi TOPrOBbIX 3[aHuil), Apyrue aBTopbl BOOOIIE HE NPUHUMAIOT
JIAHHBIN TOKa3aTeslb BO BHUMAaHHE. JleTepMUHMPOBAHHOCTD JAHHBIX
3HAYEHNH 0OYCIABINBAETCS OTCYTCTBUEM B HACTOSIIEE BPEMSI METOIOR
¥ TEXHOJIOTUI TOJIyYeHUsT JAHHBIX O KOJUYECTBe JIIOJeH B 3IaHUH, WX
PaCIpeIe/IeHI] M0 PA3JINIHBIM YIACTKAM 3JaHUs B PEKUME PEabHOrO
BpPEMEHH.

[enbio nccaemoBaHus SIBASETCS QHAJIN3 CYIIECTBYIONIUX CIIOCOOOB
HaOJIIOIEHNS 32 MTOBEJIEHUEM JIIOIEH B 3IaHUN.

OnxuMu U3 ciocobOB UCCIEIOBAHUS TOBEIEHUS JIFOICKOrO MOTOKA,
SBJISIIOTCS BU3YAJIBHBI METOHN W METOObI KUHO(POTOCHEMKU U BHU-
JleOHABIIOIeH s, W3JI0XKeHHble B pabore [6]. CymHoCTh BH3yasbHOrO
MeTOozma HabJIIOeHNS 3aKJI09aeTcs B ciaeayiomemM. [lepen mposeaennem
HAOJIIO/IEHNS, MCCIEJI0BATE/b BHIOUPAET WHTEPECYEMbIl ero y4acrok,
AMEIOMUM OJIM3KHEe 0 CBOMM 3HAYEHWSIM PEOMETPUYECKUE PA3MepBbl.
3aremM BbIOMpAETCHS MECTO, U3 KOTOPOIO HCCJIEJ0BATEb Oymer ocy-
IECTRJIATH HADJIOAeHNE. 3aJaeTCsl ONMPEIeICHHBIA yIaCcTOK PazMepoM
I (ly — magayo y4acrka [, [, — KOHeI[ y4acTka [), HAa KOTOpOM OymyT
OCYIIECTBIISIThC 3aMepbl. [Ipu Hadase JBUMKEHUs JIIOJEH, UCCIeI0Ba-
TeJIb BBIOMPAET OJHOrO YesIOBEKA W3 MOTOKA Ha 3aJ[AHHOM Y/IaJIeHUH,
¥ B MOMEHT II€PECEYCHHs UM Hadajaa HAOJIOZAeMOro ydacTka Iy,
UCCJIEIOBATEIh BKJIIOUAET CEKYHIOMEP M TPOM3BOAUT TOACYUET JIHOIei
Ha KOHIIE ydacTKa li, J0 TeX TOp, MOKa BLIOPAHHBIN paHee 4YeI0BEK
He mepeceder JuHUIO [. Ilocse gero takasi mpoleaypa MOBTOPSETCs
TpebyeMoe KOMUIecTBO pa3. bosee moapoOHO MaHHBIN METO W3/TOXKEH
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B patore [6]. HemocraTkam JaHHOTO METO/A SIBJISIIOTCS CYOhEK THBHOCTh
pe3ynbTaTa, HaupAMYIO BIULMIONIAS Ha TOYHOCTb 3aMEPOB.

Bojiee mepcmeKTUBHBIM B 9TOM OTHOINEHWH MOXKHO CUHTATh
Meros, KuHooToCcheMKu U BueoHabioenus [6], 3akiovatomuiics B
cremytormeM. s mpoBemennst HAOIIOIEHNH BHIOMPAETCA HEOOXOIMMbIit
yYaCTOK B 37aHUW (TOPU30HTANBHBIH Ty Th, TJECTHUIHAS KJIETKA, BBIXOJ
u3 3xanug u T.1.). Co3maercs miaH BHIOPAHHOrO yIaCTKa HAOIIONEH S,
Ha, KOTOPOM OTMEYAIOTCS XaPAKTEPHBIE «MAPKEPHI», UCIOJIb3YIONIHECs
B Ja/JbHEHIIeM KaK M[PUBSA3KA W OPHEHTHUPBL. YCTAHABIUBAETCS
JerekTupyioiiee ycrpoiicrso (Goro uau BuieOKamepa), MPU ITOM
OOBEKTUB JIOJIZKEH OBbITh YCTAHOBJIEH BEPTUKAJIBHO K ILJIOCKOCTH
HabroaeMoro ydacTtka. Jlamgee cosmaercs omopHasi ceTka, KOTOPYIO
HEOOXOIMMO PA3MECTUTH TAKUM 0OpPa30M, YTOOBI €€ HE TEePEKPhIBAJIN
HabIII01aeMble OOBbEKTHI. 3aTeM MPOW3BOAUTCH KATHOPOBKA CETKUA U
kamep. [locie dero mpousBOAATCS HAOIIOMEHUS W AHATU3IUPYIOTCS
[OJIyYeHHbIe pe3ysbrarbl. Bosjee moapoOHO AAHHBIA METOJ| U3JI0KEH
B pabore [6]. Tlo GombIIOMY CYeTy MJAHHBIH METON OTIWYATCS
OT paHee pPaCCMOTPEHHOrO (BU3YaJdbHOTO) 3aMeHON Hab/II0IaTe /s
(desioBEK 3aMeHsieTCsi Ha KaMepbl) W BBOJOM CETOK (OMOpHOI u
PACYeTHOI ), KOTOPbIE IPU AHAJIM3E PE3YJIbTATOB [O3BOJIAT OUPEIETUTh
WH/UBU/IYAJIbHBIE TPACKTOPUHU JIBUXKEHHsI, CKOPOCTH IEPEeMEIleHus,
IJIOTHOCTH TOTOKA. HEeoOXOaMMO OTMETHUTDH, 94TO AHAJIN3 PE3YabTaTOB
U3MEpPEHUsi OCYIIECTB/ISET UEJOBEK, YTO BHOCHT OIPEIEeIEeHHYIO
CyObEKTUBHOCTD TIOJIYIAEMBIX PE3YJIbTATOB.

O6a paccMOTPEHHBIX METO/IA MPUMEHSIOTCS ISl TPOBEICHNST KOH-
TPOJIUPYEMBIX HATYPHBIX IKCIEPUMEHTOB II0 OIpPEEeIeHUI0 CKOPOCTH,
ILUIOTHOCTH JIIOJCKHUX [TIOTOKOB, OIIEHKE IIPOILYCKHON CIIOCOOHOCTH U JAPY-
TUX TAPAMETPOB SBJISIONINXCS (DYHIAMEHTAIBHBIMA B TEOPUH JTFOJICKUAX
TIOTOKOB. ¥ UNTBHIBAsI COBPEMEHHBIN YPOBEHDb PA3BUTHUS HAYKW W TEXHU-
KW, HEIOCTATKOM PACCMOTPEHHBIX METOOB SIBJISETCS HEOOXOIUMOCTH
py4HOIT 00pabOTKH Pe3y/IbTATOB WCCJIEIOBAHWS, YTO MOXKET BHECTHU
OIIpe/IeJIEHHYIO CTEeleHb IIOI'PeIIHOCTH.

Bosee coBepuieHHbIM, B 9TOM OTHOLICHWH SIBJISETCS CHCTEMA
PeTrack [7], paspaborannas B HOJMXCKOM CyNepKOMITBIOTEDPHOM
eHTpe. ABTOMATU3MPOBAHHBIN MPOrPAMMHO-ANMAPATHBIN KOMILJIEKC
PeTrack mo3Bosisier B aBTOMaTHIECKOM PEKUME, HA OCHOBAHUY BHIEO-
MATEPUAJIOB, MOJyYaTh JAHHBIE O TPACKTOPHUSX JBUKEHUS JIOIEH B
obstactu Habmomennsa. Ha ocHOBaHWE ITOy9eHHBIX TPAECKTOPHil IBH-
JKEHUs BBIUUCISIIOTCS CKOPOCTh ¥ IIJIOTHOCTH TOTOKA, HWCCJIEIYIOTCS
KaK WHIWBUIyaJbHBIE OCOOEHHOCTH [IBUKEHWS ¥ TIOBEJIEHUS YEJIO-
BeKa, Tak u TpynmnoBbie. CyIIHOCTH MAHHOW CHCTEMBI 3aKJIIYAETCS
B caeayiomeM. Ha wmccnemyemoMm ydacTke TPOU3BOJUTCS PACCTAHOB-
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K& BUIEOKAMEp, TaKWM O0pa3oM dYTOOBI BECh WCCAEAYEMBIH OOBLEKT
momagas B 00JacTh BUIEOHAOIIOMEHNA. [Ipom3BomuTcs KaanOpOBKa
KaMepbl, TyTeM 33JaHus PACCTOAHUS 0 HAOIIOAAEMBIX OOBEKTOB U
yIJla HaKJOHa Kamep. B Xoie NnpoBeneHus 3KCIEPUMEHTOB OCYIIECTB-
JISETCS BUJEO3AIKUCh IIPOUCXOAALIErO, & 3aTeM, B aBTOMAaTHYECKOM
PeKUMeE TTPOUCXOIUT PACTIO3HABAHUE MTAPAMETPOB 1 UX MPeo0pa30BaHMe
B 4YHCJIeHHbIe 3HA4YeHus. [lojydeHHBIE pE3YyIbTATHI AHAJIUIUPYIOTCSH
B COOTBETCTBHM C 33aJ@49aMu WCCIeaoBanus. HeobXoamMo OTMETHUTH
ONHY BarKHYI0 OCOOEHHOCTH paccMmaTpupaemoro Komiiekca PeTrack.
B cocraBe KoMILIeKca JIOIYyCKAeTCs IPUMEHEHHEe JIBYyX THIIOB BHIEOKa~
Mep: crepeokaMepa M OObluHas BHEOKamepa. B ciydae npuMeHeHus
TTOC/IeTHEH, 0DSI3ATEIHHBIM YCJIOBUEM SIBJISIETCS HOIIEHUE MCCJIEIyEMOM
cyObeKTOM (94e/I0BEKOM) CIEHUaJbHOrO MOJIOBHOIO yOopa, Ha KOTOPOM
HaHeCeHa MeTKa, IOBBIIIAIOIIAS TOYHOCTb BLIYUCJIEHHS. Be3yCcaoBHO
JAaHHOE OOCTOATEILCTBO SIBJIETCI OOPEMEHMTEIbHBIM, OJHAKO TOY-
HOCTb LOJIy4aeMblX JaHHbix (98 %) HuBeaupyer JaHHYI0 OCOOEHHOCTD.

Paccmorpes cymecTByomme crmocoObl HAOTIOAEHUS JIIOICKOTO MO~
TOKA B 3[IaHUH JEJIAeM CJIeAyIoniue BbIBOABI. [Ipexie Bcero, paccMmor-
PEHHbIE METO/bI HAOJIIOIEHUS TPUMEHSJINCH TOJIBKO JIUIIb JJIsd TTPOBe-
JeHHs J1abOPATOPHBIX IKCIEPUMEHTOB. BO-BTOPBIX, y4acTHe YeJIOBEKa
B Lpoueiype HabJOAeHusl JIFOACKOIO [IOTOKA BHOCHUT OIPEHeIeHHYIO
crenens morperntHocTr. Hanbosiee 10CTOBEPHBIM METOIOM OIEHKHU JBU-
JKEHUS JIIOJIel sIBJIfeTCs MporpaMMHO-annaparHbii kommieke PeTrack.
BesyciioBHO, 0COGEHHOCTD €ro npuMeHeHus: (HEOOXOAMMOCTb HATUYUS
MapKepoB Ha HABJII0JAEMbIX) CTABUT 110/, COMHEHHE aJIAIITAIMIO JAHHOM
CUCTEMBI II0J 3a/ady IIOJy4YeHHs JJAHHLIX O KOJIMYECTBe JIOAell B
3JAHUM, UX PACLPEIEJIEHUHN 110 PA3JIMYHBIM y4aCTKAM 3/1aHUs B PE2KUME
peasbHoro Bpemenu. OmHAKO cama TeXHOJIOTHsA (0OpabOTKa BUIEO-
u300paKeHusl PA3IUIHBIME METOJAMU U aJIFOPUTMAMU) 3aCJIy KUBAET
BHUMAHMS.

B xome mambHeiiero mccaenoBanus MIAHAPYETCs pa3paboTKa aB-
TOMAaTU3UPOBAHHON MH(MOPMAILMOHHON CUCTEMbI MOHUTOPUHIA, KOJIYe-
CTBa JIOAEH B 3JAHUW, MO3BOJISIONIASA OCYIIECTBIISATH MOACYET JIIOIEH
BHYTPH 3JaHUsI HA OCHOBE METO/OB WHTEJJIEKTYaIbHOTO BUIEOHADIIIO-
JIeHUS.
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ANALYSIS OF APPROACHES FOR PEOPLE

MONITORING INSIDE THE BUILDINGS FOR THEIR

SAFETY

Denis Vladimirovich Shikhalev
The State Fire Academy of EMERCOM of Russia, 129366 Russia,
Moscow, B. Galushkina str. 4.
e-mail: evacsystem@gmail.com

An analysis of approaches to monitoring the behaviour of people inside the

building has been conducted. Advantages and disadvantages have been identified.

The conclusion has been made about the applicability of monitoring techniques for

the task of people monitoring in a building during an emergency evacuation.

Keywords: monitoring, evacuation management, people counting.
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OBECIIEYEHUE BE3OIIACHOCTU IIYTEMN
9BAKVYAIINN JIFOAEN CO CIIEH 3PUTEJIbHBIX
3AJIOB YUYPEXKJAEHUN KYJIBTYPBI B YCJIOBUSIX
SAIBIMJIEHWA

H.A. Ilepmunos
Yamyperkuit locymapcrBennntit YauBepcuret, 1. xkesck, Poccus
e-mail: na_ perminov@mail.ru

Ungpopmayua 6 cmamove ommuocumcs % 6e3onacnocmu nymet, I80KYAUUL
npu YC 8 yupescleHuAT KYALMYP, UMENUUTL 3PUMEAbHUT 3aA €O CUEHOT
U oprecmposol amol. B wacmmnocmu npusodumcs aKmyaavrocms npobsemvt U
ONUCHLBAEMCA KOHCMPYKUUA CTNAUUOHAPHOZ0 20PUSOHMAALHOZ0 NPECOLPAHUMENAD-
H020 bapvepa, NPeOHA3HANERH020 JAA CTACEHUA A100el, HATOOAUULCA HA CUEHE 8
MOMEHTT, 30.0MAECHUS, O NAGOEHUSA 6 OPKECTNPOSYI0 AMY, HE UMEIOWYIO TLEPUA UAL

UMEWULYIO UL 4ACMULHO.
KuroueBble ciioBa: 6€30I1aCHOCTD, 3BAKyalusd, CETKa, TPOC, ajJeHue.

Bo Bpemsi mpoBemeHusi KyJbTyPHO-MACCOBBIX MEPONPUATHNA B
YUIPEXIEHUSX KYJIbTYPbHI C yIACTHEM DOJIBIIOTO KOJTMYECTBA JIIO/ell Ha
cuerne npu Bo3HuKHOBeHHH UC, 0CODEHHO 3a/bIMJIEHUS [OMEIIEHNUS,
BCErJa CYyIIEeCTBYeT OMACHOCTH MAJEHUsT B OPKECTPOBYIO MY, KOTOPas
HE OrPaXK/IeHA HUKAKWMU MTEPUIAME, WA OTPAXKIEHA, TACTUIHO.

Wcropus cymiecTBOBaHWS MHOTHX TEATPOB, OCOOEHHO B PErMOHAX
P®, conepxut pasindnbie BUIbI HECIACTHBIX CJIY9IAEB, TPOU3OIIEIIINAX
Ha CI[€HE DY HEBBINOJIHEHUU TPEeODOBAHWII OXPAHbI TPY/a U HECODJIIo-
JICHUW TIPABUJI TEXHUKU OE30MACHOCTU TPOU3BOACTBEHHBIX MPOIECCOB:
maJeHne JIEKOPAIUil Ha, JII0fel, OOPBIBBI MOIbEMHBIX TPOCOB U TOMY
momobroe. Cpenu 9TUX C/IyYaeB CBOE 3HAYUTETHHOE MECTO WMEIOT U
MMaJeHusI B OPKECTPOBYIO sIMY IIPHU PA3JIUIHBIX CUTYAIUAX: U CJIyIaiHO
OCTYTIHBINNUCH, X 3AKPY2KUBIIKUCH B TAHIE, U B 33bIMJIEHUHU, KOTJA IO/~
HUMAETCH [MaHUKA. 3aUKCUPOBAHBL U CJIy49ad CMEPTEJIbHBIX HCXOJIOB
TaKUX TMaJEHWI, TAK KAK [JIyOMHA OPKECTPOBOM SIMBI JTOCTHUTAET TPEX
METPOB.

s mpemoTBpaleHns HECYACTHBIX CJIy9aeB MPHA MaJeHWH B
OPKECTPOBYIO sIMy HaMu pa3paboTaHa KOHCTPYKIUS CTAIMOHAPHOIO
TOPHU30HTAJIBHOIO [IPEJOXPAHUTEIHLHOIO Oapbepa.

OcHoBy Oaphepa COCTABJISIET CIACATETHHO-CTPAXOBOYHAS CETKA,
73 MOJMAMUIHOTO BOJIOKHA, KPYYEHOTO B HUTH JHAMETPOM YETHIPE
MUJIJIAMETPA C Pa3MepaMy si9efiKu CTO HA CTO MUJIJIMMETPOB HE MEHEE.
Jura 6apbepa yTOUIHSAETCS IO JITIHHE OPKECTPOBOIl MBI, a TpedyeMas
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MAPWHA — HE MEHee JIBYX C TIOJIOBUHONW METPOB. BI0b KaxK 10 JTTMHHOIM
CTOPOHBI DAphep COMEPIKHUT CTAIBLHON TPOC, CIUIETEHHBIA C MPOIO0ILHO
PACIOJIOKEHHBIMA KPaWHUMU dYeKaMU CITacaTeJbHO-CTPAXOBOYHOM!
cerku. Jlmamerp Tpoca 3aBUCHT OT [JIMHBI AMBI I HAXOJAUTCS B IIPEIeIax
oT cemMu A0 Aecatrd MM. Ha KOHIIAX KazKIOr0 TPOCA BBIIOJTHEHBI
MeTJIA, KOTOPBIE 3AIETIEHBI 33, KPIOKU HATSKHBIX OOJITOB, COAEPIKAIINX
IMUPOKYI0 1maiiby u raiiky. nwHa crep:KHs OoJjTa [TOKHA OBITh
JOCTATOYHA [JjIs TMPOITyCKAaHWsA CKBO3b OOKOBYIO CTEHKY OPKECTPOBOM
AMBI U JUId 1afA0bl U TaiiKu.

[IpenoxparuTenbHbIH Oapbep TOTOBAT K SKCILTYATAITUN CJTETYIOIIIM
00pa30M: 3aKPEIJIAIOT CIIACATETbHO-CTPAXOBOYHYIO CETKy Ha JIBYX
MPOJOJBHBIX TPOCAX 3 KPIOKW HATSIKHBIX OOJITOB, KOTOPHIMH
PEerynupyIoT HaTsKeHne TpocoB. Harskubie OOJTHI BCTABJIAIOTCS B
CKBO3HBIE OTBEPCTHsI, MPOCBEPIEHHBIE B OOKOBBIX CTEHAX OPKECTPOBOIt
AMBI HA TIyOmHe He 6ojee MOTyMeTpa OT YPOBHsS CIeHbI. Marepumas
OOKOBBIX CTEH SIMBbI JIOJIZKE€H OBITH JOCTATOIHO HPOIHBIM, YTOOBI HMETD
BO3MOXKHOCTh C 3alacoM YAep:KUBATh YCUJINE HATAYKEHUS TPOCOB
3HaYeHneM 10 MATH ThicTd HBIOTOHOB, TO ecTh ObITh JMOO KJIaIKOM
KEPaMUIEeCKOr0 TIOJTHOTEJION0 KUPIuda, JTub0 6€TOHOM, M TO U IPyroe
COOTBETCTBYIOIIEN TOIITAHBI.

YcTaHOBIEHHBIN IO U3I0?KEHHOM BBIIIE TEXHOJOIUU CTAIMOHAPHDIIH
TOPU3OHTAILHBIN TTPEIOXPAHNTEILHBIN Oaphep MTOJXKEH BLIIEP:KUBATH
¢ kK03 dunmenToM 3amaca TPOYHOCTH PABHBIM JIBYM JHHAMUYECKOE
naJeHne ¢ YPOBHA CIIEHBI 9eJIOBEKA BECOM CTO KHJIOIPDAMMOB.

JIOmOTHUTETHbHBIM BHIOM HCIOJIB30BAHUSA SABJISIETCS BO3MOXKHOCTD
CHATH Oapbep C KPIOKOB M HATAHYTH €ro Ha CIEHAJIbHBIE OIOPDI
HAJ, CIEHOU /iy CTPAXOBKH BBICTYIIJIEHHMI apTUCTOB B BO3IyXe.
HenocratkoM W3/I0KEHHOM BBINNIE KOHCTPYKIIMM MOXKHO HA3BATH
TOoT AKT, YTO YHOABIIEMY HA CETKY 4YeJOBEKY MPUIETCS CAMOMY
TepeMeInaThCs MO CeTKe 00PaTHO Ha CIIEeHY, TH00 ero MOIbEM IOTpedyeT
HAJIWYIUEe CTPAXOBOYHOTO TPOCA CO CIACATEIHLHBIM TOSCOM.
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MAINTAINING SAFE WAYS TO EVACUATE PEOPLE
FROM THE SCENES OF THE AUDITORIUMS OF
CULTURAL INSTITUTIONS IN THE MIDST OF SMOKE

N. A. Perminov
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: na_ perminov@mail.ru

The information in the article applies to security emergency escape routes
in cultural institutions, with an auditorium with o stage and orchestra pit. In
particular provides the urgency of the problem and describes the design of the
stationary safety barrier designed to rescue persons on the scene at the time of
smoke, from falling into the orchestra pit, railing or having them partially.

Keywords: security, evacuation, netting, rope, fall.



BesonacHocTth B TexHocgepe 2017

VIOK 536(468-+248):678.026

IIOJINMMEPHBIE KOMITIO3UTHI IIOHN>KEHHON
TOPIOYECTU AJId 9JIEMEHTOB CUCTEMBI
VIIPABJIEHU S 9BAKYAITUEN

C.I IIlyxaun, J.C. Ilyxaiun

YamypTcKuit Tocy1apCTBEHHBIN yHUBEpcUTeT, T. UxkeBck, Poccus,
00O «Hossriit mom», 1. NxkeBck

e-mail: shedas@mail.ru

B dannoti pabome uccaedosano esuanue nebosvwur dobasox (do 5 mace.%) ye-
AEPOOHBLT MEMAANCOIEPHCAUUT HAROCPYKMYD, codeporcawur medv (I1), nuxeav
(II) u xobaavm (II), na npoyecc 6CNYHUBAHUA MOOUPUUUPOBAHHOLE INOKCUOHBLE
xomnosuyut (DK), a maxoice na Pusurxo-meranuneckue U menaoPusuneckue
c80ticmea 06pPa3YIOUUTCA Y2AepoonuL new (newoxoxcos). Herodwas snoxcudu-
AHOBAA CMOAG 048 NPUIGHUSA eli 02ZHE3QUUMHBE C80UCcme MoUPUUUPOBALACD
noaugochamom ammonusn. B noasyuenusie cmecu G00G8AANUCD YAEPOOHDIE Me-
MAANCOIEPHCAULUE HAHOCTPYKMYPY, codepacawsue medo (II), nukeav (II) u xo-
6anrvm (1) Heeaedo8aiuch nenokokcss, nosyMertbe us Moouduuuposannoti cMoiv,
6e3 dobasku u ¢ 00606%K0T Y2AEPOOHBT HAHOCMPYKMYD, GKMUBUPOSAHHO20 YA,

apapuma. Cmona omeeporcdanace ITIITA.

KuarouyeBble cjioBa: MEHOKOKCHI, YIJIEPOAHBIE HAHOTPYOKHU, TeMIIEPaTypPOIpO-

BOJAHOCTb.

[lepBoHaganbHO TPEAMONATATIOCH, YTO HAHOCTPYKTYDPHI MOTYT
CIyKUTh 3P PEKTUBHBIME  NEHTPAMH  KPHCTAJUTM3AIUHA  yTIepoa,
00pa3yromerocs B mponecce KapOGOHU3AIMN STIOKCHIHBIX KOMIIO3UIHIA,
a Takxke 3(OHEKTUBHBIMU CTPYKTYPOOOPA30OBATESIMHE, MTOBBITITAIOIIIMA
MEXaHWIECKNe CBONCTBA MEHOKOKCOB.

M3 3aBuCHEMOCTEH TEMIOEMKOCTH OT TeMueparypsl (C)p) BUAHO, 9TO
106aBKU HAHOCTPYKTYD 3HauutesbHOo (HAa ~80-100 °C') mnoBblmaloT
TEMIIEPATYPy MaKCHMaJbHON BeamduHbl Cp,. YUUTLIBas, 9TO 3a POCT
TEIJIOEMKOCTH OTBETCTBEHHA ra3oBas (hasa, CJelyeT IPeIOI0KUTD,
9TO TIpU JOOABIIEHUN HAHOCTPYKTYDP MPOUCXOIUT OOJiee PABHOMEPHOE
pacmpeziesieare  00pa3yoNuXCst Ta30B B CTPYKTYype MEHOKOKCOB, B
PE3yILTATE Y€r0 TEIJIOEMKOCTh MEHOKOKCOB CHUKAETCS OTHOCHTETHHO
MIEHOKOKCOB 0e3 HAHOCTPYKTYD, IPUOINKAACH K TAKOBOH 711 TBEPIOTO
tena. B To ke Bpems moTepu Macchl s pa3HbIX KOMIIO3UIMA OJIN3KH,
TO3TOMY CHMYKEHMe MaKCMMaJsbHON Benmunabl C), A4 TeHOKOKca 6e3
HAHOCTPYKTYD MO CPABHEHWIO C TEHOKOKCAMH C HAHOCTPYKTYpaMU
CBSI3AHO HE C DPA3JIAIHBIMA KOJHYECTBAMU O0OpA3yIOMMXCS Ta30B,
a C pa3IMYHBIM HUX PACIPEJENEHHEM B CTPYKTYyPe IIEHOKOKCOB.
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Crenyer mpeamoIOKUTh, UTO JJis TEHOKOKCA C HAHOCTPYKTYPaMU
pacmpeesieHne ra3a B CTPYKTYPE HECKOJIBKO 00Jiee PABHOMEPHOE, a
CpefHMiI pa3Mep Tra30BOTO Iy3bIpsi MEHbINE, YeM J[Jisd [MEHOKOKCOB
¢ HaHOCTpyKTypamu. Takmm oOpa3oM, MOXKHO yTBEpPXKIATh, HUTO
HAHOCTPYKTYPbL oObecriequBaioT 0O0Jiee PABHOMEPHOE pacIpeiesieHne
Ta30BBIX My3BIPHKOB B TIEHOKOKCAX.

[InoTHOCTHL TpHponHOro rpaduTa pegko Tpesbimaer 2 r/cum®
1 00bMHO cocTaBiser 1.6 r/cM® U HuUXKe; IMJIOTHOCTH TEPEXOIHBIX
dbopm yrmepoma Taxxke He mpepbimator ~1.5-2 r/c3 [1]. TlrorrocTn
IIEHOKOKCOB HUKE€ IJIOTHOCTEN pa3iudHbIX yriepogoB B 1.2-1.5
pa3. 910 MOXker OblThb CBA3aHO C 3aKPbITOW CHCTEMOI 10D,
MTOJIOCTH KOTOPBIX HEIOCTYIHBI JJIs YKUIKOCTA B MHKHOMETDE, WJIN
HECOBEPINEHHOM YTMAaKOBKON YIJIEDOJHBIX CJIOEB W KPUCTAJJIUTOB B
CTPYKTYPE MEHOKOKCOB.

i eHOKOKCOB M3ydYaJiCsd TaKOi MOKa3aTesb, KAaK KPaTHOCTH
BCILyYWBAaHUs, IIOKA3bIBAIOIIMI OTHOCATE/IbHOE YBeJIudeHue oObeMa
YIJIEPOTHOM TIEHBI MO CPABHEHUIO C UCXOTHON KOMMIO3UITHEH.

Kparuocts Benyuusanus (K) 1y1st S1I0KCHIHON CMOJIBI, COIEPKAIIETT
HAHOCTPYKTYPbI TPUOAU3UTENTbHO B 2-3 pas3a O0oJibllie, YeM I
HMCXOTHOM SMOKCUINAHOBOM CMOJIBI ¢ 106aBKO# mosmndocdara aMMOHAS.
Makcumanbruasa Bennanaa K nabmiogaercsa a1 106aBOK, COMEPKAIINAX
Hukeab U KobGasbr, upubsm3uresbHo B 3 pasa Oosiblne, 4Yem y
xoMmmo3unuu 6e3 g00aBok. JlobaBka AKTHUBUPOBAHHOTO YIJIS TaKIKe
MTOBBIMIAET KPATHOCTD BCIIYYMBAHUS MOYTH B 2 pa3a, H00aBKa MOPOIITKA,
rpaduTa, HANPOTHUB, HECKOJBKO MOHWMKAET — NpuOau3uTenbHo B 1.3
pasa.

st OTIEHKHU TeILIO3AIMUTHBIX CBOHCTB PACCIUTHIBAICST KO3(hduiim-
€HT TEeMIIEPATYPONPOBOAHOCTH BemydeHHBIX TpH 800 °C' MeHOKOKCOB [2].

Bemmuubl TeMOepaTyporpoOBOIHOCTH MTEHOKOKCOB (&) Jjis 3TIOK-
CHTHBIX KOMIIO3UIIMI HAHOCTPYKTYpP B 1.5-2 paza Bblllle, 4YeM i1
ITEHOKOKCOB, TIOJIyY€HHBIX U3 SMOKCUIHBIX KOMITO3HUITH.

[IpoyHocTs 1TEHOKOKCOB 1OCJI€ BBe/EHUs [10DABOK 3HAYUTETIHHO
uosblaercd (B ~2.5-3 pasa), Torja Kak BBejeHue 1opolika rpadura
MPAKTUYIECKNE He MPUBOJUT K MOBBIMIEHUIO MPOYHOCTH TEHOKOKCOB,
a AKTHUBUDOBAHHOIO yIJisd — K He3HauurejbHomy (B ~1.25 pa3)
MTOBBIIIEHUTO.

Takum 0O6pa3oM, BBeJeHHE HAHOCTPYKTYDP 3HAYUTEIHLHO HOBBIMIAET
MEXaHUYECKYIO IIPOYHOCTH [TEHOKOKCOB SIOKCU/IHBIX KOMIo3unwmii. Pa-
Hee Ha ipuMepe dyiuieperos Cgy ObLIO MOKa3aHo [3], 910 yriepomHbie
HAHOCTPYKTYPBI JIYUIllE€ CBI3bIBAIOTCS TOJUMEPAMHU, COJIEPIKAIUMA
apoMaTHYECKHEe KOJIbIa ([IOJUCTUPOJI), Y€M HE COojepzKammMu ux (mo-
suMerunmerakpuiar). Anasornuno, OHT B cocraBe snokcuauanoBoit
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CMOJIBI TIPUBOIAT K HEKOTOPOMY CHIXKEHUIO €€ TMPOYHOCTH HA W3TrHb
[4]. B coorBercTBMM € STHM TMOBBINIEHWE TPOYHOCTH ITTEHOKOKCOB C
HAHOCTPYKTYPaMU MOXKHO CBS3aTh C JaHHBIM (PAKTOM, MOCKOJIBKY
B CTPYKTYpe IE€HOKOKCOB, IO-BUIUMOMY, IPUCYTCTBYIOT QparmMen-
ThI APOMATHIECKUX MAKPOMOJIEKy1. II[pOYHOCTD IEHOKOKCOB sABJIS€TCH
BayKHBIM TIOKA3ATEJIEM, MOCKOJIBKY OrHE3aIMUTHBIN 3hdEKT, B oTIndne
OT TEIJIO3AITUTHOIO, 3aBUCUT TaKKe OT CTOMKOCTH K Pa3pyIIeHUIO
MMEHOKOKCOB TOJ JeficTBrueM (DPOHTA, TJIAMEHH U BO3HMKAIOIINX BO
BCILyYHBAIOIIEMCA TOKPBITUU MEXaHUYEeCKUX HAIPAKEHUI.

[TosTomMy MOXKHO yTBEPK/IATh, YTO MOJHMEDHBIE KOMIIO3UIUH,
cojiepzKalliye€ HaHOCTPYKTYPbl, IlIOJIyYeHHble M3 3IOKCUJHBIX CMOJI,
00JIaTAI0T B MEJIOM JIYUIITUMHA OTHE3AIUTHBIMU CBOWCTBAMM.

Crucok aurepartypbl

1. VY66enone, A. P. I'padur u ero Kpucraaindeckue COeJTNHEHUs |
A. P. Yo6enone, @. A. JIsiouc. — M. : Mup, 1965. — 256 c.

2. JIeikoB, A. B. Teopus Temnonposoauoctu. — M. : Boicrr. mik., 1967.

3. Anydpuena, E. B. BzaumozneiicTere moanMepoB ¢ (QyaaepeHoM
C60 / E. B. Anydpuesa, M. I. Kpaxopsik, T. JI. Ananbena, T.
H. Hekpacosa, P. FO. Cupicios // ®TT. — 2002. — T. 44. — Ne 3.
— C. 443-444.

4. Lau, K.-T. Effectiveness of using carbon nanotubes as nano-
reinforcements for advanced composite structures / K.-T. Lau, D.
Hui // Carbon. — 2002. — V. 40, Ne 9. — P. 1605-1606.

93



POLYMER COMPOSITES OF REDUCED
COMBUSTION FOR ELEMENTS OF THE CONTROL
SYSTEM OF EVACUATION

Shuklin Sergey Grigorievich, Shuklin Dmitriy Sergeevich
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
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The influence of small additives (up to 5 mass%) of carbon metal-containing
nanostructures containing copper (I1I), nickel (II) and cobalt (I1) on the process of
swelling of modified epory compositions (EC), as well as on physical-mechanical
And thermophysical properties of formed carbon foams (foam bozes). The starting
epoxydiene resin was modified with ammonium polyphosphate to give it flame
retardant properties. Carbon metal-containing nanostructures containing copper
(1), nickel (II) and cobalt (II) were added to the resulting miztures. Foam cells
obtained from modified resin without additive and with the addition of carbon
nanostructures, activated carbon, graphite were investigated. The resin was cured
by PEPA.

Keywords: foam cokes, carbon nanotubes, thermal diffusivity.



Paznen 11
Texnocdepnasg 6e30macHOCTb



Paszngen IT

VK 004.031.4

ITPOEKT «OBJIAYHOT O CEPBUCA OIIEHKWN
PUCKOB YC 11 YCTONYNNBOCTHN TEPPUTOPUN N
XO3ANCTBYIOIINX CYBBEKTOB»
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Ipedcmasaen npoexm edunozo Web-cepsuca ouenku puckos 6 macwmabe
Poccutickoti Pedepayuu. Onucane aprumexmype npexma, GYHKUUOHGABHOCTY
cucmemvs, NAGH PabOMbL U NPOZPAMMHOA PEGAUIAUUAL NPOIYKMA.

KuarmoueBble cjioBa: TeXHOreHHBIH puck, OO0Ja4YHBIf CEPBUC, YPE3BBIYANHAS

curyauusi, Web-cepsuc.

Bsenenne

Henwio peanuzamnyun mpoekta «OOIaIHOTO CEPBUCA ONEHKHW PHUCKOB
YC u ycToiYnBOCTH [JIsT TEPPUTOPUH U XO3AHCTBYIONIUX CyOHEKTOB»
SBSJISIETCS  IIPeJIoCTaBjIeHne OOJIbIIOMY YHCILy crenuaanctop PO
(cnenuanucrel, paboramoiiue B 00JaCTH ONEHKH DUCKOB U CO3JAHUS
HOPMATHUBHBIX JOKYMEHTOB/LACIOPTOB 6GE301aCHOCTH TEXHOIE€HHBIX
O00BEKTOB) €IWHBIA BeG-MHCTPYMEHT i ornedku puckos UC wu
YCTOWYHUBOCTH [IJIsT TEPPUTOPUI U XO3AUCTBYIOIINX CyObEKTOB.

1. OO6miee onucanne

1.1 Buagenue npoaykra

B Poccun pazpaborana MeTOmOIOTHS PUCK-AHAIN3A, TO3BOJISIIONTAS
[IPOBOJMTH KOJIMYECTBEHHYIO OLEHKY PUCKA.

B menom, omnpejesenne ypoBHsT OMACHOCTH TEXHOTEHHOTO O0BHEKTA
CBOIWTCS K OIEHKE PHCKA BO3HUKHOBEHWS aBAapHUIHONW CHUTyaIluH,
OTIPEJICIEHUI0 YUCTA TOTUOINX U TOCTPAJABIINX CPEIU TMEePCOHATA U
HACEJIEHUsI ¥ MATEPUATBHOrO yIiepba or aBapuu.

Cyuwecrsytomuii  pecypc http://rintd.ru/ [1] yxke nossosser
MTPOBECTH OIEHKY OMACHOCTH TEXHOTEHHOTO O0HEKTA, BISBJISSA MACIITAO
BO3MOXKHOI aBapuu. Ho wHambosiee ONTUMAIBHBIM W HATJISIIHBIM
peIlleHrneM B BOIMPOCE OIEHKH OOBEKTOB 10 YPOBHIO TEXHOTEHHOMN
OIACHOCTH SIBJISIETCS TIOCTPOEHWE HA KapTe MECTHOCTH W30JUHUN
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MOTEHITHAJILHOTO PHCKA, & B BOMPOCE PAHXKWUPOBAHWS TEPPUTOPU
U XO3AUCTBYIONUX CyOBEKTOB — IMOCTPOEHWE CPABHUTEIHHOW KapThI
KOJJIEKTUBHOTO PHCKA, 9TO B WTOTE€ MOTJIO Obl MPEICTABJIATH COOOM
CcBOEOOPA3HYI0 MHTEPAKTUBHYIO «KapTy 0E30MaCHOCTH».

Takum obpa3om, OgHON M3 HANOOIee BAYKHBIX 33a7a49 pa3padaThiBa-
€MOT0 TIPOIYKTA, SABJISIETCS CO3JaHne Kaprorpaduaeckoro narepdeiica.

Jpyroit HeMAIOBaKHOI YACTHIO PAa3PabOTKH SIBIASIETCS IIPOEKTUPO-
BaHUE JIJIsl [I0JIb30BaTE el BO3MOKHOCTH CAMOCTOSTEHHO JT00ABIATH
MO/IyJIM PACYETHBIX 3a/1a9 B PEXKUME OHJIAIH.

Pazpaborke moreskar:

1 Cucremble ¥ apXUTEKTYDHBIE pPEIIEHUS [0 Pa3MEIIeHIO
pa3pabarbiBAEMOrO CEpBUCA OIEHKU PHCKOB B OOJIA4HON cpeje ¢
[IEJIbIO TTOJIyYeHNsT BO3MOYKHOCTH aBTOMATHYIECKOTO MACIITAONPOBAHUS
PECypPCOB TIOJT 3aIPOCHI TIOJIb30BATEIEH.

2 Web-unrepdeiic mocrymna moibp30Baresieit K pecypcy.

3 Opranusarus BeYuCIeHUi n nHTepdeic MOAKIIOYEHNS TOTOTHU-
TEJIbHBIX PACUYETHBIX MOIYJIEH.

4 TexHosorus mpeacTaBIeHns PUCKOB Ha KapTe Poccum.

5 XpaHeHHe PACCYATAHHBIX JIAHHBIX W OPraHU3alds [IPOCTPAH-
CTBEHHBIX 3aMPOCOB HA MMEIOIINXCSA JAHHBIX.

OnaHoit w3 mneneit MPOEKTUPYEMOTO CEPBUCA SBJSETCS CO3TAHUE
€JIMHOrO YHU(DUIIMPOBAHHOTO HHCTPYMEHTA PACYeTa 3324, CBI3aHHBIX
C OI[EHKAMU PHUCKA, PE3YJIbTaThl pabOThl KOTOPOIO MOXKHO CPABHHBATD
U COTMOCTABJSATH JPYr C JPYIOM TPH PAHXHUPOBAHWHM O0OBHEKTOB
¥ TEPPUTOPHI TO YPOBHSIM OMACHOCTH. Takas IMMOCTAHOBKA IIEJIU
MIPE/IMOIATAET, 9YTO JAHHBIM WHCTPYMEHTOM OyAyT MO/Ib30BATHCS
MpaKTUIeCKH Bce coenuaancTtbl Poccuum, paboratomme B obacTh
OLIEHKM DPHUCKOB U CO3JaHMs HOPMATHBHbBIX JIOKYMEHTOB (Hampumep,
IMacmopros GezomacuocTu, Jlekmapanuii 6E30MACHOCTH) TEXHOTEHHBIX
00bekToB. JlocTarouHo rpybasi OIEHKa KOJUYECTBA, MOTEHIMAIbHBIX
OJTHOBpEMEHHO paboTaionmx mojb3oBareseii B Web-cepBuce - 0KOJIO
TBHICAYU CHOEIUATUCTOB. Takas OIEHKAa HAKIAIbIBAET OIMPeIeIeHHbIE
TpeOOBaHUS HA CO3/JABAEMYI0 APXUTEKTYPYy CepBHCAa MO HArpys3ke,
PACHIMPIEMOCTH U BBICOKOH JTOCTYHHOCTH CUCTEMBIL.

1.2 ApxuTeKTypa IpoayKTa

B cuny nakmagplBaeMbIX TPeOOBAHMI HA CHCTEMY IO KOJHYECTBY
OJIHOBPEMEHHO PabOTAIOIIMX C HUM IIOJIb30BATEJIEH, & TaKKe ¢ LEJIbIo
AMETh BO3MOXKHOCTH BHECEHWSI OBICTPBIX W3MEHEeHWi W TpPaBOK B
nporecce Oyaymieit skcmiyaraiuu cucreMbl, CepBUC MPEINOIaraeTcs
HOCTPOUTH [0 IPUHIUIAM MHKDPOCEPBUCHOI apXnTeKTypsl [2, 3].
ITpoekr Cepsuca cocrout u3 cieiyonmx dacreil (pucyHok 1):
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— Beb-unrepdeiic monp30BaTesT — YPOBEHb MPEICTABIEHUS CHU-
cTeMbl. fBisleTcss BXODHOM TOYKOM s moab3oBareneit. Cobupaer
BOEINHO WHQPOPMAIINIO, TIOJIYYEHHYIO OT APYTUX MUKPOCEPBUCOB MPUJIO-
xenus. JlaHHBII MEKPOCEPBUC PEATM30BAH C HUCIIOJIb30BaHMEM Vaadin
Framework [4], nossouisioniemM co3/aThb BeCh yPOBEHb IIPEJCTABJICHUS
(BKJIIOUAST KITMEHTCKYIO YaCTh, 0TOOpaskaeMyio B Opay3epe) ¢ MOMOIIbIO
emHOro A3bika (Java) u eauHoil cpenbl pa3paboTKH.

— Muxkpocepsuc pacuderubix 331a4 — TaskWorker. [Ipunumaer k BbI-
MOJTHEHUIO 33/1a9u (BMECTE ¢ BXOIHLIMU JAHHBIMU), MHUIUUPOBAHHBIE
TOJTb30BATEISIMY, 3arPYZKAET U 3AMyCKAET MPOrPAMMHBIN KO, 33at4H,
BBIJIAET TEKYIUil CTATyC 33/a49M, U B KOHIE PAOOTHI OTIPAB/ISET Pac-
CYMTAHHBIE BBIXOJIHBIE JAHHBIE B MUKPOCEPBUC XPAHEHUS PE3YJIBTATOB
pacueroB. Koj pa3iimaHbIX KOHKPETHBIX 33789 MOYXKET ObITh HAIUCAH
Ha JIIOOOM U3 MOIXOMSANIMX S3LIKOB mporpammuposanus (Java, Scala,
JavaScript, Python, PHP, u T.1. — KOHKpETHBII CIHCOK MOXKET ObITh
BIIOCJ/IE/ICTBUY YTBEPKJIEH) WK ObITh OUHAPHBIM KOIOM (CKOMIIHITUPO-
BaHHbIM i mardopmbr Linux/x64). Takum o6pa3om, KOJIUYECTBO
PACYETHBIX 3a/a9 MOXKET ObITh PACIIMPEHO JIIOOBIM IT0JIb30BATEIEM
CHCTEMbl IyTEM IOAIPY3KH MPOrPAMMHOIO KOJA B PEXKHMME OHJIAMNH.
Bazossriit Habop 3a1a49 JOCTYIEH Cpa3y MpU PA3BEPTHLIBAHUY CHCTEMBI.

— Muxkpocepsuc xpamennsi mHGOpMaAIUK 00 OMACHBIX OODBEKTAX,
K KOTOPBIM OyiyT HpuMeHsTbcs pacderHbie 3agadu — ObjectStorage.
IMonw3oBaTenw camMu HAMOJHSIOT TOT WJIM WHOH OMACHBINH OOBEKT WH-
dopmanmeit, HeoOXOTUMOI /I PACIETOB W, BO3MOXKHO, IJIs TeHEepPAINN
MACIOPTHOM JoKyMeHTarwu. JJoKeH COXpaHATh MPOCTPAHCTBEHHYIO
undopmarmio B GISStorage (rpanunpt o0bekTa, CTpoeHus / TepPUTOPUK
¢ joapMu, cM. gajee). CaMm MOXKeT XPaHUTh TOJILKO JaHHbIe, He0OX0/U-
MbIE IS PACUETHOH 3a1aum — MecTononoxkenune oobekra (Long, Lat),
TOYKH /TIOJIMJIMHAN OMACHBIX IUIOMIAJIOK. DTOT CEPBHC MOXKET OBbITh
obbenunaen ¢ GISStorage ¢ mesbio oNTHMHU3AIME PACIETHBIX 33/1a4.

— MukpocepBuc XpaHeHus TPOTPaMMHBIX MOfyiel (Koma) 3amad —
CodeStroage. Xpauut pasJvndHbEe BEPCUN MOIYJIEH BMECTE C METPUKOA
BPEMEH BBITIOJTHEHUsI, BBINOTHAECT (DOPMATBHYIO MPOBEPKY ApPXHUBA
MO/TyJisl TIPABUJIAM YIAKOBKH U BBIIAET APXWUB MPOTPAMMHOIO KO/
33,1291 110 3a1POCy MUKpocepsucy pacudernbix 3aza4d TaskWorker.

— MukpocepBuc xpaHeHus: pe3yabratoB pacdeToB — ResultStorage.
XpaHuT pe3yJabTAaThl BCEX PACYETOB, KOr/A-TuOO 3alylIeHHbIX B CH-
creme. BbInosHsgeT MEpenpoenupoBaHue PACYETHON CETKU B CHCTEMY
reorpaduyecknx koopaunar WGS-84 [5]. Cpasy mocse coxpaHeHwust
OYEpEIHBIX PE3YJIbTATOB PACIYETOB BHIYUCIISET BKJIA ITUX PE3YIHTATOB
B MH/MBUIYaJbHBIA PUCK JAHHOTO O0bekTa (a TakyKe, BO3MOXKHO, B
o0OLIMil HHAUBULYAJILHBIH PUCK TeppuTopuii). Moxer 6biTh 0ObenuHEH
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¢ GISStorage ¢ 1eab10 ONTUMHU3AINYE PACIETOB KOJUIEKTUBHOTO /MHIN-
BHIyaJbHOI'O PUCKA.

— Mukpocepsuc upoduis nosb3oBareneii — Account. XpaHur
nHQMOPMAINIO O TOJb30BATEISIX CHCTEMbBI, WX MPOMUIbHBIE JAHHBIE.
OrBevaer, BO3MOXKHO, 3a MPOBEDKY /TIOMOJHEHNE CPEJICTB HA CUETY
TOTb30BATEIS.

— MuxkpocepBuc aBropm3arym,/ayTreHTHdOUKALNN  TT0JIH30BATEIEH
- Auth. Tlo3Bosster BOITH/3apErHCTPHPOBATBCA B CHCTEME  TIO
JIOPMHY /HApOJII0 UJIM YePe3 PErucTPaldi0 Ha CTOPOHHUX CEPBUCAX,
TAKAX KaK COIUAJIbHBIE CETH.

— MukpocepBuc XpaHeHHsI U 3aMPOCOB K MPOCTPAHCTBEHHBIM JAH-
ubiM (TTIC — Teo-Iudopmannonnsiv Cucremam [6]), TakuM Kak — rpa-
HUIBI QJIMUHACTPATUBHBIX TEPPUTOPUIL, TOPOJIA U HACEJEHHbBIE IIYHKTHI,
JKUJIBIE CTPOEHUST, WHMOPMAIS O YHCIEHHOCTH TPOKUBAIOIIETO Ha-
CeJIeHWsi, TEPPUTOPUH PACIPE/IEIEHNsT PO3hl BETPOB W CHJIBI BETPA, —
GISStorage. Kpome 3ampocoB Ha TPOCTYIO0 BHIOOPKY, MOYKET MTPOM3BO-
JIUTH CJIOXKHBIE IPOCTPAHCTBEHHbBIE BHIYUCIeHNs (CPEACTBAME TOKIIIO-
YEeHHON K MUKPOCEPBHUCY POCTPaHCTBEHHON 6a3bl manabix PostGIS
[7]). Cesi3HOCTH € ApyrMM¥M JAHHBLIMH BCEil CHCTEMBI OPTAHW30BAHA,
TOJIBKO TIO TTPOCTPAHCTBEHHOMY TIEPECEUEHUIO WJIH TI0 COBIAIAOIIEMY
Ha3BaHWIO 0ObEKTa. DTO ITO3BOJISIET TPOM3BOANUTH OOHOBJIEHHE HacTO
menstornuxcs [NC-ganubix. 37ech ke XPaHUTCS TPOCTPAHCTBEHHAS
4aCTb JIAHHBIX 00 OIlaCHBIX 00bEeKTaX.

— Mukpocepsuc xypHaJIupoBaHus paboThI Beell cucrembl — Logging.
3amucbiBaeT BCE CUCTEMHbBIE COOBITHS s TeJIeil OTIaIKH.

— Bpokep coobrennii, paboratoruii mo mporokosy AMQP, ucrnosn-
3yIOIIMii NOIMyJIgpHBIA open source npoaykT RabbitMQ [8]. fAsnsercs
BaXKHOM COCTABHOM YaCThI0 COBPEMEHHBIX MHKPOCEPBHCHBIX APXHTEK-
Typ. MapmpyTusupyer cooOMeHns, HOCLIAEMbIE APYT APYTY Pas/imd-
HBIMP 9aCTSIMU CHCTEMBI, TIO3BOJIAST WM OBITH 060JIee He3aBUCHMBIMH,
cucTeMe OCTaBaThCs 6OJIee OT3BIBYUBOI J1JIsl TIOJIb30BATEIS.

st B3auMOeficTBUS MUKPOCEPBUCOB HCIIOIb3YETCS apXUTEKTYPa
REST [9] n 6pokep coobuienmii. Bee B3anMomeiicTBUs TPOMCXOIAT BO
BHYTpEHHel BUPTYyaJbHO! ceTn 00JIavHOro IpoBaiiiepa.

Bce wmwmKpocepBuchl pasBepHyTHl B obsmake Kubernetes [10],
ymakoBaHbl u 3amyckatorcs B Buae docker-koureitnepos [11]. O6nako
Kubernetes 6eper ua cebst maorue pyHKImm, HeOOX0IUMbIE i PAOOTHI
U Ppa3BepTLIBAHUS COBPEMEHHOIO MHKPOCEPBHCHOTO IIPHJIOXKEHH S,
TaKHe KaK:

— XpaHeHue yrmakoBaHHBIX docker-o0pa3oB MUKPOCEPBUCOB B €IMHOM
PEIO3UTOPUH;
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Pucynox 1 — MuKpoCepBUCHI CUCTEMBI M WX B3aMMOJICHCTBUE.

— aBTOMaTWYecKoe MacHTabUpOBaHNWE CHCTEMBI, T.e. yBeJnueHne/
YMEHBIIIEHUE YUCJIA OJHOBPEMEHHO PAOOTAIOIINX IK3IEMILISAPOB JHOO0OTO
U3 MHUKPOCEPBUCOB IO PA3JIMYHBIM KpUTEpUsaAM (KaK IPABUIIO, 3TO
BEJIMYMHA HAIPY3KU HA DK3EMIUIAP), & TaKXKe IapaHTUPOBAHHbIIL
3aIyCK MHOXKECTBEHHBIX 3JK3EeMILIIPOB MHUKPOCEPBHACA HAa PA3HBIX
HOZax /cepBepax obJaKa;

— perucTpaius 1 OOHAPYZKEHNE 3AITYIIEHHBIX dK3EeMILISIPOB MUKPO-
CepBUCOB;

— MOHHMTOPWHT <«3/I0POBbAY 3allyIIEHHBIX MUKPOCEPBUCOB, Iepe3a-
IIyCK 3aBHUCIINX;

— OpraHuzalus eJUMHOIO LEHTPA KOH(UIYPUPOBAHUS/HACTPOEK
MUKPOCEPBHUCOB;

— OpraHm3anusd paclIpeieIeHHO Harpy3Ku Ha  3IK3eMILISPbHI
mukpocepsucos (Load Balancing);

— MOIKJIIOUeHne 00Ieil (paifIoBo#t crucTeMBI IJIsT BCEX IK3EMILISPOB
MUKDPOCEPBUCA;

— XpaHeHue 11apoJeil, CEKpeTHbIX KJII0Ye;

— U MHOTO€ JIpYyToe.
1.3 NadopmanmoHHble HOTOKN BHYTPUA CUTEMBI

Ilomagast B cucreMy I0JIb30BATENb B3aMMOJEHCTBYET TOJIBKO C
Vaadin cepsepom, KOTOpbIit Geper Ha ce0st TaTbHEHIITYIO AUCIIeTIepru3a-
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M0 paboOYUX MOTOKOB, COOMPAET BOEANHO WH(MDOPMAIIHIO, TTOIYIeHHYIO
OT JPYTUX YACTEH CHCTEMBI, U OTIAET €€ B UTOTE MOJIH30BATEIO.

[TepBoe, 9TO HEOOXOAMMO CHENATH I BHOBD 3AIEIIIIEr0 B CHCTEMY
TOJIb30BATEIISA, — ITO AyTEHTUMDHUIIUPOBATH €ro. ATy paboTy Oeper Ha
cebss murpocepsuc Auth. Ilocire ycmemmHo mpoiiaeHHONE IpOLemLyphbl
npoBepku noiiuHHOCTH Vaadin cepsep xpanut 3Ty nHMOPMAIHUIO /10
OKOHYaHUsI ceccuu PABOTHI € MOJIb30BATEJIEM.

3a xpanenue poduiisi MOJb30BATENS U HCTOPUHU €ro paboT B CUCTE-
Me orBeuaer mMukpocepsuc Account. Vaadin cepsep mesnaer HeoOXomu-
MbI€ 3aMpPOChl K HEMY TI0 Mepe Haao0HOCTH. B peknMe KOMMEPUIECKOro
WCTOJIB30BAHMS CUCTEMBl MHUKpPOCEpBHUC Account OTBEYaeT TakKe 3a
y9er JIEHeXKHBIX CPEJICTB HA CUETY MOJIh30BATEI.

Crucok pacueTHbIX 33Jia9, KOTOPBIE JOCTYMHBI B CUCTEME, MOYKHO
nostyuuTh u3 mukpocepBuca CodeStorage. Takaxke Tam mpucyrcrByer
uHdOpMaIHs O TaApAMEeTPAaX U BXOAHBIX JAHHBIX JIJIsl KAXKI0N 13 3a/1a4,
KOTOPbBIE HEOOXOIUMO BBECTH [IJIsl TIPOBEIEHUS TEX U WHBIX PACUETOB.

Ecan monp3oBaTenh aBTOPM30BAJCA B CHCTEME, TO JAJTHLHEHTIN
pabounii MOTOK BBITVISIUT CJIEAYIONIUM O00pa30M:

1 ITosp30BaTesb CO37A€T HOBBIH OMACHBIN 00bEKT (MM BHIOWpAeT
y¥Ke CyIIEeCTBYIOIIHUiT), BBOAUT HEKOTOpPYI0 uHbOpManuio 06 obbekTe,
KOTOpasi YaCTUYHO HEOOXOIMMa st OyAyIIUX PACIeToOB. IDTO BCe
coxpansiercss B Mukpocepsuce ObjectStorage. Hasee monb30oBaTesinb
BbIOMpAET OHACHDI y4acTOK Ha OObexkTe (Halupumep, ra3oBblii KOTell
Ha ONHON W3 IUIOMIAJOK), BBHIOMPAET DPACYETHYIO 3334y U3 CIUCKA,
mocrynuabix  (mukpocepsuc CodeStorage mnpegocTaBiseT CIUCOK),
BBOJIUT JIOTIOJHUTE/IbHbIE HEOOXOAUMBbIE [JIi KOHKPETHOTO pacdeTa
JIAHHBIE W 3AITyCKAeT 3aJady Ha BbINoJHeHwe. TakKe Moab30BaTese
MOzKer 100aBUTb HOBbBIl pacYeTHbI MOJYJb (CM. HUXKE).

2 Vaadin cepsep ormpaBisger B OQuH W3 KaHAJIOB OpOKepa Co0b-
mennit nHGOPMAIMIO € YKA3AHUEM THUIA 3AIyIIEHHON 3a/1a49, CIHCKA
BXOIHBIX JAHHBIX, UACHTU(DUKATOPA 3AMYyCTUBINETO €€ MOJb30BATEs U
UIEHTH(OUKATOPA OMACHOTO 00BEKTA.

3 Coobriienne mnpemnasnadeno ajs Mmukpocepsuca TaskWorker,
KOTODPBIA MOJINKCAH HA JAaHHBIH KaHajJl ¥ MOCTOSHHO OXKUIAET
MOCTYILIEHWsT HOBOTO 3aJaHus. Kciu Bce 3amyNIeHHBIE YK3EMILISAPbHI
TaskWorker-a OyayT K 3TOMYy MOMEHTY 3aHATHI yKe 3aILyIEHHBIMU
3a/la4aMi, TO COODIIEHHE C HOBBIM 33JI[AHMEM HE [OTEpAercs, a
JIOXK JIETCST, TTOKA, ero He TPUMET OUH 13 OCBOOOIUBIINXCS IK3EMILISIPOB
TaskWorker-a.

4 xzemmiasap TaskWorker-a, mosjyumsimmit coobIieHne ¢ HOBBIM
3a/laHUeM, 3allPAlllUBAET apXWB IPOrPAMMHOIO KOJa 3aJadu (THUll
3a7a4u yKasaH B coobuienun) u3 mukpocepsuca CodeStorage. Apxus
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pacmakoBbIBaeTCA B 0O€30MacHOM OKpyKeHuw, T.e. B ailaoBoi
cucreme, He UMEIOIEH HocTyma K (aiiJloBOMy MPOCTPAHCTBY CAMOTO
mukpocepsuca TaskWorker, u He ©MEIOIIEro BBIXOIA, B CETh.

5 IlporpaMMHBI KOJ W3 apXuBa 3allyCKAETCsS B COOTBETCTBUU C
MPUIOKEHHBIM K Hemy daiiiom Manudecra. Ha cramgapTabIii TOTOK
BBOJA (stdin) momaTCes BXOMHBIE TAPaMETPhI 331a41; CO CTAHIAPTHOTO
noroka ommuboKk (stderr) sabupaercsa Tekymmil craryc 3aJadd U
BO3HUKAIOIIUE B MPOIECCe PAOOTHI OMUOKM; CO CTAHJAAPTHOIO TMOTOKA,
BbIBOzIA (stdout) 3abuparorcst pe3ysbTaThl B KOHIIE paGOThl IPOrPaMMbI;
BO3BpaIlAaeMblii  000JIOUKOI 3allycka Koj pesyibrara (result code)
paborbl TaKzKe 3al0MUHAeTCs (PUCYHOK 2).

6 Bo Bpemsi paboThl TPOTPAMMHOIO KOAA 33Ja4Yd  JAHHBIE,
cobpanubie wu3 stderr, TEPUOAWYECKM HAMPABILAIOTCI B OpOKEp
coobImenuit Mo agpecy mHUIMATOPA 331a4qu — Vaadin cepsepa.

7 Tlocse ycnemnoro (Wi HEYCIEIIHOrO) BbIIOJHEHHs IPOrPAMM-
HOIrO Koza 3ajauu pedysbrarbl paborst (stdout, stderr, result code)
HaMpPaBIAIOTCA B MukpocepBuc ResultStorage Bmecre ¢ ykazanmem Tuma,
3a/1a9¥, BXOAHBIX JTAHHBIX, UACHTH(DUKATOPA MOJIH30BATE IS, UICHTH-
duraTopa 00bEKTa, a TAKKE METPUKH - 3ATPAYCHHOTO HA BBHITIOJIHEHUE
Bpemenu. Merpuka Takxke HampasJsiercs B CodeStorage mist 6y yero
uHGOPMUPOBAHUS MOJIb30BATEIEH O TPEOYEMOM JIJisi pACYeTa BPEMEHH.
B 6pokep coobiienuit ornpasiserca uadopMalius 00 yCIemHOM 3aBep-
meHuu 3313494 (C yKa3aHueM WICHTU(DUKATOPA 3alMUCU PE3YIbTaTOB B
ResultStorage) B agpec Vaadin cepsepa € 1€JIbI0 OMOBEIIEHUS TIOJIH30-
BaTess, BO3MOXKHO HAXOMSIIEr0Cs B JAHHBIMH MOMEHT B CUCTEME.

8 Tlonb3oBaresib, BHOBb BOIIE/IIHI B CHCTEMY MOCJIE HEKOTOPOIrO
[epepbiBa, IMOJAYYAT HAKOIMBIIUECS YBEJOMJIEHHS O CTATyCe 3aBep-
MMEHHBIX 3329 W CMOXKET MOCMOTPETh BCE WMEIOIINECS pe3y/IbTaThl
pacyueToB, B TOM YHC/IE U 3aBepiiuBiimecs ¢ omubkamu (Vaadin cepsep
cnenaer 3anpoc Kk mukpocepBucy ResultStorage u Bbibeper Bce pe3yiib-
TAThI, OTHOCSIIHMECS K JAHHOMY MOJIb30BATEIO U K HHTEPECYTOIIeil ero
3azade).

9 Pesysnbrarst paboThbl 3a/a4 MOKA3BIBAIOTCS JJis LOJb30BATENS B
BUJIE W30JUHUII pUCKa (MM TEIIOBON KAPThI MOTEHIMAJIBLHOIO PUCKA)
WJIA OMACHBIX (DAKTOPOB MOBEPX KAPTHI-TIOJIOKKH, B3ATON, HAIPUMED,
u3 Google Maps API [12]. Jns 3ama4, He uMeOMIUX IPOCTPAHCTBEHHOI
COCTABJIAIONIEH pe3ysbraTa pacdera, BMECTO KapT OyAyT OTOOParKeHbI
rpaduKu, TuarpaMMbl UId TaOJIAIIBI.

10 B 3aBucHMOCTH OT 3aMpPOCOB TOJIH30BATENISA U €70 TTOJTHOMOYNH 0
JIOCTYIy K pe3yJIbTaTaM APYTHUX 33144, Ha KAPTE MOT'YT ObITH OTPAYKEHbI
WHTErPUPOBAHHBIE PE3YJIHTATHI OT MHOTHX OMACHBIX 0ObEKTOB TaKXKe B
BUJE W30JUHUNA UIN TEIJIOBOI KapThl.
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Takxke MOryT OBITH MOKA3aHBI JUATPAMMBI U TPAMDUKN PAHKUPO-
BAHUsI TEPPUTOPHUN U XO3AUCTBYIONUX CYOHEKTOB MO YPOBHIO PHCKA.
Ha menkux macmrabax kapr (1eaukoM 00/1aCTh, HECKOJILKO obJiacreii
WM BCd CTPaHA) BU3yaju3alys OyHeT IpeicTaBjisaTh cO0OW KapTbl
CPABHUTEIBLHOW WHTEHCUBHOCTH PECMOHA — PEXKUM PAHKHUPOBAHUSA
(prckn/daxTopsl, MTPOCYMMHUPOBaHHBIE TO pernony). Ha KpymHBIX
Macmirabax BMECTO M30JUHUI TaK»Ke BO3MOYKEH BapUAHT TOKa3a KapT
CPABHUTEJLHONH HHTEHCHBHOCTH OOBEKTOB/PETHOHOB B BHJE KPYKKOB
WHTEHCUBHOCTH.

11 Iosb3oBarens MOXKET J0OABUTH HOBBIA PACYETHBII MOJTY/Ib 3413~
YU, €CJIM ero He YCTPAUBAET CIMCOK MMEIuXcs B cucreme. st aroro
OH JIOJI?KEH YMaKOBAaTh CBOIl MPOTPAMMHBIN KO, B apXWB, COIMPOBOINB
ero ¢aitnom Manudecra, B KOTOPOM OMUCAHO KaK 3AIMyCKATh PACYET,
KaKhe CyIEeCTBYIOT BXOJHbIE MapaMeTpbl, KaK 3alyCKaTh TECTbI, U
9TO0 OyZeT MPeACTaBIATh u3 cebsi Pe3yabTar. ¥ IaKOBAHHbIN, COrJIACHO
[PUHATBIM B CHCTEME [PABHJIAM, aAPXUB MOy 3arpyKaercss cepse-
pom Vaadin B mwurpocepsuc CodeStorage, koropbiii Oeper Ha cebs
OTBETCTBEHHOCTb 3a XPAaHEHWe IMPOTPAMMHOIO KO/ MOAYyJeil pacdera,
BBIJAYY IO 3aMpOCy apXWBa KOHKPETHOIO MOYJIsl, BBIIATY ITOJTHON
nHdOpMAITIN O JTIOOOM MOIYJIE U TPEOYyEMbIX /i er0 PAdOThI BXOTHBIX
JAHHBIX, (DOPMAJIBHYIO IPOBEPKY COOTBETCTBUS TPEOOBAHUAM YIIAKOB-
KU, & TaKyKe XPAHEHWEe METPUK 3amycka (BpeMeHa, 3aTPAvyeHHBbIC Ha,
pacuer Ipu OMpe/IeJIeHHBIX BXOAHBIX napaMerpax). Eciu dopmanbhas
MMPOBEPKA M0 KAKAM-JIHO0 MPUYNHAM HE MPOXOIUT, TO TOJb30BATEH
Oyzmer He3aMeITATEIbHO HM3BeleH 00 3Ttom. Bemenm 3a dopMmanbHOi
nposepkoii Vaadin cepsep 3amycrur HabOp TECTOB, yKa3aHHbIX B Ma-
HudecTe, M0 TEXHOJIOIMYEeCKUM [IOTOKAM, OIIMCAHHBIM B 1. 2-8.

1.4 Cpena &yHKOMOHMPOBAaHUI NPOAYKTa (OmeparuoHHAs
cpena)

Peanuzainuio cucreMbl ILJIAHUPYETCS HPOBECTU C KCIOIb30BAHUEM
A3bIKOB nporpamMupoBanus Java/C++. Ouepauuonnas cpeia BbIIOJI-
nenus — docker-koureitaepsr na 6ase Linux/x64.

Co3anHyIo CUCTeMY TUIAHUDPYETCS Pa3BEPHYTh B KPYMHBIX POC-
CUCKUX IaTa-MeHTpax B objauHoil mHpacTpykType Kubernetes ma
apEH/IYyeMbIX ANNAPATHBIX MOIIHOCTX, WJIH TPUOOPETEHHBIX OTAEIbHO
mos TpebOBaHMS CUCTEMBI M PACIOJIOMXKEHHBIX Ha ILIOMIAJALIX J1aTa-
LIEHTPOB.
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TaskWorker (Docker-koHTeiiHep)

Wrapper (O6eprka ansi

Monyn saau X 71 Ha NioGom sbike

|:> Kon pesynsrata
san ) {E} Qs e
peoy

Crmcok
BXOAHIX
napameTpos
sanan

Mofyns yniakosaH B apxue, COCTORULIA 3:

Camoit NporpamMb! Moayns:;
3asvcAMbIX GUGTOTEX;
daiina opuar
B@HHbIX, CPE/ly MCTIONHEHUS, METOfb! 3anyCKa MORY”S,
TpoBeposHbe TecThi

yHKUMM Wrapper:
. i 6pokepom i 3ananns, oTnpaska

aTyCa COCTORHIS, OTIPABK ONOBELIEHYA O 3aBEPLUIGHYM PAGOTH);

- Tonyenvie NpOrpaMMHOTO MOAYA 13 ceparca CodeStorage;

- Ompaska pesyneraros paceros & cepawc ResultStorage.

L i kel )
o6natom o6pazos). K
R ety TS I S T S e G

CodeStorage service i ResultStorage service

Pucynok 2 — BerpanBanme mporpaMMHOTO KOZIA PACIETHBIX
3a/1a4 B UHPPACTPYKTYPY CUCTEMBI.
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2. q)yHKI_[I/IOHaJII)HOCTI) cucTreMbl

2.1 ®yHKImoHAJIbHOE HAIIOJIHEHUE MPOOJeMHON obiiacTu

Bo3MmokHBIT  TIepedeHh pacUYeTHBIX MOMAYJIe M WHCTPYMEHTOB,
KOTOpBIi OyIeT MpUCyTCTBOBATH HA, 0OJJAYHOM CEPBUCE OIEHKU PUCKOB
(crMCOK MOXKET [MHAMUYECKH MEHAThCA B IPOIECCE IKCILIYATAMU
CHUCTEMbI) TIPEJICTABJIEH HA PUCYHKE 3.

Mporavnposanne HECcTpyMeHTapPHH
HOCTeICTRHE aBapmit
MocTpoeHne fepesses

Bapois TBC cobpTHi
Bzpois KBB PegakTrop MAM
Orvennbiil Wap YacToTHbiA aHanks
Noxap nponuea NBH » Mocrpoenne F-N u F-G
p . 4 awarpamm
XHMHUSCKaa aBapug PacuéT 2a zarpasHexne

Pucynok 3 — Crucok BO3MOXKHBIX MOJyJel /3a/1ad, TOCTYTHBIX
TIOJTB30BATEJIO.

2.2 OTobparkeHne pe3yJIbTaTOB PacYeTOB

Pacdersl cymMMapHOTO TOTEHIMAIBHOTO PHUCKA OT OJHOTO WJIA
HECKOJIbKMX OINACHBIX OOBEKTOB (MJIM HECKOJIbKUX ILIOIIAJ0K BHYTDH
0HOrO 00bEKTa) 0TOOPAXKAIOTC Kak B Buje Tabuul u rpadukoB, Tak
U HA KapTe MECTHOCTU B BUJE U30JIMHUI MJIM TEIJIOBbIX KapT (PUCYyHKU
4, 5).

s paHKUPOBAHUST TEPPUTOPHiL, CyOBEKTOB U OMACHBIX O0BHEKTOB
UCIIOIB3YETCs PACCUYUTAHHBIA MHIMBUILYAJIbHBIA PUCK (YI€IbHbIA KOJI-
JIEKTUBHBII pUCK). Pe3yibrarsl paHKUPOBaHUs TAKXKe OTOOPAKAIOTC
HA KapTe MEeCTHOCTH, HO yKe B Gosiee MesikoM Mmacuirabe (Ha ypoBHe
0XBaTa HECKOJBbKUX TEPPUTOPHUIl WU XO3ANUCTBYIONIMX CyObEKTOB) -
B BHJ€ WHTEHCHBHOCTH I[BETOBOM 3aJMBKHA COOTBETCTBYIOIIUX Tep-
pUTOpHUil WM KPYrOB MHTEHCHBHOCTH BOKDPYTD <«TOYEYHBIX> OOBHEKTOB
(pucynku 6, 7).

2.2.1 OTobpakeHue paHXXUPOBAHUS
PamxupoBanue u orobpazkenue (¢ yMmeHbIleHHeM MaciiTaba Ha
Kapre):

1 OmnacHble OOBEKTHI (CUMTAEM WHIAMBUIAYAJbHBIA DHUCK); 3IaHUI
no mnoxkapHoil omacHoctr. OrTobpazkeHue - KpacHble KPYLd BOKPYT
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Pucynox 4 — UnmocTtpanust TOro, Kak MOTYT BBITJISIETH
KapThl C U30JMHUSIMHU PACYETHBIX PUCKOB/(DAKTOPOB OT
HECKOJIbKMX 00BEKTOB, HAXOIAIIMXCSA HEIAIEKO APYT OT IPYyra.

3ABHCHMOCTH MOPAKAKIHAX GAKTOPOE BIPBIBA (H30BITOMHOTO JAB/ICHAA
H YAeIbHOT0 EMOYILCA YIAPHOH BOJHEI B3PBIBA) OT PACCTOSAHHSL.

Paccromnme (M) MsbprTounoe asaenne, Klla | Vaensneri munyasc, klla*cex
R ap Tmp
15 129,07 1.02
BO B4.81 ,51
ks 1841 34
160 12,26 25
75 0,13 0,20
o 7.26 .17
105 16,01 135
120 5.13 13
135 4,47 11
150 5,96 .10
65 B.56 0,09
80 .23 .08
95 2,95 08
210 2.72 .07
225 2,52 07
240 2,35 .06

Pucynok 5 — Ilpumep TabIM9IHBIX JAHHBIX PE3YJIbTATOB
pac4eros.
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Pucynok 6 — UmiocTparus pamKupoBanus obJacTeit u
HACEJIEHHBIX MyHKTOB Poccuu mo ypoBHIO puckKa.

Pucynox 7 — UnnocTpanyus BO3MOKHOTO METOIA,
0TODPaXKEHNS PAHKUPOBAHUS 110 HACEJIEHHBIM
nyHKTaM/00beKTaM Ha KapTe.

107



Paszngen IT

00bEKTOB (IMaMeTp 3aBUCUT OT BEJIWYUHBI PUCKA. B IeHTpe KpyKKa
MOXKeT CTOATH Iupa - BEJIUIUHA PUCKA).

2 Paitonsl ropoga. OTobpazkeHue - MHTEHCUBHOCTD MOJIYIPO3PaYHOIL
3aJMBKH TIOJIMTOHA PAHOHA TOPOJIA.

3 Topoupa/unac.uyukrbr  peciybiuku/obnacru. Orobpaxkenue -
KpacHbIe KPYKKH (KaK Ha PUCYHKE 7).

4 Paitons! pecniy6iuku /obmacta. OToOparkeHne - 3aJIMBKA IOITUTOHA
(kak Ha pHCYHKe 8).

5 Cybbekrsl P®. Orobpaxkenue - 3ajuBKa MOJUrOHA (KaK Ha
pucyske 6).

2.2.2 HeobxomumMble JOMOJHUTEIbHBIE JaHHbIE JIJIs PacdeTOB

HeobGxomuMble TaHHBIE 71 pACIeTa MOTEHIWAIBHBIX W WHIUBALY-
AJILHBIX PUCKOB.

Jlist OTEHINAJILHOTO PHCKA:

— BCE BO3MOKHBIE BUIBI aBapuii Ha 00BHEKTE BMECTE C YACTOTAMH.

— B CJIydae CJIOXKHOI KOH(pHUrypamuu OObEKTa - TeOMETPUIECKOEe
PACTIOJIOXKEHNE TIOMAI0K 00bEKTa B TIPOCTPAHCTBE, BO3ZMOKHO yKa3a-
HUe JIMHWHA TPOKJIAIKU TPYOOIPOBOIOB, TPACKTOPUH TPAHCIOPTHPOBKA
OIACHBIX I'PY30B (3Ty uHGMOPMAIMIO M0JIH30BATE]b CAM BBOIUT JIis
KOHKpeTHOro obbekra, xpanurca B ObjectStorage).

— JJIS XUMUYECKHX aBapuil — po3a BETPOB U PACIPEJE/IEHHE 110
JIUATIa30HaM CKOpOCTell BeTpoB (MHMOPMAIUIO JOKEH MPEIOCTABUTH
GISStorage).

st mEAUBUyaIbHOTO PUCKA: — IUIOTHOCTH NMPOKWBAHAS JIFOIEH
B HACEJIEHHBIX IYHKTaX/paiioHax ropoia (BO3MOXKHO OT BpPEMEHU
cyrok) - (TUC-mukpocepsuc GISStorage noJiken XpaHUTb 9T JJAHHbIE
€ BO3MOXKHOCTBIO LIEPUO/IMYECKOI0 OOHOBJIEHUS KAPT).

— IJIOTHOCTH PACIpeeeHrsl pabOTHUKOB MO 00bEKTY (BO3MOXKHO
OT BpEMEHU CyTOK) - ([OJIb30BaTE/Nb CaM BBOAMUT 3Ty WH(MOPMAIHUIO
W XPaHUT €e BMECTe C ONACHBIM OOBEKTOM B MHKPOCEPBHCE
ObjectStorage).

— rpanuubl agMunucrparusubix reppuropuit (GISStorage).

— MPWHAIJIEKHOCTH OMACHBIX OOHEKTOB K TOW WJIW WHOH aIMWHU-
crparusHoit Teppuropuu (ObjectStorage + GISStorage).
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o
KpacHoropcroe

Pucynox 8 — [Ipumep BOZMOKHOM BU3yaTN3aINN
PAHKUPOBAHUSA MO PaiOHAM O0JIACTH.
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3. Crnucok u mian pabor

3.1 Coucok 3aga4, HHCTPYMEHTHI pa3zpaboTKu

OHUM U3 TPENMYIIECTB MUKPOCEPBUCHONW APXUTEKTYPbI SBJISIETCS
BO3MOXKHOCTb HE3ABHUCHMOTO CO3IAHUS YACTEH CHCTEMbI OTIAETbHBIMU
HeOOMBIIUME rpynmaMu  paszpaborankoB. Kak ciemcrBme, 3amada,
CTOAIIA IIePeJl KAaXKJAOW U3 IPYIL, yIPOIIAETCHd, YCKOPAIOTCHA CPOKHU
BBISIBJIEHUS OIMMOOK ¥ BHECEHWS OYEPEIHBIX WU3MEHEHWIH B CHCTEMY.
Pazpaborka Bceit cucTemMbl pacrnagaercs HA CJEAYIONUi MTPUMEpPHBIH
CIIUCOK 33713, COrJIACHO PUCYHKY 1:

1 Vaadin cepsep

1.1 PazpaboTka apXuTeKTypHOro am3aiina wHTepdeiica moJIb30Ba-
TeJs.

1.2 Busyasm3anust pe3y/ibTaTOB HA KapTe.

1.3 Busyasmsamus pe3ynpraroB B Buae rpadWKOB, TaOIUIl ©
JMarpaMM.

1.4 B3aumogeiicTBre ¢ APYIUMH MHKPOCEPBUCAMHU UE€PE3 apXUTEK-
Typy REST u 6pokep coobmieHnii.

1.5 Bajmaun, cBA3aHHBIE C IOJJIEPKKOM /BOCCTAHOBIEHHEM CECCHIt
PabOTHI C TOTB30BATEIAMH.

1.6 BuyTpennsist Gu3mec-I0rmKa.

2 TaskWorker 2.1 3amyck 3a71a41 B 6€30IMaCHOM OKDYKEHUH.

2.2 Bzammoge#icTBue ¢ APYyrUMH MUKPOCEPBHCAMU Yepe3 apXHUTEK-
typy REST u 6pokep coobuienmii.

2.3 Pazbop daitna Manudecra u 3amyck TeCTOB.

2.4 BayTtpennssa Ou3Hec-JI0rukKa.

3 CodeStorage

3.1 Peanuzarus uarepdeiica REST.

3.2 Ioukuouenune Basbl Jannbix uiun GailioBoil cucreMbl/XpaHu-
JIWIIA JJIs TOCTOSTHHOTO HAJIEXKHOTO XPAHEHUST aPXUBOB TPOTPAMMHOTO
KOJIa PACYETHBIX MOJYJIEH ¥ METPHUK 3aILyCKa.

3.3 ®opmasibHAs TPOBEPKA MPABUJIBHOCTU YIIAKOBKH APXUBOB.

3.4 BuyTpeHHsist OM3HEC-JIOTHKA.

4 ResultStorage

4.1 Peanuzanus unrepdeiica REST.

4.2 Tloakmrouenne Basbr J[aHHBIX IJI9 TOCTOSHHOTO HAJIEYKHOTO
XpaHEHUs PE3YJIHTATOB PAOOTHI PACIETHBIX MOYJIEH.

4.3 Buyrpennss Ou3Hec-jIoruKa.

5 Account

5.1 Peanmuzarus uarepdeiica REST.
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5.2 Tloakmouenne Bazbr JIaHHBIX I TOCTOSTHHOTO HAJIEXKHOTO
XpaHeHns: Tpoduiei Moab30BaTesNeil, WCTOPUU WX JCHCTBHA
JIEHEXKHDBIX CIETOB.

5.3 Paspaborka 11aTe>KHOi CUCTEMBI.

5.4 BuyTpenusis Ou3Hec-I0ruKa.

6 Auth

6.1 Peanmuzamnus uarepdeiica REST.

6.2 Pabora ¢ ¢aitstamu naposeit u Kiao4deit, 1npegocTaBisieMbiMu
cepBucamu Kubernetes.

6.3 BzammozeiicTBue C BHEIIHWME PeCypCcamu, TO3BOJISIONIMHI
[IPOBO/JIUTH ABTOPU3AIIHIO.

6.4 BuyTpenuss Ou3Hec-J0ruKa.

7 Logging

— 31ech eCTh HECKOJIBKO PEIIeHH, KOTOPHIE 3aTPAruBaIOT BCE YACTH
CUCTEMBI.

8 BazoBbiit HAOOp pacUYeTHBIX MOIYJIEH

8.1 IToaroroBka MareMaTuIecKuX MOJEIEH W PEATn3anus INCIIeH-
HBIX MeTOJI0B uX pernenuii. 8.2 Co3aHue NpoBEPOYHBIX TECTOB.

8.3 YmakoBKa B coOTBeTCTBHE ¢ mpasuiamu Manudecra.

9 3ajauun, CBA3aHHDBIE CO BCEH apXUTEKTYPOH CUCTEMbI

9.1 Pazpaborka cTpykrypsl daitna Mauudecra.

9.2 Co3manme HAOOpA TECTOB B KAXKIOM M3 MHUKDPOCEPBUCOB JIJist
[IPOBE/IEHUS AaBTOMATUYECKOI'O TECTUPOBAHUS IIE€PE]] PA3BEPTHIBAHUEM
o4uepesHOl BEPCUN.

10 ObjectStorage

10.1 IIpoekTmpoBaHwme CTPYKTYpPbl XpaHeHWs WHQOPMAIUNA TIO
OITACHOMY OOBEKTY.

10.2 Ioakitouenue u npoekrtuposanue Tabsun Bassr Janubix s
TTOCTOSTHHOTO HAIEKHOTO XPAHEHUST TAHHBIX TIO OMACHBIM OOHEKTAM.

10.3 Peammsanus unrepdeiica REST.

10.4 BuyTpennsist GM3HeC-JIOTHKA.

11 GISStorage

11.1 Hoaxmouenne PostgreSQL /PostGIS.

11.2 TIpoekrupoBanue, peanusarus u jgokymentuposanue REST
naTEpdeiica.

11.3 Peasmzanus 3akauku,/o6Hosaennst I MC-jaHHbIX.

Coszanue u coupoBoxieHue coBpemenubix Web npusioxenuit (Tem
60Jieé MUKPOCEPBUCHBIX) TECHO CBA3aHO C PELO3UTOPUAMH MCXOHBIX
KOJIOB, aBTOMATHUYIECKON COOPKOM, TECTUPOBAHMEM U PA3BEPTHIBAHUEM
OYepEeIHBIX BEPCHil 9acTeil CHCTEMbI HA TECTOBBIX M OOEBBIX 0OJIATHBIX
pecypcax. s peanmmsaruu 3TuX 334349 OyAyT 3a/eifiCTBOBAHBI TAKWE
pemenusi, kak Git/GitLab, Java EE, Maven, Jenkins CI, WildFly
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Swarm, JBoss Forge, Fabric8, Docker, Kubernetes, OpenShift 3,
OpenStack.

4. IIlporpaMmMHasl peajin3alius

4.1 Busyaimn3anusi pe3yJjJbTaTOB Ha KapTe

IIpn oTobpazkeHWwM pe3yIbTATOB HA KapTe BCTAIOT CJIEAYIOIINE
3aJa4m:

1 upexcraBjieHue CETOYHBIX/PACTPOBLIX PE3YJIBTATOB B BUJIE
BEKTOPHBIX M3OJUHUHN C YIETOM CTIIa KUBAHMWS.

2 TIepenpoeIMpOBAHNE CETOUHBIX MPOCTPAHCTBEHHBIX DPE3YJIHTATOB
M3 JIOKATBHBIX KOOPAWHAT B TeOrpadpmvecKylo CHCTeMY KOOPIMHAT
(umpora, gonrora — WGS-84) ayisi nmocsieayromero orobpazkeHust
Ha kaprax Google/Yandex/OpenStreetMap (OSM) [12-14], koropsie
paboraior B mpoeknuu Mercator [15].

3 orobpaxkenne Ha Kaprax Google/Yandex/OSM (¢ momormbio
coorsercrByomiero API) pacuerHbix nokazaTesiell MOTEHIMAILHOIO
pucKa OT 00beKTa B BUJIE TELJIOBOM KAPThI U U30JMHUIL (LIar n30JuHuUil
3aBUCUT OT MaclTaba Kaprbl) — PUCYHOK 4.

4 orobpazkenne Ha Kaprax Google/Yandex/OSM panXupoBaHus
obuiacTeii /TeppuTopuil B BuJe OKpAlIeHHbIX obsiacTeil — pucyuku 6, 8.

5 orobpaxenue na kaprax Google/Yandex/OSM panxkupoBanus
O0EKTOB/HAC.IIYHKTOB B BHWIE TOYEK C DPA3HOH WHTEHCUBHOCTHIO
(pa3HOli MUPHUHON KPYKKOB — PUCYHOK 7).

6 OoTOOpaskeHWsT HA KAPTE€ HUTOTOBBIX M30JMHUANA W TEILIOBOTO
pacTpa HOTEHIUATLHOIO PHCKA, SBISIONMXCA CyMMOH Pe3yIbTaToB,
MIOJYIE€HHBIX OT PAa3JAIHBIX O00beKTOB. HeoOXommMo yUuTHIBATD
paHuIbl OTOGpayKaeMoit 06IACTH, & TAK¥KE PA3TUYHYIO0 JUCKPETHOCTH
UMEIOIUXCS PE3YIbTATOB 110 PA3HBIM O0BEKTaM — PUCYHOK 4.

7 CyMMHUPOBaHHUE PE3YJIbTATOB, MOJYYEHHBIX OT BCEX OOBEKTOB IO
TEPPUTOPUU /PELUOHY JIJist 33124 OTOOPAYKEHUsI PAHXKUPOBAHUSL.

st 3pderTUBHOTO pertennst 3a1a4 MO BEIYUCTIEHUIO PUCKOB, & TAK-
JKe 33,189 TI0 MEePEpOoennpOBAHNIO, TpH MUKpocepsuca — ResultStorage,
GISStorage, ObjectStorage — J0MKHBI OBITH OOBEIUHEHBI €IUHOM
Teoundopmanmonnoii Bazoii Tanubix — PostgreSQL/PostGIS. B srom
cilydae MHOTHE Moj3ajiadu perraiorcs serpoerabiMu B PostGIS cpen-
cramu. Hampuwmep, 7151 pacdeTa WHINBUIYATIHHOTO PUCKA HEOOXOINMO
HAXOAUTH OOJACTU MEpeceveHus MOTEHIMAJIbHOIO PHUCKa (TemaioBas
KapTa,/pacTp) ¢ HOJUIOHAMH [JIOTHOCTEH MPOKUBAHWS HACEJeHNs/pa-
GOTHUKOB (BEKTOPHbIE JAHHBIE YKUJIBIX /IPOM3BOACTBEHHBIX 3IAHUIA).
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4.1.1 Pabora ¢ mpoeKmusiMm

IMom moOKamBbHOI CHCTEMOI KOOpPJAWHAT CKOpee BCero Oymer
noJpa3yMeBarhcs npoekims PaproBenukas Azumyranbras [Ipoekius
JlamGepra [16], xKak Haunbosiee peATMCTHYHAS B IJIAHE COXPAHEHMUS
JUIVH, TUIOIIA/Iel M HAIIPABJIEHUN 14 HE OY€Hb YJAJEHHBIX OT HEHTPa
reppuropuii. Ocb Y B 3TOH NPOEKIMH COBHAJAET C HANPABICHUEM
Ha CeBep, & HAYAJIO KOODIWHAT YCTAHABIUBAETCS B JIFOOYI TOUYKY HA,
3eMHOI1 ITOBEPXHOCTH.

Pesysbrarel pabor pacyeTHbIx MOJyJi€il (IOTeHIUuAIbHbIE DUCKH OT
OLIPEJICJICHHOIO BUIA aBapuu) OyayT LPeACTaB/ATb CODOH CerouHble
JaHubie (Ha PeryJspHOil WIn HEperyIspHOl CeTke).

st neneit oro6pazkeHus ITUX JAHHBIX B BUJE U30JIMHUI / TEILIOBbIX
KapT Ha KapTe-TOI0KKE CJIeAyeT X Mpeodpa30BaTh B PEry/sipHbIi
pacrp (C eAMHBIM LIArOM CETKU it BCEl CUCTEeMbl) B CHCTEME KOOD-
muaar WGS’84. TIpeobpa3oBanue JOMKHO MPOUCXOAUTH CPa3y IMOCIIE
3aBEpINIEHUsT OYEPEIHOrNO0 pPACUYeTa W COXPAHEHWs pe3yJbrata B 06ase
maunubix. Coxpanss B 0a3e Takue €IMHBIE TPEOOPA3OBAHHBIE PACTPHI
3HAYEHUl TOTEHIINAILHOIO PUCKA I i-THIX aBapuil OIMACHBIX 00DbEK-
TOB, MBI MOKEM B JaJIbHEHIIIEeM Ha JIeTy CTPOUTH CyMMapHbIe N30JIMHUN
no GuicTpomy asnropurmy http://makematics.com/code/isolines/ [17].
(ITpumevanue. Yao0HbIH MacmTab KapThl, Ha KOTOPOM CJIELYeT O0TO0-
paXkarb u30JUHUU, OyJeT TAKOB, UTO HA HEM yMECTUTCS HEDOJIBIIOEe
KOJIUYIECTBO OMACHBIX OOBEKTOB, & 3HAYAT W BPEMs PacueTa M30JUHUIM
HA JIETY MOXKHO OXKUAATb HEOOJIBIIUM).

WNuauBuaya bHbIN PUCK BBICIUTHIBAETCS TAKIKE CPA3Y TOCTIE 3aBEp-
IIIEHUS OYEPETHOrO PACUYETa M COXPAHEHUs Pe3y/ibTara B 0a3e JaHHbBIX.
B nasbheiiniem npu paH:KUpoBaHUHM 00'bEKTOB/TepPUTOPUil MOTpedyeT-
Csl JIMIIB CJIOKUTb PE3YJIbTAThI [0 3AIPOLIEHHBIM 00'beKTaM / TeppUTO-
pUSIM HA JIETY, TOCKOJbKY WHINBUIYAJbHBIE PUCKU CYMMUDYIOTCS TIO
OTIPE/IEIEHNUIO.

Takum obpazom, s KaxKJI0ro pe3yabTraTa PaCcIeTHOW 3a7a4dd B
6aze xpangdrcs: 1) npeobpa3oBaHHbIl pPacTp; 2) HECKOJIbKO BUJIOB
WHIUBUIyAJLHOTO PUCKA; 3) Pe3yJIbTaT KaK eCTh, 663 mpeoOdpa3oBaHuii;
4) BHEIIHWH KCTEHT pe3y/abTara (TPAHUYHBIE IMUPOTHI, JOJTOTHI); 5)
OIIIMOHAJIHLHO - TIOJIUTOH BHEITHUX TDAHUI] PE3YJIbTATA.

Google/Yandex API paboraior ¢ JaHHbIMU, COXPAHEHHbIMU B
cucreme Koopzuuar WGS-84 (monrora, mupora), U aBTOMATHYECKH
MEPECYNTHIBAIOT WX B TPOEKIuio MepkaTopa Tpu OTOOPasKeHUN.
3/ech HUYErO CIEUAIbHO eIaTh HE TPeOYeTCs, eCIM HAIlU JTAHHBIE
coxpanenbl B WGS-84.
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4.1.2 Orobpakenne Ha Kaprax Google/Yandex/OSM wu3zomnu-
HU

CunraTh M30IMHAN /TETITIOBbIE KAPTHI MPUIETCS «HA JIETY», TIOTOMY
9TO:

— I0JIb30BATE/Ib MOXKET 3aXOTeTh OTOOPA3HTL BJIUSIHUE TOJBLKO
HEKOTOPBIX OObEKTOB;

— IAHHBIE MOTYT MEHSIThCS B JUHAMUKE;

— II0JIb30BATEb MOYKET MMETh JOCTYII HE KO BCeM JaHHBIM.

BeKTOpHoe mnpejacraBjieHme HO,Hy‘IeHHbIX W30JIMHUI B I1IJIOCKOCTHU
MOXKHO coxpanuth B ¢opmar GeoJSON i ero HaTHBHOTO
orobpaxkenus cpeacrBamu Google Maps API.

4.1.3 Orobpakenne Ha Kaptax Google/Yandex/OSM paHxku-
poBaHusA TeppuTOpHUi M objacrei

Heobxonnmo HaiiT u3 OOIIEIOCTYTHBIX HCTOYHUKOB TEMATHIECKUE
CJIOV BEeKTOPHBIX JAHHBIX MO O0j1acTsM u paiionam Poccuu u coxpanuth
B GISStorage. Ilpu orobpakeHuu HAJIO FEeHEPUPOBATH COOTBETCTBYIO-
it GeoJSON [18] ¢ coorBeTcrByOIIMMY IBETAMY 3AIUBKY OJIUIOHOB
obmacreii /paiioHoB. [Ijist paHKNPOBAHWST UCTIONB3YETCs WHINBHAIYab-
HBI PHUCK, KOTOPBIH TIO OMPEIEIEHUI0 CYMMHUPYETCH OT PA3JIUIHBIX
BXOJAIIUX APYr B JIpyra aJIMHHUCTPATUBHBIX CYOBEKTOB M OMACHBIX
obbekroB. CyMMUpOBaHUE Ha JIETY OyAeT TPOUCXOAUTH OBICTPO.

Kapror pankupoBanust OyayT 3aBucerb or maciraba. Ha menkux
Macimrabax — 061acTH/pectyOINKN U KPYTTHbIE HACEJIEHHBIE TTYHKTHI.
Ha Gosee KpynHBIX MaciTabax — paffoHbl 00J1aCTH /PeCITyOINKH.

IIpu orobparkeHun paHKUPOBAHUS TEPPUTOPHUI MMOTH30BATETb MO-
JKET BKJIIOYUTH (DUIILTPALUIO 1O OLAC.00bEKTaM /TepPUTOPUIM / TUlaM
omacHbIX 00beKTOB. [lonk30BaTe b B TH0001 MOMEHT MOYKET M3MEHUTH
mapaMerpbl GUIHTPA OTOOPAKEHNS PAHKUPOBAHUS .

B saBucumocru or macmiraba Kaprbl (mokasaresib Zoom) HaJo
orobpazkarh JubO paHxKMpoBaHue 10 obsacraM/pecnybiaukam (Ha
MesKkux Macirabax), aubo 1o paitonam obsacru/peciybiuku, Koropast
3aHUMAET OOJIBIITYI0 YACTH TPOCMATPUBAEMON B TAHHBIN MOMEHT KapThI
(ocrasbHbIE 06JIACTH CIENATH CEPBIMMU).

4.1.4 Orobpakenne Ha Kaptax Google/Yandex/OSM panxku-
poBaHusi 06bEKTOB/HACEJIEHHBIX IIyHKTOB

[Ipu macmrabe KapThl HA YPOBHE PAOHA, UM HACEJEHHOIO IMYHKTA,

(uu 1ipu OTOOpasKEHUU PAHKUPOBAHUS O 00bEKTaM, WU O IBHOMY
3aIPOCY MOJIb30BATEss HA IEPEKJIOYEHHE B TAKOH DPEXKHUM) MOXKHO
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Pucynok 9 — Ilpumep paH:KupoBaHWUS 00HEKTOB B BHUJIE
TUCTOTDAMMBI.

MMEPEKJIIOYNTCS B PEXKMM PAHXKUPOBAHUS 10 HACEJIEHHBIM IIYHKTAM UJIA
obbekTaM (pucyHok 7). Tak:ke MOXKHO IEPEKJIIOYUTCA B TAKOH PEXKUM
HA MEJIKOM Maciirabe Bcell CTpaHbl, HO MOKA3bIBATH TOJBKO KPYITHBIE
HACEJICHHDIE [IyHKThL.

Heobxonnmo HaiiT u3 OOIIEIOCTYTHBIX KCTOYHUKOB TEMATHIECKUE
CJIOM BEKTOPHBIX JAHHBIX 10 BCEM HACEIeHHBIM MyHKTaMm Poccuu, Ke-
JIATEJIbHO UMETh M TOYEYHBIE CJIOU U HOJMIOHAJIbHBIE ([IOJIMIOHAJILHBIE
HYKHBL JIJIsl ONPEJEJIEHUs MPUHAJIEXKHOCTH OOBEKTOB KAKOMY-JIH00
HACEJIEHHOMY TYHKTY ).

IIpu oTobparkeHun HAZO TEHEPUPOBATH  COOTBETCTBYIOIIMIA
GeoJSON ¢ royednbIME OOBEKTAME C COOTBETCTBYIOIIMMHU ITHPUHAME
0TOOPAKAEMBIX KPY2KKOB.

[Monw3oBarens B J11000H MOMEHT MOXKET W3MEHWTb TapaMETPhI
duabTpa 0TOOpaYKEHNsT PAHKHUPOBAHUSI.

B oraumume or oTOOpaykeHWs pPAHKUPOBAHUST PAWOHOB BHYTPHU
objlacreit, 31€Ch HE ClIeIyeT OrPAHWYMBATHCA DKCTEHTOM ODJIACTH
- CPaBHHBATH TaKyKe MOXKHO OOBEKTBI/HAC.IIYHKTHI, HAXO/ISAIIMECST B
coceHAX 0DJIACTAX.

4.2 Busyanmsamusa pe3yJjbTaTOB B BHUJe TpadukoB, Tadbuaui n
JuarpaMm

s 3amad, He MMEOMUX MPOCTPAHCTBEHHON COCTABIAIONIEH pe-
3y/JbTaTa pacdera, BMECTO KapT OymayT oToOparkeHbl rpaduKu, Iua-
rpaMMbl/rrucTorpamMbl win tabammpst (Pucynkn 5, 9). Tabmnupst 0mo6-
paxKaioTcst BCTPOEHHBIMU CPEJICTBAMH, a JJisi TpadUKOB U JHarpamMmm
HEOOXOIMMO MOABICKATh TMOAXOAAINH maarna g Vaadin Framework.
Nx mocraroyno MHOrO B Karanore Vaadin http://vaadin.com /directory.
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4.3 3asaun, CBA3BHHBIE CO BCEHl apXUTEKTYPOUN CHCTEMBI

4.3.1 Paszpaborka cTrpykrypsl daiina Maaudecra pacdeTHbIX
MomyJiei

JL71s1 BO3MOYKHOCTH B3aMMOIEHCTBUST CUCTEMBI C HOBBIMU PACYETHBI-
MU MOJYJISIMA TEMATHIECKUX 334, 3arPYKEHHBIMU M0 Ib30BATEISIMH,
Tpebyercs omucarb WHTEPGERc TAKOro B3AUMOAEHCTBUS JIJIsT KAXKIOrO
Momyst. s aroit nenn cnpoektupoBan ¢aitn Manndecra Momyis.

Manudect mpeacrapaser coboil TPOCTOH TEKCTOBBIM daitm -
Manifest.cf, comepzkamnuit ciemyromnue KOHMUTYPAITHOHHBIE PABIEbI:

— CTPOKA 3aIyCKa MOJYJIs, HATIPUMED:

command = php5 mymodule.php

command java -jar mymodule.jar

— cpenia 3amycka MOy, HampuMep:

environment = java

environment = php5b

environment = executable

— cxeMa BXOJTHOTrO (Daiijia, OMUCHIBAIOIIETO €r0 CTPYKTYPY, OMUCAHNIE
KasKJIOro 3JIeMeHTa,/TIojisi BO BXOMHOM baiiie, THIT JaHHBIX, ANATTA30H
MPUHUMAEMBIX 3HAYEHUN, OMIUOHAIBHOCTD U T.I. Takas cxema Jerde
Bcero omuchiBaerca crapgapraoii XML-Schema (XSD-daiin) [19].
Takzke Bo3moxken Bapuant JSON-Schema (ne crampapru3oBan HOKa
- http://json-schema.org/). Hamnpumep:

input = MylInputSchema.xsd

input = MyInputSchema.json

B cnyuae ucnonbzosanus XML-Schema, npu paGore moyss emy Ha
Bxos, Oyzer nepegan ¢aitin XML, chhopMupoBaHHbIH B MOMEHT 3aIIPOCA
Ha, 3aIyCK 3aJa4u, COMEpKAIINi BCe HEOOXOIWMBIE BXOIHBIE TAHHBIE.
CootsercrBenno, mpu ucnonab3oBanuu JSON-Schema Oymer mepeman
sxomuoi JSON-dait.

— CXeMa BBIXOTHOrO (haiiyia, OMUCHIBAIOIIErO €ro CTPYKTYPY, OIu-
CaHue KaxKJOro 3JjeMeHTa/10J1sd/MacCuBa, JJAHHbIX B BbIXOAHOM ailie,
THUT JAHHBIX, IAATA30H BO3BPAIAEMBIX 3HAYEHUN, OMIMOHAIHHOCTh U
r.. Takwxke, kKak u aag sxoguoro daiia, 310 - XML-Schema (XSD-
daitn) wim JSON-Schema. Hanpumep:

output = MyOutputSchema.xsd

output = MyOutputSchema.json

Ha Bwixome paboThl MOmyJIs U3 CTAHIAPTHOTO TOTOKA BHIBOIA OXKU-
JaeTcsd TONYyYuTh CTPYKTypy XML, cooTBeTCTBYIONIYIO 3asdBIE€HHOM
cxeme (B ciayuae ucnonb3zoBanua JSON-Schema - coorsercrsenno
JSON-crpykTypy).
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@aitnier Manndecra W BXOTHBIE/BBIXOIHBIE CXEMBI  JIOJKHBI
HAXOIUTHLCA B KOPHE apXWBa, MOILYJIS.

s pa3paboTUYUKOB CyMIECTBYIOT HHCTPYMEHTDI, MO3BOJIAIONIAE CO-
37aTh OCHOBHOM KOCTSIK CXEMBI, HCXOMIS W3 TIPEIOCTABICHHBIX TPAMEPOB
aitios xml/json win u3 umeroIEerocs Habopa KJIACCOB, OIMUCHIBAIOIINX
JIAHHYIO CTPYKTYDPY JJisl CEPUAJIM3ALMK BXOIHBIX /BHIXOAHBIX (DailiioB B
dbopmare xml/json (B cayuae ¢ Java, Haupumep, — schemagen).

Ecau cpasauBars XML vs. JSON, ro mitocoM mepBoro siBjsieTcst
CTaH/IAPTU30BAHHOCTD U HAJIUYUE IUPOKOI'O CIIMCKA HHCTPYMEHTOB JIJIs
pa3paboTUInKa, & €ro ¥Ke MUHYyCOM — 0oJibiioii pazmep XML-daiinos.

Onucanue u paboTa B PAMKAX CXEMbI IIO3BOJISIET HE OIPAHUYUBATH
pa3paboTuNKa MOYJIst B CTPYKTYPAX BXOIHBIX /BBIXOAHBIX naHHbIX. Ho,
TeM He MeHee, Tpedyer COOIIONeHrsT HEKO# O0IIell CEeMaHTHKM CHCTEMbI
(wmu, gpyrumu ciaoBamu, pabOThl B PAMKAX KOHTEKCTA BBINOJIHAEMbIX
B cucreme 331a4). Cucrema, moJiydasi O4epesHON HOBbBI paCcUeTHbIIl
MO/1yJlb, JOJIZKHA CyMeTb NPOMH(OPMHUPOBATH II0JH30BATEISA O THUIIE
pernaeMoii 3a/1a4u, MO3BOJUTEH €My BBECTH HEOOXOIWMBIE TTAPAMETPHI U
CyMeThb MPABUJIBHO WHTEPIPETUPOBATEH PE3YIHTATHI PACIETOB B O0IIEM
KOHTEKCTe cucTeMbl. [losTomy omuO#t u3 3a7a4 ABJgeTCa TPOpPabOTKA
9TOI CEeMaHTUKU M IPEJCTABIECHNUE ee B BU/Ie TPeOOBAHUIT /OrpaHrdeHuil
K CXeMaM MOAyJei.

4.3.2 Bxoanble 1 BBIXOAHBIE JJAHHBIE PACUYETHBIX MOJyJieit

Kakne manHbIEe OOMXKEH BBIIATH PACUYETHBIAN MOIYJIh W KaKue
BXOJHBIE TTAPAMETPHI TOTPEOOBATH OT CUCTEMBI?!

Brixonnable njaHHbIE:

— TToreHIMAIBHBIN PUCK B MPOCTPAHCTBE (OrpaHUYEHHBIH BHEIITHIM
SKCTEHTOM ):

— Ha PEryJdpHOI CeTKe;

— HA HEPEeryJsapHOH CeTKe;

— Ha KBAJIPO-/IEPEBE;

— Besmuuna nopazkarouiero Ounacuoro @akropa (Kak ajbrepHATUBA
PHCKY, CM.HUXKE);

— NapuBuyanbHbliit pUCK JJis IOKapa B OOIIECTBEHHOM 3/IaHUH.

B cnygae pacdera MOTEHITHATHLHOIO PHCKA Pa3pabOTUIMK MOIYJIs
Geper Ha cebsl BbISCHEHHE U y4YeT 3aBUCHUMOCTH BEPOSTHOCTH
rubesii OT YpOBHSI JAHHOTO OMACHOTO (aKToOpa aBapuu. B uwmcie
JK€ 3aIpalliiBaeMbIX MOMIYJIEM OT CHCTEMBI TPEOYEeMBIX BXOIHBIX
rapaMeTpoB — pO3a BETPOB, pacIpejelieHre 10 CUjie BeTpa B JaHHON
MECTHOCTH, 9aCTOTA JIJisl JAHHON aBapuu.
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Kax BapmanT, MOXKHO OBJIErUUTH 38189y pa3paboTanKa pacIeTHOrO
MOAYyJId " HOTpe6OBaTb pacCIuTaTh U NIPEJOCTABUTH BEJIUWYHUHBI HE
pucka, a nopaxarormiero Onacaoro @akropa:

— OpnomMepryo Tabiuunyto (GyHKUuO (MACCUB) [OPAXKAIOIIErO
Ouacnoro ®akropa (He pHUCKA) B 3aBUCHMOCTH OT DPACCTOSHHUA OT
HEHTPa aBapuu (JJIsl [EHTPATbHO-CAMMETPUIHDIX 33744 ).

— JIsymMepHYyI0 Tabaudayio GyHKIUIO (IByMEpHbI MACCUB) TTOpaKa-
tomero O® (He pucka) B 3aBUCUMOCTHU OT PACCTOSHUS OT LEHTPA aBAPUK
U OT yJAJNIEHUS OT OCH PACIPOCTPAHEHHs] OMAcHOTO (hakTopa (Iys oce-
CUMMETPUYHBIX 3a/a4 — xuMmus, roperue dakena). IIpugercs B rakom
cIydae BBIIATH HECKOJbKO TAKMX TAOJHIL — I KAXKJIOTO TUAIIA30HA
CUJIbI BE€TpPaA.

B rakom ciaydae cucrema (a He pa3spabOTUYUK MOJYJ/SA) JOJZKHA
B3ATbH Ha, cebsd pacdeT yKe MOTEHINAJIbHOr0 PUCKA 110 IPOCTPAHCTBY
BOKPYI' OOBEKTa C YUeTOM YacTOT ABAapPWUH, PO3bI BETPOB B JAHHOIM
MECTHOCTH, PACIPEIE/ICEHHs II0 CHJ€ BeTpa B JAHHOW MECTHOCTH, &
TAaK¥Ke C YI€TOM 3aBUCUMOCTU BEPOATHOCTHU FI/I6€HI/I OT YPOBHA TAaHHOTO
omacHOro (haKTOpPa ABAPUU.
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ABTOMATMN3AIINA PABPABOTKUN ITACITIOPTA
BE3OIIACHOCTMU OITACHOI'O OB'bEKTA
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B cmamve onucar npoyece a8momamudauuy pa3pabomky nacnopma 6e3onac-
HoCMU onackozo obsexma. Ipedcmasaen npomomun Web-cepsuca no npoeHosupo-

sanulo nocaedcemeuti aeapuﬁ HA NOMERHYUANBHO ONACHIT obsexmaz.

KuroueBble ciioBa: aHAJIU3 PHCKA, aBTOMATHU3allsd, MACIOPT 6e30MacHOCTH,
‘Web-cepBuc.
BBenenne

[Tacuopr 6e3onacuocru onacHoro obbekra BKo4aer B cebs [1]:

1 TurynpHBI JHCT;

2 Pasznenbr:
— «O6Imas xapaKTepuCTHKa OITacHOTO O0bEKTa» ;

— «Ilokazarenmu crenenn puCKa IPE3BBIYANHBIX CUTYAITHTs ;

«XapaKTepUCTUKa aBAPUIHOCTH W TPABMATH3IMAY ;

— «XapaKTepuCTUKa OPTraHU3AIMOHHO-TEXHUYECKUX MepOTpPUs-
T, 0becIeInBaAIMUX OE30MaCHOCTh OOBEKTa W TOTOBHOCTH K
JINKBUJIAIAN YPE3BbIYANHBIX CATYAIAN ;

3 Tlocnenuwmit aucT, comepKalluii TIOANNCH pPa3pabOTINKOB;

4 Tlpunoxenus:

— CuryanuoHHBI TJIAH € HAHECEHHBIMH HA HEro 30HAMHU
NOCTENCTBUI  OT BO3MOXKHBIX YpPE3BBIUAMHBIX CHUTyalluid Ha
obbeKTe;

— Jmarpammser conmasnbroro pucka (F/N-mmarpamma u F/G-
JlUarpaMma,);

— Pacuerno-nosicHUTE IbHASL 3AIIMCKA.
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Cam goxkywment, [TacmopT 6e30MaCHOCTH OMACHOTO OOBEKTA, HOCUT
nH(MOPMATHUBHBIA XapaKTepP, B KOTOPOM MPEICTABJIEHBI MOKA3ATEN
CTEIeHN PUCKA TOJIBKO JIJIs HanOoJiee OIIacHOIo M HanboJiee BEPOsiTHOTO
crienapust passutus UC. B cBsa3u ¢ rem, aro pazpaborka [Tacmopra Ges-
OIIACHOCTY CBOJIUTCS K 3AMOJHEHWIO YyCTAHOBJIEHHBIX (DOPM, BOZMOKHO
7 1[e1ecO00Pa3HO aBTOMATH3UPOBATH TpoIece (POPMUPOBAHNS TAKOTO
JIOKYMEHTA, & TaKyKe JaCTUIHO aBTOMATH3UPOBATH MPOIecC pa3pabor-
ku mpusoxkennit K [lacmopry 6e30macHOCTH OMAaCHOrO 00BEKTA.

Tak, @I TOCTPOEHHWSI CHUTYAIMOHHOTO IIJIAHA, W JUATPAMM
COIMAJILHOTO PHUCKA HEOOXOIMMO IIPOBECTH BCECTOPOHHIOID OIEHKY
aHaM3a PHUCKA HA OOBEKTE U CIPOTHO3UPOBATDL TOCIEJICTBUS BCEX
BO3MOXKHBIX aBapuii. Bce pacderbl 1m0 MOKA3aTeNsIM CTENEeHH DPHCKA
00'beKTa IPEJCTAB/IAIOTCS B PACYeTHO-1ogcHu e bHOM 3anucke (PII3),
T7e MPUBOISATCS PACUYETHI MO BCEM BO3MOYKHBIM CIIEHAPWSM DA3BUTUS
YcC.

PII3 umeer caemayromyo CTPYKTYpPY:

1 TurynpHbI HCT;

2 Crucok uCHoaHUTENeH ¢ yKa3aHHeM JIOJRKHOCTEH, HaydIHBIX
3BaHW, HA3BAHWEM OpPTAHU3AIINN;

3 Aunorarnus;
4 Copnepzxanue (orjasienue);
5 3amaun U IeIn ONEHKH PHUCKA;

6 Onucanme OmacHOro OObBEKTa M KPATKAs XapPAKTEPUCTUKA €ro
JeATeTHHOCTH;

7 Metomonorusi ONMEHKH PHUCKA, UCXOJHBbIE JTAHHBIE W OrPAHUICHUS
JIIS OlIpeieieHus [oKasaresie crenedu pucka IC;

8 Omnucanwe MpUMEHSIEMbBIX METOIOB OIEHKU PUCKA W OOOCHOBAHUE
WX TPUMEHEHUT;

9 Pesyabrarst onenku pucka YC, Bkaogas UC, ucrounukamu Ko-
TOPBIX MOTYT siBUThCs aBapun uin 1C Ha psSIoM pacCmoI0KEHHBIX
00bEeKTaX. TPAHCIOPTHBIX KOMMYyHUKaUAX. OTacHbIe TPUPOIHBIE
SIBJICHUS;

10 Anasu3 pe3y/bTaToB OLEHKU PUCKA,;
11 BoIBOABI ¢ TOKA3aTEIAMH CTEIIEHN PUCKA JJIsT HAn0OJIee OMaCHOrO

u HauboJiee BEpOATHOrO creHapus passurus IC;
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12 Pekomenmarmm jjsi pas3spabOTKU MEpPONPUATHH 10 CHUKEHHUIO
PHCKa Ha OIMACHOM O0BHEKTE.

B uesiom, PII3 Bkitogaer 0Ka3aTe/ibCTBA IPUBEJIEHHBIX PACYETOB,
npeacraBiaeHHbx B [Tacnopre Ge30macHOCTH.

Paszpatorka IIB u PII3 omacHoro obomekTa JOBOIBHO TPYIOEMKHUA
Mporece, TPeOYoIHit 0T pa3padoTInKa OOIMIUPHBIX 3HAHWN W yMEHMIH
B 00/IaCTH aHAIW3a PUCKA U JAPYTUX €CTECTBEHHLIX HAayK. KaxKibrii
paspaboruuk IIB u PII3 odopmiser T0OKyMeHTbI WHIUBUIYAJTHHO
B coorBercTBuu ¢ [1], omHako, pa3pabOTAHHBIE JIOKYMEHTHI st
HECKOJIbKUX HUJIEHTUYHBIX OOBEKTOB, WMEsS OIWHAKOBYIO CTPYKTYDY,
MOI'yT MMETh COBEPIIIEHHO pa3HOe cojepKanue (HalpuMep, He0CTaTOK
urdopMalyu iy ee u3bbITOK U T.IL.), YTO 3aTPYIHAET UX JATbHEHAIILY IO
[IPOBEPKY, YTBEPKICHUE U COIJIACOBAHUE.

st ympoleHust W YacTUYHOW aBromarw3armu paspaborku I1B
u PII3 omacHOoro ob0bekTa HEOOXOAMMO pa30UTh JIOKYMEHTHI Ha,
qacTu, cojep:kaimme WHQOPMAIMI0 MO KOHKpEeTHOMY pasneny. llpu
9TOM JOKYMEHT MpPeACTaBJisieT co0oi 1mabioH ¢ OMUCAHUEM KaXKIOTO
pa3zesia, IPUMEPOM €ro 3aMOJHEHUS W BO3MOXKHOCTHIO M3MEHEHUs U
JIOTIOJIHEHUA NHMOPMAIUHT 10 UCCIIEYEMOMY OOBEKTY.

Onunvu u3 00st3aTeNIBHBIX MpuIokeHuil Kk [lacnopry 6e3omacHoCTH,
KaK OBbLJIO CKA3aHO BBIIIE, SBJSIOTCS CUTYAIIMOHHBIE MJIAHBI O0HEKTA C
HAHECEHHBIMU HA HUX 30HAMU ITOCJIEICTBUN OT BO3MOXKHBIX HA O0bEKTE
YC u u307IMHUSIMHA TOTEHIIHATBHOTO PUCKA U TOCTPOEHUE JIMArPAMM
COLMAJILHOIO PUCKa. Bolnosinenue pacderoB U HaHEeCEHUE 30H IIOTEHIU-
AJIbHOIO PUCKA HA CUTYAIIMOHHBIN TJIaH 00bEKTa BPYUHYIO - JOBOJBHO
TpyaoeMkuii mporecc. [losTomy 1emecoobpa3Ho €o3maTh pPACIETHBIE
MO/Iy/I¥, aBTOMATU3UPYIOIIHE MPOIECC TPOTHO3UPOBAHNS TOC/IEICTBUI
aBapuii (pacder 30H, OIpe/EIeHHe KOJIMYECTBA TOCTPAJABIIUX /HOrub-
LIKMX, MaTepUaJIbHbIA yiiepo).

N3 n3710:KEHHOTO MOYKHO BBIIEIUTH 3aa4N:

— ABrosamnosHenne oTaeabHBIX pas3aenos 1B u PII3;

— ABTOMaTHU3WPOBAHHBIN U €IWHOOOPA3HBIA pPACUeT MOC/IeICTBU
aBapwii, IO UMEIOIUMCS METOIUKAM;

— Busyasuzanumsi pe3ysbraToB PACYETOB B BHJE CUTYAIMOHHBIX
ILUIAHOB U JUArPAMM COLMAJILHOIO PUCKA.

Perierme mocraBaeHHBIX 33739 BO3MOXKHO C co3ganueMm Web-
CEepBUCA.
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IIporornn Web-cepBuca 1o mporHo3mpoBaHUIO MOCJIEICTBUMN
aBapwuit

[Ipororun Web-cepsuca JOCTYIIEH 1o ajpecy
http://b91245hc.bget.ru/. Cepsric TIpeIHA3HAYEH LTSt
ABTOMATHU3WPOBAHHOIO PEITIEHNS BBIYUCIUTENIBHBIX 331849, CBA3AHHBIX
C aHAJIN30M pucKa. J1jist IOIHOIEeHHO# PaboThI C CEPBUCOM HEOOXOIUMO
mpoiTH mporeaypy perucrpaiuu. Ecim noib3oBarenb He aBTOPU30BAH,
CEepBUC MEPEeKJII0IaeTCsd B JIeMOHCTPAIMOHHBIN pexkuMm. Pabora B
JINYHOM KaOWHETE TO3BOJITET OOECTeYNTh BO3MOXKHOCTH XPAHEHUS
JAHHBIX, BBEJIEHHBIX IMOJIb30BATEIEM, W TIOJYYEHHBIX PE3yJIbTATOB
pacderoB. B kaderBe cucTembl ympaBieHUS JAHHBIMHU HCIIOJIb3yeTCs
CYB MySQL.

[Ipororun cepBuca cOCTOUT U3 TPEX TOACUCTEM:

— mojcucTeMa OOINero ympaBiaeHus paboToil MOJIb30BAaTENsd WU
KOHTPOJISL IOCTYIIA K JTAHHBIM;

— MOACUCTEMa PEIeHnsT TPUKJIAIHBIX 330a9 aHAJIN3a PUCKA;

— MOJICUCTEMA, TEOKOIMPOBAHUS BXOIHOW W BHIXOIHON WHGMOPMAIIAHN.

Kaxnasi momcucrema mpeicTaBisieT cobOi COBOKYITHOCTH CEpBep-
HBIX CKPUNTOB (KOMIIOHEHTOB), XPAHSIIUXCA PA3AEIbHO B HEOOJIbITUX
daitax, u3 KOTOPBIX MPENpOIECCOPOM IO Mepe HAJIOOHOCTH <«Ha Jie-
Ty» AWHAMHYIECKH (POPMUPYETCs KaKIblil 3alpalinBaeMblii pabounii
MO/LYJIb.

Ha ceromusiiamit 1eHb, NCIOIB3YS CYIIECTBYOMMii porotut Web-
cepBnca [2], monb3oBaresno gocTyneH psaz QyHKImii:

1 VYka3anue reorpaduyueckoro moJIOXKEHUsS WCTOYHUKA OMACHOCTH
Ha Macimrabupyemoil kapre (Ui BbIOOD UCTOYHUMKA OLACHOCTH
U3 CIIMCKA PAHEee 33/[AHHDBIX [10JIb30BATEJIEM );

2 Omenka puUCKa - pacdeT IOCIASACTBHNA aBaphili MO THUIIOBLIM
3aza4aM (pacyeTHblii MOLYIIb);

3 Tlomomp - OMUCAHWE COOTBETCTBYIOMIETO ITAMA WCIOJIH30BAHUS
Web-cepsruca.

Pacuernbiit momynb mpeacTaBisier cOOOH AMTOPUTM BBIMHCIEHUIT
1o BbIOpanHoOil Meronuke pacdera [3,4]. Ioab3oBarento neobxonumo
BBIOpATH 3349y [JjIsi pacdera W BBECTH HMCXO[HBIE Hanabie. [Ipumep
TIOJISA 1714 3aTOJTHEHNS MCXOAHBIX JIAHHBIX MTPUBE/IEH HA pUCyHKe 1.

Wcxonubie JaHHBIE TOMAMAIOT B 00myl0 6a3y maHHbix. 110 3Tmm
JAHHBIM TPOUCXOIUT pacdeT. lIpmmep pesymprara mpeacTaBieH Ha
pucyHke 2.
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BE3OIIACHOCTbH B TEXHOC®EPE

‘Herowx onacsocrs | Ouesxa pucxa | Apxs | Hoxome | Hpodute | Berox
Anna

B3pELIB KOHIEHCHPOBAHHEIX B3PBIBUATHIX BeleCTB

BeeanTe ncxoxmte Tammbe:

Buibepurte s3puisuatoe semectso:

Tporun v
Acansr v)

Macca sspspuatoro semectea, xr: 100,00
Hactora peamirsamms asapim. 1/rox: 0.00001 :

Ompasute

Pucynok 1 — ®opma BBOJA MCXOTHBIX JAHHBIX.

"Hcrossmx onacsiocts | Onetxa prcxa | Apxis | ovoms | Ipodus | Bersox

Anna

B3phIB KOHIEHCHPOBAHHBIX B3PBIBUATHIX BeIIeCTR

HICXOTHEIE TAHHbIE:

Bemecrso: Tporuz
Mateprat nozcTHAAIOme HOBEpXHOCT Acazer
Macea Bemectsa. mocty xr: 100000
actota peammaunn apapin. 1/rox 0.00001

PesyanTaThi pacuéTon:

BepOATHOCTL NOPAKEHHS TeT0BeKa

I

|| nopaxenus pucx
21 099 99E6
363 09 9.0E6
375 08 SOE6
384 07 7.0E6
392 06 60E6
D) 05 S0E6
108 [ 10E6
416 03 30E6
126 02 20E6
1 01 LOE6
50.6 0.01 T0E-7

Pucynok 2 — Pe3zynbrarsr pacuera.
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Paccunranubie JaHHBIE B JAJBHEHIIEM WCHOIB3YIOTCS s I0-
CTPOEHWSI CHTYAIMOHHBIX TIaHOB. CO3JaHMe CHTYAIMOHHBIX TIJIAHOB
C HAHECEHHBIMM 30HAMU TIOCIEJACTBUI OT BO3MOMKHBIX UPE3BBIYANHBIX
cuTyanuit Ha OObEKTE — CIAEAYIOMMN ITAll ABTOMATH3AMH PA3PaAbOTKH
macIopTa 6e30MacHOCTH.
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AUTOMATION OF DEVELOPMENT OF THE
DANGEROUS OBJECT SAFETY DATA SHEET

Radikova Anna Vladimirovna, Anashin Vjacheslav Olegovich
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: anna.radikova.ar@gmail.com, anashin2111@gmail.com

The article describes the process of automating the development of the safety
data sheet for a hazardous object. A prototype of a Web service for forecasting the
consequences of accidents at potentially hazardous facilities is presented.

Keywords: risk analysis, automation, safety data sheet, Web
Service.
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PASPABOTKA MHCTPYMEHTA OJId CO3JAHNA
CUTYAIIMOHHBIX IIJTAHOB IIP11 AHAJIN3E PUCKA
OIIO

B.O. Anawun, A.B. Paduxosa
Yamyprckuit Tocy1apcTBeHHbIN yHUBEpcuTeT T. MxkeBck, Poccus
e-mail: anashin2111@gmail.com, anna.radikova.ar@gmail.com

B cmamve yldeasemces, eHumaHue pa3pabomre OHAGTUH  UHCTPYMEHMA
048 POPMUPOBAHUA CUMYAUUOHHBLT NAGHOE 0AF ONACHBLIT NPOU3EOICTNEEHHBLE
o6sexmos. Onucwieaemcs GyHKyuoHas uncmpymenma. Pacemampusaemes sonpoc
daavHeliwezo pA3BUMUS UHCTPYMEHMA U €20 3uauwumocmu. IIpedcmasaen
adanmuposarHvill mMemod ucnosvzosanus Google Maps API das nocmpoerus

CUMYAUUOHHDIL NAAHOE U OUEHKU PUCKQ.

KiroueBble cjioBa: aHaan3 PHCKa, aBTOMaTH3allHUA, CHTyaL{HOHHbIﬁ ILJIaH,

Google Maps.

BBenenne

B crarbe [1] paccmarpuBaercs npumep pa3paboTKu OHAJAH cep-
BHCa II0 OII€EHKE€ TEXHOI'€HHbIX PHCKOB Ha OIIACHBIX IIPOU3BOJACTBEHHDIX
00beKTax, ONKMCHIBAETCH IIPouedypa pacdera puckos. OUeHKa TexXHO-
TEHHOTO PUCKa BKJIIOYAET B ce0sl HE TOJHKO MPOBEIEHUE PACUETOR, HO
u (GOPMUPOBAHVE CUTYAIMOHHBIX IJIAHOB OOBEKTA HA OCHOBE IOJIY-
YEHHDbIX PaCYE€THbIX JTAHHBIX (HaHeceHI/Ie X Ha TOHOOCHOBy). C IIeJIbIO
aBTOMATH3AIUU 3TOrO IPOIECCa, LEIecoo0pasHo pa3padborarb OHJIANH
WHCTPYMEHT [IJIf MOCTPOEHHS CHTYAIIMOHHBIX ILIAHOB, HEOOXOIMMBIX
pU OIEHKE pPHUCKa (HATpUMEp, pa3paboTKa MACTOPTOB OE30MACHOCTH
W JeKJapaInii TPOMBINIIEHHON Oe30IMaCHOCTH OMACHBIX TTPOM3BOJI-
CTBEHHBIX 00bEKTOB). Ha ceromHAIHuil JeHb MOJIH30BATENb HMEET
BO3MOXKHOCTb yKa3aTh TOJHKO KOOPAMHATHI 06beKTa Ha Kapre [2]. dis
CO3aaHuA CHUTYAIIMUOHHBIX ILJIAHOB JIOJIZKEH 6I)ITI) CO3J1aH UMHCTPYMEHT
BBOJA OOBHEKTa WM OTOOpaskeHne MH(MOPMATHBHON YacTH Ha TIaHe,
3arpy?KEeHHOM B BUAE KaPTUHKUW UCIIOTHUTEIEM, HO UCTOYHUKU aBapUN
1 ero KOOpAWHATHI JOJIZKHBI 6bITb BBEJICHBI B COOTBETCTBYIOIITUE TTOJIA.

BBoa o6bexkTa

PesynbTaThl pacdeToB 1 0TOOparKeHne CUTYAIMOHHBIX IJIAHOB TIPO-
ucxoaur Ha kaprorpaduueckom cepsuce Google Maps [3]. Husa kop-
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PEKTHOTO OTOOpaKEeHWsT PE3yJIbTATOB HEOOXOAUMO MPUBECTH TOMOTPA-
duyeckne JaHHBIE 00 00BEKTE B (hopMaTe, TMO3BOJISIONIEM OTOOPA3UTH
pe3yabTaThl Ha BHIOPAHHOI TOmoocHOBe. POpMaT JAHHBIX MTPEACTABIIS-
ercs B BUJIe: KOOPAUHATHI 00beKTa (J0/IroTa u mmupoTa), u uHGopMaius
00 OmaCcHOM BEIECTBE, HAXOIAIEMCS I UCIOIb3YIOMEMCs Ha 00beK-
TE.

BBog, 3paHunii u coopyxxkenuii (cocraBasiforux) obbeKTa

s ToO9euHbIX 00BEKTOB, PA3MEP KOTOPHIX HE BAYKEH [IJisi OTOOpa-
JKEHUs WX PACIOJIOKEHNS, TPEJIaraeTCsd MUCI0JIb30BaTh CTAHIAPTHBIN
uncrpyment Google Maps — Mapkepbr.

B ocHOBHOM Mapkep XapaKTepu3yercs OJHWM TapaMeTpOM — 3TO
ero reorpaduyueckne KOOpAUHATHI: JOJTOTa W IMHUPOTA. TaKoil Mapkep
0oTOOpaskaeTcss B BUE KPACHON TOYKM W HE HeceT B cebe HHKAKOIM
uHGOpPMAIIH, KPOME OTHOCHTEJBHOTO PACIOIOKEHUST COCTABJISIONIAX
obbeKTa.

s mobapieHnss WHEAOPMATHBHOCTH MapKepy MOXKHO 3aJaTh
PA3JINYHbIE TTAPAMETPBI:

— Nma mapkepa wiu €ro TOpAAKOBBIH HOMep (HEOOXOAUMO Jjist
oro0pakeHusi B JIEPEHJIE KAPThI);

— IIser mapkepa (pasbuenue 0OHEKTOB HA TPYIIIDI);

— Pasmep maprepa (mias Gosiee pPalMOHAJIBLHOIO HMCIOJIb30BAHUSI
MecTa Ha TOLIOOCHOBE);

— OObeauHenne MapKepoB B TPYIIbl (IPU JOCTHKEHUU OIIpe-
JIETIEHHOTO MacinTaba MapKepbl HAYMHAIOT HAKJIAIBIBATHCS JAPYr HA
Jpyra @ OToOpazkaioT WH(POPMAINIO HE KOPPEKTHO, 9TOObI M30exKaTh
HAJIOYKEHUST MOXKHO OObEINHUTH MAPKEPHI B TPYIIINY U MPU JOCTUKEHUN
3a/IAHHOTO MACIITaba KapThl OHU OyayT OTOOPAXKATHCS B BHUJE OTHOTO
60JILIIOrO MapKepa ¢ UHQOpMaNuel KOTOPYIO Mbl 331a1M );

Dyukiys BBOJA MapKepa Ha TonoocHoBy B Google Maps Bbirjisiut
caemyommm obpazom [4]:

var marker = new google.maps.Marker({

position:{lat:Tonrora, Ing: Hlupora},

label: «HammenoBauue mapkepas,

map: map});

Pesynbrar BBOIA 0OBEKTOB KAK MAPKEPHI TIPEICTABIEH HA, PUCYHKE

BBoxg 06 bekToB OITO

s BBoma obbekTa wucnoJib3dyercs wuHCTpyMeHT <«Coznanue
TMOJIUTOHAY, KOTOPBIN XapaKTepU3yeTCs:
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Kaprorpaguueckne ganssie ® 2017 Google 1001

Pucynox 1 — Ilpnmep nnana.

— KoopauraramMu BepinH 00beKTa;

— CrujieM MOIMIOHA - IBET, TPO3PAYHOCTH MMOJHMIOHA U BHEITHErO
KOHTYPa; TOJIIIMHA BHEIITHEIO KOHTYPA.

@yuKIWMA BROAA MOJUTOHA HA TOMOOCHOBY B Google Maps BuITISAIAT
CIEAYIOMUM 00pa30M:

var Object = new google.maps.Polygon({

path: 3agaorcs KOOPAUHATHI YIJIOB OOHEKTA,

strokeColor: "#00AAFF (uper rpanuil NOJIMIOHA, B [IECTHAIIIATE-
puuHOiT KoqupoBKe wiu B Buze red, blue, black...),

strokeOpacity: 1.0, (IIpozpadHocTb rpaHuil NOJUrOHA),

strokeWeight: 2, (Tosuuna JuHuU rpaHuLL IOJIUIOHA),

fillColor: "#EBEBCS’, (Llser 3a/iuBKu 110JIMIOHA),

fillOpacity: 0.9, (IIpo3padHOCTb 3a/IMBKK 11OJUIOHA),

map: map

Dk

[Tepemennast «path« 3amaercs B Bume:

var path = [

new google.maps.LatLng(56.829130258135805, 53.44388231635094),

new google.maps.LatLng(56.82936506343826, 53.444088846445084),

new google.maps.LatLng(56.82933864791523, 53.444188088178635),

new google.maps.LatLng(56.829103842447125, 53.44398155808449),
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new google.maps.LatLng(56.82915373873228, 53.443788439035416),

new google.maps.LatLng(56.82931810249554, 53.44393327832222),

new google.maps.LatLng(56.82934011544478, 53.4438394010067),

new google.maps.LatLng(56.82939441399756, 53.44388499855995)];

Pesynprar mpencraBien Ha pucyHke 1 B BuAe OEXKEBBIX MPSMO-
YTOJIbHUKOB C 9€PHBIME I'PAHAIAMH.

BBog, KoHTYpOB 06beKTa (OrpakiaeHue)

Ilon xoHTypoM o0OObEKTa TMOHMMAETCA IJIOMAAb TEPPUTOPUH
00beKTa, OrpaHuIeHHAST 3200POM UM OTPAXKICHUEM.

JlaHHBI KOHTYP MOXKHO BOCCO3JATb C MOMOINbIO HHCTPYMEHTa,
«mouauausy. llomumuaus B Google Maps B crammapTHOM BuIe
3a/1a€TCs B BUJIE MACCUBA KOOPAUHAT (JOJIrOTA, IUPOTA), I/1e KayKIbIii
9JIeMEHT MacCHUBa COOTBETCTBYET TOYKE W3MEHEHUsSI HalpPaBJIEHUs
nosinaun. [IpuMep DYHKIUU CO3JAHUST TOJTUTHHUK:

var Object — new google.maps.Polyline({

path: 3agaorcs KOOpAUHATHI YIJIOB O0HEKTA,

strokeColor: "#00AAFF (uper jauxun),

strokeOpacity: 1.0, (IIpospausocTs JuHuM),

strokeWeight: 2, (Toaumna auHun),

map: map

Ds

st 06bEeKTOB, IJle KOHTYD COJAEPIKUT MAJoe KOJHMIECTBO U3MEHE-
HUii HampasjeHus (K TpUMepy KBaJPAT) TMOJUINHUIO MOYKHO 33JaTh B
crangapTHOM BuJe (MaccuB OyZeT COIep:KaTh YeThbipe JIEMEHTA), HO
JIJIS CJIOKHBIX (PUTYD TaKOW MACCHB MOXKET MPEBPATUTCS B OIPOMHYIO
TabIAILY JTEMEHTOB, UYTO MOTPEOYEeT MCIOIH30BAHNE OOMBIINX 00HEMOB
namsaTi Ay Xpadenus. st takoro ciaydas B Google Maps ecrb
MHCTPYMEHT KOAMPOBAHUsl LOJMIMHuUil (KopupoBanue maccusa Josror
— IIUPOT B OJHOMEPHBINA MaCCUB, COCTOAIIA U3 CUMBOJIOB).

[Mpumep 3aKOIMPOBAHHON JIMHWN:

var (Haumenosanue obbekra) = google.maps.geometry.encoding.
decodePath (°_qzyIsheel QYF_@X’);

Pesynbrar BBOJA JIMHEHHBIX 00HEKTOB MPEIACTABIEH HA, PUCYHKE 1.
B BUJIE CHHEH JINHUK - OTrPasKIeHMUE.

BBoz smHeHHBIX 06BEKTOB, IMPEACTABISIONNX yrpo3y (raso-
IIPOBOX)

st IuHEHHBIX OOBEKTOB, TAaKWX KaK Ta30MpOBOJ BBOIUTCS C
IIOMOIIIBIO HHCTPYMEHTA «IIOJINJIMHUSA» B CTAHJIAPTHOM BH/IE T.€. MaCCUB
JOJITOT U IIpoT. IIpeacrapienne MOMUINHAN B CTAHIAPTHOM BHIE TAET
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JIOCTATOYHO XOPOIITYI0 TOYHOCTh OTOOpAYKEHUsT 1 N30€KaHNE OIMMMOOK B
TIPOLIEyPe JEKOIMPOBAHMSA, €CJIN Dbl NCTIOIB30BAIACh 3aKOMPOBAHHAS
IIOJINJIMHU A .

OrobparkeHue 1oJieii PUCKOB U 30H pa3pyIlIeHUs

3oHa pazpylieHus MpejAcTaBisger cOO0H IMIIOMA/Ib TOBEPXHOCTH HA
TOTIOOCHOBE OTPAHUYEHHAsS YCIOBHBIM CHUMBOJIOM. B KauecTBe CUMBOJIA,
MOYKeT OBbITh WCIO/IH30BaHa 3aMKHyTas JIUHWS, T.€ MOJUTOH WK
NOJWJIVHUA. TAKON IOAXOH, HOANONIET ad 33134, TAe pPe3yJbTaThbl
pacdera mIpenCcTaB/€Hbl B BHIE CHMMETPUYHON (PUIYpbI, TAKOH Kak
Kpyr, sjmic. Kpyr MOXKHO €O31aTh CTAaHAAPTHLIMU (DYHKIUIMU
Google Maps:

var Circle = new google.maps.Circle({

map: map,

center: (Jonrora, Illupora),

radius: Pammyc

Takzke 3/1€Cb MOXKHO 33/1aTh [IapaMerpbl LBET, TOJIIUHA KOHTYPa
KpyTa M [IBET U MPO3PAYHOCTH 3AJTUBKH.

Dk

s 0ObeKTOB HE WMEIOIUX CHUMMETPUU HEOOXOAMMO CTPOUTH
maccus koopauuar (dosrora, IIlupora) B ynopsmodeHHOM HOpsIKe,
1. 00X0/1 BEPIIUH B OLPEIEJEHHOM HAallPpABJICHUH.

Eme ommu MeTom st OTOOparKeHWs TOJel TOpaskeHusl W ToJjei
MOTEHIINAJILHOTO PUCKA 3AKJII0UAETCS B HAHECEHUH HA, KAPTY JOMOJIHU-
TEeIFHOTO CJI0A B BuAe m3obpazkenus. Cranmaprabie dyukiun Google
Maps mO3BOJISIOT C JIEFKOCTBIO 3TO pPeajM30BaTh, €IMHCTBEHHOE, YTO
oTpedyeTCs 3TO CO34aTh H300pazKeHue, IIPOrPpaMMHBbIMU METOJAME 3TO
JIeJIAeTCH JIOBOJIbHO IIPOCTO, IPUMEP C(POPMUPOBAHHOIO M300parKeHus
TIPUBEJIEH Ha PUCYHKE 2.

OyHKIMS TO3BOJISIONIAS HAHECTH JAHHbBIN pucyHOK Ha Google Maps
BBITJISLAT:

var imageBounds = { (MaccuB KOOpAMHAT yIJIOB PUCYHKA)

north: 56.830064,

south: 56.828784,

east: 53.44486,

west: 53.4432

&

var historicalOverlay = new google.maps.GroundOverlay(

risk.png’, (Haumenosanue pucyuka. Oopmar)

imageBounds (Maccus KOODIMHAT yIJIOB PUCYHKA));

historicalOverlay.setMap (map);

Pesynbrar npeacraBien Ha pucyHKe 3.
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Pucynok 2 — Ilosis moTeHNMAIBHOTO PUCKA

Pucynox 3 — [Ipumep HaHeceHUs CI0d MOTEHITNAJIHLHOTO PUCKA,
Ha TOHNOOCHOBY
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3akJiroueHue

CymecrBytommii pororun CepBuca MpeocTaBisieT BO3MOXKHOCTH
YACTHYHO ABTOMATU3UPOBATH POUEAYPY (POPMHUPOBAHUS HACIOPTA
6e30macHOCTH OMacHOro oObekTa. Bce pacueTHble MOTYIN BBITIOTHEHDBI
0 aKTyaJbHBIM MeTOAMKaM pacdera. Pa3zpaboTka ¥ HCIOIb30BAHNE
moBoro Web-cepBuca ¢ HaO0pOM WHCTPYMEHTOB, IIPEICTABICHHBIX
BBIIIIE, TTO3BOJUT JOOUTHLCA €IUHOOOPA3KS U CO3JJaHUs CTAHIAAPTA JJIsd
pa3zpaborku macnopTa 6e30IacHOCTH OITACHOTO OOBEKTA.
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DEVELOPMENT OF A TOOL FOR CREATING
SITUATIONAL PLANS IN THE ANALYSIS OF THE
RISK OF A HAZARDOUS PRODUCTION FACILITY

Anashin Vjacheslav Olegovich, Radikova Anna Viadimirovna
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: anashin2111@gmail.com, anna.radikova.ar@gmail.com

The article focuses on developing an online tool for creating situational plans
for hazardous production facilities. The functional of the tool is described. The
issue of further development of the instrument and its significance is considered.
An adapted method of using the Google Maps API for constructing situational plans

and risk assessment is presented.

Keywords: risk analysis, automation, situational plan, Google Maps.
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COBPEMEHHBIE CUCTEMBI MOHUTOPWHTA 1
IIPOTHO3MPOBAHUS YPE3BBIYAMHBIX
CUTYAIIUN

U.M. Annuxos, /1.B. [lonomapesa

MkeBcKMit TOCYIAPCTBEHHBIN TEXHUYECKUH YHUBEPCUTET UMEHU
M.T.Kanamuukosa, r.MxkeBck, Poccus

e-mail: daria_ p93@mail.ru

B cmamuve paccmMomperv,. OCHOBHBIE PUCKU npupo0H020 U MEeXrHO2EHH020
rapaxmepa 6 Hauane 21-20 B8€KA, CBA3AHHBIE C BO3HUKHOBEHUEM Hpesebmaziumo:
cumyauuﬂ, a maxotce ocobenHocmedi ux MOHUMOPUH2G U NPO2ZHO3UPOBAHUA 8

MUDPHOE U B0EHHOE 6DEMA.
KitogyeBble cji0Ba: MOHHTOPUHT, IPOTHO3UPOBAHNE, IYPE3BbIUANHAL CUTY AL,

B wmacrosiiiiee BpeMss B MHpE MPOUCXOJUT MHOXKECTBO OMACHBIX
MPUPOJHBIX SABJIEHUII ¥ TPOMECCOB PA3JIMIHOIO ITPOUCXOXKICHUS.
Exeromgmo tonpko B Poccun macunThiBaeTcss okono 240 coydaeB TaKmxX
Ype3BbIYalHbIX CUTYyAIHUNA.

WcrounukaMu TEXHOT€HHBIX YPE3BBIYAMHBIX CUTYAIUil ABJISAIOTCH
aBapuy W KATaCTPOMBI, BLI3BAHHBIE HAPYIIEHNEM TEXHUKU 0OE30TMacHO-
CTH, 4eJI0Be9eCKUM (HaKTOPOM, HHBIMU MPUIHHAMHA.

B Poccun wnambosbimiuit puCK WX BO3HMKHOBEHUSI XapPaKTEPEH
JIIs DErHOHOB C BBICOKOIW KOHIeHTparueil TexHocdepbr: MockBbr,
Canxr-Ilerepbypra, Mockosckoit, Jlenurrpasgckoii, Huxkeropoackoii,
Crepagiorckoit obmacreit n ITpumopckoro kpas [1].

Henpio mommTopwara YC sBisieTcst OMpene/ieHne COCTOSHUS U
TEHJICHIIWI W3MEHEHW B MPUPOJHBIX W TEXHOTEHHBIX IJIEMEHTAX
OKPY2Karolieil CPeabl, KOTOPbIe MOTYT MPUBECTH K YPE3BLIYANHBIM
curyanusm [2].

Jiid MOHUTOPHMHIA YPE3BbIYAMHBIX CATYAIMI HCHOJIB3YIOTCHA Da3-
JIUYHBIE METOAbI W CPEACTBA: BHU3yaJbHOE HAOIIOMEHNEe, 3KOJIOTO-
AHAJIUTUYECKUN, XUMUYIeCKnii, bu3ndecKkuil, ONOJOTUIECKIIT W WHBIE
BUHl MOHUTOPHUHTA, UCIOIb30BaHNE JTA00PATOPHON 0a3bl, HA3EMHbBIX,
BOB/YIIHBIX, KOCMAYECKUX, MOPCKHAX HHCTPYMEHTAJIbHBIX CPEJICTB U
pubOPOB.

MOHUTOPHHT HE TOAPA3YMEBAET YIIPABIEHNE KAY€CTBOM OKDY KO-
meit cpeapr. OOHAKO OYEBUIHO, YTO HEOOXOJAMMBIM YCJIOBHEM TAKOTO
yIpaBJIEHUS KA9eCTBOM OKPY2KAIOIIel CpPEeIbl SBJISIETCS TPABUIbHAS
OpraHu3als CUCTEeMbl MOHMTOPUHIA U nporHo3uposanus (puc. 1) [3].
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Pucynok 1 — YauBepcambHas cxeMa CHCTEM MOHUTOPWHTA U
MIPOrHO3UPOBAHUSI.

Meronudeckoe PyKOBOICTBO U KOODAUHAIWIO JIESTEJIHHOCTH CHACTE-
MbI MOHUTOPHHTA ¥ IIPOrHO3UPOBaHUs Ype3Bbruaiinbix curyaimii (CMII
YC) u ceru nabmonenus u jgaboparopuoro kourposs (CHJIK) na de-
JIEPAJIBHOM YPOBHE OCYIIECTBIIsieT BeepoccuiicKuii IEHTP MOHUTOPHUHTA
U IpOrHo3upoBanus upessbluaiinbix curyauuiit (BIIMII) MYC Poccuu
(leutp «AnTHCTHXUAS ).

ITo mammabiMm Bceepoccuitckoro meHTpa MOHUTOPUHTA W TPOTHO3HU-
posanus (BIIMII) u ®KY «llenTp crpareruueckux WUCCJIEJI0BaHUIL
rpaxganckoii 3amursl MUC Poccuns (IICYI MYC Poccun) [1] ocroBy
CcHCTEMbI HAOJIOJEeHNH 3a COCTOSHMEM OKpyzKaromeil cpeasl B Poc-
cuiickoit @eqiepalyu OCy ECTBIET MOCYIAPCTBEHHAS HAOIIOIATe IbHAS
cerb (manee — THC), cocTodmmas u3 ruapoOMeTeOpOJOruIecKOil CeTH 1
ceTn HAO/IIONEHUN 00 ypOBHE 3arpsi3HEHUS.

Braromapss 'HC Bemyrtcst peryisipHble METEOpPO-, a3p0-, THIPO-
, THIPOMETEOPO-, arpOMETEOPOJOrHIecKre, reopu3nvaecKue U rejmo-
reopusndeckue HaOmoaeHnA. Habmonenus TpoBOAATCS 33 yPOBHEM
U3MEHEHUs 3arpsi3HEHUS] BO3yXa, MOYBBI, ATMOCHEPHBIX OCATKOB,
TOBEPXHOCTHBIX BOJ W MOPCKO# CpEIbl, CHEra, paJu0aKTUBHOIO 3a-
rpsa3uenns. Bazoit [HC saBnsroTcs crarmonapHbie U MOOUIbHBIE TOYKA
nabmonenus. [HC MOXKHO pa3nenuTh HA B KATErOPWH: OCHOBHYIO U
pononauTenpayio. Linasaas THC upeacrasisier coboit cerb, HEOOX0H-
MyTO JijIsl M3y9eHUsl PeKUMa M COCTOSHHS OKPYKAIOMIEH HPUPOIHO
Cpembl, ee 3arpsi3HEeHWs, THIPOMETEOPOJIOTHIECKOTO ODeCTedeHns B
[IEJIOM TI0 CTPAHE WJIM €€ OCHOBHBIM DPErHMOHAM.

B crpykrype Pocruapomera co3manbt u neficTBYIOT (DyHKITHOHAI-
uble noacucremMbl PCYUC: HabironeHns, OLEHKH M IPOTrHO33, ONACHBIX
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THIPOMETEOPOJIOTHIECKUX SBJICHUN U 3arpsi3HEHUS OKPYKAMOIIEH mpu-
poanoii cpemst — @I PCHC — IITOPM wu npenynpexaeHus O IyHAMA
— @I PCHC - HYHAMMN.

Enunas rocynapcrBentas mH(GOPMAIMOHHAST CHCTEMA 110 CUTYAIUN
B Muposom okeane (ECUIMO) 6buia co3zana B paMKax peajiu3aiuu
denepanbHOil 1meaeBoit mporpaMMbl « MUPOBO# OKeaHs.

CyIiecTByIOT pas3iuyHbIE METONBI MPOTHO33 HABOIHEHW, B TOM
9UC/Ie W C WCIOJIb30BAHUEM KOMITBIOTEPHOTO MOIEJIMPOBAHUS TI0
KOMILJIEKCY THUIPOMETEOPOJIOTHIECKUX XAPAKTEPUCTUK, TPUMEHIEMbIX
B KOMIIBIOTEPHBIX TPOrPaMMAaXx.

Pazpaborka mpeiictByromeit nHGOPMAITMOHHON CHCTEMbBI JACTAHIIN-
OHHOT'O MOHWTODPWHTA JIECHBIX moxkapoB Munnpuponst Poccum crana
BO3MOXKHO#T OJ1aroapsi COBPEMEHHBIM TEXHOJIOTHIM cO0pa U 00paboTKH
JAHHBIX O JIECHBIX I[TOXKapaX, O COCTOSHUU T'PO30BBIX DPa3psiIoB U
MeTeoposiorundeckoit uadpopmaruu. JJanabe MOHUTOPUHTA TIEPEIAI0OTCS
ciykbe aBuanmonnoii oxpanbt jecoB @I'Y «Asuasecooxpanay Depe-
PaJILHOTO areHTCTBA JIECHOTO Xo3siicTsa [4].

MOHUTOPHHT pPAIUAINOHHON OOCTAHOBKU OCYIIECTBIISETCS CTPYK-
typoit ETACKPO. Ona Bkjodaer B cebst TOACUCTEMBI W AMIapaTHOE
obecrieyenre PaJIHAIMOHHOTO KOHTPOJS B T.9. KOHTPOJS BO3MOMKHOMN
aJanTanyuu K OKPYXKAIOIIel cpejie TPOLYKTOB MepepaboTKy siIePHBIX
MATEPUAJIOB.

QenepanbHas cayxkba mo HaI30py B cdepe 3aIUTHI TPAB MOTPe-
6ureneii (PocriorpebHaI30p) OCYMIECTBIIAET KOHTPOJIb 33 CAHUTAPHO-
sanuaeMuoIorndeckoii curyamumeit B Poccuiickoit @enepanun. [lennro
JIAHHOTO KOHTPOJIS SBJISETCS OIPEIEJeHNe TPUIMHHO-CIIEICTBEHHBIX
CBA3€ell MexK/y 3J0pPOBbEM HAacCejleHUs U BO3JEUCTBYIOLIUX HA JIIOJEH
HETaTUBHBLIX (PAKTOPOB BHEIHEH Cpepl.

3a mocieHee TeCATUIETHE TPOCIEKUBAETCA TEHICHINS K MOBBIIIIE-
HUIO YMCJIA TEXHOTEHHBIX U TPAHCIIOPTHBIX MPOUCIIIECTBUN, Pean3alius
TEPPOPUCTUIECKUX YIPO3, ITO B HBIHEITHEH OOCTAHOBKE TPEICTABIISAET-
Csl BECHbMA AKTYaJIbHBIM.

Boictpoe pasBuTHe COBPEMEHHBIX TEXHOJIOTUH B ODJIACTU yIpaB-
JtleHusi OE30MACHOCTHIO MMO3BOJISIET PACCMATPUBATH 3Ty O0JACTH HE
TOJIBKO KaK KOMILJIEKC OTIEJbHBIX ITPOIECCOB, MPOIEAYP U 000PYI0-
BaHUs, HANPABIEHHBIX HAa OXPaHy OOBEKTOB Wiau (a3 JAHHBIX MPO-
THB HECAHKIIMOHUPOBAHHOIO JOCTYIA WU HUCIOJb30BAaHUs, HO U KakK
BCEOXBATHIBAIOILYIO U 6O0JI€e MPOrPAMMHO-OPUEHTUPOBAHHYIO CHCTEMY
[5,6]. Paspaborannast B 3AO «Bosras (r. Camapa) pacnpe/eneHHast
UHTE/IEKTya IbHAas MHTErPUPOBAHHAS CHCTEMa 0Oe30MacHOCTH (asee
NUCB) comepxur Heckoiabko MVCB HU3KOrO ypoBHS 1M HE MeHee
onuoit MNMCB Bbicokoro yposHst, coemubennyio ¢ UNCB uauskoro
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Pucynok 2 — Cxema pacmpeeseHHoil pa3HOyPOBHEBO
WHTEITEKTYaTbHOM WHTEIPUPOBAHHON CHCTEMBI OE30IIaCHOCTH.

ypoBhs (pucyHok 2) [5]. Pe3ysibrarbl KOHTPOIIs hDU3MIECKON 3AIIUIIEH-
HOCTH OOBEKTa OTOOPAXKAIOTCS Ha BHIEOMOHUTOPE M OIHOBPEMEHHO
MOCTYHAIOT HA XpaHeHue B 6a3y JaHHBIX. B ciydae OTKIOHEHWS Hapa-
METPOB 3AIIUTHI B COOTBETCTBUY C TIPABUIAMHU BKJIIOUYAIOTCSA B IefiCTRIE
aBTOMATUYECKas CUCTeMa. [IpUHATHE ONEPATUBHBIX PEIICHWH, B TOM
YHUCJIe C UCTIOJIb30BAHUEM BUICOJAHHBIX, TPOBOIUTCS B COOTBETCTBUU C
WHCTPYKIHSIMHU.

Takum obpazom UNCB, paspaboranHas i [DOTEHIMATIBHO
OIIACHBIX OOBEKTOB, MOXKET [PUMEHSAThCH JJjis cOopa, XpaHeHus,
00pabOTKM, OTOOPAIKEHNST KOMIIJIEKCHO aHAJINTHIECKON WH(OpMaInm,
JUIsT  TIDUHATHUS PEIIeHUH [0 TPEIyIPEKICHUI0, JIOKAJIU3alud U
sukpuganun IC me tonbko Ha IIOO, HO opraHax IIOBCEIHEBHOI'O
yupasieaus PCHUC reppuropuii. MOKHO BbIIETUTH OCHOBHBIE 33/1a91

UICB [4-7]:

1 obecnedyenre MOHUTOPHHIA TEPPUTOPHAIBHO PACIPEIETIEHHBIX
O0OBEKTOB, B T.9 TPAHCIOPTHBIX OOBEKTOB C HCIOJH30BAHUEM
reonH(MOPMAIMOHHBIX CHCTEM;

2 aBTOMATHYECKOE IMOJIyueHue, cOop, mepemada uHGOPMAIUN
(orobpazkeHusi) Jyisi  KOHTPOJSA 3a TeKyllell 0OCTaHOBKOIA,
Ha OObEKTax e€ W3MeHEeHHus, IIPOTHO3UPOBAHUSA JJisi OPTraHOB
yIIPaBJIEHUS W PearnpoOBAHWIO HA HUX;

3 aBTOMATM3WPOBAHHAST BHIPAOOTKA PEKOMEHIAIN MO0 OpraHw3a-
MY W PEaIN3aIiu KOMILJIEKCA Mep B ciaydae Bo3HukHOBeHus 1C;

4 aBTOMATU3UPOBAHHASI nHGOPMAIMOHHO-AHAIUTHIECKAS IO
JEepKKa J1edATeJbHOCTA OPraHOB M JOJ?KHOCTHBIX JIWI IIPU
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YVIIPaBJIEHUN BCEX YPOBHEH MepONpUATHIl 3aIATHl HACEJEHUT U
TEPPUTOPUH;

5 co3manme enwHOro mMHQOpManuonuoro npocrpancrsa MNCH ma
TEePPUTOPUHU OMACHBIX O0BEKTOB, B MYHHUIIATTAIBHBIX 00PA30BAHNU-
ax u cyobekrax n Poccuiickoit ®emeparmn.

Cucrema MOHUTOPWHTA, JIAOOPATOPHOTO KOHTPOJIST U MPOTHO3UPO-
Banug YC (nanee — CMII YC) npupoHOro 1 TEXHOIEHHOIO XapaKTepa,
apysierca GyHKIMoHaIbHoi noacucremoit PCYUC [6,7].

Oyukmuonnposanne CMII YC obecnieunBaercs MYC Poccun
coBMeCcTHO C enepajbHBIMA OPraHAMU W WX MECTHBIMEA OpraHaMu
BJACTH W OpPraHaMy MCIOJHUTETbHOM BiacTu cyObekToB Poccuiickoii
Deneparun Ha OCHOBAHUU JIOrOBOPA COIVIAIEHUU MEXK/Iy HUMHU.

Texungeckas 6aza CMII YC cocromT m3 HA3eMHBIX M a’9POKOC-
MHYECKUX AKTHBOB COOTBETCTBYIONIMX MUHUCTEPCTB, BEIOMCTB MECT-
HbIX OPraHOB BJIACTH M OpraHu3anuii (KOMIAHWii) B COOTBETCTBUU
¢ ux obsactax kommereHnmu. s TOro, 9ToObI IPOAHATA3UPOBATH
CJIOYKHUBIITYIOCS CHUTYAIWMIO W TIOATOTOBUTDH PEIIEHUS TIO YIIPABJIEHUIO
HCIIOIB3YIOT COBPEMEHHBbIE reorpadudeckrne WHMOPMAINOHHBIE CHCTe-
MBI, KOTOPbIE TO3BOJISIOT MOBLICUTDH 3(P(MHEKTUBHOCTD PEIIEHUsT 38 CIET
CBOEBPEMEHHOI'0 MATEMATHIECKOrO MOJIEIMPOBAHNS MECTHOCTH W aBa-
PUHBbIX CUTyaluii, BOBHUKAIOIEH B TOM paiioHe.

Ucxomst m3 M3MI0KEHHONO HEOOXOAMMO OTMETHTb, YTO Hambosee
[MEPCIEKTUBHBIM HANPABJIEHUEM [JIsi OPraHU3ANWA MOHUTOPWHTA U
[IPOrHO3UPOBAHUS YPE3BbIYANHBIX CHUTYaIUil $BJISETCH [PUMEHEHHE
WHTEJJIEKTYAIbHBIX CUCTEM OE30MACHOCTH TMOTEHIIHAIBHO OMACHBIX
OObEKTOB WHTEIPUPOBAHHBIX B EIWHBIE CHCTEMBI O€30MaCHOCTH
TEPPUATOPUN.
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MODERN MONITORING AND FORECASTING
SYSTEMS OF EMERGENCY SITUATIONS
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Kalashnikov Izhevsk State Technical University, 426069 Russia,
Izhevsk, Studencheskaya Str., 7
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The article considers the main risks of natural and man-made nature in the
beginning of the 21st century, related to the emergence of emergency situations, as

well as the features of their monitoring and forecasting in peacetime and wartime.

Keywords: monitoring, forecasting, exceeding situation.
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HNCIIOJIb30BAHUE OBJIAYUHBIX TEXHOJIOTUN B
CHUCTEMAX IIPOIHO3MPOBAHUIS IIOCJIEACTBUN
XUMUYECKNUX ABAPUMN

A.C. Kapeaun

Mxxercknit rocymapcrBennstit yaneepcnter nmenn M.T.Kanamankosa
r. xxeBck, Poccus

e-mail: bykarelin@gmail.com

B cmamuve 000cH06b186a€MCS BAHCHOCTND CO30GHUSA CUCTNEMD NPOZHOZUPOEAHUS
nocaedcmeutl TUMUNECKUT a8apull. Paccmampusaromea MUHYCH CYULLCMEYOULUT
cucmem. Ilpedagzaemcsa nodTod NOCMPOEHUA MAKUL CUCMEM NO cpedcmsam
obaaunnx mernosozul. Onucarno, u3 KaKUT wacmell MOHCeMm CKAAOBEAMBCS

maxas Cucmema.

KitogeBble cJiOoBa: HPOrHO3UPOBAHUE IOCIEACTBAN XHMHIECKHUX aBapHil,

06J1aYHble TEXHOJIOTUX, PACYET MEeJUKO-CAHUTAPHBIX MTOTEPb.

ABapun Ha XMMWYECKOM MPOW3BOJICTBE MPEJICTABIAIOT OOJBIIYIO
yIpo3y JKU3HU U 3J0POBbI0 PAOOTHUKOB TMPEANPUATHS, a TaKWKe
MHPHOMY HAaCeJIeHUIO, Haxo/sdIeMmycs mo bim3octu. K Tomy xe, Takue
aBapuy MOI'YT HAHOCHUTH OOJIBIION MaTePUAJIbHBIA yiepd, a TakxKe
CYIIIECTBEHHO BJIUSTH HA YKOJOTMIECKYIO0 OOCTAHOBKY PETHOHA.

B nacrosmee Bpemsi B Poccun uw CHI' B skcruryaTanun HaXOasiTCst
6omee 1000 KpymHBIX XUMUYECKUX OOBEKTOB, a Bcero B Poccunm
dyukuuonupyer okoso 3300 xumuuecku onacubix 06bekros [1]. IIpu
9TOM CyMMAapHbIl 00beM XUMUYECKHUX BEIIECTB HA ITUX [PEIIPUITAAX
nocturaer 700 000 ToHH.

Hecvorpst Ha TO, 9TO HA XUMHWYECKAX OOBEKTAX OYEHBH BBICOKUE
TpeOOBaHNSA K OE30MACHOCTH, HEBO3MOXKHO IMMOJHOCTBIO WCKIIOYATD
BEPOSITHOCTh BO3HWKHOBEHUS aBAPHUHU HA TAKOM ODBEKTE.

[TosTomy BO3HHKaeT MOTPEOHOCTH OIEHUTH BO3MOXKHBIE ITOCJIE/I-
CTBUS aBApPUNl HA XUMHYIECKOM IIPOU3BOJICTBE, HA OCHOBAHUU KOTOPBIX
MOXKHO TIPENPUHATE 3a01ar0OBPEMEHHBIE MEDBI TI0 YMEHBIITEHUIO YIIep-
0a, a TakKe MOATOTOBUTH CJIY?KObI 9KCTPEHHOIO PEArdpPOBAHUS.

JIist mpOrHO3UPOBAHUS IMOCTEICTBUI XUMHYECKHUIl aBapuit cyie-
CTBYIOT Pa3IUYHbIE METOIUKH:

® MeTO[uKa, IpemioKeHHass BOpPOHEKCKUil rocyJapCTBEHHBIM
YHHEBEpPCUTETOM [2];

® METOINKAa, MpeIokeHHass [leH3eHCKUM TOCyIapCTBEHHBIM YHU-
BepcUTeTOM [3];

o veroznuka «Tokcu» [4];
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o MeToqmIeckre ykazamus «Ne 2000/218» [5].

Jljid HEKOTOPBIX M3 LPEJCTABJIEHHBIX METOIUK CYIIEeCTBYIOT I[IPO-
TpaMMHBIE KOMIIJIEKCHI, TTO3BOJIAIONINE TTPOBOANTH PACYETHI, COTJIACHO
MeronnKam [6-8]. JTaHHbIe TPOrPAMMHBIE KOMIUIEKCHI BBITOJTHEHBI B BH-
Je KIaCCHIeCKUX HACTOMbHBIX MPUIOKEHUN U UMEIOT P HeJOCTATKOB!

® J[jid MOJJIePKaHUSA CUCTEMBI B aKTyaJIbHOM COCTOAHUH, IIOJIb30Ba-
TeJII0 CAMOCTOATEIBHO CIeIUTH 32 HOBBIMU BEPCUAMU IIPOJAYKTA;

® [I0JTb30BATENI0, B HEKOTODBIX CJydasiX, MOTpedyeTcs yCTaHaB-
JIMBATH JIONOJHUTEIbHOE OpOorpaMMHOe obecredenue (6a3bl JaHHbBIE,
oUCHBIE [TAKETBI U T.I1.);

e eCclM C CHCTEMOH HeoOXOAWMO paboTaTbh Cpa3y HEeCKOJTbKIM
[TOJIb30BATEJISIM, YCJIOXKHSETCs: paboTa ¢ CHCTeMOiA.

JlaHHbIe HEZOCTATKH MOXKHO YCTPAHHWTD, €C/TH CO3JATh CHCTEMY
MIPOTHO3UPOBAHUSA XUMUIECKHX ABAPUI C HMCIOJb30BAHHEM OOTaTHBIX
TEeXHOJIOI' Ui,

Paccvorpum, 910 U3 cebs MpencTaBaIioT OOJMAIHbIE TEXHOIOTHH.

O6siauHble  TEXHOJIOTHM — TEXHOMOIHH OOpabOTKU JTAHHBIX, B
KOTOPBIX BBIYMCIUTEIbHBIE PECYPCHI MPEIOCTABISIOTCS MOJIb30BATETIO
B CETH MHTEPHET, KAK CEPBUC, JIJIsi CBOMX HYK/I.

Yacro obJsiaddble TEXHOJOIHMU JeJdaT Ha Tpu Kiacca: laaS
(undpacrpykrypa, kak cepsuc), PaaS (uwnardopma, kak cepsuc) u
SaaS (mporpammuoe obecretdenne, Kak cepsuc) [9)].

B ciayuae ¢ cucremoii 1porsosupoBaHusi 60JbIIUI  MHTEDPEC
npeacraBiasger tun  SaaS. JlocTym K cucTeMe B TaKOM  CIIydae
MIPEIOCTABIAETCS 10 CpeAcTBaM web-caifta, JOCTYMHOTO B CETH
Warepuer.

PaccmorpuM Bo3MOKHBII cocTaB Tako#l cucrembl. Ha pucymke
1 umsobpazkeHa MOIy/JIbHAsE CXeMa CHCTeMbl. PacdeTbl M XpaHHMAas
nH(oOpMalys COOTBeTCTByeT Meroauke «IIporHosupoBaHue MemauKo-
CAHWTAPHLIX IOCJIEACTBUIl XMMUYECKMX aBapuUili U  OLPEee/IeHue
MOTPEOHOCTH B CHJIAX M CPEACTBAX ISl UX JIMKBUIAINH> [5].

Kak BuaHo m3 cxembl, cucreme HeOOXOAMMO Tpu 0a3bl JAHHBIX:
6a3a JAHHBIX TOJIL30BaTE IEH, 6a3a JaHHBIX IPEeITPUATHI, 6a3a JAHHBIX
BemecTB. Takoe pa3zgenenve 0a3 JaHHBIX OYIET MOJIE3HBIM, €CJIN CHCTe-
Ma IIPOrHO3UPOBAHUSA B JajbHeilmeM Oyaer moaaep:KuBaTh HECKOJIbKO
METOIMK HJIU IPEJOCTaBJIATh YCJIYId HE TOJIBKO IHPOrHO3MPOBAHUSI.
B rakom ciydae JaHHBIE O BELIECTBAX U II0JIb30BATE/SAX CUCTEMbI
MOTYT OBIThH TTEPEUCIIONB30BAHBI CPA3Y HECKOIbKUMU Moayasmu. Cre-
nupraHOi 630 IJIT METOANKH ABJISETCS 0a3a JAHHBIX OPraHU3aIlnii.
B meii xpansaTcsa JaHHBIE O MPEINPUSTHSAX, MO0 KOTOPBIM IJIAHUDPYET
BBIIOJIHATH pacyerbl. Cucrema pacyeToB UCIOJIb3YETCs i BHIYUCTIe-
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CHCTEMA MPOTHO3MPOBAHIS CAHHTADHELX POCTEACTEN!
KHMAYBCAX AP

CucTema xpasenns

Crcrema
E3BUMOZEACTENA ¢
ronbaosaTenem

CicTema co3ganms

Ceroma pacuaroa NEaTHOM OTHETa

R Mo pacsera
BeWecTBaxX -

Mozyns noctpoesua
NeGaTHEIX OTHETOR

Web server ‘

nopaseHna

Mogyns pacsera
MERAXO-CARHTaDHLIX
noceacTE

Ba3a faHHeix
PDeaNpHATA

Pucynok 1 — Cxema cucTeMbl MPOrHO3UPOBAHUSI.

HUH, KOTOPBIE IIPEAINOIAraeT MeTOANKa, MOMYJIb ITIOCTPOCHNA ITe9aTHBIX
OTYETOB HY?KEH IJId IIPEJOCTaBJIE€HUA PE3YIbTAaTOB IIOJIb30BaTEJIIO.

s pasBepreiBanus caiita HeoOxomum web-server. Tyt Ha
MMOMOIIIb TAKKe MOryT npuiitu obiadnbie Texnonoruu. PaaS mo3sossier
HCIIOJIB30BAaTb I'OTOBBbIE HACTPOEHHDbIE HﬂaT(bOpMI)I JJ1d BBIIIOJIHEHU A
MPUJIOXKEHUN, B TOM YHCJIE CEPBEPOB, a Takxke 0a3 mamubix. Caifr
MOXKHO Da3BEPHYTh HA PA3JIMYHBIX OHJIAWH MIaT(OPMAaX, TAKAX KaK:
Microsoft Azure, Amazon Web Service u npyrue.

[Ipumenenve O0OJAYHBIX TEXHOJOTHH MOXKET OOJErduTh MMOJIH30-
BATEJII0 WCIOJH30BAHUE MMPOIPAMMHBIX CpPEICTB, HEOOXOMUMBIX JIJIs
MMPOTHO3UPOBAHUS ITOCTAEACTBUI aBaphii HA XUMHUIECKHX OODEKTaX.
B stoMm cayduae momb3oBaTenio He HYXKHO OOHOBJISTH IIPOrPAMMHOE
obecrieuenne, Tak KaK Ha CEpBepe BCErma OyaeT HAXOMWTCSA CBEXKAs
Bepcust. Takke He TpeOyeTcsl YCTAHOBKA KAKOTO-JIMOO MPOrPaMMHOIO
obecriedyennsi, KpoMe WHTEPHET-Opay3epa.

Crucok aurepartypbl

1. UM.A. ©Qugumonos, A.C. Yepnbimes, CraTucTuka aBapuii Ha XUMU-
9eCKU OMACHBIX OOBEKTAX W AHAIN3 MPUYWH WX BOSHUKHOBEHUS. —
DxoJiorust u 6E30MACHOCTH B TeXHOChEPE: COBPEMEHHbBIE TIPOOIEMbI
n nytu pemenus. — Tomck: 31-B0 TOMCKOro mosiMTeXHAIECKOTO
yuuBepcureta, 2015. — 372 c.

2. E.M. Jlokres, M.A. Enaruna, Ilporno3mupoBanue MOC/IeICTBUH
XUMHUIECKAH aBapuil ¢ BHIOPOCOM aBAPHUIHO XUMHIECKH OMACHBIX
BermecTB. M3narenscko-monurpadguyaeckuii mearp Bopomexckoro
rocynapcrsernoro yausepcurera 2008. — 30 c.

142



BesonacHocTth B TexHocgepe 2017

O.E. Besbopomosa, Ilpormo3mposammne MOCIEACTBUN aBapuu Ha
OMMACHOM MPOW3BOJICTBEHHOM OOBEKTE ¥ €€ BO3IEHCTBHUS HA
okpyzkatomyio cpemy. Ilenza 2014. — 39 c.

Meronuka OIIEHKM MAacCIITa0OB U MOCIEICTBUI XUMUYECKUX aBa-
puii. Narepuer-xxypuan «Texuomoruu TexnochepHoii He30macHo-
cru». Beimyck Ne 2 (48), 2013 .

Metomanueckue ykazauus «[IPOTHO3MPOBAHUE ME/IMNKO-
CAHUTAPHBIX IIOCJEIACTBUN XUMUNYECKNX ABA-
PUI1I 1 OIPEJEJEHUE ITOTPEBHOCTN B CIJIAX U
CPEACTBAX JJId UX JIMKBUJAIINI» Ne 2000/218.

IMporpamma «AXOB». Turan-onumn [DiaekTponusbiii pecype|. —
Pexkum pocryna: http://www.titan-optima.ru/programm /ahov/
index.htm, cBo6oaubit (24.04.2017).

IIporro3mpoBanue MOCAENCTBA XUMATECKUX aBapuii. [JaeKTpon-
ubiii pecypc|. — Pexxum pocryna: http://cisserver.muctr.edu.ru/
cis/solud.htm, ceomoGHsIit (24.04.2017).

HITO Owera. [Quekrponnbiii pecypc|. — Pexkum pocryna: http://
npo-omega.ru/instruments,/riski/, ceobommsrit (24.04.2017).

A.C. Bypsriit, O6Gnaunple  TEXHOJOTUH, KaK  MEXaHU3M
pacupenerennoit nepepaborku wmuabOpMarmu. VurbopmarnuorHO-
SKOHOMHUYECKHWE ACMEKThl CTAHJAPTU3AIUA W  TEXHUIECKOTO
perynupoBanus: Hayunbiii narepuer-kypaaj. 2014. — Ne 1 (17).

143



USING OF CLOUD TECHNOLOGIES IN THE
FORECASTING SYSTEMS OF CONSEQUENCES
CHEMISTRY ACCIDENT

Dmitrij Sergeevich Karelin

Kalashnikov Izhevsk State Technical University, 426033 Izhevsk,
Russia, 30 let Pobedy Str., 2

e-mail: bykarelin@gmail.com

In this article presents importance of to create forecasting system of
consequences chemistry accident. It consider negative sides of existing systems.
Describes architecture of forecasting systems. Modules of system is presenting in
last part of the article.

Keywords: forecasting consequences of chemistry accident; cloud
technologies; calculating of the health-care losses.



BesonacHocTth B TexHocgepe 2017

VK 614.8

OIITMMMU3AIINS 3ATPAT IIO OBECIIEYEHUIO
ITIO2KAPHOU BE3OITIACHOCTU 11PN
PEKOHCTPYKIIMY OBIIIECTBEHHOTI'O 3JAHUSI!
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Yamyprckuit rocy1apcTBeHHbIH yHUBepcuTeT T. MkeBck, Poccus
e-mail: dina@rintd.ru

B cmamwe obcyocdaemces onmumMu3ayus 3ampam no 06ecneneruio noHcapHot
6esonacrocmu 30anus. O60CHO6aHA HEOOLOOUMOCTND YCNAHOBKY CUCTNEM NPOMU-
BONONHCAPHOT, 3GUWLUMDBL, KOMOPLLE NOZGOAAM CHUSUML NONCAPHBHT puck. Onuceh
NPUMEP OUEHKU 3AMPATN TO NOHCAPHOT OE30NACHOCTU PEKOHCMPYUPYEMO20 30a-

HUA.

KamoueBble cioBa: CUCTEMBI NPOTHUBONOXKAPHON 3aLIUATHI, MOXKAPHBIA PHUCK,

OIITUMU3ANA 3aTpaT.

BBenenne

Baxmneimeit 3ama9eit Tpu MPOEKTUPOBAHUN W PEKOHCTPYKITMH
JI060r0 37aHUsI, B TOM YHCJE OOIIECTBEHHOIO, SBJISIETCS COOJIOIEHHE
TpebOBaHMI MOXKAPHOH 0E30IMacHOCTH U 0DECIIedeHne yCIOBUM dBaKyar-
nuu. 3asa4qa pelaeMa, eciid B 3J[aHUU [TPOBEJIEHBI IPOTHBOIIOKAPHBIE
MeporpusATus. K mpoTuBOnoKapHbIM MEPOTTPUATUIM OTHOCATCS:

— cOOJTIO/IeHNE TTPABHUJT ITOXKAPHON 6E30IACHOCTH, BBHITIOJTHEHNUE TIPE -
MMUCAHNI, TOCTAHOBJIEHNH U MHBIX 3aAKOHHBIX TPEOOBAHUH TOTKHOCTHBIX
JIULL, TTO2KAPHOI OXPaHbl;

— YCTAHOBKa M COJlepKaHUe€ B UCIPABHOM COCTOAHUU CUCTEMbl U
Cpe/ICTBA MPOTUBOTIOXKAPHON 3aIUTHI, BKJIIOYAs TIEPBUYHBIE CPEICTBA
TYIIEHNUS TI0XKAaPOB, HE JONyCKasd UX UCTIOIb30BAHNS He 110 Ha3HAYEHUIO;

— obecniedenne JOCTYIA JOJIXKHOCTHBIX JIUI] TIOXKAPHON OXPAHBI IIPU
WCIIOJTHEHUW MU CJIY2KEeOHBIX OOS3aHHOCTEH HA TEPPUTOPUH, B 3AAHUS,
COODY2KEHUs W HA UHbIE OOBEKTHI YIPEerKIEHUS;

— TpPEIOCTABJIEHNE MO TPEDOBAHUIO TOJXKHOCTHBIX JIUI[ TOCYIap-
CTBEHHOTO TIOXKApHOTO HAJA30Pa CBEJEHUI M JOKYMEHTOB O COCTOAHUM
MOXKAPHOU OE30MaCHOCTH B YUPEXKJIEHWHW, B TOM UHCJIE O MOXKAPHOH

lPaBora BimOSHEHA B pamkax rpanTta <«Hayusmsli norenmmasns (KOHKYpC
HAYYHO-HCCJIEI0BATEIbCKUX paboT (rPAHTOB) MOJIOABIX YUEHBIX, IpernojaBareseil
u acnupanToB Yal'V, (duHAHCHUPDYeMBIX U3 COOCTBEHHBIX CPEJICTB YHHUBEPCUTETA
(«Hay4nblif moTeHnmas» ), MOCBAIEHHBIR 85-yeTHeMy 1o0mmiero Yal'V, 17.05.16-
17.11.16 1)
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OTMACHOCTY, MPOM3BOAUMON WM TPOAYKIIAU, & TAKXKE O MPOUCITIEIIINAX
Ha, €r0 TEPPUTOPHUHU TIOKAPAX U WX TMOCAEACTBUAX W T.JI.

Paccmorpum 6ostee moapoObHO MPOEKTUPOBAHUE U YCTAHOBKY CHCTEM
MPOTUBONIOXKAPHON 3ainThl. K cucremaM 1nMpoTHBONOXKAPHON 3alluTh
OTHOCSITCS: ABTOMATHUYECKAS CHUCTEMA TOXKAPOTYIIEHUsI, MOKAPHAT
CUTHAJIN3AINSA, CACTEMA OTIOBEIEHUS W YIIPABJICHNS YBAKYaIHeil JII0Ieit
u3 3JaHUs, CACTEMa MPOTHUBOJALIMHON 3amuThl. [IpoekTupoBanue u
YCTAHOBKA [TAHHBIX CHCTEM SIBJISETCS TPYJOEMKUM U 3aTPATHBIM
[IPOLIECCOM.

B mensx omTuMwusanuu 3aTpar M0 YCTAHOBKE CHCTEM TPOTHUBOIIO-
JKApPHON 3alllUThl B 3JAHUU CJEJIyeT MPOBECTH AHAJIU3 CUCTEM MPOTH-
BOIOXKAPHOM 3alllUThl, UX BJIMSHUE HA MOXKAPHLIA PHUCK, ONPEIEUTH
OonTuMaJibHbIE 3HAYEHUA 110 CTOMMOCTHU YCTAHOBOK CHUCTEM IIDOTHUBO-
MOXKAPHON 3aIMUTHI C yYETOM HOPMATHBHOTO IOXKAPHOTO PHCKA B
3/IaHNN, OMPEIEUTD TUIBI YCTAHOBOK, MPEIHA3HAYEHHDIE JJIs 3IAHUN
PA3IUYIHOrO HA3HAYEHUS.

[IpoBemem o1eHKY 3aTpaT MO YCTAHOBKE CUCTEM MPOTUBOMTOXKAPHOMN
3aIXATHI HA TPUMEDPE PEKOHCTPYUPYEMOro 3aannsa-my3es. My3eit numeer
r-00pa3Hyo B my1aHe GopMy, OTHOITAXKHBIN C PUBAJTATOM U ME3OHUHOM,
PA3MEIIEHHBIME CUMMETPUYHO OTHOCUTEIHLHO TEPBOHAYATHLHOIO OObe-
Ma (LHepBOHAYANBHDI 00bEM MPAMOYIOJIbHBIN, [O3IHUE HPUCTPONKM
BBINIOJTHEHBI C CEBEPHONW M BOCTOYHOM CTOPOH). 3JaHME KUPIUYHOE,
rabapuTHbie pasmepsbl: 27.1 M mo 3anamuomy dacaxy u 23.1 M 1o
oxkuHOMY acamy. Beicora mepBoro srazka cocrasisier 3.7 M, BBICOTA
Me30HUHA — 3.6 M.

Cremnenn ormecroiikocTn 3manus: I1.

Knacc orsercreentnocru 3panus: 11 (HopMasibHbiit).

Knacc dyukmmonanpuoit moxkapuoit omacuoctu: @ 2.2 - my3sen,
BBICTABKHW, TAHIIEBAJbHBIE 3AJbI U JIPYTHE TOMOOHBIE YUDPEXKIECHUS B
3aKpBITHIX moMermreHusix. Ha pucyrkax 1, 2 mpeacTaB/I€HBbI TIIAHbI
EPBOIO U BTOPOTO ITAXKEH 31aHUs.

B Tabaune 1 npeacTaBieHo onucanue TOMEIeHui 3aanus (auma,
NIMPHUHA).

IMo kaxkIOMy NOMEIIEHUIO ObLIM MPOBEIEHBI PACYETHl BPEMEHU
9BAKyallMW 10 YMPOIIEHHON AHAJIWTUYECKON MOIENIN IBUKEHUS
JIIOZICKOTO TIOTOKA [1] W BpeMeHW OJIOKMpOBaHMS TyTeil 3BaKyaluu
onacHbIME baKTOpamMu ToXKapa B coorBercrBun ¢ Meroaukoit [1],
MPUMEHUB MHTErPATBLHYI0 MATEeMATHYECKYI0 MOJETh Ta3000MeHa B
3JAHUU TIPU TIOXKAPE.

K maumbojiee omacHOMY CIIEHAPHUIO OTHOCHUTCS TOXKAP, BOIHUKITUI
B oiie (nomemenue Nt 3) mepsoro sraxka. Cuenapuii BbiOpaH wu3
yaera Bozmoxkuoctu gocrukenusi O®Il mpenenbHbIX 3HaYeHWE U
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Tabsmuna 1 — Onucanue nomernenuit 1, 2 sraxkeil peKOHCTpyUpye-
MOTO 3TaHWS

Ne Hazpanwue Mupwuna, | dauwa,
MTOMEIIEeHU s MTOMEIIEHU ST M M
1 Tambyp 1.45 3.3
2 Tam06yp 1.44 3.96
3 Doiie 4.25 4.25
4 Bectubronn 5.4 74
¢ rapaepobom
5 A nvMunuCTpanns 3.3 4.4
Canyzen
6 ¢ KJIaJ0BOI 1.93 3.89
yOOPOYHOTO MHBEHTAPS
Ornen
7 JEKOPaATUBHOI'O 4.6 4.1
TEKCTHJISA
YHuBepcaabHbIi
8 3an 5.9 10.1
(BbicTaBKM, KOH(MDEpeHuu)
9 BricraBounbIit 8.28 3.6
3a
Otznen
10 JEKOPATUBHOTO 4.7 9.1
TBOPYECTBA
Otznen
11 JEKOPATUBHOTO 4.5 4.65
TBOPYECTBA
Otnen
12 JEKOPaTUBHOI'O 3.9 44
TBOPYECTBA
13 BroicraBounbriit 3a71 5.9 9.6
14 Baakon 2.1 4.34
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Pucynok 1 — Ilman nepBoro stazka.
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BO3MOXKHOTO OJIOKHPOBAHWS TJIABHOTO MyTH IBAKYAIIUU HA, 1-OM dTaxKe.
PaccmaTpuBaemblii TTOTOK JIFOAEH W3 TIOMEIIEHUH 3/IaHus: TTOMEIeHUsT
Neg — Ne8 — Ne7 — Ne3 — Nel.

Ompenenunan pacdeTHOe BpeMs IBaKyanuud 10 OE30MACHON 30HBI
NPy BO3HUKHOBEHWH Tiokapa tp, ouo pasuo 1.284 wmun. Bpewms
6iokupoBanus nyTeil 3sakyaruu 3.124 mum.

Corulacuo [2] na 0ObeKTax, XpaHsIIUX KyJIbTYDHbIE LEHHOCTU, B
KavyecTBe 1M0XKAPOTYHIALIEro areHTa B YCTAHOBKAX aBTOMATUYECKOIO 110-
KAPOTYIIEHNA MOXKHO MCHOJb30BAaTh MEJIKOPACHIBLIEHHYIO BOAY, a30T,
YIJIEKUCIIBIA Ta3, XJIaJ0HBI OTIEJIbHBIX MapoK. B ycTaHOBKAX MOIY/Tb-
HOI'O TIOXKAPOTYILEHUsl ¥ CUCTeMaX ¢ TPybonpoBogamMu (CIpUHKIIEPHBIE
U JPEHYEPHbIE YCTAHOBKM) HA MEJIKOPACIbLIEHHOH BOJE JA0JIZKHbBI ObIThH
CMOHTUPOBAHbL ClleliaJjibHble OPOCUTEHU Jjld yMEeHblIeHUs BO3/eil-
CTBUS BOJBLI Ha TpeaMeThl xpaHeHus. [Ipm ycramoBke cHCTEMBI aBTO-
MAaTHUYIECKOTO Ta30BOr0 MOKAPOTYIIEHUS TOJI2KHA, ObITH MPEIyCMOTPEHA,
MO/1a9a 3BYKOBOT'O M CBETOBOrO CHUTHAJIA O HEOOXOIWMOCTH MOKWHYTH
IIOMeEIIeHHUE.

Takum obpa3omM, B pacCMATPUBAEMOM 3JAHUN MOXKHO YCTAHOBHUTH
CJIELYTOIINAEe CUCTEMbI TPOTUBOIOXKAPHOM 3AIUTHL:

1 noxKkapHOU CUTI'HAJIU3AINH;

2 aBrOMaTUYECKOrO II0XKAPOTYyIleHUs (ra30BOrO WM  BOJSHOIO:
CLIDMHKJIEDHBIE U JIPEHYEP-HbIe YCTAHOBKU, II0POLIKOBOLO);

3 IPOTUBOABIMHON 3aIUTHI;

4 oroBelleHUs ¥ YIPABJIEHUs 3BaKyaluel Jiojeil u3 3JaHusd
(pasmmuator 5 Tumos cucrem). B mokymente [3] mpencrasiena Tabania
2, TAe onpenejadercd THUI CHUCTEMbl ONOBEINCHUA W YIpPaBJICHUA
IBaKkyanuwit myig 3maHuit. dgs paccMarpuBaeMoro 37aHUS TOIXOIUT
BTOPO# THUII CHCTEMBbI OTIOBEIIIEHUsI U yIIPABJIEHUS dBaKyaluei.

PaccMOTpeB cuCTEMBI MPOTHBOMOKAPHON 3AIIUTHI, YIOBIETBOPSIO-
mpe TpebOBAHUSAM IO yCTAHOBKE CHCTEM HPOTHUBONOXKAPHON 3aliuTh
JLUIst My3€€eB, 1IDOBEJIEM OLIEHKY [0XKAPHOrO pucka B 3xanuu [1] u cro-
UMOCThH paboT MPU OTCYTCTBUY UJIN YCTAHOBKE TOM MJIM WHOMW CHCTEMbI
MPOTUBOIMOKAPHON 3ammThl. IIpu OIEHKE CTOMMOCTH ObLIH yUYTEHbLI
LEHbI, IIPE/ICTABJIEHHbIE B [4], TOUHYIO KAJIbKYJISAIMIO CTOUMOCTHU YCIyT
IPOM3BEJIET OPraHM3al|sd, KOTOpas OyJeT BBINOIHATH BCe pabodme
JIEfICTBYS 110 yCTAHOBKE CUCTEM IIPOTHBOIIOXKAPHOM 3aIUThL.

B Tabaume 2 npemcraBieHbl 3HAMEHUS ITOXKAPHOIO PUCKA U CTO-
“MOCTh paboT, KorJa He YCTAHOBJIEHA HU OJHA CHCTEMA, W KOTIA
YCTAHOBJIEHBI BCE CHCTEMBI IPOTUBOIMOXKAPHON 3aIUTHI, CHCTEMA, OTIOBE-
IIEHUS U YIPABJICHUs IBAKyAIlnedl B 3[aHNN PACCMATPUBAJIACH 2 THIIA.

IToxkapHbIil PUCK BO BCex ciydaax Gosbine HopMmaTusaoro —10 %rog—1,
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Jarke IPHU yCTAHOBKE B 3JaHUM BCEX CHUCTEM IIPOTHUBOMOXKAPHOU 3aIn-
THI.

B cBa3m ¢ 3TuM TpoBeseM HOBBIE PACUeThl MOKAPHOTO DPHUCKA U
CTOMMOCTH PA0OT IO YCTAHOBKE CHCTEM ITPOTHBOIOXKAPHON 3aIlUTHI,
PAcCMOTPEB B 3J/IaHUU YCTAHOBKY CHCTEMBI OIIOBEIIEHHUS J THIIA.
B rtabaume 3 mpencTaBiieHbl BApUAHTHI, KOTA TMOXKAPHBIA PUCK HE
MPEBBINIAET HOPMATHUBHOE 3HAYEHNE, MUHUMAJbHAS CTOMMOCTH PabOT
— BapuanT Ne 10: 371aHME OCHAIIEHO BOIASHON CIIMHKJIEPHONW CHCTEMOit
aBTOMATHYECKOTO TOXKAPOTYIIEHUS; MAKCUMAJIbHAS CTOMMOCTH PabOT —
BapuanT Nt 9: 37aHMe OCHAIIEHO I'a30BOIl CHCTEMOII aBTOMATUYIECKOIO
HOXKAPOTYUIEHU, [1O2KAPHOU CUrHAJIU3ALUENH, CUCTEeMOR OllOBELIeHUA U
yIIpaBJIeHUs dBaKyarueit 3 Tuma, CuCTeMOil MPOTUBOABIMHON 3aIATHI.

Takum 00pa30oM, CaMbIM ONTHMAJbHBIM BaPUAHTOM SIBJISETCS
Bapuant Ne 10 (rabuuna 3), croumocts pabor pasha 181550 py6Gieit
(npuMepHasi CTOMMOCTB ).
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COST OPTIMIZATION OF FIRE SAFETY IN THE
RECONSTRUCTION OF PUBLIC BUILDINGS

Varlamova Dina Michailovna
Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: dina@rintd.ru

The article discusses the optimization of expenses on maintenance of fire
security of the building. The necessity of installation of fire protection systems that
will reduce fire risk. Describes an example of assessing the cost of fire safety of the

reconstructed building.

Keywords: Fire protection system, fire risk, cost optimization.
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BECIIPOBO/JHOM PEYEBOW OIIOBEIIIATEJIb O
IIO2KAPE B 3TAHUN

B.K. Bawmues
Vamyprckuit rocymapcrsennbiii yausepcurer r. xkesck, Poccus
e-mail: vashtiev@ya.ru

B cmamwe obcystcdaemea paspabomarnnuil npomomun 6ecnposodnozo peuesozo
onosewamens 0 noscape 6 sdarnuu. Brpamue usaoocenv ocnosnve KoHCMPYKMUG-

HBLE 0COBEHHOCTU penesoz2o onosew,amens.

KuaroueBble cJjioBa: YIpaBjeHHe 3BaKyaluel, OIIOBelleHHE O II0XKape,

6€e30IIaCHOCTD JIIOJel B 31aHUM.

Korna 3axomur pedb O cucTeMe ONOBEIIeHWs U yIPABICHUS
spakyauueii (COYD), HEBO3MOXKHO 0OOWHTU CTOPOHOIl 3BYKOBOIL
OIIOBEIIATENb, KOTOPbII SBJISETCSd OIHUM W3 OCHOBHBIX 3JIEMEHTOB
mepeaatn nHMOPMAIUA O TIOKAPE JIFOIAM, HAXOIAIINMCS B 3IAHUN.

B pamvmkax mpoekTa OeCIpPOBOJHONW CHCTEMBI OIIOBEINEHUST U
JuHaMudeckoro yupassenus ssakyanueii (BCOAYD) 6bur paspaboran
GecrpoBonHoil  pedesoii omosemarens (PO). Onucanuio OCHOBHBIX
rmokasareyieii m KOHCTPYKTOPCKUX OCOOEHHOCTEH Oymer IOCBSIIEHA
JIAHHAS CTAThS.

B cocraB cranmapTHOrO 3ByKOBOI'O OMOBEIATENS BXOIUT:

— KapTa NaMsTH;

— nudpo-ananorosbiii npeobpazosaress (IIAIT);

— YCHJIUTED;

— IWHAMUK.

B 6mno0k paspaboranroro PO ObLr JOMOJHUTEIHHO TOOABIEHBI
CJIEYIONINE KOMIIOHEHTHI:

— OJIOK paguo mpuéMa-mepeIadn;

— JIOTUKO-MCIIOJIHUTEIbHbI MexaHu3M (MUKDPOKOHTPOJLIED);

— UCTOYHUK ITUTAHUS.

Paccmorpum Gostee moapobHO anmapaTHyo 9acTh.

JunaaMmuk. Bbulo mpoBesieHO mcCJIeIOBaHWE W PEIIeHO, YTO s
BBITIOJIHEHUST BCEX TPEDOBAHUN HOPMATHUBHBIX JOKYMEHTOB B OOJIACTH
MOXKAPHON GE30MACHOCTH JOCTATOYHBIM OYI€T UCIOIB30BATH JUHAMUK
3BykoBo# MmoiaocTbio 30 Br wm  comporusienuem 8 Owm. Bosee
TOUYHBI BBHIOOP AMHAMUKA (MapKW, MOJENU) 3aBUCUT TOJHKO OT
KOHCTPYKTHUBHBIX W ICTETUIECKUX OCOOEHHOCTEI.

Yceunnurenn. s onosemenns miofeit o UC B 3maHUN sIBJISETCS
AKTyaJbHO YCHJIUBATH 3BYK C MHUHUMAJBHBIMH SHEPTETHICCKUMU
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IOTEPAMHA. ﬂJIH JJaHHBIX Heﬂeﬁ CaMBbIM TNOAXOOANINM ABJIAETCA
yeunuresb kjaacca JI. B pamkax paszpaborkm BCOAYD B pedeBom
omoBeraTese ObLI WCIOJb30BaH ycuaureab Ha 0Oasze TPA3123D2
[1]. VYupouennas upunnunuaibHas cxema ycuauresas TPA3123D2
[IpeJICTaB/IeHa Ha PUCYHKe 1.

TPA3123D2

1uF
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Pucynok 1 — VYupornennas NPUHIANTAATIBHAS CXEMA YCUIATEIIA

TPA3123D2.

Kapra namsaTu. B kauecTBe KapThl MaMATH MOYKHO HCIIOJIH30BaTh
64 Meraburayio dmm-namarb. OdeHb HAIEKHO B ITOM CErMEHTe
nokazaiu cebs WINBOND 25Q64FW [2], na nux u nas BbIOOD 1pu
CO3aHUY TTPOTOTHIIA.

IMudpo-ananoroseiii mpeobpazoBaresb. ITAIl sasasercs on-
HUM U3 OCHOBHBIX KOMIOHEHTOB PQ. Bbuto mpuuaTO pernenune wuc-
nmonb3oBark ITAIl Ha ocHOBe MuKpoKOHTposuiepa cemeiicrBa ARM.
s npororuma 6611 ucnomb3oBan STM32F4. 3Byk xpanuTcs BO
dud-navsaru B Buge MP3-daitnos, namee ITAII npeobpasyer ero B
AQHAJIOTOBBIM 3BYKOBOM CHUTHAJ, KOTOPBII NMPOXOAUT Hepe3 YCUJINTeNb 1
TEPEIAETCS HA JUHAMUKHA.

Baok paamo npuéma-mepeaaun. Moxayab mnpuéma-mepesadn
0 PaJMOKaHATy ObLT BBLINOJHEH Ha 0a3e MHUKPOKOHTPOJIEpA C
nougepkkoit Mesh-ceru ATmegal28RFA1 [3]. IIpuemo-uepesarauk
paboTaeT KaK B pesKUMeE Mpuema, (/s MPUHATHs CUTHAJIA O TPEBOTE),
TaK M B peXKUMeE Tepenadn (s nepeaadu uHMOPMAIMKU O COCTOSHUM
PO, B Ttom uwmcie o0 ypoBHe 3apsima Oarapew W JAPyTUX padOdnx
apamMeTpos).
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JIorMKo-MCIOJTHUTEJbHBIIT MeXaHu3M. Bce jormueckue ore-
pammu B PO mpowucxomsar B paHee yIOMSIHYyTOM MHUKPOKOHTPOJLIEPE
ATmegal28RFA1. IIporpamMma, BiuTasi B JaHHBI MUKPOKOHTDOJLIED,
OTBEYAET 33 IPHEM CHTHAJIOB TPEBOTH, M B 3aBHCHMOCTH OT IIOCTY-
nuBIieii nHGOPMANMH BKJIIOYAET Ty WX HHYIO 3BYKOBYIO TOPOXKKY,
comepxaryio uHdopmanno 0 YC u Touke 3BaKyaInm.

WUcrouynuk nuranus. B KagecTBe MCTOYHUKA MUTAHUS HEOOXOIHU-
MO HUCIOJIb30BaTh 12-TW BOJIBTOBBIE OATapen CO CXEMO# CTabWIM3aIun
Hanpsizkenus 10 3.3 B.

Takum 06pa3om, pa3pabOTAHHBIM TPOTOTHUII PEIEBOTO OIOBEIATES
OTBEYAET OCHOBHBIM XapPAKTEPUCTUKAM OECIIPOBOIHON CHCTEMBI OIIOBE-
MEHUS ¥ JUHAMWIECKOTO YIPABJICHNUS YBAKYAINEH:

1 ABroHoMHOCTh — mepegada WHGOPMAIUU OCYIIECTBIIAETCS O
paanoKaHally, MUTaHue OCYIIECTRISETCS OT JIOKAILHON GaTapen.

2 DueproadpHeKTUBHOCTH — Bee KOMMOHEHTHI B PO momobpansr n3
pacyera HANMEHBIIEro MOTPEOICHNsST SHEPTUH.

3 NudopMaTuBHOCTh — B 3aBUCAMOCTH OT CHUTYAI[WH, OTOBEIIEHIE
0 TOYKE D3BAaKyallMu MOXKeT MeHaAThca. [lo 910l mpuunue B
IaMsaTh PEYeBOro OIOBENIATE s 3alUChIBAeTcs UHQGOPMAIMA O
BCEX BO3MOKHBLIX BBLIXOJAX M3 3JaHHUSA U BBIOOD HPOUCXOIUT OT
CJIO?KHBIIEHCH 0OCTAHOBKH.

Crucok aurepartypbl

1. Datasheet TPA3123D2 [duexrponunsbiii pecype|. — Pexum pocry-
na: http://www.ti.com/lit/ds/symlink /tpa3123d2.pdf, cBoGox-
mbiit (10.05.2017).

2. Datasheet WINBOND 25Q64FW [mekTponubiii  pecypc].
—  Pexwnm  gmocryma:  https://www.winbond.com /resource-
files/w25q64fw _revd 032513.pdf.
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WIRELESS VOICE ALARM FOR FIRE IN THE
BUILDING

Vashtiev Vasiliy Konstantinovich

Udmurt State University, 426034 Russia, Izhevsk, Universitetskaya, 1
e-mail: vashtiev@ya.ru

The article discusses the developed prototype of a wireless voice annunciator

on the fire in the building. Briefly outlines the main design features of the wvoice

annunciator.

Keywords: Evacuation management, fire warning, security of people
in the building.
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IMPOI'PAMMHBIN KOMILJIIEKC «OILIEHKA 3ATPAT I10
YCTAHOBKE CUCTEM IIPOTUBOIIO2KAPHOU
BAIIIUTHI B OBIIIECTBEHHOM 3JIAHUN»!

.M. Baparamosa
Yamyprckuit Tocy1apcTBeHHbIH yHUBepcuTeT T. MkeBck, Poccus
e-mail: dina@rintd.ru

B cmamwve npedcmasaern npozpammHuil KOMNAECKC, NPEOHASHAMEHHUT O
OUEHKU 3AMPA NO YCMAHOBKE CUCTEM NPOMUBONOHCAPHOT 3auumovl. O60cHo8aHa
HEOOLOOUMOCTD PA3PAOOMKY NPOLPAMMHOZ0 KOMNAEKCE NO OUEHKE CMOUMOCTY
pabom no YcmaHosKe CUCMEM NPOMUBONONHCAPHOT 3GUWUMDL, KOMOPLLT NO3EOAUM

onpe()e/bumb 348UCUMOCMB NOHCAPHO20 PUCKE O YCTNAHOBAEHHBLT CUCTEM.

KamoueBbie cioBa: CUCTEMBI NPOTHUBONOXKAPHON 3aLIUATHI, MOXKAPHBIA PHUCK,

ONTUMU3ANNS 3aTPAT, OIEHKA 3aTPAT HA MOXKAPHYIO 6€30TaCHOCTE.

BBenenne

JIroboe obImiecTBeHHOE 3aHWE JOJKHO OBITH O0DOPYIOBAHO BCEM
KOMILTEKCOM CHCTEeM MPOTHBOIMOXKAPHOHN 3amuThl. K crcremMam mpoTH-
BOIIO2KAPHOM 3aIIUThI OTHOCATCH ITO2KAPHAS CUTHAJIU3AINA, CHCTEMA aB-
TOMATUYECKOI'O [IOKAPOTYIIEHUs, CUCTEMA OIIOBEIIEHU U YIIPABJIEHUS
3BaKyanueil B 3/IaHUU, CUCTEMA MPOTUBOJIBIMHON 3AIUTHI. YCTAHOBKA
BCEX CHCTEM B 3JaHUN CTOUT OYEHDb JOPOr0, M HE BO BCEX OOIECTBEHHBIX
3IaHASIX UMEETCs BO3MOXKHOCTDH YCTAHOBKH JAHHBIX CHCTEeM. B cBsA3M
C 3THUM, CJeAyeT pa3paboTaTh IPOrPaAMMY, MO3BOJISIONIYIO OMPEIeTUTh
MMOKAPHBIM PUCK IPH JIOOOM BAPHAHTE YCTAHOBKH CHUCTEM B 3/TaHUU W
paccunTaTh CTOMMOCTH paboT O YyCTAHOBKE TO# mym nHOM cucrembr. Ha
OCHOBE TIOJIYYE€HHBIX JAHHBIX OMPEIETAeTCsa ONTUMAIBHBIN BapUAHT IO
COOTHOIIIEHNIO TIOKAPHOTO PHUCKa M OOINEH CTOMMOCTH IO OCHAIIEHHUIO
3/IaHUS] CUCTEMAMU TPOTUBOIIOXKAPHON 3aIUTHI.

Takum obpazom, 3a7a9a ABTOMATH3AMMUH IIPOIECCA OIEHKHA 3aTPAT
TpebyeT CO3JaHUs MPOrPAMMHOTO KOMILJIEKCA, YUWTHIBAIOIIETO BCE
VCJIOBUSI TIO OCHAINEHWIO 3JaHWS CHCTEMaMW MPOTHBOMOKAPHOIM
3aIUATHI.

lPaBora BimOSHEHA B pamkax rpanTta <«Hayusmsli norenmmasns (KOHKYpC
HAYYHO-HCCJIEI0BATEIbCKUX paboT (rPAHTOB) MOJIOABIX YUEHBIX, IpernojaBareseil
u acnupanToB Yal'V, (duHAHCHUPDYeMBIX U3 COOCTBEHHBIX CPEJICTB YHHUBEPCUTETA
(«Hay4nblif moTeHnmas» ), MOCBAIEHHBIR 85-yeTHeMy 1o0mmiero Yal'V, 17.05.16-
17.11.16 1)
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3agada TPOrpAMMHOTO KOMIIJIEKCA - OIeHKA TTOXKAPHOTO PUCKA,
OIIEHKA, CTOMMOCTH PA0OT TIO YCTAHOBKE CHCTEM ITPOTHUBOJBIMHON 3a-
HIUTHL B OOIIECTBEHHOM 3JaHuU (IPOEKTUPYEMOM, DEKOHCTPYUPYEMOM,
CTPOSIIEMCS U T.[1.), CDABHEHUE PE3YJIbTATOB, BBIBOJ 110 ONTUMAJILHOMY
BAPHAHTY: COOTHOIIEHHWE IMOXKAPHOIO PUCKA U 3aTPAT 110 OCHAIIEHUIO
3QHNS CUCTEMAMU MPOTUBOMOXKAPHON 3aIlUTHhI.

[IporpaMmMHbBI#i KOMILIEKC pa3pabOTaH Ha OCHOBE S3BIKOB IIPOrPaM-
vupoBanus: HTML, JavaScript. ['maBras crpamuia mnpeaHa3HadveHa,
JIJIS BBOJIA XAPAKTEPUCTUKHU 3TAHUS.

AsropurMm paboThI:

1 ITonn3oBarens HadumHaeT paboOTy ¢ BBOAA WHQMOPMAIAKA IO
HCCJIEIyEMOMY OODBEKTY:

a. pyHKIHOHAIbHOE HA3HAYEHUE ODIECTBEHHOIO 3/IAHN;
0. XapaKTEPUCTUKA 3IAHUS;
B. TUIONIAIh 3IAHUS, M2,

T. BEPOSATHOCTh MPUCYTCTBUS JIIOJIeH B 37aHNN;

. HaJJn4dnue CUCTEM HpOTHBOHO}KapHOﬁ 3alIUTHI 1 UX XapaKTepnu-
CTUKU:

— IOXKapHad CUTHAJIU3AINA;

aBTOMATHYECKasd CUCTEMA MOKAPOTYIIEHNS;
— cHUCTeMa OTOBEIeHNs U yIPAaBJIeHNs dBAKyalueil B 3aHNN;

— CHCTEMAa MPOTUBOABIMHOM 3AIUTHI.

2 @opMuDPYIOTCS DPE3YJbTATHI pacdyera. Pe3yJbraThl pacyeTon
OPEJICTABISIOTCS B BHAE: 1) OIEHKHM TIOKAPHOTO DHCKa B
obiiecrBeHHOM 37aHuu (Ha ocHoBe Meroxuku [1]); 2) ounenku
CTOMMOCTH 3aTPAT HA YCTAHOBKY CHCTEM HPOTHBOIOKAPHON
zawuThbl [2].

Ha pucynke 1 mpezcraBieno pabodee okHO [71aBHON CTpaHUIbI
OPOrpaMMHOIO KOMILJIEKCA.

CpaBHUB TMOXKAPHBII PUCK W CTOMMOCTH pabOT MO TOMY WA
WHOMY BAapUAHTy YCTAHOBKM CHCTEM IPOTHUBOIOXKAPHOW 3allUTHI,
MIOJTb30BATE b BBIICIUT /i ce0s ONTUMAaJIbHbIN Bapuant. IIpu omnenke
CTOMMOCTH OBIJTH YYTEHBI IIEHBI, MPEICTABIECHHBIE B [3], TOYHY IO
KaJIbKYJIAIWIO CTOMMOCTHU YCJOYD TIPDOU3BEAET OpraHu3alud, KOTOpasd
OyZeT BBLIMOJIHATH BCE paboume JAefiCTBUS IO YCTAHOBKE CHCTEM
OPOTUBOIIOXKAPHOI 3aIIATHI.
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Pucynox 1 — Pabodee okno «I'maBHas crpanuas.
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PROGRAM COMPLEX «ESTIMATION OF COSTS FOR
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The article presents a software package designed to estimate costs for
installation of fire protection systems. The necessity of the development of software
for estimation of cost of works on installation of fire protection systems, which will
allow to determine the dependence of the fire risk from the installed systems.

Keywords: Fire protection system, fire risk, cost optimization, cost
estimation for fire safety.
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