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TEOPUS U IIPAKTUKA CYJEFHOM
IKCIIEPTU3bI

INPAKTUYECKOE NPUMEHEHHUE METO/IUKHU
OBHAPYKEHUS 3A’KUT'ATEJIBHBIX COCTABOB

A.B. Mokpsik.
Cankr-Ilerepoyprekmii yausepeurer I'TIC MUC Poccun

OcBeleHbl BONPOCHI, Kacarolluecs METOAWKHA O3KCIIEPTHOIO MCCIeJOBaHUs W OOHApYKEeHUS
3QKUTATENBHBIX COCTaBOB, INPHUMEHAEMBIX MpPU IODKOTaX, PEHTTEHOCHEKTPAIbHBIM MHKPOAHAIH30M
C HCIIOJIb30BaHUEM JJIEKTPOHHOTO CKaHHMPYIOIIEro MHKpockomna. llpuBeneH mpuMep NpakTHYECKOTO
[IPUMEHEHUS CKAHUPYIOLIEH 3JIEKTPOHHON MUKPOCKOIIMY U PELIEHUS YaCTHOM 3KCIIEPTHOM 331a4H 0KapHO-
TEXHUYECKOH IKCTIIEPTHU3HI ITPH 0OHAPYKEHUH 32KUTATEIBHBIX COCTABOB.

Knrouegvie cnoga: 3a)kWratenpHbIe COCTaBBI, MOXKAPHO-TEXHWUYECKAs OKCIEPTH3a, CKAaHUPYHOIIAs
3IIEKTPOHHAs. MUKPOCKOIIUS, PEHTTEHOCIIEKTPAJIbHBIM MUKPOAHAJIN3, IIOKOT

[Topxoru — 3T0 BO3ropaHUe B PE3YNIbTaTe YMBIIUICHHBIX WM HEOCTOPOXKHBIX AEUCTBUM, OHH
HanOoJiee OMacHbl W JIOBOJIBHO YaCTO SBJIAIOTCS TNPHUYMHOW Tokapa. Jis mMoIKOroB MOTYT OBITH
UCIIOJIb30BAHbI PA3JIMYHbBIC BEIIECTBA U CMECH BEILIECTB, HA3bIBAEMbIE 3aKUTaTEIbHBIMU COCTABAMHU.

3axkurarenbHble coctaBbl (3C) — 3TO cnenuanbHO MOJOOPAHHBIE TOPIOYUE BEIECTBA HIIN
CMECH BEIIeCTB, CIHOCOOHBIE BOCIIAMEHSITHCS, BBI3BIBATH IMOXKApPhl M B3PBIBBI C BBIICICHHEM
OO0JIBIIIOTO KOJIMYECTBA TEIUIOBOW YHEPTUH TIPU UX TOPCHHH.

[Tpu sKCIEpTHOM HMCCIEIOBAHUY TOCIIE TIoXkapa ocTaTkoB 3C peraroTcst 1Be 3a/1a4u:

— oOHapyXeHHE Ha MecTe moxapa octaTtkoB 3C;

— aHaJIM3 XUMHUYECKOTO COCTaBa OOHAPYKEHHBIX COCTABOB.

CymiecTByeT psii MHCTPYMEHTAIBHBIX METOJIOB, JJISi OIPENENICHUS BBIABICHHS CJIECIIOB
3aKUTATEeIBbHBIX COCTABOB — AJIIEMEHTHBIN aHaMu3, peHTreHoda3oBslii aHanu3, UK-cnextpockonus,
HMOHHAas XpoMartorpadusi.

Jlns kaxkoro MeTosa, He00XouMa TiaTeNnbHas IpoOOMOAr0TOBKA:

— H3MeNbYeHHe (Tak A PEeHTreHOo(pa3oBOro aHalM3a pa3Mep YacTHIl aHAIU3UPYEMOTO
BEIIeCTBA JIOJDKEH ObITh mopsiaka 1-10 Mkm);

— pa3neneHue (B cly4ae CMEIIUBAHUS C YaCTUIIAMHU O0OBEKTAa HOCUTEN);

— DKCTPAKIIHS U T.J.

PeHTreHOCTIeKTpaNbHBI MHKpPOAHAIH3 C WCIONB30BaHUEM D3JICKTPOHHOTO CKaHHPYIOIIETO
MHUKPOCKOIA MO3BOJISIET OIpPENSIUTh 3JEMEHTHBIH COCTaB HEMOCPEACTBEHHO Ha HCCIIEAYeMOM
00BEKTE B OIPENIEIIEHHON TOYKE, TO €CTh 0€3 TpeABAPUTEIHHON MPOOOITOATOTOBKH.

C TouKM 3peHust MPOBEIECHHS MOKAPHO-TEXHUYECKUX IKCIEPTU3 KIIIOUEBOW 0COOEHHOCTHIO
METOIOB CKAaHUPYIOIIEH JIIEKTPOHHOW MHUKPOCKONHMU SBISETCS BO3MOXKHOCTB O0OHOBDEMEHHO
PETUCTPUPOBATH KaK M300pakeHUs, TaK U JIOKATBHBIN 3JIEMEHTHBIN COCTaB OOBEKTOB.

OcHOBHas Macca 3aXHraTelbHBIX COCTaBOB BKIIIOYAET B ceOsl cuibHble OKUCumenu
U Jiekeooxkucasemoe eeujecmeo. OKUCIUTENSIMU MOTYT OBITh OKCHJBI Kele3a, MeNIu, IHMHKa,
KpEMHUS, TTOCKOJIBKY PEaKIMs TOPIOYETO ¢ HUMU 3aKII0YaeTCsl B BOCCTAHOBIIEHUH YHCTOTO MeTaslia
WIA HEMETAJUTMYECKOTo 3JIeMeHTa. Takke MIMPOKOEe paclpoCTpaHEHHE MONYUYHIIN TIEPOKCHIIBI
IIENIOYHBIX H IeloyHo3eMenbHbIX MeTamioB: NayOz, BaO;, KO,. OxucnurensiMu TakKe MOTYT
OBITH TaJIOTEHUIBI, CYJIb(UIBI, XJIOPAThI, IEPMaHTaHaThI, TIepXJiopatsl [ 1]. MeTomamu 3J1eMEHTHOTO
aHalM3a OOHAPYKUTh XJIOPAThl, MEPXJOpaThl W MX OCTATKH JIOBOJHHO 3aTPYAHUTEIHHO.
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HenpopearupoBapiive nepMaHraHaThl Kallus, HATPUS XOPOIIIO PACTBOPSIFOTCS B BOJIE U MOTYT OBIThH
CMBITHI TP TYIICHUH [2].

B kauectBe coprouux eeutecme B 3C UCHONB3YIOT AKTUBHBIE METAJIbI — BOCCTAHOBUTEIH
(mopourkooOpa3Hblii MarHuii, aMOMUHUN, TUTaH). B ponu roproyero-BoccTaHOBUTENS BBHICTYIAIOT
TaK)Ke HEOPraHMYECKHE BEIIECTBA, BKIIOYAIOIIME TAaKUE AJIEMEHTHI, KaK cepa, YriepoJ, KpPacHbIH
dhocdop.

BemecTBa, ucnons3yembie ISl WHUIUUPOBAHUS TOPEHUS TMPH TOJHKOTE, B OOJBIIMHCTBE
cllydaeB U3MEHSIOT CBOE UCXOJHOE COCTOSIHKE, 00pa3ysi HOBbIE coequHeHust (Tad. 1).

Tabmuua 1. Komnonentsl 3C u NPOAYKTHI HX U3MEHEHHUS], KOTOPbIe MOTYT OBITH 0OHAPY:KEHbI
Ha MecTe Mmoxapa

Komnonent 3C IpoayKTHI XHMHYECKOT0 U3MEeHEeHHUSs

OxkucJInuTeIn

Hurparsr (KNO3, NaNO;, NH,NO3, Ca(NOs),, SI(NOs),, | K+, Na+, Ca®*, Sr**, Ba**, NO*, OH’
Ba(NOs),

[Mepmanranatst (KMnO,)

Xuopatel (KCl3), 6pomatst (KBrOjy), iiogatst (KIO5)
IMepxnopatsr (KCIO,, NH4CIO,)

Xpomartsl u 6uxpomatsl (K,CrO,, K,Cr,05)
IMepokcuasl 1 Hagnepokcuasl (Na,0,, BaO,, KO,)
Mumnepanshbie Kuciotsl (H,SO,4, HNOS)

K* Mn?*,MnO,, Mn,05

K*, CI', Br, I

K*, CI', NH,"

K+, Cr3+, Cr,03

K*, Na*, OH", Ba**

S0,”, S, NOg, NO,°

T'oprouee

Mg”*, AI¥*, MgO, Mg(OH),, Al,O5, K*, Na*, OH", Ca®"
S0,% PO, H

Axrusnsie metaiutsl (Na, K, Ca, Mg, Al)
Jlpyrue Bemniectsa (S, P)

Ocrarkn 3C Moryr ObITh OOHapyXKEeHbl Kak B oyare Io)kapa, TaKk M B HENOCPEJCTBEHHOU
O0muzoctn oT Hero. MccienoBaHue METOJOM PEHTTEHOCHEKTPAIBHOTO MHKPOAHAIN3a, C LENbIO
BBISIBIICHUS 3JIEMEHTOB, BXOIHX B cocTaB 3C, OCHOBaHO Ha CPABHEHHH C «OTATOHHBIM» 00pa3LioM [3].

B kauecTBe mpuMepa paccMOTpPUM MOXkKap, IPOU3OIIEIININA Ha TAPKOBKE aBTOMOOUIIEH.

Ha uccnenoBanue ObLIM IpeicTaBIeHbI OBPEXK/IEHHbBIE (PAaCIUIaBICHHbIE) U HEMTOBPEKACHHbBIE
MeTajuIndeckue (parMeHThl JEeTKOCIIaBHBIX KOJIECHBIX JUCKOB. HeoOxoaumo ObUIO ompenenuThb
HaJIMYMe 3aKUTaTeIbHBIX COCTABOB Ha MPE/ICTaBICHHBIX 00pa3uax. J{is onpeneneHus 3eMEHTHOTO
COCTaBa MHCIIOJIB30BAICA METOJ PEHTICHOCHEKTPAJIbHOIO MMKpOAHAJIM3a C IPUMEHEHHEM
CKaHHMPYIOLIEr0 3JIEKTPOHHOTO MHKpOCKOma. [l NMOATBEp)KAECHUS DIIEMEHTHOIO COCTaBa OBLIO
IIPOBEJIEHO KapTUPOBAHUE — NOJYYEHUE KAapT PACIPEIEICHNAs XUMUYECKUX JIEMEHTOB 110 IUIOMAAN
Ha HCCIEAyeMbIX o0pasmax. Pe3ynprar mpoBeeHHOTO 3JIEMEHTHOTO aHAIIN3a TIPEACTaBIICH B Ta0M. 2, 3.

Tabnuua 2. JaeMeHTHBbII COCTAB MOBEPXHOCTHBIX CJ10€B HEMOBPEKAEHHOI0 TUCKA (00beKT CPABHEHMS)

XHUMAYECKUHN Maccosast 1o, G MaccoBO
JInans
3JICMEHT % nonu, %
Al K SERIES 86,97 0,24
Si -1l - 13,03 0,09




Taﬁnnua 3. D/1eMeHTHBIii cOCTaB MOBEPXHOCTHBIX CJIOCB PACIVIABJIC€HHOI0 KOJIE€CHOI'0O IMCKa

Ne XHUMHUYECKUH JIEMSHT

TOYKH MaccoBas g0, %

cheMKH | Mg Al Si S Cl K Ca Ti Fe Zn Hroro
1 181 | 64,32 | 27,78 | 1,10 | 1,31 - 2,89 - 0,31 | 0,48 100,00
2 2,72 | 61,30 | 28,50 | 1,01 | 1,60 - 220 | 1,10 | 1,05 | 0,52 100,00
4 1,64 | 63,32 | 30,20 | 1,06 - 0,24 | 2,24 - 0,61 | 0,69 100,00
5 1,76 | 63,15 | 29,01 | 0,94 | 0,40 | 0,19 | 3,59 - 0,46 | 0,50 100,00
6 2,15 | 63,23 | 29,79 | 1,15 | 0,57 - 2,18 - 0,45 | 0,48 100,00
7 1,86 | 63,43 | 3054 | 1,03 | 0,44 - 2,00 - 0,32 | 0,38 100,00
8 0,95 | 65,46 | 31,75 - - - 0,51 | 0,65 | 0,23 | 0,45 100,00
9 1,41 | 62,08 | 31,24 | 0,48 | 050 | 0,35 | 0,52 | 2,80 | 0,32 | 0,30 100,00
10 1,27 | 67,10 | 29,24 | 0,19 - - - 2,03 - 0,17 100,00

W3 Tabn. 2 BugHO, YyTO 0Opasel] CpaBHEHMs BBINOJIHEH U3 CIIJIaBa aJlOMUHUS U KPEMHMS,
TO €CTh SIBIIIETCS CUITyMUHOM [4].

Ha noBepxHocTu parmeHTa pacruiaBieHHOTo IUCKa OOHApYKEHbI XMMHUYECKUE AIEMEHTHI,
KOTOpbIe He ObUIM B OOpa3lle CpaBHEHWS: MarHui, cepa, Kalui, XJOp, KaJIbIUH, TUTaH, UHK
U kene3o (tabia. 3). Hamuuue MaHHBIX 3JIEMEHTOB CBUIETENBCTBYET O BO3MOXKHOM MPUMEHEHUH
X XUMHYECKUX coequHeHunii B coctase 3C.

®oto 1. KapTa pacnpenenennss XaMHUYeCKHX 3JIEMEHTOB 00pa3na cpaBHeHUsl

— QIIFOMUHHMN
— KpEMHUI



®oto 2. Kapra pacnpenesieHnsi XMMHYECKHX )JIEMEHTOB Ha (hparMeHTe pPaciiiaB/IeHHOTO KOJIECHOTO THCKA

— AIIFOMUAHUNA
— KPEMHHUI
— Mar"um

Ha nonydyenHoil kapre pacmpeneneHus >JE€MEHTOB o0paslila CpaBHEHUS  OCHOBHBIM
AIIEMEHTOM, COCTaBJISIFOIIMM MATpHILY, SIBISETCS alOMUHHA. Ha ero moBepXHOCTH MPHUCYTCTBYIOT
BKJIIFOYEHHUSI KPEMHHUS, KOTOPbIII paBHOMEPHO pacHpeziesieH M0 MOBEPXHOCTH amtoMuHus ((oto 1).
Ha moBepxHOCTH (pparmMeHTa paciuraBIeHHOTO TUCKA MPUCYTCTBYIOT BKIFOUEHUS Maraus (Gpoto 2).

[Io naHHBIM »SJIEMEHTHOIO aHalM3a, Cpeld OOHAPYKEHHBIX 3JEMEHTOB IPHCYTCTBYET
XMMUWYECKH aKTUBHBIN METAJUT MaeHull, KOTOPBIN sBIAETCS roprounm BemiecTBoM B 3C [5].

B nurteparype [6] oTmeuaercs, UTO U3 CMECH JIETKO OKHUCISIEMBIX METAIOB (ITOPOLIKOBBII
MarHvii UM aJlOMMHUN) C CUJIBHBIM OKUCJIMTENEM, TaKUM KakK MepXjopar Kallus, U3rOTaBIUBAIOT
TaK Ha3bIBa€Mbl€ «IIOPOLIKU—BCIBILKN». OHM Aal0T UHTEHCUBHOE IJIaMsl IPU MOYTH MTHOBEHHOM
cropaHud. Jlyis 3aKUraHus STUX CMeceill JTOCTaTOYHO MUHHUMYMa SHEPrud B BUAE HCKPbI WU
TEIUIOThI TPEHMSI, a TEMIIEpATypa MpU TOpeHUH MoxkeT gocturats 10 3 000 °C.

Takum oOpazoM, yKe Ha HayaJdbHOM CTaAMd HCCJIEAOBaHHS, O€3 CIenHaTbHON
poOONOArOTOBKH, OOBEKTHI, U3BATHIE C MECTa MOXkapa, MOT'YT OBITh ITPOAHATU3UPOBAHBI METOIOM
PEHTTEHOCTIEKTPaIbHOTO MUKpOAHAlu3a Ha HAJIMYME B CBOEM COCTaBE JIEMEHTOB, COCTABIISIOLINX
ocHOBY 3C. BO3MOXXHOCTb PErHCTPUPOBATH JIOKAJIBHBIA 3JIEMEHTHBI COCTaB OOBEKTA MO3BOJISIET
YIOPOCTUTH UcclieoBaHue ocTatkoB 3C.
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HAZIBOPHASA JEATEJIBHOCTD

BO3MOXXHOCTHU NPUMEHEHUS METOJIOB BEKTOPHOU
OIITUMM3ALIMU B YIIPABJIEHUU DOPEKTUBHOCTBIO
AEATEJBHOCTHU HAJI3OPHBIX OPI'AHOB MUYC POCCHUHA

A.H. MakapeHKko;

I1.B. Eaqusapos;

O.B. BoiiTeHOK, KAaHAUIAT TEXHNYECKUX HAYK, JOLEHT;
0O.C. IOHuoBa, KAaHAUAAT NMEAATOTHYECKUX HAYK, TOIIEHT.
Cankr-Ilerepoyprexuii yauusepeurer I'IIC MUC Poccun

PaccMOTpeHBI  BONPOCHI TNPHMEHEHHS METOJOB BEKTOPHOH ONTUMH3AIMM B  YIPaBICHUH
3QGEKTHBHOCTHIO JesTeNbHOCTH Ham3opHbIX opranoB MUC Poccum, onenkum ux 3¢ QGEeKTHBHOCTH
U pe3yJIbTaTUBHOCTH C YYE€TOM M3MEHEHHI 3aKOHO/IATENILCTBA B IAHHOM 001aCcTH.

Kntouegvie cnoea: >PQPeKTHBHOCTD, YIpaABICHHE JAEATEIBHOCTBIO, PE3yJIbTATUBHOCTh, METON,
BEKTOPHAs ONITHMHU3AINS

B nacrosimee BpeMs kauecTBO BbINOJIHEHMs pemaembix 3a1ad B MUC Poccun Bo MHOroM
ompexensiercss uenoBeueckuM (aktopom. Haumnas ¢ 2018 r. B MUC Poccum nHauanack
peopranuzanus JeATeIbHOCTH OPraHoOB TIoOCylapcTBEHHOro mnoxkapHoro Hanzopa (I'TIH), uro
IpearosaracT ONTUMHU3ALMI0 Ha BCEX YPOBHSIX, HAUNHAs C JOJDKHOCTEW HHCIEKTOPCKOIO COCTaBA.

Ha pmansblii  MoMeHT ObuiM  pa3pa®oTaHbl — TOKa3aTelH, KOTOPbIE  OTPaXKaroT
pe3yabTaTuBHOCTE M 3¢ dekTuBHOCTh AedrenbHocTH opraHoB I'TIH [1], HO moka OTCYTCTBYIOT
MIOKAa3aTeIH OLEHKU Pe3yIbTaTUBHOCTH U 3()(PEKTUBHOCTU KOHKPETHBIX JIOJKHOCTHBIX JIMII.

[Tepuonuueckas oneHka 3((HEeKTUBHOCTH pabOThl COTPYAHUKOB HAA30pHBIX opranoB MUC
Poccun sBnsieTcss BaXKHBIM CTUMYJIOM B COBEpPLICHCTBOBAHWU HCHOJIHEHMS (PYHKUMH MO HaA30py
MHCIIEKTOPCKUM COCTaBOM, a TAaKXKe 3a BBHIIIOJIHEHHUEM 00s13aTeIbHBIX TPEOOBAHUHN B YCTAHOBJIEHHON
cdepe nestenbHOCTH [2].

HesarensHocTh coTpynHukoB ['TIH HampaBneHa Ha AOCTMIKEHHME BaXKHBIX pPE3Yy/IbTATOB —
cHkeHue Kk 2025 r. He meHee ueM Ha 30 % TpaBMUPOBAHBIX, TOCTPAAABIINX, a TAK)KE KOJIMYECTBA
HorudIIMX B pe3ynbrare upe3Bbryaitipix cutyanuii (UC), moxapos joei u yiepda OT JeCTPYKTHBHBIX
COOBITHH.

Bonpocam pa3paboTku MmoaxoA0B U METOAMK OIEHKH JesitensHocTH opraHoB ['TIH Bcerna
YAEISIIOCH OBBIIIAHHOE BHUMAHHUE.

Jlna coBepuieHcTBOBaHUS AesaTenbHOCTH opraHoB I'TIH Hy»HO pemmTh MHOXECTBO 3ajad,
a UIMEHHO!

— CTaHJApTHU3alKs METOJIOB padOThI B HA/I30PHOM JEATEIBHOCTH C Pa3IMYHBIMU KaTErOpUSMH
JIMYHOT'O COCTaBa;

— BHEAPEHUE aBTOMATU3ALMM DPA3IMUYHBIX MPOLEAYp C IPUMEHEHHEM HWHHOBAIIMOHHBIX
TexHoJIoruil B cucteme ynpasienus ['TIH;

— pa3palboTKa ¥ IPUMEHEHHE MEXaHM3MOB U METO/MK 110 YCOBEPLICHCTBOBAHUIO YIPABICHUS
opranos ['TTH;

— coznanue B MUC Poccun cuctemsl obecniedenus I'TIH 3agay, oCHOBaHHBIX Ha Hay4HO-
000CHOBaHHBIX pa3pabOTKax COBEPLICHCTBOBAHUS HA/I30PHOM IEATEIBbHOCTH;

— YCOBEpILIEHCTBOBAHHE U CO3/IaHNE Hanboiee ONTUMAaIbHON HOPMaTHBHO-TIPAaBOBOM 0a3bl.
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Cornacno @enepanbHoMy 3akoHy oT 21 nekabps 1994 r. Ne 69-®@3 «O mnoxxapHoit
6e3onacHocTH» [3] denepanbHBI roCyIapCTBEHHBIN MOXKAPHBIN HAA30p SBISECTCS EATEIbHOCTHIO
YIIOJTHOMOYEHHBIX (heAepalbHbIX OPraHOB HCIOJHHUTEIBHON BIIACTH, OPraHOB HCIIOJIHUTEIHLHOU
BIacTu cyobekToB Poccuiickoii ®Denepanum, a Takxke MOABEAOMCTBEHHBIX MM TOCYAapCTBEHHBIX
YUPEXKJEHUM, OCYIIECTBISAIONIUX IEpEJaHHbIE IMOJHOMOYUS 110 HPENyNPEXKIECHHUIO, BBISBICHUIO
U [IPECEYEHHIO HapyIIeHUH TpeOOBaHMIA MOXKapHOI 6e30MaCHOCTH, YCTAaHOBJICHHBIX 3aKOHO/IATETbCTBOM.

Onenka pe3ynbTaTUBHOCTH U 3(()EKTUBHOCTH HAA30PHON JESATEIBLHOCTH OIPENENIeTCs
CHIDKEHUEM YPOBHS IIPUYMHSAEMOro yiepoa (Bpeaa), BO3MOKHOCTBIO 00ECIIEUEHHUS €T0 MPeKpaIleHHs
WIN JUKBUJALMY, a TaKKe JOCTH)KEHUEM ONTUMAIbHOIO PACHpeNesIeHHsl TPYJIOBbIX, MaTepUaIbHbIX
1 (PMHAHCOBBIX PECYPCOB rOCYAApPCTBA.

[TpoGnema >ddextuBHON nestenbHOCTH opraHoB ['TIH Ha ceromHSIIHUN E€Hb OCTaeTCs
aktyanbHO. Ee pemenue B cucreme MUC Poccum mpeamnosiaraercsi oCyumieCTBIsITh Ha OCHOBE
JalbHENIIe aBToMaru3auuu aesrenbHocT opraHoB [TIH ¢ mpumeHeHneM HMHHOBAlMOHHBIX
TEXHOJIOTHH.

Opranuzanus u ocyiiecTBieHue aestenbHocTH oprados I'TIH Benercs Ha ocHOBe miiaHa.

[InaHoM sBisieTCs JOKYMEHT, YCTAHABIMBAIOMIMN TEpeYeHb HEOOXOAMMBIX MEPONPUSITHH,
UX IOCJIEA0BATENbHOCTh U 00BEM, a TAK)KE HaJIeJIEHHE OTBETCTBEHHBIX MCIIOJHUTEIEH TOTHOMOYMSIMH,
BBIJICJICHHE JIOCTATOUHBIX PECYPCOB U OMpEeNIEHUE CPOKOB.

OO0CHOBaHHOCTb, KOHKPETHKA, PE3YJIbTATHBHOCTh U S(PPEKTUBHOCTD SBISIIOTCS BAXHEHIIMUI
TpeOOBaHUSMU, MPEIbSIBIIEMbIMH K TUIaHAM.

Cornacao Pacnopsixenuto IlpaBurensctBa Poccuiickoit @enepanuu ot 17 mas 2016 .
Ne 934-p yTBepkIeHBI OCHOBHBIE MOHSTHUS PE3YyJNbTATUBHOCTH U 3((HEKTUBHOCTU KOHTPOIBHO-
HaJ30PHOU JIeATeNbHOCTH [4]:

—  pe3yibmamugHOCmy TOCYIAPCTBEHHOTO KOHTpoJis (HaA30pa) W MYHHUIIMIAIBHOTO
KOHTPOJISI — CTENEeHb JOCTIDKEHHS OOLIECTBEHHO 3HAYMMBIX pE3YJIbTATOB TOCYIAPCTBEHHOTO
KOHTPOJIS (HaJ30pa) U MyHUIIUTAIBHOTO KOHTPOJIS, BRIPAKAIOIIUXCSI B MUHUMHU3ALUN IPUYUHEHUS
Bpena (ymepba) oxpaHseMbIM 3aKOHOM IIEHHOCTSIM B COOTBETCTBYIONICH cdepe nesTeTbHOCTH
(TO ecTh pe3yabTAaTUBHOCTH KOHTPOJIBHO-HAI30PHOMN JICSITEIbHOCTH);

— aghghexmuernocms TOCYAAPCTBEHHOTO KOHTPOJIS (HaA30pa) U MYHHUITUTIATBHOTO KOHTPOJIS —
CTENIeHb YCTPaHEHHs pPHUCKAa NpUYMHEHHUs Bpeda (ymiepda) OXpaHSAEMbIM 3aKOHOM LIEHHOCTSM
C Y4ETOM HCIIOJIb3yeMOro 00beMa TPYIOBBIX, MATEPHAIbHBIX U (DUHAHCOBBIX PECYPCOB, a TaK¥Ke
YPOBHS BMEIIATENbCTBA B JAEATENBHOCTh TPaXJaH M oOpraHusanuil (mamee — >QpQPeKTUBHOCTD
KOHTPOJIbHO-HAA30PHOM JESATENBHOCTH).

I[eHapTaMCHT HaI[BOpHOﬁ JACATCIbHOCTHU

! 1

! 1

u npodunaktuaeckoit padborst MUC Poccun | noxapHoit oxpansl MUC Poccun '
I

! |

I

5 N S —

YrpaieHus: HaI30PHON JIEITeTEHOCTH
1 IPOPUITAKTHIECKOM pabOThI
I'maubix ynpasnenuit MUC Poccnn o cyosexkram PO

5 ‘1 '

Otnenbl (OTACTICHHS, MHCIICKITIH ) Ot/1e1b1 (OT/AeNEHH, HHCTIEKIIHN) Otnensl (otnenenus) [TTH
00BEKTOBBIX, CIICIHAIBHBIX

HAJI30PHOM ACATEIEHOCTH rOCyIapCTBEHHOTO MOKapHOTO HA/130Pa N
U npo(UIaKTUIECKON PabOThI TepPUTOPHATBHBIX TTopasenernii PIIC Y BOMHCKHUX MOJpa3/ieNIeHUH
ropoioB (pakoHoB) cyObekTOB PO (otpsinos ®IIC) B cyObekTax PO QIIC

Puc. Ctpykrypa naazopubix opranoB MUC Poccuu

Cucrema ynpasinenusa opranamu ['TIH cTpykTypupoBana, ee neaTeIbHOCTh OCYIIECTBIISAECTCS
Ha OCHOBE MOJYMHEHUA HIxkecTtosamux oprano I'TIH BeimecrosimuMm (puc.).
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[IpencraBiaeHHas cucTemMa He SBISIETCS JOCTAaTOYHO 3¢ (EKTUBHOM, TaKk Kak B Ipolecce
BBIPAOOTKH W MPUHATHS perieHud B cucteme yrpasieHus ['TIH MoryT BO3HUKHYTH CIEAYyOIIHE
IIPOTUBOPEYUSL:

—MEeXIy HEe00XOAUMOCThIO TIOCTOSHHO COKpaliaTb BpeMsl Ha TMOATOTOBKY pPELICHUS
1 BO3PACTAOLEH OTBETCTBEHHOCTBIO 33 €r0 IPUHATHUE;

— MEXIy HEOOXOAMMOCTBIO MOBBIIICHNUS OTBETCTBEHHOCTH JIMIIA, IPUHUMAIOIIETO PELICHUE
(JIITP), m opranos I'TIH 3a nmpuHsATHIC IMU PELICHUS U HEOOXOJMMOCTBIO UCKITIOUUTh CyOhEKTUBHOCTD
B [IPOLIECCE MPUHATHUS PELLICHU;

— MEXIy MOTPeOHOCTHIO MOBBIIIEHH 000CHOBAHHOCTU M 3aKOHHOCTH TIPH MIPUHATHH PELICHHS
1 HEOOXOMMOCTBIO MTOBBILICHUS ONEPATUBHOCTH €T0 MPUHATHS;

— mexay norpedHoctsimu JITIP u opranos I'TIH B addexTuBHBIX cpeacTBax MHPOPMAMOHHOM
MOAJICPHKKH.

Pa3pemienue yka3aHHBIX IIPOTUBOPEYUI JIEKUT B OCHOBE HAyUHBIX U TEXHOJIOTMYECKUX
pELICHHUIA.

B mpouecce ynpapieHusi MOCTOSIHHO BO3HHMKAIOT CUTYallMM, KOTJa PYKOBOJUTENN Pa3HbIX
YPOBHEHN CTAIKUBAIOTCS C HEOOXOAUMOCTBIO BHIOOPA JTFOOOT0 U3 HECKOIBKUX BO3MOYKHBIX BAPHAHTOB
JEUCTBUU.

Pa3paboTka u npuHSATHE PEIICHUN SBISETCS IVIABHBIM MPOIECCOM B pabOTE PyKOBOIUTENS,
KOTOpBIM OIpeAensieT BCE albTEPHATHUBBI IPOLIECCA YIPABIEHUSA, a MUMEHHO OKOHYATEIbHBIN
pe3yabTaT €ro AesITENbHOCTH.

Jenas 3akioyeHHEe IO NPUHIATUIO PEIIEHUH B PA3HOro poja LeJeHAIPaBI€HHOCTH
JESATEIbHOCTH YEJIOBEKa, JIETKO ONPENEIUTh psAJl YCIOBUM K CBOMCTBAM METOJOB, KOTOpPBIE
OTPaXKaroT MPOLECC NPHUHIATHUS PEILICHUMN.

Bce MeTo1pl BEKTOPHOI ONTUMM3AIMHA MOKHO pa3OUTh Ha MATH rpyni [5].

1. Mertompl, cTpyKTpypa KOTOPBIX COCTOMT W3 (opManu3aluu (3a1a4 MaTeMaTUIeCKOro
IPOrpaMMHUPOBAHHUS).

2. MeToibl, CTPYKTYpa KOTOPBIX COCTOMT M3 YIIOPSIOYEHHBIX KPUTEPHEB U HX PALMOHAILHOM
MIPUMEHEHHUU.

3. MeTopl, CTPYKTypa KOTOPBIX COCTOMT M3 IPMMEHEHMS CTPYNITMPOBAHHBIX CYKICHHMH
JUISl KAYECTBEHHOM OLICHKU Pa3JIUYHBIX KPUTEPUEB.

4. MeTozibl, CTPYKTypa KOTOPBIX HE COAEPKUT MPUMEHEHUE CTPYNIMPOBAHHBIX CYKIECHUMH
JUIS KAUECTBEHHOW OLICHKH Pa3JIMYHbIX KPUTEPHUEB.

5. MeTozbl, CTPYKTypa KOTOPBIX COCTOUT B MCIOJIB30BAHMH MPOLIECCOB KM3HEHHOTO [UKIIA
CHCTEMBI (CTPYKTYpHU3aLUH U a/IalTallii) PH BEIOOpE ONTHUMAJIBHBIX PELICHUH.

MeTtoapl pacronaratoTcsi B TMOpPSAKE YBEIMUYEHHUS MX BEPOSTHOCTHBIX COBOKYIHOCTEN
(kmaccuuKanMOHHBIN MTPU3HAK — €IMHCTBO JOCTHIKEHUS KOHIICTIIIMA HECOOTBETCTBUS).

[lepBast u BTOpasg Trpylnma METOAOB HE IIOJHOCTBbIO OCYLIECTBIISIIOT KOHIIETILHIO
HECOOTBEBETCBUS (CHCTEMHOCTH).

Tperbs rpymnmna MeTonoB BecbMa >P¢eKTuBHA (IIPaKTUYHA B MPUMEHEHUH), OJTHAKO PENKO
yJaaetcs Hai'Th 000CHOBaHKE M CO3AAaTh COOTBETCTBYIOIIMIA MIPUHITHIL.

YerBepTas rpymma METOJOB XapaKTepu3yeTcsi Kak Haubosiee MpOJyKTHBHAs, MOTOMY YTO
OHa YYMTHIBAET ONTUMaNbHYI0 padoty JIIIP mpu nccnenoBaHuu KpUTEPHUEB.

[TsTas rpynmna MeTo/10B ONpesAessieT HOBbIE HalpaBieHHs B cepe BEKTOPHOM ONTHUU3ALNN
Y HaXOAMT PeAIM3alliIoO B Pa3BUBAIOIINXCS YIIPABIEHYECKUX CUCTEMAX.

3amaya MHOTOKpETepUaIbHOW ONTUMHU3ALMUU COCTOMT B TOM, YTO HMMEETCS MHOXECTBO

JOMYCTUMBIX PeIIeHHH X €W  ye peerna cessannbIx MEXIy COO0M M MPOTHBOPEUUBBIX.

YroObl OLEHUTh KOHKYPUPYIOIIME pEIIeHUs MO Pa3IMYHBIM KpPUTEPUSM, MpeaesibHbIe
3HaYeHUs (OrpaHUYEHUs) 0TOOpaKar0T B MHOTOMEPHOM BEKTOPHOM ITPOCTPAHCTBE.

Hcxons W3 BEKTOPHBIX OILIGHOK, BblOWMpaercss Haumbosiee 3¢ ¢eKkTuBHOE (ONTUMAIBHOE)
peleHue:

y=f0) >optim
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BriOop onTHManbHOTO pemieHusl CBSA3aH C OCBOCHMEM HEOJHO3HAYHOCTEH, KOTOpbIe
(bopMHpYIOTCS M3-32 BOZHUKHOBEHUS DPsiJia allbTEpHATUB. JTa HEOAHO3HAYHOTh KareropuyHa. Jlis
YPABHUBAHMS UMEETC JIMILID €AMHCTBEHHOE PEIICHUE: IPUMEHEHUE CTPYKTYphI puopuretos JIIIP
(TO ecTh UHAMBUIYATBHBIX JIAHHBIX).

MeToa AODKEH OMNpeneNaTh MOMJUHHBIA MpoIecc MbICHH dYeloBeka. Heobxomumo
OTMETHUTbh, YTO HAyKa, HAXOJAIIAsACsi B OCHOBAHUU CHUCTEMbI, MOXET He a0COIIOTHO 3aMellaTh
MHTEJJIEKT U HaBBIKU YEJIOBEKA B 00J1aCTH TPAKTOBKU PEAJIbHOTO MUPA.

MeTon HOKEH CIyKUTh YHHBEPCAJIBHOM CUCTEMATHYECKOM OCHOBOM [UISl IIPUHATHUSA
pEeLIeHNU, T03BOJIsAS IOCTaBUTh NPOLIECC NIPUHATHS PEeLIeHU Ha noToK. (B3amen Mo3roBoii araku,
CIUIAHMPOBAHHOW CaMONPOM3BOJILHO M 0€3 3aJyMaHHOTO 3aMbIcila, JOOUTHCS OTYETIUBOTO
CIIEHapHs, JOCTUTHYTh SCHOTO crocoba (GOpMHUPOBAaHUS B3MJIAJOB [0 MPUHATHIO pELICHUH
B pa3JIMYHOIl HAIIPABJICHHOCTH TIPOLIECCa).

Metoa OMKEH pacrio3HaBaTh W pelaTh MpoOJieMy, CBSI3aHHYIO C NPUHSATHEM PELICHHIA,
C y4eTOM JEHCTBUTEIbHBIX 3aTPyAHEHHMH M MHBIX mpoOieM. Xodercs MNOAYEPKHYTh, 4TO
IPUMEHEHUE OOILIEHPUHATHIX KOHUENTYAIbHBIX CIIOCOOOB HEAONYCTUMO 0€3 BCSYECKHX
IPENOI0KEHNH, 00Jer4aonmX CUTYalHIo.

Meron n0OMKEeH TONyCKaTh T€ MHIAUBUIYAJIBHBIE BO3MOKHOCTH, IIPU KOTOPBIX O4YE€Hb 4acCTO
MMEETCSI MHOXKECTBO CY)KJIEHUH, a TAK)KE€ MHOYKECTBO HAIlpaBJIICHUH NIPUHATHS pelleHnid. B cucreme
(dbopMHpOBaHUS EAMHCTBEHHOTO CY)XKICHHS MOTYT BO3HHUKATh PA3IMYHOTO POJa MPOTHBOPEUUSI.
IToaTOMy 111 KOHKPETHOTO pe3yJibTaTa Hy»KHbI CPEJCTBA JJOCTHIKEHUS JOTOBOPEHHOCTH.

CrnepnoBarenbHO, JUIsl TapaHTUM YETKOCTH Ba)KHA CTPYKTypa UYHUCIEHHOTO paclpeiesieHus
(mpuOpUTH3aLMU) BCEBO3MOXHBIX albTEepPHAaTHB. (YMEHHE «OCO3HABaTh» YHUCIA SBISETCS
YHHUKAJIbHOCTBIO MBIIIICHHUS 4YelloBeKa). JT0 00yCIaBIMBaeT MOCTAHOBKY 3aJauyd NPU HPUHATHH
pelIeHHI.

MeTtoa HOKEH AOMYCKaTh PalMOHAIBHBIN U SACHBIA CIIOCO0 aHajM3a Pa3IMYHbIX PEIICHHA.
WMuade nporuecc NpuHATHA PELICHUN BIIOJIHE BO3MOYKHO CUMTACTCS HEKOHKPETHBIM, U €TI0 UMEIOILUECS
MOTEHIIMAJIbl MOTYT OBITH HE BOIJIOTUMBI.

JUis pemieHust CIOXKHBIX CTPYKTYPUPOBAHHBIX 337ad Habosiee MOAXOTUT METOJ aHajau3a
uepapxuit (MAUN), peanuzoBanHbIi ameprukaHckuM yuyeHbIM Tomacom JI. Caatu [5].

Meton oOcCHOBaH Ha JIEKOMIIO3MLMH MpoOJieMbl Ha Bce Oojiee NPOCTbIE 3JIEMEHTHI
U npejcTosiel orpadoTke komOuHamit yreepxkaenuit JIIP no mapueim cpaBHeHusiM. B nporecce,
BO3MOJKHO, Oy/IeT MpOsiBI€HA KOJIMYECTBEHHAsI OLlEHKA (MHTEHCHBHOCTH) B3aUMOCBS3H 3JEMEHTOB
B uepapxuu. [lanpiie 3TH NPEAnoIoKEHUs XapaKTepU3yrTcs KoiaudecTBeHHO. MAW coxpepxut
KOMOWHHUPOBAHHBIE ONEPAIlMd MHOXKECTBA YTBEP)KICHUM, MPUOOPUTEHHE MPEINOYTEeHUI MPUHIIUIIOB
Y BBISIBJICHHS aKTyaJIbHBIX PEILICHUM.

MAMU cocTOUT U3 CIEeNYIONINX 3TAMNOB:

1. [TocTanoBKa MPOOJIEMBI U OTIPEICTICHUE JKEeTTAHUM.

2. IlocTpoenue nepapxuu (1ieneil, KpUTepreB, ATbTEPHATHB).

3. IlocTpoeHre MHOXECTB MaTPUIl NAPHBIX CPAaBHEHUH ISl BCEX HM)KHUX YPOBHEW 110 OJTHOU
MaTpule A1 KaXI0ro 3JIEMEHTA, PacIoyIOrarolerocs CBEpXy YpOBHSI.

4. IIpoBepka MHAEKCA YIOPAIOYEHHOCTH KaXK/I0H MaTPHUIIBI.

5. Mcnionb30BaHue MepapXUUECKOro CUHTE3a Ul OLICHKM CBOMX BEKTOPOB BECAMU aJIbTEPHATUB
(KpuTepHeB) U HAXOXIEHHE CYMMBI I10 BCEM MPETyCMOTPEHHBIM OLIEHEHHBIM 3JIEMEHTaM COOCTBEHHBIX
BEKTOPOB YPOBHS HEPAPXUU, HAXOAALIETOCS HUXKE.

Tak Kak Opransl HaJA30pHOM JEATEIBHOCTH SBISIOTCS CIIOXKHO CTPYKTYPHUPOBAaHHOMU
CHCTEMOH, TO JJISl PELICHUs 3ajjad Ha pa3IMYHbIX YPOBHSX JAHHOW CHCTEMbI HauboJjee MOAXOJUT
MAM. IloTomy 4TO Mepapxus €CTb ONPEIEICHHBIN THII CUCTEMBI, OCHOBAHHBIN Ha CYXJCHHUH, YTO
BCE€ KOMIIOHEHTBI CHUCTEMbl MOTYT OBITh OOBEIEHEHBI B XAaOTHUYHBIE MHOXeCTBAa. KOMITOHEHTHI
KaXJIOTO MHOXECTBA pPacCHoJIaraloTCs I0J BO3JECHCTBUEM DJIIEMEHTOB OTHEIBHOTO YETKO
00YCIIOBJICHHOTO Psiia U B OOJIbIEH CTENEHN BO3JEHCTBYIOT Ha 3JEMEHTHI Jipyroro psaa. B MAU
3JIEMEHTHI B K&KAOM psAy HepapXxuu (YpOBHE) ABISIOTCS CAMOCTOSITEIbHBIMH.
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AHanmu3upysi pa3iaudHble TokazaTend O(PPEeKTUBHOCTH U MPUMEHSS  pa3IHYHbIC
MHOTOKpPUTEpUAIbHBIE METO/bI, OCHOBAHHBIE Ha PELICHUH CJIOXKHBIX MPOOJeM MpH MNPUHATHH
VIIPaBICHYECKHUX PEIICHH C TIOMOIIBIO METO/Ia aHAIN3a HePAPXUH, MOYKHO TIOBBICUTH d((EKTHBHOCTH
yIpaBJIeHUs] OpraHoB Hag3opHoM aearenbHocTd MYUYC Poccun.

Jlureparypa

1. O6 yTBepKIeHUH TIepeuHel MmoKa3aresniell pe3yJIbTaTUBHOCTU M 3P (PEKTUBHOCTH ACSITEILHOCTH
HaRopHbIX opraHoB MUC Poccuu: Ilpukaz MUC Poccun ot 18 nmek. 2017 r. Ne 576. Hoctyn
13 UHPOPM.-TIpaBOBOro nopraia «l apanT».

2. O ¢denepanpHOM rOCyIapCTBEHHOM MOXKapHOM HaJ30pe: nocraHosieHue [IpaButenscTBa
Poc. ®eneparu ot 12 anp. 2012 r. Ne290. Hoctyn u3 nuadopM.-npaBoBoro noprana «I"apanry.

3. O nmoxapnoii 6e3onacHoctu: enep. 3akon Poc. deneparuu ot 21 aex. 1994 r. No 69-D3.
Hoctyn u3 uadopM.-paBoBoro nopraina «I apanr.

4. OcHOBHBIC HAIpaBlIEHUsI Pa3pabOTKU M BHEAPEHHS] CUCTEMbI OLEHKU Pe3yJbTaTUBHOCTU
1 3(PPEKTUBHOCTH KOHTPOJIBHO-HAJI30PHOMN NesATeNbHOCTH: pacnopsbkenue I[lpaBurensctBa Poc.
Oenepannu o1 17 masg 2016 r. Ne 934-p. Jloctyn u3 uHpoOpM.-ipaBoBoro mnopraia «l apant».

5. Hacwipos P.B., Taiiruna E.A., ®apykiun P.M. YpasieHue B CI0XKHBIX cUCTEMaX: y4ueo.
nocobue. Yda: M3a-so YI'ATY, 2009.

O HEKOTOPBIX BOITPOCAX IPUMEHEHUSA
NWHPOPMAIIMOHHBIX TEXHOJIOI'MA NTPU UICITOJIHEHUU
I'OCYJAPCTBEHHOU ®YHKIINHA 110 HA/ZI3OPY B MYC POCCHUM

A.U. BoOpoB, KAaHAMAAT TEXHUYECKHX HAYK, [IOLEHT;
C.A. KoHuakoB, KaHAUAAT TEXHUYECKUX HAYK.
Axanemus I'TIC MUYC Poccun.

T.A. Ky3bMuHa, KaHAUIAT MEeIArOrM4eCKuX HayK.
Cankr-Ilerepoyprcekmii yausepeurer I'TIC MUC Poccun

PaccMoTpeHbI MOAX0BI IO ONTHMHU3AIMA Ha OCHOBE 1IEJIEBOW (DYHKIIMK M KPUTEPUEB HAJ30PHBIX
MEpOIPUATHN (PEHTOBBIX MEPONIPHSITHIA) C UCIIOIH30BAHUEM OCCITMIIOTHON aBHAIIMU B KOMILUIEKCE C HOBBIMHU
WHPOPMALMOHHBIMU  TeXHOJIOTHSIMH  (doToduKkcanysi, Iepeaya JAaHHBIX, BBIABICHHWE HapyLIEeHUH
C INpUMEHEHHWEM TEOPHU paclo3HaBaHUs o00pa3oB), MPEIJIOKEHAa CTPYKTYpHas CXeMa OpraHu3aluu
HAJ30pPHBIX II0JIETOB, BApHAHTHl 3aJaHUs MapuipyToB. I[IpennokeHO LEeHTPanu30BaHHOE IPUMEHEHHE
BEOMHAPOB U BeAEHHs NpoduiIakTHYecKol paloTel. [IpennokeHo NPUMEHUTHh CHUCTEMY YHPABICHUS
0a3aMu JaHHBIX Ul XPaHEHUS! OMPOCHBIX JIUCTOB B PEJSIIMOHHON 0a3e NaHHBIX C JOMOJIHUTEIbHBIM OJIEM
JUIsl XpaHeHust (POToOMaTepHaloB.

Kniouegvle cnosa: moxkapHas 0€30mMacHOCTb, (eAepalbHbIM rOCYIapCTBEHHBIN MOKapHBINA HAI30D,
OecnUIIOTHBIE BO3AYIIHbIE CYAHA, HA30PHbIE MOJIEThI, BEeOWHAP, OIPOCHBIN JTUCT

HeoOxonumocTs nprMeHeHust (BHEAPEHNS) HOBBIX MOJIXO/IOB K OPraHU3aIMU U OCYIIECTBICHUIO
HaJ[30pHOM JeSTENbHOCTH perjaMeHTupoBana Yka3oMm [Ipesmaenta Poccuiickoit ®enepanun [1],
TEM K€ PYKOBOJSAUIMM JOKYMEHTOM OINpEeNieH MPHOPUTET MPO(UIAKTUUECKHX MEPOIPHUSITHIM.
OnHuM U3 MOKazaTesel COCTOSHUS CUCTEMbI 00ecrieueHus M0KapHOH 6€30IacCHOCTH SBIISIETCS 10JIs
MpoUTAKTUYECKUX MEpONPUATUH B COBOKYITHOM OO0BEME HAJ30pPHBIX MEpPONPUATHUH, a Takke
pa3paboTKa Mep MO ONTHUMHU3AIMHU (TOBBIIIEHUIO 3()(HEKTUBHOCTH) (heaepabHOro rocyaapcTBEHHOTO
MOKapHOI0 HAJI30pa, BEJAOMCTBEHHOIO I0KAPHOTO HAA30pa 3a CYET COBEPUICHCTBOBAHUSA (hopMm
M METOJOB OCYILIECTBICHHS HAI30pPHOM JAEATENILHOCTH, YTO B CBOIO oOuepens Tpelyer
COBEPIICHCTBOBAHMSI HOPMATUBHO-IIPABOBOM ©0a3bl IO BompocaM OOeCHeueHHsl IOoXKapHOU
6e3onacHocTH, BHeceHUs! n3MeHeHnii B Konexc Poccuiickoit @enepannu 06 aAMUHUCTPATUBHBIX
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npaBoHapyUIeHUsX [2] (mpeanoxeHus pacCMOTPEHBI B JAHHOM CTaThe).

ABTOpamMu TIPOBEJEH aHAJINU3 CYIIECTBYIOIIUX PEIICHUHA MO aBTOMATH3alMH HAA30PHOMN
nestensHoctt B MUC Poccum, ompeneneHsl (akTopbl BHYTPEHHEW cpeabl OOBEKTa aHalu3a,
(dakTophl BHemHeH cpenbl (mpuMeHeHsl nmoaxoasl SWOT-ananuza), JaHHBINA MOIXO0M OIpPEaeTul
CBOOOJHBIN BBIOOP aHATM3UPYEMBIX AJIEMEHTOB, OH HCIOJB30BAJICS JUIS ONEPATHBHON OLIEHKU
U JUISl CTPATErM4eCKOro IUIAHUPOBAHUS Ha ITTUTEIIbHBIA IEPUOI.

[Mpukazom MYC Poccuu [3] ompeneneH MOPSIOK PEHIOBBIX OCMOTPOB COTPYAHUKAMHU
(benepanbHOro TOCyIapCTBEHHOIO MOKapHOrO HaA3opa UM O(OpMIIEHHUS pPe3ylIbTaTOB OCMOTPOB.
[Ipeyaraercss [Uisi MPOBEACHUS OCMOTPOB HCIIOJIB30BaTh OECIMIIOTHBIE BO3IYIIHBIE CYy/AHA
(GecnMIOTHBIE aBUAIIMOHHBIE CHUCTEMBI), KOTOPBIE MO3BOJISAT CYIIECTBEHHO IMOBBICUTH A(P(PEKTUBHOCTD
HA/I30PHBIX MEPOIPHUATUH 3a CUeT YBEIMYEHHUS MAaciuTaboB OCMAaTPHUBAEMOW TEPPUTOPHH,
CKOPOCTH.

B kagectBe mpeamera peiinoBbix ocMoTpoB B IIpukaze MUC Poccum [3] 3akperuieHst
MOAXOJbl TO TPUOPUTETHOMY BBISBICHHIO TOTOBSIIMXCA HApyIIEHUH (a TakXke MPU3HAKOB
COBEPILICHHBIX HApPYIICHWI) B 00JacTH TMOXapHOW OE30MacHOCTH IO BOIPOCAM OYHUCTKU
TEPPUTOPUH, MPUJIETAIONICH K JIECHBIM MacCHBaM, OT CYXOH TpaBbl, BAJIECKHOW JPEBECHHBI,
OCTaTKOB JIEJIOBOM JIPEBECHHBI, CKOIUIEHUH OBITOBOIO M MPOMBIIUIEHHOIO MYyCOpa, HaIW4us
MIPOTHUBOIOXKAPHBIX 0apbepoB (JIMHEHHBIX 3E€MEIbHBIX YYAaCTKOB, MPOIIEANINX MEXaHUYECKYIO
00paboTKy TpyHTa), KaHaB M Jp. A TaKKe BBIBICHHUA HAa TEPPUTOPHUHU, NMPUJIETAIOMIECH K JIECHBIM
MaccuBaM, HE3aKOHHOI'O CTPOUTENBCTBA COOPYKEHHM, CKJIQJIMPOBAHUS TOPIOYMX CTPOMMAarepHasoB,
coOmozieHnst ycranoBiieHHoro B [locraHoBiennn «O NPOTHBONOXAPHOM pekuMe» [4] mopsaka
WCIIOJIb30BAaHUsI OTKPBITOTO OTHA (pa3BeldeHHUS KOCTPOB), KOHTPOJIA TPAHCHOPTHOW JTOCTYITHOCTHU
MCTOYHHUKOB HAPYKHOTO IMPOTHUBOIOKAPHOTO BOJJOCHAOKEHHSL.

OnTumanbHbIM crioco0oM (1o 1eneBoil pyHKIKUK Ha OCHOBE C(HOPMUPOBAHHBIX KPUTEPHUEB:
3aTpaT BPEMEHHU BBIMOJIHEHUS OCMOTPOB, 3aTpaT ()MHAHCOBBIX PECYpPCOB, CHIDKEHHS yiiepoOa
OT TIO’KapoB 3a CUET CBOEBPEMEHHOT'O BBISABIICHUS HapyIlleHU) W Haubolee ObICTPHIM CIIOCOOOM
BHEIIHET0 BU3YaJIbHOTO OCMOTpAa CTPOEHUN SBJISETCS NpUMEHEHUEe OeCHUIOTHOW aBHaluu
C JKECTKMM KpbUIOoM (camonieTHoro tuma) (puc. 1). B craTbe HCHONB30BaHbI H300paKeHHS
JIeTaTeIbHBIX allapaToB, IPEICTABICHHBIX Ha CaliTaX OTEUECTBEHHBIX MPOU3BOAUTEIEH.

ZALA AERQ GROUP
BLCTTANVGTHBE CHCTEMS S oy

Puc. 1. BecnuyiorHoe BO31YIIHO€ CYAHO C )KECTKUM KPbLJIOM (CaMO.]'IeTHOFO THl'la)

[Tpu ucnonp30BaHWM OECHUIOTHOTO BO3AYLIHOTO CYy/IHA MPEIMET PEeUIOBBIX HaI30PHBIX
OCMOTPOB MOXeET OBbITh pPACHIMPEH A0 OpraHu3allud KOHTPOJIA 3a COOJIoAEHHEM TpeOOoBaHUM
MOKapHOW O€30MacHOCTH B YACTH: BBISIBICHUS Ha TEPPUTOPUSAX, MPHIEraloIUX K OOBEeKTaM
3alIUTBl €MKOCTEM € TOPIOYMMM JKUAKOCTSAMHU M Ta3aMM, COJEP)KaHUs HapYKHBIX IOYKapHBIX
JIECTHUI] B IPUTOAHOM IJIsl HUCIOJIB30BAaHUS COCTOSIHMM, CONEP)KaHMA IPHUIAMKOB I1OJBaJIbHBIX
3Ta)KeH, COCTOSTHUS ITPOTUBOIOKAPHBIX pe3epByapoB (MCTOYHHMKOB), MOABE3I0B K HUM, KOHTPOJIA
HOPMAaTHBHOTO PACCTOSAHUSA OT OOBEKTOB 3alllUThl IPU BBDKUIAHUM COOCTBEHHUKaMH CyXOH
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TPaBSIHUCTON PACTUTENHLHOCTH, UCIIOIB30BaHUS MTPOTHUBOIIOKAPHBIX PACCTOSHUN MEXIAY 00BEKTaMU
3aIUTBl I CKJIAJUPOBAaHUSA, CTOSHKA TPAaHCIOpPTa M JAPYroro, 3arpoOMOMKICHHS IPOE3I0B
(BBIE3/10B), KOHTPOJS OUYUCTKH OT TOPIOYMX MATEpPUAIOB OXPAHHBIX 30H XKEJIE3HBIX JIOpOT,
CKJIaJUPOBAHUSA CYXHMX >KMBOTHOBOJUYECKHMX KOPMOB Ha O€30IaCHBIX PACCTOSHMSX M APYrux
HapylmeHn TpeOOBaHUI IMOKapHOH Oe30MacHOCTH, KOTOPBIE MOTYT OBITh BBISBICHBI B XOJ€
BHU3YyaJIbHOI'O OCMOTPA € BBICOTHI ITOJIETA BO3AYLIHOIO CyIHA.

[TpumepHast CTpyKTypHasi cCXeMa OpraHU3aluy HaJ30PHBIX MOJIETOB MIPUBEICHA HA PUC. 2.

OpraHusaumsa Hag30pHbIX NONETOB
C NpUMeHeHueM 6ecnUI0THOro BO3AYyLHOro CyaHa
BKJIIO4YaeT

- ————)

1. MpuHATHE peleHns Ha NpoBeAeHNE HaA30PHbIX MO/IETOB

2. MNocTaHOBKY 33434 Ha HaA30pHble NoneTbl

3. MnaHnpoBaHue HaA30pPHbIX NONETOB

4. MoAaroToBKy K nonetam

5. NoarotosKy K nonetam cpeacTs ynpassieHUA, MeTeopasBeaKy

Puc. 2. BecnuyI0THOE BO3IYIIHOE CYAHO «CAMOJIETHOTO THIIA»

HeoOxomuMbIM 371eMeHTOM Ul (pUKCAllMU HapyIHIeHHH TpeOOBaHUM moxapHOW 0e30macHOCTH
SBJISIETCSl KOOPIMHATHAS TIPUBSI3KA K reorpadmueckoil MHQOPMAIIMOHHON CHCTEME C MCIOJIb30BaHHEM
HaBUTAMOHHBIX cucteM «l'nmonacc», «GPSy», doTodukcamus, cBoeBpeMeHHas nepeaada JaHHbBIX
10 IU(PPOBBIM OECTIPOBOIHBIM ITPOTOKOJIAM.

Taxxke 00paboOTKa 3HAYMTENBbHBIX O0BEMOB BHAECOMH(OpMaruu noTpedyer pa3paboTKu
CTIENMAIBHOTO TPOTPAMMHOT0 OOecrieueH sl Il aBTOMATH3UPOBAHHOTO BBISBIICHUS HapyIICHUN
TpeOOBaHUI MOXKapHOU OE30MTaCHOCTH Ha OCHOBE TEOPUH PACHO3HABAHUS 00Pa30B, 3TO JOCTATOYHO
CIIO’)KHO€ W TIEPCIIEKTUBHOE ISl HAYYHBIX HCCIICOBAaHUI HampaBlieHHe. B TeXHWYeCKOM 3aJaHHuu
Ha pa3pabOTKy JaHHOM CHCTEMBI JOJDKHO OBITh 3aKpemyieHo TpeOoBaHHE K CIIOCOOHOCTH
CaMOOOY4YEeHHSI CHCTEMBI, IMpPH KOTOPOM TOYHOCTh pACMO3HABAHUS HAapYIICHUH TpeOOBaHUI
MOKapHOM 6e30MaCHOCTH YBETUYMUBACTCS C KX IBIM HOBBIM IIPOX0JIOM HaJl 00bEKTOM 3allUTHI.

TexHomorust 3a7aHusl MapIIPyTOB 00JIeTa 33JaHHOTO palioHa (00BEKTA) JOCTATOYHO XOPOIIIO
npopaboTaHa B JHUTepaType, Hampumep — MOJAPOOHO omucaHa B PyKoBOACTBE MO NMPUMEHEHHUIO
BO3JIYIIHBIX POOOTOTEXHUYECKUX KOMILICKCOB [5]. M3BEeCTHBI: KOJBIIEBONW 3aMKHYTHIH MapuIpyT
obrera 3agaHHOTO paiioHa (puc. 3), o0yeT 3aJaHHON MOJOCH], 00JET 33JaHHOTO CEKTOpa, CIIOCO0
aBUABBIX0/1a K 3aJJaHHOMY OOBEKTY 3allUThl U €ro o0JeT, OCMOTP JIMHEWHOTro 00beKTa (IJaHHbBIN
METOJ MOXKET MPUMEHSATHCA MPH KOHTPOJIE OYUCTKH OT CrOpaeMbIX MaTepUaIOB OXPAaHHBIX 30H
TPAHCHOPTHBIX KOMMYHHKAIIUH, IPUIIETAIONIHNX K JIeCaM TEPPUTOPHUHA).
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Puc. 3. Kosb1ieBo#i 3aMKHYThIii MapIIpyT 00J1€Ta 3aJaHHOT0 paiioHa

[Tpu BbIsIBIEHMM HapylleHHH TpeOOBaHUI MOKapHOH 0€30MacCHOCTH BO3MOXKHO BBIHECEHUE
IIPEAOCTEPEKEHUST O HENOMYCTUMOCTH HapyuleHus TpeOOBaHMH TMOXKapHOM  0€30MacHOCTH
B coorBerctBuM ¢ npuinoxeHuneM Ne 15 Tlpukaza MUC Poccum [6]. Onnako mpu rpyObIx
HapylLIeHUsX TpeOOBaHUM MMOKapHOW O0€30IaCHOCTH aBTOPHI IpeaaraloT pacCMOTPETh BOMPOC
O BHeceHMM u3MeHeHMH B mnpumedanue K cr. 1.5 Kogekca Poccuiickoit ®enepauun
00 aJIMUHHUCTPATUBHBIX MPABOHAPYIICHUSX [2], MPEayCMOTPEB OTBETCTBEHHOCTh COOCTBEHHHKOB
3€MENbHBIX YYacTKOB, OOBEKTOB HEIBMKMMOCTU (NMpH (QUKCALMU HApyUIEHUH MOXKapHOU
0e30macHOCTH OECHWJIOTHBIMA BO3AYIIHBIMH cynHamu). JlaHHOE pemeHne TO3BOJIUT PE3KO
MOBBICUTH IPOU3BOJUTENBHOCTh TPYAa COTpYAHUKOB (enepanbHoro I'TIH, mo3Boiaut npumeHsTH
a/IMUHHUCTPATUBHBIE MEPbl K COOCTBEHHUMKAM YYaCTKOB I10 IOJyYEHHBIM JaHHBIM C HCIIOJIb30BAHUEM
MEXBEJTOMCTBEHHOTO 3JIEKTPOHHOI'O B3aUMOJIEHCTBUS.

XXI Bek xapakTepu3yeTcs MOBBILIEHUEM MPOU3BOAUTEILHOCTH TPyJa 3a CUET MCIIOIb30BAHUS
HOBBIX MH(OPMALMOHHBIX TEXHOJIOTHH. JlOCTATOUHO 4YacTO OTAENbl HAJI30pPHOM IesATeTbHOCTH
U MPO(UIIAKTHYECKON pabOThI UCTIONHSIOT TOCYIapCTBEHHYIO (DYHKIMIO TI0 HA/130py 3a BBIOJHEHHUEM
TpeOOBaHUN MOXKApHOH OE€30MaCHOCTM B  HECKOJBKUX MYHULUOAIBHBIX  00pa3oBaHUsX,
TEPPUTOPUATBHO  PACIIOJNIOKEHHBIX Ha  3HAYUTENbHBIX  PACCTOSIHUSAX, 4YTO  3aTPYAHSET
npopUIaKTHYECKYIO paboTy.

[Ipennaraercss (B KayecTBE JOMOJHUTENBHOTO PEIIEHHS), COBMECTHO C TPAJAMIIMOHHBIMU
(dbopmamu BeZieHHs TPOPHIAKTHUECKOI paboThl B 006J1aCTH MOXKapHOM 0€30MaCHOCTH, UCTIOIb30BATh
HOBBIE MH(OPMALIMOHHBIE TEXHOJIOTMH — BeOMHAphI B (hOpME MHTEPAKTUBHBIX OHJIAITH-CEMHUHApOB
C OIpeJNIeIEHHbIMU KAaTeropusM Ipax1aH U JIOJKHOCTHBIX JHI. UTOOBI MOMacTh Ha TPEHUHT WX
CEeMHHAap MO BOMpOCAaM MOKapHON 0e30MacHOCTH, TOCTATOYHO MMETh KOMIbIOTEpP (COBPEMEHHBIN
TeneoH) ¢ TOJKIIOUYEHHEM K CETH, €CIM CiyllaTellb He HMeeT (U3NYECKOH BO3MOXKHOCTU
MPUCYTCTBOBaTh Ha CEMUHApe B OHJIAHH-PEKUME, COBPEMEHHbIE TEXHOJIOTUH IO3BOJIIOT
pPa3MEeCTUTh 3allUCh CEMUHApa Ha CETEBOM PECYPCE C BO3MOYKHOCTHIO IOCIEAYIOIIETO MPOCMOTpA.
Hlupokoe BHeOpeHHE BEOMHAPOB B NMPO(MMIAKTHUECKYIO PabOTy B 00J1aCTHU MOXKapHON 0€30MacHOCTH
MO3BOJIUT HAKOMUTh 3HAUUTENBHYIO 0a3y BUI€OMATEPHUAJIOB JJISl PAa3JIMUHBIX LIEJEBBIX ayJUTOPUH.

ABTOpBI Tpe[UIaraloT aBTOMATU3MPOBATh NPOLIECC XpaHEHHs W OOpabOTKM JaHHBIX
OTIPOCHBIX JIUCTOB [7] B oTaenax (ympaBiIeHUSX) HAJ30PHON NEATEIBHOCTH M MPOPUIAKTHUECKOM
paborst MUYC Poccun. OtnuuueM OT 3arpykaemMblX (C BO3MOXHOCTBIO XPaHEHHs JaHHBIX)
Ha ropTai https://proverki.gov.ru sBIsSe€TCS TO, UYTO CXeMa JaHHBIX JonojHeHa mojieM tuma « OLEy
Ui XpaHeHHus (oToOMaTepHaIoB (BO3MOXKHO XpaHEHHE JIOOBIX Ipyrux (OopMaToB JAaHHBIX, B TOM
YHcJie TEKCTOBBIX ).

[IpumepHas CTpyKTypa OpraHu3aluy JaHHbIX 1m0 npuioxenuto 1 [pukaza MUC Poccun [7]
MpuBe/eHa Ha puc. 4.
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Puc. 4. Cxema nannbix no npuio:xennio 1 Ipukaza MUC Poccnn [7]

[TpruMeHeHrne CUCTEMBI yIIPaBICHUS 0a3aMu TaHHBIX TTO3BOJIUT MOJIL30BATEIO (MHCIIEKTOPY)
NPUMEHUTh BECh BCTPOCHHBIM MOTEHIIMAT CHUCTEMBI: CO3/IaBaTh OTYETHI MO Tpedyemoi Qopme,
MIPOU3BOJIUTH BEIOOPKY MO HECKOJIILKHUM O0BEKTaM, MPUMEHSATH (DUIIBTPAIIUIO JTAHHBIX, COPTUPOBKY,
CO3JIaBaTh CJIOXKHBIC (C YCIOBUSMH) 3alIPOCHI HA BCTPOCHHOM B CUCTEMY CTPYKTYPHPYEMOM SI3bIKE
SQL, co3naBarh KHOMOYHBIC (DOPMBI U MHOTOE JIPYroe, B TOM YHCJIC BHYTPCHHHUE ITOJIb30BATEIILCKHIE
UHTEPEHCHI.
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2018 r. Ne 2. Jloctymn u3 uHGOpM.-TipaBoBOro nopraia «[ apanT».

2. Kogekce Poccuiickoii denepaiun 00 aAMUHUCTPATUBHBIX MpaBoHapylieHusx: dexep. 3akoH
Poc. ®eneparuu ot 30 aek. 2001 r. Ne 195-3. loctyn u3 unpopm.-ipaBoBoro nopraia «lapanr.

3. 00 yrBepxxaennu [lopsiika odopmiaeHHs U cofepkaHus 3aJJaHuil Ha POBEAECHHUE TUIAHOBBIX
(peiiIoBBIX) OCMOTpPOB, OOCIIEIOBAHHMI TEPPUTOPUM MO BOMpPOCaM OOECTIeYeHUs] TOKapHOU
0€30IacHOCTH, BBIMOJIHEHUS TpeOOBaHMI B OO0JACTH 3allUThl HAceNeHUs W TEepPPUTOPHi
OT YpEe3BbIUYAWHBIX CUTYaIi MPUPOJHOTO U TEXHOTEHHOT'O XapakTepa U o(hOpMIIEHUS PE3yJIbTaTOB
TaKUX IJIAaHOBBIX (PEHIOBBIX) 0OCMOTPOB, obcnenosanuii: [lpukaz MUC Poccun ot 24 maprta 2017 r.
Ne 132. Noctyn u3 uH@opm.-mipaBoBoro noprana «l'apanr».

4. O nporusonoxapHoM pexxuMme. [locranosnenue IIpasurenscrsa Poc. denepannu ot 25 anp.
2012 r. Ne 390. ocTyn u3 crpas.-1ipaBoBoii cucteMbl «KoncynpranTlmrocy.

5. PykoBOZACTBO 1O MPUMEHEHHUIO BO3IYIIHBIX POOOTOTEXHUYECKMX KOMILIEKCOB ¢ OECIMIIOTHBIMU
netarenbHbIMU anmnaparamu B uHTepecax MYC Poccun. / ®I'KY JlanbHEeBOCTOUHBIN pernoHaNbHBIN
nouckoBo-cnacarenbHblil otpsa MUC Poccun. 2014. 137 c. JlocTyn U3 crpaB.-PaBOBOM CHUCTEMBI
«Koncynprantllmrocy.

6. O0 yTBepKIeHUU AJIMUHUCTPATHBHOTO periameHta MunucrepcrBa Poccuiickoit Denepariim
[0 JieJaM Tpa)xJAaHCKOM OOOpOHBI, Ype3BhIYAHHBIM CUTYyallUsIM U JIMKBUJAIMU TOCIEACTBUI
CTUXUHHBIX O€ICTBUI HCIOJHEHUS TOCYAAPCTBEHHON (QYHKIMHU MO HAA30pY 3a BBINOJIHEHHEM
TpeboBanuii noxapHoit 6ezonacHoctu: Ilpukaz MUC Poccun ot 30 Hos6. 2016 1. Ne 644. [loctyn
u3 crpas.-nipaBoBoi cuctemsl «KoHcynbranTlImrocy.

7. O0 yTBepxaeHun HOpM MPOBEPOUYHBIX JINCTOB, UCIOJIb3YEMbIX JOJKHOCTHBIMU JIMLIAMU
dbenepabHOro TocyapcTBEHHOro noxapHoro Hagzopa MUC Poccun npu npoBeaeHUH TIIAHOBBIX
MIPOBEPOK IO KOHTPOJIIO 3a COOMI0/IeHneM TpeboBaHui mokapHoi Oe3omacHocTH: [Ipukaz MUC
Poccun ot 28 urons 2018 r. Ne 261. Jloctyn u3 uHpopM.-ipaBoBoro noptaia «l'apant.
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HHO’KAPHAS BE3OITACHOCTD HA TPAHCIIOPTE
N OBBEKTAX HH®PACTPYKTYPbI

COBEPHIEHCTBOBAHUE CUCTEM OBECIIEYEHUA
MOXKAPHOM BE3OITACHOCTH ABTOMOBUJIBHBIX
HOE310B B POCCUUCKOU PEAEPAIINN

C.B. UIbHUIIKHI;

JI.B. UnbHULKAS;

N.JI. CKkpuIIHUK, KAHAUJAT TEXHUYECKUX HAYK, TOLEHT.
Cankr-Ilerepoyprexkuii yauusepeurer I'TIC MUC Poccun

PaccmoTpens! Borpocs! o0ecriedeHus IOKapHOi 0€3011aCHOCTH MPH IKCIUTyaTallii aBTOMOOHIIBHBIX
noe3aoB Ha Tepputopun Poccuiickoit @enepanuu. [IpoBeaeH aHanu3 BO3HUKHOBEHUS 0XKapOB Ha TPAHCIIOPTE,
B YaCTHOCTH Ha aBTOMOOWIBHBIX moe3aax, U CTCIICHb BO3HHMKHOBCHUSA OIIACHBIX HOCJ’IGI[CTBI/IIZ JJIA )KU3HHU
1 3J0pPOBbA YUaCTHUKOB JOPOKHOI'O ABMKCHUSA, a TAKIKE B MECTaX CTOSHKU MW XPAHCHHUA I'PY30B.

Kniouesvie cnosa: aBTOMOOWNBHBIA 1O€31 (ABTOIMOE3M), [OPOXKHOE MIBIDKCHHE, MOXapHas
0€301acHOCTb, [T0KapHasi OIACHOCTh

ABTOMOOMJIBHBIN MOE3]] MOXKET COCTOSATh KaK U3 IPY30BbIX MPHUIETIOB U MOJIYIPHUIIETIOB, TaK
nu u3 mnaccaxupckux. Ha tepputopun Poccuiickoii Penepanuu B KayeCTBE MMACCAKUPCKHUX
aBTOIOE3/I0B MOTYT BBICTYIATh TpaMBaH, a TaKKe aBTOOYCHI U TPOJIEHOYCHI, ¢ TaK HA3BIBAEMBIMU
«rapMomkamMu». ['maBHOM OTIIMYMTENBEHOM OCOOEHHOCTHIO aBTOMOE3/1a SIBISETCS COEAMHEHUS BCEX
CeKIMi THOKUM cousieHeHHeM. KoanmdecTBO TakuxX CeKIMid MOXKeT JoxoauTh 1o 5—7. B Poccunm
4acTO MOKHO YBHUJIETh aBTOMOE3/la C Tpems ceknusmu. Ha 3amane, Hampumep B ABCTpaiuu,
CpellHee KOJMYECTBO CEKUMH Yy aBTOMOE30B cocTaBiger 4-5 mnonynpuienoB. Baxhoii
0COOEHHOCTBIO OTpeNeNieHUsI aBTonoe31a B Poccuu sBnsieTcs pa3audHble HOMEPHBIE 3HAKH TAraya
Y TIpUILENa WIN MONYyIpULEena.

Y aBTOMOE370B €CTh CBOSI BHYTPEHHsS KiacCHU(UKAIUS TO BUIY TMPHUIIETIOB WJIH
MOJYITPULEIOB:

— TEHTOBBIE;

— pedpexupaTopHBbIE;

— aBTOBO3HBIE;

— KOHTEHHEpHBIE.

JnmuHa aBTomoe3ma B Poccum permamentupyetrcs [lpaBunmamMu JOpPOKHOTO JIBHKCHHS,
n. 23.5. IlepeBo3ka TSHKEIOBECHBIX M OMACHBIX TPY30B, JBHXKEHHE TPAHCIIOPTHOIO CPEACTBA,
rabapUTHBIE TapaMETPbl KOTOPOTO C TPY30M MJIM O€3 HEro MpeBbIIIaoT Mo mupuHe 2,55 M (2,6 M —
Ui pepUKepaTopoB U M30TEPMUYECKUX KY30BOB), MO BBICOTE 4 M OT MOBEPXHOCTH MPOE3KEU
YyacTd, MO AjauHe (BKiItouyas ofauH mnpunen) 20 M, iubo ABMKEHHE TPAaHCIOPTHOTO CpelCTBa
C TPY30M, BBICTYMAOIINM 32 33JHIOI0 TOUKY rabapura TPpaHCIIOPTHOTO CpeJCTBa Oosee ueM Ha 2 M,
a TaK)Ke JIBIDKCHHE aBTOMOE37I0B C ABYMsS W 0oJjiee MpUIlETIaMU OCYIIECTBISIOTCS B COOTBETCTBUH
co crneuralbHbIMU TpaBuiiamMu [1, 2]. Ecam ucXoauTh U3 JAHHOTO NYHKTa NpaBWi, TO AJIMHA
aBTromoe3qa He aobkHa mpeBblmarth 20 M. [lpuyem gnmHa TATa4a WM TpUIETA OTAEIBHO
He NOoJDKHA ObITh Gonbine 12 M. Ho 3TO OTHIOABR HE 3HAYMT, YTO COCTaBHI JUIMHHON Oonee 20 M
HE JOMYCTUMBI JUIsl IEPEIBUKEHHS 10 JoporaM Hamei crpanbl. [IpocTo nms nepenBukeHus: 6osnee
JUIMHHBIX aBTOMOE3/I0B TPEeOyeTCsl CHelHalbHOE pas3pelleHre, HO B JIOOOM cllydae IMHA
OJIMHOYHOTO TPAHCIOPTHOTO CpeacTBa (Kak TpuUMEp, aBTOMOOWISA-(QyproHa) HE MOXKET OBITh
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Oonpmie 12 m. Bcerma Hy)XHO MOMHHUTH, YTO JJIMHHA TPHIIETIA U3MEPSIETCSI BMECTE C CIEIMHBIM
YCTPOMCTBOM, TO €CTh, €CJIM IJIMHA TArada 8 M, IJIMHA mpuiena 12 M, a caMo CIIETHOE YCTPOUCTBO
1,5 M, To anMHA BCcero cocraBa Oyaer paBHa 21,5 M, 4TO NMPOTHUBOPEUUT MPABUIIAM JOPOKHOTO
JBIDKEHUS U TpeOyeT MOTyUeHHUs CIeHUAIbHOTO pa3pelieHus Ha TPy30IepeBO3KY.

OCHOBHOE MNPEUMYILIECTBO AaBTONOE3/I0B 3aKIIYAEeTCs B TOM, YTO 3TO MHOIO3BEHHOE
KOMOMHHPOBAaHHOE TPAaHCIOPTHOE CPEACTBO. ABTOIMOE3[a COCTOAT M3: Tiradya («TpaHCIOPTHOIO
CpEeJICTBA C IBUTATENIeM») U TipHIiena (IPHUIICTTHON aBTOmoe3/). ABTOMOE3 T — YA00OHOE pelieHue s
MEPEBO3KM OTHOCUTEIIBHO HETSHKENBIX, HO OOBEMHBIX TPY30B, TaKUX KaK HPOAYKTHI MUTAHMUS,
yIaKOBKa, TEIIOU30JIALUS, Tapa.

JnuHa aBtomoesna B EBpome He moipkHa mpeBbImaTh 18 M, 3TO 00mmIas JJiMHA BCETO
NOJBMKHOTO coctaBa. [Ilpm »tomM B EBpone orpaHuueHa u JulMHa caMoOro HOJIyNpUIENa, OHa
HE MOXET TpeBbImarh 12 M. Macca aBTomoe3ia ¢ IATbIO U Oosiee ocsiMu B Poccum He Moxker
npeBbimarh 40 T. DTO OrpaHMuYEHUE Kacaercs, B OOIIEM-TO, JIFOOOTO TPAHCIIOPTHOTO CPEACTBA
Y IIPOIMCAaHO BCE B TOM K€ MYyHKTE mpaBwil 23.5. B 3ToM npaBuiie €CTh U UCKIIFOUEHMSI, HAIIpUMeEp
JUI KOHTEeHHEepoBO30B, ¢ 40 (yTOBBIM KOHTEHHEpOM, MaKCHMMajbHas Macca TaKOTO aBTOMOE37a
HE MOJKET MpEeBbILATh 44 T.

Ha puc. 1 npencrapiienbl mpuMepbl BO3MOXKHBIX THIIOB TPY30BBIX aBTOIMOE3I0B, KOTOPHIC
MO’KHO BCTPETHTh Ha Tepputopun Poccuiickoit denepanyu u 3a pyoesxom.

Puc. 1. Tunsl rpy30BbIX aBTON0E310B

CraTucTHYecKne JaHHbIe MOCIEAHUX MMATHh JICT MOKA3bIBAIOT MOCTOSHHBIA POCT MOXKApOB
Ha aBTOTpaHcropte (puc. 2).
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CTaTUCTUKa NOXKapoB Ha aBTOTPaHCcnopTe
250

2014 2015 2016 2017 2018

Puc. 2. CraTtucTHKa M0:KapoB HA aBTOTPAHCIIOPTE

He3aBucuMo OT Ha3HayeHHs] U TUIIA aBTOIOE3/0B, UX HENb3Sl OJPEACISATh B OTICIbHYIO
IpyIIly MO YYETy IOXapoB IO MPUYMHE BO3SHUKHOBEHHSI BO3TOPAHMs, TaK KaK TAaKUE MPHUYMHBI
XapakTEPHBbI U1 BCEX TPAHCHOPTHBIX CPEACTB. UTO ciaeayeT caenaTh B JEHCTBUTEIBHOCTH — 3TO,
MpPEeXJEe BCEro, pacCMaTpuBaTh C TOYKU 3PEHUS BO3MOXHOTO BO3HUKHOBEHHMS YrpO3bl KU3HU
U 3JI0POBBIO JIFOJEH B ClIy4ae MACCaKUPCKUX ABTOINIOE3/I0B U YIpO3bl IPUUMHEHUS MAaTEPUAIBHOTO
yiiep6a B ciydae rpy30BbIX MOE3/0B, a TAK)KE B MECTaX CTOSIHKU aBTOIOE3/0B.

B mactosimee Bpemss HaOmrOAaeTCs  KOJMYECTBEHHBIM M KAYECTBEHHBIM  POCT
aBTOTPAHCIOPTHOTO TMapka. ABTOTPaHCIOPT HMEET HOBOE HHEProeMKoe 00OopyaoBaHHeE,
MIPUMEHSIOTCST BCe 00JIe€ BHICOKOOKTAHOBBIE OCH3WHBI U TA30BOE TOIUIMBO, YKECTOUAIOTCS PEKUMBI
SKCIUTyaTally TPAHCIOpTa. A MEXIy TeM TeXHUYECKHI ypOBEHb CPENICTB 3aIIUTHI aBTOMOOMIEH
OT BO3TOPAaHMM 3a TIOCIETHUE NECATWICTUS NPAKTUYECKU HE W3MEHWICS W 0a3upyercs JHIIb
Ha OJIHOM METOJIe — 3TO OOHapyKEeHHE MoKapa YeTOBEKOM-BOJUTENIEM U TYIIEHUE TOXKapa PyYHBIM
OTHETYIIUTEIIEM.

OaHako NIPUMEHEHUE PYYHBIX OTHETYHIMTENEH MpU TYHIEHUU MOKAapOB Ha TPAHCIIOPTHBIX
CpelICTBaX HE MOXET O0ECIEeUUTh BBINOTHEHHUS OMPENCTEHHBIX BBIIE YCIOBUU — OOHAPYXHUTH
Y MOTYLIUTh MOKAap HA PaHHEH CTauH.

OCHOBHBIMHU TIPHYUHAMH HU3KOM 2P PEKTUBHOCTH YKa3aHHOTO MeToa (crocoba) sIBIISIOTCS:

— T03/1Hee OOHapyKEeHHe MoXKapa U, Kak clefcTBue, pazButue noxapa 1o Il u Il craguu;

— HEOOXOAMMOCTh OTKPBIBAHUSI KarloTa MPUBOJUT K PE3KOMY TOBBIIIEHUIO HHTEHCUBHOCTH
TOpEeHus;

— BBICOKAasi BEPOSITHOCTh OTKAa30B B pabOTe HMMEIONIUXCS B PACHOPSHKEHUU BOJUTENCH
PYYHBIX OTHETYIIUTENEH (TOCTOSHHBIE BUOPAIIMOHHBIC U YAApHBIE HATPY3KH, MEepernaibl TEMIIePaTyphl,
MTOBBIIICHHAS BIQKHOCTD U T.I1.);

— cliabble HaBBIKU OOJIBIIMHCTBA BOJUTENEH PabOThI C OTHETYIIUTEISIMU;

— BO3MOXKHOCTh OLIMOOK B JIEHCTBHUSIX B CBSI3H CO CTPECCOBOM cUTyaruel (1okap aBTOMOOHIIS,
Pa3BUBAIOIIMIACS IO HETIPEICKa3yeMOMY CLIEHAPHIO).

Orcroga cneayeT BBIBOJ, UTO CYIIECTBYET HEOOXOAMMOCTh CO3JIaHUS COBpPEMEHHOMU
HOPMATUBHOM 0a3bl, perynupyromleid BOMPOCHl MPOTHBOMOKAPHOW 3aIMTHI aBTOTpaHcmopTa [3].
OHOBPEMEHHO HEOOXOIUMO TMPOBOIUTH HCCIECIOBAHUSA IO pa3pabOTKe W MPUMEHEHUIO HOBBIX
U CYIIECTBYIOIIUX CpPEACTB M CHCTeM OOHApyXeHHs U TYIICHHS ToXKapa Ha TPy30BOM
aBTroTpaHcropre. B HacTosIee BpeMst 15 IPEAYTPEXKICHNs, CBOEBPEMEHHOTO OOHAPYKEHUSI U TYIICHHS
MOYXKapa Ha aBTOTPAHCHOPTHBIX CPEACTBAX MPUMEHSAIOTCS TEXHUYECKHE PELICHUS B 3aBUCUMOCTHU
OT Ha3HAYEeHHsI, 0COOEHHOCTEH PKCIUTyaTalluy U ePEBO3UMBIX I'PY30B, BOT HEKOTOPbIE U3 HUX:
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— CUCTEeMBI OJIOKMPOBKH TOIIJIMBOIIPOBO/Ia AaBTOTPAHCIIOPTHOTO CPEJICTBA IIPU aBapusiX;

— CHCTEMBI 3aIIUTHI OT TOKOBOM Meperpy3Ku AMEeKTPUUYECKUX Liereil aBTOMOOUIIS;

— CHUCTEMbI ABTOHOMHO! ITOKapHON CUTHAIM3ALUU;

— aBTOMAaTUYECKUE OTHETYIIUTEIH U Jp.

B aBromoe3max panHee oOHapyKeHHE O4yara BO3rOpaHHUS HEOOXOAMMO I HEIOMYyIICHUS
MIPUYMHEHUS! MaKCUMAaJIbHO BO3MOKHOTO BPE/a KU3HU U 3/I0POBBIO JIIO/ICH, a TaK)Ke HEJIOMYIICHUS
KPYIHBIX MaTepUATbHBIX YOBITKOB. bobIioe BHUMaHUe B TaHHON 00JIaCTH HEOOXOIUMO YIEINSATh
aBTOIOE3/1aM, KOTOpbIE MEPEBO3AT OMACHbIE TPYy3bl B O0ibIIOM 00beMe. HeoOXoaumMo y4uThIBaTh
cienn(uKy MEepeBO3UMBIX TI'PY30B, OCOOCHHO BCE ACHEKTHI, KacaloIIMecs MOXKapHOH OMacHOCTH
TPAHCIIOPTUPYEMBIX MaTEPUAJIOB.

B Hamm nHU CymecTBYeT MHOXKECTBO PA3JIMYHBIX HPUMEPOB pa3pabOTKU U BHEIPEHUS
HEKOTOPBIX TEXHUYECKHX PELICHHM, HalpaBICHHBIX HAa COBEPIICHCTBOBAHME CHCTEMBI MOXKAPHOM
0e3omacHOCTH aBTOTpaHcmopra. [IpuMepom peanu3anuy OPUTHHAIBHBIX TEXHUYECKUX DPELICHUH
0 OOHAPYKEHUIO U TYLIEHUIO BO3TOPaHUM B MOJKAIIOTHOM MPOCTPAHCTBE aBTOMOOWIIS SBIISIOTCS
pazpabotanasie OO0 «KI'K OIIOTOC>> orherymurenn Ha 0a3e reHeparopa OTHETYILIAIIEro
aspozona ('OA) <« omunur-2>; << donuur-2TP>> u aBTOHOMHas YCTaHOBKa OOHApYyKEHUSA
n noxaporymenusa «llonkosa-01» 3A0 «(IIupoXumuka». OTH YCTAaHOBKH I10KAPOTYIICHHUS
pacrnojararoTcs B IOJKAllOTHOM IPOCTPAHCTBE aBTOMOOWJS M IO3BOJISIIOT NPU BO3TOPaHUU
MPOTYLIUTh TOXap B MOTOPHOM OTCEKE Ha TMepBOMl craguu. Bwmecrte Ttem mpuxoautcs
KOHCTaTUpOBaTh TOT (akT, UYTO OTU pa3padOTKU TNPUMEHSIOTCS aBTONPOU3BOAUTEISIMU
Y aBTONPEANPUATUSIMU, KaK MIPABUIIO, B UHUIIUATUBHOM IOPSIJIKE U B KAYECTBE IKCIIEPUMEHTA.

[IpuMeHeHre aBTOMaTHYECKUX U JUCTAHLIMOHHO YIPABISEMbIX YCTAHOBOK I10KAPOTYIIECHHUS
B MOTOPHOM OTCEKE aBTOMOOWISI — 3TO YAaCTHYHOE pEIIeHHEe MpOOJeMbl, TaK KaK HE PEUICHBI
BOMPOCHI OOHAPY)KEHUS M TYIICHUS TOXapa B KaOMHE, MacCa)KUPCKOM OTCEKE, Ky30BE U MpHIICTIC.
He peanuzyetcst BO3SMOXKHOCTh aBTOMaTHYECKON Mepeauy U3BEUICHH O MoXKape Mo paJuoKaHaIaM
B OMMKalIIyl0 MOKapHYI0 4YacTh M OOJIbIIErpy3HBIM aBTOMOOWIISIM, HaXOJSAIIMMCS Ha Tpacce,
B 30HE HEMOCPEICTBEHHON OJIM30CTH (B3aMHOE OIOBEIIECHUE).

Jns pemieHus npoOJEMHBIX BOINPOCOB, H3JIO0KEHHBIX BBINIE, HEOOXOIUMO IPOBEJIECHUE
UCCIIEIOBAaHUM € 1eNbl0 pa3pabOTKM KOMIUIEKCHOTO TMOJAX0Ja K TEXHUYECKUM pELICHUSIM
1o oOHapyXEHHIO Mo)Kapa B I'Py30BOM aBTOTPAHCIOPTE HAa OCHOBE MOJEIUPOBAHHUS IPOLIECCOB
pasBUTH MOXKapa MO0 pa3sHbIM CIeHapHusM. Pe3ynbTaTsl 9THX HCCIEI0BaHUM JTOJMKHBI 00ECTIEUUTh
pa3paboTKy TEXHMUYECKUX TpeOOBaHMHM K CHUCTEMaM M YCTAHOBKaM OOHAapy)XEHHS U TYIICHHUS
Iojkapa Ha aBTOTPAHCIIOPTE M PErVIAMEHTUPOBAaTb UX IPUMEHEHHUE, YTO B KOHEYHOM HTOre
o0ecneunT pe3Koe YMEHbILIEHNE CTAaTUCTUYECKUX MOKa3aTeNel 1o rudenu JroAel 1 MaTepruabHbIM
IIOTEPSIM B PE3yJIbTaTe M0’KapOB HAa aBTOTPAHCIIOPTE.

Jlutreparypa

1. IIpaBuna gopoxsoro asmxeHus: Poccniickoit ®enepanuu: nocraHosieHue [IpaBurenscTsa
Poc. ®enepanun ot 23 okT. 1993 r. Ne 1090 (pen. ot 4 nex. 2018 r.). locTyn u3 cripas.-lIpaBoOBOH
cucrembl «KoucympranTlLimrocy.

2. KoHBeHIUS O JOpPOXHOM JBMXKEHHH (3akitoueHa B T. Bene 8 H0s0.1968 r., ¢ usm.
ot 23 cent. 2014 r.). loctyn u3 cupas.-nipaBoBoit cuctemsl «KoncynbranTtllnrocy.

3. [IpobGnembl 6€30MAaCHOCTH M 3AIIUTHl HACEJIIEHUS U TEPPUTOPUU OT UPE3BBIYANHBIX
cutyaruid. besomacHocts—2013: ¢6. crareii |11 Beepoc. mayu.-nipaxt. kord. URL: https://ugatu.su/nauka/
(mata oOpamenus: 28.11.2019).
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PACUYETHOE OIPEJEJIEHUE KJIACCA ITOXKAPHOM
OIMACHOCTHU COBMEUIEHHBIX MOKPBITUH 3JTAHUN
MO KEJE30BETOHHBIM IIJIUTAM

II.LM. AreeB, KAaHAMJAAT TEXHUYECKNX HAYK;

E.JIO. YepkacoB, KaHAUJAT TEXHNYECKUX HAYK;

C.A. lompaues.

Hay4yHo-ucc/1e10BaTeJIbCKMM HHCTUTYT MEPCHEKTUBHBIX HUCCJICI0BAHNM

1 MHHOBALIMOHHBIX TEXHOJIOTHI B 00J1aCTH 0€30MMaCHOCTH KU3HEACATEJIbHOCTH
Cankr-Ilerepoyprckoro ynusepcurera I'lIC MUC Poccun

CraThs MOCBSAIIEHA aKTyaJbHON MpoOieMe pacyETHOTO OMpeesIeHUs Kilacca MOoKapHOW OMacHOCTH
COBMCIICHHBIX HOKpLITI/Iﬁ 3I[aHI/II\/'I 10 JKeJIe300€TOHHBIM IUIMTaM. B Hy6JII/IKa]_[I/II/I npuBEACHa 3aBUCUMOCTDH
MaKCHUMaJbHOM TeMmIepaTypsl Ha HEOOOrpeBacMOIl NOBEPXHOCTH >KEJIE€300€TOHHON IMJIMTHI OT TOJILWHBI
KeNe300€TOHHOM TUINTHI.

Kniouesvie crosa: moxapHas 0e30MacHOCTb, KacC MOKApPHOW OMACHOCTH, TPEeOOBaHHS TOXKAPHOM
0e30ImacHOCTH, HOpMaTHBHAs 0a3a

CornacHo m. 6 cr. 15 «OO6mue TpeOOBaHUS K pe3ysbTaTaM HHXKEHEPHBIX H3bICKaHUMN
U MPOCKTHOW JIOKyMeHTauuu» [1] cooTBeTCTBHE NMPOSKTHBIX 3HAYCHHH M XapaKTEPUCTHK 3IaHUSI
WIA COOPY)XEHUs TpeOOBaHUSAM O€30IIaCHOCTH JIOJDKHBI ObITh OOOCHOBaHBI OJHUM HWJIH
HECKOJIbBKUMHU Ccrloco0aMy, B TOM 4YHUCJIE pacdyeTaMd U (WIM) HUCHBITAHUSMH, BBIIOJIHEHHBIMU
10 CepTUGUIMPOBAHHBIM WIIH allpOOUPOBAHHBIM UHBIM CIIOCOOOM METOAMKAM.

B cootBerctBum ¢ m. 10 cr. 87 TexHmueckoro periiaMeHTa O TpeOOBaHUSIX MOXKAPHOU
6e3onmacHoct Ne 123-®d3 [2] mpenenbl OTHECTOMKOCTH M KJIACChl MOXKapHOM OMAacHOCTH
CTPOMTENbHBIX KOHCTPYKLHMH, aHaJOTMYHbIX 1O Qopme, MarepuanaM, KOHCTPYKTUBHOMY
UCIIOJIHEHHIO CTPOUTENIBHBIM KOHCTPYKLMSM, IIPOILEANIMM OTHEBBIE UCIIBITAHUS, MOTYT OIPENEIIATHCS
pacueTHO-aHATUTUYECKUM METOJIOM, YCTaHOBJIEHHBIM HOPMAaTUBHBIMU JJOKYMEHTaMH IO MOKapHOU
6e3onacHoctu. Habmoaercs siBHOEe MpOTHBOpeUre MexAy TpeboBaHUsIMU DeepaabHbIX 3aKOHOB
Ne 384 u Ne 123 [1, 2]: MeTouku pacuéTa, anpoOMPOBAaHHBIC B TCUCHHE JICCATUIICTHIA, MOTYT OBITh
HE BKJIIOUEHBI B HOPMATUBHBIE JOKYMEHTBI 10 aIMUHUCTPATUBHO-OPTaHN3AllMOHHBIM IPUUMHAM.

Kppilza #, COOTBETCTBEHHO, MOKPBHITUE SBISIOTCS HEMPEMEHHBIM 3JIEMEHTOM JIH0O0T0
31aHus. B Hacrosiiee BpeMs B JKUJIBIX 3/aHUSAX IPU YCTPOMCTBE NMOKPBITHUHA YacTO NMPUMEHSIOTCS
MOJINMEPHBIE YTEIUIUTENN U TUAPOU3OJSALMOHHBIE MaTepHUaabl IO KEJIE€300€TOHHBIM IUIUTAM.
C noXkapHO-TEXHHYECKOH TOUKM 3peHHs JKeNe300€TOHHAs IUINTAa XapaKTepU3yeTcs KJIacCoM
nokapHou onacHoctu KO [3], mpenenamMu OrHECTOMKOCTH IO HECYIIEH CIIOCOOHOCTH, IETOCTHOCTH
U Teron3onupytomien cocoonoctu [4]. IlonumepHble MaTepualbl SIBISIOTCS TOPIOYUMHE, TIO3TOMY
MIPUCBOEHUE Kjacca TMOXKapHOM omacHOocTH KOHCTpykuuu KO mo ymMonyaHMio HEIOMYyCTHMO.
Ha naHHBII MOMEHT BpEMEHH JIEHCTBYIOIIME HOPMATHUBHBIE JOKYMEHTHI, COJAEPKAIIME METOIUKU
[0 OIIEHKE KJIacca IMOXKAPHOM OMacHOCTH KOHCTPYKUUN C TOPIOUYMMHU 3JIEMEHTaMH, OTCYTCTBYIOT,
YTO BBI3BIBAET HEOOXOIUMOCTh HX pa3pabOTKH.

Bo3MOXHOCTb IPUMEHEHUS TOPIOYEr0 MaTepuala Ipy COOTBETCTBUM KOHCTpYKIMH Kiaccy KO,
OTIpe/IeIISIeTCS LEJIOCTHOCThIO KOHCTPYKLIMHM U TEMIIEpaTypoil MporpeBa TOpPOYMX MaTepHUasoB.
IlenocTHOCTE ’K€1€300€TOHHOM TUINMTHI ompexensercs no meroauke B.B. XKykoBa, mpuBenénnoi
B CTO 36554501-006-2006 [5] u [Tocoouwu [6].

B nyOnmukanumsx [5, 6] Takke NpUBENEHBI JaHHBIC 10 TEIUIOM30JIMPYIONMIEH CIOCOOHOCTH
orpakaaromux KoHcTpykuuil. Ilox morepeit Temmousonupyrome CrHocoOOHOCTH KOHCTPYKLUU
B cootBetrcTBUU ¢ [OCT 30247.1-94 [4] moHMMaeTCs MOBBIIIICHUE TEMIIEPATYPhl Ha HE00OTPEBaEMOiA
HOBEPXHOCTU B cpeaneM 6osee yeM Ha 140 °C miu B 11060 TOUKE 3TOM MOBEPXHOCTU OOJIEE, YEM
Ha 180 °C mo CpaBHEHUIO C TEMIEPaTypOll KOHCTPYKIIMH 10 Harpesa, mwin Goinee yem 1o 220 °C
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HE3aBUCUMO OT €€ HadajJbHOM TemuepaTrypbl. MI3MeHeHHE CBOWCTB IOJMMEPHBIX MaTepUasoB
HAYMHAETCS C TEeMIeparyp, 3HauuTeNbHO Oonee Hu3kux, ueM 160 °C. Ilpu wHCHBITaHUAX
Ha TEIUIOM30JIMPYIOIIYIO CIIOCOOHOCTh M3MEPEHHUsI TeMIIEpaTyphbl MPOrpeBa MPOBOIATCA MO XOIY
UCIBITaHUsA, B TO BPEMsI KaK IIPH UCIBITAHUAX HA KJIACC IT0KAPHOM OIACHOCTH — IIOCJIE OCTHIBAHMS
KOHCTPYKLMU. B IIPOMEKYTOK BPEMEHM MEKIY OTKIIOUEHHEM CHUCTEMbl CKUTaHUS TOILIMBA
U OCTBIBAHMEM KOHCTPYKLIMU BO3MOXKHO 3HAUUTEIbHOE MOBBILLICHUE TEMIIepaTypbl HeoOorpeBaeMoi
MMOBEPXHOCTU >KEJIE300€TOHHOM TUIMTHI 32 CUET HArpeThiX CIOEB KOHCTPYKLIHMH C O0OrpeBaeMoi
cropoHbl. CienoBaTenbHO, MPH MCIBITAHUSAX HA KJacc II0KapHOM ONacHOCTH HeOoOXOAMMO
IIPOBEACHUE OLICHKM MAaKCHUMAaJIbHBIX TEMIIEpaTyp HarpeBa IOpPIOYMX MaTEpPUAIOB, Pa3MEIICHHBIX
Ha Heo0OrpeBaeMoi OBEPXHOCTH XKeJIe300€TOHHOM ITUTBHI.

Omnpenenenue MoXapHOH OMACHOCTU 00Opa3I[0B CTPOUTENBHBIX KOHCTPYKIMNA MPOBOAST MPH
BO3JECHCTBUU HA COCEJIHHME YYaCTKU IOBEPXHOCTH ABYX TEMIIEPATYPHBIX PEXUMOB Ioxkapa [3].
B KOHTpOIBHOHI 30HE TEIUIOBOW KaMepbl TEMIIEPATypHBIM PEXKHUM II0Kapa OIPEIEIsAeTCs B BUIC
CJIELYIOIEN 3aBUCUMOCTH:

T=T, +200-Ig(£r+1j,
60

rie To — HavanbHas Temieparypa, ‘C; 7— BpeMs OT Hayalla UCIIBITAHUH, CEK.
B orueBoii kaMepe IOBEPXHOCTh KOHCTPYKIIMHU IIOJABEPraeTCss BO3ACHCTBUIO CTAaHAAPTHOIO
TEMIIEPATYPHOTO peXuMa Moxapa:

T=T0+345-Ig[£f+l),
60

rae To — HavanbHas TEMIIEpaTypa; T — BpeMsl OT HadaJla UCIIBITAHUM, CEK.

Bpems TerutoBoro Bo3zaerictBus 15, 30, 45 MuH, najnee — cTaaus OCTHIBAHUS KOHCTPYKIIUU
C TEIUIOOTAAUYCH B OKPY’KaIOIIYIO cpey ¢ Temmepatypoit To [3].

Pacuér TemmepaTypHOro MoJjisi MOMEPEUHOr0 CEUSHHsI KOHCTPYKIIMU MPOU3BOAMICS MyTeM
YUCJICHHOTO PCHICHUSA YpaBHCHHA TCILJIOIPOBOAHOCTU C Y4YE€TOM 3aBUCHUMOCTHU TeHJ'IO(i)I/ISI/ILIGCKI/IX
XapaKTEPUCTHK MaTEPUAIIOB OT TeMIiiepaTypsi [7, 8]:

Cp% = div(4 - gradT)-Q,

rie ¢, P, A — yIeNbHAS TEIUIOEMKOCTb, ITIOTHOCTH U TETUIONPOBOJHOCTh MaTePUAIIA;
A=A+BT ; c=D+ET; A,B,D,E — sxcniepuMeHTaNbHbIE KOHCTAHTHI.

[Ipenmonaraercs, 4To BIAKHOCTh OE€TOHA cocTaBiseT 2,5 %.

Ha narpeBaeMoii TOBEpXHOCTH 3aaHbl YCIOBUS JIYIHCTOTO U KOHBEKTHBHOTO TEIJIOOOMEHA
IIOBEPXHOCTU KOHCTPYKLIUH C OKPYKAIOILEH Cpesoi:

—JgradT = a (T, ~T,)+s,,-o((T, +273)" —(T,, +273)"),

rme o =29 Bmw? K - KOA((UIIMEHT KOHBEKTHBHOTO TEIJIOOOMEHa Uit 00oTrpeBaeMoii
HOBEPXHOCTH; €y, — NPUBEICHHAs CTENEHb YEPHOTHI CUCTEMBI «00OrpeBaromias cpeia — MOBEPXHOCTh
KOHCTpYKUUNY»; o — mnocrosiHHas Credpana—-bonbimana; T, T, — TeMmeparypbl MOBEPXHOCTH
KOHCTPYKIIMHU ¥ Ta30B0i (assr, °C.

I[IpuBeneHHas CTENEHb YepHOThI CUCTEMbI «000TPEBAIOIIAs CPEa — IOBEPXHOCTh KOHCTPYKIIMI
paccuuThIBaJIach 1Mo hopmyIe:
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1

gl’lP - 1 R 1 1

Es00  €rnos

TIE &40 — 0,85 — addekTuBHas cTeneHb YEpHOTHI MPOJAYKTOB IFOPEHUS; &,y = 0,74 — cTeneHsb

YEPHOTHI MOBEPXHOCTH CTaH [5].
C HeoborpeBaeMoi MOBEPXHOCTH KOHCTPYKIIUU MIPUHATO YCIOBHE TEIUIOU3OJISIINN:

— AgradT =0,

HavanpHas Temnepatypa KOHCTPYKIMHY IIPUHATA PABHOM TEMIIEPATYPE OKPYKAIOILEH CPEIbI.

PacueTHas cxema mporpeBa IUIMTHI IpUBeJeHa Ha puc. 1. JIuHusa 1 — ycioBue TemioBoro
BO3JCUCTBUS TOXapa; JWHUM 2—4 — ycrmoBue Teruion3oisanuu. Jlunus 3 — HeoborpeBaemas
MIOBEPXHOCTb IUIUTHI.

X
I — 6eron; Q — Bo3AEiicTBHE MOXKapa

Puc. 1. PacuéTHas cxemMa nporpesa minuThl

Ha puc. 2—4 npuBeneHa MakcUManbHas TEMIIepaTypa HarpeBa HeoOOrpeBaeMoi TOBEPXHOCTH
KEJIe300€TOHHOM TUIMTHI B OTHEBOM M TEIUIOBOM KaMmepax IpPHM MCHBITAHUSAX Ha Kiacc MOXKapHOU
OnacHOCTH [3] B 3aBUCMOCTH OT TOJIIUHBI )K€1€300€TOHHOM MIIUTHI.

120
T,°C
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80\
N
™~

60

40

\1
—i
3

20

60 80 100 120 140 160 180 200

TonwwuHa NNUTbI, MM

1 — orHeBas Kamepa; 2 — TEMJIOBas KaMepa;
3 — HeoborpeBaeMasi MIOBEpXHOCTh Ha 15 MuH (OrHeBas Kamepa)

Puc. 2. 3aBUCHMOCTh MAKCMMAJILHOM TEMIepPaTyphbl Ha HE00OTPeBaEMOii MOBEPXHOCTH
JKeJ1e300€TOHHOM MJIMTHI 0T TOJIUHBI IIUThI. UcnbITaHUS Ha KiIacc mo:kapHoii onacHoctu KO (15)
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TonwmnHa NAUTbLI, MM

1 — orueBas kamepa; 2 — TEIJIOBasi KaMepa;
3 — HeoOorpeBaemas moBepxHOCTh Ha 30 MUH (OTHEBasE KaMepa)

Puc. 3. 3aBucHMOCTHE MaKCUMAILHOI TeMIepPaTypbl HA HE000TPEeBaEeMOIi OBEPXHOCTH
JKeJ1e300€TOHHOM IJIMTHI 0T TOJIUHBI IIUThI. UcnbITaHusS Ha Kiace no:kapHoii onacHoctu KO0 (30)
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TonwmHa NANTLI, MM

1 — orueBas Kamepa; 2 — TEMJIOBas KaMepa,;
3 — HeoborpeBaemas MOBEPXHOCTh Ha 45 MUH (OTHEBas Kamepa)

Puc. 4. 3aBucMMOCTh MaAKCUMAJILHOM TeMIepaTypbl HA HEO0OrpeBaeMoOii MOBEPXHOCTH
JKeJ1e300€TOHHOM MJIMTHI 0T TOJIUHBI IIUTHI. UcnbITaHus Ha Kiace no:kapHoii onacHoctu KO0 (45)

Kak u mnpeamonaraigoch, Ha HeoOOrpeBaeMON IOBEPXHOCTH Pa3HOCTh MaKCHMAaJbHOM
TeMIepaTypbl U TEMIEpPaTypbl HA MOMEHT NPEKPAILLECHHS CKUTAHUS TOIUIMBA JOCTUTAET 3aMETHBIX
BEJIMYMH, KOTOPBIE HEJIb3 UTHOPUPOBATD.

OuyeBUHO, YTO MPU COXPAHEHUWU UEIOCTHOCTU IUIMTHI U MaKCHUMaJIbHOM TeMmIepaType
e€ HeoOOrpeBaeMOil TOBEPXHOCTH HIDKE TEMIEpaTyphl Havajla pa3MsITdeHHs] IMOJIMMepa
(TEpMHUYECKOTO Pa3JIOKEHUS, €CIIH MOJIMMEP TEPMOPEAKTHBHBIN) C YTEIUIUTENIEM HIYETO HE TIPOU30UIET.
Takum o0Opa3om, puc. 2—4 TO3BOJSIOT BBIICIWTH BpEeMs TEIUIOBOTO BO3JICHCTBUS Ha HIDKHIOIO
MOBEPXHOCTh IUIAT IMOKPBITUWA, IPU KOTOPOM HAa BEPXHEM MOBEPXHOCTH IUIUTHI HE IPOUCXOIUT
KaKUX-T1M00 JeCTPYKTHUBHBIX MPOLIECCOB C MOJUMEPHOM TeIuio- U ruapousonsauue. [lomyuaempie
Pe3ybTaThl XOPOIIIO COTJIACYIOTCS C JaHHBIMH, TPEJICTaBICHHBIMU B padoTe [9].
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BE3OHNACHOCTDb TEXHOJIOI'MYECKHUX
INPOLOECCOB U ITPOU3BOACTB

MOJIEJTUPOBAHUME IPOLIECCA HECTAIIMOHAPHOH
TEIIJIOMIPOBOJHOCTHU METO/IOM TEIIJIOBOI'O BAJTAHCA

A.JO. JIaOMHCKM, KAHAUAAT TEXHUYECKNX HAYK, TOLEHT.
Cankr-Ilerepoyprekmii yausepeurer I'TIC MUC Poccun

PaccmoTpensl  0COOEHHOCTH MOJETHPOBAHUS IpOLEcCca HECTAMOHAPHOW TEIUIONPOBOIHOCTH
METOAOM TEIUIOBOrO OajaHca. BBINONHEHO KOMIBIOTEPHOE MOJEIUPOBAHUE IMpoOLEcca HEeCTAlHOHAPHON
TEIIONPOBOAHOCTH C LEIBIO IOIY4EHUS TPEXMEPHOIO TEMIIEPATYpPHOIO IIOJIA IapallelIeuIe a METOA0M
TEIUIOBOTO OasaHca, pealn30BaHHBIM B BUJIE MTPOTpaMMBbl st DBM.

Kniouesvie cnosa: HecTaumoHapHas TEIJIONPOBOAHOCTh, METOJ TEMJIOBOro OanaHca, KOMIIbIOTEpHAs
[porpamma, MaTeMaTU4ecKast MoJelb

B mpakTuke moxapHOTO Jiena pacdyeT HEeCTAIMOHAPHOW TEIJIONPOBOIHOCTH HCIOJIB3YeTCs
IUTSL OTIPEJICTICHUSI TEMIIEpaTyphl B MMPOTUBOIOXKAPHBIX MPErpazax Ha 3aJaHHOM TIyOMHE B 33 aHHBIH
MOMEHT BpPEMEHH C IENbI0 IMOCIEAYIOIIEro CPAaBHEHHS PAcUETHON TeMIepaTyphl C TMPENeIbHO
JOMYyCTUMOW WJIM JUIsI pacdera JONYCTHMOTO BPEMEHH HAXOXKICHHS 3a MPOTHBOIOXKAPHOU
perpaaou.

be3zonacHast B mokapHOM OTHOLIEHHWH TeMIIEpaTypa Ha MOBEPXHOCTH CTEHBI OINpeNeNsIeTcs
BO3MOYKHOCTBIO BOCIUTAMEHEHHS CTOPAaEMBIX BEIIECTB WJIM MAaTEPHAIIOB MPH UX COMPUKOCHOBEHHU
C JaHHBIMHU MOBEepXHOCTAMU. Ha HeoborpeBaeMbIX MOBEPXHOCTSIX CTEH, MEPETOPOJIOK, MEPEKPHITUI
IpH TIOKape JI0ycKaeMast TeMIieparypa npuaumaercst pasaoi 150 °C.

B kauecTBe HEOrpaHMYEHHOW IUIACTUHBI B MOXKAPHO-TEXHUYECKHX pacdyeTax MOTYT ObITh
MIPUHATHI CTEHBI, MEPETOPOAKH, TUIOCKHE 3JIEMEHTBHI CTPOUTENBHBIX KOHCTPYKIMH, HarpeBaeMble
IIPU TOXkKape C IBYX CTOPOH.

be3paszmepnas TemriepaTypa Tena (0ecKkoHeUHas MIaCTUHA, [IUIMHAP WIH 1Iap):

V= (T-Tc)(To—To),

rne T, — Temmeparypa BHEIIHEW cpelibl, omnpeaensercs no GopmysiaaM, B KOTOPBIX HUCHOJIb3YHOTCS
. 2
6e3pasmepHas koopauHara Xg = X/L, uncio buo Bi = a*L/A u yucmo ®ypse FO = a*1/L".
YpaBHEHUE HECTAIIMOHAPHOTO TEMIIEPATYPHOTO TOJIS uMeeT BU [1]:

¥ = 3 A(n)*U(un*Xs)*EXp(~1n>*FO),

rae A(un) 1 U(un*Xs) — HEKOTOpble (GYHKIMH; L — KOPHH XapaKTePUCTHYECKOTO YpaBHEHUSI
= pu(Bi).

[IpuBeneHHOE ypaBHEHUE, OMMCHIBAIOIIEE HECTAI[MOHAPHOE TEMIIEPAaTypHOE IOJie B Tele,
MO3BOJISICT PACCUUTHIBATh TEMIIEPATYPHOE MOJIe U B TOM Cilydae, KOT/a OJlHa U3 MOBEPXHOCTEH Tesa
TETUION30JIMpOBaHa. J[Jis 3TOro J0CTaTOYHO MOMECTHTh Hayajlo KOOPAWHAT Ha TETUIOU30JIMPOBAHHYIO
MOBEPXHOCTD M B KAUECTBE XapaKTEPHOTo pazmepa L ucronp30BaTh BCIO TONIIUHY Tela (TTACTHHBI).

VYpaBHEHMS TeMIIEpaTypHOIO MOJIs UMEIOT BUA [2]:

— st iactuasl: 0 = exp(-Bi*Fo);

— st nmuaapa: 0 = exp(-2*Bi*Fo);

— st mapa: 0 = exp(-3*Bi*Fo).



3neck 0 = 9/9¢ — 6e3pazmepHas temmneparypa, 9 =T — T.

s maneix urcen buo (Bi = 0,1) ObLIH BBIMOMHEHBI pacuyeThl H3MCHEHUS Oe3pa3MepHO
TeMIepaTypsl O Bo BpeMeHHU (B 3aBUCUMOCTU OT O€3pa3MEpHOTO BpeMeHU FO) st Ten pa3inudHoi
reoMeTpuueckoi (opmel (TUIACTHHA, NWIMHAP W map). Pe3ymbraTel pacdeToB MpeacTaBlICHBI
Ha puc. 1.

CKOpOCTb OXN1aXKAEHUA Ten

0,8

0,75

0 o005 01 015 02 025 03 035 04 045 05
Yucno Pypeoe (Fo)

Puc. 1. 3aBucumocts 0 = f(Fo) ans Bi = 0,1
[Ipu 3nauennn yncna Oypve FO > 0,3 11t onrcanusi U3BMEHEHHUSI BO BpEMEHHU Oe3pa3MepHOn

temrepatypsl ¥ Ha cpeaHell MIOCKOCTH IIACTHHBI (OCH LMJIMHJpA) MOKHO HMCIOJIB30BaTh Oojiee
pocToe ypaBHeHue [3]:

W = N(Bi)*Exp(—p:>*Fo),
a U1 TEMIICPATYpPhI Ha ITOBCPXHOCTAX 3TUX TCII:

Wy = P(Bi)*Exp(—u1**Fo),

rae N(Bi) u P(Bi) — HekoTOpbIe QyHKIINH, 3HAUCHHST KOTOPBIX PUBECHBI B TAOIHUIIAX.
3asucumoctr py’(Bi), N(Bi) u P(Bi) u1st I1acTHHBI IPUBEICHBI HA PHC. 2:

®yHkuuu Mu=f(Bi), P=f(Bi),
| - N=f(Bi

-~ MUA2

3HayeHua ymucna Bi

Puc. 2. 3aBucumoctu p,°(Bi), N(Bi) u P(Bi) ot uncaa Buo 1/1st niiacTHHbI
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Bespazmepnast Temneparypa Tea B MOMEHT BpEeMEHH T Ipu 3HadeHnu uucia Oypse FO > 0,3
MOXET OBITh OMpe/eieHa MO CIeAYIomeMY ypaBHeHHIO [3]:

Wep = M(Bi)*Exp(—pi**Fo),

rne M(Bi) — nekoropast yHkuusi, 3HaueHus: KOoTopoi [uisi miactunbl U 0,1< Bi < 2,0 MeHstoTCS
ot 1,00 mo 0,96.

Hecmayuonapnoe mpexmeproe memnepamypHoe none

PaccMoTpuM HecTanmoHapHOE TpPEXMEPHOE TEMIIEPAaTypHOE II0JIe Mapajulesenunena
(mnactuHbl). 3aAaHbl KOYPQPUIUEHTH TEIUIOOTAAYH M IIOTHOCTH TEIJIOBOTO IOTOKa Ha JIeBOM
W TpaBoOil rpaHunax Ttena (IUIACTHHBI), a TaKKe TEeOMETPUUECKHE pa3Mepbl W HadallbHas
TeMmreparypa Ttena (IUIacTUHBI). TerIonpoOBOAHOCTh Tejda 3aBUCUT OT TEKYIIEeW KOOPAMHATHI
M 3aJlaeTCcs C TOMOIIBIO MOJAMPOrpaMMEI-PYHKIMH. {15 pacdera TpeXMEepHOTo TeMIIepaTypHOIrO
noJist OyJieM HCIIOIb30BaTh METO/I TEIJIOBOro Oananca [3].

Mamemamuueckas mooenn

B moxapHO-TeXHHMYECKHX pacyeTax B KadyeCTBE HEOTPAHHMYCHHOW IIACTHHBI OOBIYHO
MPUHUMAIOT CTCHBI, IIEPETOPOJIKHU, IFIOCKUE AIEMEHTBI CTPOUTEIbHBIX KOHCTPYKIIHI, HarpeBaeMble
IIPH MOXAape C IBYX CTOPOH.

Jnst mapauienenuesna (TUIacTHHBI) HECTAIIMOHAPHOE TPEXMEPHOE YPaBHEHHUE TEIIONPOBOTHOCTH
MOYKHO 3amucath B Buje [3]:

C*p*(0T/101)=A* (P TIox2+TIoyV+6°T107%) +qy
C rpaHUYHbIMA yeroBusMU: [t A*(OT/on)+ao*Tlw=0=Qo, N=X,Y, Z

Y HayaIbHBIMHA yenoBuaMu: T (X, Y, Z,T) c=0 = To.

Pe3ynbraTsl pacuera Temmeparyps! T(X,Y,Z,T) BBIBOAATCS B 33/laHHBIC MOMEHTHI BPEMEHH Tj
B 33/1aHHBIX CEUEHUSIX Zk, HEPICHANKYISPHBIX OCH Z. B Ka)kK/10M ceueHHH BBIBOJISITCS BCE TEMIIEPATYPBI.

PaccMmoTpennas MmaTemaTtnueckas MOZEINb Oblila peau30BaHa B BHJIE ITporpaMMel st OBM,
uHTepdeiic KOTOpOl npencTaBlieH Ha puc. 3.

A" PACHET HECTAUMOHAPHOTO TPEXMEPHOTQ TEMIEPATYPHOT O T10/14

PE3HI’II:-T&TH pac4yera McxogHue paHHue

Fro #=0 ALF1[Br/m2/Cl= 125 s
NPOrFAMMA PACHETA HECTALMOHAPHOT D TREXMEPHOMD
TEMINERATYPHOD NOAA NAPANNENENKNE LA METOLOM K.r.o #=Dix ALF2[Br/m2/C] = |250

BANAHCA NO NOKANBHO-0AHOMEPHOW CKEME

Kor.o =0 ALF3[Br/m2/C]=  |500

PeleHme CHCTERME! UPSEHEHMI, ONMCEIESHWME TEMIEPATYRHOS Kr.0.'=0% ALF4[Br/m2/C]= [B50
MOAE HE KEHL0M BPEMEHHOM CA0E NPH PACYETE N0 HEABHOH
CHEME, PELIAETCR MOAWPHUMPOEaHHEIM MeToom [aycca ana K.ro Z=00 ALFS[BT/M2/C] = {1000
Y43 TPEXAMAOHANEHN METPHUE - METOLOM NPOrOHEM,

PeleHme MHOroMEpHOM 330544 CEQLMTCA K PACYETY HE k..o Z=0Z ALFE[Er/m2/C] = (1300
KAHQ0M WAre N0 BPEMEHM Hat0pa OLHOMEPHER 353034, - -

WexoaHeie gaHHeIe anuceiEaoTCA B dain FTEM.DAT, Mrn x=0 Q31 [Br/md] = 2500

apeayeTatsl -6 pain FTOM.DAT M1n%-0%052Brzl= |3500

Mrn =0 Q53 [Brimd] = 5500

M. v=0Y Q54 [Brim2] = 7000
Beon ‘ Pacuer ‘ Tpami T[C] = [t [cex] ] ‘ Owicrire | (M1.n. Z=0 055 [Br/mz] = 9500

Fanwce | T | . Mr.n. Z=02 Q56 [Brim2] = 10000

Puc. 3. [IporpamMmma pacuyera HeCTAHOHAPHOI'O TEMIIEPATYPHOI0 MOJIsI
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bnok-cxema Moy BBOAA POrpaMMBbl IPEACTABIIEHA Ha puc. 4:

CobbITMA MHTepdelica

| AN

KHonka «Copocn Te» | | KHonka «3aKpbl Te» ‘
BblgeneHue ¥
Bosepar K KHonka «Hasan»
AOrMYEeCKoro
h 4
[V CKa B AEBOM npocrMoTpy
OKHe ancka C\ 3aKpeITHE
+ nporpammel
+ BrigeneHne daina Il
MpocmoTtp Bosspark
CrncKa poAn TENECKOH
Daiinos n ¥ Ianke
Brelsoa mapwipyrta
Karanoroe oA o PLUPY
daiina

Brison pasmepa u

AaTtkl cO34aHUA
daiina

Puc. 4. Brok-cxema MoayJist BBOa POrpaMMbl

YKpYIHEHHBI ITOPUTM IPOTPAMMBI pacdeTa HECTAlMOHAPHOIO TEMIIEPATYPHOrO IO
Ha si3bike Object Pascal npencrasien Huxe:
unit Tempol;
interface
uses Graphics, Controls, Forms, Dialogs, StdCtrls, ExtCtrls,
Windows, Messages, SysUTtils, Variants, Classes, Grids;
type TPFrm = class(TForm)
MemoClearBtn: TButton; GraphBtn: TButton;
Labell: TLabel; Label2: TLabel;
CalcBtn: TButton; ExitBtn: TButton; InputBtn: TButton;
Memol: TMemo; StringGridl: TStringGrid;
SaveBtn: TButton; ViewBtn: TButton;
procedure FormCreate(Sender: TObject);
procedure InputBtnClick(Sender: TObject);
procedure CalcBtnClick(Sender: TObject);
procedure ExitBtnClick(Sender: TObject);
procedure TPFrm.GraphBtnClick(Sender: TObject);
procedure SaveBtnClick(Sender: TObject);
private
public
end;
const dsi: array[1..26] of string[27];
var TFrm: TPFrm;
FTI, FTO: text;
Strl, StrO: TStringList;
implementation
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Uses TPVars, TPTools, TPGraph;
{$R *.dfm}
procedure TPFrm.MemoClearBtnClick(Sender: TObject);
begin Memol.Clear; end;
procedure TPFrm.FormCreate(Sender: TObject);
var i: byte;
begin Strl:=TStringList.Create; StrO:=TStringList.Create;
for i:=1 to 26 do v[i]:=0.0;
for i:=1 to 15 do begin MT[i]:=0.0; MX[i]:=0.0; MY[i]:=0.0; end;
for i:=1 to 26 do bt[i]:=dsi[i]; KL:=26; end;
procedure TPFrm.InputBtnClick(Sender: TObject);
var i,j: integer;
begin if MessageDIg("3arpy3uts nannsie u3 daitna FTEM.DAT ?',
mtConfirmation,[mbYes,mbNo],0)=mrYes then begin
ShowMessage(Urenue daiima FTEM.DAT 1"); AssignFile(FTI,'FTEM.DAT");
{$I-} Reset(FTI); {$1+} if IOResult<>0 then
ShowMessage('Ommnbka otkpsiTus ¢daitna FTEM.DAT') else
Begin fori:=1to 26 do begin
ReadIn(FTI,bt[i]); ast:=bt[i]; at:=Copy(ast,1,27);
av:=Copy(ast,28,10); v[i]:=StrToFloat(av); end; CloseFile(FTI);
end;
procedure TPFrm.CalcBtnClick(Sender: TObject);
var i,j: byte; s: string;
begin Memol.Clear; Memol.Lines.Add(MCXO/IHbIE TAHHBIE');
for i:=0 to 25 do begin
v[i+1]:=StrToFloat(Stri[2*i+1]);
s:=dsi[i+1]+FloatToStr(v[i+1]); Memol.Lines.Add(s); s:="; end,
Prepl,;
Memol.Lines.Add(" PE3VJIbTATHI PACUETA:");,
Memol.Lines.Add(' KoucrauTsr:'");
Memol.Lines.Add(' NX1="+IntToStr(NX1)+"; NY1="+IntToStr(NY1)+
' NZ1="+IntToStr(NZ1)+'; NMAX= "+IntToStr(NMAX));
TPCalc; Prep2;
Memol.Lines.Add(' KoaddummeHTsr mporoHox:');
Memol.Lines.Add(' BX[1]="+FloatToStrF(BX[1],ffFixed,10,3)+
" BX[NX]="+FloatToStrF(BX[NX],ffFixed,10,3));
Memol.Lines.Add(' TpexmepHBIii MacCHB TemMIiepaTyp:');
Memol.Lines.Add(' T[1,NY,1] ='+FloatToStrF(U[1,NY,1],ffFixed,10,3)+
" T[1,NY,NZ] ='+FloatToStrF(U[1,NY,NZ],ffFixed,10,3));
if MessageDIg('Coxpanuts pesynbratel B paiiie FTOM.DAT 7',
mtConfirmation,[mbYes,mbNo],0)=mrYes then
begin ShowMessage('3amucsk B daiin FTOM.DAT !');
AssignFile(FTO,'FTOM.DAT'); Rewrite(FTO); KL:=27; i:=KL;
WriteIln(FTO,' UCXOIHBIE JAHHBIE: ");
for i:=1 to KL+9 do begin
if i>KL then begin at:=bt[i]; Str(v[i]:10:3,av); Insert(av,at,20); bt[i]:=at; end;
WriteIn(FTO,bt[i]); end; for i:=0 to StrO.Count-1 do Writeln(FTO,StrO[i]);
CloseFile(FTO); end; end;
procedure TPFrm.SaveBtnClick(Sender: TObject);
var i: byte;
begin if MessageDIg(3anucars nanusie B daitn FTEM.DAT 7,
mtConfirmation,[mbYes,mbNo],0)=mrYes then



begin ShowMessage(3anucy B aitn FTEM.DAT !'); AssignFile(FTI,'FTEM.DAT);
Rewrite(FTI);

for i:=1 to 26 do WriteIn(FTI,bt[i]); CloseFile(FTI); end; end,;

procedure TPFrm.ViewBtnClick(Sender: TObject);

begin Memol.Lines.LoadFromFile(FTOM.DAT'); end; end.

procedure TPFrm.ExitBtnClick(Sender: TObject);

begin Close; end;

procedure TPFrm.GraphBtnClick(Sender: TObject);

begin With TPGFrm.Create(Application) do

try ShowModal; finally Free; end; end,;

[To pa3zpaboTaHHON KOMIIBIOTEPHOW MOAEIH, peIM30BaHHOM B BHJIE Mporpammsl s OBM
Ha s3bIKe mporpamMupoBanus Object Pascal, ObuiM BBIOJHEHBI PAacdeThl HECTALMOHAPHOTO
TPEXMEPHOIO0 TEMIIEPATYPHOIO IIOJs METOJOM TeIlioBoro OamaHca (OanaHca MO JIOKaJIbHO-
OJTHOMEPHOM cXeMe), pPe3yJbTaTbl KOTOPBIX TPEJICTaBICHbI B OKHE Tpaduueckoro BBIBOIA
Ha puc. S.

JaBMCHMMOCTE TEMNepaTyR No ocam X, Y U Z o1 BpeMeHn

17 4 -é---i---i---:---%---:---'---:---:---%---:---:---:---I----:---I---i---i—-- = Autis X
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -f&ms_Y
Axis I

—
[a
+
1
1
T
T
+
.
1

cloood
1
T
T
*
1
a
1
1
T
T
1
a
1
1
T
1

—
h
=1
aJ
1
I
-
=
a
1
odlooo
1
-
=
=
1
a
1
]
-
=
1
a
1
aJ
=
1

-
=

_______________________________________________________________

Temnepatypa [C]
-
(1]
-
.l

|
b
-
a

|

- .:- ---bla

=
-
-

|
o

|
a
4
.

|
T
.l
-

|

______________________________________________________________

—
ka

-y
—
=
aJ
1
I
-
'
'
a
1
a4
1
-
=
=
1
4,
[

:: LIRALAL DL B | T T T T
2 4 6 8 1012 14 16 18 20 22 24 26 25 30 32 34 36 38 40

Bpema [cex]
Jakpeme |

Puc. 5. 3aBucumoctb Temnepatypsbl o ocsim X,Y,Z oT BpeMeHH!

Buioo

BBINOJIHEHO KOMITBIOTEPHOE MOJICIUPOBAHKME MPOIECCa HECTAMOHAPHON TEIIONPOBOIHOCTH
C LENBIO TIONyYEHHs TPEXMEPHOTO TEMIIEPATYPHOTO TIOJIS MapajUIesIeuIe/ia METOAOM TEIJIOBOTO
Oananca (0ajaHca MO JIOKATbHO-OJHOMEPHON CXEMeE), peajM30BaHHBIM B BHC MPOrPAMMbI st
OBM Ha s3bike mporpammupoBanus Object Pascal. JlokanbHO-OJHOMEpHash cxema pacuera
YCIICIITHO HCIOB3YeTCsl Il PELICHUs] MHOTOMEPHBIX 3334, COACPIKAIMX COBMECTHO MPOTEKAOIINE
TPOIIECCHI, OIMMCHIBAEMBIX HECKOJIBKHMH ypaBHEHUsIMH. OTIHYATELHON OCOOCHHOCTBIO JIOKAIBHO-
OZIHOMEPHO# CXEMBI SBIISETCS Oe3yCIOBHASL YCTOWYUBOCTD pacyera.

Jlutreparypa

1. Kpyrnos I'.A., bynrakosa P.U., Kpyrnosa E.C. Ternorexuuka. M.: Jlans, 2012.

2. Tennorexnuka. [Ipaktuyeckuit kype / I'.A. Kpyrmnos [u ap.]. M.: Jlans, 2017.

3. Heprorun B.B., Bacunbes B.®., Yismesa B.M. TemmomaccooOmen. M.: Jlans, 2018.
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BE3OHNACHOCTD ’KU3HEJAEATEJIBHOCTHU

HEYETKHM NOJXO0/ K OIEHKE NOJABEMA YPOBHSI BO/IbI
IHPU ITABOJKE

A.JO. JIaOUHCKHM, KAHAUAAT TEXHUYECKNX HAYK, TOLEHT.
Cankr-Ilerepoyprcekmii ynusepcurer I'TIC MUC Poccun

PaccmoTpeHa BO3MOXKHOCTh HCHOJB30BAHMSI aliapaTa HEUETKUX MHOXXECTB M HEUETKON JIOTHKHU
B OIIEHKE TObeMa YPOBHS BOJBI TIPH MaBojke. [IprBeneHs! pe3ynbTaThl MOJEINPOBAHUS MIPOIIECCa OICHKH
MOAbEMAa YPOBHS BOJIBL.

Kurouesvie croea: mogbeM ypOBHS BOABI TMPH TABOJKE, HEYETKas JIOTUKA, CHUCTEMa HEYETKOTO
BBIBOJA

B nmannoit paboTe paccMaTpuBaeTCsl HEYETKO-MHOXKECTBEHHBIM TMOAXOJ K OICHKE
CTUXUUHOTO O€JCTBUS, BBI3BAHHOI'O IOJBEMOM YPOBHSI BOJBI Ha TOpHOU peke. [logbem BOIBI
Ha peKe MOXKET OBITh BbI3BaH ABYMSI IPUPOIHBIMU SBICHUSIMH — TIOJIOBOJBEM U MTABOJAKOM.

Ilonoso0vem Ha3bIBACTCS CPABHUTENBHO MPOAODKUTENBHOE YBEIHUEHHUE MOIbEMa YPOBHS
PEKH, KOTOPOE MOBTOPSETCS KAKIBIM IOl M COMPOBOXKIACTCA TUTEIBHBIM M BHICOKUM MOIBEMOM
BOJIbI, & TAK)KE BBIXOJIOM BOJIBI U3 pyclia Ha moimy [1].

IlasoOxkom HA3BIBAETCSI OTHOCHUTEIBHO HEMEPUOJMYECKOE U KPAaTKOBPEMEHHOE IOJIHSATUE
YpOBHSI BOJIBI B PEKE, BO3HHKAIOIIEE B pPe3yjbTaTe CPABHUTEIHHO OBICTPOrO TasiHUS JICIHUKOB
u cHera npu orrernenu [1]. PacmpocTpanenue maBojika BHHM3 0 TEUEHHUIO TOPHOM PEKU MOXKET
MIPOUCXOJUTH CO 3HAYUTENBHON CKOPOCThIO, AocTuratomieii 50 km/uac u 6onee [2]. 3HaUUTETHHBIN
MaBOJIOK MOKET IMPUBECTU K HABOJHEHHUIO.

[lon nasoonenuem moOHUMAETCsl 3aTOIUIEHHE BOAOW TEPPUTOPHM, MpPUJIETAOLIEH K pEKe.
HaBognenue MoXeT MpUBECTU K THOENH JII0/IeH, HAHOCUT YPOH 3JI0POBbIO HACETICHUS U TIPUUUHSIET
MaTepHaibHbIN yiiepo [3].

B nonmHax BBICOKOTOPHBIX PAaiiOHOB OOBIYHO HAOMIOAETCS 3HAUUTENBHBIN TIOIBEM YPOBHSI BOIBI.
311ech BeCEHHE-JICTHUM CTOK (DOPMHUPYETCS 32 CUET TasiHUSI BBICOKOTOPHBIX CHETOB U JieAHUKOB [3]. Ecnu
MIEPUOJI TasHUS CHETa U JbJa B TOpax COBMAJAET C TasTHUEM CHEKHOI'O MOKPOBA B JOJUHAX, TO 3TO
MOJKET MPUBOJAUTH K HABOJAHEHUSIM U UMETh 0c000 Tsxkenbie ocneactsus [4]. [Ipu aTom ypoBeHb
BOJIbI MOXET MOTHUMATHCS OT 2 10 10 1 Gosiee METPOB B 3aBUCUMOCTH OT BETMYUHBI PEKH, YCIOBHI
HaKOIJICHUS U TassHUS CHETa U IpYrux (GakTopoB [4].

[TonoBonke B I'opHo-AnTaiicke Ha peke KatyHb npeacraBneHo Ha puc. 1.

Puc. 1. IlonoBoabe B I'opHo-AnTaiicke
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Mooenuposanue oyenku noOOHAMUSA YPOBHs 600bl NPU NABOOKE

CerogHst HeyeTKasl JIOTUKa pacCMaTpUBAETCS KaK CTAaHAAPTHBIM METOJ MOJEIUPOBAHUS
U npoekTrpoBaHus [5]. CucTeMbl HA HEYETKUX MHOXKECTBAaX pa3pabOTaHbl U YCHEUIHO MPUMEHSIOTCS
JUIs pacyeTa HaJEeKHOCTH 3JIEMEHTOB CHCTEM, IPOTHO3MPOBAHHUS, OLIEHKM TEXHOI€HHOI'O pHUCKa
B CHCTEMax aBTOMaTHYECKOI'0 yIpaBiieHHs, TOMCKa MH(OpMAIIUKY MPH PELICHUH 3a/1au Kiaccu(uKau
u perpeccud. Jlns pemieHHss BceX YKa3aHHBIX BBIIIE 3a7ad OOBIYHO HCMOJIB3YeTCs CHCTEMa
HEYETKOTO BbIBOJA [6], peanu3oBaHHas B BUJE TporpamMmsl it OBM.

[IpuMeHeHHe CHUCTEeMBl HEYETKOTO BBIBOJA BKIIOYAET B ceOs psija ATANoB, pean3alus
KOTOPBIX BBIMOIHIETCS HA OCHOBE MOJOKEHUI HEUYETKOM JIOTUKHU:

— (opmupoBanue 6a3bl MPaBUI CUCTEMbI HEYETKOTO BHIBOJIA;

— IIepexo] K HEYSTKUM JaHHBIM ((a33udukarius) BXOIHBIX TIEPEMEHHBIX;

— arperupoBaHue MOAYCIOBUHA U aKTUBHU3ALIHS [T013aKITI0YCHUH;

— aKKyMYJIMPOBaHUE 3aKIIIOUCHUM;

— Mepexo/1 K YeTKUM JaHHbIM (eda33uuKanys) BEIXOIHBIX IEPEMEHHBIX [ 6].

Cxema paboThl cUCTEMBI HEYETKOTO BBIBOJIA MTPE/ICTABIICHA HA PUC. 2.

Dapubusamua = |— 7| TPernposasue Jedaznduranns
(deTKHIT > HedeTKHI) » AKTHBH3ANHA >
| E : —— ARKYMY IS0 05 N (HedeTKHI ‘9'!91‘!\‘]111)
v
BE0oJ 94eTRHX JaHHBIX BrIBOJ 9eTRHX JaHHBIX

Puc. 2. Cxema pa0doTBI cHCTEeMBI HEYETKOI0 BHIBO/AA

3amaya OIEHKH TMOJbEMa YPOBHS BOJBI MPU TMABOAKE MOXKET ObITh ChHOpMyIHpOBaHA
cienyromuM obpazoM. MmeroTest cTaTuCTUYECKHE JaHHBIE O BIMSHHUM TEpernaja BBICOT B HCTOKE
U YCThE TOPHBIX PEK M BEJIWYUHBI PE3KOr0 MOJbEMa TEMIIEPATyphl BO3AyXa Ha BEJIIMUHUHY ITOAbEMA
YPOBHS BOJIbI B PEKE 3a CUET MHTEHCUBHOTO TasHHS CHETA U JIbJIa B ropax. JTO SIBJICHUE MOXKET
CTaTh TPUYUHOW Upe3BbIYAWHON cuTyanuu (3aroruieHue OeperoBodl Tteppuropun). HyxHO
MPOU3BECTH MOJICIMPOBAHUE YKA3aHHON 3aBUCUMOCTH C MTOMOIIBIO CUCTEMbI HEUETKOTO BBIBOJIA.
Hckomast 3aBUCUMOCTb UMEET BUL:

Y = f(X1, X2),

rne X1 — BenmumHa mepemnana BeicoT (AH); X2 — BenmumnHa moawsema TemmepaTypsl (AT);
Y — BelIMuMHA OIEMA YPOBHS BOJBI [M].
baza mpaBui cucTeMBbl HEYETKOTO BHIBOJIA MOKET OBITh MPE/ICTABIICHA B CIEAYIOIIEM BHIC:
1: ECJIN Ilepenan Beicor = AH; M Ilogbem Temneparypsl = AT j
TO Ilogbem ypoBHS Boabl = Yy,
2: ECJIM Ilepenan Beicot = AH; M Iloxsem temneparypsl = AT j
TO Tloabem ypoBHS BoabI = Y,
N: ECJIM Ilepenan Beicor = AH; W Tlogsem temnepatypsl = AT
TO Iloabem ypoBHs Boabl = Yy,
rae N — uucno coueranuii nokasareneit AHj, AT ju Yy, 3aganHoe skcnepTamu.
B pe3ynbraTe SKCIEpTHBIX OIEHOK ObLIN MOTYYeHBl 3HAYCHHSI MEePeraia BbICOT U MOIbeMa
TEeMITepaTyphl, MPEICTABJICHHBIE B TAOINIIAX:
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Mepenag Bbicot Kpurtepuii ouenku napamerpa 3HayeHUs
«Ilepenaja BbICOT» napamerTpa
Manblit [lepenan BricoT He 6onee SO0 MeTpoB Or0m05
Cpenunit ITepenaz BeicoT He 6osee 1000 MmeTpoB Ot 0 mo 10
Bonpmoi ITepenazg Beicot ot 500 mo 1000 mMeTpoB Ot 5 o 10
Kpurepuii onienkn napamerpa 3HaveHusn
IHoasem TemnepaTypbl

«IlogbeM TeMmepaTypbI» napaMerTpa

Marprit IMoxweMm Temmeparypsl He 6osee 10 rpamycos Ot 0 5o 10
Cpenunit [Toxpem Temmeparypsl He 6onee 15 rpamycos Ot 0 mo 15
bonapoii [Tonwem Temneparypsl oT 10 no 20 rpagycos Ot 10 10 20

Ji1 kadecTBEHHOTO OmucaHus mporecca (a33uuKkanuid HY)KHO COMOCTaBHTH KaXIOMY
OTpeieICHHOMY MHTEpBally 3HAYEHUU BXOJHBIX MEpPeMEHHbIX X; (mepemnan BbicoT) U X (MOabeM

TEMIIEpaTypbl) ONPEICICHHBIA UHTEPBAJI 3HAYCHUH (PYHKIIUK MPUHAIICKHOCTH [U(X), TIPEICTABICHHBINA
B Ta0IHLIE:

HuTepBan JIMHrBUCTHYECKASI Buj pyHKIMH NPUHALICKHOCTH
3HAYEHMId p(X) NPHHAAIEKHOCTD X1*102 [m] X [Cpan]
0+1 Mabrit I'aycca (0+5) Iaycca (0+10)
0+1 Cpenauii I'aycca (0+10) I"aycca (0+15)
0+1 Boubioit Iaycca (5+10) I"aycca (10+-20)

B mensx orneHku 3HaYeHUH BBIXOHON NIEPEMEHHOM CHCTEMBbI HEUETKOTO BbIBOAA Y (TMOIBEM

BO,I[LI) OKCIICPTaMH ObLIa MMPON3BCJACHA OLICHKA BO3MOXHOI'O IMIOABEMA BOJbI B PE3YJILTATC ITABOJKA,
npeacTaBJICHHAs B Ta6J'II/II_ICZ

Ioabem BOALI Kpurtepuii onleHKH noabeMa BOJbI 3unavenus Y
0

Husxuii, k=1 Hoz[TonnevHHe He Oonee 25 % 01 0.0 10 2,0 M

0OeperoBoii TEpPUTOPUH
o 0

Cpe i, k=2 gO,Z[TOHJ'IGiHI/Ie or 25 % 1o 75 % 012.0 1040 M

€pPeroBOl TEPPUTOPUHU
0

Breicokuit, k=3 HOHTOHHG{{ ue bonee 75 % 01 4,0 10 6,0 m

OeperoBoii TEpPUTOPUH

CooTBeTcTBHE WHTEpBaja 3HAUYCHUH BBIXOJHOW MEPEeMEHHOH (MOJBEM BOJbI) MHTEpPBATY
3HAYECHUH PYHKIIMU MIPUHAJICIKHOCTH L(X) TIPEICTABICHO B TaOJIHIIE:

HNuTepBan JIMHrBUCTHYECKAS Bua GYHKIHE IPHEALIEKHOCTH
3HaYeHul p(x) NMPUHAAJICKHOCTD

0+1 Huskwmid Triangle—o6pa3znas (0,0+2,0)

0+1 CpenHuii Triangle—o6pa3znas (2,0+4,0)

0=+1 Bricokuii Triangle—o6pasnas (4,0+6,0)

Cucrema HEYETKOTrO BBIBOJA OblTa peajn30BaHa B BHJIE Nporpammbl it OBM [6, 7].
Bo3MmoxHBIN HHTEpdEiic MporpaMMBbl IPECTABICH HA PUC. 3.
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Puc. 3. IIporpamma, peaju3yroias CHCTeMY HE4eTKOI0 BbIBO/AA

B pesynabrare BBIYHCIUTEIBHBIX OKCHEPUMEHTOB Ha OBM monydeHbl 3aBUCHUMOCTH
BesinunHbI ogabema Bobl Y (Flood) ot 3HaueHuit BxoaHbIx nepeMeHHbix X1 (mepenan Beicot, DH)
u X2 (mogwem temmepatypbl, DT). I'paduku 3aBucumoctu Y=F(X1)[mM] mis GuKCHpOBAHHBIX
3Hauennit X2 = 10 [['pax] u X2 =20 [['pax] npeacrasieHsl Ha puc. 4.

i Flopd=F(DH)) X Flood=F(DH)

3.2 ---// 4 /‘—_

e | il H /

VvV

R Tt 3 7 . "3 L 5 W

Puc. 4. T'padukn 3aBucumocteii Y=F(X1), X2=10 u Y=f(X1), X2=20

I'paduku 3aBucumoctd Y=F(X2) mis ¢ukcupoBaHHbIX 3HadeHHid X1 = 5%10° [wm]
u X1 = 10*10? [m] npeacTaBieHsl Ha prc. 5.
v J) I ¥ I
5 Flopd=f(DT) B Flood=f(DT)
H R H
___.-l""
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Puc. 5. I'padmku 3aBucumocreii Y=F(X2), X1=5 n Y=f(X2), X1=10
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Hcronp30BaHne HEUETKOM JIOTHMKH IPU OIEHKE MOABEMa YPOBHS BOZIBI NPHU ITaBOJKE
MO3BOJISICT TPOU3BECTH OICHKY BIMAHUS  HEMOJHBIX M HETOYHBIX HCXOJHBIX JIaHHBIX.
MopenupoBaHue OIEHKH MOAHATHS YPOBHS BOABI C TOMOIIBIO HEYETKOH JIOTMKH IPOUCXOIUT
C 3aJaHMEM MHTEpBaJa BO3MOXHBIX 3HAUEHMH (MHTEpBajla HeolpeaeleHHocTH [5]) mnepemnana
BBICOT B MCTOKE M YCThE TOPHOM PEKH U MOABbEMa TEMIIepaTypsl Bo3ayxa. [loaToMmy B pesynbTare
MOJICIIMPOBAHUSI MOKET OBITh IMOJY4YEeH JAMANa3oH BO3MOXHBIX 3HAUYEHUH [6] MOTHATHS YpOBHS

BOJBl IpU I[ABOJKE B 3aBHUCHUMOCTH OT CpPEIHMX 3HA4Y€HW  Mepenajga BBICOT M MOAbEMA
TeMIepaTypsbl.
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AUAJIOT'N CO CIIEHUAJINCTAMHA

BOITPOCHI ITOBBINNEHUSA 9OPEKTUBHOCTHU
OBPA3OBATEJIBHOI'O IPOUECCA HA KA®EJIPE

N.JI. CKkpunHMK, KAHAWAAT TEXHUYECKUX HAYK, JOLEHT.
Cankr-Ilerepoyprekmii yausepeurer I'TIC MUC Poccun

PaccMmoTpenb! HalipaBJIeHUs TIOBBILICHUS Ka4ecTBa y4eOHOTo Tpoliecca: posib B HEM MPeroaaBaTess
1 oOyugaromierocs; GopMbl U BHUIBI 3aHITHIA, MX OCOOCHHOCTH; 3Talbl IOJTOTOBKH YY€OHO-METOINIECKOTO
KOMIUIEKCa; MOAXOIbl K OLIEHKE NEATeIbHOCTH IMPO(eccopcKo-TPenoaBaTebckoro cocrasa. ONHUCaHbI
HOBBIE TMOAXOMBI K OOCCIICUYEHHIO IMOJTOTOBKH CIIEIMAIMCTOB B KOHTEKCTE Tpolecca pedOopMHUPOBAHUS
CUCTEMEBI 00pa30OBaHMUsL.

Kntouesvie cnoea: obpasoBaHWe, IUCIHUIUIMHA, TPOIECC, CUTyalus, IEATEIbHOCTH, IENarorvka,
IpernojaBarellb, KauyecTBO, METOJUKA

VYBenuuenue konuuectsa 3aaad, crosmux nepen opranamu ['TIC MYC Poccuu, ycnoBuit
ee (YHKIMOHHPOBAHUS TOKA3bIBAIOT, YTO CYIIECTBYIOIIHE CTaHIAPTH NPOPEeCcCHOHATHHON
MOATOTOBKU OOYYAIOIIMXCS HE TapaHTUPYIOT YIOBIETBOPUTEIBHOM NEATENILHOCTH KaK OpPraHoOB
I'TIC, Tak u nmoapa3zaeneHuii (0ObEKTOB yIPaBJICHHUS ), HA KOTOPBIX OHU paboTaroT mocie Boimycka [ 1].

HccnenoBanusi MpeXHUX HPUHIMIIOB, METOJOB U CIIOCOOOB 0OydeHHs, KOTOpble ObUIN
OpPUEHTUPOBAHBI HA MOBTOPSIEMOCTh CUTYalluil ¥ OFPaHUYCHUM, MPUHATHS CTAaHIAPTHBIX pelIeHUi
B COBPEMEHHBIX YCIIOBHUSAX IOKA3aJM, YTO KOJUYECTBO aBapUi U M0KAPOB TEXHOTEHHOI'O XapaKTepa
HE YMEHBIIAETCS.

B Hacrosmee Bpems cucremMa oOpa3oBaHUS HAaXOAMUTCS B Ipolecce pepopMHUpPOBaHUS.
OcHOBHasl 1leJIb U OPUEHTUP pedOopMbl — Pa3BUTHE JIMYHOCTH, & B BBICHIEH ILIKOJE — pa3BUTHE
JIMYHOCTH BBICOKOKBAJIM(HUIIMPOBAHHOTO CHEMAINCTA, OTBEYAIOIIEr0 COBPEMEHHBIM TPEOOBaHUSM,
B 00111eM, U TpeOOBaHUAM K CHEMATUCTaM MPOTUBOIIOKAPHON CITY>KObI B YaCTHOCTH.

[Toatomy Ha kadenpe «loxapHoil G€30MaCHOCTH TEXHOIOTMYECKUX MPOLIECCOB U MPOU3BOJICTBY
IIOCTOSIHHO MJIET TOMCK HOBBIX IIOJXOJOB, KOTOpbIE MOIJIM Obl 00ecHe4YuTh MOATOTOBKY
CIeLUAINCTa — HMHXXEHepa IMOKapHOH 0e30MacHOCTH B OOJIACTH IMOKapHO-NPO(UIaKTHYECKON
NeSITEIbHOCTH, CIIOCOOHOTO MPUHUMATh HECTaHJAPTHBIE PEIIEHUS, OCHOBAHHBIE HAa TBOPYECKOM
croco0e onepaTUBHO-TAKTUYECKOT'O MBIIIJICHHUS.

B nacrosimee Bpemsi mnpenonaBaHue yueOHoM aucuuriauHbl «lloxkapHas Oe3omacHOCTb
TEXHOJIOTHYECKUX TPOIIECCOBY» U «INEKTPOTEXHUKA M MOKapHas 0e30MacHOCTb 3JIEKTPOYCTAaHOBOK»
MIOCTPOCHO KaK €IUHBIH KOMIUIEKC BCEX BUIOB YUEOHBIX 3aHSATHI, HalpaBJICHHBIX Ha IMOJy4YE€HHE
Y COBEpIIIEHCTBOBAHNE 3HAHUH, YMEHHI U HAaBBIKOB OOydaromuxcs. /st mpUBUTHS UM HEOOXOIMMBIX
MPaKTUYECKUX HABBIKOB B UX Oynymed mnpodeccun Ha Kadenpe pazpaboTaHa M MOCTOSITHHO
COBEPILICHCTBYETCS CTpPOHHAasl cHUCTEeMa MPaKTHUYECKUX, TPYNIOBBIX, OOBEKTOBBIX 3aHITHH,
nabopaTOpHBIX PabOT, MPOBENCHUS KOMaHIHO-MITA0OHBIX ydeHui [2, 3]. ['maBHOW 1enmbpl0 3TOU
CHCTEMBI ABISETCS (POPMHUPOBAHUE Y 00YUAIOLIMXCS IMPOKOTO KPYro3opa, TAKTUKO-CIIEUATEHOTO
MBIIIJIEHUS, YMEHHUS OBICTPO pearupoBaTh Ha H3MEHEHHE OOCTOSTENIbCTB, CBOEBPEMEHHO
NPUHUMATh PEIICHUs, YTOUHATh, HACTOWYMBO INPETBOPATH MX B >KU3Hb, & TaKXKe OOEecCIeyrBaThb
KOHTPOJIb UX MCIIOJHEHUS.

N3BectHOo, uro pearenpHocTh coTpyaHuka ITIC MYC Poccum sBisierca BecbMma
MHOTOTPAaHHOM W OTBETCTBEHHOW. B TmepBylo odepenb OHa HalpaBieHa Ha MOJJICPKAHUE
TpeOyeMoro ypoBHA moxapHOW Oe3zomacHocTtu. [loaTomy mnpodeccopcko-mpenoiaBaTenbCKuit
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coctap (IITIC) xadenpsl, OCYIIECTBISAsS MOATOTOBKY OOYyYalomMXcsi K NpodecCHOHATbHON
NeATENIbHOCTH, COCpPEIOTauMBaeT CBOM YMEHHs, B OCHOBHOM, Ha Tporecce (OpMHPOBAHUS
y cilyliaTesell HaBBIKOB B MIEPBYIO OUepe/lb MO MPUHATHIO 0OOCHOBAHHBIX PEIICHUI TP MPOBEICHUN
MpoUITAKTUYECKON NEATEIBHOCTH MO O0ECIEYeHHIO MOKapHOW OEe30MacCHOCTH Pa3HOIIAHOBBIX
CJIO’KHBIX TEXHOJIOTUYECKUX CUCTEM U OPTaHU3AIMH STON paboTHI.

OpaHako ONBIT MpernoaBaHus AUCHUILIUH Kadeaphl CBUIETENBLCTBYET, UTO TpaHCchopMalus
TOTOBBIX 3HAHUI HE Bcerjaa MoOyXaaeT 00y4aromlerocsi K CoCOOHOCTH BBISBIATH MPOOJIEMHBIC
BOIIPOCHI, TPOU3BECTH HX BCECTOPOHHHMM aHaIM3 M OIEHKY, a TJaBHOE — CaMOCTOSITEIBHO
OTIPEJICNIUTH IYTH UX PELICHUN.

OCHOBHBIMU MPUYMHAMHU TOTO, YTO MHOTHE OOYUYaIOIINECs UCIIBITHIBAIOT TPYIHOCTH B XOJI€
MPUHATHUS PEIICHUH TPU BOSHUKHOBEHUH HECTAHIAPTHBIX CUTYAIUH, SBISIOTCS:

— HEIOCTaTOYHOE BJAQJICHHE METOJMKOW aHaiu3a M OLEHKU I[0KapHOW OMacHOCTH
TEXHOJIOTUYECKUX MPOIECCOB;

— OTCYTCTBHE HAaBBIKOB CPABHHUTEIHHOTO aHAlIM3a Pa3jIMYHbIX HECTAHJAPTHBIX CHUTYaIUil
MOYKapHOM ONACHOCTH U X OLICHKU;

— HEPEUIUTENbHOCTh U HEIOCTATOK MPAKTUYECKUX TBOPUYECKUX HABBIKOB;

— HETBEPJI0€ BJIaJICHHE MATEMAaTHIECKUM aHATH30M TEOPUU IPUHSATHS PEILICHHIA.

C yuerom storo IIIIC B cBoel negarornyeckoii JesiTeIbHOCTH YCIEIIHO MPaKTUKYIOT:

— IIUPOKOE TNPUMEHEHHWE B XOAE 3aHATHH TAaKMX AKTUBHBIX METOJOB OOYYEHHs, Kak
poOJIeMHBIH, MeTO1 pa3dopa KPUTUIECKUX CUTYallUl, «MO3TOBOM aTakm;

— MPEJOCTaBICHNE 00yJarOIUMCsl OOJBILIEH CaMOCTOSITEIEHOCTH TPU Pa3pelIeHHH CIIOPHBIX
BOIIPOCOB U BO3MOKHOCTH JIaBaTh OIICHKY TPUHUMAEMbIM PEIICHUSIM;

— MHIUBUAYAJIBHYIO OIEHKY KaKJOr0 OOYYaromerocss NpU TIOATOTOBKE K 3aHATHIM:
ux 0a30BBIN NMOTEHIIMAN 3HAHUM, YMEHHUI U HaBBHIKOB, HAYYHOE MHUPOBO33PEHUE, TICUXOJIOTHUECKYIO
COBMECTHMOCTD U T.]I.;

— aKTMBHOE HUCIOJIb30BaHNE PA3IMUHBIX UHTEPAKTUBHBIX (popM 00ydeHus .

B pesynbrare 3TOro MOBBIMIAETCS AKTUBHOCTh OOYyYaroIMXCs W HaMHOro 3(hQexTuBHEE
JOCTUTAOTCs y4eOHbIE LIEIM 3aHATHH [0 MPUBUTUIO UM 3HaHUM 10 BEIOpaHHOI podeccuu.

Takum oOpa3oMm, co3maHHas Ha kadeape CTpodHas cucreMa OOyYeHHs, BOCHUTAHUS
U OCBOEHHMS METOJOB aHaJIN3a I0XKapHOH Oe30MacHOCTH MO3BOJISIET BCECTOPOHHE pa3BHBATh
TBOPYECKHUI MOTEHIHAT 00YJalOIIerocs B mporecce yueObl, TOTOBUTH CIIEMAITICTA MPOTHBOIOKAPHON
CITy’KOBbI K 3 (PEKTUBHOMN NEATEIBHOCTH MO 00ECIICUEHUIO MOKAapPHOI 6€30MaCHOCTH Ha Pa3IMYHBIX
MIPOU3BO/ICTBAX.

Ileoazocuueckoe macmepcmeo npenooasamesiss 60 MHO2OM 3AGUCUM OM AHAIU3A ONLIMA
pabomul Opyeux nedazo208 Kageopul, ciedcmeuem 4e2o, 8 KOHeYHOM Umoze, 611emcs Kaiecmeo
00yuenUsl, BOCNUMAHUS U PA3BUMUS 00YUAIOUWUXCSL.

Hcxonsa u3 aToro, Ha Kadenpe B KOpHE NepecMaTpyuBaioT poJib MpernoiaBaresis 1 00y4Jaroierocs
Ha BCeX BHJaxX 3aHATHI. BHenpsercs cucTeMHBIN MOAXOA K MOTYYEHUIO KaYeCTBEHHOTO pe3ylbTaTa —
TIOATOTOBKA  BBICOKOKBAJTH(UIIMPOBAHHOTO  CIICIHAINCTA TOCYIAPCTBEHHOW IPOTHBOIIOKAPHOM
CITYKOBI.

KonnexktuB kadenpsl cUUTaeT, 4TO MpenojaBaTelb, OOJamalmuil (QyHIaMEHTaTbHBIMU
TEOPETUYECKMMH 3HAHUSAMH W YMEJO BIAJACIONIMI COBPEMEHHBIMH AKTUBHBIMU METOJaMHU
Oo0y4eHHs, JOJDKEH OBITh B POJHM BBICOKONPO(ECCHOHATHHOTO, KOMIETEHTHOTO KOHCYJIbTaHTA
10 OIICHKE B3PHIBOMOKAPOONACHOCTH TEXHOJOTHUYECKUX CUCTEM U PEIICHUIO PA3IUYHbIX CUTYallUH,
BO3HUKAIOMIUX B TEXHOJIOTHYECKOM TPOIIECCE PA3IHMUHBIX MPOU3BOACTB, @ O0YJAIOIIUIICS TOIHKEH
BBICTYIIaTh B POJIM aKTUBHOT'O YYaCTHHKA Mpoliecca 00ydeHus, TIaBHON 3ajjaueil KOTOpOro J0JIKHO
OBITh MaKCHUMaJIbHOE JOCTI)KCHHME ITOCTaBJICHHBIX Y4YeOHBIX IIeied 3aHsaTus. B sTom cimydae
OH ¢ OonblIeH 107l CaMOCTOSTENPHOCTH CTPEMUTCS OBJIAJETh HABBIKOM aHalN3a MOXapHOU
OTMAaCHOCTH TEXHOJIOTHUYECKUX TPOIECCOB M OIEHKH PacCMaTpUBAEMOM CHUTYaIlMH WM BBIPAOOTKE
O00OCHOBAHHBIX TPEAJIOKEHUH IO obecreyeHuio moxapHoH OezomacHoctu. Ilpemnoxenus,
pEeKOMEHJallMM W YKa3aHWsl OTpaXkaloTcs B MPEANHCAHWU, OCHOBBIBASICh Ha TpeOOBaHUSX
HOPMATHBHBIX U PYKOBOJSIIUX JTOKYMEHTOB I10 TOkapHOU Oe3omnacHocTH. [IpenonaBarens, B CBOIO
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oyepesib, HApaBJsieT NEHCTBUA OOydYaloUIMXCs U MPUOIMKAET UX K MPAaBUIBHOMY OTBETY, IMOCTE
00OCHOBAaHUSI KOTOPOTO OHU CaMOCTOSITEIbHO ONPEAEIAIOT BO3MOXKHBIE BapUaHThl peau3alii,
ONPEIENAI0OT UX PALMOHAIBLHOCTD, BBICTYIIAS IIPU 3TOM B POJIM DKCIIEPTOB.

VYpoBeHb NNOATOTOBKHU U KPyro3op NpenojaBaTelis JoJbKeH nocTosHHo pactu. IIIC nomken
caM HaxOIMTHCS B COCTOSIHUM HEMPEPHIBHOTO NMOBbIMICHHs 3HaHUK. Ha kadenpe 3To peanusyercs
C NOMOIIBIO 3aCE€JaHUl NPEAMETHO-METOAMYECKUX KOMMCCHM, B3aMMHBIX IOCCLICHUH 3aHITHH,
B TOM 4Hciae Ha mnOpopwmmpylomux Kadeapax, TMOBBILICHHH KBAIM(UKAUK, Yepes3
caMo00pa3oBaHMe, KypChl, 3aIIUTy JAUCCEPTALIMOHHBIX pabOT, MOIY4YEHHUS JONOJHHUTEIbHOIO
oOpa3zoBaHus. MHOTHE MPETOAaBaTENIN OCYILECTBIISIOT COTPYAHUYECTBO C IPYTUMH By3amu CaHKT-
IlerepOypra B NOArOTOBKE Y4eOHBIX IOCOOMH, COBMECTHOM HAllMCaHMM HAy4YHBIX CTaTeH,
moHorpaduii. IlpermonmaBarens HHKOTZa HE JOJDKEH OCTAHABIMBATHCS B CBOEM Pa3BUTHH.
PykoBoiCTBO BY30B JOJDKHO IIOMOTaTh IMPOXOAUTH OOy4eHHME Kak B paMKaX COOCTBEHHOIO
YHUBEPCUTETA, TaK M Yepe3 MEKYHUBEPCUTETCKME CTPYKTYyphl. Peanuzaunus Takoil NOCTOSHHO
pasBuBarolielicss  o0pa3oBaTENbHOW  CHUCTEMbI  IMO3BOJIMT  By3aM  YCIEHIHO  HOAOMpaTh
[earornyeckue Kaapbl U peraTh BONPOCHl UX ONTUMAJIbHOW PACCTAHOBKH.

Ha naGopaTOpHbIX M NPAaKTUYECKUX 3aHATUAX MPENojaBaTeld IOCIeI0BaTEIbHO
HApaIIMBAIOT YCHIIUS IO BBIPAOOTKE y OOyYaromuxcs HEOOXOIUMBIX MPAKTUYECKUX HABBIKOB
10 aHAJIU3y IOKApHOM ONACHOCTH TEXHOJIOTMYECKUX IIPOLIECCOB, allaparoB M TEXHOJIOTMH [4].
I'maBHOW OCOOEHHOCTBHIO TPH ATOM SIBIISIETCSI CO3/IaHUE OOBIYHBIX, YaCTO BCTPEYAIOIIUXCS
Ha MpaKTHKE CTAaHAApPTHBIX cuTyauuid. OJHAKO HpPU HECTAHAAPTHBIX CUTyalUsX oOydarouiuecs
UCTIOJB3YIOT COBPEMEHHYIO METOJIOJIOTHIO BBIPAOOTKH M OOCIICOBAaHUS MPUHUMAEMBIX PEIICHHH,
IPOSIBJISIIOT TBOPYECTBO, MHUIMATUBY, MMIIPOBU3ALMIO MPH BbIOOpE BAPHAHTOB HECTAHAAPTHBIX
pemienwuit [5].

[Ipy wn3y4yeHMM TEMAaTHYECKMX BOIPOCOB OCHOBHOE BHUMAHHUE YICIAETCA: IOKapHOU
OMACHOCTH IpU TPOBEAECHUU OTHEBbIX pabOT, BBIXOJY TIOPIOYMX BEUIECTB W3 HOPMAaJIbHO
paloTarouX, NOBPEKICHHBIX TEXHOJIOTHYECKHUX alMapaToB U 000pyIOBaHMS; KaTETOPUPOBAHUIO
ITIOMEUICHUH, 3/JaHNH U HAPY>KHBIX TEXHOJOTHYECKUX YCTAaHOBOK I10 B3PBIBOIIOKAPHOW M MOKAPHOU
OINAaCHOCTH; MEPONPUATHAM MO 3alIUTe TEXHOJIOTMYECKOro 00OpyNOBaHMS OT pa3pylLIeHUs MpU
B3pbIBE; OTHE3aJEP’KUBAIOIIMM YCTPOWCTBAM Ha TEXHOJOTMYECKOM OOOpYJOBaHHMM; METOAAM
aHaJIM3a TI0KAPHOM ONAacCHOCTH TEXHOJIOTMUECKMX IPOLECCOB M OLUEHKM HWHIUBHIYalIbHOTO
Y COLMAJIEHOIO PUCKOB JUISl TEXHOJIOTUYECKHUX YCTAHOBOK.

Ocoboe 3HaueHne Ha Kadenpe yaensercss NpakTUYecKod cocraistomei. Jlns sToro
MIPOBOASATCSI OOBEKTOBBIE 3aHATHSI, HA KOTOPHIX CIIYIIATEIN U3y4arOT OCOOEHHOCTH MPUMEHSIEMOT0
TEXHOJIOTHYECKOTO 000pyI0BaHHUs, €0 MOXKAPHYIO ONMACHOCTh, MPUOOPETAIOT HABBIKU MPOBEIACHUS
MIPOBEPKH MPOTUBOMOKAPHOTO COCTOSIHUSI OOBEKTOB.

OOBeKTOBBIC 3aHATHSA ABISIOTCS 3aBEPLIAIONIUM 3TAIOM IIPU U3YYEHUH KaXJI0OW TeMbI BCErO
TEMaTU4ECKOro 1iaHa. /i ero noAroToBKM MPUMEHSIOTCS TaKhe METOAbl O0yUeHHs Kak: J1eJ10Bast
urpa, Mpou3BOACTBEHHAs] CUTYAIHs], «MO3TOBOH IITYypM», pa3paboTka cueHapueB. OCHOBHas IElb
TUX 3aHATHM 3aKo4yaeTcs B COBEPUICHCTBOBAHMM 3HAHWM, yMeHHH, (opmupoBaHuH
y 00y4aromuxcs OpraHu3aTOPCKOM U BOCHHUTATENBbHOM pabOThl B YCIOBUAX peaIbHON 0OCTaHOBKH.
Jlnia noctuxkeHus 1iesieil 00beKTOBOr0 3aHATHS 00yUaloUIecs] CAMOCTOSITENIbHO YITyOJISIOT 3HAHUS,
UCMOJIb3Yysl HOPMATUBHO-TIPABOBBIE aKThl, THPOPMALIMIO, MTOIYYEHHYIO HAa CMEXHBIX Kadenpax. [Ipu
MOCEIIEHUN pPEaJbHOr0 MPOM3BOACTBA, HapsiAy C O3HAKOMJIEHHEM OCOOEHHOCTEH MOoKapHOU
OIIACHOCTH, OHH TAK)KE MOJIy4at0T HaBbIKA CaMOCTOSTENIBHOIO IpOBeAeHU 3aHATus. IIpu oTBeTe Ha
BOIIPOCHI ~ CBOMX  KOJJIer y  HUX  (OpMHpYIOTCS ~ CTpOWHBIE, JIOTMYECKHE  3HaHUs
U yOeXKIeHusl.

K npoBeneHnro neKnui TOMyCKarTCs TOJIBKO OIBITHBIE MPENOJaBaTEIN, UMEIOIINE YUYEHYIO
CTEINeHb U 3BaHUE, OOJBIIONW CTaXK paboTHI. JIeKIus MOXKET CONPOBOXKIAATHCS JIEMOHCTPALMOHHBIM
MaTepuasoM, Mpe3eHTalUsIMH, BUAeO(UIbMaMH, YTO, HECOMHEHHO, YCUJIMBAET BOCIPUSATHE HOBOTO
MaTepHuaia U CiocoOCTBYET ero 3allOMHHAHUIO, 3 TIOTOM U OCMBICIICHUIO.

[IpodeccuoHabHBIA  JIEKTOP, TOJ KOTOPHIM OyleM TOHMMAaTh JIEKTOpa BBICOKOU
KBaJM(HUKAIMK, BCErJa CYMEET «IIOACTPOUTHCS» TMOJ YPOBEHb 3HAHMHA AayIUTOPHH, YTOOBI
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JOCTYIIHO MPENOAHECTH MaTepual, a TaKKe CMOXET CO3/1aTh HYKHOE HACTPOEHHUE; YCTPOMT
SMOLMOHAIBHYIO pa3psliKy, eciu oOydarommuecss ycraHyT. CTpyKTypa U COAEp)KaHHE JEeKIMH
JOJDKHBI OBITH PACCMOTPEHBI M 0100PEHBI MPETIOAaBATEIILCKUM KOJUIEKTHBOM.

IIpu 3TOM HajoO COBEPUIEHCTBOBATh HOPMATUBHYIO JOKYMEHTALUIO IIyTEM pa3paboTKu
U aKTyaJlu3allud CHCTEMbl HALIMOHAIBHBIX CTAaHIApTOB, CBOJA IPaBWI, APYTUX HOPMAaTHUBHO-
METOJUYECKUX W HOPMATHUBHO-TEXHUYECKHUX JIOKYMEHTOB C YYETOM COBPEMEHHBIX OIIACHOCTEW,
PHCKOB, TIEPEIOBOTO 3apYOEIKHOTO OIBITA.

JUis  ycnemHoro (QpyHKIMOHMPOBAaHUSA OOpPa30BaTENbHOIO Ipoliecca IO AUCLUIUIMHAM
Kadenpel MOATOTOBIICH YydeOHO-MeTomuueckuii komiuiekc (YMK) [6]. Bo Bcex y4eOHBIX
ayIUTOPUAX HAXONATCA HUHQPOPMALMOHHBIE CTEHIbl, TEXHUYECKHE CpelncTBa oOydyeHwus,
71ab0paTopHOE M KOMITBIOTEpHOE 000pyaoBanue. JlJist paccMOTpEHHUs IPOLIECCOB B HEPTEXUMUIECKOM
OTpacid ayAMTOpUs OCHAalleHa MakeToM HedTenepepadaThIBAIOLIEr0 3aBO/a, HAa KOTOPOM
CITyIIATEIN U3y4aroT MOCIIE0BATEIbHOCTD IIPOBEICHUS TEXHOJIOTMUECKHUX MPOLECCOB, KOHCTPYKTUBHbIE
0COOEHHOCTH PUMEHSIEMOI0 000PYI0BaHMs, CIELU(PUKY €ro MOKapHOH ONACHOCTH.

Jns MonaenupoBaHUs aBapUUHBIX CHUTYallMd M NIPOBEICHUS MHYKEHEPHO-TEXHUYECKUX
pacyeToB INOArOTOBJIEH KOMIBIOTEPHBIA IPOrPAMMHBIN KOMIUIEKC, IMO3BOJISIFOIIMNA BBIIIOJIHUTD
BUPTYyaJIbHBIE JIAOOPATOPHBIE PAOOTHI.

B xome noxaroroBkn YMK ¢ TOYkM 3peHHs NENaroru4eckod HAayKd IIO H3y4aeMbIM
JUCLUIUIMHAM paccMaTpUBAIOT TPU 3Tara:

— NEPBBIN Ha3bIBACTCS «IMIIMPUYECKHII», II0JIaras, 4To Ha HeM co3naHHelii Y MK rorosuics
Ha OCHOBE OIbITa U UHTYULMU O€3 yueTa IJIaBHbBIX MOJIOKEHUN TEOPUU MCUXOJIOTHH U NEAarOTUKH.
ITosToMy Ha HeM Henb3s noaroroButh xopoumid YMK M ero kauecTBo B 00pa3oBaTelIbHOM
IIPOLIECCE UMEET HE3HAUUTENbHBIA BEC, HO OH 337a€T UMITYJIbC /sl JAJIbHEUILETO COBEPILIEHCTBOBAHUS
KayecTBa 00y4YeHHUs;

— BTOPOH Ha3bIBACTCSl «TEOPETUYECKUI», HA HEM HEOOXOIMMbIE MaTepUallbl pa3padaThIBatOTCS
B COOTBETCTBHUM C TIOJOKEHUSMHU IICHUXOJIOTO-Nearornyeckoi Hayku. Ilostomy sToT sTan
OTKPBIBAET BO3MOXKHOCTBb CKOOPPEKTHPOBAaTH MNOATroTOBICHHBIM YMK 1 maneHeimiero
COBEpPILICHCTBOBaHMSI yUeOHO-BOCIIUTATEIBHOTO IIpoIlecca,

— Ha TPEThEM 3Tane, C y4eTOM pa3BUTOM, COBEPIICHHON yuyeOHO-MaTepuaabHoi 0a3bl, YMK
peaTn30BBIBACTCA B BHJIE AJIEKTPOHHOM HH(POPMAIMOHHO-00pa30BaTENbHOM cpelbl. DTO Jaer
BO3MO>KHOCTh HAMHOT'O MTOBBICUThH Ka4€CTBO MPETOAABAEMbIX JTUCIUIIINH.

Ha ocHoBe aHanu3a coenMaibHON JMTEpaTypbl BBISBIECHBI TpPeOOBaHMS, pean3alus
KOTOpBIX SIBJISIETCS HEOOXOAMMBIM YCIOBHEM oOpraHu3auuu 3(Q(EeKTUBHON IieJIeHanpaBIeHHON
CaMOCTOSITENIbHOW ~ paboOThl  KypCcaHTOB  (Ciymiaresiell) C  HCHOJb30BAaHUEM  COBPEMEHHBIX
aBTOMATHU3MPOBAaHHBIX o0Oydaromux cucreM. llpenonaBarento, mpexae Bcero, HEOOXOIUMO
MPOU3BECTH OTOOp y4yeOHOro MaTepuaya, COOTBETCTBYIOLIETO BCEM KPUTEPUSAM IMPUHIMIIA
HAay4yHOCTH, M BKJIIOUYHUTh B aBTOMAaTU3UMPOBaHHBIM Kypc. Ha HHTYMTHBHONW OCHOBE pelieHHe
HE BCErJa MPUBOJUT K YCIIEXY.

Jns  yny4imieHus KadecTBa TNPOBEACHMSI Y4YeOHBIX 3aHATUN pa3paboTaH KOMIUIEKC
MH(POPMAIIMOHHOTO 00ecrieueHusl, OCHOBAaHHBI Ha MPUHIMIIAX: MOIYJIbHOW MH()OPMATUBHOCTH,
JIAJIOTOBOTO B3aMMOJIEUCTBUSA, WHTEPAKTUBHOCTH M INPAKTUKO-OPUEHTHPOBAHHOM TEXHOJIOTHH,
NPEJCTABIAIOMMNA cOO00M cucteMy, B KOTOpOil akkymyiupytoorcs paspadorannsie IITIC YMK
B BuJe 0a3bl JaHHBIX, 3HAHUM U CIEUHUAJIBHOTO MPOTPAMMHOIO OOECHEeUeHUs, C Y4eTOM
TICUXOJIOTHYECKUX OCOOEHHOCTEl 0O0yualoIMXCsl, OINbITa YyXe CO3/JaHHBIX aHaTOrM4HbX YMK
B JIPYTUX MPEIMETHBIX 00JACTIX 3HAHUM.

Mertoauueckoe obecrneueHne — HeOThbeMITMMAasl COCTABIISIONIas 00pa3oBaTeIbHOM eI TeTbHOCTH,
OHa BKJIFOYAET B ce0s:

— IIPOBEACHUE HAyYHO-METOANUYECKUX UCCIIE0BAHUM;

— o0cyxaeHue mpoodeM HHPOPMATH3AIIMN U aBTOMATH3AIIHH;

— yBenu4yeHue 3PPeKTUBHOCTH MPOPECCUOHATHLHOMN MOATOTOBKHY;

— paccMOTpEHHUE BONIPOCOB OPraHU3AIMY Pa3HbIX 3aHATUM;
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— aHaNU3 pe3yabTaTOB PyOEKHOTO (PEHTHHIOBOT0) KOHTPOJIS, IPOMEKYTOUHON M UTOTOBOM
rOCYIJapCTBEHHOM aTTECTALMU C COOTBETCTBYIOIIMMH BBIBOJAMH, PEKOMEHIALMAMHY U IIPEIUIOKEHUSAMU;

— NIPOBEACHHUE 3aHIATUH C HAYYHO-TIEArOTMYECKUM COCTaBOM IO MpoOjemMaM IeJaroruku
Y IICUXOJIOTHH BBICILIEH IIKOJIBI;

— 00CyXJIeHHE Kpyra BOIPOCOB OPTaHU3AI[MH CAMOCTOSATEIBHOM MOITOTOBKH;

— 000011IeHre U BHEAPEHUE B 00pa30BaTENbHBIN MPOLECC TO3UTUBHOIO ONbITa METOIUYECKOM
pa6ots! [I1C pa3ubix kadenp;

— MCII0JIb30BaHKE IIPU IIPOBEICHUM 3aHATUI HHTEPAaKTUBHBIX (POPM U BHJIOB;

— TPUBJICYCHUE AJISI TIPOBEJCHHS 3aHATUN MPAKTHUECKUX PAOOTHUKOB C OOJBIINUM OIBITOM
paloThI 10 COOTBETCTBYIOIIEMY HAIPABJIECHHUIO.

ViydiieHHass METOJIMKA TPOBEACHHUS 3aHATHI C XOPOILIO NOATrOTOBICHHBIM Y MK mo3Bosut
HOJrOTOBUTh BBICOKOKBaJIM(UIIMPOBAHHBIX crienuanuctos Juist cuctembl MUC Pocecun B obnactu
MOXKapHO-TTPOPUITAKTUIECKOMN EeATETLHOCTH U OPTaHU3AIMH TYIICHHUS TI0XKAPOB.

O¢pdexkTrBHOCTE 00pPA30BATENBLHOrO MPOLECCa ONPEAETUTh TOCTaTOYHO cllokHO. Eciu ero
OLIEHMBATH 110 KaUECTBY BBIMTYCKaeMOMN NPOAYKIMH — HOJTOTOBKH YYEHUKOB, TO CIOXKHOCTh TaKOI'O
MI0JIX0/1a OYEBU/IHA, TIOCKOJIBKY Ppe3yJibTaT 00y4YeHHUs MPOSBISIETCS HE cpa3y (BBIITYCKHUKH BY30B
TOJIBKO CO BPEMEHEM CTAHOBATCS BEAYIIMMH CIICHHUAINCTAMH B CBOEH 001acTH), a JHIIb MPOias
yepe3 ONpeesIeHHYI0 KOHKYPEHLINIO, TPUOOpeTas 3HaHUS U OIBIT IPAKTUYECKON pabOThI.

Br16op xapakrepuctuk kadectBa padotsl IIIC momoxer n36exarb CyObeKTUBHBINA TTOAXO/]
PYKOBOJCTBAa CTPYKTYPHBIX IOAPA3JEICHUNA BY30B K OLEHKE TpyJa IpernojaBaTeiieil, YTO Ba)XKHO
st POPMHUPOBAHUS 37JI0OPOBOTO KIIMMAaTa B IaHHOU Cpejie.

JlaHHble MOKa3aTeNu MOTYT JIeXaTb B OCHOBE OLIEHKHM IeJarorudyeckoil kpanudukanuu
npenojaBaTesiss U MPEeANosaraloT JUYHOCTHO-AESITENbHbIM MOAXOJ, Korja KBalu(uKalus ero
MOJKET OBITh PACCMOTPEHA HEKOTOPOM CHUCTEMOH, B KOTOPOH MPHUCYTCTBYET CTPYKTypa JUYHOCTU
nejarora B KOJJIEKTUBHBIX [TOKA3aTENSIX €ro AeATeIbHOCTH.

Onenky nenosbix kauecTB I1TIC kadeapbl MOKHO OCYIIECTBUTH C UCIOIb30BAHUEM AHKET —
OT3BIBOB, IOJIY4a€MbIX OT BBIIIYCKHUKOB C LEJIbI0 HAXOXJEHHUS Cla0bIX 3BEHbEB B LIENHU
00pa3oBaTeNbHOrO Mpoliecca.

TakuM 00pa3zoMm, pacCMOTpPEHHBIE BOIIPOCHI M HANpaBiI€HMs MOBBIMIEHUS 3()PEeKTUBHOCTU
yuebHoro mpouecca nomoryt IIIIC, oOywaromumest nepeiiTh Ha Oojiee KaueCTBEHHBIH YpOBEHb
MOJITOTOBKU CIIELUAIMCTOB MOXKapHOH 0€3011aCHOCTH.
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NHOPOPMAIIMOHHAA CITPABKA

Crapeiiiee yyeOHOe 3aBefieHHE MOKapHO-TeXHHUYecKoro mnpoduis Poccun obOpa3zoBaHO
18 oktsa6ps 1906 r., korna Ha ocHoBaHuM pemieHust ['oponackoit Jymer Cankt-IletepOypra Obum
OTKpbITBl Kypchl moapHbIX TEeXHUKOB. Hapsany ¢ MNOArOTOBKOW MOXapHBIX CIELUAIUCTOB,
yueOHOMY 3aBEJCHUIO BMEHSIOCH B 00S3aHHOCTh 3aHMMATHCS 00OOIICHHEM M CHUCTEMaTH3alHen
MO’KapHO-TEXHUYECKUX 3HAHUH, OOPMIICHHEM HX B OTJENbHbIE yueOHbIC NUCHUIUIMHBI. VIMEHHO
3/1eCh OBLTH CO3JIaHBl MIEPBbIE OTEYECTBEHHBIE YUEOHUKH, MO KOTOPHIM OOydYalIHnCh BCE MOXKApHBIE
CHELUATIUCThI CTPAHBI.

Y4eOHBIM 3aBeIECHUEM 32 BEKOBYIO HCTOPHIO MOATOTOBIEHO Oosee 40 ThIC. CIIEUAINCTOB,
KOTOPBIX BCErja OTIMYaIl HE TOJIbKO BBICOKHE MpodeccuoHalbHble 3HaHUsI, HO U OecrpeaenbHas
MPEJAaHHOCTh MPO(ECCHH TMOXKAPHOTO M BEPHOCTH mpHcsre. CBUACTENBCTBO TOMY — IENBIA Psij
COTPY/JIHUKOB M BBIITYCKHUKOB BY3a, HArpakKJICHHBIX BBICIIMMU HAarpajamMu CTpaHbl, CPEIU HHX:
kaBasiepbl ['eoprueBckux kpectoB, ueTslpe ['epos Coerckoro Coro3a u I'epoii Poccuu. [lanexo
HE CcIy4aeH TOT (haKT, UTO CpPeIu PYKOBOJSAIIETO COCTaBa MOXKAPHOM OXpaHbI CTPaHbI BCEeTAa ObLIO
MHOT'0 BBIITYCKHUKOB y4€0OHOI'O 3aBE/ICHUS.

Ceronmus (QenepaibHOe TOCYJApPCTBEHHOE OIOKETHOE OOpa30BaTEIbHOE YUPEKIACHUE
BeIcIiero odpasoBanusi «CaHkt-IletepOyprekuii yHuBepcuTeT ['OcynapcTBEHHOW MPOTHBOIIOKAPHOM
cnyx0b1  MunuctepctBa Poccuiickoit  @exepanuu 1o einaM  TPaXKIAHCKOH  0OOPOHBI,
YpE3BBIYANHBIM CUTYALMsIM U JIMKBUJAIUN TOCIEACTBUN CTUXUUHBIX OCICTBHUI» — COBPEMEHHBIN
HAy4YHO-00pa30BaTENbHBI KOMILUIEKC, HWHTETPHUPOBAHHBIH B POCCHIICKOE U MHPOBOE HAY4YHO-
00pa3oBaTeNbHOE MPOCTPAHCTBO. YHUBEPCUTET MO PA3HBIM (GopMaM OOyUeHHS] — OUHOM, 32a09HOU
Y 3204YHOM C IPUMEHEHUEM JTMCTAHIIMOHHBIX TEXHOJIOTUI — OCYIIECTBIISIET 00y4eHHe 1Mo 25 mporpaMMam
CPEIHETO0, BBICHIETO OOpa30BaHUSA, a TaKke MOATOTOBKY CHEIMAIMCTOB BBICIIEH KBaIU(DHUKAIUH:
JIOKTOPAHTOB, abIOHKTOB, aCIIUPAHTOB, a TAK)KE OCYIIECTBISET MEPENOATOTOBKY U IOBBIIICHUE
kBauukanuu cneruanctos 6osee 30 kareropuit corpynankoB MUC Poccun.

HauanpHuk yHUBepcuTeTa — TeHEpal-JEMTEeHAaHT BHYTPEHHEH CIyXObl, KaHIUAAT
SKOHOMMYECKUX HayK UmxukoB Dayapn Hukomnaesuu.

OCHOBHBIM  HANpaBIICHUEM  JACSATENbHOCTH  YHHMBEPCUTETa  SIBIIAETCS  MOATOTOBKA
CHELMAIMCTOB B paMKax crenuanbHocTh «lloxkapHas 6e3onacHocTh». BMecTe ¢ Tem, opraHuzoBaHa
MOJrOTOBKA U IO JAPYIMM CIEIHaIbHOCTSAM, BocTpeboBaHHbIM B cuctreMe MUC Poccuu. 310
CHELMATMCThl B 00JIaCTH CHCTEMHOI0 aHalM3a W YIpPaBJIEHMs], 3aKOHOJATENIBHOIO OOecreueHus
U mpaBoBoro perynuposanus aestenbHocty MUYC Poccun, mcuxosiornd pucka M 4pe3BblUaliHBIX
CUTyaluii, OSKOHOMHYECKOW Oe3omacHocT B mnoapazaencHusx MUYC Poccun, mnoxkapHO-
TEXHUYECKOM »JKCHepTu3bl W J03HaHMA. [lo MHHOBALIMOHHBIM MporpaMMaM IOATOTOBKH
OCyILIECTBIsICTCS OOy4YeHHE CHEeIHMAIMCTOB MO crHenuanu3anusM «PyKoBOACTBO IpOBEICHUEM
criacaTtelbHBIX omepanuii ocoboro pucka» u «lIpoBeaeHne dYpe3BbIYANHBIX T'yMaHUTAPHBIX
omepaluii» €O 3HAHUEM HWHOCTPAHHBIX S3BIKOB, a TaKK€ IOJArOTOBKA CHEIUATUCTOB MJis
BOEHN3UPOBAHHBIX TOPHOCIIACATENBHBIX YAaCTEN IO CHEUANIBHOCTH «I OpHOE IEI0».

[[lupoTra HAYYHBIX WHTEPECOB, BBICOKUU mMpodeccruoHaIn3M, OOJBIION OMBIT HAy4YHO-
IIEJarOTUYECKON JIESITENIbHOCTH, BJIAaJICHHE COBPEMEHHBIMHM METOJAMHM HAYYHBIX HCCIIEIOBAHHUN
MO3BOJISIIOT KOJUIEKTUBY YHUBEPCUTETAa INPEYMHOXKATh HAy4YHbII M Hay4yHO-TIEAAroruyecKuit
MOTEHIIMaJ By3a, o0ecreynBaTh HEMPEPHIBHOCTh U MIPEEMCTBEHHOCTh 00Pa30BaTeIbHOrO MpoIiecca.
CerosHg B yHHBEpCHUTETE CBOU 3HAHUS U OIPOMHBIM OMBIT MEPEaroT: 7 3aCIy)KEHHBIX JesTenen
Hayku Poccuiickoit ®enepauuu, 11 3acimykeHHbIX pPaOOTHMKOB BbIclIed IIKoibl Poccuiickoit
@enepanun, 2 3acioyXeHHBIX topucta Poccuiickoit denepanuu, 3aciaykeHHblE H300peTaTeH
Poccuiickoit ®enepanmn 1 CCCP. TloAroToBKy CHENMaTMCTOB BBICOKOM KBATH(UKAIIMH
B HACTOSIIEE BpeMsl OCYIIECTBISIIOT 56 JOKTOPOB HayK, 277 KaHIUAATOB HayK, 58 mpodeccopos,
158 nmomeHToB, 12 akageMHKOB OTPAaCiEBBIX aKaJIeMHUH, 8 UYIECHOB-KOPPECHOHAEHTOB OTPACIEBBIX
aKkaJgeMuii, 5 CcTapmuX HAayYHBIX COTPYJHUKOB, 6 TIOYETHBIX pPa0OTHUKOB BBICIIETO
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npodeccuoHambHoro obpasoBanusi Poccuiickoit ®eneparnuu, 1 mo4yeTHblid pabOTHUK HayKu
u Texuuku Poccuiickoit denepannu, 2 nouetHsix paaucta Poccuiickoin denepannm.

B cocrase yHuBepcurera:

— 32 xadenapsr;

— VHCTUTYT 6€30MMacCHOCTH JKU3HEACATEIbHOCTH;

— VIHCTUTYT 3a04HOTO U AUCTAHIIMOHHOI'O O0YYEHHS;

— MHCTUTYT HPAaBCTBEHHO-NIATPUOTUYECKOTO U ICTETUYECKOTO Pa3BUTHSI;

— MHcetutyT npodeccuoHanbHON NOATOTOBKH;

— MHcTuTyT pa3BuTus;

— HayuHo-uccnenoBaTenbCkuii. MHCTUTYT IEPCHEKTUBHBIX MCCIIENOBAaHWN W MHHOBALMOHHBIX
TEXHOJIOTHI B 00J1aCTH 0€30I1aCHOCTH JKHU3HENESATCIIbHOCTH,

— JlaibHEBOCTOYHAS TTOXKapHO-cHIacaTebHas akageMus — punuan yausepeurera (IBIICA);

— IATh (PaKyIbTETOB: (PaKyIbTET HHKEHEPHO-TEXHUUECKUH, (PaKyIbTeT SKOHOMUKH U MPaBa,
(bakynbTeT MOAIOTOBKM KaApOB BbICIIEH KBanuUKanuM; (GakylbTeT MOKapHOW 0e30macHOCTH
(mompaznenenne JIBIICA); ¢akynpTeT AOMOTHHUTENBHOTO TpodeccHoHaIbHOro 00pa3oBaHUs
(mogpaznenenue [IBIICA).

WHCcTUTyT  0€30MacHOCTH  JKU3HENCSTENBbHOCTH  OCYHIECTBISIET  00pa3oBaTElbHYIO
JeSTeNbHOCTh IO IMpOorpaMMaM BBICHIETO O0pa3oBaHMs IO JOTOBOpaM 00 OKa3aHMM IUIATHBIX
00pa3oBaTEeNbHBIX YCIYT.

[TpuopureTHbIM HampaBiieHHEM B paboTe MHCTUTYTa 3204HOTO U TUCTAHLIMOHHOTO 00y4YEeHUs
SBJISIETCS IOJATOTOBKA KaJpOB HAYaJIbCTBYIOLIETO COCTaBa MJI 3aMELIEHUS COOTBETCTBYIOLIUX
noJbKHOCTEH B oapasaenenusx MUC Poccun.

WHCTUTYT pasBUTHS pEATHU3YeT JIOTOJIHHUTENbHBIE MPO(ecCHOHAIBHBIE IPOrPaMMBbI
[0 TOBBIICHUIO KBAIM(UKAUN U NPOPEeCcCHOHATbHON NEepenoAroToBKE B paMKaxX BBIIOIHEHUS
rocynapcrBeHHoro 3akaza MUC Poccuu 11 cOBEpIIEHCTBOBAHUS U PA3BUTHSI CUCTEMBI KaJIpOBOTO
obecrieyeHus, a TaKXkKe Ha JIOTOBOPHOIT OCHOBE.

HayuHo-uccnenoBaTenbckuii HHCTUTYT NEPCIEKTUBHBIX MCCIIEOBAHUN M MHHOBAIlMOHHBIX
TEXHOJIOTUH B 00macTu OE30MacHOCTH  KU3HENEATENbHOCTH  OCYLIECTBISIET — peaTu3alhio
roCy/lapCTBEHHONM HAyYHO-TEXHMUYECKON MOJIMTHUKH, W3YYEHHE U pEUIeHHE Hay4YHO-TEXHHUYECKHX
po6ieM, HHPOPMAIIMOHHOTO U METOIMYECKOro oOecredyeHus: B 001acTH MOKapHOH 0€30MacHOCTH.
OcHoBHble HampaBieHust gestenbHocth HWW: opranuszanmoHHoe u Hay4HO-METOJUYECKOE
PYKOBOJICTBO CYZ€OHO-9KCHEPTHBIMU YUPEKICHUAMHU (eepaabHON NMPOTUBOMOXKAPHON CIYyKOBI
MUYC Poccun; ceprudukanuss OpoAyKIMH B O0JIACTH MOXKapHOW O€30MACHOCTH; MpPOBEACHHE
UCTBITAaHUN U pa3paboTKa HayYHO-TEXHUYECKOH NMPOIYKIMHU B 00IACTH MOXKAPHOH 0€30MacHOCTH;
IIPOBEJICHUE pAcCUyeTOB IOXKAPHOIO pPHCKAa M PacueToB JWHAMUKM II0XKapa C HCIOJIb30BAHUEM
KOMIIBIOTEPHBIX ITPOTPaMM.

@akynpTeT  MHXXEHEPHO-TEXHUYECKUH  OCYIIECTBISET  MOJATOTOBKY  CIIELUAIMCTOB
no cneuuanbHocTAM: «lloxkapHast Oe3omacHocTh»  (cmenmanuzanuu:  «l[lokapoTyiieHuey,
«l"ocygapCTBEHHBIN MOXapHBIA HAaA30p», «PYKOBOJACTBO MPOBEACHUEM CIIACATENIbHBIX OMNEepaui
ocoboro puckay, «lIpoBereHrne dYpe3BbIUANHBIX T'yMaHUTApPHBIX onepanuii»), «CyneOHas
JKCIIEPTH3a», 110 HAIpaBJIEHUAM MOATOTOBKH: «CHCTEMHBIM aHadu3 U  YIpaBIICHUEY,
«TexHochepHas 6€30MaCHOCTHY.

@dakynpTeT OKOHOMUKM M  [paBa  OCYIIECTBISET  TMOJATOTOBKY  CIIELIMATIHCTOB
no cneuuanbHocTAM: «IIpaBoBoe oOecrnieueHne HalMoHanbHOU Oe3zomacHocT», «lloxkapHas
6e3onacHocThy (cnenuanuzanusa «IloxxapHas 06e30mMacHOCTb OOBEKTOB MHUHEPATIBbHO-CHIPHEBOIO
KomIuiekcay), «CyneOHas skcmepTu3a», «l'OpHOE AeIo» M MO  HampaBJICHUSM IOJATOTOBKU
«Texnocepnas 0ezonacHOCTb» U «CUCTEMHBIN aHAJIU3 U YIIPABICHHUEY.

@akynbpTeT MOATOTOBKM KaJpOB BBICHIEH KBaJIM(PHUKAIMK OCYLIECTBISET MOJITOTOBKY
JOKTOPAHTOB, a/IbIOHKTOB, aCIUPAHTOB 0 OYHOM U 3a04HON (hopMaM 00yUEHUSI.

YHUBEpPCUTET MMEET IMPEACTAaBUTENbCTBA B ropojax: Beibopr (JIeHuHrpanackas oOacTs),
Boeiterpa, T'opsumit Kmiou (KpacHomapckmii kpaif), Mypmanck, IlerpozaBojnck, Ilsturopck,
Cesactrononb, CtpexeBoii, CrIkTbIBKap, TioMeHb, Y(da; mnpeacTaBUTEIbCTBA YHHUBEPCUTETA
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3a pyoexxom: Anma-Arta (PecmmyOnuka Kaszaxcran), baky (AszepOaiimxanckas Pecmybnuka), bap
(Yepnoropwusi), r. Hum (CepOus).

OOmiee KOMMYECTBO OOYYAIOUIMXCS B YHHUBEPCHUTETE 110 BCEM CIIEHUAIBHOCTSM,
HampaBJICHUSIM TMOJATOTOBKU, CpeaHeMy oOmeMy oOpa3oBanuio coctaBiser 7 057 uyenoBek.
E>xeronnblii Beinyck coctasisiet 6osee 1 100 criennanucTos.

B yHuBepcurere nelcTByeT JBa AMCCEPTALMOHHBIX COBETAa IO 3allUTE JUCCepTalui
Ha COUCKaHWE YYEHOU CTEIICHU JJOKTOpA U KaHU1aTa HayK 10 TEXHUYECKUM ¥ SKOHOMUYECKUM HayKaM.

E>xeronHo yHUBEPCUTET MPOBOIUT HAYYHO-NIPAKTUUYECKHE KOH(PEPEHIUU Pa3IUYHOTO
ypoBHsi: Bcepoccuiickyto HayuyHO-TIpakTH4YecKyto KoHpepeHmoo «CepBuc 6e3omnacHocTH B Poccun:
OTBIT, MPOOJIEMbl U MEpPCHEKTUBB», MEXAYHAPOJHYIO HAyYHO-NPAKTHUUYECKYI0 KOH(EPEHIUIO
«I[loaroroBka KajgpoB B cUCTEME NPENYNPEXKACHUS U JUKBUJIALMHU NOCIEACTBUNA UYpe3BbIUANHBIX
cutyanuit». CoBMectHo ¢ CeBepo-3anagubiM otaeneHuemM Hayunoro Cosera PAH mno ropenwuto
u B3pbIBY, Poccuiickoil akagemueil paketHblx M aptuwuiepuiickux Hayk (PAPAH), bantuiickum
rocyapcTBeHHbIM TexHuYeckuM yHupepcutetoM «BOEHMEX» um. J[.®. YcrunoBa u Poccuiickoit
ceknuerd MeXAyHapoIHOTO WHCTHTYyTa TOpEHHs Ha 0a3e YHHBEPCHTETa IPOBOAUTCS
MexayHapoaHass HaydHO-TipakTHyeckass KoHpepeHims «KomriekcHas 6e30macHOCTh U (u3nuecKast
3amuTay. Takke YHUBEPCUTET NPUHUMAET AKTUBHOE YYacTHUE B OpraHM3alMd U MPOBEACHUU
Bceepoccuiickoro ¢popyma MUC Poccun u 001iecTBeHHBIX opranu3anuii «O011ecTBo 3a 0€301MacHOCTh.

YHUBEPCUTET €KEr0JHO NPUHUMAET Y4acTUe B BbICTaBKax, opranu3oBaHHbix MUYC Poccun
U JIpYTMMH BEIOMCTBAMHU W OpraHU3alUsMU. TpaguluOHHO OOJIBIIMM HHTEPECOM IOJIb3yeTCs
BBICTAaBOYHAsI HKCIIO3ULMS YHHMBEpCUTETa Ha MexXIyHapoJHOM CaJOHE CpEACTB OOecreueHus
6e3onacHoctu «KomruiekcHasi 6e30macHoCThY, [lerepOyprckoM MexayHapoOAHOM SKOHOMHYECKOM
dbopyme, MexnyHapoaHOM GhopyMe «APKTHKA: HACTOSIICE U OYTyIIEe».

MexnayHaponHas JeATEIbHOCTh By3a HAIpPaBJI€HAa HAa BCECTOPOHHIOK HHTErPALIMIO
YHUBEPCUTETA B MEXAYHapoJHOE 0O0pa30BaTeIbHOE NPOCTpaHCTBO. Ha cerogHsmHuii MOMEHT
YHHUBEPCUTET UMeeT 18 AeCTBYIONINX COTTIAIICHU O COTPYIHUYECTBE C 3apYOCIKHBIMHU yU4eOHBIMU
3aBE/ICHUSIMU U OpTraHU3alMsIMH, CPeld KOTOPBIX IIEHTPHI MMOATOTOBKH IOXKAPHBIX M cliacaTesen
I'epmanun, KHP, ®pannuun, Ounnsaaauu.

B yHuBepcurere 00y4aroTCSI HHOCTpaHHbBIE KypCaHThl M3 4HCIa COTPYIHUKOB
l'ocynapctBennoit npotuBomnoxkapHoi cinyk0s1 MUC Keipreizckoit Pecniyonuku u Komwutera
no upe3BbuaiiHbiM cutyanusM MBJI Pecny6nuku Kazaxcran B mpejenax KBOT Ha OCHOBAaHUU
MEKIIPABUTEIbCTBEHHBIX COTJIALIEHUN U nocTtaHoBiieHus [IpaBurenscTBa Poccuiickon @enepanun
ot 7 nekabpsa 1996 r. Ne 1448 «O moaroToBke JuIl O(QUIIEPCKOTO COCTaBa M CICIHAIUCTOB JJIs
MPABOOXPAHUTENBHBIX OpPraHOB M TAaMOXEHHBIX CIYyK0 rocymapctB — ydactHukoB CHI
B 00pa3oBaTeNbHBIX YUYPEXKACHUSX BBICIIErO IpodeccuoHanbHOro oOpa3oBaHus Poccuiickoit
@enepanun». B Hacrosiiee Bpems B YHHBEpcUTEeTe NpoxoaaT oOydeHue 30 COTpYIHUKOB
KomuTtera no upespbryaiibiM cutyarusm MBJL Pecniyonuku Kazaxcran u 15 corpynaukos MUC
Keipreizckoit PecrryOnuku.

B cooTBeTcTBUM C ABYCTOPOHHUMH COTJIAIICHUSIMU Y HUBEPCUTET OCYLIECTBISIET 00ydYeHue
M0 TMporpaMMaM TOBBIIICHHs KBamudukanuu. PerymspHo mpoxoast oOydyeHHE B YHHUBEPCUTETE
cnenuanuctel Poccuiicko-CepOCKOro TyMaHHTapHOTO IIeHTpa, Poccuiicko-apMsSHCKOTO IIeHTpa
TYMaHUTapHOTO pearupoBaHus, MexayHapOJHON OpraHu3aluu rpaxaaHckoi o6oponsl (MOI'O),
MunuctepctBa Hedptu Hcnamckoit PecnyOnuku HWpan, mnoxapHO-cnacaTelabHBIX — CIYXO
Ounnsauaun, Tynuca, Pecnyonuku Kopes u apyrux crpas.

[IpenogaBaTenu, KypcaHThl U CTYAEHTbl YHMBEPCUTETa MMEIOT BO3MOXHOCTb MPOXOAUTH
CT@)XUPOBKY 3a pyOexoM. 3a mocieiHee BpeMsi CTAXUPOBKH I TPOecCOPCKO-TIPENoaBaTeIbCKOro
cocraBa U 0OydaroluXcsl B YyHUBEpCUTETE ObLIM opranu3oBanbl B ['epmanun, Cepoun, OuniasHaN,
[IBenuu.

B yHuBepcuTeTe MMEIOTCS BO3MOXHOCTH JUISl MOBBILICHUS YPOBHS 3HAHUS AHIVIMKACKOIO
s3bIka. OpraHn30BaHO OOYUCHHUE T10 TPOTrPaMMeE JOTIOIHUTEIBHOTO MPOGECCHOHATEHOTO 00pa30BaHMs
«IlepeBomunk B cdepe mpodeccnoHaTbHOM KOMMYHHKAIIMU» CTYJEHTOB, KYpPCaHTOB, aIbIOHKTOB
U COTPYJHUKOB.
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KommbroTepHblii  mapk  yHuBepcuTera cocrtaBmsger ©Oonee 1200  emuHmm. s
nHpopManMoOHHOTO obecreueHuss 00pa30BaTEIBLHON JEATEIHPHOCTH (YHKIIMOHUPYET eIuHas
JOKaJbHast CeTh C JIOCTYIIOM B DJIIEKTPOHHYIO HH(OPMAIIMOHHO-00Pa30BaTENbHYIO Cpely
YHHUBEPCUTETA, CHpaBOYHO-MpaBoByto cuctemy «Koucynerantllimtocy, cucremy «AHTUILIATHATY.
KommnbroTepHble KiIacchl MO3BOJIAIOT OOydarommmcs paboTaTh B ceTH VHTEpHET, C MOMOIIbIO
KOTOpOi1 0OecreuynBaeTcs BBIXO/ Ha POCCUIICKUE U MEXTYHAPOIHbIE MH(POPMAIIMOHHBIE CAalThI, YTO
MO3BOJISICT 3HAYUTEIHHO PACHIMPUTH BO3MOKHOCTH Y4eOHOT0, yueOHO-METOIUYECKOT0 M Hay4HO-
METOJIMYECKOT0 Mpoliecca.

Hapacraromasi cio)XHOCTh M KOMILJIEKCHOCTb COBPEMEHHBIX 33J1a4 3aMETHO IIOBBIIIAIOT
TpeOoBaHUsI K OpraHuzanuu oOpa3zoBaTesbHOTO mporecca. CerogHss YHUBEPCHUTET peaan3yer
pOrpamMMbl 00y4eHUs C MPUMEHEHHEM TEXHOJOTHI TUCTaHIIMOHHOTO O0yYEeHHUS.

bubnuorexka yHUBEpCHTETa COOTBETCTBYET BCEM COBpPEMEHHBIM TpeOoBaHUsIM. DOHIbI
O6ubnuorekn yHuBepcuTeTa cocTaBisiioT Oosiee 350 700 3K3eMIUIIPOB JIUTEPATyphl IO BCEM
oTrpacisaM 3HaHUUA. OHM uMeT UHGPOPMAMOHHOE obecrieueHUEe U OOBEAMHEHBl B EAMHYIO
JIOKaJbHYIO ceTh. Bce mporecchl aBTOMAaTH3UpOBaHBI. Y CTaHOBIEHA OMOIMOTEYHAs Iporpamma
«Upbuc». B 6ubanoreke ocymiecTBIsSETCS ANEKTPOHHAs KHUTOBBIJada. DTO J1a€T BO3MOXKHOCTh
B KpaT4alllIie CPOKH JIOBECTH KHUTY JI0 MOJIb30BATES.

Yutanbable 3aibl (0OmMME ¥ TpodeccopcKuii) OMOIMOTEKH OCHAIIEHBI KOMITBIOTEPAMHU
¢ BeixogoMm B HMutepuer, Wurtpaner, HI[YKC wu nokambnyio cers yHuBepcutera. CosznaHa
1 QYHKIIMOHUPYET ODJEeKTpOoHHas OuOIMOTeKa, OHA MHTETPUPOBAHA C SJEKTPOHHBIM KaTaJOTOM.
B ceru Uutpaner pabGoraetr Enunas BemomcTBeHHas sJiekTpoHHas Oubnmoreka MYC Poccum,
o0benuusromas ouonuoreku cucreMsl MUC Poccun.

B Dnekrponnoit Oubnmorexke ommdpoBaHo 2/3 y4eOHOrO © HAydyHOTO (OHIIOB.
K onekrponHoit OuOmmoreke moakiatoueHbl: JlambHeBOCTOUHBIM (uiauan ©u  OubnmoTeka
APKTHUYECKOTO  cracaTtelbHOro y4deOHO-HayyHOro meHTpa «Berterpa». HWmeercs moctyn
K Ilpesunentckoit 6ubnuoreke um. b.H. Enpuuna. 3akmouenst qorosopsl ¢ DbC [PRbooks u 9bC
«Jlanp» Ha MOJIL30BaHME M MPOCMOTP Y4eOHOM M HAy4YHOH JUTEpaTyphl B 3JIEKTPOHHOM BHJIE.
Nmeercs 8 000 Touek nocryma.

B ¢dongax Oubmmorexkn HacuuThiBaerca Oonee 150 3K3eMIUISIPOB PEOKUX M LEHHBIX
u3nanuii. bubnuoreka pacnonaraer OoraTbiM (DOHAOM TEPUOAMYECKUX H3TAHUMA, WX YHUCIO
cocraBisier 8 121 sk3emmusip. Ha 2019 r., B coorBercTBUM ¢ TpeOOBaHUSIMH (enepalbHOro
rOCyJapCTBEHHOTO 00pa30BaTeIbHOIO CTaHapTa, BeiMucaHo 80 HaMMEHOBAHUMN KYPHAJIOB U raser.
Bce mocrynaromue nepuoanyecKue H3AaHHSA PacHUChIBaOTCS OuOImMorpagoM B 3JIEKTPOHHBIX
KaTtajlorax M KapTorekax. M31aHus nmepuoauvecKkoil rneyaTd aKTUBHO MCIOJIB3YIOTCS YMTATENSIMU
B yueOHOW U Hay4YHO-UCCIIEOBATENbCKON nedrenbHocTH. Ha 0asze Oubnmorekn co3gaHa
npodeccopckas 6ubnuoTeka u npodeccopckuit Kiryo Bysa.

[Tonmurpaduyeckuit IEHTp YHUBEPCUTETAa OCHAIIEH COBPEMEHHBIM THUIIOTPadCKUM
00OpyZO0BaHUEM ISl TOJHOIBETHOM MeyaTH, MO3BOJSIOMIMM 00ecreunBaTh HE TOJIBKO 3aKa3bl
Ha MEeYaTHYIO NPOAYKIHMIO YHUBEPCUTETA, HO U €IMHBIN IUIaH U3TOTOBJICHUS MeYaTHOW MPOAYKIIUU
MUYC Poccun. YHuBepcuUTEeT H3JaeT § HAyUHBIX >KypHAJIOB, MYOJIMKYIOTCS MarepHajbl psja
MEXIYHapOAHBIX U BCEPOCCUHCKHUX HAYYHBIX MEPOINPHUATHI, COOPHUKM HAy4YHBIX TPYJIOB
po¢eccopcKo-TIPenoaAaBaTeIbCcKOro  cocTaBa  yHuUBepcuTeTa.  M3maHus — yHuBepcuTera
COOTBETCTBYIOT TpeOOBaHMSIM 3aKoHOJaTenbcTBAa Poccuiickoit denmepanuun ©  BKIIOYEHBI
B DJIEKTPOHHYIO 0a3y HayuHoli anekTpoHHON 6nOIMoTexu it onpeneneHust Poccuiickoro nunaekca
HAyYHOTO IIUTHPOBAaHUS, a Takke UMEIT MexayHaponueii wuHaekc (ISSN). Haydno-
aHanuTudeckuil xypHan «[Ipobrmembl ympaBlieHHs pUCKaMU B TexHOocdepe» H IIEKTPOHHBIN
«Hayuno-ananutnueckuit xypHan «Bectnuk Cankrt-IlerepOyprckoro ynuBepcurera ['TIC MUC
Poccumn» BKIIIOUEHBI B YTBEPKICHHBIN perieHueM Beiciien arrectaiimoHHoN komuccnu «llepeyenp
PELEeH3UPYEMBIX HAYUHBIX KYPHAJIOB, B KOTOPBIX MYyOJUKYIOTCS OCHOBHBbIE HAYYHbBIE PE3YJIbTATHI
JUCCEPTALlM HAa COMCKAaHWE YYCHOW CTENEHU KaHJAuJaTa HayK, Ha COMCKAaHHUE YYEHOM CTEIECHHU
JOKTOpa HAYK».
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KypcanTsl yHuBepcHTeTa MPOXOIIT 00yueHHe Mo MporpaMme MepBOHAYAIBHOM MMOJrOTOBKU
criacarelien.

Ha 6asze Cankr-IletepOyprckoro yHuBepcuTeTa [ OCyIapCTBEHHON TPOTUBOMOXKAPHOM
cimyx061 MUC Poccun 1 urons 2013 r. otkpeiT KageTckuii moxapHo-criacaTeabHbIH KOPITYC.

Kagerckuii  mokapHO-cracaTelbHbIA ~ KOPIIYC ~ OCYIIECTBJISIET  MOATOTOBKY  KaJeT
10 0011e00pa30BaTENbHBIM [IPOrpaMMaM CPEAHEro OOLIEro 00pa30BaHUsI C YyUETOM JONOIHUTEIbHBIX
o0pazoBarenbHbIX MporpaMM. OCHOBHBIE OCOOCHHOCTH JIESITEIFHOCTH KOPITyCa — HHTEIICKTYAIbHOE,
KyJIbTypHOE, (U3MYECKOe M AYyXOBHO-HPAaBCTBEHHOE DPAa3BUTHUE KaJeT, UX aJanTalus K >KU3HU
B OOIIECTBE, CO3/IaHME OCHOBBI JUISI MOJATOTOBKM HECOBEPIICHHOJETHHX TPAXIAH K CIYKCHHUIO
OreuecTBy Ha TMOMNPHUIINE TOCYJApPCTBEHHOM Tpa)XJaHCKON, BOCHHOMW, MPaBOOXPAHUTEIHLHOM
Y MYHHIIHUIIATBHOM CITY>KOBI.

B yHuBepcutere Oosblloe BHUMaHMe yaensercss crnopry. Komawzapl, cocrosiuue
U3 NpenojaBaTelieil, KypCaHTOB U CIIYIIATEJIEeH, — IOCTOSHHBIE YYACTHUKH PA3JIMYHbIX CIIOPTUBHBIX
TYpHHUPOB, MPOBOAMMBIX Kak B Poccun, Tak u 3a pyOexxom. Ciymiarenn U KypcaHThl YHUBEPCUTETA
SBJISIIOTCA WwieHaMu cOopHbIX koMan 1 MUC Poccun o pa3nuyHbIM BUAAM CIIOpTAa.

JlesaTenbHOCTh KOMaH/bl YHMBEpPCHTETa [0 HoXapHo-npukiaaHomy crnopry (IIIIC)
BKJIIOYAET B ce0sl yyacTue B uemnuoHarax Poccuu cpenu By30B (3UMHUM U JIETHUI), B 30HAJIBHBIX
COpPEBHOBaHMSIX M yemnuoHare Poccuu, a Takxke NpoBefeHUEe Oecel U KOHCYIbTALUM, OKa3aHUE
MIPaKTUYECKON MOMOILIM IOHBIM IMOKapHBIM KaJeTaM U cIlacaTesssM IpHU MPOBEACHUU TPEHUPOBOK
o T1I1C.

B yHuBepcutere co3pgaH crnopTUBHBIN Ki1yO «HeBckue JIbBbI», B COCTaB KOTOPOI'O BXOMST
KOMaHZbl 10 IOKapHO-NPUKJIAJHOMY W  aBapUIHO-CIACATEIbHOMY  CIIOPTY, XOKKEIO,
amepukKaHckoMy ¢yTOoiy, Boneiibonry, 6ackerdory, CHIOBBIM eanHOOOpcTBaM W 1p. B cocrase
COOpHBIX KOMaHJl YHUBEPCUTETA — YEMITMOHBI U MPU3EPbl MUPOBBIX MEPBEHCTB U MEXTYHAPOIHBIX
TYPHUPOB.

KypcaHTel M ciaymarenn HMMEIOT IPEKpacHble BO3MOYKHOCTH I TIOBBIIIEHUS CBOErO
KYJIbTYPHOTO YpPOBHS, Ppa3BUTHSI TBOPYECKUMX CIOCOOHOCTEM B CO3JaHHOM B YHUBEPCHUTETE
WNHcTUTYTE HPaBCTBEHHO-NIATPHOTHYECKOIO M ICTETUYECKOTO pPa3BUTHA. TBOpPYECKHI KOJIEKTHUB
YHUBEPCUTETA NMPUHUMAET aKTUBHOE y4acTHE B BEJOMCTBEHHBIX, TOPOJICKMX M YHUBEPCUTETCKUX
MEPOIPUATHSIX, HAIPABIECHHBIX HA JCTETHMYECKOE M MAaTPUOTHYECKOE BOCIUTAHHME MOJOIEKH,
a TaK)Ke 3aHMMAaeT MPHU30BbIE MECTa B KOHKYpCaX, IPOBOJAUMBIX Ha YPOBHE YHMBEpPCUTETA, TOpPOJa
u MUC Poccun. Ha xaxxoM Kypce opraHu3zoBaHa paboTa MO CO3JaHHIO M Pa3BUTHIO TBOPUYECKHX
OOBEIMHEHUN 10 pa3IMYHBIM HANpaBICHUSIM: CTYIUSl BOKaja, CTYAMsS TaHIEB, KIy0 BeCebIX
Y HaxXOMuMBBIX. /sl KypCcaHTOB U CTYAECHTOB JIEHCTBYET CTYIUsI OPATOPCKOrO UCKYCCTBA, KOMaH/1a
TEXHUUYECKOI0 00ecreueHus, JyXOBOIl OpKeCTp.

Ha tepputopun yueOGHOro 3aBeieHust coszjnaercs Mmyseil ucropuu Cankt-llerepOyprckoro
yauBepcurera I'TIC MYC Poccun, B koropoMm oOydarouiuecs U COTPYAHHMKH, a TaKkKe TOCTH
YHUBEPCUTETa CMOTYT TO3HAaKOMHUTBCS CO BCEMM 3TalaMM CTAHOBJICHMS Y4EOHOTO 3aBEJCHHUS —
OT KYPCOB MOKapHbIX TEXHUKOB /10 YHUBEPCUTETA.

B Cankr-IlerepOyprckom yHuBepcutere ['oCcyqapCTBEHHOH HPOTHBOMOXKAPHOU CITYKObI
MUC Poccuu co3manbl Bce yCIOBUSA TSI TTOATOTOBKH BHICOKOKBATH(UITMPOBAHHBIX CIEIIUATHCTOB
Kak Juig ['ocyaapcTBEeHHOM MPOTHBOIIOKAPHOM Ci1yk0bI, Tak U B 1ienoM 1t MUC Poccun.
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THEORY AND PRACTICE OF FORENSIC ENQUIRY

PRACTICAL APPLICATION OF THE METHOD OF DETECTION
OF INCENDIARY COMPOUNDS

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

The article highlights the issues related to the methods of expert research and detection of incendiary
compounds used in arson, x-ray spectral microanalysis using an electronic scanning microscope. An example
of practical application of scanning electron microscopy and solving a private expert problem of fire-
technical expertise in the detection of incendiary compounds is given.

Keywords: incendiary compositions, fire investigation, scanning electron microscopy, Xx-ray spectral
microanalysis, arson

Arson is a fire as a result of deliberate or careless actions, they are the most dangerous and
often cause a fire. VVarious substances and mixtures of substances called incendiary compounds can
be used for arson.

Incendiary compositions (IC) are specially selected combustible substances or mixtures
of substances capable of igniting, causing fires and explosions with the release of a large amount
of thermal energy released during their combustion.

At expert research after the fire of the remains of 1C two problems are solved:
— detection at the site of the fire of the remains of IC;
—analysis of the chemical composition of the detected compounds.

There are a number of instrumental methods for determining the detection of traces
of incendiary compositions-elemental analysis, x-ray phase analysis, IR spectroscopy, ion
chromatography.

For each method, a thorough sample preparation is required:

— grinding (so for x-ray phase analysis, the particle size of the analyzed substance should
be of the order of 1-10 microns);

— separation (in case of mixing with particles of the carrier object);

— extraction, etc.

X-ray spectral microanalysis using an electronic scanning microscope allows to determine
the elemental composition directly on the object under study at a certain point, i.e. without
preliminary sample preparation.

From the point of view of fire investigation, the key feature of scanning electron microscopy
methods is the ability to simultaneously record both images and local elemental composition of objects.

The main mass of incendiary compositions includes strong oxidizers and a highly oxidizable
substance. Oxidants can be oxides of iron, copper, zinc, silicon, since the reaction of the fuel with
them is to restore a pure metal or non-metallic element. Also widespread are peroxides of alkaline
and alkaline earth metals: Na202, BaO2, KO2. Oxidants can also be halides, sulfides, chlorates,
permanganate, perchlorates [1]. Methods of elemental analysis to detect chlorates, perchlorates and
their residues is quite difficult. Unreacted potassium permanganate, sodium, well soluble in water
and can be washed off when extinguishing [2].

Active metals — reducing agents (powdered magnesium, aluminum, titanium) are used
as combustible substances in IC. Inorganic substances, including elements such as sulfur, carbon,
and red phosphorus, also act as a reducing fuel.

The substances used to initiate burning with arson, in most cases change its original state,
forming new compounds (table 1).

54



Table 1. Components of IC and products of their change, which can be detected at the fire site

Components of IC The products of chemical changes
Oxidants
Nitrates KNO;, NaNOs;, NH,NO;, Ca(NOs),, Sr(NO3),, | K+, Na+, Ca**, Sr**, Ba™, NO*,OH"
Ba(NO3),
Permanganates (KMnO,) K*,Mn”*,MnO,, Mn,05
Chlorates (KCls), bromates (KBrOs), iodates (K105) K*, CI,Br, I
Perchlorates (KCIO4,NH,CIO,) K*, CI', NH,*
Chromates and bichromates (K,CrO,, K,Cr,0-) K* cr¥, crio’
Peroxides and peroxides (Na,O,, BaO,, KO,) K* Na*, OH’, Ba*
Mineral acid (H,SO,, HNO5) S0,%, S”, NOz, NO,
Fuel
Active metals (Na, K, Ca, Mg, Al) Mg”*, AI*, MgO, Mg(OH),, Al,O;, K*, Na*, OH’, Ca**
Other substance (S, P) S0,”,PO,”, H'

The remains of the IC can be found both in the hearth of the fire and in the immediate
vicinity of it. The study by x-ray spectral microanalysis, in order to identify the elements that make
up the IC, is based on a comparison with the «reference» sample [3].

As an example, consider a fire that occurred in a Parking lot.

Damaged (melted) and undamaged metal fragments of alloy wheels were presented for the
study. It was necessary to determine the presence of incendiary compounds on the submitted
samples. To determine the elemental composition, the method of x-ray spectral microanalysis using
a scanning electron microscope was used. To confirm the elemental composition, mapping was
carried out — obtaining maps of the distribution of chemical elements by area on the studied
samples. The result of the elemental analysis is presented in tables 2, 3.

Table 2. Elemental composition of the surface layers of an intact disk (object of comparison)

Element Line Mass fraction, % o mass fraction, %
Al K_SERIES 86,97 0,24
Si -1 - 13,03 0,09

Table 3. Elemental composition of molten wheel surface layers

Ne Chemical elementmass fraction , %
viewpoint | npy | Al Si S | ¢ | K | ca| Ti | Fe | zn | Subtotal
1 1,81 | 64,32 | 27,77 | 1,10 | 1,31 - 2,89 - 0,31 | 0,48 | 100,00
2 2,72 | 61,30 | 28,50 | 1,01 | 1,60 - 2,20 | 1,10 | 1,05 | 0,52 | 100,00
4 1,64 | 63,32 | 30,20 | 1,06 - 0,24 | 2,24 - 0,61 | 0,69 | 100,00
5 1,76 | 63,15 | 29,01 | 0,94 | 0,40 | 0,19 | 3,49 - 0,44 | 0,47 | 100,00
6 2,15 | 63,23 | 29,79 | 1,15 | 0,57 - 2,18 - 0,43 | 0,48 | 100,00
7 1,86 | 63,43 | 30,54 | 1,03 | 0,44 - 2,00 - 0,32 | 0,37 | 100,00
8 0,95 | 65,46 | 31,75 - - - 051 | 0,65 | 0,23 | 0,45 | 100,00
9 1,41 | 62,08 | 31,24 | 0,48 | 0,50 | 0,35 | 0,52 | 2,80 | 0,32 | 0,30 | 100,00
10 1,27 | 67,10 | 29,24 | 0,19 - - - 2,03 - 0,17 | 100,00

Table 1 shows that the comparison sample is made of an alloy of aluminum and silicon,
I.e. itis silumin [4].
On the surface of the molten disk fragment, chemical elements that were not in the

55



comparison sample were found: magnesium, sulfur, potassium, chlorine, calcium, titanium, zinc
and iron (table 2). The presence of these elements indicates the possible use of their chemical
compounds in the composition of the IC.

Photol. Map of distribution of chemical elements in the sample comparison
— aluminum
—silicon

Photo 2. Map of the distribution of chemical elements on a fragment of a molten wheel disc
—aluminum

—silicon

— magnesium
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On the resulting map of the distribution of elements of the comparison sample, the main
element constituting the matrix is aluminum. On its surface there are inclusions of silicon, which
is evenly distributed over the surface of aluminum (photo 1). Magnesium inclusions are present
on the surface of the molten disk fragment (photo 2).

According to elemental analysis, among the detected elements there is a chemically active
metal magnesium, which is a combustible substance in the IC [5].

In the literature [6] it is noted that from a mixture of easily oxidizable metals (powder
magnesium or aluminum) with a strong oxidizer, such as potassium perchlorate, so called «flash
powders» are made. They give an intense flame with almost instantaneous combustion. For the
ignition of these mixtures of sufficiently low energy in the form of sparks or frictional heat, and the
temperature during combustion can reach up to 3 000 °C.

Thus, already at the initial stage of the study, without special sample preparation, objects
removed from the fire site can be analyzed by x-ray spectral microanalysis for the presence in its
composition of the elements that make up the basis of the IC. The ability to register the local
elemental composition of the object allows you to simplify the study of residues of IC.
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SUPERVISORY ACTIVITY

POSSIBILITIES OF APPLICATION OF METHODS OF VECTOR
OPTIMIZATION IN MANAGEMENT OF EFFICIENCY OF ACTIVITY
OF SUPERVISORY BODIES OF EMERCOM OF RUSSIA

A.N. Makarenko; P.V. Elizarov; O.V. Votenok; O.S. Yuntsova.
Saint-Petersburg University of State Fire Service of EMERCOM of Russia

The questions of application of methods of vector optimization in management of efficiency
of activity of Supervisory bodies of EMERCOM of Russia, an assessment of efficiency and efficiency
of bodies of Supervisory activity of EMERCOM of Russia taking into account changes of the legislation
in this area are considered.

Keywords: efficiency, activity management, progress, method, vector optimization

Currently, the quality of the tasks in the EMERCOM of Russia is largely determined by the
human factor. Starting in 2018, the Ministry of emergency situations of Russia began the
reorganization of the activities of the State fire supervision bodies, which implies optimization at all
levels, starting with the posts of inspectors.

At the moment, indicators have been developed that reflect the effectiveness and efficiency
of the state fire supervision bodies [1], but, at present, there are no indicators to assess the
effectiveness and efficiency of officials of the Supervisory bodies of the EMERCOM of Russia.

Periodic assessment of the effectiveness of the Supervisory bodies of the EMERCOM
of Russia is an important incentive to improve the performance of the function of supervision
of the inspection staff, as well as the implementation of mandatory requirements in the established
field of activity [2].

The activities of employees of the state fire supervision are aimed at achieving important
results — reducing by 2025 injured, injured, as well as the number of deaths as a result
of emergencies, fires and damage from destructive events by at least 30 %.

Considerable attention has always been paid to the development of approaches and
methodologies for assessing the activities of SFS bodies.

In order to improve the activities of the state fire supervision authorities it is necessary
to solve many problems:

— standardization of methods of work in Supervisory activities with different categories
of personnel;

— introduction of automation of various procedures with the use of innovative technologies
in the control system of the SFS;

— development and application of mechanisms and techniques to improve the management
of SFCS bodies;

— creation in EMERCOM of Russia of system of ensuring SFCS of the tasks facing
EMERCOM of Russia based on scientifically-proved developments of improvement of supervising
activity;

— improvement and creation of the most optimal regulatory framework.

According to the Federal law of 21.12.1994 Ne 69-FZ «On fire safety» [3] the Federal state
fire supervision is the activity of authorized Federal bodies of Executive power, bodies of Executive
power of subjects of the Russian Federation and their subordinate state institutions, exercising
transferred powers to prevent, detect and suppress violations of fire safety requirements established
by law.
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Evaluation of the effectiveness and efficiency of Supervisory activities is determined
by reducing the level of damage (harm), the possibility of ensuring its termination or liquidation,
as well as achieving the optimal distribution of labor, material and financial resources of the state.

The problem of effective activities of the State fire supervision remains relevant today. Its
solution in the system of EMERCOM of Russia is expected to be carried out on the basis of further
automation of the activities of state fire supervision with the use of innovative technologies.

The organization and implementation of the activities of the SFCS bodies is carried out
on the basis of the plan.

A plan is a document that establishes a list of planned activities, their sequence and scope,
as well as the responsible executors, the resources allocated to them and the time frame.

Soundness, specificity, effectiveness and efficiency are essential requirements for plans.

According to the Order of the Government of the Russian Federation of 17.05.2016 Ne. 934-R
approved the basic concepts of efficiency and effectiveness of control and Supervisory activities [4]:

— the effectiveness of state control (supervision) and municipal control-the degree
of achievement of socially significant results of state control (supervision) and municipal control,
expressed in minimizing the harm (damage) to legally protected values in the relevant field
of activity (hereinafter-the effectiveness of control and supervision);

— efficiency of the state control (supervision) and municipal control — degree of elimination
of risk of causing harm (damage) to the values protected by the law taking into account the used
volume of labor, material and financial resources, and also level of intervention in activity
of citizens and the organizations (further — efficiency of control and Supervisory activity).

The system of management of SFCS bodies is structured, its activity is carried out
on the basis of subordination of the lower SFCS bodies to the higher ones.

_______________________________________

Department of supervision and preventive work ' Department of force readiness and special fire |
of EMERCOM of Russia i protection i
i) R EMERCOM ofRussia__________ '

Department of supervision
and preventive work
Main departments of EMERCOM of Russia
by subjects of the Russian Federation

11 it

Departments (offices, inspections) of | | pepartments (offices, inspections) of Departments (Department)

supervision and preventive work of the state fire supervision of territorial object GPN, special and

cities (districts) of the subjects of the | | givisions of FPS (groups of FPS) in military units of the FPS
Russian Federation subjects of the Russian Federation

Fig. 1. Structure of Supervisory bodies of EMERCOM of Russia

The presented system is not sufficiently effective, as in the process of development and
decision-making in the management system of the SFCS, the following contradictions may arise:

— between the need to constantly reduce the time to prepare a decision and the increasing
responsibility for its adoption;

— between the need to increase the responsibility of the decision-maker (hereinafter DM) and
SFCS bodies for their decisions and the need to eliminate subjectivity in the decision-making
process;

— between the need to improve the validity and legality of the decision and the need to improve
the speed of its adoption;

— between the needs of DM and SFCS bodies in effective means of information support.

59



The resolution of these contradictions is the basis of scientific and technological solutions.

In the process of management, there are constantly situations when managers at different
levels are faced with the need to choose any of several possible options for action.

Development and decision-making are the main process in the work of the Manager, who
determines all the alternatives to the management process, namely the final result of his activities.

Making a conclusion on decision-making in a different kind of purposefulness of human
activity, it is easy to identify a number of conditions to the properties of methods that reflect the
decision-making process.

All vector optimization methods can be divided into five groups [5].

1. Methods whose structure consists of formalization (mathematical programming problems).

2. Methods whose structure consists of ordered criteria and their rational application.

3. Methods, the structure of which consists of the application of grouped judgments for
the qualitative evaluation of various criteria.

4. Methods, the structure of which does not contain the application of grouped judgments for
the qualitative evaluation of various criteria.

5. Methods, the structure of which is to use the processes of the life cycle of the system
(structuring and adaptation) in the selection of optimal solutions.

The methods are arranged in order of increasing their probabilistic aggregates (classification
feature-the unity of achieving the concept of nonconformity).

The first and second group of methods do not fully implement the concept of inconsistency
(consistency).

The third group of methods is very effective (practical in application), but it is rarely
possible to find a justification and create an appropriate principle.

The fourth group of methods is characterized as the most productive, because it takes into
account the optimal work of the decision-maker (hereinafter DM) in the study of criteria.

The fifth group of methods defines new directions in the field of vector optimization and
finds implementation in developing management systems.

The problem of multicriterial optimization is that there are many valid solutions XeW
not always related and contradictory.

To evaluate competing solutions by different criteria, limit values (constraints) are mapped
in a multidimensional vector space.

Based on vector estimates, the most effective (optimal) solution is chosen:

y=f) >optim

The choice of the optimal solution is associated with the development of ambiguities, which
are formed due to the emergence of a number of alternatives. This ambiguity is categorical. There
is only one solution for equalization: applying the decision maker's priority structure
(i.e., individual data).

The method must determine the true process of human thought. It should be noted that
science, which is at the base of the system, cannot absolutely replace the intellect and skills
of a person in the field of interpretation of the real world

The method should be a single existing concept for decision-making, suggesting to make the
decision — making process on the flow.

The method should serve as a universal systematic basis for decision-making, allowing you
to put the decision-making process on stream. (Instead of brainstorming, planned spontaneously and
without a conceived plan, to achieve a clear scenario, to achieve a clear way of forming views
on decision-making in different directions of the process.)

The method should recognize and solve the problem associated with decision-making,
taking into account the actual difficulties and other problems. | would like to emphasize that the use
of generally accepted conceptual methods is unacceptable without any assumptions that facilitate
the situation.
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The method must allow for those individual possibilities that, very often, there are many
judgments, as well as many directions of decision-making. In the system of forming a single
judgment, various kinds of contradictions can arise. Therefore, for a concrete result, the means
of reaching an agreement are needed.

Therefore, the structure of numerical distribution (prioritization) of all possible alternatives
is important to ensure clarity. (The ability to «be aware» of numbers is the uniqueness of the human
mind.) This leads to the formulation of the problem when making decisions.

The method should allow for a rational and clear way of analyzing different decisions.
Otherwise, the decision-making process may well be considered non-specific and its existing
potentials may not be realized.

To solve complex structured problems, the most suitable method of hierarchy analysis
(hereinafter MHA), implemented by a scientist from America, Thomas L. Saati [5].

The method is based on the decomposition of the problem into simpler and simpler elements
and the forthcoming development of combinations of statements of the decision-maker by paired
comparisons. In the process, a quantitative assessment (intensity) of the relationship of elements
in the hierarchy will be possible. Further, these assumptions are characterized quantitatively. MHA
would keep the combined operation of a plurality of claims, acquisition of preferences, of principles
and to identify relevant solutions.

MHA consists of the following stages:

1. Problem statement and definition of desires.

2. Building a hierarchy (goals, criteria, alternatives).

3. Construction of sets of matrices of pair comparisons for all lower levels on one matrix for
each element of the level located at the top.

4. Checking the ordering index of each matrix.

5. Use hierarchical synthesis to evaluate its vectors by weights of alternatives (criteria) and
find the sum over all provided estimated elements of the eigenvectors of the hierarchy level below.

Since Supervisory authorities are a complex structured system, MHA is the most suitable for
solving problems at different levels of this system. Because hierarchy is a certain type of system
based on the proposition that all components of a system can be combined into chaotic sets.
The components of each set are located under the influence of the elements of a separate well-
defined series and, to a greater extent, affect the elements of another series. In MHA, the elements
in each row of the hierarchy (level) are independent.

By analyzing various performance indicators and applying various multi-criteria methods
based on solving complex problems in management decision-making, the hierarchy analysis method
can improve the efficiency of management of Supervisory bodies of the Ministry of emergency
situations of Russia.
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ABOUT SOME QUESTIONS OF APPLICATION OF INFORMATION
TECHNOLOGIES AT EXECUTION OF THE STATE FUNCTION
ON SUPERVISION IN EMERCOM OF RUSSIA

A.l. Bobrov; S.A. Konchakov.

Academy of State fire service of EMERCOM of Russia.

T.A. Kuzmina.

Saint-Petersburg university of State fire service of EMERCOM of Russia

The approaches to optimization based on the target function and criteria of surveillance
activities (RAID activities) with the use of unmanned aircraft in conjunction with new information
technologies (photo-recording, data transmission, detection of violations using the theory of pattern
recognition) are considered, a block diagram of the organization of surveillance flights, options for
specifying routes are proposed. The centralized application of webinars for preventive work
is proposed. It is proposed to apply a database management system for storing questionnaires
in a relational database with an additional field for storing photographs.

Keywords: fire safety, Federal state fire supervision, unmanned aircraft, surveillance flights,
webinar, questionnaire

The need for the application (implementation) of new approaches to organization and
oversight of regulated activities [1], by the same governing document to determine the priority
of preventive measures, one of the indicators of the state system of fire safety is the share
of preventive activities in the aggregate amount of Supervisory activities and development
of measures for optimization (efficiency) of the Federal state fire supervision, departmental fire
control by improving the forms and methods of oversight, that, in turn, requires improvement of the
regulatory framework for fire safety, amendments to [2] (proposals discussed in this article).

The authors analyzed the existing solutions for automation of Supervisory activities in the
EMERCOM of Russia, identified the factors of the internal environment of the object of analysis,
environmental factors (SWOT-analysis approaches were applied), this approach determined the free
choice of the analyzed elements, it was used for operational evaluation and for strategic planning
for a long period.

In [4] the procedure of road inspections by employees of the Federal state fire supervision
and output inspections are requested for inspection to use unmanned aircraft (unmanned aircraft
systems) which will significantly improve the effectiveness of Supervisory activities due to the
increase in inspectable areas, speed.

The subject of RAID in [4] is fixed priority approaches to identify impending violations
(also signs of violations) in the field of fire safety in regard to cleaning of the territory adjacent
to forest areas of dry grass, moist wood, the remnants of timber, accumulations of household and
industrial waste, the presence of firebreaks (linear plots, the last mechanical treatment of soil),
ditches, etc., the identification on the territory adjacent to forest areas illegal building structures,
storage of combustible building materials, compliance with the procedure established in [3] for the
use of open fire (bonfires), control of transport accessibility of sources of external fire-fighting
water supply.

The best way (for the target function based on the developed criteria: cost-time performance
of inspections, costs, financial resources, reduce damage from fires through early detection
of violations) and the most quick external visual inspection of buildings is the use of unmanned
aircraft fixed wing (aircraft type) (figure 1), the article used images of aircraft available on the
websites of domestic producers.

When using an unmanned aircraft, the subject of RAID surveillance inspections can
be expanded to the organization of control over compliance with fire safety requirements in terms
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of: detection in the territories adjacent to the objects of protection of containers with flammable
liquids and gases, the content of external fire escapes in a usable state, the content of pits
of basement floors, the state of fire-fighting tanks (sources), entrances to them, control of the
normative distance from the objects of protection when the owners burn dry grassy vegetation, use
of fire-prevention distances between objects of protection for warehousing, Parking of transport and
other, cluttering of passages (departures), control of cleaning of combustible materials of security
zones of the Railways, warehousing of dry animal forages on safe distances and other violations
of requirements of fire safety which can be revealed during visual inspection from height of flight
of the aircraft.

ZALA AERQ GROUP
ELCTTANOTMBE CHCTEMS =y

Fig. 1. Unmanned aircraft with a rigid wing (aircraft type)

An approximate block diagram of the organization of Supervisory flights is shown in fig. 2.

The organization of supervisory flights using an
unmanned vessel includes

—>| 1. making desicion

2. formulation of the target

3. planning of flight ]

| 4. flight preparation

5. preparation of controls and meteorological condition}

Fig. 2. Unmanned aircraft «aircraft type»

A necessary element for fixing violations of fire safety requirements is a coordinate
reference to the geographic information system using navigation systems «GLONASS», «GPS»,
photo fixation, timely data transmission via digital wireless protocols.
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Also processing large volumes of video will require the development of special software for
automated detection of violations of fire safety requirements based on the theory of pattern
recognition is quite complex and promising scientific research direction in the terms of reference for
the development of this system should contain a requirement for the ability of self-learning system,
in which the accuracy of detection of violations of fire safety requirements increases with each new
pass over the object of protection.

Technology job routes detour the specified area (subject) is quite well developed in the
literature, for example — is described in detail in [5], a well-known ring-closed route detour the
specified area (figure 3), flights around the specified bands, fly a given sector, the method
of asiawide to the specified object and fly-around inspection of the linear object (this method can
be applied in the control purification from flammable materials protected zones of transport
communications adjacent to forests areas).

Fig. 3. Circular closed route of flight of a given area

When identifying violations of fire safety requirements, it is possible to issue a warning
about the inadmissibility of violation of fire safety requirements in accordance with Annex Ne 15 [6],
but in case of gross violations of fire safety requirements, the authors propose to consider amending
the note to article 1.5. [2], having provided responsibility of owners of the land plots, real estate
objects (at fixing of violations of fire safety by unmanned aircrafts). This decision will dramatically
increase the productivity of employees of the Federal state fire supervision, will apply
administrative measures to the owners of plots obtained using interdepartmental electronic
interaction data.

Our century is characterized by increased productivity through the use of new information
technologies. Quite often, the departments of supervision and preventive work perform the state
function of overseeing the implementation of fire safety requirements in several municipalities,
geographically located at considerable distances, which complicates preventive work.

It is proposed (as an additional solution), together with traditional forms of preventive work
in the field of fire safety, to use information technology-webinars with certain categories of citizens,
officials for remote work on bringing the basic requirements of violations entailing serious
consequences (including-using colorful presentation materials), in the form of interactive online
seminars.

To get to the training or seminar on fire safety, it is enough to have a computer (modern
phone) with a network connection, if the listener does not have the physical ability to attend the
seminar online, modern technologies allow you to place a recording of the seminar on a network
resource with the possibility of subsequent viewing. Wide introduction of webinars in preventive
work in the field of fire safety will allow to accumulate a significant base of video materials for
various target audiences.

The authors propose to automate the process of storing and processing questionnaire data [7]
in the departments (departments) of Supervisory activities and preventive work of the EMERCOM
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of Russia. Difference from downloadable (with the ability to store data) on the portal
https://proverki.gov.ru is that the data schema is supplemented by a field of type «OLE» for storage
of photographic materials (it is possible to store any other data formats, including text).

The approximate structure of the data organization according to Annex 1 [7] is shown in fig. 4.

L )

Fig. 4. Data scheme according to Appendix 1 [7]

Application of the database management system will allow the user (inspector) to apply all
the built — in potential of the system: to create reports on the required form, to make a selection
on several objects, to apply data filtering, sorting, to create complex (with conditions) queries in the
built-in structured SQL language, to create button forms and much more, including-internal user
interfaces.
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FIRE SAFETY OF TRANSPORT AND INFRASTRUCTURE

IMPROVEMENT OF FIRE SAFETY SYSTEMS OF AUTOMOBILE
TRAINS IN THE RUSSIAN FEDERATION

S.V. lInitsky; D.V. lInitskaya; I.L. Skripnik.
Saint-Petersburg university of State Fire Service of EMERCOM of Russia

The article deals with the issues of fire safety in the operation of road trains in the territory
of the Russian Federation. The analysis of the occurrence of fires in transport, concerning road trains and
the degree of occurrence of dangerous consequences for the life and health of road users, as well
as in the Parking or storage of goods.

Keywords: automobile train (road train), traffic, fire safety, fire danger

A road train can consist of both freight trailers and semi-trailers and passenger trains.
On the territory of the Russian Federation, trams, as well as buses and trolleybuses with so-called
«harmonicas» can act as passenger road trains. The main distinctive feature of the road train is the
connection of all sections by a flexible joint. The number of such sections can reach 5-7. In Russia,
the most that can be seen is a road train with three sections. In the West, for example, in Australia,
the average number of sections in road trains is 4-5 semi-trailers. Also, an important feature
of the definition of a road train in Russia is the difference between the license plates of a tractor and
a trailer or semi-trailer.

Road trains have their own internal classification by type of trailers or semitrailers:

— tent;

— refrigeration;

— car transporter;

— containerized.

The length of the road train in Russia is regulated by the rules of the road, paragraph 23.5.
Transportation of heavy and dangerous goods, the movement of the vehicle, dimensions of which
with a cargo or without it exceed width 2,55 m (2,6 m for refrigerators and isothermal bodies),
height 4 m from the surface of the roadway length (including one trailer) 20 m, or the movement
of the vehicle with load projecting beyond the rear point of the clearance vehicle more than 2 m,
and also the movement of road trains with two and more trailers is carried out in accordance with
special rules [1, 2]. If we proceed from this paragraph of the rules, the length of the road train
should not exceed 20 meters. With that, the length of the tractor and trailer separately should not
be more than 12 meters. But this does not mean that trains longer than 20 meters are not allowed
to travel on the roads of our country. Just for the movement of longer road trains requires special
permission, but in any case, the length of a single vehicle (for example, a van) can not be more than
12 meters. Always remember that the length of the trailer is measured together with the hitch. that
is, when a long truck is 8 metres long trailer of 12 meters, and the coupling device is 1,5 meters,
the length of the total composition is equal to 21,5 meters, which is contrary to the rules of the road
and requires a special permit for cargo.

The main advantage of road trains is that it is a multi-link combined vehicle. Road trains
consist of: a tractor («motor vehicle») and a trailer (trailer road train). Road train is a convenient
solution for transportation of relatively light, but bulky goods, such as food, packaging, insulation,
packaging.

The length of the road train in Europe should not exceed 18 meters, this is the total length
of the entire rolling stock. At the same time, the length of the semi-trailer itself is limited in Europe,
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it can not exceed 12 meters. The weight of a road train with 5 or more axles in Russia cannot
exceed 40 tons. This restriction applies in General to any vehicle and spelled out all in the same
paragraph of the rules 23.5. In this rule there are exceptions, for example for container ships, with
a 40-foot container, the maximum weight of such a road train cannot exceed 44 tons.

Figure 1 shows examples of possible types of freight trains that can be found on the territory
of the Russian Federation and abroad.

Fig. 1. Truck train types

Statistics from the last five years show a steady increase in motor vehicle fires (picture 1).

Statistics of fires on vehicles
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Fig. 2. Statistics of fires on vehicles

Regardless of the purpose and type of road trains, they can not be separated from a separate
group for accounting for fires, taking into account the causes of fire, since such causes are
characteristic of all vehicles. What you should do in fact is primarily seen from the point of view
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of possible threats to the life and health of people in the case of passenger trains and the threat
of material damage in case of freight trains, as well as the Parking of trucks.

Currently, there is a quantitative and qualitative growth of the vehicle fleet. Motor transport
has new energy-intensive equipment, more and more high-octane gasoline and gas fuel are used, the
modes of operation of transport are tightened. Meanwhile, the technical level of means of protection
of cars from fires, in recent decades, has not changed and is based on only one method — a fire
detection by a human driver and extinguishing a fire with a manual fire extinguisher.

However, the use of manual fire extinguishers in extinguishing fires on vehicles can not
ensure the fulfillment of the above conditions-to detect and extinguish the fire at an early stage.

The main reasons for the low efficiency of this method method are:

— late detection of fire and, as a consequence, the development of fire to Il and 11l stages;

— the need to open the hood-leads to a sharp increase in the intensity of combustion Gorenje;

— high probability of failures in the manual fire extinguishers available to drivers (constant
vibration and shock loads, temperature differences, high humidity, etc.);

— weak skills of most drivers to work with fire extinguishers;

— the possibility of errors in actions in connection with a stressful situation (a car fire
developing in an unpredictable scenario).

It follows from this that there is a need to create a modern regulatory framework regulating
the issues of fire protection of vehicles [3]. At the same time, it is necessary to conduct research
on the development and application of new and existing means and systems for detecting and
extinguishing fire on trucks. Currently, technical solutions are used for the prevention, timely
detection and extinguishing of fire on vehicles, depending on the purpose, characteristics
of operation and transported goods, here are some of them:

— systems of blocking of the fuel line of the motor vehicle at accidents;

— systems of protection against current overload of electric circuits of the car;

— autonomous fire alarm systems;

— automatic fire extinguishers, etc.

In road trains, early detection of a fire is necessary to prevent the greatest possible harm
to lives and health of people, as well as to prevent large material losses. Much attention in this area
should be paid to road trains, which carry dangerous goods in a large volume. It is necessary to take
into account the specifics of the transported goods, especially all aspects relating to the fire hazard
of the transported materials.

Nowadays, there are many different examples of the development and implementation
of some technical solutions aimed at improving the fire safety of vehicles. An example
implementation of original technical solutions for detecting and extinguishing fire in the engine
compartment of the vehicle are developed, OO0 «GK EPOTOS>> extinguishers at the base of the
generator fire extinguishing aerosol (FEA) <«Doping 2>»; «Doping 2TP> and stand-alone
installations of detection and fire extinguishing «Podkova-01» ZAO «Patch». These fire
extinguishing installations are located in the engine compartment of the car and allow the fire
to extinguish the fire in the engine compartment at the first stage. At the same time, it is necessary
to state the fact that these developments are used by automakers and auto enterprises, as a rule,
on an initiative and as an experiment.

The use of automatic and remote-controlled fire extinguishing systems in the engine
compartment of the car, this is a partial solution to the problem, since the issues of detection and
suppression of fire in the cabin, passenger compartment, body and trailer have not been solved.
The possibility of automatic transmission of fire notification via radio channels to the nearest fire
station, and heavy vehicles located on the highway in the immediate vicinity (mutual notification)
is not implemented.

To solve the problematic issues outlined above, it is necessary to conduct research in order
to develop an integrated approach to technical solutions for the detection of fire in trucks on the
basis of modeling the processes of fire development in different scenarios. The results of these
studies should ensure the development of technical requirements for systems and installations for

68



detection and suppression of fire on vehicles and regulate their application, which will ultimately
provide a sharp reduction in statistical indicators for deaths and property losses as a result of fires
on vehicles.
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CALCULATION DETERMINATION OF FIRE HAZARD CLASS
OF COMBINED COATINGS OF BUILDINGS ON REINFORCED
CONCRETE SLABS

P.M. Ageev; E.Y. Cherkasov; S.A. Domrachev.
Saint-Petersburg university of State Fire Service of EMERCOM of Russia

The article is devoted to the actual problem of calculating the fire hazard class of combined coatings
of buildings on reinforced concrete slabs. The dependence of the maximum temperature on the unheated
surface of the reinforced concrete slab on the thickness of the reinforced concrete slab is given
in the publication.

Keywords: fire safety, fire hazard class, fire safety requirements, regulatory framework

According to paragraph 6 of article 15 «General requirements for the results of engineering
surveys and design documentation» [1] compliance of design values and characteristics of a building
or structure with safety requirements must be justified by one or more methods, including
calculations and (or) tests performed according to certified or otherwise approved methods.

In accordance with paragraph 10 of article 87 of the Technical regulations on fire safety
requirements Ne 123-FZ [2] limits of fire resistance and classes of fire danger of building designs
similar in form, materials, design structures, passed fire tests, may be determined by analytical
method established by normative documents on fire safety. There is a clear contradiction between
the requirements [1] and [2]: the calculation methods tested for decades may not be included
in the regulatory documents for administrative and organizational reasons.

The roof and, accordingly, the coating are an indispensable element of any building.
Currently, in residential buildings in the device coatings are often used polymer insulation
and waterproofing materials on reinforced concrete slabs. From the fire-technical point of view, the
reinforced concrete slab is characterized by the fire hazard class KO [3], the limits of fire resistance
in terms of load-bearing capacity, integrity and thermal insulation ability [4]. Polymer materials are
combustible, so the assignment of fire hazard class design KO by default is unacceptable. At the
moment, there are no current normative documents containing methods for assessing the class
of fire hazard of structures with combustible elements, which causes the need for their development.

The possibility of using combustible material in accordance with the design class KO,
is determined by the integrity of the design and the heating temperature of combustible materials.
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The integrity of the reinforced concrete slab is determined by the method of V. V. Zhukov, given
in SRT 36554501-006-2006 [5] and Manual [6].

[5] and [6] also provide data on the thermal insulation capacity of enclosing structures.
The loss of thermal insulation capacity of the structure in accordance with [4] is understood
as an increase in temperature on the unheated surface by an average of more than 140 °C or at any
point of this surface by more than 180 °C compared to the temperature of the structure before
heating, or more than 220 °C regardless of its initial temperature. The change in the properties
of polymeric materials begins with temperatures significantly lower than 160 °C. In tests for
thermal insulation capacity, the warm-up temperature measurements are carried out during the test,
while in tests for fire hazard class-after cooling of the structure. In the period of time between when
the system of fuel combustion and cooling of the structure may be a considerable temperature
increase of the unheated surface of the concrete slab due to the heated layer construction with
heated side. Therefore, when testing for the fire hazard class, it is necessary to assess the maximum
heating temperatures of combustible materials placed on the unheated surface of the reinforced
concrete slab.

Determination of fire danger of samples of building designs is carried out at influence
on the next sites of a surface of two temperature modes of a fire [3]. In the control zone of the heat
chamber the temperature regime of the fire is determined as the following dependence:

T :T0+2oo-|g{§r+1j,
60

where To — initial temperature, °C; 7— time from the beginning of the test, seconds.
In the fire chamber the surface of the structure is exposed to the standard temperature of the fire:

T=T, +345-Ig[£r+1j,
60

where Ty — initial temperature; t — time from the beginning of the test, seconds.

The heat exposure time is 15, 30, 45 minutes, then — the cooling stage of the structure with
heat transfer to the environment with temperature Ty [3].

The calculation of a temperature field cross-sectional design was performed by numerical
solution of the heat equation taking into account dependence of thermophysical characteristics
of materials by temperature [7, 8]:

or .
7 _div(2-gradT)-Q,
cp iv(1-gradT)-Q

where ¢, p, A — specific heat, density and thermal conductivity of the material;
A=A+BT ; c=D+ET; A,B,D,E — experimental constants.

It is assumed that the moisture content of concrete is 2,5 %.

On the heated surface the conditions of radiant and convective heat exchange of the surface
of the structure with the environment are set:

—JgradT =a, (T, T, )+s,,-o((T, +273)' (T, +273)*)

where o, =29 Bm-n*- K - coefficient of convective heat transfer for the heated surface; &, — given
the degree of blackness of the system «heating medium — surface design»; o — Stefan-Boltzmann
constant; Ty, T, — structure surface and gas phase temperatures, °C.
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The given degree of blackness of the system «heating medium — surface of the structure»
was calculated by the formula:

1

gHP - 1 . 1 B

Er00  €roB

where ¢,,, = 0,85 — effective degree of blackness of combustion products; &, = 0,74 —

the degree of blackness of the surface of the steel [5].
With the unheated surface of the structure adopted the condition of thermal insulation:

—AgradT =0

The initial temperature of the construction is assumed equal to the ambient temperature.

The design diagram of the heating plate is shown in figure 1. Line 1 — the condition
of the thermal effects of fire; lines 2—4 — the condition of thermal insulation. Line 3 — unheated
surface of the plate.

| X
I — Beton; Q — the fire impact
Fig. 1. Scheme of heating plate
Figures 2-4 show the maximum heating temperature of the unheated surface of the

reinforced concrete slab in the fire and heat chambers during tests for the fire hazard class [3]
depending on the thickness of the reinforced concrete slab.
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Fig. 2. Dependence of the maximum temperature on the unheated surface of the reinforced concrete
slab on the thickness of the slab. Tests for fire hazard class KO (15)
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Fig. 3. Dependence of the maximum temperature on the unheated surface of the reinforced
concrete slab on the thickness of the slab. Tests for fire hazard class KO (30)
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Fig. 4. Dependence of the maximum temperature on the unheated surface of the reinforced concrete
slab on the thickness of the slab. Tests for fire hazard class KO (45)

As expected, on an unheated surface, the difference between the maximum temperature and
the temperature at the time of cessation of fuel combustion reaches noticeable values that cannot
be ignored.

It is obvious that while maintaining the integrity of the plate and the maximum temperature
of its unheated surface below the temperature of the beginning of the softening of the polymer
(thermal decomposition, if the polymer is thermosetting), nothing will happen to the insulation.
Thus, figures 2-4 allow to allocate time of thermal influence on the bottom surface of plates
of coverings at which on the top surface of a plate there is no destructive processes with polymeric
heat and waterproofing. The results obtained are in good agreement with the data presented in [9].
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SAFETY OF TECHNOLOGICAL PROCESSES
AND INDUSTRY

SIMULATE THE PROCESS OF UNSTEADY HEAT
CONDUCTIVITY WITH USE THE METHOD OF HEAT BALANCE

A.Yu. Labinskiy.
Saint-Petersburg university of State fire service of EMERCOM of Russia

This article presents the problem of simulate the process of unsteady heat conductivity with use the
method of heat balance. The method of heat balance to realize in form the mathematical model and
computing program.

Keywords: unsteady heat conductivity, method of heat balance, computing program, mathematical model

In the practice of firefighting, the calculation of non-stationary thermal conductivity is used
to determine the temperature in fire barriers at a given depth at a given time in order to further
compare the calculated temperature with the maximum allowable or to calculate the allowable time
spent behind a fire barrier.

The fire-safe temperature on the wall surface is determined by the possibility of ignition
of combustible substances or materials in contact with these surfaces. On unheated surfaces
of walls, partitions, overlappings at a fire the admissible temperature is accepted equal 150 °C.

As an unlimited plate in fire-technical calculations can be taken walls, partitions, flat
elements of building structures, heated by fire on both sides.

Dimensionless temperature of the body (an infinite plate, cylinder or ball)

Y = (T -T)/(To—To),

where T.— the ambient temperature is determined by formulas that use a dimensionless coordinate
Xs = X/L, numb. Bi = a*L/A and Fourier number Fo = o*t/L>.
The equation of the unsteady temperature field has the form [1]:

¥ = 3 A(n)*U(un*Xs)*EXp(~n>*Fo),

where A(un) and U(u,*X;s) — some function, p, — roots of the characteristic equation u = p(Bi).

The above equation, describing the non-stationary temperature field in the body, allows you
to calculate the temperature field in the case when one of the surfaces of the body is thermally
insulated. To do this, it is enough to place the origin on a thermally insulated surface and use the
entire thickness of the body (plate) as the characteristic size L.

The temperature field equations have the form [2]:

— for plates: 6 = exp(-Bi*Fo);

— for the cylinder: 6 = exp(-2*Bi*Fo);

— for balls: 6 = exp(-3*Bi*Fo).

Here 6 = 3/3¢ — nondimensional temperature, 3 = T — T...

For small numbers of Bio (Bi = 0,1) calculations of the change of dimensionless temperature
0 in time (depending on dimensionless time Fo) for bodies of different geometric shapes (plate,
cylinder and ball) were performed. The calculation results are shown in picture 1.
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Pic. 1. Dependence 0 = f(Fo) for Bi=0,1

For a Fourier number Fo > 0.3, a simpler equation [3] can be used to describe the change
in time of the dimensionless temperature ¥ on the middle plane of the plate (the axis of the
cylinder).]:

Wy = N(Bi)*Exp(—p1**Fo),

and for the temperature on the surfaces of these bodies :
W = P(Bi)*Exp(~p.®*Fo),

where N(BI) and P(Bi) — some functions whose values are given in the tables.
Dependences p;%(Bi), N(Bi) and P(Bi) for the plate shown in the picture 2.

Mu=f(Bi), P=f(Bi), N=f(Bi)

~@-MuU”r2

~o-N

Dependences Bi

Pic. 2. Dependences p,°(Bi), N(Bi) and P(Bi) from the Biot number for the plate
Dimensionless body temperature at the moment of time t at the value of the Fourier number:
Wep = M(Bi)*Exp(—pu*Fo),
where M(Bi) — some function whose values for the plate and 0,1< Bi < 2, 0 vary from 1.00 to 0.96.
Unsteady three-dimensional temperature field

Consider a non-stationary three-dimensional temperature field of a parallelepiped (plate).
The coefficients of heat transfer and heat flux density at the left and right boundaries of the body
(plate), as well as the geometric dimensions and the initial temperature of the body (plate) are given.
The thermal conductivity of the body depends on the current coordinate and is set using
a subroutine function. To calculate the three-dimensional temperature field, we will use the thermal
balance method [3].
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Arithmetic model

In fire-technical calculations, walls, partitions, flat elements of building structures heated by
fire from two sides are usually taken as an unlimited plate.
For a parallelepiped (plate), the nonstationary three-dimensional heat equation can
be written as [3]:
C*p*(0T/10t)=A*(°TIoX*+TIoyV+*Tloz?)+qy

with boundary conditions: [+ A*(0T/on)+ao*T]=0=qQo, N=X,Y, Z;
and initial conditions: T (X, Y, Z, t) :=0 = To.

The results of temperature calculation T(x,y,z,t) displayed at specified times t; in given
sections zy, perpendicular to the axis ZAll temperatures are displayed in each section.

The considered mathematical model was implemented in the form of a computer program,
the interface of which is shown in the picture 3.

41" PACHET HECTALIMOHAPHOI O TPEXMEPHOI O TEMITEPATYPHOTO 1014

PesynbTaTe pacueta MexoaHuwe naHHee
Koo #=0 &LF1[BT/M2/C] = 125 A
MPOrPAMMA PACHETA HECTAUWOHAPHOID TPEXMEPHOMD
TEMNERATYPHOTD NOAA NAPANNENENWANE LA METOOOM K10, #=D ALF2[BT4m24C) = | 250
EANAHCA MO NOKANEHD-OOHOMEPHOKM CXEME
Koo =0 ALF3ETMm2/C] = 500
PelgHHe CHCTEME! YDABHEHHI, ONHCHIESHWMY TEMNEPATYPHOE K10 =0 ALF4[Br/m2/C] = |650
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Pic. 3. Program of calculation of unsteady temperature field

The block diagram of the program input module is shown in the picture 4.
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Pic. 4. The block diagram of the input module of the program
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The enlarged algorithm of the program of calculation of the unsteady temperature field

in the Object Pascal language is presented below:

unit Tempol;
interface
uses Graphics, Controls, Forms, Dialogs, StdCtrls, ExtCtrls,
Windows, Messages, SysUtils, Variants, Classes, Grids;
type TPFrm = class(TForm)
MemoClearBtn: TButton; GraphBtn: TButton;
Labell: TLabel; Label2: TLabel,
CalcBtn: TButton; ExitBtn: TButton; InputBtn: TButton;
Memol: TMemo; StringGridl: TStringGrid,
SaveBtn: TButton; ViewBtn: TButton;
procedure FormCreate(Sender: TObject);
procedure InputBtnClick(Sender: TObject);
procedure CalcBtnClick(Sender: TObject);
procedure ExitBtnClick(Sender: TObject);
procedure TPFrm.GraphBtnClick(Sender: TObject);
procedure SaveBtnClick(Sender: TObject);
private
public
end;
const dsi: array[1..26] of string[27];
var TFrm: TPFrm;
FTI, FTO: text;
Strl, StrO: TStringList;
implementation
Uses TPVars, TPTools, TPGraph;
{3R *.dfm}
procedure TPFrm.MemoClearBtnClick(Sender: TObject);
begin Memol.Clear; end;
procedure TPFrm.FormCreate(Sender: TObject);
var i: byte;
begin Strl:=TStringList.Create; StrO:=TStringList.Create;
for i:=1to 26 do v[i]:=0.0;
for i:=1 to 15 do begin MT[i]:=0.0; MX[i]:=0.0; MY[i]:=0.0; end;
for i:=1 to 26 do bt[i]:=dsi[i]; KL:=26; end;
procedure TPFrm.InputBtnClick(Sender: TObject);
var i,j: integer;
begin if MessageDlg('Load data from file FTEM.DAT ?',
mtConfirmation,[mbYes,mbNo],0)=mrYes then begin
ShowMessage('Read the file FTEM.DAT !'); AssignFile(FTI,'FTEM.DAT");
{$I-} Reset(FTI); {$I+} if IOResult<>0 then
ShowMessage('Error opening file FTEM.DAT') else
Begin fori:=1to 26 do begin
ReadIn(FTI,bt[i]); ast:=bt[i]; at:=Copy(ast,1,27);
av:=Copy(ast,28,10); v[i]:=StrToFloat(av); end; CloseFile(FTI);
end,
procedure TPFrm.CalcBtnClick(Sender: TObject);
var i,j: byte; s: string;
begin Memol.Clear; Memol.Lines.Add(“BASIC DATA”);
for i:=0to 25 do begin
v[i+1]:=StrToFloat(Stri[2*i+1]);
s:=dsi[i+1]+FloatToStr(v[i+1]); Memol.Lines.Add(s); s:="; end;
Prepl,
Memol.Lines.Add(" RESULT OF CALCULATION:");
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Memol.Lines.Add(* Constants:");

Memol.Lines.Add(' NX1="+IntToStr(NX1)+"; NY1="+IntToStr(NY1)+ "

NZ1=+IntToStr(NZ1)+"; NMAX="+IntToStr(NMAX));

TPCalc; Prep2;

Memol.Lines.Add(' Run rates:");

Memol.Lines.Add(" BX[1]="+FloatToStrF(BX[1],ffFixed,10,3)+ :

BX[NX]="+FloatToStrF(BX[NX],ffFixed,10,3));

Memol.Lines.Add(' Three-dimensional array of temperatures:’);

Memol.Lines.Add(' T[1,NY,1] ="+FloatToStrF(U[1,NY,1],ffFixed,10,3)+ "

T[1,NY,NZ] ="+FloatToStrF(U[1,NY,NZ],ffFixed,10,3));

if MessageDIg('Save results to file FTOM.DAT ?',

mtConfirmation,[mbYes,mbNo],0)=mrYes then

begin ShowMessage(SAVE TO FILE FTOM.DAT !");

AssignFile(FTO,'FTOM.DAT'); Rewrite(FTO); KL:=27; i:=KL;

WriteIn(FTO,' BASIC DATA: ");

for i:=1 to KL+9 do begin

if i>KL then begin at:=bt[i]; Str(v[i]:10:3,av); Insert(av,at,20); bt[i]:=at; end,;
WriteIn(FTO,bt[i]); end; for i:=0 to StrO.Count-1 do Writeln(FTO,StrO[i]);

CloseFile(FTO); end; end;

procedure TPFrm.SaveBtnClick(Sender: TObject);

var i: byte;

begin if MessageDIg("3anucate nauusie B daitn FTEM.DAT ?',

mtConfirmation,[mbYes,mbNo],0)=mrYes then

begin ShowMessage(Save to file FTEM.DAT [I'); AssignFile(FTI,'FTEM.DAT);

Rewrite(FTI);

for i:=1 to 26 do WriteIn(FTI,bt[i]); CloseFile(FTI); end; end,

procedure TPFrm.ViewBtnClick(Sender: TObject);

begin Memol.Lines.LoadFromFile(FTOM.DAT"); end; end.

procedure TPFrm.ExitBtnClick(Sender: TObject);

begin Close; end;

procedure TPFrm.GraphBtnClick(Sender: TObject);

begin With TPGFrm.Create(Application) do

try ShowModal; finally Free; end; end,;

Developed a computer model that is implemented in the form of a computer program in the
programming language Object Pascal, calculations were made of the unsteady three-dimensional
temperature fields by method of heat balance (balance on locally one-dimensional scheme), the
results of which are presented in the graphical output window in picture 5.
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A computer simulation of the process of unsteady thermal conductivity is performed in order
to obtain a three-dimensional temperature field of a parallelepiped by the method of thermal balance
(balance according to a locally one-dimensional scheme), implemented in the form of a computer
program in the programming language Object Pascal. The locally-one-dimensional calculation
scheme is successfully used to solve multidimensional problems containing jointly occurring
processes described by several equations. A distinctive feature of the local-one-dimensional scheme
is the unconditional stability of the calculation.
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LIFE SAFETY

THE APPROACH OF FUZZY LOGIC TO VALUATION
THE RISE IN THE WATER-LEVEL OF FLOOD

A. Yu. Labinskiy.
Saint-Petersburg university of State fire service of EMERCOM of Russia

This article presents the special feature of employment the fuzzy logic to valuation the rise in the
water-level of flood. The special feature of using a fuzzy output system with fuzzy membership functions.
Keywords: rise in the water-level of flood, fuzzy logic, output fuzzy system

In this paper, we consider a fuzzy-multiple approach to the assessment of a natural disaster
caused by the rise of water levels on a mountain river. The rise of water on the river can be caused
by two natural phenomena-high water and high water [1].

The flood is a relatively long increase in the rise of the river level, which is repeated every
year and is accompanied by a long and high rise in water, as well as the release of water from the
channel to the floodplain [1].

A flood is a relatively non-periodic and short-term rise in the water level in the river,
resulting from the relatively rapid melting of glaciers and snow during a thaw [1]. The spread of the
flood downstream of the mountain river can occur at a significant speed, reaching 50 km / h or more
[2]. Significant flooding can lead to flooding.

Flooding is the flooding of water in the area adjacent to the river. Flooding can cause loss
of life, damage public health and cause material damage [3].

In the valleys of the highlands, there is usually a significant rise in the water level. Here, the
spring-summer runoff is formed due to the melting of high-altitude snow and glaciers [3]. If the
period of melting of snow and ice in the mountains coincides with the melting of the snow cover
in the valleys, it can lead to floods and have particularly severe consequences [4]. At the same time,
the water level can rise from 2 to 10 meters or more depending on the size of the river, the
conditions of accumulation and melting of snow and other factors [4].

The flood in Gorno-Altaisk on the Katun river is shown in figure 1.

Fig. 1. The flood in Gorno-Altaisk
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Modeling of estimation of water level rise at flood.

Today fuzzy logic is considered as a standard method of modeling and design [6]. Systems
on fuzzy sets are developed and successfully used for calculating the reliability of system elements,
forecasting, assessment of technogenic risk, in automatic control systems, information retrieval,
in solving classification and regression problems. To solve all the above problems, a fuzzy
inference system [5] is usually used, implemented in the form of a computer program.

The application of fuzzy inference system includes a number of stages, the implementation
of which is carried out on the basis of the provisions of fuzzy logic:

— formation of the fuzzy inference system rules base;

— transition to fuzzy data (fuzzification) of input variables;

— aggregation of sub-conditions and activation of sub-conclusions;

—accumulation of conclusions;

— move to clear data (defuzzification) the output variables [5].

The scheme of operation of the fuzzy output system is shown in the figure 2.

FUZZIFICATION  |—"| AGGREGATION DEFUZZIFICATION
= i » ACTIVATION o
( CLEAR = FUZZY ) 4 > . -
. : — | sccumuritioN RO > CLE4R)
v
CLEAR DATA ENTRY THE OUTPUT CLEAR DATA

Fig. 2. The scheme of operation of the fuzzy output system

The task of assessing the rise of the water level in a flood can be formulated as follows.
There are statistical data on the impact of elevation changes in the source and mouth of mountain
rivers and the magnitude of a sharp rise in air temperature on the magnitude of the rise in the water
level in the river due to intense melting of snow and ice in the mountains. This phenomenon can
cause an emergency (flooding of the coastal area). It is necessary to simulate the specified
dependence with the help of fuzzy inference system.

The required dependence has the form: Y = f (X1, X2), where X1 is the value of the height
difference (H N), X2 is the value of the temperature rise (T T), Y is the value of the water level rise
[m]. The fuzzy inference system rule base can be represented as follows:

1: IF Height difference = AH; & Temperature rise = AT

SO, The water level rise = Y
2: IF Height difference = AH ; & Temperature rise = AT}
SO, The water level rise = Y
N: IF Height difference = AH; & Temperature rise = AT
SO, The water level rise = Y

N — the number of combinations of indicators AH;, AT ju Y\, given by experts.

As a result of expert assessments, the values of the height difference and temperature rise
were obtained, presented in the tables:

. . Parameter evaluation criterion

Height difference «Height difference» Parameter value
Small The height difference is not more than 500 meters from0to5
Average The height difference is not more than 1000 meters | From 0 to 10

Big Height difference from 500 to 1000 meters from 5to 10
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Parameter evaluation criterion

. Parameter value
«Temperature rise»

Temperature rise

Small Temperature rise no more than 10 degrees From 0 to 10
Average Temperature rise no more than 15 degrees From 0 to 15
Big Temperature rise from 10 to 20 degrees From 10 to 20

For a qualitative description of the fuzzification process, it is necessary to compare a certain
interval of values of the input variables X1 (elevation) and X2 (temperature rise) with a certain
interval of values of the membership function p (x), presented in the table:

Interval values p(x)

Linguistic accessory

The form of a membership function

X1*107 [m] X, [degree]
0+1 Small Gauss (0+5) Gauss (0+10)
0+1 Average Gauss (0-+10) Gauss (0+15)
0+1 Big Gauss (5+10) Gauss (10+-20)

In order to assess the values of the output variable of the fuzzy output system Y (water rise),
the experts evaluated the possible rise of water as a result of the flood, presented in the table:

Rising water Criterion for assessing the rise of Values Y,
water

_ Flooding no more than 25 %

Low, k=1 of the coastal area From 0,010 2,0
_ Flooding from 25 % to 75 %

Average, k=2 of the coastal area From 2,0 to 4,0

i [
High, k=3 Flooding more than 75 % From 4,0 t0 6,0
of the coastal area

The correspondence of the value interval of the output variable (water rise) to the value
interval of the membership function p (x) is shown in the table:

The form of a membership function

Interval Values p(x)

Linguistic affiliation

0+1 Low Triangle—type (0,0+2,0)
0+1 Average Triangle-type (2,0+4,0)
0+1 High Triangle—type (4,0+6,0)

The fuzzy inference system was implemented as a computer program [6,7]. The possible

interface of the program is shown in figure 3.
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Fig. 3. A program that implements a fuzzy inference system
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As a result of computational experiments on a computer, the dependences of the value of the
water rise Y (Flood) on the values of the input variables X1 (height difference, DH) and X2
(temperature rise, DT) are obtained. Graphs of dependence Y=F(X1) [m] for fixed values X2 = 10
[Deg] and X2 = 20 [Deg] are presented in figure 4.
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Fig. 4. Dependency graphs Y=F(X1), X2=10 u Y=f(X1), X2=20

Graphs of dependence Y=F (X2) for fixed values X1 = 5*102 [m] and X1 = 10*102 [m] are
shown in the figure 5.
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Fig. 5. Dependency graphs Y=F(X2), X1=5 u Y=f(X2), X1=10

The use of fuzzy logic in the assessment of water level rise in flood allows to assess the
impact of incomplete and inaccurate initial data. Modeling of estimation of water level rise by
means of fuzzy logic occurs with setting of the interval of possible values (uncertainty interval [5])
of height difference in the source and mouth of a mountain river and air temperature rise. Therefore,
as a result of modeling, a range of possible values [6] of water level rise in flood can be obtained
depending on the average values of the height difference and temperature rise.
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DIALOGUES WITH SPECIALISTS

ISSUES OF IMPROVING THE EFFICIENCY
OF THE EDUCATIONAL PROCESS AT THE DEPARTMENT

I.L. Skripnik.
Saint-Petersburg university of State fire service of EMERCOM of Russia

Directions of improvement of quality of educational process are considered: a role in it of the teacher
and the trained; forms and types of occupations, their features; stages of preparation of an educational and
methodical complex; approaches to an assessment of activity of faculty.

Keywords: education, discipline, process, situation, activity, pedagogy, teacher, quality, methodology

The expansion in the number of tasks facing the organs of State Fire Service of EMERCOM
of the Russian Federation, conditions of its functioning show that existing standards of professional
training of students does not guarantee a satisfactory operation as bodies of State Fire Service and
divisions (facilities management) in which they work after graduation [1].

Studies of previous principles, methods and training mode, which were focused on the
repeatability of situations and restrictions, making standard decisions in modern conditions have
shown that the number of accidents and fires of man-made nature does not decrease.

Currently, the education system is in the process of reforming. The main goal and reference
point of the reform is the development of personality, and in higher education - the development
of the personality of a highly qualified specialist who meets modern requirements, in general, and
the requirements for specialists of the fire service in particular.

Therefore, the Department of «Fire safety of technological processes and production»
is constantly searching for new approaches that could provide training of a specialist-engineer
of fire safety in the field of fire prevention activities, able to make non-standard decisions based
on the creative way of operational and tactical thinking.

Currently, the teaching of the discipline «Fire safety of technological processes» and
«Electrical engineering and fire safety of electrical installations» is built as a single complex of all
types of training sessions aimed at obtaining and improving the knowledge, skills and abilities
of students. To instill them with the necessary practical skills in their future profession, the
Department has developed and is constantly improving a coherent system of practical, group, object
classes, laboratory work, command and staff exercises [2, 3]. The main purpose of this system is the
formation of students broad Outlook, tactical and special thinking, the ability to quickly respond
to changing circumstances, make timely decisions, clarify, persistently implement them, as well
as to ensure control of their execution.

It is known that the activities of the employee of the EMERCOM of the Russian Federation
is very multifaceted and responsible. First of all, it is aimed at maintaining the required level of fire
safety. Therefore, the teaching staff of the Department, carrying out the training of students for
professional activities, focus their skills mainly on the process of forming their skills, primarily
to make informed decisions during preventive activities to ensure fire safety of diverse complex
technological systems and the organization of this work.

However, the experience of teaching of disciplines indicates that the transformation
of ready-made knowledge is not always encourages the learner to the ability to identify problem
issues to produce a comprehensive analysis and evaluation, and most importantly — to determine
their solutions.

The main reasons that many students have difficulty in decision-making in non-standard
situations are:
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— insufficient knowledge of the methodology of analysis and evaluation of fire hazard
of technological processes;

— lack of skills of comparative analysis of various non-standard situations of fire danger and
their assessment;

— indecision and lack of practical creative skills;

— unsteady mastery of mathematical analysis of decision theory.

With this in mind the teaching staff in their teaching activities successfully practice:

— a wide change in the course of classes of such active teaching methods as problem, the
method of analysis of critical situations, «brainstorming;

— providing students with greater autonomy in resolving disputes and the ability to assess
decisions;

— individual assessment of each student in preparation for classes: their basic potential
of knowledge, skills, scientific Outlook, psychological compatibility, etc.

— active use of various interactive forms of learning.

As a result, the activity of students increases and the educational goals of classes
on instilling knowledge in their chosen profession are achieved much more effectively.

Thus, a coherent system of training, education and development of fire safety analysis
created at the Department allows to comprehensively develop the creative potential of the student
in the process of studying at the Department, to prepare a specialist of the fire service for effective
activities to ensure fire safety in various industries.

Pedagogical skills of the teacher largely depend on the analysis of the experience of other
teachers of the Department, which, ultimately, is the quality of training, education and development
of students.

Based on this, the Department radically revise the role of the teacher and student in all types
of classes. A systematic approach to obtaining a quality result is being introduced — training
of a highly qualified specialist of the state fire service.

The Department staff believes that a teacher with fundamental theoretical knowledge and
expertly trained in the modern active methods of teaching should be as highly professional,
competent consultant for the assessment of explosive technological systems and solving various
situations that arise in technological process of different industries, and the student must act as an
active participant in the learning process, whose main task should be the maximum achievement
of the learning objectives of the lesson. In this case, it is with a greater degree of independence
to seek to master the skill of fire hazard analysis of technological processes and assessment of the
situation under consideration or the development of reasonable proposals to ensure fire safety.
Proposals, recommendations and instructions are reflected in the regulation, based on the
requirements of regulatory and guidance documents on fire safety. The teacher, in turn, directs the
actions of students and brings them closer to the correct answer, after the justification of which they
independently determine the possible options for implementation, determine its rationality, while
acting as experts.

The level of training and Outlook of the teacher should constantly grow. The teaching staff
approached itself is in a state of continuous improvement of knowledge. At the Department
it is realized by means of meetings of subject-methodical commissions, mutual visits
of occupations, including on profiling departments, professional development, through self-
education, courses, defense of dissertations, receiving additional education. Many teachers
cooperate with other universities of St. Petersburg in the preparation of textbooks, joint writing
of scientific articles, monographs. The teacher should never stop in his development. The leadership
of universities should help them to study both within their own University and through inter-
University structures. The implementation of such a constantly developing educational system will
allow universities to successfully select teaching staff and solve the issues of their optimal
placement.

In the laboratory and practical classes, teachers consistently increase efforts to develop the
necessary practical skills in the analysis of fire hazard of technological processes, devices and
technologies [4]. The main feature of this is the creation for them of the usual, often encountered
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in practice, standard situations. However, in non-standard situations, students use modern
methodology of development and examination of decisions, show creativity, initiative,
improvisation when choosing options for non-standard decisions [5].

In the study of educational issues, the main attention is paid to: fire danger during fireworks,
the output of combustible substances from normally working, damaged technological devices and
equipment; categorization of premises, buildings and external technological installations
for explosion and fire hazard; measures to protect technological equipment from destruction in an
explosion; fire-retaining devices on technological equipment; methods of fire hazard analysis of
technological processes and assessment of individual and social risks for technological installations.

Special attention is paid to the practical component of the Department. For this purpose,
object classes are held, in which students study the features of the technological equipment used, its
fire danger, acquire the skills of checking the fire condition of objects.

Object classes are the final stage in the study of each of the topics of the thematic plan. For
its preparation such methods of training as: business game, production situation, brainstorming,
development of scenarios is applied. The main purpose of these classes is to improve knowledge,
skills, the formation of students organizational and educational work in a real environment.
To achieve the goals of object classes, students independently deepen their knowledge, using legal
acts, information obtained at related departments. When visiting the real production, along with
familiarization with the features of fire hazards, they also get the skills of self-employment. When
answering the questions of their colleagues, they form a coherent, logical knowledge and beliefs.

To conduct lectures are allowed only experienced teachers with a degree and title, long work
experience. It can be accompanied by demonstration material, presentations, videos, which
undoubtedly enhances the perception of new material and contributes to its memorization, and then
comprehension.

A professional lecturer, by which we will understand a highly qualified lecturer, will always
be able to adjust to the level of knowledge of the audience in order to present the material available,
and will also be able to create the right mood; arrange an emotional discharge if students get tired.
The structure and content of lectures should be reviewed and approved by the teaching staff.

At the same time, it is necessary to improve the normative documentation by developing
and updating the system of national standards, a set of rules, other normative-methodological and
normative-technical documents, considering modern dangers, risks, and best foreign experience.

For the successful functioning of the educational process in the disciplines of the
Department prepared academic and methodological complex (AMC) [6]. In all classrooms there
are information stands, technical training facilities, laboratory and computer equipment. To review
the processes in the petrochemical industry, the audience is equipped with a model of an oil
refinery, where students study the sequence of technological processes, design features of the
equipment used, the specifics of its fire hazard.

For modeling of emergency situations and carrying out engineering calculations the
computer software complex allowing to perform virtual laboratory works is prepared.

In the course of AMC training, from the point of view of pedagogical science, three stages
are considered in the studied disciplines:

— the first is called «empirical», believing that it created AMC prepared on the basis
of experience and intuition without considering the main provisions of the theory of psychology and
pedagogy. Therefore, it is impossible to prepare a good AMC and its quality in the educational
process is of little importance, but it sets the stage for further improvement of the quality
of training;

— the second is called «theoretical», on it the necessary materials are developed
in accordance with the provisions of psychological and pedagogical science. Therefore, this stage
opens the opportunity to adjust the prepared AMC for further improvement of the educational
process.

At the third stage, considering the developed, perfect educational and material base, AMC
is realized in the form of electronic information and educational environment. This makes
it possible to significantly improve the quality of the disciplines taught.
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On the basis of the analysis of special literature the requirements are revealed, the
implementation of which is a necessary condition for the organization of effective purposeful
independent work of cadets (students) with the use of modern automated training systems. The
teacher first of all needs to make selection of the educational material corresponding to all criteria
of the principle of scientific character and to include in the automated course. On an intuitive basis,
the decision does not always lead to success.

To improve the quality of training sessions, a complex of information support is developed,
based on the principles of: modular information content, dialogue interaction, interactivity and
practice-oriented technology, which is a system in which the developed AMC teaching staff are
accumulated in the form of a database, knowledge and special software, taking into account the
psychological characteristics of students, the experience of already created similar AMC in other
subject areas of knowledge.

Methodological support is an integral component of educational activities. It includes:

— conducting scientific and methodological research;

— discussion of problems of Informatization and automation;

— increasing the effectiveness of training;

— consideration of the organization of different classes;

— analysis of the results of boundary (rating) control, intermediate and final state certification
with relevant conclusions, recommendations and proposals;

— conducting classes with scientific and pedagogical staff on the problems of pedagogy and
psychology of higher education;

— discussion of the range of issues of organization of independent training;

— generalization and introduction in educational process of positive experience of methodical
work of teaching staff of different departments;

— use of interactive forms and types during classes;

— attraction of practical workers with extensive experience in the relevant field for
conducting classes.

Improved methods of training with a well-trained AMC, will prepare highly qualified
specialists for the EMERCOM of Russia in the field of fire prevention and organization
of firefighting.

The effectiveness of the educational process is difficult to determine. If it is evaluated by the
quality of products - training of students, the complexity of this approach is obvious, since the result
of training is not immediately apparent (graduates only eventually become leading experts in their
field), but only after going through a certain competition, acquiring knowledge and experience
of practical work.

The choice of characteristics of the quality of teaching staff will help to avoid the subjective
approach of the management of structural units of universities to assess the work of teachers, which
is important for the formation of a healthy climate in this environment.

These indicators can be the basis for assessing the teacher's pedagogical qualification and
suggest a personal-activity approach, when his qualification can be considered by some system
in which there is a structure of the teacher’s personality in the collective indicators of his activity.

Assessment of the business qualities of the faculty of the Department can be carried out
using questionnaires-feedback received from graduates in order to find weak links in the chain
of the educational process.

Thus, the considered questions and directions of increase of efficiency of educational
process will help PPP, trained to pass to more qualitative level of training of experts of fire safety.
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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 — Lieutenant General Chizhikov Eduard Nikolayevich.

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 «Miningy» 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;

— Expert Center;
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— 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 Federation».

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.

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
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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 Russia» are
included in the list of peer-reviewed scientific journals approved by the decision of the Higher Attestation
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.
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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 Polyanay 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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