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BBenenue

ABapvH M KaTacTpo(dbl MOCHAEHUX JIET MOKA3hIBAIOT, YTO YIPO3bI
YCTOHYHUBOMY Da3BUTHIO CTaHOBSATCS MHOIO(MaKTOPHBIMH, B3aWMHO
BIMAIOIMMH JIpyr Ha Jpyra. Yrpo3sl NpHOOpeTaloT KOMIUIEKCHBIN
XapakTep W TpeOyroT Ui CBOEro paspelleHHs M HeWTpaln3alluu
CUCTEMHOI'0 HAYYHOI'O IMOAXO014.

B HacTosmee Bpems passurue GyHIaMEHTAJIBHBIX HAYK JOCTHIJIO
HEODOXOMMOro ypOBHS IS COJEPKATENLHOTO aHAIM3a TOM 06J1acTH U
MCCIC0BATEISIMM  KOHCTATUPYETCS (aKT pOXKJIAECHUS HOBOM TOYHOM
HayKH — MaTEeMaTH4E€CKON TCOPHH OE€30MaCHOCTH U PUCKA. JTa TEOPHS —
HanpaBJICHUE MATEMaTH4YECKOro MOJECIMPOBAHMS, OPHEHTUpOBaHa Ha
Pa3sBUTHE MOJEJIEM U METOJOB aHajiM3a Oe30IMacHOCTH, CBSI3AHHBIX C
TEXHUYECKMMM CHCTEMaMHU, NPUPOHBIMH U TEXHOT€HHBIMHU 06’56KTaMH

KoHeuHast nens aHanu3a O€30MACHOCTH — OMpEJECHHE YCIIOBHIA H.

[IPOCTPAHCTBEHHO-BPEMEHHBIX  OrpaHWYEHHH,  OpPH  KOTOPBIX
TCXHHYECKass CUCTeMa WJIA OOBEKT YAOBJIETBOPAET KPHUTEPHIM
0€30IacCHOCTH.

ABapUU M KaTacTpoQbl, MMEBINME MECTO HAa TEXHOTEHHBIX
OOBbeKTax, TMpUBENH K IlepecMOTpy oOwmenpuHsToii B Poccuw

KOHIENUMU O€30MacHOCTH, CBS3aHHOM C TEXHOTE€HHBIMH OOBEKTAMM.
CornacHo 3Tol KOHIENIMH MpaBo Ha CYIIIECTBOBAHUE UMEIU OOBEKTEI,
KOTOpBIE O€30macHbl ¢ TOYKM 3pEHHS BO3JEHCTBUS Ha JroJed W Ha
OKpYXarlllyl0 MnpUpoAaHyro cpeay. Ilpuniun Oe3onacHocTH, Kak
YCJIOBHE CYILIECTBOBAHUA TEXHOIN€HHBIX OOBEKTOB, I'OCIOACTBOBAI B
OOINECTBEHHOM CO3HAaHMW. ABapuM M KaTacTpodbl, aHAIU3 MHX
OOBEKTHUBHBIX TMpPEANOCBUIOK M IOCHEACTBUNA /I 4YeJOBeKa M
OKpy>Xaromen  cpeabl, YNyCKaJMCh M3  PacCMOTPEHHUSA,  4TO
COOTBETCTBOBAJIO KOHLIEIIILUU MOJTHOM 0€30TIaCHOCTH.

[Ipouecc mnepecMoTpa KOHLEIMIMU AKTUBU3MPOBAJICS IOCJIE
aBapui Ha YepnHoOwuibckort ADC. Ilpunuio moHuMaHue, 4to OO0
JAXE€ CaMBId COBEPIUEHHBIM TEXHOTE€HHBIM OOBEKT HE 3allMINEH OT
aBapuH. J[roOOHW TEXHOreHHBIH OOBEKT SABIAETCA  HOCHUTEJEM
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OINpEAe/ICHHOIO YpPOBHS ONACHOCTH. B co3HaHuM mozeit craja
NpeBaJIMpOBaTh HOBasd KOHLCNUMSA, COIJIACHO KOTOpPOM MpaBo Ha
CYLLUECTBOBAHHE HMMEIOT OOBEKTBI AJIsi KOTOPBIX, MOPOXKIAEMBI HMH
ypOBEHb ONACHOCTH, BBIPAXKEHHBIM B OLUEHKAX PUCKA, HE MNPEBBIIACT
ONpEeaC/ICHHOH BeJIWYHHBI. B 0OLIECTBEHHOM CO3HAHWU KOHUEIIIUA
[10JIHOH 0€30M1aCHOCTH, 3aMEHWJIACh KOHLEMLIMEl NpeieIbHOr0 YPOBHS
pUCKA. |

KoHuemys mnpeaesbHOro ypoBHS pHUCKa NEPBOHAYAIBHO
pa3padaTeiBalaCh NPUMEHHUTENBHO K OOBEKTaM aTOMHOM SHEPreTHKH.
[IlepBO€ CHCTEMATHYECKOE MCCJIEOBAHUE MO OLIEHKAaM pHCKa OBIIO
opraHu3oBaHo Komuccuei no aromHoi sueprum CIIIA u 3aBepmumnocs
8 1977 rogy BelycKOM oryera “AHanu3 6e30macHOCTH peakropa’, B
koropom 1pod. H.Pacmyccen wu pykoBoaumas wuM  rpynmna
pcciaeaoBaTesied ¢  MHOIOMH/UTHOHHBIM — OIOKETOM, MNpeIOXWIA
METOAOJOTHIO W  pe3yibTaThl [POTHO3MPOBAHUS OLEHOK pHCKa
00BbEKTOB aTOMHOM 3HepreTukd. Mccnepoanus "mo Pacmycceny”
CTaqyd  CTAaHJApTHOM  MPOLEAYpOH, IPOBOJAMMONM Ha  JTane
NpOEKTHPOBAHUSI TEXHOTEHHBIX 00BeKTOB. K Hacrosinemy BpeMeHH
KOHLICITLMS MPEICIbHOIO YPOBHSA pHCKa BO MHOI'MX CTpaHaxX 3arajaHoMu

- EBpomel, AMEpPHKY ITOJIyYHIIa HE TOJIBKO ODIIECTBEHHOE NIPH3HAHUE, HO

1 3aKOHOJIATEJILHOE OhopMIIEHHE.

Vi3MeHeHHe KOHLENIMU BBI3BAJIO MOTPEOHOCTH B H3MEPEHHMM
YPOBHSI OMNACHOCTH, B YMCJIEHHOM BBIPAXKCHUU YPOBHS OIACHOCTH,
CBS3aHHOIO ¢ TEXHOT€HHBIM O0OBEKTOM, C LEIbIO YIIPABIEHUS YPOBHEM
OMacHOCTH, YIPABJICHUS BEJIMYMHON pHUCKA. YNpaBlieHHE BEIHYUHOM
PUCKa mpeanojaraeT IMOMCK  TEXHOJOTMYECKUX, KOHCTPYKTOPCKHX,
APXUTCKTYPHBIX,  OpPraHM3allMOHHBIX M JPYyrUX  pELICHUH,
00ecrneyMBarOIIMX CHHXKEHHE BEJIMYMHBEI PHUCKA JI0 IPHUEMIIEMOTO
YPOBHH.

HucneHHOe BeIpaXXeHHUE YPOBHA OMACHOCTH

OOBIYHO YpPOBEHB OIMACHOCTH, TMOPOXKAAEMBIA TEXHOICHHBIM
00bekTOM, (YHKIHOHUPYIOIMM B  ILITATHOM, [Ipe1lyCMOTPEHHOM
[IPOEKTOM pEXMME, HECPAaBHECHHO HMWXXE€ YPOBHSA ONACHOCTH, KOTOPHIH
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NpeacTaBiser OOBEKT, ecid Ha OOBeKTe BO3HUKACT HEIITATHAS, DOLIECCOB M COOBITMI MOTYT OBITH HCIIOJE30BAHBl  Pa3JIMYHbIE
aBapuiiHasi cHTyalus. COOTBETCTBEHHO, H OLICHKH aBapUMHOIO pHUCKay | xopl. Harmpumep, OLEHKH MO peTPOCNIEKTUBHBIM JIaHHBIM, OLICHKH C
0BBIYHO UMEIOT GOJIbIIME 3HAYEHWS, YEM OLIEHKM PUCKA, OTpaXalomuey ' - 11ryo MapKkOBCKMX MOJeNieH, OICHKH C [OMOIIBIO [IEPEeBbEB
ypOBEHb OIACHOCTH OT OOBeKTa, (QYHKLUMOHHMDPYIOIIETO B LITATHOME . -20p y epeBbEB COOBITHI, SKCIEPTHBIC OLIEHKH ¥ T.JL.

pexumMe. Paznuume omeHOK OOBIYHO OBIBa€T HACTOJBKO OOJBLINM, YTO Yto JIKHT B OCHOBE MPOTHO3MPOBaHUS BEIMYUHBI ymiepba mnpu

MMEHHO OLICHKM aBapUHHOTO pUCKa IPHUHHUMAIOTCA 32 MEpy YPOBHAR . ,,qx u karacTpodaX Ha TEXHOICHHBIX OOBEKTaX! Kax ¥ BCcAkui

OTIACHOCTH, MOPOXKAAEMON TEXHOTCHHBIM OOBEKTOM. IpOrHO3, OH MOXET OBITH [OCTPOEH € MCHOJIB30BAaHUEM pa3IMYHBIX
B ofmem ciydae, OlEHKa aBapUAHOrO pHCKA, MOXET OBITHY .\ onoB. Hanpumep, Ha Ga3e 06paboTKH CTATHCTHYECKOrO MaTepHaa
NPOACTRRICHA'D BR/C: o TOC/IeACTBUSIM aBapuii U KatacTpod Ha MPOMBILLIEHHBIX 00BEKTaX,
1 460 Ha OCHOBE SKCMEPTHBIX OLEHOK M T.A. OJHAKO, yKa3aHHBIC
Onetika ¥ HacToTa Z-To Ymepb bo1xonbl TPUMEHHMBl JUIs TPOTHO3MPOBaHHMsA INOCICACTBUM, B
a HH I" —_— s s
BapHMHOIO e * (oTepH) ripy \CHOBHOM, THIIOBBIX aBapHHHBIX CUTYallMii Ha THUIIOBBIX TEXHOTCHHBIX
pHuCcKa mporiecca Z-OM
Z o POLEKTaXx.
i E CJICJICTBUH
Ipouecce CI K€ BOMPOC CTOMUT O TMPOTHO3MPOBAHMH IIOCJIC/ACTB

\HTPOTIOreHHBIX KaTacTpod Ha OOBEKTaX, KOTOpBIE HE HMMEIOT
HAJIOFOB, Ha OOBEKTax, IO KOTOPHIM OTCYTCTBYET JAOCTOBCpHas
TaTUCTUYECKass HMHopMauus, TO, BO3MOXHO, €IMHCTBCHHBIM
JOJIXOAOM K TIPOrHO3UPOBAHUIO IIOCJIEACTBUHM SBIAETCA TOAXO,
PCHOBAHHBIN HA pe3yJbTaTaX KOMIIBIOTEPHOTO IPOTHO3UPOBAHHA.

JleCTBUTEJIPHO, MpOLIECC  BO3HUKHOBEHUA W  Pa3BUTHA
CTOYHMKA OINACHOCTH INPH AaHTPOIOreHHOM KaTacTpode, npoLecce
lepe/ladi ABApMIHOTO BO3JEHCTBHS PELMITMEHTY PHCKa MOXET OBITh
Privican B paMKax TOW WM HMHOM (PU3MKO-MATEMaTH4YE€CKHME MOJCIIH.
>eaKldsl pEeLMITMEHTa PUCKA Ha aBapUHMHOE BO3JICMCTBHE TAKXKE MOXET
)bITH ONMKMCaHa COOTBETCTBYIOLIEH MaTEMAaTHYEeCKOH MO/JICJIBIO.
OMITbIOTEPHBIH 3KCIEPUMEHT, TOCTPOEHHBIH Ha OCHOBE MOJEJEH,
J03BOJISET IMPOrHO3MPOBATh XAaPaKTEPUCTHKUA HMCTOYHUKA ONACHOCTH,
MHAMHMKY PpaclpOCTpaHCHMs aBapUMHBIX BO3JCHCTBUH, YPOBCHb
O3/ICUCTBUMA HAa PEUMITMEHTOB PUCKaA U MOCJIEACTBHSA BO3JICHCTBUM )i
)CLIMIIMEHTOB PUCKA.

3 dHEeKTHBHOCTh KOMIBIOTEPHOTO MPOrHO3MPOBaHKs HanboJee
HaY¥Ma TMpPH HMCCJIEAOBAHUM CIOXHBIX, MHOrOQakTOpHBIX 3ajad, K
OTOPBIM OTHOCSTCS 3ajla4d IPOrHO3a IOCJICACTBHM TEXHOTCHHBIX
catactpod. bonee Toro, y4uThiBasg, 4YTO B HEKOTOPBIX ClIy4dasX
Hanpumep, I8 OOBEKTOB C HAJMYUEM BHICOKOTOKCHYHBIX BEIICCTB)

CyMMHpOBaHHE€ TPOU3BOJMTCS MO BCEHM  COBOKYIMHOCTH
aBapUMHBIX CLEHAapUeB, KOTOPHIE TCOPETUICCKH MOT'YT UMEThH MECTO Ha
TeXHOreHHOM 0OBekTe. M3 npuBEIEHHOr0 COOTHOLICHHUS CJIEAYET, YTO
MPOTHO3 YPOBHS aBapUMHOH OMACHOCTH MMEET JIBa acrekTa - acCleKT,
CBA3aHHBIM C YACTOTHBIM aAHAJM30M  BO3MOXHBIX  aBapUHHBIX
[POIIECCOB, U aCIEKT, CBA3aHHBIM ¢ MPOrHO30M yiiepOa NpH aBapyu.

[Iporo3upyemMoe 3Hau€HHE 4YacTOTHl ABApUHMHBIX IIPOLIECCOB
ONpEaeIISIETCA:

® YacTOTOM COOBITHI, HHUITMUPYIOLIMX aBapUHHbBIA NMPOLIECC;

 BEpOSTHOCTHIO Pa3sBUTHS aBapUUHOIO ~ Ipolecca To
OMNpe/IeJICHHOMY CLIEHAPHIO, 3aBUCALIEMY OT UMMAHCHTHBIX
CBOMCTB 0OBEKTA;

¢ BEpPOSTHOCTBIO TOrO, 4YTO BHELIHHWE IO OTHOIICHHIO K
0OBEKTY YCNOBHsA (HampUMep, XapaKTEePUCTUKHU MOrOJHBIX
yCIAOBHH) BO BpPEMEHHOM HMHTEpBaj€, OTBECYAIOLICM
aBapuMiHOMY  Ipoueccy, OyayT  XapaKTepu30BaThCS
ONpeICACHHBIM HAa0OPOM YHMCJICHHBIX XapaKTEPHUCTHK.

B o6mem ciydae, BCE YKa3aHHbIE 4YacCTOTHl (BEPOATHOCTH)
MPOTHO3UPYIOTCs He3aBucuMo. [Ipu  OIEHKE YacToT —ClIydaHHBIX
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MPOBEACHUE KPYIHOMACIITAOHEIX JKCIEPUMEHTAJBHBIX padoT 1o
OMPEACIICHHIO MOCHEACTBHN aBapui 3aTPyAHEHO, METOABI, OCHOBAHHBIE

Ha KOMIIBIOTEPHOM MOJIEIMPOBAHUM, SABJSIFOTCS ONPENEIISIOMMMH TIPH
[POrHO3€ MOCIEACTBUM aBapHIii. '

Kpurepun 6e30nacHoCTH

YenoBek, Kak 3JIEMEHT 3KOCHUCTEMBI, TpPU3HAETCHs Haubojiee
YYBCTBUTENLHEIM (KPUTMYECKHM) €€ 2JIEMEHTOM. JTO YCTAHOBJIEHO |
KCTIEPUMEHTAJIBHO JIJIS CJIy4aeB TOKCHUYECKHUX BO3ACHCTBUN (00 3TOM,
HaIrpumen, CBUAETEbCTBYIOT KO3 HUIUECHTBI BUIOBOU
BBIHOCJIMBOCTA TIPU  BO3JACHCTBUM TOKCUKAHTOB, — OH CaMbIH
MaJICeHbKHUH CpeIu XXHUBOTHHIX y cobak - 1.44 u y uyenoseka - 0.57).
[TIoaroMy B KauecTBe HenW NpH pa3pabOTKe KPUTEPUEB DE30MACHOCTH
IKCIUTyaTallM¥d OMACHOTO 0OBEKTa MOXKET OBITH BHIOPAHO COXpPaHEHHUE
3J0pOBbS JIFOJICH, KaK [PY HOPMaJIbHOM (PYHKUMOHHUPOBAHUU, TaK M
[pU TIPOM3BOJICTBEHHBIX aBApUsX, CBI3aHHBIX C OLIMOKAaMH NEpCOHalIa,
OTKazaMud  OOOpy/I0BaHUSl, TEXHOMCHHBIMM W [PUPOJIHBIMH
BO3JACHCTBUAMUA Ha o0bekr. IIpu Takom mnoaxome B KayecTBE |
KPUTEPHUER 0e301macHOCTH paccMaTpUBarOTCH CaAHUTApHO-
FMTUEHUYECKHUE  MOKa3aTeNlM,  XapaKTEepHU3yrollMe  OIACHOCTH
BO3/ICMCTBUM U OCHOBAHHBIE HA KOHUENIIMU MPUEMIIEMOIO PHCKa JUIS
yesioBeKa (Kak KpUTHYECKOTO 3JIeMeHTa OMOTHI). '

[Toporopoe 3HaYeHHWE MHTEHCHMBHOCTH ONACHOTO BO3JI€WCTBHA
KaK IpaBuiIo, 3aa€TCs NPH BEPOSATHOCTH JieTaJIbHOTrO ucxoaa 50%. OHC
ONpeAessieT pa3Mep ONMacHOW 30HbBI, HAXOXJICHHUE B KOTOPOH B MOME
aBapuu MOXET TOBJICYb r'H0e/ b O0JIBIIEeH YaCcTH JIIOAEH.

Jlpyrum 3HAaYEHHEM HWHTEHCHMBHOCTHM OIACHOTO BO3ACHCTBUS
SIBJISIETCS MOPOT, KOTOPBIA COOTBETCTBYET BBIKMBAHMIO JIKOJAEH TOCJIE
aBapuu, T.e. 0OpaTUMOMY BO3JECHUCTBUIO (HE HUCKIIOYAXOTCA WU3JICYUMBIE
3aboneBanus 1axe B octpor Gopme). OH onpenenseT pa3mMep OnacHOH
30HbI, HAXOX/ICHHE B KOTOPOH B MOMEHT aBapUM HE I'PO3UT T'MOENBIC

MOAEH, XOTA M MOXET TIPUBECTH K JUINTEJIBHOM yTpare WuX
TPYAOCTIOCOOHOCTH. |
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HakoHel, TpeThbUM 3HAYEHUEM HHTECHCHUBHOCTHU BO3JICHCTBUS
cpisieTcss O€30MacHbBIi YPOBEHb, KOTOPBIA COOTBETCTBYET OTCYTCTBHIO
sMEHEHHH COCTOSIHUA 310pOBbs MoAei. OH onpeaensieT pasMep 30HHI,
4X0YKJIEHUE BHE KOTOPOH HE NPEACTABIISET OMACHOCTH AJIs JIOAEH.

KoHuenuus npuemMieMoro pucka

KoHuenuus npMeMJIEMOro pucka OnvpaeTcs Ha Npe/iCTaBICHUs,
TO YEJIOBEK ABISAETCA HAaUOOJIe€ YYBCTBUTEIBHBIM 3JIEMEHTOM OMOTHI.
OHIIETTLIMS COCTOMUT B CJIEAYIOLIEM:

JIOAW B Pa3HbBIX CTpaHaX MHTYUTUMBHO TNPHUEMIIOT T€ BUIBI
[MPaKTUYECKOM AEATENIbHOCTH, A€ PUCK T'MOeNM OTAE/IbHBIX
WL, M3 HACEJICHHUS HE IPEBBILIAET MPEHEOPEIKUMO HHU3ZKOIO
3HAYCHMs ITIOpsaKa 10° 1/ron. Takoii pUCK HAaXODMTCS Ha
ypoBHE 0.1% OT BEJIUYMHBI ECTECTBEHHOI'O PUCKA CMEPTH IS
HaceneHus. llpeamnonaraercs, 4To 3TOT pUCK He Oyner
MPEBBILIEH KaK I[PH HOPMAaJbHBIX YCJIOBHAX 3KCIUIyaTalUy
oOBbeKTa, TaK M MPHU NPOEKTHBIX aBapusaX AN OTAEIBHBIX JIHLL
U3 HaceJIeHMs M JJId TepcoHalla, padOTaloHIero BHE 30HBI
[POMBILILIEHHOM MJIOIAAKHA O0OBEKTa;

MepPCOHaJl MPOMBILJICHHBIX NPEeANIPUIATHH IIPUEMJIET T€ BU/EI
IPOU3BOJICTBEHHON JEATEIIBHOCTH, TI€ HHIWBHAYaJbHBIH
PUCK IMOEIM HAXOAMUTCS B AHAIa30HE OT 10* mo 10” 1/rop.
[Ipyemnemsplii cpeIHUM YpPOBEHb pUCKa TMOEIW B Ipoliecce
MPOU3BOACTBEHHOM JEATEIIbHOCTH B IPOMBIIUIEHHO Pa3BUTHIX

CTpaHax paBeH 2.5-10" 1/rox. Tlpeamonaraercs, 4TO STOT
CpeJIHMM YPOBEHb PUCKA HE OyJEeT NPEeBHILICH IS NEPCOHaIa,
paboTaromero Ha oObeKTe, KaK IPH HOPMAJIBHBIX YCIOBHUSX
ero 3KCIuIyaTalliM, TaK ¥ IPU NPOCKTHBIX aBapusiX.

COLlMaJIbHBIA PHUCK, KOTOPBIM SBJISETCA HMHTErpaibHBIM
YCPEHEHHBIM PUCKOM I'MOENM JTHOJEH MPH BCEX BO3MOXKHBIX
aBapUsX, CUYATACTCS NMPUEMIIEMBIM, €CJIM HE NPEBHIIIACT 107
yeJ/ron, a €cJd BO3JCHCTBUIO IIOABEPrarorcs JIETCKHE
VUPEXKJCHUS WIW/MA TaHCHOHAThl, - HE IIPEBHIIIACT 10
gyesi/roa. OH onpenenseTcss Kak cymMMa IpOM3BEICHHH YHCJIa
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BO3MOXHBIX JKEPTB, T.e. JE€TaJlbHbIX MIHOBCHHBIX WIH
BCICICTBMe  3a00JEeBaHMH  WMCXOMOB M 3HAYMMBIX
HACJIECTBEHHBIX OTKJIOHEHHH, IIPY OT/EIbHBIX aBapUsAX Ha UX|
BEPOSTHBIE YaCTOTHI. |

Ha pucynke 0.1 nmpeacraBieHbl NpelaeiabHbIC 3HAYCHHA |

WHIUBUAYAIBHOTO PHUCKA, 3HAYCHHWS KOTOPBIX, PCKOMCHAYIOTCH A
Poccuu HayuyHbiM 0OIIECTBOM aHanu3a pucka. Ha pHCYHKE 0.2
npeCTABICHB NpeJe/bHbIe 3HAUYCHUA COLMAIBPHOIO PHCKa, NMPUHATHIEY KT, o
ais  HupepnangoB. Tam ke [MOKazaHel  3HAYCHMA, KOTODBIC
PEKOMEHIYIOTCSl JUId  AETCKOro M B3pOCIOro HacC/ICHUA Poccum.
OrmetuM, 49To B Poccuu HeT mpeielNbHBIX 3HAYEHUH YPOBHS PHUCKa,
KOTOpbI€ OBLIM OBl IPMHATHI HA 3aKOHOJATEIEHOM YPOBHE. '

QYHKLMOHUPYIOUIUM 00bEKT BHOBb CTPOAWMMCS 00bEKT

Henpuesemuin prucx

HENDREMNEMBIR PHCK

HeanaunTensHuit prcx

B wHacrosimee BpeMss o IpoOjieMe MPOTrHO3MPOBAHUS
[OCJICICTBHI aBapHil 1 PUCKOB M3/aHO OOJIBIIOE KOJIMYECTBO HAaY4YHOH
nUTepaTyphl: MoHorpaduii, cratei. ITa IMTEpaTypa HE B TOCTAaTOYHON
Mepe JocTynHa cryaeHTam. JlanHoe y4eOHoe nocodbue NpU3BaHO B
KaKO-TO CTENEeHM BOCMOJHUTH mpoben B ydeOHOM JjMTEepaType Mo
nanHoit Teme. IlocoOue Npe/HA3HAYEHO JUIS CTY/ACHTOB BBICIINX
yuyeOHBIX 3aBeIeHUH, 00y4aroIHUXcs N0 CreuraIbHOCTAM: «3ammura B
yenoBusax YC», «MaremaTH4ecKoe MOJEIUpOBaHUE" . '

He3HaUMTEbHEH DK

Puc.0.1. IlpenensHble 3HaYEHUS HHAMBHIYAIBHOTO PUCKa

y P

105

10-4 « Bapocnbie

CTaHgapT NONUTUKK
Hugepnasgos

2

10

B T

10 25 100 1000

Puc.0.2. IlpenensHple 3HaY€HUS COLIMAIBHOTIO PUCKA
13



1. OcHOBBI MAaTEeMAaTHY€CKOI0 MOAEJITHPOBAHUSA
NPOrHO3HPOBAHHUSA NMOCJIEACTBUHN ABAPHH

1.1. Knaccudpukanus MmareMaTHUYECKHX MO/eJIeH

HOJ.], [IPOTHO3UPOBAHHEM H MATEMATH4YCCKHMM MOACTIHMPOBAHUCM

KatacTpod MNOHUMAETCA MPOLECC U3YUECHUS SIBJICHHUS C TPUMEHEHHEM
MaTeMaTUYECKUX Mojeseu [ 1-6].

MaremaTuyeckas MoOIE/Ib — 3TO “‘TNPUOJMKEHHOE OIUCAHUE

KaKoro-jiM0o Kjacca SBJICHUM BHEIIHEr0 MHpa, BBIPAXKEHHOE C |

[IOMOILUBI0 MATEMATHUYECKOM CUMBOJIMKU . AJITOPUTM MOJEIUPOBAHUS
COCTOMT U3 CJHEAYIOIUX B3aUMOCBSI3aHHBIX 3TAlOB:
= [lpeaBapureibHOE UCCJIEIOBAHNE
(opMUpOBaAHME  THUIIOTE3, BBIOOp H
HaTlpaBJICHUS UCCIICA0OBAHUM.

npoOJIeEMBI,
000CHOBaHUE

= [lpoBenenue (puU3UUECKUX OLIEHOK WIJIM SKCIIEPUMEHTOB M |

CO3JaHME (DUBNYECKOW  MOJEIIH, OTBEYAET
NMPUYUHHO-CJIEACTBEHHBIM CBSI35IM.
= Paspabotka unum BeIOOp MaTeMaTUYECKON MOJIENHU ABJICHUS

A MATCMATHYCCKAs ITIOCTAHOBKA 34/1d4H.

KOTOpas

= Bpibop uiM pa3zpaboTka aHAJIUTUYECKOW WA YHCIIEHHOHM |

METOAUKH peLIeHUs [MOCTaBJICHHOHU 3a/1a4H,
NpOrpaMMHUpPOBAHUE, OTJIAJKAa U TECTUPOBAHUE MTPOTPAMM.
* [IpoBegeHue = BBIYMCIMTEIBHOIO  DKCIIEpUMEHTa - —

HUCJICHHOC pPCHICHUC, aHaJlIu3 I[I0JYYCHHOI'O pPCIICHWA,

KOPPCKTHPOBKAa MOACJIH, ONCHKA CTCIICHHU aJACKBATHOCTH!

pPe3yJIbTATOB MOJEJIMPOBAHUA M MCCJIEIAYEeMOro SBICHMA,
[IyTEM CpPAaBHEHUS  pPe3yJIbTATOB
W3BECTHBIMM SKCIIEPUMEHTAIBHBIMH JaHHBIMH.

= HccremoBasHue SABJIEHUS HA  OCHOBE OTpa60TaHHOi>'I'
MaTEMATUYECKOUN MOJIEJIN.
llpu MaTEMATUYECKOM MOJICJIMPOBAHHH HUCTIOJB3YHOTCHA

CJIEAYIOLIME TUITBI MATEMAaTHYECKUX MOJICIIEH:
"  JIETEPMUHUPOBAHHBIC,
"  BEpPOSTHOCTHBIE;

14

MOACIINPOBAHWI C

= CcMemaHHbBIe (JETEePMHUHUPOBAHHO-BEPOATHOCTHBIE);
"  AMHWTALUOHHEIE. |
JleTepMHUHH POBAHHbIE MO/IeJ/IH. JleTepMUHUPOBAHHOM
VaTEeMaTAYECKOM MOJIEJIBIO Ha3bIBA€TCs COBOKYIIHOCTh YpPaBHEHHH H
cOOTBETCTBYIOIUMX KpPaeBBIX YCJIOBHH, aJCKBAaTHO ONMCHIBAIOLIMX
y3y4aeMoe sBJICHHE. YPABHEHHUS MOJCH BbIPAXAIOT 3aKOHBI NPHPO/ILI
_ 3aKOH COXpaHEHUs MacChl, SHEPIrUH, UMITYIbCa U T.A.

OcHOBHas  1€Jb  JACTEPMUHUCTHYECKOTO  MaTEeMaTHYECKOIro
MO/1EJAPOBAHUS — ONpeAeJIEeHHE NapaMeTPOB COCTOSIHHS OKpY>Karollen
cpessl  (Temmeparypa,  IUIOTHOCTB,  CKOPOCTh,  KOHLICHTpaLys

KOMIIOHEHTOB U JIp.) B PA3JIMYHBIX TOYKAX IPOCTPAHCTBA B pa3jIM4yHbIE
MOMEHTBI BPEMEHH.
JleTEpMHUHUACTUYECKUE MOAEITH Pa3IACIISIOTCS:
" [I0 CTENEHHM OXBara IMPUYUHHO-CJICJACTBEHHBIX CBS3EH,
NPUCYIIUX UCCIEAYEMOMY SIBJICHUIO WM rpynne Gu3uko-

XUMHUYECKHUX  SBJIEHWHA, Ha  oOImMe, YacTHbIE M
ONTUMAJILHEIE;
" [0 pa3MEpPHOCTHM HA  HYJbMEpHBIE, OJHOMEpPHEIE,

IBYMEPHBIE U TPEXMEPHBIE;

U T.[.

BeposiTHOCTHBIE MoJaeH. [Ipy KCIIOIB30BaHUN BEPOATHOCTHBIX
MOJIEJIEH, B OCHOBE KOTOPBIX JIEXXUT TEOpPHsSI BEPOSTHOCTH, OCHOBHAasA
3ajlaya  HMCCJIeJ0BaTed COCTOMT B YCTAaHOBJIEHHHM CBSA3H MEXAY
YCIIOBUSIMU U COOBITHEM. B TeXHMKE BIIEpBBIE BEPOSITHOCTHHIE MOIEIIH
CTam¥ NPUMEHATHCA B aTOMHOM IPOMBILUIEHHOCTH, T[I€ OBIn
pazpaboTaH BEPOSITHOCTHBIA KpUTEpUM O€30MacHOCTH. B JalbHEHIIEM
METO/Jbl TEOPUU BEPOATHOCTH CTAJIIM TPHUMEHATBCS [JId IIPOrHo3a
JIECHOH MOXKapHOH OINaCHOCTH.

Cmemannbie MaTeMaTH4YeCKHUe MO/I€JIH. Haubonee
UIOJOTBOPHOE ~ HMCCJICOBAaHWE KartacTpo M MX  IOCICACTBHH
OCYLUECTBISETCS B paMKaX CMEILIAHHBIX MaTeMaTHYeCKMX MojeeH. B
PaMkax cMmemaHHbIX MOJEJIEM OLEHHUBAETCS BEPOSITHOCTH peajiM3alluM
ABapUitHOro cueHapusi (BEpOSTHOCTHBIE MOJENH) M s Haubojee
BEPOSTHRIX  peanM3alidii MPOrHO3UPYIOTCA  MOCHCACTBUSL  aBapUH
(ﬂeTepMHHHpOBaHHHe MOJICJIN).
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HUmuranuonnsie MoAead. HiMuraumoHHBIE  MOJENH — —
NepeIoKeHHBIE Ha NpOrpaMMHBIN MPOJAYKT OINHUCaHHUE MOJEIUPYEMOM
cucTeMbl. UMHUTalIMOHHBIE MOJECIIH HE BCKPBHIBAKOT MEXaHU3Ma SIBJICHUS,
a UMUTHPYIOT 3TU sBieHus. llostomy obGnacte onpepeneHus 3TUX
MOJIeJIEH HE BBIXOQUT 3a rpaHHULbl HAOIOIeHHIA. |

1.2. YcrolynBOCTh PeHICHHSI MATEMATHYECKOH MOJe/IH

UenoBEK HENMPOM3BOJIBHO CTPEMHUTCS K TMMOCTOSHCTBY. DOTO
CTpEMJICHHE K YCTOWYMBOCTH HAILIO CBOe oTpaxkeHue B Hayke XVIII
BEKa, KOrlla CO3JaBaJioCh KJIACCUYECKOE ecTeCTBO3HaHMe. Ero oCHOBOM
CTaJl MaTeMaTHYecKui s3bIK NUPPEpeHIUaIbHOr0 W HMHTErPaIbHOrO
WCYMCJIEHHH; CYMTAIOCh, YTO BCE 3aBHCHMOCTH MOXHO OIHMCHIBATEH
HENPEPHIBHEIMA (QYHKIHMAMH, UII KOTOPHIX XapaKTepHO He6GoJbIIoe |
M3MEHEHHE 3HAYEHUS (PYHKLMH NPH MaJbIX NMPUPALEHUSAX apTyMEHTOB.
Kasanoce Obl, JOrMYHO: MPHJIOXKEHO YyTh OOJIBIIE YCHIUHA - MOJTy4YEH
qyTh OOJBIINI pe3ynbTar... bojnee Toro, ecniu MaTemMaTHuecKHe MOJICITH
HEe OTBEYAJIM 3THM YCJOBUAM, TO OHM CUHUTAIIMCh HEKOPPEKTHBIMH, a |
3HAYMT, JIMIICHHBIMU peajlbHOIO COACPXKAHMA.

HayuyHas W WIDKEHEPHAs MBICIBL OTKPHIJIA MHOXKECTBO NPHMEPOB
CKa4KOOOpa3HOTrO W3MEHEHMsA CHCTEMBI MPHU MAJIIX BO3ACHCTBUSX, HO,
KaK HH CTPaHHO, Ha HalllM IPEJCTaBJICHUsS 00 OKpYKalolleM MHpE J0
HEeJIaBHEr0 BpEMEHH »HTO I0YTH He Bauswio. Jlmme B XX Beke
MOSIBUJIMCH pabOThl, B KOTOpPHIX OBLIO MOKAa3aHO, 4YTO TaKue
HEYCTOMYMBOCTH CTOJIB 2K€ peaIbHbl, KaK ¥ COCTOSIHUS FTaPMOHMM.

[Ipumep nuddepeHnHaJILHOrO ypaBHeHHs NEPBOro Nopsika
- (L.1)

— =KX
dt
YpaBaeHue u cooTBETCTByromee pemenue (l1.1), Hanpumep,
ONMCEIBAET MW3MEHEHHE YHUCJIEHHOCTHM HAacejJeHHus B CTpaHe, riae
POXIAEMOCTh ¥ CMEPTHOCTE MTOCTOSIHHBI M HE 3aBHCAT OT BPEMCHHMU.

3Ha4YeHHE MOCTOSIHHOM C| OIpeAesieTcs U3 HavaJbHBIX YCIOBUM.
Tak xax ypaBHeHHe nepBOro nopsAjka, To AOCTATOYHO OJHOIO YCIOBHS.
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— x =c, exp(kt).

[[ycTh B HadaJbHBIA MOMEHT BPEMEHHM HacelCHHE COCTABIACT 10
. = 10 =10’ AKOH
JWIIMOHOB 4enoBek, To ecth X(0)= 10°, Torma ci= M 3

J3MEHEHHE HaCEJICHHS
x = 10’ exp(kt).

HauansHomy ycnoBuio X(0)= 0 ynoBneTBOpPACT PCLICHHE x=0).
()HAKO Ha IPAaKTHMKE HayaJibHble YCJOBUA TOYHO HEH3BECTHBI. Ho
vagoe OTKJIOHEHHWE B HAyYajbHBIX YCJIOBHUAX MOXKET IPHBECTH K
A0JIBIIAM OTKJIOHEHHSAM B PCUICHUM. I[eﬁcrsmegbﬂo, MOJIOXKHUM, ‘l’l.‘f
HauadbHOE YCIOBHE OMNPEEICHO ¢ TOYHOCTBIO 107, TO €CTh x(0)= 10",
ro yxe npu kt=10 3nauenue x = 2.2. llorpeniHocTs OyzeT HapacTaTth 1o

yKCITOHEHIIHAJILHOMY 3aKOHY.

pumep auddepernHaIbLHOr0 yPaBHEHHs BTOPOro Nopsjka
VpaBHEHHME, ONUCHIBalONIee KojiebaHne MasiTHUKA

;+a-x+b-x=0 :>D=-(% (D* +aD+b)x (1.2)
Ob1ee pemenue ypasHeHus (1.2)
x =exp(—at/2)-(c, sin Jh-a* 14514 c, COS *\/b —a’l4-t) (1.3)

BKJOYAET JIB€ MOCTOSHHBIE, KOTOpHIE ONpeAC/IAI0TCA M3 Ha4dabHbIX
VCJIOBUH

x(0)=x,;  x©0)=x,. (1.4)

2
Pemenne (1.3) moxassiBaer, yro mpu a>0 u b>a’/4 3aKOHOM
IBMSKEHHs MASTHUKA SBISIOTCS MOCTENEHHO 3aTyXalolue KojieOaHus ¢

yactoroii ~/b—a’/4.
JudbdepenLmanbHoe OJHOPOAHOE YPABHEHHE C MNOCTOSHHBIMH

K05 GULMEHTAMH MOXKET OBITH 3alIUCaHO B BUJC
n—1 v _
(a D" +a, D" +..a,)x=0. (1.9)
Ero peuieHus 3aBUCAT OT XapaKTePUCTHYECKOro MoJMHOMA
aAl'+a, A +.a4,. (1.6)
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ECTH BCe KOPHH XapaKTepPUCTHYECKOTO MOJMHOMA BCIICCTBEHHE
H PasJInYHbl, TO O0IIIEE pEIICHHE YPABHEHUS 3aTTUIIIETCS B BHJIE
x=ce* +c,e™ + ...C e . (1.7

¢ ULMEHTOB MONTMHOMA HET OTPHLATE/BHBIX KOG OULMEHTOB WU
KO2

[TorpeliHOCTh PelleHHsI

Ecnu cpenn kopHei monuHoMa (1.6) umerorcs koMmekcHbIe, T¢ PacCMOTPHUM YPaBHEHHE U pELICHHE

OHH MOTI'YT BXOOUTH TOJBKO COﬂpH)KeHHL]MH [mapamMmu
ha=atjf  j=--

*

x+x=0, x(0)=0 = x=ce”

(1.8)

[IpopuddepeHupyeM ypaBHEHHEe U PELIUM C COTJIACOBAaHHBIMM
COOTBETCTBOBATH YJIEH BHJIA

e™ (¢, sin Bt +c,, cos B1).

Eciv cpenn kopheii monmuoma OyIyT KpaTHele KOpPHH, TO
PCIICHUHA MOTYT MOSBUTLCS YJIEHBI BMIA

m _ At
cl e,

ycﬂOBHHMHZ

Aok *

x=0, x0)=0, x(0)=0, PA)=A+4, A4 =0, 4, =-1.
PelueHHE: )
x=c¢, +c,e . C yudeToM HayalbHBIX YCIOBHM, MMeeM x=0.

VMHOX)UM ypaBHeHue (1.8) HazD-I:
(D+D)x=0 *D-1) = (D" - 1)x=0.
KopHM XapakTepUCTUYECKOro ypaBHeHuss A; = -1, A; = 1. Obmee

Ecim  Bce kopum XapaKTCPUCTHYECKOTO TOJIMHOMa HMEIO
OTPHLATC/IbHBIC BEIIECTBEHHBIE YACTH, TO TIO60E pelueHue NpU IOk

HAUAJILHBIX YCJIOBHAX C TEYEHUEM BpEMEHHM OyieT CTPEMHTHCS K HYJII

CoOoTBETCTBEHHO M pa3HOCTD MCXKIY ABYMS PELICHUSAMH, OTBEYAIOIIHMM
Pa3HRIM Ha9abHBIM YCIIOBHAM GYyIET CTPEMHTBCS K HYJIIO.

[lonuHoMEI, y KOTOPBIX BCE€ KOPHM HMMEIOT OTPULIATE/IBHBI
BCIUICCTBEHHBIC 4YaCcTH, HA3BIBAIOTCS T'YPBHUEBBIMU TOTHHOMAMM (T
UMEHHA  HeMeukoro wMarematuka Al YPBHLA, KOTOpLIM Hale

COOTBETCTBYIOIIUE YCIOBHUS IS IMOJIMHOMOB). Hanpumep, noauHoME
BTOPOH CTEMNEHU

2
A" +a, A +a,

% ‘ 1.9
pelIeHUE X =cC,e  +C,€ . (1.9)

[Ipy 3amaHHBIX HAYalbHBIX YCJIOBUSX X=0, TO €CTb pellIeHHE
COBITAJIAeT ¢ pelneHrueM ypaBHeHus (1.8). ‘o

OpnHako pemeHye HeyctoiyuBo. [Tonoxum x(0) =61, x (0) = 0,.
Ha ocnoBanuu (1.9) _

ci=%*(0;—-0), c2=%*(0;+02) M, cleI0BATENIHHO,

-1 i

X=0.5(0;—-92)e +0.5(01 t02)¢€.

To ects oTknonenue ot peweHua x=0 OyAeT HEOrpaHHUYEHHO
BO3pacTarh C TEYEHHUEM BPEMEHHM.

Ha mnpakTtuke HemoctaroyHo, 4TOOBI cucTeMa Oblla MPOCTO
yCTOHYMBa, HeoOXOJHUMO, 4YTOOBI cuUcTeMa Oplia YCTOWYMBOM Hpii
BaApHaLMAX mnapaMeTpoB, TO €CTh Obula OBl YCTOWYMBOW B HEKOTOPOH
001acTH M3MEHEeHHs TapaMeTpOB. )

OKBUBAJIEHTHbIE  NpeoOpa3oBaHUsl  ypaBHEHMI (CHCTel\E
YPABHEHMH) 00sA3aHBl HE M3MEHSTHh PELICHHUS MCXOAHBIX YpaBHEHMHIA
(cucrem YpaBHEHUM), HO HE OO0s3aHBl COXpaHATh HEU3MEHHOCTE
CBOMCTB  okpecTtHOcTeil.  ITOCKOJIBKY ~ CBOMCTBO COXpaHEeHMA
YCTOMMUBOCTH Ip¥ BapuMalMsX IapaMETPOB SIBJISETCS CBOMCTBOM

19

OYAyT I'ypBHLEBBIMM, €CJIH BCE HX KO3 (PULIMEHTHI 110JI0KHTE IbHEL.
[lonHOMBI TpeTheii crenenu |

a, X +a,A* +a, +a,

OYAYT I'YpBHIIEBEIMH, €CIM BCE HX KOS((ULIMEHTHI TOJIOKUTEILHEI |
a,a, > a,a,.

Jl1s1 TONMHOMOB BBICOKMX cTeneHei YCJIOBUsI OOJIee CIOKHEBIE
BMmecte ¢ Tem, CYIMECTBYET HEOOXOAMMOE YCIOBHE, YTO IOJHHON
SIBJISIETCSA I'YPBULICBBIMHU H, CJIEOBATE/IBHO, PEILICHMI
b depeHImManbHOro YPABHCHHUS SABIAETCA YCTOWYMBBIM — cpei

r
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OKPCCTHOCTH, OHO MOJXKET MOSIBJISITECS M MCYE3aTh INPpH 5KBHUBAJICHTHbBI2

npeoOpa3oBaHUSIX YpaBHEHHM.
XapakTepHbIE YepThl
CIIOCOOHBIX TEPSATH

OIIPCACJCHHOI'O 3HAKA.

aBapHH,
YCTOUYUBOCTE IIPH

- llpn npelide napaMeTpoB CHCTEMBI B MOMEHT IIEPEXO/IE
[MapamMeTpa B ONACHBIM HMHTEPBAJl B XAPaKTEPUCTHUYECKOM ITOJIMHOME

CUCTEMBI TIOSBJIAETCS OOJBLION IOJOXUTEIBHBIA KOpeHb. ABap
pa3BUBAETCS CTPEMUTEJILHO B BUAE OTKAa3a CUCTEMBEI.

- Eciin cucrema He paspymmiack (Obliia BOBpeMsi OTKJIFOYEHA) T
OHa MOXET T[IEpEUTH B HOPMAJIbHOE COCTOSHME. 10 ecCT
UICHTU(PUKALIMA CUTYAllMU OyIeT 3aTpyAHEHa.

I1priMmep BO3MOXHON NOTEPU YCTOWYHMBOCTH. ,

ABapusa aspobyca A-310 22 mapra 1994 roma Hax ropomos
MexnypeyernckoM. CamosieT jeren Mnoj YInpaBJIeHHEM aBTOIMIOTA
[IEPEUTH B PEXKUM PYYHOI'O YIPABJIEHUS HE YCIIEJM, TaK KaK MECT
[MUAJIOTA B 3TOT MOMEHT 3aHUMaJl peOeHOK.

ABapuiHas cuTyauus BOau3u byxapecra ¢ aspodycom A-310. Hi
[MAJIOTH! YCIIEJIM NEPEUTH Ha PyYHOE YIIPaBJICHUE.

BO3HUKAIOIIMX B CHCTEMax
BapHalusaX [apameTpol

{.3. WEB-cepBHC IPOrHO3HPOBaHHSI NIOC/IEJACTBHH aBAPHH

PHCKOB

Jajay¥ pUCK-aHa/Iu3a IMpHPOJHBIX H TEXHUYCCKUX CHCTEM, a

TAKXKC COHYTCTByI{)IlIHe 3aJa4d MOACIUPOBaHUA pa3BUTHA aBapvH U HX

HOCJIGICTBHI ABJISIOTCS CJIOXKHBIMH, B TOM YHCJIC U B BBHIYMCJIMTEIIEHOM
qnaHe. BBICOKas TPYAOEMKOCTh 3a/ad oOycJiaBJIMBAaeT MPUMEHECHUE
4 EICOKOTTPOM3BOHTENBHBIX  BEIYUCIIUTEIBHBIX ruiaTopM, pa3BHTHE
\aciiTabUpyEMBIX aIrOPUTMOB U NIPOrpaMMHBIX KOMIIEKCOB [7-9].

C npyroii CTOPOHBI, pa3sBUTHE KOMMYHHKAIMOHHBIX KaHAJIOB M
ceri VHTEpPHET OPUBENO K CMEIICHHIO AaKLEHTOB B pa3paboTke
NPUKJIaJHOTO  IPOrPaMMHOTO obecrieyeHuss ¢ ) OrpaHH4EHHBIX
HACTONILHBIX TMPOAYKTOB K CEPBHC-OpPHEHTHpOBaHHOHW IlporpaMMHOH
CUCTEME, UHTETPUPYIOILEH MaTEeMATUUYECKHUEC MOJENHU
kaTacTpo(PUYEeCKUX IMPOLECCOB U NMPOTHO3MPOBAHHS PHCKOB. Cucrema
npy3BaHa obecneymuThb PO3payvyHbIi ~ ;octyn K
BBICOKOTPOM3BOAUTEILHEIM MOJIEIIM, a TAKKe yCTONIHBYIO OTKPBITYIO
wiathopMy Uid  CO3J4aHUA OaHKa JaHHBIX MOJEJIEH aBapUHUHBIX
[POLECCOB, MPOrHO3MPOBAHUSA NOC/EICTBUH aBapUH U PUCKOB.

Apxutektypa CHCTEMBI BKJIIOYAET HECKOJIBKO (PYHKILMOHAIBHBIX
noacucTeM: MH(GOPMAIMOHHYIO, BBIYHCIMTENBHYIO, YINpPaBJIAIOLIYIO,
00yyYarolLy10, KIHEHTCKYIO.

UudopmanonHas mNoJcUCTEMa — JIOTHYECKas COBOKYIHOCTD

XPaHW/IMIL Pa3HOPOAHBIX AAHHBIX (MCXOAHBIC IAHHBIE [0 du3uKo-
XUMUYECKHM CBOMCTBaM, XapaKTEpUCTUK OKpYXXaromeHn CpCibl,
pacnpenenenus penunydeHToB U ap.). [logcucrema peanusoBaHa B BUAC
CYBJl, ceresoro ¢aiinoBoro XpaHHIMIIAa W  NPHKIATHOTO
porpammHoro uHTepdeica s 10CTyna K JaHHBIM.

BeluuciaurenpHas IoAcucTeEMa — JIOTHYECKasds COBOKYNMHOCTD
POLECCOPHBIX ~ eNMHMIl  (Hampumep, CErMEHT  Kiactepa) H
fapannensHoOro nporpaMMHOro obecriedeHus, MNpeaHa3sHa4dCHHasd A
PCIICHUS BRIYMCIMTENBHBIX 3a/1a4.
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YnpaBisiromas — [OJACUMCTEMAa —  CEpBEp  NPUIOKEHH

HHTETPUPYIOIMH paboTy CUCTEMBI KakK IEeJIOr0 M MpeaoCTaBIISIOLIUA

YAQJIEHHBIM JOCTYII MOCPEICTBOM MHTEPHET K BEIYMCIHTEIBHOMY SAPY
Kpome Toro, Ha yNpaBpIsAOUyO IMOACUCTEMY BO3JIOXKEHBI 3aJa4yM IIC
ABTOMaTHYECKOMY pacrpe/iesIeHHIO 3aay 110 UMEIOIIUMCS armapaTHEI
BBIYUCITUTEILHBIM peCcypcaMm.

OOyuaromas ojcucTeMa BKJIFOYAET COBOKYITHOCTB
MYJBPTUMEAUHHBIX YYEeOHBIX MOAYJIEH W MOAYJEH METOAUYECKOM
MOAICPXKKH, peanu3yrommx y4edbHelii kypc «lIporHosupoBanue
[MOCIEICTBUHN aBapUi U PUCKOBY: |

" CTPYKTYPUPOBAHHBIH I10 TEMaM, IO MOApa3jeiaM TeM, TI0
YPOKaM TEMaTU4YECKHH IUIaH, MOCTPOEHHBIN MO MOIYJIBHOM

[IPUHLIMITY, obecreynBaromuii UHIMBH1YabHO-
OPUEHTUPOBAHHBIN 00pa3oBaTEIbHBINA NPOLIECC; |
*  BapUaTUBHBIE TEMaTUYECKUE 3NIEKTPOHHBIE

MYJIbTUMEHHHBIE YdeOHble Moayiau Tpex Ttunos: (M)
nonyyenue uHpopmaumu, (I1) — yueOnsiii nmpoexr, (K)
KOHTPOJIb YPOBHS Y4€OHBIX JOCTHXKEHHH 00yUyaeMoro;
*  KOMIUIEKT MOyJIEH METOAUYECKOH [0 AJIEPIKKH
BKJIFOYAKOIMX  AJITOPUTMBI  MCIOJB30BAHUS  y4EOHBIX
MO1yJIe (Manudect SCORM), METOIUYECKHE
PEKOMEHAALIUU JJIs TIPETIOAABATENA U 00y4aemMoro:; '
‘ CHCTeMa  JMCTAaHIMOHHOro  oOpa3oBaHUsl  (CEpBEPHOE
[IPUJIOKEHUE );
Knuenrckas MOACUCTEMA obecrneynBaer UHTEPDEHC
IOJIB30BATE/IA W IMpejacTaBiasieT coboM Habop npencTaBIeHUN
PEAAKTOPOB  HMCXOJHBIX,  YOPABJSIOMIMX, MPOMEXYTOYHBIX
PEe3yJbTUPYIOLIMUX AAHHBIX CHCTEMEL.

OyHKUMOHANBHOE Ha3zHaueHne WEB-cepBuca MporLo3upoas
[MOCJICACTBUU aBapHUU U PUCKOB:

— TNPOrHO3UPOBAaHWE PUCKOB B OTHOLUEHMM YEJIOBEKA, INPUPOIHO
CPEIbI; .
— OLEHKa 3Q)(EKTUBHOCTH CHCTEM 3alUTHI YEJIOBEKA U TEPPUTOPHUH
ycaoBusax YC;
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noc/1eACTB
paMKax WEB-cepBuca.

qoJUIepKKa IPUHATHSA pPeLICHUH B YCJIOBHAX UC Ha ONACHEBIX

pON3BOJCTBCHHBIX obBeKTax; |
(opMHPOBAHHE NACTIOPTA 6330HaCHOETPI 00BEKTa U TEPPUTOPHUH;
pu3yanu3anysi nocngncmuﬁ aBapuii M Mep IO 3alUIIEHHOCTH
qrojierd U TEPPUTOPUH;
obyueHHe CreLUaIuCTOB U CTY/ICHTOB BVY3o0s.

MaTeMaTU4eCKHE  MOJENM W METOJbl  MPOTrHO3UPOBAHMA
uii aBapui SBISAIOTCA OOWIEH YacThIO 3ajlay, peulaeMbIX B

1.4. Bonpocsl A/ NPOBEPKH

e Kaxue THUIBI MaTeMAaTHYECKHUX MOJCJIEH HCIIOJIB3YIOTCS TIpHU
[IPOrHO3UPOBAHHMH TIOCJIEICTBHI aBapHid? 3

e [lenu M 3aJayd MaTeMaTUYECKOro MOJC/IMPOBaHHUs aBapuu H
kaTacTpod.

e Jralibl BEIYUCIUTEIBHOIO 3KCIIEpUMEHTA.

e VYCTOWYMBBIE U HEYCTOMYMBHIC pellieHUs. CBsI3b HEYCTOMYMBEIX
pelIeHui ¢ aBapUsAMU M KaTacTpo(daMH.

e HeoOxonumoe YyCI0OBHE YCTOMYMBOCTH pEIUEHHH YpaBHEHUH
MaTEMAaTUYECKON MOICITH.

1.5. Crnucok auTEpaTypsl K riase 1

. Konoaxun B.M., Mypun A.B., IletpoB A.K., I'opckum
B.I'. KonuuectBeHHas oOneHKa pHCKa XWUMUYECKHUX aBapHH.
Mxesck, U3n-Bo Vam. Yu-Ta. 2001. - 218 c.

2. T'pmmma A.M. MozenipoBaHue W MPOrHO3 KaracTpod.

Tomck. UznarensctBo Tomckoro yuusepcutetra, 2003, Yacts |
J22 c.
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3. I'puinna A.M. MojenupoBaHue ¥ MPOrHO3 KaTacTpod
Kemeposo M3narensctBo ITpakTuka, 2005, Yacts I 559 c.

4. Mamuneuxuii I'.I'. Vmnpaenenuwe puckom. Mockga
Hayka, 2000, 431 c.

5. lldoxkun HO.H., Jlenuxun A.M. MareMaTHYECKO!
MOJZIC/TMPOBAHHE B 3a/la4Yax pUCK-aHa/JIM3a TEXHUYECKUX CUCTEM /
BerauciaurensHsie Texnonoruu. 2003. Tom 8. C. 14-21

6. Kosmoakun B.M., Kusxun B.C., Bapnamor J[.B.
Bacunees M.A., Anexcanaposuuy A.H., [Taxomo C.B., Kusses
['.IL., I'apaes M.M., Oropoaunukos I1.I"., Macnora T.C., Maen
JIM. llporHosupoBanue nocneacTBHi aBapuii Ha OOBEKTA
YHUYTOXEHHUS XUMHU4YecKoro opyxusa. Mxkesck 2006, 42 c.

7. Konoaxun B.M., Kusoxkun B.C., Kuszes I'.I1., Bacuiber
N.A., T'abpynnun B.M., I'apaee M.M., Anekcanaposuy A.H.
OropoanmkoB ILI'., ITynsime B.B., Hoeocenora T.C., Turos:
A.C. Tlpamoi JjocTym K pe3yjbraTaM [POTHO3MPOBAH
MOC/ICACTBHH aBapuUM Ha OOBEKTaX YHUUYTOXKEHHA XHUMHUYECKOT(
opyxus. Vbkesck 2006, 34 c.

8. Konoaxun B.M., Kuszes I'.I1., Bapaamos J1.B..Kusokur
B.C.,.Bacunnen HU.A. WEB-cepBuc IIPOrHO3UPOBAH
MOCHeACTBMM aBapuii ¥ puckoB. «llpobiemsr Oe3zomacHocT
KPUTHYHBIX MH(PPACTPYKTYp TEPPUTOPHH M MYHHLMIIAIBHBIX
obpazoBanuin», Exarepunoypr 2007, ¢.12. '

9. B.M.Kononkus. Bricoxonpoussogurensueiii  WEB
CEPBUC NPOTHO3UPOBAHUSA IIOCJICACTBMM XUMHYECKUX aBapHui
PHCKOB. Marepuasbl MEXKYHapOJHOIO CEMHHape
«llpenynpexnenue W ycTpaHeHHE TMOCIEICTBHHA XUMMUUYECKE
OMNacHBIX 4pe3BbIYaMHBIX CUTYaLUH, 00YCJIOBJICHHBI

TeppOpU3MOM M TNPOMBIIUIEHHBIMA  aBapusiMu», CaHKT
[lerepOypr 2007, ¢.379-388.

5 [IporHo3HpOBAHHE 3ArPA3HEHNUS NPHU3EMHOIO0 CJIOSi aTMOC(EPbDI
' npH aBapHsx M KatacTpodax

2.1. O0mme cBeeHus

MoaeisaMm M METoJaM  IIPOrHO3MpOBaHUA  3arpsA3HCHHA
NpU3EMHOT0 CJIOA aTMocdepsl NIPU aBapUsIX U KaTacTpodax nocBsmEeHO
apauqMTebHOE KOJMYECTBO TEOPETHHECKMX M SKCTICPUMEHTANILHBIX
paborT. KpaTkuit 0630p 3THX pabOT NpEICTaBICH B [1-2]. Hecmotps Ha
onpeJeNicHHbIe  ycnexd B obmactd  pa3pabOTKH Monenf{p;
pacrpOCTPAHECHHUA TpPUMECH B atmocepe B HacTosIee chMﬂHOﬁ
HpeJCTAB/ISETCS BO3MOXHBIM OCTAaHOBUTBCS Ha KAaKOM-TO OAHOL
MoLe . JTO CBA3aHO € MHOroobpasWeM aTMOC(EpHBIX CUTYaluH,
KOTOpPBIE, B OCHOBHOM, ONpEJIe/SIOT NOBEACHUE NIPUMECH B atMocdepe.

[locie nonagaHus [pUMECH B aTMOC(epy, XapakTep
nepeMelieHus IPUMECH OTIpe/IeIACTCA €€ COGCTBCHHLIhEH puzmueckuMu
CBOMCTBAMH M cBOMcTBaMH aTMocdepbl. ABapHiiHele BHIOPOCHI
NPOHMKAIOT B  arMocdepy ¢  ONpPEJICICHHOM  CKOpOCTBIO M
TEMIEPATyPOM, KOTOpble OOBIYHO OTJIMYAIOTCA OT COOTBETCTBYHOIIMX
XapaKTEePUCTHK OKpYy»arolei cpeapl. JIBwkeHue BBIOPOCOB MMeeT
BEPTHKAJBHYIO  COCTABJSIONIYIO,  OOYCIOBJIEHHYIO  Ha4dajlbHOH
BEPTUKAJILHOM CKOPOCTHIO MOTOKA ¥ pa3HMIICH TeMIIEpaTyp, A0 TE€X Nop,
oKka He ucye3HeT Bo3jeiicTBue 3THX (akrtopoB. Ecim BBIOpOC
KPaTKOBPEMEHHBIM — TO €ro Ha3bIBalOT TEPMUKOM (4YacTh BBIOpOCa,
OTJIMYAIONIAsACS 10 CBOWCTBAM OT OKpyaroleid aTrMocgepsi), B
NMPOTUBHOM ciyyae — nureidoM. COOTBETCTBEHHO, CTPOATCS MOJAEIH
MofkeMa TepMHMKa, M MOJAENH noabemMa mueda. Ha myTh
pacrpocTpaneHuss BeIOpOca BO3JECUCTBYIOT TaKXKE€ W3MEHEHHSA IOTOKOB
BOJIM3M npensrcTBmiA.

JIBikenne npuMecH M Ta3oBoM (a3el npu  BHIOpOCE TON
ACUCTBHMEM BeTpa Ha3BIBAETCS EPEHOCOM.

T'ypOynentHoe aBwxkeHue atMocdepsl BBI3BIBAET MPOU3BOJIBHOE
ABHXKEHHE BIOpoca, MNpUBOAsINEE K €ro pacnpoCcTpaHCHHUIO B



xapaKTepHCTHK. [Toxy>MIUpUYyecKue  MOJAEIM  COAepXKaT yxe
poliedypsl YHCIEHHOTO PEIICHHS nuddepeHImraIbHbIX ypasHEHHH B
qacTHBIX TPOM3BOJHBIX. Teopernueckue xe MOIENH 4Ype3BbIYAMHO
p33H006p33H51 Mo amnmapaty: OT TEOpUM I10J400ud U 4HCTO
- THICCKMX BBIKIAZOK [7] 10 YMCICHHOTO pelleHus ypaBHEHHH

MEe30METEOPOJIOTHH € nubdy3ueit u TpaschopManei IpUMeCen.
Bo3MOHBI ¥ JpYrue IpHU3HAKH, JieXKallue B  OCHOBE

xnaccupUKaliu MOJENEH, HanpuMep CTalMOHAPHBIE U

HecTAlIMOHAPHBIC U T.JI.
B nanHoit pabote, cnenys ob3zopy MAI'ATO [8], B KoTOpoM

rpe/ICTaBIeHbl MOJIC/IH pacrnpoCcTpaHEeHHs pUMecer B aTMochepe Ui
OllCHKM TNOCICACTBUHA aBapuid Ha OOBEKTAaX AaTOMHOH JHEPIETHKH,
BpIIE/IEHBl TPU THIA MOJIENIEI: TayCCOBCKUE (3MITMPUYECKUE) MOJEIIH,

MOJIENIM JlarpaHkeBa 00/1aKka U TPEXMEPHBIE MOJICIIH.

FOPU30HTAJIBHOM M BEPTUKAJIBLHOM HANpPaBJIEHUSIX 32 CYET CMELICHUS ¢
BO3YXOM. JTOT Mpoliiecc Ha3biBaeTcsa aTMocdepHoi auddy3uci. _

KomOunaums nepenHoca u auddy3ud HaszeiBaeTcss aTMOC(EpHOF
aucnepcuer. Mojiesim, ONHUCHIBAKOIIME 3TH IPOLIECCHl, HA3BIBAKO
MOJE/IsIMU  aTMOC(PepHOro mnepeHoca-AuddPy3un UM MOJIEIIAME
aTMOC(EpHON NUCTIEPCHM.

2.1.1. Knaccudpunkanus mojiesiell atMmocepHOro nepeHoca

CII0OXKHOCTH OMUCAHMUS TIpoliecca paclpOCTpPaHEHUS] NPUMECH
U3MEHAIOLLIEHCS aTMOC(epe NMOopoXKaaeT pazHOOOpaszue NMPU3HAKOB [
Knaccupuranuu Mojeen. Bo-nepBriX, MOXKHO pa3fe/UuTh MOJEIU I
[IPU3HAKY SMIIMPUYECKOTO WJIM TeopeTudeckoro xapakrepa. Ctporg
rOBOPs, BO BCEX MOJEJSAX NMPUCYTCTBYIOT 00a Havaja. KiaccuyecKumi
00pa3aMMu SMITUPUYECKHUX MOJCNCH SBISIOTCS MOAECIM CO3JaHHBIE |
HMuctuTtyTe  3KcriepuMeHTalbHOM — MeTreoposiorn 2],  Moze

cospanble Hackyniom n I udgoprom [3]. Tlo cyra sMIUpriecKMBR oo p3yemas a1 onucaHns NOBEAEHHs BHIOPOCOB B aTMocdepe Ha
ABJIIFOTCS U Mopaenu, co3gaHHbeie B 11O [4],[5]. XoTs npu U3J10KEHU paccTosHuM 1o BeTpy A0 10-20 kM oT ucToynmka. OrpaHuyeHHe
MX HayYHBIX OCHOBAHMH [6] M MCTIONB3YIOTCS OOMIME NPEACTABICHUS @B cpg3apo ¢ TeM, YTO 10 MEPE YBEIMYCHHS PACCTOAHMS MaciuTabbl
[POCTPAHCTBEHHOW TYpOYJICHTHOH TH(PPY3UH, OHU NPU KOHKPETHU3ALH pacrpocTpaHeHUst BEIOpoca B BEPTUKAJIBHOM HamnpaBiIeHUH CTAHOBATCH
NepexoasiT B GOpMyJibl, aHATIOTHYHBIE |3 ]. CPaBHUMEBEIMHM C TOJIIMHOM IUJIAHETAPHOTO MNOINPaHUYHOrO CJIoA, U

DyH/IaMeHTaIbHbIC TEOPETUYECKUE MO/ICJIM B HACTOAIIEC BPEMBR oGkiunpie NpeaooKeHuss 00  OJHOPOJHOCTH HE  MO3BOJISIOT
UCTIOJIB3YIOTCS /11 HAYYHBIX LICJICH. KCIIOB30BATh YIIPOIUIEHHBIE MOJICJIH.

B [IPAKTHYCCKUX pacHcTax HIMPOKO HCTI0.IB3YIOTC Konuenrpaniuonsoe  1nojas  NOJUIFOTaHTa,  MOPOXKIAEMOIO

roiysmnupuyeckue Moaend. llpumepom sABAsSETCS MOAEb, CO3JAHHAME MIHOBEHHBIM TOYEYHBIM MCTOYHHKOM B atMocdepe, MOXET OBITH
B MHcTuTyTe »SKCnepumeHTalpHOW MeTeoposorun [2]. B Taxvil® onucapo BBIPAXKECHUEM

MOICIIAX IMIIMPHUKA JOITOJIHCHA Pa3BUTbIM MaTEMATHYCCKHU
aliriapaToM, 4YTO IIO3BOJIACT OG’BEI[I/IHHTB pPe3VYJibTaTbl PA3HOPOAHD]

2.2. IMnupHyeckass MojJe/lb aTMOC(epHOro mnepeHoca

B  paszmene  paccMOTpeHa  MaTemarudeckas — MoJelb|9),

- M
3KCIIEPUMEHTOB, HATIPUMEP METEOPOJOrHYECKUX U AUPPY3UOHHBIX. clx.1 )_ (27r)3 i (u_t)O“ (u t)cr (u t) i
BropeiM mnpuzHakoM g KJacCU(PUKALMH  ABJISETCS CTEICH i MV /Z @V )
2
ydyeTa B MOAEIU (PU3UYECKUX TIPOLIECCOB. o L, = ut) X .
Tpereum npuzHakom Ui KJIacCU(pUKALMK - SIBASETCS T 5,2 2 {2\
L 20—(1)(”1t) 2‘7(2)(“11)_

HUCITOJIB3YCMOI'O MATCMATHYCCKOI'O  allllapaTa. B OMITHPHUHCCKE
MOCJIAX OOBIYHO UCTIOJIB3YHOTCsA SBHBIC BBIpAKCHHUA A4 HMCKOMb

6 21



GDZ[M/(ZIfZ _ﬂyzp)]m’ |

p - TUIOTHOCTH TApOB TOJUTIOTAHTA.
Baj)kHO OTMETHTh, 4YTO JiaHHas TIIONpaBKa BBEJCHA KakK B

cnIepCHH, BXOJAIHE B COMHOXHTE
M

(2’7)3!2 J(l)(ult)(T(Z)(ult)G(S)(ulz) ,

rak ¥ B JAMCIEPCHH, COAEPXKAIIMECs B MOKA3aTeJsIX IKCIIOHEHT. B cuiry
ATOrO HE HApyIIaeTcsl yCJIOBHE MaTepHalbHOro OanaHca

==]. :]- nj‘c(x,t)dxldxzdx:; =],

-0 0

< exp

r |
- (xs — X3g )2 r_ (xs T X35 )2 _ _ '
|_ zaé)(ult) +expl— ZJé)(u,t) fp(t) fac(t)' i

rAac
JTa 3aBUCUMOCTH OTpaXkaeT pachnpe/elicHHe NOoJIIIOTaHTa
[IPOCTPAHCTBE U U3MEHEHHUE BO BPEMEHU MPH CICAYIONUX YCIOBUAX:
- Macca no/unoraHra M BelOpomieHa M3 HMCTOYHHUKA,
Haxopsawerocs B Touke (0,0, X30), MTHOBEHHO B MOMEHT BPEMEHH
t=ty=0;
- BETEP CO CKOPOCTHIO U; HanpaBli€H BAOJIb OCH  Xi;
- IUCTIEPCHU O ;) ABNAIOTCS (YHKUMSAMH apryMeHTa ut;

ud b (¢), £,.(¢) - dyskumu ucTomenus obnaka, 06YCIOBRICHHEIE

COOTBETCTBCHHO XHUMHUYECKHUM [pCBpAlICHUCM [HOJIJIKOTAHTA |

OCEaHMEM, BEIpaXxaroTcs GopMyJiaMH B  kauecTBe  JIMCMIEPCHOHHBIX  3aBHCHMOCTEH af (ult)

ucniosiezyem popmynsl Cmvuta-Xockepa [9-11], koropeie OTpaxaroT

ke
[f P (t) AL, RIMSHUE HA JMCIEPCHIO PACCTOSHMA LIEHTpa KiIyba OT MCTOYHMUKA,
3 9 e dp , Kjacca YCTOMYHMBOCTH aTMOC(eEpHl M MapaMeTpa LIEepOXOBATOCTH
j oo (t)=exps— } ¢ I - 3 [10JICTUIAIOIIEN TTOBEPXHOCTH.
l V7 u, 0 93 (ﬁ)*exP[xao /20, (JB)] Cy - U,
O-I — 0‘2 — , 3
/140,0001(x,?)
rae K - KOHCTaHTa CKOPOCTH Aerpajalidy NoJUIOTAHTA; e kosbUIMEeHT 3 3aBUCUT OT KaTeropii (KJIaccos)

V4 = CKOPOCTB OCC/IAHH. YCTOWYUBOCTH aTMOCHEPBHI.

Jucnepcun o (2,-) B opmyie (2.1), ucxoas u3 Toro, 4ro oone
' Tabnuua 2.1

3aBucumocts kK03 PUIHEHTA €3 OT KaTeropuii (Kj1accos)
= CTOHYHUBOCTH aTMOC(ephl

Kareropus (knace) | A - Y
YCToliyupocTH armocdepsl

vih 17 ik i

00JiaKka MOJUIIOTaHTa B Ha4yaJbHbI MOMEHT BpeMeHH (=0 He paBeH
HYJIFO, MOXXHO 3aIlMcaTh B BHJIE CICAYIOIUX BHIPAXKEHUH '

0'(21)(3‘1“): 0'12 (ult)+o'§,

0-(22)(141:) =0, (ult)+ Oy,

0(23)(”11)=0§2(ulf)+ g

r/ie TONpaBka o, BeIpaXxkaetcs Gopmysioi
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BeipaxxeHue 11 BbIYUCIEHUS BEJIUYUHBI 3!

O, = F(ultazo) -g(ult),

]r:(,,1 npu F (u]t,Zﬂ) g(u,t)ﬁcr

-

max

;7Y . e [lapaMeTp
(53 npu F (u,t,Zo) g(u,t)> O3 , 11epOXOBATOCTH
max Z{} WM
rae o, eCTh MAKCHMaJbHO BO3MOXKHO€ 3Ha4y€H T
CPEIHEKBAAPAaTUYECKOT0 OTKJIOHEHMA O, KOTOpOE€ 3ajae T
TabOJIMLIEHA. - i
% 0,1
Tabnuua 2 - 0,4
MaKCHUMAJILHO BO3MOXKHOE 3HAYeHHe BeJIHYHHbI O, N 1
Karteropus -(lmac:) YCTOMYUBOCTH | A B | c D E F: ] 4
aTMocgepsl !
o . A :
1600 [ 920 [640 [400 [220 |100

3Hauenue O 4

F(Zﬂiultﬂ)

yHKIMsA, OTpaxkaroilas BAWSHUE aprymMeHra  u,! MNOpu pa3

- KOPPEKTUPYIOINUN  (PaxTop,
BJIUSIHAE NIEPOXOBATOCTH IIOACTUIIAOIIEN ITIOBEPXHOCTH; g(ulr)

KaTeropusiX YCTOHYMBOCTHU aTMOC(EPHI.
Oynxums F(u,t,Z,) npeacTaBisieTcs B BHAE

F(ult,Zﬂ)=< -

(

In<

¢, (u,t) [1 + [Cz (1 t)“'5 }
Un{cl (1,2)° [1 + e (u, t)“'; }1}

e—

30

1

-'ﬁ

UpcieHHbIE  3HAUCHUA kosddbuuuenros c¢,,d, ,c, H d,

_ o1 B TaOmue 8],
npe/ICTaBICcE Ta6nuua 2.3

Ko:)tl)(bnuueﬂfbl dyHKIHH F(il_ 1,4, )

7 =

Tabnuna 2.4

npu Zo>0,1IMm,

npu Zo < 0,1m.

YUUTHIBAKOIILL

3nauenns kodpduuuenTos a , a,, b, u b,

| IEaTer'Opldﬂ (kJ1acc) yCTOMYHMBOCTH 3gaueHus  KO3PPHUIMEHTOB

aTMOCQEpHI a, -

A ) 538107

B 16,52-10

| C 9,05-10™

- D 1,35-10~

(24 ' E 1 1,96-10°
\ F ]1,,36-10‘3
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QyHKUMA g(ult), ¢urypupyromas B ¢opmyse (2.9)

BHIYMCJICHUSA O, UMEET BU: 7.2.1. IIppmep HCHOJIB30BAHHS MOAE/IH aTMoc(hepHOro

_ a(u) nepeHoca
g (ult) =2 :
LT B jaHHOM pa3sjelie NpeCTaBieHa NporpamMma pactera rnoJsie
KOE’(bdQHU.HeHTbI a, a,, bl U b2 3aBHUCIT OT KaTerof yKCUUECKUX Harpy3oK B aTMOCEPEPGH HIZ?I//IH pa3iuB€ TOKCHYHOH
(xylaccoB) ycroyuBocTH atmoceprl.  Mx yucinenHble 3Ha4CE grocTH. TIpOTPAMME BRITIGIHORS T ORMS roca

pacueT TOKCUYECKMX HaArpysSox npm NMpoNMBEEe TOKCUMYHOWU XMIAKOCTH
s nponuBa ONpefenseTcs o m us pacuera TomuumHs cinos 0.01 m.
vyuTHBAETCSA CYMMMEeTPHH sagaum oTHOocuTensHO ocu y=0

UHTEHCUBHOCTE UCNAPEeHUss PACCYMTHBAETCS O 3MIMPpHUH. doprmyne

py pacyeTe YIUMTHBASTCSH:
BpeMsi yCPeHHEeHMSI KOHUEeHTpauuu,

npejacTapiieHsl B Tabimue 2.4.
Tabnuna ;

3HaAYeHHUS NAPAMETPOB LIEPOX0OBATOCTH NPH 3aJaHHBIX
CKOpPOCTSIX B€Tpa Ha BbicoTe 2 M

I:“ﬂ NOBEPXHOCTH = = Zy, M sMEHEHME OUCNEePCHMM HA MANHX PacCTOSHMSIX OT MCTOYHMKA
~ Ovenp rajiKas CHOXXHAA WJIH JIJAHasA | 10° Pacuew: ; R A e L T )
% " -5 [Io BeuweC
["mankui CHEr Ha HEBBICOKOH TpPaBe 5-10_3 1o macce {50, 100, 500} -
DQ?THHE == e == ‘;ilo [lo TeMnepaType cpeznsl {-10,0,10,25} -
CHexHas MpH HaJIMYUHU KyCTapHHUKa 1-10° [lo CKOPOCTM BeTpa (1. 2:4,"8,'10, 32, 29} -~
"' [l[0 YCTOMYMBOCTM aTM. {2,4,6} "

CkolIeHHas TpaBa C BHICOTOH cpesa

1,5 CM 2 10-3 | / ==========————===—-—‘—______*-—==—_=———————————-——__————___———-—___ —
3 cMm 7.1073 include "stdafx.h"
4,5 npu Uu,=2M/c 2,4-107 .
P ! 1,7104 onst chart* file_pis="mlstake.dat":
npu  U,= 6-8 M/c ' o // identification of mistake file
, :
ouble SigmalSX( double, double, int);
Beicokas Tpasa (60-70 cm ) ouble Sigma3SX(double, double, int);

npu u,= 1,5 m/c 9-1072 ouble Intension( double, int, double, int);
louble Square (double, double, int);
6.1-10> ouble Citting Station( double, double, double, double, double,
npy U, = 3,5 M/c = x ouble) ; -
3,7-10°
npu U, = 6,2 M/C | A L sumat it o/ A Lo 20 S8
HeopnopoaHas, C 4epeloBaHHEM  Y4YacCTKOB,
MOKPBITHIX TPABOH, KyCTAPHUKOM, NEPEBBAMH H T.I1. oid main ()
1-10™
SRR =T e . == char ppi[] = ".\\Spill 051228\\";
JlecoHacaXAEHUA CO CpemHed BBICOTON JIepEBLEB | « L\t !
| 10M, ropoickas 3acTponka o~ o ' double VwindO[]={1, 2, 4, 8, 10, 12, 20}; // ,m/c
LIVM, TOROA i i egas : double Mob, Mob0[] = {50, 100, 500}; /4. . kg
double Ts, TsO[] = {-10,0,10,25}; // temperature, grag C
int K, KO[] = {(2,4,6)}; // category of stability

double Time rezO0[]={10, 300, 600, 900, 1200, 1500, 1800, 2100,
#400, 2700, 3000, 3300, 3600, 4200, 4800, 5400, 6000, 6600,
200, 8100, 9000, 9900, 10800} ; /] , cek
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+tk10D[]= "SCALARS DOSE DOUBLE",

int Nx = 350, Ny =50, Nz = 1, Ny buf, // N maroe no Xx, y{ stkidi] = "LOOKUP TABLE default";
Dy = 3, Dz = 10, // O6nacre no Y,Z ‘
Dt = 30; 7/ $opMMPOBAHNE MMEeHU IMpexTopuMM M damna Cc pesyabTaTaMm B
double He = 0.0, // height of ejection, m - dopmare VTK
Br = 1.5, // height of recipient of risk, strcpy ( DirPath00, ""); // ¢oprupoBanMe MMEHM IOUPEKTOPUA
z0 = 0.5, // parametr of roughness strepy ( DirPathO0, DPl?;
Llimit = 30000, // max of distance, m if (!CreateDirectoryiDerathO0; ?ULL))
Hlig = 0.01, // depth of liquid, m {Printf(“COuldn't create new directory 0 =%s .", DirPath00) ;
T aver = 600; // BpeMmst ycpenHeHusi, Ce return; !

char  MatterOB[3][3];
strcpy (MattexOB[0], "GB") ;
strcpy (MatterOB[1], "GD") ;
strcpy (MatterOB[2] , "VX");

strcpy(DirPath_Control, DirPathQ0) ;
strcat ( pirPath Control, "Control\\");
if (!CreateDirectory(DirPath_Control, NULL) )
{printf ("Couldn't create new directory Control =%s ."

r

double Jo, J, // intension of evaporate, kg/(c*m3), kg pirPath Control);, return; |}
S, // square of overflow, m2 ” strcpy (file spill, DirPath_Control);
ROO ; // HauanesHas ToOuYka pacdeTa o X |} strcat( file spill, "000_Spill.txt");
int N cycle = 0, // BHMIONHEHO LMKJIOB 10 MCXONHBM JaH: strcat ( DirPath00, "Spill\\¥):
H:étart = 0; // Homep rRabGopa BXOMHEIX IapaMe if (!CreateDirectory (DirPath00, NULL))
double Vwind, time rez, time, time fin; {printf ("Couldn't create new directory 1 =%s .", DirPath00) ;
double *x coor, *y:ﬁoor, *z coor, *éj *D; | return; }
double x, y, z, dx, dy, dz, dt, xp, dxp, ddt, ddd, Eps = 1.06€
20 : -. // PasMeuieHMe MaCCHBOB

{ NN = Nx*Ny*Nz; N12 = Nx*Ny; Ny buf = 2*Ny-1; N12 buf =
Nx*Ny buf; NN buf = Nz*N1l2 buf;

X coor = new double[Nx];

Yy coor = new double|[Ny]:;

Z COoOoX new double[Nz];

double sigma, xfinis, yfinis, sigma3, h const, zzk, SS, dd,
el, 02
int i t, n t, i Mob, n Mob, i M, i V, nV, i K, n K, i T, n °
NN, N12, NN buf, N12 buf;

int i, j, k, ijk, k rR, ndig;

char str x[8], str nn[l12], str time[7], str dd[10], str xx[5] D = new double[NN];

str yv[5], str zz[5], str NNb[8]; 3 C = new double[NN] ;

char strU[6], strC[3], strT[6], strMassa[9], stxM[3]; if ((x_coor == NULL) | | (y_coor == NULL) || (z_cooxr == NULL) || (C ==
char DirPath[80], DirPathO[80], DirPath00[80], DirPathl([80], NULL) || (D == NULL) ) { printf("No memory for the array

coordinates") ;
f r=fopen(file mis,"w") ;
if (1£ r) &
printf ("Cannot open file the mistake in EVP");

DirPath Control[80], file spill[80];

char nf Cont[80], nf VTK C[80], nf VTK D[80], nf C[80],
nf D[80];

FILE* £ r, *f C VIK, *f£ D VIK, *f rezult

char nf Cont ext[] = ".txt", char* str=" \n No memory for the array coordinates\n";
nffVTK[ggt[] = " ytk", fprintf(f r,str); fclose(f r); exit(l) ;}
vtk1l[] = "# vtk DataFile Version 3.0", nt = sizeof (Time rez0)/sizeof (Time rez0[0]);
vtkx [256] , N Mob = sizeof (Mob0)/sizeof (Mob0[0]) ;
vtk3[] = "ASCII", n_v = gizeof (Vwind0) /sizeof (Vwind0[0]) ;
vtk4 [] = "DATASET RECTILINEAR GRID" . n_..K = sizeof (KO) /SiZEOf (KO [0] ) -
vtk5[1] — "DIMENSTIONS " e m—_..l'.r'l = sizeof (Ts0) /SiZEOf (Ts0[0]);
vtk6[] = "X COORDINATES ", vtkx 3[] = "DOUBLE", -—-':_:Z: g" rStr_xx,10) ;
vtk7 [] - "Y__COORDINATES " _itoa_ (NY___buf ’ str_yy, 10) r
vtk8[] = "Z COORDINATES ", B i ve Z,str_zz,10);
vtk9[] = "POINT DATA ", oy (NN_buf, str NNb,10); }
vtk1l0[] = "SCALARS CONCENTRATIONS DOUBLE",
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for (i M=0; i M<3; i M++) // umMxn no BemecTBEaM

{stxcpy(strM ,__MatterOB [i_MT) 3 // strM - BemecTBO
strepy( DirPathO, DirPathO0) ; | opaHUEe MMEHMU mupexTopuM M Qamna C pesyarTaTaMM B
strcat( DirPathO, strM) ; strcat( DirPathO, "\\"):; // $opMVP dopmaTe VIK

if (!'CreateDirectory(DirPath(O0, NULL))

| // dopMmpoBaHMEe MMEHM OVPeKTOpPUM
{printf ("Couldn't create new directory 2 =%s .", DirPathO) ;

return; )} | t( DirPath, "U"); strcat( DirPath, stxU);

for (i Mob=0; i Mob<n Mob; i Mob++) // umxn no Macce NpPoOJNME StrEZt( pirPath, "C"):; strcat( DirPath, strC);

{ Mob = Mob0[i Mob]; s:icat(iDirPathf wpny strcat( DirPath, strT);
= .

if (Mob<1l0) ndig=l; 4
else {if (Mob<1l00) ndig=2; else {if (Mob<1l000) ndig=3; else
{if (Mob<10000) ndig=4; else {if (Mob<1l00000) ndig=5;
else ndig=6;}}1}}:
gcvt (Mob,ndig, strMassa) ; // strMassa - mMmacca
strcpy( DirPathl, DirPathO) ; q
strcat( DirPathl, "™") ;
strcat( DirPathl, strMassa); strcat( DirPathl, "\\");
if (!CreateDirectory(DirPathl, NULL) )
{printf ("Couldn't create new directory 3 =%s ."
DirPathl) ; return; }

. '"\\l') ;
trcat ( pirPath, _
?f (!CreateDirectory(Derath, NULL) ) .
4 {Printf("Couldn't create new directory 4 =%s .", DirPath) ;

return; // dopmupomanme mmenum pamna VIK
strepy ( nﬁ;VTK_C, DirPath) ; strcpy( nf VIK D, DirP?th);
strcat( nf_VTK;p, "conec") ; strcat( nf_YT!;p, “dnse');'
strcpy ( nf_Cont, DirPath Control); strcat( nf_Cont, nANY
strcat ( nf_Cont, strM);

strcat( nf Cont, "M") ; strcat( nf Cont, strMassa) ;
strcat( nf Cont, "g"),; strcat( nf Cont, strU) ;

strcat ( nf:bant, nc"); strcat( nf Cont, stxrC) ;

strcat( nf Cont, "T"); strcat(nf Cont, strT);
strcat(nf_Ebnt, nf Cont ext);

f r=fopen(nf Cont,"a");

if ('f r) { printf("Cannot open file result"); exit(l);}~’

]

for (i_T=0; i P<n T: i T++) { // umxn no Temneparype cpej
for(i K=0; i R<n K; i K++) { // mmxn no ycronumeocTH
for(i v=0; i V<n V; i V++) { // umxn no cxopocTu BeTpa

Vwind = VwindO[i V]; K= KO0[i1i K]; Ts = Ts0[1i T]; fprintf (f r, " File: %s ", nf Cont); }
if ( (K == 1)&& (Vwind>=3) ) continue; S = Square(Mob, Hlig, i1 M);
if ( (K == 2)&& (Vwind>=4) ) continue; J0 = Intension(Ts, i M, Vwind, K); // kg/(c*m2)
if ( (K == 5)&& (Vwind>=4) ) continue; J = JO*S: - // kg/c
if ( (K == 6) && (Vwind>=3) ) continue; RO0O = sgrt(S)*0.5; // HawansHasi TOYKAa pacueTa no x m Yy
if ( (K == 7)&& (Vwind>=2) ) continue; f rezult =fopen (file spill,"a");
| if (!'f rezult) printf("Cannot open file the fire");
N cycle++; . fprintf(f rezult, "\n N=%d %s J=%.3e (kg/c) S_OB(sp) =

if (N cycle < N start) continue; $.1f (m2)",

N cycle, nf Cont, J, S);

// ®opMmMpoBaHMe MMEH OMPEeKTOopMM M QaMmnoB C pesynbTaTaMM // $opMMpOBaHME PABHOCTHOM cCeTku B OOi. x>0,y>0, z>0

{ // (OBnacTs no x orpaHuveHa senuuuHoM Llimit ~ 10-15 km )

if (Vwind<1l0) ndig=1l;
else {if (Vwind<1l00) ndig=2; else ndig=3;};
gevt (Vwind,ndig, stxU) ; // stxU -~ CKOPOCTE |
gevt(K, 1, stzC); 17" ' s€eC ~KaTeropust yCTONYMBOC!
if (Ts < 0) {if(Ts > -10) ndig=l; else {if (Ts > -100)
ndig=2;

time rez = Time rezO[n_t-1];
time fin = time_:ez;
xfinis = Vwind*timg_;ez:

if (xfinis>Llimit) xfinis = Llimit;
. (Z_COQI‘F‘O) = Hr:;

/] bopMupoBanme KOOPAMHAT TOYWEK IO X
h__COI'lSt:O >
for (i=1; i<Nx; i++) {zzk=i; h const=h_:onst+zzk*zzk;};
SS = xfinis/h const; A
*(x_coor+0)= 0; x=R00;

else printf ("Mistake - 1");} } |
else {if (Ts<1l0) ndig=1l; else {if (Ts<100 )ndig=2;
else printf ("Mistake
2%)'r) } ;
gevt(Ts, ndig, strT); // strT - memneparypa Cpe
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for(i=1l; i<Nx; i++) { zzk=i; x = x + SS*zzk*zzk; *(g_poor+i

x; };

// dopMmupoBraHMe kKoOpOMHAT TOYEK IO Y

sigma = SigmalSX(xfinis, T aver, K);

yfinis = Dy*sigma;

v=0; h const=0;

for(i=1l; i<Ny; i++) {zzk=i; h const=h const+zzk*zzk’};
SS = (yfinis)/h const;

*(y coor+0)= 0; y=R0O0;

for(i=1l; iNy; i++) { zzk=i; y = y + SS*zzk*zzk; *(y coor+i

=y:; };
I/ $opMHMPOBaAHME mwaroe no t (noxroroBxa xo3dpduumeHTOR)
dt = sigma/ (Vwind*Dt) ;

// Uuxn rno BpeMeHM mnpouecca
for (1=0; 1<NN; 1i++) {*(C + 1)
time = 0.0; i t = 0; time rexz
do
{

time = time + dt;
for (k=0; k<Nz; k++)
for (3J=0; J<Ny; J++)
for (1i=0; i<Nx; i++)
{ ik = i + F*Nx + k*N12;
x = *¥(x coor+i); y = *(y cooxr+]j); z = *(z_coor+k);
dx = Vwind*time;
sigma = SigmalSX(x, T aver, K);
dy = Dy*sigma;
sigma3 = Sigma3SX(x, Z0, K);
dz = Dz*sigma3;
if ((x<=dx) && (y<=dy) && (z<=dz))
{ ddd = * (D+ijk);
c2 = J*Citting Station(y, z, sigma, sigma3, Vwind, Hzs
if (ddd<Eps) { ddt = (dx - x)/Vwind; dd = c2*

0; *(D + i) = 0;};
Time rezO[i t];

ddt;} .
else { ¢l = .*(C+ijk). ; dd = 0.5%dt*(cl+c2) ;3
* (C+ijk) = c2;
* (D+ijk) = ddd + dd;

¥
}:

if (time >= time rez) {

// BHBON pesylsTaToOB IOJsI MOMEeHTa BpeMeHM time rez (HOpMMPOBAaHO Ha

strcpy( nf C, nf VTK C); strcpy( nf D, nf VIK D) ;

- & 4 (time_;ez(lO) ndig=1;

else {if (time rez<1l00) ndig=2;

else {if (time rez<1000) ndig=3; else { if (time rez<10000)
ndig=4; else ndig =5;}}};

gcvt (time rez,ndig,str time); // str time - BpemMs
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switch (ndig) |

case 1: strcpy (stxr nn,"-00000"); Dbreak;
anfa 2! strcpy (stx nn,"-0000%) ; break;
case 3: strcpy(str nn,"-000") ; break;
case 4: strcpy(str nn,"-00") ; break;
ase 5° strecpy(str nn,"-0"); break;
default: printf ("mistake in ndig ndig = %i" ,ndiq) ; }:

strcat( str nn, str time);
strcat( nf_C, str nn);
dopmmupoBaHmue C
£ C VTK=fapen(nf_C,"a");
if ('£ C_VTK) { printf ("Cannot open file £ C VTK"); exit(1l);};
fprintf(f_C_YTK1 "g$s \n",vtkl);
strcpy( vtkx, nf_C); strecat( vtkx,"

strcat( str nn, nf VITK ext);
strcat( nf D, str nn);

J=";

covt (J,10,str_dd) ; strcat( vtkx,str dd);

fprintf (£_C_VTK, "%s \n?;vekx) 2

fprintf (f_C_VTK, "%s \n" ,vtk3) ;

fprintf (£_C_VTK, "%s \n" ,vtk4) ;

strcpy( vtkx, vtk53); strcat( vtkx,str xx);

strcat( vtkx," "); strcat( vtkx,str yy):

strcat( vtkx," "); strcat( vtkx,str zz);
fprintf (£ C VTK, "%s \n",6vtkx);

strepy ( vtkx, vtk6); strecat( vtkx,str xx); // xoopmumaTmn no x
strcat( vtkx," ") ; strcat( vtkx,vtkx 3);
fprintf (£ C VTK, "%s \n", vtkx);

for (i=0; i<Nx; i++) fprintf(f C VTK, "%.4e " ,*(x coor+i));
strcpy( vtkx, vtk7); strcat( vtkx,str yy):; // xoopmunaTn no y

Strcat{ vtkx,"™ ") ; strcat( vtkx,vtkx 3);
fprintf (£ C VTK, "\n%s \n",vtkx);
for (j=Ny-1; 3>=1; j—- ) {y = - (*(y coor+j)); fprintf(f C VIK,

"%.28 ",y):};

for (j=0; j<Ny; j++) fprintf(f C VTK, "%.4e ", *(y coor+j));
strepy ( vtkx, vtk8); strcat( vtkx,str zz); // xoopmuxHaTH no z
strcat( vtkx," "); strcat( vtkx,vtkx 3);
fprintf (£ C VTK, "\n%s \n",vtkx) ;

for (k=0; k<Nz; k++) fprintf(f C VTK, "$.4e ", *(z coor+k)) ;
strepy( vtkx, vck9); strcat( vtkx,str NNb); // point data <n>
fprintf(f_Q;VTK1 "\n%s \n",vtkx) ;

Strepy ( vtkx, wvtk10) ; fprintf (£ C VTK, "%s \n",vtkx);
Strcpy ( vtkx, wvtkll); fprintf (£ C.VTK, "%s  \n";vtkx) ;

for (k=0; k<Nz; k++) {

for (j=Ny-1; §>=1; §-- )
for (i=0; i<Nx; i++) { ijk = i + J*Nx + k*N12;

SS=(* (C+ijk)) ; if (SS<Eps) SS=0;

fperintf (£ C_VTK, "$.4e \n",SS); };
Lor (3=0; j<Ny; j++)
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for (i=0; i<Nx; i++) { ijk = i + j*Nx + k*Nl1l2;
SS=(*(C+1ijk)) ;
if ((9==0) && (i==0)) SS=0;
if (SS<Eps)
S$S=0; fprintf (£ C VIK, "%.4e Ao".88); )} )¥;

fclose(f C VTK);

f;p_?TK:fopen(nf;p,"a");
if ('f D VTK) { printf ("Cannot open file VTK") ; exit(l):;};
fprintf (f D VTK, "%s \n", vtkl);
strcpy( vtkx, nf D); strcat( vtkx,"
gevt(J,10,str dd) ; strcat( vtkx,str_dd);
fprintf (£ D VIK, "%s \n",vtkx) ;
fprintf (£ D VTK, "%s \n",vtk3);
fprintf (£ D VTK, "%$s \n",vtk4);
strcpy( vtkx, vtkDd); strcat( vtkx,str xx);
strcat( vtkx," ") ; strcat( vtkx,str yy):;
strcat( vtkx," "); strcat( vtkx,str zz);
fprintf (£ D VTK, "%s \n",vtkx);
strcpy( vtkx, vtk6); strcat( vtkx,str xx);
strcat( vtkx," ") ; strcat( vtkx,vtkx 3);
fprintf (£ D VITK, "%s \n",vtkx) ;
for(i=0; i<Nx; i++) fprintf(f D VTK, "$.4e ",*(x coor+i)) |
strcpy( vtkx, vtk7); strcat( vtkx,str yy):;

J = %)

strcat( vtkx," ") ; strcat( vtkx,vtkx 3);
fprintf (f D VTK, "\n%s \n",vtkx) ; |
for (3=Ny-1; 3>=1; j-- ) {y = - (*(y_coor+j)); fprintf(f D Wi
"%.4f ‘IrY) - ¢

for (j=0; j<Ny; j++) fprintf(f D VTK, "$.4e " ,*(y coor+3)):;

strcpy( vtkx, vtk8); strcat( vtkx,str zz);
strcat( vtkx," ") ; strcat( vtkx,vtkx 3);

fprintf (£ D VTK, "\n%s \n", vtkx);

for (k=0; k<Nz; k++) fprintf(f D VTK, "% .4e ",*(;_coor+k))*

strepy ( vtkx, vtk9) ; strcat( vtkx,str NNDb) ; |
fprintf (£ D VTK, "\n%s \n",vtkx); L

strepy( vtkx, vtklOD); fprintf(f D VITK, "%s \n",vtkx) |

strepy( vtkx, wvtkll); fprintf (£ D VTK, "%s \n" ,vtkx) ;'

for (k=0; k<Nz; k++) {
for (j=Ny-1; j>=1; j-- )
for (i=0; i<Nx; i++) { ijk = 1 + J*Nx + k*N12;
SS=(*(Dﬁij)); if (SS<Eps) SS=0;
fprintf (£ D VITK, "%.4e \n",SS); };
for (§j=0; j<Ny, J++)
for(i=0; i<Nx; i++) { { ijk = i + J*Nx + k*N12;
S8S=(* (D+i3k)) ;
if ((3==0) &&(i==0)) SS=0;
if (SS<Eps) SS=0;
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fprintf(f D VIK, "%.4e \n",SS);} } };

gclose (f__D_VTK) ;
¥k rR = 0;
~ fprintf(f_r, " %.0f (cek) \n ", time);
fp:rintf (f_rr " X, m C. kg/m3 D, kg*c/m3
D smin/m3 \n ");
f dxp=500; xp = 0;
for (i=0; i<Nx; i++) { ijk = i + k_rR*N12;
x = *(x_coor+i); b

if (x > xp) {xp=xp+dxp;
gecvt(x,6,str x); fprintf (£ -x," %=58 f,-atxr Xx);

fprintf(f r, " %-.4e $-.4e %-.4e \n ",
g% (* (C+ijk)) , I*(*(D+13k)),
(1000000.0/60.0) *J* (* (D+ijk)) ) ) ;

} ;
i t++; time rez = Time rezO[i t];};
}
while (time< time fin);
fprintf (f_r y L
fclose (f rezult);

} r )

\n ") ;fclose(f r);
// BaRepmeHMe LMKIOB IO MCXOOHBM IaHHBIM

delete (x coor); delete (y coor); delete (z_coor), delete (C),
delete (D) ;

printf ("\n Finis of culculation (Spill)");

}

[ [==== o — e -
/ / e e e e S S s —— e e e e e . e S s s S— —S— S — S S——— — S——S— ——— — — — — —— ——
// [Inowane pasiuea

double Square(double M, double Hliq, int Cod Matter)

// Square - square of overflow, m2

// Cod Matter = 0 GB

// a = 1 GD

{ double d, §;

switch (Cod Matter) ({
Case 0: 4d = 1100; break;
Case 1: d = 10020; break;
case 2: d = 1010; };

S = M/ (d*Hliq) ;

// OnorrHOCTE KI'/M3

/ / e ————
double Intension of evaporate, kg/(c*m)

// Intension(double T,int Cod Matter, double Vwindl0, int K)
// T , gradus C - temperature

Cod Matter = 0 GB
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//

//

{ double mu, T K;
double al, a2, a3, a4;
double st,p, J;

1 GD
2 VX

if (abs(T) < 60 )
{
switch (Cod Matter) ({

case 0: mu = 140.1; al 9.899; a2 = =-2850.9;
a3 = -0.0; ad = 0.0; break;

case 1: mu = 182.2; al = 15.987; a2 = -3722.45;
a3 = -0.01650; a4 = 0.00001196; break;

case 2: mu = 267.4; al = 13.90; a2 -5235;
a3 = 0.0; a4 = 0.0; break;

default: printf("mistake in Cod (Intension) Cod Matte ;

$ir,
Cod Matter) ; getch():; };
} else {
switch (Cod Matter) {
case 0: mu = 140.1; al = 14.644; a2 = -3186.55;
a3 = -0.01463; a4 = 0.0000108; Dbreak;

case 1l: mu = 182.2; al = 15.987; a2 = -3722.45;
a3 = -0.01650; a4 = 0.00001196; break;

case 2: mu = 267.4; al = 20.530; a2 = -5731.866;
a3 = -0.02175; a4 = 0.00001461; break;

default: printf("mistake in Cod (Intension)

Cod Matter=%i",
Cod Matter); getch((); ¥

};

T Kis2me273°1

st = al + a2/T K + a3*T K + a4*T K+*T K;
p = pow(l0.0, st);
J = sgqrt(mu) *0.000001*(5.83+4.1*Vwindl0) *p;
return J;
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// Citting Factor of padmixture in the stationary
double Citting Station

( double y, double z, double sigma2, double sigma3, doubl

Vwind, double He)
{ /
doubla ' dec, £2, £3;

double dd2,dd3, ddd;
double pr=0.159155;

dc
£l

pr/ (Vwind*sigma2*sigma3) ;
exp (-0.5*y*y/ (sigma2*sigma2) ) ;
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Y dd3 = z + He; ddd = - 0.5/ (sigma3*sigma3) ;
Iiiurn dc*f2if3 r
]'_ __________.____::::—_—_:ﬂ——_____———:—_:_ e
g Dispersion
:/uble gigmalSX( double x, double T aver, int K)
do

double alfa2, sigma;
qouble ddl, dd2, ddd, T averx0,C;

switch (K)

case 1 alfa2 = 0.22; break;
case 2: alfa2 = 0.16; break;
case 3: alfa2 = 0.11; break;
case 4: alfa2 = 0.08; break;
case 5: alfa2 = 0.06; break;

case 6: alfa2 = 0.04; break;
default: printf("mistake in category of stability.

rod=1; K = $i" ,K) ; getch() ;

} 7
if (x >= 100.0) ddl=x; else ddl =100.0;

dd2 = alfa2*ddl/sqrt(1.0 + 0.0001*dd1l) ;
if (x >= 100.0) ddd = dd2;
else ddd = (x/100) *dd2;
T aver0 = T aver/60.0;
C = pow (T aver0/10.0, 0.2);
if (T avexrO0 > 10) sigma = C*ddd;
else { if (C>0.5) sigma = C*ddd; else sigma = 0.5%*ddd;};
return sigma;

}

e e S —T——— T— Na s ——— T ——— — E— . — e S S e S G e R T TI— S——— em—" T — — — N TR E— e S SIS S — e s

// nonpaBxmu

// Dispersion
double Sigma3SX(double x, double 20, int K)

FILE* ﬁim;
double alfal, alfa2, bl, b2, s3 max,
double x1, dd2;

double g, P, gf, grft;
double dd3;

switch (K) {
cCase 1: alfal

Cl. al, ¢2.,,82:

I
o

.112; alfa2 = 0.000538; bl= 1.06;
b2=0.815; s3;max=1600; break;

Case 2: alfal = 0.13; alfa2 = 0.000652; bl= 0.95;
b2=0.750; s3 max=920; break;
Case 3: alfal = 0.112; alfa2 = 0.000905; bl= 0.92;
b2=0.718; s3 max=640; break;
Case 4: alfal = 0.098; alfa2 = 0.00135; bl= 0.889;
b2=0.688; s3 max=400; break;
Case 5: alfal = 0.0609; alfa2 = 0.00196; Dbl= 0.895;
b2=0.684; s3 max=220; break;
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case 6: alfal = 0.0638; alfa2 = 0.00136; bil= 0.783;

b2=0.672; s3 max=100;

default: printf("mistake in category of stability. Cod=!

K = %i" ,K) ; getch() ;
f m=fopen(file mis,"w"); 4if ( 'f m)

printf ("Cannot open file file mis")
char* str=" \n Mistake in sigma3SX. Cod mistake 3, K=%1

\n";

break;

fprintf (f m,str K) ; fclose(f;p); exit(l);};
if (20 <=0.01) { cl= 1.56; dl= 0.048; c2=6.75e-4;

d2=0.45; }

else if (20 <= 0.04) {cl= 2.02; dl= 0.0269; c2=7.76e-4

d2=0.37; }

else if (Z0 <= 0.1) { ecl= 2.72; dl1= 0.

d2=0; }
else if (Z0 <= 0.4)

0; ¢2=0;

{ el= 5.16; dl= -0.098; c2=18.6;

d2=-0.225; }
else if (Z0 <= 1)

{ cl= 7.37; dl= -0.096; c2=4.29e+3:

d2=-0.60; }

else{ cl= 11.7; dl= -0.128; c2=4.5%e+3

d2=-0.78; }:

if (x >= 100.0) xl=x; else x1 =100.0;

g = alfal*pow(xl, bl)/(1.0+alfa2*pow(xl,b2)) ;

if (20 > 0.1){ dd2=1.0+1.0/ (c2*pow(xl,d2)) ;

else { dd2=1.0/(1.0+ c2*pow(xl,d2)) ;
dd3=cl*pow(x1l,dl) *dd2; F = log(dd3) ;
gFt = g*F;

if ( gFt <= s3 max ) gF = gFt;
else gF = s3 max;

if (x >= 100.0) return gF;
else return (x/100) *gF;

}

2.3. Mopear UHeTHTYTA 3KCIEPHMEHTAILHO MeTeOpPOo.JIOrd

Hay4Hsie OCHOBBHI MOJENHM TNPEICTABICHHI B

OMMUCaHUA  pacnpocTpaHeHuss o00jilaka, CO3JaHHOTIO
MCTOYHUKOM, H CTPYH OT HENPEPHIBHOIO UCTOYHHMKA.

4

}
¥

[2]. Mopne
[O3BOJIACT NPOrHO3UPOBATE PACMPOCTPAHEHHE MPHUMECH B aTMOCHE
Ha paccTtogHuax A0 100 km. Mozens B paBHO#M CTENeHM MpHUroHa I

MI'HOBCH

// nonpass

Pacrmipeie/ieHUs  KOHLUCHTpAlMKW  [PHUMECH IO BCEM  TpEM
opAHaTaM MMEIOT rayccoBy ¢opmy. Ilonoxenue uenrpa obiaka WM
O

prﬂ 'QIIpcﬂeﬂﬂCT CsA UHTCIPUPOBAHHUEM KUHEMATUYCCKOI'O YPAaBHCHUA
C

ax _ a0 , (2.12)
dt i
rae i(f)— CKOpOCTh BETpa B TOYKE, e 00J1aK0 B HACTOSLIUHA

MOMEHT HaXOQUTCH,
X — BEKTOp KOOpAMHAT LIEHTpa o0naka,

{ — BpeMsl JIBIOKCHUS. |
[fpouecc  auddy3un B MEPNICHAMKYIAPHBIX K BETpY
HanpaB/eHUAX PACCMAaTPHBACTCs KaK BPEMEHHOM MpoLeEcC. B MOZEIH
YUUTHIBAIOT MIOBOPOT U M3MEHEHNE MO/ JIA CKOPOCTH BETpa € BEICOTOH.
oneqs BKJIKOYAET BaXKHBIE CBOMCTBA TaK Ha3bIBaEMBIX MOJEINEH
"narpamkeBa 001aka". 3T0 MO3BOJSACT Y4ECTh U3MEHEHUS HAIIPaBJICHHA
CKOpOCTH BETpa B IIpoliecce paclnpocTpaHeHHs objaka, dYTo
[O3BOJISET NMPUMEHATH MOJICNb JUIS PacCTOSIHUM, MHOro 6oasmux 10
KM.

3aBHCUMOCTH JucIepcui objiaka no BCeM KOOpAWHAaTaM Kak
dbyHKIMM OT BpeMEHM 3ajaioT (OopMyJiaMH, B KOTOpHI€ BXOIHUT
napameTp Moununa-O0yxoBa, 3aMEHSIOLI UM B KayeCTBE
XapaKTepUCTUKU YCTOMYMBOCTH aTMOC(epbl KJIacChl YCTOHYHBOCTH

Ilackynnna. M3sectHa npuOJIMKeHHAs CBS3b MEXAY JTHMHM JBYyMs
[lapameTpaMH.

2.4. Mojaenn nepenoca u a1uddy3un npumecH

Mogenu o6biaHO BKmOYaroT pacuer Auddy3um M TEpeHoC
IpUMecH. JIng 5TOoro umMcjieHHO pelnaeTcs Kpaemas 3ajada s

YPABHEHUS napaboJIM4ecKoro TUNa:

oC

-+ (V. grad )C - div(DgradC)= Q.  (2.13)

3necs:
C(x,y,z, ) —KOHLIEHTpaLUs [NpUMeECH,
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V(x,y,z,t) — BEKTOp CKOPOCTH BETPA,
D(x,y,z,t) — Tenzop ko> durmenToB TypOyIeHTHOH auddy3ul

O(x,y,z,t) — NIOTHOCTh HCTOYHHKA [IPUMECH,
grad,div — onepaTopsl rpaJIMeHTa U JUBEPreHIUH.
KoMmoneHnTel  ckopocTté  BeTpa, KO3DPHIMEHTH  TEH3C
AMPPY3MM M IJIOTHOCTh MCTOYHMKA NPUMECH TPU PEIUCHHUU ITC
YPaBHEHHS pacCMaTpUBAIOT Kak 3ajaHHble (QyHKumMM. [na 3anaH
KOOGpHUMEHTOB TeH3opa Aupdy3uM MCHONB3YIOTCS — pa3/IvyH
SMIMPHYECKHE  MOACHH  aTtMochepHoid  TypOyiaeHTHOCTH. J]
MPOTHO3UPOBAHUS  paclpelesieHUss  CKOpOCTH  BeTpa  OOBIY
UCIIOJIB3YKOTCS METOABI annpoOKCHMMAUMKM M HMHTEPHOJISLMU JaHH
HENOCPEACTBEHHBIX MU3MEPEHUH WIIH MCIIOJB3YKOTCS PACYETHBIE METO)
MPOTHO3UPOBAHMS. |
[lycTe MCTOYHMKM BBIOPOCOB HAXOAATCS BHYTPH LIMTIHH/IL
HWXKHSSA MpaHb KOTOPOro — NOACTHIIAKOLIAS MOBEPXHOCTH (3eMJIs).

YpaBHeHue (2.13) nepenuiieM B BUIE:

0,0, 0C, C 8.0 . .

Ot Ox oy Oz oz Oz

31€eCh:

C — HCKOMasi KOHLICHTPALIUs PUMECH;
t — Bpems,;

U, V, W — KOMIIOHEHTBI CKOPOCTH BeTpa IO OCsIM X,

JEKapTOBOH CUCTEMBI KOOPAUHAT COOTBETCTBEHHO;

M1 — K03 puLmeHT TypOyaeHTHoN quddy3um B miockocTH (X,0,

Y — Koa(pduument typOyneHTHo#i nuddysun B z-HanpasieHHH
— BBICOTA);

0‘'C 0°C
axZ T 6)}2 ;

f = f(x,y,2,t) —4JeH, OTBEYAIOIIMHA UCTOYHUKY IIPUMECH;

AC = (2.15)
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o=0(x,y,2,1)) — BenuuMHa, CBs3aHHas C TpaHcdOpMaLHUEi

(norﬂomeHHBM) CyGCTaHImn_
O6pyHO TPEOYETCy eme yCIOBHE COJNCHOMAANBHOCTH OIS

. ckopOCTEH, TO €CTh KOMIIOHEHTBI CKOPOCTH B KaX0W TOYKE 0OJIaCTH B

moboil MOMEHT BPEMEGHM  NOJDKHBI  YAOBJIETBOPSATH  YPABHEHHIO
Hepa3pbIBHOCTH:

au_@vaw

(2.16)

[ panndHbIC YCIOByg juiss  ypaBHeHusa (2.14) onpenensiorcs
ycnousMH  3a1a49d. HapGonee pacnpocTpaneHHBIMM rpaHMYHBIME
yCIOBUAMU U1 YPAaBHEHNg (2.14) aBnsAroTcs cleayroluye:

Co=0 — Hq  OOKOBOM  NOBEpPXHOCTH  LWIMHIpA,

MPeACTABIAIOMEr0 paCYeTHyr0 00JacTh. YCJIOBUE O3HAYaeT, YTO
rpaHdna yJaajlcesa OT HCTOYHMKA NPHUMECH HACTOJIBKO JIAJIEKO, YTO
KOHIIEHTPaLMsl, BEIOPAChIgaeMOro MCTOYHHUKOM MOJIKOTAHTA, HE BHOCUT

CYIIECTBEHHOTO BKJIAJA B (hoHOBYIO KOHLIEHTPALHIO;

oC

™ =aC — B HWKyem ocHoBaHMM LauHapa (z =0) (ycloBue
A

«HIpWMNaHuAe>  NPpUMCCY:  TtpaBa, HepeBbs, IOpPOACKAasA 3acTpoMKa

YACPKHUBAIOT IIPUMECH B CcBOMX «IIOpax» M CaMHM MOTYT CIHYXKHTE
HCTOYHUKOM 3arpsa3HCHUS aTMOC(l)epBI);

oC

5 =0 — B BEpXHEM OCHOBAHMU nunuaapa ( z = H ) (Ha BepxHei

'PAHALIC TIPOMCXOIMT MOrjomeHHe, YHUYTOXKEHHUE MOJUIIOTAHTA MM
CAMOOYHIIIEHHE aTMOCPEpy).

B 5TUX COOTHOIIEHgx - C,— (GoHOBasA KOHUEHTpALHs MPUMECH;

X - kKoaddunmeHr, YYUTBHIBAIOIMM 'TIpUJIMIIAHUE" TIPUMECH K
MMOBEPXHOCTH 3EeMIIU.
B obmewm

CIYyHac Tto ynu uHoe pelueHue ypaBHeHud (2.14) (mo
PACIIPENCICHNUE KOHLIEHTPAMHA NPUMECH B 000 MOMEHT
B

PEMCHH) HaxonuTCs My Tey YHUCJIEHHOTO UHTETPUPOBAHUS [MOCJIENHETO.

CYTH —
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[Ipy YHCIEHHOM peIIEeHUH CIOXHBIX 3a/a4, OIMCHIBAIOIL
COBOKYIMHOCTh HECKOJBKMX (PH3UYECKHUX TMpoLeccoB, 3(deKTHBHI
NMPUEMOM SBJSETCS TaK Ha3pIBaeMoe pacuieruienue | 12].

[Tpoueccel auddy3un M NOrIOWEHUS YIOOHO pacCMaTpHE
COBMECTHO. OrpaHUYMMCS JIBYMEPHBIM Npud/nkeHueM. O003HaYuM

Lt | T T
T
B - } —— i3 +—f)1.

, T << 1/|B|, npubmmKeHHO HMeeM

,i
[Tpy MAJIBIX 7, KOTJa 7 << /14

k (4
” :(1+€A+EB 0~ Q+0(z),

\
A-C= a[k—agj g kgg +o(, ¢ r NN 2
ox\ ox) oy\ oy \ )
T 4 2
_|1=-=A—=-B|lp,+-0+0(z").
B-C=2 wC)+ 2 (vC). v ( 2= 1 F 2
- U [TorTOMY
C yuetom (2.16) u (2.17) B iByMEpHOM cily4ae ypaBHeHUE (2.
: | Qo TP _ O(c?)
peaAyLUpYyETCs K BUOY: > =@, tU\T ).
‘ZC +A4-C+B-C=0 . [ToacTABMM 3TO BHIPAXKEHHE B MOTyCYMMY ypaBHeHui (2.19):
[

- + +
> (/904_/4(02 Do _I_B(oz Po 0 =0(r?),
T ° 2
TO ecTh IOCTPOEHHBIM WTEpaUMOHHBIM mponecc npu 7 —>0

NEeNCTBUTEILHO allPOKCUMHUPYET HECTALIHOHAPHOE YPaBHCHUE.

HUnes merona paciieruieHus no (u3nueckuM mnpoueccam ||

'COCTOMT B TOM, YTO IIAr Mo BpeMEHH T pa3OMBAETCA Ha JBE IMOJIOBUE
Ha KaXXJIOM M3 KOTOPBIX OJUH IPOLECC UHTETPUPYETCS MO IBHOH CXEN

a Ipyrov — no HesBHOH. AnnpoxcumupyeM pynxuuio C QyHKUueH
O6o3HauuM uHaekcamMu 0, 1, 2 3Ha4YeHUsT @ B MOMEHTHl BpPEMCHH

t+7/2, t+7. Torna npya 3aJaHHOM @, Tp66y'ETC$[ HaWuTH @, | 2.5. Bonpocsl A8 NPOBEPKH

yPaBHEHUH:

P — %o +A-¢,+B-¢o, -0 =0,
T2

e Vkazare HauboJiee CYIIECTBEHHBIE OrpaHH4YCHHS B
MCTIONIb30BAHUU AMIIMPHYECKHUX MoJesell aTMOCHEpPHOro

[epeHoca
e (C yeM CBS3aHO HMCIIOJIb30BAHHE CXEM paCUICTUICHHS B
MOIeJIH niepeHoca u auddy3uu npumecu?

P2 O +A-¢,+B-p, -0 =0.
r/2

[IpomexxyTOYHOE 3HAYEHUE ¢, OMNPEACIACTCS HE3aBUCUMO |

IEpPBOr0 YpaBHEHHs, IOCJe TOJCTAHOBKM KOTOpPOrO BO BTOf

YPABHEHHE, ONPCACCTCA @, . 2.6. CniMcok JuTepaTyphbl K rijiase 2

Bripasum ¢, u @, yepe3 @, U3 ypaBHeHu# (2.19):

1 r ~
T T T
={1—-—A4 1+—B ——0 |,
Do ( 5 ) ( 5 )(01 2Q

I. Komogkuu B.M., Mypun A.B., Ilerpor A.K., I'opcku# B.I.
KonuuecTsennas olLeHka pHCKa XHUMHYECKHX aBapuH.
Mxesck, 2001 r., 226 c. |
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3. IIporHo3HpOBAHHC MOC/JIeACTBHH B3PbIBOB KOHJICHCHPOBAHHBIX
B3PbIBYATHIX BellleCTB

3.1. O0mue cBeaeHud

Ananuza aBapuil noxaseiBaeT, 4ro Oonee 60 % Bcex aBapwuii
| COMPOBOJK/AAETCS BO3TOPAHHEM M B3PBIBOM, OCHOBHBIMH [TOpAXKAIOLUMH

haxTOpaMu MpH STOM SBJISFOTCH:

1_' g
e (pyracHoe NCHCTBUE,

e TEPMHUUYECKOE JCHCTBHE;

e TOKCHYECKOE JECUCTBUE (IMPOAYKTHI B3PhIBA);

e OCKOJIOYHOE JeUCTBHE (OCKOJKH M YacTH
pa3JieTarollerocss 000OpyaoOBaHUs U T.I1.).

B3peiB — 3TO MOpOLIECC OCBODOXKAECHUA OOJIBIIOrO KOJUYECTBA
SHEPrUU B O'PAHUUYEHHOM 00BEME 3a KOPOTKMI NMPOMEKYTOK BPEMEHHM.
B pe3ynbpTaTe B3pbIBa BEIIECTBO, 3alOJIHAIONIEE O0BEM, B KOTOPOM
NPOUCXOAUT OCBODOXKIEHUE DHEPruu, TIPEeBpallacTCs B  CHIIBHO
HarpeThlil ra3 ¢ OYeHb BHICOKMM JaBJIEHHMEM. DTOT ra3 BO3JAEHCTBYET Ha
OKPYKarolylO cpeny, BbI3bIBas €€ JABWXKEHHE. B3peiB B TBEPAOH cpele
COMNpOBOXAaeTcs €€ paspylueHueM U apcdsieHneM. OCHOBHOE OTJIMYME
MEXY TOXKapaMu M B3pbIBAMM COCTOMT B CKOPOCTH BbIOpOCA SHEPIHH.
Bo Bpems noxapa sHeprusi ocBOOOXIAeTCS MEAJEHHO, NMPHU B3PHIBE
OCBOOOXKIEHUE SHEPTHUH NIPOUCXOIUT B TEYEHUH MUKPOCEKYH/I.

Pasnugaior pgBa  Tuma B3pBIBOB:  (pu3MYECKHE B3PHIBEI U
Xumugeckue. llpu puzndeckoM B3pbIBE BBHICBOOOKAAIOIIASACS SHEPrHUs
ABJIACTCA BHYTpPEHHEW 3HEPruei CXKWKEHHOro rasza. I[lpy xumudeckux
B3PbIBAX SHEProBeIACIEHHE OOYCJIOBJIEHO 3K30TEPMHMUECKON peaklueH
MEXKY TOPOYHM U OKUCITUTEJIEM.

[TopoxnenHoe B3peIBOM [ABIKEHUE, NPU KOTOPOM IIPOMCXOJHT
PE3KOC moBbINEHUE [aBiieHUs, TUIOTHOCTH M TEMIIEpaTypbl Cpepl,
H43BIBAIOT  B3pBIBHOM  BOJIHOM.  MPOHT  B3PBHIBHOM  BOJIHEI
PACIPOCTpaHseTcs 1o cpejie ¢ 6OIBIION CKOPOCTHIO, B PE3YJIbTATE YEro
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00J1aCTh, OXBayeHHasl JIBUOKEHUEM, OBICTPO

B3pbiBa. llocpelcTBOM  B3pBIBHOW  BOJIHBI
MEXaHUYECKOE BO3JICHCTBME Ha OOBEKTHI,
pa3IM4YHBIX PacCTOAHHUAX OT Hero. [1o Mepe ynaneHus oT Mecrta B3pHIi
MEXaHUYECKOe BO3ICUCTBUE B3PBIBHOM BOJIHBI OC/IabeBaeT. ,

PazHooOpa3Heie BHJBI B3pHIBOB  pa3jivyaroTcs (PU3AYECKQ
[MPUPOION HCTOYHHMKA SHEPIUM U CIOCOOOM €€ OCBOOOXK/ICHHUS. |

B3pPbIB

3.1.1. XuMH4YeCKHe B3PbIBbI

I unuyHeIMU [IPpUMCPaMH B3PbIBOB ABJIAKOTCA

32

pacuIupsACTCS
B0O3HUKHOBEHHE B3pBIBHOU BOJIHBI SBJISETCS XapaKTEPHBIM CJIEICTBUE]
B3pbIBa B pa3/IM4HBIX cpenax. Eciu cpena OTCYyTCTBYET, T. €. B3PH
[MPOUCXOIUT B BAKYyME, DHEPIrUs NEPEXOJUT B KHHETHUECKYIO DHEPTHE
pas3JIeTalOLIMXCA BO BCE€ CTOPOHBI € OOJIBLION CKOPOCTBIO MPOJAYKTQ
[MPOHU3BOIH
PACIIOIOKEHHBIE  H

B3PBIBE
XMMHUYECKHUX B3pbIBYATHIX BelecTB. B3priBUaThie BemiecTBa 00J1a1aK0
CMIOCOOHOCTHIO K OBICTPOMY XUMHYECKOMY Pa3jIOKEHHUIO, NPU KOTOPO!
SHEPIUs MEXKMOJIEKYJIAPHBIX CBSI3€H BBIJICISECTCS B BUAC TEIUIOTHI. JJI
B3PBIBYATHIX BELIECTB XapaKTEPHO YBEJIUYECHUE CKOPOCTH XMMHUYECKOTY

pa3JIoKeHs1  TIPH noBeIlIEHAH TeMnepartypel. llpu cpaBHuTENBHO
HU3KOH teMrepaTrype XHUMHYECKOE - pa3JIOKCHHUE IPOTEKAaeT OYEHb
MeUIEHHO, Tak HTO B3pbIBYATOE BEILIECTBO B TE€YEHHE JIMTEIHLHOrO
BpeMEHH MOJKET HE INpeTeprieBaTh 3aMETHOIO H3MEHEHHS B CBOEM
cocTogHyud. B 3TOM CJiydae MEXKIAY B3pbIBYaThIM BCIICCTBOM H
OKpYKaloLleH cpeiodl YCTAHABJIMBACTCS TEIJIOBOC paBHOBECHE, IpPHU

KOTOpOM  HETIPEPBIBHO  BBIICISIOLINECH HEOOJIbIIIME KOJIMYECTBA
rerUIoThl  OTBOIATCS 33  Mpeliefibl  BEIUECTBA  IOCPEACTBOM
TerIonpoBOAHOCTH.  ECIM  CO31al0TCs  yCJNOBUS, mpu  KOTOPBIX

BhI/IC/IgOAACH TenJaoTa HC VYCIICBAET OTBOAUTECHA 3a rpeaeiibl
B3pHIBYATOTO BELIECTBA, TO ?JlaFO,[lapH MOBBIILIEHUIO TEMMepaTyphl
pa3BUBAETCS CAMOYCKOPSIOMMHCA NMPOLECC XMMHYECKOTO Pa3jloKeHHs,
KOTOPBII Ha3bIBAETCS TEIUIOBBIM B3PHIBOM. B CBS3M C TeM, YTO TeMoTa
OTBOMTCS YEPE3 BHEHIHIOK MOBEPXHOCTh B3PHIBUATOrO BELIECTBA, 4 €&
BRIJICJIEHUE TIPOMCXOJUT BO BCEM 00BEME BelllecTBa, TEIMJIOBOE

paBHOBECHE MOXET OBITH TAaKXK€ HAapYHIEHO NPH YBeJWYeHUH OOLueH
MacChl B3PHIBYATOIO BEILIECTBA. ITO OOCTOATEIBCTBO YUYUTHIBAETCS MPH

XpaHEHHHU B3PbIBYATHIX BELIECTB.

Bo3MoxeH HHOM MpOLECcC OCYMIECTBICHHUS B3PLIBa, IPH KOTOPOM
XMMHYECKOE [PEBpAlllEHUE paclpOCTpaHsAETCAd 110  B3pPHIBYATOMY
BELUECTBY IOCJIEI0BATEJIbHO OT CJIOSI K CJIOKO B BHUIE BOJHBEL.
JIBrokyinuiicst ¢ OONbIION CKOPOCTHIO mepeHHH (DPOHT TAKOH BOJIHBI
npejcTaBiaseTr CcoOOH  yJAapHy®O  BOJHY, TO eCTh  pPE3KMH
(cKaykooOpa3HkIit) Nepexoji BEIIECTBA M3 MCXOAHOr0 COCTOSHHSA B
COCTOSIHME ¢ BBICOKMMH JaBJIEHHEM M TeMIlepaTypoil. B3pwiBuaToe
BCIICCTBO, CXXATOE y/IapHOM BOJIHOHM, OKAa3bIBAETCA B COCTOSIHHH, NPH
KOTOPOM XMMHUYECKOE pa3jIOKEHUE MpoTeKaeT Ouenb ObIcTpo. B
pe3yibTare 00NacTh, B KOTOPOH OCBOOOXKAaeTCAd SHEPrus, 0Ka3bIBaeTCs
COCPEIOTOYECHHOW B TOHKOM CJIO€, NpPUJIErarOlleEM K IOBEpPXHOCTH
YAApHOH BONHBL. BeigeneHue BSHEpPrum obecmedMBaeT COXpaHEHHE
BBICOKOrO naBneHuss B yJapHOM BOJHE Ha TMOCTOSHHOM YpPOBHE.
Hponece  xummueckoro peBpalllCeH|si  B3PBIBYATOrO  BEIIECTBA,
KOTOPBIN BBOMMTCS yAapHOW BOJHOM U CONPOBOXAaeTcs ObICTPHIM
BBUICICHHeM »SHepruy, Ha3bIBA€TCA JeTOHALMEH. J[eTOHALIHOHHBIE
SOJIHBL pacnpocTpaHAlOTCS 1O B3PHIBYUATOMY BELIECTBY € OOJBIIOMN
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OTOpPOM JI€TOHALIMA el pacnpoCTpaHsIeTCss, HECMOTPS Ha
+pa W3 30HBI peakluH. JleroHauuonHas crnocobHocts BB

en BOJIBIIE, YEM MEHBIIC KPUTHYECKHH JIHaMETP.
prer M3 MHOI'AX cnoCcOOHBIX ‘K B3pPBIBY COC€IMHEHUMH B KauyecTBe
LIBYATHIX BEIECTB M KOMIIOHCHTOB B3PBIBHATBIX CMECEN NPUMEHSIOT
B3
| I:m, 73 pecsaTKa BEIIECTB. (OCHOBHBIE U3 HUX — HUTPOCOEIMHEHUS
o Sk

(TpMHMTPOTONYOJI, ~TETPHII, TEKCOICH, OKTOIH, HHTPONIHLEPHEH,
TeTPaHHTPONIEHTAPUTPHT — TOH, HUTPOK/IETYATKA, HHTPOMETaH H ap.)
. cONM Aa30THOM KHCIIOTBI, OCOOCHHO HHUTpaT ammouus. [lna
VMEHBIIEHUs UyBCTBUTEIBHOCTU UM ONACHOCTH B oOpalieHuyd MOIIHEBIE
B3phIBYATHIC BEIIECTBA CMEIUMBAIOT ¢ napaMHOM, LEPE3UHOM U
IPYTMMH  JIETKOTUIABKMMH nobaBkaMM (3TOT MNOPOLECC Ha3BIBAETCH
dbrermarnzanus). Jns yBeJIMYEHHUS TEIUIOTHI B3pHIBA B CMECH BBOJAT
[OpOIKOOOpa3HbIi aFOMUHUI HIIM MarHuH.

[lo B3pHIBYATHIM CBOMCTBaM (YCJIOBHUAM IIepexoAa rOpeHus B
NeToHalMipo) W OOYCIOBJIIEHHBIM UMM  00JacTsIM  NpUMEHEHMUS
B3pHIBUATEHIE BELIECTBA [10/[PA3/ICIISIOT Ha:

- HHULTUMpPYIOILUE (IIEPBUYHBIE);

- Opr3aHTHBIE (BTOPUYHEIE);

- ME€TATEeJIbHBIE (MMOpOXxa).

Muunmupyromme BellecTBa XapaKTepPU3YIOTCS  4pe3BBIUANHO
BBICOKOH CKOPOCTBIO B3PBIBHOIO IpeBpailieHus. YyBCTBUTEIBHOCTD UX
BEICOKA, TOPEHHE HEYCTOMYHMBO M OBICTPO MEPEXOAUT B AETOHAIIUIO YIKE
NIpy  aTMOC(hepHOM JaBieHUM. B3pelB MOXeT OBITE BO30YXAEH
NO/DKMraHueM, ynaapoM WIM TpeHueM. OHH  HCIIONB3YIOT  [Jid
BO30YXK/IEHHs1 B3PBIBYATOIO NPEBPAILEHUS APYruX BeliecTs. OCHOBHBIE
HIPCIICTaBUTENIA 3THX BEIECTB — a3MJ CBHUHLA, TpeMydas pPTYTh,
TPUHHMTPOPE30pLUMHAT CBWHL@A, TETPa3eH. DpHM3aHTHBIE B3PHIBUATHIE
BELICCTBA OoJsiee WHepTHBl. YyBCTBUTENBHOCTH MX K BHELIHUM
BOSIIEUCTBUAM ropasio MEHbIIE, YeM MHULIMUPYIOLHMX. | OpeHre MOXKeT
TIEPEHUTH B IETOHAIMIO TOBKO NMPH HATMYMHM MPOYHON 0BOJOUKH JTHO0
JOJIBIIIOTO  KOJIMYECTBA HTOrO BeEIecTBA. B KauecTme OpH3aHTHBIX
B3pBIBYATEHIX BELIECTB NPUMEHSIOT rJIaBHBIM obpaszom

s 4 apma! l.‘-II)PI K
CKOPOCTBIO, BCETJa MNPEBBIMAIONICH CKOPOCTh 3ByKa B HCXOMH

BeIIECTBE. Hanpumep, CKOpOCTH BOJH JETOHALMH B TBEPH
B3PBIBYATBIX BELIECTBAX COCTABMSIOT HECKOJBKO KM/cek. ToH
TBCPJIOTO  B3PBIBYATOrO BEIIECTBA MOXET [PEBPATUTHCH TaK
CIIOCODOM B IJIOTHEIH a3 ¢ BRICOKMM AaBJieHueM 3a 1074 cek. JlaBnen

B 00pa3yroIKXCs MPU 3TOM rasax JOCTHTaeT HECKONBKHX COTEH THIC
aTMocdep. ¢

B3peiBuaTeie BemecTsa

B3peiBuareie BemecTBa (BB)— 310 XUMHYeCKMe COeqMHEHUs "
CMECH BCIUIECTB, CIOCOOHBIE K OBICTPOH XHMMHYECKON peaxiy
CONPOBOX/AIOMIEUCA BBIJC/ICHHEM OOJBLIOr0 KOJMYECTBA TEIUIa!
0Opa3oBaHWeM ra3oB. DTa peaklys, BO3HUKHYB B KAKOMW-IUO0 TOYKE
pe3yibTaTe HarpeBaHMs, yjapa, TPeHMs, B3pEIBa JAPYroro B3pHIBYATO
BCHICCTBA MJIM HMHOTO BHEUIHETO BO3JCHCTBMSA, PaclpOCTpaHseTCs |
3apsAAy 3a CY4€T nepelayd HEPrHuM OT CJIof K CJIOK0 C TOMOINE
[IPOLIECCOB TEILIO- U MaccomnepeHoca (ropeHue) audbo yaapHO BOJIE
(leToHaIus ). |

CKOpOCTh ropeHHst pa3IMYHbIX B3PHIBYUATHIX BELIECTB KOJEH/en
OT Z0JIEH MM/C 10 IECATKOB ¥ COTEH M/CEK, CKOPOCTb JETOHALIMH MOXK

L’
i

MpeBBIIATh 9 KM/C. i

B3pbIBYaTEIMH  BEIECTBAMH MOTYT ObITh KOH/IEHCHPOBaHHE
(TBEpABIE U )KUIKHE) BEIECTBA, Ia3bl, a TAKXKE B3BECH YACTHIL TBEP AL
WK XKUIOKHX BellecTB B rasax. Ilo 3apsmy u3 1 kr rexcorena, oOb

koroporo 0,6 1, a Teruiora B3peiBa 5,4 Mk (1300 kkan), aeToHaly
MOXET npouTH 3a 10 MKkcek (10"S CEK), YTO COOTBETCTBYET MOIIHOC
00 maH. kBT (B mecaTku pa3 Goibiie, 4eM MOIHOCTD CaMOM KpyITH)
QNEKTPOCTaHLMM). Peaxkuus npu peroHaumm uagt Tak OwbicTpo, 4
ra3o00pa3sHEIe NPOAYKTHI C TEMIEPATYPOil HECKONBKO THICAY IPajye
OKa3bIBAIOTCS CHKATBIMM B 00BEME, GIM3KOM K HMCXOMHOMY OOBE!

y 2 -
3apsAfia, 00 JaBJieHUMM B Jeciatku ['v/m™ . JlaBnenue, passusaroniee

[IpA ACTOHALIMH, 3aBUCUT OT IUIOTHOCTH 3aps/ia U CKOPOCTH AETOHA B 'TPOCOCIMHeHMST U B3pHIBYATHIE CMECH HAa OCHOBE HUTPATOB,
BaxHo#i  xapakrepuctukoit BB sBasercs  Takke HE*I0PaTOB, NEpPXJIOPaTOB M >KUIKOTO Kkucinopona. OCHOBHOM PEXHUM HX

ACTOHALMOHHAS CIIOCOOHOCTh, MEPOH KOTOPO# CIIY)KHUT KPHUTHYECKI

AMAMETP NCTOHALMHM, T. €. HAUMCHBIIMH [HAMETP LMIMHAPUYECKO! d5

54



B3PBIBHOTO MpPEBpAIlCHU — JETOHAUMs, BO30OyxnaemMas HeOOJIbIIY
3aps/IOM  HMHULMHUPYIOHIErO B3pBIBYATOrO BemiecTBa. MeTaTellbHE
B3pbIBYATHIEC BELIECTBA NOPAT €€ OoJiee yCTOMYUBO, YeM OpH3aHTHEL
OHU HE [ICTOHUPYIOT MPHU FOPEHUH JAXKE B CAMBIX KECTKHX YCJIOB
OCHOBHOM pEXHUM B3pPBIBHOTO IPEBpAIEHHUS] TaKHX BEIIECTB -
ropeHue. OTauyue  METaTeNbHBIX  BELIECTB OT  OpHU3aHTHB
ONpeneIETCsl B OCHOBHOM HE XUMMYECKMM COCTaBOM, a (PU3UUECK(
CTPYKTYPOH 3THX BELUECTB (IUIOTHOCTBIO M MPOYHOCTHIO 3apsaa).

3.1.2. Spepubie B3pbIBLI

[Ipu sinepHOM B3pBIBE NMPOMCXOJMT MPEBPAILECHUE ATOMHBIX S
MCXOJHOIO  BEllecTBA B sipa OPYTHMX  3JEMEHTOB, KOTOP
CONPOBOX/IA€TCA OCBOOOXKIECHUEM DHEPrUM CBS3U DJIEMEHTAPHE
4acTHl] (MPOTOHOB ¥ HEHUTPOHOB), BXOISAIIUX B COCTAB ATOMHOIO SIJIP
SInepHbIil B3pHIE OCHOBAH HAa CIOCOOHOCTH OMNpeAeNEHHBIX H30TOINE
TSDKEJIBIX DJIEMEHTOB ypaHa WM IUIYTOHUSA K AEJICHHIO, NMPU KOTOPO
sipa UCXOJIHOTO BEIeCTBA pacrnagarorcs, oOpasys sjpa Oojiee JETKE
yjieMeHToB. [lpu nenennu Beex saaep, coaepxamuxcs B S0 r ypaHa ui
[UTYTOHUS, OCBODOXKIAETCSl TAKOE YK€ KOJIMYECTBO SHEPIUM, KaK M Iip
neroHaumu 1000 T TpunuTpoTONyOia. JleneHue sapa aroMa ypaHa uj
[UIyTOHHS MOXET MPOM30OMTH B pe3yJbTaTe 3axBaTa SJPOM OJHOL
HelTpoHa. CyILECTBEHHO, YTO B pe3yJibTaTe JAEICHHS BO3HUKA
HECKOJIBKO HOBBIX HEHUTPOHOB, KaXXIbIH M3 KOTOPHIX MOMKET BHI3BAI
IeJIeHUEe ApYyrux sjaep. B pesyiabrare yucino aeneHud OyaeT OBICTE
HapacTaTh (0 3aKOHY I'€OMETPHYECKON mnporpeccuu). Ecnm npuHST
YTO TIPU KAXKOM AKTE JACJICHUS] YUCIIO HEUTPOHOB, CIIOCOOHBIX BHI3BA
AEJICHUE Ap. saep, yABauBaeTcs, TO MeHee 4yeM 3a 90 akToB jejicHl
obpasyeTcs Takoe KOJMYECTBO HEMTPOHOB, KOTOPOIO JOCTATOYHO
neneHus snaep, coaepxamumxcs B 100 xr ypana win niuytoHus. Bpem
HEOOX0AUMOE IJIs IEJICHUS 3TOr0 KOJUYECTBA BEIIECTBA, COCTABUT ~ 1
® cex. Takoif CaMOYCKODSIIOLIMHACS TNPOLECC HA3bIBACTCA LIl C
peakuueil. B 1eiicTBUTENLHOCTH He BCe HEMTPOHBI, oOpa3syromuecs Mf
NeNIeHUH, BBI3BIBAIOT JEJNeHHe APYruX saep. Eciu oblee KoIMyecT
JeSIIErocs BElIeCTBa Majio, TO OOJblIas 4acTh HEHUTPOHOB Oy
BBIXOJIUTH 3a MNpeAesibl BEIECTBa, HE BhI3bIBas JieeHHsA. B mensmeme
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sellleCTBE  BCErja HMMeeTcs HeDONbIIoe KOJIHMYECTBO CBOOOJHBIX
4eliTPOHOB, OJIHAKO, LICTTHAs peaKlius. pa3BUBAETCS JIMIIb B TOM CiIyd4ae,
«orja 4YHMCJIO BHOBb 0O0pasylomMxcss HEWTPOHOB OyAET MNpeBBINIATH
qyc/I0 HEWTPOHOB, KOTOpBIE HE MPOU3BOIAT AeNeHUs. Takue yciaoBHA
cO3JaI0TCS, KOrja Macca JeJSIIerocs BELIeCTBAa IPEBOCXOAMT Tak
1a3bIBAEMYIO KPHUTUYECKYIO Maccy. B3pbiB MpoUCXOAUT NpU OBICTPOM
coe/IMHEHUM OTIAEIBHBIX YacTeH ACJSLIErocsl BEIECTBA (Macca KaxIou
yaCTA MEHbBIIE KPUTHYECKOW) B OJIHO [Eejioe C oflied MacCow,
IpeBOCXOJAICH KPHUTHYECKYIO MacCy, MM NpPH CHUJIIBHOM CXaTHH,
yMEHBIIAKOILIEM I[UIOM@A/ b TMOBEPXHOCTU BEIIECTBA U TEM CaMbIM
;/ME'HI:;LHEII’OLL[E‘M KOJIMYECTBO BBEIXOAAILIMX HApPYXy HEWUTpOHOB. Jlus
cO3/IaHUSI TAKUX YCJIOBMH OOBIYHO MCIIOJB3YIOT B3PHIB XMMHUYECKOIO
B3PHIBYATOIO BELIECTBA.

CyIecTByeT APYrou TUl SIAEPHOM peaklMy — peakilids CUHTE3a
NErKUX fep, CONPOBOXKAAIOIIANACS BBIACICHUEM OOJIBLIOIO KOJUYECTBA
sHeprud. CHiIbl OTTAJIKMBAHUA OJHOUMEHHBIX 3JIEKTPUYECKUX 3apsOB
(Bce  sAApa  HUMEKT  IIOJIOXKUTEIBHBIA  JJIEKTPUYECKMHA  3apsij)
NPEISITCTBYIOT  NPOTEKAHUK  peakUMd CHHTE3a, I[103TOMY LIS
S>PPEKTUBHOIO SIEPHOTO NPEBpPALLCHMSI TAKOIO THUIA SApa ACJDKHBI
o0s1anaTh BBICOKOW 2Hepruei. Takme ycnoBUs MOTYT OBITh CO3JaHBI
HAarpeBaHWEM BEIIECTB 10 OYEHb BBICOKOH TeMIiepaTtypbl. B CBs3U C
3TUM TIPOLIeCC CHHTE3a, MNPOTEeKalOLUH TMNpPH BEICOKOH TEMIIEpaType,
Ha3bIBAIOT TepMoOsAepHOM peakuuer. llpu cunTese suep naerrepus
(m3oTonma Bomopojga 2H) ocoboxkmaercs mouytd B 3 pasa Oonbine
SHEPruM, YeMm IpHU JIEJICHUHU TAKOM Ke Macchl ypaHa. Heobxonumas ans
CHHTE3a TeMIepatypa JAOCTHUraeTcs IpH AACPHOM B3pPHIBE ypaHa WU
1yTonnss. TakuMm oOpa3oMm, €ciid IOMECTUTh B OJHOM M TOM XK€
YCTPOUCTBE Jeslleecs BEIUECTBO M M30TOIBI BOAOPOJA, TO MOXKET
OBITH OCyINECTBIEHAa peakiMs CHHTE3a, pe3yJbTaToM KOTOpOH Oyjer
B3PBIB OrpOMHOM CUJBL. [loMUMO MOIHON B3pBIBHOM BOJIHBI, SACPHBIN
B3PEIB  COMPOBOXKIACTCA HMHTEHCHUBHBIM HCIIYCKAaHUEM CBE€Ta H
[IPOHMKaroUIEeH pagdaLvm.
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3.1.3. ®duznueckKkue B3pbIBbI

CymeCTByiOT B3pBIBEI, B KOTOPBIX BBIACIAIOMIAsICA SHEPIA
MOJBOAUTCH OT BHEIIHEro HCTOYHMKA. TakuM TPHMEpPOM MOXKCT -
CJIyKMTh MOLIHBIA DJIEKTPUYECKUU paspsa B KaKoOH-TmO0 Ccpele.
JsieKTpUdecKast SJHEPrusl B pa3psHOM MPOMEXKYTKE BBIACIACTCH B BUC f-
TEIUIOTH, TpeBpalas Ccpefly B HOHM30BaHHBIM Tra3 C BHICOKMMH '
naBjieHUEM M TEMIIepaTypoi. AHAJOTUYHOE SBJICHWE NMPOUCXOAMT IIpH ﬁ
MPOTEKAHWU MOILIHOIO 3JIEKTPUYECKOro TOKa IO METAJUTMUECKOMY
IIPOBOIHUKY, €CJIM CHJIa TOKA OKa3bIBACTCH OCTATOYHOM J1si OBICTPOTO
[IPEBpAIEHUs METAIMYECKOro MpOBOJHMKA B Map. SIpneHue B3pHIBA
BOZHMKAET TAKKe NPU BO3IEHCTBUM Ha BEUIECTBO CHOKYCHPOBAHHOTO |
nazepHoro wusnydeHws. Kak oauH M3 BHJOB  B3pbIBa  MOXKHO |
paccMaTpuBaTh  IpoLecc  OBICTPOro OCBOOOXKIEHUS] ~ DHEPTUH,
NPOUCXOIAIMA B pe3yJbTare BHE3aIHOIO paspylICHMs 000JI0YKH,
yIepKMBABILEH ra3 ¢ BHICOKUM JIaBJieHUEM (Hanpumep, B3phIB OaJI0OHA
CO CKATBIM Ta30oM). B3phIB MOXET MPOH30MTH NpH CTOJNIKHOBEHUU
TBEPABIX TeJ, IBWKYIIMXCS HaBCTpedy JApyr IApyry ¢ OonpLION
CKOPOCTHIO. IIpy CTOJKHOBEHMH KHHETHYECKAsA SHEPTUs TEJI NEPEXOAUT
B TEIUIOTYy B pe3yJbTaTe pacrpOCTPAHCHMS IO BCIUCCTBY MOLIHOH
yIapHOM BOJIHBI, BO3HHKAIOIMEH B MOMEHT CTOJKHOBCHMA. CKOpOCTH
OTHOCHUTEIBHOIO CONIDKEHUS TBEPABIX Tej, HEOOXOAUMBIE JUIsi TOTO,
gTo6Bl B pE3yNbTaTe  CTOJKHOBEHMs  BELIECTBO  MOJTHOCTE
IPEBPATHIIOCH B Map, U3MEPSIIOTCH AECATKAMU KM/CEK, pa3BUBAIOIINCCA
[IPH 5TOM JIABJIEHHA COCTAB/IAIOT MHJITHOHBDI aTMocdep.

g

3.1.4. Bonpocsl /151 IPOBEPKH

I-

1. Yro HaspiBaeTcs B3PHIBOM W KaKOBBI €TO XapaKTePHBIC
MPU3HAKK?
7. Ha kakue BUIBI JEIATCS B3PBIBHBI [0 CBOEH MpUpoje?

3. JlaliTe onpejesieHHE B3pbIBYATRIM BELICCTBAM.
4. Kakyr0 pojib BBHINOJHAIOT TNEPBHYHBIC H BTOPUYHBIE

- MHULMMPYIONIME B3PHIBYATHIE BELLECTBA?
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5. Kak Ha3pIBalOTCS KOMIOHEHTHI, KOTOPBIE BBOAATCS B COCTAB

B3PBIBYATBIX BCLICCTB JIJIA IMMOBBIIICHUSA €0 YYBCTBUTEJIBHOCTHU

K Ha4aJIbHOMY UMIIYJIBECY U NEpeayu JA€TOHALUU?
6. Yro Takoe puermaTuzanys’?

3.2. B3pbIBbl KOHJAEHCHPOBAHHBIX B3PbIBYATHIX BElIECTB

3.2.1. MaremaTn4eckasi Mo/ie/ib TOUEYHOI0 B3pbIBa

,Z[J}ﬂ MaTEMaTHYCCKOr0 OMUCAaHMUsA IIpouecca pacnpoCTpaHEeHHs
yJapHOH BOJIHBI B aTMOC(EpPE NpPU B3PHIBE MCIIOJIB3YETCS MOJIEIb
TOYEYHOTO B3pPBIBA. B3pBIB NPOUCXOAMT Ha IUIOCKOH ITOBEPXHOCTH
pa3jiela MeXJIy Tra3oM (BO3ayxXOoM) H JepOopMHUpPYEMOH Cpeoi.
Bo3zayliiHas cpena npuOJIMKaeTCs MOJENL  HEBA3KOrO,
HEeTETUIONPOBOAHOIO ra3a ¢ nokasaresneM aauadatel Y. YaapHas BOJIHA

pacrpoOCTPaHACTCsA B MOJYOrpaHUYEHHOM IIPOCTPAHCTBE C HayalIbHOM
IOTHOCTBIO Pg M JaBJjieHUEM Py npyu HaIUYMU NPOTUBOJABIIEHHUS.

P A

AP
AP,

Puc.3.1. U3smenenue naBieHus B yaapHo# BoiHe P co BPEMEHEM t
B (QUKCUPOBAHHOU TOYKE.
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JlaHHass MoJEeNb TNpeAroJaraeT, Yro BBIJACJICHHE SHEPrUH
B3pHIBE IIPOMCXOJAHUT 32 KOPOTKHHA TIPOMEXYTOK BpPEMCHU
OTHOCHUTEIBHO HeOompmoi obsacTu mpocTpaHcTBa. TakuM 00pa30)
BO3HMKAeT WICaTU3MPOBAHHOE IIPEJCTABJICHUE O  MIHOBEHHQ
TOYEYHOM B3pHIBE KaK O JIBWDKEHMM ras3a, KOTOpO€ BFI3Bak
MTHOBEHHBIM BBIZICICHUEM KOHEYHOM SHEPrUM B HEKOTOPOH TOUKE.

ITpu BO3ayIIHOM B3pHIBE yaapHas cepudeckas BOJIHA JOCTHTa
3eMHO MOBEPXHOCTH M OTpaXkaeTcs oT Heé. Ha HeKOTOpOM pacCTOSHE
OT OSNULEHTpa B3pbIBA (POHT OTPaXKEHHOW BOJHBI CIIMBAETCA |
bpoHTOM mnajaroliei, BCIEACTBUE 4Yero oOpasyeTcsi TaK Ha3bIBACMe
rOJIOBHas BOJIHA ¢ BEPTHKAJIBbHBEIM (POHTOM, pacnpOoCTpaHSOLIAsAC
SMULIEHTPA BAOAL 3€MHOM MOBEPXHOCTH. DBIDKHAS 30HA, TJ
OTCYTCTBYET CJMsiHUE (PPOHTOB, HA3bIBAETCS 30HOH PEryJIAPHOI
OTpaXkeHus, a JajbHAs 30Ha, B KOTOPOW pacrpoCTpaHseTcs rOJIOBH:
BOJIHA, - 30HOH HeperyjspHoro orpaxeHus. B OnvxHen 30HE IIf
yMEPEHHON BBICOTE B3pbIBA [JABJIEHUE B YAAPHON BOJIHE OYEHB BEIHK
HO pa3Mephl 30HBI MTOPsiJIKa BHICOTHI, HA KOTOPOH NMPOM301IET B3PbIB.

Marematuyeckas MOJeJb HEYCTAHOBUBIIETOCs OJHOMEPHOI
ABWKEHHU ra3a B IepeMEHHBIX Diiiepa GopMyUpyeTcs B cheprUYECKE
cucteme koopauHat[l]. Moaens BK/IIOYAET ypaBHEHUE COXPAHEHY
MMITyJIhCa, YpPaBHEHHME HEpa3pbIBHOCTH, YpaBHEHUE COXpaHCHE
YHEPrUu. '

§£+ua—p+p—aﬁ+2pu = {),
ot or Or y

ou ou
—tu—+
Ot or

1 op _
0 Or

0, (3.1)

t ot or or r
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3aece Oe3pasmepHble MEpPEMEHHBIE £, ¥, O, p, U CBS3aHBI C

pa3MEPHBIMH NEPEMEHHBIMH, 0003HAYEHHBIMH IITPUXOM, CJIEAYIOLIMMH
cOOTHOILIEHUAMHU

! s r' ’ , R
b 2 1/3 Ry P u
t=sa’, r=—a, p=C,p=F, u=2Jy,
F P P, €
rae t' — Bpems, ¥ — pajuajbHas MepeMeHHas, p' — IIIOTHOCT,

p' — MABJIICHWE, u' — KOMIIOHEHTa BEKTOpa CKOPOCTH B pagUaJbHOM

0 1/3
r®=(E,/p,)"” — nnHamuueckas

HarpaBJICHUH, IJINHA,
0 0( ,: )Uz

t"=r \p,/p,) = — AMHaAMHYECKOE BpeMH, a, =0.851,
y =1.4 —nokasarens anuabatel, £, —5HEprus, BHIACIAIOINASACS TPH

B3pBIBC, D, p1 U ¢ — JaBJICHHUC, IUJIOTHOCTE W CKOPOCTH 3BYKaA

HEBO3MYILIEHHOTO rasa.
CucTeMa ypaBHEHMH MAaTeMaTHYECKON MOJENM OOMOJIHAETCS
yCIOBUEM  aiMabdaTUYHOCTH TEYEHUST M KPaeBBIMH  YCJIOBHUSMHU.

I'pannynoe ycnoBue B neHrpe (7 =0) umeer Bua u =0. I'paHnyHoe
yCJIOBUE Ha (PpOHTE yAapHO# BOJHEI (1 = ¢(t)):

p :—i:[(yﬂ)uz run(y +1)u? +16y],

_(+Dp+(r-1)
(y+D+(@-Dp’

P

1/2
n-| +1)p2+ (¥ —1)

2

i D — cKOpOCTh YOQpHOM BOJIHEI.

Jis pemeHus ypaBHEHHMH MCIOJB3YETCS  METOH KOHEYHBIX

PA3HOCTEH, KOTOPHIA  YJIOBJIETBOPHMTENHHO  OIMUCHIBAET pouece
HCYCTaHOBHUBIIIErOCA OJHOMEPHOIO IBWDKEHUS rasa, 3a UCKIIOYEHHUEM
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qepeXOJL B Pa3MEPHbIC €IUHHIBI. Hanpumep, ecnu Macca B3pBIBYATOrO
selieCTBa 49 TOHH, TPOTWIOBBIH SKBMBAaNeHT 1.2, TO 3aBHCHMOCTS

30bITOYHOTO TaBJICHHS HA (ppoHTE yaapHO# BOJHBI OT PACCTOSIHHS OT
wecTa B3PbIBA OTBEYAET JaHHBIM Tabmuubl 3.1.

Ha4yaJILHBIX cTaguil B3peiBa. [loaTOMY AJ1g onpeesicHus XapaKTEPUCTHK
JABIDKECHUsT Ta3a Ha Ha4ajJbHOM CTaJuM B3pbiBa HCHOJIbL3YCTCH
TMHEeapU3UpoBaHHOE pelneHue. [Ipu OoIbIIMX BpeMEHaxX UCTIOJIB3YIOTCS
ACUMIITOTHYECKHME 3aKOHBI 3aTyXaHUs yJapHBIX BOJIH.

Tadonuna 3.1
[130bITOYMHOE 1aBJIeHHE Ha (PPOHTE YAaPHOH BOJIHBI NIPH B3pPbIBe

mm.t macca BB — 49 Toun, TpornioBslii 3kBuBaJeHT 1.2
[ [los102kenne ppoHTA N30b1TOYHOE JaB/ieHHe HA (PpOHTE YAAPHOH
T y1aPHOH BOJIHBI OT TOYKH BOJIHBI
B3pbIBa, M klla # kI /em?
100.4 30 3906,2 39,8
. 40 1794,2 B 18,3
50 i 1000, 1 | 10,2
100 T 188,3 1,9
10. 200 47,07 0,48
| 300 23,97 0,24 |
400 15,63 0,16
500 f 11,48 0,12
R et AEAA 1000 4,846 0,049
¥ 1500 3,056 0,031
2000 2,230 0,023
Puc.3.2. 3aBUCUMOCTH O€3pa3MepHOro JaBieHus Ha QpPOHTE yAapHOH - 2500 LY | L
BOJIHEL p OT 6€3pa3MepHOro pacCTOSHMS ¥ NMPH TOYCYHOM B3DBIBE gggg | }‘21;11’ 883
4000 1,071 4 0,011

B pe3y/bTaTe pelleHHs NPUXOJUM K MPOCTPAHCTBEHHO BPEMCHHBIM
ra3oJMHaMM4eckuM  QyHKIMAM  TOYEYHOIrO  B3pbIBA,  KOTOPBIE
XapaKTEPU3YIOT pacnpoCTpaHEHWE YIApHOW BOJHBI B atMocdepe. B
4aCTHOCTH, HAXOAMM GYHKIMIO M30BITOYHOrO JAaBjeHWA Ha (po .
yIAapHO¥ BOJIHBI B 3aBHCHMMOCTH OT pacCTOfHHMS OT MECTa B3pbIBa
Pe3yipTaThl 4HWCJICHHOTO pEINEHUs JIAHHOW 3a]avd MpPEACTABIICHBI E

Jl1a  anmpokcumamyuu  U30BITOYHOIO JaBjeHUs Ha (POHTE

yhapro# sosHel Ap(R) u yaensHoro ummysisca I, onpexensemoro s
baser coxaTus (0 <t<r+) no popmye,

(3.2)

£
| I(R) = jAP(r)dt,
nurepatype. Hanpumep, B pabore [2]. Ha puc. 3.2 H306pa}1<eH -
3aBUCUMOCTH 6e3pa3MepHOro JaBjeHHs Ha QpOHTE yapHOW BOJHBI Of
Ge3pa3MepHOro pacCTOsHUA # TIPY TOYeYHOM B3phiBe. 110 M3BECTHBIN
3HAYEHHSIM SHEPTUHU B3PhIBA M aTMOC(HEPHOMY JABJICHUIO ONpPe/IC/IACTCS
Gespa3MepHoe JaBieHue W Oe3pasMepHBIM paadyC Uil 3a/aHHBE
ycsioBuM. JIs KOHKPETHBIX YCJIOBMH B3phIBAa MOKHO BBINOJIHHT
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MOXHo BOCIIOJIH30BATHCA BbIpKEHUAMMU AP(R) 4 I(R),
UPe 100K e HHEIMMI M.A.CanoBckum [3].
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AP(R) = +

I(R)=0,4*C** /R,

rae C - TpOTWIOBBIM 3KBUBAJIEHT, KI. MOIIHOCTH KOHTAKTHOIO B3PHhi}
Ha HepaspylaeMoM Iperpaje yABauBaeTCs B CBA3U C (POPMUPOBAHUE
TPOTHUJIOBO
9KBHBaJIeHTa 3apsaaa BB ysennuusaercsa B aBa pasa. llpu B3pEIBE |
FPYHTE BEIM4YHMHA TPOTHJIOBOTO SKBUBAJIEHTA yBenuuupaetcs B 1.2 - 1
pa3sa, B 3aBUCHUMOCTH OT CBOMCTB rpyHta. Jljns mecyaHod mnonJio

nostychepu4ecKon

0,084 0,27 0,7

+ Ml la

R

n

R2

3 2
R,
xlla*c

Rn — R/%_:fr(_f,

BOJIHBI.

[loaTOMYy

BCJIMYHHA

ko3dduuuenr 1.2. JIng yrpamboBaHHOM rNTMHEI - 1.8.

(3.

(3.4

(3.5

Tabnuua 3
JHeprus B3pbiBa Q [k/x/kr] npoMmbiniedusix BB
BB Q BB Q [iclx/r]
[xe/Iac/xer] |
Tporun (THT) 4240, | TpunuTpoxsIOpOEH30I 4240
4184 }
['excoreH 5540 HutporyanuauH 2020
Ts3H 5880 JIBIMHBIH 1OPOX 2790
JluHuTpoOeH3o r 3650 [TupoxcunuH 4370
(N=13.3%)
TpuHHUTpOOEH30T 4520 Ammoton 80/20 4200
[Tukpatr aMmMoHuA 3360 OxroreH 5420
TpuHuTpOAHUIHUH 4160 [ muronsAMHUATPAT 6640
— +
AMMOHMIHAsA cenuTpa 1440

¥

TporunoBeit skBuBasieHT BB Moxer OBITH OnNpenesieH
3aBUCUMOCTH OT SHEPruMd B3phIBa IO JaHHBIM Tabmuupl 3.2, K
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oTHOILIEHUE 3HEpruu B3pbiBa BB K sHepruu B3peiBa TPUHUTPOTOIYOJIA
(rpotuia, THT).

3.2.2. OueHkKa nmocjieACTBHH TOYEYHOI'0 B3pbiBa

M36piTOYHOE naBiaeHMEe HAa QPOHTE YAApHOM BOJHBI MOXET OBITH
COTMOCTABJIEHO C BEJMYMHOW TMepenajga [AaBJICHUs, OTBEYAKOIIEro
ONPEJEIEHHON CTENEeHH paspylieHusa. 1o eCTh M3 pelieHHs CHCTEMB
(3.1) MOXHO MOJYYHTh 3aBHCHMOCTh M30BITOYHOro jamieHus AP Ha
(h)pOHTE BOJIHBI M COTIOCTABUTH C JaHHBIMHU TaOJHLBI 3.3, rie NpUBeIcHa
3aBUCHMOCTD CTEICHHU pa3pylI€HUsl pa3jIudHBIX OOBEKTOB OT JAaBICHUS.
3aBUCUMOCTEH M30BITOYHOIO JaBJIEHUs Ha (QPOHTE YJApHOW BOJIHBI OT
pacCTOSAHMSA MOXHO BOCCTaHOBHUTH M0 rpadukKy, NpeJCTaBIEHHOMY Ha

PUCYHKE 3.2.

CBe/ieHus NpeAcTaBleHHble B Ta0ULE 3.3 B OCHOBHOM OTBEYAIOT
00pabOTKE  SKCIEPUMEHTANbHBIX  AAaHHBIX [0  pa3pyLICHUIO
COOTBETCTBYIOIIMUX 0OBEKTOB (bakTHYECKH NPE/ICTaBICHBI

MaTeMaTHYECKUE OXHUJAaHUS M30BITOYHBIX JaBJICHWN, OTBEYarOUIUX
OIpPEIEJCHHOM CTENICHU pa3pyLICHUs ).
B Tabmuue 3.4. npexacrarsieHa  oOmias
BO3JIEMCTBUSA W30BITOYHOIO JIaBJIEHUS HA YEeJIOBEKA.
JIna Gojiee TOUHOW OLEHKHM IMOCAEACTBUM B3phiBa MCIIOJIB3YETCS
moznens yuepba npu B3peiBe U(AP) = @(Pr), rne @(z) - HopManapHas
(QYHKIMSA pacrpeaesieHus:

y 1 /:2)
D(z) = é_: exp(—t* /2)dt = +erf;z V2)
N\ LT

="

XapaKTepUCTHKA

2

(3.6)

OTBeYaroIass BEPOSITHOCTH MOPAXKEHUs 4YesioBeka (JIeTaabHBIM HCXO.)
Ip1 BO3JAEHUCTBUM M3OBITOYHOrO AaBiieHHUs. Pr — npobur yHKims,
KOTOpas MOKeT OBITh ONpE/IC/ICHa, HAaNpUMeED, B BUIIE:

Pr=-77.1+6.91-In Ap, (3.7)

UJTA
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3.8
Pr =-2,44-In(7380/ Ap +1,9-10° /(I - Ap)), S

rae Ap — u3bsrrounoe nasnenue (I1a), I - mmmyasc (H/m™c).

|
Tabmuna :

N36biTOuHOE naBaenne (klla), orBeyaroniee onpeae/IeHHO
CTENEeHH pa3pylieHus! :

O0BexT
Bricokas

OcHOBHEIE MPOMBILIJICHHBIE 40 — 50 30 — 40
COOPYKEHUS

Cknaackue  37aHMs  (KMprH4Has 30 — 40 20 — 30
KJ1aJ1Ka)

TpancdopmaropHeie

Pty o 4060 20 - 40
RO 80-120 50 — 70

(kupnuyHas Kiaaka)
Jineuy  3JieKTponepenayu

HanpsKeHUs

TpybonpoBonpl,  3arinybiieHHBIE B --
3eMJTIO Ha I1yOuHy He MeHee 20 cM

JIEpEBAHHBIE OJHOATAXHBIE 3JaHUA

(kunele qoMa -

OHO- JBYX3TaXKHBIE KAMEHHBIE 30aHUA 25 =33 —

OtnensHO crosiue aepeBbsi. CpeaHss
BeicoTa 20-24 M, nuameTtp 18-27 cM

Jlecho maccuB. CpeaHuil BO3pacT
nepeeseB 45-50 ner. Cpennsas BeicOTa
20-24 M, nnameTp 18-27 cm

ConocTaBisisi U30bITOYHOE JiaBlieHHe Ha PPOHTE yAapHOM BOJIE
C JaBJIEHHEM, OTBEYAIOIMM OINpEJEICHHON CTENEHN paspylleHus,
JaHHBIM Tabmuupl 3.3, ONpese/sioTcs [PaHMIEl 30H paspylicHi
YpoBeHb TOpaXeHHUsI YeJOBEKA B 3aBHCHMOCTH OT M30OBITOUHO

JaBJIEHUA Ha GPOHTE yIApPHOM BOJIHEI, MOXKET OBITH OLIEHEH IO JaHHI
Tabauue! 3.4. '
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BeposTHOCTE nopakeHWs YeoBeKa (JIOKaJbHas OLEHKa pHCKa
,THOCHTEIIBHO JIETATBHOrO MCXOJa IS YellOBeKa) MOXeT OBITH

oripeAeIeHa C MCTIONb30BAHHEM MOJIENH ymepoa.
Tabnuua 3.4

BoznelictBHe H30LITOYHOI'O JABJICHHA HA Ye/IOBEKa
3061 TOYHOE JaBJIeHHe, 0af YpoBeHbL NOpaKeHHH Ye/I0BeKa

>—8 JleTanbHbI HCXON
il 3.5-5 JleraneHeIH Hexoa B 50% ciiyvyaes
2-3
Tsxkenas creneHb NopaxkeHus Jerkux, 5S0% paspeiB
1,3-2 6apabaHHBIX NEPENOHOK:
<2 - Bo3pacTt 10 20 jer
1,315 - Bo3pact cebie 20 JieT

|

Tabnuna 3.5

BeposiTHOCTb NOpa’kKeHHs YejloBeKa NpH B3pbiBe 3apsaa BB
49 TOHH H TPOTHJIOBOM 3KBHBaJIeHTe paBHOM 1.2

BipbiBa, M DYHKILIHUH nopaXeHusd 4eJioBeKa

60

70 1253027268 | noo kg o

80

90

100

L 120
140

160

o 180 -1,432175374
R T e X 1 10 VL A e .. il
300

400 1037288832061 HiHO  GOMNOQOEE

500 o1 s -T3,SONISe08A1 1 | HE Sdidgel wQ YAHKOS

g 700 Gt o 1715498200380 mviteven TosilETe (S 1]
1000 s n1 846260295 o oo udoan
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Jlanneie TaOmuEr 3.6 HJUIIOCTPUPYIOT pe3yJIbTaTel pacyefOB
paauycoB rpaHul 30H 100% u 50% nopaxenus moneii or maccy BB

‘%‘
08 + (TPOTHUJIOBHIH SKBUBAJIEHT 1.2).
§ Tabnumna 3.7
‘
o8 % [TapameTps! 15 onpenenenus paanycoB nopaxenust R npu
U 3 B3pbIBe
:
0.4 %‘ XapaKTepucTHKa JelicTBHSA yAapHoii rf“:,., Ma*c | P’ la k, ITa’*¢
% BOJTHDI
: \ L L
0.2 % \ Paspymenune 3panmuii
;E *’*\ R;| IlonHoe paspyiienue 3nanuii [ 770 EOIOO 886100
0 émm,ﬁmw.mwwmmqmw i s S e | R, | I'paHuna  ofnmacth  wacTHyHOro | 520 4500 541000
0 50 100 150 200 el paspymenus: 50% -75%  creH
~ , PaspylI€HO HJIM HaXOOUTCA Ha rPaHuU
paspylIeHU 1 [ =
Puc. 3.3. @ynkuus ymep6a U B SREICMMOCIM OF PASCTORRMS R, R; | I'pannua o6nacTv  3HaYMTENBHBIX | 300 14600 | 119200
OT MecTa B3peiBa (39 TonH BB, Tpotunoseiit sksuBaieHr 1.2). MNOBPEXIEHHUI: MoBpesIeH e | |
HEKOTOPKIX KOHCTPYKTHBHBIX
| 3JIEMEHTOB, HECYINUX HAarpy3Ky | el
Tabauna 3.4 R4 | 'panuna 0§nac1"u MHHHM&J’ILHI:;( 100 3600 8950
- 0 :
I'panunsi 300 100% u 50% nopaxkeHust 4e10BeKa, M E;ﬁﬁ:ﬂiﬁﬁe K;:;a;p o KEHHHEH |
0 | CTIPY i | ;
I pannua 100%, m I pannna 50%., m Rs | IlonHoe  paspyiieHue  OKOHHBIX | O 7000 0 |
- | resoy |
“ 138 | R; | 50% paspymenne okoHHBIX cTexon | O 2500 0 |
real AT S Y | DI 1 - + | :
Ro | 10% paspymennne oxommx creson [0 P00 |0
BhUKHBaHHe Ue0BEKa TIPH N10PaKEHNH OPranoB AbIXAHMS
| Ry I 50% BBDKMBAHHA 440 | 2.43%10° | 1.44%10%
Hanpumep, eciu u30BITOYHOE MaBjeHMe HA HTE€ YyJapHO ' 1 g
P P a bpo - /74P | Ryo [Topor BeDKMBaHUS 100 6.59*10" | 1.62*107
JIHBI TIpH B3pbIBe BB (Macca BB 49 ToHH, TpoTHIOBBINM 2KBHBaJICH | _ |

2) OTBEYAET JAHHBIM, NPEACTABJICHHBIM B TabIuIe 3.1, TO 3HAYEcHHK
YOOMT (QYHKIMM U BEPOSATHOCTH TOPAXKEHHMsA YeEJOBEKA, Oy ny
‘BEHaTh JaHHBIM, MpEACTaBlIeHHBIM B Tabnuue 3.5. I'paduuecko
JCACTABJICHUC 3aBHCHMOCTH BEPOSATHOCTH IOPaXKEHUS 4YeJoBeKa Of
ICCTOSIHUSA OT MECTa B3phIBa, NPEJICTABICHO Ha pUCYHKe 4.3. '
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JUIi  OueHKM 30H mOpaXkeHHs mpH B3pBIBE MOryT OBITH
MCTIOJIL30BaHBl KPHBBIE PABHOBEPOSITHOTO paspylueHus (MopaxeHus) B
Koopaunarax Ap-I: rae Ap(R) - MakcumansHOe H3GHITOYHOE NaBiIeHHE
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Ha ¢poure yaapHoit Bomusl; I(R) - wwmmynsc (asel CKaTHA Hg
paccTosHMM R oT MmecTa B3pbiBa. Pannychl COOTBETCTBYFOLIMX
nopakeHus R; orpeaeisatoTes: peeHUeM ypaBHeHUA|4]: i

... =I(R)-1, (3.9)
AP(R)— P

rae I*, P* acMMNTOTHYECKHME 3HAYEHHs MMITYJbCa W [ABJICHWA, k -

YUCTOBOM KOIPPULMEHT.
3HaYeHMs STHX TTapaMeTpOB Ul KPHBBIX Pa3pyIlCHHs 3/1aHHH I

BEDKMUBAHUS 4YeJIOBEKA IIPpH 4aCTUYHOM [opaXKC€H1UU OpraHoB JAbIXaHHS

[pUBEICHBI B TAOIMLE 3.7. :
3ABMCUMOCTH MAKCHMAJbHOrO HM3GBITOUHOrO JaBiieHus Ha (pOHT

y@PHOM BOJIHBI OT paccTosHKA - Ap(R) ¥ 3aBUCHMOCTE UMITyJIbCA a3k

cxkaThs oT pacctostaus - I(R) MoryT GbITh ompeseneHbl o GopmyIiay

i

(3.3), (3.4). |

;
i

i
[

3.2.3. Ilpumepsl pemeHusi 3a1a4

Jagaua Nel.
Ha KakoM pacCTOSHUM OT MecTa B3pbiBa OyIyT paspylICHE

KUpIIMUHBIE 3/1aHUs (JEpEeBAHHBIC 3[aHMsA), €CJAW OSHeprus B3PhHIB
cooTBeTcTBYeT 20 TOHHaM B3PHIBYATOTO BEILIECTBA (BB)? "
1. Bapsi Ha GeToHHOM noanoxke, BB — THT;

2. Bspeie Ha rpyHTe, BB — IBIMHBIM ITOPOX.

Penienue.
Mcxoauble JaHHbIE 3aa4d N0 BapHaHTy l: |
0OBEKTHl pa3pylleHuss — KHUPMNHUYHOE 3JaHue (JepeBAHHO

3JJaHME);

0 B3pwiByaToe BeniecTso — THT; ‘
[OBEPXHOCTh, Ha KOTOPOI BO3HHKAcT B3pbIB — OETOH 1a
[OJIIOXKKA; :
[] macca B3pbIBYaTOrO BeniecTna — 20 TOHH. _
@yHKIps M30BITOYHOTO JAaBJIEHMs Ha (QPOHTE yNapHOH BOJIHI
3aBUCHT OT PACCTOSHMSI (OT MecTa B3phIBa 40 O0BEKTA paspyLueHHs
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[lo Tabimumue 3.3 ompenenseM, 4YTO W3OBITOYHOE MABAEHME JUIs

pa3spyIICHUS KUPIUYHOrO 31aHUs (pa3pylIeHHE CpeJHEeH CTeneHw)
coctasieT 20-30 kI 1a.

3aBUCUMOCTE M30LITOYHOIO  JABJIEHHS  OT pPacCTOSTHUS
npe/AcTaBlieHa BbipaxkeHueMm (3.3): AP(R) = 0,084 n 0,27 i 0,7
R R R

rie AP(R) - u3bbitounoe naenenuwe, R, — npuBeneHHOe paccTOsHUE
2

KOTOpPO€ MOXHO onpeaenuts no d¢opmyne 4.5 R =R/ 3/C
n *
TpoTHIOBEIM  5KBUBaJeHT (C Oyaer paBeH Macce B3pHIBYATOrO
pCIIIECTBA, TaK KaK HMCXOAHOE€ B3pbiBYaToe BeunjectBo THT, TO ecrth
rpOoTHII. HO MOCKONBKY B3pHIB NPOMCXOUT Ha OETOHHOM MOJUIOXKKE, TO
caenyeT ydecTs Ko uiueHT 2, To ectb C =40 T.
Iloncras

i e8| EHC.IIOBBIE: JaHHbIE B GOpPMYJIy JaBJICHHS, MOJIy4aeM
ypaBHCHHUE TPETBEHU CTEINEHH, KOTOpOEe yAOOHO peluuTh, HANIpUMED, B
HICKTpOHHOM Tabnune Excel. ®parmeHT snekTpoHHON TabnuLpbl
peCTaBJICH Ha pUCYHKE 3.4.

B cronbue C BBIYHUCIAETCS YUCICHHOE 3HAYEHME BHIPAKEHUS
0,084 0,27 0,7
AP(R) = + + —

R, R R

¢l |

B suyeiike Cl1 3HadyeHHWe 5TOro

BLIPAZKEHMA NPUOJIMIKEHHO paBHO Hy 0. ClieloBaTelIbHO, YTO MPH AF

o B ' .
20 k[JTa R =235 m; npu &&= 30 kI[la R = 185 M. Eauuuupl
MIMCDEHHS, IIpUHATBIC B 3ajadve: gasieHue - Mlla, TpoTHIOBEHIH
JKBUBAJIEHT — KI', PaCCTOSTHHE — M.
JlepeBsiHHble  31aHMS  (CpeAHsisi  CTENEHb  pa3pyIIeHHs)

paspymiarorcs npu  M30bITOYHOM naBiieHMU 8-12 «klla. Uzmensas
MCXO/IHBIE JaHHbIe B Excel-Tabinue, npuxoauM K OLEHKE pacCTOAHMS
p1 KOTOpoM OyAyT paspylleHsl AepeBsiHHBIE 31aHus, - 330-440 M.
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Puc. 3.4. ®parMeHT 371eKTPOHHOM TAOIMIIBI ¢ PEIICHHEM 33139
Nel. |

Oteer (BapuaHT 1): KMpNH4YHBIE 3/1aHWA OyayT pa3pylICHBI
paccTossHUM 185-235 M, AEpEBIHHBIC — 330-440 m. |

B papuante 2 3agauu | cuemyeT obpaTuTh BHUMaHHE |
OTpejie/IeHE TPOTHIOBOTO SKBHUBAICHTA. B3ppiB4aThiM BEILIECT
gBIgeTcs IBIMHBIM mopox. M3 Tabmuusl 4.2 cleayeT, HTO SHEPE
B3pBIBA JHIMHOTO [10pPOXa COCTABJIACT 2790 xJbx/kr, a y THT — 4_.
kJlx/kr. Cocransas nponopumo 20 / 4240 = C / 2790, npuxoau
BeMuMHe TpoTHiIoBoro skeuBagenta C = 13,16 T 1,8 = 23,68
Kosddunment 1,8 yduTeiBaeT, YTo B3phlB MPOUCXOIUT Ha TPYHTE (.
rpyHTa 10T KOd3bduuuent 1,2 - 1,8; U1 OLCHOK HCIIOJIB30BA
MakCHMalbHoe 3HaueHue). JlanpHeulnee pelICHUC  BBINOJIHACE
AHAJIOTMYHO BapHaHTy 1. |

Oteer (BapuaHT 2): KAPMHYHBIC 3AaHMA OyAyT paspyUICHBL
paccTostHuu 150-195 M, nepeBsHHbIC — 280-370 M.
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3apnaua Ne2.

Bnone goporu, 1no koropou nepero3st BB ycranoBieHa 30Ha
e30TIACHOCTH, OFpaHMYEHHas pacCTosHHEM B 25 M oT jgoporu. Ilop
;oHOM Oe3omacHocTH OyJeM IOHMMAaTh TEPPUTOPHIO, HA KOTOpPOH
gepOATHOCTE MOPAXKEHUS YeNOBeKa (JICTAIBbHBIA MCXOJ) AOJDKHA OBITH
qe 0oaee 0,005. KakoBsa npejenpHas Macca NreKCoreHa, KOTopyro MOXKHO
epEBO3MTS I10 opore?

PereHue.

HMcxoaHele 1aHHBIE 3a0a4M:
pacCTOsSIHUE OT MECTa B3phiBa 0 YeiaoBeKa R = 25 m;
B3phIBYATOE BEIIECTBO — FEKCOTCH;

BEPOSATHOCTH NnopaxeHus yenoseka P <= 0,005.

@akTHyeckd 3ajjaya CBOJMTCS K PEIICHHUK) HEJIWHEUHOTO
ypaBHEHHUS P(M) — 0.005 =0, rne M — macca BB. Jlius pemenus
ypAaBHEHHUS] MOXHO BOCITIOJIb30BaThCS OJHUM M3 METOJOB YHCJIEHHOIO
pellleHU HEJMHEHHBIX YPAaBHEHMH, WJIM HCIOJIb30BaTh TPOLEAYPY
roaoopa.

[Tonbepem maccy BB. DHepretuyeckuii 3KBHBAJICHT I'€KCOreHa
cocraBisieT 5540 kJDx/kr (Tabauia 3.2). Ui BEJIMYHUHBI TPOTHIOBOIO
skpuBajeHTa, umeeM C = ( M * 5540 / 4240 ) *2. KoadpduumeHt 2
VYUTBIBAET OTPaXEHUE YJAApHOW BOJIHBI OT Jopord (OeToHHas
no/uiokka). Jlnga onpenesieHHOCTH 3agaauM B k-oMm ctonbiie n-oi
CTPOKM 4yucjeHHoe 3HadyeHue M = 200 kr. B nocneayrommx cronduax
NOCNEJOBATE/IBHO  pPAaCCUYMTHIBAETCA  TPOTHUIIOBBIM  3KBHBAJICHT,
IpUMBEIEHHOE paccTosiHue npu R=25 M, M30BITOYHOE JaBJIEHUE Ha
bponTe ynapHoM BOJHBI — P , 3HayeHue npodur GYHKUMHA Ha
pacctositHUM 25 M oT goporn  Pr=-77.14+6.91-InAP, BepoATHOCTH
NOpa)keHUsl YEJIOBEKA

1 Pr
D(Pr) = —— |exp(—t*/2)dt.
NATE 5.
B cnemyromeM cToabue BHIYMCISEM 3HAYCHHE BBIpaXKEHHS F =
©(Pr) — 0.005. Bce BBIYMCIEHHS TNOBTOPSIOTCS B TOCJEAYIOLIMX

CTpokax, HO YMEHBIIAETCS Macca IE€KCOoreHa. JTH BBIYHCIICHHA

NOBTOpAIOTCS IO TEX IMOp, MoKa B oAHOH cTpoke dyHKuus F = @(Pr) —

0.005 > 0, a B cnemyroweit crpoke F = ®(Pr) — 0.005 < 0, To ectsb
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« UeM MeHbLIE HHTEPBaJ M3MCHEHH AM 1pa

OKTOreHa Ha OETOHHOMN MOJIIOXKKE, €CJIM PACCTOsIHUE OT MECTa B3phIBa
50 metpos, 100 meTpos?
Pemenue.
UcxonHrpie JaHHEBIC:
B3PEIBYATOE BEIIECTBO — OKTOIEH;
mMacca B3pbeIBYaTOro Bemectsa — 10 T;
[MOBEPXHOCTh, Ha KOTOPOW MPOUCXOJUT B3pHIB — OETOHHAs
MOJIOXKKA;
[] paccrosHMe OT MecTa B3phiBa 10 yenoseka (R) — 50 m., 100 m.

Heo0xo1uM0O OMNpeAeIuTh BEPOSATHOCTH IMOPaXKEHUsI YEJIOBEKa
(D).

GyHKLMA MEHSCT 3HaA

eT
koTopoM QyHKIMS MCH A
CeKCOreHa, MepeBo3Ka KOTOpOH A0MyIueHa 1O niopore.

/ a 30Ha
ropoii nepeso3aT BB yCTaHOBINEHA SUTe
B s o orv. Mopa 30Ho HesonacHOCT

6vaeM NOHMMATb TEPPUTOPHIO, Ha KO
_gggmnbubﬁ ncxopn) AOIKHA ObiTb HE 6onee 0,005.

l?
KakoBa npegenbHas macca rekcoreHa, KoTOpylo MOXHO NepesosuTh fo Nopore:

l
| \

cxoaHbie AaHHble 3aAaq.
cTa B3pbiBa A0 YenoBeka R =25 M

aCCTOSIHUE OT Me

B3pbIBHATOE BELIECTBO — FEKCOreH, , 1 Pr
| BEpOATHOCTb HGPF{EHHH yenoseka P <= 0,005. E @(Pr) - 2__ exp (___Iz /2) dr
‘, T -
e
) | T Pr=-77.1+691-InAP.

To ects, pewmieHue 3aja4d MNEepBOHAYaJIbHO CBOIAMUTCA K
OTIpeIENIEHUIO W3OBITOYHOrO AaBieHus Ha GpoHTe yaapHOi BOJIHEL AP.
Jlngs pacyeTra M30OBITOYHOrO [ABJIEHHS MOXHO BOCIIOJB30BAThHCH
npubamkenunem Cagorckoro (3.3):

0,084 027 07

dP, Mna | Pr (M)
0.07818986 | 0.754246 | 0.774649
0.050676098 | -2.24252 | 0.012464

004758161 | -2.67791 | 0.003704 AP(R) = = 3 + FEE
0049140602 | -2.45513 | 0.007042 . " n "
0048830744 | -2.49884 | 0.00623 | R.=RIYC.

0.048519932 | -2. 1 0.005496 | 0.0004959 ' JUis 3navyeHus R=50 ™. lloacraBnsa HCXOJAHbIC J[aHHBIE B
COOTBETCTBYIOIME (OPMYJIBI, MPUXOJUM K YHCJICHHOMY 3HA4Y€HHIO
U30BITOYHOIO JIaBJICHMS 0,28638 MIla. YwucnenHoe 3Ha4YeHHE
30BITOYHOIO JIaBJIEHMs, BBIpakeHHoe B [la, mo3BoJeT pacCYMTaTh
3HaYEHHUE NMPOOUT-PYHKIUH:

Pr=-77.1+691-InAP.

B pesynasrare nmonaydyaeM 3Hayenue Pr = 9,7249. Jlns pacuera
BEPOSTHOCTH O(Pr) MOKHO BOCIIOJIL30BATECS dyHKLMENA

e
.:. ll“
| = B
e = Ll
L “ﬂm e e B J § L

)
[

M 3a7a4

Puc. 3.5. ®parMeHT 57IEKTPOHHOM TadNHMLpI ¢ PELICHHE .. «HOPMCTPACII» (T.e. HOpMajbHOE CTaHIAPTHOE pacrpeeieHue)
Ne2. | porpamMMHoTro npoaykra Excel.
PesyneraTom Oyzer saBastbes 3HayeHue 1 (mmm 100%), To ecth B
3anaua Ned. e Openenax aaHHoro paccrosiHus (< 50 M) neTanbHBIM HCXOH IS
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A

3
yesOBeKa B pe3ysbTare apapuu cocraiseT 100% . HanoMHUM, YTO MOJ
BRIDXKEHUEM JIeTAIbHBIH HMCXOJ Ui YeJIOBCKa MOHMMAETCAd THOE/Ib
yeJIoBeKa ¢ BepoATHOCTHIO 50 %. D10 ciieayeT U3 ONpeleIeHHs AaHHO
MpoOUT-(yHKLMH. |
Ananoruynbiii pacuer s 3Hadenus R=100 M mpuBOAMT
JIETAJIBHOMY MCXOJY JIJI YeJIOBEKA C BEPOATHOCTBEO 34.1%.

[T.

3anaua Ned. i

Ha kakoM pacCTOSHMM OT MeECTa B3phiBa OyayT paspylcHBl
(cpeansas CTeleHb pa3pyLIEHHs) AepeBsHHbIC 3/1aHUA NMPU B3PBIBC 20
torH TpuHurpotonyona (THT) Ha GeTOHHOM MOJUIOKKE. JlepeBsAHHBIE
ynands  (CpelHAs  CTENeHb  pa3pylleHus) — paspymatoTes TPk
n36pTouHoM nasnenuu 8-12 xIla. IpeacraBuTh 1paguiK 3aBUCHMOC
M3GBITOYHOrO NaBjieHus Ha GpOHTEe yAapHOW BOJIHBL OT pacCTOAHHA, €
yKa3aHUEM JIaBJICHUsl, OTBEYAIOLIETO pa3pyICHHIO

[TosicHEHUS K PELICHUIO: .
3aBUCHMOCTD M36BITOUHOrO naBieHus AP Ha ¢ponTe ynapHOK
BOJIHBI OT paccTosAHMs R, BBIpaXXEHHOro B METPax, npeAcTaBIICHE

0,084 + 0,27 N 0,7 e AP(R)

R R? R

n

u3beITOUHOE mapjeHue B Mna, R, — npuBeaeHHOE paCCTOAHUE, KOTO N0k

——

MOXHO ompeaenuTs mno dopmyre R =R//C . Tporniossl
skpuBanenT C OydeT paBeH Macce B3pHBYATOrO  BEIICCTBA
BEIPXKEHHOM B KT, TaK KaK MCXOZHOe B3phiByaroe BemecTso THI.
MOCKOJIBKY B3PBIB NPOMUCXOAUT Ha OCTOHHOW TOAJIOKKE, TO clIeye
yyecTh Kodddument 2, To ecth C = 40000 Kr.

1156

R

pplpakeHreM  AP(R) =

10% - % - 4

JInsg pelueHds 3aJa4dd  MCIOJB3yeM BBIYACIHUTCIBHYIO CPe 1

MatLab.
r=[100:5:450];
C=40000;
Rn=r./C"0.333;

BB L umaby s B

Puc. 3.6. I'padmku, oTBeyarompe permennio 3anaum 4.
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Rn2=Rn."2;

Rn3=Rn."3;
DP=(0.084./Rn+0.27./Rn2+0.7 JRn3)*1000;
plot(r,DP,'k-',r,10,‘1(*'); orid on;
xlabel('r,m');

ylabel('P, kPa');

title('"P=f(r)').

Pesynprar paboThl MporpamMMbl - IpeCTaB/IcH Ha  BEPXHEM
PUCYHKE 3.6. 31ech 3HAKoM “*’ BBIJICJIEHO cpenHeE 3Ha4YCHHUE JaBJICH
oTReualoulee paspymcHHUIO NepEeBIHHBIX 3,[laHHH.U Ja yTqueH,
OTBeTa M3MEHUM JHarna3oH H3MCHCHHA nepeMeHHON I — pacCTOSHUE
touku = 350 M [0 TOYKH I= 450 M. 1=[350:5:450]; |

['paduk, OTBEYAIOUIMHK PCIICHHIO 3aja4yy, IpeACTaBJICH
HYOKHEM PHUCYHKe 3.6. OTOT rpaguk MO3BOJSET AOCTATOYHO TOYH
BLIE/TATH PEIEHHE 3a/[a4H, KaK TOYKY NepecetcHin: rpaguKOB.

OTBeT. JepeBsiHHble  3/aHuid  IIpH
TPUHUTPOTOJIYOJIA (THT) Oynyr pa3pyllcHbl (cpenHsist  CTere
paspy IUEHUs) Ha paCCTOAHHH 385 M OT MeCTa B3phIBA.

3.2.4. 3agadM s CAMOCTOSITEIbHOIO PEIICHHH

1. Ha xakoMm paccTOSHWM OT MECTa B3phIBa Oyaer noBajeH I.
eciu pomsolnen B3phiB 30 TOHH TpUHUTpOOEH30/a” '.
2. Ilpomsomesn B3peIB 15 TOHH TEKCOICHA. Ha KaKo
MUHMMAJBHOM DAacCTOSIHMM OT MeCTa B3pbiBd BEPOSATHOC]
rubed  4eNoBeKa COCTaBJIAET MEHCC 0,0027 B3p
MPOUCXOUT Ha OETOHHOM MOIONKKE. |
3 Ha KakOoM pacCTOSHMM OT MecCTa B3PbIBd BEPOSTHOC!
opakeHHs 4YeJioBeKa COCTABUT 0.5; B3phIBUATOC BEIIECTBO

€KCOTEH.
4. Ha xaxoM pacCTOSSHMM OT TEXHOICHHOTO oOBeKTa MONKE

NpOKJIaABIBaTh I03EMHBIH TpyOOIpOBOA, €CIU Ha 0OBeK]
BO3MOKEH B3pbIB 10 TOHH aMMOHHHHOH CEJIUTPHI?
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5. Ha kakoM pacCTOSHMM OT TEXHOTeHHOro oOBeKTa
BEPOSATHOCTh TMOPAXEHUS 4YeJIOBEKa YJapHOM BOJHOH HE
npespiiaeT 3Hadenus 0.0001, ecnu Ha 0OBEKTE BO3MOXKEH
B3pbIB 20 TOHH MUKpaTa aMMOHMUS /

6. Kakossl rpaHuliel 30H 100% u 50% nopaxeHus 4ejl0oBEKa NpH
B3peIBe 20 TOHH rekcoreHa Ha OETOHHOM TOJIOKKE.

3.3. Cnucok JuTeparyphbl K rjiaase 3

1. HeycranoBuBlIHECH  JIBWDKEHMUS
Cranroxesuy K. I1. M., “Hayka”, 1971.

2. Toueunsiit B3peIB. (MeTopl pacyera. Tabauel). / Kecrenboim
X. C., Pocnaxos I'. C., Uynos JI. A., M., “Hayka”, 1974.

3. Apapuu u kartactpodsl. [IpeaynpexnaeHue M JITUKBUAALMA
nocneacteuit. Kuura 1 / B.A. Kormapescknit, K.E. Koyerkos, A.A.

Hocau, A.B. 3aberaes u ap. Ilox pen.: K.E. Kouerkosa, B.A.

Kotmapesckoro u A.B. 3abGeraesa, — M., U3parensctBo ACB, 1995.
— 320 c.

4. OTpacieBoe pyKOBOACTBO IO aHAJIM3y H YIPaBJICHHIO PUCKOM,
CBSI3aHHBIM C TEXHOIEHHBIM BO3JECHCTBHEM Ha 4YeJIOBEKa M
OKPY>KAIOLIyI0 Cpely TNpH COOPYKEHHH M DKCIUTyaTallid OOBEKTOB
100BIYM, TpPaHCIOpPTa, XpaHeHUs U NepepadoTKM YIIeBOAOPOAHOrO

CHIPBS C LIEJIBIO MOBHIIIEHUS HX HaAeXHOCTH U Oe3onacHocTU. — PAO
“I"”A3ITPOM”. M.: 1996

CrjiolmHONM  cpensl/  /
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4. IlporHo3upoBaHHE NOCAECACTBHH 00bEMHbIX B3PbIBOB

4.1. O0mue cBeeHHs O ra30NapoOBO3AYIIHBIX CMeCHX

B 3aBucumoctu oT AaBieHus P u temneparypsi 1 BELICCTB
MOYKET HAXOIWTHCS B Pa3iMUHBIX arperaTHBIX COCTOsHUAX (puc. 4.1
JInsg COKMXKEHHBIX ra30B UX OXJIAXKHAOT M COKUMAIOT [0 NapaMCTPOE
COOTBETCTBYIOIIUX XKUAKOH ¢aze, KOTOprie B 00IEM cllydae MOIy
OTJIMYATBECS OT JMAABNEHWS M TEMIEPaTyphl OKpY/Kalomew Cpelk
VuacTok KpuBoii AB oTBeuyaer ycioBHIO paBHOBecHs JBYX (a3
KUIKOCTH ¥ Tapa (JMHMS HACHIIEHHOro mapa). Tpo¥Has TOuKa ¢
bUKCHpYET OJHOBPEMEHHOE paBHOBECHE Tpex (as. B KpHTHYIECCKO
Touke B mponajaer pasnMdue MEXAY KUIAKOCTHIO M Mapom. Pe3ko
paHMLGl MEX/Ty NTapoM M ra3oM He cymlecrsyet. [oaToMy uX OOBIYR
0603HayaloT Kak rasonapopo3aymusie cvecH (I TIBC). '
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Puc. 4.1. JlnarpamMma COCTOSTHUS.

B  TeroM30iMpOBaHHBIX COCymax M pe3epyapax i
OTPUIATEJILHBIX TEMIIEpATypaxX XpaHAT CKUMKECHHBIC Ta3bl (MeTaH, a30
KUCJIOPOJ), KOTOpBIE  Ha3biBAlOT  KpMOTeHHBIMH  BCLICCTBAM
Kputnueckasi Temrnieparypa TakuxX BEIUECTB HWXKE, 4Y€M TeMIepaTy

80

oKpy»karomien cpeabl. llpu aBapuiiHOM paspylleHMM €MKOCTH C
KpHOTEHHOH JXHIKOCTBIO TMPOMUCXOJUT BEIOPOC, BCKHIIAHKHE ¢ OBICTPHIM
ycrapeHreM u obpasyercs obnako ¢ I'TIBC. JIns roproydux XumaKocTei
gociuiaMeHeHue obnaka I'TIBC npoucxoaur npy Hanu4Mu HCTOYHMKA
3a)KUTaHHUS.

BemecTBa npyroéi xapakrepHod rpynnel (mpomaH, 6yTaH,
AMMHAK, XJIOp) XPAHST B XKHJIKOM COCTOSIHMM I10J1 JaB/IEHHEM B cocyaax

[IpH TEMIIEPATYpe OKpYKarowe cpepl. OHU B COCTOSTHMM TIEPErpeToi
KUAJKOCTH.

X Tabmuua 4.1
3HayeHHs KDHTHYECKHX NAPAMETPOB H IJIOTHOCTH Pex B

CHKHKEHHOM COCTOSIHHH HEKOTOPbIX BelllecTB

TIEHIIBHHH 2 nc

BemecTso npu P=0.1

MIla

¢ Pps MIa | pey, KI/M’

| Bonopoa H,
Asor N, 196 | -147 | 340
Kucnopon O,
__Meran CH, -82
Otunen C,H, 567
Sran C,H,
[ponmnen CsHs
[ponan C;Hg 582
| XmpCl | 345 | 144 | 77 [
Ammuak CH;
Bytan C,Hjo 06 | 153 | 37 1 6ol
CO,

B3peieel razonapososaymssix cMeceit (ITIBC) obpasyior knace
00beMHBIX B3pBIBOB. COCTaBHl TIa3oNapoBO3AYIIHEIEX CMeCeit npu
83phiBe MOryT OBITH camble pa3HoobpasHele. Ctatuctuka 150 aBapuii
Poccun n ctpad CHI" B nepuoa 1970.-.1989 roaer nmoxassiBaet, 4To [pU

“3peiBe yuacTBoBanM: 42.5% - yriaesomopoausie rasmer; 15.5% - nmapsl
IerkoBocnmaMeHarommxcs xuakocreit; 18% - BOJIOPOI.
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Cpa3y mocie IOKHra B3pHIBOONACHONH CMECH CKOPOCTh B3DHIBg
HUYTOXKHA - BCEro Inojmerpa B cekyHay. OaHako ras3oBasi CMeECh,
pa3orperasi IIaMEHEM, BCKOpE paciuMpsieTcs B 8 pa3, M CKOPOCTH
[UIaMEHH JOCTUraeT BeJIMYMHBI OKOJIO IISTH METpOB/ceK. A 3areM GpoHp
B3pbIBA Ha OTKPBITHIX MPOCTPAaHCTBaX pasronsercsa a0 150 m/cek... g

CIPaBKH: CKOPOCTBb yparaHa, KOrjia CHOCUT KpPBIIIH, JTIOACH U TEXHUKY, =

Bcero 30 m/cex.... L

[TocsieicTBHS, BEI3BAHHBIE TAKUMM B3PhIBAMH, XOPOLIO H3BECTHBL,
Hanpumep, katactpoda (1989 r.) na neperone Yiy-lemsk - Ama
MOMEHT BCTPEYH JABYX IIACCAXXUPCKHUX MOE3/10B (BOCIUIAMEHUIIMCH NTaphi
nponan-Oyran-6ensuHa). B oOmel ciaoxHocTH mnocrpazamd 1300
yeJIOBEK, U3 HUX 0K0JIO 550 CKOBYAIUCH. |

Kak pasropaercsa rasosasi CMeCh INPH MEIJICHHOM B3pbIBE B

noMeleHun? A MPOMCXOAMT TaMm BOT 4TO. Ckaxkem, 3a0BLIH 3aKpEI . |

razoByro KoHpopky. CnycTs Kakoe-TO Bpems BO3HMKAaeT HEBHUIMMOE
obnako B3pbIBOONMAacHOM cmecH. llpy MOABIEHWH OTKPHITOrO OrHA
BO3MOXHO cieayromee. [Tlepoe. Cpa3y BeuieTaeT crapas OKOHHas pama
CO CTEKJIaMH, a BMECTE C HEM M €LIE He Cropemlmast J0 KOHIAa razoBaf
B3pEIBUYaTKa. Bce orpaHMuMBaeTcCs AOCTATOYHO OE300UAHEIM XJIONKOM.
Bapuant Ne2 - xynmwui. Y Bac CTOAT HOBEHBKHE, TOJIBKO YTO
KyIJIEHHbIE OKHa, repMeTH4Hble, Npounble. Ilpu B3peiBe rasa Oyne J
noaHuMathecs gaBnenne. Koraa B pesysbrate gediarpaunn HaGepetcd
Bcero 0.1 arM. - MOXKHO yiKe He OeCIOKOMTbCcs HH O 4yeM. Hu ogud
GyHKep He BBIIEPXKHT OTOro JaBieHus. Jlajblie HauMHAIOT PYIIHTHCA
CTE€HBI ¥ MEPEKPHITHS . . . _

Otcroga cleiayeT IpaKTUYECKM BBIBOA - TMpd  JHOOBIX
00CTOATENRCTBAX, BO BCEX 3JIaHUAX W TMOMEUICHHUAX, I/ie BO3MOXKHBI
aBapUiiHbIE B3PEHIBBI ra3a, MpeJycMOTpeTh 3abiiaroBpeMeHHBIH cOpoe
pHyTpeHHero naapineHus. Kak? C noMOUIpiO JIIOKOB, CIELManbHBIX
OKOHHBIX paM, YTO pacllaxhBalOTCs aBTOMATHUYECKM Hapyxy npH
B3PBIBE, 0COOBIX COPTOB CTEKOJI U TaK Jasiee. 3

Cropanue I'TIBC moxeT mpoxoaurbh Kak B pEeXHME JCTOHALIWH,
TaK M B pexkume aeduiarpald. OTH JIBa peXuMa pas3iudaroTcs _
MEXaHMU3My MHMLIMUPOBAHUS U pacripocTpaHeHus ¢ponra ropexus. [1ph
JIETOHALIMU TIPOUCXOJUT CaMOBOCIUIAMEHEHHME 3a CYET HMHTEHCHBHOIC
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C7KaTHA CMECH CBEPX3BYKOBOM yaapHOH BOHOM. ITpwm Aegnarparyi
BOCIUIAMEHCHHE CJIOCB CMECH Mepeli GPOHTOM rOPEHHst IPOUCXOIHUT 32
cHcT  pallHallMOHHO-KOHBEKTHBHOIO HarpeBaHMsl 10 TeMIepaTypH
BOCITaMEHEHUA. (CKOPOCTh pacnpocTpaHeHHs (poHTa FTOPEHUs IpH
nedrarpauun (Kpome cMecei ¢ BOZOPOIOM U aLIETHIICHOM) oKoJio (.4
METPOB B CEKYH]Y. |

OCHOBHBIMH XapaKTepUCTHKAMU B3PBIBHOI'O CrOpaHUs SBJISIOTCS
BEJMYMHA M30BITOYHOIO [JABJEHHS; MMITYJIBCHI a3l  CKaTUA ¥
paspexeHus. B 'OimxHel' 30He M36BITOYHOE NaBacHHE [PHU ACTOHALUK
SHAYUTEIHO NMPEBBIIACT U30BITOYHOE JaBIeHUs Npu Aeduarpauu. B

(«NATILHEW) 30HE pas/iMyus B BEJIMYUHAX U3OBITOYHOTO JABJIECHUS MOTYT
_
OBITh HE3HAYHUTEJILHBI.

bl e,

dP 114 B1phipa sapsa
1 | KoHescHpoBarkoro BR

| Obmacrs odmgac |
| PATHYOOM I

Puc. 4.2. IaMeHeHue 1aBiieHUs B TOYKe npy B3peiBe I TIBC u
KOHAEHCHUpoBaHHOTO BB.
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ATmocdepHoe nasnexme

- = . — —

Tabnuua 4.3
Konuenrpannonnsie (06.%) npeaes JE€TOHALMH H
socniamenenus I'IIBC B Heorpannyennom npocrpancrse u B
3AMKHYTHIX 00beMax

|
|
|

Puc. 4.3. XapaxrepHmiii MPOQUIIb YAAPHON BOJTHEL

4.2. leronauus ra3zonapoBo3AyIIHOH CMeCH

B tabmuuax 4.2, 4.3 npeacrapieHs: HEKOTOpPBIE XapaKTEPHCTUK]

I'TIBC. JleToHaums BO3MOXKHA eciy pasMep ¥ KOHLIEHTpaLMs B 00JaK
[ TIBC oTBeyaer nauusim YKa3aHHbIX TaOJIUIL.

[
'
1
[
¥
'

I
-
-

)

Tabnnua 4.2

MuHuMaJIbHAS SHeprus Emin, 00beMHasn KOHUEHTpalHs
TonmuBa Cg; H MEUHUMANBLHBII AHaMeTp 06aaka d HHHLUHUPOBAHHUSA
T'TIBC B cBOGOgHOM npocTpancTrie

['oproumnii
KOMITOHEHT

. -

'
H il B
= =

Boxopon H,

1l OIldaH C3H3 85.8

L]
- — v N B —y ' =

398.0

-~
a e

84

KOMIIOHEHT
m BepxH. m BepxH. _Bexu.
CAuermien CH, | 0 | 142 [500
" DbyranGHwo | 25 | 52 [198 [618 |18 |84
BopoponH, 1 | 1183 "IS80" RO [T 00E
[ponan C;H,
" lponmnen C;Hq
™ Oran CH,
ranest Coftes -, o o ok jioih 3320 6 RS 028197 baslmon
bemsonCelle |, ] . 16 1555
KewmonGCeHy | | | | 10 64
| MeranCH, | [ 11150 [150
~ AmMmuak NH; 15.5 27.0
BYOKHCE yrieponaa .-. 12.5 74.2
CO,
CepoBogopon H,S 4.3 45.5

. ATINPOKCHMMALUA TApaMETPOB  YAAPHOM BOJIHBI IpU B3pEIBE
OPIOYMX CMEeCEH YIJIEBOJOPOZOB C BO3AYXOM MIIH KHCJIOPOIOM:

BOBITOYHOE JaBjeHHE HA GPOHTE yNAPHOM BOJHBI dP, Ila; ynenbHbIii
mMiyaec I, ITasc [1].
dP =P, P, (4.1)
lgP=065-2.181gR, +0.52(IgR,)>, R =R/3C.  (42)
I=13/C (4.3)
g/ =2.11-0.97Ig R, +0.44(Ig R )’ (4.4)
C=2mQ, crx ! Or, m= PercVs (4.5)
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C - TpOTWIOBBIH  OKBMUBAJIEHT  HA3eMHOTO  B3DhIB3
nonycdepuueckoro obnaka ['TIBC, kr; m - macca roprouero o0naka, K
Qr - Tennora B3pbiBa TPOTHJIA (3.184+10° Jx/xr); Py - atmMocdepHog
nasJyieHUE, I1a. !

[Ipu B3pbIBE CKOPOCTH JETOHALMOHHOM BOJHEL D [m/c] ¥
MAKCHMYM M30BITOYHOIO JAaBJICHMs Ha (PPOHTE AECTOHALMOHHOW BOJIHEL
(XuMHYecKuii nuK) AP 0TBe4arOT COOTHOILICHUSIM |

D=.2(7* -1)Q,

AP =4(y =1)Q, pPerx — o
rae O, - TeruioTa B3peiBa, JDK/KT. 3

HekoTopble  XapaKTEpPHCTMKM  Tra30NapoBO3JYLIHEIX — CMECE
npeacrasiens B Tabnuue 4.4. B taGnve npuHATE 0003HaueHMA:
M/C - CKOPOCTB PacnpOCTPaHEHHs AETOHALMOHHOM BOJHBL, Yer=Cp/Cy
OTHOIEHHE TeIUIOEMKOCTEN NPH MOCTOSHHOM JAaBJICHUH M 00BeMe, Up
MOJIEKYJIApHBIA Bec; dP; - faBieHue B JETOHAIMOHHOM BOJIHE B TO IK
Xyre (Touka nepexoja oT aauabaThl HCXOIHOTO BELIECTBa K aj1adal
NPOAYKTOB JACTOHALMH).

Tabnuua 4.
XapakTepHCTHKH ra30napoBO3AyIIHbBIX CMeceH

I'oprounii | D, Peres | 1 Quseres ' Qv t1f Yerxi {1185} 166,
KOMIIOHEHT m/c | xr/ I MJx/ | M/ 06% |
M KI | M l
‘fz | 3] 4 — i 6 |7 5 1 )

'a30B03AyHIHbIE CMECH

| 2.791‘] 125 1171197 |

l_' 1
B

Ammuak CHs 1630

1.18 | 2.37
| Auermnen C,H, [1990 1.278] 3387 | 4329 | 1.26 | 26 | 7.75
Byran Cjl. 1840 | 1328 | 2.776 | 3.684 | 1.27 | 58 | 3.13
BomoponH, 1770 | 0933 | 3425 | 3.195 |[125|2 |29.59 | 1.2
Meran CH, 1750 | 1.232 | 2.763 | 3.404 1 126 | 16 | 9.45
86

[Iponomxkenue tad.4.4

1 2 3 FoTORARHEGS 6Tl Og 9
Oxucs yraepona |1840 | 1.280 | 293 | 3.75 | 1.26 | 28 [ 29.59 | 1.82
CO | |

+

[Iponan C;Hg 1850 | 1.315 | 2.801

——

4
13.676 | 126 | 44 | 403 | 1.89

|- - !

Mponunen C;H, (1840 | 1314 [ 2922 | 3.839 [ 1.26 | 42 | 446 | 1.87
Sran C;H, 1800 | 125 | 2.797 | 3496 | 1.26 | 30 | 5.66 | 1.69

| runen C;H,  [1880 | 1285 | 3.010 | 3.869 | 1.26|28 |6.54 | 1.91

| I1apoBo3AyIIHbIE CMECH

Aneron C.HO 1910 | 1.21 | 3.112 | 3.766 [1.259 [42 [ 4.99 | 1.85
ben3un - 1 135 | 2.973 3.77 94 | 2.10 -
aBHAIIMOHHBIN

Berson CeHe 1860 | 1.35 | 2.937 | 3.966 [1.261 | 78 | 2.84 71,96
Kemnon CeHyo 1820 | 1.355 | 2.830 | 3.834 [1.259 | 106[1.96 | 1.89
Tomyon C:Hs 11830 | 135 | 2.843 | 3.838 [1.260 | 92 .23 | 1.90 |

4.2.1. Ilpumeps! perieHusd 3a1a4

IIpumep 1.

Kako o6wpem ob6maka [T1IBC, eciu ra3oBas CMEChH
CTEXHOMETPHYECKOro coctaBa ¢ o0ObeMHOM KoHUeHTpauuen Cerx,
MOJIEKYJISPHOM Maccoil roproyeii KOMIOHEHTHI |1 U Maccoi M.

Pemenue.

Uucno Moneit roprooueil KOMHOHeHTH paBHo M/p.  OmuH
KWJIOMOJIF HMACAJIBHOIO rasa 3aHuMaer o0meM V, 224 m. B
NpUOJIMKEHUH UACAIBHOIO raza, 06beM roproyeil KOMIIOHEHTHI €CTh V,
*M/n. YuurtsiBasi, 4To 0O0BeMHasi KOHLEHTpalL¥s roproyer KOMIIOHEHTHI
Ceox, U1 OOBEMa 0OJ1aka V uMeeM
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V=KV, *M/(pn * Cerx),
rae koshduumeHT K npyHUMaeTcs B 3aBUCUMOCTH OT cnocoﬁ' .

xpaHeHus npoxykra: K=l - wid ra3os InpH aTMOC(EepHOM [IaBJICH
0.5 - a8 rasoB CXKWKEHHBIX [OJ [JaBJICHHEM; 0.1 - mis ra3oB

COKWKeHHBIX — oxuaxkaenwem;  0.02-0.07 - nOpu  pacTCKaHME
JIEFKOBOCIUIAMEHSIIOIMXCS XKUIKOCTH.

IIpuamep 2. 1 |
OnpeaenuTh napameTpsl yIapHOU BOJIHBI HAa paCCTOAHMH R=200
M OT ILleHTpa B3pbiBa. B3pHIB 06nai<a ITIBC, o0Opa30BaHHOIO np |

pa3pyLIeHUH pe3epByapa ¢ M=10° Kr CXKIDKEHHOI0 MpPOIaHa.

-'.
LA

UcxonHsle NaHHBIE: KOQPHLIMEHT ONpeaeseMblH cnocoﬁo

xpaietust K=0.5; Cen=4.03%; Qmerx = 2.801° +10° JHx/xr; - = 44; Porx T2

1.315 kr/M° 5 Po=1 013+10° ITa.

O6wem I'TIBC o c]popmyne V =K*V, -M/(u . Cm)
V =0.522.4+10° /(34 00403) 6.316 10 M.

m=pcx V = 1.31596.316 10° = 8.31 10° xr - macca ra3050 r

obnaka;

KI' - TPOTWJIOBBIM SKBUBAJICHT;
R,=200/(1.11 107)"? = 0.897 m/xr'"”

M30BITOYHOE NaBJICHHE

lgP= 0.65-2.18 1g0.897+0.52(1g0.897)" = 0.754.

P=10""*=5675. dP=1.013 105.675=5.76 10° Ia:
Y nenpHBIA UMITYJIBC

lg7 = 2.11 - 0.97 1g0.897+0.04(1g0.897)" = 2.156.
[=10'%=1432; 1=1432(1.1110)'"* =3.19 10* Mac;

103
OrteeT: W3GBITOUHOE JaBICHUE B3phIBa cocTapjser 5,76°10
= . 104 :
yenpHbIi umiynse 3,19 - 107 Ila - c.
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;.

C=2mQ, o1y /Q, =2+8.31 10%2.801 10°/(3.184 10°) = 1.11 10

.-. j

|

IIpumep 3.
l1o popore aBTOLMCTEpHOH NEPEBO3AT CHKMKEHHBIN TaH. Kakas
mMacca 3TaHa M MoXeT OBITH INepeBe3eHa, €Cld BJAOJL JOpOru

yCTaHOBJIEHa 30Ha 0©Oe30macHOCTH ¢ paccrosHHeM R=25 wm. [lox
rpaHULENA 30HBI 0Oe30macHOoCTH OyAeM TNOHHMMATH pPAacCTOSHHE OT

JOPOTH, TII€ BEPOATHOCTh MOPAXKEHHSA 4YEJIOBEKAa HE IMpeBblaeT
BeJTMUUHEl @ = 10™.

HMcxonHple JaHHEBIE:
KO3 PHULMEHT oNpeaeasieMblii CriocoOOM XpaHEHHUs CHKIKEHHOTO ra3a -
K=0.3;
cTeXHoMeTpuuYecKas KOHUEHTpalus - Con=5.66%:;
TEIUIOTa B3PBIBHOTO NPEBPALIEHUS - Qm erx = 2.79710° JIx/Kr;
MOJIEKYJISIpHBIN BeC . = 30);
[JIOTHOCTD Perx = 1.25 KI/M :
aTMocdepHoe naBinenue Po=1.013+10 I1a.

Penienue.
O6wem I'TIBC o popmyne V = K*"'Va ‘M/(p * Cerx)
V =0.522.4M/(20 = 0.0566), M.

Macca razoporo obnaka - m=p.., V =1.25¢V | KT.

I'porunoBeiit sxkBuBaet - C=2mQ 1 /Q; , Kr.

Bespa3zmepHoe paccrosiHue R, m/kr'’”.

Jlorapudm M30BITOYHOTO JaBIECHHS lgP = 0.65-2.18...

M30piTOuHOE maBnenue dp =Py * P Ila.

BeipaxxeHue 1151 3Ha4eHUs npoOUT QyHKIMH
Pr=-77.1+691-InAp, rne U30BITOYHOE JaBlieHHe Ap

BrIpaxkaercs B Ia.
Jns oneHku BeposITHocm MOpak€HUs YEJIOBEKA, UMEEM

D(Pr) = I exp(—t>/2)dt .

—00

@E

PemenueM 3amaym sBJSIETCS 3HAYEHHE MAcCChl, NPH KOTOPOW
byHKLMs
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f= ®(Pr) - ) "'(D(Pr) 10" MeHseT 3HaK.
Ha puc. 5.4. IpeAcTaBieH (parMeHT 3JIEKTPOHHOM TaOJIMLIBL
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Puc.4.4. CI)parmeHT 3JIEKTPOHHOMU TﬂﬁHHU;BI C pemeHHeM Bana 1

No3.

OtseT: ycIOBYIM O€3011aCHOCTH OTBEYACT MACCa 31.5 kr.

ITpumep 4.
[lo gopore TMepeBO3AT CXKWKEHHBIH TPONaH. [IpencTaBUT
A ARMCHMOCTH JOMYCTMMOM Maccel npomaHa M, NepeBO3UMOH

jopore, OT IMPUH 30HbI 6eszonacHocTy - R. Tloa rpaHunen 30

6e30MacHOCTH OyJZeM TOHMMAaTh pPacCTOSHME OT  AOPOrH,

MRGLITOUHOE [ABJIEHAE HE MPEBIIIAET BENUIMHBL Prax = 6.5 Oap.
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Ucxonuele naHHble: KO3(pOHIMEHT OINpeAesIEMBIH CIOocoOOM

xpaenms K=0.5; Con=4.03%; Qmerc = 2.801° *10° JDK/Kr; pr = 443 Porx =
1.315 kr/m>; Po=1.013+10° I1a. ( 1 Gap = 10° ITa).

Pemenue 3a1a9u nipeacTaBuM B BUjie IporpamMmmel Matlab.

R 0=10; dR=10; R max=100; % IToaroroBka NepeMeHHbIX LI LHKIA 10 R %
dm=0.5; % IToaroroska nepeMeHHbIX i 1HKIA 10 M %
k=1;
K=0.5; Va=224;
C ct=4.03*%0.01;
_g=44;
p ct=1.3135;
p _0=1.013e+5; % Atmocheproe nasienue, I1a %
Q ct=2.801et+6; % DHeprus B3pBIBHOrO NMpespallenns npomnana JHK/Kr %
Q t=4.24e+6; % DHeprus B3pbIBHOrO npeppalieHus Ttpotuna JHx/kr %
P max=6.5; % IlpenensHoe napnenue s 4eyioBeka, bap %

for R=R 0: dR: R max,
m=0.0; P=0; RR(k)=R;
while P<P max, m=m+dm,;
V=K*Va*m/(m_g*C ct); % Ob6bem raza %
M=p ct*V; % Macca raza %
=2*M*Q ct/Q t; %

Tpot.3xkBasIeHTY0

Rn=R/C"0.333; % bespas. paguyc%
P=107(0.65-2.18*log]1 0(Rn)+0.52*(logl 0(Rn))"2)*1.013; %0ap %
end ;
MM(k)=m; k=k+l1;
end;
plot(RR,MM);
xlabel('R, m');
ylabel('M, kg');
title("'M=1{(R)');
grid on.
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[IMPHUHBI 30HBI OE€30MaCHOCTH.

Ipumep 5.

B 3axpeitom nomewenun ¢ pasmepamu 1;*L, u BbicoTOH H
HaXONWTCA Tas3oBas IUIMTA, KOTOpas OKa3zajach B HEHCIPABHOM
COCTOAHUH. B pesynbraTe OBITOBOM ra3 ¢Taj MOCTYNATh B IOMEIEHHE C
MacCOBBIM pacxonoM . HeucmpaBHOCTe Obula OoOHapyxeHa depes
BPEMEHHOW HHTEpBaid t ¢ MOMEHTA BO3HUKHOBEHUS HEHUCIIPABHOCTH B
[JIUTE.

Bapuaut 1 Li=3 M., L,=3 M., H=2.7 M., q = 5*10* M’/c.. t = 30
MUH.

Bapuant 2 Li=5 ™., [,=5 M., H=2.7 m., q=5*10" m/c., t= 30
MHUH.
Bapuanr 3 Li=5m., L,=5m., H=2.7 M., = 5*10"* Mm’/c.

I. OueHuts BO3MOXHOCTH B3phIBA ra3a B IOMELICHHH pH
BO3SHUKHOBEHHUH UCKPBI — Pey M BO3MOXXHEIE TTOCJIECACTBUS B OTHOILLEHUH
4EJIOBCKA — BEPOATHOCTH THOeNH yenoBeka — @ (BapuaHr 1,2).

2. Ilpn xakoM 3Ha4YeHHH t BOHMKAIOT YCIOBHS JUIA B3PBIBHOT'O
peBpauieHus, eciim L= L,=5 m. (Bapuanr 3).

92

Pewenue.

I Ipripoanslii raz cocrout Ha 98% u3 metaHa (CHy), Ha ocTaneHyI0
AOJIKO TMPUXOAATCS OoJiee THKENBIE aaKaHBl, TAKUE KAK STaH (C2Hg),
nmponad (CsHg), ©6yran (Cs4Hyp). Ilpupomuseiii  raz KOKCYIOT W
rasuUUUPYIOT, [0CNe 4Yero ero yaensHas TemioTa CropaHus
MOBBIIACTCS OT Ha4yasJbHBIX 16 MJDx/M®* no 35 MJx/m3. 3arem B ras
NOOABIAIOT TPUCAIKH, IS TPUIAHHS €My pE3KOro 3araxa. IToT
OBITOBOM rOPOACKO#M a3 MOCTYNAET B ra30BbIe TUIHTEL

OO0BeM nomMermeHus: V = L*L,*H.

ObneM rasza B oMeleHHU: Vg = Q*T.

KoHueHTpanus rasza B noMemeHuu: ¢ = Vg /V.

Ho Tabnuue 4.3 onpenensem, uto audaarpauMoHHBIA MeXaHH3M
B3SPRIBHOTO TNPCBPAIICHUS BO3MOXKEH, €CIM KOHIEHTpALMS rasa B
[IOMCIICHHH HAaXOMUTCS B MHTEpBase oT 5 10 15 % mo ob6bemy.
Y4uThIBasg, 4YTO B HEKOTOPBIX JIATEPATYPHBIX HCTOYHHKAX JUId
[IpUPOHOro rasa NPHBEACHO 3HAYEHME HMXKHEro npezena 2 % mno
00BeEMy, MMeeM ISl YCIIOBHUS B3pPBIBa

2 <100*V,/V < 15.

JHEPreTUYECKHH SKBHBAJIEHT B3PBIBHOTO MPEBpaLlCHUS, €CJIU

00BEM Ia3a — M-,

Q=35*V, MJIx.

B TpoTui10BOM 3KBUBAJIEHTE, C YYETOM JIaHHBIX TaO ULl 4.2 —

C=35%*1000 * V, /4240 , kr.

/s oueHkM naBiieHus Ha QpoHTE YAAPHOM BOJIHEI HCII0JIB3yEeM
npubamwxenue (3.3)

7 0
AP(R) = 0,084 N 0,2 o

+ Mna.

R R? R

H

Pasmep objaka cou3MepuM CO CpeaHHUM pa3MepoOM KOMHATHI -
<L>. JlaBjieHHe, OKa3bIBAEMOE Ha CTEHBI, COM3MEPHUMO C JIABJIEHUEM B
Touke <L>. Torna, 1uis oueHku 6e3pasmMepHOro paamuyca umeem

R =R/3C=<L>/¥C
BripaxkeHue 111 3HaYeHUS NMPOOUT GyHKLMU
Pr=-77.1+6.91-InAp,

rae u30BITOYHOE naBjieHue AP BeIpaXkaetcs B []a.
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JUisi OLIEHKH BEpOSITHOCTH MOPaXKCHUs YeJIOBEKA, HMEEM

1 Pr

D(Pr)= = [exp(~1"/2)dt.

Y 27z-

—00

Oteer: B3pbiBHOE NpeBpalleHHe HMEET MeCTO B BapHaHTe N=1,

ypaXkeHUE YeJloBeKa ¢ BeposATHOCThIO D=1.
VeaoBus [UIs B3PBIBHOTO MpeBpaineHus A ciay4as Li= Ly=5 M
)3HUKAKOT, €CJIH BpemeHHou MHTepBaJl MCTEYCHUs rasza U OTBCYACT
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4.2.2. 3ajpa4yM IS CAaMOCTOATENLHOIO PelIeH s

1. B nomemennu o6seMoM V XpaHHTCs Oa/UIOH ¢ ra3oM Macca

KoToporo m. Bo3MoxeH nu B3peiB, BociuiameHeHue III'BC, eciu
OaJIOH He repMeTHYEH?

I'oprounit koMnoHeHT V, M m, Kr |
?

Auerunex C,H, 100 3

-F

[Tponan C;Hg 100 5

1000 4 5 I

| 100 50

—

1000 20

2. Kakast Macca TpoTHIa MOXKET BBI3BAaTh MHULMMPOBAHUE 06J1aKa
C MapaMu aleTHICHa, NpoliaHa, METaHAa, €CJIM pa3Mep U KOHLEHTPaLMs
rasa OTBEYaeT KPUTHYECKUM IapaMeTpaM JeTOHALMU?

3. OueHUTs BO3MOXXHOCTH B3pHIBA NPU 'TPAaBICHHM MeETaHA W3
TpyOOIpOBOIa (HEOrPaHHUYEHHOE IPOCTPAHCTRO)

4.3. MeToauka nporHo3npoBaHus MOC/IeCTBHIi B3PLIBOB

TOIUIHBHO-BO3AYHIHBIX cCMecel

gemﬂnxa OLCHKHM IIOCINEACTBHH aBapUHHBIX B3PHIBOB[2],
azpaborannas H !

pas3p Tl "llpomeiineHHass 6e30macHOCTB", MO3BONISET
[IPOBECTH  KOJMYECTBEHHYIO  OLIEHKY  OCHOBHBIX  IapaMeTpPOB
BO3AYIIHBIX YIApHBIX BOJH U ONPENEIUTh CTEIMEHH BEPOSTHOIO
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[IOpaXXEHUS IOJACH M MOBPEXKIACHUH 3JaHUW IIPH aBapuaXx C B3PbIBE
TOIUIMBHO-BO3AYIIHBIX cMecel (TBC).
MeToauka peKOMEHAYETCA I MCII0JIb30BAHUS:
"  npu pa3paboTke JEKapanuu
[POMBILIJIEHHBIX OOBEKTOB; |
" [Opd TNPOBEACHMHM aHaIM3a ONACHOCTEM M  PHCKOR
B3PBIBOIIOXKAPOOIMACHBIX MPOMBIILIEHHBIX 00OBEKTOB; '
= npu pa3paboOTKe IUIAHOB JIOKAJIM3alM¥ U JMKBHJA
MOCJIEACTBUNA aBapHid;
* [pu pa3pabOTKe HHBIX MEPONPHATHH, YMEHbIIAIOIIHK
PHCK U1 MEPCOHaa ONAaCHBIX NPOMBILNLICHHBIX 00BEKTO
U TIPOKUBAKOLIIETO BOJIM3HM HACEICHUS. !

6e30MacHOCTH

O
.“

[Ipeanonaraercs, 4YT0 B CMECH C BO3JyXOM Yy4YacCTBYE
WHAWBUAYaJIbHBIA TOPIOYMM ra3, B NMPOTHUBHOM ciy4dae (g CMeEC
ropio4ux rasos) xapaktepuctukd TBC, HcCrojib3yeMbie MpU pacueTa
napaMeTpoB yAapHBIX BOJIH, ONPEAEIIIOTCS OTACIBHO. 4

HcXoHBIMA JaHHBIMHM [UIS pacyeTa MapameTpoB YIapHBIX BOM
rnpu B3peiBe obnaka TBC aBasiores: 1

"  XapaKTePUCTHKH TI'OpPIOYEro

obnake TBC; |
» arperatHoe coctosaue TBC (razoBas wim reTeporeHHas);
=  cpeaHss KOHLIEHTpalus roprodero rasza B cmecu (Cp);
"  CTEeXMOMETpHYEcKas KOHLEHTpalus Troprodero rasa |
BO3ayXOM (Cer); 4
" Mmacca roprodero rasa, cogepakamerocsi B obsake (Mr);
*  yjeNbHasg TEIJIOTa CropaHUsl ToproYero rasa (qr);
* uHbopMaLus 00 OKPYXKaOIIEM MPOCTPaHCTBE.
OCHOBHBIMH CTPYKTYPHBIMH 3JIEMEHTAMH aJI'OPHTMA pacye

SIBJIAFOTCSL:
* onpexenenue 3¢ dexruBHOrO 3Heprosanaca TBC;
" OnpeleSICHHE OXKHUAAEMOT0  pexuma BBpBIBHO 0
npespamienns 1BC; 3

F-\.

rasza, CoJepxaierocs

: :T‘.
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" pacueT MaKCHMAaJbHOIO M30BITOYHOrO JaBJIeHUS W

HUMITyJbca (aspl CKAaTUS BO3AYIUHBIX yJApHBIX BOJH JUIs
pa3iIH4YHBIX PEKHUMOB;

" ONpeIe/ICHUE JOMOJHUTEIbHBIX XapaKTePHCTUK B3PBIBHOM
Harpy3Ku;
" OLEHKa NMopakaromero Bo3aeicTus B3peisa TBC.

4.3.1. IIporro3upoBaHHe PeKHMA B3IPBIBHOIO

npeBpalnieHus

Onpenenenune s3¢ppexTuBHOrO 38eprozanaca TBC

O(PeKTHBHBIA SHEprosanac roproyeil cMecH, OmpeeNsieTcs o
COOTHOUIEHHIO:

E - MI‘ q:*: an
E =M, gr Cor/Ci,, [1pH

Cr < Cer

CI“ > CCT (4,8)

E — s dexTuBHbIi 3Heprozanac TBC, MJx:;
M; — Macca roprouero rasa B obiake TBC, kr:
qr — YACIbHasA TEI1oTa cropaHus raza, MJDx/kr;
C, — KOHIEHTpaLMs ra3a B CMECH, KI/M";

Cor — CTexnomeIquecmaa KOHLCHTpal|s BEIIECTBAa B CMECH C
BO3LYXOM, KI/M".

llpu pacyere mnapamerpoB B3peiBa o06naka, JeXalero Ha
[IOBCPXHOCTH  3€MJIM,  Belu4YMHa >(¢eKTHBHOro  3Heprozamnaca

yasauBaercsa. Jlnga oueHku oOveMa razoBoro o6naka TBC MOXKHO
BOCIIOJIB30BAThCS COOTHOINEHHEM: V = M/C,.
[Ipumeyanus:

I) crexwomerpuyeckas KOHIEHTpauMs ropiodero B TBC
OlIpeaeiaeTcs U3 CNpaBOYHbBIX JAHHBIX WM PaCCYMUTHIBAETCS omeano
/151 nepeBoa KOHLEHTpALMK U3 06'5eMme JOJIel B €UHHULBI [KI/M’]
Hcrone3yeres cootHoenue Clkr/m’] = 0,01 - C[% 00.] pr

2) B cilyyae, €CIIM OTpE/IeIeHHe KOHLEHTPAIHH TOPIOYEro rasa B
CMECH 3aTpy/iHEHO, B KauyecTBe BeJHYMHB! C, B COOTHOILIEHUH (4.8)
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NPUHUMAETCS KOHLEHTpaLlHs, COOTBETCTBYIOMIAS | Tabnuna 4.5
KOHLIEHTPALIMOHHOMY Tpe/ieJly BOCIUIAMEHEHHS FOPIOYEro rasa. Knaccupukanusi ropio4sx cMecei o creneHu
3) TemwioTa cropaHus roprioyero rasa q. B TBC oepercs m - 4YBCTBHUTEJILHOCTH O
E;T/I[E}BK(;‘{HLIX JaHHBIX WIH OlEHHBaeTCs 1o Qopmyre: q. = 44 g K(;'““g’lm “q Knace2 | mlglimaccs £ Iéna'ié;i ]
KI' rac K = 5 " cobo YBCTBHTEJAbHbIC | el He : 1abo
paCHPOCTi) aHeHi[IBIX (;p P e:;::;EIBI:I};:;LI;M H?_[I; E:::;TBT;HCTE . I:)a:aio 9yBCTBHTE/IbHbIE BemecTBa (pasmep qucTnpnTeﬂLHme 2 YYBCTBHTEIbHbIE
 BemecTsa (pa3mep | eTOHAUMOHHOW | BewiecTsa (pasmep = BemecTsa (pasmep
BCILICCTB OMNpCACIsACTCA U3 TﬂGﬂHubI 4.5. " JNETOHAIMOHHOH inqei‘mu B Npeae/ax oT AeTOHAIIHOHHOM E AeTOHAUMOHHOH
| AYeNKH MeHee 2 CM) | 2 no 10 cm) iﬂqemlc:: B n4p(;ai:;r;ax oT éjmemm oonee 40 cm)
KnaccnduKamus okpyxkaiomei reppRTODNE q 1 v .5{ e . i SRESN
B cBsI3M ¢ TeM, 4TO XapakTep OKpYKaroIEero POCTPaHCTB S ¥ 1 T S R Y I
3HAYUTEJIBHOU CTEIICHHU OonpeaecnseT CKOpPOCTbH B3PBIBHC - MHT&H’SH | él 1] aKPHHOHHTPHﬂ f 1,,,.?1“‘?%&61‘@ }0—56% o AMMMAK |
npespaiueHus obnaka TBC u, cnepoBarensHo, napamerpel y;{ap 0 _wmmmnanrenen 1,03 akponens _EMZ? aneron [0, 65?3,*__.._‘._*.....55_.9?‘30.1‘
BOJTHB, rEOMETPUYECKHE XapaKTePUCTHKH OKPYXKAFOLIg ; - :HO;’:’E‘;Z’;‘{ : 11942 BH:;;‘ZE:TM ey g an;;ﬁ;ﬁ e
MPOCTPAHCTBA pasieNicHbl Ha BU/BI B COOTBETCTBHM CO CTETIEHBIO | H;“Gnmnmmmﬁgm Gyranmen | 1| smmwnoopun  0,42]o-puxopbenson 0,42
3dI'POMOKACHHOCTH. P ;m;femnaumeneﬁ fl 05} TEEETaﬂHeﬁ T‘i rexcas M; 1 36&1{30}1 ﬂoﬂexaﬁ; 1 15
Bun 1. Hanuume panuHHbRIX TpyO, mojocreil, KaBe umtpomeran 0,25  mpomam 1,05 remepatopriira3 | - | kepocmn | 1
3arOJHEHHBIX TOPIOYEH CMECBIO, NPH CrOpaHWH KOTOPOH BO3MOJKH _OKHCB npommnenal - | mponmen 11___04} ___M300KTaH -3 o metan  {1,14
OXKHMAATh (POPMHPOBaHKE TYPOYJIEHTHBIX CTPY# NPOLYKTOB CrOpaHHs ¢ | Ouce yrwiena 002 . Sepoyricpoy.  Hoe _verwnasmn__[0.7] merwrGenson | 1 |
pasMEPOM HE MECHEE€ TpeX pa3MEpPOB JICTOHAIMOHHON SYEHKU JIaHH Lt i 70,37 e S i 1 OSI ek | —}"{emmepmmmfosg'
cmMecu. Ecnu pasmep JeTOHAalMOHHOM sSYEHKM JUIS  JAaHHOM CM A - _vmaen L 071 Memnﬁymmmﬂ ;2 sis SR R
(P 1 fomgcr: npommeﬂa Oﬁmemnponmme"ron} nagramm 0,91

§ :
—.E i 5

i

;

£

HEHU3BECTEH, TO MHHHUMAJIbHBIHA xapalcrepﬂbm pasMcEp Typ6y.IICHT b HOTY r“'“!' METH/IITHIIKETOH i i e

. Ny

CTpYH NPUHMMAETCS PaBHBIM 5 CM JUIS BemlecTB Kiacca 1, 20 oM — spups: | | oktam | - |  dewom | -
BEIIECTB KJyacca 2, 50 cM — mJig BelecTB KJjacca 3 U 150 CM — I :ﬁ}m?mﬂoﬂﬂﬁ_ bﬁ"ﬁ’m IHpHIHH b 77} xnop6eHson =43
BEILECTB KJlacca 4. | mumwwronsi[0,77]  ceposonopon [0,34] ommbemson | - |
Bun 2. CuinbHO 3arpoMOXIEHHOE TNPOCTPAHCTBO: Ha MMMMMMML | vermnGyrusuit ] - | ompu | [ mocioporan (0,25
I AUITHIOBBIA METHIOBBIil 525 Tpuxjiopatan 0,14

MOJIy3aMKHYTBIX ~ OOBEMOB, BBICOKAS  IUIOTHOCTH pasMellcH ! A o npomosD 82 Jmnossll | 7 ——rTy X
TEXHOJIOTUYECKOro  o6opyJoBaHus, Jec, OONbIIOE  KOJTHYECTBO T [ npomwrossi 0,69, 4~
[IOBTOPAIOMIMXCA TIPEMSTCTBH a o S T—— l _! porsion: _{;_.79: —
Bun 3. Cpenne 3arpoMoJeHHOE MPOCTPaHCTBO: OT,B;eJIB ) il I . R BRI oo S M ==
CTOAIUC TEXHOJIOT'MYECCKHUE YCTAHOBKMU, pegepByapHB]H napk. I Ta—— i ...... .-% ............. RS :,i 1 Hai:gor;tzzzlilﬁ i;m‘%h S {

Bun 4. Cnabo 3arpomoxaeHHoe U cBOGOIHOE IPOCTPAHCTBO.
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Hponomlce HUE Tab.4
g A U

I ! } Tcm* (cme ;;;Il.;ﬁ.. ﬂ....i_..{.n.:........,; Lt
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Knaccndpuxanus oxxngaemMoro pexxnma B3pbIBHOIO
NpeBpalieHHs 5
Jlns oueHKM mapameTpoB JEHCTBHS B3pHIBA BO3MOXKHEIE e a'..-.;_-_
B3PBIBHOIO npeppamienus 1BC pa3buTel Ha mects aManasoHOB
CKOpPOCTAM HX paclpOCTpaHEHUs, MPUYEM 5 U3 HUX npnxo,n,ﬂ'rcsl
npoueccs! AedarpaumonHoro ropenus TBC. !
OXHaaemblit  1Hana3oH CKOpOCTeH B3PBIBHOTO IIpEBpaLICHH:
OIPEACIACTCS C IIOMOINBIO SKCIEPTHOM TabUIIEl 4.6, B 3aBUCUMOCTH O
KJlacCa TOIIMBA M BHIIa OKPY KAIOIIETO MPOCTPAHCTRA. :
Ta6auna 4.6
IKCnepTHas TabHua A onpeIe/eHHs PeRUMA B3PbIBHO "-
npenpameuuﬂ .

HJ1 OK yxcammer_o npoc'rpancma .
1 B '?

O;Rmaemuﬁ nnanason cmpocm Bspmauom npeapame}mn
innatnn Widutagivneiin

:-h,-l-.qq lll.'l'-'l'-l-l-lr- e L T T —— d-.-.l e . LY rll

. Knace cmem’¥ S --

...........

.......

NPUBOAUTCS

| pa3oueHue
npespaiiedus I'BC no quanazonam ckopocrei.

PEXXHUMOB  B3pPHIBHOTO
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Jluanazon 1: JleToHauusa MM ropeHHe €O CKOpPOCTBKO (pOHTa
wiameHH S00 M/c u bonepie;

Jinanazon 2: Jlednarpanusi, crcopocn dponTa miamenu 300-500
M/C; -
Huanazon 3: Jlednarpauus, ckopocth pponta ruiamedu 200-300
M/C:
Huanazon 4: [lednarpauus, ckopocth ¢ppoHTa miameHu 150-200
M/C:

Jlnamaszon 5: Jleduarpauus, CKOpOCTE ¢poHTa [IAMEHU

OTpeAesieTC COOTHOLIEHUEM:
Vil "M k, = 43. (4.9)
Juanazon 6: Jeduarpauus,

ONPEAEIAETCS COOTHOIIEHUEM
1/6
Ve=ko M7, k; = 26.

CKOpPOCTH (pOHTa IUIAMEHM

(4.10)

Onenka arperatHoro cocrosinust TBC

Jna nanpHEeMIIMX pacyeToB HEOOXOAMMO OLICHUTH arperaTHoe
COCTOSTHWE TOIUIMBa cMmecH. [Ipearnonaraercs, 4To CMeCh reTeporeHHas,
ecin Oonee 50% TorummMBa coaepXKMTCS B OOJlake B BHJE Kanejb, B
npoTuBHOM ciaydae TBC cumrtaercs razoBou. IlpoBecTu Takue OUEHKH
MOXXHO HMCXOJSl U3 BEJIMYMHBI JABJICHUS HACBHILUICHHBIX [1ApOB TOILIMBA
Npyd JAHHOM TeMmIiepaType U BpeMeHM (opmupoBaHus obOuaka. Jlns
eTy4ux BELIECTB, TAKMX Kak nporaH npu temneparype +20°C, cmech
MOX>XHO CYHMTaTh TIa30BOM, a /UIsS BEIUECTB C HU3KUM [JaBJICHHEM
HacelmeHHoro mnapa (pacnsul austormmBa npu  +20°C)  pacueTsi
[IPOBOJATCS B MNPEAINOJOKEHUA IeTEPOreHHON TOIUIMBHO-BO3AYIIIHOH
CMECH.
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4.3.2. Pacyer MaKCHMAIbHOIO H30BLITOYHOIO IABJICHHUS |

HMITy/IbCa (pa3bl CKATHS BO3IYIIHBIX YAAPHBIX BOJIN

Ilocie Ttoro, kak onpeneneH BepOSTHBIA pPEXHUM B3PHIBHOIG
[PEBPALICHMs], PACCUUTHIBAIOTCA OCHOBHBIC MNapaMETPhbl BO3YIIHIX
YAAPHBIX BOJIH (M30BITOYHOE faBienne AP u ummnynec dassr cxatus [) p
3aBUCUMOCTH OT PacCTOSIHUSA OT LIEHTpa 00Ji1aka.

JleToHanus ra3oBeIx U rereporeHHsIx TBC
JUis BBIYMCIICHUS NapaMeTpoOB BO3AYINHOM yJapHON BOJIHBI Ha
3a1JaHHOM pACCTOSSHMM OT LEeHTpa obsaka R mpu geroHaumu oGnaka

TBC NpeaBapUTEIBHO pacCUYUTHIBAETCS COOTBETCTRYHOLIMIA
Oe3pa3MepHBIit pajinyc Ry, 0 COOTHOILIEHUIO:
Ry = R/(10E/Py)"". (4.11)

[lpumeyanue: BCe COOTHOLIEHHS TakKe MOI'YT OBITH 3aITUCAHEI B
byHKIMAX aprymeHta A = Ry/E'° (MConb3yeMOM OOBIYHO IS
ONMCaHuA B3pbIBOB KOHAeHCHpoBaHHBIX BB). B npuHsaTeIX B MeTOnUKE
AOTYIICHUAX MeXAY Ry M A cyumecTtByeT npocTast ¢Bsa3b A=2,15 R,.

Jlanee paccuurthiBatoTcss  Ge3pasMepHoe  jaBieHue P, H
Oe3pasMepHBIN UMITYJIbC (ha3el cxaTus 1.

B cnyyae neronanum obiaka razoeoit TBC pacuer npousBoautes
[10 CAEAYIOLHUM (PopMysiam:

In(Py) =-1,124 - 1,66 In(R,) + 0,26 (In(Ry))’. (4.12)
In(Ly) = -3,4217 — 0,898 In(R,) — 0,0096 (In(Ry))*. (4.13)

JTH 3aBUCHMMOCTH CIIPAaBEUIMBBI I 3HA4eHU R, 6oibmux
BeqmyuHbl Ry=0,2, B npoTHBHOM ciyyae BenuumHa P, mnoJjaraercs
paBHOH 18, a B BeIpaxkenue (4.13) noacrasisgercs sHauenue R,=0,142.

B cny4ae peromaumm obnaka rereporemnoii TBC pacuer
MPOMU3BOAUTCS 110 CIAEAYIOIUM (hOpMYyJIam:

Py =0,125/Ry + 0,137/R,’ + 0,023/R,, (4.14)
102

I, = 0,022/R,. (4.15)

3aBucumocTd (4.14) u (4.15) cnpaBeaiuBbl 118 3Ha4YeHUM Ry,
ooapmnxX BeauuuHbel R =0,25, B ciaydae ecimu Ry < Ry, BeanuuHa Py
rmonaraercs papHoi 18, a BewyuHa 1,=0,16.

Jednarpanus razoBsix ¥ rereporeHssix [BC

B a3Trom ciaydyae K mnapaMerpamMm, BIMSAIOIMM Ha BEJIMYHUHEI
M30BITOYHOIO  JAaBJIEHHUS M HUMITYJIbCA  ITIOJIOXKUTENBHON  (pasbl,
100aBASIOTCS CKOPOCTh BUAUMOro (¢pponrta muameHd (V.) H CTENEHb
PACIIMPEHUS MNPOAYKTOB cropaHusi (o). Jlind rasoBelX cMeceu
MpMHUMaeTcs ¢ = 7, s rereporeHHslXx — ¢ = 4. Jlng pacuera
MapaMeTpPOB yAapHOM BOJIHEI NMpH Aedarpaliiyi reTeporeHHbIX 00J1akoB
BeJMYMHa 5P ¢PEeKTHBHOTO 3HEpro3anaca CMecd JIOMHOXaeTcs Ha
kKo3gduimeHT ¥ = (o—1)/ o.

bespasmepnbie JnaBiaeHuss Pyx; M umnynasc ¢asel cxatus Iy
ONPEAEAIOTCS M0 COOTHOLIEHUAM:

Py = (Vi/Co)*((6-1)/0))(0,83/Ry — 0,14/R,”), (4.16)

L= (V,/Co)((c-1)/6))(1-0,4(c—-1)V/o Co)(0,06/Ry + (4.17)
0,01/R,*— 0,0025/Ry°).

[locneanue aBa BbIpaXKEHHUs! CIpaBeIUBEI IpU Ry > Ry, Rip

=0,34, B npoTUBHOM ciy4ae Ry = Ry,

Jlanee BeyuciAroTcs BedWdHHBI (Px2) m (Ix2), KOTOpEIE
COOTBETCTBYIOT PEXUMY JETOHALMU U IS cjiydas AETOHALMHU ra30BOM
CMECH pacCYMTHIBAIOTCHS Mo cooTHomeHusM (4.12) u (4.13), a nnd
JIETOHALMM TeTEPOreHHOM cMecH — 1o cooTHoueHusM (4.14) u (4.15).
OxoH4YaTelbHble 3HaUYeHus Py 1 Ix BBIOUparoTcs U3 yCIOBUA:

Px — min(PxI:le); Ix - min(lxlalﬁ)- (418)

ITocne omnpeneneHus Oe3pa3MepHBIX BEJIWYUH JABJICHUA H
UMITyabca (a3bl  CXKaTHUsl, BBIYMUCIAIOTCS COOTBETCTBYIOIME HM

pa3MepHbI€ BEJIUUYUHBI:
103



AP = P,P,,
[=1001,(0,1P)**-EY3/C,.

(4.19)
(4.20)

4.3.3. Onpenenenne J0N0IHHTEIBHBIX XapaKTEePHCTHK

B3pbiBa TBC

MMny necHbIe XapakTepucTHky NPOXOAAIIMX U OTPAXKEHHBIX BOJIH
HC 3aBUCAT OT CKOPOCTH B3PBIBHOTO NpEeBpaILlEHUsS. XapaKTePHCTHKY
BOJIH paCCUHTEHIBAIOTCS 110 SMIMPHYECKHM COOTHOIEHMSIM. .

[lapamerprr naparomeii BoHE [MPH NETOHALMK 00J1aKa razoBoif
CMECH paCCYUTHIBAIOTCS M0 CICAYIOLIHAM COOTHOIEHUSIM:

AMIUIMTY A hasbl CKaTUS
In(AP+/Po) = 0,299 — 2,058'In). + 0,26(In})>

AMIIHTY 12 pasel paszpeskeHus

In(AP_/Po) = -1,46 — 1,402 In). + 0,079(InA)?.

JlnmurensHocTs daser cxaTus

In(t/E'>) = 0,106 + 0,448 In) — 0,026(In))?

JnvrensHocTs dass paspexenus
In(t/E'”) = 1,299 + 0.412-1n) — 0,079(In))>.

HMmrtynec dassl cxxaTus

In(L/E"”) = -0,843 — 0,932 In\ — 0,03 7(Inh)*.

Wmnynec daser paspesxenus
In(I/E'®) = -0,873 — 1,25In\ + 0, 132(In))*.
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(4.21)

(4.22)

(4.23)

(4.24)

(4.25)

(4.26)

(opma najaromiedt BOAHBI ¢ onMcaHueM ¢a3z ckKaTHS W
paspexeHust B HaubOJIee ONACHOM CllyYae NETOHALIMH Ta30BOM CMEcH
MOJXET OBITh ONKHCAHA COOTHOLLIEHUEM

AP(t,A) = AP.(sin[n (t — t.)/2-]/sin[-nt4/7]) exp(- (4.27)
Kit/n). '

JIEKpEeMEHT 3aTyXaHHMA B Majaiolleil BOJNHE PacCUMTHIBACTCS IO
COOTHOLIEHHMIO:

Ki=0,889 — 0,356°In)\ + 0,105(In})*. (4.28)

Jlna  pacuera napamMeTpoB OTpaXKEHHON  BOJIHEI npu ee
HOPMaJIbHOM MAJICHUU Ha NPErpaay UCIONb3YKOTCH COOTHOLICHHUS :
AMIUIATYAa OTPAXXEHHOMN BOJIHBI JIaBJIe HUSL

In(AP+/Pg) = 1,264 — 2,056 InA + 0,211(InA)>. (4.29)

AMILTUTYIa OTPaXXEHHOU BOJIHEI pa3pexeHus

In(AP;. /Pg) = -0,673 — 1,043 Ink + 0,252(In))’. (4.30)

JUTMTEIBHOCTD OTPaXXEHHON BOJIHBI JIABJICHHUS

In(t+/E'”) = -0,109 + 0,983InA — 0,23(In))>. (4.31)

JIMMTeIbHOCTH OTPaXKEHHOM BOJIHBI Pa3pesKeHus

In(z.. /E'”) = 1,265 + 0,857 In) — 0,192(In})> (4.32)

Mmnyaec 0Tpa)KeHHOM BOJIHBI JaBJIeHUS

In(I+/E") = -0,07 — 1,033 InA + 0,045(In))> (4.33)

MMMy ibC OTpa’keHHOH BOJIHEI pa3peXeHus

In(L/E"") =-0,052 — 0,462 In\.— 0,27(In})>. (4.34)

OOmiee BpeMs 1eCTBUS OTPa’KEHHBIX BOJIH HA MULICHE

In((te+ + 1.)/B') = 1,497 + 0,908-In\ — 0,404(In))> (4.35)
105



Popma OTpakeHHOH BOJNHBEI C ONHMCaHHMEM (a3 CKATHS U
paspsHKeHUs] MOXKET OBITh ONKMCaHa COOTHOIIEHHEM

APr(t,X) - APP,_ (Sin[ﬂ: (t i L )/Tr_ ]/Sill[-ﬂ:’rﬁ /Tr- ]) (4 36) '

JIeKpeMeHT 3aTyXaHUs B OTPaXKEHHOM BOJHE PACCUUTHIBAETCS II0

COOTHOHICHUKD:
K, =0,978 — 0,554°In)\ + 0,26(In))’. (4.37)

B coorHomenuax (4.21 — 5.37) Bce mapamerpsl BpeMeHH
HM3MEPAIOTCA B MCEK, IaBJICHUS — B aTM, UMITYJIbCa — B aTM"MCEK.

4.4. OueHka mopakamwIlero Bo3AeicTBHSA

Ilpu B3peiBax TBC cymecTBeHHYIO ponb HIrpaeT TaKoOM.

[IOpaXKaroKH (PaKTop, KaK JUIUTEIbHOCTE JACHCTBUS YAAPHOH BOJHBI M
CBA3aHHBIM C HEW IIapaMeTp — MMIIyJbC B3pbiBa. Ha auarpamme
UMITYJIBC — IaBJICHUE MOXKHO BBIJCJIMTE 00JacTh, OTBEYAIOILYIO TOH WU

MHOHM CTENEHU MopaxkeHus. Hanpumep, paspymienune npoMbIIeHHBIX
30aHHH, ITOpPAXXCHHE 4YesIoBeKa M T.n. O0nacTh Mopa)keHHs HE HUMeEeT
YE€TKOM TPaHHLBL: TPU MPHOIMKEHHH NMAapamMeTpPOB BOJIHBI K IDAHUIE

OMacHOW 00JIACTH  BEPOATHOCTH 3aJaHHOIO YPOBHA [OpPaKEHHS
HapactaetT ot 0% no 100%. Dta ocobeHHOCTH JAarpamMMm TopaxeHus
MOXET OBITh OTpaXkK€Ha MNPEACTABJIEHHEM BEPOSTHOCTH NOCTHKCHHUS
TOr0 WM HHOTO YpOBHA yIepOa ¢ MoMompeio QyHKIMH «IIpobuTy - Pr.
Ilpu pacyere dyHxuum «rpoOur» napneHve u HUMITYJIBC U3MEPSIOTCSA
cooTBeTcTBEeHHO B [Ia u I1a -c.
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Ouenka BepoOSiTHOCTH NOBPEXK/ICHHS NPOMBIILIEHHBIX
3paHuil oT B3pbiBa obaka TBC

BeposTHOCTH NMOBPEX/ICHUS CTE€H INPOMBILUICHHBIX 3/aHWH, MpH

KOTOPBIX BO3MOXKHO BOCCTAHOBJIEHHE 3[aHHH O€3 MX CHOCa, MOXKET
OLIEHUBATHCS 110 COOTHOIICHUIO:

Pr;=5-0,26In V,, (4.38)

rae gaxrop V| paccYMTHIBAETCA C Y4€TOM fepenaja AaBJICHHs B BOJIHE

U UMITYJIbCa CTATHYECKOI'O AaBJICHHUA MO COOTHOIICHHUKO
Vi = (17500/AP)%* + (290/1), (4.39)

BeposTHOCTh paspyllieHHH [POMBIIUICHHBIX — 3[aHUH, TIpH
KOTOPHIX 3[j@HHUs TIOJJIe’KAaT CHOCY, OLCHUBACTCSA IO COOTHOLICHHUIO
sz =5 — 0,22 In Vg. (4.40)

B sTroMm ciyyae dakrTop V2 66F6TCH [0

V, = (30000/AP)”* + (360/1)" "~ (4.41)

Ouenka BeposiTHOCTH MOPAaKeHHH JIl0AeH NPH B3pbiBe
obnaka TBC

BeposITHOCTh JUIMTENIBHOM TOTEPH YNPABJISEMOCTH Yy JIIONEH
(cocTOSIHME HOKIAayHa), MOINABIIMX B 30HY JEHCTBHS YAApHOHM BOJIHBI
npu B3peiBe 061aka TBC, MosxeT OBITh OllEHEHA 10 BeJIHYHHE QYHKIUH

«IPOOUT»:

Prs=5-5,74 In V3. (4.42)

. @DaxTop onmacHOCTH V3 paCCYUTHBAETCs 110 COOTHOIICHUIO

Vi =42/p + 1,3/, (4.43)

rne Oe3pasmMepHOEe JaBlieHHe <>p M Oe3pasMepHBId HMITYJIbC 1

3a1aFOTCSl BBIPAXKECHUSIMH

—p=1+AP/Py n —] = I/(PQU?' \ mm), (4.44)
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FAe m — BEC TeJla XMBOrO OPraHW3Ma B KT, JIaBJIeHHe H MUMITyJIbC (31ech
U HIDKE) — B equannax CU.

HMmnynec, kIla*c | .
10 'y
1 3 3
6 |
%
1 ."! i
0.1 - i
AEAREENN ot (e 1 TN
2 4 10 40 10° 3*10°

Hasnenue, klla

Puc. 4.7. P-1 nuarpamma 11s1 OLleHKM YPOBHS pa3pyIIeHus E

g

POMBIIINICHHBIX 3/laHUH (1- rpaHMLa MUHMMAaNIBHEIX pa3pyIllIeHHH, 2-
FPaHMlIa 3HAYNTEIIBHEIX MOBPEXKACHUM, 3- pa3pylleHHe 31aHui).

Onenka BeponTHm:Tn NOopaKeHus JioAed npu BSPBIBe 3
.rI
obnaxka TBC B

£
11

BeposTHOCTS nMTENBHONM NOTEpM yNpaBNSEMOCTH V Jrojed

(CocTOsIHME HOKZayHa), MOMABIIMX B 30HY ACHCTBHS YAApHOH BOJIHBL

npu B3pbiBe 061aka TBC, moxer 6BITH oneHeHa no BenuumHe GyHKIMA ;'_
«mpobUT»: '

Pr;=5-5,741n V. (4.42) j'f;

1.8
DakTOp ONAaCHOCTH V3 paCcCYUTHIBAETCS MO COOTHOIIEHHIO o
Vi =4.2/<p+ 1,3/i, (4.43)
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raie ©Oe3pa3MepHOe JaBICHUE <«>p U Oe3pasMEpHBIH HUMITYJIbC «>i
3a/1aK0TCsl BRIPAXKEHUSIMHU |
—p=1+AP/P;, ® = I/(Po'* - m'?), (4.44)

rjie m — BeC TeJia )KMBOT0 OpraHu3Ma B KT, JIaBJICHHE U UMITYJILC (31ECh
1 HWKe) — B enquHunax CH.

3aBUCHMOCTEL BEPOSTHOCTH pa3pbiBa OapabaHHBIX NEPENOHOK Y
JIIO/IE OT YpOBHS rnepenaja JIaBJieHHsl B BO3AYIIHON BOJIHE, MOXET
OTMUCHIBATHCS NPOOUT-(YHKIMEN

Pry=-12.6 + 1,524 InAP. (4.45)

BepostHocTs oTOpOoca JHOAEH  BOJIHOM  JaBJACHUS  MOXKET

OLICHUBATHCS MO BETUUUHE KTIPOOUT

Prs=5-2,441nVs. (4.46)
3€ech q)alcrop Vs paccYMTBIBAE€TCS U3 COOTHOIICHUS
V5 =7,38'10°/AP + 1,3-10°/AP*L (4.47)

CBsa3p QyHKUMM Pri ¢ BEpOATHOCTBHIO TOW WM WHOW CTEIEHU
MopaXk€HUs1 MOXKET OBITH onpeaeieHa no tadauue 4.7.

Tabnuna 4.7
et __CBﬂSb Beposrzgocm nopameﬂﬂﬂ ¢ q)yﬂugg__ﬁeﬁn_{inpoﬁnT»
L 4 A T

3251333 345
10 | 3.72 | 3.77 | 3.82 | 3.81 | 3.92 | 3.96 | 4.01

-.-r-u-l-u-m.-ng. PPSIEY RS Wi o = N ﬂwwm S . o A P LA

20 | 416 | 419 | 4.23 17426 | 429 | 433 _;4361439"{ 442 1 A5 T

A 267 295 312

' . 1

o e e A B dedes P A AgpF@addFd ddalddd S s ddlda i@ e o s s sk g e A Sl i ST S e

469T 4.72

i il bl i B F i H—ml'ﬂu-.!m'-d

1448 [ 450  4.53 | 4.56 | 4.59 | 461 ‘
477 | 1480 | 482 ' '
; 503 | 5.05 | 5.08 | 5.1
60 | 525 | 528 | 531 { 533 _6 539
70 ' ;561 | 5.64?567

.......

,_5 8 5:.20 175 23
541 | 544 [547 ] 550 |
571 | 574 | 5.77 | 581 |

44-‘-"-%

80 |584 588 5921595159 | 604 608|613 |6.18 | 623
90 | 6.28 | 634 | 641 | 648 | 6.55 | 6.64 | 6.75 | 6.88 | 7.05 | 733
99 [733[737 | 7411746 [751 [ 758 [ 765 [775 788 | 809
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OuenkH nocjaeacTeui B3pbisoB TBC

Jlis ompenesieHust pagdycoB 30H MopakeHus npu B3peise TBC
MOXXHO HMCIIOJIb30BaTh METOJ, OCHOBAHHBIM Ha YUCJIECHHOM pPCHICHUY
ypaBHeHHUs (3.9), KOTOPbI B COBOKYIHOCTH C JaHHBIMU TaOJIHULB! 3.7,
MO3BOJIIET CJeJiaTh OLIEHKM paauycoB. HeoOxoaumele it pacyeTos
GyHKUMM M30BITOYHOrO JaBJCHMA Ha (PPOHTE BOJHBI H HMITyJibe
onpeeaoTes cooTHOomeHuAMH (3.16) u (3.17).

Ins “rpyboi” oueHku mnocneacTsuil B3peiBoB TBC MOXHO
UCIIONB30BATh COOTHOIIEHUS, UCIIOJIb3YEMBIE, KaK MPaBuJIO, AJIs1 OLCHKH
MOCHAEACTBUI B3PBIBOB KOHACHCUpPOBaHHBIX BB, HO, C W3BECTHBIMH
NONyleHusIMUA. TakK Ui OLIEHKH pajuyCoB 30H NMOPAXEHUNU MOXKHO

UCITONBE30BaAThH COOTHOLICHHUC.
R =KW /(1+ (2180/W)*)", (4.48)

rae koadduument K onpeaensercs u3 tadbauier 4.8, a W — TPOTHJIOBBIX

9KBUBAJICHT B3PhIBa
W = 0,044 M, q./4,6, (4.58)

riue qr— TeIioTa CropaHus rasa.
Tabonuna 4.8

YpoBHn paspyuieHus 3AAHMHA

. ma =
,‘.4- e -‘-.“'"‘-\.rmlﬂrr-ru- e L L L e Mr-'rﬂ#-l'\-l'-i’lﬁl'i
=

Fh Ka'rei“;w;ﬁ XaH wa'iﬂ‘e ucfﬁzc; N30biTOYHOE
P : P P Koacp(bﬂunem‘!{
. noBpexJeHHs | MOBPEXIEHHs 31aHUsA | JaBienme, lla -
1 TlonHoe pazpymienue
A Pa3py > 70000 3856
| - 3[1aHUA | . |
Tmenme OBPEXKICHHS,
B P 33000 5696
e T 3113““’3 O I KT OO Y | e i
' CpenHHe HOBpB}KﬂEHHH]
C BO3MOXKHO l 25000 9,6-28
| *BOCCT&HOBJ‘IEHHE 3MAHAA| D i 9 fhoi.
Paz6uTo 90%
D 4000 28-56
o 3 OCTCKIICHMA = e B ke
- Pasburo 50% |
: E 200 >56
| IS WS .t . RS SRR DA e .
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JUist onpeiesieHust paadyca CMEPTEJIBHOTO NMOpaXeHus 4Y€JI0BCKa B
cooTHoleHue (4.48) ciieayeT NOACTaBIATH BEJIHIHHY K = 3,8.

4.5. Ilpumepnl peiieHust 3a1a4

IIpumep 1.

[Ipoun3soiiien B3pbIB aBTOLMCTEPHBI C CXKUKEHHBIM MPOTIAaHOM Ha
OTKPBITOH MECTHOCTH B OE€3BETPEHHYIO rorozy. Macca raza M, = 8 T,
CPEIHSIA KOHLIEHTpal npornana C. = 140 r/m , 0ObeM obaaka - V =
57000 m’. B3pBIBHOM peXUM TpeBpalieHHs. OLIGHHTB napamMeTphl
BO3/1yIIHOM yIApHOH BOJHEI (M30BITOMHOE JaBlEHHE M MMITYJIBC (a3bl
ckaTtus) Ha pacctosauu 100 M oT MecTa aBapun?

HUcxonHapie JaHHEBIC.

R —

Twun Toruea [IponaH

1_

ArperatHoe COCTOAHHE ['azoBas

Oxkpyxaroliee nNpoCcTPaHCTBO OTtkpeiToe (BUA 4)

i

KoH1eHTpanus ropro4ero C.=0.14 KT/M°
Macca Tormiusa T M., = 8000 kxr
CrexuoMeTpudeckas  koHueHtpauus dSTwieHa ¢ | Cerx = 0.077 kr/M®
BO3/yXOM |

VY aenpHad TEIUIOTa CropaHud

q, = 46,4 MK/Kr

Sddexrusnsiii sneprozanac (C.> Cerx ).
E=2 qurCCTX/C = 2 8000 46,4 0,077/0,14 = 4,1+10° Mmx

{ CCTX [kr/m°] = 0.01 C [% 06] pr = 0.01 « 4.03 « 1.315 =
0.053 kr/™m" }.
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[1o Tab. 4.5 nponan oTHOCHTCS KO BTOPOMY Kijlaccy omnacHOCTH. [lo
Ta0.5.6 OXuIaEMBIH PEXXHM B3PHIBHOIO NMPEBPALLEHHUS - nedarpamus ¢
AWana3soHOM BHAMMOM CKOpocTH ¢dpoHTa ramenu 150 - 200 m/c.

MPOBEPKH PACCYHUTHIBAEM CKOPOCTH (PpOHTA MiIaMeEHHU V; = kl
‘M =43 « 800076 = 192 m/c.

JIna R=100M GezpasmepHsiit paguyc
Ry = R/(10E/Py)""” = 100/(10 4,1+10° /1 ) = 0.63.

IlapameTpr1 B3prIBa npu ckopocty ropenns V. = 200 m/c. Tlo (4.16)
—(4.17) paccuntsiBaecm '

Py = (V: /Co)* ((5 - 1)/0))(0.83/R, - 0.14/(R,)?) = #
(200/340)* 6/7 (0.83/0.63 - 0.14/(0.63)> ) = 0.29.
L = (Vi /Co) (5 - 1)/6))(1 - 0.4(c - 1) V. /5 Cp)s
*(0.06/Ry + 0.01/(R,)” - 0.0025/(R,)’ ) = .
= (200/340) 6/7 (1- 0.4+ 62200/(7340) +(0.06/0.63 + 0.01/(0.63) -
0.0025/(0.63)°) == 0.0427. -

Tax kak TBC razomas, 10 Py; , I paccCUMTHIBAIOTCS IO
COOTHOIIEHUsIM (4.12) — (4.13):

P> = exp(- 1.124 - 1.66 *In(Ry) + 0.26 *(In(Ry))*) = 0.74 + 10 %,
Lo = exp(- 3.4217 - 0.898 «In(R,) - 0.0096 *(In(Ry))?) = 0.049 +15 %.

Onpenensem
Py = min(Py;, Px2) = min(0.29, 0.74) = 0.29,
Ix = min(Iy;, Ixo) = min(0.0427, 0.049) = 0.0427.

llo (4.19) — (4.20)
AP = Px' PO = (.28 aTM.,
[=100 I, (0.1 *Py)*” «E”/Cy=0.201 armec.

3HayeHus NpoOuT-PyHKIHIA

Pr; =6.06, Pr, =4.47, Pr; = -1.93 (macca yesroBexka m==80),
Pry =3.06, Prs=2.78.
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(86% mnoBpexaenusix H 30% paspymeHHbIX 3manmii, 2.5%

pa3peiB OapabaHHBIX NEPENOHOK y Jiroael U 1% BeposTHOCTH oTOpoca
JIKOZICH BOJIHOH J1aBJICHUS ).

-\

IIpumep 2.

B uexe, 3arpoMoxieHHOM TpyOOnpoBOAaMH, MPOU3OLIE
BEIOpoc 100 kr sTuieHa. KoHuenTpauus stunesa B oonake C,. = 80 r/m°

. OLeHUTH XapaKTepUCTHKH B3PHIBHOIO MPEBpaILEHHS. Ornpenenurs

CTCNCHP Pa3spyIUCHHs 3JaHWsA LieXa, pacroiokeHHoro B 150 m mpu
B3pEIBE 00J1aKa.

UcxoHpIe naHHEBIE.

l"opléqnii ras

STUNeH
| ATperaTHoe COCTOsSTHUE ! [‘azoBas

Oxpyxaromee IIpOCTpaHJCTBO 3£rp0M0m,ucHHoe r
KoHueHnTpauus roproyero | C, = 0.08 kr/m’
Macca roruiuga M; = 100 kr :
CT@XH&MCT])H‘IECK&H KOHHEHTpalUMsA JTHIIEHA C ‘ Cerx = 0.09 kr/m’
BO3AYXOM
Y IenpHas TeIioTa CropaHus [ qr = 46,4 Mmx/kr 1

{ Corx [Kr/M’] = 0.01 C [%0 06] pr = 0.01 * 6.54 « 1.285 = 0.084

Kr/M® )

I dexruBHbIit 3Heproszanac (C, < Cery)
E=2*Mq,= 2 100 46,4 = 9200 Mmx.

[To Tab. 4.5 5THIE€H OTHOCHTCS KO BTOPOMY KJIacCy OMACHOCTH.

Oxpysxaromiee npocTpaHcTBO - K Buay 1. ITo Tab. 4.6 oxumaeMmsiii
PEXHUM B3PBIBHOIO MpeBpalleHus — 1, To ecTh AeTOHAIMA.

Jlns R = 150 m onpenensem 6e3pasmeproe [apaMeTpUYeCcKoe
pacCcTOSIHHE
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A =R/E" =150/(9200)"* = 7.16.

OmnpeznensieM napaMeTpsl  BOJHBI Npyu JAeToHauuu oOaka
ra30BOM CMECH.

AMIIIUTY DA BOJIHBI JABJIEHHUS 10 (4.21)

(AP+/ Pg) = exp(0.299 - 2.058 « In A + 0.26¢ (In k) )=0.064 . Tak
Kak Pop = 1 arm., To AP, = 0.064 aTm.

AMIUIMTY/Ia BOJIHBI pa3pexenus 1o (4.22)

(AP./ Pp) = exp(- 1.46 - 1.402 « In A + 0.079- (In 1)*)=0.02 , TaK
kKak Pop =1 at™., To AP. = 0.02 aTm.

JinuTenbHoCTh a3kl coxaTus T+ = 50.9 Mmcek.

JlnurensHoCTh askl paspexxenns 1.= 127.3 mcex.

Wmnynec dasel cxxatust u dassl paspexenuss L. ~ I = 1.247
aTM*MCEK.

Dopma npoxoAsmed BOJHBI I Clydas JETOHALMH Ta30BOM
CMECH

AP(t ) = 0.064(sin[x (t - 50.9 )/ 127.3] / (sin[- ® 50.9 / 127.3]
)exp(-0.6 t/ 50.3).

3Ha4YeHUs: NpoOUT-QYHKIM

Pr; =2.69, Pr,=1.69, Pr; = -11.67 (macca uenoBeka m=80),
Prs =0.76, Prs=-13.21.

(1% pa3pylueHHBIX 31aHMH).

[lo cooTHOIMIEHUSAM 11 OTPaXKEHHOM BOJIHEL.
AMIUIHTYJIa OTPaXK€HHOM BOJIHBI AaBJICHUS
(APr+/ Pp) =0.14 , Tak xak Po= 1 at™., T0 AP; = 0.14 aT™m.

AMILIHTY/Ia OTPaXXCHHOM BOJIHBI pa3peKeHHs
(APy./ Po) = 0.174, Tak xak Py =1 at™., T0 AP. = 0.174 aT™m.

JINATEIBHOCT OTPAXKEHHOM BOJIHBI AaBlIeHHS T = 53.4 MCEK.
JUTATEIBHOCTE OTPaXKeHHOM BOJIHBI pa3perKeHus
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7. = 190.6 Mmcek.

Umnynec oTpa)keHHOMN BOJIHBI JABJIEHUS H Pa3peKEeHUs
I+ = 3.04 atmeMceK,
I,.=2.81 aTM*McCeK,

dopma OTpaXKEHHOM BOJIHBI IIPY B3aUMOJEHCTBHH CO CTEHOH
AP(t) = 0.14(sin[x (t - 53.4 )/ 190.6] /
(sin[-  53.4 / 190.6] )exp(-0.891/ 53.4).
3HayeHus NpoOUT-PyHKIUH
Pr; =4.49, Pr,=3.28, Pr3=-7.96 (Macca yenoBeka m=380),
Prs=1.95, Prs=-9.35.
(20% noBpexneHHbIX ¥ 4% pa3pylICHHBIX 30aHUH).

4.6. 3apa4yu AJIs CAMOCTOSATE/ILHOIO pellieHUs

1. Ha kakoMm paccrosHud OyayT TMOJHOCTEIO pa3pylieHBb]
NPOU3BOJICTBEHHBIE 3/J@HWSl M HAa KakKOM pAacCTOSHMH BEPOATHOCTH
NMopakxeHus Jrojaer aocturHer BenuuuHel 10%, eciu NpOM3OHAET
pas3JIMTHE CHKMIKEHHOTO MPOTMIeHa U3 aBToLMCTEpHBI? Macca rasa 16

TOHH.
2 .Ha kxakoM paccTOSHMM OT lieXa, IZle BO3MOXEH BHIOpOC

STWIEHA, HaYuHaeTcs 30Ha Oe3omacHocTH. B 1iexe TeopeTHYECKH
B03MOxeH BeIOpoc 500 kr stunena. Pasmepnr nexa - 50x25x4 m. (Iloa
30HOW 0€30macHOCTH TNOHHUMAETCA TEPPUTOpPUA, T€ BEPOATHOCTH
[MOpaXK€HHUs YeJIOBEKa He NMpeBhIIIacT GOHOBBIX 3HAYECHHH. )

3. Ilo aBTomopore, MNPOXOASIIEHM IO POBHOM MECTHOCTH C
OTJIEJIBHO  CTOSIIIIMMH  JEPEBBSIMH, aABTOLIMCTEPHAMH  NEPEBO3SAT
COKWDKEHHBIM mporaH. Macca raza B aBTouuctepHe 6 TOHH. OUEHHTH
pa3Mep MNOJIOCHI, MAYINEN BIOJIL JAOPOrd, I'ZIe BO3MOXXHO IOpaXEHHE
FOJEN, pa3pylLIeHUe 3JaHUH, IIPH aBapuU Ha J10pore.
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4. Ha oOvekTe ¢ MOABE3AHBIMH NYTSAMH B TEXHOJOIMUYECKOM
[TPOLECCE HCMIOJB3YEeTCA MeTaH. MeTraH B CKIDKEHHOM COCTOSHUH
HIOIBOSUTCA aBTOLMCTEPHaMM 10 12 TOHH. XapaKTepHBIe pa3Mepsl
[IPOU3BOACTBEHHOr0  oOnekTa S50x25x4 merpa. Ha  oObexre

OAHOBPEMEHHO MOXET HaXOOUThCI He OoJiee ABYX aBTOIMCTEpH.
[loka3zaTe pacrosioxenue 30Hb1 6€30MaCHOCTH.

—— e

O0OBeKT
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Kotnapesckoro u A.B. 3aberaesa, — M., U3naTescTBO ACB, 1995.
— 320 c.

2. Coopuuk metoauk Nel. / Tocroprexnamsop Poccum, HTI]
«llpombimnenHas 6e3onacHoctey, 1999, 112 c.
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5. TenioBoe H3.IyyeHHe OrHEHHOI0 apa

S.1. XapakTepHuCTHKH TelJIOBOI'O H3JTYYEHHH

[Ipy aBapuiiHOM BCKPBITHM Ta30lpOBOJAOB, €MKOCTEH ¢
yrJIEBOJOPOAAaMH, 00OraleHHoe TOIUIMBO MHTEHCUBHO TOPHUT, 00pa3ys
OTHEHHbIN Lap. KoHUEeHTpalMOHHBIE IMpeAeibl BOCIUIAMEHEHHS IIHpe
npenesios jaeroHaumu. llopaxaromee HEWCTBUE CBSA3aHO C TETUIOBBIM
N3JIYYCHHUEM.

BO3HUKHOBEHHE OrHEHHBIX LIAPOB BO3MOXXHO MpU pa3pylleHUH

pe3epByapoB M COCYAOB C TOPIOYUMHU KUIKUMH TE€perpeTbIMU

npoAyKraMud (yrJeBOJOpPOAHBIE TIa3bl, aMMHaK, XJop, (GpeoHkl),
COAEPXKALIMXCS [IPU MOBBILLIEHHOM JIaBJICHUH.
B3peiBHOM  Xxapaktep npouecca  0oObscHAeTCS  OBICTPBHIM

pa3spylIeHHeM pe3epByapos. Hanpumep, paspymeHue cocyaa 06beMom
V~100 M° npu naBiennu 1 Mna npoucxomur ~ 7 Mc.
Bpems obpazoBaHus nMapoBOro 06Jjaka

7, =0.78/V-(k-n-1)/a,

V- 06beM XKHUAKOTO MPOAYKTA, M, N=Pex/P, Pex — TIOTHOCTE
KUIAKOCTH p — NJIOTHOCTH NAapoBO# a3kl Npu paciIupeHuH A0 odbemMa ¢
NpeAeJbHBIM paauycoM R., COOTBETCTByIHOLIETO aTMOC(HEpHOMY
NABJIEHUIO; & — CKOPOCTh 3BYKa, M/C C KOTOPOH CMEINAETCsd BHEIIHSS

rpapuna obmaka po pasmepa R, = a * 1. k — nons
OBICTPOMCTIAPSIOLIECHCS XKUAKOCTH pu Temnepartype T.
Tabnuua 5.1
Jlos1s1 ObICTpOHCHIApPSAIOLLEH CSH JKHAKOCTH IpH Temnepatype T
CoKHKEHHbI CoKMKeHHbIH CxmwkeHHbli |  CHKMKEHHBIH
ITHJIEH | Nponay XJIOp, AMMHAK OyTaH

T [ 50 [ -10 | -40 30 30 [ 30 | 0 30
k| 027 | 0.58 0 0.4 0 02 | 0 0.18
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Hanmpumep, npu V=100 M’ CXKHKEHHOr0 MO NaBJICHUEM
npornaHa n=582/1.3=448, npu T=20 C k=0.38: a=300 wm/c.

7, =0.783/100-(0.38*448 —1)/300 = 0.067 ¢ .

ANNPOKCHMALMs OMBITHBIX JaHHBIX MO paguycam R u BPEMEHHK
CYLIECTBOBAHUSA (s OTHEHHBIX IIapOB

Ry _O.S*Al*Ma, = 1*\2”!‘1\/.[[3

M — macca ucnapuBerocs mpoayKTa, Kr.

Jns pazmudHeIX SHEproHocuTenei (KUAKUE paKeTHbIE TOTLIMRA,
CIKVDKEHHBIN HETSHOM ra3) 3Ha4eHust KO3(PPHULMEHTOB OIU3KH:

Ay =376, . . 3i86; A; =0.258 ...0.299;

a=0.325...0.320; B=0.349...0.320.

JU1si HeOOJIBIIMX OTHEHHBIX LIAPOB, 0Opa3yeMbIX TIPH B3PHIBAX
MpoIiaHa, NeHTaHa U OKTaHa B Bo3ayxe (M<10 kr) skcriepuMeHTanbHO
OBIIIM MOJTyYEHB! 3HAYEHHUS:

Az = 107, B =(.18.1.

ANNPOKCUMALMs 3KCIEPUMEHTAIBHBIX JaHHBIX [0 OTHEHHOMY
lIapy OT CropaHusi BBIOPOCOB CXKIDKEHHOTO He(TSIHOro rasza wus3
EMKOCTEM:

Ro=29*M">, t;=4.5* M

3aece M — nojjoBMHA eMKOCTH 110 Macce, T.

OUEHKM YMCJICHHBIX 3HAYEHWM paguycoB Ry wu
CYHIECTBOBaHMSA (s OTHCHHBIX IIAPOB MPH TPOMBILUICHHBIX aBapHsiX
NPpUBOJAT K 3HaYeHUAM M~50 1. R~100 m. t;~ 14 c. |

ANNPOKCUMAHTa 3aBUCHMOCTH [PHUBEACHHBIN paguyc Ra -
MMPUBEACHHOE BpeMs '

Ra=443*%tr/(1.11 + t).

R.=RO/M, t.=10".t.-3/6" /M

Bpewms t, c; Temneparypa ® B K, macca M B k.
Temnieparypa orsensoro

TEIJIOBOTO MOTOKa ¢, BT/M° . 3aBHCHMOCTH TEIUIOBOTO IIOTOKA OT
pacCTOAHUS I' OIIpEIeNISIeTCA BEIpaXKEHUEM
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BpEMEH

mapa ©® 3aBUCUT OT BellEeCTBA.
Hanpumep, ,H,JUI pakeTHoro Torumea ® ~ 2500 K, mns \roploqprx ra3oB
® ~ 1350 K HOpamaromee JEUCTBUE OIIPEACHACTCS BEJIMUYUHOMN

q = 0®* *[G(2Ro/r)*] /[F+(2Ro/r)*].

G=5.26%10"; F=161.7 - KOHCTaHTHL

BenuunHa TensioBoM SHepruM (A03a WU HMMITYJIBC TermOBoro
H3JIydeHMs), IaJarolled Ha eQWHULY IIOBEPXHOCTH Q, Thi/m”
onpeiesieTcss MHTerpupoOBaHUeM 110 BpeMeHU (yHkuuu (. llpuHuMas
Ry, ® 3a KOHCTaHTHL, IPUXOAUM K BI::Ipa)KBHPHO

Q. bG*(M*@z)m’ *(2Ro/r)* /[F+H(2Ro/r)’], rme  bG =
2.04*%10%.

B obmem ciydae Q =q*t;.

Annpoxcnmama NOTOKA M3JIYYCHMs, MaJalollero OT liapa Ha
MHLIEHB q, KBT/M’

g=E " 1

E - MOIIHOCThP MOBEPXHOCTHOM OSMHUCCHM OrHEHHOIO Ilapa,
kBt/M°, \F — yuer dakrtopa yrna mnajieHus, T, — ko3dPuLUeEHT,
YUYUTHIBAKOLIMIA  NPOBOJUMOCTh  BO3/yXa. I[Jm OaNJIOHOB U

UIAHAPUYECKUX  pe3epByapoB  E=270 kBT/M°, 118 COCYJOB

mapoo6pasﬂou GhOpMEI E“‘200 KBT/M".
F=(Ro)* r/[((Ro) +r?)*"], T,=1-0.058*InT.
r > 2Ry — paccTosHME N0 TCOPU30HTAIM OT XpaHW/IHUIA OO0

MHUUICHMU.

5.2. OneHKH NOCJEACTBHH TENJIOBOI0 H3JIy4YeHHUS

BocriaMmeHeHUe pa3jiIMuHBIX MaTepUalioB 3aBUCUT OT TEIJIOBOIO

UMITyJIbCA M €ro JUIMTENbHOCTH. JlaHHBIE, XapaKTepU3yIolue
BOCITJIaME@HEHHE HEKOTOPBIX MAaTEpHUAIOB, MPEACTABICHBI B TaOIuIEe S5.2.
bonepor TemIepaTypHbIA [OpOr JUIA . KOXH  YCJIOBEKa

coorBeTrcTByer I, ~ 44 C. Ilpu T > 1, creneHp nopaxeHus
OnpeaeaseTcss BEJUYMHOW TEeIUioBOM sHeprud Q M JUIMTEJIBHOCTH

oOnyuyeHust T. be3 O0nEBBIX OLILYIEHUN KOXKa BBIJIEPXKMBAET TEIUIOBOH
[MOTOK HHTEHCHUBHOCTHIO (q ~ 21 KBT/M B Teyenue 2 c. llpm

cTalioHapHOM noTtoke Q ~ 42 K JIoxc/m”.
[TpenensHO O€30IaCHBIN paguyc (paauyc s3BaKyalyu) s

yegoeka ~ (2.1 ... 3.6)*Ry.
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Benmuuna ymep6a npu tepmuueckom Bozmeiictaun
U(Lt) = ®(Pr), Pr=-14.9 + 2.56*In(I***t*10™).

I — pelicTByrommii TennoBoii nmoTok (I[)K/MZC), t —UIUTENIBHOCTD

'BO3JIEHCTBMS, C.

Tabnuna 5.2
Amnynbceel Tennosoro manyuenus, MIx/M”, JIHTeALHOCTHIO
T, BRI3bIBAIOLIHE BOCIJIAMEHEHHE MATEPHAJIOB

Marepuan T,C

1.56 | 3.16 | 8.71 24.0

| JlpeBecuna cyxas (cocHa) 0.58 0.67 0.88 1.00
Jlocku nocie pacnuiioBku (cocHa, es) 1.67 1.76 1.88 | 2.10

| KpoBnis Msrkas (Tojis, py6epou) 054 1059 |[0.67 |0.84
Hepenuua kpacHas (ornapieHHas) 0.84 | 1.05 1.26 1.67
CTpyXkKka, ceHo, 6ymara TeMHas 012 [0.17 ] 0.21 0.25
CYKHO cepoe, Ope3eHT, Koxa Kopu4HeBas 062 |0.70 | 0.84 1.26

S.3. Ilpumeps! pemenus 3aaay

PaccyuTaTh TMaMeTp M BpeMsl CYLIECTBOBAHMS OFHEHHOLO [mapa fg
lIPH aBapu# C aBTOLMCTEPHOM, MEPEBO3UBLIEH 68 TOHH CHKIDKEHHOTO

fasa, B MpEANOJOXEHHH, YTO NpPH aBapUM BECh CHKIDKCHHBIN ras
BBUIBETCS M3 aBTOLUCTEPHBI.

Penrenue.

Huamerp D = 2*R, u BpEMsl CYIIECTBOBAHUS OTHEHHOIO Iapa tq
JIAETCS COOTHOILIEHUSIMMU:

D = 2¥Rg =2* (0.5*A;*M" = 2%(0.5%3.81*68000%°2% ) =
2*%68.9254 ~ 138 M, |
ts= A2*M" = (0.258+0.299)*0.5%68000°% = 11 58 .

OTBeT: mpu pasnause ABTOLIMCTEPHBI CXMXKEHHOro raza 68 T

oOpa3yercs OrHeHHbIH Imap AMaMeTpoM 138 M, co BpemeHeM
CylecTBOBaHMUA ~ 12 c.
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3agaua 2.1.
Paccuutare NOTOK M 103y TEIUIOBOrO H3JIyYE€HUS B TOYKE,

OTCTOSALUEH Ha r=300 MeTpoB mnpH aBapUHOM BCKPHITHH
BEPTUKAJILHOIO pe3epByapa eMKocThIO 100 T.

Pemenue.

Paguyc ornensoro mapa Ry =29*M”3=29*(100/2)“ P =107 m,

BpeMeHHOH MHTepBaJ CyIIeCTBOBAHUS OTHEHHOTrO Iuapa ts = 4.5*
M'” =4.5* ¥(100/2)"* = 16.6 c.

Kos(ppuUumeHT, y9UuThIBaIOIMI (paKTOJJ Jria najeHus F=(Ro) 1
/ [((Ro)* +°)Y*] = 107°*300 / [(107> + 300%)*%] = 0.106.

Ko>ppuimeHT, yunThiBaiomui NpoBoJUMOCTb Bo3ayxa T, = 1-
0.058%*In r == 1- 0.058*In 300 = 0.67.

[Torok usnyyenus q = E*F*T,=270%0.106*0.67 = 19.2 kB1/M°.

Jlo3a (uMmI1ysbc) TerioBoro usimyudeHus Q = q*t; = 19.2¥16.6 =
317 xJDx/M?.

OTBET: 0NpU BCKPHITHM BEPTHKAILHOTO E)esepﬂyapa [IOTOK
u3nydyeHus Ha paccrosHuu 300 M - 19.2 xB1/™M° , g03a TerioBoro

3 TydeHus - 317 kJ/m”.

3anaua 2.2.

Paccyurate NOTOK M 103y TEIUIOBOIO M3JIYYEHUS B TOYKE,
OTCTOSIIEH Ha =600 MeTpoB Inp¥ aBapuMHOM BCKPBHITHUM
BEPTUKAJIBHOTO pe3epByapa eMKocThio 1000 T.

OtBeT: Rp =230 M, ts= 35.7 c. F=0.12, 1, = 0.629;

q=20.4 kBt/™m’
Q = 728.3 xJIx/M.

S.4. 3agaym IS CAaMOCTOSITE/ILHOIO pellieH

l. PaccuyuraTte auamMeTp ¥ BpeMsi CYILIECTBOBAHHMS OIHEHHOTIO
[mapa IIpA CropaHud BBEIOPOCOB CXKIKEHHOIO He(PTIHOro rasa u3
€MKOCTH, €CJIM B EMKOCTH XpaHUJIoCh S0 T.
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2. Paccuutath auaMeTp M BpeMs CYyIIECTBOBaHMS OrHEHHOrQ |
miapa npy cropaHuM BeIOpoca npomnaHa, ecjii Bec ponaHa B “BeiOpoce”
COCTaBJISAI S KI.

Konoakun Biagumup Muxannosuy

[TPOIr'HO3UPOBAHME ITOCJIEJICTBUU ABAPUN U
PCKOB

YyebHoe nocobdbue

[Toanucano B neyats 15.01.08. ®opmat 60x84 /16,
[TeyaTs odceTHas. Ycu. ned. 1. 5,5. Yu.- uza.. 6,3.
Tupax 75 sk3. 3aka3 Ne 41.

Tunorpadus 'OYBIIO «Y amyprckuii rocy 1apCTBEHHBIH

YHUBEPCUTET.
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