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BBepeHune Poccuiickoit u.deneparin, 6€30MaCHOCTH TOCYAAPCT-
Ba, a TAKOKE YTPO3bl YPE3BbIYANHBIX CUTYaLIUH IPUPOL-
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ciienusi B Poccunt pyKoBOACTBYIOTCS HOPMaTUBHBIMH J10-
KyMEHTaMH, B TOM uuciie [ 1-5], a Takke TeppUTOpHalIb-
HBIMU CTPOUTEIBbHBIMUA HOPMaMH, Harpumep [6, 7].
ITocranosnenuem IpaBurenscrsa Poccutickoit ®e-
neparuu ot 29 utonst 2017 . Ne 774 “O BHeceHuu us-
MCHEHUI B MOIOXKEHUE O (heiepaTbHOM rOCyIapCTBEH-

Yek-JIMCThI MpeJIararoT K 3aloJHEHHIO U MY3eH,
HPEI0CTABIISIOLINE CBOU KOJUIEKIIMH JIsl BDEMEHHBIX 1
HepeBIKHBIX BEICTABOK. [10 Yek-Jimctam npoBOUTCS
OLICHKA YCJIOBHI NpHHHMMAIOIEro Mysest. IIpuHuMa-
I01Iast CTOPOHA IIPEAOCTABIISICT CIICIYIOIIIE OCHOBHBIC
JAHHBIC B YaCTH MOXKapHOH 6E30IacHOCTH:

HOM T0KapHOM Ha3ope” [8] yTBEPIKIEHO UCTONb30-  ©  OITAKHBIC IUIAHBI C YKA3AHHEM 30H TPHEMa SKCIIO-
BaHUE TIPOBEPOUYHBIX JINCTOB (CITUCKOB KOHTPOIBHBIX HATOB, MECT BPEMCHHOI'O XpaHCHHUs, MECT IOATO-
BOIPOCOB) TIPH [POBELCHAN ILIAHOBBIX IPOBEPOK 00D~ TOBKH BBICTaBOK M BHICTABOYHBIX 3aJIOB, PACIIONO-
CKTOB 3aIIUTbl. B IOKYMCHTE MOIYCPKUBACTCA, UTO JKEHMSI IIOXKapPHBIX BBIXOJOB, IEPEHOCHBIX OTHETY-
“IIPOBEPOYHBIC JINCTHI COJEPIKAT BOIIPOCHI, 3aTparuBa- LIUTENICH U CHCTEM I10XKaPOTYIICHHUS;

IoIMe 00s3aTebHbIC TPEOOBAHUS, COOOICHUE KOTO- e THIIBI CTPOUTCIILHBIX MATCPUAIOB, NCIIOIB3yCMbIX
PBIX SABIISIETCS HaOOJIee 3HAYMMBIM C TOUKH 3pEHHS He- IPU CTPOUTE/IBCTBE 3/[aHUs U /ISl BHY TPEHHEH OT-
JIOMYIEHUS BO3SHUKHOBEHUS YIPO3bI IPUUUHEHUS Bpeaa NCIIKH;

JKU3HH, 3J0POBBIO T'pakJaH, Bpeaa JKUBOTHBIM, pacTe- e THUII U PACIIOJOXKCHUC 30H aKTHUBHOCTH l'[y6JII/IKI/I,
HUSIM, OKPY>KaIOIIEH cpezie, 00beKTaM KyJIBTYPHOTO Ha- 4ackl paboThl My3es JUIs Iy OIHuKH;

ciaeausa (HaMSITHI/IKaM HUCTOPpUHU U Ky.]'IBTprI) Hapoa0B ® CHUCTCMBEI n0>1<apH0171 0C30ITaCHOCTH B 30aHUHU.

© Ilpucaoxos B. U., Epemuna T. IO., Fozoanos A. B., Cywxosa O. B., Tuxonosa H. B., 2018
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B MexITyHapOIHBIX HOPMATHBHBIX TOKYMEHTAaX, pe-
IIAMEHTHPYIOIIUX MTPaBHIIa MOKAPHOH 0€30MacHOCTH
JUTSt 0OBEKTOB HCTOPUYECKOTO U KYJIBTYPHOTO HACIICHS,
HEOJIHOKPATHO IMOTYCPKUBACTCS YHUKAILHOCTD O0BEK-
TOB 3all[UTHI U B CBSI3U C TUM HEOOXOJAMMOCTh WHJIH-
BH/IyaJbHOTO TIOAX0/a U KOHCYJIBTAIIUI 3KCIepTa Mpu
pa3paboTKe KOHIICTIIINH UX TIOXKAapHOW 0€30MacHOCTH.
Kpome Toro, B 601bIIMHCTBE TAKUX JOKYMEHTOB TIPE]I-
JlaraeTcsi HEOOXOIUMBIH JIJIsl TPOBEPKH MEPEUYCHb TPe-
OoBaHui, Tak Ha3bIBaeMblil yek-mucT (check-list). B pa-
00Te 1aH aHaJIN3 YeK-JIMCTOB, IPUBEIICHHBIX B JJOKYMEH-
Tax, pa3padOTaHHBIX PA3TUYHBIMHA MEXKIyHAPOIHBIMHU
OpraHU3aALUsIMU C YYETOM MPAKTHYECKOTO OITbITa CTPaH-
Y4aCTHUKOB.

MeTtoanyeckune MaTepuanbl

Craenyet oOpaTuTh BHUMAHHE HA JOKYMCHTBI, pPa3-
pabotannbie CFPA (Confederation of Fire Protection
Association), NFPA (National Fire Protection Associa-
tion), BSI (British Standard Institute), CTIF (Interna-
tional Association of Fire and Rescue Service), B koTo-
PBIX IPHBOIATCST POPMBI PA3ITHUYHBIX OTIPOCHBIX JIUCTOB.

I. PykoBoactBo CFPA-E-30-2013 “Managing Fire
Protection in Historic Buildings” (IToxxapHras 6e3omac-
HOCTh UCTOPHYECKUX 3[aHui) [9] nmpesyiaraer ciemy-
I0MMy10 (hopMy UeKk-JTHcTa.

MoxapHana 6e3onacHocTb
UCTOPUUYECKUX 3AaHUMN (YEK-AUCT)

1. 3nanue ynoBieTBopsieT TpeboBaHUSIM Oe30mac-
HOIi HBaKyald MO aCIEeKTaM:

e JUUIMHA 3BAKYallMOHHOTO ITYTH;

e HaJM4uWE yKa3areslel HallpaBJIeHUs IBaKyalluy;

e CIICIMATLHBIC 3HAKH Y 9BAKYaI[HOHHBIX BBIXO/IOB;

e HCHOJIb30BAHUE TOJIBKO JIECTHUI] B KaU€CTBE ITy-
Tell BaKyalny;

e HCIIOJIb30BaHUE OKOH B KaU€CTBE IBAKYaLIHOHHBIX
BBIXOZIOB (€CJIM ATO MPEAYCMOTPEHO HOPMaMHU );

e HCIOJIb30BaHKE OAIKOHOB B KaueCTBE MyTel 9Ba-
Kyallly WIKA 30H 0€30TIaCHOCTH;

e HaJIMYKC IJIAHOB OBaKyalluU,

e HOPMHPYEMBbIii IPEJIe]T OTHECTOMKOCTH OKOH BOJIHU-
3H ITyTeH YBaKyaluu (JICCTHHII).

2. Jlenenue 31aHUs Ha MOXKapHBIE OTCEKU.

3. [IpenoTBpallieHue pacpoOCTPaHEHUs MOXKapa B

3/IaHUU:

e JIOCTaTOYHOE KOJIMYECTBO 30H O€30MacCHOCTH;

e JIpyI'€ MEPONPUATHS.

4. DnexTpooOopya0BaHUE U JAPYTUE CHCTEMBI:

e B COOTBCTCTBHU C ACHCTBYIOIINMH HOPMATHBHEI-
MU JIOKyMEHTaMU.

5. O6opynoBaHue IS TOKAPOTYIICHUS:

e DPYYHbIE OTHETYLIUTEIH;

e OTHETYyLIAIlWe MOKPhIBAJIA;

o JIpyI'€ MEPONPUATHS.

6. Bo3MO)XHOCTB JOCTYIA K ITyTSIM 3BaKyallly B 371a-
HUH, BKITI0Yast OTJCIBHBIC JIECTHUIHBIC KIETKHU, 0aIKo-
HBI CO CBOOOIHBIM JTOCTYTIOM H T. JI.

7. BomocHaOxeHHE OXKAPOTYIICHUS:

e MYHMLHUIIAIBHOE;

e AJIBTEPHATUBHOE.

8. MHCTpYKIMH 110 00CITY>KUBAHUIO U KCILTyaTaluy.

9. Hanuuue niuaHoB 31aHUS.

10. Orcryruenus ot HopM/ KommeHTapuu.

[Ipu 3anomHeHnn GOPMBI OTPUIIATEIIHHBIC OTBETHI
JIOTIOJTHUTENIBHO COMPOBOKIAIOTCS KOMMEHTAPHUSIMHU.

11. B cranmapre NFPA 909 “Code for the Protection
of Cultural Resource Properties — Museums, Libra-
ries, and Places of Worship” (CBoz mpaBui1 3a1uThl 00b-
€KTOB KYJIBTYpPHOTO Hacieaust — My3eu, OudInoTexy,
KyasToBbIe 30aHMs) [ 10] mpuBonuTcs hopma onpocHo-
O JIUCTA JIJIs OLIEHKH 00ecTieueHHsI MoKapHoH Oe3omac-
HOCTH 3/1aHHs1, BKIIFOYAIOIIEr0 HECKOIBKO Pa3JielioB.

[oTeHUnaAbHblE PUCKH

1. 3nanue:

a) CTeneHb OTHECTOWKOCTH 3/1aHMs, TOPHOUHe/He-
FOPIOYNE KOHCTPYKIIHH;

b) jara mocTpoiKK; HCTOPUUECKOE 3IAHKE: JIa/HET;

C) DJIEMCHTHI 3[aHMs, IPEICTABIISIOINE UCTOPUYC-
CKYH/KyJIBTYPHYIO HEHHOCTB,

d) xpslma: roproyasi/Heroprodast;

€) 3/aHKe HAXOIUTCS Ha PEKOHCTPYKIIMH,/PEHOBA-
WH: 1a/HeT.

2. Pazmepsr:

a) TUTOMIANb dTaXa;

b) uymcio sTaNKeH;

C) YHCIIO KOPITYyCOB/(pinrenei;

d) 4wmcio BBIXO/OB;

e) YHUCJIO 3BaKyallMOHHBIX BBIXO0B;

f) 4uMCIO YCIOBHBIX €IUHUII ITUPUHBI BBIXOAA;

g) TpebyeMoe YHCI0 YCIOBHBIX SAMHUI] ITUPUHBI
BbIXOJa (B COOTBETCTBUHU C HOPMATUBHBIMH J10-
KYMEHTaMH);

h) 4ucIeHHOCTH MepcoHana;

1) KOJMYECTBO ITOCETHUTEINICH B ICHB: CPEIHEE, MAK-
CHMaJbHOE.

3. Puck B ciryyae BOSHUKHOBEHUS TIOXKapa B COCEI-

HUX 3TaHUSX:

Hanpasnenne  Her ceenennit . Huskuii | Cpennuii | Boicokuit

Cesep
North

Bamaj
West
Or
South
Bocrok
East
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6.

. BonocuaGxenue:

MyHHIHIIATIbHOE, pe3epByap,/6acceii, HaKoIH-
TEJH;

MOILIHOCTb;

pasMepsl TPyOOIpOBOIA;

paccTosiHue 710 TUIPAHTOB.

. ABapHﬁHO-CHacaTeHBHLIe C.]'Iy)K6BII

Hooicapnas ciysxcba: MyHUNATIATBHAS/BOJIOHTE-
Pb1/TIOKAPHO-TEXHUYECKAS KOMUCCHSL.

Bpemst npuObITHS TOXKAPHBIX MOAPA3ICICHUN.
Cnysrcba Heomai0HCHOU MeOUYUHCKOU NoMOwU
(EMS): MyHUIMnaTbHAs/BOIOHTEPBI/COTPYIHH-
KM, TIPOIIC/IINE HHCTPYKTAX 10 OKa3aHUIO TIep-
BOM MEIHUITMHCKOM TTOMOIIIH;

Bpewms npubsitns EMS.

Tonuyus: nonuueickuii nenaprament/mepud)/
mpoyee.

Bpewms mpuObITHS.

Cryoicoa bezonacrocmu: COOCTBEHHAs /KOHTPAKT-
Hasi/BOJIOHTEPHI/HET.

Kpyrocytounas: ia/Her (eciu HET, TO B Teve-
HHUE KaKOrO BPEMEHH).

[Moxapuas Ge3omacHoCTh (0TBET B popmare “Jla/

Her/Yactuuno™):

7

MOYKAPHBIHA CTOSK BHYTPEHHETO MPOTHUBOTIOXKAP-
HOT'O BOJIOTIPOBO/IA;

CIPUHKIJICPHAS CUCTEMA;

CHCTEMa ra30BOro MOXKAPOTYIICHHUS;

cUCTEMa MOXKAPOTYIICHUS] TOHKOPACTBLICHHOM
BOJIOH;

OTHETYIIUTENHN (TUI, PACTIONOKEHHE);
aBTOMAaTHYeCKasi CUCTeMa TOKapHOW CHUTHAIH-
3aI1H;

JIOKaJIbHAS CHCTEMA TIOKAPHOW CUTHAIM3AIHH;
CHUTHAJI, TIepe/IaBacMblii HAIIPSIMYIO MTOYKAPHBIM
MOJIPa3/ICJICHUSAM WU B IICHTPAIbHbIA MyHKT MO~
JKapHO# OXpaHBbl;

LIEHTPaIbHbIC YHKTHI TOYKaPHO OXpaHbI (3ape-
THCTPUPOBAHHBIC JTAOOPATOPUAMHU TIO0 TEXHHUKE
6e3omacHoctu UL — Underwriters Laboratories
B CIIIA);

MIPOTHBOIIOKAPHBIE CTEHBI U CAMO3aKPhIBAIOIIHC-
Cs1 IPOTUBOIIOKAPHBIC IBEPH, 3AIHIIAFOIIIE TO-
pI/IBOHTaJ'H)HLIe HpOGMLI B 3J1aHNH,

KOTEJbHBIC, OTJCJICHHBIC OT 3JaHMs TPOTHBO-
MOYKAPHBIMH CTEHAMH U CaMO3aKPhIBAIOIITAMHCS
MIPOTHUBOIIOKAPHBIMH JIBEPHMH;

OTHECTOMKHE OTPAXKIAOIIHE KOHCTPYKIIUH JIeCT-
HUI[ M IPYTUX BEPTHKAIBHBIX TPOEMOB;

JIBEPH, OTKPBIBAIOIIUECS HAPYKY;

JIBEpH, 000PYIOBAHHBIC MEXaHU3MOM “‘aHTHIIA-
HHKa”;

OTBETCTBEHHBIN 32 OXKAPHYIO 0€30MaCHOCTb.

. BesonmacHocTs (oTBet B popmare “/la/Her/Yac-

TUYHO):

oo

CHCTEMa 3aIUThHl IOMETICHHH;

cucrema oneparuBHoOro BuneokoHTpost (CCTV);
JOCTYII TIO TIPOITyCKaM;

OTpaxJICHHE;

JIOKaJbHASI CHCTEMa CHI'HAIM3AIINH;

o0rast cucTeMa CUTHATU3AIHHT;

LEHTPAJIbHBIC MTYHKTHI OXPaHBI (3apErucTpupo-
BaHHBIC JIAOOPATOPUSIMH 110 TEXHHKE Oe3orac-
Hoctu UL — Underwriters Laboratories B CILIA);
OTBETCTBEHHBIN 32 0€30MaCHOCTb.

. Kojutekuuu: Tum, pacroioxeHue.

Viep0, MpUaHHAEMBII IPH TYIIICHUN BOIOH: HU3-
KUii/CpenHuii/BHICOKHIA.

BHelHee aBapuiiHOe XpaHHIHIIe: 1a/HeT (pac-
TIOJIO’KEHNE).

9. Bo3MOKHbIE HCTOUHUKH TPOHUKHOBEHHS BOJIbI B
3/1aHUeE.

10. YpoBeHb MPeCTyIHOCTH: HU3KUIT/cpetHnii/Bol-
COKHUIA.

11. Bo3MOKHBIE YTPO3bI C BEPOSITHOCTIMHU BO3HHK-
HOBEHUS U BO3MOKHBIMHU BO3ACHCTBUSIMU:

Yrpo3sl

BepOSITHOCTL BO3HUKHOBEHUS = Bo3mokHOE BO3I[eﬁCTBPIe

Her cBenenmii
Huskas
Cpenusist
Bricokas
Huskoe
Cpennee
Bricokoe

Bo3moXHble yrposbl

— Henpeonamepennvie:

0Xap,/B3pbIB;

UC ¢ yrpo3oii 3/10pOBbIO;

BBIOPOC OMACHBIX BEIIECTB;

aBapys Ha TPAHCIIOPTE.

Ymvrunennvie:

TEPPOPH3M;

Kkubeparakuy;

TIOJUKOT;

Kpaxa;

BaH/AJN3M;

caboTax;

HapOJIHbIE BOJHEHHMSI, OCCIIOPSIKH, MATEKH.
Heucnpagnocme cucmem:

OTKITIOYCHHE DIIEKTPOIHEPTHH;

MPOTEYKa;

KOJIJTATIC 3MaHUS;

HEJJ0CTAaTOK TOILINBA;

c6ou B paboTe KOMMYHUKAIIMOHHBIX CHCTEM;
3arpsi3HEHUE BO3/lyXa,/BOJIbI B PE3YJIbTaTE BBIOPO-
COB;

aBapHy B CHCTEME BOJOCHAOKEHHUsI Ha 1ambax,/
IUIOTHHAX;

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 5 n



- OBLLUME BONPOChI KOMNAEKCHOW BE3ONACHOCTH

aBapUU CUCTEM BEHTUJISILMM U KOHIULMOHUPO-
BaHUS;
0TKa3 CHCTEM OE30IIaCHOCTH.
— Teonozuueckue:
3eMJIETPSICEHHUS;
LyHaMU;
BYJIKaH;
OTOJI3HH/CENH.
— buonozuueckue:
TIaH/ICMUS;
3apakeHue OT JKUBOTHBIX/HACEKOMBIX.
— Memeoponozuueckue:
HaBOJHEHMsI, IaBOJKU;
3acyxa;
I0Kapbl HA HEOCBOCHHBIX TEPPUTOPHSIX (JIEC, KyC-
TapHUK, TpaBa, 3eMJis1);
CHET, Jiefl, Tpajl, U3MOPO3b, JIABUHBI;
ITOPM, TPOTIMYECKNH LIUKIIOH, yparaH, TOPHAJIO,
IbIIEBbIE/TIeCUaHble OypH;
SKCTpeMalibHAs JKapa/Mopos;
MOJIHUH.

— Ilpouee.

12. IIpoBonuTCs /U IEpUOAUYECKAsE MHBEHTAapHU3a-
1M1 KOJUTEKIMI: TIOJIHAst /uacTuuHast. Jlara npoBeneHus.

13. BKIIIOYEHBI JTU B PE3YJIbTaThl MHBEHTAPHU3AINH
0a30BbIe OMUCAHUS KAXKOT0 NPeAMETa B KOJIIEKIIUN?

14. XpaHarcs 1 BO BHEUIHEM XPaHUJIUILE KOTHU
PE3yNbTaTOB MHBEHTAPU3ALIUH, TOKYMEHTHI CTpaxoBa-
HUS U IPOYME BAXKHBIE JOKYMEHTBI?

15. TIpoBepsrOTCS TM HAa TIOCTOSTHHOW OCHOBE Xpa-
HWJINILIA KOJUTEKIUHI?

16. IlpoBepena nu cTemiakHasi CUCTEMA XPaHEHUS
Ha CEHCMOYCTOWYHUBOCTH?

17. ITpoBepsItOTCS JIN PETYIAPHO U 0OCTYKUBAKOTCSI
TV TaKKe JIEMEHTHI 37[aHHs, KaK KPOBJIS, OKHA, TPY0O-
IIPOBOJIbI?

18. IIpeaycMOTpEHBI 1 MEPOIIPHUITHS 110 3aIUTE
KOJUJICKIIUM OT BO3JCHUCTBUS BOJIBI?

19. YyuTeHsl 11 B IJ1aHe JSHCTBUI B Cllyyae ype3Bbl-
YalHBIX CUTyallli YTrpo3bl C BBICOKOM BEPOSITHOCTHIO
BO3HUKHOBEHHMS U CEPbE3HBIMU MOCICACTBUAMU?

20. SIBnsiercs v TUTaH IUCTBUH B CiTydae Ype3BhI-
YaiHBIX CUTYaIUH akTyanbHbIM? JlaTa mocieHero 00-
HOBJICHUS.

21. OTpaskeHbI 1 30HBI OTBETCTBEHHOCTH B TIJIAHE
JICHCTBUI B CITydae YpE3BbIYANMHBIX CUTYyaIHil?

22. EcTh J11 4eTKO 0003HaYeHHAsI OpraHu3aIlus k-
CTBUI B ciIy4ae 4ype3BblUaliHbIX CUTyaLUH, IPEAIoUTH-
TEJIbHO C Y3aKOHEHHBIMU [IOJHOMOYHUAMU?

23. Yka3zaHbl ¥ JODKHOCTH (2 HE TOJIBKO UMEHA)
COTPYIHUKOB JAHHOU OpraHu3anuu?

24. OnpeneneHsl 1 30Hbl OTBETCTBEHHOCTH U CO-
TPYAHUK, IPUHUMAIOIINHI PELIeHNE B KaKJ0H KOHKPET-
HOI cuTyanuu?

25. OnpeneneHo a1 pacioioKeHre EHTPAIBHOTO
MTyHKTa yTpaBieHus?

26. HaxoasTes 1 CUCTEMBbl KOMMYHUKAIIUH ITyHK-
Ta B paboyeM COCTOSTHUU?

27. VI3BeCTHO M COTPYHUKAM OpTaHU3AINH Bpe-
Ms IPEJOCTABICHUSI CBEEHUM B LIEHTPAJIbHBIN TyHKT
yIpaBICHUS?

28. VI3BECTHO 1T COTPYIHUKAM OpraHU3aIH, KAaKUe
CPEICTBa OKa3aHUs MEIUIIMHCKOM MTOMOIIA UMEIOTCS B
UX PacIOpPsKEHUM U KaK MOJIYyYUTh K HUM J40CTyn?

29. Ectb Jin B 31aHAY Telie(DOHHBIC HOMEpa OpTraHu-
3armu?

30. ITpoBOAMINCE JIU TPEHUHTH TEPCOHAa 1Mo 00-
Hapy>KEHUIO 04ara BO3TopaHus?

31. IlpoBoanIMCH T TPEHUHTH BCEX JIFOJEH B 3/1a-
HUHU 110 IPEIOCTABICHUIO CBEICHUI O YpE3BbIYaHbBIX
cuTyanusx?

32. IIpoBOAMIIUCE JIU TPEHUHIU [IEPCOHAA 110 OKa-
3aHUIO TOMOIIM ABApUHHBIM CIyX0aM HpU UX MpH-
ObITHH?

33. EcTb 5t c1oco0BI O IepKAHUSI CTAHIAPTHOTO
pexuMa padoThl CUCTEM KU3HeoOeceueHus 30anus’?

34. Pa3paboTaHbl 1 CXEMBI IPOBEACHNS PEMOHTA
CUCTEM B ClIydae Ype3BblYalHbIX CUTyaLUil?

35. Yka3aHo JI1 Ha [TO3TAXKHBIX IJIaHAX 3aHUs pac-
TOJIO’KCHUE TIPOTHBOIIOKAPHOTO 000PYIOBAHHS, OTCEU-
HBIX KJIAIIaHOB U T. J., KOTOPbIe MOT'YT OBITh HCII0JIB30-
BaHbI aBapUUHBIMU CITyxkO0aMu?

36. Ectb 51 B 3maHnm 6a30BBIi HA0OP CPEICTB IS
JISWCTBUMN B CIydae Ype3BbIUAWHON CUTyalun?

37. Pa3zpa0oTraH 11 MEXaHU3M aBapUHHOTO OTKIIIO-
YEHHsI CUCTEM 3/1aHus?

38. Pa3pabotan i 1uiaH ynpaBiIeHUs] BHYTPCHHH-
MU U BHELIHUMHU peCypcaMu, HallpuMep B3auMOAEHCT-
BUE€ CMEKHBIX CTPYKTYp?

39. PazpaboTraHa i1 cxema 3BaKyalliH KOJUIEKIIHA B
cily4ae Ype3BbIYaiHbIX CUTYaIHi?

40. YKkazaHo 71 B TUTaHE BHEITHEE XPAaHUITUIIIE KOJI-
JICKIIMH B CITydae dBaKyaluu?

41. Ha3HaueH 11 OTBETCTBEHHBIN 32 CBOEBPEMEH-
HYIO 9BaKyalHIO KOJUICKIUI?

42. Pa3zpaboTaH Ji¥ IJ1aH OTpaHH4YeHUS yiiepoa npu
YCIIOBUM TIOJIYYCHHUSI Pa3pelieHUs CIyXObl Oe3ormac-
HOCTH?

43. BKITIO4aeT JIM IJ1aH MyHKTHI OLIEHKU U IOKYMEH-
TaIUU yiepoa 34aHus U KOJIISKIUNA?

44. YTBep:KJICH JIM [IJIaH OrpaHuYCHHUS yiepoa 1mo-
JKapHOH cy»)00ii?

45. YTBep:KJIeH JIM TUIaH JICUCTBUH B cliydae upes-
BbIYAHHBIX CUTyalluii MHKEHEPOM 110 0€30MacHOCTH?

46. CornacoBaHbl JIM YYCHHsI U TPSHUHTH ¢ pado-
YUM IJIAHOM JE€HCTBUM B CIIy4ae YPE3BbIUANHBIX CUTY-
anuii?

[Ipu 3anonHeHun AaHHON QOpMBI TaKke HeoOXo-
JIUMO yKa3aTh JII0ObIe U3MEHEHUS (C MOMEHTa MPEe/Ibl-
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JTyTIEH TIPOBEPKH ) JUIsI 37IAHMS, JTIONIEH B 37JaHNH, KOJUICK-
IIUH, TOCTyTa B 3/JaHKUE U TPOYHX YCIOBHM, BIHSIFOIINAX
Ha 0€30MacHOCTh 00OBEKTOB KYJIBTYPHOTO HACIIC/IHSI.

III. Yek-nuct B cranmapre NFPA 914 “Code for
Fire Protection of Historic Structures” (CBox mpaBui
MOKapHOH 6€30MaCHOCTH B UCTOPUUECKHX 31aHusIX) [11]
mpejyiaraet st IPOBEPKU COCTOSHUS TOKapHOU Oe3-
OIMacHOCTH 00BbEKTA OTBETUTH Ha CJIETYIOLIHE BOIIPOCHI.

BesonacHOCTb XXU3HEeAEATEABHOCTHU:

HE MPEMATCTBYIOT M MEPONPHUATHS IO obecrie-
YeHHIO 0E30MaCHOCTH MCIOJIb30BAHUIO DBaKya-
IUOHHBIX BBIXOJIOB;

HaXOJSATCS JIU TIPOTHUBOIOKAPHEBIC TBEPH JIECT-
HUII ¥ XOJJIOB B 3aKPBITOM COCTOSTHHU;

HE 3aTPOMOXK/ICHBI ¥ HE 3a0JIOKUPOBAHBI JIU JIeCT-
HUIIBI U 9BaKyallMOHHBIC TIYTH;

TOTOBBI JIU K AKCIUTyaTalluy HBaKyallMOHHBIE JIECT-
HWUIIBI;

YCIICIIHO JIM IPOTECTHPOBAHO aBapHHHOE OCBe-
IIeHUE;

CBOOOJIHBI JIU ITyTH BaKyallMy CHAPYKH, OUHILIe-
HBI JIM OT CHEra U JIbJIa;

TIOZICBEYCHBI JIH YKA3aTEIIN BEIXOOB, HE CKPBITHI
JIM 9eM-JIN00, JIETKO JIX 3aMETHBI?

O6opyaoBaHMe NOXaPOTYLUEHUA:

PacIoNOKEHBI JIH MMOPTATHBHEIC OTHETYIIUTEITH
Ha COOTBETCTBYIOUINX MECTaX, 3aIlOJHCHEI JIH,
CHaOXKEHBI JTU dTHKETKAMH;

BBIACPIKUBACTCS JIU MCIKAY CIIPUHKIICpaMU U Ma-
TepuajaMu MUHUMAaJbHOE paccTostaue 18 mroii-
MOB (457 MMm);

TOTOBBI JIM K KCILTyaTalluy MOKapHbIe PyKaBa,
JICTKO JIM 3aMCTHBI U JOCTYIIHBI MECTa UX Xpa-
HEHUS,

HET JIM TIOMEX JUTS1 paOOTHI ITOKAPHBIX TaTIHKOB;
OTKPBITHI JIU U 336J'IOKI/IpOBaHLI WJIN 3alIUIICHBI
YIPAaBJISIONINE KIIaaHbl CIPUHKIICPOB; HAXOIUT-
Csl I CyXOTpyOHasi CUCTeMa MPH HOPMaJbHOM
aTMoc(hepHOM JTaBIICHNH;

TOTOBBI JIH K 9KCILTyaTalluu pe3epByapsl, TPyOHbI,
MOICPKUBAIOIINE KOHCTPYKIIUH CIIPUHKIICPOB;
TIPOBOIATCS JIM PETYISIPHBIC POBEPKU PabOTHI
CUCTEMBI TIOJKAPHOW CHUTHATU3AIIHH;

TOTOBBLI JIM K SKCILTyaTallunu yCTpOﬁCTBa MOJIHHEC-
3aIATHI?

JKenayaTauusa 3paHUA, XpaHeHUe:

HE CKaIlJIUBACTCsl JIU MyCOP B UpE3MEPHBIX KOJIU-
YECTBAX; €KEHEBHO JIU OIIOPOXKHAIOTCS My COp-
Hble KOHTEHHEPBI;

coJepaKaTcs JIM B YUCTOTE, C IOAJEPKAHUEM I10-
psiAKa 30HBI XpaHEHMs]; XPAHATCS JIM YUCTSIINE
MaTepuanbl ¢ COOMIOICHUEM COOTBETCTBYIOIIUX
yCIl0BUlj;

HE XPpaHATCS JIM TOPIOYre MaTepuallbl B HE3allu-
LIIEHHbIX 30HaX, HAIIPUMEP B IIOJIYITPOXOHBIX TEX-
HUYECKUX MOIONbSX;

HE 3aKyIIOPEHbI JIU BOJOCTOKU KPOBJIM U JJPEeHaX-
HBIE€ CUCTEMbI; HAaXOJUTCS JIU MOKPHITHE KPOBIIU
B UCIIPAaBHOM COCTOSIHUM;

HE 3aIPOMOJK/ICHBI JIN IIPOXOAbI?

OnacHble XXMAKOCTH:

pa3paboTaH JIM IUIaH JICHCTBUI B Cllydae aBa-
pUHHOTO MPOJINBA;

XPAHATCSA JIH JIETKOBOCILUIAMEHSFOIIKECS]/ TOPO-
YHe KUIKOCTH B 0€30ITaCHBIX TePMETHIHBIX KOH-
TelfHepax, B COOTBETCTBYIOIIMUX IOMEILEHUSX;
HE 3aKyIOPEHbI JIU BO31YyXOBOJbI [TOMEIEHUI
XpaHEeHUs;

XPaHUTCS JIM T'psi3HAs BETOLIb B CIELMAJIbHOM
ABTOMATHYECKH 3aKpbIBAIOLIEMCSI MYCOPHOM
KOHTEHHEpE;

IIPEyCMOTPEHBI JIU [IOPTATUBHbIE OTHETYIINTE-
JI1 HY’KHOTO THIIA, PACIIOJIOKEHHBIE B COOTBET-
CTBYIOIINX MECTax?

DKCMNO3ULIMU/KOAMEKLUU/KHUTOXPaHUAULLA:

HET JIM NIEPETOIHEHUI B XPaHUIIUILAX;

He (PUKCHpPYyeTCsI M MepEerpeB Ha CBETOBBIX WH-
JUKATOPAX;

HC 6.HOKI/IpyIOT JIN DKCITIO3MIINHU BBIXOABI K HE I1C-
PEKPBIBAIOT JI JOCTYI K 000PYIOBAHUIO IT0XKa-
POTYIIEHHUS;

HE HCIONB3YIOTCA JIN IIHYPbI-YUINHUTENH;

BCE€ JIM TOPU30HTAJIbHBIC U BEPTUKAJIBHBIC IIPO-
€MbI B IIPOTUBONIOKAPHBIX ITPETPaax UMEIOT IIPO-
TUBOIIOKAPHOE UCIIOTHEHHUE;

HAXOAUTCS JIM aBapuitHOE 000PyAOBaHNE B CBO-
0OIHOM JIOCTYTIE;

3HAKOMBI JIU TIO’KapHbIE TOApa3AeIeHus ¢ Iula-
HUPOBKaMU JJAHHBIX TOMEIICHUH, IMEIOT JIU J0-
CTYIl B HUX;

CJIEYIOT JIU IIEPCOHAJ U IIOCETUTENN yCTAHOB-
JIEHHBIM B 3/1aHMH IIPAaBUJIaM KyPEHHUS;
OCYULIECTBJISIETCS JIM BpEMEHHas IpOoKJIajKa
JIEKTPOIIPOBOJKU B cooTBeTCTBUU ¢ NFPA 70?

AyauTOpUM U yuebHble Kaacchbl:

coOrolaeTcsl M yCTaHOBJICHHAst Oe30macHast
BMECTHUMOCTbD,

3alpEeICHO JIM CTOSIHUE U CHJICHHE B IIPOXOJIAX;
COOJIIONAIOTCS JIN YCTAHOBJICHHBIE B 3/IaHUH ITpa-
BUJIA KypeHus?

PectopaHbl U dyaKopTbI:

co0OrofaeTcsl 1M yCTaHOBJIEHHas Oe3onacHas
BMECTUMOCTB;

HE 3arPOMOK/IEHBI T M OCBELIEHBI JIU MPOXObI
U DBaKyallMOHHBIC Iy TH;
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MIPOYHMIIICHBI JIM TICUH, BBITSIKHBIC ITKa(bI, BbI-
TSDKHBIC KaHaJIbI?

Mara3uHbl/AabopaToprm,/30Hbl YNaKOBKHK:

BBIBO3HTCSI JIM JTAOOPATOPHBIA MYCOp €XKEIAHEB-
HO, C COOJTIOICHUEM YCTaHOBIICHHBIX TTPABHIT;
MIPOM3BOANTCS JIN OKpacKa HaIbIJICHUEM B BEH-
THINPYEMOM TIOMEIICHHUH; HE 3aKyIOPEHBI JTH
OYHCTHUTEIH U (PHUIIBTPEI;

BBIITOJTHEHO JIM B3PBIBO3AIIUIIEHHBIM AJIEKTPO-
o0opymoBaHuEe B 30HAX XPaHCHHUS JISTKOBOCTLIA-
MEHSTFOIIIXCS KHIKOCTEH;

UMEIOT JIU JIEKTPOIPUOOPHI CBETOBYO MHIUKA-
IIMIO U OTKITIOYAIOTCS JIM B CIIy4ae HEUCIIOIb30-
BaHMS,

HpeyIPExk/IeH JIM IIEPCOHAI O BO3MOXHBIX OIIac-
HOCTSIX W MPOXOJHT JIM TPEHHHT 110 CIeHalIb-
HOM IIporpamme;

NpPeyCMOTPEH JI CAHKIIMOHUPOBAHHBIH JIOCTYII;
3a3CMJICHBI JIU UHCTPYMEHTBI, CTAHKU C MCXaHU-
YECKUM ITIPUBOAOM;

paboTaroT 1 KOJUIEKTOPBI COOpa OTXOAOB JIEPEBO-
obOpabaTsIBaroiero 00OpynOBaHMs B CTaHIAPT-
HOM PEXUME; PETYIIAPHO JIU OTIOPOIKHSAIOTCS MY-
COpHBIE KOHTEHHEPHI;

OTKJTIOYACTCS JTH AJICKTPOOOOPYIOBAHHE B CITydace
HEHUCIIO0Ib30BaHusA?

BHellHee OKpyXXeHue:

BCC€ JIM BBIXObI, aBapPIﬁHLIC BBIXObI, 3BaKya]_II/I—
OHHBIE BBIXOJIbI 00€CIIEYMBAIOT CBOOOIHBII ITPO-
X0J1 B O€30IaCHYIO 30HY;

CBOOOJIHO JIM TIPHJIETAIOIIEe MPOCTPAHCTBO OT
TOPIOYUX MaTepHAIOB, 3apOCIICH;

obecIiedeH JIM JOCTYI MOXKAPHBIX TOApaszelie-
HU;

TOTOBBI JIM K SKCIUTyaTalluy, JISTKO JTH BUIHBI U
JIOCTYITHBI ITOYKAPHBIC THIPAHTHI U Pa3BETBUTE-
JIU CTIPUHKJIEPHBIX CUCTEM?

MepcoHan/TpeHUHrU:

BCE JIU COTPYAHUKH 3HAKOMBI C MEXaHU3MOM 3a-
IycKa MoKapHO# CUrHaJIM3aLuy;

BCE€ JIM COTPYIHHUKU aBapuUHHOW Ci1y>KObI Ipo-
UM TPSHUHT U OCBEIOMIICHEI O CBOMX 00s13aH-
HOCTSIX;

BCE JIU COTPYIHUKH 3HAKOMBI C MEXaHU3MOM HC-
MOJIb30BaHMsI MMOPTATUBHBIX OTHETYIIUTENEH U
MEPONPUATHIMH 110 TPEAOTBPALIECHHIO ITOKapa?

N3meHeHua B 3AaHUU C MOMEHTa
NocAEAHEN NPOBEPKMU:

HET JIK N3MEHEHHH B pab0Te CHCTEMBI TOXKAPHOU
CHTHAJIM3AIMU U TIOKapOTYILCHNUS;

He J00aBJIeHa JIM HeJIOMyCTHMas MoKapHast Ha-
rpy3Ka;

e HE J00aBIICHBI I TOPU3OHTAIBHBIC U BEPTHKAIb-
HBIC TIPOEMEBI B IIPOTHUBOIIOKAPHBIX CTEHAX U Te-
peKphITHsIX?

MpumeyaHne 0 BO3MOXHbIX ONacHOCTAX (Heobxo-
AVMMas MHGOPMALIMA BHOCUTCA B COOTBETCTBYHOLLYIO

dopmy):

e OOHapyKeHBI OMTACHOCTH.
e BO03MOXHBIN PUCK.

o Pexomenmannu.

Pe3synbTathl U UX 06CyXXpeHUe

IIpoBeneHHbIN aHaNN3 MMOKA3BIBAET, YTO B OCHOB-
HOM YCK-JICTBI, BXOMSIINE B PEIIAMEHTHI MOXKAPHOI
0e30MacHOCTH, BKJIFOUAIOT JISJICHUE 3/1aHUs Ha TIOXKap-
HBIE OTCEKH, CPEICTBA MPEIOTBPALICHUS PACIIPOCTpa-
HCHUS bIMa U OTHA B 3[JaHUU B ClIy4dae€ Ioxapa, npo-
BEPKY BEIITOJHCHHUS YCIOBUH OE30MaCHOM dBaKyaIliH,
MPOBEPKY CHUCTEM MOXKAPOTYIIeHHsI Ha oObekTe. Jlist
00BEKTOB HUCTOPUIECKOTO M KYJIBTYPHOTO HACIIEAWS,
(DYHKIIMOHUPYIOUIUX B KAUECTBE MYy3€€B, B UCK-JIUCTAX
COIEPIKHUTCS TAKXKE HHPOPMALIUS 0 IOKApHOH Oe3o1ac-
HOCTHU KOHHCKHHﬁ, BBICTABOYHBIX 3aJI0B U XPaHUJIMIII.
[pu 6onee moxpoOHOM aHATI3E PaCCMaTPHBAIOTCS BO3-
MOKHBIE BHEITHHE YTpo3bl. OcoObIi HHTEpeC IpeACTaB-
JISIFOT YEK-JIACTHI C YKa3aHUEM BEPOSITHOCTH BOSHUKHO-
BCHUA U HOCHCI[CTBI/Iﬁ BO3MOXHBIX YI'PO3: 5TU HaHHBIC
MOTYT OBITh BKITIOUCHBI B OLIEHKY MOKapHOTO PHCKa C
MCTIOJIB30BAHUEM BEPOSITHOCTHOTO monxona. CrexyeT
3aMETHTB, YTO IIeJIECO00Pa3HOCTh UCIIONB30BAHUS BE-
POATHOCTHOTO MOAXO/A TPH OIIEHKE MOKAPHOTO PUCKA
B CITy4ae MPHUCIIOCOOICHNUS HCTOPUICCKUX 3aHUH IS
COBPEMEHHOT0 HCIIOIh30BaHHUSI yKe HEOHOKPATHO aHa-
JU3UpOBaIach, HarpuMep B padbotax [12—16]. Beposr-
HOCTHBIM IMOJXO0J] OCHOBaH Ha 0ojiee paloHaJIbHOM
COITOCTaBJICHUH OMACHBIX (DaKTOPOB TOXKApa, YPOBHSI
0e30MacHOCTH JIFOJIEH, 0XKUIaeMOTO MaTepHabHOTO
yiepOa 1 B KOHETHOM CUETE 3aTpaT Ha MPOTHBOTIOKAP-
HYIO 3aIIUTY.

OnHako pacyeT HHIUBUIYAIHHOTO IOKAPHOTO PUC-
Ka He BCErJia MOXKET ObITh BBITIOIHEH JIs1 00bEKTOB KYJIb-
TYPHOTO HACJIEIHsI, TIOCKOJIBKY apXUTEKTYPHO-CTPOH-
TCJIbHBIC PCHICHUS, ABJIIIOIUCC IPEAMETaAMH OXPAaHbI,
OTPaHUYHMBAIOT IPHIMEHEHHE YTBEPKICHHON METOINKI
pacueTa noxkapHoro pucka [12]. B Takux crmydasx He-
o0xoMMa pa3paboTKa aIbTEPHATHBHBIX METOJIOB OIICH-
KU MO’KapHOH 06€30MacHOCTH U METO/I0B COBEPIICHCT-
BOBAHUS NMPOTHBOTIOKAPHON 3aIIUTHI OOBEKTOB KYIIb-
TypHOro Hacneaus [17-21]. MeToas! KoIMueCTBEHHON
OIICHKH MTOYKapHO# 0€30MaCHOCTH My3EHHBIX 00OBCKTOB
noJpoOHO uccaenoBanbl B padote [22]. B crangaprax
NFPA Taxxe mpecTaBiIeHBI CIICHAPUU HCIOJIB30Ba-
HUSI METOJIOB KOJTMYECTBEHHOM OIIeHKU. PaznnyHble ac-
[IEKTHl 00BEKTA OLICHUBAIOTCS 110 OAJUILHON CHUCTEME.
[To pe3yabraTaM 3KCIEPTHOI OIICHKU 0OBEKTHI TOPA3-
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JACJAAIOT Ha I'PYIIbI, U IJIA Ka)KI[OfI pa3pa6aTLIBaeTc51
WHIMBHTylTbHBIA HA00Op pPEeKOMEHAIM U KOMITCHCH-
PYIOIIMX MEPOIIPUATHH.

3ako4yeHune

PaCCMOTpeHHLIe B CTAaTb€ YCK-JIHUCThI (I/IJ'II/I aHaJo-

HBIX JOKyMEHTOB IT0 TT0YKapHOW OE30TIaCHOCTH U OITBITa
pa3palboTKK crelnaIbHbIX TEXHUYECKUX YCIOBUU Ha
110,100HbBIE OOBEKTEI.

B mepcriexTrBe mpu pa3paboTKe YeK-THCTOB MOTYT
OBITH MCIIOJIB30BAHBI YCOBEPIIECHCTBOBAHHBIE (DOPMBI
ITacnopra namMsATHHKA HCTOPUU U KYJIBTYpbl U Y YETHON

KapTOUKH 00beKTa, MpUBEACHHbIE B “MHCTpyKIUH 0 10-
psnke ydera, oOecriedeHHs] COXPaHHOCTH, COAEPIKaHM,
UCIIONIb30BAHUS U PECTaBPALUH HEABWKUMBIX MaMsIT-
HHUKOB UCTOPUU U KyAbTypsl” [23].

THYHBIC, Pa3paboTaHHBIC HA UX OCHOBE) MOTYT OBITh
BKJTIOUEHBI B CBOJI TIPaBMJI MO NPOTHUBOIIOKAPHOH 3a-
MUTEe 00BEKTOB KYJIBTYPHOTO Hacienns (B KauecTBe
MPUIIOKEHMsI) ¢ 0000IeHHeM TpeOOBaHUI HOPMATHB-
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ABSTRACT

Introduction. Fire protection system design for cultural heritage objects in Russian Federation is
regulated by normative documents and regional construction norms. Russian Federation Government
Regulation on 29.06.2017 No. 774 approved using of check-lists at planned inspection for protected
objects, with key issues concerning obligatory requirements for safety of health and life, cultural
heritage objects, environment, including potential external hazards (natural and man-made emergency
situations).

Check-lists are also used by museums presenting their collections for temporary and touring
exhibitions. Check-list data allow estimating of accepting museum condition. Check-list use in inter-
national normative documentation is analyzed in this work.

Methodical materials. Documents developed by CFPA and NFPA are considered.

Results and discussion. In common these lists include fire compartmentation, fire and smoke
spread restriction, safe evacuation, fire protection systems at the object. Some documents present
information on potential hazard, which can be used for probabilistic fire risk assessment at the object.
Probabilistic approach is based on rational comparison of fire hazard factors, human safety level,
expected damage and loss and finally fire protection costs.

NFPA standards also present scenario for fire protection estimation method at cultural heritage
objects. Various aspects are ranked in points, and objects are grouped by expert assessment. Re-
commendations and remedial measures are developed for each group.

Conclusion. Check-lists analyzed in the paper (or developed on basis of them) can be included
in Code of practice for fire protection of cultural heritage objects, with consolidation of fire safety
requirements in normative documents and Regulation development experience for such objects.

Keywords: cultural heritage object; modern use; fire safety; check-list; probabilistic fire risk assess-
ment.
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YK 1082:004

MHOOPMALUMNOHHASA TEXHOJTOINA 3KCMNEPTHOIO
ONMPOCA CMNEUMANNCTOB HEDTEFA30BOIM OTPACIU ANA
NMPEAOOTBPALUEHUA MOXXAPOB HA OBBEKTAX 3ALLNTDI

MpoBefeH onpoc CneumanmcToB (3KCNepToB) NMPOM3BOACTBEHHOO 0ObekTa. M3yyeHbl pesynbTaThl
onpoca crneumanucTos. NpefcTaBneHo onucaHne MHHOPMaLMOHHOM TEXHONOMMI aBTOMAaTN3MPOBaH-
HOro onpoca CneumanMcToB, PabOTHUKOB Pa3NMYHbIX CreLmanbHOCTen, paboTalowmx Ha noxapo-
onacHbIX y4acTkax 06bekToB HeTerasoBomn otpacv. MpoBefeH aHanM3 NnoyYeHHbIX JaHHbIX Ha TU-
MOBOM 00BbEKTE XpaHeHWUs U nepepaboTky HedTenpoayKToB, BbIIBEHbI X 3aKoHOMepHOCTU. Ocy-
LecTBfleHa CTaTUCTUYeckas 006paboTka MnosyHeHHbIX pe3ynbTaTos.

KntoueBble cnoBa: KOMMbIOTepHAs KCNepTHas C1UCTeMa; onpoc; HedTerazoBas 0Tpacslb; 0a3a 3HaHWI;

noxapoonacHble CUTyaLnn.
DOI: 10.18322/PVB.2018.27.05.17-25

BBepneHune

Ha mMuOTHX 00BEKTaX 3aIUTHI CYIIECTBYET O/THA U3 He-
MAaJIOBKHBIX IPOOIEM — HEIOCTATOK HIH OTCYTCTBUE
BBICOKOKBaITU(PUITUPOBAHHBIX CIICIIHAIICTOB, UMEIOIIIIX
COOTBETCTBYIOIIEE MPO(eCcCHOHAIbHOE 00pa30BaHHE,
3HAHUSL, OTIBIT, KOTOPBIE CIIOCOOHBI CBOCBPEMEHHO TIPS/~
OTBPATHUTD, CIIPOTHO3UPOBATH OXKAPOOIIACHYIO CUTYya-
LU0, MPCATIOKUTD HeO6XOI[I/IMI>Ie MEPbI MO CHUIKCHUIO
MO)KAPHOTO PUCKA, a TAKKE MUHUMU3UPOBATh MOCIIE]I-
CTBUS OT TIOKapa (aBapum).

Amnanms pa3dopa moxapos (OIHCaHIE TOKAPOB) TTO-
Ka3aJ, 9To K Hauboiee pacpoCTpaHEHHBIM KaTeTOPH-
SIM JTUII, BAHOBHBIX B BOSHUKHOBCHUH MOKApPa, OTHOCST-
csl pabOTHUKM Pa3NUUHBIX crieruansHocTed (19 %),
KOTOPBIC HE SIBIISIOTCS CIICIIHATINCTAMH B 00JIaCTH I10-
YKapHOU O6e3omacHOCTH. J[JIs TIoNTyYeHUs] MUHUMAJIBbHOTO
o0beMa 3HaHUI B TaHHOH cepe, a TakKe TSI OACKa3-
KH B Pa3IUYHBIX CIOKHBIX CUTYAIHsIX dTHM PaOOTHH-
KaM He00X0IuMa IIOMOIIIb O0JICE OTIBITHBIX CIICIHAIIIC-
TOB (PKCTIIEPTOB) B JIOCTATOYHO y3KOH 00JIacTH.

s penienus npoOiieM, CBA3aHHBIX € “KaJIpOBbIM
roJ00M” Ha MOKapOOAaCHBIX MPOU3BOICTBEHHBIX 00b-
eKTax He(Tera3oBoi OTpaciy, MPEAIaracTcs UCIONb-
30BaTh HHCTPYMEHT, I03BOJISAIOIIMN HaKaIlJIMBaTh 3Ha-
HMs1, yCBaUBaTh OIBIT CHELUAIICTOB U HKCIIEPTOB B BUJIE
KOMITBIOTEPHO 3KCIIEPTHOM CUCTEMBI MOAJIEPHKKHU PH-
HATus pewenuii [ 1-8]. B qannyio nporpammy BXOAUT
0a3a JaHHBIX, BKJIIOYAIONIas B ce0s CTAaTUCTUKY MO TIO-
JKapaM Ha JaHHBIX 00BEKTaX 3allUThl, X OMHCAHUE,
JaHHBIC 00 0TKA3aX TEXHOJIOTMYECKOTO 000PYI0BAHHUS,
pe3yabTaThl ONPOCOB, a Takke 0aszy 3HaHui [9—17].

HayuHo-uccnenoBarenbCKol rpynnoi NpoBOIMINCH
MCCIIEIOBAHUS B PAMKaX BbISIBICHHUS 3aKOHOMEPHOCTEH
MPUYUH 0)KAPOB — MCTOYHHUKOB 3a)KUTAHUS, U3ACTUI
U yCTPOMCTB, OT KOTOPBIX BO3HUKaI noxkap [18]. [l
YCIICIITHOTO OIIPE/ICIICHHS 3THX 3aKOHOMEPHOCTEH Mpo-
AQHAJIM3UPOBAHBI CTATUCTUUECKUE JAHHBIE I10 II0JKapam,
npoucmeamum ¢ 2001 mo 2015 rr. Ha mpou3BoOACT-
BEHHBIX 00BEKTaX CKJIAIHPOBAHIS HE(PTH U HEPTEIPO-
JyKTOB.

© 3yes H. IO., Xabubynun P. 1L, [Iluxanes /. B., [youn C. B., 2018
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[enbro 3KCIIEPTHOTO OIIEHUBAHUS SIBIISIIOCH HATIOI-
HeHHe 0a3bl 3HAHUH pa3pabaThiBaeMO KOMITBIOTEPHOM
OKCIIEPTHON CHCTEMBI, TIO3BOJISIONICH CHEIHaInCcTam

MeTtopuka onpoca
aneumnanncTtoB-3KCnepToB

CBOEBPEMEHHO TIPUHUMATh MEPHI 110 MPEI0TBPAIIICHHIO
MOXKapOB U CHIKCHUIO MOXKapHOU omacHoctu [19].

B kauecTBe MOIEpaTOPOB 3KCIEPTHOTO OLICHHBA-
HUs BeICTymanu cnenuanuctel Axagemuu ['TIC MUC
Poccuu. B ux 3agauy BXoquio pa3bsCHEHHUE LEU U 3a-

Tabnuua 1. Bonpocsl, NpefcTaBneHHble Ha 3KCMepTHOe OLeHVBaHMe
Table 1. Questions submitted for expert evaluation

Ne r/n Bomnpoc Bapuanrs! otBeTa
1 PaccraBbTe OCHOBHBIC HCTOYHMKH 3axura- | JlerkoBocruiamensitomascs sxuakocts (JIBXK), roprouast )uIkocTh
Hus (M3IEIKE U yCTPOicTBO), oT Kotopbix | (I9K) / Highly flammable liquid, combustible liquid
HETOCPE/ICTBEHHO MOKET BOSHUKHYTb M0~ | yorersoymerpyment / Electric tools
JKap, 1O CTETIeH! UX 3HAYMMOCTH B TIOPSIIKE . i )
yObIBaHHSI TazoBas ycraHoBKa, npubop, mmura / Gas installation, appliance,
Arrange the main sources of ignition (pro- cooker
duct and device) from which directly there | Texmomormaeckuii ammapar / Technological apparatus
can be a ﬁr_e, in terms of their significance TasocBapounblii uacTpy™MenT / Gas welding tool
in descending order
2 PaccraBbTe OCHOBHBIC IPHUYUHBI TOKapoB, | Hapymenue nparuin noxapHoi 6e3onacuoctu (II16) mpu npose-
BO3MOXKHBIX Ha BallleM NPEIIPUATUH, pac- | JEHUH 3JIEKTPOra3ocBapounbix pador / Violation of fire safety
MOJIOYKHUTE UX TI0 CTENEeHU MX 3HauuMocT | rules during welding operations
B NOPAAKe y61,1§aHm ) Heocropoxnoe obpamtenue ¢ oraem / Careless handling of fire
Arrange the main causes of fires possible u
in your company, arrange them according VgplyItL_IeHHefTEXI-ionﬁmllleCIFOFIO perJ;a}[\{IeHTa lgpﬁueccati npgmmzxcma /
to the degree of their importance in de- iolation of the technological regulations of the production process
scending order Paspsii cratrueckoro anekrpuuectsa / Discharge of static electricity
Hapyuienue ITITB npu nposenenuu orueBsix pador / Violation of
fire safety rules during fire works
3 Tlepeuncanre HanboIee MOKAPOOIACHBIC Pasrepmerusanus / Depressurization
(haxTOpEI, XapaKTEPH3YIONIME TEXHOMIOTHIO ITepekauka Hedrenpomykros / Pumping of oil products
XpaHEHHs, 110 CTEIIeHU X 3HAYMMOCTH B i
HopsaKe yObIBaHUS Pemonr / Repairs
List the most fire hazard factors, characte-
rizing the storage technology, in terms
of their significance in descending order
4 Iepeuncnure razoonacHsie pabOTHI HA PasrepMeTH3aIys TEXHOIOTUYECKOTo 060pynoBanus / Depressuriza-
BallleM MIPEAIPHUATHHI, KOTOPBIE ABIsIoTcss | tion of process equipment
HauboJIee MOKAPOONACHBIMH, IO CTETICHH Pasrepmernsanus KomMyHukauuii / Depressurization of communi-
MX ONIACHOCTH B MOPSIAKE yOBIBAHUS cations
List gas hazardous works in your company, Ocno L i leani .
. . M YHCTK MOHT / Inspection, cleaning, repair
which are the most fire hazardous, in terms P, »P P ’ g, rep
of their degree of danger in descending Brienenue B pabouyto 30HY B3phIBO- U TI0)KaPOOIACHBIX HIIU BPE/I-
order HBIX TIapOB, Ta30B M Apyrux Bemects / Allocation into the working
area of explosive and fire hazardous or harmful vapors, gases and
other substances
5 Tlepeuncanre GpakTopbl, KOTOPbIE MOTYT Hapy1uenue npasui noxkapHoi 6e3onacuoctu / Violation of fire sa-
MOBIMSTH Ha MPUYMHY MOXapa, 1o crene- | fety rules
HH ux 3HaqHMOC,TH B HOP"UIKe ybriBanms Hapyenue npasui xpanenus / Violation of retention rules
List factors, which can affect the cause fire, H Violati
in terms of their significance in descending apyIIEHHE TEXHOTOTHYECKOr0 PEraMeHTa Mporecca / Violation
order of the technological regulations of the process
6 Ilepeuncnure yenoBeueckre GaKTopbI Hecobmoenre mpaBuil TEXHOJIOTHYECKOro pernamenTa / Non-obser-
(co cTopoHBI epcoHala), Kotopeie MoryT | vance of the rules of technological regulations
TIOBJTHATE Ha BOSHMKHOBCHHE 110Xapa, HeocropoxHoe obpamtenue ¢ orem / Careless handling of fire
0 CTETIEHH UX 3HAYUMOCTH - N /A . i
: 5 . OJIDKOT, TEPPOPUCTHYCCKUU aKT rson, terrorist act
List human factors (from the staff), which JUKOT, TEppop ?
can affect the occurrence of fire in terms
of their significance in descending order
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J1a9 KCIIEPTHOTO OLICHUBAHWSI, BOIIPOCOB U BAPHAHTOB
OTBETOB. DKCHEPTHI MPOBOIMIIH OIICHUBAHUE OYHO, B TIe-
puon c 3 o 18 anperst 2017 1., KX 11 10 OJTHOMY pa3y.
B kadectBe crioco0a moiy4deHusl OIeHOK ObLT BEIOpaH
M3BECTHBIN METOJl MHANBUAYAIFHOTO AaHKETUPOBAHUS
C UCIOJIb30BAHNEM KOMIIBIOTEPHON Tmporpammsl [20].
B kauyecTtBe cniocoba OLEHKH MOJYYEHHBIX PE3ylbTa-
TOB OBLT UCTIOJIE30BAH METOJ pamkupoBanus. OneHn-
BaHUE OCYIIECTBISUIOCH C MOMOILBIO pa3paboTaHHOM
ABTOMATH3MPOBaHHON MH(OpMaIOHHON cructembl [21],
B KOTOPOW IpeyIarajuch BOIPOCH, IPEICTABICHHBIC
B Tabm. 1.

B kadecTBe 3KCIIEPTOB BBICTYIIAIN COTPYAHUKH O
HOT'O M3 THIIOBBIX IPEIPHUATHI CKIaIMPOBaHUS He(DTH
U HePTENPOIYKTOB, COOTBETCTBYIOIINE CIICAYIOLIIM
KaTeropusiM: pabOTHHUKH Pa3IMYHBIX CIICIUATBHOCTEH
(TUTOTHHKH, DIIEKTPUKH, SIIEKTPO- ¥ Ta30CBAPIIMKH, CaH-
TCXHUKH, peMOHTHI/IKI/I) U HMHXCHCPHO-TEXHUYCCKUEC
pabOTHUKHY (TJIaBHBII MEXaHWK, HHKCHEPHI TPOU3BO/-
CTBEHHO-TEXHHYIECKOTO OT/IeNIa, OTIePaToOpHI ToBapa (3a-
IpaBIINMKH)). BeIOop Taknx kaTeropuii pabOTHUKOB 00-
YCIIOBJICH TEM, YTO MX BHHA B BOSHUKHOBCHUH TTOKapOB
B COBOKYIHOCTH cocTaBisieT 28 % (cormacno deme-
paipHOMY OaHKy JaHHbIX “Tlokapsi”3a2001-2015T.)
[22]. Bcero na mpennpusituu Tpyautes 17 den. gaHHon
KaTeropuu (reHepajbHas COBOKYITHOCTB). Takum 00-
pa3oM, ¢ y4eTOM JOBEPUTEIBHON BepOsSTHOCTH 95 %
TpeOyeMblii pa3Mep BEIOOPKHU cOCTaBIsIeT 16 del.

Pe3synbTathl U UX 06CyXXaeHUe

ITo pe3ymnpraTam aHKETHPOBAHUSI ITOTYIEHBI OI[CHKU
(B BHE paH)KHPOBAHMS TI0 CTETIEHH BaYKHOCTH) IO BO-
nmpocam, TpeacTaBIeHHBIM B Tabm. 1. [lepen pacecmot-
pEHHEM TIOYYEHHBIX Pe3yJIbTaTOB IPOBEACHA OIICHKA
UX COTJIACOBAaHHOCTH. B kKauecTBe MeTo/1a OIICHKH OBLIT
orpezeseH ko puueHT koukopaanmu Kennamra [23],
MIPUMEHSIEMBIii B cllyyae HalIu4yus 0ojiee AByX BapuaH-
TOB OTBETOB.

[Iporneypa o1eHKH COTTIaCOBAHHOCTA MHEHHIA JKC-
MIePTOB OCYIIECTRIIIACH CIACAYIOMMM 00pa3zoM. Ompe-
JeTSUTACH 3HAYCHHST BapHAHTOB OTBeTa M WM Kollmde-
CTBO 3KCIepToB D. Beryucisnack cymMma CpeaHero u3
paHroB (OIIEHOK) 7 TI0 Ka)XXJIOMYy BapHaHTy OTBETa /1.
[Tocne 3TOro MOACYUTHIBAIICS KOIPPHIUCHT KOHKOP-
nanuu Kenpganna W, KoTopblid TOKa3bIBaeT CTENEHb CO-
[JIACOBAaHHOCTH MHEHUHU 3KCIIEPTOB U BBIYUCIISAETCS 110
BBIPAXKCHUIO

128

S d2mP-m)

M

m d

2
e SZZ ers_? ; (2)

i=1\s=1

7, — PaHT, IPUCBaUBAEMBIH 5-M 3KCIIepTOM (s € D)
i-My 00BexTy (i € M).

Tabnuua 2. PesynbTaThl onpefeneHns CornacoBaHHOCTL MHe-
HWI 3KCNepToB

Table 2. Results of the consistency of expert opinions

Homep

BOIIpOCa 2

(TaGJI. 1) X raon

M D | 7 S w x

1 5 16 | 48 | 1918 | 0,749 | 47,95 | 9,48
2 5 16 | 48 | 1826 | 0,713 | 45,65 | 9,48
3 3 16 | 32 | 314 | 0,613 19,63 | 5,99
4 4 16 | 40 930 | 0,726 | 34,88 | 7,81
5 3 16 | 32 326 | 0,637 | 20,37 | 5,99
6 3 16 | 32 | 338 | 0,66 | 21,13 | 5,99

Tax, W = 0 o3Ha4aeT MOJIHOE OTCYTCTBUE COITIACO-
BAaHHOCTH B MHEHHUSX JKCIepToB, W =1 — nosHyo
COIIAaCOBAaHHOCTh UX MHEHUU. [ paHUYHBIM yCIIOBHEM
BbIcTynaer 3HaueHue W = 0,5, 1. e. mpu W > 0,5 BbIBO-
JIbI DKCTIEPTOB B OOJIBIIIEH CTEMIEHHU COINIACOBAHBI MEXKITY
c000ii, ueM He COITaCOBAHBI.

BrinonHeHa Takyke MpoBepKa TMIOTE3bl O COTTIACHH
MHEHHUH DKCIIEPTOB, I MPUHATHS KOTOPOU HEOOX0-
JIMBIM YCIIOBHEM SIBIISICTCS HEPABEHCTBO > > iaﬁn.
B ciyuae BbIIOJHEHMS JAaHHOI'O YCJIOBMS CUMTAETCH,
YTO TUIIOTE3a O COIVIACHU JKCIIEPTOB B PaH)KUPOBKAX
MIPUHUMAETCS.

B Ta6:1. 2 mpencTaBiaeHBI pe3ybTaThl ONPEACICHUS
COIIACOBAHHOCTH MHEHHH IKCIEPTOB.

Pe3synbrarsl, mpuBeICHHBIC B TA0I. 2, TOKA3BIBAIOT,
YTO 10 KaX10MY BOIIPOCY MHEHMSI SKCIIEPTOB SIBIISAIOT-
Csl COIVIACOBaHHBIMH, a TUIIOTE3a O COIIACHM IKCIep-
TOB B PaH)KUPOBKAaX IPUHUMAETCA.

[TepeiineM K paccCMOTPEHHIO MOJYYEHHBIX B XOZE
00paboTKM JaHHBIX PAaHKUPOBOK (puc. 1-6).

ITo pe3ynbraraM ucciea0BaHus SKCIEPTHI Olpeie-
JIWJIK, 4TO HauboJiee pacpoCTPAaHEHHBIMH HCTOYHUKA-
MU 3KUTaHUS (M3[eTHEe U YCTPONUCTBO), OT KOTOPBIX
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Puc. 1. Pe3ynbraTsl paHxkupoBaHus 10 Borpocy Ne 1
Fig. 1. Results of ranking on issue No. 1
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HETIOCPEACTBEHHO MOYKET BO3HUKHYTH MOXKap, MO CTe-
IEHU WX 3HAYUMOCTH (BEpOSATHOCTH) B TIOPSAKE yOBI-
BaHUS ABJISFOTCS (CM. pHC. 1): Ta30CBAPOYHBIH HHCTPY-
meHT — JIBX, I'’K — rasoBas ycraHoBka, mpuoop,
TUTHTA — DJIEKTPOMHCTPYMEHT — TEXHOJIOTHIECKHH arl-
mapar.

CornacHo CTaTUCTUYECKUM JJAHHBIM 10 [10YKapaM B
Poccuiickoit @enepauuu [22] Hanbonee pacupocTpa-
HEHHBIMU MICTOYHHKAMH BO3HUKHOBEHHSI TIOJKapa SIBJIs-
totest: JIBXK, IK — 34 %; Texnonmoruueckuil anmnapar
— 6 %; curapeTta, ClIMYKH, 3axuraika — S5 %; kabenb,
31eKTporpoBos — 3 %; aBTOMaTHYECKUN BBIKIIIOYA-
Tens — 2 %. Kak Bunum, pesynsmamut onpocos cneyu-
anucmo8 Ha KOHKPEmHOM 00beKme 3auumsl He3Hayu-
menvHo omauyaiomces OT O(pUIINATBHBIX CTaTHCTHYC-
CKUX JaHHBIX.

ITo pe3ynpTaram HCCIEAOBAHMS YKCIIEPTHI (CIICIH-
QJIHCTHI) YCTAHOBIIIH, YTO HamOoJee pacipoCTpaHeH-
HBIMU TIPHYHHAMH BO3MOKHBIX Ha PSP THH IT0XKa-
POB, PACIOIOKEHHBIMH IO CTETIICHH MX 3HAYUMOCTH,
SIBIISTFOTCST (CM. pUC. 2): HApYyIIICHNUE TIPABHII TIOKAPHON
6e3onacnoctu (ganee — I111b) npu npoBeaeHnu orye-
BbIX paboT — Hapyuienue [111b npu npoBeeHny 31eKT-
POra30CBapOUYHBIX pabOT — HEOCTOPOKHOE OOpaILCHHE
C OTHEM — pa3psijl CTaTHUECKOTO AIEKTPUIECTBa — Ha-
PYIIEHHE TEXHOIOTHYECKOT0 IPOIeCCca MPOU3BOACTBRA.

CormnacHO CTaTUCTHUECKUM JIaHHBIM I10 TT0XKapaM B
Poccuiickoit @eneparn Hanbonee pacpoCTPaHEHHBI-
MU IPUYMHAMH TIOXKAPOB, MPUMEHUMBIMU K 00BEKTaM
CKJIaJUpOBaHMs He(PTH M HE(PTETIPOAYKTOB, SIBISIOTCS:
Hapyenue III1b npu npoBseneHuun anexkrporasocsa-
poUHBIX padoT — 21 %; HeocTOpOXKHOE OOpaIIeHue ¢
oraeM — 16 %; Hapy1IeHue TEXHOJIOIMYECKOTo peria-
MEHTa IpoLecca rnpousBoacTsa — 13 %; HapylieHue
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Puc. 2. Pe3ynbrarel paHkupoBaHus 10 Bonpocy Ne 2
Fig. 2. Results of ranking on issue No. 2

MIPaBII TEXHUUECKOH SKCILTyaTallnu 3JICKTPO0o0opyI0-
BaHUsA — 9 %; pa3psal cTaTHYECKOTO MEKTPUIEeCTBa —
8 %; mapymenwue [111b mpu npoBejeHUH OTHEBBIX PaOOT
— 7 %.

TakuMm 00pa3oM, CICIHATHCTH 00pAIIAIOT BHUMA-
HHUE Ha 0COOYIO OIACHOCTH NpU NPOBEOCHUU O2HEBbIX
pabom, npu 2Mom KOIUYEeCm80 NOAHCAPO8 NO OAHHOU
npuyUHe 3a pAcCCMAMPUBaeMblii NePUOO ABNAEMC MU-
HUMATBHBLM.

[To pesynbraram rcciie1oBaHus SKCIEPTHI ONPEAEIIHU-
7M1, 4TO Hanbosee pacpoCTPaHECHHBIMU ITOXKapoomnac-
HBIMH (DaKTOPAMHU, XapaKTEPU3YIOIUMH TEXHOJIOTHIO
XpaHCHU, 110 CTCTICHU UX 3HAYMMOCTH B IIOPAIKE y6];I—
BaHMS SBJITIOTCS: pa3repMeTH3aLus — MepeKadka Hed-
TEMPOIYKTOB — PEMOHT (CM. puc. 3).

ITo pesynbraram pamxupoBanus 1o Bompocy Ne 4
9KCTIEPTaMH yCTaHOBJICHBI HANOOIIEE MOKAPOOTIACHBIC
ra300IacHbIe PadOTHI IO CTETIEHN UX OMACHOCTH B I10-
psiaKe yObIBaHHMS: BBIICICHUE Ta3a B padoUyro 30Hy —
pasrepMeTH3anys 000pyIOBaHUSI — pa3repMeTH3AIHS
KOMMYHHUKAIIHH — OCMOTp, YHCTKA, PCMOHT.

[To pe3ysibTaram UCClIeTOBaHUS IKCIIEPTHI ONPEIe-
JIFJIH, 9TO HanboJiee pacipoCcTPaHCHHBIME (PaKTOPaMH,
KOTOPBIE MOTYT MOBJIHATH HAa IPUYHHY [T0XKAapa, IO CTe-

3,0+
2,51
2,01
1,51
1,01
0,51

Iepekauka Pemont
HedTenpoayKTOB Repairs
Pumping
of oil products

Pasrepmerusanus
Depressurization

Puc. 3. PesynbraTsl paHxkupoBaHus 1o Borpocy Ne 3
Fig. 3. Results of ranking on issue No. 3
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Puc. 4. Pe3ynbrarsl paHkupoBaHus 1o Bonpocy Ne 4
Fig. 4. Results of ranking on issue No. 4
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Puc. 5. Pe3ynbraTsl panxkupoBaHus 1o Bompocy Ne 5
Fig. 5. Results of ranking on issue No. 5
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Puc. 6. Pe3ynbraTsl parxkupoBanus 1o Borpocy Ne 6
Fig. 6. Results of ranking on issue No. 6

MICHH MX 3HAYUMOCTH B TIOPSIKE yOBIBAHUS SBISTIOTCS:
Hapymenue [1I1b — HapymeHnue npaBwI XpaHEHUs —
HapyllIeHHE TEXHOJIOTUYECKOT0 periiaMeHTa Ipoliecca.

ITo pesynpraram Hccieq0BaHNs YCTAHOBIEHO, YTO
HauboJiee pacpoCTPaHEHHBIMU YeJIOBEYECKUMH (hak-
TOpaMH, KOTOPBIE MOTYT IOBJIMATh HA BOSHUKHOBEHUE

no)kapa, o CTETeHN UX 3HAYUMOCTH SIBIISTIOTCSI: TTOKOT,
TEPPOPUCTHUCCKUH aKT — HEOCTOPOKHOE 0OparieHne
C OTHEM — HECOOITIOIEHIE TTPABIII TEXHOIOTHIECKOTO
periiamMeHTa.

[To 3aBepmieHNHN OIPOCA CHCIIHATHCTOB BCE OTBETHI
COXPAHSIOTCS U IOMEIIAIOTCS B 023y TAaHHBIX KOMITBIO-
TepHOH nporpammbl. Oneparop (I0Jb30BaTelb) MPO-
rpaMMBbI H3BIICKACT HHTEPECYOIIUE €r0 JaHHbIC U IPO-
BOJIUT COOCTBEHHBII aHAJIN3 IOy YCHHBIX PE3YJIbTaTOB.

Pesynbrars! onpoca mo3BOISIIOT cHOPMHUPOBATH U
BBISIBUTH 3aKOHOMEPHOCTH, OIPE/ICIIUTH Clla0ble MecTa
B crcTeMe 00ecTiedeHus MoyKapHOi 0€301acHOCTH, B OT-
HOIICHUU KOTOPBIX TPEOYETCsl MPUMEHHUTH IIePBOOUC-
pEIHBIC MEPONIPHUSTHUS, HAIIPABICHHBIC HA BOCCTAHOB-
neHue (MojJIepKaHne) OKapoOe30aCHOTO COCTOSTHUS
KOHKPETHOTO OOBEKTA 3AIIUTHI.

3ako4yeHune

[ToxydeHHBIC ITPH ONIPOCE CIICIIHATIICTOB-IKCIIEP-
TOB JIaHHBIC MO3BOJISIOT cPOPMHUPOBATH 0a3y JTaHHBIX
SKCIEPTHOM CUCTEMBbI NOJAEPKKHU IPUHATHS PELICHUN
IUTS IPEIOTBPAIICHIS TIO’KAapOB Ha 00BEKTax Hedrera-
30BOH oTpaciu. Jlornueckue CBSI3U BOIPOCOB M OTBE-
TOB MOYKHO OOOOIIHTE U BEIIBUTH ONIPECIICHHBIC 3aK0-
HOMEPHOCTH, KOTOPbIE HEOOXOAMMO HICHTHMOUIHPO-
BaTh KaK MOJy4YeHHbIEe 3HaHUsA [24].

[Ipu momHOM HackIeHUU 0a3bl 3HAHUHA 0XKUIACT-
Csl, UTO JTaHHAsT KOMITBIOTEPHAsI IKCIIEPTHAS CHCTEMA
MO3BOJIUT MOJI30BATEIIIO MPABUIBHO U CBOCBPEMEHHO
UIeHTU(HUIUPOBATH OKAPOOITACHYIO CUTYAIIUIO HA 00-
CITy’)KMBa€MOM OOBEKTE 3aIIUTHI, TTOTYYHTh HEOOXOHU-
MYIO HH(OPMATMOHHO-aHATTUTHIECKYIO HOICPIKKY JUIST
UX IPENOTBPAILEHHUS.

Ha 3aBepmraronieit craauu uccienoBaHus MIaHU-
pyercs manpHeWmas anpoOarus pa3padoTaHHOW HH-
(hopMaIOHHOM TEXHOJIOTHH Ha 00BbEKTaX HeTeraso-
Boil orpaciu. [lo ux pesynpraram OyaeT MPOBEICHO
00001eHre pa3paboTaHHBIX MOJENIEH U alTOPUTMOB
yIIpaBIICHHS TIOKAPHOW 0€30ITaCHOCTHIO Ha TIPOU3BO/-
CTBEHHBIX 00BEKTaX HE(PTEra30BOM OTPACIIH C HCIIONb-
30BaHHUEM KOMITBIOTEPHBIX KCIIEPTHBIX CHCTEM.
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ABSTRACT

Introduction. At many protection facilities one of the most important problems is the lack or absence
of'highly qualified specialists with the appropriate professional education, knowledge and experience
that can prevent in a timely manner, predict the fire hazard situation, suggest the necessary measures
to reduce fire risk, and minimize the consequences from a fire.

Studies were carried out in the framework of the identification of the causes of ignition sources,
products and devices that caused a fire. To determine these regularities, an analysis of statistical data
on fires that occurred between 2001 and 2015 was carried out at production facilities for storing oil
and oil products.

Methods. The expert’s goal was to fill the knowledge base of the developed computer expert
system, which allows specialists to take timely measures to prevent fires and reduce fire danger.
As moderators of expert appraisal, experts of State Fire Service Academy of Emercom of Russia
acted. Their task was to clarify the purpose, tasks of expert evaluation, questions and answers.
As experts, employees of one of the typical oil and petroleum product storage facilities, corres-
ponding to the following categories: workers of various specialties (carpenters, electricians, electric
and gas welders, plumbers, repairmen) and engineers and technicians (chief mechanic, engineers of
the production and technical department, the goods operator (refuellers)).

Results and discussion. The data obtained as a result of the survey allows us to identify patterns,
identify weaknesses in the fire safety system for which priority actions are required, and also to create
a database of expert decision support systems. Logical links between questions and answers can be
generalized and identified certain regularities that need to be identified as acquired knowledge.

Conclusions. With full knowledge base saturation, this expert system will allow the user to cor-
rectly and timely identify a fire hazard situation on the protected object, receive the necessary in-
formation and analytical support to prevent them.

Keywords: computer expert system; interview; oil and gas industry; knowledge base; fire-hazardous
situations.
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MHOIOKPUTEPUAJIbHAA MO/LEJIb
MOHUTOPUHT A NMOXXAPA B 30AHW ONF YNIPABJIEHUA
NMO>XAPHO-CMNACATEJIbHbIMI NOAPA3AEJIEHNAMU

MpencTaBneHa MHOroKpUTepuanbHas Mofenb MOHUTOPWMHIA Moxapa B 34aHWW, npefHa3HavyeHHas
Ins hopManm3oBaHHOIo OnmMcaHus npouecca cbopa MHhopmaLmm 06 M3MEHEHNI 3HAYEHUIN KOHTPO-
NNPyeMbIX NapamMeTpoB AJIS MepapXnMHecknx CUCTEM MOHUTOPUHIa. PaccMoTpeHa cneundurka nme-
HEHWS MapamMeTPOB MOHUTOPMHIAa MoXapa Ha OCHOBE MPOrpaMMHOM peanvsaummn pa3paboTaHHOM
mMogenu. lNpeanoxeHa MynbTUMAMKATMBHaA MoAeSb 000OLIEHHOrO nokasatens MOHUTOPWUHIa AJ1s
30H KOHTPOMA C Pa3fivyHbIMK MO CTPYKTYPe U AMHAMUKE NapaMeTpaMu MOHUTOpUHra. Ona peanu-
3aUmK pe3ynbTaToB MOHUTOPWHIA B CUCTEMaX NOAAEPXKKM NPUHATAA pelleHnin pa3paboTaHa Mogenb
TEOPETUKO-MHOXECTBEHHOIO aHann3a BapWaHTOB YMpaBreHUs MoXapHO-cnacaTesbHbIMW NOApa3-
LeneHnsaMM Npu TyLIEeHW NMOXapoB, Y4MThIBalOLLAs BaXKHOCTb MokasaTeneil MOHUTOPWHIa Ha pe-
3yNbTUPYIOLLYIO PYHKLMIO MPUHATAS pelueHni. MpeafioxXeHbl HanpasneHns AanbHeNnLero pa3smTms
MeTOA00rMYeCckor COCTaBMOLLEN NPOoLIEeCCa MOAENMPOBaHNS MOHUTOPMHIA NMOXapa B Lensax NnoBbi-
LEeHNs1 OObEKTUBHOCTA MPUHUMAEMbIX YPABIEHYECKNX PELLEHUI U CHUXEHNS BNSHUS CyObeKTUB-
HbIX (DAaKTOPOB Ha MPOLLECC YNPAaBMIEHWS NOXaPHO-CNacaTeSlbHbIMU NOAPA3AENEHUAMM NPU TYLLIEHNN
MOXapoB B 3AaHUSAX.

KntoueBble cnoBa: cnmcrema MOHUTOPWHIa No>Xapa, MoaenmpoBaHme AMHaMNK NapaMeTpPOB,; CNCTe-
Ma NooAep>XKK MPUHATAA peu.leHI/II;I,' TeOpeTI/IKO-MHO)KeCTBeHHbII;I dHann3; BapWaHTbl yrpaBlieHWs;

TyLIeHKe MOoXapoB B 3AaHUAX U COOPYXEHUAX.
DOI: 10.18322/PVB.2018.27.05.26-33

BBepneHune

Kpymueiit noxap sisisiercst oaHuM 13 Haubosiee onac-
HBIX JIECTPYKTUBHBIX COOBITHI, BO3HUKAIOMIUX B MIPO-
LIeCCe JKU3HEJEATENbHOCTU YeoBedecTBa. ExxeronHo
IpsSMON MaTepHAIBHBIHN yiepod oT nmoxapoB B Poccwuii-
ckoii Deneparnuy U3MEpseTCs MUIUTHAPAAMHU PyOIIeH,
0oJiee JecsaTH ThICSY YeIoBeK TMOHET Ha oxkapax [1].
BosIbIIMHCTBO KPYNHBIX IOKAPOB IPOUCXOAUT B 3J1a-
HIsIx. Cnenuduka mporecca TyIICHHS IToXKapa B 31aHIN
OIpEAEIISIET PEMIAIOLLYIO POJIb AEHCTBUMI IIEPBOIO MPHU-
OBIBLIETO MMOYKAapHO-CIIACATENILHOIO MOJPAa3/ieiIeHUs B
HEJIONYLIEHUH Pa3BUTHS [T0’Kapa 10 KpynHoro. B coort-
BETCTBHU ¢ HOPMAaTUBHO-TIPABOBOH 0a30ii, perymupy-
olIel BOIPOCH! oOecneyeHus nokapHoi 0e30macHo-
cti B Poccuiickoit denepanuu, 30aHUs 000PYILYIOTCS

© Tononvcxuii H. I, Tapaxanoe /. B., baxanos M. O., 2018

CUCTEMaMH M CPEJICTBAMH MOKAPHOH aBTOMATHKH, KOTO-
pBI€ SBISIOTCS OCHOBOIIOJIATAFOIIUMU KOMITOHEHTAMHU
AKTUBHOW MPOTUBOTIOKAPHOMN 3aIIUTHI 3[aHUN ¥ OTHO-
CATCSl K CPEIICTBAM BeJICHUSI OOEBBIX JCHCTBHIA 10 TY-
IIEHUTO TToKapos [2, 3].

CoBpeMEHHOE COCTOSTHHE BOTIPOCA PAa3BUTHS CHCTEM
Y CPEJICTB MOYKApHOI aBTOMATHKU HAIIPABICHO HA pac-
NIMpeHre UX (PYHKIMOHAIBHBIX BO3MOYKHOCTEH U OJTHO-
BPEMEHHBIN KOHTPOIIb U3MEHEHHS! HECKOJIBKUX Tapa-
METPOB TOXKapa, 4To ¢ HopMaIbHBIX MO3UIHI TEOPUN
YIPaBICHUS CIOKHBIMH CHCTEMaMH MOXKHO CUWUTATh
MHOTOKpPUTEPHATHHBIM MOHUTOPUHTOM TIOXKapa B 3/1a-
Huu [4]. B cBO1O ouepenb, pe3ynbraThl MOHUTOPUHTA
oXkapa UMEIOT 0C000€ 3HAUYCHUE TTPU MPUHSTHH PeTiie-
HUW PYKOBOJUTEJIEM TYIICHHsI 1OXkapa, 0COOEHHO Ha
Ha4YaJIbHOW CTaJIUU €r0 PAa3BUTHSI, KOTIIA OH €IIIe MOXKET
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OBITH TIOTYIIICH CHIIAMH U CPEACTBAMHU IIEPBOTO MPUOBIB-
IIETO MOKapHO-CIacarebHOTO MoApasaeneHus [5—8].

B cooTBeTcTBUM C KOHIIETIIINEH eIMHOTO HH(OpMa-
LIMOHHOI'O IPOCTPAHCTBA PE3yJbTaThl MOHUTOPHUHIA
ToXxapa SIBJIIIOTCS KOMIIOHEHTOW, UCIOJIb3YEeMOW IS
YIIPaBJICHUS CITy)KOaMU SKCTPEHHOTO PearnpoBaHMsI Ha
JECTPYKTUBHBIE COOBITHSI, BOSHUKAIOLINE B COLHATIBHO-
SKOHOMMYECKOU cpene. OIHAKO MPaKTUYECKOH aclekT
yIpaBJeHHUs Ha OCHOBE MOHUTOPHHIA NOXkKapa mpey-
CMaTpUBaeT UCIOJIb30BaHUE JAHHOTO BUAa HH(OpMa-
LIUY JIUIIb B CUCTEME MOJICPIKKHU MPUHATHS PeIICHUI
(manee — CIIIIP).

CTouT OTMETUTH, YTO TEOPETUYECKasi OCHOBA pa3-
pabotku u npumenenus CIP npenycmaTpuBaeT B Ka-
YeCTBEe HCTOYHHKA MHPOPMALUU JJIsl yIPaBICHUS Ma-
TEMATUYCCKUEC MOJCIIN ITPOLECCOB PA3BUTHUA U TYLLICHUA
nokapa 1/ GopMaTu3anuio SKCIEPTHOTO MHEHHS,
a pe3yabTaThl MOHUTOPHHTA TIOKapa, B CBOKO O4epe/lb,
HaXOJISITCS 32 MpeAesiaMi METOANYECKOTO COIPOBOXK/IE-
Hust CIIIIP. B cBsi3u ¢ 5TUM akTyanbHOW MPENCTABISIETCS
Hay4JHas 3a/1a4a, COCTOAIIAs B pa3pabOTKe MHOTOKPH-
TEepUAJIBHBIX MOJIEJIENl MOHUTOPHHTA IIOKapa B 31aHUH
U X CHUCTEMaTHU3alluyd ¢ MOJEJISIMU MPUHATHUS pellie-
HUH, ucnosbp3yeMbiMu Jiis pazpadotku CIITIP npu Ty-
LIEHUH [T0KAPOB B 3AAHUSAX.

Jliis peeHst ToCTaBICHHOW 3a]1a91 HEOOXO MBI

1) pa3paborka MHPOPMALMOHHO-AHATUTHYECKOM

MOJIeJIM MOHUTOPUHI'A [IOXKapa;
2) peanu3anys MOJIEIIA B MHOTOKPATEPUATEHON CH-
CTeMe MPHUHSITUS PEeLICHHH.

COBOKYITHOCTb Pe3yJIbTaTOB PEIICHHUs TOCTaBIICH-
HOI 3a/1a4d MO3BOJUT BHEAPHUTH B MH(POPMALMOHHO-
aHaNUTUYeCcKyto cocTaBisitolryto CIIIP pe3ynbrarsl
MOHHMTOpPUHTA TIOXapa B 3JaHUM, CHU3UTH BIUSHHUE
CyOBbeKTHUBHBIX ()aKTOPOB Ha MPOILIECC YIIPaBICHUS, 10~
BBICUTH OIIEPATUBHOCTD IIPUHATU S peHIeHHﬁ, 4TO B AU~
HAMHUYHO MEHSIOIIEHCS 00CTaHOBKE Ha MOXKape UTPaeT
pelIaronyIo poiib B ycrexe JIMKBUAAINY [ToKapa Ha Ha-
JajabHON CTaauun €ro pa3sBUTHUA.

PaspaboTka mopgenu
MOHUTOPUHra noxapa

Crnenndnka MOHUTOPHHTA MOXKapa B 3JaHNH C HC-
[0J1b30BAaHUEM CPEACTB MOKAPHOI aBTOMATUKHU OIpe-
JeTsieT AeNeHne oOmel IUIOMIa MOHUTOPHHTA Ha
30HBI KOHTPOJIS 1 HAOTIOAEHHE 32 OTHIM HIIH HECKOJIb-
KUMH MapaMeTpaMH Ioxkapa B KaKIOH KOHKPETHOM
30He. Pe3ynbraTbl MOHUTOPUHTA IPEACTABISAIOT OO0
COBOKYITHOCTb COCTOSIHUII HaOI0aeMoro napamerpa
B KayKI0H U3 9TUX 30H. IIpuHnunuanpuas cxema MOHU-
TOPHUHIA U €r0 UepapXudeckas CTPyKTypa [IpecTaBIIe-
HBl HA PUCYHKE.

Takum o6pa3zom, crienu(puka MOHUTOPUHTA HOXKapa
B 3/1aHUHM T103BOJIAET 3aKJIIOUUTh, YTO KayKAbIil KOHKPET-
HBII BapUaHT JEUCTBUI 110 TyLLIEHUIO [10Kapa B 3aHUHU,

OCHOBaHHBIN Ha Pe3yNnbTaTax MOHUTOPUHTA, OyJeT Xa-
PaKTepU30BaTHCS /M MOKA3aTeNIIMH HAOTIOACHUH, IS
Ka)K/JI0T0 U3 KOTOPBIX MOJIy4eHa BEKTOPHAs OLICHKA JIJIst
71 30H KOHTPOJISL.

Jis mpuHATHS pellieHUH Ha OCHOBE PE3yNbTAaTOB
MHOTOKPUTEPHAILHOTO MOHUTOPHHTIA OXKAapa HE00X0-
JUMO UMETh IPEACTaBICHUE 00 M3MEHEHUH Ka)J0r0
U3 [1apaMeTpoB MOHUTOpUHIA. /i NoNy4eHus: TaKkoi
uH(opMaIyy B CHCTeMe MOHUTOPHHTA TTOXKapa He00Xo-
JMIMa MaTeMaTH4YeCKast MOJCTb, ONMCHIBAIOIIAS B IIEP-
BOM NPUOTIKCHUH MPOIECC N3MEHEHUS MapaMeTpoB
MOHHUTOpPUHTA BO BpeMeHH. KoHIenus MOHUTOpHHTa
no)kapa TpeaycMaTpuBaeT JejaeHne 00beKTa MOHUTO-
pHUHra Ha 30HbI KOHTPOJIS M PACCMOTPEHUE KXk IO U3
HUX B OT/ACIBHOCTH C y4ETOM OJHOBPEMEHHOTO HAaOIIO-
JI€HHUs 33 HECKOIBKMMU ITapaMeTpaMu roxapa. B csszu
C 9TUM OLIEHKa JUHAMUKHU [1apaMETPOB MOHHUTOpPUHIA
BO3MOJKHA HA OCHOBE TEOPHUU KJIETOUHBIX aBTOMATOB,
B KOTOPOIl COBOKYITHOCTb 30H U IapaMETPOB KOHTPOILS
MOET OBITh OIUCAaHA CUCTEMON U depeHInanbHbIX
YpaBHEHUI.

Torma xaxkaast u3 30H KOHTPOJISI OyJIET SIBASTHCS OT-
JICTBHBIM OOBEKTOM KJIETOYHOTO aBTOMATA C JICICHUEM
1o (pyHKIIMOHATBHBIM OCOOCHHOCTSM Ha HAYaJIbHYIO
30HY KOHTPOJISI, B KOTOPOH HHTEHCUBHOCTH H3MCHCHUS
nmapameTpa MOHUTOPHHTA UMEET HanOOJNbIINe 3HAYe-
HUsI, U CMEKHBIE 30HBI KOHTPOJIS.

H3MeHeHne napamerpa MOHUTOPHUHIA HOXKapa p B
30HaX KOHTPOJIS OTpeessieTcst o GpopMyaam:

e B Ha4YaJIbHOU 30HE:

Apo(t) = po(t) = p° = p* [1—exp(=Zy (x)]; (1)
e B CMEXXHOMU 30HE:

Zn,_-,-p[(r)
i=1,...,s
Apy (1) = py(0)-p* =Tt
Zntﬁi
i=1,...,s

=1,

x|l—exp| —Z; (1) Z”u ,
i=1 , s

yeeesy S

rae p(t) — mapaMeTp MOHHUTOPHUHTA MOXKapa;

P, p* — HavanbHOE M IOPOTOBOE 3HAYECHHUS TIapa-

MeTpa MOHUTOPHHTA MTOXKapa;

n;; — KO3pQUUMEHT 0OMEHa MEK/Ty 30HAMH KOHT-

pons i uj;

S — KOJINYECTBO 30H KOHTPOJISI B CHCTEME MOHUTO-

pUHTa;

Zy, Z; — VHTCHCHBHOCTb M3MCHCHNS 1apaMeTPOB

MOHHTOPHHTA TIOKapa B 30HAX 0 1 J.

Crout OTMETUTH, YTO HapaMeTpbl MOHUTOPUHTA B
MHOTOKPUTEPUATIBHON CUCTEME PA3IMYHBI O CTPYKTY-
pe U AUHAMUKE, I03TOMY B Kau€CTBE HCTOUHHUKA HH(POP-
Malluu JUIsl IPUHATHS PEHICHUH HeoOX0AUMO paccMar-
pHUBaTh HOPMUPOBAHHBIC TTOKA3aTEIN MOHUTOPUHTA f;,
3HAUCHHSI KOTOPBIX U3MEPSIIOTCS 110 SANHON KOJTHYECT-
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OObexT noxkapa

Fire object

1l

CucremMa MOHUTOPUHTA

Monitoring system

\4 \4 \ 4
3oHa 1 30Ha... 3oHa n
Zone 1 Zone... Zone n
A A A
P11 Pi.. Plim P p. P..m Pni Dy... Prum
A S A et S U U S A
fin /i Sim S I Som Il .. Som
D(x), D(x) . D(x),

.

4

Mojens MOHUTOPUHTA TIOXkKapa
Fire monitoring model

A

Il

CHIIP (JITIP)

System of decision-making support (DM)

[IpuHIMIIMaTbHAS cCXeMa IPUMEHEHH Pe3yJIbTaTOB MOHUTOPHUHIA OXKAapa B CUCTEME [TOJIEPKKU NpUHATHS perenuit: JIIIP — nuro,

IpUHUMAOIICC PEHICHUE

Layout of application of fire monitoring results in the system of decision-making support: DM — decision maker

BeHHOII mikaze. [Ipu mepexone or mapamerpa p; K f;
IIPUMEHHUMBI BCE U3BECTHBIC CIIOCOOBI HOPMATH3aIHH,
OJIHAKO B Ka4€CTBE PEKOMEHAALUIi Ha OCHOBE OIIbITa Pa3-
pa6otku CIIITP MOXHO 3aKITIOYHTH, YTO HAWITYJIIHH
pe3yabTaT Ipu PEeLIeHUH JaHHOU 3aauu 1aeT MOJEIIb
HMHTEPBaJbHON HOPMAJIU3aLUU.

PazpaboranHas MozielIb MOHUTOPUHTA PEan30BaHa
B BUJI€ IPOIrPAMMHOI0 CpelcTBa. Pe3ynbrarTsl uccieno-
BaHU [IPOLECCAa MOHUTOPHHIA C HUCIIOJIb30BaHUEM €TI0
KOMIIBIOTEPHOM peanu3aliuy MoKa3aiH, 4To, Kak mpa-
BUJIO, (DYHKIMSA JTUHAMUKU MapaMeTpa MOHHTOPHHTA
UMEET 3KCIIOHEHIMAIbHbIN BUJ. [I03TOMy B KadecTBe
0000IIIEHHOTO KPUTEPHSI MOHUTOPHHTIA ITOXKapa MOXKET
OBITB HCTIONBE30BaHA MYJIBTHUILTMKATUBHASL PyHKIIHS D(X),
KOTOPAsi 3aIIMCHIBACTCS CIEAYIOMINM 00pa3oM:

() = H £ ), 3)

T7Ie X — BapUaHTHI YIPABICHCKHUX PEIICHHIH;
®;,— K03()(HULIUEHTHI BAKHOCTH i-TO HOPMHMPOBAH-

HOTI'O mapaMeTpa MOHUTOPHUHIA [TOYKapa; Z w; = L
i=1

BHeppeHue pe3ynbTaToB MOHUTOPUHIa
B MOJENU NPUHATUS peLlueHui

B o0rieit KoHIeTIIH TPOSKTUPOBAHMS U IIPAKTHYE-
ckoro npumeHenust CIIIIP nox npuHATHEM peleHui
MMOHUMAIOT MPOLIECC BHIOOPA OAHOTO MIIM HECKOJIBKHX
BapUAHTOB M3 MHOYKECTBA UMEIOLIUXCS B pacropsike-
uuu JITIP [9, 10]. Takast BepOanbHas mocTaHOBKA 3a/1a-
YU IPUHSTHUS pELIEHUH MTO3BOJISIET paccCMaTpUBaTh JiBa
00BEeKTa MOJICIIH JJAHHOTO Mpoliecca:

e MHOYKECTBO BapHaHTOB JICHCTBUI:

xeX, i=1,2,...,n, n>2;

e MHOXECTBO OIIEHOK BAPUAHTOB I10 IIOKA3aTeIIsIM MO-
HUTOPHHTA MOXKapa:

FOO =£i(X) % oY) x ... % fn (X0,

rae X — HMCXOJHOE MHOXECTBO BapUAHTOB B MOJEIU
IIPUHATUS PELIEHUH.
TeopeTuKO-MHOKECTBEHHBIM aHAIU3 BapUaHTOB

pelleHuil MpenyCcMaTpuBaeT IOCTPOCHUE CTPYKTYPbI

MHOTOMEPHBIX [TOJMHOXECTB C yKa3aHHUEM PEKOMEH-
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JIAIMH U1 OKOHYATeIbHOTO BHIOOpA BapHaHTa pellie-
wus B CIITIP [11-17].

Jliis peasinzanuu pe3ysbTaToB MOHUTOPUHTA ITOYKa-
pa MpH TEOPETHKO-MHOXKECTBEHHOM aHAaJIM3¢ BapUaH-
TOB PEIICHUI HEOOXOAUMO pacCMaTpUBaTh CTPYKTYPY,
COCTOSIIIYO M3 TPEX MOJIMHOXECTB, B3aUMOCBSI3aHHBIX
MOCJIeI0BaTeNIbHBIMU BKIIIoUeHusiMu [10]:

CY) < Pe(X) < Pr(X) C X, @)

rae C(X) — MHOXeCTBO BHIOPAHHBIX BAPHAHTOB,;

P (X) — MHOXECTBO BapHaHTOB U UX OIICHOK IO

MOKa3aTeNnsiM MOHUTOpUHTA F = {f|, f5, ..., [,};

P (X) — MHOXECTBO BAPHAHTOB M X OLEHOK IO

oKa3aTeliiM MOHUTOPHHTA ¢ y4eToM Kod(hduiu-

eHTOB BaXHOCTH G = {g|, 9, -+, Ly} -

[pu yaere kK0P PHUINECHTOB BaKHOCTH B PE3YIIbTa-
TaX MOHUTOPHHTA Ka)KIbIil HOBBIH IT0Ka3aTeIb MOHUTO-
puara G = {g,, g, ..., g,,} COCTOUT U3 INHEHHBIX KOM-
OMHaLM:

g, =07 £ 7Y =12, )

rae 6, — ko3 PUUHMEHT OTHOCHTEIbHON BaXKHOCTH KPH-
TEpUeB.
Koa¢pdummeHTs! MOIeNn TeOpETHKO-MHOKECTBEH-
HOTO aHanms3a 6; pacCYnTHIBAIOTCS HA OCHOBE KO3 u-
LMEHTOB BAXKHOCTH ; pyHKimH (3) o popmyre

0= k(1- ), (6)

/e k— KOJIMYEeCTBO IMHEHHBIX KOMOWHAIMH TapaMeT-
pPOB MOHUTOpPUHTA F.
TakuM 00pazoM, OSBIISETCSI BO3MOKHOCTb UCTIOJb-
30BaTh B KIIACCHUYECKOW MOJICIIH TEOPETUKO-MHOXKECT-
BEHHOTO aHaJIN3a BApUAHTOB NPHUHSTHS PEIICHUN pe-

3yJIBTaThl MOHUTOPHHI' T0Kapa U TeM CaMbIM TIOBBICHTD
00BEKTUBHOCTD MOJIEIIH 38 CUET YaCTUYHOTO WIIH I10JI-
HOT'O UCKJTFOUEHHS CyObeKTHBHBIX (hakTopoB [18-21].

BbiBOAbI

MOHHTOPHHT TTOKapa SIBISIETCS OJHUM W3 MCTOY-
HUKOB OOBEKTHBHOH OMOTHHUTEIEHOW WH(DOPMAINU
JUIS TIOBBIIIEHUS YPPEKTUBHOCTH ACUCTBUIA MMOKAPHO-
criacaTeNbHBIX MOAPA3/ICICHUN MPU TYIIEHUU MOXKa-
poOB B 31aHUAX. [l BHEIPEHUsI pe3yIbTaTOB MOHUTO-
punra noxapa B CIIIIP pewena 3aga4a, cocrosmias B
pa3paboTke MHOTOKPUTEPUANBHON MOJENH MOHHUTO-
pHUHTa TI0XKapa B 37[aHUH W TPEIIOKECHBI CIIOCOObI ee
MCIOJIb30BAHUS IIPU TEOPETUKO-MHOXKECTBEHHOM aHa-
JIM3€ BapUAHTOB YIIPaBJICHMS MOKAPHO-CIIACATEIbHBI-
MU MOJIpa3AesICHUMH.

PazpaboranHast MOIEITh YIUTHIBACT CIICITUPHUKY H3-
MEHEHMsI TapaMeTpOB MOHUTOPHHIA [T0Kapa B Uepap-
XHYECKHUX CUCTEMax C YYETOM BaKHOCTH IOKa3aresei
B PE3YJIBTHPYIONIEH (QYHKIIUU PUHSATHS PEIICHUH.

COBOKYIHOCTb HOY4YEHHBIX PE3yIbTaTOB MO3BOJIS-
€T TIOBBICUTHh OOBEKTUBHOCTH YMPABJICHUS MOKAPHO-
criacaTeabHbIMU MOAPA3AEICHUSIMU C UCIIOIb30BAHUEM
CIIIIP 1 9acTHYHO HIIH MOTHOCTHIO UCKITIOYHTE CyOb-
eKTUBHBIC (DAKTOPBHI, BIUAIOLINE HA KA4ECTBO MPUHU-
MaeMbIX PELICHUH.

MHorokpuTepualibHasi MOZI€Ib MOHUTOPHHIA IpeI-
HazHad€eHa JJis KOHTPOJIsl TapaMeTpPOB MoXKapa B 3/[aHUU
Ha OCHOBE CTAI[MOHAPHBIX CPe/ICTB MOHUTOpHHTA. CH-
CTeMaTH3alusl TaHHBIX, TTOJyYCHHBIX C MOOWIBHBIX
CpENCTB MOHUTOPHUHTA, B MPEIJIOKEHHON MOJEIN SIB-
JIsieTCs HaIlpaBiIeHUEM JaJIbHEHMIIIEro COBEPIIEHCTBO-
BaHU €€ METONOJIOINYECKON COCTABIISIIOIIEH.
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ABSTRACT

Introduction. The article considers issues relating to improvement of activities as to extinguishing of
major fires by manpower and resources of fire-rescue units for the account of additional information
support of officials with the emergency system of control over results of objective remote monitoring
of fire in the building. A complex of fire monitoring results is considered as a component of integrated
informational space for the control of emergency services reacting at destructive events in social
environment.

Development of monitoring model. A class of hierarchical multi-criteria systems of fire moni-
toring has been considered. In such systems, a multi-criteria model for monitoring fire in the building
is developed for formalized description of the process of collection of information on altering values
of fire parameters. The model represents a complex of analytical solutions of a system of differential
equations which describe alteration of monitoring parameters during fire development. The model
is implemented as software with which help evaluation of alteration of fire monitoring parameters
is performed and their exponential temporal relationship is detected.

Implementation of results. In order to account monitoring results, in decision-making models
methods of monitoring parameter normalization are suggested. For various monitoring parameters in
terms of structure and dynamics a multiplicative model of a complex monitoring index is developed.
The developed model is adapted to be introduced into systems of decision-making support in terms of
set-theoretic analysis of variants for controlling fire-rescue units when extinguishing fires.

Conclusions. Results of set-theoretic analysis of variants for controlling, allowed on a qualitative
level to account relative importance of monitoring indices over resulting function of decision making.
The following is suggested: trends for further development of methodological component of
monitoring of fire in buildings aimed at increase of objectivity of the managerial decisions being made
as well as for decrease of impact of human factors upon the process of control of fire-rescue sub-
divisions when extinguishing fires in buildings.

Keywords: fire monitoring system; simulation of parameter dynamics; system of decision-making
support; set-theory analysis; variants of control; fire extinguishing in buildings and constructions.
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OCOBEHHOCTUN KOPOTKOIO 3AMbIKAHUWA
B ABTOMOBWJIbHOWN 3NIEKTPUYECKOW CETU

Moka3aHo, 4TO MOXapbl Ha aBTOTPAHCMOPTHBIX CPEACTBAX OTHOCATCS K 0CODO TAXKENbIM NPOUCLIECTBN-
M, NMO3TOMY NPobeMa NOBbILLEHWS X NOXKAPHOW OE30MaCHOCTV 04eHb akTyarnbHa. DKCnepuUMeHTanb-
HO NPOMNMIIOCTPUPOBAHO, YTO NPV KOPOTKOM 3aMblKaHWW B SNEKTPUYECKOW Lieny, codepkalien akky-
MynsaTopHble 6aTapen Tvna 51AH/280A 1 60AH /330A, B psfe cfly4aeB He MPOMCXOAMT 0bpa3oBaHUs
LLIAPOBOTO OMNaBeHNS Y MeJHOro MHOTOMPOBOIOYHOTO MPOBOAHKKa ceveHvem 0,75 MM, a Habio-
[aeTCs BbiropaHme OTAeNbHbIX MPOBOOYeK NPOBOAHMKA, MPUAMMaHVE 1X K CTallbHOM MOBEPXHOCTY U
pa3pyLUeHVie B HEMoCpeaCcTBEHHOM BIM30CTU OT TOYKM KOHTaKTa. [prBeaeHbl pe3ynbTaThbl MCCNefoBa-
HUS Ha PaCcTPOBOM 31IEKTPOHHOM MuKpockone JSM-6390LV 06pa3sLoB MeHbIX MHOFOMPOBOOYHbIX
NPOBOAHWKOB 1 CTaIbHOW NIEHTbI, MOABEPrLUMXCH BO3AEUCTBMIO KOPOTKOIrO 3aMblKaHWA NPy Hanpsixe-
HUW 12 1 24 B. [laHbl CHUMKW NOBEPXHOCTEN OMMaBIeHNs MefHbIX MHOrOMPOBOOYHbIX MPOBOAHUKOB
1 CTaNbHOW NIeHTbIl, NOABEPTLUMXCSH BO3LENCTBMNIO KOPOTKOrO 3aMblKaHMsA. YCTaHOBNEHbI XapakTepHble
AMarHocTn4eckme NpmsHakm, No3BonsioLLe MeTOA0M PacTPOBON MUKPOCKOMUY MAEHTU(MULPOBATL
NPUYKMHY NOBPEXAeHNs Npu noxape (BblcokoTeMMnepaTypHOe BO3LENCTBINE, KOPOTKOE 3aMblKaHue, To-
KoBasi neperpyska) MeAHoro NPOBOLHNKA B SEKTPUYeCcKon LEenn C HanpskeHneMm 12 B. YcTaHoBReHO,
YTO BbISIBIEHHbIE MPU3HAKM ABNFIOTCA YCTONYMBBIMU 1 HE MOABEPXKEHbI M3MEHEHWNSAM B eCTECTBEHHbIX
YCIIOBUSIX XPaHeHWsi aBTOMOOUIISA, MONYyHMBLLIErO NMOBPEXAEHVS B pe3ynibTaTe TepMOBO3LENCTBUS.

KnioueBble cioBa: noXap; pacTpoBasd 3NeKTPOHHAA MUKPOCKOMNNA, ,D,I/IaI'HOCTI/I‘-IeCKI/II;I MNPW3HakK; MNKPO-
alen, Cyﬂ,e6Haﬂ MNO>XaPHO-TEXHNHYECKadA SKCMNepTn3a, NePBNHHOE KOPOTKOE 3aMblKaHWe; BTOPUHHOE KO-
POTKOE 3aMblKaHMe; TOKOBaA rneperpyska, Me,EI,HbII;I NnpoBOAHWK.
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BeeaeHune TEM, MEXaHM3MOB U Y3JIOB TPaHCHOPTHOTO CPE/ICTBA,
a TaK)Ke HEUCIPABHOCTH €T0 AJEKTPONPOBOJIKH, COCTa-
Buio 7718 (40,0 %). B padore [8] ormevaercs, 4TO B
OTAETBHBIX CYACOHO-OKCIEPTHRIX YUpekaeHusx De-
JIepaIbHON MPOTUBOMOXKAPHOU ciryk0b1 (COY DIIC)
MYC Poccuu 105151 5KCHIEPTH3 IOXKAPOB HAa aBTOMOOHU-

msix focturaet 40—50 % ot 0011ero KomuuecTBa NoCTy-

Ioxaper NpUYKMHAIOT 3HAYMTENBHBIA MAaTEPHAIIBHBIN
yiiepO, B YaCTHOCTH YHUYTOXKAIOT HIJIM TOBPEXKIAIOT
HMYIIECTBO, a TAKXKE MPUBOIAT K THOCIN M paHECHHUIO
mojei. Yimepd oT moXapoB B MPOMBIIUICHHO Pa3BH-
TBIX CTpaHax mpeBbimaeT 1 % HaIMOHAIBHOTO JI0X0/1a
Y UMEET TEHJICHITUIO K TocTosTHHOMY pocty [1-3]. TTo-

JKapbl Ha aBTOTPAHCIIOPTHBIX CPEACTBAX OTHOCATCS K
0C000 TSHKEIIBIM POUCILIECTBUSM.

B psine pabot [4-8] mokazaHo, 4TO IoKapHas orac-
HOCTB DJIEKTPOCHCTEMBI aBTOMOOHIIS OTIPENIEIISETCS TEM,
YTO €€ OT/ICJIbHBIC IEMEHTBI MOTYT CIIY)KUTh UCTOUHH-
KOM BO3TOpPaHUs B CIIy4ae BOSHUKHOBCHHS aBaAPHUITHOTO
peXnMa B KakoH-1100 (pyHKIIMOHATBHOH 1enn. HeoO-
XOAUMMO OTMETHTH, uTO 110 ganHsiM BHUUIIO B Poc-
cuiickoit ®enepanuy HaOIIONACTCS TEHACHIHUS YBe-
JUYEHHUs JOJIM 4Hucia [0XKapoB Ha TPaHCIOPTHBIX
CPEICTBAx 110 IPUYHUHE TEXHUYECKONW HEUCIIPaBHOCTH.
B yactHOCTH, 10715 YKCIIa OKAPOB Ha JIETKOBBIX aBTO-
MOOMIISIX U3-32 TEXHUYECKON HEMCIIPABHOCTH YBEJIUYH-
nack ¢ 15,7 % B 2001 1. 10 34,0 %8 2010T. AB2012 T
B Poccuiickoit denepanii cyMMapHOE YHUCIIO IOXKa-
POB, IPOUCIIEIINX B pe3yJIbTaTe HEUCIIPABHOCTH CHC-

© Heoobumkos A. U., 2018

MUBIIMX MaTepraioB. Heo0XonnMo HamOMHUTB, YTO C
2013 r. B 001IeMHpOBOM MaciTabe cTapToBaia v B Ha-
CTOSIIIIee BPeMs Peai3yeTcs IIporpaMMa aBTOMaTH3a-
WY aBTOTPAHCIIOPTHBIX cpeacTB. Hampumep, aBromo-
o Mercedes-Benz S 500 2016 r. BbIycka KOHCTPYK-
TUBHO HMMEET TOJNBKO OKoJo 80 OIOKOB YIpaBlIeHUS
pa3IMYHBIMU NIEKTpUYecKUMH ycTpoiicTBamu. Cortac-
HO JaHHO# nporpamme k 2020 1. aBTOMaTH3aIus aBTo-
TPAaHCIOPTHBIX CPEICTB IOJDKHA JOCTHYH BBICOKOTO
YPOBHSL, TIPH KOTOPOM OTCYTCTBYET KOHTPOJIb 32 aBTOMO-
OuIIeM CO CTOPOHBI BOJUTEIS M OH JIUILb U3peiKa OepeT
ynpasienue Ha ceOs. K 2025 1. aBTOMOOMIN TOTIKHBI
OOCTUYb YPOBH:A TOJIHOM aBTOMAaTU3aluu, nmpu KOTo-
POM BOAMTEIIO HE HYXXHO YHPABIATH TPAHCIIOPTHBIM
cpenctBoM. Tem He MeHee MPaKTHKA CBUICTEIBCTBYET,
YTO ke Ha aBTOMOOWIISIX C BEICOKUM YPOBHEM aBTO-
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anektroTextuka [

MaTHU3aluy UMEIOT MECTO Cllyyau BO3ropaHusl, B 4acT-
HOCTH H3BECTEH CITydail mo)kapa Ha dJIeKTpOMOOuIe
Tesla Model S.

Takum 00pa3oM, pa3paboTka MEPOTIPUSTHIA O TIPEA-
OTBpAILEHUIO IIOKapPOB Ha ABTOTPAHCIIOPTE UMEET BaK-
Hoe 3HaueHue [4—9]. OMHUM U3 BUIIOB TPOPUITAKTHYC-
CKHUX MEPONPUATUH SBISETCS MOKAPHO-TEXHUUECKAs!
9KCTIEPTH3A.

[To muenwmro aBropa [ 10], sxcriepTi3a nokapoB OCHO-
BaHa Ha KOMILJIEKCE CleLUaIbHbIX 3HAHUH, HEOOX0 -
MBIX JIJI1 HCCIIEIOBAHUS MECTa M10XKapa, OTAEIbHBIX KOH-
CTPYKILHMH, MaTepuaioB, U3ACTU U WX OOrOpeBIINX
OCTaTKOB B IEJISX MOJMy4YeHHsI HH(OpMaIH, HeoOXo-
JUMOM JUIsl yCTAHOBIIGHHUS Oyara rokapa, ero npuiu-
HBI, TyTeH pacrpocTpaHeHHs TOPEHUs, TPUPOBI 00TO-
PEBIIMX OCTATKOB, a TAKXKE JIJISl PEIICHUS] HEKOTOPBIX
JIpYTUX 3aJa4, BO3HUKAIOIIMX B XOZI€ aHaJIM3a IPUYLH,
BBI3BABLINX MOXKap.

Crnenyer 3aMeTHTb, YTO MOAABIISAIONIEE YHUCIIO BbI-
BOJIOB CYJICOHBIX AKCTIEPTOB OTHOCHUTEIBLHO TEXHHUYE-
CKHX IPUYMH BO3HUKHOBEHHUS I10)KapOB Ha aBTOTPaHC-
MOpPTE HOCUT MPEANOI0KUTEIbHBIN (BEpPOSITHOCTHBIN)
XapakTep, 4TO He MO3BOJIAET pa3padarbiBaTh U BHE-
PATb KOHKPETHbIE MH)KEHEpHble pemeHus [11]. Oto
MOYXHO OOBSICHUTH MHOTHMH ITPUIHMHAMH, B TOM YHCIIC
OTCYTCTBUEM COBPEMEHHBIX HAYYHO 0OOCHOBAHHBIX Me-
TOJIUK, TO3BOJISIFOIIUX OHO3HAYHO OMPEIENINTh, HAITPH-
Mep, IEPBUYHOCTD HITH BTOPUYHOCTH KOPOTKOTO 3aMBbl-
KaHust. JT0 KocBeHHO moaTBepkaatot M. JI. Yemko u
I . CmenkoB B pabote [9], yka3piBast Ha HEOOXOIH-
MOCTb COBEPIICHCTBOBAHHUSI CYIIECTBYIOLINX METOIUK.

Kaxk narnsano nokaszano asropamu [9, 10, 12], ecin
B 09aroBOM 30HE 00HAPYKEHBI XapaKTEPHBIC IPU3HAKH
pa3pylIeHUsT TOKOBEIYIINX MPOBOAOB, TO HEU30EKHO
BO3HHUKAET BOIIPOC O MEXaHHU3ME ITOBPEKACHUS (DIEKT-
POJLyrOBOIi WK TETIJIOBOI) M, B YACTHOCTH, O TIEPBUYHO-
CTH WJIM BTOPUYHOCTH KOPOTKOTO 3aMblKkaHus. [1o MHe-
HUIO MHOTHX aBTOPOB, IJaHHBII BOIIPOC JTAJIEKO HE ITPOCT.
ITombITKY pelInTh €ro ¢ MOMOILBI0 HHCTPYMEHTAIBHBIX
METO/I0B KPUMHHAIUCTBI IPEANPUHUMAIH eie B 50-x
rogax mpomuwioro cronerus [9, 10, 12]. K coxxanenwuto,
anpoOupoBaHHas ¥ HAYYHO 000CHOBaHHas yHUBEpCallb-
Hasi METOJIMKAa OTCYTCTBYET JI0 HACTOAIIETO BPEMEHH,
HECMOTPS Ha HAJTMYHE Psijia PEIICHHBIX YaCTHBIX 33149
[4-22].

Tak, Hanpumep, aBTOpbI paboTHl [22] Ha OCHOBE
MHOTOYHCIICHHBIX 9KCIIEPUMEHTAIbHBIX TaHHBIX MPH-
IIJTH K BBIBOJLY, YTO KPYTIIbIE MEIHBIE TIIOOYIIBI C YSTKH-
MU JIMHUSAMU Pa3rpaHUueHUs], TPAJULMOHHO ONIpeness-
eMble KaK “‘HaIlIbIBbI”, 00pa30BbIBAJIMCH HA IPOBOIAX
HE TOJIBKO MOJ1 HAIIpsKEHUeM, Ho 1 6e3 Hero. Ha Heko-
TOPBIX MPOBOJIAX O] HAMPSDKEHUEM BO3HUKAA JIyTa,
MIPHUBOJIAIIAS K 00pa30BaHMIO TaKUX II0OyN. B To ke
BpeMsl y HEKOTOPBIX MPOBOJOB 0€3 HalpsKEHUs ayra
OTCYTCTBOBaJIa, HO HAONIONAIHUCH OTH XapaKTEpHbIC Ha-

TIbIBHI [22]. [Tog MUKPOCKOTIOM HAITBIBBI HEKOTOPHIX

IIPOBOJIOB TIO]T HAIIPSKEHIEM UMEITH IIOPUCTYIO CTPYK-

TYPY H cofiepsKaiu OOJbII0e KOINISCTBO BHYTPEHHIX

MOPOBBIX MPOCTPAHCTB, B TO BpeMs KakK B JAPYTHX Ha-

TJIBIBAX MOCIIEAHUE OTCYTCTBOBaNM. ABTOpHI [22] oT-

MEYaIOT, YTO 9Ta K€ TeHICHLHMs Obla XapakTepHa U

JUISL IPOBOJIOB 0€3 HAPSIKEHHUS.

B pabore [22] Harns1HO TOKa3aHO, YTO MPH U3yYe-
HUU 00PA3II0B MOJl PACTPOBBIM AIIEKTPOHHBIM MHUKPO-
CKOIIOM YCTQHOBJICHO OTCYTCTBHE Y HUX TCHICHIIUH K
U3MCHEHUSM B CTPYKTYpE 3epHa MIIN XUMHUYCCKUX CO-
cTaBax. BHyTpeHHUE 3epHOBBIC CTPYKTYPHI HAILTBIBOB
OBLIN FCCIIeOBAHEBI HA TIPEIMET Pa3MEpOB 3JICMEHTOB
MHUKPOCTPYKTYPBIL, IIOPHCTOCTH U OCHOBHBIX H3MCHEHUI.
Hwu mo ogHOMY M3 M3Yy4EHHBIX (PH3HUCCKUX ACIEKTOB
HAIUIBIBOB HE OOHAPYKEHO KaKUX-JIHOO OTIMYUTENBHbIX
0COOEHHOCTEH A1 00pa31oB MPOBOIOB O] HATPSIKE-
HUeM U 0e3 Hero [22]. DTO MHEHHUE MOAJEPKUBAIOT
TaKue uccienosareny, kak V. Babrauskas, Kuan-Heng
Liu, Yung-Hui Shih, Guo-Ju Chen u ap., koTopbIe yKa-
3BIBAIOT HA HECIIOCOOHOCTH HAyYHOTO COOOIIECTBA Ha
COBpPEMEHHOM 3Tare TuddepeHIrpoBaTh MEPBUIHBIC U
BTOPHYHBIE OTUIABIICHHS METHBIX TIPOBOIHUKOB [ 16, 18].
B wactHOocTH, V. Babrauskas B padote [16], onepupys
KOOpAMHATAMHU OYara mo)kapa, IMOJBepraeT KpUTHYe-
CKOMY aHaM3y pe3ynbrarkl, moaydeHnsie N. J. Carey [21]
B OTHOILIEHUH NEPBUYHOCTH WM BTOPUYHOCTH KOPOT-
KOT'O 3aMbIKaHHSI.

B 10 5% BpeMst He0OXOTUMO OTMETUTB, YTO B pado-
Te [6] mpuBeIeHbI (PaKTHYECKUE TAaHHBIE, TTO3BOJISIOIINE
M0 XapakTepy HM3JIOMa MEIHOTO NMPOBOJHMKA B 30HE
ormnasneHns auddepeHpoBaTs IPUUNHY pa3pyle-
HISI, 00YCITOBJICHHYIO JICKTPOIYTOBBIM MITH TETITIOBBIM
mporeccoM. Hactosmast paboTta Takke mocBsIIeHa ycra-
HOBJICHHUIO PU3HAKOB, ITO3BOJIIONINX WACHTUDHIIPO-
BaTh NPUYNHY Pa3pyIICHHUSI MEIHOTO IIPOBOTHHKA.

Henbto paboThl siBiIgETCSA pa3padoTKa HayqyHO 00-
OCHOBAaHHOTO METOJ1a UCCIEI0BaHMS MEAHBIX TPOBOI-
HHUKOB aBTOMOOHMITLHOM 2JEKTPUUECKON CETH, pa3pylIeH-
HBIX B PE3YJIbTaTe KOPOTKOTO 3aMBbIKaHUS, JIJIsl yCTAaHOB-
JICHUsI IPUYMHBI WX TIOBPEXKIICHUS B XOJ€ IMOXKapHO-
TEXHUYECKON AKCIIEPTHU3BI.

Hcxona u3 yka3aHHOM LEIH, MOCTAaBIEHBI CIEAy-
OIIHE 33/1a91 HCCIEIOBAHMS:

e TIPOBECTH HKCIEPUMEHTAIIbHBIE UCCIICAOBAHUS 10
ANEKTPOJAYTOBOMY Pa3pyLICHUIO MEIHBIX MPOBOI-
HUKOB IIpY Hanpskenuu 12 u 24 B;

e OKCIICPUMEHTAJBHO MMOJTBEPIUTH YCIOBUS BOSHUK-
HOBEHUS TIEPBUYHOTO KOPOTKOTO 3aMBIKAHHUS B aB-
TOMOOMITLHOW 3JIEKTPHUECKON CETH;

e JI0Ka3aTh, YTO HA TIOBEPXHOCTH Pa3pyLICHUS MEJ-
HOTO MPOBOJIHMKA, OABEPIILErocs KOPOTKOMY 3a-
MBIKaHHUIO0, MOTYT OBITh BBISIBIIEHBI IIPU3HAKH, T10-
3BOJISIFOILIME MACHTU(DUIIUPOBATH AIIEKTPOAYTOBOMA
porecc;
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B oncxrpotextuka

e  YCTaHOBHUTB, YTO MPH3HAKH, BBIABICHHBIC HA TIOBEPX-
HOCTH pa3pylIeHUsI MEHBIX IIPOBOJHUKOB, OJBEPT -
IINXCSI KOPOTKOMY 3aMbIKAHUIO, SABISIOTCS YCTOMN-
YUBBIMH U HE MO/IBEPKEHBI N3MEHEHHUSM B €CTeCT-
BCHHBIX YCIIOBHUAX XpaHEeHHUs (0e3 yMBIIUICHHOTO
YHUUTOXKEHUS IPU3HAKOB);

e  IIOKa3aTh, YTO PACTPOBYIO MHUKPOCKOIHIO MOXKHO UC-
M0JIb30BaTh MPU UCCICAOBAHUNU IJIABKUX BCTABOK
ABTOMOOMJIBHBIX TNPEAOXpPAHUTENEH B KadeCTBE
OCHOBHOTO METOJA.

B HacTosmeit cratbe paccMaTpuBaoOTCs (paKTHUC-
CKHE TIPUMEpPHI MCCICIOBAHMS OIUIABICHHH MEIHBIX
HPOBOJHUKOB, TIOJBEPTIIUXCSA KOPOTKOMY 3aMBIKaHUIO
npu HanpspkeHuu 12 u 24 B.

MaTepmanbl n MmeToabl

HccnenoBanus npoBoAWIINCE B PernoHansHoN yHU-
BEPCUTETCKOW J1a00paTOpHM HHKEHEPHOro Mpoduist
“IPTETAC” Bocrouno-KazaxcraHckoro rocyapcTBeH-
HOTO TeXHH4YecKoro yHuBepcuteTa um. J{. Cepukbaena
C UCIIONIb30BAaHUEM PACTPOBOTO AIIEKTPOHHOIO MUKPO-
ckona JSM-6390LV ¢ npuctaBKko# 115t 3HEProAUCIep-
CHOHHOTO MHKpoaHanu3a. [IoBepXHOCTH pa3pylieHHsI
MEJIHBIX TIPOBOIHUKOB MOJIBEPraliich aHaAIH3y Oe3 mpe-
BapHUTEIbHONH MPOOOMoAroToBKH. CxeMa HCIBITaHUI
MpUBeieHa Ha pucC. 1.

ITo ananoruu ¢ paboTo¥ [ 7] At UMUTALIAN PEKUMA
KOPOTKOT'O 3aMbIKaHHs MCII0JIb30BajICs MHOTONPOBO-
JIOYHBIN MEeTHBIN TTpoBOA ceuenueM 0,75 MM2, KakK Hau-
OoJiee pacpOCTPAHEHHBIH B aBTOMOOMIIBHBIX JJICKT-
PUYECKHX CeTAX. ICTOYHMKOM MOCTOSHHOIO TOKa MpU
HanpspkeHud 12 B cityKuim akkyMyisITOpHbIe Oatapen
51AH/280A u 60AH/330A, kak Haubosiee MacCoBbIe
M0 MPUMEHEHHUIO HAa COBPEMEHHBIX JIETKOBBIX aBTOMO-
OusIX, pu HanpspxkeHuH 24 B — akkymynaTopHble Oa-
tapen 6CT190. [1yckoBo#i TOK aKKyMYJISITOPHBIX Oara-
peit 51AH/280A u 60AH/330A paBeH COOTBETCTBEHHO
280 u 330 A, 6arapen 6CT190 — 1150 A. Ky3oBHy10

1

JeTaIb aBTOMOOWIISI IMUTHPOBAJIa CTATbHAS JICHTA Pa3-
mepom 52x20x0,8 mm. K orpuriarensHOMY BBIBOTY aK-
KyMYJIATOpPHOU O6aTapey mocpeacTBOM MHOTOITPOBOJIOY-
HOTO MEIHOTO ITPOBO/IA TOAKITIOYAach CTaIbHAas JICHTA,
a K TIOJIOKHUTEIEHOMY — Harpy3Ka B BUIE dIICKTpUYe-
CKOH TaMITO4KH. J{J1s1 IMUTAIUU KOPOTKOTO 3aMBIKAHUS
MIPOBOJHUK pacroyarajics 1o KacaTeJIbHOM K MoBepx-
HOCTH JIEHTHI (CM. puC. 1,0) ¥ IepreHAUKYISAPHO K HEH
(cwm. puc. 1,8).

Pe3synbTathl U UX 06CyXXaeHUe

PesynbTars! SKCIIEpIMEHTA IT0 IMUATAIIHH KOPOTKO-
T0 3aMBIKAHMS IIPUBEICHEI Ha pric. 2. Kitaccndeckoe ma-
pOBOE OIUIaBIICHHE OBLIO MOIYYECHO TOJNBKO B CIydae
PACIIONIOKEHUS METHOTO ITPOBOAA MEPIICHIUKYIISIPHO K
CTaNbHOH JIeHTe npu HanpsbkeHuu 24 B ot Garapen
6CT190 (cwm. puc. 2,a). [Ipu UcONb30BaHUU aKKyMY-
astopHbIx Garapeit 51AH/280A u 60AH/330A u Ha-
npspkeHud 12 B mpoucxoauio pa3pymuieHne MEIHBIX
MIPOBOTHUKOB 0e3 00pa30BaHusl IAPOBBIX OTLIABICHHUH
(cm. puc. 2,6 u 2,2). [lpu nepreAnKyIspHOM pacmoio-
JKCHUH MHOTOIIPOBOJIOYHOTO TPOBOJA OTHOCHUTEIHHO
MOBEPXHOCTH JICHTHI IIPOUCXOMIIO CTIEKaHUE TIPOBOIOK
C TTOJTHBIM BBITOPaHNEM X (PparMeHTOB (CM. puc. 2,0).

[Tpu xacaTenbHOM PacIONIOKEHUH MHOTOITPOBOJIOT-
HOTO MPOBOJHUKA OTHOCHTEIBHO MOBEPXHOCTH JICHTHI
MIPOMCXOIIIO CTUIABIICHHUE OTICIBEHBIX IPOBOJIOK IPYT
C JIPYTOM M CTJIBHOH IIacTHHOM. ITOT 3pdekt ObL
ornuca B padote [ 7] v Ha3BaH 3anunanueM. [Ipu aTom B
HETIOCPEICTBEHHON OJIM30CTH OT MECTA 3AJIUTTAHHS IIPO-
HCXOJUIIO Pa3pylIeHUe IPOBOJIOK MEIHOTO POBOAHHU-
Ka C XapaKTePHBIMHU IIPU3HAKAMU TOKOBOU IIEPETPy3KH.
Ha moBepXHOCTH CTaJIbHOI JICHTHI B CITy4ae Kak mep-
HCHIUKYIISIPHOTO, TAK U KAaCATEIIbHOTO PACIIONOKEHUS
MIPOBOJHMKA OTMEUAIOTCA “Kparepbl” ¥ Karlli pacIuiaB-
JIEHHOTO MeTasuta (cM. puc. 2,6 1 2,2). Heobxoaumo Tak-
JKe OTMETHTb, YTO B MOMEHT KOPOTKOTO 3aMbIKAHHS HUTh
HaKaJIMBAaHUSI 3JIEKTPUUECKON JIAMIIbI, UTPAIOIIEH pOJIb

Puc. 1. Cxema npoBeieHHS HCIIBITAHNHN: ¢ — MPUHIUIIHAIBHAS CXeMa (a — OTpHLATEIbHBINA BEIBOJ aKKyMYJIITOpHOU OaTtapen; b —
TI0JI0KUTEIIBHBIH BHIBOJL aKKYMYJISTOPHON Gatapen; ¥ — BEIMUIMHA JIICKTPOJBIKYIICH CHITbI AKKyMYJIATOPHO Gatapeu; / — cuia
TOKA; ¥ — BHYTPEHHEE CONPOTHBICHHE AKKYMYJIATOPHOM Garapen; A — pasHOCTb MOTCHIMANIOB; £ — HANPSUKCHHOCT YICKTPHYC-
CKOTO TI0JIsl BHYTPHU aKKyMYJISITOpHO# Oatapen; E,— 3nekTpuyeckas cuna; E  — CTOPOHHSIA CUJIa); O — MEHBIN POBOJ Pacloo-
JKEH I10 KacaTeIbHOH K ITOBEPXHOCTH CTAILHON JICHTHI; 6 — MEIHBIH IIPOBO PACTION0KEH MEPICHANKYIISIPHO K ITOBEPXHOCTH CTAIBHOM

JICHTBI
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Puc. 2. O6muii Bu parMeHTOB METHOTO TPOBOIHUKA U CTAITBHOMN JICHTHI, MTOABEPTIIINXCS KOPOTKOMY 3aMBIKAHHIO: @ — OTIIIABICHHE
MPOBO/IHUKA ITPHU HATIPshKEeHUH 24 B; 6 — paspylueHue NpoBoIHIKA TPU HanpshkeHuH 12 B; 6 — noBpesxk/eHre cTaabHOH JeHThI IpH
HepHeIuKyIsIPHOM PACHOI0KEHHH IPOBOIHIKA OTHOCUTENIBHO €€ IIOBEPXHOCTH; 2 — IOBPEXKICHUE CTAIbHOM JIGHTBI IPU KacaTelb-

HOM PaCHoOJIOKEHUHN IMPOBOAHUKA OTHOCUTEIIBHO €€ IIOBEPXHOCTU

Puc. 3. Bo3aymiHsiii 3a30p, paBHbIN TOIIIHUHE H30JISALUH IIPOBO-
Ja, IPEeNATCTBYET BOZHUKHOBEHUIO KOPOTKOTO 3aMBIKAHHS B aB-
TOMOOMIIBHOM DJIEKTPUYECKOH CeTH

Harpy3Ku, IepecTaBaia n3aydarh cBeT. JJanHoe oocTo-
SITEIBCTBO CBUJICTEIBCTBYET O TOM, YTO OTPEOUTEITIO
B MOMEHT KOPOTKOT'O 3aMbIKaHHUsI HE XBaTaeT Heo0Xo-
JUMOW MOIIHOCTHU AJIsi paOOTHI.

Crnenyer TakKe OTMETHTb, YTO BO3AYIIHBIH 330D
MEK]y OTOJIEHHBIM METHBIM TPOBOJHIUKOM U CTAJILHOM
JICHTOH, PaBHbIIA TOJIIMHE U30JISLIAK POBOJIHUKA (B J1aH-
HOM ciy4ae okoisio 0,4 MM), MPEemsITCTBYeT BOSHUKHO-
BEHUIO KOPOTKOTO 3aMbIKaHHsI, HECMOTPSI Ha TO 4TO IO
cxeme puc. l,a B 1enu MoJAepKUBACTCs HAMTPSDKEHUE
OT aKKyMyJsaTopHoit 6arapen 51AH/280A u HuTh Ha-
KaJIMBAHUS JIEKTPUICCKON JTAMIIOYKH H3Ty9aceT CBET
(puc. 3).

B xone Mopdostormaeckoro uecieoBaHus pparMeH-
Ta OIUIABJICHHOTO MEJIHOTO IMPOBOJIHUKA (CM. puUC. 2,a),
MTOJIBEPTILETOCS KOPOTKOMY 3aMBIKQHUIO ITPY HATIPSDKE-

Tabnuua 1. PesynbTaThl MUKpOaHanmsa y4acrtka, npuBeieH-
HOro Ha puc. 4,6

Howmep CozeprxaHue XUMHYECKOTO dJIEMEHTA, % Macc.
TOYKH
mmepenns | O Mg | Al | Mn @ Fe Cu Zn
Crektp 1 | 24,22 | — |1,14/0,64| 58,26 | 4,48 | 8,62
Crnektp 2 | 29,64 |1,17|1,92| — | 6,66 | 21,18 37,10
Crnexktp 3 | 1834 | — [1,96| — | 7,16 | 59,65 10,00
Cnektp4 | 1,96 | — 2,88 — — [95,16| -

500 MM
—

Puc. 4. Bua moBepXHOCTH MEHOTO IPOBOIHUKA, Pa3pYILIIEHHOTO
B pe3yJIbTaTe KOPOTKOT0 3aMbIKaHHs pU HanpshkeHuu 24 B (cM.
puc. 2,a), npu yBenuuenuu 35” (a) u 200 (6)

Huu 24 B ot akkymymstopHoit 6atapen 6CT190, npu
TOMOIIY pacTpoBoro Mukpockona JSM-6390LV ycra-
HOBJICHO, YTO, TOMHUMO MUKPOIIOPUCTOCTH, HA TIOBEPX-
HOCTH LIAPOBOTO OTIABICHUS MMEIOTCS XHUMUYECKUe
9JIEMEHTBI, OTHOCAIINECS K COCTABY CTaJIbHON JIEHTHI
(puc. 4, Tabmn. 1).

Kak cnenyer u3 tabi. 1, Ha TOBEPXHOCTH IAPOBO-
T'O OIUIaBJICHUS HAOMIOAAIOTCS TAKUE XUMUYECKHUE dJIe-
MEHTHhI, Kak Fe, Zn, Mn, npucymue cTaabHO JIeHTe.
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10 mxMm ¥
—

Puc. 5. Bus noBepxHOCTH MEAHOTO POBO/IHUKA, PA3PYILIEHHOTO
B Pe3yJIbTaTe KOPOTKOI0 3aMbIKaHUA P HanpshkeHuu 12 B (eMm.
puc. 2,6), npu yeeanuenuu 37 (a), 200 (6) n 1300” (s)

[TpraeM sxene30 Ha MOBEPXHOCTH MEAH IPUCYTCTBYET
(bparMeHTapHO, B BHJIC YACTHII IIIAPOBHIHOW (OPMBI.
Crnenyer TakKe OTMETHUTh, YTO TEMIIepaTypa JIEeKTPO-
JIYTOBOTO IIPOIIeCCa BBIIIE TEMIIEPATYPhI TOPEHHUS aB-
TOMOOMIIS, KOTOpas cocTasisgeT okoso 950 °C. Takum
00pazoM, HaJTM4YKe Ha TOBEPXHOCTH OTUIABICHHOTO Me/T-
HOTO NPOBOAHUKA XUMHUYCCKUX DJIEMCHTOB, paHEC EMY
HE MTPUHAJJICKABIINX, MOXKET ObITh OOBSICHEHO TOJIBKO
MIPOTEKaHUEM DIIEKTPOAYTOBOTO MpoIecca.

-
Crexrp 1

i
Crmextp 2

900 MM

+Cncmp 6

Crexrp 4 Vi
Cnekrp 3

g

% :
Cnekrp 2

Puc. 6. By noBepXHOCTH CTaJIbHOM JIGHTBI C MEJTHBIM IIPOBOJI-
HUKOM TIOCJI€ KOPOTKOTO 3aMBIKaHHs MpU HampsokeHud 12 B
(cm. puc. 2,6 u 2,2) npu yBenuuennn 60” (a) u 220 (6)

HccrnenoBanueM pa3pymeHHOro B pe3ybTare KopoT-
KOTO 3aMBIKaHHS METHOTO MPOBOJHHUKA IIPU HATIPSIKE-
Hru 12 B (eM. puc. 2,6, puc. 5) yCTaHOBIICHO, YTO OT/IEIb-
HBIC TPOBOJIHUKY CIUIABIICHBI MEXKJTy COOOIA, Ha OTLIaB-
JICHHOW TIOBEPXHOCTH HAOIIONAIOTCSI MUKPOTIOPHI (CM.
puc. 5,0) 1 MEKPOJYHKH (CM. pHC. 5,8).

Ha puc. 6 mpuBeneHs! pe3ynbTraTsl HCCIIEI0BAHUS TT0-
BEPXHOCTH Pa3pyLICHUS CTAIBHOM JICHTHI ITOCTIE KOPOT-
KOTO 3aMbIKaHUS IPH HanpspkeHun 12 B (Tadm. 2).

Kak cnenyer u3 puc. 6,a v Tabi. 2, Ha y4acTKe KO-
POTKOTO 3aMBIKaHHS HAONIOMAIOTCS MIapO0Opa3HbIe U
KaIUIeBUIHBIC YaCTUIBI ME/IH, a TakXKe (pparMeHT He-
MpaBUIIEHON (POPMBI C TyHKAaMH, COCTOSIIINHN U3 MEIH.
Ha noBepxHocTu cTaibHOM JEHTH UMeEeTCs “Kparep’” ¢
POBHBIM JTHOM (M. puc. 6,0). JIHo “kparepa” Ha 50-72 %
npeacTaBisieT co0oil xkemne30 (Tadi. 3), a mo ero Kpasim
pacImooKeHbl MapooOpa3HbIe U KAMJIEBUIHbIC YaCTH-
(bl MCJIH.

[To TepMHHOTIOTUH MUKPOTPACOIOTHH MIEPEUHCIICH-
HBbIC BBIIIEC MPU3HAKU SABJIAKOTCA MHUKPOCICIaMU, Ha-
TIIAAHO JOKa3bIBAOIIUMHU, YTO HpPI‘H/IHOf/i TIOBPCIKACHUA
KaK CTaJILHOI JICHTBI, TAK U METHOI'O MHOTOIIPOBOJIOY-
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Tabnuua 2. Pe3ynbTaThl MUKpOaHanmn3a ydacrka, npuseieH-
HOro Ha pwvc. 6,a

Howmep CozaepxaHue XMMHYECKOT0 dJIeMeHTa, % Macc.
H3;Z;I;§m (0] Mg | Al | Mn BE Cu Ca
Crnektp 1 | 13,37 | — - — | 3891 46,65 -
Crnextp 2 | 28,90 | — = - [51,70 | 17,26 | —
Crnextp 3 | 10,13 | — - - | 11,82 78,04 —
Crnektp 4 | 19,20 | — - - 169,59 9,91 -
Cnektp 5 | 11,91 | — - - 147,80 40,29 -
Crextp 6 | 27,73 10,69 | 0,80 | 0,36 | 59,35 | 7,50 | 0,38

Ta6nuua 3. Pe3ynbTaThl MYKpOAHanm13a y4actka, npuBeaeH-
HOro Ha puc. 6,6

Homep Touku CopepxaHue XUMHYECKOTO JIEMEHTa, % Macc.
EERIEDEEIE] (0] Cl Mn Fe Cu
Crextp 1 27,10 1,47 — 48,84 | 22,59
Crextp 2 15,96 1,96 = 72,17 9,92
Crextp 3 28,38 - - 50,42 | 21,20
Crextp 4 23,37 | 2,18 0,52 | 48,27 | 25,66

100 MEM

20 MKM
—

>y

Puc. 7. Xapaxrep nzinoma npoBOI0OKH MEIHOTO MPOBOAHUKA ITPU
TOKOBOH meperpyske npu ysenuuenun 160™ (a) u 600 (6)

HOTO TIPOBOIHUKA TIOCITYKHJI DIICKTPOIYTOBOH IpoIiece
B BHJIC KOPOTKOTO 3aMbIKaHUSI.

Ha puc. 2,2 noxazaHo pa3pyllieHue IPUIHIIIETO K
CTaJILHOM JIEHTE MEHOT0 MpoBOAHMKA. Eciu ojiHa cTO-
poHa NPOBOAHHUKA IMOJyUYHJIa IMMOBPEKICHUA B PE3YIIb-
TaTe KOPOTKOTO 3aMBbIKaHUSI, TO ApyTas ObLIa pa3pyIie-
Ha B pe3yJbTaTe TOKOBOU TMEPETpy3KH.

HanosepxHocTy pa3pylleHus IPOBOIOYKY MEAHO-
T'O IPOBOJIHHKA B PE3YJIBTATEe TOKOBOW MEPErpy3KH OT-
MeuaeTcsi pyubucTsiil y3op. CormtacHo Pl 50-672—-88
“Metoanueckne yka3anus. PacyeTsl u UCTIBITAHUS HA
npoyHOCTh. Kiaccuukams BUIOB M3IOMOB METal-
JIOB” PYUYBUCTHIA y30p — DJIEMEHT CTPOCHHUS MTOBEPX-
HOCTH (haceTOK CKoJIa, MPEICTABIISIONINI cO00i crucTe-
MY CXOJSIINXCS CTYTICHEK, 00pa3yIoIIyrocs B IIIOCKO-
CTH CKOJIa B pe3yNIbTaTe pa3pylICHUs IepEeMbIUeK
MEXIY XPYIMKAMHI MUKPOTPEIIHHAMH, PACIPOCTPAHS-
FOLIUMUCS TI0 MapaijleNbHbIM, OMU3KO pPacHOJIOKEH-
HBIM KpHUCTaJJIOrpapyecKuM iockocTsM. Hampasie-
HUE CIUSHUS CTYTIEHEK CKOJIa B PyYbHCTOM y30p€e COOT-
BETCTBYET HAIIPABICHUIO PACIIPOCTPAHEHUS TPELIHHBI.
YacTHbII cilydail py4bHCTOTO y30pa — BeepooOpas-
HBIN y30p, KOTOPBI BO3HUKAET, €CIIU CTYIIEHbKHU CKOJIa
CXOJISITCS B OIHOM TOuKe B mipesenax gacerku. Heobxo-
JUMO HOJAYEPKHYTh, YTO PYUbUCTBIN y30p — 3TO IIPHU-
3HAK XPYIKOTO M3JI0Ma.

HccnenoBannbie 00pa3iibl MEJJHBIX MHOTOIPOBOJIOY-
HBIX TPOBOAHUKOB 1 CTaJIbLHOM JICHTHI XpaHUJINUCh 3 Mmec.
(d4TO TpEeBBINIACT CPEJHUN CPOK pACCIICAOBaHUS e
0 MOKapax), B pa3HbIX YCIOBUSX (B IIOMEIIIEHUH Ha OT-
KPBITOM BO31YX€, B IOMCIICHNU B FepMCTH‘{HOﬁ yna-
KOBK€, B YJIMYHBIX YCIIOBUAX 663 J0CTYyIIa BOJAbI B KU~
KOM arperaTHOM COCTOSTHUH (0e3 IOTpyKEHHSI B BOLLY )).
[Tpu cpaBHEHUH 00PA3IIOB YCTAHOBICHO, YTO BBISBIICH-
HBIC TIPU3HAKH SBILIOTCS yCTOWYNBEIMA M HE TIOIBEP-
JKCHBI U3MEHEHUSIM B €CTECTBCHHBIX YCIIOBHSX XpaHe-
Hust (6€3 YMBIIINIEHHOTO YHUYTOXCHUS TIPU3HAKOB).

TakuMm 006pa3oM, B pe3yabTaTe HCCISI0BAHIS METO-
JIOM pacTPOBOH MUKPOCKOIIHU (parMEeHTOB MHOTOTIPO-
BOJIOYHOTO METHOTO MPOBOIHUKA U CTAIBHON JICHTHL,
MIOABEPTIINXCST KOPOTKOMY 3aMBIKaHUIO, YCTAHOBIICHBI
XapaKTepHbIC IPU3HAKH, I03BOJISIFOIINE HICHTUDUITH-
POBaTh IPOLECC, MPUBEALINN K X pa3pyIICHHIO.

B zakmmrouenne He0OXOMMO OTMETHUTBD, UTO, IT0 MHE-
auo WM. JI. Yemko [10], ucnonp3oBanne pesyiabTaToB
WHCTPYMEHTAIIBHBIX UCCIIEIOBAHNN B Ka4eCTBE “IIpo-
MEKYTOYHOTO MPOAYKTA” B SKCIIEPTHOM HCCIICOBAHUHT
TI0 TTOKapy HE CHIDKACT UX [IEHHOCTH KaK BayKHEHUIIIETO
HCTOYHHKA OOBEKTUBHON HH(OPMAIIUH, O€3 KOTOPOH BBI-
BOJIBI O [TPUYHMHE [T0Kapa OyAyT MasloyOe AU TEIbHBIMH.

3akJo4yeHune

JlokazaHo, 4TO B AIEKTPUUECKON IIETIU C HaMpsiKe-
HueM 12 nnu 24 B npu KOPOTKOM 3aMBIKAHUH MEXAY
MHOTONPOBOJIOYHBIM MEIHBIM MIPOBOAHUKOM U CTallb-
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HOM JIEHTON, IMUTHPYIOIIEH IeTajb Ky30Ba, Ha TTOBEPX-
HOCTSIX Pa3pyIICHUS MOTYT (PUKCHPOBATHCS MPU3HAKH,
B TOM YHCJIE MACCOTIEPEHOC, TIO3BOJISTIOINE UICHTU(H-
IIIPOBATH AIEKTPOIYTOBOM MEXaHH3M 00pa30BaHHS IT0-
BPEKICHUI.

B uactHOCTH, Takue TpU3HAKH, KaK “Kparep’’ ¢ poB-
HBIM JHOM M PAcCIOJIOKEHHBIE 10 ero KpasMm ILapo-
oOpa3Hble U KaIuleBUHbIE YaCTUIBI MM Ha MOBEPX-
HOCTH CTaJIbHOM KY30BHOM JleTanu, SBJISIOTCS MUKPO-
clleaMy JIEKTPOLYTOBOIO IIpoLecca.

C npyroi CTOpOHBI, TaKUE MPU3HAKHU, KAK MHKPO-
MOPUCTOCTh, MUKPOITYHKH, IIAPO0OPa3HbIC YaCTUIIBI XKe-
Jie3a Ha TOBEPXHOCTH pa3pyIIeHHsI MHOTOIIPOBOJIOYHO-
T0 MEJHOTO TIPOBOJHMKA, TAKXKE SBJISIFOTCS TIPU3HAKA-
MU KOPOTKOTO 3aMbIKaHUSI.

Takum 00pazom, B OTIHMYHE OT TOKOBOW Ieperpys3-
K TIPH KOPOTKOM 3aMBIKaHUH B aBTOMOOMIIEHOMN 2JIEKT-
PUYECKOH CETH MUKPOCIIEIbI SIBIISIOTCS HAPHBIMU, OTO-
OpakaroMUMUCS KaK Ha METHOM IPOBOJHHKE, TAK M Ha
Ky30BHOH JieTajy. YKa3aHHOe 00CTOATEIbCTBO 103BO-
JSIET TOCTATOYHO JIeTKO MuddepeHnnpoBaTh MEXaHH3M
pa3pylIeHuss MEIHOTro NpoBoAHMKa. KopoTkoe 3ambl-
KaHue UACHTU(ULIUPYETCS IO MaCCONEPEHOCY, T. €. [0
HAJIMYUIO Ha TOBEPXHOCTH OTUIABICHUS MEIHOTO MPO-
BOJIHUKA Kallejib Kelie3a. BHelrHee BbICOKOTEMIIEpa-
TypHOE BO3/ICHCTBUE ONPEEIISIETCS 110 BA3KOMY Xapak-
Tepy U3JI0oMa. B 3ToM cilyyae IOBEpXHOCTb U3JI0Ma [IPO-
BOJIOYEK METHOTO MPOBOAHMKA BOTW3U OIUIABICHHS
HMMEET SIUEHUCTYI0 CTPYKTYpY. TOKOBas reperpyska xa-
pakTepu3yeTcsl TAKUMHU MPU3HAKAMU, KaK OTCYTCTBHE
MaccoIepeHoca U Xpynkui xapaxkrep uznoma. [ Ipu stom
Ha [IOBEPXHOCTU M3JIOMA IPOBOJIOYEK MEAHOIO IpPO-
BOJIHUKA BOJIM3H OTUIABIICHUS HAOTIONACTCS PYyIBHCTHII
y30p.

[TokazaHo, 4TO PACTPOBYI0 MUKPOCKOIIMIO MOYKHO
MCIOJIb30BaTh IPU UCCIIEJOBAHUH OIIaBIEHUH MEIHBIX
IIPOBOJJHUKOB HE TOJBKO B KaUYECTBE BCIIOMOIaTeIbHO-
r'0 METO/1a, HO B PSJIE CIIy4aeB U B KAYECTBE OCHOBHOTO.

[TpuBeneHb! IPUMEPBI TOTO, YTO KOPOTKOE 3aMbIKa-
HHE B QBTOMOOMIBHOM 3JICKTPHUCCKOI CETH C aKKyMy-
nstopabiME Garapesivu tina S 1AH/280A u 60AH/330A
3a4acTyl0 MPUBOJUT HE K KIACCHUECKUM MIapooOpas-
HBIM OILIABJICHUSIM, A K 3aJIUIIaHUIO, CILIABIECHUIO B OJIHY
Maccy M BBITOPAHMIO OTIEIbHBIX IIPOBOJIOK MEIHOIO
MHOT'OIIPOBOJIOYHOTO IPOBOIHUKA.

HarmsiiHo mpomuTiocTpupoBaHbl Clieytomue 00-
CTOSITENbCTBA:

e  IIPU KOPOTKOM 3aMbIKAHUH B ABTOMOOUIIbHOM 3JIEKT-
pHUUECKOi Lienu J1r000My MOTPEOUTEINIO (B TOM YHUC-
Jie ANIEKTPUUIECKON TaMIIOUKe) HE XBaTaeT MOIIHO-
CTH JJIS1 IPOIOJIKEHUS padOTHI;

e B aBTOMOOWIBHOM AIICKTPUUCCKOM CETH BO3AYIIHO-
TO 3a30pa MEXkJly OIOJEHHBIM MEIHBIM IIPOBOIHU-
KOM ¥ Ky30BHOH JIeTanbio 6€3 TaKOKPacOYHOTO MO-
KPBITHSI, PABHOT'O TOJIIMHE U30JSILIUOHHOTO HOKPbI-
TUsl, JOCTATOYHO JUIsl IPEAOTBPAILEHHs KOPOTKOTO
3aMBbIKaHUSL.

HacTosmuM uccinenoBaHHEM YCTAHOBIEHO, UTO
[IPU3HAKHY, BBIABICHHBIC HA MOBEPXHOCTSIX pas3pylie-
HUS MEJHBIX MHOTOIIPOBOJIOYHBIX IPOBOJHUKOB, MO~
BEPIIIUXCSl KOPOTKOMY 3aMBIKaHUIO MPH HAPSKEHUU
B aieKTpuueckoi cetu 12 wiu 24 B, sBnstoTcs ycTol-
YUBBIMH U HE TTOJIBEPXKECHBI H3MCHEHHSIM B €CTECTBEH-
HBIX YCIOBUSIX XpaHeHUs (0€3 yMBIIIIEHHOTO YHUYTO-
JKECHUS IPU3HAKOB).

ITomy4yeHHBIE pe3ynbTaThl MOTYT OBITH HCIIOJIB30-
BaHbI IIPH SKCIIEPTHOM UCCIEI0BAHUY MHOTOIIPOBOJIOY-
HBIX MEHBIX IPOBOJHUKOB, U3bIMAEMBIX C MECT MOXKa-
POB, yCTAHOBIICHUH MEXaHU3Ma UX OBPEKIEHUS U, B KO-
HEYHOM CUeTe, IPUYMHBI IT0XkKapa aBToMoOuIsL. B cBOIO
odepe/ib, 3HaHNE TEXHUIECKON MPHYMHBI OXKapa AacT
BO3MOXHOCTB pazpaboTars NpoPuiIakTHIECKHE MEPO-
HOPUATHUS U TEXHUUECKUE PEIICHUs], HallpaBlICHHbIE Ha
ec yCTpaHEHHUe.
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SPECIFIC FEATURES OF SHORT CIRCUIT
IN AUTOMOBILE ELECTRICAL SYSTEM

It is shown that fires on vehicles refer to particularly severe accidents, so the problem of increasing
their fire safety is extremely important. It is experimentally illustrated that in a number of cases, when
a short circuit happens in an electrical circuit containing 51AH/280A and 60AH /330A batteries, a spher-
ical fusion is not formed in a copper conductor with a cross-section of 0.75 mm?, but there is a burn-
out of separate conductor wires, their adhesion to the steel surface and destruction in the immediate
vicinity of the contact point. The results of a study with JSM-6390LV scanning electron microscope of
copper multiwire conductors samples and steel band exposed to short circuits at a voltage of 12 and
24V are given. There are shown photographs of the copper multiwire conductors’ fused surfaces, as
well as of the steel band exposed to short circuits. Characteristic diagnostic factors are found out that
allow to identify the cause of the damage in the event of a fire (high-temperature exposure, short
circuit, current overload) of a copper conductor in an electrical circuit with a voltage of 12 V using
the method of scanning microscopy. It is found out that the detected factors are stable and are not
prone to changes in the natural storage conditions of a vehicle, which was damaged as a result of
thermal exposure.

Keywords: fire; scanning electron microscopy; diagnostic feature; ultratrace; forensic fire and tech-
nical expertise; primary short circuit; secondary short circuit; current overload; copper conductor.
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Introduction

Fires cause significant material damage, in particular,
destroy or damage property, as well they cause deaths
and injuries. The damage from fires exceeds 1 % of
the national income in industrialized countries and tends
to constant growth [1-3]. Motor vehicle fires are among
the most severe accidents.

It was shown in a number of works [4—8] that the ve-
hicle electrical system fire hazard is determined by
the factthatits individual elements can serve as an igni-
tion source in the event of an emergency operation
in any functional circuit. It should be noted that accord-
ing to Fire Safety Research Institute in the Russian
Federation, there has been a trend of increasing
the number of fires in vehicles due to technical malfunc-
tion. In particular, the number of car fires due to tech-
nical malfunction increased from 15.7 % in 2001 to
34.0 % in 2010. And in 2012, the total number of fires
resulting from malfunctioning of systems, mechanisms
and components of the vehicle and the failure of the ve-
hicle wiring, amounted to 7,718 (40.0 %) in the Russian
Federation. It is noted in the work [8] that the propor-
tion of car fire examinations reaches 40—-50 % of'the total
number of received materials in some Forensic Expert
Institutions of the Federal Fire Service (FEI FFS) of
the Ministry of Emergencies of Russia. It should be re-
called that a program for automating vehicles has been
launched on a worldwide scale since 2013, and it is cur-

rently being implemented. For example, a Mercedes-
Benz S 500 of 2016 production year has only about
80 various electrical devices control units. According
to this program, vehicles automation should reach a high
level by 2020, and there is no driver’s control of the ve-
hicle in these conditions and he/she only occasionally
takes over the control. By 2025, vehicles should become
fully automated and in conditions a driver does not need
to drive the vehicle. Nevertheless, practice shows that
fires happen even in cars with a high level of automation,
in particular, we know that there was an accident when
Tesla Model S burst into flames.

Thus, the development of measures aimed at pre-
venting fires in motor vehicles is important [4-9]. One
of the types of preventive measures is a fire investiga-
tion.

It is the author’s opinion that [10] fire investigation
is based on a complex of special knowledge being nec-
essary for the investigation of a fire site, individual struc-
tures, materials, products and their scorched residues in
order to obtain information, which is necessary for es-
tablishing initial fire, its cause, scorched residues, as well
as to solve some other problems arising in the analysis of
the causes of the fire.

It should be noted that the overwhelming number of
forensic experts’ conclusions on the technical causes of
fires in motor vehicles has a presumptive (probabilistic)
nature that does not allow the development and imple-
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mentation of specific engineering solutions [11]. This
can be explained by many reasons, including the lack of
modern scientifically grounded techniques that make it
possible to unequivocally determine, for example, the pri-
mary or secondary nature of a short circuit. This fact is
confirmed indirectly by I. D. Cheshko and G. I. Smelkov
in the framework of the work [9], pointing out to the need
to improve the existing methods.

As shown by the authors [9, 10, 12], if the charac-
teristic features of the destruction of current-carrying
wires are found in the fire zone, the question of the mech-
anism of damage (arc or thermal one) and, in particular,
of'the primary or secondary nature of the short-circuit is
inevitably raised. According to many authors, this issue
is far from being a simple one. Attempts to solve it with
the help of instrumental methods were made by crimi-
nologists in the fifties of the last century [9, 10, 12]. Un-
fortunately, an approved and scientifically based univer-
sal technique is not available at the moment, despite
the existence of a number of solved particular problems
[4-22].

So, for example, the authors of the work [22] came
to the conclusion on the basis of numerous experimen-
tal data that round copper globules with distinct delin-
eation lines, which are traditionally defined as “over-
laps”, were formed on the wires not only under voltage,
but also with no voltage as well. An arc appeared on
some wires under voltage leading to the formation of
such globules. At the same time, some wires with no
voltage did not have an arc, but these characteristic over-
laps were observed [22]. The overlaps of some wires
under voltage had a porous structure under the micro-
scope and contained a large number of internal pore vol-
umes, while there were no pore volumes in other over-
laps. The authors [22] note that the same tendency was
characteristic for wires with no voltage.

It is clearly shown in the work [22] that it was deter-
mined when studying samples under a scanning electron
microscope, the samples have no tendency to change
the grain structure or chemical compositions. The inter-
nal grain structures of the overlaps were studied with
respect to the dimensions of the micro structure ele-
ments, porosity and major changes. None of the studied
physical aspects of the overlaps revealed any distinc-
tive features for the samples of wires under voltage and
with no voltage [22]. This opinion is supported by such
researchers as V. Babrauskas, Kuan-Heng Liu, Yung-Hui
Shih, Guo-Ju Chen and others, who point to the inabil-
ity of the scientific community to differentiate the pri-
mary and secondary fusion of copper conductors at
the present stage [16, 18]. In particular, V. Babrauskas,
using the coordinates of the fire, critically analyzes
the results obtained by N. J. Carey [21] in relation to
the primary or secondary short circuit in work [16].

At the same time, it should be noted that the work
[6] contains actual data that allows one to differentiate
the cause of failure caused by the electric arc or thermal
process by the nature of the fracture in the copper con-
ductor in the fusion zone. The present work is also con-
cerned with the establishment of features that allow one
to identify the cause of the destruction of a copper con-
ductor.

The aim of the work is the development of a scientif-
ically grounded method for studying copper conductors
of'an automobile electrical system destroyed as a result
of a short circuit, in order to establish the cause of their
damage during the fire investigation.

Based on this goal, the following research objec-
tives are set:

e toconduct experimental studies on the electrical arc
destruction of copper conductors at a voltage of 12
and 24 V;

e to confirm the conditions for the occurrence of
a primary short circuit in the automobile electrical
system experimentally;

e to prove that there may be traces that allow to iden-
tify the electric arc process on the destroyed surface
of the copper conductor, which has been short-
circuited;

e toestablish that the traces revealed on the destroyed
surface the of copper conductors that have been
short-circuited are stable and are not prone to changes
in the natural storage conditions (unless the traces
are destroyed deliberately);

e to show that scanning microscopy can be applied
in the study of fusible elements of vehicle fuses as
the main method.

Actual examples of the research of copper conduc-
tors’ fusion exposed to short-circuiting at a voltage of
12 and 24 V are considered in this article.

Materials and methods

The researches were carried out at the Regional
University Engineering Laboratory “IRGETAS” of
Serikbaev East Kazakhstan State Technical University
with the application of JSM-6390LV scanning electron
microscope with energy-dispersive microanalysis attach-
ment. The destroyed surfaces of copper conductors
were analyzed without preliminary sample preparation.
The testing chart is shown in Fig. 1.

By analogy with the work [7], a multiconductor
copper wire with 0.75 mm? cross-section was used
to imitate the short-circuit state, as being the most com-
mon in automobile electrical systems. The direct cur-
rent source at a voltage of 12 V was 51AH/280A and
60AH/330A rechargeable batteries, which are the most
popular for modern passenger cars, 6ST190 recharge-
able batteries were used at a voltage of 24 V. The start-
ing current of 51AH/280A and 60AH/330A recharge-
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Fig. 1. Testing chart: « — fundamental chart (a— negative conclusion of storage battery; b — positive conclusion of storage battery;
Y —size of electromotive force of storage battery; /— strength of current; »— internal resistance of storage battery; A — difference of
potentials; E— tension of electric-field into a storage battery; E; — electric force; _;, — strange force); b — a copper wire is arranged
along the tangent to the surface of the steel band; ¢ — a copper wire is arranged perpendicular to the surface of the steel band

a

Fig. 2. General view of fragments of the copper conductor and steel band which has been exposed to a short circuit: ¢ — fusion of
the conductor with a voltage of 24 V; b— the destruction of the conductor with a voltage of 12 V; ¢ — the damage to the steel band with
the perpendicular location of the conductor to its surface; d — the damage to the steel band with the tangent location of the conductor

to its surface

able batteries is 280 and 330 A, respectively, as well as
the starting current of 6ST190 rechargeable battery is
1150 A. A steel band with the dimension of 52x20x0.8 mm
imitated the car body part. A steel band was connected
by means of the multiconductor copper wire to the neg-
ative terminal of the battery, and an electric bulb as
a load was connected to the positive terminal. To imitate
a short circuit, the conductor was arranged along the tan-
gent to the surface of the band (See Fig. 1b) and perpen-
dicular to it (See Fig. 1c).

Results and discussion

The results of the short circuit imitation are shown
in Fig. 2. Classical spherical fusion was obtained only in
the case of the arrangement of a copper wire perpendic-
ular to the steel band at a voltage of 24 V received from
6ST190 battery (See Fig. 2a). When using 51AH/280A
and 60AH/330A batteries and the voltage of 12 V,
the copper conductors destruction occurred without
forming spherical fusion (See Fig. 26 and 2d). When
applying perpendicular arrangement of the multifil-
ament wire relative to the surface of the band, the wires
were fused with complete burn-out of their fragments
(See Fig. 2b).

When applying tangential arrangement of the mul-
tifilament conductor relative to the surface of the band,

the separate wires were fused to each other and to a steel
plate. This effect was described in the work [7] and is
called sticking. At the same time, the copper conductor
wires were destroyed with characteristic signs of current
overload in the immediate vicinity of the place of stick-
ing. The craters and drops of molten metal on the surface
of the steel band occur both in the case of a perpendic-
ular and tangential arrangement of the conductor (See
Fig. 2c and 2d). It should also be noted that at the mo-
ment of a short circuit, the filament of the electric lamp,
which acted as a load, ceased to emit light. This fact in-

Fig. 3. Air gap that is equal to the thickness of the wire insulation
and prevents the occurrence of a short circuit in the automobile
electrical system
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dicates that the consumer does not have enough power
for functioning at the moment of short circuit.

It should also be noted that the air gap between
the bare copper conductor and the steel band that is equal
to the thickness of the conductor insulation (in this case
its thickness is about 0.4 mm), prevents short-circuit,
in spite of the fact that according to the scheme in
Fig. 1a, the voltage is maintained in the circuit by means
of 51AH/280A battery and the filament of the electric
bulb emits light (Fig. 3).

It was found out with the help of ISM-6390LV scan-
ning microscope in the course of the morphological

500 pm

Fig. 4. The surface of a copper conductor destroyed in the pro-
cess of a short circuit at a voltage of 24 V (See Fig. 2a), at the in-
crease of 35 (@) and 200™ (b)

Table 1. Results of microanalysis of the section shown in Fig. 4b

Measure- Content of chemical element, % by mass
ment point

number (0] Mg | Al | Mn Fe Cu Zn
Range 1 2422 | — |1.14]0.64|58.26 | 4.48 | 8.62
Range2 [29.64|1.17/1.92| — | 6.66 |21.18 | 37.10
Range3 1834 — [196| — | 7.16 |59.65 | 10.00
Range 4 196 | — |2.88) - - [95.16| -

study of a fused fragment of copper conductor exposed
to the short circuit with the voltage of 24 V received
from 6ST190 battery (See Fig. 2a) that, in addition to
the microporosity, there are chemical elements relating
to the composition of the steel band on the surface of
the spherical fusion (Fig. 4, Table 1).

As can be seen from Table 1, there are chemical ele-
ments such as Fe, Zn, Mn, inherent in steel band on
the surface of spherical fusion. And iron on the surface

10 pm ¥

Fig. 5. The surface of a copper conductor destroyed in the pro-
cess of a short circuit at a voltage of 12 V (See Fig. 2b), at in-
crease of 37 (@), 200 (b) and 1300™ (c)
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Fig. 6. The surface of a steel strip with a copper conductor after
a short circuitat 12 V (See Fig. 2¢ and 2d) at the increase of 60 (@)
and 220 (b)

of copper is present fragmentarily, in the form of parti-
cles of a spherical shape. It should also be noted that
the temperature of the electric arc process is higher than
the peak firing temperature of a car, which is about
950 °C. Thus, the presence of chemical elements on
the surface of the fused copper conductor, which pre-
viously was not in its composition, can be only explain-
ed by the electric arc process.

It was established in the process of the study of
the copper conductor destroyed by short-circuiting at
a voltage of 12 V (See Fig. 2b, Fig. 5) that separate con-
ductors are fused together, micropores are observed on
the fused surface (See Fig. 5b), as well as micro craters
(See Fig. 5¢).

Fig. 6 shows the results of the study of the destroyed
surface of the steel band after a short circuit at a voltage
of 12 V (See Table 2).

As can be seen from Fig. 6a and Table 2, there are
observed spherical and drop-shaped particles of copper,
as well as a fragment of irregular shape with craters,
consisting of copper in the short-circuit area. There is
a “crater” with flat floor on the surface of steel band
(See Fig. 6b). The floor of the “crater” consists of iron

Table 2. Results of microanalysis of the section shown in Fig. 6a

Measur@- Content of chemical element, % by mass
m;lrllrtn%zlrnt (0] Mg | Al | Mn Fe Cu Ca
Range 1 13.37 | - - — | 3891 |46.65 -
Range2 |28.90 6 — — - |51.70 | 17.26 | —
Range 3 10.13 | - - - | 11.82|78.04 -
Range4 |19.20| — = — [69.59| 991 | —
Range 5 1191 - - — 4780|4029 -
Range 6 |27.73 1 0.69 | 0.80 | 0.36 | 59.35 | 7.50 | 0.38

Table 3. Results of microanalysis of the section shown in Fig. 6b

N Content of chemical element, % by mass
point number 0 cl Mn e Cu
Range 1 27.10 1.47 - 48.84 | 22.59
Range 2 15.96 1.96 = 72.17 9.92
Range 3 28.38 - - 50.42 | 21.20
Range 4 23.37 | 2.18 0.52 | 48.27 | 25.66

by 50-72 % (Table 3), and there are spherical and drop-
shaped particles of copper along its edges.

In the terminology of microtracology, the factors
listed above are microscopic traces that clearly demon-
strate that the cause of the damage to both the steel band
and the copper multifilament conductor was the electric
arc process in the form of a short circuit.

In Fig. 2d it is shown the destruction of the copper
conductor adhered to the steel band. If one side of
the conductor is damaged as a result of a short circuit,
the other side has been destroyed by current overload.

A stream pattern can be seen on the surface of
the copper conductor, as the result of the current over-
load. According to RD 50-672—88 “Guidelines. Strength
Calculations and Tests. Classification of Types of
Metals Fractures”, the stream pattern is an element of
the structure of the cleavage facets surface, which is
a system of convergent steps formed in the cleavage
face as aresult of the destruction of the bridges between
fragile microcracks propagating along parallel, closely
located crystallographic planes. The direction of merg-
ing of the cleavage steps in the stream pattern corre-
sponds to the crack propagation direction. A particular
case of a stream pattern is a fan-shaped pattern that
occurs if the cleavage steps converge within the facet.
It should be emphasized that the stream pattern is a sign
of a fragile fracture.

The studied samples of copper multifilament con-
ductors, as well the steel band were stored for 3 months
(which exceeds the average time for investigating fires),
in different conditions (indoors in the open air, indoors

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 5



anektroTextuka [

100 pum
—

20 pm
—

>y

Fig. 7. The nature of the fracture in the wire of a copper conductor
with current overload at the increase of 160 (@) and 600™ (b)

in a sealed package, in street conditions without water
access in a liquid aggregate state (without immersion in
water)). When comparing the samples, it is established
that the identified traces are stable and are not prone
to changes in the natural storage conditions (unless
the traces are destroyed deliberately).

Thus, as a result of study by means of scanning
microscopy method of fragments of the multifilament
copper conductor and steel band exposed to a short
circuit, the characteristic features are established that
allow one to identify the process that led to their dest-
ruction.

In conclusion, it should be noted that, in I. D. Cheshko’s
opinion [10] the use of the results of instrumental re-
search as an “intermediate product” in an expert fire in-
vestigation does not reduce their value as the most
important source of objective information without which
the conclusions about the cause of the fire will be un-
convincing.

Conclusion

It has been proved that some features can be fixed
on the fracture surfaces, including mass transfer that
allow to identify the electric arc mechanism of damages

formation in an electrical circuit with a voltage of 12 or

24 V in the case of a short circuit between a multifila-

ment copper conductor and a steel band imitating a car

body part.

In particular, such traces as a “crater” with a flat
floor and spherical and drop-shaped copper particles
located on its edges on the surface of the steel body part
are micro-traces of the electric arc process.

On the other hand, such features as microporosity,
micro craters, spherical iron particles on the destruction
surface of the destruction of a multifilament copper
conductor are also traces of short circuit.

Thus, unlike the current overload in case of a short
circuit in the automobile electrical system, the micro-
scopic traces are paired and are displayed both on
the copper conductor and on the car body part. This fact
makes it possible to quite easily differentiate the copper
conductor destruction mechanism. A short circuit is
identified by mass transfer, i. e., by the presence of iron
droplets on the fused surface of the copper conductor.
The external high-temperature exposure is determined
by the viscous nature of the fracture. In this case, the sur-
face of the fracture in the wires of the copper conductor
near the fusion has a cellular structure. Current over-
load is characterized by such features as the lack of mass
transfer and the fragile nature of the fracture. At the same
time, a stream pattern is observed on the surface of
the fracture in the wires of the copper conductor near
the fusion area.

It is shown that scanning microscopy can be used
in studying fusions of copper conductors not only as
an auxiliary method, but also as the main one in some
cases.

Examples are given that a short circuit in an auto-
mobile electrical system with 51AH/280A and 60AH/330A
rechargeable batteries often causes a sticking, fusing
and burning out of separate wires of a copper multifil-
ament conductor instead of a classical spherical fusion.

The following facts are clearly illustrated:

e there is not enough capacity for work continuation
for any consumer (including an electric bulb) at
the moment of a short circuit in an automobile
electric circuit;

o the air gap between the bare copper conductor and
the car body part without a paint coating equal to
the thickness of the insulation coating is sufficient
for preventing a short circuit in the automobile
electric system.

The present study found that the traces revealed on
the destroyed surfaces of copper multifilament conduc-
tors exposed to short circuit at a voltage of 12 or 24 V in
the electrical system, are stable and are not prone to
changes in natural storage conditions (unless the traces
are destroyed deliberately).
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The obtained results can be used for expert exami-  fire. In its turn, the knowledge of the technical cause
nation of multifilament copper conductors taken from  of the fire will make it possible to develop preventive
fire sites, as well as for establishing the mechanism of =~ measures and technical solutions aimed at its elimina-
their damage and, ultimately, the causes of the vehicle’s  tion.
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BBepeHune

TIporusonoxkapusie nperpabl pa3pabaTbIBAKOTCS yiKE
MHoTO Aecsatuietuit [1, 2]. Onnako k koHIy XX Beka
BBISICHHIIOCh, YTO JIOCTaTOYHO OE30IMaCHBIX U HaJICK-
HBIX METOJIOB M yCTPOMCTB, 00ECIIeYNBAIOIINX dPPeK-
THUBHYIO 3aIIUTy NOKaPHBIX U MOKAPHON TEXHUKH OT
TUTAMEHH U TETUIOBOTO M3IYUICHUS IOKApOB, MPAaKTHYC-
CKH He UMeeTcsl. TpaauiioHHbIe METOBI 00 CIICUCHIUS
0e30omacHoil pabOTHI MOKAPHBIX HA KPYITHBIX TOKapax
BKJTIOYAIOT B 05 B OCHOBHOM CPE/ICTBA HHIMBH/ Ty aJIb-
HOW 3aIlIUTHl TOKAPHBIX, B YACTHOCTHU CIICIIHATIBHYIO
3aIUTHYIO OJIEXKIY C MAKCUMaJbHON yCTOMUNBOCTHIO
K BO3/IEMCTBHIO TETIOBOTO moToka 18,0 kBt/ M” B Tede-

are 600-960 c. BeepHoe pacmbuieHue BoAbI 0cnadiaseT
TEIUIOBOM MOTOK BCero B 2—3 pasa, a TOHKOPACIbUICH-
Has BOJia, oJIyyaemast C IIOMOIIbI0 TPHUOOPOB BHICOKO-
rO JIaBJI€HUs, — BCET0 B 5—7 pas.

B nauane XXI Beka B Y30ekucrane ObLIO TEOPETH-
YeCKH 0OOCHOBAHO M JKCIEPUMEHTAIBHO OKA3aHO,
YTO BOASIHASA TUICHKA TOJILIMHON 0K0s10 200 MKM, TeHe-
pupyemast Ha METaJUTHUECKOH ceTkKe, 0ciadisieT maaa-
fouii Ter1oBoi motok B 45—100 pa3 u Gosee B 3aBUCH-
MOCTH OT €ro INIOTHOCTH. Hapsiy ¢ TeopeTndecknumMu
KCCIICIOBAaHUAMM I10 PEATTM3aLIK STOU UIEH C TOMOIIIBIO
Pa3IUYHBIX YCTPOICTB, a TAKKE CIIOCOOOB X MpUMe-
HEHUS Ha Pa3IMYHbBIX [10’KaPOONACHBIX 00bEeKTax ObLITH

© Vemanos M. X., Kynoawes A. X., Mysagpapos V. T., Exy6os V. A., Kynoawes U. X., 2018
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CPEACTBA U CNTOCOBDI TYLLEHWUA NOXXAPOB -

HayaTbl padOoTHI 10 pa3padoTKe, IPOU3BOICTBY U BHEI-
PCHHIO B HPAKTHKY MOKAPHOW OXpPaHBI PECITyOIHKH
HauboJiee TPOCTBIX MOJENEN TeIo3alluTHBIX dKpa-
HoB “COI'ZTIA”, mpenHa3Ha4eHHBIX AJIs 3aIIUTHI TI0-
JKapHBIX U TOBBIILIEHUS YPPEKTUBHOCTH TYLICHHUS T10-
’Kapos [3-5].

Llenbro 1 3agaueii HCCaea0BaHMsI IBISICTCS 0000111e-
HUE MHOTOJIETHETO ombiTa [0CcyIapcTBEHHON CTyKOBI
noxapHoi 6e3onacHoctu PecriyOnnku Y30ekucraH 1mo
OCHAIICHUIO MPOMBIIIICHHBIX HPEANPHATHH HedTe-
Ta30BOM U XMMHYECKON OTpacieil pa3IuaHbIMU MOJIe-
JISIMU TEIUIO3ALUTHBIX YKPAHOB, ONTUMAJILHOMY pas-
MEIIEHHIO UX, CI0C00aM UX IPUMEHEHUS U TOCTABKH,
00y4YeHHIO MOXApHBIX U WieHOB Jl0OpOBOJIBHBIX IO-
skapHbIX apyxuH (II1)]) npuMeHneHnto JaHHOTO HHHO-
BallMOHHOT0 000PYA0BaHUs, a TAKXKE OIBITA 10 UCTIOJIb-
30BaHUIO CIIELMATIbHBIX BUJIOB 9KPAHOB IIPU JIMKBUIA-
LMY aBapuil Ha ra30HeTAHBIX POHTAHAX.

AHanus onbiTa NPUMeHeHNs 3KpPaHOoB.
Pe3ynbTaTtbl

Ha omnom u3 3acenanuii yuenoro coeta Bricmiei
TEXHUYECKOHN IIKOJIBI TIOKapHOU Oe3omnacHoctn MBJ]
PecrryOnuku Y36ekucran B 1996 1. Oblta npeiioxkeHa
THITOTE3a O BO3MO)KHOCTHU OCJIA0JICHUS TETUIOBBIX IT0-
TOKOB B JICCSITKH pa3 TOHKOW BOISTHOH TUIEHKOH (OKOJIO
200 MKM), TeHepupyeMOi Ha MeTaluTmuecKol ceTke. [ -
1oTe3a MOJABEPINIACh KECTKOH KpuTHKe. JanpHenme
9KCIIEPUMEHTAJIbHbIE U TEOPETHUECKUE NCCIICIOBAHUS
B 9TOM HaIlpaBJICHUU IPOBOAMIIUCH C pa3peleHus Ha-
YabHHUKA [IKOJIbI B UHUIIMATHBHOM ITOPSIIKE COBMECT-
HO ¢ HCTUTYTOM 351eKTpoHUKH AKazieMuu Hayk Pec-
nyOnuKy Y30eKHucTaH.

B 1999 . na Gepery p. Yupuuk B npuropoae Tam-
KEHTA TPHU aKTHBHOM YYacTHH [JIaBHOTO YIpaBICHUS
noXkapHoi 6e3onacHocTH MUHHCTEPCTBAa BHYTPEHHUX
nen Pecniyonuku Y3oekucran (I'VYIIb MB/] PY) Obutn
[POBEICHBI KPYITHBIC HATYPHBIC UCTILITAHUS OMBITHBIX
00pa3ioB skpaHoB. C Tpex CTOPOH OIBITHOTO 00pa3ia
Kopuopa pazmepom 1,7x2,0x2,0 M ObUIT yIOXKEH IITa-
Oenb apoB BeicoTO 1,7 M. Ha paccrosHum 0,5 M oT
nrradeltst ObITM YCTaHOBJICHBI IIPOTUBOTIOKAPHAS TIpe-
rpanaa pazmepom 2,2x0,15 M 1 TeTo3anuTHBINA SKpaH
IUTSL 3aIUTHI CTBOJIBIIMKA CTAIIMOHAPHOTO JTaEeTHOTO
ctroia (CJIC). McnbiTanus co Bceit yOeTUTeTbHOCTBIO
JOKa3aJH KU3HECIIOCOOHOCTh NPEIIOKEHHON paHee
THITOTE3HI.

B mayane 2001 r. Ha oqHOM U3 0000 BaXKHBIX 00b-
SKTOB He(TEra30Boi OTpaciy BOIN3HU I. AHTPEH BBULY
CIIOKHOTO TOPHOTO penbeda pasMeIlleHne CTalnoHap-
HBIX Ja(eTHBIX CTBOJIOB BIOJb IBYXITYTHOH CIIMBOHA-
muBHOMU scrakansl (CHD) nmorpeboBaio ymeHbIIEHUS
PaACCTOSIHUS M@Ky HUMU U KeJIe3HOIOPOKHOM JTMHU-
e, YTO B CBOIO OUePE/Ib 3a/I€PIKUBATIO 3aITyCK TEXHOJIO-
THYECKOTO Tporiecca. BBeaeHue xe 1aHHOro 00beKTa B

CPOK UMEJIO CTPATErnueCcky BaKHOE 3HAYEHUE AJIS DKO-
HOMHMKH PECITyOIUKH.

B cBsi3u ¢ aTum Texunyeckuii coet ['YIIb MBI PY
I0J1 IpeiceaaTenbCcTBOM nonkoBHUKa A. X. Kynnamre-
Ba NPUHSJI OTBETCTBEHHOE PEIICHNE — HCI0JIb30BaTh
skpanbl “COI'JIA” B kauecTBe KOMIIEHCUPYIOLLEH MepbI
(F'OCT 12.1.004-91). DT0 pelreHue Ja0Ka3ao Imese-
C000pa3HOCTh MPUMEHEHHS TEIUIO3AIIUTHBIX SKPAHOB
“COI'TA” B moJqOOHBIX CUTYyaIIHSIX.

CBOEBpPEMEHHOE U KAYECTBEHHOE TEXHUYECKOE 00-
CIIy’)KMBaHHE TEIUIO3alIUTHBIX KPAaHOB B COOTBETCT-
BUU C PYKOBOACTBOM I10 9KCILTyaTalllu B LIeJIsAX coXpa-
HEHUS UX TAKTUKO-TEXHUYECKHX XapaKTepPUCTUK CJie-
JIaJI0 TETJI03alUTHBIE SKPaHbl Ha/Ie)KHOM 3aIIUTON JUIs
MOXAPHBIX, O YeM CBUJETEIbCTBYET |7-JIeTHSS mpak-
THKA UX UCIIOJIB30BaHMUS B 00EBOM pacueTe Ha JAHHOM
o0BeKTe.

OnbIT TYLIEHUs KPYIHBIX I10’KapOB € IPUMEHEHH-
€M HKPaHOB [10Ka3bIBAET LIUPOKUI CIEKTP UX BO3MOXK-
HOCTEH, a HE TOJNBKO HMCIIOJIb30BAHUE HUX B KauecCTBE
KOMITCHCUPYIOIEH MEpbI JJIsi COKpAIEHHUs] TPOTHBO-
MOXKAPHBIX PACCTOSHUI.

B anpene 1995 1. Ha TeppuTOpHH IPUPETHCOBOTO pe-
3epByapHOTrO Mapka, cocrosiero 3 BocbMmu PBC-5000,
pa3zeneHHbIX 00BAJIOBAaHUEM Ha JIBE IPYIIIbI, OJHOTO
U3 IPOMBILIUICHHBIX TPEANPHUATHI CTpaHbl TPOU3OILET
KPYIHBINA moxkap. JByXIyTHas ClIMBOHaJIMBHAs dCTa-
KaJla pacrojaranach Ha paccTossHuu okojo 100 m ot
CKJ1a/1a roprodero. Komruieke mpoTnBonokapHOM 3a1in-
Tl CHD cocrosn U3 cucTeMbl aBTOMaTHu4eCcKoro reHo-
TYLIEHHUS U BOCBMHU CTAllMOHAPHBIX Ja(ETHBIX CTBOJIOB,
pasMenieHHbIX B 15 M oT CHD TonbKO € TOM CTOPOHEL,
IJIe pacrojarajics peepByapHslii napk. Ha MomeHT Ha-
gana noxapa (B 11.20 mo MmecTHOMY BpeMEHN) Ha ITy-
TAX MOJ] 3arpy3KOi HAXOAMJIUCH JiBa COCTABA JKEJIE3HO-
JOPOXKHBIX IMCTepH. Ha HauajabHOM 3Tare pa3BUTHUS
noxkapa ObuH 3aaerictBoBanbl Bce CJIC n nmoxapHas
TeXHHUKa OTJeNbHON noxxapHoi uactu (2 ex. ALl-40 u
1 exn. AII-5). OqHako B CBSI3M C TEM YTO CHCTEMA aBTO-
MaTHYECKOI'0 IEHOTYIIEHUS U3-3a TEXHUUECKUX HEUcC-
npaBHOCTEH He cpaboTala, a pemaroliee HarnpapieHe
TyleHHs OblJIO BBIOPaHO HENPaBUIILHO, B TEUEHHE IIEP-
BbIX 15 MUH OBLI M3pacxomoBaH BECh 3arac MEHbI U
IIOPOLLKA, JIOKAIM30BaTh XK€ [10Kap He yaanock. OroHb
OXBaTHJI 002 COCTaBa, MOIOKEHHUE CTAI0 KPUTUICCKUM,
1 00CITY)KMBAIOIIUI TIEpCOHAN ObUT BBIHYXKICH OCTa-
BuTh CJIC 1 OTCTYNIUTB U3-32 PE3KO HApACTAIOIIEH TeIl-
JIOBOM pajualuu.

B 11.35 npubsinu emte yetsipe ALl-40, HauanbHUK
orpsiga monnonkoBHuk J. O. IlynmaroB, B3sB Ha ceOst
KOMaH/1I0BaHUE, HEMEJJIEHHO [IPECEK HauaBIIYyIOCs Ma-
HUKY U OpraHU30BaJl JIIOJEH, IOCTaBUB Mepel KaKIbIM
KOHKPETHYIO OOCBYIO 3a/1a4y:

e JIMYHOMY COCTaBY ITOXKaPHBIX NOAPA3/IEIICHUH C 10~

MOII[bIO IEPEHOCHBIX CPEJICTB TYLICHHUS 00ECIICUUTh
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- CPEACTBA U CNOCOBLI TYIHEHWA MOXAPOB

IICIIOHNPOBAHHYIO TETIOBYIO 3AIIUTY CO3IaHIEM
BOJISTHBIX 3aBeC, MpoaBUHYThes K CJIC u Bo30OHO-
BUTH UX paboTy, a 3aTeM, MPOJIBUHYBIINCH K OJu-
JKallleMy cocTaBy, COUTh Ha HEM IIIaMs;

e TIABHOMY MHXCHEPY 3aBOJ[a OPTraHU30BaTh paboTy
0 3aKPBITHIO KOIIMaM{ TOPJIOBUH TOPSIINX ITHC-
TEPH U BBIBECTH ITEPBEII cocTas ¢ Tepputopru CHO,
3areM MepeiTH KO BTOPOMY COCTaBY;

e oneparopam CJIC oxnaxknaTb LUCTEPHBI BTOPOIO
COCTaBa, MO/IaBasi Ha HUX CTPYH BOJIBI TIOBEPX TIEp-
BOTO COCTaBa.

CaMOOTBEPKEHHBIMH ICHCTBUSIMH YYaCTHUKOB
tymenus: nocraBieHHas PTII GoeBas 3amada Oblia
YCHELIHO pelieHa 0e3 NoTepb U CEPbE3HBIX TPABM.

AHau3 3TOro no)xapa O4eBHIHBIM 00pa30M JI0Ka-
3bIBacT HeoOxoanmocTs ocHamieHuss CJIC skpanamun
“COI'’JA-2A”.

Paspab6orannsie ['YIIb MB/I PY u HanpaBieHHbIC
BCEM ITOYKapHBIM TapHU30HAM PEKOMEHIANNH T10 MTPH-
MEHEHHIO TeTT03aUTHBIX dkpanoB “COT'JIA” nmenn
Ba)KHOE 3HAYCHUE JJISI IPAKTHUECKOTO MCIIOIB30BAHUS
MOCJICJTHUX Ha 0CO00 BaKHBIX 00BEKTaX WM Ha 00b-
eKTaX, UMCIOIINX TOBBIIICHHYIO MOXKApO- U B3PBIBO-
OIaCHOCTb.

2 nexabpst 2002 r. TOCTYNHIIO COOOILEHHE O BO3TO-
paHuM ra3oHe(TIHOTO (DOHTAHA IIPH €T0 aBAPUITHOM UC-
teueHnn Ha Kykaymanakckom Mectopoxaenun Kari-
KaJapbUHCKOI 0011, PecrryOnukn Y36ekucran. Bricora
utaMeHu cocTapisuia 6onee 90 M. [epen cnienmanmcra-
mu OOO “Enrun-Tex” nauansaukoMm ['YIIb MBJ] PV,
PTII nonkoBHuKoM A. X. KynanieBbim Oblia mmocTas-
JIeHa 3aJ1a4a B KpaTdyanInii CpPOK peain30BaTh Mpesio-
JKCHHYTO MM HJICI0 — HU3TOTOBUTDH TOJOBHOHN AJIEMEHT
TEeTJI03aIMTHOTO Kopuaopa. B reuenne 12 cyt Ha npen-
MIPHUATHH, OCHOBHOH 3a/1a4eil KOTOpOTo ObLIa pa3padoT-
Ka HOBBIX BOCTPEeOOBaHHBIX Mozeseli sxpanoB “COIJIA”
U BHEIPEHUE UX B MPAKTUKY CITY>KOBI IMOKAPHOU OX-
paHbl, ObUIO M3TOTOBJIEHO TEIJIO3ALIUTHOE YKPBITHE
“COI'TA” pasmepom 2,0x2,0x2,0 M, yCTaHOBJIIEHHOE
Ha caja3Ku U3 IBYX TpyO nuameTpom 40 MM C LENbIo
o0ecreunTh BO3SMOKHOCTh BOJIOUEHHS €T0 10 IeCYaHo-
My rpyHTy. CHCcTeMa paciblIeHHs BOIBI B dKPaHHUPY-
IONIMX TaHeNsIX Oblia caenana AyonupoBaHHON. Hau-
0oJ1e€ CIIOXKHBIM BOTIPOCOM, KOTOPBIN YAAJIOCh PELITUTh
3a CTOJIb KOPOTKUH CPOK, ObLIa cuCcTEMa BOJIOOYHCTKH.
Ternozamuraoe ykportue “COI'JIA” 6110 10oCTaBIIC-
HO W YCTQHOBJICHO HETIOCPEICTBCHHO PSIOM C OTHUM
U3 CTAaHJAPTHBIX YKPBITHH C TAOAPUTHBIMHU pa3MepaMu
6,0x2,0x2,0 M, N3TOTOBICHHBIX U3 ABYXCIOHNHOTO JIHC-
TOBOTO JKeJe3a, KOTOPBIe 0OBIYHO HCITOIB3YIOTCS B Ta-
KHX CIIy4asX M YCTaHABIHBAIOTCS Ha PACCTOSIHUU 25 M
BOKPYT YCThs (DOHTaHA.

ITonaBaemasi U3 MCKYCCTBEHHBIX BOJIOEMOB BOJa
ObLIa CHJIBHO 3arpsA3HEHa INIMHUCTBIMHU U MeCYaHbIMHU
MpUMECSIMH, TO3TOMY Obljia pa3padoTaHa AByXKacKa/l-

Hasi cucteMa QUIBTPOB JIJIs oOecriedeHus Oecriepedoi-
HO paboTsl ykpbeiTHs “COI'JIA”. Ha mepBoM Kackaje
OBLIM UCTIOJB30BAHBI (PHIIBTPHI, COCTOSIINE U3 OCHOB-
HOTO M 3aITaCHOTO (PHIIETPOB rpyOO0 OYMCTKH BOJIBI, KO-
TOPBIC 3aePKUBAIOT ITPUMECH pazmMepoM doree 1,5 M,
a Ha BTOPOM — Y€THIPE (PHIIBTPA TOHKOI OUMCTKY (OIUH
— OCHOBHOI M TPH — 3allaCHBIX), 3a/JCPKUBAIOIINE
puMecH pazmepom dosee 0,5 MM (puc. 1). uisTp rpy-
0oii ourcTkH ObLI pa3paboTaH TakUM 00pa3oM, 4ToO 3a
CYeT T0TOKA MPOXOAIIEH CKBO3b (HMIIBTP BOJBI OCY-
IECTBIIATACE €T0 CAMOOYHCTKA. 3a Bce BpeMs O0eBOi
9KCIUTyaTalluy B TedeHue 15 cyT Hu pasy He oTpedoBa-
JI0Ch MCTIOIb30BAHNE 3aMACHOTO (PHIIETPa rPyO0ii OurcT-
kd. OmBIT 9KCIUTyaTanuu (UIBTPOB TOHKOH OYHCTKH
MIOKa3aJl, YTO OHM TPEOYIOT MPO(PHIIAKTHIECKOTO OCMOT-
pa kaxnueie 6—8 4 paboThl. B nanpHeiieM ujaeu rmo-
JIOOHBIX (UIIBTPOB OBUIM MCIOIB30BAHBI TIPU MOJIEP-
HHU3AIMU Teruio3amuTHeIX 9kpanoB “COIJIA-1A” u
“COI'JA-1B”.

CranmapTHOE YKPBITHE U3 JINCTOBOTO JKelle3a He-
IPEPBIBHO OPOLIATIOCH BOAOH IS OXJIAXKICHUS CTCHOK.
BHyTpH YKPBITHS TOCTOSHHO HAaXOIWJIACH ACXKYpPHAs
CMeHa, B 00513aHHOCTb KOTOPO BXOAMIIO: HAOIIOICHHE
3a caMuM (DOHTAHOM; OOeCIeueHne BOIOOXJIKIACHHS
paboTaroleii psiioM TEeXHUKH; JICHCTBYS 110 yCTaHOBKE
JTaeTHBIX CTBOJIOB B HEIMIOCPE/ICTBEHHON OJIM30CTH OT
YCThA (I)OHTaHa B L CIIAX ITOAAa4YU BOABI B IIJIaMsL (I)OHTaHa
JUISL yMEHBIICHUS JTyYHCTOTO MIOTOKA; o0ecreueHune -
¢extuBHO pabotsr CJIC. HecMmoTpst Ha Bce MephI IO
OXJIQXKICHUIO BOJIOM MTPOCTPAHCTBA BHYTPH CTAHIIApPT-
HOI'0 YKPBITHSI, BBICOKasi TeMIIEparypa He I103BOJIsIa
JUTHTEIPHOE BpeMs HECTH cyxO0y (Oosee 2—4 u).

B otniame ot cTaHIapTHOTO YKPBITHS BHYTPH YKPBI-
tus “COT'JIA” remnieparypa Obu1a okoso 0 °C, Tak Kak
TETUTO3aLIUTHBIC TTAHENIN OTPAYKaIH TEIIOBBIC TIOTOKH
(onTaHa. 3acaceiBacMbIi II1aMeHeM (poHTaHA 3UMHUIT
BO3IyX U3 OKPY’KarOMIeH CpeIbl He YCIIeBal IIPOTPEThCS,

Puc. 1. dunsrpyromas cucrema ykpoitus “COLJIA”
Fig. 1. SOGDA filtering shelter system
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YTO U ONPENEIISIO HU3KYIO TEMIIEpaTypy BHYTPH YKPBbI-
s “COIJIA”.

ITocne cpe3anus npeBeHTOpa Xapakrep (GOHTaHU-
POBaHUs CKBRKMHBI M3MEHWIICS: BEPTUKAJIHHOE IIaMSs
(hoHTaHA MTEPEIIIO0 B PEKUM TOPH30HTAIEHOTO, PACIIBI-
JIIEMOT0 BO Bce CTOPOHBI ucTedenus. [loa Bo3aeiicTBu-
€M TUIaMEHHU B T€YeHHE KOPOTKOIO MPOMEXYTKa Bpe-
MEHH CTEHBI CTAHJIAPTHOTO METAIITUIECKOTO YKPBITHSI
HayaJM CWIBHO JiehopmMupoBarbes. Tonbko Oiaromapst
OIlEpaTUBHBIM AEUCTBUSAM PYKOBOAMUTEIS IPYIIIIBI 3aM-
navyaibauka ['YIIb MBJI PY nonkoBuuka A. H. Anuma-
TOBa yAAJIOCh CPOUHO MEPEANUCIONHUPOBATHCS B YKPBI-
tre “COI'JIA” 1 n30ekarb Cepbe3HBIX TPABM U YBEUHIA.
370 OBLTH IIEPBEIC YETBEPO JIOACH, ClTaCCHHBIE Oaro-
Japs Teruio3aluTHeIM SkpaHam “COTIA”.

Oco0o0 ciieryeT OTMETUTh, 9TO HarnboJiee OMaCHBIM
B ICWCTBHSIX €KY PHBIX TPYIII ABJSUIOCH 0OecriedeHre
a¢pdexTuBHON padoTel maderHsix crBosmoB CJIC-20,
YCTaHOBJICHHBIX B HEMOCPEICTBEHHOW ONM30CTH OT
yCThbsl (JOHTAHA — Ha PACCTOSHUM 5—7 M, uepe3 KOTo-
PpBIe ITOaBaJIMCh MOIITHBIE CTPYH BOJBI B CTBOJ (hPOHTA-
Ha. HeoOX0aMMOCTh IepHOIUIECKH BBHIOCTaTh U3-TI0]
YKPBITUS 17151 KOPPEKTUPOBKU HAINpaBJICHUS T0/aBa-
€MOIi BOJIbI M3 3THX, HE3AIUIICHHBIX CTBOJIOB IMpE/-
CTaBIISUIa HANOOBIIYIO OMACHOCTb.

B nanerelimem noxapHslii TapHn30H Kamikanaps-
MHCKOH 00J1. ObLIT YKOMITJIEKTOBAH YEThIPbMSI SKpaHAMHU
“COI'1A-4”, ocHaICHHBIMU Ja(eTHBIMH CTBOJIAMH
TTJIC-20, B 11emsiX OBBIIIEHHS O€30ITACHOCTH TIOKAPHBIX
[IpH JTUKBUIALINH aBAPUI HA Ta30HE(DTIHBIX MECTOPOXK-
JIeHusx (puc. 2).

Bce st roast Hayuno-ucciienoBarenbeckuil EHTP
Bpricrreld TeXHUYECKOH IIKOJIBI MTOYKapHO# 0e30macHo-
ctH (HpIHE MHCTUTYT nokapHOU O6e3omacHocT) MBJ]
PV u npennpusitue “Enrun-Tex” B MOCTOSIHHOM pe-
JKUME M3ydald pasindHble CIydand BO3TOPaHHUHN U I0-
TPEOHOCTH TPEANPUATHH He]TernepepadaTbiBaromei
OTpaciid B MOJIEPHU3ALIMH 3TUX SKpaHOB. IHTepeCcHbIM
0Ka3aJI0Chb MHEHUE HAualbHUKA BEJOMCTBEHHOH IO-
sapHoit oxpans! @epranckoro HIT3 (nanee — OHII3)
0 HeoOxonumocTu ocHaiars CHD He TObKO cTanuo-
HapHBIMH, HO U MepeJIBUKHBIMU dKpaHamu. [locTtymna-
T TaKKe MPEJUIOKEHUs M0 pa3paboTKe JIETKUX Mepe-
HOCHBIX MOJU(DUKAITUH TETI03aIUTHBIX SKPAHOB ISl
MCIO0JIb30BAHUS UX IIPU TYLLIEHUH Ha BEPXHUX IIOIIA[T-
Kax TEXHOJIOTMYECKUX YCTaHOBOK. [lepenBrkHbIE U T1e-
PEHOCHBIC MOU(DUKAIIUY AU ObI BO3MOXXHOCTH O0JI6e
3(h(}HEeKTUBHO MCIOJIB30BATH TEIUIO3AIUTHBIC YKPaHbI
Ha MPaKTHKE.

B pesynbrare 6611 pa3paboTaH nepeaBUKHON 3KpaH
“COI'TA-1A”, ocHaIllCHHBIH KOJIECHOI Tapoii u mpea-
HA3HAUCHHBIN JIJIS 3alIUTHI 3B€HA U3 JIBYX MOXKAPHBIX
(puc. 3). DkpaH oka3ajcs HACTOJBKO 3PPCKTHBHBIM,
YTO MO3BOJISUT IIOXKAPHBIM HE TOJIBKO TYIIUTh IOXKAPHI,
HO U 3aHMMATbhCs APYTMMH BHJIAMH padOT. DTOT BUT

Puc. 2. TernozaumrHsli 5xpaH “COI'JIA-4" co BCTpOESHHBIM J1a-
¢dernbv cTBosom ITJIC-20

Fig. 2. SOGDA-4 thermal-protection shield with the built-in fire-
fighting monitor PLS-20

Puc. 3. TerumozamutHeiii sxpan “COIJA-1A”
Fig. 3. SOGDA-1A thermal-protection shield

9KpaHa HaIles npuMeHeHue He Tosbko Ha CHO, Ho n Ha
JIPYTUX TTOKapOB3PBIBOOITACHBIX yYacTKaX 00bEKTOB.
Wnes mepeHOCHOTO CKIIaJHOTO SKpaHa WHAWBUY-
AJIbHOT'O MOJIb30BaHUSA [JIsI NPUMCHEHUS Ha BECPXHUX
IUTOIIAAKAX TEXHOJIOTUYECKHX YCTaHOBOK OKAa3alach
3HAYUTEIILHO OOJIee MPOAYKTUBHOM, YeM Mpe/noara-

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 5 m



- CPEACTBA U CNOCOBLI TYIHEHWA MOXAPOB

Joch u3HayasbHO. bosee 70 % moxxapoB NpoUCXOIUT B
JKHJIOM cekTope. ['abapuTHbIe pa3Meps (110 MIOIIaIn)
ckiaanoro skpana “COI'/JA-1B” npuHuMaIuch ucxo-
Jis U3 CTaHJIAPTHOM MUHUMAJIBHOM IIUPUHBI JIBEPU U
BBIOMPAJIMCH TAKUM 00pa3oM, YTOOBI X MOKHO OBLIO
MCTIONB30BaTh B )KUIIOM cektope, — 1,7x0,75 m (puc. 4).
KoMITakTHOCTb | JIETKOCTh 3KpaHa (Macca okoJio 12 kr)
MO3BOJISIFOT MIEPEBO3UTH €ro He ToJIbko Ha ALl, HO 1 Ha
ABTOMOOWJISIX TIEPBOM MTOMOIIIH, & Takke oOecreunBa-
0T BBICOKYIO ONEPaTUBHOCTb, 0€30MaCHOCTh CTBOJIb-
MMKa, Pa0OTAIOIIETO B MHOTOATAXXHBIX 3MaHUAX U Ha
BEPXHUX IUIOLIAJIKaX TEXHOJIOTUYECKUX YCTAaHOBOK.

[lepBuuHBIe cpeACTBa MOKAPOTYIICHHSI, KOTOPHIMA
COMIaCHO MPOTHUBONOKAPHBIM HOPMaM OCHALIAOTCS
MECTa BO3MO)KHBIX BO3TOPAHHH, HEPEIKO OKA3BIBAIOT-
cs Hea(ppeKTUBHBIMU: IPU OOJBIIMX PO3IUBAX JIETKO-
BocIameHstommxcs sxxuarocreit (JIBX) Ternosoii mo-
TOK HE TIO3BOJISIET MOXKAPHBIM MPUOJIM3UTHCS Ha ONTH-
MaJIbHOE U151 TyIeHust paccTosiHue. [1o mpeanoxennto
CICUATIICTOB-ITOKAPHBIX C OOJIBIIIM OIIBITOM PaOOTHI
Ha KPYIHBIX T0KapOOIACHBIX 00beKTax OBl pazpado-
TaH KOMIUIEKC MEPBUYHOTO ITOKAPOTYIICHHS, OCHa-
HICHHBIN TeruI03aIuTHBIM 9KpanoM “COITA” (puc. 5).
Ha ueTpipexkoiiecHOM pame pa3MeIaniuch OrHETY N -
tenu mapok OIT-50, OT1-10, OY-10, koma, 6arop u eM-
KOCTB C BOJION JUIs 0OecrieueHus: paboToCIOCOOHOCTH
9KpaHa B TEYEHUE HECKOJIBKUX MUHYT.

TakuM aBTOHOMHBIM KOMIUIEKCOM IEPBUIHOTO I10-
xapotyuenuss “COTZTA” nenecooOpa3Ho OCHaIIATh
HACOCHBIC /ISl TIEPEKaYKH HE()TEIPOAYKTOB, aBTOHA-
JUBHBIE ACTAKA/Ibl, TEXHOJIIOTHYecKue 30Hbl Ha HII3 u
Ipyrue OOBEKTHI CKIAIUPOBAHHUS HEPTEIPOTYKTOB,
/1€ BO3MOXKHbI aBapUiTHbIE UCTEUEHUS U TPOJIUBBI IIPO-
JyKTOB, JUIst 00€CTieueHuUs] BOSMOKHOCTH BBITTOJIHEHUS
MEePBUYHBIX JIelcTBUI co cTopoHnbl I/ npennpusarus
JI0 TIpHe3/1a TIOKAPHBIX MOAPa3ACTICHHIH.

Hapsiny ¢ pa3paboTKoii HOBBIX MOJEJICH SKpaHOB
“COI'/TIA” mpoBoamiack 0oJbIlas TEOpETHIECKAsK pa-
6ota 1o onpeneiacHuo 3HHEKTUBHOCTH UX HCITONB30-
BaHMS, BRIOOPY HAHOOJIEE ONTHMAIBHBIX MOACTICH /IS
Pa3IUYHBIX TO’KAPOOMACHBIX 0OBEKTOB.

Ha ocHOBaHUH pe3ybTaTOB 3TOM PadOTHI OBLIO HAYA-
TO OCHAIlEHUE TeTuTo3amuTHEIME dKpanamu “COIJIA”
MHOTHX 00beKTOB B Y30ekuctane: lllypranckoro I'XK,
Myb6apexkckoro ['XK, ®HII3, byxapckoro HII3 (mamee
— BHII3), AO “Maxkcam Yupunk”, Ynnabaackoii, AH-
rpeHckoit u [lanckoit HedTebas u T. 1.

Haubonee koMIIEKCHOE OCHAIIEHUE PAa3TnYHBIMU
mojensaMu dkpaHoB “COIJIA” ObLIO0 TOCTUTHYTO Ha
BHII3, 6naropaps copelictButo HavasbHuka YIIb YB/]
Byxapckoii 0011. KaH[I. TeXH. HayK, monkoBHuKa X. H. ITla-
puIIOBa, a Takxke pykosoacTBa BHII3, noxTopoB TexHU-
yeckux Hayk J. M. Cangaxmenosa u L. M. Cangaxme-
JIOBA.

Puc. 4. Ternozamurnsiii skpan “COI'IA-1B” B pa3sepHyTOM,
0OEBOM IIOJIOKEHUH (@) ¥ B CBEPHYTOM COCTOSIHUH (0)

Fig. 4. SOGDA-1B thermal-protection shield in a deployed, ope-
rational state («) and in a retracted state (b)

Puc. 5. Kommnekc nepsuynoro noxapotymenus “COI'JA”
Fig. 5. SOGDA primary fire-fighting system

[ToxapHbIe MOCTHI, yCTAaHOBICHHBIC B HaYaJle U B
koH1ie CHO, ObIIIH J0OCHAIIEHB! YETHIPbMS IIEPEIBUK-
HbiMH dKkpaHamu “COI'JJA-1A” no aBa B KaXKI0M.

Ha CHD na cranoHapHbIX JaeTHBIX YCTAHOBKaX
ObUIM ycTanoBJeHb 2kpanbl “COIIA-2A”. B camoii no-
skapHOU yacTh aproMoOun All-40 6buH 000PYI0BaHBI
KpeTuIeHUsIMA 7151 iepeBo3ku dkpanoB “COIJIA-1A”
(puc. 6).

B citydae BO3HUKHOBEHUS TTOYKapa Ha 00bEKTe ObLIT
YCTAaHOBJICH CIICAYIONINH MTOPSIOK NCIIONb30BaHUS K-
paHOB:

a) MpUOBIBIIKE MEPBBIMUA K MECTY IOKapa YICHBI
JIIJI mpucTynaroT K TYHIICHHIO TOKapa JaeTHBIMU
CTBOJIaMH 11071 3a1iuToi 3kpanoB “COIJIA-2A”;
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Puc. 6. Kpernenns nst nepeBosku 3kpanoB “COI'/IA-1A” Ha
ALL-40

Fig. 6. Mountings for transportation of shields SOGDA-1A
mounted on the tank truck ATs-40

0) sKuIax 0ObEKTOBON MOXKAPHOU YacTH, MPUOBIB
Ha MeCTO noxapa u cHsB ¢ AL[-40 nepeaBMKHBIE SKpa-
Hbl “COI'JIA-1A”, moj ux 3alIUToi HAYMHAET TYIICHUE
noxapa, npuMeHsist Hauobosee 3(ppexTuBHbBIE CpeCTBA
TYIICHHUS;

B) MPUOBIBILIKE IO BEI30BY K MECTY TIOKapa O0eBbIe
SKHIIAXH TapHU30HA (TOPOJICKOTO UM PalilOHHOTO) B
LEeJISIX OTPpaHWYEHHS PacpOCTPaHEeHUs ToYKapa Ha 00JTb-
KM€ TIONIAIA ¥ ONIEPATUBHOW JIMKBUIALIMHU €TO C MU-
HUMAaJIBHBIMH TIOTEPSMHU UCTIOIB3YIOT JIJIsl MAKCHMAITb-
HOTO IIPUOJIMKEHUS K O4ary rokapa 4eThIpe MepeIBHK-
HbIx 9kpana “COI'JIA-1A”, pa3MeneHHbIX Ha TOXap-
HBIX IMocTax B Haudase u konne CHD.

Hauanbnuk otnena noxapHoii 6ezonacHoctr BHIT3
OTMEYaeT BBICOKYIO 3((PEKTHBHOCTD TEIUTO3AITUTHBIX
skpanoB “COI'JIA” mpu TylIeHnr UMATHPOBAHHBIX TI0-
skapoB Ha CHD (puc. 7) 1 B MecTax XpaHEHUS KHUIKOTO
rasa B X0/l MTOYKapHO-TAKTHYCCKUX YUYCHHUH (puc. 8).

Kaxk 0p110 YKa3aHO BBIIIE, HECKOIBKIMHU KOMITICK-
camu iepBuuHoro nokapotymenus “COIJIA” na BHIT3
OBLIIM OCHAIICHBI HACOCHASI JJIS IIEpEKaYKu HeTernpo-
JIyKTOB, aBTOHAJIMBHAs 3CTAKa/1a, TEXHOJIOINYECKHUE 30HbI
U JIpyTUe 10’KapooIacHbIe y4acTKH, I71€ BO3MOXKHBI aBa-
pHITHBIC HCTEUCHHS U IIPOIUBEI HEPTEIIPOIYKTOB.

Ha puc. 9 npencrarieH pparMeHT oTpabOTKH ek -
ctBuii wienoB JII1J] 00bekTa 110 UCIIOIB30BAHUIO KOM-
JieKca nepBU4HOro noxkaporyuenus “COIJIA”.

CucreMaTndeckoe MPOBeICHIE YICHUH ¢ 0TpadboT-
KOM MpakTUYECKHUX METOJOB NPUMEHEHHUs IKPaHOB
CI0COOCTBYET 00ECICUCHHUIO ITOCTOSIHHOW 00€BOi T0-
TOBHOCTH ¥ 3(P(PEKTUBHOTO HCIIOIH30BAHHS YKPAHOB.
Tak, HapuMep, Ha YYEHHSIX, IPOBOAUMBIX €XKEKBap-
tanbHO Ha BHII3, oTpabarbiBatoTCsi METOBI IPAKTH-
YECKOT'0 PUMEHEHHsI SKPAHOB JIMYHBIM COCTAaBOM I10-
JKApHON OXpaHbI U JOOPOBOJIILHON MOXKAPHOH APYKH-
HOIi (cM. puc. 7-9).

Taxum 00pa3oM, OMBIT TPUMEHEHHS TeTI03aIUT-
HBI 3kpaHoB “COI'JIA” B Y30ekucTtane Ha moxapo-

Puc. 7. IloxkapHo-TakTHUECKHE YUEHUS MO JTUKBUIAINHU [TOKapa
Ha CHD

Fig. 7. Fire-fighting tactical exercises to eliminate the fire on
the loading and unloading rack

Puc. 8. Orpabotka nmeiictBuii unenamu 1/ oO6vexTa mo uc-
nosib3oBanuio dkpana “COI'JIA-2A” B MecTax XpaHEHHs KU/
KOTO Ta3a

Fig. 8. The scenario of actions taken by members of the facility
Voluntary Fire Brigade (VFB) on the use of the SOGDA-2A
shield in liquid gas storage locations

BIBE

Puc. 9. Orpa6otka unenamu [AT1]] 06bekTa AeHCTBHUIA IO HCTIONb-
30BaHMIO KOMIUIEKCA NTepBUYHOro noxapotrymenus “COI'JJA”

Fig. 9. The scenario of actions taken by the facility’s VBF mem-
bers on the use of the primary fire-fighting system SOGDA
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oracHbIX 00beKTax Ha mpumepe byxapckoro HIT3 noka-

3BIBACT, YTO OHH TTOBBIIIAIOT 0OEBYIO TOTOBHOCTD JINI-

Horo coctaBa u wieHoB J[I1J] oObekTa B ciydae BO3-

HUKHOBEHWUs upe3Bbrruaiinoi cutyanuu (UC), 3ammima-

10T MX JKU3Hb U 3I0POBBE IPH BBIOIHEHHNA OOEBBIX

3a]1a4 110 JINKBUIAIMH aBAPHiL, 2 TAKIKE PE3KO MOBBIIIA-
10T 9P PEKTUBHOCTD TYILICHUS OKAPOB.

Heo0xoaumo oTMeTHTh, YTO Ha 00BbEKTax HedTe-
ra3oBOro KOMIUIEKCa OOBEKTUBHO CYIIECTBYET OU€Hb
CJIO)KHAs TTO’KapOB3PhIBOONACHAsE 00CTaHOBKA, TPeOy-
Iolasi PEe3KOro MOBBINICHUSI YPOBHS WX MPOTHUBOTIO-
JKapHOH 3auThl [6—8]. D10l nmpodiieMoii cTanu uHTe-
pecoBaThCs HE TOJIBKO B Y30ekucrane, HO u B Poccun,
u 3a pyoexom [9-18].

B 3axiroueHne 0cobo cienyer OTMETHTh MHOTO-
JeTHEEe M TUIOAOTBOPHOE COTPYIHHUYECTBO C POCCHIHA-
ckuMu yaeHbiMu H. H. BpynuimackuM (Ti1aBHBI KOop-
IITHATOP COBMECTHBIX Y30CKCKO-POCCHUCKUX UCCIIEIO-
Banui), E. A. CepeOpennnkoBsiM, H. I1. KonbuioBbim,
B. JI. KaprioBeim, P. A. SIiinusta v ¢ qpyTruMu CTIeIHaIn-
CTaMHU-TIpaKTUKaMH, a Takxke ¢ corpyaaukamu OO0
“CreulloxTex” (renepanbubiii nupextop B. 0. um-
KO) 110 Pa3BUTHUIO JaHHOH TexHosoruu. IIpoBenenHoe
o 3ananuto ['aznpoma PO u ipu ero puHaHCcoOBOM o~
nepxkke B2010u 2011 rr. Ha nomurone ®I'Y BHUUTIO
MYC PO B OpenOyprckoii 0011, SKCIIepUMEHTaIbHOE
M3y4YeHUE BO3MOKHOCTEH 6€30MacHOro paccesiHusl na-
POra3oBBIX 00JIAKOB, 00PA3YIOIUXCS MIPU aBAPUHHOM
UCTEUCHUH CXIKEHHOTO IpupoaHoro rasza (CIII) u3
MaJIbIX €eMKOCTeH, mokasaio [19], uro sxpanbl obnaa-
0T PSJIOM JOTIOTHUTEIbHBIX YHUKAIBHBIX CBOMCTB, KO-
TOPBIC MTO3BOJISIOT:

e 00ecTeYnTh KOHTPOJH HAJl HAIIPABICHNUEM PacIIpo-
CTpaHCHUS B3PBIBOIIOKAPOOIIACHBIX T'a30B, a TAKKE
OITaCHBIX Ta30B (XMMHUYECKH aKTHBHBIX Ta30B MpU
aBapUsIX Ha XUMUYECKUX MIPEINPHSITUSIXK; Ta30B, CO-
JeprKalluX paJuOHYKIUAbI, IpH aBapusix Ha ADC);

e B Cllydyae BO3HUKHOBEHHMS B3pbIBA MOKAPOOIACHO-
r0 Ta3a OTPaHMYUTh PACIPOCTpaHEHHE B3pbIBa 3a
MIpeAeTIbl OTPaXKICHHON 9KpaHaMH 30HbI ¥ TIOTaCUTh
MoXkap BHYTPH €e€.

Kak BUIHO 13 BBIIIIEU3II0KEHHOT0, 00a 3TH H300pe-
terns [20, 21] mpeacTaBisaioT co60il MPOPHIBHYIO HH-
HOBAIIMOHHYIO TEXHOJIOTHIO HE TOJBKO B OOJACTH TIO-
YKapHO# 0€3011aCHOCTH, HO U B 00JIee MMPOKKX chepax
oOecrieueHns 0€30ITaCHOCTH B )KU3HECATEITBHOCTH Ye-
noBeka. [IpoBenenne qabHEUIINX CCIIEOBAHMI 110~
3BOJIUT OTKPBITH ITUPOKHE BO3MOKHOCTH JJISI CO3/IAHHS
COTEH YCTPOWCTB, PEATM3YIOIINX 3Ty TEXHOJIOTHIO [22].

BbiBOAbI

Bonee uem 3a 15 neT UCTIONB30BAHUS PA3IUIHBIX
BUJIOB TEIUIO3AIUTHBIX SKPAHOB Ha MPEANPHATUAX He]-
TEra30XMMHUYIECKONH OTpaciau ObUTH pa3paboTaHbl HaM-

0oJsiee ONTUMAaNIbHBIE MOAH(DHUKAIINN SKPAHOB OT/EIb-
HO JIJIS1 KaXKJIOTO M3 IT0YKAPOB3PHIBOOIIACHBIX YIaCTKOB
00BEKTOB B 3aBUCUMOCTH OT CTETIeHH UX pucka. K mpu-
Mepy, pe3epByapHbIe TapKU, aBTOMOOMIIEHBIC U JKEIIe3-
HOJIOPO’KHBIC CITMBOHAITUBHBIC CTAKAIbI, CKIIAIBI Hed-
TEMPOIYKTOB B OOYKOTape, aBTO3AIPABOYHBIC CTAHIIUH,
a TaKk)Ke MOYKapHbIe 4YaCTH Ha 0C000 BAYKHBIX 00BEKTax
PEKOMEHJIOBAaHO OCHAIATh MEPEABHKHBIMU TEILIO-
3aIUTHBIMU DKpPaHaMH, a CTallMOHApHBIC NadeTHhIE
CTBOJIbI — CTAIIMOHAPHBIM TETIIO3AIUTHBIM SKPaHOM,
00eCTIeunBaIOMINM 3aIIUTY ONepaTopa CTBOJA OT Tell-
JIOBOTO M3ITyYEHHSI OONBIION HHTCHCUBHOCTH.

YKOMILIEKTOBaHHE Ha 0CO00 BAKHBIX 00BEKTAX JIa-
(ETHBIX CTBOJIOB CTAIMOHAPHBIMH TEILIO3ALIHTHBIMHU
9KpaHAMH U OCHAIICHHE TOXKAPHBIX YacTEH M BBIIIC-
MEPEYHCICHHBIX YUYACTKOB C BBICOKMM YPOBHEM PHUCKa
HEPEBUKHBIMU U TIEPCHOCHBIMHA MHMBHIYaTbHBIMU
TEIUIO3alIUTHBIMH DKpaHaMH, 0e3yCIIOBHO, Oy/ET CIIo-
co0CTBOBaTh 00ECIIEUCHUIO TPEOYEMOT0 YPOBHS IPOTH-
BOITOKapPHON 3aIUTHI TIO’KapOB3PHIBOOIIACHBIX Y9acT-
KOB CTPaTErMIeCKUX 0OBEKTOB SKOHOMHUKH.

[pomreiie 60eBbIC HCIBITAHMS HA TA30HEPTSHBIX
(honranax ykpeitus “COI'JIA”, npenHa3HaueHHBIE IS
3aIUTHI ASKYPHBIX CMEH, a Takxke yKpbiTus “COIJIA-4”
JUTSE Ta)eTHBIX CTBOJIOB, yCTAaHABIMBAEMbIX B HETIOCPE/I-
CTBEHHOH OJM30CTH OT yCThs (DOHTAHA W MOJAFOIIUX
BOJTy B I1amsi (JOHTAHa, MoKa3aiu ceOs Kak He3aMeHH-
MBIC M YHUKAJIBHBIEC CPE/ICTBA 3AIUTHI OKAPHBIX.

Kpowme Toro, mposenennsie B 2010 u 2011 rr. Ha mmo-
murone ®I'Y BHUUIIO MYC P® skcniepumeHTalb-
HbIE HCCIIeI0BaHMs BO3MOXKHOCTEH Oe30macHoro pac-
CesHUS Mapora3oBbIX OOJIAKOB, OOPa3yIOLIUXCS IMPHU
aBapuitHoM ucteuenun CIII" n3 mansix eMkocTeii, mo-
Ka3alld, YTO TEeIJIO3al[UTHBIE dKpaHbl 00IaaarT J0-
MOJIHUTEJIbHBIMHA YHUKAJIbHBIMUA CBOHCTBAMH, TIO3BOJISI-
IOITMMH HE TOJIBKO 00€CIIeunTh KOHTPOIIb HaJl HAlpaB-
JICHUEM pACIPOCTPAHCHHS B3PBHIBOIMOKAPOOIIACHBIX
ra3oB, HO M TIPEIOTBPATUTH PACIPOCTPAHEHUE B3PHIBA
3a Mpeaensl OTPaXKICHHON dKpaHaMU 30HBI TIPH BO3-
HUKHOBEHHH €0 BO B3PBIBOOIIACHOM CPEJIC U ITOTACHTh
MOKap BHYTPH ATOH 30HBI.

Takum 00pas3om, Ucciea0BaHus BBISBHIIM, YTO Ha-
yuHasi uaes “ocyiabiIeHUs! TEIUIOBOTO IMOTOKA™ Mpea-
CTaBJISIET COOOW TIPOPHIBHYIO HHHOBAIMOHHYIO TEXHO-
JIOTHIO HE TONBKO B 00JIaCTH OXKAaPHOM O€301IaCHOCTH,
HO ¥ B OoJiee MHUPOKHUX cepax odecriedeHust 6e3ormac-
HOCTH B JKU3HENEATEIBHOCTH YesloBeKa. JJanpHelnmasn
peanm3aIysi NCCIeIOBaHUI HAa OCHOBE dTOH HayIHOM
UICH MO3BOJUT OTKPHITH MIUPOKHE BOZMOYKHOCTHU ISt
CO3/1aHUSl COTEH YCTPOWCTB, PEANU3YIOIUX IaHHYIO
TEXHOJIOTHIO0 (00JIee MOAPOOHYI0 HHPOPMAITUIO MOKHO
MOCMOTPETh HA caiiTax www.sogda.uz, a Takke Www.
specpozhtech.ru.)
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ABSTRACT

English

Goal. The aim and objective of the study is to summarize the long-term experience of the State Fire
Safety Service of the Republic of Uzbekistan in equipping the industrial enterprises of the oil and gas
and chemical industries with various models of thermal-protection shields, their optimal location,
methods of their application and delivery, training of firefighters and members of the Voluntary Fire
Brigade (VFB) in the application of this innovative equipment, as well as the experience in application

of special types of shields in the elimination of accidents at oil and gas gushers.

Review of experience in application of the shields. Outputs. The experience of using SOGDA
thermal-protection shields at fire hazardous facilities in Uzbekistan, as evidenced by the example of
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the Bukhara Oil Refinery Plant, shows that they increase the operational readiness of the force and
VFB members of the facility in the event of an emergency, protect their life and health during
the elimination of accidents, which will obviously improve fire-fighting efficiency. Thermal-protec-
tion shields SOGDA are adopted by such large facilities in the Republic of Uzbekistan as the Bukhara
Oil Refinery Plant (refinery), the Fergana refinery, etc.

Conclusions. In more than 15 years of using different types of thermal-protection shields by the
companies in the oil and gas chemical industry, their most rational modifications have been developed
separately for each of the fire and explosion hazardous sites of the facilities, depending on their risk
degree. For example, tank batteries, truck and rail loading and unloading racks, barrel storage
warehouses for oil products, gas stations, as well as fire-fighting stations at highly important facilities
are recommended to be equipped with mobile thermal-protection shields, and for fixed fire-fighting
monitors a stationary thermal-protection shield, which protects the operator of the monitor against
high intensity thermal radiation, is recommended.

Further research showed that the scientific idea of “attenuation of heat flow” represents a break-
through innovative technology not only in the field of fire safety, but also in wider areas ensuring
safety of human activities. The implementation of research based on this scientific idea will open wide
opportunities for creating hundreds of devices implementing this technology.

Keywords: thermal-protection shields; attenuation of heat flows; oil and gas gushers; tank battery;
loading and unloading rack; pumping station; prospects.
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HOBbIE CPEACTBA OBECINEYEHNA 5BAKYAL A
B OBLLECTBEHHbIX 3JAHUAX C MACCOBbIM
NMPEEbIBAHUEM JIIOLEN

MoKka3aHo, YTO HOBbIN MUHW-OMHETYLLIUTENb NPEBOCXOAMNT CYLLECTBYIOLLME OTHETYLIMUTENN KaK B Kave-
CTBEHHOM OTHOLLeHMI (obecneyrBas BO3MOXHOCTb 3BaKyaLMn 1 He30MacHOro TylleHns ropsaiiei
OfleX[ibl Ha YefloBeke), Tak 1 Mo CBOMM XapakTepucTikam (3hdekTMBHOCTA, 0anbHOCTU, MacLLTaby
BO30ENCTBMA, CTeneHn 6e3onacHocTn). OBOCHOBLIBAETCA HEODXOAMMOCTb LUMPOKOTO BHEOpPEeHUs
YHUKaNbHbIX KOMMAKTHbIX YCTPOWUCTB OCaXKAeHWs AbiMa B NPaKTVKy obecrneveHus 3Bakyaumm 13 ob-
LLeCTBEHHbIX 3[aHWIA, B YaCTHOCTM U3 TOProBbIX LIEHTPOB. PaccMaTpyBaeTCs pacnbinnTeSlb HOBOW KOH-
CTPYKLMW, HE UMEIOLLINIA OrPaHUYeHUI NS NPUMEHEeHNs B 00LLeCTBEHHbIX 30aHMAX C MAaCCOBbIM Mpe-
ObiBaHWeM niogen. LaloTcs onvcaHne 1 aHanm3 aKcnepruMeHToB. Pa3paboTaHbl pekoMeHaaummn no
MPUMEHEHUIO pacnblnnTens, obcyxXaaeTcs AanbHelllee pa3BuTe ero KOHCTPYKLUMN.

KnioueBble cfloBa: TOProBo-pa3BiiekaTeSlbHbIA KOMMIEKC; MOXap; TOKCUYHbIW AbIM; 3BaKyaLs; M-
MyJbCHbI OTHETYLINTENb; OCaXAeHMe ObiMa; COMBaHMe NnaMeHn; obecrnedeHne nyTen sBakyaumu.

DOI: 10.18322/PVB.2018.27.05.61-69

BBepeHune

AXKTyanbHOCTL paccMaTpuBaeMo IpoOIeMbl OObACHS-
€TCsI MHOTOYHCIICHHBIMU (DaKTaMu MacCOBOU Tudenu
JIIOJICH OT TOKCUYHOTO JIbIMa TIPH TI0YKapax Ha JUCKO-
TeKax, B TOProBo-pa3piekareiabHbix nentpax (TPL) u
JpyTux oOIIeCTBEHHBIX 3JaHUsAX. B cTaThe 000CHOBBI-
BaeTCst HEOOXOJMMOCTbh IIMPOKOTO BHEAPEHHU S YHUKAIIb-
HBIX KOMITAKTHBIX YCTPOUCTB OCAXKIACHUS JbIMA B ITPaK-
THUKY 00eCIIeYeHHs IBaKyaIliH U3 OOIIECTBEHHBIX 3/1a-
HUH, B YaCTHOCTH W3 TOPTOBBIX LIEHTPOB. HeoOxomu-
MOCTh Pa3paOOTKH U MPOU3BOACTBA TAKMX YCTPOMCTB
00yCJIOBIICHa OTCYTCTBHEM HEJIOPOTHX, KOMITAKTHBIX,
JIOJITOBEYHBIX TEXHUYECKUX CPEICTB, CIIOCOOHBIX (-
(hEeKTHBHO OCaXKIATh JIIM U COMBATH IIJIAMsI XOTS ObI Ha
yuactke 5—10 M JuIs oOecriedeHus: BO3SMOXKHOCTH 3Ba-
KyalluH JIFOJICH B 6€30IMacHOE MECTO.

AHnanu3upys ypoBeHb noxxapHoro pucka B TPI, co-
CTOSIHME€ TEXHUKH, OOCCIIEUMBAIONIEH WX MPOTUBOIIO-
JKapHYIO 3alUTY U 9BAKYaIlUIO U3 HUX, MHOTHE aBTOPBI

[1, 2] orMeuaroT, 4TO €e HBIHEIIHEE COCTOSIHUE HE CO-
OTBETCTBYET ypPOBHIO moxkapHoul omacHoctu TPII.
B Poccun m BO MHOTHX TIPOMBIIIUIEHHO PAa3BUTHIX CTPa-
Hax MHOTIOKPAaTHO U ¢ MHOTOYHCJIEHHBIMH JKEPTBAMHU
BO3HHUKAJIM [10’Kapbl B IOMaxX MHBAJIUI0B, IOMEILEHUIX
JUCKOTeK, OonbHMIAX, TPI] u Apyrux aHagorHYHBIX
3nanusx [2, 3]. Tak, Hanpumep, MOCIEAHUA pa3pyIn-
TEJIbHBIN MMOXKAp BO3HUK B CAMOM OOJIBIIIOM TOPTOBO-
pas3BieKaTeabHOM KoMmIuiekce I'epmanum “EBpomna-
[Tapkunr” (maii 2018 ).

OcHOBHOI 0COOCHHOCTBIO pa3BUTHS Hoxkapa B TPL]
SIBIISICTCS] €r0 OOHApYKEHHUE, KOTJIa IIaMs U JbIM yKe
OBICTPO PACTIPOCTPAHSIIOTCS IT0 TIOMEIICHHSM B PE3YiIb-
TaTe HEHOPMATUBHOI'O IPUMEHEHU S JIETKOBOCILIAMEH -
EMBIX U CHIIFHOTOPIOYUX OTCIIOYHBIX, OOJTHIIOBOTHBIX
MaTepHaloB, BBIICISIONINX IIPH IT0XKaPEe TYCTHIE KITyOBl
CUJIBHO S,TIOBUTOTO JibIMa [ 3, 4]. Jletn u jaxke B3pociibie
HEpeIKO HE YCIEBAIOT MOKUHYTH MOMELICHHUS H3-3a
OBICTPO PACIPOCTPAHSAIOLIUXCS KIyOOB JbIMa, YTO XO-
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pOIIO BUIHO Ha 3alUCSIX BUICOKaMep HaOIIONEHHS.
ITo 270l e npuuKHEe U CIaCeHHEe UX 3aTPyIHEHO: 10-
JKapHBIe, OXPaHHHUKH, TOOPOBOJIBIIBI, CIIACAIOIIUE JIIO-
Jiell, caMu MOT'YT BHE3aITHO MIOTEPSITh CO3HAHUE.

B TPIl ¢pyHKIMOHUPYIOT KHHOTEATPHI, (QYIKOPTHI,
CYIEePMAaKEThI JJIEKTPOHUKH, TIPOJIOBOIBCTBEHHBIC Ma-
ra3uHbl, OOYJIMHI, JETCKUI LEHTP C aTTpakLUHuOHaMH,
otaeneHusi 6aHkoB. [Ipu BceM OOMIIMM COBPEMEHHOM
TEXHUKH, CITy>kalei narepecam 6nusneca, B TPI] vacto
HE pabOoTaIOT CUCTEMBI OMOBEIICHUS, KOTOPHIC OTKIIIO-
4alT BO M30EKaHWE JIOKHBIX cpabarbiBaHuii [2, 4].
Bunanenwsipr TPL] sxoHOMSIT Ha 0o0Jiee COBEPIICHHBIX
JaTYHKaX, MX TyOIUPOBAHUY U aHATUTHICCKUX MOMY-
JSIX, MPAKTUYECKH MCKIIIOYAIOIINX JIOKHYIO TPEBOTY.
Kpome Toro, yacto He paboTalOT CHPHUHKIEPHBIE U
JPEHYEPHBIE CUCTEMbI OPOLIEHUS, 3aKPbIBAIOTCS Ba-
KyallMOHHbIE BBIXOJIbI, YTO OTHOCHUTCS K TPYOBIM Hapy-
IICHUSM TIPABUI TEXHUKU OC30MACHOCTH CO CTOPOHBI
agMuHuCTpanuu u oxpansl TPII.

TuIoBbIC MPOEKTHI ACIIEBO ¥ OBICTPO BO3BOAMMBIX
3aHUI TOPrOBBIX LIEHTPOB OTJIMYAIOTCS BBICOKOH IO-
KapOOMacHOCTHI0. OCOOEHHOCTH NX KOHCTPYKITHIA, Ma-
TEPUAITBI OT/ICNKH, TOPOJIOHOBBIE MaThl B HTPOBBIX 30HAX
U IPYTHE aHaJOTUIHBIE (JaKTOPHI CLIOCOOCTBYIOT OBICT-
POMY pactpoCTpaHEHHIO TNIAMEHU M TOKCUYHOTO JIbIMa,
OTpE3aloLIUX MyTH BaKyalliH, YTO MOBBIIIAET BEPO-
STHOCTh THOeNnn Jrofeii. Eme pe3ynbrarsl pacciesno-
BaHUS KaTaCTPOPUIECKOTO TIOKApa B TOPrOBO-pasBlie-
KatesbHOM wLeHTpe “Aamwupan” (r. Kazanp, 2015 1)
KpPacCHOPEYMBO MOATBEPAMIN BBIBOJbI CIIELUAINCTOB
000 “Colliers International”, cTposiiiero 6pICTpOBO3-
BOJMMbIE 31aHus: ““Henb3s nepenesbiBath ctapble Oe-
TOHHBIE 3/IaHHSI B HOBBIE C TIOMOIILIO OBICTPOBO3BOJIH-
MBIX KOHCTPYKIIHIA, TeM Oosiee B MaciutabHble TPL —
3TO HYKHO CTPOro 3anpeTuth. OHAKO TaKUX 37aHUN
TPLI MHOTO, 3aKpBITh UX HEPEAIbHO — KaKUE JKe JIpy-
TUe IMyTH MOXKHO MPEeIOKUTE?” [2].

B TPLI 1 1pyrux noxapoornacHbIX 001IeCTBEHHBIX
MeCTax CO CJIOKHBIMU IPOTSKEHHBIMH ITyTSAMU 3BaKY-
AUy JIETSIM HeJb3s HaxoauThes Oe3 poaureneil. Kak
ToKasalia, HalpuMep, Tpareausi B KeMEpOBCKOM “3uM-
HEW BUIIHE”, Ha JETCKUX CeaHCaX B KHWHOTearpax,
MIPEJCTABICHUSAX B T€aTPax U Ha IUCKOTEKaxX HECOBEP-
IICHHOJICTHHE JTOJKHBI HAXOIUTHCS TIO/T HAOTIOACHIEM
KBaTU(UIIUPOBAHHOTO EPCOHAA, B TOM YHCJIC OXPaH-
HUKOB, 00yYeHHBIX OpPTaHU3allMU HBaKyallud U PEry-
JSIPHO TpeHUpyrowmuxca. Mbl nipeaaraéM OCHaCTUTh
OXpaHHBIE CTPYKTYPHI 3()(HEKTUBHBIMU KOMIIAKTHBIMHU
pacHbUIMTENAMHU JUIsl OCAXKIEHUS W HeWTpanu3aluu
TOKCHYHOTO JIbIMa, COMBaHUs TUIAMEHH B LIEJIsIX 00ec-
neyeHus 0e30MacHOro MMy TH ABaKyaluu. Pacnbuiurenn
YAOOHBI JUIS HOIIEHUS (HAallpUMep, Ha M0sce) U MOTYT
XPaHUTHCS B MKapuUKax (10 HECKOJIBKHUX JIECSTKOB)
10J] KOHTPOJIEM OXPAHHHUKOB B UTPOBBIX U 3pPUTEIbHBIX
3aJlax, AETCKUX KOMHaTaX, a TakkKe Ha IMyTAX HBaKya-
IIUY B KOPUAOPaX. DTO HEOOXOAUMO J1aKe B TeX CIyda-

SIX, KOT/1a MHCTPYKIMH 10 00ecreueHn 0 6e30MacHOCTH
0e3yKOPU3HEHHO COOIIONAIOTCS: OTKPHITHI BCE 3BaKya-
IIMOHHBIC BBIXOJIBI, PA0OTAOT COBPEMEHHBIC TAaTYUKH,
CHUCTEMBl OIOBELIEHUSI AYyOJUPOBAHbI U OCHAILEHBI
AHATUTHICCKIMH MOAYJSIMH MIPOTHB JIOKHBIX cpada-
THIBAaHUM.

Takum 06pazoM, Ha/Ie)KHOCTh 1 3P HEKTUBHOCTH Tpa-
JUIMOHHBIX CIPUHKJIEPHBIX CUCTEM B YCIIOBUSIX ITOME-
IIEHWI OOJIBIION IUIOMIAJN M 00beMa, HACBHIIIEHHBIX
OBICTPOTOPSIIIUMH MaTepHallaMH C BBICOKOW HHTEHCHB-
HOCTBIO TBIMOOOPa30BaHMS, CO CIOKHBIMU W MPOTS-
JKCHHBIMH ITy TSIMH 9BaKyaIliH, BeCbMa HU3KH. [ [HeBMa-
TUYECKHE, MTHEBMOUMITYJIbCHBIE U THUIPABIMYECKUE
CTaHJApTHBIC CPEICTBA TYIICHHS YaCTO HEPabOTOCTIO-
COOHBI M IPAaKTHUECKU OCCIIONE3HbI B pyKaxX HEOOyUeH-
HBIX OXPaHHUKOB, U TeM OoJiee TIOceTUTeNel, He UMe-
IONTNX HaBBIKOB PabOTHI C HUIMHU B YCIIOBHAX HOXKapa.
J11s1 BBIBOZIA JTIOZIEH M3 30HBI [TO’Kapa OXPaHHUKH JT0JIK-
HBI IMETh () (HEKTHBHBIC KOMITAKTHEIC CPEICTBA OCaXK-
JICHUS TIHIMA ¥ COMBAHUS TUTAMEHH Ha Iy TSIX 9BAKyaIlHH.

Ilenp HacTosIIel cTaTb — OOOCHOBaHHE HEOO-
XOIMMOCTH HIMPOKOTO BHEAPEHUS YHUKAIBHBIX, KOM-
MAaKTHBIX YCTPOMCTB OCaXKACHHS JIbIMa B ITPAKTHKY obec-
TICYCHSI 9BAKyalliy U3 OOIECTBEHHBIX 3/1aHHH, B 9acCT-
HOCTHU U3 TOPrOBBIX LEHTPOB. B Hacrosmel crarbe
pemIaroTesl CIeIyoe 3a1a4u: 000CHOBAaHHE KOHCT-
PYKIMH PACIBUTUTENS, HE MMEIOIIET0 OTPaHWYCHHUN
JUISL IPUMEHEHHS B OOIIECTBEHHBIX 3JJaHHSIX C MAcCO-
BBIM TTPEeOBIBAaHHUEM JIIOZICH; BBIOODP MPOTOTHIIA MACCO-
BOTO MPUMEHEHHUS; ONTMCAHUE U aHAJIU3 TIPOBEIICHHBIX
9KCIIEPUMEHTOB; pa3paboTka peKOMEeHIALUi 0 IpHU-
MEHEHUIO PACIIBUINTEIIS 1 000CHOBaHNE JaTbHEHUIIIETO
Pa3BUTHS €r0 KOHCTPYKIIHH.

ObocHOBaHMe HOBOro MeToda
N TeEXHUKUN cnaceHunsa

g peanus3anuy HOBOTO METOJA U COOTBETCTBY-
FOIIIEH TEXHOJOTHUHU CIACEHUS B YCIOBUSIX TYCTOHM TOK-
CHUYHOM 3aJIbIMJIEHHOCTH IIPeIaraeTcs co3jaTb HOBOE
KOMITIaKTHO€ HMMIIYJIbCHO-PACIIBUIMTENIBHOE YCTPOM-
cTBO. OHO TOJDKHO OBITH IPENENBEHO POCTHIM B 00pa-
LIEHNH (Ha ypOBHE HOBOTOAHMX XJIOMYIIEK) U B TO XKe
BpeMs S3PPEKTUBHBIM MTPU COMBAHKH ITJIAMEHH, OCaX-
JEHUH ONTHUYECKHU IJIOTHOTO JbIMa W HEUTpaln3aluu
TOKCUYHBIX IPOAYKTOB TOpeHus1. Pacibuinresn HOBOro
THUIMA [JIAHUPYETCS ClIeNaTh ISUIEBbIMU U HAICKHBIMU
(6e30TKa3HBIMH), CIOCOOHBIMH PACTIBUISATH HA NATbHUE
paccTosiHUS B BUE JOKaJIbHBIX BUXPEH 9KOIOTHYECKU
YUCTBIE, HETOKCUYHBIE OTHETYIIAIINE areHThl (Hapu-
Mep, TeJH, BOY U pacTBOpbI). brarogaps sToMy taHHbIC
YCTPOHCTBA, KaK U CPEICTBA HMITYIbCHOTO MOXKapOTy-
IICHHUS B IIeTI0M, OyAyT 00JIajaTh IIUPOYAHIIINM CIICKT-
POM MPaKTHYECKOTO IpUMeHeHus [4—7].

ITpunHuumn neiicTBUA TAKUX YCTPOUCTB SABJIsSIETCA Ka-
YEeCTBEHHO HOBBIM. OH COCTOUT B CO3JaHUM Ta30Ka-
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MEeNFHOTO IIKBAJIA CO CICAYIOMNMH OCHOBHBIMH OCO-
OCHHOCTSIMH: HECYIIIEH Ta30BO (ha30il; MHOrOBUXPEBOH
CTPYKTYPOMH, YCTOWYHBOM K pa3pymIAIOIIEMy a’poJin-
HAMHYECKOMY BO3/ICHCTBHIO; INUPOKUM CJIA0BIM yriap-
HBIM pporTOM. L1IKBaT ¢ yIapHO-BOIHOBBHIM (PPOHTOM
[7-11], urparommm pois GUIBTPa YACTUI] TIMA MHK-
POHHBIX Pa3MEpPOB, B 3aBUCUMOCTH OT XapaKTEPHBIX
pa3sMepoB Karenb U PacCTOSHUS MEKAY HUMH MOXET
OBICTPO OCAAUTh JbIM IO BCEH JIMHE KOPHJIOpa U Ha
KpaTKuil mepuoj BPeMEHH CO37aTh MPOXOX JUId 0e3-
oracHoi 3Bakyanuu. Hepenko Takoii mkBa cnocodeH
MOTYIIUTh HUCTOYHUK AbIMa B MNOPUCTBIX, TKAaHCBLIX,
TBEPBIX HCKYCCTBCHHBIX MaTepHaIax WIN COUTH Mia-
Ms Ha IIyTH dBaKyauuu [12—-17].

O6GocHOBaHMe BblIGOpa KOHCTPYKLUMN
pacnbinuTens U ero nporoTnna
N3 roToBbIX |/|3p,en|/||7| CUrHallbHO-
cnacaTenbHOro HasHaveHus

Pesynbrare! aHanM3a IWKUPOKOTO AMAa30Ha Pa3Iny-
HBIX M3JEeIMH NOKa3bIBAIOT, YTO HAWJIyYLIMM IPOTO-
TUIIOM KOMIIAKTHOTO JbIMOOCAIUTEINsl — MUHU-OTHE-
TYLIUTENS ABJISIFOTCSI CUTHAJIbHBIE PAKETHI BCIIEICTBUE
LIEJIOTO psifia IPUUUH:

1) npocroTra ycTpoiicTBa U NpUBEACHUS B ACUCT-
Bue. [loxxapoTrymiaiiee ycTpolicTBO IPUBOJUTCS B JIEH-
CTBHE MUHUMAJIbHBIM KOJIMYECTBOM MPOCTHIX JBHXKE-
HUH: J0CTaTh, CHATH 3AlUTHBIA KOJIMA4OK, HABECTH
IIPULIE] HA O4ar [0Kapa, AePHYTh 3a IIHYP IIyCKOBOI'O
YCTPOHCTBA. DTH ABUKEHUS €TUHCTBEHHO BO3MOXKHBI
pu 0OpaleHUN ¢ JaHHBIM yCTPOICTBOM, HE TPeOyIOT
JUTNTEITLHBIX HABBIKOB M TPEHUPOBOK JUISI IPABUIIEHOTO
IPUIETUBAHNSA U WHUIIMUPOBAHMS PACIBIIMTEIEHOTO
BoicTpena [18-20]. Kpome Toro, anroputm ABMKEHUH
3HAKOM IPaKTHYECKHU BCEM C IETCTBA IT0 0OPAIICHUIO C
HOBOT'OIHUMH XJIOIYILIKAMHU;

A VHUBERPCATET
BOMOAKAPHOR Gy #<CEkai
cvin

2) OTCYyTCTBHE HEOOXOAMMOCTH CEPBUCHOTO 00CITy-
JKIUBAHUS WM €T0 MUHIMHU3AIHS;

3) BO3MOXHOCTH JIOJITOBPEMEHHOTO XpaHEHUs
(mo 10-15 7ner) B mmMpoKOM AMAmNa3oHE TEMIeparyp
(ot Munyc 50 no +60 °C) u npyrux NPHPOAHBIX yC-
JIOBHIA;

4) cTaOWIBHOCTH JICUCTBUS B JAHHOM JHMAaIla30He
TEMIIEPaTyp U MPUPOIHBIX YCIOBUA;

5) coBpeMeHHasi KpUMUHaJIbHAasE 00cTaHOBKA B EB-
porie, KoTopasi AUKTYeT HEOOXOIUMOCTh HCIOIb30Ba-
HUS UTSL 3alIUTHI KOMITAKTHOTO, IIOCTOSTHHO HOCHMOTO
YCTPOHCTBA CaMO3aIIUThL. DTO 0COOEHHO aKTyaJIbHO JUIs
MOJIOJBIX JKEHIIHH, JEBYIIEK, [IOAPOCTKOB, IOIBEPTa-
FOLIMXCS HAMAJACHUSIM KPUMHHAIBHBIX JJIEMCHTOB.

CymiecTByeT MHOKECTBO THITOB PAKeT, IpeAHA3HA-
YCHHBIX ISl aBapUIHHON CUTHAIM3AIUH, TIepEIadH HH-
(hopmarmu, OCBEIICHHS U IPYTHX IIeIei. TypHcTsl, ajib-
MIUHHCTHI U JPYTUE Ty TSIICCTBEHHUKH YaIlle BCETO HC-
10JIb3YIOT PAKEThI B KAYECTBE aBAPUIHOIO CUTHAIBHOTO
CPEICTBA.

[Ipu BBIOOpE 6a30BOM MoIENM IJISl CO3NAHUS Ha-
JOESKHBIX MMITYTbCHBIX PACIBUINTEIICH, OCaKIaroNIIX
IIBIM, CJIE/TyeT IPEANIOUeCTh MNPOTEXHIYCCKUC H3ICITHS,
BEIITOJIHCHHBIC HA 3aBOJIaX O00OPOHHOTO MPOdUIS CO
CTPOTHM KOHTpOJeM KadecTBa. K UX 4uCIry OTHOCATCS
BOCHHBIC H [ITATHBIC aBAPUITHBIC CUTHAJIBHBIC PAKETHI U
(hanpLIdeiiepbl IPOMBILIUIEHHOTO U3roToBIeHUs. Takue
“(eliepBepku” KayeCTBEHHO OoJiee HaJlEKHBI U Oe3-
OIacHbI B 00paleHny, 4ueM coOpaHHbIe B OIYyKyCTap-
HBIX MacTepckux. Kopryca pakeT mpeanodTuTeNbHbI
He “OyMakHbIe”, a W3TOTOBJICHHbBIC, KAK MUHUMYM,
U3 TOJICTOTO MPECCOBAHHOTO KAPTOHA UJTH MJIACTMACCHI
C METAJUIMYECKUMHU YCHIIMTEIbHBIMU KoJbliaMu. Kop-
myca JIOJDKHBI 00J1a]1aTh MAKCUMAJIbHON TBEPAOCTHIO U
repMETHYHOCTHIO. Bece mapaniroTHbie pakeTsl U Jpyrue
MTUPOTEXHUYECKNE CUTHAIBHBIC CPEACTBA KOHCTPYK-

CAHKT-NETEPBYPICKIAY YHVBERCWITET

CYRAPCTBEHHON NPOTABONOXK APHOW CITY X#KEb|

MC POCCIIA

WWW.IGPS AU

Puc. 1. Munn-ormerymmrenn BMectuMoctsio 0,4 11 06pasma 2018 r. ma crenne Cankr-IlerepOyprekoro yansepcurera ['TIC MUC
Poccun (@) u kpynHbIM 1u1aHOM (0), paspadotanusie mpod. B. /1. 3axmatoBbM (6)

Fig. 1. Mini-extinguisher 0.4 liter at “Little Boy”, made in 2018 year at the stand of the University of the State Fire Service of the Mi-
nistry of Emergency Measures of Russia (@) and mini-extinguisher 0.4 liter close-up (b), designed by prof. Vladimir Zakhmatov (v)
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- CPEACTBA U CNOCOBBI TYLUEHUA NOXXAPOB

THBHO TTO/ITOTOBJICHEI K BEICTPEITY, T0O3TOMY 00paIiaTh-
Csl C HIMHU CIIEAYeT ¢ COOIIOCHUEM 0CO00H 0CTOPOXK-
HOCTH.

OMBIT IPON3BOACTBA MPOTOTHIIOB HOPTATHBHBIX ITO-
JKApOTYIIANINX YCTPOHCTB MOKA3bIBAET, YTO COOpKa
pacIbUIMTENs] BBICTPEJIOM 3aHUMAaET CYIIECTBEHHO
(B 23 pa3za) MeHbl1Ie BpeMEHH 110 CPaBHEHUIO CO cOOp-
KO CUTHAJIbHOM pakeThl Kasnopa 26 uinu 40 MM BBHILY
COKpALIeHHs KOJIMYEeCTBA ONepaluii 1 COOPOUHBIX dJie-
MeHTOB ¢ 35 710 14. MHOrue fetanu CUrHallbHOW pake-
TBI, HE HY’KHBIC JUIS PEIICHUS 3aa41 O0phOBI ¢ OTHEM
U JIBIMOM, CJIO)KHBI KOHCTPYKTHBHO W JIOPOTH B MPO-
U3BOJICTBE, TOITOMY CEOCCTOMMOCTH NPOU3BOJICTBA
UMITYJIbCHOTO PACHBIIUTENsI BBICTPEIIOM CHHKACTCS
B 1,8—2 pasza 1o cpaBHEHHIO C CUTHAJIHHOW PAKETOH.
OTNBITHO-TPOMBIIIIICHHBIC 00pa3IIbl HOBBIX MUHHU-pac-
IBUTHTENIE — MUHH-OTHETYIIUTENCH IOKa3aHbl Ha
puc. 1.

MeToauka ncnbiTaHUN

HcnpiTaHuss HOBBIX YCTPOICTB MMITYJIBCHOTO TIO-
JKApOTYIICHUS M OCAXKJIEHHSI TPOLYKTOB TOPEHUS MPO-
BOJIMJIMCH HA OTKPBITOM MECTHOCTH, & TAKXKE B KPYITHO-
pa3MEpHOM aHTape sl UCKITIOUEHUS BIMSHUS BETpa.
IIpouiecc 1 pe3ynbTarbl UCIBITAHUN (PUKCHPOBAIUCH
BUJIEOCHEMKOMU ¥ BU3yalIbHO. /I UMUTALUK AbIMA IIPU-
MCHSUTICh CTaHAAPTHBIC JIBIMOBBIC MIAIIKH, JAIOIINC
rycThIe KIyObl AbiMa. 17151 olleHKH JanbHOCTH 1 3 dek-
TUBHOCTH TYIICHHS HCIOJIB30BAINCH CTAaHIAPTHBIC MO-
JeiabHbie oyaru A (cocHoBbie Tuamku 40x40x400 MM,
mrrabens miarek 400x400x400 Mm) 1 HeCTaHTaPTHBIC,
CO3JaHHBIC PA3IUTHEM OCH3MHA Ha IIEMEHTHOM HITH ac-
(hapTOBOM TIOJTY aHTapa.

s mpuBeneHus pa3paboTaHHOTO PACIIBUINTENS B
JieficTBIE HEOOXOANMO COBEPIIUTD YEThIPE MPOCTHIX M0~
CJIeZI0BaTENbHBIX IeHcTBYA: 1) BEIOpaTh MO3UIIMIO TyIIIE-
HUS Ha PacCTOSHUU HE MeHee 1—2 M OT oyara nokapa;
2) CHATB IPEJOXPAHUTENBLHYIO KPBILIKY CO Cpe3a CTBOJIA;
3) HanpaBUTh PACIIBUTUTEIb HA OYar oXapa TaKuM 00-
pa3oM, 4TOOBI BUXPb PACHBUICHHOTO OTHETYIIAIIETO CO-
CTaBa HAKPbLI CBOUM (PPOHTOM Cpa3y BCIO IUIOLIAIb BO3-
TOpaHUs W e¢ 9acTh (710 1 M ropsiiei NOBEpXHOCTU
0e3 ydera HEpOBHOCTEH — BBIEMOK H BIIAJIMH); 4) PE3KO
BBIJICPHYTH BBITSDKHOU LITHYP, PUKPEIIICHHBIA K TIPO-
BOJIOYHOH TEpKe.

P63y11 bTaTbl UCNbITAaHUN

OyHKIIOHATFHOE BO3ICUCTBIE BUXPSI (TyIICHHE,
OCaKIeHUE TbIMa, COMBaHME TUIAMEHN) Hanbouee 3¢-
(hEeKTHBHO Ha YYaCTKE ITOJIETA €T0 CIUIONIHOTO (PPOHTA.
IIpu pacnbeienuu 350—400 r orHeTyIanmx NopoLKo-
BbIX coctaBoB (OIIC) I1CB-3 u “ITupant” 3TOT yuac-
TOK Ha TPAGKTOPUH MoJieTa (PPOHTA Ta30MOPOILIKOBOIO
BUXPsI IPOCTUPAETCSI HAa paccTosiHue 10 18-22 M oT
ycrpoiicTsa. [lnomans GpoHTa Ha ITOM yHacTKe YBEJIU-

amBaercs ot 0,1 10 2 M. [Tpu paceuiernn 350—400 r

BoAHBIX pacTBopoB OIIC yyacTok cTabMIBHOTO MoJeTa

— “KM3HK” CIUTOIIHOTO (PPOHTA ra30BOISHOTO MIKBAJIA

cocrapisieT 10—15 M oT cpesa ctBouia. [Tnomans hppoH-

Ta Ha 3TOM yuacTke ysenuuusaetcs ot 0,1 no 2,5 M.

Hcxonst n3 3THX SKCHEPUMEHTAIBHO TTOTyYCHHBIX 3a-

KOHOMEpHOCTEH pabOThl MHUHU-PACIIBUTATENS, U HATO

OCYIIECTBIISITh €r0 DKCILTyaTaIuo. JlambHOCTh pacibl-

JeHUs, JNTMHA HanOoee 2pQEeKTUBHOTO yyacTKa Tpa-

€KTOPHUH U MJI0aAb GPOHTA HA TOM YUaCTKE 3aBUCST

OT BHJa, MAaCChI, arPETaTHOTO COCTOSHHUS W TUNIOTHOCTH

COCTaBa, a TAKXKE OT AMHAMUYCCKUX ITapaMeTpoB HpoH-

Ta, UCX0/1s U3 TpebyeMoro Buja ero ()yHKIIMOHAIBHOTO

BO3ICHCTBUS. DTH MapaMeTphbl C TPYIOM ITOIAIOTCS

pacueTy MeToaaMu BBIYUCIUTEILHOMN ruaporasoanHa-

MHUKH BBHIY HECTAI[IOHAPHOCTH U CIOKHOCTH TIPO-

ecCOB MeX(Pa3HOro B3aUMOJEHCTBHS U TEIJIOMACCO-

obmeHa. [ToaToMy peaneH TOIBKO IMITUPUICCKUN My Th

OTIpPEICIICHHS B3AaUMOCBSI3U ITapaMETPOB PACIIBIICHUS

— JJIMHBbI TPACKTOPUHU, USMCHCHHUS TIJIOIAaAN q)pOHTa

BUXPs B (PYHKIIMOHAIBHOU 3(ppeKkTHBHOCTH MUHH-pAC-

TBLTATEIIS.

DKCIepUMEHTaIbHO OMpeeieHbl CIeIyIoIIne na-
paMeTphl (PYHKIMOHAIFHOTO BO3ACHCTBHS IIKBAJIA IPH
TOHKOJTUCIICPCHOM PACIIBUICHUH BOJBI pa3pab0TaHHBIM
yCTpOMCTBOM:

e ObICTpOC COMBAHME IIIAMEHH U OCaXJICHUE TYCTOTO
JbiMa Ha pacctostaun 10—15 M;

e TYIICHUE TOPSIICH ONSKIBI Ha YESIOBEKE Ha pac-
CTOSIHUH 10 6—8 M;

e OTCYTCTBHE pa3Apakarollero AeHCTBUS;

e peabwmuTAIMsI YeTIOBEKa, HAXOIAIIErocst B 0ecco-
3HATEIHFHOM WJIM TTAHUYECKOM COCTOSHHU.

ITo cBomM rabapuram UMIYIbCHBIC MUHU-OTHETY-
HIATE]IN MOT'YT 6I)ITI) KapMaHHbIMH, O6GCHCI~II/IB3IOH_II/IMI/I
(hYyHKIIMOHAIBHOE BO3JICHCTBUE B pajuyce 10 3—8 M;
Ha0eJPEHHOT0 U MOSICHOTO HOIIEHHUS, 3((EKTUBHO JIeH-
CTBYIOIITUMH Ha paccTossHuu 70 10—15 M. DpdexTus-
HOCTB BO3/ICHCTBUS 03HAYACT, UYTO HA YKAa3aHHBIX pac-
CTOSITHUAX pa3pa6OTaHHI)IC MUHU-OTHETYIIUTCIIN:

e  TYIIAT pa3IHMYHBIC BO3TOPAHISL, B TOM YHCIIC OT CIIe-
OUATBHBIX 32KUTATEIBHBIX COCTABOB (HANPHMED,
HAartajaMa), IPAMEHSIEMBIX B TUBEPCHOHHBIX YCTPOH-
CTBaxX W 32)KUTATEIIEHOM OPYIKHH;

e TyIIAT TOPAILIYIO OJEKIY Ha YEJIOBEKe, HAPUMEpP
Ha HOHHHCﬁCKOM Ipu rnonagaHu B HETO 6yTI>IJ'[KI/I C
“xokreiiem MosoTtosa” (puc. 2);

e  CIPABIIIOTCS C IOKAIEHBIMHE ITOYKapaMH KIIacCOB A
(TBepple TopsIe MaTepralsl), B (ropsiue sxu-
koctH), C (Topsiiiue rassl), D (amexTpoobopynosa-
HUE T0]] HATIPSDKEHUEM);

e 00ECIEeYHBAIOT OCTAHOBKY W HEWTPATU3AIHIO aTa-
KYIOILETr0 3J0YMBIIIJICHHUKA OJHUM PaCIbLIOM C
nuctannuu 10 20 M.
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Puc. 2. [Ipumep TymmeHus ropsimero MaHeKeHa B IuiemMe u popme
TIOTUIEHCKOTO OIBITHBIM MHHU-OTHETYIIUTENIEM

Fig. 2. An example of extinguishing out a burning policeman in
a helmet and uniform by an experienced mini fire extinguisher

MI/IHI/I—paCHbIJII/ITeJII/I CO31ar0T I'a30IbIJICBBIC BUXPU

1 ra30BOASAHBIC HIKBAJIbI, COACPKANIUE B BUJC TOHKO-

JIUCTIEPCHOM (ha3bl:

e OrHETYLIAIIME Ielld U KUAKOCTH, BKJIIOYasi CoCcTa-
BbI, CO3/IAI0IIIME TP B3aUMOJIEHCTBUH C BO3TyXOM
KJIICHKHE, TEPMETHIHBIC TUICHKH;

e OrHETYLIAIINE COCTAaBBL, OMYIICHHBIE IS TPUMe-
HCHHUA B IIOMCUICHUAX C JIFOABMU. K M moxeT ot-
HOCHUTBCS, HAITPUMEP, TIOPOIIOK, CO3IAIOIININ CHITh-
HOE paz/ipaxxaroliee BO3/IeHCTBIE Ha OPTraHbl 3pPeHUs,
IBIXaHUsI, OOOHSHHS, KOTOPOE HE MMEET BPEIHBIX
MOCJEACTBUI;

e MPUPOJIHBIC MATEPHAIIBI, FKOJOTMIESCKH YUCThIC, HE-
TOKCHYHBIE (TIECOK, BOJIa), cl1ab0oakTHBHbIE (TIHIIE-
Bast cona), 1 UHCPTHBIC IbIJIN, OCTAHABJIMBAIOIINUEC U
pa3zapaskaroIiie OpraHu3M IIPH OTPEICICHHBIX JTH-
HaMUYECKUX PeKHUMax MOAa4YH, HO HE HAHOCALIUE
TpaBM, XMMMUYECKUX OKOT0B U yBeuuil. Yenoseue-
CKHUIf OPraHU3M CaM CIIPABILIETCSI C TIOCIESACTBUSIMA
UX BO3JICMCTBUA O€3 ITOMOIIH Bpaya;

e  KpacsIye COCTABHI TSl IPUMEHCHUS TTOTHIMCH TIpH
KOHTPOJIC MACCOBBIX OCCIIOPSIIKOB.

MWUHH-OTHETYIIUTENN Pa3pabOTaHHOH KOHCTPYK-
OUU UMEIOT CIEAYIOMNe MPEenMyIIecTBa Mo CpaBHE-
HUIO C Ta30BbIM OAJUIOHYMKOM IIPH HHAWBHIYAIEHOM
MPUMEHEHHUH B IIEJIX oOecIiedeHus: 0e30MacHOCTH:

e BO3JCHCTBHE TOJBKO Ha IENIb (OTCYTCTBHE 00paT-
HOT'O BO3ICHUCTBHS HA TOTO, KTO €r0 IPUMEHSIET);

e  BBICOKAsl BEPOSTHOCTD IOMATAHUS ITUPOKUM (HPOH-
TOB IIKBaa (IUIONIAAb GPOHTA MHHU-BUXPS B IHA-
na3one ot 0,1 g0 1,5 M OBICTPO BO3pACTAET BIOJIb
JUCTAaHIIUU paCHLIJIeHI/Iﬂ);

e 3HAYMWTENbHAS JaTHHOCTH nercTBus (o 10-20 M —
JUisi MUHU-orHeTymuTens, 0,5-1,0 M — aus Oan-
JIOHYMKA);

e rapaHTHs 0e30TKa3HOTO cpabarsiBanus Ha 5—10 jer
(17151 MOPTAaTUBHOTO TA30BOTO OaJTOHA — Ha 2—3 Mec.
TP OAMHAKOBOW CTOMMOCTH H3IENH);

e HETOKCHYHOCTbH JCHCTBUSI (B OTJIMYHE OT rasa Oas-
JIOHYHKA, KOTOPBII MOXKET BBDKEUb I71a3a, HOCOTIIOT-
Ky, poT);

e BO3MOXKHOCTB IIPUMEHCHUS IOPOIIKOB C IIEPIIOBON
no0aBkoii, HanOonee 3(h(HEeKTUBHBIX U3 YKCIa He-
TOKCHUYHBIX.

OnbIT npuMmeHeHUsa NpoToTuUnoB
pacnbinnTend, BbiNnyweHHbIX
C y4acTnemMm aBTopa mngeun

Munu-oraerymuTenu BMectumoctbio 0,15; 0,25 u
0,33 11 (cM. Ta0HUILy) BBITYCKAITUCh B COBETCKOE BPEMst
u B 1990-e rogs! poMbIIIIEHHBIMY NAapTUAMU. B yact-
HoctH, B 1979 1. [10 “Curnan” (r. YesnssOMHCK) BbIMyC-
Tuso 12 teic. Munu-oruerymmreneit “Omummuana” 0,15
Ha 0a3e KOpITyCOB M BOCIUIAMEHHUTEIICH CUTHAIbHBIX
paxet kanuOpa 40 MM 1O 3aKa3y OPTraHOB MTPABOTIOPSI-
Ka, o0ecreunBaromux 0€30macHOCTs Ha MOCKOBCKOM
Omumrmaze (1980 1.), B kKadyecTBe KapMaHHBIX PaCIIbl-
JIUTEJICH /IIs PAaBOOXPAHUTEINEH B IITaTCKOM. B mepu-
ox mpoBeaeHust OIMMITHAIBI OHU OBLITH HCTIOTB30BaHbI
JUTSL TYIICHUS 3 4Yell. B TOpSIIeH OJeKIe, MOAABICHUS
6omee 250 Bo3ropanwuii u nnpekparieHus 10 150 menkux
Ipak 6e3 HAaHSCCHUS TPABM H [IPUIUHCHHSI OTPABICHUIA.

XapakTepucTkn MUHN-OrHeTylumnTener / Parameters of mini-extinguishers

MUHHU-OTHETYIIUTEND /

e sy | Md | Moo
AJIBIIIT

Macca o6as, v / Total weight, gr 450/750 900/700 3500 (1000 + 500x5)
Macca pacmsLisieMoro cocrasa, Kr / Spray mass, kg 125/250 250/400 1980 (330 + 330x5)
Paanyc tymenusi, M / Extinguish range, m 1,5/2,5 4/4-12 3,5
Ilnomazp TymeHus, M> / Area of extinguish, m 0,25/0,5 0,5/1 4,5-6
Jmaa ctBona, MM / Barrel’s long, mm 165/260 170/220 550
Iuametp ctBona, mm / Barrel’s caliber, mm 40 50 50
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- CPEACTBA U CNOCOBBI TYLUEHUA NOXXAPOB

B 1994-1996 rr. B KueBe BbIycKancsi MUHU-OTHE-
tymmrtens “OI19-1” BMmectumoctrio 0,33 11 B Konmye-
cte 10 ThIC. mIT. Bee u3nenus ObLIM peann30BaHbI MO
TieHe B 6—8 pa3 BBIIIE ce0ECTONMOCTH MX TIPOM3BOICTBA.
B 1992-1994 rr. Ha 3aBone B CaMapckoit 001. BbITyC-
TUJIU TAPTUIO0 MUHU-OTHETYIIUTENeH “Manbii” BMec-
tumMocTbio 0,25 11 B konmuuectBe 900 Thic. wt. [Ipuun-
HOMW OTCYTCTBUS 1aJIbHEHILIEr0 Pa3BUTHUS 3TUX IIPOECKTOB
(cM. Tabnuity) cTajau HeNnpaBUIIbHbIE IEHCTBUS BbITYC-
Karommx GupM 1o cepTuuKauu NpoAyKIHUY, Hasla-
JKUBAHUIO PbIHKA COBITA U OTCYTCTBHE COBPEMEHHOM
pEKJIaMBI.

OO6cyXxaeHe pe3ynbTaToB..
PekomeHpauuu no NnpumMeHeHUto
MWHU-pacnbinuTenen

OKCTIepUMEHTHI ITOKA3aJIH1, YTO UMITYJTECHBIC MUHH-
pacrbuATen BMeCTUMOCTHIO 0,4 JT ¢ TepOYHBIM MHH-
IIIaTOPOM TYIIAT PA3INIHbIEC BOTOPAHHSI, BKIFOUAS TTOM-
JKOTH TIOCPEICTBOM 3a)KHTaTeIIbHBIX COCTABOB; YEIO-
BeKa B ropsiei onex e (Harpumep, HoJIULIEeHCcKoro npu
MOMAaJaHIK B HETO OYTHIIKH ¢ “KOoKTeieM MonoTosa”)
[19, 20], noxanbHbIe TOXKapHI KiaccoB A—F.

[xBamne! ¢ Tonmuuol Gponta 0,5-1,0 M, co3nasa-
eMbI€ PaCIbUINTENSIMUA, MOTYT OCaJUTh I'yCTOM JIBIM B
Kopuzope Ha ydactke JymHoi 10—15 M B Teuenue 1 ¢
Y Ha KpaTKuii Iepuoj] BpeMeHu (2—5 ¢) OYUCTUTH Iy TH
9BaKyaIuu JAJIs JIIACH OT AbiMa. OPOHT MIKBaja Crioco-
6eH Taroke 2(h(HEeKTUBHO U OBICTPO MOTYIINTH HCTOYHUK
JIbIMa B TIOPUCTHIX, TKAHEBBIX, TBEP/IBIX HCKYCCTBEH-
HBIX MaTepHajIax Wik CONTH IUIaMs Ha ITyTH BAKYaIlHH.
[Toaromy Takue pacrnbumatesd (20-30 1IT.) JTOTKHBI
ObITh Ha TIOCTax oxpaHHUKOB B TPII, y oxpaHHUKOB B
UTPOBBIX KOMHATaX, a TAKXKe Pa3MeIaThCcsl ¢ MHTEPBa-
oM 10—20 M Ha My TSX PBaKyallly B CTICIIHATBHBIX Ha-
CTCHHBIX JIepIKaTeIIIX.

Pa3paboTanHble paclbUIUTENH AELIEBbl, IPOCTHI U
HAJEKHBI B 9KcITyaTaiiud. OHU MOTYT MOTYIIUTH TO-
PALLYIO OJICK/TY Ha JIFOASIX B TeueHue 1—2 ¢, 4To ¢ BBICO-
KO BEPOATHOCTBIO CIIACET UX OT TSKENbIX OOJIE3HEH-
HBIX OKOTOB. [103TOMY Takue pacHbUIMTEIH JOJKHBI
OBITh B HAJIMYUU y COTPYIAHUKOB MPOTHBOIOKAPHOM
CITy’KOBI, KOTOPBIE JTOJKHBI HOCUTh UX B CIICIIMATIbHBIX
Ha0ePEHHBIX KapMaHaX BO BPEMs PabOTHI MO TYIICHUIO
noxapa.

VYnapHbIii GpOHT IIKBAJIA WIIH BUXPSI, CO37aBAEMBbIi
ATHMH PaCTIBUIUTEISIMHI, CTIOCOOCH OCTAHOBUTH M HEHT-
panu3oBaTh OAHAMTA OJHUM pacIbUIeHHEM 0e3 00paT-

HOro 3 deKrTa Ha 000POHSIONIETOCs OBICTPEE, YIS H
HaJle)KHEe, YeM Tra30Bble OAJUIOHYMKH W MHCTONETHI.
[TosTOMY HECKOJIBKO TAKMX OTHETYIIUTENEH OKHBI Ha-
XOIWThCA B OaraKHWKaX MONUIEHCKUX aBTOMOOMIIEH,
MOTOILIMKJIOB, Ha ITOCTAaX 0OBEKTOBOMN MOJIMIIUH, AEXKYP-
HBIX, OXPaHHUKOB M JIPyrOTO INEpCcoHala Pa3INYHBIX
O0OBEKTOB MacCCOBOIO ITOJIb30BaHUS (TOPTOBBIX IIEHT-
POB, KHHOTEATPOB, TE€aTpoB, CTaJMOHOB). [lpyras npu-
YMHA BOOPYXKEHUS MOJIHUIEHCKUX TaKUMH OTHETYIIH-
TENSIMH COCTOHMT B TOM, 4TO, KaK IPAaBHIIO, MOJIHIHS
3HAYMUTENILHO PaHbIIIe IOKapHBIX IPHOBIBAET HA MECTO
ABTOMOOMIIBHBIX aBapuil U HE MOJKET CIIACTH JIFONCH U3
TOPSAIINX aBTOMOOUIICH.

JlaHHBIH PaCTIBUTHTENF MOXKHO d(Q(QEKTHBHO MPH-
MEHATH Ul CaMO3alHUTHI IIyTeM pPAaCIbIICHUS LITaT-
HBIX Pa3pa)aloinX COCTABOB, HHEPTHOW MBI HIIH
cirabopasparkaroliX OrHeTy AKX TOPOIIKoB. CKo-
POCTHOH IUIOTHBIH (PPOHT ra30MOPOIIKOBOTO BUXPSI MHO-
TOKPATHO YCUJIMBACT PA3Apa)KCHUE IO CPABHEHUIO C
MaJIONO/IBH)KHBIM BO3/1yLTHO-IIOPOIIKOBBIM OOJIAKOM.
TouHoe orpezeeHre ONTUMAJIBHBIX TAPaMETPOB BO3-
JISUCTBHUS M CKOPOCTHBIX JIHaNia30HOB TpeOyeT mpoBe-
JICHUSI IalIbHEHIIHNX SKCIIEPUMEHTOB.

BbiBOAbI

HoBblit MUHH-OTHETYIIUTEIb IPEBOCXOAUT CYIIE-
CTBYIOIINE KaK B KAUECTBEHHOM OTHOILICHUH, 00ecIie-
YHBasi BO3MOXKHOCTH BAKyallMu U 0€30IIaCHOTO TYIIIe-
HUSI TOPSILIEH OJICK/bI HA YEIOBEKE, TaK U 10 CBOUM
xapakrepuctukam (3GHEeKTUBHOCTH, TaTbHOCTH, Mac-
mTaly BO3JICUCTBHUS U CTEIICHN OS30TIACHOCTH).

MOKHO PEKOMEHI0BATH HOBBIN BH/] OTHETY TN TEJISI
JUTSL CepTH(UKAIMY U JaTbHEUIIeH OpraHu3aluu ce-
PHITHOTO MPOM3BOJCTBA B LEJSIX MIHPOKOrO MPHMEHe-
HUSI B OOIIECTBEHHBIX 3[aHUSX [UIS 3alUThI JIIONCH U
obecrieyeHust UX 3BaKyalnu.

PBIHOK cObITa MUHHATIOPHOTO OTHETYILIUTEIISI TPEJI-
CTaBJISICTCS OYCBHTHBIM: TOPTOBBIC KOMILIEKCHI; O(DUCHI;
MecTa MacCOBOTO CKOTUICHHSI JIFOZIeH — KUHO3AJIbI, Te-
aTpbl, My3€H, 3IaHHUs, [JI¢ IPOBOASATCS TUCKOTEKH, BbI-
CTaBKH, KOH(EepEeHIIMH; aBTOMOOMITH; KBAPTHPBI, KOPH-
JOPBI U JIECTHUYHBIC KJICTKA B MHOTOATAXKHBIX JIOMaX,
0COOEHHO B HEOOCKpeOax; MPOMBIIUICHHBIE 00bEKTH —
3aBOJIbI, CKJIAJIBI, TIOI3EMHBIC COOPYKEHUS (B TIEPBYIO
ouepesib HeTera3oBbie), XHMUYSCKUE MTPOU3BOJICTBA,
JHEPIeTHYCCKIE OOBEKTHI, BKIIFOUAs aTOMHBIC JIICKTPO-
CTaHIIHH.
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ABSTRACT

Introduction. The purpose of the article is to substantiate the need for widespread implementation of
unique compact smoke deposition devices in the practice of providing evacuation from public
buildings, in particular shopping centers. The following problems are solved in the article: the ra-
tionale for the design of the nebulizer, which has no limitations for use in public buildings with a mass
stay of people; choice of the prototype of mass application; description and analysis of the experi-
ments; development of recommendations for the use of the nebulizer; the rationale for the further
development of its design.

Methodology. It is shown that toxic smoke is a major damaging factor (more than 90 % of people
affected by fires in public buildings, including shopping mall). For the deposition of smoke and
provide escape routes, sprinkler systems are designed, but they are ineffective for smoke deposition
and ineffective in neutralizing toxicity. A whole complex of measures was developed for the urgent
alteration of shopping centers, increasing the executive discipline of personnel and building owners,
eliminating numerous violations of the construction of prefabricated buildings, replacing flammable
finishing materials and fillers of soft toys, intensively emitting smoke, regular training for evacuation
from shopping centers, advanced training in protection.

Results and discussion. It is substantiated that the fastest and most effective measure can be
the equipping of shopping centers with new manual smoke sedimenting extinguishers — mini fire
extinguishers. In the polygon tests, the effectiveness of new devices for creating evacuation routes by
the method of precipitation and neutralization of thick toxic smoke was demonstrated. It is shown that
the use of these devices does not require special training: they can be effectively used by guards and
visitors to shopping centers and other public buildings for self-rescue, putting out burning clothes on
a person and creating short passes in smoke. A high range of spraying and quenching by mini fire
extinguishers has been identified. Their advantages are proved in comparison with stationary
sprinkler systems, according to the instructions intended.

Conclusions. It is expedient and necessary to create and certify the production of new impulse
sprayers with compactness, durability, efficiency, and to conduct an advertising campaign based on
the results presented, to create a regulatory framework and legislative support for the introduction of
such sprayers in the interests of the safety of visitors to the SEC, discotheques and other public
buildings

Keywords: shopping and entertainment center; conflagration; toxic spoke; evacuation; pulse fire
extinguisher; smoke deposition; flame beating; evacuation way support.
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aHanuTuyeckas (063opHas);
JMCKYCCUOHHAS;
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B pefakuuIo B 3NIEKTPOHHOM BUAe no agpecy info@fire-smi.ru.
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BbIAESIEHHbIMU NOMY>XUPHLIM HAa4epTaHWeM. [ Hay4HO CTaTby Tpa-
ONLMOHHBIMK ABNAIOTCA CEAYIOLLNE pasaenbl:
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® pe3ynbTaThl U UX 06CYXAEHNE;
3aKN0YeHne (BbIBOAbI).
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KOHKPETHOM CTaTbW (AHANNUTU4ecKoi (0630pHON), AMCKYCCUOHHOM,
PEKNaMHOIA) MpW YCOBUW YETKOTO BbIENEHUs Pa3aesos:
® BBeJieHNe,;
® OCHOBHas (aHANNTUYECKas) 4acTb;
® 3aK/0YeHNe (BbIBOAbI).
MMoapo6HY0 MHChOPMALIMIO O COABPXKAHUM KAXKAO0T0 13 0603HAYEHHbIX
BbILLE PA3JEN0B CM. Ha caiTe n3garenbcTea www. fire—smi.ru.

Marepuan cratsn JOIKEH U3NaratbCs B CEAYIOLEM 10PAIKE.
2.1. Homep YIK (yHuBepcanbHas [ecaTuyHas Knaccugukaums).

2.2. 3arnasue CTaTby (Ha pyCCKOM U @HTTIMIACKOM A3blKax). 3arnaBus Ha—
YYHbIX CTATe OMKHbI GbITh TOUHBIMUA 11 NAKOHUYHBIMIA 11 B TO XK€ Bpems
JI0CTAaTO4HO MHCHOPMATUBHBIMI, B HUX MOXXHO WUCNOMb30BaTh TOMbKO
06LLeNpUHATbIE COKPaLLEHUs. B nepeBofe 3arnasuii cTaTeli Ha aHr ni-
CKMIM 3bIK HEAONYCTUMA TPAHCAUTEPALMS C PYCCKOr0 3blka, KPOMe
HENepeBOANMbIX Ha3BaHW COOCTBEHHbIX MMEH, NPUBOPOB N APYruxX
00bLEKTOB, UMEIOLLIMX COOCTBEHHbIE HA3BAHWS, @ TAKXKE HEMEepPeBOUMbIiA
CINEHT, N3BECTHbI TONLKO PYCCKOrOBOPALLMM CreunanmcTam. 9To ka-
CaeTCs TaKKe aHHOTaLLMIA, aBTOPCKNX PE3tOME U KIHOYEBbIX CMOB.

2.3. inchopmanms 06 aBTopax.

2.3.1. imeHa, oT4ecTBa M hamunm Bcex aBTopoB. OHM AOMKHBI NPUBO-
AUTLCA NOSIHOCTBIO HA PYCCKOM A3bIKE 11 B TPAHCIUTEPALN B COOTBET—-
CTBWW C CUCTEMON, KOTOPas B HAcTOALLEe Bpems ABAsAeTCS Hambonee
pacnpoctpaHeHHoi (http: //fotosav.ru/services/transliteration.aspx).

ABTOpamu SBAAIOTCA LA, NTPUHUMABLUNE Y4acTMe BO BCEN paboTe uin
B €€ MaBHbIX pasfenax. Jluua, yyactBoBaBlune B paboTe 4acTU4HO,
YKa3blBaKOTCS B CHOCKAX.

2.3.2. V4eHble CTeNeHu, 3BaHNs, JOMMKHOCTb, MECTO PaboTbl BCEX aBTO-
POB C MOJHBIM OPUANYECKAM afpecoM (Ha PYCCKOM W aHrMACKOM
A3blKax). 3Aecb He06X0UMO YKa3aTb: MONHOE 0(PULMANbHOE HAa3BaHME
OpraHu3aunu, cTpaHy, UHAEKC, ropoj, HasBaHue yanLbl, HOMep [oMa,
a TAKXXe KOHTAKTHbIE TENeOHbI 1 3NEKTPOHHbIN aAPEC BCEX UMM XOTA
6bl 0JHOr0 13 aBTOPOB. [1pK 3TOM He cneayeT NPUBOLUTL COCTABHbIE
4acTW Ha3BaHWI1 OpPraHWU3aLmnin, 0603HA4AOLLNE NPUHALSIEXHOCTD BE-

LOMCTBY, (hOPMY COBCTBEHHOCTH, CTATYC OpraHu3aumm (Hanpumep, “Y4-
pexaeHune Poccuiickon akagemun Hayk...”, “®efepanbHoe rocyaapcT-
BEHHOE YHUTapHoe npeanpusatue...”, “®rQY BMO...” n 7. n.), TaK Kak
370 3aTpyAHAET naeHTudukaumuo opraHnsauyumn. O6paiyaem Balue BHU-
MaHue, YTO Npu nepeBoje Heo6X0AMMO YKa3blBaTb 0CDULMANBHO NPU-
HATOE Ha3BaHWe OpraHW3aLun Ha aHrnUIACKOM fA3blke. Bce no4ToBbIE
CBEAEHMA (KPOME HanMeHOBAHMS YNNLbI, KOTOPOE JO/HKHO ObITh B TPAHC—
NIMTEPUPOBAHHOM BUAE) AOMKHbI GbITh TAKXKE NEPeBeeHbl Ha aHTNIA-
CKUI A13bIK, B TOM YICMNE Ha3BaHWe ropoia 1 CTPaHbl.

Mpwumep: /nstitute for Problem in Mechanics, Russian Academy of Sciences
(Vernadskogo Avenue, 101, Moscow, 119526, Russian Federation).
2.4. AHHOTaLMs Ha PYCCKOM fi3blKe A0/MKHA COCTOATb HE MEHEe YeM 13
5-7 npefnoXeHUn 1 He [OMKHA CoflepXKaTh 06006LLEHHbIE JaHHbIE MO0
BbI6PaHHOW A4Na cTaTbll TeMe. AHHOTALMA K HAYYHOI CTaTbe NpefCcTaB—
nseT co60il KpaTKOe ONI1caHne COAEPXKaHNs U3N0XKEHHOTO TeKcTa (T. e.:
“A3yyeHbl. .., NPOAHANN3NPOBaHbI. .., NPEACTaBNEHbI...” N T. 1.).
2.5. PacLunpeHHoe pe3toMe Ha PyCCKOM U aHrTMACKOM A3blkax. Heobxo-
ANMO MMETb B BMAY, Y4TO aBTOPCKOE PE3tOME Ha aHTMNIACKOM 3bIKe B
PYCCKOA3bIYHOM W3AAHUMN ABAAETCA AN MHOCTPAHHBIX YHEHbIX U Che-
LMANNCTOB OCHOBHBLIM 1, KaK MPaBWsio, eANHCTBEHHBIM UCTOYHUKOM
MHOPMALLMK 0 COAEPXKAHUM CTATb L 11 06 N3NI0XKEHHBIX B HEil pe3ynbTa—-
Tax uccnenoBaHuii. Moatomy aBTopckoe pe3toMe [OMKHO ObiTh:
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CTBYET B OCHOBHOW 4acTu Ny6nnkayuu);
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9KCMNEPUMEHTaNbHbIE PE3yNbTaThl, (DAKTUHECKIE AaHHbIE, YCTAHOBNEH-
Hble B3aIMOCBA3N 1 3aKOHOMEPHOCTH.
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TeKCT AOMKEH ObITb CBA3HbIM; N3N1aragMble NMOM0XKEHNS JOIKHbI 10—
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LUMPOBKY 1 ONpeseneHune npu nepsoM ynoMUHaHUM B TEKCTE PE3IOME.
B aBTOpCKOE pe3tome He PeKOMEHAYETCs BKIH0YaTb CXeMbl, TABNNLbI,
UINIOCTPALMKN, POPMYIIbI, & TAKXKE CCbIIKI Ha Ny6ANKALIMM, TPUBEAEH-
Hble B CMIUCKE NIMTEPATYPbI K CTaTbe.
[N noBblWeHNs 3OMEKTUBHOCTI NPU OHNANH-NONCKE BKMIOYNTE B
TEKCT aHHOTaLWN KITH0YEBbIE CNI0BA M TEPMIHbBI M3 OCHOBHOIO TEKCTa 1
3arnaBus CTatbi.
2.6. KntoyeBsble €0Ba HA PYCCKOM W AHIMNIACKOM A3blKax (He MeHee
5 €noB nnn cnoBocoyeTannit). OHK YKa3bIBAKOTCA YEPE3 TOUKY C 3ansi-
TON. HeonycTMOo B Ka4ecTBe KNHOYEBbIX CII0B UCMONb30BATh TEPMUHbI
06LLero xapakrepa (Hanpumep, npo6nema, peLieHne u T. n.), He ABns-
foLMecs cneunuyeckoin xapakTepucTukon nyénukauyum. Mpu nepe-
BOJE K/OYEBbIX CII0B HA AHTMNIACKWIA A3bIK 136€rainTe no BOSMOXHOCTI
ynotpe6nenns cnos “and” (u), “of” (Mpesnor, ykasblsawLynil Ha Npu-
HaANEXHOCTb), apTuKnen “a”, “the” n 1. n.
2.7. OCHOBHOI1 TEKCT CTaTby AOMMKEH ObITb HabpaH yepes 1,5 nHTepBana
B hopmare Word. @opmynibl JOMKHbI ObITb HAOPaHb! B Microsoft Equa-
tion unn MathType.
Limtnpyembliit TeKCT U3 Apyrux nybnukauui cnefyet 6patb B KaBbl4KU.
Tabnuubl, PUCYHKN, METOLbI, YUCNEHHbIE [aHHbIE (32 UCKITHOYEHNEM
06LLEN3BECTHBIX BENMYMH), ONYONNKOBAHHbIE PaHee, LOMKHbI CONPO-
BOXAATbCA CCbINKAMMU.
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npasua s asToros [

Ecnn npeacTaBneHHble B CTaTbe UCCNEL0BAHUS BbINOJIHEHbI ABTOPAMU
npu hUHAHCOBOW NoafepxxkKe Poccnitckoro hoHaa hyHAAMEHTANbHbIX
nccnenoBaHuin, Poccuitckoro HayyHoro doonga, MuHnuctepcTsa obpa-
30BaHus 1 Hayku Poccuiickon defepaunu u 1. M., TO B KOHLE CTaTby
0693aTeNbHO CreayeT aatb MH(OPMALNI0 06 3TOM C YKa3aHeM HOMepa
11 Ha3BaHWA rpaHTa (Hay4HOro NPOeKTa, FOCKOHTPaKTa u T. A.).

CoKpalLeHus 1 YCIOBHbIE 0603HAYEHUS (PUINYECKIX BEINYINH B TEKCTE
CTaTbll AO/MKHbI COOTBETCTBOBATb AEMCTBYHOLYUM MEXAYHAPOAHbIM
cTaHaapTam. Popmynbl 1 6YKBEHHbIE 0603HAYEHMS AOMKHbI ObITh YeT-
KNMK 1 SCHbIMI. Bce 6yKBeHHbIE 06003HA4EHNS, BXOAALLME B (DOPMYbI,
DOJDKHbI 6bITh pacLIMGpPOBaHbI C yKa3aHUeM eauHuL, u3mepeHus. Pas—
MEePHOCTb BCEX XapaKTepuCTUK JOMKHA COOTBETCTBOBATL cicTeme CU.

/nntocTpaumm B aneKTPOHHON BEPCUM NpuararTcs 0TAeNbHO. PoTo-
rpacun AOMKHbI GbiTb CAENaHbl C XOPOLUEro Heratuea KOHTPACTHON
neyvatbto (paisbl pacTPOBbIX M306paXeHUI NPeA0CTABNAOTCA C paspe-
LueHnem He meHee 300 dpi, 4epHo-6enas LwTpuxosas rpacuka— 600 dpi).
@ainbl BEKTOPHOI rpadpuku creayeT npeaocTaBnsTb B hopmarte TOK
nporpammbl, B KOTOPOI OHM cO3AaHbl, N0 nevatate PDF-chain n3
3TO NporpaMmbl. Bce UNMOCTpaLMn AOMKHbI UMETb CKBO3HYO HYMe—
pauunio. YepTexu 1 KapTbl B Ka4eCTBE WNMIOCTPALMA HENpUeMNIemMbl.
CCbINIKN Ha BCE PUCYHKM B TEKCTE 06513aTeNbHbI.

Tabnuubl [OMKHBI ObITh COCTABMEHbI MAKOHUYHO 1 COLEPXATb TOSIbKO
HE0b6X01Mble CBEIEHUS; OLHOTUMHbIE TABMULbI CIIELYET CTPOUTL 01—
HakoBO. LindpoBble faHHble HEOOXOAMMO OKPYTNIATH B COOTBETCTBUN C
TOYHOCTbBHO 3KCNEPUMEHTA. CBeaeHms B Tabnuuax u Ha PUCYHKAX HE AOJK-
Hbl MOBTOPATbLCA. CCbinKn Ha Bce Tabnuubl B TEKCTE 06513aTeNbHbI.

[Inq ABYA3bIYHOIO NPeACTaBNeHNs TabNIMYHOIO U rpadonyeckoro marte—
puana HeobX0AMMO NpuUcnaTh NEPEBOS Ha aHTMUACKNIA A3bIK:

® 1019 Tabnuubl: ee Ha3BaHWA, LWanku, 60KOBUKaA, TEKCTA BO BCEX
CTPOKax, CHOCOK M NMpUMeYaHuit;

B 11719 PUCYHKA: NOLPUCYHO4HON MOAMNUCHK U BCEX TEKCTOBbIX HAf-
MUCEI HA CAMOM PUCYHKE;

® 11119 CXEMbI: MOANMUCY K HEll 1 BCErO COLLEPXKAHA CAMON CXEMbI.

2.8. MNpucTateiHble CNUCKM NUTEPATYpPbl HA PYCCKOM A3bIKE U A3bIKe
OpurnHana (ecnu KHura nepesogHas).

Cnucok nuTepaTtypbl JOMKEH BKN0YaTh 6ubnuorpacnyeckue ceeeHns
060 Bcex Ny6nuKaumsx, ynoMmuHaemblx B CTaTbe, 1 He JJOSDKEH Cofep-
)KaTb YKa3aHui Ha paboTbl, HA KOTOPbIE B TEKCTE HET CCbINOK. Jlutepary—
pa AomkHa 6bITb 0ChOpPMIIEH B BAE 06LLErO CMNCKA B NOPSAKE Yno-
MUHaHUA. B TEKCTe CCbifka Ha nuTepaTypy O0TMEeYaeTcs nopsiaKoBOi
umndpoii B KBagpaTHbix ckobkax, Hanpumep [1]. bubnnorpaduyeckne
[aHHbIE TPUBOAATCA N0 TUTYNLHOMY INCTY N3AaHNA. NopafoK U3Noxe—
HUS ANEMEHTOB 6M6Morpacnyeckoro OnucaHns onpegenseTca Tpe6o-
BaHuamu FOCT 7.1-2003 n FOCT P 7.0.5-2008.

B onucaHum ncTo4HNKOB HEOBXOANMO YKa3biBaTb BCEX aBTOPOB.

Hapsly ¢ 9TUM N9 HAy4HbIX CTATe CICOK IUTEPATYPbl JOMKEH 0TBE—
4YaTb CNeaytoLLIM TPeBOBaHMAM.

Cnucok nutepatypbl JOMKEH COfiepKaTh He MeHee 20 MCTOYHIUKOB (B 3TO
41CII0 He BXOAAT HOPMATMBHbIE JOKYMEHTbI, NaTEHTbI, CChINKIA HA CaiTbl
KOMMaHui nT.0.). NMpn 3TOM KOINYECTBO CCbINOK HA CTaTb M3 MHOCTPAH-
HbIX Hay4HbIX XYPHANOB W APYrue MHOCTPAHHbIE UCTOYHUKN HOMMKHO
6bITb He MeHee 40 % 06 06LLero KONYecTBa ccbinok. He 6onee nono-
BIHbI OT OCTaBLIMXCA 60 % AOMKHbI COCTaBAATb CTaTbi U3 PYCCKO-
A3bIYHBIX HAYYHbIX XYPHANOB, 0CTaNbHOE — APYrie NePBONCTOYHNKY
Ha PyCCKOM A13bIKe.

He meHee NonoBMHbI UCTOYHUKOB A0SKHO ObiTh BKKOYEHO B OAMH U3
BEAYLLMX UHAEKCOB LUTUPOBAHUS: POCCUIACKNIA MHAEKC HAYYHOrO Ln-
Tuposanua eLibrary, Web of Science, Scopus, Chemical Abstracts,
MathSciNet, Springer n ap. B cnyyae npucsoeHus ny6nmkauusam und -
poBoro uaeHTudukaropa o6bekta (DOI) ero He06X04MMO YKasaTh, 4TO
M03BONUT OHO3HAYHO NAEHTUCMLMPOBATL 0OLEKT B 6a3aX JAAHHbIX.
CoCTaB NCTOYHUKOB LOSKEH ObITb aKTyaNlbHbIM 11 COLIEPXKaTb HE MEHee
NOJIOBUHbI COBPEMEHHBIX (He cTapLue 10 neT) cTatei U3 Hay4HbIX Xyp-
HanoB UNu Apyrux ny6nukauuii.

B cnucke nutepatypbl JOMKHO ObITb He 601ee 30 % NCTOYHMKOB, aBTO-
pOM NGO COaBTOPOM KOTOPbIX ABMAETCA aBTOP CTaTbU.

Cnepyet 06paTiTb BHUMAHWE HA Ny6nukKauumu auccepraunii (0CO6eHHO
[OKTOPCKMX), 3aLLMLLEHHBIX B NOCNELHIE FOAbl N0 6rvKaiLlen Hayy—
HOIA cneumanbHOCTM UKW Fpynne cneunanbHocTei. [1ns noucka peko-
MeH/YeTCs UCnonb30BaTh pecypc http://www. dissercat.com.

He crnemyet Bkntoyath B cnucok nutepatypbl [OCTbI; CCbINMKM HA HUX
JOMKHbI 6bITb AAHbI HEMOCPEACTBEHHO M0 TEKCTY CTaTbU.

Y6eamnTeCh, YTO yKa3aHHas B cnucke nutepatypbl uHgopmauus (®.1.0.
aBTOPA, HA3BAHWE KHUTW UMW XKYPHANA, rO4 N3[aHNS, TOM, HOMEP 1 KO-
NINYECTBO (MHTEPBAN) CTPAHULL) BEPHA.

Heony6nukoBaHHble pe3ynbTaTbl, NPOEKTbI AOKYMEHTOB, IN4HbIE CO06—
LLIEHUA W T. N. HE CeayeT yKa3blBaTb B CNICKE NUTEPATYPbl, HO OHN MO-
ryT 6bITb YNOMSIHYTbI B TEKCTE.

2.9. References (npucrateiiHble CAMCKM NUTEPATYPbl HA AHTNACKOM
A3bike). MpeacTasnexne B References ToNbKO TPAHCANTEPUPOBAHHOTO
(6e3 nepesopa) onucanus Hegonyctumo. O6pallaem Balie BHUMaHNE,
4TO NMepeBoj| Ha3BaHUA cTaTel cneayeT faBaTh Tak, Kak OH MPOXoAusn
npu ux nyénukauuu, a nepeBoj Ha3BaHU XKYPHANOB AOMKEH OblTb
ouumanbHO NPUHATLIM. NPOM3BONLHOE COKPALLEHNE HA3BaHWIA UG-
TOYHMKOB LIMTUPOBAHNSA NPUBEAET K HEBO3MOXHOCTU MAEHTUULNPO-
BaTb CCbINIKY B 3/IEKTPOHHbIX 623aX JAHHBbIX.

MMpu cocTasneHun References HE0OX0AMMO Criefj0BaThb CXEME:

B 3BTOPbI (TPAHCNUTEPALMS; ANS €€ HANWUCAHNSA UCNOJb3YNTE CailT
http://fotosav.ru/services/transliteration.aspx, 06s3arensHo
BKJTH04MB B HACTPOIiKax CnpaBa BBEPXY (hnaxok “AMepukaHcKas
(ans Bu3bl CLLUA)”; ecnu aBTOp LUTUPYEMON CTaTbl NMEET CBOA
BApUAHT TPAHCNUTEPAL Y CBOEN (hammunuu, CneayeT UCnonb3o—
BaTb 9TOT BApUaHT);

W 3arnaBne Ha aHrACKOM A3blKe — ANS CTaTby, TPAHCANTEPA—
1S 1 NepeBoj] Ha3BaHWS — ANs KHUIK;

W Ha3BaHMe UCTOYHNKA (XKypHana, cbopHUKa CTaTell, MaTepuanos
KOH(epeHUUN 1 T. N.) B TPAHCAUTEPALMW U HA aHrNUIACKOM
A3bIKe (KYpCUBOM, Yepe3 KOCYto HepTy);

B BbIXO[HbIE [JAHHbIE;

B yKasaHue Ha A3blK N3NOXEHUs MaTepuana B CKOOKax (Hanpu-
mep, (in Russian)).

Hanpumep: Sokolov D. N., Vogman L. P., Zuykov V. A. Microbiological
spontaneous ignition. Pozharnaya bezopasnost | Fire Safety, 2012,
no. 1, pp. 35-48 (in Russian) (apyrve npumepsl cM. www.fire-smi.ru).
3. K cTatbam crnefyet npunaratb PeLEH3NI0 CTOPOHHErO Chelmanucta
(T. €. OH He JOoMKeH ObITb CBA3AH C MECTOM paboThl (y4ebbl) aBTOPOB
CTaTbin), KOTOPAA JOMKHA ObITb NOANNCAHA PELEH3EHTOM (C YKa3aHueMm
ero @. 1. 0., y4eHOro 3BaHus, y4eHOIi CTENeHN, JOMKHOCTHU, MecTa pa-
60Tbl), 3aBepeHa 0TAeN0M KapoB (Y4eHbIM CEKpeTapem) 1 neyvarblo.
Bce peueH3eHTbl A0MKHBI ABNATLCA NPU3HAHHBIMUW CMELMANCTaMM M0
TemMaTnKe pPeLeH3npyemblX MaTepPUANIOB U UMETb B TEYEHWE NOCIELHUX
3 net nybaukauum no Tematuke peueH3upyemoin ctatbu. O6palaem
Balue BHUMaHME, YTO PELIEH3EHT He JOMKEH BXOANTb B PejaKLOHHbIiA
COBET HALLEro XypHana.

4.CTatby, NPUCNAHHbIE HE B NOTHOM 06bEME, Ha PACCMOTPEHIE HE NP1
HUMAIOTCA.

5. B cnyyae nony4eHus 3ameyqaHuin B X04e BHYTPEHHEr0 PeLeH3npoBa-
HUA CTaTbW ABTOPbI LOJKHbI NMPEJOCTaBUTb AOPA00OTAHHbIA BapuaHT
TeKCTa ¢ 00513aTeNIbHbIM Bbl€NEHNEM LiBETOM BHECEHHbBIX U3MEHEHMIA,
a TaKkxKe 0TAENbHO NOArOTOBUTb KOHKPETHbIE OTBETbI-KOMMEHTApUK Ha
BCE BOMPOCHI M 3aMe4aHus peLeH3eHTa. HeCBOEBPEMEHHDII, a TaKXe
HeazleKBaTHbI OTBET HA 3aMEYaHNs PELIEH3EHTOB 1 HAY4HbIX PEAAKTO-
POB NPUBOAUT K 3afiepXKke NyO6nukauuu [0 NcnpaBneHns ykasaHHbIX
HeaocTaTKoB. [Py NrHOPUPOBAHMM 3aMeYaHUI PELLEH3EHTOB U HAY YHbIX
PEAAKTOPOB PYKOMUCb CHAMAETCS C AanbHENLIEr0 PACCMOTPEHUS.

6. HenpuHaTble K ny6nnkaLmm ctatbit aBTOpy He Bo3BpaLLatoTces. Mpocbba
pefakLm 0 nepepaboTke Matepuasna He 03HAYaET, 4TO OH MPUHSAT K NeyaTw.
lMpennevatHas NoAroToBKa CTaTemn ONna4nBaeTcs 3a CHeT CPeLCTB NOA-
MUCHYNKOB W TPETbUX JINL, 3AMHTEPECOBAHHBIX B My6nMKauui.
Pepakums ocTaBnsieT 3a c0601 NPaBo CHUTATb, YTO ABTOPbI, NPEAOCTA-
BMBLUME PYKOMUCb AN ny6nukaunyu B XypHane “loxapoB3pbiBo6e3-
0NACHOCTb”, COrMacHbI ¢ YCNOBUAMU NYOANKALUYA NN OTKIIOHEHUS py—
Konucu, a Takxe ¢ npasunamm ee ohopmneHus!
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