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ITPOBJIEMBbI U IIEPCIIEKTUBbBI
HNPEAYHPEXKIAEHUA U TYIIEHUSA ITOZKAPOB

MOJEJTAPOBAHHUE TEIIJIOBOT'O PEXKUMA TIPH TO’KAPE
B IIOMEIIEHUHA C IOMOIIIbIO HEUPOHHOU CETH

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

PaccMOTpeHBI OCOOCHHOCTH MOJICIMPOBAHMS TEILIOBOTO PEXHUMa IPHU IOXKApPEe B IMOMEIICHUU
C IOMOILIBID HEHUPOHHOM ceTH. BBIMOIHEHO KOMIBIOTEPHOE MOAECIUPOBAHUE IIPOLECCA H3MEHEHUS
TEMIIEpaTyphl BO3[yXa MPH IMOXKApe B IMOMEMICHWW IyTeM pemeHus anddepeHnnantbHoro ypaBHEHHS
C TIOMOIIBIO0 PEKYPPEHTHOM HEUPOHHOU CETH, PeaTu30BAaHHON B BHIE MPOrpaMMBI jisi OBM.

Kniouesvle cnosa: mnoxap B NOMELICHUWH, HWCKYCCTBEHHAs HEUpPOHHAs CETh, KOMIIBIOTEpHAs
porpamma, MaTeMaTH4ecKasi MoJeib

B npoMBINUIEHHBIX 3/1aHUAX, I'I€ HAXOAUTCS B IPOM3BOJCTBE M XPAHUTCS 3HAYUTEIIBHOE
KOJIMYECTBO TOPIOYMX BELIECTB, @ TAKXKE B JKWIbIX ITOMEUICHUSAX, I/€ HAaXOAMUTCS MHOIO
JIETKOBOCIUIAMEHSIOINUXCS  IPEIMETOB, CYIIECTBYET BEPOATHOCTh BO3HHMKHOBEHHUs II0Kapa
HA OTHOCHUTEIFHO HEOOJBIION TUIOIMIAH (JIOKAIBHBIN MoXap).

CrpoutenbHble KOHCTPYKUUHU TPOMBIIUIEHHBIX M JKWIbIX 3/1aHUM, IONAaBIIME B 30HY
TOpEHHUs, MOABEPraloTCs 3HAYUTEIbHBIM TEIUIOBBIM Harpy3kam, BEJIMYMHA KOTOPBIX MOMKET
HE COOTBETCTBOBATH 3aI1aCY OTHECTOMKOCTU KOHCTPYKIUH.

PaccMoTpuM  B3aMMOJCHCTBHE Ta30BOI0 IIOTOKA, BOCXOMAIIErOo OT O4ara TOpEeHUs
B TOMEIIEHHH, C TOPU3OHTAIBHOW IMOBEPXHOCTBIO IOTOJIOYHOTO IEPEKPBITHS IOMEIICHMUS,
pacmosokeHHoi Ha BbicoTe H oT BepxHeil rpanunsl (axena miaameHu. [opsdyuili mMOTOK Trasa,
BOCXOJAIIMA OT oOd4ara TOpPEHHUs, JOCTUIaeT TIOBEPXHOCTH IIEPEKPBITHSA, pPa3BOPAYMBACTCS
Ha 90 rpagycoB M pacTeKaercsi MOJ MEpPEeKphITHEM C O0pa30BaHHMEM BEEpHOW CTPYH, TOJIIMHA
KOTOPOH B IIPOIIECCE PACTEKaHMs yBeaudyuBaeTcs. Ha mOBEpPXHOCTH NEPEKpBITUS Ia30BBIM MOTOK
o0pa3zyeT TUHAMUYECKUN U TEIUIOBOWM MOTPaHUYHBIE CIIOM, TOJIMHA KOTOPBIX 1O Mepe BUKEHUS
ITIOTOKA TaK)KE yBEIMYNBACTCS.

[Ipu ropeHMHM B 3aKpbHITOM IOMEUIEHUH HapAgy C KOHBEKTHBHBIM TEIIOOOMEHOM
CYILLIECTBEHHBIN BKJIaJl BHOCHUT TEIJIOOTAa4a U3Ty4YECHUEM.

[ToHsAATHE KOHBEKTUBHOTO TEIUIOOOMEHA OXBAThIBAET MPOLIECC TEINIOOOMEHA MPHU JBHUKEHUHU
XKugakocTy win raza [1]. [Ipu 3ToM mepeHoc Temiia OCYIIECTBISETCS OJHOBPEMEHHO KOHBEKIIHEH
U TEIJIONPOBOAHOCTHIO. [loJg KOHBEKIMEN TEIUIOTBI IOHUMAETCS IEPEHOC TEIUIOThl IMpH
NepeMeIeHNH MaKpOYacTHIl JKUAKOCTH WIM ra3a B MPOCTPAHCTBE M3 OOJIacTH ¢ OJHOH (Oosee
BBICOKOI) TemriepaTrypoil B o0nacTe C Jpyroil (MeHee BBICOKOW) TemmepaTypoi. KonBekuus
BO3MOJKHA TOJIBKO B TEKY4€H cpezie, MpH 3TOM MEPEHOC TEIIOThI HEPA3PBIBHO CBS3aH C IEPEHOCOM
caMoOU cpenpl.

Ecnu B eauHuIly BpeMEHU uYepe3 €AMHHUIY KOHTPOJBHOM IOBEPXHOCTH IIPOXOJMUT Macca
KHUAKOCTU (raza) p*w, KF/MZ/C, TO BMecTe ¢ Hell mepeHocuTcst dHTambmus |, Jx/ M2/c. Torma
MJIOTHOCTh KOHBEKTUBHOTO TETIOBOTO TTOTOKA OyzaeT paBHa [1]:

Oxors = P*W*1, BT/MZ,

3.
r7ie p — IJIOTHOCTH CPENIbl, KI/M"; W — CKOPOCTb CPeIIbI, M/C.



KonBek1us TemIoTh BCerjia COMpoOBOKAAECTCS TEIIONPOBOIHOCTHIO [2]:
e = A*AT[B1/M?],

rne A— ko3 dunument remnonposoanoctu, Br/m/K; AT— nepenan temneparyp, K.
B pe3ynbpTaTe KOHBEKTUBHBIN TETUIOOOMEH OIMCHIBAETCS ypaBHEHUEM [2]:

g = Oxkons T Gz = p*W*| + A*AT.

KoHBeKTHBHBIN TEMI000MEH MEXIYy IMOTOKAMHU >KUJKOCTH HIIM Ta3a U MOBEPXHOCTHIO
COIPHUKACAIOLIErocss C HHMM Tejla Ha3blBACTCs KOHBEKTMBHOW Teruloornauded. Ilpm pacuerax
TEIUIOOTJIaYH UCIOJB3YIOT 3aKoH HbtoTona-Puxmana [3]:

Q = a*AT*F,

rae Q — TeroBol MOTOK, BT; o — KO3 HUIIMEHT TEII00TIauH, BT/MZ/K; F — moBepXHOCTS, M.

3aBHCHUMOCTh TEIUIOBOrO moToka Q oT mepemana temmeparyp AT ang Tpex 3HaYeHHA
toma i mosepxHoct F (1, 2 u 4 MZ) Y 3HaUYeHUH KO3 uIieHTa TeruooTaauu o He Menee 100 Br/M/K
npejcraBieHa Ha puc. 1.

QkoHs [BT] = f(Tr - Tc)
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Puc. 1. 3aBucumoctb Q,ous = F(AT) ny1s1 Tpex 3HaueHui F

PaccmoTpuM myducThIi TETUIOOOMEH (TEIIo0TAavda M3JTydYeHHEeM) MEXIy Ta30BOW Cpemou
1 ioBepxHOCTHIO [3]. [Ipennonokum, 4To ra3 UMeeT MOCTOSHHYIO TEMIIEPaTypy 11, MOBEpXHOCTH ¢,
a M3JIy4eHUE IOBEPXHOCTH XapAKTEPU3YETCs CILIOMIHBIM CHEKTpOM. JIy4uCTBIM IOTOK OT rasa
K MIOBEPXHOCTH MOKHO ONKCATh 3aBUCUMOCTHIO:

Qr-c = Enp*Co*[(Tr/100)* — (T/100)1*F, Br,

. 2 4
rne E,, — mpuBeneHHas crenens depHoThl; Co ~ 6,0, Br/M7/K" — koadbduuuent usmydeHus
a0COJIIOTHO YEPHOT'O Tefa.

[IpuBenenHas creneHb YePHOTHI ONMpeesieTcs o Gopmyiie:

Enp = 1/(1/Ec+1/Ep — 1),

rae Ec — crenenb 4epHOTHI MOBEPXHOCTH NepeKphITH (BenumunHa rnopsiaka 0,5 u Beie); Ec — crenens
4yepHOTHI ¢akena miaamenu (st CO; BenunynHa nopsaka 0,2).

3aBucumocth Temmeparypuoro Hamopa (Tr/100)* — (T¢/100)* or Temmeparyps dakena
TUTaMEHH [T IBYX 3HaueHui Temreparyp crenkd (20 u 200 rpaxycoB) mpencTaBieHa Ha puc. 2.



(Tr/100)"4-(Tc/100)"4; Tc=20, 200 [C]
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Puc. 2. 3aBucHMMOCTb TeMIIePATYPHOIr0 HAMOPA OT TEMIEPATYPHI (pakesia NaaMeHH

Qr-c [BT] = f(Tr), Tc=20 [C]
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Puc. 3. 3aBHCHMOCTB JIYYHCTOr0 TeNJIOBOT0 MOTOKA Qr.c 0T TeMnepaTyphl akesa MJiaMeHN

3aBUCUMOCTh JIYUHUCTOTO TEIJIOBOTO MOoToKa Qr.c OT Temmeparypsl (akena MjaamMeHu IS
YeThIpex 3HaueHui rionaau nosepxHoctu F (1,2,3 u 4 M2) npu Temmeparype cteHku 20 rpaaycos
NpeJCTaBIeHa Ha pucC. 3.

YpaBHEHHE TEIUIOBOTO OajlaHCca ¢ yUeTOM JIYYUCTOTO TEIIooOMeHa umeeT Bu [3]:

C*dT/dt =N — z (o)1 *(Ti — Tj ),

rae C — ynenbHast TerioeMKocTh, KJk/kr/K; N — MOIIIHOCTh MCTOYHUKA TeIlIa, BT, Gj — TeIroBbIe
MIPOBOJIUMOCTH, YUUTHIBAIOIIME€ KOHBEKTUBHBIN U JIYYUCTBIA EPEHOC TETIOTHI.
YpaBHEHHE COXpAHEHHS SHEPTUHU OYIET UMETh Clienyromuid Bus [3]:

C*p*(dT/dt + W*VT) = V(A*VT) + dP/dr,

r7ie BBIpAKEHUE B JIEBOM YacTU YpaBHEHHsI COXPAHEHUS DHEPTUU SIBJISETCS MOJHON MPOU3BOTHON
OT DHTAIBIHUH, TEPBOE CjaraeMoe B TPABOW YaCTH ONpEAeNseT NepeHOC TeIuia 3a CUeT
TEIUIONPOBOAHOCTH, BTOPOE caraeMoe — paboTa CUjl JaBJICHUS.

Mogens mepeHoca Teruia MOKHO YIPOCTHUTh, €CITM WCIOIb30BaTh MOHATHE TEMIIa HarpeBa
(oxmaxxmenwust). Toraa mpocreiiiiee ypaBHEHUE TEIIOBOTO OanaHca OyIeT UMETh Cleyrommuil Buf [4]:
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dT/dt =+ m*T,

rje m — remn Harpesa (oxnaxaeHus). Hauanpubie ycnoBusi: T = Tp .
VYpaBHEHME, ONMCHIBAIOLIEE HATPEB T€Ia BHYTPEHHUM HUCTOUYHUKOM TeEIIa, UMEET BUJ [4]:

C*dT/dt =N — ml*(T — To) —my*T,

r7ie M; — TEMIIbI HAarpeBa.

B nepexoanoM mporecce HarpeBa (0XJ1aX/1€HUs) OJJTHOPOJHBIX U HEOJIHOPOIHBIX TN JII000M
(GbOopMBI 1 pa3MepPOB MOKHO BBIJICIUTh TPH XapaKTEpHBIX pexuma [4]:

— Heynopsao4deHHsli pexuM (0 < 1 < T1p), IpM KOTOPOM HAa4aabHOE PpaclpeelICHHE
TEMIIEPATYp OKA3bIBAET 3aMETHOE BIMSIHUE HAa Pa3BUTHUE MPOLIECCa;

— peryispHblil pexuM (Tp < T < 00), IPU KOTOPOM BIMSHUE HAYAJIBHOIO paclpeleleHUs
TEMIICPATYpP CTAHOBUTCA HC3HAYNUTCIIbHBIM,

— CTallMOHAPHBIH PEXUM (T —> 0), MPH KOTOPOM TeMIlepaTypa BO BCEX TOYKaX Teia
CTaHOBUTCSI PABHOM TeMIlepaType OKpyKarolei cpest To.

B cragum perynsipHOrO peXMMa OTHOCHTENbHAs CKOPOCTh W3MEHEHUS U30BITOYHOU
temmeparypbl AT =T — Ty B m000ii TOUKE TeIa OCTaeTCs MOCTOSHHOM U OJIMHAKOBOIA:

(1/AT) * dAT/ dt = m = const.

OTta CKOpOCTh W3MCHEHHS TemIepaTypbl M, 1/Cex HasbiBaeTCs TEMIIOM HarpeBa
(oxnaxxaeHus). BennmumHa M 3aBHCHUT OT (PU3MYECKMX CBOMCTB Tella, €ro (OpMbl U pa3MepoB,
a TaKke oT Kod((puIMeHTa TerooTaaYH d, Br/m?/K.

[TogpoOHOE M3NIOXKEHHE TEOPUU PETYISIPHOTO peXMMa BBITOJHEHO B pabote [S5]. OcHOBY
TEOPUHU PETYISPHOIO PEKUMA COCTABIISIIOT IBE TEOPEMBI.

Teopema 1: J{is1 0THOPOAHBIX TE€T MIPU KOHEYHOM 3HAUYE€HUHU KO3 (ULIMEeHTa TEIIO0TAaun oL
BBITIOJIHAETCS] COOTHOILIECHHUE:!

m = o*F*y/(p*C*V),

rae o — kodpdummenta Teroornaun; F — 1iomanbe MOBEPXHOCTH Tena, Y — KOd(pOUIIUEHT
HEPABHOMEPHOCTH TEMIIEPAaTypHOTO MO, PABHBIM OTHOLIEHUIO CpeIHEH MO0 TOBEPXHOCTU
M30BITOYHON TEMIEpaTyphl K CpeIHEH TT0 00beMy TemIepaType; P — IDIOTHOCTh MaTepHhalia Tela;
C — yaenpHas TemI0eMKOCTh Tena; V — 00beM Tena.
Koaddumment HepaBHOMEPHOCTH TEMIIEPATYPHOTO TIOJIS \J OCTACTCS TTOCTOSITHHBIM B TCUCHUE
BCET0 TIEPHO/A PETYISIPHOTO PEXKUMa U MOKET OBITh ONPeeIieH 10 ClIeayrolel hopMyire:
v = 1N(B® + 1,44*B + 1),

rae B = o*F/(A*V) — moauduimposannas gopma 3anucu uncia bro. 3HadeHus: koapduimenta
HaXo/ATCs B cienyromux npegenax: 0 <y < 1.

Teopema 2: Ilpu BBICOKOW MHTEHCHUBHOCTH TEIUIOOTIAYM TEMI HarpeBa (OXJaXKIeHHus) M
NPOTOPIHOHATICH KOY((OHUIMEHTY TEeMIIepaTypolpoBOJAHOCTH A Marepuana tena: m = A/D, rae
® — xo3pdunuent ¢opmel, 3aBucAmUA OT (GopMbl M pa3mepoB Tena. i mapaienenunena
@ = U[(n/285)* + (1/28,)? + (n/28,)?], Tae B, By, 8,— pasmepsI Teia.

MO}:[eJII/IPOBaHI/Ie npounecca MIBMEHECHHUS TEMIIEPATYPbI B IOMCILICHUH

HuddepenunansHoe ypaBHEHHE, MOJECIUPYIONIEE MPOLECC H3MEHEHUS TeMIepaTypbl
B MTIOMEIIEHUH, Oy/IeT UMETh CIEAYIOUTUI BU:

dT/dt = vQ/(c,*p*V) — f(T),

rae Q — TerIoBOl MOTOK OT dhakena mwIamMeHu, BT, C, — yIenpHas TeIIOEMKOCTh Bo3ayxa, K k/kr/K;
3 P 3
p — IJIOTHOCTh BO3ayXa, Kr/M”; V — o0bem nomerienusi, M°; f(T) — dyHkums, xapakrepusyroimas
YMEHBIIICHUE TEMITEPATYPhI 3@ CUET YTEUKH TEIUIa 3a Mpe/esbl MoMeIeHus (Tem oxaxaerus), K/c.
7



Jns pemenus muddepernuansaoro ypasHeHus (/1Y) umcmonp3oBamack mporpamma Jyis
OBM, peanu3syromass MoJaelb PEKyppeHTHOW HeWpoHHoU cetu [6]. HMHTepdelic mporpammel,
UCTIONIb3yeMoii Juts pemienus Y, mpencrasieH Ha puc. 4:

" P e ne OY W COAY € noMou ke pexyppe HTHON HE RPOHHON C& TH

Han C11Y
& Dao DAY fAsa DAY - Tpw ONY Pemev‘ie c nohomw ucﬁp«m-RJd

Nonysermni swcon Ynl10]-9 8055 -~
" e 1

Otmes ’:.Eom;‘; ;mrpwd'zm Yy
———

Peaymrars powessn: /

Yr{0}-0.0010; Ynz{0}-0,0000

X21}-0.10; /

¥n{1]-0,5000; Ynz{1}<0,0000 .00

YniZ}=1.84D0; Ynzi2}-0,0000

Xz(3}-0.30; %)

Yni3}=3.5218; Ynz{3}=0.0000

ﬁ:’ﬂg‘zgm Yrzd4}=0.0000 /

Xa(5)-0.50; & (==

Yol51=6.7420. Ynz%=0.0000 I WSS

’#zgl"_g-ggz % Yra{6)0. 0 [ 02 02 w4 (5 3 [ uE 03 x

X2[7}-0.70; : ——

Yr{7|=8.8939; Yna{7}=0.0000 Mosouin Tpagur | Mms watna NSDU_1 bmp Cospasrs | Dwscrumn

¥ni{8]-9.4927: Ynz{8}-0.0000 [ L

5,‘}3'_9:%'2&- Yrz{9p0,0000 CATGGBETY LY 20D Y B EY N S F Y 278 GY Ao N 2™ I Y I 2NN 2 3L AN 1 oMY I/Y 24N

vmm-s',%’ss; Ynz{10}=0,0000 dY/@®X A’ Byl 92 DYy3 9Vix g2/x y3/x  ylly2 pVl93 y2/51 y2/93 y3/9) y3ly2 N
Koao OB o dvi/zgX 30 20 00 00 20 00 00 00 00 00 060 00 00
W1[i.i] ssonsren 8 vaGamuy —> - — =

OCTROCHIE TPFPUKD. dv/8X 00 00 08 00 00 00 00 00 00 00 00 0O 00 00
‘max = in = ~ '

U SBE Y dY3/84X 0.0 00 00 00 0.0 0o 00 00 00 0.0 0.0 00 0.0 0o

A

. ®C

Teer Havanereie gosoous: X0= 0.0 Yi0=- 0.0 Y20~ 0.0  vy30- 0.0

Hamenenua aprymenra: Xn- 0.0 Xke 1.0 Oumcrars

Beon Paceey Owcrirs  Jaxpasrn

Puc. 4. UnTepeiic nporpaMmmMsel, MCNoab3yeMoii 1Js pemenus Y

Temnodusznyeckue CBOMCTBA CyXOro BO3ayxa MpH aTMOCHEPHOM JAaBJICHUU MPEACTABICHBI
B Ta0JIULE.

Temmepatypa, C IInotHOCTB, kr/™m° yﬂeani};ﬁ;ﬁ;}zMKocn’ Tennog}i)r(/);;)I?HOCTB,
20 1,17 1,00 0,0258
100 0,92 1,01 0,0312
200 0,72 1,03 0,0374
500 0,44 1,09 0,0545

PesynbTarel pacueroB Ha DBM Juisl BETUYHMHBI TEIUIOBOTO MOoToKa Q = 25 kBT m o0Bbema
noMereH s 25 M° MPEJICTaBJICHbI HA PHC. 5!

dT/dt=t*Q/(Cp*Ro*V) - F(T)

e —

L 2

2,5 /’

N Rk A ——3

’1 \ / \ ,A\ ,/\./)\._ o

=1
0,5
0 —J

——

Puc. 5. Pe3yasTaTsl pacueroB Ha JBM



Ha puc. 5 mpencraBineHsl rpaduku NEpeXOAHBIX PEXKHMOB MOACTHPOBAHUSA IS Tpex
3HadeHuii mapameTpoB ¢yakimu f(T) (TeMIoB OXsaxaeHUs My), XapaKTEPU3YIONMICH YMCHBIIICHHE
TEMIIEPATYPHI 32 CUET YTEUKHU TETIa 3a MPeIeIbl TOMEIICHHUS.

TeMItbl OXJIaXI€HUsI, COOTBETCTBYIOIIME TPEACTABICHHBIM Ha PUCYHKE KPUBBIM 1, 2 1 3,
OTIUYAIOTCS MEXIY COOOW CIeAyIommMM o0pa3om: Moy > Mgy > Moz, Kak BugHO Ha puc. 5,
C YBEIMUCHHEM TEMITa OXJIAKICHUS PACTET JUTMTEIBHOCTh MEPEXOJHOTO PEKHMa MOJICIUPOBAHUS
U YMCHbIIACTCA TCMII pOCTa mp TCMIICPATYPhbI B IOMCUICHUMH

mp1 = 1,0 [K/c] < mp= 1,7 [K/c] < mp3 = 2,7 [K/c].

Bvioo

BhINOTHEHO KOMIBIOTEPHOE MOJICIMPOBAHUE MPOIECCa U3MEHEHUsI TeMIIepaTyphl BO3/yXa
Ipy MOXKape B TMOMEIIEHUU IyTeM pemieHus AuQQPepeHnaibHOro ypaBHEHUS C MOMOIIBIO
PEKYpPPEHTHOM HEMPOHHOW CETH, pealu30BaHHOM B BuUJE Hporpammbl st OBM. Pe3ynbraThl
pacyeToB MOKa3aJld CYHIECTBEHHOE BJIMSIHUE HAa TEMIT POCTa TEMIIEPATyphbl B MOMEIICHUU 3a CYET
TEIUIOBOTO MOTOKa OT (hakena IUIAMEHHU, TEMIa OXJIAXACHUS 32 CYET YTEUKH TeIlla 3a MpeAelbl
MTOMEIICHUSI.
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2. Kpyrnos I'.A., Bymrakosa P.M., Kpyrnoa E.C., AnapeeBa M.B. TemnorexHuka.
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[UKJINYECKUHN AJITOPUTM PACUETA CUCTEMBbI
HPOTUBOJABIMHOU BEHTUJIALIUA HA OCHOBE
BAJIAHCA ITOTEPH JABJIEHUSA

A.A. Ky3pbMHiH, KAHIHIAT NMEJATOTMYECKUX HAYK, OLEHT;
H.H. PomaHOB, KaHAMAAT TEXHUYECKUX HAYK, JOLEHT;
T.A. Ky3bMHuHa, KaHAUAAT NEeAArOrHYEeCKMX HayK.
Cankr-Ilerepoyprcekmii yausepeurer I'TIC MUC Poccun

IIpoBeneno wucciemoBanue (PaKTOPOB, BIMSIOMIMX HA BEIWYMHBI TIOTEPHU JABIIEHUS B CHCTEME
MPOTUBOJIBIMHON BeHTHIAIMH. OIIEHEHO BIMSHUE OTHE33JeP)KMBAIOIINX KJIAITAHOB HA BO3MOXHBIE MOTEPH
NaBleHUs B KaHajax. [IpoBeneH aHanmm3 anropurMa IO pacyeTy IOTEPH JaBIEHUS B CHCTEME
MPOTUBOABIMHON BeHTWIALMH. [Ipeanoxena KoHGUrypauys IUKINUYECKUX aJrOPUTMOB 0 PacyeTy CHUCTEM
MIPOTUBOJIIMHON BEHTWISIIK, OCHOBBIBASICH Ha OajaHce MOTEpH AaBIE€HUS B OTBETBICHHSIX WM TIABHOW
MarucTpalu.

Kniouegvie cnosa: mnpoTHBOABIMHAS BEHTWISAIMS, NPOAYKTBI TOpPEHHs, IOTEpH JaBICHUS,
BEHTHJSIIIMOHHBIA ~ KaHau, Kod(pQHIMEeHT  cOmpoTHBICHUS  TpeHHeM, Ko3QQUIMEeHT MecTHOro
CONPOTHUBJIEHUS, OTHE3aEPKUBAIOIINE KIIAIlaHbl, YBA3KA YYaCTKOB CUCTEMBbI

JlanHble, MpUBEACHHbIE B POCCUHUCKUX M WHOCTPAHHBIX MCTOYHHKAX, JAIOT OCHOBAHUS
mojgaratb, 4ToO 85 % CMCPTCIIbHBIX THIHUACHTOB Ha MMOKAapax B OTPAKICHUAX ABJIAOTCA CICACTBUEM
MOPAXAIOIIEro BO3JACHCTBUS MPOAYKTOB TOPEHHS MOKapHOW Harpy3ku. Ilpomecc nepemenieHus
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MPOJYKTOB TOPEHHUS B MPOCTPAHCTBAX 3JaHUM U COOPYKEHHH, KOTOpPBIE 3aTPOHYTHI IMOXKAPOM
U CIPOEKTUPOBAHBI C MCIOJb30BAaHUEM pAHEE IMPUMEHSEMBIX ApPXUTEKTYPHO-TEXHOJIOTMYECKUX
pELIEHHH, COMPOBOXKIAETCS IMEPEHOCOM  OTPABJSAIOIIMX  KOMIIOHEHTOB Ta30BOWM  Cpelbl,
YBEIMYEHUEM €€ TEeMIIEpaTyphl, IOSBJICHUEM BTOPUYHBIX OYAroB 3aropaHus WU H3MEHEHUEM
ONTUYECKOM TIUJIOTHOCTHM Ta30BOM Cpellbl BIUIOTh JO TOTaJIbHOM moOTepu BuUauMocTu. OjnHa
u3 Haubosee BaKHBIX NPOOJIEM B pPEIICHUU 3a/ad MPOSKTUPOBAHMSI CUCTEM IPOTHUBOABIMHON
BEHTWISIIIK — (POPMUPOBAHUE METOJIOJIOTUU pacdeTa € OCHOBHBIX XapaKTEPHUCTHUK, MPEXKIIE BCETO,
BEJIMYMH TOTEpU JABJICHUS, KOTOpPbIE CYIIECTBEHHBIM 00pa3oM MpEeOoINpeesioT TEXHUYECKUe
TpeOOBaHUS K BEHTUJISIIUOHHBIM YCTAHOBKAM, M, B OTJIMYME OT IPABUTAIMOHHBIX CHUCTEM, JOJIKHBI
BBIIIOJIHATBHCS. BBICOKOCKOPOCTHBIMH anmnapaTraMy BCJIEICTBHE 3HAYUTEIBHBIX PACXOJ0B MPOAYKTOB
ropenus [1].

B npouecce BBINOTHEHUS  a3pOAMHAMUYECKHMX  PAcCyeTOB  BO3JYyXOBOJOB  CHUCTEM
MPOTUBOABIMHONM BEHTWISAIIMA HEO0S3aTeIbHO OCHOBBIBATHCS HA CIKUMAEMOCTH TPOJYKTOB
TrOpEHUs, KOTOpbIE MEPEMEIIAIOTCS B BEHTWISALMOHHOM KaHalle, IIOCKOJIbKY MAaKCHUMaJbHO
BO3MOKHO€ HM3MEHEHHE [aBJieHWs B KaHaje MeHblie 5 % 1O CpaBHEHHUIO C BEIMYUHOMN
neiictBytoiero armochepHoro nasiaeHus. [loaTomy B mogoOHBIX pacdeTax OOBIYHO HCIIOJIb3YETCs
MOHATHE M30BITOYHOTO JIaBJICHUS, B KOTOPOM B KayeCTBE YCIOBHOTO HYJEBOIO 3HAYCHUS
MIPUHUMAETCS BEJIMYMHA aTMOC(EpPHOro JaBIICHUS B CUCTEME MPOTHUBOJIBIMHON BeHTUISAIUH. [Ipu
3ToM crnenuduka padOTBl CHCTEMBI TPOTHBOJIBIMHONW BEHTWJISIIMM IPOSBISCTCS B BUJC
BO3MOXXHOCTH (DOPMUPOBAHUS YYACTKOB, B KOTOPBIX 3HAYEHHE HM3OBITOYHOIO JIABJICHHUS MEHbBIIE
HYJISL, IOATOMY TaM I€JeCo00pa3Ho MPUMEHEHUE TTOHITHS BAKYyMMETPHUYECKOTO AaBJiIeHU [2].

[lonsiTe «mOTEpU [JABIEHUS» B BEHTWISLMOHHOM KaHaj€ HEAOCTAaTOYHO OIMCHIBAET
(du3HYeCKre MPOIECCH B TA30BOM IOTOKE, IMPH 3TOM JKEIATeIhHO UMETh B BHIY, YTO Ha CaMOM
Jiesie MOAPa3yMeBaeTCsl BO3MOXKHAsL IOTEPs. SHEPTHH ra30BOr0 MOTOKA, KOTOPask BKIFOYAET MOTEPIO
SHEPrMM Ha TPEHUE CO CTEHKaMW KaHajla M IOTEPI0 SHEPTrHH, BBI3BIBAEMYIO JIOKAJIbHBIMU
COMPOTUBIIEHUSAMHU JIEMEHTOB IPOTHUBOBIMHON BEHTHIISLIMH.

Onenka QPUKIIMOHHOM KOMIIOHEHTHI TIOTEPH JaBJICHUS B KaHaje MPOTHBOABIMHON
BEHTWISIIIMM ~ OCHOBBIBaeTcss Ha (Qopmyne Becbaxa, KkoTopas MIMPOKO HCIOIb3yeTCs
B I'MJIpaBIMYECKUX pacyerax [3]:

2
APmp:/ImP.L ]égw ’

II€ Amp — KOOQQUIMEHT CONPOTUBIEHHU TPeHUs; L — nnnHa kaHana; S — mIomagbs NONEpeYHOro
cedeHus KaHaja; /] — mepuMeTp TOMEepPEYHOTO CeUeHUs KaHaja; p — INIOTHOCTH MPOTYKTOB TOPEHUS;
W — CKOPOCTbH JIBUKEHUS POJAYKTOB TOPEHUS MO KaHAIy.

@pUKIHOHHAS COCTaBIIAIONMAs KOIPPUIIMEHTA COMPOTUBICHUS A,y B CAMOM 0OIIEM ClTydae
SIBIIIETCSL CTIO’KHOM BETMYMHOM, ONpEAeNsIeMO PeKUMOM JIBIKEHUS MPOAYKTOB TOPEHUS B KaHAie
MIPOTHUBOABIMHONM BEHTHJISILIMK U IIIEPOXOBATOCTHIO MMOBEPXHOCTH CTEHOK 3TOr0 KaHauna [3]:

K
ﬂmpzf Re, %M ,

rie Re — omnpenensembiii kputepuil PeitHonbaca; K, — kodhUIMEHT, XapaKTepU3yHOIIMMA
aOCOJIOTHYIO HKBHUBAJIEHTHYIO IHIEPOXOBATOCTh MaTE€PHAJIOB, HCIOJIb3YEeMBIX NPH H3TOTOBICHUU
KaHAJIOB MPOTHUBOJIBIMHON BEHTHIISIMHU, ONPEACISIETCS IKCICPUMEHTAIBHO; O, — IKBUBAJICHTHBIH
AUaMeTp KaHajla MPOTHBOJBIMHOM BEHTWUJISALMH, BEIUYMHA KOTOPOTO ONPEAEIAETCS MPU yCIOBHH,
YTO 3HAYEHHE YAETbHBIX MOTEPh Ha TPEHHE B KaHaJaX KPYIJIod U MPSIMOYroJbHOM (OpPMBI paBHBI
IIPU PaBHBIX CKOPOCTSIX ABM)KEHUS IPOTYKTOB FOPEHUSI.
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I[JISI OTOr0 NpeAjiaracTcsa SMIIUPUICCKOC BBIPAKCHUC!

d,,6 =1265-3——
a+b

Jis  HaxoXOeHWs BeNIMYUHBI Kod(p(UIMEeHTa COMPOTHUBIEHUS TPEHHEM B KaHajax
MPOTUBOJIBIMHOM BEHTWISUHUH MPEIJIAracTCd HECKOJIbKO SMIMPUYECKUX YPABHEHUMW, KOTOpPBIE
YUUTBHIBAIOT OCOOCHHOCTH PEXHUMa MepeMEIeHUs IPOAYKTOB TOPEHHUS M0 TAKUM KaHaJlaM:

— Uit TypOYJIIGHTHOTO pEXMMa IMepeMelieHus] MpPOAyKToB ropeHus A.Jl. Anbrmnyns
MIPEAJIOKHUIT YPABHEHUE:!

0,25
A, =011- @+ K,
v Re d. ’

IK6

— Q7S JIaMUHApHOTO peXuMa IepeMelleHus MPOAYKTOB TopeHust brasmyc mnpeanoxuin
SMITUPUYECKOE YPABHECHHUE:

0,3164
P = et

B 30H€e Bapuanuy opueHTalMU KaHAJIOB MPOTHUBOIBIMHON BEHTUIISILIMU, IIPH PACIIPEIEICHUU
WIM KOHCOJIMJALMY Ta30BbIX MIOTOKOB B TPOMHUKAX, IIPU U3MEHEHUHU Pa3MEPOB BEHTUIISILIMOHHOIO
KaHana (HampuMep, B XoJe pacmupeHus B nuddys3ope win CyxeHus B KOH(]Yy3ope), Ipu BXoje
IIOTOKA ra3a B BEHTUJIALMOHHBIM KaHaJl U BBIXOJAE M3 HErO, a TakKe B pallOHaX MOHTHUPOBAHUSA
pa3IMYHBIX YCTPOWCTB [UIsl YNpaBJI€HUS Ta30BbIM IMOTOKOM (Hampumep, Jpoccens, mbepa,
nuadparMel) MOXKHO HaOJIIOATh MAJEHUE €T0 AaBJICHHS.

Ha »Tux yyacTkax kaHana MpoOTUBOABIMHOM BEHTUJISIIUU IPOUCXOANUT TpaHchopmalus mosst
CKOpOCTH MPOJYKTOB TOpEHUsI U 00pa30BaHUE 30H TYpOYJIECHTHOCTH y IOBEPXHOCTH CTEHKU KaHala,
4TO 00yCNIaBIMBAECT IOTEPIO SHEPTUU T'a30BbIM NOTOKOM. [Ipeanonaraemas Koppekiys napameTpos
MOJIS1 CKOPOCTH HAYMHAETCS Ha ONpPE/IeIeHHON AUCTaHIIMU OT UCTOYHUKA (POPMUPOBAHUS MECTHBIX
MOoTeph, a Mpolecc CTAOMIM3alUU Ta30BOr0 MOTOKAa MPOTEKAET HAa OMNPEJEIIEHHOM pacCTOSHUU
(KkoTOpoe paBHO HECKOJBKMM KamuOpaMm, TO €CTh SKBHBAJCHTHOMY JAMaMeTpy KaHala
MIPOTUBOABIMHOM BEHTWIALIMK), a TaKXKe Iocjae 3Toro uctoyHuka. Ilpomecc mnpoxoxaeHus
BO3MYIIEHHOI'0 Ia30BOr0 MOTOKA TypOyJIE€HTHBIX 30H MPOUCXOIUT MPH MOTEPE IHEPTUU Ha BA3KOE
TPEHHE M COINPOBOXKAAECTCSI POCTOM BEIUYMHBI (PUKLIMOHHBIX IOTEPh HA CTEHKaX KaHala
IIPOTUBOABIMHONM BEHTHIISIUU. B 3TOM ciiydae ynpounieHre METOAUKHN a3pOIMHAMUYECKOTO pacdera
BO3MOXXHO, €CJIM CUHUTaTh COCPEIOTOYEHHBIMH BO3MOKHBIE IOTEpU aBJIEHHS H3-32 MECTHBIX
CONMpOTUBIEHUH [4].

3HayeHWe TMOTepH JaBJIEHUS 3a CYET MECTHOro comnpoTtuBienuss AP,. [la,
MPONOPIMOHATIBHO JUHAMUYECKOMY JIaBJICHUIO TNMPOJIYKTOB TOPEHUs B KaHAJe U MOXET OBITh
OTIpE/IENICHO C UCTIOIb30BaHUEM YPaBHEHHUS:

=2

rae m — KO3(1)(1)I/IHH€HT MCCTHOI'O COIMPOTUBIICHUA, IIPU IMTOMOIIIHU KOTOPOTO ONPEACTIACTCA BEINUNHA
MOTeph JABJICHUS B KaHAJe MPOTHUBOIBIMHON BEHTHIIALIUU, U3MEPSETCS NOJSIMH JTUHAMUYECKOTO
JaBIICHHSL.

3HadyeHrne Kod((UIMEHTa MECTHOTO CONPOTUBIICHUS /M Ha PA3IMUYHBIX y4acTKax MOXKET
M3MEHATHCS B IOCTATOYHO CYIIECTBEHHOM JHaIa3oHe: Kak mpaBuio, B mpomexytke 0<m<10. [Ipu
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HEOOJIBIINX CKOPOCTSX MEPEMEIEHNUs IPOAYKTOB TOPEHUS B KaHalle TPOTUBOABIMHON BEHTUIISILIUN
U CYUIECTBEHHBIX MOTEPSAX JaBICHUA, HAllpUMep B Tuadparme, 3HadeHne Ko3(pPpUIreHTa MECTHOTO
COIIPOTHBIICHUS M MOXET OBbITh TOCTATOYHO OOJBIIUM M COCTABIISATH HECKOJIBKUX COTCH €IUHMII.
IIpy HEKOTOpBIX CHUTyallUAX B 30H€ Ppa3BETBICHUN TPOWHHMKOB BO3MOXKHO IIOSIBICHHE
OTPHLIATENIFHONW BETMYUHBI KOA(PPHUIIMEHTa MECTHOTO COIPOTHUBIICHUS M. DTO MPEANoaraeT poct
yIIelNbHOM SHEpruM ra3oBOro MOTOKAa B 30HE OTBETBICHMs, 00yCIOBIEHHOE dkekuuen. [lorTromy
OLICHKAa 3HA4YE€HMs] U3MEHEHUs JIaBJICHMS NOTOKA MPOAYKTOB I'OPEHUS B 30HE IEPEMEIICHUS Yepe3
TPOMHUK MpeaIoaraeT yuyeT 3Haka ko3¢ (puIeHTa MECTHOIO COIIPOTUBIICHUSI .

Oco0eHHOCTBIO CUCTEM MPOTHUBOJBIMHON BEHTWISILIMM SIBISIETCS 0053aTeNbHOE HaJIU4uue
B HUX IPOTUBOINOXKAPHBIX OTHE33JEpP)KUBAIOLIMX KjamaHoB. B pabore [5] mnpeacraBieHsl
pE3yJIbTaThl YUNCIEHHOIO MOJEIMPOBAHNS TEUEHHS Ia30BON Cpebl YEPE3 «KaHAJIbHbIE» HOPMAJIbHO
otkpeiTele (HO) knamaHbl, KOTOpble CBHUAETEIBCTBYIOT O MACHITA0HBIX HEPAaBHOMEPHOCTAX
B pacHpeiesieHUH JaBJICHUNA Ta30BOr0 NMOTOKA B 30HE YCTAHOBKU MOJOOHBIX KJIANaHOB, Y KOTOPHIX
UMEIOTCS PAJ KOHCTPYKTHBHBIX OCOOCHHOCTEH I10 CPaBHEHHUIO C TPaJULMOHHBIMH, TO €CTb
«OOIIEBEHTWISILIMOHHBIMUY KJlanaHamu. BennuumHa moTepu AaBiieHUS B INPOLIECCE MPOXOKICHUS
HO «kmamaHoB 3aBUCUT OT TOJILMHBI TEIUIOM3OJSALMOHHOM 3aCIOHKM U ONpEeHesercs
KOHCTPYKTUBHBIMHM PEIICHUSIMHM BHYTPEHHUX KOMIIOHEHTOB Ta30BOM apMaTyphl, KOTOpbIE uYepe3
napameTpsl MPOXOAHOTO (KHBOI0) CEYEHHUs KJIallaHa OINpPeeNIAloT YCIOBUS B3aMMOJAEHCTBHS 3TUX
JJIEMEHTOB C IIOTOKOM IpOJXYKTOB TropeHus. HeoOxonuMocTh yuyeTa yMEHbBIICHHS JaBJICHUS
Ha nporuBonoxapHeix HO knamaHax B Xoze NMPOBENEHUS a’POAMHAMMUYECKOTO PAacyeTa CUCTEM
MPOTHBOJBIMHON BEHTHISIUM OCOOEHHO KPUTHYEH NPU HE3HAYMTENBHBIX radapurax MOZOOHBIX
YCTPOMCTB, KOrJa Jake IpPHU BO3MOXHBIX B IMOJOOHBIX CHUCTEMax CKOPOCTSIX Ia30BOr0 IMOTOKa
B KaHaJlaX YMCHBIIICHHE JIaBJICHHS Ha KJIAllaHaX MOTYT OBbITh JJOCTaTOYHO CYIIECTBCHHBIMH [6].

Takum 00pa3oM, eclii ONHUCBHIBAETCS MPOLECC YAANEHHs JbIMa U3 OJHOrO IOMELICHHMS,
CyMMapHbIe IIOTepH JAaBieHus AP,, Ha ydacTke KaHana JUIMHOM L, anropurM pacyera morepb
JABJICHWS B KaHajgaX IPOTUBOABIMHOM BEHTWIALMHW, YUYUTBHIBAIOIIMM HAJINYUME MECTHBIX
COIIPOTHUBIIEHUH, MPUOOPETAET JIMHEHHBIN XapaKTep U MOXKET ObITh OMKMCAH YPaBHEHUEM:

APyu :Rﬁml‘-{_zgl .P(),
i=1

rie R — »KcmepuMeHTallbHOE 3HAa4YeHWE TMOTeph [aBJeHWs Ha OJWH METp JUIMHBI KaHaja
MPOTUBOABIMHON BEHTUIISIUU; [, — KOI((UIHMEHT ydeTa IIepOXOBATOCTU CTEHOK, 3aBUCAIIHMA
OT XapaKTEePUCTUK MaTepuasa KaHaia K, 1 CKOpOCTH JBMKEHUS MPOAYKTOB ropeHus W; 2{;— cymma
KO3((UIIMEHTOB MECTHBIX COINPOTUBICHUI Ha JHMHEWHOM Yy4YacTKe KaHalla MPOTUBOIBIMHOM
BEHTHJIAINH;, Py— THHAMHYECKOE JaBJICHHE TIOTOKA MPOAYKTOB ropeHus [7].

HecmoTps Ha 10CTaTO4YHO 3HAYUTENbHbIE 00BEMBI BBIYMCICHUH MO ONpEAeNeHUI0 3HAUCHUS
CYMMapHBIX IOTepb JaBieHus AP, Ha yd4acTKe KaHaja, INpeanoiaralonye HeoO0X0IUMOCTh
MPUMEHEHHE IJIMHEHHOW WHTEPHONSIUU B Tporecce padoThl ¢ TaOIWYHBIMU 3HAYECHUSIMU
KOA(DPUITMEHTOB IIEPOXOBATOCTH TOBEPXHOCTH CTEHOK f3,, B 3aBUCUMOCTH OT COCTOSIHUS
MOBEPXHOCTH KaHalna K, 1 CKOPOCTH MEePEMEIICHHUS MPOIYKTOB TOPEHUs W IIPOBEIEHUE TPEOyeMbIX
pacyeTHBIX Omeparii BO3MOXKHO 0€3 TpPHMEHEHHUsS CIEeNHAIbHO pa3padOTaHHBIX ISl ATOTO
MIPOTrPaMMHBIX MPOAYKTOB.

Opnako ecid  mpolecc  ABIMOYJAJIEHHS ~ OXBaThIBA€T  HECKOJBKO  MOMEIICHHUH
Y TUAPABIMYECKAs CXeMa CUCTEMbI IPOTUBOIBIMHON BEHTUIISIIUU UMEET Pa3BETBICHHBIN XapakTep,
TO QITOPUTM adPOJIMHAMHYECKOTO pacueTa JOHKEH COJEpKaTh pEIIeHUs Kak MpsSMOH, Tak
1 oOpaTHOM 3aa4u:

— OTHOCHTEJIBHO COJIEPKaHUs TPSMOM 3aauil TIPEJIIOoIaracTcs OnpeaesieHue KOHCTPYKTUBHBIX
pa3MepoB KaHAJIOB HA BCEX YYACTKOB CHCTEMBbI MPOTHBOBIMHON BEHTIIISIIUY B YCIOBUU (DUKCAITHH
pacxoja MpoayKTOB TOPEHHUS;

— OTHOCHUTENBHO COJAEpXaHUs MNPSIMOM 3aJaydl MPEIIoJIaracTcsi OINpEeAeNICHUE PACXOI0B
MPOJIYKTOB MIPU HEU3MEHHBIX KOHCTPYKTUBHBIX pa3Mepax KaHaJOB Ha BCEX y4acTKax.
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B mnpouecce a’spoaMHaMHUECKOr0 pacyeTa CUCTEMbl MPOTHUBOJBIMHOM BEHTHIISIUU €ro
cXeMy Iesnecoo0pa3sHo pa3OuTh Ha OTAETbHBIE YYACTKH, KaXJbI U3 KOTOPBIX XapaKTepu3yeTcs
MMOCTOSIHHBIM PAacXo0JIOM IPOJIYKTOB TOPEHUs, MEPEMEIIAIONIUXCS M0 KaHaly. ['paHullaMu MEXy
OTJENbHBIMU y4YaCTKaMU CXEMbl MOTYT OBITh pa3BeTBICHHS. BennunHa mnoTepb HaBICHUS
MepEeMENIAONIUXCS MPOIYKTOB TOPEHUSI IO YYaCTKy ONPENENseTCS CKOPOCThIO HMX JBHXKECHUS
U COICPXKUT B KAueCTBE COCTABIAIOIIMUX (PPUKIHMOHHBIE MOTEPU U TOTEPH 3a CUYET MECTHBIX
CONIPOTUBJICHH.

Tak ’xe Kak M IOpU NPOBEIECHUM THUIPABIMYECKOTO pacyera MarucTrpajieil MoKapHOIo
BOJOCHAOXKEHUSI B CHUCTEME MPOTHUBOJBIMHON BEHTHIIALUU OIPEICISICTCS OCHOBHOE DPACUETHOE
HaIpaBlieHUuE, KOTOPBIM SIBIISIETCS MAarucTpaib, IPEICTaBIISIONIast COOOM 1enb U3 MOCIe0BATEIbHO
OPUEHTUPOBAHHBIX YYACTKOB C Hayajaa CUCTEMBI 10 HauboJiee yJaleHHOro OTBETBICHUS OT Havasa
IJIaBHOM Maructpaiu [§].

Ecnu BeiOupatorcs nBe win 0ojiee TaKUX MOCIEI0BATEILHOCTH, KOTOPBIE PABHBI 10 JJIMHE,
3a rjaBHOe (MarucTpaibHOE) HalpaBlieHHE MPUHUMAETCs Haubojiee Harpy>KeHHOe M3 OSTHUX
HaNpaBJICHUH (MMeroIIee HanOOIBIINI pacxon).

3HaueHHe MOTEepU MAaBJICHUS BO BCEU CHUCTEME YHCICHHO PaBHO IMOTEPSIM JABJICHUS
B MAarucTpajv, B KOTOPBIX CYMMHPYIOTCS BEJIMYMHBI TOTEPh JAaBJICHUS TIOTOKA Ha BCEX
MIOCJIEIOBATEIbHO OPUEHTUPOBAHHBIX YYaCTKaX MAarucTpajd M IMOTEPb JAaBJICHUS B 3JEMEHTaxX
apMaTypbl CUCTEMbI TPOTUBOILIMHOM BEHTUIISIIIUH.

TakuM o00pa3oM, NpU HAXOXKIEHUU PACUETHBIX MapaMeTPOB CHCTEM MPOTHUBOJIBIMHON
BEHTHJIALIMH, 00JIa/Ial0IIKUX Pa3BETBICHHON KOH(UTypalnei, He00X0IuMO:

— ONpENeNUTh HArpy3KHM BCEX pACUYETHBIX Y4YacTKOB, JJIi 4Yero cucreMa pa3OuBaeTcs
Ha OT/CJIbHBIC YYACTKU U OMPEACNACTCS BEIMYMHA PAcX0/a MPOAYKTOB TOPEHUS KaXIOT0 M3 HUX
MOCJIEIYIOIUM CYMMUPOBAHUEM;

— BBIOPATh IIABHOE (MarkCTpaIbHOE) HAMIPaBJIeHUE Ha OCHOBE BBISBIICHHSI HAUOOIIEE TPOTSHKEHHON
LETIOYKHU, COCTOAIIEH U3 MOCIEI0BATEIBHO PACIIOIO0KEHHBIX PACUETHBIX YYaCTKOB CUCTEMBI;

— ONPENEeTUTh pa3Mephbl CEUCHUS PACUETHBIX YYACTKOB MarucCTpajld MCXOMAS U3 PacCYeTHOTO
pacxojia IpOJIyKTOB U PEKOMEHIYEMON CKOPOCTH UX MEPEMEIICHHS IO PACIETHOMY yYacTKYy;

— JUIS BCEX YYaCTKOB CHUCTEMBI IPOTHUBOJBIMHOM BEHTHJISIMU OMPEACIUTh (haKTUUECKYIO
CKOPOCTbH MEepPEMEIICHHUS TPOYKTOB TOPEHHSI, a TAKXKE BEIUYMHY (PUKIIMOHHBIX MTOTEPh AaBICHUS;

— B 3aBHCHMOCTH OT CKOPOCTH I€pEeMEUIEHUsI MPOJYKTOB TOPEHHUS HAWTH BEIUYUHY
JUHAMUAYECKOTO TABJIEHUS JIJISl Ka)KJ0T0 U3 YYaCTKOB CUCTEMBI IPOTUBOABIMHON BEHTUJISLINY;

— ONpEACNIUTh BUIBI MECTHBIX COMPOTHBICHUN Ha pPACUETHBIX YYaCTKaX, UX BEIUYUHY
U TIOTepH JaBJCHHUS B HHUX, a TaKKe JOKalbHble W OOIIMEe MOTepU [aBICHUS B CHCTEME
MIPOTUBOIBIMHOM BEHTUJISIIUY;

— TIPOU3BECTU YBA3KY BCEX JIPYTMX YYaCTKOB CHUCTEMbl MPOTHUBOJBIMHON BEHTHIISIUHU,
YBS3KY HAa4aTh C CAMBIX MIPOTSHKEHHBIX OTBETBJICHHM.

[locnenoBarenbHOCTh YBS3KH MAapaMETPOB OTBETBJICHUN aHANOTMYHA MOCIEAOBATEIbHOCTU
pacdera y4acTKOB MarrCTPaJIbHOTO HAIpaBJIeHHsI. Pa3mudusi COCTOST TOJBKO B TOM, YTO B IpoIIecce
YBSI3KA TApaMETPOB KaXJIOro OTBETBIEHUS BO3MOXHBIE TOTEPU B HEM MPEANOIATral0TCs
M3BECTHBIMHU. BenmnunHa moTeph aBlICHUS 1O BCEMY OTBETBJICHHUIO JOJKHA OBITH paBHA MOTEPSM
JABJIEHUSI OT TOM K€ TOYKM J0 OKOHYAHUSI OCHOBHOM MAarucTpaiud CHUCTEMbI IMPOTHUBOJBIMHOMN
BEHTHJISIIVH.

[Tporiecc pacdyera OTBETBJICHHI OCHOBAaH Ha METOJIE TOCIEIOBATENBbHBIX MPUOIMKCHHM.
[TapameTpsl ceueHU OTBETBIECHU MaruCTpaiv CUCTEMbI POTUBOIBIMHON BEHTHIISILIUN CUATAOTCSA
MOoI00paHHBIMU, KOTJIa BEIMYMHA OTHOCHTEIHHOW MOTPEIIHOCTH A B XOJE OIpeNIeeHHs MOTEPh
JABJICHUSI MEHEE JOMYCTUMOTO 3HAYCHUS Amax, OOBIYHO MpUHUMaeMoro paBHeIM 10 %. VYcnoBue
BBIXOJIa U3 IIUKJIa TPUOTIKEHUH OMUCHIBAETCS HEPABEHCTBOM:

A_RB,L+Z), R B, L4D),,

(R-B,-L+2) X
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rae Z — TOTepu MJABJICHUS B MECTHBIX COMPOTUBICHHUSIX YYaCTKa CHUCTEMBI MPOTHBOJBIMHON
BEHTHJISIIH.

TakuM 00pazoM, OTOOpaKEHHBINM Ha PUCYHKE aITOPUTM pacdeTa CUCTEMBI MPOTHUBOABIMHOM
BEHTHJISIIIUM UMEET IUKIMYECKUI xapakrep. s peann3anuy BeIIICO3HAYEHHOTO arOpUT™Ma ObLIH
HCIIOJIb30BaHbl HMHTEp(EHChl IporpaMMmbl 10 padore ¢ s3iaekTpoHHbIMU TaOnuiamu EXCEL
U UHTETPUPOBAaHHOW Cpefbl pa3paboTKuM mporpamMMmHoro obecredenust Visual Basic —
MIPOrPaMMHBIH CITOCO0 BBOJIA MAPaMETPOB pacueTa U BhIBOJIA PE3YJIbTATOB U PACUETHOTO OJIOKA.

Lil ch.m Scy.m PO: Amax
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BE3OHNACHOCTD ’KU3HEJAEATEJIBHOCTHU

OCOBEHHOCTH PA3BUTUA
WH®OPMALIMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJIOT Ui

A.1O. JIaOuHCKMi, KAHAUIAT TEXHUYECKUX HAYK, JOLEHT.
Cankr-Ilerepoyprekmii yausepeurer I'TIC MUC Poccun

PaccMmoTpenbl 0coOeHHOCTH Pa3BUTHS MHPOPMAIMOHHO-KOMMYHHUKAMOHHBIX TexHojorud (UKT).
C noMolpl TPEXCIOWHONM MCKYCCTBEHHOW HEHPOHHOM CETHM MpsSMOro paclpOCTPAHCHUS BBINOJIHEHA
anmpoKcuMalnusl JaHHbBIX 1o pocty BozzaerictBus MKT Ha 3Kooruiwo, KOTopas MOCHYyXuia OCHOBOM IS
nporuosupoBanus BiusiHUSA KT Ha Bo3HukHOBEHHE dKoIorndeckux UC.

Kniouesvie cnoea: texnochepa, HHPOPMAIMOHHbIE TEXHOJOI'MH, UCKYCCTBEHHAs HEHpPOHHAas CETh,
KOMIIBIOTEPHAs IPOrpamMma, MaTeMaTHYECKasi MOAEIb

BakHelMM KOMIIOHEHTOM IIpoLecca YIpPABJICHHS B CHCTEME NPENyNpexXICHUs
ype3BbuaiiHpix cutyanuii (UC) sBIsieTcs aHaIMTHYECKas AEATENbHOCTh, BKIIOYAOMas B ceOs
aHaJIM3 M MOJENMpOBaHME Ipolrecca BO3HUKHOBEHMs YC, OT KOTOpPBIX BO MHOIOM 3aBUCUT
3¢ (HEeKTHBHOCTh YIPABIISIOMIUX BO3JEHCTBUI B cdepe mpenynpexaeHus Bo3nukHoBenus UC [1].
B mensix CHW)KEHUS TEXHOTEHHBIX PHCKOB M MOBBIIIEHUA 3()(OEKTUBHOCTH JAEATEIbHOCTU
noapazaenennii MUYC Poccum Oosbinoe 3HaYeHHE UMEET OINpeAesieHue 3aKOHOMEPHOCTEH
BO3HUKHOBeHHd YC u co3naHue MareMaTH4eCKUX MOJEIEH CUCTEMBI IMPOTHO3HPOBAHMS
Bo3HuKHOBeHus UC [2].

B  naHHO#l  cTraThe  pacCMOTpEHBl  OCOOEHHOCTH  pa3BUTHA  HMH(OPMAIMOHHO-
KOMMYHHUKAlMOHHbIX TexHonorui (MKT) c Touku 3peHHMs MX BIMSHMS Ha BO3HHUKHOBEHHE
skonornueckux YC M co3maHa mMaTemMaTHyeckas MOZENIb INporHosuposaHus BosxaencTus WMKT
Ha OKPYXKAOLLYIO CPELy.

BeiOpoc yriekucnoro raza BiIMsSeT Ha KIUMaT 3€MJIM B BUJAE CO3[aHMS HapHUKOBOIO
s¢(deKTa, BBI3BIBAIOIIETO MOBBIIIEHUE CPEJHEH TeMIeparypbl BO3[yXa, YTO HPUBOJUT K TaKUM
KaTakJn3MaM, KakK yparaHbl, CMEpuYHd, LYHaMHM, HABOJHEHUS M JPYTH€ NPUPOJHBIE SBJICHMUS
YPE3BBIUYANHOTO XapakTepa.

Texnocdepa

Awmepukanckuit yuenslit [lurep Xadd pazpadoran konuenuuio rexHocdeps [3]. ITo HOBas
chepa 3emun, Hapsaxy ¢ gutochepoit, ruapocdepoii, armochepoit u 6mochepoit. Ona odbpazyercs
U3 BCEX MAIlIMH U IPOU3BEACHHBIX UMU MIPOAYKTOB, a TAKXKe JIIOACH.

B TeueHWe IMTENBHOTO BPEMEHH Cpefa OOWTaHHS YeIIOBeKa MEUIEHHO HW3MEHSIIACh,
BCJIEJICTBHE YETr0 Majo MEHSUIMCh BUJbI U YPOBHHM HETaTUBHBIX BO3JAeHCTBHHA. Tak mpooimkasoch
no cepenunbl XIX B., Korna npousomien OypHBIM POCT MPOMBILIUIEHHOTO MPOU3BOJCTBA Ha 0ase
pa3BuTHs TexHUKUA. B XX B. Ha 3eMiie BO3ZHUKIIM 30HBI MTOBBIIIEHHOTO 3arpsi3HeHus Ouochepsl. Itn
W3MEHEHUs ObUTM BBI3BaHBI CICAYIOMUMH NMpUuIuHamMu [3]:

— OypHbIl pocT uncneHHocTH HaceneHus Ha 3emue (1900 r — 1 617 mun gen., 2000 T —
6 150 Mt 9en.) u ero ypOaHu3aIus;

— pocT NoTpebIeHUs U KOHIIEHTPALUS SHEPTeTHYECKHX PECYPCOB;

— MHTEHCUBHOE Pa3BUTHE MPOMBIIIIEHHOTO U CEIbCKOXO035HCTBEHHOTO MMPOU3BOJICTBA;

— MacCOBOE HCIOJIb30BAaHUE TPAHCIIOPTHBIX CPECTB;

— OypHOe pa3BUTHE HOBBIX, IPEXk e BCero, MHGOPMAIIMOHHBIX TEXHOJIOTHH.



B Hactosmee BpeMmsi (u3MuUecKHe KOMIIOHEHTHI TeXHOC(EpHl W TPOAYKTHI €€ pacmaaa
(BKITIOYAst Mycop) cocTaBisIOT okosto 30 Tpa wimm 30* 10 1. D10 3KBHBaNEHTHO 50 KI' 1715l KAXIO0TO
KBQJIpAaTHOTO MeTpa TMOBepxHOCTH 3eMiu. llpu 3ToM Macca BceX IKUBBIX OPraHU3MOB
Ha 3emie cocrapiser b 3%10% 1.

buocdepa u Texnochepa

VYBenuueHue B MOCIEAHUE JCCSITUICTUS HEraTUBHOTO BO3ACHCTBHS Ha MPHUPOAY MPHUBEIIO
K HapyIICHUIO YKOJIOTUYECKOTO PABHOBECHS U BBI3BAJIO JAETPATALNIO CPEIbl OOMTAHUS U 37J0POBbS
moneil. buocdepa rmocrteneHHO yTpaTuia CBO€ TOCHOJACTBYIoIee Ha 3emiie 3HaueHHUe
Y B HACEJIEHHBIX 001acTAX 3eMIIH cTajia MPeBpaIiaThCs B TEXHOCPEDPY.

buocdepa — obmacte pacrnpocTpaHeHHs KU3HM Ha 3eMJjie, BKIIOYAIOIIAs HUKHHUHA CIOU
aTMocdepbl, BOIHYIO Cpey IUIaHeThl (TuaApocdepy) U BEPXHIOK YacTh 3eMHOM Kopbl (iutochepy) [4].
Bepxusas rpanuna Ouocdepsl HaxoguTcs Ha BbicoTe 10—15 KM OT MOBEPXHOCTH 3eMIIH
(armoctepa). AKTUBHAS TEXHOTEHHAS JICATEILHOCTD YEIIOBEKa MPUBEJa K pa3pyleHuto ouochepsl
BO MHOTMX PETMOHAX IUIaHETHI U CO3/IaHUI0 HOBOTO THIIA CPEIbl OOUTAHUS — TEXHOC]EPHI.

TakuM 00pazoM, TeXHOCHEpPOH MOXKET Ha3bIBaThCSI YacTh OMOCQeEpbl, MpeoOpa3oBaHHAs
JIOJbMU B TEXHUYECKHE U TEXHOTEHHBbIE OOBEKTHI, SBISIOLINECS cpeloi oOuTanus mojeil. Mecto
texHochepsl B chepax 3eMiu mpeCcTaBlIeHo Ha puc. 1.

Kocmoc

Puc. 1. MecTo Texnocdeps! B chepax 3emian

CornocrapiieHre OCHOBHBIX TIOKa3aTenei ouocdeps! u TexHochepb! npeacrapieHo B Tabu. 1 [4].

Tabmuna 1

ITokazaTenu buocdepa Texnochepa
Yuciio OMOJIOTHUECKUX BHJIOB 10’ 1 (uenoBek)
Macca, rurarous (10° TouH) 2,5%10" 3,0*10"
T'oz10BOi pacxox suepruu, 107 Ik 8200 450
I"onoBOI pacxoJ1 BOJIHI, KM 30*10° 5*10°
Ckopoctb nepepaboTku nHpopMaIuu, OuT/c 10%° 10%°
NudopmannonHas cKopocTh SBOJIIOIHH, OUT/C 0,1 10’

Boictpee Bcero B TexHOocepe pa3BHBAIOTCA HHPOPMALMOHHO-KOMMYHUKAIIMOHHBIE
texHonorun (MKT) (B tom umncine MHTepHeT M CBsA3aHHBIE C HHUM allllapaTHBIE CPEJACTBA:
KOMIIBIOTEPHI, IIaHmeTsl, cMapT@onsl u T.4.). MKT cBszanel ¢ wmenoit cdepoit uudposoit
JESTEIbHOCTH, HAYMHAs C Pa3BJICYCHUN M COLMABHBIX CETEN 1 3aKaHUYMBasi KOMMEPLIUEH. ITOT CEKTOP
TeXHOC(]ephl OKa3bIBaET Bce OOIbIIee BIMSIHUE Ha YIIIEpOJHbIE BHIOPOCH! B aTMochepy 3eMitn.
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MoaeanpoBanne npouecca Bozaeiicreusi UKT Ha okpy:xamonryio cpeay

[lonyuennbie 1o pacueram yueHbIX naaHHble [4] 1o pocty BozaeictBus WKT
Ha OKPY’KaIOIIYIO Cpey Mpe/icTaBjIeHbl B Ta0a. 2 U Ha puc. 2.

Tabmuma 2
Tonpl 2007 2010 2014 2017 2020 2025
Hons sosnpericteus KT, % 1,0 14 2,3 4.4 7,4 14,0
Nonasospencreua UKT, %
15 /
10 /1
3 /
PR N
Q
2007 2010 2014 2017 2020 2025

Puc. 2. Poct Bo3aeiictBust UKT Ha okpy:kawuryio cpeay

Hannsie o pocty nonu cmaptdonoB B UKT npencrasnens: B Tabn. 3 u Ha puc. 3.

Tabmmma 3
Tobl 2010 | 2012 | 2014 | 2017 | 2020
Hons cmaptdonos B UKT, % 3,5 4,0 5,0 7,0 11,0
[onacmaptdoHos B UKT,%

12
10 //

8 =

6

4 '—s:—“‘e—d

2

]

2010 2012 2014 2017 2020

Puc. 3. Poct nou cmaprgonos B UKT
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Hannpie 1o pocty BbIOpocoB B CO2-5KBUBAJEHTE, CBSA3aHHBIX C HCIIOJb30BaHHEM

cMapT¢OHOB, MPEACTaBICHBI B Ta0J. 4 1 Ha puc. 4.
Tabnuma 4

Toxet 2010 2012 2014 2017 2020
Bri6pocst CO; , MIIH. TOHH 11,0 20,0 36,0 73,0 125,0

Bbibpocbl CO2, M/IH. TOHH

140
120 A

100

80
60 /

40
s 4%/-4*
*_f
0
2010 2012 2014 2017 2020

Puc. 4. Pocr BbIﬁpOCOB B C02-3KBI/IB3J'ICHTC, CBfI3AHHBIX C HCITOJIB30BAHUEM CMapT(l)OHOB

Jlanee Obuta co3maHa MareMaTudeckas MOJenb MporHo3upoBanus Bozaeiicteus MKT
Ha OKpyXaromryto cpeny. IIporHozupoBaHue OBUIO BBIMOJIHEHO C IOMOIIBIO TPEXCIOWHOU
HMCKYCCTBEHHOM HEWPOHHOM ceTu mpsMoro pacmpoctpaHeHus [5, 6]. HeilpoHHble ceth MOTYT
anmpOKCUMHUPOBATH JIFOObIE HENPEPHIBHBIE PYHKIUH C 33JaHHOH TOYHOCTHIO [7, 8.

JUis  mpoBepkM  aJeKBaTHOCTH MOJIENM ObUI  BBIMOJHEH KPaTKOCPOUHBIH IPOTHO3
BozaeiictBust KT Ha okpyskarolryto cpeay Ha OJUH WHTEpBal BPEMEHH BIIEepe/, TO ecTh Ha 2025 T.

[Tpouiecc MpOTHO3MPOBAHMS C MOMOIIBI0 MCKYCCTBEHHONM HEHPOHHOW CETH NPOM3BOIUTCS
B HECKOJIbKO 3TanoB. Ha mepBom s3Tame Obuia BBINOJHEHA MHTEPHOJSALUS C LEIbI0 HaXOXKJIECHUS
IIPOMEKYTOUHBIX 3HaYEHUH MO0 UMEIOLIEMYCs IUCKPETHOMY Ha0OpY JaHHBIX 10 JO0JH BO3JAEHCTBUS
UKT Ha okpyxaromiyto cpeny. Pe3ynbTaTbl MHTEPHOISIUH NPEACTaBIEHBI B Ta0J. 5 U Ha puc. S.

Tabnuua 5

I'omer | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Homa | 14 | 145 | 161 | 192 | 23 | 292 | 36 | 44 | 53 6,3 74 | 86 | 98 | 112 | 126 | 140

Donasosgeincrena UKT, %

is
14 >
12
10 .

8

3 - )

a

> | | * —e“"//

———
a -
,LQ\Q ,\9"'\’ ,‘9\:" ,.'9& ,\9\'“ ,‘9'\:0 ,\9\'@ .‘9';\ ,\9'& ,.LQ'\Q ,\9"9 ,‘§‘> ,\9":" ..\9"?’ ,\9"‘& ,"6‘5’

Puc. 5. Joas Bo3aeiictBusg UKT Ha oxpy:kamouryio cpeny
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Ha stane o0y4eHus HEHpOHHOI ceTH Ha BXOJ MOJAIOTCSA BCE KOMIIOHEHTHI BXOJIHOTO BEKTOpPa
o0yuarormei BEIOOpKH (aHHbIe 110 10u BoszeicTBus KT Ha okpyskaromryro cpeay 3a 2010-2024 rr.).

Ha srane anmpoxcumanuu Ha BXOJ HEHPOHHOM CETM CHOBA MOJAKOTCS BCE KOMIIOHEHTHI
BXOJIHOTO BeKTOpa oOydaromield BBIOOPKH W MPOU3BOAUTCS anIpoKcUMalus (yHKIIHOHATbHON
3aBucumoctH «Jlons BozaericTBust UKT» = f(«"oapi»).

Ha sTane kpaTkoCpo4HOro MpOrHO3UPOBAHUS HA OAMH IO/ IPOU3BOAUTCS IKCIIOHEHLIUATIBHOE
CrJIAKMBAHME BEKTOpPA CHHANTHYECKUX BECOB HEHPOHHOW CETH C UEIbI0 ONpe/aesieHus
nporuozupyemoro 3HavyeHuss Ha 2025 r. 3aTeM MPOM3BOIUTCS anIpoKCHUMAaIlus (yHKIIHOHATBHOU
3apucumoctd «Jlonst BosmerictBuss MKT» = f(«lompi»), Brimtouas 2025 1., U omnpeaensercs
nporuo3upyemoe 3HaueHue nosu Bosnencteusa MKT. B pesynbrate mpornosupoBanusi Ha 2025 r.
nosrydeHo 3HaueHue 14,1 %. Tak kak manueie w3 tabm. 5 mus 2025 r. umeror 3Hadenue 14 %,
MO3KHO CJieaTh BbIBOJ 00 aJJleKBATHOCTH MOJIETTH MPOTHO3UPOBAHHUS.

Jlist OIIEHKH pPOCTa YIJIEPOIHBIX BBHIOPOCOB ObUI BBINOJIHEH NPOrHO3 BBIOpocoB B CO»-
SKBHUBAJICHTE, CBSI3aHHBIX C UCIIOJI30BaHUEM cMapT(oHOB, Ha 2021 T.

Ha mepBoMm sTarne Obuta BBIMOJHEHA UHTEPIIOJSIIUS C LEIbI0 HAXOXKIACHUS MPOMEXKYTOUHBIX
3HaYEHUN MO0 HMeEIIIeMycsl AUCKPETHOMY Halopy AaHHbIX 1o BbIOpocam COy-3KBHUBAJICHTE,
CBSI3aHHBIX C MCIIOJB30BAaHUEM CMApPT(POHOB. Pe3ylbTaThl HMHTEPIIOISIMH TPESICTABICHBI B Ta0d. 6
1 Ha puc. 6.

Ha »rame oOydeHuss HEMPOHHON CETHM HCHOJIB30BAINCH JaHHBIE BHIOPOCOB (Taby. ©6)
3a 2010-2020 rr. Kpatkocpounoe nporaozupoBanue Ha 2021 r. Mo3BOJWIO MOJYYUTh 3HAYEHUE
BBIOpOCOB B CO2-9KBUBAJICHTE, CBSI3aHHBIX C HCIIOJIb30BaHUEM cMapT(oHOB, paBHOE 146 MITH T.

Tabnuma 6

Tonbl 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Mus tons | 11 15 20 27 36 47 59 73 88 | 106 | 125

Bbibpocbl CO2, M/IH. TOHH

ol
20 | = = -

0 T - ; T
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Puc. 6. Boiopocsl B CO,-3KBUBaJIeHTe, CBSI3AHHbIE €O cMAPTHOHAMU

C unenplo co3gaHMs MaTeMaTHYEeCKOM MOJIENM CHCTEMbI INPOTHO3UPOBAaHUS BHIOPOCOB
YIJIEKUCIOrO Tasa, CBs3aHHBIX ¢ OypHbIM pa3ButHeM HWKT, ¢ mnomompio TpexciolHou
HCKYCCTBEHHOW HEMpPOHHOM CETH MPSMOT0 pacnpOCTPaHEHHs BBIIOJHEHA allPOKCUMAIINS JaHHBIX
o pocty Bo3zaeicteud KT Ha 3konoruto, Kotopas MOCIyXKHJIa OCHOBOW AJIsl MPOTHO3UPOBAHUS
Biusinusg KT Ha Bo3HMKHOBeHUE AKoornyeckux YC.

C xaxaeiM rogoM MKT oka3biBatoT Bce OoJiblliee BIUSHHE HAa BHIOPOCHI BPEIHBIX BEIIECTB.
Jns npenotBpainenuss HeratuBHoro BiausiHus MKT Ha okpykarolnyto cpeay Bce HEHTPbl XpaHEHUS
1 00pabOTKH TaHHBIX JOJDKHBI Pa0OTaTh Ha BO30OHOBIISIEMBIX HCTOUHUKAX YHEPTUU.
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HHO’KAPHAS BE3OITACHOCTD HA TPAHCIIOPTE
N OBBEKTAX HH®PACTPYKTYPbI

IIYTHU NOBBILIEHUA YCTOMYUBOCTHU
OYHKINOHNUPOBAHUA OBBEKTOB HE®TEI'A30OBOI'O
KOMIUVIEKCA POCCHUH

C.N. llleneqok, KAHAUAAT BOEHHBIX HAYK, TOLEHT;

A.I'. HecTepeHKo, KaHAUIAAT TEXHUYECKUX HAYK;

K.N. Ipaneii.

Cankr-Ilerepoyprexuii yausepeurer I'TIC MYUC Poccum.

HccnenyroTcss  COBpEeMEHHBIE — MPOOJEMbl  yCTOWYMBOrO  (YHKUHMOHHUPOBAHUS  OOBEKTOB
HeTEera3oBoro KOMIUIEKCA, IUIAHUPOBAHUE MEPOIPUATHIA ITOATOTOBHTENLHOTO IEpUoja TpU  yrpose
YpE3BbIYANHBIX CUTYalluil U B BOCHHOE BPEMSI.

Kniouesvie crosa: nognepxxanyue yCTOHUMBOCTH 00BEKTOB, HE()TEra30BbIi KOMILIEKC, 0€301aCHOCTh

[Ipy paccMOTpEHHH BOMPOCOB TOBBIMICHHUS YCTOWYMBOCTH OOBEKTOB He(dTerazoBou
MIPOMBIIIJICHHOCTH HEOOXOJUMO YYMUTHIBATh MOTEHLMAIbHYI0O BO3MOXKHOCTH Upe3BbIUAHHBIX
npoucuiecTBuil. BHemiHe 3To mposiBiseTcs B BUAE IMOBPEKICHUS M pa3pylIeHUs OOBEKTOB
KoMIUiekca.  [lpuumHONW  3TOrO  SBISETCS  HEKOHTPOJIUPYEMBbIE  B3PBIBBI,  BBIOPOCHI
BBICOKOTEMIIEPATYPHBIX U SAOBUTHIX BellecTB. VICXOIHBIE COCTABISAIONIME 3TOrO OINACHOTO
rpoliecca OYeBUIHBI:

— TEXHUYECKUI U3HOC MAIIMH, MEXAHU3MOB U IIPOYEro 000PYAOBAHUS KOMILJIEKCA;

— HE BCerja JOCTaTOYHbINH ypOBEHb MPOGECCHOHATHHON MOJITOTOBICHHOCTH CIIEIUANINCTOB
paboTaronix B OTpaciy;

— HU3Kasg OpraHu3alus TEXHOJOTMUYECKOro Mpolecca Mo NPeaynpeKICHUI0 Ype3BbIYaiHbIX
cutyanuii (HC).

Knaccudukanus npuuuH 1enecoodpasHa 1no cleayonuM Ipu3HaKam:

— IPU3HAKU TEXHUYECKOIO XapaKTepa,

— IMPU3HAKU OPTaHU3AIMOHHOTO XapaKTepa.

Bce aT0 HabmoaeTcs Ha 00beKTax HEPTEra30BOM OTpaciy.

[Tpu3Haky TEXHUYECKOTO XapakTepa:

— IIPOCEKTHBIC VITYIICHHSI,

— HaApYIICHUS MPH CTPOUTETHCTBE OOBEKTOB M MOHTAKE€ OCHOBHOTO U JIOMOJHUTEIHEHOTO
000pyI0BaHUS;

— KPUTHYECKUN YPOBEHBb N3HOCA OCHOBHBIX MTPOU3BOJICTBEHHBIX (JOHIOB;

— ycTapeBIllie TEXHOJIOTHH MTPOU3BOJICTBA U 0€301aCHOCTH;

— HEJOCTAaTOYHBIH YpPOBEHb COBPEMEHHBIX CHUCTEM aBTOMATH3AlMU TEXHOJOTUYECKUX
MIPOIIECCOB M 0OECTIEYeHHST OE30TTaCHOCTH;

— «4eNnoBeYecKuit hakTopy;

— BBICOKUH YPOBEHb KOPPO3UWHON COCTABJISIOIIEH B BOIIPOCAaX OE30MaCHOCTH;

— HEJIOCTATOYHBIM YPOBEHb U OCHAILIEHHOCTh CPEICTBAMU CBS3HU ONEPATUBHOTO YIIPABJICHUSI.

Ilpusnaku opeanuszayuono2o xapakxmepa.

— HECOOTBETCTBYIOIIMH YPOBEHb M COCTOSHUE IPOU3BOJCTBEHHOW M WCIIOJIHUTEIBHON
JTUCIUIUIAHBI;

— He BCerJa I0CTaTo4Has KBaduKarys pabOTHUKOB,;

— HapyllleHne TeXHUKH 0€3011aCHOCTH;
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— OTCYTCTBHE JIOCTaTOYHOTO YPOBHS NPO(EeCCHOHAIBHONW TMOATOTOBKH M JOMOJITOTOBKH
MepcoHana;

— TMpH pelIeHHH MPOU3BOJACTBEHHBIX 3aJad BONPOCHI OE30MAaCHOCTH  PEUIAOTCA
[0 «OCTaTOYHOMY» MPUHIUITY;

— HU3KHUHA KOHTPOJIb 110 BOIpOcaM O€30IacHOCTH.

K sTomy nepeuHI0 HEIOCTATKOB MOXHO J100aBUTH CYIIECTBYIOLIME B OTPACIHM HAPYIICHUS
TEXHOJIOTUYECKOTO Ipolecca, IIAaHOBOE OOCIy)KMBaHUE OOOpPYIOBAHMS 3a4acCTyl0 HPOBOIUTCS
HE KaYeCTBEHHO, PerjiaMeHTHbIE PadOTHI 10 00CTYKUBaHHIO 000pY0BaHMS, HA30P 32 OE30MaCHOCTHIO
TpyZla OCYIIECTBISETCS (POPMAIBHO.

HNmeer MecTo NpOTHBOpEUHE MEXAY TpPeOOBAHMSIMHM IPOMBIIUICHHOW 0€30MacHOCTH,
YPOBHEM MOTEHIMAJbHONH OMAaCHOCTH HE(PTETra30BOr0 KOMILIEKCa, a TaKXKe HeI0CTaTOYHON
npodeccuoHaNbHOM MOATOTOBICHHOCTHIO HMHXKEHEPHOTO COCTaBa. TeM He MeHee, 3KCIepThI
B obOmactu 0€30MacHOCTH YBEpeHbl — MHOTOUYHMCIICHHBIC aBapUW Ha IMOJOOHBIX MPEIIPUATHIX
CBSI3aHBI IVIABHBIM O0pa3oM C HE3HaHHEM, HEMOHMMAaHUEM, a MHOI/Ia IPOCTO HTHOPUPOBAHHEM
YTBEPKIACHHOIO HOPMaTUBHOT'O pErjlaMeHTa POMBIIUIEHHON 0€3011aCHOCTH.

HedTsaHas npoMbIILIEHHOCTH

Hedranas npomblUIEHHOCTh BaXkKHasl COCTABJISIONIAs BCErO TOIUIMBHO-PHEPIE€THUYECKOTO
NoTeHIMajla rocyaapcTsa. ['1aBHas ee 3agaya 3To cTabMiIbHOE CHaOkeHUe HeTenpoayKTaMu Beer
SKOHOMMKH CTPAHBI.

[ToMumo pa3BenbIBaHUS W OCBOEHHMS HOBBIX MECTOPOXKICHMH HEe(TH, OCYyIIECTBIAET
CTPOMUTENBCTBO, SKCILTyaTali0 He()TEPOBOAOB, TPAHCIIOPTUPYS €€ K NOTPEOUTENSAM U K MECTaM,
OCYLLECTBISIOLINM NepepadoTKy.

Hedranas npoMBIIITIEHHOCTh BKIIIOYAET B €0l CIIEAYIOIIME COCTABHbBIE YACTH, HAIJIAHO
IpeJCTaBICHHbIE Ha puc. 1.

Puc. 1. CtpykTypa HedTsiHO#i mpombinieHHOCTH Pocenn

Msuoroo6pazue MNpeAnpusiTHA  OTpaciM BIAMAET HAa LIMPOKUN CIEKTp OCOOEHHOCTEH
[0 TOBBILECHUIO YCTOWYMBOCTH oOTpaciu B 1edoM. OOBEKTHUBHBIMU IpoOjieMaMH KOMILIEKCa
SBJISIIOTCA
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— HaJIMYMe TPOMAHOTO KOJIMYECTBA M0KapOB3PHIBOONIACHOTO MaTepHala;

— OIaCHOCTb PA3JIMBOB U 3arpsA3HEHUS OKPYXKAIOIUX TEPPUTOPUH;

— TIOCTOSIHHAs TOTPEOHOCTh OOBEKTOB JOOBIYM M TpaHCIOpTa HEPTH B HCTOUYHHKAX
JIEKTPOCHAOKEHNUS;

— OTHOCHUTENFHO BBICOKAs! KOHIIEHTpAIHs JOOBIYM HEPTH B OTJENBHBIX paifoHax Poccun;

— TUT'aHTCKas MPOTSKEHHOCTh TPyOOIIPOBOIOB OT MECT 100BIUM 10 TOTpeOUTEINEH;

— HENOMyCTHMasi, C TOYKH 3PEHUS YCTOMYMBOCTH, IUIOTHOCTH CETH HE(TEIpOBOJOB
B IloBOIIKBE;

— YA3BUMOCTh HAa3eMHBIX OOBEKTOB HE(TSHOrO KOMIUIEKCAa OT JeicTBUil caboTaxa,
JIUBEPCHM, AKTOB YMBIIIJICHHOI'O BPEIUTENbCTBA, HE3AKOHHOTO MOAKIIOYEHHUS, HAIETOB BPaKEeCKOM
aBHAIIMH, BO3JICHCTBUA BCEX CPEICTB OTHEBOIO OPaYKEHHS,;

— HeIOCTaTO4YHas YCTOMYMBOCTb NPEANPUATHA OT BO3JACHCTBHUSA BCEX TEXHOTCHHBIX
u npupoHbix YC.

Bce ato Bieder 3a coOoii OosblKe BO3MOXKHBIC MOTEPH U paspyiieHus B ycloBusax YC
¥ OTPOMHBIE 3aTpaThl (PU3NYECKUX M (PUHAHCOBBIX CPEACTB Ui PELICHHs BOMPOCA TOBBIMICHHS
YCTOMYMBOCTH OOBEKTA.

CuryanuoHHbie Moaean Haubos1ee onacHbIX YC U MX CONMATBHO-IKOHOMHYECKHX
MOCJIeICTBHIA VISl IEPCOHAJIA, HACEJIEHUS] U OKPY:KAIOLeH cpebl MpUjeraileid TeppuTopuu

BeposTHBIME TIOCTIEICTBUSIME BO3MOXKHOTO pas3iinBa He()TH W HEPTENPOAYKTOB NpHU
aBapusiX Ha 00beKTax HeTerazoBOro KOMILJIEKCa SBISIOTCS:

— BBIOpOC B arMmocdepy 3arps3HSAIONIMX BEHIECTB B pe3yjbTaTe HCHApeHUs HEPTH
(HedTenpoIyKTOB) C MOBEPXHOCTHU Pa3iinBa;

— BO3ropaHue pa3nuBa HehTH (HeTEIPOIyKTOR);

— BBIOpOC B arMocdepy TOKCHYHBIX MPOAYKTOB ropeHus HedTu (HepTempoayKTOB) IMpH
BO3TOpaHUH Pa3JINBa;

— rubenb M TPaBMUPOBAaHHE HACEJECHUs, HAaXOMASALIErocs B 30HE JEHCTBUS MOpa)XKaroIluX
(bakTopoB nokapa paznuBa HePTH (HepTEIPOAYKTOB);

— 3KOHOMUYECKHE NOTEPHU, 00YCIIOBIEHHbIE HAPYILICHUEM HOPMAaJIbHON paboTHI.

B tabn. 1 npencraBieHbl BO3MOXKHBIE CIIEHAPUH Pa3BUTHS HaUOOJEe OMACHBIX aBaAPHITHBIX
CUTYyallli, BHIIOJHEHHBIX C Y4€TOM TpeOOBaHUH K pa3paboTKe MJIaHOB JIMKBUJIALMK pa3iinBa HePTH
(JIPH) — pasnuB Hedtu (HedTenmpoaykToB) O3 BO3ropaHus, pasyiuB HepTH (HEPTEHPOIYKTOB)
C MOCIIEAYIOIINUM BO3TOPAHUEM.

Ipuyunamu  aeapuiinou cumyayuu A6NAIOMCA:. KOPPO3HMs MeETallla, MEXaHUYECKOe
BO3/ICHCTBUE, IMEPENOHEHNE pe3epByapa, HEKOMIIETEHTHOCTh OOCIY>KHBAIOIIEro IepcoHaa,
HEIPABOBBIE IEUCTBUSA TPETHUX JIUL, BO3ACHCTBHE IPUPOIHBIX SBICHUI.

Tabmuua 1. CueHapuu pa3BUTHS aBapPHIAHBIX CUTYalU i

ABapuiiHas . Lo
Cueﬂapnn Pa3BUTHUA AaBAPDUUHOU CUTyallMH
cuTyanus
Pasrepmernzanmsi  pesepByapa ¢ HehThio (HedrempomyktomM) —  mpoimB  HedTH
(HedrempomykTa) M ee pacTeKaHHe BHYTPU 0OBaJIOBaHUS —> 3arps3HEHNE OKPYKAIOIEeH Cpebl;
w = Pasrepmernzanmsi  pesepByapa ¢ HehThio (HedrempomyktomM) —  mpoimB  HedTH
% g o E (HepTenIpoayKTa) W €€ pacTeKaHHWe BHYTPH OOBaJOBaHHMS —> BO3TOpaHHE TMPOJIHBA HEPTH
g S & (HedrenpoaykTa) NMpHM HATMYMKM HCTOYHMKA 3KHUTAHUS —> TEPMHUUYECKOE BO3ZACHCTBHE MOXapa
g % < é_ Ha OKPY’KaIoIIyIo cpexy, 000pyLoBaHHE U IIEPCOHAT,
§ g E o Pasrepmeruszanus pesepByapa ¢ HeThi0 (HEPTEIPOLYKTOM)—> MPOIHB HePTH (HEPTEPOILYKTa)
2 < Y ee pacTeKaHue BHYTpH 00BanoBaHMsI — McHapeHue HeTu (HeTenpoayKTa) C MOBEPXHOCTH pa3iinBa
A £ — 00pa3oBaHKe B3PBIBOOIIACHOTO 00aKka TOIMBHO-Bo3ayinHOM cMecu (TBC) —B3pbiB obnaka TBC
NP HAJIMYUM HMCTOUYHUKA 3aKUTAHMSA —>BO3JEHCTBHE HAa OKPY’KAIOLIYI0 CpeAy YyAapHOW BOJIHOM,
TepMHUECKOE BO3/eiicTBHE
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ABapuiiHas

CueHapuii pa3BUTHS aBapPUITHON CHTYAIlN
CUTyanusi eHAPHH P p yan

Paspymienne pesepByapa ¢ HedTbIO (HehTEPOIYKTOM) —> IepenuB HepTH (HedTermporykTa)
4yepe3 CTeHKY 00BaJOBaHHI—> NMPOJHUB HePTH (HedTepoIyKTa) U ee pacTeKaHHe BHYTPH 0OBaJIOBaHUS,
[0 TEpPUTOPHM MPOMBIIUICHHON IUIOMAAKK (32 TmpexenaMy OOBaJOBaHHWS) —> 3arps3HEHHUE
OKpYKalolleil cpelibl, TePPUTOPUH MTPOMBILIICHHOH IIIOMAKY;

Paspymenne pesepByapa ¢ HepTbIO (HeTEIIPOIYKTOM) —> IepennB HepTH (HedTermporykTa)
yepe3 CTEHKy oO0OBaloBaHHMs —> TpoyMB He(dTH (HedTEempoayKkTa) M ee pacTeKaHHe BHYTPH
oOBaJOBaHWs, [0 TEPPUTOPHH IPOMBINUICHHON IUIOMIAAKK (32 mpexenaMd OOBaJOBaHUS) —>
BO3TOpaHMe NpoinBa HepTH (HedTermporykTa) INpU HAJIWYMH UCTOYHUKA 3aXKHUTAaHHUS —> TEPMHUYECKOEe
BO3/eiicTBHE TOXKapa Ha OKPYKAIOILYIO Cpey, 000pyJ0BaHHE U EPCOHAI;

Paspymienne pesepByapa ¢ HedTbIO (HehTEPOIYKTOM) —> IepenuB HepTH (HedTermporykTa)
yepe3 CTEHKy o0BajoBaHMs —> TposMB HedTH (HedTempoaykTa) W ee pacTeKaHHe BHYTPH
oOBaJOBaHWs, [0 TEPPUTOPHH IPOMBINIUICHHON IUIOMIAAKK (32 mpenenaMd OOBaJOBaHUS) —>
ucnapenne HedTH (HedTempoaykTa) C HMOBEPXHOCTH pasinBa —> 00pa30oBaHHE B3PHIBOOMACHOTO
obmaka TBC —B3peiB obmaka TBC  mpu HanWyuM WMCTOYHHWKA 3aKUTAHUS —>BO3/ACHCTBHE
Ha OKPYKaIOIIyI0 cpe/ly YIapHOi BOJIHOM, TEPMHUYECKOE BO3/ICHCTBHE

Paspymienue pe3epByapa
¢ He(ThIO (HeTenpoIyKTOM)

Pasrepmeruzanus TEXHOJIOTHYECKOTO TpyOOmpoBoAga —> MpoiuB HedTH (HEPTEMPOIyKTa)
U ee pacTeKaHHe 10 TePPUTOPUH MPOMBIIUICHHON IUIOMAAKNA —> 3arpsi3HEHHE OKpY)Karolled cpelsl,
TEPPUTOPUM NPOMBIIUICHHON IIIOLIAIKY;

Pasrepmernzanusi TEXHOJIOTHYECKOTO TpybOompoBoma —> mpoiuB HedTu (HedTemporykra)
U ee pacTeKaHWe IO TEPPUTOPHUH TPOMBIIIICHHOW IUIOMAAKA —> BO3TOpaHHME IPOJIMBa HEe(TH
(HedrenmponykTa) NMpHM HATMYMHM HCTOYHMKA 3Q)KUTAHHUS —> TEPMHUUYECKOE BO3ZAEHCTBHE IOXapa
Ha OKPYXXaIOIILyI0 cpey, 000py10BaHHE U NEPCOHAT

Pasrepmerusarust
TEXHOJIOTHYIECKOTO
TpyOompoBoa

Pasrepmern3anys TEXHOJIOTHYECKOTO 00OPYIOBAaHMS MPOMBIIIICHHOH IIIOMaIKH—>TI0NagaHie
HedTi (HedTempoaykTa) B IPOU3BOACTBEHHO-IOXKAEBYIO KaHanmn3auuioo —HedTh (HedTermpomykr)
MOCTYIAET B HAKOIUTENH POM3BOICTBEHHO-JOXKACBBIX CTOYHBIX BOJI, HA CTAHIMIO OYHMCTKH;

Pasrepmern3anys TEXHOJIOTHYECKOTO 00OPYIOBAaHMS MPOMBIIIICHHOH IIIOMaIKH—>TI0NagaHie
Hedti  (HedTenmpoayKTa) B NPOM3BOJCTBEHHO-IOXIEBYIO KaHAJIM3alMI0 —>BHIXOA  HedTH
(HedrenmponykTa) W3 CHCTEMBI NPOW3BOJCTBEHHO-JOXKICBOH KaHANIM3aLUM—> BBIXOJ He(TH
(HedTenpoyKTa) 3a MPEAEIbI IPOMBILIICHHO IIIONaAKNH —> 3arpsA3HEHNE OKPYKAIOIIeH cpe/pl;

PasrepMeTH3aius TEXHOJIOTHYECKOTO 000PYA0BAaHHUS IPOMBIIUICHHON IIIOIIAIKH—>TIONa[aHH1e
HepTH (Hedrempomykra) B  IPOHM3BOACTBEHHO-IOXKICBYIO  KaHANM3aIHMIO —>BHIXOJ HedTH
(HedTenpoayKTa) W3 CHUCTEMBI MPOHM3BOACTBEHHO-IOXKICBOH KaHAIM3allMd —> BHIXOJ HEPTH
(mepTempomykTa) 3a Ipenensl  IPOMBIIUICHHOW — IUIONIaJKA—>BO3TOpPaHUE MpPONUBA HEPTH
(HedTenposyKTa) NMPU HAIMYMU HCTOYHHKA 3KHIaHMS —> TEPMUYECKOE BO3/CHCTBHE MOXKapa
Ha OKPYKaIOLIyI0 Cpeny;

PasrepMerH3anusi TEXHOJIOTHYECKOr0 O00OPYJOBAaHMS MPOMBILIICHHOM IUIOIIAJ KA —>
nonaganre HehTH (HedTempoayKTa) B MPOU3BOJACTBEHHO-IOXKIEBYIO KaHATH3ALUIO —>BBIX0A He(TH
(HeTeTIpOAYKTa) W3 CHCTEMBI IIPOU3BOJCTBEHHO-AOXKICBOH KaHANM3alUH—> BBIXOA HE(DTH
(HepTenpogykTa) 3a TpeneNbl NPOMBIIUICHHOW IUIONIAAKH —>  paclpoCcTpaHeHHe He(TH
(HedTenpoayKTa) B CTOPOHY YKJIOHa MECTHOCTH, BO3MOXKHO IONajaHne HePTH (HePTEpOAyKTa)
B aKBaTOPUIO MPOJIMBA — 3arpsi3HEHHE OKPYKAIOIIEH Cpe/ibl

bt

(aedprenpoaykTa)
B IIPOU3BOICTBEHHO-0K/IEBYIO KAHAIM3AIUIO

MPOMBIIUICHHOH TUTOLIAAKY C TOMadaHueM He

Pasrepmerr3ariyist TEXHOIOTHYECKOT0 000PYA0BAHHUS
(pe3epByaphbl, TEXHOJIOTHUECKUE TPYOOIPOBOJIBL,
aBTOIMICTEPHBI) Ha TEPPUTOPUH

Pasrepmern3anus aBTOLMCTEPHBI — MPOJIUB HEPTENPOAYKTa M €ro pacTeKaHHe MO TePPUTOPUH
IPOMBIIUICHHON IUIOLIaAKH —> 3arpsi3HEHHE OKpYXKarollel cpesl;

Pasrepmern3anusi aBTOLUCTEPHBI —> HPOJIUB HEPYTEIPOIYKTA U €0 PaCTEKaHUE M0 TEPPUTOPUH
NPOMBIIUICHHON IUIOMAKH —> BO3TOpaHHE MNpOJMBa HE(PTENPOAyKTa NPH HAJIMYAM HMCTOYHHKA
3aKHUTAHUS —> TEPMHYECKOe BO3JCHCTBHE TIIOKapa Ha OKpPYXAIOMyl0 Cpexy, OO0OpyIOoBaHHE
U TIepCOHAI

Pa3repMeTI/13au1/15{
ABTOLUCTEPHBI

[lonuMas anropuT™M M BO3MOXHBIM CLEHApUN PAa3BUTHsS ABAPUWHON CHUTYallUH, MOXKHO
IIyTEM WHXXEHEPHO-TEXHUUYECKUX PELICHUH HCKIIOYUTHh €€ PAa3BUTHE U NPABUIBHO CIUIAHUPOBAThH
MEPOIPUATHS 110 MOBBIIIEHUIO YCTOWYMBOCTH 00BbeKTa HeTerazoBoro komruiekca mpu UC.

Ha oObekTax oTpaciu MpoBOAUTCS paboTa MO CHWKEHHMIO PUCKA aBAPUMHBIX CUTYaIHi,
HalpuMmep:

— TpaJMLMOHHAs YyCThEBas apMaTypa 3aMEHseTCsl Ha MajorabapuTHyio (¢pusndeckas
YCTOMYMUBOCTD MOBHITIIACTCS B 4—5 paz);

— IIPOBOJIUTCS UCTIONB30BAHNE HOBBIX OYPOBBIX YCTAHOBOK C BHICOKOM MOHTa)KECTIOCOOHOCTBIO;

25



— pa3paboTKa YMPOIIEHHBIX TEXHOJOTHYECKHX CXeM cOopa M MOATOTOBKM HE(TH U Tasza
Ha ciyvail aBapuil wim apyrux YC;

— HCIIOJIb30BAaHHE ABTOHOMHBIX HACOCHBIX YCTAHOBOK IPU BBIXOJE M3 CTPOS HACOCHBIX
CTaHINH,

— MpoKJIaZKa He(hTENPOBOJAOB B 00XO0 KPYITHBIX TOPOJOB U OOBEKTOB;

— yCTaHOBKa KJIallaHOB-OTCEKaTelNell Ha CKBaKMHAX.

I'a3oBasi NPOMBILIEHHOCTH

["a30Basi MPOMBILUIEHHOCTh — 3TO OJHA M3 BEAYLIUX BETBEH TOILTMBHO-IHEPIETUYECKOTO
komiuiekca (TOK), ee monst B Hem coctasisier okoio 30 %. OHa sBIISIeTCS] OCHOBHBIM KCIIOPTHBIM
aKTUBOM CTPaHBI.

B crpane co3gana kpymHe#mnas ra3oTpaHCHOpPTHAs CHCTEMa C aBTOMATH3WPOBAHHOM
cuctemoit ympasienus (B CHI' mpotspkerHoctbro 6osee 100 Thic. kM). ExemHeBHO 1o Heut
MPOKAYMBACTCA K MecTaM moTpediienus: npumepHo 1 mipn M° rasa. COCTABISIOIMMH 3BEHbSIMHU
ra3oBOi MPOMBIIUICHHOCTH SBISAIOTCS MPEANPHUATHS, CBsI3aHHBIE C J00bIYEH, mnepepaboTKoii,
XpaHEHHEM U TpaHCIOPTUpPOBaHWMEM ra3za. M, KOHEYHO, OT COCTOSIHMSI YCTOMYMBOCTH OSTUX
MPEaNPHUATHI 3aBUCUT YCTOWYMBOCTh BCETO KOMILIEKCA.

B nenom yctoiunBOCTh (DYHKIIMOHUPOBAHUS OTPACTH 3aBUCUT OT TaKUX (PAKTOPOB:

— ra3 pooOsiBaeTcs B Cubupu, Ha menbhe CeBepHoro JIemoBHUTOro okeaHa, B JPYTHX
TPYIHOJOCTYIIHBIX M OTHAJICHHBIX MECTHOCTAX Poccum, a mepepabarbiBaeTcss W MOTPEOIISeTCs
B €BPOIEHCKOI YacT,

— TIUIAaHUPYETCS CTPOUTENICTBO emie Oojiee pa3BETBICHHOW W TPOTSHKEHHOW CETH
ra3onpoBoioB «Cuna Cubupu», «CeBepHbIil TOTOK-2», «HOKHBIN TOTOK» U Ap.;

— MpeaycMaTpuBaeTcs pa3pad0TKa U BHEJPEHUE HOBBIX COBPEMEHHBIX TEXHOJIOTHHA JOOBIYU
1 niepepaboTKu rasa;

— B CBSI3U C BO3PACTAONIMMHU 00beMaMH JOOBIYM, BO3HUKIIA HEOOXOIMMOCTh CTPOUTENIHCTBA
HOBBIX MPEANPUATHI TIepepadOTKU U XpaHeHus ra3a (mopt Ycre-Jlyra, ra3oBbrii xab).

OmuuM M3 TUTAHUPYIOIUX JOKYMEHTOB TMOBBIIIEHUS YCTOMYMBOCTH (YHKIIMOHUPOBAHUS
(ITY®) ob6bekra sBusercs «[lman wucciaenoBaHuss o00bEKTa HE(PTEra3oBOro KOMILIEKCa
Ha YCTOWYUBOCTH». OT TIIATEIBPHOCTH W TOYHOCTH PACUYETOB OSTOTrO IIaHA 3aBUCUT OOBEM
Y KOJIMYECTBO MPEACTOANNX PaboT, (PMHAHCOBBIC M MPOU3BOICTBEHHBIE U3JIEPKKHU U, TTO-O0IBIIIOMY
cyery — ycrex Bced padotsl no [TY .

AHann3 KOMIUIEKCa Ha yCTOMYMBOCTh, TOKA3bIBAET, UTO Hanboee moaBepxkeHsl puckam UC
TEXHOTCHHOTO W TPHUPOAHOTO XapakTepa MpeAnpHusTus A0O0bUM U TepepaboTku ra3a. Beicokas
BEpPOSITHOCTh B3PBIBOB U TIOKAPOB OT TEXHOTEHHBIX (PAKTOPOB U HEJOCTATOYHAS YCTOMYMBOCTH
nepes MOpaKalomMMU  (akTopaMH CTUXMUHBIX SIBICHHA NpUpOJbl. Takke TMPUCYIIH Bce
HEJIOCTATKH, KaK U MO BOMPOCAM YCTOMYMBOCTH HEPTIHOMN MPOMBIIIIIEHHOCTH.

[Ipu wuccnenoBanuu HedTEra3oBOro KOMIUIEKCA HA YCTOWYUBOCTH 0C000O€ BHHUMAaHUE
yACNSETCSl pacueTaM yCTOWYMBOCTH JJIEMEHTOB Ha BO3JEWCTBHE B3pbiBa. [lpm paccmorpenHun
0COOEHHOCTEH B3phIBA BHIICTSIOT TPU 30HBI:

[lepBas 30Ha, OHA e 30Ha OPU3AHTHOTO BO3JCUCTBHS, XapaKTEPU3YeTCsS JIETOHAIIMOHHOU
COCTABJISIFOLIEH, MPU KOTOPOW CKOPOCTh PACHpOCTPAaHEHHUs YAAPHON BOJIHBI paBHA HECKOJIBKUM
KIJIOMETpaM B CEKYHTY, IPX 3TOM MPOUCXOIUT APOOJICHHE MaTepHaIoB.

YToOb! ONpeieTuTh XapaKTePUCTUKN 30HbI, CHaYasIa paCCUUTHIBAETCS €€ PaJnyC:

R

o =17.5%310,
rae Rep — panuyc nepBoii 30861, M; Q — KomuuecTBO ToIMBHO-Bo3ayIHON cmecu (TBC), T.
[TpakTdeckn MTHOBEHHO AaBiieHHWe 30HBI yBenuuuBaeTcs g0 1200 klla, pesymaprar —
MOJIHOE pa3pylLIeHHE aTaKyeMOro 00bEeKTa.
C nmomompo TpaduKOB, MPEICTABICHHBIX B CTaThe, YMEHBIIAEM BpeMs ISl TPHHSITHS

PEIICHUS 1O OIIPECACIICHHUIO 0e30ITacHOr0 YaaJl€HuA OT IMMOTCHUOUAJIBbHO OITaCHOI'O 00BEeKTA.
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Puc. 2. I'paduk 3aBucuMocTu paauyca neppoii 30Hbl Rg,, M o1 komndyectsa TBC Q, T

C nomomipio rpaguka MOXKHO OBICTPO ONpPENEIUTh paauyc OpU3aHTHOM 30HBI, 3Has
0 KOJIMYECTBE TPAHCIIOPTUPYEMOTO HMITU XPAHSIIET0Cs TOTUINBA.

Bropas 30Ha orHeBOro BO3AEHCTBUS mIapooOpasHas mo (opme, HaUMHEHHAs OCKOJIKAMH
paspyieHHoro oobekTa. Pannyc nopaskeHust pacCUYMThIBaeTCs IO opMyIie:

R:ru = 1- *Rs'_x
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Q
Puc. 3. Paguyc 3aBHCHMOCTH 30HBI OTHEBOT0 Bo3eicTBHUSA R, M 0T KotmuecTBa TBC Q, M

I'paduk meMOHCTpHpYET 30HY KOMIUIEKCHOTO ITOPaKCHHS: BBICOKAs TEeMIepaTypa ILIIOC
M30BITOYHOE JIaBJICHHE BO ()POHTE yAPHOM BOJIHBI.
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XapakTepuCTUKa 30HBI: BCE €IlIe I'poMagHoe U30bITouHOE naBieHue ¢ ycuuueM B 300 klla
MTOJTHOCTBIO CIIOCOOHO Pa3pyIIUTh OOBEKT.
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Puc. 4. Pacyer naBjienusi Bo (ppoHTe yAAPHOIi BOJTHBI

Tperbss 30HA — 30HA «TOCIOACTBA» YAAPHOM BOJIHBI, I'ZIE €€ BO3JACHCTBHUE IPEBBIIIACT
npeApIaytyto 301y (Ry:>Roc).
I[Tpu pacuere U30BITOYHOTO JABJICHHUS, YUUTHIBAEM PACCTOSIHUE JIO 00BEKTa U KOAPPUILIMEHT o

R
o =024%
RES
a(Rob) 10
1
0.1
0.01
110 °
1.10

0 100 200 300 400 500 600 700 800 900 1000
Rob

Puc. 5. Ilpumenenne ko3¢ umnuenta o
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Ecnu xos¢pdunment a < 2, to u3bbitounoe nasnenue (klla) naxoaures mno:

700
3%[/1-20.8%a” —1]

PLE:T:

npu o> 2!
22

" u* flga+0.158

Ecnu pagumyc mopakeHHss HeM3BECTEH Rjp, TO NpU HM3BECTHBIX 3HAYEHUSAX KOJIMYECTBA
toruBa Q; 1 Q2 OH HaxoAWTCS MO PopMYyJe 3aKOHA MOJO0US TPU B3PhIBAX:

ba

rae Ry — u3BecTHbIN paguyc nopaxeHus yaapHoi BOJIHOU, M; Q — KOJIMUYECTBO TOIUIMBA, T.

Baxno, uto mpu peanbHON aBapuu Ha O00OBEKTaXx HE(PTEra3oBOro KOMIUIEKCA HE BCE
KOJIMYECTBO TOIuMBa Q Oy/eT y4acTBOBaTh Kak OCHOBA B3pbiBa. CornacHo uctounuky [1], Bcero 10 %
OT MacChl TOIUIMBA CTOPUT WM B30OPBETCSI — ATO U €CTh KpUTEepud pacuera. UTo Kacaercs
OCTaJbHOW YacTH TOIUIMBA aBApPUHHOTO 0OBEKTa, TO OHO HE y4yacTBYeT B ()OPMUPOBAHUU yJApPHOMN
BOJIHBI, @, CJIEJIOBATEILHO, HE MOXET OBITh HCIOJB30BAHO B pacdyerax H30BITOYHOTO JIABJICHWSL.
(OnHOMY M3 aBTOPOB JAHHOM CTaThH JOBEJIOCH MPHCYTCTBOBATh MPU aBaAPHU PA3TOHHOTO MOJYJIS
pakeTsl Ha CcTapToBOW Iiomaake kocmoapoma «llmeceux». I[locnme B3pbiBa Oosblias YacTh
OKpYKaIoIIel TEPPUTOPUH ObLiIa MIOKPHITA OCTATKAMH HE YJaCTBYIOIIETO BO B3PhIBE TOILIMBA).

Pannyc nmopaxxkenust R; — ecTb pacctosiHue OT LIEHTpa B3PbIBA JI0 30H, B IpeleiaX KOTOPhIX
OOBEKT MOABEprayics M30BITOUHBIM JABJICHUSM BO (POHTE YAApHOU BOIHBI, COOTBETCTBYIOLIUM
c1aObIM, CPETHUM, CUITBHBIM U TIOJTHBIM Pa3pyIICHUSM.

IIpenen ycroiunBocTH 00bEKTa Py cpaBHUBAETCS € 0)KHUAAEMBIM U30BITOYHBIM JJABJICHHUEM
OT B3pbIBa Py M, ecmu Py < Py, TO paccmarpuBaeMblii 0OBEKT HeycTOWYMB. I dTOM Ienw
CO3Ja€TCsl HOMOTpaMMa yCTOMYMBOCTH.

OneHka YCTOMYMBOCTH OOBEKTa OMpENENseTcs, KakK [MPOW3BOJHAS OT CTENEHU
YCTOMYMBOCTH DJJIEMEHTOB 00bekTa. M3ydas HoMorpamMmy oOBEeKTa Ha YCTOHYHMBOCTH TMIpH
BO3JICUCTBUU M30BITOYHOTO JABJICHUS MPU B3PHIBE MOXHO CJENaTh cileayroliee 3akitouenue. [Ipu
nasineHun ot 10 mo 30 klla 3maHMe MeXaHMYECKOro 1exa, CTAHKH, arperarbl, KpaHbl, CTEHJbI
MoJy4yaroT ciiabele W cpeaHue paspymenus. [lpenen ycroiumBoctu 3tux snemeHtoB 30 klla.
[Ipenen ycToliunBocTH camoro oobekTa mpu nasieHuu cpbimre 30 klla.

JlaBasi OIIEHKY YCTOMUYMBOCTH, II€JIeCOO0pa3HO NpPUHUMATh BO BHHUMaHUE TpeOOBaHUS,
usnoxenneie B Oenepanbaom 3akoHe Ne 123-D3 [2] 0 TOM, 4TO YyCTOHYHUBOCTH Ha B3PHIB BO3MOXKHA
NP COXPAHECHHH IIEJIOCTHOCTH OCHOBHBIX HECYIIUX W OTPAKIAIOIMUX KOHCTPYKIWU. [IpuHumas
pelieHue o mnpeaene yCTOMYUBOCTH KaKOTO AJIEMEHTA, UCIOIb3yeTCsl MUHUMAJIbHBIN MOKa3aTelb
cpenHux pazpymieHud. OueHb BaXXHO YYHTBHIBATH OTO €€ Ha JTane MNPOSKTHPOBAHUS
CTPOUTENHCTBA OOBEKTOB HE(PTEra3oBOoro KOMIUIEKCA, a TaKke TpH  PEKOHCTPYKIUU
U MosiepHu3anmu [3].

C y4eTroMm KpUTEpUEB 3aBUCHUMOCTH CTENEHU pa3pyLICHUs 3[JaHUA M COOPYKEHUU OT BUIA
KOHCTPYKIIMUA M M30BITOYHOTO JaBJICHHS BO (PPOHTE YJApPHOU BOJHBI, IIEJIECOO00pPa3HO pa3MeNiaTh
MX Ha PACUETHBIX PACCTOSHUAX OT BO3MOXHOTO aBapUHHOro »nuueHTpa B3pbiBa [2]. Tak 3T0
paccTostHuE I MPOMBIIIJIEHHBIX 3JaHUH C TSHKEITBIM METAUTHYECKUM KapKacoM 0€30MacHoO B 30HE,
rae paBinenue < 30—40 xlla, a nns Takux ke 374aHUM, ¢ JerkuM Kapkacom — < 25-35 «klla.
Cknanckue kupnudHble 37aHUs B 30He naBieHus — < 20-30 klla, coBpeMeHHBIE MOHOJUTHBIE
&Kene300eTOHHBIE NOBbIIEeHHON TakHOCTH — < 80 klla. OcoOeHHO HEOOXOIUMO YUUTHIBATh, YTO
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30Ha Ha3eMHBIX TPYOONPOBOJOB JOJDKHA HAXOMUThCs TaM, rae naBieHue < 50 klla, a 3oHa
noa3eMHbIX TpyoomnpoBooB — < 1 000 xIla. Pe3epByapsl 1 emkocTH HazeMHbIe B 30He — <55 kl]a,
a 30Ha MOA3eMHBIX pe3epByapoB 75 klla. OueBugHA HEOOXOAMMOCTH MEPOTIPUITUN, TPOBOAUMBIX
C IEJIbIO TIOBBIIMICHUS YCTOWYMBOCTU. JlaHHBIE KpUTEpUM B3ATHI IO MOKA3aTENsIM CPEIHHX
paspyuienuii. B cooTBeTcTBHM ¢ MCTOYHHMKaMu [2, 4] Takas CTENeHb pa3pyLICHUIl COOTBETCTBYET
MaKCHMaJbHOMY MpeeNly YCTOMYUBOCTH 00bEKTOB He(hTEra3oBOro KOMILIEKCA.

AHaNOrMYHO TOTEPSM OT pa3pylIeHUH npu 3emierpsceHusx [1] MokHO paccuuTath
YCIOBHYIO BEpOATHOCTH monydenust cmepTenbabix (0,09), Tsokensix (0,1) u aerkux (0,2) TpaBm mpu
CpeIHel CTeleHu pa3pyleHust 00beKTOB He(TerazoBoro koMmiuiekca. [Ipenen ycroitunBocTu Bcero
0o0BbEKTa 3aBUCUT OT MHUHUMAIBHOIO 3HAYEHHs] YCTOMYMBOCTH €ro 3ieMeHToB. [lomyueHHble
MOKa3aTeIl CPABHUBAIOTCS C (DAKTUYECKH BO3MOXKHBIM M30BITOYHBIM JABICHUEM.

Cy1iecTByeT MHOKECTBO OTEYECTBEHHBIX M 3apyOEKHBIX METOIMK pacuera MOCIeACTBHIMA
nopaxaroumx (GpakTopoB B3pbiBa. Ilpu mpoBeneHHH MPOEKTHBIX MEPOINPHITUH IO TMOBBIIICHUIO
YCTOWYMBOCTH OOBEKTOB He(TErazoBOro KOMIUIEKCA NMPUMEHEHHE BBICOKOTOYHBIX 3apyOeKHBIX
KOMITBIOTEPHBIX MOJTYJIEH 3aTPYIHEHO H3-32 OTCYTCTBHSI OTEUECTBEHHOTO CEPTU(HKATA COOTBETCTBHSL.

Pan Mmetonuk mpu pacueTax HCHONB3YIOT TOHSATHE «TPOTUJIOBBIA HSKBHBAJIEHT», YTO
COBEPIICHHO HE TOJXOMUT UL pacdyeToB mpuMmeHuTensHO K TBC, B3phiBatommmcs Ha 0OBEKTax
He(TAHON U ra30BOI MPOMBIIUIEHHOCTH, TaK KaK HE YUUTHIBAIOTCS CIEAYIOIINE BaxHbIe (DAKTOPHI:

— HEKOPPEKTHO PACCUMTHIBACTCS Macca TOIUTHBA, HETIOCPEACTBEHHO pearupyroias Ipy B3PhIBE;

— HET YETKOTO MOHATUS OCHOBAaHUI MeXaHU3Ma Pa3pyLICHHUS;

— OoJpIIME PACXOKICHUS B Pe3yiIbTaTaxX Pa3IMYHbIX METO/IVK;

— HeT chOpPMYTUPOBAHHOTO Y4eTa TMOTOIHBIX YCIOBUW, BIMUSHUSA IUIOTHOCTH 3aCTPOMKH,
XapakTepa MECTHOCTH, yUeTa «I1apyCHOCTH» IPHU B3pHIBaX;

— HE MPUHHMMAETCS BO BHMMAaHHE YacTOTa BO3JCHCTBHS B3PHIBOB HEOOJBIION MOIIHOCTH
32 OTHOCHUTEIIEHO KOPOTKOE BPEMSI;

— CyLIecTBEHHOe oTiInyhe ¢usudeckoil mnpupoasl B3peiBa TBC or TpoTtuia,
nedrarpanMoOHHbBIN XapakTep B OTIIMYUE OT JETOHAIINH.

C yueToM CyIIECTBEHHBIX 3aTpaT Ha peELIeHHe 3ajjad yCTOWYMBOCTH OOBEKTOB
He(TEra30BOro KOMIUIEKCA, HEMAJIOBaXHBIM SIBIISIETCS TOYHOCTh B pacdeTax 30H MOPAKEHUsS MpU
B3phIBax. C y4eTOM HCCIIeI0BATENIbCKOM paboThl, N310KEHHONW B HCTOYHUKE [6], JaHHBIE METOAUKH
PJ1 03-409-01 [4] o orieHKe 30H pa3pyIlIeHUs IPUMEPHO B 2 pa3a MEHbIIIEC JaHHBIX PACCUNTAHHBIX
no meroauke «OOIMe MpaBuiaa B3phIBOOE30MACHOCTH JJIsl B3PHIBONOXKAPOONACHBIX XUMHUYECKHUX,
HeTEeXMMHUECKHX M HedTenepepadaThBAIOIUX Mpou3BOACTBY [3]. A 3TO cCyliecTBeHHas
HKOHOMHSI TP MIPOBEACHUU MEPOIIPUATHH, MOBBIIAIOLINX YCTOWYUBOCTh OOBEKTA.

C yderoM o0coObIX TpeOOBaHMN K B3pBIBONOXKAPOONACHBIM OOBEKTaM, MOKHO
BOCIIOJIb30BaThCs MPH MJIAHUPOBAHUH CIIETYIOLIUM MEPEYHEM THUIIOBBIX MEPOTIPHUATHI:

— obecrieueHne pabOTHIKOB M HH)KEHEPHO-TEXHUUECKHUIA TTEPCOHAIT 3aIUTHBIMU COOPYKESHHSIMH
U CpE/ICTBAMH MHIMBHIYyaJIbHOM 3aIUTHI;

— YCTaHOBKA MPOYHBIX OTPAKIAFOIINX KOHCTPYKIIMH MEXKIY B3PBIBOOTIACHBIMH 30HAMU;

— IIMPOKOE HMCIHOJIb30BaHUE pebeda MECTHOCTH JUI YMEHBILEHHUS MOpakKaroumx (pakTopos
B3PHIBA;

— 3BaKyalusi pabOTHUKOB, HE TIPUBJIEKAEMBIX K JTUKBHUJIAIIMH aBapUiL;

— o0ecrieueHune 3aUTHBIX COOPYKEHUH BCeM HEOOXOTUMBIM JIJISl UX JKU3HEACATEIIbHOCTH,

— CO3/JaHME HEOOXOIUMBIX 3aIlaCOB MEIMKAMEHTOB;

— o0yueHue pabOTHUKOB 00BEKTa MpaBUIaM AEMCTBUIA MTPH B3pPbIBE U TIOXKAPE;

— HEJIOMYIIIEHUE CO3/IaHMsI B3PbIBOOIIACHBIX COCTABOB MPHU aBapHsIX;

— IIUPOKOE TPUMEHEHHE B OMTACHBIX 30HAX HHEPTHBIX YCIIOBHIA,

— MPUMEHEHUE CPEJICTB ABTOMATUYECKOTO MOXKAPOTYLICHHUS;

— HaJMYUe B OMACHBIX MMOMENICHUSX U 000pYJOBAHUM CIICIUATBLHBIX KIIATAHOB JIJIsI cOpoca
TaBIICHHUS;

— HUCIOJIb30BaHNE B KOHCTPYKLHAX OMACHOTO OOOpYHOBAHUS U TOMEIICHUSX HEroprYHX
MaTepHaloB;
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— HeNOINyIIEHHE TPOBEICHHUS B3PBIBHBIX pabOT BOMU3M OOBEKTOB HE(PTEra3oBOIr0O
KOMILJIEKCa;

— IIMPOKOE MpPHUMEHEHHEe B TPYOOIPOBOMHOM ceTH OECHIOBHBIX TPyO C BBICOKOU
AHTUKOPPO3UINHON CTOMKOCTBIO;

— BBINIOJTHEHHE TIPABUII IOXKAPHOW OE30MaCHOCTH.

Bce 3TH 0COOGEHHOCTH YYMTBIBAIOTCA B OTPACIEBBIX TPEOOBAHUAX IO IOBBIIICHUIO
YCTOMUMBOCTH, KOTOpBIE pa3pabaThIBAIKUCh U ObLIN MPUHATHI B 1979—-1982 rr.

[TocranoBnennem «OO6LIUX TpeOOBAaHUI 110 MOBBIIEHUIO YCTOMUUBOCTH (DYHKIIMOHUPOBAHUS
OTpaciieil MPOMBIIIEHHOCTH, TPAHCIIOPTa, SHEPreTUKH U CEIbCKOXO3SICTBEHHOIO IPOU3BOJICTBA
B UC» [7] mnpemycMOTpeHbl CIieHUaIbHbIE MEPOIPHATHS [0 IOBBIIICHHIO YCTOHYHMBOCTH
npennpustuit TOK:

— nepepacnpezenenue B ycnoBusx YC pecypcoB HepTH U ra3a o HanpaBJiIeHUsM, 00beMaM
U TIOTPEOUTEISIM;

— CO3J/1aHU€ NEePEMBIYEK U KOJbLIEBAHNE MArUCTPAIbHBIX HEPTEra3o0npoBoJIOB ¢ ACHCTBYIOLMMU
U CTPOSIIIUMHUCA He(TEra3onpoBoamu;

— orpaHuuyeHre o0bemMa TPAaHCIIOPTUPOBKU HEPTHU B OJJHOM TEXHHUUYECKOM KOPUIOPE;

— pe3epBUPOBAHUE U IOBBIIIEHWE YCTOMYMBOCTU IMOJBOAHBIX MEPEXOJOB U€pe3 KPYIHbIE
peKuy;

— pa3paboTKka M TIPUMEHEHHE HAJIEKHOM CHCTEMBI NPOTHBOKOPPO3MOHHOHN 3aIIUTHI
000pynoBaHUS;

— pa3MeleHne MOA3EMHBIX XPAaHWINIL He()TH U Ta3a BHE 30H OMACHBIX IPUPOIHBIX SIBJICHUIA;

— IOJ3€MHAasl IPOKJaJKa TPyOONpPOBOAOB uepe3 aBTOMOOWIIBHBIE M JKEIE3HOAOPOXKHBIE
KOMMYHHMKAIIH;

— pa3MelleHHE TEXHOJIOTMYECKUX YCTAaHOBOK He(TenepepadbaThlBalOIMX I[POU3BOICTB
HA OTKPBITHIX MJIOLIAAKAX WM MO/ JETKUMH OTHECTOMKUMU MOKPBITUIMY;

— pa3MellcHHE Ha Ta30TPAHCIOPTHOM JIMHUM II0OYEPETHO KOMIIPECCOPHBIX CTaHIUMN
C 3JIEKTPOIIPOBOJIOM U C Fa30TypOMHHBIMU arperaTtamu;

— CO3/1aHHE aBapMIHOT0 HECHMKAEMOTro 3araca TpyO Pa3IUYHBIX JUAMETPOB M 3allOpHOU
apMaryphbl;

— 0o0opynoBaHuE 00BEKTOB OaliacUpYIOUIMMH YCTPOHCTBAMM U KJIallaHAMU-OTCEKaTeIIMU
(3amopHOM  apmarypoii), YCTAHOBJIEHHBIMH B 3alllMUICHHBIX KOJOJAIAX WJIM B 3eMje
¢ oOBaJIOBaHUEM;

— MOA3EMHOE XpPAaHEHHE CHKMKEHHBIX Ta3oB M XpPAaHEHHE UX B COCTOSHHUU OTBEPXKIEHUS,
IpUMEHEeHHE (pIIerMaTH3aTopoB MPU XPAHEHUH U TPAHCIIOPTUPOBKE 0COO0 B3PHIBOMOKAPOOMACHBIX
ra3os;

— PEryJspHBII KOHTPOJIb HAJl TEPMETUYHOCTBIO TPYOOIIPOBOIOB M TEXHOJIOTMYECKHX CUCTEM;

— MOJIFOTOBKY TEXHOJIOTMYECKOT0 000pYI0BaHUS U CO3/IaHUE 3al1acOB B3PhIBUATHIX BELIECTB
JUIsL TYIIEHUS TI0KapoB HAa HE(PTAHBIX (Fa30BbIX) CKBAKMHAX HANPABICHHBIM B3PBIBOM;

— CO3/1aHHE aBTOMATHYECKUX CHCTEM OOHapY)KEHHsI YT€UKH OIMACHBIX BELIECTB M AKCTPEHHOTO
OTKJIFOUEHHS aBAPUHMHBIX y4aCTKOB, MarCTPAJIbHBIX Ia30IIPOBOJOB M KOMIIPECCOPHBIX CTAHIIMH.

B Hacrosimee Bpemss Ha TNpeANpUATUSAX He(PTAHOH, Tra30BOMl NPOMBIIUIEHHOCTH
U B TEOJOrOopa3BeJOYHBIX OpraHU3alMsIX HAXOOUTCAd B HKCIutyaranuu Oonee 200 Thic. KM
MarucTpajbHbIX HEPTENpoBOAOB, 350 ThIC. KM MPOMBICIOBBIX TPYOONpoBoaoB, 800 KOMIPECCOPHBIX
u He(prenepepabaThIBaIOIIUX CTAHIIHH.

TpyOonpoBoaHbIii TPAaHCIIOPT
TpyOonpoBOAHBIM TpaHCTIOPT OBICTPHIMM M MacIITAOHBIMU TEMIIAMU CTPOWJICS B TEUEHHE
nByx gecstuiaetuii B 60—70 rr. XX B. B cBsI3M ¢ uyeM COCTOSHME ATUX MHOTOKMJIOMETPOBBIX

Marucrpaiei — npeaaBapuiinoe. Ha puc. 6 cxeMaTH4ecKku OTPaXeHO COCTOSIHHE TPYOOIPOBOIHOTO
napka Poccun.
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CoctosHue Tpy6ONpoOBOAHOrO TPAaHCNOpPTa

ml

m3

Puc. 6. 1 — Bo3pact Tpydonposoaa 10 30 jet; 2 — 3540 jet; 3 — 30 — 35 ner

Bospacr 30 sner u Gonee npumepHo y 55 %. OT0 3HAUUT, YTO HKCILTyaTUPOBATh UX OYEHb
OITacHO, 3arac MPOYHOCTH HYJIEBOW. 3a 25 meT mpou3onwio 0ojnee 170 pa3MyHbIX Ype3BBIYalHBIX
IpoHucIIeCTBUA Ha TpyOompoBoaHoil cet, 0e3 yuera YC Ha TpyOOmpoBOJax, OCTaBIIUXCS
Ha TEPPUTOPHSIX OBIBIINX COIO3HBIX PECITyOIHK.

OcCHOBHBIE IIPUYINHBL aBapI/Iﬁ H IIOKAapOB B INPOLCHTHOM OTHOUICHUH ITPCACTABJICHBI HA PUC. 7.

OcHOBHBIE NPIYIHBI ABAPIIT I TOARAPOB Ha
TPYOOIIPOBOTHOM TPAHCIIOPTE

Puc. 7. 1 — moa3semHasi KOppo3usi MeTa/uia; 2 — Opak NpH CTPOUTEIbLCTBe; 3 — nmedekT TPYO
U 000pyI0BaHMsl; 4 — MEXaHM4eCKHe MOBPeKIeHUsI MPH BMeIaTeIbCTBe B padoTy cHCTEeMbI; 5 — mpoyue

Jlnst ompeneneHUs MEPOIPUSATHI TOBBIIICHUS YCTOWYMBOCTH Ta30IPOBOJIOB HEOOXOIUMO
MOHUMATh TMHAMUKY M BO3MOXKHBIE CIICHAPUU DPAa3BUTHUS Ta30TPaHCHOPTHBIX aBapuil. OcoOyro
OIMACHOCTh TPEJCTABISIOT CIICHAPUU C Pa3pbiBOM TPYOOMPOBOIOB, HAXOMSIIUXCS TOJ[ BBICOKUM
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JaBJICHUEM TpaHCHOpTUpyeMoro raza. Kak mpaBuiao, OHU COMPOBOXKIAIOTCS B3PBIBOM, MOXKapaMu,
MPSIMBIMH  YOBITKAMHU TIOCTABIIIMKOB M KOCBEHHBIMH — moTpebuteneii. [lopaxkaronue QaxTopsl
moo0HeIX UC:

— yZapHasi BOJIHa, XapaKTePU3YIOIIasics N30bITOYHBIM JIaBJICHHEM BO (PpOHTE;

— MOPAXEHUSI OCKOJIOYHOI'0 U TEPMUYECKOTO XapaKTepa.

[Ipupona nmopaxaromero Bo3JeiCTBUA 3/I€Ch Takas e, KaK U B pacCMaTpUBaEMOM Cilydyae
c TBC. Te e Tpu 30HBI NOPaKEHUS C IMPUCYLIUMU UM XapakTepuctukamu. Orinuue
OT IPEABIAYIIETO pacyeTa B TOM, YTO KaTacTpo(HUUECKHe MOCIEICTBHS HAa 3TOM HE 3aKaHYMBAIOTCS
— JIECTPYKTUBHON COCTABJISIONICH CTAaHOBUTCS BBIOPACHIBAEMBI U3 TPYOONPOBOIA IO OTPOMHBIM
naBjeHUEM Ta3. BeposTHbIE MOCIeayomue ClieHapyuy MPeACTaBICHBI B Ta0d. 2

Ipuuunamu aeaputinoti cumyayuu A61A10MCA:  KOPPO3UsS METalla, MEXaHUYeCKOe
BO3JICUCTBUE, TIEPETOJHEHUE pe3epByapa, HEKOMIIETEHTHOCTh OOCIY)KMBAIOIIET0 TIepcoHaa,
HENPABOBBIE ACHUCTBUS TPETHUX JIUL, BO3AECHCTBUE IPUPOIHBIX SBJICHUM.

Tabnumna 2. CueHapuu pa3BUTHS aBAPUAHBIX CUTyalHii

ABapuiinas

CueHnapuii pa3sBUTHS aBaAPUITHON CHTYallHH
CUTYallUs lieHapuu p p yau

1.1 Pasrepmernzamus ra3ompoBoJa ¢ 00pa3oBaHHEM BOPOHKH (B TBepIoM rpyHre) — 1.2
BO3ACUCTBHE IEPBUYHON yOapHOW BONHBI C)KaToro raza — 1.3 KpyroBod pasnmer wyactei
obopynoBanus, TpyO, rpyHTa — 1.4 yreuka raza — 1.5 BocmrameHeHne raza — 1.6 oOpazoBaHme
BO3JYLIHOW BOJHBI cxaTusi — 1.7 TepMHUYECKOE BO3ACHCTBHE Ha OKPY’KAIOLIYIO Cpeny, JIOAEH
1 000pyAOBaHUE

[oxap
B BOPOHKE

2.1 PazrepMeTu3anys ra30npoBoOJia C BEIPBIBAHUEM IUICTEH U3 3ariy0JIeHHOrO COCTOSHHUS Ha
MOBEPXHOCTh (B claboOHeCylMX IpyHTax) — 2.2 BO3JEiCTBHE yIapHOH BOJHBI C)KAaTOTO rasa—»
2.3kpyroBoil paszyier uacTed o0OopynoBaHus, TpyO, rpyHra — 2.4 yreuka raza—> 2.5
BOCIUIaMEHEHHE Ta3a ¢ 00pa30BaHUEM JIBYX CTPYH ropsmiero raza — 2.6 o0pa3oBaHue BO3AYIIHOMN
BOJIHBI COKaTHsI — 2.7 TepMUYECKOe BO3EHCTBIE HAa OKPYIKAIOIIYIO Cpeay, JroAei 1 000py10BaHNE
— 2.8 3arpsizHeHue atMocepsl

3.1 PasrepMeru3anys ra30npoBoJa ¢ 00pa3oBaHHEM BOPOHKH (B TBEpAOM TpyHTE) —> 3.2

CrtpyeBoe
Iamst

o
8 2 é é % BO3ACHCTBHE MNEPBUYHON YIApHOM BOJHBI CXKAaToro raza— 3.3 KpPYyroBodl pasner uacTel
5 m g § & | obopynosanus, TpyO, rpyHTa — 3.4 yTeuka rasa — 3.5 BocIlaMeHeHMe rasa — 3.6 o0pasoBaHue
E % &5 % BO3JYIIHOW BOJIHBI CxKaTUsl —> 3.7 TEpMHUYECKOE BO3ACHCTBHE Ha OKPYXKAIOLIYIO Cpeny, Joaei
g = § 5=y E | uobopynosaHne — 3.8 3arpsisHeHne aTMOChepbI
S8 223
=W = 5 &
=
0 4.1 PasrepMern3anysi ra3onpoBojia ¢ BHIPBIBAaHWEM IUIETEH M3 3ariayOJeHHOIO COCTOSHHUS
% § § Ha MOBEPXHOCTH (B cabOHECYIUX TPyHTaX) — 4.2 BO3ACHCTBUE YAAPHOW BOJHBI CKATOTO Ta3a —>
% 2 ); 4.3 kpyroBo# pa3nier yactei 06opyaoBanus, Tpyo, rpynTa— 4.4 yreuka raza ¢ o0pa3oBaHUeM JABYX
522 cTpyii — 4.5 Gapudeckoe BO3ICHCTBHE BHIPHIBAIONIETOCS T'a3a WM 00pa3oBaHKE ra3oBOro obiaka
§ % I — 4.6 3arpsa3HeHrE aTMOCHEPHI
AN

ABapuu Ha 000pYJJOBaHUH MOTYT MPOXOAUTH MO CIAEAYIOIINM BO3MOXHBIM CLEHAPUSIM:

— TiepBas rpymmna OTHOCUTCS K aBapHusIM Ha OTKPBITOM MECTHOCTH;

— BTOpasi IpymIa — aBapuu B 3aKPBITHIX TOMEIICHHUSX.

Jleranuzanys U anropuTM BO3MOJKHBIX CLEHApHUEB OTYACTH TOT K€, YTO U NPU aBapHUIX
Ha TpyOomnpoBogax. MoxHO K HUM J100aBUTh Pa3BUTHE aBapUNWHBIX CUTYaIMi MpHU MOXKape U B3pbIBE
oOpasyloleiicss B pe3ylibTaTe HeCaHKIIMOHUPOBAHHOM yTEUKH Ta30BO3IYIIHONW CMECH, BOZHUKHOBEHHUE
Mo’kapa B 3aKpbITOM 00beMe, B3phIB ra30BO3AYLIHONW CMECH HAa TEPPUTOPHUH, MOKAP MPOJIHBA.

CoBpeMEHHOE pPa3BUTHE KOCMHUYECKMX M JPYTrUX TEXHOJIOTHH, B YAaCTHOCTU IIMPOKOE
IPUMEHEHHE JIa3epPHBIX JIOKAaTOPOB, pPabOTAIOIIMX B aBTOMAaTHUYECKOM pEXHME, JIeJIaeT IMpolecce
HAOJIOACHNUS 32 COCTOSTHUEM TPYOOIIPOBOAHOM CEeTH O4YEHb YAOOHBIM U TeXHOJOrHuHbIM. Ho eciu
HE MPUHATH KAPAWHAIBHBIX Mep IO OOHOBJICHHMIO M BOCCTAHOBICHMIO [JEHCTBYIOIEH CeTH
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TpyOOIPOBOJOB, TO TOKAa3aTelb aBAPUIHOCTH, a 3HAYUT M yuiepd A SKOHOMHKH, OyneT erie
3Ha4YMTeNbHEE. A 9TO O3HAYAET, YTO HEOOXOAUM KOMILIEKC MHKEHEPHO-TEXHUUECKUX MEPONPUATHH
Ha 3TOM CTPATETUYECKOM OOBEKTE :

— PEKOHCTPYKLHUSI U HOBOE CTPOMTENBCTBO CTAllMOHAPHBIX HEPTENPOAYKTOIPOBOIOB
¢ yderoM 0e30IacHOM 3KcITyaTanuu ux B ycnoBusx YC;

— OrpaHMYCHHME HA3€eMHOM MPOKIAJKU TPyOONpOBOJOB uepe3 30HbI BO3MOXKHBIX UYC,
HCKJIIOYEHHUE TaKOM IPOKJIaJIKH Yepe3 aBTOMOOUIIBHBIE U JKEJIE3HbIE IOPOTH;

— CTPOMTENBCTBO IUIOLIAJIOK HA Tpaccax MarucTpajbHbIX TPYOONPOBOJOB JUIsI MacCOBOM
3alpaBKU TOPIOYMM aBTOTPAHCIIOPTA, COOPYKEHHE KOJIOALEB JUIsl IOJAKIIIOUEHUS IOJIEBBIX
TpyOOIIPOBOIOB;

— CO3/IaHHE U COBEPIICHCTBOBAHUE aBTOMAaTUYECKUX CUCTEM OOHAPYKEHHUS YTEUKU OIACHbBIX
BELICCTB U OTKJIFOYCHHS aBAPUIHBIX Y4aCTKOB;

— CIOCOOHOCTH OCYIIECTBUTH MOJTOTOBKY K TPAHCIIOPTUPOBKE HE(PTEMPOAYKTOB B 30HAX
B03MOkHBIX UC B 00X0/] KOMIIPECCOPHBIX CTAHIMI B CIIy4yasX HapyleHUs UX padoTsl;

— 3armyOsieHHas: TPOKIIaJKa TPyOONpOBOAOB B 30HaX BO3MOKHBIX pa3pyIICHUH U BBIHOC
TOJIOBHBIX HACOCHBIX CTAHIUH 3a NPEEIIbl TAKUX 30H;

— co3aaHue 0a30BBIX CKJIAJ0B pe3epBa MaTEpUajoB U 00OpPYIOBaHUS AJIsi BOCCTAHOBJICHUS
MOBPEX/JICHHBIX YYaCTKOB U MPOKJIAJAKH BPEMEHHBIX TPYOOIIPOBOIHBIX JIUHUIA;

— CO3JaHME U BHEJIPEHHUE B OKCIUTyaTallMIO0 IEPEIBUKHBIX IEPEKauMBAIOIINUX CPEICTB
(HaCOCHBIX YCTAaHOBOK U arperaToB ¢ aBTOHOMHBIM IIPUBOJIOM U IUCTAHLIUOHHBIM YIIPABICHUEM);

— CTPOHUTENILCTBO OTBOJOB OT MAaruCTPaIbHBIX TPYOONPOBOIOB K Onrpkaiiimnm Hedredazam
U TPAHCHOPTHBIM Yy3JlaM, Ha KOTOPBIX BO3MO)KHA OpraHM3allus IEpPEeBaJKU HEPTENpPOIyKTOB
Ha JIpyrue BUbl TPAHCIIOPTA;

— TIOBBIIIEHUE HAJASKHOCTU 3JIEKTPOCHAOKEHHS KOMIIPECCOPHBIX CTAaHIMHM IyTeM
TyOIUpPOBAaHMS OTKPBITBIX JIMHUH AIIEKTPONEPEaayd M MPOKJIAIKH MOJ3EMHBIX KaOeIbHBIX JUHHUNA
3JIEKTPOIUTAHUS TPYOOIIPOBOIHBIX YCTPOUCTB,;

— BHEJIpEHUE HOBEUIINX METOJMK KOHTPOJIS 32 OE30MAaCHOCThIO Ha 0OBEKTAX, B TOM YHCIIEe
METOAMKH aBTOMAaTU3MPOBAHHOI'O MOHHMTOPUHIA JIMHEHHBIX OOBEKTOB HE(TEra3oBOro KOMILIEKCa
¢ OecnuJIOTHOrO BO3AYIIHOTO CyAHA, TMpeMiokeHHyr YyueHbiMu Caskt-IlerepOyprekoro
yuuBepcutera [ TIC MUC Poccun u Boponexckoro uncruryra ['TIC MUC Poccun [8].

3aaya Mo MOBBIIIEHUIO YCTOMYMBOCTU OOBEKTOB HE(DTSIHON M ra30BOW MPOMBIINIIEHHOCTH
pemiaercss TOJBKO MpHU 3a0JaroBpeMEHHOM OpraHu3alMM NPOEKTHBIX, MOHT@XHBIX W JIPYTUX
MHXEHEpHBIX Meponpuatuidl. [naBHOW nenbio sBiugercs npenynpexaeHne YC, cHuxeHHe
3¢ GEKTUBHOCTH NPUMEHEHUs NMPOTUB 3TUX OOBEKTOB BCEX COBPEMEHHBIX CPENICTB IMOPAXKEHUS,
MEPOIPUSATHS 110 CKOPEHIIIEMY BOCCTAHOBJIEHHUIO BCETO TEXHOJIOTUYECKOIO [IUKJIA.

VY4uThIBas UMEIOIUIACS ONBIT BHEAPEHUS ITUX MEPONIPUATHH, U1 00BEKTOB HEPTEra30BOro
KOMIUIEKCa pa3paboTaHbl OCHOBHbIE BEKTOPHI MOBBIILIEHUS! YCTOMUYMBOCTH UX JE€ATEIbHOCTH:

— rapaHTHUPOBAHME 3AIIUTHI KU3HU U 370POBbsl PAOOTHUKOB OTpaciu 1 ux 6mauskux B UC;

— C IIeJIbIO MOBBILIICHHS KUBYUECTH OOBEKTa pa3MellaTh Ha TEPPUTOpPUHU O0OBEKTa (LIEXOB,
y4acTKOB MPOHM3BOCTBA), 3aIIaCOB MAaTEPUAILHBIX CPEJICTB, EMKOCTEH JUIsl XpaHEeHUs! He(TH, rasa,
MIPOJYKTOB UX MepepabOTKH B JIBa U O0JIee AIIETOHOB;

— CO3[JaHME COOTBETCTBYIOLIMX 0a3 B 3aropoJHOM 30HE A pa3MelleHUs OTIENbHBIX
MIPOU3BOJICTB, PacCPEIOTOUYECHUE U Pa3yKPYITHEHHE 3allacoB aBapUUHBIX XUMHUYECKUX OTPABIISIFOIINX
BEIIIECTB, B3PHIBYATHIX BEIIECTB U JIETKOBOCILIAMEHSFOLTMMUCS BelIecTBaMu U xuakocTsmu (JIBXK);

— 3a0y1aroBpeMeHHasi MOJAroTOBKa 0OOBHEKTOB K BBIIOJIHEHUIO paboThl B ycioBusix YC;

— 10 BO3MOKHOCTH TIPOU3BOIUTH 3arTyOJIeHHE B 3eMITIO BCEX KOMMYHUKaIMH, Xxpanumui ¢ JIBXK;

— obecrieueHre HaJIeKHOW OXpaHbl U 00OPOHBI 0OBEKTA B YTPOKAEMBIN ITEPUOI;

— TIIaTenbHass paboTa ciaykObl 0€30MacHOCTH OOBEKTa U CHIIOBBIX CTPYKTYp C IIEJIbIO
HEeJOMyIleHuss Ha oOBeKTaXx HePTH Tra30BOro KOMIUIEKCa CIy4yaeB JUBEpCcHid, caboTaxa,
BpPEANUTEILCTBA, TEPPOPUCTUIECKUX AKTOB;

— IOJArOTOBKA OOBEKTOB K BBHIMOJIHEHUIO DPAOOT IO BOCCTAHOBJIEHUIO HapyLIEHHOI'O
npousBojcTBa B UC.
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— TUTAHUPOBAHHUE MEPOIPHITHIA IO TOBBIIMICHUIO YCTOWYHBOCTH OOBEKTOB HE(PTETa30BOTO
KOMILJIEKCa,;

— TOJITOTOBKA CUCTEMBI YITPABJICHUS ITPOU3BOJICTBOM 00BEKTa K pemeHuto 3aaaq B YC.

B cooTBeTcTBHMM C OSTUMHU HalpaBlICHUSAMU pabOT Ha O00bEeKTax pa3padaTbIBAIOTCA
MeporpusaTast o npeaynpexacauro UC u obecreueHuto ycrodumBoctd paboTel u  «llman
MEPOIPUATHIA MO TMOBBIIIEHUI0 YCTOMYMBOCTH (YHKIIMOHUPOBaHUS O0O0OBEKTa». Bce H3I0KEeHHbIE
MEPOIPHUATHS TIO MOBBIMICHUIO YCTOWYMBOCTA 00BEKTa HEPTEra30BOro KOMIUIEKCA JTOJDKHBI CTATh
HEOTHEMJIEMOM YacThIO OOIIEro MIaHa YKOHOMUYECKOTO U COITMAIBHOTO Pa3BUTHSL.

Buvi6oowi

B nanHOl cTaThe HccrnenoBaHbl M CMOJEIMPOBAHBI BO3MOXKHBIE ABapHITHBIE CUTYallUH,
QITOPUTM Pa3BUTHSI ONMACHBIX IMPOIIECCOB HA 00BEKTaX HEPTETa30BOr0 KOMILIECKCA.

[IpoBeneHo wcciaenoBaHUE 3aBUCHMOCTH BEIMYMH PaUyCcoOB MOpakarolux (HakTopoB
B3pbIBa oT konmumdectBa TBC, HenmocpencTBeHHO ydyacTByromeld B HeM. [Ipeanokena rpadudeckas
MOJIeJIb pacueTa paJuyCoB JUIS yMEHBIIECHUS BpPEMEHH IPH OLIEHKE OOCTAaHOBKHM M MPUHATHUSA
pelIeHus TToCIe B3phIBa Ha 00beKTax He(pTera3oBoro KOMILIEKCA.

[Ipoananu3upoBaHbl OCHOBHBIE METOJMKH pacyeTa pajnyCcoB B3pblBa U TOUYHOCTH pacyeTa
30H 0€30MacHOCTH MpPU TUIAHUPOBAHUM MEPOINPHUATUNA TIOBBIIIEHUS YCTOMYMBOCTH OOBEKTOB
HedTerazoBoro komruiekca Poccun.
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AUAJIOI'N CO CIIEHUAJINCTAMHA

CHUHOIICHUC IO NOATI'OTOBKE KBAJIM®UIIUPOBAHHBIX
KAJIPOB JJIs1 CUCTEMBI I'PAXKJIAHCKOU 3AIIIUTDBI
PECITYBJIMUKHN KA3AXCTAH

K. K. PaumOexoB, kaHauaaT Gu3MKO-MaTEeMATHYECKUX HAYK;

A.Bb. Kycaunos.

Kokmerayckuit Texanueckuiit HHCTUTYT Komurera 1o ype3Bbr4aiHbIM
curyauusasm MB/I Pecnny0siuku Kasaxcran.

I'.H. /IpsiukoB.

Cankr-Ilerepoyprcekmii yausepeurer I'TIC MUC Poccun

PaccmoTpena cucremMa HOATOTOBKM KBadM()UUIMPOBAHHBIX KaApOB MJIsl OPraHOB TI'PaKIAHCKOM
3ammThl Pecniyonuku Kazaxcran. [Ipeaoskena MHOTOypoBHEBasi MOAEIH MTOATOTOBKH KBATU(PUIIMPOBAHHBIX
CHEIMATIUCTOB B chepe TpakJaHCKoi 3amuThl Pecryonukn Kazaxcras.

Kniouesvie crosa: xBannpuIMpOBaHHBIN CIIEIMANNCT, MHOTOYPOBHEBAsI MOJIEJIb IIOATOTOBKH KaApOB

VYnonHOMOYeHHbIH opraH B cdepe rpaxkaaHckoil 3aummrbl PecnyOnuku Kazaxcran
MPEJCTABISET COOON MOIIHYIO CIEIHUATU3UPOBAHHYI0 MHKEHEPHO-TEXHUYECKYIO CIYXOy, KOTopas
MOXeT (QyHKIUMOHUPOBaTh 3S()(EKTUBHO TOJBKO MPU HATUYUU XOPOIIO IOATOTOBIIEHHBIX
KBaJM(UIUPOBAHHBIX KaapoB. K KBamnUIMpPOBAaHHBIM CIIEMUAIUCTAM OTHOCSTCA JIUIIA,
nporreane o0y4deHrne B CrieuaIbHOM yueOHOM 3aBeneHuu [1].

[ToaroToBka KBaTM(HUIMPOBAHHBIX CIEIHATUCTOB JUISI CHUCTEMBI TPa)XXTaHCKOW 3allUThI
CBSI3aHA C PsJIOM BaXHBIX COLMAIbHO-DKOHOMMYECKHX MpobieMm. Haunbonee BaKHBIMH M3 HHUX
SIBIISTIOTCSL:

— OIpelieNieHue TMEepPCHEeKTUBHOM MOTPEeOHOCTH MOJApa3/AeieHU TpakJaHCKOM 3aIlUThI
B KBJTM(PHUIIMPOBAHHBIX CHEIIHATHCTAX;

— IUIAHUPOBAaHME pa3BUTUS CUCTEMbl CHELMANbHBIX YYEOHBIX 3aBEACHUH B MEJIX
YIIOBJIETBOPEHHSI MOTPEOHOCTH MOAPA3ACTCHHIN B KBATH(PUIINPOBAHHBIX CHEIHATHACTAX;

— TOBBILUICHWE KAuecTBa 3HAHUI BBIMYCKAEMbIX CHELHATNCTOB CHEIHMAIbHBIMU y4eOHBIMU
3aBejieHUsIMH [2].

B Hactosmee Bpems yKa3zaHHBbIE MpPOOJEMBI CTOAT OCOOEHHO OCTPO, TaK KaK 4YHCIIO
BaKaHTHBIX JOJDKHOCTEH CpEIHEr0 M CTapIlero HavyadbCTBYIOMIETO COCTaBa M3 roja B TOJ
yBennunBaercs, B 2015 r. —430 ex., B 2016 1. — 557 en. uB 2017 1. — 611 en.

[ToaroToBka CHENUMANNCTOB OCYIIECTBISICTCS B EIUHCTBEHHOM Y4YeOHOM 3aBEJICHUU
Kokmerayckom TexHHueckoM HHCTUTYTe Komurera mo dpesBbluaiiHbIM cutTyanussMm MBJI
PecniyOmukn Kazaxcran (KTU) Ttonmbko mo mnporpammam OakajiaBpuaTa, 4YTO HE IO3BOJISIET
YIOBJIETBOPUTH IMOTPEOHOCTH YIOJHOMOUYEHHOIO OpraHa B cdepe TpakIaHCKOH 3aIlUThI
¢ npohecCHOHATbHO-TEXHUYECKUM O0pa30BaHMEM M BBICOKOKBATU(HUIIMPOBAHHBIX CIIEIHATUCTOB
C MOCJIEBY30BCKUM 00pa3oBanueM [3].

B 5T0#t cBsi3M ObIIO OBI LIE€71€CO00pa3HBIM CO3/1aTh MHOTOYPOBHEBBI 00pazoBaTeIbHBIN
KOMITJIEKC JUTS HENPEPHIBHOM CTYNEHYATOH Mpo(eCcCHOHANBHON MOITOTOBKH KaJpPOB B COOTBETCTBHH
C HOpMaTHBHBIMH TpeOoBaHusiMU PecriyOnmuku Kazaxcras.

OpraHu3anoHHass MOJENb TaKOro 00pa30BaTEbHOTO KOMIUIEKCA TPEACTaBISIET COOOH
COBOKYITHOCTh CTPYKTYPHBIX MOApa3eNeHH, (PaKTHUECKH 00pa3yIOIUX [EIOCTHYIO CUCTEMY.

Ilenpto oOBeAMHEHMs SBIAETCS MaKCHUMajbHas OpraHU3allMOHHAs (aJAMUHUCTPATHBHAs)
MHTETpalys pa3HOYPOBHEBBIX YUEOHBIX OpraHU3aliil 00pa30BaHus: «HAYAIBHOTO MPO(ECCHOHATBHOTO —
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cpemHero  Npo(eCCHOHATBHOIO  —  BBICHIEr0  MPO(ECCHOHANBHOTO  —  TIOCJTIEBY30BCKOT'O
npo(ecCHOHATbHOTO» JJIsl PEUIeHHUs] €IUHOT0 KOMIUIEKCa B3aMMOCBSI3aHHBIX 3aaay. [lns aToro
00bIYHO (hopMHUpPYETCs 00pa30BaTENBHBI KOMIUIEKC B COCTaBe: «Y4eOHBIH LEeHTp — Boicmmii
KOJUIENIK — BY3».

B mnacTosmee BpeMsi MHOruME 00pa3oBaTelbHbIE YUPEKACHUS PEATUIYIOT IPOrpaMMBI
MOJrOTOBKH 10 MPUHIUITY IPEEMCTBEHHOCTH Pa3IMYHBIX YpPOBHEH 0Opa3oBaHUs: OakalaBpHaT—
Maructparypa—goktopantypa PhD, opgHako pgaHHas Mozenb He OXBarTbIBaeT CTYICHH
npoeCCUOHATLHON TMOATOTOBKH PabOYMX KaJApPOB COOTBETCTBYIOUIMX YPOBHEH KBadM(pHUKAIMNA
U CIIELUAJIMCTOB CPETHErO 3BEHA.

B sT0#l cBf3M mpeanaraeTcs MEpeuTH Ha MHOTOYPOBHEBYHO MOJIENb MOJATOTOBKU KaJpOB.
[IpermymiecTBa MHOTOYPOBHEBOW TMOJTOTOBKM KaJpoB TpU HUHTErpaluu 00pa3oBaTENIbHBIX
CTPYKTYp B €IUHBIA 00pa30BaTeNbHBIH KOMIUIEKC OYAYT BBIPaKAThCS CIEAYIOIIEH «CHCTEeMOM
3¢ (}HeKToB» COIUaAIbHO-DPKOHOMUYECKOTO XapaKTepa:

— JUIA CHCTeMBl TPaKIAHCKOW 3allUThl — HOBBIE THOKHE CBS3U MPO(HECCHOHAIBLHOTO
o0pa3oBaHus ¢ MOTPEOHOCTIMU TEPPUTOPHATILHBIX TOIPA3ACTICHHIH;

— 1751 00pa3oBaTENBHOTO YUPEKICHUS — 3TO BO3MOXKHOCTh HamboJiee TMONMHOM peann3aiiu
HAYYHO-TIEJJAarOTHYECKOTO IMOTEHIMaa, pa3paboTKa HOBBIX MOIU(UKAIUN YUEOHBIX IUIAaHOB
C y4eToM cretupuku npodeccui;

— JUId JKEJaroIIMX OBJIAJETh NpoeccHueil — BO3MOKHOCTb PE3YJIbTATUBHOIO 3aBEPLICHUS
MOATOTOBKM Ha KaXKJIOM YPOBHE, €CIM HE TOTOB IOKa IMOJY4YUTh OOpazoBaHue 0ojee BBICOKOTO
ypoBHs. Tak Kak MOJIeJb ABJISETCS OTKPHITON (0€3 TyNUKa), OHA TO3BOJISIET BHITYCKHUKY BEPHYTHCS
B OOyuyeHHE Ha CJIEAYIOUIUIl ypOBEHb IOCIE MPUOOPETEHUS OMbITa PadOTHI B MOJpPA3ACICHUSIX.
[ToBpImaeTcst ~ KOHKYPEHTOCHOCOOHOCTh — BBINYCKHHMKAa  4Ye€pe3  CIEKTP  JOMOJHHUTEIbHBIX
KBaTM(UKAIIMN ¥ CICIIHAITBHOCTEH.

Boime  mpexacraBieHHyr0  Mojenb  (OpMUPOBaHUS  00pa30BaTENILHOTO  KOMILIEKCA
MpeJIaracTCs peaau3oBaTh IIyTEM OTKPBITHsS BpICcmiero kojuieka IpakKIaHCKOW 3alUThl IS
MOATOTOBKM  KaJpoB 1O 00pa3oBaTEeNIbHBIM  IporpaMMaM MpHUKIagHOro OakaiaBpuarta
U IpodecCHOHATBHON MOATOTOBKM pabOYMX CIENUATBbHOCTEHM, a Takke Mepexoi Ha MOATOTOBKY
CHELMAMCTOB BBICHIEH KBadM(UKALMKW IO TMporpaMmaM IOCIEBY30BCKOTO OOpa30BaHUS —
MarucTpatypa u gokropanrypa PhD.

TakuMm o0pa3oM, OyneT OCYyIIECTBIEH MEpPeXo] Ha MHOTOYPOBHEBYIO MOJENb MOJITOTOBKU
CTIEIHATMCTOB JJISl CHCTEMBI TPaXIaHCKO#H 3amuThl Pecriyonnku Kasaxcran (puc.).

Jloktopautypa PhD

1

Maructparypa

1

bakanaepuar

1

[IpuknamHoit
DakamaBpuar

1

[IpodeccnonanpHas
TIOITOTOBKA
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Puc. MHOF0yp0BHeBaﬂ MO1€/1b MOATOTOBKH KAa/IpOB

I[J'IH peain3annumn MHOFOYpOBHCBOfI MOACIN IIOATOTOBKH KaApOB HCO6XOI[I/IMO BHCCTH
U3MCHCHHUA W [JOIIOJHCHHUA B KBaJII/I(l)I/IKaL[I/IOHHHG Tpe6OBaHI/I$I K KaTeropusm I[OJDKHOCTGI;'I

COTPYAHUKOB TPaKAaHCKO# 3amuThl Pecryoanku Kazaxcran (tabim.) [4].

Tabnuna. Kpanudukauuonubie TpeGOBaHUS K KATErOPUSIM JA0JIAKHOCTEH
COTPYAHHUKOB Ipa:kIaHcKoil 3ammThl Pecnydauku Kazaxcran

HaumenoBanue
o0pa3oBaTeIbHON
MPOTPaMMBI

Haunmenopanue JOJDKHOCTHU

CroenuaiabHOE 3BaHUE

[IpodeccuonanpHas
HOATOTOBKA

Boaurens — coTpyaHUK;
IloxapHsblii: criacaTelns,
pannoTtene)OHUCT, TPOKEKTOPHUCT;
MoTopucT noKapHOTo KaTepa;
Pannorenedonucr;

Hucneruep;

Macrep-cnacarenb

U T.J.

PsnoBoit — crapimmna

ITpuknagHou
OakanaBpuar

HavansHuk kapayina

Minaammii nefiteHauT —
KaIluTaH

bakanaspuat

Wuxenep;

Crapmuit HHXeHep;

I';maBHEBIN cnenUaINCT,

OrnepaTUBHBIN 1€XKYPHBI;
ITomMOIHUK OnepaTUBHOTO JAEKYPHOTO
(TIOMOIIHUK PYKOBOJAUTES TYILICHHS
ro’xapa);

Crapmnii mpenoaBaTeslb PerHOHATBHOTO
y4eOHOro IIEHTpa,;

IToMOLIHUK HAYaIbHUKA
CHELUAIN3UPOBAHHOTO OTpPsiia

U T.0.

JletiTeHaHT —
HOAITOJIKOBHUK

Maructparypa

HauanpHuk: ynpasienus, oTaena,
JEKYPHOH 4acTH, IEHTpa ONEPAaTUBHOTO
YIPaBJIECHHS CUIAMH U CPEACTBAMH,
PErMOHAILHOTO LIEHTPA, UCIIBITaTEIbHOMN
MOKapHOM J1abOpaTOpHH,
CHENUATN3UPOBAHHOTO OTPsAA,
CIIeIMAIM3UPOBAHHON MOXKAPHOH YacTH,
MOKapHOH YacTy;

OnepaTUBHBIN AKYPHBIN (3aMECTHTEINb
PYKOBOAMTES TYIICHHUS TOXapa);
[IpenonaBarens;

Crapumnii npeno/iaBaTes;

JormeHt

U T.0.

Maliiop — OJIKOBHUK

Hoxkropantypa PhD

HavaneHuk nenaprameHra

O YPE3BLIYANHBIM CHUTYAIIUSIM;
HauanpHuK criennaabHOro y4eOHoro
3aBeJICHUS,

HauanbHuk ¢akynpreTa;

Hauanbuuk xadenpsr,

3aMecTHTeNh HaYaTbHUKA Kadeaphl,
ITpodeccop kadenps

Maiiop — renepain
JEUTEHAHT
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N3 Tabn. BUAHO, YTO M KaXIOM JOHKHOCTH OIpEAeieHa COOTBETCTBYIOIIAS
oOpa3oBarenbHas MporpaMMa M MOTOJOK IO CIENUaIbHOMY 3BaHHIO. TakuMm 00pa3oM, JHIIO,
OCBOMB HaJUIeXKAIIyI0 00pa30BaTelbHYIO MPOrpaMMy, HA3HAYaeTCs HAa COOTBETCTBYIOLIYIO
JOJDKHOCTB M MOJTY4YaeT CIeUalIbHOE 3BaHuE.

MHoroypoBHeBasi MOJENIb MOJATOTOBKH KBAJU(HUIIMPOBAHHBIX KaJIPOB SBISETCS OTKPBHITOM
cucTeMoil 00pa3oBaHMs, KOTOpas JaeT BO3MOXKHOCTh OCYIIECTBJICHHUS «00pa3oBaHUS Yepe3 BCIO
cinyk0y B cdepe TpakIaHCKON 3aIllMTH», TO €CTh OCYIIECTBJICHHS MPUHIUIA HEMPEPHIBHOCTH
obpasoBanus [5]. OHa HamOoJee MOJIHO OTPaKaeT COBPEMEHHYIO 00pa30BaTEIbHYIO KOHICIILHIO
Pecny6onuku Kazaxcran.
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CBEJAEHHUSA Ob ABTOPAX
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JbsiukoB I'ne6 HukonaeBu4 — Had. OoTM. MO OOYYEHHIO MHOCTPAHHBIX IpakaaH LleHTpa
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Poccun (196105, Caukt-IlerepOypr, MockoBckuit nip., A. 149), kaH. BO€H. HayK, JO0L.
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NHOPOPMAIIMOHHAA CITPABKA

Crapeiiimee y4eOHOE 3aBeACHHE MOXKapHO-TeXHHUYECKOro mnpodmis Poccum obOpa3zoBaHO
18 oktsa6ps 1906 1., korma Ha ocHoBaHuu pemieHus ['opoackor Jlymer Cankr-IlerepOypra Obuin
OTKpBITEl Kypchl MOXapHBIX TEXHUKOB. Hapsany ¢ IOATOTOBKOM IOKAPHBIX CIELUAINCTOB,
yueOHOMY 3aBEJCHUIO0 BMEHSJIOCHh B 00S3aHHOCTh 3aHHMMAThCS OOOOIIEHHEM U CUCTeMaTHU3alluei
MOXKapHO-TEXHUYECKUX 3HAHUH, 0()OPMIIEHHEM HX B OT/AEJIbHBIC y4eOHbIC TUCHMILIMHBL. MIMEeHHO
3/1eCh OBLIM CO3/aHbI NIEPBbIE OTEYECTBEHHbIE YUEOHUKHU, IO KOTOPHIM 00ydYaianch BCE MOKapHbIE
CIELMAJIUCThI CTPAHBI.

VY4eOHBIM 3aBeICHHEM 3a BEKOBYIO MCTOPHUIO MOJATOTOBIEHO Oosee 40 ThIC. CHIEHATUCTOB,
KOTOPBIX BCErja OTIMYaIN HE TOJIbKO BBICOKHE IMpo(deccroHallbHbIE 3HaHUsI, HO U OecrpesenbHas
MPeIaHHOCTh MPOQECCHH TOXKAPHOTO U BEpHOCTH mpucsre. CBUIAETENHLCTBO TOMY — HENBIH psij
COTPYJHUKOB U BBIIYCKHUKOB BY3a, HarpaX/JICHHbIX BBICUIMMH HarpajaMu CTpaHbl, CPEIU HUX:
KaBayiepbl ['eoprueBckux kpectoB, uyetbipe ['epost CoBerckoro Coroza u I'epoit Poccun. [lanexo
HE clIy4yaeH TOT (paKT, UTO CPEeIu PYKOBOJSIIETO COCTaBa MOKAPHOM OXpaHbl CTpaHbl Beerjaa Obuio
MHOTO BBIITYCKHUKOB y4€OHOIO 3aBE/ICHUSI.

Ceromust QenepaibHOE TOCYIAPCTBEHHOE OFOPKETHOE OOpa30BATEIbHOE YUPCIKICHHE
BoIciiero oOpazoBanusi «Cankt-IletrepOyprckuit yauBepcuter ['ocyaapcTBEHHOM MPOTHBOMOKAPHOM
cy:kO0p1  MunncrepctBa  Poccuiickoii  ®enmepanmu 1o ieiaM  TPaKJAHCKOH — 0OOpOHBI,
Ype3BbIYANHBIM CUTYAlUSIM U JIMKBUJAIMH TOCIEACTBUNA CTUXUIHBIX OEICTBUI» — COBPEMEHHBIH
HAyYHO-00pa30BaTEIbHBI KOMIUIEKC, MHTETPHPOBAHHBIA B POCCHICKOE M MHPOBOE HAy4dHO-
o0pa3oBaTenbHOE MPOCTPAHCTBO. Y HUBEPCHUTET M0 pa3HbIM (popmMaM 00ydeHUsS] — OUHOM, 3a0YHOU U
3a04YHOM € MPUMEHEHWEM JUCTAHIIMOHHBIX TEXHOJIOTMH — OCYLIECTBIsSIET oO0ydeHue mo 25
IporpaMMaM CpeJIHero, BBICHIEr0 OOpa3oBaHMs, a TaKXe MOATOTOBKY CIELHAINCTOB BBICHICH
KBaJIM(UKAIMK: TOKTOPAHTOB, a/IbIOHKTOB, aCHUPAHTOB, a TAKXKE OCYIIECTBISET NEPENOATOTOBKY
Y TOBBILIEHHE KBaTH(pUKanuu crienuanuctoB 6onee 30 kareropuit cotpynaukoB MUC Poccun.

HavanpHuk yHuBepcuTeTa — TeHepal-JeHTeHAaHT BHYTPEHHEW CIIy>KObl, KaHAWJAT
PKOHOMMYECKUX HayK YmxukoB Dayapa Hukomnaesuu.

OCHOBHBIM  HalpaBJICHUEM  JESATEIbHOCTH  YHUBEPCUTETa  SBISETCS  MOJATOTOBKA
CIELMAINCTOB B paMKax crenuanbHocTu «IloxkapHas 6e3omacHoCTb». Bmecte ¢ Tem, opranu3oBaHa
MOArOTOBKA W N0 JPYr'MM CIEUUalIbHOCTSAM, BocTpeOoBaHHBIM B cucteme MUC Poccun.
OT0 crenuaIucThl B 00J1aCTH CUCTEMHOIO aHaju3a U yIpaBJIeHUs, 3aKOHO1aTEIbHOTO 00eceueHHsI
U mpaBoBoro perynuposanus aestenbHocty MUYC Poccun, mcuxosiornd pucka M 4pe3BblUaliHBIX
CUTyalui, OSKOHOMHUYEcKoW Oe3zomacHocTH B mnoapazaeneHusix MUC Poccun, mnoxxapHO-
TEXHUYECKOM HKCHepTu3bl W Jo3HaHMs. [lo MHHOBALIMOHHBIM MpOrpaMMaM MOATOTOBKH
OCYyILIECTBIsICTCS OOy4YeHHE CHEeIHMAIMCTOB MO crHenuanu3anusM «PyKoBOACTBO IpOBEICHUEM
criacaTtelbHBIX omepanuii ocoboro pucka» u «lIpoBeneHne upe3BbUAHBIX T'yMaHHUTapHBIX
olepalnuil» €O 3HAHUEM HWHOCTPaHHBIX S3bIKOB, a TaKXe IOArOTOBKA CIEUAINCTOB
JUIsl BOCHU3UPOBAHHBIX TOPHOCIACATENBHBIX YACTEN 110 CIENUAIBbHOCTH «[ OpHOE 1em0».

[ITupoTa Hay4HBIX MHTEPECOB, BBICOKHH MpoQeccCHOoHaNu3M, OOJIBLIION OMNBIT HAy4YHO-
MIEJarOTUYECKON JIESITENIbHOCTH, BJIAJICHHE COBPEMEHHBIMHM METOJAMHM HAYYHBIX HCCIEIOBAHHUN
MIO3BOJISIFOT  KOJUIEKTUBY YHMBEPCUTETAa IIPEYMHOXKaTh HAy4YHbIM M Hay4yHO-IEJAaroruuyecKui
MOTEHIIMaJ By3a, o0ecreynBaTh HEMPEPHIBHOCTh U MIPEEMCTBEHHOCTh 00Pa30BaTeIbHOrO MpoIiecca.
CerosHa B yHHMBEpPCHUTETE CBOU 3HAHUS U OIPOMHBIM OMNBIT MEPEaroT: 7/ 3aCIy)KEHHBIX JesTenen
Hayku Poccuiickoit ®enepauuu, 11 3aciaykeHHbIX pPaOOTHHUKOB BbICIIEH IIKoibl Poccuiickoit
@enepanun, 2 3acioyXeHHBIX topucta Poccuiickoit denepanuu, 3aciaykeHHblE H300peTaTeH
Poccuiickoit ®enepanmn u  CCCP. IloAroToBKy CHENMHAIMCTOB BBICOKOW  KBadU(pUKAIIIH
B HACTOSIIIEE BpEeMsl OCYIIECTBISIIOT 56 JOKTOPOB Hayk, 277 KaHIUWIATOB HayK, 58 mpodeccopos,
158 nmomeHToB, 12 akageMHKOB OTPAaCiEBBIX aKaJIeMHUH, 8 UYIECHOB-KOPPECHOHAEHTOB OTPACIEBBIX
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aKaJieMuii, S5 CTapmuX HAy4YHBIX COTPYAHHUKOB, 6 TOYETHBIX pAOOTHHKOB BBICIIETO
npodeccuoHaibHOr0 o0OpazoBaHusi Poccuiickoit deneparuu, 1 moyeTHBI paOOTHUK HAYKH
u TexHuku Poccuiickoit @enepainu, 2 moyeTHoIX paaucta Poccuiickoit @eaepanuu.

B cocraBe ynuBepcurera:

— 32 kadenpsr,

— MHeTuTyT 6€30MacHOCTH JKU3HEAESITENbHOCTH;

— VIHCTUTYT 3209HOTO U JUCTAHIIMOHHOTO O0YYEHUS;

— VIHCTUTYT HPaBCTBEHHO-NIATPUOTUYECKOIO M 3CTETUYECKOTO Pa3BUTHS;

— MHCcTuTyT npodeccuoHanbHON NOATOTOBKH;

— WHceTuTyT pa3Butus;

— HayuHo-uccrienoBaTenbCcKkuii UHCTUTYT HEePCIEKTHBHBIX UCCIIETIOBAaHHH
Y MTHHOBAIIMOHHBIX TEXHOJIOI'MH B 001acTH 0€30MaCHOCTH KU3HEAEATEIbHOCTH;

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

— IITh (PaKyJIbTETOB: (aKyIbTET MHKEHEPHO-TEXHUUECKUH, (DaKyIbTeT SKOHOMUKHU U 1IpaBa,
(bakynpTeT MOATOTOBKH KaApOB BBICHICH KBalu(UKauM, (aKyIbTeT IMOKapHOH Oe30macHOCTH
(mogpasznenenne [IBIICA); daxynpTeT HOMNOTHUTENBHOTO MPOGECCHOHATBHOIO 00pa30BaHUs
(nompaznenenue JABIICA).

HNHcTuTyT  0G€30MacHOCTH  JKU3HEIESTENbHOCTH  OCYLIECTBISIET  00pa3oBaTelbHYIO
NEeSTENIbHOCTh 110 IpOrpaMMaM BBICHIETO 00pa3oBaHMs IO JOroBOpaM 00 OKa3aHUM IIJIaTHBIX
00pa3oBaTeNbHBIX YCIYT.

[TpuoputeTHBIM HampaBiieHHEM B paboTe MHCTHTYTa 3209HOTO U JUCTAHIIMOHHOTO O0YYEHUS
SBJISIETCSl MOJATOTOBKA KaJpOB HAYAJICTBYIOLIETO COCTaBa JUIsl 3aMELICHHUsS COOTBETCTBYIOLIUX
noipkHocTel B moapasaenenusx MUYC Poccun.

WHCTUTYT pasBUTHS pealu3yeT JIOMNOJHUTENbHbIE MNPO(ecCHOHAIbHBIE IPOrpaMMbl
[0 TIOBBIICHUIO KBATA(DUKAIUN U TPOPECCHOHATBHON MEePEnoAroTOBKE B PaMKaX BBIIOJHEHUS
rocyaapcTBeHHoro 3akaza MUC Poccun 151 COBEpIIEHCTBOBAHUS U PA3BUTHS CUCTEMBI KaJpOBOI0
o0ecrnieueHus, a TakkKe Ha JJOTOBOPHON OCHOBE.

HayuHo-uccneoBaTenbCKuii HHCTUTYT MEPCIIEKTUBHBIX MCCIEI0BaHUM U MHHOBALMOHHBIX
TEXHOJOTUI B oOjacT 0€30HacHOCTH  KM3HEAEATEIbHOCTH  OCYILIECTBIISET peau3alllio
rOCYJapCTBEHHON HayYHO-TEXHUYECKOM MOJUTUKH, MU3y4eHHE M PElICHUE HayYHO-TEXHHUYECKUX
npo6sieM, HH(HOPMALIMOHHOTO U METOJIMYECKOT0 0OecrieueHusl B 00J1aCTH MOXKapHOH O€301aCHOCTH.
OcHoBHble HampaBieHus aestensHoctd HUW: opraHuzanioHHOE M HaydyHO-METOIMYECKOE
PYKOBOJICTBO CYyJ1€OHO-IKCIIEPTHBIMU YUPEXKACHUSIMH (PellepabHOM MPOTUBONOKAPHOU CITYKObI
MYC Poccun; ceptudukanus MpOAYKIMH B OOJACTH IMOKApHOM O€30MacHOCTH; NpOBEICHHE
UCHBITAaHUN U pa3paboTKa HAYYHO-TEXHUYECKOW MPOAYKIMHU B 00JACTH MOXkKapHOUM 0€30MacHOCTH;
IIPOBE/ICHUE PAcCUeTOB IOXKApHOTO PHUCKA M pacyeToB AMHAMHUKHU IOXKapa C HCIOJIb30BaHHEM
KOMITBIOTEPHBIX ITPOTPAMM.

@akynbTeT  MHXEHEPHO-TEXHUUECKUH  OCYIIECTBISIET  MOATOTOBKY  CIEIHAIUCTOB
no cneuuanbHocTsAM:  «[lokapHast Oe3omacHocTh»  (cmenumanuzanuu:  «lloxkapoTymeHue»,
«"ocynapcTBeHHBIN MOXApHBIA Hal30p», «PyKOBOACTBO NMPOBEJEHHEM CHACATENBbHBIX ONepanui
ocoboro pucka», «lIpoBeneHue 4Ype3BbIYANHBIX T'yMaHUTapHBIX onepauuit»), «CyneOHas
HKCHEepPTH3a», IO HAMNpaBICHUSAM IOJATOTOBKH: «CHCTeMHBI aHanM3 U YHpPaBJICHUEY,
«TexHochepHast 0€30MaCHOCTbY.

@akynbTeT SKOHOMHUKM W TIpaBa  OCYIIECTBISIET  MOATOTOBKY  CIEIHATUCTOB
mo cnenuanbHOCTIM: «lIpaBoBoe obOecnedeHne HaAIMOHAIBHOW Oe3omacHocTHY, «llokapHas
6e3onmacHocTh» (crenumanu3anus «lloxkapHas 0e30MacHOCTb OOBEKTOB MHHEPATIbHO-CHIPHEBOTO
KoMIuiekcay), «CyneOHas skcreptuzay, «l'opHOEe neno» M 1O  HampaBJIE€HUSM MOJITOTOBKU
«Texnochepnas 6e3omacHOCTb U «CUCTEMHBIN aHAIU3 U YIPABJICHUE.

@akynpTeT TMOATOTOBKM KaJpOB BBICIICH KBaIM(PHUKAIMK OCYIIECTBISET MOJITOTOBKY
JOKTOPAHTOB, aIbIOHKTOB, ACIIMPAHTOB [0 OYHON U 3a0YHOM opmMaM 00yUeHHUS.

YHUBEPCHUTET UMEET MPEACTaBUTENLCTBA B ropoaax: Beioopr (JIenmHrpaackas o01acTs),
Beiterpa, I'opsunii Kmrou (KpacHomapckuit kpait), Mypmanck, IlerposzaBoack, Ilsturopck,
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Cesactononb, CtpexeBoi, CrIkTbIBKap, TioMeHb, Yda; mNpencTaBUTEIbCTBA YHHUBEPCUTETA
3a pyoexom: Anma-Arta (Pecrybnmuka Kazaxcran), baky (AzepOaiimxkanckas PecmyOnuka), bap
(UepHnoropus), r. Hum (Cepous).

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

B yHuBepcurere neiCTBYeT [Ba JUCCEPTALMOHHBIX COBETA IO 3aLUTE JUCCEpTaLUil
Ha COMCKaHME YYEHOW CTENEHU JOKTOpa M KaHH1aTa HayK 10 TEXHUYECKUM 1 SKOHOMUYECKUM HayKaM.

ExeromHo yHMBEPCHUTET MPOBOIUT HAYyYHO-NIPAKTHYECKHE KOH(PEPEHIMH pPa3InYHOIo
ypoBHsi: Beepoccuiickyro HaydHO-TIpakTHUeCKyt0 KoH(pepeHuo «CepBuc 6ezonacHoctu B Poccuu:
OIBIT, MPOOJIEMBI M TEPCHEKTHBBD», MEXIyHAPOAHYI0 HAyYHO-TIPAKTHYECKYI0 KOH(EpeHLINIo
«IloaroroBka KajapoB B CHUCTEME NPEAYNPEXKACHHUS W JUKBUAALMHU MOCIECICTBUA UYpE3BbIYANHBIX
cutyauuii». CoBMmectHo ¢ CeBepo-3ananansiM otaenenueM Hayunoro Cosera PAH mno ropenuto
1 B3pbIBY, Poccuiickoii akamemuert pakeTHbIX W apTwuiepuiickux Hayk (PAPAH), banrumiickum
rocy/lapcTBEeHHbIM TexHnueckuM yHuepcuretoM «BOEHMEX» um. J1.®. YerunoBa u Poccuiickoit
cekuuedr MexXIyHapoIHOTO HWHCTUTyTa TOpeHuss Ha 0a3e yHHUBEPCUTETa IPOBOJIUTCS
MexnyHaponHas  HayuyHo-TipakTudeckas  koH@epeHuuss  «KomiuiekcHas ~— 0Oe3omacHOCTb
u ¢usnyeckas 3ammuTay. Takke YHUBEPCUTET MPUHMMAET AKTUBHOE YYacTHE B OpraHU3alldu
u nposeneHnu Beepoccuiickoro popyma MUC Poccun u o0miecTBeHHBIX opranu3anuii «O01mecTBo
3a 6€30MacCHOCTh.

YHUBEPCUTET €XKEr0JHO NPUHUMAET Y4acTue B BbICTaBKax, opranu3oBaHHbix MUYC Poccun
U JIpYTMMH BEIOMCTBAMHU W OpraHU3alUsMU. TpagullMOHHO OOJBIIMM HHTEPECOM IOJIb3YeTCs
BBICTAaBOYHAsI HKCIIO3ULMS YHHBEpCUTETAa Ha MeXIyHapoJHOM CaJOHE CpEACTB OOecreueHus
6e3onacHoctu «KomruiekcHast 6e30macHocTbY, [letepOyprckoM MexayHapoIHOM SKOHOMHYECKOM
dbopyme, MexayHapoaHoM GhopyMe «APKTHKA: HACTOSIICE U Oy TyIIee».

MexnyHaponHas J€ATENbHOCTh By3a HANpaBiI€Ha HAa BCECTOPOHHIOKW HHTErPAIUIO
YHUBEPCUTETAa B MEXAYHapOoJHOE oOpa3oBaTelbHOE HpPOCTpaHCcTBO. Ha ceroaHsimHuii MOMEHT
YHUBEpCUTET UMeeT 18 AeliCTBYIONUX COrallleHUH O COTPYIHUYECTBE C 3apyOeKHBIMU y4eOHBIMU
3aBE/ICHUSIMU U OpPTraHU3alMsIMM, CPEIU KOTOPBIX LIEHTPHI MOJATOTOBKM IMOXKAPHBIX M criacaTesiel
I'epmanun, KHP, ®pannuun, Ounnsaaauu.

B yHuBepcurere 00y4aroTCSI HHOCTpaHHblE KYpPCaHThl W3 4YHCJIA COTPYAHHMKOB
l'ocynapctBennoit npotuBomnoxkapHon cmyk0s1 MUC Keipreizckoit Pecniyonuku u Kommutera
mo upe3BbuaiiHbiM cutyanusaM MBJl PecnyOnuku Kazaxcran B mpenenax KBOT Ha OCHOBAHHH
MEKIIPABUTEIBCTBEHHBIX COTJIAIIEHU M nocTtaHoBieHus [IpaBurenscTa Poccuiickon denepaunn
ot 7 nekabpsa 1996 r. Ne 1448 «O moaroToBke JuIl O(QUIIEPCKOTO COCTaBa M CICIHAIUCTOB JJIs
IIPAaBOOXPAHUTEIbHBIX OPraHOB M TaMOXKEHHBIX CIYyX0 rocymapctB — yudacTHukoB CHI
B 00pa3oBaTeNbHBIX YUYPEXKACHUSX BBICIIErO IpodeccuoHanbHOro oOpa3oBaHus Poccuiickoit
@enepanun». B Hacrosmiee Bpemss B YHUBeEpcUTETe NpoxoaaT oOydeHue 30 COTpYIHUKOB
KomuTtera no upesBbruaitnbiM curyanusm MBJI Pecniyonuku Kazaxcran u 15 corpyanukos MUC
Keipreizckoit PecrryOnuku.

B cooTBeTcTBUM C ABYCTOPOHHUMH COTJIAIICHUSAMU YHUBEPCUTET OCYIIECTBISIET 00ydeHHe
[0 IporpaMMaM IMOBBIIIeHUs KBanupukauuu. PerynspHo mpoxoadT oOydeHHe B YHHBEPCHTETE
cnenuanuctel Poccuiicko-CepOCKOro TYMaHHTapHOTO II€HTpa, POCCHICKO-apMSHCKOTO IIEHTpa
TYMaHUTapHOTO PearupoBaHusi, MexIyHapoaHON OopraHu3aluy rpaxaanckoit oboponsr (MOI'O),
MunuctepctBa Hedptu Hcmamckoit PecnyOmuku  HWpan, mnoxkapHO-cnacaTelbHBIX — CIYXO
Ounnsauaun, Tynuca, Pecnyonuku Kopes u apyrux crpas.

[IpenogaBaTtenu, KypcaHTbl U CTYAEHTbl YHMBEPCUTETa UMEIOT BO3MOXHOCTH MPOXOAUTH
CTAXHUPOBKY 3a pyOexxoM. 3a TmocieqHee BpeMs CTaXUPOBKUM uid  npodeccopcko-
MIPernoaBaTeIbCKOro COCTaBa M 00yJarolMXCsl B YHUBEPCUTETE ObUIM OpraHU30BaHbI B ['epmanuu,
Cepbuu, Ounansuanm, [lBenun.

B yHuBepcuTeTe MMEIOTCS BO3MOXHOCTH [UIsl MOBBIIIEHUS YPOBHS 3HAHMS aHTJIMICKOIO
s3bIka. OpraHn30BaHO OOYUCHHUE T10 MTPOTrpaMMe JOTIOIHUTEIBHOTO MPO(ECCHOHATBHOTO 00Pa30BaHUs
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«IlepeBomunk B chepe mpodeccnoHaTbHON KOMMYHUKAIIMNY CTYIEHTOB, KypCaHTOB, aJbIOHKTOB
U COTPYIHUKOB.

KomneloTepHslii  mapk  yHuBepcuTeTa cocraBiaser ©Oonee 1200 emunun. [lna
MHGOPMALIMOHHOTO obOecredyeHus: 00pa3oBaTeIbHOM JEATENBHOCTH (YHKIMOHUPYET €IuHast
JOKaJbHAast CeTh C JIOCTYIIOM B DJIIEKTPOHHYIO HH(OPMAIIMOHHO-00Pa30BaTENbHYIO Cpely
YHHUBEpCHUTETA, CIpaBOYHO-IIpaBoBYI cucreMy «KoHcynbrantllmoc», cucteMy «AHTHIUIaruaT».
KommnbroTepHble Ki1acchl MO3BOJIAIOT OOydarommmcs padotaTh B ceTH VHTEpHET, C MOMOIIbIO
KOTOPOH 00ecreunBaeTcs BbIXOJ] Ha POCCUMCKHUE U MEKAYHApOAHble HHPOPMALIMOHHbIE CANUTBI, YTO
MO3BOJISICT 3HAYUTEIHHO PACHIMPUTH BO3MOKHOCTH Y4€OHOTO, y4eOHO-METOIUYECKOT0 M HAay4HO-
METOAMYECKOI0 IpoIiecca.

Hapacraromiass cio)XHOCTb M KOMIIJIEKCHOCTh COBPEMEHHBIX 3a]ad4 3aMETHO MOBBIIAKOT
TpeOOBaHUS K OpraHu3aluu oOpa3oBarenbHOro mpouecca. CerogHss yHUBEPCUTET peaU3yeT
IIPOrpaMMbl O0YYEHUS C IPUMEHEHUEM TEXHOJIOTHI TMCTAaHIIMOHHOTO O0YYEHHUS.

bubnuoreka yHHBeEpCHTETa COOTBETCTBYET BCEM COBPEMEHHBIM TpeOoBaHUAM. DOHIbI
Ooubnmorekn yHUBepcuTeTa cocTaBisaoT Oonee 350 700 3K3EeMIUIIPOB JIUTEPATyphl IO BCEM
orpaciasM 3HaHuM. OHM UMEIT UHPOPMALMOHHOE o0ecredeHne U OOBEIUHEHbl B EAUHYIO
JIOKaJbHYIO ceTh. Bce mporecchl aBTOMAaTH3WpOBaHBI. Y CTaHOBIEHA OMOJIMOTEYHAs Mporpamma
«HpOucy. B Oubnmoreke ocCyliecTBIsETCS 3JIEKTPOHHAs KHUIOBbIada. DTO JAaeT BO3MOYKHOCTh
B KpaT4alllIie CPOKH JI0BECTH KHUTY JI0 MOJIb30BATES.

YutanbHble 3aibl (0O0mMi M mpodeccopckuii) OMOIMOTEKH OCHAIICHBI KOMIIBIOTEpaMU
¢ BeixogoMm B HMutepuer, Wurpaner, HI[YKC wu nokanbnyio cers yHuBepcutera. Cosznana
U QYHKLUHMOHUPYET DJEKTpOHHas OuOIMOTeKa, OHa MHTErPUPOBaHA C 3JEKTPOHHBIM KaTaJlOTOM.
B cetu Uutpaner pabortaet Enunasi BemomcTBeHHast siekTpoHHas OuOmmoreka MUYC Poccun,
o0benuusromas ouonmuoreku cucreMsl MUC Poccun.

B Dnekrponnoit Oubnmorexke ommdpoBaHo 2/3 ydeOHOro W HAydyHOro (OHIIOB.
K anexktponHoit  Oubimorexke mojkimoueHsl: JlanbHEBOCTOUHBIM ¢uiaman u  Oubimoreka
ApKTHYEcKOro cracareiabHOro YydeOHO-HaydHoro 1ieHTpa «Bwiterpa». HWmeercs poctyn
k IIpesunentckoit 6ubnuoreke um. b.H. Enpruna. 3akmouenst noroBopsl ¢ 9bC IPRbooks u 9b6C
«Jlanp» Ha MoJIb30BaHME U MPOCMOTP Y4eOHOM M HAy4yHOH JUTEpaTypbl B AJIEKTPOHHOM BHJIE.
Nmeercs 8 000 Touek nocryma.

B ¢donmgax Oubmmorexkn HacuuThiBaeTcs Oosee 150 SK3EeMIUSIpPOB pEAKUX U IIEHHBIX
n3naHuid. bubnmoreka pacmnonaraer OoraTteiM (OHIOM NEPUOJMYECKUX H3JIaHMH, UX YHCIO
cocraBisier 8 121 sk3emmusip. Ha 2019 r., B coorBercTBUM ¢ TpeOOBaHUSIMH (enepalbHOro
rOCyJJapCTBEHHOTO 00pa30BaTeIbHOIO CTaHapTa, BeIMcaHo 80 HAaMMEHOBAHUMN KYPHAJIOB U raser.
Bce mocrynaromye nepuoadyecKue H3AaHHSA PacHUChIBAOTCS OuOImMorpagoM B 3JIEKTPOHHBIX
KaTajorax M Kaprorekax. M3maHus nepuoAndecKoid MedyaTd aKTHBHO HCHOJb3YIOTCS YUTATENISIMU
B yueOHOW U Hay4YHO-UCCIIEOBAaTEeIbCKON nedrenbHocTH. Ha 6a3ze Oubnnorexku co3paHa
npodeccopckas 6ubdnuoTeka u npodeccopckuit Kiryo Bysa.

[Tonurpaduyeckuif IEHTp YHUBEPCUTETAa OCHAIIEH COBPEMEHHBIM THUHOrpadcKum
00OpyZ0BaHUEM JUIsl TOJHOIBETHOM MeyaTH, MO3BOJSIONIMM 00ecreunBaTh HE TOJIBKO 3aKa3bl
Ha MEeYaTHYI0 NPOAYKIHNIO YHUBEPCUTETA, HO ¥ €UHBIN IJIaH U3TOTOBJIEHUS MTEYaTHON MPOJYKIIUU
MUC Poccun. YHuBEpCcUTET H3AeT § HAYyUHBIX >KYpHAJIOB, MYOJHKYIOTCS MaTepHaibl psjia
MEXIYHAPOJAHBIX ¥ BCEPOCCHUCKHX HAy4YHBIX MEpPOTPHUSATHHA, COOpPHUKM HaydHBIX TPYAOB
po¢eccopCcKO-TIPEeNnoaaBaTeIbckOro  cocTaBa  yHUBepcuTeTa.  M3gaHuss ~— yHUBepCUTeETa
COOTBETCTBYIOT TpeOOBaHMSIM 3aKoHOJaTenbcTBAa Poccuiickoit denmepanun ©  BKIIOYEHBI
B DJIEKTPOHHYIO 0a3y HayuHoll snekTpoHHON OMOIHOTEeKH A7 ornpeneneHus Poccuiickoro nuaexca
HAyYHOTO IUTHPOBAaHUS, a Takke UMEIT MexayHaponueii wuHaekc (ISSN). Haydno-
aHamUTH4YecKui >xypHan «[IpoGiembl ympaBieHuss pUCKaMH B TeXHocdepe» U DIEKTPOHHBIN
«Hayuno-ananutuueckuit xypHan «Bectuuk Cankrt-IlerepOyprckoro ynusepcurera ['TIC MUC
Poccun» BKIIIOYEHBI B YTBEPKICHHBIN pelieHueM Briciel arrecranimoHHON komuccuu «llepeueHs
PELIEH3UPYEMBIX HaYYHBIX JKypHAJIOB, B KOTOPBIX IYOJIMKYIOTCS OCHOBHBIE Hay4HbIE PE3YJIbTaThl
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JUCCEPTAllMi HAa COMCKaHUE YYCHOW CTENEHU KaHAuJaTa HayK, Ha COMUCKAHUE Y4YEHOU CTEICHU
JNOKTOpa HAYK».

KypcanTsl yHuBepcHTETa MPOXOIAT 00yueHHe N0 MporpaMme MepBOHAYAIBHOMN MOJTOTOBKU
cniacaresnei.

Ha 6a3ze Cankr-IletepOyprckoro yHuBepcuTeTa | OCyIapCTBEHHON TPOTUBOMOXKAPHOM
cimyx061 MUC Poccuu 1 urons 2013 r. otkpeiT KageTckuii mokapHo-criacaTeabHbIH KOPITYC.

Kagerckuii  mokapHO-cracaTelbHbIA ~ KOPIIYC — OCYIIECTBJISIET  MOATOTOBKY  KaJeT
10 0011e00pa30BaTENbHBIM IIPOrpaMMaM CPEAHEro OOLIEro 00pa30BaHKs C yUETOM JIONOIHUTEIbHBIX
o0pazoBarenbHbIX MporpaMMm. OCHOBHBIE OCOOCHHOCTH JIESITEIbHOCTH KOPITyCa — MHTEIUICKTYaIbHOE,
KyJIbTypHOE, (U3MYECKOe M AYyXOBHO-HPAaBCTBEHHOE DPAa3BUTHUE KaJeT, UX aJanTalus K >KU3HU
B OOIIECTBE, CO3/IaHME OCHOBBI JUIS TOJATOTOBKM HECOBEPIICHHOJETHHUX TPAXIAH K CIYKCHHUIO
OreuecTBy Ha TMOMNPHUINE TOCYJApPCTBEHHOM Tpa)XKJaHCKON, BOCHHOM, MPaBOOXPAHUTEIHLHON
Y MYHHIIUIIATBHOM CITYKOBI.

B yHuBepcutere Oosbiloe BHUMaHMe yaensercss crnopTy. Komawzapl, cocrosiuue
13 MpPENoaaBaTeseil, KypCaHTOB U CIIyHIaTeJIeH, — IIOCTOSHHBIE YYACTHUKU PA3JIMYHBIX CIIOPTUBHBIX
TYpHHUPOB, MPOBOAMMBIX Kak B Poccuu, Tak u 3a pyOexxom. Ciaymiarenn U KypcaHThl YHUBEpPCUTETA
SBJISIIOTCA WwieHamMu cOopHbIX koMan 1 MUC Poccun o pa3nuyHbIM BUAAM CIIOPTAa.

JlesaTenbHOCTh KOMaH/Abl YHHMBEpCHTETa IO HoXapHo-npukiaaHomy crnopry (IIIIC)
BKJIIOYAET B ce0sl yyacTue B uemMnuoHarax Poccuu cpenu By30B (3UMHUH U JIETHUI), B 30HAJIBHBIX
COpPEBHOBaHMIX M yeMmmnuoHate Poccum, a Takke npoBefeHHe Oecel W KOHCYJIbTAllUM, OKa3aHUe
IIPAKTUYECKOW ITOMOIIY IOHBIM IIO’KAPHBIM KaJeTaM M CIacaTelisiM IIPU IIPOBEACHUU TPEHUPOBOK
o T1I1C.

B yHuBepcutere co3gaH crnopTUBHBIN Ki1y0 «HeBckue JIbBbI», B COCTaB KOTOPOI'O BXOMST
KOMaHZbl 10 IOKapHO-NPHUKJIAJHOMY W  aBapUHO-CIACATEIbHOMY  CIIOPTY, XOKKEIO,
amepukKaHckoMy ¢yTOoiy, Boneiibonry, 6ackerdory, CHIOBBIM eanHOOOpcTBaM M Ap. B cocrase
COOpPHBIX KOMaHJl YHUBEPCUTETA — YEMITMOHBI U MPU3EPbl MUPOBBIX MEPBEHCTB U MEXTyHAPOAHBIX
TYPHUPOB.

KypcanTel M ciymarenm HMMEIOT IPEKPAacHbIE BO3MOKHOCTH JJI IIOBBIIIEHUS CBOETrO
KYJIbTYPHOTO YPOBHS, Ppa3BUTHS TBOPYECKHMX CIOCOOHOCTE! B CO3JaHHOM B YHUBEPCHUTETE
WNHcTUTyTE HPaBCTBEHHO-NIATPHOTHYECKOIO M ICTETUYECKOTO pPa3BUTHA. TBOpPYECKHI KOJIEKTHUB
YHUBEpPCUTETA MPUHUMAECT AaKTUBHOE Y4aCTHE B BEJOMCTBEHHBIX, TOPOJACKHX M YHHUBEPCUTETCKHX
MEPOIPUATHSIX, HAIPABIECHHBIX HA JCTETHMYECKOE M MAaTPUOTHYECKOE BOCIHUTAHME MOJOIEKH,
a TaK)Ke 3aHMMAeT IIPU30BbIE MECTAa B KOHKYpCaXx, MPOBOJUMBIX Ha YPOBHE YHHUBEPCUTETA, TOPOJIA
u MUC Poccun. Ha xaxxqoM Kypce opraHu3oBaHa padoTa MO CO3/aHUIO M Pa3BUTHIO TBOPUYECKUX
OOBEIMHEHUN 10 pa3IMYHBIM HANpaBICHUSIM: CTYIUS BOKaja, CTYAMsS TaHIEB, KIy0 BecebIX
Y HaxXOM4MBBIX. /)11 KypCaHTOB U CTYAECHTOB JIEHCTBYET CTYIUsI OPATOPCKOIO UCKYCCTBA, KOMaH/1a
TEXHUUYECKOI0 00eCceueHusl, JyXOBOIl OpKeCTp.

Ha Teppuropun yuebGHOro 3aBeneHus cosmaercss myseil ucropun Cankt-IlerepOyprckoro
yauBepcurera ['TIC MYC Poccun, B koTopoM oOydaromuecs U COTPYAHHUKH, a TaKKe TOCTH
YHUBEPCUTETa CMOTYT TO3HAaKOMHUTBCS CO BCEMM 3TallaMM CTAHOBJICHMS Y4€OHOTrO 3aBEJCHHS —
OT KypCOB IO’KAPHBIX TEXHUKOB 10 YHUBEPCHUTETA.

B Cankr-IlerepOyprckom yHuBepcurere ['oCyqapCTBEHHOM HPOTHBOMOXKAPHOU CITYKObI
MUC Poccum co3manbl BCe YCIOBUS JJIS MOATOTOBKH BHICOKOKBATH(PUITMPOBAHHBIX CIEIIHATHCTOB
Kak Juig ['ocynapcTBEeHHOM MPOTHBOIIOKAPHOM ci1yk0bl, Tak U B 1ienoM 1yt MUC Poccun.
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PROBLEMS AND PROSPECTS
OF FIRES PREVENTION AND SUPPRESSION

SIMULATE THE HEAT REGIME DURING THE HOUSE FIRE
WITH USE THE NEURAL NETWORK

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

This article presents the problem of simulate the heat regime during the house fire with use
the neural network. The neural network use for solution the ordinary differential equation. The neural
network to realize in form the mathematical model and computing program.

Keywords: house fire, synthetic neural network, computing program, mathematical model

In industrial buildings where is in production and a significant amount of combustible
substances, and also is stored in premises where there are many flammable subjects, there
is a probability of emergence of the fire on rather Small Square (the local fire).

The construction designs of industrial and residential buildings which got to a burning zone
are exposed to considerable thermal loadings which size cannot correspond to a stock of fire
resistance of designs.

We will consider interaction of the gas stream ascending from the burning center indoors
with the horizontal surface of ceiling overlapping of the room located at height of Notes
of the upper bound of a torch of a flame. The hot stream of gas ascending from the burning center
reaches an overlapping surface is developed on 90 degrees and spreads under overlapping with
formation of a fan stream which thickness in the course of spreading increases. On an overlapping
surface the gas stream forms dynamic and thermal interfaces which thickness in process
of the movement of a stream also increases.

When burning indoors along with convective heat exchange the essential contribution
is made by thermalizes radiation.

The concept of convective heat exchange covers process of heat exchange at the movement
of liquid or gas [1]. Thus transfer of heat is carried out at the same time by convection and heat
conductivity. Convection of warmth is understood as transfer of warmth when moving macro
particles of liquid or gas in space from area with one (higher) temperature in area with other (less
high) temperature. Convection is possible only in the fluid environment, thus transfer of warmth
is inseparably linked with transfer of the environment.

If in unit of time through unit of a control surface there passes the mass of liquid (gas)
of r*w, kg/m?/s, together with it the enthalpy of 1, J/m?/s is transferred. Then density of a convective
thermal stream will be equal [1]:

q conv = IP*W*I, Vt/m?,

where r — density of the environment, kg/m*; w — the speed of the environment, m/s.
Warmth convection is always followed by heat conductivity [2]:

qi = I*AT, Vt/m?,

where I- coefficient of heat conductivity; Vt/m/K, AT— difference of temperatures, K.
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As a result convective heat exchange is described by the equation [2]:
4 = q kous + Gt = *W*1 + I*AT.

Convective heat exchange between streams of liquid or gas and a surface of the body
adjoining to it is called as a convective thermalizes. At calculations of a thermalizes use Newton-
Rikhman's law [3]:

Q = a*AT*F,

where Q — a thermal stream, Vt; o. — coefficient of a thermolysis, V/m%K; F — a surface, m-.

Dependence of a thermal stream of Q on difference of temperatures of AT for three values
of surface area of F (1, 2 and 4 m?) and value of coefficient of a thermalizes of a not less than 100 Vt/m%K
is presented in fig. 1.

QkoHs [Bt] =f(Tr - Tc)

350000

300000

250000

200000 v ——F=1"2

150000 % == F=2m"2
100000 .’_"__,..— e F=4 m"2
—

50000 — 1 g > -

&
-,

0

400 500 600 700 800

Fig. 1. Dependence Qconv = f (AT) for three values of F

Consider radiant heat transfer (heat emission by radiation) between the gaseous medium and
the surface [3]. Suppose that the gas has a constant temperature Tr, the surface T¢, and the radiation
of the surface is characterized by a continuous spectrum. The radiant flux from the gas
to the surface can be described as:

Qr-c = Enp*Co*[(Tr/100)* — (T/100)1*F, VA,

where E,, — is the reduced degree of blackness; Co~ 6,0, Vt/m?/K* — black body emissivity.
The given degree of blackness is determined by the formula:

Enp = V(U/Ec+1/Er - 1),
where E¢ — is the degree of blackness of the overlap surface (a value of about 0,5 and higher); Ec —
is the degree of blackness of a flame (for CO, about 0,2).

The dependence of the temperature head (Tr/100)* — (T/100)* on the flame temperature for
two values of wall temperatures (20 and 200 degrees) is presented in fig. 2:
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Fig. 2. The dependence of the temperature difference on the temperature of the flame

Qr-c [Br] = f(Tr), Tc=20 [C]
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Fig. 3. The dependence of the radiant heat flux QG-S on temperature torch flame

The dependence of the radiant heat flux Qr.c on the flame temperature for four values
of the surface area F (1, 2, 3 and 4 m?) at a wall temperature of 20 degrees is shown in fig. 3.
The heat balance equation with regard to radiant heat transfer has the form [3]:

C*dT/dt =N — z (o)1 *(Ti — Tj ),

where C — is the specific heat capacity, kJ/kg/K; N — is the power of the heat source, Vt; o; —
are the thermal conductivities that take into account convective and radiant heat transfer.
The energy conservation equation will have the following form [3]:

C*p*(dT/dt + W*VT) = V(A*VT) + dP/dr,

where the expression on the left side of the energy conservation equation is a total derivative of the
enthalpy, the first term on the right side determines the transport heat due to heat conduction, the
second term is the work of pressure forces.

The heat transfer model can be simplified by using the concept of heating (cooling) rate.
Then the simplest heat balance equation will have the following form [4]:

dT/dt =+ m*T,

where m — is the heating (cooling) rate. Initial conditions: T.-o = Ty.
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The equation describing the heating of a body by an internal heat source has the form [4]:
C*dT/dt = N — my*(T — To) — my*T,

where m; _ is the heating rate.

In the transition process of heating (cooling) of homogeneous and inhomogeneous bodies of
any shape and size, three characteristic modes can be distinguished [4]:

— unordered mode (0 < t < 1p), in which the initial temperature distribution has a significant
impact on the development of the process;

— regular mode (tp < t < ), in which the influence of the initial temperature distribution
becomes insignificant;

— stationary mode (t ), in which the temperature in all points of the body becomes equal
to the ambient temperature To.

In the regular mode stage, the relative rate of change of the excess temperature AT =T — T
at any point of the body remains constant and the same:

(1/AT) * dAT/ dt = m = const.

This rate of change of temperature m, 1/sec is called the rate of heating (cooling). The value
of m depends on the physical properties of the body, its shape and size, as well as on the heat
transfer coefficient o, Vt/m%/K.

A detailed presentation of the theory of the regular regime was performed in [5]. The basis
of the theory of the regular regime consists of two theorems.

Theorem 1. For homogeneous bodies with a finite value of the heat transfer coefficient a,
the following relationship is fulfilled:

m = o*F*y/(p*C*V),

where a — is the heat transfer coefficient; F — is the surface area of the body; y — is the irregularity
factor of the temperature field, equal to the ratio of the average excess temperature over the surface
to the temperature average to the volume; p — is the density of the body material; C — is the specific
heat capacity of the body; V — is the volume of the body.

The non-uniformity coefficient of the temperature field y remains constant during the entire
period of the regular mode and can be determined using the following formula:

v = 1N(B? + 1,44*B + 1),

where B = o*F/(A*V) — modified form of Bio number. The values of the coefficient y are within
the following limits: 0 <y < 1.

Theorem 2. With a high heat transfer rate, the heating (cooling) rate m is proportional to the
thermal diffusivity coefficient A of the body material: m = A/®, where @ — is the shape factor depending
on the shape and size of the body. For the parallelepiped ® = 1/[(m/28)* + (n/28,)* + (/25,)],
rae Oy, Where 8y, dy, J, are the body dimensions.

Simulation of the process of temperature change in the room

The differential equation that simulates the process of changing the temperature in the room
will be as follows:

dT/dt = t*Q/(cpy*p*V) — f(T),

where Q — is the heat flux from the flame plume [V/t], cp is the specific heat capacity of the air, ki/kg/K;
p — is the density air, kg/m® V — is the volume of the room, m*; f (T) — is a function characterizing
the decrease in temperature due to heat leakage outside the room (cooling rate), K/c.
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To solve the differential equation (DL), a computer program was used that implements a
model of a recurrent neural network [6]. The interface of the program used to solve the remote

control is shown in fig. 4:
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Fig. 4. The interface of the program used for the solution of DU

Heat physical properties of dry air with an atmospheric pressure are presented in the table.

. 3 Specific heat-bone, Thermal conductivity,
Temperature, C Density, kg/m Ki/kg/K VUMK
20 1,17 1,00 0,0258
100 0,92 1,01 0,0312
200 0,72 1,03 0,0374
500 0,44 1,09 0,0545

Results of calculations on the COMPUTER for the size of a thermal stream of Q = 25 kVt
and the volume of the room of 25 m® are presented in fig. 5.

dT/dt=t*Q/(Cp*Ro*V) - F(T)
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Fig. 5. The results of calculations on a computer
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In fig. 5 schedules of the transitional modes of modeling for three values of parameters
of function f (T) (rates of cooling of m,) characterizing reduction of temperature due to leakage
of heat out of room limits are submitted.

The rates of cooling corresponding to the curves 1, 2 and 3 presented in drawing differ
among themselves as follows: mg;> mg,> mos. Apparently in fig. 5, with increase in rate of cooling
duration of the transitional mode of modeling grows and growth rate of temperature indoors
decreases:

Mp1=1,0 <mp=1,7 <mpz = 2,7, K/c]

Conclusion

Computer modeling of process of change of air temperature at the fire indoors by a solution
of the differential equation by means of the recurrent neural network realized in the form
of the computer program is executed. As one would expect, results of calculations showed essential
influence on growth rate of temperature indoors at the expense of a thermal stream from a torch
of a flame of rate of cooling due to leakage of heat out of room limits.
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CYCLIC ALGORITHM OF CALCULATION OF THE SYSTEM
OF ANTISMOKE VENTILATION ON THE BASIS OF BALANCE
OF PRESSURE LOSSES

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

The research of the factors influencing pressure loss sizes in the system of antismoke ventilation is
conducted. Influence of fire-retardant valves on possible pressure losses in  channels
is estimated. The analysis of an algorithm by calculation of pressure loss in the system of antismoke
ventilation is carried out. The configuration of cyclic algorithms by calculation of systems
of antismoke ventilation, based on balance of pressure loss in branches and the trunk main
is offered.

Keywords: antismoke ventilation; burning products; pressure losses; ventilating channel; resistance
coefficient friction; coefficient of local resistance; fire-retardant valves; coordination of sites of a system

The data provided in domestic and foreign sources allow drawing a conclusion that 85 %
of cases with a lethal outcome on the closed fires can be explained with the striking action
of the formed burning products. Process of distribution of products of burning on spaces
of the buildings and constructions affected by the fire and designed on the basis of the existing
architectural and technological decisions causes transfer of toxic components, temperature increase
of the gas environment, emergence of secondary fire, change of optical permeability
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of this Wednesday and even total loss of visibility. One of the major tasks in the solution
of problems of antismoke ventilation — creation of methodology of calculation of its parameters,
first of all losses of pressure which size substantially defines requirements to characteristics
of ventilating installations which unlike gravitational systems are high-speed because of great
values of expenses of products of burning [1].

During aerodynamic calculation of air ducts of system of antismoke ventilation
it is possible not to consider compressibility of the products of burning moved on the channel
as the greatest of possible changes of pressure in the channel is less than 5 % of values
of atmospheric pressure. It is the reason of use of concept of excessive pressure when value
of atmospheric pressure at the level of system of antismoke ventilation is accepted to conditional
zero value, however one of features of functioning of system of antismoke ventilation
is possibility of formation of sites on which the size of excessive pressure is less than zero,
i.e. its vakuummetrichesky value takes place [2].

The concept of «loss of pressure» of the ventilating channel not fully reflects physics
of the phenomenon, actually loss of energy of a gas stream which consists of losses of energy
on friction about walls of the channel and loss of the energy caused by local resistance
of elements of antismoke ventilation means.

For an assessment of a frictional component of losses of pressure in the channel
of antismoke ventilation it is possible to use Veysbakh's formula which is widely applied
in hydraulics [3]:

L-17-p-W
AP’"P:ﬂ’mp. 88 )

where A, — friction resistance coefficient; L — channel length; S — area of cross section
of the channel; IT — perimeter of cross section of the channel; p — density of products of burning;
w — speed of the movement of products of burning on the channel.

The friction resistance coefficient A, in the most general case is considered as the difficult
size which depends on the mode of the movement of products of burning in the channel
of antismoke ventilation and a roughness of walls of the channel [3]:

K
/Imp = f(Re, %j

where Re— the defined Reynolds's criterion; K, — the coefficient characterizing an absolute
equivalent roughness of the materials used at production of channels of antismoke ventilation
is defined experimentally; d,.-the equivalent diameter of the channel of antismoke ventilation
which size is defined provided that value of specific losses on friction in channels of the round
and squared are equal at equal speeds of the movement of products of burning.

Empirical expression is offered:
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For determination of coefficient of resistance of friction in channels of antismoke
ventilation a number of the empirical dependences considering the mode of the movement
of products of burning on such channels are offered:

— For a whirl of products of burning the formula offered by Altshul:

0,25
A, =011 @+ K,
v Re d. !

9K6

— For the laminar movement of products of burning the formula offered by Blazius:

0,3164
mp Re%%

Around change of the direction of channels of antismoke ventilation at division and
association of gas streams in tees if the sizes of the ventilating channel change (for example,
at expansion in the diffuser or narrowing in a confessor), at an entrance of a gas stream
to the ventilating channel and an exit from it, and also in places of installation of various devices
of adjustment of a gas stream (for example, a throttle, a shiber, a diaphragm) reduction
of pressure of a stream of the moving gas environment is usually observed.

In the specified zones of the channel of antismoke ventilation transformation of a field
of speed of products of burning and formation of vortex zones at a channel wall surface that
causes loss of energy of a gas stream is observed. Possible changes of parameters of a field
of speed begin at a certain distance to a source of local resistance, and process of alignment
of parameters of a gas stream proceeds at some distance (as a rule, it is some so-called calibers
which are in number equal to the equivalent diameter of the ventilating channel), and also after
that source. Throughout vortex zones their passing by the indignant gas stream is followed by loss
of energy on viscous friction and increase in losses at friction about walls of the channel
of antismoke ventilation. Thus, for simplification of aerodynamic calculation possible losses
of pressure because of local resistance accept concentrated [4].

The size of losses of pressure at the expense of local resistance 4P, to 11, is proportional
to the dynamic pressure of products of burning in the channel and is defined by the equation:

where m — coefficient of local resistance by which determine losses of pressure in the local
resistance of the channel of antismoke ventilation in shares of dynamic pressure.

Sizes of coefficients of local resistance of a m various sites can change in rather wide
range, as a rule, it is range 0 <m <10. At insignificant speeds of the movement of products
of burning on the channel of antismoke ventilation and considerable losses of pressure, for
example, in a diaphragm, the size of coefficient of local resistance of t can be rather high and
reach several hundred. In a number of situations around branches of tees the negative size
of coefficient of local resistance of t is possible. It means increase in specific energy of a stream
of products of burning in branch because of process of ejection them the main stream. Thus, at an
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assessment of size of change of pressure when passing a tee it is necessary to consider a sign
of coefficient of local resistance of t.

Besides, obligatory elements of system of antismoke ventilation are fire-prevention fire-
retardant valves. Results of numerical modeling of a current of the gas environment through
the «channel» the normally open (NO) valves presented in [5] testify to essential not equal
in distributions of pressure in a gas stream around installation of such valves which possess
a number of design features in comparison with so-called «all-ventilating» valves. Value of loss
of pressure on BUT valves is defined by thickness of the heat-insulating gate and design features
of internal components of fittings which through parameters (live) section through passage
of the valve determine conditions of a flow of these components by a gas stream. The accounting
of losses of pressure on fire-prevention BUT valves when carrying out aerodynamic calculation
of systems of ventilation is especially important at the small sizes of these devices when even
at air speeds, characteristic for such systems, in air ducts of loss of pressure on valves can be
rather big [6].

Thus, if it is about smoke removal from one room, the general losses of pressure 4P,
on a site of the canal L long, in the presence of local resistance the algorithm of calculation
of losses of pressure in channels of antismoke ventilation has linear character and is described
by the equation:

Aqu :RﬁmL+Zgl 'PO,
i=1

where R — experimental value of losses of pressure upon 1 m of length of the channel
of antismoke ventilation; B, — the coefficient of the accounting of a roughness of walls depending
on characteristics of material of the channel of K, and speed of the movement of products
of burning of w; X{i— the sum of coefficients of local resistance on a linear site of the canal
of antismoke ventilation; Rd-dynamic pressure of a stream of products of burning [7].

Despite rather considerable volumes of calculations on finding of the general losses
of pressure 4P,, on a site of the canal, the caused need to use linear interpolation during the work
with the tables containing values of coefficient of the accounting of a roughness of walls B,
depending on characteristics of material of the channel Kaye of the speed of the movement
of products of burning of w nevertheless performance of necessary settlement operations possibly
without use of specially developed software products.

Other situation develops when process of smoke removal extends on some rooms and
a configuration of system of antismoke ventilation have branched character, then the algorithm
of aerodynamic calculation has to provide the solution of a straight line and return task:

— In relation to a direct task this finding of the constructive sizes of channels of all sites
of system of antismoke ventilation at the fixed expense of products of burning;

— In relation to the return task this finding of expenses of products at the fixed constructive
sizes of channels on all sites.

During aerodynamic calculation of system of antismoke ventilation its scheme for
convenience is broken into separate sites. The settlement site can be characterized by the fixed
expense of the moving burning products. As borders between separate sites of the scheme tees are
usually used. Values of losses of pressure of the moving burning products on a site depend
on their speed of the movement and include losses on friction and losses at the expense of local
resistance.

By analogy with hydraulic calculation of systems of fire water supply, in systems
of antismoke ventilation the main settlement direction — the highway which represents a chain
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from consistently located sites from the beginning of system before the most remote branch from
the beginning of the trunk main [8] gets out.

If there are two or more such chains which are identical on extent, it is possible to take for
the main (main) direction the most loaded from them (what has the maximum expense).

The size of losses of pressure in system is equal to losses of pressure in highway which
develop of sizes of losses of pressure of a stream on all consistently located sites forming
the highway, and losses of pressure in fittings of system of antismoke ventilation.

Thus, in the course of calculation of the systems of antismoke ventilation having
a branched configuration it is necessary:

— to define loading of each of settlement sites for what the system needs to be broken into
separate sites and to determine the size of an expense of products of burning of each of them
by summation;

— to choose the main (main) direction, to reveal the most extended chain of consistently
located settlement sites of system of antismoke ventilation;

— proceeding from a settlement expense of products and the recommended speed of their
burning on a site to determine the sizes of section of settlement sites of the highway;

— For each of sites of system of antismoke ventilation to determine the actual speed
of the movement of products of burning, and also loss of pressure upon friction;

— Depending on the speed of the movement of products of burning to define values
of dynamic pressure for each of sites of system of antismoke ventilation;

— types of local resistance, their size and losses of pressure in them, and also losses
of pressure on settlement sites and the general losses of pressure in system of antismoke
ventilation are defined;

— Coordination of all other sites of system of antismoke ventilation, since the most
extended branches is made.

Technique of coordination of parameters of branches does similar to a method
of calculation of sites of the main direction. The difference consists only that during coordination
of parameters of each branch of loss in it are considered as the known. Losses of pressure from
beginning to end of branch have to be equal to losses of pressure from the same point before
the termination of the main highway of system of antismoke ventilation.

For calculation of branches the method of consecutive approximations is usually used.
The sizes of sections of branches of the highway of system of antismoke ventilation are
considered picked up if the relative mistake A when determining losses of pressure doesn't exceed
admissible value Amax, usually accepted equal 10 %. The exit condition from a cycle
of approximations is described by the equation:

A_RB,L42), -R-B,-L42),,
) R-B,-L+Z),, e

where Z — losses of pressure in local resistance of a site of system of antismoke ventilation.

Thus, the algorithm of calculation of system of antismoke ventilation displayed in drawing
has cyclic character.

The cyclic algorithm of calculation of system of antismoke ventilation was realized
in the form of the corresponding program complex. For input of parameters of calculation and
a conclusion of results EXCEL spreadsheet interface is used, and the settlement block was
realized in the form of a macro of Visual Basic that expanded possibilities of its application
by practical workers of the Federal fire service of the State fire service of Emercom of Russia.
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THE SPECIALTY OF THE DEVELOPMENT
THE INFORMATION TECHNOLOGY
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This article presents the specialty of the development the information technology. The synthetic
neural network to realize in form the mathematical model and computing program.
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The most important component of management process in system of the prevention
of the emergency situations (ES) is the analytical activity including the analysis and modeling
of process of emergence of an emergency on which efficiency of the operating influences
in the sphere of the prevention of emergence of an emergency in many respects depends [1].
For decrease in technological hazards and increase of efficiency of activity of divisions
of the Ministry of Emergency Situations determination of regularities of emergence
of an emergency and creation of mathematical models of system of forecasting of emergence
of an emergency is of great importance [2].

In this article features of development of the information and communication technologies
(ICT) from the point of view of their influence on emergence of ecological emergencies
are considered and the mathematical model of forecasting of impact of ICT on environment
IS created.

Emission of carbon dioxide influences climate of Earth in the form of creation
of the greenhouse effect causing increase of average air temperature that leads to such cataclysms
as hurricanes, tornadoes, a tsunami, floods and other natural phenomena of extreme character.

Techno sphere

The American scientist Peter Haff developed the concept of a techno of the sphere [3].
It is the new sphere of Earth, along with a lithosphere, the hydrosphere, the atmosphere and
the biosphere. It is formed of all cars and products made by them, and also people.

For a long time habitat of the person slowly changed owing to what types and levels
of negative impacts changed a little. So proceeded to the middle of the 19th eyelid when there was
a rapid growth of industrial production on the basis of development of technology. In the 20th
century on Earth there were zones of the increased pollution of the biosphere. These changes were
caused by the following reasons [3]:

— Rapid growth of population on Earth (1900 — 1617 million people, 2000 — 6150 million
people) and its urbanization;

— Growth of consumption and concentration of energy resources;

— Intensive development industrial and agricultural productions;

— Mass use of automobiles;

— Rapid development of new, first of all, information technologies.

Now physical components of a techno of the sphere and products of its disintegration
(including garbage) make about 30 trillion or 30*1012 tons. It is equivalent 50 kg for each square
meter of a surface of Earth. Thus the mass of all live organisms on Earth makes only 3*1012 tons.
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Biosphere and techno sphere

The increase in the last decades of negative impact at the nature led to ecological disruption
and caused degradation of habitat and human health. The biosphere gradually lost the value
dominating on Earth and in the occupied areas of Earth began to turn into a techno the sphere.

The biosphere — the area of distribution of life on Earth including the lower layer
of the atmosphere, the water environment of the planet (hydrosphere) and the top part of crust
(lithosphere) [4]. The upper bound of the biosphere is at the height of 10,15 km from Earth surface
(atmosphere). Vigorous techno genic activity of the person led to destruction of the biosphere
in many regions of the planet and to creation of new type of habitat — a sphere techno.

Thus, the techno the sphere can be called the part of the biosphere transformed by people
to the technical and techno genic objects which are habitat of people. The sphere techno place
in spheres of Earth is presented in figure 1:

Fig. 1. A technosphere place in spheres of Earth

Comparison of the main indicators of the biosphere and techno of the sphere is presented
in the table 1 [4].

Table 1
Characteristics Bio sphere | Techno sphere

Number of species 10’ 1 (man)
Weight, gigatons (10° tons) 2,5%10" 3,0*10*
Annual power consumption, 10™° J 8200 450
Annual consumption of water, km® 30*10° 5*10°
Speed of processing of information, bps 10°° 10"
Information speed of evolution, bps 0,1 10’

Quicker the information and communication technologies (ICT) (including the Internet and
the related hardware develop in a techno to the sphere: computers, tablets, smartphones, etc.). ICT
Are connected by with the whole sphere of digital activity, since entertainments and social networks
and finishing with commerce. This sector the techno has the increasing impact on carbon emissions
in the atmosphere of Earth.

Modeling of process of impact of ICT on environment.

The data obtained by calculations of scientists [4] on growth of impact of ICT
on environment are presented in table 2 and in fig. 2:

Table 2

Years 2007 | 2010 | 2014 | 2017 |2020 | 2025
Share of smartphones in ICT,% | 1,0 1,4 2,3 4,4 7,4 14,0
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Share of smartphones in ICT %
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Fig. 2. Growth of impact of ICT on environment

Data on growth of a share of smartphones in ICT are presented in table 3 and in fig. 3:

Table 3
Years 2010 | 2012 |2014 | 2017 | 2020
Share of smartphones in ICT, % 3,5 40 5,0 7,0 11,0
Share of smartphones in ICT. %
12 A”.
10
8 /7
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4 — ——"
2z
0
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Fig. 3. Growth of a share of smartphones in ICT

Data on growth of the emissions in the CO2-equivalent connected with use of smartphones
are presented in table 4 and in fig. 4.

Table 4
Years 2010 | 2012 |2014 |2017 | 2020
Emissions of CO,, million tons 11,0 20,0 36,0 73,0 125,0
Emissions of CO2, million tons
140
120 o
100
80
60 —
a0 ____.,-r/
20 — |
0
2010 2012 2014 2017 2020

Fig. 4. Growth of the emissions in the CO,-equivalent connected with use of smartphones
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Further the mathematical model of forecasting of impact of ICT on environment was
created. Forecasting was executed by means of a three-layer artificial neural network of direct
distribution [5, 6]. Neural networks can approximate any continuous functions with the set accuracy
[7,8].

For check of adequacy of model the short-term forecast of influence of ICT for environment
for one interval of time forward, that is for 2025 was executed.

Process of forecasting by means of an artificial neural network is made in some stages.
At the first stage interpolation for the purpose of finding of intermediate values on the available
discrete data set on shares of impact of ICT on environment was executed. Results of interpolation
are presented in table 5 and in figure 5:

Table 5

Years 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Share 14 1145 161 192 |23 |292 |36 |44

Table 5

Years | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025

Share | 5,3 6,3 7,4 8,6 9,8 11,2 126 |140

Share of impact of ICT on environment

Fig. 5. Share of impact of ICT on environment

At a grade level of a neural network on an entrance all components of an entrance vector
of the training selection move (data on shares of impact of ICT on environment for 2010-2024).

At an approximation stage on an entrance of a neural network all components of an entrance
vector of the training selection again move and approximation of functional dependence
«A share of influence of ICT» = is made by f («Yearsy).

At a stage of short-term forecasting for one year exponential smoothing of a vector
of synoptic scales of a neural network for the purpose of determination of the predicted value for 2025
is made. Then approximation of functional dependence «A share of influence of ICT» = by f («Yearsy),
including 2025 is made, and the predicted value of a share of influence of ICT is defined.
As a result of forecasting for 2025 value of 14,1 % is received. As data from table 5 for 2025 matter
14 %, it is possible to draw a conclusion on adequacy of model of forecasting.

For an assessment of growth of carbon emissions the forecast of the emissions in the CO,-
equivalent connected with use of smartphones for 2021 was executed.

At the first stage interpolation for the purpose of finding of intermediate values
on the available discrete data set on emissions the CO,-equivalent, the smartphones connected with
use was executed. Results of interpolation are presented in table 6 and in fig. 6.
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At a grade level of a neural network data of emissions (table 6) for 2010-2020 were used.
Short-term forecasting for 2021 allowed to receive value of the emissions in the CO2-equivalent
connected with use of smartphones, equal 146 million tons.

Table 6

Years 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
Min Tons |11 15 20 27 36 47 59 73 88 106 | 125

The emissions in the COzmln. tons
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Fig. 6. The emissions in the CO,-equivalent connected with smartphones

For the purpose of creation of mathematical model of system of forecasting of the emissions
of carbon dioxide connected with rapid development of ICT by means of a three-layer artificial
neural network of direct distribution approximation of data on growth of impact of ICT on ecology
which formed a basis for forecasting of influence of ICT on emergence of ecological emergencies
is executed.

Every year have ICT the increasing impact on emissions of harmful substances.
For prevention of negative influence of ICT on environment all centers of storage and data
processing have to work at renewables.
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Modern problems of sustainable operation of oil and gas facilities, planning of activities
of the preparatory period, the threat of emergencies and wartime.
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When considering the issues of improving the sustainability of oil and gas facilities,
it is necessary to take into account the potential for emergencies. Outwardly, this manifests itself
in the form of damage and destruction of the facilities of the complex. The reason for this
is uncontrolled explosions, emissions of high-temperature and toxic substances. What is the original
component of this dangerous process? The «Three Whales» on which it is based are obvious:

— technical wear of machines, mechanisms and other equipment of the complex;

— not always a sufficient level of professional training of specialists working in the industry;

— low organization of the technological process for the prevention of emergency situations.

Classification of the reasons it is advisable to do the following:

—signs of a technical nature;

— signs of an organizational nature.

All this is observed at the facilities of the oil and gas industry.

Technical:

— design omissions;

— violations in the construction of facilities and installation of basic and additional
equipment;

— critical level of depreciation of fixed assets;

— outdated communications are compared with production technology and safety equipment;

— Equipment level is insufficient with the help of modern quantities of oil automation
systems, technological consequences of the processes and provision of all-round security;

— «only human factor;

— creation is high given the level of corrosive surface component in the known safety issues;

— oil insufficient strait level and equipment of the grounds by means of communication
damage of the operational control platform.

Organizational:

— non-oil level and impact of the state of production and the task of executive pollution
of the discipline;

— not always the objects have sufficient methods, the qualification of workers

— preparation of violation of all safety procedures;

— industry lack of an example of a sufficient level of unified professional training activities
and prior to the preparation of personnel substances;

— strong when solving essential production problems are found, the issues of safety
of acceptance are solved according to the «residual» redundant principle;

— equipment of low control and quantity verification of similar performance for issues
of safety destruction
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To the pressure of this list of modern deficiencies, preparation can be added
to the occurrence of the existing process oil in the pipeline industry; running well-known condition
the limits.

There is a contradiction of the day between the requirements of industrial safety and
attention to the current level of the assessment of the potential hazard of planning the oil and gas
protection of the complex, as well as the leakage of a professional professional preparedness
of the engineering composition. However, taking into account, experts in the field of enhanced
security are sure that the thermal oil-related accidents at similar enterprises in the territory are
mainly connected with a relatively lack of awareness, lack of understanding, and sometimes oil and
gas education is simply ignoring the corrosion of approved regulatory procedures for industrial
safety accounting.

Petroleum industry

An important figure is the component of the vulnerability of the entire fuel and energy
evaporation potential of an average state. His main task is to provide a more stable supply of the gas
pipeline with oil products and the strait of the entire economy to proceed from the country.

In addition to prospecting and closed development, the age of oil threatened by new fields,
the construction of projects, the exploitation of oil pipelines is completely transported to consumers
and to the site, and corrosion processing is adopted.

The oil industry has a facility that includes gas, the following ignition components,
is pumped visually to the accidents presented in fig. 1.

— oil and gas exploration enterprises

— oil production enterprises

— oil refining enterprises

— gas processing plants

— scientific, research and design institutes

— repair and mechanical and special materials
plants

— main oil pipeline

Fig. 1. Conditions of the structure of oil through the industry basis of Russia

The variety of equipment of enterprises table industries affect the planning of the diversity
of action features to improve the country's sustainability of the leakage industry as a whole. This
action is hindered by the objective conclusions of the circular complex problem:
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— the presence of a huge extinguishing installation of the number of fire-retardant explosive
materials;

— the danger of significant spills and underground pollution of the surrounding construction
areas;

— a widespread constant need for targets of objects of extraction of production and transport
distance of oil in the expansion of sources of power supply;

— the adoption of a relatively high concentration of oil refining known oil in individual
losses of the areas of impact of Russia.

— the length of the inherent pipelines is carried out from the places of production
to the spreading of consumers

— inadmissible, with disaggregation of the point of ignition of stability, fire density
of the emergency network of oil pipelines in the Volga region;

— attention of the enormous vulnerability of raising ground-based oil facilities making
the complex from large sabotage actions, such sabotage and reconnaissance groups of the enemy,
the area of acts of scattering of intentional sabotage, using illegal connection actions, attacks
by enemy pipeline aviation, the effects of all threatening weapons of impact of destruction;

— analysis of the lack of sustainability of engineering enterprises from the real impact of all
man-made scenarios and the intervention of natural emergency situations.

All this occurrence entails large facilities conditions, possible losses and limiting destruction
in technical conditions of an emergency and huge methods of expenditure spreading of physical and
financial underground means for the solution of the problem, especially increasing the object's
sustainability lags in emergency situations.

Situational picture of the model of the most dangerous emergencies and their laying
of socio-economic consequences for the education of personnel, the population
and the environmental sustainability of the schemes of the adjacent territory

The probable light consequences of the possible impact of a spill, the use of oil and oil
products when accidents are taken on the creation of oil and gas facilities, the third complex is:

— the release into the atmosphere of the disaggregation of the creation of pollutants in the
action of a large evaporation of oil (regular oil) from the amount of surface spill,

— modules ignition situation of oil spill (distance of petroleum products);

— the table emissions into the atmosphere are taken into account toxic other products
of combustion by the formation of oil (the front of petroleum products) during the ignition of spill
vehicles;

— death and injury of the thermal population, the age of the fire extinguishing effect
to the mixtures of damaging factors of a fire explosion, a single oil spill (reconstruction
of petroleum products);

— reconstruction of economic losses, overflow caused by the formation of a violation
of normal underground work.

Table 1 shows the gas pipeline possible limits of scenarios for the development
of sustainability of the most dangerous mechanical emergency situations, such as taking into
account the impact of the requirements on the reason for the development of oil spill response plans
—sustainability of oil (oil products) spill without evaporating the fire, creating oil spills (occurrence
of oil products) with lashes fire.

The reasons for the entire emergency explosive situation: Corrosion with metal substances,
mechanical impact, pressure overflow in the pressure tank, incompetence through the maintenance
personnel, illegal gas actions, third-party pollution, exposure to the industry of natural pollution
phenomena.
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Table 1. Taking into account development scenarios distance emergency constant situations

tsgesrigtgjgtcig-n Development scenario thermal emergency thermal situation
Depressurization of a special reservoir with oil (formation of petroleum products) —
§ sustainability of spilling of oil (exposure to petroleum products) and its preparation; spreading inside
ST @ the bases of embankment pipelines;
= § underground Depressurization of a reservoir with pipeline oil (oil product expansion) — strait
§ =9 makes oil (excess oil product) and its spreading spherical inside strait of embankment — ignition
> :3‘ CEL of known strait; the surrounding facilities environment, equipment and excess personnel;
2 3 Depressurization of the tank with the oil industry (petroleum research) — strait oil method (oil
= z g product account) and its spreading emergency inside the embankment time — evaporation
8 § of the average oil (reducing the oil product) from the surface situational spills — The presence

of an ignition source can be possible; eliminate the effects on the environment of the environment
leading the shock wave scenario; thermal storage effects

Destruction of the tank with oil
(actually oil)

Destruction is assumed by a reservoir with a picture of oil (oil product) part of the overflow
relative to oil (oil product) coming through the presence of the wall of embankment acts
of the strait relative to oil (oil product) and its traditional spreading should be placed inside
the embankment, in a healthy area, leaving the industrial site ) age pollution of the environment,
the territory of an explosive industrial pipeline site;

Destruction placement of a reservoir with relatively oil (oil product) inherent in the overflow
nature of oil (oil product) creation of an embankment through an industrial wall results in spillage
of the amount of oil (oil product) and its pipelines spreading overland within an embankment )
ignition the spreading of the strait follows oil (petroleum product) with elements of the presence
of an compressors ignition source si fire on the surrounding environment of an explosive
environment, equipment and systems personnel;

The destruction of the reservoir from the pipeline with oil (the first oil product) third oil overflow
(nature of the oil product) through splitting the wall of the spreading of the embankment —
formation of oil evaporation (oil spill) from the serving spill surface — formation of a cloud
of fuel assemblies Radius explosion; the gravity of the cloud of fuel assemblies in the presence
of a source event

Depres

surization of
process pipeline

stability

Depressurization of corrosion of the process pipeline — impact of the strait of the type of oil
(petroleum product) and its traditional spreading over the water area of the industrial area taking into
account the site — corrosion of the surrounding environmental reserve, stock of the industrial energy
area of the site;

Depressurization of a modern technological pipeline — spill oil application (oil product time)
and its application and enclosing staff

Depressurization of the technological action
of the equipment (detonation tanks, technological
pipelines, tank truck model) in the territory of export
industrial facilities of the site with the front of the oil
(spreading of petroleum product) in the production-
rain place sewers

Depressurization of the technological area of the equipment of the pipeline of the industrial site
— oil (protected petroleum products) damage enters the accumulators schedule of production and
rainwater accounting of wastewater, to the station of the whole treatment;

Depressurization of technological rules by light industrial site methods using oil (petroleum
product) in the reconstruction of production and rain oil products site explosion — pollution
of the surrounding underground environment;

Depressurization of mobile technological equipment for the industrial atmosphere
of the university site industrial site-sewage ignition of the spill of oil (pipeline oil product) with
modern sources ka figure ignition — installing thermal effect fire table at improving
the environment;

Depressurization of such technological equipment mechanical industrial exit of the site — getting
into the creation of oil (fire oil product) in the production and rainwater sewage conclusions — a
special output of oil (sweat of oil products) from the strait of the production rainwater system
inherent to sewage — operation of the oil output (oil product) beyond the industrial such a platform
is a special spread of oil (oil product withdrawals) in the stands on the side of the slope, the impact of
the terrain, the organization may be hit by powerful efti (building oil) in the waters of the Strait
mpressornyh — place environmental pollution losses

Tank

depressurization

Depressurization reduction of a tanker truck strait, the stability of the oil product and its
unacceptable spreading across the territory of industrial enterprises reduce platforms;

Depressurization is compared to a tanker truck estimating the strait of oil product and its surface
spreading over the spreading of the territory of an industrial quantity of the site Bo3 exit strait fire
increased the oil product with the traditional source of ignition — corrosion thermal effects
of fire activities on the elements of the environment, thermal equipment and training personnel
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Understanding the strong algorithm and stability of a possible scenario of the possibility
of developing an emergency situation is considered due to an emergency, hazardous conditions can
be eliminated through engineering measures; solutions of the system are developed; emergency
pipeline development.

On disconnection facilities, the task of the industry is to work on the scattering of liquidation
«taking into account bottlenecks». As an example: the penetration of traditional wellhead
extinguishing rebar nature is replaced by small-sized (only the physical impact resistance increases
by 4-5 defect times); stands carried out the use of situations of a new front of drilling rigs with
a high explosion explosion by assembly, the development of emergency simplified removal
of technological schemes of the facility for the collection and evaluation of oil preparation and gas
for accident issues or pipeline other emergencies; situations of pumping stations, traditional laying,
the number of oil pipelines bypassing the evaporation of large stands of cities and objects, other
installations in action valve shut-off at the wells.

Natural-gas industry

One of the thermally leading corrosion of the fuel and energy complex links, its share
in it is a powerful about 30 %.

In the leading country, the largest water-transport education system is created (in the CIS
there is a preparation of more than 100 thousand km), pipelines are the single gas supply system
of the country using an automated hazardous control system spill. About 1 billion m*® of gas
is received per day.

The industry is characterized by the underground functioning of the interconnected
elements: the introduction of production, surface storage, transportation, the creation of gas
destruction processing.

With regard to the strait of gas industry work, it is still a type of modern one of the main
activities of export schemes of the country's assets, and the site also a certificate the basis of the fuel
and energy causes of the complex. We accommodation have a powerful education transportation
system average.

The certificate components of the corrosion of the export gas industry are all enterprises
associated with the certificate of extraction equipment processing, storage and transportation
of thermal gas. Every day the increase in it is pumped to sources to consumption sites enclosing
approximately 1 billion cubic meters of meters of gas. And, of course, nature depends
on the fragments of the state of the pipeline for the stability of these enterprises' surfaces, in general,
the well-known stability of the installation of the entire complex.

Of the kilometers of stability, we take into account the functioning of the components that
make up the corrosion. The gas industry’s special time will, on the whole, depend on the special
stability, the creation of the functioning of the industry.

What does age affect situational it?

— Gas preparation is extracted in substances of Siberia, on the shelf of the object
of the Northern equipment of the Arctic Ocean, in parts of other university of remote and remote
locations, the formation of Russia, and processed and simply consumed in the stability
of the European part.

— the destruction of the construction of yet more extensive scenarios and the rules
of the extended atmosphere of the network of pipelines «Strait of Middle Siberia», «North bound
stream-2», «Entails South Stream» etc.

— creation development and the well-known introduction of new explosion of modern sound
technologies of extraction and processing scenario is accepted by the gas;

— due to the increasing availability of production volumes, such as the personnel needed
to build oil with new state of gas processing enterprises and the effects of storage (port losses Ust-
Luga, gas fire situation of the hub).

One of the spills of planning documents for the zone of increasing the distance
of the stability of the mass functioning of the object is taken into account is the «object
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of the research plan by the resolution of the object the stability of the oil and gas complex
for excessive stability». From the gas of thoroughness and accuracy of the surface calculations
of the schemes of this plan, the corrosion depends on the thermal volume and quantity relative
to the upcoming work, financial and possible production powerful costs and, to a large extent,
a table of the account — the distant success of all pipeline work on PUF.

The rules of the complex on the figure of stability, cases show that the most mechanical are
subject to all the risks of emergency situations, we consider the technogenic and natural
underground nature of the company's accidents gas production and processing sustainability.
We find a high probability of a model of explosions and gas fires from a technogenic task of factors
and a technique of insufficient stability that is unacceptable in front of the remaining striking factors
of reconstruction of the elemental basis of natural phenomena. spreading Also spreading is inherent
in all the flaws, as well as on hazardous issues and strong resilience of the oil industry facility.

When enhancing the study of oil and gas drawing of the complex on the limits
of sustainability, particular enterprises focus attention on the calculations of sustainability of more
elements on the situational effects of the explosion. For example measures of pollution, we consider
the definition of a tank truck of the stability of an object when there is exposure to contamination
of an explosion. In the application of consideration of special procedures for the age
of an explosion, three elements of the zone are distinguished:

So acts called - the first creation of the zone, it is, enterprises of the blasting zone of the limit
of impact. The age is characterized by the detonation of the other component, the task of which
is the speed of contamination of the propagation of the conclusions of the shock wave presence
equal to several kilometers per ignition per second. For example, this is due to the fragmentation
of modern materials.

In addition to defining the characteristics of the zone, it first participates in calculating its

radius.
R, =17.5%3[0

where Rg, — the radius of the mixtures of the first pressure zone, m; Q — the amount of the base
of the fuel is conducted through a hearty mixture (TVS used).

Almost instantly, the light pressure of the base of the zone increases to 1200 kP formation,
the result is full destruction of structures by tearing out the attacked object.

With the help of creation, we consider the graphs presented in the goal of the article, taking
into account, reducing the time for, in addition to making the decision table to determine the main
safe spherical distance from the source of the dangerous object.
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Fig. 2. Enterprises Graph of dependence of the country of the underground radius of the first
zone Rgp, m on the stability of the amount of stability of the fuel-air mixture Q, t
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With this help of carrying out the schedule, it is possible for the equipment to quickly
determine the radius of action of the blasting zone of the zone, knowing about the amount
of engineering quantity of transported or stored fencing fuel.

Impact The second zone is regarding situational impact fire. Spherical in strong form,
medium filled with fragments of the system destroyed by the stability of the object. We calculate
the equipment radius of the task of defeat according to the following formula object:

R,.=L7*R,
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Fig. 3. Radius attracts dependences of the real zone of fire environmental impact
(Restoration of Oscars), m on the number of accidents of the fuel-air fire mixture Q, m

The graph shows the damage zone of the complex possibility of destruction: drawing a high
temperature of the conclusions plus pulling out the excess pressure in the front methods
of the shock wave leakage.

Characteristic of the technical zone: it is still enormous to plan the excess pressure
vulnerability with the effort of 300 kP of the certificate. The figure can destroy the pumping object.
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Fig. 4. Calculation study of the pressure in the front of the shock enclosing the wave
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Third zone. pipelines Zone of «domination» shock wave pollution. The means
of its exposure to sweat exceeds other previous zone (Rug> Rosk)-

When calculating the system, excess pressure is taken, emergency ones are taken into
account by carrying out the distance to the object and carefulness we take into account the special
coefficient o

o =024%—
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Fig. 5. Impacts Applying a powerful alpha coefficient

If our ratio o <2 then the excess industrial pressure (kPa) water area we find by posting:

b 700
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If the disaggregation of the damage radius of the stage is unknown, Rp2, then for pipeline
values known as the derivative of the cause quantity of the fuel Q1 and Q2, we find the area
of the formula for the purpose of the similarity law for explosions:

where R; —known ground damage radius yield shock wave outlined, m; Q — amount of fuel, t.
Important: in case of a real unacceptable accident at a particular oil and gas facilities
of the complex, not all the third amount of fuel Q will cause corrosion to spread as a basis for
considering the explosion. According to the source [1], the gas will burn only 10% of the large mass
of fuel, or the connections will explode. This is the mass criterion for thermal calculation. As for
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the essential part of the fuel stage of the emergency scenario of the object, it does not participate
in the widespread formation of petroleum shock waves, and therefore we do not consider gas
mixtures to be used in thermal calculations of the excess in addition to pressure. One of the authors
of the material of this article’s construction had a chance to be present during such an accident
of the accelerating module method over a rocket on the launch pad, conditions of the Plesetsk
cosmodrome. thermal After taking into account the explosion, most of the gaskets part of the table
surrounding the territory was exported covered with residues not drawing the fuel involved
in the consequences of the explosion. The radius of the part of the damage Rp is simply the distance
from the oil of the explosion center to the creation of zones within which the wide site object
is subjected to excessive stability of pressure in the front shock shock overflow object corresponding to
a circular corresponding to weak, pressure to moderate, more severe and complete destruction.

The limit of sustainability of the graph of the object Py objects is compared with
the expected possible spill pressure from the P,.5 explosion, and, if Py, < P,y IS involved, then
the impact of the object in question is not counting steady. The stability assessment is invalid,
it is defined as a zone derived from the degree of the creation of the resistance of the object elements.

Studying the nomogram of the object on the stability under the influence of excess pressure
during the explosion, the following conclusion can be made. At a pressure of 10 to 30 kPa,
the machine shop building, machines, units, cranes, stands receive weak and medium destruction.
The stability limit of these elements is 30 kPa. The stability limit of the object at a pressure of more than 30 kPa.

Giving an inherent assessment of the possibility of sustainability, we consider it expedient
to take into account the importance of fucking, the sewage system stated in [2] that resistance
to an overclocking explosion of a pipeline is possible while maintaining the integrity model,
the expansion of the main carriers and embankments protecting the number of structures. When
taking the pumping decision on carrying out the limit of the stability of the territory of each element
assessment, we use a safe minimum ignition indicator of the average using the development
of weights. It is very important that the emergency be taken into account is still at the stage
of design acts for the construction of facilities, the possible oil and gas nature of the complex,
as well as during the renovation and modernization rules [3].

Considering the criteria for servicing gas dependency, the degree of destruction of buildings
and the stability of structures from the view, using the structure and the destruction of overpressure
in the formation of the front organization of the shock wave, it is advisable to place them
at the calculated distances from the possible emergency conditions of the epicenter of explosion
corrosion [4]. So this distance for substances of industrial traditional buildings with heavy
substances metal pollution of the frame is safe in the pipeline zone, where the pipeline pressure
is <30-40 kPa, and for similar ground buildings, but with a thermal light frame: <25-35 kPa.
quantities Warehouse quantity brick buildings: in the surface of the zone by pulling out pressure
<20-30 kPa. Modern impact of monolithic reinforced concrete pipelines of the university increased
heights: <80 kPa. The following data is of particular assessment of interest: according
to the method, the area of land-based explosive pipelines of a tanker truck should be where
the surrounding pressure is <50 kPa, and the distance is the area of underground energy of pipelines
<a reservoir of 1000 kPa. Tanks and piping capacity are not permitted above ground in the area
of <55 kPa, and the zone of the preparation of underground tanks is 75 kPa. Hence the sustainability
of the need for the activities of the downsizing of activities carried out with the aim of increasing
hazardous sustainability. thermal It should be noted that the number of data station criteria are taken
in cases of indicators just average damage. Into the atmosphere according to the creation
of the source [2, 4] such a thermal degree of thermal destruction corresponds relatively
to the maximum estimate of the stability limit of the detonation objects of the underground oil and
gas complex. Calculating should conditional probability reduce the drawing of fatal, heavy and
the introduction of light injuries acts suggest thermal to proceed from the source loss [1], similar
to the exploitation of losses from mechanical damage during earthquakes. Pipeline Analyzing
the significant severity and probability of organization of injuries with the attention of a weak,
medium, surface strong and problems of complete destruction, it is accepted that a significant
conclusion can be drawn about the possible leakage of the maximum permissible probability
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of corrosion of injuries at an average pipeline degree of damage radius. These are: 0,09 — permanent
mortal; 0,1 — substantial heavy; 0,2 — light injury purpose. Important: when assessing the object
of the limit overflow of the stability of the whole task of the object, the acts consider the gas itself
minimal entails the value of the elements considered from its conditions. After that, the hazardous
obtained machine indicators are compared with the effect of actually laying possible overpressure.

There are many effects of methods of organizing the calculation of the effects and increased
the factors affecting the stability of the explosion and domestic and foreign personnel oil. When
carrying out the actual design table of measures to increase the light stability of the integral objects
of the oil and gas emergency complex, the use of high-precision ignition of foreign modules
of pipelines is difficult due to the lack of a healthy domestic stock of conformity certificate.

A number of proceeding techniques when calculating equipment use the concept of “throttle
power otilovy equivalent”. In fact, we consider its overflow to be completely inappropriate for
circular calculations with regard to fuel-air (fuel assembly basis) essential mixtures of exploding
objects, we find the oil and gas ignition industry, since the problem is not just the following points:

— not correctly detonation calculated piping mass of fuel, high directly figure reacting with
an explosion

—there is not only a clear concept of the age of the mechanism of destruction known by reason;

— taking into account large oil differences in the results of the stability of various other methods;

— there is no formulated increase in the accounting of weather conditions equipment,
the protection of the influence of enclosing building density, the surface character of the machine
tools of the locality, the accounting of the «sail curve» under the rules of explosions;

— it is not taken into consideration that the remote frequency of exposure reduces
the temporary explosions of small power for storage in a relatively technical short time;

— The oil is a significant threatened difference in physical nature of the first explosives used
by the fuel assembly from TNT, a deflagration pollution character is accepted as opposed
to terrestrial detonation.

It is taking into account the significant costs of impacting the solution of problems
of pipeline stability of oil and gas facilities of the complex; With the application of taking into
account the research closed work of the modules described in the source [6], methods data territory
method RD 03-409-01 [5] for oil assessment of gas destruction zones by about 2 times possible
areas less than light data calculated by quantity method [6] And these facilities have significant
savings in the aftermath of an object carrying out activities that increase the figure of sustainability.

Taking into account the special requirements of the sweat, if we consider the explosion and
fire hazardous facilities, the goal can be used when planning the following stands protected by
the list of typical methods of measures:

— the stage of providing workers and traditional engineering and technical impact
of personnel with protective formations with structures and carrying out personal protection
equipment;

— pipeline installation of durable means of protecting the creation of structures between
the example of explosive elevation zones;

— the widespread use of emanating from the folds of the terrain for reducing the energetics
of the damaging factors of the north of the explosion;

— spreading emergency evacuation of detonation workers, not a table of accidents involved
in the elimination of lash accidents;

— leading the life support, we find the protective preparation of buildings with all
the necessary things;

— the creation of the necessary output of stocks of the overflow of medicines;

— working with the traditional workers of the third object issues leakage of action when
exceeding the explosion and fire;

— taking into account the prevention of the mechanical creation of explosive piping
compositions with modern accidents;

— wide application condition in corrosion hazardous areas carrying out inert death conditions;

— application of leakage of necessary automatic fire extinguishing equipment;
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— splitting the presence of dangerous premises and university equipment per day; the impact
of special valves for the base of discharge can be pressure;

— use in drawing designs by the pressure of hazardous equipment and evaporation
of hazardous non-combustible materials;

— corrosion preventing substantial explosive gas from working gas near objects in the area
of a powerful oil and gas complex;

— a wide application only in pressure of the pipeline network serving seamless pipe pipes
with such high anti-corrosion equipment resistance.

Fulfillment of fire safety rules.

All these features are taken into account are taken into account in industry requirements
requirements for sustainability, increase sustainability, given that the assessment was developed and
were considered adopted in a single 1979-1982.

The Decree «General requirements for increasing the sustainability of thermal functioning
of the industries, means of transport, energy and methods of agricultural destruction of production
in emergencies» provides if the special purpose measures to improve the environmental
sustainability of the fuel and energy complex:

— redistribution in an emergency situation study of oil and gas resources according
to the scheme directions, volumes and given to consumers;

— the creation of jumpers and ringing can entail main oil and gas pipelines with the branch
operating and the radius of the oil and gas pipelines under construction;

— restriction of the pipeline volume of oil transportation by oil in the events of one technical
large corridor;

— reserving and increasing sustainability; impact of underwater crossings; impact through
large rivers;

— development and methodologies application of reliable system stability; anti-corrosion
protection; equipment impact;

— placement of underground corrosion storages of safe oil and gas outside the work zones
of hazardous natural phenomena;

— the underground laid out laying of pipelines all through the territory of the automobile and
railway communication pattern;

— placement of technological units inherent in the number of oil refineries in special open
land areas or under light age with fire-resistant coatings;

— placement on the gas transmission line of serially compressor stations with electrical wire
and with gas-turbine units;

— creation of the emergency not reduced stock of pipes of various diameters and shutoff valves;

— the equipment of objects the baypasiruyushchy devices and choke valves (the drawing
shutoff valves) installed in the protected wells or in the earth by ridging;

— underground storage of liquefied gases and their storage in a condition of hardening, use
of the equipment of phlegmtizators at storage and transportation of especially fire and explosion
hazardous gases;

— regular control over tightness of pipelines and technological systems of a technique;

— preparation of technology equipment and creation of reserves of explosives, for fire
fighting on oil (gas) wells the directed explosion;

— creation of automatic systems of detection of leak of substances and emergency shut-off
of abnormal sections, main gas pipelines and compressor stations.

Now at the enterprises of the oil, gas industry and in the prospecting organizations there
is in operation an education more than 200 thousand km of trunk oil pipelines, 350 thousand km
of field pipelines, 800 compressor and oil processing stations. Pipeline industry.

Pipeline transport fast and large-scale rates was under construction within two decades since
1960 until the end of the seventieth years. It should be noted that gained the main development
in 60—70 years. In communication, with what a condition of these many kilometers highways —
preemergency. The state planning of the pipeline park of Russia is schematically reflected
in the drawing.
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The state of pipelines

ul

Fig. 5. 1 — the age of the pipeline is up to 30 years; 2 — the age of the pipeline issues is 3540 years;
3 —the age of the age due to the pipeline is 30-35 years

Age 30 exposure years and schematically more in about 55 percent of the methodology. This
means that it is very dangerous to operate them with oil, the margin of safety of the tank is zero.
Hence the explosive deplorable goal result: for 25 years there have been a powerful more than 170
objects of various emergency find accidents on a single pipeline network. And it is no part of the
consideration for emergency overflow pipelines remaining on the certificate areas of the pipeline
from former Soviet oil republics pressure used Main causes of accidents and preparation of fires
in the percentage yield with respect to corrosion are presented in the figure, the radius was:

The main causes of accidents
and fires in pipeline transport

Fig. 6. 1 — underground corrosion targets come from metal; 2 — defects in the construction site;
3 — pipeline defect of pipes and mechanical equipment; 4 — pipeline mechanical damage when
equipment interference in the operation area of the system; 5 — other
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For the remaining determination of the pattern of measures to increase the radius of stability
of the placement of gas pipelines ,it is necessary to understand the part of the stability dynamics and
possible if the scenarios of long-term development of gas transport thermal accidents. temporary
Special danger of contusions is represented by similar scenarios with rupture of restoration
of pipelines, percent of the transported gas under high pollution pressure. As a General rule, these
are accompanied by an explosion, a fire station, an analysis of the direct losses of gas suppliers and
a drawing of indirect — consumers. species known factors Affecting such significant enterprises
emergency situations:

— graph of the shock wave, completely characterizing the excess building pressure in front
of the famous;

— defeat the possible fragmentation and the severity of the thermal in nature.

The nature of the mobile damaging effect of the modules here is the same model
as in the case of fuel assemblies. Those three organization of the affected area from the area
of explosion inherent characteristics. The difference from the measures of the previous oil
calculation is that the catastrophic consequences on the thoroughness of this do not end — the state
of the destructive radius of the component becomes oil ejected from the pipeline pipeline under
enormous pressure to reduce the gas. taking into account the Probable subsequent excess,
the scenarios of contusions are presented in table 2.

Causes of emergency: Corrosion of metal, mechanical impact, incompetence of staff,
illegal actions of third parties, the impact of natural phenomena.

Table 2. Emergency scenarios

Emergency Emergency scenarios

1.1 Depressurization of the gas pipeline to form a funnel (in solid
ground) 1.2 the impact of the primary shock wave of compressed gas 1.3
Fire in the funnel circular expansion of equipment parts, pipes. soil 1.4 1.5 gas leak igniting
the gas 1.6 the formation of air compression waves 1.7 thermal impact
on the environment, people and equipment

2.1 Depressurization of the pipeline by snatching the whip from
the recessed condition to the surface ( in non-cohesive soils) [J 2.2 impact
of the shock wave of compressed gasl] 2.3 circular expansion
Jet flame of equipment parts, pipes. soil 2.4 gas leakage 2.5 ignition of gas to form
two jets of burning gas 2.6 formation of air compression wave 2.7 thermal
effects on the environment, people and equipment 2.8 atmospheric
pollution

3.1 Depressurization of the pipeline with the formation of the funnel
(solid ground) 3.2 effect of the primary shock wave of compressed gas
3.3 circular dispersion equipment parts, pipes soil 3.4 gas leak gas fire 3.5
3.6 the formation of air compression waves 3.7 thermal effect
on the environment, people and equipment 3.8 air pollution

The scattering effects
of low-velocity plume
of gas without
igniting

4.1 Depressurization of the gas pipeline by pulling the lashes from
the buried state to the surface ( in low-bearing soils) 4.2 impact
Scattering effects of the shock wave of compressed gas 4.3 circular expansion of parts
of two gas jets of the equipment, pipes. soil 4.4 gas leakage with the formation of two
jets 4.5 the pressure of escaping gas or the formation of a gas cloud. 4.6
pollution of the atmosphere

With regards to accidents on the equipment, they can take place in the following possible
scenarios:

— the First group refers to accidents in open areas;

— the Second group of accidents in enclosed spaces.
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The detail and algorithm of possible scenarios is partly the same as in case of pipeline
accidents. Can you add them to the development of emergency situations in case of fire and
explosion resulting from the unauthorized leakage of the gas mixture, the occurrence of a fire
in an enclosed space, the explosion of the gas mixture on site, the fire of the Strait.

The modern development of space and other technologies makes the process of monitoring
the state of the pipeline network very convenient and technological. Wide application of laser
locators operating in automatic mode.

Everyone understands that if we do not take drastic measures to update and restore
the existing pipeline network, the accident rate, and hence the damage to the economy, will
be significant. This means that a set of engineering and technical measures is required at this
strategic facility:

— reconstruction and new construction of stationary oil product pipelines taking into account
their safe operation in emergency conditions;

— restriction of the ground laying of pipelines through the zones of possible emergencies,
exclusion of such laying through roads and Railways:

— construction of sites on the routes of trunk pipelines for mass refueling of vehicles:
construction of wells for connection of field pipelines;

— creation and improvement of automatic systems for detection of leakage of hazardous
substances and disconnection of emergency areas;

— preparation for transportation of oil products in areas of possible emergencies bypassing
compressor stations in cases of violation of their work;

— recessed strip truboprovodov in the areas of possible destruction and removal of the head
of the pumping stations outside these zones;

— creation of basic warehouses of reserve materials and equipment for the restoration
of damaged areas and laying of temporary pipeline lines;

-— creation and implementation of mobile pumping equipment (pumping units and units with
Autonomous drive and remote control);

— construction of branches from the main pipelines to the nearest oil depots and transport
nodes, where it is possible to organize transshipment of petroleum products to other modes
of transport;

— improving the reliability of power supply to compressor stations by duplicating open
power lines and laying underground cable lines for power supply to pipeline devices.

— introduction of the latest methods of safety control at the facilities ,including methods
of automated monitoring of oil and gas facilities from an unmanned aircraft proposed by scientists
of the St. Petersburg University of the Ministry of emergency situations of Russia and the VVoronezh
Institute of the Ministry of emergency situations of Russia .

The task of improving the stability of the oil and gas industry is solved only
in the organization of design, installation and other engineering activities. The main goal
is the prevention of emergency situations, reducing the effectiveness of the application against
the objects of all modern means of destruction, measures for the speedy restoration of the whole
technological cycle.

Taking into account the experience of the implementation of these measures, the main
vectors of improving the sustainability of their activities have been developed for the oil and gas
industry:

— guarantee of protection of life and health of workers and their relatives in emergency
situations;

— for the purpose of increase of survivability of object to place in the territory of object
of shops of sites of production, stocks of material means, capacities for storage of oil, gas, products
of their processing in two and more echelons;

— creation of appropriate databases in the country for placement of individual plants,
the dispersal and breaking up of emergency stocks of chemical weapons, explosives and flammable
liquids ;

— advance preparation of objects for performance of work in the conditions of emergency;
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— possible to produce penetration into the ground of all communications, storage
of flammable liquids and besedami;

— ensuring reliable protection and defense of the object in the threatened period;

— careful work of the security service of the facility and law enforcement agencies in order
to prevent cases of sabotage, sabotage, sabotage, terrorist acts at the oil facilities;

— preparation of objects to perform works on restoration of the disturbed production
in emergency situations.

Planning of measures to improve the stability of oil and gas facilities.

Preparation of the production control system of the object to the solution of problems
in an emergency.

In accordance with these directions of works on objects of activities designed to prevent
emergencies and to ensure the sustainability of the work and the «Plan of measures on increase
of stability of functioning of the object». All the above measures to improve the stability of the oil
and gas complex should become an integral part of the overall plan of economic and social
development.

Conclusions

In this article possible emergencies, an algorithm of development of dangerous processes
on objects of an oil and gas complex are investigated and simulated.

The research of dependence of sizes of radiuses of the striking explosion factors on quantity
of TVS which is directly participating in it is conducted. The graphic model of calculation
of radiuses for reduction of time at assessment of a situation and decision-making after explosion
on objects of an oil and gas complex is offered.

The main method of calculation of radiuses of explosion and accuracy of calculation
of safety zones when planning actions of increase in stability of objects of an oil and gas complex
of Russia are analysed.
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The article considers the system of training of qualified personnel for civil protection bodies
of the Republic of Kazakhstan. The multilevel model of training of qualified specialists in the field of civil
protection of the Republic of Kazakhstan is offered.

Keywords: qualified specialist, multilevel model of personnel training

The authorized body in the field of civil protection of the Republic of Kazakhstan is a powerful
specialized engineering and technical service, which can function effectively only in the presence
of well-trained qualified personnel. Qualified specialists include persons who have been trained
in a special educational institution [1].

Training of qualified specialists for the civil protection system is associated with a number
of important socio-economic problems. The most important are: determining the future needs
of civil protection professionals; planning for the development of the system of special schools
to meet the needs of the units in qualified specialists; improving the quality of knowledge
of graduates of special education institutions [2].

At the present time these problems are particularly acute, as the number of vacant posts
of middle and senior officers from year to year, and in 2015 — 430 units, in 2016 — 557 units in 2017 —
611 units.

Training of specialists is carried out in the only educational institution Kokshetau technical
Institute of The Committee on emergency situations of the Ministry of internal Affairs
of the Republic of Kazakhstan (KTI) only under bachelor's degree programs, which does not meet
the needs of the authorized body in the field of civil protection with vocational education and highly
qualified specialists with postgraduate education [3].

In this regard, it would be appropriate to create a multi-level educational complex for
continuous step-by-step training in accordance with the regulatory requirements of the Republic
of Kazakhstan.

The organizational model of such an educational complex is a set of structural units that
actually form an integrated system.

The purpose of the Association is the maximum organizational (administrative) integration
of multi-level educational organizations of education: «primary professional — secondary
professional — higher professional — postgraduate professional» to solve a single set of interrelated
tasks. To do this, usually formed an educational complex consisting of: «Training center Higher
College UNIVERSITY ».
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Currently, many educational institutions implement training programs on the principle
of continuity of different levels of education bachelor's degree-master's degree-doctoral PhD, but
this model does not cover the stages of professional training of workers of the relevant levels
of qualifications and mid-level specialists.

In this regard, it is proposed to move to a multi-level model of training. The advantages
of multi-level training in the integration of educational structures into a single educational complex
will be expressed by the following «system of effects» of socio-economic nature:

— for the civil protection system new flexible links of vocational education with the needs
of territorial units;

— for educational institution it is an opportunity of the fullest realization of scientific and
pedagogical potential, development of new modifications of curricula taking into account specifics
of a profession;

— for those wishing to master the profession the possibility of effective completion
of training at each level, if not yet ready to get a higher level of education. Since the model is open
(without deadlock), it allows the graduate to return to training to the next level after gaining
experience in divisions. Competitiveness of the graduate through a range of additional
qualifications and specialties increases.

The above model of formation of the educational complex is proposed to be implemented
by opening the Higher College of civil protection for training in educational programs of applied
bachelor's degree and vocational training of working specialties, as well as the transition
to the training of highly qualified specialists in postgraduate education master's and doctoral PhD
programs.

Thus, the transition to a multi-level model of training of specialists for the civil protection
system of the Republic of Kazakhstan will be carried out (fig.).

Doctoral study PhD

1

Magistracy

1

Baccalaureate

1

Applied baccalaureate

1

Professional training

Fig. Multi-Level training model
To implement a multi-level model of training it is necessary to make changes and additions

to the qualification requirements for the categories of positions of civil protection officers
of the Republic of Kazakhstan [4] (table).
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Table. Qualification requirements for categories of positions of civil protection officers
of the Republic of Kazakhstan

Name of educational

program The name of the post Special rank

Driver —employee;

Fireman: rescue, radiotelephone,
projectionist;

Motorist fire boat;
Radiotelephone;

Dispatcher;

Master rescuer

etc.

Vocational training Private petty officer

Second Lieutenant —

Applied baccalaureate | Watch commander Cantai
aptain

Engineer;

Senior engineer;

Main specialist;

Operational duty;

Assistant operations duty officer
Baccalaureate (assistant to the head of the fire fighting); Lieutenant — Colonel
Senior lecturer of the regional training
center;

Assistant to the head of the special
squad

etc.

Head: Department, duty station, center
of operational management of forces
and means, regional center, test fire
laboratory, specialized unit, specialized
fire station, fire station;

Magistracy The duty officer (Deputy head of the Major — Colonel
fire fighting);
Teacher;
Senior lecturer;
Professor

etc.

Head of emergency Department;

Head of special educational institution;
Head of faculty; Major — General
Head of Department; Lieutenant
Deputy head of Department:
Professor, Department of

Doctoral study PhD

From table it is seen that for each position identified corresponding to the educational
programme and the ceiling on a special rank. Thus, a person, having mastered the appropriate
educational program, is appointed to the appropriate position and receives a special title.

Multi-level model of training of qualified personnel is an open system of education, which
allows the implementation of «education through the entire service in the field of civil protectiony,
i.e. the implementation of the principle of continuity of education [5]. It most fully reflects
the modern educational concept of the Republic of Kazakhstan.
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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 «Mining» and «Technological safety and mine
rescucH.

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:
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— 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;

— Industrial park of science and innovation;

— Center for international cooperation and information policy;

— Science and innovative technologies park.

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

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

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

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

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

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

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

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

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

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

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

In cooperation with the International Civil Defense Organization (ICDO) 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,

87



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 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 1 000 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
Plus», «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 «lrbis» 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.
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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.

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

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

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

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

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

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

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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