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PeraknmoHHBINA COBET

IIpencenarenbs — KaHAMIAT TEXHUYECKUX HAYK, JOLECHT T'€HEPAN-JICUTEHAHT BHYTPEHHEU
ciryx0b1 I'aBkamiok bornan BacuiibeBuY, HaYaIbHUK YHHUBEPCHUTETA.

Conpencenarenn — noxktop Hayk CaBu4 bpanko, nupexrop Beiciiell TEXHUUECKOM IKOIbI
Hosu Cag (PecniyOnuka Cepoust).

3amecTuTeNb TNpeAcesaTeNsi — JOKTOp MOJUTHYECKUX HAYK, KaHAMJIAT HCTOPUYECKUX
Hayk, noeHT Mycuenko Tamapa BukTopoBHa, IOMOIIHUK HadaJlbHUKA YHUBEPCUTETA.

3amecTuTe b mpeicegaTesisi — JOKTOp Hayk MmuiucasieBud bBpanko, npodeccop
Bricmeit rexandeckoit mkossl HoBu Can (Pecriy6muka CepOust).

YiieHbl peJaKIHOHHOIO COBETA:

JIOKTOp TEXHUUYECKUX HayK, Mnpodeccop, 3aciayKeHHBIH jeATesb Hayku Poccuiickoit
Oenepannn Jloxkkun Baagmmup HukosaaeBuu, npodeccop kadeapsl MOKapHOW, aBapUHHO-
criacaTeJbHONM TEXHUKU M aBTOMOOMIBHOIO X0351CTBA;

JOKTOp MEIUIIMHCKUX HayK, mIpodeccop, 3aciyXKeHHBIM nesTens Hayku Poccuiickon
denepanun, TOYETHBIM paOOTHHUK BbICHIEH mpodeccnoHanbHOM 1KONIBI Poccun KonHoBa
JIropMuiIa AjlekceeBHA;

JOKTOp TEXHHUYECKUX HayK, Mpodeccop, 3aciayKEHHbIH paOOTHHUK BBICIIEH ILIKOJIbI
Poccuiickoit @enepanuu INaaumes Muxauna AsnekceeBud, npodeccop kadeapbl KpUMUHATUCTUKN
U UH)KEHEPHO-TEXHUYECKUX DKCIIEPTU3;

JOKTOp XHMMHYECKHMX Hayk, mnpodeccop MHBaxuwk I'puropmii KoHcTraHTHHOBHY,
npodeccop Kadeapbl MoKapHOI 0€30MaCHOCTH TEXHOJIOTHUYECKUX MPOIIECCOB U MPOU3BO/ICTB;

JIOKTOp TeXHUYeckux Hayk, rnpogeccop Illapanmos Cepreii Baagumuposuu, npodeccop
Kadepbl KpUMUHAINCTUKY U MH)KEHEPHO-TEXHUYECKUX IKCIIEPTHU3

JOKTOp TEXHUYECKHX HayK, mpodeccop, 3aciaykeHHbIH JesTenb Hayku Poccuiickoit
Qenepaunn Yemko HMaba JlaHunoBu4, BeaylMid  HAy4yHbIi  coTpyaHuk  HaydHo-
HCCIIEA0BATEIBCKOT0 UHCTUTYTA MEPCIEKTUBHBIX UCCIIENOBAHUM M MHHOBALMOHHBIX TEXHOJOTHMH
B 00J1acT! 0€30ITaCHOCTH JKU3HEACITCILHOCTH;

noktop Hayk badwu bpanko, npenonasarens Beicmieln TexHuueckoit mkonsl Hosu Can
(Pecybniuka Cep0Ous);

noktop Hayk KapaGacua Jlparan, npodeccop Bricmielr Texaudeckoit mkonasl HoBu Can
(Pecnybnuka Cep6us);

nokrop Hayk IlerpoBuu I'ermu AnmTa, npodeccop Bricueit Texuuueckoit mkonsl Hosu
Can (Pecrryonuka Cepbus);

noktop Hayk (PhD), mnpodeccop Arocron Pecrac, HnHauvansHuk [lenapramenr=
MPOTHBONOXKAPHOW NPOPUIAKTUKH W TPEJOTBPALCHUS Ype3BbIYAMHBIX cuTyaruii HMHcTHTY!
yIIpaBJIeHUs B Upe3BbIYaliHBIX cuTyausx (Pecrybnuka Benrpus);

JOKTOp TexHUYecknx Hayk MpaukoBa EBa, npodeccop kadeapsl NpoTHBOINOKApHON
3anuThl TexHnyeckoro ynusepcurera r. 3sosieH (Pecyonuka CrnoBakus);



KaHIUJAT TEXHUYECKUX HayK IIOJKOBHUK BHYyTpeHHedl ciyx0pl MHBanoB IOpuii
CepreeBu4, TMepBblii 3aMeCTUTEIb HaudalbHHMKa HayuHO-HCClleOBaTENbCKOrO HMHCTUTYTA
MOKapHOH 6e30MacHOCTH U MpobieM ype3BbIuaiiHbix cutyanuii (Pecrybnmka benapycs).

Cexperapb coBera:

Maiiop BHyTpeHHelH city>kObl bosioroBa IlosimHa AJieKcaHAPOBHA, PEIAKTOP PEAAKIIHOHHOTO
OTAEJIEHUS  pelakUUMoOHHOro otaena lLleHTpa  opraHu3anuMyM  Hay4YyHO-HCCIEIOBATENIbCKON
U PEIaKIIMOHHOMN JesITeIbHOCTH;

KaHauaatr TexHudeckux Hayk Harama Cy6oruy, npodeccop Breicmieit texHuueckoin
mkouibl HoBu Cap (Pecybnuka CepOust).

PepakuuonHas KoJjierus

IIpencenarens — Maiiop BHYTpeHHeW ciyxObl JImurpueBa Hpuna BiaamMmuposHa,
HAaYaJIbHUK  PENAKUMOHHOro  otrhena lleHTpa  opraHusanumu — Hay4HO-MCCIIEN0BATENbCKOU
U PENAKLIUOHHON EATEIBHOCTH.

YsieHbl peJaKIIHOHHON KOJLIeTHH:

KaHauaar neaarornueckux Hayk Kysbmuna TarbsiHa AHATOJIbeBHA, JOIEHT Kadeapbl
HaJ[30PHOM JIeITeIbHOCTH (OTBETCTBEHHBIH 3a BBIMTYCK);

Maiiop BHyTpeHHeW ciykObl MabpHunkmii Cepreit BaagumupoBuM4, IpernojaBaTelib
Kadenpbl HAA30PHOM NESATEIBHOCTH;

Maiiop BHyTpeHHe#l cimyxObl I'alinykeBuu AJiekcanap EBreHbeBu4, crapiivii HaydHBIN
COTPYIHHUK OT/€Ja MHHOBALMOHHBIX U HH(OPMALMOHHBIX TEXHOJOTMH B AIKCHEPTHU3E IOKAPOB
HayuHo-nccnenoBaresbckoro MHCTUTYTa IEPCHEKTHBHBIX MCCICJOBAaHUNM WM HMHHOBAIL[MOHHBIX
TEXHOJIOTHI B 001acTu 6€30MaCHOCTHU KU3HEACITEIbHOCTH;

KaHAMJAT TEXHUYECKUX HayK, AoueHT Ky3bMHMH AJiekcaHAp AJieKceeBHY, JIOLEHT
kadenper Mexanuku CaHkT-IleTepOyprckoro rocynapcTBEHHOTO TEXHOJOTHUECKOTO WHCTHUTYTA
(TEXHOJIOTUYECKOTO YHHUBEPCUTETA);

noktop TexHudyeckux Hayk Ilerpa TamoBuu, mpocdeccop Briciiel TeXHUYECKON MIKOJIBI
Hosu Can (Pecy6nmka CepOus);

JNOKTOp Hayk XBailoyHr Kum, noneHT otraena nokapHoil 0€30mMacHOCTH YHHBEpPCHTETa
Kronrun (Pecniy6ninka Kopes);

KaHauaat TexHudeckux Hayk Haspoukuit Ouier [{MuTpHeBHY, HA4YaJIbHUK OTAEINA
Hay4Ho-uccnenoBaTenbckoro MHCTUTYTa TMOXKapHOM 0€30MacHOCTH W TPOOJIeM UYpe3BBIYAHBIX
curyauuit (Pecniyonuka benapycs);

JIOKTOP FOPUJIMYECKUX HAyK, TOIEHT MOJKOBHMK BHYTPEHHEU ciy:kObl MeaBeneBa AHHa
AJlekcaHApPOBHA, HAYaTbHUK LIeHTpa Mex1yHapoIHON 1eATEIbHOCTH U MH(POPMAIIMOHHON TOIUTHKH;

KaHAMJIAT TEXHUUECKUX HayK, JOLEHT MOJIKOBHUK BHYTpeHHeH ciyx0bl beabmmna FOaus
HukonaeBHa, HauadbHUK Kadeapbl KPUMUHAIUCTUKY U MHKEHEPHO-TEXHUUECKUX IKCIIEPTH3.

Cekperapb KOJICTHH:

KaluTaH BHYTpeHHed ciyxOb1 MamenoBa Jlniauss HukosaeBHa, OTBETCTBEHHBIN
CEKpETaph PENAKUMOHHOIO OTACIECHUS PENaKUUMOHHOro oraena lLleHTpa opraHu3anuu Hay4HO-
HCCIIEIOBATEIBCKON U PEAAKIIMOHHOMN EATENbHOCTH.
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HAA3OPHASA JEATEJIBHOCTD

YK 614.841

AKTYAJBHBIE BOIIPOCHI PACCJIEJJOBAHUS ITIOKAPOB
C T'MBEJIBIO JIOJEN

S.M. Ky3neuosBa;

A.B. ®oMUH, KAaHAMAAT TEXHUYECKHUX HAYK, Ipodeccop,
3aCJ1y’KeHHbIN pa0OTHHUK BhIcLIel KO0JIbI Poccuiickoit @egepauuu.
Cankr-llerepOyprckuii yausepcurer I'TIC MUC Poccun

OmnpeneneHa HEOOXOIUMOCTh BBIPAOOTKM KOMIUIEKCHBIX IIOAXOJOB K pAaccleIOBaHUIO II0KapOB
C TUOEIIBIO JIFO/ICH, YUUTHIBAsI OCOOCHHOCTH HEOOXOIMMBIX HABBIKOB U 3HAHMI KaK JI03HABATeNICH HaI30PHBIX
opranoB MUC Poccuu, Tak U CHEIUATUCTOB-3KCIIEPTOB B OOJIACTH YCTAHOBJICHUS MPUYNH BOZHUKHOBEHUS
MOXKAapOB B CYILIECTBYIOLIMX YCIOBHMAX pPasBUTHS TOCyAapcTBa. B OCHOBE wW3ydeHHMs] NaHHOW TEMbl —
PE3YabTaThl aHAJIM3a HOPMATHBHLBIX IIPABOBBIX AKTOB, PCIIIaMCHTUPYIOIIUX ACATCIBHOCTH OOJIKHOCTHBIX
JUI] OPTaHOB J03HaHWS [ 0CyNapCTBEHHOUN MPOTHBOMOXKAPHON CIIYy>KOBI (perepalbHONW MPOTHBOTIOXKAPHON
CIIy>KOBbI, CTaTUCTUUECKUX AAHHBIX THOENH JI0Jeil Ha MmoXapaxX, OCHOBHBIE TPYIHOCTH, BO3HHUKAIOIIUE MPH
paccie0BaHUM TaKUX I10>KapoB.

Kniouegvie cnosa: yrojaoBHO-TIpoLECCyalbHasl NEATENbHOCTb, PACCIEIOBAaHME I0KapoB, TuOenb
JOAEH, SKCIEePTHl B 00J1aCTH YCTAaHOBJICHUS IPUYMHBI IT0XKapa, 001acTh 3HAaHUH, [TOKap

Jepununms «moxap» 3aKOHOJATENIbHO 3aKperyieHa PenepanbHbIM 3aKOHOM OT 21 nexalpst
1994 r. Ne 69-®3 «O mnoxapuoit OezomacHocTu» (B pea. or 22 pekabps 2020 r.) kax
HEKOHTPOJIMPYEMOE TOPEHUE, IPUUUHSIOLIEE MaTepUaAJIbHBIN yiepO 1100 Bpe. )KU3HU U 3/J0POBBIO
rpaxi1aH, HHTepecaM O0IIecTBa U TOCYIapCTBa.

Bo3HukHOBeHME TmOXapa, TaK WIM HWHade, SBISAETCA  CIEICTBUEM  MPOSBICHUS
4eJI0BeYeCKoro (pakropa, To ecTh pe3yibTara JeiicTBuil mbo Ge3aeicTBuil mosell, B TOM 4ducie
U JODKHOCTHBIX Jul. K mpuumHam M yclioBusIM, CHOCOOCTBYIOIIMM BO3HHUKHOBEHHIO IOXapa,
MOKHO OTHECTH HEIOCTAaTOYHbIE 3HAHUS B 00JACTH MOXKapHOW Oe30macHOCTH U 0E3011aCHOro
MOBEJICHUS KaK B MPOPECCHOHAIILHOMN, TaK U B MOBCETHEBHOM KU3HH [ 1].

BaxHocTh  coOmojieHusi  MpaBWJI  TOXKApHOM ~ OE30MacHOCTH  3aKperuieHa  Kak
3aKoHO/IaTenbCTBOM Poccuiickoit denepaliuu, Tak ¥ CaMOW KHU3HBIO (KOJMYECTBOM BO3HUKAIOIIUX
€XeIHEBHO MOoapoB). [lo TsHKeCcTM M HENMONMPaBUMOCTH IMOCHEACTBUI U YMCIY KEPTB MOXKaPHI
YCTYHNAIOT JIMIIb JOPOKHO-TPAHCIIOPTHBIM IPOUCIIECTBUSIM.

K npumepy, cormacHo maHHbIM ['0CaBTOMHCHEKIIMU MO COCTOsIHHMIO Ha Aekadbpp 2020 r.,
Ha TEPPUTOpUU ApxXaHTenbckod 007, mpomsonuio 1232 1opoKHO-TPAHCHOPTHBIX MPOUCIIECTBUS,
Ha KoTopsIx noru6iso 102 yenoseka, paneHo 1 592 yenoseka [2].

CornacHO JTaHHBIM YIPAaBJIEHUS HAA30PHOM NEATENbHOCTH U MPOPUIAKTHUYECKOH padOThI
I'maBHoro ympasienus MUC Poccun nmo Apxanrensckoit 06i1. B 2020 . mpousonuio 2 555 moxapos,
Ha KOTOpbIX MOru6 101 YenoBek, KOJIMYEeCTBO TPABMHUPOBAHHBIX Ha MOXkapax coctaBuiio 117 uenosek [3].

OTHOCUTENbHBIE CTAaTUCTUYECKUE JIAHHBIE O PACHPEEICHUU KOJIUYECTBAa II0KapOB
110 OCHOBHBIM MTPUYMHAM X BO3SHUKHOBEHHMSI MIPUBE/ICHBI HA PUCYHKE.

Haubounbiiee KOMUYECTBO TMOXKApOB 3apETUCTPUPOBAHO IO IMPHYMHE HEOCTOPOKHOTO
oOpareHus ¢ orueM — 55,54 %. OTMedaeTcsi pOCT KOTUYECTBA MOKAPOB IO MPUUNHAM:

— HapyIIeHUs PaBUII ycTpoiicTBa U dkciutyaranuu (HITYu3) TpancnopTHBIX CpeAcTs;

— HITYuD snekTpoobopymoBaHus.



Hanmzopnas aesirensHOCTD

Bonee penkumu npuyrHaAMU BOZHUKHOBEHUS MOKapa ObLIH:

— HapylIeHHWEe MPaBUJ TOXKAPHON OE30MacCHOCTH TMPHU HCIOIB30BAHUU MUPOTEXHUUYECKHUX
U3CTINI;

— HITYu3 razoBoro o0opynoBaHusi;

— HapymeHHe HpaBI/IJ'I 3KCHJIyaTaLII/II/I TCHHOFGHepI/IpyIOIlII/IX aneFaTOB U IIOIKOTI'U.

.
15,20%_/ ...
5.00% 55,54%
)
OHeocTopoOXHOE oGpalleHne C OrHem BHMYu3 TpaHCNOPTHLIX CPeacTB
OHMYn3 anekTpoobopyaoBaHuaA BHMYn3 neyen
BlMoaxoru Opyrve NnpUYnHbI

Puc. Pacnpenesienue KOJIM4ecTBA MOKAPOB 110 OCHOBHBIM MPUYMHAM MX BOZHHKHOBEHMSI
HA TEPPUTOPUH ApPXaHrejabcKoi 001. B 2020 r.

Ot 0o0uiero konuyecTBa NOrMOLIMX MPH MOKAPaAX:

— B pe3yJIbTaTe OTPABJICHUS TOKCHYHBIMHU MTPOYKTaMH rOpeHus norudiio 65 yen. — 64,36 %;

— OT BO3/ICHCTBUS BBICOKOM TeMrieparypsl — 22 yen. — 21,78 %;

— KOMOWHHUPOBAaHHOE OTpPABJICHHWE AJIKOTOJIEM W TOKCUYHBIMH TPOJYKTAaMH TOPEHHS —
1 yen. — 0,9 %.

— MIPUYMHY THOEIH JIF0IeH He yAaloch yCTaHOBUTH B 13 ciyuasix — 12,87 %.

Bonee 46 % mnoruOmux mpu moxkapax Jrojed HaXOIAWIUCh B COCTOSHUU aJKOTOJIBHOTO
OTIbSTHEHHS.

[lo nanHbIM oOHNAMH-KOHGepeHIMH, mpomenmed 15 suBaps 2021 r. npu ywactum
pykoBojactBa MUYC Poccun, uszBectHo, uro 3a 2020 T. 1O BCEM CTpaHE 3aperuCTPUPOBAHO
439 100 no>xapoB, Ha KOTOPBIX TOTKOI0 8 262 yen., TpaBMupoBano — 8 439 [4].

B coBpemennoii Poccun 6opbrba ¢ nmoskapamu, IpUUMHSAIOIMMEI KOJIOCCAIbHBIN Bpes )KU3HU
U 37I0pOBbIO JrOfIeH [5], ¢ KaXIbIM TOJOM CTAHOBMTCS BCE aKTyallbHee, dalle 3Ta Ipodiema
MOJTHUMAETCSl M OCBEIIAeTCs] B CPEACTBAaX MAacCOBOW WMHQpOpMaNWW, KHUTaX, GUiIbMax M JPYTHX
TBOpYECKMX TpoekTax. CkazaHHOE TOJYEPKUBAET BCIO OCTPOTY TEMbl KayeCTBEHHOTO
paccienoBaHus 1O JesiaM O ToXKapax.

IIpu paccnenoBaHuM TMOXKapoB € THUOENBIO JIOJEH HE BCerja OpraHamMH JO3HaHUS
YCTaHABJIMBAETCSI TOYHAs MPHUYMHA BO3HUKHOBEHUS IT0KapOB, HE BCETAA BBISBIISIOTCS BHHOBHBIC
JMIA, a TaKKe 3a4acTyl0 HE MPUHUMAIOTCS BCE MEphl MO BO3MEILICHUIO MaTepHajbHOIo yiiepoa,
MPUYMHEHHOTO MOKapOM.

PaccrnienoBanue Takux NMpecTyIJICHUHA OCIOXXKHEHO TE€M, YTO B MPOILECCe TOPEeHHUs, TICHU,
IPOJIMBKM U PAa300pKH MecTa Mo)Kapa YHHUYTOXKAIOTCS BCEBO3MOXKHBIE CIEbl IPECTYIUICHUS.
Oco0ble TPYAHOCTH BO3HMKAIOT MPU YCTAHOBIIEHUH OOCTOATENHCTB BOSHUKHOBEHHsS MOXKapa, €ro
pasBUTHS U, KaK CIEJICTBHE, ONPEAEICHUs NPUUUHBI ITokapa [6]. Mcxons nu3 BelenepeyrcIeHHbIX
0OCTOSITENILCTB, Y OPraHOB JIO3HAHUS BO3HUKAIOT TPYAHOCTH C YCTAHOBJIEHUEM IPU3HAKOB COCTaBa
IIPECTYIUIEHNUS, B 11€JI0M KBAIU(UKALUY IPECTYIUICHHH, @ TAK)KE BBIIBJICHUN BUHOBHBIX JIUII.
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OCHOBBI paccie0BaHusI TIOXKApOB B TEOPUH ObLIM 3aliokeHbl B Poccun B cepeanne XX B.
Bb.B. Meropckum [7]. OOmenpruHATHIH METOIUYECKHH MMOIX0/ K YCTAHOBJICHUIO MPUYUHBI TTOXKapa
HA4YMHAETCS C MPOU3BOACTBA OCMOTPAa MECTA IPOUCIIECTBHUS.

OcMmoTp MecTa mo)kapa — OJHO M3 CaMbIX Ba)KHBIX IPOLIECCYaNbHBIX JEHCTBUI MpH
paccieloBaHUU I0KapoB ¢ rudenpio mroaei [8]. PykoBoACTBysCh YTOJOBHO-IIPOLIECCYaIbHBIM
kozekcoM Poccwiickoii @enepanmu ot 18 nexabps 2001 r. Ne 174-D3 (B pex. ot 24 despans 2021 r.)
OCMOTp MECTa I0Kapa MPOU3BOJUTCS B LEISAX OOHApYXKEHMs CIEI0B MPECTYIJICHUS, BbIICHEHUS
IPYTUX OOCTOATEIBCTB, MUMEIOIUX 3HaueHHue. OCMOTp HEBO3MOXKHO 3aMEHHMTh WJIM HCKIIIOYUTh
MHBIM TPOIECCYyabHBIM JCUCTBHEM, TaK KaK NPH OCMOTPE IMPOUCXOAMUT MPOPEeCcCCHOHATBLHOE
uccienoBanue (PaKTUUIECKUX JaHHBIX, KOTOPOE HEBO3MOKHO MIPOU3BECTH UHBIM CIIOCOOOM.

B nacrosimiee Bpemsi pacciieioBaHHE MOXKApOB HY)KIAETCs B MOBBIICHUH KaueCcTBa paboThI
oprasna J03HaHusg. Bo MHOTOM THIaTeNbHOCTh TPOBOJAMMOIO OCMOTpA 3aBUCUT OT B3aUMOJICHCTBUS
MEXy J03HaBaTeleM U 3KcrneproM. lIpuBiedeHue crenuanucToB (IKCIEPTOB) K IPOU3BOJICTBY
OCMOTpa MecTa IMoXapa, B MOCIEAYIOUIEM MPOBOASIINX MOKAPHO-TEXHUYECKYIO AKCIEPTU3Y,
U3BSATHE BEIIECTBEHHBIX JIOKA3aTEIbCTB — B3aMMOCBS3aHHBIE (DAKTOPHI IS HWCTHHHOCTHU
YCTaHOBJICHUS MPUYMHBI BO3HUKHOBEHHUs Moxapa. [Ipu 3ToM 3akiroueHrne W BBIBOJBI IKCIEpTa
00 ouare mokapa ¥ MPUYMHAX BO3HUKHOBEHHUS IOKapa, KaK MPaBUJIO, OKA3bIBAIOT PEIIAOLIHE
BIIUSTHUE HA BECh XOJ] POBOJIMMOTO PACCIICIOBAHMSI.

AHanu3 MpaKkTUKU JIEATEIbHOCTH OPraHOB JIO3HAHUS U CYIE€OHO-IKCIIEPTHBIX YUPEKICHUM
CBUJCTEIBCTBYET, YTO BBUIY OTCYTCTBHUSI NMPAKTHUECKUX M TEOPETUYECKUX HABBIKOB JOBOJBHHO
4acTO HMEET MECTO HapylleHHE IpolLecCyajJbHbIX TpeOOBaHUI IpU BHIOOPE U HU3BATUU
BEIIECTBEHHBIX JI0KA3aTEJIbCTB, HEPEAKO HETPAMOTHO OMHUCHIBAIOTCS TEPMUUYECKUE MOBPEKICHUS
00BEKTa, HA KOTOPOM IPOH301IeN moxap [9].

[TpakTHKa MOKa3bIBAET, YTO UCCIIEIOBAHUS CIEIMATMCTOB (IKCIIEPTOB) IO JIelaM O MoKapax
HE Bcerja IOJHbBI U yOeOUTENbHbI, BBIBOJbI HE BCErJa JOCTaTOYHO apryMEHTHPOBAHBI,
a MO0 OCHOBHOMY BOMNPOCY OpraHa JO03HaHUS O MPUYHHE MOXKapa JKCHEPThl (HOPMYIUPYIOT
BEepOsSTHOCTHYIO TpuuuHy [10]. 3arem yxe mo3HaBaresb, OIEHUBAs COBOKYMHOCTh HMMEIOIIMXCS
JAHHBIX, MPUXOAUT K BBIBOJY O HAIWYUM JIMOO OTCYTCTBHU COCTaBa IMPECTYIUICHUS,
MIPEyCMOTPEHHOTO YTOJOBHBIM KoJlekcoM Poccuiickoit @eneparuu ot 13 utons 1996 r. Ne 63-03
(B pexn. ot 24 despans 2021 r.).

Takum o0Opazom, Al COBEPIIEHCTBOBAHMS PAcCieIOBaHUI MO JielaM O Io)Kapax, B TOM
qucie ¢ rulenbio Jojei, He00X0AUM J0CTaTOYHBIH YPOBEHB CHELHANIbHbIX, Y3KO HalpaBICHHBIX
3HAaHUW KakK AKCIEpTOB (AJI1 METOJMYECKOM MOMOIIM COTPYIHHMKaM OpraHoB ['ocymapcTBEHHOTrO
noxapHoro Haazopa (['TIH) ¥ TOYHOCTH BBICKAa3bIBAEMBIX BBIBOJOB O MPHYHMHE IOXKApa), TaKk
W JIO3HABaTeNeW (I YEeTKOCTH TulaHa ACHCTBUU MpU paccieOoBaHUHU, KA4eCTBEHHOTO OCMOTpa
MecTa Iokapa). YpOBeHb 3HaHMA  JOCTHraerca IyreM  OOydeHHus, caMoOpa3BUTHS,
CaMOOTBEPKEHHOCTHU U MPEJaHHOCTU COOCTBEHHOMY JIEITy.

[ToMuMO BBIIICHA3BaHHBIX AaCMEKTOB JIEATENIBHOCTH 110 PACKPBITHIO MPECTYIUIEHUH,
CBSI3aHHBIX C IOKapaMM, HEMaJOBA)KHOE 3HAYEHHE MMEET OLEHKA JIEeATEIbHOCTU TOJIKHOCTHBIX
1 HaazopHbX opraHoB MYUC Poccum mpu pacciieioBaHUM OOCTOATENBCTB MOXapa ¢ THOEINbio
JIIOJIEN.

B HacTosmee BpeMs OLIEHKa JEATENIBHOCTH TEPPUTOPUAIBHBIX HAI30pHBIX OpraHOB
MUC Poccun ocymectBisiercst Ha ocHoBanuu npukaza MUC Poccun ot 18 nexabpst 2017 1. Ne 576
«O0 yTBep)KIEHUHU IepeyHel IMokazaresiell pe3ylbTaTUBHOCTU U 3((EKTUBHOCTH AEATEIbHOCTH
Ha 30pHBIX opraHoB MUYUC Poccum», B KOTOpOM NpPHUBEACHBI IOKA3ATENH OLEHKH HAJI30pHOMN
JesaTeNbHOCTH 0e3 aKIeHTa Ha YroJOBHO-TIPOLECCYAIbHYIO JAeATeNbHOCTh. (OCHOBHAs LElb,
OTpaXEHHas B NPHUBEIEHHBIX IIOKa3aTelsiX — «BbIPAOOTKA €AMHOTO alNropuTMa JIeHCTBUM
IIPOBEPSIOLIUX MTPH NTPOBEIEHUY TIPOBEPKHU U OLIEHKHU ACSITEIbHOCTIY.

[Tonobnas MeToauKa JOKHA OTpa)kaTh, BHEIPSATh, OKa3bIBaTh IMOMOIIb M Ipejajararb
PEKOMEHIALNN TaKXKe JI03HABATESIM M PYKOBOJALIEMY COCTaBY IO 3aKOHHOMY, BCECTOPOHHEMY
U TIOJIHOMY, OOBbEKTUBHOMY Pacci€ZIOBAHUIO IPECTYIUIEHUH, CBA3aHHBIX C MOKapaMH, B TOM YHCIIE
c Tubenpio Jroed, a He OLEHMBATH IMOKAa3aTellb «KayeCTBO MOJArOTOBKM MAaTEpUAIOB MPOBEPKH
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no (akraM TMoxxapoB». be3 ompeneneHuss KpuUTEpueB IMOAOOHOTO «KA4yeCTBa» M PACKPBITUS
TEPMHUHOJIOTUHM, 10 KOTOPBIM IIPOMCXOIUT OLICHKA JCSATEIBHOCTH TEPPUTOPHAIBHBIX OpPraHOB
HAQ/I30PHOM JEATENbHOCTH W MpOopMIaKTUYeCKOil paboTel cyObekTa Poccuiickoit deneparuy,
HEBO3MOXXHO OOBEKTUBHO CBHJIETEIILCTBOBATH 00 YpPOBHE IOJATOTOBKM M YIYYIIEHUU PabOThI
JOJDKHOCTHBIX JIMII, BBISIBICHUHU IMPOOJIEMHBIX HANpaBICHUH JESITEIbHOCTH TPHU paccieOBaHUU
[10’KapoB, MOBJIEKIIUX I'MOeIb JIr0/eH, IPOBEJCHUN CaMOOLIEHKHU Ui YCTAHOBJIEHHUS COOCTBEHHBIX
pe3yibTaTOB M CaMOKOHTPOJIA, a TaKXKE HEBO3MOXHO JOCTHIKEHUE 3a1ad, KOTOpPbIE TOJIKHBI
pelaThes IPY BHICTABJICHUH OLICHKH EATENbHOCTH noapasaeneHuil opranos I'TIH.

MeTtoauka OIEHKH pe3yJbTaTUBHOCTH U 3(PPEKTUBHOCTH YTOJIOBHO-IIPOIECCYaTbHON
JESTeIbHOCTH Ha30pHbIX opranoB MUC Poccun nomkHa OCHOBBIBATHCS HA aHAIM3€ JOCTUTHYTBIX
pE3yJIbTaTOB, JIMYHOCTHBIX KAa4deCTB, AHAIU3€ JEHCTBYIOILEIO 3aKOHOJATENIbCTBA M HaIlpaBJIcHA
Ha IOBBILICHUE YPOBHS HCIOJIHEHUS IOJKHOCTHBIMU JIMLAMM OOS3aHHOCTEH IO pacciieZIOBaHUIO
[I0XAPOB, B TOM YHUCJIE C THOEIBIO JTIOIEH.
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TEOPUSA U IPAKTUKA CYJEBHOM
IKCHEPT3bI

VK 543.542 u 543.064

UJIEHTU®UKALMSA METOJOM I'A30KUIKOCTHOM
XPOMATOTI'PA®UU OPTAHUYECKNX OCTATKOB
JM3EJBHOI'O TOIJIMBA MO COJAEP)KAHUIO AJIKAHOB
HOPMAJILHOI'O U U30-CTPOEHMIA

JLLA. SlneHKo, KAHAUAAT XUMHYECKUX HAYK.
Cankr-Ilerepoyprckuii ynusepcurer I'TIC MYC Poccuu

[Tokazano, 4To HOJsl yCTAaHOBJICHHsI NPWUHAIJICKHOCTH OPTaHUYECKUX OCTATKOB K AHM3EIbHOMY
TOTUTMBY HEOOXOIMMO M AOCTATOYHO METOJOM Ta30KUAKOCTHOW XpoMaTorpaduu KUIKAX PO (MCXOTHBIX
KUJKOCTEH W/HMIM TEeKCAaHOBBIX OKCTPAKTOB) OOHAPYXHTh B OPraHUYECKHX OCTAaTKaX AalKaHBI
M30NpeHOUIHOr0 crpoeHus (2,6,10-TpuMeTHNICHTaIeKaH, TNpPUCTaH, (UTaH) 1O HAIWYUIO ITHUKOB
Ha XpoMaTorpaMMe ¢ JIMHEHHBbIMU MHAekcamu ynepxkuBanus (1630, 1680 u 1786, coorBercTBeHHO). s
OTIpEeIeTICHUsT MAapKHA JU3EIBHOTO TOIDIMBA METOAOM Ta30KHUAKOCTHOW Xpomarorpaduul >KHIKAX Tpod
HEOOXOJMMO TPOAaHATH3UPOBATh XPOMATOTPAMMY OCTaTKOB JH3EIFHOTO TOIUIMBA B  IIPOTpaMMe
Bcepoccuiickoit 37eKTpOHHON 0a3bl XpoMarorpauuecKux JaHHBIX IMOCPEIACTBOM IOJKOIa, YCTaHOBHUTH
CyMMapHO€e COJIep)KaHHie aTKaHOB HOPMAJILHOTO W M30IPEHOUIHOTO CTPOSHUH M pACCUUTATh BO CKOJIBKO pa3
coJiep)KaHNe HOPMAIIBHBIX alKaHOB IMPeo0iiafaeT HaJl COoAep KaHWEM aKaHOB W30MPEHOHMTHOTO CTPOCHUS.
[lpu BeIrOpanuu ausenbHOro TtomnuBa Ha 50-99 % npomcxoauT TmepepacrpelielieHHe COJepKaHus
HOpPMaJIbHBIX alIKaHOB M alIkaHOB M30-cTpoeHUs. CojepkaHue HOPMAJbHBIX aJKaHOB YMEHBIIAETCS W3-32
BEITOpaHUsl 0oJiee JIeTKHX aJKaHOB, a COACpPKaHHWE TSHKENBIX M HE JIETYYHX AaIKaHOB HW30MPEHOHIHOTO
CTPOCHUS 3HAYMTEIBHO BO3PACTAET W CTAHOBHUTCS CPAaBHUMBIM C COJIEPKAHHWEM allkaHOB HOPMAaJbHOTO
crpoenus. [lpu »ToM xapakTep UW3MEHEHUS COJCPKaHHS HOPMAJbHBIX AallKaHOB I10 CPaBHEHHIO
C COJiepXKaHUEM alKaHOB HM30-CTPOCHHS 3aBHUCHT TOJIBKO OT MapKH JU3EIHHOTO TOIDIMBA M CTEIEHU €ro
BBITOPAHUSI.

Kniouesvie crosa: MeToll Ta30)KUAKOCTHOM XpoMaTorpaguu KHIKUX TpoO0, alKkaHbl HOPMAaIbHOTO
Y U30-CTPOSHUH, HIICHTU(HUKAIIHS TU3eITHFHOTO TOILTUBA 110 M30IPEHOUIHBIM aJIKaHaM B €r0 COCTaBe, MapKH
TU3EBHOTO TOIUIMBA, KpUTepwil Mud(epeHIraniy IU3eIbHBIX TOIUIMB 110 MapkaM, JIIEeKTpOHHas 0a3a
XpoMaTorpapUecKiX JaHHBIX 110 CPEJICTBAM MOJKOTa

M3BecTHO, 4TO BO BceX (pakIUsx IU3EITBHOTO TOIUIMBA MAapKH <JICTHEE» COJEPIKHUTCS
B 2—6 pa3 (B 3aBUCHUMOCTH OT (hpakiuu) Oomblie mapaduHOB, YeM B TU3EILHOM TOILTUBE MapKu
(GMHEE» TOIUIUBO KaK II0 CyMMe, TaK W TI0 COACPKAHWIO OTICIBHBIX IMapaduHOB. UTOOBI
OTIPEACTUTh MAPKy MpEAsiaraeTcs Ha XpoMaTorpaMMax AMU3ENIbHOTO TOIUIMBA HAWTH MUKH TerTa-
1 OKTaJIeKaHa U OMPEIEITUTh UX MPOIEHTHOE coaepkanue [1].

B Meromanueckux ykazaHuwsx [2] mpesuiaraetcs Uisl YCTAaHOBIEHUS MapKH JIU3EIHHOTO
TOTUIMBA HCIOJIL30BATh COJIEPIKAHUE JISTKUX HOPMAJIBHBIX YTIIEBOJIOPOIOB.

Panee ObUTO TOKAa3aHO, YTO JJISl YCTAHOBJICHUS THIIA JIETKOBOCILIAMEHSIOMIEHCS YKHUIKOCTH
(JIBK) u roproueii sxunkoctu (I'K) meromom rasoxunxoctroit xpomarorpaduu (I7KX) B cmecn
HEU3BECTHOTO COCTaBa JIOCTATOYHO OOHAPYXKUTh KOMITOHEHTHI, NpPUHAJUICKAIINE aTKaHaM
Y apeHaMm, M OTNIPeeIINTh UX CyMMapHoe coaeprkanue [3].

B ycnoBusx pexuMa TpPOrpaMMHPOBAHMSI  TEMIIEPATYphl KOJIOHKH TPU  BBOJE
B DJIEKTPOHHYIO 0a3y maHubIX (DB/]) Hcmoap3yroTes TMHEHHBIC HHACKCH YACPKUBAHUS:



Teopus u mpakTHKa CyAeOHOM IKCIIEPTH3HI

tr - RO
tR (1) - TR ()

1; = 100

,
rne |; — wuHIEKC yAep)KHMBaHUS, HHTepecyromiero muka; tgr (I) — Bpems yaepKUBaHHS
unrepecyoero nuka; tr (N), tr (N+1) — BpemeHa yaep)kuBaHus TUKOB aJKaHOB C YHCIOM aTOMOB
yraepoga N u (N+1), BBIXOIAMIKX 10 U TTOCJIE 1 MHKA.

B ypaBHeHuM pacuera JMHEHMHOro HHJIEKCa YAEPKMBAHUS HHTEPECYIOUIETrO0 IHKAa HET
HEOOXO/MMOCTH BHOCUTH B 3HAa4€HHWE BPEMEHH YACPKMBAHHS TIOMPABKY Ha MEpPTBOE BpEMS.
JIOCTaTOYHO MCHOIb30BATH A0COIOTHOE BpeMs YAECP)KUBAHUS HHTEPECYIOLIEro Nuka [4].

Heo06xoauMo OTMETHTBH, YTO MpH OOpabOTKE XPOMATOTPaMM CIENyeT YYUTHIBATh Jpeid
0a30BOil JIMHUM Ha XpoMmaTorpamme. Pa3meTky NMUKOB Ha XpoMmarorpamMMax AM3eJbHBIX TOIUIMB
nepes uX MHTETPUPOBAHUEM HaJl0 MPOBOJUTH CTPOTO MO 0a30BOM JMHUM, YUUTHIBAS €€ CMELICHHUE
C POCTOM TeMIIepaTyphl KOJIOHKH IPU Pa3/IeICHUH CMECH Ha KOMIIOHEHTSHI [5].

WHaekchl MCKOMBIX BEILECTB, HAallPUMEpP apeHOB M H30-aJIKAHOB, SIBJSIFOTCS CIIPABOYHOM
uHpopManuel a1 KOHKPETHOM JKuAKON cTanmoHapHoi ¢as3sl Mmapku ZB-50. 3HaueHHs] MHIEKCOB
QJIKAHOB SIBIIIIOTCS. HEM3MEHHBIMH JUIS JIFOOBIX CTallMOHAPHBIX (a3 M 3aBHCAT TOJBKO OT YHUCIIA
aTOMOB yrjepoja B Mojiekyie ajkaHa. [Ipu 3ToM HHM yciioBHUs XpomaTtorpagupoBaHus (JaBieHHUE,
IpUpO/a Ta3a-HOCUTENs, TEMIlepaTypa KOJIOHKM), HM TE€OMETPUYECKHE IMapaMeTpbl KOJIOHKU
Ha UX 3HAYCHMS HE BIIUSAIOT.

Ananu3 xpomatorpamMmbl cmecu JIBXX u K Hen3BecTHOro cocraBa BO3MOKEH € ITOMOIIBIO
JIEKTPOHHOM 0a3bl Xpomarorpauyeckux JaHHbIX IIOCPEACTBOM mojxora. Jlius 3Ttoro
B DB/ HeoOXoaMMO BBECTH [aHHBIE O XpOMAaTOTpaMMe B BHJE COBOKYITHOCTH Map TOYEK,
COCTOSIIINX U3 MH/ICKCOB U IUIOIIA/ICi Ka)0ro WACHTU(HUIIMPOBAHHOIO Ha XpoMaTorpamme mnuka [6].

s cyMMupoBaHus IUIOIIAJEH MUKOB, OTHOCSIIMXCS K OJHOMY KJIACCy YIJIEBOAOPOJIOB,
B IIpOrpaMMHYy10 060s10uky OB/l cpecTB moaxkora BBe/IeH JTOMOJIHUTENbHBIN 010K [7].

[To pe3ynpTaTaMm, MHOJYyYEHHBIM NP aHAIU3€ XPOMATOTPaMMbl HEM3BECTHOTO COCTaBa
B OB/l, nmpeobnanaroiiee KOJIUUYECTBO APEHOB B aHATM3UPYEMOM COCTaBE CBUAETENBCTBYET O €ro
MPUHAUIEKHOCTH K Hedrempoaykram OeH3MHOBOM (pakuuu HedTH, a mpeodianaroniee
KOJINYECTBO AJKAHOB — K HE(PTEMPOLYKTaM CPEAHETUCTUIUIATHBIX (ppakiuii HedTH (KepoCMHAM WIIH
Iu3elbHBIM TomuBaM). [Ipu »TOM 3ajaya yYCTAaHOBUTH MapKy JAM3EJIBHOTO TOILJIMBA paHEe
HE cTaBujach [8].

beun npoananusupoBansl ¢ nomouibio ObJ] mocpencTBoM mojkora Bce XpomMaTOrpaMMBI
JU3ENIbHBIX TOIUIMB, MOJy4YeHHble B denepanbHbIX TOCYAapCTBEHHBIX OIODKETHBIX YUPEkKIAECHUSIX
CyneOGHOo-3KCIIEPTHBIX YUPEXACHUIX (eaepaabHOW NMPOTHUBOIOKAPHOU CiykObl McnbiTaTenbHBIX
noxapHbix Jaboparopusix (OPI'BY CDY OIIC UILI) pasHbix pernoHOB Poccuu, YTO MO3BOIHIO
BBISIBUTBH XapaKTEpHbIE 0COOEHHOCTH Il KayKJJ0M MapKu JU3EJIbHOTO TOIUIMBA.

B Tabn. 1-3 npuBeneH yriaeBOAOPOAHBIM COCTaB JU3EIBHOTO TOIUIMBA MApKH «JIETHEE»
Pa3HbIX IPOU3BOJUTENEH 10 U MOCIIE TEPMUUECKOTO BO3ACHCTBHS.

Kak BuaHO u3 Tabs. 1, y OONBIIMHCTBA NMPOU3BOJUTENCH B JAMU3EIbHBIX TOIJIMBAX MapKU
«JIeTHee»  HaOJIo/aeTcsi  CXOIHOE  COJEp)KaHUE  AJIKAaHOB  HM3OMPEHOMJIHOTO  CTPOEHUS
(2,6,10-TpumMeTHIITIEHTaIcKaHA, TIPUCTaHA U (PUTaHA).

[Tpu sToM cymMa Iulomiaj e MUKOB AJKaHOB M30-CTPOEHUS, TOJy4YeHHas B pe3yjbTare
aHajM3a XpomarorpaMmel B mporpamMe DB/l mocpeacTtBom mojpkora, KoneOsieTcst B MHTepBaie
ot 11 % (HK «Pocued1b-Kybdausuedrenpoayk») 1o 17 % (HK « TAUD», OAO «HuxuaekaMckuii
HII3»).

W3 Tabn. 1 Takxke ciemyer, 4To Uil AM3ENbHBIX TOIUIMB MAapKU <«JIETHHE» Yy pPa3HBIX
pou3BOAUTENEH HaOII01aeTCs 3HAUYMTENbHBIH Pa30poc OTHOIIEHHUS] CyMM IUIONIAIel MUKOB BCEX
UIACHTU(QUIMPOBAHHBIX AJIKAHOB K IUIOHIA/SIM NMUKOB BceX apeHoB. CoJepkaHUe BCeX aJKaHOB
NIPEBBIILIACT COJIEP)KAHHE BCEX apeHOB M KOJEOJeTCs B 3aBUCHUMOCTH OT IPOU3BOAMTEINS
or 4 (HK «TAU®», OAO «Hwmxuekamckuii HII3», OAO XonmuHroBas KOMITaHHS
«Tarneprenponykr», HK «Tataedpts», OAO «Cpenne-Bomxkckuii TpaHcHeQTEPOLYKT)

10
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1o 17 paz (OOO «Kunedy). [losTomy naHHOE OTHOIIIEHUE HEIEIECO0OPa3HO BEIOMPATh B KAUeCTBE
KpUTEpHUS IIPU ONPEIEICHUN MapKH IU3eJIbHOTO TOIUINBA.

B TO ke BpeMsi OTHOIIEHHE CyMM IUIOIIAJIed MHUKOB aJIKAHOB HOPMAJIBHOI'O CTPOCHUS
K CyMMe IUIOIaJie THKOB aJKaHOB M30-CTPOCHUS JJisi OOJBIIMHCTBA MPOU3BOAMUTEICH
BOCIIPOM3BOAUTCS U uMeeT JocratouyHo y3kuid wuHrepBan ot 4 (HK «TAU®», OAO
«Hwxnekamckuit  HII3», OAO XonmunroBas kommanusi «TartHedrenpoaykt») mo 7,5 en.
(HK «PocHedTh-KybanbHehTEIpOIyKT»).

[ToaToMy B KauecTBE OCHOBHOrO KpuTepus npu auddepeHiranuu AU3eIbHOTO TOIUIMBA
0 MapKaM OBLIIO BEIOpaHO M3MEHEHUE COJIEPKaHUs AIKAHOB HOPMAJILHOTO U U30-CTPOCHHIA.

Ta6Jmua 1. Couepmanne APC€HOB, AJIKAHOB HOPMAJILHOI'0 U H30IIPCHOUTHOI'O CTpOCHI/Iﬁ
(I/I303JIK3HOB) B JU3CJ/IBHBIX TOIVIMBAX MAPKH «JICTHEE» PAa3HbIX HpOHSBOIIHTeJIeﬁ

OTHoIIeHHE CyMM
HM3EILHOE TOMIHBO Conepxanue, % TUIOMIAICH MTMKOB Pa3HBIX TPYIIIT
MapKH <«JICTHEE», VITIeBOTOPOJIOR, €L,
MPOU3BOUTE
apeHbl | allkaHbl | M30AJIKAHBI | aJKaHbI/apeHbI [aJIKaHbBI/M30aIKaHBI
HK «TAU®D»,
OAO «HmwxHekamckuii 12 71 17 6,0 4,0
HII3»
OAO Xonguarosas
KOMITaHUS 17 67 16 4.0 4.0
«Tar-aedrempoaykT»
HK «TarredTs»,
OAO «Cpenne-Bomxckuit 16 68 16 4,0 4,0
TpaHcHeDTENPOIYKT
000 «CubuedTh. 10 74 16 7,0 4,6
00O «Jlykoiin Bosnra- 12 79 16 6.0 45
HEPTEPOILYKT»
HK «PocuedTb»,
OAO «CnaBHedTh- 5 80 15 16,0 5,0
STHOC»
HK «I"aznpomuedTH» 13 73 14 6,0 5,0
000 «Kuned» 5 83 12 17,0 7,0
HK «PocuedTs- 7 82 11 12.0 75
Kyb6anbHedrenpomykT»

B 1abin. 2 00beinHeHbl pe3ynbTaThl aHAJIN3a XPOMATOrPaMM JIU3€JIbHOTO TOILIMBA JIETHETOY,
nozasepruyroro Ha 50 % TepMHUECKOMY BO3JEHCTBUIO, IPOAHAIM3UPOBaHHBIE B mporpamme OBbJ[
XpomaTorpauueckrx JJaHHBIX TOCPEACTBOM MOJKOTa.

Tabmuna 2. Coaep:kaHue apeHOB, AJIKAHOB U N30MPEHOUTHBIX AJIKAHOB B IU3€JbHOM TOILIMBE MapPKH
«JIeTHee» Pa3HbIX MPOM3BOAUTE/Iel MOCc/Ie TEPMUYECKOro BeIropanus a0 50 %

OTHOLIEHNE CYyMM
IJIOIIAJEH TMKOB
Ju3ensHoe TOMIMBO Conepare, % Juic:hit
MapKH «JIeTHee», QJIKaHOB Pa3HOTO
MIPOU3BOIUTENb CTpOCHHUS, €.
apeHsl aNKaHbl | W30aJKaHBI | aJKaHBI/M30aIKaHbI
OAO «CnaBuedTs-AHOC) 2 73 25 3,0
OAO «HK Pocuedth
¢ 1 81 20 4,0
KyprauuaedrenpomaykT»
[IponsBoauTens He ykazaH 8 70 22 3,0
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W3 Tabn. 2 BUOHO, YTO YAaCTUYHOE BBITOPAHHE AM3EIBHOTO TOIUIMBA MAapKH <JICTHEE)
10 50 % u, COOTBETCTBEHHO, YaCTUYHOE €ro HCHapeHU€ MPUBOJUT K MU3MEHECHHIO OTHOIICHUS
IJIOMae BCEX TMHMKOB aJKaHOB HOPMAJIbHOTO CTPOCHMS K IUIOMIAJIAM TIMKOB AaJIKaHOB
W30IPEHOUHOTO CTPOCHHUS, BEIOpaHHOTO st AudPepeHnaniy Tu3eIpHOr0 TOITNBA 110 MapKaM.
ConeprxkaHue alkaHOB HOPMAJILHOT'O CTPOCHHS MTOCJIE YaCTUYHOTO BBHITOPAHMSI AU3EIBHOTO TOTUIMBA
MapKH «JICTHEE» CTAaHOBHTCS JIMIIb B 3—4 pa3a OoJblle, 4YeM ajIkaHOB M30MPEHOMIHOTO CTPOCHUS
110 CPAaBHEHUIO C UCXOJIHBIM JU3EIbHBIM TOILTUBOM aHAJIOTHYHOM MApPKH.

Kak BumHO u3 Tabm. 3, BBITOpaHHWE OU3EIBHOIO TOIUIMBA Mapku «ieTHee» 10 99 %
COMPOBOXKIACTCS TAIbHEUIIIMM YMEHBIIICHUEM OTHOIIICHUSI KOJIMYECTBA BCEX aJIKaHOB HOPMAJIBHOTO
CTPOEHMSI K aJIkaHaM U30-CTPOEHMS U HaXOauTCsl B MHTepBae ot 1,4 no 1,7 en.

Tabmuna 3. ComepkaHue apeHOB, AJTKAHOB H H30IPEHOMIHBIX AJKAHOB
B IN3€eJIbHOM TOILUIMBE MAaPKH «JIETHEe» Pa3HBIX MPOU3BOIUTENEH Mocie ero Beiropanus 10 99 %

OTHoOLIEHNE CYyMM
IUIOIIAIEN TUKOB
Jr3enpHOe TOTUIMBO Conepanue, % an
MapKU «JIETHEEY, AJIKaHOB pa3HOI'o
MIPOU3BOJMTENb CTpOCHHUS, €]l
apeHbl | aJKaHbl | W30aJKaHbBI AJIKaHbl/U30aJIKaHBI
000 «Jlykoitn-
1 58 41 1,4
BonranedrenpomykT
HK «["aznpomHedTh» 10 57 33 1,7
[TpousBoauTENb HE YKa3aH 3 58 39 1,5

Takum 00pazoMm, JJIsI UCXOJHBIX, HE MOJIBEPTHYTHIX TEPMUYECKOMY BO3JICHCTBUIO JU3EIBHBIX
TOIUIMB MApKH «JIETHEE» OTHOUICHHE CYMM IUIOIIA/ICH BCEX MUKOB aJIKAHOB HOPMAJIBHOTO CTPOCHUS
K CyMMe ILIONIaiel BceX MMKOB N30aJIKaHOB HAXOAUTCS B Tuana3zoHe ot 4 a0 7,5.

[Tocne Bbiropanuss 10 50 % wWiIM YaCTUYHOTO MCIAPEHUS JAM3EIbHBIX TOIJIMB MAapKH
«IETHEe» y Pa3HbIX IMPOW3BOAMTENICH WHTEPBAJI OTHOIICHUS CYMM IUIOIIAJEH MUKOB AIKAHOB
HOPMAJIBHOTO CTPOEHHUS K CyMMe IIJIOIIaiel BceX NMUKOB U30aJIKaHOB YMEHbIIAeTCsl U paBeH 3—4 efl.
[0 CPaBHEHMIO C HHTEPBAJIOM JJS JHU3EJIbHBIX TOIUIMB MapKHU <«JIETHEe» 10 TEeMIepaTypHOIo
BO3ACHCTBUS. TOJBKO TOCIE JIUTEIHHOTO BBHITOPAHUS U3ENBHOTO TOIUIMBA MAapKH <JIETHEE»
(crenensb BbIrOpanus 99 %) B e€ro cocraBe MNPOUCXOIUT 3HAUYUTEIBHOE TEpepacIpeiesieHne
COJIep KaHus IPYII aIKaHOB Pa3HOrO CTPOCHMS, @ UMEHHO AJIKAHOB HOPMAJIBHOTO U U30-CTPOEHUM.
[Ipu BeIrOpaHuM IU3ENBHOIO TOIUIMBA 710 99 % B BBITOPEBIIMX OCTAaTKax IU3EIbHOIO TOIUIMBA
MapKH <«JIETHEEe» COJIEp)KAaHWE aJKaHOB HOPMAJIBHOTO CTPOCHHUS CTAaHOBUTCS MPAKTHYECKH
CPaBHUMO C COJIep’KaHUEM AJIKaHOB U30MIPEHOMIHOTO CTPOCHHSI.

B Tabn. 4-5 mpuBeneH cocTaB JU3ENbHBIX TOIJIMB MAapKu <GHMHEE» [0 M Iocie
TEPMUYECKOTO BO3JIECHCTBHS HAa HUX, PACCUMTAHHBIM M3 XPOMATOI'PaMM C MOMOIIBIO MPOTPAMMEI
OB/l nocpeacTBOM MojpKora.

Tabmmima 4. Coaep:kaHue apeHoOB, AJTKAHOB U M30NMPEHOUTHBIX AJTKAHOB
B IN3eJbHBIX TOILIMBAX MAPKH «3UMHEE» Pa3HBIX MPOU3BOANTEIei

OTHouleHne CyMM
JIn3enpHOe TOTIIINBO Conepxanue, % IUIOIIAICH TTHKOB
MapKH «3UMHEE», aJIKaHOB Pa3HOr0
MIPOU3BOMUTEIb CTPOCHUSI, e]I.
apeHbl | ajKaHbl | W30-aJKaHbl | aJKaHbI/M30aJIKaAHBI
HK «TAU®D»,
OAO Hwmxnuexamckuit HIT3 20 4 6 12
000 «kKUHE®» 11 82 8 10
«bammedTs-YHII3» 22 71 7 10
OAQO HK «Pocuedts-AHID» 11 80 9 9
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W3 Tabn. 4 BUAHO, YTO COAEpKAHHME AIKAHOB M3OMPEHOUJHOIO CTPOCHHUS B JU3EIbHBIX
TOTUIMBAX MapKU <«3UMHEE» 3HAUUTEIBHO OTIMYACTCS OT UX COJCPKAHUS B JU3EIHHBIX TOILIMBAX
MapKu <«IeTHHE» W y pa3HbIX mnpousBoaurtenceii konedmercs or 6 % (HK «TAUODy,
OAO Hwxnuekamckuii HII3) nmo 9,0 % (OAO HK «Pocuedrts-AHII»). Ilpu 3TOM OTHOIIEHHE
ionaied BceX MUKOB ajJKaHOB HOPMAJIBHOTO CTPOEHUS K CyMME IUIOIIAJeHi MUKOB alKaHOB
n30-crpoeHus Haxoautes B uatepBaie ot 9 en. (OAO HK «Pocuedts-SAHII») no 12 en. (HK «TAU Dy,
OAO Hwuxuexamckuii HIT3).

[Tocne IMTENHHOTO BBITOPAHHS OU3EIBLHOTO TOIUIMBA MapKH <GHMHEE» (CTeleHb
BbIropanusd 99 %) B ero cocraBe Tak K€, KaK U B CIy4yae AM3EIbHOIO TOIUIMBA MAPKU (JIETHEEY,
MIPOUCXOJUT TepepaclpeiefieHue COoJepKaHusl TPYNI aJKaHOB Pa3HOr0 CTPOCHHUA. 3a CHeT
KOHIEHTPUPOBAHUS TSKEIbIX U HEJETYyYUX aJIKaHOB HM3OMPEHOUIHOIO CTPOCHHS UX COACpKAHHE
B COCTaBE JM3EJILHOTO TOIUIMBA 3HAUUTENBHO Bo3pacTaeT. M3-3a Beiropanus 0osiee JerKux aaKaHOB
HOPMAJIBHOTO CTPOCHHSI COJIEPKaHNE aTKaHOB HOPMAIILHOTO CTPOSHUS 3HAUYUTEIBHO YMEHBIIIACTCS
(tabn. 5). Ilpm sTOM MHTEpBaJl OTHOIIECHUS CYMMBbI IUIOIIAJEH MHUKOB HOPMAJIbHBIX AaJIKAHOB,
COXPAHUBILUXCS TIOCJIE BBITOPAHUS JU3EIBHOTO TOIUIMBA MapKu <«3uMHee» 10 99 % k cymme
wionaed MHKOB H30MPEHOUTHOTO CTPOCHHUS YMEHbBINAETCS Ha TMOPAJOK 10 CpPaBHEHUIO
C UCXOJIHBIM JIM3€NbHBIM TOILIMBOM 3TOM ke Mapku u pasHo 0,5-1,0.

Tabmuua 5. Coagep:kaHue apeHOB, AJKAHOB U N30NPEHOU/THBIX AJTKAHOB B IU3€JIbHOM TOILIMBE
MAapKH «3MMHee» Pa3HbIX MPOU3BOAUTEJICH MOce TEPMUIECKOTro BhIropaHusi 10 99 %

OTHOILLIEHHE CYMM
TJTOIIAJICH TUKOB
JIn3eIbHOE TOILIINBO Conepiante, % asj
MapKH «3UMHEEY, aJIKaHOB Pa3HOTO
MIPOU3BOIUTEIb CTpOCHWUS, eI
apeHbl | ajgKaHbl | W30aJKaHbl | aJKAHBI/U30aTKAHBI
000 «Jlykoiin-
Y 1 34 65 05
YxraHedrenepepaboTKa»
HK «Cypryraedreras»,
ypryrieg 1 43 56 0,8
000 «Kuned»
HK «I"azpomuedTH» 1 50 49 1,0

B Tabn. 6-10 mpuBeneH yrieBoAOPOJHBIH COCTaB JM3EIbHBIX TOIUIMB Kjacca «ODKTO»
n «EBpo» pa3HBIX NMPOU3BOAMTEINIEH 10 U IIOCIIE TEPMUYECKOrO BO3JIEHCTBUSA HA JU3EIbHBIE TOILUIMBA.
Heo6xoauMo OTMETHTBH, YTO MapKHpOBKa AM3EIbHBIX TOIUIMB KiaccoB «EBpo» um «Okrto» (KS)
TaKKe TOAPA3JAEIsIeTCs B COOTBETCTBUM C (PU3MKO-XMMUYECKMMHU CBOMCTBAMH, 3KCIUTyaTallMOHHBIMU
XapaKTepUCTHUKaMU M YCIIOBUSMU NpHUMEHEHHs TomnuBa Ha «ietHee» (JI), «3umuee» (3)
u «apktudeckoe» (A) [9].

B Tabn. 6 mpuBeneHBI COCTaBBI JU3EIBHBIX TOIUIMB Mapku «ieTHee» kimacca K5 (ATJI-KS),
IIOJIyYEHHBIE B PE3YJIbTATE aHAJIN3a XpoMaTorpaMMm B rporpamMme Db/ nocpeacTBoM noxora.

B cocraBax amzenpHbix TommB Mapku JTJI-KS copepxaHue BceX NHKOB ajKaHOB
HOpMalibHOTO cTpoeHus B 4,0—7,5 pa3 Oojblle, 4eM CoJepkKaHHUE BCEX alKaHOB M30IPEHOMIHOTO
CTPOEHMSI, KaK ¥ XapaKTepHO ISl OOBIYHBIX IU3EIbHBIX TOIUIMB MapKH «ieTHue» (Tadi. 1).

B mm3enpHBIX TorumBax mMapku <«3uMHHE» kiacca K5 ([T3-KS5) conepikanne HOpMambHBIX
QJKaHOB B 3aBHCHUMOCTH OT MPOU3BoauTeNeH B 9—12 pa3 Oomblie, 4eM aJKaHOB HW30MPEHOUIHOTO
crpoeHus (Tabia. 7). AHaNOTHYHBIA MHTEpBaJ OTHOIIEHUS CyMM IUIOLIa/iel BCEX MUKOB AIKaHOB
HOPMaJIbHOIO CTPOECHMSI K CyMME IUIOLIaJed NHMKOB aJIKAaHOB W30NPEHOUJHOIO CTPOEHUs
Hab0AaeTcsl U B OOBIYHOM JIM3€TIbHOM TOIUIMBE MApPKU «3UMHEe» (Tabi. 4).
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Tabmuma 6. Couepmalme APEHOB, AJIKAHOB U U30IIPCHOUIHBIX AaJIKAHOB B IU3€/JIbHBIX TOIIJINBAX

MapKH «JI€THEE», KJI1aCCOB «EBpO» H «IKTO» PAa3HbIX nponmozmTeﬂeﬁ

OTHoOLIEHNE CyMM
[uzenbHoE TOIIMBO MapKU Conemano. % [Tomazne MIKoB
«J];CTHGC» Knaaccms p ) ATTKAHOB PA3HOTO
«EBpo» u «DKTOY, CTpOeHuS, eI,
MIPOU3BOAUTEIH
apeHsl AJIKaHBI M30aJIKaHbI aJKaHBI/U30aTKaHbBI
HK «Pocuedtb»,
3A0 «PHIIK» 4 83 14 6,0
HK «JIyxoiim» 5 75 20 4.0
OAO «CnaBuedTh-AHOCH 9 80 11 7,0
JINIAC «CranpHOM KoHBY 19 71 10 7,0
OAO HK «PocuedTs-
Ky6ans Hedrenpoaykr» 6 83 - 7S
000 «I"aznpomuedTHIO 8 76 16 4,7
000 «Jlykoitn-FOruedre 8 81 11 70
TIPOTYKT»
000 «Y pumuedTH 8 79 13 6,0
[IpousBoauTens HE yKa3aH 9 79 12 6,6

Tabnuma 7. Coaep:kanue apeHoOB, AJIKAHOB M H30NPEHOUIHBIX AJTKAHOB

B TU3CJIBHBIX TOIUIMBAX MApPKH «SUMHEE», KJIIaCCOB «EBpO» H «IKTO» PAa3HbIX HpOHSBO}IHTeJIeﬁ

OTHOIIICHHE CYMM
JuzenbHoe TOIUIMBO MapKU MJIOAEH TTHKOB
«3HUMHEEY, Conepxanue, % JIKAHOB PAa3HOTro
KiaccoB «EBpo» U «DKTO», CTPOEHHUS, €]1
IIPOU3BOJUTEIIb , .
apeHbl | AJKaHbl | W30AJKaHBl | AaJKaHbI/M30aJKaHBI
OAO «Caparockwii HIT3» 14 78 8 10,0
000 «JIYKOUJI-Boara 6 36 8 11,0
He(PTENPOAYKT»
STHOC «CnaBaedTh» 12 79 9 9,0
000 Jlykoin-Yxrtanedte 6 86 7 12,0
nepepaboTKa»
00O «I"a33HEpro ceth 14 78 8 10,0
pO3HULIA»
00O «ITK», HoBropoackuit 19 72 9 9,0
bunmnan

[Toce TemmepaTypHOTO BO3/IEHCTBHSI Ha JU3EIbHBIC TOTUIMBA MAPOK <JIETHEE» U «3UMHEE)
knacca K-5 (JATJI-KS u [IT3-K5) 3akoHOMepHOCTH H3MEHEHUS COJIEpKaHus aTKaHOB HOPMaJIbHOTO
U HW30-CTPOCHUN aHAJOTMYHBIE, YTO W JUIsI OOBIYHBIX JU3EJIPHBIX TOIUTHMB OJMHAKOBBIX MapoOK
(tabn. 8-10 u 2, 3, 5, COOTBETCTBEHHO).
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Tabnuna 8. Conepkanue apeHOB, aJTKAHOB M M30NMPEHONIHBIX AJKAHOB B IN3€JIbHOM TONJIHBE
MapKH «JIeTHee», Kiacca «EBpo» pa3HbIX mpou3BoauTe el Mocjie TepMUYECKOro Beiropanus a0 50 %

OTHoOLIEHNE CYyMM
Jln3enpHOE TOIIIHBO, Conepixanue, % :jﬁ::;fgggg?g
MPOU3BOAMTEND CTpOeHHUS, eI,
apeHbl | amKaHbl | W30aJKaHBl | AJKAaHBI/M30aJIKAHBI
3A0 «Psaszanckas HITK» 2 73 25 3,0
IIpoussonurens 8 66 26 25
HE yKa3aH
JATJI-K5, 000 «HTK»,V 14 68 18 4.0
¢unman «HoBropoackuii»
HATIJI-KS, «Neste Oil 5 73 29 3.0
Cankr-IletepOypr»
ATIJI-KS,
000 «Y pumaedTH 2 72 36 2,0
ATIJI-KS,
000 «I'azmpomuedTH- 2 76 38 3,0
Or»
HTIJI-KS, OO0 «Jlykoiin- 2 71 27 26
HOruedrenpoaykr»
ATIJI-KS, OAO HK
«PocuedTh-KyOann 2 78 20 4,0
Hedrenpomykm
HATIJI-KS, OO0 «Jlykoiin- 3 7 26 2.7
HOruedrenpomyxT»
ATIIKS, 1 67 32 2.0
ITpousBoaMTEINb HE YKa3aH
OAO «CnaBaed@TpAHOCY 2 68 30 2,3

Tabnuua 9. CogepkaHue apEHOB, AJIKAHOB U H30IIPEHOMIHBIX AJKAHOB B JU3€JIbHOM TOILINBE
MapKH «JIeTHee», kKiacca « EBpo» pa3HbIX mpou3BoauTe el MOCIe TEPMHUYECKOT0 BhIropaHus 10 99 %

OTHolIeHnEe CyMM

IUIOLIAAEi TNKOB

aJIKaHOB Pa3HOrO
CTPOEHHS, €11,

Ju3ensHOE TOILINBO, Conepxanue, %
MIPOU3BOIUTEND

apeHbl | aJKaHbl | W30AJKaHBI | AKAHbBI/M30aJKAHBI
3A0 «Psa3anckas HITK», 2 61 37 1,6
ALLKS, 1 57 42 15
MIPOM3BOJINTENb HE YKa3aH
ATIJI-K5, OO0 «HTK»,U 5 62 36 1.7
¢uman «HoBropoackuii»
JTIJI-K5, «Neste Oil Cankr- 1 59 40 15
[TetepOypr»
ATJI-KS5, OAO «HKPocHedTs- 5 63 35 1.8
KybanpHedrenpoaykm»
HATIJI-K5, OO0 «Jlykoitn- 3 61 36 17
IOraedTenpoaykT»
ATIJI-KS, OO0 «Jlykoitn- 1 61 38 16
Oruedrenpoayk»

[Tpu BeIrOpaHuy AU3EILHOTO TOIIHMBA «ieTHero» Ha 50 % — 99 % kmacca K-5 B ero cocrase
TaK ke, KaK ¥ B OOBIYHBIX JU3EIbHBIX TOIUIMBAX MAPKH «JICTHEE» MPOUCXOIUT MEPEpacpeieicHIe
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CoJiepKaHUsl AJKaHOB HOPMAIbHOTO M M30-CTpoeHUW. C yBEIWYEHUEM CTENEHU BBITOPAHUS
IU3eIbHOr0 TOIUIMBA MapKu «ieTHee» kiacca KS yBenuuuBaercs cymMMapHOE coJiep’KaHue
M30-aJIKaHOB BIUIOTH 710 42 % B 3aBUCHUMOCTH OT CTEIICHH BhiropaHus (tad:. 8, 9).

B ta6n. 10 mokazaHo Kak M3MEHSETCS] MHTEPBAI OTHOILIEHUS CyMM ILIOLIAeH MHUKOB BCEX
UICHTH(QUIIMPOBAHHBIX AJTKAHOB HOPMAJIBHOTO CTPOSHHUS K CyMME IUIOMAJCH MUKOB AJIKAHOB
M30-CTPOCHUSI (M30MPEHOUHBIX AJTKAHOB) B AM3ENbHBIX TOIUIMBAX MapKH <«3UMHHE» Kiacca K5
[0 CPAaBHEHUIO C aHAJIOTHYHBIM OTHOIICHHEM JUJISl JAU3EIbHBIX TOIUIMB 3TOM K€ MAapKH M Kiacca
110 X BeIropanus (Tabdi. 7). B coydae nuzenpHbix TorumB Mapok 1 T3-KS npu Beiropanuu Ha 99 %
coJiepKaHue AIKAaHOB HOPMAJIbHOT'O CTPOCHUSI CTAHOBUTCSI TPAKTUYECKU CPABHUMBIM C CYMMapHBIM
COJICpKaHUEM M30MPEHOMIHBIX aJIKaHOB 2,6,10-TpuMeTHinenTaaeKkana, npuctana u gurana (tadsm. 10).

Tabmuua 10. Conepixanue apeHoB, aJIKAHOB M M30MPEHONTHBIX AJTKAHOB B 1H3€JIbHOM TOIJIHBE MAPKH
«3UMHee», Kj1acca «KEBpo» pasHbIX mpou3BoOANTe el Moc/Ie TePMUYECKOro Bbiropanus a0 99 %

OTHOILIEHHE CYMM
IUIOLIaAEH INKOB
aJIKaHOB Pa3HOTO

CTPOECHHS, €.
apeHsbl | aJKaHbI H30ajJKaHbl | aJKaHbI/M30aJIKaHbI
OAO «CnaBuetp-SIHOC» 0 56 44 1,3

[IpousBoauTenp HE yKazaH 0 54 46 1,2

Jlu3enbpHOE TOIUINBO, Copnepxanue, %
MPOU3BOIUTEITH

B cBogHoii Tabsn. 11 mnoka3aHO BIMSHUE CTENEHU BBITOPAHUS JIU3EIBHOTO TOIUIMBA
Ha CyMMapHO€ COJEp)KaHHe BCeX MJIEHTU()HULIUPOBAHHBIX AJKAHOB HOPMAJIBHOI'O U M30-CTPOEHUM
B 3aBUCHUMOCTH OT €r0 MapKH.

Takum o0pa3oM Ui yCTAaHOBJEHHUS MPHUHAMICKHOCTH OPraHUYECKUX  OCTATKOB
K JU3€IbHOMY TOIUIMBY HEOOXOAMMO M JA0cTaToyHO MertoaoM [KX »xunkux mpoO (MCXOIHBIX
KHUJIKOCTEH W/WIN TEKCAaHOBBIX SKCTPAKTOB) OOHAPYXHUTh B OPraHUMYECKUX OCTATKaX aJKaHbI
M30IPEHOUAHOr0 cTpoeHus (2,6,10-TpumerunneHTaneka, MpucTad, (GUTaH) MO HAJIUYUIO MHUKOB
Ha XpoMaTrorpamme ¢ JIMHEHHBIMUA MHAEKcaMu ynepkuanus 1630, 1680 n 1786, coOoTBETCTBEHHO.
s sToro HeobXxoaMMo 00paboTaTh XpOMaTorpaMMy, HampuMep, B IporpaMMme «XpoMariK
Ananutuk» wim «NetChromy, npeaBapuTeabHO HACTPOUB MPOIECC HACHTU(DHUKAIMHA THKOB apEHOB
Y U30IMPEHOUIHBIX AJIKAHOB I10 JMHEHHBIM MHAECKCAM yJEp’KUBAaHUS, PACCUUTAHHBIM OTHOCUTEIHHO
BpPEMEH YACPKUBAHUS ITMKOB HOPMAJIBHBIX AJIKAHOB.

Jlns onpenenenus MapKu AM3eNIbHOTO TorumBa MeronoM KX xunkux npod HeoOXxoanmMo
YCTaHOBUTb CYMMAapHO€ COJEpP)KAHUE aJIKaHOB HOPMAJIBHOIO M W3ONPEHOUJHOTO CTPOCHMH,
MIPOAHAIN3UPOBAB XPOMATOIPAMMY OCTATKOB JM3EJIBHOIO TOIUIMBA B mporpamme Bcepoccuiickon
Ob xpomarorpaguueckux JaHHBIX MO CpeicTBaM MopKora. YToObl YCTaHOBUTH MapKy JAU3EIbHOIO
torumBa MeronoM IJKX mocrtaTodHO paccuMTarh BO CKOJBKO pa3 COAEPKAHWE HOPMAIBHBIX
aJIKaHOB NMPe00JIaaeT HaJl CO/IEpPKaHNEM AIKAHOB U30TIPEHOMIHOTO CTPOCHUSI.

Ta6n1/1ua 11. Ouemca CTCIICHU BbITOPAHUSA 1JIAA IU3€JIbHBIX TOIIJIUB Pa3HbIX MAapOK M KJIaCCOB
Mo COACPKAHNIO AJIKAHOB HOPMAJBHOI'0 U H30-CTp0€HHﬁ

JIM3enbHOE Crenenp BeIropanus, %
TOILJIUBO, 0 50 99
Mapka 2 SIIMKOB H-aJIKAHOB/XSIHUKOB U30-aJIKaHOB, €1I.,
JI «teTHeRY 4-75 4-75 1,4-1,7
3 «3uMHEE» 9-20 9-12 0,5-1
JI-K5 4-75 2-4 15-25
3-K5 9-16 - 0,5-1
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[Tony4yeHHble pe3yabTaThl OyAyT MOJE3HBI Ui MPAKTUYECKOH SKCIEPTHOM NESATeNbHOCTH
MIPU peIIeHUH 3a1aun oOHapyxeHus: MetonoM [KX kuakux mpoOd COBMECTHO C MCIOIh30BAaHUEM
Bcepoccuiickoit DBJ] xpomarorpadu4eckiux CIIEKTPOB MO CPEACTBAM IOJHKOTa B OPTaHUYECKUX
OCTaTKax HEM3BECTHOT'O MPOUCXOKICHUS JU3EIIbHOTO TOIUIMBA M YCTAHOBJICHUS MapKH U CTENEHb
€r'o BbI'OpaHusl.
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WCCJIEJOBAHUE MOXAPOB, CBSI3AHHBIX C ABAPUIHBIM
PEXXUMOM BOJIBIIOI'O NIEPEXOJHOI'O COITPOTUBJIEHUA
B DJIEKTPOIIPOBOJIKE

M.H. MajukoB,

A.C. AprembeBa;

H.B. 3103uHa.

Cankr-Ilerepoyprekuii yausepeurer I'lIC MYC Poccenn

B cratpe nmaHa XapaKTepHCTHKAa aBapHUMHOMY DPEXHUMY, CBSI3aHHOMY C OOJBIIMM TEPEXOAHBIM
COIIPOTUBJIEHUEM B IIEKTponpoBoiKe. [IpencTaBien aHann3 BOSHUKHOBEHHUS MOKapOB 10 3TOH PUYHHE.

Kniouesvie cnosa: moxapHas 0€30IaCHOCTb, aBapUUHBIH pEXUM, OOJNBIIOE IMEPEXOAHOE
COIIPOTHUBJIEHUE B AIEKTPOIPOBOJKE, IPUUUHBI BOSHUKHOBEHUSI [10KapOB
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INVESTIGATION OF FIRES ASSOCIATED WITH THE EMERGENCY MODE
OF HIGH TRANSIENT RESISTANCE IN ELECTRICAL WIRING

M.N. Malikov; A.S. Artemyeva; N.V. Zyuzina.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The article describes the emergency mode associated with a large transient resistance in the electrical
wiring. An analysis of the occurrence of fires for this reason is presented.
Keywords: fire safety, emergency mode, large transient resistance in electrical wiring, causes of fires

B Poccum 3a 2019 r. mpomsouuio 41763 noxapa u3-3a HEUCIPaBHOCTHU
aekTpooOopynoBanus. Eciu paccMaTpuBaTh OO MOKApOB, HIPOMCXOAIIUX IO 3TOW MPHUYUHE
Ha NPEeIIpUATHSIX, TO OHA cocTaBiseT npumepHo 38 %. Ha sxuible nqomMa NpUXOAUTCS UyTh
Menblle — 32 %. Hanbousbmimii sxe MpoLeHT 1105KapoB, CIYYaIOLIUXCs IO BUHE 3JIEKTPOYCTaHOBOK,
MIPUXOAUTCS HA UHJIMBUTyaJIbHbIE KHIIble Toma [1].

MOHO BBIJCJIUTh HECKOJIBKO OCHOBHBIX aBAPUMHBIX PEXHUMOB B 3JIEKTPOCETIX
U DJIEKTPOYCTaHOBKaX, KOTOPbIE IPUBOJAT K Hoxkapam (puc. 1).

= o)
* TI0NHOE (MeTa/ITIYecKoe ) KOpoTKOe 3aMblkaHe (K3)
* HEMOTHOE KOPOTKOE 3aMBIKAHIIe |
\
* IleperpysKka
* OonbpIIoe MepexoqHoe conpoTiBierte (BIIC) j
\
* BIIXPeBEIE TOKII
* JICKpeHIe
J

Puc. 1. OcHoBHBIE aBapnﬁHme PEKUMBI B JJIEKTPOCETAX U YCTAHOBKaAX

ABapuiiHBIi pEXUM, CBSI3aHHBIA ¢ OoJblmM mepexoaHbiM conpotusieauem (BIIC)
B 3JIEKTPOIPOBOJIKE, SIBJIIETCS HanboJIee YaCcTON NPUYNHONW BO3SHUKHOBEHUS M10XKapOB.

BIIC nHa3piBaloT TakkKe IUIOXMM KOHTAaKTOM. J[aHHBIN B aBapHTHOTO pPEeXMMa BO3HHKAET
IIPU TIEPEeXoJIe AEKTPUUYECKOrO TOKa C OJHOrO MPOBOJHUKA Ha Apyrod [2]. Pasmuunblie nedexTs
TOKOMPOBOJASAIIMX LINH, BO3MOKHBIE H3JIOMbI NMPOBOJHUKOB IPU COXPAHEHUH KOHTAKTa MEXIY
HUMH, M3HOC DJIEKTPUYECKHX KOHTAKTOB, IUIOXasg COOpPKAa KOHTAKTHBIX Y3JIOB CIIOCOOCTBYIOT
BO3HUKHOBEHHUIO JJIUTENBHBIX YCTOWYMBBIX TEIJIOBBIX PEKHUMOB, MPUBOIALIMX K pazpyLICHHUIO
M30JIALUH U 3alIUTHBIX 000JI0UEK, 3aTOPAHUSAM U JPYTUM OTPULIATEIBHBIM ITOCIEICTBUSIM.

B HekoTOphIX ciayyasx cieqpl JIOKaJbHOTO HarpeBa, KOTOPbIM BO3HUKAET MpU OOJBIIOM
MIEPEXO/THOM COIPOTUBJICHUH, MOYKHO YBHUAETH HEBOOPYXEHHBIM IJIa30M M JaXXE€ HECIOXKHO
3adukcupoBaTh ux Haimuuue. Ho, Kak mpaBuiio, BBIIBUTH CIEAbl, OCTAaBJIEHHbIE OOJBIINM
IIEPEXO/IHBIM CONPOTUBIIEHUEM, TIOCIE MOKapa MPAKTUYECKH HEPEalbHO. DKCIEPTHI IIPU aHAIU3E
MIPUYMH TOKapa BBIHYKJEHBI 110JIaraThCsl Ha CBOIO MHTYMIIMIO, TaK KaK aOCOJIOTHO HETIOHSATHO, YTO
HE00X0AMMO HaMTH, YTOOBI JI0Ka3aTh BOZHUKHOBEHHE BO3TOpAHMS M3-32 BO3JEHCTBHS OOJIBIIOTO
MEPEXOIHOTO comnpoTuBiIeHUs. Tem Oojiee HEMOHATHO, KakuWe NPUMEHATh IMPH 3TOM METObI
U TEXHUYECKHUE CpEeACTBA, Kakue OOHApyKEHHBbIE CIIEAbl MOTYT OJHO3HAYHO YKa3bIBaTh
Ha MPHU3HAKK OOJIBIIIOTO TMEPEXOaHOTO compoTuBieHus [3]. Bce BwImenepedyrciieHHOE MPUBOIUT
K TOMY, YTO B XOJI¢ YCTAaHOBJIEHMS IPHUUYUH IOKapa CJeAbl JAHHOIO IO0YKapOOMACHOIO PEXHUMa
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HE BBISBISIIOTCS MU €r0 MPUYACTHOCTh K BO3TOPAHHMIO HE JoKas3biBaeTcsi. B T1o ke Bpemsi BIIC,
110 MHEHHIO CTICIIHAIIUCTOB, SBIIACTCS HanOOoJIee 4acTOi MPUYUHON BOSHUKHOBEHUS TTOKAPOB.

DJIEKTPUUYECKOE COCAMHEHHE, HMEIOIIee IUIOXOM KOHTAaKT, SBISETCS MOTEHIIMAIBHO
MOYXKapOOMNaCHbIM, JIa)K€ €CJIM 3HAaYECHHUE MPOTEKAOIIET0 TOKA TOpa3a0 MEHbIIIE HOMUHAIIBHOTO. DTO
CBA3aHO C TEM, UYTO MPHU IUIOXOM KOHTAKTE MaJICHUE HAIPSHKEHUS COCTABIISIET €IWHUIIBI BOJIBT
BMECTO J0JIE MUJUIMBOJIBTA, a paccerBaeMas JIEKTPUUECKas MOIIHOCTh MOXKET JOCTUIaTh COTHU
BarT. [lpu sTOM pexume BeIMKa BEPOATHOCTH BO3TOPaHUs, NTPUUYMHOW KOTOPOTO MOTYT CTaTh
HE TOJIbKO HarpeTble MPOBOJIHUKHU, HO U BO3HUKAIONIAS JIEKTPUUECKas 1yTa, a TAKKE PacKaJCHHbIE
JI0 3HAYUTENBHBIX Temmeparyp uactuubl metaivia. [lpu BosapeiictBuum BIIC co3patorcs ouaru
MOBBILICHHBIX TEMIIEpaTyp, U Ha HEOOJNBIINX yYaCTKaX YBEIMUYMBAETCS KOHIEHTpALUs MPOIYKTOB
MUPOJIK3a TMOJUMEPHBIX MaTepHalioB. B 3TOM pexume NPOUCXOJUT YACTHYHOE OIIABIICHUE
M30JIAIIUH TPOBOIOB M KOHTAKTHBIX jaeTtaiei [3].

Jns  Oonblield HArIAOHOCTH JAHHBIM TIPOLIECC MOXKHO MpPeACTaBUTh Tak. llpum
HEJIOCTaTOYHOM IIONIaAXM KOHTAaKTa MPOBOJHMKOB BEIMKA BEPOSATHOCTh BO3HUKHOBEHHUs bBIIC
CO 3HAYUTEIIHHBIM BBIJICIICHUEM TETlIa, YTO MPUBOIUT K Ie(hOPMHUPOBAHUIO IOBEPXHOCTEH KOHTAKTA
W IUIONIalb CONPUKOCHOBEHHMS KOHTAKTOB 3HAUMUTENIbHO YyMeHbliaeTcs. Kak moka3bIBaOT
uccienoBanus B padote [3], Takoii mporiecc B OnpeieICHHbI MOMEHT MPUBOIUT K BOSHUKHOBCHHUIO
MHUKPOCKOITMYECKUX TYTrOBBIX Pa3psAa0oB MEXAY KOHTakTamH. OMSTh K€ 3JIEKTPUUYECKUE pa3psiibl
MPUBOIAT K 3HAYMTEIBHOMY IIOBBIIICHUIO TEMIEPATyphl KOHTAKTHOTO y4acTKa M TEM CaMbIM
YBEJIMYUBAIOT €T0 MOKAPOMACHOCTb.

BIIC ObpIBaeT ciieqyromux BUIAOB, IIPH 3TOM OHU MOTYT CYIIECTBOBATh KaK pasleibHO, TaK
Y BO3HUKATH OJTHOBPEMEHHO, IPUTOM B OJIHOM U TOMU ke TOUKe 1enu (puc. 2):

Uckposon J10KaNbHbIN
PEXUM Harpes

Puc. 2. Buas1 BIIC

[Tox peiicTBHEeM MHKPOCKOMUYECKUX JIIEKTPUYECKHX pa3psIOB Ha KOHTAKTUPYIOIIUX
MOBEPXHOCTAX OCTAIOTCS CJIEObl B BHJE MHKPOKPAaTepOB, OIUIABICHUH W  HEOOJIBIIUX
BO3BBIIIICHHOCTE — XpeOTOB, TaK Ha3bIBa€MbIE CIEABl JJEKTPOIPOo3uH Meramia. [logoOHbie
JIePEeKTHI CIIEIUANNCTBI CAUTAIOT XapaKTEPHBIMHU I BO3HHUKIIIETO PeXXMMa OOJIBIIOT0 EPEX0HOTO
conporusienus [3]. Takyio CTpyKTypy, COCTOSIIYIO M3 CJCIOB 3JIEKTPOIPO3UH, MOKHO YBHICTD,
UCCIIeys] TIOBEPXHOCTh TTOBPEXKIACHHBIX METAUIMYECKHX KOHTAKTOB C IOMOMIBIO PAaCTPOBOTO
AIIEKTPOHHOTO MHUKpOCKoma (puc. 3).
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Puc. 3. IloBepxHOCTH IPOBOAHUKA €0 cenamu Bo3aelicTBust BIIC. Pexxum uckpeHust

VckpeHne He Bcerja CONMPOBOXKAACT PEXHUM OOJIBIIOTO MEPEeXOJHOro compoTusieHus. Kax
ObUI0 0003HAYEHO BBIIIE, IIPU HEJIOCTATOYHOM IUIOLIAM KOHTAKTa JJIi HOPMAJIbHOI'O MPOTEKAHUS
TOKa Ha Y4YaCTKC COIIPUKOCHOBCHHUA IPOBOJHUKOB 3HAYUTCIIBHO IOBBIIACTCA TEMIICpATypa, 4TO,
B CBOIO Ouepe/lb, IPUBOIUT HE TOJIBKO K OIUIABJIEHUIO Y4aCTKOB, HO U IPOIUIABICHUIO UX. B 3TOM
pexxume BIIC obpasyrores cienyromue cieapl. Ha moctaTo4Ho OONBIION IIIOMIATM BO3HHUKAIOT
XOpOIIO pa3iMYUMble MPH THICAYEKPATHOM YBEIMUYEHMM Y4YacTKM IPOIUIABIECHUS B BHJE BOJH,
KOTOpBIE UMEIOT OKpyriyio (opmy (puc. 4). B ommmune ot pexxuma BIIC, conmpoBokaaromerocs
UCKpPEHHEM, B TAaKOM BapUaHTE OTCYTCTBYIOT SPKO BBIP@XEHHbIE KpaTepbl M BHAJUHBI, He
HAOJTIOTAFOTCS TAKXKE MUKpOOILIaBieHus [3].

Henoepexgexxan Bonxoobpaxbie
. NOBepXHOCTL HaNNbI8sI

rr

Puc. 4. HOBerHOCTb MPOBOAHUKA C XapPAKTEPHLIMHU BOJTHAMHU JTOKAJIBHOI'O HArpesa

Ot nBa pexuma mnporekanuss BIIC Ha mnpakTuke MOTYT BO3HHUKATh W B PEKUME
KOMOWHAIIMM HWCKPOBOTO M Oe3bickpoBoro. Ha puc. 5 mnpuBeaeH pesynbTaT MOA00HOM
ANEKTPOIPO3uU. XOPOIIO PA3TUUYUMBI BE 30HBI: YUAaCTKU C BOJIHOOOPAa3HBIMU JePEKTaMU Kak
CJIEJICTBHE JIEUCTBHS 0€3BICKPOBOTO PEXHMMa, TaK M MUKPOOIUIABJICHUS, XapaKTePHBIC ISl peKUMa
uckpenus [3].
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Puc. 5. IloBepxHOoCTH POBOAHUKA c0 ciegamu Bo3aeiictBus BIIC. KomOnHanuoHHblii peskum

[TonobHas kapTUHA XOPOILIO COXPaHsIETCS Ha AIFOMUHHUEBBIX TPOBOJAHHUKAX U MOCIE MOXKapa
Py YCJIOBUHM, UYTO TEMIepaTypa B 30HE TOPEHUsS] HE TPEBBIIIAJIa TEMIEPaTypy IUIaBICHUS
antoMuHusl. OCHOBBIBAsICh HA JTAHHBIX CJIE€aX, MOXHO YBEPEHHO 3asBJISATh O TOM, UYTO MPUUYUMHOU
BO3rOPaHUs IBUJIOCh MMECHHO BOSHUKHOBeHHE B MecTe KoHTakTa BIIC [3].

OpHako, eciu B oyare BO3TOpaHUs HAXOJWIMCh MEIHbIE IPOBOJHUKH, TO TaKOH
OJIHO3HAYHBIN BBIBOJ O BO3AecTBUU Wiau He BoznehcTBuu BIIC He mpeacTaBisieTcsi BO3MOXKHBIM.
[IpuunHO#l sBAsIETCST TO, 4YTO MpH BO3ACWCTBUM Ha Meap Temmeparyp Oonbme 300 °C
Ha MOBEPXHOCTH KOHTAKTOB O0pa3yeTcs MJIEHKAa OKCHIAa MEAH JIBYXBaJCHTHOTO, KOTOpas MOXET
OT/JAEJATHCS MPH JIFOOOM MEXaHHUYECKOM BO3eiCTBHH [4].

[TonoOHast okcuIHAs TIIIEHKA MOKET 00pa30BBIBATHCS HE TOJHKO HA MEIHBIX MPOBOJIHUKAX,
HO ¥ Ha MPOBOJAHUKAX, BHIMOJIHEHHBIX U3 JIATYHU WIH CTAJIH.

st Toro 4toObl OTHO3HAYHO YCTAaHOBUTH, ObLIO U Bo3zaeiicTBue BIIC B 30HE KOHTakTa,
MOHO MPOBECTH CJIEIYIOIIEE UCCIET0BAHUE.

Kak wu3BecTHO, Ha TIOBEPXHOCTH KOHTAKTOB U TPOBOJHUKOB BCETJa MPUCYTCTBYIOT
TEXHOJIOTUYECKHE CJe/bl, BO3HHUKAIONIME IPH HMX HU3TOTOBJICHHHU. IJTO MOTYT OBITh IOJIOCHI
BOJIOUEHHUS Ha MPOBOJIAX, CIAEABI BO3JACHCTBUS PA3IMYHBIX HHCTPYMEHTOB Ha KOHTakTaX. [Ipu sTom
TEXHOJOTHYECKHe Ne(eKThl UMEIOT SPKO BBIPAKEHHBIM JTUHEHHBIH XapakTep, KOTOPHIH MOMKHO
OTJIMYUTH OT Je(eKTOB, BO3HUKIIMX MoJ BosaerictBueM bBIIC, Hampumep >I€KTPOIPO3UH WIH
BOJHOBOIO pHCYHKa OIUIaBlIeHHUs. Takke NpH OTIEICHUU OKCHUIHOM IUIEHKHM Hapyllaercs
I[EJIOCTHOCTh PHUCYHKA, XapaKTEpHOTO Juig TexHoiormdyeckux nedekroB. Ecmm wuccrnemyemas
MMOBEPXHOCTh MPOBOJAHUKOB UMEET CJIEJIbI TEXHOJOTUYECKOTO BO3ACHCTBHUSA, TO MOXKHO YTBEPXKIATh,
4TO JJaHHAs MOBEPXHOCTh He mojBeprayiack aekicteuio BIIC (puc. 6) [4].

COOTBETCTBEHHO, OTCYTCTBHE TEXHOJOTHYECKUX Je(EKTOB Ha KOHTAKTUPYIOIIUX
MOBEPXHOCTAX MOXKET YKa3blBaThb O BeposiTHOM Bo3zaeicTtBun bBIIC, B pe3ynpraTre KOTOpPOTO
C TPOBOJHUKA OTACIWJIACH OKCHUJIHAS IUIeHKA. TOYHO yTBEp)KIaTh, YTO JETaIM TOJBEPIIIUCH
BozeiicTBuio BIIC, He mMo3BOMsIET BEPOSITHOCTh MPOSBICHHS APYrHX NePEKTOB, KOTOPHIE MOTYT
OBITh BBI3BaHBI HEPABHOMEPHOCTHIO OT/ICJIEHHUS OKCHUIHOM MJICHKH C TIOBEPXHOCTH MeTainia [3].
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MosepxHocTs nog
OKCHAHOM NNEHKON

Puc. 6. IloBepXHOCTH MPOBOJHUKA HA HATPETOM y4acTKe Npu oTcyTcTBUHU pexnma BIIC

[TogBons UTOr, MOKHO C/A€IaTh BBIBOJA O TOM, YTO IPH aHAJU3€ BO3HUKHOBEHMs IOXapa
paccMOTpEeHHE BEPCHH O MPUYACTHOCTH AIIEKTPOTEXHUYECKUX MPUOOPOB, MPOBOJIKUA H YCTPOMCTB
00513aTeNIbHO MPU YCJIOBUHU, YTO B 30HE OYara BO3TOpaHHsl UMEJIOCh TaKOe 3JIEKTPOOOOpy10BaHHUE,
U DJIEKTPOCETh HAXOAWNach IMoJ HanpsbkeHHeM. OueBHIHO, 4YTO 3JIEKTPOOOOpPYIOBaHHE
IPEJCTABISET pealibHYI0 IOXApHYI0 ONACHOCTh M BBIABUTh WJIM HUCKIIOYUTH €r0 MPUYACTHOCTh
K BOBHUKHOBEHHIO [103Kapa CIeAYyeT B IEPBYIO OUEPED .
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Axagemus I'IIC MYC Poccun

[IpencraBnena paspaboraHHas WHGOPMANMOHHO-aHAJTUTHYECKAsh CHUCTEMa OIIEHKH OCHAIICHUS
MIEPBUYHBIMU CPEJICTBAMH MOXKAPOTYIIEHUS (MIEPEHOCHON OTHETYIINUTENb) MOMEUIeHUH 3JaHusl U aJrOpUTM
JUIsL ee TpakTUYecKoW peanm3auuu. JaHHas uWHPOpPMAaMOHHAS TMOAJCPIKKA IO3BOJSET B ONEPATHBHOM
peXHMe W YCIOBUAX AeduinTa BpeMEHH YCTaHOBUTH 007acTh 3(p(peKTHBHOTO MpHMEHEHUs TpeOOBaHHN
MOKapHOW 0€30MaCHOCTH MO 00ECTICYESHHIO TIEPBUIHBIMH CPEICTBAMH MOKAPOTYIICHHUS TOMEIICHNH 3IaHuUsI.

Kniouegvie cnosa: mepBUYHBIE CPEICTBA MOXKAPOTYIIEHUS, IEPEHOCHON OrHETYIIUTENb, MEPCOHA,
HavaJbHas CTaIus moXKapa

[TpoBeneHHbINl aHaIM3 TpeOOBAaHUM MO OOECIEUYEHUI0 NPUMEHEHUs MEPBUYHBIX CPEICTB
MOXKapOTYIIEHUS (IEPEHOCHOM OTHETYIINUTEIb) TIOMEIIEHUH pa3IMyHoro Kiacca GyHKINOHATIHHOTO
Ha3HAYCHHUs [Tt OOPBOBI € MOKAPOM BBISIBUI CIIEAyoLIHe mpodiemst [1, 2]:

— HEBO3MOXXHO YCTAaHOBUTH pa3Mep odvara 1moxapa ¢ y4eToM BEIMYHHBI MI0)KapHOH Harpy3Kd
1 (PU3UKO-XMMUYECKHX, U TI0’KapOOIACHBIX CBOMCTB 00paIArOIIMXCs TOPIOYMX MAaTEPUAIIOB;

— HEBO3MO)KHO YCTaHOBHTH YTPO3Y PHCKA OT TOKapa JIILY, TPUMEHSIOIIEMY OTHETYIITHTEIb.

Jnst onieHkH 6e30macHoro v 3p(eKTUBHOro MPUMEHEHHUs IEPBUYHBIX CPEJICTB MOKAPOTYIICHHS
B 3/aHMAX HEOOXOIMMO TIPOBECTH AaHAM3 JIAHHBIX PACUETHBIX OLEHOK pa3Mepa odara Iokapa
1 6€30MacHOr0 MCHOJIb30BaHHS OTHETYLIMTENS [P TYIIEHUH 110’Kapa B Ha4YaJIbHOM ero cTajiuH.

Jns oueHku 3¢p(HEeKTUBHOCTH HEOOXOIMMO Ha IMEPBOHAYAIBHOM 3Tale MPOBECTU pPacyeT
BPEMEHHU CBOOOJHOTO pa3BUTHS Moxkapa t., — BpeMeHHO# MPOMEXyTOK OT MOMEHTA BOSHHKHOBCHHUSI
TOpEHus /10 Hayajia 1o/1a4M MepBbIX IPUOOPOB TYIIEHUS Ha €ro JIMKBUIALMIO.

Omnpenenenne BpeMEHN pa3BUTHSA TT0XKapa:

tCB = t06H + tcn + t6p1

ryie {og, — Bpemst pasBuTHs TOYKapa ¢ MOMEHTA €r0 BO3HUKHOBEHHS IO MOMEHTA €10 OOHapy»Kerwst, MuH [3, 4];
tcn — Bpems cnenoBanus, MuH; tg, — Bpemst 60eBOro pa3BepTEIBAHHSA, MUH.

Jimina 1yt R0 T0%kapa paccYuThIBAaETCSA MO METOAMKE, NMPEACTaBIeHHON B [5, 6]. Jlns
€€ peanM3alMu HEOOXOIMMO OINPENENUTh PacCTosHus R, mpolmeHHoro (poHTOM TropeHwus,
3a Bpems i ; 10 hopmyore:

Rnoxc = O,S'VH 'tcm

rae V,, — nuHelHas CKOpOCTh PACIPOCTPAHEHHS TOPEHHS, M.
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3HaueHusl JIMHEHHOW CKOPOCTH pacHpOCTPAHEHUS TOPEHHUs IJI1 PA3IUYHBIX IOXKAPHBIX
HaArpy30K ykaszaHsl B [7].

IInomane moxkapa K MOMEHTY IIOJa4d OTHETYLIMTENIEH, C Y4EeTOM pPa3MELICHUs XpaHUMOM
HPOJYKIMU U BBICOTHI 000PYI0BaHMUS, AJIs1 KPYTOBOM (POPMBI pacCUUTHIBAaETCS 110 (OpMyJIe:

SHO)K = 7.[RI'IO)KZ' (l)

IInomane moxkapa K MOMEHTY IIOJa4d OTHETYLIMTENIEH, C Y4EeTOM pPa3MELICHHsS XpaHUMOMH
HPOAYKIMU M BHICOTHl oOopynoBanus (¢ yrimom 90°), mwis yrioBoil (OpPMBI PaCCUUTHIBAETCS
o opmyie:

Snon = (1/4) (Ryo)*.

IInomane moxkapa K MOMEHTY IIOJa4d OTHETYLIMTENIEH, C Y4EeTOM pa3MELICHUs XPaHUMOMH
HPOAYKIIMA ¥ BBICOTHI o0opymoBanus (¢ yrmom 180°), s yrioBod (OpPMBI  PacCUUTHIBAETCS
o gopmyie:

Sron = (1/2) (Ruow)?.

IInomane moxapa K MOMEHTY IIOJa4¥ OTHETYLIMTEIEH, C Y4E€TOM Pa3MELICHUsA XpaHUMOH
MPOIYKIMU U BBICOTHI 000PYIOBaHMS, ISl IPSIMOYTOJIBHOM (POPMBI pacCUNTHIBACTCSA 110 (hopMyJIe:

Snom = n'a'(Rnoxc)za

r7ie N — YKCJI0 HaNpaBJICHUN MOAAUN; a — IMIUPUHA TTOMEIICHHS, M.
Onenka 3(h(peKTUBHOCTH MPUMEHEHHS TIEPBUYHBIX CPEICTB MOKAPOTYIICHUS B HadalbHOU
CTaJH MOKapa IPOBOIUTCS 1O (hopmyIie:

SHO)I( < STym.orHeTym.

Jliist orieHKH 0€30IacHOro MPUMEHEHUs IEPBUYHBIX CPE/ICTB MOKAPOTYIIEHUs (IEPEHOCHON
OTHETYUIUTENb) B 3/1aHUAX HCIOJIb3YyEeTCS METO/MKA, YKa3aHHas B [8, 9], mo3Bossomas npoBecTu
pPacyeTHYI0 OLEHKY BOCIUIAMEHEHUS IIOBEPXHOCTHM Marepuanga OT BO3ACHCTBUA JIyYUCTOTO
TEIUIOBOTO IIOTOKA IIPH MOKAPE.

PacueTHOE KOIMYECTBO TeILIa, IIEpEJaBaeMOE€ IIPU I0XKape, BBIPAXKAETCA YpPaBHEHUEM
JYYUCTOTO TEIUIOOOMEHAa MEXIy TelaMH, Pa3AeIEHHbIMU IPO3pAavyHON Cpelod, M OIHUCHIBAETCS

bopmynoii:
To \*  (Ton)*
Apacu = EnpCo [(100) ) (1?)0) ] P12

rne 1, — Temneparypa wusnydatomeil mnosepxuoctd, K; Tno; — momyctumas Temmeparypa

Ha 00JTy4aeMOi OBEPXHOCTH, K, Eqp — NPHBEIEHHAS CTEIICHb YCPHOTHI CUCTEMBL.

AHanu3 NpUMEHEHMs] PaCUETHBIX OLIEHOK BO3MOKHOM OOCTAaHOBKM B MOMEIICHMSIX 3aHUS
Y HACTYIUICHHMsI OMacHBIX (paKTOpOB MOXKapa B BHJE TEIUIOBOTO TMOTOKAa K MOMEHTY BBEICHHS
MepeIBUKHBIX OTHETYIIUTENECH B HAYaIbHOM CTaIMU TOKapa BBISBUII CIIEAYIONINE TPOOIEMBI:

— pacueTHBIE OIICHKHM C Y4YETOM CIPaBOYHON WHGOpMAIUU, YKa3aHHOW B Pa3IUYHBIX
WMCTOYHUKAX, 3aTPYAHSIOT KX MPAKTHUECKOE NPUMEHEHHWE IIpU OpraHu3aluu oOecredyeHus
MIEPBUYHBIMU CPEJICTBAMH MOXKAPOTYIICHHUS (IEPEHOCHBIMU OTHETYIIUTENSIMH ) TIOMEIICHUH 3/TaHHUs;

— JUTs OlleHKH A((HEKTUBHOCTH MCTIOB30BAHUS OTHETYIIUTENEH HE00X0MMa JTOTIOTHATETbHAS
uHpopManus.

Takum o0pazoMm, AJii OLIEHKM OCHAIllEHUs TMEPBUYHBIMH CpPEICTBAMHU MOKapOTYIIEHUS
B HAYaJIbHOM CTa Uy MoXapa Heo0XoIuMO pa3paboTaTh HHPOPMAITMOHHO-AHATTUTHIECKYIO CUCTEMY
OIICHKA TIPUMEHEHHUs TEPBHYHBIX CPEICTB IMOXAPOTYIICHUS (IIEPEHOCHBIX OTHETYIIUTENEH)
B MMOMEUIEHUSX 3[JaHUA.

24



HamzopHast nesTebHOCTh M CyIeOHas IKcrepTr3a B cuctemMe oesomacHocT Ne 2—2021

Jnist oBbimeHust 3¢ (HhEeKTUBHOCTH COOPOM JTAHHBIX, TPOrHO3UPOBAHMS PACUETHBIX CUTYallUl
ObLT pa3paboTaH anropuT™M (puc. 1), B COOTBETCTBHH C KOTOPHIM TMPOBOAMTCS TOJHBIM aHAIN3
yCJIOBI/Iﬁ NPpUMCHCHUS PACUCTHBIX MCTOAWK W IMOJTYYCHHA H€O6XO[[I/IMBIX U  A0CTAaTOYHBIX
noKaszartesiei, TaloNMX OIEeHKY obOecrieueHHs] U A(P(EKTUBHOTO MPUMEHEHUS MEPBUYHBIX CPE/ICTB
MOKapOTYIIeHUs (TIEPEHOCHBIX OTHETYIIUTENICH) B MOMEUICHUAX 3AaHUs. Y CJIOBHUS MPUMEHEHHS
pacyeTHOM OIIEHKHM PAacCMAaTPUBAIOTCS B CHCTEME «3llaHue (MIOMEIIECHHE) — OICHKA BO3MOYKHOCTH
IMPUMCHCHUS — OLICHKA 6630HaCHOCTI/I IIPUMCHCHU.

Hauano

v

Omnpenenenre PyHKINOHAILHOTO HA3HAYCHUS 31aHUS,
9TaXKa, MMOXKAPHOT'O OTCEKA MM OTAEIHHOTO MOMEIICHHS ;
CTEMEeHH OTHECTOMKOCTH 3JaHHUS:

®l ®2 D3 P4 D5 | I m v v

v

Kateropus nomemnieHust
110 TTO’KapHOU U
B3PBIBOIIOKAPHOW ONACHOCTH
ABb B1B2B3B4T I

v

M3yueHune TIaHuPOBOK 3JaHM I, TIOMEILCHUSI
JUTSI TTOCJICYIOIEH pacCTaHOBKH

OTHETYILIUTEIIeH
HN3menenue
> >
HCXOHBIX JaHHBIX
Br106op: PacuerHasi oneHka:
- BHJI/TUT OTHETYIIHTES - 00CTaHOBKHM Ha MIOKape K MOMEHTY BBEICHHS
- MapKu OTHETYIIUTENS, IIEPBUYHBIX CPEACTB IOKAPOTYLIECHNS,
- HE00XOAUMOE KOJIMYECTBO OTHETYIIUTEIEH, - 6E30MaCHOTO MPUMEHEHHS OTHETYIIUTEINEH OT
- MECTO YCTaHOBKH. BO3JEHMCTBUS TEIUIOBOI'O OTOKA IIPH MOXKape.
Ouenka 3(h(HeKTUBHOTO ¥ 0€30I1aCHOTO TYIIICHUS

noXxapa n€pBUIHBIMU CPEACTBAMHA

MOKAPOTYIIEHUs (TEPEHOCHOM OTHETYIIINTEID) Aa

HET

O0001IeH e pe3yIbTaTOB OLCHKH
BO3MOXKHOTO 1 6€30I1acHOTO TPUMEHEHUs
MIEPBUYHBIX CPEICTB MOXKAPOTYIICHHS

Komnerg

Puc. 1. Anroputv onenkn odecriedeHus ¥ 3G (PeKTHBHOIO NPUMEHEHHUS NIEPBUYHBIX CPEACTB
MOKAPOTYLIeHH (TePeHOCHO OTHETYIIUTeNb) B MOMelleHUAX 3AaHUs

25



[Ipob6nemMb! 1 IepCHEeKTHBEI IPEAYIPEKICHAS U TYIICHHUS TOKapOB

Jns oTpaboOTKM M MPaKTHYECKOTO NMPUMEHEHUS Pa3pabOOTaHHON CHCTEMBI 1O alITrOPUTMY
(puc. 1) HEOOXOIUMO TIPOBECTU CEPHUIO PACUECTOB HA PA3IMYHBIX 00BEKTaX 3aIlHTHI.

PacueTHasi oneHKa OCHAIIEHHUsS IEPEHOCHBIMU OTHETYHIMTENSIMU OyAeT IPOBOAUTHCS
B TIOMEIICHUSX

— obmecTBenHoro 3aanus (Bug Harpysku: «Kabuner: mebenp + Oymara (0,75 + 0,25)» —

Vg = 0,42 m/mun [7]). Cucrema omnoBelueHus u ynpasienus spakyamueii (COYD) — 3 Tum.
PaccrosHue, ¢ ydeTroM pa3memnieHus, OOOpPYAOBaHHS OT oOdara Io)Kapa J0 MeCTa YCTaHOBKH
MEPEHOCHOr0 OTHETYIIUTENS COCTABIISET 25,5 M.

Cxema mOMEIIEHUST B OOINECTBEHHOM 3JaHWHM C YyKa3aHUEM IUIOIIA{, PACCTAHOBKH
o0opynoBaHusi, MpelacTaBieHa Ha puc. 2. Bpicora pa3menieHus o0OpyHOBaHUS U MaTepHallOB
hpa3M= 3,0 m ot ypoBHs nona. [Tomemenue B mane — 17x12 m. [Toxaprast 3arpy3ka — «Kabuner:

mebens + Gymara (0,75 + 0,25)» — V,,n = 0,42 m/mun [7]; meOenb, BHYTpEHHss cropaemast
OTZEIIKA, OTYETHAs JOKYMCHTAIHS Ha OyMaXKHBIX HOCHTEISIX, ILIOMAAbIo 40 M, TO €CThb TBEpIbIC
roproude Marepuayibl (Kjgacc Imoxapa A); BBIYHCIUTENbHAs OPITEXHUKA, 3JIEKTPOIPOBOJIKA,
pacnpeeNuTeNbHbI MTOK, YCTAHOBOYHOE OOOPYJOBAaHHME — BBIKIIOYATENH, PO3ETKU, IIa(OHbI
ocsemienus (kiace E). [Tomerienne 060pyaoBaHo aBTOMaTHUYECKOM NoxkapHoi curnanusanueii (AIIC),
COYD - 3 tum, cuctemMa aBTOMAaTUYECKOi ycTaHOBKHU noxapotyuienus (AYIIT) orcyrcTByer.

=250

Puc. 2. Cxema noMelnieHust B 00IIeCTBEHHOM 31aHUH

Bapuanma Ne 1: [lepconan pacnonazaemcs ¢ nomewjeHuu MoOeaupyemo20 ovaza noxcapd.
Bpewms obHapyskerus cocrasiser [3]:

tosn =5+ 0,01F = 0,117 mun,

Bapuanm Ne 2: Ilepconan naxooumcs 61e nomewjeHus MoOeIupyemozo ouaza noxcapa.

Bpems oOHapyxeHnus coctasisier 1,5 mu [3].

3a MECTO MOJENMPYEMOIO oOvara Io)Kapa B3STO CaMO€ YIJAJIEHHOE MEeCTO OT BXOJa
B mnomemeHne. CoryacHO puc. 2 HpOTSHKEHHOCTh MapUIpyTa CIEIOBAHUS YEIOBEKa OT MeCTa
pacIioyio’KeHMs ABEpH, OTHETYLIMTENIsl M 10 oyara moxkapa L = 25,5 m; Bpewms, 3aTpaunBaemMoe
Ha IEPEMEIIEHUs MEePCOHAIa OT MECTa PA3MELICHHMs OTHETYIIUTENs 10 MeCTa MOJEIUPYEMOro
noxapa, o ¢opmyne 1 cocrasur {.; = 3,42 cex = 0,085 muH. Bpemst 60eBOro pasBepThIBaHHUS,

TO €CTb BpEMs IIPUBCICHUSA B JIeCTBHE NIEPECHOCHOT'O OTHCTYIIUTEIIA COCTABUT t6p =6 cek = 0,1 MHH.

Onpeoenerue 803MONCHOU 0OCMAHOBKU HA NOXCAPE K MOMEHMY
668e0eHsl NEPBUUHBIX CPEOCE NOAHCAPOMYUICHUS]

Paguyc mnoskapa (myTh, NpOWMIEHHBIM IUIAMEHEM) IO TOPU30HTAIM K MOMEHTY MOJadu
OTHETYIIMTEIICH:

RHO)K = 0’5]/Jll/IHTpa3B.'
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IInomane moxapa K MOMEHTY IIOJ@4M OTHETYLIWUTENIEH, ¢ Y4ETOM pa3MEILEHUS U BBICOTHI

000pyI0BaHUSI:

— 2
Snoxc - T[Rnoxc-

Onenka ¢ (HEeKTUBHOCTH TNPUMEHEHHUS OTHETYIIMTEJICH B OOIIECTBEHHOM ITOMEIICHUN
3manus (Bug Harpysku: «Kabuner: mebens + 6ymara (0,75 + 0,25)») npencrabiena B Tadm. 1.

Tabmia 1. Onpenesienue 3¢)(peKTUBHOTO MPUMEHEHHSI OTHETYLIMTEIS B IOMELEHNH 001eCTBEeHHOT 0 31AHUS
(Bua Harpy3ku: «Kaduner: medean + 6ymara (0,75 + 0,25)»)

Bapwuant / Bpemst pazsutus JluHeiiHast CKOPOCTB Pauyc moxapa, HHOHI;ILL
noxapa, Tpagp, MAH pacnpoctpanenust, V., M/Mun Ryono M noxcapz{,z froxe
Bapuant Ne 1 /0,302 0,42 0,064 0,013
Bapuant Ne 2 /1,685 0,42 0,354 0,394

Oyenka 6e30nacHo2o npuMeHeHUs. o2Hemywumesel Om 6030eUcmeus
Menio8020 NOMOKA NPU NONCape

B Tabm. 2 npeacTaBjCHa OLCHKa 0e30macHoOro MNPpUMCHCHHA IICPBUYHBIX CpPCACTB
MOXApOTYICHUA Ui TYHICHHA II0Kapa B Ha4JaJbHOU cragun a0 HpI/I6I)ITI/I$I HO[[paBI[eJIeHI/If/'I
HO)KapHOﬁ OXpPaHbI C YUCTOM BO3,I[€I>1CTBH$I TCIIJIOBOI'O IIOTOKA.

Tabmiua 2. Onpenesienue 6e30MacCHOT0 MPUMEHEHHsI OTHETYIINTeIeii B IOMeleHH 001IIeCTBEHHOT'0 3/1aHuUs
(Bux Harpysku: «KaGuner: medean + 6ymara (0,75 + 0,25)»)

Bapuant / Bpems pazButus JInHeitHas CKOPOCT besomnacHoe paccrosaue,
noxapa, Tpa3B. MHH pacrnpocTpaHeHHs, M/MUH r6e3.p. M
BapuanT Ne 1/ 0,302 0,42 0,48
BapuanT Ne 2/1,685 0,42 4,65

OlzleHKa B803MOJCHOCIE NPpUMEHEHUA 02Hemymumeﬂeﬁ

CBOEBpEeMEHHOCTh MOJAauM JIOCTATOYHOIO KojuuecTBa orHerymamiero semecta (OTB)
(TOpOIIOK) OmpeeNsieT BpeMsi 0OHapyKeHUsI Tokapa (t,sy, MHH) U BpeMsi O0OCBOTO pa3BepTHIBAHKS
(tsp)- Pacmonoskenme oruerymmTenel Bosie BXoja (BBIXOJAA) W3 MOMENIEHHA. Bbicota mopauu
OTHETYIIAIEro BEeIeCTBa OT OTHETYMHTENS Ay, > 1,0 M OT ypoBHS noJa.

Cornacuo npuioxkennto Ne 1 [2] B JaHHOM TIOMEIIEHHH JIOJDKHO HaXOMASTCS JiBa
orHerymurens panra noxapa 2A, 55B, C, E. B coorBerctBuum ¢ n. 406 [2] paccrosHue
OT BO3MOXKHOTO Od4ara Io)kapa J0 MecTa pa3MEIlEHHUsl NMEPEHOCHOTO0 OTHETYIIMTENS He JOKHO
npeBbImaTh 20 M — 1715 MOMEIeHUH aAMUHUCTPATUBHOTO U OOIIIECTBEHHOTO Ha3HAYECHHUS.

B tabu1. 3 mpencraBieHsl XapakKTEpUCTUKHU OTHETYIIUTENEH paHra noxapa 2A, 55B.

Tabnuua 3. [lapamMeTphbl NepEeHOCHBIX OTHETYLIUTEJIEH paHra no:kapa 2A, 55B

O6o3HavyeHne Macca OTB, Jnuna ctpyn

MOJEILHOTO 3apsHKEHHOTO B OTB, M,

odara rmoxapa OTHETYIIUTENh, KT HE MEHee
55B m=4 3

OO6o001IeHHbIE Pe3ybTaThl OIEHKM BO3MOXKHOTO TPUMEHEHHsS] TEPBUYHBIX CPENCTB
MOKapOTYILIEHUS MPEICTaBIEHbI B Ta0. 4.
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Tabmiia 4. OnpenesieHrde BO3MOKHOTO MPUMEHEHNs1 OTHETYIMTeIeli B IoMeleHHH 001IeCTBEHHOT0 3/1aHusI
(Bun narpy3ku: «Kaduner: medenn + 6ymara (0,75 + 0,25)»)

Baouant / O6o3HaueHue / dakTUYeCKOE pacCTOSHUE /
P besomnacuoe IInomans Hnmuua | TlpenenbHoe paccTosiHUE
Bpewms pazButus
HosKapa. T pacCTosIHUC, TYILIEHUS CTpyH, | OT o4ara moxxapa 10 MecTa PesynbTar
Pa; Tpazs.s Toes.p. M MOJEIBHOTO M pa3MeleHus MepeHoCHOT0
MHH ouara, Ki1acc/m? OTHETYIIUTENS, M / M

[IpumeHeHre TEPBUYHBIX CPEIACTB MOXKApPOTyLIEHUS (NMEPEHOCHOW OTrHETYIIUTEINb)
Ha HA4YaJIbHOW CTAJMH PAa3BUTHA MOXKapa M UX KOJIMYECTBO B IMOMEUICHUH OOIIECTBEHHOTO 31aHUS
C YYETOM paCUYETHBIX OLIEHOK YCTaHOBHIIO:

1) 2pPeKTHBHOCTh HCIIONB30BAHMS IIEPEHOCHOTO OTHETYIIUTENS paHra moxapa 2A, 55B
C YYETOM HX XapaKTEPUCTHK MO0 000MM BapUaHTaM;

2) HEBO3MOXXHOCTh 0€30MacHOTO WCIOJIb30BAHUSI TEPEHOCHOTO OTHETYIIUTENsI paHra
noxapa 2A, 55B ¢ yuetom Bpemenu pa3Butus noxkapa u nogaun OTB no Bapuanty Ne 2;

3) HEBO3MOXKHOCTh NMPUMEHEHHSI IEPEHOCHBIX OTHETYIIUTENEH 1o Bapuanty Ne 2 ¢ yyetom
TpeOOBaHUI O MPEIEILHOM PAcCTOSHHUH, YKAa3aHHbIX B [2].

Pa3paboranHas uMHQOpPMALMOHHO-AHATUTHYECKAass CHCTEMa OpraHu3allMd OCHALICHUS
MIEPBUYHBIMU  CPEJICTBAMHM TOKAPOTYUIEHUS IOMEUIEHMH B 3/aHUSX Pa3IM4YHOro Kiacca
(GYHKIMOHATIHHON TOXAPHOM ONMACHOCTH B HAYaJbHOM CTaJUM IOKapa MO3BOJSET OOOCHOBATH
KOJMYECTBO TMEPEHOCHBIX OTHETyIIUTeded, a Takke HuX 3(PGEeKTUBHOCT, MU 0E30MacHOCTb
HCIOJIb30BaHUS.
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YK 621.1

NCITIOJIb30OBAHUE METOJA KOHEYHBbIX PA3BHOCTEH
I PACYHETA HECTAIIUOHAPHOMU TEIVIOITPOBOAHOCTH

A.1O. JIaOuHCKMl, KAaHAUIAT TEXHUYECKUX HAYK, JOLEHT.
Cankr-llerepOyprckuii yausepcurer I'TIC MUC Poccun

PaccMoTpeHbl MaTeMaTndeckass MoJIeNib HECTAIIHOHAPHOW TEIUTONPOBOIHOCTH W YHCICHHBIA METO.
KOHEYHBIX pA3HOCTEW peIIeHUs 3aJa4ydl HECTAMOHAPHOW TEIIONPOBOJHOCTU. BBITIOIHEHBI pacueThl
TEMIIEPATYPHOTO TIOJIS TIPU M3MEHEHHH TeMmiiepaTyphbl B auanaszone ot 100 °C go 500 °C Ha mOBEpXHOCTH
CTEHKHA CO CTOPOHBI TIOXapa, KOTOPHIC TO3BOJWIM MPEJCTaBUTh B Tpa@uueckoM BHE KAuyeCTBEHHYIO
KapTUHY paclpe/IeJICHUs] TEMIISPaTyp MO TOJIIMHE CTCHKH.

Kniouesvie  cnosa: HecTaMOHapHas  TEIUIONPOBOAHOCTh, METOJ  KOHEYHBIX  Pa3HOCTEH,
MaTeMaTH4decKast MOJIeIh

TermmooOMeH WM TEIUIONEPEHOC H3TO CaMOINPOW3BOJBHBIM HEOOPAaTUMBIH  TPOILIECC
pacnpocTpaHeHHUs] TEIUIOThl B IPOCTPAHCTBE 3a CYET PA3HOCTH Temieparyp. Paznauuaior Tpu
AJIIEMEHTApHBIX Clloco0a TMepeHoca TEIUIOThI: TEeIUIONPOBOAHOCTh, KOHBEKIMS M TEIJIOBOE
u3nyyeHue. TemnonpoBOJHOCTb 3TO MEPEHOC TeIUla, OOYCIOBJIEHHBIM B3aUMOJIEHCTBUEM
MHUKPOYACTHI] YaCTEH OJTHOTO TeJla UM COMPUKACAIOIINXCS TEIl, UMEIOIIUX pa3Hyko Temmeparypy [1].

Bompocam pacuera HecTalMOHApHOW  TEIUIONMPOBOJHOCTH  IOCBSILIEHO psJ  KHUT
OTEUECTBEHHBIX M HHOCTPAHHBIX aBTOPOB [2—7].

COBOKYNHOCTh 3HAUYEHUN TeMIlepaTypbl BCEX TOYEK Tela B JIAHHBII MOMEHT BpPEMEHU
MpeJICTaBiIsIeT co00l TemMnepaTypHOe MoJie, 11l KOTOPOro MOKHO 3aIUCaTh YpaBHEHUE:

T=1(x,v, z, 1),

rae T — Temnepatypa; X, Y, Z — IPOCTPaHCTBEHHBIC KOOPJMHATBL; T — BPEeMsi.

Takoe ypaBHEHHE TEMIIEPATYpPHOrO IOJsS COOTBETCTBYET Hauboiee oOIIeMy CiIydaro
TPEXMEPHOro (Temmeparypa MEHSETCS IO KaXIOW U3 TPeX MPOCTPAHCTBEHHBIX KOOPJWHAT),
HEYCTaHOBHBIIIETOCS FJIM HECTAIIOHAPHOTO (TeMIIepaTypa MEHSETCsl BO BpEMEHH ) TEMITEPATYPHOTO TTOJIS.

Bo3moxkHBI 6osee mpocThie ciydan [1]:

— CTalMOHapHOe (YCTaHOBUBILIEECS) MOJIE, TEMITEPATypa IIOCTOSIHHA BO BPEMEHHU:

T=1(x,y,2); dT/ot=0;
— IBYMEPHOE II0JIE, TEMIIEpaTypa MEHIETCA 110 IBYM KOOpJAUHATaM:

T=1(X,y, 1); 0T/0z=0;

— OJTHOMEpHOE TI0JTe, TEMITEPaTypa MEHSETCS MO OHON KOOpIMHATE:
T=1(x,1); 0T/oy=0; 0T/0z=0;
— OJTHOMEPHOE CTAI[MOHAPHOE TIOJTE:
T=1(x); 0T/oy=0; 0T/cz=0; 0T/ot=0.

[lepemaya TemiaoOTHI MpU  TEIUIONPOBOJHOCTH BCETa MPOUCXOAWT B  HaIMpaBICHUU
YMEHBLIEHHUs Temreparypbl. il ompeneneHusi KOJUYecTBa TEIUIOTHI, NMEPEHECEHHOTO 3a EIUHUILY
BPEMEHH, UCIIONIB3YIOT MOHATHSI TEIUTOBOTO 1moToka Q [/Ik] ¥ MJIOTHOCTH TEIJIOBOTO TTOTOKA (] [BT/MZ].
TennoBol NOTOK — 3TO KOJIMYECTBO TEIIOTHI, IEPEHECEHHOE YePe3 U30TEPMHUUECKYIO TOBEPXHOCTD
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wioaapio F. TIIOTHOCTE TEIIOBOrO MOTOKA 3TO TEIJIOBOM MOTOK, MPUXOSIIUNACS HA CIHHUILY
IUTONIAN H30TEPMHUUECKOH TTOBEPXHOCTH.

Jns  mepenadyd  TEIUIOTHl  TEIUIONPOBOJHOCTBIO  HEOOXOJMMO HEPABEHCTBO — HYJIO
TEMIIEPaTypHOr0 IPAJUCHTa B PAa3IMYHBIX TOYkax Tena. CornacHo 3akoHy Dypbe KOIMYECTBO
terotel dQ, mpoxojsmee yepe3 snemeHT moBepxHoctd dF 3a Bpems 0T, IpPONOPIHOHATIBHO
TeMIiepaTypHoMy rpaaueHTy oT/on:

dQ = — A*dT/on*dF*dr,

riae A — kodddunuent TerionpoBoaHoctu [B1/M/K], xapakTepusyromuii crmocoOHOCTh BeIECTBa
npoBoAuTh TeriotTy. Tak kak q = dQ/dF/dt, To q = — A*0T/on.

KoadduiumeHT TerionpoBoaHOCTH ABISIETCS (PU3NIECKUM CBOWCTBOM BEIIECTBA U 3aBUCUT
ot Temreparypsi [8]:

— mist razo A = 0,005+0,5 [B1/M/K], ¢ pocToM TemmepaTypsl A BO3pacTaer;

— st sxuakocrerd A = 0,08+0,7 [Br/M/K], ¢ pocTom TemmniepaTypsl A yObIBaeT (KpoMe BOIBI,
Yy KOTOpO# A BO3pacTaer);

— s TBepabiX Ten A = 0,02+400,0 [Br/m/K], ¢ pocTom Temneparypbl A 0OBIMHO YMEHbBIIACTCS
Y YUCTBIX METAJJIOB U PACTET y CIUIABOB.

JI1st TEXHUYECKMX MaTepHaaoB 3HAUCHUsS A MPHUBECHBI B Tabwuiie [8].

Tabnnna
MaTenua IImotHOCTS, TemnonpoBoaHOCTb, | TemIoeMKOCTb,

p 0*10°%, kr/v® A, Br/w/K ¢, KIK/Kr/K
Amomunnii cruias (20 °C/500 °C) 2,7 100/150 1,2
Berton 2,0 1,3 0,84
JHepeso (mmomepex—Baob) 0,55 0,15+0,40 2,7
Kupnnyg 1,8 0,8 0,85
Ilenoberon 0,36 0,1 0,8
Cranp yraepoauctas (300 K/1000 K) 7.8 50/30 0,5
Cranp HepkaBeromas 7,8 30 0,5
Crexiio 2,5 0,8 0,8
UyryH (BBICOKOIIPOYHBIN — CepBIii) 7,5 30+43 0,54

B mpakTuke mokapHOro Jena pacueT HECTallMOHApHOM TEIIONPOBOJHOCTH MCIIONb3YETCs
JUIs  OTpeeNieHUs] TEeMIIepaTypbl B MPOTUBOMOXAPHBIX Iperpajgax Ha 3aJaHHOW TIyOuHE
B 3aJaHHBII MOMEHT BPEMEHM C LEJIbI0 IOCIEAYIOIIEr0 CPAaBHEHUS PAaCYETHOM TEMIIEPATyphl
C IpeNeNTbHO JAOIMYCTUMOM WJIM JUI pacyeTa JOMYyCTUMOTO BPEMEHH HaXO0X/IEHHS 3a MPOTHBOIOKAPHOU
Iperpaaou.

be3omnacHas B moapHOM OTHOILEHUHU TeMIlepaTypa Ha MOBEPXHOCTU CTEHBI ONpEeIsieTcs
BO3MO>XHOCTBIO BOCIUIAMEHEHUSI CTOPAEMBIX BEUIECTB MM MAaTEpUaAJIOB IIPU UX CONPUKOCHOBEHUU
C JaHHBIMU MOBepXHOCTSIMU. Ha HeoOorpeBaeMbIX MOBEPXHOCTSIX CTEH, IEPETOPOJIOK, TEPEKPHITUI
K TOXKape JoIycKaeMas TemMiiepaTypa npuauMaetcst papuoit 150 °C [1].

Mamemamuueckas mooenv HecmaquHapHoﬁ menﬂonpoeo()ﬁocmu

KonnuecTBO TEIUIOTHI, MOCTYMAOIIEE 338 CUYET TEIUIONPOBOIHOCTH BIOJb OCH X B DJIEMEHT
oobema dV 3a Bpems dt uepes miomians F, pasayto F = dy*dz, paBro Bennuune: dQx = gx*F*dr.

Yepe3 miromanbs F MOXeT yHTH KOJIMYECTBO OTAAaBAEMOro TEIUIA, PAaBHOE BEIUYMHE —
dQx = — Qx+ax*F*dr.

Torna snementom o6bema dV 3a Bpems dt Oyner akkymynupoBaHo — (0Qx/0X) dx*dy*dz*drt
TerIa.

PaccmaTtpuBas mOTOKHM Teruia BOJIb BCEX OCEH X, Y U Z, MOTYy4YHM:

dQ = - [(6ax/ox)+ (0a,/0y)+ (69./0z)]*dV*dr.
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CornacHo 3akony ®@ypbe:
Ox = — A*0T/ox; qy = — A*0T/oy; q, = — A*0T/oz.

W3meHenue Teria B eauHuIle o0bema 3a Bpems dt pasHo: dQ/dV/dt = c*p*0T/or.
Orcrona nmeeM aupdepeHIranbHoe ypaBHeHue terionpoBoanocta Oypbe-Kupxroda:

C*p*aT/ot = [Iox(L*ATIOX) + dldy(\*aTIdy) + dldz(A*T/6z)]*dV*dr,

rjae C — rerioeMKocTh [kJk/kr/K]; p — mimoTHOCTH [KF/Mg].

Hecranmonapaas TemionpoBOAHOCTh HAOMIOAAETCS MpPH HArpeBaHUU  OTPAXKIAIOIIMX
KOHCTPYKLIMH H 000pynOBaHMSA B YCIOBUSX Mokapa. HarpeBanue Tena mpoH3BOIBHON (OPMBI
MOYKHO OIMCATh CJICAYIOIMIMMHU ypaBHEHUsIMH [ 1]:

OTlot = a*[(6°TI6x?) + (6°TIoy?) + (6°T16Z%); OTIon = — (a/h)*AT,

rae OT/On — TeMiiepaTypHbIid TpaguenT; a = A/c/p — KO3(DOHUIUCHT TEMIIEPaTyPOIPOBOJHOCTH [MZ/C];
oL — KO3 UILUEHT TEIJI00TAAYU [BT/MZ/K].

Pemenne 3amaum, onuceIBaeMOM NPUBEICHHON BBIIIE CUCTEMOM M3 JBYX YPaBHEHUM, AeT
ypaBHEHHE TEMIIEPATYPHOTO IOJIS:

T = f(T; X1 y1 21 I—1 a; OL, )\‘l AT)’

rze L — xapakrepHslii pazmep tena; AT — pa3HOCTh TeMIepaTyp MEXIy OKPYKaroIIeld CpeIol U TEJIOM.
Bo mMHOrux ciy4asx pelieHue Takoil 3aJayd aHATUTHYECKH HEBO3MOXKHO. B 3THX ciydasx
HCIIOJIB3YIOTCS YMCIICHHBIE METOIbI [9)].

Yucnenuviti Memoo peutenuss 3a0ayu HeCmayuoOHaApHoOU Menionpo8OOHOCNU

J1s1 4MCIIEHHOr 0 peleHus 3a1a4 HECTAllMOHAPHOU TEIUIONPOBOIHOCTH YaCcTO UCIIOIb3YETCs
METO/] KOHEUHBIX PAa3HOCTEH UIIM METO]] CETOK. PacCMOTPHM IIOCKYIO CTEHKY TOJIIUHOM O (puc. 1).

£
=T
%,
s
'ff"z.
SIS .
G /\ >}\'

Puc. 1. Cxema miockoii 01HOpOAHOM cTeHKH [1]

Ha IMMOBEPXHOCTU CTCHKU MOT'YT OBITE 3alaHbl CTAHUOHAPHBIC 'PAHUYHBIC YCJIOBUA IIEPBOT0
U TPETHEro poJaa. rpaHI/I‘-IHBIC yCJIOBUA TICPBOro poJa: 3aJdaHbl TEMIICPATYPbl Ha MOBCPXHOCTU

crenku Ly u teo. notHocTs Temmosoro notoka g = (A/8)* (tcy — teo).
I'paHUYHBIE YCIOBHS TPETHETO POJIA: 3a/aHbl TEMIIEPATYPhl CPEIbI C JABYX CTOPOH CTEHKH:

tep1 1 topp, praem tepy > topp. 3amans! Taxke KOXPGUIMEHTH TEIUIOOTAAYH OT CPE/IbI K CTEHKE Olp ¥ Olp.
Torma tcpr— t(31=q/(x1; tco— tepn =C]/OLZ ntcr — e =QI(7\,/8)
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OT1croza UMeeM:
q = k*(tcp1 — tcpy),

rne k = U(loy + 8/h + L) — kosdduuuent remwionepenaqn [Br/m%/K]. Bennuuna, obparHas
K03 PHIEHTY Temonepeaun, ects Tepmuueckoe conporusnenne R = 1/k = 1/oy + /A + 1/aus.
3anaya 0 HarpeBaHMH IUIOCKON CTEHKH NPH TPAHUYHBIX YCIOBMSAX HEPBOIO POJAA COCTOMT
B onpenenennn GyHkiuu t(X, T), yaosneTsopsiomeii ypasaenuio: Ot/0T = a*dX1ox’, HAYaIbHOMY
yenouio: 1(X,0) = f1(X) u rpanuunsiv yenosusam nepsoro pona: £(0, 1) = f,(1); t(8,7) = f3(1).
Pa300beM 061acTh onpejieNieHHs apaMeTpoB PABHOMEPHOM NPAMOYroJIbHON ceTkoil (puc. 2)
C Iarom AX I10 OCH X ¥ I1arom At 10 OCH BPEMEHU T.

[Tpu sTom AX = o/n u At = H/M, rme n 1 m — KOIMYECTBO MIArOB MO TOJIIUHE CTCHKH O
Y 110 MHTEpBaAITy BpeMeHu H.

T
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Puc. 2. CeTka MeToaa KOHEeYHBIX pa3HocTei [1]

< <
AX 24K

I[lepBYyI0 NMPOM3BOAHYIO MO BPEMEHHM MOXHO IIPEICTABHTH B KOHEUHBIX PA3HOCTSX TaK:
ot/lot = (tike1r — tiW)/AT, a BTOpyl0 NPOM3BOJAHYIO MO KOOpJAMHATE MOMKHO HpPEICTABUTH
crtenryiomum obpazom: O-t/OX? = (tiok— 2%tk + '[i+1,k)/AX2.

Torna ypasrenme Ot/0T = a*o%1ox? moxmo IPEACTaBUTL B ciledyromem Buge [1]:
tier = (@*ATYAXE * [tink + tiwrx + (AX/(@*At) — 2)*ti ] — cerounoe ypasrenne win
pasHOCTHAs cXeMa. DTO ypaBHEHME MO3BOJIAET BBIYUCIUTH 3HAUEHHE TEMIIEpaTyphl BO BceX N
TOYKAX TI0 OCH X st MOMeHTa BpeMeHH Txs1 = (K+1)*AT, eciu usBecTHBI 3HaYeHHs TeMIepaTyp
B OTHX TOYKaX B IPEJLUIECTBYIOINI MOMEHT BpEMEHH Tk.

JlaHHas pa3sHOCTHAs CXeMa yCToHunBa (OMIMOKH He BO3PACTAIOT C YBEIMUEHHEM T), €CIH
Bhinonnsercs yenosne: AX/(@*At) > 2. Ecm AXY/(A*AT) = 2, To cetounoe ypasHeHe
cymectsenno ynpoutaercst: G xer = (Giox + tivrx)/2 [1].

[IpeanonokuM, 4TO B YCIOBUAX MOKapa TeMIepaTypa JeBOH MOBEPXHOCTH CTEHKH
(rparmunoe yenosue nepsoro poxa 1(0,1) = f5(t)) usmensercs no 3axony, npescrasnenHoMy Ha puc. 3.
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T = f (MHTepBanbl BpemeHu)
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Puc. 3. I'pa¢guk u3MeHeHUs1 BO BpeMeHU TeMIIePATyPbI OBEPXHOCTH CTEHKH

Ha npaBoii MOBEpXHOCTH CTEHKH TEMIIEpAaTypa B HaYalbHbIi MOMEHT Bpemenu pasua 20 °C.
Jlis pacueTa M3MEHEHHUs TeMIepaTypbl MO TOJIIUHE CTEHKHU MCIIOJIb3YeM CETOYHOE YpaBHEHHUE

(pasHocTHYyIO cxemy) mpu nHauansHoM yciour: [(X,0) = f1(X) u rpanmusex ycnosusx mepsoro
pona: t(0, 1) = f5(7); t(5,7) = f5(1).

®dukcupyeM pacnpe/eieHre TEMIIEPATYP MO TOJIIIMHE CTEHKH B POLIECCE PA3BUTHSA MOXKapa
B MOMEHTBI BPEMEHH, COOTBETCTBYIOLIUE TEMIIEPATYPE HA JIEBOW TIOBEPXHOCTH, PABHON 3HAYEHHAM
100 °C, 150 °C, 200 °C, 300 °C u 500 °C. I'paduk pacnpeieieHus TEMIEPATyp 110 TOJIIUHE
CTEHKH, pa30uToii Ha 10 ydacTKoOB, IpeCTaBIeH Ha puc. 4.

PacnpepeneHmne temnepartypbl NO TO/NLWMUHE
600
500
\ —100C
400
\ =150 C
300
N =200 C
200 \\\ s00c
I ———— =500 C
0 T T T T T
1 2 3 4 5 6 7 8 9 10

Puc. 4. Pacnipeaenenue TeMnepaTypsl N0 TOJIIHHE CTEHKH

Pacuer nposogmics no ynpomenHoit sapucumoctd fixs = (Giix + tivrk)/2, Tax xax

npeamonaranocs, uro AX’/(a¥At) ~ 2. TIpn 3TOM CYIIECTBEHHO YIPOIIAETCS MOpSIOK Pacuera,
HO BO3pacTaeT MOTPEIIHOCTh. B CBsI3M C CyIECTBEHHON MOTPEIIHOCTHIO PacyeTa MpPeACTABICHHBIN
rpaduK OTpa)kaeT JIUIIb KaUeCTBEHHYIO KapTUHY pacipeelIeHus TEMIIEPATyp MO TONIUHE CTEHKH.

JlocTOMHCTBOM ~ MeTOAa KOHEYHBIX pPAa3HOCTEH  SABJIAETCA BO3MOXKHOCTH  pacyeTa
TEMIIEPATYPHOTO MOJIS MPU U3MEHEHUHU TPAaHUYHBIX YCIOBHM BO BpEMEHH 10 JIF0ObIM 3aKoHaM [1].

BriBoA

PaCCMOTpeHBI MaTeMaTH4YECKasi MOJICJIb HeCTaHI/IOHapHOﬁ TCIJIOMMPOBOAHOCTH U YHNCIJIEHHBIN
METOJI KOHEYHBIX PAa3HOCTEM pelIeHMs 3aaud HECTAlMOHAPHOW TEIJIONPOBOAHOCTH. BBINMOIHEHBI
pacyeThl TEMIIEPATYPHOTO IMOJIS NIPU W3MEHEHHH TeMIieparyphl B auanasone ot 100 °C go 500 °C
Ha TIOBEPXHOCTU CTEHKH CO CTOPOHBI MOKapa, KOTOpPbIE MO3BOJIWIM MPEJICTaBUTh B TpaguueckoM
BUJIC KQYCCTBCHHYIO KApTUHY PACIIPCACIICHUA TEMIICPATYP IO TOJIIUHE CTCHKH.
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AHAJIMTUYECKHUE METO/JbI IIPOT'HO3UPOBAHUSA
AE®OPMAIIMU KOHCTPYKTUBHbLIX 3JIEMEHTOB
BEHTHUJIAIINOHHbBIX KAHAJIOB B YCJIOBHUSAX ITOKAPA

A.A. Ky3bMHUH, KAHAUAAT TEXHUYECKHUX HAYK, JOLECHT;
A.A. Ky3bMHUH, KAHAUIAT NeJArOru4ecKMX HayK, JOLEHT;
T.A. Ky3bMHUHA, KAHAWAAT NMeJATOTHYeCKUX HAYK.
Cankr-Ilerepoyprexuii yauusepeurer I'TIC MUC Poccun

IIpeanaraeTcsa Ansl OLICHKU YAJMHEHUH (DacCOHHOIO JIMCTa B YCIIOBHAX IIOXKapa, KaKk OCHOBHOI'O
KOHCTPYKTHUBHOTO DJJIEMEHTa BEHTWIIALMOHHOTO KaHalla, HCIONIb30BaTh pacyeT ¢ MOMOMIbI0 (YHKIUU
HampspKeHuil B Buae monuHoma. [IpencraBieHbl pacdeTsl OJHOTO M TOTO K€ JINCTA METOJOM KOHEYHBIX
3JIEMEHTOB, TPAJAWLHOHHBIM METOJOM COIPOTHUBIICHUS! MaTepHalOoB M C MOMOIIBI0 (PYHKIMH HaIpPsHKEHUN
B Buie mnosmHoMa. [loka3aHO, YTO MpPEIOKEHHBIM IOAXOA MOXKHO HMCIOJIb30BaTh JJSl BBITOJIHEHUS
MPAKTHYECKHUX PAaCcCUETOB U B KaYECTBE TECTOBBIX 33a4 P HCIOIb30BAHNN YHCIEHHBIX METOOB.

Kniouesvie cnosa: (hacoHHBIA JHCT, NMEPEMEHHOE ce4yeHue, (YHKLUUS HANpSDKEHUH, >KECTKOCTb,
nedopMansi, TecToBas 3a1a4a

CranpHbple JHMCTHI TEPEMEHHOTO0 CEYEHHUS IIMPOKO TPUMEHSIOTCS B Pa3iIMYHBIX
CTPOMTENBHBIX U TEXHOJIOTHYECKUX KOHCTPYKIIMSX, COCTABIISIIOT OCHOBY BEHTHIISILIMOHHBIX KaHAJIOB
U cUCTeM JibIMoyAaneHusi. OHU COEUHSIOT Y3JIbl, PACTSKKU U IPYTHe KOHCTPYKTUBHBIE DJIEMEHTHI.
HenocraTouHast keCTKOCTh XOTSI OBl OJTHON J€TaIM MOXET IPUBECTH K OOPBIBY MIIN MOBPEXKICHHIO
ANEKTPONPOBOJIKH, ra3onpoBojia U JAPYrux KoMMYyHHUKauui. OcoOyr CI0KHOCTb NpEACTaBISAET
IIPOrHO3MPOBAaHUE NOBEIEHUS TAKMX KOHCTPYKTHBHBIX JIEMEHTOB B YCIOBHAX Y)KE€ HAUaBLIETOCS
no’kapa.

Kak mnpaBuino, npu MNpPOEKTUPOBAHMH KPYHHBIX OOBEKTOB TMPOYHOCTHBIE PACUETHI
BBITIOJTHSIOTCS M YUCJIEHHBIM, U aHAJIMTUYECKUM MeTojnoM. Eciu pe3ynbTaThl CXOASTCS, CIEIyeT
IIPOBECTU  IIPOBEPOUYHBIM  OKCIEPUMEHT. M3  UMCIEHHBIX IIUPOKO NPHUMEHAETCA  yKe
3apEeKOMEH/I0BaBIINI ce0si MeTOJ KOHEUYHBIX 3JeMeHTOB. Ha ero ocHoBe ycmemHo paboTaroT
MHOT'OYHCIICHHbIE TPOTrpaMMbl M BBIUYMCIUTENIbHBIE KOMIUIEKCH. boibiine paboTsl BegyTcs
U B cdepe MorcKa HOBBIX aHAIUTHYEeCKUX peuieHui. Tak, B pabdore [1] npeiokeHo UCIoIb30BaTh
YpaBHEHHs TEOPUHM YNPYrocTH Oojiee BBICOKOTO TOpsIKa, 4YeM Kiaccuueckne. B pabore [2]
MIPOMO/ICIIMPOBAHO TIOBEJICHNE TETEPOreHHBIX MaTepuasioB. B pabore [3] mpuBOIUTCS peElIeHHE
O HanpsHKeHHO-Ie(OPMUPOBAHHOM COCTOSHUM IUIACTHHBI C YYETOM IJIACTUYECKHX JehOopMarui.
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[IpuMeHeHHEe COBPEMEHHBIX METOJOB pacueTa O0ECIeYuBaeT BBICOKYI0 MAaTEMaTUYECKYIO
TOYHOCTb, OJHAKO CJEAYyeT Y4YUTHIBaTh, YTO AOIMYCK MO TOJIIUHE AJS JIHCTOBOM CTamu 5 MM
npesbimaet 0,5 MM, To ectb 10 % [4]. OnpeneneHHy0 NOrpeIHOCTD B PE3YJIbTAaThl BBIUMCICHUM
BHOCUT pa30poc 1O OILIEHKe JACWCTBYIOIIMX Harpy3ok u Temneparyp. [lostomy 3amaua
CPaBHHUTEIBHO TPOCTOTO (ITO3BOJISIONICTO BHECTH MOMPAaBKU W KOI(DPUIMEHTHI 3amaca) pacuera
nedopmaruii acoHHOTO JUCTA MPEACTABISACTCS aKTyaTIbHOM.

3mech s OLIGHKW  YAJIWMHEHWH  (PACOHHOrO  JMCTa, COCTAaBISIONIETO OCHOBHOMU
KOHCTPYKTUBHBII 3JIEMEHT BEHTWISLMOHHOIO KaHalla, IMpeajiaraercs HCIoiIb30BaTh pacuer
C moMoOIpl0 (YHKIUU HANPSOHKCHHH B BUAC IMOJMHOMA. OJTO K€ pEHICHHE NpeiaracTcs
UCIIOJIb30BaTh B KAayeCTBE TECTOBOM 3a/Jayd MpU pacyeTe YHUCICHHBIMU METOJaMH BO3MOKHBIX
MOCJIE/ICTBHI BO3JICHCTBUS Ha BEHTHJISLIMOHHBIE KaHAJIbI POJAYKTOB TOPEHHUSL.

Hwxe npuBoauTcs npumep pacuera JeTaad BEHTWIILMOHHOIO KaHana. Jluet TomuuHoi 1,5 MM
umeet pazmepsl 2¢ = 1000 mm, 4 = 30 mm?. Ha mucr (1o BUIly Harpy>KE€HUs CTEPKEHb) NEHCTBYET
cuna F = 3 xH, u on wm3roroBnen u3 craym mapku Cr.3 (E = 2:10° MlIla; [6] = 160 MIla).
TpeOyeTcsi MpOBEpUTH JKUCT HA HPOYHOCTH M IKECTKOCTh W IOCTPOUTH SIIOPHl HAMPSIKEHUN
U MepeMeleHuil. DTy 3aauy MOKHO PEIIUTh METOJAAMM CONPOTUBICHHUS MaTEepHaliOB, YHCIECHHO
1 METOJJaMH TEOPHH YIIPYTOCTH C UCTIOJIB30BaHNEM ()YHKITUU HAMPSKCHUH .

Paccmotpum mocnennuii crnoco6. Beibepem ¢GyHKIUIO HampsHKeHUH B BHJIE TOJIUHOMA
BTOpOTO Nopsiaka. [Ipu BeIOOpe MOIMHOMA BTOPOTO TOPsiKa (YHKIUS HAPSHKSHUH HMEET BU/T:

a C
P, = 72)52 +b2xy+?2y

2

B O6H.I€M CJIy4ac HAIIPSKCHUSA IIPUMYT CIICAYIOINEC 3HAUYCHUS:

- 3

2
GX:Z—(ZD:CZ;
V
82
<Gy:a—x?:a2; -
T __9|% =-D,.
Yoo ox\ oy

\ J

[TockonbKy OTCYTCTBYIOT KaKHe-TMOO CHIJIBI KpOME MPOAOJIbHBIX, a TAKXKE OYEBHIHO, UTO
npu y=0 OTCYTCTBYIOT KacaTellbHbIe HAMPSHKEHHs, YMECTHO MPUHSITH 8;=0,=0, mostomy B 11r000i
TOYKe OYAYyT NEHCTBOBATh TOJBKO HAIPSDKEHUS 0y = C2, TO €CTh MOJIyUYUM 33/ady O pacTsHKEHHUH
CTEpXHS TOCTOSIHHOI'O IIONEPEYHOIr0 CEeYeHus. B KadecTBe 3TOro MOCTOSIHHOIO IONEPEYHOIO
CEUYEHHSI YMECTHO BBIOPATh CPEAMHHOE ILIOMAnbio A2=60 MM’ TOrIa HANpSIKCHHE PACTSIKCHHS
COCTaBUT:

F  3.10° H
Jx = = = 50 >
A, 60 MM
ITockonbky e=dU/dX, monHOE yaauHEeHHE OnpeaeseTcs mo Gopmyie:

21 2]
U :I ngX:ij O'quZZ—FIZO,25MM
0 E9 EA

&4
HCpCMCH.IeHI/IC CPCAMHHOTO CCUCHUA B 3TOM CJIY4a€ COCTABUT:

|
U= &dx _ 01250
) EA

p
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PaccmoTpuM GyHKINIO HANpsHKEHUH B BUJIE€ TIOJMHOMA 3-€i CTENCHH:

a b c d
Q=X+ 2xy+ 2 xp’ + )%
2-3 2 2 2-3
B o6miem cirydae HanpspkeHUst OyAyT ONPEAEsATHCS 10 YPaBHEHUSM CUCTEMBI:
s a2
o, ¢23 = cyx +d,y;
0
y
82
10, (P23 = a,x +b,y;
ox
0 ( O,
T, =—| = |=-bx—cyy
ox\ oy

Ecnu Bce xod(puipieHts 3a CKITIOYEHHEM C3 MPHUHATH paBHBIMH 0, TO ¢ y4eToM (yHKIHUU
HaIpsDKEHUM B BUJIE MOJIMHOMA 2-0T0 MOPAJKa, HA OCHOBAaHUM IPUHLIMIIA HAJOKEHUS HaIlPSHKEHUS
OyayT onpenensaTbes N0 ypaBHEHUSAM CHCTEMBI:

O, =C, +C3X,

X
T, =—C3)

[TomoOHOE BBIpaKeHUE KaK pa3 U COOTBETCTBYET NPEACTABICHUIO (DYHKIIUU HANPSIKCHUN
B BUJIE CYMMbI IIOJMHOMOB 2-0T0 U 3-ero mopsaakoB. Crenyer OTMETUTh, YTO B JAHHOM Cllydae
MOXKHO TpeHeOpedb KacaTeIbHBIMH HANPSDKEHUSMHU BBUIY MAajoCTH yria ) (PHCYHOK), TaHTCHC
koToporo cocrarisier 0,02. B npoTuBHOM cilydae HEOOXOAMMO pelIaTh IUIOCKYIO 33Jady TCOpUHU
yrpyroctu. KoaddurmenTst ¢, u ¢z onpeensiem u3 yciaosuit (1) u (2):

F 3.10° H
__ =—=—-—=23333
ITpu x O, 3A 90 Jl/l]l/l2 ) 1)
F_3-10° H
ITpu x=1000 MM O, = K = T =100 R 2

Pemennem cucremsl ypaBHEHUI:

c, = 33,33
c,-10° + ¢, =10.
omnpesenseM 3HaueHne cz=0,06667, oTKya:
o, ==33,33+66,67-10°x

[To u3BecTHOM (opMyIie onpeeiseM MePEeMEIICHHE CPESAMHHOTO CEUCHUS:
L

L
u=| gxdx:éj (cz+csx)dX:%(czx+
0

0

c3x2) B
2

2
_ Cl+al™ /2 — 0125
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AHaJIOTUYHBIM 00pa30M OIpeIeNIuM MepeMelieHre CBOOOJHOTO KOHIIA:

2
U= é[CZZI +@] =0.333mm.

[Tpu BEIOOpE MONTMHOMA 4-01 CTEeTIeH! (PYHKIUS HAPSHKEHU UMEET BUL:
a b c d e
=4x4+4x3y+—4xzy2+—4xj/3+—4y4
4.3 3-2 2 2-3 4.3

Py

[Tpu >TOM Ha KOP(DOUIMEHTHI ¢4 U @4 HAKJIAABIBAIOTCS OrpaHHUcHHS [5]: es=-(cstaa),
Ha ocTajlbHble KOd(PGUIMEHTH orpanudyeHuid HeT. C  y4eToM BBEACHHBIX OTPAHHUYCHHM
HaNpPsDKEHUsS B 0011eM cirydae OyayT ONpenessiThes M0 yPaBHEHUSM CUCTEMBI:

82{04 2 2.
o, = ? =CyX + d4xy _(204 +a4)y '
y
o2
o, = a—qi4 =cx’ +dxy —(2¢, +a,) %
y
g, b, x* 2
= = —2¢,xy—d,y°.
Y
Ecmu npunsite b, = d,= 0, To cuctema ypaBHEHHIT JUTsl OIPEICIICHHs] HAIPSHKSHHIA TIPUMET BHI
82
0, = ¢24 =¢,x" = (2¢, + a,) %,
oy
82¢4 _ 2 + 2
O'y = axz =a,x Gy
62¢4
=——1%=_2¢
¥ Ox0y 4xy

B [6] moka3zaHo, 4TO mMpU pacyeTe CTEpKHEH MEePEMEHHOTO CEYEHUs, aHAJOTHYHBIX
n300pakKeHHOMY Ha pUCYHKE, UMEIOT MecTo 3aBUcuMOcTH (3) 1 (4):

Txy =0, tgy, 3)
o, =0,-19%. (@)

[Tockonpky B paccMmarpuBaemoM ciydae »=0,02, To ecTb BeTWYMHA 2-0T0 TMOPSIKA

MaJIOCTH, KacCaTCJIbHBIMHU W NONCPECYHBIMU  HAIPAKCHHUAMHA  MOXKHO npeHe6peqL. Torna
B COOTBCTCTBHUH C MPHUHIOHWUIIOM HAJIOXKCHHUA U C YUCTOM BAPHAHTOB q)YHKHI/II/I HﬂHpSDKGHI/Iﬁ B BHUJIC
IIOJIMHOMOB 2-0T0 U 3-€ro MOPpAIKOB, YPAaBHCHHUC IJId ONPCACIICHUA pACTATMBAIOIINX HaHp}DKeHI/Iﬁ
IMpUMET BUA!

O.=C,+¢ X+C, X,

IMpu x=0 o0,=c;=33,33 MIla; mupux=1 0,=50 MIla; mpu X =21 ¢,=100 MI1a.
HewusBecTHBIC ¢3 U ¢4 ONIPEAETSIOTCS PEIICHUEM CHCTEMBI:

50=33,33+c, 1 +c, -1
100=33,33+2-c, | +4-c, I
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Pemenue cucremsl naet cnemyromiue pe3ynbrarsl: c3=0; ¢4=0,667- 10,

C yyeToM MOJy4YEHHBIX 3HAYEHUH KO3 UIMEHTOB, MEpEeMEeUIeHHEe CPEIUHHOTO CEYEHUS
COCTaBUT:

3
¢,

¢, 1+
U:T3:0,097MM_

HepeMeLueHI/Ie CBOGOI[HOI‘O KOHIIa COCTaBUT:

3
02.2.|+C4'(2'|)
U-= - S _021715um

2/=1000 =500

0.3 0.3
0,2 0,2
. 2 .
0.1 //o.n el
f

Puc. PacueTHasi cxeMa CTEepsKHS IEPeMEHHOT0 CeYeHHs
a — CTepsKeHb; 0 — MIOPAa HANIPSIAKEHNUH ; ¢ — rpadHUecKoe ONMCAHKUE 3aBMCUMOCTH IIOIIATU
MOINEPEeYHOro CeYeHHsI 0T KOOPAMHATHI X; 2 — JMIOPHI NepeMelleHil
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[To pe3ymbraraMm BBIUMCICHUN ObLIa MOCTPOCHA JIIOpa IMEpEeMENIeHUN, MpeaCTaBICHHA
Ha pUCYHKe (KpuBad 2). B kiaccuueckoMm Kypce CONpPOTUBIIEHHSI MAaTEPUAJIOB YAJINHEHUE CTEPIKHS,
Harpy»kKeHHOTO MPOAOIBHBIMU CHIIAMH, OTpeaensiercs no ¢popmyne [7]:

Ndx

l
Al =| i
) EA . 5)
[ToCKOBbKY JMCT U3TOTOBJICH M3 OJJHOTO MaTepHala M Ha Hero ICHCTBYET OJ[HA MOCTOSHHAS
cwiia, mpeacTaBiieHHas popmyia (5) mpeobpa3yercs K BUAY:

¢
N N ¢ dx
E < A(X)
s ynoOcTBa aHAIUTUYECKOTO OMUCAHKSI 3aBUCUMOCTH TUIOIIAIN TIONIEPEYHOTO ceueHus A4
OT KOOPJIMHATHI a0CIHCC, MPEACTaBIsieM CTep)KeHb (puc., ¢ur. a) B Buae (puc., Gur. 8), IpuUHIB

3a Ha4yajuo koopauHAT TOYKy O. OYEeBHIHO, YTO IUIOIIAb MPOU3BOJIBHOIO MOIMEPEUHOTO CEUCHUS
crepokus onpenensercs kak A(x) = 0,06x, Toraa noaHoe YATUHCHUE CTePIKH:

Al = o,olgl- = -Td):( _ o,olz. —[In(@1)- (1)}

4YTO B YHMCJICHHOM BBbIPA)KCHHUU COCTABJIACT:
. 3.10°

0,06-2-10°

=2,5-10"(7,31-6,21) = 0,275 mm.

[In(1500)~In(500)] =

ComnocTaBinsisi pe3ynbTaThl pacueTa JABYMs NPUBEACHHBIMU BBILIIE METOAAMU BHUAHO, YTO
C YBEIMYEHHMEM CTENEHU TOJMHOMA pe3yJabTaT pEeUIeHHUs] MEpPBbIM CIOCOOOM CTPEMUTCS
K «KJaccuueckomy» (kpuBas 1), ogHaKo JUIsl MOJHOTHI aHaiM3a HEOOXOAUMO IKCIEPUMEHTATbHOE
noareepkaeHue. Taxke ObUT MPOBENEH YMCICHHBIM AKCIEPUMEHT ¢ Pa3OMBKOM JiMcTa Ha JBa
U 4YeThlpe KOHEYHBIX 3jeMeHTa. [lonHoe yanuHenue npu 3tom coctrasuio 0,267 u 0,2726 mm
COOTBETCTBEHHO, TO €CTb C YBEJIMYEHHEM KOHEYHBIX JJIEMEHTOB pELICHHE CTPEMUTCS
K «KJIACCHUECKOMY.

Ha ocHOBaHMU BBINOJHEHHBIX pPACYETOB U IPOBEACHHOIO YHCIEHHOTO 3KCIIEPUMEHTa
MOKHO 3aKJIIOYUTh, YTO NPUMEHEHHE B KauyeCTBE MAaTEeMaTHYECKOH MOJeNu IOJMHOMOB JaeT
pe3yabTaThl OMM3KME K TEOPETHUECKUM pelleHusM. Takke NpeAsoKeHHbIH MOIX0A MOKHO
UCMOJb30BaTh JJIsl COCTABJEHMS TECTOBBIX 3a/ad IpH aHaJlu3e paboOThl B YCIOBUSAX IMOXKapa
KOHCTPYKTHBHBIX JIEMEHTOB BEHTHJIALIMOHHBIX KaHAJIOB 00JIe€ CI0KHONU FeOMETPUUYECKON POPMBI.
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HOXKXAPHASA ONTACHOCTDb U OCOBEHHOCTHU PA3BUTHUA
MOKAPOB B )KWJIBIX 3JAHUSX MOBBILIEHHON
ITAXKHOCTH

JI.C. Ca¢una,;
A.E. CaBeHKOBa, KAHAMAAT TEXHUYECKHX HAYK.
Cankr-Ilerepoyprexuii yauusepeurer I'TIC MUC Poccun

PaccMoTpeHbl OCOOCHHOCTH pa3BUTHSA IOKAPOB B JKWIBIX 3[JaHHUSAX TOBBIIICHHOH 3Ta)KHOCTH.
O603HaueHBl OMMOKK W OTCTYIUICHHS OT TpeOOBaHWH HOPMATHBHBIX JTIOKYMEHTOB, AOIYCKaeMbIE B XOJe
MIPOEKTUPOBAHUS; OTKIOHEHUS IPU CTPOUTENBCTBE OT MPOEKTHBIX pemeHnid. OTMeueHo, YTO 0003HAUECHHBIC
OMOKY ¥ OTKJIOHEHHS BBISBISIIOTCS B XOJI€ TYIICHHS TOXKapa.

Kniouegvie cnoea: xunble 37aHHUA TOBBIIIEHHOW 3TaXXHOCTH, MPUYUHBI IMOXKApPOB, 3BaKyalusd,
[O’KapHasi OMACHOCTb, PAa3BUTHE MOKaPOB

FIRE HAZARD AND FEATURES OF FIRE DEVELOPMENT IN HIGH-RISE
RESIDENTIAL BUILDINGS

L.S. Safina; A.E. Savenkova.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The peculiarities of fire development in residential buildings of high storey are considered. Errors
and deviations from requirements of regulatory documents made during design are indicated; deviations
during construction from design solutions. It is noted that the indicated errors and deviations are detected
during fire extinguishing.

Keywords: high-rise residential buildings, causes of fires, evacuation, fire danger, fire development

[TosxapHasi OMACHOCTH MpPH MOKape B 3AAHMSIX MOBBIIIEHHOW 3TaKHOCTU XapaKTepU3yeTcs
OBICTPBIM pPACHpOCTPAHEHHWEM OTHA M JbIMa IO JIECTHUYHBIM KJIETKaM, IIaxTaM JHUQTOB,
OTBEPCTHSIM B MEXIYITAXKHBIX MEPEKPHITUSIX, CUCTEME 00111e00MeHHOM BeHTusimu [ 1, 2].

Mepbl 1NOXKapHOW 3allUThI, OCYLIECTBISIEMONM B 3JaHUAX IIOBBIIIEHHOM JTaKHOCTH,
HampaBJIeHbl Ha o0ecreueHue MoXapHoi 0e30macHOCTH OOJIBIIOrO KOJMYECTBA JIIOJEH, KOTOpbIe
OJTHOBPEMEHHO HAXOJAATCS Ha CpPAaBHUTEIbHO HEOONBIIMX IUIOMIAJAX, PACIHOI0KEHHBIX
BEPTUKAIBHO JAPYr Haj JApyroM. IlouTu Bcs Harpy3ka Mo BEPTHKAIbHOMY MEPEMEILIEHUIO JIIoaen
B 3JaHMSX TIOBBIIICHHOM STaXHOCTH MNpUXoauTcss Ha JudTel. OIHAKO B COOTBETCTBUU
C IPOTUBOMOYXKAaPHBIM HOPMUPOBAHKUEM JUQTHI B pacyeT MyTel dBaKyalluu He MPUHUMAIOT, TaK Kak
OHU HE CIIOCOOHBI 00ECTIEYNTh IBAKYAIIMIO BCEX JIIOAEH U3 3/1aHUS B TeUEHUE TPeOyeMOro BpeMeH!
(1o HacTymjeHHs OIHOIO U3 OINAacHBIX (akTopoB Mnoxapa). KaOGuHbl NHU(TOB BBHINOIHEHBI
U3 TOPIOUMX MAaTEepHalloB M CIY’KaT HUCTOYHMKOM 3aJbIMIICHHs 31aHui. M3-3a NpOHMKHOBEHHS
B IIAXTHI JUPTOB TOPSIUEr0 BO3/1yXa, JbIMa, TOKCHYHBIX BEIIECTB MAaCCaKUPBl B HUX MOJIBEPTAIOTCS
OIMAaCHOCTH U MOTYT MOTUOHYTS [3, 4].
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[Toxap 3actaer Jrofel BpacIjioX, BO3HUKAET MaHMKA, KOTOpas BIIEUET 3a co0OW co3maHue
Ype3MEpHO IUIOTHBIX TMOTOKOB HSBaKyHUPYIOUIMXCSA, M MCIOJIb30BaHHE MJIsi 3BaKyallud OOBIYHBIX
MACCAXHUPCKUN JHU(TOB CTAHOBUTCS MECTOM UX rubenu. B oTmenbHBIX ciyyasx JrOAd
BBINPHITUBAIOT U3 OKOH B O€3HA/IeKHOMU MOMbBITKE CACTUCh OT OTHSI U JibIMa [5].

MeponpusaTust 10 KOHTPOJIIO, IPOBOJUMBIE COTPYJHUKAMHU TOCYAAPCTBEHHOIO MOKapHOIO
HaJ30pa, MOKAa3bIBAIOT, YTO B MpOIECCEe OSKCIUTyaTalldd B 3JaHUSIX IOBBIIIEHHONW A3TaKHOCTH
JOMYCKAIOTCA CAEAYIOIINe HapylIeHus [6]:

— IYTH 3BaKyallud OTJEJBIBAIOTCS TOPIOYUMHU MaTepuajaMH, IOkl B KOPHIOpAaX,
JIECTHHYHBIC MAPIIU U TUIOIIAKNA MOKPHITHI JIETKOTOPIOYMMH CHHTETHYECKUMHU KOBPaMHU;

— aBTOMAaTHYECKHE CHCTEMbl MOXKAapOTYLIEHUS U MPOTHBOJBIMHON 3aIIUTHI COJEPKATCS
B PYYHOM PEKHME IIycKa B padoTy;

— JIBEpU 3BaKyallMOHHBIX BBIXOJIOB U3 3/IaHUS 3aKPBIThI HA 3aMKHU;

— B BECTHOIONSAX MpU HE3aJbIMIISEMBIX JECTHHYHBIX KIIETKaX M Ha CAMHUX JICCTHUYHBIX
KJIETKaX YCTPauBalOTCA KJIaJJOBbIE, KHOCKU U IPYT'He MOMEIIECHUSI.

BonbIIMHCTBO 1OKAapOB OrPaHUYEHO OJHUM IOMEUIEHUEM WIH, PEXE, OAHUM 3TAXKOM,
MIOCKOJIBKY B COBPEMEHHBIX 3/IaHUSX IMOBBIIICHHONW 3Ta)KHOCTU HAJIMYECTBYIOT aBTOMATHYECKUE
CHCTEMBbl W3BEUICHUS W TPOTUBOABIMHOM 3ammuThl. Oyar moxapa, Kak IPaBWIO, BBISBISIETCS
CBOEBPEMEHHO U JUKBUIUPYETCSI C MUHUMAIBHBIM YIIEPOOM.

[Tpumepom mo’kapa B BBICOTHOM 3/1aHUU MOJKET CIYXHUThb I10XKap, KOTOPBI MPOU30LIEI
B 1974 r. B 1. Can-lIlayno (bpasunusi) u sBisieTcs OJAHMM H3 CaMbIX KPYIHBIX IO CBOUM
Tparndyeckum rnocyueacTsusM. OO01iee ynciao norudmux cocrabuiio 227 yenosek, 450 — ¢ oxxoramu
U TpaBMamu OBUIM JOCTAaBJICHbI B OONBHHUIBL. 25-3TaXHOE 3/JaHHE KpPOME OTHECTOWKOIo
KEJIe300€TOHHOr0 Kapkaca M CTEH HE HUMENO HHUKAKUX JPYrMX CpPEJICTB IOXKAapHOM 3allUThI:
CHUCTeMBl aBTOMATHYECKOTO OOHapyXeHUs W TYUICHUS TMOKapa OTCYTCTBOBalHM, BHYTPEHHSIS
OTJeNKa, BKJIKOYas M IOJBECHbIE IOTOJKU, M IEPEropojKu, Oblia BBIIOJIHEHA U3 TOPIOYETo
Matepuana. [lnan sBakyanuu nmojel U3 37aHUs ObLT paccyuTaH Ha paboTy TUGTOB, U MPOSKTOM
IpelycMarpuBaiach OJHa BHYTPEHHsIS JIECTHUIA 0€3 MPOTHUBOIOKAapHOU 3amuThl. [loxkap BO3HMK
B MOMEIIEHUU Ha 12-M 3Taxke W, Mpexae 4eM 3aJbIMICHUE 3[IaHUSl CTall0 OMACHBIM JI KU3HU
nmosiel, 4eThlppMs Judramu Obuto 3BakynpoBaHo okosio 300 yenoBek. Ilocnme rubenu omHOrO
u3 nudTepoB KaOMHBI OBUTM OCTAHOBJIEHBI Ha 1-M 3Take M OTKIIOYeHbI. JlanbHeiliiee craceHue
JOJIEM TPOBOAMIIOCH C TIOMOIIBIO MOKAPHBIX JIECTHUI] U BepeBOK. 3-3a BBICOKON TeMIeparyphl,
KOTOpasi co3/1ajach B 3JaHHUH, TYHICHHE MOKapa MPOU3BOIUIOCH MOXKAPHBIMU CTBOJIAMU C YPOBHS
1-ro sraxa u aBronecTHuubl. [locne nMKBUIAMU MMOXKapa € KPBIIIM 3/aHUS ObUIM CHSITBHI
81 yenoBek. M3-3a CHIIBHBIX TEIJIOBBIX MOTOKOB M 3aapiMieHUs 80 yeloBeK MOTHMOIM Ha KpHIIIE,
41 gen. noru6 B 37aHUH, 40 YeTOBEK BHIOPOCUITUCH C TOPSIIUX dTaxeH [7].

B kadectBe mpuMepa Takxke MOKHO npuecTH noxkap B 2008 r. B r. Acrane (Kazaxcran)
B 23-3TaXKHOM XUJIoM JoMme. [Ipou3omnuio Bo3ropanue JIEKTPUIECKOTO Kabelsi B IIMTOBOW IIAXTE
¢ 20 mo 23 staxx Ha miomagu 30 M%. Bbita Mpou3Be/ieHa 3BaKyanus 126 denosek. B pesynbraTte
no’kapa IMOJIYYUJIM OTpaBiI€HUE MPOAYKTaMH TOpPEHUS M TOCHUTAIM3UPOBaHbl 27 4YeloBeK,
14 u3 Hux — geru. YeTBepo B3poCHBIX M [JBOE JeTel mnomanu B peaHuMaiuio. Bcero
3a MEIUIIMHCKOM TTOMOIIBI0 00paTHiiock 43 yenoBeka.

OrnenuBasi MOXKapHYIO OMACHOCTh 3[IaHUI TOBBIIMICEHHON 3TaXXHOCTH, HEOOXOAMMO 3HATh
BEPOATHOCTh BO3JICHCTBUSl OINACHBIX (AKTOPOB IMOKapa Ha JIIOJEH, MpeAeabHO JOMYyCTUMBbIE
u (pakTHyeckre 3HAUYEHUS ITHX (PAKTOPOB, 3aKOHOMEPHOCTH IpOLIECCa IBAKyallUH U TPH TOM
BO3MOXHOCTb MAHUYECKHUX JICUCTBUU.

Opnoli u3 Hambosee BEPOSATHBIX MPUYUH BOSHHUKHOBEHHS TOKapa SBJISIOTCS OMIMOKHU MPH
MIPOEKTUPOBAHHUM U CTPOUTENIHLCTBE 00BEKTOB [8, 9.

Paznienenue 31aHus MO BEPTHKAIM Ha MOXApPHBIE OTCEKH OCYILECTBISETCS MPU MOMOIIU
MIPOTUBOMNOXKAPHOT'O MEPEKPHITHS C BBHICTYIMAIOIIUM KapHU30M (pucC. 1), C MOMOIIBIO TEXHUYECKOTO
sTaxka (puc. 2) WM MosACa U3 HErOPIOYMX MaTepUalioB OMpeAeTIeHHOM BBICOTH (pacaia ¢ mpeaeaoM
OTHECTOMKOCTH MPUMBIKAIOIIETO MPOTUBOIIOKAPHOTO MEPEKPHITHSI.
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[TpoGnembl U MePCIEKTUBBI MPEAYIPESKACHUS U TYLICHUS [T0XKAPOB

Puc. 1. Paznenenne 30aHusi mo BEPTUHKAJIH HA MOKAPHBIE OTCEKH ¢ MOMOIIbLIO IIPOTHBOIOKAPHOT0
NEPEKPHITUSA ¢ BBICTYNNIAKINUM KAPHU30M

Puc. 2. Pazaesienue 31aHNUs 110 BePTHKAJIU HA NMOKaPHbIe 0TCEKH ¢ MOMOIILIO TEXHUYECKOT0
ITaKa WJIM MOsICa 3 HETOPIOYHX MATEPHAJIOB ONpeaeJIeHHOI BBICOTHI (hacajaa ¢ mpeaeoMm
OTHECTOHKOCTH NPUMBIKAIOLIET0 MPOTHBOMOKAPHOTO MEePEKPHITHS

[Ipr BO3HMKHOBEHHWM B TAaKHX 3IaHUSAX IOKAPOB BBICTYIAIONIME KapHHU3BI MPEHSATCTBYIOT
pacnpocTpaHeHUIO ToXapa 1mo (acaxy U3 OZHOTO MOXKAPHOTO OTCeKa B Apyroit (puc. 3), a mpu

OTCYTCTBHH TaKOTO KapHHW3a (TpeOHs) IMokap pacipoCTpaHASTCS Kak BBEPX, TaK M BHU3 1O ¢acamy
3nanus (puc. 4).
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HamzopHast nesTebHOCTh M CyIeOHas IKcrepTr3a B cuctemMe oesomacHocT Ne 2—2021

Puc. 4. PacnipocTpaHeHue nmoxkapa mo Bceid BbicoTe (pacaga 31anus 0e3 KapHU30B

s obecriedennsi 6€30MaCHOCTH MPHU TOKape BHICOTHOTO KOMILIEKCA MPelycMaTpUBAIOTCS
pemeHus Mo pa3MeNIeHHI0 B JU(PTOBBIX XOJUIaX JHU(PTOB [JIsI TPAHCIOPTHPOBKH TMOKAPHBIX
MoApa3AesIieHU UK B OT/IETbHBIX TOMEUIEHUsX [4].

[ToxxapHas OMacHOCTh TaKUX 3[JaHUM ONPEIETAECTCS B TOM YHUCIIE:

— MHTEHCUBHBIM PACIIPOCTPAHEHHEM B BBICOTHOM 3JaHUM MO BEPTUKAIU IJIAMEHH, JbIMA,

TOKCHYECKHX BEIIIECTB;

— HepabOTaIUMHU CHCTEMaMHU TPOTUBOTIOXKAPHOH 3aIIUTHI;

— U3MEHEHUSIMUA, BHOCUMBIMU IKCILTyaTHPYIONUMHU opranu3arusmu [ 10].
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[Ipob6nemMb! 1 IepCHEeKTHBEI IPEAYIPEKICHAS U TYIICHHUS TOKapOB

MarepuanbHblii  yimep0O, Bpel KU3HM W 3J0POBBIO TpaxkaaH, HMHTEpecaMm o0IIecTBa
Y TOCYJapCTBa MPH MOXKapax SBISIETCS CIEICTBUEM BO3ACHCTBUS ONACHBIX (PAKTOPOB MoXkapa.

[Toxkapel B BBICOTHBIX 37JaHUAX U COOPYKEHHUSIX MO NMPUYMHE OBICTPOTO pacIpOCTPaHEHHS
10 BEPTUKAIIU MPEACTABISAIOT OOJBIIYI0 ONACHOCTh, CO3/IaBasi Cepbe3HbIE MPOOIIEMBI B TPOBEICHUN
paboT Mo crlacaHwrio JItOICH | 1O TYIICHHIO MOXapa, a TAKKe NPH dBaKyaruu Jiroaei [11].

[TyTu sBakyanuu B 3/1aHUU, a TaK)KE€ BEPTHUKaJIbHbIE KOMMYHUKAIIUU OBICTPO 3aIOJIHSAIOTCA
IPOAYKTaMH TOpeHus. JlOCTynl DOKapHbIX B BEPXHHUE JTAXKHM TaKUX 3JAHUM CYLLIECTBEHHO
3aTpyJHSETCS, a TAKXKE OCIOXKHSACTCS HCIOIb30BaHHE MM0KAPHOU TEXHUKU U 000PYAOBAHHUS.
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NHOPOPMAIIMOHHAA CITPABKA

Crapeiiiee yyeOHOe 3aBefieHHE MOKapHO-TeXHHUYecKoro mnpoduis Poccun obOpa3zoBaHO
18 oktsa6ps 1906 r., korna Ha ocHoBaHUM pemieHus [opoackoi Jymbr Cankr-IletepOypra Obum
OTKpbITBl Kypchl moXapHbIX TEeXHUKOB. Hapsany ¢ NOArOTOBKOM MMOXKAPHBIX CHELUAINCTOB,
y4eOHOMY 3aBEJICHUI0 BMEHSJIOCH B OOS3aHHOCTh 3aHUMATHCS OOOOIICHHEM M CUCTEMAaTH3aIHeH
MO’KapHO-TEXHUYECKUX 3HAHUHN, 0GOPMIICHHEM UX B OTHAEIbHbIC Y4eOHBbIE AUCUUILIMHBL. MIMEeHHO
3/1eCh OBLIM CO3/IaHbI NIEPBHIE OTCUECTBCHHBIE YUCOHUKH, IO KOTOPHIM 00ydYaInCh BCE MOKAPHBIE
CHELUATIUCThI CTPAHBI.

Y4eOHBIM 3aBeIECHUEM 32 BEKOBYIO HCTOPHIO MOATOTOBIEHO Oosee 40 ThIC. CIIEUAINCTOB,
KOTOPBIX BCErja OTIMYaId HE TOJIBKO BBHICOKHE MPOQecCHOHANbHbIE 3HAHUS, HO U OecnpeebHas
MPEIaHHOCTh MPOQPECCHH TIOKAPHOTO U BEPHOCTH mpucsre. CBUIACTEIBLCTBO TOMY — IENBIH PsijI
COTPY/JIHUKOB M BBIITYCKHUKOB BY3a, HArpakKJICHHBIX BBICIIMMU HAarpajamMu CTpaHbl, CPEIU HHX:
kaBasiepbl ['eoprueBckux kpectoB, ueTbipe I'epos Coserckoro Coroza u I'epoit Poccun. [lanexo
HE cIy4yaeH TOT (hakT, UTO CPeIu PYKOBOJSIIETO COCTaBa MOKAPHOW OXpaHbI CTpaHbl Beerjaa Obuio
MHOT'O BBIITYCKHUKOB y4€OHOTO 3aBE/ICHHUSI.

Ceronmus (QenepaibHOe TOCYJApPCTBEHHOE OIOKETHOE OOpa30BaTEIbHOE YUPEKIACHUE
BeIcIero odpasoBanusi «CaHkt-IleTrepOyprekuii yHHBepcuTeT ['OCymapcTBEHHOW MPOTHBOIIOKAPHOM
cnyx0b1  MunuctepctBa Poccuiickoit  @enepanuu 1o edaM  TPaXKIAHCKOH  OOOPOHHBI,
YpE3BBIYANHBIM CUTYALMsIM U JIMKBUJAIUN TOCIEACTBUN CTUXUUHBIX OCICTBHUI» — COBPEMEHHBIN
HAy4YHO-00pa30BaTENbHBI KOMIUIEKC, WHTETPHUPOBAHHBIA B POCCHIICKOE W MHPOBOE HAy4YHO-
00pa3oBaTeNbHOE MPOCTPAHCTBO. YHUBEPCUTET MO pa3HbIM (popMaM OOydeHHS — OYHOM, 3209HOU
U 3a0YHOW C TMPUMEHEHHEM JMCTAHIMOHHBIX TEXHOJOTUH — OCYIIECTBIsET OOy4YeHHE
1o 25 mporpamMmmaM CpeIaHETo, BBICIIET0 00pa3oBaHus, a TAKXKE MOATOTOBKY CIEIMATUCTOB BBICIICH
KBaJIM(DUKAIMK: TOKTOPAHTOB, aILIOHKTOB, aCUPAHTOB, a TAKXKE OCYIIECTBISET MEPETOATOTOBKY
Y TIOBBINICHHE KBamudukanuu crenuaiuctoB 6omee 30 kareropuit corpyaaukoB MUC Poccun.

HauanpHuk yHUBepcuTeTa — TeHepal-JeHTeHAaHT BHYTPEHHEW CHYyKObl, KaHIWUJAT
TEXHUYECKHUX HAYK, TOUEHT ['aBkaimok bornan BacuibeBuy.

OCHOBHBIM  HANpaBIICHUEM  JACSITEIbHOCTH  YHHUBEPCHUTETAa  SIBISIETCA  MOJTOTOBKA
CHELMAIMCTOB B paMKax crenuanbHocTh «lloxkapHas 6e3onacHocTh». BMecTe ¢ Tem, opraHuzoBaHa
MOATOTOBKA W TIO JPYTMM CIeUUalbHOCTSAM, BocTpeboBaHHbIM B cucreme MUC Poccun.
OT0 crenraIucThl B 001aCTH CUCTEMHOIO aHAIM3a U YIIPaBJIEHUS, 3aKOHOAATEIbHOTO 00eCTIeUeHMs
U mpaBoBoro perynuposanus aestenbHocty MUYC Poccun, mcuxosiornd pucka M 4pe3BblUaliHBIX
CUTyaluii, OSKOHOMH4YECKOW Oe3zomacHoctH B monpazaenenusix MUC Poccum, mnoxapHO-
TEXHUYECKONW OKCHepTu3bl © jAo3HaHUsA. [lo WHHOBAIIMOHHBIM TMporpaMMaM IOJATOTOBKH
OCYIIIECTBISIETCSI OOy4YEHHE CIENUATNCTOB MO CHeruanu3anusM «PyKOBOJICTBO MpPOBEIECHUEM
cracaTeNbHBIX omepamuii ocoboro pucka» u «lIpoBeaeHue 4dpe3BBIYANHBIX TYMaHHTAPHBIX
omepaluii» CcO 3HAHUEM MHOCTPAHHBIX S3BIKOB, @ TakXe MOJATOTOBKAa CHEIHAJINCTOB
JUIS1 BOGHU3UPOBAHHBIX TOPHOCHACATEIbHBIX YaCTEN IO CIENNATBHOCTH «I OpHOE Aeo».

[[lupoTra HAYYHBIX WHTEPECOB, BBICOKUU mMpodeccruoHaIn3M, OOJBIION OMBIT HAy4YHO-
MEIaroru4ecKor JIeSITEIbHOCTH, BIAJICHHE COBPEMEHHBIMM METOJAMU HAYYHBIX HCCIEAOBAHUIMA
MO3BOJISIIOT KOJUIEKTUBY YHUBEPCUTETAa NPEYMHOXAaTh HAYYHBIM W HayYHO-TIEAaroruuyecKui
MOTEHITMA By3a, 00eCIIeYMBaTh HEMPEPHIBHOCTH U MPEEMCTBEHHOCTh 00pa30BaTEILHOTO MpoIiecca.
CerosHsi B yHUBEPCUTETE CBOM 3HAHUS M OTPOMHBIM ONBIT MEPENAIOT: 7 3aCIyKEHHBIX AesTesen
Hayku Poccuiickoit ®enepauuu, 11 3aciaykeHHbIX pPaOOTHHUKOB BbICIIEH IIKoibl Poccuiickoit
@denepannu, 2 3acioyXeHHbIX Iopucta Poccuiickoit denepainu, 3acimyKeHHbIE H300peTaTenu
Poccuiickoit ®enepanmn 1 CCCP. IloAroToBKy CHEMUAJIMCTOB BBICOKOW KBadu(UKAIIIH
B HACTOSIIIEE BpEeMsl OCYIIECTBISIIOT 56 JOKTOPOB HayK, 277 KaHIUIATOB HayK, 58 mpodeccopos,
158 nmomeHToB, 12 akageMHKOB OTPAaCiEBBIX aKaJIeMHUH, 8 UYIECHOB-KOPPECHOHAEHTOB OTPACIEBBIX
aKaJIeMUii, 5 CTapIINX HAYYHBIX COTPYAHUKOB, 6 MOYETHBIX PAOOTHUKOB BBICIIIETO MPOPECCHOHATLHOTO
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obpaszoBanust Poccuiickoii ®enepaunu, | moueTHsli pabOTHUK HAyKM M TEXHHKH Poccuiickoit
®denepanuu, 2 moYeTHBIX paaucta Poccuiickoit @eaepanuu.

B cocrase yHuBepcurera:

— 32 xadenapsr;

— VHCTUTYT 6€30MacHOCTH KU3HEACATEIIbHOCTH;

— MHCTUTYT 320YHOTO U JUCTAHIIMOHHOTO O0Y4EHUS;

— MHCTUTYT HPAaBCTBEHHO-NIATPUOTUYECKOTO U ICTETUYECKOTO Pa3BUTHS;

— UHcTtutyT npodeccuoHanbHON MOATOTOBKU;

— MHcTuTyT pa3BuTus;

— HayuyHo-uccnenoBaTesbCKUil HHCTUTYT MEPCIEKTUBHBIX UCCIEI0BAHUN U MHHOBALIMOHHBIX
TEXHOJIOTHI B 00JI1aCTH 0€30I1aCHOCTH JKH3HCACATCIIbHOCTH;

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

—miaTh  (aKyabTeTOB: (aKydbTeT HWHKEHEPHO-TEXHUYECKUH, (PaKyIbTeT 3KOHOMHKH
U TmpaBa, (akyapTeT MOArOTOBKM KaapoB BbICHICH KBanudukauuu; (akyiabTeT I0XKapHOU
6e3omacuoctu (moxpaznenenue JIBIICA); ¢dakynbreT IOMONHHUTEIHHOTO MpodeccrnoHAIEHOTO
oOpazoBanus (noapazaenenue J(BIICA).

WHCcTUTyT  0€30MacHOCTH  JKU3HENCSTENBbHOCTH  OCYHIECTBISIET  00pa3oBaTElbHYIO
JeSTeNbHOCTh MO0 MporpaMMaM BBICHIET0 00pa3oBaHUsl MO JOroBopaM 00 OKa3aHUM IUIaTHBIX
00pa3oBaTEeNbHBIX YCIYT.

[TpuopuTeTHBIM HampaBiieHHEM B paboTe MHCTUTYTa 3a04HOTO M AUCTAHIIMOHHOTO O0y4YeHUS
SBJISIETCS IOJATOTOBKA KaJpOB HAYaJIbCTBYIOLIETO COCTaBa MJI 3aMELIEHUS COOTBETCTBYIOLIUX
noJpKHOCTEH B noapasaenenusx MUC Poccun.

WHCTUTYT pasBUTHS pEATHU3YeT JIOTOJIHHUTENbHBIE MPO(ecCHOHAIBHBIE IPOrPaMMBbI
M0 TOBBIIICHUIO KBaTU(UKAIMU U TPO(EeCcCHOHATBHON IMEPENoAroTOBKE B paMKaX BBITOJIHEHUS
rocynapcrBeHHoro 3akaza MUC Poccuu 11 cOBEpIIEHCTBOBAHUS U PA3BUTHSI CUCTEMBI KaJIpOBOTO
obecrieyeHus, a Tak’kKe Ha JIOTOBOPHOI OCHOBE.

HayuHo-uccnenoBaTenbckuii HHCTUTYT NEPCIEKTUBHBIX MCCIIEOBAHUN M MHHOBAIlMOHHBIX
TEXHOJIOTUH B o00macTu OE30MaCHOCTH  KHU3HENESATENbHOCTH  OCYLIECTBISET  peaTu3aliio
roCy/lapCTBEHHONM HAyYHO-TEXHMUYECKON MOJIMTHUKH, W3YYEHHE U pEUIeHHE Hay4YHO-TEXHHUYECKUX
po6ieM, HHPOPMAIIMOHHOTO U METOIMYECKOro oOecredyeHus: B 001acTH MOKapHOH 0€30MacHOCTH.
OcHoBHble HampaBieHus gestenbHocty HWW: opranuszanmoHHoe u Hay4HO-METOJUYECKOE
PYKOBOJICTBO CYZ€OHO-9KCHEPTHBIMU YUPEKICHUAMHU (eepaabHON NMPOTUBOMOXKAPHON CIYyKOBI
MUYC Poccun; ceprudukanuss OpoAyKIMH B O0JIACTH MOXKapHOW O€30MACHOCTH; MPOBEACHHE
UCTBITAHUN U pa3paboTKa HayYHO-TEXHUYECKOM MPOJYKIMU B 00JACTH MOKapHOH 0€30MacHOCTH;
IIPOBEJICHUE pAcCUyeTOB IOXKAPHOIO pPHCKAa M PacueToB JWHAMUKM II0XKapa C HCIOJIb30BAHUEM
KOMIIBIOTEPHBIX POTPamMM.

@akynpTeT  MHXXEHEPHO-TEXHUYECKUH  OCYIIECTBISET  MOJATOTOBKY  CIIELUAIMCTOB
no cneuuanbHocTAM: «lloxkaphas OGe3omacHocTh»  (cmenumanuzanuu:  «l[lokapoTyiieHuey,
«l"ocygapCTBEHHBIN MOXapHBIA HAaA30p», «PYKOBOJACTBO MPOBEACHUEM CIIACATENIbHBIX OMNEepaui
ocoboro pucka», «lIpoBeneHne 4Ype3BbIUAWHBIX TyMaHUTApHBIX onepanuii»), «CynebHas
JKCIIEpPTHU3a», TI0 HANpaBJIEHUSM MOATOTOBKU: «CHCTEMHBIH aHAIW3 W YOpPaBICHHUE),
«TexHochepHas 6€30MaCHOCTHY.

@DakyabTeT 3KOHOMUKH U TpaBa OCYIIECTBIISIET NOATOTOBKY CHEUAINCTOB MO CIEUAIBLHOCTSM:
«IIpaBoBoe  obOecneueHue HalUMOHANBbHOM  Oe3omacHocTH», «llokapHas  ©€30MaCHOCTH
(cnemmanm3anus  «lloxxapHas 0€30MacHOCT OOBEKTOB MHHEPATHHO-CHIPHEBOTO KOMILIEKCAY),
«CyneOHast skcneptuza», «l['opHOe 1€i10» M TO HampapieHHsM noarotoBku «TexHochepHas
0e30macHOCTh» M «CUCTEMHBIN aHAJIN3 U YIIPABICHUE.

@akynbpTeT MOATOTOBKM KaJpOB BBICHIEH KBaJIM(PHUKAIMK OCYLIECTBISET MOJITOTOBKY
JOKTOPAHTOB, a/IbIOHKTOB, aCIIMPAHTOB 110 OYHOM U 3a04HOH opMaM 00yUeHUSI.

YHUBEpPCUTET MMEET IMPEACTAaBUTENbCTBA B ropojax: Beibopr (JIeHuHrpanackas oOacTs),
Boeiterpa, Topsumit Kmiou (KpacHomapckmii  kpaif), Mypmanck, IlerpozaBojack, Ilaruropck,
Cesactrononb, CtpexeBoit, CrIkThIBKap, TioMeHb, Yda; mNpencTaBUTEIbCTBA YHHUBEPCHUTETA
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3a pyoexxom: Anma-Arta (PecmmyOnuka Kaszaxcran), baky (AszepOaiimxanckas Pecmybnuka), bap
(Yepnoropwusi), r. Hum (CepOus).

OOmiee KOMUYECTBO OOYYAIOIIUXCS B YHUBEPCUTETE 10 BCEM  CHEIHAIBHOCTSIM,
HampaBJIEHUSIM TMOJATOTOBKU, CpeaHeMy oOmemMy oOpa3oBaHuio cocTaBiser 7 057 uyenoBek.
E>xeronnblii Beinyck coctasisiet 6osee 1 100 criennanucTos.

B yHuBepcurere nelcTByeT JBa AMCCEPTALMOHHBIX COBETAa IO 3allUTE JUCCepTalui
Ha COMCKaHHE YUEHOM CTENEHH JI0OKTOpa M KaHI11aTa HayK 110 TEXHUYECKUM U S3KOHOMUYECKHM HayKaM.

E>xeronHo yHUBEPCUTET MPOBOIUT HAYYHO-NIPAKTUUYECKHE KOH(PEPEHIUU Pa3IUYHOTO
ypoBHs: Bcepoccuiickyro HaydHO-TIpakTH4YeCcKylo KoHpepeHmoo «CepBuc 6e3omnacHocTH B Poccun:
OTBIT, MPOOJIEMbl U MEpPCHEKTUBB», MEXAYHAPOJHYIO HAyYHO-NPAKTHUUYECKYI0 KOH(EPEHIUIO
«IToaroroBka KajJpoB B CHUCTEME MPEAYNPEKACHHUS U JUKBUAAIMU TOCIEICTBUN UYpE3BbIYANHBIX
cutyanuit». CoBMectHo ¢ CeBepo-3ananubiM otaeneHuem Hayunoro Cosera PAH mo ropenwuto
u B3pbIBY, Poccuiickoil akagemueil paketHblx M aptuwuiepuiickux Hayk (PAPAH), bantuiickum
rocyJlapCTBEHHbIM  TeXxHU4YeckuM yHuBepcutetoM «BOEHMEX» wum. J.®. VYcrtuHoBa
u Poccuiickoil cexuueit MexnyHapoAHOIO MHCTUTYTa TOpPEHUs Ha 0a3e YHUBEPCUTETA IPOBOIAUTCS
MexnyHaponHas  Hay4yHoO-TipakTudeckas  koH(epeHuuss  «KomruiekcHas ~— 0e30macHOCTh
1 ¢usznyeckas 3ammray. TakKe YHUBEPCUTET NMPHHUMACT AKTUBHOC YYaCTHE B OpraHU3aldd
u npoBeneHnn Beepoccuiickoro popyma MUC Poccuu u o0miecTBeHHbIX opranu3anuii «O0ecTBo
3a 6€30MacCHOCTh.

VYHUBEpCUTET €XKEroAHO NPUHUMAET y4acTHE B BbICTaBKax, oprannzoBaHHeix MUC Poccun
U JIPyTUMU BEJOMCTBAMH M OpTraHU3AlMAMHU. TpaguIIMOHHO OOJIBIIMM HHTEPECOM TOJIb3yeTCs
BBICTaBOYHAs HKCIIO3UIMS YHHBEpCcUTETa Ha MeXIyHapOJHOM CaloOHE CpeACTB oOecrnedeHus
6e3onacHoctn «KomruiekcHas 6e30macHOCTbY, [leTepOyprckoM MeXayHapOJIHOM SKOHOMHUYECKOM
dbopyme, MexnyHapoaHoMm dopyme «ApKTHKA: HACTOSAIIEE U Oy TyIIee).

MexnyHapoiHas J€ATEIbHOCTh By3a HalpaBieHa HA BCECTOPOHHIOI HMHTErPALUIO
YHHUBEPCUTETa B MEXIyHapoAHOe o0pa3oBaTelbHOE MPOCTpaHCTBO. Ha cerogHsmmHuii MOMEHT
YHUBEPCUTET uMeeT 18 NeiCTBYIONINX COMIAEHU O COTPYAHUYECTBE C 3apyOeKHBIMU YU€OHBIMU
3aBEACHUSIMUA U OpraHU3alUsMU, CPEIU KOTOPBIX LEHTPhI MOATOTOBKH IMOXAPHBIX M cHacaTeseu
I'epmanun, KHP, ®@panuun, OunistHaum.

B yHuBepcutere 00ydarOTCS HWHOCTpaHHBIE KypCaHThl M3 YHCIA COTPYIHUKOB
lNocynapctBenHoit mpotuBonoxapHoit ciyx0st MUC Keipreckoit Pecnyonuku u Komwutera
nmo ype3BbyaitHeiM cutyarusamM MBJ[ Pecny6nuku Kazaxcran B mpegenax KBOT Ha OCHOBAaHUU
MEKIPABUTEIbCTBEHHBIX COTJIAIIEHUN W mocTaHoBiieHHs [IpaButenscTBa Poccuiickoit @enepanuu
ot 7 nexabps 1996 r. Ne 1448 «O moaroroBke Juil O(QUIIEPCKOTO COCTaBa M CIECLHUATUCTOB IS
MPaBOOXPAHUTEIBHBIX OPraHOB M TaMOXXEHHBIX CIYyKO0 rocymapcTB — ywyactHukoB CHI
B 00pa3oBaTeNbHBIX YUYPEKACHUSX BBICIHIETO0 MpodeccHoHaIbHOro obpaszoBanus Poccuiickoii
@enepauun». B HacTosiiee Bpemss B yHHMBEpcUTeTe NpoxXoAsaT oOyueHue 30 cOTpyIHUKOB
KomuTtera mo upesBbrvaiinbiM cutyarusm MBI Pecniyonuku Kazaxcran u 15 corpyaankos MUC
Koipreisckoit Peciybnuku.

B cooTBeTcTBUU C IBYCTOPOHHUMH COTJIALICHUSMH YHUBEPCUTET OCYIIECTBISET 00yUCHHE
10 TpOrpaMMaM TMOBBINIEHUS KBaTHUKauu. PerynspHo mpoxomsr oOydeHHE B YHHUBEPCHTETE
cnenuanuctel Poccuiicko-CepOCKOro ryMaHMTapHOTO IIEHTpa, POCCHIiCKO-apMsHCKOTO IIEHTpa
T'YMaHUTapHOTO pearupoBaHus, MexayHapoJHON opraHu3aluu rpaxaaHckoi odoponsl (MOT'O),
MunuctepctBa Hedptu Mcnmamckoit PecmyOmuku HWpan, mnoxapHO-cmacaTelbHBIX — CIYXKO
Ounnsaanm, Tynuca, Peciydonuku Kopest u npyrux cTpas.

[IpenonaBarenu, KypcaHTbl M CTYAEHTbl YHHUBEPCHUTETa UMEIOT BO3MOXHOCThH MPOXOIUTh
CTaXXHMPOBKY 3a pyOe:koM. 3a TociieiHee BpeMsi CTAKUPOBKH JJIs1 TPOEeCcCOPCKO-TIPETO1aBaTeNbCKOro
cocTaBa U 00ydaromuXcsl B YHUBEpCUTETE ObLITN opranu3oBanbl B [ 'epmanun, Cepoun, OuninsHanU,
[IBenuu.

B yHuBepcuTere MMEIOTCS BO3MOXHOCTH JIJISl MOBBIIICHUSI YPOBHSI 3HAHMSI AHTJIMICKOTO
si3pIka. OpraHu3o0BaHoO 00yUEHHUE TI0 MPOTrpaMMe JIOTIOTHUTENTLHOTO MPo(hecCHOHATBPHOTO 00pa3oBaHus
«[lepeBomunk B cdepe mpodhecCHOHATEHONM KOMMYHHKAIIUU» CTYJIEHTOB, KYpPCAaHTOB, aIbIOHKTOB
U COTPYAHHUKOB.

68



KommbroTepHblii  mapk  yHuBepcuTera cocrtaBmsger ©Oonee 1200  emuHmm. s
nH(pOpManMoOHHOTO obecreueHns 00pa3oBaTEbHON JEATEIbHOCTH (YHKIIMOHUPYET eIUHAs
JOKaJbHast CeTh C JIOCTYIIOM B DJIIEKTPOHHYIO HH(OPMAIIMOHHO-00Pa30BaTENbHYIO Cpely
YHHUBEpPCUTETA, CIpaBOYHO-MpaBoByto cuctemy «Koucynprantllimtocy, cucremy «AHTHUILIATAAT?.
KommnbroTepHbie Kiacchl MO3BOJIAIOT oOydarommmcs pabortate B cetd VHTEpHET, ¢ MOMOIIBIO
KOTOpOi1 0OecreuynBaeTcs BBIXO/ Ha POCCUIICKUE U MEXTYHAPOIHbIE MH(POPMAIIMOHHBIE CAalThI, YTO
MO3BOJISICT 3HAYUTEIBHO PACHIMPUTH BO3MOKHOCTH Y4€OHOTO, y4eOHO-METOIUYECKOTr0 M Hay4HO-
METOJIMYECKOT0 Mpoliecca.

Hapacraromiasi cio)KHOCTb M KOMILJIEKCHOCTh COBPEMEHHBIX 33J1a4 3aMETHO IIOBBIIIAIOT
TpeOoBaHUsI K OpraHuzanuu oOpa3zoBaTesbHOTO mporecca. CerogHss YHUBEPCHUTET peaan3yer
IIPOrpaMMbl O0YUYEHUSI C IPUMEHEHUEM TEXHOJIOTHI TUCTAaHIIMOHHOTO O0YYEHMSI.

bubnuorexka yHUBEpCHTETa COOTBETCTBYET BCEM COBpPEMEHHBIM TpeOoBaHUsIM. DOHJBI
O6ubnuorekn yHuBepcuTeTa cocTaBisiioT Oosiee 350 700 3K3eMIUIIPOB JIUTEPATyphl IO BCEM
oTrpacisaM 3HaHUUA. OHM UMeT WHGOPMALMOHHOE oOOecreueHue U OOBEIUHEHBl B EIUHYIO
JIOKaJbHYIO ceTh. Bce mporecchl aBTOMAaTH3UpOBaHBI. Y CTaHOBIEHA OMOIMOTEYHAs Iporpamma
«Upbucy. B 6ubanoreke OCylIecTBISETCS AJIEKTPOHHAs KHUTOBBIAaua. DTO JAeT BO3MOXKHOCTH
B KpaT4alllIie CPOKH JIOBECTH KHUTY JI0 MOJIb30BATES.

YutanbHble 3aibl (0OmMA ¥ mpodeccopckuil) OMOJMOTEKH OCHAIICHBI KOMIIBIOTEpaMU
¢ BeixogoMm B HMutepner, Uurtpaner, HIIYKC wu nokanbnyto ceth yHuBepcurera. Co3paHa
1 QYHKIIMOHUPYET ODJEeKTpOoHHas OuOIMOTeKa, OHA MHTETPUPOBAHA C SJEKTPOHHBIM KaTaJOTOM.
B cetu Uutpaner pabGortaet Enunas BemomcTBeHHast siekTpoHHas OuOmmoreka MUYC Poccum,
o0benuusromas ouonuoreku cucreMsl MUC Poccun.

B Dnekrponnoit Oumbnmoreke omudpoBaHo 2/3 y4eOHOrO © HaydHOTO (HOHJIOB.
K snektponHoii  OmOnmoTexke moakitodeHbl:  JlanpHeBocTOuHBIM  (pmyman u OuOnMoOTeKa
APKTHUYECKOTO  cracaTtelbHOro y4deOHO-HayyHOro meHTtpa «Berterpa»y. HWwmeercs moctyn
K Ilpesunentckoit 6ubnuoreke um. b.H. Enpuuna. 3akmouenst norosopsl ¢ DbC [PRbooks u 9bC
«Jlanp» Ha MOJI30BaHME M MPOCMOTP Y4eOHOM M HAy4YHOH JUTEpaTyphl B 3JIEKTPOHHOM BHJIE.
Nmeercs 8 000 Touek nocryma.

B ¢dongax Oubmmorexkn HacuuThiBaeTcs Oosee 150 SK3EeMIUSIpOB pEAKUX U IIEHHBIX
u3nanuii. bubnuoreka pacnonaraer OoraTeiM (DOHAOM TEPHOJUYECKHX W3JaHUM, HMX YHUCIIO
cocraBisier 8 121 sk3emmusip. Ha 2019 r., B coorBercTBUM ¢ TpeOOBaHUSIMH (enepalbHOro
rOCyJJapCTBEHHOTO 00pa30BaTEeIbHOIO CTaH1apTa, BeIMcaHo 80 HAaMMEHOBAHUMN KYPHAJIOB U raser.
Bce mocrynaromue nepuoidyecKkue H3aHUS PacHUChIBaOTCS OuOinMorpagoM B 3JIEKTPOHHBIX
KaTtajlorax M KapTorekax. M31aHus nmepuoauvecKkoil rneyaTd aKTUBHO MCIOJIB3YIOTCS YMTATENSIMU
B yuyeOHOW U Hay4YHO-UCCIIEOBATEIbCKON nedrenbHocTH. Ha 6a3ze Oubnnoreku co3paHa
npodeccopckas 6ubnuoTeka u npodeccopckuit Kiryo Bysa.

[Tonmurpaduyeckuif IEHTp YHUBEPCUTETAa OCHAIIEH COBPEMEHHBIM TUINOTrpadCKUM
00OpyZO0BaHUEM ISl TOJHOIBETHOM MeyaTH, MO3BOJSIOMIMM 00ecreunBaTh HE TOJIBKO 3aKa3bl
Ha MEeYaTHYIO0 NPOAYKIHNIO YHUBEPCUTETA, HO M €UHBIN IJIaH U3TOTOBJIEHUS NEYaTHON MPOJYKIIUU
MUYC Poccuun. YHuBepcUTET H3JaeT § HAYyUHBIX KYPHAJIOB, IYONUKYIOTCS MaTepHallbl psijia
MEXIYHapOAHBIX U BCEPOCCUHCKHUX HAYYHBIX MEPOINPHUATHI, COOPHUKM HAy4YHBIX TPYJIOB
pogeccopCKO-TIPEeNnoaaBaTebCKOro  cocTaBa  yHUBepcuTeTa.  M3gaHuss ~ yHUBepCUTETa
COOTBETCTBYIOT TpeOOBaHMUSIM 3aKOHOJATeNbCcTBA Poccuiickorn ®denmeparuu W BKIIOYCHBI
B DJIEKTPOHHYIO 0a3y HayuHoli anekTpoHHON 6nOIMoTexu it onpeneneHust Poccuiickoro nunaekca
HAyYHOTO IIUTHPOBAaHUS, a Takke UMEIT MexayHaponueii wuHaekc (ISSN). Haydno-
aHanuTudeckuil xypHan «[Ipobrmembl ympaBlieHHs pUCKaMU B TexHOocdepe» H IIEKTPOHHBIN
«Hayuno-ananutnueckuit xypHan «BectHuk Cankrt-IlerepOyprckoro ynusepcurera ['TIC MUC
Poccumn» BKIIIOUEHBI B YTBEPKICHHBIN perieHueM Beiciien arrectaiimoHHoN komuccnu «llepeyenp
PELEeH3UPYEMBIX HAYYHBIX KYPHAJIOB, B KOTOPBIX MYOJUKYIOTCSI OCHOBHBIE HAYYHBIE PE3YJIbTAThI
JUCCEPTAM HAa COMCKAaHME YYEHOM CTENEHM KaHIuJaTa HayK, Ha COMCKAaHHME YYEHOH CTEIICHU
JOKTOpa HAYK».

KypcanTsl yHuBepcHTETa MPOXOIAT 00yueHHe MO MporpaMme MepBOHAYAIBHOMN MMOJTOTOBKU
cniacaresnen.
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Ha 6aze Canxkr-IlerepOyprckoro ynuBepcutera ['ocynapCTBEHHOH MpPOTHBOMOXKApHON
cimyx061 MUC Poccun 1 urons 2013 r. otkpeiT KageTckuii moxapHo-cracaTeabHbIH KOPITYC.

Kagerckuii  moskapHO-cracaTelbHbIA ~ KOPIIYC — OCYIIECTBJISIET  MOATOTOBKY  KaJeT
10 0011e00pa30BaTENbHBIM IIPOrpaMMaM CPEAHEro OOLIEro 00pa3oBaHMs C YyUETOM JIONOIHUTEIbHBIX
o0pazoBarenbHbIX MporpaMMm. OCHOBHBIE OCOOCHHOCTH JICSTEIFHOCTH KOPITYCa — HHTEIICKTYAIbHOE,
KyJIbTypHOE, (U3MYECKOe M JYyXOBHO-HPAaBCTBEHHOE DPAa3BUTHUE KaJeT, UX aJanTalus K >KU3HU
B OOIIECTBE, CO3/IaHME OCHOBBI JUIS TOJATOTOBKM HECOBEPIICHHOJETHHUX TPAXTaH K CIYKCHHUIO
OteuecTBy Ha TMOMNPUIINE TOCYJapPCTBEHHOM Tpa)KJaHCKOH, BOEHHOH, MPaBOOXPAHUTEIbHOU
Y MYHHIIMIIATBHOM CITY>KOBI.

B yHuBepcutere Ooiblloe BHUMaHMe yaensercss crnopry. Komanzapl, cocrosiuue
U3 MPENoaaBaTeseil, KypCaHTOB U CIIyLIaTeJIeH, — IIOCTOSHHBIE YYACTHUKY PA3JIMYHBIX CIIOPTUBHBIX
TYpHHUPOB, IPOBOAMMBIX Kak B Poccuu, Tak u 3a pyoexom. Ciymarenu 1 KypcaHTbl YHUBEPCUTETA
SIBIITFOTCS WieHaMu cOopHBIX koman T MUC Poccuun 1o pa3nuyHbIM BUAAM CIIOPTA.

JlesaTenbHOCTh KOMaHAbl YHMBEpCHTETa MO HoxapHo-npukiagHomy crnopry (IIIIC)
BKJIIOYAET B ce0s yyacTue B yemnuoHarax Poccuu cpenu By30B (3UMHUH U JIETHHI), B 30HAJIbHBIX
COpPEBHOBaHMSX M yemInuoHare Poccuu, a Takxke npoBefeHue Oecell U KOHCYJIbTALUM, OKa3aHUE
IIPAaKTUYECKOW IIOMOILIM FOHBIM ITOKapHBIM KaJeTaM M CIacaTelsM MPHU IPOBEICHUM TPEHUPOBOK
o T1I1C.

B yHuBepcuteTe co3ngaH copTHUBHBIA KiyO «HeBckue JIbBBI», B COCTaB KOTOPOI'O BXOJST
KOMaHZbl 0 IOKAapHO-NPUKJIAJHOMY W  aBapUMHO-CIACATEIbHOMY  CIIOPTY, XOKKEIO,
amepuKaHckoMy ¢yTOoiy, Boneiibonry, 6ackerdory, CHIOBBIM eanHOOOpcTBaM M Ap. B cocrase
COOpHBIX KOMaHJl YHUBEPCUTETA — YEMITMOHBI U MPU3EPbl MUPOBBIX MEPBEHCTB U MEXTYHAPOIAHBIX
TYPHUPOB.

KypcanTbl ¥ ciymaTtean HMMEIOT IPEKPacHble BO3MOYKHOCTH I IIOBBIIMIEHUS CBOErO
KyJIbTYpHOTO YpPOBHS, Pa3BUTUSI TBOPYECKHX CIIOCOOHOCTEH B CO3JaHHOM B YHHUBEPCHUTETE
HNHcTUTyTE HPAaBCTBEHHO-IIATPUOTHYECKOTO U ICTETUUECKOTO Pa3BUTHUA. TBOPUECKUHN KOJIJIEKTHUB
YHUBEpPCUTETA MPUHUMAECT AaKTUBHOE Y4YaCTHE B BEIOMCTBEHHBIX, TOPOJACKUX M YHMBEPCUTETCKUX
MEPOINPHUATHUAX, HAIPABICHHBIX HAa 3CTETHYECKOE M IMAaTPUOTHUYECKOE BOCIMTAHUE MOJOIEKH,
a TaK)Ke 3aHMMAET IIPU30BbIE MECTa B KOHKYpCaXx, MPOBOJUMBIX Ha YPOBHE YHHUBEPCUTETA, TOPOJIA
u MUC Poccun. Ha xaxJoM Kypce opraHu3oBaHa paboTa MO CO3JIaHHIO M Pa3BUTHIO TBOPUYECKUX
OOBEIMHEHUN 10 pa3IMYHBIM HAINpPaBICHMUSIM: CTYIUsl BOKaja, CTYAMsS TaHIEB, KIy0 BeCcebIX
Y HaXOQ4MBBIX. J{JI1 KypCaHTOB U CTYIEHTOB IEUCTBYET CTYIUsI OPATOPCKOI0 MCKYCCTBA, KOMAaHAa
TEXHUYECKOTO 00ECTICUCHHMsI, TyXOBOH OPKECTP.

Ha tepputopun yueOGHOro 3aBeneHusi coszjnaercs Mmyseil ucropuu Cankt-llerepOyprckoro
yauBepcurera ['TIC MUC Poccun, B KOoTOpoM oOydaromuecs ¥ COTPYAHHMKH, a TaKKe TOCTH
YHHUBEPCUTETa CMOTYT MO3HAaKOMHUTBCS CO BCEMM 3TalaMM CTAHOBJICHMS Yy4eOHOTO 3aBElEHUS —
OT KypCOB II0’KAPHBIX TEXHUKOB JI0 YHUBEPCHUTETA.

B Cankr-IlerepOyprckom yHuBepcurere ['oCyqapCTBEHHOM HPOTHBOMOXKAPHOU CITY>KObI
MUC Poccuu co3manbl BCe YCIOBUS JJIS MMOATOTOBKH BHICOKOKBATH(PUITMPOBAHHBIX CIIEIIHATHCTOB
Kak Juig ['ocynapcTBeHHOM MPOTHBOIIOKAPHOM Ci1yk0bI, Tak U B 1ienoM 1yt MUC Poccun.
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614.841

CURRENT ISSUES OF INVESTIGATION OF FIRES WITH LOSS
OF LIFE

Ya.M. Kuznetsova; A.V. Fomin.
Saint-Petersburg university of State fire service of EMERCOM of Russia

The article reveals the need to develop comprehensive approaches to the investigation of fires with
loss of life, taking into account the features of the necessary skills and knowledge, both of the investigators
of the supervisory bodies of the EMERCOM of Russia, and experts in the field of determining the causes
of fires in the existing conditions of the development of the state, in particular the EMERCOM of Russia,
taking into account the improvement of activities for solving crimes related to fires and violations of fire
safety requirements. The study of this topic is based on the results of the analysis of regulatory legal acts
regulating the activities of officials of the bodies of inquiry of the State Fire Service of the Federal Fire
Service( GPN FPS), statistical data on the deaths of people in fires, the main difficulties encountered in the
investigation of such fires. The relevance of an objective assessment of the criminal procedure activities
of the bodies of inquiry of the State Fire Service of the Ministry of Emergency Situations of Russia is due
to the fact that it is the State Fire Service of the Ministry of Emergency Situations of the Russian Federation
as a body of inquiry that is a visible part of the state, every year the number of «resonanty fires that arouse
public interest increases.

Keywords: criminal procedure activity, fire investigations, loss of life, experts in the field
of establishing the cause of fire, field of knowledge, fire

The definition of «fire» is legally fixed as uncontrolled gorenje, causing material damage,
or harm to the life and health of citizens, the interests of society and the state [1].

The occurrence of a fire in one way or another is a consequence of the manifestation of the
human factor, that is, the result of actions or inactions of people, including officials. The causes and
conditions that contribute to the occurrence of a fire include insufficient knowledge in the field
of fire safety and safe behavior, both in professional and in everyday life.

The importance of observing fire safety rules is fixed both by the legislation of the Russian
Federation and by life itself (the number of fires that occur daily). In terms of the severity and
irreparability of the consequences and the number of victims, fires are second only to road
accidents.

For example, according to the State Traffic Inspectorate, as of December 2020, 1 232 road
accidents occurred on the territory of the Arkhangelsk region, in which 102 people were killed and
1 592 people were injured [2].

According to the data of the Department of Supervision and Preventive Work of the Main
Department of the Ministry of Emergency Situations of the Russian Federation for the Arkhangelsk
Region (hereinafter-UNDIPR), in 2020, 2 555 fires occurred, in which 101 people died, the number
of injured in the fires was 117 people [3].

In 2020, in the territory of the Arkhangelsk region, the largest number of fires were
registered due to careless handling of fire — 55.54% of the total number of fires. The most rare
causes of the fire were: violation of fire safety rules when using pyrotechnic products; violation of
the rules for the installation and operation of gas equipment; violation of the rules for the operation
of heat-generating units and arson.
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Employees of the UNDIPR noted an increase in the number of fires for such reasons as:
violation of the rules of the device and operation of vehicles; violation of the rules of the device and
operation of electrical equipment.

Distribution of the number of fires by main causes

8,10% 3,00%

13,20%
"\
15,20%_/

5,00% 55,54%

OCareless handling of fire

@ Violation of the rules of construction and operation of vehicles
OViolation of the rules of the device and operation of electrical equipment
@ Violation of the rules of the device and operation of furnaces

@ Arson attacks

OOther

Gorenje — Gorenje: As a result of poisoning with toxic combustion products, 65 people died
(64.36 % of the total number of deaths in fires), 22 people died from exposure to high temperature
(21.78 % of the total number of deaths in fires), and 1 person died from combined poisoning with
alcohol and toxic combustion products (0.9 % of the total number of deaths in fires). The cause of
death could not be determined in 13 cases (12.87 % of the total number of deaths).

More than 46% of the people who died in the fires were under the influence of alcohol.

According to the online conference held on 15.01.2021 with the participation of the
leadership of the Ministry of Emergency Situations of Russia, it is known that in 2021, 439,100
fires were registered throughout the country, in which 8 262 people died, 8 439 were injured [4].

In modern Russia, the fight against fires that cause enormous harm to people's lives and
health is becoming more relevant every year, more often raised by the state and covered in the
media, books, films and other creative projects. This highlights the relevance of the topic of high-
quality investigation in cases of fires.

When investigating fires with the loss of life, the bodies of inquiry do not always establish
the exact cause of the fires, do not always identify the perpetrators, and often do not take all
possible measures to compensate for the material damage caused by the fire.

The investigation of such crimes is complicated by the fact that in the process of gorenje,
smoldering, spilling and disassembling the fire site, all possible traces of the crime are destroyed.
Special difficulties arise when determining the circumstances of the fire, its development and,
as a result, determining the cause of the fire. Based on the above-mentioned «nuancesy of the fire,
the bodies of inquiry have difficulties in establishing the signs of a crime, in general, the
qualification of crimes, as well as identifying the perpetrators.

The foundations of fire investigation, in theory, were laid in Russia in the mid-twentieth
century by B. V. Megorsky [5]. The generally accepted methodological approach to determining the
cause of a fire begins with the production of an inspection of the scene of the accident.

Inspection of the fire site is one of the most important procedural actions in the investigation
of fires with the death of people. Inspection of the fire site is carried out in order to detect traces
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of a crime, to clarify other circumstances of significance [6]. The examination cannot be replaced
or excluded by any other procedural action, since the examination involves a professional
examination of the actual data, which cannot be obtained in any other way.

Currently, the investigation of fires needs to improve the quality of the work of the body
of inquiry. In many ways, the thoroughness of the examination depends on the interaction between
the investigator and the expert. The involvement of specialists (experts) in the production
of an inspection of the fire site, followed by a fire—technical examination, the seizure of material
evidence — interrelated factors for the truth of establishing the cause of the fire. At the same time,
the expert's conclusion and conclusions about the source of the fire and the causes of the fire,
as a rule, have a decisive influence on the entire course of the investigation.

An analysis of the practice of the bodies of inquiry and forensic institutions announces that
quite often there are violations of procedural requirements in the selection and withdrawal
of material evidence, often illiterate describe the thermal damage to the object where the fire
occurred, due to the lack of practical and theoretical skills.

Practice shows that the studies of specialists (experts) in cases of fires are not always
complete and convincing, the conclusions are not always sufficiently reasoned, and on the main
question of the body of inquiry about the cause of the fire, experts formulate a probabilistic cause.
Then the investigator, assessing the totality of the available data, comes to the conclusion about the
presence or absence of the corpus delicti provided for by the Criminal Code of the Russian
Federation [7].

Coming to the conclusion, it should be noted that in order to improve investigations in cases
of fires, including those involving the death of people, a sufficient level of specific, narrowly
focused knowledge is needed both by experts (for methodological assistance to employees of the
state fire supervision and the accuracy of the conclusions expressed about the cause of the fire) and
by interrogators (for clarity of the plan of action during the investigation, a qualitative inspection
of the fire site). The level of knowledge is achieved through self-development, training, dedication
and dedication to one's own work.

In addition to the above-mentioned aspects of solving crimes related to fires, the assessment
of the activities of officials of the supervisory bodies of the EMERCOM of Russia in investigating
the circumstances of a fire with the loss of life is of no small importance.

Currently, the assessment of the activities of the territorial bodies of the EMERCOM
of Russia, including officials conducting inquiries in cases of fires, is carried out on the basis of the
Order of the EMERCOM of Russia No. 53 of 27.01.2020 (hereinafter referred to as the Order). The
Order provides a methodology for evaluating the activities of a territorial unit as a whole, without
focusing on criminal procedure activities. The main goal reflected in the Order is «to develop
a single algorithm for the actions of inspectors during the verification and evaluation of activities» [8].

In our opinion, such a methodology should reflect, implement, and provide the investigators
and the management team with recommendations for a legitimate, comprehensive and complete,
objective investigation of crimes related to fires, including the death of people, and not evaluate the
indicator "quality of preparation of materials for checking the facts of fires”, as reflected in the
Order. Without defining the criteria for such «quality» and disclosing the terminology, as a whole,
the wording of the Order, according to which the activities of the departments of supervisory
activity of the subject of the Russian Federation are evaluated, it is impossible to talk about the
training and improvement of the work of the officials of the GPN, identifying problematic areas
of activity in the investigation of fires that led to the death of people, conducting self-assessment
by employees to establish their own results and self-control, and also it is impossible to achieve
other tasks that should be solved when evaluating the activities of the units of the GPN.

The methodology and assessment of activities, the assessment of the effectiveness and
quality of criminal procedure activities should be based on the analysis of results, personal qualities,
analysis of current and changing legislation, and should be aimed at improving the quality
of performance by the officials of the State Penitentiary Service of their duties.
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THEORY AND PRACTICE OF FORENSIC ENQUIRY

543.542; 543.064

GAS-LIQUID CHROMATOGRAPHY IDENTIFICATION
OF ORGANIC RESIDUES OF DIESEL FUEL ON THE CONTENT
OF ALKANES OF NORMAL AND ISO-STRUCTURES

L.A. Yatsenko.
Saint-Petersburg university of State fire service of EMERCOM of Russia

It has been shown that in order to establish the belonging of organic residues to diesel fuel,
it is necessary and sufficient by the GLC method of liquid samples (initial liquids and / or hexane extracts)
to detect in organic residues alkanes of isoprenoid structure (2,6,10-trimethylpentadecane, pristane, phytane)
by the presence of peaks on a chromatogram with linear retention indices (1630, 1680 and 1786,
respectively). To determine the brand of diesel fuel by the GLC method of liquid samples, it is necessary
to analyze the chromatogram of diesel fuel residues in the program of the All-Russian electronic database
(EB) of chromatographic data on means of arson, to establish the total content of alkanes of normal and
isoprenoid structures and to calculate how many times the content of normal alkanes prevails over the
content of isoprenoid buildings. When diesel fuel burns out by 50 % — 99 %, the content of normal alkanes
and iso-structure alkanes is redistributed. The content of normal alkanes decreases due to the burnout
of lighter alkanes, while the content of heavy and non-volatile isoprenoid alkanes increases significantly and
becomes comparable to the content of normal alkanes. In this case, the nature of the change in the content
of normal alkanes in comparison with the content of iso-structure alkanes depends only on the brand
of diesel fuel and the degree of its burnout.

Keywords: GLC method of liquid samples, alkanes of normal and iso-structure, identification
of diesel fuel by isoprenoid alkanes in its composition, diesel fuel brands, criterion for differentiating diesel
fuels by brands; EB chromatographic data by means of ignition

It is known that all fractions of diesel fuel of the «summer» brand contain 2-6 times
(depending on the fraction) more paraffins than in diesel fuel of the «winter» brand fuel, both
in total and in the content of individual paraffins. To determine the brand, it is proposed to find the
peaks of alpha — and octadecane on the chromatograms of diesel fuel and determine their
percentage content. [1].

In the guidelines [2], it is proposed to use the content of light normal hydrocarbons
to determine the brand of diesel fuel.

It was previously shown that in order to determine the type of LVH and GH by the method
of HPLC in a mixture of unknown composition, it is sufficient to detect the components belonging
to alkanes and arenes and determine their total content [3].

In the conditions of the column temperature programming mode, linear retention indices are
used when entering into the database:

tR) - IR(N)
R (1) - tR ()

1; = 100

where I; — retention index of the peak of interest; tr (i) — retention time of the peak of interest;
tr (N), tr (N+1) — retention times of the peaks of alkanes with the number of carbon atoms N and
(N+1) leaving before and after the i peak.

78



In the equation for calculating the linear retention index of the peak of interest, there
is no need to adjust the retention time value for dead time. It is sufficient to use the absolute
retention time of the peak of interest [4].

It should be noted that when processing chromatograms, the baseline drift on the
chromatogram should be taken into account. The marking of peaks on the chromatograms of diesel
fuels before their integration should be carried out strictly along the baseline, taking into account its
displacement with increasing column temperature when separating the mixture into components.

The indices of the desired substances, for example, arenes and iso-alkanes, are reference
information for a specific liquid stationary phase of the ZB-50 brand. The values of the alkane
indices are constant for any stationary phases and depend only on the number of carbon atoms
in the alkane molecule. At the same time, neither the chromatography conditions (pressure, the
nature of the carrier gas, the column temperature), nor the geometric parameters of the column
affect their values.

Analysis of the chromatogram of a mixture of LVH and GH of unknown composition
is possible with the help of an electronic database of chromatographic data on the means of arson.
To do this, it is necessary to enter data on the chromatogram in the electronic database (EBD) in the
form of a set of pairs of points consisting of the indices and areas of each peak identified on the
chromatogram [6].

To sum up the areas of peaks belonging to the same class of hydrocarbons, an additional
block is introduced into the software shell of the EBD of arson tools [7].

According to the results obtained by analyzing the chromatogram of an unknown
composition in the EBD, the predominant amount of arenes in the analyzed composition indicates
that it belongs to petroleum products of the gasoline fraction of oil, and the predominant amount
of alkanes - to petroleum products of medium-distillate fractions of oil (kerosene or diesel fuels).
At the same time, the task of establishing the brand of diesel fuel was not previously set [8].

All the chromatograms of diesel fuels obtained in the FSBI SEU FPS IPL of different
regions of Russia were analyzed using the EBD by means of arson, which allowed us to identify the
characteristic features for each brand of diesel fuel.

Tables 1-3 show the hydrocarbon composition of diesel fuel of the «summery brand from
different manufacturers before and after thermal exposure.

As can be seen from Table 1, most manufacturers in diesel fuels of the «summer» brand
have a similar content of isoprenoid alkanes (2,6,10-trimethylpentadecane, pristan and phytane.).

At the same time, the sum of the areas of the peaks of the alkanes of the structure obtained
as a result of the analysis of the chromatogram in the EBD program by means of arson varies in the
range from 11 % (Rosneft-Kubannefteprodukt) to 17% (TAIF, Nizhnekamsk Refinery).

From Table 1, it also follows that for diesel fuels of the «summer» brand, there
is a significant variation in the ratio of the sum of the peak areas of all identified alkanes to the peak
areas of all arenes. The content of all alkanes exceeds the content of all arenes and varies depending
on the manufacturer from 4 (NC «TAIF». JSC «Nizhnekamsk Oil Refinery», JSC Holding
Company «Tatnefteprodukt», NK «Tatneft». JSC «Sredne-Volzhsky Transnefteprodukty») up to 17
times (LLC «Kinef»). Therefore, this ratio is not advisable to choose as a criterion when
determining the brand of diesel fuel.

At the same time, the ratio of the sum of the areas of the peaks of normal-structure alkanes
to the sum of the areas of the peaks of iso-structure alkanes for most manufacturers is reproduced
and has a fairly narrow range from 4 (NC «TAIF», JSC «Nizhnekamsk Refinery», JSC Holding
Company «Tatnefteprodukty) to 7.5 units (NC «Rosneft-Kubannefteprodukty).

Therefore, the change in the content of normal and iso-structure alkanes was chosen as the
main criterion for differentiating diesel fuel by brand.
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Table 1. Content of arenes, alkanes of normal and isoprenoid structures (iso-alkanes) in diesel fuels
of the «<summer» brand from different manufacturers

The ratio of the sum of the peak

Diesel fuel of the «summer» Content, % areas of different groups

brand, manufacturer of hydrocarbons, units

arens | alkanes | isoalkanes | alkanes/arenas | alkanes/isoalkanes

NC «TAIF», JSC
«Nizhnekamsk Refinery» 12 & 17 6.0 40
JSC Holding Company
«Tatnefteprodukt» 17 67 16 4.0 4.0
NK «Tatneft», JSC «Sredne-
Volzhsky Transnefteprodukt» 16 68 16 4.0 4.0
Sibneft LLC 10 74 16 7,0 4,6
Lukoil Volga-Oil Product
LLC 12 72 16 6,0 4,5
Rosneft Oil Company,
Slavneft-YANOS 0JSC S &0 15 16,0 5,0
Gazpromneft Oil Company 13 73 14 6,0 5,0
000 «Kinef» 5 83 12 17,0 7,0
NK «Rosneft-Kuban-oil 7 82 1 12,0 75
producty

Table 2 combines the results of the analysis of chromatograms of summer diesel fuel
subjected to 50% thermal exposure, analyzed in the program of the electronic database of
chromatographic data on means of arson.

Table 2. The content of arenes, alkanes and isoprenoid alkanes in diesel fuel of the «<summer» brand
of different manufacturers after thermal burn-up to 50%

The ratio of the sum
Diesel fuel of the of the areas of the peaks
«summer» brand, Content, % of alkanes of different
manufacturer structures, units
arens alkanes isoalkanes alkanes/isoalkanes
JSC «Slavneft-YANOS» 2 73 25 3,0
JSC «NK Rosneft
Kurgannefteprodukt» 1 81 20 4.0
The manufacturer 8 70 99 30
is unknown

From the table. 2 it can be seen that the partial burnout of diesel fuel of the «summer» brand
up to 50 % and, accordingly, its partial evaporation leads to a change in the ratio of the areas of all
peaks of alkanes of the normal structure to the areas of peaks of alkanes of the isoprenoid structure
selected for the differentiation of diesel fuel by brand. The content of alkanes of normal structure
after partial burnout of diesel fuel of the «summer» brand becomes only 3-4 times more than
alkanes of the isoprenoid structure in comparison with the initial diesel fuel of the same brand.

As can be seen from Table 3, the burnout of diesel fuel of the «summer» brand up to 99 %
is accompanied by a further decrease in the ratio of the amount of all alkanes of the normal structure
to the alkanes of the iso structure and is in the range from 1,4 to 1,7 units.
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Table 3. The content of arenes, alkanes and isoprenoid alkanes in diesel fuel of the «summer»
brand of different manufacturers after its burn-up to 99 %

The ratio of the sum of the

Diesel fuel of the «summer» Content, % areas of the peaks of alkanes
brand, manufacturer of different structures, units
arens | alkanes HM30aJIKaHbI arens
Lukoil Volga-Oil Product
LLC 1 58 41 1,4
Gazpromneft Oil Company 10 57 33 1,7
The manufacturer 3 58 39 15

is unknown

Thus, for the initial, non-thermally exposed diesel fuels of the «summer» brand, the ratio
of the sum of the areas of all peaks of alkanes of normal structure to the sum of the areas of all
peaks of iso-alkanes is in the range from 4 to 7.5.

After burning up to 50 % or partial evaporation of diesel fuels of the «summer» brand, the
interval of the ratio of the sum of the areas of the peaks of alkanes of normal structure to the sum
of the areas of all peaks of iso-alkanes decreases and is equal to 3—4 units compared to the interval
for diesel fuels of the «summer» brand before temperature exposure. Only after a long burnout
of diesel fuel of the brand «summer» (the degree of burnout of 99 %) in its composition there
is a significant redistribution of the content of groups of alkanes of different structures, namely
alkanes of normal and iso-structures. With the combustion of diesel fuel up to 99 % in the burned-
out remains of diesel fuel of the «summer» brand, the content of alkanes of the normal structure
becomes almost comparable to the content of alkanes of the isoprenoid structure.

Table 4-5 shows the composition of diesel fuels of the «winter» brand before and after
thermal exposure to them, calculated from chromatograms using the EBD program by means
of arson.

Table 4. Content of arenes, alkanes and isoprenoid alkanes in diesel fuels of the «winter»
brand of different manufacturers

The ratio of the sum of the

of the «DsISrST?rIn];urilbran q Content, % areas of the peaks of alkan_es
' of different structures, units
manufacturer .
arens | alkanes | isoalkanes arens
NC «TAIF», JSC 20 74 6 12
«Nizhnekamsk Refinery»
000 «Kinef» 11 82 8 10
«Bashneft-UNPZ» 22 71 7 10
«Rosneft-YANP, JSC» 11 80 9 9

From the table. 4 it can be seen that the content of alkanes of the isoprenoid structure in
diesel fuels of the «winter» brand differs significantly from their content in diesel fuels of the
«summery brand and varies from 6 % (NC «TAIF», JSC Nizhnekamsk Refinery) to 9,0 % (JSC NC
«Rosneft-YANP»). At the same time, the ratio of the areas of all peaks of normal structure alkanes
to the sum of the areas of the peaks of iso-structure alkanes is in the range from 9 units (Rosneft-
YANP) to 12 units (TAIF, Nizhnekamsk Refinery).

After a long burnout of diesel fuel of the «winter» brand (the degree of burnout of 99 %) in
its composition, as well as in the case of diesel fuel of the «summer» brand, the content of groups of
alkanes of different structures is redistributed. Due to the concentration of heavy and non-volatile
alkanes of the isoprenoid structure, their content in the composition of diesel fuel increases
significantly. Due to the burnout of lighter alkanes of normal structure, the content of alkanes of
normal structure is significantly reduced (Table 5). At the same time, the interval of the ratio of the
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sum of the peak areas of normal alkanes preserved after the burnout of diesel fuel of the «winter»
brand to 99% to the sum of the peak areas of the isoprenoid structure decreases by an order of
magnitude compared to the original diesel fuel of the same brand and is equal to 0,5-1,0.

Table 5. Content of arenes, alkanes and isoprenoid alkanes in diesel fuel of the «winter»
brand of different manufacturers after thermal burn-up to 99 %

The ratio of the sum of the

Diesel fuel of the «summer» Content, % areas of the peaks of alkanes

brand, manufacturer of different structures, units
arens alkanes isoalkanes alkanes/isoalkanes

LLC «LUKOIL-

Ukhtaneftpeker» 1 34 65 0.5

NK «Surgutneftegazy,

KINEF LLC 1 43 56 0.8

NK «Gazpromnefty 1 50 49 1,0

Tables 6-10 show the hydrocarbon composition of ecto and euro class diesel fuels from
different manufacturers before and after thermal exposure to diesel fuels. It should be noted that the
marking of diesel fuels of the Euro and Ecto (K5) classes is also divided into summer (L), winter
(H) and Arctic (A) according to the physical and chemical properties, operational characteristics
and conditions of use of the fuel [9].

Table 6 shows the compositions of diesel fuels of the brand «summer» class K5 (DTL-K5),
obtained as a result of the analysis of chromatograms in the EBD program by means of arson.

Table 6. Content of arenes, alkanes and isoprenoid alkanes in diesel fuels of the «<summer» brand,
«Euro» and «Ecto» classes of different manufacturers

. . The ratio of the sum of the
Diesel fuel of the «winter» Conepxanue, % areas of the peaks of alkanes
brand, Euro and Ecto classes, of different structures, units
manufacturer : -
arens | alkanes | isoalkanes alkanes/isoalkanes

NK Rosneft Oil Company,
«RNPK» CJSC 4 83 14 6,0

NK «Lukoil» 5 75 20 4.0

JSC «Slavneft-YANOS» 9 80 11 7,0

LPDS «Steel Horse» 19 71 10 7,0

JSC Rosneft-Kuban Oil
Company Petroleum product» 6 83 1 75
000 «Gazpromnefty Ug
LLCy 8 76 16 4.7

00O «Lukoil-
YugnefteProduct LLC» 8 81 1 7.0
000 «Ufimnefty 8 79 13 6,0
The manufacturer 9 79 12 6.6
is unknown

In the compositions of diesel fuels of the DTL-KS5 brand, the content of all peaks of alkanes
of the normal structure is 4,0-7,5 times higher than the content of all alkanes of the isoprenoid
structure, as is typical for conventional diesel fuels of the «<summery brand (Table 1).

In diesel fuels of the «winter» brand of class K5 (DTZ-K5), the content of normal alkanes,
depending on the manufacturers, is 9-12 times greater than that of alkanes of the isoprenoid
structure (Table 7). A similar interval of the ratio of the sum of the areas of all peaks of alkanes of
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the normal structure to the sum of the areas of peaks of alkanes of the isoprenoid structure is
observed in conventional diesel fuel of the «winter» brand (Table 4).

Table 7. Content of arenes, alkanes and isoprenoid alkanes in diesel fuels of the «winter» brand,
«Euro» and «Ecto» classes of different manufacturers

Diesel fuel of the «winter The ratio of the sum of the
brand. Euro anc;( Ecto “ Content, % areas of the peaks of alkanes
' of different structures, units
classes, manufacturer - -
arens | alkanes | isoalkanes alkanes/isoalkanes

JSC «Saratov Oil Refinery» 14 78 ) 10,0

O_OO «LLC LUKOIL-Volga 6 86 8 11.0

oil product»

YANOS «Slavnefty 12 79 9 9,0

000 «Lukoil-Ukhtanefte

Processing, LLC» 6 86 [ 12,0

000 «Gazenergo

Retail Network, LLC» 14 8 8 10.0

OO0 PTK LLC, Novgorod 19 79 9 9.0

branch

After temperature exposure to diesel fuels of the «summer» and «winter» brands of the K-5
class (DTL-K5 and DTZ-K5), the patterns of changes in the content of normal and iso-structure
alkanes are similar to those for conventional diesel fuels of the same brands (Tables 8-10 and 2, 3,
5, respectively).

Table 8. The content of arenes, alkanes and isoprenoid alkanes in diesel fuel of the brand «summer»,
class «Euro» of different manufacturers after thermal burn-up to 50 %

The ratio of the sum of the
Diesel fuel fact Content, % areas of the peaks of alkanes
1esel Tuel, manutacturer of different structures, units
arens | alkanes | isoalkanes alkanes/isoalkanes
CJSC «Ryazan RPC» 2 73 25 3,0
The manufacturer
is unknown 8 66 26 2,5
DTL-K5, «<PTK», OO0, FILIAL 14 68 18 4.0
«Novgorod»
DTL-KS5, «Neste Oil Saint 5 73 29 3.0
Petersburg»
DTL-K5, LLC « Ufimneft» 2 72 36 2.0
DTL-K5, OO0 Gazpromneft-Yug 2 76 38 3,0
DTL-K5, OO0 Lukoil-
Yugnefteprodukt 2 n 27 2.6
DTL-K5, OAO NK Rosneft-
Kuban Oil product» 2 8 20 4.0
DTL-K5, LLC «Lukoil-
Yugnefteprodukt» 3 n 26 2.7
DTL-K5, manufacturer 1 67 39 2.0
not specified
JSC «SlavneftiANOS» 2 68 30 2,3
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Table 9. The content of arenes, alkanes and isoprenoid alkanes in diesel fuel of the brand «summer»,
class «Euro» of different manufacturers after thermal burn-up to 50 %

The ratio of the sum of the
. Content, % areas of the peaks of alkanes
Diesel fuel, manufacturer of different structures, units
arens alkanes | isoalkanes alkanes/isoalkanes
JSC «Ryazan refinery» 2 61 37 1,6
!DTL—KS, t_hg manufacturer 1 57 42 15
is not specified
DT-L-K5, LLC PTK, 2 62 36 17
branch «Novgorod»
DT-L-K5, «Neste Oil Saint- 1 59 40 15
Petersburg»
DT-L-K5, 0JSC
«NKRosneft- 2 63 35 1,8
Kubannefteprodukty
Dt-L-K5, LLC «Lukoil-
Yugnefteprodukt» 3 61 36 L7
DT-L-K5), LLC «Lukoil-
Yugnefteprodukt» 1 61 38 16

DTL-K5, manufacturer not specified

DT-L-K5, PTK, OOO, FILIAL "Novgorod"
DT-L-KS5, "Neste Oil Saint Petersburg"
DT-L-K5), JSC "Crossnet-Kubannefteprodukt".
DT-L-K5, OO0 "LUKOIL-yugnefteprodukt"
DT-L-K5), OO0 "LUKOIL-yugnefteprodukt»

When summer diesel fuel burns out by 50 %— 99 % of the K-5 class, its composition, as well
as in conventional diesel fuels of the «summer» brand, redistributes the content of normal and iso-
structure alkanes. With an increase in the degree of burnout of diesel fuel of the brand «summer»
class K5, the total content of iso-alkanes increases up to 42 %, depending on the degree of burnout
[Tables 8, 9].

Table 10 shows how the interval of the ratio of the sum of the peak areas of all identified
normal-structure alkanes to the sum of the peak areas of iso-structure alkanes (isoprenoid alkanes)
in diesel fuels of the «winter» brand of class K5 changes in comparison with the similar ratio for
diesel fuels of the same brand and class before their burnout (Table 7). In the case of diesel fuels of
the DTZ-K5 brands, when burned out by 99 %, the content of alkanes of normal structure becomes
almost comparable to the total content of isoprenoid alkanes 2,6,10-trimethylpentadecane, pristan
and phytane (Table 10).

Table 10. The content of arenes, alkanes and isoprenoid alkanes in diesel fuel of the brand «winter,
class «Eurox» of different manufacturers after thermal burn-up to 99 %

The ratio of the sum of the areas
Diesel fuel. manufacturer Content, % of . the peaks of glkanes
' of different structures, units
arens alkanes | isoalkanes alkanes/isoalkanes
0JSC «Slavnet-Yanos» 0 56 44 1,3
_The manufapturer 0 54 46 12
is not specified

The summary table 11 shows the effect of the degree of burning of diesel fuel on the total
content of all identified alkanes of normal and iso-structures, depending on its brand.
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Thus, in order to determine whether the organic residues belong to diesel fuel, it is necessary
and sufficient to detect isoprenoid alkanes (2,6,10-trimethylpentadecane, pristane, and phytane) in
the organic residues using the method of liquid samples (starting liquids and/or hexane extracts) by
the presence of peaks on the chromatogram with linear retention indices of 1630, 1680, and 1786,
respectively. To do this, you need to process the chromatogram, for example, in the program
«Chromatek Analyst» or «NetChromy, pre-configuring the process of identifying the peaks of
arenes and isoprenoid alkanes by linear retention indices calculated relative to the retention times of
the peaks of normal alkanes.

To determine the brand of diesel fuel by the method of liquid sample GC, it is necessary to
establish the total content of alkanes of normal and isoprenoid structures by analyzing the
chromatogram of diesel fuel residues in the program of the All-Russian EB chromatographic data
on means of arson. To determine the brand of diesel fuel by the method of GLC it is enough to
calculate how many times the content of normal alkanes prevails over the content of alkanes of the
isoprenoid structure.

Table 11. Assessment of the degree of burnout for diesel fuels of different brands and classes
by the content of alkanes of normal and iso-structures

Degree of burnout, %
Diesel fuel,
brand 0 50 99
>Stop u — alkanes/XStop iso-alkanes, units.,
JI (summer) 4-75 4-75 1,4-1,7
3 (winter) 9-20 9-12 0,5-1
JI-K5 4-7,5 2-4 15-25
3-K5 9-16 - 0,5-1

The results obtained will be useful for practical expert activity in solving the problem of
detecting liquid samples by the GVC method together with the use of the All-Russian EC
chromatographic spectra by means of arson in organic residues of unknown origin of diesel fuel and
establishing the brand and degree of its burnout.
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PROBLEMS AND PROSPECTS
OF FIRES PROVENTION AND SUPPRESSION

614.845

ESTIMATED ESTIMATION OF EQUIPMENT WITH PRIMARY
MEANS OF FIRE EXTINGUISHING OF PREMISES

OF BUILDINGS OF VARIOUS CLASSES OF FUNCTIONAL FIRE
HAZARD

I.A. Lobaev; I.A. Uvarov; A.A. Voloshenko.
Academy of State fire service of EMERCOM of Russia

The article presents the developed information and analytical system for assessing the provision and
effective use of primary fire extinguishing equipment (portable fire extinguisher) in the premises of the
building and an algorithm for its practical implementation. This information support allows you to quickly
and under time constraints to establish the scope of effective application of fire safety requirements for
providing primary fire extinguishing equipment (portable fire extinguisher) to the premises of the building.

Keywords: primary fire extinguishing equipment, portable fire extinguisher, personnel, initial stage
of fire

The analysis of the requirements for the provision and use of primary fire extinguishing
equipment (portable fire extinguisher) of premises of various classes of functional purpose for
firefighting [1, 2] revealed the following problems:

— it is impossible to determine the size of the fire source, taking into account the size of the
fire load and the physical, chemical and fire-hazardous properties of the combustible materials
being handled:;

— itis not possible to establish a fire risk threat to the person using the fire extinguisher.

To assess the safe and effective use of primary fire extinguishing equipment (portable fire
extinguisher) in buildings, it is necessary to analyze the data of estimated estimates of the size of the
fire source and the safe use of the fire extinguisher when extinguishing a fire in its initial stage.

To assess the effectiveness, it is necessary to calculate the time of free development of the
fire (tsv) at the initial stage - the time interval from the moment of the occurrence of gorenje to the
beginning of the first extinguishing devices for its elimination.

Determining the time of fire development at various points in time:

tCB = tO6H + tcn + t6p1
where t,s; — time of fire development from the moment of its occurrence to the moment of its
detection [3, 4], min.; t., — research time, min.; ts, — combat deployment time, min.
The length of the fire (Ruox) path is calculated according to the method presented in [5, 6].

To implement it, it is necessary to determine the distance R traveled by the combustion front during
the time t., ., according to the formula

RHO)K = 015‘VJ'I ‘tCBl
where V; — linear velocity of gorenje propagation, m.

87



The values of the linear velocity of combustion propagation for various fire loads are given
in [7].Gorenje et al.

The area of the fire at the time of the supply of fire extinguishers, taking into account the
placement of stored products and the height of the equipment, for a circular shape is calculated
according to the formula:

Snox = TRuox (1)

The area of the fire at the time of the supply of fire extinguishers, taking into account the
placement of stored products and the height of the equipment, for the angular shape is calculated
according to the formula:

Snox = (1/4)"(Ruox)’.

The area of the fire at the time of the supply of fire extinguishers, taking into account the
placement of stored products and the height of the equipment, for the angular shape is calculated
according to the formula:

Snox = (1/2)"(Ruox)’.

the number of directions of feedingthe fire area by the time the fire extinguishers are fed, taking
into account the placement of stored products and the height of the equipment, for a rectangular shape is
calculated by the formula:

Snom = n'a.(Rnom)2 '

where n — number of feed directions; a — room width, m.,

Evaluation of the effectiveness of the use of primary fire extinguishing agents in the initial

stage of a fire is carried out according to the formula:
Snoms STym.orHeTym.

To assess the safe use of primary fire extinguishing agents (portable fire extinguisher) in
buildings, the method specified in [8, 9] is used, which allows for a calculated assessment of the
ignition of the material surface from the impact of radiant heat flow during a fire.

The calculated amount of heat transferred during a fire is expressed by the equation of
radiant heat exchange between bodies separated by a transparent medium described by the formula:

o= o ()" (2) ] 1

where T, — radiating surface temperature, K; T,,, — permissible temperature on the irradiated
surface, K; &,, — reduced degree of blackness of the system;

The analysis of the application of calculated estimates of the possible situation in the
premises of the building and the occurrence of fire hazards in the form of heat flow by the time of
the introduction of mobile fire extinguishers in the initial stage of the fire revealed the following
problems:

— estimated estimates, taking into account the reference information specified in various
sources, complicates their practical application in the organization of providing primary means of
fire extinguishing (portable fire extinguisher) of the premises of the building;

— additional information is needed to assess the effectiveness of fire extinguishers.

Thus, to assess the equipment of primary fire extinguishing means in the initial stage
of a fire, it is necessary to develop an information and analytical system for evaluating the use
of primary fire extinguishing means (portable fire extinguisher) in the premises of the building.

To improve the efficiency of data collection, forecasting of calculated situations,
an algorithm was developed (Fig. 1), according to which a complete analysis of the conditions for
the use of calculation methods and obtaining the necessary and sufficient indicators to assess the
provision and effective use of primary fire extinguishing agents (portable fire extinguisher) in the
premises of the building is carried out. The conditions for the application of the estimated
assessment are considered in the system «building (room) — assessment of the possibility of use —
assessment of the safety of use».
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Fig. 1. Algorithm for evaluating the provision and effective use of primary fire extinguishing agents
(portable fire extinguisher) in the premises of the building

For testing and practical application of the developed system according to the algorithm
(Fig. 1) it is necessary to carry out a series of calculations on various objects of protection.

The estimated assessment of equipment with portable fire extinguishers will be carried out
in the premises:

— public building (Load type: «Office: furniture + paper (0,75 + 0,25)» — V,,,, =0.42 m/min [7]).
SOWE-3 type. The distance, taking into account the location of the equipment, from the fire source
to the installation site of a portable fire extinguisher is 25,5 meters.

A diagram of a room in a public building with an indication of the area, the arrangement of
equipment, is shown in Fig. 2. Height of placement of equipment and materials m = 3.0 m from the
floor level. The room in the plan — 17x12 m. Fire loading — «Office: furniture + paper
0,75 + 0,25)» — Viyw = 0,42 m/min [7]; furniture, internal combustible finishing, report
documentation on paper, with an area of 40 m?, i.e. solid combustible materials (fire class A);
computer, office equipment, electrical wiring, switchboard, installation equipment-switches,
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sockets, lighting plafonds (class E). The room is equipped with APS, SOWE-3 type, there is no
AUPT system.

Fig. 2. Layout of a room in a public building

Option #1: The staff is located in the room of the simulated fire center.
The detection time [3]is:

tosu =5+ 0,01F = 0,117 min,

Option Ne2: The staff is located outside the simulated fire site.

The detection time is 1.5 minutes [3].

For the place of the simulated fire source, the most remote place from the entrance to the
room is taken. According to Fig. 6, the length of a person's route from the location of the door, the
fire extinguisher and to the fire center is L = 25,5 m; the time spent on moving personnel from the
location of the fire extinguisher to the place of the simulated fire according to formula 1 will be
t, = 3,42 seconds = 0,085 minutes. The time of combat deployment, i.e. the time of activation of the
portable fire extinguisher will be ebrd = 6 seconds = 0,1 minutes.

Determination of the possible situation on the fire at the time of
introduction of primary means of fire extinguishing

The fire radius (the path traveled by the flame) horizontally by the time the fire
extinguishers are applied:
Rnom = OISI/JII/IHTpa3B.

The area of the fire at the time of the supply of fire extinguishers, taking into account the
placement and height of the equipment:

— 2
Snom - anom-

Evaluation of the effectiveness of the use of fire extinguishers in a public building (Type of
load: «Cabinet: furniture + paper (0.75 + 0.25)») is presented in Table 1.

Table 1. Definition of the effective use of a fire extinguisher in a public building
(Type of load: «Cabinet: furniture + paper (0.75 + 0.25)»)

Option / Time of fire Linear propagation velocity, Fire radius, R gy, . 9
development, 7,5, Min Vo M/Min m Fire area, Spox M

Option Ne 1 /0,302 0,42 0,064 0,013

Option Ne 2 /1,685 0,42 0,354 0,394
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Assessment of the safe use of fire extinguishers against the effects of heat flow in a fire

Table 2 presents an assessment of the safe use of primary fire extinguishing agents for
extinguishing a fire in the initial stage before the arrival of fire protection units, taking into account

the impact of heat flow.

Table 2. Definition of the safe use of fire extinguishers in a public building
(Type of load: «Office: furniture + paper (0,75 + 0,25)»)

Option / Time of fire development, 7,55,

Linear propagation velocity, m

Safety Distance, 7gesp. M

min / min
Option Ne 1/
0,302 0,42 0,48
Option Ne 2 /
1,685 0,42 4,65

Assessment of the possibilities of using fire extinguishers

The timely supply of a sufficient amount of fire extinguishing agent (powder) determines the
time of fire detection (, min) and the time of combat deployment (). The location of fire
extinguishers near the entrance (exit) of the room. The height of the fire extinguishing agent supply
from the fire extinguisher is > 1.0 m from the floor level.

According to Appendix Nel [2] in this room there should be 2 fire extinguishers of the fire
rank 2A, 55B, C, E. In accordance with paragraph 406 [2], the distance from the possible fire source
to the location of the portable fire extinguisher should not exceed 20 meters - for administrative and

public premises.

Table 3 shows the characteristics of fire extinguishers of fire rank 2A, 55B.

Table 3. Parameters of portable fire extinguishers of fire grade 2A, 55B

Mass of the Length of the
Designation extinguishing fire
of a model fire | agent loaded into | extinguishing
source the fire agent jet, m,
extinguisher, kg not less
2A m=4 3
55B m=4 3

The generalized results of the assessment of the possible use of primary fire extinguishing

agents are presented in Table 4.

Table 4. Determination of the possible use of fire extinguishers in the premises of a public building
(Type of load: «Office: furniture + paper (0.75 + 0.25) »)

Actual distance /
Option / Designation / Maximum distance
Time of fire Safe Extinguishing Jet from the fire source to
develobment © distance, area of the length, the location of the Result
P . pask. Tgea.ps M model hearth, m portable fire
min class / m? extinguisher,
m/m

Option Nel / 2A /9,36 .

0,174 0,48 558/ 1.75 3 25,5/20 possible
Option Ne2 / 2A /9,36 .

1,657 4,65 55B/1.75 3 25,5/20 Impossible
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The use of primary fire extinguishing agents (portable fire extinguisher) at the initial stage of
fire development and their number in the premises of a public building, taking into account the
estimated estimates, established:

1) the efficiency of using a portable fire extinguisher of fire grade 2A, 55B, taking into
account their characteristics for both options;

2) the impossibility of safe use of a portable fire extinguisher of fire grade 2A, 55B, taking
into account the time of fire development and the supply of OTV according to Option No. 2;

3) the impossibility of using portable fire extinguishers according to option No. 2, taking
into account the requirements for the maximum distance specified in [2].

The developed information and analytical system for organizing the equipment of primary
fire extinguishing facilities in buildings of various classes of functional fire danger in the initial
stage of a fire allows us to justify the number of portable fire extinguishers, as well as their
effectiveness and safety of use.
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621.1

THE PROBLEM OF USE THE METHOD OF FINITE DIFFERENCE
FOR CALCULATION OF THE UNSTEADY HEAT CONDUCTIVITY

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

This article presents the problem of use the method of finite difference for calculation of the
unsteady heat conductivity. The method of finite difference to realize in form the mathematical model.
Keywords: unsteady heat conductivity, method of finite difference, mathematical model

Heat transfer or heat transfer is a spontaneous irreversible process of heat propagation
in space due to the temperature difference. There are three elementary methods of heat transfer:
thermal conductivity, convection, and thermal radiation. Thermal conductivity is the heat transfer
caused by the interaction of microparticles of parts of the same body or touching bodies with
different temperaturesy [1].
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The set of temperature values of all points of the body at a given time is a temperature field
for which the equation can be written: T = f(X, y, z,0), where T is temperature; X, y, z are spatial
coordinates; [ is time. Such an equation of the temperature field corresponds to the most general
case of a three-dimensional (temperature changes in each of the three spatial coordinates), unsteady
or non-stationary (temperature changes in time) temperature field.

«Simpler cases are possible [1]:

— stationary (steady-state) field, the temperature is constant in time: T =f(x, y, z); 0T/ot = 0.

— two-dimensional field, the temperature changes in two coordinates: T = f(x, y, t); dT/oz =0.

— one-dimensional field, the temperature changes in one coordinate: T = f(x, t); 0T/dy = 0;
0Tloz = 0;

— one-dimensional stationary field: T = f(x); 0T/oy =0; 0T/oz = 0; oT/ot = 0.»

Heat transfer with thermal conductivity always occurs in the direction of decreasing
temperature. To determine the amount of heat transferred per unit of time, the concepts of heat flux
Q [J] and heat flux density g [W/m2] are used. Heat flow is the amount of heat transferred through
an isothermal surface with an area of F. The heat flux density is the heat flux per unit area of an
isothermal surface.

To transfer heat by thermal conductivity, the temperature gradient at different points of the
body must be non-zero. According to Fourier's law, the amount of heat dQ passing through the
surface element dF during the time dt is proportional to the temperature gradient oT/on: dQ = —
A*0T/on*dF*dt. Here A is the coefficient of thermal conductivity [W/m / K], which characterizes
the ability of a substance to conduct heat. Since g = dQ/dF/dt, To q =— A*dT/on

The coefficient of thermal conductivity is a physical property of a substance and depends on
the temperature [2]:

— for gases A = 0,005+0,5 [Br/m/K], as the temperature increases, A increases;

— for liquids A = 0,08+0,7 [Bt/mM/K], with increasing temperature, A decreases (except for
water, where A increases);

— for solids A = 0,02+400,0 [Bt/m/K], with increasing temperature, A usually decreases in
pure metals and increases in alloys

For technical materials, the values of A are given in the table [2]:

Table
. Thermal .
. Density L Heat capacity,
Material %13 3 Conductivityi
p*10™ [kr/m’] [Br/s/K] C [k Ix/kr/K]
aluminum alloy
(20C/500C) 2,7 100/150 1,2
Concrete 2,0 1,3 0,84
Wood 0,55 0,15+0,40 2,7
Brick 1,8 0,8 0,85
Foam concrete 0,36 0,1 0,8
Carbon steel
(300K/1000K) 7,8 50/30 0,5
Stainless steel 7,8 30 0,5
Glass 2,5 0,8 0,8
Cast iron 7.5 30+43 0,54

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

The fire-safe temperature on the wall surface is determined by the possibility of ignition of
the combustible substances or materials when they come into contact with these surfaces. On non-
heated surfaces of walls, partitions, floors in case of fire, the permissible temperature is assumed to
be equal to 150 C [1].
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Mathematical model of non-stationary thermal conductivity

The amount of heat supplied by the thermal conductivity along the x-axis to the volume
element dV during the time dt through the area F, equal to F = dy*dz, is equal to the value: dQx =
gx*F*dt. Through the area F, the amount of heat given off can go, equal to the value — dQx = —
gx+dx*F*dt. Then the element of the volume dV during the time dA will accumulate — (90x/0X)
dx*dy*dz*dt of heat.

Considering the heat fluxes along all the X, y, and z axes, we obtain:

dQ = —[(Gax/ox)+ (Gay/oy)+ (09./0z)]*dV*d.
According to the Fourier law:
Ox = — A*0T/ox; qy = — A*0Tloy; q, = — A*0T/oz.

The change in heat per unit volume over time dA  is equal to: dQ/dV/dt = c*p*dT/or.
Hence we have the differential Fourier-Kirchhoff heat equation:

C*p*aT/ot = [IOX(AM*OTIAX) + dIdy(L*aTIdy) + laz(A*0TIdz)]*dV*dr.

Here c is the heat capacity [k/[x/kr/K], p — Density [kr/m°].

Non-stationary thermal conductivity is observed when heating enclosing structures and
equipment in a fire. The heating of a body of arbitrary shape can be described by the following
equations [1]:

OTlot = a*[(*TIoX?) + (°TIoy?) + (6°T16z%); 8TIon = — (a/h)*AT.

Here &T/6n — temperature gradient, a = A/c/p — thermal conductivity coefficient [m?/c], o —
heat transfer coefficient [Br/m*/K].

The solution of the problem described by the above system of two equations gives the
equation of the temperature field: T =1(z, X, y, z, L, a, a, A, AT), where L — characteristic body size,
AT — the temperature difference between the environment and the body. In many cases, the solution
of such a problem is analytically impossible. In these cases, numerical methods are used [3].

Numerical method for solving the problem of nonstationary thermal conductivity

The finite difference method or the grid method is often used for the numerical solution of
nonstationary heat conduction problems. Consider a flat wall with a thickness of & (Fig. 1):
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Fig. 1. Diagram of a flat homogeneous wall [1]

Stationary boundary conditions of the first and third kind can be set on the wall surface.
Boundary conditions of the first kind: the temperatures on the wall surface are set tc; and tc,. Heat
flow density g = (A/8)*(tc1 — tco).
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Boundary conditions of the third kind: the temperatures of the medium on both sides of the
wall are set: tcp; and tepy, by the way tepr > tepo. The coefficients of heat transfer from the medium
to the wall are also set a; and o, Then tep — tei=0/au, tco — tepz =q/a; and tey — tez =q/(A/3). From
here we have: q = K*(tcpr — tepz), where k = 1/(1/o + 8/A + 1/o) — heat transfer coefficient [Br/m%/K].
The inverse of the heat transfer coefficient is the thermal resistance R = 1/k = 1/oy + 8/A + 1/aL;.

The problem of heating a flat wall under boundary conditions of the first kind consists in
determining the function t (x, 1) that satisfies the equation at/ot = a*6%/ox?, the initial condition: t
(x,0) = f1(x) and the boundary conditions of the first kind: t(0, t) = f2(t); t(,7) = f3(7).

We will divide the area for determining the parameters by a uniform rectangular grid (Figure
2) with a step Ax on the x axis and a step At on the time axis t. In this case, AX = &/n u At = H/m,
where n and m are the number of steps along the wall thickness & and over the time interval H
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Fig. 2. Grid of the finite difference method [1]

The first time derivative can be represented in finite differences as: ot/0t = (tix+1 — tix)/Ar,
and the second derivative of the coordinate can be represented as follows: &*t/6x* = (ti1x — 2*tix +
ti+1,k)/AX2.

Then the equation dt/ot = a*d*/ox* can be represented as follows [1]:

tiss = (@*ATVAX® * [tigx + tisr + (AXY/(@*AT) — 2)*ti ] — grid equation or difference
scheme. " This equation allows you to calculate the temperature value at all n points on the x-axis
for the moment of time t.1 = (K+1)*Ar, if the temperature values at these points are known at the
previous moment of time .

This difference scheme is stable (errors do not increase with increasing t), if the condition is met:
AXC/(a*At) > 2. If AX%/(a*At) = 2, then the grid equation is greatly simplified: tijs1 = (ti.0x + tis2)/2 [1].

Suppose that under fire conditions, the temperature of the left wall surface (the boundary
condition of the first kind t(0,t) = f,(t) ) changes according to the law shown in Fig. 3.
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Fig. 3. Graph of changes in the wall surface temperature over time
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On the right surface of the wall, the temperature at the initial time is 20 C. To calculate the
temperature change over the wall thickness, we use a grid equation (difference scheme) under the
initial condition: t(x, 0) = f1 (x) and boundary conditions of the first kind: t(0, t) = fx(t); t(3,7) = f5(1).

We fix the temperature distribution over the wall thickness during the development of the
fire at the time points corresponding to the temperature on the left surface, equal to the values of
100 C, 150 C, 200 C, 300 C and 500 C. The graph of the temperature distribution over the wall
thickness, divided into 10 sections, is shown in Fig. 4:
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Fig. 4. Temperature distribution over the wall thickness

The calculation was carried out using the simplified dependence ti, k+1 = (ti-1, k + ti+1,
k)/2, since it was assumed that Ax%/(a*At) ~ 2.

At the same time, the calculation procedure is significantly simplified, but the error
increases. Due to the significant calculation error, the presented graph reflects only a qualitative
picture of the temperature distribution over the wall thickness.

The advantage of the finite difference method is the ability to calculate the temperature field
when the boundary conditions change over time according to any laws [1].

Conclusion

A mathematical model of nonstationary thermal conductivity and a numerical finite
difference method for solving the problem of nonstationary thermal conductivity are considered.
The calculations of the temperature field at a temperature change in the range from 100 C to 500 C
on the wall surface from the fire side were performed, which allowed us to present a qualitative
picture of the temperature distribution over the wall thickness in graphical form.
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ANALYTICAL METHODS FOR PREDICTING
THE DEFORMATION OF STRUCTURAL ELEMENTS
OF VENTILATION DUCTS IN FIRE CONDITIONS

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

It is proposed to use the calculation using the stress function in the form of a polynomial to estimate
the elongation of the shaped sheet in fire conditions, as the main structural element of the ventilation
channel. Calculations of the same sheet by the finite element method, the traditional method of material
resistance, and using the stress function in the form of a polynomial are presented. It is shown that the
proposed approach can be used to perform practical calculations and as test tasks when using numerical
methods.

Keywords: shaped sheet, variable cross-section, stress function, stiffness, deformation, test problem

Steel sheets of variable cross-section are widely used in various construction and
technological structures, form the basis of ventilation channels and smoke removal systems. They
connect knots, extensions, and other structural elements. Insufficient rigidity of at least one part can
lead to breakage or damage to the electrical wiring, gas pipeline and other communications. It is
particularly difficult to predict the behavior of such structural elements in the conditions of a fire
that has already started.

As a rule, when designing large objects, strength calculations are performed both
numerically and analytically. If the results agree, a test experiment should be performed. Among the
numerical methods, the well-established finite element method is widely used. Numerous programs
and computer systems successfully work on its basis. Much work is also being done in the search
for new analytical solutions. So in [1] it is proposed to use the equations of the theory of elasticity
of a higher order than the classical ones. In [2], the behavior of heterogeneous materials is modeled.
In [3], a solution is given for the stress-strain state of the plate, taking into account plastic
deformations. The use of modern calculation methods provides high mathematical accuracy, but it
should be taken into account that the thickness tolerance for sheet steel of 5 mm exceeds 0.5 mm,
i.e. 10 % [4]. A certain error in the calculation results is caused by the spread in the estimation of
the operating loads and temperatures. Therefore, the task of a relatively simple (allowing you to
make corrections and reserve coefficients) calculation of deformations of the shaped sheet is
relevant.

Here, to estimate the elongation of the shaped sheet, which is the main structural element of
the ventilation channel, it is proposed to use the calculation using the stress function in the form of a
polynomial. The Gorenje solution is proposed to be used as a test problem for calculating the
possible consequences of exposure to combustion products on the ventilation ducts by numerical
methods.

Below is an example of calculating a ventilation duct part. The sheet shown in the figure is
1.5 mm thick and has dimensions of 2£ = 1000 mm, A = 30 mm2. A force of F = 3 kN acts on the
sheet (by the type of loading of the rod) and it is made of St steel.3 (E = 2x105 MPa; [c] = 160
MPa). You need to check the sheet for strength and rigidity and plot the stress and displacement
diagrams. This problem can be solved by methods of material resistance, numerically, and by
methods of elasticity theory using the stress function ¢.

Consider the latter method. We choose the stress function in the form of a second-order
polynomial. As already noted, when choosing a second-order polynomial, the stress function has the
form:
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In general, the voltages will take the following values:
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Since there are no forces other than longitudinal ones, and it is also obvious that at y=0 there
are no tangential stresses, it is appropriate to take a2=b2=0, so at any point only the stresses ox = c2
will act, i.e. we will get the problem of stretching a rod of constant cross-section. As this constant
cross-section, it is appropriate to choose the median area A2=60 m2, then the tensile stress will be:

3
O-x:F :310 _5p H2-
A 60 MM

cp.

Since e=dU/dx, the total elongation is determined by the formula:

21 21 2F|
U= eedx==] oy Ox == — = 0,251

0 0 cp

m|-

The displacement of the median section in this case will be:

|
U= gxdx=l=0,125mm.
) EA

P

Consider the stress function in the form of a polynomial of the 3rd degree:

a b c d
¢3 :_3x3 +_3x2y+_3_xj;2 +_3y3 .
2-3 2 2 2-3
In general, the stresses will be determined by the equations of the system:
82%
o, =cyx +d,y;
oy*
82%
O, =7 =a¥ +b,y;
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If all coefficients except c3 are assumed to be equal to 0, then taking into account the stress
function in the form of a polynomial of the 2nd order, based on the principle of superposition, the
stresses will be determined by the equations of the system:

O, =C, +CyX;
T, =—Cg).

Such an expression corresponds exactly to the representation of the stress function as the
sum of the polynomials of the 2nd and 3rd orders. It should be noted that in this case, tangential
stresses can be neglected due to the smallness of the angle (Figure), the tangent of which is 0.02.
Otherwise, it is necessary to solve the plane problem of the theory of elasticity. The coefficients c2
and c3 are determined from the conditions (1) and (2):

F 3.10° H
_ o. = = =33,33
x=0 *T3A 90 R @)
F 3.10° 1
x=1000 MM O, = Iy = 30 =100 R 2

Solving a system of equations:

c, = 33,33;
c;-10° + ¢, =10.

defining the value ¢3=0,06667, from
o, ==33,33+66,67 103 x

According to the well-known formula, we determine the movement of the median section:

L L 2

1 1 c.X
U=£ exdx=E£ (e + ex)dx = (e + ) =
2
:MZO,].ZSMM.

Similarly, we define the movement of the free end:

2
U= é[c2 7) +@] —0.333mm

When choosing a polynomial of the 4th degree, the stress function has the form:

a, 4 b, 3 c, 2 o O, 3, € 4
=—Xx +— +— +—xy  +—
Tast T2t Tt T Tagh
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At the same time, the coefficients ¢4 u a4 are subject to restrictions [5]:es=-(c4+as), there are
no restrictions on the other coefficients. Taking into account the introduced restrictions, the stresses
in the general case will be determined by the equations of the system (16):

82(04 _ 2 d 2 2.
O, = 5 = Gy X+ 0,xy (c4+a4)y,
oy
82
10, = @(024 = C4x2 +d,xy — (2, +a4)y2;
0° b,x*
v = P2 ~2¢c,xy —d,y".
Ox0y 2 ]
If we take b, =d,= 0, then the system of equations for determining the stresses will take the form:
e 82¢4 . , 3\
o= 8y2 =c,x"—(2¢c,+a,)y";
0%
0, =—5" =a,x’ +c,y°; >
ox
82
T, = AL —2¢,x).
y
Ox0y

In [6], it is shown that when calculating rods of variable cross-section, similar to the one
shown in the figure, there are dependencies (3) and (4):

T, =0,-19y; A3)
o, =0,-19% . @)

Since in the case under consideration =0.02, i.e. the value of the 2nd order of smallness,
tangential and transverse stresses can be neglected. Then, in accordance with the principle
of superposition and taking into account the variants of the stress function in the form
of polynomials of the 2nd and 3rd orders, the equation for determining the tensile stresses will take
the form:

0. =c,+¢ X+C,- X

x=00,=c=33,33 MIla; x =1 0,=50Mlla, x =21 ¢,=100 MIla
Unknown c¢3 and c4 are determined by the solution of the system:

50=3333+c,-l+c, 1%
100=33,33+2c, 1 +4-c, - 2.
The solution of the system gives the following results: ¢s=0; ¢,=0,667-10™*

Taking into account the obtained values of the coefficients, the displacement of the median
section will be:
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U= 3 ~0,097 auu
Moving the free end will be:
o 2.1 G2
U= - S 02775 m,

Based on the results of the calculations, a displacement plot was constructed, shown in the
figure (curve 2). In the classical course of resistance of materials, the elongation of a rod loaded
with longitudinal forces is determined by the formula [7]:

Ndx
Al = j
(5)
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Fig. Design diagram of a rod of variable cross-section. a-rod, b - stress plot, c-graphical description
of the dependence of the cross-sectional area on the x coordinate, d-displacement plot
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Since the sheet is made of a single material and a single constant force acts on it, the
presented formula (5) is converted to the form:

N dx

Al =— | —
E ¢ A(X)

For the convenience of an analytical description of the dependence of the cross-sectional
area A on the coordinate of the abscissa, we present the rod (figure, figure a) in the form (figure,
figure b), taking the point O as the origin. Obviously, the area of an arbitrary cross-section of the
rod is defined as A (x) = 0.06 x, then the total elongation of the rod:

N TdX: N [in@)=in@)]

| = :
0,06-E 1 X 0,06-E
which in numerical terms is:
3-10°

=006 2.10° [In(1500) - In(500)] =

=2,5-10%(7,31-6,21) = 0,275 mm

Comparing the results of the calculation with the two methods given above, it can be seen
that with an increase in the degree of the polynomial, the result of the solution in the first way tends
to «classical» (curve 1), but for the completeness of the analysis, experimental confirmation
IS necessary. A numerical experiment was also carried out with the breakdown of the sheet into two
and four finite elements. The total elongation in this case was 0,267 and 0,2726 mm, respectively,
i.e., with an increase in the finite elements, the solution tends to «classical».

Based on the calculations performed and the numerical experiment carried out, it can
be concluded that the use of polynomials as a mathematical model gives results close to theoretical
solutions. The proposed approach can also be used to compile text problems when analyzing the
operation of structural elements of ventilation ducts of a more complex geometric shape in fire
conditions.

References

1. Vasiliev V.V, Lurie S.A. Generalized theory of elasticity // 1zv. Wounds. MTT. 2015.
Ne 4. Pp. 16-27.

2. Lomakin E.V., Fedulov B.N. Stretching strip weakened by a cut with a circular base,
in the conditions of plane deformation of the material depends on the stress state properties // Izv.
Wounds. MTT. 2013. Ne 4. Pp. 80-87.

3. Kovalev V.A,, Rusin, E.Yu., Yakovlev A.Yu. On the mechanical interaction of elements
of a thin elastic-plastic structure // Bulletin of the I.Ya. Yakovlev CHPSU. 2017. Ne 1 (31) P. 3-14.

4. GOST 19903-2015 Hot-rolled sheet products. M.; Assortment. Standartinform, 2016.

5. Timoshenko S.P. Theory of elasticity: textbook for universities M.: Nauka, 1975. 576.

6. Bezukhov N.I. Examples and problems in the theory of elasticity, plasticity and creep:
a textbook for universities. M., Vysshaya SHKOLA, 1965. 320 p.

7. Feodosyev V.I. Resistance of materials: textbook for universities: 11th ed., ster. M.:
Bauman, 2003. 591 p.

102



INFORMATION ABOUT AUTHORS

Voloshenko Alexander Yuryevich — Professor of the Department of Supervision. deyat.
Academy of GPS of the Ministry of Emergency Situations of Russia (1293114, Moscow, Boris
Galushkin str., 4), e-mail: volax84@mail.ru;

Kuznetsova Yana Mikhailovna — Master's student of the St. Petersburg State University
of the Ministry of Emergency Situations of Russia (196105, St. Petersburg, Moskovsky ave., 149);

Kuzmin Alexander Alekseevich — Associate Professor of the Mechanics Department
of St. Petersburg State Technol. in-ta (tech. un-ta) (190013, Saint Petersburg, Moskovsky ave., 26),
e-mail: alexkuzmin@lenta.ru, candidate of technical sciences;

Kuzmin Anatoly Alekseevich — Associate Professor of the Department of Physics and
Technology. basic fire safety. Saint-Petersburg State Department of the Ministry of Emergency
Situations of Russia (196105, Saint-Petersburg, Moskovsky Ave., 149), candidate of pedagogical
sciences, associate professor;

Kuzmina Tatyana Anatolyevna — Associate Professor of the Department of Supervision.
deyat. Saint-Petersburg Un-ta SBS EMERCOM of Russia (196105, Saint-Petersburg, Moskovsky
ave., 149), e-mail: kuzmina@igps.ru, candidate of pedagogical sciences;

Labinsky Alexander Yuryevich — Associate Professor of the Department of Applied
Mathematics and Information Technology of Saint-Petersburg university of State fire service
of EMERCOM of Russia (196105, Saint-Petersburg, Moskovskiy, 149) e-mail:
labinskyi.a@igps.ru, candidate of technical science, associate professor;

Lobaev Igor Alexandrovich — Professor of the Department of Supervision. deyat. Academy
of GPS of the Ministry of Emergency Situations of Russia (, 129311, Moscow, Boris Galushkin str.,
4,), e-mail: ialobaev@yandex.ru, Candidate of Technical Sciences, Associate Professor;

Uvarov Igor Alexandrovich - art.Sci. employee of the NIO OND UNK OND of the
Academy of GPS of the Ministry of Emergency Situations of Russia (129311, Moscow, Boris
Galushkin str., 4.), e-mail: igor_uvarov@mail.ru;

Fomin Alexander Viktorovich — prof. of the Department of Supervision. deyat. Saint-
Petersburg State Emergency Service of Russia (196105, Saint-Petersburg, Moskovsky ave., 149),
e-mail: fom-deg@ya.ru, candidate of technical sciences, professor, honored worker of higher
education of the Russian Federation;

Yatsenko Larisa Anatolyevna — leading research worker of Scientific Research Institute
of Saint-Petersburg university of State fire service of EMERCOM of Russia (196105, Sankt-
Peterburg, Oktyabr'skaya 35), e-mail: yazenko-la@mail.ru, candidate of chemical science;

103



SUMMARY OF INFORMATION

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

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

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

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

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

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

University consists of:

— Institute for Advanced Professional Education;

— Institute of distance education;

— Institute of Life Safety.

Three faculties:

— Engineers;

— Economics and law;

— Training and retraining of scientific and pedagogical staff.

In the university are created:

— An educational center;

— Centre for Scientific Research Organization;

— Center for Information Technology and Systems;

— Educational and scientific center of engineering and technical expertise;

— Distance Learning Center;

— Expert Center;
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— Industrial park of science and innovation;

— Center for international cooperation and information policy;

— Science and innovative technologies park.

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

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

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

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

Among them: the All-Russian Scientific and Practical Conference «Security Service in Russia:
Experience, Problems and Perspectives», International Scientific and Practical Conference «Training
of Personnel in the System of Prevention and Elimination of Consequences of Emergencies», Forum
of the EMERCOM of Russia and public organizations «Society for Security», All-Russian Scientific and
Practical Conference «The Arctic — the Territory of Security. Development of providing of complex security
system for the Arctic zone of the Russian 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, 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
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Institute of the EMERCOM of the Republic of Kazakhstan and many others. The training in Harvard
Universuty for university’s representatives has been organized using training program for safety leaders
qualification increasing.

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

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

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

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

The University's computer park is more than 1400 units, united in a local network. Computer classes
allow students to work in the international computer network Internet. With the help of the Internet, access
to Russian and international information sites is provided, which makes it possible to significantly expand
the possibilities of the educational, teaching, methodological and scientific-methodical process.
The necessary regulatory information is in the database of computer classes provided with the full version
of the programs «Consultant 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 «Irbis» is installed. The library provides electronic book loan. This makes it possible to bring
the book to user as soon as possible.

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

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

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

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

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

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
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search and rescue team, located in the settlement of Nikola near Lake Baikal; 40th Russian Rescue Training
Center; 179th Rescue Center in Noginsk; Center for the training of rescuers «Krasnaya Polyana»
of the Southern Regional search and rescue team of the.On July 1, 2013, the Center for the Education
of Cadets was established on the basis of the St. Petersburg’s University of the State Fire Service
of the EMERCOM of Russia.

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

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

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

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

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

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