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JKypHan BKIlOYeH B nepeyeHb BeAYLLMX PeLeH3MpyeMblX Hay4HbIX XYPHaNoB 1 M3AaHNI, pekoMeHaoBaHHbIx BAK Poccun ans nybnvkaumm Tpynos
comcKaTener y4eHblx creneHen, B PechepaTyBHBIN XypHan 1 6a3bl AaHHbIX BUHTY PAH, B 6a3y faHHbIX POCCMINCKOrO MHAEKCa HayYHOrO LMTUPOBaHMS
(PMHLL). CBeeHwms 0 xypHarne exerogHo nybnukytotcs B MexayHapoaHO CpaBoYHOM C1cTeME MO NEPUOAMHECKMM 1 MPOLOMXKAOLWMMCS U3AAHUSM
“Ulrich’s Periodicals Directory”. MepeBofiHble BepCcMM CTaTel XXypHana BXoaaT B MexayHapoaHbIn pedepaTBHbIv XXypHan “Chemical Abstracts”.
NepeneyaTka MaTepuranos xypHasa “lMoxapoB3pbiBoOE30MaCHOCTL” TOMBKO MO COMMAacoBaHMIO C pefakumen. Mpu UMTMPOBaHUM CCbifika 0Ds3aTenbHa.
ABTOPbI V1 peknaMopaTeNn HeCyT OTBETCTBEHHOCTb 3a COAEPXKaHMe NpeCTaBNeHHbIX B PeAaKLMIO MaTepranos v NyOnrKaLmnio 1X B OTKPLITON nevaTu.
MHeHW e pefakLmm He BCerfa CoBnafaeT C MHEHEM aBTOPOB OMybNMKOBaHHbBIX MaTePUasoB.
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BbICTABKA MIPS 2015 NPU3HAHA "ips
CNEUNANMCTAMU COBLITUEM FOAA oscow
B COEPE OBECNEYEHUA BE3ONACHOCTU  Mockogckas

MexayHapoaHas
I'Ipecc-pe/\u3 no UuToram BbiICTaBKHU BbicTaBka “OxpaHa,
6e3onacHOCTb
13 no 16 anpensa 2015 roaa B MockBe ¢ ycnexom cocrosinacb 21-a Moc- 1 NpoTnBONOXapHasi
KOBCKas MeXAyHapoaHasa BbicTaBka MIPS 2015 — “OxpaHa, 6e3onac- sawmra”

HOCTb U MPOTUBOMNOXapHasA 3awmTa”. OpraHM3aTopomM 3TOro MeponpUATUSA
BbicTynuAa Mpynna komnaHwuii ITE, AMaAupylOLLAA HA POCCMIUCKOM pPbIHKE Bbl-
CTaBOYHbIX YCAYT.

B LepeMOoHMM TOPXECTBEHHOIO OTKPbITUS BbICTABKM NPUHAAM yyacTue penytat MockoB-
CKOW ropoackor Aymbl, npeacepatenb Komuccnm no 6e3onacHoct MHHa CBATEHKO, HaYanb-
HUK HULL “OxpaHa” MuHucTEPCTBa BHYTPEHHUX AeA Poccuiickon ®epepaumu, NOAKOBHUK No-
AMUMKM Anekcel 3aiueB, HayanbHUK MHOOPMaLMOHHO-aHAAMTUUYECKOTO ynpaBaeHua depe-
pPaAbHOrO areHTCTBa Mo 0OyCTPOMCTBY rOCYAAPCTBEHHOM rpaHuubl Poccuiickon ®depepaumm
AMWUTPUI PbIXXKMKOB, CTaplIMii MHCMEKTOP MO 0C060 BaxHbIM mopyyeHusm YOOOIN MBA
Poccun OkcaHa Pe3HUUYEHKO, 3aMeCTUTEAb HauyaAbHUKa YNPaBAEHUS HAA30PHON AETEABHOCTU
'Y MYC Poccum no ropoay Mockse Braanmup AOXmMaToB U Apyr1e NOYETHbIE FOCTH.

OTkpbIBas BbICTaBKY, AenyTaT MOCKOBCKOM ropoACKor Aymbl MHHa CBATEHKO OTMETUAG, UTO
M3 roAa B rOA BbICTaBKa MEHSAETCA K Ay4yLLEeMY, B YHaCTHOCTM YBEAMUYMBAETCA KOAMUYECTBO yyacT-
HUKOB, 0COOEHHO POCCUICKMNX MPOU3BOAUTENEN, UTO KpalHe BaxXHO AASI chepbl 6e30MacHOCTH.
OHa BbIpa3uaa yBEPEHHOCTb, YTo BbicTaBka 2015 roaa AacT 60AbLLOE KOAUYECTBO NMOAOXKUTEAD-
HbIX PE3YALTATOB, CTAHET MAOLLAAKOM AAS MHOTOYUCAEHHBIX KOHTAKTOB U B3aWMOAENCTBUSA
MEXAY Pa3AUUYHBIMU CTPYKTYPaMu, HanpaBAEHHbIX Ha yAyylleHus B chepe 6e30MacHOCTH.

B 3TOM roAy NAOLLAAB BbICTaBKM NpeBbickAa 11 500 M2, BeicTaBKy noceTan 16 922 cre-
uManmcTa oTpacam u3 79 permoHoB Poccun n 47 3apybexHbix cTpaH. KOAMYECTBO y4aCTHUKOB
cocTaBuAO 426 KkomMnaHui 13 22 cTpaH, B TOM Yucae U3 Kutas u TariBaHs.

KoMnaHun — yuaCTHUKM BbICTaBKM NPEACTaBUAM 0B60PYAOBaHUE HOBOrO MOKOAEHHWS, Pas-
paboTaHHOE Ha OCHOBE NEPEAOBbIX TEXHOAOTUI: NMYALTbI, AAPECHbIE M NMOXAaPHbIE U3BELLATENH,
6UOMETPUYECKME CUCTEMbI KOHTPOAA AOCTYyNa, 6€CnNpOBOAHbIE CUCTEMbI CUTHAAU3ALMMU, CUC-
TEeMbl BUAEOHABAIOAEHWA 1 MHOTOE APYroe€.

“BbicTaBka MIPS 2015, 6e3ycA0BHO, cTara CObbITUEM FOAQ, UTO 0COOEHHO YAUBUTEABHO B
peanbHOCTAX CTarHauum 3KOHOMUKKU. KOAMYECTBO U, CaMO€e rAaBHOE, YPOBEHb MPEeACTaBAEHUSA
dupmamMm CBOUX CTEHAOB M 060PYAOBAHMSA MO CPABHEHUIO C MPEABIAYLLMMU rOAGMU 3aMETHO
BblpocAr. OCOBEHHO CUABHOE BNeYaTAeHMEe NPOU3BEA NAaBUABOH C KUTANCKUMU NPEANPUSATUS-
MW: OYEBMAHO POCCUICKO-KUTANCKOE COBMECTHOE ABWXEHWE HaBCTpeuy Apyr Apyry”, — oT-
METUA 3aMeCTUTEAb AUPEKTOPa My3es “focyAapCTBEHHbIN dpmuTax”, Aaypeat npemun MNpasu-
TenbcTBa PO B 06AaCTV HayKU U TEXHUKM AAeKcel BoraaHoB, BbICTYNMBLUMK MOAEPATOPOM KOH-
depeHummn “besonacHocTb My3eeB”.

OAHMM 13 TPaAMUMOHHBIX cOBbITUIN MIPS cTan KOHKYPC TEXHUUYECKUX pelleHni “Aydlini
WHHOBALMOHHbIV NPOAYKT”, 3apEKOMEHAOBABLUWI cebA Kak OANH U3 UHCTPYMEHTOB MPOABH-
XEHUA HOBENLLIMX AOCTUXEHUI B UHAYCTPUM Be3onacHocTh. Mobeantear KoHKypca BbiAK onpe-
AEAEHbI CneLMarbHOM KOMUCCUEN B LLECTU HOMUHaUMAX: “OxpaHHas curHaamMaumsa”, “Cuctembl
ynpaBAeHust pocTynom”, “CucTeMbl OXpaHHOIro TEAEBUAEHUA”, “UHTErPUPOBaHHbIE CUCTEMbI
6e3onacHocTn”, “UHbOOPMALIMOHHBIN NPOAYKT”, “lNoxapHas curHasnsaumsa u 6esonacHocTb”.

ObhrapatensiMn 30A0TbIX Mepaner ctaan 3A0 “Apryc-Crnektp”, 000 “HTK® “Cu-Hopa”,
MOBOTIX AG, Western Digital, Mpon3BoacTBEHHan koMmnaHus “Crubupckuin Mpoekt”, 000 “LieHTp
AnepHoe npubopocTpoeHue”. Ayullinm AoOKAaAUMKoM BbiA NpuaHaH Uropb CaytuH (“O00 “Kb
“MeTpocneurexHuka”).

MapTHepbl U CNOHCOPbI BbICTABKU

m  [eHepaAbHbIl NapTHep BbicTaBkK — BEWARD.

®  [lapTHep BbicTaBkn — DAHUA.

®  CrnoHcop 30HbI pernctpauunm nocetutenein — CAME RUS.
m  [lapTHep aneKTpOHHOM pernctpaumm — IKCKOH.

®  CrnoHcop BXOAHOM 30HbI — BAS-IP.
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i AenoBas nporpamma
B pamkax AenoBOM NporpaMmbl BbicTaBku MIPS ycneLwHo npoLwAmK cneumMasn3MpoBaHHble
KOHObepeHUMK No Hanboree akTyaAbHbIM BOMpocamM 6e30nacHOCTH.

13 anpensi coctosinacb KOHGepeHuMa “be3onacHOCTb CKAAACKMX KOMMAEKCOB U AOTUCTU-
YEeCKWUX TEPMUHANOB”. YUaCTHUKN KOHOEPEHLMU CMOMAM 0OMEHATLCA MHEHUSIMW, OMbITOM Y
3HaHMAMM MO NPEAYNPEXAEHUIO BHYTPEHHMX U BHELLIHUX YTPO3 B OTHOLLEHWUU CKAAACKMX KOMI-
AEKCOB 1 AOTMCTUUYECKMX TEPMUHANOB. YuacThe B Hel NpuHsaanM 6oree 160 cneunannctoB —
npeAcTaBUTEAEN AOTUCTUUYECKMX ONEpPaTopoB, NPEANPUATUIA TOPrOBAU U NMPOU3BOACTBEHHbIX
NPEeANPUATUI, KOTOPble UMEOT COBCTBEHHbIE AW @pPEHAOBAHHbIE CKAAACKME MOMELLEHUS.
CnoHcopoM MeponpuAtus BbicTynmMaa komnanua Nedap Secuirty Management.

KoHopepeHuma “ObaauHble TEXHOAOTMWU B MOHWTOPUHIE U 6e3onacHOCTU” CoCTosiAachb
14 anpens. B xope ee paboTbl y4aCTHUKM 06CYANAM MUPOBbIE TEHAEHUMW Pa3BUTUA 0OAAUHbIX
TEXHOAOTUI U UX BAUSIHWE Ha AEATEAbHOCTb POCCHUICKMX KOMMNaHWi B chepe 6e3onacHoCTH,
a TakXXe y3HaAU 0 BO3MOXHOCTSX M MPEUMYLLLECTBAX, KOTOPbIE OTKPbIBAIOT NepeA HUMK obaau-
Hbl€ TEXHOAOTUU. YUaCTHUKaMK KoHdepeHumn ctaam 180 cneumanmncros.

B atoT Xe aeHb, 14 anpens, coctoanack KoHdepeHuma “besonacHoctb My3eeB”. Mepo-
NpuUATHUE NPOLLAO NPU NopaepXke MexayHapoaHoro coBeTa Mysees (MKOM Poccun). Moaepa-
TOPOM BbICTYMUA 3aMECTUTEAb AMPEKTOpA MO 3KCMAyaTauuu My3es “focyAapCTBEHHbIV Jp-
MuTax” Anekcei boraaHoB. AeAsicb BrieYaTAeHUsIMI 06 yuacTUM B KOHOEPEHLIMU, OH NMOAUEPK-
HYA, UTO “A€AOBasi NpPorpamMma BbiCTaBKM OXBaTbliBaAa LUMPOKKUIA KPYT akTyaAbHbIX NpobAeM 1
6blna MpoBEeAEHa Ha COAMAHOM €BPONENCKOM YPOBHE”.

OCHOBHOE BHMMaHUe KOHdepeHUMU BbIA0 yAereHO npobreMaM COBepLUEHCTBOBAHUS
HOPMATHBHbIX AOKYMEHTOB MO MNOXapHOM 6€30MacHOCTH 0O6bEKTOB KYALTYPbI. YUaCTHUKM Mepo-
NnpUATHA y3HaAKM 06 onbiTe TocyAapCTBEHHOTO dpMUTaxa B chepe noxapHoin 6esonacHoCTH,
006 MCMOAB30BAHUN KOMMAEKCHbBIX WHTErPUPOBAHHbLIX CUCTEM 6Ee30MacHOCTU B My3eNHOWM
NpakTUKe, a TakKe CMOTAM 03HAKOMMUTLCS C COBPEMEHHbBIMW PELIEHUAMU NO NPOTUBOMNOXApP-
HON 3aluuTe My3elHblX 0ObEKTOB, BUAEOHAOAIOAEHUIO U OXpaHe 3KCMOHATOB Ha OCHOBE
pPaAMOYaACTOTHOM MAEHTUDUKALMUMN.

15 anpens 2015 ropa coctosinacb KoHdepeHUus “AKTyaabHble NPobAeMbl cucTeMbl obec-
neyeHuns noxapHon besonacHoctn B Poccuiickont ®epepaumn”.

YuacTHUKKM koHbepeHUnn 0BCYANAM M3MEHEHWA B 0OAACTM HOPMATUBHOMO PEeryAMpoBa-
HUs obecneyeHuns noxapHoi 6ezonacHocTi B Poccun, TpeboBaHUs K ccTeMaM nepepaviu us-
BeLeHui o noxape (FOCT), BAUSHWE 3KOHOMUUYECKOTO KpMU3uca Ha UMNOPT TOBAPOB Ha PbIHKE
noxapHoi 6e3onacHoOCTU 1 Apyrve Bonpochl. KoHbepeHuMsa npuBaekaa BHUMaHue 200 cne-
LUMaAMCTOB.

CnoHCOpPOM KOHGEepeHUMM BbICTyNMAa KomnaHua “Apryc-CnekTp”, mapTHEPOM Mepo-
npuatna — GepepanbHan nasata NoxapHo-criacaTeAbHOM oTpacAM M obecrneyeHust besonac-
HOCTH.

Bcero B pabote MeponpusaTUii AEAOBOM MporpaMmbl NMPUHSAK ydyacTue 6onee 600 pe-
AEraToB.

BoictaBka MIPS - Securika B 2016 roay

B 2016 roay BbictaBky MIPS oxuaatoT nepemeHbl. Meponpuatue 6yAeT NpoXOAUTb NOA HO-
BbIM GUPMEHHbLIM 3HaKOM U HadBaHMeM MIPS — Securika. 3TM U3MeHEHUA ABASIOTCA YaCTbio
npoekTa no pebpeHAMHTy, KOTOPbI peaAn3yeT opraHM3aTop BbiCTaBKkuU — Mpynna komnaHui ITE
B Poccuu. B pamkax AaHHOrO NpoeKTa OpraHmn3yroTCA YETbIPe BbICTAaBKM TEXHUUYECKUX CPEACTB
OXpaHbl U 060pyAOBaHMA AAA 0BecrieueHns 6e30MacHOCTM M NPOTUBOMOXAaPHOM 3aLLMThI, KOTO-
pble 6yayT npoxoanTb B MockBe, CaHkT-lNeTepbypre, HoBocubupcke M KpacHopape noa eaun-
HbIM 6peHaom Securika.

HoBbIl 3anoMUHAOWMICSA AOrOTUM, MOHATHOE U BAM3KOE OTPACAEBOMY COODLLECTBY Ha-
3BaHKe NO3BOASIT MOBbLICUTbL y3HaBaeMOCTb BpeHAa M ByayT coaencTBoBaTb boree adPeKTUB-
HOMY NPOABUXEHWIO NOPTHEAS BbICTABOK TEMATUKKU “6€30MacHOCTb” CPEAN LIEAEBOW ayAMTO-
pPUKN NoceTUTENEN — MPEACTAaBUTEAEN OMNTOBbIX U PO3HUYHbIX TOPTrOBbIX KOMMAaHWI, cneuuanm-
CTOB MO YCT@HOBKE W WMHXEHEPOB MO 3KCMNAyaTaLuMU TEXHUUYECKUX CPEACTB OXpPaHbl U
o6opypoBaHUA AAA 0becrnieueHns 6e30MacHOCTH U NPOTUBOMNOXAPHOM 3aLUWTbI.

Aata npoBeaeHus BoictaBku MIPS - Securika B 2016 roay: 14-17 mapra.
MecTto npoBeaeHus: UBK “3kcnoueHTp” (MeTpo “BbicTaBoyHan”).

OpraHusartop:
pynna komnanum ITE

Mpecc-cnyx6a ITE:
e-mail: pr@ite-expo.ru
Ten.: +7 (495) 935-73-50
dakc: +7 (495) 935-73-51
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A. B. AHTOHOB, cTyfAeHT DHepreTmyeckoro MHCTUTYTa HaumoHansHoro
1CCneaoBaTenbCckoro TOMCKOro NONUTEXHUYECKOrO YHUBEpCUTETa
(Poccus, 634050, r. Tomck, npocr. JleHnHa, 30; e-mail: Taadsdfn@gmail.com)

P. C. BOJIKOB, Mnaglumi HayYHbI COTPYAHWMK Kadeapbl aBToMaTM3aLmm
Tenno3HepreTM4eckMX NPOLLECCOB, DHepreTUHecknin MHCTUTYT HaumMoHanbHoro
MCCNefoBaTeNbCkoro TOMCKOro NONIUTEXHUYECKOro YHMBepCuUTeTa

(Poccus, 634050, r. Tomck, npocn. JleHuHa, 30; e-mail: romanvolkov@tpu.ru)

M. A. CTPNXKAK, o-p Puv3.-MaT. Hayk, npodeccop Kadenpbl aBToMaTU3aLMm
TennosHepreTM4ecknx NPOLECCOB, SHepreTM4ecknii MHCTUTYT HaumoHanbHoro
MCC1efo0BaTeNIbCKoOro TOMCKOro MOJIMTEXHNYECKOTO YHUBEPCUTETa

(Poccms, 634050, r. Tomck, npocn. JlennHa, 30; e-mail: pavelspa@tpu.ru)

YK 536.4

CTATUCTUYECKNA AHANN3

NOCNELCTBUA CTONIKHOBEHUA KAMEJb BOAbI
NP NX ABMXXEHWUI YEPE3 NJIAMSA B BUAE
NMOTOKA PACMbIIEHHOW XXUAKOCTHU

MpencTaBneHbl pe3ynbTaThl CTATUCTUHECKOrO aHanmn3a nocniefcTBUIM CTOIKHOBEHMS Kanesb TUMNYHOM
TyllaLen XUAKOCTU (BOfbI) MPY UX ABMXEHMI Yepe3 MiamMs, BbINOSHEHHOMO C UCMOSb30BaHWEM na-
HOPaMHbIX OMTUYECKNX METOAOB U KPOCCKOPPENAUMOHHOIO BuaeokoMnnekca. [ns reHepaumm nna-
MEHW B 3KCNEPUMEHTAX MCMOMIb30BAHO CMeLMan3npoBaHHOE ropelo4Hoe YCTPOMCTBO, 3aM0fIHEHHOE
KUAKMM TOMIMBOM C XOPOLIO MU3Y4EHHbIMU CBOMCTBAMM — KEPOCKMHOM. [oKa3aHo, YTO B 3KCNepu-
MeHTax pa3mepsbl (AvameTpsl) Kanesb BapbupoBanuck ot 0,140 0,5 MM, a CKOPOCTN X ABUXEHUS —
o1 0,5 00 12 M/c. BbioeneHo HeckoNbKO TUMNYHbIX Pe3ybTaToB CTONKHOBEHWA ABYX Kanesb C X KO-
arynauven, apobneHuem Unn pasnetoMm B nnamerHu. OnpeneneHo BAVSHME CKOPOCTEN ABUXEHWS,
pa3MepoB W1 TPAEKTOPUIN NMepeMeLlieHNs Kaneflb Ha pe3yfbTaTbl CTOSIKHOBEHUS.

KnioueBble cnoBa: nnams; BbICOKOTEMMNEPaTypHbIE ra3bl; pacrblieHHas BOAa; Kaniu; CTONKHOBEHWe,;
Koarynauus; apobneHve.

BeeneHune BaHU II03BOJIMIIY OIIPEJEIIUTD MACCY JKUAKOCTH, HCIIa-
psromIeiics B 30He INIAMEHH B YCIIOBHSAX, TIPHOIIKEH-
HBIX K peajibHbIM IToxkapaM. B [10, 14, 15] onpenenensl
KOHLIEHTPALUU [a30B U TEMIIEPATypPbl, JOCTUIAEMBIE B
ClIeJI€ Kallellb B PEe3yJIbTaTe HHTEHCUBHOIO UCIIAPEHUS,

HO ITPpH ITOCTAHOBKE 3a1a4 ITPUHATBI JOCTATOYHO YCJIOB-

B coorercTBIH ¢ nEfiCTBYOIMMI BO MHOTHX TOCY/Iap-
CTBaxX MpOTrpaMMaMH pecypcodPp(EeKTUBHOCTH MPAKTH-
YEeCKH B K&KAOH OTPaciii MPOMBIIUICHHOCTH U cepe
0e301macHOCTH (B YaCTHOCTH, ITOYKapHOIT) 0c000€ BHU-
MaHHE YACTSICTCS MUHIMU3AUH (MM ONTHMHU3AIIIH)
pacxomoBaHUs pecypcoB. MHOTHE CICIIHATH3HPOBAH-
HBIE CUCTEMBI TOKapOTyIIeHus (“BosiHOM Tyman™ [ 1, 2],
BOJIsIHAA 3aBeca [3—5], ToHKopacnbuieHHast Boga [6—10]
U Jp.), Ha MEePBBIN B3I, 00ECIeYNBAIOT MUHUMHU3a-
LU0 pacxofia TyIIAlUX )KUAKOCTHBIX COCTaBOB. OHAKO
B peabHOM MPAKTUKE NOKAPOTYIICHHS JOBOJIBHO CIIOXK-
HO OIICHUTH HEOOXOIUMBIII TSI TOKATIH3aIUU WU TIOJ-
HOU JINKBUAIINH [TOKAPOB 00bEM TyIIAIIEeH )KUIKOCTH
[11-13]. Kak ciiencTBue, pacxoi TaKuX KUAKOCTEH J10-
BOJIGHO 3HAYNTEIICH IPH JTUKBUIAIMN IPAKTHUCCKH JTI0-
OBIX TIOXKapoB. [ TaBHBIMU (haKTOpaMH, OCIOKHSFOIITMMHI
TaKyIO OIICHKY, SIBIITIOTCS CYIIECTBCHHO HECTAIIMOHAD-
HBIE TIPOIIECCHI TEITIOMACCONIEPEHOCA U THAPOANHAMH-

HBIC CXEMbI JIBU)KECHHSI KalleIbHBIX TOTOKOB BOJIBI Yepe3
rtamsi. DxcnepuMeHTsI [ 16—19] nmokazaiu, 4To npH JABHU-
JKEHHUH Yepe3 T1aMsi (BBICOKOTEMIIEpaTypHBIE POTYKThI
CTOpaHUsl) OCTATOYHO THITMYHBI TPOIECCHI KOAryJis-
1M, CTOJIKHOBEHHMS U IPOOIICHHS Karlellb. DTH MPOIIECCHI
MPUBOJAT K CYLIECTBEHHOMY U3MEHEHHIO CTPYKTYPHI
KarlenbHBIX MOTOKOB B Tuiamenu [ 16—19], moatomy nipen-
CTaBJISICT MHTEPEC SKCIIEPUMEHTATIBbHOE H3YyYCHHE ITPO-
[IECCOB B3aUMOICUCTBHSI JIBYX KaIlellb B THIIMYHBIX TUIa-
MEHaXx JiJIs yCJIOBHIA pPaOOThI pa3HbIX, HAMOOJIEE ITUPOKO
WCIIOJIb3YEMBIX PaCIHbUINTEIbHBIX CUCTEM IMOXApPOTYy-
menust. OneiTe [ 16—19] mokazanu, 94To Takue mporec-

KU B CUCTEME JICUOKOCHIb — NAAMSL.
BrinosHeHHbIE B TOCIEIHIE FO/IbI TEOPETUUECKHE
[10, 14, 15] u sxcnepumenTanbuble [16—19] uccueno-

© Awumonos JI. B., Bonkos P. C., Cmpuoicax I1. A., 2015

CBbI MOKHO SKCIIEPUMEHTAJIBHO UCCJIEIOBATH C BBICOKOM
JOCTOBCPHOCTLIO JIMIUIb C IPUMEHCHUEM COBPEMEHHBIX
“OCCKOHTAKTHBIX MMaHOPaMHBIX OIITUYCCKHUX METOA0B
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Puc. 1. Cxema (a) 1 BHeITHUH BUJ (0) SKCIIEPUMEHTAIBHOH YCTAHOBKH: / — BBEICOKOCKOPOCTHAs BHE0KaMepa; 2 — KPOCCKOPPEIISIIU-
OHHas Kamepa; 3 — ABOIHOM TBEPIOTENBHBII HMITYIbCHBIN a3ep; 4 — cuHxpoHu3aTop [1K, KpoccKoppensroHHOM KaMephI 1 Jla3e-
pa; 5 — cBeTOBOM “HOX”’; 6 — reHeparop JasepHoro usnyuenus; 7 — [1K; § — mraTtus; 9 — eMKOCTb ¢ BO#oii; /() — KaHal nogauu
BOJIbl; / / — pacubulnTeNb; /2 — pacnblUIeHHas BOAA; /3 — yJIOBUTENb; /4 — LUIMHAP U3 )KapOCTOMKOr0 CBETONPO3PAYHOI0 MaTepy-
ana; /5 — noJiblii IUINHIP € TOPIOYEH HKUIKOCTHIO BO BHYTPEHHEM IIPOCTPAHCTBE; /6 — TepMonapsl; / 7 — KaHaJl IBUKCHUS OXJ1axK-
JTAFOILEH KUIKOCTH Jlazepa; /8 — MposkekTop; /9 — HarpeBaTeIbHas yCTaHOBKA; 2() — HarHeTaTeNnbHas CUCTeMa; 2/ — MyJIbT BKITIO-
YEHHs/OTKIIFOYEHHUS] HATHETATEIBHOM CHCTEMBI
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“TpaccepHoi”’ BU3yalIM3allii, CKOPOCTHBIX BUICOKaMep
U KPOCCKOPPEISIINOHHBIX KOMIUIEKCOB.

Ienp HacTosMIeH PaOOTH — aHAIM3 MOCIECICTBUH
CTOJIKHOBCHHUI JBYX Karejb BOIBI IPH UX ABIKCHUHU
yepe3 miamst Ha 0ase pe3ysbTaToB SKCIEPHUMEHTOB C
UCIIONIb30BAHUEM MMAHOPAMHBIX ONTHYCCKHX METOIOB
“TpaccepHON” BU3yaJIn3all1 I'a30- U NapOKHUIKOCTHBIX
MIOTOKOB.

MeToauka 3KcnepumMeHTanbHbIX
nccnepoBaHuUN

[Ipu mpoBeneHnH HMCCIEAOBAHHUI HCIOIB30BAJICS
9KCIIEPUMEHTAIbHBIN cTeH (puc. 1), aHaIOTHYHBIH 110
OCHOBHBIM DJIEMEHTaM YCTaHOBKaM, MIPIMCHSICMBIM B
ombITax [16—19]. B otwruue ot sxcriepumeHToB [ 16—-19],
HapsAy C KPOCCKOPPEISIIMOHHBIM BHICOKOMILIEKCOM,
MIPUMEHSUINCH JIBE BBICOKOCKOPOCTHBIE (105 KaJ[poB B Cce-
KyH/y) KaMEpHI CO CIICIIHATH3HPOBAHHBIM IIPOTpPaMM-
HbIM oOecrieuenueM “Tema Automotive”.

Amnanornuno skcriepumentam [16—19] perucrpu-
POBAITUCh M300paXKEHUS Karellb BOAbI B MPOLIECCE MX
JIBIOKEHUSI uepe3 BhicokoTemneparypsbie (oxoro 1100 K)
ra3bl — MPOIYKThI CTOPAHUS KEPOCUHA B LIMJIMH]IPE U3
JKapOCTOWKOTO CBETOIPO3PauHOro CTeKIIA /4 (BBICOTON
1 M, ¢ BHYTPCHHUM M BHEIIHUM JIMAMETPaMHU COOTBET-
creerHo 0,2 1 0,206 m). Temneparypa razos 7, B mia-
MEHHOW 30HE TOPCHUS H3Mepsyiach TPEMsl XPOMEIb-
ATFOMENIEBBIMHU TepMoniapamu /6 (¢ Iuama3oHoM U3Me-
psiembix Temneparyp 273-1373 K u cucremaruyeckoi
norpemntHocThio +3 K), KOTOpble yCTaHaBIMBAIUCH B
munHape /4 Ha pasnoit Beicote (0,15; 0,50 u 0,85 m).
Haganpnast Temneparypa BBOIUMBIX B Ta30BYIO CPEIy
Kaness Boabl 7, nopaepxkusanack oxosno 300 K ¢ no-
MOIIBIO CUCTEMBI HATPEBATCIBHBIX KaMEP M XPOMEIIb-
KOIIEJICBOM TepMoIapbl (C JAUAna3oHOM H3MEPSEMbIX
temrieparyp 273-473 K u cucremarndeckoil morper-
HocThIO 1,5 K). MakcumanbsHbIe ClTydaifHble MOTper-
HOCTH U3MepeHus 7, g AOCTHIaIH 20 K, a 7,, — ne 6o-
aee 3 K.

Pa3mepsl kaxx10ro BUI€0OKaApa B 00JaCTH BBICOKO-
TEMIIepPaTyPHBIX Ta30B BEIOUPAIHNCH B COOTBETCTBHUH C
XapaKTePHOU ATMHON PEerucTpUPYEMBIX YHaCTKOB Tpa-
SKTOPHH ABIKCHUS IBYX HCCIICTYEMBIX CTATKHBATOIIHX -
cs Karenb. 1o Bcel JuiMHe HMIMHIPUYECKOTO KaHaja
BBITIOJIHSJIACh BHJICOChEeMKa. B pesyibrare 00padoTku
BUjeorpamMm otobpano 6onee 1000 kaapoB ¢ xapax-
TEPHBIMH CTOJIKHOBEHHUSIMH JIBYX Kallelb Pa3IHIHBIX
pa3MepoB MPH Pa3HbIX CKOPOCTIX UX JBHIKEHHS U YT-
Jax TepecedeHus TPACKTOPHH epeMEeICHNS.

HauanbHble pazmepsl (paanychl) Kamesib B IOTOKE
pacnbUIeHHON KMAKOCTH u3MeHsuuch oT 0,05 1o
0,25 MmM. OTHOCHUTENTEHAST 00bEMHAsT KOHIICHTPAIHsI Ka-
Tesh KHUAKOCTH B 1 M° rasa Y,, TOJIepKUBAIACh B AHa-
masone 0,001-0,0012 M. Bri6op aunamnazoHOB u3Me-

HEHUS PaJMyCOB Kallelb 7,, U UX KOHLIEHTPaUHUH 7,
00ycJ0BJIeH cieun(pUyecKuMHU OTpaHMYEHUSIMH TTAaHO-
PaMHBIX ONTHYECKUX METO/IOB “‘TPACCEPHOI’ BU3yaH-
3auuu PIV u SP [20-22], npumMeHsieMbIX Tpu 00padoT-
K€ BUJIEOI'PaMM IKCIIEPUMEHTOB.

CKOpOCTH ABIKCHUS MTPOIYKTOB CTOPAaHUS B 001a-
CTH BH/ICOPETUCTPALHH U, PETYIUPOBAINCEH C UCTIONb-
30BaHUEM HAarHEeTaTeJIbHOM CUCTEMBI U COCTABIISIIIN BO
BCEX DKCIEPUMEHTAX 0K0JI0 1,5 M/c. CKOpOCTH IBHIKE-
HUS Karesb B IOTOKE BBICOKOTEMIIEPATYPHBIX I'a30B U,
U3MEHSINCE B quanasone ot 0,5 1o 5 m/c.

s n3mepenust CKopocTel IBUKEHHUSI Kallelb BObI
U,, Yl Ta30B U, IPUMEHSIICS TAHOPAMHBIN ONTHYECKHI
meron PIV [20-22]. Ckopoctu mnepemMenieHus: ra3oB
(MPOIYKTOB CropaHusi) B AKCIEPHUMEHTAX OIPEACIISUIUCH
JI0 BJIyBa Kalleldb PaclbUICHHON X)uAKocTh. “Tpaccu-
pyromue” 4acTHIbl HAHOMOPOIIKA JUOKCHIAa TUTaHA
BBOJIMJIMCH B IIOTOK T'a30B B HMYKHEH 4acTH perucrpa-
LIMOHHOTO KaHana /4. Ananornyno Meroaukam [20-22]
PerucTpUpoOBAINCH MTHOBEHHbBIE paclIpe/ieIeHUs CKO-
pocTeil “TpaccepoB” B IOTOKE T'a30B MEX/1Y BCIIBILIKA-
MU Jiazepa. CKOPOCTH JIBUXKEHMs Kalleslb BOJIbI OIpe-
JIEJTSUTMCH 110 CKOPOCTSIM MEepEeMEIIEHus “TpaccepoB’,
BXOJISAIINX B UX 00beM, aHATTOTHYHO [20—22], a Takke ¢
MCTIOJIb30BAHKUEM MPOTrPaMMHOTO obecrieueHus “Tema
Automotive” B BBICOKOCKOPOCTHOU BHICOPETUCTPAIIUHL.
JlomomHuTENbHOE TPUMEHEHNE BEICOKOCKOPOCTHOM BH-
JIEOPETUCTPALIMH [TO3BOJIMIIO CHU3UTh CUCTEMAaTHUECKHe
HOTPELTHOCTY U3MEPEHHS CKOPOCTEH 1, CTAIIKUBAIOIINX-
cst karteds 10 0,01 m/c.

Pasmepsl (paguycsl) Kaness 7, ONPEeIsUINCh C UC-
MOJIb30BaHUEM MmaHopamHoro metoaa SP [20-22]. 3amo-
TOKOM PacCIbUICHHO KHJIKOCTU (OTHOCHUTEIIBHO KaMe-
phl) pacronaraics AuPPy3HbIH (CTPOOOCKOTHMYECKUN )
HCTOYHHUK CBETa C PABHOMEPHBIM MPOCTPAHCTBEHHBIM
pacripezieneHreM HHTeHCHBHOCTH. [1mockocTh hokycu-
POBKHM 00BEKTHBA KaMepbl HAXOINJIACh B HEMTOCPEACT-
BEHHOM OJIM30CTH K ICHTPY IIOTOKA PACTIBUICHHOMN KU~
KOCTH ISl TIOJTYY€HHU ST HANOOJIbIIIEH YeTKOCTH TEHEBOM
(ororpadru karenb. MakcuMaibHbIe CHCTEMATHIECKIE
TIOTPEITHOCTH M3MEPEHHUs 7, He MpeBbimamy 107 M.
MakcumalibHble cily4yailHble IIOIPEIHOCTH Ollpeesie-
HHS paCCMaTPUBACMBIX TTAPAMETPOB COCTABIISUIN: JUIA 7',
—2,1 %, U U Ul,, — 3,4 %. Jlns onpeneneHust ciaydan-
HBIX MOTPENTHOCTEH M3MEPEHUI UCTIONh30BAITUCH Me-
tonuku [23-25].

[Tpu 06paboTKe BUACOrpaMM IKCIIEPUMEHTOB OIpe-
JEJIAIINCH TAKOKE YIUIbl IEPEeCeUeHus] TPAeKTOPUl IBU-
JKEHHSI Kareb B MOMEHT UX CTOJIKHOBEHHUS o (puc. 2) ¢
HCIIONIb30BaHUEM NIPOTPAMMHOTO obecrieueHus “Tema
Automotive” U mapaMeTpUYECKOM CETKHM Ha BHUJIEO-
rpaMMax. B mpoBeieHHbIX 3KCIIEpUMEHTaX 3HAUSHUS 0L
M3MEHsUIHCh B AuanazoHe 20—160°.
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y

X

Puc. 2. Bupeorpamma ¢ n300paskeHIEM Karelb BO/IBI Iepe CTOM-
KHOBEHHEM ¢ 0003HAYECHNEM HATPABICHUH X JBH)KCHUS U YIJIa
CTOJNIKHOBEHUS o (/, 2 — mepBas U BTOpast KaIlin)

PEByﬂbTaTbl n nx 06cy)K}J,EHI/|e

Ha puc. 3 npuBeneHb THITMYHBIE, CIIEAYIONTNE OIMH
3a IPYTUM € YKA3aHHOW 3aJICPKKOW BUJICOKAJIPHI C H30-

y

X

t=0,1 mc

t=10,125 mc

t=0,1 mc

Opa’KeHUSIMU KamleIb BOABI B TNIAMEHHOW 30HE TOPCHUS
TIPY peasTu3aniy TPEX BBISIBICHHBIX BAPHAHTOB MOCITE-
CTBHH CTOJIKHOBEHHUH: 1 — Koaryssiius (ciausiHue) (Kpu-
Tepuii P,); 2 — pasner (oOpa3oBaHHE ABYX Karlemlb C
XapaKTepHBIMH pa3MepaMu, OJTH3KUMH K HadaIbHBIM)
(xputepuit P,); 3 — npobienue (obpa3oBanue Ooiee
TpeX Karejb CYIIECTBCHHO MEHBIIECTO pa3Mepa OTHO-
CHUTEJIbHO HAYaJIbHOIO) (Kputepuil P;).

Ananu3 6osnee 1000 kagpoB BuAeorpamm MmpoBe-
JICHHBIX KCIICPUMEHTOB MTO3BOJIMII OTPEICIIUTH YaCTO-
TY pean3aliy KaKI0ro U3 TPeX MOCIeCTBUI CTOJK-
HoBeHU. [Ipu uncieHHoit 00paboTKe pe3ynbTaToB IKC-
TMEPUMEHTOB UCIIOJIB30BaHbI TAPaMCTPhI:

Py =N/(Ny + N>+ N3); P,=N,/(N; + N, + N3);
P3 :N3/(N1 +N2+N3),

rae Ny, N,, N; — 4uCIlOo CTONKHOBEHUH, B Pe3ybTare
KOTOPBIX PEaIn3yIOTCsl COOTBETCTBEHHO HEPBBIi, BTO-
poii ¥ TpeTHi BapuaHTHI MOCIIEICTBHMA.

Y t=0,2 Mc a

t=0,625 mc

t=0,2 Mc r

X X

Puc. 3. BI/I[[COI‘paMMLI IIpu peaan3alnu TpEx HOCJ'ICHCTBI/Iﬁ CTOJIKHOBCHHS JIBYX Kari€jib BOJAbI: @ — KOaryJsnus, 60— pasieT, 6 —

npobienue; /, 2 — nepBasi 1 BTOpasi KaruTi
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Hapuc. 4 npencraBieHs THIUYHBIC 3HAYCHUSI KPH-
tepues P, P, u P; Ipu U3MEHEHUN CKOPOCTEH ABHAKE-
HUS CTAJIKUBAOLUXCS Karelb. CiieyeT OTMETUTh, UTO
Ha puC. 4 IPHUBEICHBI PE3yIBTATH BRIOOPKHU IIPH U3Me-
HEHHUH Pa3MEpOB Kalellb B JOBOJILHO HIMPOKOM JAHaria-
3oue — 0T 0,075 10 0,25 MmMm. PaccmoTpenst 300 cTomk-
HOBeHUHN (110 50 CTOJKHOBEHWN MHpPH HJICHTUYHBIX
HavyallbHbIX apaMeTpax uccieayemMoro nporecca). Cko-
POCTb BTOPOU U3 ABYX CTAJIKUBAIOLIUXCS KaIleJb BHIOU-
paJsiach JOBOJILHO MaJIO OTHOCUTEIBLHO CKOPOCTH HEP-
BOH (u,,, <u,, ). PaccMoTpeHs! ciieqyronye Auana3oHsl:
u,, =13 m/c, u,, = 1+12 m/c.

W3 puc. 4 Xxopo1110 BUIHO, YTO [IPU MajbIX U COIO-
CTaBUMBIX CKOPOCTSIX JIBFDKEHHS Kallelb 4acToTa I0-
CJIEJICTBUI X CTOJIKHOBEHUS C MOCIIEIYOIIEH Koary-
JSIUEH 04eHb BRICOKA (COOTBETCTBYET MAKCHUMaJIbHOH,
€CJIM aHAJIM3UPOBATh YMCIIO IOBTOPEHUH PE3yJIbTaTOB
CTOJIKHOBEHHUH ). DTO 00YCIIOBICHO, CKOPEE BCETO, TEM,
YTO CUJIBI BA3KOCTH U [IOBEPXHOCTHOI'O HATSKEHMS IIpe-
BBIILIAIOT CHJIBI MHEPLIUU IIPU TAKUX CKOPOCTSX JABHIKE-
Hus Kaneib. [Ipu pocte pa3HOCTH CKOPOCTEH CTaIKu-
BAIOLIMXCS KalleJb 4acTOTa MOCIEACTBUN CTOJIKHOBE-
HU ¢ pa3neroM (P,) u 1pobnenueM (P;) CyLIeCTBEHHO
yBenuuuBaercs (cM. puc. 4). IIpu 3ToMm 1 MakcuMab-
HBIX (4, ~ 12 M/c) 1 MUHUMATBHBIX (4,, ~ 1 M/C) cKO-
pocTeli B IpOBEIEHHBIX KCIIEPUMEHTAX YacToTa Jpoo-
neHns (P;) IpeBbIIIAeT YacToTy pasneta (P,).

Juist onpenesieHust BIUSHUS pa3HOCTH XapaKTEPHBIX
pa3MepoB CTAIKHBAIOIINXCS Kalellb HA Pe3yJabTaT hX
B3aUMOJICHICTBUS BBITIOTHEHA BEIOOPKA U3 MPEACTaBIICH-
HBIX Ha pUC. 4 4aCTOT CTOJKHOBEHHH C CYIIECTBEHHO
OTJIMYAIOUIMMUCS U CONOCTaBUMBIMH 3HAYECHUAMH 7',
Tak, Ha puc. 5,a npuseeHbl 3HaueHus P, P, u P; ipu
COIMOCTAaBUMBIX PAa3MeEpPaX Kalellb 7, = 7, = 0,15 MM.
W3 rpadukoB BUIHO, YTO MIPH COTIOCTABUMBIX pa3Me-
pax Karejab pPOCT Pa3HOCTH CKOPOCTEH UX IBUIKEHUS
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Puc. 4. Craticruka IpoUCX0XKICHUS KaX10ro U3 TpeX HOocIe-
CTBHI CTOJIKHOBEHUIl JByX KaIlejb [P MU3MEHEHUU CKOPOCTHU
TepeMeleHust OIHOM U3 HUX: P — koarynsuus; P, — pasiner;
P; — npoGiienne (3Ha4eHUs y TOYEK — YUCIIO CTOJIKHOBEHUI)

IIPUBOJUT K YBEIMUYEHHUIO YaCTOThI pasjieTa U yMEHb-
LIEHHUIO YKCila CTOJIKHOBEHUH ¢ KoaryJsiuel, a yacrora
IpoOIEHNS TIPH ATOM MUHHMAajbHA. DTOT PE3yJbTar,
CKopee Bcero, oOyCJIOBJIEH TEM, YTO IPU CONOCTaBH-
MBIX pa3Mepax M MajiblX CKOPOCTSX JIBHYKEHHsI Kalleslb
UX UMITYJIbCBI (XapaKTepHU3YIOLe MEXaHUYECKOE IBU-
JKEHHME TeJl U ONpeAesieMble UX CKOPOCTAMH IepeMe-
HIEHUAd ¥ MaccaMH) MPaKTHMYeCKH WAEeHTHYHbI. Kak
CJIEJICTBHE, CUJIbl MHEPLUHU IPU CTOJTKHOBEHUH MUHU-
MaJIbHBI, & CHJIbI IOBEPXHOCTHOTO HATSKEHUS U BA3ZKO-
CTH CYIIECTBEHHBI, YTO MPUBOAUT K JOMUHUPOBAHUIO
nporecca koarynsauuu. C pocTOM CKOPOCTH IBHIKSHHSI
OJTHOI M3 Karesib IpU paBHBIX 3HAYCHUSX 7, TUTOIAIN
UX MTOBEPXHOCTEH OCTAIOTCS CONOCTABUMBIMH, HO UM-
MYJbCHI PA3JINYAOTCSI, TIOATOMY KarlTd MOCJIC CIUSHHS
pazieTaroTCsl C COXpaHEHUEM XapaKTepHbIX IUIoMaaen
IIOBEPXHOCTEH, HO C Pa3HBIMU CKOPOCTIMH.

[Ipu kpaTHOM pa3IMUUM U CKOPOCTEH nepemelie-
HUS, U pa3MEPOB Kallellb YacTOTa IOCIJIECTBUIM UX CTOJIK-
HOBEHMI C pealu3alueil nporecca ApoOIeHus cyIie-
CTBEHHO Bo3pacTaer (puc. 5,6). B aToM cityyae uMITyIibChl
CTAJIKUBAIOIIMXCA KalleJIb KPATHO pPa3In4aloTcs BCIe -
CTBHE Pa3HBIX 3Ha4YeHUil 7, 1 1,,. Bugeorpammsl skcme-
PUMEHTOB ITOKA3aJI1, YTO JINOO OOJIBIINE KaIlTH “TIOIIIO-
HIAI0T MAJIbIE ¥ TPOUCXOAUT KOAryJIsILust, TM00 OosbIme
Karuld, JBIDKYIIHECS C BBICOKOM CKOPOCTBIO, CTaJIKHUBA-
FOTCsI C MaJIbIMU U TIPOUCXOIUT POOJICHUE (CM. pHC. 5,0).
UucneHHbIN aHaIU3 pe3yabTaToB 3KCIEPUMEHTOB I10-
3BOJIMJI CJIEJIaTh BBIBOJ O TOM, YTO MPHU BBHICOKUX CKO-
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- MPOLIECCHI TOPEHWUA U B3PbIBA

pOCTSIX OBIKCHHS W OONBIINX pa3Mepax Karedb IS
UX APOONICHHS OCTaTOYHO B3AaMMOICHCTBHE Jaxe C
OY€Hb MAJIBIMH M TIOYTH “TIOKOSIIUMUCS (U, << U,,)
KaIUISIMU.

Ha nepBslii B30yIs1]1, IOMUMO pa3MepoOB 7, U CKO-
pocrei u,,, CylIeCTBEHHO Ha PE3YNIbTaT CTOIKHOBEHUS
KareJib MOXKET BIIUATH YIOJl IepeceueHus TPaeKTopuil
ux IBUxkeHus o.. Ha puc. 4 u 5 npuBeeHsl 4acTOTHI pe-
aJu3aly TPEX YCTAHOBJIEHHBIX BApUAHTOB CTOJIKHO-
BEHUH NpU U3MEHEHHUH yIIa O B IIUPOKOM JHara3oHe
—o0t120 10 160°. BeaencTBue MOHOTOHHBIX 3aBUCHMO-
creil i Py, P, u Py MOXKHO CI€JIaTh BBIBOJ, O JOBOJIHO
YMEPEHHOM BIIMSIHUU YTJIa Ol HA PE3YJIbTaT CTOJIKHOBE-
HUSA. DTOT AOCTAaTOYHO HEOUEBUIAHBIN pe3yNbTar cTa-
THUCTHUYECKOTO aHAJIM3a PA3BUBACT COBPEMEHHBIE MPEJI-
CTaBIICHHS TEOPHHU THIPOJMTHAMHUKH H TETITIOMAaccorepe-
HOCAa JJIs ra30KaNeIbHBIX CUCTEM [26]. DKCTIEpUMEHTHI
[oKa3alM, 4TO BIIMSHHUE IapaMeTpa O. Ha pe3ysbraT
CTOJIKHOBEHUS MOXKET YCUIIUTHCS IIPU TIOBBILLIEHNH CKO-
pocTeii mepeMene st 00eHX Kartellb OTHOCHTEIEHO MaK-
cuManbHbIx (10 M/c).

BrsiBrieHHbIE B 9KCHIEPUMEHTAX MOCIEACTBHS CTOJK-
HOBEHUH Karlellb CBUJIETENIbCTBYIOT O JIOBOJIBLHO CIIOXK-
HOM XapakTepe pealu3alud 3THX MPOLECcCOoB B Iia-
MEHHOH 30HE TOPEHUs. YUUThIBas BHICOKHE 3HAYCHUS
P, (B mMpOKOM uana3oHe U3MEHEHUS U, U 1), MO3KHO
CZIeTIaTh BBIBOJI O IPaBOMEPHOCTH 3aKiitoueHui [16—19]
0 CIIO)KHOCTH MEXaHHU3Ma KOaryJsluH Kareb Ty IIalmux
JKUJIKOCTHBIX COCTAaBOB B INIaMeHH (10 pe3ylbraram
aHaJIM3a BUJEOorpaMM skcrepuMeHTos [18, 19] Beine-
JICHBI TPU PEXKUMa KOATYIISIIMK ). B TO ke BpeMms 3aBU-
CUMOCTH, YCTaHOBJIEHHbIE AJs P, IO3BOJIMIN OIIpe-
JEJIUTh YCIIOBUS, IIPU KOTOPBIX YacTOTa peasn3aluu
IpoLecca KoaryJsiuud MUHUMajbHa. DTO Ba)KHO VIS
MPaBUIIEHOTO BEIOOpA HaYa IbHBIX TAPAMETPOB PACITBI-
JICHUsI Kareb BOJIBI B 30HE TUIAMEHHU C T1eIbI0 3 dek-

THBHOTO MCTIOJIb30BAaHUS BCEH MacChl TyIIAMIEH KH/I-
kocth. B coorBercTBum ¢ [10, 14, 15] nox adpdexruBrO
3aJICICTBOBAHHOM ITOHMMAETCSI Macca BOJIbl, TTIOJIHOCThIO
WCTapUBILEICS B 30HE IUIAMEHH, B PE3YNIbTAaTe YETro
MPOHCXOJHUT CHIDKCHHUE TEMIICPaTyphl B 30HE TOPCHUS
U BBHITCCHEHHE U3 HEE BOASHBIMHU IapaMU MPOTYKTOB
CTOpaHMs ¥ OKHCIHUTEIS. JIIs IiiaMeH pa3Ho BBICOTHI
omnpeneneHsl [ 16—19] nuanazoHbl ONTUMaIbHBIX pa3Me-
OB KarieJib, HX KOHIICHTPAIIUH B IOTOKE M XapaKTePHbIC
CKOPOCTH JIBH)KEHHsI Yepe3 IUIaMsi, IPH KOTOPBIX BO3-
MOXKHO TPAKTHYECKHU OIHOE Hcnapenue Boabl. C yue-
TOM yCTaHOBJICHHBIX B HACTOsAIIEH paboTe MOCIeCTBUI
CTOJIKHOBEHUH BO3MOYKHO MPOTHO3WPOBAHUE M3MEHE-
HUS HA4YaJIBHBIX ITapaMeTpoOB Ltm u I"m 1 KOHICHTpaluu
KareJb B MOTOKe JyIst oOecnieueHus TpedyeMoii oTHO-
ThI UCITAPCHUS KaIlCIb.

3ak/oyeHue

YcTaHOBJIEHHBIE B DKCIIEPUMEHTaX BapUAHTHI I10-
CJ'ICJICTBI/Iﬁ CTOJIKHOBCHUSI ABYX Kall€JIb BOJIbI B BLICOKO-
TeMIepaTypHOM ra30BOM MOTOKE IMTO3BOJISFOT IPOTHO3H-
POBaTh YCJIOBUA ABMIKCHUA Kall€Jib pACIIbUICHHBIX TyIIa-
X )KUIKOCTEH Yepe3 TUIHIHbIEe TulaMeHa. Ha ocHoBe
ATHX BAPHAHTOB MOKHO BEIOMPATH TAPaMETPHI OIaun
JKUJIKOCTH B 30HY TNTAMEHH H PACIIOTI0KEHHS PaCITBIIH-
Tenel (OTHOCUTEIIBHO JIPYT JIpyTa), PH KOTOPBIX OyeT
obecrieunBaThCsl TpedyeMoe N3MeNbueHNe Karelb 10-
TOKa FJTU UX YKPYITHEHHE. DTO, B CBOIO OUEPE/Ib, II03BO-
uT (HOPMHUPOBATH MOJTHIUCIICPCHBIC KalleIbHBIE TOTO-
KM JJI1 MUHUMM3AIMK PacxoJla MacChl TyIIaIen sKu1-
KOCTH TP COXPAHEHUH €€ OTHETYILAIIEH CIOCOOHOCTH.

kkok

Hcceneoosanue gvinonneno 3a cuem epanma Poc-
cutickoeo nHayurnozo ¢onoa (npoexm 14-39-00003).
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ABSTRACT

The scheme, technique and results of experiments on statistical analysis of the effects of water
droplets collision at their movement through the flame as a sprayed liquid stream are provided in this
work. Forreceiving results of experimental research the modern high-speed video registration means,
a cross-correlation video complex, and also the advanced methods and algorithms of information
processing were used. It is established that errors of measurement of the water droplet sizes were no
more than 2,1 %, speeds of gases and droplets — 3,4 %.

Several characteristic modes of collision of droplets at the movement through a flame are
revealed. The reasons of emergence of the revealed modes are established and the corresponding
facsimiles are provided. Probabilities of approach of each collision modes (coagulation, crushing and
scattering) are defined. The dependences illustrating the frequency of emergence of each collision
mode and allowing predicting the collision modes are received.

It is shown that on the basis of the revealed consequences of collisions of liquid droplets it is
possible to choose parameters of its giving in a zone of a flame and an arrangement of sprays
(relatively each other). The demanded crushing of a stream of droplets or their integration will be
provided thus.

Keywords: flame; high-temperature gases; water spray; droplets; collision; coagulation; fragmenta-
tion.
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BIIMAHUE CTPYKTYPbl MOBEPXHOCTHOIO CJ104,
OBPA3YIOLLErocqa NP1 TEPMMNYECKOM PA3JTIOXXEHNU
AOPEBECUHbI, HA EE AbIMOOBPA3YIOWYIO CMNOCOBHOCTb

ViccnepoBaHa AbiMoobpa3ytoLlas CnocoOHOCTb MCXOAHOM U MOANMDULIMPOBAHHON ApeBecyHbl. [oka-
3aHO BNMsHME POCPHOPOPraHNHECKNX COEAMHEHUN Ha MOPUCTYIO CTPYKTYPY MOBEPXHOCTHOMO Cios
LpeBeCHHbI 1 ee AbIMO0OPa3yioLLYi0 CMOCOBHOCTL. MpeAnoXeH MexaHn3M M3MeHeHUs CTPYKTYpbI No-
BEPXHOCTHOIO C/10St U BAUAHWS Ha AbIMOODPa3yioLlylo CnocobHOCTb ApeBeChHbl 3hMpoB Gocdo-
PUCTOM KUCNOTLI. MoKasaHo, 4To fy4llne AbIMONOAABASIOWME CBOMCTBA U3 BbIOPAHHbBIX COAUHEHUN

0BHapyXeHbl y An3TUNdOoChUTa.

KntouyeBble cnoBa: ApeBecrHa; hochopconepxallyme coefnHenns; 3hupbl GochoprcTomn KUCIoThI,
NOBEPXHOCTHas MoaAMdUKaLMs; AbiIMoobpa3syioLlas COCOBHOCTL; NOPUCTas CTPYKTYpa NOBEPXHOCT-

HOro Cnos.

IIpoGnema cumxenus npIMOOOpa3yIOIIEH CIOCOOHO-
CTH MaTepUajoB U3 JAPEBECUHBI ABISETCS aKTyaJIbHOMN
[1-11], mockoabKy 00pa3yromuecs Mpy e BO3TOPaHUU
JAbIM 1 TOKCUYIHBIC ITPOAYKTBI CTOpaHus MPEACTABIIAIOT
c000if OIMH U3 OMACHBIX (PAaKTOPOB MOXKapa, HECYIITNX
yrpo3y 6e3omacHocTH Jrofei. Tepmuueckoe pas3noxe-
HHE JIPEBECHHBI COMPOBOKIACTCS BBIACICHUECM JICTYIHX
BEIIIECTB U TBEPBIX YACTHII. B pe3ynbrare momamganus
TBEPJBIX YaCTHUI] B aTMOC(epy MPOUCXOAUT 00pa3oBa-
HHE a3P030IIs bIMa, IIPHYEM HanOOJIbIIee BBIACICHIC
TBEPIBIX YaCTHII C TOBEPXHOCTH JPEBECHOTO MaTepHa-
J1a HAOJTIOACTCs B PEXKUME TIICHHS. 3aIbIMIICHHE Ty Tel
9BaKyalllH IPUBOAUT K JIC30PUEHTALINY JIFOJCH B IIPO-
CTPAHCTBE, & TAKXKE K OTPABJICHHIO UX TOKCHYHBIMHE IIPO-
AYKTaMH1 TEPMUYCCKOTO PA3JIOKCHUA CTPOUTCIIbHBIX Ma-
TEPUAJIOB U JpYToi nokapHoil Harpy3ku. ITo jaHHbIM
MUC P® rubens nroneil u3-3a 3aQbIMIIEHUS U JEUCT-
BUSI TOKCHYHBIX IPOIYKTOB TOPEHHSI COCTABIISIET Ooree
70 % oT 001IeTo YKrcia ciiydyaeB ruOemu kel Ha T1o-
JKapax. B CBSI3M ¢ 9THM CHIDKCHHE TBIMO0Opa3yromeit
CNOCOOHOCTH JIPEBECHHBI SIBIIICTCS BAKHBIM (DaKTOPOM
CHIDKCHUS pUCKa THOCIH JIFOeH Ha mmoxape.
Wzyyanoch npiMo00pa3oBaHKe IPU TEPMUIECKOM
Pa3NoKEHUU HATUBHOM IPEBECHHBI COCHBI M COCHBI, IT0-
BEPXHOCTHO MoauupoBaHHoii 20 %-HbIMH pacTBO-

pamu pochopconepKalnux COSTMHEHHI: TUMETHII(HOC-

¢uta (AMD), nuatundochura (JI2D), mudpenunpoc-

¢uta (JIOD), monmupocdara ammonns (ITDA) [12—14].

B kauectBe pacTBOpUTENEH HCTIOIB30BAIUCH BOAA (17151

JDO® u JIM®) u anieToH (17151 OCTaIBHBIX COSTMHEHUH ).

Pacxoj1 MomydeHHBIX cocTaBoB — 300 1/,
Hccnenosanust IPOBOIVIIUCH C UCTIONB30BaHUEM CJIe-

JYFOIIIUX COBPEMEHHBIX METOJIOB!

e ajcopOuMHM a30Ta — IS U3YYCHUS KaMIULIPHON
CTPYKTYpPbI TOBEPXHOCTHOTO KapOOHH30BaHHOIO
cIos;

o MK-criekTpockonuu u 31eMEHTHOTO aHaIN3a — JJIsl
M3yUYEHHS XUMHUYECKOTO Mporiecca Mo (pUITMPOBa-
HUS TIOBEPXHOCTHOTO CJIOSI.

Jpmvoobpasyromnias CiocOOHOCTh PEBECHHEI OIpe-
nensinack mo F'OCT 12.1.044-89 [15].

Jnist u3yueHus KanuuIiPHON CTPYKTYPBI OBLIH 1O-
JTy4eHbI M30TEPMBI ICOPOIIH a30Ta TOBEPXHOCTHOTO
KapOOHM30BAHHOTO CJIOS HATUBHOW U MOAM(DUITUPOBaH-
HOIi ipeBecuHsI (puc. 1).

VYnenpHast IOMAAb TOP KapOOHU30BAHHOTO CIIOS
npuBesieHa Ha puc. 2. Merogom BJH [16, 17] 66110 T10-
Jy4EeHO pacIpe/ielICHHE ITOp IIOBEPXHOCTHOTO KapOOHH-
30BaHHOTO cJI05 JpeBecuHsbl (Tadi. 1). Ha ocHoBaHumn
MOJTYYEHHBIX JAHHBIX MOYKHO CJ/I€JIaTh BBIBOJI, YTO HAH-

© Iloxposckan E. H., [lopmnos @. A., Kobenes A. A., Benoyosa T. I, 2015
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Puc. 1. M3oTepmbl agcopOiun a30Ta MOBEPXHOCTHOTO KapOOHH-
30BaHHOTO CJIOSI HATUBHOW M MOAN(HIIPOBAHHON APEBECHHBI
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Puc. 2. Y enpras niowazs Sy, 10p MOBEPXHOCTHOTO KapOoHH-
30BaHHOTO CJIOSI HATUBHOM M MOAN(HIIMPOBAHHOM APEBECHHBI

MeHbIIIas yelbHasl III0Ia (b TOBEPXHOCTH (CM. pHC. 2)
U YIeJNBHBIA 00beM Top (pHc. 3) XapaKTepHBI IS TI0-
BEPXHOCTHOTO KapOOHU30BAHHOTO CIIOST IPEBECHHBI, MO-
nudunupoBanHoit 19®. Hanbopuine 3Ha4eHNUs AaH-
HBIX TIOKa3aTesield XapaKTepHBbI JJIsi UCXOAHOM JIpeBe-
CUHBI U JIpeBECHHBI, MOIupuImpoBanHon JJDO.
CHUMKH, [IOJTy4YEHHBIE C IOMOILBIO AIEKTPOHHOTO
MHUKpOCKomna mpu yBenudenud 100%, mpuBeneHbl Ha
puc. 4. Kak BuaHO U3 puc. 4,a, XapakTep MOBEPXHOCT-
HOTO CJIOSI 3aBUCHT OT NpHpoabl Moaudukaropa. Tax,
KapOOHH30BAHHBIH CIIOM JPEBECHHBI, MOAU(DUITUPOBAH-
Hoii JIM®, npencraBisier cOOOH CIIONTHOE TOKPBITHE
C BUTUMBIMH YCTBSIMU KaIMJUISIPOB: SIBHOE MOAUDHUITH-
pOBaHUE MOBEPXHOCTH PUOPUILT OTCYTCTBYET. B citydae
npumereHust JO® (cm. puc. 4,6) UMCIOT MECTO 4ac-
THUYHO OTKPBITBIE YCThs KalIUJUIAPOB, HO CINIOLIHOTIO [0-
KpBITHA NIPH 3TOM HeT. [lpyras kapTuHa HabaonaeTcs
B CJIy4ae UCIOJIb30BaHMS B Ka4eCTBE MOAM(PHUKATOPOB

Ta6nuua 1. Pagnyc 1 obbem nop kapboHM30BaHHOO ClOs Ha-
TUBHOM 1 MOAUPULMPOBAHHOW APEBECUHbI

VY nenbHbIi 00beM 10p ¥, oM’ /r, s JIPEBECHUHBI
Pa;myAc 1op, HCXOI- MO (PUIIPOBAHHOM
HOH | iV | DD | 0D | TIDA-1
18,12-18,20 | 0,0161 | 0,0185 |0,00706|0,00768 | 0,0177
21,36-21,49 | 0,0278 | 0,0339 | 0,0125 | 0,01309 | 0,0336
25,65-25,78 10,0375 | 0,0467 | 0,0157 | 0,0165 | 0,0471
31,57-31,84 | 0,0446 | 0,0582 | 0,0179 | 0,0186 | 0,0586
40,56-42,12 10,0478 | 0,0663 | 0,0184 | 0,0203 | 0,0686
56,21-59,07 = 0,0717 = = 0,0711
89,95-92.,26 - 0,0752 - - -
1575 — 0,0757 = = =
m{ 0,07
g 006
g 0,05
=}
2 0,04
2
S 0,03
= 0.02]
e
= 0,014
=
T ST s e 5 g Tz uu
" 228 £:7:¢
g = = 2 § B ¢
= =

Puc. 3. Y nenbHblii 00beM IO MOBEPXHOCTHOIO KapOOHM30BaH-
HOTO CJIOSI HATHBHON U MOU(DUIIMPOBAHHON JPEBECHHBI PAIHY-
com 40,56-42,12 A no metony BJH

2D u [IOA-1 (cMm. puc. 4,6,2): KapOOHU30BAHHBIN CIION
MPENCTaBISIeT cOO0H MCXoHbIe HUOPHILTBI, MOTUDH-
nupoBanHbie J[D® wm [TIDA-1. ITpu 3Tom iporcxoaut
YKPEIUICHUE U BBICTIIIaHUE (PUOPUILT MOITU(PHKATOPOM.

J7ist m3ydeHust CTPYKTYpBI TOBEPXHOCTH KapOOHH-
30BaHHOTO CJIOSI OBITH UCTIOB30BAHBI METOMBI AIEMEHT-
Horo ananm3a u UK-cnexkrpockornmu. JlanHabIe 2JIeMeHT-
HOTO aHaJII3a TIOBEPXHOCTHOTO CJI0SI MOITU(HUITIPOBAH-
HOW IPEBECHHEI JI0 U ITOCIIE TEPMUIECCKOTO Pa3IOKEHIS
(Tab. 2) MO3BOJISIOT C/IeaTh BBIBOJ] O TOM, YTO HAMOOJb-
1ast CTereHb 00pa30BaHUs yCTOWYMBBIX (hocdopcoaep-
JKAIIUX COEIMHEHUH B MOBEPXHOCTHOM CJIO€ ApeBe-
CHHBI [TPU TEPMUIECKOM PA3IOKCHUU XapaKTepHa JIIIs
J12®, a naumenspinas — aist [TIDA.

Jannsie UK-criekrpockomuu (puc. 5, Tadm. 3) Obutn
TOJTyYCHBI IPH aHAIM3E 00Pa3lOB MOBEPXHOCTHOTO Kap-
OOHI30BAaHHOTO CJIOSI MOTH(DUIIPOBAHHOH IPEBECHUHBI
¢ nomotnsio UK-Oypee-criekrpomerpa Nicolet-6700.
Onrtryeckas MIOTHOCTh XapaKTEPUCTUICCKHX MOJIOC
norouienus [ 18, 19] B o0pazuax moBepxHOCTHOTO Kap-
OOHM30BaHHOTO CI0s MOAU(PUIIMPOBAHHOM IPEBECUHBI
TaKke MpeAcTanieHa B Ta0i. 3. B MK-crexrpax nosepx-
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Puc. 4. CHuMKy KapOOHU30BAHHOTO CIIOSI IPEBECHHBI, MOIU(PHUIIUPOBAHHO
C OMOLIBIO AJIEKTPOHHOI'O MUKPOCKOIIA

HOCTH KapOOHU30BAHHOTO CJIOST IPEBECHHBI, MOITU(HIIU-
poBanHOi JI9® u IIDA-1, orcyrcrByer rpynna P=0
(1250 cv ™). HanbombImast orTHYecKast INIOTHOCTB IPYTIIT
P-O-C (1180 CMfl) HaOIoNaeTCs y IPEBECHHBI, MOJIH-
¢dunupoBanHoi J[O® u [TDA-1, 4To CBUIACTEILCTRY-
€T 0 XMMHUYECKOM B3aNMO/ICHCTBUH KapOOHN30BAHHBIX
CTPYKTYp ¢ dochopcoaepkaumu coeauHeHnsMu. [pu
TEPMHUUECKOM PA3IOKECHUN APEBECHHBL, MOTH(DUITIPO-
BaHHOI /19D, 00pazyroTcs ycroiunBble, HanOoee Goc-
(dopunuposannsie (%P =5,31) cTpyKTypbl, YKperuis-
rorpe GUOPHILTBI M 00ECTICUMBAIOIINE UX TEPMUYECKYIO
YCTOMUMBOCTb.

Pesynbrars! nccenoBanuii MOIU(PUIMPOBAHHOM Jpe-
BECHHBI Ha JIHIMOOOPA3YIONIYI0 CIIOCOOHOCTh IPOWII-

=
)=

M (a), ADD (0), ADD (8) u [IDA-1 (2), nomydeHHbIE

JFOCTPUPOBaHBI Ha pHC. 6. J{pIMOOOPa3yIONIyIO CIIOCO0-
HOCTh yCTAaHABJIMBAJIMA Ha YCTAHOBKE IO OIPEICTICHHIO
JIHIMOOOPA3yHOIIei CIOCOOHOCTH IMOJMMEPHBIX MaTePH-
anoB (o 'OCT 12.1.044-89, 11. 4.18) [ 15] B pexxrme Tite-
HUSL TIPH BEJTMUHHE TEIoBoro notoka 20 kBr/m%. Ipu
BENIMYMHE TEMJIOBBIX IOTOKOB 25 KBT/ M° 1 BbILIIE po-
HCXOJUT CAMOBOCILIAMEHEHHE JPEBECUHBI, B TOM YHCJIC
MouduporanHoi. KoadduieHT qpimoodpa3oBanus
U TpyTIIa MaTepraa mo AbIMo00pa3yromiel CiocoOHo-
CTH OIPEEIISUTACH TSI IPEBECHHBI B PEXKIME TICHUS,
TaK KakK B peKUME IITAMEHHOTO TOPEHUS ee THIMo00pa-
3yHolIasi ClIOCOOHOCTh 3HAYUTEIBHO HIKE.

Bonee moapoOGHO pe3ynbTaThl HCCIACIOBAHUS IBIMO-
o0pasyroleil crnocobHOCTH APeBECUHBI, MOTUPHULIIPO-

Tabnuua 2. Pe3ynbTaThl 31€MEHTHOTO aHanM3a UCXOAHOW Y MOANMULMPOBAHHOM ApeBeCcHbI

Maccosas gons pocdopa, %

CoCTOSIHHE IPEBECHUHBI
P DO IM® oD MIDA-1* TidA-201* | Ycxommas
ApEeBECUHA
Jlo TepMHUIECKOTO Pa3I0KEHHSI 3,77 3,92 3,03 498 5,19 -
[Tocne TepMuyeckoro pa3noxeHus 5,31 3,17 1,32 0,81 0,12 -

* DKCTpakuus 00pa3IoB He MPOBONIIACK.
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Puc. 6. /IsiMmoo0pasyroiasi ciocoGHOCTh HCXOAHOM U MOTU(H-
[UPOBAHHON JIPEBECHHBI

BaHHOH Pa3IUYHBIMU JIEMEHTOOPTaHMYECKUMH COCITU-

HEHHSMH, B IIUPOKOM JIHAITa30HE 3HAYCHUI BEJTMYNHbI

TEIIOBOTO MOTOKA U TIPU Pa3IIUMYHbIX PEKUMAX TEIJI0-

BOTO BO3/ICHCTBHS OB M3JI0KESHBI B IPEABLIYIINX pa-

6oTax aBTOpoB, Hanpumep B [11].

s ucibITaHu OBLIH TOATOTOBICHBI 00pas3Iibl Ha-
TUBHOU ¥ MOJH(DUITUPOBAHHOMN IPEBECUHBI COCHBI Pa3-
mepoM 40x40 mm u TommuHoM 10 MM. BiraxkHocTh ape-
BECHHBI 10 HCIIBITaHUH cocTaBisiia 15 % u onpexnens-
J1aCh BECOBBIM METOJIOM TPH BBIJIEP>KUBAHUH 00pa3LOB
B DKCHKaTopax HaJ BOJHO-COJIEBBIM pacTBOpoM. Bpemst
Hayaja 3aJbIMJICHUs] OTMEUYaI0Ch BU3yajbHO MPHU CHU-
skeHuu BugumMocT Ha 10 % (Tadm. 4).

HccnenoBaHusIME yCTaHOBJICHO:

e HauOombIIas ALIMOOOPA3yIOIIask CIOCOOHOCTH COOT-
BETCTBYET UCXOAHOM ApeBecune (D,, = 1060 M2/ KT),
HaWMEHbIAsi — JPEeBECUHE, MOAU(DHUIIMPOBAHHOM
2@ (D,, = 180 m*/xr);

e BpeMs Hauaa 3aeIMIeHUs (cM. Tal. 4) HanbOIIb-
mee B ciydae npuMmenenus 2P, a npu monudu-
UPOBAaHUH JPEBECHHBI PYTMMU COCTUHEHHUSIMHU
BpEMsi HauaJio 3a/IbIMJICHUS TPUMEPHO OJAMHAKOBO;

TaGnvuJ,a 3. OnTryeckas NOTHOCTb XapakTepucTn4eckmnx no-
J10C nornoweHnAa Kap60HI/I3OBaHHOFO cnoqa gpeBecHbl B 3a-
BNCMMOCTK OT MOD,I/ICPI/IKaTOpa

Iosoca noro- Momgurkarop

IeHHs, CM PG | MO | Jdd | [dA-1
950 (C-0-C) 0,075 0,020 0,010 0,065
1180 (P-O-C) | 0,090 0,041 0,019 0,085
1250 (P=0) - 0,040 0,016 —
1600 (apom.) | 0,050 | 0,045 | 015 | 008
1700 (C=0) 0,013 | 0,0129 | 0,007 | 0,0127
2950 (CH;) 0,032 0,010 0,010 0,050
2970 (OH) 0,015 0,010 0,009 0,060

e  HAWIy4IIHE JBIMOIIOAABIISIOIINE CBOICTBA ITOKA3bI-
BaeT J{O®d, koTopsIit MOKHO 3()(HEKTHBHO UCIIONb-
30BaTh JJIsl CHHKCHUS JIBIMOBBIJICIICHHS [TPH TEPMHU-
YECKOM PaslIoKCHHUH JPEBECUHBI U MaTepHAIOB Ha
ee OCHOBe.

[Ipearmonaraemprii Mexanm3M JpiMorionaBienust 19O
OCHOBAH Ha TTOBBIIICHHH TEPMOCTOHKOCTH IIOBEPXHOCTH
KapOOHHM30BAHHOTO CJIOS 32 CUET YKPEIUICHHUS (PHOPHILT
B IMOBEPXHOCTHOM CJI0€ MOJU(PUKATOPOM. DTO OJIOKH-
pyeT mudQPy3uio TBEPAbIX YACTHI C TOBEPXHOCTH Ma-
Tepuaa B Ta30ByI0 a3y H, KaK CIEICTBHUEC, IPUBOIHUT
K MEHBLIEMY JbIMO0OPa30BaHHUIO.

Haumenbiuas 1s1M000pasytonias cnocoOHOCTh Ha-
OuroaeTcst y apeBecuHbl, MoauduimpoBanuoit JJO0
(D,, <200 M*/KT), 4TO COOTBETCTBYET yCTOMUUBOM IPyTI-

Tabnuua 4. Bpems Havana 3afbiMAeHVs Npu TEPMUYECKOM
Pa3noXeHNN NCXOAHOW 1N MOANMDULMPOBAHHOM LpeBeCcHbI

Mozuduxarop DO Jod | IM® | [DA-1
Bpewms nauana
3aJIbIMJICHUSI, C 90 45 55 60
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nie /12 o [20]. Y ucxomHoit npeBecunbl kodhduimeHT u [IMA-1, Ho 3HaueHus D, ABJISIOTCS 7Sl HUX TPAHUY-
JIBIMOOOpasyroItel criocooHocTr npeBsbiiaet 1000 M2/KT HBIMH C rpynmo# J13. /IpeBecuna, MoguduImpoBanHas
(rpymma /I3 B coorBerctBuu ¢ [17]). K rpymme /12 ot- OCTAJTbHBIMH U3 PACCMATPUBACMBIX COETMHEHUH, UMEET
HOCHTCS TaKkXke JApeBecuHa, MoauduiuposanHas IM®D ycToitunByto rpynmy J13.
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ABSTRACT

Wood — hazard material that generate a lot of smoke in case of fire. In combination with toxic gases of
thermal degradation it may result in destructive consequences include deaths. Some fire retardants are
capable to change thermal degradation process of wood reducing the number of smoke. In that paper
influence of phosphorus-containing compounds on smoke generation have been considered.

In paper there are used some of the physico-chemical methods (porous structure methods
BET/BJH, IR-spectroscopy, elemental analysis) and standard method for determination of smoke
generation properties of building materials. In the result the most effective compound and offered the
mechanism of effective smoke suppression in the presence of diethylphosphate are selected.

Wood with diethylphosphite in case of fire has the minimal smoke generation. This effect can be
explain by analysis of porous structure of surface layer after thermal degradation. Results of elemental
analysis and IR-spectroscopy indicate high content of elemental phosphorus in the surface layer.

Keywords: wood; timber; phosphorus-containing compounds; esters of phosphorous acid; surface
modification; smoke generation property; porous structure; thermal degradation.
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NMPOrHO3UPOBAHUE NOXXAPOOMACHbIX CBOUCTB
AHTPAXWUHOHOBbIX KPACUTENEA C MPUMEHEHUEM

OECKPUMNTOPOB

MiccnepoBaHo BAMSIHME CTPYKTYPbl MOJIEKYNT aHTPAXMHOHOBbLIX KPacUTeNlen Ha MX MoxapoomnacHble
CBOWMCTBA. [N ONMUCaHMA XMMUYECKOTO CTPOEHWUS MOMEKY UCCNeAyeMbIX COeAMHEHUI pacCYUTaHbI
3Ha4YeHMs TOMONOrMYECKMX MHOEKCOB, FeOMETPUYECKUX U INeKTPOCTaTU4eCKMX AecKprnTopos. MNpo-
BeeH aHanm13 IMHeMHOM KOPPenaummy Mexay AeckpunTopamMm v HUXKHUM KOHLEHTPALMOHHBIM npe-
LlefIoM pacrnpocTpaHeHus niaameHu. MpednprHaTa NonbiTka NPOrHO3MPOBaHNS HUXKHETO KOHLLEHTPa-
LMOHHOro npefena pacnpocTpaHeHns MiaMeHn aHTPaXMHOHOBbLIX KpacuTenen Ha OCHOBe AaHHbIX O
MONeKyNApHbIX Aeckpuntopax. NpeanoxeHo 1 anpobvpoBaHO ypaBHeHWe NS pacdeTa HUXKHero
KOHLEHTPALMOHHOMO Mpefienia pacnpoCcTpaHeHNs MiaMeH aHTPaXMHOHOBBIX KpacuUTenen.

KnioyeBble cnoBa: AHTPaXMHOHOBbIE KpacnTenn; OeCKpUnTopbl; MPOrHO3MPOBaHKME,; NoXapoornac-
Hble CBOMCTBA; HUXKHUI KOHLI,eHTpaLI,I/IOHHbII;I npenen pacnpocTpaHeHna ninamMeHn.

CunreTnyecKkue KpacUTEN MOKHO OTHECTH K XHMH-
YECKUM COEIMHEHUSIM, HaXOSAIIUM IIUPOKOe TpruMe-
HEHHME MPAKTUYECKH BO BCEX OTPACISX MPOMBIIIICH-
HOCTH. B HacTosIee BpeMsi OpraHnueCcKre KpacuTeH
WCTIOJIB3YIOT JUUIsl OKPAITMBAHUS TIPUPOIHBIX U CHHTE-
TUYECKUX BOJIOKOH, TUTACTUYECKUX MAacC, Pe3UHBI, Oy-
Mard, IepeBa, KOXd, MeXa U IPyTuxX MaTepuaioB. Mu-
poOBOE TPOU3BOJCTBO CHHTETHYCCKUX KpacuTeNeH
CETOJIHS COCTABIISIET MOPSIJIKA MUJUTHOHA TOHH B TO/I.
CosiaHre HOBBIX MaTepHaIOB TpeOyeT pa3paboTku 00-
Jiee COBEPIIEHHBIX KpacUTeNeH, M03TOMY UX aCCOPTH-
MEHT MOCTOSIHHO pacmupsiercs [1].

Opranuyueckre KpacuTelnHu NPeACTaBISIOT co0oi
MOPOILIKOOOpa3HbIe TOPIOYME MaTepPHAalIbl, YTO JeNaeT
MBI WK TBUIEBO3AYIIHBIE CMECH KpacuTenei mo-
JKapo- U B3pbIBOONAacHBIMU. ClieIoBaTeIbHO, MPHU Xpa-
HEHUM KpacHuTelell Ha CKIajax, a TakkKe MpPH Hero-
CPEICTBEHHOM HCITOJIb30BAaHUH UX B TEXHOJIOTHYECKOM
nporecce HeoOXoMMO COOIOATh 0COOBIE MEPHI TIpe-
JIOCTOPO)KHOCTH. i1 pa3pabOTKH CHCTEMBI MEp IO
MPEIOTBPAIICHUI0 BO3HUKHOBEHHUS TTOXKAPOB M B3PbI-
BOB, a TaK)Ke JIJIS1 OLICHKU yCIIOBUH WX Pa3BUTHUS U TIO-
JIABJICHUST HEOOXOAMMBI CBEJICHUSI O MOKAPOOITACHBIX
CBOWCTBAX OPraHUYECKHUX KpacHTeJeH. XapaKTepuCTH-
KH [T0XKAPOOITACHOCTH JIJIsI psijia U3BECTHBIX KpacHuTeleH
M3MEPEHbI SKCIIEPUMEHTAIbHO U IPUBEACHBI B CIpa-
BOYHOM nuTeparype [2]. I3BecTHBI paboThl, B KOTOPBIX

© Kanau A. B., Copoxuna FO. H., Yepnuxosa T. B., 2015

U3yYCHA B3PBIBOOIIACHOCTH a30KPACUTENICH, B 9aCTHO-
CTH TIPUBEACHBI PACUCTHl TEMIICPATypPhl BCIBIIIKH U
TETJIOTHI B3phIBa [3, 4].

B 10 5x€ Bpemsi B CBsI3U C TIOSABJICHUEM Ha PbIHKE HO-
BBIX KPaCSIIMX COSAMHEHUI 0CTaeTCs aKTyalbHOM Po0-
Jema pa3padoTKHU YHUBEPCAIbHBIX DKCIIPECCHBIX METO-
JIOB OLIEHKHU HX TI0KapOONACHOCTH, HEe TPEOYIOIIHX CY-
[IECTBEHHBIX BPEMEHHBIX 1 MaTepuaJIbHbIX 3aTpar. Takue
METO/Ibl, 0a3UPYIOIIMECs HA COAEPIKAIINXCS B CIIPaBOY-
HUKaX 9KCIIEPUMEHTAJIbHBIX JaHHBIX, TO3BOJISIOT IPO-
THO3MPOBATH MOXKAPOOIACHbIE CBOMCTBA AJISi HOBBIX,
elle He U3YUYEeHHBIX COeJUHEHUH.

OfHUM U3 IEPCHIEKTUBHBIX METO/IOB TPOTHO3UPO-
BaHUS CBOMCTB OPTaHUYECKUX COCTUHEHMI SBISETCS
neckpurnropubiii Meto QSPR (Quantitative Structure
— Property Relationship), ocHoBaHHBII Ha yCTaHOBJIE-
HUM QaHATUTHYECKUX 3aBUCUMOCTEN MEXKTy XUMHYECKAM
CTPOEHHEM MOJIEKYJ BELIECTB, OMUCHIBAEMBIM C TO-
MOIIBIO IECKPHUIITOPOB, M Pa3INUHBIMU CBOMCTBAMH CO-
eauHeHHH ((PU3UKO-XMMUYECKUMHU, T10KapOOIaCHBIMH,
OHOJIOrMYeCcKor akTUBHOCTBIO U T. 11.). Hanpumep, us-
BECTHBI PE3YJILTaThl HCCIIEAOBAaHUN BO3MOXKHOCTH IIPH-
MEHEHUS IECKPUIITOPHOTO METO/1a JJIs TPOTHO3UPOBA-
HUS CPOJICTBA MEXKLY a30- K aHTPAXUHOHOBBIMHU KpacHu-
TEJISIMM U LIEJUTIONO3HBIM BOJOKHOM [5], @ TakxKe TeM-
nepaTypsl BCOBILIKK OPraHUYeCKUX COeTUHEHUH [6].
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ABTOpamMH JJaHHOH paboTHI YCTaHOBJICHO, YTO Jie-
CKPUITOPHBIM METOH JaeT yAOBIETBOPHUTEIbHBIE pe-
3yJABTaThI [TPU TPOTHOZWPOBAHUHN TeMIIEpaTyphl BCIIBIIII-
KU Pa3IMYHbIX KJIACCOB OPraHMYECKUX COEIUHEHUH.
[TosyueHsl annmpoKCUMAalMOHHbIE YPaBHEHUS I pac-
4yeTa TeMIIePaTyphl BCIBIIIKH aJlbJIETHJIOB, CIOXKHBIX
3pUpoB, KapOOHOBBIX KHCIIOT, aMUHOB, KETOHOB Ha
OCHOBE 3HAUYEHUH TOMOJIOIMYECKUX UHIEKCOB Bunepa
u Pananua u reoMeTpudecKnx JeCKpUITOpOB — Ipa-
BUTALMOHHBIX UHJIEKCOB U IIJIOLIa/I1 IOBEPXHOCTH MO-
nexynsl [7, 8].

B Hacrosiiei pabote B kauecTBe 00BEKTOB UCCIIe-
JIOBaHUS BEIOPaH KIIaCC aHTPAXUHOHOBBIX KPACUTEIICH,
KOTOpBIE IIPEJCTABIISAIOT COOOM pa3uyHble IPOU3BOI-
Hble anTpaxuHoHa [9, 10]. CTpykTypHbIe GOPMYIIBI CO-
€/IMHCHUH, NCTIOJIb30BAHHBIX B CCIICIOBAHHH, TIPUBE-
JIeHbl Ha pucyHke. HekoTopsle mokasaresu mo>xapHoi
OIACHOCTH M3y4aeMBbIX BEIECTB AaHbI B Ta0I. 1.

[ToxapoB3pEIBOOIIACHOCTH KpPACHUTEINIEH 3aBUCHUT OT
crpoenust ux moiekyn [11, 12]. B pe3ynbrare ananmza
MOJIEKYJISIPHBIX CTPYKTYp KpacuTenen (CM. pUCyHOK) 1
WX MMOKapOOTACHBIX CBOMCTB (cM. Tabu. 1) MOKHO clie-
JIaTh BBIBOJI, YTO IIOSIBJIEHUE B CTPYKTYPE aHTPaXUHOHA
AMUHOTPYIIIBI HE OKA3bIBAET CYIECTBEHHOIO BIUSIHUSA
Ha TEMIIepaTypy CaMOBOCIUIAMEHEHHSI BEIIECTBA, B TO
BpeMsl KaK HaJM4ne TUAPOKCHIIBHOM IpyIIIbI U TPYILI,
coJiepXKallliX YIJIEBOIOPOIHBIC PAUKAIIbI, IPUBOIUT K
3HAYUTEILHOMY CHIDKEHHUIO JJAHHOTO TIoKazaresst. Huk-
HUI KOHIEHTPALXOHHBIN PEAEII pacpOCTPAHEHNUS TU1a-
menu (HKIIP) ans anTpaxuHoHa, Kak MpaBUIIO, MEHb-
1Ie, 4eM JUIst €r0 TIPOU3BOIHBIX, YTO OOBSICHICTCS BIU-
SIHUEM 3aMeCTuTelIed, IPUCYTCTBYIOLUX B CTPYKTYpe
MOJIEKY.

Huxuuii 1 BepXHUI KOHLEHTPALUOHHBIE IIPEEIIb
pacnpocTpaHeHus JIaMeHH — BayKHEHIne mokasare-
JI1, OIIPEIeIISIOIIIE T0XKapOB3PhIBOONIACHOCTh CMecei
TOPIOYMX BEILIECTB C OKUCIUTENEM. JJaHHbIE O KOHIICHT-
PAIMOHHBIX 00TACTSIX BOCIUIAMEHEHHS BKIIIOYAIOTCS B
CTaHAapThl U TEXHUYECKUE YCIOBHS Ha ra3bl, JKUIKO-
CTH U TBEpJbIC BEIIECTBa, CIIOCOOHBIE 00pPa30BHIBATH
B3PBIBOOIIACHBIE I'a30-, IapO- U [IbIEBO3/1YIIHbIE CMe-
cu. Mubopmamnus o 30HaX HETOPIOYMX KOHIICHTPALUit
BEIIECTB MO3BOJISIET BHIOPATh YCIOBUSI UX XPaHEHUS,
HCIOJIb30BAHUSA U TPAHCIIOPTUPOBKH, HCKIIOYAIOLINE
BO3MOXKHOCTh BO3HHKHOBEHHS IOXKapa WIM B3pbIBa.
KoHIleHTpaoHHbIe MpeieNbl pacnpoCTPaHEHHsI TIa-
MEHH HEOOXOAMMBI TIPH OTIPE/ICIICHUH KaTerOpUH I10-
MEIIEHHUS U KJIacca 30H 10 B3PhIBOIIOKAaPHOH U OXKap-
HOIi OMTAaCHOCTH, IPU pacueTe NPeAebHO TOTYCTUMBIX
B3pBIBOOE30MACHBIX KOHIIGHTPAIWH Tra30B, MapoB U
nbLIeH B BO3lyXe paboueid 30HbI C HOTEHIIMAIbHBIM HC-
TOYHHKOM 32)KUTaHUs, a TAaKXKe IIPU pa3padoTKe Mepo-
MPHUATHAN TI0 00ECTICUECHUIO TIOXKAPHOW 0E30MaCHOCTH.

g TBepIbIX BELIECTB ONpPENEIIAoLIee 3HaYeHUEe
MMeeT HUKHUN KOHIIEHTPALMOHHBIH MPeet, HOCKOIbKY

Tabnuua 1. MoxapoonacHble CBOMCTBA aHTPAXMHOHA 1 Kpa-
cuTenen Ha ero ocHose [2]

Tewmreparypa camo- Makxcu-
B Bocmamenenus, °C | HKIIP, | wmanbHOE
CIIECTBO r/! M JIaBJIICHUE
a’poreInst | aypoB3BECH B3pbiBa, Klla
AHTpaxuHOH 620 640 30 840
AnmzapuH - 570 40 500
XuHu3apua 630 630 47 850
2-AMuHOaHTpa-
XUHOH 620 625 50 690
1,2-JTuamMmuHO-
AQHTPaXUHOH 630 - 61 800
[lypnypun 513 490 84 855
JucnepcHsrii
OpaHKEBBIN 520 - 25 -
JucnepcHbrii
po3oBsrii XK 510 520 40 -
HucnepcHsliit
cunuii K 460 550 50 —
JlucniepcHblit
po3ossrii 2C [13 - 620 230 —
JucniepcHslit
¢duonerosslii 2C | 630 - 34 690
AKTUBHBIN
cunwmii I1 570 625 130 =
JucnepcHsrii
kpacHsiif 2C 630 600 60 -
JlucniepcHsli cu-
Huii 64-62 D /> | 650 = 50 680
Karpozoinp
cepslii 2 “3” 600 - 65 850

00JIbIIIME KOHIEHTPALIUH TIBUIH MPAKTUYECKH HE MOTYT
OBITh JOCTUTHYTHI B OTKPBITOM IIpocTpancTBe. Cunta-
etcs, uto ecau HKIIP Bemectsa Menee 65 1/ M>, TO €ro
MBLIb SIBJISIETCS B3PBIBOONIACHOM, €ClIi OOJIbIlIe — TI0-
skapooniacHoit [13].

Beuny oco6oii 3naunmocTrt HKITP jist TBepabIx mo-
POIIKOOOPA3HBIX MAaTEPHUAIIOB, & TAKIKE B CBSI3U C TEM,
YTO ATH JIaHHBIE TPEACTABICHBI B JINTEPAType B HaW-
Oosiee moaHOM 0OBbeMe [2], B HacTosimel padoTe Oblna
TPEANPUHSATA TOBITKA TPOTHO3WPOBAHMSI YKa3aHHOTO
MOKa3aTessl C IMOMOIIBIO JIECKPUITOPHOTO METO/A.

Jl1st yCTaHOBIICHUST B3aUMOCBSI3H MEX]Ty CTPYKTY-
poii mosekyn kpacureneil u 3naueHusimu HKIIP Obuin
paccyuTaHbl TOMOJIOTUYECKUE UHEKCHI, TeOMETpUYe-
CKHE U DJIEKTPOCTATHYECKUE JeCKpUNTOphl. C IeNbI0
BBIOOpa JIECKPUIITOPOB, HAaUOOJEE UyBCTBUTEIBHBIX
K U3MEHEHUIO CTPYKTYPhI MOJIEKYJI, ObLIT TPOBEJICH JIN-
HEWHBIN KOPPETSIUOHHBIN aHATN3, TOKA3bIBAIOIIHI 3a-
BHCHMOCTb MEX/Ty 3Ha4eHUsIMU jieckpunrropos 1 HKITP.
Pesynbrarel aHanu3a npecTaBieHbl B Ta0. 2.
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| | I
1,2-JlnaMUHOQHTPAaXUHOH JlucniepcHeli opaHKeBbIi Anuzapun
HN-CH;4 O NH,
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Tabnuua 2. AHann3 KOppPenaLUMoHHbIX 3aBUCUMOCTEN MeXAy

Tabnuua 4. MNpoBepka afekBaTHOCTM annpoKCMMaLMOHHOrO

neckpunropamut 1 HKIMP ypaBHeHVA
Bix " Koo du- H?{?[;e}l?e ;| ABcomorHas
asBaHUE NECKpUIITOpA IHUEHT KOP- , /M
JICCKPUIITOpa pemm R Kpacurers n(;)rg;n;;lg;n,
pacuer- | crpaBoy- 30

TormoJio- Wunexc Bunepa (Wiener index) | 0,2522 Hoe | Hoe [2] r/m

THHCCKHC | 11y nexe Panua (Randic index) | 0,2902 Anuzapux 46 40 6

MHJIEKCHI
WudopmanmonHoe copepxaHue 0.2365 XuHH3apuH 44 47 3
(Information content) 2-AMHHOAHTPAXMHOH 30 50 20

I'eomerpu- | I'paBUTallMOHHBIN HHIEKC — . .

yeckue ae- | Bce cBszu (Gravitation index: 0,3489 MO YT (T

64-62 © 1D 78 50 28
ckpunTops! | all bonds)
. JucnepcHslil kpacublii 2C | 42 60 18
I'paBUTalMOHHBIH HHIEKC —
Bece napsl (Gravitation index: 0,4171 1,2-JTnaMUHOAQHTPAXUHOH 41 61 20
all pairs) ITypnypun 58 84 26
ITnomans MOBEPXHOCTH MOJIe- 3
s s e e fireE) 0,4290 Cpennsst abCOMOTHAS OTPENIHOCTD, T/M 17
Ipoexnus XY (XY Shadow) 0,2557
Tpoexuust YZ (YZ Shadow) 0,0958 HBIE UHJEKCHl — BCe Mapsl | U Bce CBA3U L,. B cBiA3un
Tpoexms ZX (ZX Shadow) 0.1389 C 9TUM JJaHHbIE I[eCKpI/IHTOpLIv6LIJ'H/I BBIOPAHBI JIJIs1 TI0-
. JIly4eHUs alllPOKCUMALMOHHON 3aBUCUMOCTH.
x?;esgﬁﬁgg’m obneM (Mole- |, 593, Jlnst pacyera Kod(POHUIHUEHTOB KOPPEISIHOHHOTO
ypaBHeHus Obl1a chopMupoBaHa pabodast BBIOOpKa Co-
Omektpo- | HacTHIHO NOMOKHTENbHAs eIMHEHUH. 3HAUEHUS IECKPUTITOPOB ISl KpacUTEIICH,
craTtuye- IIOIIAb MOBEPXHOCTH 0,0163
. oy BOIIE/IINX B pa00UyI0 BEIOOPKY, IPUBEICHBI B TA0M. 3.

CKHE Je- (Partial positive surface area)

CKpHIITOPBI W3 Tabm. 3 ciexyert, 4TO MEXKY JECKPUTITOPAMH U T10-
[ 14CIIEHO GTDHNATC ARG N0 xazarenem HKIIP cymecTByeT KOppensiuoHHas B3a-
mrazap noBepxHocty (Partial ne- 0,3198 ] HKTIP 1a6
gative surface area) HMOCBA3b, 8 UIMEHHO: C HOBVLIH.ICHI/IGM HaOmona-

. €Tcsl yBeIMYEeHUE 3HaUeHHM 1eckpunTopoB. Ha ocHOBe

Tomnorpaduueckuii 3IeKTPOH-

- JIAHHBIX TA0JI. 3 MOJTyYEHO alMPOKCUMAIIMOHHOE ypaB-
HBII MHIEKC — BCE Maphl 0.6058 HKIIP:
(Topographic electronic index: ’ HEHHME JUI pacveTa :
all pairs)
Tonorpapuyeckuii SIEKTPOH HKIIP =-8,52 + 232, 1£, — 469,5E; —
HBII HUHJIEKC — BCE CBA3U —0,0334G +0,467S.

. S ) 0,5319

(Topographic electronic index:
all bonds) Jlyist IpoBepKM aJIeKBaTHOCTH YpaBHEHHUS Oblia

Kak BuHO 13 Ta011. 2, Ty4Iyr0 KOPPEISIHIO C 1Mo~
ka3arenem HKIIP nokasanu reomeTpuuecKue JeCKpUIi-
TOPBI: TPABUTAIMOHHBINA HHJIEKC — Bce mapbl G 1 110~
I1a/1b TOBEPXHOCTH MOJICKYJIBI S, a TAKIKE AIEKTPOCTa-
TUYECKHE JIECKPUNITOPBL: Tororpaduieckue MeKTPOH-

c(hopMupoBaHa KOHTPOJIbHAS BBIOOPKA BEMIECTB, ISl
KOTOPBIX ObLTH paccunTanbl 3HaueHus HKIIP u como-
CTaBJICHBI CO CIIPABOYHBIMH JIAHHBIMU (Ta0I. 4).
Takum 00pa3zom, MOJy4eHHOE aIpOKCUMAIMOH-
HOE ypaBHEHHE MO3BOJISET IPOrHO3UPOBATH MTOKa3aTe-
au HKTIP aHTpaxuMHOHOBBIX KpacuTellel cO CpeaHel
OTHOCHUTENbHOU morpemHocThio 30 %, koTopas o0y-

Tabnuua 3. 3HadeHns geckpuntopos 1 HKMP ans BellectB paboyert BbIOOpKN

T 3Ha4YeHue AeCKpUITopa HKIIP, /3 g
E, G s, A
AHTpaxHHOH 0,7645 0,3017 3103,3 217,8 30
JucnepcHbiit GpuoseToBsiii 2C 1,3920 0,5405 4620,0 294.4 34
JucnepcHsrii po3oBsrif XK 1,7102 0,7214 4328,3 282,5 40
Jucnepcuslii cunuii K 1,6152 0,6735 4764,3 344,6 50
Karpozosns cepsrit 2 “3” 1,8976 0,7086 7220,7 439,3 65
AxTHuBHBIN cunumi [1 2,6921 0,9733 7430,7 467,6 130
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CIIOBIICHA Pa3HOOOPA3HBIM CTPOCHHEM MOJCKYI Kpa-
CUTEJeH 1 MPUCYTCTBUEM PA3IINYHBIX 3aMECTHUTEICH.
CymectByrommuii metoy pacuera HKIIP [2] mpen-
MoJIaraeT MCIOTb30BaHUEe TAHHBIX IO TEIIOTE Cropa-
HUSI BEIIECTBAa, KOTOPHIC HE BCErAa MOXKHO HAWTH B
crpaBo4HOM uTeparype. [IpennoxenHsri B padore ae-
CKPUITOPHBIM METOA MO3BOJISET OLICHUTh YKa3aHHbII

[TOKa3aTeib 0e3 MCI0JIb30BaAHMSI KAKUX-JTHO0O0 JOTIOIHH-
TEJBHBIX SKCIICPUMEHTAIBHBIX JaHHBIX.

Ha ocHOBe mosryueHHBIX pe3yabTaTOB MOKHO Clie-
JIaTh 3aKIFOUCHHE O TICPCTIICKTUBHOCTH IPUMCHEHUS JIe-
CKPHUIITOPHOTO METOJIa B MPOTHO3UPOBAHUH XapaKTe-
PHCTHK TIOXapOOMACHOCTH aHTPAXMHOHOBBIX KpacH-
TCJCH.
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ABSTRACT

Synthetic dyes are applied practically in all industries. World production of dyes increases every year,
and their range is constantly expanding. Organic dyes are combustible, and their dusty-air mixtures
represent a danger of fires and explosions. Consequently, in the development of measures to ensure
fire safety is necessary to have information about the fire hazard properties of dyes.

Currently one of the most urgent tasks is to develop universal prediction methods of physical and
chemical properties of organic compounds. Promising important method is the descriptors method
based on establishing of dependency the structure — properties.

The purpose of this work — study the possibility of using the descriptor method for predicting the
lower flammability limit (LFL) of anthraquinone dyes.

The analysis found that the best correlation with the index LFL observed for geometric descriptors
(gravitation index: all pairs and the molecule surface area) and the electrostatic descriptors (topo-
graphic electronic indexes: all pairs and all bonds). On the basis of these data approximation equation
for calculating the LFL was obtained.

Checking ofthe adequacy of the equation showed that the average relative error of estimate of LFL
makes 30 %. Thus, the descriptors method can be used to assess the LEL of anthraquinone dyes.

Keywords: anthraquinone dyes; descriptors; forecasting; fire hazard properties; lower flammability
limit.
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SKCMNEPTHOE UCCIIEAOBAHUE
ABTOMOBWJIbHbLIX JIATYHHbIX KABEJIbHbIX
HAKOHEYHUKOB NMPOBOAA MACCHI

MpuBeneHbl pesynbTaThl MCCNEA0BaHMS Ha PACTPOBOM 3MEKTPOHHOM MUKPOCKONEe C NMPUCTaBKOM SHep-
rOAMCNEePCUOHHOIO MNKPOaHanM3a NaTyHHbIX KabenbHbIX HaKOHEYHMKOB NPoBOAa Macchbl Afs aBTo-
Mobunen Lada RSO 15L-02U-41, Lada KSOY5-02D-42, Lada 21144, NONHOCTbIO CrOPEeBLUNX B NpoLec-
ce noxapa. MpuBeneHbl HOTOCHMMKI NMOBEPXHOCTEN NATyHHbIX HAKOHEYHNKOB, MOABEPrLIMXCS BO3-
LeVCTBMIO TOKa KOPOTKOrO 3aMblKaHWs. YCTaHOBJIEHbl XapakTepHble AMarHoCcTnyeckne npusHaky,
No3BONAIOLLIME MAEHTUDULMPOBATL MNPUYMHY MNOBPEXAEHMS MPM NOXape NaTyHHbIX KabesbHbIX HaKo-
HEYHMKOB (3/1eKTPOAYrOBOM MPOLECC MK BHeLLHee TennoBoe Bo3aencTene). [lokasaHo, YTo Ha Mo-
BEPXHOCTU TaTYHHbIX KOHTAaKTOB MOTYT (PUKCMPOBATLCS Kak Kaccuyeckie nprsHaky 0osbLIoro nepe-
XO[HOIo COMPOTUBEHNS, TaK 1 Cyrybo cneumduyHble Afis NaTyHHbIX KOHTAKTOB NpU3HakK — Bblae-
NeHVe UMHKA B BUOE LApPOoobpasHbIX YacTull. YCTaHOBNEHO, YTO BbISBIIEHHbIE MPU3HAKKU ABAIOTCS
YCTOMUYMBBIMU U HE MOABEPraloTCs M3MEHEHWUAM B €CTECTBEHHbIX YCIIOBMAX XPaHEHMS TEPMUYECKN M-

BpexXxneHHoro aBTOMODUNA.

KnioyeBble cnosa: KOPOTKOE 3aMblKaHWe; Bonblioe nepexogHoe conpotmeiieHne,; UMHK; NaTyHb;
pPacTpoBad 3/1eKTPOHHAA MUKPOCKOMMA,; HaKOHEYHWMK MPOBOLa MacCChbl; OMarHoCTUHeckuin NMPW3HaK;

NO>XXapHO-TeXHNYeCKad 3KCnepTn3a.

BBepeHune

Ilo nanHBIM aHANTUTHYECKOTO areHTCTBA «ABTOCTAT»
3a mocieaHue 10 JeT mapk JISTKOBBIX aBTOMOOMIICH
B Poccuiickoit denepanun Beipoc nmoutu Ha 60 % —
¢ 25,57 mnna. mammH B Hadane 2006 1. mo 40,85 MitH.
k Hagairy 2015 1., mHa | staBaps 2015 . HA KaXAYTO THI-
CSIYY POCCHSTH MPUXOAMIOCH 284 aBTOMOOMIIS.

ITo nanubiM KomuTera aiMUHUCTPAaTUBHOM I10JIHU-
i MBJ] Pecniyonnku Kazaxcras B cTpaHe B EpHOJI €
2007 no 2014 rr. mpakTuuecku B 1,5 pa3a BEIpoC aBTO-
napk. Eciu B 2007 . B Pecniyonuke Kazaxcran Obu10
nopsijka 2,5 MIH. €JUHHIL] aBTOTPAHCIIOPTA, TO K KOHILY
2014 r. HACYUUTBIBAJTIOCH yXKE MOPSAAKA 4 MIIH. aBTOMO-
6uneii, mpu 3ToM B cpenHeM Ha 1000 xxuteneit pecmy6-
JIMKH MPUXOHIIOCH 0K0JI0 230 aBTOMOOHIEH.

Kak moka3piBaeT OMBIT MPOMBINUICHHO Pa3BUTHIX
ctpan, Poccniickas @eneparus u Pecryonmka Kazax-
CTaH BCTYITUIIM B TaK HA3bIBAEMYIO CTATUIO ““B3PBIBHOTO
pocTa”, KoTopas Oy/leT MPOAOIIKATHCS JIO IOCTHKCHUS
ypoBHs niopsiaka 300—400 aBromoOuteid Ha 1000 ger.
OTa cTaaus SIBISIETCS COCTAaBHOW YacThIO IpoIiecca “aB-
TOMOOMITU3AIUHN ¥ XapaKTEPU3yeTCs PE3KUM OCIIOXK-
HEHHEM OOCTaHOBKH C OOecIieueHHeM 0e30IacHOCTH
JIBIDKEHUSI W C TIokapamu Ha TpaHcrnopte [1]. Bonee
TOTO, 110 TaHHbIM B. M. ToACTBIX 4KCIIO OKAapOB aBTO-
TPAHCIOPTHBIX CPENICTB pacTeT 00JIee BBICOKUMHU TEM-

© Heoobumros A. M., 2015

TIaMH, YeM Pa3BHUBACTCS aBTOIAPK, XOTS M OTCTAET OT
JUHAMHUKH POCTA JIOPOKHO-TPAHCIOPTHBIX TPOUCIIIS-
CTBUI.

B psine pabort [2] aBTOpamu moKka3aHo, UTO MOXKapHAs
OITaCHOCTH AJIEKTPOCHCTEMBI aBTOMOOWIIS OTpPENeIs-
€TCsI TEM, UTO €€ OTICIBHBIC YJICMEHTHI MOTYT CITYKUTh
HCTOYHUKOM BO3TOPAHHS B CTydac BO3HUKHOBEHHMS aBa-
PHUHHOTO pexXuMa B KaKOH-TM00 (DYHKIIMOHATLHOM LISTTH.
Ha ocHoBe aHanm3a CTaTUCTUYECCKUX JAHHBIX aBTOPHI
[2—4] npuiuy K BBIBOAY, YTO OCHOBHOM IMPUYNHOM BO3-
TOpPaHMS JISTKOBBIX aBTOMOOMIIEH Ha CeTOAHSIIHAN 1CHb
SIBIISICTCSl HEUCIPABHOCTh MX CHUCTEM, MEXaHHU3MOB U
y310B. [Ipn 3TOM OHI KOHCTaTHPOBAIIH, UTO OIS YHC-
J1a TO’KapoB MO MPUYNHE TEXHUYECKON HEUCITPABHOCTH
yBemuumiiack ¢ 15,7 % B 2001 1. no 34,0 % B 2010 .
B 2012 r. cymmapHO€ 4ucII0 0KapoB, IPOUCLIEIINX T10
MIPUYHHE HEUCITPABHOCTH CUCTEM, MEXaHI3MOB U y3JI0B
TPAHCIOPTHOTO CPEACTBA M HEUCIPABHOCTH JIEKTPO-
IIPOBOJKU TPAHCIIOPTHOI'O CPEACTBA, COCTaBWIIO 7718
(40,0 %), uro Ha 25 % TPEBBICHIIO YHUCIIO MOXKApPOB,
IPUYUHOM BO3HUKHOBEHMS KOTOphIX B 2011 T. cTana He-
MCTPaBHOCTh CUCTEM, MEXaHU3MOB H Y3JI0B TPAHCIIOPT-
Horo cpenctia (6174 en., wiun 33,6 % ot o61Iero ynucna
M0’KapoB, TPOUCIIEAIINX Ha JETKOBBIX aBTOMOOUJISIX)
[2, 3]. ComocTaBUMBIE PE3yNbTAThI HOJTYUYESHBI CIIEIHA-
muctamu B CIIA u SInonun [5—8]. B HacTosiee Bpemst
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noxkapel Ha TpaHcnopte B PecniyOnnke Kazaxcran 3a-
HUMAIOT BTOPOE MECTO IOCJIE [T0’KAPOB B JKUIIOM CEK-
Tope. [ unoreTndecky BO3MOMXKHA CUTYaIHs], TPHU KOTO-
poii ipu ypoBHe “apromo0mmuzarmu’ 500—700 aBToMo-
oweit Ha 1000 gen. 9ucio MOXKapoB aBTOTPAHCIIOPT-
HBIX CPEICTB OyJET COMMOCTABUMO C YHCIIOM TIOXKAPOB B
JKUIJIOM CEKTOpE.

Takxum 00pa3zoM, pa3padoTka MEPOTIPHUSTHI IO TIPEA-
OTBpALLEHUIO TIOKaPOB Ha ABTOTPAHCIIOPTE UMEET BaXK-
Hoe 3HayeHue. OAHUM U3 BUJOB MPO(UIAKTHUECKUX
MEPOTIPUATHH SIBISIETCSI MTOKAPHO-TEXHUYECKAsT IKCIIEP-
TH3A.

ITo muaenuto aBropa [9], skcrepTr3a moxkapoB oc-
HOBaHa Ha KOMIUIEKCE CHEeIHalbHBIX 3HAaHUH, He00Xo-
JUMBIX JUTsl ICCIIEIOBAHUS MECTA MOXKapa, OTJAEIbHBIX
KOHCTPYKITHI, MaTePHAJIOB, U3JICITHH U UX OOTOPEBIITHX
OCTAaTKOB C IEJBIO MOTYYCHUST HHPOPMAIIH, HE00X0-
JUMOM JIJIsl yCTaHOBIIGHUS o4ara rokapa, ero mpuiu-
HBI, IyTel paclpoOCTpaHEHUs TOPEHNUS, YCTaHOBICHUS
IIPUPOBI OOrOPEBILINX OCTATKOB, a TAKXKE PELLIEHUS He-
KOTOPBIX JAPYTuX 3a7a4, BOSHUKAIOIIUX B XOJ€ UCCIIe-
JIOBaHUS W PacCiIe/IOBaHuUs TOXKapa.

Crnenyer yka3aTb, 4TO [10JIaBJIAIOIIEE YUCIIO BBIBO-
JIOB 9KCIIEPTOB OTHOCUTEJILHO TEXHUYECKUX MPUYMH I10-
JKapoB aBTOMOOMIICH HOCUT BEPOSITHOCTHBIN XapakTep,
YTO HE MO3BOJISIET pa3padaThiBaTh U BHEAPSATH KOHKPET-
HbIC HH)XeHepHbIe perteHust [ 10]. DTo MoxkeT ObITh 00b-
SICHEHO MHOTMMHU IPUYMHAMH, B TOM YHCJIE OTCYTCTBH-
€M Hay4yHO 000CHOBaHHBIX METOTUK.

Heobxonumo Taxke OTMETHTB, UTO, TI0 MHEHHIO psi-
Jla aBTOPOB, METOANICCKOC 00CCIICUCHUE IKCIICPTHBIX
MCCIIeZIOBaHUI B paccMarpuBaeMoil oonactu chopmu-
pOBajoCk B OCHOBHOM Oostee 15 et ToMy Ha3aj U B Ha-
CTOsIILIEE BpEMS SABJISIETCS SIBHO HEOCTATOYHBIM, B 3Ha-
YHUTEIBHOM CTEIICHU 3aTPYIHsIS PAaOOTy IKCIICPTOB H IT0-
JKapHBIX JI03HaBaTesel. B yactHocTH, B padorax [11, 12]
OTMEYAEeTCsl, YTO METOAMKM aHaJIM3a OIUIABIEHUH TO-
KOBEIYIINX M3/ICIHI U3 JIATYHH B CYIeOHON ITOKapHO-
TEXHUYECKON HKCIEPTU3E OTCYTCTBYIOT, XOTS OTPeO-
HOCTB B 9KCTIEPTHOM HCCIICIOBAaHUH JTATYHHBIX KOHTaK-
TOB BECbMa BEJIMKa.

B HacTosmeit cratbe paccMaTpHBaOTCS (paKTHUC-
CKHE MPUMEPBI HCCIEIOBAHMS JIATYHHBIX KaOEIbHBIX
HAKOHEYHHKOB ITPOBOJIAa MacChl JiJ1s aBToMoomieii Lada
RSO 15L-02U-41, Lada KS0Y5-02D-42 u nByx —
Lada 21144, koTopblie MOIHOCTHIO BBITOPEIH B IIPOIIEC-
ce moxkapa. C MOMeHTa TIoKapa aBTOMOOMIIS 10 UcClie-
JloBaHus miponuio 2—4 mec.

Hccnenoanus npoBoguiinch B PernonanbHOM yHH-
BEPCUTETCKOW J1a00paTOpUM HHKEHEPHOro Mpoduiist
“IPTETAC” ¢ ncrionbp30BaHUEM PACTPOBOTO AIEKTPOH-
HOTo MUKpockona JSM-6392LV ¢ cucremoit sHeprosuc-
niepcuonHoro mukpoananusa INCAEnergy. Konraktaas
MOBEPXHOCTH KaOeIbHOTO HAKOHEYHHKA TIPOBOJIA Mac-

CBI ITOJIBEPrajiach aHaiu3y 0e3 npeaBapuTeIbHOM Mpo-
OOIIOATOTOBKH.

B|/|3yaanoe ncanegqoBaHue JNatyHHbIX
KabenbHbIX HAKOHEYHNKOB nposoga mMaccbl

[TpuunHO#A, M0 KOTOPOI Ha KaOeNbHBI HAKOHSYHUK
npoBona Maccel apromoomiisi Lada RSO 15L-02U-41
o0Oparwiii BHUMaHKE TIPU OCMOTPE aBTOMOOMIIS, SIBIISI-
eTCsI HAMYMe HETTOCPEACTBEHHO BOKPYT HETO OKAIMHEI
4epHOTo IBeTa. B psane pabot, B Tom uuciie [2, 9], oTme-
9aeTcs, YTO COCTAB OKAJIMHBI 3aBHCUT OT TEMIICPATyPHI
ee oOpaszoBanus. [Ipruem gyem BEIIIE TEMITEpaTypa OKa-
JMHOOOpa30BaHus, TeM OOJIblIe B OKaJMHE TOJIIMHA
ciost Byctuta (FeO, yepHoro 1sera) 1 MeHblIe — re-
Mmaruta (Fe,O;, pbikero 1nsera). 9To 00CTOATEILCTBO
JIaeT BO3MOYKHOCTh HAa OCHOBAHHMHU BHEIIHETO 0CMOTpa
OKaJIMHBI (TI0 €€ LIBETY U TONIIUHE) OLICHUTh HHTEHCHUB-
HOCTh TEIUIOBOTO BO3ACHCTBUS Ha Metayn [2, 9]. Ta-
KAM 00pa30M, TMOCKOJNBKY CJOH OKaJWHBI B 00JIacTh
KOHTaKTHOTO COEIUHEHUs TOJICTBIM, MJIOTHBIN U Yep-
HOTO IIBETa, 3TO CBUJICTEIBCTBYET O JOCTATOYHO BHICO-
KOH TemImeparype JOKaJbHOTO Harpena (Mopsaka

Puc. 1. O6muii Bu kabenbHBIX HAKOHCYHHKOB ITPOBOJIA MACCHI
aBTOMOOMIICH ¢ AeeKTaMu OOIBIIOTO MEPEXOTHOTO COIPOTHB-
nenns aBromoOmieir Lada KS0YS5-02D-42 (a) u Lada RSO
15L-02U-41 (6)
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Puc. 2. [ToBpexenus kabeabHOr0 HAKOHEYHHUKA MTPOBOJIA Mac-
celapromoOmts Lada 21144: ¢ — oOuimii BUI; 6 — yBEITHYCHUE

900-1000 °C, HO He BHIIIE, MOCKOJIBKY TEMIIepaTypa
rtanenus jgarynu 880-950 °C). Ha xoHTakTHOH mo-
BEPXHOCTH KaOEIFHOTO HAKOHEUHHUKA TTPOBOJA MACCHI
asromoOmisg Lada RSO 15L-02U-41 BuzyanbHO Ha-
OJTIOAOTCS TPEUTMHBI, KABEPHBI U HEPOBHOCTH, XapakK-
TEPHBIC IS POTEKAHUS IIPOLIecca OOIBIIOr0 ePEXO-
Horo conpotusnenus (BI1C) (puc. 1,0). Kak mokazano
B MeTonuke [13], Oomnblioe mepexoaHoe COMpOTHBIIE-
HUE, WIH, APYTHUMH CIOBAMH, “TIIOXOU KOHTAKT”, — ATO
OIMH M3 HanboJiee pacrpoCTPaHCHHBIX IOXKapoomnac-
HBIX PEXKUMOB B AtekTpoceTsx. [1o nanubiM [ 13] Tosabko
B PEAKHUX CIydasix ClIe/bl JOKaIbHOIO HarpeBa, BO3HU-
katoriero npu bI1C, BUTHBI HEBOOPYKEHHBIM TIIA30M U
3auKCUPOBATH HANUYME X HECTOXHO (puc. 2 u 3).
BusyaabHBIM 0CMOTPOM KaOeJIbHOTO HAKOHEUHHKA
mpoBojia Macchl aBToMoOmts Lada 21144 ycraHosie-
HO, YTO Ha €0 MOBEPXHOCTH UMEIOTCSI TIOKAJbHBIE TTPO-
TUTABIICHUS, CBHICTETEILCTBYIOIIHE O MECTHOM HAarpeBe
MeTajia 0 TeMIIepaTyphl BbIlIe TeMIEpaTyphl IIaB-
nennst 880-950 °C (cwm. puc. 2). Hutu ipoBona B 00xu-
Me He CILJIaBJIeHbI, Kpasi HOBPEXKACHUS JIATYHHOTO HAaKO-
HEYHHUKA CO CTOPOHBI 00KMMa 3aKpyTIICHHBIC, TIIAJIKHUE,
0e3 ra30BBIX IO U BHIPHIBOB, YTO 110 TaHHBIM [ 14] sB-
JSIeTCS TPU3HAKOM IEPBUYHOTO KOPOTKOTO 3aMbIKAHUSI.

Puc. 3. O6mmii Bua kaOeITbHOTO HAKOHEYHUKA TIPOBOJIA MACCHI
aBromoOmisa Lada 21144

Ha xoHTaKTHOH MOBEpXHOCTH KaOSTFHOTO HAKOHEY-
HUKa IpoBojia Macchkl apromoomits Lada KS0Y5-02D-42
BH3YyaIEHO HAOIOMAIOTCSI TPEIIHMHBI, KABEPHBI H HEPOB-
HOCTH, XapaKTepHBIC IS IPOTEKAHUS IpoIiecca 00b-
IIIOTO TIEPEXOTHOTO conpoTuBiIeHus (cM. puc. 1,a). Ka-
OCTbHBI HAKOHEYHUK IIPOBOJA MACChl aBTOMOOMJISI
Lada 21144 npuBapeH K KOpOHYATOM 11aiibe, Ha HUTAX
Pe3bOBI IMUITBKK UMEIOTCS [IBEeTa odekanoctu (puc. 3).
Heo0xoaumMo OTMETHTB, YTO JIaTYHb XOPOIIIO CBApHUBa-
€TCs1 KOHTAaKTHOM CBapKOH, HO He I1aBleHueM. B cBoro
o4epeib, PEKUM KOPOTKOTO 3aMbIKaHHS 110 CBOSH (u-
3UUYECKON MPHUPOJIC UJCHTHYEH MPOLIECCY MEKTPOIY-
roBoii cBapk [11]. Takum 0Opazom, Ha puc. 3 ipecTaB-
JICHBI TOBPEKIACHU A Ka6e.]'H)HOFO HaKOHCYHHKA IPOBOJIa
MAacCChl, BRI3BAHHBIC MTPOIIECCOM KOPOTKOTO 3aMbBIKAHHS,
a He TeMIepaTypoil moxapa.

Oj1HaKO B OOJIBIIMHCTBE CITyYacB BBISBICHHUE U (DUK-
canus nocine noxapa cienos bIIC npencrasusior co-
0ol Henerkyto 3aaady [9] (M. puc. 1 u 3). Dxcniepram
npu mouckax cienos BIIC (ecnu Takue TOUCKH IPOBO-
JATCS BOOOLIE) IPUXOAUTCS eCTBOBATh HHTYUTUBHO,
TaK KaK HEMOHSATHO, YTO COOCTBEHHO HEOOXOIUMO HC-
KaTh, KAKUMH METOJJAMHU ¥ TEXHUUECKUMH CPEACTBAMH.
3TO IPUBOAUT K TOMY, UTO HA TIPAKTHKE CIIC/IbI JAHHOTO
MO’KapOOIMAaCHOr0 PeKUMa, KaK MPaBUIIO, HE BBISIBIIS-
FOTCA U €T0 MPUYACTHOCTh K BOBHUKHOBEHHIO TIOXKapa
He MoKa3bpiBaeTcs [9].

Mopdonornyeckun aHanms MeTogom
pacTpoBOM 3NeKTPOHHOW MUKPOCKONUU

B xone mpoBeneHuss MOPHOIOTHUECKOTO UCCIIEIO0-
BaHUS JIATYHHOTO KaOEIHHOTO HAKOHCUHHKA aBTOMOOH-
1t Lada KS0Y5-02D-42 meTonom pacTpoBoil MUKPO-
CKOIIMH YK€ TIPU yBeIMIeHNH 43 HaOII0NaroTCs IIpu-
3HAKW, XapaKTepHbIE IS dJIeKTpo3po3uu (puc. 4,a).
Ha pucyHke BHIHO, 4TO peibed MOBEPXHOCTH HEPOB-
HBIH, ClleZbl MEXaHUYeCKOH 0OpabOTKU OTCYTCTBYIOT.
[Mpu yBenuuennu 1507, 300 1 200" HabironaroTcst Tpe-
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500 MM

100 MkM

Puc. 4. Buji 10BEpXHOCTU HAKOHEUHUKA [IPOBOJIA MACChI ABTO-
Mo6uis Lada KS0Y5-02D-42 npu yeenuuenun 43™ (a), 150 (6)
n 300” ()

[IMHBL, MUKPOOIUTABICHUS, KPAaTePhl, OMICAHHBIC B pa-
oore [13] (puc. 4,0,6 u 5).

IIpuBenennsie Ha puc. 4 U 5 NPU3HAKY HAIVISIIHO
CBHUJICTEIBCTBYIOT O TOM, YTO IPUINHON OBPEIKACHUS
KOHTAKTHOH IMOBEPXHOCTH JIATYHHOTO HAKOHEYHHKA
npoBoa macchkl aBTomoomis Lada KS0Y5-02D-42 siBu-
J0Ch OOTBIIOE TIEPEXOTHOE COMTPOTHUBICHHUE, A HE BO3-
JIeiCTBHE BBICOKOI TEMIIEpaTypHl B IIpoIIecce IoXkapa,
MPU3HAKU KOTOPOTO OmHUcaHsl B padote [14]. OTHOCH-
TenpHO HeGonbuoe yBenuuenue (1o 300) mosonser
YTOYHHUTH MECTOITOJIOKEHIE Ha 00BEKTE HCCIICTOBAHNUS
IIPU3HAKOB, XapaKTEPU3YIOLIUX MPOIIECC pa3pylICHNUS,

d—
b
‘pr

.

100 Mxm
—

. 5. Buz moBepxHOCTH HAKOHEYHHMKA MPOBOJA MAacChl MPHU
Puc.5. B OBEPXHOC AKOHEYHHMKA IIPOBOJA Macc
ysenuuenun 200” (kpatep, MUKPOOILIABIICHHUS)

- -.‘. Kparep
) -l‘ d

) 1

S A

s L

200 MKM

Puc. 6. JledexTbl 60IBIIOT0 MEPEeX0AHOTO CONPOTUBICHH IPU
yBeIMUeHHH 55 (TPEIIMHBI U KpaTep S1eKTPOIyroBOro paspsia
Ka0eIbHOr0 HAKOHEYHHKA IIPOBOIa MACCHI)

aysennuenne 500°—1000" u Gosiee — UccienoBarh Haii-
JICHHBIC TIPU3HAKH.

B xone nmpoBeaenust MOp(HOIOTHUECKOTO HCCIIEIO0-
BaHUs JJATYHHOTO KaOEIbHOIO HAKOHEUHMKA aBTOMOOU-
15t Lada RSO 15L-02U-41 mMeTomoM pacTpoBOii MHUKPO-
CKOITMH YKE MPU YBEJIMYEHHUH 55 HABMIONaI0TCs Kpa-
TEPhl M TPEUIMHBI, XapaKTEPHBIC LIS AIIEKTPOIPO3UU
(puc. 6). 13 pucyHka BHIHO, 9TO peibed MOBEPXHOCTH
HEPOBHBIH, CIICIBI MEXaHUIECKON 00pabOTKH OTCYTCT-
BYIOT.

B mpouecce nanbHeWnero ucciea0BaHus TPeLu-
Ha, TOKa3aHHas Ha puc. 6, ObLIa pacCMOTpEHa ITPH yBe-
anaennu 1000™ (puc. 7).

Jasxe npu yBenndennu 500™ Ha 1He U Ha BHYTPEH-
HUX CTEHKaX KpaTepa yCTaHOBJICHO HAINYHE Mapo00-
Pa3HBIX YAaCTHIl Pa3HOTO pa3Mepa. B mporecce manb-
HEHIIero UCCIeI0BaHuUs IIPH IIOMOIIN CHCTEMBI HEP-
rojucriepcuoHHoro Mukpoananusa INCAEnergy Obut
OTIpe/ieNieH XMMUYECKUI COCTaB B YEThIPEX TOYKAX Kpa-
Tepa, COOTBETCTBYIONIMX IIapO0OPa3HBIM YaCTHUIIAM U
POBHOM nmoBepxHOCTH (puc. 9, cMm. Tabnuiy). Kak cie-
JyeT U3 TabJIHIIbl, KPYIHbIE U MEJIKUE apoo0pa3HbIe
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10 MM

Puc. 7. CocrostHue MMOBEpXHOCTH B 00JIACTH TPEIIMHBI KaOeb-
HOr0 HAKOHEYHMKA MPOBOJIA MACCHI 1IpH yBeauyenuu 1000™

50 MEM

Puc. 8. IToBepxHOCTh KpaTepa KabenbHOI0 HAKOHEYHMKA IPO-
BOJIa MacChl pu yBenyenun 500

YACTHUIIBI COCTOST MpakTudecku u3 Zn (79,8-61,8 %),
B TO BpeMsI KaK POBHAsI TOBEPXHOCTH — 3TO (JaKTHIESCKU
JaTyHb (CIUIaB MEAH C IIUHKOM).

B pa6ore [11] ormeuaercsi, 4To OAHUM U3 OTpHUIIA-
TENBHBIX (DAKTOPOB, COITY TCTBYIOIIHX AIEKTPOIYTOBOI
CBapKe JIATyHH, SIBJISIETCS] MHTEHCUBHOE MCTIapeHue [1H-
Ka 13 30HbI CBapHOTo 1Ba. KcTaru, TOYHO TaKoe e 5B-
JICHHE UMEET MECTO U MPH CBapKe OLIMHKOBAHHOM cTa-
. ABTopami [ 11] mokaszano, 4To, MOCKOIBKY KOPOTKOE
3aMbIKaHUE 110 CBOEH (hru3ndeckoi mpupoae UACHTUY-
HO MPOLIECCY ITEKTPOYTOBOM CBAPKU, HEM30EIKHO BbI-
JIeJICHUE IIMHKA U3 JIATYHU TIPU KOPOTKOM 3aMBIKaHUH,
YTO U 3aUKCHUPOBAHO Ha puc. 7, 8 u B Tabnuie. Takum
00pa3om, Ha (haKTHIECKOM ITPUMEpE T0Ka3aHO, YTO MPH
IIPOTEKaHUU IIPOLECCa KOPOTKOIO 3aMblKaHUsS Ha I10-

Puc. 9. Buz yuacTka, HOABEprHYTOrO SHEPrOJUCICPCHOHHOMY
MHKpOAHAIU3Y

BEPXHOCTH JIATYHHOT'O KOHTAKTa, TOMUMO OOIIUX MIPH-
3HakoB BIIC B Buie MUKPOOIUIABICHUI, KpaTepoB U
TPELIUH AIEKTPOIPO3UH, JOMOTHUTEIBHO MOTYT (PUK-
CHPOBAThCA BBIJCICHUS IIMHKA B BUJC MIAPOOOPA3HBIX
YacTHII.

3ak/oyeHue

B pabore [11] mpuBeneHsI pe3yabTaTbl SKCIIEPUMEH-
Ta, B KOTOPOM MOJTY4EHBI JUATHOCTHUCCKUE IPU3HAKH,
MO3BOJIIOIINE HACHTH(UIIPOBATH IIPOIIECC pa3pylIe-
HUS JIATYHHOT'O KOHTAaKTa (JIEKTPOYTOBOH UITH TEIUIO-
BOi1). OOIIEN3BECTHO, YTO SKCIIEPUMEHTAILHOE UCCIIe-
JOBAaHHE — 3TO Hanbosee TPyAOESMKHIH U CIIOKHBIN BHT
HCCIIeIOBAHUS, B KOTOPOM BCEIZIa CO3JaeTCsl HEKOTO-
past UCKycCTBEHHas (9KCIIEPUMEHTANIbHAS) CUTYAaIHs,
JTAJICKO HE BCET/Ia COBITAAIONIas C peaTbHBIMHU YCIIOBH-
SIMH TIPOTEKAHHUSI TOTO FITH HHOTO (PU3UYECKOTO TPOIIec-
ca. I. . Py3aBuH oTMe4aeT, 4To 4eM OOJIbIle KoInde-
CTBO IOATBEPIKTAIOIINX THITOTE3Y CBUICTENBCTB ((pak-
THUYECKHE TAHHBIC, PE3YIBTAThl SKCIIEPUMEHTOB U T. 11.),
TEM BBIIIE €€ BEPOSTHOCTb.

B nacToseil paboTe Ha OCHOBE (PAKTUUECKOTO UC-
CJIeZIOBAHUS Psiia aBTOMOOMIICH, CrOpEeBILUX B IPOLIEC-
ce MoXkapa, MOKa3aHo, YTO B PEAbHBIX YCIOBUSX I10-
’Kapa Ha MOBEPXHOCTU JATYHHBIX KOHTAaKTOB MOTYT
(buKCHpOBaThCS KaK KIacCHYeCKHe NC(EKTHI, Xapak-
TEpHBIC 151 OOJIBIIOTO MEPEXOJHOTO COMPOTUBICHHUS,
B BHJIC KPaTepoB, TPEIINH U MUKPOOIUIABICHUH, TaK 1
cyry0o0 crieriunIHbIC A1 TaTyHHBIX KOHTAKTOB BBIC-
JICHUS IMHKA B BAJIE MIapOOOPA3HBIX YACTHII.

XNMU4ecknin coctas Luapoo6pa3Hb|x HacTuL, 1 NMOBEPXHOCTM B 30HE KpaTepa

Criektp (0] Al Cr Mn Fe Cu Zn Sn
1 4,70 4,84 2,00 0,86 7,78 79,81 0
2 6,29 4,08 0 1,86 53,42 27,90 6,46
3 8,15 3,21 0 1,58 51,59 28,87 6,60
4 15,08 5,25 0,76 2,11 1,54 11,89 61,83 1,54
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HacrosimuM ncciieioBanueM yCTaHOBIIEHO, YTO Bbl-
SIBJICHHBIC CICIM(UIHBIC U JIATYHHBIX KOHTaKTOB
MIPU3HAKU SIBJIAIOTCA YCTOMYMBBIMU U HE I1OJIBEPTatoT-
Csl U3MEHEHUSIM B €CTECTBEHHBIX YCIOBUAX XPAaHEHHS
TEPMHUYECKH IIOBPEKICHHOTO aBTOMOOWMIIS (0€3 YMBITII-
JIEHHOTO YHUYTOXKEHHSI IPU3HAKOB).

[TosryueHHble pe3ysbTaThl MOTYT OBITh MCIIOJIB30-
BaHBI [P SKCIIEPTHOM HCCIIEJOBAHUH JIATYHHBIX KOH-

TAKTOB aBTOTPAHCIIOPTHBIX CPEJICTB, M3BIMAEMBIX C
MECT IT0YKapOB, YCTAHOBICHUH TPUPOIBI MX MTOBPEK-
JICHUS M, B KOHEYHOM CYeTe, MPUYMHBI MIOKapa aBTO-
MOOHJIA.

B cBoro ouepejib, 3HAHWE TEXHUYECKOW MPUYHHBI
oykapa JacT BO3MOKHOCTB pa3paboTarh MpoQriIaKTH-
YECKHE MEPOITPUATHS U TEXHUYCCKUE PCIICHUS, HAIPAB-
JICHHBIC HA YCTPaHECHUE JaHHOW MPUYUHBI.

10.

11.

12.

13.

14.
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ABSTRACT

Contained in article fire statistics shows that today the main cause of ignition of cars is the failure of'its
systems, mechanisms and units. Wherein, the proportion of the number of fires due to a technical
failure increased from 15.7 % in 2001 to 34.0 % in 2010. And in 2012 the total number of fires that
have occurred due to a malfunction of systems, mechanisms and units of the vehicle and the vehicle
wiring faultis equal to 7718 (40.0 %), 25 % higher than the number of fire for the same reasonin 2011.

Thus, the development of measures to prevent fire on a vehicle is essential. One of the types of
preventive measures is fire investigation.

The article indicates that the overwhelming number of fire engineering conclusions regarding the
technical reasons of fire in vehicles are likely that does not allow to implement and design specific
engineering solutions. This can be explained by many factors, including the lack of evidence-based
practices. In particular, methods of analysis of the reflow of live products from brass in forensic fire
technical expertise are not available, although the need for expert research of brass contacts is very high.

The article gives examples of actual research of brass cable lug wire weight for Lada RSO
15L-02U-41, Lada KS0Y5-02D-42, Lada 21144 cars, completely burnt in the fire.

To conduct the study a scanning electron microscope JSM-6392LV was used with energy disper-
sive microanalysis system INCAEnergy.

In the course of the study there were confirmed and specified on the actual examples of diagnostic
features, experimentally determined by specialists of the Research Center of Expertise Fires (All-
Russian Research Institute for Fire Protection of Emercom of Russia), and the identity of the process
of destruction of the brass contact-electric or thermal.

Itis proved that on the surface of the brass contacts there can be fixed as the classic signs of a large
transient resistance and highly specific for brass contacts signs in the form of separation of zinc in
the form of spherical particles.

It has been established that the identified signs are stable and unaffected in the natural conditions
of storage of thermally damaged car. The given data may be used by specialists with expert study of
brass contacts vehicles, seized from fire, establishing the nature of their damages and, ultimately,
cause of the fire. In addition the materials contained in the article can be useful to the manufacturer
Lada RSO 15L-02U-41, Lada KS0Y5-02D-42, Lada 21144 in preventing fires by improving techno-
logical discipline and improvement of the design of the contact nodes.

Keywords: short circuit; large contact resistance; zinc; brass; scanning electron microscopy; lug wire
weight; diagnostic sign; fire investigation.
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Mpeanaraet KHUry
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B y4e6HOM nocobun NpuBeaeHbl Knaccuukans OrHeTyLUNTENEN U KOHCTPYKLUM

Tenew, BUAbl OTHETYLUWUTENE 1 NpaBuia X NPUMEHeHUs Ang NKBuaaLnum 3aropaHui
pasNNyHbIX BELLECTB, PEKOMEHAALMM MO PacyeTy Heo6X0o4MMOro Konn4ecTsa orHe—

06CNYXXMBAHNIO.

HUR, MpaBUia SKCMyaTaLum N TEXHUYECKOr0 0OCNYXKWBAHWUS OrHEeTyLUMTEeNeNn.

Y4e6HOe noco6ue paccynUTaHo Ha LUMPOKUIA KPYT YUTATENeN: MHXEHEPHO-TEXHU-
YeCKnx pabOTHUKOB MPEANPUATWAA U OpraHu3aLunii, OTBETCTBEHHbIX 32 OCHALLEHUE
00bEKTOB OTHETYLUUTENAMM, NOAAEPXKaHWe UX B PaboTOCMOCOOHOM COCTOSIHUM U

1 BbICLUIMX YYEOHbIX 3aBEMEHMSX; YACTHbIX JIAL, BbIOMPAIOLLMX OTHETYLIUTENb ANA
o6ecneyeHns 6e30NacHOCTM KBApTMPbI, Ad4u UKW aBTOMOOUAS.

121352, r. MockBa, a/a 43; Ten./chakc: (495) 228-09-03; e-mail: mail @firepress.ru
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OCHOBHbIX UX TUMOB, CPEACTBA TYLLUEHUA, NCNONb3YEMbIE AN 3apPAAKNA OrHEeTyLn-

TyLUUTENeN ANs pasHblX 06bEKTOB, MO UX PA3MELLEHNIO, XPAHEHNIO 11 TEXHUYECKOMY

PexomeHaaLmm, cofiepxalliinecst B KHUre, pa3paboTaHbl HA OCHOBE COBPEMEHHbIX
HOPMATUBHBIX JOKYMEHTOB, PETNAMEHTUPYIOLINX KOHCTPYKLINIO, YCIIOBUS MPUMEHE—

CBOEBPEMEHHYIO Mepe3apsiiky; npenogaBaTenieil KypcoB MOXAapHO-TEXHUYECKOro
MUHUMYMA 1 AucLUmMninHbl “OCHOBbI 6630MaCHOCTN XXN3HEAEATENbHOCT” B CPEAHMUX
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PACYHET AJIUTENBbHOCTI OMNOPOXXHEHUA
TEXHOJIOTNMYECKOIo ObOPYANOBAHUSA

YEPE3 CBEYUN CBPOCA

MpviBeLeHO onMcaHve NapaMeTpoB 1 YCIIOBMIA MpoLecca Copoca OnacHoro rasa co CBeYn npu KpUTm-
YECKOM U HEKPUTWMHECKOM MCTEYEHUM ra3a B 3aBMCUMMOCTU OT BpeMeHW. YKa3aHo ABa aNlbTepHaTuB-
HbIX CNOCO0a HaXOXAEHNs BpeMeH) onoposkHeHWs. OnpeaeneHbl pa3nnyns Mexay HUMu. MokasaHo,
4TO MPUYMHOWM PaCXOXAEHNs MoNyYaeMblX Pa3HbIMU METOAaMU 3HAYeHUN SBNSETCH M3MEHeHe BO
BpeMeHU TeMnepaTypbl raza B 06opyaosaHum. MposedeH aHanm3 npolecca copoca npu HeKpUTU4de-
CKOM 1 KPUTUHECKOM UCTeYeHUM rasa. MonyyeHbl 3aBUCUMOCTI, KOTOPbIE MOTYT MCMOfb30BaThCa Npu

HYMCJIEHHOM MOAeNMpoBaHNN C6pOC8 CO CBe4Nn.

Knio4yeBble cnoBa: OMOpPOXHEHNE O60py,ELOBaHI/Iﬂ,' CBeda C6pOC8; ncre4eHme rasa, oamTesibHOCTb NC-

Te4HeHnA, rpaHn4Hble YyCJIOBUA.

JList orIopOsKHEHMST EMKOCTHBIX aIllapaToB U TPYOOIpo-
BOJIOB B CJIy4ae OCTaHOBOK TE€XHOJIOTHYECKUX CUCTEM
Ha PEMOHT WJIM aBapUUHOM CUTYaIUH, KOTIa TpedyeTcs
He3aMeJJIUTENILHO 0CBOOOANUTH 000PYI0BaHHE OT 00pa-
HIAFOIIUXCSA B HEM Ta30B, UCIOJB3YIOTCS TEXHOJIOTH-
YeCKHe CBeYH, 00eCIIeunBalolIe CTpaBINBaHUE T'a3a B
OKpyKarolnyro cpeny. Kak npasuio, B memnsx 6e3omnac-
HOCTH TaKHe CBEYH Pa3MEIIAIOTCS C OABETPCHHOMN CTO-
POHBI 3a TIpeIeIaMH ITPOMBIIUICHHBIX TUTOMIAI0K ITPe-
npusitusi. OgHaKo aHanmv3 HeJpaBHUX aBapuid [1, 2] u
PE3yIBTaThl IKCIIEPUMEHTOB [3] IMTOKa3BIBAIOT, UTO CY-
IIECTBYET BEPOSTHOCTB TOTO, UTO IIPH OIPEICTICHHBIX 00-
CTOSITENILCTBAX, HAIIPUMED U3-32 METE0YCIIOBUH, LTSI}
ra3o0BO3/IyIIHOW CMECH MOXET JIOCTUTHYTh MECT pac-
MOJIOKEHUS TEXHOJIOTHUECKUX YCTAaHOBOK MITH JPYTUX
MIPOMBIIIJICHHBIX OOBEKTOB U IPUBECTH K 00PA30BaHUIO
OITaCHOM 3ara30BaHHOCTH Ha TEPPUTOPUH NIPEATIPUATHUS
C KOHIIEHTPAIUSMH, PEBBIMIAIOIIMNMHU MTPEIEITBHO J10-
MyCTUMBIC 3HAYCHUS MJTM HYDKHHUIA KOHIICHTPAI[HOHHBIH
Ipees pacipoCTPaHCHNS TNIAMCHH.

B nacrosmiee Bpems pacueTsl KOHIICHTpanuii copa-
CBIBAEMOTO Ta3a MPH M3BECTHBIX MapameTpax KOHCT-
PYKIHHU CBEYH (BBICOTA BBIOpOCA, AMAMETP OTOJIOBKA
CBEUH) OCYIICCTBILIIOTCS 110 HOPMAaTUBHON METOINKE
OHJI-86 [4] u meTonuKe, TpUBEAEHHOI B “PykoBoncT-
Be 10 Oe3onacHoCTH (akenbHbIX cucteM” [5]. OnHako
B ATUX METOIMKAX UCIIOJIB3YIOTCS IOMYILIEHHS, KOTOPbIE

© Kynyoe A. U., Axbepoe P. P., ['umpanoe @. M., 2015

CYIIECTBEHHO OTPAaHUYUBAIOT UX MPUMEHUMOCTb, I0-
9TOMY PACCUMTAHHBIC TI0 HUM 3HAYCHHSI MOTYT 3HAYH-
TENBHO OTJIMYAThCS OT JCHCTBUTEIBHBIX [6]. B oTmune
OT YKa3aHHBIX MCTOIUK YUCICHHOE MOICINPOBAHUC
MO3BOJISICT TIOJTyYaTh PEabHYI0 KAPTHHY PACCCHBAHUS
ra30B IpHU BEIOPOCAX CO CBEU C YUETOM penbeda U xa-
pakTepa 3aCTPOMKH MECTHOCTH ¥ aTMOC(EpHON YCTOI-
yuBocTH [1-3].

M3BecTHO, 9TO MPH YHCICHHOM MOJICITUPOBAHHH JI0-
CTaTOYHO CJIOKHO 3a/1aTh BeCh KOMIUIECKC TPAHUIHBIX U
HavYaJIbHBIX yclioBui [6—9]. B nensix agexBaTHOTO pac-
4eTa pacipoCTPaHEHHS Ta30BO3YIIIHON CMECH B ITPH-
36MHOM CJIO€ Ba)XKHO, B IIEPBYIO O4epe/ib, KOPPEKTHO
3aJI0KHUTh TApaMETPhI M YCIOBHS cOpoca co CBEYH —
CKOPOCTb, IaBJICHUE, TEMIICPATYPY, ILIOTHOCTh U CXKH-
MaeMOCTh COpachIBa€MOTro ra3a Ha BBIXO/IE U3 CBEUH,
a Take oOpasyrommiics 3PpQeKT ApoccenupoBaHus,
KOTJIa JIaBJICHHE ra3a Pe3KO MOHMKACTCS J10 JIaBICHHUS
OKpYyKarolen cpespl. Tak Kak mpoIecchl CTPABIUBAHUS
ra3a HecTallMOHapHBIC, TApAMETPhI U YCIIOBHS cOpoca
JOJDKHBI PACCMaTPUBATHCS KaK (QYHKIIMN OT BPEMCHH.
B xoHEYHOM cUeTe 3TO MO3BOIHIO ObI OIPECIUTE JITH-
TEEHOCTH BPEMEHH OTIOPOKHEHHUS TEXHOIOTUIECKOTO
000pyIOBaHISI, YTO CaMO IO ceOe SBIIICTCS BaXKHOM 3a-
Jadeid st CIIeNHAMCTOB YKCILTYaTUPYIOIIUX OpTraHH-
3a1uil.
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Takum 00pa3oM, LeNbI0 JAHHOW CTaThH SBJISIOCH
OlpeIeNieHHe pacyeTa JUINTEIEHOCTH OIIOPOXKHEHHS TeX-
HOJIOTUYECKOT0 000PYI0BaHUS Yepe3 CBeUr copoca.

[poreccrl necTeueHus ra3a mpu OTHOCUTEIILHO BbI-
COKHX JaBJICHHUSX MOTYT PacCMaTpPHBAThCS KaK ajua-
Oarmueckue, T. €. IpoTeKaroIue 6e3 BHEITHETO TETIOo-
o0MeHa cO cpenoif Ipu OTHOBPEMEHHOM HW3MEHEHUH
JABJICHHS, TEMIepaTypsl 1 00beMa rasa.

U3BecTHO, 4TO CKOPOCTH rasa w, (M/c), copacsiBa-
€MOT0 CO cBeuH, onpenenseTcs popmysoi CeH-Benana
- BCHHCHH B ITPEANOJI0KCHNUH, UTO IUIOIIAAb ITOIIEpey-
HOT'O CCUYCHUS CBCUH CYIECTBCHHO MEHbIIIE TUIOMIA U
cedeHHst 000py/I0BaHNs, U3 KOTOPOTO COpachIBaeTCs ras:

k-1

S P )

w, =
k—=1p,
e @ — KO3 PUIMEHT U APaBINYECKOTO COTPOTURIIC-
HUS; JUTSL MIeaJIbHOTO T'a3a (TIPH OTCY TCTBUH MOTEPH )
¢ = 1; s peanpHoro raza ¢ = 0,8+0,9 [10];
k — moxkazarens agnabaThsl;
P, — nasnenue raza B o0opynosanuw, I1a;
P, — IUIOTHOCTb ra3a B 000PyIOBAHHH, KI/M;
B — oTHOMIEHNE NaBneHNi B atMocdepe P, 1 B 000-
pynosauuu P; =P, /P,.
®Dopmyny (1) MOXKHO MPEACTaBUTH Yepe3 ypaBHE-
uue Maitepa Cp = kR /(k — 1) 1 kI1accuyeckoe ypaBHe-
Hue MenpeneeBa — Knaneiipona B cieayroomniemM BUe:

k-1
Sl _pE |, @)

w, =¢.[2

rae Cp — MOIIsIpHAsl TEIIOEMKOCTh IIPU MOCTOSIHHOM

JIaBJICHUU;

R — yHuBepcanbHas ra3oBas MOCTOSHHafd,

Jix/(mMonb-K);

WL — MOJIApHAs Macca rasa, Kr/Mollb;

T, — temmneparypa rasa B obopygosanuu, K.

ITo Mepe yBennyeHus nepenana AaBieHUH 3 cko-
POCTb rasa w, yBeJIUUBAETCA JIUIIb 10 MAKCUMAJIbHOM,
KOTOpast MPHOIM3UTEIHLHO paBHA CKOPOCTH 3ByKa B JTaH-
HOHU cpene. Kputnueckoe oTHOIIEHWE JTaBIECHUHN BKp,
COOTBETCTBYIOIIEE MaKCUMaJIbHOW KPUTHYECKON CKO-
POCTH MCTEUEHMsI Ta3a CO CBEYH, OTIIPEIEISIETCS CIIeay-
IOLIUM 00pa3zoMm:

(P (2 e
BKP _(Pl)xp _(]Hl) ) (3)

OHaKo NpH MOBBIIICHUY AABIEHUS P BBIILIE CBEPX-
KPUTHUYECKOTO 3HAYeHUs NEHCTBUTENIbHAs CKOPOCTb
HCTECUCHUS Bo3pacTarh He OyneT. CienoBaTebHO, IpU
pacuere ucredeHus B popmyiy (1) moacTaBisioT:

e B CIlyuae KpUTHUYECKOTO ucteuenus (P, /P < By,):

k/(k=1)
p-() @)

e  BCIIyYae HEKPUTHIECKOTO uctedeHus (Py/P,> Bep):

B:P2/P1- )

Takum 00pa3om, KPUTHIECKAst CKOPOCTH NCTECUCHHUS
ra3a Ha BbIXOJI€ U3 cBe4H Oy/ieT IPUMEPHO PaBHA MECT-
HOI CKOPOCTH 3ByKa Ml MOJKET OBITB ITPE/ICTABIICHA B BUJIC:

womw o |2 B _ g | 2 RGO
t wp — P (pk+lu

(6)

COpoc raza yepes CBeUy TaK WIIM HHAYE CBSI3aH C U3-
MEHEHUEM HUCXOJIHOTO COCTOSHHUS CPEJIbI B OTIOPOXKHSI-
eMOM 000pY/IOBaHHUH BCIICACTBHE YObIBaHHS ra3a.

3akoH u3MeHeHusl (yObIBaHUs) 00IIel Macchl ra3a
m (KT) B 00OPYIOBAaHHH B paccMaTpuBacMoM o0ObeMe
3a CUeT BBIXOJ[a ra3a uepe3 CBEUY, HMEIOIIYIO TUTOMIa b
noniepeyHoro cedeHus s [11], umeer Bu:

dm

- =~ Paw,S @)

dr 2

e p, — IUIOTHOCTH ra3a Py aauabaTu4eckoM HCTe-
YEHHH,

py=p1 (B (®)

Torma ¢ yderom dopmyisl (1) A ckopocTu rasa
Ha BBIXO/IC U3 CBEUH 3aKOH H3MEHEHHS MACChI ra3a MpH-
MET BH/I:

k-1
dm m o\1/k Cp T, —
— =—= 2——|1-B * 9
g - 7 ®e " p s, 9

e V — oGbeM rasa B 060pyI0BaHHM, M,
ITosHOE BpeMst OIOPOKHEHHMS MacChl Ia3a T,, MOKET
OBITh OIPEETICHO U3 COOTHOILICHHS

1_(1 dm) _
Tm a m dt l=0_

1 CpT, - 1o
=7 B e 27 1= F s

Bpems, 3a KOTOpoe HaualIbHOE IaBJIEHHE B 000PyI0-
BaHHU CPaBHUBAETCS C JIABICHHEM OKpYKarolleil cpe/pl,
HaXOJUTCs Yepe3 ypaBHEHHE U3MEHEHHs TIOJTHOM SHep-
T'HM Ta3a E BHYTPH paccMaTpuBaeMoro oobema o0opy-
JIOBaHUS:

dE_ (pawi | p2CvTy W, s, (11)
dr 2
e (p, ) /2 +p,Cy T, /L) — IUIOTHOCTB SHEPIHH Ta3a

(KOIMYECTBO YHEPIUH, OTHECEHHOH K eJMHUIIE 00b-

eMa) BOIM3U OTBEPCTHs CBEUU;

Py wt2 / 2 — JIOTHOCTb KUHETUYECKOH SHEPTUH, CBSI-

3aHHOM C ITEpEMEIIECHHEM I'a3a;

p, Cyy T, /L — IIIOTHOCTH BHY TPEHHEH SHEPIUH Ta3a;
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Cj — MoJsipHas TEIIOEMKOCTh MPH MOCTOSHHOM

obneme;

T, — Temieparypa Ha OI'OJIOBKE CBEUH.

[Noxuas sHeprus coOpackiBaeMoro rasza £ B paccmar-
prBaeMOM 00beMe 000PYIOBAHHS CBSI3aHA C TABJICHUCM
ra3a P (3aBUCSAIIMM OT BpeMeHH) U 06bemoM V (mocto-
SIHHOHM BEJIMYMHOMN) COOTHOLICHHEM

C
E="rpy 12
R , (12)
dE C, dP
OTKyZa MoJly4yaeM — = —— J/ — 1 ypaBHEHUE U3Me-
HCHUSA NJAaBJICHUA: R dt

k-1
I CpT 1_pF Lo,
m m

k-1 (13)
‘o ch;ﬂ{l_ﬁk }

Torma ¢ ydeToM ypaBHEHHS AJS IUIOTHOCTH (8) n
TOrO (paKTa, YTO TEMIEpaTypa Ha BHIXO/C U3 CBEUN

C, dP
V=
R dt

T, =T, @)V, (14)

3aBUCUMOCTD an06peTaeT BUI:

k-1

Cy 4P _ k| G T =
— L |1-B * |+
R dt -1 B o " B

LGt CpT, L 1
g™ o220 1T |

BBens nonsaTHe “CKOpOCTH UCTEUEHMS Ta3a B BaKy-

yM” Wy (1) = /2(Cp T} )/ 1 uicTiONb3ys ypaBHEHHE

MenneneeBa— Knaneiipona, momydnm:

71 E — S WBaK (711) (B)l/k

k-1 k-t k-1
{cpop{l—B k }CV(B) k J(P {FB k }

B cBot0 09epenp OleHKY BpeMeHH cOpoca JaBICHHs
Tp MOXKHO HaWTH MO (opmyIe

i — 71 Q _ Bax(Tl) l/k
Tp _(Pl dt l_o_ ®)

k1] ka1
{%%P—Bk}+@)ka

PaccMoTpuM KpUTHYECKOE OTHOIICHUE JaBICHUI
By, ipu cOpoce rasa co ceeun. B aTom ciyyae napamer-
PBI COCTOSIHMSI Ta3a Ha BBIXOJIE M3 CBEYU MOTYT OBITh
BBIPA)KEHBI Uepe3 TaK Ha3bIBAEMbIE TAPAMETPHI “3aTOp-
MOKEHHOT'O TTOTOKA”, T. €. Yepe3 mapaMeTphl B 000pyI0-
BaHUU, ABJISIOIKECS QyHKIUAMU OT BpeMeHH. [IpeHe-
Operasi CKOPOCTBIO IepeMeIIeHUs Ta3a B 000pyI0BaHUT

B CTOPOHY COPOCHOM CBEYH 10 CPABHEHUO CO CKOPOCTHIO
rasa B BBIXOJHOM OTBEPCTHH CBEYH, OTYUHM:

5 \VE-D
Pxp :pl(t)(k-klj ; (18)
T =10 ) (19)
5 \HE-D
Py :Pl(t)(k—i-lj > P (20)

Torna ¢ yuerom hopmy (6), (7), (11), (18)—(20) mo-
JydaeM CICAYOIIHEe OLICHKH BPEMEHH IPH OTIOPOXKHE-
HUU 000PYI0BaHMUS Yepe3 KPUTHUECKYIO CKOPOCTh:

1 1|dm 1( 2 /&
L)
G k=1
po ok+1
R 1 dpP mm)( 2 )V("‘”X
Tp dr (=0 V k+1

(22)
0’ k(k—1)+2 [k -1
X[ k+1 j PVer1

Dopmynsl (21) u (22) npuHUMAIOTCS C JOIYILEHHU-
€M, 4TO BpeMs JI0 Mepexo/ia KPUTHYECKOTO NCTEUeHHS
B HeKkputuueckoe (P,/P, > Byp) HAMHOTO GONIBIIE MH-
TepBaJia BpeMEHH OT Ilepexo/ia B HEKPUTHYECKOEe HCTe-
YeHHe J0 TOJTHOTO OKOHYaHHs cOpoca.

Ha ocnose popmyn (10), (17), (21) u (22) mpoBeneH
aHaJM3 mpolecca copoca nMpu HEKPUTHUSCKOM U KpH-
THYECKOM HCTCYCHUH Tra3a.

W3 Tabmursl ciaeayeT, 94To BpeMeHa OMOPOKHEHHS,
KOTOpPbIE HAXOATCS Yepe3 yOblab Macchl rasa (T,,) Win
Yepes3 CHIDKCHHUE TaBJIeHUS (Tp ) B 000pY/I0BaHNH, IIPH-
MEpHO paBHbI (OTIIMYME COCTABISIET IPUMEPHO 12 %).
[IpuurHa pacXoXKICHUSI COCTOUT B TOM, YTO TEMIIepa-
Typa raza B 000pyJJOBaHUH TaK)Ke H3MEHSETCsI CO BpeMe-
HeM. [Ipu 9TOM Heb3sl MpeInoiaraTb, YTo OHa BCeraa
yCIIeBaeT CPaBHATHCS C TEMIIEPaTypoil OKpyKarole
Cpelbl, TaK Kak Ipolecc copoca MOKET UATH HENpo-
JIOJDKUTENILHOE BpeMs. SICHO, 4TO 32 TaKOe Majioe BpeMst
TEeMIIepaTypa ra3a B ooObemMe 000pyI0BaHUS HE yCIIe-
BAeT CPABHSATHCS C TEMIIEPATYPOil OKPYIKAIOILEH Cpe/Ibl
3a CUeT TermIo00MeHa ¢ Hell yepe3 CTeHKH 000pynoBa-
HYs1. TeM He MeHee 3HaYeHHS BpDeMEH! MOTYT OBITh YTOU-
HEHbI, eclii, Hanpumep, ypasaenus (10), (17), (21) u
(22) 6ynyT pemensl uncienHo [ 11]. [TorpemHocTs pac-
4eTOB OyJeT CHIDKATHCS ¢ YMEHBIICHHEM Yuciia Maxa
MpU JTOKPUTHYECKOH ckopocTtH [12].

AHam3 Takke MoKa3al, 4TO Pa3HUIA MEXKIy Bpe-
MEHAMH OTIOPOXKHEHHSI, OTIPEACIIIEMBIMH Yepe3 YMEHb-
LICHUE MAacCCHI ra3a u cOpOC NaBIICHUS, HHBAPUAHTHA
[PU H3MEHEHUSIX TUaMETPa CBEUH, TEMIICPATyPhI B 000-
pyloBaHHH 1 00BeMa rociiesiHero. Takium 00pa3oM, MOJK-
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PacyeTHble gaHHble npn HeKPUTNHeCKOM N KPUTNHECKOM OTHOLLEHWN NaBNeHum

la3 P, MIla [0) Vi, M T,K Juamerp cBeuu d, M Ty © Tp, C
Aueruiex 0,14/4 0,9/0,9 100/200 293/273 0,3/0,3 8,23/15,82 8,18/15,64
Meran 0,14/4 0,9/0,9 100/200 293/273 0,3/0,3 6,46/12,41 6,42/12,27
Boznyx 0,14/4 0,9/0,9 100/200 293/273 0,3/0,3 8,62/16,42 8,51/16,06
IIpumeuanue. HaguepToit npuBeAeHbI AAHHbBIE 15 JOKPUTHUECKOTO OTHOLLICHUSI IABJICHUH, TIO/] YePTOM — JJIsl KPUTHYECKOTO.

HO HCIIONIb30BaTh Pa3HbIe CIOCOOBI HAXOXKACHHS Bpe-
MEHH OTOPOKHEHHSI B 3aBHCUMOCTH OT IIOCTAHOBKH 3a-
nauu. [Tpu yucIeHHOM MOJIeTMPOBaHU cOpoca Co CBe-
4H MOSBJSETCS BO3MOXHOCTh BBIOOpa THOA
IPaHUYHOTO HAYAIBLHOTO YCIOBHSI Ha OTOJIOBKE CBEYH
3a/[aHUeM JIaBICHUSI, MITH MaCCOBOT0O PACXO0/1a, UITH CKO-
POCTH ITOTOKA Ta3a B 3aBUCHMOCTHU OT BPEMEHHU.

BbiBOAbI

IIpuBenenHoe MareMaTHYeCcKOe OMUCAHUE OCHOB-
HBIX ITAPaMETPOB M YCIOBHIA MPOIECCOB cOpoca omac-
HBIX T'a30B U3 TEXHOJIOTHUECKOro 000pyI0BaHUs C yue-
TOM HUX HCECTAOIMOHAPHOCTHU ITO3BOJIMJIO IOJYYUTH
YpaBHEHUS AJIs ONpPENEIeHUs JUINTEIbHOCTH HCTeue-
HUSI Ta3a U3 000PYI0BAHISI IO €T0 TIOJTHOTO OTIOPOYKHE-
HHUS B CITy4asix JOKPUTHYECKOU U KPUTUUECKOU CKOPO-
CTEH UCTECUCHUS.

[TpenmnoxxeHHbIE 1Ba METO/IA OIIPE/ICIICHHS BPEMCHN
OTIOPOKHEHUS 000PYIOBAHNS Uepe3 yMEHBIIICHHIE Mac-
cbITasa (T,,) u cOpoc naBiIeHus (Tp) HAI0T PACXOKICHNA
B pesynbrarax nopsaaka 1-2 %.

[omyJeHHbIe aHATUTHYIECKUE 3aBUCHMOCTH I103BO-
JSFOT OIPE/ICITUTE TApaMETPHI TOTOKA Y OTOJIOBKA CBE-
9 (TaBIICHHE, MACCOBBIN pacXoll, TeMIIEpaTypa, II0T-
HOCTB, CKOPOCTb) B 3aBUCHUMOCTH OT BpeMeHH. lcnonb-
30BaHUE ATHUX 3aBUCHMOCTEH B KauyeCTBE I'PAHMYHBIX
YCIIOBUH IIpU pacueTe cOpoca B TAKMX MPOTrPaMMHBIX
KoMIUIekcax, kak Fluent [1, 6], mo3Boisier ajgekBaTHO
PacCcUUTaTh MPOLECC PACTIPOCTPAHCHUS FA30BO3AYIIIHON
CMECH B MPU3EMHOM CJI0€ aTMOC(epbl IPH CTPaBIUBa-
HUM OIMACHBIX Ta30B U3 MPOMBIIIIEHHOIO eMKOCTHOTO
000pYI0BaHHUSI B CITy4ae OCTAHOBOK TEXHOIOTHIECKUX
CUCTEM Ha PEMOHT HJIU ITPH BOSHUKHOBEHUH BHEIITAT-
HBIX aBAPUHHBIX CUTYAIIUN.
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ABSTRACT

The proposed mathematical description of the key parameters and conditions of the processes of
emptying the processing equipment by releasing dangerous gases from it with the account of non-
stationarity of the processes allowed to obtain equations for determination of duration of the gas efflux
from the equipment before its full emptying in cases of subcritical and critical efflux velocities.

The proposed two methods of determining the time of emptying the equipment, through reducing
mass of the gas (t,,) and through pressure dumping (1), give divergences in the results about 1-2 %.

The obtained analytical dependences allow determining flow parameters at the stack tip (pressure,
mass flow rate, temperature, density, speed) depending on time. The use of these dependences as
boundary conditions for calculation of gas releases in such software packages as Fluent [1, 6], allows
for adequate calculating the process of propagation of the air-gas mixture in the atmospheric surface
layer at releasing dangerous gases from the industrial tanks and vessels in cases of shutdowns of
technological systems for repairs or at emergencies.

Keywords: emptying the equipment; release stack; gas efflux; efflux duration; boundary conditions.

REFERENCES

1. Kuptsov A. 1., Gimranov F. M. Chislennoye modelirovaniye sbrosa gazov cherez svechu rasseivaniya
na gazotransportnykh i gazopererabatyvayushchikh obyektakh [Numerical simulation of gas releases
through stacks at gas transmission and refining facilities]. Zhurnal ekologii i promyshlennoy bezopas-
nosti — Journal of Ecology and Industrial Safety, 2013, vol. 59, no. 3, pp. 16-17.

2. Zavgorodnev A. V., Melnikov A. V., Safonov V. S. Problema obespecheniya bezopasnosti sbrosa gaza v
atmosferu na obyektakh transportirovaniya i khraneniya prirodnogo gaza [The problem of ensuring
safety of gas discharge to the atmosphere at the facilities of natural gas transportation and storage]. Bez-
opasnost truda v promyshlennosti — Occupational Safety in the Industry, 2011, no. 11, pp. 66-71.

3. Zavgorodnev A. V., Akopova G. S., Melnikov A. V. Rezultaty issledovaniy rasseivaniya v atmosfere
organizovannykh nestatsionarnykh vybrosov gaza na obyektakh gazotransportnykh predpriyatiy [Re-
sults of investigation of dispersion of organized nonstationary gas emissions into the atmosphere at gas
transmission enterprises]. Territoriya Neftegaz — Oil And Gas Territory, 2011, no. 12, pp. 90-97.

4. OND-86. The method for calculation of concentrations of harmful substances, contained in the releases
of enterprises into atmospheric air: approved by the chairman of the USSR’s national committee on
hydrometeorology and environmental control on 4 August 1986, No. 192 (in Russian).

ISSN 0869-7493 TMOXXAPOB3PbIBOBE3OMACHOCTb 2015 TOM 24 Ne 6 m



- MOXXAPOB3PbIBOBE30NACHOCTb TEXHOAOTMUYECKUX MPOLIECCOB U OBOPYAOBAHUA

5. Safety guidelines for flaring systems: approved by the order of Russia’s Rostekhnadzor on 12 Decem-
ber 2012, No. 779. Normative documents in the field of activity of the Federal Service for Environmen-
tal, Technological, and Nuclear Supervision, 2013, series 03, issue 68. Available at: www.normacs.ru
(Accessed 1 April 2015) (in Russian).

6. Kuptsov A. 1., Akberov R. R., Islamkhuzin D. Ya., Gimranov F. M. Problemy rascheta rasseivaniya leg-
kikh gazov v atmosfere pri ikh vybrosakh so svechi s uchetom relyefa i zastroyki mestnosti i atmo-
sfernoy ustoychivosti [Problems of calculation of dispersion of light gases in the atmosphere at their
emissions from stacks with account for surface topography, buildings terrain and atmospheric stability].
Vestnik Kazanskogo tekhnologicheskogo universiteta — Herald of Kazan Technological University,
2014, vol. 17, no. 6, pp. 284-286.

7. Richards P. J., Hoxey R. P. Appropriate boundary conditions for computational wind engineering mo-
dels using the k— turbulence model. Journal of Wind Engineering and Industrial Aerodynamics, 1993,
no. 4647, pp. 145-153. doi: 10.1016/0167-6105(93)90124-7.

8. Blocken B., Carmeliet J. The influence of the wind-blocking effect by a building on its wind-driven rain
exposure. Journal of Wind Engineering and Industrial Aerodynamics,2006, vol. 94,n0. 2, pp. 101-127.
doi: 10.1016/j.jweia.2005.11.001.

9. Moonen P., Blocken B., Roels S., Carmeliet J. Numerical modeling of the flow conditions in a closed-
circuit low-speed wind tunnel. Journal of Wind Engineering and Industrial Aerodynamics, 2006,
vol. 94, no. 10, pp. 699-723. doi: 10.1016/j.jweia.2006.02.001.

10. Idelchik 1. E. Spravochnik po gidravlicheskim soprotivleniyam [Handbook of hydraulic resistance].
M. O. Shteynberg (ed.). Moscow, Mashinostroyeniye Publ., 1992. 672 p.

11. Lukyanov A. A. Otsenka vremeni sbrosa davleniya gaza v gazoprovode pri otkryvanii yego v atmosferu
posredstvom svechi [Assessment of the time of releasing gas pressure from the gas pipeline in case it is
opened to the atmosphere by means of a stack]. Sotsialnaya politika i sotsiologiya — Social Policy and
Sociology, 2012, no. 5 (83), pp. 227-236.

12. Emtsev B. T. Tekhnicheskaya gidromekhanika. Uchebnik dlya vuzov po spetsialnosti “Gidravliche-
skiye mashiny i sredstva avtomatiki” [Engineering fluid dynamics: Textbook for students of institutions
of higher education majoring in “Hydraulic machines and automatic equipment means”]. Moscow,
Mashinostroyeniye Publ., 1987. 440 p.

@ nspatenscteo «[JOMKHAVKA»

lpeanaraeTt KHUry

A. A. AuToHeHKo, T. A. byubiHckas, A. H. YneHos.

OCHOBbI IKCMNYATALWU CUCTEM KOMMNNEKCHOI0 OBECMNE4YEHUA
) BE30MACHOCTW ObBEKTOB : y4e6Ho-cnpaBoyHoe nocobue

/ Mop 06w, pea. A-pa TexH. Hayk A. H. UneHoBa

B y4e6HO-CNpaBOYHOM NOCO6UI N3N0XEHbI OCHOBbI COBPEMEHHOTO NOAX0Aa K Npo6ieme Komn—
NeKCHOro 0becneyeHns 6e30MacHOCTI 06bEKTOB X03ACTBOBAHNSA C MOMOLLbIO TEXHUYECKUX CPEACTB 1
CUCTEM; NPUBEJEHbI CBEJEHUS 0 TEXHUYECKON JKCMyataLuum KOMMIEKCHbIX CUCTEM 6e30MacHOCTH,
a TaKXe CNpaBOYHO-METOAMYECKAs WH(OPMALMA ANS PeLleHns NPaKTUYeCKMX 3afay no aKcnnya-
Taumn. [JaHo OCHOBHOE COLepXKaHue 3KCKNo3nBHOM paspabotkn — FOCT P 53704-2009 “Cuctemsl
6€30MaCHOCTN KOMMIEKCHbIE U MIHTErPUPOBAHHbIE”, BXOASALLLEr0 B 0TPAC/EBOI KOMMIEKT HOPMATUBHO-
TEXHWUYECKON AOKYMEHTALIMM N0 JaHHOW Npobneme.

KHura npegHasHaveHa ans NPakTU4ecKux paboTHMKOB B 06M1ACTK CUCTEM BE30MACHOCTI U MOXET
6bITb CMONb30BAHA KaK y4e6HOe Nocobue Ans NOArOTOBKM U NOBbILEHUS KBanudukauumu cneymua-
JINCTOB COOTBETCTBYHOLLErO NPOChUNs.
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ONPEOENEHUE CPEQHEN TEMMEPATYPbI FA3A
HA ABAPUNHOM YYACTKE MATUCTPAJIbHOIO

FA30MPOBOAA

Moka3aHo, 4TO CTPOroe onpefenieHrie Macchl ra3a, HaxoAMBLUENCS Ha aBapUIHOM y4acTKe ra3onpo-
BOAA 10 aBapuu, TpebyeT Takoro xe CTpororo 000CHOBaHWA CpefiHel TeMnepaTypbl ra3a Ha paccMat-
pYIBaEMOM aBapUMHOM y4acTke ra3onpoBofa. BblumcneHve cpefiHen TeMnepaTypbl 3aBUCKT OT psaa
napamMeTpoB, XapaKTepu3yioLLIMX COCTOSIHME ra3a B YCIIOBUSAX ero TPaHCMOPTUPOBKY 1 pa3pbiBa Tpy-
6onposoaa. CywecTByolime METOANKM AOCTAaTOYHO CIOXKHbI 1 He BCeraa AOCTYNHbI A TeKYLLIAX WH-
KEHEPHbIX pacyeToB 6e3 crewumanbHbIX NPOorpaMMHbIX NPOAYKTOB. [laHo 060CHOBaHMEe METOAMKM pac-
4yeTa CpeaHer TeMnepaTypbl rasa Ha NprMepe aBapUnHOro paspbliBa JIMHEMHOM HYacTW MarucTpanbHoro

rasonpoBsoda.

KntoueBble U10Ba: MarncTpasbHbI ra3onpoBoa; aBapuiAHbIV yHacToOK; Macca ra3a; cpeaHss Temnepa-
Typa rasa; yLenbHas TennoeMKoCTb MPMPOLHOro ra3a; KO3 huLMeHT Tenonepeaayn ot rasa K rpyHTy.

Pacuer maccer rasa M, (kr) Ha aBapuilHBIX y4acTKax
MarucTpajbHOTO ra30IPOBOA BEITIOIHSIOT 10 (hOpMYy-
Jie, OCHOBaHHOW Ha ypaBHeHUM Menneneesa — Knanei-
pona [1]:

Mr :VPcp/(RrTcchm)’ (1)

rae V' — o0beM rasa, 3akIlOU€HHOIO B paccMaTpHBa-

EMOM YJaCTKe Ta30MpOBOJA 110 ABAPHH, M,

P, — cpezHee JaBicHUE Tasa Ha paccMarpusa-

€MOM yyacTke, [1a;

R, — ynenbHas ra3oBas nocrosinnasi, J[x/(kr-K);

R.=R/my;

R — yHuBepcalbHas ra3oBas MOCTOSHHAS;

R = 8314 JIx/(monb-K);

M. — MOJISIpHasl Macca ra3a, orpeaessaemMas o aroM-

HBIM MaccaM 3JIEMEHTOB, BXOJSLIUX B €0 COCTaB,

KI'/MOJIb;

T, — cpelHsis TeMIieparypa rasa Ha paccMarpuBsa-

€MOM aBapHUiHOM yuacTke, K;

K, — K03 HULINEHT CKUMAEMOCTH.

Crporuii moaxoa K ONpeAeSICHUI0 Macchl raza M,
o ¢opmyie (1) Tpebyer cTpororo 000CHOBaHHUS MOA-
XOJIOB K ONPEACICHUIO U CPeTHEH TeMIepaTypsl rasa
T, Ha aBapUIHBIX y4aCTKaxX rasonposoza. PereHuio
9TOH 3a/1a4M U TMOCBSIIACTCS HACTOSAIIAS CTATHSL.

O00CHOBaHHE METOIMKH BBITIONHSIETCS C YUETOM pe-
koMeHmanmi, n3noxkeHHsIx B CTO Mazmpom 2-2.3-351—
2009 [2]. B xagecTBe mpuMepa UCTIOIB3YETCS pacueT-
Has cxema, MpejacTaBieHHas Ha pucyHke. IIpu stom
MpeIoaraeTcs, YTo aBapUiHbIN pa3pblB MarucTpaib-
HOTO ra30MpoBO/ia BOZHUKAET B cepeliHE BEIOPAaHHOTO
y4acTKa MeXAy JBYMS COCEIHUMHU KOMIIPECCOPHBIMU
cranusvu KC1 n KC2 u 00pasyrores [Ba aBapHiiHBIX

© Buwikos A. U., 2015

yuactka: 1-ift — ot KC1 1o Touku paspsiBa A; 2-if —
oT ToukH pazpsiBa A 10 KC2. JInHelHble pa3Mephl 3THX
YYaCTKOB yKa3aHbI HA PUCYHKE.

Jlnst pacueTa B3SThI CIICTYIOIINE HCXOTHBIC JaHHbIE:
e TroOpIOYEEe BEUICCTBO — MPHUPOIHBIN a3 cocTasa:
meran CH, — 98,5 %; nuoxcup yrnepona CO, —
0,5 %; azor N, — 1,0 %;
HapyXHBII quameTp razonposona d, = 1,420 m;
JasieHue Harueranus P, = 7,5 Mlla;
TemrneparyparazaHnasxoze 7, = 283,15 K (10 °C);
Temmneparypa rpynra 17, = 278,15 K (5 °C).
B cooTBeTcTBHM ¢ METOANYECKUMH YKa3aHUAMHU [2]
napametp 7', pPeKOMEHYeTCsl ONPEALIIATH 110 Gpopmyrie

L—x
7 (2)

Ty =Ty + (T, = T,)

rae 1, T, — Temneparypa raza COOTBETCTBEHHO B Ha-
yaje v KOHIE aBapUIHOTO y4JacTka, K;

1-i aBapuiHbBIN 2-ii aBapuAHBIN

Y4aCTOK y4acToK
X1 ‘ X2
| |
| |
Ky oo - K

1 Pops Topg P Tt

K1 < ke
A
L, =60xm L, =60 kxm
L=120 kM
Xon raza

Ipumep pacueTHOIT cxembl: A — TOYKa pa3pbiBa ra30IpoBO/IA
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L — paccTosiHuEe MEXTy KOMIIPECCOPHBIMH CTaH-

LUSIMH, KM;

X — JUTMHA PacCMaTPUBAEMOTO aBapUIHHOTO yJacT-

Ka JI0 €r0 CePEANHBI, KM.

OnHako METOAMKA pacueTa TeMIIEPaTypbl ra3a B KOH-
e yuactka 7, B [2] He npuBoauTcs. B neifcTByrommx
HopMmatuBHBIX JokymeHTax ('OCT P 12.3.047-2012
[3], mpukazer MUC Ne 404 u 649 [4], P/1 03-409-01 [5]
U JIp.), pPeIIaMEHTUPYIOIINX OLEHKY 0e30MacHOCTH MPo-
U3BOJICTBEHHBIX OOBEKTOB, OMEPUPYIOIIUX C TOPIOIH-
MU 1 B3PBIBOOTIACHBIMH BEIIECTBAMH, TAK)XXE OTCYTCT-
BYIOT YKa3aHUs O COC00ax pacdyera 3TOro mapaMeTpa.
Tem He MeHee TeMIepaTypy raza B KOHIIE aBapHITHOTO
ydJacTKa MOKHO BBIYHCIIUTE 110 (JOPMYITe, peKOMEHIO0-
BaHHOM B [6]:

6
(ty— tr) OAC,- 10

t
626K, d, L ’

3

K = trp + exp

T7e {, — TeMIlepaTypara3a B KOHIIC pacCMaTPHBaEMOT0
ydacTtka razonponosa, °C, mpu N3BECTHBIX 3HAUYCHU-
SIX HauaJIbHOU TeMneparypsl oToka ¢, (°C) u tem-
rneparypsl rpyHra t,, (°C);
O — cyTouHas MPOU3BOANTEIEHOCTE T'a30TIPOBO/IA,
MIIH. M°/CyT;
A — OTHOCHUTEIIbHAS TNIOTHOCTH MPUPOTHOTO Ta3a;
C,— yAenbHas TeII0OEMKOCTb IPUPOHOTO Ta3a [PH
[OCTOSHHOM AaBienuu, kkaj/(xkr-°C);
K, — ko3¢ duImenT Termonepeiaan oT raza B OKpy-
HKAIOTIYIO CPENy, KKa/| (Mz'q-OC);
d,— HapyXHBII THaMETP TPyOBI Ta30IPOBOA, MM.
[Tocne npeoOpa3oBaHus U MPUBEICHUS K CUCTEME
CU 310 BIpa)KeHHE MPUMET CIETYIOUIUI BU:

(TH_Trp)QcACp

4
T

T« =Ty,+exp {0,0216

rae T, — temieparypa rpyHra, K;

(O, — MaccoBas IPOU3BOAUTEIBHOCTh I'a3011POBOJIA

B €IMHUILY BPEMEHH, KT/C;

C,— yzesbHas TEII0EMKOCTh IPUPOJHOIO rasa Ipu

nocrosiHHoM Aasnenus, Jx/(xkr-K);

L — nanHa paccMaTpUBAaEMOrO Y4acTKa, M;

K, — ko3 puIHeHT Teronepeiadn oT ra3a K rpyH-

1y, Br/(M?-K).

Hauvanpnas Ttemneparypa rasza 7, u temmeparypa
rpyHra T\, — Benn4uHbl, hakTuyecku n3mepsiemble. Jls
JalbHEHIINX paccyxkaeHuit npunumaem: 7, = 283,15 K
(10 °C); T, = 278,15 K (5 °C).

Ocratorest HensBecTHbIMA mapameTpst C, K, An Q..

VienpHas TemioemMkocts C, JUist IPUPOHOTO rasa
MOXET OBITh OIpeJieIeHa 0 U3BeCTHOH popmyme [7]:

Cp :er/(k_l)a (5)

e k— rnokasarens aguadarsl; it unctoro Merana CH,
MOYKHO MpHHUAMATh k = 1,315, mockosbKy coneprka-

HHUE 5TOTO KOMITOHEHTA B MPUPOIHOM Ta3e MPEBEI-
maet 98 %;
R, — ynenbHas rasosas nocrostHaast, Jix/(kr-K);
IUTSL MEeTaHa

R 8314
R =—=— =51823 ‘K); (6
r(CHy) mCH4 16,043 > I[)K/(KF )s ( )

My, — MOJSPHasl Macca MeTaHa, KOTopasi CKia-
JAbIBACTCSA U3 aTOMHBIX MAaCC 3JIEMCHTOB, BXOOAIIIHNX
B ero coctas (C =12,011; H=1,008):

mey, = 12,011+ 1,008-4 = 16,043 xr/mons.  (7)

Torna pacueTHOE 3HAUCHHE YAEIbHON TEINIOEMKO-
CTH METaHa COCTABUT:

1,315-518,23

s e /). (@)

Coeny) =
CpaBHEHHE pacYCTHOTO 3HAUCHUS YIEIBHOM TEIUIo-
€MKOCTH METaHa ¢ TabIMIHbIM, paBHbIM 2226 JIx/(kr-K)
[8], moKa3kIBaeT, 4TO MOTPEIIHOCTh PacieTa He MPEBhI-
maet 3 %.
Jna npuponHoro raza B coorBetctBuu ¢ ['OCT
30319.1-96 [9] moka3zatenb aaradaThl OMPECIISIIOT 110
yCOBEpILEHCTBOBaHHOM popmyne Kobd3za:

k= 1,556(1+ 0,074x,)— 3.9-10* T, (1 - 0,68x, ) —

p L4 p 08 )
_0,208pc+(T°j {384(1—xn)( j +26,4x,,:|,

e
C TC
T7e X, — JIOJIEBOE COfiep)KaHne IIPUMECeH B IIPUPOTHOM
rase;

p. — TUIOTHOCTB ra3a IpH CTaHIapTHBIX YCIOBHAX

(naBnenue P, =0,1013- 10°Ta n temmneparypa I, =

=293,15 K (20 °C)), kr/m’.

[Ipoananusupyem dopmyny (9). Ecau monoxuTsb
31ech x,, = 0, TO MOXKHO BBIYMCINTE IIOKA3aTeIb aJHa-
Oarbl JUIsl YUCTOrO MeTaHa kcy 4» CTaHIapTHas IUIOT-
HOCTB P cyy,,) KOTOPOrO MOKET OBITH ONPECIICHA B CO-
oTBeTCTBUH ¢ [9] o opmyie

P
Pcchy = Mcny, ﬁ» (10)
c—¢C

rae Z,— (GpakTop CKUMaEMOCTH, KOTOPBIH IS TPUPOJ-
HOTO ras3a B COOTBETCTBHH ¢ [9] omnpenensercs u3
BBIPAKEHHS

Zc(nr) =1- |:0:0458 Z (k[xi) - 0,0022 +
l 2
+0,0195xy, + 0,075xCO2} , (1)

e k;— KOJINYECTBO aTOMOB yIVIEPOAa B i-M YIJICBOIO-
POIHOM KOMIIOHEHTE IIPHPOIHOTO Ta3a;
X; — JI0JI1 KOMIIOHEHTa B CMECH;
XN,» Xco, — AOJH IPUMECEH a30Ta M AMOKCH /A yI-
Jepojia B COCTaBe MPUPOHOTO rasa.
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B namewm ciyuae konnyectBo atoMoB yriepoaa C
k¢ B coctaBe yrmepoaHoro kommnonenTa CH, pasro 1.
J1o1T1 KOMITOHEHTOB B IIPHPOTHOM I'a3€ COCTABIISIOT: M-
TaHa — Xy, = 0,985; azora — xN,= 0,01; nroxcuma
yIiepoaa — xcq, = 0,005. TTogcTaBUB TH 3HAYECHUS
B (8), momyunm:

Zymry=1-10,0458-1-0,985 - 10,0022 +
+0,0195-0,01 + 0,075 - 0,005]* = 0,9981.

Torna CTaHAapTHas NJIOTHOCTDb pc(CH4) YHUCTOI'O MEC-
TaHa COCTaBUT:
~16,043-0,1013- 10°
Peca = 831429315 09981

=0,668 Kkr/m’.

B atom cnyuae nmokasarens aauadarsl I YUCTOTO
MECTaHa 6y,Z[CT UMETH 3HAYCHHUC:
ke, = 1,556 (1+0,074-0)—3,9-107* x
x293,15(1 — 0,68 0) — 0,208 0,668 +
+(0,1013/293,15)"* - [384 - (1 — 0) x
x(0,1013/293,15)*%4+26,4- 0] = 1,303,
rae 3HaueHue P, noxacrasiserca 8 MIla; P,=0,1013 MI1a.
Jns paccmaTpuBaeMoro mpupoHOTO rasza, coaep-
xarero 1,0 % N, u 0,5 % CO, (x, = 1,5 %), MonsipHYytO
Maccy 7, PaCCUYUTHIBAIOT 110 (hopMyIie
mHF = mCH4xCH4 + mCOZ'xCOz + mN2 xNz ? (12)

IAC Meg,, My, — MOJISPHBIC MACChI COOTBETCTBEHHO
JAMOKCHA YIIIepOJa U a30Ta, KI'/MOJb.
o ananoruu ¢ (7) paccuuraeM mee, My, :

Mco, = 12,011 +16,0 -2 =44,011 KI'/MOJB;
my, = 12,001 -2 = 28,002 KI'/MOJIb.

IloacraBuB noxyueHHble 3Ha4eHUs B (12), ¢ yueTom
JI0JIEBOTO COZIEPKAHHS DJIEMEHTOB TOIYIHM:

my = 16,043 0,985 + 44,011 - 0,005 + 28,002 - 0,01 =
= 16,302 kr/morb.
[Tpu 3TOM cTaHmapTHAs IUIOTHOCTH MPUPOIHOTO Ta-
3a 1o aHajioruu ¢ (10) cocraBur:
0,1013-10°
8314 - 293,15-0,9981 -
= 0,679 kr/m’.

P
Pequry = Myr ﬁ =16,302

[

(13)

Torma mokazarens annadaThl 11 IPUPOIHOTO ra3a
B COOTBETCTBHH C (9) OyZIeT UMETh 3HAUCHHE:

ke = 1,556+ (1 +0,074-0,015) —3,9-10*- 283,15 x

283,15

. 0,8
s a-00ns) (592 2001 -

. 1,43
x (10,68 -0,015)—0,208-0,679 + (W) X

=1,394+1,386 ~ 1,385.

Kax BuHO, TAOMMYIHOE U pacueTHOE 3HAYCHHMS TTOKa-
3areneit aqunadarsr st Metana CH,, siBistioTest Onmm3ku-
MU (nnorpewrHocts 0,9 %), a BenmmunHa oka3aress aiu-
a0aTsl IS TPUPOITHOTO T'a3a HAXOMUTCSI TIOT SIBHBIM BITH-
SITHMEM CoJiepXKaHMs IpuMeceil (morpemHocts 5,3 %).

Torma ynenbHast TEIUIOEMKOCTb COCTABUT:

e Ul METaHA

1,303 - 518,23

= 2228,56 -K);
305 -1 8.56 I/ (cr-K);

Cocny =

e JUJI MPUPOAHOTO rasa

c _1385-510

p(l‘IF) = m = 1834,66 I[)K/(KFK).

VenbHas ra3oBasi MOCTOSHHAS I IPUPOIHOTO rasa
R () COCTABUT:

R _ R 8314

_— = = 510 K .
r(1r) m,, 16,302 II)K/(KF )

PacuetHoe 3HaueHUE yAeTbHON TEIIOEMKOCTH IS
MeTaHa Cpp(ag;m = 2228,56 JIx/(xr-K), momyuenHoe mo
(opmyne (5), IPaKTHUECKH COOTBETCTBYET (IIOTperI-
HocTh 0,11 %) ero TaGMMYHOMY 3HAYEHHIO C;(ag;m =
= 2226 JTIx/(xr-K) ipu ycinoBusx, GIU3KKAX K CTAHAAPT-
ueM (7, =300 K (27 °C), P, = 0,1013 MlIIa) [10], Ho
3aMETHO OTJIIMYAETCSI OT PACUETHOTO 3HAYCHUS Y/Iellb-
HOIi TeruIoeMKoCTH npuposiHoro rasa C i, Beranc-
JICHHOTO TaKoke 1o popmyiie (5). DTo 00bsACHIETCS TEM,
YTO C TIOHIKEHUEM TeMIIEPaTyPhI TETTIOEMKOCTh BeIIle-
cTBa yMeHbInaercs [ 7]. Kpome toro, npumecu azora N,
u auokcuaa yriaepona CO, UMEIOT KPaTHO MEHbBILYIO
TEMJI0EMKOCTh (Cp(Nz) =1021 x/(xr'K) u Chcon=
= 808 JIxx/(xr-K)), 4eM TEII0eMKOCTh METAHA, PABHAS
2228,56 JIx/(kr-K), 4To Takke BIAMAET HA CHIKEHHE
TETTOEMKOCTH IMTPUPOAHOTO raza— MeTtana CH, ¢ mpu-
mecsimu N, u CO,.

Taxum 06pasoM, pu pacueTax, CBI3aHHBIX C UCTIONb-
30BaHUEM TIOKa3arenel aguadaTsl U yACIbHOM TEII0-
E€MKOCTH, HE CJIEJIyeT IPUMEHHUTEIIBHO K MIPUPOTHOMY
ra3y UCIIOJIb30BaTh TAOJUYHbIC 3HAYCHHUSI 3THX ITOKa3a-
TeJsel JIJIg MeTaHa Ha TOM OCHOBaHUH, uTo 98 %-Hoe co-
JepyKaHue MOCIIETHETO B MPUPOIHOM Ta3e MOTHOCTHIO
OTIpEJIEIISIET CBOMCTBA Ta30BOM CMECH.

Hpyroii meTon pacuera yaeabHON TEIIOEMKOCTH
MPUPOTHOTO ra3a ISl MATUCTPATBHBIX Ta30MPOBOIOB,
PEKOMEHIOBaHHEIH B HOPMaX TEXHOJIOTHYECKOTO MPO-
extupoBanust OHTII 51-1-85 [11], ocHoBaH Ha cTaTu-
cTHUYecKoil hopmyre

P ;3‘” (14)

C, = 1,695+ 1838107 +1,96- 10°

rae 7, P — aOcoiroTHbIe 3HaYeHHs CpellHel TeMIiepa-
Typst T, ¥ CPEIHEr0 JaBiIeHus P ra3a B ra3omnpo-
BOJIE.

ISSN 0869-7493 TMOXXAPOB3PbIBOBE3OMACHOCTb 2015 TOM 24 Ne 6 m



- MOXXAPOB3PbIBOBE30NACHOCTb TEXHOAOTMUYECKUX MPOLIECCOB U OBOPYAOBAHUA

OpnHako Ha TOM 3TaIe PACICTOB METOM, U3JIOKCH-
Hblil B [11], cTporo roBopsi, MCTIOIB30BaTh HEIOITYC-
THMO, TaK Kak (opmya (15) conepxut napamerp 7,
a BoraucieHnst Cp .y NPEANPUHUMAIOTCS KaK pas s
OTIPEIEIICHUSI 9TOTO MTapaMeTpa KaK TeMITepaTypHOif xa-
PaKTEePHCTUKH IIPUPOTHOTO ra3a Ha paccMaTpHUBaeMOM
y4acTKe ra30IpoBoJa.

Taxum 00pa3om, NpU BBIUMUCICHUN yASIbHON Ten-
110eMKOCTH C () M aAMa0aThl A,y 1715 IPUPOJIHOTO rasa
CIIeIyeT PyKOBOJCTBOBAThCs BhIpakeHUsIMH (5) 1 (9).

2

Koypdunuent temnonepenaun K, (Br/(m™K))
0T Ta3a K TPyHTY ONPEJIENIIETCS B COOTBETCTBUH C PEKO-
mermarusmu OHTIT 51-1-85 [11]:

-1
1
K, = (Rm + (er] > (15)

e R, — TepMHYECKOE COMPOTUBICHUE U30ISIUHU TPY-
Gorposona, K/BrT;

0, — KO3 DUIMEHT TEMI00T1a41 OT TPy OONpPOBO-
2 10
na B rpynt, Br/(M™K);
A Cyd,
rp 3%u
= 0,65 + ; 16
* P C3 dH |: ' [ h0'3 J ' ( )

Arp — KOO(QPUUMEHT TEIIONPOBOAHOCTH IPYHTa,
Br/(mK);

C; — xo3¢p¢unueHt npu pacuere B cucteme CU;
Cy=1;

h, — SKBHUBaJEHTHAas [IyOHHA 3aJ0KEHUs TPyOO-

MPOBOJA, M;
1 )
hy, =h, + er(% + 7»: J; 17)
h, — rnyOuHa 3a10XKeHust ocu TpyOoompoBosaa OT

MOBEPXHOCTH IPYHTA, M;
0L, — K03 (HUIHEHT TEIUIOOTaYH OT TOBEPXHOCTH
rpynra B armocdepy, Br/(M*K);

8.y — TOJIIMHA CHEXHOTO IIOKPOBA, M;

Aen — KOO QUIMEHT TETUIONPOBOAHOCTH CHEXHO-

ro nokposa, Br/(m-K).

I'myOuHa 3aiiokeHusT ocu TpyOOTpoBOaa oIpene-
JII€TCS B COOTBETCTBUHU C MPOEKTHON TOKYMEHTALUEH.
Hns pacuera mpunumaercst h, =2 M. Koaddumument
TEIIONPOBOHOCTH IPYHTA A, ) ONIPEENSETCSA HHCTPY-
MEHTaJIbHO M 10 TabmumaM. J{ist ynoocrsa Tabmmd-

Tabnuua 1. KoahdrumeHT TennonpoBoAHOCTU MPYHTOB B 3a-
BUCKMMOCTW OT CTeMeHWN yBIIaXXHEeHHOCTH

KoadduumenT ternonpoBogHOCTH
Bux rpynta rpyHTa X]_p, Bt/(m-K)
CYXOro | BJI@KHOTO | BJIArOHAaCHILIEHHOTO
ITecox, cynecn 1,10 1,92 2,44
I'muna, cyrnmuHOK 1,74 2,56 2,67
I'paBwuii, mebeHb 2,03 2,73 3,47

HbIC 3HAYCHHUS KOA(D(OUIMEHTOB TEIUIOMPOBOIHOCTH
0000IIEHHOTO ACCOPTHMEHTA I'PYHTOB MPEIICTABICHBI
B Tabx. 1, 3aMMCcTBOBaHHOM 13 paboThI [12].

Jist pacuera puHIMAETCst TAGINYIHOE 3HAYCHHE A,
pasHoe 2,56 Br/(M'K), 4T0 COOTBETCTBYET 3HAYEHUIO
IUTSL CYTIIMHKA BiakHOTO. KoadduuueHt Termiooraadan
OT OBEPXHOCTH FPyHTA B aTMOC(epy BEIYHCIISIETCS 10
dhopmymne [11, 13]:

O, =m + myv, (18)

B

TIe m,, M, — SMINIPUIECKUC KOd()(DUINCHTHI IPH pac-

yere B cucteme CU; m; = 6,2, m, = 4,2;

V — CKOPOCTb BETpPa, M/C; BHIOMPAETCS 110 KIIMMa-

TUYECKUM CIIPaBOYHHUKAM.

Hist ynoGerBa paboThl CpeiHsis CKOPOCTB BETPa Ve,
JUISL HEKOTOPBIX pernoHoB Poccuiickoi deneparnyu npu-
BezieHa B Tab. 2 [14].

s pernonoB Cpeanero Ypaia eBporeiickoi 4acTu
Poccuu (Pecriybnuka Komu) cpennsisi ckopocTb BeTpa
cocrasiser 3,0 m/c. Torna

o, =6,2+4,2-3,0=18,8 Br/(M*K).

Tabnuua 2. CpefHss ckopocTb Vep BETPA [Nt HEKOTOPBIX pe-
rmoHos PO [14]

Pernon Vepr M/C
Amypckast 0011 1,2-3,2
ApxaHrenbckasi 00JI. 3,1-7,8
AcTtpaxaHckas 0071 4,6-4,7
Pecny6nuka bamkopTrocran 3,543
Bounrorpasckas o6u1. 4,1-5,2
Bomoroackast 00u1. 3,3-5,1
Hwxeroposckas 0011 3,4-47
HpkyTtckas o0 1,7-3,6
Kanunuurpaackas o6:1. 4,5-4,7
Kamuarckuii kpait 1,6-10,0
Kapenbckast 00:1. 3,2-5,1
Kemepogrckast 00:1. 1,5-4,9
Pecniyoniuka Komu 2,3-4,9
KpacHopapckuii kpait 3,0-6,3
Kpacnostpckuii kpaii 1,1-7,5
Marapanckas o0.1. 1,7-8,6
MypmaHckas 0671 3,0-6,3
[Tepmckuit xpaii 3,1-4,2
Caxanunackas 001. 3,7-9,3
CaepaJ1oBcKast 00L. 3,9-4,0
Tomckas 0611 3,5-4,7
TromeHckast 00J1. 3,5-7,0
XabapoBckuil kpait 1,5-6,3
Pecny6nuka Sxytus (Caxa) 0,9-5,1
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TonmuHa CHEXKHOTO OKPOBA O, HAXOAUTCS TAKKE
10 KITMMATUYECKUM CITPABOYHUKAM H JUISI €BPOTIEHCKOM
3oubI Cpennero Ypana cocrasimsier 1,01 m [15].
Koa¢h¢unueHT TeronpoBoJHOCTH CHEKHOTO I10-
KpOBa A, ONPEAEISIETCS B 3aBUCUMOCTH OT €r0 TOJIIIH-
HBI O, U INIOTHOCTH CHera p, [12] mo ¢hopmynam:
o Abenbca npu p,, < 350 kr/m>:

hew =2.85-10°p2,; (19)
o Konaparbesoit mpu p,,, > 350 kr/m:
Aew =3,56-10°p2,, (20)

€ P, — IUIOTHOCTH CHeTa, onpezaesemMas o Gopmy-
i1e Abe:

Poy =a-10%; @21

a, b — xoHcrtanTel; a = 185,4; b = 0,545;

z — TIyOMHA TOYKH pacyeTa OT IMOBEPXHOCTHU CHE-

ra, M.

st onpenenieHust CPeHEro 3HAYCHUS TUIOTHOCTH
Pes(cp) CHEKHOTO IOKPOBA IPUMEM, YTO [TyONHA TOUKH
pacyera z, HaXO[UTCs B CEPEMHE TONIMHbI CHEXHO-
'O MIOKPOBA:

Zp = 8en /2 = 101/2 = 0,505 m.

Torna cpeHee 3Ha4YEHKE ITIOTHOCTH CHEKHOTO M0~
KpoBa

Peonepy = 1854+ 1003430595 — 349 41 kr/u’.

Teneps MOXXHO OIPEACTUTH KOAPPUINCHT TETIIO0-
IIPOBOJTHOCTH CHEXHOTO MTOKPOBA IPH P, < 350 kr/ M

Aoy = 2.85-107°-349,41% = 0,348 Br/(MK).

[ToncraBuB nomyueHHbie 3HaYeHus B (17), onpene-
JIUM 5KBUBAJICHTHYIO ITyOMHY 3aJI0KEHHUS OCH TPYy0O-
MPOBOJIA!

hy, =2+ 2,56( L, 1o

+
18,8 0,348

) = 9,566 m.

[ToncraBuB 3ToT pesynbTar B (16), momyuum:

2
- 2’56{0,65 +( 142 ] } ~ 1212 Br/(K).

o =14 9.566

Tepmudyeckoe CONPOTHUBIICHHE H30ISINHU TPYOOIpo-
Bona R, (K/Br) onpenernsiercst B coorBercTBum ¢ [11]
o hopmyie

md d

R, = —mp S 22
e (22)

us3

H

rae m = 1, ecau ucnonssyerca cucrema CH;
Ays — KOI(DQUIIMEHT TEIUIONPOBOAHOCTH H30JIA-
nuu Tpyoonposoaa, Br/(mK);
d,,— HapyXHBII THaMeTp TpyOOIpoBoIa C U30IIS-
LUEH, M.
Paccmotpum TpyOOnpoBOA, COCTOALINMI U3 TPYO C
3aBOJICKUM ITOJIMMEPHBIM NOKPBITHEM TOJIIIUHOM O, =

=0,006 M 1 ¢ KO3QPUIMEHTOM TEIUIONPOBOIHOCTH
A, = 0,384 Br/(mK). Torna

1,420
us3 = n
2-0,384

1,420 + 2- 0,006
1,420

R =0,0156 K/Br.

[ToxcraBuB 510 3HaYeHHUE B (15), momydnm Kodddu-
IIEHT TeIUIONepeiadn OT ITOTOKA ra3a K TPYHTY:

1\ )
K. =[00156+——| =119 Br/(M*K).
! ( - 2) S0P K)

OTHOcUTe/IbHAS IJIOTHOCTH ra3a A onpezenserT-
Cs1 KaK OTHOLICHHUE IUIOTHOCTE! PUPOHOTO ra3a Py )
H BO3JLYXa Py () IPH CTAHIAPTHBIX yCIOBHSX:

A= Prr(c) /pB(c)~ (23)

Bennuuna py ) ABISETCS TAOIUIHOM U COCTABIIACT
Pric) = 1,206 kr/m>. 3HaueHue Prr(c) OTIPEAENEHO paHee
1o popmye (13): Py = 0,679 kr/m’. Torma

A=0,679/1,206 = 0,563.

MaccoBast IPOH3BOAMTEIbHOCTh I'a301poBoaa O,
OINpeseNsieTcsl U3 ero roJOBOM MPOU3BOAUTEIBHOCTH
O o> KOTOPYIO MOXHO paccuurarh 1o ¢popmyie (12.6)
u3 [11]. OgHako NOCKOIBKY TaKHE pacueThl yKe cesa-
HBI B pabote B. JI. benurkoro [16], anst onpenenexHus
TOJI0BOIA MPOU3BOUTEIBHOCTH MOKHO BOCIIOJIB30BaTh-
sl JaHHBIMH Ta071. 3.

Kax Bunno u3 1abn. 3, npu P, . = 7,5 Mlla, P, =
=5,1 MIlau Dy = 1400 MM ro/10Basi MPOU3BOJAUTEINb-
HOCTh O, cocTasiser 28,4-34,7 mapa. M3/F0,21.

MaccoBblil pacxon B €OMHHUILY BPEMEHHU OIpee-
JIUTCSI U3 BBIPAYKEHUS

Qc = Qroz{ pr(H) /tn s (24)
TI€ Py — IIOTHOCTH IPHPOLHOIO raza [pH HOpMalb-
HbIX ycnoBusix (P, = 0,1013 MIla, 7,, = 273,15 K);
¢, — TIONMPABOUHBIH BPEMEHHON KO3(PPUIIHEHT;
1, =31,536-10%

P T
e _ e 25)
Prey Ty
Ta6nuua 3. [ofoBas NPON3BOAUTENBHOCT Qmﬂ, MIIPA. M3,

MarmcTpaneHoro razonposoga no B. [. bennukomy [16]

IlapameTpsl HarHeTaHUs
VYcaoBHbIi
Auamerp Dy, MM P, .= 5,5Mlla, P,..=75Mlla,
P,.=3,8 MIla P,.=5,1 Mlla
500 1,6-2,0 2,2-2,7
600 2,6-3,2 3,4-4,1
700 3,845 4,9-6,0
800 5,2-6,4 6,9-8,4
1000 9,2-11,2 12,1-14,8
1200 14,6-17,8 19,3-23,5
1400 21,5-26,4 28,4-34,7
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Orcrona

T, 293,15 ,
Prw) = Pr(o) (T) = 0,679 715 0,729 xr/m’. (26)

H

B sTOM citydae MaccoBbIi pacxoj raza COCTaBUT:
0. =(284+34,7)- 10°- 0,729/(31,536' 106)=
= (656,51+802,14) xr/c.
Cpennsisi TeMIeparypa rasa onpeaenseTcs s
Ka)JIOTO aBapUIHOTO yYaCTKa B CIICTYIOIIEM MOPSIIKE.
[oncrasus suauenus C,, K, Au QB hopmyiy (4),

BBIYMCIIMM TEMIIEpaTypy rasa 7, B KoHIe 1-ro aBapuii-
HOTO y4yacTKa:

T, =27815+
(283,15 — 278,15)(656,51-802,14)
1,19-1,420- 60- 10

+ exp{0,02 16 -

X 0,563-1834,66} = 280,21+280,57 =

~ 280,39 K (7,24 °C).
Torna cpenmsist remneparypa 7, st 1-ro aBapuii-
HOTO Y9aCTKa B COOTBETCTBUH € (POPMYJIOH (2) COCTaBHT:
T = 280,39 + (283,15 — 280,39)% =
=281,77K (8,6 °C).

Cpennsist Temneparypa Ha 2-M aBapUiTHOM ydacTKe
OTIPEIEIISICTCS U3 BBIPAKCHUS

L, —x,
L,

TCpZ :TKZ + (TKl - TK2)

bl

rae Ly, Ly, X, — paccTosiHu, KM;
T, — TeMIieparypa ra3a B KOHILE 2-ro aBapuiiHOro
y4acTKa;

(TKI - Trp)QcACp
KT dH L2

Ty = Ty + €Xp {0,0216 } (28)

[ToncTaBuB noy4YeHHbIE TaHHBIE B hopmyiy (28),
MOy YU M:
(280,39 — 278,15) y
1,19-1,420-60-10°

T = 27815+ exp {0,0216-

x (656,51+802,14)- 0,563 1 834,66} =

=279,53+279,63 = 279,58 K (6,41 °C).

B arom cityuae cpennsist remneparypa 7, uis 2-ro
aBapHUIHOTO y4acTKa COCTABHUT:

Topp = 279,58 + (280,39 — 279,58) - 60-30 _

=279,91 K (6,76 °C).

Hapamerper T, u 7, MpeHA3HAYCHBI 1IS ONIpe-
JeNCHUST MacChl Ta3a, HaXOMAAIICTOCS B Ta30IPOBOJE
(ukcupoBanHO# THHBI (Mexxny KC vmi Mexty THHeH-
HBIMHU KpaHaMH) JI0 €0 aBaPHITHOTO pa3phIBa.
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DETERMINATION OF THE AVERAGE GAS TEMPERATURE
IN THE EMERGENCY SECTION OF THE MAIN PIPELINE

BYKOV A. I., Leading Engineer of Fire Safety Service, LLC “Gazprom
transgaz Ukhta” (Lenina Avenue, 39/2, Ukhta, 169300, Komi Rebublic,
Russian Federation; e-mail address: abykov@sgp.gazprom.ru)

ABSTRACT

Parameter average temperature T, is necessary, for example, to estimate the mass of natural gas
involved in the formation of a fiery torch in case of emergency destruction of the main pipeline.
However, the methodology for a systematic calculation of this parameter in the current metho-
dological and normative documents, the author has not found.

Despite the apparent simplicity of the problem, the analysis showed that the parameter of 7,
depends primarily on the calculation of the parameter of the gas temperature 7, at the end of
the emergency section of the pipeline, which, in turn, depends on the mass performance of the O,
pipeline, specific heat of natural gas C,, the relative density of natural gas A, the length of the section
of the pipeline L, the outer diameter of the pipe d,,, the heat transfer coefficient K and more than two
dozen parameters that characterize the state of a gas in terms of its transport and depressurization of
the pipeline. Calculations of the number of parameters regulated in several regulatory documents,
which introduces uncertainty in the choice of the calculation scheme and is accompanied by the pro-
duction of different calculation results.

Calculations of other parameters recommended by the standard methods are complex, three-
dimensional routine, require access to specialized software products that are not available in the current
engineering activities.

To clarify these discrepancies, the rationale for the recommended design solutions and adapting
them in a simple, systematic methodology for calculating the average temperature in different parts of
the main pipeline the subject of this article.

Keywords: emergency section of the main pipeline; mass of gas; average temperature gas; specific
heat of natural gas; heat transfer coefficient from the gas to the ground.
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SKOHOMMWYECKASA OLIEHKA 3O DEKTUBHOCTU
NMPUMEHEHUSA NMPEOOXPAHUTEJIbHbIX KOHCTPYKLUWUIA
AJ19 OBECNEYEHUSA B3PbIBOYCTOMYNBOCTU 30AHUN
N COOPY)XEHUIA

PaccmoTpeHa Mofienb 3KOHOMUYECKOW OLEeHKIN 1 000CHOBaHMS BbIbopa BapraHTa NpeaoxpaHuTesb-
HbIX KOHCTPYKUMI (MK), a Takxe onpeneneHs 3hdeKTMBHOCTU 3aLMTbl 30aHNN 1 COOPYXKEHNIA OT
B3pbIBOB Ha 3Tane CTPoUTENbCTBA. [1oKaszaHo, YTo onpefeneHyie SKOHOMMUYeCKon 3hdekTMBHOCTM Npn-
MeHeHus MK cBoaMTCS K OLLEHKe LenecoobpasHOoCTM UX MPUMEHEHWS A5 34aHWIA C MPOM3BOACTBAMM,
yrnpaBnsemMbIMn UCTaHLUMOHHO W aBToOMaTUdeck. OnpeaenieHo, YTO BaXHYIO POSb MpU NMpPOoeKTu-
POBaHWMM B3PbIBOOMACHbBIX MPOM3BOACTB UrpaeT BbIOOP 3KOHOMMYECKM BbIFOAHBIX 1 3PHEKTUBHBIX
mMaTepuanos ans MK. Mpun Boibope MaTepranoB crefyeT Takxke yyuTbiBaTb BEPOSITHOCTb B3PbIBOB,
NPUBOAALWMX K MX pa3pyLUeHuio. BbisBneHa HeobxoaMMOCTb B CO34aHNN METOAMKM, NMO3BONSIOLLEN
YYNTbIBaTb TaKylo BEPOATHOCTb.

KnioueBble cnoBa: npefoxpaHuTeNibHble KOHCTPYKLMW; SKOHOMMYECK 3DeKTUBHBbIE MaTepuasbl;
B3pbIB NMPOM3BOLACTBEHHOIO 34aHMS; B3PbIBO3aLLMTa; 3aTPaThl HA B3PbIBO3ALLUMTY 30aHNN; MPOEKTMNPO-

BaHWe B3PbIBOOMaCHbIX NMPOM3BOACTB.

Bemuuna marepuansroro yiep6a, mpu4uHIEMOTo Ipej-
IIPUATHUIO B PE3YJIbTaTe B3pbiBa TOPIOYMX A30B, 1aPOB
U TbUIEH BHYTPU 3[aHUS CO B3PBIBOOIACHBIM IIPOU3-
BOJICTBOM, 3aBHCHUT OT 3()(HEKTUBHOCTH MEPOTIPUATHI
10 00ECIIeYCHHIO ero B3phIBoOe30omacHocTH [1-3].

Pesynbrarel 00cie10BaHus OCICACTBUN aBapuii-
HBIX B3PBIBOB M PACU€Thl HAIPY30K OT B3PbIBOB BHYTPH
KOHKPETHBIX 3/1aHHUH, B HAPY>KHOM OTPaXKJICHUH KOTOPbIX
OBLIM 3aIIPOEKTUPOBAHBI MIPEIOXPAHUTEIbHbBIE KOHCT-
pykuuu (I1K), nokazanu, yto, moMmumo pazpyuenus [1K,
HUMEIOT MECTO MOBPEXKICHUS OCHOBHBIX OTPaXKAAOIINX
Y HECYIIMX KOHCTPYKIIMH 31aHUs, @ THOT/Ia U KOHCTPYK-
UM coceHNX 3/1aHuit [4].

[Ipemiaraemple penieHus Mo 00eCIeueHUIO B3PhIBO-
3aIUTHl MPOMBIIUICHHBIX 3IaHUH OTIMYAIOTCS OT CY-
HIeCTBYFOIMX AU HEepeHITMPOBAHHBIM MOIXOAO0M K TIOJI-
6opy Tunos u komuuectsa [1K 1u1st kKaxxq0ro KOHKpeT-
Horo ciy4ast [5-9]. [Ipu aTom mponzBozacTBo camux 1K,
3a HCKITIOUCHNEM CIIETIHATFHO pa3paboTaHHBIX IeTaeh
IUTSL TIOKPBITHS, HE TpeOyeT NOMOTHUTENBHBIX 3aTpar,
TaK Kak npexjaraemeie B kauectse [IK crpourenbabie
KOHCTPYKLIUU SBJISIFOTCSI TUIIOBBIMHU U BBIITYCKAIOTCS B
MPOMBILIIEHHBIX MaciuTadax. [Ipumenenue B Hapyx-
HOM orpakieHnu 31anuii [1K, konnyecTBo 1 THIT KOTO-

© Opnos I I, Koponvuenxo /1. A., Koponvuenxo A. ., 2015

PBIX COOTBETCTBYIOT paHee Pa3pabOTaHHBIM, OTPaHUYIH-
BaeT IUIOMIAAb HOBPEXKICHUS 3JaHUH pa3MepaMu paspy-
nieHHoi 11K B cTeHOBOM Orpa)<IeHuu U Ha y4yacTKax,
T7e MPeayCMaTpUBACTCS YCTPOMCTBO JETKOBCKPLIBA-
€MOT0 TOKPEITHS. [Ipy HaTMYnK TaKuX MOBPEKICHUI
CTOMMOCTH yiepOa OyneT MUHUMAIbHOH H3-3a OTCYT-
CTBHSI HEOOXOIMMOCTH B 3aTpaTax Ha BOCCTaHOBJICHUE
TEXHOJIOTUIECKOTO 000PYIOBAHUS X OCHOBHBIX CTPOH-
TenbHBIX KoHCTpyKIui [10, 11]. IIpu aTom pesko co-
KpallatoTcsl 3aTparbl HA PEMOHTHO-BOCCTAHOBUTEIIbHBIE
pabOThI, yMEHBIIAIOTCSA MOTEPH OT BPEMEHHOTO Mpe-
KpalleHUsl IPOU3BOJICTBEHHOH JIESITeIbHOCTU IIPEIPH-
situst. B To e BpeMst He0OX0UMO OTMETUTh, YTO MPO-
BEJICHHE MEPONPHITUIl 10 MOBBIIMIEHHIO B3pPHIBOOE3-
OTIACHOCTH ITPOU3BOJICTB, B TEXHOJIOTHUECKUX MPOIIEC-
caxX KOTOPBIX HCIIOJB3YIOTCSI TOPIOUUE Ta3bl, Maphl U
IIBUTH, CBSI3aHO C PSAZOM JOMOTHUTEIBHBIX 3aTPar.

s TOBBIIIICHNST B3PBIBOOE30MMACHOCTH 3JIAHHMH,
nmomuMo mpuMmeHeHns [1K, HCmomp3yroTcsi METOIBI
MIACCHBHOTO PE3EPBUPOBAHUS — YCHIICHUE OCHOBHBIX
HECYIIMX KOHCTPYKUHUI 3MaHUI 32 CUET YBEIHUCHUS
CCUCHHS KOHCTPYKIHUHA, TOBBIIICHHUS HX )KECTKOCTH, H3-
MEHEHHS] KOHCTPYKTUBHON CXEMBbl 3aHUSA U T. II.
[12-15].
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C ysenuuenuem miomanu [1K, a Taxoke Hecymiei
CTMOCOOHOCTH OCHOBHBIX KOHCTPYKIIMI B3pBhIBOOE30IAC-
HOCTB 3/1aHMsI oBbIIaeTcs. OTHOBPEMEHHO yBEJINUHN-
BAIOTCS €ro NepBOHavYalibHAsi CTOMMOCTB M OKCIUTyaTa-
IIMOHHBIE PACXO/IBI, TAK KAK CTOMMOCTB BO3BEICHHS | M
K, xak npaBuiio, 0oJbIIe CTOUMOCTH | M OCHOBHBIX
OrpaKJAIOIIKUX KOHCTPYKIUH. DTO NPUBOIUT TaKXKe K
YBEJIMUEHUIO OTUUCIICHUH Ha aMOPTU3ALIUIO U COLEPIKa-
HUE KOHCTPYKIIMH B MpoIecce 3KCIUTyaTalluy 3aHusl.
Kpowme Toro, morepu rema uepes 1K, pacronoxxennbie
B IMOKPBITHH WJIM CTEHOBOM OTPaXKJEHUH, 3HAUNTEIHHO
Ooublile, YeEM uepe3 OCHOBHBIE, UTO, B CBOIO OUEpE/lb,
BBI3BIBAET JIONOJIHUTEIBHOE YBEIMUEHNE IKCIUTyaTallu-
OHHBIX PACXOJ0B.

Bonpoc o mpoBeneHMH MEpONpUsATHIA IO obecrie-
YEHHIO B3phIBOOE30IIACHOCTH JOJKEH paccMaTpuBaTh-
Csl B KQXJIOM CJIy4yae MPUMEHUTENBHO K KOHKPETHOMY
PEIIPUSATHIO.

CTaHOBHUTCSI OYEBHJIHBIM, YTO JUIs NPEANPUSATHI,
Ha KOTOPBIX HAXOMUTCS OOCTY)KMBAIOIIMI TIEpCOHAI,
MPOCTO HEOOXOANMO MPETYCMaTPUBATh MEPEHI 10 00ec-
MICYCHHIO B3PHIBOOE30IIACHOCTH B LEJSIX 3aIIHUTHI JIO-
JIeH, TEXHOJIOTHYECKOTO 00OpYIOBAaHUS M OCHOBHBIX
CTPOUTENBbHBIX KOHCTPYKIUH.

JL71s1 MpOMBINITIEHHBIX 3JaHUH, COOPYKEHUI U [IEXOB
C aBTOMAaTUYECKUM U JTUCTAHLIMOHHBIM YIPaBICHUEM,
rae 00CcIy KUBAIOIIUII TIEpCOHANl OTCYTCTBYET, a BEpO-
SITHOCTh BOSHUKHOBEHUS B3PbIBa OTHOCUTENILHO MaJa,
BO3MOJKHO, pa3pylICHHEe KOHCTPYKLUIl 3maHus OyneT
SKOHOMMYECKH OIIPaBJaHHO, €CJIU 3aTpaThl Ha BOCCTa-
HOBJIEHHE He OyayT NPEeBOCXOJUThH 3aTpaT Ha YyCTPOM-
ctio T1K.

OKOHOMHYECKOE 000CHOBAHHE TPEIaraéMoro Ba-
puanta [1K MoxeT morpeboBaTh pacCCMOTPEHHUS ONHON
U3 CIIENYIOLUX 3a1au:

1) mpu HATWYKHK B 31aHUU 0OCITY )KHBAIOIIETO TIep-

COHaJIa — OMNpEe/IEIeHUE SKOHOMUUECKN 000CHO-
BaHHBIX KOHCTPYKTHBHBIX permenuii [TK, B1oop
Marepuana 1 onpeaesacHue TpedyeMoi miora-
1 I1K;
TIPY OTCYTCTBHH B 3[[aHUH OOCITY>KHBAIOIIIETO IIep-
COHAaJa — OLICHKA I[eIeCO00PA3HOCTH YCTPO-
ctBa [IK ncxons n3 aHanusza cyMMapHbIX 3aTpar
Ha CTPOMUTENBCTBO, IKCILUTyaTallUIO U BOCCTAHOB-
JIeHUue 37]aHus U 3aTpar Ha ycrpoiictso I1K.

Takum 00pa3zoM, onpeieieHue SKOHOMHUECKOH (-
¢extuBHOCTH puMeHeHus [1K cBoguTcs k oneHke 11e-
J1ecO00pa3HOCTH WX MPUMEHEHUs AJS 3AaHUN C Mpo-
W3BOJCTBAMH, YIIPABISIEMbIMU JMCTAHIIMOHHO WJIM aB-
TOMaTU4ecKU. B 3TOM cilydae cilefyeT yCTaHOBUTh
HeobxoauMocTh yerporcTia [1K. Eciu takas HeoOxo-
JIMMOCTB CYIIIECTBYET, HaJI0 YCTAHOBUTH OITUMAJIbHBIE
BapuanTsl [1K, obecrnieunBaromiye B3pbIBOOE30MAaCHOCTD
3/1aHUS.

B npouiecce npoekTupoBaHus 30aHUH J1s B3PBIBO-
OIIACHBIX IIPOU3BOJCTB CYILIECTBEHHOE MECTO 3aHUMa-

2)

FOT BOTIPOCHI BBIOOPA SKOHOMHUYECKHU dPPEKTUBHBIX Ma-
TepuanoB mis u3rotosneHus [IK, koTopwiii moimkeH
OCYIIECTBISITHCS C YUETOM CTOMMOCTH MaTepHajoB,
3arpar Ha Bo3BeaeHue [IK u skcruryarammio 3maHus.
3agava 3aKIII04acTcsl B TOM, YTOOBI CBECTH K MUHHMY-
My IIOJTHBIE 3aTPaThl Ha BO3BEICHUE U HKCILTYaTallUI0
3manus npu ucroib3oanun [1K. Tak kak yka3aHHBIE
3aTpaThl SIBISIOTCS PA3HOBPEMCHHBIMU, JJISI UX CyM-
MHUPOBaHUS MOXKHO HCIIOJIb30BAaTh PEKOMEHI0BAaHHBIN
“MHCTpYyKIMEH 10 onpeaeneHII0 SKOHOMUYECKOH -
(hEKTUBHOCTH KalTUTATBbHBIX BIIOYKEHHUI B CTPOUTEIBCT-
Be” (CH 423-71) meToxn npuBeAeHNS pa3HOBPEMEHHBIX
3arpar K COOCTaBUMOMY BHJIY, B OCHOBE KOTOPOTO Jie-
KHUT (POPMyIa CIOKHBIX MPOLICHTOB!

B=1(1+E,)" , 1)
rae E, , — HOpMaTuB JAJs PUBEIEHUS Pa3HOBPEMEH-

HBIX 3aTpPaT K colocTaBuMomy Buay; £, . = 0,08;

{ — 1epuoj BpEMEHH NIPUBEIEHUS, TOAbI.

[Ipu BBIOOpE MaTepuanoB uis u3rotorieHus [1K
CJIEyeT TaKXke YUUThIBaTh BEPOATHOCTb BOZHUKHOBE-
HUS B3pbIBOB, NpUBOAALINX K pa3pyiienuto [1K. HyxHo
OTMETHUTb, YTO JIEHUCTBYIOLIasi HHCTPYKTUBHAS U HOP-
MaTHBHas JTUTEepaTypa Mo 3KOHOMHUYECKOH OLeHKe Ba-
PUAHTOB MPOEKTHBIX PEIIEHUI CO CTOXacTHMYECKHUMH,
BEPOSTHOCTHBIMU TTOKa3aTeJIIMU HE J1aeT PEeKOMEH 1a-
LIUH 10 UX OLIEHKE. B CBSI3U ¢ 3TUM BO3HHUKAET HEOOXO-
JUMOCTBb B CO3JaHUHU METOAUKH, HOSBOHﬂ}OIHCﬁ y4iu-
ThIBATb BEPOATHOCTH BO3BHUKHOBCHUS B3PBIBOB U pa3-
pywenus IIK. /Iy 3Toro Hafno UMeTh CTaTUCTUYECKUE
JaHHBIC T10 YaCTOTE B3PLIBOB HAa OJHOTUITHBIX IIPOU3-
BOJCTBaX. B Hacrosiiiee Bpems 1o psily IpOU3BOACTB
(mMBWHMIIA, THAPONIEPOKCHA HU30MPEHOCH30a, aM-
MHaKa | JIp.) UMEIOTCSI HEKOTOPBIC TaHHBIC, TTO3BOJIS-
IOLME IPU MOMOLIM BEPOSITHOCTHO-CTAaTUCTHUECKUX
METO/(0B BBIYHCITHTE CPEJIHUI IEPHOL £, MEXKLY B3PbI-
BaMU:

tep= 1/ )

rae A, — MHTEHCHBHOCTH pa3pyIIeHHs] KOHCTPYKIHUH,
H3MepsieMas KOJIMYECTBOM Pa3pyIICHHI 32 OJIHH IO
JKCIUTyaTallnH;
ni

K:V(t); 3

71— 00I11ee YHCII0 OMHOTUITHBIX CTPONUTEIBHBIX KOH-

CTPYKIIHIA;

A — MHTEHCUBHOCTH BO3HHKHOBCHHS B3PHIBOB;

N —KONN9eCcTBO OJJHOTHITHBIX CTPOUTEIFHBIX KOH-

CTPYKIHH, 32 KOTOPBIMH BEJIOCH HAOIIOICHUE;

N = (r = D/(Ntr);

7(f) — 4uCIIO B3PBIBOB 32 MEPUO] HAOIIOACHUSI.

Bri6op marepuana myist [TK MOXKHO TpoBOIHUTS IO KPH-
TEPUI0 MUHIMAJIbHBIX CyMMAapHBIX 3atpar /7 (Teic. pyo.)
Ha U3TOTOBJICHHUE (BO3BEIICHHE), BOCCTAHOBIICHUE U IKC-
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IUTyaTaInio KOHCTPYKINH 32 IEpHO GYHKIIHOHUPOBA-
HUS 31aHUSA:

r(’)tcp C C
1
DI=Cqy+ Y - DTN (4)
i=tg (1+EH.1'1) EH.I'I
rae C,, — NnepBoHa4YagbHas cMeTHas cTouMocTsh [1K,
TBIC. Py0.;

!., — CpezHee Bpems Oe3aBapHiiHOi paboThI 3/1aHN,
T. €. TISPUOJ] MEK/Ty B3phIBAMH (Omperessiercs o ¢op-
myie (2)), 4;
C; — 3aTparsl, HETIOCPEACTBEHHO CBA3aHHBIE C BOC-
cranosnenuem I1K, Tric. pyo0.;
Cy oor— OCTATOYHASI CTOMMOCTB Pa3pyIICHHBIX KOH-
CTPYKIHH, THIC. PYO.;
i — TEepUOJ BO3HUKHOBEHHUS B3PHIBOB, TOIBI;

Leps 2tcp, ey Al
@ — BEJIMYMHA, TIOKA3bIBAIOIIAsI, YTO BOCCTAHOBIIC-
HHE 3/IaHUsI OCYIIECTBIISAETCS LeJI0e KOJIMYECTBO pas3
(T. €. yUHTBIBACTCS TOJIBKO LIeIIast 4aCTh OTHOIIICHUS );

a=(T,- 1)/tcp;
T,,— HOPMAaTHUBHBIN CPOK CITyXKOBI 3aHHS B LIETIOM,
TOJIBI;

D% — TOmOBBIE SKCILTyaTallMOHHBIE 3aTPAThl, OT-
YICIICHUS] Ha aMOPTHU3AIUIO H COACPIKaHIE KOHCT-
PYKITUH, TBIC. pyO.

[Tocnennee cinaraemoe hopmyiibl (4) y4UTBHIBAET CyM-
MapHbIE IKCILTYaTAlMOHHBIC 3aTPAThl 32 BECh [IEPUO]]
(byHKIHOHUpPOBaHUS 3naHus. Tak Kak ro0BBIE IKCILTY-
aranMoHHBIe 3arparsl ' OTAaNEeHBI APYT OT JApyra Ha
OJIVH TOJI, OHU SIBJISIFOTCSI pa3HOBPeMeHHbIMHE. M3BecT-
HO, YTO CyMMHUPOBAHHUE TAKKX 3aTPAT BO3MOXKHO ITOCIIE
UX TIPUBEICHUS K OIPEICTICHHOMY MOMEHTY BPEMCHHU.
[Tockonmeky B dopmyrne (4) B 3aTpaTax 1mo mepBoMy U
BTOPOMY CJIaracMOMY YYUTBIBAIOTCS BIIOJKCHHS B TI€-
puon niepBoHadanbHOro yerpoiictsa [1K, To u B mannom
ciydae JUisl ONPEIeIICHNs SKCIUTyaTallHOHHBIX 3aTpaT
BBIOpaH MOMEHT HadaJla X SKCIUTyaTalnu.

[IpuBeneHue BEITOTHACTCS IIPU ITOMOIITH (DOPMYITBI

3“’&7 5
,Zf (A+E,) ©

Ecim skcrutyaTalinoHHBIC 3aTPaThl HE MEHSIFOTCS [10
rofam, . €. 3, R = =0, ToR = =0, "% = const, To 3" MOXKHO
BBIHECTH 32 3Ha1< CyMMBI. Torna 0OCTaBIIAsCS YaCTh BbI-
pakeHUs1, IPEJICTABIISIONIAs COO0H CyMMY yOBIBarOIIEH
TEOMETPUYECKON MPOTPECCHH C TIEPBBIM YJICHOM d U
3HameHarenem g, pasubim 1/(1 + E, ) (npu T, cTpe-
MSIIEMCSI K OECKOHEUHOCTH ), HMEET BH/I

a 1
Zzl—g:a' ©

Crien10BaTeNnbHO, CyMMAapHBbIE SKCILTYaTallMOHHbIE 3a-
Tparer GynyT pasusi (1/E, ) 9"

3amura 31aHuil OT BO3ICHCTBYUS B3phIBA TOPHOYMX
cMeceil BHYTpH IOMEIIEHHS MOXKET ObITh 06ecreueHa:

e wucroib3oBanueMm [1K;
e YCHJICHHEM HECYIIHUX KOHCTPYKLMH 30aHus;
e coueranueM IIK ¢ ycuneHrueM 0CHOBHBIX HECYLIUX

KOHCTPYKLIHH.

Bo3HnkaeT He0OX0MMOCTH B BBIOOPE TaKOTO BApH-
aHTAa 3alUTHl, KOTOPBIH NOTpeOyeT MHHIMAJIBHBIX 3a-
TpPaT NP BO3BEACHHUHU 1 SKCILTyaTalun 00beKTa Ha o0ec-
MeueHHEe 3aJaHHOU CTEHNEHU B3PBIBOOE30MACHOCTH C
Y4€TOM BEPOSTHOCTU BO3HUKHOBEHUS B3PBIBOB.

MUHMMYM CyMMapHBIX 3aTpar OIpelelseTcs Mo

hopmyie

pacu
I =Cy+CPE, @t

L e At gor)
E,. 100 o
"W 3 L E @

+ 2

l—l‘

np OCT

1+ E,, ’

rae C, — cMeTHas ce6eCTOMMOCTb PAbOT 110 yCHIICHHIO
OCHOBHBIX HECYIIINX KOHCTPYKIIUH 3[aHHs, TIC. Py0.;
CP* — pacueTHas CMETHas ceOECTONMOCTD JIETKO-
cOpacbIBa€MBIX KOHCTPYKIIUH, ThIC. pyO0.;
E, — HopMaTHBHEINA K03 (HUIIMEHT SIKOHOMITIECKOH
3(h(HEKTUBHOCTH KaITUTAIBHBIX BIOKCHUH;
®,,,— CMETHast CTOMMOCTb IIPOU3BOACTBEHHBIX (HOH-
JOB CTPOUTCIIbHBIX OPraHU3aliiu, 3aHAThIX Ha MOH-
Take KOHCTPYKIUH, ThIC. pyO.;
!sp — TIEPHOJL MOHTAXKa, TO/IBI;
C;, — cMeTHast ce0eCTOUMOCTh KOHCTPYKIIUH, THIC.

pyo.;

a,, @, — HOPMaTUBbl PEHOBALIMOHHBIX OTYMCIEHUI

M OTYMCIICHUH Ha COJIEPKaHNE KOHCTPYKIIHMM OT UX

CMETHOU CTOUMOCTH,

3% — roj10BBIE 3aTPaThl HA OTOIJIEHUE 31aHHUSL, THIC.

py6.;

3; — 3aTpaTbl, CBSI3aHHbIE C JIMKBUAALUEN NOCe-

CTBHI B3PBIBOB B i-M TOIY, THIC. pYO0.;

t,.; — TEPHOJ OCTAHOBKHU IIPOM3BOACTBA, CBSI3aH-

HBIN ¢ TUKBUAALMEN MTOCIENCTBUI B3pbIBA, FOABI.

CToMMOCTb yCHIICHHST HECYINX KOHCTpyKumid C
JIOJDKHA YCTaHaBJIMBATBCS PACUETOM Ul KOHKPETHOI'O
3nanwst. [Ipu Cy = () B3pbIBOOE30MIACHOCTD 3aHHS J10-
CTHUTaeTCs TOJIBKO IpH ucnoib3oBanuu I1K.

Pacuetnas cebecroumocts 1K onpenensercs mo
COOTBETCTBYIOIIUM IIPEHCKypaHTaM CMETHBIX LIEH Ha
MaTepuaibl, U3ACIINA U KOHCTPYKIIUU C YICTOM HaKJIad-
HBIX pacxooB. HpI/I OTOM CJICAYCT YUYHUTBLIBATHh TAKKE
9KOHOMHUYECKHUH 3P dexT OD; 0T CHMKEHHS TPYA0EMKO-
CTH U COKPALLEHUS IIPOAOJIKUTEIbHOCTH BHIITOJIHEHUS

pabot o Bo3BeneHuto [1K:
Cpacv-r C 3

Benuunna 31- OIPCACIIACTCS UCXOAs U3 CIICAYIOMNX
MPCAITOCHIIIOK:
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a) TI0 BCEM BapHaHTaM MPEOXPAHUTENBHBIX KOH-
CTPYKIHH OTIpeAenseTcs TPyI0eMKOCTh paboT
m; (4ell.-THH);
0) BapuaHT ¢ HauOOJIBIICH TPYIOEMKOCTBIO MPH-
HUMAaeTCsl 38 UCXOHBIN;
B) BCE OCTAJIbHBIC BAPUAHTHI C MEHBLICH TPYHLOEM-
KOCTBIO ITPU PABHBIX POU3BOICTBEHHBIX YCIIO-
BUSIX (OJTMHAKOBBIE KOJIUYECTBO TPYAOBBIX pe-
CYPCOB, CMEHHOCTB) OY/TyT BBITIOJIHSITHCS OBICT-
pee u, CIe0BaTeNbHO, 1aBaTh 10 OTHOIICHHIO K
HCXOTHOMY BapHaHTy YIKOHOMHUYICCKHH 2P eKT.
Juis ncxopHoro BapuanTa 9; = 0. {1 ocTanbHbBIX
BapHAHTOB BEIMUYHMHA J; CKJIQABIBACTCS U3 TPEX IKOHO-
MHYECKUX dPPEKTOB:

2; =0] +37 +9;, (8)

1 1

tie 3] + 37 + 3; — sxoHommueckue >3hdeKTH oT cOo-
KpAILEHNUs, COOTBETCTBEHHO, yCIIOBHO IOCTOSIHHOM
YaCTH HAKJIQJHBIX PACXOJIOB M YACTH HAKJIAJHBIX
PAcXO0B, CBA3aHHBIX C TPYJOCMKOCTBIO PadoT U
OCHOBHOI1 3apab0THOM MIaTOM.
Dddekt ot cokpaIeHns yCI0BHO MOCTOSHHOM Jac-
TH HaKJIaJHBIX PacXoloB oIpeaenseTcs no Gopmyite

51 = 05— Kup -2
i (5 Ky ) 106 ey

rae 0,5 — ko3 PUIMEHT, yYUTHIBAIOIINHN JOJIO YCIOB-
HO MTOCTOSIHHBIX PACXO0/I0B B 0011IeM 00beMe HaKIa/ -
HBIX PACXO/IOB;
C — ce0ecToOUMOCTb CTPOUTENBHON MPOIYKIIHMH,

TBIC. PYO.;
K, , — k09 pHULECHT, yIUTBIBAIOLMI pasMep Ha-

KIIQ[IHBIX PacxoioB; K, , = 0,12+0,19;

1,06 — ko3 PULINEHT, YIUTHIBAIOIINN TJIAHOBBIC

HaKOILICHHS;

Mo, — TPYAOEMKOCTH PaOOT MO BO3BEICHHMIO JIeT-

KOCOpPachIBACMbIX KOHCTPYKIIUH MO HCXOTHOMY Ba-

PHAHTY, YCIl.-THH.

DddexT ot cokpanieHus YacTH HAKIaIHBIX PacX0-
JIOB, CBSI3aHHBIX C TPYAOEMKOCTHIO padoT, OmpeaessieT-
¢ 1o (hopmyiie

D7 =06 (my—m,). (10)

Db dexT oT COKpaneHHsT YaCTH HAKIIQIHBIX PacXo-
JIOB, CBSI3aHHBIX C OCHOBHOM 3apa00THOI I1aToM, orpe-
nensercs o gopmyse

32 = 0153, - 3)), (11)

A€ 3, 3; — OCHOBHas 3apabOTHAs [1aTa COOTBETCT-
BEHHO I10 UCXOJTHOMY U i-MY BapHaHTam, pyo.
T'oz0BBIE 3aTpaThl HA OTOIUICHHE 3aHus 3% MOTyT

OnpezensAThes no hopmye

V(% —12)24T

BH cp6 or i (12)
R,,-10

3% = Fk 33; = Ik

rae Fe — miomans K, M2;

3;2 — 3aTpaThl Ha OTOILIEHHUE 31aHus Ha | M> BTOJ;

V. — croumocts 1 Mxan Temna, pyo.;

t% — pacueTHas TemrepaTypa BHYTPEHHETO BO3-

nyxa, °C;

tfp — CpenHssA pacyeTHas TeMIepaTypa HapyKHO-

ro BO3/1yXa 3a OTONMUTENbHBIN nepuox, °C;

24 — 4uCII0 4acoB B CyTKax;

T, — TIPOIOIDKUTEIILHOCTE OTONUTEIBHOTO MEePH-

ola, CyT;

R, — TepMHYeCcKoe CONPOTHBIICHUE CTEHbI MU 110-

KpbITHsi, M>-°C4/KKalL.

3arpatsl 3, HEOCPEICTBEHHO CBSI3aHHBIE C TNKBU-
JIallMel OCIeACTBUI B3PBIBOB, OTIPEACIISIOTCS CIIEy-
FOITUM 00pa3zoMm:

1. s BapuanToB, rae miowmans 11K ynosnersops-
eT TpeOOBAHIAM 00ECTICUCHHUSI TAPAHTHHI HEPA3PyIICHNS
3JIaHUI B I1eJI0M, TTapameTp 3 BEIYUCIISETCS IO OpMyIIe

3:3HK+30K+306+3CM+30'{_O7 (13)

rie 3y — 3arparsl Ha BocctaHosienue 1IK; onpene-

JISTIOTCS IO CMETHBIM HOPMaM € YYeTOM 3aTpar Ha

paszpaboTKy;

3, —3aTparbl HA BOCCTAHOBJIEHNE OCHOBHBIX KOH-

crpykuuit (ecim [1K He o0ecieYnBarOT CHIKCHHSI

B3PBIBHON HATPY3KH 0 AOYCTHMOM);

3,6 — 3aTpaThl Ha BOCCTAHOBJIEHHE 000PYIOBAHUS

Y BHYTPCHHHX CETCH;

3., — 3aTpaThl HA BOCCTAHOBJICHUE CMEXKHBIX 3/1a-

HUH U COOpYKEHUH (ecnu HaHeCceH ymepO uX KOH-

CTPYKIIHAM);

3,4 — 3aTpaThl HA OUUCTKY TEPPUTOPUH OT pas3py-

HICHHBIX KOHCTPYKIIHIA; ONIPEIENIAI0TCS Iy TeM pac-

yeTa (pakTHUECKUX 3aTpar Ha pa3paboTKy U mepe-

BO3KY pa3pyLIEHHbIX KOHCTPYKLUI;

O — ocTaroyHasi CTOMMOCTb TTOBPEXIEHHBIX KOH-

CTPYKIMH, €CITH OHK MOTYT OBITH ITOBTOPHO UCTIOJb-

30BaHbI (MOXeT OBbITh IpuHsATA B pazmepe 10 % ot

croumoctu [1K).

3arpatsl 3, 3,5 U 3., YCTAaHABIMBAIOTCS IIyTEM
YMHO)KEHHUSI BOCCTAHOBHUTEJIBHBIX 00bEMOB Ha COOTBET-
CTBYIOILI[E CMETHbIE HOPMBI Ha PEMOHTHBIE PabOTHI.
HeoOxomumpie 00beMbl BOCCTAHOBJICHUSI ONIPEICIISIOT-
sl KaK CPEJIHHUE BEIMYHMHBI 110 JAHHBIM CTATUCTUYCCKUX
HaOJIIOIEHU.

2. J1ns BapuaHTOB, TJ1€ BCJIEJICTBUE YMEHBILIECHHUS 1710~
maau 1K gomyckaercs pa3pylieHHe 31aHUs B 1EJIOM,
3aTparThl, CBA3aHHbIE C IUKBUAIMEH TIOCTIEICTBUH aBa-
pHH, ONIPEACTIIOTCS 10 hopMyIe

3:C1+3CM+30‘1_07 (14)

rae C; — 3arparbl Ha BOCCTAHOBIICHUE Pa3pyILICHHOIO
3[aHuUs, THIC. PYO.
Jnst yKpYITHEHHBIX pacyeToB BEIMYHHY 3 MOXHO
NPUHAMATH PABHOH CTOMMOCTH TIEPBOHAYAJILHOTO BO3-
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Benenus [IK. Ecnm m3BecTHO M3MeHEHHE CTOMMOCTH
KOHCTPYKIIMH BO BpEMEHH, TO B pACUET CIISAYET BBECTH
COOTBETCTBYIOIINI TTONPABOYHBIN KOIDGHUIHEHT K, .
Torma

3=1,06CK,. (15)

BbiBOAbI

Ha ocHoBanuu paccMOTpeHHON MOJIETH HKOHOMHU-
4eCcKoU OLleHKH U 000CcHOBaHUs BbIOOpa BapuaHTa [1K,
a TaKXKe OmNpeelieHUs] SKOHOMUYECKOH 3(h(HeKTHBHO-
CTH 3aILUTHI 3JaHUI U COOPYKEHUH OT B3pbIBOB CTPOU-
TEJIbHBIMUA MEPONPHUATUSIMU MOYKHO CIeJIaTh CIIEYOLHE
BBIBOJIBI.

1. 3amuTa 37aHMI OT TOCTIEICTBUI B3phIBa BHYTPU
nomeriennii mpumeHenuem [IK cBsizana ¢ momonHu-
TeIBHBIMU 3aTpatamu. [loaToMy 3a1aya obecrieueHus
B3pPBIBOOE30MACHOCTH C HAUMEHBIIUMHU CYMMapHBIMHU
3aTparaMy Ha BO3BEIEHUE U AKCILITyaTallUIO 31aHuUs 5B-
JIsieTCs BEChbMa Ba)XKHOM.

2. [Ipu 5KOHOMHYECKON OLIEHKE MPUHATOrO Bapu-
anTta npumeHenus [1K ocnoBononararommm napamer-
pOM SIBIISIETCA CpefHee BpeMs Oe3aBapHitHON paboThI
3IaHHS, KOTOPOE MOJKET OBITH BBIPAYKCHO Uepe3 HHTCH-
CHUBHOCTb Pa3pyIICHHUH, SBISIONIYIOCS, KaK U3BECTHO,
ciay4yalHOH BenuuuHOW. [[s1 ee onpeneneHust npume-
HUMBI BEPOSITHOCTHO-CTATUCTUYECKUE METOBI.

3. ITpu BeIOOpE MaTepuanoB juis usrorosnexus [1K
HEOOXOAMMO CBECTH K MUHUMYMY IOJIHbIE 3aTpaThl Ha
BO3BeneHne u skcruryaranuio [1K ¢ yuetom BepositHO-
CTH BO3HUKHOBEHMsI B3pbIBOB. PaccMOTpeHHBIN MeTOx
TIO3BOJIUT ITO00paTh Takue Marepraisl st [1K, mprve-
HEHHE KOTOPBIX CJEJIaeT MOJIHbIE 3aTPaThl MUHUMaIIb-
HBIMHU.

4. YpasHenue (7) IU1sl S)KOHOMHUYECKOTO 00OCHOBA-
Hust BeIOOpa BapuanTa I1K qaet BO3MOXKHOCTB yCTaHO-
BUTH CyMMapHbI€ 3aTpaThl Ha CTPOUTEILCTBO, SKCILTY-

aTalMIO U BOCCTAHOBIICHHE 3[JaHUs C YYE€TOM BEPOSTHO-
CTU BO3HMKHOBEHHUS B3pbIBA. AHAJIN3 3TOTO YPAaBHEHUS U
pacueTsl IOKa3bIBAIOT, YTO JUISI 31aHUI C TEXHOJIOTUs-
MU C JUCTAaHLIMOHHBIM U ABTOMaTHUYECKUM yIPaBICHU-
€M, 7€ B3PBIBBI IPOUCXOISAT ¢ HHTEepBaJIOM 12—15 net
u 6osee, dKOHOMUIECKH OTIPABIaHHO YMEHBIIICHHUE TLI0-
manei 11K, noimy4eHHBIX pacueToM.

5. PacueTsl 5kOHOMHYECKOW OIIEHKH 3((HEKTHBHO-
ctu 1K no npuBeneHHON METOMKE TOIBKO [T 3AAHUI
KOMITPECCOPHBIX T10 TPAHCIIOPTUPOBKE TOPIOYHX I'a30B
MOKA3bIBAIOT, YTO JUII HUX DKOHOMHUYECKUH dPPEeKT
IIPY HCIIOJIh30BaHUH pa3paboTaHHOTro MeTona odecre-
YEeHHUsl B3PHIBOOE30MACHOCTH 37[aHUK CO B3PBIBOOIIAC-
HBIMHU TPOU3BOJICTBAMH COCTABIISIET OKOJIO 3 % OT CyM-
MapHBIX 3aTpaT Ha CTPOUTENHCTBO U 3KCILTyaTaIHIo.
C y4eToM CTpOUTENILCTBA 0OBEKTOB TOIBKO TAKOT'O THUIIA
9KOHOMHYECKHH (DEKT OT BHEAPSHHUS PE3YIIBTATOB JaH-
HOT'0 METOZIa COCTAaBUT Ooitee 5 MutH. py0. B roi1. OHako,
C YYETOM TOTO YTO MEPEYCHb B3PHIBOOMIACHBIX TIPOH3-
BOJICTB B XMMUY€ECKOU, He(hTEXUMUUECKO, HedTernepe-
pabaThIBaIOIIEH, Ta30BOM M APYTHUX OTPACIISIX MTPOMBIII-
JIEHHOCTH BKJIIOYAET HECKOJIBKO JECATKOB HAaWMEHO-
BaHUH, YKOHOMUYECKUH 3(H(HEKT COCTABUT HECKOJIBKO
JIECSATKOB MUJJTMOHOB PyOIIeid.

6. B ensix ontuMu3anum 3aTpar Ha 3alluTy 30aHUH
OT B3PBIBOB HEOOXOIMMO HCIIOJIb30BaTh BEPOSTHOCT-
HbIE METO/1bI OIIPE/IeJICHUS BO3MOXKHOCTH BOSHUKHOBE-
HUS B3pbIBa B 3aBUCUMOCTH OT PA3JIMYHBIX 3aIUTHBIX
MeponpuaTui. s 7Toro Moxet ObITh IPUMEHEHA Me-
Toauka, paspaborannas BHUUIIO MB/I. Ilpu stom
JOJDKCH OBITh YYTEH HE TOJNBKO IPsSMOH yiiepO, HaHO-
CHUMBII B3pBIBOM, HO M KOCBEHHBIN, CBS3aHHBIN C JTHK-
BUJAlMEN MPOU3BOACTBA ONPENEICHHOTO BHUAA IMPO-
MBIIUICHHOW MPOJYKIIMA U HEOOXOJMMOCTBIO BOCCTA-
HOBJICHUS! BBIOBIBIINX U3 CTPOSI MOLIIHOCTEH.
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ABSTRACT

The model of economic evaluation and substantiation of choice of explosion-relief valves (ERV) as
well as determination of efficiency of explosion protection of buildings and constructions organized
during the construction stage is considered in this article. It is shown that the important role in design
of explosive productions is played by choice of economically effective materials for ERV. It is noted
that choose of any type of ERV should minimize full costs of its erection and exploitation taking into
account probability of emergence explosions. The considered method allows selecting such materials
for ERV which reduce full costs to minimum. The equation for economic evaluation of choice of ERV
type allow to establish total costs of construction, exploitation and reconstruction of buildings taking
into account probability of explosion. The analysis of this equation and further calculations show that
for buildings equipped with remote and (or) automatic production control, where explosions occur at
intervals of 12—15 years or more, decrease of ERV areas is economically justified. For optimization of
explosion safety costs it is necessary to use probabilistic methods of determination of explosion
possibility and to realize the relevant protective measures.
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Keywords: explosion-relief valves; economically effective materials; explosion of production buil-
ding; explosion safety; explosion safety costs; design of explosive productions.
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YNCJIEHHOE NCCNIEAOBAHUE MNMPOLIECCOB
TEMJIOBOro BO3AENCTBUA JIECHOIO NOXXAPA
HA KOJXXHbIE MOKPOBbI YEJIOBEKA

13y4eHO BO3AENCTBIME TEMIIOBOrO U3MTyHeHMst Ha KOXHbIE MOKPOBbI YelloBeka, HaxoasLlerocs B6nmsn
oyara noxapa. NpeacraBneHbl pesynbTaTbl YACIEHHOrO UCCIEA0BAHWS Takoro BO3AeNCTBIUS Kak B Of1-
HOMepHOW, Tak 1 B ABYMEPHOWN NOCTaHOBKaX. lony4eHbl pacnpefeneHns TeMnepatypbl No TonLMHe
KO>XKHOr0 NMokpoBa. PacCMOTpeH CLieHapuWii TENMOBbIX HAarpy30K HU3KOW MHTEHCMBHOCTW. Pa3paboTaHa
MaTemaTtmyeckas MOAesb TennonepeHoca B CIOMCTON CTPYKTYpe KOXKHOMO MOKPOBa C Y4ETOM Hanmnyus
B HeW HeofHOpOoAHOCTel. NpeacTaBneHbl BbIBOALI MO pe3ynbTaTaM MOLENMPOBaHWS C y4eTOM CTPyK-

TYPHbIX HeO,EI,HOpO,D,HOCTeI;I B KOXHOM MOKpOBe.

KnioyeBble cnosa: J'Iy‘-II/ICTbll;I TEMNIoBOW MOTOK; NECHOW Nno>XXap, KOXHble MOKPOBbI; TeryionepeHoc,
MaTeMaTm4eckasd MoAelb,; CTPYKTYpHasd HeOOHOPOAHOCTb.

BBepeHune

JL1s1 OLICHKHM TTOCIIEACTBUI BO3IEHCTBYS Ha YeIOBEKa TEIl-
JIOBOT'O M3JIYYCHUS B YPE3BBIUANHBIX CUTYAIUSIX (B TOM
YHUCIIE MPH JIECHBIX NOXKapax) MOTYT IPUMEHATHCS KaK
OTEUECTBEHHBIE, TaK U 3apyO0eKHbIE METObI, KOTOpPbIE
MPEJCTABIISAIOT COOOH KOJIMYECTBEHHBIE 3aBUCUMOCTH
MCEXKAY TCPMOANHAMHUYICCKUMHU U MEANITUHCKUMU KPpUTEC-
PHSIMH TETIOBOTO MopaxeHus [ 1]. BonbImoii oo6beM pac-
YETHO-OKCIICPUMECHTAJIbHBIX JaHHBIX IO TCPMUYCCKUM
OYKOTaM Pa3JInIHOMN CTENICHH TSKECTH OM000BEeKTa Ha-
KOIIJICH B BEIIyIIUX HAyYHO-UCCIIEIOBATEIICKHUX 1ICHT-
pax NASA [1]. OcHoBo# 1u1st CO3/IaHMs CTaHAAPTHBIX
METOJIOB OIICHKH TIOPaKEHUSI OMOO0OBEKTOB MOCITYKH-
JIY PE3YJBTaThl 00Pa0OTKH 3KCIIEPUMEHTATIBHBIX HCCIIC-
noBanuid. [Tocie npoBeaeHns rapMOHU3aLMU OTEYECTBEH-
HBIX U 3apyOeKHBIX METOIOB IPOTHO3UPOBAHKS TETLIOBO-
0 TIOPXKEHUS B CUCTEME MeNni080U UCTHOYHUK — NAKEN
00e24cObl — 1e1068eK BBIIEISIIOTCS CIeNyIOIINe METOIbI
IIPOTHO3UPOBaHU [ 1 |: MHCTpYMEHTAIIbHBIE; PACUETHBIE;
pacyeTHO-dKCIIepUMEHTalbHbIC. B HacTosiee Bpems oT-
CYTCTBYIOT IIPOIPaMMHbIE€ KOMIIOHEHTBI, pean3yIonue
Pa3BUTBIC MATCMATUYCCKUE MOJICIIN PEaJIbHBIX TCIIJIO-
(hM3HYECKHX TIPOIIECCOB, MPOUCXOSAIINX B KOKHBIX TIO-
KpoBax M TKaHsX 4enoBeka [ 1]. Hacrosmmas crarss ot-
KpBIBAaET MIEPCIICKTHUBBI B CO3JIAHUH HOBOTO TIOKOJICHUS
MEMIIMHCKHIX HH(OPMAIIOHHBIX cUcTeM 71s Hy»xi1 MUC
Y CKOPOU MEIUIIMHCKOM MOMOLIY IIPU MUHUMH3ALUH 1
JUKBHUIALUH COLUATIBHOTO YIlIepOa OT JIECHBIX MOYKapOB.

© Bapanoscruii H. B., Kopooxuna J[. B., 2015

]_ICJ'IL HCCJIICAOBAHUA — YUCJICHHOC HUCCIICIOBAHUC
TEILIOBOI'O BO3JICHCTBUS HA KOJKHBIC MOKPOBBI TYUHUCTO-
T'0 IIOTOKA OT JICCHBIX IMOXXAapOB, B TOM YUCJIE C YUCTOM
CTPYKTypHOﬁ HEOAHOPOAHOCTH KOKHOI'O ITOKPOBA.

dusnko-maremaTnyeckas
NMNoCTaHOBKa 3aAa4un

Koyka nmeeT BecbMa CII0)KHOE CTPOESHUE CO CBOMMHU
0COOEHHOCTSIMH B Pa3JIMYHBIX YacTsx Tesna. OHa cocTo-
UT U3 TPEX CII0EB (puc. 1)— snuaepmuca, AepMBbl U HOA-
KOXHOH KJIeTyaTku (Tumonepmsl) [2].

OnuaepMuUcC BKIIOYAeT B ce0s B OCHOBHOM MEPTBbIE
KJIETKH, KOTOpPBIE JCHUCTBYIOT B KaueCTBE 3allUTHOTO
Oapbepa POTHB BJIary, yIbTPadrOIETOBOTO U3ITyUEHHS
U BBICOKUX Temneparyp [3]. Uepes snuaepmuc mpoxo-
JISIT TIOTOBBIE JKeye3bl. ToNIMHA ero pa3iuyHa — OT
0,02—0,05 mm Ha miee u ue 10 0,5-2,4 MM Ha J1aJIOHSIX
u nogomBax. TomnmuHa nepmsbl Bapeupyercs ot 0,5 1o
5 MM. DNHIEPMHUC U JIepMa, BMECTE B3STbIE, UMEIOT
TOJIIKUHY 0K0J10 1-2 MM. Huzke 3TuX ABYX CI10€B JI€KUT
MOAKOKHASI TKAHb — JKUPOBas KJIeTJaTka (THIIoaepMa),
KOTOpasi COAEPKUT IOTOBBIE JKEJI€3bl U KPYIHbBIE KPO-
BEHOCHBIE COCY/Ibl, JAIOIINE BO3MOKHOCTD KOXKE IPHU-
CTI0CcabIMBaTHCS K MECTHOMY HAarpEBaHHIO MITH OXJIAXK-
JICHUFO, HO JIMIIb B HEKOTOPBIX mpejenax [4]. OObIYHO
KOJKY MOAPA3EIISIIOT Ha [IBA TUIa — TOJICTYIO U TOHKYIO,
YTO CBSI3aHO, TVIABHBIM 00pa30M, ¢ Pa3InIHON TOJIIH-
HOIi srinziepMuca. TosicTas Ko)ka HOKPBIBAET JIAJIOHU U
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Puc. 1. CtpykTypa KOKHOTO TOKpOBa B 00111eM ciydae: / — BO-
JIOCSTHOM (osumuKys (JyKoBHIIa); 2 — TUNOAEpMa; 3 — JepMa;
4 — srmzepMuc; 5 — CTepKeHb BOJIOCA; 6 — cajbHas JKeJe3a;
7 — muMaTiaeckuil cocynm; 8§ — HeEpB; 9 — KUPOBasi TKAHb;
10 — BeHa; 11 — aptepus; /2 — moToBas xeje3a

MOJIOIIBBL. J{J1s1 Hee XapaKkTepHO HaJTUYKe TOJICTOTO AU~
JiepMIca, Ha HAPY>KHOM TTOBEPXHOCTH KOTOPOTO PACIo-
JaraeTcsi 0COOCHHO MOIIHBIN CIION KepaTHHa.

IIpu TepMuueckoil TpaBME MPOUCXOAUT NEPBUYHOE
MOBPEKAECHHE KIETOK, YTO BHIPAKAECTCS B HAPYLLIEHUH UX
CTPYKTYpHI U (yHKIHHA. [Ipr aTOM Hapymraetcest Gapbep-
Hast QYHKIUS KIICTOYHBIX ¥ BHYTPHKJICTOYHBIX MEMOpaH,
a TaKXKe BBIKJIIOYAIOTCS MOHHBIE HACOCHI. DTO, B CBOIO
oyepesib, CONMPOBOXKIACTCS HApyIIEHUEM pacupezene-
HUS BEILECTB BHYTPH KJIETKH U MEXY KIETKOH 1 OKPY-
JKarollel cpesioi, 1e30praHu3alreil BHy TPUKIETOUHO-
ro MeTaboIM3Ma 1 HapyIeHHeM CUCTEeMbI SHeproobdec-
neueHus [4].

[Ipu c1abomM TETIOBOM H3JIyYESHUH OyIIeT TOBPEK-
JaThHCs TOJBKO SIUIEPMUC Ha TTyOuHy 1 MM. boree mH-
TEHCUBHBIN TEIJIOBOI MMOTOK MOXKET IIPUBECTH K TIOpa-
JKEHHIO HE TOJIBKO SMHUEPMHCA, HO U JIEPMBI, a U3TyUeHUE
emre OOJbIIel HHTEHCHBHOCTH OyIeT BO3/ICHCTBOBATh
Y Ha TIOJIKOXHBIN cJoi [3].

CrerneHb TKAHEBOW TMIEPTEPMUH MPSIMO MPOIIOP-
[rOHAaJIbHA NPOAOJIKUTCIIBHOCTU HAarpeBaHUsA. KpaTKO—
CPOYHOE BO3JICHCTBHE JakKe€ OYCHb BBICOKHUX TEMIIe-
paTyp MOXKET He BbI3BaTh pa3BUTHUE 0xk0roB. Temnepa-
TYPHBIH OITUMYM aKTHBHOCTH ()ePMEHTOB COCTABIISICT
3637 °C. Uem BbIIIE CTENICHB MeperpeBa TKaHeu (Ha-
guHast 0T 41 °C u BbIIIIC), TEM OBICTPEE IPOUCXONUT T'H-
0eJb KIETOK.

O3KOrM KOXKH UMEFOT YEeThIPE CTETICHH TSHKECTH B 3a-
BUCHUMOCTH OT TIIyOMHBI TEPMUYECKOTO TTOBPEXKICHHS
TKaHeH koxu [S]:

e | — rumepeMus u OTEK KOXKH;

e [I—mopaxeHue MOBEpXHOCTHBIX CJIOEB AUIAEPMHU-
ca ¢ o0pa3oBaHUEM My3bIPEH, HAMIOIHEHHBIX MPO-
3padyHoOi CyOCTaHIIMEH;

e Illa — wacTuyHOE MOpa’KEHUE IEPMBI C COXpaHE-
HUEM IPHUIATKOB KOXKH, H3 KOTOPBIX BIIOCICICTBHU
MIPOUCXOJUT BOCCTAHOBJICHUE DTIUTEIIHS;

o III6 — mopakeHHE KOKM HA BCIO TOJILY C YaCTHU4-
HBIM 3aXBaTOM MOAKOKHO-KHPOBOI KIICTUATKH;

o IV — mopaxenne rirybokux cTpykTyp (Ppacium,
MBIIIIbI, KOCTH).

[Tpu nosryueHnH 0K0r0B BO3MOKHOCTD BBIXKHBaHUS
3aBUCHT OT psizia pakTopos [5]:

e CTEICHU TSKECTH 0XKOra;

e IUIOMIAJHU 000X KEHHON KOXKH, BBIpAKaeMOH B J10-
15X (%) oT 001eit momany NOBEPXHOCTH KOXKH;

e BO3paCTa;

e IIEPEHECEHHbIX 00JIE3HEN U COCTOAHUS 370POBbS 10
MPOUCILIECTBUSI.

[IIaHCHI BBDKUTH YMEHBIIAIOTCS 0 MEpPE YBEIHUe-
HUS IDIOMIAIH 0YKOTa M C BO3PACTOM JKEPTBHI [5].

Cpenu OCHOBHBIX XapaKTePUCTUK TEIIOBOTO Mopa-
JKEHHUSI YEJIOBEKA OT BHICOKOMHTEHCHBHOTO HAarPEBa BbI-
JensroTes [6, 7]:

e BpeMs BO3HUKHOBEHHS TEPMUUECKOTO OJKOTa;

e  KOJIMYECTBO MOTIOLICHHOW KOXKHBIM IIOKPOBOM TeTI-
JIOBOM SHEPTHH;

e CTCIICHB TSHKECTH OXKOTa;

e KpUTHYECKas TeMIIEpaTypa OCHOBHBIX CTPYKTYPHBIX
CJIOEB KOKHOTO MOKPOBA.

ITo manasiM MunucTEpCcTBa 31paBooxpaneHus: PO
©XKEroJJHO OT 0XKOTOB cTpamaer okoso 700 TEHIC. 4ei.
B eBpomnelickux cTpaHax OT TEPMUYECKUX TPaBM I10TU-
6aet okouto 60 Thic. yen. B roja. OIHOM U3 MPUYKH CMep-
TH SIBJISIETCSI OKOTOBBIN IIOK. Tak, U3 BceX MOrHOIIMX
28 % HaXoqWJINCh B OKOTOBOM IIOKe, IpuieM y 9 %
oxoru coctapisiii MmeHee 20 % nosepxHoctH Tena. [pu
DTyOOKHX Ookorax Iuromasko 6omnee 20 % moBepxHO-
CTH TeJIa TOCTPAIABIIECTO BEPOSTHOCTD JIETATHHOTO HC-
xoza Bo3pacTaet 10 82,2 %. OaHoM U3 IIIaBHBIX IPUYHUH
BBICOKOH JIETAJILHOCTH CPEAH MOCTPaJaBIINX C TsHKe-
JIBIMH O’KOTaMH SIBJISIETCS] OTCYTCTBHE SANHON KOHIICTI-
LMY JIeYEHHs] ATON KaTeropuu nauueHTos. s ee co-
3aHusl Tpedyercs Oojiee JIeTalbHOE M3YyYCHHE MeXa-
HU3MOB Pa3BHUTHUS U TSUCHHS 0’KOTOBOTO IIOKA, & TAKIKE
COBEPIICHCTBOBAHKE MMPOTOKOJIOB BEJICHHS TTAIIMEHTOB
C TSDKEJTBIMH TePMHUYCCKUMHE TpaBMaMH. Takue Tpas-
MBI BJIEKYT 3a COOOH IJIUTEIbHBIN IEPUO TOCITUTAIIN-
3aIMU, 3HAYUTEIILHOE YUCIIO OCIOKHEHUI U BBICOKYIO
JICTAJIBHOCTH [8].

J11s1 3a/1a4 YHCIIEHHOTO MOJISIMPOBAHUS KOKHBIE IO~
KPOBBI MOYKHO YCJIOBHO TIPE/ICTABHUTD B BUJIE CIIOMCTOM
CTPYKTYPHI C HEOMHOPOIHBIMH BKITIOUCHUSAMH (HAIIPH-
Mep, BOJOC M BOJOCsAHas JdykoBuia). [eomerpus 06-
JIACTH pellleHus npescTapieHa Ha puc. 2 u 3. Terutone-
PEHOC B YKa3aHHOH CHCTEME OITUCHIBACTCS C IIOMOIIBIO
HECTaIMOHAPHBIX TU((epeHInaIbHBIX YPaBHEHUH Tell-
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Puc. 2. 'eomeTpust ob6acTu peiieHus Uil OJHOMEPHOI U IBY-
MEPHOM [TOCTAaHOBKH 3aJIa4¥ O BO3JCHCTBUH TEIIOBOTO M3ITy4e-
HUSI OT JIECHOTO M0’Kapa Ha KOJKHBIE TOKPOBBI YeTIOBEKa: / — dITH-
nepmuc; 2 — nepma; 3 — TumnoaepMa

z qni
L +. 10
1 r4.1 J&
Lea %&1
2 r42 | -
Ltf' *************** / m
; N 4 %
dh /
3 7 T2.1
T4.3 4 // !
Lyt-——e === | { /
| | 3
| |

Puc. 3. 'eomerpust obGnacTu penreHus IS AByMEpHOH mocTa-
HOBKH 33/1a4H O BO3/I€HCTBHH TEIIIOBOTO M3TyUSHHUS OT HOXKapa
Ha KOJKHbIE TOKPOBBI UEJIOBEKA C YIETOM CTPYKTYPHBIX HEOHO-
ponHocrelt: [ — snuaepmuc; 2 — aepma; 3 — runogepma; 4 —
BOJIOC ¥ BOJIOCSIHAS TyKOBHIIA; L, L, — rpaHums oonacty; L,;—
rpaHuua SMUACPMUCA U IEPMBI; L, — BEPXHAS rPaHALA BOJIO-
CSIHOM JIyKOBHLBI, Ly, — IPaHULA ACPMBI M THIIOACPMBL; Ly, —
HIDKHSISL TPAHUIA BOJIOCSHON JTyKOBUIBI; L, — JieBas rpanu-
11a BOJIOCSIHON JIYKOBHIIBI; L, — JIeBas TPaHHIA BOJOCSHOTO
CTEPXKHS

JIOTIPOBOAHOCTHU € COOTBETCTBYIOIIMMU HAYAJIbHBIMHA U
TPpaHUYHBIMU YCIIOBUAMMU:

oT, o*r,  o°T
¢ipy 67; =M 21 +21j; )
Ox 0z
cyp 9 _,, 0T, +62T2 ; )
a Tl e )
c3p CLE R o°1; +62T3 : 3)
e Pl a2 )
eps Dy [OL 0T, 4)
e Mlar a2 )

I7ie ¢; — yAeNbHas TeII0eMKoCTh, Jx/(krK);
3
p; — IUIOTHOCT, KT/M”;

L; — xoaddurment reruonposoxHoctH, Br/(M-K);
T, — TeMneparypa KOxKHOro nokposa, K;

1, 2, 3, 4 — UHJEKCHI, COOTBETCTBYIOIINE AIUIEP-
MHUCY, JIpM€, THITOJIEPME M BOJIOCY U BOJIOCSHOM JTy-
KOBHIIE;

{ — BpeMs;

X, Z — KOOPJIMHATHI.

Havanbensle yciaoBus:

t=0, ;=Typ, 0<x<L,, 0<z<ZL,.

Vcnosust Ha 1€BOM M MPaBO I'PaHULIAX PACUETHON
o0nacTu:

x=0:
oT
A — =0, t>0;
' ox
° x=LxZ
Xiﬂ =0, t>0.
ox

Ha rpanune I'0 BbicTaBieHbl FPaHUYHbBIE YCIOBHS
2-ro poJa B LICJIAX YU€Ta BJIUAHUA JTyUYHCTOT'O TCIIJIOBO-
'O IIOTOKa OT (prHTa moXxkapa:

e Z= LZZ
oT,

ML =g A, =t =
lax 9us 45)6 9us

e g, — TEIUIOBOH MOTOK OT (PPOHTA HOXKAPA, Br/m?%;
q,=/(d);
d — paccTosHUE OT KPOMKH IToXKapa, M.
Ha rpanuuax I'l, I'l.1, T2 u I'2.1 ucnone3yrorcs
rpaHUYHbIE YCIOBUS 4-T0 poja:

o I'l:

M) = Ton 2y b=, T2
o TIl.1:

Ty(t,x,z) =T,(t,x, z); —kz%z—M%;
o I72:

T, (t,x,z) =T5(t,x, z); —7\.2%=—k3aaiz3;
o I2.1:

I,(t,x,z) =T5(t,x,2); — 4%2_ 3%‘

Ha rpanune '3 3aganbl Tpu Buja (BapuaHra) pas-
JUYHBIX TPAaHUYHBIX YCI0BUH [9]:

a) Ty =T5;;
oT.
O hs — = Gui
) 3 ox 9 s
B)G(Te_T3):7b3iaT3,
Ox

rae T, — Temneparypa BHYTPEHHEH 4acTu T'MIIONEP-
ML K; 75, = T,;
¢,z — BHYTpEHHEEe TEIUIOBBIICNICHNE (TEeTI0BOI
IOTOK OT BHYTPEHHEN 9acTu opranusma), Bt/ M

o — ko puIMenT Temonepenaun, Br/ (M2 ‘K).
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Ha rpanune ['4 3anans! cieqyromme yCiaoBHst:
° I'4.1:

T,(t,x,z) =T, (t,x, z); —7\,4%2—7\.1%;
Ox Ox

o I4.2:
T4(t,x,Z):T2(t,x,Z); _7\.4%:_7\.2%;
Ox Ox

o [4.3:
T4(l,x,2):T3(t,x,Z); _7\/4%:_7\43%.
Ox Ox

OnHoMepHas MaTeMaTHdecKas MOJEIb TEILIonepe-
HOCA B CIOUCTOU CTPYKTYpE€ KOKHOI'O II0KPOBA IOJY-
4eHa pelyKLuel IByMEpHON MaTeMaTHIECKOM MOIEIH
10 TOPU30HTAJILHON KOOp/MHATE.

Pe3synbTathl M UX 06CyXXaeHUe

YucneHHOe MOICINPOBAHIE ITPOBOIUIOCE IS ClIe-
IYIOIIETO clieHapHsl. YemoBeK, INIICHHBIH CPeCTB HH-
IUBUAYATbHON 3alIUTHI, HAXOIUTCS Ha HEKOTOPOM
paccTostHEH OT (PPOHTA JIECHOTO TOXKapa. B pesyibrare
TOPEHUs JIECHBIX TOPIOYUX MaTepHaIOB MPOMCXOAUT
TEIUIOBBIICJICHUE U IIepeada Teria K Tely 4YeloBeKa
MOCPEACTBOM U3IydeHus. sl OmpeneneHHOCTH pac-
CMaTpPUBACTCA BO3JCHCTBUE IyUYHUCTOTO TEILIIOBOTO MO-
TOKA Ha KOHKPETHYIO 4aCTh T€Ja, & UMEHHO Ha (POH-
TaJbHYIO YaCTh JIAJIOHU YeJIOBEUECKOi pyku. B Tabm. 1
MIPUBEJICHBI JAHHBIC [10 TPUHSATHIM B BEIUMCITUTEIBHBIX
9KCTIEPUMEHTAX TOJIIMHAM CIOCB KOKHOTO ITOKPOBA,
a B Ta0M. 2 — TeII0(hN3NICCKIE XapaKTECPHCTHKH KaX-
JIOTO W3 ITHX CJIOEB.

Bria mpoBeieHa YrceHHas peann3aiys OTHOMEp-
HOU ¥ TBYMEPHBIX MaTeMaTHICCKUX MOZIETICH METOZIOM
KOHEYHBIX pazHocTeii [10]. PazHocTHBIC aHAIOTH TU (-
(hepeHIMaNbHBIX YPAaBHEHUH PEUICHBl METOIOM IIPO-
ronku [10]. Ha ocHOBe pa3paboTaHHBIX aJTOPUTMOB
CO3IaHBI IIPOTPAMMHBIC KOMITOHEHTBI JTS1 OLPEICIICHUS
TEMIIEPATYPHOTO MO B CIOUCTOH CTPYKTYpPE KOKHOTO
MOKPOBA B YCIOBUSX BO3IEHCTBUS JTYYUCTOTO TEILIO-
BOTO TIOTOKA.

Ta6nuua 1. MpuHATas ToNWMHA CloeB KoXu [9]

Cnoit Tommuza, M
BnuepMuc 0,0005
Hepma 0,0015
T'unonepma 0,0020

Ta6nuua 2. Tennodusnyeckrie CBONCTBa CJI0eB KOXU [9]

Croif HnomogTb, Temnoemkocts, | TemnonpoBon-
Kr/M JUux/(xr'K) | HocTs, Br/(MK)
Bomoc 1000 2930 0,450
Dnuaepmuc 1200 3600 0,210
Hepma 1000 3200 0,498
l'unonepma 850 2250 0,200

Ha puc. 4 nmpencraBiensl pe3ynbTaThl YUCICHHOTO
pacuera pacrnpeeeHus TeMIepaTrypbl IO TOJILLIMHE KOXK-
HOT'O [TOKPOBA B OJHOMEPHOI OCTAHOBKE, a HA PUC. 5
— B AByMepHoii. CpaBHUTEIHHBIN aHAIHN3 IAHHBIX pe-
3yJIBTATOB [T03BOJISAET ClIEJIaTh BBIBOJL O KOPPEKTHOH pa-
0oTe MpeICTaBIeHHBIX MPOTPAMMHBIX peanm3aruii [11]
MaTeMaTu4ecKUX MOJIeNeil TeronepeHoca B CIOUCTON
CTPYKTYp€e KO’KHOTO MOKPOBA MPHU BO3IECHCTBUH JTyUH-
CTOTO TETLTIOBOTO IMOTOKA OT (hpoHTa moxkapa [ 12]. IIpo-
BEJ/ICHO CIICHAPHOE MOJISTMPOBaHUE JUIs IOXKapa HU3KOH
WHTEHCUBHOCTH M JIOCTaTOYHO OOJIBILIOTO PACCTOSHHS
MEXIy KpPOMKOH ToXkapa M uenoBekoM. Paccmorpen
KOHKPETHBIH CLIEHapHii KPAaTKOBPEMEHHOTO BO3JIEHCTBUS
JUTUTEITBHOCTBHIO 3 € P IUNIOTHOCTH JIyYHUCTOTO TETIIO-
BOTO TI0TOKA OT (hpoHTa novkapa 3000 Br/m>. Ha puc. 4u 5
XOPOIIIO BHTHO BIMSHUE PA3TMYHIA B TETTO(QH3HYESCKIX
XapaKTEePUCTUKAX CJIOEB KOJKHOIO ITOKPOBA Ha TEIJIO-
MIEPEeHOC M0 BePTUKAIEHONW KOOpANHATE, 0COOCHHO Ha
rPaHULE I€PMbI U THIIOEPMBI.

Ha puc. 6 nmpencraBiensl pe3yibTaTbl YHCIEHHOTO
pacuera pacrpejieseHus TemIeparypbl MO TOJIIMHE
KOXKHOT'O IIOKPOBA B IByMEPHOH IIOCTAHOBKE C YYETOM
CTPYKTYPHOH HEOAHOPOIHOCTH (BOJIOC M BOJIOCSHAst
nykoBuna). CueHapHOE MOIEIMPOBAHHE MPOBEACHO
IIPU TEX K€ YCIOBUSX, YTO U B OJHOMEPHOI OCTaHOB-
Ke, a Takke B JABYMEPHOU 0€3 HEOJHOPOAHBIX BKIIO-
YEHUI B CTPYKTYype KOXKHOT'0 ITOKpoBa. B 1anHoM Bapu-
aHTe y4YeT TOPH30HTAJIBHON KOOPIWHATHI MO3BOISET
BBISIBUTH JOTIOJTHUTEbHBIC 9P (EKThI, CBI3aHHbIC C Ha-
JIMYHEM B KO)KHOM TIOKPOBE CTPYKTYPHBIX HEOJHOPOIHO-
CTel. A IMEHHO, HAJIMYUE B COCTaBE KOKHOTO ITOKPOBa
CTPYKTYPHBIX HEOJHOPOJHOCTEH, TAKMX KaK BOJIOC H
BOJIOCSIHAs JIyKOBMIIA, U3MEHSIET €ro TeMIlepaTypHOe
110JI€ IIPU BO3JEHCTBUU JIyYUCTOIO TEIUIOBOTO ITOTOKA
oT (poHTa TIOKapa. B cuily pa3snmudHbIX Teruiopusnde-
CKHX XapaKTE€PUCTUK B 30HE HaXOXKJEHHUS BOJOCAHOM
JTYKOBUIIBI (POPMUPYETCSI TIOJIC TIOHIKCHHOW TeMIIepa-
TYPBI, KOTOpOE HAOIOIACTCSI TAKXKE B 00JIACTH BBIXO/IA
BOJIOCA M3 KOXKHOTO MOKpoBa. Hanmuuue cTpyKTypHBIX
HEOJIHOPOAHOCTEH MPUBOAUT K (DOPMUPOBAHUIO sue-
UCTOHN CTPYKTYpBI BHYTPH U HA IIOBEPXHOCTH KOXKHOTO

T,K

314 1
313 4
312 4
311 4
310 1
300 -
308 -
307 -

0 0,0005 0,0010 0,0015 z,m

Puc. 4. Pe3yipTaThl 4HMCICHHOIO pacyeTa paclpeIe/ICHUs TeM-
TIepaTyphl 110 TONINHE KOXKHOTO TIOKPOBA B OTHOMEPHOH 1ToCTa-
HOBKE
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T K e e 307.9
5 o N 3
T T o— 308,6

314 309.4
313 3102
~3110

312 3018
312,6

3134

314,1

Puc. 5. PeSyJ’IBTaTBI YHCJICHHOI'O pacye€Ta pacrpeacjIeHus TEM-
epaTypsl 110 TOJIIUHE KOKHOI'O ITIOKPOBA B Z[ByMepHOﬁ mocra-
HOBKEC

HOKpOBa C MIOHW>XCHHBIMHU 3HAYCHUSIMHU TeMHepaTyp B
stueiikax. ClieyeT OTMETHTb, UTO JaHHbIH (pakT HeoOxo-
JIIMO YYHUTBIBATh NPU Pa3pabdO0TKE HOBOTO MOKOJICHUS
MIPOTHUBOOKOTOBBIX MEIUITUHCKUX CPEJCTB U IEPEeBs-
30UHBIX MaTEPHAJIOB, a TAKXKE MPH JTUATHOCTHKE TEp-
MUYECKHX nopaxkeHuit [13, 14].

3ako4yeHune

Paspaborana HOBasi MaTreMaTHueCcKasi MOJIEINb Tell-
JIOTIEPEHOCA B CJIOUCTOM CTPYKTYpEe KOKHOTO MTOKPOBa
C y4EeTOM HaJu4¥si B HEM HEOJHOPOIHOCTEH THIIa BO-
JIOCAHOW JIYyKOBHLIBI U BoJioca. [IpoBeieHo ynuciaenHoe
WCCIeI0BaHME MPOIiecca TeIIonepeHoca sl moxapa
HHU3KOW MHTEHCUBHOCTHU W KPATKOBPEMEHHOTO BO3JICH-

308.,0
308,8
309,6
3104
3112
312,0
312.8
313,6
3144

Puc. 6. Pe3ynbTaThl 4MCIEHHOTO pacueTa pacipeaeaeHus TeM-
HepaTypsl 0 TOJNLIMHE KOXKHOIO IOKPOBa B JIBYMEPHOMN IIOCTa-
HOBKE C Y4E€TOM CTPYKTYPHOH HEOAHOPOAHOCTU

CTBHS JIyYHCTOTO TEIIOBOTO IIOTOKA OT KPOMKH JIECHO-
ro noxapa. CielyeT OTMETHTb, YTO JUIS aIbHEUIIero
CIICHAPHOTO MOJICTTMPOBAHISI MOTYT OBITH HCTIONIB30BA-
HBI TaHHBIE TI0 KOHTPOJIGHBIM BBUKHATAHHSM, TIPOBENICH-
HBIM B OKpecTHOCTsIX KpacHosipcka corpyaaukamu Uu-
crutyta neca CO PAH [12]. Co3manbl mporpaMMHEIE
KOMIIOHEHTHI JJIS1 MOJCITUPOBAHUS MIPOIIECCOB TETLIO-
IepeHoca B CIOUCTOH CTPYKTYpe KOKHOTO MOKPOBA,
KOTOPBIE MOT'YT OBITh IPUMEHEHEI IIPU pa3padoTKe HO-
BOTO ITOKOJICHUS] MEIUIIUHCKUX HH()OPMAIIMOHHBIX CH-
creMm [ 15, 16], a Taroke i1 MHTErpaluu ¢ reouHdopma-
[UOHHBIMH CHCTEMaMH MPOTHO3a JICCHON MOXKaPHOI
onacHocTH [17, 18] Ha OCHOBE IETEPMUHUPOBAHHO-BE-
posiTHOCTHOTO moaxoaa [19, 20].
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ABSTRACT

For an estimation of thermal radiation influence consequences in extreme situations (including forest
fires) foreign methods which represent quantitative dependences between thermodynamic and
medical criteria of thermal defeat can be applied both domestic. Great volume of numerical-expe-
rimental data on thermal burns of various severity level of bio-object is saved up in leading research
Centers NASA. Processing experimental research results have served as a basis for creation of
standard methods of an estimation of bio-objects defeat. Following methods of forecasting are
allocated after carrying out of harmonization of domestic and foreign methods of forecasting of
thermal defeat for system thermal source — package of clothes — person: 1) tool; 2) numerical; 3) nu-
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merical-experimental. Now there are no the program components realizing developed mathematical
models of real thermophysical processes, occurring in integuments and tissues of the person. Present
article opens prospects for creation of new generation of medical information systems for needs of the
Ministry of Emergency Measures and the first help at minimization and liquidation of a social damage
from forest fires.

Research objective is numerical research of thermal influence on integuments of a radiant flux
from forest fires, taking into account structural heterogeneity of an integument.

The new mathematical model of heat transfer in layered structure of an integument with presence
in it of heterogeneities type of a hair bulb and hair is developed in present article. Numerical research
of heat transfer for the scenario of a fire of low intensity and short-term influence of a radiant thermal
flux from a forest fire front is carried out. It is necessary to notice, that for further scenario modeling
data on control burns, spent in vicinities of Krasnoyarsk employees of Institute of forest of the Sibe-
rian Branch of the Russian Academy of Science can be used. Program components for modeling of
heat transfer processes in layered structure of an integument which can be applied by working out of
new generation of medical information systems, and also for integration with geoinformation systems
of'the forecast of forest fire danger on the basis of the deterministic-probabilistic approach are created.

Keywords: radiant thermal flux; forest fire; integuments; heat transfer; mathematical model; struc-
tural heterogeneity.
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llpeanaraet KHury

A. 1. KoponbyeHko, 1. 0. 3aropckuii
KATEFTOPUPOBAHWUE MOMELLEHWIA U 30AHUN
110 B3PbIBOMOXAPHOI W NOXAPHOI OMACHOCTU

—_—

B y4e6bHOM noco6UM U3NOXKEHbI MPUHLMMNbLI KATEropUPOBaHWS MOMELLEHUA 1
3[aHNI MO B3PbIBOMOXAPHOW 1 MOXAPHOW OMACHOCTW, COLEPXKALLMECH B COBpe-
MEHHbIX HOPMATWUBHbIX JOKYMEHTax. Ha npumMepax KOHKPETHbIX MOMELLEHUA pac-
CMOTPEHO 1CMONb30BaHNe Tpe6OBaHUA HOPMATUBHBIX JOKYMEHTOB K YCTaHOBMEHNIO
Kateropuit. lokasaHa BO3MOXHOCTb W3MEHEHWS KaTeropuii MOMELLEHUA nyTem
N3MEHEHUS TEXHONOTUU UMW BHEAPEHNS VHXEHEPHBIX MEPONPUATUNA NO CHIKEHUIO
YPOBHSI B3PbIBOMOXAPOOMACHOCTI W NOBbILLEHUIO HAAEKHOCTU TEXHONOrMYECKOro
060pYyA0BaHUS 1 NPOLIECCOB.

[Mocobue paccymTaHo Ha CTyAEHTOB BbICLLIMX Y4EOHbIX 3aBEAEHMUNA, 0BYYaOLLNXCS
no cneunanbHocTam “MoxkapHas 6e3onacHocTb”, “be30nacHOCTb TEXHOMOrMYECKUX
NpoLEeccoB 1 Npou3BoAcTB”, “be30NacHOCTb XXN3HEAESTeNbHOCTU B TexHocdepe”,
CTY[IEHTOB CTPOUTENbHbIX BY30B M (DaKyNbTETOB, 06YHAIOLLMXCA NO CMELMANbHOCTY
“IpOMBILIMEHHOE U FPaXAAHCKOE CTPOMTENbCTBO”, COTPYAHWMKOB HAy4HO-UCCEe-
[0BaTeNbCKUX, MPOEKTHbIX OPraH13aunii n HOPMATUBHO-TEXHUYECKNX CNYXO, OTBET—
CTBEHHbIX 32 066CMeYeHNE NOXXAPHOI 6e30MacHOCTH.
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CBOBOOHOE ABM)XEHME NIOLEN B NOTOKE
N NMPOBJIEMblI UHOAUBUNAYAJNIBHO-NMOTOYHOIO

MOJAEJIUPOBAHUA

PaccMOoTpeHbl OCHOBHbIE 0COBEHHOCTI MCMOMb30BaHNA MHOMBUOYaNbHO-NOTOYHOrO MOLAENMPOBaHMS
Npw 3BaKyaUumM Nofen B 30aHUAX 1 COOPYXKeHMAX. PacCMOTPeHbI Takke OCHOBHbIe NMoKasaTenu Niof -
CKOro MoTOKa, XapakTepHble Ans MHAMBMAYANbHO-NMOTOYHOrO MOAENNPOBaHMS. MpoBeaeH KpaTkui
0630p Mofenen, NpUMeHseMbIX B CYLLECTBYIOLLIX NMPOrPaMMHO-BbIYUCINTENbHBIX KOMMEKCax no 3Ba-
Kyauuu nogen. PaccMoTpeHbl MeTooIornmyeckme 0CHOBbI MOAENMPOBaHUS ABUKEHUS MOACKUX MO-
TOKOB MpPW 3Bakyauun 1 npu paspaboTke MHAMBMAYANbHO-MOTOYHbIX MOAenen. BeinonHeHa oueHka

BaIMOHOCTN pe3yNnbTaTOB MOOeNPOBaHNA.

KnioueBble cnoBa: MofenpoBaHme; 3BakyaLus; NoACckorn NoTok; noxap; 6e3onacHocTb Nioaen; nH-

OMBUAYanbHbIA NOXaPHbIV PUCK.

Ha ¢one BceoObeii KOMIbIOTEPU3AIMU B 007aCTH UC-
CJIEJIOBAHUS JIFOJICKUX TIOTOKOB MHU30IMYECKH MOSIBIIS-
JUCh MTPOTPaMMBbl MHIUBUYaJIbHO-TIOTOYHOTO JIBHKE-
HUS JTIONIeH, pa3pabOTUYMKH KOTOPBIX, KaK MMOKa3bIBAIOT
0030psl [1, 2], n3-32 HE3HAHUS 3AKOHOMEPHOCTEH JIBU-
YKSHUSI JTFOJICKHUX ITOTOKOB TIOIMEHSUTH X MOJISIISIMHU TIPO-
IIECCOB MHOM (PM3UYECKOM MPUPOJIBI: ITOTOKOB YKHUJIKO-
CTH WJIH CBIITYYHX TEJI, DJICKTPOHHBIX BBI30BOB, JIBIIKE-
HHSI METAJUTMYECKUX YaCTHUIl B MATHUTHOM IToJ1e [3—5].
HecMoTpst Ha TOKa3aHHYI0 HEKOPPEKTHOCTH MO00HBIX
aHaJIoruii [6, 7], OHU MOSIBJIAIOTCA U CETOJIHSI, B YACTHO-
CTH B BUJIC AHAJIOTUH C JCWCTBUEM LIEHTPOCTPEMUTENb-
HBIX MEXaHHUYECKUX WU HEKUX “‘COIUaIbHBIX CHII [8].

OpHAaKo U3BECTHO, YTO AHAJIOTHS SIBJISETCS €MHCT-
BEHHBIM BHJIOM YMO3aKIIOUEHUH (MHIYKIUS, JeIyK-
IIs1), B KOTOPOM BBIBOABI (PE3YNIBTATHI) OTHOCSTCA K
00BEKTaM MHOTO BHJIA, YEM T€, KOTOPHIC IOCITYKUIH
ero mpoodpazom, npeanoceuTkon. [TosTomy niepexos k
MOJICIMPOBAHHUIO CTATUH TOTOYHOTO JIBYKSHHUS TIPH TI0-
)ape [9—13] Bcerma TpebyeT MpOBEPKH €ro KOPPeKT-
HOCTH Ha OCHOBE OIICHKH COOTBETCTBHUS HCIIOJIB3Y-
EMBIX B IIpe/yIaracMoi WHIMBUyaIbHO-TIOTOYHOMN MO-
JISJIA 3aBUCHMOCTEH MEXIy MapaMeTpamy JIFOICKHX
MOTOKOB YCTaHOBJICHHBIM 3aKOHOMEPHOCTSIM CBSI3H MEIK-
ny Humu [ 14].

Cranus ke UHIUBUAYaJIbHOTO JABHYKEHHS, KOTIa BO3-
JeiicTBre (hakTOPOB MOTOYHOTO ABKEHHUS €111e HE OLILY-

© Aioyes 3. C.-A., Hcaesuu U. U., Meosnux M. B., 2015

IIaeTCs YeTIOBEKOM, OCTAETCsI, Ka3aI0Ch OBI, BHE C(EephI
Banuaanuu. Ha camom nene, pe3ysbTarsl 3TON CTaAuN
MOJIETUPOBAHNUST MHIMBUIYJIbHO-TIOTOYHOTO JIBUKEHUS

JFOZIC MOTYT OBITH OIICHEHBI HA OCHOBE M3BECTHBIX

METOJIOB TEOPUH BEPOATHOCTEH, KOTOpbIEC MOIYUHIN

MPAKTUYECKYIO ampoOalrio Ipy UCCIeI0OBAaHUIX CBO-

0OIHOTO IBIKEHUS JIIOACKUX ITOTOKOB. B cBeTe m30-

JKEHHOT'O IPEJCTaBIAETCs aKTyaJbHbIM PacCMOTPETh

UX B LEJIAX OLIEHKH KOPPEKTHOCTHU pa3padaTbIBaeMbIX

KOMITBIOTEPHBIX MOJEJIEH HHINBUIyaIbHO-ITIOTOYHOTO

JBUKEHUS, KOTOPbIE IPETEHAYIOT Ha yIIpaBJIeHUE 2Ba-

Kyalieil Jiroiel 1 Ha MCII0JIb30BaHUE IIPU OLIEHKE I10-

JKapHOTO PUCKA.

AKTyalIbHOCTb MHIMBU/yaIbHO-IIOTOYHBIX MOZENEN
MOTHBHPYETCSI HCOOXOAMMOCTBIO IPUCTATHHOTO BHH-
MaHUS K IBHYKEHHIO JTFOZICH ¢ OrpaHHICHHBIMHA MOOHITb-
HBIMU BO3MOXKHOCTSIMU [ 15] B MOTOKE CMEIIaHHOTO CO-
CTaBa B OOIIECTBEHHBIX 3IaHUSX JIOCTATOYHO OOIIUPHOMN
HOMEHKJIATYpPhl U Pa3HBIX KJIACCOB (YHKIIMOHAIEHON
ro>kapHoi onacHoctu. CaMo Ha3BaHUE MOJIEIH ““MH]TU-
BUAYaJIbHO-TIOTOYHAs” TOBOPUT O TOM, UTO 00JaCTh e¢
JIEWCTBUSI BKJIIOYAET JIBE CUTYAIIUN:

e HMYTO HE IIPEIATCTBYET pealn3alui MHAUBUyallb-
HBIX BO3MOKHOCTEH YEIOBEKa B €T0 NOTPEOHOCTH B
JBIDKCHHU C [IENTBI0 TOCTUYh HEOOXOIMMOTO €My Ha
JAHHBI MOMEHT Pe3yNbTara;
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e JIIONH, TIEPEABUTAIOIINECS OTHOBPEMEHHO C Yel0-
BEKOM B TIOTOKE, MEIIAIOT €My 9TO JeNIaTh B COOT-
BETCTBUH C €0 BO3MOXKHOCTSIMU M )K€JTa€MbIM KOM-
(hopTOM TIEpEABHIKEHUSI.

IlepBas cutyanus siBASETCS UCXOIAHOU, MOCKOIBKY
OHa OIPEJICIISICT TE YCIOBUS, B KOTOPBIX HauOoJIee MoJi-
HO, HEOTPAaHWYEHHO PEaTN3YyIOTCsl MHIUBHUyaJIbHbIE BO3-
MOKHOCTH H JKEJIaHUE YeIOBEKa CBOOOIHO JBUIaThCs
C )KeJlaeMON CKOpPOCTBIO K JOCTHKEHHUIO IIeJId, UMe-
IollelCs Y HeTo Ha JaHHbIH MOMEHT. Clie/loBaTelbHO,
TIepBOOUEPEHON 3a7auei JUIsi MHAUBUIYaIbHO-TIO0-
TOYHOM MOJIENTM CTAHOBHTCS OMpPEJIECICHUE Pa3MEpOB
KOMMYHHKAIIMOHHBIX MyTeH, KOTOPbIe MOTYT obecrie-
YUTh YEJIOBEKY OIIYIIEHHE CBOOOIBI MEPEIBUKCHUSI.
Ot0 TpeOyeT onpeaeneH sl IIIOTHOCTH MMOTOKa Doj, KO-
TOpast HE OKA3bIBACT BIMSHUS HA H3MEHEHNUE )KeJIaeMOi
KaXIbIM (k-M) 4EJIOBEKOM CKOPOCTH CBOOOIHOTO JIBH-
JKEHUSI TI0 TOMY WU MHOMY (j-My) BUIY ITyTH — j?D/j- ,
T. €. OTIPEJICIICHISI Pa3MEPOB 30HBI CBOOOIHOTO JIBHIKE-
HUSI, KOTOpasi YyCTAaHABIMBAETCS UHAUBUIYATbHO KaXkK-
JIBIM YEJIOBEKOM.

OnpepeneHne MNJIOTHOCTU,
npu KOTOPOW BO3MOXXHO MHAUBMAYAJNbHOE
cBOOOAHOE ABUXXEHMe niogen B NoToKe

Kak HeonnokpatHo oTMeuanocs [ 16—19], 3Hauenus
D,; 3aBucsat 0T BUJQ IyTH, PU3NICCKUX (CBA3AHHBIX €
BO3PACTOM) M ICUXO(HU3UOTOTHIECKUX BO3ZMOXKHOCTEH
mozen. Hapumep, npu IBUKEHUH 110 TOPU30HTATBHO-
MY IIyTH B IOTOKE JIETeH JOIIKOIBHOrO Bo3pacrta [, co-
crasiser 0,78 uen./ M2, MOIOIBIX JToneii — 0,72 wer. / M,
npecrapensx — 0,96 genr./ M?, CMEIIIaHHOTO COCTABA B
3gannsax — ot 0,51 mo 0,57 qu./Mz, BHE 3JaHUNA —
0,89 we./m’.

Oj1HaKO YeJI0BEK pearupyer He Ha [10Ka3aTesb II0T-
HOCTH IIOTOKA, @ Ha TO, YTO OH MOYKET BOCIIPHHSATH YePe3
JUCTAHLMOHHBIE PELENTOPbl CBOMX OPraHOB YYBCTB
(3peHus, ciyxa). B naHHOM cityuae 3T0 — paccTosiHUe
J10 OmiKaiiiero 4enoBeka, 103TOMY OT IJIOTHOCTH I10-
TOKa HY’KHO MEpPEeHTH K PaccTOsHUI0. Takol repexon
MOJKHO OCYILECTBUTH B ABa dTamna. IIpexie Bcero 3a-
METHM, YTO IOCKOJIBKY MO/ INIOTHOCTHIO TTOTOKA ITIOHU-
MAeTCsl YHCII0 YeTOBEK, MprXosmeecs Ha 1 M2, To 1o
LIMPUHE [IyTH Pa3MeLaeTcs 1 “IeMeHTapHbIX I10TO-
kOB [20], KakapIi U3 KOTOpBIX UMeeT mupuny C (M),
PaBHYIO NIMPUHE MPOEKIMHU Teaa uenoseka: n = 1/C.
B sTOM nI0TOKE NTMHEHHAS [IJIOTHOCTh Pa3MelLEeHus JIto-
Jei BoJIb TOTOKA D), 5KBUBaJIeHTHA [ 1 COCTABIISIET:
Dy, =nD,=D,/C.

ITpu mupune “amementapaoro” moroka 0,5 M ero Jiu-
HeliHast IWI0THOCTH Dy, coorBetcTByet D) = 0,5 ueir./ M.
st moToKa CMEMIaHHOTO COCTaBa Ha TOPU30OHTAIIb-
HOM MYTHU B 3JJaHUM OHA COCTABISET NPUOIUIUTEIILHO
1 uen./ M2 [lepeiiast OT MIIOTHOCTH K PACCTOSIHUIO MEX-
Iy JIFOJIMU B 3JIEMEHTApHOM NOTOKE /) = 1/D,y;, moiy-

a

Puc. 1. Ouenka pacCTOsSHHUA MEXIY JTIOIBMH [y IPH BO3MOKHO-
cTH (a) ¥ HEBO3MOXKHOCTH () COBEpILICHHsT 00TOHA

IlepBoHauaibHOE
HaIpaBJICHUE
JIBUJKEHMS

T
I |
| |
| |
| | 3menenHoe
| | HaIpaBJICHUE
| | JIBYOKEHUS
| |
| |
x!| |xitar X
| |
I Ax I
-

Puc. 2. Onpeznenenre KOOpIMHAT YeJI0BEKa MPU U3MEHEHHH Ha-
TIPABJICHUS JIBUKCHHUS

gaem: [, = C/D,. Ilpu 5TOM CiietyeT UMETh B BUJLY, YTO
YEIIOBEK M3-32 BOZMOKHOCTH ITEPECCUCHUS TPACKTOPHI
€ro IBWKEHHS JPYTHMH MaHEBPHPYIOIIMMH JIFOIbMHU
obecneunBaeT mepen codoit “Oydepuyro” 3zony [21].
Ectes ocHOBaHMs moyarars [22], 9T0, TOTOBSICh K MAHEB-
PY 10 H3MEHECHUIO TPACKTOPUH TBFKCHIS, YETIOBEK OIIe-
HUBAET HEOOXOAMMBIH JJIsl 9TOTO YYaCTOK Ty TH, OpHUEH-
TUPYSCh Ha YeJIOBEKa, MIYIIEro Brepeau Hero (puc. 1).

Kax noxka3zeiBator HarypHble HaOmoneHus [23-26],
YIoJ OTKJIOHEHUsI TPACKTOPUH OOrOHA YEIOBEKOM OT
IPSIMOTO HAINPABJICHNS COCTABISIET 0KoJI0 30° (puc. 2).
Torma mmMHa yJacTKa IyTH 0OrOHA COCTABIISIECT OKOJIO
1,5 M, 11 4eJT0BEK MPOXOUT €€ CO CKOPOCTHIO Vﬁ)ko , IIpe-
BBIIIAIONICH XapaKTEPHYIO ISl HETO CKOPOCTD ITPH TOM
YPOBHE SMOIIMOHATIBHOTO COCTOSIHUS, B KOTOPOM OH Ha-
XOOUTCH.
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MHauBnpayanbHas CKOpocTb
cBOOOOHOro ABVXEHUs

Crenyromuii BOMpoc, KOTOPbIA MPUXOAUTCS peliaTh
pa3paboTunKaM HHANBHAIYAIEHO-TIOTOUHBIX MOJCIICH,
COCTOHUT B TOM, KaKyt0 HHIMBUyaJIbHYI0 CKOPOCTh CBO-
OOHOTO JBWKCHUS YETIOBEKa Vj%to CIIeyeT TPUHU-
MaTh B Ka4e€CTBE pacueTHOW. 3/1eCh BaKHO MOHUMATH,
YTO 3HAUYEHHE ITOW CKOPOCTHU 3aBHCUT OT YPOBHS dMO-
[IUOHATILHOTO COCTOSIHUS M MHIMBUAYAJIbHBIX (pU3HYe-
CKUX BO3MOYKHOCTEW KOHKPETHOrO uesoBeka. Haryp-
HBIMU HaOJTIOIeHUsIMY ObLITO TIOKa3aHo [ 16,27, 28], uro
OTIPEIEIISIONICE BINSHIE HA YPOBEHD SMOIIHOHAIBHO-
IO COCTOSIHHS YeJIOBeKa P ero CBOOOTHOM JABMKEHUHT
B TIOTOKE OKa3bIBaCT AC(DUITNT BpEeMEHH, HAITPUMED TIPH
JBIDKCHUU B METPOIIOJINTEHE B YTPEHHHUH Yac Mk [16]
U TI0 TIPE/I3aBOJICKOM TEPPUTOPHH B Havasie padbodeid cme-
HBI [27]. BO3MOXKHOCTB e pean3aliiu KeJ1aeMOi CKo-
pocTH, OMpenesIeMO SMOIMOHATEHBIM COCTOSTHUEM,
3aBHCHUT OT UHIUBH/IYaJIbHOTO (PU3UIECKOTO COCTOSHUS
genoBeka. [loaToMy Harbomee COOTBETCTBYET peabHO-
CTH PAacCMOTPEHHE CKOPOCTU CBOOOIHOTO JBMIKEHHS
Ka)KJI0T'0 YeJIOBEKa VJ%‘O KaK OJTHOTO M3 3HAYEHUU COBO-
KYIMHOCTH 3HAYEHMI CIIy4aliHOM BEJIMYUHBI CKOPOCTH
cBoOotHOTO ABMXKEHUS [ (V).

OnpepeneHne MHAMBUAYaNbHOro
MeCTOMOJIOXKEHUS YenoBeKa Ha y4YacTke nyTu
npu cBo6o0AHOM OBUXXEHUN

[Ipu MozenupoBaHUU UHAUBULYAIbHOTO IBUKCHUS
YeI0BEKa B MOTOKE BPEMS JOCTHKCHUS UM PacdeTHO-
TO CEUCHUs IyTH, HAIIPUMEP KOHTPOJIBHO-IIPOIYCKHOTO
MYHKTA HA TEPPUTOPHIO MPEANPHSITHSI UM HA OCTAHO-
BOYHBIH THKT OOIIECTBEHHOTO TPAHCIOPTA B TOPOACKOM
TPaHCIIOPTHO-KOMMYHMKaLIMOHHOM y31e [27, 29, 30],
JOJKHO COOTBETCTBOBATh €T0 3HAUEHUIO B pacIpese-
JIEHUU BPEMEHMU [IPUX0/1a BCEM paccMaTpuBaeMoOM IpyIi-
IIBI JTIOZIeH B 3TO ceuenue f;(¢). Ero mecrononoxenne
Ha MyTH ABIKCHUS K 9TOMY IIYHKTY B JII000If MOMEHT
BPEMEHH ¢ TAKXKE OMPENENAETCs pacipeeICHUEM JIt0-
Jieid 110 JJTHHE ITyTH B 3TOT MOMEHT BpeMeHH f; (/).

B sToMm cirydae pacnipeaenienne Jitofei B MOTOKE MO
JUTMHE Iy TH ¥ BPEMEHHM HX NTPUX0/1a B TI000e ero cede-
HHE ONPECISACTCS YUCTO BEPOSTHOCTHBIMU METOIAMH,
MIOCKOJIBKY OHHM SIBIIAIOTCS CIyYaiHBIMH (yHKIUSMH
oraprymenTaf(}'), IOTYNHEHHOTO HOPMAIBHOMY pac-
HpeAeIeHUIO:

f) = i/f e(V_ﬁ)z/(zs,f) , (1)

SyV2n

rie S, — CpelHeKBaIpaTUYHOE OTKIIOHEHUE CKOPOCTH
JIBIDKCHUS JIFOJIEH B ITOTOKE;
V — MaTeMaTuyecKoe 0KHUIaHHE CKOPOCTH JABUKE-
HUS JIFOACH B IIOTOKE.

[Ipu gBMXEeHNN OTOK Jtofeit pactekaercsi. Coot-
BETCTBEHHO 3TOMY ITPOIIECCY pacIpeiesIeHUe JFoNeH B
MOMEHT 7 10 JIJTMHE ITyTH OIHUChIBACTCS (DyHKITHUCH

i =—1_

-2l @sp)
e , 2
tSyN2n

a BpeMﬂ HepecequI/m JIOABMHU HOHepe‘IHOTO CCUCHUA
HyTI/I, Haxogsamerocsa Ha paCCTOS[HI/II/I l OT UCTOYHHKA, —
(byHKIHCH
1 -2 @sp
i) = et=nrlesp), 3)

28, 2n

I'paduku pacnpeaeneHuii INIOTHOCTH BEPOSITHOCTH,
onpenensiemMbix hopmynamu (2) u (3), mpuBeIeHbI Ha
puc. 3.

V3MeHeHne pacmpeneneHus Jrofei B Mocae0Ba-
TEJbHBIE MOMEHTHI BPEMEHH 110 JUIMHE TYTH (2) COO0T-
BETCTBYET KMHEMATHKE JIFOJICKOTO TIOTOKA TPH IIJIOT-
HOCTSIX BO3MOKHOTO HHANBHAYAIEHO-TIOTOYHOTO JBH-
JKCHUS, KOTOpasi XapaKTepH3yeTcs pacTeKaHUEM, T. €.
pacTEeKaHHIO MMOTOKA M3-3a Pa3HBIX WHANBUAYaTBHBIX
CKOpOCTEH JABWXEHHUSI JIToAeH B HeM (puc. 4).

P(f) a
Ji(0)

S

VAO) o

(D)

/

Puc. 3. Pacripenenenue riioTHOCTH BEPOSTHOCTEH 3HAYCHUH Bpe-
MEHU NIPHUX0JIa JIF0/IeH B ceueHue myTH f (f) (a) 1 BepoSTHOCTH
3HAYCHU IUIOTHOCTH 1TO0TOKA f; (/) (6) B CCYCHUU ITyTH / B MOMEHT
BPEMEHH {

S

/‘ 1
0,016
0,014 / \\
0,012 / 3
0,010 / N
0,008

0,006 \ \
0,004 /
0,002 \

A N .

0

/

Puc. 4. [Ipumep n3MeHeHNUs INIOTHOCTH BEPOSITHOCTH PacIpe/ie-
JIEHUs JTIOAEH MO AJMHE MyTH B IOCIEA0BATEIbHBIE MOMEHTHI
BpeMenH £ / — 1 muH; 2 — 2 MuH [31]
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Puc. 5. Pacuernas cxema (a) u rpadux (0) pacipeaeiaeHuss BpeMEeHH IPUXo/a JII0e Ha OCTaHOBKY FOPOACKOr0 TPaHCHOPTA MpU
[ =200 M

JIJ1s IpOCTHIX CUTYaLui 5TH paclpeeeHs MOTYyT ~ HHKOB B CBOE BpeMs Oblta co3fana mogens SDLP (Cso-
OBITH IIOCTPOEHBI JaKe PydHbIM crioco0oM [29]. Croxa-  OonHoe JBMKeHME JOACKMX 1oTokoB) [28]. Ceropus
CTHYECKHE 3aKOHOMEPHOCTH (hOPMUPOBAHKS pacrpee-  OHa peanusyercs paspaborannoii B 2011 r. nporpammoii
JIeHUI 3HaYeHu mapamMmeTpoB cBoboaHoro jaewkenuss  FMT 1.0, monyunBmiei rocyapcTBEHHYIO PErUCTpa-
JOJIEH IPH pa3iIMYHbIX peXXUMax (pyHKIHOHUpOBaHust  1mio [32, 36, 37].

MX UCTOYHHKOB JIABHO MOAPOOHO omucanbl [32-35]. [Tpumep ncnonpzosanus nporpammbl FMT 1.0 s

Jns onucaHusi CBOOOJHOTO JBM)KCHUS JIFOICKUX OIIpe/IeTIeHHs] BpEMEHU NIPUXOAA JIOEH U3 MHOIOUHUC-
IIOTOKOB I10 y4aCTKaM IIyTH C MHOTOYHCJICHHBIMH y3J1a- JICHHBIX HCTOYHMKOB Ha OCTAHOBKY I'OPOJICKOI'0 TPAaHC-
MU TIepeceueHus U MpH OOJIBIIOM KOJMYECTBE UCTOU- nopTa NpUBEJCH Ha puc. 5.
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ABSTRACT

The free movement of people in a flow is a special case of the movement of human flows in buildings,
constructions and in the territory of their complexes. Here the fullest manifestation of individual
qualities of each person that defines probability of values of parameters of their movement is possible.
They don’t depend on influence of density of a human flow. The given provisions and probabilistic
methods of modeling of the free movement of people give objective initial criteria of a correctness of
individual and line models and the programs realizing them. As in the absence of influence of density
of distribution of people on length of a way and time of their arrival to its concrete section are functions
of casual argument — speeds of the movement of people, any individual and line model has to
correspond at the free movement to well-known methods of probability theory. Check of individual
and line model on compliance to these methods is paramount criterion of its correctness. Without
performance of this criterion further consideration of any individual and line model, as if it didn’t
imitate influence of density of a stream on the movement of people, loses meaning.

Keywords: modeling; evacuation; flow of people; fire; safety of people; individual fire risk.
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AIHOSOADHOIIOEOIINOBLIASCH ETEM
[HOAAEOINYAINENRHHSHASKEN ITH BT
HEDOTEDNASOBbIXS0ODb bERTAN!

© B. A. AEBATKUH, npodeccop, 3aBeaytoLLmnin kadeapon

“MpoeKTMpoBaHUe 1 NPOU3BOACTBO aToMatnyeckmux mawnn” (MIMNAM);

© C. 10. CEPEBPEHHUKOB, o-p TexH. Hayk, npodeccop kadenpsl MMAM;

© C. B. YEPHOB, acnvpaHT;

MepMCcKMIM HaLMOHaNbHbIA UCCNEA0BATENbCKNM NONUTEXHNYECKNI YHUBEPCUTET
(Poccus, 614990, Mepmckunin kpar, r. Mepmb-ICI, KomcomMonbckm npocn., 29)

BbIfIBAEHbI CEPbE3HbIE HEAOCTATKKU MPOTUBOMOXAPHbIX CUCTEM HA OCHOBE XAAAOHOB U MOAYAEM XXMAKOM yr-
AeKUCNOTbl. 060CHOBaHa BbiCOKas 3GPEKTUBHOCTb U IKOHOMUYECKAs LLeAeCO0OPa3HOCTb 3aLLUTbI Kpy-
HbIX ra30KOMMNPECCOPHbIX U HEDTEHACOCHbIX CTAHLMIA OT 06BLEMHbIX NOXAPOB 6bICTPOAEUCTBYHOLLUMU
yCTaHOBKaMM a3p030AbHO-NOPOLLKOBOIO MOXapoTyLUEeHHUS.

KAloueBble CAOBa: N0XapoTyLEHUE; HepTerazoBble 06BLEKTbI; YCTAaHOBKW a3p030AbHO-NOPOLLKOBOIO Mo-
XKapoTyLeHus; 06beMHbIN NoXap; 3pPEKTUBHOCTb TyLUEHUSA.

pPaAMLMOHHO AAR 6OPbLObI C 06BbEMHBIMU NOXapamu,

BbI3BaHHbIMUW BbICOKOHAMOPHbLIMW GpakenaMu TPaHC-

MOPTUPYEMbIX YIAEBOAOPOAOB, MPUMEHSIOT ra3oBble
CHUCTEMbI C UCMOAb30BAHMEM B OCHOBHOM XAQAOHOB U AU-
okcnpa yraepoaa CO,, a Takxe CTPeMATCA COKPaTUTb BPEMS
TEXHOAOTMYECKON OTCEUYKM aBapUMHbIX TPyOONPOBOAOB. ITH
Mepbl AQIOT HEKOTOPbIN 3GdEKT TOAbKO Ha HEBOABLLMX MO
06beMy razokomnpeccopHbix (FTKC) n HedTeHacocHbix (HHC)
CTaHUMSAX.

OAHako obecneynTb 3aLLuTy 6oAee KpynHbIX 06bEKTOB
oT 6bICTPOPA3BMBaOLLMXCS 06 bEMHbIX MOXAPOB ra3oBble
CUCTEMbI HE B COCTOSIHUM MO PSAAY MPUUMH:
® 3ddEeKT ra3oBoOro TyLleHUs NPaKTMYEeCKU CBOAUTCH K

HYAKO B CAyYae AedAaarpaulpoHHOro B3pbiBa (NMpou3o-

LeA “xXAonok”) U BCKPbITUA Ha 06bekTe Aerkocbpachl-

BaeMbIX 9AEMEHTOB KOHCTPYKLNW;
®  XAAAOHbI M YTAEKMUCAOTA OTHOCATCA K TSHKEAbIM rasam

(B 1,5...4 pa3a Taxenee Bo3ayxa), NO3TOMY 3anOAHEHUE

MU MOMELLEHUSA AO MOXAaPOTYLLALLEN KOHLEHTPaLMK

HauMHaeTcs ¢ HUXHMX 0b6bemoB KC;
® BpeMSA MoAaYM ra3oB No AAMHHbBIM Pa3BETBAEHHbIM ra-

30BOAAM C YYETOM MX BOABbLLONM NMAOTHOCTM U 3HAUUTEAD-

HOM Macchbl, TpebyeMOon AASl 3aNOAHEHWA BCEro obbema

CTaHUMK, MOXET AOCTUIraTb HECKOAbKUX MUHYT, @ BEPX-

HUX — A0 10...15 MHH, YTO 3a4acTyto BEAET K mporapy u

06pYLLEHNIO KPOBAW.

0co60 cAepyeET OCTAHOBUTLCS Ha NMpobAemax npume-
HEHUS AAS 3aLmTbl TKC MoAyAe M30TEPMUYECKOM XXUAKOM
YrAeKUCAOTbl (MUXKY), MHTEHCMBHO BHEAPAEMbIX [a3npomMom.
B nepByto ouepeab, HaCTopaXXMBaEeT UX Upe3MepHasi AOPO-
rOBU3HA, KOHCTPYKTMBHASA U AKCNAYaTaLMOHHAA CAOXHOCTb
1, KaK CAEACTBUE, HU3KaA HAAEXHOCTb.

Kak M3BECTHO, YIAEKUCAOTa UMEET CNOCOBHOCTb Nepe-
XOAWTb HE TOABKO B ra3006pasHoe, HO 1 B TBEPAOE COCTOAAHME
npu ONpPeAENEHHBIX YCAOBUSIX TPAHCMOPTUPOBKU MO XOAOA-
HbIM TPpy6aM Ha HapyXHbIX yuacTkax U obbekTe. Mpouncxo-
AWT TaK Ha3blBaemoe “3allyroBbiBaHMe”, T. e. 3abvuBaHue
Tpy6 cHexHolr maccom [1]. Paspabotunkn MUXY obpalia-
10T BHUMaHWE MPOEKTUPOBLLMKOB M MOHTaXHWKOB Ha He0b-
XOAMMOCTb TOYHOM TPACCUPOBKM TPYO MO y3AaM CTbIKOBKM U
yrAamM HakAOHa K FOPU30HTY BO M3BEXaHUe X 3aKyMOpPKHM.
Bce 310 CBMAETEALCTBYET O HU3KOM HapexXHocTM MUXKY,
60AbLLIOV MHEPLIMOHHOCTU U LIeAECO0BPa3HOCTM MCMOAB30-
BaHWA CO, Ha KPYMHbIX 06BEKTAX TOAbKO AASl AOKAABHOTO
Tywenusa [2, 3].

PeLwnTb NpobAEMY 3aLLMTbI KPYMHbIX 06bEKTOB MA3MPO-
Ma 1 HedTETPAHCMOPTHbIX KOMMAaHW BMOAHE MOXHO C MC-
NMOAb30BaHUEM Pa3PabOTOK KOHBEPCUOHHbIX MPEANPUSTUIA
BINK Poccuu, K KOTOPbIM MOXHO OTHECTU CO3AAHHbIE eLLe
B cepeanHe 1990-x roaoB ObICTPOAENCTBYIOLLME, BbICOKO-
HaAEXHble a3P030AbHbIE M a3P030AbHO-MOPOLLKOBbIE NPO-
TUBOMOXapPHbIE CUCTEMBI, HE TpebytoLine 06CAYKMBAHUS
B TeueHue 10 AeT npu Temnepatypax XpaHeHUs 1 SKCNAya-
Tauuun +50...-50 °C.

Cpeam 3T1x pa3paboTok BbIAEASHOTCA rEHEPATOPbI XONOA-
HOro orHeracsiLero aspo3oas (FOA) ATAT-2A 1 asapo30AbHO-
nopotukoBble MopayAn OINMAH-100 Bo B3pbIBO3ALLMLLEHHOM
MCMOAHEHWU, padpabotaHHbie 000 “UBLL TexHomall” v U3-
rotaBAMBaeMble B OKB “Temn” lNepMcKoro HauMoHaAbHO-
ro UCCAEAOBATEABCKOIO MOAMTEXHUMYECKOIO YHUBEPCUTETA.
KOHCTPYKLMA 3TUX YCTAHOBOK MO3BOASET pasmellatb WX
BHYTPW B3PbIBOMOXAaPOOMNaCHbIX 06bEKTOB 1 6€3 TPyOHOM
pa3BoakM 3a 15...20 ¢ NOAHOCTLIO 3aMNOAHATb, HAYMHASA C
BEPXHMX 06BEMOB, NPAKTUUYECKK AtoDBOE Mo 06beEMY MoMe-

HA NMPABAX PEKINTAMbI
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Mprmepbl KOMNOHOBKM
moayaei OMAH-100

1 FOA ATAT-2A-180

Ha [KC AO “Cubyp-
TtomeHbla3” o6beMOM
3860 m3 (2012 r.)

LleHWe ra3oobpasHbiM aspo30AEM MAW a3pPO30AbHO-TO-
POLLKOBOW CMECHH), UMEIOLLMMMU HU3KYHO MAOTHOCTb (Aerye
BO3AyXa) M 3G DEKTUBHYIO 0O6bEMHYH NOXXAPOTYLLALLYH KOH-
ueHTpauuio B 6...10 pa3 MeHbLue, Yem y XAap0HOB U CO,,.

Mo MHeHWIO pa3paboTunKoB, 0COBEHHO 3DDEKTUBHO
npumeHeHue reHepatopoB AIFAT-2A n OlMAH-100 anq 3a-
LLMTbI KPYMHbIX ra30HedTENEPEKAYMBAIOLLMX CTAHLMI 0Ob-
emoM 6onee 3000 M2 oT BbICTPOPA3BUBAIOLLMXCS 0ObEM-
HbIX MNOXAPOB, BbI3BAHHbIX BbICOKOHAMOPHbIMW ra30BbIMU
U MacAOHedTEPAaCNbIAEHHBIMU dakeramu.

[MpoBeAeHHbIe N0 M3BECTHBIM METOAMKAM a3P030AbHbIX
cuctem [4] pacyeTbl NOKa3aAK, YTo, HanpUMep, AAS 3aLLLK-
bl TKC 06bemom 4000 M3 Heobxoanmo 350 Kr aspo30oAd,
NPOM3BOAMMOTO reHepatopamm AIrAT-2-180. Mcxoasa n3 Toro
4yTO B OAHOM reHepatope copaepxutca 10 Kr aapo3oneob-
pasytolLlero coctaBa, notpebyercs yctaHoBka 35 reHepa-
TOpoB. Bpems cpabatbiBaHUSA OAHOrO reHepaTtopa AFAT —
12 c. MpoBepOUHbI PacyeT, onpeAeAatoLInii M3bbITouHOE
AaBAEHWE NPU ObICTPOM 3aMOAHEHUWU a3PO30AEM 3aMKHY-
Toro o6bema [4, cM. NPUA. ], ToKasan, YTo MakcMMaAbHOEe
n36bIToUHOE pAaBAeHUe B 06beme TKC He npeBbillaeT AO-
NMyCTUMbIX 3HAUYEHUIM AaXe MPU OAHOBPEMEHHOM BKAKOYE-
HUK Bcex 35 reHepaTopoB. CAep0BaTEALHO, 06LLlee BpeMsi
3aMOAHEHMSI U CO3AAHUSA NOXAPOTYLUALLEN KOHLEHTPaLMWK
BO BCEM 06bEME CTaHUMK He byaeT npeBbiwath 12-15 c.
Mpruem npexae Bcero ByAyT 3anoAHEHbI (28 CAEAOBATENb-
HO, 3aLUMLLEHbI) BEPXHHUE 06bEMbI MOMELLEHWS, UTO 0b€ec-
neunt 3awmty F’KC nam HHC ot 06pyLueHnsa KpoBAK.

ANS 3aLUMTBI TAKOTO Ke 06beMa a3ap030AbHO-MOPOLL-
KoBbIMHK ycTaHoBKamu OMAH-100 notpebyetca 36 mMoay-
Aen, copepxalimx 2880 Kr nopollka U 43 Kr aapo30AS.
3anonHeHue MKC Takxke HauHeTCA ¢ BEPXHUX 06beMOB, Tak
KaK a3p030AbHO-MOPOLLKOBass CMeCb, MOAOrpeTas A0
40...50 °C, nerue Bo3pyxa U BblbpacbiBaeTca yepes pas-
rOHHblEe comnAa AaBans co ckopocTbto A0 200 m/c Hemo-
CPEACTBEHHO B MPUMOTOAOYHbIN 06bEM, @ 3aTEM yXe 3a-
NMOAHSIET BCE NOMELLEHWE. Pa3roHHble conaa NPUMEPHO
NMOAOBMHbI MOAYAEM MOTYT HaMpPaBASITbCA B CPEAHUE U
HWXHWE 0ObeMbl AAA 3aLLUMTbl 0O60PYAOBAHMUSA CTAHLMK
npv ee YaCTMYHOW pasrepMeTn3aumu, Hanpumep nocae
AednarpaumoHHoro B3pbiBa. ObLLee BpeMs Co3paHus no-
XapoTyLlallen KoHLEeHTpaummn B o6beme 4000 m3 He npe-
BbicuT 20...25 ¢ (Bpemsi cpabaTbiBaHUS OAHOIO MOAYAS
OMAH-100). BkatoueHWe 36 MOAYAEH MOXET MPOU3BOAUTb-
Csl OAHOBPEMEHHO, TaK Kak MOPOLLOK HEe NOBbILIAET AAB-
AeHue BHyTpH FKC.

AAA CPaBHEHMS, AAA MOAHOW 3aLLUMTbI (3aMOAHEHUSA)
F'KC o6bemom 4000 m2 ¢ nomotpso MUXY notpebyerca
2,8 T YTAeKUCAOTbI U 8...10 MUH.

CTOMMOCTb MOAYA M30TEPMUYECKOTO XMAKOM YrAe-

Kkucnotbl PUM-6/22 ¢ pBonHbIM 3anacom CO, (5,6 T —
obsizatenbHoe TpeboBaHue Anst TKC) cocTaBUT He MeHee
13 MAH. py6. A3po3oAbHasa cuctema U3 35 reHepaTopoB
ATAT-2A ¢ yuetoM MoHTaxa ctout 0,9 MAH. py6. MpumepHo
CTOABKO Xe ByAeT CTOUTb cUcTeMa, BKAOUatoLasa 36 no-
polukoBbix MoayAer OMAH-100. Takum obpa3om, CTOu-
MOCTb KOMOWHMPOBAHHOM a3P030AbHO-MOPOLLIKOBOM CUC-
Tembl AAA 3aLnTbl TKC 06bemom 4000 m3 6yaeT B 7,2 pasa
MeHbLuUe. ToAPOBHO IKOHOMUYECKME PacUeTbl AN Pa3AUY-
HbIX CUCTEM 3aLLUTbI YKPbITUA 06bemoM 3860 m3 TKC AQ
“CubypTiomeHbla3” npuBepeHsbl B pabote [5]. MprumepHas
kommnoHoBka moaynei OMAH-100 v reHepatopoB AIAT-2A
rnokasaHa Ha PUCYHKe.
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BOMPOC - OTBET

E BOMNPOC:

B nocaeaHel pepakumm “TeXHUYECKOro pernaMmeHTa o
TpeboBaHUsX noxapHoi 6e3zonacHocTh” (DepepanbHbIi
3akoH 0T 23.06. 2014 r. Ne 123-®3) [1], BcTynatouwien
B cuay 13.07.2015 ., 6yaeT uckatoueH n. 11 ct. 82, B Ko-
TOPOM OTMEYEHO, UYTO MOXapo3aluuLLEeHHOE SAEKTPO-
obopyaoBaHue (IP) He ponyckaeTca MCMOAb30BaTb BO
B3PbIBO- M B3pbIBOMNOXapoonacHbIx noMeLleHusax. C oT-
MEHOM AAHHOTO MyHKTa BO3HWKaET BOMPOC: AONyCKaeT-
cA AV UCToAb30BaTh IP-060pyAOBaHKe BO B3pbIBOONAC-
HbIX 30Hax?

Takasi BO3MOXHOCTb CyllecTBOBana B TpeboBaHUsIX
“lMpaBuWA ycTpoicTBa anekTpoyctaHoBok” (MY3, 6-e 13A.)
[2]. Hanpumep, cornacHo Taba. 7.3.10 MY3 AAA 30HbI
B-16 ponyckaeTtcs MICMOAb30BaTb AINEKTPOOOOPYAOBaHKNE
6e3 CPeACTB B3PbiBO3aLLUTbl C 0OONOUKOW HE MeHee
IP44 (uan IP54). He cHuUxaeT AM oTMeHa n. 11 cT1. 82
TpeboBaHWI K BbIBOPY U MPUMEHEHUIO NOXapPOo- U B3PbI-
BO3alUMLLIEHHOro obopyaoBaHUA?

OTBET:

YKa3aHHble Bbllle BOMPOCHI yXXe YaCTUYHO OCBe-
LLAaAUCh B AQHHOM pybpurke xypHana, Ne 12 3a 2013 r.

Mcnonb3oBaHue coraacHo MY IP-o60pyaoBaHMSA B OTAEAb-
HbIX KAACCax B3PbIBOOMACHbIX 30H ObIAO BbI3BAHO OTCYTCT-
BMEM MaccoBoro npomnsBoacTBa B CCCP oTAeAbHbIX BU-
AOB 3AEKTPOU3AEAWIA, MOSTOMY BbIAO MPUHATO PELLEHUE O
AOMYCTUMOCTH UCMOAL30BaHUS IP-060pyAOBaHUSI AO NOSIB-
AEHWST AOCTAaTOYHOIO KOAMYECTBA B3PbIBO3ALLMLLEHHOTO.
AaHHble 0cobeHHOCTU NprMeHeHus IP-obopyaoBaHMS Naa-
HUPOBAAOCH y4eCTb B IA. 7. 3 T1Y3 7-ro U3A., HO 3TOro Tak U
He 6bINO CAEAAHO.

Bbibop o6opyaoBaHMA AASt paboTbl BO B3PbIBOOMACHbIX
30Hax B MEPBYIO OYEPEAD AONKEH OCYLLECTBASATLCS HE MO
®3-123[1]n Y3 [2], a no TexHUUECKOMY pernameHTy Ta-
MOXeHHoro coto3a (TP TC 012/2011) [3].

Onupasicb Ha TpeboBaHUsA MexayHapoaHbix (TOCT IEC
60079-14) n HaunoHaAbHbIX (TOCT 30852. 13) ctaHaap-
TOB MOXHO rOBOPWTb TaKXe 0 TOM, UTo 060pyAOBaHWe, ycTa-
HOBAEHHOE BO B3PbIBOOMACHOM 30HE, AOAKHO MMETb Onpe-
AENEHHbI YPOBEHb B3PbIBO3ALUMTbI, BUA, MOATPYNMY U TEM-
nepaTypHbIi KAAcc, B TOM UMCAE 3aLLUMUTY 060A0UKM IP.

Kpome T1oro, B n. 5.2.3 TOCT 30852.13-2002 (M3K
60079-14:1996) [4] oTMeyuaeTcs, UTO TOAbKO AAS B3PbIBO-
OMacHOM 30Hbl KAAcca 2 MOXHO MCMOAb30BaTb 3AEKTPO-
o06opyAOBaHUE:

e  CKOHCTPYMPOBaHHOE CrneLnanbHO AAS MCMOAb30BaHKWA
BO B3PbIBOONACHOM 30HE Khacca 2 (Hanpumep, obopy-
AOBaHuWe Buaa “n’);

e COOTBETCTBYIOLLEE TPEHOBAHWUAM KOHKPETHOIO CTaH-
AapTa AAA ONPEAEAEHHOTO BUAA IAEKTPOOBOPYAOBa-
HWS1, B KOTOPOM MPK HOPMaAbHOM paboTe HarpeTbie no-
BEPXHOCTM He CrocobHblI BOCMIAAMEHSATh B3PbIBOOMAC-
HYIO CMECb M HE AOAKHO BO3HMUKATb AYrOBbIX MAU UCK-

POBbIX Pa3psAA0B. ECAM Xe BO3HUKHOBEHUE TaKKX pas-
PSAOB BO3MOXHO, TO IAEKTPUYECKME NapamMeTpbl Le-
nev He AOAKHbI NPeBbIWaTh 3HAYEHUI, YCTaHOBAEH-
HbIx B TOCT 30852.10 (MK 60079-11:1999), ¢ ko-
adpoduumneHTom 6esonacHocTH, paBHbiM 1. Mpu 3TOM
BbIGOP NapamMeTpoB AOAKEH NPOBOAWTLCA B COOTBET-
cTBuM ¢ TpeboBaHusmu FTOCT 30852.14-2002 anq
MCKpobe3onacHbIX Lenew ¢ 3almTon Buaa “n”;

e  3aKAOUYEHHOE B 060A0YKY CO CTENEHBIO 3aLLUMTbI (KOA IP)
N MEXaHUYECKOWM NMPOYHOCTBIO HE HUXE, YEM Y INEKTPO-
060pypOBaHKA, NPEeAHA3HAYEHHOTO AAS NTPUMEHEH NS
B HEB3PbIBOOMACHOW 30HE C aHAaAOTMUYHbBIMW YCAOBUS-
MW OKPY>XatoLLEeW CpeAbl.

AASi OCTaAbHbIX B3PbIBOOMNACHbIX 30H kaaccoB O n 1 ponyc-
KaeTcs MCNOoAb30BaTb 0060PyAOBaAHME TOABKO C KOHKPET-
HbIMW BUAAMU 3aLLMTbI, 06ecnevmBatoLMMm 6e30MacHyHo
paboTy B yKazaHHbIX 30HaX.

OueHka napamMeTpOB M CBOMCTB 3AEKTPOOOOPYAOBAHUSA B
0653aTEABHOM NOPSIAKE BbINMOAHAETCSH aKKPEAUTOBAHHbI-
MW UCMbITaTEAbHbIMW OpraHu3aUusaMu. 13 aToro caepyer,
yto oTMeHa n. 11 ¢t. 82 ©3-123 [1] ABASIETCHA BMNOAHE AO-
TMYHOM U HE CHWXaET TpeboBaHUI K BbIBOPY U NpUMEHE-
HWIO MNOXapo- U B3PbIBO3aLLUMLLEHHOIO 060PYAOBAHUS, TaK
KaK 1UcrnoAb3oBaHue IP-o6opyaoBaHMs 6e3 AONMOAHWUTEND-
HbIX CPEACTB B3PbIBO3aLLMTbl BO B3PbIBOONACHbLIX 30HAX
HEAOMNYCTMMO, @ 3HAUUT, 3aNpeT Ha NPUMEHEHWE B HUX NO-
XaposallMUeHHOro 06opyaoBaHUSA ABASIETCS 0H0CHO-
BaHHbIM.
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NMPABUJIA AN ABTOPOB!

HanpaBsasemble B XXypHan “NMOXXAPOB3PbIBOBE30OMNACHOCTb” ctaTbu AOAKHBI COAEpPXaTb pe3yAbTaTbl HAayYHbIX
UCCAEAOBAHUM U UCTbITAHWI, ONUCAHUA HOBbIX TEXHUUECKUX YCTPOMCTB U NPOrpamMMHO-MHGOPMALUOHHbIX NPO-
AYKTOB, NpobAaeMHble 0630pbl, KOMMEHTapUU K HOPMaTUBHO-TEXHUUECKUM AOKYMEHTaM, CpaBoYHble MaTepua-
Abl UT. N. MeToAbI pacueTa U aKCcnepuMeHTaAbHble AQHHbIE, MOAYYEHHbIe aBTOPOM, AOAKHbI 6bITb 0POPMAEHDI B CO-
OTBETCTBUU C pekoMmeHpauusamu KOAATA. OcTanbHble UUCAEHHbIe AaHHble, 3a UCKAKOUEHUEM 06LLEeU3BECTHBIX
BEAUYUH, CAeAYET CHabXaTb CCbIAKAMU Ha NEPBOUCTOUHUK. HayuHble cTaTbl AONKHBI UMETb MPaKTUYECKYHo Ha-
npaBAeHHOCTb. B Hauane paboTkl (Hanpumep, BO BBEAEHUU) Lieneco0bpa3HO KpaTKO M3N0XKUTL COCTOSHUE Npobae-
Mbl U MECTO B HEM AaHHOM 3apauu. B KoHUe ny6AMKaLMK AONKHBI ObiTb cAeNaHbl KpaTKMe BbIBOAbI C yKadaHUEM
Hay4YHOM HOBU3HbI U NPAKTUYECKON MOAE3HOCTU MaTepuUana.

PeaaKuusa npocUT aBTopoB MPU NMOATOTOBKE PYKOIMUCH PYKOBOACTBOBATLCA U3NOXKEHHbIMU HUXXE NpaBUAaMM.

1. CTatbst 1 CONYTCTBYHOLLME eI MaTEPUATbI [LOSDKHbI ObITh HANPaB-
NeHbl B PEAAKLIMIO B 3NIEKTPOHHOM BUJE MO 11EKTPOHHOMY aapecy
(info@fire-smi.ru), a Takxxe B 6ymMaKHOM BUAe no noyte (121352,
Poccuiickas ®epepauus, r. Mocksa, a/a 43). CtaTbs JO/HKHA 6bITb
SICHO U3N0XEHA, TLLATESIbHO OTPEAAKTMPOBAHA 1 MOANNCaHa BCe-
MU aBTOpPaMN.

2. Matepuan cTatbi A0/KEH U3n1araTbCs B CNEAYHOLLEM NOPSAKE.
2.1. Homep YK (yHuBepcanbHas fecaTnyHas knaccudmkawms).

2.2.3arnasue CTaTby (Ha pyCCKOM 1 aHTINACKOM A13blKax). 3arna-
BUS HAYYHbIX CTATEN LOIKHbI ObITb WH(OPMATUBHBLIMU; B HUX
MOXXHO MCMOMb30BaTh TONbKO 06LLENPUHSATBLIE COKpaLLeHus. B nepe-
BOZeE 3arnasuii CTaTen Ha aHTIMACKUIA A3bIK HEAOMYCTUMbI TPAHC—-
NNUTEpaLIMK C PyCcCKOro A3bIKa, KDOME HEMepeBoaNMbIX Ha3BaHMIA
COOCTBEHHbIX UMEH, MPMOOPOB 1 APYrMX 0ObEKTOB, UMEHLLNX
COOCTBEHHbIE Ha3BaHWs, @ TAKXKE HENEPEBOANMbINA CIIEHT, U3BECT-
HbI TONBKO PYCCKOrOBOPALLMM creluaniucTam. 370 TakxKe Kaca-
€TCH aHHOTaLMIA, aBTOPCKNX PE3IOME 1 KITHO4EBbIX CJIOB.
2.3. iudpopmavins 06 aBTopax.
2.3.1./imeHa, oT4ecTBa 1 hammniy Bcex aBTopoB. OHM JOMK-
Hbl NPUBOAUTBLCA MOMHOCTbIO HA PYCCKOM 3bIKE 11 B TPAHCN-
TepaLuu B COOTBETCTBIM ¢ cucTemoii FocaenaptameHTa CLUA,
KOTOpasi B HACTOALLEE BpeMs ABNAETCA Haubonee pacnpo-
cTpaHeHHon (http://fotosav.ru/services/transliteration.aspx).
ABTOpamMu ABNAKOTCA NKLA, MPUHUMABLLME Y4acTE BO BCEN
paboTe unu B ee rMaBHbIX pasfenax. Jiuua, y4acTBoBaBLUmne B
paboTe YaCTUYHO, YKA3bIBAKTCA B CHOCKAX.

2.3.2. Y4eHble CTeNeHu, 3BaHNS, AO/MKHOCTb, MECTO pPaboThl
BCEX aBTOPOB C MOMHbLIM HOPUANYECKUM aAPECOM (Ha PyCCKOM
11 @HTTIMACKOM A13blKax). 34eCb HEOOX0AMMO YKa3aTh: NOJIHOE
odhuumanbHoe Ha3BaHKe OpraHN3aLu, UHOEKC, CTpaHy, ropof,
Ha3BaHWe yNnLbl, HOMEP J0Ma,  TAKXXE KOHTAKTHbIE Tenedo-
Hbl 11 3IEKTPOHHBIN aApec BCEX Unu XoTa 6bl 04HOTO U3 aBTO-
pos. [pn 3TOM He cnefyeT NPUBOAUTL COCTABHbIE YacTW Ha-
3BaHUM OpraHn3auuin, o603HavaloLne npUHaAANEeXXHoCTb
BEAOMCTBY, (hOpMYy COGCTBEHHOCTW, CTaTyC OpraHusaluu
(Hanpumep, “YupexaeHne PoccuilCKoil akafemnn Hayk...”,
“©eaepanbHOe rocyAapcTBEHHOE YHUTAPHOE NpeanpusTue...”,
“©Oroy BMO...” n 1.1.), 4T0 3aTPyAHAET UAEHTUGMKALNIO
opranusauun. O6palyaem Batie BHUMaHUe, YTO Npu nepe-
BOJe HE06X0AMMO YKa3blBaTb 0CHNLIMANTLHO MPUHSATOE Ha3Ba—
HIE OPraHn3aLmn Ha aHIIMACKOM A3blKe. BCe MOYTOBbIE CBE-
JeHus (KpoOMe HaMeHOBaHNs ynnLbl, KOTOPOE JOJIKHO ObITh
B TPAHCIIMTEPUPOBAHHOM BUE) JOMKHbI ObITb TAKXKE nepe-
BeJIeHbl Ha aHTIMIACKII A3bIK, B TOM YUCIIE Ha3BaHWe ropoaa
1 CTPaHbI.

Npuwep: /nstitute for Problem in Mechanics, Russian Academy

of Sciences (Vernadskogo Avenue, 101, Moscow, 119526,

Russian Federation).

2.4. AHHOTALMS HA PYCCKOM S13bIKE (He MeHee 4—5 npeyioxKeHNiA).
2.5. PacluMpeHHOe pes3toMe Ha pycCKOM U aHTIMACKOM S13blKax.
Heo6x041M0 MMETb B BUAY, YTO aBTOPCKME PE3OME Ha aHTSIACKOM
A3bIKe B PYCCKOA3bIYHOM WU3[AHWUU ABASKOTCA AN MHOCTPAHHBIX
Y4eHbIX 1 CNELUancToB OCHOBHbIM U, KaK NPaBuno, eANHCTBEH—
HbIM UCTOYHIKOM MHOPMALNK O COIEPXKaHNI CTATby 1 06 M3110-
)KEHHbIX B Hell pe3ynbTatax uccneaoBaHuil. loatomy aBTopckoe
pe3toMe JOSHKHO ObITb:

® VH(OPMATUBHBLIM (He cofiepXKaThb 06LLKX COB);

m OPUTMHANBLHBIM (HE ObITb KaNbKOM C PYCCKOA3BIYHON aH-
HOTALWW C LOCNOBHBLIM NEPEBOOM);

m COfepXaTesibHbIM (0TpaXKaTb CYLLECTBEHHbIE PE3yNbTaThl
paboThl; HE [JOSHKHO BKITH0YATh MaTepuas, KOTOPbIA 0TCYT—
CTBYET B OCHOBHOW 4acTu ny6nukauum);

m CTPYKTYPUPOBAHHBIM (T. €. CIeA0BATh IOMMKE ONUCAHUA pe-
3ynbTaToB B My6nukaumn);

= “aHrN0A3bIYHLIM” (HAMUCAHHBIM KA4ECTBEHHbLIM AHMNIA-
CKUM S13bIKOM, 6€3 CMOMb30BaHUs NpOrpamMm aBToMaTtii-
31MPOBAHHOIO NEPeBoa);

= 00bEM TEKCTa aBTOPCKOr0 PE3OME LO/KEH ObITb HE MEeHee
150-200 cnos.

[TpMBETCTBYETCA CTPYKTYpa Pe3toMe, MOBTOPSAIOLLAs CTPYKTYpY
CTaTby W BKJKOYAOLLAs BBEAEHUE, Lenn 1 3ajadu, metoabl, pe-
3ynbTaThl, 3aKNto4eHe (BbIBoAbl). OLHAKO NPEAMET, TEMA, Lieflb
paboThl YKa3bIBAKOTCS B TOM CJTy4ae, eC/I OHU HEACHbI U3 3arna-
Busi cTatbi. MeToz unv MeToLOoNO0rIo NPOBELEHNs PaboThI Liene-
€006pa3HO OMMCbIBaTb B TOM Cilyd4ae, €CNM OHU OTIMYaoTCA
HOBW3HOW WUNW NPEACTABNAIOT UHTEPEC C TOYKM 3PEHUS JaHHOI
paboThI.

PesynbTaTbl paboTbl ClieayeT ONMUChIBATL MPEAENbHO TOHYHO W NH-
thopmatneHo. Mpu 3TOM NPUBOAATCSH OCHOBHbIE TEOPETUHECKIE 1
9KCMNepumeHTanbHble PE3ynbTaThl, d)aKTI/I‘ieCKVIe NaHHbIe, yCTa-
HOBNEHHbIE B3AUMOCBS3M 1 3aKOHOMEPHOCTMU.

BbIBOAbI MOTYT CONPOBOXAATLCSH PEKOMEHAALNSMM, OLEHKaMM,
npeanoXeHnsMu, runoTe3amu, ONMCaHHbLIMKU B paboTe.
CBeaeHus, COAepKallecs B 3arnaBumn CTaTbi, He AOSKHbI MO-
BTOPATbLCSA B TEKCTE aBTOPCKOr0 Pe3tome.

TeKCT AOMKeH ObITb CBA3HbLIM; M3N1Araemble NONOXEHNS JOMKHbI
NOrMYHO BbITEKATb OfIMH W3 APYrOro.

CoKpalligHns 1 YCNOBHbIE 0603HAYEHNS, KPOME 06LLeynoTpedu-
TeNbHbIX, CIEAYET NPUMEHATb B UCKMIOYUTENbHBIX CIy4asX uim
[aBatb UX pacLunPOBKY 1 ONpeaeneHne Npu nepBom ynotped—
NEeHWU B aBTOPCKOM PEe3toMe.

B aBTOpCKOE pe3toMe He PEKOMEH[YETCs BKKYaTb CXeMbl, Tab-
NULbI, MAAKOCTPaLUK, OPMYbl, @ TaKXKe CCbIKKM Ha Ny6anKa-
LK, NPMBEJEHHbIE B CMUCKE NMTepaTypbl K CTaTbe.
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2.6. Knto4eBble CI0BA HA PYCCKOM W aHITINIACKOM A3blKax (He Me-
Hee 5 CroB UnN CNOBOCOYETaHNIA). YKa3biBAKOTCH YEpe3 TOYKY C
3anaTon. HeponycTuMo B Ka4eCTBE KIHOYEBLIX CIIOB UCMOb30-
BaTb TEPMUHbI OOLLET0 XapakTepa (Hanpumep, npobnema, pelle-
HIE U T. N.), HE ABNAIOLLMNECH CreLndUYECKON XapakTepucTUKo
nyénukauum.

2.7. TekcT cTaTbl. TEKCT LOMKEH ObITb HAbpaH 4Yepes 1,5 nHTep-
Bana u npepoctanateca B hopmare Word. @opmynbl LOMHKHBbI
ObITb HabpaHbl B Microsoft Equation unn MathType.

LinTupyembilii TeKCT U3 AipYrux ny6nukauuii cnefyet 6parb B ka-
BbIYKM.

Ecnu npeacTaBneHHble B CTaTbe NCCNEA0BAHMS BbIMOHEHbI aBTO-
pamu npu oMHAHCOBOW NoaaepXKKe Poccuitckoro dooHaa yHaa—-
MEHTaSTbHbIX UCCNe0BaHNiA, Poccuiickoro Hay4yHoro cpoHaa, Mu-
HUCTEPCTBA 06pa30BaHNsa U Hayku Poccuiickor deaepauum n ap.,
TO B KOHLIE CTaTbh 06513aTeNIbHO CleayeT AaTb MHADOPMaLU 06
3TOM C YKa3aHWeM HOMepa 1 Ha3BaHWs rpaHTa (Hay4Horo npoek-
Ta, FOCKOHTPAKTA 1 T.1.).

CoKpalleHus 1 YCnoBHble 0603HaYeHNS (DU3NYECKMX BENUYUH B
TEKCTe CTaTbi AOMKHbI COOTBETCTBOBATH AG/CTBYIOLLNM MEXY—
HapoAHbIM cTaHgapTam. Popmysibl U OyKBEHHbIE 0603HA4EHUs
JOJDKHbI 6bITb YETKUMU W ACHBIMU. BCe 6yKBEHHbIE 0603HAYEeHUS,
BxofaLme B oOopMyIibl, JOMKHbI ObITb pacliMdpOoBaHbl C yKa-
3aHMeM efHUL N3MepeHns. Pa3MepHOCTb BCEX XapakTepucTuk
J0/KHA COOTBETCTBOBATL cucTeme CIA.

/inntocTpaumm B 3NEKTPOHHON BEPCUNM NPUNAraTcs 0TAENbHO.
®oTorpadun L0MKHbI 6bITb CAENaHbI C XOPOLLEro HeraTuBa KOHT-
pacTHOM neyvatbto (hannbl PacTPoBbIX U306PKEHUI NPeACTaB—
naTes ¢ paspelueHnem He meHee 300 dpi, YepHO-6enas LWTpu-
x0Bast rpadomka — 600 dpi). Paiinbl BEKTOPHON rpadoukm cneayer
npefoCcTaBnAThL B (hOpmate TOV NpoOrpamMmMbl, B KOTOPON OHW CO-
30aHbl, Nn6o Hanevatatb PDF-chaiin n3 atoit nporpamMmsl. Bee
UNNIOCTPALMY AOMKHBI UMETb CKBO3HYH HyMepaLmio. YepTexu n
KapTbl B KA4ECTBE UINHOCTPALMIA He npuemnembl. CCbINKKM HA BCE
PUCYHKM B TEKCTE 00513aTENbHbI.

Tabnuubl JOMKHbI GbITb COCTABMEHbI NAKOHUYHO U COAEPXaTh
TONbKO HEOBXOAMMbIE CBELEHNS; OOHOTUMHbIE TAGNNLbI ClleayeT
CTPOUTb OAMHAKOBO. LinchpoBbie AaHHbIE HEOGXOAUMO OKPYTNATH
B COOTBETCTBUN C TOYHOCTbIO 3KCnepumeHTa. CefieHns B Tabnun-
L|axX v Ha PUCYHKAX HEe JOMMKHbI NOBTOPATLCS. CCbINKK Ha BCe Tab-
NNLbI B TEKCTE 06513aTeNbHbI.

2.8. TpucTaTeHble CNUCKKU NUTEPaTypbl HA PYCCKOM 3blke K
A3bIKe opuriHana (ecnu KHura nepesogHas).

Cnucok nuTepatypbl 0MKEH BKNOYaTh 6ubnmnorpaduyeckme cee-
JeHus 060 Bcex Ny6nmkaunsx, ynoM1MHaeMbIX B CTaTbe, U He [0S-
)KEH COAEepPXaTb yKa3aHWii Ha paboTbl, HA KOTOPbIE B TEKCTE HET
CCbINOK. Jlutepatypa A0MKHA ObITb 0CPOPMIIEHA B BUAE 06LLEr0
CNUCKa B NOPASKE YNOMUHAHWA. B TEKCTE CCbINKa Ha nuTepatypy
0TMEYaeTcs NOPSAKOBOM LMA)PON B KBaApaTHbIX CKOOKaXx, Hanpu-
mep [1]. Bubnuorpadnyeckne aaHHbIe NPUBOAATCA MO TUTYIIbHO-
My JIUCTY n3aaHus. [TopsaoK N3NoxXeHUs aneMeHToB 6ubnmorpa-
(huyeckoro onucanms onpenensercs tpeéosaHuamu FOCT 7.1-2003
1 FOCT P 7.0.5-2008.

B onmcanum ncto4HNKoB HEO6XOANMO YKa3blBaTbh BCEX aBTOPOB.

Cnucok nuTepatypbl IOMKEeH cofiepxath He MeHee 10 UCTOYHM-
KOB (He BKIK04ast B 9T0 YUCNO HOPMATUBHbIE JOKYMEHTbI, NaTEHTbI
WUT. N.), B TOM YICNE HE MEHEE 3 MHOCTPAHHBIX. BbINONHEHNE AaH-
HOro Tpe6oBaHWs ByJeT CBUAETENLCTBOBATL O TOM, YTO aBTOPbI
NCMONb3YHOT NPEfbIAYLINE HAyYHbIE AOCTUXKEHNS B HEOOX0ANMON
Mepe.

He MeHee N0MoBUHbI UCTOYHKOB A0MKHbI 6bITb BKIHOYEHbI B OIH
13 BEAYLLUNX UHAEKCOB LNTUPOBAHNA: POCCUIACKMIA MHAEKC HayY—-
Horo uutupoBanus eLibrary, Web of Science, Scopus, Chemical
Abstracts, MathSciNet, Springer u ap. B cny4ae npucsoeHus ny6-
nmkaumsm undposoro naeHtudmkatopa o6bekta (DOI) ero He-
06X0[1MMO yKa3aTb, YTO MO3BOMNT OJHO3HAYHO UAEHTUULPO-
BaTb 00BLEKT B 623aX JaHHbIX.

CoCTaB MCTOYHMKOB AOSMKEH ObITb aKTyanbHbIM 11 COAEPXaTb He Me—
Hee 5 CoBPeMEHHbIX (He cTaplue 10 neT) cTaTer u3 Hay4HbIX Xyp—
HaNIoB UMW ApYrux Ny6smkaLunii.

B cnucke nutepatypbl He 4OMKHO 6bITh 6011ee 30 % UCTOYHUKOB,
ABTOPOM NGO COABTOPOM KOTOPbIX SIBNISETCA aBTOP CTaTblA.

Cnenyert 06paTuTh BHUMAHWE Ha My6nuKaLmm gucceptaunii (0co-
6EHHO JOKTOPCKMX), 3aLLMLLEHHbIX B NOCNEAHNE rofibl N0 6rivkan-
LUEN Hay4HON CreumanbHOCTU UK rpynne cnewyunansHocTe. Ans
noucka pekoMeHayeTcs ucnonb3oBatb pecypc http://www.dis-
sercat.com.

2.9. References (npucrateiiHble CNUCKU NUTEPATYPbl B TPAHCIN-
Tepauuu (Ha NaTMHNLIE) U Ha aHTMNIACKOM A3blKe). [TpeacTaBneHue
B References Tonbko TpaHcnutepuposaHHoro (6e3 nepesona)
0MUCAHUS HELOMYCTUMO.

IMpu nepeBofe PyCccKOA3bIYHOTO NCTOYHMKA (KHUMW, MOHOrpaduu,
AnccepTaLnin, 3NeKTPOHHOIO pecypca 11 np.) NPUBOANTCA TPaHC—
nutepaums amMmunuin 1 MHALKANOB aBTOPOB, TPaHCIMTEPALMS
Ha3BaHNS UCTOYHMKA 11 B KBAZPATHbIX CKOOKAX €0 NepeBof Ha aH-
TMNACKNIA A3bIK, TOL, MECTO U3LaHUS, Ha3BaHUE W3LATENbCTBA,
KONNYeCTBO CTpaHuL. MecTo u3gaHns fOMKHO ObITb YKa3aHO Ha
aHrnuiickom a3bike (Moscow, Saint Petersburg nt. n.). TpaHcnu-
TEPMPOBAHHOE Ha3BaHWE U3LAHNSA BbILENSETCH KYPCUBOM.

Ecnu npuBoauTCS PYCCKOA3bIYHAA CTAThbs B XKypHane, T0, NOMIUMO
TpaHCNUTEPALAN HA3BaHS CTaTbll M €70 NePeBo/a Ha aHrMUACKMIA
A3bIK, YKA3aHHOr0 B KBAJpaTHbIX CKOOKaX, HEOGXOAMMO AaTh
ochuLManbHY0 aHIMUACKYH0 BEPCUIO HAa3BaHUs XypHana (nepe-
BOJ 0GbI4HO 6CTb Ha CaiiTe XypHana). Ecnui ee HeT, TO NpUBOANUTCS
06bl4YHas TpaHCTUTEPaLNS. YKa3bIBAETCA TAKXKE FOf U3LAHNS, TOM,
HOMep BbINycKa, CTPaHNLbl CTaTbi. Ha3BaHue U3paHus Bblaens—
eTCS KYPCUBOM.

Mpumepsl onucannii B References MOXHO HaiiTu Ha canTe n3ga-
TenbeTBa (Www.fire-smi.ru).

Ha caiite n3parensctea Emerald gaHbl 4OCTaTO4HO NOAPOGHbIE
peKoMeHaaLUum no COCTaBAEHNIO NPUCTATEAHbIX CIUCKOB NUTE-
patypsbl no cTanaapty Harvard (Harvard Reference System) npak-
TUYECKU Ans BCex BMAOB nybnukaumin (http://www.emerald-
insight.com/authors/guides/write/harvard.htm?part=2), a Takxe
nporpamMmMHble CPeACTBa N1 MX (DOPMMPOBAHUS.

3. K cTatbsim cneayeT npunaratb PELLEH3NI0 CTOPOHHETO Crewna—-
NACTA (T. €. OH He [JO/MKEH ObITb CBA3AH C MECTOM PaboThI (y4ebbl)
aBTOPOB CTaTbM), KOTOPAsA LOKHA ObITb MOANMCAHA PELEH3EHTOM
(c ykasaHuem ero @. 1. 0., y4eHOro 3BaHus, y4EHON CTeNeHM, AOMK—
HOCTI, MeCTa paboThbl), 3aBePeHa OTAENI0M KaZpOB (Y4eHbIM CeKpe-
Tapem) 1 neyatbto. Bce peLeH3eHTbl AOMKHbI ABNATLCA NPU3HAH-
HbIMU CMELManNCcTamMm No TeMaTUKe PELLEH3NPYEMbIX MaTepuanos
1 UMETb B TEYEHE NOCeLHUX 3 NeT ny6rmkauum no TeMaTuke pe-
LieH3mpyemoi ctaTbit. Obpatlaem Batle BHUMaHNE, YTO PELIEH3EHT
He I0/MKEH BXOANTb B PeakLMOHHbIN COBET HALLEr0 XXypHana.
4. HenpuHATble K Ny6MKaunmu cTaTbi aBTOPY He BO3BPALLAOTCS.
lpocbba pefakuyun 0 nepepadoTke matepuana He 03Ha4aeT, Y10
OH MPUHAT K neYartu.

5. He fonyckaeTcs HanpasneHue B peakLinto paboT, KOTopble 6bin
0ny61MKOBAHBI W/W NPUHATBI K NEYaTn B ApYrux U3faHusx.
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