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MOHUTOPHHI' U IIPOI'HO3UPOBAHUE
INPUPOJAHBIX U TEXHOI'EHHbBIX PUCKOB

Hayunas ctates
VIK 314

JTEMOTPA®UYECKUE ®AKTOPHI ITIPOJIOBOJILCTBEHHOM
BE30OITACHOCTH POCCHUH

“Majnnuna Tatbana BopucosHa.

Cankr-IlerepOyprekmii rocynapcrseHnsbliii yuusepenret, Cankr-IlerepOypr, Poccus.
KapueBa A3a KoHcTaHTHHOBHA.

CeBepo-3anagnoro uncruryra ynpasjieHusa PAHXul'C, Cankr-IlerepOypr, Poccus
YT malinina@gmail.com

Annomayus. ViccnenoBanue TOCBSIIEHO OIIEHKE AeMOrpaduiecKoil CUTyallud B KPYITHBIX arpapHbIX
peruoHax 1eHTpa Poccun. Kak cpaBHUTENBHO OJIaronojiyyHYH MOXKHO OICHHTH JeMOrpaduvyecKyro
CHUTyallMI0 TOJMBKO B benropoackoil o0y, B KOTOpol umcileHHOCTh HacenmeHus B 2010-2020 rr.
HE COKpAaTHJIaCh, a Takke 3a(UKCUPOBAHBI HAUMCHBIIUE MMOKA3aTeIM CMEPTHOCTU U JIyUIIHE MOKA3aTeNn
MPOJIOJDKUTENBHOCTH JKU3HM HaceneHus. HaubGonee cioxHas kaptuHa B bpsiHckod u TamMOoBckoi 00d1.,
YHCIIEHHOCTh HaceneHus: KoTopbix B 2010-2020 rr. exxerogHo cokpamanack modtd Ha 1 % BcmeacTBue
0O0JIBIIION €CTECTBEHHOHN YOBLTN M aKTHBHOT'O MUTPAIMOHHOTO OTTOKA. Jlemorpadudeckue rnporao3 Poccrara
Mpe/roiaraeT JalbHeHIee CoKpalleHHe YHCICHHOCTH HACENICHUS B PETMOHAX arpapHod Crelraiu3aiui
nentpa Poccun. DTO MOXKET CTaTh NPEMATCTBHEM HA IYTH YCTOWYMBOTO Pa3BUTHS CEILCKOTO XO03SHCTBA
Y DKOHOMUKH JAHHBIX PETUOHOB B IIEJIOM, UTO JUKTYET HEOOXOAMMOCTh MPUHSITUS JOTOJHUTEIBHBIX MEp,
HaTpaBJICHHBIX Ha CTAOWIM3AIHIO JeMOrpaduvecKoi CUTyallMd B arpapHbIX peruoHax, 00eceYrBarONINX
MPOIOBOJIBCTBEHHYIO 0€30MaCHOCTh CTPaHBbI.

Kniouesvbie cnosa: pervoH, arpapHblii I[EHTP, NPOJOBOJILCTBEHHAS OE30MaCHOCTh, CEIbCKOE
XO3AHCTBO, leMorpauueckas CUTyalus, CEeNbCKOE HACETICHUE, ECTECTBCHHAs YObLTh, MUTPAIIUS

s umrupoanusi: Mamununa T.b., Kapuesa A.K. Jlemorpaduueckuie ¢hakTopsl IPOA0BOIBCTBEHHON
6e3onacHoctr Poccun // TIprpomHbIe ¥ TEXHOTEHHBIE PUCKH ((DH3UKO-MATEMATHIECKHE U IPUKIIATHBIC aCTICKTHI).
2022. Ne 4 (44). C. 6-11.

DEMOGRAPHIC FACTORS OF RUSSIA'S FOOD SECURITY

“Malinina Tatiana B.

Saint-Petersburg state university, Saint-Petersburg, Russia.

Kartseva Aza K.

Northwest institute of management of the Russian academy of national economy and public
administration, Saint-Petersburg, Russia

YT malinina@gmail.com

Abstract. The study is devoted to the assessment of the demographic situation in large agricultural
regions of the center of Russia. The demographic situation can be assessed as relatively prosperous only
in the Belgorod region, in which the population did not decrease in 2010-2020, and the best indicators
of mortality and life expectancy of the population were recorded. The most difficult picture is in the Bryansk
and Tambov regions, whose population declined by almost 1 % annually in 2010-2020 due to a large natural
decline and active migration outflow. The demographic forecast of Rosstat suggests a further reduction
in the population in the regions of agrarian specialization of the center of Russia. This may become
an obstacle to the sustainable development of agriculture and the economy of these regions as a whole,
which dictates the need to take additional measures aimed at stabilizing the demographic situation
in agricultural regions that ensure the country's food security.
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KimroueBbiM  (pakTOpoM HalMOHATIBHOW OE30MaCHOCTH JIO00r0 TOCYHapCTBa SIBISACTCS €ro
MPOJIOBOJILCTBEHHAST He3aBUCUMOCTh. [t Poccuiickoit denepaiivivi, UCHIBITHIBAIONMIEH KOJOCCATBLHOE
JABJICHWE CO CTOPOHBI MHOTHUX WHOCTPaHHBIX TOCYIApCTB, CTAOMJIbHOE IPOAOBOJIBCTBEHHOE
oOecrieueHre HaceNeHUsT — 3afada TepBoouepepHol BaxHocTd [l]. B 9Toi cBsA3M BOMPOCHI
(dbopMHUpOBaHHS TPYIOBOTO TOTEHIMANA CEIbCKOTO XO3SICTBA OOPETarOT OCOOYI0 aKTyalbHOCTb.
HavanbHo# cTaguei 3Toro mpouecca sBIseTCsl NPOLECC BOCIIPOU3BOACTBA HaceneHus. 1 mocKombKy,
KaKk CBUJETENILCTBYET CTaTUCTHKA, OOpaTHBI mpouecc ypOaHM3alMM HE XapaKTepu3yeTcs
MHTEHCUBHOCTBIO moToKa (¢ 2000 1. Takoe HabOmromanock Toiabko B 20182020 rr., u cymMMapHbIi
MIPUPOCT TI0 ITOMY HAIPABJICHUIO COCTABWII 37,5 ThIC. Ue. [2]), Ipy U3y4eHuH MpodsieM obecrieueHus
CEJIbCKOr0 XO3sMCTBa paboyell CUJION ciieayeT HauMHATh C M3YYCHHUS JIeMOrpaHuecKoi CHTYyaIuu
B CEJIBCKOW MECTHOCTH.

YucneHHOCTh CeNnbCKOro HacelieHust B Poccuiickoit Penepaunu NpakTHUECKHA €KETOJHO
cokpamaercs, B 2020 r., B cpaBHeHnH ¢ 2000 r., CENbCKUX JKUATEIEH B CTpaHe CcTajao nodtu Ha 6 %
Menbie [3]. dns crabunuzamum neMorpadudeckoil cuTyanuu B celbckoil mecTHoctu ¢ 2019 r.
B CTpaHE peanu3yercs TocyaapcTBeHHas rmporpamma «KOMIUIEKCHOE pa3BUTHE CEIIbCKUX
tepputopuit». OnHa U3 1eneil TaHHON mporpaMmbl — cTaOWiIM3anMs yAEIBHOTO Beca CEIbCKOrO
HacesieHus k 2025 r. Ha ypoBHe 25,2 % [4].

Onnako mnporHo3 Poccrara HeyTeNIMTENbHBIA — YMEHBIIEHHE YHCICHHOCTH CEJIbCKOTO
HaceneHus nponaokutcs. [Ipudyem Poccrar oxxumaer yckopeHHst 3TOro mpoliecca: coriacHo Haubomee
PEAUTUCTUYHOMY — CPEAHEMY — BapHUaHTy IMPOTHO3a, YHCIEHHOCTh CEJIbCKUX >kuTenell Poccuiickoit
®enepatuu B 2036 1., B cpaBHeHuu ¢ 2021 r., ymenbumtcs Ha 6,4 %. [laxke BBICOKMIA BapuaHT
o(UIMaTBPHOTO TPOTHO3a, KOTOPBIA JOMYCKaeT pPOCT YMCICHHOCTH HAaceNeHHs CTpaHbl Ha 2 %,
MIPEAToiaracT yMEHBIICHUE YUCIICHHOCTH CeNbCKoro Hacenenus Ha 2 %. Ecmm cOymercs HHM3KMiA
BApUAHT MPOTHO3a, TO POCCUSH, MPOKUBAIOIIMX B CEIbCKOM MECTHOCTH, 3a 2022-2035 rr. craHer
Ha 12 % wmensbie [5]. HeoOxoauMo Takke YYUTHIBATh TO OOCTOSITENILCTBO, YTO CEJILCKOE HACEICHUE
OBICTPO CTapeeT: CpemHuil Bo3pacT celbCkux xkwurened B 1990 1. 6but paBen 38,9 roma, B 1995 r. —
39 ner, B 2000 1. — 39,8 roma, B 2005 r. — 40,5 net, B 2010 . — 41 rox, B 2015 . — 41,7 rona, B 2020 r.
CpeOHMI BO3pPaCT CEJIbCKOTO HaceneHus coctaBwil 42,7 roma [2]. DTO MO3BONSIET TOBOPHUTH
O CYILIECTBOBAaHMH JIeMOrpapuyecKoil yrpo3sl sl CTAOMIBHOTO Pa3BUTHS CEILCKOTO XO3sIHCTRA.

B pamkax omHON CTaTbu paccMOTPETh COLMATIBHO-AEMOrpadUyecKyro CHUTYaIUI0 BO BCEX
peruoHax arpapHoil crenuanu3alui HeBO3MOKHO. OOBEKTOM [aHHOTO HCCIIEIOBaHUS CTalH
cyobekTel  LlenTpanpHoro  ¢denepanpHoro okpyra (LI®PO), oTHOcsAmmecs B arpapHo-
NpOMBIIUICHHBIM IieHTpaMm Poccuiickoit ®enepanuu (benropoackas, bpsHckas, Boponexckas,
Kypckas, JIunenkas u TamOoBckast 0611.). CoriacHo NporHo3HeIM pacderaM PoccTara 4nciIeHHOCTh
HACeJIeHHUsT HJTHUX PETHOHOB, OO0ECIEUMBAIOIIUX CTPaHy KU3HEHHO BaXHBIMU TOBapaMH,
MIPOJIOBOJILCTBUEM, TOKE COKpaTuTcs (Tadi. 1).

Ta6mmma 1. [Iporuo3Has YUCJIEHHOCTh HaceJdeHus1 arpapHbix pernoHoB L{@O, ThIc. yell. [5]

Permon Cpenuuit BapuanT Bricokuii BapuaHT Huskuii Bapuant
2020 r. 2035 r. 2020 r. 2035 r. 2020 r. 2035 r.
Poccuiickas ®enepanus 146 699,3 | 143 060,8 | 146 818,4 | 149943,6 | 146 580,7 | 1347394

benropoackas 00:1. 1550,2 1 546,2 1552,0 1623,7 1 548,5 1454,1
Bbpsiackas o0m. 1188,2 1 075,0 1189,2 1131,6 11874 10104
Boponexckast 0011 23229 2 268,8 2325,1 2 384,0 2321,0 2133,6
Kypckas o011 1102,7 1 060,0 1103,8 1116,8 1101,7 991,8
Jlumeuxkast 0611 1136,9 1 062,6 11378 1118,4 11359 996,8
TamboBckas 001. 1001,8 879,1 1 002,6 925,4 1001,2 825,2
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CornacHo cpelHeMy BapuaHTy NporHo3a K 2035 r. COKpaTUTCA YHMCICHHOCTh HACEIICHUS
BCEX paccMaTpHBAEMbIX PETMOHOB, B HAMMEHBIIIEH cTeneHu — B benropoackoii 06:1., B HanOOIbIIeH
crerieHd — B TamOoBcKkoi#. Jlyurie cpenHepOCCUIHCKOM MPOTHO3UPYETCsSl CUTYalHs TOJBKO B JIBYX
cyobektax — benroponckoit u BopoHexxckoit 061. B 3THX ke JIBYX pernoHax OXKHAAETCS pOCT
YHCJIEHHOCTH HACeJIeHHs Mo Haubojiee ONTUMUCTUYHOMY MPOTHO3Y. Ecinu ocyliecTBUTCS HU3KHMA
BApUAHT MPOTHO3a, COKPAIEHUWE YHUCICHHOCTH HACEJICHHs] B PETHMOHAaX BbBIJCICHHOW TPYIIIIbI,
3a HUCKIoYeHueM benropoackoil 061., craHer Oojiee 3HAUUTENBHBIM, YeM B IIEJIOM B CTpaHe —
ot 8 % B Boponesxckoit 0611. 10 18 % B TamOGoBCcKoi#1 0071. ITO 03HAYAET, YTO TEMITbI COKPALIECHUS
TPYJIOBOIO MOTEHIIMAIa PETUOHOB, 00ECIIEUNBAIOIINX TPOJOBOJILCTBEHHYIO O€30MacCHOCTh CTPaHbl,
3HAYUTEIBHO OIEPEISIT COKpAILCHHE YHCICHHOCTH HACEJICHUs, a 3HAYUT, BO3MOXKHBI MPOOJIEMBI
c obecrieueHHEM HaceleHUs TOBapaMHU MepBON HEOOXOAMMOCTH — MPOAYKTaMH IMUTAHUS, YEro
JOTYCTUTDH HEJb34.

HamomHaMM, 9TO arpompOMBIIUICHHBIX IIEHTPOB, CIIOCOOHBIX BHECTH 3HAYUTEILHBIN BKIIA]
B o0ecrieyeHrne MPOJOBOJILCTBUEM HACENEHHsI HE TOJIBKO CBOETO PErHOHA, HO M BCEH CTpaHBbI,
Bcero 15 [6]. DTo TpeOyeT MPUCTAIBHOTO HW3YYCHHS IeMOTpaUYecKOdl CHUTyallud B JIaHHBIX
CyOBeKTaxX.

AHanmu3 JaHHBIX CTaTUCTHUKMA TOKa3blBA€T, UYTO BO BCEX H3Y4YaEMbIX pETrHOHaX,
3a ucKiIro4YeHueM benroposckoir 061., ynuciaeHHOCTh HaceneHus B 2010-2020 rr. cokpaTuiach,
0cOOEHHO CUJIbHOE CHIDKeHHE mpomsonuio B TamOoBckoir u bpsuckoit o6n. — Ha 9 u 8 %
COOTBETCTBEHHO. MIMEHHO 3TH JBa CyOBEKTa XapaKTepU3YIOTCS OJAHOBPEMEHHO U €CTECTBEHHOMU
yOBLIBIO, ¥ 3HAYUTEIILHBIM MUTPAIIMOHHBIM OTTOKOM [7].

Bo Bcex paccMmaTpuBaeMbIX PETHOHAX POXKIAEMOCTh HUXKE CPEIHEr0 B CTPAaHE YpPOBHS:
ot 7,4 nmpomumuie B TamboBckoit 00:1. (80-e mecto B Poccuiickoit @enepaunn) o 8,3 mpomusuie
B Jlumenxoit (65-¢ mecto) m Kypckoit (66-¢ Mecto) 00J. HpH CpeIHEM 3HAYECHUU OOIIETOo
kod(duimenTa poXKaIaeMOCTH B CTpane, paBHOM 9,8 poxxaenuit Ha 1 000 gen. nacenenus (2020 r.).

CMepTHOCTb, HAIpPOTUB, OCTAE€TCA 3HAYUTEIBHO BBILIE CPEIHEPOCCUHCKOIO YpPOBHS:
ot 15,6 mpommine B benropoackoii 061. (47-e mecto) no 17,8 mpommiie B TamOGoBckoit o0
(78-e mecTo) mpu cpemHeM 3HaYeHUHW 00ImIero KodhduIreHTa CMEPTHOCTH B CTpPaHE, PaBHOM
14,6 ymepunx Ha 1 000 uen. Hacenenus (2020 r.).

[IpuBenennpie B Tabn. 2 JaHHBIE CBUACTEIBCTBYIOT OO0 YXYAINICHHH OCHOBHBIX
nemorpaduueckux mokazateneit B 2010-2020 rr. Bo Bcex paccMaTpPHBaeMbIX pErHOHAX.
B GonbmmHCTBEe arpapHbix 1eHTpoB L[PO mameHue poxmaeMoctu ObUT0 Ooyiee CYIIECTBEHHBIM,
gem B Poccuiickoit ®enepanuu. VckitoueHue cocTaBisieT TOIbKO BopoHexckas 0011., B KOTOPOid
o0muit KO3POUIUEHT POKITAEMOCTH B paccMaTpUBaeMblil repuoj; ymeHbiuuics Ha 20 % mpoTuB
22 % B cTpaHe B 11eJIoM. A HaubOoJbIlIee CHUKEHUE PacCMaTPUBAEMOro Mokaszaress 3a(UKCHpOBaHO
B benroposackoit 0611 — Ha 27 % (Tabmn. 2).

Tabmmma 2. /luHaMHuKa 0CHOBHBIX JieMorpadguueckux nmokasaresieii
B arponpomMbIiieHHbIX HeHTpax PO [7]

Peruon 2010 r. 2015 . 2018 r. 2019 r. 2020 r.
1 2 3 4 5 6
Obwue koa¢hhuyuenmol poscoaemocmu, yucio poguBimuxcs #a 1 000 uen. nacenenus
Poccutickas denepanus 12,5 13,3 10,9 10,1 9.8
Benroposackas o0 10,9 11,5 9,2 8,5 8,0
Bpsiackas 0071 10,7 11,4 9,2 8,3 8,0
Boponexckas 0071 10,2 11,1 9,2 8,4 8,2
Kypckas o011 11,1 11,6 9,2 8,4 8,3
Jlunerkas o6I. 10,9 11,6 9,5 8,6 8,3
TamboBckas 00J1. 9,5 9.8 8,1 7,7 7,4
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1 | 2 | 3 | 4 | 5 | 6
Obwue kooguyuenmol cmepmuocmu, yucio ymepuiux na 1 000 ven. nacenenus

Poccutickas deneparus 14,2 13,0 12,5 12,3 14,6
Benropoackas o0 14,4 13,9 13,5 13,3 15,6
Bpsiackast 0071 17,0 15,8 15,2 14,7 17,0
Boponexckas 0011 17,0 15,3 14,7 14,1 16,5
Kypcxkas o61. 17,6 16,3 15,4 15,0 17,7
Jlumeukast o611 16,7 15,3 14,5 14,3 17,8
TamboBckas 00J1. 17,5 16,1 15,6 15,0 17,8

[Toka3zaTrenn CMEpPTHOCTH HAacCeJEeHMs, OCTaBasCh OoJjiee BBICOKUMHU, [0 CpPaBHEHHUIO
CO CpPEIHEPOCCUHCKMM YpPOBHEM, BO BCEX pacCMaTpUBAEMBIX pPETHMOHAX, 3a MCKIIOUYEHUEM
benropoackoit o6y, B 2010-2019 rr. cHwkanzach HEMHOro ObicTpee, yeM B Poccuiickoit
®enepanuu. Ho 3ametnm, uro s bearopoackoii 00:1., HECMOTps Ha OoJiee MEAJIEHHOE CHIDKEHUE
ATOTO TMOKa3aTelsl, XapaKTEepHO HamOoJiee HU3KOe 3HaYeHue o0mmero kod3pguimenta CMEPTHOCTH.
A HaunboJpIIMX ycHexoB B OopbOe 3a CHMKEHHME CMEPTHOCTH HACEJIEHUS YAAJIOCh TOOUTHCS
Boponexckoit 001., B KOoTOpoil 3T0oT KO3(duument ymenbmmics Ha 17 % mnpotuB 13 %
B Pocculickoit @enepanuu B LEIOM.

B mepBbIii TO MaHIEMHUH POCT CMEPTHOCTH OTMEYAJICS BO BCEX POCCHHCKHUX CyOBEKTax,
B CTpaHe B IEJIOM IPHPOCT o00Imero kodp@uiueHTa CMEPTHOCTH cocTaBuil modtu 19 %.
B BblIeneHHOW Tpymme peruoHOB CaMO€ 3HAYUTENIbHOE TMOBBIINIEHHE CMEPTHOCTH OTMEYaeTcs
B Jlunenxkoi 0611. — mpupocT coctaBui 24,5 %, B OCTaJIbHBIX PErMOHAX BBLICICHHOM IPYIIIBI POCT
cmeptHocT B 2020 1. ObUI HWXKE CpEIHEPOCCHUHCKOro ypoBHsA. Hawmbomee moaroToBiIeHHOM
k cxBatke ¢ COVID-19 oka3zanace bpsiHckast 001, — mpupocT o61iero ko3puimieara cCMepTHOCTH
ObUT HAMMEHBIIUM CpeId pacCMAaTPUBAEMBIX PETHOHOB, O3TO O3HAYaeT, YTO CHCTEMa
3JIpaBOOXpaHEHHs peruoHa ObicTpee U 3 (heKTuBHEE CripaBUIach ¢ BUPYCHOM aTakoi.

Bropoii koMroHeHT (opMUpOBaHUS HACEJICHHs — MUTrpalioHHoe aBkeHue. Cpemu
paccmaTpuBaemMbix pernoHoB B 2010-2020 rr. Toabko B bpsinckoit 1 TamOoBCKoii 0011. cyMMapHOe
caJlbl0 MMEJI0 OTpHIlaTeNbHOe 3HaueHue. HamOomplneil MHUrpallMOHHOW NPUBIEKATEIbHOCTHIO
obmnanatotr Boponexckas u benroponackast o6i. (tabun. 3).

Ta6mmma 3. KoapuuuenT murpanuonHoro npupocra Ha 10 000 yes1. HaceJieHUsI
B arponpomMbIiieHHbIX HeHTpax PO [7]

Ton 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Pernon
Pocentickaz 19 [ 22 | 21 |21 | 19 ] 17 | 18 | 14| 9 19 9
Depepanyus

Benropoackas 0071. 39 54 56 43 49 38 46 18 27 60 25
Bbpsirckas 0611 -24 -34 -37 -40 -28 -15 4 -20 -30 -0,3 7
Boponexckast 0071. 68 42 43 42 57 52 54 43 29 42 3
Kypckast 0071. -18 17 26 42 35 70 76 -9 -12 39 25
Jlunenkas o071 15 -7 5 18 21 22 40 -6 -4 16 -4
TamboBckas 00JI. -10 5 2 2 3 -52 -33 0,2 -97 -18 -19

[To mpu3HaHWIO YYEHBIX, W3 YHUCIA JeMOorpapHUuecKux MOoKa3zaTelei BCI0 COBOKYMHOCTH
YCIIOBUH KM3HU OTPAXKACT MPOJOJDKUTEILHOCTh XU3HU. Kak CBUIETENBCTBYIOT NaHHBIC Tabm. 4,
MPOJIOJDKUTENIBHOCTh KU3HU HacejeHust bpsHckoit (46-e¢ mecto) m Kypckoir (48-¢ mecto
B Poccuiickoit @enepanun) 061, Ha OJJUH TOJ MEHbIIE, YeM B cpefHeM B cTpane. B 2019 r. Bo Bcex
OCTaJbHBIX PETMOHAX BBIICICHHOW TPYNIbl MPOAODKUTENBHOCTh KH3HU Obla OoJblie
cpenHepoccuiickoro mokazatens, B 2020 r. B uucno orcraromux Bomuta u Jlumenkas o0d.,
B KOTOpOW 3apUKCHMpOBAaH MAaKCHUMAaJbHBI Cpelu paccMaTpUBAEMbIX PETHOHOB MPHUPOCT
CMEpPTHOCTH B MEpBBIA roj manaemuu. Hanbosee BBICOKYIO MO3MLMIO B (peepanibHOM peHTHHTE
2020 r. mo taHHOMY MOKa3aTtesto 3aHuMana benroposckas 061. — 15-e mecto (Tadm. 4).
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Ta6mmma 4. OsxkuaaeMasi NPOAOIKUTEIBLHOCTD KU3HHU B arponpoMbIliieHHBIX HeHTpax @O0, jet [7]

Peruon 2010 . 2015 . 2018 1. 2019 . 2020 .
Poccutickas ®enepanus 68,94 71,39 72,91 73,34 71,54
Benroposackas o0 71,31 72,61 73,67 74,21 72,37
BpsiHckas 00:1. 67,92 70,36 71,71 72,31 70,63
Boponesxckas 0071. 69,45 71,67 73,15 73,63 71,91
Kypckas o0u1. 68,53 70,80 71,91 72,27 70,52
Jlumerkas o011 68,59 71,07 72,62 73,34 70,59
Tam0oBcKast 0011. 69,22 71,67 72,95 73,56 71,78

[To oxumaemMoill NTPOAOHKUTETBHOCTH JKU3HM MYKUYUH paccMaTpUBacMble PETHOHbBI
pacnonoxuiuchk Mmexay 18 (benropoackas 061.) u 53 (bpsiHckast 0011.) cTpoKaM# paHKUPOBAHHOTO
cnucka. Jlumep mo MpoaoSKUTENbHOCTH JKU3HU JKEHIIMH — BopoHexckas 0011., 3aHMMaromas
14 nosummio QenepanbHOrO pelTHHra, ayrcaigep — Kypckas o6m., Haxozsmasicss Ha 47 mecrte
(2020 1.).

Takum 00pa3oM, Ha OCHOBE aHAJIN3a AWHAMHKN OCHOBHBIX JeMOrpaduyecKux rmokasareneit
MOKHO YTBEp)KJIaTh, YTO M3 4YHCIa arpornpombiluieHHbIX IeHTpoB LIDPO nHaubonee croxHas
CUTyalusi CJIOXuiIach B bpsHckoit u TamOoBckoW 007., YHCIEHHOCTh HACENICHUS KOTOPBIX
B 2010-2020 rr. exerogHo cokpamanach moutd Ha 1 % BciaeAcTBHE OONBIION €CTECTBEHHOM
yOBUTM M aKTUBHOTO MUTPAIIMOHHOTO OTTOKA. bpsHCKas 00iacTh, KpOME TOTrO, 3aMETHO OTCTaeT
0 TPOAOKUTEIBHOCTH KU3HU  HAcelleHUs, OCOOeHHO MyXuuH. Kak cpaBHUTEIBHO
OJ1aromoIy4Hy0 MOKHO OXapaKTepHU30BaTh JeMorpauuecKyio KapTuny B benropozackoi o6n. —
ATO €AUHCTBEHHBIN PETMOH U3 YKclia arpapHbIX eHTpoB [[PO, B KOTOPOM YMCIEHHOCTh HACEICHUS
B 2010-2020 r. He cokpaTHiach, a Takke 3a(UKCHPOBAHBI JyYIIHME MOKAa3aTeIH CMEPTHOCTU
U IPOAOKUTEIBHOCTH JKU3HHU HACETICHHUS.

[IporHo3sl geMorpaguueckoro pa3BUTHUS PETHOHOB arpapHoOd CHeNUalIu3alyy IIEHTpPa
Poccun Takke He yTeIIMTENbHBL. DTO CO3/aeT Yrpo3y A CTaOMIBHOTO Pa3BUTHUS CEJIbCKOTO
X03SICTBA M DKOHOMHKHM PETHOHOB B LeloM [8] u TpeOyeT NMpHUHATUS JONOJHHUTEIBHBIX MeEp
Mo crabuiau3anuu jAeMorpaduyecKod CHTyalluM B arpapHbIX pEruoHax, OO0eCIeYHBAIOIINX
MIPOIOBOJILCTBEHHYIO 0€30MaCHOCTh CTPaHBbI.
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KPATKOCPOYHOE NIPOI'HO3UPOBAHUE
C ITIOMOIbIO CIIVTAUH-9KCTPAIIOJISILIIUHA

“laéunckuii Anexkcanap IOpbesuu.
Cankr-IlerepOyprexuii yausepeurer I'TIC MYC Poccun, Cankr-IlerepOypr, Poccunst
Elabynsciy@yandex.ru

Annomayusi.  PaccMOTpeHBl  OCOOGHHOCTH  MCHOJNB30BAaHMS ~ KyOMYECKMX  CIUIAHOB IS
MPOTHO3UPOBaHMUs BpEMEHHBIX pAoB. [IpuBeneHa snormyeckass CTPyKTypa alrOpuTMa M 3Talbl PELICHUs
3aJjauyd MPOTHO3MPOBAHMUs C MOMOIIbI0 KyOWYeCKHX CIUIaifHOB. Mozenb NPOrHO3UPOBAHUS Pea30BaHa
B BHJIE TIporpamMMBI 11t DBM.

[IpencraBieHsl pe3ynbTaThl PELICHUS 3aJadyd KPaTKOCPOYHOI'O IIPOrHO3MPOBAHUS IMPUMEHHUTEIBHO
K BpPEMEHHOMY psdy, CoJepXalleMy JaHHble O TOTHOmMX Tpu moxkapax B Poccuiickoit denepannu
3a nepuoa ¢ 2000 o 2020 r.

PaccMmoTpeHO BiMsSiHME HAa WHTEHCHUBHOCTH JIECHOTO MOXKapa TaKWX yCJIOBHH MOTOJBI, KAK CKOPOCTh
BETPA, BIAKHOCTh U TeMIlepaTypa Bo3xyxa. IIpencraBiieHsl oka3aTeiay NOXXKapHOM OIAaCHOCTH B BUAE IIATH
KJIACCOB.

ITonpoOHO paccMOTpeHBI OCOOCHHOCTH ANMPOKCHUMAIMK M AKCTPANONIANNN (YHKIHNA KyOWMIecKUM
CIUTAIfHOM, TIpE/ICTaBIICHHBIM B BUJIE COBOKYITHOCTH allreOpandecKux MHOTrowieHoB cterneHH N. CroiaiiH-
anmpoKCUMaIusl CBOJUTCS K MOJMYYCHHUIO 3HaueHWH Ko3((PHUIUEHTOB MHOTOUIICHOB MYTEM HMX BBIYHCICHUS
MO aNMPOKCUMAIIMOHHBIM (OpMYIIaM.

[lpencraBnensl wHTEpdeiic u Omok-cxema mporpammbl s OBM, peamusyromielt  mporiecc
SKCTpanosiuuy (QyHKIMU KyOudeckuM crmaiiHoM. C HCIONBb30BAaHMEM JAHHOM MpPOrpaMMbl  BBITOJHEHO
KPaTKOCPOYHOE IPOrHO3MPOBAaHUE BPEMEHHOTO Psija Ha IpUMepe AaHHBIX O Hokapax B Poccuiickoit @eneparmu
3a eprof ¢ 2000 mo 2020 r. Pe3ynbTaThl NPpOrHO3UPOBaHMSI IPEICTABICHBI B HATIISTHOM TPaduecKoM BUJIE.

Kniouesvie cnosa: KyOWdecKHid CIUIaliH, KpPaTKOCPOYHOE MPOTHO3MPOBAaHWE, BPEMEHHOH DS,
KOMITBIOTEPHAs IPOrpaMMa, MaTeMaTH4IecKas MO/ICIb

Js umtupoBanusi: Jlabunckuit A.JO. KparkocpouHoe NpOrHO3MpOBaHME C IIOMOLIBIO CIUIAMH-

skcTpanonsuuu // [lpupogHbeie M TeXHOTeHHbIE PUCKH ((PHU3MKO-MaTeMaTHUECKUE W MPUKIAIHBIC ACTIEKTHI).
2022. Ne 4 (44). C. 12-19.

THE SHORT FORECAST WITH USE THE SPLINE EXTRAPOLATION
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Abstract. The article considers peculiarities of use of cubic splines for forecasting time series.
The logical structure of the algorithm and the stages of solving the forecasting problem with the help
of cubic splines are given. The forecasting model is implemented in the form of a program for computers.

The results of solving the task of short-term forecasting for the time series containing data on deaths
from fires in the Russian Federation for the period from 1990 to 2010 are presented.

The influence of weather conditions such as wind speed, humidity and air temperature on forest fire
intensity is considered. The fire hazard indicators in the form of 5 classes are presented.

Features of approximation and extrapolation of functions by cubic spline, represented as a set
of algebraic polynomials of degree N. Spline-approximation is to obtain the values of polynomial
coefficients by computing them by approximation formulas.

The interface and flowchart of the program for the computer implementing the process
of extrapolation of the function by cubic spline is presented. Using this program, short-term time series
forecasting was carried out on the example of data on fires in the Russian Federation from 2000 to 2020.
The results of forecasting are presented in a visual graphical form.

Keywords: cubic spline, short-term forecasting, time series, computer program, mathematical model
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BBenenue

i mpenynpexaeHus BOSHUKHOBEHMs upe3BbruaitHbpix cutyanui (UC) m oreHku ymiepOa
OT HHUX YCHEIIHO TPHUMEHSIOTCS TPOTHOZUPYIOIINE MaTeMAaTHYeCKUe MOJENHU, pa3padOTaHHBIC
C HCIOJIb30BaHUEM HEUETKOM JIOTMKU U HEUpOHHBIX ceTeil [1—4]. B naHHO cTaTbhe B 1ENsX pelieHus
3a7a4 KpaTkocpoyHoro (Ha 1 roj) MpOrHO3UPOBAHHUS PACCMOTPEHBI BO3MOXKHOCTU HCIIOIb30BAHMUS
AKCTPAIONISIMKA C TOMOMIBI0 KyOWYecKuX CIulaifHoB [5—8]. 3amaua MpOrHO3MPOBAHUS PEIIANIach
MPUMEHUTENIHO K BPEMEHHOMY DSy, COAEpKalieMy JaHHble O TMOrHOMIMX TpU IOXKapax
B Poccuiickoit ®eneparmu 3a nepuon ¢ 2000 o 2020 r. JlanHbIe B3THI U3 odummanbHoro caiita MUC
Poccun. B Poccwuiickoit deneparunt B CB3M ¢ OOJBINION MPOTSHKEHHOCTHIO TEPPUTOPHUHU, 3aHSITON
JIeCOM, HauOOJIBIIIYIO OMTACHOCTh TPE/ICTABIISIOT JIECHBIC TTOKAPHI.

Cdopmynupyem MOCTaHOBKY 3a/1auu, PE3YJIbTaThl PEIIEHHUs] KOTOPOW MPe/ICTaBICHbI B TaHHOM
CTaThe: HYKHO pa3paboTaTh KOMIIBIOTEPHYIO MOJENb, PEAIM3YIOIIYI0 MpOLEcC KPaTKOCPOUHOTO
MPOrHO3UPOBAHMSI C TIOMOIIBIO CIUIAWH-3KCTpanoisiquu. TemMa cTaTbu aKTyallbHa, TaK Kak
MIPOTHOZUPYIOIIME MATEMATUYECKUE MOJICNIM, B YACTHOCTH MOJENU C HCIOJIB30BAaHUEM KYyOWYECKUX
CIUTAfHOB, MOTYT IPUMEHSATHCA 7Sl TPOTHO3UPOBaHUs BO3HUKHOBeHHsI YC 1 olleHKH yiiepOa OT HUX.

HHTEeHCHBHOCTD JIECHOTO mo’kapa mo yCcjJoBusiM noroabl

VHTEeHCHBHOCTB JIECHOTO MOKapa MOXKET OBITh 00YCIIOBIIEHA ABYMS TPUPOAHBIMH SIBIICHUSAMH —
CKOPOCTBIO BETpa M 3acyXoH. 3acyXoil Ha3bIBacTCs IPUPOAHOE SBIECHHE, XapaKTepU3yeMoe
CPaBHUTENBHO MPOJODKUTENBHBIM YBEJIMYCHHEM TEMIIEpaTypbl BO3yXa IPH OTCYTCTBUH JIOXKIEH,
KOTOPOE MOKET MOBTOPSITHCS HECKOJIBKO JIET M COIPOBOXIATHCS JIMTEIFHBIM U BBICOKHMM YPOBHEM
OIACHOCTH JIECHBIX MokapoB [9—11]. dororpadust necHoro noxapa rnpezcrapieHa Ha puc. 1.

Puc. 1. JIecHoii moxap
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VYci10BHSI BO3MOKHOCTH BO3HUKHOBEHHUS U PACHIPOCTPAHEHUS MOKAPOB HAXOATCS B MPSMON
3aBUCUMOCTH OT TOrojibl. [TokazaTenp moxapHoi onacHoCcTH (Kitace mokapHor omacHoctH (KITO)
B JIeCy IIO YCJOBMSIM IOrojbl ompezensercs Ha 12—-14 4. MecTHOro BpEMEHM, Kak CyMMa
IIPOU3BEACHUS TeMIlepaTypsl (t°) Bo3ayxa Ha pa3HOCTb MEXIY TEMIEpaTypoil BO3qyxa M TOYKOU
pockl (At) 3a (n) mHElH 6€3 T0XKIs.

Paznuuarot msite KI1O, npencraBinenHbix B Taod. 1.

Tabmmmna 1
KIIO KomrutekcHbIH MoKa3aTelib Toxapnas
OIaCHOCTh

I 0-300 OrcyTcTBYyET

1I 301-1 000 Manas

111 1 0014 000 Cpensist

v 4 001-10 000 Bricokas

\Y 6onee 10 001 UpesBbluaiiHas

[ToxxapHast oacHOCTH BBIIIE [UIsl XBOMHBIX JIECOB, CTPOSHUE WU IPYTHe OCOOEHHOCTH KOTOPBIX
CIIOCOOCTBYIOT TEPEXOAYy HH30BOTO IMOXKapa B BEPXOBOW (TYCTOM BBICOKH TOAPOCT XBOWHBIX
JIEPEBBEB, 3HAUNTENbHAsI 3aXIaMJICHHOCTb U T.I1.).

JlecHast cmyx0a (J1ecxo3bl) 00si3aHA €XKEIHEBHO MMETh MH(MOPMAIMIO 00 YpOBHE MOMXKAPHOU
OIIACHOCTH B JIECHOM (oHie 1 MH(OPMHUPOBATh O HEM HacelleHHe U BeeX padoTarolux B yiecy. Kaxapiii
JIECHOM IO’KapHbIN TOJDKECH 3HATh TEKYILUI YPOBEHb I10’KAPHON OIIACHOCTH I10 YCIIOBUSM IOTOBI.

ANNPOKCUMAIMSA U IKCTPANOIALMA KyOM4ecKUM CIIaiiHOM

Ecnmu mpomexyrok [A, B] anmpokcumarnuu ¢yHkiuu Y(X) BEeTUK, U OTCYTCTBYIOT
OCHOBaHUS cuuTaTh QyHKIMIO Y(X) Ha JaHHOM MPOMEXYTKE JOCTATOYHO IJIaJKOM, HET CMbICIa
MOBBIIIATH CTENICHh MHOTOYICHA MPHU MOJMHOMHUATHHOU ammpoKCUMAaIMK. boliee mepcrneKTHBHBIM
B TaKuUX YCIOBHUSIX SBISETCS KCIONb30BAaHUE KYCOUHO-TIOJIMHOMHUAIBHON —amnmpoOKCUMAINH
C TMOMOIIBIO CIUTAWH-(QYHKIUIA.

[TomvHoMuanpHasi WHTEPHONSALMS W AIPOKCUMAaLUsl HE OO0ecreunBaeT HeNpepbIBHOCTD
npom3BoAHBIX (pyHKIMU Y(X) U MOXKET JaBaTh 3HAUMTENIBHBIC MOTPEIIHOCTH B MPOMEKYTKE MEXKIY
y3namu. OHa 1U10X0 npucrnocoOieHa s skcrpanossiiuu. C yBeTMueHHeM YKCia Y3JI0B MOrPEeIHOCTb
TaKOW MHTEPIOISIIMU YaCTO MOXKET YBEIIMIUBATHCS.

OT 3TUX HENOCTaTKOB CBOOOJIHA AaNMPOKCUMALMS W HHTEPIOJSALMS C TOMOIUIbIO CIUIaiH-
(GYHKIIUI — KyCOYHO-TIOJIMHOMHAIBHAS anmpokcuManus. [Ipu 3Tom ammpokcumupyrommas GyHKIus
COCTaBJISIETCSl M3 OTAEIbHBIX MHOTOWIEHOB OJMHAKOBOM HEOONIBILION CTEreHH (OOBIYHO MHOTOYJIEHBI
TpeTbeil CTeneHn — KyOMyecKue CIIaifHbl), ONpeAeIeHHbIX KaX bl Ha CBOEH yacTH oTpeska [A, B].

CrutaifH-QyHKIMeH WM CIUIAafHOM Ha3bIBAETCS COBOKYMHOCTH Sn(X) anredOpanyeckux
MHOT'OUYIEHOB cTerneHu N, omnpelieeHHbIX Ha oTpe3kax [Xj, Xiij] U COEIMHEHHBIX BMECTE MO BCEM
OTpe3KaM TaK, YTOOBI MOYKHO OBLIO COCTaBUTH (QYHKIHIO Sn(X), ONpEACICHHYI0 W HEMPEPHIBHYIO
Ha oTpeske [A, B].

CrunaifH-anmpoKcuMaItust (MHTEPIOJISINS) CBOJUTCS K TIOTYYCHUIO 3HAYeHUH KO0A(D(OUITUEHTOB
MHOTOWICHOB Sn(X) MyTeM HMX BBIYHACICHHS IO amMpoOKCUMAIMOHHBIM (Qopmynam. KyOmueckum
CIUTAfHOM  Ha3bIBAaeTCSI  COBOKYMHOCTh  Sy(X) — anreOpandyeckux MHOTOWICHOB mpu  N=3.
Anrebpandeckue MHOTOWICHBI (TIOIMHOMBI) Ha OTpe3ke [ X, Xi:+|] UMEIOT CIEIYIOIINI BU:

S3(X) = Ag + A *(X — X)) + Ar*(X - Xi)* + As*(X = X)’.

14

MOHI/ITOPI/IHF 1 MPOTHO3UPOBAHUEC NPUPOAHBIX U TCXHOI'CHHBIX PUCKOB



Natural and man-made risks (physical, mathematical and applied aspects). Ne 4 (44)-2022

KomnbroTepHasi Mogeb 3KCTPANOJISIIIUUA KYOMYECKUM CILIAHOM
B nporpamme SplineE [12] ans kaxporo orpeska [Xi, Xii1] u3MeHenus X KyOuueckas
CIUTaitH-(DyHKIIMSI UMEeT BUJI:

Fi(X)=(1/6*H)*(M;* (Xi+ 1—Xi) + M *(X=Xi) ) H1/H)*((Yi-M;*HY/6) *
*(Xin1=Xi) H(Yi1-Mi ¥H/6) *(X-X)),

rae H = (Xis; — Xj) — mar y3os.
B crnaitH-anmpokcuManuyu U3MEHEHHE T1ara T0JDKHO OBITh MaibIM: Hpax / Hyin < 4.
WuTepdeiic mporpamMmel npecTaBieH Ha puc. 2.

CITAMH-ATTTIPOKCUMALIMA,, MHTEPTIOAAUMA M SKCTPAINONA. .. T="T"" =
o aiin Apr_Y20[(FC).dat FPeaynetaru pacuera: About |
Beon Foao - . | |
— 17930 — | \CNNaAH-ANNPOKCARMALIMA, MHTEPNONALMA B
10200 W AkKCTRANONALMA
Beifiop | 113940 M Cnonk3yiomea cnaiH-+HOr0YNeHsl 3-ro NopAdK.a
15800 [KySHYECKME CONaiHE |
15000 b ak.curaNEHDE YMCND Y3N0B MHTERNOAALMK-25
Jarpyska| |15700 WM c¥ogHEIE 0aHHEIE BEOQATCA B Paline:
13800 * W DAT 17 Y DAT -» kHonka "Beon”
o 13750 =
-t 114500
16000
Pacyer | |18300
—_— 1 19950
19275
Oyuerire | (18370 .
1181595 "I
17065 n | B
Bewag | [15930 [ v ;

Puc. 2. UaTtepdeiic nporpammel SplineE

3navenns Y[i] m X[i] 3amaroTcs w MOTYT OBITh 3alMCaHbl, a 3aTE€M CUYUTAHBI U3 (ailyioB
X.DAT u Y.DAT. 3amannas (QyHKIMOHaNbHAS 3aBUCHMOCTh W ANIMPOKCHUMUPYIONIUN TOJIWHOM
MOTYT OBbITh IIPEICTABICHBI HAa TpaduKe.

B mporpamme SplineE npousBogutcs Taxke sKCTpamosiuus Ha oauH mar H, To ecth
OCYILIECTBIISETCS KPaTKOCPOUHOE MPOTrHO3UPOBAHUE.

Bbnok-cxema nporpammer SplineE npencrasnena Ha puc. 3:
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ANOpoRCHMANHA H 3RCTRA N0 IRIHA KY DHIeCKEM CILTAHHO M,

LBaor-cxesma OporpasMMes.

Beox uciodHBIX

JaHERIX N X; Y

L

Iepemennan
pertal=1

}

AnmpoxcHManEd sasRcEnocTE Y= FIX)
+—lv

da
Her

Mepenennan
mErTal=1

!
Kpatkocpodsoe DporEo3Ep 0B aHHE,
+—-v

I=1+1

MPOTHO3HOE 3HAYEHITE

Puc. 3. baok-cxema nmporpammsl SplineE
IIporno3upoBanme yucjia norudmmx npu noxkapax B Poccuiickoii @enepanuu

[Tporpamma SplineE Obu1a ncnosnp3oBaHa st KPAaTKOCPOYHOTO TPOTHO3UPOBAHUS BPEMEHHOTO
psima, coaeprkaiero JaHHble o moxapax B Poccunm 3a 2000-2020 rr. C odurmansaoro caiira MUC
Poccun ObuTH B3THI JaHHBIE O TIOCTIEICTBUSIX TTOXKApOB (Tab. 2).

Tabmura 2

Toxn 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010

KomaecTso | 5156 | 7290 | 10150 | 14120 | 15710 | 14950 | 15600 | 13 800 | 13 850 | 14400 | 16 500
OTHOIINX

Tabnuia 2 (mpoaomKeHue)

l'on 2011 | 2012 | 2013 | 2014 | 2015 2016 2017 2018 2019 2020

Komriecteo 18400 | 19950 | 19325 | 18385 | 18205 | 17170 | 15830 | 15130 | 13230 | 12110
TOTrUOIITHX

Hannbie BpemenHoro paaa 3a 20 set (¢ 2000 mo 2019 r.) 6butH B3STHI B KauecTBE 00ydaromen
BBIOOPKH.

B pesynbrare nporroszupoBanus Ha 2020 r. momydeHo 3HaueHue: 11 750 morubmmx. Tak kak
CTaTUCTHYECKUE JIAHHBIC 32 3TOT Tojl MoKa3bBaroT 12 110 moruOmmx, To ommoKa MPOrHO3UPOBAHMS
cocTaBiiseT = 2,5 %.

Jlannpie oOywaromield BBIOOPKH (uncino morumOmmx Ha moxapax ¢ 2000 mo 2019 r1.)
MPe/CTaBIeHBl HA pHC. 4, a Pe3yJIbTaThl NMPOTHO3UPOBAHUS B TpapuueckoM BUAE — HA pUC. S
(cratucTryeckre JaHHbIE — KpUBasi KPAaCHOTO 1IBETA, PE3YJIbTAThl allpPOKCUMAIMH U SKCTPAITONISAIIH —
KpHBasl 3€JIEHOT'O LIBETA):
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Yucno norndlInx Ha noxapax

25000
20000 %
A A
15000 ——
e
10000/
5000
D IIIIIIIIIIIIIIIIIIIrolq
QO — N 0 T W) O M~ 0O 0O O «— NN M = 0 O M~ o0 D
2 B E D8 8 8 0 8 0 = o i o e o i
o 0 O O O 0 0 0 0 0 90 0 0O 0 0 0 o000
[ I oY IR o Y o [N o Y o IR oo AN o I oY I oY B Y O o A ' N o I N o I O I e I |

Puc. 4. Jlannblie o0y4aromieii BLIOOpKH

™8 [nadmueckan 3aBHCHMOCTh Y=f(X)

JapHeHMoCTE Yi = T{XI)
e

130004 3------ ik i ot e e bl b I s

1go004 ) . e e L s

e loee e el enl bl el

s o IO BV N N 4 B
il | R )
graom il e e e e — o = 10
Z130004° . R B P L P "
CERIT e e e e S e 3

SERUIE S S S A L . A 1

o0 d g i i o D) |

s R O ST s e e e !

soond i ) i i i i

o A R M A A R

2000 2002 2004 20058 2003 2010 2012 204 2016 2018 2020
Mapanerp Xi
MocTpouTe D 4MCTHTE B bixon

Puc. 5. Pe3ynbTaTsl npornosupoBanust Ha 2020 r.
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BrIBOaBI

PGSYHBTaTBI BBIMUCIIUTCIIBHOTO JKCIICPUMCHTA C HCIOJB30BAHUCM IIPOrpaMMbl I 5BM
MOKa3aJlM, 4YTO KOMIIBIOTEPHAs MOJIENb MPOTHO3UPOBAHMS IyTEM OJKCTPAIOJSAIMY 3HAYCHHMA
BPEMEHHOTO psifia C MOMOIIBI0 KYOMYECKOTO CIUTaliHa CIIOCOOHA 0OECTICYHUTh MPUEMIIEMYIO TOUYHOCTh
KPaTKOCPOYHOTO MIPOTHO3UPOBAHHUS BPEMEHHOTO psijia.

HoBusHa wccrnenoBanus, OTpakarolias JIMYHBIA BKJIAJ aBTOPA, 3aKIOYAETCS B pa3padOTKe
KOMITBIOTEPHON MOJIENH, PeaTU3yIoIIel MpoLecc KpaTKOCPOYHOrO MPOTHO3UPOBAHHUS C TOMOIIBIO
CIUTAH-3KCTpanoysiiui. KommnbeioTepHass Mojenb, peajii30BaHHAs B BHJIE mporpammel mis OBM,
CIIOCOOHA OCYLIECTBIIATH IPOTHO3MPOBAHME ITYTEM OSKCTPANOJSAIMU 3HAYEHHH BPEMEHHOTO psiaa
C MOMOIIBI0 KyOMYECKOro CIiIaifHa.
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Annomayus. B Hacrosimiee BpeMs M B IEPCIEKTUBE CETh JKEJIE3HBIX JOPOr OyneT HIMPOKO
WCTIONB30BaThCs Ui JTOCTAaBKM HEPTENpPOAYKTOB mNoTpedurensM B ApkTuke. [IpennokeHa TEeXHOJIOTHUS
JUKBUJALUHA  pPa3IMBOB HEPTENPOAYKTOB TMPH MX IEPEBO3KE IKEJIE3HOAOPOKHBIM TPAHCIOPTOM,
YUUTBHIBAIOIIAs OCOOEHHOCTH APKTHYECKOTO pernoHa. TexXHONOrusi OCHOBBIBACTCS Ha HCIOJIB30BaHUU
BarOHOB-IIUCTEPH [JIsI HAKOIUIEHHS COPOEHTOB, INPEAHA3HAYEHHbIX [ JIMKBUAALUU  Pa3jIMBOB
HedTenpoaykToB. [Ipemnaraercst nCnonb30BaTh FTHOKUE CeTYAThIE COPOLIMOHHBIE TATPOHEI.

OmnpenesneHsl MpeUMyILIeCTBA NPEAJaracMoi TEXHOJIOTMH: YMEHBILICHHE BPEMEHH pearupoBaHUs
Ha aBapuUiHBIE CUTYalWH, JOCTYIHOCTh COPOCHTOB B 30HE aBaphH, BO3MOXKHOCTh MX 3a0JaroBpeMEHHOTO
BbIOOpa. [1pu 3TOM ymporialoTcs mpolecchl yaaneHus] HACHIIEHHBIX COPOEHTOB U3 30HBI aBapUH, CHIKAETCS
HUX TOXapHasi OMAaCHOCTb. OTMG‘-ICHO, 4TO B ClIy4da€ MPUMCHCHUSA OTHETyIIAIMX BEILICCTB COp6III/IOHHI)Ie
MaTPOHBI CLIOCOOHBI OTPAHUYMBATh PACTEKAaHNUE TIEHBI M OUMINATH BOAY OT 3arpsA3HEHHS HEPTENPOLyKTaMU.

Kurouesvie crnoga: HEPTENIPOMYKTHI, APKTHKA, >KEIE3HOIOPOXKHBIH TPAHCIOPT, COPOIIMOHHBIN
MaTPOH, JIOKAJIU3auus 1 JUKBUIALNS PAa3IMBOB HEQTEPOIYKTOB, TEXHOIOT U, ITO’KAapHAsi OACHOCTh
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TECHNOLOGY FOR THE ELIMINATION OF OIL SPILLS
ON RAILWAY TRANSPORT IN THE ARCTIC ZONE
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Abstract. Currently and in the future, the railway network will be widely used to deliver petroleum
products to consumers in the Arctic. The technology of liquidation of oil spills during their transportation
by rail, taking into account the peculiarities of the Arctic region, is proposed. The technology is based
on the use of tank cars for the accumulation of sorbents intended for the elimination of oil spills.
It is proposed to use flexible mesh sorption cartridges.

The advantages of the proposed technology are determined: reduction of emergency response time,
availability of sorbents in the accident zone, the possibility of their early selection. At the same time,
the processes of removing saturated sorbents from the accident zone are simplified, their fire hazard
is reduced. It is noted that in the case of fire extinguishing agents, sorption cartridges are able to limit
the spreading of foam and purify water from contamination with petroleum products.

Keywords: petroleum products, Arctic, railway transport, sorption cartridge, localization and elimination
of oil spills, fire hazard, technology
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IIpo0seMa JMKBHIAIMM ABAPUITHBIX PA3JIMBOB HEPTENPOAYKTOB B APKTHYECKOIl 30He

TpaHCIIOpTHBIE CXEMBI, TPUMEHSEMBIE ISl JOCTAaBKH HE(PTENPOIYKTOB B APKTHYECKYIO
30HY, JIOCTaTOYHO pa3HooOpa3Hbl. HecMOTpss Ha OrpaHHuYEHHs CYIIECTBYIOUIMX TPAHCIOPTHBIX
CBSI3€M, B HCIIOJIB3YEMBIX CXE€Max IIOCTABOK OCHOBHAsl POJIb IPUHAUIEKUT KEIE3HOJOPOKHOMY
tpauncroptry (OKJIT), pabora KOTOpPOro XapaKTEpH3yeTCs HaWOOJBIICH MPOTIKECHHOCTHIO
TPAHCIOPTHBIX pacCTOsIHUM. B Hacrosiiiee BpeMs M B MEPCHEKTUBE CETh JKEJE3HBIX J0pOr Oyaer
IIUPOKO UCTIOIB30BATHCS MJIsl JOCTaBKUA HEPTEPOAYKTOB moTpeduTessim B Apkruke [ 1-3].

AKTyalbHBIM SIBIISIETCSl PELICHHE TIPOOIEMBI, CBS3aHHOM C JIMKBUAAIIMCH aBapUUHBIX Pa3IMBOB
He(TerpoLyKTOB, MpHU HX TPAHCHOPTHUPOBKE JKEIE3HONOPOKHBIM TpaHcnoptoM [4]. CypoBbie
KJIMMaTHYECKUE YCIOBUS, ASULUT BPEMEHH, OOJIBIIOE KOJMYECTBO CLICHAPUEB PA3BUTHS aBAPUHHOM
CUTyallul OTPaHUYMBAIOT MPUMEHEHUE CYLIECTBYIOIIUX TEXHOJIOTHI, KOTOpbIE MOKAa3bIBAIOT CBOIO
«OTICPATHBHYIO HEICECIIOCOOHOCTh» M HEBBICOKYIO A dEeKTUBHOCTH [5, 6]. Ha mpakTrke m0CTaTouHO
4acToO JIOKaIW3alus WM JIMKBHJALMS aBapUKHBIX pa3iuBOB omnacHbX rpy3oB (OI') ocymectsisercs
HECBOEBPEMEHHO W (WJIM) HE B TOJHOM oObeme. TpaJuIMOHHBIE TEXHOJIOTUH JIOKATH3aLUH
Y JMKBUIALMK PA3IuBOB onacHbIX Tpy30B Ha JK/IT He obnmanaroT yHHBEpCATBHOCTBIO, HEOOXOIMMOM
JUTs OTIepaTUBHOM U A(D(PEKTUBHOM 3aITUTHI OKPYXKAIOIIECH CPEIbl.

[lenbto uccnenoBaHus SBISETCS pa3paboTka W O0OOCHOBAHHWE TEXHOJIOTMYECKON CXEMBI
JUKBUJAIIIN PA3IMBOB HE(PTEIIPOAYKTOB B ApKTHYECKOM 30He TipH ux nepeBo3ke KJIT.

O0ocHOBaHME TEXHOJIOTUH JUKBUIAUN U cO0Opa HePTENPOAYKTOB B APKTHYECKOI 30He

TexHonoruu NUKBUAAIMUA U cOopa HETENPOIYKTOB BKIIIOUAIOT TPU 3Tama: JIOKaIHU3aIus,
TUKBHUJIAIUS PA3IMBa, MOCTIMKBUAANMOHHBIE Meponpustus (puc. 1). COoop HePTempomyKTOB,
WX XUMHUYECKasi HeUTpalu3auus 1 IMMOOWIN3AIHS TTOTYYUIIN HAUOOIIbIIIee PacpOCTPaAaHEHHE IS
OCYIIIECTBIICHUS MPOILIECCOB TUKBHUIAIMU Pa3auBOB. Mcronp30BaHne COPOSHTOB MM CHEIHATBLHBIX
MOTJIOTUTENIHHBIX MAaTEPHAIIOB SBIIICTCS Harbosee 3 (HEeKTUBHBIM METOIOM HUMMOOMIN3auu [ 5].

JTokanuzanus Jlukeunarms =
paznuBa pasnuBa 1+ Heiitpamu3anus

IToct JHKBHIAIHOHHBIE
MEPOMPHATHA

S

i '
1 MMmobumi3anms .
- (copOmms) :
]

BI:IGO]'J, TJIAHHPOBAHHE, OpraHu3alus H cHabIKeHHe BceX ITAnoB JIHKBHAATHOHHBIX MEpOl’lpHﬂT}lﬁ

Puc. 1. IlpyHOMNHAIbHASA TEXHOJOTHYECKAS CXeMa JOKAJIN3aIUH
U cOopa pa3iuBoB HegTenpoaykToB Ha KT

Bri6op TexHoNmornM, MpUMEHsIeMO Ha KaXJIOM 3Tare, 00yclIoBiIeH psaoM (akTopos (puc. 2).
JomuHupyromuM (HakTopoM, omnpenesstonmM 3(h(HEKTHBHOCT BCEr0 KOMIUIEKCA JIMKBUAAITMOHHBIX
MEpONPHUSTHIA, SBISETCS BpeMs, MpOIICHIIEE C MOMEHTa BBIXOJA 3arps3HSIONIMX BEIICCTB
B OKPY’KAFOIIYIO CPEy 10 Havyaia MPOBEICHUS] MEPOIIPUSTHH IO MX JIOKATU3AUK U cOopy. MacmraOsr
3arpsi3HEHUST OKPY)KAIOIIEH Cpelbl, BEPOSITHOCTh BO3HUKHOBEHHS M PACIPOCTPAHEHHs I0XKapoB,
MOJTYYeHHBIN yIepO HampsMylo 3aBUCST OT BpeMeHH B3aumozaeicTBust OI' ¢ okpyxaromeil cpenoit.
MuHuMHU3aIMs BPEMEHH OT MOMEHTa BO3HUKHOBEHHS aBApHU JI0 HAdala JIOKATHM3AIUHM DPasJIfBa
SIBJISICTCSL OJTHOM M3 OCHOBHBIX 3aJ1a4 TIPH MPOBEICHUN W OPTaHW3aIlMy MEPONPUSTHIA. TpaIuinoHHbIe
TEXHOJIOTMH JIOKAIM3allud W cOopa pa3iMBOB HE(PTEMPOAYKTOB TPEOYIOT <IIPUHIUITHAILHOTO
W3MEHEHHMSI B HAITPaBJIICHUH COKPAILICHUSI BpeMeHW [35].
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-
daxTopbl OKpyKaromiel cpe/ipl (TeMIeparypa,

CKOPOCTB M HaNpaBICHNE BETPA, BIAKHOCTE.

|_L ycroifdyMBOCTh arMocdepsl H T.1.) ) |

( daktopsr, OTIpeIETSIOIHE ocobeHHOCTH )
auKBHaanuMu U cbopa HedremponykroB (macca
[OCTYIHBLIETO B OKPYIKAIOLLYIO cpeny
3arpA3HAIONIEr0 BELIECTBAa, BPEMs MNOCTYILIECHHMS,

| \_ CBOIiCTBA H T.I.) ) |
~

dakTopkl. CBA3aHHBIC C OPraHU3AIINCH
MEpOTPHATHI MO MUKBUIAINH U cOOpPY
He(TenpoayKTOB (JIOCTYIIHOCTE MeCT
JIMKBUAAIMH Pa3JiiBa, BOBMOKHOCTh JIOCTABKH
|—\ CrienuaabHONH TeXHUKH M MaTEepPUaIOB, BPeMs U T.1.

J/

Puc. 2. ®@akTopsl, BAUSIONINE HA BHIGOP TEXHOJIOTHU JUKBHIAIMU Pa3JiNBOB HeTENPOAYKTOB

Aapuiinblid BbixoZ OI' W3 KOT/Ia LMCTEPHBI, JOKAJIMU3aUMUs M JIMKBUAALMS Pa3JIMBOB
XapaKTepU3yIOTCSl MAaT€pUAIbHBIMU IOTOKaMH, KOTOpble IIpeAcTaBieHbl Ha puc. 3 [5].
CpaBHHTENBHBIN aHATN3 MAaTEPUATBHBIX TTOTOKOB IMPUBEJICH B TaOIUIIE.

e S S e e s gt e e e e 1 F
i &<
i Mecto HakorieHus: MaTepHaioB i C
' B* | \L
1 ke 1
! JUIsL TMKBHIAIIHK Pas3IuBa ! V
I 1
[ Baron-nucrepHa 171s nepeBo3KH 2 30Ha ToKanM3auK pa3ivBa C60p 1 MMKBUAATIHASL
1
: OITaCHOIo rpysa : OITaCHOTO Ipy3a pasjiuBa
I 1
1 1
| HcTouHHK YMUCCHH i | 1\ D |
1 1
: 3arpA3HAONICTO BEIIECTBA : F
l A I-) VTHIN3a1UA IPONTYKTOB
A copommn =1
1
1
1
a7 - T ) ~ RS . 1
MatepuanbHble H TEXHHIECKHE CPE/ICTBA B ! ClieluMalbHbIe EMKOCTH |
UL TUKBUIAIINY pa3jiiBa R L EH Nt TR

Puc. 3. MaTepuanbHble NOTOKH MPOLECCOB JOKAJIM3ANUM U JTUKBUIATUA
pa3anBoB HerenpoaykToB Ha KT

Tabnumna. CpaBHUTENbHBII aHAIHU3 MaTePUATbHBIX IOTOKOB TEXHOJIOTHH JIOKAJIM3AUUHT
U JIMKBUIAIMU Pa3inBoB HepTenpoaykToB Ha KT

MatepuanbHbIit [ToxapHast omacHOCTb
XapakTeprucTuka
MOTOK MOTOKA
1 2 3
TpaaurioHHas TEXHOIOTHS
IToxapoonacHble TPy3Bbl.
Ommccns Ol B OKpyKaloIyio cpex Kaace onacuocti 3
A py Y10 epeiy «JlerkoBocmaMmeHsrommecs
U3 BaroHa-IIUCTEPHBI
XKHUJKOCTH B CMECH
JKAIKOCTEN
[ToxxapHas onacHOCTh
CrienuanbHas TEXHUKA U JIMKBUIAITMUOHHBIC MaTSPUAITHI, .
B OIpeIeNseTCa CBOMCTBAMU
HE00XOIUMBIE JIUIS JIOKAJIM3AIlUU U JTUKBUIAIIMA PA3IINBa
copOeHTa
C [IpeoOpaszoBaHHbIE B TIpOIIECCE HEUTPAIN3AIIUN W
MMMOOWIH3AINY JTHKBUIAIIMOHHBIC MaTSPHAIIBI
[ToxxapHas onacHOCTh
OtpaboTaHHbBIC ¥ HACHIILICHHBIC INKBUIAIIHOHHEIC o
D OTIpEICTISCTCS CBOMCTBAMH
MaTepralibl, HAKAIIIMBACMBIC B 30HE JIOKATN3AIUN Pa3JIrBa copberta u OF
F OTtpaboTaHHBIC ¥ HACKIIICHHBIC JINKBUIAIUOHHBIC
MaTepuabl, coONpaeMble B CIIEITHAbHBIE EMKOCTH
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1 | 2 | 3
TIpennaraemasi TEXHOJIOT U
ITo>xapHast onacHOCTb
% JInkBHIaNMOHHBIE MaTepHalIbl, MECTOM HAKOTIJIEHHS y
B OTIpeNENAETCS CBOMCTBAMHU
KOTOPBIX SIBIISIETCS IIICTEPHA
copOeHTa
OTtpaboTaHHBIC ¥ HACKHIIIEHHBIE JINKBUIAITUOHHBIE [ToxapHast omacHOCTb
F* MaTepHrabl, MECTOM HaKOTUIEHHUS KOTOPBIX SBISETCA OTIpe/IeTIsieTCS CBOMICTBAMH
LUCTEpHA copbenta u OI

Baron-niucrepna, HaxoAsCh B 30HE aBapHH, 00IaIaeT OMPECICHHBIMI XapaKTePUCTHKAMH,
aHaJIM3 KOTOPBIX ITO3BOJISIET CHAENaTh BBIBOJ O BO3MOXHOCTH €€ HWCIOJIb30BAaHUS ISl TOCTaBKH
JMKBUJAIMOHHBIX MaTEPHAJIOB B 30HY aBapuu (puc. 4).

MNMpeBeHTUBHOE Llenesoe TpaHcnopTUpoBKa
pasmelLeHne WCNONb30BaHWe HaCbIWEHHbIX
HaKOM/IeHHbIX HaKOM/IeHHbIX copfeHToB Ha
copfeHToB Ha BaroHe- copbeHToB B Cny4ae YTHAN3aLMIO B
uucTepHe AnA BO3HMKHOBEHMA cneumanbHbIX
nepeBoskn Ol B TEXHOJ/IOTMYECKOTO MK yCTpoicTBax
cneumasnbHbIX aBapuiiHOro pasnuea HEMOoBPEMXAEHHbIX
ycTpolcTBax or BaroHoB

NpeggapuTe/ibHoe
HaKonaeHue
JNIUKBHAALUOHHBIX
maTepuanos,
copbenToB

Puc. 4. Texnosioruyeckasi cxema npeajgaraeMoi TeXHOJIOTHA

Jns  HakoruieHWs COpPOCHTOB HEPTEHNPOIYKTOB TPENIaraercss HCIOIb30BaTh THOKHE
ceTyaTble MAaTPOHBI, MO KOHCTPYKIMH CXOJHBIE ¢ OOHaMH, IIMPOKO NPUMEHSIEMbIMU Ui cOopa
He(TENPOIYKTOB C IOBEPXHOCTH BOJbl.. B KkadyecTBe COpOEHTOB MOTYT OBITh NPHUMEHEHBI
MPOMBIIIJICHHBIE COPOCHTHI, MPUPOAHBIE MaTepHalbl WM TMPOU3BOACTBEHHBIE OTXOABI [7—11].
[IpuMeHeHne aKTMBHUPOBAHHBIX YIJIeld B KadecTBe copOeHTa miisa coopa HeTH HeleaecooOpasHo,
YTO TOATBEP)KIACTCS HEBBICOKUMHU 3HAUCHHSIMH E€MKOCTH IO He(TenpoayKTaM U HMX HHU3KOU
CTOMKOCTBIO K MEXaHUYECKUM Harpy3kam.

CpaBHMTENBHBIM aHaMU3 MoKazai, uro «YHucopO-akctpay TY 0391-011-67072902-2011
ABJIsIETCA HanOoJee MPeNOYTUTEIbHBIM COPOCHTOM [UIl KOMIUIEKTOBAHUS COPOLIMOHHBIX TATPOHOB
U UCIOJb30BAHUS Ui JHUKBUAALMU aBapui, CBS3aHHBIX C Pa3IMBOM HEPTENPOIYKTOB. ITO
MOJTBEPXKIACTCSI aHAIN30M €0 TEXHHYECKHUX XapaKTEPUCTHUK M CTOMMOCTBIO cOOpa OJHOW TOHHBI
HE(PTETPOTYKTOB.

Jlnis HeomyIeHUsl paclpOCTPaHEHUs 3arpsI3HEHUS [IPU pa3repMeTU3alud KOTJIa [IUCTEPHBI,
U3 COpPOIMOHHBIX IMAaTPOHOB, YCTAHOBJICHHBIX HA HEMOBPEKICHHBIX LUCTEPHAX, (OPMHUPYIOTCS
3arpaJuTeNbHble KOHCTPYKUMH. BO03MOXHO mnorpyxeHue COpOLMOHHBIX NaTPOHOB B CIIOH
nponuroro Hedrenpoaykra. [lo 3aBepmieHHio paboT MO JIOKANMW3ALMU W JIMKBUIAIMU DPa3UBa,
HaCBIIIEHHbIE HE(TENpOAyKTaMH COpPOLIMOHHBIE MATPOHBI YIAKOBBIBAIOTCS, YCTaHABIMBAIOTCS
Ha HETOBPE)KICHHBIC BArOHBI U TPAHCIIOPTUPYIOTCS K MECTY YTHIIN3ALIUH.

IIpenmymecTBa npeajiaraeMoi TeXHOJIOTHH
[Ipennaraemasi  TEXHOJIOTUS HUMEET psAJ  NPEUMYIIECTB:  ONEPaTHBHBIA  JOCTYI

K JIMKBUJALMOHHBIM MaTepHallaM B 30HE Pa3ilMBa, UX JIOCTYIHOCTb; 3HAYUTEIBHOE YMEHBILCHUE
BPEMEHHM Hayajla [POBEICHHUS MEPONPUATHM IO JIMKBUAALMM  aBAPUU; BO3MOXHOCTb
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3a0JIarOBPEMEHHOI0 BBIOOPA, MPUOOPETEHHS M HAKOIIeHUs copOeHToB. Ee mpuMeHeHne mo3BOIUT
CHU3UTH PUCK KAaCKAJHOTO PA3BUTHUS YPE3BbIUANHBIX CUTYAIINH, CBI3aHHBIX C MOXKapamu [12].

B ciydae moxapa ¥ NmpHMEHEHHs] OTHETYIIANINX BEIIECTB HMCIIOJIb30BaHHE COPOIIMOHHBIX
[IaTPOHOB IO3BOJUT OIPAaHUYMUTH PACTEKAHUE MEHbI M YAaCTMUHO OYMCTUTH BOAY, MCIIOJIb3YEMYIO
VIS LIeJIel MOoKapOTYIICHUsI, OT 3arpsi3HEeHUs] HeTenpoayKTaMu.
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CUCTEMA TYUWEHUA I'OPAIIEIO CAMOJIETA U PA3JIUBA
ABUATOIIVIMBA HA ITYTU TOPMOKEHUA U TIOCJIE OCTAHOBKH
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Annomayusi. OXHON U3 aKTyallbHBIX MHPOBBIX MPOOJIEM SIBJISETCS MPOOJIEMa TYMICHUS TOPSIIUX
CaMOJIETOB U BEPTOJIETOB MPHU WX TOCAIKE Ha B3IETHO-TTOCAA0YHYIO TTOJIOCY W BHIKATHIBAHUH 32 €€ IPEICITh.
3HauMuTeNbHAS YacTh ABAPUHHO MPU3EMIISIOIIMXCS CaMOJETOB B3PHIBACTCA U PA3BAIMBACTCS HA KYCKU
Ha TOPMO3HOM ITyTH, HO HET TEXHWKH, KOTOpas TO3BOJUIa OBl TYIIUTh UX C MOMEHTA MPU3ESMIICHUS
U 70 TIOJIHOM OCTaHOBKH. TpamuilMOHHBIC CTAIMOHAPHBIC CHCTEMbI TYIICHHSI HE IpEeIHA3HAYCHBI IS
pa3MelleHusl MO BCEH JIMHE B3JIETHO-NOCAJOYHON TMOJIOCHI HM3-32 BBICOKOM CTOMMOCTH MOHTaXa,
TEXHUYECKOro OOCITY)XMBaHUS WM TOIJEPKaHUS B padO4YeM COCTOSIHUM B 3UMHUH Tiepuona BpeMeHu. Kak
M3BECTHO, OOPT aBapHIHOTO CaMOJIETAa CITIOCOOEH 3allUTHTh MACCAKUPOB OT BHENTHETO TOXKapa He Oolree
2 muH. [103TOMy HEOOXOJMMO MOBBICHUTH MOIIHOCTh IOJa4X BOJbI MOXKAPHBIX a3pPOJIPOMHBIX aBTOMOOHMIICH
JUTSL TOCTHOKEHUST HEOOXOIMMOM CKOPOCTH OTHETYINAIIET0 BEIIeCTBa, CIIOCOOHOTO TapaHTUPOBATh CIIACEHHUE
MacCaXKUpPOB.

B CTaThC OIIMCAaHA HOBAas TCXHHUKA szapHO-BOJIHOBOFO TYH_IGHI/ISI, HpI/IBeI[eHBI JOAHHBIC ITOJIUTOHHBIX
WCIBITAHUI MPOTOTUIIOB ABTOHOMHBIX MHOTOCTBOJIBHBIX MOAYJEH HWMIOYIbCHOTO pACTIBUICHUS OJIs
CTAallMOHAPHBIX CHUCTEM TYILIEHUS MO BCEH IUIMHE B3JETHO-MOCAIOYHOM MOJOCHI U MOIYJIEH ISl IIACCH
HO)KaprIX aSpOI[pOMHbIX aBTOMOGI/IJ'IeI\/'I. ABTOMaTI/I‘IeCKaSI CUCTEMA I/IMHy.HI)CHOFO TYHICHI/IH BCTYHaeT
B JICHCTBHE Ha B3JETHO-NOCAJOYHOM MoOjoce Mo Bcel e€ jiuuHe. TylleHue MPOUCXOJUT C MOMEHTa
MPU3EMIICHUSI CaMOJIeTa JI0 €r0 TOPMOXKEHHs, TOCIe OCTAHOBKH CaMOJieTa BCTYMAIOT B JICHCTBHE HOBBIC
HO)KapHBIe aBpOILpOMHBIe aBTOMO6I/IJ'II/I C 6aIHeHHI)IMI/I nu py60qHI)IMI/I MHOT OCTBOJIbHBIMHU MOZ[y.HHMI/I JUJISA
OKOHYATCJIIbHOT O TYIIIeHI/IH rop;nuero CaMOJ'IéTa nu pa3m/IBa FOp;IH.[GFO TOIJINBA BOprr HETO, OGeCHequHH
dBaKyalllH MacCaKUPOB 0 Tporapa (ro3ernspka 1 THOey MacCakupoB B CaMOJIETE.

Kurouesvie cnosa: ropsmme caMmoN€Thl, B3IETHO-TIOCAIOYHAS IOJIOCA, aBTOMATHYECKash CHUCTeMa
TYIHGHI/IH, ABTOHOMHBIC HCIIOJIHUTCJIBHBIC MOI[yJ'II/I, HO)KaprIC, aBpOILpOMHBIC aBTOMO6I/IHI/I, CITIaCCHUC
MacCaXUPOB, TEILIOBasi CTOMKOCThL OopTa

Jas murupoanusi: 3axmaros B.JI., bomokan B.U., IlaakpatoBa M.B., Illepbak H.B. Cucrema Tymienus
TOpAIIEro caMoJiETa M pa3jivBa aBUATOIUIMBA HA IYTH TOPMOXCHHUS W TMoOcie ocTaHOBKU // IlpuposaHbie
Y TEXHOTEHHBIE PUCKH ((PH3UKO-MaTeMaTHIeCKHe U IPUKIIaaHbIe aciekThl). 2022. Ne 4 (44). C. 26-35.
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SYSTEM OF EXTINGUISHING A BURNING AIRCRAFT AND JET FUEL SPILL
ON THE WAY OF BRAKING AND AFTER STOPPING

MZakhmatov Vladimir D.;

Bolokan Valery L.;

Pankratova Maria V.

Saint-Petersburg university of State fire service of EMERCOM of Russia, Saint-Petersburg, Russia.
Shcherbak Nikolay V.

LLC «ZOLA», Saint-Petersburg, Russia
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Abstract. One of the urgent world problems is the problem of extinguishing burning planes and
helicopters when they land on the runway and roll out of it. A significant part of crash-landing aircraft
explodes and falls to pieces on the braking distance, but there is no technology that would allow them
to extinguish from the moment of landing to a complete stop. Traditional stationary extinguishing systems
are not designed to be placed along the entire length of the runway due to the high cost of installation,
maintenance and maintenance in winter. As you know, the board of an emergency aircraft is able to protect
passengers from an external fire for no more than 2 min. Therefore, it is necessary to increase the water
supply capacity of airfield fire trucks in order to achieve the required rate of supply of fire extinguishing
agent capable of guaranteeing the rescue of passengers. The above problems cannot be solved by traditional
extinguishing techniques.

The article describes a new technique of shock wave extinguishing, provides data from field tests
of prototypes of autonomous multi-barrel pulsed spray modules for stationary extinguishing systems along
the entire length of the runway and modules for the chassis of airfield fire trucks. The automatic pulse
extinguishing system comes into effect on the runway along its entire length. Extinguishing occurs from
the moment the aircraft lands until it decelerates, after the aircraft stops, new airfield fire trucks with tower
and deckhouse multi-barrel modules come into effect to finally extinguish the burning aircraft and spill
burning fuel around it, ensure the evacuation of passengers before the fuselage burns out and passengers die
in the plane.

Keywords: burning planes, runway, automatic extinguishing system, autonomous executive modules,
firefighters, airfield vehicles, passenger rescue, thermal stability of the board, passenger rescue guarantee

For citation: Zakhmatov V.D., Bolokan V.I., Pankratova M.V., Shcherbak N.V. System of extinguishing
a burning aircraft and jet fuel spill on the way of braking and after stopping // Prirodnye i tekhnogennye riski

(fiziko-matematicheskie 1 prikladnye aspekty) = Natural and man-made risks (physico-mathematical
and applied aspects). 2022. Ne 4 (44). P. 26-35.

BBenenue

B Mupe perymsipHo THMOHYT MaccaXupbl BO BpeMs aBapUIlHOTO MpPU3EMIIEHUS] camoJeTa
Ha B3J1eTHO-nIocanounyto nosocy (BIIIT). CoBpemenHsIe moxapHble adpoapoMHbie aBToMoOmH (ITAA)
cootBeTcTBYIOT HopMaM [CAQO, crouMocTh MX COCTaBIseT 2—2,5 MIIH €BpO, OCHAILEHb! LUCTEPHAMHU
emkocTbto oT 10 10 20 T Boawbl, 1-2 nadgeTHpIMU cTBOTAMU HHTEHCUBHOCTHIO 70—100 J1/Cek 1 MOIITHBIMU
HacocaMH Ha KaXIbld CTBOJ. HO OHU peiKo CIpaBisIOTCSA C MOCTABICHHOM 3aadei, Tak Kak OopT
(rozemnsika caMoJiéTa COXpaHseT CIIOCOOHOCTh 3aIUTUTh MACCAXKUPOB HE Oosee 2—3 MUH. 3aTeM Iiams
pacrmpocTpaHsieTcss B MacCaXUPCKUM CaloH, U MacCcOBO THOHYT JIIOAM W3-3a BBICOKOW TEeMIIEpaTyphl
u TokcuuHoro nbiMa [1, 2]. Jlo HacTosimiero BpeMEHM NpPEeBATUPYET KOJIMYECTBEHHBIA IOAXO[
B MojiepHU3anuu [TAA — yBenMumuBaroTCss EMKOCTh LIUCTEPHBI ¢ BOJON BO3UMOM Ha [TAA, KoianyecTBO
HACOCOB M CTBOJIOB, YCTAHABJIMBAIOTCSl CHIAPEHHBIE CTBOJIbI HAa MHEBMOMMITYJIbCHBIX YCTAHOBKAaxX Tak,
YTO CTPYW OT CTBOJIOB B3aMMHO YCHJIMBAIOT JAPYr Apyra, a obmas rwiomanp TymeHus Ha 3045 %
MIPEBBIIIAECT CyMMY IUIOMIAJEH TYIIEHHWsS IBYMsI OTAEIBHO JECHCTBYIOLIMMHM TaKHMH K€ CTBOJAMHU.
OnHako 3TH YCOBEpIIEHCTBOBAHHUS JOCTUTIIM CBOETO Mpefesia Mo TPy30MoabEMHOCTH M radapuTam
Ky3oBa maccu [TAA, Takke OHM HE SIBIISIOTCS MIPUHIIUITAAILHO HOBBIMU M «IIPOPBIBHBIMIY. DPdeKT

27

Physical and mathematical aspects elimination of consequences emergency situations



[Ipupoanbie ¥ TEXHOTEHHBIE PUCKH ((PU3HKO-MaTeMaTHIECKHE U TIPHUKIATHBIC aclieKThl). Ne 4 (44)-2022

OT HUX HE COOTBETCTBYET KPAaTHOMY YBEJIMUEHHUIO CTOMMOCTU [TAA U MX peryssipHOro TeXHHYECKOTro
00CITYXKMBaHUS MEPETSHKEIIEHHOTO CKOPOCTHOTO ITACCH, HACOCOB, TPYOOIIPOBOIOB, CTBOJIOB BEICOKOTO
JIABTICHUS] BBICOKOKBATU(DUITMPOBAHHBIMH CIEIUAIMCTAMHU. Y BEIMYEHUE CTOMMOCTH OOOpYIOBaHHUS
3a4acTyIO JIeaeT €ro TPYAHOIOCTYITHBIM sl OOJIBIIIMHCTBA adporiopToB [ 1, 3, 4].

Martepuajabl 1 METObI HCCJIEIOBAHNS

Marepuansl M METOABl HCCIENOBAaHUS 3aK/IIOYAIOTCS B aHalIM3€ aBHALMOHHBIX
IIPOUCUIECTBUM, B YAaCTHOCTM IIOKapOB CaMoJIeTa M pa3jiiBa aBUATOIUIMBA, YBEJINYMBAIOLINXCS
mo MacmrabaM, MHTEHCHBHOCTH W CKOPOCTH DPAa3BUTHUS JajeKo 3a Mpeleiabl BO3MOXKHOCTEH
coBpeMeHHbIX [IAA, a Takke B aHaIM3€ UMEIOLIMXCA TECOPUH U PE3yJIbTATOB MPAKTHYECKOIO
IIPUMEHEHHUsI TPAJULUOHHON IT0KaPHOU TEXHUKHU IIPU TYLIEHUH ropAIux camosiéros Ha BIIILL

Onucanue u 00CyX/I€HHUE aBTOPaMH PE3yJIbTaTOB MCCIEOBAHUM MO3BOJIWIHN BBIAECTUTH P
OOBEKTUBHBIX MTPUYUHUH:

1. Het cranroHapHO cHCTEMBI MOXAPHBIX YCTPOMCTB noAaun oruerymaniero cocrasa (OC)
Ha ropsLIUN CaMOJIET U yTEUYKY aBUATOIUIMBA HA JNIMHHOM TOPMO3HOM ITyTH €ro ABuxkeHus 1o BIIIT
0T MOMeHTa mpuzemieHus. VIMeHHO B 3TOT mepuoja Haubosiee BEpOSITHBI B3PHIBbI, pa3pylIeHUs
¢dro3emspka W KPBUIBEB €aMOJIETa OT YAApHOTO BO3pACTaHMs BHEUIHEW HArpy3Kd Ha KOPILYC
camoJI€Ta B MOMEHT KacaHus ero maccu BIIII u pe3koro u3MeHeHHUs paclpeesIeHusl CXEMBbI CHUll,
BO3JICUCTBYIOIMX Ha (ro3emspk camonéra. OcoOEHHO 3TO OmacHO, eciu (IO3esK W KPbUIbS
MOJIYYMJIN TIOBPEXKIEHUS B MOJETE OT MOMaJaHus WK OJM3KOT0 B3pbhIBa PAaKeT, CHAPSI0B, CHI)KEHA
UX MPOYHOCTh OT BHYTpeHHero noxkapa. CoBpeMeHHbIE CHCTEMBbI OXKapHBIX pOOOTOB, HAIIPUMED,
bupmbr «ODPOPy» (1. TleTpo3aBoACK) CIOCOOHBI 3aUTUTH OONBIINME TUIOMIAJA, OJHAKO TYIIAT
JUINTEIBHO C OOJBUIMMH YICIbHBIMH DPACXOJlaMH, IMO3TOMY TpPEOYIOT HPUBSI3KH K MOIIHOMY
BOJOIIPOBOAY CO CJIIOKHOM CUCTEMOU YIIPABJICHUS OTHETYILIAIEH CTPYEH.

2. VBeNMUMBAETCs BEPOSTHOCTh pa3/lyBa BHEIIHErO I0Kapa IMOTOKOM BCTPEYHOI'O BO3AyXa
C MOCJIEIYIOIIUM B3PBIBOM IPHU OBICTPOM JBHKEHUU caMmoi€Ta Ha MyTu TopMmoskeHus o BIIIL.

3. Bokpyr ¢ro3ensika U KpplIbeB caMoi€ra, octanoBuBIIerocs Ha BIIII, oOpasyercs paznus
ropsiero aBua kepocusa miomiaasio ot 400 go 2 500 M’ B 3aBHCHMOCTH OT THIIA caMonéra. [lnamst
TOPSIIET0 pa3liiBa CO3/aéT WHTEHCUBHOE TEIUIOBOE H3IydeHHe, OopT Qro3enska Mporopaer
3a 1-3 MuH, a 3aTeM IUIaMsl TPOHUKAET B MACCAXKUPCKUU CAJIOH, CKUTasi MACCaKUPOB M OTPABJISA
UX TOKCUYHBIM JBIMOM.

4. lns o0ecrieyeHus CHAceHHs MacCaXUpPOB TpeOyeTcs MOTYIIUTh IUIaMs pa3jinBa UMEHHO
3a 1-3 MuH Ha wiomam 10 2 500 M BOKPYT' OCTAHOBHMBIIETOCS MOCJIE aBAPUMHOTO MPU3EMIICHUS
camonéra. OHaKo He CyLIECTBYET aBTOMaTHUECKUX cHCTeM noxapoTyueHus Baoas BIIII, a [TAA
Hed(PPEeKTUBHBI IS TYHICHHUS JBUXKYIIETOCsS camoiéra H3-3a HEeBO3MOXKHOCTH mnomaun OC
C HUPOKUM (HPOHTOM, CITIOCOOHBIM 32 1—2 CeK. TYIIUTh BCIO WM TOPSIIYIO IIOBEPXHOCTH (hro3ershka
U KPBUIbEB. YUUTHIBAS BBICOKYIO MOYKAPHYIO OMACHOCTh CaMOJIETa M3-32 OOUJIHS CIVIABOB TOPIOYUX
QIIOMMHMS M MarHusi, OTAEJOYHBIX MaTEpUalOB IMACCAXUPCKOIO CajloHa, MHOXKECTBA LIUCTEPH,
3aMOJIHEHHBIX JIETKOBOCIUIAMEHSIONIMMCS U B3PBIBOOIIACHBIM aBUATOILIUBOM [2, 5, 6], TymieHue
Mo’kapa CTaHOBUTCH elle 0osiee TPYAHbIM.

Haunbonee omacHble BapMaHTBI Pa3BUTHUS IOXKapa, YCKOPSIOUIME pa3pylieHHe (ro3emsika
camoJIéTa U THOEIb IMacCaKUPOB:

1. I[Iporopanue cTeHKHU (ro3eisbka U pacpoCTpaHCHUE TUIAMEHH Ha TTACCAXUPCKUN CaJlOH =
CKOpasi THOesb MacCa)KUPOB OT HHTEHCHBHOT'O TEIUIOBOTO U3IYYECHHUS U SIIOBUTOTO JIbIMA.

2.1leperpeB  CTEHOK HE  pa3repMETU3UPOBAHHBIX  TOIUIMBHBIX  OAaKOB  IPUBOAUT
K BO3PAaCTaHUIO BHYTPEHHETO JaBJIECHUS, Pa3pbIBy CTEHKH C BBIOPOCOM TOpIOYEro, oO0pa3oBaHUS
TOIUJTMBO-BO3YITHON 00bEMHO-edIarpupyIe CMecH, 4To BEJIET K B3PBIBY, pa3pyIiacT (Hro3eismK
1 yOMBaeT MacCcaXxupos.

3. 13-3a CHUJIBHOIO TPEHHS B IEPHUOJ aBApUUHOIO TOPMOKEHHUS BOCIUIAMEHSIOTCS ILHHBI
IIaCCH M TODKUTAIOT OapabaHbl KOJEC, OTIMTHIE W3 OBICTPOrOPSILEro MAarHWeBOrO CIUIaBa
C TemrepaTypoi 6mu3koi k roperuto Tepmuta — 6onee T = 2 000 °C. Takoe coceacTBO pa3pyliaet
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CTOMKM KOJIEC, TPOUCXOAMT OOpyIIeHHE caMoy€Ta C BBICOKOW BEpOSTHOCTBIO B3pbIBA
U TIOCJIEYIONIeH TH0eNn macCcaXupoB.

4. OOpy1lieHne aMOPTH3UPYIOIIUX CTOEK INACCH W3-32 pa3pblBa MACISAHBIX IMIHUHIPOB
OT TOBBIIIEHHS] BHYTPEHHETO JABJICHUS U HarpeBa IMPUBOJIUT K pa3pyLIEHUIO CaMOJIETA.

[Toxape! pa3IUTOro aBUATOIIMBA XAPAKTEPU3YIOTCA, KaK MPaBHIIO, OOJIBLIIMMHU pa3MepaMH,
OBICTPBIM PACHPOCTPAHEHHUEM T'OPEHUS 1O BCEH MIIOLIaJu BOKPYT CaMOJIETa, BHICOKOH CKOPOCTBIO
u Oonpmiol Temmeparypoil B 3oHe ropenus (6omee T = 1000 °C). Takue moxapsl CO3AAIOT
BBICOKOTEMIIEPAaTypHOE BO3JICHCTBUE TEIUIOBBIX IOTOKOB Ha (DI0O3e/shK camosieTa M ObICTpoe
nporopaHue OOMMBKK  (ro3enspka. OJKCIIEPUMEHTHl  IOKas3alu, uTo 4epe3 2-3  MUH
YCTAHOBMBILETOCSI TOPEHHUS pPa3IUTOro TOIUIMBA OOMmMBKAa (rO3eisbka IMporopaer, M Iiams
pacmpocTpaHseTcs B MACCAKUPCKUNA CajloH, KaOWHY MIJIOTOB M OarakHbId OTCeK. TakuM oOpazom,
IIPOUCXOIUT ObICTpast THOEb MACCAKUPOB U IKUIAXKA OT TEIJIOBOIO BO3ACHCTBUS U TOKCHYHOIO
JbIMa TOPSIILIUX MaTepUaAJIOB OTIENIKH cajloHa [3, 4].

PesynabTaTsl Hecjief0BaHU U UX 00CyKIeHHE

Emé B 1980-x rr. TomumBHO-sHepreTnueckuii komiuiekc (TOK) Comera MHUHHCTPOB
u MunucrepctBo 06oporsl CCCP ¢uHaHCHpOBaIM UCCIENOBAHHUS U OMBITHO-KOHCTPYKTOPCKHE
paboThl MO MPUHIMIIMAIBHO HOBOHM MOXapHOW TexHHKe. [IpuMepoM Takoil MOKapHOW TEXHHUKH
ObBUTH MHOTOCTBOJIbHBIE MOaynu (MM) HMITYIhCHO-3aJTIOBOTO PACHBUICHHS pPsiia OTHETYIIAIINX
arentoB (OA) — xuakocrei, reneil, mopomkos, ra3oB. [Ipumenenne Takux MM obecrnieunBaio
KOMOMHHPOBAHHOE TYIIEHHE MOXKApOB, MUHUMAJIbHBIE pacxo/bl OA, 4TO BIUSIO HA SKOJOTHUYECKH
YUCTOE TYIIEHHWE M MHOTOKPATHOE IOBBIIIEHUE BEPOATHOCTU CIIACEHHUsS IMMACCAKUPOB M SKHUIIAXKA.
Opnnako pacnag CCCP He Mmo3BOJIMI 3aKOHYMTH 3Ty Mporpammy. B mocienHuwe rojpl B CBS3U
C BO3pacTaHWeM MacIITabOB MPOMBIIUIEHHBIX KaTacTpod M TEPPOPUCTHUECKHUX aTaK K JAaHHBIM
pabortam Bo3HUK uHTepec B Poccun, Kurae, Uexuun, ctonnu u Ounnsuanu [7, §].

Haxe npu cuHxpoHm3upoBaHHOH momaye OC u3 nadeTHBIX CTBOJIOB HECKOJbKUX [TAA
HE XBaTaeT MaciuTala sl TYLISHHUs TOPSIIMX CaMOJIETOB U BEPTOJIETOB M3-3a Majoil miomaam GppoHTa
orHerymanmx crpyid — B 1 000-10 000 pa3 Hmxe mioniaau ropenus ot 400 M y Majoro camonera
u 10 2000 M y bounra-747. bonblmoi paanyc MOpaKeHUS M3JIyYEHHEM M TEIUIOBBIMH NOTOKaMHU
OT IJIJAMEHU Pa3JiiBa aBUATOIUIMBA He 1o3BojsieT [IAA nogbexarh Ha JUCTAHIUIO K TPAHUIE TUIAMEHHU
JUTSL TIOJJa9M TOHKOPACTIBIIIEHHOW BOJIBI WUTH TICHBI CTPYSMH C IIUPOKUM (PPOHTOM JAUAMETPOM JIO TISTH
pa3 Oobllie TIO CPaBHEHUIO C KOMMAKTHOH crpyed. Ilomaua Bomel ¢ Oojiee MaNbHUX JUCTAHIIAN
(10 M m BbIIIE) Y3KUMHU CTPYSIMH yBEIMUYUBAET yenbHble pacxoasl OC mo 100—1 000 e, YIJTUHSET
MIPOLECC TYLIEHWs], YBEJIWYMBACT IUIOIIAAb ITOBTOPHBIX BOCIUIAMEHEHHI, YTO HE JAeT TapaHTUu
CTIaCEeHHs TACCAKUPOB Jaxe mprexasmmu ObicTpo [TAA [1, 6-9].

AHanu3 IpOBEJACHHBIX SKCIIEPUMEHTOB MOKA3aJl, YTO MOKHO TOOUTHCS OBICTPOTO TYIICHHS
MOKapoB M ¢ HU3KUMU yaelbHbIMUA pacxogamu OC. [l 3TOro Hajao MpeaoTBPaTUTh MOBTOPHBIE
BOCIUIAMEHEHHUs, W3MEHHUB MEXaHU3M TYLICHUs, YCWIMB pa3pylleHHE U  OXJAXICHUE
KOHJICHCUPOBAaHHOM BBICOKOTEMIIEPATYPHOU 30HBI TOPEHUS ITyTEM MOBBILIEHHS CKOPOCTH, TIOIAIN
U IUIOTHOCTU (ppoHTa TymieHus. B wacTHocTM Ui craceHus MacCakKUpoOB M DKUMAXKa MOXKHO
YCKOPUTH TYIICHUE TOPSIINX Pa3lIMBOB aBHATOILINBA, (Pro3emsika, KpbUIbeB camonéra. Jlms saToro
000CHOBaH M 3KCIEPUMEHTAILHO OTpaboTaH MexaHm3M pachbuieHns OC B BHJE CKOPOCTHBIX
MOIIHBIX IIKBAJIOB C IIUPOKAM (PPOHTOM, OFHOBPEMEHHO M OBICTPO COMBAIOMIMX ILJIAMS,
OCaXJAIoMMUX TOKCUYHBIM AbiM. Ha puc. 1, 2 mokazaH auana3oH BapMaHTOB MHOT'OCTBOJIbHBIX
monayieit B./l. 3axmaTtoBa.
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B)

Puc. 1: a) «MMnyasc-3M» ¢ 6amieHHBIM MoayJieM S0-cTB0JIOB (IPOTOTHI); 0) KOMIOHOBKA
a3poaAPOMHOiIi mo:kapHoii MammHbl ¢ MM-50 (96) na 6bicTpoxoaHOM maccu Jlana — KosecHoil
apTu/uiepuiickoii ycranopku (CinoBakust), Cro3ana (Uexusi); B) ouar aBuaTonJanBa niomajabo
400 (40 x 10) M* , PPOHT ra30MOPOIIKOBOro BUXPS MOJOIIEN K GIHKHEMY KPalo Ha 1aabHocTH 60 M,
T = 0,65 cek., ppoHT npoues JaJbHUN Kpaii oyara — 100 M (mos1HOe TynIeHue)
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0) B)

Puc. 2: a) craninoHapHbIe ABTOHOMHBIE JHCTAHIIHOHHO YNPaBJisieMble TeBITHCTBOJIbHbIE MOTYJIN;
0) 32,111 U3 IEBATH CTBOJIOB, pacnbL1 180 Kr mopoiika co3aaj ra30nopomKoBblii BUXPh, NOTYLIHJI 04ar
Ha xajgbHocTu 150 M, mpomes g0 220 M, muiomaabL TymeHus 10 850 M B) JuHust MM-9, MM-20,
MM-30 — cTBOJBHBIX MOAYJIel, cepus 3aam0B o 9-10 cTBoJI0B, Tymenue 10 150-200 m

Hcnonb30BaHWE MOIIHBIX BUXPEW C IMUPOKUMH (POHTAMH TIO BCEH IIMPHUHE camoJjieTa
MOKET 00ECIEeYUTh HE TOJIKO TYLICHHE, HO M MSTKOE, HE pa3pylIaroliee, MOUTHOE TOPMOKECHHE
camonéra. Cepus BHXpell U IIKBAJIOB IOCIEAOBATEIbHBIMUA 3aJMIaMU MOTYIIMT IUIaMs
Ha JIBUXKYIIEMCS] CaMOJIETE, IPEJOTBPATUT €TO B3PBIB U COKPATUT TOPMO3HOU MYTh.

CranuronapHbiii MonHEI MM-9 (KuTalicKuii BApUaHT) 3aJI1I0M BCEX CTBOJIOB BHIOpACKIBAET
180 kr ornerymariero nopoiuka 3a 0,05-0,1 cek. co ckopoctbio 110130 m/cex. CuUMMETpHYHO OCH
TpaeKTOpHUH Tosera gocturaercs apdexruBHoe TymeHue Ha miomanu ot 500 xo 1 000 M>. MM-25
(YKpauHCKHH BapuaHT) pacmbuisteT 3anmaMu u3 89 cronoB mo 120-135 xr mopomka no 70 m
¢ 5 deKTHBHBIM TymeHHeM mwiomamy 10 550 m”. Tpu 3amma Ge3 mepesapsizku MM-25 B cymme
Tymat g0 1 700 M 1 IIpY MHTEpBAIaxX MEXAY 3ajlaMu A0 3 CEeK. IUIOLIaJb TYLIEHUS BO3pacTacT
110 2 500 Mm%, Kuraiickue Moy, crpestomue 1o 9—10 ctBonoB B 3anne MM-9, MM-20, MM-30,
TyLIAT XOPOIIO Pa3rOpeBILUICS MOJAENbHBIN ouar pasmepoM 10 M mo GpoHTy, 3 M B BBICOTY, 2 M
B riryouny ¢ nucranuuu 100 M 3a 1 cek. [9].

Onucannsie MM-9 mnpous3BoacTBa BOEHHO-PEMOHTHBIX 3aBo0B B I. Kuese, bamakiee
Ykpaunrckoit CCP mmutenbHO U 3(pGEeKTUBHO MCTOIB30BAIHCH B 30HE UEpHOOBUIBCKOW aBapuw,
Ha He(Tera3oBbIX, XUMHUECKUX 3aBOJAAX, PE3EPBYApHBIX M Ta3TOJIbJCPHBIX IapKax, apceHajax
0oenpuIacoB, TYIIEHUH Ta30BbIX U HE(TAHBIX BBICOKOJEOUTHBIX CKBRXMH Ha CYyIIE U MOPCKHUX
wiarpopmax, pa3iuBOB IU3TOIUIMBA, OCH3WHA, B TOM YHUCIIC ABHAIIMOHHOTO MPU IMOJUTOHHBIX
skcnepuMeHTax Ha peszepBHoil BIIII B asponopty bopucnonb, Ha MOJHMIOHHBIX CTapTax pakerT.
Ha ceromnsmHMi JeHb BIIOJHE BO3MOXHO 3a OJUH — JBa MecsAla co3aarh 3((eKTUBHbIC
CTallMOHApHbIE, MACIITA0HO U OBICTPO TYIIAIIME Pa3IMBbl AaBUATOIINBA CUCTEMbI MM.
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[lo moroBopy c 3aka3uMKOM BO3MOXXHO HAa OCHOBAaHMHU HMEIOLIMXCS AKCIEPUMEHTAIbHBIX
JAHHBIX TMPEJOCTAaBUTh TEXHUYECKOE 3a/laHhe Ha pa3padOTKy COBPEMEHHOIl KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOM JOKYMEHTAllMM Ha KOMIUIEKC HOBOM YHHMKAJIbHOM TEXHHUKH ISl TYHICHUS
camonéra Ha BIIII. ABTomarnueckas cucrema noxkaporymeHus: (ACII) TymuT ropsuamii caMonéT
C MOMEHTA IpU3eMJieHus 10 ocTaHoBKH, a [IAA ¢ MM nocine octanoBku. B ACII ucnonuurensHas
4acTh COCTOMT M3 CTalMOHAPHBIX MM, perymsipro pazmeniénubix Baosb BIIII ¢ ogHoit nin o6enx
CTOPOH.

Kommiekc cocTout us:

1. Yrpasnsemoit komnbsrorepoM ACII ¢ MCIIONHUTENBHBIMU MOJCUCTEMAMHU U3 CTALIMOHAPHBIX
MM, paccraBnennsix Baosb BIIIT ¢ oquHakoBeIMU HHTEpPBAJIaMH ¢ OJJHOM HJTH OOEUX CTOPOH.

2.ITAA ¢ MM nns tymenus ocraHoBuBlierocss Ha BIIII ropsiero camonéra m pasznusa
aBUATOILJIMBA BOKPYT HETO.

3. [accu Be3aexona uiu TaHka ¢ MM BepTHKaIbHBIM M FOPU30OHTAILHBIM HaBEJACHUEM IS
TyumieHus camonéra 3a npenenamu BIIIT u paznuBa aBuaTomirBa BOKPYT.

4. beciunotHeid  netatenpHbiid anmmapatr (BIIJIA) ¢ 6e3oTtkarHbiM MM  mpuIenbsHOTO
pacmblia, THOKO peryjiupyeMoro Mo JajdbHOCTH pachlblla M IUIOMAAH HAKPBITHS (POHTOM
TOPSIIEro CaMoJIETA, COBEPIIMBILIETO IOCAJKY BAAIU OT a3pOIopTa.

Cucrema aymuHoit 4 000 M COCTOUT M3 AaBTOMAaTHYECKOW YMPaBIIsIEMOM KOMITBIOTEPOM CHUCTEMBI
3 80 aBTOHOMHBIX Momyineii MM-9. MM cpaGaThiBalOT MO CHUTHATY C IMCTAaHIMOHHOTO MYJIbTa
W3 JMCIETYEPCKON BBIIIKA C IMYHKTOM LEHTPaIbHOrO ympasiieHus a’poapoma. Crommocts MM-9
He meHee $§ 20 000 c 21eKTPOHHBIM OJOKOM YyNpaBJIeHHS, CTOMMOCTb CTPOUTEIIBLCTBA TTO3MIMU IS
kaxoro Moyt — 1o $ 10 000. CrommocTh 0710ka aBToMarudeckoro yrpasieaus $ 120 000 + mycko-
HaJlaJka BCEeW WCIOJNHHUTEIBbHON cucteMbl W Onoka ympasienuss $ 200 000. Bcero crommoctb
UCIIOJTHUTETbHOU crucTeMbl Moayieit: $ 20 000 x 80 MM-9 = § 1 600 000, CTOMMOCTb CTPOHTEITLCTBA
nosurmii: $ 10 000 x 80 = $ 800 000. OOmas CrOMMOCTb MCIIOMHUTEIBLHON moacucTeMbl MM-9,
MOHTaKa YIpaBJroniero 0yoka u mycko-Haiaaaku: $ 1 600 000 + $ 800 000 + $120 000 + $ 200 000 =
=$ 2720 000.

Jlis TymieHusl OCTaHOBUBILETOCSl B KOHIIE TOPMO3HOI'O MYTH aBApUHHO TOPSILEro camoiéra
U pa3iviBa TOIUIMBA BOKpYr mnpemiaraiorcsa nBa ITAA tuna «Cro3zanHa» c¢ OameHHsiM MM-90
(15 crBosIOB X 6 psamoB no BepTukanu). Croumocts oaHol [TAA-Cro3zana-MM-90 = § 1 200 000.
Jns Tymenus ropsuiero camonéra 3a npexaenamu BIIIT Ha Tepputopun aspomopra WM OGJIHM3KO
OT €ro TrpaHuIlbl, IJe HeT acQaJbTUPOBAHHBIX WM OETOHHPOBAHHBIX JOPOT, Ipeaaraercs
UCIIONIb30BaTh TPU TYyCEHWYHBIX OpPOHUPOBAHHBIX TOXKAPHBIX MamuHbl  «MMmmynasc-3M»»
croumocthio o $§ 750 000, mtoro $ 2 100 000 m pacmbLIMTETBHBIE OOCTIPUITACHI, KOMILIECKT
u3 10 000 wryk Oynmer crouth 10 $ 100. HeoOXoauMo OTMETHTH, YTO B a’dpomoprax JEBSTOM
kareropun Baosb BIIIl nmnuHO#M 4 KM OJDKHBI OBITH PACIOIOKEHBI TPH TOXKAPHBIX YaCTH,
B Kaxxaoi 1o asa [TAA.

st TymeHus aBapuiiHO MPU3EMIIMBILETOCS caMoJi€Ta B paauyce 10 100 kM oT aspoapoma
MpeJiaraeTcsi cpa3y MpHU MoJaye CUrHajga TPEBOTM aBapuM Ha camoJIéTe, MAYIIEM Ha MOCAAKY
B a9pOMOPT, NOIHATH B BO3ayX Kitactep u3 10 BITJIA ¢ mpurnenpHO cOpackiBaeMbIMH KOHTEHHEpaAMHU
kamuOpom 50, 100 u 200 xr, moaphiBaéMbIMHA Ha 33/JIaHHOW BBICOTE HAJ TOPALIMM CAMOJIETOM
W pa3IMBOM aBHaToOIUIUBa. B aTOM citydae kmactep mokapHbix BITJIA cMoxeT BoBpeMs MpUOBITh
Ha MECTO aBapUITHON MOcajIkyu M 00ecneunTh TYIIECHHE ToXKapa caMoJIEéTa U pa3jiuBa BOKPYT HETo,
YTO  YBEJIMYUT  BEPOSATHOCTh  cmaceHuss  naccaxupoB. Croumocts  ogHoro  BIIJIA
rpy3onoasémMHocThIO 10 300 Kr cocraBisier He OGonee $§ 150 000, a aBHAIMOHHOTO TOXAPHOTO
koHTeliHepa — 10 $ 500. Croumocts kmacrepa u3 10 BIIJIA u 1 000 aBuaKoHTEHHEPOB COCTaBHUT
He Oonee $ 2—3 MutH.

OO01mye MHHUMATBHBIC PAcXOJbl HAa HOBYIO TeXHUKY cocTaBaT $ 10 370 000. Dro BrosHe
npuemiieMas IeHa, koropas cocrasisieT 25-30 % oT cpeaHel BeNUYHHBI YOBITKOB OT OJHOM aBapuu
B 3aBHCHMOCTH OT KOJINYECTBA BBIILJIAT CEMbSM MOTHUOIINX.

OO6mast crouMocTh KomIiekca HoBoM TexHuku ais BIIIT cocraBut 10-12 miH eBpo. D10
Bcero ymmb 3-4 % yOBITKOB OT OJHOW aBapuH. YUHTHIBAsS TaKO€ COOTHOILIEHUE, BIIOJHE
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MpUEeMIIEMbl BapHAHTHI HW3TOTOBJCHHS 0OJee JOPOTMX M COBEPIICHHBIX OOPa3IOB TEXHUKH
MMIYJbCHOTO pacnbuieHUA. Tpex—MsaTUKpaTHOE yJaopokaHue komruiekca 3auuthl BIIIT octaBnser
€ro HEJOPOTMM U BBITOJHBIM IO CPAaBHEHHUIO C YOBITKAMH OT aBUAIMOHHBIX aBapwid. Jlis
3HAYUTENIBHOTO CHIDKEHUS U TPEKpalleHHs] MaccOBOM THOENU MMacCaXUpoB M HKUIMA¥a IMpH
ABUATIPOUCIIECTBUSX HET JAPYTrUX CTOJb JK€ MEPCIEeKTHBHBIX M Y(PPEKTUBHBIX MyTEH pelIeHUs
poOJIeMBI, a TIIABHOE XOPOIIO OMPOOOBAHHBIX HA IMOJIUTOHAX.

ITAA-MM  BhmepBele  MOryT pacnpuUiaATh  wmupokuid aumanazoH OC  pacTBOpoB
neHooOpaszoBarenield, Telei, TMOPOMKOB MW TPHPOAHBIX BOJ U3 JIOOBIX HMCTOYHUKOB 0€3
MpeIBAPUTENLHON QUIbTpanuu. ITO 00eCIeYNBACT YHUKAIBHOE MPEUMYIIECTBO — HEMPEPHIBHOE
TYIICHUE, HE3aBUCHUMO OT TIOABO3a OrHeTymamux coctaBoB. ITAA-MM cnocoben cepueit
MOCIIEIOBATEIBHBIX 3aJMOB W3 TPYII CTBOJOB, CHapshKCHHBIX paznuyHbiMu OC, obecneduthb
KOMOMHHPOBAaHHOE TYIICHHE W B IIMPOKOM JHara3oHE MapaMeTpoOB PEryIupoBaTh 3a CEKYHIbI
OT 3ajma K 3aliy AWHAMHYECKHE TapaMeTpbl BO3JCUCTBUS — CKOPOCTh, MOIIHOCTh U IIUPUHY
(¢bpoHTa, a COOTBETCTBEHHO, TaAJIbHOCTh U MAcIITald TYIICHHS.

Ob6nacte npumenenus [TAA-MM:

— TyleHue noxapon kiaccoB A, B, C, D, F B mmpokom guanazone MacmradoB, MOITHOCTH
Y BPEMEHHU Pa3BUTHS;

— MpeoTBpaIleHHe OOBEMHBIX B3PBIBOB: Ta30BO3AYLIHBIX, MapOBO3IYIIHBIX, a’pO30Jie-
BO3JYIIHBIX, MMBUIEBO3IYIIHBIX OOJAKOB B MOMEUICHHUSIX M Ha OTKPBHITOM IMPOCTPAHCTBE B pailioHE
pa3nuBa aBUATOIUIMBA IPU aBAPUWHOM MPU3EMIICHUH, TBUKCHUH U OCTAHOBKE CaMOJIETa,

— OCaX/IeHWe U HEeWTpalu3aluus TOKCUYHBIX BBIOPOCOB U OOJAaKOB B IOMEIICHUAX
U Ha OTKPBITOM BO3/YXE;

— JIOKaJIM3aIusl paAnoaKTUBHON MBUTH HAa Pa3IMYHBIX MOBEPXHOCTSIX U TMBUIEBBIX 00JaKOB
B ITOMEIIEHUSX U HA OTKPHITOM BO3/YXE;

— JIOKaJM3alusl W HeHTpanu3alus aBapUMHBIX pa3IMBOB HEPTH U HEPTENPOTYyKTOB
Ha BOJOEMaxX W Ha 3emile, BKIouas «HedTerpssb», oOpa3oBaHHYIO IOCJIE BIUTHIBAaHUS HEPTH
U HE(PTEPOAYKTOB B IIOYBY.

3aKja4eHue

Takum oOpa3om, Omarojmaps KomIuiekToBaHHIO IIAA MHOTOCTBOJBHBIMH MOMYJISIMHU,
CO3/IAIOIIMMHU Ta30KamelbHble IIKBajdbl M Tra30MOPOIIKOBbIE BUXPH, OOecreunmBaeTcsi ObICTpoe
TyLIEHHE TOPAIIMX pa3lMBOB aBHUATOIUIMBA M cCaMmoJieTa BIEpBbIE 3a 2—-3 MHH, Kak TpeOyroT
coBpeMeHHble HOpMbI [CAQO. B »TOM COCTOMT OJHO W3 KIIOYEBBIX mpeumyiiects [TAA-MM
[0 CPaBHEHUIO C TPAIUIMOHHBIMU MOXKapHBIMU ABTOLMCTEPHAMH, OOOpPYIOBAHHBIMHU MOIIHBIMU
HacocaMu U JladeTHBIMU CTBOJIAaMHU, HE CIIOCOOHBIMHU CO3/1aTh HEOOXOIUMYIO CKOPOCTh TYIICHHUS
Io’kapa B cIydae aBapuiHOIO IPU3EMIICHUS CaMOJIeTa.

CTOMMOCTH KOMILJIEKCA HOBOW MOKAPHOM TEXHUKH HE MPEBBIIIAET CTOMMOCTHA COBPEMEHHOM
TPAOULMOHHOW ITOKAPHOM TEXHUKH, INPUMEHSIOLICHCS B a’pornoprax, IpU TOM, YTO HOBBIN
KOMIUIEKC TEXHMKHM MHOTOKPATHO MPEBBINIAET BEPOSTHOCTh COEPEKEHHUs JKU3HHM IMacCaKUpOB
U DKHIaXKa aBapHiHO NMPHU3EMIIIONINXCS caMmoiieToB. PaboTa Takux komruiekcoB Ha BIIIT moGoro
a’pornopTa IMO3BOJMT €My MHOTOKPAaTHO TMOBBICUTh NpUOBUIL M3-32 YBEIWYECHUS YHUCIIA
aBUAKOMIIAHWH, JXEJIAaloIUX I0JIb30BaTbcd MM. VcXolIHble IaHHBIE M IPOEKT TEXHUUYECKOTO
3a/IaHMsl  OMBITHO-KOHCTPYKTOpPCKOM pa3paboTrku [IAA-MM Ha chenuanbHBIX IIAacCH  JIeXkKaT
B pesyapTatax HUOKP 1o co3nanuto ryceHnyHoin nokapHoi mamussl «mnynsc-3Mp».
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Abstract. Many seismic design codes utilize behavior factors to reduce the level of elastic force
to the desired force level in the design. This paper calculates seismic design factors for reinforced concrete
moment-resisting frames using responses obtained from dynamic analyses using scaled real earthquake
records. The main factors studied herein are the response behavior factor, displacement amplification factor,
and overstrength factor. Besides, the abovementioned factors are compared with their corresponding values
listed in the ASCE Code of ethics. To examine the above factors, four different buildings in ETABS were
modeled according to the Iranian seismic code (standard Ne 2800) using the response spectrum method.

Keywords: seismic behavior factors, reinforced concrete special moment-resisting frames, Iranian seismic
code (standard Ne 2800), ductility, displacement amplification factor

For citation: Seyednima Naghibi Iravani, Samad Dehghan. Investigation of seismic behavior factors
for reinforced concrete special moment-resisting frames based on iranian seismic code (standard Ne 2800)
and comparison with ASCE Code of ethics // Prirodnye i tekhnogennye riski (fiziko-matematicheskie
i prikladnye aspekty) = Natural and man-made risks (physico-mathematical and applied aspects). 2022.
Ne 4 (44). P. 36-42.

Introduction

Building high-rise buildings and towers has received special attention since the beginning
of human civilization. Such structures were first built for defensive purposes and then for commercial
and residential uses as human societies grew and developed since the 1980s. An important problem
in the design and construction of high-rise buildings is retrofitting and maintaining the stability
of structures against lateral forces, especially lateral seismic forces [1-7]. Along with the gradual
increase in knowledge about the behavior of materials when exposed to applied forces, the economic
dimension was also considered in structural design. To this end, today's designs use post-structural
collapse deformation as an energy dissipator, allowing the material to enter the plastic zone, requiring
the selection of the correct seismic design factors [8—11]. Design factors are introduced in the codes
of different countries. This paper examines the factors of high- or special-ductility reinforced concrete
moment-resisting frames.

Damage to reinforced concrete (RC) buildings

An earthquake causes damage in various forms. The study of damage is the first and best way
to explore the impact of earthquakes on society from various angles. The study of damage to buildings
reveals computational and operational weaknesses, acting as a model for correcting the procedures used
in seismic design codes. A good seismic design or seismic retrofitting of building structures requires
a proper understanding of structural behavior under seismic loads [12, 13]. In this regard, it is highly
beneficial to study the damage done to buildings.

Factors affecting damage

Among the most important factors affecting earthquake-induced damage are the tectonic
characteristics of the area, seismic characteristics, and the quantity and quality of buildings.
Moreover, the type of local soil, the type of local faults and their position relative to the site,
duration of ground shaking, frequency content, peak ground acceleration (PGA), vibration
amplitude, and energy released are among the factors affecting building damage.

Structural damage to buildings

Damage caused by the general weakness of the collection
Damage caused by improper general design

Damage caused by the effect of neighboring buildings
Damage caused by the effect of local soil

Damage caused by weak structural members
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Local building weaknesses do not always cause local damage but sometimes lead
to complete building collapses. Philosophy of design requires that the building suffer severe
structural damage and remain stable under a strong earthquake. However, this note does not mean
that local weaknesses and the damage caused by them are ignored.

Ductility of RC buildings

Since severe earthquake periods in any region are infeasible without possible calculations,
and the behavior of buildings at the time of an earthquake is affected by many factors that cannot
be quantified at this time, the economic aspects of earthquake design are considered not only based
on strength but also ductility. Ductility is crucial, especially for RC buildings. If a reinforced
concrete building is not designed to be ductile, it is not expected to be able to withstand severe
earthquakes and will be destroyed in a fragile manner.

Modeling

Problem description

Reinforced concrete special moment-resisting frames are utilized in important, and high-rise
buildings and are therefore of special importance. Factors for such frames must be properly selected
to ensure ductility in the event of an earthquake. Such frames easily enter the plastic zone.
Therefore, according to the Code, measures must be considered to prevent structural failure when
the elements enter the plastic zone.

This thesis explores the seismic parameters of concrete structures with reinforced concrete
moment-resisting frame systems. For this purpose, four 12-, 16-, 20- and 24-story concrete
structures are modeled in ETABS, and the results of analyzing seismic parameters are compared.

2
=3
6, = CCy G035, 4772 4
Operational T<0.1 T>Ts
performance
level frame 1 frame 2 frame 1 frame 2
Immediate 1.0 1.0 1.0 1.0
occupancy
Life safety 1.3 1.0 1.1 1.0
Collapse 15 1.0 12 1.0
prevention ) ) ) )
Other buildings Yield buildings”
Every type of load Uniform load Type-I distribution based on | Ne of stories
distribution distribution paragraph (3-1-3-3)
1.0 1.0 1.0 1
1.2 1.15 1.2 2
1.3 1.2 1.2 3
1.4 1.2 1.3 5
1.5 1.2 1.3 >10

The frames are designed according to the American concrete institute (ACI) 2008.
Additionally, design loads are considered as dead and live gravity loads and lateral seismic force.
Gravity loading of frames is performed according to National building regulations, Chapter Six.
The live load applied to the structure is 200 kg force (daN)/m’, while the dead load applied
to the structure is 700 kg force (daN)/m?. It should also be noted that stories and the roof have
the same gravity loads.

38

NmwxenepHoe u nHdopmannoHHoe odecrieueHre 0€30MaCHOCTH NPU YPE3BbIYalHBIX CUTYaIHIX



Natural and man-made risks (physical, mathematical and applied aspects). Ne 4 (44)-2022

The strength of concrete used is 28 kg/cm”. Longitudinal Alll-grade steel reinforcements
with a minimum vyield strength of 4000 kg/m” and special-ductility moment-resisting frames
are used. According to the Iranian seismic code (standard Ne 2800), the behavior factor
of this building frame system is 7.5. Likewise, the building importance factor is 1 (I=1). According
to the Iranian seismic code (standard Ne 2800), the type-II ground is considered in analyzing such
structures. Static and dynamic base shear values are calculated based on the relationships introduced
in the Iranian seismic code (standard Ne 2800). Rectangular sections are used for beams, while
square sections are used for columns.

Results

Seismic factors selected by the designer at the beginning of the design process, taking into
account all the terms of the code, are of particular importance. As structural ductility increases,
nonlinear behavior increases, and consequently, the seismic force decreases. These factors
are defined differently in the codes of each region according to the seismicity conditions
and the material utilized. This paper compares the results of the design software, and the conditions
and factors suggested in the code.

Element design results
The elements were designed using the factors introduced in National building regulations,

Chapter 9. In these structures, square columns and rectangular beams are used.

Beam dimensions (cm) Column dimensions (cm) Ne of stories
45-60 60 45 12
45-60 65 45 16
45-60 70 45 20
45-70 75 45 24

Nonlinear analysis results
Examination of the linear section of the graph shows that structural stiffness decreases with

increasing the number of stories; that is, if displacement is considered as a certain value, the amount
of force applied to the structure that pushes it to that value will be less.
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Yield point

The first key parameter in the nonlinear static analysis curve is the yield force of the first
element specified by the first cusp in the graph. This point is important in many ways. As shown
in the figure, the yield force increases with increasing the number of stories, which may be due
to the increase in beam dimensions to counter lateral displacement.

Yield Force (KN)

300.00 260.00
17000 19500 20500
200.00 s
0.00
12 16 20 24

Dissipated energy
The area under the pushover curve represents energy dissipated by the structure.
Accordingly, the larger the area under the pushover curve, the more the structure will be able

to absorb and dissipate energy.

Dissipated Energy (KJ)

30000.00 26651.41
25000000

2000000
14763.68
15000.00

11701.45
9206.54
1000000
S000.00 .
12 16 20 24

OuD0

Ductility

For structures and reinforced concrete members, ductility refers to the ability to carry
significant non-elastic deformations prior to member destruction. A ductile member must be able
to sufficiently withstand large non-elastic deformations without significantly reducing its strength
in the first place, and secondly, be able to absorb and consume significant amounts of seismic

energy through sustainable behavioral cycles.
The figure shows that ductility decreases as the number of stories increases, thereby

increasing the need to provide ductility in high-rise structures.

K

6.00

4.56
. 399 3.51
4.00 ) 3.07
0.00

12 16 20 24

Overstrength factor
This parameter determines how much force should be applied to the overall yield

of the structure after the first element has yielded.
2.00

1.90
1.72
1.52
1.50 1.21
1.00
0.50
12 16 20 24

0.00
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Ductility (Newmark-Hall method)
The behavior factor of a structure is one of the parameters of structural design systems
that directly affect the seismic factor.

Ru

10.00 8.68
£.00 6.85 6.85
600 472
4.00 | I I I E Ry
2.00
0.00

12 i6 20 24

Conclusions

This paper investigated the seismic design factors of special moment-resisting or high-
ductility moment-resisting frames using nonlinear static analyses. Then, the results were compared
with the Iranian seismic code (standard Ne 2800). The results indicated that the factors introduced
in the code were selected conservatively. As shown in the figures above, the amount of force
applied to yield the first element naturally increases as the number of stories increases. It was also
found that the load-bearing capacity of the elements increases, and they flow later (absorb more
energy) as the number of stories increases. In addition, it was shown that ductility decreases
(the distance between yield and failure decreases) as the number of stories increases. Similarly,
the overstrength factor decreased.

For future research, the following topics are suggested:

1. Investigation of seismic performance of special braced frames.

2. Investigation of seismic performance of reinforced concrete special moment-resisting
frames under near- and far-fault records.
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Annomayus. B CcOBpeMEHHOW IWHAMUYHO pa3BUBAIOMIelcs PoccHn MPOMCXOAWT TOCTOSHHOE
yBeJIMUCHHE aBapuil U KaTacTpod, CBOEBpEMEHHOE pearnpoBanue noapasaenenniit MUC Poccun Ha koTopbie
CHOCOOCTBYET YMEHBILICHUIO KOJMYECTBA )KEPTB U MaTepuasibHOTO yiiepda. OJHUM U3 OCHOBHBIX JIEMEHTOB
CBOEBPEMEHHOI'O pearvpoBaHMA TMOJpa3AEICHUA SBISETCd UCHPABHOCTh IOXKApPHOM W  aBapuiiHO-
CIacaTeNIbHON TEXHUKHU.

[Ipu sTOM emme ocTpee BCTArOT MPOOJIEeMbl OPraHU3alMU TEXHHYECKOTO OOCITY)KUBAaHHUS M PEMOHTA
9TUX aBTOMOOWJIEH, BBHIY YCJIOXXHEHUS WX KOHCTPYKUMH, YBEIMYECHHUS IMEPEUHS Y3JI0OB M CHELUAIBHBIX
arperaroB, MIPUMEHSEMBIX B HAJICTPOIKaX.

B paboTe paccMOTpeHbI CHCTEMBI TEXHUYECKOTO OOCITYKMBaHUS M PEMOHTA ITOKaPHOH M aBapHiiHO-
criacaTelbHOM TEXHHKHM, Haxoismencs Ha BoopyxkeHun mnoapasneiaenuit MUC Poccuu. BrisBieHs!
X OCHOBHBIE HEJJOCTATKN U TOCTOMHCTBA. PacCMOTpeHa METOIMKa OLEHKN NMPOHU3BOJCTBEHHON MPOrpaMMBI
pemonTHOTO oprana MUC Poccun.

Kniouesvie cnosa: moxkapHasi ¥ aBapHiHO-CIIacaTeNbHAs TEXHHKA, TEXHHYECKOE OOCIIy>KHBaHHE,
PEMOHT, pEMOHTHBIN OpraH, MPOU3BOJICTBEHHAS ITpOrpaMma

Jnsa mutupoBanusi: MeanoB A.B., Jlaruposa /1., A6mynmaesa }O.C. MeTtonrka OIEHKH MPOM3BOACTBEHHOM
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Abstract. In modern and dynamically developing Russia, there is a constant increase in accidents
and catastrophes, the timely response of the units of EMERCOM of Russia to which contributes to reducing
the number of victims and material damage. One of the main elements of the timely response of the units
is the serviceability of fire and rescue equipment.

At the same time, the problems of organizing maintenance and repair of these cars are even more
acute, due to the complexity of their designs, an increase in the list of components and special units used
in superstructures.

The paper considers the systems of maintenance and repair of fire and rescue equipment in service with
the units of EMERCOM of Russia. Their main disadvantages and advantages are revealed. The methodology
of evaluation of the production program of the repair body of EMERCOM of Russia is considered.

Keywords: fire and rescue equipment, maintenance, repair, repair body, production program
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Beenenune

ABTOMOOWIBHAS TEXHHUKA, YKOMIUIEKTOBaHHas monapasneneHusmu MUYC Poccun, nomknaa
001a1aTh TAKUMHU TaKTHKO-TEXHUYECKUMHU XapPaKTEPUCTUKAMH, CBOMCTBAMHU, a TAK)KE COCTOSTHHEM,
KOTOpbIE O0ECIIEUMBAIOT €€ MPUMEHECHHUE B OMEPATHUBHBIX U OOCBBIX MEPOIPHUATHSIX MO TYIICHUIO
MOKapoB U MPOBEACHUIO aBapuiiHO-cniacaTenbHBIX padoT (TII u ITACP).

B cBsi3u ¢ pa3BuTHEM COBPEMEHHOTO MHpa, a TaK K€ Oyiaromapsi peryisipHbIM pa3padoTKam
B 00JIaCTH TOKapHOW M aBapuiiHO-criacateslbHOM TeXHUKHU (ITA), KOHCTPYKTHBHBIE OCOOCHHOCTH
aBTOMOOWIICH CTalli HAMHOTO CJIOXKHEE. OTO BBIPAXKEHO HACBHIEHUEM JaHHON TEXHUKHU
AJIEKTPOHHBIMH, THIPABINYCCKUMHU M TTHEBMATUYECKUMHU CHCTEMaMH.

Hapymenne pa0GoTbl OJHONH W3 CHCTEM BIIEYET HEHUCIPABHOCTh TEXHHUKH, KOTOpas
MOJKET CTOUTH JKU3HHU JIFOJISIM, a TaK K€ MPUBECTH K OOJIBIIOMY MaTepualibHOMY yiiepOy. MeHHo
MOATOMY TEXHUYECKH HCIpaBHOMY cocTossHHI0 [IA  Heo0XoauMo yHaelsTh NpPUCTATBLHOE
BHUMaHHe. [ peanu3anuyd MEpONPUSITHIA IO MOAICPKAHUIO €€ B TOTOBHOCTH K TPUMEHEHUIO
pa3paboTaHbl U MPUMEHSIIOTCS JIBE CHUCTEMBI TEXHUYECKOro oOciyxkuBaHus u pemonTa (TOwuP)
aBromoobwmeti [1] (puc. 1).

CHCTeMbI TEXHHYECKOTO 00CTYKHBEAHHA H pEMOHTA
aBTOMOOHTel

IltanoBo-npelynpelHTe/IbHAA

IIo paKTHYECKOMY COCTORHHIO
cHCTeMa

Puc. 1. CucreMbl TEXHH4eCKOr0 00CTYKHBAHHS M PeMOHTA

B MUC Poccun mnpumensieTcst miaHoBoO-TpenynpeaurensHas cuctema TOuP. OcHoBHbIE
TOJIOKEHMSI 3TOM CHUCTEMBI ONMMCaHbl B UCTOYHUKAX [2, 3]. [IpoBeneHrne mMeponpusTuil MOAIEPKAHUS
TEXHUYECKH HCIIPaBHOrO cocTossHus IIA mpu naHHOM cUCTEME OCYIIECTBISIETCS B COOTBETCTBHE
¢ pazpaboranHbpiMu panee TwiaHamu (I1TO), yuuTeBarommmu HOpMbl HapaOoTku [4]. CormacHo
WCTOYHHUKY [2] BBIIENSIOT CIETYIOMINE BH/IBI TEXHUIECKOTO 00CTYKUBAHHS:

— eXeHeBHOE TexHn4ueckoe oocmyxuBanue (ETO);

— HOMepHoe TexHuueckoe oocmyxupanue (TO-1, TO-2);

— rexanueckoe oocmykuBanue rpu TI1 u [TACP, enunoe Texaudeckoe odcnyxuanue (EO);

— ce30HHOe TexHnueckoe oociyxuBanue (CO).

IIpu strom TO-2 u CO, xak npaBuio, NpoBOAATCS B peMOHTHbIX opraHax MYC Poccum.
B cinydyae HeoOXOAMMOCTH BOCCTaHOBIICHHSI pecypca, MPOBOIUTCS PEMOHT (TEKYIIUH, CPEAHUN WIH
KanmuTaIbHBIN) arperaToB win [TA B nenom [4].

Hopmarusubimu noxkymentamu [2, 4] B MUC Poccun persiaMeHTUpOBaHbl IEPUOJUYHOCTD,
TPYAOEMKOCTh M HOpMBI mpobera ITA, mpu 3TOM HE YUUTHIBAETCS HUX PpEAbHOE TEXHUYECKOE
COCTOSIHHE.

Crout oOpaTuTh BHUMaHHE, 4YTO B IOCJIEIHEE BpeMs YKOMIUIEKTOBAHUE TMOApa3/IeIeHHM
@®IIC MYC Poccun mpoucXoIuT cOoBpeMeHHbIMH oOpaszuamu [1A, HOpMbl HapaOOTKM 0a30BBIX
IIacCH KOTOPBIX Topa3ao OonbIlie, yeM yka3aHO B HCTOYHHMKE [4]. Hampumep, TexHmdeckoe
obcmyxxkuBanue 6azoBoro maccu All-(C)-8,0-70/100 (IVECO AMT 6339) — 48BP (ALL Cesep)
He00X0IMMO MPOBOIUTH mociie 40 Teic. kKM mpodera [5—7].

B cBa3u ¢ atum nposenenue coriacHo IITO HekoTophIx omepamuii Mo 00CTYKMBAHUIO
u pemoHTty Takux IIA HewnenecooOpa3HO, MOCKOJBKY IPEAETbHOE COCTOSHUE WX arperaTtoB
HE HaCTYIHUJIO.
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B To ke BpeMs HeoOxoauMo oOpaliaTh NPUCTaIbHOE BHUMAHHME HAa KaueCTBO MPOBEACHUS
ETO, xoTopoe HampaBiIe€HO Ha CBOCBPEMEHHOE BBISIBICHUE HEUCIPABHOCTEH, a TaKKe KOHTPOJIb
OCHOBHBIX CHCTEM, BIHUSIONIMX Ha Oe30macHOCTh HKcruryatanuu IIA. JlaHHble MeponpHsTHS
IIOMOT'YT CYLIECTBEHHO CHU3UTH 3aTpaThl Ha MPOBEIECHUE UX TEKYILErO U KallUTaIbHOIO PEMOHTOB.

[InanoBo-nipenynpeautenbHas cucrema TOuWP npu Bcex ee HemocTarkax BCe-Takd
MO3BOJISIET HambOoJiee TIIATEIbHO KOHTPOJIMPOBATH TEXHUYECKHW HCIpaBHOE cocTosiHue [IA
B IIpouecce MX dKciuryarauuu [2]. Ha puc. 2 npeacrasnenHa tumoBas opranuzauus TOwuP
aBTOMOOMITEH [8].

Y4 ECTOH
MOHKH

WuHEITOH
NPHEM W

YuaTOH
OH AHOCTHHH

M Yuaorow TO

[ Yuacron TH

— Yuacrow TP

h J

CNeUMznd 3Mpa ESHHEIR Y43 CTHH
pemMOHTa

F 3

¥

¥4 3CTOK BEBIgEHM

PemoHT
H FEdhnt m:E.:: :;i LLIHHOpEMOH THEI A rn:;:;iﬂi;ﬁ OHpaCoHHEIRA KyaoeHoA OBoRAH bR
ampraka| | 318 KTROOBORYA OEaHHA g WICTOK b YH2CTOK Y4ILTOH YHRCTOH
AHE BMNEPITYR I WHECTOH
Puc. 2. Tunosasi opranuzanusi TOuP [8]
ens cucrembr TOuP mo dakTtuyeckoMy COCTOSHHMIO Takas jke€, Kak M Yy IIJIaHOBO-
HpG,HyrIpGI[HTGJ’IBHOfI. O,I[HaKO nepruoandcCKas JUarHoCTHUKa TEXHHUYECKOI'O COCTOSIHHUA

TPAHCIIOPTHOTO CPEACTBA, HApaBleHHAs Ha OlpeaeleHre HeoOxomumocTu B mpoBenenun TOuP
TOr0 WJIM UHOTO arperata win [1A B 11e110M, sIBJIsI€TCSI OCHOBOM JaHHOW CUCTEMBI

[Ipu qrarHOCTHPOBaHUY MPUHUMAIOT BO BHUMAHHE CIIEAYyOIICe:

— YKa3aHHUE CYIIECTBYIOIINX HEUCIPABHOCTEHW BOJUTENEM, SKCIUTyaTupyrommm [1A;

— HEOOXOIMMOCTh TIPOBEICHHS padOT B COOTBETCTBUH C YKa3aHUSIMH 3aBOJIa-U3TOTOBUTEIISA.

Jns  ompeneneHuss HEOOXOAMMOTO KOMIUIEKCA PEMOHTHO-TIPO(HIIAKTHYECKUX paboT
B pemoHTHOM oprane MUC Poccuum HE0OXOaUMO MPOBEACHUE KOMILIEKCHOW JIMAarHOCTUKH
MOCTYMHAIONINX Ha 00CTyKuBaHUE W PeMOHT [IA, BBUIY UX Pa3nHMYHOTO TEXHHYECKOTO COCTOSTHHUS.
Ha puc. 3 npeacrasieHa nociaeqoBaTeIbHOCTh OLIEHKHA TEXHUYECKOro cocTosHus ITA npu cucreme
TOwuP no Texnnueckomy coctostHuto [1].
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OnenKa TEXHHYeCKOI0 COCTOSHHSA

Het
O6beKT paboTocnocoben?
| Hda | IHouck JedexTa |
IIporHo3HpoBaHHE
TeXHHYECKOI0 COCTOSHHA
Omnpenelende
NpPpHYHHBI 0TKA3A 3a
Het P
BpemMa T

O6BbeKT OTKaMKeT 3a
Bpevmsa T?

Hcnoab3josanHe B
TedeHHe BpeMeHH T

Brmmonaeane TO
HJIH peMOHTA

Puc. 3. [TocienoBaTeIbHOCTH OIEHKH TeXHHUYeCKoro cocrosuusi TC

[IpeumymiecTBa u HegOCTATKHU Kaxkaoi u3 cucteM TOUP npencrasieHs! B TabnuLe.

Ta6mmma. IlpeumyiecTBa U HeAOCTATKH Kaxnoi u3 cucteM TOuP

HaumMmeHoBaHME CHCTEMBI

IIpeumyiiecTBa

Henocratkn

[InanoBo-npexynpeauTenbHAs
cucremMa

Crtporoe cooTBETCTBUE
periiaMeHTy, BO3MOXKHOCTh
MIPOTHO3UPOBATH 00BEM paboT
Ha JIJTUTEIbHBINA CPOK

He yuutpiBaeT akTudeckoro
TEXHHUYECKOI0 COCTOSHUS,
HEJIONCTIONL30BaHUE pecypca
JeTanei

Cucrema 1o pakTHIECKOMY
COCTOSIHUIO

YBenuueHue npoJoHKUTENbHOCTH
UCIIOJIb30BaHUs Y3JI0B
U arperaTos, IPOrHO3UPOBAHUE
0CTaTOYHOM HapabOTKH

Bo3moyHa BeICOKast Harpy3Ka
Ha 30HY PEMOHTA B CBSI3U
C BEpPOSTHOCTBIO OTKA3a Cpazy
HECKOJBKHX MEXaHHU3MOB.
Bricokue 3aTpatsl
Ha JIMarHOCTHKY

C 1menp0 ONTUMH3AIMK TPOM3BOACTBEHHBIX IMPOIECCOB M BBHIOOpA CHUCTEMBI

B peMoHTHBIX opranax MUYC Poccum HEOOXOAMMO MPOBOJUTH OLIEHKH MPOU3BOJICTBEHHBIX
MporpamMM C y4eTOM THIIOB M Mapok oOciyxuBaemoii [TA [9, 10].

MeToaMKa OlleHKH NMPOU3BOJACTBEHHOM MporpaMmmbl peMoHTHOro oprana MUC Poccuu

ITokazarenn,

XapaKTEPU3YIOMM TPAMOTHBIM M THIATEIBHBIA MOJIXON JEATEIIbHOCTH

PEMOHTHOTO YUPEKACHHUS, CIICIUATU3NPYIOIIET0 Ha PEMOHTE U OOCITY)KUBAaHUHM TEXHUKHU, IPHUHATO
Ha3blBaTh «OOBEMOM IIPOM3BOJACTBA», HAa OCHOBAaHUHU IPOBEJCHHOIO aHaJIM3a BBIIOJHEHUS
IIPOU3BOJCTBEHHOMN IIPOrPAMMBI.
B nponecce ananu3za HeoOX0AUMO:
— OLIEHUTb JOCTUTHYTBIH YpOBEHb IOKa3aTelaeil MpOoM3BOACTBA peMOHTHOro oprana MUC

Poccun;

— OIpCACINUTh CTCIICHbL U Q)aKTOpBI, BJIMAIOIIMC HA BBIMMOJIHCHUC ITPOU3BOACTBCHHOT'O I1JIaHA,
B CPaBHCHUU C aHAJIOTHYHBIM IICPUOJOM INPOMICAIICTO IMEPHUOJa U IMPOU3BOACTBCHHOI'O I1JIaHA,

46

NmwxenepHoe u nHdopmannonHoe odecrieueHre 0€30MaCHOCTH NPU YPE3BbIYalHBIX CUTYaIHIX

TOuP



Natural and man-made risks (physical, mathematical and applied aspects). Ne 4 (44)-2022

— pacCcuruTaTb NPOUCHT BBIMIOJIHCHUS ITPOU3BOACTBCHHOT'O IJIaHA U ONIPCACINTD a6COJHOTHO€
U OTHOCHUTEIbHOE OTKJIOHCHHE OT IUTAHOBBIX 3HAYCHUH O0a3MCHOro TeMmIa pocrta o0bema
HpOHBBOI[CTBeHHOﬁ ACATCIIbBHOCTHU PCMOHTHOT'O YUPCIKICHUA.

basucHblii Temn pocrta o0beMa MPOM3BOACTBA OIMPEICSCTCS OTHOCHUTEIBHO 0a3MCHOIO
nepuoja mo gpopmyie:

T, = V; + V, x 100 (%),

rae T, — moka3aresb BBIMOJIHEHUS TUIaHa paboT mo o0beMy; Vi — MoKa3aTenb BBHITOTHEHUS 00bemMa

pabor mo dakrty (uen.-yac); V, — 3alUIaHUPOBAaHHBIH O00BEM TPOU3BOACTBEHHBIX paldoT,
YTBEPKICHHBIA COOTBETCTBYIOIIEH TPOU3BOACTBEHHOM MPOrpaMMoi (Jelr.-Jac).
AHanu3 TPOM3BOJACTBEHHOW JESATEIBHOCTHM PEMOHTHOIO OpraHa MYC Poccun

MpejjiaraeTcsi MpoOBECTU MO sy HampaBleHUIl, MpU 3TOM B Mpolecce padoThl NEPUOAUYHOCTD
u (QopMBI aHaIM3a MOTYT MEHSTHCS M JA0pabaThIBaThCS B 3aBHCHUMOCTH OT KOHKPETHOTO
MIPOU3BOJCTBEHHOIO MpoIIeCca.

ba3oBoif dYacThi0 AHANIUTHYECKOW pabOTHl MPOM3BOACTBA PEMOHTHBIX YUPESKICHUN
MIPEAJIaraeTcsl NPOBEICHUE:

— a”anu3a o0beMa MPOU3BOJICTBEHHBIX PadOT MO MapKaM U THUIIAM TEXHUKH 33 OTYCTHBIN
MIEPUOT;

— aHaJIM3a MPOU3BOAUTEIBLHOCTH TPY/1a HA OCHOBAaHUM YTBEPKIECHHOI'O NIPOU3BOICTBEHHOTO
IJIaHA 33 OTYETHBIN NEPHOT;

— aHaJIM3a UCII0JIb30BAHUS TPYAOBBIX PECYPCOB 3a OTYETHBIM MEPUOL.

O0GecnieyeHe  TIOCTOSSHHOM  TOTOBHOCTH  TMOXAPHOW W CMAcaTebHOW  TEXHUKHU
noapaszaenennii rapauzoHoB @IIC MUC Poccun siBisieTCs CBA3YIOLUIMM 3BEHOM MEXAY PEMOHTHBIM
opranoMm MYC Poccun n nogpazaeneausimu @IIC MUYC Poccuu [11, 12]. OT kayecTBa U CPOKOB
BBITIOTHEHHOW pPa0OTHl 3aBUCUT O0BEM MPOU3BOJCTBA pPadOT, OCYIIECTBISEMBIX B IpOIECCe
pPEMOHTA U O0CITY)KHBAHUS TEXHUKHU.

OO6beM BBIOJHEHHBIX PabOT B IPOM3BOJCTBEHHON MPOrpaMMe OMpeeIsIeTcs Kak MIaHoBas
CyMMapHas Ha TOJ TPYAOEMKOCTb BBIITOJHEHHsI padoT (Yes.-uac).

AHanu3 o0bemMa MPOU3BOJCTBEHHBIX pabOT MO MapKkaM M TUIIAaM TEXHUKU 32 OTYETHBIN
IIEPHUOJ] CIEIYET OCYILECTBIATh C YYETOM IOJIYYEHHBIX MOKa3aTesed, KOTOpbIe, B CBOK OYEPEb,
XapaKTepU3yIOT KauyecTBO MPOBEIEHUS PEMOHTHBIX IMPOILIECCOB U OOCIYKUBaHUS TeXHUKH. [Ipu
3TOM CJeIyeT YYWUTHIBATh YMCIO pEKJIaMalMii M BO3BPATOB TEXHUKHU TMOCIE 3aBEPILICHUS
UX OOCHTy)XHMBaHHS M peMoHTa B peMoHTHOM oprane MUC Poccum, a Tak ke ydacTue
3aKpEIUIEHHOTO 3a JAaHHOM TEXHMKOM BOJMTENIBCKOTO COCTaBa B JaHHBIX paboTax. AHamu3
HE00X0IMMO MPOBOIUTH KaXK/IbIM Mecsll, KBapTaJl, MOJyroiue, ToJ Ha OCHOBAaHUHU CBOJIHBIX JaHHBIX
o0beMa MPOM3BOJICTBA IO THUIIAM M MapkaM noxkapHoi Texauku (V) mo gpopmyie:

VH.TO—ZXKXKK+VH.TPXKK VH.CPXKK+VH.KPXKK

Vo= ( ) x 100,

Vimro-2 ViLmre Vimcp ViLnke

rne Vp— obmuit o6beM mpou3BojacTBa padOT MO THUMAM W MapKaM MOKapHOW TeXHUKH, %
Vhto—2 — 0oOmMiA 00BEM BBIMOTHEHHBIX PAa0OT TEXHUUYECKOTO oOcCiHykuBaHus Ne 2 1o Tumam
U MapKaM TOXapHOW TeXHHUKH; Virp — OOmMNA 00BEM BBIMOJHEHHBIX PadOT TEKYIIETrO0 PEeMOHTa
10 THMaM U MapKaMm TMOXapHOW TEXHHKHU; Vcp — 0OmMi 00BEM BBITIOJHEHHBIX Pa0dOT CPEIHETO
PEMOHTA TIO TUNIAM M MapKaM TOXKapHOW TeXHUKH; Vijyp — OOImMiIA 00BEM BBIMOITHEHHBIX PabOT
KalUTaJIbHOTO PEMOHTA IO TUNAM M MapKaM TOXXKapHOW TeXHHUKH; Vpro_z — 0OOmMUi oO0beM
3aIJTAHUPOBAHHBIX PA0OT TEXHUYECKOro oOcmykuBaHus Ne 2 MO THUMAM W MapKaM IOXapHOM
TEXHUKH, 3alJIJAHUPOBAHHBIA 110 TPOU3BOJCTBEHHOMY TIUIaHy; Vpprp — OOmmic o0beM
3aITAHUPOBAHHBIX pPabOT TEKYIIEro pEeMOHTAa IO TUMAM W MapKaM [MOXApHOW TEXHUKH,
3aIJTAHUPOBAHHBIA 10 TPOM3BOACTBEHHOMY IaHy; Vippcp — 0Omuil 00beM 3aruIaHMPOBAHHBIX
paboT cpemHEero peMoHTa IO THUNAM W MapkaM TOKapHOW TEXHHUKH, 3allIaHUuPOBaHHBIM
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10 MPOM3BOJICTBEHHOMY TUIaHY; Vpkp — 0OmMiA 00beM 3alyIaHUPOBAHHBIX PA0OT KamUTaIbLHOTO
PEMOHTa MO TUIAM M MapKaM IOKapHOM TEXHHUKH, 3aIUIAaHUPOBAHHBIM IO MPOU3BOACTBEHHOMY
wiany; K — ciydan ydactusi BoAMTENEH CTPYKTYPHBIX MOJpPAa3AeiCHUI B BBINOJHEHUU pPaloT,
cBs3aHHbIX ¢ TO-2 (mpumensercs kodddumment K=0,85); Ky — ciaydam Bo3Bpara TEXHUKH,
OTPEMOHTHPOBAHHON B PEMOHTHOM OpraHe, JJisi MpoBeAeHHs paboT MO YCTPAaHEHHUIO TEXHUYECKHUX
HE0pabOTOK, CBS3aHHBIX C HEKAYECTBEHHBIM BBINOJIHEHHEM paboTel B oOwveme: menee 50 %
oT obmero npousBoiactBa (npumensercs koddduuuent K =0,95); 6onee 50 % (mpumensercs
kodpuuuent K,=0,85); mpm oTCyrcTBMM BO3BpPaToB U  peKiIaMauuil  (mpuMeHsieTcs
kodpurment K=1).

Ananu3 o0ObeMa MpOU3BOJACTBA PAabOT IO3BOJNIUT OICHUTh W YKa3aTh Ha BO3MOXKHBIC
HEJOCTaTKU MPHU MOJATOTOBKE K IMPOLIECCY MJIAHUPOBAHUSA TEXHUYECKHX paboT, a TakkKe OKaXeT
MPAKTUYECKYI0 TOMOIIb PYKOBOISIIEMY COCTaBYy PEMOHTHOTO YUPEXKICHHS B PYKOBOJCTBE
TPYJOBOM JUCHUUIUIMHON MOJAYMHEHHOIO JIMYHOTO COCTaBa, TEM CaMbIM YCOBEPIIEHCTBYET
CIIOCOOHOCTh PYKOBOJIUTENS M HEMOCPEACTBEHHBIX HCIOJIHUTENICH B OpPraHU3allMi BBIMOIHATH
IJIaHOBBIE MTOKA3aTeNu.

Ananu3 o0bemMa mpoM3BOJCTBA padOT MO THUMAM M MapKaM MallMH 332 OTYETHBIH MEpUoJ
TECHO CBfI3aH C aHAJIM30M [POU3BOJUTEIILHOCTH TpPyAa HA OCHOBAHHUU YTBEP)KIEHHOTO
MPOU3BO/ICTBEHHOT'O IIJIaHA 32 OTYETHBIN MEPUOI.

B xozxe mpoBeneHus aHanM3a yYUTHIBACTCS HCIOJIb30BaHUE pabovyero BPEMEHHU, MPU 3TOM
B 00s3aTeNIbHOM TIOpSIIKE HE YIYCKAlOTCS BO3MOXHBIE TIOTEPH BPEMEHHU YTBEPKIECHHOU
MIPOM3BOJICTBEHHOM MIpOrpaMMbl B CBSI3U C OTCYTCTBHEM pabOTHHMKa Ha paboueM MecTe
0  YBOXWUTEIbHBIM  TPUYMHAM, TEM  CaMbIM  OMNpPEIENsAeTCs  BO3MOXHOCTH  POCTa
MIPOU3BOIUTEIBHOCTH TPY/a.

HemanoBakHoe 3HaUYeHHE B MPOLIECCEe aHAIN3a MPOU3BOAUTEIILHOCTH TPyJa Ha OCHOBaHUU
YTBEP>KACHHOTO TMPOU3BOJICTBEHHOIO IUIaHA 3a OTYETHBIM MEepuoja HMMEET MPOLECcC TBOPUYECKOM
aKTUBHOCTH pabouero nepcoHana peMoHTHoro yupexaenuss MUC Poccun.

B wmensix ompeneneHus u MONyAsSpU3allMd TBOPYECKUMX UAEH paboyero mnepcoHana
PEMOHTHBIX YYPEKICHHUH, PYKOBOIUTEISIMH JaHHBIX YYPESKICHUA MOTYT OBITh IPOBEACHBI
pa3iauyHble KOHKYPCHl C TMPEACTABIEHHBIMU OT YYaCTHHUKOB HW300pETEHHUSIMH M MPUHATHIMU
panrnpeIoKeHUsIMU.

C yderom o0Obema MpoU3BOJACTBA pPA0OT MO THUMIAM M MapKaM MOXXKapHOW TEXHHUKH,
TBOPYECKOTI0 MOJXO/Aa U AKTUBHOCTH PabOYero nepcoHaia, aHalu3 MPOU3BOIUTEIBLHOCTH Tpyda
Ha OCHOBAHMM YTBEP>KJIEHHOTO MPOM3BOJCTBEHHOIO IUIaHa 3a OTYeTHBINA mepuon (P) mpoBoaurcs
o gopmyre:

Tn Tn Tn T
v _ v v v
P — l-l.l:[I:'(Il;O 2 + H.-l'.l;TP + nrl.‘l?q[).CP + H’i‘l;;KP X 1 0 O'

Vito—2KKgKp Vi.tp K-Kk-Kp Vi.cp'K-Kk:Kp V.xp K-Kx'Kp

rae P — BbIllONHEHWE IUTaHa TO NPOU3BOAUTENBHOCTH Tpyna, %; Ty — 3arparel BpeMeHH
Ha TPOU3BOJCTBO paboT Mo miiaHy, 9acel; Te — (pakTHUdeckue 3aTpaThl BpEMEHH Ha MPOU3BOJICTBO
pabot, uacel; Kp — ciydau panuoHaIM3aTOPCKOTO W TBOPYECKOTO TMOJX0Ja pPaOOTHHUKOB
PEMOHTHOI'O OpraHa K BbINOIHAEeMOH paboTe (mpuHumaetcs kodddunuent K,=1,05).

B pe3ynbraTe NpPOM3BOACTBEHHOW MOEATEILHOCTH peMoHTHOoro oprana MUYC Poccun
Ha JVMHAMUKY BBIMOJHEHUS MPOU3BOACTBEHHON MPOTpPaMMbl BIMSET CTENEHb MCIOIb30BAHUS
TPYIOBBIX PECYPCOB.

AHaln3 UCHOJIB30BAHUS TPYIOBBIX PECYPCOB 32 OTYETHBIN MEpUoa OYAET COCTOSTH B TOM,
4TOOBI HanboJiee TOUYHO OLIEHUTH BBIMIOJIHEHUE 33aJaHUIl U BBIIBUTH PE3€pBBI JaibHEHIIEro pocra
MIPOU3BOIUTEIFHOCTH TPyJa U YBEJIHUYEHHUS TEMIIOB O00beMa IMPOU3BOACTBEHHON JESTEIbHOCTU
peMmonTHOrO yupexaenus MUC Poccun.
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B xone mpoBeneHus aHain3a WCMOJIb30BAHUS TPYIOBBIX PECYpCOB clieayeT oOpaTuTh
BHHMaHUE Ha COOJIIOICHHUE IITaTHON JUCIUTUIMHBI peMOHTHOTO oprana MUC Poccuu, mpaBuibHbII
Y IPaMOTHBIN IIOAXOJ K pacyeTy MpeAeIIbHON ITATHOM YACIEHHOCTH PEMOHTHOIO YUPEXKACHMUS.

C yd4eToM NaHHBIX O KOJWYECTBE YYACTHHKOB, 3aJICICTBOBAHHBIX B IMPOBEACHUU pPabOT
10 paSJII/I‘IHBIM BUJ1amM OGCHy)KI/IBaHI/IH nu peMOHTa TCXHUKH, HpOI/IBBOI[I/ITCH pvaeT HCIIOJIB30BaHUA

TpynoBoro pecypea (Y., ) mo popmyse:

y = (VH-TO—ZXKXKK/‘J Ve XKie/Y | ViepXKe/Y | Vike XKy
Tp: Vinro-2/4 Vine/4 Vin.cp/4 Vinke/4

) x 100,

rae Y p, — ucnosib30BaHuE TPyAOBOro pecypcea, %; U — Konnu4ecTBO MPOU3BOJCTBEHHUKOB, Yell.

Tak kak 3agadeld aHaiM3a HUCIOJB30BAaHUSA TPYAOBBIX PECYpCOB 3a OTUETHBIM IEPHOJ
ABJISICTCS MCCIIEJOBAHNE IPAKTUYECKOIO IPUMEHEHHsI pab0overo nepcoHana, JUisl JOCTUKEHUS LEIH
HeoO0XoaMMa OOECIIEYeHHOCTh pabodnMx MecT peMOHTHbIX mnoxpasaeneHuii MYC  Poccun
MIEPCOHAJIOM B TPeOyeMOM JJIsi POU3BOJICTBA 0OBEME.
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Abstract. The expediency and fire hazard of electric heating of city sidewalks are considered.
The report of the Vice-governor of the city of Saint-Petersburg Anatoly Povaliy on the implementation
of a project to install a heating grid under the pavement covering in order to prevent icing is analyzed.
It is shown that low-current systems can also be a source of ignition and fires. The causes of fires from
electrical installations and electric heating of floors are considered. An analysis of the fire hazard of electric
heating systems of sidewalks is given and conclusions are drawn about the impossibility of using such
systems in conditions of sudden changes in ambient temperatures and, in this regard, an increase in their fire
hazard. A simpler and safer method of heating is proposed.
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JIr0001i TIPOM3BOACTBEHHBIN MPOIIECC UMEET CBOIO TEXHOJOTHIO MCIOMHEeHHs. Ho kaxmprit
MpOoLECC B TOW WJIM MHOW CTENEHH HYXKIAETCS B aHAIM3E MOMXKAPHOM OMAacCHOCTU. DTO B MOJIHOU
Mepe OTHOCUTCS U K HOBOMY IPEAJIOKEHHUIO IO IEKTPOOOOTPEBY TOPOACKUX TPOTYapPOB, C IEIBIO
UX 3al0UThl OT OJIEACHEHUs B XOJIOAHBIM IEpUOJA TOJa B YCIOBHMAX IEpernaga TeMmIepaTypsl
B nHTepBaie npuMepHo ot + 5 °C o -30 °C.

W3BecTHBI pe3ynbTaThl UCCIEAOBAHUN 3IEKTPOOOOrpeBa MojaoB B MOMEIICHUSIX JOMOB MpH
ocoBoii Temmneparype (nmpumepso +20 °C) [1].

B pabGore [1] ymomMuHaercs psj MOXapoB, TI€ MPUYHMHOW BO3TOPAHMS SBIBUICS WMEHHO
«TETUIbIN MOJ». AHAJOTUYHBIE BBIBOJIBI O MOXKApax OT «Temioro nosua» aenawt [.B. [TnoTHukoBa,
K.JI. Kysnenos, C.C. Tumodeea, P.O. Mopozos, A.A. lllekoB B pabore «Temabie Moibl Kak
MPUYMHA BO3HUKHOBEHUS TIOKAPOBY.

B crarbe paccMOTpeHBI TEIUIble MOJBI, I/I€ B KAueCTBE TEIUIOHOCUTENS NPUMEHSETCS
HarpeBaTeIbHbIN AJEKTPUUECKUI Kabeb.

«HecmoTpst Ha Bce OCOOEHHOCTH COBPEMEHHBIX cUcTeM «Teruible Moy, UX aBTOMAaTU3aIHIO
U MOIU(UKAIUIO, OHH OCTAIOTCS TMOTEHIIMATBHO TOXAPOOMACHBIMH. [lokapbl COBpPEMEHHBIX
OTOMHUTENBHBIX cUCTEM «Terble MoapD) MOIYT BO3HUKHYTh KAaK B PE3Yy/bTaTe HApPYLICHUs MpPaBUII
MIPOTHUBOIIOKAPHOTO PEXHMMa TPU HECOOMIOJICHUH TpeOOBaHUI MO HSKCIUTyaTallid OTOMUTENBHBIX
npubOpoB, TaKk M B pPE3yJbTaTe€ HEIUTATHOIO IMOBBIIMICHHUSI TEMIEpaTypbl HArpeThIX IJICHOYHBIX
HarpeBaresei, HaXOAIIUXCS [0/ HAOJIbHBIMU MOKPBITUAMI [2].

H3BecTHO, 4TO AMeKTpUdUKAIMS TEXHOJOTHYECKUX MPOLIECCOB CBSI3aHA C UCIOJIb30BAHUEM
ANEKTPOYCTAHOBOK W PA3BETBICHHOTO JJIEKTPOKAOCILHOTO XO3SHCTBA, B KOTOPOM BO3MOIKHO
BO3HUKHOBEHHE KPYITHBIX MOKapOB. DTO B MOJHOM MEPE OTHOCHUTCS M K AJIEKTPOHATPEBATEIbHBIM
MoJIaM M YCTPOUCTBAaM MO 3JEKTPOHATPEBY MEMIEXOJHBIX TPOTYapOB.

N3BeCcTHO, 4TO BO3rOpaHUE B pe3yibTaTe TEIJIOBOTO IPOSBICHMS AIEKTPUUYECKOW SHEPTUU
MOXKET TPOM30MTH: B CIIydae HECOOTBETCTBHS 3JICKTPOOOOPYHOBaHUS XapaKTepy BO3ACUCTBHUS
Ha HEro Cpefbl; B cy4yae HeCOOMIOACHHS IPABHUII YCTPOICTBA U IKCILTyaTalluU 3JIEKTPOYCTAHOBOK;
IIPU TIOBPEXKICHUU DJICKTPOOOOPYNOBaHUS, BHI3BIBACMBIM MEXAHUYECKHUMH TMPUYUHAMH, a TaKXKe
JEHCTBUEM XUMHUYECKH aKTHBHBIX BEIIECTB, Biaru U T.I. Hawmbosee yacToil mpUUWHON MOXKapoB
B DJIEKTPOYCTAHOBKAX SIBJIAIOTCS KOPOTKHME 3aMBIKAHUS CHJIOBOTO M OCBETHTEJIHLHOTO
ANEKTPUYECKOTO 000pyI0BaHUS, MIeperpy3ka cerei, 00bIlIre MepexoIHble CONPOTUBICHHUS, pa3psia
CTaTUYECKOTO AJICKTPUYECTBA. BOJIBIIMHCTBO M3 3THUX MNPUYUH MOTYT HMMETh MECTO M MpH
JKCIUTyaTalliy CUCTEM AJIEKTPOIIOJOTPEBA TPOTYaPOB.

PaccMoTprM MIPUYHHBI TTOKAPOB B AJIEKTPOYCTAHOBKAX MOIPOOHEE U MOIBITAEMCS OIIPEICIIHTH,
KaK{e U3 HUX MOTYT OBITh XapaKTePHbI IS POLIECCOB 000TPeBa MEIIEX0IHBIX TPOTYapOB.

KopoTtkoe 3amMmbikanue

KopoTkuM 3aMbIkaHMEM Ha3bIBACTCS aBAPUUHBIM PEXKUM B IJIEKTPOYCTAHOBKAX, MpHU
KOTOPOM  TIPOMCXOAHUT COCIWHEHHWE DPABHOIOJSPHBIX MPOBOJAHHUKOB, HAXOISAIIUXCA O]
HampspKeHHEM, 4epe3 BecbMa Malloe COIMpPOTUBIIEHHE, HE MPEAYyCMOTPEHHOE PEXHUMOM padOThI
ANEKTPUYECKON 1IETIH, MAIIMHBI WITU arapaTa.

Kopotkoe 3ambikanne (K3) BO3HHKAET 1O CIEAYIOIINM MPUYNHAM:

— HapyIIeHUE U30JISIIHHA TOKOBEIYIIUX YaCTeH 3JIEKTPOYCTAHOBOK;

— CXJIECTBhIBaHUE MPOBOIOB BO3AYUIHBIX JIMHUH 3JIEKTpoIiepeiad Mo IeHCTBUEM BETPa;

— TIOTaJaHNe TIOCTOPOHHUX METAJUTMUECKUX MPEIMETOB;

— omMOOYHBIC JECHCTBUS 00CITYKHBAIOIIETO MepCcoHaa.

Buast K3 npeacrasnenst Ha puc. 1.
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Puc. 1. Buasr K3

Yamie Bcero Bo3HukaroT ogHodazubie K3 (B 60 % ciyyaeB), 3HAUUTENBHO peke — TpexdasHble
(B 10 % cmyuaeB). Onnako, kak npasuiio, TpexdaszHoe K3 cBs3aHo ¢ Gonee TSHKENBIM aBapUHHBIM
PEKUMOM, MOCKOJIbKY TOK JAOCTUTaeT OoNbIuX BeduyuH. Tak, mpu TpexdazHoM meramamyeckom K3
Ha muHusX noacranmuu 380/220 B tok K3 moxker nocturayth 25-50 KA, Ha IIMHAX TJIABHBIX [IEXOBBIX
croBBIX MKahoB — 3,5-10 KA, Ha 3aKMMaxX MEJIKUX IEKTPOJBUTaTENei — 2 KA.

CymHocTs sBineHust K3 MOKHO BBIpa3uTh CIEIYIOIIHUM PaCUETOM:

¥4

L ¥ U
I L= 7" Z — oOuiee
j [o=2. CONPOTHBIICHHE
P T noTpeduTeNeH ToKa,
Tpn K3 1 << Z, I — CONMPOTHBIICHUE
- cienoBarelnHo I >> 1. TPOBOJOB

AJIEKTPUYECKOM CETH.

” n !
z:“/Z'Z ‘!"Zx
' i

[TpuMedanue: r — aKTUBHOE COIIPOTHUBIIEHHUE; X — PEAKTUBHOE COIIPOTHUBIICHHE.
[oxapnas onacHocts K3 3akimouaercs B TepMuueckoM zeiictBun TokoB K3 1 B anekTpuueckom
TIEVICTBUH.
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TeroBble eNCTBUS OCHOBAaHBI Ha 3akoHe J[koyns-Jlenna:
Q=I’Rx,

rrae Q — koiuuectBo TerioThl, Jx; [—Tok K3; T — Bpemst K3; R — conpoTusienue npoBoaHuka, OM.

K3 mporekaeT MOBONBHO OBICTPO, W MpH ATOM cujia Toka K3 3HAUMTENHbHO TPEBBIMIACT
JOMYCTUMBIM TOK Ha JaHHOE cedyeHue mnpoBoga. [Ipu sTom Temmeparypa MpOBOJAHHUKA JOCTUTAET
OIIACHBIX TEMIIEpPaTyp.

MpodpunakTuka K3

Hauboiee pacnpocTpaneHHbIE MEPBI TPODHIIAKTHUKY CIEAYIONINE:

1. Beibop, MOHTaX W OJKCIUTyaTalusl SJEKTPOYCTAaHOBOK, COOTBEeTCTBYIOHUX [IpaBmimam
YCTpOHCTBa 3eKTpoycTaHoBoK (ITYD).

2. HcnonHenue, cnoco® yCTaHOBKM M KJIACC M3OJISILMU DIIEKTPOOOOPYIOBAHUS JIOJKHBI
COOTBETCTBOBATH HOPMATHUBHBIM TPEOOBAHHUSM.

3. Heob6xonuMoO B COOTBETCTBUHM C TpaMKOM IMPOBOJIUTH IJIAHOBO-TIPEIYIPEIUTEIbHBIC
PEMOHTHI U MPO(PUIAKTUIECKUE UCTIBITAHUS 3JIEKTPOOOOPYA0BaHUS.

4. JlomxkHa OBITH IPEAYCMOTpPEHA 3aIUTa SJIEKTPUIECKUX ceTel oT TokoB K3.

BeiBon: K3 sBusiercss O0AHOM W3 OCHOBHBIX TIPUYMH BO3HUKHOBEHHMS IOKapOB
OT JJIEKTpUYECKOro Toka. OHO OMAacHO TEIUIOBBIM BO3ACUCTBHEM Ha TOPIOYME MaTepUaibl
Y BO3HMKHOBEHHMEM 3JIEKTPOJUHAMUYECKON CUJIbI, KOTOpas pa3pyllaeT Wik AeQopMUpyeT IpoBoaa
Y YaCTH anrmapaTosB.

[Ipodunaktnueckue  Meponpusatuss npoTuB K3 momkHB  OBITH  HANpPaBJICHBI
Ha MPenyNnpeKIeHUE ero BOSHUKHOBEHHUS.

Ileperpy3ka 3JjieKTpHYeCKHX ceTel

[leperpy3koil Ha3bIBae€TCsl TaKOWl aBapUHHBIA pEXHUM, MPU KOTOPOM B MPOBOJHHKAX
AJEKTPUYECKUX CeTeW, MAalllMH W anmnaparoB BO3HHUKAIOT TOKH, MPEBHIIIAIONINE JIOMYCTHUMBIC
HOPMBI, TO €CTb I, > I,

CylurHoCTb SIBJICHUS:

[IepBoHa4yaIbHO B CETU TOJBKO Z;.

HNmeem
U
~ Zl I1 = Z .

| | 7 R

U
[Tpu noGasnenuu Z2 u Z3 nonyuum: ZokB. < Z1, torna I, = T Crnenomarensno, I, > 1.

C yBenMYeHUEM TOKa B LEMH BO3PACTAECT KOJMYECTBO BBIACISIONIETOCS TEIula MO 3aKOHY
JIxoynsa-Jlenna:
Q=IRz.

OTO NPUBOAMT K HArpeBy MNPOBOJHUKOB [0 BBICOKMX TEMIIEpATyp, IPEKIECBPEMEHHOMY
M3HOCY (CTapeHUIO) U3OJISIIIUHU U B JAIbHEHUIIIEM — K TTOXKapy.

I[J'I}I PaCUCTOB BCIMYMHBI U3HOCA (CTapeHI/IH) N30 9aCTO NPUMCHAOT YCTAHOBJICHHOC
AKCIIEPUMEHTAIBHO «BOCHMUTPAIyCHOE TPaBWiIo». [10 3TOMY MpaBMily «UIMTEIEHOE TOBBIIICHHE
TEMIIEPATyphbl NIPOBOJHUKA BBILIE JOIYCTUMOIO Ha KaKJple 8 rpaaycoB NPUBOAUT K YCKOPEHHUIO
M3HOCA U30JISIIUH B JIBA pa3a.
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C nenplo pacyera 0OBIYHO MPUMEHSIOT (HOPMYITy:
N=2(ty—tyu) /8,

rae M — BenmunHa OTHOCUTENBHOTO M3HOCA; ty, ty, — YCTAHOBUBIIEECS MPEBBIIICHHE TEMIIEPATYPhI
HarpeBa MPOBOJHUKA HAJA TEMIIEPATypoll OKpYXKaroIIed cpeipl (aKTUYECKOEe M JOIMYCTHMOE
10 HOPMaM.

Tak, nanpumep: t, = 48 °C npu ty, = 40 °C, umeem:

W =2-(48-40)/ 8 = 2.

W3onsauus cocraputces B ABa pasza ObicTpee, yem mpu Harpese 40 °C.

CrapeHre H30JAIMM TNPUBOAWUT K YMEHBIIEHUIO €€ DJJaCTHYHOCTH M MEXaHHYECKOU
npoyHocT. OHa HAa4YMHAET PACTPECKHUBATHCA M JIOMAThCS M, KaK CIEACTBHE, MOXKET NMPOU30UTH
po6oit n3omsiuuu, K3, noBpexaeHne 3J1eKTpoyCTaHOBOK U BOZHUKHOBEHUE MOXKapa.

[Ipu skcmmyaTanMu W TPOTHUBOMOXKAPHOM  OOCIEOBAHUU JJIEKTPHUUECKUX ceTeill s
OoOHapyKeHMsI TIeperpy3Ku IMOJIb3YIOTCS HECKOIBKUMH MeToAaMu. OCHOBHOM METOA — CpaBHEHHE
pabouero Toka I, 3eKTpu4ecKoil ceTu ¢ 10MyCTUMOM JUINTENbHOI TOKOBOM HAarpy3Kkoi 1.

PaGouwnii Tok onpenensiercs:

1. IIpuGopamu (amriepMeTpamMu, TOKOU3MEPUTEITHHBIMH KJICIIIAMH ).

2. Ilo MOITHOCTH BKIIIOYEHHBIX B CETh IEKTPONPHUEMHUKOB.

B cetu ogHOda3zHOTO TOKA:

L= ZPy-10
p - .
Uy
B cetsx Tpexdasznoro Toka:
. X P, - 1030
p =T =__ .
V3 Uq)
B cuiioBbIX ceTsax Tpexda3Horo Toka:
X P, - 103Kc

I:
P V3U,-cospn’

rae PH — HomuHansHas MomHOCTh; Ke — koaddunment crpoca; n — K.IT./I.

Jonyctumble Toku I; Ha mpoBoaa u Kabenu I pa3sHbIX CIOCOOOB MPOKIIAAKH MPHBEICHBI
B IIYD. Homunanbuble TOKM I, yka3aHbl B MAcCHOPTHBIX TaONMIAX WM Ha KOpIycax MallWH
U ammapaTos.

[Ipenynpexnenue neperpysox:

1. CooTBEeTCTBHE CEUCHUSI HPOBOAHUKOB O JOIyCTUMOMY TOKY (Lion >1p).

2. Ilpm skcrmyatanuu 3J€KTPUYECKMX CETEH 3allpelieHO MOAKIYaTh JOMOIHUTEIbHBIE
AIEKTPOIPUOOPHI.

3. He crienyeT nomyckarth HarpeBaHuUsl SJICKTPOIIOTPEOUTENEH 10 TEMIIEPaTypbl, IPEBbILIAOICH
JOITYCTUMYIO.

4. DHeKTpUYECKUE CETH JOJKHBI UMETh 3aLIUTy OT TOKOB MEPETPY3KHU.

BriBoa: meperpyska 3J€KTpUUYECKUX CETEH ONacHa MOBBIIIEHHBIM HAaIrpEBOM HJI IIPOBOJIOB,
CTapEHUEM  M30JSILUM  TPOBOJOB, BO3MOXHBIM  KOPOTKMM  3amblkaHMeM. OCHOBHBIM
MpoQUIAKTHYECKUM MEPOIPUATHEM SBIISIETCS MPAaBUIIBHBIN pacueT AJIEKTPUUECKUX CeTel U 3aIiuTa
OT TOKOB IEPETPY3KHU.
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boabmmue nepexoaHbie COMPOTUBJICHHUSA, HCKPECHUE, TOKH (I)YKO

[lepexonHbie CONMPOTHUBICHUS — 3TO COMPOTHUBJICHUS, BO3HUKAIONIME B MECTax Mepexonaa
TOKAa C OJHOM KOHTAKTHOM IIOBEPXHOCTH Ha JPYryl0 4Yepe3 IUIOMAAKM HX JEHCTBUTEIBLHOIO
CONPUKOCHOBEHUsI. OHHU BO3HMKAIOT B MeECTaX COEJAMHEHUM OTBETBJICHUW M OKOHLIEBAaHUM
MPOBOJHUKOB 3JIEKTPUYECKON CETH, B KOHTaKTax MamuH U anmnapatoB. [lorepu Hanpsokenuss A U
Ha OTPE3KE LEJOTr0 MPOBOJHUKA OMPEACIISIOTCS BEIPAKEHUEM:

AU=Ir.

Eciau mpoBogHHMK pa3pe3aTh M COCIUHHTH B CTBIK MeCTa Cpe3a, TO MOTepsl HAIPSKCHUS
OyZeT HeCKOJIBKO OOJIBIIEH:

AU=1(Z+Z);
ZKZZnep+Znna

rae Zy — KOHTAaKTHOE COIPOTHMBIEHHME, COCTOSINEE H3 JABYX YacTe: Zyp, — IEPEXOIHOE
COMPOTHUBIICHNWE, BBI3BAHHOE HEPOBHOCTSMHU TIOBEPXHOCTH Ha Cpe3e TMPOBOAHUKA;, Zp;
COHpOTI/IBHeHI/Ie, BBI3BAHHOC HAJIMYUEM HOBGpXHOCTHBIX (OKCI/I,Z[HBIX) IIJICHOK.

B Ttakux KOHTAKTHBIX COCIWHCHUIAX 3a e,Z[I/IHI/ILIy BpeMGHI/I BBIACISACTCS 3HAUYUTCIIBHOC
KOJIMYECTBO TEIIOTH (Q = Pry T), MECTa TEPEXOJHBIX COMPOTHUBICHUN CHUIBLHO HAarpeBarOTCA
U BO3MOXHO OIIIaBJICHHUC XHJI HpOBOI[OB, 3ar0paHHe N30J AU U I‘OpIO‘II/IX MaTepI/IaJIOB. 3aH_II/ITa
ANEKTPUUYECKON CETH TIPU ITOM HE cpadaThIBaeT.

Jst mpuOIMKEHHBIX PacUyeTOB MEPEXOTHBIX COMPOTUBIICHUNA MPUMEHSIOT (OPMYITyY:

Inep=€/F",

rae n — ko3 UIUEeHT, 3aBUCALMI 0T (GOpPMBI KOHTAKTOB M TOYEK CONMpPHUKOCHOBeHUs; F — cuma
CXKaTHsl KOHTakToB; € — KO3 (UIMEHT, 3aBUCALINN OT YAEIbHOTO CONPOTHUBICHHUS MaTepuala
KOHTAKTA.

3HavyeHus n 1 € MPUBEICHBI B CIICIIMATBHBIX TaOIHIIAX.

Bonpme mnepexoaHble CONMPOTHBICHUS, UCKPEHHE, DJIEKTpUYEcKas Iyra ONacHbl CBOUM
TEIUTOBBIM TIposiBieHHeM. OHH MOTYT SIBUTHCSI ICTOYHUKOM 32)KHTaHHS TOPIOYUX MaTEPHAIIOB.

B mporecce 3kcruTyaTaiy 3JIEKTPOYCTAHOBOK B IIEIISX MPEAYIPEKICHIS BOSHUKHOBEHUS
MOKapOB CIIeNyeT UCKITIOUNTh BOSHUKHOBEHHE YKa3aHHbIX SBJICHUH.

[Ipopunaktuka oOpazoBaHus  OONBIIMX  NEPEXOAHBIX  CONPOTUBICHUH  COCTOMT
W3 CIEAYIONIUX MEPOTPUSTHIA:

1. HeoOxoqumo oOecreynTh HAACKHOCTh KOHTAaKTOB (Iaiika, OINPEcCOBKAa, BUHTOBBIC
COCMHEHHS).

2. Henb3st nomyckath mepexoa ¢ OOJbIIero CeUeHHsI MPOBO/Ia Ha MEHbIIIEE.

3. Henp3s momyckaTh MOBPEXKACHHUE KU ITPOBOJIOB M Kalesell B pe3ysbTare M3HOCA WIU
MOBPEXICHHSI U30JIALINH.

B MecTtax pa3MemnieHHsi PETyJIHpYIONUX 3JIEKTPOYCTAaHOBOK IPH aBaPHHHBIX PEKUMAX
BO3MOKHO UCKPEHHUE MITH JIEKTPUYCCKast IyTa.

Jns  obecnieueHus ToOXKapHOW  0€30MACHOCTH  HCKPSIIME YacTH  BBIKJIIOYATENeH,
nepeKioyareneif, pyOUJIbHUKOB, MAarHMTHBIX IIyCKaTellel, KOHTAKTOpPOB M T.I. HCKpSIIHUE
ammapatbl BBIHOCSTCS B 0€30IaCHOE€ MECTO, 3aKPBIBAIOTCS KPBIIIKAMH, KOXyXaMH WU
IIPUMEHSIIOTCS] B COOTBETCTBYIOLIEM MCIIOIHEHUH [3-5].

AHanu3upys TpoLecc 3JIEKTpooOOorpeBa TPOTyapoB, MOMKHO CHelaTh BBIBOJ, YTO
MPAKTHYECKH BCE PACCMOTPEHHBIE MPUYMHBI TI0KAPOB OT TEIJIOBOTO MPOSIBICHHUS AJICKTPHUECKOTO
TOKa TPH SKCIDTyaTallMd CHCTEM O3JIEKTPOIOAOrpeBa TPOTyapoB MOTYT WUMeTh MecTo. Ho ectb
U YCIOBUS MX OKCIUTyaTallid, KOTOpBIE YBEIMYUBAIOT OMACHOCTh TOSBICHHUS aABAapUKHHOIO
COCTOSIHHSI CUCTEMBI 000TpeBa.
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K vum otHocaTCS:

1. Pe3kue nepenaanl TeMIepaTypbl OKPYKaOIIEH Cpebl.

Kak ykazano B pabore [6], mo mNpHOMMIKEHHBIM OLEHKaM, JJs MPEIOTBPALICHUS
o0Opa3oBaHus JibIa TpeOyeTcs MoAep)KaHue TeMITepaTypbl TOBEPXHOCTH TpOTyapa He MeHee +3 °C.
[lepenaasl Temmeparypsl okpyxatomeid cpeabl or +3 °C mo -35 °C yBenMUYMBaIOT ONACHOCTh
MEePErpy30K IEKTPUUECKO LIETIH.

VY cTaHOBIEHO AKCIEPUMEHTANIBHO, YTO JUIUTEILHOE MOBBIIICHUE TEMIEPATYPhl MPOBOJHUKA
CBEpX JOMYyCKaeMoro Ha Kaxzasie 8 °C mpuBOAUT K YCKOPEHUIO U3HOCA €0 U30JISLHMH BIBOE.

2. HarpeBarenbHbie Kabemu W CETKH pacrojiararorcs B 3emie. Ha HUX NEHCTBYIOT ocaaku
U pa3InuHbld cocTtaB rpyHTa. Cpely MOXKHO CUMTaTh arpeCCMBHOM. ODTO MOMKET MPUBECTH
K pa3pyLICHUIO U30JIAIUY Ka0enst 1 BO3HUKHOBeHHUIo K3, kak mpaBmiio, oqHO()a3HOro Ha 3eMITIO.

3. B pesynpTaTe MEXaHWYECKHX BO3JACHCTBHMU M HM3HOCA XWJ Kabems, ero HEIUIOTHOTO
COEZIMHEHUS MIPU PEMOHTE BO3MOXKHO 00pa3oBaHue 00ibIuX rnepexoaHbix conpotusieHuit (BIIC).
B pe3ynbTate BO3MOKEH MECTHBIN neperpeB kabdemns u ormtasnenue xui B mectax BIIC. ITpu stom
3aIUTa SIEKTPUIECKON CeTH He CpaboTaerT.

Heckonbko clIOB O MOXAapHOM OMAcCHOCTH CIa0OTOYHBIX CHCTEM AJIEKTPOYCTAHOBOK.
PaGoramu [7, 8] aOCONIOTHO TOYHO YCTAaHOBJICHO, YTO CIA0OTOYHBIE CHUCTEMBI HE MEHEe
M0KapOONacHbI, YeM BHICOKOBOJIbTHAS CETh.

B sToM MOXHO yOemuThCs, MPOYUTAaB PAOOTHI MO ONPEACICHUIO MOKAPHOW OMACHOCTH
AIEKTPUICCKOM CETH aBTOMOOUJIEH, T/Ie HaNpshKeHUe He TpeBbimaet 13 B.

TakuM 00pa3zoMm, aHATU3UPYS B IIEJIOM MPOEKT SJIEKTPOIMOJOTPEBA TOPOJCKUX TPOTYapoB
C IIeNIbI0 MpEeynpekaeHus 0o0JeeHEeHNs, MOKHO C YBEPEHHOCTHIO CKa3aTh, YTO OH SIBJIIETCS
noxkapoonacHsiM. Kpome TOro, oH SIBJISIETCSI U JOBOJIBHO JIOPOTUM MepornpustieM. Tak, CTOMMOCTb
JIECSATOM YacTh NpOTsHKeHHOCTH TpoTyapoB CaHkT-IleTepOypra oboiiaercst 6101xKeTy B 2 MiIpa pyo.,
0e3 yueTa 3aTpar Ha 3JIeKTpo3Hepruto [9].

Hcxons w3 mpencTaBieHHBIX [TaHHBIX, MOXKHO C YBEPEHHOCTHIO CKa3aTbh, YTO METOA
3JIEKTpOOOOrpeBa  TPOTyapoB  SIBISIETCS HE NpoOpabOTaHHBIM U Tpedyer  pa3paboTKu
ATbTEPHATUBHBIX METO0B OOPHOBI C 00JICICHECHUEM.

Hampumep, HaMHOTO OoJiee AemieBbIM U 0€30MaCHBIM SBJISIETCS METOJ] OTBETBIICHH OT YXKe
MPOJIOKEHHBIX TEIUIoTpacc (TeriocHaOXeHus: AOMOB). Eciau M3yduTh COCTOSIHHE IMOBEPXHOCTH
IPYHTA, T/I€ MPOXOIUT TEIIOTPAcca, TO MOXKHO 3aMETHUTh, YTO MOBEPXHOCTh IPYHTA MPAKTHUECKHU
BCIO 3UMY CBOOO/THA OT CHETa U JaXKe C 3EJICHOU TPaBOi.
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BE30OITACHOE YJAJIEHUE JAHHBIX ITPU ITOMOIIA
KPUIITOI'PA®UU U PAHIOMU3ALIUN

“Kutop Crenan Hukonaepuy.

CuGupcKuii rocy1apcTBeHHbI YHHBEPCHTET HAYKH M TEXHOJOTHil HMEHH aKaJeMHKa
M.®. PemerneBa, r. Kpacnosipck, Poccust

Ekitoff@inbox.ru

Annomayus. ObecrieueHre KOHPUICHIINAILHOCTH W 3allUTa JAHHBIX SIBIISCTCS OYCHb BAKHOW 3amadcii
MH(OPMAIMOHHON 0E30MaCHOCTH HA CErOMHSIIHHUN JieHb. D(PQEKTUBHbIC METOJbl YAAICHUS JAaHHBIX UIPAIOT
KJIFOUEBYIO POJIb B 00eCIeYeHUH KOH(HUACHIIMAILHOCTH, YTO 00YCIOBICHO MUHUMH3AIIHEH BEPOSATHOCTH YTCUKH
JIAHHBIX TIOCIie yrayieHus. [Ipyu cTaHmapTHOM METOJIe YIAJICHHS JaHHBIX HE BBIIOIHACTCS YAAICHHUE B MPSIMOM
CMBICIIE, HA KECTKOM JIUCKE OCYIIECTBIISETCSI IPHCBOCHUE COOTBETCTBYIOIIMM CEKTOPaM CTaTyca CBOOOHBIX JJIst
3anvicd. COOTBETCTBEHHO, €CJIM Ha 3TH JIAaHHBIC HE 3alMChIBAJIACh HOBas MH(OPMAIMS, TAKUE AaHHBIC MOXKHO
BOCCTaHOBWTh. B maHHOW craree OyAeT MpemyioKeHO pa3paboTaTh YTHIUTY, BBIIONHSIONIYI0 O€30MacHOe
yJlaJICHUE JaHHBIX Ha OCHOBE IM(POBAHKS ¥ PAHIOMHU3AIIHH.

Kniouesvie cnoea: 3amuTa JaHHBIX, KOH(OUACHIMAIBHOCTH, YAaJCHHUE IAaHHBIX, HM(pOBaHHE,
0€e30I1aCHOCTh, aBTOMATH3aLUA

HJass murupoanusi: Kutop C.H. bBesomacHoe ypajaeHwe [OaHHBIX MPH IOMOIIKM KPHUITOrpadpuu
u panpomusaiyu // [IpupoHbIe U TEXHOTEHHBIC PUCKH ((PU3UKO-MaTEMAaTHYSCKUE U TIPUKIIAIHBIC ACTICKTHI).
2022. Ne 4 (44). C. 60-67.

SECURE DATA DELETION USING CRYPTOGRAPHY AND RANDOMIZATION

MKitov Stepan N.

Siberian state university of science and technology named after academician ML.F. Reshetnev,
Krasnoyarsk, Russia

Mkitofflwinbox.ru

Abstract. Ensuring confidentiality and data protection is a very important task of information security
today. Effective methods of data deletion play a key role in ensuring confidentiality, this is due to minimizing
the likelihood of data leakage after deletion. With the standard method of data deletion, deletion is not performed
in the literal sense, the corresponding sectors are assigned the status of free for writing on the hard disk.
Accordingly, if no new information was recorded on this data, such data can be restored. In this article, it will
be proposed to develop a utility that performs secure data deletion based on encryption and randomization.

Keywords: data protection, confidentiality, data deletion, encryption, security, automation

For citation: Kitov S.N. Secure data deletion using cryptography and randomization // Prirodnye
i tekhnogennye riski (fiziko-matematicheskie i prikladnye aspekty) = Natural and man-made risks (physico-
mathematical and applied aspects). 2022. Ne 4 (44). P. 60—67.

BBenenune

[TomHOW KOH(MUIESHIIMATLHOCTH B IM(POBOM TMPOCTPAHCTBE JOOUTHCS YPE3BBIYAMHO
CIIOKHO, a C KaXJbIM T'OJOM CTAaHOBHUTCS BCE CIIOXKHEE W CJIOXHee. biraromapss MHOTOYHCICHHBIM
U (POBBIM CcIToco0aM, KOTOPhIE UCIOJIB3YIOTCS IS MepeIadyd COOOIICHUM, CAMOBBIPAXKCHHS WIIH
BBITIOJTHEHUSI CBOMX OOSI3aHHOCTEH, TaK Ha3bIBaeMBbIH <«IIU(POBON CJEI» OCTACTCA Ha KaKIOM
BeO-caiiTe, KOTOPBIA OBLT IMOCEIIeH, Ha KaXKIOM >KECTKOM JHCKE, KOTOPBIA OBLI HCIOIH30BaH.
[IpennaraeMblii MeTON TIOMOXKET O€3BO3BpAaTHO YyIAIATh JaHHBIE, KOTOpPbIE HEOOXOIUMO
rapaHTUPOBAHHO YHUYTOXHUTH 0€3 pPHCKa, YTO UX KTO-TO CMOXKET BOCCTAHOBHUTH. [ apaHTUPOBAHHO
YAaTUTh MOKHO TOJIBKO JIOKQJIBHBIE JAaHHBIE, PACIIOIIOKECHHBIE HEMOCPEACTBEHHO HAa KECTKOM
JMICKE TIOJIb30BATENIS, JAHHBIE Ha YIaJCHHBIX XOCTaX TapaHTHUPOBAHHO HE YIAIIUTh.

© Canxrt-IletepOyprekmii yausepcutet I'TIC MUC Poccun, 2022
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AHaJu3 npeaMeTHOH 00J1acTH

OO6yuenne monb3oBatener u MT-mepcoHama ToMy, Kak NPaBHIBHO PACIOPSKATHCS
HEUCTIONB3yeMOol WH(pOpMaIMell OrpaHWYCHHOTO JIOCTYIA, SIBJISETCS OJHUM W3 TOJIXO0B
K coxpaHeHHI0 KoHuaeHmanbHocTH [1]. Hanmwume wncnpaBHOro wmexaHusma 0€30MacHOTO
yIaJneHus TaHHBIX SBIsIETCS Mpu3HakoM 3penoctu UT-undpacTpykTypsl npeanpustus [2].

OtmeTHM, YTO AaHHAS CTaThs:

1. O6o3HauaeT 3HAYMMOCTh YrpO3bl KOMIIPOMETAIMHM MJAHHBIX, €CIU MpeHeOperarhb
HaJJIeXKAIIMMU METOJJaMU yIaJIeHUs JaHHBIX B OTHOIIEHUH UH()OpPMAIIMK OTPaHUYEHHOTO JI0CTYIA.

2. YKka3pIBaeT Ha HEOOXOAWMOCTh HWHIUBHIYaTbHOTO TOAXOA K YIAJICHUIO KPUTHUECKH
Ba)XHBIX JAHHBIX, IIyTEM BHEAPEHUS alrOPUTMa, MCIOJIb3YIOUIET0 KPUNTOrpaduio U paHI0MHU3AIHIO
17151 00paboTKH MH(POpPMALIUHL.

3. YuutpiBaeT HEOOXOJUMOCTh BO3MOXKHOCTH pealH3alui ajiroputMa B pealbHBIX
OTIepaIlMOHHBIX cucTeMax Ha 6aze Linux, Windows, Mac iOS.

[Tpouecc ynaneHus AAHHBIX MOXET OBITh KaK pPa3pyLIMTEIbHBIM ISl HAKONUTENs, TaK
U HE pa3pylIUTelbHBIM. B mepBoM ciiydae mpoiiecc BKIIOYAET B ceOs PU3NYECKOE YHUUTOKCHHE
HakonuTend. Bo  BTopom ciydae mpomecc  MoApasyMeBaeT — Iepe3anuchiBaHWE WM
pa3MarHMuMBaHue, IPU KOTOPOM CaMO YCTPOMCTBO COXPAHSIETCsI, HO COJEPKAIIMECS B HEM JIaHHbIE
ctupatorcs. Ecnu ecth qocTyn K (U3HMUECKOMY YPOBHIO HOCHUTEINSI, MOXKHO YHHUTOXKUTH €r0, YTOObI
yOeIuThCs, YTO JaHHBIC, KOTOPhIE Ha HEM KOTJIa-TO XPAHUIUCH, HE MOTYT OBITh BOCCTaHOBJICHBI,
HO €CJIM JOCTYN K HOCHUTENIO0 €CTh TOJbKO Ha MOJb30BaTEIIbCKOM YPOBHE, MOKHO HCIIOJIb30BATh
TOJIBKO JIOCTYIHBIM WHTEepEHC U1 BBIMONHEHUS yOAICHUS OTHX MAaHHbIX. OJHAKO eciH
HEU3BECTHO, KaKOW UMEHHO OJIOK COAEPIKUT JaHHbIE, KOTOPbIe HEOOXOIUMO CTEpPETh, TPAKTHUECKU
HEBO3MOXKHO Tepe3anucarh JaHHbIe, YTOObI TApaHTHUPOBATh, YTO OHH HEIOCTYITHBI TOCJE TMPOCTOTO
ynanenus. [loaToMy creayer yuyuThiBaTh, 4TO, YJAJss JaHHbIE Aake O€30MacHbIM crocoOOM Ha
yIaIeHHOM cepBepe (001ayHOM), HUKTO HE MOXKET J1aTh FapaHTHH, YTO yAaJCHHBIC TaHHBIC HEIb3S
OyneT BOCCTaHOBUTH [3].

HekoppektHoe  wim  HeOe30macHOe  yJaJeHHWE  JaHHBIX ~ MOXET  MPUBECTH
K X KoMIipoMeTtanuu. Hanpumep, 3T0 MOTyT OBITh JIMUHBIE TaHHbIE WM JaHHbIE KPEIUTHBIX KapT.
bnaronaps 3ToMy CyIIEeCTBYET LENbI YEpHBIM PHIHOK MOJIH30BATENbCKONH MHPOPMALIUU, KOTOPHINA
TOJBKO pacteT [4].

[Tocne w3BNEeUeHUS MAHHBIX, KOTOPHIE OBUIM yJaJlieHbl HeOe30MacHBIMH METOJAMH, OHU
MOTYT OBITh HCIIOJI30BAHbI JIIsl HE3aKOHHBIX JeHUCTBUN. Takke OTMETHM, 4TO OyMa)KHbIE KOIHH
JAHHBIX JIyYIlle BCEro (PU3WYECKH YHHUUYTOXKATh, YTOOBI CBECTH K MHUHHUMYMY BEPOSTHOCTH
W3BJICYCHUS JaHHBIX. BOJBIIMHCTBO IO/ U HE MOA03PEBAET, YTO HEOOXOIUMO YAEISATH 0co0oe
BHHUMaHHE TOMY, Kak 0e30macHO M30aBIAThCS OT MHPOpPMAIMH HA CBOUX YCTPOMCTBaX, HampuMmep,
KOI'JIa OHM PELIAlOT MpoJaTh CBOM CTaphble raJKeThl MU CAaTh UX Ha nepepaboTtky. C MmoMoIIbio
WHCTPYMEHTOB BOCCTAHOBJICHHUSI BCE XpaHAILIMECs TaM JaHHbIC, BKJIOYas yJajJ€HHBbIE, MOXHO
M3BJIeYb U 00paboTaTh, a lajiee UCTOIb30BaTh B HE3AKOHHBIX IEIX [4].

[Tox Oe3omacHBIM yaaleHUEM, KOTOpOE VYIIOMHUHAJIOCh paHee, CJIeayeT IOHUMATh
rapaHTUPOBAHHOE yJAJICHHUE JAaHHBIX, MPH KOTOPOM BO3MOKHOCTH BOCCTAHOBJICHHS MCKIIIOYAETCS
b0 3aTpyHAHSETCS HACTOJIBKO, YTO PECYpChI, 3aTpauMBaeMble Ha BOCCTAHOBIICGHUE, MPEBHIIIAIOT
LEHHOCTb 3TUX JaHHBIX.

BezomacHoe ynaneHue BKIIOYAEeT B ce0S MHOXKECTBO METOJIOB: yJAICHHUE HE TOJIBKO CaMUX
(daitioB, HO TakX e U CChUIOK Ha CEKTOpPhl C 3TUMU JAHHBIMU Ha KECTKOM MHCKe, MOOJIouYHas
nepe3anuch, Pu3nIeckoe, XUMUIECKOE, TEPMUUYECKOE HITM MAaTHUTHOE YHHUTOKEHUE.

CrnenyeT OTMETUTH IaHHBIE MO CJI0KHOCTH BOCCTAHOBIIEHUS, OT MPOCTOTO K CI0KHOMY:

1) oObruHbIe (haiimbl, KOTOPBIE MOKHO JIETKO HalTH B Karanorax, Hanmpumep C:\Windows;

2) BpeMeHHbIE (haiiiibl, TAKKE KaK K311 Opay3epa, BCIoMoraTeibHbIe (paiiibl nin (haiiibl KOp3UHEI,
TO €CTh T€ (aiIIbI, KOTOPBIE YIATSIOTCS aBTOMATHUYECKH, CUCTEMA MX YIAUT PaHO WITH TI03/THO;

3) ynanennble ¢ainel, Korma (ainbl ynaiastorcs U3 (GaiioBOW CHCTEMBbI, HO MX OJIOKH
HE TIepe3alChIBAIOTCS, a CCBHUIKM Ha (hailibl Bce elle HaXOATCS B COJEpIKAIlleM UX Karajiore.
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VYnanenusie  ¢Gaiapl  OPOCTO  TOMEYAIOTCS  Kak  «cBoOomHbie». OHM  TpajMIIMOHHO
BOCCTaHABIIMBAIOTCS C TOMOIIBIO CPEICTB BOCCTAHOBIICHHS,

4) coxpaHeHHbIE OJOKH JaHHBIX, KOTOPBIE MPEACTABISIOT COOOM COCTABHBIC YaCTH JTAaHHBIX,
BOCCTAaHOBJICHHBIE, HO HE TNpUHAUICKAIINE KOHKPETHOMY HWMEHOBaHHOMY (ailry, Hampumep,
CcBOOOIHOE TPOCTPAHCTBO HIIM PE3EPBHOE XPAHWIHIIE BUPTyalbHOU mamsiti. OHU TakKe MOTYT
OBITh MTPOCTO YaCTHYHO TIEPE3alluCaHbl TAaHHBIMH YPOBHSI U3 ITyHKTA BHIIIIC,

5) maHHbBIE, CKPBITBIE OT TIONB30BATENSI, KOTOPHIE MOTYT OBITH W3BIEYECHBI TOJBKO
C TMIOMOIIIBIO KOMaH/I, CIIENMU(UIHBIX JIJIs1 KOHKPETHOTO MOJIb30BATEIIS;

6) nepe3anucaHHbie JaHHBIE.

Oﬁmne NPAKTHKH YHUUYTOKCHUSA JaHHBIX U ME€TOAbI UX U3BJICUYCHUSA

VY naneHue JaHHBIX OCYIIECTBIIAETCS JTUO0 PU3HUECKH, MO0 MPOrpaMMHO, YTOOBI N30€XKaTh
JaJbHEUIIEeH yTeUKN JTaHHbIX.

CymectBytor pekoMmennauuu NIST 800-88 mo crupanuio JaHHBIX, B HUX MPEACTABJICHBI
PEKOMEHAYEeMbIE METO/Ibl O€30M1aCHOTO yJaIeHHs JaHHBIX U YTHJIN3alUl HAKOIUTEIEH.

Cnenyer ormeruts Metonq DOD 5220.22-M, KOTOphIM 3akirodaercs B TPEXKPaTHOU
Nepe3aIucy CyIECTBYIOUINX JaHHBIX:

1. 3anuchIBaeTCs HOMb, 3aTEM IIPOBEPKA 3AMUCH.

2. 3anuchIBaeTCs €AMHUIIA, 3aTEM MPOBEPKA 3aUCH.

3. 3anuchIBaeTCs CaydailHbI CUMBOJL, 3aT€M IIPOBEPKA 3aIIUCH.

bnarogaps naHHOMYy MeETOJy MCKJIIOYAIOTCSl IPOrpaMMHBIE METOABI BOCCTAHOBIICHUS
JAHHBIX, a TAaKXKe OOJBIIMHCTBO AIMapaTHBIX METOJI0B BOCCTAHOBJICHUS JaHHBIX [5].

AnmnapaTtHoe CTHpaHHe

TepMuH «ammapaTHoe o0ecrieueHrne» B JaHHOM KOHTEKCTE OTHOCUTCS K (PIIeII-HAKOMUTEIIO,
JEHTOYHBIM JIaHHBIM, JKECTKHMM JUCKaM WM JII00OMYy JpyroMy THIy MaTepHUaJIbHOTO
3aloOMMHAIONIero ycTpoiicTBa. OOBIYHO 3TO MPOLECC, KOTOPBIA MOXKHO BBIIOJHUTH OJHUM
U3 HECKOJIbKUX METO/I0B, KaXk/IbIil U3 KOTOPBIX OLEHUBAETCS 110 ABYM IapaMeTpam:

1) ypoBeHb Oe30macHOCTH;

2) BpeMs BBITTOJTHEHUS (CKOPOCTh).

YpoBHH 0€30MaCHOCTH BapbUPYIOTCSI OT OYEHb c€IadOoro, Mpu KOTOPOM JaHHBIE JIETKO
BOCCTAHABIIMBAIOTCS, IO YPE3BbIUANHO CJI0KHOTO WM IMOYTH HEBO3MOXKHOT'O, IIPU KOTOPOM JIaHHBIE
MOYTH TOTEPSHBI C KpaliHe HHU3KUMHU INaHCAMU Ha BOCCTaHOBIEHHE. UTO KacaeTcsi CKOpPOCTU
Ka)KJOro Tpolecca CTUPAHUsl, MO)KHO OTMETHUTbh, YTO 3TO MOXKET ObITh MEPUOM, MPUOIU3UTENHHO
paBHBIﬁ MUWJUIMCCKYHAAM HJIN 3aHHMaIOH[Hﬁ A0 IIOJIOBUHBI OHS. .Hy‘-IH_II/IM METOAOM IIO O6OI/IM
rapameTpam siBsieTcs: GU3nUecKoe yHHuToxReHue |3, 6].

YnajieHne JaHHBIX ¢ IOMOIIbLIO U(POBAHMS

TenneHunn yTuiM3anuu OOJIbIIE CKJIOHSIOTCS K  HMCIOJb30BAaHUIO HHCTPYMEHTOB
mudpoBaHus. DTO METOAbl, B KOTOPHIX KJIOY INHU(POBAHUS HCHOJB3YETCS UIs 00pabOTKU
3aMpoCcoOB IMCKA, TAKMX KaK COXpaHEHUE WM yJaaneHue naHHbiX. Kitoun B 3TON cuTyannu oObIMHO
HUKOTJ]a HE MOKHUAAIOT *ecTKkuil auck. Panbmie Ha 310 yxomamno oT 30 mo 60 mMuH, HO Tenephb
Oe30macHoe yAalleHUue JaHHBIX BBIOJIHSAETCS MPOCTO MyTeM M3MEHEHUs Kitoya mu(poBaHUs, YTO
3aHMMAaeT BCEro HECKOJIBKO MUKPOCEKYHI. TeM He MeHee 3Ty OmepaIiuio MOKET BBITIOJTHUTH TOIHKO
YeNI0BeK, 3HAIOLIUI MepBOHAYATIbHBIA MacTEP-KII0Y WM apoJib.

TPM (trusted platform module) wnu Momyns noBepeHHOW TIATGOPMBI — ATOT METO,
SBIIAIOIIMNACS — amMapaTHO-pPEeaJN30BaHHBIM CPEACTBOM  3aIMTHl JAaHHBIX, KOTOPOE MOKHO
WCIONIb30BaTh ISl CO3JAaHMsI KOMIBIOTEPHBIX KIIOYEH MHMQPPOBAHUS U YIPABICHUS WMH.
B coderannu ¢ mporpaMMHBIMH CpPEACTBAMHU 3alUTHI JaHHBIX TPM moBkimaeT nHGOPMAITHOHHYIO
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0€30MacHOCTb 3a CYeT TaKuX (PYHKIM, KaKk 3amuTa ¢aiyioB U MeKTpoHHOU mouTkl. Kak mpaswuio,
OH obOecreunBaeTr 0€30MaCHOCTh B BBIOOPOYHBIX OO0JACTSAX JKECTKOTO JucKa. TpeOoBaHuUs
K BBIYMCIUTEIBHBIM pecypcaM MEHSIOTCS B 3aBUCHMOCTH OT TpeOyeMOro ypOBHs O€30MacHOCTH.
OCHOBHOI HEIOCTAaTOK METOJIa 3aKJII0YaeTCs B MapoJbHOHN (hpaze, KOTOPYIO MOJIb30BATENh MOXKET
JIETKO 3a0bITh, UTO MPHUBEJET K HENMPEJHAMEPCHHOMY YAAJICHHUIO TaHHBIX [4].

Ipennaraemslii MeTOx

JlaHHOE HccieJOBaHUE TOCBSIICHO MCKIIOYCHUIO YTEUKM JAHHBIX TOCIE WX YAAJCHHUS.
To ecthb umeercs mH(popMalnMs OrpaHUYEHHOIO JOCTyIa, KOTOpas yJaausercs, ¥ HeoO0X0IuMo
UCKJIIOUYUTh €€ KOMITPOMETAIUI0. DTOr0 MpeIaraercsi AOCTUYb IYTeM HCIIOJIb30BaHMs MPOCTON
KOMOMHAIMM KPUIITO-METOAOB, JIEMEHTApHOM (YHKIMM, KOTOpas HapyllaeT 3aliu(poBaHHBIN
pe3yabTaT, U MPSAMOTO S3bIKOBOTO KOJMPOBAHHS I YHUYTOXKEHHUS IaHHBIX — TPU OCHOBHBIX
(bakTopa AJs BBIIOJIHEHUS 3TOr0 MeToja yaaneHus. OCHOBaHHEM 3TOT0 METO/A SIBJIETCSI MHEHHUE,
YTO 3alIM(pPOBaHHbIC JaHHBIC, KOTOPbIE OBUIM MOBPEKACHBI, TOCTaTOYHO CIOKHO BOCCTAaHOBUTD,
YTO MOATBEP>KICHO BBIBOAAMHU, OCHOBAHHBIMU Ha MPAaKTHKE. AJITOPUTM I10JIy4aeT BXOJIHbIE JAHHBIE
B BHJE OOBIYHOTO TEKCTAa WM Pa3OUTBIX CTPOK JAHHBIX, 3aTE€M IMPOXOJUT Yepe3 psj ITaroB
U, HaKOHEI, MPEeACTaB/IsIeT HEKOTOPbIM HE paclo3HaHHBIA BbIBOJA. Bce OCHOBBIBaeTcs Ha BBOJE
U TpEX OIpeJIeIeHHBIX aaropuTMax. [IpenmaraeMplii oaxo0/] COCTOUT U3 TPEX OCHOBHBIX JTAIOB:

1) mudpoBanue;

2) NOBpPEXKACHHUE;

3) pacmmdpoBKa.

[Ipu HeoOXomuMoOCTH MOTYT OBITH J00aBJIEHBl BTOPOCTENEHHBIE J3Talbl, TaKUe Kak
IpeJBapUTENIbHBINA 3Tan pa3OMeHUs JaHHBIX Ha OJIOKM COBMECTHMMOIO pa3Mepa C UCHOJIb3yeMbIM
ITOPUTMOM IIHM(POBAHUS WM 3aMEHSIOIIUI 3Ta MHOTOKPATHOM Mepe3anucy MCXOAHBIX JaHHbBIX
C pe3ylbTaTOM B KayecTBE rapaHTHMM HeoOpaTMMOCTH mpouecca. OCHOBHBIE ATalbl Ipolecca
IIpeICTaBJIEHbl HA YKPYITHEHHOH cxeMme ainropuTtma (puc. 1).

Pazomenne HEa
QIOKH

¥

ATTopHTM
mHpoEaHHA

¥

[Toepexnenne
TOAHHEX
¥
AnropaTM
JemudpoEaEng

¥

M=uoroxparsas
NEpesanHck

Puc. 1. [TociienoBaTeIbHOCTh ATANOB 0€30MACHOT0 YaajieHus

Crpenku mepexona MEXIy OJIOKaMH OTOOpPaXaloT MOTOK JAHHBIX, MEPBBIM M MOCIEIHUIN
OJIOKM — BTOPOCTETIEHHBIH 3Tall, a OCHOBHOM 3Tall IPEJCTaBICH TPEeMsI LIEHTPAJIbHBIMU OJIOKaMH.

[Ipn TakomM mnoxaxone HaposM, CO3JaHHBIE UYEIOBEKOM, HE MOTYT PAacCMaTpUBaThCS Kak
Koy mudpoBanus. Kimoun nomkHbl ObITh 00Jiee CI0XKHBIMU 110 CBOUM CBOMCTBaM, OHU JTOJIKHBI
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CBOAUTh K MHUHUMYMY BEpPOSITHOCTh HMX MOBTOPHOIO co37aHusi (yraJblBaHHs) U HUCKIIOYUTH
3a0bIBaHME MOJIb30BaTENEeM, Kak ¢ mnapoismu. Vcnonb3oBaHue kimroued mudpoBaHus B Mpolecce
YHUUTOXKEHUSI JAHHBIX YCIIOXKHSET IMPOLECC BOCCTAHOBIEHUS HMCXOJHOTO COCTOSIHMS JaHHBIX.
B urtore nosib3oBaTelnpb noxyvyaer OJIOKH CTEPTHIX JAHHBIX B CTPYKTYpPE XpaHEHHUs, OHU HE YHTAEMBI
Y TOTOBBHI K MIEPE3AINUCH.

YpoBeHnb cekpeTHOro Kiarwya AES-256 our

[TepBeIii Tanm 3aKIIOYaeTCs B BBINOJHEHUU aNTOpUTMAa IMU(GPOBAHUS. DTO JENACTCS IS
TOTO, 4TOOBI MOJIYYUTH 3aIIM(POBAHHBIA pe3yabTaT UCXOAHONW HMH(MOPMALMU, KOTOPYIO CIEIYET
ynanutb. Ha 3TOM »3Tame MOXHO UCHONb30BaTh JIO00HM airopuT™M MHQPPOBAHUSA, KOTOPBIHA
Obl 3ammdpoBan AaHHbIC. BOT HEKOTOpBIE W3 PacHpOCTPaHEHHBIX AJITOPUTMOB IIH(PPOBAHUS,
KoTOophle MOXXHO wucmoib3oBaTh: DES, 3DES, AES, blowfish, PGP u T.1. B mpemmaraemom
peIIeHuN PEeKOMEHIYETCs MCIOJIb30BaTh anroputMm mmudpoBanus AES ¢ pasmepoM cekpeTHOTO
kimova 256 6ut. Ilpu Takom moaxoje, eciau BXOAHbIE NaHHBbIE Oonbiie 128 GUT, UX HEOOXOIUMO
pa3buth Ha OJ0KM Mo 128 OUT U COOTBETCTBEHHO JOMOJHMTH, KOTJA BXOJHbIE JaHHBIE MEHBIIIE,
HE00XO0AMMO COXPAHATH pa3Mep BXOJHOro Oioka 128 our.

YcoBepiieHCTBOBaHHBINA cTaHmapT mmdposanus (AES) — 3To pacnpocTpaHEHHBIH alropuTM
mmdpoBaHUs, HCMIOJIB3YEMBIH B MOCITICTHEE BPEMS B PA3IMUHBIX MPHJIOKEHUSIX, — OT TOCYJapCTBEHHBIX
JI0 KOMMEPYECKHMX. DTOT CTaHApT MHU(PpOBaHUS IPUHUMAET TaHHBIC, pa30UThIE Ha 010KU 10 128 OwT.
VYpoBeHb 0GE30MaCHOCTH 3aBUCUT OT OJHOTO M TOTO XK€ CTaHAapTa, HO Pa3HbIX pa3MEpPOB CEKPETHOTO
Kkmova. Pasmep cekperHoro kimoda MokeT ObITh 128, 192 mmm 256 OuT, Kaxmplii U3 KOTOPBIX
o0ecrieunBacT pa3MYHbIA YpPOBEHb OE€30MAaCHOCTH. JTOT CTaHAAPT IMU(PPOBAHUS BBHIMOIHSICT
14 payHI0B ¢ BOCEMBIO S-010KaMu 7S BRITIOJHEHUS Tiporiecca mudpoBanus [7].

AES BbIOpaH B KauecTBe MHCTPYMEHTa IMUGPOBAHUS B MpeajaraéMoM METOJE yIaJCHHS
JaHHBIX H3-3a MAJIOr0 KOJMYECTBA 3asBJICHHBIX MPOTUB HEro YCHEIIHbIX KuOepartak. TpymaHo
MPOBECTH YCIEIIHYI0 aTaKky MPOTHB STOr0 airoputMa ImuQpoBaHUS, OCOOCHHO €CIU pa3Mep
ucronb3yemoro kitoua Benuk. AES paGotaer Gonee 3(h(PeKTUBHO ¢ TOUKH 3pEHUS amnmapaTHOTO
U TPOrpaMMHOTO OOECTeUeHUss C OTHOCUTEIbHO HEOONBIIUM BPEMEHEM CO3JaHHsS KII0Ya
U TpeOOBaHUSAMH K TAMSTH, B OTJIIMYME OT JIPYTUX aJrOPUTMOB, TakuX Kak blowfish, xoTopsbrit
Jqydiie BCEro MOAXOAUT JUIsl MPOrpaMMHOTO obecredeHusi, emy TpeOyeTcss Oojbllie BpEeMEHH
Ha Co3JlaHue KJII04a, U OH TpeboBaTelbHee K pecypcam namatu. OH paboTaeT cTabMiIbHO ObICTpee
nocie ¢a3pl HacTpoilku kimova. Blowfish mmgpyer Omoku menbmero pasmepa, yem AES.
OTMeTHM, YTO OH UCIIONB3YeT 64-OUTHBIN pasMep 0JI0Ka, MO0 CPaBHEHUIO CO 128-OUTHBIM pazMepoM
omoka AES. Tak jxe oTMETHM, YTO YPOBEHBb O€30MACHOCTH JIJISl HETO MOXET MPEBOCXOAUTH YPOBEHB
6e3omacHoCTH 256-0mTHOTO Kiroda anroputma AES, mosTomy B mpenjaraeMoM MOAXOIE MOXHO
ucnoinb3oBath Blowfish, eciii oH mpuMeHsieTcs B cpeiax, Tlie pecypchl MaMsaTH HE OTpaHUYeHBI [8].

Hckaxenue pesyjbrara

KonnuecTBo npoxo 0B paHAOMHU3ALMK PA3IUYAETCs B 3aBUCUMOCTU OT YyBCTBUTEIBHOCTH
JAHHBIX. OTO BapUalOHHAs IEpEeMEHHas, KOTOPYK) MOXKHO HCIIOJIb30BaTh I IOBBILICHUS
IIPOU3BOJUTENIBHOCTH aJITOPUTMA, IMOCKOJIBbKY OHA HAIPSMYIO CBsI3aHA C KOJMYECTBOM Ollepaluii
YTEHUS U 3aIMCH, BBINOJIHAEMBIX B Ojokax nmamstu. Ilepezanuch MOXeT ObITh BBIIOJIHEHA ITyTEM
CTUpaHMsS HYJEH MM CIy4alHbBIX IIa0JIOHOB, KOTOpble OYIyT HCIIONB30BaThCS B JalbHEHIIEH
peamuzanuu. M3-3a sToro Oyaer TpyAHO cCKa3aTb, ObLIM JIM KakKHe-IMOO HCXOJAHBIE JaHHBIE
Ha Hocutene [3].

[ToBpexxieHMe HAHHBIX — 3TO, MO CYTH, pELUIEHHE HW3MEHUTh OWThl B pe3yibTare
mudpoBaHus, KOTOPHIA MOMy4eH Ha 3ToM dTarme. OTMETHM, YTO paHAOMH3AIMs Ipolecca
MCKa)KEHUS JIyUllle BCErO OTKJIOHSET Pe3yibTaT OT €ro epBOHavaIbHOM (POpMBI.

Ha srtane nckaxeHus mpeuiaraercss MeToj cmelneHus peructpa. CyTb ero — B BbIOOpKE
cllydailHBIX OyKB BXO/HOM CTPOKH, a 3aTeM HEOOXOAUMO CABUTATh PETHCTpP STUX BHIOPAHHBIX OYKB.
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Ecnm GykBa siBIsieTCs CTPOYHOM, OHA CTAHOBHUTCS OYKBOM BEPXHETO PETHCTpa M Ha0OOpPOT. DTOT
METO/]I BBIOpaH MOTOMY, YTO MCIONb3YeTCs (GaKTOp CIy4alHOCTH, U OH MCIOJIb3YET Pa3phiB MEXKAY
MIPOHYMEPOBAHHBIM MpeJCTaBICHUEM B BepxHeM u HuxHeM peructpe B ASCIL. Otmerum Takxke,
9TO U3MEHEeHHue Oy/eT MPUMEHSATHCS HEMOCPEACTBEHHO K 3HAYCHHIO MEPEMEHHON Yepe3 yKa3aTelb
MEPEMEHHOM, a HE KOMUIO 3HAYEHUS JaHHON IEPEMEHHOM.

Pacumm¢ppoBka 1aHHBIX

PacmmudpoBka Oyner nucmoiap30BaThesi psAMbIM criocodbom. Ha srame pacmmdpoBku Oynaer
Opartbca r00asi CTpOKa, IOJNyYeHHas Ha HJTale MCKAKEHHsS, W TPOCTO paciu(ppoBBIBATHCS
B U3MCHECHHYIO (hOpMy H3-3a paHee BBIMOTHEHHOTO Meroaa uckaxkenus [3]. Ilocme storo myHkTa
IpeAIaraeMoro Moaxo/a, pe3ynbTar OyAeT TPyJHO HpeackazaTh. OTMETHM Takke, YTO aITOPUTM
pacmppoBKM JODKEH OyneT TOKa3blBaTh pa3Hble pe3yibTaThl JUIS KaXJIOro BBIBOJA
o moBpexaeHuu. s Oynymeit paboTel ¢ cuctemoil morpebyercst paspaboTarh rpaduiecKuit
uHTepdeiic, KOTOpsIit OyaeT MO3BOJIATH MOIB30BATEIIO H3MEHSITh Pe3ybTaT MH(PPOBAHHS BPYIHYIO
JUIsL IPOBEPKU HECKOJIBKUX PE3YJIbTATOB, a Takxke JUIst Oojee ynoOHOM paboThl ¢ cucteMoil. OKHO
MozenupoBanus AomkHO Oyaer coctosath w3 UlTextFields m UlButtons. Ilpu kaxxaoM Haxatuu
OyIeT BBI3BIBATHCA OFHA W3 TpeX (PyHKIUH aub0 s mudpoBaHUsS BXOAHOW CTPOKH, JHOO IS
MOBPEXJICHHUS 3alIU(pPOBAHHOTO TEKCTa, JIMOO s pacmu(pPOBKH IMOBPEKIECHHONH CTPOKH.
MonenupoBaHue OyIeT BBINOJHATHCS B MPEPHIBUCTOM IA0IOHE. DTO JeTaeTcs Uil TOTr0, YTOOBI
MOXHO OBUIO HCCIEOBaTh Py4YHBIC W 3alpOrpaMMHPOBAHHBIC METONBI TOBPEKICHHS, a TaKXKe
aHAIM3WPOBATh pa3lIMYHBIC pe3yabTaThl W nporpamMmHbele mnotokn. Co BcemMH paHee
00CYXJIaBIIMMHUCS dJIEMEHTaMHu rpaduueckoro uHTEepdeiica, KOTOpble MO3BOJSIOT MOJIB30BATEIIO
BBOJUTH JaHHBIC, JOJDKHA OBITH JOOABICHA KHOMKA OYMCTKH Uil cOpoca BXOAHBIX 3HAYCHUI
Y TTIOATOTOBKY aJITOPUTMa K HOBOMY 3aITyCKY.

Kak moka3pIBaioT pe3yibTarhl, paclim(poBKa MOBPEXKACHHBIX 3aIIM(POBAHHBIX JaHHBIX
NPUBOANUT K HENPUTOAHBIM 3HaueHUs M. EcCiiM anropuTM MCKa)XeHus 3amyckaercs: 0oyiee 0JHOTro
pasa, OH MPONOJDKACT MAHWUMYJINPOBATh TEKYIIMMH BXOIHBIMH AaHHBIMH. OJHAKO MOBPEKACHUE
3amM(pPOBAHHOTO TEKCTa N pa3 HE O00s3aTeNbHO CHIDKAeT IIaHChI Ha BOCCTAHOBJIICHHE.
MHOXecTBeHHOE M3MEHEHHE 3aln(pPOBaHHOTO TEKCTAa CTAHOBUTCS OOJbIIE MOXO0XKE HAa OOBIYHOE
peIaKTHPOBAaHKE 3HAYCHUS HEIPUTOIHBIX JAHHBIX.

HeBo3moxHO mpenckazaTh, Kakoe CllydyailHO€ 3HAa4eHHWE BBOAMT B  AJITOPUTM
PaHIOMU3UPOBAHHAS MAHUITYJSIMS, TTO3TOMY HOBTOPEHHE IPOLECCa UCKaXEHHUsS Heo0s3aTeNbHO
HOBBICUT 3P HEKTUBHOCTh ANTOpUTMa Oe3omacHoro ynaneHus. OJHOKPATHBIN MPOXOJ alropuTMa
y’Ke MPUBOIUT K KpalfHe HeoOpaTMMOMY 3HAYCHHUIO, YUUTHIBASA, YTO MIH(PPOBAHHE HE MOXKET OBITH
OTMEHEHO 0e3 KJoYa, M JaKe eclIM KoY CKOMIIPOMETHPOBAH, BO3BpAILlEHHE HMCXOTHOTO
COCTOSIHHSI BXOJTHOTO 3HAYECHUS 0YC€Hb MAJIOBEPOSITHO.

X04eTcst OTMETHTH CIIeIYIOIINEe BayKHBIE aCTEKThHI pa3pabaThIBAEMON CHCTEMBI:

1) MOXXHO UCHONB30BaTh JIOO0H anroput™m mudpoBanus. Yem Oonee coBepliICHEH
aJITOPUTM, Te€M OOJIbIlIE OH YBEITHMYMBACT BEPOSTHOCTH HEOOPATUMOCTH pE3yibTaTa. JTO CBI3aHO
C TPYZHOCTHIO BOCCTAHOBJICHHS aHAJIIOTHYHOTO pe3yibTaTa 0e3 kioda muppoBanusd. B mannom
ciyyae Oynet npumeneH anroput™ AES ¢ pazmepom kittoua 256 6ur;

2) MOXKHO HCIIOJIb30BaTh JIOOOH anropuT™M HCKaxeHus. UYem «paHIOMHEE» 3TO Jeraercs,
TEM BBIIIE BEPOSTHOCTH HEOOPATUMOCTH Pe3yabTaTa. AJTOPUTM NCKKEHHS, TPUMEHSIEMbIH B TOM
MOJXO0/e, 3aKJII0YAaeTCd B CMELICHUH pPErucTpa OyKB IO CIy4aifHBIM HHJIEKCaM CTPOKH. Takxe
MO>KHO BBITIOJIHUTH MOBPEXKIEHUE TEKCTa BPYYHYI0, HO 3TO HELeNecoo0pa3Ho;

3) 3TOT TOAXOJ MOXKHO TPHUMEHSTh K KOHKPETHBIM THIIaM (ailjIoB, OIpPEIeTICHHBIX
MOJIh30BaTeIEM, TaKUM Kak jpeg, txt, pdf u T.1., B 3aBUCHMOCTH OT TOTO, KaKol M3 HUX Hambojee
Ba)XXEH JUIsl IOJIB30BATENsl. DTO MPUMEHSET aITOPUTM K BHIOPAHHOM 4acTH JaHHBIX BMECTO MOJIHOU
nepes3anucy BcexX JaHHBIX, COKpaIlas 3aTpaThl PECYypCcoB U BPEMEHU;

4) Bce maHHBIC MOKHO Oy/eT pa3OUTh Ha OJIOKH HY>KHOTO pa3Mepa;
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5)Bce ONOKM MAaHHBIX OYyOyT IOCTYNHBI B OTKPBITOM WM 3allU(ppPOBAHHOM BHIEC —
IO JKEJIAHUIO TI0JTb30BaTeNs (dTAlbl MOXKHO MPOIYCKATh);

6) 3aKJTIOUNTENFHBIA BTOPOCTETIEHHBIN 3Tall Mepe3anrcy Pe3ylibTaTa MOKET ObITh BHIIIOJIHEH
BPYUYHYIO WJIM HACTPOEH HA aBTOMATH3AILIUIO C HECKOJIBKUMH ITPOXOJaMH, €CJIN 3TO HEOOXOANMO.

BriBoabl

C nomomp0 anmroputMa OOHApyXEHHS 3TOT MOAXOJ MOXXHO HHTErPHpPOBAThH
B OINEPAIMOHHYIO CHCTEMY MJISi ONpEACTCHHUS THIOB (PAlIoB AJS MOCIEIYIOIIErO BBIIOIHEHUS
anropuTMa ynaneHus. Pacrio3HaBaHME KOHKPETHBIX (hailjioB, KOTOpBIE CIENyeT yIalsTh, MOXET
COKOHOMHUTH BpeMsi M pecypcbl. Ecnu monb3oBarens Oosble 3auHTEpecoBaH B (haitmax pdf,
TO JQHHBIA AJTOPUTM MOKET OPHEHTHPOBATHCS HA OTH THIBI (AalIOB W YHHYTOXKATh MX BMECTO
TOT0, 4YTOOBI MPOCMATPHUBATh BCE (ailsibl, KOTOPbIE MOTYT COAEPkKaTh HH(POPMAIIMIO OTPAHUYCHHOTO
JOCTYyTIa.

OTOT alTOPUTM MOXKHO MHTETPHUPOBATH B ONEPAMOHHBIE CUCTEMBI TAKUM 00pPa30M, YTOOBI
€ro MOKHO OBIJIO BBI3BIBATh BBIIIOJIHEHHEM KOMAH/IbI, OTIIMYHOW OT THITUYHON KOMAaHbI yJaleHUs
WM cTHpaHus/(popMaTHpoBaHUA. DTO HEOOXOOUMO JJsl 3allUThl OT JH0O0H BpEIOHOCHOU
AKTUBHOCTH, KOTOPasi MOXKET MPOU30MTH HAa KOMIIBIOTEPE C BPEIOHOCHON MpOrpaMMoM, HalpuMep,
nyonupoBaHue (ailyioB mepes KOMaH0N yaaneHHs.

PannmoMuzanms — BaKHBIH (DaKTOp, KOTOPBIA CIEIyeT YYWTHIBaTh, KOrJa HEOOXOIMMO
0e30macHO yAaJUTh JaHHbIE, OH II03BOJIAET M3MEHUTh OJOKM JaHHBIX 0€3 BO3MOXXHOCTHU
BOCCTAHOBJICHHSI MX HCXOJHOTO COCTOSIHUS JUISl 3JI0yMbINUIEHHHKA. C HCIIONIB30BaHUEM METOJIOB
mudpoBaHus JUIsL yJaJeHUs JaHHBIX BBIPACTAIOT TPEOOBAHUS K BBIUHCIUTENBHBIM PECypCaM.
Bpewms BoimonHeHus npu OOJBIIMX 00BEMax JaHHBIX TOXE PAacTET, TEM HE MEHEe 3TO OIPaBIaHO,
BeJb TaKOH METOJ 3HAYUTENbHO IMOBBIIIAET HAACKHOCTh U I(P(PEKTUBHOCTH MpoLecca yAaICHHUs
KOH(QUACHIMATBHBIX JMaHHBIX. C TOMONIBIO 3TOTO IOJIXOJAa MOXKHO 0O€30macHO yJamsTh
KOH(HIECHIIMATIbHbIE JaHHbIE HEOOJBIIOr0 00beMa, HE MEpeXHBas 3a YTEUKY JIMYHBIX JIAHHBIX.
B Oynymem Takol MOIXOX  MOXKHO  YIy4IIUTh, AaBTOMAaTH3MPOBaB  HACHTH(UKAIHIO
KOH(HIESHIINATBHBIX JAHHBIX C TOMOIIIbIO MAIIMHHOTO O0yYCHHUS.
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Hayunas ctates

HUHTEJVIEKTYAJIBHOE YIIPABJIEHUE TPAOUKOM
C UCITIOJIB3OBAHUEM HEYETKOI'O MOAEJINPOBAHUA

“Macyme 3aKkaBu.
Yuusepcurer Ilaiiame Hyp B CeBepHom Terepane, r. Terepan, Upan
¥M.Zakavi@pnu.ac.ir

Aunnomayus. Pactymme Temmbl ypOaHM3alUM W Pa3sBUTHS TPAaHCIOPTHOM HH(QPACTPYKTYpHI
B F'OPO/ax 3aCTABJISIIOT UCKATh HOBBIE PEIIEHUS Ul KOHTPOJIS U YIIPAaBJICHUS TPAHCIOPTHON CEThIO, a TAKIKE
JUI TIPEIOTBPALICHUS! HEPaBHOMEPHOCTH TOPOJACKOTO0 TPAHCIOPTHOTO TOTOKA M 00pa3oBaHUsI MPOOOK.
C npyroit CTOPOHBI, 3aTOPHI Ha AOPOTrax SKOHOMHUYECKH MPUBOJAT K IMOTEPE SHEPTHUH, 3arPA3HEHHIO BO3/lyXa
U CHIDKEHHIO KadecTBa JkM3HU. IlosToMy mpennararoTcs K HCIOJNB30BaHHUIO YMHBIE CBETO(OPBHI,
OTIPEEIISIONINE ONTHUMANBHBINA CIIOCO0 ympaBieHHUs ABWKEHHEM. B HedeTKol MOAeNH, MpeAoKeHHON A
TOPOACKOI TPaHCHOPTHOW CETH, B KayecTBE MapameTpoB 3((EKTUBHOCTH CHCTEMBbI OBLIM HCIOIb30BaHbI
CpeAHss JUIMHA odvepeled W BpeMs OKUAaHWs aBTOMoOWwiIed Ha KakaoMm Mapupyte. Ilocie Toro kak
IIPEIUIOKEHHAsl CHCTeMa OblIa CMOJEIMPOBAaHA M CPAaBHEHA C CUCTEMOH C (MKCHPOBAHHBIM BpPEMEHEM
paboTbl cBeTodopa, SKOHOMHUSI BpeMeHH cocTaBuia 24,69 %. IIpeniokeHHBIN KOHTpOJJIEp MPeaOTBPATHI
MaKCHMM3ALUIO0 BpeMEHH 3ejieHoro cBeTa. Ecimu Obl mpensaraeMelii HEUETKUI PerysisiTop MOI YMEHBIINTh
MUHHMANbHOE BpeMs 3€JIeHOro cBeTa cBeTodopa, ObUIM OBl TMONyYeHBl Jy4IIME pe3ybTaThl.
CrenoBaresibHO, 3TOT IIOKA3aTellb MOXET OBITh CHIDKEH B I'OPOAAaX C MEHbLIEH 3arpyKEHHOCTBIO JOPOr.
[pennaraemplii HEUETKUI PETYISATOP UMeENl MEHBLIYIO CUCTEMHYIO CIOKHOCTB, TIO3TOMY €T0 MOXKHO OBLIO
JIETKO M HEAOpOro peaian3oBaTb. Kpome TOro, MeHbplias CIOKHOCTh MOXET CHHM3UTh YacTOTY OTKa30B
CHCTEMBI 1 O0JIETYUTh UCTIPaBICHUE OLIHOOK.

Knioueswvie cnosa: ynpasieHue TpaduKoM, HEUETKOE yIpaBJIEHHE, HEUSTKUH aJIrOpPUTM, HEMPOHHAs
CCTh, reHEeTUYECKUI AJITOPUTM

Jnsi uutupoBanmsi: Macyme 3akaBu. VHTE/UICKTyajdbHOE YNpaBieHHE TPahUKOM C HCIOJIB30BaHHEM
HEYETKOTo MojenupoBanus // TIpUpoHbIE U TEXHOTCHHBIC PUCKU ((PH3MKO-MATEMATHUCCKUE U TPUKIIATHBIC
acriekTbl). 2022. Ne 4 (44). C. 68-80.

INTELLIGENT TRAFFIC CONTROL USING FUZZY CONTROL

“Masoumeh Zakavi.
Payame Noor University of North Tehran, Tehran, Iran
5M. Zakavi@pnu.ac.ir

Abstract. The increasing rate of urbanization and traffic in cities made societies find some solutions
to control and manage vehicle commutations and prevent the irregularity and mental effects of the traffic.
On the other hand, traffic congestion economically causes loss of energy, air pollution, and lower quality
of life. Therefore, the man decided to invent a traffic light (or traffic signal) and an optimal method for traffic
control. In the fuzzy model proposed for the urban traffic network, queues’ average length and waiting time
of cars in each route was introduced as parameters of the system per state. After the proposed system
was simulated and compared with the fixed time system, there was a 24.69 % time-saving. The introduced
controller prevented the maximization of green signal time. The better results are associated with the shorter
the minimum green signal time in the proposed fuzzy controller. Therefore, this rate can be reduced in lower-
traffic congestion states. The proposed fuzzy controller had less system complexity, so it could
be implemented easily and inexpensively. Moreover, the lower complexity could reduce the system failure
rate and facilitate error correction.

Keywords: traffic control, fuzzy control, fuzzy algorithm, neural network, genetic algorithm
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Introduction

The heavy traffics in megacities now has caused less attention to transportation
management. Traffic signal control is one of the most important research areas in intelligent
transportation systems (ITS) because this control has a direct impact on the improvement of urban
transportation systems. Many researchers have studied optimal signal control algorithms over these
years. Webster has introduced some equations for optimal time cycle and green phase contribution
based on the certain time control [1]. Akcelik modified Webster's theory for more complete plans
in a new time signal algorithm called ARRB [2, 3]. These methods in traffic states that have
historical records provide the minimum computational cost but do not respond to instant time
variables. The expansion of inexpensive sensors computes, and communication technologies led
to the development of many modern techniques for time signal setting (signal timing) based
on the instant traffic data. Accordingly, some adaptive global control systems can be named:
SCOOT, SCATS, OPAC, and RHODES [4].

Some artificial intelligence (AI) techniques have been introduced for signal control over
recent years, which use logical fuzzy controllers and Genetic Algorithms (GA) [5]. Those systems,
such as fuzzy systems that perform based on human knowledge and experience have shown
an efficient and proper performance in many applications like traffic. Such systems can be used
under the uncertainty in which some information about the function can be derived from the expert
person [6]. This report used a state-space equation to formulate the average waiting or stop time
of the vehicle in the traffic network for a certain time. It was aimed to create an optimal traffic
control by this fuzzy controller within two traffic normal and exceptional states. The state-space
equations used in this paper have been presented by Mr. Li Jinyuan, 2007 [7].

In the 1980s, Nakatsuyama et al. [8] used fuzzy logic to set two one-way direct intersections
simultaneously. The purpose of this study was to determine movement parameters, i.e., the time
difference between the green phase starts in the first and second intersections. A paper published
by Favila et al. (1993) [9] described the application of a fuzzy traffic control system (FTC) known
as the description of a fuzzy traffic controller.

Simulations existing in HUTSIM software in paper [10] were used in which, Niittymaki
and Turunen tested a new algorithm based on Lukasiewicz’s multivalue logic on three actual traffic
control systems. The fuzzy decision-making method for intelligent control systems and traffic
warning was registered as a patent in Northern US, in 2001. This system was supposed to warn
drivers about traffic load [11]. Paper [12] was conducted by integrating fuzzy logic and GA
by Teodorovic et al. (2001). The authors suggested an isolated intersection control system with LSE
within a two-way process. The hierarchy of phases' efficiency was determined based
on the vehicular assessment using GA in the first step. Fuzzy rules were defined in the second step
based on the future traffic situation. Wei et al. designed a multi-stage traffic control system
for a separated intersection with LSE. Kuo and Lin [13] suggested a new method to find an LSE
signal plan based on fuzzy logic.

Murat and Gedizlioglu [14] designed a fuzzy control system for an isolated intersection that
was different from the mentioned systems because they used two fuzzy control systems. Jacques
et al. [14] analyzed the dimensions of decision-making theoretical logic used in the LSE control
system. They tested indeed three different fuzzy control systems. In paper [15], Zeng et al. (2009)
introduced a fuzzy control for isolated intersection in which, the input variable amount in each
phase is identified concerning previous intensity values. Some authors, such as Zeng et al. [16]
inserted a considerable idea into the fuzzy control system. They proposed a two-layer fuzzy control
system for an overloaded transportation network. Hu et al. (2007) also proposed an interesting LSE
control system [17]. The proposed control system includes an evolutionary algorithm that generates
an efficient fuzzy rule base. The evolutionary algorithm performs based on the real measured data
and approaches an intersection with four separate arms containing some lines for strait direction
and right turns.
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Yang et al. [18] introduced hierarchical fuzzy logic controlled (HFLC) for the hierarchical
fussy control system. Their control system is composed of two stages and three units with fuzzy
logic. The first stage included two units with fuzzy logic. Cheng and Yang [19] proposed another
LSE control system in their thesis, which includes a fuzzy genetic algorithm. The traffic light
signalized with fuzzy logic uses some sensors that calculate vehicles and allow an augmented
estimation of adaptive traffic models. Although Choudhary suggested an adaptive controlled design
strategy to present the average weight of the vehicle in an intersection [20]. Askerzade L.N.
compared different fuzzy logic control algorithms [21]. Zachariah Babangida introduced a fuzzy
reasoning logic system to optimize the traffic signal system's phase planning (SPSTLT) [22]. Dilip
introduces an efficient design using a B vehicles state [23].

Sugeno Erwan Eko Prasetiy used the method proposed in research [24] and designed
an adaptive traffic signal controller. Fuyang chan presented a traffic signal controller for a six-line
intersection [25]. Ms. Girija H Kulkarni suggested a fuzzy traffic controller for isolated
intersections using VB6 ambient through MATLAB [26]. This result of the simulation approved the
performance of our proposed integrated traffic signal control system using RFID and fuzzy logic
by Javid Alam [27]. Kamal Kumar Pandi suggested a fuzzy decision support system and fuzzy
controller component with a fuzzy rule base [28]. Navneett Kaushal suggested two fuzzy rules
system algorithms for isolated traffic intersection in VB6 ambient [29]. Olanrewaju O.M. proved
that pedestrian delay has a considerable effect on traffic control to increase pedestrian safety [30].
According to the points mentioned above, the extant study was conducted using a fuzzy logic
technique for intelligent traffic signal control.

Method

There are four core factors in human decision to solve traffic control issues; hence,
the decisions made by humans are effective in the fuzzy engine (FE).

FE makes an intelligent decision about traffic congestion using a certain defined rule.
To do so, FE requires simulation inputs then outputs are sent to the simulator for setting simulated
traffic. This high-level model of FE has been illustrated in fig. 1.

Engine

Inputs from simulation Qutputs to simulation

Base rule assessment

Fig. 1. FE performance

According to fig. 1, inputs from simulation and outputs to simulation are taken into account
by the FE control parameters.

There are generally two linguistic inputs used in FE design, which are defined
as the percentage use of traffic area (REDQ) and the number of vehicles moving in the area
(GREEN). REDQ and GREENQ are installed beneath the red light and green light of the traffic
signal, respectively.

REDQ in traffic area of road is distributed from a junction intersection within a certain
traffic cycle time. Traffic areas have been shown within the 200-pixel range in the main simulator
stage (MSS) of the FTC system (fuzzy traffic control). The uneven design of traffic area distribution

70

NmxenepHoe u nadopmannonHoe odecrieueHre 0€30MaCHOCTH NPU YPE3BbIYalHBIX CUTYaIHIX



Natural and man-made risks (physical, mathematical and applied aspects). Ne 4 (44)-2022

in junction intersections has been illustrated in fig. 2. Shared areas in the figure depict traffic points
considering junction intersections. Assuming the traffic area of each road, the indicated junction
intersections have equal lengths marked with a D sign in fig. 2.
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Fig. 2. Traffic area D = 200-pixel range

FTC system simulates 8 vehicles, which have been shown in five different images. These
eight types of vehicles include two vans, four cars with different shapes, one truck-shaped vehicle,
and one three-wheeled vehicle. Fig. 3 depicts the maximum distribution of vehicles.
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Fig. 3. Maximum distribution of vehicles in road traffic area;
S1, S2, S3, S4 = sensors installed on the road

There are 32 vehicles maximum on the road distributed in the traffic area of each road.
Fig. 3 indicates the distribution of vehicles on east and west roads.
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The eastern road contains a maximum of 16 vehicles in the road traffic area.
This distribution is shown using two 8-vehicle queues. Vehicle queues have been distributed on two
routes of the eastern road. The same distribution is seen on the western road. Although fig. 3 shows
a maximum of 32 vehicles in the traffic area, FTC simulation accounts for 35.

Three vehicles have been added for error conditions. This error situation occurs when traffic
signals covert from green to a red state.

Vehicles can move on the empty side during this variation. According to the proposed
simulation, a maximum number of moving vehicles over variation time is calculated
by consideration of vehicle and intersection length.

It means that a maximum of 3 vehicles can move during signal variation time, and join
the maximum queue (32 vehicles) in the traffic area. Therefore, 35 vehicles exist in the simulation
process. REDQ is defined using the equation below based on the factors mentioned above.

n x 100
35

Where n represents the maximum number of vehicles arrived at the traffic area during
the current traffic cycle. As a result, REDQ range varies between 0 and 100.

GREENQ indicates the number of vehicles moving under the green light. GREENQ range
equals 0<= GRENQ <=60. This range is determined based on the frequency of vehicles simulated
in the FTC system. Vehicle length was a constant value in the FTC system.

The linguistic variable of FE output is shown as the probability of change in the next cycle
time (CHANGET). The CHANGET range is 0<= CHANGET <=1.

Membership functions of REDQ and GREENQ have been shown in tab. 1, 2.

REDQ =

Table 1. Membership function of REDQ

Fuzzy set Membership diagram Membership function
0 x < =20
x + 20 20 < x=0
20 *=
Low f(x:—20,0,16,25) =<1 0<x<16
—x + 25
e 16 <x <25
0 x> 25
14 [ " 0 x <16
f\ x—16
A 17 16 <x =35
. ny \ ne . —_
Medium / f(x:16,35,50) = < —x+50 s < 50
i i 0 x> 50
18 /' 1 0 x < 44
x —
\ 44
U A |, e 44 < x = 62
Half / | f(x:44,62,80) = < x4 80 2 <% < 80
LA 18 r=
M ' M \0 x >80
(O x <75
[x— 75
1c 75 <x =90
Full f(x:75,90,100,120) = { 1 90 < x < 100
2120 o0 cr<120
k 70 x <
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Table 2. Membership function of GREENQ

Fuzzy set Membership diagram Membership function
: Y 0 x<-15
‘\ x + 15
—15<x <0
Low 9\ 05 f(x:—15,0,20) = { _;i 20
—— 0<x<20
\ = x <
o o \0 x> 20
1 A v 0 x <16
| x—16
/ 16 < x =28
Significant | ° Fos fx:16,28,40) ={ 12
28 < x < 40
12 X =
= - i 0 x > 40
e (0 x <36
x —36
12 36 <x =50
High o f(x:36,50,60,75) =1~
50 < x <60
15 X =
T 0 60 <x <75

CHANGET includes membership sets called probabilistic, feasible, and acceptable.

The membership function has been reported in tab. 3.

Table 3. Membership function of CHANGET

Fuzzy set Membership diagram Membership function
1 1o (O x<0
N,
\\ X
0.5 ~ 0s 01 0<x<0.l1
Probabilistic f(x:0,0.1,0.2) = x—02
™ ———  01<x<02
i Hone 01
0 x>0.2
H ! H 0 x <16
/ x—0.1
0 / 05 01 0l <x<0.2
Feasible s f(x:0.1,0.2,0.3) =« 403
/ . hY —— 02<x<03
T 0.1
0 x>0.3
11H 1n
y 0 x<0
S x—0.1
0.5 7 03 01 0.l <x<0.2
Acceptable 4 f(x:0.1,02,03)={
s — 02<x<03
Tilir, ' Tl 01
0 x>03
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REDQ and GREENQ values are given from MSS to FE at the end of each traffic cycle. During
this period, the defuzzification process begins, and membership values of the input will obtain. Then,
the fuzzy reasoning engine runs, and possible rules will be evaluated using input membership values.
In the next step, fuzzification CHANGET membership values are generated based on the rules derived
from the inference engine, and then the COG method is applied to these output membership values
to calculate the real CHANGET value. Finally, the real CHANGET value calculated for the next traffic
cycle time setting is sent to MSS. Fig. 4 indicates the complete performance of FE.

Fuzzy engine

Fuzzy REDQ

Fuzzy CHANGET

Fuzzy GREENQ Linguistic variable

Linguistic variable

)

-I Fuzzification

i

REDQ
GREENQ

Fuzzy inference

Defuzzification

Simulation secreen

SC TLC

\/

Traffic cycle variations
(%)

Real variable

Real variable

Technical layer

Fig. 4. Proposed FE function

Modeling an intersection.
State vector in the displaying system's state space

As seen in fig. 5, sections 1 and 3 are taken as position 0 and sections 2 and 4 as position 1.
Inputs are sent to the system via cameras after image processing [6]. Research [6] introduced
the system's state space equations as equations 1 and 2. Equation 3 indicates the system's state vector.

X(n+1)=AX(n) + B(n)S(n) + C(n); (1)
y(n) = CX(n); Q)
[Q:(M)Q2 (1) ... Qu (MW (M)W, () ... WM(n)]T- (3)

branch 4

] |
| |
|: |
| |
l‘ 1

position 1
position 2 = J_ a | “ branch 1
branch 3
= — ) -
T e e = Lo =
== - Lo A
— — — —=—} - — — — —
— — =} a position 2
position 1 } t | ¥
|
&
branches 1 &3: position 1
branches 2 & 4: position 2 | branch 2

Fig. 5. Two positions in an intersection
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Queue length is an important variable for traffic description in a junction. The queue
has been defined based on the equation:

Qi(n+1) = Q;(n) + q;(n) — d;()S;(n), (4)

Q; (n)- number of vehicles in the queue at time n; g;(n): number of vehicles joined to queue i at time n;
d;(n)- number of vehicles exited the queue i at time n; s;(n)- this value equals 0 for stop time
and 1 for crossing time; i =0,1,2,3...M: Traffic flow index; n =0,1,2,...N-1: discrete time lags’ index.

Position 0 shown as (s4, S, 53, 54) = (0,1,0,1) means green light in branches 2 and 4 and red
light in branches 1 and 3; therefore, vehicles are allowed to pass in branches 2 and 4.

Moreover, position 0 shown as (s, S3, S3,54) = (0,1,0,1) means green light in branches 1 and 3
and red light in branches 2 and 4; therefore, vehicles are allowed to pass in branches 1 and 3.

The second input of system state space (vehicle waiting time) has been defined in equation:

Wi(n+ 1) = Wi(n) + TQ;(n) +5Tq;(n) — > Td;(n)S;(n),

W;(n)- vehicle’ waiting time in the queue until time n; T — length of discrete-time.

As equation 4 indicates, waiting time (stop time) in each interval is added to its previous
value. Therefore, this variable represents the weight of traffic congestion in each position. Stop time
in each interval is measured by deleting the term W;(n) from equation 5.

Equations 3 and 4 are the system's state variable in state space and describe traffic's dynamic
changes in an intersection. Stop time and number of vehicles are two popular performance
indicators that describe traffic control signals. In this case, stop time indicates system performance.
Therefore, system optimizer performance is defined in equation:

min{W(n) =XM1, W;(n)}.
The state formulae have been summarized in equation:

X(n+1)=AX(n)+ B(n)S(n)+ C(n)
y(n) = CX(n)

where  S(n) = [Si1(n)Sa(n)... Sy (n)]* . X)) = [Qu()Q2(n)... Qu(m)Wi(m)Wa(n) ... Wiy (n)]"
represent state and control variables.
Variable coefficients’ matrixes and vectors are as follows:

{3
vy Sl

d,(n) 0
0 d,(n) 0
0 0 d, (n)
1
B(ﬁ')‘—'— -del(n) 0 0
1
o STd (n) - 0
0 0 el 70 (n)J
«_ | 0
= { 0 I_.u] -
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Simulation

Sensors are installed at a certain distance from the intersection with a maximum queue
length of 50 vehicles. The maximum time of green light is 140s for trajectory 1 and 60s
for trajectory 2. The mentioned times have been also considered for a fixed time state. Minimum
green time equals 110s and 30s for trajectories 1 and 2, respectively. A totally, fuzzy decision
was taken for the 30s. The number of vehicles that exit the queue i within the time n is consistent

with the following formula:
d; = min(Q;(n) + ¢;(n), ds;(n)).
Therefore, the saturation flow rate is defined as follows:
dsi = deons(n) + Bq;(n).

Where d.,ps 1s defined as d.,,s = 30. The parameter  is a variable that varies between
0and 1.

Table 4. Traffic position based on the parameter 8

The Position of Traffic B
Non-saturation B=0.7
Saturation 0.6>p>0.4
Oversaturation 0.3>p>0.1
Unstable =0

This simulation was done using MATLAB software. The fuzzy toolbox of MATLAB
is a useful tool used to create a fuzzy controller. The simulation was done in a length of 100 states.
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Random Integer function1
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Af s »lo 4\ q ‘;ll an
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From Workspace1
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| Function2

]

- To Workspace
Fuzzy Logic
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:

v

Fig. 6. Simulating diagram bock of fuzzy control signals
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Simulation Results

A fuzzy model was proposed for urban traffic networks in which, the average length
of queues and vehicles' stop time in each trajectory were introduced as system parameters in each
state. After the system was simulated and compared with the fixed time system, there was about
74.40 % time-saving with 100 states. Tab. 5 reports the maximum green light time in a fixed time
state, i.e., red time was reduced. Therefore, there will be few vehicles on the red route.

Table 5. Comparison between green light time in each trajectory

Type of controller Total green time
Fixed time 9940 seconds
Fuzzy 7488 s
Saved time 24.69 %

Moreover, green light duration in each state is shown for the fuzzy controller (fig. 7)
and fixed time controller (fig. 8) for 100 states. Fig. 9, 10 depict the number of vehicles in each
trajectory per state.

Fuzzy Green Time

40 T

120~ —

100 — B

time

0 | | | | | | | | |
0 10 n a0 10 0 ] 70 a0 a0 100
Nurnber of State

Fig. 7. Green time in the fuzzy controller system

Fixed Green Time
140

120

100

time

0 | | | | | | | 1 |
0 10 ) 0 10 50 B0 70 80 9. 100
Numnber of State

Fig. 8. Green time in the system without a fuzzy controller
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The number of vehicles in the intersection with fuzzy controlleflegl &leg3)

@ T T T T T
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Fig. 9. Length of the queue in lines 1 and 3 (vehicle)

The nurmber of vehicles in the intersection with fuzzy controller(leg28Jeg4)
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T T T T T

E3S —

Eis —

25| —
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0 L L L L L L L L L
60 70 0 90 100

50
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Fig. 10. Length of the queue in lines 2 and 4 (vehicle)
Conclusion

About 24.69 % of the time was saved in 100 states after simulating the proposed system
and comparing it with the fixed time system. The suggested controller prevented green time
maximization. If the suggested fuzzy controller could reduce the minimum green time, better results
would be obtained. Therefore, this rate can be reduced in states with lower traffic congestion.
The fuzzy controller has minimized the system complexity, so it could be implemented easily
and inexpensively. Moreover, the lower the complexity reduces the system failure and facilitates
its error correction. The conducted analyses indicate that the green counter function must be more
investigated even if it can overcome jump and stop problems due to issues introduced in the study
and high risk of Iranian drivers and high probability of accident risk. Therefore, a fuzzy controller
does not require using a counter.

The results suggest considering the increase in the number of possible vehicles crossing
states in the system and considering the time for pedestrian passing based on the number of crossing
pedestrians.
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ABTOPAM KYPHAJIA
«IITPUPOJAHBIE U TEXHOI'EHHBIE PUCKH
(PU3UKO-MATEMATHUYECKHUE
N IMPUKJIAJHBIE ACIIEKTDbI)»

K ny6nukanmy NmpUHUMAIOTCS OPUTMHANIBHBIE HCCIIEIOBAaTEIbCKUE U O030pHBIE AHAIUTHYECKUE
CTaThb{, OTBEYAIOUIME TNPOQIIIO >KypHaia, MPEACTaBISIONINE PE3YIbTaThl 3aBEPLICHHOTO HAYYHOTO
WCCJIEIOBAaHMS, BBIMOJHEHHOTO Ha aKTyaJbHYIO TeMy, OOJIaJalollMe HAay4YHOW HOBHM3HOM, HMEIOIIUE
NPaKTUYECKOE 3HAYCHHUE U TEOPETUIECKoe 000CHOBaHKE, O(OPMIICHHBIE B COOTBETCTBHH C TPEOOBAHHUSMH.

CraTpst He ODKHA OBITH paHee OMyOJUKOBAHHOW M HE MOJAHHOH Ui paCCMOTPEHUs B pYyTrHe
KypHasiel. Bce cTaThbi MpOXoasT MPOBEPKY B CUCTEME «AHTHUILIATHATY.

Crateu 00y4YalOIIMXCS MATHCTPATypbl, KYPCAHTOB M CTYAEHTOB I[PUHUMAIOTCS TOJBKO
B COABTOPCTBE C HAYYHBIM PYKOBOJIUTEIEM.

1. Martepuanbl Uit nyOJaMKamuu TPEACTABISIIOTCS B PEJAKIUIO JKypHaJla JIMYHO WU
Ha 3JIEKTPOHHYIO MoUTy: pravobchs@igps.ru. MaTtepuan 10/KeH CONPOBOKIATHCS:

a) CTaThs acIMpaHTa (aABIOHKTA) WM COUCKATEISI OM3bI60M HAYUHO20 PYKOBOOUMEIIA.

0) anekmponHoll 6epcuell CTaTbU, TpEACTaBICHHOM B ¢opmate penakropa Microsoft Word
(Bepcus ue Hwke 2003). HazBanue ¢aiina 10KHO OBITH CIICTYIOIIAM:

ABtopl, ABTop2 — IlepBbie Tpu cioBa Ha3BaHHs craThu.doc, Hanmpumep: UBaHOB — AHauu3
cyliecTBywoumed npakruku.doc;

B) niama ¢ albIOHKTOB M aCIIUPAHTOB 32 MyOJIMKAIMIO PYKOTIUCEN HE B3UMAETCS.

W3nanue oOCylIecTBISET PELEH3UPOBAHWE BCEX IOCTYNAIOIIMX B PEAAKIUI0 MaTepHasoB
C LEeJbl0 MX OJKcHepTHOW oueHkH. CTaThbW pPElEH3UPYIOTCS B 00s3aTENLHOM MOPSAIKE YJICHAMU
PEAAKIIMOHHON KOJUIErMM JKypHasa. OCHOBHas L€Jdb PELEH3UPOBAHUSA — MPEAOCTaBUTh PpPENaKLUU
apryMEeHTUPOBAaHHYIO UH(DOPMALIHIO JIUIsl IPUHATHS pelieHrs: 00 omyOIMKOBaHUH MaTepHara.

2. CraTby, BKIIIOYAsl PUCYHKHU W MOANKCH K HUM, CIIUCOK JIMTEPATYPHI, TOJDKHBI UMETh 00beM
or 8 no 15 crpanuu. Ilo cormacoBaHuio ¢ PyKOBOJACTBOM JKypHajla CTaTbd MOTYT OBITh MPUHSTHI
u OonpIrero oobema.

3. OpuruHaIBLHOCTH CTaTeH JOJDKHA OBITH He MeHee 70 %.

4. TekcT cTATHU J10JKEH ObITH 00513aTeILHO CTPYKTYPUPOBaH MO pa3jiesiam:

Beenenue

B paznene «BBenenne» mpoBOIUTCS aHATIM3 COCTOSHUS MCCIIETyeMOM MPOOIEMBI 110 ITyOJIMKALIISIM
OTEUECTBEHHBIX M 3apyOeKHBIX HMCTOYHMKOB, Ha OCHOBAaHMU KOTOPOrO OOOCHOBBIBAETCSI AKTyaJbHOCTb
UcCIe10BaHus, (POPMYIIUPYIOTCS LETb U 3a/1a4H UCCIIEI0BAHMS.

MeToabl nccjieq0BaAHUSA

B pasnene omuceIBaroTcsl MpUMEHsieMble B pab0oTe METOAbI MCCIEIOBAHUS, TPUBOIATCS CBEIACHHS
00 00BEeKTaxX MCCIIEA0BaHMUS, U3MEPUTEIILHOM 000pYI0BaHUH, OMUCHIBAIOTCS YCIOBUS SKCIIEPUMEHTOB U T.11.
B03M0XHO yKazaHHE CCBUIOK Ha PaboThI ¢ 6oJiee OIpOOHBIM H3JI0KEHHEM METOJIOB, OJHAKO TIPUBOMIMOTO
OIUCAHUSI AOJDKHO OBITh JJOCTATOYHO JUTSl HOHMMAaHHS X0J1a UCCIIEIOBAHMHS.

[lpn ucnonb30BaHWMU CTAHAAPTHBIX (MM W3BECTHBIX) METOIOB M MPOLEAYp JIydlle CAenaTh
CCBUJIKM Ha COOTBETCTBYIOIINE UCTOYHUKH, HE 3a0bIBasi onucaTh MOJU(GUKALMU CTAaHAAPTHBIX METO/IOB,
€CIIM TaKOBBIE MMENNCh. Eciu ke HMCronb3yercss cOOCTBEHHBIN HOBBIM METOM, ONMHMCAaHHE KOTOPOTO
HUTJIe paHee He ObUIO OMyOJMKOBAaHO, Ba)KHO IMPHUBECTH BCe HeoOXonuMmele Aetanu. Ecinu panee
OIMCaHNe METO/1a ObIIO OMyOIMKOBAHO B M3BECTHOM XKYpPHAJIe, MOXKHO OTPAHUYHUTHCS CCBUTKOM.

JlomyckaeTcss M WHOE Ha3BaHHE paszfenia, OO0YCJIOBIEHHOE CHEHU(PHUKON HCCIeT0BaHU
U TOJArOTOBJIEHHOM HAa €ro OCHOBE CTaTbM, HampuMmep «Marepuanbl M METOABI HCCIIECJOBAHUAY,
«Mopnenu 1 MeToIbl HcceI0OBaHus Y, « TeopeTHueckre OCHOBBI U METO/IbI pacyeTay.

Pe3yabTaThl Hec1e10BaHus U UX 00Cy KAeHHe

B paszznene B noruueckoil mocnenoBaTeIbHOCTH W3JAraloTCsl pe3ysIbTaThl UCCIIEIOBaHUs, KOTOPbIE
MOATBEPIKAAIOTCS TaOMMIaMH, TpaprKaMH, PUCYHKaMH. 371eCh K€ MPOBOIUTCS aHAIN3 M MHTEPIIPETaIHs
MOJTYYEHHBIX PE3YJIbTATOB, OMUCHIBAIOTCS BHISBJICHHBIE 3aKOHOMEPHOCTH, IMOATBEP)KIAETCS TOCTOBEPHOCTh
PE3yIbTaTOB, MPOBOIUTCS COMOCTaBICHHUE COOCTBEHHBIX PE3YIIBTATOB C TAHHBIMH JIPYTHX UCCIIEI0BaTENEH.
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3akiaoueHue

B pasgene wu3maraioTcs OCHOBHBIE BBIBOJBI, IOABOIMTCS WTOT MPOJETAHHOW paboThl,
00OCHOBBIBACTCS HAay4Hasi HOBU3HA IOJIyYEHHBIX PE3YJIbTAaTOB, MPHBOISATCS HAYYHO OOOCHOBAHHBIC
PEKOMEH/JAlMK [0 WX HCIOJB30BAaHUIO, OMNPEACNSAIOTCS OCHOBHBIC HANPABICHUS JaJbHEHIINX
UCCIIEIOBaHU B JAaHHOM 00J1acTH.

3aKIII0YeHNE COACPIKUT TJIaBHBIE HIEH OCHOBHOTO TEKCTa CTAaThbH, HO HE JIOJDKHO TOBTODPSTH
(OpMYITHPOBOK, MPUBEICHHBIX B MPEIBIIYIINX pa3zeiiax.

Crucok nurepaTypsl T0JDKEH colepkaTh He MeHee 10 HCTOYHMKOB (U3 KOTOpPBIX He menee 30 %
3apyoercHbIX).

Juasa OB30PHBIX ananuTuyeckux crareii J0MycKaeTcs UHAs CTPYKTypa CTaThu:

1. Beenenue.

2. Ananutnyeckas 4acTh.

3. 3akioueHue.

B paznene «AHamuTHYecKas 4YacTh» JIOJDKEH OBITh MPENCTaBICH KPUTHYECKUM aHaIM3
U KpUTHYECKOe 0000IICHUE aKTyaIbHOM UCCIIEIOBATELCKOM MPOOJIEMBI TI0 OTEYECTBEHHBIM H 3apyOEKHBIM
HAay4YHbIM UCTOYHUKAM (He MeHee 25 ucmounukos, U3 KOTOpbix He menee 50 % 3apydescnpix) ¢ OLCHKON
UX HAyYHOW HOBHU3HBI M OPUTHHAILHOCTH. Pe3ynmbTaThl KPUTHYECKOTO aHajiu3a M 000OIIeHHUs
PEKOMEH/YeTCsl TIOATBEP)KIAaTh CPABHUTEIBHBIMUA TabIHMIIaMu, TpaduKaMH, pUCYHKaMH. B crtathe Takxke
JIOJDKHBI OBITh OTPAXKEHBI TUCKYCCHOHHBIE (TTPOOJIEMaTHYHBIE) BOIPOCHI.

Jlonyckaercst pa3buenue pasnenoB «MeTonasl HccienoBaHUA», «Pe3ynbTaTsl HCCIIE0BAHUS
U UX 00CYXICHUEY, «AHAIMTHYECKAS YaCTh» HA HECKOJIBKO JIOTHYECKHU CBSI3aHHBIX TTO/Ipa3/eiioB.

5. OdopmiieHue Tekcra:

a) TEKCT MaTepuasa JUIst MyOJIMKAIUK JOJDKEH OBITh TIIATEIBHO OTPEIaKTUPOBAH aBTOPOM;

0) TekcT Ha OmHOM cTopoHe JmucTa Gopmara A4 HaOupaercs Ha kommbiorepe (mpudt Times
New Roman 14, unmepean 1,5, 6e3 nepeHoCcOB, B OJHY KOJIOHKY, 6ce noasa no 2 cm, Hymepauus
CTpaHUI] BHU3Y TIOCPEIUHE);

B) HA TEPBOM CTPAaHUIIC aBTOPCKOTO MaTepuayia AODKHBI OBITh Halle4aTaHbl: THII CTaTbU
(mayunas, 0030pHas, peNaKIMOHHASA, TUCKyCCHOHHas, peneHsus u T.1.), YJIK (yHHBepcambHas
JeCATUYHAS KJIacCu(UKaIKs), HA PYCCKOM M aHTJIMHCKOM SI3bIKAX Ha3BaHUE (IIPOMHMCHBIMU OYKBaMH,
MONTY>KUPHBIM TIpudToM, 0e3 momguepkuBanus); MO aBTOpOB MOIHOCTHIO (He H01ee mpex); MecTo
paboThl (Ha3BaHME YUpEXKIEHHUs), DJIEKTPOHHBIM ajnpec aBTopoB (0e3 cioBa e-mail), aHHOTaIWMS,
KITIOYEBBIE CIIOBA.

Tpebosanus k anHomayuu. AHHOTAIMS JOJDKHA OBITH KPaTKOW, MH()OPMATHBHOM, COAEPIKATh
1eJ1b PabOTHI, METO/IBI MCCIIEIOBAHNS, OCHOBHBIE MOJIOKEHHUS M PE3yIbTAThl CCIET0BaHUS (M3J1araloTCst
OCHOBHBIC PE3yJIbTaThl TEOPETUYECKUX W/WIM DKCICPUMEHTAIBHBIX HCCICAOBAHMM, (HaKTHUECKUE
JlaHHBIe, OOHApY)KEHHBIC B3aMMOCBSI3M W 3aKOHOMEPHOCTH), BBIBOJABI C OOOCHOBAHHWEM HAYYHOMH
HOBM3HBI PE3yJIbTAaTOB. AHHOTALMSI MOXET BKJIIOYATh M JPYTYIO HH(POPMALHUIO, YMECTHYIO C TOYKH
3peHHsl aBTOPOB, HANIPUMEP, PEKOMEHIAINH 10 IPUMEHEHHIO MOJYYSHHBIX Pe3yNbTaToB. [IpumepHbIit
o0bem anHoTarmu 100-250 ciios.

6. Odopmirenue popmyJ1 B TEKCTE:

a) popmynbl TOJKHBI ObITh HAOpaHbl HAa KOMIbIOTEpe B penakrope ¢opmyn Microsoft Word
(Equation), pasmep mpudta sxBuBanienTeH 14 (Times New Roman);

0) B popMynax peKOMEHAYeTCS HCIOJb30BaTh OYKBBI JIATHHCKOTO M TPEYECKOro andaBUTOB
(KypcuBOM);

B) (pOpMyJIBI IEYATAIOTCS 11O IIEHTPY, HOMEP — Y TPABOTO IOJIsl CTPAHUIIBI (HyMEpPOBaTh CIEAYET
TOJIEKO (hOPMYJTBI, YIIOMUHAEMBIC B TEKCTE).

7. OdopmiieHHEe PUCYHKOB M TA0IHIL;

a) pUCYHKH HEOOXOJIMMO BBIJCIIATh OTICIBHBIM OJIOKOM i ymoOcTBa IepeHoca B TEKCTE WITH
BCTaBJIAATh W3 (hailya, BBIMOJIHEHHOTO B JIOOOM M3 OOMICTIPUHATHIX TpapUUECKUX PEAAKTOPOB, MO
PHCYHKOM cTaBHUTCS: Prc. 2. u ganee cieayroT MOSICHEHUS;

0) ecni B TEKCTE He OJ{Ha TaOJIUIIA, TO UX CIIEAYeT MPOHYMEpOBaTh (CHavasia numiercs: Tadmuia 2,
Ha TOM ’ke CTPOKE Ha3BaHKE TAaOIUIIBI OIYXHPHO, U J1aJiee CIeayeT cama Tabiuia);

B) €CJIM B TEKCTE OJ{HA TaOJIHIIA WU OJIMH PUCYHOK, TO UX HYMEPOBATh HE CIICIYeT;

T') TaOJIMIIBI JOJDKHBI UMETh «BEPTUKATBHOE) IMIOCTPOCHHE;

1) B TEKCTE CCHUIKM Ha TaOJIMIBI U PUCYHKHU JEJIAI0TCs CIeIyrouM o0pa3om: puc. 2, Tadi. 4, eciu
BCET0 OJIMH PUCYHOK HJIM OJIHA TaOJHIIA, TO CJIOBO MUIIETCS HETMKOM: TabInIa, PUCYHOK.
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8. Odopmirenne OudMOrpaduu (cMcKa JUTEPaTyphl):

Crucok nuTepaTypsl JIOIDKEH cojepkaTb He MeHee 10 HMCTOYHMKOB, Ui  0030pHBIX
AHAJIMTUYECKUX CTaTel He MeHee 25 HCTOYHHUKOB.

[Ipr 5TOM KOJIMYECTBO CCHUIOK Ha CTAaThM W3 MHOCTPAHHBIX HAy4YHBIX JKYPHAJIOB W JApYyrue
WHOCTpPaHHbIE UCTOYHHUKH JOJKHO ObITh He MeHee 30 % oT 0011ero KoJIM4ecTBa CChUIOK, I 0030PHBIX
aHAJINTUYECKUX cTaTteld He MeHee 50 % .

B cnucke nutepatypsl 101KkHO ObITH HE 60siee 30 % HMCTOYHUKOB, aBTOPOM JIMOO COABTOPOM KOTOPBIX
SBIISICTCS ABTOP CTaTbhU.

Ilpasuna ogpopmnenus cnucka rumepamypoi:

a) B TEKCTE CCBUIKM Ha LUTHPYEMYIO JHUTEpaTypy 0003HAYalOTCS MOPSAKOBOM Iudpoi
B KBaJIpaTHBIX CKOOKaX;

0) CIIMCOK JIOJKEH COAEp)KaTh LUTHPYEMYIO JIMTEpaTypy, NPOHYMEPOBAHHYIO B TIOpPSIKE
€e YIOMHUHAHUS B TEKCTE.

[Tpucrareiinbie oubmorpaduyeckre CIIMICKHU JTOJIKHBI COOTBETCTBOBATH
I'OCT P 7.0.5-2008.

IIpumepol opopmaenuss cnucka UCMOYHUKOS:

CnMcoK HCTOYHHKOB
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