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LlenTpa MeXIyHAPOJHOHN NEATEILHOCTH U MH(POPMALIMOHHON MOJTUTHKH;
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KaHAuIaT TexHudeckux Hayk Ky3bMHH AJiekcaHap AJiekceeBHY, JOLEHT Kadeapsl
MexaHukd  Cankr-IleTepOyprckoro  rocyaapCcTBEHHOTO  TEXHOJOTMYECKOTO  HMHCTUTYTa
(TEXHOJIOTUYECKOT0 YHUBEPCUTETA);

nokrop TexHuueckux Hayk Ilerpa TanoBmu, npodeccop Bricuieil TexHHMUECKON HIKOJIBI
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curyauuit (Pecniyonuka benapycs);

JIOKTOp IOPUIMUYECKUX HayK, JIOLIEHT IMOJIKOBHUK BHYTpEHHEW ciykObl MenBeaeBa AHHa
AJlekcaHApoOBHA, HAYaTbHUK LIeHTpa Mex1yHapoiHON 1eATENbHOCTH U MH(POPMAIIMOHHON TOJIUTHKH;

KaHAMJIaT TEXHUYECKUX HayK, JOLEHT MOJIKOBHUK BHYTpeHHeH ciyx0bl beabmmna FOaus
HukonaeBHa, HayadbHUK Kadeapbl KpUMUHAIUCTUKYA U MHKEHEPHO-TEXHUUECKUX IKCIIEPTH3.

Cexkperapb KOJLIeTHU:

KaluTaH BHYTpeHHel ciuyx0sl MamenoBa Jluausi HwukosiaeBHa, OTBETCTBEHHBIN
CEeKpeTapb PEJAaKIMOHHOIO OTAENECHHs pEeNaKIMOHHOro otnaena lleHTpa opraHu3anuu Hay4dHO-
HCCIIEA0BATENBCKON U pEJaKIIMOHHOMN €SI TEIbHOCTH.
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TEOPUS U IIPAKTUKA CYJEFHOM
IKCIIEPTHU3bI

MOHUTOPHUHI' OCTATKOB JIEI'KOBOCINVNIAMEHAIOIINXCSA
N T'OPIOYUX )KI/II[KS)CTEFI BI'PYHTE METOJAOM
OJYOPECHEHTHOHU CIHEKTPOCKOIINHU

MLIO. IIpuHueBa, KAaHAUAAT TEXHUYECKUX HAYK;
C.®D. Jlo6oBa.
Cankr-Ilerepoyprcekmii yausepeurer I'TIC MUC Poccun

ITpoBeneHs! HcceAOBaHMS 110 OOHAPYKEHUIO UCXOAHBIX U BBITOPEBIINX JIETKOBOCIIAMEHSOIUXCS
W TOPIOYMX JKUIKOCTEH, TMPHUMEHSEMBIX TMPH MOPKOTaX, METOJOM (IYyOPECIEHTHOH CHEKTPOCKOIHH.
OmnpeneneHo BpeMs, IO NPOLIECTBUM KOTOPOI'O BO3MOKHO OOHAPYKEHUE OCTATKOB TOPIOYUX KHIKOCTEH
JOaHHBIM MeTonoM. IlokazaHo, YTO OCTaTKH aBTOMOOMIBLHOTO OCH3MHA OOHAPYKHUBAIOTCS B TPYHTE METOAOM
(IIyopecueHTHOW CIIEKTPOCKONMH 10 JBYX HEZeNb, a OCTAaTKH AW3EIBHOTO TOIUIMBA — JO MATH HEIelb
BKJIFOUUTENBHO.

Kniouesvie cnosa: »sKcrepTuza IMOXKapoB, (IyopecUeHTHas CIEKTPOCKONUS, TPYHT, IIOYBa,
apOMaTHUYECKHUE YTIIEBOJOPO/IbI, IETKOBOCINIAMEHSIOLINECS M TOPIOYHE )KUIKOCTH, HEPTENPOTyKTHI

JlerkoBocmuiamensomuecss u roprouue xuakoctu (JIBX, I'K) — nmocrynHoe u yacto
UCIIONIb3YEMOE CpelncTBO mopkora. OHUM TOPUMEHSIOTCS Kak caMu 1o cede C  LeJblo
WHTECHCU(PHUKAIIUU TOPCHHSI, TAK ¥ B COCTABE CIIOKHBIX CaMOJICIBHBIX 3)KUTATEIHHBIX yYCTPOUCTB.
OOHapykeHHe Ha MecTe MOo)Kapa OCTATKOB JIETKOBOCILIAMEHSIOUIUXCS M TOPIOYUX SKUIKOCTEH
SIBJISIETCS. BaKHBIM KBAJIU(PUKAIIMOHHBIM TPU3HAKOM TIIOJKOTA, a CBEJACHHUS O THIE U COCTAaBE
KHUJKOCTH — KPUMHUHAJIUCTUYECKH 3HAYUMOM MH(pOpMalel, KOTopasi MOXKET OKa3aThCsl MOJIEe3HON
MIPU €T0 pacCiieI0BaHUH.

Yacro BcTpeuarores ciyyau, koraa [ K mponauBaroTcst Ha TPYHT MO MOJIOM, B TOJBAJIbI WIIA
MOMAIA0T HA 3EMJI0, KOTJa MOHKUTATEND JENAET «TIOPOXKKY» U3 KUIKOCTH.

[TouBa mpencTanisier co00i OTIMYHBINA MOTEHIIUANIBHBIN 00BbEKT-HOCUTENb ocTaTKoB JIBXK,
IK, Tak kak MMEeT MOBBIIIEHHYI ITOPUCTOCTh U YaCTO OCTAE€TCS XOJOJHOM M BIAXXHOW BO BpeMs
noxkapa, 3aMeJisisd UCIIApEHUEe roproven Kuakoctu [1].

B wuneane mouckm ocrarkoB [K MOMKHBI OCYIIECTBISATHCS HEMOCPEACTBEHHO TOCIE
noxkapa. OCoOEHHO 3TO Ba)XHO, KOTJa MOUCKU MPUXOIUTCS MPOBOAUTH HA OTKPHITOM BO3AYXE,
KOrJla CJIEIOBbIE KOJMYECTBA TOPIOYEH KUIKOCTH, COXPAHUBIIHMECS IMOCIe €€ BBITOpPaHHs,
MOJIBEPraloTCsl BO3JICHCTBUIO TOTOAHBIX (DAKTOPOB — BBIBETPUBAHUIO, BBIMBIBAHUIO JOXKIEM,
TalOMM CHeroM Hu ap. OQHako He BCerja MOUCKH OCTAaTKOB KUJKOCTH MPOBOIATCS Cpa3y MOcCIie
COBEpLIEHHUsI MPECTYIUIEHUs. MOXKET NPOUTH OT HECKOJIBKUX JHEM [0 HECKOJbKUX HEEINb,
a MHOTAa U MeCSUEeB mocie mnomxkora. [1o3ToMy BakHO 3HATh, MO MCTEYEHWH KAKOTO BPEMEHH
BO3MOYXHO OOHAPYKEHHE OCTATKOB FOPIOYMX KUAKOCTEH. ITOT BOMPOC BEChMa aKTYaJIIeH Ha CTaJIUU
TJTAHUPOBAHUSA U MPOBEICHUS CIEICTBEHHBIX IEMCTBUM M KCIIEPTHBIX UCCIETOBAHUM.

B crarke nznaratorcs pe3ynbTaThl SKCIIEPUMEHTOB TI0 0OHapykeHuto octatkoB [ K B rpyHTe
METOZOM (PIIYOPECIIEHTHOM CIIEKTPOCKOIMM W OIPEACICHO BpeMs, IO MPOIIECTBHE KOTOPOTO
BO3MOYXHO OOHAPYKEHHE dTUX OCTATKOB JAHHBIM METOIOM.

OOBeKTaMH WCCIICIOBAHUS SIBISUTHCH aBTOMOOWIBbHBIM OeH3nH Mapku AUW-92 u 3umHee
JU3EIBHOE TOTUIMBO.



CpemMKa CHEKTpOB  (UIYOpPECUEHIIMM HCCIEAYyEeMBIX HEPTENpPOJYKTOB IPOBOIMIACH
Ha crektpodayopumerpe «Dmnyopar-02-ITanopama» (OO0 «Jlromekcy, CII6.), paboTtaroriem
B Juamna3oHe JiuH BoJH 210—-690 HM npH CIEQyIONIMX YCJIOBHSX ChEMKHU: JUIMHA BOJIHBI
BO30OYXIeHHS — 255 HM, 00y1acTh peructpanuu — ot 265 1o 450 HM, YyBCTBUTEIBHOCTh — HU3Kas,
YHCIIo Benbllek — 25, mar — 1 HM. B kauecTBe pacTBOpHUTENs UCIIONB30BasIcs Tekcad Mapku «OCY».

Jns  wuccrnenoBaHus Npod TpPyHTA C OCTaTKaMU TOPIOYUX OKMJIKOCTEH METOJIOM
(bryopeceHTHON CHEKTPOCKOIIUHU MPOBOIMIOCH U3BJICUEHHE OCTATKOB CIIOCOOOM MEPUOINIECKOTO
SKCTparupoBaHus [2].

Ha puc. 1 mpuBenensl cnektpsl (ayopecnenuuu npexacrasurenein rpynn JIBXK u K,
MOSIBJICHHE KOTOPBIX HA MOXKape HamOojee BEPOSITHO — aBTOMOOWJIBHOTO O€H3MHA U JIU3EIBHOTO
toruBa. Kputepuem mnpu xiaccudurammu [2K MeTtonoMm (iayopecueHTHOW CHEKTPOCKOIUH
ABJIIETCS TPUCYTCTBUE Ha CHEKTpaX XapakTepHbIX KOMOMHAUMH MaKCUMYMOB (0oOnacTeil)
bayopecuieniuu |3, 4].

MutencHBHOCTE (hIyopeceHIIHN, OTH. ell.
ra
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1 — nusensHoe TommuBo JAT3; 2 — aBTOMOOMIIBbHBIN OEH3UH
Puc. 1. CnexkTpsl uryopecieHIMu roproYMX KHIKOCTEH

Ha cnektpax ¢uiyopecleHIIMM T'€KCAaHOBBIX 3KCTPAKTOB TPyHTa € OCTaTKaMH OeH3uHa
XapakTepHble MaKCUMyMbl B 00JacTH MOHOapoMaTHYecKHuX yriieBozopoaoB (MAY) 270-300 um
U OMIMKINYECKHX apoMaTHueckuX yrierojoposoB (BAY) 300-330 HM coxpaHSIOTCS 10 ABYX
HeJnenb BKIounTenbHO (puc. 2). Ilocnme TpeTheil Hemenu Ha CHEKTpax TeKCAHOBBIX JKCTPAKTOB
IpyHTa C OCTaTKaMU OCH3MHA TMOMHUMO IEPEYUCIECHHBIX MAaKCUMYMOB IOSIBISIFOTCS MaKCHUMYMBbI
B 0o0JlacTH TPHUIMKIMYECKUX apoMatudeckux yrieBogopoaoB (TAY) tuma ¢denantpeHa u ero
romosioroB 340-370 um (puc. 2). HaunHas ¢ 4yeTBepTOil Henenu Ha CHEKTpax (UIyopecueHINH
UCCIIETyeMbIX JKCTPAKTOB TPYHTAa C OCTaTKaMHU O€H3MHA MaKCUMYyMbl, XapaKTEpHbIE IS
aBTOMOOWJIBHBIX OC€H3MHOB, OTCYTCTBYIOT. Ha criekTpax mpUCYTCTBYIOT TOJIBKO MaJOWHTEHCUBHBIE
MakcUMymMbl B oOmactu BAY wu wunHTeHcuBHBIW B oOmactu TAY. JlaHHBIE MaKCUMYMBI
¢ryopecueHIH, BEPOsITHEE BCETO, OTHOCATCS K OKCTPAKTUBHBIM KOMIIOHEHTaM CaMOT'o TPYHTA.

Tak kak MHTEHCUBHOCTH (DIIyOPECLEHIIMM YBEJIWYHBAETCS C BO3pAacTaHHWEM YHCIa KOJell
U COMNpPSDKEHHBIX JBOMHBIX CBsizeil [5, 6], To diayopecueHuss TPULUMKIMYECKUX apOMaTHYECKUX
YTJIEBOJIOPOAOB MOKET MEePEeKphIBaTh (PIyOpEeClEHLNI0 MOHO- M OUIIMKIMYECKUX apOMATUYECKUX
YIJI€BOJIOPO/IOB, JAXKE €CIIM UX KOJIMYECTBO npesbimaeT TAY.
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1 — rcxoHbBII aBTOMOOMIIBHBIN OEH3MH; 2 — FeKCAHOBBIN SKCTPAKT IPYHTA Yepe3 ABE HEIeIH;

3 — reKCaHOBBII HKCTPAKT TPYHTA Yepe3 YeThIpe HellesIn

Puc. 2. CnekTpsbl duryopecueHIIMU AaBTOMOOUIBHOI0 0€H3MHA M T€KCAHOBBIX IKCTPAKTOB IPYHTA
€ OCTATKAMH aBTOMOOHJIBbHOI0 O€H3UHA, 0TOOPAHHOIO B Pa3Hoe BpeMsi

Taxkum

06p330M, MaKCUMYMBbI (bnyopecueHuHH TPULHUKIIMYCCKHUX  aPOMATHUUYCCKUX

YTJIEBOJIOPOZIOB,
XapakTepHble 1751 aBToMooubHoro 6ensnna (MAY, BAY).

HHTEeHCHBHOCTH (IIyOpeclIeHIINH, OTH. efl.
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IIPUCYTCTBYIOIIIME B TPYHTE, BEPOSTHEE BCErOo, MACKUPYIOT MAaKCUMYMBI,

1 3

270 230 280 300 310 320 330 M40 3V 30 370 3\ 30 400 410 420 40 440 4K

JI7THHA BOJIHEL, HM

1 — yepe3 oHY HelemO; 2 — Yepe3 ABE HEACTH, 3 — Yepe3 YeThIpe Heleln

Puc. 3. CnexTpsl uryopecueHINH reKCAHOBBIX IKCTPAKTOB IPYHTA € OCTATKAMM BbITOPeBIIEr0

aBTOMOOMJIBLHOTO 6eH3I/IHa, 0T06paHHOF0 B pasHo¢ BpeMs



[ToaToMy HEOOXOAMMO TIOMHHUTh, YTO OTCYTCTBHE Ha CIEKTpe (PIyopecleHIInN TeKCaHOBBIX
HKCTPAKTOB TPYyHTA XapaKTEpHBIX s aBTOMOOWJIBHOTO O€H3MHAa MaKCMMyMOB HeE SIBIISIETCA
OCHOBAHUEM JIJIS TIOJTHOTO UCKITIOUEHUST HaIn4uusi OceH3uHa B rpyHTe. OcraTku O€H3MHA MOTYT OBITh
oOHapyKeHbl METOJJOM Ia30’KUIKOCTHOU Xpomatorpaduu.

JIJist BEITOPEBIIUX aBTOMOOWJIBHBIX OCH3WHOB Ha CIEKTpax (hIyopecleHIIUU XapaKTepHbBIS
Makcumymbl B obsmactd BAY 300-330 um, TAY Ttumna denanrpen u ero romosiorn 340-370 um
Y TIOJUIUKINIECKUX apoOMaTHYeCKuX yrieBoaopoaoB ([TAY) Tuma anTpaiieH, MUpEeH U UX TOMOJIOTH
370-390 uM, 390-410 HM cOXpaHSIOTCS B TPYHTE 10 ABYX HECNIb BKIOUUTENBHO (puc. 3). Yepes
4eThIPE HEAC B MAaKCUMYMBI (hTyopectieHInu B ooactu [IAY npakTu4ecku OTCYyTCTBYIOT.

Ju3enbHble TOMIMBA, B OTIMYME OT aBTOMOOWUJIBLHOTO O€H3MHA, JydYlle COXPaHSIOTCH,
U UX OOHApy)KEHHE B TPYHTE METOAOM (DIyOPECIEHTHOW CIIEKTPOCKOIHMH BO3MOXHO 0 TSTH
HeJeNb BKIIOUYUTEIBHO (puc. 4).

2.2

0.8

0.4

HuTeHCHBHOCTH (QUIyOpecleHIHH, OTH. el

T T T T T T T T T T T T T T T T T T 1
260 2 Iz 290 300 310 2 31X 340 35 B0 3IW B0 390 400 410 420 430 440 450

JUTHHA BOTHEL, HM

1- JU3CJIBHOC TOINJIMBO, 2 — TeKCaHOBBHIN OKCTPAKT I'pyYHTA € OCTaTKaMM JU3CJIbHOI'O TOIUIMBA Y€PE3 IATh HE/ICIIb,
3 — reKCaHOBBII OKCTPAKT I'pyHTA € OCTaTKaMM BbII'OPCBLICT'O AU3CJIBHOI'O TOIUIMBA 4Y€PE3 IATh HEIC/Ib

Puc. 4. Cl'leKprI qmyopecuemmn AU3€JIbHOTI0 TOIUIMBA U TCKCAHOBLIX JKCTPAKTOB I'PYHTA
C OCTAaTKAMH JIU3€¢JIbHOI'0 TOIIJINBA, 0T06paHHOr0 B pasHO€ BpeEMsL

Takum oOpa3oM, Ha mpUMepe aBTOMOOMIIBHOTO O€H3MHA M TU3EJIBbHOTO TOIJIMBA MOKa3aHo,
YTO OCTATKH JIETKOBOCIIAMEHSIONINXCA U TOPIOYMX JKUIKOCTEH MOTYT COXPaHSTbCS B TPYHTE
JOCTaTOYHO J0JTO (IO JBYX HeIeNb JUIsl aBTOMOOMJIBHBIX OEH3MHOB M /O MATH HeNeNb Ui
IU3EIbHBIX TOIUIMB), HECMOTPS Ha HeOJaronpusTHbIE MOTOJHbIE YCIOBHUS, U MOTYT OBIThH
OOHapyXeHbl MeETOJOM (hIyopecleHTHOH crekTpockonuu. OOHapyXeHHe HePTEernpoayKTOB
METOJ0M (PITYOPECIIEHTHON CIIEKTPOCKOIHH OBIII0 ObI BO3MOXKHO H Uepe3 0oJiee IITUTETHHOE BpeMs,
OJTHaKO MpHCyTcTBUE MakcUMyMoB BAY u TAY, xapakrepHbIx ans TsDKenbIX (pakiuil Hedry,
OTHOCSIIIUXCS K AKCTPAKTHUBHBIM BELIECTBAM I'PYHTA, MEPEKPBIBAIOT MAaKCUMYMBI (DIIyopeclieHIInH,
xapaktepHble uia octatkoB JIBXK, I')K. IlosToMy HEoO6X0IMMO NMOMHHMTBH, YTO MPU OTCYTCTBUHU
Ha crekTpe GIyopecieHIud TpyHTa XapakTtepHbix misg [JK kKoMOWHAnuidi MaKCHMYyMOB,
HCCIIeIOBAaHNE TPYHTA CIIeyeT IPOBOJUTH METOOM Ia30’KUIKOCTHONU XpoMaTorpadpu.
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HAZIBOPHASA JEATEJIBHOCTD

IF'OCYJAPCTBEHHBIN OKAPHBIN HA/I30P
3A PACXOJHBIMHU CKJIAJAMU HE®OTHU U HEOTEITPOAYKTOB
HA OCHOBE PUCK-OPUEHTUPOBAHHOI'O IOAXOJA

A.B. ®oMuUH, KAaHAUAAT TEXHUYECKHX HAYK, Ipodeccop,
3aCJ1y’KeHHbIN pa0OTHHUK BhIcLIel KO0JIbI Poccniickoit @egepauuu.
Cankr-llerepOyprckuii yausepcurer I'TIC MUC Poccun

[Mpennoxxena MaTeMaTHYecKas MOJIEINb, MO3BOJISIONIAs ONPEEIIATh YPOBEHb KOJJICKTHBHOTO PHCKa
UL JTIOIeH, HaXOSIINXCS B 30HE MOTEHIUAIBHBIX HETaTHBHBIX ITOCIIEICTBUI BO3MOXKHOTO TIOXKapa, HCXOIA
U3 JIOCTYIHBIX MApaMeTPoB. JTO TOBBICUT 3(P(PEKTUBHOCTH KOHTPOJIBLHO-HA30PHON AESTEILHOCTH U YPOBEHB
nokapHo! 6€30MacHOCTH PACXOAHBIX CKIIAJI0B HE(TH U HE(YTEIPOIYKTOB.

Knrouesvie cnosa: noxapHas 0€30MacHOCTb, PACXOIHBIE CKJIAABI HEPTH M HEPTEHPOIYKTOB, PUCK-
OPHEHTUPOBAHHBINA TOIXO0/I, MEPOIIPUATHS IT0 KOHTPOJIIO, OLIEHKA PUCKA

ObecnieueHne noxapHOil 0e30MacHOCTH Ha OOBEKTaX 3alUThl, K KOTOPBIM OTHOCATCS
cKkiaabl HepTH U HeYTENPOJYKTOB U, B YACTHOCTH, UX PACXOAHbIE CKJIAAbl — OJIHA U3 BaXKHEHIIMX
3aj1a4, OT €€ pellIeHNs 3aBUCUT YCIIEIIHOE Pa3BUTHE U (DYHKIIMOHUPOBaHNE SKOHOMUKH TOCY/1apCTBa.

Pacxoanble cki1aibl — 3TO CKJIabl HePTENPOAYKTOB, BXOAIINE B COCTAB MIPOMBIIIJICHHBIX,
TPAHCHOPTHBIX, IHEPIETUUECKUX, CEIbCKOXO3AWCTBEHHBIX, CTPOUTENBHBIX U APYTUX MPeInpUsTUil
Y opranu3armui [1].

[Ipy >TOM HEOOXOIMMBIE MEPONPUATHS 10 KOHTPOJIO, OCYLIECTBISIEMbIE OpIraHaMu
rOCYJapCTBEHHOTO IOKapHOTO HA/A30pa, JOJDKHBI CIIOCOOCTBOBATH JIOCTHKEHHUIO TpeOyeMoro
ypOBHSI 0€30MaCHOCTH C MMHHMMAJIbHBIMM JKOHOMUYECKMMHU H3AepkKamMu. Peanmmzanus Takoro
MIOIX0Jla ONTUMAJIbHBIMU CPEACTBAMH, C YYE€TOM OCHOBHBIX IPHHIMIIOB 3aKOHOJATENILCTBA
O TEXHUYECKOM pEryJIMpOBaHHM, BO3MOKHAa MpU TMepexoje K OObEKTHO-OPUEHTHPOBAHHBIM
TEXHOJIOTHUSIM, B TOM YHCJIE C UCIIOJIb30BaHUEM PACUETHBIX METOMOB [2].

B mensx onTUMalbHOTO MCHONB30BAaHUS TPYIOBBIX, MaTepUalbHBIX MU (DPUHAHCOBBIX
pecypcoB, 3aJlefiCTBOBAaHHBIX MPH OCYIIECTBICHWU TOCYAAPCTBEHHOIO KOHTpoussd (Hax3opa),
CHIDKEHUS WU3JIEP/KEK IOPUIUNYECKHUX JIMI, WHAMBUIYAJIbHBIX NpPEINpUHUMATENEH U MOBBILICHUS
Pe3yJIbTATUBHOCTU CBOEH JIEATENIBHOCTU OpraHaMHU T'OCYJapCTBEHHOTO KOHTPOJs (Haa3opa) MpHu
OpraHM3allK OTIENbHBIX BHUJIOB TOCYAApCTBEHHOTO KOHTPOJIS (Haa30pa) MOMKET NPUMEHSTHCS
PHCK-OpHUEHTHPOBaHHBIH noaxox [3].

Puck-opueHTHpOBaHHBII  MOAXOA ~ MpeAcTaBiseT  co0Oil  METoJq  OpraHM3aliu
U OCYHIECTBICHMS TOCYJapCTBEHHOTO KOHTposii (Hag3opa) IyTeM BbIOOpa  (OpMBI,
MPOJOJIKUTENBHOCTH, TEPUOAUYHOCTH MPOBEIEHUS MEPONPUITHI 110 KOHTPOJIIO U MPOPUIAKTUKE
HapyleHni o0s3aTe’abHbIX TPeOOBAaHMN HAa OCHOBE OTHECEHHs CYyOBEKTOB Haa30pa B 00JacTu
MOKapHOW O€30MaCHOCTH K ONPEeIeTICHHON KaTETOPUHU PHUCKA.

OpraHoM rocylapCTBEHHOTO KOHTpOJs (Haa3opa) CYOBEKT Haa30pa  OTHOCHUTCS
K YCTAaHOBJIGHHBIM KJjlacCaM OIIACHOCTH C YY€TOM TSKECTH TIOTEHUIUAIbHBIX HETaTUBHBIX
MOCTIE/ICTBUIM BO3MOXHOI'O HECOOJIOJICHUs 00s3aTeNbHBIX TPEOOBaHMM, a K KaTErOpuUM pHUCKA —
TaKK€ C Y4YEeTOM OIICHKHM BEpPOATHOCTH HECOOIIOJEHHSI COOTBETCTBYIOIIUX O0S3aTeIbHBIX
TpeboBanuii [4].

Knaccudukanus  kareropuii  pucka OOBEKTOB  3allUThl M OTHECEHHME  TaKHX
NPOM3BOACTBEHHBIX OOBEKTOB, KaK pacxojHble ckiaapl Hedhtu u HedrenpoaykroB (CHH),
persiamenTupoBano [lonoxkenneM o GenepanbHOM rocyaapcTBeHHOM noxkapHoM Hamzope ([TTH) [5].
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AHanu3 cucteMbl KateropupoBaHus pacxoaHblx CHH mno crenmenu pucka mo3BoOJsSeT
BBIJICJIUTh CIICAYIOIIME AJIEMEHTHI: CyOBeKTOM ympaBieHus spisercs opran I['TIH; oObexTom
ynpasinenuss — pacxoausle CHH, BxogHple mapaMerpsl — IOKas3aTeld, BIMSAIOIIME HAa YPOBEHb
ornacHoctH pacxonublx CHH, BBIXOZHBIE — YMCIOBOM IOKa3aTellb KATEropuu pucka. OCHOBHBIM
IIPOLIECCOM  CUCTEMBbI KareropupoBanus pacxomubix CHH 1o cremenm pucka sBisercs
omnpezneneHue kareropuu pucka pacxogslx CHH wucxons wH3 BepoATHOCTM M TSDKECTH
MMOTEHIMATbHBIX HEraTUBHBIX MOCIEACTBUI BO3MOXKHOTO Tokapa [5].

B Hacrosmee Bpems karteropus pucka pacxonnelx CHH onpenenserca mo npusHakawm,
HE YYUTBIBAIOIIUM BEPOATHOCTD U TSYKECTh IIPUUMHEHUS Bpea, TAK KaK OTHECEHBI K ONPEICIICHHOM
KaTeropuu pucKa 1o Npu3HaKaM, ONpeAessIOIIUM ONAaCHbII IPONU3BOACTBEHHBIN O0BEKT.

Takum oOpa3om, Kkareropuss pucka pacxogHoro CHH omnpenensiercss  ycioBHBIM,
a HE pacueTHbIM METOJOM. 3aKOHOAATENbCTBO IPEIyCMaTPUBAET OTHECEHHE CYyOBEKTOB Haa30pa
K OINPENCIICHHOW KAaTeropuM pHCKa IPU MOMOIUM IIPOBEACHMs pacueTa 3HAYEHUM I10Ka3aTesei,
WCIIOJIb3YEMBIX JJISl OLIEHKH BEPOATHOCTH U TSDKECTH IMOTEHIUAJIBHBIX HETaTUBHBIX IOCIECACTBHN
BO3MOXXHOI'O HETraTHBHOIO CIeHapusa. MeToauka Takoro pacdera AODKHA yTrBepxkaarbcs MUC
Poccun, sBisomMMCS  YIOJHOMOYEHHBIM (pellepalbHbIM OPraHOM MCIIOJHHUTEIbHON BIIACTH
0 BbIPAOOTKE TOCYAAPCTBEHHOM MOJIMTUKM M HOPMATUBHO-IIPABOBOMY  PErYJIMPOBAHUIO
B COOTBETCTBYMOILEH cdepe aearenbHOCTH. OAHAKO CYIIECTBYIOIAS METOAMKA IMPOBEACHMS
pacueToB IO OLIEHKE IO0XapHOro pucka, yreepxkiaeHHas MUC Poccunm B oTHOLIEHUM
IIPOM3BO/ICTBEHHBIX 00BEKTOB [6] B LIEJIAX KaTErOPUPOBAHUS TaKUX MPOU3BOJICTBEHHBIX OOBEKTOB,
kak pacxogusle CHH, He nmpumMenuma 1o ciieyrommuM npuauHam:

— 3HAYEHUE HEKOTOPBIX MPUHATBHIX B pacueTax IapaMeTpOB HEU3BECTHO 0O€3 NpOBEICHHUS
IIPOBEPKH O0BEKTA 3aALUTHI;

— IPOBEJCHHE PACUYETOB PHUCKOB OOYCIOBIEHBI OOJBIION TPYAOEMKOCTBIO M 00BEMOM
BBIYMCIICHUM.

PacueTsl MO OlLIEHKE PUCKOB, NMPHUBOJMMBIC B JEKJIapalMsixX M Iacroprax 0e30MacHOCTH
OIaCHBIX ITPOU3BO/ICTBEHHBIX 00BEKTOB, COAEPIKAT JIEMEHThI CyObEKTUBHOIO XapakTepa.

B cBs3u ¢ aTtuMm mpejuiaraercsi pa3pabOTKa MaTeMaTHYeCKOH MOJeNH s PacyeTHOro
JKCIIPECC-METO/la ONPENENICHNs KaTeropun pucka pacxoguslx CHH, xoTtopast onpenenuT cTeneHb
OMAacHOCTH O0OBEKTa B 3aBHCUMOCTH OT YPOBHS pHUCKa JJs JIIOJEH, HaXOIALIMXCS B 30HE
MIOTEHIIMAJIbHBIX HETATUBHBIX IOCJIEACTBUN BO3MOKHOTO T0XkKapa.

B npouecce kareropupoBanus pacxonssix CHH mo crenenu pucka ¢ no3unuu UCCae10BaHUsS
orepaiuii nmorpedoBagoch pa3paboTaTh MaTEeMAaTHYECKYH0 MOJENb, KOTOpas Ompenesnsia
Obl KOJIIEKTUBHBIN puck pacxogueix CHH npu nHanmuumm noctynHeix napameTpoB. Ilokazatenem
HCX0/1a ONIEPALIMH SIBJISETCS YMCIOBOE 3HAYEHUE CTENIEHN KOJUIEKTUBHOT'O PUCKA.

Hcxons w3 nenu uccinenoBaHus, MPEACTABISIETCS, YTO B MOJEIN JOJKHBI MCIIOJIB30BAThCS
TOJIBKO JOCTOBEpHbIE (DaKTOpbI, a A1 JOCTH)KEHUS LeNed pPUCK-OPUEHTHPOBAHHOIO MOJAXOJa
ClIelyeT Y4YHUTHIBAaTh OIPAHMYEHHOCTh TPYAOBBIX M BPEMEHHBIX pPECYPCOB, METOJMKA pacydera
HE JIOJKHA OBITh TPYIOEMKOM U TOJIKHA UMETh MUHUMAJIbHBIN HA00Op PACUETHBIX TAPAMETPOB.

IIpuMeHeHne TEOopUM BEPOATHOCTEW M MATEMATHMYECKOM CTAaTUCTUKM JUIsl MPOBEACHUS
KOJIMYECTBEHHOM OIleHKH pucka Ha pacxoaHbix CHH sBnsercs Hanbonee npuemieMsiM [7].

BepositHocTHBIE COOBITUSL A (TIOKap M MOCTPAJABIINE B PE3YJIbTATE BO3AEHCTBUS ONACHBIX
(dakTopoB moxapa Ha pacxomHbix CHH) sBinsrorcs He3aBucuMmbiMu. [lo TeopemMe yMHOXEHUS
COBMECTHBIX U HE3aBUCHUMBIX COOBITUH PUCK (BEPOATHOCTH) COBMECTHOTO MPOSIBICHUSI TaKHUX
COOBITUI MOKHO OIPENEIUTH 10 popMyIIe:

m
; - 11 pla )
T
m
Puck R nnst qByx coObITHI: TOXKap A1 M TOCTpagaBime A, mpy moxape:

R =R(A)R(A,).
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Puck R(A41)=R; noxapa Ha pacxomHom CHH ompenensiercs kak BEpOSTHOCTh COOBITHS,
TO €CTh XapaKTepHU3yeTCs OTHOILICHHEM 4YHucia nmoxapoB N Ha pacxonubix CHH Ha onpenenenHoit
tepputopur, kK obmemy uucity N pacxomasix CHH, Haxomsmuxcsi Ha 3TOH TEPPUTOPHH
3a OIpEACNICHHbIN NIEPUOJ BpeMeHH t:
n

RI=iN .

Puck R; — BeposTHOCTH THOENIM WM TpaBMaTH3Ma JIIOJIeH mpu moxkape Ha pacxognom CHH
MOXET OBITh BBIPAKEHA KaK MaTeMaTHYEeCKOE OXKUJAaHWE CIIy4yallHON BEJIMYHMHBI, TO €CTh
MPOU3BEJICHUE BEPOATHOCTU TMOXKapa C TMOCTpPaAaBIIMMU Rpp, Ha BEIUYUHY OXXKHIAEMbIX
nocienctBuit N, 1715 r0e#, MoCTpaaaBIIMX MU Mokape Ha pacxoanom CHH:

RZ = R,wo = RnnNnn

[Tpu sToM puck R,, moctpanate uyenoBeky npu mnoxape Ha pacxonnom CHH Breipaxaetcs
KaK BEPOSITHOCTh COOBITHUS, TO €CTh OTHOIIEHHWE CTATHCTUYECKUX JAHHBIX O YUCIIE TIOCTPAIaBIIUX
moaeil mpu moxkapax N, Ha pacxonubix CHH k obmemy umcny mrogeit N,, moaBeprHyBHIMXCs
OTACHOCTH

n

n

nn =
tN -
TakuM 00pa3oM, paccMOTpPEB CUCTEMHBIH IMpoliecc KarteropupoBaHus pacxonueix CHH

o CTCICHU PUCKA C MO3ULHUH HUCCICOAOBAHHA onepaunﬁ, pa3pa60TaHa MareMaTudcCkKasa MOACIb
OIIpCACIICHUS KOJUICKTUBHOI'O ITIOKApPHOI'O PUCKa PACXOJHbIX CHH:

n n
RK}’I :_( - Nnn),
tN tN
rae: N — kommuectBO mokapoB Ha pacxogubix CHH; N — wuyumcnmo pacxomueix CHH,;

t — HaOrOTaeMbIi (aHATM3UPYEMBIIT) IEPUO; Ny, — YUCIIO MTOCTPAAABIIMX (ITOTHOIIMX U TPABMUPOBAHHBIX )
npu noxapax Ha pacxogusix CHH; N, — uucno mrozneil, moABeprHyBIINXCS OMACHOCTHU IOXKapa;
N, — YUCII0O BO3MOXKHBIX MOCTPAJABIINX, HAXOMSAIINXCS B 30HE CAHUTAPHBIX MOTEPh MPH TOXKAPE
pacxonubix CHH.

[Ipennaraemast MaTeMaTHUECKasi MOJIENb Oa3UPYETCs Ha TIOJOKEHUSAX TEOPUH BEPOSITHOCTEH
U MaTeMaTU4YeCKOM CTAaTUCTUKM, YYMTHIBA€T TpeOOBaHMs JEHCTBYIOIIEro 3aKOHOAATENbCTBA
B YacTH OTHECCHHS OOBEKTOB 3aIUTHl K pa3IMYHONW KaTeropuu pUCKa Ui ONpeAeICHHUs
MHTEHCUBHOCTH poBesieHus opranamu ['TIH nmpoBepok B 3aBUCUMOCTH OT BEPOSTHOCTH H TSKECTH
MOTEHINAJLHBIX HETaTUBHBIX TIOCJIEACTBUIN IS JIFOJIEH OT BO3MOXKHOTO HECOOIIOZCHUST Ha O0OBEKTE
3alIUThI 00s13aTeIbHBIX TPEOOBAHUM, IPUBEAIINX K MOXKapy.

BHenpenune pacueTHOro MeToja IpH TNPUMEHEHHUH PUCK-OPUEHTHPOBAHHOTO MOIXO0/a
MO3BOJIUT TOBBICUTH 3¢ ¢dekTuBHOCTh (henepanbHoro I'TIH m ypoBeHs moskapHoil Ge3omacHOCTH
pacxonubix CHH.
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SMS-PACCBILJIKU B COEPE NPO®UJIAKTHYECKOM
MNPOTUBONOXAPHOUN JEATEJbHOCTHU

O.M. JlaTbilieB, KAHAWAAT NMeJATOTHYeCKUX HAYK, mpodeccop;
A.B. MupoHoB;

T.II. CpicoeBa, KAHAMAAT TEXHUYECKHX HAYK.
Cankr-Ilerepoyprckuii yausepcurer I'TIC MYC Poccuu

Paccmotpena cuctema SMS-omoBelieHui 0 Ype3BbIYaiHBIX CUTYalUsIX, KOTOpas MIHOBEHHO cTaja
BOCTpE0OBaHHOW, TOTOMY Kak oOecnedrnBaeT BO3MOXKHOCTh HWHIWBHIAYAJIBHO COOOMIATh HH()OPMAIUIO
KaXIoMy poccusHuHy. [lpoaHanmsupoBano uH(pOpMHpOBaHHWE HAcelIeHHS O MPOTUBOMOXKAPHBIX
MCPONPHUATHUAX € TO3UIHMM MMTATHBIX CHCTEM I/IH(I)OpMI/IpOBaHI/Iﬂ HaceJIcHus1 C IIOMOIIBKO CUCTEM
SMS-onoBemenus. IlpeanoxkeHo B KauecTBe OJHOM M3 3aJad HAA30PHBIX OPraHOB pa3pabaThIBAThH
COOOIIECHUS MOXKAPHO-TIPOPUITAKTUIECKON HAPaBICHHOCTH.

Kntouesvie cnoea: cuctema IOKapHOH O€30IIaCHOCTH, CTAaTUCTUKA II0’KapOB, MPOTHBOIIOKapHAs
MOJIrOTOBKA rpaxiaH, SMS, ronocoBsie COOOIIEH NS, aBTOI03BOH

[To cyTtH, noscap — ceoeobpa3smwviii IKCMpeManbHbILL U0 COObLIMUSL, ABISIOMIMICS MOIIHBIM
NeCTa0MIM3UPYIOUIUM  (AKTOPOM, HEraTUBHO BIUSIOUUM HA PECUOHATLHYIO IKOHOMUUECKYIO
YCMOU4YUB0CMyb, TP STOM BAKHEHIIYI0 3HAYUMOCTh UMEET MOHATHE «I0KapHas 0e30MacHOCThbY.
Ho Bo3nukaer Bompoc «Ilouemy B Poccuiickoit denepannn Ha moxapax exerogHo rudmso 6000
YeJ0BeK, a cedyac kak MUHUMYM Ha 60 % Oombmie?» [1, 2]. Tlpobinema rubenu poccusiH
Ha moXkapax — 3To riaaBHas 3a6ota MUC Poccum.

[To Hamemy MHeHUIO, TokapHas 6e3onacHocTh (I1B):

— yIIpaBJieMblil BUJ 6€3011aCHOCTH;

— SBJSETCS TMPaBOBBIM HHCTUTYTOM, OOJAaJalOIIUM COBOKYITHOCTBIO TPABOBBIX HOPM,
KOTOPBIE PETYIUPYIOT COCTOSHUE 3aIlUIICHHOCTH cdepbl KUBOH MPUPOABI, chepbl HEKUBOU
MIPUPOJIBI M COLIMATBHOM chepbl OT MOXKapoB.

[ToxapHast 6€301MacCHOCTh — COI[UAIBHOE SIBJICHHUE, KOTOPOE ONpeeNseT:

— IeSITELHOCTH B MOKapHO-TIPO(UIIaKTUYECKOH chepe;

— IPOIECC MOATAMTHOI'O OCBOEHUSI METOJIOB «I105Kap00€30I1aCHOTr0 MOBEACHUSY;

— CHCTeMa JIOCTH)KEHHSI TpeOyeMOro cTaTyca M €ro pa3BUTHs B 3aBUCUMOCTU OT BO3HHKAIOIINX
(hakTOpOB U YCIOBUH.

OTHoIIEHHE K TOXKAapHOH 0€30MacHOCTH HEOOXOIMMO HCCIeI0BaTh Ha IMYHOCTHOM YPOBHE
C YYETOM COCTOSIHUSI IICHXOJOTHYECKONW O€30MacHOCTH M IICHXOJOTUYECKOW 3alllUIIEHHOCTH
nuuHocTu. MccnenoBaTh ypoBEHB IM0Kapo0E30MacHOro IMOBEAEHUS W IOCTYNKOB (IPaBUIIbHOE
MPUMEHEHHE CPEICTB WHAWBUAYAJIbHOW 3alllUTBl B IEPUOJ YYEOHBIX TpPEBOT, (HOPMHPOBAHHE
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NPaBHJIBHOTO TIOBEJCHUS MpH 4Ype3BbluaiiHbIX curyanusax [3]. IIpoBogumbie MeponpusTus,
HalpaBJICHHbIE HA MOBBIIICHUE MOXKAPOYCTONINBOCTH OOBEKTOB 3AILUThI, OCHOBBIBAIOTCS HA WIOTUKE
BO3JCUCTBUSA», HO CTATUCTHKA TI'OBOPUT O TOM, 4YTO KOJIMYECTBO II0KAPOB HE YMEHBIIACTCS.
Ha noxxapax ruGHYT 1101, YHUUTOXKAKOTCS. MaTepUaJIbHbIE IEHHOCTH.

B o0oCHOBY COBpEMEHHOro MOXapHO-MPO(PUIAKTHUECKOTO 00pa30BaTEIBLHOIO IpoIecca
IIOJIO’KEHA <JIOTMKA B3aMMOJCHUCTBHSA» C YYaCTHHUKAMHU, TO €CThb IICHUXOJIOTMYECKOE BO3JCHCTBHE
3aMeHseTCs Ha B3aMMO/ICHCTBUE C yYaCTHUKaMHU 00pa30BaTeIbHOIO MpoIiecca.

«Jloruka B3auMoENCTBUSA» JOJDKHA CONPOBOKIAATHCS:

— (hopMHpPOBAHHEM TIO3UTUBHOTO OTHOIICHHS K TIOXKapHO-MPOPHIAKTHYECKOMY 00pa30BaTelIbHOMY
IIPOLIECCY Y BCEX €€ YYaCTHHUKOB;

— mpeoOiajaHieM TUATIOTHYECKON HAaNpaBIEHHOCTH O00pa30BaTEIbHOIO MpoIecca MEXIY
YY4aCTHUKAMH U MOJIEPATOPOM;

— HU3KUM YPOBHEM IICUXOJIOTHYECKOT0 HACUIIUS HAJl yYaCTHUKAMU;

— NPEJOTBPAIECHNE IICUXOJIOTHYECKUX YIPO3 AJIs YYaCTHUKOB;

— OpraHu3anyeil JINYHOCTHO-JOBEPUTEIBHOTO OOIICHHS CPEH YIACTHUKOB U MOJIEPATOPOM.

Nucnekrop noxkapHoro Haazopa (I'TIH) nomxen BinaseTs OCHOBaMU TeOpUHM OOy4YeHMH,
TO €CThb IIEJICHAIIPABJIEHHO JIOBOJAUTH N0 HaceldeHus uaeu u 3HaHus IIb HeoOxoaumoro ypoBHs
U B IpueMiieMoit popme.

[Moxapuseiii nacnexktop ['TIH B mporiecce nosxapHO-pohUIaKTHYECKOTO 00pa30BaTeIbLHOTO
Ipolecca UCHOJIb3YeT pa3IMYHbIe METO/Abl «B3aUMOEHCTBUS» C ayauTopueil. Bribop merona
«B3aMMOJICHCTBHS» 3aBHCHUT OT DJIEKTOpaTa W HamnpaBieH Ha (HOPMUPOBAHHE ITO3UTHBHOTO
oTHomeHUs K IIb Kaknoro MHAMBUIA, YTO COOTBETCTBYET COBPEMEHHOMY IIEPHONY, B KOTOPOM
peodIIagaroT HelpeACcCKa3yeMble CUTyanuu [4].

PeasbHpIM 1OJX0/0M K MOMCKY HampasiieHui obecnieueHust [Ib MoxkeT SIBIATBCS TOJIBKO
YETKOE OIpe/IeIeHUE TIOKAPHON OIMACHOCTH, TeX (aKTOPOB U KOMIIOHEHTOB, KOTOPbIE HECYT B ce0e
MNOTEHIHAJIbHBIE YTPO3bl, a TAKXKE HAIUYHE COMYTCTBYIOIUX (PAKTOPOB, IPEIMETOB MaTEpPUAIBLHOIO
MHUpa U IPUYUH, CIIOCOOHBIX BbI3BAaTh BO3TOPAHHUE.

BaxHoll OTAMUMTENbHON OCOOEHHOCTBIO COBPEMEHHOI'O IEpHOAa SBJIsIETCs TpeOoBaHUE
K (DOpMUPOBAHUIO HHHOBALIMOHHBIX HAYUHBIX, TEXHUUECKUX U OPTaHU3ALMOHHBIX KOMILJIEKCOB IS
pEILIEeHNs TPOTUBOMOXKAPHBIX MEPOIIPUATHH.

VHHOBAIIMOHHBIM COBEPIIIEHCTBOBAHUEM METO/IOB 3aUTHl OOBEKTOB (JIMYHOCTEN U UMYILECTBA)
OT MOXKapoB U MOBBIIMIEHUS NPOTUBONOXAPHOW TI'PaMOTHOCTM HaceleHus Poccum HeoOXoaumo
YCOBEpIIEHCTBOBATS [4]:

— TIOXapHBIH MOHUTOPHUHI COCTOSIHUSI OOBEKTOB 3allMTHI MOCPEACTBAM aBTOMATHUYECKON
CUCTEMBI MepeIau U3BeIIeHn ¢ 00beKTOB ciryx0am MUC Poccuu;

— KOMIUIEKCHYIO CHUCTEMY SKCTPEHHOI'O OIOBEIICHUS HaceleHHs B YacTH oOecledyeHus
JIOBEJIEHUS 10 POCCHUSH MPOTUBOII0KAPHBIX MEPONPUATHUH.

W3noxeHHble LeTM CMEXHble, TaK Kak Imepenada MH(OpMaIUM OCYILECTBIISETCS 4Yepe3
COTOBBIX ONEPATOpPOB. BaxkHEWIIMM pe3yJbTaTOM  pa3BUTUA  IOKAPHOTO  MOHUTOPHHIA
U ONOBEUICHHS MOXET CTaTh (OpMUpOBaHHE eIUHOW cucTeMbl [5]. DTo W  JIOrHYHO,
U SKOHOMHYecKU 3 dexTuBHO. Crnenyer u3beraTtb CTEPEOTHIIOB: «IIPOUHCTPYKTUPOBATh, BPYUUTh
HaMSTKH 110 COOJIIOACHUIO MPABUJI 3aIMTHI OT MOKapOB, BOBJIEYb MAKCUMYM YHCICHHOCTH JIMYHOTO
cocraa I1O, ITIH, orumrarecs mnepen BBILIECTOSIIMMHM HadadbHUKaMW». llopa mnpuMUTHBHO-
NPSIMOJIMHENHbIE MPOPHUIAKTUYECKHUE MTPOTUBONOKAPHBIE MEPOIPUATUS MEHATh HA MHTEJUIEKTYalbHO-
MHHOBAILMOHHYIO JieaTesIbHOCTh coTpyaHukoB ['TIH MYC Poccun.

Obecneuenne I1b 00bekTa 3alUTHl HAYMHAETCS C BBIABICHHMS M OIIEHKH BCEBO3MOXKHBIX
PUCKOB, NIPHUMEHEHHUS COBPEMEHHBIX TEXHOJOTHYECKHX IPHUEMOB [0 lEJEeHANpPaBICHHOMY
CHIDKEHMIO MX 3HAa4Y€HHUs JI0 JOMycTUMOro ypoBHs. Takum obpazom, chopMHupyercss BO3ZeicTBUE
U yIpaBJIeHHE MOKapHBIMU pUCKaMH Ha 00bekTe. CHUKEHHE MOKAPHBIX PUCKOB OCYIIECTBISETCS
nocpeacTBaM (OPMHUPOBAHMUS KOMIUIEKCHOTO IIJlaHa, MCIOJHEHHWE KOTOPOro B HHXKEHEpPHO-
TEXHUYECKHX, JKOHOMUUECKHUX, COLMATIbHBIX cepax MO3BOJIUT CHU3UTh YPOBEHB IMOKapHOro pucka R
710 TIOIYCTUMOTO YpoBHs R*, To ecTh 0OecrieunT BhINOIHEHNE HepaBeHCcTBa R<R™ [6].
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Heo06xoauMo OoTMETHTH, YTO MHOTOOOPa3HOE HCIIOJIBb30BaHUE Mep, CIOCOOOB M METO/I0B
obecnieueHus [1b mr060r0 00beKTa 3aIUTHI (OT CTPAHBI, PETHOHA JI0 MIPEANPUSATHS, XKUIIOTO JJIOMA | TIp.)
SBIISIIOTCSL CPEJICTBAMM YIIPABJICHUS TMOXAPHBIMU puckamu. CaMoe aKTUBHOE y4yacTHE B 3TOM
npouecce T0KHbI npuHUMaTh nHenekTopsl I'TIH [7].

B ®epnepanpHom 3akone oT 21 HOs0ps 1994 1. Ne 69-03 «O moxapHO# 0€30MacHOCTH
MIpelyCMaTpUBAETCs «IIPOTUBOIOKAPHAsSI MPOIaranjia» u «o0ydeHre HaceJIeHHs] MepaM MOKapHOM
6e3onacuoctu» [8, 9]. IIpaBoBas ocHOBa OCyIIECTBICHHS NPOQPHIAKTUKU I0KApPOB JIOMOIHEHA
®denepanbHbiM 3akoHOM OT 23 utoHS 2016 1. Ne 182-D3 «O06 ocHOBax CHUCTEMBI MPOPUIAKTUKH
npaBoHapyuieHuit B Poccuiickoit ®enepanuny [8].

Jns GopMupoBaHUSl TPYMIBL, OCBAaUBAIOLICH MPOTUBOMOXKAPHYIO TEMATUKY, MOAEPATOPY
HEOOXOIMMO  CHCTEMAaTU3UpOBaTh BCE CBOM HMIACM W WHHOBAI[MOHHBIE  METOJOJIOTHU
[0 TMPOTHUBOMNOXAPHON MpomaraHjae, ONpeNeluB KOHKPETHOE HalpaBlieHHE, B  KOTOPOM
uH(popMaIMOHHBI pecypc Oyner pasBuBathes. OIpepeNuBIINCH C HAMpaBlICHHEM, HEOOXOIMMO
COCTaBUTh IICUXOJIOTHYECKHI MMOPTPET HOBOM TPYNNbI M BBIPAOOTATh CHELU(PHUUECKYIO CUCTEMY
MPOTUBOIIOXKAPHOW TIPOTIAraH/Ibl, BRIOPATh OPUIMHAIBHBIC METOAMKH, METO/IBI ¥ (POPMBI, THHOBAIIMOHHBIE
TEXHOJIOTUH MPOMaraHbl, KOTOPbIE ONTUMAIBHO COOTBETCTBYIOT TOCTABICHHBIM LIEJSIM.

BHenpenne WHHOBanMii B CHUCTEMY IPOTHBOIIOXKAPHOW MpPOMAraHbl SIBISETCS Ba)KHBIM
yCIOBUEM PePOPMHUPOBAHUS U COBEPIICHCTBOBAHUS CYILIECTBYIOIIEH CHCTEMBI TPOTUBOMOKAPHOTO
o0pa3oBaHMsl, KOTOPOE HE MOXET OCYIIECTBIATHCS WMHAuUe, YeM 4Yepe3 OCBOCHHE HOBOBBEICHUH,
HOBIIIECTB, MPU 3TOM COJIEp’KaHUE MPOTHUBOIOXKAPHOTO OOPa30BaHUS JOKHO OPUEHTHUPOBATHCS
Ha MHIUBUIYAJIbHOCTh KOKAOTO TPAKIAHNHA, €T0 JIMYHOCTHBIE YCIIEXH U CIIOCOOHOCTH.

MHHOBAIIMOHHBIE TEXHOJIOTMHM B CHUCTEME MPOTHBOMOXKAPHOM MpoIaranjbl HampaBleHBI
Ha CO3[aHHE COBPEMEHHBIX KOMIIOHEHTOB W TIPMEMOB, OCHOBHOHM IIENBI0 KOTOPBIX SIBISIETCS
MOJIEpHU3aIMs TIPOTHUBOIMOKAPHOTO 00pa30BaTEIHHOIO MPOIecca.

K 4nciay coBpeMeHHBIX POTUBOIIOXKAPHBIX 00Pa30BaTEIbHBIX TEXHOIOTUI MOYKHO OTHECTH:

— TEXHOJIOTUU TIPOEKTHOM NEATENLHOCTH B chepe moxkapHoil 6e30macHOCTH;

— TEXHOJIOTHH HCCIICOBATEIILCKON JIEeATELHOCTH, HAIIPABJICHHBIC HA MOBBIIICHNUE 3aIUTHI
O00BEKTOB OT MOXKAPOB;

— pa3BUBAIONINE TEXHOJOTHH B Chepe MOKAPHO-TEXHHUUECKUX TOCTHKCHHIA;

— KOPPEKLMOHHbIE TEXHOJIOTHH MPOTHUBOIOKAPHBIX 00pa30BaTeNbHBIX MTPOIECCOB,;

— HH(OPMAITMOHHO-KOMMYHHKAIIMOHHBIE TEXHOJIOTHH;

— JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTHUH.

O6yuenue mepam [1b rpaxaan, cocTosIIMX HAa COLIMATBLHOM OOCITYKHUBAaHUU, OPraHU3YeTCs
OpraHamMM COLMaJIbHOW 3allluThl HaceleHus cyOwbekTa Poccuiickoit ®depepaunu M MpOBOAUTCS
C YJ9acTHEM COTPYAHHUKOB COIMAIBHBIX CITYXkO.

D¢ HeKTUBHOCTh MPOTHBOMOKAPHOTO 00Pa30BaTEILHOIO MPOIIECCa BO MHOTOM OIpeAeseTcs
BBIOOPOM TEXHOJIOTHI B3aUMOJICHCTBUS C ayAUTOPUEH W KOHKPETU3HPYETCS B COOTBETCTBHUU
MOTEHIMAIBHBIMA BO3MOXKHOCTSIMH U OCOOBIMHM 00pa30BaTeNIbHBIMU MOTPEOHOCTSIMU 00YYaIOIINXCS.
I'maBHas 1ies1b MoziepaTopa co3AaTh y 00ydaroIUXCsl YETKOE MPEACTaBICHHE O MPOTUBOIIOKAPHOM
nporecce, pa3BUTh TAKTUKO-NIPOTUBOMOKAPHOE MBIIUIEHHE M OMNEpaTHMBHOE pearupoBaHHE
Ha W3MEHEHHE OOCTOSTENbCTB, CBOCBPEMEHHOE TMpHUHATHE pemeHuid. LleneBbiM ycTaHOBKaM
MOJIEpaTOPOB MeIIaeT HHU3Kas aKTUBHOCTh M SBHOE Oe3pasnuuue oOydaroummxcs. B manHOM
CHUTyallud MOTYT TIOMOYb pa3IMyHble WHTEpPaKTHBHbIE (opMBI 00ydeHus. Kpome Toro,
MoJiepaTopaM He00X0AUMO:

— TIOJTHOIICHHO OBJIAJI€Th METOJMKOW aHAJM3a M OICHKH IMOKapHOH OMAaCHOCTH HM3Yy4aeMbIX
MIPOU3BOJICTBEHHBIX MPOLIECCOB;

—dYamie OCYIIECTBISTh CPABHHUTENBHBIM aHAM3 TOXKApHOW OIMACHOCTH Pa3IMYHBIX
HECTaHJAPTHBIX IPOU3BOJICTBEHHBIX M OBITOBBIX CUTYaIIHA;

— MIAPOKO MPUMEHSTH B IIPOTHUBOIIOKAPHOM 00Pa30BaTEIEHOM MPOIIECCE AKTHBHBIE METOIBI
IpernoJiaBaHus: MeToJ] pa3dopa mpoOieM M MOXKAapOOMACHBIX CHUTyallUd, METOJ| IOBBIIICHUS
MO3TOBOW aKTHBHOCTH, METOA OOCYXKIEHHS U pa3peuieHuss CIOPHBIX BOIPOCOB, METOJ
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CaMOCTOSITENIPHOW OIICHKH CIIyIIATeNsIMH OOCYXKIaeMBbIX W TMPHHUMAEMBIX PEHICHUH M JApyrue
METO/bI O0YUCHUS;

— (opmupoBaTh IS ceOs MHANBUAYATBHBIC OIIEHKH KaKIOT0 00y4Yaromerocs: ero ypoBeHb
MIPOTUBOMOXKAPHBIX 0a30BbIX 3HAHUI, ICUXOJIOIMYECKOE BOCIPUATHE U €ro COBMECTUMOCTD
C KOJUIEraMu U T.1.

Ha ypoBHe rocynapctBa B NMPOTHBONOXKAPHOM MpomnaraHje 3aJeiicTBOBaHa OOIIepOCCUHCKas
KOMIUIEKCHasi cucremMa uHpopMmupoBanusi u omoBemeHus Hacenenuss (OKCHOH). 3to
COBPEMEHHBIN MOJXOJ C UCIOJIb30BAaHHUEM COTOBOM CBSI3U, PaJUajIbHO-30HOBBIX CHUCTEM CBSI3H,
CIIyTHHKOBBIX TeJIe(OHOB, IAKETHOW pAIHOCBA3M, LU(QPOBBIX CHUCTEM Tepenad JdaHHBIX.

Kpome TOro, Ha peruoHaJbHOM YpPOBHE HCIIOJIB3YIOTCI COBPEMEHHBIE TEXHOJIOTUU
IIPOTUBOIOXKAPHOM IpoIaraHibl ¢ IOMOIIBIO YJIWYHBIX CBETOAMOAHBIX IAHENEH, IJIa3MEHHBIX
HKpPaHOB BHYTPU OOBEKTOB 3alllUTHI, «OEryIIel CTPOKU» HA TpaHCHOPTE, paauo u TV cooOuIeHHi.
Taxum oOpazom, obecriednBaeTcs yauyHasi IPOTUBOIIOXKApHAs POMAraH/ia, B pa3IMyHbIX 00BEKTax
3alUThl C MAacCOBBIM INpeObIBAHUEM JIIOJIEH, B K/II TPAHCIIOPTE, aBTOOYCaX, PEUHOM U MOPCKOM
Tpa"cnopre. Paguo u TV ¢ IOCTOSHHON peryiasipHOCTbIO JOBOAUT JI0 HAcEJIEHUs ayJauo-
U BuaeouH(pOpMalNo, cO37aeT HWH(DOPMALMOHHBIA KOHTEHT U aHUMAlUU MPOTHBOIIOKAPHOTO
KoHTeHTa. Oco00e BHUMaHHE HACEJIEHUs MPUBJIEKAIOT JIa3epHbIE 110y KaK Ha OObEKTaxX 3allMThI,
Tak W Ha Mecte ckoruleHus oneil. Hapsny ¢ OKCHUOH, cBerorexHuueckas Ja3epHas
MIPOTHBOIIOXKAPHAS MPOTIAaraHa HaceJIeHHs MOBBIIIAET 3(PPEKTUBHOCTh MEPOTIPUSITHIA.

WuauBuayanbHoe  WHQOPMUPOBAHHME UM ONOBEIICHUE  JKUTENEH  OCYIIECTBISETCS
C UCIOJIb30BAHUEM COBPEMCHHBIX BO3MOXKHOCTEH MOOMIIBHOM CBSI3U. AOOHEHTHI MOOHMIILHOU CBSI3H
IIMPOKO HCMHOJB3YyIOT Bo3MoxHocTH SMS, MMS, WAP, a MUYC Poccun kak HMHHOBAaIIMOHHOE
pacrpocTpaHeHHe Cper a0OHEHTOB MOOMIJIBHOM CBSI3M MPOTHBOIIOKAPHOM MpOMaraHabl, BKIIOYas
HAYaJlo MPOBEJCHHUS HOBBIX AaKIIMil, yBEIOMIIET O HOBBIX MEPONPUSTHUSIX M JaKe pacchlaaeTt
mo3apaBicHus ¢ npasaHukamu.  Ciayx0a  KopoTkux —coobmenuii SMS  mpencraBisier
cO00i1 TEXHOJIOTUIO, KOTOpasi ~ MO3BOJISICT IPUHUMATh W OTHPABIATh KOPOTKHE TEKCTOBBIC
cooOmieHusi. MOXHO OTIPaBUTh YBEAOMJICHHE A0OHEHTY, KOTOPBIH B JIAaHHBIA MOMEHT 3aHST
pasroBOpoM, TMOCKOJBbKY COOOIIEHHWE HAEeT HE IO OCHOBHOMY pa3rOBOPHOMY KaHamy,
a 110 CI1y>KEOHBIM CUTHAJIbHBIM KaHAJIaM.

Pacnipoctpanenue coBpeMeHHONH MOOMIIBHOW CBSI3M Ha BCE pernoHbl Poccuu, AOCTYHMHOCTB
nepegaun  wHGOpManuii mocpeactBaM SMS-pacchUIOK  cAENaNo  BO3MOXKHBIM — OCYIIECTBIISITH
HOXKapHBI MOHUTOPUHT OOBEKTOB 3aIUTHI U OCYILECTBICHHE POTUBOIOKAPHBIX MeporpusiTuit [10].
Her comuenns, uro SMS-paccbuika 3¢ dexkTnBHO, OBICTPO W TapaHTUPOBAHHO COOOIIAET
aOOHEHTaM COTOBOH cBsi3u TpebOyemyro HHpopmaruio. CoBpeMeHHble cepBHChl SMS-paccbuiok
IIPOCTBl B OCBOEHHUH, 00JaJal0T TMOHATHBIM HMHTEp(ENcoM U AAI0T BO3MOXKHOCTH OTIPABIATH
npenynpexaeHuss ot MUC Poccun. CepBucsl SMS-pacchliok COKpamiaroT BpeMsi Ha OTIPaBKY
COOOIIIEHUI O MPOTUBOIOMXKAPHBIX MEPOIPHUATHAX. DTO riIaBHbIN utoc. Kpome toro, 3arpyxaercs
teneoHHas 0a3a W BBOJUTCA OJHO KpaTKOe IPOTHUBONOXKAPHOE COOOIIEHHE, KOTOpoe
otmpanisiercs BceM aboHeHTaM. CepBUChl SMS-pacchUIOK YUHTHIBAIOT YaCOBBIC MMOsica a0OHCHTOB
1 o0ecreynBaroT 3alJIaHMPOBAHHYIO OTHPABKY KPaTKUX MPOTHBOIOXKAPHBIX MEPOIPHUITUH, B TOM
qyclie TOTEHIUAIbHO 3aMHTEPECOBAaHHBIM A0OHEHTaM.

SMS-paccbiika mpekpacHO TMOJXOAUT sl PAcChbUIKM  COOOIIEHHMH O MAacCOBBIX
MIPOTUBOMNOMXKAPHBIX MEPONpPUATHSAX. B COOTBETCTBMM € 3aKOHOM, ONEpaTOphl COTOBOM CBS3H,
HE CMOTps Ha Ha30MIMBOCTh SMS-pacchliok, He UMEIOT MpaBa oTKIo4aTh ux. Cogepkanue SMS-
pacceuiok o MUC Poccun Moryr execyro4Ho MeHAThCA. OIHAKO Ha MPAKTUKE OMOBEHIECHHUS
¢ nomoIteio SMS-pacceiiok or MUC Poceun cBoasiTess K G6ECKOHEUHOMY MOBTOPEHHUIO (pa3 THIIA:
«Toxxapa Ham He Hano!», «He pazkurarb KOCTpbl B HEMOJIOKEHHBIX MecTax», «He cxkurarh
TpaBy», «He nomyckaiiTe JecHBIX MOXKAapOB» U TaK Jlayee.

SMS-pacceutkn or MUC Poccun 10omKHBI OBITH B KPAaTKOM, CHCTEMaTH3UPOBaHHON (hopme
pacckasplBalOIIME€ O MpPaBUJIaX MPOTUBOMOKAPHOTO pEXHMa SKUJIOTO JOMa, MPeANpUATHS
(opranuzanuu, yupexJIeHus) B KOHTEKCTe 00s3arenbHbIX TpeboBanmii [1b (¢ yderoM m3aMeHeHMit
B 3aKoHozaTenbeTBe). SMS-pacebutku or MUC OyyT nose3Hsl BceM abOHEHTaM COTOBBIX OIEpaTOpPOB.
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B pamkax wuccrienoBaHus moyiaraeM, 4ro He MeHee 3((EKTUBHO CIIEAYEeT HCIOIb30BaTh
COLIMAJIbHBIE CETH:

— npoecCHOHANbHBIE COIUAIBHBIE CETH, KOTOPHIE CO3/aBAIMCh IS  COHMCKaTelen
u paboronareneld, CUCTeMa PEKOMEHJALMM, pElyTallud M IMPO3PAYHOCTU KapbEepPHOIO OIbITa
B JeiicTBum, Takue Kak linkedin.com, moikrug.ru, pro2.ru;

— omor-cetu: Livejournal.com, liveinternet.ru, blogspot.com;

— CaTHI 3HAKOMCTB, 2 UMEHHO: mambo.ru u loveplanet.ru;

— CaWThl I IIOHUCKA JIIOACH, KOTOPbIE YYHMJIMCh B OJHOM KJacce, IIKOJIE WIA BBICIIEM
yueOHOM 3aBenenuu 3to facebook, vkontakte, odnoklassniki [9].

OCHOBHBIMU IPUHIMIIAMU HH()OPMALMOHHOTO YIIPaBJIEHHUs IPOTUBOINOXKAPHOM IpoIaraHabl
B COLIMAIIBHBIX CETSX SBISIOTCA:

— KOMOMHALUs pa3IuuHbIX (GOpM BeACHUs IPOTUBONOXKAPHOM MPONaraH/sl;

— TpaHCISIIUSA WHPOPMAITHOHHOTO COOOIICHUS O IPOTUBOIIOXKAPHBIX JIEHCTBUAX MPH KaXKIOM
ITOCEIEHUH COLUAIbHOMN CETH;

— pa3Hoo0Opa3ue aHUMAIMH, [IBETOBOW I'AMMBI, IEPCOHAXKEN U T.11.;

— 3MOLMOHAJILHO-LIEHHOCTHOE HAIOJIHEHUE CTPAaHULl B COLIAJIbHON CETH;

— WCTIONB30BaHUE (opMaTa MPOCTHIX MOJE3HBIX COBETOB Ha KaKIBIH JEHb IO BOIPOCAM
MO’KapHOM 6e3011acHOCTH;

— CE30HHOCTh (U3MEHEHHE COJIEP’KAaHUS B 3aBUCUMOCTH OT IIO’KapPHOM OMAaCHOCTU CE30HA);

— HaJIM4YMEe BO3MOXHOCTH Ppa3MEIICHUs IPOTUBOIIOKAPHOM pekiambl (B TOM 4HCIe
1 KOMMEPYECKOM).

B Hacrosmiee BpeMs colMadbHBIE CETH OYEHb YacTO TIIATENbHBIM  00pa3oM
B3aMMOJICHCTBYIOT C TPATUIIMOHHBIMH CPEJICTBAMH MAacCOBOW WH(GOPMAIINHU, PACTIPEACIISISL IPH STOM
TOTOBBIM KOHTEHT. BmecTe ¢ Tem, colMalbHble CETH MOTYT MCIOJHATH POjb MH(OPMAreHTCTBA,
npenoctaBisis CMUW  uHbopMmanuio, Ha OCHOBAaHHMHM KOTOpPOW cOOMpaeTcss W aHAIU3UpPyeTcs
HOBOCTHOHM Martepuai. CTOob MOIIHOE MEAUIHOE CPEICTBO UMEET CBOIO CHELM(PUKY U MOXKET OBbITh
WCIOJIb30BaHO JUIsl MyOJIMKAIlMM MaTEPUAJIOB, COIEPIKALUX TPOTUBOIIOKAPHYIO IIPOMIAraHy.

CoBpeMEHHbIE  KOMIBIOTEPHBIE  TEXHOJIOTMM  IO3BOJIAIOT — LIMPOKO  HCIIOJIB30BATh
MIPOTHBOIOXKAPHYIO Mponaraiay B ceTu VHTepHeT. YUuThIBas 3HAUUMOCTh 0OMeHa HHpopMaIien
B MHTEpHETE JJIs1 MOJIOA0r0 MOKOJIEHUS, TOIYePKUBAETCSI HEOOXOJMMOCTb IJIAHOMEPHOTO Pa3BUTHS
(coBepIlIeHCTBOBaHMUS) CIOCOOOB BEJACHHS MPOTHBOINOXKAPHOM MpomaraHabl IpU  [TOMOIIU
KOMIIBIOTEPHBIX TEXHOJIOTHH.

Cdepa mpoTHBONOXKAPHOTO HH(POPMHPOBAHUS AOKHA OBITh JUHAMUYHOW, IOCTOSIHHO
COBEPILLIEHCTBOBATh (POPMBI U METO/IbI, UCIOIH30BATH MHHOBAIIMOHHBIE CPEJICTBA.

B MYC Poccunm chopmMupoBaHbl pa3ivyHble METOJOJIOTUM IPOTHUBOMOXKAPHOTO
MH(OPMUPOBAHUS U MHOT000pa3usi UCIIONB3yEMbIX CPECTB, CIoco00B U npuemMoB. Ho addexTrBHOCTH
MO’KapHO-NIPO(UIAKTUYECKMX MEpPONPUATUN €Illeé HE OTBEYaeT COBPEMEHHBIM TpPEOOBAHUSIM.
BosbIIMHCTBO MeponpHsTUH HampaBieHbl Ha pPa3pabOTKy CHUCTEM, pEearupyrouMx Ha MoXap
Y Ha 3BaKyallly U3 FOpsIIEro 00beKTa 3alUThI.

[To HameMy MHEHUWIO, IJIABHBIM HEIOCTAaTOK — OTO HEIOOLEHKA pOJIM WM 3HAYCHMUS
IIPOTUBOMNOXKAPHOTO HMH(POPMUPOBAaHUS HaceleHUuss B oOmiell cucrtemMe OXxpaHbl OOBEKTOB
OT MO0KapoB, OTCYTCTBHE CHCTEMHOIO IOAXOAAa K OpraHu3alliy NponaraHibl, HEIOCTATOYHOE
¢buHaHCUpOBaHuE »JTOW jedrenbHocTU. HHHOBamuonHble uzen B cdepe IIb He HaxomsT
TEXHUYECKOIO BOIUIOIIEHHS, a MHOIAA HMEET MECTO IIOJIHOE WIHOPUPOBAHUE CHUCTEMAM
0€30MMacHOCTH — TaK Ha3bIBa€MbIil «uenoBeueckuil pakropy. IlpoTuBonoxapHoe nHpopMUpOBaHHE
JOJDKHO TOOYX/aTh HacelleHHe He TOJBKO OCTOPOKHO, HO M T'PaMOTHO OOpaIiaThCsi C OTHEM,
Mpe0TBpalaTh BOSHUKHOBEHUE MOXKApOB, a B CIIyyae 3arOpaHuil HE JOMYCKaTh pPacIpOCTPaHEHU s
OTHS Ha OKPY’KAIOILUE CTPOCHHUSI.

OxunaeMoro pesyiapTaTa OT MPOMAraHAMCTCKOTO BO3AECMCTBHUS MOXHO JIOCTHYb, €CIH
MOJIEpaTOpy yAacTCs:

— 3aMHTEPECOBATh AYAUTOPHUIO;
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— M3JIOKHUTH IPOTUBOMOKAPHYIO MPOTMAraHay Tak, 9TOObI OHA MOJHOCTHIO BOCIIPHHUMAIIACH
ayauropueii [10].

['maBHOI OCOOCHHOCTBIO MPOTUBOIIOKAPHOTO MH(OPMHUPOBAHHS SIBIISIETCS TO, YTO OCHOBHBIM
YYaCTHUKOM CTAHOBMUTCS MHIMBUJ WU TPYIIa UHAUBUAOB. DTO SBISIETCS OCHOBOIOJArarOIIUM
B OpraHH3alUy 1aHHOM MpoduiakTHYecKoil paboThl, KOTOpask COACPIKUT:

— MHJIUBUIYAJIbHO-TUYHOCTHBIN TOJIXOI;

— MEXINYHOCTHOE OOIIEHHE;

— IIMPOKOE BOBJICYEHUE HAPOJHBIX MACC B IPOBOJIUMbBIE MEPOIIPUSATHS;

— 3MOLMOHAJILHO-1IIEHHOCTHOE HAMOJIHEHHUE TPOrpaMMBbI (plienI-MeponpusiTuii;

— BOCTPEOOBAHHOCTh B TBOPYECKOM pabOTE MPOTUBOIOKAPHBIX AHUMATOPOB;

— MHCLIEHUPOBAHUE U UMITPOBU3ALIMS;

— UTPOBOE HATIOJHEHHE MEPOIIPUATHI MPOTUBOIOKAPHBIM HHPOPMUPOBAHUEM.

OcCHOBHbBIEC HampaBJeHUsI, KOTOpPbIE IOJKHBI OTpaXaTbCsi B IUIAHAX MPOTHUBOIOXKAPHOU
Mpornaras/ibl:

— ¢opMHpOBaHHE y AayAUTOPHM IMO3HABATEIBHOIO HMHTEpeca K 0O0ECIEYeHHIO MOXKapHOI
0€301acHOCTH, CO3aHUE IPKOT0, OPUTHHAIBHOTO, SMOIIMOHATILHO HAMIOJIHEHHOTO CO/IEP KAHNUS;

— HCIIOJNB30BAaHUE PE3YyIbTATOB HAYYHBIX HCCIEJOBAaHUN B 00JaCTH HH(POPMAIMOHHBIX
TEXHOJIOTUH, TENaroruKu, MCHXOJIOTUH, Guionoruu, ¢Guiocopuu MO HUCHOIB30BaHUIO (hopm
MIPOTUBOMOXKAPHOTO UHPOPMUPOBAHUS;

— BOCIIMTAHKE I[EHHOCTHOI'O OTHOIIEHUA K 00ecneuyenuro [1b;

— WCMOJIBb30BAHKE AJIEMEHTA Pa3BJICUCHUS JJIsi IPOBEACHUS HEHABSI3YMBOW MPOTHUBOIIOKAPHOM
nHpopManuu;

— BOCIIUTATEIbHAs TPOPIIIAKTHYECKAsE pad0Ta CO MIKOJIbHUKAMU U CTYJIEHTAMU;

— TOMYJIAPU3ALUS ACSITSILHOCTH TIOKAPHBIX (DOPMHUPOBAHHIA.

Jns nobienust 3¢p(GHEKTUBHOCTH MPOTUBOMOKAPHOTO HH(DOPMHUPOBAHHS 1€IecO000pa3HO
MIPOBOAUTH PEryiisipHOe OOHOBJICHHE MJIAHOB JaHHOUM paboThl. [Ipyu OOHOBIEHUM CTaphIX M CO3AaHUU
HOBBIX IJIAHOB HEOOXOAMMO YUUTHIBATH:

— JOCTYIHOCTb U3JI05KEHHSI IPOTUBOIOKAPHBIX MEp AJI1 COOTBETCTBYIOLIEH IPYIIIIBL;

— HaJIM4KMe SMOLMOHAIBHOTO KOMIIOHEHTA;

— MEXJIMYHOCTHOE OOIICHUE U B3aMMOJICHCTBHE KaK MEXIY MOJEPATOPOM M ayJTUTOPHEH,
TaK BHYTPU TPYIIIL;

— BO3MOXXHOCTh MOJU(HKALIMN ¥ KOMITWIIMPOBAHUS PA3IUUHBIX BapHalliii IPOTHUBOIIOKAPHOTO
UH(OPMUPOBAHHUS.

CrenyronM  BaXXHBIM ~ aCMEKTOM  IMPOTHUBOIMOXAPHOTO HWH(GOPMUPOBAHUSA, KOTOPBIN
HEO0OXOJIMMO PacCMOTpPETh, ABISAETCS opranusanus urp. Urpa, Haxoxasmas ans cedsi MHOXKECTBO
chep NpUMEHEHHs, HE MOXET HE HCIOIb30BAThCSI TMPHU OCYIIECTBICHUH MPOTUBOIOKAPHON
npomnaradpl. rpa B pamMkax NpPOTHMBOIIOXKAPHOW MpoMaraHibl MOXKET OBITh HCIOIh30BaHA IS
TOTO0, YTOOBI HAYYUTH HACENICHUE:

— TOTpPYXasch B UTPOBOM MHUP U UTPOBBIE OTHOIICHMS, yOexkaaTh ceOs U APYrux Iroaei
B HEOOXOIUMOCTH COOJIIO/ICHHUS TPOTHUBOTIOKAPHBIX MEP;

— Oyay4uu CBOOOJHBIMH B UTPOBOM IPOCTPAHCTBE, OCO3HABATH HE TOJILKO CBOU OCOOCHHOCTH,
HO M YMETh BBICTpPAWBAaThb OTHOUIEHUS C OKPYKAIOIIMMH JIIOJABMH B YacTH BBINOJHEHUS
MIPOTUBOIIOKAPHBIX MEPOIIPHUATHUIA;

— OCMBICJIMBATh UTPOBOM OIIBIT, UCTIOJIB3YsI UTPY KaK MHCTPYMEHT CAMOITO3HAHUSI B 00J1acTH
MOKapHOU OE€30MaCHOCTH.

CoBepIlIeHCTBYSl TPOTHBOINOXKApHOE HHMOPMHUpPOBAHUE 3a CHUET YIYUIIEHHS CIOCOO0B
MOBBIIICHUST YPOBHS ASMOIMOHAIBHOW 3aWMHTEPECOBAHHOCTH HACEJCHUS B M3YUYCHHH OCHOB
MOKapHBIX 3HAHHM, TEM CaMbIM Oy/eT 3a/IeliCTBOBaH BaKHEUIITNN pe3epB COKPAICHHS KOJTUYECTBA
MOKapoB M OMNACHBIX NOCIHEACTBUNA OT HUX. JlaHHAas KpONOTJWBas, HaNpsHKEHHAsl, MOCTOSHHAs
pabora sBisercs ocHoBod IIb Oymymmx mokonenuii. KopeHHOe W3MEHEHHE IOIX0I0B
K TPOTUBOIMOXAaPHOMY HWH(GOPMHUPOBAHHWIO B COIHAIBHBIX CETAX, IEPECMOTP MPHOPHUTETOB
B CTOPOHY IPHUBIICYCHHS K ATOMY BUAY ACSITEIBHOCTU IMPEICTaBUTENEH TOOPOBOIHHON MOKApHOH
OXpaHbl ABJISAETCS OAHON U3 OCHOBHBIX 3a71a4 Ha ONuKaifiiee BpeMs.
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OBECIHEYEHUE NOXXAPHOM BE3ONNACHOCTHU
OBBEKTOB KYJbTYPHOI'O HACJIEAUA CPEACTBAMHA
MPOTUBOIOXKAPHOM IMPOMMATAH/IbI U OFYUYEHMUS

A.B. ®oMUH, KAHAWJAAT TEXHUYECKUX HAYK, podeccop,
3aCJIy’KeHHbIN pad0THHUK BbIcHIeH mKO0JbI Poccuiickoi @enepanum;
B.b. Maromenos.

Cankr-Ilerepoyprekmii yausepeurer I'IIC MUC Poccun

IMpuBeneH aHaNM3 MPABOBBIX M OPraHU3AIMOHHO-TEXHHUYECKUX ACIEKTOB CHCTEMbI OOECIeYeHHUs
MOXKapHOW 0€30MacHOCTH OOBEKTOB KYJBTYPHOIO Hacieaus. PacCMOTpEHbI Mephbl IMPOIAraHIuCTCKOrO
1 00ydYaromero Bo3aAeHcTBHS Kak 3(h(HEKTUBHOTO cpe/cTBa (HOPMUPOBAHUS Y COTPYIHUKOB U MOCETHTENCH
OOBEKTOB KYJBTYPHOTO HACJIEIUsl I10Kapo0e30MacHOr0 TOBEICHUS, BHEJIPEHHWE B CO3HAHHE JIFOJICH
CYIIIECTBOBaHUS MPOOJIEMbI TI0KapOB, FTOTOBHOCTH MPABUIIBHO JICHCTBOBATh B Cilydae OmacHOCTH. [Ipensioxen
KOHIENTYaJIbHBIM MOIX0J K OOECIICYCHHIO MOYKApHOM 0€30MacHOCTH OOBEKTOB KYJIbTYPHOIO HAC/CIUs
yepe3 MpPU3My HCTOPHOTpPaguU KyJbTYPHOTO IPOCTPAHCTBA Ui TOBBIIICHHUS YPOBHS 3alUIICHHOCTH
HaceJeHUs, MaTepHAIbHBIX M KYJIbTYPHBIX IeHHOCTeH. I[lokazaHo, uTo oOpalieHme K CHCTeMe 3HAHUH
B cdepe moxapHOU 0e30MaCHOCTH OOBEKTOB KYJIBTYPHOTO HACIEIUS SIBISICTCS] BaKHEUIIINIM B COXpPaHECHUU
APXUTEKTYPHBIX KOMILIEKCOB — OOBEKTOB KYJIBTYPHOTO HACNIEIus, OHO (pOpMHpPYET LEI0CTHOE, 00BhEMHOE
¥ MHOTOT'PaHHOE MTOHUMAaHUE MPOOJIeM U TIEPCIICKTUB Pa3BUTHS JAHHOM OTPaCcTH 3HAHUU.

Kniouesvie cnosa: cucrema TOXapHOW 0€30MaCHOCTH, OOBEKTHI KYJIBTYPHOTO Haciemus,
MIPOTUBOIIOKAPHAS MPOTIaraH/ia, 00y4eHre, CTATUCTHKA IT0KapOB
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HccnenoBanusi TpexBEKOBOTO MEPUOAA OXPaHbI KYyJIbTYpPHOro HacineAaus Poccuu mo3Boiuiu
OCMBICIIUTB MPOLECCHl MHCTUTYLIMOHAJIBHON JUHAMUKH OpraHU3allMK MOKapHOU oxpaHsl B Poccun:
(dbopMHUpOBaHHE OXPAHHOTO 3aKOHOJATENbCTBA, CO3/JaHHUE TOCYJAPCTBEHHOH OXPaHUTEIBHON
CUCTEMBbI, BBIPAa0OTKM OCHOBHBIX METOJAMYECKUX MPHUHIIUIIOB OXpPaHbl OOBEKTOB KYJIbTYpPHOTO
nHacneausa (OKH). KmroueBbIM KOHIENTOM B HCTOpHOTpadUU NAHHONH TEMBI SIBISIETCS TOHSTHE
«coxpaHeHHe 0ObEKTOB KyJIbTYpHOTO Hacimeaus» [1].

YpoBeHb OMacHOCTH TPArMyecko ruOenu JoJed W yTpaThl MMYIIECTBA IMPU MOXKape
BO MHOIOM 3aBHCHUT OT HCTOPHUYECKHX IEpPUOJO0B, Teorpaduyeckoil (peruoHabHOI)
Y HALIMOHAJIBHON OCOOCHHOCTEW yKJaja o0IIecTBa, SKOHOMHUYECKUX U 00pa3oBaTEeIbHBIX YPOBHEH
HaceJIeHUs, TEXHUKU U TEXHOJOTUNA MPOU3BOJCTB.

MupoBasi CTaTUCTHKA KOHCTAaTHPYET OoJiee TPeX MULIUOHOB IMOKAPOB, B KOTOPBIX THUOHET
6ombiie 20 Thic. yenoBek exeroqHo. Oxoso 50 % moxapoB MPOMCXOAMT B 3AaHUSIX U HA TPAHCIIOPTE,
Ha Hux xe npuxomutrcs 90 % Bcex xeprtB. Ilo mupoBeIM mnokaszatensM Poccus 3aHumaer
«BeIyIIMe» MECTa, a TMOelb JIIoJIel Ha MoKapax Mo aOCOJIIOTHOMY 3HAYEHHIO HAa OJWH MUJUTMOH
YeNIOBEK M OJIHY THICAYY TIOXKApOB YXKe JaBHO OOOTHajla MHOTHE pa3BUTHIE CTPAHBI MHUpA.
KonuyecTBeHHbIE aHHBIE MO YUCITY YEJIOBEUECKUX KEPTB B PE3yJbTaTe MOXKAPOB COIMOCTABHMBI
C oOmMMU TOTEPSMU OT MPECTYIMHOCTH BCEX MHBIX BUOB, 2 MAaTCPUAIBHBIN yIIepd OT MOXapoB
B TBICSYM Pa3 MIPEBOCXOAUT NPUUYUHEHHBINA BCEMU UHBIMU MPECTYIUICHUSIMU UMYILIECTBEHHBIHN Bpen [2].

B coBpemennoii Poccuu obecnieuenre HeoOX0IMMBIX TPeOOBaHUI TTOKAPHOH OE30IMACHOCTH
(TTB) stBasieTcst MpeAMETOM 3a00ThI BCEX OPraHOB BIIACTH TEPPUTOPHATBHBIX 00pa30BaHUII U OPraHOB
MecTHOTO camoynpasieHus Poccutickoit deneparmni [3].

Uctopust ¢ moxapom B CobGope Ilapmwxckoit boromarepu mnotrpsicia Bech MUP, Belb
B pe3yJbTaTe ToKapa IMOCTpajal apXUTEKTYpPHBIH IeAeBp, Bo3BeneHHBIM B 1163 r. Curyamus
BHOBb BCKOJIBIXHYJIa Bompoc: kak B Poccum obcrost nema c opranuzanuein 16 oO0bexToB
KYJIBTYPHOTO HACIICIHS?

OKH (maMsITHUKH UCTOPUH U KYJIbTYPhI) MPEACTABISAIOT COOON YHUKAIBHYIO LIEHHOCTD IS
BCEr0 MHOTOHAIIMOHAJIBHOIO Hapoja Poccuiickoi denepannu U SBISAIOTCS HEOTHEMIIEMOU YaCThIO
BCEMHUPHOI'O0 KyJbTypHOro Hacinenus [4]. KiroueBbIM KOHLIENTOM JIaHHOW TEMBI SIBIISETCS
MOHWMAHHUE TOTO, YTO CHCHH(HKA KYIbTYPHOTO HACIEAHs HEBO3MOKHA 0€3 OCMBICICHUS CaMOTO
(heHoMeHa KyIbTyphI M KYyJIbTYpHOU MaMSITH.

OKH B mMaccoBoM MOpsIIKE MOCEMIAI0T TYPUCTHI, CIIEOBATEIHHO, B TPUOPUTETE HAXOIUTCS
0€30MacHOCTb JIFOJIEH B cllydae mokapa, U UMEHHO TH BOMPOCHI ClIEAyeT MOJAPOOHO paccMaTpUBaTh
¢ Touku 3peHus ooecnieuenus [1b B mpouecce sxcrutyaranuu [S5] . OCOO€HHO cieayeT UMETh B BULY
OOBEKTHl KYIbTYphl (KapTUHHBIC Taleper, MY3€H, KYJIbTOBBIE 3[aHUS, J>KUIbIE U HEKUIbIE
CTapUHHBIC 3/IaHUS, OXpaHAEMbIE TOCYAAPCTBOM), OTJIMYAIONIMECS PA3JIUYHON CTEHEHBIO
OTHECTOMKOCTH, KJIacCOM KOHCTPYKTHUBHOM TMOXAapHOM OIMAacHOCTH, KiIaccoM (yHKIHMOHAIBHOMN
MO’KapHOM OMAacCHOCTH, Pa3IMUYHBIMUA O0BEMHO-TNIAHMPOBOYHBIMH PEIICHUSIMH, a TaKKe MaTepralaMu
u koHCTpykuusimu. [lostomy coxpanHocts OKH (HmamMsSTHHKOB HMCTOPUU U KYIbTYpbl) HapoI0OB
Poccuu oT paznuyHBIX BUIOB OMACHOCTEN OCYIIECTBISIETCS B MHTEPECaX HACTOSAIIETO W OYIyIIero
IOKOJICHM MHOTOHalMoOHaabHOro Hapoaa Poccuiickoit denepanum.

['ocynapcTBeHHas oxpaHa 0ObEKTOB KYJIBTYPHOTO HACIIEIUS SIBIISIETCS] OTHOM U3 MIPHUOPUTETHBIX
3a7a4 OpraHoB rocynapcTBeHHOW Biactu Poccuiickoit Penepannu, OpraHoB TIOCYAAPCTBEHHOU
BiacTu cyobekToB Poccuiickoit denepannu U OPraHoB MECTHOTO caMmoympasieHus. OoecrnieueHne
I[Ib 00BEKTOB KyAbTYpHOTO HACIEAMs] TAaKKE€ OTHOCHTCA K OJHOW W3 BaKHEUIINX (QYHKIUN
rocyJ1apcTBa.

B mensx 3amuThl KU3HU U 3I0POBbSl TPaXKIaH, COXPAaHHOCTH OOBEKTOB KYIbTYpPHOTO
Hacjeausi OT TOXKapOB JOJDKHBI OCYIIECTBISATHCS MEPOINPHUATHS TEXHUYECKOTO PETyIUPOBAHMUS,
ycTaHaBnuBaroiue ooOme TpedoBanus [1b k 3MaHUAM U COOpPYKEHHUSM OOBEKTOB KYJIHTYPHOTO
Hacienus [6].

Ha xaxngom OKH co3maercs cuctema oOecriedenust [Ib, 1menbio KOTOpoi sIBIsieTCS
MpeA0TBpaIlleHNe ToXKapa, ooecrneueHne 0e30MacHOCTH JIF0/IeH U 3allliTa UMYIIECTBa MPHU TOXKape.
Cucrema moxapHOil Oe3omacHOCTH OOBEKTa KyIbTYpHOTO HAcienus IOJKHA 00ecrednBaThCs
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CUCTCMaMU NPCAOTBpAIlICHUSA I1OXKapa, HpOTHBOHO)KapHOP'I 3alllUThI, B TOM YUCJIC OPTraHU3allMOHHO-
TEXHUYECKUMU MEPOIPHUITHIMH.

Cucrema TpeqOTBpAIICHHS IMOXapa MTPEACTaBIsIeT COO0M KOMIUIEKC OpraHU3allMOHHBIX
MEPOMPUATHA M TEXHUYECKHX CPEACTB, HUCKIIOYAIOUIMX BO3MOXKHOCTH BO3HHKHOBEHHMS MOXKapa
Ha OKH.

CucremMa MNPOTUBOMOXKAPHON 3alIUTHl — KOMIUIEKC OPIraHU3AIMOHHBIX MEPONPUITHIA
U TCXHUYCCKUX CPCACTB, HAIIPABJICHHBIX HA 3allIUTYy JIIO[[efI 1 UMYLICCTBA OT BOBIIGfICTBPISI OIIaCHBIX
(dakTopoB moxapa u (WIKM) OrpaHUYECHUE MOCIEICTBUN BO3JCUCTBUS OMACHBIX (PaKTOPOB IMOXKapa
Ha 00BEKT KYJIbTYPHOTO HACJIEIUA.

Ha pucyHke mpuBeieHa CTPyKTypHasi CXeMa CHCTEMbl OOecledeHHs] I0XKapHOM
6e3omacnoctu OKH.

Cucrema
OpeIoTEpPALNe N
no:Eapa

OoBekTHI
KVJILTVPHOIO
HAaCTeTHA

OpraEnzannoHEHO -
TeXHHYecKHe
MepOnpHATHA

Cucrema
NpPOTHEONO:KAPHOI
3AM[ATEI

Puc. Cucrema odecnedeHHs MOKAPHOIi 6€30MACHOCTH 00BEKTA KYJbTYPHOT0 HACIEAUS

OpraHu3allMOHHO-TEXHUYECKUE MEPONPUATHs 10 00ECIEUEHUIO MOKapHOW 0e30MmacHOCTH
OKH Bxrouaror [7]:

— OpPraHM3alMIo MOKAPHOW OXpaHbl, OPTaHU3ALNIO0 BeIOMCTBEHHbIX c1yx0 I1b;

— IpHUBJIEYEHHE 00IIECTBEHHOCTHU K BorpocaM obecrnieueHus 11b;

— opraHuzauuio o0ydeHus paboratommx Mmepam [Ib Ha mpou3BojacTBe, a HaceleHUs —
B MOpPSJKE, YCTAHOBJICHHOM HOPMAaTUBHBIMU JIOKyMeHTamu 1o IIb cooTBeTcTBYyIONMX 00BEKTOB
npeObIBaHMs JIIOAEH;

— pa3paboTky M peanuzauuio HopM u mnpaBui [1b, uHCTpykumii o mopsiake oOparieHus
C MO’KapOOMAaCHBIMHM BEIIECTBAMU M MaTepualaMu, 0 COOJIIOACHUH NMPOTUBOMOKAPHOIO pEXKUMA
B JICUCTBUSIX JIIOJEN IPY BO3SHUKHOBEHHH 110XKapa;

— M3TOTOBJICHHE ¥ TPUMEHEHUE CPEACTB HATJISIHON aruTanuu mo ooecneuenuro [1b;

— HopMHpoBaHKe uncieHHocTu moaeit Ha OKH no ycnoBusiM 6€30macHOCTH X MPH MOXKape;

— pa3paboTKy MepOoNpUITHH MO JEHCTBUSIM aJMUHUCTpAIMH, pabo4yuX, CIIyXKallux
Y HaceJIEHMs Ha Clly4ail BOSHUKHOBEHMS 0YKapa U OPraHU3alMIo0 BaKyalluu JTIOEH;

— OCHOBHBI€ BH/IbI, KOJINYECTBO, pa3MEIIEHUE U 00CITy)KMBaHUE MTOKAPHON TEXHUKH.

Cucrema obecneuenust I1b oObekTa KyJIbTypHOTO Hacienuss B 0OS3aTENILHOM IOPSIKE
JOJDKHA — COAepXaTh KOMIUIEKC MEpPONPUSTUM, HCKIIOYAIOUIMX BO3MOXHOCTh IPEBBIIICHUS
3HAUEHUHN JOIYCTHUMOIO IOYKapHOIO PpUCKAa M HANpPABIEHHBIX Ha MPEJOTBPAIIEHHUE ONACHOCTU
MIPUYMHEHUS Bpella TPEThUM JIMLAaM B pe3yjbTare moxapa [6].

C1o>xHBII MHOTOYPOBHEBBIN XapakTep cucTeMsbl 1o obecrieueHnto [1b 00beKTOB KyIbTYpHOTO
Hacleausi COAEPXKHUT 3aKOHOAATEIbHO  YCTAHOBJIEHHBIE  OpPraHU3al[MOHHBIE  MEPONPUSITUS
U TeXHHUYECKHUe cpeactaa [8]:

— obecreynBaromye ri1yooko ryMaHHbIe e (MUHUMHU3ALHUIO TIOXKApHOM OMacHOCTH, YTPO3
ot orHs, coxpanenne OKH u ucropuueckux 1ieHHOCTEN);
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— BBIMOJHSAIONINE KU3HEHHO BAaXKHBIE JJIs1 OOIECTBA, €ro CTa0MIBLHOTO BOCIIPOM3BOICTBA
byHKIHIH.

Crenyer akIieHTHpPOBaTh BHUMaHUe Ha GopMHpOBaHue y paboTHUKOB U mocetuteneit OKH:

— KynbTypsl 11B;

— crienu(pUUeCcKruX HEHHOCTHBIX YCTAHOBOK B MX CO3HAHHH;

— IIPOTUBOIIOKAPHOM CaMOOPIaHU3alNH;

— COLMAIBHOIO IPOTUBOMNOXKAPHOTO TIOBEICHUS.

[Toxxapuas 6e3omacHocts OKH 3aBUCHT OT ypOBHS MPOTHUBOIOXKAPHON CaMOOpraHU3aIluu
U COLIMAJIBLHOTO MOBEACHHUS ITOCETUTENEH.

Cucremsl obecrieueHusi [Ib 00BEKTOB KyJIbTYpPHOIO HACHEIUSI COCTOAT U3 HEOOXOAMMBIX
CpPEeJICTB, HAMPABJICHHBIX HA MOXAPHYIO0 0€30MacHOCTD [9].

[TpoTuBONOXKapHas MponaraHjaa sBJISeTCs CpeICTBOM MH(DOpMUPOBaHUs O0IIECTBA O MYTAX
obecrieuenuss [Ib, ocymecTBinsiemas uepe3 CpeAcTBa MaccoBOM HWHGOpPMAalUU, MOCPEICTBOM
U3JIaHUS U PACIIPOCTPAHEHHs CIICLUAIBHON JMUTEPATYpbl U PEKIAMHOM IPOAYKIIHMH, ITPOBEICHUS
TEMaTUYECKHX BBICTABOK, CMOTPOB, KOH(EpPEHLUMH M HCIONb30BAHUS APYIHX, HE3ANMPEIICHHBIX
3akoHojartenbcTBoM  Poccuiickoit  ®epepaunu  dopM  HHGOPMHPOBAHHS  HACEJICHUS.
[IpoTuBoONO)KapHYIO IIpOIIAran 1y MpoBOJST OPraHbl FOCYAAPCTBEHHOM BJIacTH, (peiepalIbHbII OpraH
UCIIOJIHUTEILHON BJIACTH, YIIOJIHOMOYCHHBIH Ha perieHue 3amad B obmactu [1b (MUC Poccun),
OpraHbl MECTHOTO CAaMOYIPaBJIE€HUS U opranuzauuu [3].

OO0yueHue MepaMm MokapHoi 0€30MacCHOCTU NPECTaBIsIET COO0N OpraHN30BaHHbIHN MpolLece
mo (GopMHpOBaHWIO 3HAHWI, YMCHHIA, HABBIKOB Tpa)<JIaH B 00JacTH OOECHEYCHHUs MOKapHOH
0e30macHOCTM B cHcTeMe OO0mIero, Mpo(ecCHOHAIBHOTO M JIONOJIHUTEIBHOTO OO0pa30BaHMs,
B IIPOLIECCE TPYIOBOM U CIIyKEOHOI 1eATeNbHOCTH, a TAKXKE B OBCeAHEBHOM xu3HU [10].

OOyuenue mepam [1b nui, ocylIECTBISIOMMX TPYJOBYIO WM CIIY>KEOHYIO JEATEbHOCTh
Ha OKH, npoBoguTcsi 1o mnporpaMmaM HIPOTHUBOIOXAPHOIO MHCTPYKTaXka M (WJIM) IOXKapHO-
TEXHUYECKOI0 MUHUMYMa.

[Topsinok, BUIBI, CPOKM OOYYEHHS JMI, OCYLIECTBIISIIOIIMX TPYAOBYIO WU CIYXEOHYIO
nesrenbHocTh Ha OKH, wmepam IIb, a Takke TpeOoBaHUS K COAEPKAHMIO MPOTrpaMM
JOMOTHUTEIBHOTO  MPO(PECCHOHATBHOTO  00pa3oBaHMs  (IIPOrpamMM  IMOKaPHO-TEXHHUYECKOTO
MUHHMYMa), IOPAJIOK UX YTBEp:KJIEeHUs U corsacoBanus omnpenenstorcs MUC Poceun [11].

B 3aBucuMoct oOT BHaa peanusyeMoil mporpammbl o0yueHus wmepam IIb  swm,
OCYIIECTBIIAIOUIMX TPYIOBYIO WIH CITykeOHyt0 nedrenbHocTh Ha OKH, mpoBoauTcst HenocpeacTBEHHO
M0 MeCTy paboThl M (WJIM) B OpraHU3AIMIX, OCYIIECTBIISIONIUX 00pa30BATEIbHYIO JEATEIHHOCTD.
PykoBoautenn OKH 006s3aHbl IPOBOJUTH MPOTUBONOXKAPHYIO MpoHaraHay, o0ydaTb CBOMX
pabotHukoB mepam I1b.

BaxHoll OoTIMUYMTENbHON OCOOEHHOCTBIO CTAl0 TIOBBIIIEHHE PETHOHAIBHOTO YPOBHS
IIPOLIECCOB MOJATOTOBKU U MpoBeaeHus meponpustuil no I1b u BepeHuro 60pbObI ¢ MoKapamu.
OpHako B permoHax MMEET MECTO NPETEH3MH OPraHOB IOCYAAPCTBEHHOIO I0KapHOrO Haa3opa
MUYC Poccun x OKH. Bompoc coxpanenuss OKH craHoBUTCS HE HpPOCTO «aKTyaJbHBIM,
HO U KpaiiHe HeoOXoAuMbIM» [4].

Yame Bcero MMEHHO 4eJIOBEK BMHOBAT B BO3HMKHOBEHHUH IOKapa, TO €CTh Y BUHOBHUKOB
MOKapOB MOHIKEHHAs! COlMaIbHas OTBETCTBEHHOCTD Nepe] 001ecTBOM, Iepes] uctopuei. B uncio
MHTEPECOB POCCUSH M3HAYAJIbHO JOJDKEH BXOJUTh «HMCTOPUYECKUN MAaTPUOTH3M K KYJIbTYPHOMY
HaCJIe/IUI0», yeM OOJIbIIe JII0AeH OXBAaYeHO 3TUM YYBCTBOM, TE€M Sipue MPOSIBIISIOTCS COLUANIbHBIC
POJIU IO OTHOIICHHUIO K KU3HEJEATEIIbHOCTH O0BEKTOB KYJIbTYpHOTO Hacinenus. [Ipu 3ToM uyyBCcTBO
JOCTaTOYHO MPOSABIATH HA SMOLMOHAJIBHOM YPOBHE M acCOLMHUPOBATH Ce0si C MOJIHOIMPABHBIM
YICHOM KYJbTYPHO-HCTOPHUUECKOTO PETHOHAIBHOTO coo0miecTna [2].

Takum 00pa3oM, «MCTOPUYECKUH MATPHOTH3M K KYJIbTYpHOMY HACIEIHIO» Y POCCHUSH
3aKJII0YAeTCs B IUAJEKTUYECKOM €MHCTBE HHTEPECOB JINYHOCTU U KYJIBTYPHOTO COLIUYMA.

YuuTeiBas BBIMIEU3I0KEHHOE, NPEUIaracTcs MCCIEA0BaTh TUIOTE3y [0 IponaraHjie
CUCTEMBbI TOKapHOW O€30MacHOCTH CKBO3b MPHU3MYy COLMAIBHBIX M JMYHOCTHBIX acrnekToB IIb
00BEKTOB KYJIbTYPHOTO HACIIEIHS.
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[Ib 00BEKTOB KYJIBTYPHOTO HACJeIus pacCMaTpHUBAaeTCs, MPEXKIe Bcero, kKak «hopma
cymectBoBanus u coxpaHeHuss OKH B co3nanuu xuteneil u rocrei», «mokapHas 0e30macHOCTh
OKH, oroOpakeHHass CO3HAaHHEM», «OBITHE OOBEKTOB KYJIBTYPHOTO HACIEAUS B CO3HAHHUU
€€ COTPYAHUKOB M xutenei». MMeHHo coumonornyeckuil B3risg Ha cucremy IIb mosBomser
uccienoBarb (QyHKIUOHUpoBaHHEe u coxpaHHocTh OKH depes mpusMy CONMATbHBIX TPYIII
Y TIPUKJIAJTHBIX aCTIEKTOB OOLIECTBEHHOMN )KU3HEAEATEIbHOCTH.

Takass TOCTaHOBKa WCCJEIOBAHMS TO3BOJSIET OT Y3KOTEXHMUYECKOTO JETEePMUHHM3MA
COCPEOTOYUTHCA HA IICUXOJOTMYECKOM JeTepMuHHM3Me. llcuxonmornueckuii JaeTepMUHU3M
OCHOBBIBACTCS Ha Cpelic OOWTAaHWs YEIIOBEKa, B TOM YHCIIE HMCTOPUKO-KYIbTYpHOW 0OCTaHOBKE
O00BEKTOB KYJIbTYPHOTO HAaCIEAMsl, O] BIUSIHUEM KOTOPOM U MPOUCXOIUT Pa3BUTHE U CTAHOBIICHUE
JIMYHOCTH ITIOCETUTETIEH.

HNmenno B nanHO# cpefe co3naercs hopma cymectBoBanus u coxpaneHuss OKH B co3nanun
JKUTEJIEU U TOCTEN.

JlaHHBIN MOAXOJ MMEET OTIUYUTEIbHYIO OCOOEHHOCTH B TOM, YTO JIFOJM MOTYT TPATHUTh
CBOM JIyXOBHBIE CHJIbI HE TOJBKO Ha aJIallTalluI0 K OKpYKarollel cpejie, HO U Ha MPOTUBOCTOSIHHE.
OTU AETePMHUHAHTHI MOPOKAAIOT U HOPMHUPYIOT YPOBEHb UCTOPUKO-KYJIBTYPHOTO OBITHS, YPOBEHb
pa3BuTus mocetutenei [12].

[TonnmaHnue 3HaYEHUS KYyJAbTYpPHOTO HACIEAUS U TOTO, YTO THOEIh €ro OObEKTOB SBIIAETCS
0e3BO3BpaTHOM MOTeped Uil UUBUIM3AIUU, CIOCOOCTBOBAJIO B IOCICTHUE JCCSITHIICTHS
aktuBmzanmu  gestenbHoct OOH u KOHECKO B obnactu pa3paboOTKH  MEXKIYHAPOIHBIX
HOPMAaTHUBHO-TIPABOBBIX aKTOB, HAIIPABJIEHHBIX Ha OXpaHy BceMHpHOro KyabTypHOTO W MPUPOTHOTO
Hacnenus [13].

V nocerureneit hopMupyeTcs «mokapHas 0€30MacHOCTh 00BEKTOB KYJIBTYPHOT'O HACIICINS,
OTOOpaKeHHAsi CO3HAHUEM» U «ObITHE OOBEKTOB KYJIbTYPHOTO HAcleOuss B HUX CO3HAHUNY.
N3yuenne oOTOENbHOTO HMHAMBUAYYMa B CpeAe OOBEKTOB KYJIBTYPHOTO HACHEIUsl IO3BOJIMIO
BBISIBUTH OTallbl Pa3BUTUS COIMYMa M JIMYHOCTH, pPa3padoTaTh KOHIEMLUU, OOBSICHSIOIINE
JIOTUYECKHE B3aUMOCBsI3U MexXay [1b u mpuurHamu, BI3BaBIIUMHU TTOXKAPHI.

[Ipennaraemplii HETPaAMIIMOHHBIA CIIOCOO HCCIENOBATh MPUBBIYHBIC, YCTOSIBIIMECS
npoGsiems! [1b depe3 GyHKIMU CONManbHON )KHU3HEOOSCTICUNBAIOIIEH CHCTEMBI, OTKPHIBACT HOBBIC
peaiui M 3acTaBliseT MHA4Ye, C HOBBIX IMO3UIUN PACCMOTPETh CHUCTEMY MOKapHOW 0E30MacHOCTU
00BEKTOB KYJIbTYpHOT'O HACJEINs, PACIIMPUTh IPAHULIBI B ee aHanuse [13].

Uccnenoanne [1b 00beKTOB KymbTypHOTO HACieIus B KadecTBE (DYHKIMU COIHAIBHOMN
HMCTOPHUKO-KYJIBTYPHOU CHUCTEMBI MO3BOJISIET TJIYOKE MOHSATH €€ POJIb U TMEPCIEKTUBBI COXPAaHEHUS
s notoMkoB. Y mocerutenedt OKH ¢ momomipio coluanbHBIX MEpOnpHsITHil (popmupyercs
Heo0XoMMasi CBOOOTHAsI OpUEHTAIIMS B MPaBWIIaX U MexaHu3Max (yHKIIMOHUpoBaHuUs cucTembl [1b.

PesynpraTamMu peanuzanuu MNpeIioKEHHOTO KOHLENTYaJIbHOTO MOAXO0Ja K COXPAHEHHIO
OKH ot moxkapoB uepe3 mpu3My HCTOpUOTpaduu KyJIbTYPHOTO MPOCTPAHCTBA JIOJKHBI CTaTh
MOBBIIICHUE YPOBHS 3aLUIIEHHOCTH HACEJICHUS], MATEPUATIbHBIX U KYJIbTYPHBIX LICHHOCTEH.

3nauenue OKH wuenoBeuecTBa Jisi HBIHEIIHUX W TOCIEAYIOUIMX MOKOJEHUH TPYyIHO
MepeoreHUTh. MOXKHO BBIJICIUTH OCHOBHBIE IPUUYUHBI, TI0 KOTOPBIM KYJIbTYPHOE Hacieaue Tpedyer
MEXIyHapOAHO-TIpaBOBOM oxpaubl. [Ipexae Bcero, 00bEKTh MOTYT JaTh YHHKAJIbHYIO HAYYHYIO
nH(pOpMaIHIo (MCTOPUIECKYIO, APXEOIIOTUYECKYIO, ITHOTpAQUIECKYI0, TEXHUUECKYIO U Jp.); KpoMe
TOTO, OOBEKTHI OTKPBHIBAIOT MEPCIIEKTUBHBIE BO3MOXKHOCTH IS 00pa30BaTENbHBIX, COIHAIBHBIX,
SKOHOMUYECKUX U TYPUCTUUYECKUX ITPOTrPAMM.

B mocnennee BpeMsi KyJIbTypHOMY HACJCAHIO YIPOXKAeT Bce OOJbIIee YHHUYTOXEHUE,
BBI3BIBAEMOE PA3TMYHBIMUA NPUUYUHAMH. DBOJIOLMS COLUATBHOM, MOJIUTUYECKONW, SIKOHOMHYECKOU
Y PEIUTHO3HON JKU3HU YEJOBEYECTBA HETAaTUBHBIM OOpPa30M CKa3bIBA€TCA HAa COXPAHHOCTH €T0
00BeKTOB. [[71s1 coxpaHeHus: 00BEKTOB | €ro Mepenadn OyIyIuM MOKOJICHUSIM TPeOyeTcss KOMIUIEKC
3¢ (PEeKTUBHBIX MPABOBBIX MEp, B TOM YHCIIE MEXKIyHapoaHoro xapakrtepa [14]. B Poccwuiickoii
Qenepauu ¢ €€ MHOIOBEKOBOW ucTOpuell coxpaHwiuch MHorouuciaeHHsle OKH. Ilepexon
OT TIOHSITHS «ITAMSITHUKH UCTOPUM» K TIOHATHIO «OOBEKTHI KYJbTYPHOTO HACJIEIUs» O0YCIOBICHO
MMO3UTUBHBIMU U3MEHEHUSAMHU MOJX0JI0B K UCTOPUKO-KYJIbTYpHOMY Hacieauto B Poccun B XXI B.
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He wmeHee 3HauMMbIM B paMKax NPOBEACHHOTO WCCIIEAOBAHUS SBISETCS 00O0OIICHHE
MHOXecTBa croco0oB coxpaHeHuss OKH. Hecmorpss Ha cXoxue METONbI, B Pa3HBIX CTpaHax
M0-pa3HOMY pEIIAIOT JaHHYI TpolOiieMy. «[ JaBHOW TEHACHIMEW MpPH COXPAHCHHH OOBEKTOB
KYJIbTYPHOI'O HAacJE€AUs SIBJSETCS MPUBJICYEHHUE JIEHEKHBIX CPEICTB YaCTHBIX WM HOPUIMYECKUX
JIUI, TaK KaK MIPUBBIYHOE BCEM CO3J]aHUE MY3EHHBIX KOMILJIEKCOB Yallle BCErO HE OKYMAET 3aTpaThl
Ha PECTAaBPALMI0 M PEKOHCTPYKIUIO. Eciyu paHblle oXpaHa KyJIbTYpHOTO M HCTOPHYECKOTO
HacjeAusl CBOJMJIACH K OXPaHE OTAENbHBIX BBIAAIONIUXCS MAaT€pUAIbHBIX MaMSTHUKOB, TO HOBBIC
MOAXOAbl K OIPEACIICHUIO TOHATHS KYJIBTYPHOTO M HMCTOPHUYECKOTO HACIEAUs M €ro OxpaHe
IIPEATIOJIAratoT:

—IepexoJl OT OXpaHbl OTAEIbHBIX OOBEKTOB K OXpaHE TOPOACKUX JaHAmAadTOB,
BKJIFOUAIONUX KaK BBIJAIONIMECS MaMSATHUKUA HAcleAusi, TaK U OOBEKTHl PSIOBOU 3aCTPOUKH,
a TaKoKe MPUPOAHbIE JTaHAMADTHI, UCTOPUUYECKH CIIOKUBILIUECS MYTH;

—TepexoJ] OT OXpaHbl TOJbKO BBIIAIONIMXCS MMAMITHUKOB K OXpaHE HCTOPUYECKOMN
3aCTPOUKH, OTpaxaroliel 00pa3 KU3HU PAIOBBIX TOPOKAH;

— IIepeX0J] OT OXPaHbI TOJIbKO MAMATHUKOB CTAPUHBI K OXpaHE MaMITHUKOB XX B.;

— aKTUBHOE ydacTHe OOIecTBa, M MPEXKIE BCETO MECTHBIX JKUTENEW, B COXpaHEHUU
KYJIbTYPHOTO HAcCJeIUs U €ro HHTETrpalid B COLMAIBHYI0O M SKOHOMHUYECKYIO KH3Hb TOpoja
(«BHTAIH3AITUNY);

— MHTETPAIUIO HACJIEMSI B TIOBCEAHEBHYIO KHU3Hb TOPOJIa U MPEBpaIleHUE €€ B HEOThEMIIEMBbIi
1 00s3aTEeTIBHBINA AIEMEHT.
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HHO’KAPHAS BE3OITACHOCTD HA TPAHCIIOPTE
N OBBEKTAX HH®PACTPYKTYPbI

WH>XEHEPHBIE METO/IbI OHEHKH OIHECTOHUKOCTH
CTPOUTEJIbHBIX KOHCTPYKIIUHU

A.A. Ky3bMHH, KAaHAUIAT NeIaroru4ecKuX HayK, 10LEHT;

H.H. PomaHOB, KaHAUAAT TEXHUYECKHX HAYK, TOLEHT.
Cankr-llerepOyprckuii yuusepeurer I'lIC MUC Poccuu.

E.B. lloneBuiukoBa.

I'naBnoe ynpasiaenue MYUC Poccun no Pecnniydsiuke Mapuii i

[pencrapneHa pacueTHas cXema, IO3BOJAIONIAS OICHUTh BIHMSHHUE Pa3MYHBIX TEMIIEPaTYPHBIX
PEKUMOB TIPH TIOXKape Ha OTHECTOHKOCTh CTPOUTENLHBIX KOHCTPYKIIMH U MPOU3BECTH pacueThl MapaMeTpoOB
TEMIIEPaTypHOTO TMOJs B HUX NPH pPA3IMYHBIX IapaMeTpax OTrHE3AIIUTHOTO IOKPBITHS, a TakKxke
rpagU94ecKrii METOJ OIIEHKH OTHECTOWKOCTH OrPaKIAIONIMX KOHCTPYKIMH IO TPH3HAKy Iporpesa
HEo0OorpeBaeMoi MOBEPXHOCTH 10 HOPMATHBHOM TeMIIEPaTYPHhI.

Kniouesvle crnosa: OrHeCTOMKOCTD, OTHE3AINTA, HECTAIIMOHAPHAS TEIUIONPOBOIHOCTD, TEMITEPaTyPHBIN
pexuM, KO3 QUIMEHT TEITOOTAaYH

JUis cTpOUTENbHBIX KOHCTPYKIUH, a TaKkKe 3AaHUN WM COOPYKEHHH BaKHBIM (PAaKTOpPOM
ABJISICTCA OTHECTOMKOCTb, TO €CThb CIIOCOOHOCTb CTPOUTENIBHBIX KOHCTPYKIHMM COXpaHSTh CBOU
paboune QyHKIMH O] JEHCTBUEM BBICOKMX TeMIieparyp moxkapa. OTHECTOHKOCTb CTPOUTEILHBIX
KOHCTPYKLIUH XapakTepuszyercs IpeaeiaoM oruectoikoctu. Ilox mpenenom OrHecToikocTu
(o mpu3HaKy MPOTpeBa KOHCTPYKIMK) MIOHUMAIOT BpPEMS, IO UCTEUYEHUH KOTOPOTO KOHCTPYKITUS
TepseT HECYIlyI0 MM OrpaxJarollyio crnocoOHocTb. Ilorepst orpaxkmaromeil crnocodbHOCTH
O3Ha4yaeT MPOTPEeB KOHCTPYKIWHU TPH IMOKape J0 TeMIepaTyp Ha HEOOOTpeBacMOil MOBEPXHOCTH
6onee yem Ha 140 °C B cpenneM unm Ha 180 °C B 000 TOYKE MO CPAaBHEHUIO C TEMIIEpaTypon
710 HaJasa moxKapa Wi 00pa3oBaHUE B KOHCTPYKIMH TPEIHH.

VYcnoBue noxapHoi 6€30MacCHOCTH MPUMEHUTENBHO K CTPOUTEIBHBIM KOHCTPYKIHMAM OynieT
BBITIOJTHATHCS, €CIIH:

HTp < H(’p

3necy Il, — TpeOyemblil mpenen OTHECTOMKOCTH, KOTOPBIA YCTaHABIMBAETCS HOPMaMH JUIs
OCHOBHBIX 4YacTed 3maHuii u coopyxkeHuil; Il — dakTuueckuii mpenes OrHECTOMKOCTH
KOHCTPYKIUHU, ONPEAEIAEMBIN pAaCYETHBIM ITYyTEM.

Ilo mnpusHaky mporpeBa KOHCTPYKIMH TIpEAENl OTHECTOMKOCTH HaXOHAT IIyTeEM
TEILUIOTEXHUUYECKOro pacuera. lIpu 3TOM oOmpenensroT U3MEHEHHE TEMIEpaTypbl [0 CEYEHUIO
KOHCTPYKIIMH B NPOLECCE €€ HarpeBaHWs 0 CTaHJAPTHOMY TEMIIEpaTypHOMY pexuMy. B s3ToMm
ClIy4ae U3MEHEHHE TEMIIEPATYPbI CTPOUTEIILHON KOHCTPYKIIUU

t, =345Lg(8z+1) +t,

TemnoTeXHUYecKuil  pacueT  KOHCTPYKLIMH  TIPOBOAMUTCA HAa  OCHOBE  YpaBHEHHUS
teruionpoBogHocTd Dypbe, KOTOpoe XapakTepu3yeT H3MEHEHHE TeMIIepaTypbl B TBEPAOM Telle
BO BPEMEHHU U IIPOCTPAHCTBE.
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Jns OJHOMEPHBIX Tel W TP OTCYTCTBUM BHYTPEHHHUX HCTOYHHKOB TEIUIOTHI,
muddepeHnranbHOe ypaBHEHHE TEIIONPOBOIHOCTH MOXKET OBITh NMPEAICTABICHO B 001IeH opme:

a_ (o oa

N 4+ —
or ox> X OX

IZIe X — KOOpJMHATA Teja, KOTOPO MOXKET OBbITh M painyc IIINHAPA WK 11apa; @ — MOCTOSIHHOE
YHCJI0, paBHOE!
— st wiactuael @ = 0 (X = X), cineqoBarenbHO (1) IpUHUMAET BUI:

a_ o
ot ox?’
— it nanapa @ =1 (X =r) u Toraa:
ot o°t 1ot
—=al —+=——
or \ar® ror

1)

B sToM ypaBHEeHUUN a — Koadpuyuenm memnepamyponpo8ooHoCmu.

OTO ypaBHEHHUE JAcT BO3MOKHOCTb PEIIaTh 33Ja4l, CBSI3aHHBIE C PAaCIIPOCTPAHEHUEM TeIUIa
B TeJie TEIJIONPOBOJHOCTbIO KaK MpU YCTaHOBMBILIEMCS (cmayuonapnom), TaKk W IpU
HEYCTaHOBUBIIEMCS (HecmayuoHapHom) TEIIOBOM MOTOKe. [Ipu pelieHnn KOHKPETHBIX 3ajad
muddepeHManbHOe  ypaBHEHUE  JOMONHSCTCS — HAYAAbHIMU W SPAHUYHBIMU  VCILOBUAMU,
XapaKTEpU3YIOIIUMH KaKyI0 KOHKPETHYIO 3aa4y.

Juddepennnanbaoe ypaBHEHHE TEMIONPOBOAHOCTH (1) COBMECTHO C KpaeBbIMU yCIOBUSMHU
(HayaJbHBIMU U TPAaHUYHBIMU YCJIOBUSMM) JIa€T IOJHOE MAaTeMaTH4eCKOE ONHCaHHE KOHKPETHOH
3aJlauM TEIUIONpPOBOAHOCTH. PemieHne 3Toi 3a7aud MOKET ObITh BBIIIOJHEHO KAaK AHAJUTHYECKH,
TaK U YMCIECHHBIMUA METOJAMHU.

AHaIIMTHYECKOE pelIeHre MOJOOHBIX 337a4 BO3MOXKHO TOJBKO JUIS TNl MPOCTOH (POPMBI
(mnockas CTeHKa, UWIMHJAP) NpPU YCIOBUM HEU3MEHHOCTH BO BPEMEHM T'PAaHUYHBIX YCIOBUH
U TeIIOpU3NYECKUX CBOMCTB MaTepuasia, U3 KOTOPOTO BBIIOJHEH OOBEKT HccienoBaHusd. bonee
TOT0, aHAJIUTHUUYECKOE PEIICHHE AaKe€ TaKUX 3alad O4YEHb 3aTPYIHUTEIBHO H3-3a TPOMO3JIKOCTH
MAaTE€MaTHYECKUX ONepalui U UMEET CIECIYIOIIUN BU:

— 17151 TUTOCKOM CTEHKH:

X . am?2
t=bx+c+> A (cosm,x+ p,sinm,x)e ™" ;
n=1
— JUISl HWJIMHIPUYECKOM CTEHKU:

t=blnr+c+ iAn[(Jo(mnr) +p, Y, (mnr)]e‘amgf ,

n=0

rae Jo u Yo — ynkuuu beccenst mepBoro u BToporo nopsiaka.
[TocrosiHbie D u C ompexmensoTcs M3 YCIOBHIA CTAllMOHAPHOTO pexuma (npu 7 = 00);

P, ¥ M, — U3 rpaHUYHBIX yclIoBUi, a A, — u3 HavanbHbIX ycnosuil (mpu 7 = 0).

Takum o0pa3oM, TakoW BapMaHT peIIeHUs 3a7ady Npu pacyere (AKTUUYECKUX IPEIeioB
OTHECTOMKOCTHU OKa3bIBAE€TCA CIOXKHBIM U HEMPUTOJHBIM JIJIsl IPAKTHUECKOTro NpuMeHeHus. B cBsa3u
C 3TUM HCCJIEN0BATENN MPUILIM K BBIBOAY O BO3MOYKHOCTH Pa3JeIbHOIO PACCMOTPEHUSI TUIIOBBIX
3a/lad U HaxOXXIEHMs U1 KaXJ0ro M3 HUX crocoba pemieHus. B pesynbrate yero pacueTHble
(bopMyIIBI M caM pacueT CUIBHO YIPOILACTCH.

Tak, B MeToaIn4ecknx pEeKOMEHIALMIX IO pacdyeTy OTHECTOMKOCTH M OTHECOXPAHHOCTHU
xKene300eToHHbIX  KoHCTpykiuit MJIC  21-2.2000 s pacuera (akTHUECKUX TPEAEsIoB
OTHECTOMKOCTH KEJI€300€TOHHBIX CTPOUTEIBHBIX KOHCTPYKIMN MOJYYEHbI YIPOIIEHHbIE PELICHHS
NPUMEHUTEIBHO K CTAHAAPTHOMY TEMIIEPAaTYpPHOMY pexuMy moxapa [1]:
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— IIpU OJTHOCTOPOHHEM 00O0TpEBE:!
t(x,7) =20+1200- (1-r,)>?,
— B KOHCTPYKIUSX KPYTJIOTO CeYeHHsI, 000rpeBaeMbIX M0 BCEMY MEPUMETPY:

b
b—Xx
t(x,7) =20+1200 -———-.
* @)
3nech =X/l — oTHOCHTENILHOE PACCTOSHUE,
rae | —Tommuua mporpeBa ciiost 0eToHa, BeIYKCsIeMas 1o hopMmyJie:
I = 1'12'8."-6 'T;
X — YCIOBHas TOJIIMHA pPAacCMaTPHBACMOIrO cJiosi OETOHa, KOTOpas OmpenesieTcs

CIIeTyIOIUM 00pa3oMm:
— [IPH OTIPE/ICIICHUHU TEMIIEPaTypPhl IPOrpeBa OEToHA:

X =X, +¢1\/5-,-6 ;
— IIPHU ONPECTICHUN TEMIIEPATypPhl IPOTPEBA apMaTypHI:

B atux dopmynax: Xj — pacCTOSIHUE OT pacCMaTPHBACMOW TOYKHM CEYCHUsI OETOHA JI0 I-TOU
o0orpeBaeMoil oBepXHOCTH, M; Yj — PAcCTOSIHUE OT i-TOM 00OrpeBaeMoill MOBEPXHOCTH 0 OCH
apMaTypbl, M; (1 U (¥ — K03(hDUIMEHTBI, 3aBUCAIIME OT MIoTHocTH Getona [2]; 0 — nuamerp
apMaTypsbl, M.

B 5tHX (OpMylax NpPUBEACHHBIH KOS((HIMEHT TEMIIEPaTyPOIPOBOJHOCTH &, M’/dac

OIPEACISICTCSI CICAYIOIIUM 00pa3oM:

B A
(C+50-w)-p

a‘l‘é

3peck A U € — KO>()PUIUEHTH TEMIONPOBOAHOCTH U YAEIbHON TEIIOEMKOCTH OGETOHa,
3aBUCSAIINE OT TEMIEPATYPHI, BBIYUCISAIOTCS ISl Temrepatypsl 450 OC, p u W — COOTBETCTBEHHO,
IUIOTHOCTE M BECOBas BIaKHOCTL O€TOHA, KI/KT.

Kak wu3BecTHO, TeMIepaTypHbII pEeXUM IMOXapa OKa3blBAET MPSIMOE  BIIUSHUE
Ha OTHECTOMKOCTb CTPOUTENHHBIX KOHCTPYKIIH, TIO3TOMY pacueThl, OCHOBAHHBIC Ha TEMIIEPATypHOM
peXHUMe Moxkapa, IpUOMMKEHHOM K pPeaTbHOMY, CUMTAIOTCS 0oJiee MpPeAnOYTUTENbHBIME, TaK KakK
M3MEHEHHUE TEMIIEpaTyphl MoXKapa B ICUCTBUTEIBHOCTH, KaK BUJIHO U3 PUC. 1, MOXKET CYIIIECTBEHHO
OTJINYATHCA OT PEKMMA, OMMCHIBAEMOT0 CTAHIAPTHOM TeMIepaTypHOil KpuBoii [3].

Lo _

Sa0d -

oaa -

£00 |

200

Fa &0 &a T, MM

Puc. 1. U3meHeHue TeMnepaTypbl BHyTpeHHero noxkapa (1-5— remnepatrypHble pe;KMMbI II0KAPOB
B IIOMEIECHUSX 30aHUH M COOPYKEeHUH Pa3JINYHOI0 HA3HAYEeHNs; 6 — CTAaHAapTHAsI KPUBasi)
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Bonee Toro, ans yBenuueHus mpenena moxapo0e30MacHOCTH CTPOUTEIBHBIX KOHCTPYKITUH
YacTO NPEAINONaraeTcsi HCIOJIb30BaHUE PA3IMYHBIX CPEICTB OTHE3AIIUThI — OETOHHPOBAHUE,
OIITyKaTypHBaHWE, OOKJIaJKa KHUPIUYOM, OOJHMIIOBKA OOBEKTAa OTHE3AlUTHl IMITATHBIMU
MaTepuallaMHi, HAaHECCHHE HETOCPEICTBEHHO Ha IMOBEPXHOCTh OOBEKTA OTHE3AIMTHBIX MOKPBITHN
(oxpacka, oOMa3Ka, HaIbUICHUE U JIP.) U T.1.

Takum 00pa3oM, MpH IMOCTAHOBKE 3ala4yd ISl OINCHKH OTHECTOMKOCTH CTPOUTEIHLHBIX
KOHCTPYKIIMHA HEOOXOIMMO OOECHeunTh 3a/laHue TeIUIO(QU3HUECKUX CBOWCTB MaTepUANIOB,
U3 KOTOPBIX BBIIIOJHEHO OTPKICHUE 3aBHCANIEE OT TEMIIEPATyphl, a TaKXe OIHMCAHHE
TEMIIEPATYPHI TPEIONICH cpebl PYHKIIMOHATHHON 3aBUCUMOCTBIO OT BPEMEHH U T.I.

Hawubonee npocTo naHHas 3a/1a4a pelraeTcsi METOA0OM KOHEUHBIX pasHocTei. CyTh JaHHOTO
MEeTOJla 3aKio4aercs B 3amMeHe U EepeHIMATLHOTO YpaBHEHUS KOHEYHO-PA3HOCTHBIM —
muddepeHIranpl  3aMEHSIOTCS  KOHCYHBIMU  NIPUPAIICHUSIMHA. TOJNIIIMHA TUTMTHI  TIEPEKPBITHS

pasnesngercs Ha N cioeB oAMHAKOBOW TONIMHBI A X. Takum jxe 00pa3oM onpenensercs pacueTHbIN

BpeMeHHON unHTepBan AT.

Takum 00pa3zom, 06JacTh HEMPEPBIBHOTO MU3MEHEHUS! TEMIIEPATYphl 3aMEHSETCsl 00JIaCThIO
JTUCKpETHOro €€ n3MeHeHus. Haxoxxnenue remeparypsl B 1t000i MOMEHT BPEMEHH B JIFOOOM CJI0€
IIPOM3BOJIUTCS HA OCHOBAHUU YK€ U3BECTHBIX 3HAUEHHUM TeMIleparyp B MpeablIyLIUil pacueTHbIN
MOMEHT BPEMEHH, TO €CTh IIOCJIEOBATEJIbHO pELIAeTCd ypaBHEHUE C OJHMM HEU3BECTHBIM —
MCKOMBIM 3HAYCHUEM TEMIIEPATYPHI.

Meroauka pacdera IOCIOMHOrO paclpeAcsIeHHs TEMIIEPATyPhl IPUBEICHA HUXKE.

Pacnipenenenne temnepaTyp 1o TOJIIMHE OTPAXKICHHS JUIS OYEPEJHOTO BPEMEHHOIO 1Iara T
MOJKHO PaCCUUTATh, UCTIONB3Ys CIEAYIONHEe (OPMYJIbI:

1

s toro, 4yroObl HAXOAWTH 3HAUEHUS TEMIIEPATyp HAa HApY)KHOH W Ha BHYTPEHHEU
HOBEPXHOCTSX CTEHKH B J-bIii MOMEHT BPEMEHHU, HEOOXOIMMO UCIIOIb30BaTh IPAHUYHBIC YCIOBHSL.

IIpu rpaHUYHBIX YCIOBUAX TPETHETO POJA!

G =Fo bty +hy;

ot o
5 x:O:j(tfl_tO)i (3)
ot o

1 E|x:5:72(tf2_t5)' (4)

TeMIeparypbl BHyTPEHHEN to Y HapYKHOW TTOBEPXHOCTEN CTEHBI t(g OMPEAEISIOTCS N3 COOTBETCTBYIOLIUX

ypaBHeHI/Iﬁ TEIJIOBBIX 0aJIaHCOB AJId TPAHUYHBIX CJIOCB CTCHKU!

ot ot
C(t)'p's'aT:al'(tfl_to)"‘ﬂ"ax' )

ot ot
C(t)'P'S'EZ%'(tfz—t5)+ﬂ'a, (6)

rie ¢(t) u p — ynenbHas TEMI0EMKOCTh U MIOTHOCTh MaTepuana CTeHKH; S — TOJIIMHA TPaHMYHBIX
CJIOEB PUHHUMAETCS PAaBHOM:

AX
§S=—,
2
B ycnoBusix noxxapa, Korjia rperoriei cpesio sBistoTCs MPOYKThl CTOpaHus, TO Ko duimeHTt
TCIIOOTAAYU al HpI/I6J'II/I>KeHHO BBIYHUCJIAIOT 110 ypaBHeHmo:
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0.0023t,

o, =11,63e

KoadduimentoMm TemnooTaayd co CTOPOHBI  OXJIAKIEHHUS  OKpYyXarouleil cpemnoit
HeoOOorpeBaeMoii IOBEPXHOCTU ¢, ONPEIEIAETCs CAEAYIOIIM 00pa3oM:
a,=a,+a,,
rae o — Ko3(QQUIUEHT TEeIUIOOTAAa4H, YYMTHIBAIOIIMA PACIPOCTPAHEHHUE TEIIA KOHBEKTHBHBIM

TEII00OMEHOM, a ¥y — PAaCIPOCTPAHEHUE 3a CUET M3JIy4eHHUs (JydHuCTOro Temnoodmena). Ecim

0 0
orpaxkaamooiias HoBepxHocTh npu temmeparype ts >60 "C oxnaxkmaercs Bosmyxom 1p~20 "C,
TO IPUOIKEHHO KO3 (HUIIMEHT TEIIO0TAaYH BBIYUCISIETCS 110 hopMyIie:

a, =11,63e

0.0023t;,

0
ecim ke 15<60 "C, To BBIYMCIIAIOT 110 POpMYIIE:

a, =4.07-3t, —t,,.

Ha ocnoBe 3tux ypaBHenuii (5) u (6) coctaBisiroTcsi 6ajJaHCOBbIE KOHEYHO-PA3HOCTHBIE
YpaBHCHUS:

Lo — Lo 20, 2a(f)
’ : = teg —to;) + i—1o0i), 7
Az C(f)~p~AX(fl O,J) AXZ (Z,J OJ) ( )
ti—t, 2 2a(f)
n,j n,j-1 _ 2
= —= to —thj) + —> (th-1i—thi), 8
Az C(t)pAX(fz n,J) AxXZ (nl,J n,J) ()

Pemenne ypaBHenwii (2)—(8) maeT BO3MOXHOCTb ONPEACIUTh HCKOMBIC TEMIIEPATYpHhI
Ha TpaHUIaX CTCHKU:
Temmnepatypa Ha 060rpeBaeMOi TOBEPXHOCTH :

1

Hr1+BiFh1+tM4'§fE5’
i

1+Bii+——l—f
Fo

:a(f)-Ar |

AX?
P — a, - AX
LAM
rne A7 — pacyeTHbI HHTEepBal, ¢; AX — TOJIIIMHA PACUE€THOTO CIIOS, M.
Bce ykasannble BbllIe TEIIOPU3NYECKUE CBOICTBA MaTepuana CTPOUTEIbHOW KOHCTPYKIIMH

BBIYUCIISIFOTCS IO CPEeIHEN TeMIlepaType:

31ech Fo,

':LJ+Lﬂj

2
TemmnepaTypa Ha HE0OOTpeBaEMOM MOBEPXHOCTH OINPEACIISICTCS] YPaBHEHUEM
AX tn—l’j -t
tn,j _tn—l,- - 0
2 (t) 2 :
[Ipu pacuere TemMmepaTypHOrO TOJS CTEHKH, COCTOSINEH W3 HECKOJIBKUX CIIOEB
Pa3HOPOAHBIX MAaTEPUAJIOB, KaXIbIH M3 CIOEB pa30MBAETCs HA dIEMEHTApHBIE CIOU OJMHAKOBOM

tomuuabl Ax. J[ns KaXaoro pasHOPOIHOTO Marepuajia CTEHKH OINPENENISIETCS COOTBETCTBYIONIEE
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3HAYCHUC MHTCPBaJla BPEMCHHU U3 YCIIOBUSL.

<05.

a a;
AX®  CpAX

I[JISI pacucTta HNpUHUMACTCA OJHO 3HAUCHUC AT, PaBHOC HJIM MCHBIICC HAMMCHBIICTO

13 TIOJyYEHHBIX 3HaueHud. TeMrieparypa Ha I'paHHUIE pa3jielia JIBYX Pa3sHOPOJHBIX CIIOCB MOXKET

ObITH HaiieHa 1O (Qopmyiie, KOTOpas MOIy4eHa B pe3yJIbTaTe pEIICHUs YpaBHEHHs TEIJIOBOTO

Oastanca s ciaos M:

2-At _ i}
t =t . A )t A )t =2, 1
m, j m,j—1+ sz '[Cl(f)'p1+C2(f)',02] [ﬂ’l(m) m—l,J—1+ 2(m+1) m+1, j-1 A’l(m) m,]—l]

3neck  Temo(U3MYECKHE  CBOMCTBA  KakKAOro  CIOs [Cl(tm ) C, (tm ),/L_(tm ) ﬂ.z(tmﬂ)]
OIIPEIEISIOTCS B 3aBUCHUMOCTH OT CPEJHEN TeMIepaTypbl COOTBETCTBYIOILIETO CIIOSI, & HHIEKCHI «1»
U «2» yKa3bIBaIOT HA X MPUHAIIEKHOCTh K COOTBETCTBYIOIIUM PA3HOPOAHBIM MaTepuasaM.

B ypaBHeHumsx kpurepuii @yppe Mg COOTBETCTBYIOLIEIO CJIOSA B ] — MOMEHT BPEMEHH
OINPEIEIAETCS yPABHEHUEM:!

_AAT - A4(1)
o) p-AXE
B ypaBHeHusx 3HaueHus kodpduumenta TertonpoogHoctd  A(t) u  ynenwnoit
teroemkoctu C(t) 3aBucaT oT cpesneii TeMnepaTyphbl MPOrpeBa COOTBETCTBYIOMIETO CIIOSL.
Hcnonp3oBaHue NaHHOM pPa3sHOCTHOM CXEMbI IIO3BOJIWJIO IIPOBECTH pacdeThl IAapaMeTPOB
TEMIIEPATYPHOTO IIOJII B CEUEHUH OrPAKIAIOIIMX KOHCTPYKLMH, BBIIOJHEHHBIX M3 DPa3HBIX
CTPOUTEIBHBIX MAaTEpHUAIIOB IIPU II0KApPEe B IOMEIICHMAX C PA3JIMYHONM TIOpPIOYEH Harpys3Kou,

a4 TaKKC aHAJIOT'MYHBIC pPACUYCThBI TCMIICPATYPHOI'O IIOJISI B CCYCHHUU OFp&)I(I[CHHfI, HUMCIOIIUX
OrHE3allIUTHOC ITOKPBITHEC.

Fo

I'paduk 17151 OLIEHKH OrHECTOHKOCTH
Orpa:KIalMINX KOHCTPYKIHUH Mo

TEMJIOH30JTHPYIOIIEH CMIOCOOHOCTH
Bpems, muH

200
| ——k=0,5
180
—k=1

160 /

— k=2

140 . /

/ / —k=4

120 -

/ /

100 /,__,-/ f/ —k=6
30 ___'_____——.‘_'_____,f/ —/“/ 3 e k=&
60 — | // k=10
40 1 — — k=12

-
20 — 8 " k=14
0
0 1 2 3 4 5 6 7
Bi

Puc. 2. Tpaduk usmenennst napaverpa k=87/a ot Bi
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Pe3ynbrartel pacdeToB MpeACTaBIEHBl B BUAE TIpauKOB H3MEHEHUs IMapamerpa k=& /Ay

(@yp — npuBeNEHHBII KO3(hOHUIMEHT TEMIIEPaTyPOIPOBOIHOCTH OTPAXKIAIOIIEH TOBEPXHOCTH Uy, ~ )
oT BpemeHu U Kpurepusi buo (Bi), mpencrasustomiero co0oil OTHOIIEHHE TEPMUYECKOTO
COTPOTHUBIICHUS CTEHKH ( Ret=0/N +8,/);, rje 0 u Az — TOJIIIMHA
U KOX(PQHUIHUEHT TErJIONPOBOJIHOCTH OTHE3AIIUTHOIO CJIOSi, COOTBETCTBEHHO) K TEPMHUYECKOMY
COMPOTHUBIICHUIO TIepelaund TeIula OT HeoOorpeBaecMol MOBEPXHOCTU K OKpYXKarolle cpene
(Ra:l/ag).

W3 puc. 2 BUAHO, YTO OCHOBHOE BIHMSIHHME Ha HPOTPEB HEOOOTpeBacMOil MOBEPXHOCTH
OTpaXKIAOIIMX KOHCTPYKIMH 10 HopMaTuBHOW Temmeparypbl (Ha 140 °C Bblmie HavaabHOM

TeMIepaTyphl) OKa3bIBAIOT TOJIIIMHA KOHCTPYKIMHI O U €r0 TeIIopu3HIecKHe XapaKTepUCTHKH Oyp-

['padmik TO3BOJIET OMpPENEIUTh KaK IMPeIed OTHECTOWKOCTH OTPa)IAIOIINX KOHCTPYKIIUH
IIPY U3BECTHBIX TOJIIMHAX U CBOMCTBaX MaTepuaia, Tak U peniarb oOpaTHYIO 3a/1a4yy — MoaOuparh
TOJNIIIUHBI W BUABl MaTepuajia OTPaKICHUN, a B ciaydae HEOOXOJMMOCTH, THIT OTHE3aIIUThHI
C COOTBETCTBYIOIIMMH XaPAKTEPUCTUKAMMU.

TaxuMm oOpa3om, pearaemasi pacC4eTHas CXema I03BOJISET:

— OLICHUTh BJIUSHUE PAa3INYHbIX TEMIEPATYPHBIX PEKUMOB IPU M0XKAPEe Ha OTHECTOMKOCTD
CTPOUTENBHBIX KOHCTPYKIIU;

— MPOU3BECTH PACUYEThl MAPAMETPOB TEMIIEPATYPHOTO IMOJISI B CTPOUTEIBHBIX KOHCTPYKIUAX
MIPY PA3JIMYHBIX NTApAMETPaxX OTHE3AMIUTHOTO MOKPHITHUS,

— OIpenenuTh ONTHUMAlbHBIE MapaMeTpbl OTHE3AUIUTHOTO MOKPBITHS Ui OoOecreyeHus
TpeOyeMoro mpe/esia OrHECTOMKOCTH CTPOUTEIBHON KOHCTPYKIIHH.
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BE3OIHNACHOCTDb TEXHOJIOI'MYECKHUX
INPOLOECCOB U ITPOU3BOACTB

TEIIJIOBOU PEKUM 3AIIIUTHOM CTEHKH
IMUWJINHAPUYECKOI'O PEZEPBYAPA B YCJIOBUSIX TOKAPA

J.A. MUHKHH, KaHAUIAT TEXHUYECKUX HAYK, TOLECHT;
M.A. SIuaues.
Cankr-IlerepOyprckuii yausepcurer I'TIC MUC Poccun

PaccMmoTpeHsl mporecchl  TEIUIOOOMEHA HM3IYyYCHHEM MEXOy (akeIoM TIJIaMEeHH TOPSLINX
HEPTENPOAYKTOB, HAXOAANIMXCS B IMJIMHIPUYECKOM pe3epByape, M 3alluTHOH cTeHkoil. [IpeacraBneHa
TEIUIOBAass M MaTeMaTH4YECKash MOJIENIM, MO3BOJIIOIINE OLIEHUTh MHTEHCHBHOCTH TEIUIOBOTO BO3JACHCTBUS
Ha BEPXHIOI0 YacTh KOHCTPYKUMHU B 3aBUCHMOCTH OT Pa3MepOB €MKOCTH, YAaJEHHOCTH 3aIlMTHON CTEHKH
OT pe3epByapa, BBICOTHI (akena IUIAMEHM M ero KoHdurypamuu. PaccMmoTrpena wmeroanka pacdera
KodpUIMeHTa B3aUMHOW OOJIYYEHHOCTH YYaCTKOB ITOBEPXHOCTH, VYYACTBYIOIIUX B TEIUIOOOMEHE,
W BBIIOJHEH pacueT Ui psaAa LuIuHApudeckux EMkocted. [IpoBeneHO cpaBHEHHE pe3yibTaTOB pacdera
C YHCJICHHBIM PEIICHUEM, BRITIOJTHEHHBIM ¢ ToMoItpio Comsol Muliphysics.

Kntouegvle cnoga: TyduCTBI  TEIUIOOOMEH, YTJIEBOJAOPOTHBIA TOXKAp, TEIUIOBOM PEXHM,
HWIMHIPUYECKUN pe3epByap

Obecnieuenne moXapHOW Oe30macHOCTH Ha O00BEKTaX He(PTerasoBoro KOMILIEKCa
Poccuiickoit ®Denepanuu  sBIsSETCS 3aqadeii, aKTyaJbHOCTh KOTOPOW TPYIHO TIEPEOICHUTb.
B Hacrosmiee Bpemsi Halla CTpaHa SIBISETCS TPETBUM TOCYIAapCTBOM B MHUpE MO 00BbeMy A0OBIYU
Heptu. Ilpu sTom HedThr M HedTenmpoaykThl coctaBisaoT Oonee 40 % oskcmopra Poccunm
B JICHeXKHOM dKkBHUBasieHTe. [Ipeanpustust mo noOkrue u nepepaboTke He(HTH OTIIMYAOTCS HATHIHEM
OO0JIBIIIONO KOJUYECTBA JIETKOBOCIUIAMEHSIOIIMXCS TOPIOYMX MaTepHalioB, 4TO CO3/Aa&T Yrposy
BO3HUKHOBEHHSI KPYITHBIX TEXHOTEHHBIX aBAPHi, IMOKapOB M B3PHIBOB. 3a MOCIEAHUE JECATH JIET
ouIMaNbHO 3aperucTPUPOBAHO JIEBATh MOXapoB Ha HedTAHBIX pesepByapax [1]. Craenyer
OTMETHTB, UTO €Il JBA/IATh JIET Ha3aJ| CPEIHSSA YacTOTa MOKAPOB C CEPHE3HBIMU TIOCIIEICTBHIMH,
1o orpacisiM HedTsaHOM U HedTenepepadaThIBatOIel MPOMBIIUIEHHOCTH COCTaBIIsUIa BEHAATh
noxapoB B 1oJ1 [2]. CTonb 3HAYUTENLHOE COKpAIIEHHE KOJUYECTBA TOKapOB MOXKHO OOBSICHUTH
LEJIBIM PSAZIOM JeHCTBUI MO OOHOBJIEHUIO cUCTeMbl HopMHpoBaHus (B ToM uucie CII 155), npasun
MPOTHBOIIOKAPHOTO PEXHMMa, COBEPIICHCTBOBAHUIO CHCTEMBI OOydYeHHsS TMepCOoHaia OOBEKTOB
TpeboBaHusAM noxkapHoi Oe3zomacHocTH [1]. Tem He MeHee, KaX/blii U3 TaKUX MOXKApOB HAHOCHUT
Cephe3HBI MaTepUAIBHBIA yIIEepO, MPUBOAUT K THOETH W TpaBMATHU3MY JIIOJIEH, YHUYTOKEHHIO
MOKapHOM TEXHUKH U OOOpYAOBaHMs, HEraTUBHO CKa3bIBAa€TCS Ha SKOJIOIMYECKOW CHUTyalluu
pernoHa pasMmemeHus. Takum o0pa3oMm, 3ajada TOBBIINICHUS IOKAapHOH 0e30MacHOCTH
pe3epByapHBIX MAPKOB HE YTPAUUBAET CBOECH 3HAUMMOCTH.

OmHMM W3 COBPEMEHHBIX pEIICHWH IO TOBBIIICHUIO IOXKapHOW 0e30macHOCTH
BEPTUKAJIBHBIX HIIMHAPHUECKUX PE3EpBYapOB I XpaHEHUsI HEPTHU M HEPTENPOAYKTOB SIBISETCS
YCTaHOBKA 3aIlIUTHOW CTEHKH IMJIMHIPHYECKOW (OPMBI BOKPYT KaKIOTO pe3epByapa. PasButme
no’kapa Ha TaKUX COOPYKEHUSIX 00J1aaeT psiioM ocoOeHHOCTeH [3], MpUBOAAIMINX K CYIIECTBEHHO
HEPaBHOMEPHOMY paCHpeACTICHHIO TUIOTHOCTH TEIJIOBOTO MOTOKAa OT (hakeya IIaMeHH TOPSIIEeTo
pesepByapa 1O BBICOTE 3alIUTHOM cTeHKU. [l oOecneyeHus HEOOXOJUMOTO YPOBHS
OTHECTOMKOCTH HEOOXOIMMO MPOBOJIUTH PACUET TEIUIOBOTO PEKMUMA 3AIIUTHOW CTEHKH B YCIOBHSIX
noxapa. IIpu 3TOM 1OCTOBEpHOCTH MPOBOJUMBIX PACU€TOB BO MHOIOM 3aBUCHUT OT TOYHOCTHU
3aJJaHus TPAaHUYHBIX YCIOBHI PaccMaTprUBaeMOTo (PH3MUECKOTo Mmporiecca.



[lenpio HacTosimel paboThHI ABIsSETCS pa3pabOTKa METOIUKU MPOBEICHHS pacyeTa yCIOBUM
TEIUI000MEHa MU MOoXKAaApe B pe3epByapax C 3allUTHBIM OTPaKICHUEM.

Jiss  MOCTYDKEHWs — TOCTABJICHHOM  IeMM  HEOOXOoAMMO  pa3paboTaTh  TETUIOBYIO
U MaTeMaTHYeCKyl0 MOJENIM IPOLECCOB TEIIOOOMEHa NpU IOXKape Ha pe3epByape, NPOBECTU
pacu€r Ko’ PUIMEHTOB B3aUMHOW OOIY4EHHOCTH MEXAy (PakemoM IUIaMEHH U OTPaXICHUEM,
CPaBHHUTbH PE3YyJIbTAaThl C PACYETAMM IO CYIIECTBYIOLICH METOJMKE U UYUCIICHHBIM PEIICHUEM IS
psiza TUIIOBBIX PE3EPBYapOB Pa3INYHOIO 00BEMA.

OnpenesieHue yCI0BUI TENJI000MeHA

Pa3zpaboTka TemjaoBOM M MaTeMaTHYeCKOH MoJeliell MO3BOJISIOT OLEHUTh WHTEHCHUBHOCTH
TEIJIOBOTO BO3JCUCTBUSA Ha BEPXHIOI YacTh MOBEPXHOCTH 3alUTHOM CTEHKH B 3aBHUCHUMOCTH
OT pa3MepoB EMKOCTH, yJAJIEHHOCTH 3aIIMTHON CTEHKH OT pe3epByapa, BBHICOTHI (hakesa MiaMeHu
U €ro KOH(pUrypauuu.

OCHOBY KOHCTPYKIIMM pe3epByapa C 3aIIMTHOM CTEHKOM MpEeJCTaBIseT cam
UWIMHIPUYECKUN pe3epByap M OTCTOSIIAsi OT HEro Ha HEKOTOPOM YIAJIeHWH COOCHAasi C HUM
WIMHAPUYECKasi CTEHKa, KaK NOKa3aHo Ha puc.l.

H. oen

BHel

H, — BbIcoTa pesepByapa, M; H¢ — BbicoTa 3aH1HTH03ﬁ CTEHKH, M; Al — MEXCTCHOYHOE paccmﬂgﬁﬂe, M;
Ve — 00BEM, OTpAaHIMUYCHHBIN CTCHKOH, M”; V., — 00BEM OCHOBHOTO pe3epByapa, M

Puc. 1. KoncTpykuus pe3epByapa ¢ 3alllMTHOMH CTEHKOI

BeicoTa 3amMTHOM CTEHKM FI, [OJDKHA COOTHOCUTBCSA C BBICOTOM pesepByapa Hoey
cnenytomuM oopazom: H.>0,8H,.,. MuHMMalIbHOE 3HaYEHUE MEKCTEHOYHOTO PACCTOSHUS JOKHO
YIIOBJIETBOPSTH YCIOBUIO Ar>1,8Mm [4].

B ycnoBusix moxapa B pe3epByape ¢ HEPTENPOAYKTaMHU BBIACIAIOMNNACS TEIJIOBOW MOTOK
pacxoayeTcs Ha HarpeB MPOAYKTOB TOPEHHUs, PACCEUBAETCSA B OKPYXKAIOUIYIO CPEAYy M YaCTUYHO
NepelaeTcsl Ha BEPXHIOK 4YacTh IMOBEPXHOCTHU OTpakJeHus. B pesynbraTre 3TOro BO3AEHCTBUS
IIOBEPXHOCTh HArpeBaercs, M JAaliee TEIUIOBOM IOTOK IPOXOIAUT YEepe3 OrpPaKICHHE 3a CYET
TEIUIONPOBOJHOCTH U PACcCEUBAETCS C HEOOOTPEeBaeMOl MOBEPXHOCTH B OKpY»Karollyto cpeny. [lpu
MokKape ¢ BBICOKUMH TeMIlepaTypaMu ropeHus (YrieBoJOopOIHbIN Mokap) O0blast 4acTh TETI0THI
oT ¢akena MjIaMeHH MEPEHOCUTCS C MOMOIIbIO TEIJIOBOrO M3Iy4deHHs. Pe3ynbTupyromuil moToxk,
Iepe1aBaeMblil U3JIy4€HUEM, MOYKHO BBIYMCIIUTH 110 COOTHOLIEHHUIO [5]:

T.@Y 1.
—cpe o [TD) (T ) |g,
Q. °””¢[100J [100)

rne Ty(7) — Temmeparypa ¢axena mamenu, K; 7 — Bpewms, c; T, — Temmeparypa MOBEpXHOCTH
orpaxzaroueii crenku, K; g, :1/l1+ 0,0022(T, (z) — 2793 ] — MpUBEIEHHAsI CTETICHb YEPHOTHI
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MEXIYy M3Iy4aromed TMOBEPXHOCThIO (akema ¥ TEIUIONOTJIOMIAIONIEH  TOBEPXHOCTHIO;
Co=5,67 BT/(M2~K4) — Kod(hpuImeHT u3IydeHuss abCOMIOTHO YEPHOTO Tena; ¢ — KOI(PUIIMEHT
B3aMMHOW OOJIyUEHHOCTH, YYHMTBHIBAIOIIMN OO TEIUIOBOTO MOTOKAa, MOMaaamomero ¢ Qakxena
ILIAMEHH Ha IOBEPXHOCTb OPAXKICHHST; F — IUIOWIa b H3TyYaroIeii TOBEPXHOCTH (haKea IIaMeHH, M2,

['openne HedTEnpOAYKTOB XapakTepusyeTcs BBICOKOH Temmeparypoir (Beime 1000 °C).
B pabore [6] mpuBeneH 0030p OTEUECTBEHHBIX M 3apyOEKHBIX MCTOYHHUKOB, XapaKTEPU3YIOIIMX
TEMIEPaTYPHBbI PEXUM YIJICBOAOPOAHBIX IMOXKapOB, W OOOCHOBaHAa BO3MOXKHOCTH CUMTATh
T#(1)=1200°C Ha mpOTSHKEHUH BCETO TOXKapa.

st pacuera kodddunmienta ¢ B Hacrosimeld pabote dopma (akena nmpuHUMAECTCS B BUIE
KOHYCa C OCHOBAaHUEM, PABHBIM ILJIOLIAAH FOPSAIIEeH KUIAKOCTH, pUC. 2.

Koadduiment @12 MexAy ydacTKamMu TOBEPXHOCTH OTpaxkaeHUs © ¢akena IUIAMEHH
PAcCUYMTBIBACTCS C yYETOM HAKIJIOHA H3JIYYaroIled MOBEPXHOCTH W €€ KoHuueckoud (opmbr [7]

Y MOXKET OBITh HalIeH IyTEM WHTETPUPOBAHUS BBIPAKCHHSL:
Y
COoSsy/, COSy/,

h?2 +((H —h)tgpB —r,cosa )’ + (r,sina

oo =2 (H —h)cos? g dhder (1)
7z )
ho

NH'.'N‘

rac ho — BBICOTA Ha4dajla Y4YaCTKa HHTCTPHUPOBAHHA, KOTOpasd HaXOAUTCA U3 YCIOBUA Q)aKTOpa
BUJIMMOCTH BEpPXHEH 4YacTh (akeia IUIAMEHH M CTEHKH OIPaKICHHSA; BEIMYMHA YIia ¢ MOXKET
HU3MEHATHCS B mipeaenax ot (-y\2) mo (y/2).

dDakesn niaamMmeHwm
B
Ne
dF .
H N
N L Orpa>xgeHumne
h I
R 5 B
n
@) oL
o

A

dF,, dF, — leMeHTapHBIe IUIOMAKA TIOBEPXHOCTEl (haKena IIaAMEHH 1 OTPaXKACHHS, M2, h — BBICOTA, OTCUMTEIBAEMAST
OT paccMaTphUBaeMOM dIIeMEHTapHOM TuTomaakn orpaxkiaenus dF, mo smemenTaphoil rwiomankun dFy;; H — BeicoTa,
orcuuThiBaeMas ot miomanku dF, mo Bepxa dakena miamenu; L — paccTosiHne MEKIY dJIEMEHTAPHBIMH ILIOLIAIKAMU
dF; u dFy, M; W1 1y, — yruel Mexay HopMansmu kK dF;, dF, 1 oTpeskoM L, COETUHSIONINM 3TH TUIONIAAKH; O — YTOJI
B FOPU30HTAITBHOIM 11ockocT AOB Mex Ty npoeKimsMu HopMaiel K riomiaakam dF; u dFy; B — yrom koHyca ¢akena riaMeHu

Puc. 2. BzaumHoe pacnosioxkeHue ¢gaxesna miiaMeHu KOHHYECKoH GopMbI H IUJIHHAPHYECKOH
NMOBEPXHOCTH OTPAKIEHUs pe3epByapa

Yron Y HaXOAUTCA U3 COOTHOIICHUA:

¥ = arcsin

2r,(2r, +2(r, —r,))

WurerpupoBanue B BoipakeHuu (1) mpoBoauTcs 4mciaeHHO W peanu3oBaHo B Microsoft
Office Excel. J{ns naxoxaeHust koadduipenTa 00IydeHHOCTH () MKy MOTHBIMUA TTOBEPXHOCTIMH
F1 u F, HeoOxoaumo BeipakeHue (1) mpouHTerpupoBath mo rwiomanu F,. B xome paGotel Obuin
MIPOBE/ICHBI BBIYMCICHUS [UIS psla THIIOBBIX PE3EPBYapOB pPA3NIUYHONH EMKOCTH, DPE3yJIbTaThl
pacuera npuBeJeHbI B TAOIHUIIE.
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Ta6mmma. Pe3yiabTaThl pacuyera ko3¢ duumenTa B3auMHONH 00,1y4eHHOCTH

3HaueHue
Bricora Bricora PazHocTh BBICOT [lIupuna
Obnem, Jlnavierp KopIyca 3alIMTHOW | MEXIY Pe3epByapoM | MEKCTEHHOTO ko> puimeHTa
M PBC, m ’ N B3aUMHOU
M CTEHKHU, M U CTEHKOU, M MPOCTPAHCTBA, M
00JTy4eHHOCTH
100 4,73 6 4,8 1,2 1,8 0,001
200 6,63 6 4,8 1,2 1,8 0,004
300 7,58 7,5 6 1,5 1,8 0,247
400 8,53 7,5 6 1,5 1,8 0,165
700 10,43 9 7,2 1,8 1,8 0
1000 10,43 12 9,6 2,4 1,8 0
2000 15,18 12 9,6 2,4 1,8 0,180
3000 18,98 12 9,6 2,4 1,8 0
22,8 12 9,6 2,4 2,2 0,005
5000 20,92 15 12 3 1,8 0
28,5 18 14,4 3,6 1,8 0,011
10000 34,2 12 9,6 2,4 2,2 0
39,9 18 14,4 3,6 1,86 0,085
20000 47,4 12 6,9 2,4 3,6 0,004
30000 45,6 18 14,4 3,6 3,9 0,078
40000 56,9 18 14,4 3,6 2,4 0
50000 60,7 18 14,4 3,6 4,2 0,018
100000 95,4 18 14,4 3,6 11 0,048

Pesynbrarel pacuéra koaddunmenTa 00Iyd€HHOCTH IO MPEICTABICHHON METOIMKE MOXHO
CpPaBHUTh CO 3HAYCHHSMH, KOTOpbIC JMJaET HCIOJIb3yeMas B HACTOSIIEe BpEMS METOJUKA,
MpUBEICHHAS B paboTe [4], Tie K03 dUIMEeHT 00ydeHHOCTH paccuuThiBaeTcs o hopmyse [8]:

P = 1B arcsin S + G arcsin B, (2)
12 ’
7| \J1+ B2 J1+BZ+C2  J1+C? \J1+ B2 +C2
e B, = X , C, = h¢ , hqb — BbICOTa (pakena IIaMeHM, M; BEIMYMHBI X1 W Y1 Haxonarcs
2y, 2y,
U3 COOTHOILICHU:
2 2
x. ar, (" —r,")

2r, +2(r,—r,)

y, = \/roz —r,>—(0.5% ).

BbIunCIIeHHs IPOBOMINCH s pesepByapa PBC3C o6sémom 20000 M° [3] ¢ auamerpom
39,9 M U MeXCTeHOUHBIM paccTosiHueM 1,86 M, pacu€THas BbicoTa (Qakena miameHu 43 M uis
ropsiiero OeH3nHa. 3HaueHUs: KOA(PUIUEHTOB 00ITyYEHHOCTH, PACCUUTAHHBIX MO BhIpaXKeHUsM (1)
u (2), paapi 1 @ = 0,1 1 @ = 0,45 COOTBETCTBEHHO.

Jlis OlleHKH pe3ysibTaTOB BBIYMCICHHUN TaKKe IMPOBEIACHO UYMCIEHHOE pELIeHHE 3aJauu
o ompeacneHuo KoddduimeHTa B3aUMHON OOJYYEeHHOCTH C ToMompl0 makera Comsol
Multiphisics. Ha puc. 3 npencrasiena pa3padboTanHas MOJEIb UCCISIYEMOro 00BEKTa.

B pesynbrare BeloIHEHU pelieHns KodpduuneHT oo6aydeHHoCcTH cocTaBmi (P12=0,085.

AHaIM3 TOJTYYEHHBIX JaHHBIX MMOKA3bIBAET, YTO CYMIECTBYIOIIAs METOINKA, HUCIOIB3YIOMIAs
BbIpakeHUe (2), ma€r 3aBbIIIEHHBIE 3HaYeHHs Kod(duimeHnta obiyueHHOCTH . IlpennoxeHHas
METOAMKA TIOBBIIIAET TOYHOCTh OMNHMCAHUS  yCIOBUH  TeruiooOMeHa Omarogaps — y4éry
reoMeTpuyeckux ocobOeHHocTte Monenu mnoxapa B PBC3C, yto monarBepikaaeTcs pacueraMu
Ha YUCIIEHHON MOJIeNH.
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Puc. 3. Uncaennas moaesisb (hakesia njiaMeHH M 3al{UTHOI CTEHKH pe3epByapa

B xone mpoBeneHHoi paboThl pa3paboTaHa METOAMKA pacyeTa YCJIOBHM TerooOMeHa
M3JIy4eHHUEM TIOBEPXHOCTH 3alMTHOM CTEHKH pe3epByapa B YCIOBUAX IOXKapa, IPOBEICHA
aBTOMAaTH3alMsl Tpoliecca BBIYUCICHUS KOX(PUIMEHTa B3aUMHOW OOIY4YEHHOCTH C IOMOIIbIO
Microsoft Office Excel u BbIoHEHBI BRIYMCACHUS IS Psiia TUIIOBBIX KOHCTPYKIMI Pe3epByapoB
C 3almTHON creHkoil o0béMoM ot 100 M no 100000 M, [IpoBenenHass oueHKa pe3yJbTaTOB
BBIYMCIICHUI TOKa3ajga YJIOBJIETBOPUTEIBHYIO CXOJIMMOCTh C pe3yjbTaTaMd YHCICHHOTO
MOJICTTMPOBAHUS ¥  TO3BOJISET YTOUHUTh 3HAYEHHS, TOJTy4aembleé IO CYIIECTBYIOIIUM
COOTHOIIEHUsIM. Tem He MeHee, JII TPOBEPKH JOCTOBEPHOCTH TMOJYYAaEMBIX pPE3YJIbTaTOB
C TTOMOIIIBIO pa3paboTaHHONH METOAUKH TPeOYyIOTCS KCIEPUMEHTANbHBIE UCCIECTOBAHMS HA MOIETH
00BEKTa WIIM TIPOBEJICHUE OTHEBBIX HCITBITAHUN.
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INPOBJIEMbI ! IIEPCIIEKTHUBbBI
HPEAYIIPEXJIEHUA U TYIIEHUSA ITOYKAPOB

AHAJIA3 TPOLECCA TEHNIOMACCOOBMEHA KAIIEJIb
OI'HETYINAIIEU OMYJIbCHUHA C ITPOAYKTAMMU I'OPEHUSA

A.A. Ky3bMUuH, KAHAWAAT NeJATOTHYeCKUX HAYK, 1OLEHT;
T.A. Ky3bMuHa, KaHAUAAT NeJArOrHYeCKNX HayK.
Cankr-llerepOyprckuii yausepcurer I'TIC MUC Poccun

BrusiBiieHBI U IpOaHATU3UPOBAHBl (PAKTOPHI, YUUTHIBAIOUINE BIMSHUE MPOLECCOB, MPOUCXOIAIINX
B 30HE TOpEHHUs Ha TEPMOJAMHAMUYECKHE XapaKTepUCTUKH OTHeTylalled cmecu. BwineneHsl craguu
mporecca TEIUIOOOMEHa MEXIy MAaKpOKAIUIIMH OTHETYyIIallel SMYJIbCUM W TNPOAYKTAMH TOPEHUS.
VY cTaHOBIEHBI YCIOBHS Pa3pblBa MaKpPOKAIIIH, IPUBOIALINE K CYIIECTBEHHOMY U3MEHEHUIO HHTEHCHBHOCTH
TEIIOMaccOOOMEHa MEXKIy MOTOKOM II0/IaBaeMOl B o4ar rOpeHHs] OTHETYIIAIe SMYJIbCHHA M MPOAYKTaMU
ropenusi. ChopMHpOBaH aITOPUTM pacdeTa ONTUMAIBFHOTO pa3Mepa MUKPOKAILIH OTHETYyIIaled SMyIbCHH.
[IpencraBnena 3aBUCUMOCTD 3()()EKTUBHOCTH IOXKAPOTYILIEHHSI OTHETYLIAIeH 3MyJbCHEH OT pa3MepoB
pacHbUIsIEMBIX MUKPOKAIENb IS pa3JIMYHBIX POMEIUIEHTOB.

Kniouegvie cnosa: nponesnieHTs!, OTHETYIIAIINE BOJAHbBIE SMYJIbCUN, MHOTOKOMIIOHEHTHAS AMYJIbCHS,
MOBEPXHOCTHOE HATSKEHHE, BSI3KOCTh, OTHEeTYyIaImas 3h)eKTHBHOCTD, ONTHMHU3ALHS

B nHacrosmmii MOMEHT Juis moxapoTyuieHus B Oonee yem 80 % ciydyaeB HCHOJIb3yeTcs
BO/Ia, KOTOpas MO3BOJISIET 00ECIIeYNTh OTOOP TeIia OT o4ara ropeHus.. IHTEHCUBHOCTH IMporiecca
oTOOpa TeIula B 3HAUYUTEIBHOW CTEMEHU OIMpeAeNseTcsl AUCIEPCHOCThIO MOTOKA OTHEeTyIIamlen
KHUJKOCTH, JJISi YEro TWPUXOJUTCS HCIOJIB30BATh JOPOTOCTOSINEe OOOPYAOBAaHHUE BBICOKOTO
JaBJICHUSA, U, TEM HE MEHEe, He y/1aeTcsi 00eCeUYnTh TOCTATOYHO BBICOKYI0 HHTEHCUBHOCTD MOAAUN
OTHETYyIIAIIEeH KUJIKOCTH K odary moxapa. Kpome Toro, oopasyroniiuecs: MeIKoIUCIIEPCHBIE Karlid
BBIHOCATCS M3 30HBI TOPEHUS MOIIHBIMH KOHBEKTUBHBIMH MOTOKaMHU MPOJYKTOB TOPEHUS, UTO,
0€3yCJIOBHO, YMEHBIIAET OTHETymamyr 3(PQGEeKTHBHOCT, TPHMEHEHUS JTaHHOTO BEIIECTBA
B IIpoLiecce noxaporyuenus [1].

Orrerymamnias 3p(HEeKTHBHOCTh M3MEPSETCS MUHUMAIBHBIM KOJHYECTBOM OTHETYIIAIIETO
BEIIECTBA, HM3PACXOJIOBAHHOTO TPU TOAABICHUU MOJAETHHOTO TOXKapa, a HMHTEHCHUBHOCTH €ro
MoJauu U3MEPSIETCSI MACCOBBIM PACX0JI0M, TI0/IaBa€MbIM Ha €IMHUILY TUTOLIAAH ToXkapa [2].

Pemmennem  mpobrmemMbl  MOXeT OBITh  OOecreueHHe  Mpolecca TIeHepUPOBAHUS
HEMOCPEJCTBEHHO B 30HE TOPEHUS MOTOKA OTHETYINAIICH KHIKOCTH, 003 aroniel HeoOXoquMon
MEJKOJIUCTIEPCHON CTPYKTYPOH, MPHU STOM TMOSIBISIETCS BO3MOXKHOCTH HM30€XKaTh HCIOIB30BaHUS
Ha TOKape CJIOXKHOTO B JKCIUTyaTalldd M JIOPOTOCTOSIIETO IMOKAPHO-TEXHUIECKOTO BOOPYKCHHS.
Jl11g 3TOTO MpeAnaraeTcs UCIoIb30BaTh OTHETYIIAIINE BOJAHBIE SMYJIbCUU, B KAYECTBE TUCIIEPCHOTO
KOMITOHCHTa KOTOPBIX BBICTYIAIOT JICTKOKHIISAIIAE OPTaHWYSCKUE JXUIKOCTH, TaK Ha3bIBaeMbIC
nponemieHTsl [3, 4]. dusnueckuid MEXaHW3M BO3JIEHCTBUS TaKUX SMYIbCUN Ha 30HY TOPEHUS
COCTONT B TOM, UYTO IPOHUCXOJUT HHTEHCHUBHOEC BCKHITAHHE JICTKOKHUIIAMICH  (asbl,
COIPOBOXKAIOIIIEECS Pa3pPHIBOM KaIlIM-HOCUTEIS, YTO YBEIMYMBAET AUCIIEPCHOCTH BOJAHOTO MOTOKA
¥ TEM CaMbIM ITOBBIIIIACT MHTCHCHBHOCTH 0TOOpA TeIlIa OT 30HBI TOPSHHUS ITOKAPHOU HATPY3KH.

[Ton »>mynbcueidl OOBIUHO TOHMMAIOT HEYCTOMYMBYIO CHUCTEMY B BHUAE B3BECH
MUKPOCKOITMYECKUX YaCTHI[ OJHOH JKUJKOCTH, KOTOPYIO HEBO3MOXXHO PACTBOPHTH B JPYroi
KHUJKOCTH, TPU OSTOM MEXKAY YaCTUIIAMH, COCTABISIONIMMH O3THU JKUAKOCTH, HE BO3HUKAIOT
(du3HYECKUEe WA XUMHYSCKHAE B3aUMOICHCTBHS.



Oruerymamas 3(¢(eKTUBHOCT TaKUX SMYJIbCHHA orpenensercss (pUu3nKo-XxMMUYECKHUMU
XapaKTepUCTUKaMHU, Tak B paboTe [5] mpencraBieHa onTHMaibHAs OOJIACTh (PU3MKO-XUMHUYECKUX
[IapaMETPOB OTHETYILIAIMX BOJHBIX 3MYJIbCHUM, B KOTOPOM MPOSBIAETCS MAKCUMYM MX OTHETYILIAIUX
CIIOCOOHOCTEH.

OpHako Tpu TONAJAaHUM OTHETYIIAIeH CMECH, MpPEACTaBISAIONed Cco00i BOAHYIO
SMYJbCUIO, B BBICOKOTEMIIEPATYPHYIO CpPELy 30HBI TOPEHHsS BO3MOYKHO (DU3MKO-XUMHUUYECKOE
B3aMMOJICHCTBHE MEXIy razoo0pa3Hoi (pakipel mokapHOW Harpy3KH, MPOJYKTaMH €€ TOPEHHUS,
BOJIOM U JIETKOKUIISAIIMMHU JHACIEPCHBIMU KOMIIOHEHTAMHU OTHETYINAIIEH CMECH, YTO HE YYUTHIBAIOT
CYLIECTBYIOIINE UCTOYHUKHU.

Ilenplo IpPOBEAEHHBIX HCCIEAOBAaHUM sBIsAeTcd (OPMUPOBAHME MOJEIU Ipolecca
TEIIOMAacCOOOMEHa MEXy KaluIIMU OTHETYIIAlled AMYJIbCUU W BBIABJICHHM Ha €€ OCHOBE
ONTUMAJIbHBIX IAPAMETPOB BOJHOM dMYJIbCHUU JETKOKMITAIUX OPraHUYECKHUX KMIKOCTEH C LEIbI0
MUHUMU3ALKN PACX0/1a OTHETYIIAIEH CMECH Ha II0KapOTYILEHUE.

B xonme anamu3a (QU3MKM [IPOLECCOB HArpeBaHWs BOJAbl C €€ MOCIEeIyHOLIUM
napooOpa3oBaHUEM, NPOMUCXOJSAIIMM B 30HE TOPEHUs, NMPU (OPMHUPOBAHUHU BBIIICO3HAYCHHOM
MOJICJIM  HEOOXOIUMO  YYMTHIBaTh BJIMSHME O3TUX IPOLECCOB Ha TEPMOJUMHAMUYECKHE
XapaKTePUCTHKH 00pa3yIoUIeicst Py 3TOM ra30BOi CMECH.

VYUUTBIBaIOTCS HECKOJIBKO OCHOBHBIX (DaKTOPOB, @ UMEHHO:

— daktop TemioMaccooOMeHa, OOYCIIOBJIEHHBIN MpoleccaMd CBOOOJHON KOHBEKIINH,
BbI3BaHHbIHN TEIIIOOOMEHOM MEXy NPOAYKTaMH FOPEHMs U KaIUIIMU OrHETYLIAle SMyIbCUH;

— TEpMOJAMHAMUYECKUN (AKTOp, CBA3AHHBIA C M3MEHEHMSIMH YAEJIbHOM TEMJIO0EMKOCTU
U BHYTPEHHEH JHEpPrHell NPOAYKTOB TIOPEHMs, a TaKKe IMPOAYKTOB HCIAPEHUs OTHETyLIalen
AMYJIbCUH;

— TEPMOXMMMYECKHH (DaKkTOp, MPOSIBIAIOLIMICA B XOJ€ XUMHUECKUX PEAKLUUHA MEXITY
IIPOJYKTaMU FOPEHUS U MIPOIYKTaMU UCIIAPEHMs OTHETYIIAIEH SMYJIbCUU.

Ananuzupys GakTop TEIIoMaccooOMeHa, MOXKHO MPENNOJI0XKHUTh, YTO X0 KOHBEKTUBHOI'O
TEII000MEHa MPEJONPEAETUT MPOJIOJIKUTENBHOCTh MECTHOTO BO3JEHCTBHUS MapOB OTHETYIIAIIEH
OMYJbCUU Ha TEPMOJMHAMUYECKHE MapaMETPhl IPOAYKTOB TOPEHMsI MOXKAPHOM HAarpy3ku. B sTtom
Cllydae OTHEeTYIIAIlasi SMYJIbCUsl, BIPBICHYTAsl B 30HYy FOPEHUS B BUJE MEJIKOAUCIIEPCHBIX Karlellb,
JOCTUTaeT CBOMX KPUTHYECKHX [apaMeTpoB (TemIepaTypbl M JIaBIE€HHUS) 3a JIOCTaTOYHO
HEINPOJOJKUTENIBHBI BPEMEHHOM IPOMEXKYTOK. B Xole mnepememieHus Kareilb OTHETyIIallen
OMYJBCUU B CPEly NPOMYKTOB TOPEHUs MOKAPHOW HArpy3KH TeMIIepaTypa 3THX Kalellb B XOJe
MIPOLIECCOB  TEMJI0OOOMEHa C TMPOAYKTAaMH TOPEHMSI YBEIMUMBAETCS U MOXET JOCTUTHYThH
TEMIIEPATYPbl KWUIIEHHWsS OTHETYIIAIEH SMYJIbCUU, COOTBETCTBYIOIIEH 3HAYEHUIO JIOKAJIbHOIO
JIaBJICHHUs B 30HE TOPEHHUs MoKapHOM Harpy3ku. [Ipoluecc meperpeBa OrHeTyumamied sMyJbCUU
o0ycaBIUBaeT IEpexo]] BOJHONW KOMIIOHEHTBI, HaXOJALIeWCs BHYTPU OTHENbHBIX KaIlellb,
K METacTabWIbHOMY COCTOSIHUIO M CO3JaHHI0 HEOOXOJMMBIX YCIOBUW JJisi CIIOHTAaHHOI'O
BCKMIIAHMS. OTO IPOUCXOAUT HECMOTPS HA CHW)KEHHME YHCJIa JIOKAJIBHBIX LEHTPOB
napooOpa3oBaHus, IO3TOMY IIEHTPHl NapooOpa3oBaHMsI BO3HUKAIOT BCJEICTBHUE IPOIIECCOB
TeIuI0BOH (uryKTyaruu [6].

TepMoaMHAMHUYECKU aHAIM3 COCTOSHUS T'a30BOM (pa3bl OTHETYyIIAIIEW SMYJIbCHU B 30HE
TOpeHusl MOXKapHOM Harpy3ku OazupyeTcs Ha JOMYIIEHHH, YTO Ha JIFOOOM JIOKAJbHOM YYacTKe
TEPMOJUHAMHYECKOI0 Ipolecca MPOUCXOAUT OTBOJ TEIJIOTHI, PaBHBI KOJWYECTBY TeIlla,
TpeOyeMoro Ui HUCHapeHus MNOJBEIEHHOW orHerymamei smynscuu. [lo Mepe mnpeBpaiieHHs
OTHeTymamel 3MYJIbCUH W3 XUAKOTO COCTOSHUS B ra3oo0Opa3zHoe OyJeT pa3BHBAThCs IMPOLIECC
JanbHeHIero oToéopa TemIoTh OT MPOJYKTOB TOPEHHs MOKAPHON Harpy3ku. byaer nmpoucxoauts
HarpeB MapoBoi (pakuuu, KoTopas oOpazyeTcsl B XO0J/€ UCIApeHHs] OTHEeTYIIaleld dMYyJIbCUU MIPH
€€ HarpeBe MPOAYKTaMH T'OPEHNUs MOKApHOM Harpy3KH, BCIEICTBUE YETO U3MEHATCS TEIIIOEMKOCTh
U yAenbHas BHYTPEHHSSI OJHEprusi mnapoBoil ¢pakuumu, a Takke BO3HHMKHYT YCIIOBHUS,
CIOCOOCTBYIOIINE CIIOHTAHHOMY BCKHITAHUIO OTJENBbHBIX Kalelb OTHEeTYyIIaleil SMyIbCHH.

B xoz1e noxapoTyiieHus Karsi OTHeTyIIaIled 3MyJIbCUH, TIPEACTaBIAoNas co00H BOAHYIO
OMYJBbCUIO JIETKOKMUIISIINX OPraHMYECKUX >KUJKOCTEM, IOMEIIAEeTCs B BO3MYLIEHHYIO CpeERy
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NPOJIYKTOB TOPEHUsSI C U3BECTHOW Temmeparypoit 71, naBieHueMm P;, wactoToi f m mynbcanmeit A
CKOPOCTH JBWXKCHHS I'a30BOT0O MOTOKA. ECTECTBEHHO NMPEATIONOKUTH, YTO TEMIIEPATypa IPOLYKTOB
ropeHus 77 Oouibllle HAYaJIBHOW TEMIIEpaTyphbl Kamelb sMylbcur 71,,, TO ectb 11> T,, 4TO
NPEJOIpeeNIieT HMHTEHCHUBHOCTh TEIUIOOOMEHA MEXIy HapyXHOH TIIOBEPXHOCTBIO KaIlId
Y IPOAYKTaMHU TOPEHMS T0KAPHOU HArpy3KH.

B 3TOM Ccitydae MO>KHO BBIIEIUTHh HECKOJIBKO CTaJUi 3TOTO MpoLecca:

— Karisl AMYJIbCHU TIPOTPEBAETCs 0 TEMIepaTypsl meperpeBa BoAbl 1, dYTo Oyner
COIIPOBOXAATHCS MHTEHCUBHBIM IIPOLECCOM UCIAPEHMS JIETKOKUIIAIINX OPraHU4eCKUX KUAKOCTEM,
00pa3yIoIKUX BMECTE C BOIOM OTHETYIIAIIYIO AIMYJIbCHIO;

— IIPOMCXOJMUT CIIOHTAHHOE BCKUIIAHHE BOJSHOM KOMIIOHEHTBI OTJCJIBHBIX Karlelb
OTHETYIALEH dIMYJIbCUM;

— oOpasyromuiics BOASIHOM @Hap yXy[IIaeT yCJIOBHUsA TEIUIOOOMEHAa MEeXAy NpOLyKTaMu
TOpPEHUs U HapyKHOM ITOBEPXHOCTHIO Kallelb OTHETYIIAIIEH SMYJIbCUH.

IIpeanonaraercs, 4TO TEIUIOTA, PAacXOAyeMas Ha HCIAPEHUE BOJBI, BXOIAIIECH B KaIUIO
OTHETYIIAIEeH SMYyJIbCUH, OYAET NPONOPLHUOHATIbHA YUCICHHOMY 3HAUCHHIO BBIPAXKECHU:

k

_m
m +m. ’
6 )
rie M, — Macca BOJblL, COAEp)Kallelcs B Kalle OrHETyIIalmed 5SMylnbcuu; M, — Macca

JICTKOKHITSIIMM OpPraHU4YeCKOM JKHUJKOCTH, COJEpPKAIEHCs B Kalle OTrHETYMIAIeW SMYJIbCHUH;
k — sMmnupuyeckuil K03((GHUIUCHT, BEIMYMHA KOTOPOrO 3aBUCHUT OT MHTCHCHBHOCTH IIpoIecca
UCIIAPEHHUs C IOBEPXHOCTH KAIUIM OTHETYIIAIIEH dMYJIbCUH.

HcTuHHOE 3HaYeHHE MAcChl BOASHOIO KOMIIOHEHTA, COCTABIIAIOIIECTO KAILII0 OTHETYIIAIICH
OMYJIBCUH, MOKHO OTIPEAEIINTh, PEIINB TU(PepeHINaTHLHOE YpaBHEHHE:

k R
m om_ _om,

8

m, +m., or Ot

*
rae m , — Macca BOJSHOM Karuly, y4acTBYIOIIEH B TEIJIOOOMEHE C MPOyKTaMH FOPEHUSI.
IIpoananu3upyeM yCIOBUsS CIHOHTAHHOTO BCKHITAHMS BOJSHOM KOMIIOHEHTBI OTJIEIbHBIX
Karlesb OTHeTYIlIaIlel 3MyJIbCUH, 0TOOpakeHHO! Ha puc. 1.

Puc. 1. Moaennb kaniu orHeryuiamieii 3MyJabcuu

rae R, — Tekyumil paauyc KamiM OTHETyIIamled sMmynbcuu; R, — TeKymuil paanyc BHYTpeHHEH
MIOJIOCTH KaIlJIM OTHETYILIAIIeH AMYJIbCUH; J — TEKYyIIasl TOJIINMHA dMYJIbIMPOBAHHOTO CJIOSl BHYTPH
Karuy, P, — JaBlleHHE HACBIIEHHBIX BOISHBIX IIapOB BHYTPHU KAIUIM OTHETYIIALIEH 3MYJIbCHH,
P71 — nasnenue razoBoy cpebl B 30HE TOPEHHUs II0KAPHOU HArPYy3KHU.
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Pa3ppiBy 0005I0YKM Karld OTHETYIIALIEH AMYJIbCHU MPENATCTBYET HaJIM4YUe CUII
HOBEPXHOCTHOTO HaTsDKkeHUs1 f, KOTOpble CO31af0T Ha TOBEPXHOCTU ATOW KAaIUTM HAampsDKCHHE

cXXartus O.

.
“75 7 (RE-RY) @

rjae S — MIoIa b MOMEePeUuHOro ceueHUsI 000OUKH Karlld OTHETYIIaIeld IMYIbCHH.

C mporpeBoM Karuld OTHETyIIamed SMyNbcHHM OYIeT HapacTaTh 3HAYCHHE JaBJICHUS
HACBIIICHHBIX BOJSHBIX IIAPOB BHYTPU KaIUIM OTHETYIIAIIEW 53MYJbCHHM, IPU 3TOM CHJIA
IMOBEPXHOCTHOT'O HATSKEHHUS] YMEHBIIUTCS U HANPSDKEHUE CKATHUSI YMEHBIIUTCS, a pa3Mepbl KAl

YBEIUYATCA. Korz[a CHJIbI TIOBCPXHOCTHOT'O HATSXKCHUS O, M BHCITHEC JABJICHUC IPOAYKTOB rOPCHUA P 1
MNEPECTAaHYT KOMIICHCUPOBATH JABJICHUE HACBIIIICHHBIX BOJAAHBIX IIAPOB BHYTPHU KaIlJInk PH, TO:

0,50, @)

B nepaBencTBe (2) 3HaueHHE HOPMAJIBLHOTO HAIPSDKEHUS PACTSHKEHUS B 00OJIOUKE Karlid
OTHETYIIAIIEH IMYIIbCUH O, MOKHO BBIYHCIIUTH C UCIIOJIH30BaHUEM BhIpakeHus (3):

_ (PH _Pl _Pa)' RK
O = . 3
2-0
B Belpaxenun (3) ans omnpenesieHHs 3HAUEHUs HACBHILIEHHOTO Iapa BHYTPU KaIUulM

oruerymamnieii smynscuu P, B pabote [2] npeanaraercs NpUMEHHTH CIEAYIOILIYIO SMIMPHIECKYIO
3aBHUCHUMOCTb:

4660

TOO
P =2780-e ~ | (4)
a N30BITOYHOC JAaBJICHUC CUJIbI ITIOBCPXHOCTHOT'O HATAKCHUA PaZZ'OCm/RK,
roe a, -— KO3(1)(1)I/II_[I/I€HT MOBCPXHOCTHOTO HATAXKCHUA OFHCTYI_HaH_[eﬁ OMYJBCHUH, BCINYHNHA
KOTOPOI'O 3aBUCHUT OT TEMIICPATYPhL ra3oBOI CMECH B o4are noxapa T1.

a, =1,69°05m0' 1—T—l ’ (5)

20
Opmo — KOA(D(PUIMEHT MOBEPXHOCTHOTO HATSDKEHUS OTHETYIIAlledl AMYIbCHUM IpU HadalbHON

Temmneparype 1.

VpaBHenus (1-5) yBs3pIBaloT (pU3MUECKHE XapAKTEPUCTUKHM KOMIIOHEHTOB OTHETYILIAIIeH
SMYJbCUH, TeIUIOpU3NYECKHUEe IMapaMeTpbl Tra3oBOW CMecH, 00pa3yrolleicsi B 30HE TOpEHUs,
U CYMMAapHYIO MOBEPXHOCTbh TEIUIOBOCHPHUATUS OTHETYIIALIEro MOTOKA, PaBHYIO MPOU3BEICHHUIO
00bEMHOM KOHIIEHTPALMM MUKPOKAIEIbh HA UX €IUHUYHYIO HApYXHYIO MTOBEPXHOCTh, U 00Pa3yroT
MO/JIeJIb, PEAIM30BAHHYIO B KaUeCTBE aJrOpUTMa, IPEICTaBICHHOTO Ha puC. 2.

Pesynprarel pacuera ¢ HCNONB30BAaHMEM IPEACTABICHHOTO AITOPUTMA IMPAKTUYECKH
COBIAJIAIOT C MPUBEIECHHBIMU B paboTe [5] JaHHBIMU U3MEPEHHs JhaMeTpa Karejab OrHeTyIlamen
SMYJbCUU. DTO TOATBEP)KJIAET paHee ONUCAHHYIO (DPU3MYECKYI0 KapTHHY: MOMaJalollie B 30HY
rOpeHHs TMOXKApHOH HArpy3KH MaKpOKAaIUId OTHETYIIAIleH SMyJjbcuu aumamerpom d=7/+2 mm
paspymaloTcss B XOJ€ BCKHUIIAHUS JIETKOKMILALIEH (pakiuu, B pe3yiapTare 4Yero JauaMeTp
oOpa3yromuxcss MUKpoKaneinb ymeHbimaercss n0 JS0+100 mxm. CopepxaHue puc. 3 HArIsgHO
WLTIOCTPUPYET (PU3MUECKYI0 KapTUHY CYLIECTBEHHOTO YBEJIMUEHHS TUIOMIAAN TEIUIO0OMEHa MEXy
MTOTOKOM OTHETYIIAIeH SMYIbCUH U TPOAYKTaAMU FOPEHHUSI.
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T"aGapuTsl MEKpOKAIITH

l I
I

MaccuB pu3nuecKux

CBOMWCTB NpOIIENIJIEHTa

CHITBI TOBEPXHOCTHOTO

A

HATSKECHUS ——
ITapameTtpsl
HopmanbsHoe HanpsibkeHne
MIPOJTyKTOB
B 000J109Ke MUKDPOKATLITI
TOpeHHs
VYcnoBue pa3pbiBa Hapnienue

HaCBIILICHHOT'O ITapa
[

MaccuB pu3nIecKux
CBOWCTB BOJIbI

MUKPOKAaII

‘ MaxkcumaiabHast IJIoIIa b TEIo00MeHa

Puc. 2. Anroput™M pacyera ONTHMAJBLHOr0 paMepa MUKPOKAILIN OTHeTyIIaIIei 3MyJIbCHI

Puc. 3. /IlmcnepcHOCTh MOTOKA OrHeTYyIIAIEH IMYJIHLCUH
(a) — 10 30HbI ropeHusi; (0) — B 30He ropeHuUst

MaxkcumanbHast 3(pQEeKTUBHOCTD NMPUMEHEHHsI OrHETYIIAINX SMYJIbCHIA TOCTUTACTCS TPU
ONTUMABHOW  CTENEHU JApOOJIEHUS  MHUKpOKamelb, YTO TOATBEPXKACHO  pe3ylbTaTaMu
9KCIIEPUMEHTA, 0TOOpaKEHHBIMU Ha puC. 4.

280
260
240

120 Ll L] L] ] L ] Ll I Ll 1

0 20 40 60 80 100 120 140 160 180 200
Pa3Mepbl MHKPOKANE/Ib OrHETYyMAMeH 3My. IbCHH, MKM

Puc. 4. 3aBucumocts ornerymaiieii 3))eKTHBHOCTH OT Pa3MepPOB MUKPOKATeJIb OTHETYIIAIIeH IMYJIbCUH
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Ha puc. 4 mpencraBieHa 3aBUCHUMOCTh 3(PGEKTUBHOCTH IMOKAPOTYIICHUS OTHETYIIAIIeH
AMYJILCHEH OT pa3MePOB PACITBUIICMBIX MHUKPOKAIIEITb JUTS PA3IHYHBIX MPOIIEIICHTOB:

1 — nonmerana CHsl; 2 — 6pomucroro atuna CoHsBr; 3 — mentana CsHip; 4 — okrana CgHyg.

[Tagenune ornerymaiiei 3p(HEKTHBHOCTH MPU POCTE pa3MEPOB YaCTHIl JUCHEPCHOW (a3bl
OTHETYIIAIEH dMYIIbCUU OOBSICHSICTCS TEM, YTO MPOIEICHT MOXKET HE MPUCYTCTBOBAThH BO BCEX
MaKpOKAIUIIX, 00pa3yIoluX CTPYIO, YTO CKa3bIBACTCS HAa MHTCHCHBHOCTH pa3pbiBa MaKpOKarelb
1 00pa3oBaHUM MUKPOKAIIEIb.

TakuM 00pa3oM, HCIOJIB30BaHHWE OTHETYIIANUX SMYJbCHH TO3BOJIIET OPraHU30BaTh
ojayy MOTOKa ¢ HHU3KOW JHUCIIEPCHOCTHIO OOOPYAOBAaHHWEM CPEIHEro IAaBJICHUS, YTO CHHUXKACT
BEPOSTHOCTh BBIHOCA KOHBCKTHBHBIMHM IOTOKAMH MAaKpOKaIejdb M3 30HbI TOPEHHS, YTO B CBOIO
ouepe/lb YBEIMYMBACT OTHETYMIAITYI0 3 PEKTUBHOCTD 3a CUET pa3phiBa MaKpOKArelb JI0 pa3MepOB
MHKPOKAIEb.
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NHO®OPMAIINOHHASA CITPABKA

Crapeiiimee y4eOHOE 3aBeACHHE MOXKapHO-TeXHHUYECKOro mnpodwmis Poccum obOpa3zoBaHO
18 okTs6pst 1906 r., korma Ha ocHoBaHuU pemeHus ['opoxackoit Iymbr Cankrt-IletepOypra Obutn
OTKpBITEl Kypchl MOXapHbBIX TEXHUKOB. Hapsany ¢ IOATOTOBKOM IOKAPHBIX CIELUAINCTOB,
yueOHOMY 3aBEJCHUIO BMEHSUIOCh B 00S3aHHOCTh 3aHMMAThCSl 0OOOLIEHMEM M CUCTEMaTH3aluen
MOXKapHO-TEXHUYECKUX 3HAHUH, 0(OPMIIEHUEM HX B OT/AEIbHBIC ydeOHbIC TUCHMILIMHBL. VIMEHHO
3/1eCh OBUIM CO3JIaHbl NIEPBbIE OTEUECTBEHHBIE YUEOHHUKH, [0 KOTOPHIM O0y4YaJIUCh BCE MOXKAPHBIE
CIELIMAIUCThI CTPAHBI.

VY4eOHbIM 3aBeICHHMEM 3a BEKOBYIO UCTOPHIO MOJArOTOBIEHO Ooiiee 40 ThIC. CIIELHATUCTOB,
KOTOPBIX BCErJa OTJIMYAJIM HE TOJBKO BBICOKHE MpOo(decCHOHaNbHbIC 3HAHUS, HO M OecrpenenbHas
IPEJaHHOCTh NMPO(ECCHH MOXKAPHOIO U BEPHOCTh InpucAre. CBUAETENBLCTBO TOMY — LEIBbIA psij
COTPYJHUKOB U BBIIYCKHUKOB BY3a, HarpaX/JICHHbIX BBICUIMMH HarpajaMu CTpaHbl, CPEIu HUX:
kaBasiepbl ['eoprueBckux kpectoB, yeTslpe ['epos Coserckoro Corosa u I'epoii Poccun. [lanexo
HE CclIy4yaeH TOT (paKT, UTO Cpelld PYKOBOJSILIET0 COCTaBa MOKapHOW OXPaHbI CTPAaHbI BCEr/1a OBLIO
MHOTI'O BBIITYCKHUKOB y4€OHOT0 3aBe/ICHHS.

Ceromust (QenepaibHOE TOCYTAPCTBEHHOE OFOPKETHOE OO0pa30BaTEIbHOE YUPEKICHUC
BeIciiero oopasoBanusi «CaHkrt-IletepOyprekuil yHuBepcuTeT ['ocyapcTBEHHON IPOTHBONOMKAPHOM
cy:kOp1  MunucrepctBa  Poccmiickoii  ®enmepannu 1o enaM  TPaKJAaHCKOH — 0OOpOHEI,
Ype3BbIUAiHBIM CUTYalMsM U JMKBUIALUU MOCIEICTBUM CTUXMUHBIX OEJCTBHI» — COBPEMEHHBIN
HAyYHO-00pa30BaTEIbHBI KOMIUIEKC, MHTETPHPOBAHHBIA B POCCHICKOE M MHPOBOE HAy4dHO-
00pa3oBaTeNbHOE MIPOCTPAHCTBO. Y HUBEPCUTET 0 pa3HbIM (opMaM 00OydeHHs — OUHOM, 3204HON
Y 320YHOM C IPUMEHEHUEM JIMCTAaHIIMOHHBIX TEXHOJIOTUI — OCYIIECTBIISIET 00y4€eHHeE 110 25 mporpaMmam
CPEAHEro, BBICIIEr0 O00pa30BaHMs, a TAK)KE MOATOTOBKY CHEIMAJIMCTOB BbICIIEH KBaIM(UKALMU:
JOKTOPAHTOB, aJbIOHKTOB, aCIIMPAHTOB, a TAKXKE OCYLIECTBIISIET MEPENOJArOTOBKY M IMOBBILICHHUE
KBaJMpUKaMu crennanuctos 6osee 30 kareropuii corpyanukoB MUC Poccun.

HavanbHuk yHUBepcuTeTa — reHepan-Maiiop BHYTPEHHEH CiIy:KObl, KAHIUAAT TEXHUUECKUX
Hayk |'aBkaimrok bornan Bacuibesny.

OCHOBHBIM  HampaBJICHUEM  JESTEbHOCTH  YHUBEPCUTETa  SIBISETCS  IOJTOTOBKA
CIELMAINCTOB B paMKax crnenuanbHocTu «lloxkapHas 6e3omacHOCTb». Bmecte ¢ Tem, opranu3oBana
MOJArOTOBKA M MO JPYI'MM CHEUMaIbHOCTAM, BocTpeboBaHHbIM B cucreMe MYC Poccuu. Oto
CHEIHATUCThl B 00JIaCTH CHCTEMHOI0 aHalM3a W YIPABIIEHUS, 3aKOHOJATENIBHOTO 00eCleYeHUs
U TPaBOBOro perynuposanus aestenbHocTh MUYC Poccuu, NCHMXOJIOTHH pHUCKAa M Ype3BbIYAalHBIX
CUTyallul, SKOHOMHYECKOW Oe3omacHocT B mnoapazaeneHusx MUYC Poccun, mnoxxapHo-
TEXHUYECKOM DJKCIEepTU3bl M J03HaHMs. [lo MHHOBAIMOHHBIM IPOrpaMMaM MOATOTOBKH
OCYILIECTBISIETCSl O0y4YeHHE CIENMATUCTOB MO chenuanu3anusaM «PyKoBOJICTBO MNpOBEIEHHUEM
cracaTeNnbpHBIX omepanuii ocoboro pucka» u «lIpoBereHHe upe3BBIYAMHBIX T'yMaHUTapHBIX
orepanuil» co 3HAaHMEM HHOCTPAHHBIX S3BIKOB, a TaKXe IOJArOTOBKA CHELHAIUCTOB JUIS
BOCHU3MPOBAHHBIX FTOPHOCHACATENBHBIX YaCcTEH MO ceuanbHOCTH «I'opHOE 1ETI0».

[upoTra Hay4YHBIX HHTEPECOB, BBICOKUH MpodeccruoHaIn3M, OOJBIION ONBIT Hay4yHO-
NEAArornyeckol JEesTENIbHOCTH, BJIAJEHUE COBPEMEHHBIMHM METOAAMM HAyUYHBIX HCCIIEIOBAHUMN
MO3BOJISIIOT  KOJUIEKTUBY YHHMBEpPCUTETa MPEYMHOXKaTh HAyYHbIi M Hay4YyHO-TEJaroruyeckui
MOTEHIMAJ By3a, 00eCneurnBaTh HEMPEPHIBHOCTh M MPEEMCTBEHHOCTh 00pa30BaTeNIbHOIO MpoIecca.
CerogHsi B yHUBEpCUTETE CBOM 3HAHHSA M OTPOMHBIM OMBIT MEpenaroT: / 3acHyKEHHBIX JesTesen
Hayku Poccuiickoit @eneparum, 11 3acmyxkeHHbIX paOOTHHUKOB BbIcHIeH IKonbl Poccuiickoit
@enepannu, 2 3aciayXeHHbIX lopucta Poccuiickoit ®enepanuu, 3aciaykeHHble H300peTaTenn
Poccuiickoit ®enepatun u CCCP. IloaroToBKy CHELMAIMCTOB BBICOKOH —KBaTU(HUKAILMU
B HACTOSAIIEE BPEMs OCYIIECTBISIOT 56 ITOKTOPOB Hayk, 277 KaHAUAATOB HaykK, 58 mpodeccopos,
158 noueHTtoB, 12 akageMUKOB OTpAciEBbIX aKaJAeMHH, 8 4IEHOB-KOPPECIOHJEHTOB OTPAaCIIEBbIX
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aKaJieMuil, S5 CTapmuX HAyYHBIX COTPYIHUKOB, 6 TOYETHBIX pAOOTHUKOB BBICIIETO
npodeccuoHaibHOr0 o0OpazoBaHusi Poccuiickoit deneparuu, 1 moyeTHBI paOOTHUK HAYKH
u Texuuku Poccuiickoit enepaiuu, 2 noyeTHsIx paaucra Poccuiickoit deneparuu.

B cocraBe ynuBepcurera:

— 32 kadenpsr,

— MHeTuTyT 6€30MacHOCTH JKU3HEAEATEIbHOCTH;

— VIHCTUTYT 3209HOTO U JUCTAHIIMOHHOTO O0YYEHUS;

— VIHCTUTYT HPaBCTBEHHO-NIATPUOTUYECKOIO M 3CTETUYECKOTO Pa3BUTHS;

— MHCcTuTyT npodheccuoHanbHON TOAT OTOBKH;

— WHceTuTyT pa3Butus;

— HayuHo-uccnenoBaTenbCkiii. MHCTUTYT NEPCHEKTUBHBIX HCCIIEIOBAaHUN W MHHOBAIIMOHHBIX
TEXHOJIOTUH B 00J1acTH 0€30MaCHOCTH KU3HEESATEIbHOCTH;

— JlanpHEBOCTOUHAS MTOXKapHO-CIIacaTenbHas akagemus — punuan yausepcutera (IBIICA);

— AT (PaKyJIbTETOB: (aKyIbTET MHKEHEPHO-TEXHUUECKUH, (DaKyIbTeT SKOHOMUKH U NIpaBa,
(baKynbTeT MOATOTOBKM KAJApPOB BBICHICH KBaNU(UKAIMM; (PaKyIbTeT MOXKapHOW 0e30macHOCTH
(mogpasznenenne [IBIICA); daxynpTeT HOMNOTHUTENBHOTO MPOGECCHOHATBHOIO 00pa30BaHUs
(nompaznenenue JABIICA).

WNHcTuTyT  6€30MacHOCTH  JKU3HEIESTENbHOCTH  OCYLIECTBISIET  00pa3oBaTElbHYIO
JESTEeNbHOCTh 10 MPOrpaMMaM BBICHIETO OOpa30OBaHHs IO JOTOBOpaM 00 OKa3aHWM IUIATHBIX
00pa3oBaTeNbHBIX YCIYT.

[TpuoputeTHBIM HampaBiieHHEM B paboTe MHCTHTYTa 3209HOTO U JUCTAHIIMOHHOTO O0YYEHUS
SBJISIETCSl MOJATOTOBKA KaJpOB HAYAJIbCTBYIOLIETO COCTaBa sl 3aMELICHHMsS COOTBETCTBYIOLIUX
noypkHoCTel B moapasneneHusx MUC Poccun.

WHCTUTYT pasBUTHS pealu3yeT JIOMNOJHUTENbHbIE MNPO(ecCHOHAIbHBIE IPOrpaMMbl
M0 TIOBBIICHUIO KBATM(GUKAIUN ¥ NPOPECCHOHATBHON MEPEnOAroTOBKE B paMKaX BBITIOTHEHHS
rocynapcTBeHHoro 3akaza MUYC Poccun a1 COBEpIIEHCTBOBAHUS U PA3BUTUS CUCTEMbI KaJpOBOI0
o0ecrieyeHus1, a TaK)Ke Ha JIOTOBOPHOI OCHOBE.

HayuHo-uccnenoBaTenbCKuii HHCTUTYT MEPCIEKTUBHBIX MCCIEI0BaHUM U MHHOBALMOHHBIX
TEXHOJIOTUH B 00macTu OE30MACHOCTH IKH3HENEATEIIbHOCTH  OCYIIECTBISIET — PEaM3allHIo
roCylapCTBEHHON Hay4YHO-TEXHMUYECKON IMOJIWTHUKH, W3Yy4EHHE U PEUICHHE HAay4YHO-TEXHUYECKUX
npo6sieM, HH(HOPMALIMOHHOTO U METOJIMYECKOT0 0OecrieueHusl B 00J1aCTH MOXKapHOH O€301aCHOCTH.
OcHoBHble HampaBieHus gesrenapHocty HWM: opraHusanumoHHOE M Hay4HO-METOJUYECKOE
PYKOBOJICTBO CYyJI€OHO-IKCIIEPTHBIMU YUPEXKACHUSIMH (PeiepabHOM MPOTUBONOKAPHON CITYKOBI
MYC Poccun; ceptudukanus MpOAYKIMH B OOJACTH IMOKApHOM O€30MacHOCTH; NpOBEICHHE
UCHBITAaHUN U pa3paboTKa HAYYHO-TEXHUYECKOW MPOMYKIMHU B 00JACTH MOXKapHOM 0€30MacHOCTH;
IIPOBEJICHUE pACUYETOB IIOKAPHOIO PHCKAa M PacueTOB IMHAMUKH II0XKapa C HCIOJIb30BAHUEM
KOMITBIOTEPHBIX IPOTPaMM.

@akynpTeT  MH)XEHEPHO-TEXHUYECKMH  OCYIIECTBISET  MOATOTOBKY  CIIELIMAIMCTOB
no crneunuanbHocTsAM:  «IlokapHas  Oe3omacHocTh»  (cnenumanu3anuu:  «lloxkapoTymeHuey,
«["ocynapcTBeHHBIN MOXKAPHBIA Haa30p», «PyKOBOACTBO NMPOBENEHUEM CIACATEIBHBIX OINEpalui
ocoboro pucka», «lIpoBeneHue uYpe3BBIYAMHBIX TyMaHUTApHBIX omnepauui»), «CynedHas
SKCHEepPTH3a», T[0 HaNpaBIeHUsIM MNOArOTOBKM: «CHCTEMHBIH aHalM3 U YIpPaBICHUEY,
«TexHochepHast 0e30MaCHOCTDY.

@akynpTeT OKOHOMUKM M IIpaBa  OCYIIECTBISET  IMOATOTOBKY  CIIELIMAJIMCTOB
no creuuanbHocTsAM: «[IpaBoBoe oOecredeHre HalMOHANbHOM Oe3zomacHocTHY, «[lokapHas
6e3onmacHocTh» (crenumanu3anus «lloxkapHas 0e30MacHOCTb OOBEKTOB MHHEPATIbHO-CHIPHEBOTO
KoMIuiekcay), «CyneOHas skcrepTuza», «['opHOEe 1ei1o» M IO  HalpaBJIEHUSM MOATOTOBKU
«TexnochepHas 6e3omacHOCTb» U «CUCTEMHBIN aHAIU3 U YIPABJICHUE.

@akynpTeT MOArOTOBKM KaJpOB BBICHIEH KBadU(pUKAUU OCYIIECTBISET IOATOTOBKY
JOKTOPAHTOB, a/IbIOHKTOB, ACIIUPAHTOB 10 OYHOM U 3a04HON opmMaM 0OyueHUs.

YHuBepcUTET MMEET IMpeACTaBUTENbCTBA B ropojax: Beibopr (JIeHuHrpaackas o6iacTh),
Beiterpa, TIopsumit Kimrou (Kpacnomapckuit kpaif), Mypmanck, IlerposzaBoxck, Ilaruropck,
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Cesactononb, CtpexeBoi, CrIkTbIBKap, TioMeHb, Yda; mNpencTaBUTEIbCTBA YHHUBEPCUTETA
3a pyoexom: Anma-Arta (Pecrybnmuka Kazaxcran), baky (AzepOaiimxanckas Pecmy6mnmka), bap
(Yepnoropus), r. Hum (CepOust).

OOmiee KOMMYECTBO OOy4arOHmIMXCSd B YHUBEPCUTETE [0 BCEM CHEIHAIBHOCTSIM,
HaNpaBJICHUSAM TOATOTOBKH, cpenHeMy oOmemy oOpa3oBanuio coctaBisier 7 057 dyenoBek.
Exeromusiii Beimyck cocraisier 6osee 1 100 ciermanmncTos.

B ynuBepcurere neiicTByeT JBa AMCCEPTALlMOHHBIX COBETA IO 3alIUTE AMCCEPTALUN
Ha COMCKaHME YYEHOW CTENEHU JOKTOpa M KaHH1aTa HayK 10 TEXHUYECKUM 1 SKOHOMUYECKUM HayKaM.

ExeromHo yHMBEPCHUTET MPOBOAUT HAYYHO-TIPAKTHYECKHE KOH(PEPEHIMH pa3InYHOIo
ypoBHsi: Beepoccuiickyro HaydHO-TIpakTHUeCKyl0 KoH(pepeHuo «CepBuc 6e3onacHocTd B Poccun:
OIBIT, MPOOJIEMBI M TEPCHEKTHBBD», MEXIyHAPOAHYI0 HAyYHO-TIPAKTHYECKYI0 KOH(EpeHLINIo
«IloaroroBka KajapoB B CHUCTEME NPEAYNPEXKACHHUS U JIUKBUAALMHU IOCIEICTBUN Ype3BbIUYAMHBIX
cutyauuii». CoBMectHo ¢ CeBepo-3anaansiM otnaenenueM Hayunoro Cosera PAH mo ropenuto
1 B3pbIBY, Poccuiickoii akamemuert pakeTHbIX W apTwuiepuiickux Hayk (PAPAH), banrumiickum
roCy/lapcTBEHHbIM TexHnueckuM yHuepcuretoM «BOEHMEX» um. J1.®. YcerunoBa u Poccuiickoit
cekuuedr MexXIyHapoIHOTO HWHCTUTyTa TOpeHuss Ha 0a3e yHHUBEPCUTETa IPOBOJIUTCS
MexyHapoaHasi HayqHO-TIpakTHuecKasi KoH(pepeHims «KoMIuieKcHass 6e30macHOCTh U (pr3HdecKast
3amuTa». TakkKe YHUBEPCUTET NPUHUMAET AKTUBHOE Yy4YacTUE B OpPraHU3allMd U IPOBEICHHUU
Bceepoccutiickoro ¢opyma MUC Poccun u 00111ecTBeHHBIX opranu3anuil «O0mecTBo 32 0€301acHOCTh.

VYHUBEpCUTET €XKEroAHO NPUHUMAET y4acTHE B BbICTaBKax, oprannzoBaHHeix MUC Poccun
U JIpYTMMH BEJIOMCTBAMU U OpraHu3auusMu. TpagullMOHHO OOJBIIMM HMHTEPECOM I0JIb3YETCs
BBICTABOYHAs HKCIIO3UIMS YHHBEpcUTEeTa Ha MeXIyHapOoJAHOM CajOHE CPEACTB oOOecreueHus
6e3onacHoctn «KomruiekcHas 6e30macHOCTbY, [leTepOyprckoM MeXayHapOJIHOM SKOHOMHUYECKOM
dbopyme, MexnyHapoaHoMm dopyme «ApKTHKA: HACTOSAIIEE U Oy TyIIee).

MexnyHapoiHas J€ATEIbHOCTh By3a HANpaBlieHa Ha BCECTOPOHHIOW HWHTETpalHio
YHHUBEPCUTETa B MEXIYHapoAHOE O0pa3oBaTeilbHOE MPOCTpaHCTBO. Ha cerogHsmHuii MOMEHT
YHHUBEPCHTET UMeeT 18 IeiCTBYIOMUX COTIAMICHHA O COTPYAHUYECTBE C 3apYOCKHBIMHI yIeOHBIMU
3aBEJCHUSIMU U OpraHU3alUsIMU, CPEIU KOTOPBIX LEHTPhI MOATOTOBKHM IOKAPHBIX U clacareiei
I'epmanun, KHP, ®@panuuu, OunistHanm.

B yHuBepcurere 00ydaroTCsi HHOCTpaHHBIE KYPCaHTBl W3 UYHCIA COTPYIHHUKOB
lNocynapctBenHoit mpotuBonoxapHoit ciyx0st MUC Keipreckoit Pecnyonuku u Komwutera
no upes3BbyaiiHbIM cutyanusM MBJ[ PecnyOnuku Kaszaxcran B mpenenax KBOT Ha OCHOBaHHMHU
MEXKITPaBUTEIbCTBEHHBIX COMVIAIICHUN M mocTaHoBieHMs [IpaButenscTBa Poccuiickoit @enepannn
ot 7 nexabps 1996 r. Ne 1448 «O moaroroBke Juil O(QUIIEPCKOTO COCTaBa M CIECLHUATUCTOB IS
[IPAaBOOXPAHUTENbHBIX OpPraHOB M TaMOXEHHbIX CIyk0 rocymapctB — ywactHukoB CHI
B 00pa30BaTeNIbHBIX YYpPEXJEHHUSIX BbIcuiero mnpodeccruoHaibHOro obpasoBanus Poccuiickoit
@enepauun». B HacTosiiee Bpemss B yHHMBEpcUTeTe NpoxXoAsaT oOyueHue 30 cOTpyIHUKOB
Komurera no upe3sbryaiiipiM cutyarusiMm MBJL Pecniy6nnku Kaszaxcran u 15 corpyanuko MUC
Koipreisckoit Peciyonuku.

B cooTBeTcTBMM C IBYCTOPOHHHMH COTJIALICHUSAMHU YHUBEPCUTET OCYIIECTBIISIET 0OyueHHUe
[0 MpOorpaMMaM MOBBIIIEHUS KBanu@ukanuu. PerymspHo npoxoasr oOydyeHHE B YHUBEPCHUTETE
cneuuanuctel Poccuiicko-CepOCcKoro ryMaHUTApHOTO LeHTpa, PoccHiicko-apMsSHCKOTO ILIEHTpa
T'YMaHUTapHOTO pearupoBaHus, MexayHapoJHON opraHu3aluu rpaxaaHckod o6oponsl (MOI'O),
MunuctepctBa Hedptu Mcnmamckoit PecmyOmuku HWpan, mnoxapHO-cmacaTelbHBIX — CIYXKO
Ounnsaanm, Tynuca, Peciydonuku Kopest u npyrux cTpas.

[TpenogaBaTtenyu, KypcaHTbl U CTYAEHTbl YHMBEPCUTETAa MMEIOT BO3MOXHOCTH MPOXOAMTH
CTaXXHMPOBKY 3a pyOe:koM. 3a mociieiHee BpeMsi CTaKUPOBKH JJIs1 POECCOPCKO-TIPETo1aBaTelbCKOro
cocTaBa U 00OyyaroImuxcs B yHUBepcuTeTe Obli opranu3oBansl B ['epmanun, Cepoun, @PUHISHANY,
[IBenuu.

B yHuBepcuTeTe MMEIOTCS BO3MOYKHOCTH /ISl NOBBIINIEHHUS YPOBHS 3HAHMSI AHITIMICKOTO
si3pika. OpraHr30BaHO OOYYEHHUE TI0 TPOrpaMMe JIOTIOTHUTEILHOTO MPO(EeCCHOHATBHOTO 00pa30BaHUs
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«IlepeBomunk B chepe mpodeccnoHaTbHON KOMMYHUKAIIMNY CTYIEHTOB, KypCaHTOB, aJbIOHKTOB
U COTPYJHHUKOB.

KomneloTepHslii  mapk  yHHMBepcuTeTa cocrasisier Oonee 1200  egunun. s
nH(pOpMalMOHHOTO obecriedeHus 00pa30BaTEIbHOW JEATENBHOCTH (PYHKIMOHUPYET eIuHas
JOKaJbHAast CeTh C JIOCTYIIOM B DJIIEKTPOHHYIO HH(OPMAIIMOHHO-00Pa30BaTENbHYIO Cpely
YHUBEPCUTETA, CIpaBOYHO-MpaBoByto cuctemy «Koucynprantllmocy, cucreMy «AHTHILIaruar.
KommnbroTepHble Ki1acchl MO3BOJIAIOT OOydarommmcs padotaTh B ceTH VHTEpHET, C MOMOIIbIO
KOTOpOi1 0OecreuynBaeTcs BBIXO/ HAa POCCUIICKUE U MEXTYHAPOIHbIE MH(POPMAIIMOHHBIE CAlUThI, YTO
MO3BOJISICT 3HAYUTEIHHO PACHIMPUTH BO3MOKHOCTH Y4€OHOTO, y4eOHO-METOIUYECKOT0 M Hay4HO-
METOJIMYECKOTO Mpoliecca.

Hapacraromass cio)XHOCTh M KOMILJIEKCHOCTh COBPEMEHHBIX 33]1a4 3aMETHO IIOBBIIIAIOT
TpeOoBaHUSI K OpraHuzanuu oOpa3zoBaTesibHOTO mporecca. CerogHss YHUBEPCHUTET pealu3yer
IIPOrpaMMbl O0YYEHUS C IPUMEHEHUEM TEXHOJIOTHI TMCTAaHIIMOHHOTO O0YYEHHUS.

bubnuorexka yHUBEpCHTETa COOTBETCTBYET BCEM COBpPEMEHHBIM TpeOoBaHUsIM. DOHIbI
O6ubnuorekn yHuBepcuTeTa cocTaBisioT Oosiee 350 700 3K3EMIUIIPOB JIUTEPATyphl 1O BCEM
oTrpacisaM 3HaHUA. OHH UMeET UH(GOPMALMOHHOE oO0ecreueHue U OOBEIUHEHBl B EIUHYIO
JIOKaJbHYIO CceTh. Bce mporecchl aBTOMaTH3UpPOBAHBI. Y CTaHOBIEHA OMOJIMOTEYHAs Mporpamma
«Upbuc». B 6ubiamoreke ocymiecTBIsSETCS AJNEKTPOHHAs KHUTOBBIJada. DTO J1a€T BO3MOXKHOCTh
B KpaT4alllIie CPOKH JI0BECTH KHUTY JI0 MOJIb30BATES.

YutanbHble 3aibl (0O0mMi M mpodeccopckuii) OMOIMOTEKH OCHAIICHBI KOMIIBIOTEpaMU
¢ BeixogoMm B HMutepuer, Wurpaner, HI[YKC wu nokanbnyio cers yHuBepcutera. Cosznana
1 QYHKIIMOHUPYET ODJEeKTpOHHas OuOIMOTeKa, OHA MHTETPUPOBAHA C SJEKTPOHHBIM KaTaJOTOM.
B cetu Uutpaner pabortaet Enunasi BemomcTBeHHast siekTpoHHas OuOmmoreka MUYC Poccun,
00beauusromas ononunorexku cucremsl MUC Poccun.

B Dnekrponnoit Oubnmorexke ommdpoBaHo 2/3 y4eOHOrO © HAy4yHOTO (OHIIOB.
K onekrponHoit OuOmmoreke moakiatoueHbl: JlambHeBOCTOUHBIM (uiauan ©u  OubnmoTeka
APKTHUYECKOTO  cracaTtelbHOro y4deOHO-HayyHOro meHTtpa «Berterpa»y. HWmeercs moctyn
k IIpesunentckoii onbmmorexe um. b.H. Enpuuna. 3akmrouensr goroopsl ¢ O9bC IPRbooks n 9bC
«JlaHp» Ha TOJIL30BAHHE W MPOCMOTP YYCOHOW W HAYYHOH IUTEPaTyphl B DJIECKTPOHHOM BHJIEC.
Nmeercs 8 000 Touek nocryma.

B ¢dongax Oubmmorexkn HacuuThiBaeTcs Oosnee 150 SK3eMIUISIpOB pEeAKUX U IIE€HHBIX
u3nanuii. bubnuoreka pacnonaraer OoraTbiM (DOHAOM TEPUOAMYECKUX H3TAHUNA, WX YHUCIO
cocraBisier 8 121 sk3emmusip. Ha 2019 r., B coorBercTBUM ¢ TpeOOBaHUSIMH (enepalbHOro
rOCy/IapCTBEHHOT'O 00pa30BaTENbHOTO CTaHAApTa, BhIMKUcaHO 80 HAMMEHOBAHMI JKYPHAIOB U Ta3er.
Bce mocrynaromye nepuoadyecKue H3AaHHSA PacHUChIBAOTCS OuOImMorpagoM B 3JIEKTPOHHBIX
Karajorax ¥ KaproTekax. M3maHus meproauYecKod MmeyaTH aKTHBHO HCIONB3YIOTCS YUTATEIsIMU
B yueOHOW U Hay4YHO-UCCIIEOBAaTEeIbCKON nedrenbHocTH. Ha 6a3ze Oubnnorexku co3paHa
npodeccopckas 6udnuoTeka u npodeccopckuit Kiryo Bysa.

[Tonmurpaduyeckuif IEHTp YHUBEPCUTETAa OCHAIIEH COBPEMEHHBIM THUIIOTPadCKUM
00OpyZ0BaHUEM JUIsl TOJHOLBETHOM MeyaTH, MO3BOJSIOMIMM 00ecreunBaTh HE TOJIBKO 3aKa3bl
Ha MEeYaTHYIO NPOAYKIHMIO YHUBEPCUTETA, HO M €UHBIN IJIaH U3TOTOBJIEHUS N€YaTHON MPOIYKIIMU
MUC Poccuu. YHHBEpCHUTET HU3JaeT 8 HAy4YHBIX JXYpPHAJIOB, MyOIHKYIOTCS MaTepUaibl psjia
MEXIYHAapOAHBIX W BCEPOCCUHCKHUX HAYYHBIX MEPOINPHUATHI, COOPHUKM HAy4YHBIX TPYJIOB
po¢eccopCcKO-TIPEeNnoaaBaTeIbckOro  cocTaBa  yHUBepcuTeTa.  M3gaHuss ~— yHUBepCUTeETa
COOTBETCTBYIOT TpeOOBaHMSIM 3aKOHOJATeNbCTBA Poccuiickorr ®Denmepanuu W BKIIOYCHBI
B DJIEKTPOHHYIO 0a3y HayuHoli snekTpoHHON 6nOImMoTexu it onpeneneHust Poccuiickoro nunaekca
HAyYHOTO IUTHPOBAaHUS, a Takke UMEIT MexayHaponueii wuHaekc (ISSN). Haydno-
aHanuTudeckuil xypHan «[Ipobrmembl ympaBieHHs pUCKAaMH B TEXHOCHEpe» U DICKTPOHHBIN
«Hayuno-ananutnueckuit xypHan «BectHuk Cankrt-IlerepOyprckoro ynusepcurera ['TIC MUC
Poccumn» BKIIIOUEHBI B YTBEPKICHHBIN pelieHueM Beiciien arrectaiimoHHoN komuccnu «llepeyenp
PELEH3UPYEMBIX HAYUHBIX KYPHAJIOB, B KOTOPBIX MYOJMKYIOTCS OCHOBHBIE Hay4YHbIE PE3YJbTAThI
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JUCCEPTAlM HAa COMCKAaHWE YYCHOW CTENEHU KaHJAuJaTa HayK, Ha COMCKAaHHUE YYEHOM CTEIIECHHU
JNOKTOpa HAYK».

KypcanTsl yHuBepcHTETa MPOXOIAT 00yueHHe N0 MporpaMme MepBOHAYAIBHOMN MOJTOTOBKU
cniacaresnei.

Ha 6asze Cankr-IletepOyprckoro yHuBepcuTeTa | OCynapCTBEHHON MPOTHUBOMOXKAPHON
cimyx061 MUC Poccun 1 urons 2013 r. otkpeiT KageTckuii moxapHo-criacaTeabHbIH KOPITYC.

Kagerckuii  mokapHO-cracaTelbHbIA ~ KOPIIYC — OCYIIECTBJISIET  MOATOTOBKY  KaJeT
10 0011e00pa30BaTENbHBIM IIPOrpaMMaM CPEAHEro OOLIEro 0Opa30BaHUsI C YUETOM AOMOIHUTEIbHBIX
o0pazoBarenbHbIX MporpaMM. OCHOBHBIE OCOOCHHOCTH JIESITEIbHOCTH KOPITyCa — MHTEIICKTYAIbHOE,
KyJIbTypHOE, (U3MYECKOe M AYyXOBHO-HPAaBCTBEHHOE DPAa3BUTHUE KaJeT, UX aJanTalus K >KU3HU
B OOIIECTBE, CO3/IaHME OCHOBBI JUIS TOJATOTOBKM HECOBEPIICHHOJETHHX TPAXJIAH K CIYKCHHUIO
OreuecTBy Ha TMOMNPHUINE TOCYJApPCTBEHHOM Tpa)XKJaHCKON, BOCHHOM, MPaBOOXPAHUTEIHLHON
Y MYHHIIUIIATBHOM CITYKOBI.

B yHuBepcutere Oosbiloe BHUMaHMe yaensercss crnopTy. Komawzapl, cocrosiuue
U3 NpenojaBaTelieil, KypCaHTOB M CIIyIIATENe!, — IOCTOSHHBIE YYaCTHUKU Pa3JIMYHbIX CIIOPTUBHBIX
TYpHHUPOB, MPOBOAMMBIX Kak B Poccuu, Tak u 3a pyOexxom. Ciymiarenn U KypcaHThl YHUBEPCUTETA
SBJISIIOTCA WwieHamMu cOopHbIX koMan 1 MUC Poccun o pa3nuyHbIM BUAAM CIIOPTAa.

JlesaTenbHOCTh KOMaH/Abl YHHMBEpCHTETa IO HoXapHo-npukiaaHomy crnopry (IIIIC)
BKJIIOYAET B ce0s ydacTue B 4eMImoHaTax Poccuu cpeau By30B (3UMHHU M JICTHHI), B 30HAJIBHBIX
COpPEBHOBaHMSIX M yeMmnuoHare Poccuu, a Takxke npoBefeHue Oecel M KOHCYJIbTALUM, OKa3aHUE
[IPAKTUYECKON MOMOIIY IOHBIM IMOKapHBIM KaJeTaM M cliacaTesissM IpPU MPOBEACHUU TPEHUPOBOK
o T1I1C.

B yHuBepcutere co3gaH crnopTUBHBIM Ki1y0 «HeBckue JIbBbI», B COCTaB KOTOPOIO BXOMST
KOMaHZbl 10 IOKAapHO-NPUKJIAJHOMY W  aBapUMHO-CIACATEIbHOMY  CIIOPTY, XOKKEIO,
amepukKaHckoMy ¢yTOoiy, Boneiibonry, 6ackerdory, CHIOBBIM eanHOOOpcTBaM M Ap. B cocrase
COOpHBIX KOMaHJl YHUBEPCUTETA — YEMITMOHBI U MPU3EPbl MUPOBBIX MEPBEHCTB U MEXTYHAPOIHBIX
TYPHUPOB.

KypcanTbl ¥ ciaymartean HMMEIOT IPEKPacHblE BO3MOYKHOCTH JJI IIOBBIIIEHUS CBOErO
KyJIbTYpHOTO YpPOBHS, Pa3BUTUSI TBOPYECKHX CIIOCOOHOCTEH B CO3JaHHOM B YHHUBEPCHUTETE
HNHcTUTyTE HPaBCTBEHHO-NIATPHUOTHYECKOTO M ICTETUYECKOTO PA3BUTHUSA. TBOPYECKHI KOJUIEKTHB
YHUBEPCUTETA NIPUHUMAET aKTUBHOE y4acTHE B BEJOMCTBEHHBIX, TOPOJICKMX M YHUBEPCUTETCKUX
MEPOIPUATHSIX, HAIPABIECHHBIX HA JCTETHMYECKOE M MAaTPUOTHYECKOE BOCIHUTAHME MOJOIEKH,
a TaK)Ke 3aHMMAaeT MPHU30BbIE MECTa B KOHKYpCax, IPOBOJUMBIX Ha YPOBHE YHUBEPCUTETA, rOpo/ia
u MUC Poccun. Ha xaxxoM Kypce opraHu3zoBaHa paboTa MO CO3JIaHHIO M Pa3BUTHIO TBOPUYECKHX
OOBEIMHEHUN 10 pa3IMYHBIM HANpaBICHUSIM: CTYIUS BOKaja, CTYAMsS TaHIEB, KIy0 BecebIX
Y HaxXOM4MBBIX. /lJIs1 KypCaHTOB U CTYAEHTOB JIEUCTBYET CTYIUsI OPATOPCKOTO UCKYCCTBA, KOMaH/1a
TEXHUUYECKOI0 00eCceueHusl, JyXOBOIl OpKeCTp.

Ha tepputopun yueOGHOro 3aBeaeHust coszjnaercs Mmyseil ucropuu Cankt-llerepOyprckoro
yauBepcurera I'TIC MYC Poccun, B koTopoM oOydaromuecs U COTPYAHHUKH, a TaKKe TOCTH
YHUBEPCUTETa CMOT'YT TMO3HAKOMHUTBCS CO BCEMM 3TalaMM CTAHOBJICHHMS Y4€OHOIrO 3aBECHMS —
OT KYPCOB IOKapHbIX TEXHUKOB /10 YHUBEPCUTETA.

B Cankr-IlerepOyprckom yHuBepcutere ['oCyaapCTBEHHOM HPOTHBOMOXAPHOU CITY»KObI
MUC Poccun co3manbl BCe YCIOBUS IS MMOATOTOBKH BHICOKOKBATH(UIIMPOBAHHBIX CITEIIUATHUCTOB
Kak Juig ['ocynapcTBeHHOM MPOTHBOIIOKAPHOM Ci1yk0bl, Tak U B 1ienoM 1yt MUC Poccun.
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THEORY AND PRACTICE OF FORENSIC ENQUIRY

MONITORING OF RESIDUES OF FLAMMABLE AND
COMBUSTIBLE LIQUIDS IN THE GROUND BY
FLUORESCENCE SPECTROSCOPY

M.Yu. Printseva; S.F. Lobova.
Saint-Petersburg university of State fire service of EMERCOM of Russia

Studies have been carried out to detect the source and burned out flammable and combustible liquids
used in arson, using fluorescence spectroscopy. The time after which it is possible to detect residues
of flammable liquids by this method is determined. It was shown that the remnants of motor gasoline
by fluorescence spectroscopy are detected in the soil for up to 2 weeks, and the remains of diesel fuel
up to 5 weeks inclusive.

Keywords: fire expertise, fluorescence spectroscopy, priming, soil, aromatic hydrocarbons,
flammable and combustible liquids, oil products

Highly flammable liquids (HFL) — an affordable and often used means of arson. They are
used both on their own with the aim of intensifying combustion, and as part of complex improvised
incendiary devices. Detection of flammable and combustible liquids at the fire site is an important
qualification sign of arson, and information about the type and composition of the liquid is forensic
information that may be useful in its investigation.

Often there are cases when combustible liquids spill onto the ground under the floor, into
cellars or fall to the ground when the arsonist makes a «path» out of the liquid.

The soil is an excellent potential object carrier of HFL residues, since it has increased
porosity and often remains cold and moist during a fire, slowing down the evaporation
of a combustible liquid [1].

Ideally, the search for residues of flammable liquids should be carried out immediately after
a fire. This is especially important when searches have to be carried out in the open air, when trace
amounts of flammable liquid remaining after its burning are exposed to weather factors —
weathering, washing out by rain, melting snow, etc. However, not always searches for liquid
residues are carried out immediately after the commission of a crime. It can take from several days
to several weeks, and sometimes months after arson. Therefore, it is important to know after what
time it is possible to detect residues of flammable liquids. This issue is very relevant at the stage
of planning and conducting investigative actions and expert studies.

The article presents the results of experiments on the detection of residues of flammable
liquids in the soil by fluorescence spectroscopy and determines the time after which it is possible
to detect these residues by this method.

The objects of study were automobile gasoline Al-92 and winter diesel fuel.

The fluorescence spectra of the studied petroleum products were recorded on a Fluorat-02-Panorama
spectrofluorimeter (Lumex LLC, St. Petersburg) operating in the wavelength range of 210-690 nm
under the following recording conditions: excitation wavelength — 255 nm, registration area — from
265 up to 450 nm, sensitivity — low, number of flashes —25, step —1 nm. As a solvent, hexane
of the OSCH brand was used.

To study soil samples with residues of flammable liquids by fluorescence spectroscopy,
the residues were extracted by periodic extraction [2].

In Fig. 1 shows the fluorescence spectra of representatives of the HFL groups,
the appearance of which in the fire is most likely — gasoline and diesel fuel. The criterion for
the classification of flammable liquids by fluorescence spectroscopy is the presence on the spectra
of characteristic combinations of fluorescence maxima (regions) [3, 4].
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1 —diesel fuel DTZ; 2 —gasoline

Fig. 1. Fluorescence spectra of flammable liquids

On the fluorescence spectra of hexane soil extracts with gasoline residues, characteristic
maxima are observed in the range of monoaromatic hydrocarbons (MH) 270-300 nm and bicyclic
aromatic hydrocarbons (BAH) 300-330 nm, up to 2 weeks inclusive (Fig. 2). After 3 weeks,
in the spectra of hexane soil extracts with gasoline residues, in addition to the listed maxima,
maxima appear in the region of tricyclic aromatic hydrocarbons (TAH) like phenanthrene and
its homologs 340-370 nm (Fig. 2). Starting from 4 weeks, the maximums characteristic of motor
gasolines is absent in the fluorescence spectra of the studied soil extracts with gasoline residues.
Only low-intensity maxima in the BAH region and intense maxima in the TAH region are present
in the spectra. These fluorescence maxima are most likely related to the extractive components
of the soil itself.

Fluorescence intensity, rel. units

280 2T 28 280 200 I 320 330 3140 38D 380 370 280 280 400 4110 420 430 440 450

Wavelength. nm

1 — source automobile gasoline; 2 — hexane soil extract after 2 weeks;
3 —soil hexane extract after 4 weeks

Fig. 2. Fluorescence spectra of gasoline and hexane extracts of soil with the remains of gasoline,
selected at different times
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Since the fluorescence intensity increases with the number of rings and conjugated double
bonds [5, 6], the fluorescence of tricyclic aromatic hydrocarbons can overlap the fluorescence
of mono — and bicyclic aromatic hydrocarbons, even if their number exceeds TAH.

Thus, the fluorescence maxima of tricyclic aromatic hydrocarbons present in the soil most
likely mask the maxima characteristic of motor gasoline (MH, BAH).
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1 — after 1 week; 2 — after 2 weeks; 3 — in 4 weeks

Fig. 3. Fluorescence spectra of hexane soil extracts with the remains of burnt automobile gasoline,
selected at different times

Therefore, it must be remembered that the absence of maxima characteristic of motor
gasoline on the fluorescence spectrum of hexane soil extracts is not the basis for the complete exclusion
of the presence of gasoline in the soil. Residues of gasoline can be detected by gas chromatography.

For burnt automobile gasolines on the fluorescence spectra, characteristic maxima are
in the range of BAH 300-330 nm, TAH type phenanthrene and its homologues 340-370 nm and
polycyclic aromatic hydrocarbons (PAH) type anthracene, pyrene and their homologues 370-390 nm,
390-410 nm are stored in the soil up to 2 weeks inclusive (Fig. 3). After 4 weeks, the maximum
fluorescence maxima in the PAH region are practically absent.
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1 — diesel fuel; 2 — hexane soil extract with diesel residues after 5 weeks;
3 — hexane soil extract with the remains of burnt diesel fuel after 5 weeks

Fig. 4. Fluorescence spectra of diesel fuel and hexane extracts of soil with residues
of diesel fuel taken at different times
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Diesel fuels, unlike gasoline, are better stored in the soil and their detection in the soil by
fluorescence spectroscopy is possible up to 5 weeks inclusive (Fig. 4).

Thus, it is shown by the example of motor gasoline and diesel fuel that the remnants
of flammable and combustible liquids can remain in the ground for a sufficiently long time (up to 2
weeks for gasoline and up to 5 weeks for diesel fuel), despite adverse weather conditions, and can
be detected by fluorescence spectroscopy. Detection of oil products by fluorescence spectroscopy
would be possible after a longer time, however, the presence of the BAH and TAH maxima
characteristic of heavy oil fractions related to extractive substances of the soil overlap
the fluorescence maxima characteristic of HFL residues. Therefore, it must be remembered that,
in the absence of maximum combinations characteristic of flammable liquids in the soil
fluorescence spectrum, soil investigation should be carried out by gas-liquid chromatography.
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SUPERVISORY ACTIVITY

STATE FIRE CONTROL FOR OIL AND PETROLEUM
PRODUCTS CONSUMABLES BASED ON A RISK-BASED
APPROACH

A.V. Fomin.
Saint-Petersburg university of State fire service of EMERCOM of Russia

A risk-based method for monitoring compliance with fire safety requirements is used in the activities
of state fire control authorities. For consumable warehouses of oil and oil products, the existing approach
to classifying them as a risk category does not objectively reflect the level of fire hazard of such objects.
A mathematical model is proposed that allows one to determine the level of collective risk for people
in the zone of potential negative consequences of a possible fire based on the available parameters. This will
increase the effectiveness of control and supervision activities and the level of fire safety of consumables
for oil and oil products.

Key words: fire safety, consumables for oil and oil products, risk-based approach, control activities,
risk assessment

Ensuring fire safety at the objects of protection, which include oil and oil products
warehouses and, in particular, their consumable warehouses, is one of the most important tasks;
successful development and functioning of the state economy depends on its solution.

Consumable warehouses are oil product warehouses that are part of industrial, transport,
energy, agricultural, construction and other enterprises and organizations [1].

At the same time, the necessary control measures carried out by the state fire supervision
authorities should help achieve the required level of safety with minimal economic costs.
The implementation of this approach by optimal means, taking into account the basic principles
of the legislation on technical regulation, is possible during the transition to object-oriented
technologies, including using calculation methods [2].

In order to optimize the use of labor, material and financial resources involved
in the implementation of state control (supervision), reduce the costs of legal entities, individual
entrepreneurs and increase the effectiveness of their activities by state control (supervision) bodies
when organizing certain types of state control (supervision), risk may be applied-oriented approach [3].

The risk-based approach is a method of organizing and implementing state control
(supervision) by choosing the form, duration, frequency of measures to control and prevent
violations of mandatory requirements based on the classification of subjects of supervision
in the field of fire safety as a certain risk category.

The body of state control (supervision), the subject of supervision refers to the established
hazard classes, taking into account the severity of the potential negative consequences of possible
non-compliance with mandatory requirements, and to the risk category - also taking into account
the assessment of the probability of non-compliance with relevant mandatory requirements [4].

The classification of risk categories of objects of protection and the assignment of such
production facilities as consumable depots petroleum (hereinafter referred to as consumable DP)
is regulated by the Regulation on State Fire Control (hereinafter referred to as the FCS) [5].

Analysis of the system for categorizing expendable DPs according to the degree of risk
allows us to distinguish the following elements: the subject of control is the FCS; the object
of control is consumable DP, input parameters are indicators that affect the danger level
of consumable DP, output is a numerical indicator of the risk category. The main process
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of a system for categorizing consumable DPs by risk is determining the risk category of consumable
DP based on the probability and severity of the potential negative consequences of a possible fire [5].

Currently, the risk category of consumable DP is determined by signs that do not take into
account the likelihood and severity of harm, because assigned to a certain category of risk,
on the grounds that define a hazardous production facility.

Thus, the risk category of expendable DP is determined by a conditional rather than
a calculation method. The legislation provides [3] the classification of subjects of supervision
to a certain risk category by calculating the values of indicators used to assess the likelihood and
severity of potential negative consequences of a possible negative scenario. The methodology for
such a calculation should be approved by EMERCOM of Russia, which is the authorized federal
executive body for the development of state policy and legal regulation in the relevant field
of activity. However, the existing calculation methodology for assessing fire risk, approved
by EMERCOM of Russia, in relation to production facilities [6], in order to categorize such
production facilities as consumable DP, is not applicable for the following reasons:

the value of some parameters adopted in the calculations is unknown without verification
of the object of protection;

Risk calculations are due to the high complexity and volume of calculations.

The risk assessment calculations presented in declarations and safety data sheets
of hazardous production facilities contain elements of a subjective nature.

In this regard, it is proposed to develop a mathematical model for the express calculation
method for determining the risk category of expendable SNS, which will determine the degree
of hazard of an object depending on the level of risk for people in the zone of potential negative
consequences of a possible fire.

In the process of categorizing expendable DP according to the degree of risk from the point
of view of operations research, it was necessary to develop a mathematical model that determined
the collective risk of expendable DP based on the available parameters. The outcome of the operation
is the numerical value of the degree of collective risk.

Based on the purpose of the study, it seems that only reliable factors should be used
in the model, and to achieve the goals of the risk-based approach, the limited labor and time
resources should be taken into account, the calculation procedure should not be time-consuming and
have a minimum set of calculation parameters.

The use of probability theory and mathematical statistics to conduct a quantitative risk
assessment on expendable DPs is most acceptable [7].

Probabilistic events A (fire and those affected by the effects of hazardous fire factors
on consumable DP) are independent. By the theorem of multiplication of joint and independent
events, the risk (probability) of the joint manifestation of such events can be determined
by the formula:

P =
ST
R risk for two events: A; fire and A, affected by fire:

R =R(A)R(A)

The risk R(A;)=R; of a fire at a consumable DP is defined as the probability of an event,
i.e. characterized by the ratio of the number of fires n on consuming SNS in a certain territory
to the total number N of consuming DP located in this territory for a certain period of time t:
n

R, ——
1 tN
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Risk R, — the probability of death or personal injury in a fire at an expendable SNS can
be expressed as the mathematical expectation of a random variable, i.e. the product
of the probability of a fire with injured Ry, and the value of the expected consequences Ny, for
people affected by a fire at a consumable DP:

RZ = R,wo = Rnn Nnn

At the same time, the risk of Ry, injuring a person in a fire at an expendable SNS
is expressed as the probability of an event, i.e. the ratio of statistics on the number of people injured
in fires n, on consumable SNS, to the total number of people Np, at risk

n

Rnn - .
tN
Thus, having examined the systematic process of categorizing expendable SNS according

to the degree of risk from the point of view of operations research, a mathematical model has been
developed to determine the collective fire risk of expendable DP:

RK}’I = i( nn Nﬂ}’l)

tN tN

where n — number of fires on consumable DP; N — number of consumable DP; t — observed

(analyzed) period; n,  the number of victims (dead and injured) during fires on consumable DP;

N,, — number of people at risk of fire; N,,, — the number of possible victims in the area of sanitary
losses during a fire at consumable DP.

The proposed mathematical model is based on the provisions of probability theory and
mathematical statistics, takes into account the requirements of the current legislation regarding
the classification of objects of protection as a different risk category to determine the intensity
of the inspections by the FCS bodies depending on the likelihood and severity of potential negative
consequences for people from possible non-compliance with mandatory requirements leading to the fire.

The implementation of the calculation method when applying the risk-based approach will
increase the efficiency of the FCS and the fire safety of consumable SNS.
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SMS NEWSLETTERS IN THE FIELD OF PREVENTIVE FIRE
FIGHTING ACTIVITY

O.M. Latyshev; A.V. Mironov; T.P. Sysoeva.
Saint-Petersburg university of State fire service of EMERCOM of Russia

Considered SMS alerts about emergencies, which instantly became popular, because it provides
the opportunity to individually report emergency information to each Russian. The analysis of informing
the public about fire-fighting measures from the position of regular public information systems using SMS
notification systems is analyzed. It is proposed, as one of the tasks of the supervisory authorities, to develop
fire prevention messages.

Keywords: fire safety system, fire statistics, fire preparation of citizens, SMS, voice messages, auto
redial

In fact, fire — a kind of extreme kind, is a powerful destabilizing factor that negatively
affects regional economic stability. We believe that the concept of «fire safety» is of paramount
importance. But, the question arises: «Why in the Russian Federation 6000 people died on fires
every year, and now at least 60 % more?» [1, 2]. The problem of the death of Russians in fires
is the main concern of EMERCOM.

In our opinion, «fire safety»:

— managed type of security;

— is a legal institution with a set of legal norms that regulate the state of protection
of the sphere of wildlife, the sphere of inanimate nature and the social sphere from fires.

«Fire safety» is a social phenomenon and should be attributed to it:

—as an activity in the fire prevention field,

—as a process of phased development of methods of «fire-safe behaviory;,

— as a system for achieving the required status, and its development, depending on emerging
factors and conditions.

Attitude to fire safety must be investigated on a personal level, taking into account the state
of psychological safety and psychological security of the individual. Investigate the level
of fireproof behavior and actions (the correct use of PPE during training alarms, the formation
of the correct behavior in case of emergency) [3]. The measures taken to improve the fire resistance
of the objects of protection are based on the «logic of the impact», but statistics show that
the number of fires is not decreasing. In fires, people die, material values are destroyed.

The basis of the modern fire-prevention educational process comes the «logic of interaction»
with the participants, i.e. psychological impact is replaced by interaction with participants
in the educational process.

The «logic of interaction» should be accompanied by:

— the formation of a positive attitude to the fire prevention educational process among all its
participants;

— the prevalence of the dialogical orientation of the educational process between participants
and the moderator;

— low level of psychological violence against participants;

— prevention of psychological threats to participants;

— organization of personal and confidential communication among participants and
a moderator.

Fire Prevention Inspectors (State Fire Control Service) must be familiar with the basics
of training theory, i.e. purposefully bring ideas and knowledge of fire safety of the required level
and in an acceptable form to the population.

Fire inspector of State Fire control Service, in the process of fire prevention educational
process uses various methods of «interaction» with the audience. The choice of the «interaction»
method depends on the electorate and is aimed at creating a positive attitude towards the fire safety
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of each individual. This approach corresponds to the modern period, in which unpredictable
situations prevail [4]. A real approach to the search for directions of ensuring fire safety can only
be a clear definition of the fire hazard, those factors and components that carry potential threats,
as well as the presence of related factors, objects of the material world and causes that can cause a fire.

An important distinguishing feature of the modern period is the requirement to form
innovative complexes of scientific, technical and organizational solutions for fire prevention
measures.

Innovative improvement of the protection of objects of protection (individuals and property)
from fires and increasing fire literacy of the population of Russia needs to be improved [4]:

Fire monitoring of the state of protection objects by means of an automatic system for
transmitting notifications from objects to EMERCOM.

A comprehensive system of emergency warning of the population in terms of ensuring
the delivery of fire prevention measures to Russians.

The stated objectives are related, since the transfer of information through mobile operators
is used. The most important result of the development of fire monitoring and warning can
be the formation of a single system [5]. This is both logical and cost effective. Stereotypes should
be avoided: «instruct, hand over memos on observance of fire protection rules, involve
the maximum number of personnel of the fire service and fire control service, and report to higher
bossesy. It is time to change the primitively straightforward preventive fire prevention measures
to the intellectual and innovative activities of the State Fire Control Service of EMERCOM.

Ensuring fire safety of the object of protection begins with the identification and assessment
of all kinds of risks, the use of modern technological methods for the purposeful reduction of their
value to an acceptable level. Thus, the impact and fire risk management at the facility will
be formed. Fire risks are reduced through the formation of a comprehensive plan,
the implementation of which in the engineering, economic, social spheres will reduce the fire risk R
to an acceptable level R*, that is, ensure the fulfillment of the inequality R <R *[6].

It should be noted that the diverse use of measures, methods and methods for ensuring fire
safety of any protection object (from a country, region to an enterprise, a residential building, etc.)
are fire risk management tools. The inspectors of the State Fire Control Service should take
the most active part in this process [7].

The Federal Law of November 21, 1994 Ne 69-FZ «On Fire Safety» provides for «fire
propaganda» and «training the population in fire safety measures» [8, 9]. The legal framework for
the implementation of fire prevention was supplemented by Federal Law of June 23, 2016 Ne 182-FZ
«On the Basics of the System for the Prevention of Offenses in the Russian Federation». Article 6,
paragraph 14, part 1 of Law Ne 182-FZ refers to non-provision of fire safety as one of the main
areas of crime prevention [8].

To form a group on fire-fighting topics, the moderator needs to systematize all his ideas and
innovative methodologies for fire propaganda, determining the specific direction in which
the information resource will develop. Having decided on the direction, it is necessary to draw
up a psychological portrait of the new group and develop a specific system of fire propaganda,
choose original methods, methods and forms, innovative propaganda technologies that optimally
meet the goals.

The introduction of innovations in the fire propaganda system is an important condition for
reforming and improving the existing fire education system, which cannot be done otherwise than
through the development of innovations, innovations, while the content of the fire education should
be guided by the individuality of each employee or unemployed citizen, their personal successes
and abilities.

Innovative technologies in the fire propaganda system are aimed at creating modern
components and techniques, the main purpose of which is to modernize the fire educational process.

Modern fire-fighting educational technologies include:

— technology of project activities in the field of fire safety;

— technology research activities aimed at improving the protection of objects from fires;

— developing technologies in the field of fire-technical achievements;
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— correctional technologies of fire educational processes;

— information and communication technologies;

— personality-oriented technologies;

Training on fire safety measures for citizens who are on social services is organized
by the social protection authorities of the population of the subject of the Russian Federation and
is conducted with the participation of social services employees.

The effectiveness of the fire educational process is largely determined by the choice
of technologies for interacting with the audience and is concretized in accordance with the potential
capabilities and special educational needs of students. The main goal of the moderator is to create
a clear understanding of the fire-fighting process among students, to develop tactical and fire-
fighting thinking and prompt response to changing circumstances, and timely decision-making.
The moderator’s goal settings are hindered by low activity and obvious student indifference. In this
situation, various interactive forms of learning can help. In addition, moderators need to:

— fully master the analysis methodology and fire hazard assessment of taught production
processes;

— more often carry out a comparative analysis of the fire hazard of various non-standard
industrial and domestic situations;

— widely apply active teaching methods in the firefighting educational process: a method for
analyzing problems and fire hazard situations, a method for increasing brain activity, a method for
discussing and resolving controversial issues, a method for students to independently evaluate and
discuss decisions and other teaching methods;

— form for themselves individual assessments of each student: his level of basic fire knowledge
and even psychological perception and his compatibility with colleagues, etc.

At the state level, the All-Russian Integrated Public Notification and Warning System
is involved in fire propaganda (ARIPNWS). This is a modern approach using cellular
communications, radial-zone communication systems, satellite telephones, packet radio
communications, and digital data transmission systems. In addition, at the regional level, modern
fire-fighting propaganda technologies are used with the help of street LED panels, plasma screens
inside the objects of protection, creeping line on transport, radio and TV messages. Thus, street fire
propaganda is provided in various protection facilities with a mass stay of people, in railway
transport, buses, river and sea transport. Radio and TV with constant regularity brings
to the population audio and video information, creates information content and animations of fire-
fighting content. Of particular interest to the population are laser shows, both at objects
of protection and at crowded places. Along with ARIPNWS, lighting laser fire-fighting propaganda
of the population increases the effectiveness of events.

Individual information and notification of residents is carried out using modern mobile
communication capabilities. In the modern period, mobile subscribers widely use the capabilities
of SMS, MMS, WAP, and EMERCOM as an innovative distribution of fire propaganda among
mobile communication subscribers, including the launch of new campaigns, the provision of new
events and even holiday greetings. SMS Short Message Service is a technology that allows you
to receive and send short text notifications. You can send a notification to the subscriber who
is currently engaged in a conversation, since the message does not go through the main talk channel,
but through the service signal channels.

The spread of modern mobile communications to all regions of Russia, the availability
of information transfer via SMS - mailings, has made it possible to carry out fire monitoring [9]
of objects of protection and the implementation of fire-fighting measures. There is no doubt that
SMS-mailing efficiently, quickly and guaranteedly informs cellular subscribers of the required
information. Modern SMS-mailing services are easy to learn, have a clear interface and make
it possible to send messages on behalf of EMERCOM of Russia. SMS-mailing services reduce
the time for sending fire-fighting events. This is the main plus. In addition, the telephone base
is loaded and one short fire event is introduced, which is sent to all subscribers. SMS-mailing
services take into account the time zones of subscribers and ensure the planned sending of short
fire-fighting events, including potentially interested subscribers.
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SMS mailing is perfect for mass fire events. Despite the intrusiveness of SMS mailings,
mobile operators have no right to disable them, as this is a legal requirement. The content of SMS
emails from EMERCOM may change daily. However, in practice, alerts via SMS mailings from
EMERCOM boil down to an endless repetition of phrases such as: «We don’t need a fire!», «Do not
make fires in the wrong places», «Do not burn grass», «Do not allow forest fires» and so on.

SMS mailings from EMERCOM should be in a short, systematic form telling about the rules
of the fire regime of a house, enterprise (organization, institution) in the context of mandatory fire
safety requirements (subject to changes in legislation). EMERCOM SMS messages will be useful
to all subscribers of mobile operators.

As part of our study, we believe that social networks should be used no less effectively:

— professional social networks that were created for job seekers and employers,
a recommendation system, reputation and transparency of career experience in action, such
as linkedin.com, moikrug.ru, pro2.ru;

— blogging networks: Livejournal.com, liveinternet.ru, blogspot.com;

— dating sites, namely: mambo.ru and loveplanet.ru;

— sites for searching people who studied in the same class, school or university are facebook,
vkontakte, odnoklassniki [9].

We outline the basic principles of information management of fire propaganda in social
networks:

—a combination of different forms of conducting fire propaganda;

— broadcasting an informational message about fire fighting at each visit to a social network;

— a variety of animations, colors, characters, etc .;

— emotional-value filling of pages in a social network;

— using a format of simple useful tips for every day on fire safety issues;

— seasonality (change in content depending on the fire hazard of the season);

— the availability of the possibility of placing fire-prevention advertising (including
commercial).

Currently, social networks very often carefully interact with traditional media, while
distributing ready-made content. At the same time, social networks can play the role of a news
agency, providing the media with information on the basis of which news material is collected and
analyzed. Such a powerful media tool has its own specifics and can be used to publish materials
containing fire-fighting propaganda.

Modern computer technology allows the widespread use of fire propaganda on the Internet.
Given the importance of information exchange on the Internet for the younger generation,
we emphasize the need for the systematic development (improvement) of methods of conducting
fire propaganda using computer technology

The scope of fire information should be dynamic, constantly improve forms and methods,
use innovative tools.

At EMERCOM, various fire prevention information methodologies and the variety of tools,
methods and techniques used are formed. But, the effectiveness of fire prevention measures does
not yet meet modern requirements. Most of the measures are aimed at developing systems that
respond to fire and evacuating from a burning protection facility.

In our opinion, the main drawback is the underestimation of the role and importance of fire-
prevention information for the population in the general system of protecting objects from fires,
the lack of a systematic approach to organizing propaganda, and insufficient funding for this
activity. Innovative ideas in the field of fire safety do not find technical implementation, and
sometimes there is a complete disregard for safety systems from the so-called «human factor». Fire-
prevention information should encourage the population not only to cautiously, but also to handle
fire competently, to prevent fires, and in case of sunbathing, to prevent the spread of fire
to surrounding buildings.

Achieving the expected result from the propaganda impact can be achieved if the moderator
succeeds:

— interest the audience;
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— state fire propaganda so that it is fully perceived and understood by the audience;

— feel clear sympathy for the material presented [10].

The main feature of fire information is that the main participant becomes an individual
or group of individuals. This approach is fundamental in the organization of this preventive work:

— individual-personal approach;

— interpersonal communication;

— widespread involvement of the masses in ongoing events;

— emotional-value filling of the program of flash events;

— demand for creative work of fire animators;

— stage and improvisation;

— game content of events with fire information.

The main directions that should be reflected in the plans for fire propaganda:

— the formation of an audience of cognitive interest in ensuring fire safety, the creation
of a bright, original, emotionally filled content;

— use of the results of scientific research in the field of information technology, pedagogy,
psychology, philology, philosophy on the use of forms of fire information;

— education of a value attitude to ensuring fire safety;

— the use of entertainment to conduct unobtrusive fire information;

— educational preventive work with schoolchildren and students;

— popularization of the activities of fire groups.

To increase the effectiveness of fire-prevention information, it is advisable to regularly
update the plans for this work. When updating old and creating new plans, you must consider:

— the availability of a statement of fire protection measures for the relevant group;

— the presence of an emotional component;

— interpersonal communication and interaction between the moderator and the audience,
so within groups;

— the possibility of modifying and compiling various variations of fire reporting. The next
important aspect of fire prevention that needs to be considered is the organization of games.
The game, which finds many areas of application for itself, cannot but be used
in the implementation of fire propaganda. The game in the framework of fire propaganda can
be used to teach the population:

— plunging into the gaming world and gaming relationships, to convince yourself and other
people of the need to comply with fire safety measures;

— being free in the playing space, be aware of not only your own characteristics, but also
be able to build relationships with people around you in terms of performing fire-fighting measures;

— comprehend the gaming experience, using the game as a tool for self-knowledge
in the field of fire safety.

Improving fire-prevention information by improving ways to increase the level of emotional
interest of the population in studying the basics of fire knowledge, we will use the most important
reserve for reducing the number of fires and dangerous consequences from them. This painstaking,
intense, constant work is the basis of fire safety for future generations. A radical change
in the approaches to fire reporting in social networks, a revision of priorities towards attracting
representatives of voluntary fire protection to this type of activity are some of the main tasks for
the near future.
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ENSURE FIRE SAFETY OBJECTS OF CULTURAL HERITAGE
BY MEANS OF FIRE PREVENTION PROPAGANDA AND TRAINING

A.V. Fomin; V.B. Magomedov.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The analysis of legal and organizational and technical aspects of the fire safety system of cultural
heritage objects is given. Measures of propaganda are considered. And educational influence as an effective
means of forming fire-safe behavior in employees and visitors of cultural heritage sites, introducing
the existence of the problem of fires into people's minds, and readiness to act correctly in case of danger.
A conceptual approach to ensuring fire safety of cultural heritage objects through the prism
of the historiography of the cultural space is proposed to increase the level of protection of the population,
material and cultural values. It is shown that accessing the knowledge system in the field of fire safety
of cultural heritage objects, it is the most important in the preservation of architectural complexes-cultural
heritage objects, it forms an integral, three-dimensional and a multi-faceted understanding of the problems
and prospects for the development of this branch of knowledge.

Keywords: fire safety system, cultural heritage sites, fire promotion, training, fire statistics

The historical method of studying the three-century period of protecting the cultural heritage
of Russia made it possible to comprehend the processes of the institutional dynamics
of the organization of fire protection in Russia: the formation of protective legislation, the creation
of a state security system, the development of basic methodological principles for the protection
of Windows. The key concept in the historiography of this topic is the concept of «preservation
of cultural heritage» [1]. The danger level of the tragic loss of life and loss of property in case
of fire depends largely on historical periods, national and geographical (regional) features
of the society, economic or educational levels of the population, equipment and production
technologies. World statistics annually reports more than three million fires in which more than
20 thousand people die. About 50 % of fires occur in buildings and vehicles, and they account for 90 %
of all victims. In terms of world indicators, Russia occupies the «leading» places, and the deaths
in fires in absolute terms per one million people and one thousand fires have long overtaken many
developed countries of the world. Quantitative data on the number of casualties resulting from fires
are comparable to the total losses from crime of all other types, and the material damage from fires
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is thousands of times greater than the property damage caused by all other crimes [1]. Of course,
fire is not an absolute evil. Sometimes, indomitable flame usually brings trouble to those who
neglect fire safety requirements.

In modern Russia, ensuring the necessary fire safety requirements is the subject of activity
of all public-territorial entities of the Russian Federation, constituent entities of the Russian
Federation, and local government bodies [2].

The story of the fire in Notre Dame de Paris touched the whole world, because a fire
damaged an architectural masterpiece over 900 vyears old. The situation again stirred
up the question: how are things going with the organization of fire safety of cultural heritage sites
in Russia? This situation is relevant for Saratov, where there are ancient buildings recognized
as objects of cultural heritage. Objects of cultural heritage (historical and cultural monuments)
are of unique value to the entire multinational people of the Russian Federation and are an integral
part of the world cultural heritage [3]. The key concept of this topic is the understanding that
the specificity of cultural heritage is impossible without understanding the phenomenon of culture
and cultural memory.

Cultural heritage sites are visited by tourists in large numbers, therefore, the priority
is the safety of people in case of fire, and these issues should be considered in detail from the point
of view of ensuring fire safety during operation. We should especially keep in mind cultural objects
(art galleries, museums, religious buildings, residential and non-residential ancient buildings
protected by the state), which are distinguished by varying degrees of fire resistance, a class
of constructive fire hazard, a class of functional fire hazard, various space-planning solutions,
as well as materials and designs. Therefore, the preservation of cultural heritage objects (historical
and cultural monuments) of the peoples of Russia from various types of dangers is carried out in the
interests of the present and future generations of the multinational people of the Russian Federation.

State protection of cultural heritage is one of the priority tasks of state authorities of the Russian
Federation, state authorities of the constituent entities of the Russian Federation and local governments.

Ensuring fire safety of cultural heritage sites is also one of the most important functions
of the state.

In order to protect the life and health of citizens, the safety of cultural heritage sites from
fires, technical regulation measures should be implemented in the field of fire safety, establishing
general fire safety requirements for buildings and structures of cultural heritage sites [4]. A fire
safety system is being created at each cultural heritage site, the purpose of which is to prevent fire,
ensure the safety of people and protect property in case of fire [5, 6]. The fire safety system
of a cultural heritage site should be provided by fire prevention systems, fire protection systems,
including organizational and technical measures.

The fire prevention system is a set of organizational measures and technical means that
exclude the possibility of a fire at the cultural heritage site.

Fire protection system — a set of organizational measures and technical means aimed
at protecting people and property from the effects of dangerous fire factors and (or) limiting
the consequences of exposure to dangerous fire factors at a cultural heritage site.

Figure shows the structural diagram of the fire safety system of a cultural heritage site.

fire prevention system

cultural herltaae
objects

organizational and technical
measures

fire protection system

Fig. Fire safety system cultural heritage site
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Organizational and technical measures to ensure the fire safety of cultural heritage sites
include [7]:

— organization of fire protection, organization of departmental fire safety services;

— public involvement in ensuring fire safety;

— the organization of training for workers in fire safety measures at work, and for
the population in the manner established by the regulatory documents on fire safety
of the respective objects of residence of people;

— development and implementation of fire safety norms and rules, instructions on the procedure
for handling fire hazardous substances and materials, on compliance with the fire regime and
the actions of people in case of fire;

— production and use of visual agitation tools to ensure fire safety;

— rationing the number of people at the cultural heritage site according to their safety in case
of fire;

— development of measures for the actions of the administration, workers, employees and
the population in case of fire and the organization of evacuation of people;

— main types, quantity, placement and maintenance of fire equipment.

The fire safety system of a cultural heritage object must necessarily contain a set
of measures that exclude the possibility of exceeding the permissible fire risk values and aimed
at preventing the danger of harm to third parties as a result of a fire [6].

The complex multi-level nature of the fire safety system of cultural heritage sites contains
legislatively established organizational measures and technical means [8]:

— providing deeply humane goals (minimization of fire safety, threats from fire, preservation
of cultural heritage and historical values);

— perfo rming vital for society, its stable reproduction functions.

Attention should be paid to the formation of cultural heritage sites among employees and
visitors:

— fire safety culture;

— specific value attitudes in their minds;

— fire self-organization;

—social fire behavior.

The fire safety of cultural heritage sites depends on the level of fire self-organization and
the social behavior of visitors.

Fire safety systems for cultural heritage sites consist of the necessary funds aimed at fire safety [9].

Fire propaganda is a means of informing the public about ways to ensure fire safety, carried
out through the media, through the publication and distribution of specialized literature and
advertising products, themed exhibitions, shows, conferences and the use of other forms
of informing the population that are not prohibited by the legislation of the Russian Federation. Fire
propaganda is carried out by state authorities, the federal executive body authorized to solve
problems in the field of fire safety (EMERCOM of Russia), local authorities and organizations [3].

Training in fire safety measures is an organized process for the formation of knowledge,
skills of citizens in the field of ensuring fire safety in the system of general, professional and
additional education, in the process of labor and official activities, as well as in everyday life [10].

Training in fire safety measures for persons engaged in labor or official activities at cultural
heritage sites is carried out according to fire safety training programs and (or) fire technical
minimum.

The procedure, types, terms of training for persons engaged in labor or official activities
at cultural heritage sites, fire safety measures, as well as the requirements for the content
of continuing education programs (fire-technical minimum programs), the procedure for their
approval and approval are determined by EMERCOM of Russia [11].

Depending on the type of program being implemented, training in fire safety measures for
people engaged in labor or official activities at cultural heritage sites is carried out directly
at the place of work and (or) in organizations engaged in educational activities.
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Leaders of cultural heritage sites are required to conduct fire propaganda, to train their
employees in fire safety measures [8, article 37; eleven]. An important distinguishing feature
of the modern period was the increase in the regional level with the allocation of diverse processes
for the preparation and conduct of fire safety and firefighting. However, in the regions there
is a claim by the state fire supervision authorities of EMERCOM of Russia to cultural heritage sites.
The issue of preserving cultural heritage objects from fires becomes not only «relevant, but also
extremely necessary» [11].

Most often it is the person to blame for the fire, i.e. those responsible for the fires have
a reduced social responsibility to society, to history. The interests of Russians should initially
include «istorical patriotism towards cultural heritage» [1].

There is no doubt that the more Russians are embraced by this feeling, the more clearly, they
manifest their social roles in relation to the vital activity of cultural heritage objects. At the same
time, it is enough to show a feeling on an emotional level and associate yourself with a full member
of the cultural and historical regional society.

Thus, the «historical patriotism towards cultural heritage» among the Russians lies
in the dialectical unity of the interests of the individual and cultural society.

Based on the foregoing, it is proposed to investigate the hypothesis of promoting the fire
safety system through the prism of the social and personal aspects of fire safety of cultural heritage sites.

Fire safety of cultural heritage objects is considered, first of all, as «a form of existence and
preservation of cultural heritage objects in the minds of residents and guests», «fire safety
of cultural heritage objects displayed by consciousness», «existence of cultural heritage objects
in the minds of its employees and residentsy. It is a sociological view of the fire safety system that
allows us to investigate the functioning and preservation of cultural heritage objects through
the prism of social groups and applied aspects of social life.

This formulation of the study allows us to narrowly determinism, and focus
on psychological determinism. Psychological determinism is based on the human environment,
including the historical and cultural setting of cultural heritage sites, under the influence of which
the development and formation of the personality of visitors takes place. It is in this environment
that a form of existence and preservation of cultural heritage objects is created in the minds
of residents and guests.

This approach has a distinctive feature in that people can spend their spiritual strengths not
only on adaptation to the environment, but also on opposition. These determinants generate and
form the level of historical and cultural being, the level of development of visitors [12, P. 113].

The understanding of the significance of cultural heritage and the fact that the destruction
of its objects is an irrevocable loss for civilization has contributed in recent decades
to the revitalization of the UN and UNESCO in the development of international legal instruments
aimed at protecting the World Cultural and Natural Heritage [13].

The «fire safety of cultural heritage objects displayed by consciousness» and «the existence
of cultural heritage objects in their minds» are formed among visitors. The study of an individual
individual among objects of cultural heritage made it possible to identify the stages of development
of society and the individual, to develop concepts that explain the logical relationships between fire
safety and the causes of fires.

The proposed non-traditional way to explore the familiar, well-established fire safety
problems through the functions of a social life-support system opens up new realities and forces
us to consider the fire safety system of cultural heritage objects from a new perspective and expand
the boundaries in its analysis [13].

A study of the fire safety of cultural heritage sites as a function of the social historical-
cultural system allows a deeper understanding of its role and conservation prospects for posterity.
With the help of social events, visitors to cultural heritage sites will form the necessary free
orientation in the rules and mechanisms of the fire safety system.

The implementation of the proposed conceptual approach to the preservation of cultural
heritage from fires through the prism of the historiography of cultural space should be an increase
in the level of protection of the population, material and cultural values.
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The importance of the cultural heritage of mankind for current and subsequent generations
is difficult to overestimate. The main reasons why the cultural heritage requires international legal
protection can be highlighted. First of all, objects can provide unique scientific information
(historical, archaeological, ethnographic, technical, etc.); In addition, the facilities offer promising
opportunities for educational, social, economic and tourism programs.

Recently, cultural destruction has been threatened by increasing destruction caused
by various causes. The evolution of the social, political, economic and religious life of mankind
negatively affects the safety of its objects. To preserve objects and transfer them to future
generations, a set of effective legal measures, including those of an international character,
is required [14]. In the Russian Federation with its centuries-old history, numerous cultural heritage
sites have been preserved. The transition from the concept of «historical monuments» to the concept
of «objects of cultural heritage» is due to positive changes in approaches to historical and cultural
heritage in Russia in the 21st century.

No less significant in the framework of the study is a generalization of many ways
to preserve cultural heritage sites. Despite similar methods, in different countries they solve this
problem differently. “The main tendency in preserving cultural heritage objects is to attract funds
from private or legal entities, since the usual creation of museum complexes, most often, does not
cover the costs of restoration and reconstruction. If earlier the protection of cultural and historical
heritage was reduced to the protection of individual outstanding material monuments, then new
approaches to the definition of the concept of cultural and historical heritage and its protection
involve:

— the transition from the protection of individual objects to the protection of urban
landscapes, including both outstanding heritage monuments and ordinary buildings, as well
as natural landscapes, historical paths;

— the transition from the protection of only outstanding monuments to the protection
of historical buildings, reflecting the lifestyle of ordinary citizens;

— the transition from the protection of only ancient monuments to the protection
of monuments of the 20th century;

— the active participation of society, especially local residents, in preserving the cultural
heritage and its integration into the social and economic life of the city («vitalizationy»);

— integration of heritage into the daily life of the city and its transformation into an integral
and indispensable element» [14].
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FIRE SAFETY OF TRANSPORT AND INFRASTRUCTURE

ENGINEERING METHODS FOR EVALUATING THE FIRE
RESISTANCE OF BUILDING STRUCTURES.
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E.V. Polevschikova.
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A design scheme is presented that allows one to evaluate the effect of various temperature conditions
during a fire on the fire resistance of building structures and to calculate the temperature field parameters
in them for various fire-retardant coating parameters, as well as a graphical method for assessing the fire
resistance of building envelopes based on the heating of an unheated surface to a standard temperature.

Keywords: fire resistance, fire protection, non-stationary thermal conductivity, temperature regime,
heat transfer coefficient

For building structures, as well as buildings or structures, an important factor is fire
resistance, i.e., the ability of building structures to maintain their working functions under
the influence of high fire temperatures. The fire resistance of building structures is characterized
by a fire resistance limit. By the limit of fire resistance (by the sign of heating of the structure)
is understood the time after which the structure loses its bearing or enclosing ability. Loss
of enclosing ability means heating the structure during a fire to temperatures on an unheated surface
by more than 140 °C on average or by 180 °C at any point compared to the temperature before
the fire or cracks in the structure.

The fire safety condition for building structures will be satisfied if:

(52T o

Here Ptr is the required fire resistance limit, which is established by the norms for the main
parts of buildings and structures; Pf — the actual fire resistance of structures, determined
by calculation.

On the basis of the heating of the structure, the fire resistance limit is found
by thermotechnical calculation. In this case, the temperature change is determined over the cross
section of the structure during its heating according to the standard temperature regime. In this case,
the temperature change of the building structure:

t, =345Lg(8r+1) +1,

The thermotechnical calculation of structures is carried out on the basis of the Fourier heat
equation, which characterizes the change in temperature in a solid in time and space.

For one-dimensional bodies and in the absence of internal sources of heat, the differential
heat equation can be represented in the general form:

ot 0t @ ot
—=al o+ —— |, 1)
or OX X OX
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where x — the coordinate of the body, which may be the radius of the cylinder or ball; @ — constant
number equal:
— for the plate @ = 0 (x = x), therefore (1) takes the form:

a_, ot
or ox2’

— for the cylinder @ =1 (x =r) and then:

ot 0%t 1ot
—=a —+-—|;
or [ar2 r GrJ

In this equation, a is the thermal diffusivity.

This equation makes it possible to solve problems associated with the distribution of heat
in the body by thermal conductivity both in the case of steady (stationary) and unsteady
(non-stationary) heat flux. When solving specific problems, the differential equation
is supplemented by the initial and boundary conditions that characterize each specific problem.

The differential heat equation (1) together with the boundary conditions (initial and
boundary conditions) gives a complete mathematical description of a specific heat conduction
problem. The solution to this problem can be performed both analytically and numerically.

An analytical solution to such problems is possible only for bodies of simple shape (flat
wall, cylinder), provided that the boundary conditions and the thermophysical properties
of the material from which the research object is made are constant over time. Moreover,
the analytical solution of even such problems is very difficult due to the cumbersomeness
of mathematical operations and has the following form:

— for a flat wall:

s 2
t=bx+c+> A, (cosm,x+ p,sinm x)e ™" ;
n=1

— for a cylindrical wall:

t=binr+c+ iAn[(Jo(mnr) +p,Y, (mnr)]e‘amﬁf ,
n=0

where Jo and Y are the first and second order Bessel functions.
The constants b and c are determined from the conditions of the stationary regime (at 7 = o0);

P, andm, —from the boundary conditions, and A, —from the initial conditions (for z = 0).

Thus, this option for solving problems in calculating the actual fire resistance limits
is difficult and unsuitable for practical use. In this regard, the researchers came to the conclusion
that it is possible to separately examine typical problems and find a solution for each of them.
As a result, the calculation formulas and the calculation itself is greatly simplified.

So, in the Methodological recommendations for calculating the fire resistance and fire safety
of reinforced concrete structures MDS 21-2.2000, simplified solutions are applied to the standard
temperature regime of fire for calculating the actual fire resistance limits of reinforced concrete
structures [1]:

— with one-sided heating

t(x,7) =20+1200- (1-r,)>?,

—in circular constructions heated around the entire perimeter

b

— X
t(x,7) =20+1200 - ——.
o) a-r)?
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Where ri=x/l — relative distance, where | — the thickness of the heating layer of concrete,

calculated by the formula:
| =.12-a;, -7;

x — conditional thickness of the considered concrete layer, which is determined as follows:
— when determining the temperature of heating concrete:

X =X +dap;
—when determining the temperature of heating the fittings

X :Y1+¢1\/5-|-5 +¢,-d;

In these formulas: x; is the distance from the concrete cross-sectional point under
consideration to the i heated surface, m; Y; is the distance from the i heated surface to the axis
of the reinforcement, m; ¢l and @2 are coefficients depending on the density of concrete [2];
d — diameter of reinforcement, m

In these formulas, the given coefficient of thermal diffusivity a [m2 / h] is determined

as follows:
_ A
(c+50-w)-p

Here, A and c are the thermal conductivity and specific heat coefficients of concrete,
depending on temperature, calculated for a temperature of 450 °C, p and w are the density and
weight humidity of concrete, kg / kg, respectively.

As is known, the temperature regime of a fire has a direct effect on the fire resistance
of building structures; therefore, calculations based on the temperature regime of a fire close to real
are considered more preferable, since a change in the temperature of a fire in reality, as can be seen
from Fig. 1, can significantly differ from the mode described by the standard temperature curve [3].

Moreover, to increase the fire safety limit of building structures, it is often assumed to use
various fire protection means — concreting, plastering, bricking, lining the fire protection object with
standard materials, applying fire-retardant coatings directly to the surface of the object (painting,

a5

coating, spraying, etc.), etc.’
t°C —
860

Gaa -

Fee?

(7 46 60 8a T, MHH

Fig. 1. The temperature change of the internal fire
(1-5 — temperature conditions of fires in the premises of buildings and structures for various purposes; 6 — standard curve)

Thus, when setting the task for assessing the fire resistance of building structures,
it is necessary to set the thermophysical properties of the materials of which the fence is made and
temperature-dependent, as well as a description of the temperature of the heating medium,
a functional dependence on time, etc.
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Most simply, this problem is solved by the finite difference method. The essence of this
method is to replace the differential equation with a finite-difference equation — differentials are
replaced by finite increments. The thickness of the floor slab is divided into n layers of the same
thickness 4 x. The calculated time interval Az is determined in the same way.

Thus, the region of continuous temperature change is replaced by the region of its discrete
change. The temperature is found at any time in any layer based on already known temperatures
at the previous calculated time, i.e. successively solving an equation with one unknown —
the desired temperature value.

The methodology for calculating the layered temperature distribution is given below.

The temperature distribution over the thickness of the enclosure for the next time step t; can
be calculated using the following formulas:

1
t,, =Fo i-[ti_lyj iy T [H_Zﬂ )

In order to find the temperature values on the outer and inner surfaces of the wall at the |
moment in time, it is necessary to use the boundary conditions.
Under boundary conditions of the third kind:

ot o
S0 =7t —t), (3)
ot o

and 5|X:5 =72(tf2_t5)a (4)

the temperatures of the inner ;and outer surfaces t;of the wall are determined from the
corresponding equations of thermal balances for the boundary layers of the wall:

ot ot
C(t)'p'S'E:al'(tfl_t0)+ﬂ“'a’ (5)

ot ot
C(t)'P'S'E:az'(tfz—t5)+/1'5, (6)

where ¢(t) u p — specific heat and density of the wall material; s is the thickness of the boundary
layers is taken equal

_ M
x

S

In a fire, when the heating medium is combustion products, the heat transfer coefficient o,
is approximately calculated by the equation:

o 21163eo.0023‘tf1 .
The heat transfer coefficient from the side of cooling by the environment of the unheated
surface «, is determined as follows:
a, =a,ta,,
where ¢, — heat transfer coefficient taking into account heat distribution by convective heat
transfer, and «; — propagation due to radiation (radiant heat transfer). If the enclosing surface

is at a temperature t; >60 °C air cooled t;,~20 °C, then approximately the heat transfer coefficient
is calculated by the formula

a, = :L:L63eo.oozatf )
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if t5<60 °C, calculated by the formula:

a, =4.07-3t, —t,,.

Based on these equations (5) and (6), balance finite-difference equations are compiled:

Lo —loja 2a, 2a(f)
’ J7 = t —toj) + —=(hj—1tq;), 7
e C(_)_p_AX(fl 0.) o (tj—to,) (7)
ty,—thia  2a 2a(f)
n,j n,j-1 _ 2
= — to —thi) + —>2 (th-1i—thi), 8
Az C(t)pAX(fZ n,J) AXZ (nl,] n,J) ()

The solution of equations (2)—(8) makes it possible to determine the desired temperatures
at the walls:
Temperature on the heated surface:

: 1
t“_1 +BI -t +t0'j_1 27Fo,
1+Bi, +
2-Fo,
a(t)-A
Here FOﬁLZT,
AX
Bi. =ocl-AX
oA

where AT —estimated interval, ¢; Ax — calculation layer thickness, .
All the above thermophysical properties of the building material are calculated
by the average temperature:

t, +t

2
The temperature on the unheated surface is determined by the equation:

[P |
b=t - AX— | T
TN 2,

When calculating the temperature field of the wall, consisting of several layers of dissimilar

i+1,

=

. L . . AX
materials, each of the layers is divided into elementary layers of the same thickness ~— . For each
heterogeneous wall, the corresponding value of the time interval is determined from the condition

L <05.
a o

AX®  CpAX
For the calculation, one value Avris accepted equal to or less than the smallest
of the obtained values. The temperature at the interface between two dissimilar layers can be found
by the formula, which is obtained by solving the heat balance equation for layer m.

2-At - _ _
t .=t . AL )t AN )t =2 A )t
m, j m,J—1+ sz '[Cl(f)'p1+C2(t—)',02] [ﬂi(m) m—l,J—1+ 2(m+1) m+1, j-1 A’l(m) m,J—l]
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Here, the thermophysical properties of each layer [c,(f,)c,(, ) A4 (t,) 4, (t,.,)]are

determined depending on the average temperature of the corresponding layer, and the indices «1»
and «2» indicate their belonging to the corresponding heterogeneous.

In the equations, the Fourier criterion for the corresponding layer at j — the time instant
is determined by the equation:

o — 4-At;- 4 (1)
) pAXP

In the equations, the values of the thermal conductivity coefficient A (t) and specific heat
capacity c (t) depend on the average heating temperature of the corresponding layer.

The use of this difference scheme made it possible to calculate the parameters
of the temperature field in the cross section of the enclosing structures made of different building
materials during a fire in rooms with different combustible loads, as well as similar calculations
of the temperature field in the cross section of fencing with a fireproof coating.

Schedule for assessing the fire resistance of building
envelopes by thermal insulating ability

Time, min

200
—k=0,5
180
—k=1
160
Y, k=2

140
| .
120

L~
100 L | | ] — k=6
| —

80 — / k=8
60 = _—— =
_____...-—-""'.f
40 | ] k=12

-
20 — " k=14
0
0 1 2 3 4 5 6 7
Bi

Fig. 2. Graph of the parameter k=5"/a from Bi

The calculation results are presented in the form of graphs of the parameter change k= ézla,,p
(@, — reduced coefficient of thermal diffusivity of the enclosing surface a,, ~a) from time and bio
criterion (Bi), which is the ratio of the thermal resistance of the wall (R¢,=0/A +3,/A;, where &, and
A, are the thickness and thermal conductivity of the flame retardant layer, respectively) to the
thermal resistance of heat transfer from the unheated surface
to the environment (R,=1/a).

It can be seen from the figure that the main influence on the heating of the unheated surface
of the building envelope to the standard temperature (140 ° C above the initial temperature)
is exerted by the thickness of the structure 6 and its thermophysical characteristics apr.

The graph allows you to determine both the fire resistance limit of enclosing structures with
known thicknesses and material properties, and also solve the inverse problem — to select
the thicknesses and types of fencing material, and, if necessary, the type of fire protection with
the appropriate characteristics.

Thus, the proposed design scheme allows you to:
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— assess the effect of various temperature conditions in case of fire on the fire resistance
of building structures;

— to calculate the parameters of the temperature field in building structures with various
parameters of fire-retardant coating;

— determine the optimal parameters of the fire retardant coating to ensure the required fire
resistance of the building structure.
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SAFETY OF TECHNOLOGICAL PROCESSES
AND INDUSTRY

THERMAL MODE OF CYLINDER TANK PROTECTIVE WALL
IN CONDITIONS OF FIRE

D.A. Minkin; M.A. landiev.
Saint-Petersburg University of the State Fire Service of EMERCOM of Russia

In the article radiation heat transfer processes between flame torch of oil products and protective wall
of cylinder tank are considered. Thermal and mathematic models are presented, with help of them
it is possible to estimate the intensity of heat impact to the top of construction according to size of tank,
distance between protective wall and tank, height of flame torch and its configuration. Methodology
of mutual irradiation coefficient calculation was considered for heat transfer surface areas and calculation for
several cylinder tanks was hold. The results of calculation were compared with Comsol multiphysics
numerical decision.

Keywords: radiant heat transfer, hydrocarbon fire, thermal mode, cylinder tank

Ensuring fire safety at the facilities of the oil and gas complex of the Russian Federation
is a task whose relevance can hardly be overestimated. At present, our country is the third country
in the world in terms of oil production. At the same time, oil and oil products account for more than
40 % of Russia's exports in cash. Oil production and refining enterprises are characterized
by the presence of a large number of flammable combustible materials, which poses a threat
of major technological accidents, fires and explosions. Over the past ten years [1] nine fires in oil
tanks have been officially registered. It should be noted that twenty years ago, the average
frequency of fires with serious consequences in the oil and refining industries was twelve fires per
year [2]. Such a significant reduction in the number of fires can be explained by a number of actions
to update the standardization system (including SP 155), the rules of the fire regime, and to improve
the system of training personnel in fire safety requirements [1]. Nevertheless, each of such fires
causes serious material damage, leads to death and injuries of people, destruction of firefighting
equipment and equipment, negatively affects the environmental situation in the region of location.
Thus, the task of improving the fire safety of tank farms does not lose its significance.

One of the modern solutions to improve the fire safety of vertical cylindrical tanks for
storing oil and oil products is to install a protective wall of a cylindrical shape around each tank.
The development of a fire at such structures has a number of features [3], which lead
to a substantially uneven distribution of the heat flux density from the flame of the burning tank
along the height of the protective wall. To ensure the necessary level of fire resistance,
it is necessary to calculate the thermal regime of the protective wall in a fire. Moreover,
the reliability of the calculations largely depends on the accuracy of setting the boundary conditions
of the physical process under consideration.

The aim of this work is to develop a methodology for calculating heat transfer conditions
during a fire in tanks with a protective fence.

To achieve this goal, it is necessary to develop a thermal and mathematical model of heat
transfer processes during a tank fire, calculate the mutual irradiation coefficients between the flame
torch and the enclosure, compare the results with calculations using the existing method and
a numerical solution for a number of typical tanks of different volumes.
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Determination of heat transfer conditions

The development of thermal and mathematical models makes it possible to evaluate
the intensity of the thermal effect on the upper part of the surface of the protective wall depending
on the size of the tank, the distance of the protective wall from the tank, the height of the flame and
its configuration.

The basis of the design of the tank with the protective wall is the cylindrical tank itself and
the cylindrical wall coaxial with it at some distance, as shown in Fig. 1.

- - Ar

BHeLll

H, — tank height, m; H. — protective wall height, m; Ar — wall distance, m; V.., — volume limited by the wall, m?;
V,.. — volume of the main tank, m®

Fig. 1. Design of a tank with a protective wall

The height of the protective wall H; should be related to the height of the tank H,.,
as follows: H.>0,8H,.,. The minimum value of the inter-wall distance must satisfy the condition
Ar>1,8 m [4].

In a fire in a tank with petroleum products, the generated heat flow is spent on heating
the combustion products, dissipated into the environment and partially transferred to the upper part
of the heated surface of the fence. As a result of this effect, the surface heats up, and then the heat
flux passes through the fence due to thermal conductivity and dissipates from the unheated surface
into the environment. In a fire with high combustion temperatures (hydrocarbon fire), most
of the heat from the flame is transferred through thermal radiation. The resulting flux transmitted
by radiation can be calculated by the relation [5]:

T.@)\ (1. )
=C f | 2R
Q= Cot ( 100 J (100) !

where Tit) — flame temperature, K; t — time, c¢; 7, — wall surface temperature, K;
Epp :1/[1+ 0,002, (z) —273) ] - reduced blackness between the radiating surface of the torch

and the heat-absorbing surface; C,=5,67 Br/(m*-K*) — emissivity of a completely black body:;
¢ is the coefficient of mutual irradiation, taking into account the fraction of the heat flux falling
from the flame to the surface of the fence; F is the area of the radiating surface of the flame, m?.

Combustion of oil products is characterized by high temperature (above 1000 ° C). In [6],
a review of domestic and foreign sources characterizing the temperature regime of hydrocarbon
fires is given, and the possibility of counting T¢(t)=1200°C throughout the fire is justified.
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To calculate the coefficient ¢ in the present work, the shape of the torch is taken in the form
of a cone with a base equal to the area of the burning liquid, Fig. 2.

The coefficient @i, between the sections of the surface of the fence and the flame
is calculated taking into account the slope of the radiating surface and its conical shape [7] and can
be found by integrating the expression:

COSy, COSY,
h? +((H —h)gp —r, cosa ) +(r,sina)

1H
_;h{ - (H-h)cos’ gdhdar (g

I\J\N e NV R

where hg is the height of the beginning of the integration section, which is found from the condition
of the visibility factor of the upper part of the flame torch and the fence wall; the angle o can vary
from (-y\2) to (y/ 2).
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dF,, dF, — elementary areas of the flame torch and guard surface, m?; h is the height measured from the elementary site
of the fence dF, to the elementary site dFy; H is the height measured from the site dF, to the top of the flame;
L is the distance between elementary areas dF; and dF,, m; y; and v, are the angles between the normals to dF;, dF, and
the segment L connecting these sites; o is the angle in the horizontal plane of the AOW between the projections
of the normals to the sites dF; and dF,; B is the angle of the flame cone

Fig. 2. Relative position of the conical flame torch and the cylindrical surface of the tank fence

Yron Y HaXOOUTCA U3 COOTHOIICHUSI:

y =arcsin

2r (2r, +2(r,—r,))’

Integration in expression (2) is performed numerically and implemented in Microsoft Office
Excel. To find the irradiation coefficient ¢ between the complete surfaces F; and F,, expression (2)
must be integrated over the area F,. In the course of the work, calculations were carried out for a
number of typical tanks of various capacities; the calculation results are shown in table.
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Table. The results of calculating the coefficient of mutual exposure

Diameter The height The difference The value
Volume, Case gnt in height between Width between | of the coefficient
of the RVS, . of the protective
m height, m the tank and the walls, m of mutual
m wall, m
the wall, m exposure
100 4,73 6 4,8 1.2 18 0,001
200 6,63 6 4,8 1,2 18 0,004
300 7,58 7,5 6 15 18 0,247
400 8,53 7,5 6 15 18 0,165
700 10,43 9 7,2 18 18 0
1000 10,43 12 9,6 2,4 18 0
2000 15,18 12 9,6 2,4 18 0,180
3000 18,98 12 9,6 2,4 18 0
22,8 12 9,6 2,4 2,2 0,005
5000 20,92 15 12 3 18 0
28,5 18 14,4 3,6 18 0,011
10000 34,2 12 9,6 2,4 2,2 0
39,9 18 14,4 3,6 1,86 0,085
20000 47,4 12 6,9 2,4 3,6 0,004
30000 45,6 18 14,4 3,6 39 0,078
40000 56,9 18 14,4 3,6 2,4 0
50000 60,7 18 14,4 3,6 4,2 0,018
100000 95,4 18 14,4 3,6 11 0,048

The results of calculating the irradiation coefficient according to the presented method can
be compared with the values given by the currently used method given in [4], where the irradiation
coefficient is calculated by the formula [8]:

O, = 1 Larcsin o + o arcsin B, , @)
7| 1+ B2 J1+BZ+C?  J1+C2 J1+BZ+C;
X hqb . ..
where B, = E ,C = E , hy — flame torch height, m; the quantities x; and y; are found from
1 1

the relations:

4rlﬂ/(r02 — rpz)

X, = :
b2 +2(n-r)’

y, = \/roz —r,>—(0.5x,) .

The calculations were carried out for the reservoir of the RVSZS with a volume of 20,000
m?® [3] with a diameter of 39,9 m and an inter-wall distance of 1,86 m, the estimated flame height
of 43 m for burning gasoline. The values of the irradiation coefficients calculated by the expressions
(1) and (2) are equal to @ = 0.1 and ¢ = 0,45, respectively.

To evaluate the results of the calculations, a numerical solution of the problem
of determining the mutual irradiation coefficient was also carried out using the Comsol Multiphisics
package. Fig. 3 shows the developed model of the studied object.

As a result of the decision, the irradiation coefficient was @1, = 0,085.
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An analysis of the data obtained shows that the existing methodology using expression (2) gives

20

1S

10

b
%
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Fig. 3. Numerical model of the flame and the protective wall of the tank

overestimated values of the irradiation coefficient ¢. The proposed technique improves the accuracy
of the description of heat transfer conditions by taking into account the geometric features
of the fire model in the strategic missile defense system, which is confirmed by calculations
on a numerical model.

In the course of the work, a methodology was developed for calculating the conditions
of heat transfer by radiation from the surface of the protective wall of the tank in a fire,
the process of calculating the mutual exposure coefficient was automated using Microsoft Office
Excel, and calculations were performed for a number of typical designs of tanks with a protective
wall with a volume of 100 to 100,000 m®. The evaluation of the calculation results showed
satisfactory convergence with the results of numerical modeling and allows us to refine the values
obtained by the existing relationships. Nevertheless, to verify the reliability of the results obtained
using the developed methodology, experimental studies on the model of the object or conducting
fire tests are required.
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PROBLEMS AND PROSPECTS
OF FIRES PREVENTION AND SUPPRESSION

ANALYSIS OF HEAT AND MASS EXCHANGE
OF FIRE-EXTINGUISHING EMULSION DROPLETS
WITH COMBUSTION PRODUCTS

A.A. Kuzmin A.A.; T.A. Kuzmina.
Saint-Petersburg university of State fire service of EMERCOM of Russia

Factors considering influence of processes taking place in combustion zone on thermodynamic
characteristics of fire extinguishing mixture are identified and analyzed. Steps of heat exchange process
between macrocaples of fire-extinguishing emulsion and combustion products are isolated. Conditions
of macro-drop rupture are established, resulting in significant change of intensity of heat-mass exchange
between flow of fire-extinguishing emulsion supplied to combustion focus and combustion products.
Algorithm for calculation of optimum size of fire-extinguishing emulsion microdroplet is formed. There
is presented the dependence of fire extinguishing efficiency with fire extinguishing emulsion on the size
of sprayed microdroplets for different propellants.

Keywords: propellants, fire extinguishing aqueous emulsions, multicomponent emulsion, surface
tension, viscosity, fire extinguishing efficiency, optimization

At present, water is used for fire extinguishing in more than 80 % of cases, which allows for
the selection of heat from the burning area. The intensity of the heat removal process is largely
determined by the dispersion of the flow of the extinguishing liquid, which requires the use
of expensive high-pressure equipment, and, nevertheless, it is not possible to provide a sufficiently
high rate of supply of the extinguishing liquid to the fire source. In addition, the resulting fine
droplets are removed from the combustion zone by powerful convective flows of combustion
products, which, of course, reduces the fire extinguishing efficiency of the use of this substance
in the process of firefighting [1].

Fire extinguishing efficiency is measured by the minimum amount of fire extinguishing
agent consumed in suppressing a model fire, and its supply rate is measured by the mass flow rate
supplied per unit area of fire [2].

The solution to the problem may be to ensure the generation process directly
in the combustion zone of the flow of extinguishing fluid with the required finely dispersed
structure, while it becomes possible to avoid the use of complex and expensive fire-fighting
weapons in operation in a fire. For this, it is proposed to use fire extinguishing water emulsions,
the dispersed component of which are low-boiling organic liquids, the so-called propellants [3, 4].
The physical mechanism of the effect of such emulsions on the combustion zone is that intense
boiling of the low-boiling phase occurs, accompanied by rupture of the carrier drop, which
increases the dispersion of the water flow, and thereby increases the rate of heat removal from
the combustion zone of the fire load.

An emulsion is usually understood as an unstable system in the form of a suspension
of microscopic particles of one liquid that cannot be dissolved in another liquid, and no physical
or chemical interactions occur between the particles that make up these liquids.

The fire extinguishing efficiency of such emulsions is determined by physico-chemical
characteristics, as in [5] the optimal range of physicochemical parameters of fire extinguishing
water emulsions is presented, in which the maximum of their fire extinguishing capabilities
IS manifested.
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However, if the extinguishing mixture, which is an aqueous emulsion, enters the high-
temperature environment of the combustion zone, a physicochemical interaction is possible between
the gaseous fraction of the fire load, its combustion products, water and low-boiling dispersed
components of the extinguishing mixture, which does not consider existing sources.

The aim of the research is to formulate a model of the heat and mass transfer between drops
of a fire extinguishing emulsion and to identify on its basis the optimal parameters of an aqueous
emulsion of low boiling organic liquids in order to minimize the consumption of a fire
extinguishing mixture for firefighting.

In the analysis of the physics of the processes of water heating with its subsequent
vaporization occurring in the combustion zone, when forming the aforementioned model,
it is necessary to consider the influence of these processes on the thermodynamic characteristics
of the resulting gas mixture.

Several key factors are taken into account, namely:

— heat and mass transfer factor due to free convection processes caused by heat exchange
between the combustion products and drops of a fire extinguishing emulsion;

— thermodynamic factor associated with changes in the specific heat and internal energy
of the combustion products, as well as the evaporation products of the fire extinguishing emulsion;

— a thermochemical factor that manifests itself during chemical reactions between
the products of combustion and the products of evaporation of a fire extinguishing emulsion.

Analyzing the heat and mass transfer factor, it can be assumed that the course of convective
heat transfer will determine the duration of the local exposure of the extinguishing emulsion vapors
to the thermodynamic parameters of the products of combustion of the fire load. In this case, a fire
extinguishing emulsion injected into the combustion zone in the form of fine droplets reaches
its critical parameters (temperature and pressure) in a rather short time period. During
the movement of the extinguishing emulsion droplets into the environment of the products
of combustion of the fire load, the temperature of these droplets during heat exchange with
the combustion products increases and can reach the boiling point of the extinguishing emulsion
corresponding to the local pressure in the combustion zone of the fire load. The process
of overheating of a fire extinguishing emulsion causes the transition of the water component inside
individual drops to a metastable state and the creation of the necessary conditions for spontaneous
boiling. This occurs despite a decrease in the number of local centers of vaporization; therefore,
vaporization centers arise due to thermal fluctuation processes [6].

Thermodynamic analysis of the state of the gas phase of a fire extinguishing emulsion
in the combustion zone of a fire load is based on the assumption that heat is removed at any local
site of the thermodynamic process, equal to the amount of heat required to evaporate the supplied
fire extinguishing emulsion. As the extinguishing emulsion turns from a liquid state into a gaseous
state, the process of further heat removal from the products of combustion of the fire load will
develop. The vapor fraction will be heated, which is formed during the evaporation of the fire
extinguishing emulsion when it is heated by the products of combustion of the fire load, as a result
of which the heat capacity and specific internal energy of the vapor fraction will change, as well
as conditions will arise that contribute to the During firefighting, a drop of a fire extinguishing
emulsion, which is an aqueous emulsion of low-boiling organic liquids, is placed in a perturbed
medium of combustion products with a known temperature T, pressure P;, frequency f and
pulsation A of the gas flow velocity. It is natural to assume that the temperature of the combustion
products T, is higher than the initial temperature of the droplets of the Te, emulsion, i.e. T1> Teo,
which determines the intensity of heat exchange between the outer surface of the droplet and
the combustion products of the fire load.

In this case, several stages of this process can be distinguished:

— a drop of emulsion warms up to the temperature of superheating of water Tp, which will
be accompanied by an intensive process of evaporation of boiling organic liquids, which form a fire
extinguishing emulsion with water;

— there is a spontaneous boiling of the water component of individual drops of a fire
extinguishing emulsion;
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— the resulting water vapor worsens the heat transfer conditions between the combustion
products and the outer surface of the drops of the extinguishing emulsion.

It is assumed that the heat spent on the evaporation of water entering the drop of a fire
extinguishing emulsion will be proportional to the numerical value of the expression:

k
m

6

m +m ’
6 2

where m, — the mass of water contained in a drop of fire extinguishing emulsion;m, — a mass
of boiling organic liquid contained in a drop of a fire extinguishing emulsion; k — an empirical
coefficient, the value of which depends on the intensity of the evaporation process from the surface
of a drop of a fire extinguishing emulsion.

The true value of the mass of the water component making up a drop of a fire extinguishing
emulsion can be determined by solving the differential equation:

k x
m om, om,

8
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where m’, — mass of water droplets involved in heat transfer with combustion products.
Let us analyze the conditions of spontaneous boiling of the water component of individual
drops of a fire extinguishing emulsion, shown in Fig. 1.

Fig. 1. Fire extinguishing emulsion droplet model

where: R, — current radius of a drop of fire extinguishing emulsion;R, — current radius of the inner
cavity of a drop of a fire extinguishing emulsion; ¢ — the current thickness of the emulsified layer
inside the drop; P, — saturated water vapor pressure inside a fire extinguishing emulsion drop;
Py — gas pressure in the combustion zone of the fire load.

The rupture of the shell of a drop of a fire extinguishing emulsion is prevented
by the presence of surface tension forces f, which create a compression stress on the surface of this drop c:

f f
O =—=
“ s xz-(R2-R?¥) @
where: S — cross-sectional area of the shell of a drop of a fire extinguishing emulsion.
With the heating of the extinguishing emulsion droplet, the value of the saturated water
vapor pressure inside the extinguishing emulsion droplet will increase, while the surface tension
force will decrease and the compression stress will decrease, and the size of the droplet will
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increase. When surface tension forcess, and the external pressure of the combustion products P,
will no longer compensate for the pressure of saturated water vapor inside the drop of P,, then

0,20 2)

9K 1
In inequality (2), the value of the normal tensile stress in the shell of the droplet of a fire
extinguishing emulsion, ., can be calculated using expression (3):

(P,-P.-P,)R,
O = ;,5 . (3)

In expression (3), to determine the value of saturated vapor inside a drop of a fire
extinguishing emulsion P,, in [2] it is proposed to apply the following empirical dependence:
4660

P, =2780-¢ To ’ 4)

and the excess pressure of the surface tension force P,=2-a,,/Ry,
where a.,,, is the surface tension coefficient of the fire extinguishing emulsion, the value of which
depends on the temperature of the gas mixture in the fire source T71.

a,=169-a, - 1—£

20

0., — Surface tension coefficient of extinguishing emulsion at initial temperature 7.

Equations (1-5) link the physical characteristics of the components of the fire extinguishing
emulsion, the thermophysical parameters of the gas mixture formed in the combustion zone and
the total heat perception surface of the fire extinguishing stream, equal to the product of the volume
concentration of microdrops on their single outer surface, and form a model implemented
as the algorithm presented in fig. 2.

, Q)

—> Microdrop Size

_l propellant physical
Surface tension forces properties

. Combustion
Normal vol_tagedm the shell of Product
micro JODS Parameters

Saturated steam
pressure

?

. physical properties of

Fig. 2. The algorithm for calculating the optimal size of a microdrop of fire extinguishing emulsion

A

Microdroplet rupture
condition

The calculation results using the presented algorithm practically coincide with the data given
in [5] for measuring the diameter of the droplets of a fire extinguishing emulsion. This confirms
the previously described physical picture: the macrodroplets of a fire extinguishing emulsion with
a diameter of d = 1-2 mm falling into the combustion zone of a fire load are destroyed during
boiling of a low-boiling fraction, as a result of which the diameter of the resulting microdrops
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decreases to 50-100 um. The content of Fig. 3 illustrates the physical picture of a significant
increase in the heat transfer area between the flow of the extinguishing emulsion and
the combustionproducts.

©6)
Fig. 3. The dispersion of the flow of fire extinguishing emulsion (a) — before the combustion zone;
(6) — in the combustion zone

The maximum efficiency of the use of fire extinguishing emulsions is achieved with
an optimal degree of crushing of microdrops, which is confirmed by the experimental results shown
in Fig. 4.

Fig. 4. Dependence of fire extinguishing efficiency on the size of microdrops of fire
extinguishing emulsion
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In fig. 4 shows the dependence of fire extinguishing efficiency by a fire extinguishing
emulsion on the size of atomized microdrops for various propellants: 1 — iodomethane CHjsl;
2 — ethyl bromide C,HsBr; 3 — pentane CsHjy; 4 — octane CgHig.

The drop in fire extinguishing efficiency with increasing particle size of the dispersed phase
of the fire extinguishing emulsion is explained by the fact that the propellant may not be present
in all the macrodrops forming a jet, which affects the intensity of the fracture of the macrodrops and
the formation of microdrops.

Thus, the use of extinguishing emulsions makes it possible to organize a flow with a low
dispersion medium pressure equipment, which reduces the probability of convective flows
of macrodrops from the combustion zone, which in turn increases the extinguishing efficiency due
to the breaking of macrodrops to the size of microdrops.
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Yandiev Mikail Aslanovich — undergraduate of St. Petersburg University of State Fire
Service of EMERCOM of Russia (196105, Saint-Petersburg, Moskovsky pr. 149); e-mail: miki-
0809@mail.ru.
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SUMMARY OF INFORMATION

The oldest educational institute of fire and technical specialization was established in 1906 October 18",
when based on the decision of City Council of Saint-Petersburg courses of fire engineer started the work.
Along with training of specialists the institute was responsible for correlation and systematization of fire and
technical knowledges and creation of new special discipline. There were published first national textbooks
which were used for all Russian firefighters training.

For Century University history more than 30 000 specialists were trained which had higher
professional level and unlimited loyalty to work of firefighters and oath loyalty. As result huge quantity
of officers and graduates of the institute who got a higher reward from the country such as: knights of Saint
George's Cross, four heroes of Soviet Union and one hero of Russian Federation. It is not accident that there
are many graduates among head staff of fire service of our country.

Nowadays Saint-Petersburg University of State Fire Service of Ministry of the Russian Federation
for Civil Defense, Emergency Situations and the Rectification of the Consequences of Natural Disasters
is modern scientific and educational complex integrated in world scientific and educational. The University
provides studying of secondary and high, post graduates students, retraining of specialists more than for 30 staff
categories using systems of classroom studying and distance.

Chief of the University — Doctor of Technical Sciences, General-the Major of internal service
Gavkalyk Bogdan Vasilyevich.

The main direction of activity of the university is training of specialists in the specialty «Fire safety»,
and at the same time training is organized for other specialties that are in demand in the EMERCOM system.
They are specialists in the field of system analysis and management, higher mathematics, legislative support
and legal regulation of EMERCOM of Russia, psychology of risk and emergency situations, budgetary
accounting and audit in EMERCOM divisions, fire-technical expertise and inquiry. Innovative training
programs included training specialists in the specialization «Managing of rescue operations of special risk»
and «Carrying out emergency humanitarian operations» with knowledge of foreign languages, as well
as training specialists for paramilitary mine-rescue units in the specialties «Mining» and «Technological safety and
mine rescue.

The breadth of scientific interests, high professionalism, extensive experience in scientific and
pedagogical activity, possession of modern methods of scientific research allow the university staff
to multiply the scientific and scientific-pedagogical potential of the university, ensure continuity and succession
of the educational process. Today, 1 Corresponding Member of the Russian Academy of Sciences,
5 Honored Scientists of the Russian Federation, 13 Honored Workers of the Higher School of the Russian
Federation, 2 Honored Lawyers of the Russian Federation, Honored Inventors of the Russian Federation and
the USSR transfer their knowledge and vast experience to the university. The preparation of highly qualified
specialists is currently carried out at the University by 4 laureates of the Government of the Russian
Federation Prize in the field of science and technology, 42 doctors of science, 228 candidates of sciences,
63 professors, 155 associate professors, 20 academicians of branch academies, 11 corresponding members
of branch academies, 6 senior researchers, 8 Honored Workers of Higher Professional Education
of the Russian Federation, 1 Honorary Worker of Science and Technology of the Russian Federation,
2 Honorary Radio Operators of the Russian Federation and 2 Honorary Workers of General Education
of the Russian Federation.

University consists of:

— Institute for Advanced Professional Education;

— Institute of distance education;

— Institute of Life Safety.

Three faculties:

— Engineers;

— Economics and law;

— Training and retraining of scientific and pedagogical staff.

In the university are created:

— An educational center;

— Centre for Scientific Research Organization;

— Center for Information Technology and Systems;

— Educational and scientific center of engineering and technical expertise;

— Distance Learning Center;
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— Expert Center;

— Industrial park of science and innovation;

— Center for international cooperation and information policy;

— Science and innovative technologies park.

The University has representations in the cities of Vyborg (Leningrad region), Petrozavodsk,
Strezhevoy (Tomsk region), Khabarovsk, Syktyvkar, Burgas (Republic of Bulgaria), Almaty (Republic
of Kazakhstan), Bar (Republic of Montenegro), Baku (Azerbaijan), Nis (Serbia), Sevastopol, Pyatigorsk.

At the university in 31 areas of training more than 8000 people studies. The annual class of graduates
is more than 1550 specialists.

One dissertational council for defending dissertations for the academic degree of a doctor and
candidate of science in technical sciences operates at the university. In order to improve scientific activity,
12 research laboratories have been established at the university.

Annually, the University conducts international scientific-practical conferences, seminars and round
tables on a wide range of theoretical and applied scientific problems, including the development of a system
for preventing, eliminating and reducing the consequences of natural and man-made emergencies, improving
the organization of interaction between various administrative structures in conditions of extreme situations, etc.

Among them: the All-Russian Scientific and Practical Conference «Security Service in Russia:
Experience, Problems and Perspectives», International Scientific and Practical Conference «Training
of Personnel in the System of Prevention and Elimination of Consequences of Emergencies», Forum
of the EMERCOM of Russia and public organizations «Society for Security», All-Russian Scientific and
Practical Conference «The Arctic — the Territory of Security. Development of providing of complex security
system for the Arctic zone of the Russian Federationy.

On the basis of the university, joint scientific conferences and meetings were held
by the Government of the Leningrad Region, the Federal Service of the Russian Federation for the Control
of the Traffic of Drugs and Psychotropic Substances, the Scientific and Technical Council
of the EMERCOM of Russia, the Northwest Regional Center of the EMERCOM of Russia, The International
Technical Committee for the Prevention and Extinction of Fire (CTIF), Legislative Assembly
of the Leningrad Region.

The University annually takes part in exhibitions organized by the EMERCOM of Russia and other
departments. Traditionally, the University stands at the annual International exhibition «Integrated Security»
and the International Forum «Security and Safety» SFITEX enjoys great interest.

Saint-Petersburg University of State Fire Service of EMERCOM of Russia has been cooperating with
the State Hermitage for several years in the field of innovative projects on fire safety of cultural heritage sites.

During the teaching of specialists in the University, advanced domestic and foreign experience
is widely used. The university maintains close ties with the educational and research institutions and
structural subdivisions of the fire and rescue profile of Azerbaijan, Belarus, Bulgaria, Great Britain,
Germany, Kazakhstan, Canada, China, Korea, Serbia, Montenegro, Slovakia, USA, Ukraine, Finland,
France, Estonia and other states.

The university is a member of the International Association of Fire and Rescue Services (CTIF),
which unites more than 50 countries around the world.

In the framework of international activities, the university actively cooperates with international
organizations in the field of security.

In cooperation with the International Civil Defense Organization (ICDQO) Saint-Petersburg
University of State Fire Service of EMERCOM of Russia organized and conducted seminars for foreign
experts (from Moldova, Nigeria, Armenia, Sudan, Jordan, Bahrain, Azerbaijan, Mongolia and other
countries) for expert evaluation of fire, ensure the safety of oil facilities, the design of fire extinguishing
systems. In addition, University staff participated in conferences and seminars conducted by ICDO
in the territory of other countries. Nowadays five programs on technosphere safety in English have been
developed for representatives of the ICDO.

One of the key directions of the University's work is participation in the scientific project
of the Council of the Baltic Sea States (CBSS). The University participated in the project 14.3, namely
in the direction C — «Macro-regional risk scenarios, analysis of hazards and gaps in the legislation» as a full-
fledged partner. At present, work is underway to create a new joint project within the framework of the CBSS.

A lot of work is underway to attract foreign citizens to study. Representative offices have been
opened in five foreign countries (Bulgaria, Montenegro, Kazakhstan, Azerbaijan, and Serbia).

Nowadays, more than 200 citizens from 8 foreign countries study at the university.
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Cooperation agreements have been concluded with more than 20 foreign educational institutions,
including the Higher Technical School in Novi Sad and the University of Nis (Serbia), the Fire Academy
of Hamburg (Germany), the College of Fire and Rescue Service in Kuopio (Finland), Kokshetau Technical
Institute of the EMERCOM of the Republic of Kazakhstan and many others. The training in Harvard
Universuty for university’s representatives has been organized using training program for safety leaders
qualification increasing.

In virtue of intergovernmental agreements, Ministries of Emergency Situations of the Kyrgyz
Republic and the Republic of Kazakhstan staff is provided with a training at the university.

Over the years, the university has trained more than 1000 specialists for fire protection
in Afghanistan, Bulgaria, Hungary, Vietnam, Guinea-Bissau, Korea, Cuba, Mongolia, Yemen and other
foreign countries.

The training under the program of additional professional education «Translator in the field
of professional communication» was organized for students, cadets, adjuncts and employees.

The monthly information-analytical packet and analytical reviews on fire and rescue topics
of the Center for international cooperation and information policy is published. University website
is translated into English and constantly updated.

The University's computer park is more than 1400 units, united in a local network. Computer classes
allow students to work in the international computer network Internet. With the help of the Internet, access
to Russian and international information sites is provided, which makes it possible to significantly expand
the possibilities of the educational, teaching, methodological and scientific-methodical process.
The necessary regulatory information is in the database of computer classes provided with the full version
of the programs «Consultant Plusy», «Garant», «Legislation of Russia», «Fire Safety». For information
support of educational activities in the university there is a unified local network.

Increasing multiplicity and complexity of modern tasks significantly increase the requirements for
the organization of the educational process. Nowadays the University use distance-studying technologies.

The university library corresponds to all modern requirements. The fund of the University's library
accounts more than 359 thousand numbers of literature on all branches of knowledge. The library's funds
have information support and are united into a single local network. All processes are automated. The library
program «Irbis» is installed. The library provides electronic book loan. This makes it possible to bring
the book to user as soon as possible.

Reading rooms of the library are equipped with computers with Internet access and a local network
of the university. The Electronic Library has been created and is functioning; it is integrated with
the electronic catalog.

2/3 of the educational and scientific foundation was digitized in the Electronic Library.
The following libraries are connected to the electronic library: a branch in Zheleznogorsk and a library
of the Vytegra training and rescue center, as well as training centers. There is access to the largest libraries
of our country and the world (BN Yeltsin Presidential Library, Russian National Library, Russian State
Library, Library of the Academy of Sciences, Library of Congress). A contract was concluded with EBS
IPRbooks for the using and viewing of educational and scientific literature in electronic form.

The library has more than 150 copies of rare and valuable publications. The library has a rich fund
of periodicals, their number is 8121 copies. In 2017, in accordance with the requirements of the state
educational standard, 80 titles of magazines and newspapers were issued. All incoming periodicals are signed
by a bibliographer for electronic catalogs and card files. Publications of periodicals are actively used
by readers in educational and research activities. Also, 3 foreign journals are issued.

On the basis of the library, a professorial library and a professorial club of the university were
established.

The Polygraphist Center of the University is equipped with modern printing equipment for full-color
printing, which allows providing orders for printed products of the University, as well as a plan for
publishing activities of the Ministry. The University publishes 7 scientific journals, publishes materials
of a number of International and All-Russian scientific conferences, packet of scientific works of the faculty
of the university. The University’s editions comply with the requirements of the legislation of the Russian
Federation and are included in the electronic database of the Scientific Electronic Library to determine
the Russian Scientific Citation Index, and also have an international index. The scientific and analytical
journal «Problems of risk management in the technosphere» and the electronic scientific and analytical
journal «Bulletin of the St. Petersburg University of the State Fire Service of the EMERCOM of Russiay are
included in the list of peer-reviewed scientific journals approved by the decision of the Higher Attestation
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Commission, in which the main scientific results of dissertations should be published for the degree
of candidate of sciences, for the degree of Doctor of Sciences.

All cadets of the university are trained in the initial training programs for rescuers and firefighters.
The training takes place on the basis of the Vytegra Training and Rescue Center, a branch of the North-West
regional search-and-rescue detachment of the EMERCOM of Russia; The rescue training center of the Baikal
search and rescue team, located in the settlement of Nikola near Lake Baikal; 40th Russian Rescue Training
Center; 179th Rescue Center in Noginsk; Center for the training of rescuers «Krasnaya Polyana»
of the Southern Regional search and rescue team of the.On July 1, 2013, the Center for the Education
of Cadets was established on the basis of the St. Petersburg’s University of the State Fire Service
of the EMERCOM of Russia.

The main goals of the Center's activities are intellectual, cultural, physical and the spiritual and moral
development of the Cadets, their life adaptation in society, the creation of the preparation basis of minors
to serve the Fatherland in the field of state civil, military, law enforcement and municipal service.

The Center implements the training of cadets in general secondary education programs, taking into
account additional educational programs.

The university pays great attention to sports. Teams consisting of teachers, cadets and listeners are
regular participants of various sports tournaments, held both in Russia and abroad. Students and cadets
of the university are members of the teams of the Ministry of Emergencies of Russia in various sports.
Students and cadets of the university are members of the EMERCOM teams in various sports.

Sport club «Nevskiy Lions» was organized which includes professional fire and rescue sport teams,
also includes ice hockey, volleyball, basketball, American football teams and other different kinds
of strength sport.

Cadets and students have opportunity to develop their cultural standards and their creative capacity
in the Institute of Arts. Cadets and students actively take a part in games of the club of humor between
Emercom units, annual professional and art competitions «Miss Emercom», «The best club», «The best
museum» and also musical competition of firefighters and rescuers «Melodies of sensitive hearts.

All necessary conditions for training higher educated specialists for fire and rescue service
of Emercom of Russia were created in the Saint-Petersburg University of State Fire Service of Emercom
of Russia.
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