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BBenenue

OcHoBaHMeM Ui  TIPOBEACHMS  HACTOSIICH  paboOTBl  SBJISCTCS
TOCYIApCTBEHHOE 3aJaHUe Ha OKazaHWe yciayr  (BIMOJIHEHHE  pabor)
DenepanbHBIM ABTOHOMHBEIM YUPEKACHUEM «DenepanbHblit LEHTP
HOPMUPOBAHUSA, CTAaHJAPTU3AIMN W TEXHUYECKOW OIEHKHM COOTBETCTBHUS B
cTpoutenscTBe» Ha 2016 rog mo peamu3andd KOMIUIEKCA MEPOTIPHATHH MO
Pa3BUTUIO HOPMATUBHON TEXHUYECKOM U HayyHOU 6a3kl B 001aCTH CTPOUTETHCTRA
C IIENBIO TOBBIILIEHHS! YPOBHS O€30IIaCHOCTH JTFOACH B 3JaHHUSX W COOPYXCHUSX B
COOTBeTCTBUU ¢ TpeGoBaHusaMu PenepansHoro 3akona ot 30 aexadps 2009 r. Ne
384-03 «Texuuueckuit peryaMeHT 0 6€30TaCHOCTH 3AaHHUM H COOPYKESHHIN.

Kommneke mMepompustuii MpeaycMaTpiuBacT OpraHU3aluio U [POBEACHHUC
METOJMYECKOH M pa3bACHUTENbHONH padOTHl IO BOIpPOCAM TEXHUYECKOIO
HOPMHPOBAHUA B chEpe CTPOUTENLCTBA, B TOM YHCIE PazpabOTKy METOTMIECKHX
MaTEepUaIOB MO TPUMEHEHHIO HOPMATWMBHBIX TEXHUYECKUX JOKYMEHTOB IpH
MTPOEKTUPOBAHNN U CTPOUTENLCTBE 3AaHUNA H COOPY KEHHHA.

Iensto HacTostmelt paboThl  sBAseTCs pa3paboTka METOAMYECKOTO
nocoOus, MpeAHAa3HAUCHHOTO Ui CIEHUAINCTOB M PYKOBOJMTENECH IMPOEKTHO-
U3BICKATEIbCKIX U CTPOUTEILHBIX OpPraHU3alluil, yUPEeXKICHHH 1 ci1yK0 3aKa3umka
(uHBecTOpa) W JOPYIMX 3aWHTEPECOBAHHBIX OpraHM3amuMii s HaydHO-
O0OOCHOBAaHHOTO  ONpENETICHAS]  MOXKapoOe30MacHBIX  PACCTOSHUM  TIpH
TIPOEKTHPOBAHMY TIPOMBIILIEHHBIX 0O BEKTOB.

Meroauueckoe mocoOue pazpadaTbiBacTCsl € LENbI YTOUYHECHHS |
JOmONHEHUsT  TpeOoBaHMi  TokapHOW — Oe30macHOCTH B AEHCTBYIOLIMX
HOPMATHBHBIX JOKYMEHTaxX, oOecneunBaromnx cobmoaeHne denepanbHbIX
3akoHOB 0T 30 pekabps 2009 r. Ne 384-03 «TexHuuyeckuii perjaMeHT o
0e30macHOCTH 3maHuWii W coopykeHwity u ot 22 wutons 2008 Ne 123-@3
«TeXHUYECKUI PErmaMeHT O TPeOOBAHMSIX MOXKAPHOM OE30MacHOCTH», a TaKKe
Opd pa3paboTKe CBOZOB IIPABWII, OTPAKAOIIMX OCOOCHHOCTU NMPOCKTHPOBAHMS,

CTPOUTCIBCTBA U SKCIUTyaTallul 00BEKTOB MPOMBILIICHHOI'O Ha3HAYCHUS.



Jna  nocTikeHus yka3aHHOW 1enu ObUIM NOCTABICHBI M PCLICHBI
CIEIyIOIHE 3a0auHt:

a) MPOBEAEH aHAIM3 CYIIECTBYIONINX METO0B OLICHKK OMACHBIX (HaKTOpOB
nojkapa Ha MEPCOHAJ, TEXHOJIOTHUIECKOe O0OPYAOBAHHE, 3[AHUS M COOPY'KEHMA
TIPOMBIIIJICHHBIX HpGZ[HpI/IFITI/Iﬁ IIPH Pa3IUIHbIX BapUaHTaxX BO3MO)KHOI'O Pa3BUTUSA
YPE3BLIYANHEIX CUTYAIUi;

0) TPOBENECH aHAIM3 NPHMEHIEMEIX KPUTEPUEB, OIPEACIIOIMUX CTCIEHb
OIIACHOIO BO37eHCTBUA (AKTOPOB MOXKapa Ha 4enoBeKa, OOOpYNOBAaHUE H
TIPOMBILIJICHHBIC O6BGKTBI;

B) pazpaborana Hay4HO-000CHOBaHHAs METOIUKA pacuera
No’kapo0e30MacHBIX PacCTOSHUI I 0OBEKTOB IPOMBIIUICHHOTO Ha3HAUCHHS.

Metoauueckoe mnocobue paszpaborano B pazutue mojoxeHui CIT
56.13330.2011 «IIpOM3BOACTBEHHBIE 3AaHUS. AKTYaJM3HPOBAHHA DPEIAKLIUSL
CHull 31-03-2001»,CIT  43.13330.2012  «CooOpyKE€HHS IPOMBILUIEHHBIX
npeanpusaTAii. AxTyanuzupoBaHHas pepakims CHull 2.09.03-85» u  CII
18.13330.2011  «I'eHepanbHble  IUIaHBl  MPOMBIIUICHHBIX  MPEANPUATHHA.
AxrtyammsupoBanHas — pepakums  CHull  I1-89-80*»  mim  peanusauuu
TIPOCKTUPOBIINKAMH TpC6OBaHI/II71, SJI0KCHHBIX B CBOJIaX MPaBWJI, U BBINIOJTHCHUA
0onee rpaMOTHOrO U PALUOHATBEHOTO IPOSKTUPOBAHMS.

OneHka TOXapoOE30MacHBIX PACCTOSHUI SBISICTCS OTHON M3 OCHOBHBIX
COCTABHBIX YacTed IIPOTHO3MPOBAHKS BO3MOJKHBIX BAPUAHTOB PA3BHTHS TMOXKAPOB
Ha TIPOMBILJIEHHBIX npeanpusarusax. OHa MO3BONSET ONPENEIUTH KOHTYPHI
OMAcHOTO BO3ACHCTBUS MOXKapa Ha JIOAEH, TEXHOJIOTMYecKoe 000pymoBaHHE,
3[aHAS ¥ COOPY)KSHHS IMPOMBIIUICHHEIX NPEANPUATHH W MPEIONPEACIUTS 30HbI,
rae 3To Bo3AeciicTBre OyleT HaXOOUTHCSA B Mpelenax AOMYCTUMBIX 3HAUCHU, a
TaKKe OIEHNTh BEPOATHOCTH KACKAAHOTO pPA3BHTUS TMOXKAPOB Kak Hambojee
TSDKENIOTO CITydas TeXHOTCHHOM aBapuu. JlaHHas OICHKA TO3BOJMT MPHHMMATEH
000CHOBAHHEIE YNPABJICHYECKHE PEIIEHHS MO O€30MacHOMY H PaLMOHATEHOMY
Pa3MELICHHI0 CHUJI M CPEACTB, YYaCTBYIOLIMX B JIMKBUIAIWM IIOXKAPOB H

upe3BhIYANHEIX CUTyaluii, a Take IO O€30IacHON 3BaKyaluH IEpCOHAa
7



MIPOMBIIIJICHHBIX NPEANIPHASTHIA ITPH YTPO3€ MoXKapa.

ITocobue mpeaHA3HAUCHO TS WCMOJB30BAHHUSA MpPH MPOEKTHPOBAHUH
NPOMBIIUIEHHBIX M IPOU3BOJICTBEHHBIX 3/IAHUIH.

I/ICXOI[HHMI/I JJAHHBIMH JUISI BBITTOJITHCHUSA pa60n,1 ABJIAIOTCA TOJIOKCHHUA
JEHCTBYIOIIECH HOPMATUBHO-TEXHUYECKON JOOKYMEHTAUWMUW MW JIMTEPATypHBIX
HCTOYHMKOB IIO JAHHOMY HANpPABICHUIO, a TaKXKe pe3yJbTaThl Hay4HBIX
ucceIoBaHui, mpoBeaeHHbIX panee B ®I'BY BHUUIIO MYC Poccuu.

B mponecce paGoTel mpoaHaIM3WpOBaHBl M MPUHATEL BO BHUMaHHE
OT/CNBHBIE MONOKEHUS CIIECAYIOIMX HOPMATHBHBIX JOKYMEHTOB H JINTEPATYPHBIX

UCTOYHHKOB:

- Oenepanbnblii 3akoH o1 21.0701997 Nel16-®3 «O mpoMBILUIEHHOI
0€30MacHOCTH ONACHBIX IPOU3BOACTBEHHBIX OOBEKTOBY;

- ®epepanpHbiit 3akoH ot 22.07.2008 r. Ne 123-®3 «Texnnueckuit
peraMeHT O TpeOOBaHMSX TIOXKAPHOM 6€30MacHOCTIY,

- @epepanpHbiit 3akoH or 30.12.2009 1. Ne 384-®3 «Texnnueckmuit
pernaMeHT o 6e30IacHOCTH 3AHUM H COOPYKEHHHY

- TOCT P 123.047-2012 «CCBT. [TloxkapHas 6e301acHOCTb
TEXHOIOTHUECKUX TIporieccoB. OOIue TpeGoBanus. MeToapl KOHTPOIS;

- CIT 4.13130.2013 «CucteMbl MPOTUBONOXAPHOH 3ammTel. OrpaHuyeHue
pacrpocTpaHeHusi moxkapa Ha oObekTax 3ammThl. TpeboBaHHS K OOBEMHO-
TUIAHUPOBOYHBIM H KOHCTPYKTHBHBIM PEIICHHAMY,

- CIT 18.13330.2011 «['eHepanbHbIC MIaHBI IPOMBIMITICHHBIX PEATPHITHA.
AxrtyanusupoBanHas pemakius CHull 11-89-80%y;

- CIl 36.13330.2012 «MarucTpajibHbIe TPYOOIIPOBOAELL
AxryanusupoBanHas penakius CHull 2.05.06-85%y;

- CII 42.13330.2011 «I'pamocrpoutenscTBo. IlmanmpoBka M 3acTpoiika
TOPOACKHX M CENbCKMX TOCeNeHui. AkxTyanusupoBanHas pegakoms CHull
2.07.01-89%*y;



- Cl 62.13330.2011 «T"a3opacnpenenurenbHbIE CHCTEMBI.
AxryanusnposanHas penaxums CHull 42-01-2002x;

- CIT 155.13130.2014 «Cxnagsl Hedptn u HedrenponykroB. Tpeboanus
HOXKapHOi G€301acHOCTH Y,

- CII 156.13130.2014 «CraHumM aBTOMOOWJIBHBIE — 3alPaBOYHBIE.
TpeGoBanus mo>kapHOA 6€30MACHOCTHY

- CIT 231.1311500.2015 «O6ycTpoiictBO He(QTSHBIX M [a30BHIX
MecTopokaeHuid. TpeGoBanus MoXapHOH 6€30MacHOCTHY;

- CII 240.1311500.2015 «XpaHunuiua C)KM)KEHHOrO NPUPOJHOro rasa.
Tpebopanus noxapHO# 0€30MACHOCTHY;

- BHTIT 03/170/567-87 «IIpoTHBONOXApHBIE HOPMBI MPOEKTUPOBAHHUS
00bekToB 3anaaHo-CuOupcKoro He()TEra30BOro KOMILIEKCA»;

- BHTII 01/87/04-84 «OObeKTHl ra3oBoii 1 HE(TAHON NMPOMBIILUICHHOCTH,
BBIIOJIHEHHBIE ¢ IPUMEHEHHEM OIOUHBIX ¥ OJI0YHO-KOMILIEKTHBIX YCTPOHCTBY;

-  BHTIT 51-1-88 «BemoMCTBEHHBIE  HOPMBI  TE€XHOJOTHIECKOTO
OPOCKTUPOBAHUS YCTAHOBOK 10 MPOM3BOACTBY H XPAaHCHUIO CXIDKEHHOTO
MIPUPOIHOTO Ta3a, U30TEPMUUECKUAX XPAHIWIIHI U [a303alPABOYHBIX CTAHLUN;

- BVIII-88 «BeooMCTBEHHBIE YKa3aHUS 1O NPOTHBONOKAPHOMY
NPOECKTUPOBAHUI) MIPEANpPUATHI, 3maHui u COOPYKEHHIH
He(TenepepalbaThBAOMEi! 1 HETEXUMUYECKOM TPOMBIILIEHHOCTH,

- «PykoBomctBO mo  0e€30mAacHOCTH UL CKJIAJOB  COKIDKCHHBIX
YITIEBOAOPOAHBIX Ta30B W  JIETKOBOCIUIAMEHSIOIIMXCS  JKMJIKOCTEH  IOX
JIABIICHMEM», YTB. MpHKazoM DemepanbHONH CHyKOBl MO 3KOJIOTMYECKOMY,
TEXHONOTHYECKOMY ¥ aTOMHOMY HAA30py OT 26 nexabps 2012 r. N 778,

- «PykoBoACTBO IO Oe30macHOCTU (JaKETBHBIX CHCTEM», YTB. IPHUKAa30M
@enepanbHOi CcTyxOBl MO HKOJOTHUECKOMY, TEXHOJNOTHYECKOMY M aTOMHOMY
Hag3opy OT 26.12.2012 . Ne 779;

- @epepaneHBle HOPMEI U TIpaBWIa B O0NACTH  MPOMBINIICHHOM

OesomacHocTH  «IIpaBmia  OesomacHocTH B HEGTIHOM ®W  rasoBoi



HPOMBIIUICHHOCTHY, yTB. Mpukaszom denepabHOH CITy:KOBI IO 3KOJOTHYCCKOMY,
TEXHOJIOTUUECKOMY M aroMHOMY Ham3opy ot 12.03.2013 r.Ne 101;

- I1paBuna yCTpOHCTBA JIEKTPOYCTAHOBOK (CEIBMOE H3aHuE),

- NFPAS9A. CraHmapT HaUMOHANbHOW aCccOlMAIlMH MPOTHBONOKAPHOH
sawutsl CIIA Ha mOLy4YEeHHE, XpaHeHHWEe U obpallieHle CO  CKMKCHHBIM
npupoasbiM razoM (CIIN). Mznanne 1994 r,

U IpYrux.



1. O01He no10KeHUs

B Hacrosmee Bpemsa Ha Tepputopum Poccuiickoit deaepauuy npou3BOIUTCS
CTPOMTENBCTBO M IKCIUTyaTalys OOMBIIOr0 YHC/IAa TPOMBILUICHHBIX HPEANPHATHIH, B
TEXHOJIOTMYECKUX IPOLEeccaX KOTOPBIX 00pallaroTcsl MOXKAPOB3PHIBOOMACHEIE BELICCTBRA.
BbiOpoc B OKpy’karomiee TMPOCTPAHCTBO TOKAPOB3PHIBOOMACHBIX BEHICCTB, CBA3AHHBIN C
pazrepMeTH3alyeii pa3IM4yHOIO TEXHOJOTMYECKOro OOOpYAOBaHUS, SBISETCS ONHOM U3
OCHOBHBIX TIPHYMH BO3HUKHOBCHWs aBapUifHBIX CHTyallMii HAa TPOMBIIUICHHBIX

IPEINPUATHSX.

B psazne ciydaeB, 0co00 TKETBIX, HPOUCXOIUT PA3BUTHE aBapPUNHBIX CHTYallMid,
CBA3AHHBIX C [0KApaMM U B3PbIBAMH MO «3CKATALMOHHOMY» (KacKaJHOMY) CIICHAPHIO,
BEI3BAHHOMY HEJOCTATOYHBIMH PACCTOSHUAMH MEKAY 3NAHHAMH H COOpY>KEeHMsMM. 1lpu
JAHHOM CLIEHApWH Pa3BUTHs aBapUiHOHN CUTyaluu MOXap paclpOCTPaHSAETCd OT OJHOIO

00BEKTA K APYTOMY.

OmauM 13 HambOliee YacTO WCMONMB3YEMBIX MEPONpPUATHHA MO O0OECIEeYEHHIO
HNO)KapHOH  O€301MacHOCTH NPOMBIINICHHBIX —NPENPHATHI  ABNACTCA  pa3sMEIICHWE
TEXHOJIOTUUECKOTO  O00OPYHOBaHMS € TCOPIOYMMH BCIICCTBAMH HA  OHPEIENICHHBIX
PacCTOSHUSIX OT OKPYXAIOIMX WX 37aHAN W COOPYKCHWil. YKa3aHHbIE PacCTOSHHS
JODKHBL  OBITh HE MEHBIIE MHHHMMAIBHO [JOMYCTUMBIX, PETJIAMEHTHPOBAHHBIX
HOPDMATHBHBIMH  IPABOBBLIMH aKTaMH W HOPMATHBHBIMH JOKYMEHTAMM MO MOXApHOI

0€30IacHOCTH.

TpebopaHusi K MHUHHMAJILHO JOMYCTHMMBIM TOKapoOE30MacHbIM PaCcCTOSHUSM,
YCTaHOBJICHHBIC B HOPMATHBHBEIX JOKYMEHTaX B HallleH CTpaHe W 3a pyOe:KOM OCHOBAHHI,
KaKk MpaBWjio, Ha OOOOLIEHWH OTEYECTBEHHOTO M MUPOBOIO OMNBITAa 3KCIUIyaTaluy
COOTBETCTBYIOIIMX OOBEKTOB, a Takke HA CTAaTUCTHYECKMX JAHHBIX M HAy4YHBIX
paspaboTkax 50-60 rogoB XX B. B ycnoBHsX mporpecca u NOCTOSHHOTO PocTa 00bEMOB
IPOM3BOACTB HEoOXomuMa paspaboTka METOJOJIOTHH MO OLEHKE MO0KapoOe30macHbIX
paccTosiHUM, OCHOBAaHHOI Ha aHATM3€ CICHApPUEB DA3BHTUS aBapHili C MOXKapaMH H

B3DbIBAMH C BBIYMCIICHUEM 3HAYeHHH MOpaKaroUMX (JAKTOPOB (JABICHUS B BOJHE
11



CXKaTus, WHTCHCUBHOCTH TCIUIOBOTO W3JIYy4YCHHA U T‘l'[.) Ha PA3IAYHOM YyJOaJICHUA

NOXKAPOONACHOTO 000PYIOBAHHMS.

,[launaﬂ MCTONOJIOTHA TAKXC HGOGXO,H,I/IMa AJIA OCYIICCTBICHUASA TPOTHO3UPOBAHUA
BOBMOJKHBIX BAapWAHTOB Pa3BUTHA II0KAapOB Ha IMPOMBINUICHHBIX MNPCANPUATHAX INIPU

BO3HMKHOBEHWHU aBAPUIHON CUTYallWH.

BosnuuknoBenue apapuii, CONPOBOXKIAEMBIX IOKapaMH W B3DEIBAMH Ha
MPOMBILIIEHHBIX O0OBEKTaX, MOXET OKa3aTb ONACHOE, a B HEKOTOPbIX Cllydasx
KatacTpoduueckoe, BO3ICHCTBHE Ha cOceIHUE OOBEKTHI, 3MAHUS, COOPYXKEHHS W
obopynoranue. [Ipi 3TOM B 3aBICHMOCTH OT KOJIMYECTBA M TUIMA FOPIOYETO BEILIECTBA U
Marepuana, y4acTBYIOILETO B IOYKAPE U B3PEIBE, BO3MOKHBIX BAPHAHTAX PA3BUTUS aBAPUU
omnacHsle (JaKTOPBI MOKAPA U B3PbIBA Oy YT PA3THIHBIMH.

IIpu aBapusix ¢ o0opymoBaHHEM, Ile 0OpaIaroTcs TOpPIOYKMe JKUAKOCTH, Ta3bl U
Hapsl, OCHOBHEIME OTTACHBIME (paKTOPAMH TI0XKapa U B3PhIBA SIBISIOTCS:

- OpsAMOE BO3JCHCTBUE BLICOKOM TeMmImeparypsl (akena mpH CTPyWHOM BhIOpoce
roproueii cpepl U3 TEXHOIOTHYECKOT0 000pYAOBaHNMS;

- TEIJIOBOE U3JTyUSHHUE OT MOKAPOB PA3THTHIT U BHIOPOCOB TOPIOYHX BEIECTB,;

- mapaMerpsl YIAPHBIX BOJNH, 0OpasymoIMxcs 0OpH AeduarpanyoHHOM WM
JNETOHALMOHHOM CTOPaHMM Ta30MapoOBO3AYIIHBIX CMECEH TOpIOYUX BEIUECTB B
OKpyKaromei arMocdepe.

OueHka mNOXKapoOe30MacHBIX pPACCTOSHHH —ABIAETCS OAHOH K3  OCHOBHBIX
COCTaBHBIX dYacTefi TNPOTHO3UPOBAHUA BO3MOXKHEIX  BAPUAHTOB  MOXKAPOB  Ha
MPOMBILUIEHHBIX TpeAnpuaATHaX. OHa MO3BONAET ONPEJECTHTb KOHTYPhl OHACHOro
BO3CHCTBHS IOXKapa Ha JIOAEH, TEXHOJIOrnYeckoe 060pyJOBaHue, 3/IaHHs B COOPYKEHHUS
MOPOMBILUICHHBIX OPEONPUSTHIT ¥ HOPEAONPEIENUTh 30HH, TAE 3TO BO3AcHCTBHE Oyner
HAXOAUTHCS B TpeAeNax HONMYCTUMBIX 3HAUCHUM, a TaKKe OLCHUTh BO3MOXHOCTH
KACKATHOTO PAa3BHUTAS IOXKAPOB Kak HamOonee TSKENOro ciyyas TEXHOTEHHOH aBapwmL.
JlaHHas OIEHKA TO3BOJUT MPUHUMATL OOOCHOBAHHBIC YNPABICHYECKUAEC PELICHUS MO

6630HaCHOMy 1 panuoOHAIIBHOMY PasMCHICHHIO CWJI W CPEACTB, YYACTBYHOINUX B
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JIMKBUJIALUM T10KAPOB U YPE3BBIYAMHBIX CUTYaLUH, a TarKe 10 0e30IacHON 3BaKyaluu

TICpCOHAJIa MPOMBITIIICHHBIX lTpCI[TlpI/ISITI/Iﬁ TMPpH Yrpo3eC noxkapa.
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2. AHAJIH3 MeTO/I0B ONCHKH 3HAYEHHH OMACHBIX (GaKTOPOB mokapa

NpH aBapHiiHbIX BHIOPOCAX rOPIOYHX BEIECTB

2.1 MeTOOHKH OLEHKH ONACHBIX (PAKTOPOB NOkKApa HpPH CTPYiiHbIX

BbIOpOcax raza

ToxkapHasi OTIACHOCTE Ta30BEIX BEIOPOCOB OMPEAENSAETCS, TPEKIE BCETO, BEICOKOM
BCPOATHOCTBIO BOCIUIAMCHCHUSA U yCTOfI‘-IHBOF 0 TIOpCHHA BLIGpaCBIBaeMOFO raza Hu
XapaKTePHU3yeTCs TEIIOPUINUSCKUMH TTapaMeTpaMK CaMoro IUIaMEeHH, €r0 pasMepaMu |
(opmoii, TeMnepaTypoii U TEIUIOBBIMH IOTOKAMHU, a TAKKE AIUTECIBHOCTHIO BO3ACHCTBHS
Ha OKPY’KatOIHe OOBEKTEL

CH0XKHOCTD OLIEHKM YPOBHS IOXKAapPHOH OMACHOCTH B TAHHOM ClIy4ae 00yClIOBIEeHa
LWIMPOKKAM JAMANA30HOM BO3MOXKHOTO M3MEHEHUS YCJIOBUI aBapuitHOTo BbIOpOca, a
HMEHHO:

- CKOPOCTM M HANpaBieHUs rasocOpoca MOIYT BapbHpPOBAaTbCi B ILIMPOKUX
npenenax;

- KCTIONB3YIOTCA PA3IN4HbIC I'OPIOYME ra3bl M ra30oBble CMECH, B TOM YHCIE C
WHEPTHBIMH Ta3aMH,

- BHIOPOC Ta3a MOXKET MPOHMCXOAUTh B YCJOBUAX BO3JCHCTBHS BETpa pPa3Id4HOMN
CKOPOCTH W HAIIPABJICHUA,

- CcOpocHBIE OTBEpCTHs, OOpasylommecs TIpH aBapuifHON pasrepMeTu3aluH
TEXHOJIOTUYECKOro 000py IOBaHUS, MOTYT HMETh PA3IMUHYIO (POPMY U pa3MeEpBI,

- BBIOpOC Ira3za MOXET OCYILECTBIATECS KaK B CBOOOJHOE, TaK M B 3arPOMOXKACHHOE
MPOCTPaHCTBO U T.1. [1-2]

PasBurie aBapuifHBIX CHTyarwi, peajM3yIOINXCS B BHAE CTPYHHBIX BBHIOPOCOB
TOPHOYHX Ta30B, MOKCT MPOUCXOUTE 110 CJICAYIOIIMM CLICHAPHUAM:

- BeIOpoc Taza 0e3 MOCICAYIOMEro BOCIIAMEHCHMS, OOpa3oBaHHE 30HBI
3ara30BaHHOCTH,

- MTHOBEHHOE BOCIUIAMEHEHHUE Ta30Boi CTpyH, 0OpasoBaHue (akena rasa,
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- BOCNJIAMEHECHHE € 3aJICPJKKOH, cropanue oOpa3oBaBiierocs oOnaka
ra30BO3AYINHOM CMECH ([Ba PEXKUMA CTOPaHUS. AETOHAMOHHEIN 1 JAe(hiarpaiioHHEIi ).
JaHHblil pa3aen paboTel MOCBSINIEH BOIPOCAM OMpeneNeHus OMacHbX (akTopos
Mo’Kapa ¥ B3PbIBA, BO3HUKAIOLIMX B PE3YJIETAT€ MTHOBCHHOTO BOCIUTAMCHCHHMS Ta30BOM
ctpyd. ['opeHue ra30BO3AYIIHBIX OOJIAKOB PacCMOTPEHO B pazjaenie 2.3 HaCTOSAILIEro

OTYECTa.

2.1.1 Jlamunapubiii auddy3nonnbiii Gaxen

OnHa 13 HepBbIX MOMBITOK TEOPETHYECKOTO aHAH3a 3aKOHOMEPHOCTEN Pa3BUTHS
namuHapHoro muddysuonnHoro Qaxena Obula mpeanpunsta B padore [3]. Mzyuanuce
(dopMa M ANMHA MIAMEHM IS ABYX NapaJuleNbHBIX JJAMAHAPHBIX NOTOKOB OKHMCIUTENS U
TOPIOYET0 OJMHAKOBON CKOPOCTH. BBUIO YCTAaHOBICHO, YTO JUIMHA JIAMHHAPHOTO
auddysuonnoro ¢axena L, NpONOPHMOHANILHA PAcXoly TOPIOYEro Trasa M 00paTHO
MponopIHoHanbHa kodpdunuenty aupdysnmn D :

2
~ uOdO

L
" D

2.1)

AHaNOTMYHEIM BBIBOJ OBUT MOJNydeH aBTOpamMu pabotr [4,5] mpu mccrenoBaHAH
naMuHapHOro mud¢y3MOHHOTO TTaMeHH, OO0pasyromerocs HpH HCTEUYEHHH CTPYH

TOPHOYLTO ra3a B HETIO ABIKHEIHI BO3IyX.

2.1.2 TypOynenTHblii 1updy3noHHbIi Gaxen

B paboTax Tex e aBTOpOB IPEeACTaBjIcHA KapTHHA MOCIIEI0BATENBHOIO IEPEX0aa
oT JaMuHapHoro muddysuonHOro (axena k TypOyJICHTHOMY IIPH YBEIHYEHHH CKOPOCTH
WCTCUCHUS CTPYM M3 TOPETKH. [lepex0on OT JTaMHHApHOIo ITOPEHUs K TypOyIeHTHOMY
OCYIIECTRIISIETCS B AMamasoHe wncen Peitonbaca ot 1 - 10° go 1 - 10° i obmactu
pasBUTBIX TYpOYJIICHTHBIX InameH OBUTO YCTAHOBIEHO, 4YTO BBICOTA IIaMEHH
HPONOPLMOHAJIEHA JUAMETPY COIJIA M HE 3aBHCUT OT CKOPOCTH HcTeueHus. J{ns
TypOyneHTHOro u(Gy3UOHHOTO IUIAMEHH, B KOTOPOM 3(PHEKT NOABEMHOH CHIIBI

He3HAUHTeNIeH, Oblia NpeIiokeHa [5] momysMnuprieckas 3aBECAMOCTD A1 ONPEACTCHHS
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JUIMHEL (hakena:

I
Lo 33 | Tr o Msq_ ), (2.2)
dy  Cr\opTy M,
roe L, — BuguMas AnuHA IUIAMEHM; d, — IMAMETP TOPEIIKM; T. - abcomorras
amuabaTuyeckas TeMmeparypa IiameHu; 7, — aOcCoJloTHas TeMIeparypa rasa,

BEITeKaromero u3 ropenky; Cr — KOMMUecTBO MoJielf raza B CTEXHOMETPHIECKOH CMECH;
&, — OTHOILICHHWE KOIMYECTBA MOJeH HMCXOAHBIX PEareHTOB K MOJISIM HPOAYKTOB
CTOpaHMs IS CTEXHOMETpPUUeCKo# cmecH; Mg, M, — COOTBETCTBEHHO MOIEKYJIAPHbIE
Macchl BO3AyXa U FOPIOYETo rasa.

3HaucHUE 4YHCIeHHOro kodddummenta B dopmyne (2.2), paBHoe 5,3, OBLIO
MONy4YeHO nyTeM O0OpabOTKM HEMHOI'OYHMCICHHBIX OKCHEPUMEHTANBHEIX —JAHHEIX,
IIOJIyYEHHBIX HA FOPEJIKAX ¢ AUAMETPOM IIPOXOJHOIO CEUYEHHS, HE IPEBBIIIAOIM 7,5 MM
M, KaK OTMEYaIOT CaMH aBTOPHI [4], BIOJHE BO3MOXHO, YTO MPEMIOKEHHAS 3aBICUMOCTh
HE OMUCHIBACT MAaKCUMaJbHBIE JIMHBI IIIaMeH. Ilocneaaee ObLT0 OATBEPXKIACHO B paboTe
[6], Tme mokazaHO, YTO, HAMpUMEp, IS pacyeTa MAaKCHMAIBHBIX PasMepoB (Qakeson
BOAOpOJA 3HAYEHHE YHMCIEHHOTO Kod(@WIMeHTa B ypaBHeHuH (2.2) JODKHO OBITH
IIPUMEPHO PABHBIM 8.

OOuuMit TEOPETHUECKHI aHAJH3 TPOIEcCa T'OPCHUS HE MEPEMCELIAHHBIX Ta30B,
CHCNAHHBIA B HCCIACAOBAaHHU [7], MOKasan, 4TO rOpeHHE B JU((Y3HOHHOM ILIAMEHH
TNPOMCXOANT B HEKOTOPOH CpaBHUTENBHO Yy3KOW 30HC — (pOHTE TITaMeHW,
MECTOHONIOJKEHHE KOTOPOTO  OMPEAENsICTCA  YCIOBHSAMH —CMEUICHHS TOPIOYero W
OKHUCJIUTEISI B CTEXHOMETPHIECKOM COOTHOIICHHH. Temmeparypa Ha ¢porTe (6e3 ydera
MOTEPb) JOIDKHA OBITH paBHA aauabaTHYECKOl TeMIIepaType TOPEHHS CTEXMOMETPAIECKOM

CMECH.

2.1.3 AspoaunaMudecKkasi TeopHsi ropenus gaxenaa

OrcyTcTBHE rOpeHdss BO BCEM OOBEME MO3BOISCT paccMmarpuBarh (axen ¢
aJPOAMHAMUYECKUX TO3MIMHA ¥  HCIONb30BAaTh anmapar TEOpHH CTpyH  Juis

ra3oJMHAMAYEeCKUX pacdeToB. [IMpOKO pacIpoCTpaHEeH METOJ pacyeTra cTpyd U Qakena,
16



pazpaboranHbii B padote [8]. CyTh Meroma cBOAMTCS K ciemyroiemy. HewspecTHEBIC
Ipo(UIM CKOPOCTE M KOHIEHTpAluii B NOMEPEUHBIX CEUEHUsX (akena 3aMeHsIoTCs
HEKOTOPBIMHU allIPOKCUMUAPYIOITMMY KpUBBIMH. OCHOBHEIE XapaKTEPUCTUKH (paKena u, B
YaCTHOCTH, €ro JUIMHA ONPEICIAIOTCS C IIOMOIIBI0 HHTETPaIbHBIX COOTHOLLEHUIA.
PesynbTatel Takoro TNpHOMDKEHHOTO pacueTa OyIDyT TeM TOdYHee, deM Ommke
anmnpoKCUMHUpPYOUMe (QYHKIMH COOTBETCTBYIOT HWCTHHHBIM HpO(UIAM CKOpPOCTEH,

KOHIIEHTpAIWi U TEMIIEPaTyp B pakere.

2.1.4 Pacuer ra3oBoro ¢akena no MeToAy SKBHBAJECHTHOH 3aJa4H TEOPUHU

TENJIONPOBOTHOCTH

B pazButie a’poauHAMUYECKOM TeopuM ropeHHs B paborax [9,10] Obun
IPEUIOAKEH CIIOCO0 pacyeTa ra3oBoro (hakena Mo METoy 3KBUBAICHTHOH 3a1auy TEOPUH
TEILIONPOBOIHOCTH. MeTtoa Oa3upyeTcs Ha BHEIIHEHM AaHAOTMM MEXIy MpolLeccaMu
HepePacIpEACIICHIS UMITYIbCA B TYPOYJICHTHBIX CTPYSAX K MPOLECCa TEILIONPOBOAHOCTH,
OTKY /14 MOSIBJISIETCS] BO3MOYKHOCTb, TIPA COOTBETCTBYIOLUMX YCIOBUAX, COBMECTUTH KPUBBIE
pacrpeneneHus. TakuM 00pa3oM, B KOHEYHOM CueTe, PE3YJIbTaThl PEINCHUS 3a]aqd
TEIUIONPOBOJHOCTH  MCHONB3YIOTCA  JUIL  pacyeTa  3aKOHOMEPHOCTCH  pa3BUTHS
TypOyneHTHoro ¢akena. [Ipy 5ToM MCXO/IHAs CUCTEMA HEJTMHEHHBIX YPaBHEHHI epeHoca
HMITYJIbCA, TEIUIA U BEIECTBA B TyPOYJICHTHOM IIOIPAHUYHOM CJIO€ 3aMEHSAETCS CHCTEMOM
JIMHEHHBIX  ONHOPOJHBIX  3aBHCHMOCTEH  THNA  yYpaBHEHUM  HECTALMOHAPHOU
TETUIONPOBOTHOCTH, METOABI PEMICHHS KOTOPBHIX XOPOIIO OTpaboTaHbl. OKOHYATENbHBIE
YPaBHEHH COAEPKaT SIMIUPHYECKYIO KOHCTAHTY, KOTOPask ONPEACILIETCS U3 OIbITA IyTEM
CPAaBHEHUS TCOPETUYECKUX M 3KCIECPUMEHTAILHBIX KPUBBIX M3MCHCHHMS HMMIIYJIbCA H
H30BITOYHOTO TEIJIOCOACP)KaHMs BAOJNE ocH (akena. Ilocnenuee OOCTOATENBCTBO B
3HAYUTEIbHOH MEPE CHIKACT LIEHHOCTh HA3BAHHOI'O METOMA, IOCKOJIBKY B HEKOTOPBIX
CITyJastx JUTS TOJMYYCHAS SMIAPHYCSCKOM KOHCTAHTH HEOOXOJUMO U3 OMBITA ONPEACTIHTD
pacmopejeneHie TeMmeparypel 1Mo ocd  (akena, YTO TPAaKTHYECKH PaBHOCHIIBHO

ONPCACIICHUIO €T0 AJIAHBI.
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2.1.5 Pacuer TtypOyientHoro mauddysnonHoro ¢Ppakesia, OCHOBAHHBIH Ha

CTATHCTHYECKOH Teopun TypOyJienTHOH 1udPy3nu

Iomy>MImIpHYecKiM  SBISCTCA  TaloKe METOA  pacdera  TypOYNEHTHOro
aupdy3uonHoro ¢akena, OCHOBAHHBIA HAa CTATUCTMYECKOM TeOpUM TYpOYJICHTHOH
maddysun, npencrapneHHsiii B paborax [11-13]. OcHoBHO# (u3nueckuii mapamerp,
WCTOJIE3YEMBII B STOM METOJIE JUTS pacyeTa pasMepoB (akesa — AUCTIEPCHS CTPYH, TaK JKe
3aUMCTBYeTCS M3 OmBITa. Kak BHIHO, PONb DKCIIEPUMEHTA TPH ONMpPEACNCHUH UTMHBI
TypOynerTHOro juddy3noHAOr0 (akena O HACTOAIMETO BPEMEHH  OCTaeTCs

OIIPENEIISIONIEN.

2.1.6 BausiHue CHIIBI TSZKECTH Ha KOH(Urypauuio dakesna

B paccMOTpEHHBIX BBIIIE METOJAX pacuera TypOyNIeHTHHIX Au(Qy3HOHHBIX
(haxkenoB NPAaKTHYECKM HE YUMTHIBAJIOCH BIMSHME CHJ MOJSA TSHKECTH HA NPOLECCHI
CMEIIEHUS U TOpPEeHHs B ra3oBOM (pakene, 4To, MO MHEHMIO psifa aBTopoB [6, 13-15],
IIPUBOJIUT K 3aBBILICHUIO PACUETHLIX 3HAYCHUH I/TMHBI (aKena. AHATU3UPYS BIMSHUE CUIT
MOJIs TSDKECTH Ha pa3Mephl TUIAMEHH, aBTOpBl MHOTUX pabot [4, 6, 13-16] npuxomsr k
BBIBOAY, YTO MEpOH ACHCTBHs MOIBEMHOM CHIB B (pakesie NOJDKHO ABIATHCA UHCIIO
Opyna (Fr). Jns pacueToB WTAHEL TypOyAeHTHBIX TH(DY3HOHHEIX PaKeIOB MpemIaracTes
UCIONB30BaTh [6, 13,15,16] ypaBHEHUE CleMYIOIIETO BUAA:

%zm.Fr", 2.3)
rae M u X — nepeMeHHbie KO GUIIMESHTE.

[peanmaracmas 3aBHCHMOCTH IOCTATOYHO IIPOCTA, OJHAKO €€ HCHOJB30BaHHE
BBLI3bIBAET 3HAYMTENILHBIC 3aTPYAHEHN, TaK KaK Jaxe JUid TOTOOHBIX YCIOBHM MCTEICHHS
B pa3HbIX paboTax MpeIararoTcs 3aBHCHMOCTH C Pa3IAYHBIMU TOKA3aTeNeM CTENCHH X
npu yucnne Ppyaa, 3HaueHWs Koroporo uaMensercs ot 0 mo 0,2. Ceoaka dopmyil,
NPEUIAraBIUXCsl  PA3IM4HBIMH  AaBTOpaMHM IS OLEHKH [UTHHBI  TypOYJIEHTHOTO
mudoysnonnoro ¢axena, nanHas B pabore [17], Takke CBUAETENBCTBYET O KpaiiHeit

Pa3HOPEYHBOCTH B OLICHKE PA3MEPOB MIIAMEHH.
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Hcnonp3oBanue Kpurepust [+ s OLECHKY BIMSHHUS TOJBEMHBIX CHI HA JUTMHY
(hakena OBUIO OABEPTHYTO OOOCHOBAHHOM KpHTHKE B uccieaoBaHuu [14]. B wactHOCTH
OTMEYAIIOCh, YTO BaXHEUIIHNMHU NapaMeTpaMH, XapaKTepU3YIOIUMU FOPEHUE, SBISAIOTCA
yucna PeiiHombaca u Apxumena. Uucino Ar XapakTepu3yeT OTHOLIEHHE CKOPOCTHOIO
Harmopa K BHITAIKMBAOMIEH cuie, AeiicTByromielt Ha 0ObEM IIAMEHM, U SBsETCA ANd
ropsmero (akena ¢u3MdecKkuM HapaMmeTpoM. Kpurepuil ke F¥, OmpeleleHHBIA II0
IUaMeTpy coma, sl ¢akena B (M3UIECKOM CMBICIE HUYETO HE XapaKTepU3yeT U
SBISIETCS (POPMATTEHBIM.

B cBoro ouepenn, o6pabarsiBas COOCTBEHHEIE OMBITHBIC JAHHBIE, MOJIYUSHHBIC HA
BOIOPOJE, METaHE W MpPONaHe B IMMPOKOM IUAIAa30HE YMCEN Re, aBTOPOM Ha3BaHHOI
paboTEl OBLTH TONYYEHB ANNpPOKCUMHUPYIOUIME 3aBHCHUMOCTH Ul pacyeTa JUIUHEL
TypOynenTHOro (akena. IIpemnoKeHHBIE 3aBHCHMOCTH HAXOJSTCs B KAYeCTBEHHOM
COTTACMH C DOKCIICPUMCHTAJBHBIMH JaHHBIME X JPYTHX AaBTOPOB, OJHAKO B
KOITMYECTBEHHOM TUIAHE HAONIOMAIOTCS 3HAUMTENBHBIE pacxoxaeHus. Tak, HampuMep,
MaKCUMATBHbIE OTHOCHTENBHBIC pa3MepHl (hakeloB (ANMHA MIAMEHH, OTHECEHHAs K
JIMaMETPY TOPEITKH), OTpeAcNieHHBIe B paboTte [14], cocrapistor g Bonopoda 150-160,
MeraHa — 180-200, mpomanma — 280-300, B To BpeMs Kak aBTOpHl OOJNBIIMHCTBA
uccnenoBanuit [6, 18-21] mpuxoaaT K BHIBOAY O TOM, YTO MaKCUMAaJIbHAs OTHOCHTEIIbHAS
IUTHHA HA3BaHHBIX (DaKEJIOB COCTABJIAET, COOTBETCTBEHHO, I BOZOpoAa — 250, MeTaHa —

350 u mpomana — 600.

2.1.7 OcecummeTpu4HOe TYpOyaenTHoe 1udy3noHHoe miamMs

[MpeactaBnsioT HHTEpEC TOAXOABI K ONpEACHCHHIO (OpPMBI M JIMHBI
TypOyNeHTHOTO (hakena, pa3spaboTaHHbIe B padote [22]. B Heit g TOT0, YTOOB OCBETUTH
o01ue CBOMCTBA ABJICHHIA, CBI3aHHBIX ¢ TYpOyIeHTHBIME T(pdY3UOHHEIMU [1aMECHAMHU,
MpH  COXPaHEHHH  MPOCTOrO  AHAMTHYCCKOTO  OMHCAHUSA,  pacCMaTpUBAlOCh
ocecuMMeTpuaHOe TypOyjieHTHoe anddy3noHHoe maams. OCHOBHOH LENBIO CTaBUIOCH
JOCTIDKEHHE TOHWMAHHUS SBJIEHHS] C YYETOM BO3MOXKHOCTH IOJYYEHHS MPAKTMYECKHX
BHIBOJIOB. [IpMHMMAIHCH YIPOMIAOIINE NPEIIMONOXKEHNS, HE TMPUBOMAIINE K YyTpaTe

CYIIECTBEHHBIX CBOICTB IIJIAMEHHU.
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B npeanoxeHHOH MOAENH HE YUUTHIBATHUCH SGQEKTHI, CBI3aHHBIE ¢ M3MEHEHUEM
IUIOTHOCTH, KPOME pacyueTa MOTOKA KOJNMYECTBA [BIDKEHMS, B KOTOPOM HCIIOJb3YETCA
JEHCTBUTENBHAS IUIOTHOCTE IHOAABAEMOIO BEIIECTBA, T. €. TOPIOYEro. YUHTBHIBAOTCS
IyJIECAIIMY BETMYMHEL KOHLCHTPALMK U CBA3AHHBIX C HEMl BETTMYUH.

Maremarnueckoe omnucaHue HACAILHOro TypOyiaeHTHOTO auddy3uoHHOrO
nnaMeHn 6a3upoBaIoCh Ha MPEANONOKEHHN O PABHOMEPHOCTH (DM3UIECKHUX CBOMCTB, UTO
[IO3BOJIAET HE PACCMATPUBATH BIUSHUE TOPEHUS HA CTPYKTYPY ITOTOKA.

ITpu ompeneneHuy (opMbl IUIAMEHH OBLIO CAETAHO MPEIIONOKEHHE O TOM, UTO
IIOJIOXKEHNE CTEXUOMETPUUECKOTO KOHTYPA U COOTBETCTBEHHO MACCOBOM JIONU TOPIOUETO
raza Ha Hedl (fe,) B TYPOYJICHTHOM CTpPye MyNBCHPYIOT B AMANa3oHe 1f*a 30HA peakunu
COCTAaBIACT KOHCUHBIM OOBEM, 3aKIFOYCHHBINH MEKLY IIOBEPXHOCTBIO (famer — f*) H
MOBEPXHOCTBIO (fomex + ).

HapyxHass TOBEPXHOCTb COOTBETCTBYET (fumer — f¥),IOCKONBKY Ha Hei
MPUCYTCTBYET B OCHOBHOM ra3 C «OEIHBIM» CONCPKAHHUEM TOPIOYEro, a XUMHUYecKas
peaKIms MPOMCXOAUT B T€ MOMEHTHEI BPEMEHH, KOTJAa CMECh COAEPKHT MaKCHMAalbHOE
KOJIMYECTBO TOPHOUETO.

Hcenonb3ys cOOTHOLIEHUE

L :f:L"OW{Hss(lﬂ N (2.4)
u, X(Py / Py) x
CTpaBeIMBOE UL OCECHMMETPHYHBIX TYPOYIEHTHBIX CTpy#, aBrop [22] momywaer
BBIPAKEHUS IS KOOPIUHAT HAPYKHOTO U BHYTPEHHET0 KOHTYPOB TIIAMEHH

0.5 1%

0,5
hap | 1 657 d,(p, )
ey A -1 2.5
x |58 S S x 23

o
J 0,571%3 14

Lo | LY _O5T _dfpn |yl 2.6)

x 581.ﬂm+.f x\p,

Mexay HapyXHOM W BHYTPEHHEH NOBEPXHOCTAMH IIJIAMEHH PacIIOIOKEHA
MOBEPXHOCTh, COOTBETCTBYIOIAs CTEXMOMETPUYECKOMY COCTaBy rasa. Pammyc 31O

TIOBEPXHOCTH OTIpeeisieTcs GOopMyIon
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0,5 0.5

0.5
7 11]6,574d '
Tomes _| 2 J| 927 Qo | Po 14 2.7)
X 58| S X\ Pu
JIMHBEL, XapakTepU3ylomue IUlaMs JUls KKIOH M3 3THX [OBEpPXHOCTEH,
noy4aroTcs npu yenosuu r= 0. Hanpumep, Ans CTEXHOMETPUYECKOIO KOHTYPa

_ 657d,
o e A @9

rief -

MCTEKAIOIIETO ra3a, HaxO[AIlyI0Cs Ha ITIOBCPXHOCTH CTCXHOMCTPUYCCKOrO KOHTYpa, pf,

ko3 durmenT cmemeHus, (OU3NUECKH O3HAYAOIMMM MAacCOBYIO  JIOJIO
., — INIOTHOCTH UCTEKAIOIIETO Ta3a U OKPYKaroIeit aTMocephl, COOTBETCTBEHHO, Kr/M3;
d, — nnameTp cOPOCHOTO OTBEPCTHS, M.

B 1abn.2.1 maercs comocTaBieHUE IIAHBL KOHTYypa CTEXUOMCTPUYCCKOI'0 coCTaBa

JUTHHBI TUTAMEHH [UTs 9eTHIPEX Ta3000pa3HbIX TOIUIHMB, TOTyYeHHbBIE aBTOPOM [22].

Tabnwna 2.1
Tomnuso fcmex P 0 / P, @ xcmex / dO xn/r / dO xcmex / ‘xml
CO 0,288 0,965 21,7 45 0,483
H, 0,028 0,069 61,6 130 0,474
C.H, 0,070 0,895 89,0 175 0,508
C:H; 0,060 1,515 1358 295 0,461

Paccmorperne mocneanero cronbma Tabm. 2.1 TOKa3bIBaeT, Yro pacyeTHas

BEIIMUWHA X, ITpI’I6JTH3WTCJTBHO BABOC MCHBIIC, 9€M J3KCICPUMCHTAJIBHO MOJy4YCHHAA

JUIMHA IUTaMEHH X,,. OTO pacXoKAeHHE OOBICHACTCS aBTOPOM INIABHBIM 00pa3oM TEM, 4TO
CpEIHSA IIOTHOCTD B INIAMEHM 3HAUYHTENBHO MEHBIIE, YeM B atMoc(epe. Eciu BMecTo p,
TIOACTaBUTE Benuuuny 0,25 5, TO BEMMYMHA X, Oy/eT ONMH3Ka K X, .

KpoMe Toro, mMoryr wWrpare pojib MyIbCAIMH, TMOCKOJBKY MIHHA HApPYXHOTO
KOHTypa IUIAMEHW TPEBBIIACT JUIMHY KOHTYpa CTEXHOMETPHYECKOIO COCTaBa.
INomy4eHHBIE JaHHBIC BECHMAa HHTEPECHBI, ONHAKO OCTAETCs HEACHBIM, UL KAKMX HMCHHO

PEKMMOB TOPEHHS MOTyYeHbl 3HAYCHUS X,,/d, .
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AHanu3upys MHOrouuciaeHele Qopmynsl [15-17, 19-21, 23], momyueHHBIE
pPa3HbBIMM aBTOPaMHU Ul OLEHOK UIMHbI TypOyneHtHoro auddgy3uoHHOro dakena,
Pa3BUBAIOILETOCS B HEMOABIDKHOH arMoc(epe, MOXKHO CHAENarh BHIBOL O TOM, 4YTO
npeiaracMble 3aBUCUMOCTH BEChMa NPOTMBOPEUYUBBEI U Haubosaee NPUEMIIEMEI TS TEX
YCIIOBHIA, B KOTOPBIX IIPOBOAMINCH IKCIEPUMEHTBI.

Bonbmioif TpakTWYecKWii HHTEpPEC TPEIACTABIACT OICHKA CTETICHH BIIMSHUS
n00aBOK HETOPIOUMX Ta30B Ha UIMHY JUQPQPY3NOHHOTO (pakena, MOCKOJBKY BbIOPOCHI
FOPIOYHX Ta30B HEPEIKO OKA3BIBAIOTCS 3a0a/UIaCTHPOBAHHEIMM HETOPIOUNMH TIPUCATKAMA
(a30TOM, YIIEKUCIIOTOH, remiueM U T. 1.). FiMeromuecs B nuteparype cBeaenus [10, 16,
23-25] 1O3BOJIAIOT UL KAYECTBEHHO CYUTH O CTENEHU BIMSHUS HETOPIOUMX NOOABOK
HAa IUIMHY IUTAMEHM, NOKAa3blBas, YTO MPH Pa30aBIEHUM TOPIOYETO ra3a OTHOCHTEITbHAS
JMHa (pakena AODKHA yMeEHbIIAThes. KOMMUECTBEHHBIE NAaHHBIE, MPEACTABICHHBIE B
pabore [6], mOnydyeHBI B AOCTATOYHO VY3KOH OONacT HM3MEHEHHWs YCIOBHM cOpoca
TOPIOUMX Ta30B, ¥ MX TPYAHO MCHOJB30BATh HEMOCPEACTBEHHO IS MPAKTHUYECKAX

OLICHOK.

2.1.8 Bausinue BeTpa HA KOH(PUIYPALHIO IJIAMEHH

PaCCMOT‘pel-lele BBIIIC pa60Tbl B OCHOBHOM MOCBSIICHBI U3YYCHUIO q)a.KCJ'lOB,
Pa3BUBAIOIIMXCS B HETIO/ABIKHOM arMoc(epe. B HMX paccMOTPEH JIHIIb YaCTHBIH ciyyaii
MpAMOCTPYHHOTO TOpeHus rasa 6e3 yuera BecbMa 3HAYMTENBHOTO BIHMSHHSA BETpa HA
FEOMETPUYECKUE PA3MEPB (haKela U MMAPOIUHAMUKY CMEHICHHS TOIUIMBA C BO3AYXOM.

BwMecte ¢ TeM, ¢ TOYKH 3peHUs] MpoOsieMbl 6E30MacHOCTH PeaTbHBIX OOBEKTOB
HauOONBIIMA HMHTEPEC NPEACTABIAET AaHAIM3 KAaCKaJHOTO Pa3BHTHS aBapHii, Koruaa
JIMHEHBIE pa3Mepbl IUIaMEH, XapakTepHU3yIOMME 30HBI MaKCHMAJIBHOTO TEIIOBOTO
BO3ACHCTBHS, ONMM3KH K IIPOTHBOIOKAPHBIM Pa3phlBaM MeEXIy O0O0OpYyIOBaHWEM, W
OTKJIOHEHHE TJIaMEHH OT BEPTUKAIBHOW OCH MOJ ACHCTBHEM BETpa B CTOPOHY OOBEKTa
MOXET 3HAYUTC/IIBHO YBCIMYUTH HWHTCHCUBHOCTL PAAWALMOHHOIO IOTOKA BIUIOTH 10
MpAMOro KOHTAKTa TUIaMeHH ¢ 0OBeKTOM. BenmeacTBie 3Toro ObUTM MpoaHATM3HPOBAHEL
TCOPETHYCCKUC N SKCTICPUMCHTANIBHBIC UCCIICAOBAHNS 10 THAPOAWNHAMHUKE TOPCHUA Ta3a B

HOTIEPEYHOM TTOTOKE BO3IyXa.
22



Hmeerca psij paboT, MOCBAIMIECHHBIX HCCIIEAOBAHAIO TPACKTOPHH JIBIMOBHIX Ta30B
[26, 27], B KOTOPBIX HA OCHOBAaHHWW aHAIN3a SKCTIEPUMEHTAIIBHBIX PE3YIBTAaTOB MOKa3aHo,

YTO [JAaHHBIC T0 TOJBEMY IBIMOBBIX a30B YIOBICTBOPHTEIBHO KOPPEIMPYIOTCS IO

[MAPOIMHAMHUYECKOMY —mapamerpy [ =pul/pu’, Tthe pgh W P —

THAPOIMHAMAYCCKUE HAMOPBI ABIMOBBIX a30B H MOTOKA BO3QyXa, COOTBETCTBCHHO. I[J'[SI

pacueTa BEICOTHI TIOAbEMA ABIMa Al HAJT YCTHEM TPYOBI IIPETIOKEHO BHIPAKESHHE:
A0 2.9)
dO

T. €  OTHOCHTEJbHAas  BBHICOTA  TOABEMA  TPOMOPLUOHANIFHA  OTHOMICHHIO

THIPOJMHAMUYECKIX HAIIOPOB JBIMOBEIX Ta30B M MOTOKA Bo3ayXa (BeTpa) B crerneHn 0,6.

B paborax [25, 28] Oblia TeOopeTHMUECKH peOieHa 3aia4a o [IyOuHe
NMPOHUKHOBEHUA (I)a.Kena B CHOCFIH.[I/Iﬁ IIOTOK BO3AyXa MNMPUMCHHUTCIIBHO K Mponeccam
CKUTaHMs ra3a B Kamepe cropaHus. OJHAKO TIONYYeHHBIE AaBTOPAMH CIIOXKHBIE
3aBUCUMOCTH 11 KOOpAWHAT TpPacKTOpHHA (I)akena MPaKTHICCKH  HCBO3MOXKHO
KCIIONB30BaTh I PACUCTOB [MHBI U KOH(QUIypauMu IJIAMEH, OOpa3yroLMXcsl TpH
cOpoce Toprovero rasa, MOCKONBKY OHH OKA3aTHCh MPHTONHBIMHA JIAOIL JUIS YCIIOBHMA U
JOTYIHEHUI, IPH KOTOPBIX OHU ObUTH BLIBEJCHBL.

Hmeronmuecs B pabote [29] HEMHOTOUMCIICHHBIE SKCIIEPUMEHTAJIbHBIC JIaHHBIC 110
pa3MepaM M yrilaM HakJIOHA BOJOPOJHBIX (PakenoB B MOMEPEYHOM MOTOKE BO3yXa HOCST,
B OCHOBHOM, KQUeCTBEHHBIH XapakTep.

HpCIlCTaBJI}IlOT HHTEPEC MCCICAOBAHMUA BJIMAHUA BETpPa Ha XapaKTCPUCTHKH
CTpPYWHOTO TIIJIaMEHH, TPOBEACHHbIE B a’pojauHamuyeckoii Tpybe Illeddunackoro
yHuBepentera [30, 31] mpu ropeHUH MeTaHa, MponaHa, ITWIeHa U OyTaHa, CTEKAIOINX
U3 BEPTUKAIBHO OPUEHTHPOBAHHEIX TPYO AMaMETPOM OT 6 10 22 MM C BbICOTO# 0,6 M Hax

YPOBHEM M0J1a, PA CKOPOCTAX BO3AYLIHOTO MOTOKA MOMEPEYHOTO HANpaBIeHns — ot 2,7
10 8,1 M/c 1 npu u3MeHenun ducen Puuapacona Ri; = Ri, -1, /L,, or 1,3 10 11.6.

JU1d yKa3zaHHBIX Ta30B TAKUE CHEIUPUUECKHE XapaKTCPUCTHKA TOPEHWS, Kak
OTHOIIEHHS MacC TOIJIMBA M BO3TyXa B CTEXHOMETPHYECKON CMECH, M3MEHSUIHCH c1ado,

IIO3TOMY B KauecTBE OMPEACISIONMMX OBUTM NIPHHSTHL mapamerpul D, =d /p,/p. H
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Q=W, [u,.

HawnGonpliee pacrmpocTpaHeHHe NpPH  ONPEAENEHHH pa3sMepoB  (akena MpH
BO3/ICHCTBHM BETPA B HACTOAIIECE BPEMs MOMYYHITH MOAXOMABI, OCHOBAHHBIC HA aHAIN3E U
CHCTEMATH3ALHU HECKOIBKIX CEPHHA IPOMBIIUICHHBIX UCIBITAHUH (aKkenbHBIX CHCTEM.

ITpu 0OpaboTKe SKCIEPUMEHTANBHON WHAOPMAIMH B KAaueCTBE OMpPEAENAROIIHX

OPUHATEL Kputepudn Ri, Il,,, D,, €. Bblld HCOONB30BAHBI TAaKKE PE3yJBTATHI

55

WCCNIEAOBaHN paja apyrux asropos [30-33].

2.1.9 MozaeJsb TO4e4HOro HeTOUHHNKA («PS»)

JlaHHas MOZIENb PACCMATPUBACTCA B TEXHHYECKON JIMTEPATYpPe B IBYX BAPHAHTAX:

- monenb API-RP521 (HOpPMaTHBHBIM NOKYMEHT AMEPUKAHCKOTO HEe(TAHOro
MHCTUTYTA), TAC AIMHA BUAMMON (M3NydYaromeil) 4acTH TIaMEHH PacCUMTHIBAETCS Kak
(yHKIHs 00IIEro TETIOBIICNICHUs TIPU CTOPAHNH ToIUHBa [34];

L=6,04-10"3.Q04776 (2.10)

IInaMsa paccMmarpuBacTcs MPH 3TOM KaK TOYCYHBIH HCTOYHUK, HAXOAALIMICS B
FEOMETPHYECKOM LIEHTPE, T. €. NMPUMEPHO HAa cepeuHe OOmieH IMHBI U WU3ITyJaromHii
TEIJIO B KOJMMYECTBE 77+ PABHOMEPHO BO BCEX HANPABICHUSX MOMYNPOCTPAHCTBA (47

cTepaauad) — cM. puc. 2.1.

PucyHok 2.1 — K pacuery BosznelicTBus (akena Ha OKpy:KaroIIyto cpeny — Monens T. Bxycroseku
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TennoBoi NOTOK, BOCIPUHUMAEMBIN €AMHUYHON IUTOIIAAKON HA PACCTOSHUM «S»
OT UCTOYHHKA:

__Qm-cosB
q - 4.77.52

(2.11)
rae f — yron Mexay HOPMAbI0 eIMHHYHOM IUIOMIANKA U JIMHUEH, COSIUHSIOMEH ee ¢
HCTOYHUKOM H3JIYyUCHUS, 7 — KOAPPUIMEHT M3ITYyUSHHUS, XapaKTEepU3YIOIEeH NO0 Teria
OT OOILEro TEMIOBOro MOTCHIMAIA B BUIC U3IIYYCHHS B OKPYXKAOIIEE IPOCTPAHCTBO OT
BAAUMOMH 9aCTH IJIAMEHH.

T. BxycToBCKM Oblila TPOBeAecHA MOAMGUKAINS TOYECYHOTO MCTOYHHKA B TUIAHE
6oree 4ETKOTO OTpe/ieieHIs MCKPUBIIEHHOM oA AeiicTBIEM BeTpa GopMbl IL1aMeHH [35].

OCHOBBIBasICh HA MOJAENBHBIX JKCIEPUMEHTAX B adpOJMHAMUYECKON TpyGe, um

OBLTH MNPCIJIOKCHBI OMIOHUPUYCCKHUEC COOTHOHICHHA MUIA pacducTa TPaCcKTOPHH «OCH»

BBITSIHYTOTO (JOCTIOBHBIM MEPEBO]] — «JICHMBOTOY ) INTAMEHH IIPU COOTHOLIEHHUHU €0 IJIMHBI

K CpPEIHEMY THAMETPY L/ Dy > 1 (T. €. IPA OTHOCUTENBHO HU3KHUX, 3HAYUTEIIEHO MEHBIIIE

KPUTHYECKUX, CKOPOCTSX UCTEUEHHS Ta3a; caboil «MKEKLMU» BO3AyXa B 30HY TOPEHHS U
BO3pAaCTaHUM 3a CYET OTOr0 MPOTSHKEHHOCTH CaMOM 30HBI peakuuu;, Oombiieii

MOABCPIKCHHOCTH ITUIAMCHHU BO3ICHCTBHIO BET pan T.l'[.).

2.1.10 Moaers MHOTOTOYE€YHOI0 HCTOYHHKA

B nanHOi MOzENHM CyLIECTBYIOT TPH METOJA.

- Meton IPS. Y3koe maMs 60bLION IJTMHBL PacCMaTPUBAETCS KaK COBOKYIHOCTh
MOCJIEIOBATENLHO  PACMONIOKEHHBIX BJIOJIb TPAGKTOPUM OCH IUIAMEHHM TOYEYHBIX
HCTOYHUKOB, KOKABIH M3 KOTOPBIX M3y4acT TEMJIO HE3aBUCHMO JAPYr OT Ipyra BO BCEX
HaNpaBleHUAX mpocTpaHcTBa (4m crepaguaH). MHaue TroBOpsA, HE YYMTHIBACTCA
MOMNIOMIEHHUE TEIUla B mpejenax oObema MIIAMEHH, T. €. IJaMs PacCMaTpPHUBAcTCs Kak
abCcoTIOTHO TIpo3pauHoe [35, 36].

IIpu sTOoM TemmoBoe OOMyYeHHE EIMHUYHON IUIOIAAKA I[P PaBHOMEPHOM

TEIUIOBBIACIICHNUH TI0 BCEH JUTHHE TUIAaMEHH (cM. puc. 2.2):
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@ 9 (2.12)

PucyHok 2.2 — K pacuery MO/ienH MHOTOTOYEYHOTO (JIMHEHHOr0) NCTOYHHKA TEMJIOBOTrO U3JIy4eHHs OT
CTPYHHOTO TJIAMEHHU

- Meton IDS. B otnuune ot metona [PS paccMarpuBaet miams Kak «aOCOIHOTHO
YEpHOEY, T. €. MOJHOCTHIO MOTJIOMIAOIIECE U3MYUYECHHE B Mpejenax cBoero oobema. Ilpu
A3JIYYCHUH B OKPYJKAKOIIEE MPOCTPAHCTBO HAECT TOJBKO € MOBEPXHOCTH. [IOCKONBKY

IlaMsl pacCMaTPHUBACTCS KaK TUHEHHBIA UCTOYHHUK [35], TO

L

. 1 ¢sine - cos
q:QZU._J. §2 ﬂd[
0

7o L
- Metog IMS (P. Makmappeit) — TOCKOJBKY M3 001X (PM3MUECKUX COOOPaKEHHI

(2.13)

cnenyer, uro Moaeab IPS nmaer 3aBwinieHHBIC, a MOAENb IDS — 3aHUKCHHBIC 3HAYCHUS
TEIUIOBOTO 00MyueHns 00beKkTa, P. MakMappeitem [36] ObLTO TIPEIJIOKEHO pacCMaTpPUBATh

«UCTHUHHBII IMOTOK TEILJIA B BUJE:

s = Gps +(1—a) q g (2.14)
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e @ — 9UCIoBas KOHCTAHTA, ONPEACIIsIeMast SKCIIEPHUMEHTAIBHO.

Pe3y/ibTaThl M3MEPEHUN W PACUCTOB IO Pa3IMYHBIM MOJEIAM ITIPEACTABJICHE Ha
puc. 2.3. ITpu 77=0,0985 u a=0,54momens IMS obecnedHBaeT yAOBIETBOPHTENLHOE
COTIACOBAHME C DKCIIEPHMEHTOM. 3aMETHM, YTO pacuer 1o momenn API B Ommkued K

OCHOBaHHK (hakerna 30He JaeT 3aBhleHHbIe (10 1,5 pa3) 3HaYeHNs TEIIOBOM HArPy3KH.

200

VIMTeHCHBHOCTD OBMYUCHUN, .Btﬂ//!?'- #£2

0 B2TEY ! ODOTEE DBeTpa

I 1 ] ] I ..

0 © 2 20

5

PaccrosHHe OT cTOsKa, ft

PucyHok 2.3 — CpaBHeHHEe METOIUK pacdeTa TeIIOBoro 06nyueHus ot hakena
(1 — meton «IPS»; 2 — meton «IMS»; 3 — Meton «IDSy: o — SKCHEPUMEHT)

2.1.11 MogeJs TMHEIHOTO (JINHEHHO-TIOBEPXHOCTHOr0) HCTOMHHKA

Mogenb npennoxera /.M. Jle®asepu u Ap. [37]. Tensoroii TOTOK, MAZAKOWHiL

Ha eIMHAYHYIO IUIoanKky (puc. 2.4).

Q-n-cos
I 2.5 9y (2.15)
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rae £}, — w3nyuaiomas BHeInss IOBEPXHOCTE (060I0UKA) IUIAMEHH;

dF, =7r-Dy-dl.

Pucynok 2.4 — K pacdeTy Moaenu JMHEHHO-MOBEPXHOCTHOrO HCTOYHUKA TEIJIOBOTO U3JTy4YEHHs
OT CTPYHWHOTO IIAMEHH

Ilo pesynpraraM MonenbHBIX SkcnepuMeHToB J[M. Jle®asepu noiayvyeHa
CIIeIYIOIIas CBA3b MEXKAY TEKYIIUM AUAMETPOM O0OOJI0UKHM U 0CEBOI KOOPAMHATOM:
D, =2-x,"*-(d,-Q)°. (2.16)

C yuerom (2.16), nonaras TEIJIOBBLIECICHHE PABHOMEPHBIM 110 [JIMHE, IMEEM

07 ofxtcos p-dil
q=T~(do'Q)°6fT_ .17)
0

VYpapaeame (2.17) pelmaeTrcs UHCICHHO C TIPUBICYCHUEM HEOOXOIUMBIX

ypaBHeHuit cBsi3u. [Ipy 95TOM 3HAYECHUA

Z—Z¢

cosP =1 x_x.
s

1npu Z; < h — ropusoHTajsbHas "MUILIEHD"

IpU X > X, — BepTHKa/lbHas "MHIIEeHb"

Ha puc. 2.5 npeacTaBieHbl pe3ybTaThl CPABHUTENBHBIX PACUETOB MO PA3TAYHBIM

MOACIISIM.
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Pucyrox 2.5 — CpasHenune Monieneii pacuera TeTIOBOro u3iy4eHus ot dakena (1 — Monens Bxycrosckw,
2 - AP, 3 — Mozenb MOBEPXHOCTHOTO U3IIyHaTeNs, 4 — MOENb JIMHEHHOTO HCTOUHMKA)

Kak crmenyer U3 cpaBHEHHs, MOAEIHM TOYEYHBIX HCTOYHHWKOB JIAIOT B ONMKHEN K
(axeny 30HE CYIIECTBEHHO 3aBBHILICHBIC 3HAYCHHS TEIUIOBHIX MOTOKOB. Haunyuinee
COIJIACOBAHKME ¢ JAaHHBLIMU SKCIEPHMEHTOB (M3 CPABHUBAEMBIX MOJCIICH) oOecneynBaet

MOJIENb THHEHHO-TIOBEPXHOCTHOTO U3JTyYCHMSI.

2.1.12 Mope/in OBePXHOCTHOTO H3JIy4aTeIst

B ocHOBe mocTpoeHHs 6a30BOH MOJEIH JIEXKUT NPEATIOIMKEHHE O TOM, YTO IIaMst
SABIIETCA TPEXMEPHBIM (0OBEMHEIM) TEJIOM, BHYTPH KOTOPOTO MPOMCXOIST Pa3IM4HBIC
(PM3UKO-XUMUHECKUE TPOLECCH], a H3TYyIeHNE B OKPYKAIOMIEe IPOCTPAHCTBO MPOHCXOIHT
C HapyXHOH «O0OONOUKH» IUIAMEHH W BEIpOKACTCS dYepe3 KOod(h(HIHUEHT H3MydeHHs
OPOHOPLHUOHAIBHO 00MIEMY TEIUIOBBIICICHHUIO.

Mogenu «IOBEPXHOCTHOTO M3NyyaTeNs» HOMYyYWIM 32 pyOeskoM HamOoInbmiee
MpU3HAHHE M, KaK MPaBMIO, UMEHHO OHM IPUMEHSIOTCA B NMPAKTHKE NPOCKTHPOBAHHS

(baKeJ'IBHBIX YCTAQHOBOK B YCJIIOBHAX OTPaAHU4YCHHOCTH IIPOU3BOACTBCHHBIX TUTOIIAACH.

29



PacyeTHas Mozenbs CTpyHHOro IUIAMEHHM IIPOMILIIOCTPHpOBaHA Ha puc. 2.6. B
Ka4eCTBE F€OMETPHIECKOrO NPUOIIDKEHNS K PEANbHOM, JOCTATOYHO CIIOKHOM, OBICTPO H
CIIOHTAHHO M3MEHSIOIIEHC IeOMETPUYECKOl KOH(HIypamuu IiaMeHw, WCTOMb3yeTes
yceueHHBbIE KOHYC [38].

Kak cnemyer m3 obumx Qusnueckux cooOpakeHwuit, MIHHA BHIMMOW YacTH
IJIAMEHH, T. €. TPOTKEHHOCTh 30HBI DEaKLUH, ONPENCNAeTCs CBOMCTBAMH Ta3a
(roproYero) M THAPOJMHAMHUKON CMEILIEHHS, T. €. CKOPOCTBIO MOCTYIUICHHS BO3IYyXa
(oxucyutens) B 30Hy ropeHus. ITockonbKy BeTep OKasbIBacT 3HAUMTENBHOE BIIHAHHE HA
XapaKTep CMEIICHHA, B KayecTBe Oa30BOr0 KPUTCPUS NpPUHATA JIMHA TUIaMEHH B
crokoifHoit arMocdepe Ly,, T. €. KOrJa HpPOLECC TOPSHHUS ONPEIENSAIOTCS «IHCTHIMY
3aXBaTOM BO31yXa 4epe3 000I0UKy TIaMEHH.

Ion Bo3nelicTBUEM BETpa MMHA TUIAMEHH YMEHBIIAETCS, MOCKOJIBKY BO3pPacTaeT
CKOpOCTh 3aXBaTa BO3JyXa BJOJIb IUIAMEHH 3a CUET NOMOJHHUTENBHOM TypOyJmM3aluu
cMmecu. Tlof AMHOM IUIAMEHH B YCIOBHSX BO3AEHCTBUS BeTpa L, , T. €. IPH OTKIIOHEHHH
IJIAMEHA OT BEPTHKAIBHOM OCH, MOAPa3yMEBAacTCA pPAcCTOSHHE OT cpe3a TPYyOhl JI0
«KOHUYMKA» TUTAMEHH.

Hwxe npeactaBieHo 0000IeHne PE3YIbTATOB YKa3aHHEIX PaboT.

1. M3menenue AIMHBI ITAMEHM IOJ ACHCTBHEM BETPA IO OTHOLICHWIO K JUTMHE
IUTAMEHU B CIOKOMHOM aTMOCcdepe OmpenernsieTcs mo CIeayoeii 3aBHCHMOCTH:

L, =1,,(0.49+0,51-¢°").[1-6,7-10(y - 90°)]. (2.20)

2. OTwIoHEHHE INAMEHH II0J ACHCTBHEM BETpa OT CBOSHM WMCXOMHOM OCH it
obmacTu, rie AOMHHUPYET CTPYHHBIH daken n cnaboe pausHEe BeTpa (€2 < 0,05)

o =8000%+(1—e’25’69)-(;/—90°)’ 2.21)
o

JU1s 00/1aCTH 3aMETHOTO U CIJIBHOTO BHsHUE BeTpa (L2 > 0,05)

o= %[134 +1736-(Q-0,026) |+ (1= ¢)- (- 90) (2.22)
rae Ri, = Lbn[%]%.
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3. PaccrosHME OTpHIBA IUTAMEHM OT cpe3a TPYOBI 3a CUET TUAPOAMHAMHYECKOH
HEYCTOWYHMBOCTH MTPOLIECCA CMEIICHHUS OIPENENAETCS COOTHOLICHHEM
b=1,(0185-2°+0,015). (2.23)
4. TeoMeTpHUECKUE XapAKTEPUCTHKH TUIAMEHH OIPEICIAIOTCS 10 CIIEAYOIIAM
3aBUCUMOCTSIM:

- [IUTMHA YCEUEHHOT0 KOHYCa

H, =41, -b*sina —bcosa (2.24)

- MaJTBIH TMaMeTp YCEUCHHOT0 KOHyca

D, =1, (13,5 +15)- (1= (1-0,067(p, /p, f*)- e 7%2); (2.25)
4

/3
e Ri, :D{ij , C=1000-¢71002 4 0,8

272
oo

- OOMBIION AUAMETP YCEYEHHOTO KOHYCa
D, = 1,(0.18¢7%% +0,31)- (1- 0,47¢), (2.26)

Crnemyer OTMETHTh, YTO OCHOBHOH 3ajadeii npu pa3paOOTKEe NpeacTaBIEHHBIX
BBIIIE 3aBUCHMOCTEH, ONMUCHIBAIOLIMX TEOMETPUYECKHE MapaMeTpsl (akeyioB, OBLTO
nony4yeHue 0a30BBIX pacueTHBIX (OPMYN Ui MOCIEAYIOWIEr0 WX HCHOJNB30BAHUA TPH
OIIPEETICHUH TEINIOBBIX MOJIEH OT H3Ty4YEHH TUIAMEHH.

Hcnonb3oBaHue B Ka4eCTBE T€OMETPUYECKOr0 NPUOMDKEHHS K peasbHOi dopme
IUIAMEHU YCEYEHHOTO KOHYCA CBA3aHO TAaKXKe C YNPOIIEHHEM HOCIEAYIOMIETO pPELUCHUs
Ha3BaHHOM 3ajauyu. llpu 3TOM CleAyeT OTMETUTh, YTO pa3Mepnl U KOH(urypamus
peanbHOro (hakena, ONpeAeIIOMIe 30Hy BO3MOXKHOTO MPAMOro KOHTAKTA IUIAMEHHM, T. €.
005acTh MaKCUMAaJIBHOIO TETUTOBOIO BO3AEHCTBMS, MOTYT 3HAUUTENBHO OTIMYATBCS OT

pacCUMTAaHHBIX IO TPEICTABJICHHBIM BBIIIC 3aBUCUMOCTAM.

2.1.13 Mopaenas, npeacrasjeHdasi B [39]

Meronuka pacueTa [apaMeTpOB CTPYHHBIX BEIOPOCOB TIOpIOYMX Ia30B,
mpeAcTaBiaeHHas B [39], no3BosiseT IPOU3BOUTH PACUETHI, KaK AJIS YACTBHIX ra30B, TaK U

IUIsL CMECEH, YUMTHIBACT MApPaMETPhI ra3a U OKPYIKAOIIEH CPeIbl, B KOTOPYO IPOUCXOIUT
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aBapUHEIA BBHIOPOC. B PEKOMEHAAMAX MPEUTOKEHB! MONY3MIUPUIECKAE 3aBUCHUMOCTH
JUTSL PACYETOB YACTHBIX CIIy4acB, a TAKKe IpaduKu M1 pasNnudHbIX Ia30B (METaH, IPOIaH
¥ BOIOPON).

PacueTsl MPOM3BOIATCSA OPH YCIOBUM, YTO TIPH Pa3TepMETH3alMK MK Pa3pbiBe
9JIEMEHTOB ra30BOr0 00OpYMOBaHMS BEIOPOC TOPIOUETO rasa B OTKPHITOE NMPOCTPAHCTBO
OCYILECTBIIETCS, B OCHOBHOM, B BHJIE Pa3IMIHOTO THIA TYpOYJIEHTHBIX CTPYH, KOTODEIE
NEepPeMEINBAasCh € OKPYXKAalOIMM  BO3AYXOM,  00pasyroT  ra3oBO3JyIIHbLIE
MOKapPOB3PHIBOOIIACHEIE  oONaka. [oprodas dYacTh Takux OOJAKkOB, Kak TPABHIIO,
npeacrasisier co00ii BHITSHYTOE 0CECHMMETPUYHOE TETIO.

Omnpeensromiee BIMSHAC Ha pa3Mepsl H KoHuryparmio audgy3norHoro Qaxena
OKa3bIBAKOT (DU3UKO-XMMHUUECKAE CBOWCTBA ra3a, 3aKOHEL NIEPEMEINMBAHUS HCTEKAOLICH
CTPYH ¢ OKDPY/KAaIOIIMM BO3OYXOM, IMapamMeTpbl OKPY)KAromeH arMoc(epsl, a TaKkKe
XapakTepa TEUCHHUS TOPIOYETO ra3a MOCIe BhIX04a U3 COPOCHOTO OTBEPCTUSL

B 3aBHCHMOCTH OT XapakTepa MCTEKaroIel CTPYH TOPIOYEro ra3a Ha BBIXOIE U3
cOPOCHOTO OTBEPCTHS MOXKET 00pa30BaThCs NAMUHAPHBIM UM TypOYIECHTHBIH (akeir.

JlamuHapHbie (pakenmsl  00pa3yroTCs, Kak IIPaBHIIO, TMPU HU3KOH CKOpPOCTH
WCTEUEHMs] raza W3 HEOONBIIMX OTBEpPCTHH (Re < 2300). B peaibHbIX YCIOBMAX, B
OCHOBHOM, BO3HHMKAIOT TYPOYJICHTHbIE (haKeIbl.

MakcuManbHas Ha CcBoOoJHOTO TypOyneHTHoro muddysnoHHoro dakena,
Pa3BUBAIOILETOCS B HEMOABIDKHON atMocdepe, MOXKET OBITh ONPEC/ICHA ¢ IOMOLIBIO

CIeAYIOMEH 3aBUCUMOCTH:

Hc
Ly =—5 2.27
@ 0,23+°':)w17 ’ (2.27)

rae He,m — JUIMHA CTEXHOMETPHIECKOr0 KOHTYpa MCTEKAIOLIEro roproyero ra3a;, M = Ug/a
— yucno Maxa; Uy, M/c — cpeiHepacXoAHas CKOPOCTh MCTEUEHU ra3a; d, M/C — CKOPOCTh
3BYKa.

Jlins obmero ciyyasi HCTEUSHHS CMECH TOPIOYETO W HHEPTHOTO Ta30B B atMochepy
C IIPOU3BOJIBHBIM COACPIKAHUEM KHCIOPOJA:

6,57-d:
HC = 2

T 2.28
v Poo/Po ( )
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rie dy =+/4-F/m,M — IMaMeTp SKBHBAJICHTHOTO 110 [UIOIIAAM KPYIJIOro OTBEPCTHUS, [ —
KO DULHUCHT CMELICHUST; Py, Poo, KT/M> — ITIOTHOCTH COPACHIBAEMOTO ra3a i OKPY KaroIe
arMocepbl COOTBETCTBEHHO.

[Ans onpeneneHuss IAUH ropAmmx (akesoB YHCTHIX Ta3oB MOTYT ObITh
MCTONTB30BAHBI CITC/YFONTHE 3aBHCHMOCTH:

IS BOAOPOAA:

Ly ==
O (2.29)
Uo
JJId ME€TaHa:
360-d
Ly = 1+3_0:"; (2.30)
Uo
JIJI IponaHa:
550-d.
Ly = 2 2.31
[} 1+2_5 ( )

IIpenokeHHbIE 3aBHCUMOCTH ONHUCHIBAIOT pa3Mephl (pakenoB s JO3BYKOBBIX
CKOpocTell rasocOpoca, KOrja OaBleHUE raza Ha cpe3e COpPOCHOTO OTBEPCTHS PAaBHO
OKpyxaromeMy. /Jns pacueta pasMmepoB (akenma, oOpasyromerocs mpH cOpoce
«IEPECIKATBIX» ra30BbIX CTPYH, Npu AaBieHUd B TpyOompoeoae >0,2 mIla moxker OBITH
HCIIOJIB30BAHO CIEAYIOIIESE BEIPAKECHHUE:

=1% B P , (2.32)

31ech LY, — [nHa (akena pu 3ByKOBOM CKOpoCTH ucTeueHust (U = a); Pp — JaBleHHE rasa

B Tpybomposoze; f = [2/(k + 1)]KTK1 — KPUTHYECKOE OTHOLICHUE [TABJICHHIA.
J1s BOOOPOIHOTO, METAHOBOTO M MPONAHOBOTO (PAKeNIOB 3aBUCHMOCTH (2.32)0e3
OIIYTUMOM TOTEPH MOKET OBITH IPeoOpa3oBaHa K CIICAYIOWIEMY BHIY:
15, =0,75-1% - /Ps. (2.33)
J1d oueHku pasMepoB (akenoB mpu MacmTabHBIX BEIOPOCAX HMPUPOTHOTO Trasa
MOJKET OBITh HCTIOB30BaHA CIIEYIOMIAS 3aBUCHMOCTE:
Lo = (24 +28) - Q%4 (2.34)
rae Q, maH mM3/cyTkn — pacXoj rasa;, 3HauYeHHE KO3(duUIMeHTa MPOIOPLUOHAIEHOCTH

paBHOE 24 COOTBETCTBYET CpeaHeit mnHe (hakena, 28 — MaKCHMATBHOIM,
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Tpu cOpoce TOPIOUETo ra3a, IMEIOIMIEro TEMIICPATYPY OTIIHYHYIO OT TEMIICPATY PbI
OKpY’KaloIIero BO3Ayxa, pacueTHas uMHa (akena HoJbkHA OBITE CKOPPEKTHpOBaHA B
COOTBETCTBHH C 3aBHCHMOCTBIO

1 = Lo JTo/Ty, (2.35)
roe L, — MiWHA (akena TpW TeMIepaType OKpyxkaromero Bosayxa Ty, T., K —
TeMIepaTypa UCTEKAIOIIET0 TOPIOYETO rasa.

ITIpu BBIOpOCcEe rasza BAOJIL MOBEPXHOCTH 3€MJIM M 00pa30BaHHM HACTHUIIHHOIO
(akena qmuHa nocaeaHero Oyaer 6onblie, 4eM y CBOOOJHOTO, M COCTABHUT:

I8 =(1,15+1,25) Ly . (2.36)

IMupuna TypOyneHTHOTO (akena /s yBEIMUMBACTCS NPAKTHYCCKH JIMHEHHO TIO
Mepe VIOAIEHHS OT YCThSl COPOCHOTO OTBEPCTHSA M JOCTHTAaeT MAaKCHMyMa IPHMEPHO B
cepearHe dakerna:

Rmax = (0,1 + 0.15) - L. (2.37)

ITpu BO3deiicTBMM BeTpa Ha (aken ero KoH(urypamms OyOET W3MEHSATHCS.
Koopaunarel ocu (akena, pa3BHBAIOIIEroCs B TONEPEYHOM BETPE, MOTYT ObITh

paccurTaHbl ¢ UCOJIB30BAHUEM CIICTYIOIICTO BHIPAKCHHUSA:

X _ (Poo'Uooz)
ds poUo®

TZI€ 0, TPAL. — YTl MEKIY OCBIO COPOCHOTO OTBEPCTHS M HATIPABICHHUEM BETPa; Ugg, M/C —

1,3

. (d%)3 + dla - ctga, (2.38)

CKOPOCTH BETpA.
BosneiicTBie BeTpa Ha (hakel NPUBOAUT K HW3MEHEHHI0O HE TOJBKO €ro
KOH(UTypamuya, HO W PasMEpOB. YMCHBIICHHE UIHHBI (hakeNa, pasBHBAIONIErOCS B

MONICPEYHOM BETPE, MOXKET OBITH OIICHEHO 10 CJICOYIOUIUM 3aBUCUMOCTAM!

L U
LY = Tg”_o , npuulo" <0,3; (2.39)
3

19°=03Ly, npn% > 0,3.
']

IpeaoKeHABIE BHIIIE  3aBACHMOCTH IO3BOISAIOT OLCHMBATh pPasMepbl U
koHurypamuo aud¢y3uoHHBIX (akenoB, U, CIEOBATENBHO, 00NACTh MAaKCHMAJIBHOTO
TETJIOBOTO BO3JCHCTBAS B JOCTaTOYHO MIHPOKOM [MANa3oHe W3MEHEHHd YCIOBUi

PETNaMEHTHOTO B aBapUIfHOTO cOpoca roproYHX ra3oB.
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2.1.14 Meroauxka Shell Shepherd Desktop Technical Guide [40]

JUis pacuera MOAENHM CTPYWHOTO TOPEHHS TIa3a WCIONB3YeTcs CTaHAapTHAs

MOZEITb, T/IE IyHa (aKea CTPYH Ta3a pacCUMTHIBAETCA O GopmyIre:
- 0.4
Ly s =Cripg -1 (2.40)

rae g, JUTHHA TIJIAMEHHU, M, ¢

< PLAME

o — — SMIUpUYECKas KOHCTaHTA Tas3a, M — MacCOBBIi
pacxof UCTEUEHHs ra3a, KI/c.

Koncranra JJTAHBI (I)aKena, KOTOpas OLICHWUBACTCA KaK MJid BEPTUKAJIIBHOTO, TaK U
A7 TOPU3OHTANHHOTO ITAMEHW, 3aBHCHT B HEKOTOPOil CTENEHM OT CKOPOCTH BeTpa B
HarpaBJICHUH HCTCUYCHHUA Tasa. HpeunonaraeTcst, YTO MOTOAHBIC YCIIOBHA HMCIOT OYCHB
HEOOJIBIIIOE BIWSHAE, W TAKAM 00pa3oM He MPUHAUMAIOTCS BO BHUMaHUeE. J{JIHMHA I1aMeHu
HCHOJB3YCTCA I ONPCACICHUA TOPH30OHTAJIBHOTO PACCTOAHUA W OJiA BBIYMCICHUA
BO3/CHCTBHs IUIaMeHH Ha 0ObekThl. IllupuHa mnjaMeHd omuchiBaeTcs yriaom B 30°,
UcCXoosamuM M3 HCTOYHHKA. Hal'lpaBJTCHI/IC TUTAMECHH HE ONpPEACIACTCA HanpaBJICHACM
BeTpa.

JIns rOpH30HTAIBHOTO MCTEUYEHMs ra3a JUTMHA (pakena yCTAHABIHBAETCS PaBHOM
MAaKCUMaJlbHO BO3MOXKHOK JUIMHC TUTAaMCHH, TaKHM 0611)2130M7 HEC YYHUTBIBACTCA BBICOTA
MOJbEMA IUIAMEHH. 3HAYECHNE KOHCTAHThI JUTMHbI (hakena raza kojednercs ot 8 mo 15 s
OrHCOMACHBIX YITIEBOAOPOAOB, NIPCIAracTCA MPUHUMATh €0 PaBHBIM 12.

MaxcumanbHOE 3HaYeHHE KOHCTAHThI YCTaHABMBaeTCsA paBHOE 15,0, oOBsICHAA
Heu30eKHbIE MybCAllH TITAMEHH.

Hapsizy ¢ BepTuKanbHbIME (haKenamu Mpd ABAPUIMHBIX BEIOPOCAX TOPHOYErO ra3a
U3 TEXHOJIOTHYECKOro 000pya0BaHMS BO3MOXKHO 00pa30BaHAE TOPH3OHTAIBHEIX (pakesion
W HACTUIBHEIX (pakenoB. IIpu 3TOM CYLIGCTBEHHO YBEIMYMBACTCS OMACHOCTH LPSIMOLO
KOHTaKTa IJIaMEHHU € OKPYXKAFOINM 000PYIOBAHIEM.

Kax 6pUI0O OTMEYEHO B Havyaje JAHHOTO pasjeia, OJHMM W3 BO3MOXKHBIX
BApUAHTOB Pa3BUTHS IOXapa SBISETCS BOHMKHOBEHHE TaK HA3EIBAEMOTO PACCESHHOTO
tbaxena, Hampumep, B Ciiydyae 3arpoOMOXICHWS 30HBI aBapHHOTO BBIOpOCA Trasa
paspyIIcHHBIMU 3IEMEHTAMH KOHCTPYKUHHM WIM Ha3eMHOTo oOopymoBaHus. Ilo
CyllecTBYIOmEH KinaccHpUKalli STOT PEXUM TOPEHMS] Ta3a TaKKE OTHOCHUTCS K
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JA(GY3NOHHOMY, OJJHAKO, TPOTEKAET YK€ B YCIOBHAX «HEAOCTATOUHOM) IKEKITHH
Bo3ayxa. OObeM UcCeI0BaHU B 00J1aCTH FOPU30HTAILHBIX, HACTUIIBHBIX M PACCETHHBIX
(dakenoB Ha CeromHs BECbMa OrPaHHYEH M HE TO3BONSIET JaTh OJHO3HAYHBIC
PEKOMEHIAIMU TO PACUETy XapaKTePUCTUK IUIaMEeHW. VIMEIOTCS JIMOTh CBEACHUS 00
VBEIIMUEHAN JUIMHBL HACTHIGHOTO (pakena npuMepHo Ha 25% N0 CpaBHEHHIO C

BEPTUKAJIBHBIM (axernom [39].
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2.2 AHaJIH3 METOAHK pacvdeTa omacHbIX (axTopoB mNoOXKapa mpH

ABaApPHHAHBIX BLIOPOCAX TOPIOYHX KHAKOCTeH

2.2.1 Knaccudguxauus ;xuaKocrTeii no cnocoéam XxpaHeHust

JUid TOHMMAHMS TIPOLECCOB, NMPOHCXOAAIIMX TNPH aBapHHHBIX Pa3PyIICHHAX
TEXHONOTHYECKAX aNllapaToB M XPAHWIHII ¢ TOPIOYHMH SKHAKOCTAMH € TOCIEIYIOMUM
TOPEHHEM M B3PHIBOM OOPa3YFOIUXCS TPH 3TOM Pa3TUTHI WM MTApOBO3AYIIHBIX 00IaKOB,
1enecoodpa3sHo  Kparko — OCTAHOBHTBCA ~ HA  TEPMOAMHAMHYECKOM  COCTOSHHH
oOpamaromuxcs B TEXHONOTHYECKOM MPOLECCE H XPAHHMEIX B EMKOCTSAX JKHIKOCTEH M MX
Kiaccu()MKauiy, TPUHATOH B 00JIACTH MOXKapoB3pbIB0OE300acHOCTH. i 3Toro ymo6Ho
BOCTIONB30BATECS AUArPAMMOH COCTOSHHS B IIPEANOJNIOKEHHH, YTO DPACCMAaTpHBAETCS

OOHOKOMITIOHECHTHAA, XHMAYCCKHA HEpPECarupymoias CucTrema.
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Bribop Takoii amarpammbl (JaBicHHE-TEMIIEPATYPA, SHTANBIHS-AABICHAE U T.II.)
ABJCTCA MPOU3BOJIBHBIM U ONPEACIIACTCA UCKITIOUUTCIIbHO HAITIAAHOCTBHO KAYCCTBCHHOI'O
omucaHus npouecca. Ha pumc. 2.7 mpeicraBieHa cXeMa AuMarpaMMbl COCTOSHHSA B
KoopauHatax Ttemneparypa-sHTpornms. JlmHum AK um KB XapakTepH3yroT mapameTpbl
HAKOCTH U Tapa, COOTBETCTBEHHO, B COCTOSIHMU HachileHus. O6nacTh, orpaHuYeHHAs
kpuBoii AKB, — 005acTh COBMECTHOTO CYIIECTBOBaHMS JBYX(a3HOI MapOXKHIKOCTHOM
cucteMsl. [Iepexon BemecTBa B AKHUKOE COCTOSHUE HE3ABUCUMO OT JABJICHUS MOXKET OBITh
ocymecTBieH TONbKO Opu T < T, Hanpumep, Takue roprouue rasbl Kak BOLOPOX HIIH
MeTaH MOIYT OBITh CXKIKCHBI TOJNBKO NPH OXJOKICHHM IO TEMIIEPATYp HIDKE MHHYC

240 °C nns Boaopoja u MuHyc 82 °C i MeTaHa.

Temriepatypa , T

SHTPOAMS , S

Pucynok 2.7 — JlnarpaMma TepMOOMHAMHUYECKOTO COCTOSHUS [JIs1 OMHOKOMITOHEHTHOMN, XMMU4ECKU

Hepearupymouiei CuCTeMbl

Bosblias rpymma rOprOYMX ra3oB MMEET KPUTUUECKHE TEMIeparypsl Bbime T,

(3Tan, npomad, OyraH W Ap.). [ mepeBoAa WX B JKHAKOE COCTOSIHME WX JOCTATOYHO
CXKaTh JI0 CPABHUTEITLHO HEBBICOKUX TaBJICHUM.
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B ocHOBY kiaccH(UMKAMU SKHOKOCTEH MO cnoco0aM XpaHEHWs, MPUHATOM 3a
pybexxom [1], monoXeHo COOTHOLIEHHE MEXKAY KPUTHUYECKOH TeMIIEpaTypoii BelecTBa
(Typ), Temmeparypoil KumeHHs TpH aTMochepHoM maBicHMH (Tqn) M OKpyXKaromei
temneparypoii (T,). B COOTBETCTBUM ¢ 3THM BCE KHJKHE BEIIECTBA MOXKHO pPa3OHMTh HA
TPU OCHOBHBIE KaTErOPHU.

Kareropus 1 — BemecTBa ¢ KpUTHYECKOH TEMIIEPATY PO ¥ TEMIIEPATY PO KUIIEHUs
HamHOTO HIKE OKpyXaromei (Tyy > T, # Tum < To). OT0 Tak Ha3bIBAEMBIC KPHOICHHBIC
raspl — renmid, BOAOPOJ, KUCIOPOA, MeTaH U Ap. OCHOBHBIC NAPaMETPhl 3TUX BEIICCTB
MpeNncTaBacHs B Tabm. 2.2. XpaHeHHE O3THX BEIIECTB B JKUAKOM BHAE TpeOyeT
TUIATEbHOW M30JIUMM OT BHEIIHUX NOTOKOB TeIUIa. [ J3THX Helled HCHONb3yIOTCS
CHelaNbHbIe KPHOTEHHbIE XPAHWIWINA, B KOTOPBIX JKUAKOCTb HAXOJHUTCA TIpH
TeMIeparype KUMNEHHs W AaBJICHUM 4yTh BhlIe arMocgepHoro. HMcxomHoe cocrosHue
KPUOTCHHBIX XUAKOCTEH B XpaHWIMILE XapaKkTepusyeTcd Ha aumarpamme mmbpoi 1, a
HalpapjcHUE MpOLEcca MCNApeHUs TPH BHE3AIHOM pa3pylICHHH COCYJAa YKAa3aHO
cTpenkoil. CKOpPOCTh HCHAPEHMS TAKUX SKHIAKOCTEH OYyAET ONpEensaThCs CKOPOCTBIO
MOJBOJA TEILIA K HEH OT KOHTAKTHBIX MMOBEPXHOCTEN.

Tabnuna 2.2 — OCHOBHBIE MMAPaMETPbl KPHOTEHHBIX Ta30B [2,3]

BemecTBo Ty . K Tom K P, MIla p, KT/ p", KO/MC
Tenmii-4 5.2 421 0,229 124,8 2,68
Bozopox 33,2 20,27 1,315 70,79 1,35
Aszor 126,1 77,36 3,39 807,3 4,6
Bozayx 133 78,8 3,92 874 33
Aprox 150,7 87,28 4,89 1394 578
Kucnopog 154,6 90,18 5,08 1141 4,48
MeTtan 190,7 111,7 4,64 424,1 1,95

[Ipumeuanue: p 1 p" — IIOTHOCTB KMAKOCTH U TIapa HA JIMHUH HACHIIEHHS IPH
P=10’ITa.

Kareropus 2 — BellecTBa ¢ KPUTHUECKON TEMIIEpaTypoii BhIIIE, a TEMNEPATYPOit
KuneHus Huke oKpyKatomeH (Tyy > To B Tigm < To) — 0OBEAMHAET TPYIIY CHKHKEHHBIX
ra3oB, XpaHSOMXCS TIPM  MOBBIIEHHBIX  JaBieHUsx. [lapamerpel  Hambonee

PacIpOCTPaHEHHbIX TAKUX Ta30B MPEACTABICHE B Ta0m. 2.3.
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Tabnuna 2.3 — OcHOBHEIE MapaMeTPhI CHKIKEHHBIX I'a30B [2,3]

Bemectso T, . K T, K Py, MIa P, Kr/M p", Kkr/’ Py ipu
T=20°C,
MIla
Tponan 370,0 231,08 4,26 584 2,42 0,81
Byran 425,16 272,65 3,8 579 2,56 0,207
AmMvriak 405,55 239,75 11,29 628 0,9 0,775
Xnop 417,15 239,11 7,71 1563 3,69 0,691

HpHMeanne: p n p" — INTIOTHOCTB JKUAKOCTH U Iapa Ha JIMHWUKW HACBILICHUA ITPH
P=10’ITa.

TepMoaMHAMUYECKOE COCTOSHIE XKUIKOCTU B IPOLIECCE XPAHEHUS IO NABICHHEM
XapaKTepU3yeTcs Ha AuarpaMMe TOUKOH 2, CTpenKoit yKa3aHo HalpaBJIeHUE IPOLEcca MpU
OCBOOOKIEHUH XUAKOCTA M PE3KOM MAJSHUH AaBJIeHUs 10 armocdepHoro. Cnenmdpuka
UCOapCHUs CKWKEHHBIX ra3oB 3aKJIIOYacTCAd B TOM, YTO H30BITOK BHyT‘pCHHeﬁ OHCPruu
(pv) BLI3BIBAET CHOHTAHHOE, MOYTH MIHOBEHHOE W WMEIOIIEE B3PHIBHOM Xapakrep
HUCOApCHUE YaCTH XXUAKOCTH. KomuuaecTro chapeHHoﬁ AUAKOCTH 3aBUCUT OT pa3HHUIbLL B
temneparypax Tgm 1 T,. [Ipomecc ucmapeHus, Kak MpaBUIIO, COMPOBOMKAACTCS 3aXBATOM
YaCcTH JKUIKOCTHU U €€ paCbUICHUEM 10 a3PO30JIBHOI'O COCTOAHUA.

Kareropusd 3 — BewecTBa ¢ KpUTHUECKON TEMIIEPATYPOH U TOUKOH KHATICHUS BBIIIE
OKpYXKaroLIel TeMIEpaTypel — OXBAaThIBAET IIMPOKHH KacCc TOPIOYMX >KHAKOCTEH Kak
MUHEPaJIbHOr0, TAaK W CHHTETMYECKOTO NPOMCXOXKIACHHS. DTy KaT€rOpHI0 MOXHO
pa3ziennTh Ha JBE TPYNIBl — JiETKOBOCILIaMeHstomuecs >xuakocti (JIBXK) u roproune
skuaxoct (1K), [panwmel, pa3aesstomei 3Td ABe rPyHbl, MOKET OBITh TeMIEpaTypa
BCHBIIKH (Tyer).

Cnemyer OTMETHTb, 4YTO MPEACTABICHHAs BbILE KBATUGUKAIKSL SBILIETCS
JOCTaTOYHO YCJOBHOM, IOCKOJBKY B 3aBHCUMOCTH OT TIapaMETPOB XpaHEHUS U
WCTOJIB30BAHUS BEWIECTB M OT TEMIEPATYPHl OKPYKarOIEd Cpeasl OHU  MOLYT
MPUHAUISKATh K OJHOW WM JPYroff KaTeropuM WM HAXOJUTHCS B IBYX KaTErOpHsX
OJTHOBPEMEHHO.

Taxum 00pa3oM, KaTeropus XUAKOCTEN M crmoco0 MX XpaHEHWs, IEPEBO3KH HIH
WCMONB30BaHAST B 3aMKHYTBIX COCYHaX OyAET B KOHEYHOM WTOTEe OMPENEITh XapakTep

pa3BHUTUSL ABAPUIHOM CHTyauud IPH HAPYIIEHUH LEJIOCTHOCTH TEXHOIOTHYECKIX
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anmaparoB WIM XpaHWIMI (pa3iuB, HCHIapeHue, (HOPMHPOBAHWE TOPIOYETO 0OJaKa,

o0pa3oBaHie OTHEHHOTO 11apa, (JakenbHOe TOPEHHE U T. I1.).

2.2.2 BoiOpoc, pazjiuTHe U HCNAPeHHe Pa3THYHbIX KHAKOCTEI

B TunmuuHBIX AaBapUMHBIX CUTYyalMAX, KOTOpbIC BO3HHUKAIOT B IIPOLIECCE
SKCIUTyaTallul  TEXHONOTHYECKOT0 O0OpYHOBaHMS M PE3EPBYapoB € TOPIOYHMH
SKHIKOCTAMH M COKIDKEHHBIMU Ta3aMH, MO>KHO YCJIOBHO BBIAENIMTH HECKOMBKO (DM3UIECKUX
TPOILIECCOB, KOTOPhIE, KaK MPABUIO, UMEIOT MECTO. 3TO MTHOBEHHOE HCNAPEHWE YacTH
MEepPEerpeToll SKHUOKOCTH MNPH pa3repMETH3AlMU pPE3epPByapoB M oOpa3oBaHME Hapo-
a3p030JIbHOTO 00NaKa, MCTEYEHHE Ta30XKUAKOCTHOH cMecH IpH 0OphIBe TPyOONMpOBOAOB
WM HapYIICHUH ILIEJIOCTHOCTH EMKOCTH (TpOOOMHE, TPELIMHE M T.IN.), PACTEKaHHE H
UCTIAPEHHE JKUAKOCTH ¢ 00pa30BaHUEM ITAPOBO3IYIIHEIX 00JIAKOB, MOXkap oOpasyromerocs
PA3NHUTHS WM CTOPaHKHE NAPOBO3AYIITHOTO 00JIaKa.

2.2.2.1. Bvibpoc ecopiovux sHcuokocmeti us pe3epgyapos noo OdeleHuem

CoxmxeHHbIe Ta3bl (mponal, OyTaH, aMMHaK, COKIDKEHHBIA HedTsHOM ra3 u ap.)
XpaHAT B OCHOBHOM B pe€3epByapax NP NOBLILICHHOM [JAaBIEHUH, COOTBETCTBYIOIIEM
TeMIeparype OKpykaromeit cpemsl. [Ipm BHeE3amHOM pa3pymICHHM pe3epByapa
IIPOMCXOAUT CKayKooOpa3HbIi claja AaBicHHS A0 aTMOC(EPHOro, COMPOBOXKAANOLIMICS
CTIOHTAHHBIM HCTIAPEHUEM YaCTH MEPETPETOM KUIAKOCTH.

AHaNIOTHYHEIM IIPOLECC MOXKET MMETh MECTO M B TOM CJIydae, €ClIH pe3epByap ¢
TOPIOYHMH >KMAKOCTAMH (O€H3MH, KEpOCHWH, MM3ENBbHOE TOIUMBO H T.I.) WK
M30TEPMUYECKas €MKOCTh ¢ KpHOreHHo# xuakocteio (CIII, MeraH, BOXOpPOA W Ip.)
OKa3BIBAIOTCS B 30HE TEMINEPAaTypHOTO BO3JCHCTBHS TOXkapa. B dTo#f cuTyamuu B
pesepByape  MOXKET  NOJHATBCS  JaBJiCHWE, W B  CIydae  HECIOCOOHOCTH
MPEIOXPAHUTENBHBIX CUCTEM K €70 MOHUKEHUIO MOXKET NPOM30MTH pa3pylieHHE EMKOCTH,
COMPOBOXKIAIOIIEECS MTHOBEHHBIM HCTIAPEHUEM.

OOpazymommiics map 3aXBaThIBACT Kaljld JKHJIKOCTH M, CJIEAOBATENILHO,
obpazytomieecss 061ako OyIeT MpencTaBiATh COOO# ra3oKareNbHyI0 cMech. [lapaMeTpsl
oOpazyromierocss objlaka, Macca TOPIOYEro ra3a B HEM, €ro pa3Mepbl OY€Hb BAaXKHbI B

OLICHKE MapaMETpOB CropaHus o0naka ¥ BO3MOXKHOCTH 06p33013aH1/151 OTHCHHOT'O mmapa.
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Ecmm  mpemmosioXWTh,  UTO  NPOLECC  pasrepMETU3alMH  pPe3epByapa,
CONMPOBOXIAIOLIMIMCS HCINAPCHACM YACTH JKHOKOCTH U OXJIAKICHUEM OCTABIICHCS,
HPOMCXOMUT aauabaTHaecKy, TO OO MEPEXOImel B map *KWAKOCTH MOXKHO OICHHTD,
MCXO[S M3 €€ TPMOIMHAMUHYECKOIO COCTOSHHL.

JUIs OIEHKY TOJTH MCIIAPUBIIEHCS HUAKOCTH MOXKHO HCIOIB30BaTh B 3TOM CIIydae

CJIeIyIOIee HEPaBEHCTBO:

(So-SDS" - S) KX K (ho—hy) (b1 —hY), (2.41)
rae So, S1 1 Sy, Ho, By W h"| — COOTBETCTBEHHO, Y/IENBHBIE YHTPOIHH M SHTATBITHH
JKMAKOCTH B HCXOJHOM COCTOSHMHM, OpH arMochepHOM [JaBlIEHMHM M raza npH
arMmocepHoM napneHun [4].

s Gonee mpOCTOl OLEHKH BEAMYMHBL X HEPEAKO MCIOJB3YIOTCS YHIPOLICHHBIE
cootHomrerus [1,5]:

X = (ho—h)IL (2.42)
WA

X=(C, - ADL, (2.43)
rae AT — u3MEHEHHE TEMIIEPATYPhl XKUAKOCTH NP MEPEXOE U3 HAYAIbHOTO COCTOSHUS B
KOHEUHOE; L — TEIUIOTa UCIIAPESHNUS KUAKOCTH; C, — yICbHAS TETNIOEMKOCTD JKHIKOCTH.

O0mas Macca roprodero rasa B oOpasoBaBlieMcs TNpH BbIOpoce oOnake
olpefeseTcs Kak KOJMIeCTBOM UCHapHBIIEHCS SKIIKOCTH, TaK ¥ Maccoii obpasyroeiics
a3p030JIH, KOTOpas TakKe TEPeXOJMT B Tap TNMpH HarpeBaHWW obmaka. Orta Macca
OLIEHMBAETCs KaK paBHAs KOJMMYECTBY MCHapUBIIEHcs xuakocta [1,5,6].

ITo BeipakeHusM (2.41) — (2.43) MOKHO TIPOBOAUTH OLICHKH JOJM MCTIAPUBIIEHCS
SKUIKOCTM M A7 Clyuas 4YacTUYHOM pa3repMeTW3aliy pe3epByapa Bbille YPOBHA
YKUIKOCTH, HO B 9TOM CJydae TIPOIIECC PaCTAHYT BO BpeMEHH. BpeMms WcTedeHWs mapa
3aBUCUT OT TEOMETPUU U pa3Mepa OTBEPCTUS, HAYANBHOTO NABJIEHHS B pe3epByape U
Apyrux (GakTopos.

IIpudnwkenHoe BpeMs Mpolecca MTHOBEHHOTO HCTMAPEHHUS MOYKHO OIECHHUTH HA
OCHOBAHWHM TIPEAIOIOKEHHsT 00 00pa3oBaHWM B KOHIE MPOLECCA HEMEPEMEIIAHHOTO C
BO3OYXOM oOJjiaka mapa. 3a 9TO BpeMs MOXKHO TIPUHSATH BpeMs JOCTH)KEHHS BHIOPOCOM
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napa kpas obpa3syrormerocs obiaxa, TpH YCITOBHH ABMXKEHHS CO 3BYKOBO# CKOPOCTHIO [1].

HecnoHO HOMyHIUTD BLIPKEHHUE 1T BPEMEHU AN HOyc(hepruueckoro pesepByapa:
tarnwen, — 0,78V — VYa, (2.44)

rae V' — 06beM mapoBoro o6maka; J — HauanbHbIi 0GBEM KHIKOCTH; d, — CKOPOCTH 3BYKa.

Ora olleHKa HOCHUT KpaliHe IPHOIKEHHEI XapakTep, HOCKONBKY 00pasyromieecs
061aKo cpasy OyaeT epeMeIBaTECs ¢ BO3AYXOM, H 3BYKOBas CKOPOCTH BPsA Jin Oyaer
JOCTHTHYTA.

2.2.2.2. Pasnumue jcuOKOCIY NP YmeuKax u paspyuieHuu pesepsyapd.

Bripoc HemcmapuBImeiics UYacTH SKHJAKOCTH B OKPYKAKOIIEe IPOCTPAHCTBO
HA4MHAET BTOPOIf MPOIIecC pacTeKaHus W UCTIAPEHAS KUAKOCTH. IMEHHO 3TH TPOIIECCH B
3HAUMTENIBHOW MEpe ONPENE/SIOT pasMepsl W (GopMy 00pa3yloierocs pasiuTHs
JKHUAKOCTH, KOTOPBIC, B CBOIO OUYCPEAD, CYIICCTBCHHO BJIIUAIOT HA PAa3MCEPhI IUTAMCHHU U €TI0
TEPMUYECKOE ACHCTBUE.

IToBeneHue paznUTHS JKUAKOCTH TOCTE YTEUKH 3aBUCUT OT penbeda MECTHOCTH.
Kak mpaBuno, pe3epByaphl 3alWINAIOT OOBAIIOBAaHHEM, KOTOPOE AODKHO CACPKUBATH
SKHIIKOCTh B CIIy4ae pa3pylIeHHs pe3epByapa Wik yTeukH skuakocti. O6bemM 00BaioBaHHs
OOBITHO BEIOMPAETCS PaBHBIM 00beMy Xpanwtuma. OMHAKO MPH pa3pyLIEHHH pe3epByapa
MOXKET 00pa30BaThCsl TMAPOIMHAMMYECKAs BOJIHA, CHOCOOHAS «IEPEXJIECTHYTH» 4Yepe3
3aIIUTHBIM Oapbep M TeM CaMBIM CYIIECTBEHHO YBEJMUYMTH 30HY PAa3MTHS JKUAKOCTH.
Bo3MoOKeH TakKe cilyyail, KOrja MEecTO YTEUKH PacloNIOKEHO JOCTaTOYHO BHICOKO H
obpasyrommasics CTPYS SKHAKOCTH MOXET JOCTHTaTh IOBEPXHOCTH 3€MJIHM 3a CTEHKOMH
00BaIOBaHMSL.

Inomane pasauTHs SKAAKOCTH SBISIETCS OJHUM W3 BaKHBIX MApaMeTpoB,
OTIPENIENAFONMX MacmTad aBapuu, OC30MACHBIC PACCTOSHHS W BPEMS CYILECTBOBAHUS
ONACHO! CHUTyaIld, BO3MOXKHYIO MOIMHOCTh TEIDIOBOTO H3JIYUYeHHS W B3pHIBa.
Haunbombmras TIomanab pasjiaTusas JOCTUTACTCd NMPH MITHOBCHHOM MPOJMBC JKUAKOCTH Ha
HEOTPAHNYSHHYIO TOPU30HTABHYIO TOBEPXHOCTH, W 3Ta BEJIMUYMHA MOXET CIYXHUThH
BepxHEH oneHkoi. [1oJ MTHOBEHHBIM MPHHATO MPUHAMATH IPOJIUB, IPH KOTOPOM BpEMsl

HCTCUYCHHUA JKUJKOCTH U3 XPAHUIHIIA MCHBIIC BPEMCHH €€ PACTCKaHWs HA MCCTHOCTH.
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PaccMoTpum Oonee jAeTanbHO TOBEACHWE SKHAKOCTEH pasHBIX THIOB MpH
MTHOBEHHBIX MponmBax. B pabotax [7—11] uccnenosanuce pacrekanue u ucnapenue CIII
U APYrHMX KPHOTEHHBIX XXHIKOCTEH NMPH aBapUHHLIX MPOIHMBAX HA BOAY B CIIlydae aBapuH
Ha TaHkepe. IIpu TOM MPEANMONArajoch, YT0 CKOPOCTh ABIDKECHHS HMEPEAHEH IPaHULbI
Pa3NUTHS ONPEAENAETCS TONMIUHON CIOs XKHIKOCTH B KKIBIH MOMEHT BpEMEHH. B sToM

cllydae CKOpPOCTh (PpOHTA PA3NUTHS HOJHOCTBIO ONPEAEIAETCS THAPABINYECKHM HAIIOPOM.
dR

—=c-(g-h)°, (2.45)

dt
rae R — paguyc pa3mmThs; ¢ — BpeMsi, C — ko3(GHUUUEHT; /# — TONIIIHA CIOS KM KOCTH.

PacTtexaHue KpPUOT€HHOW JKMAKOCTH  COLpPOBOXKIAETCA €€  HCIAPEHHUEM.
WHTEHCHBHOCTh WCTIApEHWs] 3aBHCHT OT MHOTMX (DakTOpoB: TEIUIONOABOJA OT
MOJICTUIIAIOLIEH ITOBEPXHOCTH, 0Opa30BaHus JibJa Ha TOBEPXHOCTH BOABI [7,11], Hamauaus
nokapa Hag pasmutueM [10]. PesynbraThl pasivyHbBIX MOAXOJOB K PEIICHUIO 3TOrO
Borpoca 006001IeHs! B 0030pe [7].

B Ta6n. 2.4 npuBeNeHB pacueTHBIE 3aBUCHMOCTU IS ONPEACICHHs paauyca U
BPEMEHH PACTEKaHHUS IO paboTaM Pa3NduHBIX aBTOPOB, CYIIHOCTH IIOAXOAA M IPUMED
pacdera s mponmuea 4000 M CIII. BuHo, 4TO JTaHHBIE JUis paaMyca PacTeKaHHs O
BCEM METOAUKAM, KpOME BTOpOM, HMEIOT Onu3kue 3HaueHus. IIpeneGpeskeHue
TEIUIOEMKOCTEIO JIBAA BO BTOPOM IMOJXOAE, IO-BUNUMOMY, INPUBOJUT K YMEHBIICHUIO
CKOPOCTH UCNAPEHHUS M, CIENOBATENbHO, YBEIMUEHHIO MIOWAAM paznmutusd. B To ke
BpEMs 3HAYCHNS BPEMEHH PACTEKAHMS MOLYT CIIy>KUTh TONBKO OLEHKOMH.

Bce npeanaraeMele MOAXOIBI OCHOBAHBI HA TOM (haKTe, 9TO paCTCKaHHE JKUIKOCTH
IIPOUCXOMUT BIUIOTH JO €€ MOJNIHOrO MCmapeHus. B TO ke BpeMs SKCIEPUMEHTAJIbHO
YCTAHOBJICHO, YTO JO MOJHOTO MCHApEeHHUs CIUIOIIHOE Ppa3MTHE pacnajacTcs Ha
orgensHele 30HBI [12]. TonumuHa cj0s, TPUY KOTOPOH HAYMHAETCS JTOT pachaj,

OIIPEACIIACTCS KATHIUIAPHO-TPaBUTALIAOHHBIM MacmTaboMm:

5= |2, (2.46)
¢ Nel'-p")

46



rae o — Ko3(pHUIUEHT MOBEPXHOCTHOTO HATSHKEHHUST; ) U f — IUIOTHOCTD JKUIKOCTH U rasa,
COOTBETCTBEHHO.

Tabnuna 2.4 — Pacuer napameTpoB pactekanus mpu npoymeax CIT Ha Boay

CyuaocTs mogxoa dopmyna mst ®dopmyna aist PacueTHbIC 3HAYCHUS Jlurepa-
(nomymeHmHs) paguyca BPEMEHH Vo = 4000 Typa
pacrekanus, R, pacrexanus, ¢ R, (M) t(c)

1 | OGpasoBaHue ciost
772 oa CIIT. 6,33V,%" 10,82 ¥,'" 200 170 [11]
JluneiiHoe U3MeHEHHE
TCMIICPATYPHI 11O
TOJIIMHE JbAA OT
ams CIIT 10 0 °C

2 | To xe, HO
npeHeGperaeTcs 10,977,312 31,8 V,'? 345 500 [71
TEILIOM NPH
OXJTKACHHUH JbJA
3 | Beneacteue
TypOyIeHTHOCTH e 8,47V, 19,25V, 190 150 [7]
He o0pasyeTcs.
Hcnonsayercst
3KCIICPUMEHTATIBHO
M3MEPECHHBIN
TEILIOBOH IIOTOK IIPH
ucnapenun CIIT

100 kBr/m’

4 | Jlen He obpasyercs.
TTpupaBHHBAIOTCA 334V "™y | 0,62(Vo"a") 200 240 (71
HHTETpa BO BPEMEHH
MOTOKA HCHAPSHUS U
IpoIUTas Macca.

5 | IlpupaBHuBarotcs
TPaBUTAIHOHHAS 1,23V a™) 0,44(Vo"1a'"?) 200 175 [13]
ABIDKyINAss CHIa |
HHCPLHOHHAA cuna
COIIPOTUBJICHHS

[IpuMedaHue: a — CKOPOCTb PETrPECCHH YPOBHS OKHUOKOCTH BCIIEACTBHE

ucrnapenus. B pacuerax mpunumainock a = 0,4 Mmm/c [7], Vo — 00BeM MPONUTON JKAAKOCTH,

M,

B [7] ykazaHo, 4ro B skcnepuMeHTax pacran cios CIIIT HaunHancsa npy TOJIIIUHE
ciost mpuMepHo 1,83 mm. Pacuer mo cootHomeHuo (2.46) naetr BeIUIuHy Ogg = 1,8 MM.
OTMeTHM, 4YTO B JKCIEPUMEHTAaX MO IPOJIMBAM BOJOPOAA HAa OCTOHHYIO IOBEPXHOCThH
pacnaj pa3IuThs IPOUCXOIMT MIPU TOJIIUHE CIIOS NPHUMEDPHO 2 MM, PACUETHOE 3HAYCHUE

2,02 MM, 9TO TaKKe YIAOBIETBOPUTENBHO coracyercs [14].
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PaccMoTpuM  Temieph  MTHOBEHHBIM  TPOMMB  KPHOTEHHOM JKHIKOCTH  Ha
HEOTPaHMUCHHYIO TBEPAYIO MOBEpXHOCTb. B padote [8], mpemnaraembiii B [13] moaxoxn
OPUHAT W JUIL PACCMOTPEHMS IPOJIMBOB HA TPYHT. lIpeasiokeHa 3aBMCHMOCTB I
M3MEHEHHS Paauyca pacTeKaHus BO BPEMEHMU:

R = [R,? +%]0'5, (2.47)
rne Ro — HavyanbHbIH paguyc pa3auTus (paanyc pe3epByapa).

IIpoBenennsie Bo BHUMWIIO [14] sKcnmepuMeHTaIbHBIE — HCCIEIOBAHUS
MTHOBEHHBIX NPOJMBOB JKHJKOTO BOAOPOJA, KHUCIOPOAAa M a30Ta HA TOPU30HTATBHYIO
OETOHHYIO TOBEPXHOCTb MOKA3IH, YTO PE3YJBTAThl DKCIEPHUMEHTOB CYLIECTBEHHO
pacxofsiTes ¢ IpeIaraeMoit 3aBUCIMOCTRI0 (KpuBble 1-3 Ha puc. 2.8 u 2.9). B [14] Obio
CIETaHO IIPEAITONIOKEHHE O TOM, YTO KWIICHHE KPHOTCHHBIX JXUAKOCTEH M Haluuue
[IapOBOTO CJI0S MPHBOAAT K 3HAUMTEILHOMY YMEHBIICHHIO TPEHMs JKUAKOCTH TIPH €€
pacrekannn. ClienoBaTeNlbHO, YHEPTHUS, KOTOPO#t o0nagaeT 00beM MPOIUTOH >KUIKOCTH,
He [O/DKHA CHJBHO MEHSAThCS, a CKOPOCTh pacTekaHwusi OyJAeT ONpeneniThes

HOTEHIMATIBHON SHEprieif JKHAKOCTH TIEPE MPOTHBOM.

PucyHok 2.8 — 3aBucumMocTb komriekca K = R /(2 - g - H)V? OT BPEMEHH TIPH PaCTEKaHMK BOIOPOLA;
0

1-Vo=100m; 2~V =50 m, 3 - Vo= 25 11 (Bce — pacuer no (2.47));4 — pacyer no moaeny,
npemoxenHoii B [9]; 0 —25 m; +, * — 50 ;; 0— 100 0
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TIpoBeneHHOE AHATUTUYECKOE PELICHUE TPU MOCTOSHHOW CKOPOCTU HCIApPCHUS

(a), NOKa3bIBAET, 9TO
dR
E = (2 g hO)O,S (2.48)

rac /70 — HavyaJIbHas BhICOTA JKHAKOCTH IIPH MTHOBCHHOM IIPOJIUBC.

B sTom ClIydac BPpEMA PACTCKaHUA OLICHHUBACTCS KaK
3 3V
T= f— , (2.49)
21 g-hya

Ry=(2-g-hy)t. (2.50)

a paauyc pactekanus R, :

0.0 1.0 20
BpeMst , ¢

PucyHok 2.9 — 3aBucumocTh kommnekca K = R /(2 - g+ Hp)1/? OT BPEMEHH IPU PACTEKAHHUH a30Ta:
0

1—=Vp=100 5, 2 — V=50 m; 3 — V=25 n(Bce — pacuer 10 (2.47)); 4 — pacuer no MoneJu,
npensioxennoit B [9]; O, ¢ — 25m; +—50 1; *,0 — 100 n

ABTOpamu pabotbl [14] TMpoBeAEHO TakXKe 4YHUCIEHHOE PEIICHHE 3aJa4d O
PacTEKaHHWH, YYMTHIBAIOIIECE M3MEHEHHE CKOPOCTHM MCIIAPEHHS B MPOILECCE pPaCTeKaHHs
JKHIKOCTH. JIisi OmpeneneHusl CKOPOCTH HCMApEHUsl KPHOTEHHOM >KUAKOCTH YHUCICHHO
pelajiachk 3a7ada HECTALMOHAPHOH TEIUIOMPOBOJHOCTH MPH IMCPCMCHHOM 3HAYCHHH
Ko3¢duureHTa TennooTAaul. B mporpaMMy pacdeTa 3aKIafblBAIMCh PEATLHBIC KPUBbBIC

KHUIIEHH, IPUBEEHHbBIC B [15,16].
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Ha puc. 2.8 m 2.9 kpuBasg 4 COOTBETCTBYET pacyeTy MO ONHMCAHHOW MOJEIH.
BugHo, 4TO  pe3ynbTaTBl  pacueTa  YAOBIETBOPHTENBHO  COTJIACYIOTCS €
OKCIICPUMEHTANBHBIMU  JAHHBIMA. B TO ke BpeMs HEOOXOOMMO OTMETHUTb, YTO
YBEITMYEHNE MACINTA00B Pa3IUATHH, MO-BHANMOMY, TIPHBEAET K YBEIWUCHUIO NCHCTBHS
CHUJI COIIPOTUBIICHUS, U PEAIbHbIE 3HAUCHMS paauyca pacTeKaHus OyIyT JeKaTb MEXAY
kpuBeiMH 1 u 4. Tem He MeHee, BhIpakeHue (2.50) 1enecooOpazHO UCMONB30BATH JUIS
BEpXHEH OIICHKM pajudyca PacTECKaHus Mpd ONpeleieHUH Oe30MacHBIX PaCCTOAHUIA.
OTMETHM TaKKe, 4TO AJIs ONpEeNeNICHUs BPEMEHHN HCIApeHUs pasiuTH HEOOX0aUMO KO
BpemeHu 7 (2.49) mobaputhk Bpems ucnapeHus cpepougoB mHocie pacnaga CIUIOMIHOTO
Pa3IuThs, KOTOPOE OLEHMBAETCS Kak 5—10 c.

HpI/I JITATCIIBHOM  TIPOJIUBE KpI/IOFeHHOf/I JKHIOKOCTH MM CKHKXCHHBIX ra3oB C
IOCTOSIHHEIM ~ PacxXoJOM IUIOMaAb pAa3JMTHA MOXeT OBITh OLieHeHa u3 OamaHca
MOCTYTIJICHUS JKUIKOCTU B PA3JIUTHE M €€ MCTIapeHus cO Beeit rtommau [17]

O=n R a, (2.51)
rae () — MHTEHCUBHOCTb MCTE€YEHHS )KUAKOCTH; R — paguycC pasauTHsl.

OKCTIEPUMEHTHl MO MPOJMBAaM HA BOJY MOKAa3ajM, YTO CKOPOCTh WCIAPEHUS C
MOBEPXHOCTH BOABI MeHseTcsl ¢nabo W BeIpaxkeHue (2.51) maeT yAOBIECTBOPUTEIILHbIE
Pe3ynbTaTHhL.

TTocKONBKY TIO Mepe UCIApeHHs KUAKOCTH MOBEPXHOCTH, Ha KOTOPOH pa3nnBaeTcs
JKHIKOCTD, OXJIDKAAETCS — CKOPOCTh UCTIapeHus OYAET MafaTh, YTO BHI30OBET YBEIUYECHUE
TUTOMIAAN pa3NuTHA. B WCcemoBaHuAX, MPOBEAECHARX B pabote [17], 6bU10 modyyeHO

BBIPOKCHUC 11 OLCHKH IUIOLIAAN Pa3/InTUA )KUAKOI0 a30Ta BO BpEMCHH!

s=3om =2 (2.52)

JAC,pAL,
rae L — temnoTa ucnapenus; A, C, — TEIIONPOBOAHOCTb M TEMIOEMKOCTh sxuakocTh; ATo
— Ha4aJIbHas Pa3HOCTh TEMIEPATYP KUIKOCTH M TBEPAOH MOBEPXHOCTH; { — BPEMSL.
TTonyyeHHast 3aBUCUMOCTD YIOBJIECTBOPHTENBHO OMUCHIBAET 3KCIECPUMEHTAIBHEIC
JaHHBIE 0 MCTCYCHUIO KUAKOro a3ota ¢ pacxomamu 0,03-0,16 n/c Ha acOOLEMEHTHYIO

ity [17].
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B pabote [18] mpoBeOcHBI JKCIEPHMEHTAILHBIE HCCICAOBAHUA II0 PA3IHTHIO
TOPIOYHMX KUAKOCTEH C TEMIIEPATy PO KHIIEHHUs BBIIE TEMIEPATYPHl OKPYXKAIOIIEH CPEIbI
OCH3WMH, AW3ENbHOE TOIUIMBO, aBTOJ, Macno. Ha OCHOBaHMM 3KCIEPUMEHTAJIBHBIX
JaHHBIX OBIJIa TIONyY€HA 3aBMCUMOCTb JUIA PaHMyCa pasjuTUs BO BPEMEHH B CIIy4ac

MTHOBCHHOTO IIPOJIABA:

R =0, 8( )onx(gl )llllé (253)

V7 W,

H IIPH IIPOJIMBE C MOCTOSHHBIM PACXOa0M!:

)
R 46(g£t

3\/_

rae vV — BIA3KOCTb XKHAKOCTH.

porE e, (2.54)
.

OTMETHM, 4YTO IIOCKONBKY HCIAPEHME SKUAKOCTEH TAaKOro TUMAa CYIIECTBEHHO
MEHEE MHTCHCUBHO, YeM I CIKMXKEHHBIX Ia30B, TO MX pacTekaHue OyJeT MpOUCXOAUTh
J0 TeX IOp, IOKAa TOJIIMHA CJIOs JKUAKOCTH HE JOCTUIHET XapakTepHOro pasMepa
LIepOXOBAaTOCTH IpyHTa. Ha mromane pasnuTrs pemarommM o0pa3oM Oyaer BIMATH
penbed MECTHOCTH.

B pabote [56] onpeacneHa 3aBUCUMOCTh TSl MAKCUMAJTBHOTO pajinyca pacTeKaHus
HeTH M HEPTEHPOAYKTOB, IOIYUCHHAS AHANATHYCCKU IS MOJC/HM PACTCKAHHS HA
TBEPABIX, HEIPOHULAEMBIX, [TTAJIKNX TOPU3OHTATHHBIX HOBEPXHOCTIX:

§ :(Q(),S 0, 23 0,25 05)/[2’1002"(] COS(D)OZS] (255)
rae O — 06BEMHAs CKOPOCTh BHITEKAHHS KUIKOCTH, M°/4; ) — IIIOTHOCTB JKHAKOCTH, KI/M>;
g — YCKODEHWe CHJIBI TSKECTH, M/’ T — BPEMs BBITGKAHHS, Yac, o — IOBEPXHOCTHOE
HaTsDKeHue, H/M; ¢ — yronm KOHTaKTa MEeXAY KUIKOCTHEO M TOBEPXHOCTEIO.

DopMyia JaeT 3HAYEHHUS R, OONECE YeM Ha TOPAIOK 3aBBIMICHHEIE [0 CPABHEHHIO
C peabHBIMH, HAOTIOAAEMBIMH Ha TIPAKTHKE.

Boree KOPPEKTHBIE OLICHKH Pa3MEPOB 30H ABAPUITHOrO pasNuTHs HE(TEMPOAYKTOB
JAOT OMIMPUYECKUE (QOPMYNBI, TONYYEHHEIC [0 PE3YIBTATAM OKCIEPHMEHTOB HIIA
aHaJIU3a PealbHBIX aBaPUNHBIX PA3IATHH.

B pabore [57] mpuBeneHa 3aBUCUMOCTh MEXIy MIOMIAALID 30HBI pacTekaHus ),

M%) ¥ 06LEMOM TIPONTHATOM HedTH v, M):
p
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F =5351%% (2.56)

OnHako Ha TPAKTHKE IPH OLIEHKE PAa3MEpPOB 30H pPacTeKaHWs, KaK TMPaBHJIO,
OPUEHTHPYIOTCSI HA MaTepuasbl PEabHBIX aBapuil TP aAeKBATHOCTH AHAIM3UPYEMBIX
curyauuif. Ilpu 3TOM yuwTBIBa€TCS XapakTep MOACTUNAIOUIEH MOBEPXHOCTH (TPYHT,
mebeHb, NMECOK), penbed MECTHOCTH (HU3WHA, BO3BBINICHHOCTH, HEPOBHOCTH, YKJIOHBI) H
T.II. B IPEANOIaracMoM MecCTe aBapul. MakcumanbHas IUIOIAAL pacTekanus Hedru Ha
TOPH30HTAILHOM MOBEPXHOCTH BBIYHCISETCS MO popMyIte

Ey =1V (2.17)
rae f — k03(hGUIMEHT pa3niBa, PEKOMEHAYEMOE 3HAYCHUE KOTOPOro JUisi MacCIITaOHBIX
paznuTnil IeXUT B Ipeaenax 5—12, 4to COOTBETCTBYET CPEIHEH TOMNIMHE CIIOS Pa3iuTOM
Hedru ot 0,2 mo 0,08 M. IIpu Hammumy HEOOIBIIOTO YKJIOHA HA MECTHOCTH IJIOIIAIb
paziuBa IPUHUMACTCA B BUAE 3JUIMICA U BBOISATCS COOTBETCTBYIOIIME MONPABOYHBIE
K03 (PULIUEHTEL.

JIocTaTOYHO YacTO AaBapud HA pe3epByapax MW pasliuTHA  OSKHAKOCTEH
CONPOBOKIAIOTCS UX BOCIUIAMEHEHUEM B HadaubHOH (paze aBapuu. B atom chydae
pa3NUTHE KUAKOCTH OYAET COMPOBOXKAATBCA €€ TOPEHHEM, KOTOPOe, MO-BHAUMOMY,
JOJDKHO OKAa3blBaTh CYLIECTBEHHOE BIMAHHE HA MapamMeTpbl pa3nuTHs. [leiicTBUTENBHO, B
cJlydae TOPEHUsl TEIUIOBOM HOTOK K MCTIAPAIOLIEHCS SKHIKOCTH MOXKHO Pa3ieiuTh Ha JBE
COCTaBJIIOLINX: TEMJIOBOM MOTOK OT MOBEPXHOCTHU, HA KOTOPOH paziuBaeTCs KUAKOCTh, U
u3nyyeHue OT IiaMeHu. CleaoBaTeNnbHO, HHTCHCHBHOCTh HCHAPEHUS KUAKOCTH
BO3pacTaeT, 4YTO, COOTBETCTBEHHO, NPHBEAET K YMEHBUICHHIO IUIOM@AW Pa3IMTHS
XuaKocTH. B uccnenosanusx no paznuthio ropamero CIII [10] Ha Boae nokaszaHo, 4To K
CKOpPOCTH HCMapeHHsl ¢ BOABI, OLEHMBacMoOW npumepHo kak 0,05 Kr/M’C, HEOBXOIMMO
JN00aBUTH [IONMIO, ONpEACAeMYI0 U3inyyeHueM — npumepsHo 0,06 kr/m’c. B pe3ynbTare
MOJTy9aeM CKOPOCTb BBITOPaHHs XHUAKOCTH. ECIM NONydYeHHYI0 BENMWUMHY MOJCTaBUTH B
MPUBE/ICHHBIC BBIIE BHIPOKCHUS U Pajdyca pPacTeKaHWs W BPEMEHHM HCHAPEHMS, TO
MOXKHO TIOJIyYUTh IIApaMETPhl Pa3iIMTHs TOpsAIlel xuaxkocTu. Bompocsl onpeneneHus
CKOPOCTH BBITOPaHHUS ISl APYTHUX KUAKOCTEH OYAyT paCCMOTPEHBI HUKE.

OcTaHOBUMCS €€ Ha OJHOM acmekre oOcyxmaemoit mpobnmemsl. Kak yxke

OTMEYAJIOCh BHILIE, KaK IMPABMIIO, PE3CPBYapbl OKPYIKAFOTCS 3AIUTHBIM OOBAJTOBAHHEM,
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paBHEIM MO 00BEMY MAaKCHMaTbHOMY OOBEMY XpaHWMON JKMAKOCTH. B  ciyuae
MI'HOBEHHOI'O PaspyILCHUs pe3epByapa BO3MOXKHO 0Opa30BaHHE BOJNHBI XKHUAKOCTH W, KaK
mokasamu  uccnenoBaHus  [4,19], mo  30% mpoimmToil  KMIOKOCTH — CIOCOOHO
«IEPEXIIECTHYTHCS» depe3 o0BanoBanue. B [4] moayueHO NOMYIMIUPHIECKOS BRIPOKCHHE
JUISL IOJTH TIEPEJTUBAOILEUCS JKUTKOCTH:
M,y o309+ Ly -y, (2.58)
M, R H,

rme My u M » — COOTBETCTBEHHO, Macca MPOIUTON M IEPETMBIIEACS XUAKOCTH, ¥, Hy —

HA4aJbHBIE MapaMeTPhl CTONOA KAAKOCTH; R M A — paccTOSHHE N0 OOBAJOBAHHS M €r0
BBICOTA. IlpuBeneHHass  3aBUCUMOCTb  YAOBIIETBOPHTENBHO corjacyercs ¢
9KCIEPUMEHTAIbHBIMUA JAHHBIMH [4,19] U MoxeT OBITh HCTIONB30BAaHA TIPH AHAIM3E
aBAPMHHBIX CUTYallUii HA peabHBIX PE3EPBYapax.

Onpeodenenue niouiadyu NPOIUBA JCUOKOCHIU HA MIOCKVIO hosepxHocmb no I'OCT P

12.3.047-2012 [60]

Tnomans nponmea skuakoctd (JIBXK u IXK) F, (M) onpeaensercs:

a) IUIOIMAAbI0 OOBANIOBAHMS WM MOAAOHA, €CIH MPEAYCMOTPEHA JIOKAIH3AIHs

pacTeKanus IIPOJIMBA TOCPEACTBOM 3TOT0 YCTpoiicTBa (HO He Gonee Bemmunnbl F =k -m,,

rae k = 021 M*/kr i Gensuna u 0,19 MP/Kr IS AWSETBHOTO TOTUTABA, M, — Macca
BBIIEMIIEH 13 000PYA0BAHUS KUAKOCTH),

6) BemmauHOM F =k -m, (2.59)
€CIIM JIOKATU3AalHs IPOIKMBa 00BAJIOBAHUEM WITH TIOLIOHOM HE TIPSTyCMOTPEHA.

Jna CYT mnomazas nNponrBa OIpeReseTcs ¢ HOMOIIBIO COOTHOMIECHHS

F=k, .V, (2.60)

e ¥ — o6BeM MpomuTOlt SKHKOI (askl, I, k, — kKoddduumenT, papusii 0,15 M Ha 1 1
IPOJIITOTO TPOIYKTA.

2.2.2.3. Hcnapenue pasnumelx oicuokocmeii u o6pasoganue Napo8o30YUiHbIX
obnakos

PaccmarpuBas mpouecc UCMapeHUs >KUAKOCTEH MPH PasfUTHAX TIENeco00pasHo

BBIACTIUTE ABA OCHOBHBIX CJTy4as:. HCIIAPCHHUC KPHUOICHHBIX JKUIKOCTEH M CHKMIKEHHBIX
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ra3oB, XapakTepu3yroleecs TEIUIOBBIMU NOTOKAMM B JKUIKOCTH, U UCHAPCHUE MOPHOYMX
SKUAKOCTEN (KepocuH, OCH3UH | T.11.) MOJ ICHCTBUEM BETpa.

Paccmorpum mogpobHEe 00a cimydas.

1. BeITekaromiasi KpuOTeHHAS JKAAKOCTh WITH CKHKEHHBIH ra3z OyayT HaXOAWThCS B
PaBHOBECHM CO CBOMMH NapaMd mpu arMmocepHom paBieHud. CremoBaTenbHO, IPU
MOJIBO/IC TEIJIA BO3HHKHET HEMEUICHHOE KUICHUE KHJIKOCTH, MHTEHCHBHOCTH KOTOPOTO
TEM BBIIIIE, YEM BHIIIIE CKOPOCTH MOABOAA Tea. TENIONPUTOK K KUAKOCTH CKJIAABIBACTCSA
U3 HECKOJBKHX TEIUIOBBIX MOTOKOB. OT MOACTHNIAIOMICH MOBEPXHOCTH, OT OKPYXKAIOLIETO
Bo3Ayxa, oT ConmHma W T. N. HO MOCKONBKY pa3HOCTh TEMNEPATyp SKUAKOCTA H
MOJICTHJIAIOMICH MMOBEPXHOCTH BEJIMKA, CYIIECTBEHHBIM OKA3BIBAETCA MMEHHO TEILUIOBOH
MOTOK Ha TPaHUIIE *KUIKOCTH/TBEP/IOE TeNO. B 3aBUCUMOCTH OT TEMIEPATYPHOrO HAopa
HA 3TOI TpaHMUIle Pa3INUAIOT TPU PEXKMMa KHUMECHUS KAKOCTH: TNICHOYHBIH, NEPEXOIHBII
¥ TTy3BIPbKOBEIH, KOKIBIH W3 KOTOPBIX XAPaKTCPU3YETCS 3HAYMTENBHO OTJIMYAOMIMMUCS
ko3 duuuentamu Termonepenaun (cM. puc. 2.10).

Pemenve HecTanuoHapHOM 3a7a4d  TEIUIONPOBOAHOCTH I IOACTHIIAFOLICH
TIOBEPXHOCTH TMO3BOJSET MONYYUTh M3MEHEHHs MpOQuiisl TeMIEpaTypbl BO BPEMEHH, a
CIIeIOBATebHO, M W3MCHEHHE WHTCHCHBHOCTH WCHapeHus >kuakocth. B [20, 22]
3aBUCHMOCTB CKOPOCTH MCHAapeHHs KPUOTEHHBIX KHJKOCTEH OT BpeMEHH ObUia MOITyYeHa
HA OCHOBE AQHAJTUTUYCCKOTO PEHICHUS YPaBHCHHS TEIUIONPOBOJHOCTH JUIsl TeEJA
Mo TyOSCKOHEUHOU TONLIMHBI TIPH MOCTOSTHHOM 3HAaueHWH Koddduuuenrta Teooraadn. B
[14, 22] B MOZENb pacueTa 3aKIaabIBANIaCh PeasibHas KpUBas KUIIEHUS, KOPPEKTHpyEMas
Ha OCHOBE OKCIIEPUMEHTANBbHBIX JaHHbBIX 0o kumenuio CIII, Bomopoma, asora H
KHCJIOPOJia Ha Pa3IMYHBIX TOBEPXHOCTAX. [lpemmaraemas mporpaMma pacdera MOXKET
OBITH HCTIOJTE30BAHA YIS OLEHKH MapaMeTPOB WCMAPEHWS MPHA NPOJIMBAX KPHOTCHHBIX

JKHUJIKOCTEN U COKMDKEHHBIX Ta30B.
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Pucynok 2.10 — Kpupas KMIEeHUS a30Ta U 3aBUCHMOCTb CKOPOCTH HCIIAPEHHS
a30Ta OT TEMIIEPATYPHOTO Hamopa

2. PaccMOTpUM Teneph IPOoLEece MCHapeHus TOPIOUNX XKUAKOCTEN oA AeHCTBUEM
BETpa, U HCIAPEHME CHKIDKEHHBIX Ta30B IOCNIE 3aXOJIAKHBAHMSA IOBEPXHOCTH, KOTJa
WACTIAPEHUE MEePEXOAUT B CTALMOHAPHBIM pPEeKUM. B 3TOM cilydae WHTEHCHUBHOCTb
HCIIAPEHNSI OTIPENETIAETCSI CKOPOCTHIO BeTpa B aTMocdepe 1 TeMmeparypoit Bo3ayxa.

B nuTepaType HMMEIOTCS MHOTOYMCICHHBIC JaHHBIE 00 SKCIEPHUMEHTATIBHBIX
MCCIIENIOBAHUSX CTAIIMOHAPHON CKOPOCTH MCTIAPEHUs OOBIYHBIX JKUAKOCTEHW THIIA aHWIIMH,
HaptanmuH u Ap. [23]. B [24] yxa3saHO, YTO HHTEHCUBHOCTb HCIAPEHHs TOPHOYHX

JKUJKOCTEH TIpM aHanu3e aBapwWiHEIX CHTyallld, CBA3aHHBIX C MX MPOJIMBAMH, IOIDKHA
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ONPENETIATLCS IO CIPABOYHON JIUTEPATYype M IKCIIEPUMEHTANBHEIM JaHHbIM. [nsg JIBXK B

OTCYTCTBUH TAKUX JAHHBIX JAOMYCKACTCS PACCUUTHIBATE €€ 0 hopMyrie:

i =10nup, (xrim’c), (2.61)

rae 77 — Ko3(QULIHMEHT, 3aBUCAIINI OT CKOPOCTH W TEMIIEpPaTyphl BO3AYIIHOTO MOTOKA

HaJ NOBEPXHOCTBLIO MCHAPEHMs, (£ — MOJIEKyJIpHas Macca (T/MONB), P, — [aBICHUE
HACBIIIEHHOTO Mapa MpH pacyeTHOH TeMneparype sxuakoctd (kl1a).

B [25] npu pacuere IPOU3BOAWTENFHOCTH BEHTWIISIMOHHBIX CHCTEM JUIA
MOMEIIEHUH, B KOTOPBIX BO3MOXKHBI MPOJMBBI TOPIOYMX JKMAKOCTEH i pacdera
KOJIMUECTBA HCHAPSIOIIETOCS BEMECTRA MIPUMEHSCTCS (POPMyJia;

M =(0,04+0,03v)Sp, 1 (r/uac), (2.62)
rae V — CKOPOCTh JBIKEHU BO3AyXa HaJl MMOBEPXHOCTBIO XKUIKOCTH, M/C; S — mIomaib
«WTYXKI»; Py — NAPLUHATBEHOE JABICHHIE MApa HAZ HOBEPXHOCTHIO KU AKOCTH, [1a.

Opnako, MpUMeHeRHe BhIpakeHHH (2.61) u (2.62) ans ucmapeHHs KPHUOTCHHBIX
KUAKOCTEH  (BOMOPOX, KMCIOPOA, a30T) M CKMIKEHHBIX Ta30B (MPOMAH, CHKMKCHHBIN
He(TAHON ra3) NaeT CYIIECTBEHHOE PACXOXKJICHHE C IKCIEPUMEHTAJIbHBIMH JaHHbIMU. B
padote [26] a1 060OIIEHNS AMEFOIMXCS AAHHBIX 10 MCHAPEHHIO AMMHAKa TIPeJIONKEHO

HCIOJIB30BaTh CIICAYIOIICC KPUTCPHAIBHOC COOTHOLICHUE:

Nuj, = 0,094Re™ Pr,** Ou? (2.63)
L . v T,-T,.
rne Ny, = ﬁ‘"—; Re=YL: Pry=—; Qu=""—2: f _ x0>Q(ULUEHT MACCOOTAAYH,
y v A Tn

M/c; L — XapakTepHBIi pasMep MpOMMBa, M, J — kodhoumment muddysmm, m7/c; V —
CKOPOCTB BeTpa, M/c; V — KHHEMATHUeCKas BA3KOCTh, M°/c; [, — TeMmeparypa Bo3ayxa,
K; T, —temmeparypa sxuakoctd, K.

Hcxond U3 TOro, 4T0 HU3KOTEMIIEPATYPHBIC KUAKOCTH JTODKHBI OBITH OJIH3KUMH
[0 XapakTepy MCIapeHus (TeMIepaTypa KuleHus amMmuaka MuHyc 34 °C, mpomana —

muyc 42 °C), coorHoweHme (2.63) ObUIO  CKOPPEKTHPOBAHO C  YYETOM

OKCNCPUMECHTAJIBHBIX TAHHBIX IO UCTIAPCHUIO IIPOIIAHA:

Nuy, =0,03Re™ Pr,™ Gu®?. (2.64)
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B Ttabn. 2.5 npuBeneHbl CPAaBHUTENBHBIE AAHHBIE, MONYYEHHBIE PACUETOM IO
tdopmynam (2.61) — (2.64), ¥ 3KCOEPUMEHTANIBHBIC JAHHBIE MO WCIAPCHUIO MpPOMaHa,
aMMHPaKa ¥ BOJOPOAA IPH PA3NMYHBIX CKOPOCTSX ABIDKEHUS BO3AyXa HAJ MOBEPXHOCTEHIO
JKUAKOCTH.

AHanmu3 [JaHHBIX TOKa3BIBAECT, YTO CKOppekTHpoBaHHas (opmyna (2.64) maer
VJIOBJICTBOPHUTENIBHOE COTTIACHE C PE3yNBTATaMH SKCTICPHMEHTOB 110 HCHAPESHHUFO TPOMaHa
u ammHuaka. Hexkotopoe oTimdme nmo BOAOPOAY, TO-BHAMMOMY, CBS3aHO C CYIIECTBEHHO
6ornee HU3KOH TeMIepaTypoil KUIEeHUs, XOTs OTJIMYME B 3TOM CIIydae He IpeBblmaet 1,5-2

pasa.

Tabnuna 2.5 — CpaBHHUTENBHBIE JAHHBIE IO PACYCTHHIM W 3KCIEPUMEHTAIBLHBIM

3HAYCHUAM CKOPOCTH UCIIAPCHUA

Kuaxocts Ckopocrts CKOPOCTh HCIIAPCHHSL, KI/M'C Jlutepar
BETPA, Pacuernsie naHHbIC OKCICPUMCHTAIL ypa
m/c 0 (2.61) 0 (2.63) 10 (2.64) HBIC JIAHHBIC
Tponan 1,3 0,0051 0,0147 0,0065 0,0064
3,6 0,0084 0,0275 0,0146 0,0148 16]
5,0 0,0098 0,0353 0,190 0,0190
12,0 0,0151 0,0741 0,381 0,380
Ammuax 1.8 0,0060 0,0175 0,0019 0,016 [26]
Bozopox 3,0 0,0016 0,0051 0,0360 0,0170
3,5 0,0018 0,0057 0,0412 0,0240
4.6 0,0020 0,0070 0,0300 0,0340 [14]
6,0 0,0023 0,0087 0,0630 0,0390
8.0 0,0026 0,0110 0,0800 0,0940

2.2.2.3.1. Onpeoeiienue MaKCUMATbHBIX PA3MEPO8 83PbIBOONACHbIX 30H nO [37]

OueHKy MakCHMAaNbHBIX Pa3MEPOB B3PBIBOOIACHBIX 30H, OOPa3yIOIUXCs IPH
Berxofe JIBXK wnu ee mapoB, a Tarxe napoB CYI B OKpy»Karollee MPOCTPAHCTBO TPH
6e3BeTpHN WM HA3KOH CKOPOCTH BETpa — 0 2 M/C, KOIa pasMephl 30H MaKCHMAJIbHBL,
cllefyeT NMPOBOAUTH IO CICAYIOMIUM COOTHOLICHHSM (HIDKE Bce (DOPMYNIBL AAHBI UIA

napos JIBX, HO OHM TaroKke CIpaBeINBHI U Ui mapoB CYT):

L N\T0s
XLFL:Kl'L[Kz'Iﬂ[S'COH > (2.65)
Criy,
s-c\”
ZLFL:K3'L|:K2-1n£ - OH , (2.66)
Crrr
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rae Xpr, — TOPU3OHTANIBHBIA pa3Mep B3pbIBOONACHOM 30HBI, M (paguyc B3pBIBOOMACHOM
30HBl); Zz7, — BEPTUKAIBHBIA pa3Mep B3PBIBOOMACHOM 30HEI, M (BBICOTA B3PHIBOONACHOM
30HH1); K, K>, K3 — KOHCTaHTHI, 3HAYE€HHUSI KOTOPBIX COCTABJISIOT:

- i BeIxoja JIBXK npu 0TCYTCTBUM MOABHKHOCTH BO3AYLIHOM cpeabl (Hanbolnee
OTacHbI paccMarpuBaeMsblii ciydait) K = 1,1958; K, = T/3600; K5 = 0,04714;

- st mapos JIBXK npu oTcyTCTBAM MOABHKHOCTH BO3AyIIHON cpeasl K = 1,1314;
K, =1,0; K53=0,0253;
T — Bpems nosnHoro ucnapenust JIBXK, c; I — s¢dexTuBHas UHA, M, BBIYMCISIEMas N0
dopmyne:

- st Berxona JIBXK mpu oTcyTCeTBIM MOABMKHOCTH BO3AYIIHON CPEABI

1/3

. 1/n
L 190m_pV_( Crrm _el,Sn] ’ (2.67)
Crrr pv-Co

UL BeIXOAA 1apoB JIBXK npu oTCyTCTBUM NOABMIKHOCTH BO3AYLLUHON Cpebl
3 1/3
]‘{3,77-10 -m-5:| ’ (2.68)
pv-Crpp e

m — Macca mapa, Bemeamero B arMocdepy, kr; Cpm — BENWYAHA HIDKHETO
KOHIIEHTPAIIMOHHOTO MpPEAENa pacnpocTpaHeHus mnamenu mapoB JIBXK, % (06.); py —
IIOTHOCT Tapa, Kr/M>; & — Kko3(@HIHenT, cocTapnsommii 1,25 npu JOBEPHTEIBHOI
BepositHocTH 0,95, n — ko3dduuueHt, cocrapiusomuii 0,41 npu  OTCYTCTBHH
MOABWKHOCTH BO3AYIIHOM cpelbl; Cp — BEIMUMHA, OTIPEAENIeMas COOTHOTIIEHHEM:

- i sexoga JIBXK npu oTcyTCcTBHE NOABMKHOCTH BO3LYIIHOH Cpebl:

n
Co=Cs [’"_IOO?J ; (2.69)
Cs-py-L
- Ui Beixoja napos JIBXK npu oTCYyTCTBHY MOABHYKHOCTH BO3AYLITHON CPEBI
3 .
Co :w; (2.70)
py-L

Cs — KOHLEHTpauus HachIeHABX mapoB JIBXK mpm pacuerHo#t Temmepatype, % (00.),

BhIUKCIAeMas 1o popmye:
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g =100-55.. @.71)
Ry
Pg — naenenne HaceiueHHbIX nmapos JIBX mpu pacuetHo#l Temmeparype 7, klla;, Py —
armocepHoe nasnenue, pasHoe 101 kIla.

IpuBencHHbIE BHIMIE (HOPMYITEI JUTS pacueta Xjp TPH BHIXOAC (BLITECHEHHH H3
peseppyapoB) mapoB JIBXK B cBOOOAHOE HPOCTPAHCTBO CHPABEIIIMBEI MPH PACTONIOKCHIA
HCTOYHUKA TOCTYNAOIIMX MapoB Ha BBICOTE JIO 5 M HaJ MOBEPXHOCTHIO 3eMiTH. DOPMYITBI
UL pacdeta Zp, nNpu mnoctynnenud napoB JIB)XK B cBOOOAHOE MPOCTPAHCTBO
CTpaBeIIUBLl MPH PACIOIOKEHNH HCTOYHHKA TAPOB HEMOCPEICTBEHHO y IOBEPXHOCTH
3eMJIM WM HHUKE €€ ypoBHA. IIpu pacnonokeHuu MCTOYHMKA NapoB Ha BeicoTe oT 0 10 2
M BCE IPOCTPAHCTBO C paAMycoM Xjz;; OT WCTOYHAKA W HIDKE €ro sBISIETCS
B3PBIBOONACHOM 30HOH.

ITpu ucredenun CYI' u3 TpyOOmpoBoja MpH HaXMHYWM BeTpa (CKOPOCTH BETpa
6oree 2 M/c) pasMep B3PHIBOONMACHON 30HBI IO HANPABICHHUIO BETPa Xipy (M/C), HAXOMAT
no ¢opmyie:

Xy =40G/w)®, (M) (2.72)
rae G — MaccoBas CKOPOCTh MOCTYIICHHS TOPIOYETO ra3a B OKPYKAoIEe MPOCTPAHCTBO,
KI'/C; 1 — CKOPOCTb BETPA, M/C.

2.2.2.3.2. Ananuz uccireoosanuii no npobieme pacnpoCmpaneHus U pacceusanus 6
ammocghepe NApo8 COCUNCEHHBIX Y2NeBOOOPOOHbIX 24308 NPU ABAPULIHBIX PAIUGAX U
gvibpocax

BEIOpOCH! (MOCTYIUICHHS) Pa3IMIHBIX MTPOMBIIIICHHBIX Ta30B B aTMOC(epy MOTyT
OBITE B 0011IEM cllyyae KnacCHpUIMPOBaHb ABYMs BHAaMH. [1epBblii IpeAcTaBiieT co0oi
BEIICNICHHE Ta3a C TEMIIEPaTypoii, OH3KOIH K OKpy’Karomieii TeMneparype, HO HMEKOIETO
IUIOTHOCTL Oonblie IUIOTHOCTH Bo3dyxa. K JApyroMy BHIY OTHOCHMICS BbLICICHHE
XOJIOAHBIX Ta30B, TEPBOHAYAJIPHO HMEIOMMX OOJBIIYI0 IUIOTHOCTh, YE€M IUIOTHOCTD
BO3/1yXa.

IlpencraBurensamMu MepBOH  KaTeropuu seisiercs  CO, W pasiuuHbIE
¢dropyrnepoapl. TUNHYHBIME NPEACTABUTESAMHI KaTE€rOPUH XONOJHBLIX Ta30B  SIBIISFOTCS

CKIDKEHHBIE yriieBoaopoabl, Takue kak CIII' u CHI'. Tlpu paccedBaHWH TSDKENBIX Ta30B
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BKHOE 3HAYEHHWE MPHOOPETAIOT TPaBHTALMOHHEIC S({EeKTH, O0COOCHHO B HAYAIBHOM
CTaguu Mpouecca, CIeyIoIel cpasy JKe 3a BBIACICHHEM TSDKCIBIX Ta30B B atMochepy.
Benencrsue IeHCTBUS CUITBI TSDKECTH 00JIaK0 Ta3a PacIpOCTPaHsIeTCs CHaYaIa HE CTONBKO
KaK a3, a CKopee Kak »KUIKOCTb.

CymecTBylole MOICIH pacceMBaHWs ra3oB (WM APYTHX TIPUMeceit) MOXKHO
YCIIOBHO Pa3A€/UTh HA TPH KATECTOPUH;

1. Moaenu nmacCHBHOTO PaccEeWBAaHMsI MPUMECH, HAXOMALICHCS M0 OTHOIICHHIO K
aTMoc(epe B COCTOSHHH HESUTPAILHOM MIIABYYCCTH (QHAJIMTHICCKHCE).

2. Mopeny, OCHOBaHHBIE Ha MPHHIMIAX MOJBOAA BO3/AyXa K 00NAKy M3BECTHOM,
3a7aHHOH KOH(UTrypaluy (KaK MpaBJIo [ATAHAPUYCCKON ) — MOJTyaHATMTHYECKHE.

3. Mogemun K-teopuu, OCHOBaHHBIC HA COBMECTHOM PELICHUH TPEXMEPHBIX
YPpaBHEHHI COXPAaHEHUs MACCHI, UMITYJIECA W SHEPTUN.

2.2.2.3.2.1. Mooenu naccuerozo pacceusanust HelmpanvHot npumecu

Mogenu nepBoii KaTeropuy, WCHONB3YEMBIC JUIA TIpeICcKa3aHWs aTMOC(HEpHOTOo
pacceMBaHMs TIPUMECH B COCTOSHMM HEHWTPAJIbHOH IUIABYYECTH, pacCMaTPUBAOT
JUCIIEPCHI0 KaK PE3yibTaT TYPOYJICHTHOIO IBHKCHHS B aTMOC()CPHOM MOTPAaHHYHOM
cmoe. Otu Mojenu Obumk  pa3paboTaHBI UL IPOTHOMPOBAHHS — TOCICACTBHIM
MIPOMBIIIIEHHBIX BHIOPOCOB B atMocdepy (Hampumep, BhIOPOC IPUMECH W3 JBIMOBBIX
Tpy6). IToCKONBEKY MpeAnoiaraeTcs, 4To BBHIOPOC IIPHMECH C IUIOTHOCTBIO PABHOM WITH
IPEBHINIAOINIEH IUIOTHOCTh BO3AyXa HE BIMACT HA XapakTep TE€UeHUs B armocdepe, To
npoOneMa TMacCHMBHOTO aTMOC(EPHOTO pacCceUBaHMs CBOAMTCS K TOHAMAHUIO H
MpeACKa3aHNuIo TYPOYIEHTHOCTH B aTMOC(EPHOM IOTpaHMYHOM clioe [61-69].

CymecTByeT 1Ba MHOIXOAAa K HCCICHOBAHUSIM pPacHpOCTpaHEHHS IIPUMECH B
MPU3EMHOM CJIOC BO3AyXa. OI[PIH U3 HHUX OCHOBBIBACTCA Ha PCHICHAW YPaBHCHHA
TypOynenTtHoit quddy3nn:

ALY A Ay G A e A

or ox oy @ ox “ax oy oy o oz’

(2.73)

TI€ ¥ — KOHLEHTpauus npuMmecy; K, K,, K, — ropusoHTanbHas (X, y) 1 BepTUKaIbHAA (2)
cocrapysitoue koddounuenta TypoynentHoit auddysuu, #, ¢, W — COOTBETCTBYIOIIUEC
COCTABJISIIOINE CPEAHEN CKOPOCTH MEepeMELleHN IPHMECH.
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IIpu paccMOTpEHHN KOHKPETHBIX 3a/1a4 OOIIuit BUA ypaBHEeHHMS (2.73) MOXKET OBITH
VIIPOILEH.

Kpaepble ycinoBus ypaBHeHHs (2.73) ONpEHENAIOTCS THIIOM HCTOYHHKA. JIs
HENPEPHIBHEIX TOYEYHBIX HMCTOYHUKOB, NMOMEIICHHBIX HA YPOBHE 3€MJIM, TPAHUYHBIMH
VCITOBUSIMHA SIBJISEOTCS

a) x>0 IpHX,y,z 2%,

6) k, Zl — 0 IpH z— 0 (YCIOBUE HENPOHUIIAEMOCTH 3EMITH IS T'a3a),
Z

B) y2ompux=y=z=0, (2.74)

T) YCIOBHE HEIPEPHIBHOCTH

ﬁﬁl(x,y»Z)dzdy =0,

e
rae O — MOIIHOCTE MCTOYHHKA , % — CPENHSA CKOPOCTh BETPA.

Pewenue ypasnenus (2.73) ¢ yuerom (2.74) ana mocrosuueix K, K, K, 6wu10
nonyaeHo O. PoGeprcom [70] i MTHOBEHHOTO M HEMPEPHIBHOIO TOYEYHOTO WJIM
0e3rpaHMYHOr0 TMHEHHOTO UCTOYHHKA.

Jpyro#i moaxoa K UCCIIeNOBAHUIO TPOOIEMbI PACCEUBAHUS NPUMECH, Pa3BUTHIA O.
CetToHOM [71], COCTOMT B MCHOJIB30BAHNHM JUIsl OTIPEAETCHNS KOHIICHTPAlU! PUMECH OT
UCTOUHMKA (POpMYJI, MOJIyUCHHBIX Ha cratucTuuyeckoi ocHoBe. CornacHo CeTToHY,
pacnpeneneHre MpuMecH BONMM3M TOYEYHOIO WCTOYHMKA B pasHBIX HAlpaBIECHUIX
OIMMCEIBACTCS HOPMATBHBIM 3aKOHOM pacrmpesencHus (3akoH ['aycca). B pesynbrare
OPUMEHEHUS 3TOr0 MeToja K audysun BOMM3H DOBEPXHOCTM 3EMIM  HAaHICHBI
BBIDAXKCHHUA JUIsL pacnpeacacHusd KOHICHTpalnu IpuMeEcu JJIs1 MTI'HOBCHHBIX
HEMPEPEIBHOTO TOYEYHOTO, KOHEYHOTO JIMHEHHOTO W OE3rpaHWYHOrO JHHEHHOTO
MCTOYHMKOB IPH IIOCTOSHHOM CKOPOCTH BETPA.

[MombITKM HKCIOMB30BaHMsS MnonyuyeHHblx CerToHoM (OpMyNT 17 ONHCAHHUA
TpoTIecca paccerBaHUS TTAPOB CXKIDKEHHEIX Ta30B Obimy npeanpusstsl P. O. ITapkepoM u
Jbx. K. Cnara [72]. OHu nomydunu cliefiyroulee YpaBHEHHE UTA pacyeTa KOHICHTPalun

MapoB THKEJIOr0 ra3a Ha YPOBHE 3€MJIH B TOUKE X; TIO BETPY U Y; NEPIEHUKYIIAPHO BETPY
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OT TIOBEPXHOCTHOTO MCTOYHHKA, COCTOAIMEIO M3 CETH HCIPEPBIBHBIX TOYCYHBIX

HCTOYHUKOB, PaCpEACIICHHBIX PABHOMEPHO 10 BCEl mIomaau pasnnBa CXKWKECHHOTO rasa

B B Q: 1 yz h?
Z*Zj:x,j(xl’yj)—‘Zj:mﬂp{—g[?*’F]}: (2~75)

rae (; — MHTEHCHBHOCTh TOYECYHOTO HCTOUHUKA; O,, o, — KO3(OULMEHTH AUCIEPCHH,

ONPENENSAEMBIC B 3aBMCHMMOCTH OT pPacCTOSHUS J0 MCTOYHHUKA M arMochepHOH
CTaOUIILHOCTH B COOTBETCTBHU C Kiaccupukarmeit [73,74].

OnmHako, Kak TMOKa3aJO0 CPaBHEHHE C WMEIOIMMCS SKCIEPUMEHTAILHBIM
MaTepUaliOM, UCIIOIL30BAHUE ypaBHEHHUS (2.75) JUIs OIIEHKH MAaKCUMAJIBHOTO PACCTOSTHUS
PacpoOCTPaHEHUsl  B3PBIBOONACHOTO OO0JIaKa JaeT 3Hau4eHUs B HECKOIBKO pa3
HPEBBIIIAOIIME PealbHbIE. OTO OOBICHAETCS TEM, UTO XapakTep paccenmBanus mapos CIIT
3HAUUTEIIBHO OTIMYACTCS OT pACCEUBAaHMs HEHTpanbHOM TpUMECH M3-3a TOTO, UTO
HayanbHas mnotHocts napos CIII npuGnausurensHO B 1,6 pasa MpeBBIIACT IJIOTHOCTh
BO3/yXa. BEIOpoC OOJBIIOr0 KOIMYECTBA TSKENIONO ra3a Jake B Clydae, KOrga €ro
Temmeparypa OmM3ka K TeMIepaType OKpY)KalomeH Cpeasl W OTCYTCTBYIOT
TeII000MEHHbIE 3(P(EKTEl, MOXET CYLIECTBEHHO H3MEHUTb XapakTep TypOyJIEHTHOTO
TedeHus BOJIM3M MecTa BbIOpoca. B 3TOM cilydae 3HauuTenbHYH poib OyAyT Urparhb
rpaButaunoHHele  3(dexTel, 00yCIOBIECHHBIE TPAAUCHTOM IUIOTHOCTH. Mojenu
IACCUBHOIO PacCEHUBAHMS NIPUMECH B COCTOSHUM HEHTPANBHON IIaBy4eCTH, OCHOBAHHEIE
Ha WHTCTPHPOBAHMM YpaBHEHWS MHGQY3HW WM HA MPEOMONIONKSHUH O 1'ayCCOBCKOM
XapakTepe paclpefeieHns IPUMECH, €CTECTBEHHO HE YUMTHIBAIOT TPABUTALMOHHOES
pacrpocTpaHeHde oOnaka mnapoB. Xammeptbaccer W MouTeT [75] mpemnoKuH
YUHUTBIBATh CHENU(PUUECKUH XapaKTep PAacCEHBAHUS TDKEIBIX TA30B IyTEM BBEOCHUS

BEPTHKAITBHOM COCTABISFOIIEH CKOpPOCTH B MoxudImpoBanHoe ypaBHeHue Cerrona [71]

2= 1000 e Lty

27ra'_‘7(x, Yo, (x)u 2 o,(x) (2 76)
1 h, 2 _l Vi 2 ’ C
P (i e ()
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9 9
rae h=h,—(h,+—x); h,=h,+(h,+—x) — pasuuna B BeICOTe TOUKH (M) M3MEpeHHsA
u U

KOHLEHTPAUMU MO OTHOLICHHWIO K JBYM HCTOYHHMKAM, X;, V; — KOOPAMHATHI TOUKH
m3Mepenns (M) 1o OTHOIMIEHHIO K HCTOYHUKY; ((7;) — MHTEHCHBHOCTH MOCTYIICHAS ra3a
M3 HCTOYHMKA; 7, — BBICOTA TOUKH M3MEPEHHs KOHIEHTPAIMHA; 7, — BEICOTA HCTOYHHUKA,

3, — YCJIOBHAsI BEPTUKAJIbHAs COCTABMSIOIIAS CKOPOCTH BETPA.

Ipu BEIBO/IE YpaBHEHHS (2.76) aBTOPHI NPE/ITONATAH, YTO Ta3 BBIACISETCS ABYMS
CHMMETPHYHBIMM [0 OTHOIIEHHIO K YPOBHIO TpyHTa HWCTOYHMKamMu. BeeneHue
BEPTHKAJIBHONH COCTABJIAIOLICH CKOPOCTH BETPA MO3BONSET, MO MHEHHIO aBTOPOB [72]
COIIacoBAaTh PE3YJbTaThl PACUCTOB IO YPABHEHHMIO C JKCIEPHMECHTAILHBIMU JaHHBIMHU,
moinyueHHEIME B Docc Crop Mepe (®panmus) [75]. PexomeHgyemblii HHTEpBa
U3MEHEHH BEPTHKaNbHO# ckopoctr oT 0,1 10 0,3 M/c.

2.2.2.3.2.2. Mooenu nooobusi

Mogenn BTOpOH KaTeropuy, OCHOBAaHHBIC Ha TPHHLMMAX TOJBOAA BO3AyXa K
00671aKy M3BECTHOH KOH(HMTYpauuy, MPeCTaBISIOT PACCEHMBAHHE B BHJIE COBOKYIHOCTH
HECKOJIBKMX MPOLECCOB. TPABHTALMOHHOE pACIPOCTPAHEHHWE TSDKEIOrO rasa, ero
amBeKIus M TypOYICHTHOE IEPEeMENINBAHNE, KOHBEKTHBHBIA TEMIOOOMEH M TEIUIOBEIE
a¢dextsl B 061ake. K 31oit kareropnu otHOCsSTCs MOaenu ['epmeneca — {peiika [76], Ban
VYapena [77], Tlukuerra [78], Ditnceuka [79], Kokca — Kaprentepa [80], Puns [81],
®nocmana u Hukonema [82], Oomca [83] u ap.

B cooTBeTCTBMM ¢ IPHHLHIAMH TMOABOJA BO3AyXa HM3MCHECHWE KOHIICHTPALNH
o67aKa B CTaAuy TPABUTANMOHHOTO PACIPOCTPAHEHHs POUCXOANT B PE3yJbTaTe 3aXBara
BO37yxa OOIaKOM, pAacTEKAIOIMMCS TO[ OCHCTBHEM CHIIBI TsDKECTH. IIOCKONBKY B
GONBIIMHCTBE IEPEINCIIEHHBIX MOJIENIEH PACIPOCTPAHSIONIEECs 00NAKO MPEANOIaracTcs
MPOCTPAHCTBEHHO OJHOPOHBIM, TO €r0 pa3daBlieHNe MOKET OBbITh MPEACTABIEHO B 00IIel
(hopMe CIeayrOMuM YpaBHEHHEM

V,=W,4 +ud, (2.77)
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rae V, — oObeM Bo3ayxa, 3aXBaYEHHOrO OOJIAKOM B €IMHHIYY BPEMEHH, 4, — TUIOIIALb
BEpXHell OBEPXHOCTH O0JaKa; 4, — miomans GPOHTAIbHOI HOBEpXHOCTH obnaka; W, —

BEPTHKAIBHAA CKOPOCTh MOABOJA BO3AyXa, Y, — TOPH3OHTAibHas CKOPOCTH MOJBOIA
BO3IYyXA.

Mopenu 3TOl KaTreropuu OTIHMYAIOTCS IPYT OT APYra mo CYMIECTBY Pa3IMyYHBIM
PacyeToM CKOPOCTEH BEPTUKATHHOrO H TOPU3OHTAIBHOTO TOBO/IA BO3IyXA.

B MonensxX, YUMTHIBAIONMX TOPH3OHTANBHBIA MOMBOX BO3/yXa, €T0 CKOPOCThH

onpeaciAaCTCsS YpaBHCHUAMHA

u, = 25, 2,78)
nin
u, =% (2.782)
'9R (r=0)

BepruxaneHEI MOABOA BO3AyXa B CIOH CTpaTUdUIMpPOBAHHOTO MO INIOTHOCTH
TSDKEJIOTO Ta3a OMpPEeNeNAeTCs XapakTepHO# TypOyICHTHOH CKOPOCTBIO (CKOPOCTH TPEHHS
u, M CTAOMWIM3UPYOMKM 3 HEKTOM rpaaueHTa IIOTHOCTH B CABUIOBOM TEYECHHH (UHCIIO
Puvapncona — Ri)

W, = flus, Ri). (2.79)

B COOTBETCTBHHM C KITACCHUECKOM Teopuell IOTrpaHWYHOTO CJI0S B MOAEISX 3TOM
KaTerOpHM  IPEAINONAracTcs, 4dYT0 TMpH OTCYICTBHM  CTpaTH(UKANWMM  CKOPOCTb
BEPTUKAIBHOTO TIOBO/IA BO3yXA JOJDKHA OBITH MPOIOPLHOHATEHA CKOPOCTH TPEHUS

W,=c-u, (Ri=0). (2.80)

Jiist cTpaTH(UIIMPOBAHHOTO TCYSHHSI CKOPOCTh BEPTHUKANTBHOTO MOABOJA 00paTHO

NpONOPLUUOHANEHA YHCITy Prdapacona
W,=cyus/Ri. 81)

Vpapuennss (2.80) u (2.81) chmpaBemTuBBH Ui NOTPAaHUYHBIX  CJOEB,
NPUMBIKAONHX K 3¢MHOIf MOBEPXHOCTH, TA€ MEPEHOC MMITYIIECA HANPABICH K TBEPIOH
rpaane. HekoTopsie Mozens o61aka TSDKENOTo ra3a MpenonaraloT, YTo BEPTHKAIbHbIN
HO/IBOJ BO3AyXa MPOMOPUHOHANICH CKOPOCTH IPABUTALIIOHHOTO PACTEKAHHS

W,=c, (2.82)
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The c,, c,, C; — HEKOTOPBIC KOHCTAHTEL

Monens 'epmeneca u Jlpeiika. ['epmenec u J[peiik IpeanoXmwin paccMaTprBaTh

IPOLECC PACCEMBaHMsl TOKEIBIX XONOJAHEIX Ta30B B BUAE IOCIEIOBATEBLHOCTH
CIEOYIOMMX CTAJWit: CTAAMS IIOJHOTO MCTIAPEHHs 3aJaHHOTO 00beMa COKIDKEHHOTO Tasa,
CTamyWs TpPaBUTALMOHHOTO PACIIPOCTPAHCHUS XOJOMHBIX «TSDKEIBIX» IapoB, CTaaus
MACCHUBHOIO PACCEUBAHUSA HEHTPAIBHON CMECH.

Ortnuune Apyrux Monene# mogodus or moaenu ['epmeneca u J{peitka 3akiarouaercst
B OCHOBHOM B WHTCPIPETAUMH MEXaHM3Ma IOABOJA BO3AyXa IIPU IPABUTALUOHHOM
pacTeKaHuu 00JIaKa, a TAKKe B BHIOOPE KPUTEPUS IIEPEXOAA OT CTAAUH IPABUTALMOHHOTO
PaclpoCTpaHeHUs. K CTajuud [ACCUBHOIO PACCCUBAHMS «IIPUMECH», Haxojsuicics B
COCTOSIHMHM HEHTpPATBHOM ITaByYeCTH MO OTHOIICHHIO K aTMochepe.

Mogens Kokca u Kapnenrepa. Mognens co3faHa A ONUCaHMs IpoLecca

paccenBanus napoB CIII" OT MCTOYHHKA MTHOBEHHO#M MOIHOCTH ( IJIMH/PHYECKOT0) HITH
WCTOYHHMKA TIOCTOSIHHOTO JECHCTBHS (BEPTHKAJIBLHOW MPAMOYTOJIbHOW KoH(urypaunm). B
CTaJuM TPABUTALMOHHOIO PAacHpPOCTPAHEHMS HPEAIOIAracTcsi OAHOPOJHOE IO COCTaBY
obmakxo. [lepexon OT CTaiuy IPaBUTALIMOHHOTO PAacMpOCTPaHEHHs K CTAANM MacCUBHOTO
paccerBaHUs OCYLIECTBIAETCS B MOMEHT, KOTJA CKOPOCTh TYPOYJICHTHOTO IBIXCHUS
CTaHOBHUTCS OONBIIIE CKOPOCTH TPABUTALMOHHOTO pacTekaHus. Mogenb YUUTHIBaeT
TeIIonepeady OT MOACTUIIAONIEH TOBEPXHOCTH, a Takke (ha30BBIe NMPEBPAILCHHS Blark
B Bo3ayxe. EE& oTnuuMTenpHOl uepToil sABIAETCA PAcCMOTPEHHE TEPMOIAMHAMHUKHI
mpolecca TPUMECHUTENBHO K IOBYX(Da3HBIM cMecsaM. Monenb TpeqHasHA4YeHa Ui
OIICaHUs [IPOLIEcCca PACCCUBAHNA HaJl POBHOM MECTHOCTEIO.

Monens Ban-Ynnena (HunepnaHackuii MHCTHTYT MeTeopojiorud). OnHomepHas

Mojienlb BaH-YigeHa mnpeamoiiaraeT B CTAAWH TPABUTALIOHHOTO PaclpOCTPaHEHHS
U3MEHEHUE TOJBKO paauyca obnaka. [Ipu 5ToM yBenndeHue oO6beMa oGaKa mpOUCXOaUT
3a CyeT MOABOJA BO3AyXa uepe3 (POHTANBHYIO MOBEPXHOCTh oOnaka. Temnonepeqaya ot
TOJICTHJIAOLICH MOBEPXHOCTH W TEIIOBHIC 3((EeKTh, CBA3aHHBIC C KOHJICHCAUWEH H
3aMep3aHHeM BiIard B BO3AyXE, B MOJENH HE YYATHIBAIOTCA. Monens Ban-YineHa

HpeAHa3HaYeHa Juisl ONMMCAaHWs mponecca paccenBanus mnapoB CIII' wag poBHO#N
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MOBEPXHOCTBEO ~ OT  MCTOYHWKA  MIHOBEHHOM  MOIIHOCTH  (LMJIMHAPUYCCKOM
KOH(pHTyparyn ).

Mogzens DENZ (AtoMHasg >Heprus BemmkoOpuranun), asTopel Opaitep, Kaiizep.

B crajuu rpaBHTAIMOHHOTO PacPOCTPaHEHHs pa30aBiIeHHe 00TaKa IPOUCXOUT 33 CUET
TOABOJIA BO3AYXA TOJIbKO YepPE3 BEPXHIOO IMOBEPXHOCTh, (YPOHTANBHEIN MOJBOM BO3AyXA
orcyrcereyeT. CKOpOCTh TIOABOAA sBTIseTCS (QDYHKIHEH aTMOc(hepHoi TypOyIEeHTHOCTH U
uyncna Pudapacona. Ilpeamonaraercst OAHOPOJHOE IO cocTaBy obmako. B momenwn
YVYUTBIBACTCA TEMJIONEpeaaUya OT TNOJCTHJIANOIIEH TIOBEPXHOCTH H HE YYHUTHIBAeTCA
JIONIOJIHUTENbHBIA HAarpeB o0Jlaka 3a cYeT KOHJCHCAWN M 3aMep3aHus Blard B oOjake.
Tlepexo/ K MOJIENH TTACCHBHOTO PacCEUBAHMsI, HEHTPATLHOM 110 OTHOMIEHHIO K atMochepe
CMCCH, TIPOMUCXOOAUT TOrAa, Korga pasHoCTb ILUIOTHOCTEH OOjaka u BO31yXa CTAHOBHTCS
MEHBINE OIpeNeNeHHOM BEMUYNHBL AJBTCPHATUBHBIM KPUTEPHEM MEPEX0Na SBISETCS
YCJIOBHE, KOTIA PAJUATbHOE pacludpeHue o0llaka 3a CYET TPABHTALMH HE TPCBBIAET
pacrpocTpaHeHre obyaka 3a cyeT TYpOYyJECHTHOrO JIBHXKEHHS B atMocdepe, a CKOpoCTh
MOABOJA BO3AyXa Yepe3 BEPXHIOK MOBEPXHOCTh 00Naka THKEIOTO ra3a CTaHOBHTCS
Oonblie ckopocTd TypOyJIEHTHOrO ABMKCHHMS. Monenb npeaHa3HauyeHa IS OMUCAHWS
JUCTIEPCHU HAJ POBHOM IOACTHIIAIOIIEH MOBEPXHOCTHIO. TN MCTOYHHWKA — MTHOBEHHBIH,
IUTHHIPAIECKOH (POPMEL.

Mogens TTukmerra (Chemical Debence Est.. Porton, HSEcontract). Monens
IukeeTTa Tarke CO3JaHa MU OIKCAHMUS [pOLlecca DPACCEUBAHUS OT MIHOBEHHOIO
WCTOYHWKA (LMITHHApUYecKoi (opmbl), HO B ommuue oT Moaenu DENZ yuuTeBaeT
IOABOJ BO3/yxa HE TONBKO 4EPEe3 BEPXHIOI IIOBEPXHOCTh o0naka, HO M dUepe3
¢porTatEHy0. CKOpOCTH MOABOZA BO3/yXa Uepe3 BEPXHIOK ITOBEPXHOCTH OONaKa
aBjsieTcs (QyHKIMe# armocdepHOM TypOyieHTHOCTH M umcna Puuapracona. CkopocTs
3axBara BO3AyXa (pOHTAIBHOM TIOBEpXHOCTRIO OO0Jaka 3aBUCHUT OT CKOPOCTH
TPaBUTAIIMOHHOTO pacTekaHus. IIpenmonaraercs, 9To B 00JIaKe OTCYTCTBYIOT IPAJIEHTHI
IJIOTHOCTH, KOHLIEHTPALMH, TEMIIEPaTypsl. MOZIENb YUMTHIBACT TEMIONPHTOK K 00NaKy B
pe3yibTare (pa3oBBIX MPEBPAILECHHUH BlIard B Bo3OyXe. TemnooOMEH C IMOJCTHIIAOIICH

MOBCPXHOCTBIO OTCYTCTBYCT. Hepexo;[ K MOJCIIH Faycca JUIA aCCHBHOI'O pacCCUBaHUA

66



OCYIIECTBIIAETCS TPU PACTIPOCTPAHEHHUH TYPOYJICHTHBIX BHXPEH O MOBEPXHOCTH 3EMIIH
unu yucie Puyapacona paBubm 1.

Mojyiens JI. ®esa (MaccauyceTcKuii TEXHOJOIHUYECKU HHCTHTYT). B Monemn des

paccMarpuBaeTcsl ypaBHEHME MPABUTALMOHHOIO PACNpPOCTPAHEHHUS, aHAIOTUYHOE MOJCTH
Ban-Yanena nu Kokca—Kaprienrepa. [Togsoa Bo3ayxa kK 00aKy OCYILECTBIISETCS YEpe3
BEPXHIOI0 U (DPOHTAIBHYIO MOBEPXHOCTh 00iaka. CKOpOCTh MOABOAA YEPE3 BEPXHIOKO
HOBEPXHOCTh OIpEJeIIeTcs aTMOC(epHoil TypOyNeHTHOCTBEIO M HE 3aBHCUT OT 4HCIA
Puyapncona. Ilpu Gonee MO3MHUX CTAAMSAX PAacCeWBaHUS (PPOHTATBHOE NEPEMEIIHBAHUE
He YyuuThIBaeTcs. [IpeamonaraeTcs OTCYTCTBHE TEIUIOOOMEHAa € IIOACTHIAIOMIEH
MOBEPXHOCThI0. Monenb Y9IMUTHIBACT BBIICICHAE JSHEPIHH TIPH 3aMEpP3aHWH WU
KOHIEHCAIMM BIard B Bo3ayxe. [lepexon K CTaiuM [IACCUBHOIO paccEeUBaHUA
HEUTPATBHOM PUMECH OTCYTCTBYET. MOJeNb He B COCTOSIHUM OMUCATh AWHAMHKY pOCTa
obnaka. THIT HICTOYHMKA — MTHOBEHHOM MOIIHOCTH (LIAJTMHIPHYCCKHIA).

Mogens ®nocmana u Hukonema (I'epmanns. Barrens). Mogens dnocmaHa u

Huxozmema ONMUCHIBAECT IIPOLIECC PAcCEMBaHUS OOJIAKOB XONOAHBIX, TSDKENBIX Ta3oB OT
UCTOYHMKOB MTHOBEHHOH MOIMHOCTH (UMIMHIPUYECKUX) WM WCTOYHUKOB MOCTOSHHOM
NPOM3BOAUTENBHOCTH (BEPTUKANBHBIX HPSMOYronbHOH KoHGurypammu). B ormmmume or
ApYIux, MOJENb IPUIHA A IPEICKAa3aHUsl PacCEUBAHMS a3PO30JIbHBIX mpumeccii. B
COOTBETCTBMH C TNPUHLMIIAMH MEXaHU3Ma IIOJBOAA BO3AyXa MPEANOJAraercs, 4Yro
CKOPOCTb IIOJIBOJIA 4EPE3 BEPXHIOI IOBEPXHOCTh OONaka sABIseTcd (yHKUMEH
arMocepHoii TypOyIeHTHOCTH 1 Yncna Pudapsicona, a ckopocTh (JpOHTATBHOTO 3aXBaTa
BO3/yXa 3aBUCUT OT CKOPOCTH I'PaBUTALIIOHHOIO pacipocTpanenus. [Ipeanonaraercs, 4to
paclpeAcicHue KOHIIEHTPalMKi NoOAYUHAETCS HopMabHOMY 3akoHy (T"aycca). Tlepexon ot
CTauM TPaBUTALMOHHOTO PACMPOCTPAHEHHS K CTAAWH PACCEMBAHHs HEUTPAIbHOH IO
OTHOLICHUIO K armocepe NpUMeCH MpOTeKaeT HEMpephiBHO W IaBHO. Moaenb
VUUTHIBACT TEIMJIOOTHAYY OT MOJCTHIIAIOMEH MOBCPXHOCTH W JOTIONHUTENbHBIA Harpes
obnaka 3a cuer (a3oBBIX NMpeBpameHuil Bjarm B BO3Ayxe. Monenb He TPUTORHA I
ONUCAHUA PACCEMBAHUA NPU MabIX CKOPOCTAX BeTpa (MeHblue 1m/c). IIpeamosaraercs

POBHas1 MOACTUIIAKOIIAS TTOBECPXHOCTD.
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Monens Diinceuka (HopBeXXCKHiT MHCTHTYT IO BO3AYIIHBIM HMCCIIEIOBaHHAM). B

MOmeaM DHICBHKA pPAcCMATPUBACTCA PACCEHBAHHE MPOCTPAHCTBEHHO-OJHOPOIHOIO
obaka TDKEJIOTo, XOJNOAHOro Ta3a. 11o/Boj| BO3MyXa OCYIIECTRISIETCS Yepe3 BEPXHIO 1
(POHTAIBHYIO MOBEPXHOCTH. B craguu rpaBHTAMOHHOIO PACIPOCTPAHEHHs OOJIAKO
HArpeBaeTCs 32 CUET TeIUIOOOMEHA ¢ TOJICTIIIAIOIIEH MOBEPXHOCTHIO M 32 CUET 3aXBaTa
BO3Iyxa. MICTIONB3yeMEIf B MOEITH MEXaHW3M TTOIBOJIA BO3AyXa 0OCCIIeanBacT TUTABHBIH
1 HENPEPBIBHELY IIEPEX0.I K CTa/IWH ITACCABHOTO PACCCHBAHMS.

Mogens HEGADAS (ShellResearch). Mojenb onuchIBaeT MPOLECC pacCEHBAHUS

XOJIOJHOTO, TSDKENOr0 ra3a OT HCTOYHMKOB MIHOBCHHOH MOIIHOCTH, HCTOYHUKOB C
MIOCTOSIHHOH MHTEHCUBHOCTBIO 00Pa30BaHMs MPUMECH, A TAIOKE HCTOUYHHUKOB MEPEMEHHOM
MIPOM3BOIUTENBHOCTH. B OT/IMUME OT paHee pacCMOTPEHHBIX MOJENEH (32 UCKIIHOUCHHEM
mogemmn  @nocmana u Hwukozema) npennonaraercs, 4Yro oOpasoBaBlleecss U
pacmpocTpasstonieecss 007mako HeoaHopoaHo. [lpuammatotes [ayccoBel mpodmnu
KOHIIEHTPAIUH B pacTeKaromeMcs 001aKe TSHKENOoro rasa. Jucrnepeus B BEPTHKAIBHOM U
TOPM30OHTAJIEHOM  HATPaBIEHUSIX ompenensercs arMmochepHoil  TypOyJIEeHTHOCTBIO.
BeprukanbHoe pacceuBaHue sBASETCS Takke (yHKIMEH uucia Puvapcona. Monenb
obecreunBaeT MIABHBI W HEMPEPBIBHBIN MEPeXo] K CTaUW MACCHBHOTO PAacCEHBaHMS.
[TpexmonaraeTcs OTCYTCTBHE TEIIOOOMEHA C MOACTMJIAIOIIEH MOBEPXHOCTHbIO. Moenb
VUUTHIBAET TEIUIOBBIE 3(G(EKTHI, CBA3AaHHBIC TOJIBKO € KOHJACHCALUEH U 3aMep3aHuEM
BJIaTW M3 3aXBAYCHHOTO 00JIAKOM BO3/AyXa.

BonbIIMHCTBO YKA3aHHBIX MOJENEH MPEACTABIIIOT IPOLECC PACCEHBAHUS
XOJIOAHOI'0 TKCIOI0 rasa B BHUAC IIOCICAOBATCIIBHOCTH OTACIBbHBIX cmzmﬁ. B
JEHCTBUTENBHOCTH YETKOTO PA3JCiCHUs MEXIy CTaiusIMU HE CYLIECTBYET, BCE OHU
MPOTEKAIOT MapawiensHo. CrleayeT TakKe OTMETHTh, YTO MOJAENM 3TOM KaTerophu
pa3paboTaHEl B OCHOBHOM JUIsi MCTOYHMKOB MTHOBEHHOIO BBEIOpOCAa raza WM JUIL
WUCTOYHMKOB  IIOCTOSHHOM  NMPOW3BOAWTENBHOCTH.  PeanbHble XK€  HCTOUYHUKH
XapaKTepU3YIOTCA KOHEUHBIM BPEMEHEM JAEHCTBUS M CYIIECTBEHHO IIEPEMEHHOM

HMHTEHCUBHOCTHIO 00pa3zoBanus mapos CIII.
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Henocrarku  TOMyaHATATHHECKHX  MOjeself, IOCTPOSHHBIX Ha YCJIOBHOM
pasIeNeHAH TPOIECCa PACCEHBAHMS HA OTACIbHBIC CTaJUH, II03BOJIIOT YCTPAHUTD TOJIBKO
moaenu K-teopuu.

2.2.2.3.2.3. Mooenu K-meopuu

Psnom uccnenoBarensckux opranuzanmit CIIIA u I'epmanun — JluBepMopcKoit
nmaboparopueit wM. JlopeHca, wuHcTHUTyTamu barng, Kapmana, MaccauyceTckum
TEXHOJIOTUYECKUM HMHCTUTYTOM, Kommanusmu CAW, Jleiiron Pa u ap. paspaGoTaHbl
YUCIICHHBIE MOJENH, OCHOBAaHHBIE HAa COBMECTHOM pellcHUH Iu(depeHIHaTBHBIX
VPaBHEHMI B 4YacTHBIX IIPOM3BOJHBIX, BBIPDKAIOLUIUX 3aKOHBI COXPAHEHUS MAacChl,
sHeprum, ummynasca. Oromomenn SIGMET [84], ZEPHYR [85], MARIAH [86], FEMZ
[88], TRANSLOC [89], DISCO [90], MINT [87], TDC [91] mop. Obume ypaBHEHUS
TypOYJIEHTHOTO [OBIDKCHHS W PACCEHBAaHMS OOJMAKOB TSDKENBIX XOJOIHBIX Ta30B,
yCTaHaBIMBAIOINE 3aKOHOMECPHOCTH U3MCHCHMA BO BPCMCHU IJIOTHOCTH, KOHIICHTPAIUH,
CKOPOCTH U SHTAJIBINK, UMEIOT CIEIYIOMIN B

3aKoH COXpaHEHHs MacChl

dp__you 05 o,
dr o&x & o
, (2.83)
__[i Iul+£ 1191+£ IM}I]
X aypl P
3aKOH COXPAHECHHS UMITYJbCA
du o o o
_ 9 P A
P s [ wu+ayw +aZWW] o
pz—g=7[—p3’u’+—p.9’19'+§p.9’w’]—% , (2.84)
-9 O ey P
dT*[ pwu+7ypw:9 3/qu] Pt
3aKOH COXpaHCHUA SHEPIrUn
dH 0 dp
aH_ 0 '+ ¥ +—pHW]+-—
P [ pHu aypH %" ]dr' (2.85)

Ipn BHIBOZIC YpaBHEHMH HE YUHTHIBAINCH XHMHYECKUE PEAKLMH, MOJNEKYIspHAs

G }y3us; KOPHOIUCOBEIMHA CHJIAMH M (ITYKTYaMsSIMHU JaBJICHHS [TPEHEOPEraioch.
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UneHsl THNA Veu's', Vpyu', VeHu' B ypaBHeHHAX (2.83-2.85), ompenensomie
TypOyJICHTHOE TIEPEMEITUBAHNE, MO/DKHBI OBITH CBA3aHBL CO CPEAHMMH 3HAUCHUSIMU
KOHILICHTPAIWH, CKOPOCTH W SHTANBINH. OTO TaK Ha3blBaeMoe TpeOOBaHWE 3aMBIKAHMS
TypOyIEHTHOCTH. AJIBTEPHATHBOH MOXKET SBIIITBCA YCTAHOBJICHUE 3SMIMPUYECKOTO
COOTHOLIEHUS s TYpOyJNeHTHOTO MEpPEeMEINBaHUsA WIM MpEANooKeHne 00
aBTOMOJCTBHOM XapaKkTepe PEICHNs 3THX YPAaBHEHU.

B mozemsix K-teopum pomyckaercst aHanorus PeiiHonbaca Mexay IepeHOCAMU
HUMIyIbca, MAaccel W 3HEPTMH, TaKk uTo W30eraeTcss HE3aBHCHMOE OIIPEJCIICHIE
k03 dureHToB  TYpOyJNEHTHONH TeMIEpaTyponpoBoAHocTH M AUGIY3uH  BHXPAL.
MCHOJ’lb3yeTCSI MOJCJIb 3aMBbIKaHH IIEPBOIo NMOPAAKaA UIA BBI3BAHHOTO Typ6yJ'[CHTHOCTBIO
NEPEHOCA MACChl, UMITYJIbCa U SHEPTUH, COITIACHO KOTOPOIi CYLLECTBYET CIEAYIOIIAs CBA3b

MCKAY KOMIIOHCHTAMHA Typ6yJ'[eHTHOl"O TI0TOKa BCIICCTBA U TPAAUCHTOM KOHIICHTPAINHA

p;(’u’:—pr%, (2.86)

rae  Koa(dumueHt muponopuuoHansHocTH K,  ecth  koapdumuent TypOyneHTHOH
JuG(y3un (TOpU3OHTANBHEL).

B coorsetcTRuu ¢ K-Teopueii Bece koadduimenTsr muddy3un (Macck, AMITYITbCa,
SHEPIHH ) IPAHAMAIOTCS PABHBIMH JIPYT JAPYTY.

B momemn SIGMET pnst BepTHKanbHON KOMITOHEHTHI MMITYJIBCA HCHOJB3YETCH
THAPOCTATHYECKOe NpUOMIDKEeHHe (MpeHeOperaeTcss BepPTHKAIBHBIM YCKOPEHHEM) H

BMECTO KOOPAWHATEI Z BBOAUTCA KOOpAXHATA

o=L-lr (2.87)
Ps—Pr
Toe p, — JaBl€HHE B BepxHel yactu obOnaka, pg — JaBJICHHE HAa MHOICTHJIAIOLIEH

TIOBEPXHOCTH.
B naHHOM MOAENM AUt PElICHUs yPABHEHUH BBOJATCS AN APYTHUX MOMYIICHUN U
TIOJIOKEHUHA.
Mogenma ZEPHYR u MARIAH sBIsIOTCS PasHOBUAHOCTAMM 4MCIEHHON MOJIETH
SIGMET. 3tH MOzmenn OCHOBAHBI HA PELICHHM TOW K€ CHCTEMbI JU(P(EepPeHIMATBHBIX

YPaBHEHHI COXpAHEHWS MAacCCHI, SHEPrdM, MMIYJbCA, HO HCIONL3YIOT [js STOH LENH
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pasiMunble YucneHHble MeToasl. Monens ZEPHYR ocHOBaHa Ha mprMeHEHWH SBHOM
Pa3sHOCTHOH CXEMBI B COYETaHHHM C YHMCICHHBIM METOAOM dYacTul B sueciike. MARIAH
WCIIOJIB3yET HESBHYI0 PA3HOCTHYIO CXEMY, YTO IO3BOJSIET YMEHBIIMTH CTOUMOCTH
pacueroB Ha OBM 3a cueT yMeHbIIeHHs BpeMeHH cueta. JlaGoparopueii mmenn Jloperca
pazpabotanbl Monemu MINT [87] u FEM3 [88], oCHOBaHHEIC HA YUCICHHOM PEIICHHH
TPEXMEPHBIX YPABHEHNI IBHKECHHS IJ1s CXKUMAcMOH cpefibl. Pa3paboTaHbl Takke MOJACIH
Juis HeckuMaeMoil cpensl [87]. g pacueToB mpoliecca pacceMBaHus TSDKEbIX Ta30B MO
MHEHHIO [87] MOryT OBITB HCIIONB30BAHBI MOJETH UL HeC)KHMaeMoM cpenbl. Takue
IporpaMMsl 00Jjiceé SKOHOMHYHBL B CMBICJIE MAIIMHHOTO BpeMeHu. OFHAKO YHCIICHHEBIE
MOJENH A CKAMAEMO Cpelbl MO3BOJISIOT MPU HEOOXOAMMOCTH PEIIaTh COBMECTHO C
JBIDKEHHEM oOJlaka BOIPOCH €ro ropeHms. B pabore [87] ykasbiBaeTcs, UTO pelicHHE
poOIeMBl B IBYXMEPHOM BHJIE CYIIECTBEHHO CKa3bIBACTCS HA TOUHOCTH (MAKCUMAJIBHEIE
PacCTOSAHHUSA PACIPOCTPAHEHUS II0XKAPOOTIACHOTO 00IaKa 3HAUUTENbHO YBEINUYHBAIOTCS ).

Ha ocHOBaHMM aHa/H3a CYINECTBYIOINMX MOJENCH paccelBaHUS NpUMECH B
aTMocdepe MOXKHO CAENATh CIEAYIONIAE BEIBOIBI.

1. Mojenu IacCHBHOTO paccenBaHMSI NMPHUMECH, HaXoAsmieiics B atMochepe B
COCTOSHMM HEUTPAIBHOW IIaBy4eCTH, HETIPUIOAHBI AJsl pacueTa pacCEeMBaHHS TMapoB
CKIDKEHHOTO IIPHPOJHOIO ra3a, TAaK KAK HE YYUTBIBAIOT TPABHTALMOHHBIE >(PQEKTHI,
CBSI3AHHBIE C PAaclpOCTPaHEHUEM Ooyiee TKEIOTo, YeM BO3AYX, rasa. MCKIodeHueM
sBiseTcs Mozenb XamOepra, bacceta m MoHTeTa, KOTOpas MOXeT OBITH HCIIONB30BAHA
Il O4YEeHb MPUOJIDKEHHBIX OLCHOK MAaKCUMAIBHOTO PACCTOSHHS PACIPOCTPAHCHHS
MOXaPOOIACHOTO 00J1aKa.

2. Mogemn mono0wmsi, OCHOBAaHHBIE HAa MPHMHLMIAX IOABOAA BO3AyXa depes
MOBEPXHOCTh pa3fieNla TMIOTHOrO obmaka ¥ aTMocepbl, HMMEKT OrpaHHYCHHOE
OPUMEHEHHE [UIS ONUCAHUS [pOLlecca pACCEMBAHUS. 3HAUMTENBHOE PACXOXKICHHE
MOJENEHEIX NPEACKA3aHUI 10 CPaBHEHHIO C JKCIIEPUMEHTANbHBIMU AAHHBIMH (BOJH3H
MCTOUHHNKA) OOBICHSIETCS TPEMIIOJIOKEHHEM 00 aBTOMOAEIBHOM XapaKTepe PEIleH s is
KOHLCHTPALMHK, CKOPOCTH M TEMIEPATYphl paclpocTpaHsiomerocs obnaka. Moaemn

HOJABOZA BO3AyXa MOTYT OBITb HCIONB30BAHBI IS MPOTHO3MPOBAHHUS PACIPENCICHMS
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KOHIICHTPALIMM HA PacCTOSHUSX, 3HAUMTENFHO YIAJIEHHBIX OT HCTOYHHWKA B CiIydae
BeIOpOca B aTMOchepy HEOOTBIIIX 0OBEMOB Ta3a.

3. Mogemn K-teopum Hambonee NONHO YUATHIBAIOT pPEAIbHBIC —YCIOBHS
paccerBaHMs, TaK Kak OCHOBAHBI HA PEHNICHWH TPEXMEPHBIX YPABHCHWI COXpaHECHUS
MAacCHl, MMITYJIbCa W JHEPTHU. IIpOrHO3 mpouecca paccemBaHus mo mozaeisMm K-teopun
XOPOLIO COTIACYeTCsl ¢ IKCIEPUMEHTANFHBIMA JAQHHBIMH JUIS BCEX JKCIIEPUMEHTAIBHO

WCCIIEIOBAHHBIX 00BEMOB BEIOpOCA.

2.2.3 T'openne npoIMTOMH KHAKOCTH

2.2.3.1. Cropocme 6vicopanus sHCcuoKocmeri

I'operue IpoNMBOB XKUAKOCTENR HOCHUT CJIOXKHBIN XapakTep. KuakocTs HenapsaeTcst
B pe3ylbTare IEPEHOCAa TeIUla OT IUIAMEHH, IIOBEPXHOCTH IIPOJIMBA, H 3aTeEM,
[EPEMEIIUBAACH ¢ BO3YXOM, CTOPAET.

B.JL bmuuoB u I'H. Xyzmsxos [27] u3y4aau CKOPOCTb BBITOpaHHS Pa3IMYHBIX
JKUAKOCTEH B 3aBHCHMOCTH OT JUaMeTpa CBOOOAHOH HOBEPXHOCTH SKMAKOCTH. OHH
HOKa3ald, YTO IOPH HEPEXOAE OT JIAMUHAPHOIO PEKHMA FOpeHHs K TypOyJIeHTHOMY
CKOPOCTb BHITOPAHUS CHAYAJIa YMEHBINACTCS, 4 3aTEM BO3PACTacT H CTaOWIM3UPYETCS IpH
AMaMeTpax cocyga mnpumepHo Oompmie 1 M. Jis OOBIYHBIX SKHAKOCTEH CKOPOCTB
BHIFOPAHKs, B OCHOBHOM, OIIPEAEIIETCS TEIUIONEPEHOCOM OT IUIAMEHH K >KMJKOCTH 32
CYUCT W3Ny4YCHNS M KOHBEKIHK. B jmana3one anamerpo 1,2-3 M B pabote [28] mokazaHo,
4T0 11 OEH3MHOBOrO IIaMeHu 60% 3HEPIUH K MOBEPXHOCTH MEPEHOCUTCS H3IyUCHUEM U
40% KOHBEKIWEH, JUIs TUIAMEHH TeKcaHa 3TH Iudpel cootBeTrcTBeHHO 70 M 30%. Ilpn
TOPCHUH CXKIDKEHHBIX [a30B, IPOIUTHIX HA MOBEPXHOCTH BOIBL, 3€MJIHM, OETOHA CKOPOCTh
BBITOPaHHs B HaYaJIbHbIi MOMEHT IOCJE MPOJMBA B 3HAYMTEIBHON Mepe ONpeAcnseTcs
HOTOKOM TEILIA OT 3TOH OBEPXHOCTH.

Tonmy9nTs YHUBEPCATEHYIO (GOPMYIY WIS CKOPOCTH BBITOPAHHS JKUIKOCTEH CO
cBOOOMHBIX HOBEPXHOCTEH MOKa HE yAaeTca. Pa3sHble aBTOPHI MBITAIOTCS CBI3aTh CKOPOCTh
BBITOpaHHs C Pa3MYHbIMH (haKTOpaM, HANpPUMEpP, TEPMOAMHAMUYECKUMH MapaMeTpaMu
(TemnoTa WcHmapeHms, TEIUIOTa HArPEBaHWs, TEIUIOTA CrOpPaHUAd H T. A.), XUMHYECKOH

CTPYKTYpo#i TOTmBa (KONMYECTBO aTOMOB yriepola W T. [1.), Ta30MHAMHYECKHMH
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napamerpamu (akena (uucna Ar, Gr, Re u T. 1.). B kakoii-To Mepe Wi onpeaeneHHbIX
KJIaCCOB >KHIIKOCTEH TP M3MEPEHUX Ha OJHON YCTaHOBKE 3TO yJACTCs, OMHAKO 0C000T0
Mporpecca B ITOM AEATENBLHOCTH HET, IOCKOIBKY CKOPOCTH BBLIFOPAaHHS OAHOM U TOM e
JKUIKOCTH Y Pa3HBIX aBTOPOB MOTYT OTJIMYATHCSA B HECKOJIBKO pa3 BCIEACTBHE BITHSHUS
CKOPOCTH BETpa, BHICOTHI OOPTHKOB pe3epByapoB M T. A. [34]. IIpu 3TOM 3HaAuCHUSA
CKOpOCTEl BBITOpPaHMs Pa3HBIX SKUAKOCTEH HE CIHUIIKOM CHJIBHO OTJIMYAOTCA (Kak
mpaswio, B mnpexenax or 3 go 10 mM/MuH). 310 0OYCIOBICHO TEM, 4YTO
TEPMOIMHAMAYECKIE TApPAMETPbl OOBIYHBIX TOPIOUHX SKUIKOCTEH HE UMEIOT OONBIIHX
pa3OpocoB, TeMmeparypa IiaMeHH HaXOMTCs, Kak mpaBmio, B npeaenax 1000 — 1400 °C,
pasMepbl IUIaMEHH, B OCHOBHOM, ONpEAENAIOTC IUaMeTpoM pasimmtus. Creayer
3aMETHTb, YTO HA MPOLIECC IOPEHHUA, B TOM YHCIE M HA CKOPOCTb BBITOpPaHHS
3HAYMTENBHOE BIMSHHE OKAa3bIBACT MpOLECC caxeoOpa3oBaHMs, KOTOPHI caM mo cebe
IUIOXO M3YY€H B HACTOSALLEE BPEMSL.

TeM He MeHee, POBECHHBIC PA3IUYHBIMU aBTOPAMH WCCIICTOBAHUS TTO3BOJIAIOT
OLICHUBAThH C HﬁKOTOpOﬁ TOYHOCTBIO CKOPOCTH BBITOPAHUA PA3THIHBIX )KPII[KOCTCﬁ.

HauGonee W3BECTHO BBIPWKCHUE NI CKOPOCTH BBITOPAHUS, MCIOJIb3YEMOE B

paborax tuma [29-33]:

=k (2.88)
+

vap neat

rae AH,, — TemnoTa cropanus;, AH,, — temnora mapoobpasosanms; AH,,., — Temnora,

P
HeoOX0/MMas I HArPEBAHWS TOPIOYEro OT MCXOJHOM TEMICPATYPHI IO TEMIIEPATYpPHI
KATICHUS, & — 3MIUpHYecKas KOHCTaHTa (MM/MuH). B [32] 3T0 BEIpaXkeHHE UCIIONB3YyETCs
B BUJIC

AHcomb

m=12510p—"—mM""— |
A, +C (T, -T))

(2.89)

rie L — IUIOTHOCTh UJIKOCTH IIPH HaualbHOM Temmeparype 1o, C, — TEmIOEMKOCTh

SKHIKOCTH.
OHO cHpaBeIIMBO UL TOPEHHUS MKUAKOCTEH W3 pe3epByapa ILIOLIAnb0 OoJbiie

1 M%, CKOPOCTH BETpa MeHee 3 M/C ¥ TOIIMHEI CJIOSI XKHAKOCTH Gonee 1 M. B 910l e
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pabote [32] nmpuBeacHb OOMIMpPHBIE TAOMMIBI A CKOPOCTH BHITOPAHHS Pa3IMYHBIX
SKUAKOCTEH.

CKOpOCTb BBITOPAaHUSL MOXET U3MEHATHCA NpPH U3MEHEHUM (GOPMBI OTKPHITOM
MIOBEPXHOCTH, IOCKOJIbKY IPH 3TOM H3MEHSETCsl TEIUIOBOH NOTOK, MOMaaroIii OT
IUIAMEHU K SKHAKOCTH. B uwacTHOCTH, B 3KcnepuMeHTax ¢ ropeueM CIII' B BBITAHYTHIX
pe3epByapax ¢ COOTHOIICHMEM CTOPOH OT 5 10 30 MaccoBas CKOPOCTb BBITOpPAaHMS
m3mensnace ot 0,098 1o 0,043 kr/m’c [35], omHako B 3THUX SKCHEPUMEHTAX HEKOTOPOE
BJIMSIHHE OKA3BIBAJI TAKXKE BETEP, YTO HE MO3BOJIMIIO MOJYYMTh KAaKUX-THO0 SMIMPUYECKUX
KOPPEIAIuii.

B pabore [36] mpenmaraetcs METOJHMKA OLEHKHA CKOPOCTH BBITOpaHHS MpH
OOIBIINX AMAMETPax Pe3cpByapoB Ha OCHOBAHHM JAHHBIX, MOJYYEHHBIX HA MAJICHBKAX
ropenkax. IlpeanokeHa ciokHas ¢opMyida B BHAEC CTENCHHONW (YHKIMH MHOTHX
[1apaMeTpoB, KOTOPas MCMONIb30BANIACH IS MPOrHO3a CKOPOCTH BBHITOPAHHUS IO Pa3MepoB
pazmuTus 2,6 M. OHAKO MPAKTHYECKOE HCMOIb30BAHUE TAKUX CIIOMHBIX O0OOIICHMI
BECbMa OrpaHUYEHO.

ITpu mponuBe W 3arOpaHMM CXKMKECHHBIX YITIEBOJAOPOAHBIX Ia30B, B HAYAJbHBIH
MOMEHT CKOPOCTh BBITOPaHHS MOXKET 3HAUMTENBHO IIPEBBULATL CPEAHIOK CKOPOCTH
BBEITOpPaHNs BCICACTBUE [OABOJA TEIJa OT NOACTUIAIONIECH MOBEPXHOCTU MpojuBa. Tak,
HanpuMep, ckopocTh mcmaperns CIIT B HauambHbI MOMEHT mpumepHo 0,2 Kr/M’c, a
YCTAHOBHBIIAACSA CKOPOCTh Bhropanus 0,08—0,13 kr/m’c. OHAKO KCIEPHMEHTAIBHBIX
WCCIIEIOBAHUM MUHAMUKY W3MEHEHHMS CKOPOCTH BBIFOPAHHMS TAaKHMX MKUAKOCTEH He
IIPOBOJUIIOCE.

2.2.3.2. Pazmepul naamvenu npoiuea

OCHOBHBIE HJEH, UCHOJB3YEMBIC IIPH AHAIM3E JAHHBIX [0 pa3MepaM ILIAMCHH
n3noxeHsl B [38]. Ilapamerpamu, BIMASIOIIAMHA Ha BBICOTY IUIAMEHH, SBILAECTCS TUAMETP
pa3nuTus, CKOPOCTh BEITOPAHMS, TEMIIEpaTypa MPOLYKTOB CTOPaHUsA, ONpPEAEIIOLIas
BENTMYUHY TIOJBEMHO} CUITBI M, COOTBETCTBEHHO, CKOPOCTH JIBIDKEHHS rOPAYEro rasa u ap.
OOBIYHO [UTS OTIPEIENICHUS BBICOTHI TUIAMEHW HAJ Topsineil cBOOOAHONM MOBEPXHOCTHIO

JKUJIKOCTH UCTIONB3yeTes ¢popmyna I1. Tomaca [34, 39]:
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H .
f =42 m ]0,51

D pfeD

rae /, — BbICOTA MIIAMEHH, M; [D — JMAMETD «IY>KH», M; 71 — CKOPOCTh BBITOPaHMs,

(2.89)

>

KI/M’C; £ — IUIOTHOCTH OKDYXKAIOWIErO BO3JYyXa, KI/M’; g — YCKOPEHHE CBOGOIHOTO
naneHus, M/c.

Ora QopMyna JOCTaTOYHO XOPOWIO AMMPOKCHMHPYET SKCIIEPUMEHTAIBHBIC
JIAHHBIC [UI TENTaHa W APYTHX JKUIKOCTEHW m0 muamerpa pasmmrtas 20 m [34, 47]. Ouna
CTpaBeIMBa, B OCHOBHOM, [UIA TEX CIIYYaeB, KOTIAa UCIIAPEHUE KUAKOCTHA MPOMUCXOANT 3a
CUeT TEIUIONOJBOJAA OT IUIAMEHU. B ciydae 3HAUMTENBHOIO TEMJIOBOIO IOTOKA K
SKHIKOCTH CO CTOPOHBI MOBEPXHOCTH, HA KOTOPYIO OCYIIECTBIAETCS IPOJMB, BBICOTA
IUJIAMEHH OIPEAECNACTCA, B OCHOBHOM, TONBKO PacXOJOM >KHAKOCTH, a HE AMAMETPOM
pazymTHs. 31O ObIBa€T NMPH TOPEHHH NPOJMBOB CXWKEHHBIX Ta3oB. Hampumep, mid
JUTMHBI IIJIAMEHY BOAOPOJIA YaCTO UCTIOIB3YETCS MMPOCTOE BhIpaxkeHue [41]:

L=20-M%, (2.90)
rae L — QnvHa IIaMeHH, M, M — Pacxo.I XUIKOTO BOJOPOAA, KI/c.

Ioxoxee BBIp@KEHHE MpemIokeHO B padortax [42,43] mid pasHBIX TOIUIMB, B

OCHOBHOM, CXKIDKEHHBIX Ta30B: nponaH, Oytas, CIII', Bogopox —

L=0230"-1,02D, (2.91)

rae Q — UHTEHCUBHOCTH TeIUTOBbLACTEHUA, KBT, L — [ivHa miaMeHu, M.

Jns 3HaueHuii /D menpiie 1 miaMs pa3peiBacTCs Ha P OTASTbHBIX IJ1aMEH, YTO
ObIBaeT npu Oonpmux Maciutabax mokapa 1 > 100 m [38]. B peanbHbIx mudpax oObIYHO
BBICOTA TUIAMEHHM i AuameTpoB oT 3 mo 20 M cocrapmser 1-3 auamerpa TOpsIIEro
pasmuTHa. UTo Kacaercs MPONMBOB yUIMHEHHOW (JOPMBI, TO TAKUX JAHHBIX IO BBICOTE
IJIaMEHU HAlTU He YIAnoch, OJHAKO, TO-BHAMMOMY, OMpPEACNAIOIM OyIeT SBIATHCS
MUHHMAJIBHBIA pa3Mep TaKoro pasiiuTus — IMIUPHUHA.

Cnenyer OTMETHTH, YTO B PEATBHBIX YCIOBHAX BHICOTA IIAMEHHM KOneGneTcs B
Mpolecce TOpeHUs, U3MEHSACh BMECTE ¢ M3MEHECHUSAMH CKOPOCTH BBITOPAHWA, a TaKXKe

BMECTE C IBIDKCHHEM KOHBEKTHMBHBIX BHUXpEH B IUlaMeHU. MepLaHue BepxHEH dYacTh
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IJIAMEHU B PE3YIBTATC KOHBEKTUBHBIX Z[BI/I)KCHI/Iﬁ COCTaBIACT IIPUMEPHO 50% OT BBICOTHI
mwiamenu [35].

2.2.3.3. Tennosoe uziryyenue

TemnoBoe U3MyueHUe MIaMEHU 3aBHCUT OT MHOIUX (DaKTOpPOB — IMAMETPA 30HBI
TOPCHUs, TEMIEPATypel M TONINMHBL IUIAMEHH, KOHLEHTPALMM CAXKH, Pa3IH4HBIX
XUMUYCCKAX KOMIMOHCHTOB MPOAYKTOB CropaHus, TCOMETPHYCCKOIO PAaCIIOJIOXKCHUSA
NPUEMHUKA U UCTOYHUKA M3IYyYECHUS U T. 1L

JUts He3agpIMICHHBIX IDTAMEH O KHAKOCTEH (COMpPTE, BOJOpOA H T. 1.)
U3JIy4aTenbHas CHOCOOHOCTb, B OCHOBHOM, OIpENEISETCS CBETMMOCTBIO NPOAYKTOB
CTOpaHus: TapoB BOABI, IBYOKHCH yriepoaa. [Ipy 3ToM npu cpenHel Temneparype B 30HE
miamenn  1200°C Pe3yJIbTUPYIOIIAs OTHOCHTENBHAS M3NydaTelibHas CIIOCOOHOCTh €
npumepHo pasHa 0,07 [38].

B OCHOBHOM jKk€ OOJIBLIMHCTBO >KUAKOCTEH TOPAT 3aJBIMJICHHBIM IJITAMEHEM.
Mexanusm TOPCHHUSA W U3JTYUCHHSA O6paByTOIJ_II/IXCS[ MHUKPOCKOMUYCCKUX YTJIICBOOOPOAHBIX
YacTUL, BECbMa CJOXKEH, CIEKTP M3JIyYeHUs HENpepbiBeH. JIid CBETAIMXCA IIAMEH
auaMeTpom Gonee 1 M, 0Opasyrommxcs IpH T'OPEHUU YIIIEBOJOPOJIOB, OTHOCHTEIBHYIO
M3JTy9aTebHYI0 CMOCOOHOCTh OOBIYHO MPUHUMAIOT PABHOM €IOMHUIE, M H3JIyuYcHHE
paccMarpuBaeTcsl Kak M3ly4eHue abCONIOTHO YEPHOro Tena. JIs IMPakTHYECKUX OLEHOK
BCJIIMYUHBI JTYYUCTOTO TTOTOKA CYIICCTBYIOT l'IpPI6JTH>KCHHHe MCTOOWKH, CIIpABCIJIMBLIC B
Pa3NUYHOI Mepe ISl Pa3HbIX PACCTOSIHUIN R, OT IJIAMEHH IOPAILICTO Pa3IUTHS AUAMETPOM
D. BBIIEISIOT TPH XapaKTEPHBIE 30HB OTHOCUTENBHBIX PACCTOSIHIN R/ ¢ TOUKH 3peHUs
BO3/ICHCTBHS TEIUIOBOro M3iydeHus Ha oObekThl. IlepBas — 30Ha (0 < R/D < 1) sBnsercs
HEMOCPENCTBEHHOM 30HOM IDTaAMEHHM, TJi¢ MAaKCUMyM HM3JIydeHHs HaOMIoJaeTcs B LEHTPE
MIaMEHN Ha HEKOTOPOH BBEICOTE OT 3€pKaja TropAled >KuakocTd. MakcumanpHas
BENMYKMHA TIOTOKA M3IYYCHUS B 3TOM CIy4ae ONMpPEIEIeTCA, B OCHOBHOM, XMMHYECKUM
COCTaBOM TOPSILEH KUIKOCTH M IHAMETPOM pasnutHa. Bo BTOpOM, HAa3BEIBAEMOHN TaKKe
«OmmkHei» 3ome (1 < R/D < 5) BenuuuHA M3YYEHHUS! B K&KI0H TOUKE B 3HAYMTEIHHON
MEPE OMPEACIIICTCA TCOMETPUICCKAMH pasMepaMu IJIAMCHH M MECTOM PacCHOJIOKCHUS
npreMHAKa u3nyueHus. Tperbs (R/D > 5) XapakTepU3yeTcsl KaK «JabHsis 30HA», TAE
MOTOK M3JTy4EeHHs ONpeaenseTcs oOmel MOLHOCTBIO BEIACIAEMOM [IPU NOXKAape SHEPTUN U
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KBaJpaTOM pAacCTOSHUS 10 HEro. PaccMOTpUM HEKOTOPbIE Ppe3yJbTaThl H3MEpeHuit
TEMJIOBBIX TOTOKOB B PA3JIMYHBIX 30HAX.

TTOCKOBKY TOTOK M3]yYeHHs B IUIAMEHM MPOTOPIHMOHANEH 7", To M xapaktep
3aBHCUMOCTH M3yYEHNs Ha OBEPXHOCTH TJTAMEHH OT BEICOTHI HaJl PA3IUTHEM MOXOK Ha
AHATOMMYHYIO 3aBUCHMOCTE TEMIIEPATyphl IlaMeHK OT BBICOTHL. Ha puc. 2.11 npuBenenst
OKCTIEPUMEHTANLHBIE JAHHBIE, TIOJYYEHHBIE ¢ TIOMOIIBI0 Y3KOYTONBHOIO paguoMeTpa Mpu
FOPEHHH TenTaHa ¢ IUTOMAMM pasMepoM 2,7x2,7 M [46]. TIpu 3TOM MaKCHMAnbHOE
M3JTYIEHNE TUIAMEHH ((max) HAOMIOAATOCE IPUMEPHO Ha BeIcOTe 0,750 u coctarnsio 220
kB1/M?. M3MepeHns MaKCHMATBHOTO H3IyUeHHs IUIAMEHH HPH BBITODAHMH PA3NHTHS
20x20 M’ moKazaTH cnepyronme 3Hauenus: CIIT — 219 kBr/mM2, CHT — 48 KBT/MZ,
kepocuH — 35 kBr/m® [47]. B TO ke Bpems, /Ul 3HAUMTENHHO MEHBIIMX PA3MEPOB
pasmutasg (D = 1,8 M) w1 CHI MONY9eHO Gpax = 80 KBr/M%. Bombioe pacxoXxIeHNe
HaOI0AeTCs TAKOKE B TAHHBIX [0 TeMIeparypaMm minamend. Tak, Asi kepocuHa B padoTe
[49] monyueno 990 °C, B [34] — 1380 °C. Yka3zaHHas BBIIIC TCHACHIMS CHWKEHHS
JIY4MCTOrO MOTOKA C POCTOM pa3Mepa TOPSIIEro pa3iuTHs TOMJIMBA OTMEYACTCs B psae
padot [34, 51] u cBiA3aHa, MO-BUAWMOMY, C HETOJHOTOW CrOpaHHs W TIOBBIIICHHBIM
cakeoOpasoBaHueM B IUIaMeHHM. BMecte ¢ TeM, moapoOHBIE CHCTEMaTH3MPOBAHHBIE
JIAHHEIE 110 U3TYYCHUIO IUIAMEH PA3IATHH OOIBLINX Pa3MEPOB Ul Pa3IMYHBIX XKUJKOCTEH

J0 HACTOSAICTO BPEMEHU OTCYTCTBYIOT.
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Pucynok 2.11 — OxcniepiMeHTaNbHbIE JAHHBIE, MOy YEeHHbIE C MOMOIIBIO Y3KOYTONBHOTO PaiHOMETpa
MIPU FOPEHUU TelTaHa C IIOIAnU pasMepoM 2,7x2,7 M

Ilo umeromuMcs B IUTEPAType SKCHEPUMEHTAIBHBIM JaHHEIM MaKCHMAJIBHOE
H3/TyUeHNE IIAMEHH GOMBIIIX IPOMBOB 3aKIOUCHO B mpeaenax ot 30 1o 300 kBr/m?.

JIsl OLEHOK M3IydyeHHs Ha 3allfiaeMble OOBEKTH OOBIYHO WMCHONB3YIOTCS
HEKOTOphIe cpeanue 3HadeHus. Hanpumep, ana CIII B [45, 50] pexomenayetcs Opars B
pacueTax moTok u3nyuenns 100 kBt/m?, ans nedri, kepocuH, Gersuna — 60—80 kBT/M%.

B OmmkHER 30HE OT IUIAMEHU TOPSILETO PA3AUTHS JKHIKOCTH Ha WHTEHCHBHOCTH
Jy4MCTOrO0 IIOTOKA B 3HAUYMTENLHOM Mepe OKAa3bIBAIOT BIAMsHME pa3Mepel w (opma
TJIAMEHH, & TaKKe PacCTOsHKE N0 30HHI ropenust. HanOornee pacnpocTpaHeHHas METOINKA
OICHKH M3Iy4YeHHUs B 3TOH 30HE — 3TO HPEJCTaBICHHUE MOBEPXHOCTH TUIAMEHH B BHIE
Kakoi-1u00 reoMeTpuieckoi (Urypsl, HampuMep, WHApa [51], npamoyromshuka [38],

Y KOTOPBIX MHTCHCUBHOCTH HM3IIyYCHHS ONPEACIHCTCA MO 3aKOHY HU3JIyYCHUA a0COTIOTHO
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YCPHOTO TENa, UMEIOLIEr0 TEMIIEPATYPY COOTBETCTBYIOINETO IUIAMEHH. TOT/Ia MOUTHOCTD
Jy4HCTOr0 NOTOKA MOJKHO BBIPA3UTh B Buze [S1]:

q = veoT", (2.92)
rae € = 1, o — mocrosHHasn Credana-BonbiMana, 7" — TemmepaTypa IIaMEHH, TTPUMEPHO
1000-1400°C [34], y — ko>dduienT PopMbi.

JUns nunuHapa Benu4YrHa  onpenenseTcs BepakeHneM [51,52]:

1 m m_A-2n An-1) 1 n—1
W =—arclg ———+— arcig | ——— ——arcg,|—} . (2.93)
m Jni-1 7 'nl4B B(n+1) n n+l

3neck m = 2H/D; n=2R/D; A= (1 + n)* + m*; B= (1 — n)*+ m*; H — BeicoTa nwHApa; D

— IMAMETP UWIUHAPA; R, — pacCTOSHUE OT IIEHTPA 0 TOYKH H3MEPEHUS.

IIpemtoxkeHHas MOJENb NAET YAOBIECTBOPHTENBHOE COTJIACHE C IKCIEPHMEHTOM
TOJILKO JUIA pa3MepoB MponusoB 10 10 M. [Ipu Oonbmx pa3Mepax ropsimux HpPOJIMBOB
CHIIBHO HCKaKAaeTCs (popMa MIaMEHH M MOXKET Taloke MMETh MECTO SIBJICHHE, TOM00HOEe
HApYLICHUIO CIUIONIHOCTY IUIAMEHH, T.€. SBICHHE «OETaomuX» IO MOBEPXHOCTH
PasIUTHA OTACNIbHBIX IUIaMeH. JUIA MpakTH4ecKHX OLEHOK B palbore [5] mpemnoskeH Ha
OCHOBE SMIIUPUKH KOPPEKTUPYIOLINI MHOYKUTENE K BHIIICOMHCAHHON MOJEIH:

q=vyeoT'D*¥ (2.94)

PG3yJ’H:TaTbI CpaBHCHHUA pPaCUYE€TOB C ATOU l'lOl'lpaBKOf/‘I U OKCIICPUMCHTAJIBHBIX
JTAHHBIX IPUBENEHBI HA pucC. 2.12. TIpu 3TOM BUAHO YAOBIETBOPUTEILHOE MCIOIBL30BAHUE
3TOM MPOCTON MOAENH AIA ClTydas BEITOpaHus Tormea «JP-4» (kepocun). B ciyuae, ecim
BBEITOPAIOLIEE PA3JUTHE UMeET (hOpMY BBEITSHYTOM MOJOCH, TO XOPOILEE COrNIache pacyera
U JKCIIEPUMEHTA JOCTUraeTCs IIPU HCIOIb30BAHUM B KAYECTBE XAPAKTEPHOIO pa3Mepa B
(hopmyJie rugpaBIHUeckoro auamerpa [S1].

Pe3yneTarsl CcpaBHEHUs I TOPAINETO pazmuTust pasmepoMm 23.53x1.81 ™
NPUBCIACHBL HA PHUC. 2.13. HpI/I OTOM MO Pa3HBIM HaNpabJICHUAM OT IUIAMCHU BCJIMYMHA
JIy4MCTOrO IOTOKA MOKET U3MEHATECS IPUMEPHO B 2 pasa.

B nanbHel 30He MHTEHCHMBHOCTB JIYUMCTOTO MOTOKA OLIEHUBAETCS! BBIPDAKEHUEM,
TOJyIEHHBIM 3aMEHOM Io)kapa TOYCYHBIM HCTOYHMKOM M3JIyUCHMs, HAXOIIIMMCS Ha

BBICOTE LIEHTPA 30HHI IuTamenHw [38]:
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JAH A,

q= (2.95)

— .

4= + 7]
2

3nechk f — JOIs SHEPTHH CTOpaHus, KOTOpas WAET Ha H3JIyYeHHUE, 71 - CKOPOCTh

BBITOPpAHUA KUOAKOCTH, KF/MZC; Hf — BBICOTA INTAMCHHU, ro— PacCTOAHUE OT OCH INTAMCHH

0 NPOM3BOJILHOM TOYKK HA IIOBEPXHOCTH 3eMim;, AH, — Temiota cropanus; 4, — miomans

TOPSIIETO PA3IATHUSL.

B Bolpakenun (2.95) paguanioHHasi COCTABIISIOLIAs TEIUIOBOIO MOTOKA ILIAMEHU
3aBUCUAT OT YMCIA aTOMOB yINIEpOAa M BOAOPOLA B MOJIEKYJIE TIOPIOYEro, Juamerpa
pazauTus u T.4. OOBIYHO UIsl PACYETOB M3TyYECHHS TOPSLIUX NPOIUBOB YITIEBOAOPOAHBIX
TOIUTAB AWAMETPOM MeEHee 5 M HCmonb3ylorT 3HaueHus f = 0,3 — 0,5. Ha puc. 2.14
OPECTABICHE! KCICPHMEHTATGHBIC NaHHbIC JULT BEMMYMHBL f OpH pasHBIX AMaMETpax
[34].

Jlonst paauaniy OT MIAMEHH MMPUMEPHO MOCTOSIHHA B Auanasone apamerpos 0,32
M, 3ateM cHmkaetrcsa 10 0,07 nmpu 30 M u 0,04 mpu 50 M. 3TO CBA3aHO C YBEIMUYECHHEM
JIONTM CaXKEBBIX YACTHI[ M HEMOJHOTHl CIOPAHHs C YBEJIMYCHHEM [MAMETpa mpoymea. B
akcrepuMenTax ¢ ropeHmeM CIII [44], BBUIBaEMOro ¢ MOCTOSIHHEIM pacxogoM 10-30
KT/C, T/Ie UaMETP MPOJIUBA MPUMEPHO cocTaBlisul 10-20 M, 101 U3TyYEHHUs COCTABILUIA B
cpeanem 0,12 0T MOTHOW BBIAENAEMOI SHEPTUH, 3 MAKCUMATIBHOE 3HAYECHUE B HEKOTOPBIX
HampaBineHuax coctasisio 0,16. IlpuyeM B OJHUX HANPABICHHUAX OT 30HBI TOPEHUS 3Ta

nons Bospactaia ot 0,10 10 0,15, a B apyrux nagana ¢ 0,14 xo 0,08.
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Pucynok 2.12 — CpaBHeHHE SKCIIEPUMEHTAIbHBIX U PACUETHBIX MIOTOKOB M3JIyYEHHs Ha Pa3HbBIX
PACCTOSIHUSIX
— cyuecTByowast pacuerHas popmyna d = 38 m;
—x— 3KkcnepumMeHT d = 38 M,
--+-- CKOppeKTHpOBaHHas pacueTHas Gopmyina d = 38 u;
-- --skcnepumeHt d = 30 m;
--0-- CKOPPEeKTHPOBAHHEIH pacueT d = 30 M;
—A— sxcriepumenT d = 50 m;
--0O-- CKOPPEKTUPOBAHHBIH pacuer d = 50 M;
d — nuametp pesepByapa
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Pucynox 2.13 — 3aBUCHMOCTB ITOTOKA U3NYYEHHUS OT PACCTOSHUS OT (akea:
pacuer uepes 1uaMeTp Kpyra C IUIOMaAbio, PABHOM IJIOLIAN «JTYKUY,

O

PaccrogrHue oT kpasi TIVXUI,M

pacuer uepes3 «rHAPaBIMYECKUN AUaMeTpy;
3KCHEPUMEHT

30
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HuameTp pesepryapa, M

Pucynok 2.14 — 3aBucHMOCTE paHalMOHHON COCTABIAIONIEH TEMIOBOTO NOTOKA
W3 MIIAMEHH OT JHaMeTpa pe3epByapa:
O — GeHsuH, A — KEPOCHH; ¢ — ChIpas He()Th; ¥ — IENTaH,
+ — rekcaH; X — OGeH3oi;, * — MeTaHon

2.2.3.4. Brusinue gempa Ha hapamempui NAGMEHY 20PAie20 NPorusd

3HaUMTEBHOE BIMSIHME HA TOPEHHE >KMAKOCTEH B OTKPHITOM MHPOCTPAHCTBE
okaspiBacT Berep. IIpy STOM ¢ YBEIMYCHHEM CKOPOCTH BETpa, KAk IIPABHIIO,
YBEMMIUBACTCS CKOPOCTh BEITOPAHUS, IJIaMsl HAKJIOHAETCA K FOPU3OHTY, H3MEHSAIOTCS €T0
pa3sMepsl, KOHPUTYpalus, a TakKe TEIUIOBOE BO3ACHCTBHE M3IydEHHS HA OKPYIKArOLIUE
npeaMeThl. M3ydeHHio 3TOro BOIPOCa MOCBSIIEHO JOCTATOYHO OONBIIOE KOIMYECTBO
IKCIEPUMEHTANBHBIX paboT, OMHAKO MX Pe3YAbTaThl BECbMA NMPOTHBOPEUMBHL Hinie
PacCMOTPEHBI JIMLIb T¢ PabOTHl, B KOTOPHIX IPEUIAralOTCs MPOCTBIC W YAOOHBIC NS

OIICHOK M pacdeToB (opmyiisl. Hambomee yacTo muTHpyeMoit ssisieTcs pabota [S3], roe
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UL OIKCAaHMA 3aBHCHMOCTH CKOPOCTH BBITOPAaHHWS TOIIMBA U3 PE3CPBYapOB OT BETPa
MPEMIOKCHO BRIPAXKCHUC!

Dot @™y, (2.95)
m, m,

0 0

rae M, — ckOpOCTB BBHITOpaHHS NPH CKOPOCTH Berpa w = 0; 711, — MakcHMaJbHas

CKOPOCTh BhIrOpaHust (pu w npumMepro 30 m/c); B = 0,1 c¢/mM 11 OeH3MHA, KePOCHHA,

JU3CIILHOI'O TOILJIMBA.

Ipu auamerpax pesepsyapa 0,3 M OTHOIICHHE ”%1 KoyeOmeTcest il PasHbIX
0

BBINICYKAa3aHHBIX TOIUIUB OT 2 10 3,5, OOHAKO MpW AuaMmeTpe pe3epByapa 1,9 M oTa
BEJIMYMHA paBHA IpuMepHO 1,2, Ilpu manpHEHIIEM yBEIMYEHHU Pa3MEPOB pe3epByapa
BIUSHUE BETPa Ha CKOPOCTH BBHIFOPAaHMS CTAHOBUTCS HE3aMETHBIM. JTO MOATBEPIKIAIOT
Takke dkcnepuMeHTsl ¢ ropenuem CIIT [35]. [Ipu Hanmmuum BeTpa mopsaka w > 1 m/c
MnaMsi HaKJIOHSIETCS, YKOPAuMBAacTCs, 4UYacTh TIUIAMEHH KacaeTcs TOPU3OHTATBHOMN
MOBEPXHOCTH, BEPXHsI 4acTh IIAMEHH CUIIBHO KosebOiercs. OmpesielicHHE YyIila HaKJIoHa
IUIAMEHU, €r0 JUIMHBl B 3TUX YCJIOBHUSAX IPEACTABISAECT 3HAYMTENBHBIE TPYAHOCTH.
CymecTByeT HECKONBKO METOOMK OmpedeneHus dSTux napamerpoB. CoriiacHO
npeacTapnenuto AMepukaHckoi I'azopoit Accommammu (AGA) [40], mmamsa B 3THX
YCIIOBUSIX — ATO HAKJIOHHBIA LMIMHAP, OMUPAIOIIMICA HAa AWAMETP MpOJKBA, KOTOPbIH
IIPOBOJMTCA TaK, YTO BEPXHsA 4YacTb IUIAMEHW HAXOJWUTCA Ha OCH LMIuHApa. B npyrmx
paboTax mNpeuUTaratoTCs anmpoKCHMAlWK B BUAE [MIMHIPA U KOHYCA, HO OIMPAIOILErocs
HA YJUIMHEHHBIM jauamMerp — oOmas /UIMHA KacaHWs IUIAMEHH C TOPHU30HTAIBHOM
MOBEPXHOCThI0. ECTECTBEHHO, ISl OAHMX W TEX JKE SKCHEPUMEHTAIbHBIX JAHHBIX
MOTYYAIOTCS pa3HblE ONMCAHMUS 3aBUCUMOCTEIA.

Haubonee mpocToii 3aBUCHMOCTBIO yIJla HAK/OHA IUIAMEHH OT CKOPOCTH BETpa
aBjsieTes popmyna, npeanoxxennas AGA [40]:
(2.96)

Cos@ =1 mpua  «" <1

>

1
Cos0 = ﬁnpyl u =1,
u
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5 w
gD/ p,
TZIe W — CKOPOCTB BETPA; # — MaccoBas CKOPOCTh BBIFOPAHUS;, g — YCKOPEHHE CBOOOAHOTO

nmajgeHus; [ — auaMeTp IponuBa;, P, — IJIOTHOCTh HACHIIIECHHBIX MApPOB TOILUIUBA IPH

TEMICPATYPES KUTICHHUS.
B paborte [54] maeTcs Gomnee CoKHAsA 3aBUCHMOCTE;

N 2
_tg49 = 3)2(2)01’7(“}_
Cos@ v, gD

5. 2.97)
Hambomee  mpoctoii  ¢opmynofi a1 JUIMHB  TUTAMEHH  SBJIACTCA
moaupumposanHas popmyia Tomaca [55]:

5—5( PO pw w1, (2.98)

pa\/g_D

R 55 .
— =55(: YOpH u~ < 1.
D pNED P

Bce 3t popmyniel, B 0CHOBHOM, moiy4deHsl 1ig ropenus CIIN, CHI', nockonbKy

STH JKUAKOCTH B TOCHETHEE BPEMS HHTCHCHBHO HCCICAYIOTCA C TOYKH 3pEHHS
6e30mmacHOCTH McHonb30BaHud. bonee o6mmx (opMyi, OAHAKO, COPABEAMBBIX B Pa3HBIX
JMana3oHax AMaMeTpoB, ML PA3HEIX XKAAKOCTEH M CKOPOCTEH BETPa B HACTOSALICE BpeMs
HE TIOJTy4EeHO.

PacdeT TennoBoro M3MydeHUs B ONIDKHEH 30HE aHAJIOTMYEH PACYETy, OMHUCAHHOMY
B pazzene 2.2.3.3 TOJBKO MCIONB3YETCS B KA4ECTBE MOJICIIU IUIAMCHU HE BEPTHKAIBHBIMA
IWJIMHAP, @ HAKIOHHBIM mox ymioM 6 u amuHOH R;, KOTOpBIE OOpEAeNAOTCS
BEIpakeHUAMU (2.96), (2.98).

2.2.3.5. HumencugHocms mennogo2o usiyyenust npu nosxcape npoausa no I'OCT P
12.3.047-2012[60]

MHTEHCHBHOCTD TEIUIOBOTO M3IyueHHs ¢, KBT/M’, U151 T0Yapa MpOJTHBA XHKOCTH
BBIYHCIISIETCS 1O (hopMyJie:

q=Es-Fy-z, (2.99)
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rae £y — CpeIHENOBEPXHOCTHAs HHTEHCHBHOCTh TEIIOBOTO M3IIYYEHHS ILIAMEHH,
2 9
kBr/™m"; [ — yrmoso#t koa¢uument obmydeHHocTs; 7 — K03QQUUMEHT IpomycKaHus

aTMoc(epsl.

3HaueHue £y MPUHUMAETCA HA OCHOBE MMEFONIUXCS SKCTICPUMEHTATBHBIX TAHHBIX
um no tabmuue 2.6. IIpu OTCYTCTBHM AaHHBIX WIS HE(TENPOIYKTOB MOIMYCKAeTCS
NPUHUMATh BEJIMMHY [ ; paBHO# 40 KB1/M’.
Tabnuna 2.6 — CpeJHENOBEPXHOCTHAS TUIOTHOCTH TEIUIOBOTO W3JIYYeHHs IUIAMEHH B

3aBUCUMOCTH OT OUAMCTpa o4Yara W YAC/IbHasA MacCcoBasd CKOPOCTbH BBIMOPpaHHWA JUIA

HEKOTOPBIX JKUAKUX YIII€BOAOPOAHBIX TOIIIINB

Tonnuso Ef KT/, ipit d M m, xr/(m*c)
10 20 30 40 50
CIII" (MeTan) 220 180 150 130 120 0,08
CYT (nponan-GyTaH) 80 63 50 43 40 0,1
Ber3un 60 47 35 28 25 0,06
Jlu3enbHOSTOILIHBO 40 32 25 21 18 0,04
Hedts 25 19 15 12 10 0,04

IMpumeuanue — ana auaMetpos ouara MeHee 10 M unu Gonee 50 M crnenyeT npuauMath E¢ Takoi xke, kKak U Jjist
ouaros auametpoM 10 1 50 M COOTBETCTBEHHO

. ~ .
VrioBo# k03 UIEeHT 00TyYeHHOCTH F; OMPEAENseTes mo GpopmyIie:

Fy =R} +Fy* (2.100)

rae Iy, Fg — haxkTopsl 0OIyYEHHOCTH [ BEPTUKABHON M FOPH30HTAIBHON IIIOMAI0K

COOTBECTCTBCHHO, OMPEACIIIEMBIC C TIOMOIIBIO BLIpa)l(CHHﬁI

e L D P O e § R S ](A+1)-(S—1)
Fv;-{;arctg[ '__Sz—lj S{ tg[,fsﬂ] o arctg(V(A_l)_(SH)]H, (2.101)

L _1 B8, (B+D-(S-1)| (4-1/8) A+D-(S-1)
ﬁH_” {\/Bz—l arctg( (Bl)'(S+1)} A -1 arctg[ (A—l)'(S+l)ﬂ’ (2.102)

2 2
A=%, (2.103)
2
B= 1;‘5 , (2.104)
s=2/, (2.105)

86




h=2H/, (2.106)

e 7 — PACCTOSTHHIE OT FE€OMETPHICCKOTO [IEHTPA MPOJKBA 10 00 Iy4aeMoro o0seKTa, M; d
—3(pdeKTUBHbII qUaMETp NpoJKBa, M; A — BBICOTA TTAMEHH, M.

O bexTHBHEL MaMeTp TPONHBA , M, PACCUATHIBAETCS IO (hOPMYJIE:

d= ,«7 (2.107)

rae I — niomanas mpoivBa, M.
Bricota nminameHu /), M, BbiuucisieTes 0o hopMyite:
061
H:4M~{L} , (2.108)
P. yg-d

Tje m — yjelibHas MaccoBas CKOPOCTh BLIFOPAHHS TOTUIMBA, KI/(M’-C); f; — IIOTHOCTH
OKPYIKAIOUIErO BO3AyXa, KI/M’; g — YCKOPEHHE CBOGOIHOTO MANCHHs, NPHHHMAEMOE
paBHBIM 9,81 M/c”.

Koagdunuent nponyckanus arMoceps! 7 1is noxkapa MpoJIMBa ONPEAENIETCs MO

(dopmyae:
r=exp[-7-107(+=0,5d)]. (2.109)
2.2.3.6. Paouayuonnoe menioeoe Gosoelicmaue RnoJCap Npu  PAUYHOT
annpoKcuMayuy opyul niIdMeHu.

Ilpy WHXKEHEPHOM aHAIHM3E PEANTBHYIO AOCTATOYHO CIOXHYI0 (GopMy IIlaMeHH
3aMEHSIOT Pa3IMYHBIMUA T€OMETPUYECKUMH MPUOTIKEHHAIMU B BUAC OOBEMHBIX (KOHYC,
IWUIMHAP) ¥ TUTOCKHX (TIPSMOYTONBHUK, TpeyrojbHuk) (uryp. Hambomee wuacro
HCIIOJIB3YETCS. TEOMETPUUECKOE IPUOIVDKEHNE B BUAE LMTHMHAPA.

J1s cnyyast, Korja niaams paccMaTpUBacTCs B BUIE TIMUTMHAPUIECKOTO M3ITyYaTess
JUIMHOW [ W 3KBHBAJICHTHBIM AWAMETPOM [),,, HAKIOHEHHOTO MOJI ACHCTBHEM BETpa K
TOPU30HTY Ha yroi m/2 — 6 MOXHO MONY4YHTh Ui pacuera YIJIOBOro Kod(pQUIUEHTA
W3JIyYEHHS ( TPH yIiIaX HAKJIOHA K FOPH30HTY 0Oiydaemoii miomanku ¥ =0u y = 7/2

CJICAYIOUINEC BBIPAKCHUS.
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- ___aCosf ) aCos@ 'az +(b+1)* —2b(1+aSind)
Ponra = 74T ing © b 1 b aSing N

) N b1 Cos6 ab—(b*> -1)Sin6
mrg(\/; b+l)+[l+(b2—1)(?0#6]“5{arag[ U ] > (2110)

b* -1)Siné

TR

+arctg|

b+14s Sin@ ab—(b* ~1)Sin6
0, aicrg(—) = = {arctg[
\/1+(b —1)Cos’0 u

arrg[“’z‘%”’gn— S @1

a2+(h+1)2—2(h+l+abSln¢9)mﬂ[ I b—l]
N N Ve

IOpu W, =0, 0 =0 u3(2.110), (2.111) umeem:

1+

- _a.a 240741 arcrg(( b— )
b e bl 2.112)

[l, arclg( arctg (1’ )
+b +1
0, 7arctg( )7 arc rg(( \ ) (2.113)

rac
=a’ +(b+1)* = 2a(b+1)Sind,
M =d’ +(b=1)* -2a(b-1)Sinf,
U= -)"[1+(6* ~1)Cos™01™ |

k=d*+(b+17 5 n=a*+(b-1),
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VYka3aHHbI€ BbIlE€ (POPMYIIBI OCHOBBHIBAJIMCH HA 3aMEHE PEAIbHON MOBEPXHOCTH
rOpeHHs 3KBUBAJIEHTHBIM KpyroM. OaHako ¢gupmoii «ADL» (AHrmms) ObLTH BBITOTHEHBI
uccnenopanud mo ropenuio CIII B yWIMHEHHBIX KOTJoBaHax [92], mMoka3aBIIUE
HEKOTOPBIE OTJIMYHUS OT TOPEHHS B KPYTOBBIX KOTJIOBaHAX. B 4acTHOCTH, OBLIH TOYYEHBI
HECKOJIbKO MEHBIIME 3HAYEHWS WHTEHCUBHOCTH H3JIyYCHHUS, CKOPOCTH BBITOpPAHUSL,
pa3MEpoB TUIAMEHHM M JAPYTMX XapakTepucTHK. [IpudeM paznuuis HAYMHAIUCH TPH
OTHOLIEHWH JJIMH CTOPOH KOTJIOBaHa 4-5.

@dupmoii «ADL» yCTaHOBJICHO, 4TO Ha IjiaMs B YIMHEHHOM KOTJIOBaHE BETEp
(HampaBJICH HOPMAIBHO K JUIMHHOH CTOPOHE) BNMSET 3HAYUTENIBHO CHJIbHEE, YeM Ha
miamsi B KpyroBom KomioBaHe. lIpy 3ToM HaOnrojiaeTcs 3HAYMTENLHOE «PACTEKAHME)
OCHOBAHUS IIJIAMEHU IO BETPY, T. €. YBEJIMUEHUE ero pa3MepoB (cM. puc. 2.15, 2.16), a
TaKOKe ONAJaHUE IUIAMEHU (CHIDKEHME BBICOTHI) W HAPYLIEHHWE €r0 CIUIONIHOCTH, T. €.
00pa3oBaHHE OTACEHBIX 0UarOB TOPECHUS.

[Ipu OTHOLIEHNH AJMHBI KOTJIOBaHA K IMPHHE OONBIIE 4—5 TuiaMs HAYMHACT BECTH
ce0sl Kak JWHEHHbI WCTOYHHUK, VI KOTOPOTO OCHOBHHIMH TApaMeTpaMH CTAHOBSTCS
LIMpUHA KOTJIOoBaHA (A,) U CKOpOCTh Berpa (W) O000mAIOIMM KPUTEPHEM SBIISETCS
MoTuduIMpoBanHoe uncio dpyna Frs = Wy/2(gA,)’”. Beu1o Taoke O0OHAPYKEHO, UTO JJIst
Fr« < 0,1 reoMeTpus TUIAMEHH 3aBHCUT TOJNBKO OT A,. [Ipm Bo3pacranum uucia dpyna
[UTMHA TJIAMEHM YMEHBIIACTCS, a €ro pacTekaHhe Mo BeTpy HAo0OPOT YBETMYHBACTCS.
ITpumeprO nipu Fr«> 0,3 reoMeTpust INIAMEHU CTAHOBUTCSA HE3aBUCUMOM OT OKPY KAIOIINX
YCJIOBUIA.

Anamu3 maHHbIX (upMmbl «ADL» mokasaji, 4To T€OMETpHs INIAMCHU OJIM3Ka K
napayuenenuneny (cMm. puc. 2.15, 2.16). KoadpduuueHt oOnyueHuss mniameHu, a,
CIEIOBATENIBHO, U €ro TEIIOBOE BO3JCHCTBUE HA OKPYXKAIOLUIMEe OOBEKTH OYAET CHIIBHO
3aBUCETH (IIPU MPOUYMX PABHBIX YCIOBUSX) OT CKOPOCTH BeTpa. [Ipd OTHOCHTENIBHO MAJIbIX
CKOPOCTSX BeTpa IUIaMs COXPaHSET BEPTHKAIBHYIO HAIpaBICHHOCTh, a €ro IHpUHA
OrpaHrYeHa IMPUHOKM KaHaBhl. Ero koadduument obnayueHrss MOXKET OBITH paccudTaH
IIPY 3TOM KaK KO3(PUIMEHT JUIsl IUIOCKOH BEPTUKAIBLHON MOBEPXHOCTH (paMepaMu H, H
lo). 14 city4aes oONydeHHs € IMHIYHON IIOMAKA HA OBEPXHOCTH 3eMIM TipH ¥ = 0 u

X = /2 MOHO TIOJTy9uTh (CM. puc. 2.16):
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0, = —{arctg(—) - o — arcig( ! )}s (2.114)

JBA o2 Jrr+0)
@, ﬂ,'Zzi{\/ ZPO arc’g(J ! )‘*’
P, +Q0 Py +()
> (2.115)
! arctg ( 2 )]
J1+0. J1+0.2

rae O, =2ﬁ;Po LY
/ )

IIpn yBenn4eHnn CKOPOCTH BETpa IIaMsl 3HAYUTEIIbHO ONAAacT, OJHAKO HaUMHAET
«pacTekaTecs» 1O HaNpaBleHUIO BeTpa, HpuUOIMKasch TeM caMbiM K 0O0JIydaeMoMy
o0bekTy. Ilo oTHOmEHWIO K OOBEKTY B BHAC CAWHWYHOHN TITOMMAIKH Ha TIOBEPXHOCTH
3EMJIM TJTaMsl MOYKET paccMaTpPUBAaThCs KaK HAKJIOHHAS IJI0CKas TOBEPXHOCTH (pa3MepaMu
H<H,u '), <OpuABHHYBIIASCI» K OOBEKTY.

Jns  chaydas TrOpPU3OHTANbHOM — OPHEHTAIMM  ©IMHWYHON  IUIOIAAKHA 110

HAITPABICHHIO BETPA

0,0 = lare (o) PO ara 1 )+
‘ JB? +0.> +2B0Cosp JB? +0 +2PQCosp @.116)
L aroig (P20 gy ALy,
N1+02sinp J1-0sin*p J1+0.sin*
2
I g = %49 —; 0= xl

Jia  cnydas BEpTUKANBHON OpHEHTAUMM EAMHWYHON IUIOmAAkd (y=7/2)
UHTETPAll B KOHEYHOM BHIE HE PACKPHIBACTCS, OTHAKO MOKET OBITh BBIYHCICH C
WCIIOJIB30BAHAEM DEIICHWS U1 TOPH3OHTANHEHON TUIOIAAKA TYTEM TpeodpasoBaHus
KoOopAuHAT (cM. puc. 2.16).

Ppeniz = 0o (L) =0, (Ly). (2.117)

B ¢opmymne (2.116) 3amensiercst x; 5a & = xtgf; H; — COOTBETCTBEHHO Ha L1 1 L,
ayron S Ha 6.

Jna cmydass, KOTAa €MWHWYHAS IUIOMAJKa OPHEHTHPOBAHA MO HOPMATH K

HAIPaBICHIIO BETpPA.
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P, = L{CosH . arctg(ﬁ) _ nCos0 [arctg(HlSme) +
- Y 4 (2.118)
arctg(Al —HlSm@)]}
A
1 H,Cos6 A, —H Sin6

@ynin = 5{ 1 y [arctg(%) +

arclg(Hlime)] . A, Cos@ [arclg(AISlne) . (2.119)

arerg =00y

TOIE A= \/H12C05>‘2¢9+yl2 B= \/AlzCos26’+yl2 .

Pucynok 2.15 — K pacdeTy TemnoBOro U3iy4eHus OT MIaMEeHI

91



92



JIureparypa k paszaeny 2.2

1. Mapwiamn B. OCHOBHBIE ONAaCHOCTH XHMHYECKHX HPOM3BOACTB. — M.: Mup,
1989. - 671 c.

2. Bapon P.®. Kpuorenssie cuctembl. — M.: JHeproarommsaar, 1989. — 408 c.

3. Bapragtuk H.B. CmpaBounmK 1O TEIIOQH3MYECKAM CBOWCTBAM Tra30B H
sxuakocted. — M.: Hayka, 1972. — 720 c.

4. TlpoBecTH pacyeThl ABAPHHMHBEIX CUTyalMil HA W30TEPMHYECKOM XPaHHITHILE,
Oruer 0 HUP/BHUUIIO; Makeer B.W., Hekpacoe B.I1., ®enotos A.IT. — C.6.1.H003.90,
uHB., M., 1990. — 64 c.

5. Pauerckuii b.C., Cadonor B.C. B3psiBonoskaponacHocTb npu xpaHenun CYI
3a pyoeskoM. — TpaHCHOPT M XpaHeHUE HeGTEHPOAYKTOB M YINIEBOAOPOJHOIO CHIPBS. —
Nel. - 1987. —c.16 - 18.

6. M3yunTh NOXKapOB3PLIBOONACHBIE CBOMCTBA CMECEH JKHAKOrO IPOMaHa H
xmanoHa 13B1 mpu HMCHONB30BaHWMM WX B (M3MYECKMX HccacaoBaHusix: OTder o
HUP/BHUUIIO; BomomesH W.A., Kymako B.I'., ®enoros A.IL — C.6.1.H004.88,
neB1229, M., 1989. —92 c.

7.0tterman B., Analysis of large LNG spills on water. Part 1.Liquid spread and
evaporation //Cryogenics. — 1975. — N.8. — pp.455-460.

8. Briscoe F., Shaw P., Spread fnd Evaporation of liquid /Progress in Energy and
Comb. Sci. — 1980. — Vol.6. — N.2. —pp. 127-140.

9. Phani P.K. Raj, Criterion for classifying accidental liquid spills into
instantaneous and continuous types // Comb.Sci. and Tech. — 1979. — Vol. 19. — pp. 251—
254.

10. Opschoor G. The spreading and evaporation of LNG and burning LNG spills
on water // J. of Hazard. Mater. — 1980. — Ne 3. — pp.249-266.

11. James A. Fay, Unusual fire hazard of LNG Tanker spills // Comb. Sci. and
Tech. — 1973. — Vol.7. — pp. 47-49.

12. Burgess D., Biordi J., Murphy J., Hazards of spillage of LNG into water //
PMSCR Report N4177, Bureau of Mines, US Dept. of Interior. — 1972.

93



13. Raj P., Kalelkar A., Fire hazard presented by a spreading burning pool of
liquefied gas on water // Presented at Comb.Inst. (USA) Western Section meeting. — 1973.

14. TIpoecTu ucciemAOBaHUS YCIIOBHI 0€30MacHOTO MpPOBEACHHSA ONepaluii ¢
KpuoreHHbIMH BemmectBamu: Otuer o HUP/BHUMIIO; Bonomesn U.A., Uyryes A.IL,
®enoroB AIL — C.6.1.H008.87, uns. N1165, M., 1988. — 152 c.

15. dacrosckuii B.T'., Ilerposckuii FO.B., Posunckuii A.E. KprorecHHas TexHuKa.
—M.: Dneprus, 1967. — 416 c.

16. Sciance C.T., Colver C.,P., Sliepcevich C.,V., Pool boiling of methane between
atmospheric pressure and critical pressure // Adv. Cryog. Eng. — 1967. — Vol.12. — pp.395-
409.

17. HccnenoBanue mporecca pacTeKaHusi KPMOTEHHBIX >KHIKOCTEH IpU MPOJMBE
Ha OTKPBITYI0 ToBepxHOCTH . OTuer HITO «Kproreamam»; Konapamkos 10.A., [lleBikos
I'T". —uuB. N 2758. — 1976.

18. Peyrr B.U., Tumodeer H.B., Tlepepommkos B.H. Pacrekanue »xuakocTu Ha
TOpH30HTANBLHOM noBepxHOocTH // MH(].cO. TloxkapHas TEXHHKA W TYIIEHHE TOXKApOB. —
BHMWUIIO —Beim. 11. — 1973. —¢.85 — §9.

19. Greenspan H.P., Young R.J., Flow over a containment dyke // J. of Fluid
Mech. — 1978. — Vol.87. —part 1. — pp.179 — 192.

20. MoaenupoBaHu€ MPOLECCOB 00Pa30BAHUs B3PHIBOIOXKAPOONACHBIX I'a30BBIX
cmeceit: Otuer o HUP/HITO «Kpuoreamamr»y, BHUMIIO; UBanos B.A., Kyapsmios B.A.,
BbaparoB A.-H. — unB. N 2796. — 1977.

21. Komos B.®@., Peyrt B.U., I'puinn B.B. u ap. O HEKOTOPBIX 3aKOHOMEPHOCTSIX
UCNAPEHHUS U TOPEHMS CKIDKEHHBIX TasoB // VH(.c6. [TokapHasd TeXHHKa W TyHICHWE
noxxapoB. — BHUUIIO. — Beim. 10. — 1973,

22. TIpoBelcHHE aHAMTHYECKUX WCCIENOBaHUI 1o mpobieMe Oe30macHoro
ucnons3oBanus CIII B kadectBe AMT W pa3paloTka TEXHWYECKHX MpPEUIOKEHUH Ha
IIOCTAHOBKY PaboT Mo 00ECIEeUEHHIO MOKapOB3PhIBOOE30MACHOCTH KoMIuiekca TY-156;
Oruer 0 HUP/ BHUUIIO; Makees B.U., Hekpacos B.IT., Uyryes A.I1. — C.6.1.H011.90. —
nHB.Ne 1288, — M., 1990. — 90 c.

94



23, Iepsya T., IMurdopxa P., Yunxw Y, Maccomepenada . — M.: Xumusg, 1982. —
696 c.

24. HITb 105-03. OnpegnenieHue Kareropuif MOMeELICHUH, 3MaHUNA MW HAPYIKHBIX
YCTaHOBOK IO B3PBIBOIOXKAPHOM U MO>KAPHOH OMACHOCTH.

25. Kommapo }O.®., bamkupues M.IL, Cseramos WN.T., Cumopyk B.H.
Io>xapHasi Mpo(ITAKTHKA CHCTEM OTOIUICHHS M BeHTUIAMA. — M.: BUTITIIL, 1981.

26. Ucmapenne u pacceMBaHHe aMMHaka IIPH €ro pasimBax U yTeukax / Llpikano
AJL, Crpuwxkepcknit W.H., Bbarmen AJ[: O6zopHas wuHdopmammsa. Cep.
AzoTHasnpomeitieHHOCTh. — M. HUUTOXVM. — 1982.

27. Blinov V.L., Khudiakov G.,N., Certain laws covering diffusive burning of
liquids. Fire Research Abs. & rev.,1.,1958.

28. Yumoto T., Heat transfer from flame to fuel surface in large pool fires.
Combustion and flame, 17, pp. 108-110, 1971.

29. Zabetakis M., Burgess D., Research of the hazards associated with production
and handling of liquif hydrogen /Report of investigations 5707, Bureau of
mines.,U.S.Dept. of Interior — 1961.

30. Bapmkec [.C., Ctpaccep A., I'pammep JDk. Fire Research Abstracts and
Reviews, 1961, 3,N.3, pp. 177-193.

31. Kyuep B.M., Koznos B.A., MepkynoB B.A. PacueTHrie 3HaUeHHS CKOPOCTH
BHITOpPaHHs OPraHHYCCKUX >KUAKOCTeH. [IpoOseMbl ropeHus U TylieHus moxapos. CO.
BHUUIIO, M., 1975, c. 113-114.

32. Kyuep B.M., Mepkynoe B.A. CkopocTh BBHIFOpaHHS OpPraHHYECKHX
JKUAKOCTEH. ABTOMAaTHYECKHE YCTaHOBKM noxaporymenus. CO. tpyzos BHHUMIIO, M.,
1985, ¢. 56-66.

33. Kyuep B.M., Kosznor B.A. DkcnepuMeHTaNbHOE OMpENeNeHHEe CKOPOCTH
BHITOPaHUSA SKHAKOCTEH €O CBOOOMHON TMOBEpXHOCTH. IIpoGneMBbl TOpeHHd U TYLICHUS
moxapos. C6. BHUUIIO, 1975, c. 115-116.

34. Koseki Hiroshi, Combustion properties of large pool fires/ Fire Tech., 1989,
25, N.3, pp. 241 — 255. Ilepesog B «IIpoOGneMbl O€30IacHOCTU NPU YpPE3BbIYAHHBIX
curyauusaxy, 1990, Beim. 2, ¢. 23-34.

95



35. Croce P.A., Mudan K.S., Thermal radiation from LNG trench fires/ Gastech
85, 1985, pp. 158-164.

36. TopmkoB B.H., I'ypesHoBa H.H., Konmakoe A.S. u np. Pacuer ckopoctH
BBITOPaHHs TOIUTHBA B pe3epByape MO DKCHEPUMEHTANIBHBIM JAHHBIM, IOJYYCHHBIM Ha
TOpenkax Majoro juamerpa. [OpIOYeCTh BEHMIECTB U XHMHUECKHE CpPENCTBa
noxaporymenns. C6. BHUUIIO, Beim.4, M.: 1978, ¢. 58-61.

37. CTYIL AHamu3 pHCKA ONACHBIX TIPOM3BOJICTBEHHBIX OOBEKTOB MPOEKTa
«Caxamua-2». COUK, M.: 2004 .

38. pazneiin 1. Beenenue B quHaMuky noxapos. Ctpoiiuzaar, 1990, 424 c.

39. Lee F.P/ Loss prevention in process industries, London, Batterworths, 1980,
1316 p.

40. Moorhouse Dr. J., Scaling criteries for pool fires derived from large scale
experiments, The Inst. Of Chem. Eng., Symp., Series Ne71, 1982, pp. 165-181.

41. Konppamkos 10.A., Kpueenko O.B. MexaHn3M ropeHusi BOJOpPoAa MpPH €ro
MCMIAPEHUM C OTKPBITOM mOBepXHOCTH. [lpouecchl ropeHHs W OpoONeMbl TyLIEHHS
noxapoB. Marepuaiel [T Beecoro3Hol HayuHO-TexHUUECKOH koH(epeniu, BHUUIIO,
1973, c. 68-76.

42. Heskestad G., Luminous heights of turbulent diffusion flames / Fire Safety
Journal, 1983, 5, pp. 103-108.

43. Zukoski E.E., Kubota T., Cetegan B., Entrainment in fire plumes/Fire Safety
Journal, 1981, 3, pp. 107-121.

44. May W.G., Queen W. Mc., Radiation from large liquefied natural gas fires /
Comb. Sci. and Tech., 1973, v.7, pp. 51-56.

45. Raj PPK., Calculations of Thermal Radiation Hazards from LNG Fires/
A.G.A. Transmissions Conference, St. Louis, 1977.

46. Hiroshi Koseki, Taro Yumoto, Burning Haracteristics of Geptane in 2.7 m
Square Dike Fires/Fire Safety Sci. — Proceedings of the second Int.Symp.,1989, pp.231-
250.

47. Mizher G.A., Eyre J.A., Large-Scale LNG and LPG Pool Fires/The assessment
of Major Hazards, The Inst. Of Chem. Eng., Symp. Ser. Ne71, 1982, pp. 147-165.

96



48. Tomoyoki Mizuno, Osami Sugava, Experimental study on gasoline station fire-
evaluation on fire safety / Fire Safety Science — Proceedings of the 2 Int. Symp.,1989,
pp.751-760.

49. Rasbash D.J., Rogovski Z.W., Stark G.W.V_, Properties of fires of liquids Fuel,
1956, 31, pp.94-107.

50. Stephenson S., Coward M.J., Attenuation of Radiant Heat on LNG/LPG
Carriers with Freestanding Water Curtains/Gastech 86, 1986, pp. 157—168.

51. Kuexuca E., Uca H. Tennousnyuenue npu noxkape pesepsyapa ¢ JP-4, nep. ¢
st BITL] M- 26324, 1986.

52. bnox I''b., XKypasnes IO.A., PeokkoB JLH. TemnooOMeH wu3mydeHHEM.
CrnpaBoyHuk, M.: Dnepromsaar, 1991, 432 c.

53. bouro B.M., Xynakos ["H. O BimsiHUM BeTpa Ha CKOPOCTb BBITOpaHUS U
pacrpelelieHAe TeMOEparypel B He(TENpOAyKTaX, Cropalllinx B pe3epByapax.
OtuetTOHUHAHCCCP, 195710 22 ¢.

54. Welker J.R., Slepcovich G.M., 1966, Fire Technology, 2, p. 127.

55. Thomas P.H., Fire Research Note, N.600, Fire Research Station,
Borelamwood, England, 1965.

56. PaueBckuit 5.C. OxpaHa OKpy»KaroIel cpesl TpH TPAHCIIOPTE M XPAHCHUH
JKHJIKAX YIIeBOI0ponoB. Temarnueckmii 0630p. Cepus: OxpaHa OKpy>Karomeil cpensl. M.
1980, 60 c.

57. Bssymo EB. Jlpimmmn JLA. TpaHcnopT u XpaHehuwe HEPTH H
HedrenpoaykroB. M.: BHUMOBHI', 1979, Nel, 53 c.

58. IIpoBecTy nccneoBaHns U Pa3paboTaTh METOABI U CPEICTBA TIOXKAPOTYIIICHHS,
B3PbIBONPEAYIPEXACHUS, a Takke 00ecrneueHus: O€30MacHOCTH JIMYHOTO COCTaBa H
MOKAPHOM TEXHMKH IpPH MPOIMBAX TOIUIMB, B TOM 4KMCIE KpHOTEHHBIX. OT4Uer o
HUWP/BHUMIIO; Bonoawsa U.A., Hekpacos B.I1., Makees B.1. — M., 1994, — 279 ¢.

59. Hcnapenne HedTr ¢ OTKPHITOH MOBEPXHOCTH B MOABIDKHYIO cpeny. KityOaHb
B.C., Ps6os H.I1., TlonHoMapeB A.A. T105kapoB3pbiB0O€30MACHOCTD, 1999, No3.

60. TOCT P 12.3.047-98 «IloxapHast 6€30MaCHOCTb TEXHONOTHYECKHX TPOIIECCOB.
OOwmue TpeboBanusa. MeTOIBI KOHTPOJIS.

97



61. M.E. bepmann. CospeMmeHHBIE npoOneMbl armocepHoit muddysum u
sarpssHenus atmocdepst. — JL.: I'mapomereonsaar, 1975.

62. ME. bepnann, EJI. I'ennxosud. AtrmocepHas auddysus u CTpykKTypa
BO3JYLIHOIO MOTOKA HaJ HEOJHOPOAHON MOACTUNAIONICH MOBEPXHOCTHIO. CO6. JTOKIAmIoB
Ha MEKIYHAPOJHOM CUMIIO3WYME B I. JleHuHrpane, 1968.

63. A.C. Monun. Ilonysmnupudeckas Teopus TypOyneHTHo# mupdysuu, AH
CCCP, Tpyas! reo(pU3nMUecKOro HHCTUTYTA, ¢0. «CTaTAdeckne METONBl B METEOPOJIOTHIY,
M.: —1956.

64. A.C. Mouun. O mauddy3un ¢ konewno# ckopoctero. M3sectus AH CCCP,
reotusmyeckas cepus Ne3, 1955.

65. IJI. Hopmamos. O muddy3uu no HANPAaBIEHMIO BETPA H HEKOTOPHIX
acnMnroTHdecknx Qopmynax auddysum B mpusemHOM croe atmMocdepst. Mzsectust AH
CCCP, ¢uzuka atmocdepsl 1 okeaHa, ToM 3, Ne§, 1967.

66. A.C. Monun. TypOynertHas muddy3us B TPA3EMHOM CIIOE BO3AyXa MpH
yeroifunBoif crparudukanum, c6. Atmocthepnas middysus u 3arpssHenue Bozayxa, M.:
Wn. aut. 1962.

67. 1. Orypa. Onucanue auddy3un OT HEIPEPEIBHOTO HCTOYHNKA PH KOHETHOM
BpeMeHH HabmoneHus, ¢0. AtMochepHas muddy3us u 3arps3HeHHe Bo3myxa, M.: UH.
qut. 1962.

68. H.JL. bei3oBa. PaccenBanue mpumeceii B norpaHuyHoM ciioe atMocdepsr — JI.:
1974.

69. A.C. Monnn, AM. Srnom. Cratucruueckas rugpomuHamuka — M.: Hayka,
1965.

70. Roberts O.F.T. Proc. Roy.Soc., London, 1923.

71. O.T". Certon. Mukpometeopoiorus — JI.: Tuapomereonsaar, 1958.

72. P.O. Ilapkep, x K. Crara. PaccenBaHie MapoB KPHOTCHHBIX JKHIKOCTEH B
atMoctepe — CO. YcopepueHcTBoBaHHe Texuomoruu CIIT — marepraisl 1 MexayHap.
koH}. mo CI1I, eein. 5, BHUMOI A3npom.

73. Grifford F.A. Use of routine meteorological odurvations for estimating
atmospheric dispersion — Nuclear safety, v.2, Ned, 1961.

98



74. Porquill F. Atmospheric diffusion, van Nostrand, New York, 1953.

75. Humber—Basset R., Montet A. — Dispersion dan’s L atmosphere d’un
nuagegazeuxforme per epondage de GNL sur le soil — Proc. Third Inter. Comber on LNG,
1972, September.

76. Germeler AE. Drake E.M. Gravity spreading and atmospheric dispersion of
LNG vapor clouds, Proc. Of the Forth Int. symposium on transport of hazardous cargaesdy
sea and inland waterways, Jacksonville, Florida, 1975.

77. Van Ulden A.P. On the spreading of a peavey gas released near the ground,
First. Int. Loss symposium, the Mogue, Netherlands, 1974.

78. Picknett R.G. Field experiments on the behavior of dense clouds, Porton
Downs, UK, September, 1078.

79. Eidsvik K.J. A model for heavy gas dispersion in the atmosphere, Atmospheric
environment, 14, 1980.

80. Cox R.A., Corpenter R.J. Further development of a dense vapor cloud
dispersion model for hazard analysis in S. Hartwig Hevoy gas andrisk asses. Holland,
1979.

81. TeRiele P.H.M. Atmospheric dispersion of gaus emitted at or near ground
level, Second Int. Symp on Loss Prevention and safety promotation in the process,
industries, Germany, 1977.

82. Flothman D. and Nikodem. A heavy gas dispersion model with continuous
transition from gravity Spreading to tracer diffusion, in Hartwig, Heavy gas and risk asses.
Holland, 1980.

83. Ooms G. A.R.Mahieu and Zeelis. Plume path of hearvygaus, First loss
prevention Symp., Netherlands, 1974.

84. W.G. England, L.H. Teuscher, L.E. Hauser and B.E. Fruman. Atmospheric
dispersion of Liquefied natural gas vapor clouds, using SIGMET Computer code Proc.
Heat transf and FMI 1978.

85. W.C Mebride. A densere than air vapon dispersion validation. Study using the
ZEPHYR and DISCO models — A report by energy resources company to Exxon
Researect I Engineering compani, 1981.

99



86. Taft J.R. Simulation of experimental spills using MARIAH model, A report by
Deugon RA, Inc. to Exxon Research Engineering Company, 1981.

87. Hogan W.J., B.R. Bowman and L.C. Haselman. Numerical modeling of LNG
spill phem. Seminar on LNG peak shaving Washington, March, 1978.

88. S.T. Chan, R.M. Gresho and D.L.Ermak. A three- dimensional conservation
equation model for simulating LNG vapor dispersion in the atmosphere. UCID — 19210
Sept. 1981.

89. G. Schnatz and D. Flothmanm. AK model and its modification for the
dispersion of heavy gases, Holland, 1980, p.125.

90. LNG terminal risk assessment study for Oxnard California, Science
Applications Inc. prepared for Western NNG Associates, 1975.

91. L.C. Haselmal. TDS-A computer Code for calculating gaseous combustion in
two dimensions. Lawrence Livermose Laboratory.

92. A. Croce, K. Mudan. Thermal radiation from LNG thench fires — Castech-85:
LNG/LPG Conf., France, Nov. 12-15, 1985.

2.3 AHAJIM3 METOIHK OLICHKH ONACHBIX ()aKTOPOB MOKAPa NPH CrOPaHuHU

ra3onapoBO3AyIIHBIX cMeceH

2.3.1 Onmnpegenenne paguyca  BO3JCHCTBHS  BbICOKOTEMIEPATYPHbIX

HOPOAYKTOB CTOPAHHSI MAPOBO3AYLIHOTO 00/1aKa B CJIy4ae MOKapa-BCIbIKH

B ciysae o00pa3oBaHus TApOBO3AYLIHOH CMECH B HE 3arPOMOXKACHHOM
TEXHOJOTMUECKUM 000PYAOBAaHUEM HPOCTPAHCTBE U €r0 3KUTAHHH OTHOCHTENBHO
cmabbM MCTOYHHAKOM (HAImpHMep, HCKPOi) CropaHHWe 3TOH CMeCH MPOUCXOIMT, Kak
IPaBKIIO, ¢ HEOOMBIIMMH BUAUMBIMU CKOPOCTAMY ILUIAMEHU. 11py 3TOM aMIIUTY Bl BOJHBI
JaBIEHUS Majlbl M MOTYT HE NPHHUMATHECS BO BHMMAHHUE IIPH OLCHKE IOPAKAIOLIETO
BO3zciicTBHA. B 3TOM cilydae peanu3yercs TaK Ha3bIBaE€Mbli MOXKAP-BCIBIIIKA, IMPU

KOTOpPOM 30Ha IMOPa’KCHUA BBICOKOTEMIICPATY PHBIMI TTPOaYKTaMu Cropanust
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[NApOBO3AYIIHON CMECH MPAKTHYECKH COBIAIAeT C MaKCHMATBHBIM pa3MepoM oOliaka
IPOIYKTOB CropaHus (T.e. MOPaKalOTCd B OCHOBHOM OOBEKTHI, TOMANAIONIAE B 3TO
obmako). Pammyc BO3mEHCTBHS  BEICOKOTEMIEPATYPHBIX  HPOAYKTOB  CropaHus
[APOBO3AYLIHOrO 00MaKa MpH MOXKAPE-BCIBIIKE Rp OMPENeNseTcs NPHOIHKECHHBIM

COOTHOILICHUCM .

Re=3E -X1pz, 2.120)
rie £ — oOwemHBIi  KOY()(HUIMEHT paclMpeHHs MNPOAYKTOB CrOpaHus, id
HedTenponykToB BemmurHA [ MOXKET OBITh IPUHATA PABHOM 7; Xjjq — TOPU3OHTATBHBINA

pasMep B3pbIBOONACHOH 30HbI, O KOTOPOM Peyb IIIJIa BEIILE.

2.3.2 ledrarpaunoHHoe cropanue obnaka

BONBIMMHCTBO CYMIECTBYIOMINX WCCICIOBAHHMIN MMApaMETPOB HECHMMETPUYHBIX
B3DBIBHEIX BOJIH, TEHEPHPYEMBIX OONakaMM HeENpaBHIBLHONH (OPMBI, OCHOBaHB Ha
aKycTuueckoM npulmmxennu [5, 6]. XoTsd, CTpOro roBops, aKycTH4yeckas Teopus
CTIpaBeIIUBa JAIIb TS HU3KOCKOPOCTHOH Aeduiarpanuy, € MOXKHO HCHOJIB30BaTh JUIS
OIICHOUYHBIX pACUeTOB [JCHCTBUS ONACHBIX (DAKTOPOB B3PHIBA B LIHPOKOM AMana3oHe
CKOpOCTEl TOPEHHS.

2.3.2.1. Mooenv Cmpenoy [5]

TOUYEUHBI HCTOYHMK MACChl MHTEHCHBHOCTBIOM(t)I€HEPHPYET B HPOCTPAHCTBE
3BYKOBYIO BOJTHY C H30BITOYHBIM JIABIICHUEM:

Ap(t) = —

4T

Cor
-m(t ——), (2.121)
Qo
r
rle apryMEHT B TpaBo# 9acTh 3amene Ha (t — a—) BCJIEAACTBHE TOTO, YTO 3BYKOBas
0

BOJIHA PACMPOCTPAHAETCA CO CKOPOCTBIO 3ByKa (y; r — PACCTOSHHE OT HCTOYHHUKA.

Ilycth @ — nuiiMYeckass 4acToTa UCTOYHHUKA 3BYKA, 1; — XAPAKTEPHBINA pajuyc
uctouHuka. Torma mpu (w-1;/ap)? € 1, HAYHHAs C HEKOTOPOTO PAacCTOSHHA, MCTOYHHK
3BYKa MOJKHO CUMTAaTh AaKyCTHMYECKHM MpOCTHIM. i1 MCTOYHMKA 3BYKAa KOHEYHOMH
IUTUTENBHOCTH [ ri(t)dt = 0, TO3TOMY MMITYJIEC AABJIEHUSA B 3BYKOBOI BOJIHE [ Ap(t)dt = 0.

DT0 03HAYaeT, 4TO AaKyCTHMYECKMH CUTHAN, TEHEPUPYEMBIi UCTOYHMKOM KOHCYHOMH
101



JJATENBHOCTH, — XapaKTEPH3yeTCss  OAWHAKOBEIMM MO  BENMYWHE  MMITYJIBCAMH
HOIO’KUTENBHON 1 OTpHLATENbHOH (a3bl.

B mogenu Ctpenoy paccMaTpHBAROTCS CIIEAYIONINE CITyYaH:

- TIPUIOXKEHME TEOPHUH MPOCTOTO WCTOYHMKA K Ae(narpalMioHHOMY TOPEHHIO
obraka;

- cepuueckn cumMmeTpuuHOe 00mako rasomaposo3ayirHoii cmecn (I'TIBC) ¢
MCHTPATBLHBIM 3aKUTaHUEM

- HeorpanudyeHHoe oOmako ITIBC HempaBmIbHONH (OPMBI C TPOM3BONBHBIM
PAaCIONIOKEHIEM CTOTHHKA 3QKUTAHVISL

IMprBeaeHB TPAMEPEl OCECHMMETPUYHOIO 3aXKHTaHWs ANCKOOOpasHoro obmaka,
IEHTPAJbHOTO TOYEUHOIO 3KUTaHWA JUCKOOOpa3sHOro obnaka, mnepuepuitHOro
3aKUTaHUS JUCKooOpasHoro obnaka mo obpasyiomielf, mnepudepuitHoro TOYEYHOTO
32KUTaHAS CHrapooOpasHoro obnaxa.

ITpuMeHeHNHE TEOPHHU AKyCTHYECKH INPOCTOr0 UCTOUHMKA K Ae(aarpaiioHHOMY
CropaHuio HeorpaHudeHHOro obsaka I'TIBC npon3BonbHOH GOPMEI ITOKA3bIBACT, UTO:

- BECbMA 3aTPYJIHHUTENBHO T€HEPUPOBATh B3PBIBHBIC BOJTHBI C 3aMETHBIM 3(P(HeKTOM
nyTeM gedarpaniionHoro cropadus obmaka I'TIBC mpw Takoif OpraHW3alMi CrOpaHusd,
IPY KOTOPOH I1aMsl HEOAHOBPEMEHHO BBIXOAUT HA FPAHHULIBI 00JIAKa,

- MaKCHMaTbHOE M30BITOUHOE JABJICHNE B BOJIHE IIPH IIPOYMX PABHEIX YCJIOBHAX
IPONOPLIMOHANEHO OTHOMICHHI0O MUHAMAIBHOTO XapakTEPHOro pasMepa oOmaka K
PaCCTOSHHUIO 10 00BEKTA;

- M30BITOYHOE AABIICHUE B BOJIHAX SABISIETCS (PyHKIMEH PACCTOSHUS OT HCTOYHUKA
32)KUraHds U HE 3aBUCHT OT HAIIPABIICHMS, T.€. B3PEIBHAS BOJIHA chepruaccKas;

= I TCHCPAUA B3PBIBHBIX BOJIH 3aMCT HOW WHTEHCHBHOCTH HCO6XOZ[[/TMLI obnaka
I'TIBC oueHb GOJIBINMX Pa3MEPOB;

- moaxon, OCHOBaHHBII Ha NPUMCHCHUN DPEIYJIBTATOB JUIA I[C(l)ﬂal"paHI/IOHHOFO
cropanust cepHIecKd CHMMETPHIHOrO OOllaka C LCHTPAIBHBIM 3aKHTAHUEM, NAET
CHJIBHO 3aBBIICHHEIC ONCHKW TMPHUMCHHUTENBHO K JIediiarpaoHHOMY CTOpPaHHIO

YAIUHCHHBIX 00/1aK0B ¢ HCLCHTPAJIbHBIM 3)KUTaHUEM,

102



- 0 MOMEHTa cropaHus oOnaka WMITYJbC B3PBHIBHOM BOJHBI HE 3aBHCHT OT
YCKOPEHHs IUIAMEHHM M OT XapaKTepa M3MEHEHHsl BO BPEMEHHM IUIONIAJW ITOBEPXHOCTH
IUITAMEHU, & ONpPECNAETCS KOHEUHBIMM 3HAUCHWSMH CKOPOCTH M IUIOMIau (poHTa
miamend. Ilocne cropanus o61aKka MMIYJIbC B3PBIBHOH BOJHBI PABEH HYJIFO BCIIEACTBUE
KOMIIEHCAINK BKJIAJOB MOJI0KUTENBHOM U OTPULIATENLHOM (as.

B teopun Crpenoy ¢opmyna (2.121) aisi mpocTOro akyCTHYECKOTO HMCTOUYHHKA

r
HCTIONB3YETCS. ¢ apryMeHToOM t BMecto (& — a—). Takol NmpHeM CIIpaBeUIMB JIMINb I
0

OonblMX yhajdeHud r oT oOnaka (B JanbHeidt 30He B3phiBa). B OmwkHel 30HE

r
npeHedperars BETUYMHOMN — neonycrtiumo. Teopus Crpenoy cnpaBemmvBa JUIIb VIS
0

pacueTa M3OBITOYHOIO MaBIEHUS Jajeko oT ¢poHta miamenu. [Ipm  sddexTurHOM
HOpPMaJbHOM CKOpocTH (G)pOHTA TUIAMEHH Sy <K a, TOJNEe TeUEeHHd ONM3KO K
NOTCHUUAIBHOMY TEUYCHHI) HeckumaeMod kuakoctd [10], a mia  onucaHus
NOTCHIMAIBHOIO TEUCHUS HeoOxoauma JeranbHas uH(popMauus o0 HM3MEHEHHH BO
BPEMEHM MOBEPXHOCTH Pa3/eNia MEXAY CBEKEH CMECHIO M TIPOIYKTAMH TOPEHUSL.

Ha puc. 2.17 cxemaruuecky NOKa3aHa CUTyalys, U3 KOTOPOH CTaHOBUTCS SICHOM
TOYHAS TPOLEeaypa pacueTa W3OBITOUYHOTO [aBlicHUS B OmbKHEH 30HE B3pbiBa (HO
JOCTAaTOYHO Janeko oT (¢poHTa IwiameHu). [lITpuxoBble JIMHHM COOTBETCTBYIOT
MOJIOXKEHHIO (POHTA IUIAMEHU B MOCIEAOBATENIbHBIE MPOMEXKYTKH Bpemenu. [lapaMeTpsl
7y W 7T SBJSIOTCS, COOTBETCTBEHHO, PACCTOSIHUEM OT (PUKCHPOBAHHOTO JJIEMEHTA Ha
¢bpoHTe MIaMeHn OO O0BEKTAa M PACCTOSHUEM OT MCTOYHMKA 3KUTAHHUS IO OOBEKTA.

CrienoBarenibHO, BCE TOYKH OOJaKa, HAXONAIIMECS HA PACCTOSHUHM 1; OT OOBEKTa,

r
OKa3bIBAKOTCS Ha (PPOHTE IUIaMeHu uepe3 Bpems (t — a—). JIpyrMH CIIOBaMH, B 000
0

(mKcHpoOBaHHBIT MOMEHT BPEMEHU t BKJaJ B M30BITOUHOE NAaBICHUE B TOuke P jacrcs

TOJIBKO TEMU JJICMCHTAMU B 06na1<e, AJIs1 KOTOPBIX

Lil=¢ (2.122)

Sy Qo
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Pucynok 2.17 — Cxema, HOSICHSIIOLIAS IPABMIIBHYIO IPOLIEAYPY pacdeTa H30bITOUHOIO AABJICHUS
B OuIbKHEH 30HE B3pbIBA

B teopun Crpenoy IprUHAMAETCS, 9TO BKJIAA B H30BITOYHOE AABICHUE B MOMEHT ¢
BHOCHTCS! 2JIEMEHTAMHY HA IOBEPXHOCTH €y = const (IITPHXOBHIE THHHN).

[lo-BugUMOMYy, OTMEUEHHBINH HEAOCTATOK Teopun CTpenoy sBisAeTCS MPUYMHON
HEKOTOPBIX IIPOTUBOPEUMA, BOSHUKAIOIIMUX IIPH €€ IPUMEHEHUH.

2.3.2.2. Mooenwv [Tuxne [6]

B akycTU4eckoM IMoJ€ OT TOYEYHOr0 MCTOYHMKA, NMPOU3BOJLIIIETO 3a BPEMSl TA

00BeM raza (), TOTEHIIAT CKOPOCTH JaeTcs (GopMyInoi:

Q . t—
o(r,t) = — (—Anz_r) - sin? [—( rA/a")] (2.123)
mpu 0 <t—r/ay <mA , r- paccTosiaie 10 oObekTa. M30BITOUHOE [aBJICHHE B TOUKE F
HAXOIUTCS OOBIYHBIM 00pa3oM:
Ap =p —Ppo = —pod¢/ot. (2.124)
W3 (3.3) u (3.4) cnenyer, uto

[Po"Q/(A)?]
r

Ha puc. 2.18 cxemarudyecku MoOKa3aH MPOQuiib AABJICHHS HA PACCTOAHHH FOT

aKyCTHUYECKOTO MCTOUHMKA. BuHo, 4to 3a (hazoii cxxarus cieayer dasza paspesxeHus..
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Pucynox 2.18 — ITpo¢uib BOIHBI JABICHHS HA PACCTOSIHAH 1" OT TOYE€UHOrO
AKYCTHHECKOro HCTOYHMKA KOHEUHOH IUIMTENbHOCTH TA

He ocramaBmiBasich Ha apryMeHTalMM NPHMEHHMOCTH ITIPOCTOH aKyCTHYECKON
Teopnn K AedmarpanuoHHoMy cropaHus oOnakoB ITIBC, Himbke mpeacraBiacHb!
MIPUHIMIHAIBHBIE MOMEHTHI IOAX0A.

1.  Ob6naxo I'TIBC mMoaenupyercs Kak MHOXKECTBO PaCHpENCIECHHBIX TOYCUHBIX
aKyCTHYECKMX MCTOYHHUKOB. JTO MO3BOJIAET YUECTh HEOAHOPOAHOCTH cocraa ['TIBC mo
00beMy obnaka.

2.  «BKIIOYEHNE» TOYEUYHBIX AKyCTHYECKHX UCTOYHHUKOB IPOMCXOJUT B MOMEHT
puxoja (poHTa MIaMEHH.

3. Tlpo¢uns BONMHBI OaBIEHHS HA PACCTOSHMM F OT HCTOYHUKA 3aKHUIAHUA
pacCUMTHIBAETCA WMHTETPUPOBAHUEM IO BCEM TOYCUHBIM HCTOYHUKAM. (DaKTHYCCKH
WCTIOJIb3YETCA TPUHIMIT CYNEPNO3ULIUHM BOJH OT MHOXKECTBA TOYCYHBIX HCTOYHHKOB,
JIOTTY CKAFOTITA T KOMIIEHCAIIHIO [TOT0XKUTENBHOM W OTPULIATENBHOM (a3 CoKaTHs.

Ha puc. 2.19 nokasaH npuMep, WUIKOCTPUPYIOIMNA TNPUMEHEHHE IPOCTOM
aKyCTHYeCKOH TeopuH. PaccMmarpuBaercst nedrarpallMOHHOE CrOpaHHE HA3eMHOro

}Jncxoo6pasnoro obnaka ¢ OCCCUMMCTPUYHBIM  3QKUT'aHUCM. CDpOHT TUTaMCHA,
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PacmpoCTpaHsAsICh CO CKOPOCTBIO Sy, MPUBOJMT B ACHCTBHC aKyCTHYCCKHE UCTOYHMKH.
Kaxnpiii aKycTUYeCKuli HCTOYHMK M3JIy4YaeT B TEUEHHE BPEMEHH 7A 10 3akony (2.124).
Jnd ompeneneHus A NPUHUMAIOTCA THIOTE3bl O JIHTETEHOCTH JHEPrOBBIACICHUS BO
¢bporTe namenu. BoaMoxHOCTE GOKOBOTO paciiMpeHus o0jaka TpebyeT BBEISHHS HOBEIX
THIOTE3 OTHOCUTENBHO TeKyliel (GopMmbl QpoHTa mIaMeHn. PaKTHUECKH, M3/TyYaIOIIyo

00IacTh MOETMPYIOT MOPIIHEM OTpeaeieHHON hopmel (puc. 2.20).

o —

. y 3 . . .
°// 1/ » _"‘/Q [, f__,_ v °

PucyHok 2.19 — Cxema Iuxne st pacuera J:[ecbnarpaunormoro Cropanust JIMCKO0OpasHOro
obnaka. Cxema B3psiBa: / — rpanuiia obnaxka [TIBC, 2 — cBexkast cMech, 3 — IPOAYKTbI CrOpaHHs,
4 — GpoHT mnaMeHu, 5 — GPOHT B3PLIBHOI BOJHBL, 6 — IOBEPXHOCTD 3€MITH
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Pucynok 2.20 — Cxema ITukie 11 pacuera nedrarpaljiOHHOTNO CropaHus AUCKOOOPasHOro
obnaxa. PacueTHast Mmoaenb: / — mopiueHb, 2 — GPOHT B3PLIBHOMN BOJIHEI

YucaeHHOE HHTETPUPOBAHUE 331449 IAET CIICAYIOMME PE3yIbTaThL

- B3pBIBHBIE BOMHBI OT cropaHusi Hechepuueckux obmaxos [TIBC mpu
LCHTPATIBHOM M HCLCHTPAJIbHOM 3KUIaHHH B I[a.]'IBHef;I 30HC B3pPbIBA OKA3BIBACTCSA MCHEC
WHTEHCHUBHBIMH, 4€M TIPH CrOPaHHK 00IaKoB O cheprueckoit ciMMeTpHeit.

- pacueTHbli npoQUIL BOMHBI JABJCHWS TPEACTABNIACT COOOH TIIaBHOE
MOBBIIIEHHE AABJCHHS B (Da3e CXKaTHS C MOCEAYIOIeH 3HATUTENHHOM (Gazoit paspekeHus.

K OCHOBHOMY MAOCTOMHCTBY MOJCHIN CIEAYET OTHECTH BO3MOXHOCTH pacuera
B3DLIBHBIX BOJIH, T€HEPMPYEMBIX HPHILTIOCHYTHIMH obOnakamu ITIBC mpoOU3BONBHOM
(opMel. OfHAKO, TAKO pacydeT ONMUPAETCA HA PAMA TUIMOTE3 O (HOPME MOPIIHS, YTO BHOCHT
B HEr0 OJJIEMEHT HEONpPEACNEeHHOCTH. bonee TOro, CpaBHHMTENBHOE HCCIENOBaHHE
MOKA3BIBAET, YTO pE3yJbTarhl pacyeTa B OMDKHEH 30HE BeCbMa YYBCTBHTENBHBI K
npuHATol ¢opmMe nopuHs. Kak crnencrsue, obcykaaemMas MOAEITb> IPUMEHAMA JTATIG JUTS
pacyera M3OBITOYHOTO JABIEHHS B JajabHeH 30HE B3pbiea. K Hemocrarkam Mopen
clieqyeT OTHECTH M HEOOXOAMMOCTh UHCJICHHOTO peIieHWs 3amadd. J{pyrum,
MPUHUMIHAIBHBIM, HEIOCTaTKOM MOJEIH, Ha KOTOPBL oOpaliaeTcss BAMMaHNE B HAYYHOU
JMTEpaType, SBIAETCS TOT (akT, 4YTO Ul CKOPOCTH «BKJIFOYEHHS» DJIEMEHTApHBIX

AKyCTHYECKHX HCTOUHHKOB HCIIOJIB3YETCS CKOPOCTh Sy, a HE Sy(Vy/W,,).

2.3.2.3. Mooein ['eticepa.
B wmopenm Teifirepa  paccmarpumBaercss — nediarpallMOHHOE — CropaHHe

JHCKOOOpa3HBIX 00MaKoB. B 0CHOBY MOJENHU HOJIOKEHA 3aqa4a O CHEepPHIECKOM MOPIIHE
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[7], MoouduumpoBaHHas C ydYeTOM TOrO, YTO TPH PACTPOCTPAHCHHH IIAMEHH IO
JMCKOOOpa3HOMY 00JaKy O0nacTh MOBBILICHHOTO AABICHHS OrPAHMYCHA Y3KOH 30HOIA,
NpHMBIKAOMEd k (POHTY IulaMeHH. B pesynbrare paccMaTpHBAeTCsl IOJE JABJICHHIA,
FEHEPUPYEMOE TOPPOHJAIbHBIM HOPILIHEM, [ABIXKYIUMMCS CO CKOPOCTBIO (ppoHTa
IIAMEHH.

Ilponecc cropanns obnaka MpH LEHTPATEHOM TOYEYHOM 3aKUTAHHU AEIHTCA Ha 3
craand (puc. 2.21).

1. Ha HavanbHOM OTHOCHTENBHO KODPOTKOH CTagud (POHT IUIAMEHH HMEeT
chepuueckyo (opmy. JUIUTETEHOCTH 3TOM CTaIMHM OTpaHMYEHAa BHIXOJOM (pOHTa
NJaMEHM Ha CBOOOMHYIO TpaHHIy oOiaka. BcleAcTBHe TEpMUYECKOTO PpacUIMpeHHs
IIPOIYKTOB CrOpaHus BBICOTA OOJIaka B TOYKE BBIXOJA IUTAMEHU B OKPYKAOLUMK BO3AYX
NpHOIM3UTENRHO B 2 pas3a MPEBHIMAET BEICOTY HexoaHoro obmaka [TIBC. 310 cBa3aHO ¢

TeM, 4urto i OonmbmuHcerBa [TIBC %: 7 +8 M, CIEAOBATENBHO, I CEepHUECKOTo
u

TUTaMeHU H /H, ~ (‘;—:) v

2. Ha Bropoit cragum 1IaMs  pacopoCTPaHSETCS B  TOPH3OHTAIBHOM
HanpasineHuy. Hanpuwe cBOOGOAHON IpaHULBI y NMPOAYKTOB CrOPAHUsl INPUBOAMT K UX
OGOKOBOMY pPAaCIIMPEHHUIO (10 HANpPaBJICHHIO BBEPX Ha pHc. 2.21) W, CIENOBATENbHO, K
MAJCHUIO JaBjIeHUs 32 GPOHTOM TUIaMeHH. BBHIY TOTO, YTO MPOAYKTHl TOPEHUS! B BOJIHE
nebnarpaiuy paciMpsAIOTCS NPAKTUYCCKH OJAMHAKOBO BO BCEX HANPABICHMSAX, IMHAPUHA
30HBI TIOBBIIEHHOTO MAaBiicHWs Omm3ka k 2H. B Mopmenu NPHHMMAETCs, YTO 30HA
MOBBILIEHHOTO JABJICHUS MPEACTABISAET c000M 00NacTh TOPPOUJAIBLHON (POpMBL, ceucHUE
KOTOpOlf — IMIMHAP paguycoM 2H,. 30HA MOBHIICHHOTO JABICHHS PAaCIpoCTpaHAeTCS
KBA3HMCTAIIOHAPHO CO CKOPOCTHIO (ppoHTa MaMmeHw. Ha BTopoii cTaguu ckopocTh poHTa
IUIAMEHH MEHBIIE, YeM HA NMEePBO CTAIUH BCIEACTBAC OOKOBOTO PaCIIUPEHHs TPOJYKTOB
cropanus (3p(HEeKTUBHOCTh TOPINHEBOTO AEHCTBHS MPOAYKTOB B TOPU30OHTAILHOM
HAIPABJICHHH CHUKACTCS).

3. HaTperseii cTaguu miaMs @ MPUMBIKAIOMIAs K HEMY TOPpOUAaIbHas 00JacTb

MOBBIIIICHHOTO JABJICHHASA BBIXOJIHUT HA 60KOByIO rpaHULly obaka.
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K HECOMHEHHBIM JIOCTOMHCTBAM PACCMATPUBAEMOW MOJEIH CIEAYET OTHECTH €€
IPOCTOTY M BO3MOXKHOCTH NPHMEHEHHS [UI1 PacyeToB HM30BITOYHOTO AaBJICHHS KAk B
JanbHEH, Tak U B ONMDKHEN 30HaX B3phIBA.

K 4BHBIM HeIOCTATKAM MOJEIHM OTHOCHTCS OTCYTCTBHE OTPHLIATENbHOM (pasbl B
npoQue BOMHEL JapieHus. B ¢Ba3m ¢ 3TuM oOcCykmaemas MOZENb JAeT 3aBbIIICHHBIE

SHAUCHUA UMITYyJIbCa OaBJICHHSA OT I[G(I)J'Ial"paHI/IOHHOFO B3pEIBA.

Z I
2H,
H, \
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PucyHok 2.21 — Cxema pacnpocTpaHeHus IIIAMEHH B AUCKOOOPa3HOM 00J1ake MPH LEHTPAIbHOM
TOo4YeyHOM 3axuranuu [10, 9]: / — hpoHT mnamenu; 2 — rpaHuLIa KCXOHOTO obnaka; 3 — CMeIleHHas
rpaHuiia obsaka; 4 — KOHTaKTHas FPaHULIA MEXY MPOAYKTaMU CrOPaHHUS H BO3AYXOM;
3aIITPUXOBAHHAs 00J1aCTh — 00JIACTh MOBBIIEHHOTO JABJICHHA

109



2.3.2.4.Cpagnenue axycmuyeckux mooenei

IIpoBeneHO CpaBHEHUE PACUYETHBIX PE3YJIBTATOB APy (r/R), TONYYEHHBIX O
mojgensim Crpenoy [5], TTukine ¢ corp. [6] u Teiirepa [8,9] mna aedmarpaunonHoro
cropanus auckooOpaszHoro obnaka I'TIBC ¢ OTHOmIEHHWEM BBICOTHI K Paflycy JHMCKa
H/R=0,02. Cyuranu, 4To CKOPOCTH (PPOHTA IITAMEHH MTOCTOSHHA U paBHAa Sy = 100 M/c.

JUts cpaBHEHHs TOCTPOCHA KpWBas, COOTBETCTBYIOLIAs Ae(iarpaidOHHOMY

R
cropaHuio nosycdepuveckoro obnaka Toro e oobema (R— = 3,22), rae R — pagmyc
ic]

SKBUBAJIECHTHOTO TOIyC(EepUUECKOro o0IaKa.

TTonmydeHo, 4TO pacdyeTHBIC 3HAYCHHS MaKCHMAJTBHOTO M30BITOYHOTO JABJICHHS OT
CTOpaHus AUCKOOOpasHOro obJiaka CyLIECTBEHHO pasfMYHBEL bonee Toro, pasmuyHsl A
(YHKIMOHANBHBIE 3aBUCUMOCTH Ap,, OT Oe3pa3MepHOro paccTosHus r/R. Mopenb
Crpenoy [acT HAaWMEHBIUME 3HAYEHHS App,.. Ha paccrosuum (3-4)H OT HCTOYHHKA
3aKUTaHusl M30BITOYHOE JABJICHHWE BO B3PHIBHOHM BOJIHE (BHYTpHM O0OJaKa) CHHXKaeTcs 10
O4YEHb HU3KKX 3HaUeHHH (=1 0 MITa).

B mogmensx ITukne u Iefirepa napnenue Ha (pPOHTE IIAaMEHM BHYTpPH oOOJaka
ocTaeTcs MOCTOSHHBIM (B Mozenu I'efirepa — paBHBEIM AABJICHUIO B MONyC(epHIECKOM
IUIaMEeHH ), a B Mojenu CTPEIoy — YMEHbIIAETCS 00PaTHO MPOTIOPLUHOHAIBHO PACCTOSHUIO
OT UCTOUHUKA 3QXKUTaHMUS.

Bo Bcex PacCMOTPEHHBIX MOACIAX MaKCUMAJIbHOC H30BITOYHOE JaBJICHUC B
JampHeH 30HE OIS AUCKOOOpasHOro oOflaka O0Ka3ajJoch MEHBINE, YeM  JUlst
nonychepuaeckoro obaka Toro ke oobema.

PesynbTathl pacueToB mo MogenaM ITukne u Ieiirepa qatot OMM3KHE Pe3ynabTaTH B
JAJIbHEH 30HE.

MO>KHO yKa3aTh Ha CJICAYIOIME IPUYUHBL PA3/IHYUs PACUETHBIX PE3YIILTATOB.

- Otnuuue PEIYIBTATOB IO MOACIAM CTpenoy u Ilukie CBA3aHO, I1I0-BUAUMOMY, C
HETOYHBIM YYETOM BKJIA/Ia TOUSYHBIX AKYCTHYECKUX HCTOYHHKOB B M30BITOUHOE JIABICHUE
B Mogenn Crpenoy. Mcnonesyemsie B Mofenu CTpenoy NPEANONIOKEHHS OKa3bIBAIOT

BJIMSIHUC HA IapPAMETPhI BOJIHEI KaK B OJIKHEH, TaK U B JaJbHEH 30HAX.
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- JIpyruM OOBSCHEHHEM Da3IMuMs Pe3yJbTATOB B YKA3aHHbIX MOJCIIX MOXKET
CIYXHATHh TOT (akT, 4To B Mojenu [lukie i CKOPOCTH «BKJIIOUCHHUS) aKyCTUYECKUX
HCTOYHHMKOB HCIIOJIb3YETCS CKOPOCTh (PPOHTA IIIAMEHHU Sy, @ HESy(Vp /).

- B wmogemu Teiirepa mpwr > vt YMEHBIIEHHE H30BITOYHOTO JABJICHUS C
PacCTOSHUEM TIPOMCXOMHUT MPOMOPIHOHANBEHO r~Y/2 (cM. moapoOHee Mopnenb [eiirepa)
BMeCTO 7! (4TO JOJDKHO BBINOJNHATHCS B JaibHel 30HE B3pbiBa). OJHAKO B MOJETH
Tefirepa W30BITOYHOE MAABICHHE CMAAAcT A0 MalblX 3HAYCHUN yXKE HA PacCTOAHHSIX
7 =(5—-10)R, Ha KOTOpBHIX OOJNAKO €Ile CJIEAYeT pacCMaTpuBaTh KaK IPOTSHKCHHBIN
HCTOYHUK.

Jlns BeIOOpa MOAENH, JNAIOWICH OLEHKH App.,, Haubojee OMU3KHE K peabHBIM
3HAYEHHAM, HEOOXOAMMO CpaBHEHHE C JICTAIGHBIMH YHCICHHBIMH pacdyeTaMH H C

OKCICPUMCHTAIbHBIMHA IAHHBIMHA.

2.3.3 JleToHALIIOHHOE CTOpPaHHE 00JIaKa

JInst vHATIMApOBaHus eToHamn B oOmake TTIBC B mopapnstomeM OONBIIHHCTBE
cllydaeB HEeoOXOMUMBI HMHHULMATOPHl THMA 3apsfoB KOHAEHCHpoBaHHOr0 BB mmm
NPOTHKEHHBIX CTPYH ropA4YMX NPOAYKTOB CropaHHs. B OTCyTCTBUE TaKHMX HHHIMATOPOB
JCTOHAIMOHHBIA PEXUM CTOpaHUS OOJAaKOB SIBJIAETCS MAJOBEPOATHBIM. B mpuHnumne,
BO3MOXKEH U TIEPEXOJ TOPEHHS B IETOHALMIO B 0Oake. OAHaKo, Ui 3TOr0 HEOOXOAUMO,
HalpuMep, HAJIWIHE PETYISAPHBIX TypOyIH3aTOpOB TEUEHHS, CIOCOOHBIX 3((PEKTHBHO
YCKOPATDH IUIAMsl IO TaKMX CKOPOCTEH, MPH KOTOPHIX BO3HMKAIOLIAs B3PHIBHAS BOJIHA
CTAHOBUTCS BECEMA CHIILHOM.

B ornMuMe OT KOHLEHTPAIMOHHBIX TIPEAEIOB PACHPOCTPAHEHUS IUIAMEHH
npenensl aeronanun [ TIBC uzydensl Hegocratoudo. HanGonee oOmenpuHATEI MOIXon K
9TOH mpolneMe 3aKTIYacTCs B TPEANONONKEHUH, YTO KOHLECHTPALMOHHEIE TNPEAEIbL
geroHauuu ITIBC Takme e, Kak KOHLEHTPAUMOHHBIC IPEIENbl PacIpOCTPAHEHHS
IUIAaMEHU (CBEPXY BHM3 — NPHU HAIMYMH TpaBUTAalMHK). M3BECTHBIE KCNIEPHUMEHTANBHbIC
JaHHBIE JUIi METaHO-, TIPOMAHO- M OEH3HHO-BO3AYIIHBEIX CMECel TOATBEPKIAIOT

CIPaBCATUBOCTE TAKOTO MTOAXO0A.
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INockoneky o6naxo I'TIBC mokpsiBaeT OOJNBIIYIO IUIONIAAb, 33/a4y O (yracHOM
JEHCTBIN IETOHAMOHHOTO B3PBIBA LIeNeco00pasHo pa3AeuTh Ha BE MOA3aJa4H:

1. meifcTBHE B3pHIBHOM BOJIHEI BHYTPH 00JIaKa;

2. fmeHcTBHE B3PBIBHOM BOJIHBI CHAPYXKH OOJaKa.

IIponecc MHULMKMPOBAHKS JECTOHAIMOHHOTO B3pbIBA JNCIMUTCSA HA JBE CTaAuM: HA
HEpPBOA PacIpoCTpaHAETCd CHIbHAs B3PBIBHAS BOJIHA, HA BTOpPOH — B3phIBHAs BOJNHA
TpaHcopMUpyeTcs B AETOHAIMOHHYIO. BTOpas craams HAYMHACTCS HA HEKOTOPOM
PacCTOSHMHM 1. OT MHMIMHDYIOIIErO HCTOYHHKA. OMNpenesieHue 3TOr0 PaccTOSHUS
mpezacTasieno B [11].

YnapHoe felicTBHE IETOHAIMOHHOTO B3phIBa cheprueckoro obaka ITIBC.

Nuannnnpyromas ctagns.

Ipu ry <7 B3PBIBHYIO BONHY BHyTpu oOnaka [TIBC MOXHO HPHOTMKEHHO
paccmarpuBath cuibHO. Cormacho [12] paccTosHMe, TpPOHIEHHOE BOJHONM W

MaxKCUMAJIBHOC JAaBJICHUC ONPEACITAOTCA:

1 2
E _2
= (o(_.;_o)(WZ) FAGEN (2.126)
—2v
Pmax = 8P (Eo/a pO)Z/(v+2) . tm, (2_127)

(v+2)2:(y+1)

rae (GyHKUuS a(y,v) ONpeIensercs U3 yCIOBHUs, YTO NONHAs SHEPrus B o0beMme paBHa E
[12].
WMIynbC JaBleHUs B TOUKE r ONpenesseTcs Kak
0, nput <ty

In)={ [‘prodt ,mput>t, (2.128)
tS

Craansi pacnpocTpaHeHHsi JeTOHAUHOHHO! BOJIHBI.
BuyTpu o6naka.
B ornwume oT B3pHIBHOM BOMHBI ACTOHALMOHHAs BOJIHA PACHPOCTPAHAETCS ¢
MOCTOSIHHOIM CKOPOCTBIO D, TO3TOMY:
=Dt (2.129)
Jnsa onpeneneHus OABIEHHUSA, TEMIIEPATYpPl M IUIOTHOCTH B JETOHALMOHHON
BOJIHE, a TakK€ CKOPOCTH IECTOHALUH, ONPEACTSCTCS PABHOBECHBIH COCTaB MPOLYKTOB
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JETOHAIMK, YUCI0 Maxa JCTOHAIMOHHON BOJNHBI Mp, OTHOIICHHS TEIUIOEMKOCTEM
HCXOJHOH CMECH y; M NPOJYKTOB ICTOHALMH Y,, MOJICKYJISIPHBIE MAacChl m; U m,.
OcraJibHBIE TIAPaMETPHI BOJHBEI MOTYT OBITH PACCUMTAHBI 1O COOTHOILEHUSAM PeHKUHA —

I"toronuo:

P2/ AtrMp?)
oy = (2.130)

MakcumanbHoe W30BITOYHOE JABJICHHE B JICTOHALIMOHHOW BOJIHE l'[pI/I6J'[I/I3I/ITCJ1bH0

BIBOE OOJIBINE TABIICHUS MPOAYKTOB ACTOHAIIAHA.

2-y1-Mp> )
Apmax = =20 (2.131)

WmMnynec 1apineHns Ha PacCTOSHUM r (B pacueTe HAa eIUHMILY IUIOIIAIH) MOKHO

OMPEIENHUTS!

16,6) = [ [p(r, ) — paldt, (2.132)
rae ty =r/D.

Chapyxu o61aka.

Jns onpenenenus napamerpoB ACTOHALMOHHON BOJHBI CHAPY>KH OOJIaKa U3BECTHA
Teopus bpunrkm — KupkByza, B KOTOPOH HCHOJNB3YIOTCS YPABHEHWS Ta30MHAMHAKH,
CBS3BIBAIOIINE YACTHEIC IPOM3BOMHBIC MO MPOCTPAHCTBEHHONW r M BPEMEHHOM ¢
KOOpAUHATaM OT IBYX BEJIWYUH — CKOPOCTH U AaByicHUs. CYIIHOCTh METOIA 3aKII0UAETCs
B CJIEIYIOIIEM: CHCTeMa YPaBHEHWil NBIDKEHHS M HEPA3PBIBHOCTH, MpPEICTABJICHHAA B
¢dopme Jlarpamka, HOMONHAETCS €Iie ABYMs. llepBoe M3 HHUX TOJydYaeTcs MyTeM
auddepeHIpOBaHNs YCIIOBHS COXPAHEHMS HMIyJibca HA (POHTE yHAPHOH BOJHBL,
BTOPOE€ — MOIYIMIIUPHUYECKOE — BBHIPAKAET 3aKOH COXPAHCHHS SHEPrud. Toraa ¢ y4eToM
aanabaTHYHOCTH ABIDKEHUS 32 (PPOHTOM YAAPHOM BOJIHBI CHCTEMA YPABHCHHI CTAHOBUTCS
3aMKHYTOil OTHOCHTEFHO YaCTHBIX MPOM3BOIHBIX CKOPOCTH W HaBieHms. llocnesnee
TO3BOJISIET HAWTH BHIPAKECHHE /U HOJHOM NPOWU3BOMHON NABJICHHS MO HAIPABICHHIO
pacnpocTpaHeHusl yaapHOi BomHbL. Jlanee 3amaua pelraeTcs TMyTEM YHCIEHHOTO

HMHTETPUPOBAHMS CHCTEMBI OOBIKHOBEHHBIX JU((epeHIHANBHEIX YPABHEHHUI.
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B [13] nposenens! pacuersl mo Merony bpunkim — KupkByna MakCUMaabHOIO
U30BITOYHOTO AABJICHHS U CTATUYECKOIO UMITYJIBCA AABJICHHS OT JETOHALMOHHOIO B3PhIBA
ceprueckux o0nakos I'TIBC crexnoMeTpu4ecKoro cocrasa.

Ha puc. 2.22 noxa3aHo CpaBHEHME PACUETHBIX 3aBHCHMOCTEH Apy u [ = Ia,/p,R OT
6e3pa3MEpPHOrO paccTOSHUS OT IPaHUIbl 00JIaKa r/R ¢ 3KCIEPUMEHTAIBHBIMHM JaHHBIMU
[14] ans cTeXnOMETpHYECKO# MPONaHO-BO3AYIIHON CMECH.

W3 puc. 2.22 pupHO, uto Teopust bpunkinu — KupkByaa qaeT XOpoLmii MPor1os B
MPOMEXKYTOYHOM M JaNbHEH 30HaX B3pblBa. AHAIOTHYHEIE PE3YJIBTaThl NOJMYYeHHI B [13]
I IETOHAIMOHHOTO B3pHBa Cheprueckux 0OJIAKOB METAaHO-, STHIICHO- U aleTHICHO-

BO3JYLIHBIX CMECEH.

‘ {
10 i e- 3
-4
() | -1
A Prnax,
amm »
T e N 0,1
! N Pa\ 2
7 o®
©
o1} ! Ji — 0,01
001 * 0,001
1 10 100

r/R b

Pucynoxk 2.22 — CpaBHenue pacueTos o Mofenu bpunkmm — Kupkeyna:
1, 2 — pacueTHbIe KpUBbIE ISl ABJICHNA H HMITyJIbCa;
3, 4 — sKkcepuMeHTaNbHBIE NaHHBIe [14].
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2.3.4 Mopeap pacueTa mapaMeTrpoB ONACHOI0 BO3JeHCTBHSI NPH CropaHHHU

oonaxos I'TIBC [15]

Mogens [15] mo3BosseT caenarb OOCTATOYHO MPOCTYHO OIEHKY OIACHOCTH
MOPaKCHUA TUIHOI'O COCTaBa U nomapHoﬁ TEXHUKHU IIPU BO3JICHCTBUH YAAPHEIX BOJIH.

2.3.4.1. Hcnonv3yemvie 0603Hayes

Cy, M/C — CKOPOCTH 3BYKa B BO3LYXE;

Cer, % 06. — cTeXMOMETpHYECKAs KOHIIEHTPAIIHST TOTUTHBHO-BOSIYILIHOM CMECH;

AH,, , MJTx/KT — HU3I0as TEIIOTA CTOPAHHKS TOILUIWBA,
E, MJlx — noxHas SHeprus B3phIBa,

M, KT — Macca roprodero rasa B odnaxe;

Py, ITa — atmoc(hepHOE naBneHue;

AP, , TIa ~ m30BITOYHOTO JARJIEHNS B OTPAKEHHON yIAPHOM BOJIHE;

AP -
Py = 7 MIPUBEIEHHOE M30BITOYHOE TABJICHUE,
0

R, M — paccTosiHME OT LEHTpPa B3PHIBA;

Ry M — paguyc nonychepsi,

Uy
Re=R, ', meno PeitHombca;

i+, ITa’c — ymenbHblii UMIYJIBC OTIOXKUTENBEHON (ha3hl TaBICHN,
l; IIa"? -c/ke"* — IPUBEIECHHBIN YISTBHBIN UMITYITEC,

{, ¢ — BPEMS,

¢*, C — IPONOKUTENBHOCTE NIOJIOKUTENBHOM (Da3bl JaBICHHUS,
Uy, M/C — HOpMaJIBHAS CKOPOCTh TOPEHUS,

W, m/c — BUAUMAst CKOPOCTh F'OPEHNUS,

«= W /Cy — OTHOCUTCIbHASI BUAUMAsI CKOPOCTb FOPEHHUS,

Y — IIOKa3aTelb U33HTPOIIEL,

O — CICHCHL PACIIMPEHMs, PaBHAs OTHOLUCHUIO IUIOTHOCTEH HECTOPEBIIETO W

CTOPEBIICTO ra30B,
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pr, K2/M* — TUIOTHOCTB TOPIOYETO Ta3a;

A= R/EY? —ipUBEICHHOE PACCTOSHHUE,

v, M? /[C — KHHEMATHYECKas BI3KOCTH TOPIOYeii CMECH,

M, — MUHIMAJIbHAs KPATHYIECKast SHEPTHsi HHULINHPOBAHWS I TOHALIHH;

L o
T — KpUTHYECKHH pa3Mep 3arpoMOkAeHus obfaka i MHUIHHPOBAHMSA

JIETOHAIMA B OTKPHITOM IPOCTPAHCTBE,

L,» — MHHHMAJIbHBI KpUTUYECKUIl pasMep obaka i nepexoa K JETOHANMH B
OTKPBITOM IIPOCTPAHCTBE IPH BOCIUIAMEHEHAH HCKPOWA, ITITAMEHEM U T. 1.

2.3.4.2. Hcxoonvle 3asucumocmu

YunuTeiBasd MHOTOBADUAHTHOCTH PpA3BUTHUS AaBAPUHAHONW CHTyal[Wd, TOJIC3HBIM
MOJKET OKa3aTbCs YIMPOIIECHHBIH pacdeT MOPAKAIOLIETO BO3JICHCTBHSA B3PBIBHOW BOJIHEL,
TCHEPHPOBAHHOH NpH cropaHuu oOyaka NMapoB TOIUTMBA. JIaHHBINA pacyeT BKIFOYAET
CIEAYIOLIHE STAMBI.

1. OnpeneneHue MakCUMANbHOH MacCHl TOIUTMBA M, yYaCTBYIOMICH B TOPCHUH,
BBLICIUBIIEHCS SHEPTUH £ U CKOPOCTH TopeHus. [Ipu 3TOM HCHONB3yeTcsi COOTHOLICHHE
JUIA pacueta M, npeanoxeHHoe B [15].

2. PaccMOTpeHHe TOpPEHHS TNOIYC(EpHUYECKOr0 oOllaka CTEXHOMETPHICCKOM
TOIUIMBHO-BO3YIIHOA CMECH C NEHTPAIBHBIM 3KUTaHUEM (HanOoJIee OIMacHbIHM Ciiyyait),
paauyc nonychepsl Ry KOTOpPOro oLeHUBaeTcs no GopMyie:

Ry = (1. 100, )2 @133)
n Ccr pr
B ciyuae oOpaszoBanms ob6iaka BBITSHYTOH (GOpMBI 34 Ry MOXKHO IPUHHMATh
MaKCUMAIBPHOE DPAacCTOSHME OT MECTa BOCIUIAMEHEHMS A0 TPaHMIBI TMOKAPOOMaCHOM
CMECH, UCTIOJIB3YS 3aBUCUMOCTH pa3Mepa 30HbI 3ara30BaHHOCTH, IIPHBEACHHbIC B [15].
3. OueHka MaKCAMANbHOH BHIUMONH CKOpocTH W TOpEHHS € IIOMOIIBIO
BBIPOKECHHUS:

W =Uy-0-(1+0,01-Re®5). (2.134)
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4. OnpenencHue HanOoee BEPOSITHOTO MECTA M PACCTOSHHUS UCTOYHMKA B3DLIBA
TI0 OTHOIIEHUIO K O0BEKTY BO3EUCTBYS (IOPAIKECHUS ).

5. OueHka TUNa 4 3HEPIUU BO3MOXKHOIO MCTOYHUKA MHULIMWPOBAHHS TOPEHNS,
a TaKKe HAIMYME NPENATCTBHH M HPOTSHKEHHOTO 3arPOMOXKICHHOTO MPOCTPAHCTBA B
TOIUTHBHO-BO3AYLIHOM O0JIaKe.

6. Beibop mpeamonaragMoro pexiMa ropeHus (medarpaius WM IETOHALMSA)
OCYHIECTBIIICTCS C YYETOM PacyeToB IO NOIL.1-5 W JaHHBIX, MPEACTaBICHHBIX B [15] mo
KPHTAYECKMM YCIIOBHAM Hepexona ot aenarpauuu K AToHAUMH ( Lyp, Ly > Lypey Mg ).

MO>KHO BHIAEINTD TPHU OCHOBHBIC BAPUAHTA BOSHUKHOBEHUS ACTOHALINH B O0JIaKe.
Jns 1 BapuanTa HE0OXOAUMO:

- 00pa3oBaHHeE MOXAPOOTACHOM MAPOTA30BO3YIIHON CMECH,

- HAJIMYUE UCTOYHHKA 3KUTAHUS € SHEPrUeH, OobILei Ar,, .

Jns 2 BapuanTa HEOOXOAUMO:

- o0pazoBaHue 0KapoONacHO Napora3oBO3yIHON CMECH;

- HaJM4yMe 3arpOMOXKICHHOCTH MPOCTPAHCTBA BHYTPH TOXKAPOOIACHON CMeCH,
Ppa3sMepsl KOTOPO# MPEBHIMAT Ly ;

- HQIWY¥e WCTOYHMKA 3KUTAHUS C SHEPrUEH, MPEeBHIAIOLIECH MUHUMAIBHYIO
SHEPIHI0 3AKUTAHUS CMECH.

Jns 3 BapuanTa HEOOXOAUMO:

- o0pa3oBaHue MOXKAPOONIACHON MapOra30BO3AYINHON CMECH, pa3MEpHl KOTOPO
IPEBBIMAKT L.}

- HAJIM4Ue UCTOYHMKA BOCIUIAMEHEHUS € SHEPrUeii, MPEeBLIMAOIICH MUHAMATBHYTO
SHEPIHIO 3QKUTAHUS CMECH.

7. Pacuer napaMeTpoB Najaroueii 1 HOpMaubHO OTPAKEHHON B3PHIBHOMN BOJTHEI.

Ilpu aednarpalliOHHOM TOPEHUH:

H30pITouHOE faBieHME B IIamaromed BO3AYIIHOW ymapuoit BomHe AP B
HpUOJIMKEHHUH TTOCTOSTHCTBA CKOPOCTH TOPEHHS ONPEEISIETCS 3aBUCUMOCTHIO

E_Z-y-(o-—l)-oﬂ.&

P, o1 +a) R (2.135)
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Hmiynee yrapHOH BOIHBL:
it —.L.p. (2.136)

IIpomomKUTENPHOCTD MOTIOKUTENBHOM (Pazbl CHKATUS:

_05-0"°-R,
7 .

t (2.137)

Ha puc. 2.23 mnpeacTaBneHbl 3aBUCUMOCTh OTHOCHTENBHOTO W30BITOYHOIO

JaBJICHHS B BO3AYLIHOM yapHoii Bosae cxarust (AP/P) 0T OTHOCHTENBHOrO PacCTOSHUS

(R/Ry) mpw nedmarpaunn 1ist pasimuyHBIX ckopocteit ropenust (W).

i
aP/Po
r
12D\d/¢ | \
I
10 "' 4= 444D
%
-
T 70]u :\5‘ I
k! |}
10 — ‘A .ab
| 10 0!
R/Ro

PucyHok 2.23 — 3aBHCUMOCTb OTHOCHTENTBHO H30BITOYHOTO AABJIEHHS B BO3IYIUHOM yAapHOM
BOJIHE C3KaTHs1 OT OTHOCHTENILHOTO PACCTOSHUA NP Aeduiarpanuu
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IIpu neTOHALMOHHOM rOPEHHH:
s 0,25 < A< 25

In(AP/ P,) = 0,3527-1,28187-In 1+ 0,2410-(In 1)* —0,0320-(In 1)’ , (2.138)
In(t™/ EY*) = —0,2012+0,6751-In A-0,1118-(In A)’, (2.139)
In(i* / E"*) = -0,8704-0,9399 - In A+ 0,646 - (In 2)° —0,0323-(n A)’ . (2.140)

Jitst BOZOpOAa, 3TaHa, nponada ¥ MeraHa Gopmyna mit 2 < R/R; < 60 moxer
OBbITh MpeicTaBieHa B Buze (¢ pazdpocom 10%):
In(AP/P,)) =1,66—-2,18-In(R/R,)+0,304-(In(R/ R, ))* —0,0320-(In(R/R,))’. (2.141)

I'paduk 3T0i1 3aBUCUMOCTH NPEACTABIEH Ha puc. 2.24.

10
AP/Po
1 N
\\
N
N
N
10~ X:
L\
AN
\\
A
\\
AN
AN
10 A
1 10 102
R/Ro

Pucynok 2.24 — 3aBUCUMOCTY OTHOCHUTENILHOTO H30BITOYHOTO JABJICHUS B BO3AYIIHON yIapHOit
BOJIHE CXKATUsI OT OTHOCUTENBHOTO PACCTOSHIL MPU A€TOHALIMH
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. 1/3
I'paduKy 3aBHCHMOCTHM NPUBEAEHHOTO MMmysbca (i7/E) OT OTHOCHTEIBHOrO

paccrosiHus (R/ R)m AMITYJIBCA (i) NpH JETOHALMHU MPE/ICTABICHBI HA PHC. 2.25.

10 ¥ pmmgens : e n@
n/ ' ‘i' - 23 ' ‘
"k ‘
k!
w0
' 2 1
10 10 r/E" '

10~ et T

T
i /EY

PucyHok 2.25 3aBHCHMOCTH NPHUBEAEHHOIO HMITyIbCA OT OTHOCHTENBHOTO PACCTOSHESA I
UMITYJIbCE [J151 PA3JIMYHBIX HAYaJIbHBIX Pa3MEPOB M0XKaPOONACHBIX 00NaKOB MPH AeTOHALHH
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U30BITOUHOE [OaBJIECHHE B OTPAKCHHON BO3AYINHON BOJHE NPM HOPMAIbHOM
nanenuu AF; onpenensercs no Gopmyine

6-(AP)?

AP, =2-AP+——
(7,1-10° + AP)

(2.142)

8. Onpezenenue N0 P—i-auarpaMMaM MOPaKAFOIIETO AeHCTBHS B3PhIBHOH BOJIHBL.

2.3.4.3. Oyenxa 6o30eiicmsus YB Ha audnblil cocmas

J1sl OLICHOK NMOpaXKarowero ACHCTBHS B3PHIBHOM BOHBL HCIOJB3YIOT JBA YPOBHS
HOBPE)KACHUM: TOPOr, IPH KOTOPOM pasphiBaeTcs OapabaHHas NEPENOHKA, U MOPOTr
JIETANIBHOTO MCX0/1a, BEI3BAHHOTO Pa3pPbIBOM JIETKHX.

MeTox OLECHKH IOPAXKEHHS OPraHOB CITyXa COCTOUT B CIEAYIOIIEM.

1. Onpeaensercs MHKOBOE N30BLITOYHOE AaBicHNe AP W yaelbHbI uMmynsc (i7)
HOpUXOosIIel B3PEIBHON BOJHBI HA 3aJaHHOM PACCTOSHHUH OT MICTOYHMKA B3PHIBA.

2. HaxomuTes TOUKa ¢ BEIYMCIIEHHBIMH KOOpauHATaMu ( AP ,i') W onpejensercs,
HOMajaeT i1 OHA B 00JIaCTh TOMYCTHMOTO PHCKA.

Merton OoneHKH MOPAKECHU OPraHOB ObIXaHUA COCTOUT B CIICAYIOLICM.

1. OnpenenseTcs TMKOBOE M30LITOYHOE AaBieHus AP u yaensubii ummyiasc (i°)
MPUXOASIIEH B3PHIBHON BOTHBI HA 3aJaHHOM PACCTOSHHH OT MCTOYHHKA B3PbIBA.
2. Brrancnsercs 6e3pazmMepHoe W3OBITOYHOE JaBIicHUE
R A[)
Py=—. (2.143)
PO

W npuseneHHBIA yaCTBHBIA UMIYIIBC i,

(2.144)

>

'Z=0~5'AP',V~’7W
(B~ m”)

TIE /M— Macca TeNa YeIOBEKA.

3. TIpuHMMaeTcs Macca CpPERHETr0 YeNOBEKAa, KOTOPHIH MOXKET ObITh JKESPTBOM
MOpakeHUs, m =70 KI.

4. 3Has ITS 51 Z , OTIPEIETIAETCS ONACHOCTH BEPOSITHOTO MOPAKEHUS.

B Tabm. 2.7 mpencTaBieHBl OKHWAAEMblE YPOBHM IIOPKEHHsS OPraHOB CIyXa
YEJIOBCKA M PACCTOSIHUS, COOTBETCTBYIOLIUE PEKAMY JETOHALWH.

121



Tabnuma 2.7

Dddexr JlaBneHne Bezomacuoe
16 k[ 1a paccTosiHuC, M (pacdeT)
I'pannma BpeMeHHOI moTepu cnyxa 160 2,0 R=40R,
Huxuuit mopor paspeiBa GapabaHHOI 185 345 R=4.5R,
TIEPEIOHKHU
0, =] 2
20 Yo-Hast _ BCPOSTHOCTH paspeiBa 195 103,0 R=4R,
apabaHHOH MEPEIOHKH
0/ _ ~
100%-nas  BCpOSTHOCTL  paspriBa 203 400,0 R=1,5R,
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2.4 OneHka onacHbIX ()AKTOPOB BO3/ACHCTBHS OTHEHHOIO LIAPA
2.4.1 slBneHue OTHEHHOTO MIApa

SBnenne ornenHoro mapa (OIIl), BOZHMKAIOIIEr0 NpH aBapuAHOM pa3pbiBe
€MKOCTH €O CYKIDKEHHBIM TOPIOUHMM Ta30M, H MOCIEICTBHA €r0 TEMIOBOTO BO3ACHCTBHS Ha
OKpY)KaIOMKe 0OBEKTH U3BECTHEI aBHO, OJJHAKO CEPhe3HOE BHUMAHUE K HEMY H HA9allo
CHCTEMATHIECKOr0 M3y4eHHs OTHOCHTCS K 1970-M IT., IOCIE TOro, Kak MPOM30LLIH
KpyIHEHIINE aBapul €O CXXIDKCHHBIMH Ta3aMH, COMPOBOXKAAIOMIMECS O0Opa3sOBaHHEM
orpoMHBIX pasmepos OIIl m MHOTOUHCICHHBIME >kepTBamMu. OILI, KaK mpaBHII0, BO3HAKAET
IOPH BHE3allHOM OCBOOMKACHWMM CXKIDKEHHOTO Ta3a, XpaHsmierocs B cocyle IMOJ
JaBJICHUEM, W TIOYTH OJXHOBPEMEHHOM TOSIBIICHIH MCTOYHMKA 32)KUTAHUA. AHATOTHYHOE
SBJICHUE MOKET BO3HUKHYTH IPH MPOJMBAX KPUOICHHBIX TOPIOYUX (SKUIKHX BOAOPOJA,
METaHa) WM TIPH PaspblBaX MEPErPeThIX EMKOCTEN € MKUAKOCTSIMH TPETheH KaTeropuu

(He(pTEenpOAYKTHI U T.II.).
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OrHeHHBIl [Iap mpenacTaeisieT co0oif 00fako Tropsmiero rasa WM 0apa,
NOAHMMAIOLIEECS HAJ MOBEPXHOCTBIO 3EMJTH M XapaKTEPU3yoLLeecs: OOMbIINM TEIIOBBIM
M3JIy4EHUEM HA 3HAYUTENBHBIX paccTosHuAX. O6IaKo mapa, CMEHIAHHOE € BO3AYXOM, HO
nepeoOoraleHHoe TOIUIMBOM U HE CIOcOOHOE MO3TOMY K OOBeMHOM nedumarpanuy win
JICTOHAIIWY, IIPH MOSIBIECHAN UCTOYHHKA BOCILIAMEHEHHS HAYMHACT TOPETh BOKPYT CBOCH
000JIOYKH 3a CUET MOCTYMAIOLIEr0 U3 OKPY>Karoleit cpebl BO3AyXa.

Coycrs TOBOJIBHO KOPOTKOE BpeMs IOCJTE BOCIDIAMEHEHHSI Topsdas 0001ouka
iaMeHd HaunHaerT noaHuMare OIIl Hag NOBEPXHOCTBIO 3€MJM, YTO MPHUBOOHUT K
YBEIMYCHUIO pajyyca OonacHoro BozaeiicTBus uznyuyenus. Iloguumascs, OIIl oOpasyer
rprOOBHHOE O00NAaKo, HOXKKA KOTOPOTO MPEACTaBseT co0OM CHIBHOE BOCXOJAIIEE
KOHBEKTUBHOE TEUECHHE.

Brnaronapst TennoBoMy paclImpeHHIo 000MIOYKH BO3AYX NMpoHuKaeT BHyTph OIII, B
pe3yJbTare Yero pasMepsl U Beicota mogpeMa OLLI B mpoLecce rOpeHHs BO3PacTaloT U OH
Ha4YWHACT TacHYTh, pa3OHBasich Ha Oojee MeENIKHE Ta30BBIE MOJIOCTH, YacTh KOTOPBIX
npono/kaet ropets. B mponecce roperns OLLl u3 yrieBomgopoaoB oOpa3yercs caka, 4To
IIPUBOJUT K BO3HUKHOBEHMIO CBETSLICTOCA MIIAMEHU C M3MYYaTeNIbHOH CIOCOOHOCTHIO
6mmskoit x emuHmne. Caka obpazyercs Tatoke mpu Topernn OILl W3 mpHpOAHOTO Ta3a,
OJTHAKO CBEUCHUE IUIAMEHM B 3TOM CIy4ae MPOMCXOAUT C M3MyUaTeTbHOM CHOCOOHOCTBIO

MCHBIIC CIUHHUIIEI.

2.4.2 OnacHoCTH OrHEHHOTO Iapa

Omacrocts  OIIl  oOycioBieHa €ro BHICOKOW TeMmmeparypoli, OGOJBIIMMHA
pasMepaMH ¥ BO3MOXKHOCTBIO IIEPEABIDKEHMS B BO3AYIIHEIX MOTOKaX. I103TOMy OHH
MOTYT CIy>KHTh HCTOYHMKAMH BOCTUTAMEHEHHS 10 TPACKTOPHH CBOETO ABIDKEHUS. OIHAKO
Hanboee 3HAYNTEIbHOM SBIIIETCSA UX MOTCHUMANIbHAS ONACHOCTD U YeI0BEKa, KOTOPBIH
naxe Ha OombmioMm paccrosHEE oT OIIl B pe3ynbTaTe TEIIOBOrO H3MYUCHHUS MOXKET

IMOJIYYUTE TAXKCIIBIC OXKOTH.
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2.4.3 Hecraumonapnoe pa3BHTHE OrHEHHOro mapa. MaxkcaMaabLHast

BCJINYHHA OTHEHHOIO 1HIapa

BenuurHa OrHeHHOro IIapa  paccMarpuBacTCs HCXOAA U3 JUaMeTpa
SKBUBAJICHTHOH cdepbl D, MMEKIIEH Takyl >K€ IUIOmAAb TIOBEPXHOCTH, 4YTO H
HaOMIOJAEM bl OTHEHHBII 1Iap, JOCTUTIINI MAKCUMATbHBIX Pa3MEPOB.

Py aBTOpOB CpaBHMBAMM /) ¢ BEITMYMHOMN, pacCUMTaHHOM s auamerpa chepsl,
COJICpIKAIIEH TOpIoYee TAKOM XK€ MACChl, CMEIMIAHHON B CTEXUOMETPHIECKOM OTHOIIEHUHN
C BO3QYXOM, IpHYeM Temreparypa cdepbl YBENMYMBACTCA OO TEMIEpPATyphl TUIAMEHH,
JOCTUTacMOM NpH aanadaTHueCKOM POLIECCE.

PaccmoTpum Maccy Bo3fyxa my, CMCIIAHHYHO € MacCOi TONJMBA 1, KOTODHIE
3areM 3aropairorci. B MOMEHT BpEMEHM, KOrJa OrHEHHbI map Oyaer HMETh
MaKCUMAaIBHEIA pa3Mep, JOMYCTHM, YTO BO3PACTAHHE SHTAIBNUN OTHEHHOTO Imapa Oyaer
H, a ero temneparypa 7. JlollyCTHM, YTO YAENBHAS TEIUIOEMKOCTh CHCTEMBI MpH
M3MEHEHUH TeMIeEpaTypel oT 7o A0 7' moctogHHa [12].

O0beM OrHEHHOTO mapa V onpeaciseTcs U3 ypaBHeHUs

_mytm (m,+m)T

V , 2.145
P Poly ( )
T p — IIOTHOCTE CMECH IIpu Temmeparype 7, a po npu Tp.
Kpome Toro:
H=c(m,+m)T-T,). (2.146)
Hcxons u3 sToro
m,+m . H
V=4 1+ 2.147
Po Tie(m, +m) ( )
"
6 H m,/ m+1
D=[—(1+ 4 iml 3 2.148
[” ( Tie(m, +m)) Po I ( )

Benuunna H 3aBUCHT OT CYMMAapHOIO OTHOLICHHS BO3AYX/TOPIOYee B OTHEHHOM
mape W TepMHUYECKOro Kod(duuumenra nonesnoro aeiicteus 1. Koapdurmenr R —

BCJINYHHA OTHOLICHUA mA/ mB CTCXI/IOMC’I'pI/I‘ICCKOﬁ CMCCH, TTPUYCM:
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m, <Rm H = ﬂﬁg (cucrema, oboranIeHHAS TOPIOYUM),

m, = Rm H =qmQ, (cucrema, oboTameHHas KMCIIOPOIOM),

rae ¢, — Temnora cropanus, # (<l) yIUTHIBACT TEIUIOBBIC MOTEPH OTHEHHOrO MIapa B
MIPOIIECCE €r0 POCTa A0 MAaKCHMAIBbHOTO JWAMETPA M HECTOPEBIIES TOPIOYCE BEIECTBO
(momyiieHHe BO3MOXKHOCTH IOSABIIEHHS HECTOPEBIIET0 TOPIOYETO MaTepUaa Coriacyercs
C JIOTYIICHAEM O BO3MOXKHOCTH HPUCYTCTBHS M30BITOYHOIO BO3LyXa W3-3a, HAIPUMED,
HErOMOIE¢HHOCTH COCTaBa OTHEHHOTO IIapa WK CaKeoOpa3oBaHusL).
Ypasuenue (2.148) MOMKHO 3anucaTh B BULE
D=Km". (2.149)
I'paduk uzmMeHeHus BeaMuMHBI K, paccYnTaHHblil [t O U R, COOTBETCTRYIOIIIX
HpoNaHy, MoKa3aH Ha puc. 2.26. K cnabo 3aBUCHT OT 1. Y3 prc. 2.26 BUAHO, 4TO BEIWYMHA
K = 5,8 mns otHomeHus my/Rm =1 m m =1 XapakTepHa s CTEXHOMETPAUCCKOIO

anuabaTHYecKoro OrHEHHOro mapa. B stoM cayuae D = 5,8m'

. Cnegyer OTMETHTB, UTO
CTEXMOMETPHUECKHH OTHEHHBIH LIap HE SIBJISIETCS caMbIM OOJIBIINM TI0 pa3MepaM, XOTs U
ABJLACTCA CaMbIM I'OPAYUM IJisg ,E[&HHOﬁ BCJIMYUHBI 1).

OKCIEpUMEHTAIEHO  OTPEJENCHHBIE  PasNMYHBIMH ~ aBTOpPaMHU  BEJTMYMHBL
MaxkcuManbHoro guamerpa OLL npuBeaeHs! Ha puc. 2.27.

Xacerapa u Caro [3, 6] mpoBeaM CEpuUl0 DKCIECPUMEHTOB, B KOTOPBIX
JICTKOBOCILTAMCHSAIOIIAsACA KAAKOCTDb (I'II')OI'H/IJ'[E:I-I7 NCHTaH WJIA OKTaH) Harpcpajincb B
TEPMETHYHOM PE3EPBYape, PACTIONOKEHHOM Ha BbICOTE 4 M HaJl YPOBHEM 3€MJIM, KOTOPEIHA
pasOuBancs MEXaHWIECKHM CIOCOOOM, KOTZla TeMIeparypa >XHAKOCTH B COCYyIe
JocTurana TpedyeMol BENMYMHBL. YIPYrocTh Hapa *KUAKOCTH Haxo[uach B Iperenax
0,2-1,35 MIla, a wMacca KuUAKOCTH cocraasuia or 3,1 mo 31 xr. JKumkocTs
BEIOpaCHIBAIACh W3 COCyJa 3a CYCT MABKIKYINCH CHJIBL, CO3JaBacMON MIHOBEHHBIM
HCIIAPEHUEM, W TIO/DKUTaIach BCIOMOIATENbHBIM IUIAMEHEM, HAXOAMBIIEMCS HA BHICOTE
7™M Han ypoBHeM 3emiHd, oOpasys NpHUMEpHO c(pepUdeCKHe OrHEHHBIE ILAPBL
[lonyuywrBmnecs orseHHble wapbl (OTOrpadUPOBATNCHE B JBYX HAMNpPABJICHUSIX MOK
OPSAMBIM YIJIOM APYT K APYTY, TIOAOOHBIM k€ 00pa3oM M3MEPSIIOCh TEMTOBOE U3ITy4YCHUE
or OIILL IlonyyeHHBIE pe3yabTaThl AHATH3HPOBAIUCH s ompenenchns pasmepa OILI,
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paauaibHOM CKOPOCTH, PaJHalliOHHON MOIMHOCTH, a TAKXKE PaTHALIMOHHON MOIIHOCTH HA
CAUHHULY IIOMAAXA IMOBCPXHOCTH IINIAMCHHM B 3aBHUCHMOCTH OT IPpOAOJLKUTCIIbHOCTH
Ka)KIOTO HCIBITAHWS. XapaKTEPHOE COOTHOIICHHE MEXHy [ M MaccoM TOIUIMBA M B
paboTe [6] umeeT criemyronui BUI:

D =525m"", (2.150)

D10 COOTHOMIEHHE TTOKA3AHO Ha puC. 2.27 mHUeH 4.

174 Ha6riToK H3z6riToK

] roprouero KHucropoga

O 13 T T ¥ T v 1

0 2 M
OTHOmIeHNEe BO3OYX/TOopluee m

Pucynox 2.26 — 3aBucuMocCTb apamMeTpa pa3Mepa OTHEHHOTO IIapa OT OTHOMIEHHMS BO3AYX/TOPIOUee U
TepMmideckoro koaddurmenra noaessoro aeiicreusa: [ —n =1,0; 2—n=0,75
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Pucynok 2.27 — 3aBucHMOCTD THaMETPa OTHEHHOTO LIapa OT MacChl TOILTIBA!
{ —nponaH [14]; 2 — 6yran [15]; 3 — metan, nponaH [9,10]; 4 — mponunen, nexrax, okrad [8];
5 — CHI [5]; 6 — mponunen [6]; 7 — Gyran [1]; 8§ — xepocun + xunkuii kucnopon [12]; 9, 12, 14—
nponau [1]; 10, 11, 13, 15, 18 — CHI' [1]; 16, 17 — MoHOMepHbIii BUHMAXIOpUA [1]; 19 — xxunkuit
Bomopon [16]
Xapmu u ap. [4, 5] ananuzupoBanu HEKOTOPLIE acnekThl mosenaeHus OLLl metana u
nponana. OHU NpUBOAAT A cTexuoMmerprueckoro Ol cooTHOmEH E:
D=624m" (2.151)
U OTMeuaroT ero mocrosHceTBo i OILl, oOpaszyrommxcs oT 3aropaHusi OueHb OONBIINX
KOJIMYECTB BBHIMYCKAEMOIr0 PAKETHOTO TOIUIMBA, A TAKXKE NPHU MCIBITAHUSAX MNpONaHa B
kosmuectBe 710 220 kr. [lanHble pabot [4, 5] ¢ A0CTATOYHONH TOYHOCTHIO OMUCHIBAIOTCS
3aBUCUMOCTBIO:
D=58m", (2.152)
B pabore Maypepa u ap. [7] naercs BenuunHa pazmepa OILLl npu Beimycke 452 xr
MPOTHJIEHA.
Beiikep [12] mpoBen B3pBIBHBIE UCTIBITaHKS OATIOHOB CO CXKM>KEHHBIM HE(TSIHBIM

rasoM, TOJBEPrHYTHIM JAeiicTBHIO OrHS. HekoTopble XapakTepHble pa3Mephl OTHEHHBIX
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IIapOB, MOJYYCHHBIC IIPH O3THX HCHBITAHHWAX, OCYLICCTBISABIIMXCS TpPH JABJICHUSAX
paspsiBa 0T 4 10 8 MI1a, npuBeacHbI HA puc. 2.27.

Xaii [8] mpencraBui JaHHBIEC 110 pa3MepaM OTHEHHBIX IIAPOB IS HECKOJIBKUX
CHCTEM PaKETHOTO TOIIUBA. [l CTEXHMOMETPUUECKOM CMECH KEPOCHHA C SKHIKHM
KHACJIOPOAOM Aaetcs popMmyna

D=6.2m"". (2.153)

Jlannble Xas pacnpoCTPaHAIOTCA HA AWANa3oH BemuurH m o1 1 10 5000 k.

®3if 1 op. [9, 10] momyymn pa3Mepbl OTHEHHBIX INAPOB U3 DKCTIEPHMEHTOB C
MaTbMH 00beMaMH MeTaHa, 3TaHa W mporasa (o1 20 o 200 cm’). Jmamerp OILI mus

npomaHa anmpoKCUMUPYETCA 3aBUCUMOCTBIO

D=628m'", (2.154)
B pabote [1] npuBoautcs gopmyna
D=55m". (2.155)

B pabote [11] uccnenoBamuce OII u3z Merana u OyTaHa (MBUIbHBIC My3bIpH). X
00beM u3mensuicsa ot 100 go 800 CM3, 4TO COOTBETCTBOBAJIO H3MEHEHHUIO Macchl OyTaHa OT
0,24 mo 1,9 r, a merana — ot 0,07 go 0,6 r. [lng MakcHMMambHOTO auaMeTpa cdepsr,
MaKCHMATBHOM BBICOTEI OABEMA W MPOJOIDKATENHHOCTH CyLiecTBOBaHms Buaumoro OILT
OB IIONMYyYEeHbI SMIUPUYECKUE 3aBUCMMOCTU OT MAcChl TOPIOYETo BEHIECTBA. B MaHHOM
paboTe Ha ocHOBe OanaHca BEINECTBA W TEIUIOTHl Pa3paOOTaHbI JBE MATEMATHYCCKHE
MOJENY, TO3BOJIMBLINE HHTEPIIPETUPOBATH NONYYECHHBIE B SKCTIEPUMEHTAX COOTHONICHHS
Uil auaMerpa M BpeMeHH cymecrsoBanus OIIl. OCe Mozaenu OCHOBBIBAIOTCS HA
SKCIIEPUMEHTAIBHO YCTaHOBNEHHOM (hakre, uro auamerp OILl yBemwumBaeTcs ¢
MOCTOSHHOW CKOpOCTBIO. C HCHONB30BaHMEM NEpBOH Mojenu (ropsueii 00oJIOuKd |

X0JIOOHOTO sr;[pa) TOIYYCHBI CJICTYIOIHUEC COOTHOIICHHA:

D=645m" jutst Gyrama, (2.156)

D=6,95m"? JUTA METaHa. (2.157)
CorniacHO BTOpOi#f MOAEN! (M30TEPMHUYECKOH ) OTYYEHO:

D=572m" juist GyTaHa, (2.158)

D=59m" JUISl METAHA. (2.159)

BI/II[HO, YTO IIOTYUYCHHBIC PE3YJIBTATHI COTIACYIOTCA C IIPEACTABICHHBIMH DAHCE.
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IIpu aBapmsX O4€Hb PEAKO YIAETCS M3MEPUTh AuaMeTp H Bpems xxu3Hn Ol T.k.
3apaHee HUKTO, KOHEYHO, HE TOTOBUTCS 3adukcupoBars HaOMOAeHN. OJHUM U3 PEIKHUX
UCKJIFOYEHHH M3 3TOTO IpaBmiia SBMIACH KaracTpoda B KpeceHT-CUTH, KOTIa CTydaifHbIi
dotorpad ycmen caemars ¢ororpaduro Ol [luameTp 3TOr0 OFHEHHOTO INApa,
obpazoBasmierocs npu B3peiBe THa BLEVE B pe3ynsrate aBapui aBTOLMCTEPHBL, TOYTH
JIET Ha JINHUIO

D=538m".

IMpu JToii Karactpode pasmmiock 6,8 - 10* kr cxwkenHOro HedTIHOTO Tasa
JUAMETP OTHEHHOTO Iapa cocTaBwil npuMmepHo 180 M. JlaHHBIE MO JIPYrUM aBapusM
npHBECHE B padoTe [1] u mpeAcTaBleHsl TOYKaMH Ha CBOJHOM rpadwke puc. 2.27. He
BeIMAfacT w3 oOmei 3apucHMoctd W pasmep OIII s xugkoro Bojopoma. B
oreuecTBeHHOH pabote [14] npusenensl ¢otorpaduu Ol npu mponuse okosio 1000 kr
JKMJKOLO BOAOPOJA HA TPYHT € NOMKUraHueM npumepHo Ha 700-i cexynpe. OILI
JMAMETPOM NpUMEpHO 30 M MOJHAICS HAa BBICOTY NpHMEpPHO 50 M M CyLIECTBOBANI B
TEUYEHHUE NMPUMEPHO 6 C.

AHanu3upys OpUBEACHHBIE Ha rpaduKe SKCOEPUMEHTAIILHBIE JAHHBIEC Pa3UYHBIX
aBTOPOB, a TaKKe pe3yJIbTaThl aBapuii ¢ oOpazosanreM OIll, MOKHO 3aKJIFOUHTH, YTO JUIA
OLICHKU MaKCUMAaIbHOTO AMAMETPa OTHEHHOrO 1apa /sl LIXPOKOTo AMana30Ha BENUYUHBL
BBIITyCKAEMOT0 Ta3a W, B OCOOEHHOCTH, /Ui OONBIIMX MAacc (JIECATKH W COTHH TOHH)
MO>KHO PEKOMEHIOBAThH UCHIONIL30BaTh (opMyny:

D=538m". (2.160)

2.4.4 XapaxrepHble Bpemena pa3sutusi QLI

3HaHue JUTMTENBHOCTH OCHOBHBIX cTamuit (opmuposanus OILl BecbMa BaXkHO IS
OLECHKH €ro nopaxarowero jcicrsud. IIpH NpoBeNCHHMM  OKCOEPUMEHTANBHBIX
uccnenobanuii ¢ OII 06bIYHO BBIAENSAIOT HECKOIBKO XapaKTEPHBIX MacITab0B BPEMEHH —
BPEMsI TOPEHHUS UM XMMHYECKOIO IIPEBPAILCHUs TOILUIUBA, 3aBUCALLICE OT BUJA TOILUIMBA,
HCXOJHOIO TEPMOJMHAMMYECKOrO COCTOSHHSA (HAYaJBbHOIO MMITYJbCA) H HEKOTOPBIX

apyrux (aKTopoB; BpeMs NOCTH)KCHHMS MakCHMaibHOro pasmepa OILLl, mpakruuecku
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COBMAAOIICE C BPEMEHEM TOPSHHS; BpeMs MOABEMa M BpeMs cymiecTBoBanus OIIL T. e.
BpeM, B TEYEHUE KOTOPOTO MPEKpaIlaeTcs BUAUMOe nyuencmyckanne OIIL

OO0u1yr0 3aKOHOMEPHOCTh HecTanuoHapHOro passutus OILl MOXKHO TONy4YMTh HA
OCHOBE TEOPHH Pa3MEPHOCTEH, IPU 3TOM HEOOXOMMO NPABHJIBHO OMPEAETUTE MEPEUCHb
CYLIECTBEHHBIX (MJIM OCHOBHBIX) (PM3MUYECKUX MapamMeTpoB Mpolecca. AHAU3 SBJICHUS
Haubonee moyiHO cienaH B pabore [13]. Ecnu mpuHATH B KadecTBE CYHIECTBEHHBIX
mapaMeTpoB. () — BBIIENMBIHIASCA B TIporiecce TopeHms >Heprus, J[x; 7 — Ttemmeparypa
mnamen, K; pC, — temnoemkocts raza B OLI, H/™’rpax; ¢ — nocrosnHas Credana —
Bonbimana, H/M'c: rpax’, To BpeMs Mpolecca MOKHO BBIPA3HTh OOOOIIEHHOM

3aBUCHMOCTEBIO

Ry

L 10/ 3 >

ol
Tonaras ganee pC, H ¢ TOCTOSHHBIMA, HONYIHUM IIPOCTYIO 3aBHCHMOCTD

V3
kQ

1= T10/37

(2.161)

/e kK — KOHCTaHTa.

W3 ypaBHenus (2.161) cnenyer, uto anast O 0ObIUHBEIX YIJIEBOAOPOAHBIX TOMJIUB
BpeMs JKM3HU HPONOPLHUOHANEHO KOPHIO KyOM4YHOMY M3 Macchl TolumBa. Kpome Toro,
BpeMs JKU3HH H, CIEOBATENBHO, 0KOroBOTO AcicTBHsa Oomnee ropsunx OIIl (ranpumep,

Tpu B3pbiBe BB 1M NponuThIX PaKeTHBIX KOMIIOHEHTOB) OyAET KOpoUe.

2.4.S Bpemsi cylnecTBOBAHHSI OTHEHHOTO Iapa

AHanW3 SKCIEPHMEHTATHHEIX PaboT PasTMIHBIX HCCIIEOBATENEH TOKa3al, YTo B
OTIPSIICIICHNM  BPEMCHHBIX MHTEpBaJoB paseuThs Ol  cymecTBYIOT —MIHPOKHE
pacxoxkaeHus. VX mpuuMHBI KpaTKO paccMaTpuBaroTcs B padote [2], B KOTOpOii
OTMEUAeTCsI, YTO KOpPpPEISIIMS pacmagaeTcs Ha JBa Kimacca. JUIst mepBoro kiacca
(MamoMacITabHbIE OMBITHI)

t~m
st gpyroro knacca (3KCOEPUMEHTHI C PAKETHBIM TOILUIMBOM )
t~m
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IMepBblif  Kiacc TOJNHOCTBIO OCHOBAH HA  MAIOMAcIITA0HBIX — OMNbITax.
OKCTpanoysnus 3THX 3aBUCHMOCTEH Ha 00NacTh MAce MOPSIKA TOHH, IO-BHAMMOMY, HE
o0ocHOBaHa.

Hwke npuBoasTCA OKCIEPUMEHTAIBHBIE JAHHBIE PA3IMYHEIX aBTOPOB.

Xaceraa ®m Caro manuM [Ba COOTHONIEHMS MEXKAY IPOJODKUATEILHOCTBIO
cymecrsosanus OI m maccoit roprouero Marepuaia. B [3] it maccs! roprodero 0,31—

6,2 KT (1IeHTaH) gaetcs popmyna

t = 1,1m™, (2.162)
a B pabote [6] ms mace 3,1-31,0 kr (mpomaHs, neHTaH, OKTaH ):
ty = 1,07m*® (2.163)

B padore [12] ormeuaercs, 4Yto pnaHHBIE W3 paboTtel [6] mma >3 Kr
KOPPEKTHPOBAIUCH OTAECITBHO U OblJIa mosyueHa Gopmysna
1, =~ 0,83m"*'6, (2.164)
Tam >xe oTMedaeTcs, 4To A m < 5 KT cleayeT UCTIONb30BaTh ypaBHeHHE (2.162),
a i m > 5 xr — ypaBHeHue (2.164). YpaBHeHneM (2.163) nonbs30BaThes HE CIEAYET, TaK
Kak OHO OTPa)kaeT COuETaHHUE ABYX pa3lIn4HbIX Mojeneii nopeaeHus OLLL
Xait [8] mpuBoauT maHHBIE MO AnuTenbHOCTH cBeyeHus OLLl 3a cyer TemmoBoro
U3JIy4eHus, 00pa3oBaBILEerocs OT TOPEHUs PaKeTHOTO TOILIHBA
1, = 0,49m"% (2.165)
Pobeprc [12] Ha OCHOBaHMM CHUCTEMATH3allMM JAHHBIX [0 CYMMAapHO#
IPOAOKUTENBHOCTH cymiecTBoRaHus OILl nemaeT 3aKkm0o4YeHNE, YTO JJIsl MAacCHl FOPIOYEro

MaTepuaja, MPEBBIMIAIOIIEr0 5 Kr, OHH JIEKAT MEXAy TPaHWLIAMHM, ONpPEAETSEMBIMH

YDaBHECHHSIMHU:
t,~0,45m'”, (2.166)
t,~0,90m'". (2.167)
Jns manoMacinTadbHex onbiToB @ait [10] mosmyuun
t,~2,53m", (2.168)
a Xapau [5] ans metaHa
t,~2,57m"™. (2.169)
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B pabore Jluxoy [11] B ciyuac mMozenu ropsycii 000JOYKH M XOJIOJHOTO A1pa
JaeTcd ciaenyromas GopMyna
t~5,53m">, (2.170)
s uzorepmudeckoi moaenu OLI
1,~0,45m">. (2.171)
OTO BBIPOKEHHE COBIAJACT C MpeatoxkeHnem Pobeprea [66].
Maypep [7] s 0,124-452 xr nponana aaet Gopmyy:
1,~0,32m'". (2.172)
3aBUCUMOCTU 1, OT m, MOJYYCHHbIE IIPH IOMOINM NPUBEACHHBIX BBHIMIE (HOPMYIL,

IpEeACTaBIIEHbl Ha rpaduke puc. 2.28.

© 10 %3
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Macca TOIINMUEBa M , KI

Pucynok 2.28 — 3aBucumocts BpeMeHH cymectsoannst OII oT Macchl TOMIIHBA!
1 —nponan [14]; 2 — 6yTan [15]; 3 — meran [9]; 4 — nponwieH, eHTaH, OkTaH [8];
5 — nponuneH [6]; 6 — xupkuii Bogopox [16]; 7 — kepocus + skunkuii kuciopoxn [12];
8 — B3pwiB pakeTel «CatypH-V» [11]; 9 — mpsamas fg= 1, 1m™; 10 — npsmast g = 0,45 3

Ananu3 rpaduKoB, NpeACTaBICHHBIX HAa pHC. 2.28 NOKA3BBACT, YI0 [
omnpexeneHns BpeMenu cyiectBoBanms Ol moxHO mng Macc roproyero menee 100 xr

MOJIb30BaThCs HOPMYITOi
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t,~1,1m"", (2.173)
a Juis 6onbemnx mace OII

1~ 0,45m'". (2.174)

2.4.6 BricoTa moybeMa OrHEHHOT0 1apa

B pabore @3 [9] B 3KcnepuMEHTaX € MBUIBHBIMH MY3bIpSMH C IPOIAHOM
OIIPEIEsUIaCh BBICOTA BEPXHEH TOYKM OTHEHHOTO Iapa B MOMEHT IIOTacaHusd, Ha
OCHOBAHUM YET0 BBIBOAWIACH (POPMYJa AJisl KOHEYHOMH BBICOTHI MOJBbEMA HIDKHEH TOUKH
OIT:

H,=4,1m", (2.175)

OKCIIEPUMEHTBI, NPOBEACHHBIE ¢ BemibBalomumu Ol Jluxoy u gp. [11],
HOKa3aIm, 4To ckopocTh noabema Ol mpuMepHO ObUla paBHA CKOPOCTH YBEIUYEHMS
Juamerpa miapa. [lpuHuMas CKOpoCTh moabeMa paBHoi 10 M/c  mnd  Beex
KpynHoMacmTabHex OLLl momy4eHO COOTHOIEHHE

H=10¢ (2.176)

OT0 3HAUUT, 9TO ¢ y4eToM (hopmyunsl (2.174), MakcManbHasl BEIMYMHA NOABEMA

H, Oyner onpenensTses BEIpRKEHUEM
H,=4,5m". (2.177)

2.4.7 Ilepenoc TennoBoii yaepruu ot OLL

Hns onpenenenus mopaxaromero aeiictsus Ol HEoOX0 MO yMETh OLIEHHBATH
BEIWYMHY JIYYUCTOTO TEMIOBOTO TMOTOKA W, CIEAOBAaTeNbHO, TEIUIOBOW OJHEPIHHW,
MpUXOOMIIecs Ha EIWHWIYy MOBEPXHOCTH OOJyYacMbIX OOBEKTOB Ha Pa3IMUHBIX
PacCTOSHUIX OT OTHEHHOTO IIapa.

2.4.7.1 MowHocmb menniogoeo usnydeHus

Xacerapa u Caro [3,6] naiOT BEJIMYMHBI U3MEHEHHS TEIUIOBOM MOIIHOCTH IO

BPCMCHH, NIOJIYYCHHBIC U3 ITPOBCACHHBIX UMH HCHblTaHMﬁ, W XapakKTCpU3ylOoT UX B BHJIC
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3aBUCUMOCTH MaKCUMAJILHOTO MOTOKA M3ITYYCHHSA, TOJTYyJaCMOro JaT9uKoM (l'[pPIeMH]/IKOM

W3JIy4eHHsl) HA PACCTOSIHMU K, OT IEHTpa OrHEHHOIO LIapa M BPEMEHH #,, B TEUCHHE
KOTOPOTO MpEeKpalaeTcs BUAUMOe Tydernciyckanue ot OI11

Gmax R = 8,28:10° m™""", (2.178)

1, = 1,07m""™®. (2.179)

H3meHenne ¢ mo BpPEMEHHM A0 HEKOTOPOH CTENMEHW HEYCTOWYMBO, HO IS
OOJBIIMHCTBA CIyYaeB 3Ta 3aBHCHMOCTh MOXET OBITH C JOCTATOYHBIMH OCHOBAHHMSIMU
XOPOIIIO ONMCAHA OBICTPHIM MOJXBEMOM IO pnyuy W TOPA3I0 OONiee MEITEHHBIM JIMHEHHBIM
YMEHBIICHNEM [0 BEIWUHMHEI, OMM3KOM HyNE0. MOXHO TIPEACTABUTH MHTETPAT MOTOKA
H3JIy4EHHs B TOYKE, alMPOKCUMUPOBAHHON K (max’ I VI3 3TOTO creayeT, 9TO CyMMapHOe
U3TydeHHE uepe3 C(epuueckylo MOBEPXHOCTh paauyca [, TPUMEPHO COCTABISET
4n - 828 - 10° - 1,07m™*2.

Hexons w3 storo, mMoiHocTs uanyudeHus OIIl Ha eauHMuy Macchl TOPHOYEro
matepuana passa 1,11-107m "™ Ik, T. e. sBndercs BechMa WHTEHCHBHOW. i
TUIUYHOIO YITIEBOJOPOA, TEIUIOTA CrOPaHMs KOTOPOTO COCTaBISIET MNPUMEPHO 45—
47 MJIx/Kr, UcXonis W3 TONMYYSHHBEIX COOTHOIICHHWH, MOXKHO 3aKIIOYATh, 9TO YacTh
sHepruu cropanus OLL, paccenBaromascs KaK TEMIOBOE H3yUYEHHUE, COCTARISET [~ 0,25—
0,3.

Homo smeprum cropanus OIl, uaymyr Ha H3IYyYEHHE, MOKHO OLICHHTH B
3aBHCHMOCTH OT yrpyroctu napa [12]:

F=027p"", (2.180)
TJie p — yOpyrocts napa xxunkoctu, MIla. Tak, nanpumep, ripu p = 0,2 MIla /= 0,15, a
npa p = 1,35 MIla f= 0,45.

Cpennee 3Hauenue f cocrapnser mpuMepHo 0,2-0,3,

®oit [10] ormeuaer Bennunny f = 0,09 mis merana, 0,12 — mis srana u 0,15 and
[polaHa VIS SKCIEPHMEHTOB ¢ odeHb MaimeHbkuMu OLI (m < 1 T1). Benuuuna f B
npeaenax 0,2-0,4 orMedaeTcs Npy rOPEHUH Pe3epByapa ¢ TOPIOUUMHL.

B pabote [1] pexomennyercst npuHUMaTh 3Ha4deHue f = 0,3. Y3 3TOro BLITEKAET,
qro ¥ OIll, u mnaMs Opu rOPeHUU PE3EPBYapoB ¢ TOPIOYMM BEAyT ceOs IPUMEPHO
OJIMHAKOBO, B YACTHOCTH, 110 BETUYHHE MOIMHOCTH CYMMAapHOTO TEIUIOBOTO M3IyUeHUS Ha
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€IMHUIlY MAacCHl T'OPIOYEr0 MAaTepUalld, KOTOPas YBEIMYMBACTCA HNPH POCTE BEIMYUHBI
YIIPYTOCTH Hapa IpH B3PhIBE 3a cUeT Goiee ObICTPoro U 3(PpGhEeKTHBHOTO TOPEHNH.
MaxkcumanbHblii MOTOK TEIUIOBOT0 M3nydeHus ¢ nosepxHoctu OIIl Moxer ObiTh
paccunTaH 1o maHHbBM Xaceraea u Caro npu R, = D/2:
g = 120m™'® [KBT/™?] . (2.181)
Jns uHTEpBANa Mace, HCIOIB3yeMBIX Xacerasoi u Caro
qs=141-196 [KBT/™].
B pabore [12] yka3bIBaeTcs, 9TO KOHKDETHBIE 3HAUEHHS ¢, MOTYT HOCTHTaTh
nipuMepHo 450 KBT/M”.
2.4.7.2. OyeHxa UHMEHCUBHOCU UTY4eHUsl HA PASTUYHBIX PACCMOSHUAX 0Oe3
yuema ocradaenus ammocgepoil
Kax u panee, nmpexnonaraercs, uro Ol mmeer cdeprudeckyio popmy. U3 atoro
cllefyeT, YTo eOVHWYHAs IUIomaaka obiaydaeMoii nmoBepxHocTd [12], opueHTHpOBaHHAS
mont yryiom 90° K HampaBIEHHTO MANAIONIEro H3/TyYeH s W PACTIONIOKEHHAS HA PACCTOSHHH
Ry, 3a Bpems cymectBoBanus OIIl #, OymeT monyyarh dHEpPru0 (Jy, KOTOPYIO MOXKHO
BBIYHCIIUTE 110 YPABHEHHIO
04 = (Ormf)/ATR? . (2.182)
IIpuHAMAas TEIIOTY CTOPAHHS A yrieBogopoaos Or = 47 - 10° Jw/kr, a f= 0,3,

MOJKHO TIOJTyYHTh:

0, =1,122:10°m)/R} [ox/m?] . (2.183)
IToTOK 3HEPIHH Y LENU (4 MOXKHO BBIPA3HTBH CJIEAYIOIHM 00pa3oM:
q4=Qulty (2.184)
U, UCTIONB3Y s BbipaxkeHue (2.183) u (2.184)
q4=0,295 - 10'm**/R? [Br/™’] . (2.185)

Kak ormeuaerca B [1], XoTa mpencrtaBneHHble BhlpakeHus (2.183) u (2.185) u
JIAIOT BO3MOXHOCTb OLICHUTh HHTEHCUBHOCT NAJAOIIET0 N3TYyYCHHS U TIONHBIH TEMI0BOM
HUMITYJIbC C TPHEMIIEMOH CTEMEHBI0 TOYHOCTH, HAJ0 HOAYEPKHYTh, YTO B PEATBHOU
00CTAaHOBKE H3JIy4CHUE NANACT HAa TPEXMEPHBIE Tena. [103TOMYy HMHTEHCUBHOCTH M
AMITYJIEC, BHIPKEHHBIE HA €AWHULYY MIIOLMIAAN MOBEPXHOCTH, B LIENOM OYyIyT MEHBLIE, IO
KpaitHeii Mepe B 2 pasa.

136



2.4.7.3 Ocnabnenue mennog8o2o NOMoKa ammocgepoi

CnoXHOCTb 3/16Ch 3AKIIOYACTCA B TOM, 4TO CIIOCOOHOCTH arMoc(eps! ocnabiaTh
TEIUIOBOE H3MyYeHUE HEONMHAKOBA B PA3HBIX MECTaX B TECUYCHWE CYTOK M JAXKE Haca.
O¢dexTs ocmabneHus paccMaTpuBaroTcs B pabote [1] W WId 3HEPrUM U TEMIOBOrO

MOTOKa, II0TyJacMbIX €IMHUIHO IIOIMAAKOM IT0CiIe ocmadieHus, JarTcs HOPMYJIBL:

O, fin
QA :4;ij, (2186)
Oy fin ,
T, 2.187
1. A7kt ’ ( )
rze mapamerp ocnabnenns 7=100-012IgR, (2.188)

Takum 00pasoM, BENWYMHY TEMIOBOM OSHEPrUM M TIOTOKA HA CAWHHUILY
HOBEPXHOCTH 00JIy4aeMoro 00beKTa MOXKHO OLEHUTH 10 (opmynam (2.186) — (2.187).

Beitkep v np. [13] Ha OCHOBaHUM TPHUBJICUEHUS METO/IA TIOAO0US U Pa3MepHOCTEH
U, UCTIONB3YS 3KCIEPUMEHTANbHbIE JaHHble Xas [8], mator cnenyromme GopMmynsl s

pacteTa TEIUIOBO# SHEPTUK M MIOTOKA HA PacCTOSHUM R, oT mentpa OILI:

0, FR'TY?
eyl U e S (2.189)
q FRTY?
ey e I (2.190)

rae 7' — temueparypa OILl; @ ,b,G , F — dKCTiepAMEHTATbHBIE KO3()(DHLIMEHTEL.

Ecnu BbIpa3uTh ga B B, TB K, 0, B IbkmM?, m B kr, To F = 161,7;
G=526-107; bG =2,04 - 10%, a =3,327.

3apucumoctr (2.189), (2.190) MOXKHO NPEACTaBUTH TpaMUuECcKH, YTO CHAEJAHO B
pabore [13] (puc. 2.29).

B pabote ®as [10] Ha ocHoBanuM Moaenuposanus Ol B BHIE NpPOCTPAHCTBEHHO
OJIHOPOJIHOIO CEPOro Tas3a, UMEIONIETO PaBHOMEPHYIO TeMIepaTrypy Iy M MOCTOSHHBII
KOO (QHIMEHT TOTNIOMEHUS K, nmaercs ¢opMyna s BBIYMCICHHS PaAHalOHHOTO

TCIUIOBOI'O IIOTOKA ¢4 Ha PaCCTOAHUH R, ot LCHTPa OTHEHHOT'O Iapa
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{1-(+kD)exp(—kD)}lo (T, —T,;‘)—li

P
t

g, =[1- (2.191)

2
k*D?
rae o — nocrosHHas Credana- bonpiMana; 7, — Temmeparypa arMocdepsl; D — muamerp
OI1L

Jins kodddunuenta k garotcs 3Hauerns 107 — 107 ¢M ', KOTOPbIE YMEHBIIAKTCS

HC3HAYUTECIIBHO € YBCJIMYCHHUEM IICPBOHAYAIIBHOIO o0BbeMa TOTUTHBA.
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3 Kpurepuu, onpeaensiioniue cTeneHb OMNACHOTO BO3AeCTBHUSA
(dakTOpoB noxkapa Ha JIoleil, 31aHHNA, COOPY:KEHHUS H TEXHOJOTHYECKOEe

o00opy10BaHHe

INon xpuTepHeM NOPDKEHHS TOHUMACTCS HANMEHBINAS CTETICHb MOBPEXKICHUS ITH
U3MEHEHNS XapPaKTEePUCTUK HOPMAIBHOTO (YHKLIMOHUPOBAHHS OOBEKTa, MpH KOTOPOif
MTPOUCXOAUT yTpaTa OOBEKTOM OCHOBHBIX (YHKLHOHATHHBIX CBOMCTB (BBIXOA H3 CTPOS,
HETPYAOCIIOCOOHOCTB ).

Hike paccMOTPEHBI PA3THYHBIE TIOAXOAbI K ONPEEIEHHI0 KPUTEPHEB TIOPAKEHHSA

JOfEH, 30aHuit 1 000Pya0BaHU OMTACHBIME (HaKTOpaMH MO’Kapa W B3pHIBA.

3.1 Kpurepun nopaxkeHusi yiapHoii BoJTHOM

U3BecTHEIE KpUTEpuUM TOpakeHHs OOBEKTOB yaapHO#l BonHOH (YB) MoXHO
VCIIOBHO PAa3lelNTh Ha JETCPMHHUPOBAHHBIE M BEPOSTHOCTHBIE. JIeTepMUHUPOBAHHBIE
KpUTEpUH NPUOMIDKEHHO [OKA3BIBAIOT 3HAUCHUS MapaMeTpoB YB, mpu  KOTOpBIX
HaOMomaeTcs TOT WM WHON YpOBEHb TMOpaXkeHHs (pa3pylueHus). BeposTHOCTHEHIE
KPUTEPUM IIOKA3BIBAKOT, KAKOBA YCJIOBHAs BEPOATHOCTH TOrO0 WIM MHOIO YPOBHS
MOpaKeHuUs (pa3pyLIeHns) TPy 3aaHHOM 3HaYeHHH Mmopaxaronero ¢akropa (Hampumep,
M30BITOYHOTO  JABJICHWS M WMIyJIbca MoNoxutenbHoi  daser  YB).  anee

paccMaTpUBAIOTCS Kak T€, TaK U APYTHE KPHTEPHH.

3.1.1 Bo3moxKHBIe TOC/AEICTBUS BO3ACHCTBUS YAAapHOH BOJHBI Ha JIoAei,

o0opynoBaHHe, 3AaHAS U COOPYKEHHSI

[Nopaxarontee neiicTBrE BO3AYIIHBIX yAAPHBIX BOJH OOBIYHO PA3NEILIIOT HA JBE
KaTeTOPHH; TPSAMOE WM IEPBUYHOE ACHCTBHE 1 OOOTHOE HITH BTOPHIHOE.

IIpsamoe neiicTBue CBS3aHO ¢ M3MCEHEHHEM [aBJIEHUA B OKpYJXKaloIieH cperne B
pe3ysbTarte MPOXOXKISHHUS BO3AYIIHOW yAapHOH BOiHBEL OCHOBHEIMH (DaKkTOpam,

OTIPCACIIAIOIIUMHE CTCIICHb MMOPAXKCHUSA IIPU 3TOM, ABJIAIOTCS:
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e  M30OBITOYHOE JABJICHNE B MAJAIOINX H OTPAKCHHBIX BONHAX;

e  CKOPOCTb HapacTaHHs AABIICHUS,

e  JUIATENHHOCTH MOJIOXKUTENBHON (Pa3bl yAapHOit BOHEL,

e  YJCIbHbIA UMITYJIbC YAAPHOH BOJIHEL.

OpraHbl Tela YeNoBeKa, OTIMIAIOIINecs HAauOOJbIIeH pasHUIEH B MIOTHOCTAX
COCEMHUX TKaHEH (JIerkhe, OpraHsl ciiyxa), Haubonee UYyBCTBUTENIbHBI K MEPBHUYHOMY
MOpakaromeMy JeUCTBUIO yIaapHOW BoJHBEL. Haubosiee omacHBIMU SBISIOTCS JIETOUHbIE
KPOBOTCYECHHS, OTEK W Pa3pbIB JIETKUX, MHCYJBT C 3aKyMOPKOH BO3AyXOM cepAua u
MEHTPATGHON HEPBHOW CHCTEMBI, TOTEPS IBIXaTeNBHOTO 3amaca, paspeiB OapabaHHOM
MIEPETIOHKH, TIOBPEXKACHAE CPEJTHETO yXa, TPaXeH U APYrUxX OpraHoB TENa.

W3 no6ounbix 3¢ dexToB BO3ACHCTBUSA MOKHO BBIACIUTH MOPAXKEHHE OCKOJKAMH,
MEPEHOC TeNA KakK [EJI0r0 BO3AYITHON BOMHOM M MOCHEAYOMMIA TOPMO3AuMi yaap.

B 3aBMCHMOCTM OT CTCNEHH TSDKECTH MEXAHUYECKME MOPAKEHUS YeJIoBeKa
XapaKTePHU3YIOTCA CIEAYIOMNMI NTPH3HAKAMU U UCXOAAMU.

baporpaBMa opraHa ciayxXa XapakTepU3YeTCsl CTPYKTYPHbIMH HOBDPEKACHUAMU
0apabaHHBIX [IEPEIOHOK, KPOBOMIMAHUAMY B HUX W NMOHIDKCHHEM Cilyxa. IIpuMepHO B
5% croy4acB BO3MOXKHO PA3BHTHE OCJIOXKHEHHI, OPUBOIAIIMX K morepe Ooe- wnu
TPYIOCIIOCOOHOCTH B TCUCHHUE NEPBBIX 3—5 CYTOK.

Hipke mpencrapieHbl XapakTEpUCTHKH (MPU3HAKM) Pa3iMYHBIX  CTENEHEH
[IOPAKEHUS YETIOBEKA YIAPHOH BOHOM.

ITpu nopaxkenwsx 1 cTeNeHM HaOMIOAAIOTCS HApyLIEHHS, B OCHOBHOM,
(GYHKIHOHANBHOTO XapakTepa (OTIyNIEHWE, TIOHWKEHHE CllyXa, TOJIOBHBIE OO0JH,
TOJIOBOKPYXKEHHE, paccTpoiicTBa peud). BO3MOXHBI TOBPEKACHUS NOKPOBOB TeEna
(ymmObl, cCaaWHBI, HAPYIICHHS LENOCTHOCTU KOXKHM) OT AEHCTBUS OCKOJIKOB, a TaKXKe
3aKPBITHIC UEPETHO-MO3rOBBIC TPABMEI. Bce MOpakeHHBIE BHIAAYT W3 CTpos U OyAyT B
TOCTTUTAM3AINY WM MEIULIMHCKOM HAOMIOACHUM B T€UeHHE 7—15 CYTOK, a B OTAEIBHBIX
crydasx v 1o 1,5 Mecsmia. ICXOBI BO BCEX CIyUasx OIaromnpHsTHBIE.

IlopaxxkeHnsam 2 cTeNmeHW, KPOME NPU3HAKOB, CBOWCTBEHHBIX MEXAHMYECKOMY
MOpaXeHNI0 1 CTemeHr, MPUCYNIM TIOBPEXK/CHNUS BHYTPEHHUX OPraHOB (Hallle JIETKUX),
KOTOPbIE MPOSBIIAIOTCS B YMEPEHHBIX KPOBOTEUEHUAX U30 PTA, HOCA, YIIEH C BBIIEIIEHHEM
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KPOBSIHMCTOM MOKPOTBI, TMOBPEKACHNS OIOPHO-ABUTAaTeNHbHOTO ammapara (pa3pblBbl
CBSI30K, CYXOXHJIMI, IEPEIOMbl MEIKMX M HEKOTOPEIX KocTei). Cpok JedeHus
MOPaXEHHBIX COCTaBNIsAET 2—3 Mecsla. B mogapisromeM OOMbIIMHCTBE CIyYaeB JICUCHUE
3aKaHYUBACTCSA BBI3AOPOBICHUCM. B PeAKUX cCiaydadax BO3HHKAKOT OCJIOKHCHHA, NPU
KOTOPBIX BO3MOYKHBI CMEPTEILHBIE HCXO/BI.

ITpu mopaxeHUAX 3 cTeMeHW HaOMIOAAIOTCA MOTEPH CO3HAHMA (B TEUEHHE OT
HECKOJIBKUX YacOB 10 HECKOIBKUAX CYTOK), BCE IPU3HAKH, NPUCYIHE NOPAKECHHIO 2
CTENEHN TAKECTH, HO B OoJiee BBIPAKEHHOH (popMe, SBICHUS TPABMAaTHYECKOTO IIOKA.
Cpok JieyeHHs MOPAKEHHBIX COCTABIAET He MeHee 3—4 mecsieB. CMepTeNbHbIE HCXObI
BO3MOXHHI 10 30% cityyaes.

Ipr MeXaHHYECKHX TOBPEKIACHUAX 4 CTeneHH HAOMIOJAeTCS Pe3KUe HapYIICHHS
JKH3HEHHO BAXHBIX (DYHKLHMH OpraHu3Ma, COTPOBOXKAAIOLIMECS TOTepell CO3HAHMS,
paccTpONCTBOM KPOBOOOpAILEHNs] U JbIXaHWA. Takue MNOPaKEHHA 3aKaHYMBAIOTCS
CMEPTENHHEIM UCXOJIOM B TIEPBEIE CYTKH.

B03MOXHOCTH M CPOKHM BOCCTAHOBJIEHHS TPYAOCIOCOOHOCTH TOCTPAJAaBUIAX C
MEXaHMYECKMMM TOPKEHUAMH HOCST BEPOATHOCTHBIA Xapakrep W ONpPEACHsIOTCS
CTCIICHBIO TsDKCCTH l'IOpEDKCHI/Iﬁ7 norcanmauneﬁ HOBpe)I(,ZlCHI/Iﬁ, WHAWBUA LY AJIbHBIMUA

OMOIOTIYECKIME 0COOEHHOCTAMM JitoaeH U 3(H(PEKTUBHOCTBIO JTCUCHUS.
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PucyHok 3.1 — BeposTHOCTb BOCCTAHOBJIEHHS TPYAOCHOCOOHOCTH JIF0€i], MONYYHBIINX MEXaHHICCKHE
MOPa)KeHMUS, B 3aBCUMOCTH OT BPEMEHH H TSKECTH MOPaKEHHUS:
1 — 1-51 cTeneHb MEXaHUUECKOTO OPAKEHHS YENIOBEKa; 2 — 2-5 CTENEHb MEXaHHI€CKOTO MOPAXKEHMsI
qesioBeka, 3 — 3-s1 creneHb MEXaHUUECKOro OPaXKEHHUs YelloBeKa

Ha opwmc. 3.1 mpuBemeHs! rpaduyeckme  3aBUCHMOCTH  BEPOSITHOCTEH
BOCCTaHOBJICHUSI TPYIOCIOCOOHOCTH OT CTENEHH TKECTH MEXAHHYECKHX MOPRKCHUH U
BPEMEHH, ITPOIIE/IIETO ¢ MOMEHTA UX TIOTyUEeHHU.

Pazpymenns, KoTopble MPAYMHSIET B3PHIBHOE CrOPAHUE TOPIOYUX I'a30B WM NAPOB
3/1aHHUSAM, COOPYXKCHHUSIM, TEXHOJIOTHYECKOMY OOOpY/IOBaHHWIO, MOOWIBHON MOXKapHOU
TEXHHUKE, BKIIOYAOT MNPAMOE TMOPKAOLIEEe NEHCTBUE BO3AYINIHONH YJAPHOH BOJIHBI
(paspylieHHE CTEKOJ, pa3laBiiBaHue KaOWH aBTOMOOWIIEH, MOBPEKACHHE HAPYKHBIX
YCTaHOBOK H T. 1'[.)7 a TaKKEC BTOPHYHOC MOpaKarollce ﬂCﬁCTBﬂe, OPUBOAAIICC K
OIIPOKUABIBAHUIO TPAHCIOPTHLIX CPEACTB, HE3aKPEIUICHHBIX 3JIEMEHTOB 00O0DPYHOBAHMS

HAPY’KHBIX YCTAHOBOK H T. JI.
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3.1.2 JlerepMHHHPOBaHHbIE KPUTEPHH OIIEHKH NMOpakalomiero aeiicrensa YB

Ilpy neTepMHHUPOBAHHOM MOAXOAC JI1 OMHCAHWS TIOPAKCHUS Pa3IMIHBIX
00beKTOB  YB MNpPUHATO HKCMONB30BaTh TaK Has3biBaeMble P—i-jguarpammbl. s
KPaTKOBPEMEHHBIX HMITYJIBCHBIX BO3JCHCTBUH 3a4acTyl0 TNPHEMIIEMBIM  SIBIISICTCA
WCIONB30BaHNE TOJBKO KPUTHMUECKUX 3HAYCHUI wMmynbca | YB, s OTHOCHTEIHHO
JUIMTEJIBHBIX BO3ICHCTBHI, THITHYHBIX Ul Je(aarpaOHHbIX B3pPhIBOB MAPOBO3YIITHBIX
0071aKOB — KPUTHYECKUX 3HAYCHHH HM30BITOYHOTO naBieHHs AP TONOKUTENbHON (haswl
VB.

Boszneiicteiue YB Ha KOHCTPYKIIMA BO MHOTOM OMpPEAENAETCS BEIUUMHON 77, TIe
T — BpeMsl BO3JCHCTBUS MONOXKUTENbHOM (asel YB, T — meproa cOGCTBEHHBIX KOJIeOaHmii
koHcTpykumu Ilpu 77>2.5 BosaeiicTBue onpenensercs senuunnoit AP, npu 77 < 0,1 —
HMITYJIbCOM YB.

CoOcTBeHHBIE YaCTOTHI HEKOTOPHIX COOPY KEHHIA MPUBEACHE! B Ta0. 3.1.

Tadnuna 3.1

Ilepuoa coGcTBeHHEIX KOMEOaHHIA

HaumenoBanue 3manuii # COOpYIKCHUI
KoHCTpyKuun 7', ¢

JIBYX3Ta)KHOE KUPIUYHOE 31aHUC 0,14
BalneHHEIH KOmep IMaxThl BEICOTOH 70 M 0,20
KpynronarensHoe 3qaHue 0,22—-0,32
ITaTmsTaxHbI KapKaCHBIN IPOU3BOACTBEHHBIH KOPIYC C 025
Ke1e300eTOHHBIMU aradparmMaMu i
TpexsTa:kHOE KHPIIMYHOE 31AHUE 3aBOJOYIPABICHHS 0,34
CuIoCHBIH KOPIIYC 311¢BaTOpa BHICOTOM 25 M 0,36
MeTammueckasi BOAOHANOPHAs 6amHs BHICOTOH 20 M 0,40
KapxacHoe TpexataxHoe 31anHue (abpuku seicoToit 17,5 0.85
M H pazmepamu B mane 114x37 m >
Kuprninusas aeiMoBast Tpyoa 2,86

Kputnueckue napnenus AP i paspymieHus YB TeX WIM HHBIX 3JIEMEHTOB
31aHuii TpuBeIeHBl B Tabnm. 3.2 [1], ons MOBPEXKACHUM HEKOTOPBHIX MPOMBINLICHHBIX

KOHCTpyKLUMid — B Tabm. 3.3 [1].
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Tabnuua 3.2

Tabauua 3.3

XapakTep NOBPEKACHUH 3IIEMEHTOB 34aHHH AP, xI1a
Paspymmenue ocrexneHus 77
PaspyiueHue meperopoaoK v KpoBiIH
- AEPEBAHHBIX KAPKACHBIX 3JaHUI 12
- KUPTIHYHBIX 3AaHUI 15
- XKEIE300CTOHHBIX KAPKACHBIX 3MAHAN 17
Pa3pymenue nepexpoITHi
- JCPCBAHHBIX KapKAaCHBIX 3JaHMH 17
- MPOMBIIIJICHHBIX KHPITAYHBIX 3MaHUI 28
- IPOMBINIICHHBIX 3JAHHH CO CTAIBHBIM H XKEI€3006 TOHHBIM KapKacoM 30
- 3JaHMH C MACCHBHBIMH CTEHAMH 42
Pa3zpymenue cren
- IUTAKOOIOYHBIX 3JaHUN 22
- JICPEBSIHHBIX KapKACHBIX 3JaHHAH 28
- KUPIMYHBIX 3AaHUH €O cTeHaMH B 1,5 kupnuya 40
- 3JAHUH C MACCUBHBIMH CTCHAMH 100
Paspymenue pyngamenTos 215 - 400
XapaxTep MOBpPeKACHUN MPOMBILIICHHBIX KOHCTPYKLIM AP, Ila
Hesnauure1pHOE MOBPEKACHHE CTANBHBIX KOHCTPYKIIHEL Kapkacos, hepm
PaspyiueHue cranbHBIX KapkacoB, GepM H nepeMenieHHE OCHOBAHUN 8§10
Paspymenue NPOMEIIIICHHBIX CTATBHBIX HECYIIUX KOHCTPYKIUH
Pazpymenue OMOPHEIX CTPYKTYP PE3CPBYapoOB 20
TNepemenieHye UIUHAPHYIECKIX PE3EPBYAPOB, 20+ 30
MIOBPEXKACHUE TPYOOIPOBOIOB 100
TNoBpexxaeHue peKTUGUKALMOHHBIX KOIOHH
Hesnrauurensrsie aedopmaruu TpyOOIIPOBOAHEIX 3CTAKaT o
Iepememenne TPyOOIPOBOAHBIX 3CTAKA, IIOBPESIKACHUE TPYOOIIPOBOLOB 30 " 100
Paspymenue TpyGOTPOBOIHEIX 3CTAKA 35 N 80
20+ 30
35+ 40
40 ~+ 55

Kputnueckne nasnenuss AP, IpU KOTOPBIX PEATU3YIOTCS TOPAKEHUS OPraHOB

ClIyXa 4eJ0BeKa, MpUBEeACHbI B Tad. 3.4 [1].

Tabnuua 3.4
Xapaxtep mopaskeHUs Ha6riTounoe gapnenue AP, klla
I'panna BpemMeHHOH mOTEPH CiIyXa 2,0
Hwxuawuii mopor paspeiea 6apabaHHOM TEPCIOHKH 34,5
50%-Hast BEpOSITHOCTH pa3pbiBa OapabaHHON NEPEIIOHKH 103
100%-Hast BEpOsITHOCTh pa3peiBa GapabaHHOH HEPEIOHKH 400
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Kputnueckue nasnenus AP i mojeil, HaxoAdmxcs B 3AaHUSX, IPUBEJICHBI B
tabn. 3.5 [1]u 3.6 [2].
Tabnuna 3.5

JaBneHue

Ilocneacreus BO3ACHCTBHS "
A A Bo3aeHcTeud, klla

Jroau, HAXOAAIOHWCCS B HCYKPCIUICHHBIX 3JAHMSX, MOTHOHYT B PC3yJbTATC
npsiMOTO MOpaKeHHUA YB, mox passajimHaMu 3AaHHM WM BCJICACTBHE yAapa O
TBEPABIC NPEAMETHI

190

HauGonee BeposTHO, 4TO BCE MIOAH, HAXOMAINHMCCS B HCYKPCIUICHHBIX 3/AHMX,
160 HOTHOHYT, MO0 MONYYAT CEPhE3HBIC MOBPEKICHHS B PE3YNbTaTC JCHCTBHSL
B3PBIBHOM BOJIHBI, THOO NpH OOPYIICHMM 3AaHUS WIM NCPCMCINCHHUH TENa
B3pPBIBHOH BOJIHOM

69—76

JIromu, HaxXOAALIMECS] B HCYKPCIUICHHBIX 3JaHHAX, JIHOO MOrHOHYT WITH MONyYaT
CCPBE3HBIC MOBPCKACHUS OapabaHHBIX NCPCHOHOK M JICTKHX IO ACHCTBHCM
B3PBIBHOM BOJIHBL, THOO OYAyT NOPaXKCHBI OCKOJIKAMHY M Pa3BATHHAMH 3AAHUS

55

IlepcoHan mOMYYHT CEPBE3HBIC IOBPEXKACHHA C BO3MOXKHBIM JI€TAIBHBIM
HCXOAOM B PE3YIIbTaTe MOPAKEHAA OCKOIKAMH, PA3BATHHAMH 31aHHA, TOPAIIAMH
npeametamu U T.1. Mmeercss 10%-nHas BeposTHOCT paspbiBa GapabaHHBIX
HEPEIIOHOK

24

Bo3MOKHBEI BpEMEHHAs HOTEPS CIyXa HIM TPaBMBI B PE3YJIBTaTe BTOPHUHBIX
3(h(}eKTOB B3PHIBHOM BOJNHBEL, TAKUX, KaK OOPYIICHHE 3JaHHH, M TPETHIHOTO
s¢dexra nepeHoca Tena. JleTanpHBIA HCXOA HIH CEPHE3HBIC MOBPEKICHHS OT
MIPSIMOTO BO3ACHCTBHS B3PbIBHOM BOJIHBI MAJIOBEPOSTHBI

16

C BBICOKOH HaIC)KHOCTBIO TAPAHTHPYCTCS OTCYTCTBHE JETAIbHOTO HCXOJA MU
CCPBC3HBIX ITOBPEXKACHUH. BO3MOXHBI TpaBMBI, CBS3aHHBIE C pPa3pyLICHHEM
CTEKOJI ¥ TIOBPEIKACHUEM CTEH 3JAHUS

59-83

Tabauna 3.6 — 3HaueHus U30BITOYHBIX 1ABICHUI, COOTBETCTBYIOLIMX Pa3IMUHbIM

VPOBHSM MMOPAKEHUS 30AHUN U COOPYKEHUIN

H36errounoe BepositHOCTE
Crenexs BozMmoskHbIE OBPEKACHUS JaBICHHAC MOy ICHHA
6€30macHOCTH > .
k[ la Gapotpasmel, %
1 OrcyTCTBHE OBPEKICHHH. <1,0 0
2 CryuaiiHblc MOBPEIKACHHS 3aCTCKICHUS. 1,5 0
3 TMomuoe paspyimenue 3actexienus. Yactuunoe
NOBPEXKICHUE  paM,  JABEpeH,  HapylIEeHHE 3-8 0
INTYKaTYPKU U BHYTPCHHHUX JICTKUX NEPErOPOIOK.
4 PaspyuieHue BHYTPCHHHX IIPETOPOAOK, pam, 12—17 0
JBepeii, bapakos, capacs U T.11.
5 Pazpymenne  MamoCTOMKHX ~ KaMEHHBIX |
JEPEBSHHBIX  37aHUH, TOBPEXKACHUE JIMHUH 30—40 30%
dJICKTpOIIepe 1.
6 Ilonmroe  paspymieHME  KOMMYHAQIBHBIX  H 50 40%
IIPOMBIIIJICHHBIX COOPYKECHHIH.




3.1.3 BeposSITHOCTHBIC KPHTEPUH OLleHKH NOpa)aromniero aeiicreust YB

B KayecTBE BEPOATHOCTHOIO KPHUTEPHs MOPAXKECHUS IIOAEH WunM 37aHui U

COOPY>KCHHI HCIONB3YETCsl HOHATHE NpoOMT-QyHKIWU (probit-function). B obmeM
Pyx Y y

ciydae mpobut-QyHkmus P, onuckiBaercs Bepaxkeruem [10]:

P =a+bInS,

(€R))

rae d, b — KOHCTaHTHI, 3aBHUCAINME OT CTCIICHW MOpaXEHWs W BUAA OOBeKTa, S —

HMHTEHCHBHOCTB BO3AEHCTBYIOIIETO (paKTopa.
CoOOTHOUIEHUSI MEXAY BETUUUHOH P,
YeJI0BeKa IPUBEAEHO B TalIl. 3.7.

Tabnuna 3.7 — 3HaueHns npoduT-GyHKIIH

7 YCIOBHOH BEPOSTHOCTHIO MOPAKEHUS

YenosHas Bemunna P,

BEPOATHOCTD

TopaeHus, % 0 1 2 3 4 5 6 7 3 9
0 - 2,67 295 [ 312 [ 325|336 | 345 | 352 | 359 | 3.66
10 3,72 | 3.77 382 | 387 | 3,92 | 396 | 401 | 405 | 408 | 4,12
20 4,16 | 4.19 423 | 426 | 429 | 433 | 436 | 439 | 442 | 445
30 4,48 | 450 433 | 456 | 459 | 461 | 464 | 467 | 469 | 4,72
40 4,75 4,77 480 | 482 [ 485 | 487 | 490 | 492 | 495 | 497
50 500 | 5,03 505 | 508 [ 510 ] 513 [ 515 | 518 | 520 | 5723
60 525 528 531 | 533 [ 536 | 539 | 541 [ 544 | 547 | 5,50
70 552 | 555 558 | 561 | 564 | 567 | 571 | 574 | 5,77 | 5,81
30 584 | 588 592 595 599 | 604 | 6,08 | 613 | 6.18 | 623
90 628 | 634 641 | 648 | 655 | 664 | 675 | 6,88 | 7.05 | 7,33
99 733 | 137 741 746 | 751 | 758 | 765 | 7,75 | 7,88 | 8,09

Jiis Bo3zelicTBEs YB Ha 9€NI0BEKa BEIPAKCHHA I MPOOUT-QYHKIMH MMEIOT BUL

Pr=50-574LnS,

g2, 13
P

.

p=5
By

- i

S VL R VI
PO -m

(3.2)
(3.3)

(3.4)

3.5)

TJ€ m — MAacca TENA YEI0BEKa, KI; Ps — n30bITouHOoe AaBnenue B YB, I1a; i — umnynsc VB,

ITa-c; Py — atMocdepHOe maBnenne, [1a.

[Tpo6ut-¢pyHKIMK [1s pa3pyLIeHNs 30aHHi HMEIOT BUT
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¢ ANSA THKEMbIX PA3PYLUEHUN:

Pr=5,0-026LnV, 3.6)
8.4 9.3
17500 290"
V= —| + =] ;
( Fg ] [ i j ’ S
¢ [N5 NOMHOTrO paspyLUeHns:
Pr=5,0-022LnV, 3.8)
7.4 113
40000 460\
v :( j +(—J . 3.9)
PS 1

Jng mpaxTHdyecKux Leneit menecoo0pasHO HCMONB30BaTh MPOOUT-(PYHKIHIO JUIS
TSDKEJIBIX PaspyIleHud 31anuil (BhIpakeHHE 3.6), MOCKONBbKY Hamboyiee BEpOSTHBIM
CleHapuii rubenu mojeH OT B3PHIBA, — 3TO MOPAKCHHE WX YACTSIMH Pa3pyLIAOIIETOCS

3/1aHUs, PACTIONI0KEHHOTO BOJIM3H B3PBIBOOTIACHOTO OOBEKTA.

3.2 Kpurepnn nopaxeHnust TeIJIOBbIM H3/1y4eHHEM

OnHuM U3 OCHOBHBIX (DAKTOPOB OMACHOCTH TIPU MOXKapaX SBICTCS TEIIOBOE
U3JIyYeHHe, TNPHUBOMAINEE K IIOBBILIICHUIO TEMIEPAaTyphl OOIy4acMoro oObekTa A0
OIIPE/IC/ICHHOTO YPOBHA. Heroproune Marepuasisl P Harpese MoryT AehopMHpOBaThCS,
TEPATh IIPOYHOCTH, Pa3pyluaTbCsad W HcnapsaThbes. 1'Oprodne Marepuanbl MpU Harpese
BOCIUIAMEHSIOTCA M TOpAT. TEmIOBOE BO3ACHCTBHE HA KOXKY U IJIa3a YEJIOBEKA BBHI3BIBACT
OKOT'H.

JIns OLEHKM CTENEHN TOpPAXEHUsS NPUEMHHUKA M3ITYYEeHUs] OOBIYHO MONB3YIOTCA
IIOPOTOBOY KPUBOM, CBS3bIBAIOIIECH ITOTOK TEILUIOBOM SHEPrUU q M IOJIHYIO SHEPrUIo Q,
Najarolie Ha eIUHUITY TToBepXHOCTH [3] (cM. puc. 3.2).

IIpu OGonblMX BpeMeHaX TEIJIOBOTO BO3ACHCTBHSA, NPEBBIUAIONIAX BPEMS,
HEeOOXOMMMOe /Uil JIOCTIKEHHST TEIIOBOTO PABHOBECHS, IOPOr HOpakeHus Oyaer
OMPEIEIIATECS UCKITFOYNATEBHO TEIMIIOBEIM IIOTOKOM ¢jr0p.

ITpu UMITYIBECHBIX BO3JCHCTBHUAX MAIOH JUIMTEIBHOCTH, KOTIa OTCYTCTBYET CKOJIb-
HUOYIb 3aMETHBIA MEPEeHOC BHEPrHM BOBHE OT MECTa IIOIVIONICHMS, Mopor Oynaer

OIPEACIATECS UL SHEPIrUue Qpop.
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3HaueHus g W Q, TIPEBHINIAIONIAE IMTOPOTOBEIE, OYAYT BEBI3HIBATE MOPAXKEHHE

IIPpUCMHHUKA, C€CJIA JKC 6o q, oo ( MEHBIIE IOPOTOBOrO 3HAYCHUSA, TO TOPAKCHHE

OTCYTCTBYET.
q I
i TTOPAYKEHHE
YBENUUECHUE BPEMEHU
[4450)- N NSRS :+ ----------------------------------------------------
§ HET TTOPAXKEHHSI
Q
0 Onor

Pucynok 3.2 — Tunu4Helil BUA noporosoit KpuBoii: Qriop, riop — MOPOrOBbIE 3HAUEHUS TEMIOBOI
SHEPrHy U IOTOKA

CreneHb (TSHKECTh) MOPAKEHNS TETJIOBBIM M3TYYEHNEM TPOSABIAETCSA PAa3IMYHO B
3aBUCUMOCTH OT OCOOEHHOCTeH o00bekra. I[lopakeHHsS KOXKHBIX IOKPOBOB JIIOAEH
XapaKTepU3yIOTCs 0X0TaMM NEPBO#A, BTOPOii, TpeThell U yeTBepToii crenenu. [lopakenue
TOPIOYHX MATEpPUANIOB U PACTUTENLHOCTH XapaKTepU3yercs: OOyINIMBaHUEM, TIICHHEM,
BOCIVIAMEHEHHEM, TOPEHHEM; HETOPIOYMX MAaTepHaoB — BEIWYMHAMH AedopMalimii,
HoTepell NMPOYHOCTH (WM OPYTHX CBOMCTB, ONPEACIAOIMMX (PYHKIMOHHPOBAHHUES
00beKTa), BUAOM CTPYKTYPHBIX U3MEHEHHH MaTepraia Win (a3oBbIX MPEBpPaIICHHI.

B kauecTBe KpUTEPHEB NOPAKEHUSI MCTIOIB3YOTCS:

- UT JTFOJIeH — CTENEHb U pa3Mep IUIOIMIaAN 0KOTa KOYKH WM 0)KOTOBOTO IISITHA Ha

CCTYATKE IJ1a3a, IMPpH KOTOPBIX YCJIOBCK CTAHOBUTCA HC}IQGCHOCOGHHM;
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- Ui TOPIOYMX MATEPHAIIOB — TJICHUE, BOCINIAMEHEHUE U TOPEHUE, IPUBOILIIEE K
YHUYTO’KEHHIO MAaTCPUANIOB WIIM CO3JAIOIIUE BO3MOXKHOCTb BO3HUKHOBCHHUS 04YaroB
noxkapa;

- 71 HETOPIOYMX MATEPHAIIOB — TEMIIEpaTypa Harpesa, MPH KOTOPOH BO3HUKAIOT
NOBPEKACHU, OMACHbIE U JaHHOH KOHCTPYKIHH HIIH COOPY KEHHS.

ITpu oueHKe BO3ACHCTBHS HA JOACH TEIUIOBOTO M3Jy4YCHHs Pa3inyaroT 4 CTEIeH!
OXKOTOB M 4 CTEemEeHW TEPMHUYECKOr0 mopakeHusa. CTEmeHH O0XKOra ONpeneIatoTCs
TIyOMHOM TEPMUYECKOTO TOBPSKIACHHS KOXKU. CTEMEeHH TOKECTH TEPMHYECKOTO
NOPa’KEHHS OTPKAIOT YPOBEHb HAPYIICHUs OOIIETO COCTOSHUS NOPAKEHHOIO U CBS3aHEBI

¢ NIyOHHOMN M TOWAAbI0 03kora (Tadn.3.8), a Takke ero JOKAIM3anueH.

Tabnuna 3.8 — 3aBUCUMOCTb TSHXKECTH TEPMUUCCKOTO NOPAKCHUS OT CTCIICHHU U TUIOIAA

0JKora
CreneHp TSDKECTH TIpoueHT NOBEPXHOCTH TENA CO CTEIECHBIO 0XKOTa
TEPMUYIECKOr0 MOPKECHHS BTOPOH TPEThEH
1 o 10 no3
2 1020 3—-10
3 2030 1020
4 Gonee 30 Gouee 20
Osxor MEPBON CTEMEHM XapaKTEPU3YETCs 00JIC3HCHHOM KpaCHOTOﬁ H HeOOJIBIION
OTCUHOCTHIO KOKM, BTOPOM CTCMEHM — OOpa30BaHMEM My3bIPEH, 3amOJIHEHHBIX

MIPO3PaYHON JKHIKOCTBIO, TPETHEH CTEIEHH — OMEPTBECHHEM KOXKH, YETBEPTOM CTEICHH —
oMepTBeHrEM (00yTrIMBaHUEM ) KOXKH 1 6oJiee TTyO0KO JIeKaIMX TKaHEH.

Tepmuueckue mnopakeHMss 1  CTemEHM TSDKECTH  (JIETKOE  MOpaXKeHHe)
XapaKTepU3YIOTCS, KaK MPABUIIO, ONArOMPUATHBIM HMCXOJOM;, MOTYT HaOMIOAATLCS JIUIID
equHu4HbIE (HE 60onee 0,5%) CMEPTENBHBIE HCXO/TBL.

Tepmudeckne nopakeHHs 2 CTENEHH (CPeAHSS CTENEHb THKECTH MOPAKESHUS)
OTJIMYAIOTCS. HECKOJIBKO O0JIee TSDKEIBIM TeUeHUEM 3aboieBanusl. B 3THX ciyyasx cMepTh,
B OCHOBHOM, 00YCJIaBJIMBACTCS OCIIO’KHEHUSIMH W HE MPEBbIIAET 5%.

TepMuueckue NOpakeHUsl 3 CTEMCHU TOKECTH (TsDKenbie mopaxenus) B 20-30%

CIy4acB 3aKaHYMBAIOTCS CMEPTCIBHBIM MCXOJOM, M3 HHX MpUMEpHO 1/5 dacTh
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NPUXOJUTCA HA TEPBBIE CYTKH, CTONBKO >k¢ Ha 2-10 CyTKH, a OCTalbHas 4YacTh B

OCHOBHOM Ha Omxaiimue 1,5 Mecsia nocie nopakeHus.

TepMmuueckue NOpaXkeHHs 4 CTENEHU THKECTH (KpaifHe TSHKENIOe MOPAKEHHE), KaK

MPaBIJIO, 3aKAHYMBAIOTCS CMEPTEIBHBIM MCXOJ0M B TeueHUe Ommkaimux 10 cyTok mocie

NOPAKECHHUS.

Crenens oxxora OTKPBITBIX Y4YaCTKOB TCja 4YCJIOBCKA 3aBUCHUT OT 3HAYCHHUSA

TEIJIOBOTO UMITYJIbCA U €0 JJIUTENLHOCTH (BPEMEHN MaKCHMyMa OOIYUYEHHOCTH tpgy). C

YBCIIMUCHUEM BpPEMCHHU BO3[ICUCTBUSA TEILJIOBOIO H3Iy4YCHHA BO3PaCTACT TCHJIOOTBCACHUC

B TKaHAX, BCJICACTBUC YCIr0 BO3pacTarOT 3HAYCHUA TCIUIOBBIX HMMITYJIBCOB, BBI3BIBAIOIIUX

3aJaHHYIO CTETIEHb 0XKOra. 3HAUEHHs TEIJIOBBIX MMIYJIBCOB, BBI3BIBAIOIINX PA3IW4HON

CTCNCHU OXKOT'M OTKPBITEIX YYACTKOB TEa YCJIOBEKA B 3aBUCMMOCTH OT BPEMCHHU iyqy,

npuBeIeHs! B Ta0m. 3.9.

Tabnuna 3.9 — TerIoBble UMITYJIBCHI, BEI3BIBAIOIME PA3THIHOMN CTEIICHH OXKOTH KOXKH

OTKPBITBIX YYaCTKOB TEJA YEIOBEKA, 1<Il>1</M2

Crenenn BepositHocTs Bpems makcumyma 06ayaeHHOCTH Ly, ©

0xKora oxora, %

0,01 0,1 1 3 10

0 42 84 126 147 189

5 50 92 143 168 210

nepBast 50 63 105 168 210 252

95 84 130 210 265 315

100 105 147 231 294 357

0 84 105 168 189 210

5 92 122 185 210 231

BTOpas 50 105 147 210 252 294

95 126 181 218 302 344

100 147 210 294 336 399

0 126 168 210 252 273

5 143 185 239 281 302

TPCThS 50 168 210 294 336 378

95 193 252 357 391 462

100 210 273 378 420 504

Bo3MOXXHOCTE  BoccTaHOBICHHS Ooe-

TCPMUAYCCKUM  NIOPAKCHUEM

4

U TPYIOCHOCOOHOCTH y JItoje

C

CTEIIEHA TSHKECTHM UCKIIOYACTCA IIOMHOCTHIO. B

OonpInMHCTBE chnydacB (1o 85%) HE BEpHYTCS B CTPOM Taloke M JIMIIA, TONYUYHBIINC

TEPMUYECKUE TTOPAKEHUS 3 cTeneHu. B 3T0i rpymnme mopaskeHHBIX, HAPSIY C BBICOKOM
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CMEPTHOCTBIO, OyJET 3HAUMTENBHEIM MPOIEHT JIFO/ICH JUTHTETbHON MHBAIMIHOCTH 38 CYET
6ome3HEHHBIX PyOIIOB, KOHTPAKTYD, [UTUTENLHO HE3KUBAOILMX 53B. BepHyTCS B CTPOIA, B
OCHOBHOM, ITHI[a, TIEPEHECIIHE TePMHUYECKAE TOpaKeHHS 1 W 2 CTENCHH TDKECTH
(mpumepHO 95% 1 70%, COOTBETCTBEHHO).

ToepexaeHns 060I09€K ITa3a B OJHUX CIIy9YasX MPOSBIAIOTC B BUAC 0XKOTOB, a B
Jpyrux (mpu OONBIIMX WMMITyJIBCaxX OONYYCHWS) — B BHJAC OXKOTOB B COYETAHHH C
MEXaHNUECKUM MOBPEXICHHEM B PE3YNBTATE MApoOOPa3OBAHUS M PE3KOrO JIOKAIBHOTO
TIOBBIIICHAS JABJICHHUS Ha TPaHWIAX BHYTPEHHHUX cpel Tiasa. Kpome OpraHHd4ecKux
HOBPEXACHUN TN1a3 OT ACHCTBUS CBETOBOTO M3TYyYEHHS MOTYT HAONIOMATHCS TAKKE W HX

(YHKLIMOHAIBHBIE U3MEHEHHS — BPEMEHHOE OCJIETICHHE.

3.2.1 [letepMHHHPOBAHHbIE KPHTEPHH OLEHKH NOPAKEHHS TENJIOBBLIM

H3TYyYCHHEM

IIpu aHanu3e BO3ACHCTBHA TEIUIOBOrO M3JIY4EHUs CIEOyeT pasfiuyarb Ciyyau
UMIYJIbCHOIO M JUIUTENBHOIO BO3ACHCTBHS. B mepBOM ciyuae claelyeT TOBOPHTh O JI03€
u3NMydeHus D (Hampumep, ciIydalf OTHEHHOTO Iapa), BO BTOPOM — O KPUTHYECKOM
WHTEHCHBHOCTH TEIUIOBOTO U3NIYIEHHUS ¢cg (HAPUMED, MOXKAP TPOJIHBA).

MuHUMANbHBIE BEIWYMHBL ¢cg, TPUBOMIIIAE K BOCIUIAMEHEHHIO HEKOTOPBIX

TOPIOUMX MaTepHaioB MPUBEICHEI HIDKE B Tadum. 3.10 [1].
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Tabnuna 3.10

Marepuansi qcr, KBT/M
Jpesecuna (cocHa BIaKHOCTRIO 12%) 139
JIpeBECHO-CTPYKEUHBIE TLTHTH (TNOTHOCTBIO 417 Kr/M’) 83
Topd OpuxeTHsbIi 13,2
Topd kyckoBoii 9,8
XJI0TIOK-BOJIOKHO 7.5
CoMCTBIH IIACTHK 15,4
CrekommacTuk 15,3
[lepramun 17,4
Pe3una 14,8
Vrons 35,0
Pynonnas xposns 17,4
KaptoH cepsrit 10,8
JexopaTtuBHBIi 6yMaXKHO-CITOUCTBIH MITACTHK 19.0=24.0
MeTannonnact 2 4: 0—2 7: 0
[Tnmura . ApeBECHO-BOIOKHHUCTAs 13.0
Inmra ApeBECHO-CTPYKEUHAL 12’0
ITnura apeBecHO-CTpy:xcuHas ¢ otacnkoil "Tlomumen" i
ITnura ApPeBECHO-BOJIOKHUCTAs C JIAKOKPACOYHBIM TIOKPHITHEM TOJ LIEHHBIE 12,0
TNOpPOAEI IepeBa 12,0-16,0
BuHrIMCK0Xa00MBOYHAS IOHIKCHHOMN TOPIOYESCTH
Koxa uckyccrBeHHas 30,0-32,0
CTeKIO0IIacTHK Ha HOJII/I3(1)PIpHOI>'I OCHOBC 17,9-20,0
JlakoKpacOYHBIE TTOKPBITHS 14.0
O6Gou moromuecst [IBX Ha OymakHO# OCHOBE 2 5’0
.HI/IHOJ'IeyM IIBX 12’0
JIuHOMeYM ATKHTHBIEH ’
JImnoneym [IBX Ha TKaHEBOM OCHOBE 10,0-12,0
IokpsiTHE KOBPOBOE 10,0
CeHo, conoma (IpH MHHHMAJIBHOH BJAXKHOCTH 10 $%) 6,0—-12,0
JIerkoBOCIIAMEHSIOINHECS, TOPIOYHE M TPYAHOTOPIOUHE JKHUIKOCTH MpH 4,0-6,0
TEMIICPATYPE CaAMOBOCILIAMCHEHHS, “C: 7,0
300
350
400 12,1
500 u BbIImIE 15,5
19,9

28,0 u BbiLIE

JleTepMUHUPOBAHHBIE KPUTEPHUHU MOPAXKEHHUS TEXHOJIOIMYECKOr0 000pyI0OBaHKS H

CTPOMTENBHBIX KOHCTPYKIMI TEMJIOBHIM M3JyYEHHEM OMNMpPEACISAIOTCS, KaK NpPaBHIIO, W3

YCIIOBUSI TIOTEPH MMH HECYIICH CTIOCOOHOCTH.

OCHOBHBIM KPUTEPHEM MMOTEPU HECYIIEH CMOCOOHOCTH, NPUHATEIM B HACTOSIIEE
BpeMsi, SBISETCA JOCTIDKEHHE HAa HEOOOTpeBacMOl MOBEPXHOCTH (HAMPHUMED, ONOPHOM

KOHCTPYKIIMH TEXHOJIOTHMYECKOro ammapara, BOJIM3H KOTOPOrO HAXOAWTCSA OYar mo)kapa)




KPUTHYECKOM Temmeparypsl. HekoTOphie TaHHBIE O 3HAUYCHUSX KPUTHYECKAX TEMIEPATyp
CTPOMUTEBHBIX MAaTEPUAJIOB MTPUBEAEHBI HIDKE B Ta0.3.11 [1].

Tabnuoa 3.11

M Kpurnaeckas
aTepuan o
Temmeparypa, °C
Crame Mapku C13 u Cr5 B CTanpbHBIX KOHCTPYKLMSAX, APMATYPHBIE CTAIH 500
kaaccoB A-I, A-II, A-IV, Am-IV, A-V, Am-V
Apwmarypsas crans kaaccos A-II1 600
Am-VI, Am-VII, B-I, Bp-I 450
Bricokompounas apmartypHas mpososioka kinaccos B-1I, Bp-11 u apmatypHbic 400
KaHaThl Kiaacca K-7
Crams mapxku C13 u C15 mpHt sKECTKOM 3aKPEIUICHUH CTAIbHBIX KOHCTPYKIIHIA 300
¥ T METAUTMYCCKHAX KapPKacoB
KoHCTpyKImH U3 anOMUHHEBBIX CIIIABOB 250
I'parur 700
M3BecTHsk 800
TsoxebIil OS6TOH ¢ 3aIOTHUTENEM 600
TsokemsIii O6TOH ¢ .M3BECTHAKOBEIM 3AIIOIHHATEIEM 675
Kuprnu rnusssbiil 0ObIKHOBEHHBIH 900
CuyIMKaTHIH KUPITIHY 700

OleHKa MOPAXKAIOIIEro ASHCTBUS TEIUIOBBIM U3TYYCHUEM MOXKET OBITh MPOBEACHA
MyTEM PEIICHUS YPABHEHUI TEILIONEPENauu jisi 00Iy4aeMoro 0ObeKTa ¢ ONpeICIICHUEM
MOMEHTA JOCTIDKEHHUS TEMIEPATypPoil KOHCTPYKIMOHHBIX MAaTe€pUalioB KPUTHYECKHX
3HAUEHUH, TPUBEICHHBIX B TaOM. 3.11.

JIns mpuOAMKEHHOM OIICHKM MOPAKAOMIEro ACHCTBHA TEIUIOBBIM H3IIyYCHHUEM
MO>KHO HCIOJIb30BaTh METOJ, OCHOBAHHBIM Ha OLEHKE BEJIMUMH MJIOTHOCTEH TEIJIOBBIX
MOTOKOB, BBI3BIBAIONIMX HArpeB KOHCTPYKIMOHHBIX MATEPUAJIOB 10 KPUTHYECKHX
Temrepatyp. [Ipr 3TOM BeTMUMHBI KPUTHYECKUX TETUIOBBIX TIOTOKOB MOTYT ONPEACIISATHCS
KaK SKCTIEPUMEHTAIIbHBIM, TaK ¥ PACYETHBIM ITyTEM.

HmeroTes SKCNepUMEHTAIbHBIE JJAHHBIE M0 MUHUMAJIBHOM TUIOTHOCTH TEIJIOBOTO
TIOTOKA ¢,yin, TP KOTOPOH BO3MOXKEH MPOrpeB TPYO A0 TEMIEpPATyp CaMOBOCILIAMEHEHUS
TUNWYHBIX HEPTEMpoayKTOB (Tabn.3.12) [1].

Tabmuma 3.12

TeMmepaTypa CaMOBOCILIAMCHCHHS, qmin (KkBT/M2) npu BpeMeHu niporpesa (MUH)
°C 1 3 5 6onee 15
250 21,3 13,2 11,9 8,9
300 27,1 19,2 16,9 12,0
350 349 25,8 227 15,5
400 — 34,9 30,2 19,9
500 u 6oree — — 34,9 27,9
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B nwureparype [8] ommcaH MeTOA pacdyeTHO-aHATUTUYECKOTO OIPENCIICHUS
MPOTUBONOXKAPHLIX Pa3pbiBoB Mexay pesepsyapamu ¢ CYI' u JIBX. Ilpennonaraercs,
4yro ropeHue pesepByapa ¢ JIBX mpomcxomutr BO BceM oOBalioBaHHM pe3epByapa. B
KaueCTBE KDUTUYCCKOHM TeMIeEparypbl HECMOYECHHOHW CTEHKH pesepyapa ¢ CYT
npuHuMaeTcs BenmmunHa 427 °C. Pacuethl moka3aiM, 4TO IUIOTHOCTh MAAAIOIIET0 Ha
CTCHKHU pe3epByapa TEIIOBOIO MOTOKA HE AOJDKHA peBhImarh 13,5 kBr/M* B OTCYTCTBUH
Betpa 1 22 KBT/M” pu ckopocTr Betpa 10 M/c.

Hcxons n3 BHILIEU3IONKEHHOT0, MOTYT OBITh CAETAHBI CJIEAYIOIHUE IPAKTHYECKUAE
PEKOMEHAAIMY UL  ydeTa [OPAXKAIOWIErO JACUCTBUS  TCIUIOBBIM — M3IYYCHUEM
TEXHOJNOTUUECKOT0 000PYIOBaHWs H pe3epByapoB. B cilyuae MONHOTO OXBaTa INTaMEHEM
CTCHOK pe3epByapa NPEACTABISETCs MAOCTATOYHBIM PpELICHWE TEMIOBOM 3amaud B
OOBIKHOBEHHBIX IU(MPEPEHIMATBHEIX YPaBHEHHSX C HWCIONH30BAHAEM KPUTHIECKHX
Temneparyp u3 tabn. 3.12. Ilpy HECHMMETPHYHOM HarpeBe BO3MOKHO HWCHOJB30BaHHE
MOHATHA KPHUTHYECKOH IJIOTHOCTH TEIUIOBOIO IOTOKA ¢y, ECIH pemaercs 3amada o
BO3MOXKHOCTH IIEPEHOCA [UIAMEHH OT TOPSIIEr0 pe3epByapa K HEropsieMy, MOXKeT ObITh
ucnonb3oBana Tabn. 3.12 u dopmyna (3.9). Ecnu pewaercs 3amaya O pa3pylieHHH
HECMOUYCHHOH CTEHKH pe3epByapa, TO BEMUUHA g,,;, MOXKET OBITh NPHHATA PHOIKEHHO
paBHoi 20 KBT/M.

J1s omeHkH BO3ACHCTBHS Ha JIIOACH NPUMEPOM Pa3paboTaHHOIO MOPOTOBOTO
KPUTEPUSA MOXET CIYXUTb g —t KpuBad (cM. puc. 3.3), koTtopas mpuBenacHa B [3] u
WCIIOJB30BaHa JUIsl MPEACKA3aHUs MOABJICHUS O)KOrOB HA OTKPBITHIX YYACTKAX KOXKH

YCJIOBCKA.
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[ HECTEPARHMAR
BiO A b
104

Pucynoxk 3.3 — boneBoii mopor IpH JIy4HCTOM OXOre He3alumeHHo! koxu. Ha o6nacts mexny

KpuBBIMU npuxoautcs 50% HaOnoneHui

OMIMPUYECKUIT KPUTEPHiA, PeaTM30BAHHBIM B JaHHOM Cllydae, OCHOBAH HA TOM,
YTO IPH TEIIOBOM OOIY4EHHH HECTEpIUMas OONIb HACTYMAET TOTAa, KOTAa TEMIIEpaTypa
cios TommmHoH 0,1 MM TOA MOBEPXHOCTHIO KOXH mpeBhicHT 44,8 °C. Korma gocturaercs
9Ta TeMIeparypa, OOnb pe3KO YCHIMBACTCA, CIyCTS HEKOTOpPOe BpeMsi OONb CrajacT v
3aTeM mcdYe3aeT BoBce. B [3] ToBopHTCS, 4TO O6IydEHHE TEMIOBBIM OTOKOM 1,4 KBT/M?
HE BBI3BIBAET OOJIEBBIX ONIYIIEHNUI HE3aBUCHMO OT BPEMCHU OOy UCHHS.

Pacuer WHTEHCHBHOCTM W3IYYCHWs, BBISBIBAIOIIETO TEMIEpArypy IIOA
HNOBEPXHOCTBIO KOku 44,8 °C, OCHOXKHSACTCA HaIMYMeM Yy 4YeJIOBeKa MEXaHH3MOB
OXJIKACHUS, TAKUX KaK BbIACICHHE MOTA M KPOBOTEUECHME. Peakiys KoM 3aBHCHT HE
TONBKO OT MHTEHCUBHOCTH W3JYYCHUs, HO H OT IPOJODKATETBHOCTH €0 BO3ACHCTBHS.

B paborax [4,5] npuBoAATCSA CIEAYIOMME 3HAYCHUS KPUTEPHAIBHBIX TEIJIOBBIX

MIOTOKOB, IEHCTBYIOIIAX HA YenmoBeka (Tabi. 3.13).
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Tabnuna 3.13 — JleficTBHE TEIUIOBOTO U3y UECHUS

JlyawcTeiii TennoBoi moTok, KBr/™M

Ha6nroxaemsrit adpdexr

0,67
1,0

1,75
5,0
6,4
10,4
16

AHanoru4eH AeHCTBHIO COHEYHOTO U3IYUEHHS HA
mupote BenukoOpurarmiu netom
MakcumanbHOE 3HaUCHHE IIPH HEOTIPEACICHHO JOITOM

Bounb crycTs 8 ¢ mocne Hagana BO3ACHCTBHA HA KOXKY
Bounb crycTs 3 ¢ mocne Hadana BO3ACHCTBHA HA KOXY
Bongsipu Ha ko)ke CIyCTd 5 ¢ OCe Havyana BO3ACHCTBHS

BO3JCUCTBHH HA KOXY
Boegoii mopor aocruracrcs uepes 60 ¢
Bonesoii mopor gocturaetes gepes 15 ¢

Kak BuaHo wu3 NPUBCACHHBIX JAHHBIX, OHH HAaxXomATCsd B COOTBCTCTBHH C

HOpOFOBOﬁ KpHBOﬁI YCM MCHBIIC BpCMA BO3JICHCTBUS TEIUIOBOTO HU3JIYUCHHUA, TCM

OOJNbIIMIA TETIOBOH MOTOK BHIICPKABACT KOXKA YETOBEKA.

OueHp BaAXXHO BIMsSHHEC OACKABL. Oaeknaa MOXKET 3aropereCs, 4TO MNPUBCACT K

OXKoram TuiaMeHeM. Buja ofex bl BIMSEeT Ha CTENEHb NOPAKEHUS Tena. BeposTHo, 4To

Jiyqm€ BCCro 3alUuIICHBI IMOKAPHBIC, a4 TAKXKE TC, KTO HOCHUT CIICHUAJIBHYIO (bOpMy C

OTrHECTOMNKOI N30JIALINEH.

[To cymecTBYyIOIIMM B HACTOSAINEE BpeMs HOpMaM paboTa MOKapHBIX 0Oe3

CIICIAAIILHOW 3alUThI AOIYCKACTCA TOJBKO IPH INIOTHOCTU TCIIJIOBOTO IIOTOKA OO 4,2

KBT/™M [6]. Ha nuuHBIi cocTaB, 0COOEHHO Ha CTBOJIBLIMKOB, BO3ICHCTBYET TEIIOBOE

U3JIy4eHHe, KOTOPOE TOXKapHBI B O0€BOI 0JeXk/Ie MOKET IEPEHOCUTH TOJILKO B TCUCHHUE

OIPEENICHHOTO BpeMeHu [7] (cm. Tabm. 3.14).

TabOauna 3.14 — IToka3areau onacHOrO BO3ACHCTBHS TeIUIa Ha JIMYHEBIA COCTaB

MHTeHCHBHOCTD H3TyueHHs, KBT/M*
Toxa3zaremn
10 0,56 0,84 14 2,1 2,8 35 7,0 8,75 14
HEOIPEACICHHO 40— | 30— | 10—

B 350 160 - — —

pems, ¢ OO pi¢] J0 60 40 30 5-10| 3-8 1-5
Komragctso HET JAHHBIX HeT 34 10 9,5 7 6 35 2,5
remwna, Lk JAHHBIX

TpeOyemas 3almuTa U JOMYCTAMOE BpeMs MPEOLIBAHUS JTIOCH B 30HAX TEILIOBOM

paguanuu npeacTaBicHsl B Ta0m. 3.15 [6].
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Tabauua 3.15

ITnotHOCTB CreneHs TemoBoro Jonyctumoe Bpems
TCIIOBOTO TIOTOKA, BO3JCHCTBHS HA KOXKY npeOBIBaHNS JIOACH, Tpebyemas zaimura mroae
kBr/v’ YEIIOBEKA MHH
GOICBHIE O CHUA
3,0 oy HE OTPaHHYHBACTCA 6e3 3amuThI
OTCYTCTBYIOT
HENIEPEHOCHMBIC OOJIEBEIE B 00€BOIT 0AEKAC H B Kackax ¢

42 HE OTPaHHYHBACTCA

omymenus gepe3 20 ¢ 3alIMTHBIM CTEKIOM

HETICPCHOCHMBIE OOJICBBIC

7,0 OUILYLUCHELL, 5 TO XK€
BO3HHUKAIOIIUC
MT'HOBCHHO
B 0OEBOI 0ICXKAE, CMOUYCHHOI
8,5 oxord gepes 20 ¢ 5 BOJIOM, U B KaCKaxX C 3aLIUTHHIM
CTCKJIOM
TO KC, HO TIOJ 3ALIHUTOMH
10,5 MI'HOBEHHBIE OXKOTH 5 PacHbUICHHBIX CTPYH BOABI WK

BOJISIHBIX 3aBEC
B TCIUIOOTPAKATEIIHHBIX
14,0 TO K€ 5 KOCTIOMAX IO 3aIHTOM
BOJSHBIX CTPYH U 3aBEC
85.0 70 K6 1 TO 3k€, HO CO CPCACTBAMH
WHAUBHAYAJIbHOH 3aLIUTHI

AHaM3upys TPUBEIEHHBIE BBIIIE JAaHHBIE, MOXXHO 3aK/IIOYUTh, 4YTO IIPH
ONpPEAEIEHNH O€30MAaCHbBIX PACCTOSHUI ISl EPCOHANA WM TTPU JIMKBUIALMH TI0XKapoB U
padoTe MOXKAPHBIX B OOBIYHOM OMEXKAE B KAYECTBE MOPOTOBOIO MOXKET OBITH MPHHST
YPOBEHB TEIIOBOTO MOTOKA q,, = 4,2 kBm/m*. ONPENENECHHBIE, HCXOI H3 3TOT0 KPUTEPHS,
Oe3omacHble paccTosHUS OyAyT OYEPUMBATH TPAHHILY 30HBI HEIOMYCTHMOIO MPEOBIBAHMS
noxkapHelX. IIpy HeoOxommMmocTH npeObIBaHWs JIOACH BHYTpU 3TOH 30HBI TpeOyeTcs
IIPUMCHEHUE CIELUATBHBIX Mep TEIUIOBOH 3aLIUTHI (ucmonp30BaHUE
TEIIOOTPAKATENILHBIX KOCTIOMOB, OPOLLEHHWE BOAOH, CO3JAHUE HKPAHOB, 3aBEC W JIp.
YCTPOMCTB).

Jns 3nanuii, COOpYKEHNI U HApYXHBIX YCTAaHOBOK B KQU€CTBE MOPOrOBOTO MOXKET

OBITh MPUHAT YPOBEHE TEILIOBOTO MOTOKA g, =13,5kBm/ M

B T1abn. 3.16 mnpexacraBneHbl 3HAUCHWS J03 OONYYCHHUS, COOTBETCTBYIOIIHE

ONPEAEIECHHOMY YPOBHIO MOPAKEHHS JIFOAeH U HEKOTOPHIX MATEPHAJIOB.
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Tabmauma 3.16

Ne Jo3a obmyueHus,
_— Tun nopaxkeHust D=t q4/3
1 Jleranbubiit ucxon 1% 1,06 107
2 [ Jleranbuwiii uexon 50% 2,30 107
3 | Jleranenmii nexon 99% 6,50 10
4 Oxor 1 crenenn 0,310’
5 Osxor 2 crenican 1,210
6 | Oxor 3 cremern 2,6 107
7 3aropanue Oymaru, 0aeapl ¥ T.IL >2.6 107
8 Bropuunbie moxaps! B 3AaHHSX >30°10’
9 | IlopaxeHHE  TEXHONOTHYECKOro  0o0OpyAOBaHHA, >120 107

pe3epByapoB ¢ TOPIOYHM

I[Mpumeuanve: B pganHOW Ta0NuIle MHTEHCHUBHOCTh TEMJIOBOTO W3IMYYCHUS

qu3MepseTcs B [Tox/m*c], BpeMs ¢ B [c].

3.2.2 BeposSITHOCTHBIC KPHTEPHH OLEHKH MOPAXKEHHS TEIIOBbIM H3IyYeHHEeM

B KkadecTBe BEpPOATHOCTHOTO KPUTEPHA OLECHKH TMOPAKEHHS TEIUIOBBIM
W3JIyYCHAEM II€1€CO00Pa3HO MCTIONB30BaTh OMUCAHHOE BHIIIE MOHATHE MPOOUT-(PYHKIMN
[10].

JUTss  CMEpTENbHOTO TOPAKEHHUS YeNIOBEKA TEIUIOBHIM HM3JTyYCHHEM BEMYUHA
IpOOUT-(PYHKIMN ONUCHIBAETCS CIEAYIOLIAM BB POKCHUEM:

Pr=-14,9+2,561n(D), (3.10)
D=t-q¢"". (3.11)
BemmunHa 3((EeKTHBHOTO BPEMEHH SKCIIO3UIMU [ MOXKET OBITH BBIYHCIIECHA IO
hopmynam;
¢ ANs OrHEHHOTO Wapa:
1=092-m%303; (3.12)
¢ Ans noxapa nposvea:

=g+, (3.13)
u

TZIe M — Macca TOPIYEro BEIECTBA, YUACTBYIOLIEr0 B 00pa30BaHUM OTHEHHOTO IAapa, KT
lp — XapaKTepHOE BpPeMs, 32 KOTOPOE 4YelIOBEK OOHAPYKHMBACT MOKAp W NPUHUMAET
peIIcHNE O CBOMX HaJbHEHIIMX ACHCTBUAX, €, (MOXKET OBITH MPUHATO PaBHBIM 5); X —

paccTosHHE OT MeCTa pACHOJNIOKEHHs dYeloBeka M0 Oe30macHOd 30HBI (30HA, TJC
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MHTEHCHBHOCTh TEIJIOBOTO H3JTyYeHWs MeHbme 4 KBT/M’), u — cpenmsis CKOPOCTb
IBIKCHHUS 9eIoBEKa K O€30MacHoi 30H€, M/C (MOXKET OBITH IIPHHSTA 5 M/C).

Bennuuna 10361 m3iyd4eHHs D B Clyyae NOXKapa-BCMBILKH JUISI CMEPTEIBHOTO
TIOP@XKEHUsI YeTOBEKa MOXKET ObITh BEIYMCIIEHAa CIEAYIOMMM o6pasoM. Brauane

onpeaensercs >ppeKTHBHBINA pagryCc TIPOAyKTOB cropaHus R 1mo dopmyie:
R=R, -(c-1)", (3.14)

rae R.. — pajyc B3pHIBOOMACHOH 30HEI, M, 0 — KO3 HIMEHT pacuIupeHus MpOayKIOB

cropatus (MOXKeT OBITh IPUHAT PaBHbIM 7).

Bemuunna D ((kBt/m*)”-c) ompenensercs mo  crenmyrommm ¢dopMynam B

3aBUCUMOCTU OT PACCTOSHUA » OT TCOMETPHUYCCKOIO ICHTpA NapoBO3AyHIHOTO obOnaka
[10]:

Paccrosinue D, (xBrim®)*.c
+<1.IR D=3000
1LIR<r<12R 2300 <D<3000
1,2R <r < 1,3R 1000 <D< 2300
L3R <r<14R 200 < D< 1000
7 >14R D=0

Bemuuuas! D 1718 IPOMEXYTOUHEIX 3HAYCHUI # CIEAYET OMPEENSTh ¢ TIOMONIBIO

JIMHEHHON MHTEPIOJIALHH.

Jlutepartypa k pa3aenay 3

1. TIpoBectu uccnegoBaHus 1 pa3paboTaTh METOABI U CPEACTBA IIOXKAPOTYIICHHS,
B3PBIBONPEAYNIPSKACHUS, a Takke 00ecmedeHnuss O€30TacCHOCTH JIMYHOTO COCTaBa H
MOKAPHOH TEXHUKX MTPU IPONMBAX TOIUIMB, B TOM YHCIIE KPHOTEHHBIX. OTUYETHAS CIIPAaBKA
no Teme C6.1.H006.91 «O6nakoy, stanst 4.4, 4.5/ BHUMIIO; Bonomssia U.A., Hekpacos
B.IL, Makeer B.1. — M., 1993, 190c.

2. TIb 13-407-01. Enunble npasuna 0€30MaCHOCTH IIPH B3PBIBHBIX pPadoTax.

T"ocroprexnamsop Poccun.
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3. B3priBHbIe sBneHus. Ouenka u nociaenacteus / betikep Y., Koke I1., Yocraiin I1.
u ap. — M.: Mup, 1986, 1.2, 382 c.

4. Tpaiizaeiin 1. Beenenve B nuHamMuky moxapos, M., Crpoituznar, 1990, 424 c.

5. Haponos I0.A., I'nyxoB M.C., Muxankun B.H. OrmeHka ypoBHs BO3IeHCTBHS
B3pbIBa Ha OOBbEKTax 100buM, cOOpa U TpaHcmopta HedTH U raza. Be3omacHOCTE Tpy/a B
mpomseiaieHHOCTH. Ne1,1993 ¢.30-33

6. MBanrukos B.IIL., Kimtoc ITI1. CipaBo4HMK PYKOBOZMTENS TYLUEHUS MOXKapa.
M., Crpoiinzpar, 1987, 288c.

7. Tlorsuk S1.C., Kmroc ILIL, Marseiikun A.M. [lokapHas TakTuka, M.,
Crpoiinzgar, 1990.

8. Mapmamt B. OCHOBHBIE ONACHOCTH XMMHYECKHX IPOM3BOACTB. — M.. Mup,
1989, 671 c.

9. TIpoBecTH WCCICAOBAHHS MO Pa3pabOTKE METOAOB W CPEACTB OOECIeUeHUs
MO’KAPOB3PHIBOOE30MACHOCTH TIPH TPOJIMBAX TOIUIMB, B TOM YHCIE KPHOTCHHBIX, B
CBOOOJHOM W OTPAaHMYEHHBIX IPOCTPAHCTBAX. AHHOTHPOBAHHBIA OTYET IO TEME
C.6.1.H006.91. «Obmaxoy». M.: BHUUIIO,1992r.

10. PykoBOACTBO MO ONECHKE HOXAPHOIO PpUCKAa UIA ITPOMBILIICHHBIX

npemmpusTaii. — M.: BHUMIIO, 2006 r., 93 c.
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4 UuxenepHoie ¢opMyanl g OLEHKH MNO0KXapo0e30nacHbIX
paccTossHuil A Jnoaeii, 3JaHHH M COOpYKEeHH#l nmpH BO3ZHHKHOBEHHH

Pa3/IMYHBIX BAPDHAHTOB aBapHﬁHbIX cmyaunifl C MOKapaMH H B3pbiBaMH

Llenpto maHHOrO pasjena sBisgeTcs anpodauus 3aBUCMMOCTEH MJIA pacyera
OmacHeIX (pakTOPOB TOKapa M B3pbIBa, TpaHcoOpManus JIAHHBIX 3aBHCUMOCTEH B
dbopMysEl U OTICHOK OE30TIaCHBIX PACCTOSHHM W TIONYYCHWE Ui psga Hambosee
PacIpOCTPAHEHHBIX YINIEBOAOPOAOB WMHXKCHEPHBIX VIIPOIICHHBIX (POPMyN JUIS OLEHOK

l'IO)Kap06e301'laCHHX paccmsn-mﬁ 6e3 MPOBCACHUA TPOMO3JIKAX PACYCTOB.

4.1 OnpeaesieHue 0e30NACHBIX PACCTOSHMI NPH 102KAPE-BCNBIIIKE»

4.1.1 T'oproyee BeliecTBO — ra3sl roproune (MeTaH, MPONaH, TaH, H-0yTaH,

BOJOPOX)

Beixoo eopioyezo easa 6 OmMKpuimoe HPOCMPAHCHIBO HPU YCI08UU HENOOBUICHOCTIU
B030YULHOT CPEObI:
PaccMOTpEHEI crieiyrompe TOPIOYHE ra3el: METaH, MPOMaH, BOJAOPOJ, STaH.

OCHOBHBIE XapaKTEPUCTUKH 3THX ra30B IpeACTaBieHb B Talm. 4.1.

Tabnuna 4.1

. Pacuctnas IT1oTHOCTS razoBoi Hroxauii KOHIEHTPATHOHHBIIH MonexyapHas
Toprounit | revmeparypa, aser, P, K2/ i apu npeaen pacnpoCTPAHEH S Macca,
ras 1,°C I . naamenn, C %00. M, xz/ kmons

P> PacUYCTHOM TEMIEPATYPE >~ HKIP,
Meran, <
CH, 20 0,668 5,0 16,04
TIpomas,
C.H, 20 1,872 2,0 44,10
JraH,
CH, 20 1,263 29 30,07
g"“mpo“l’ 20 0,0837 41 2,016
2

3oHa, orpannueHHas HKIIP roprodero rasa, mpu aBapuifHOM NOCTYIUICHUH ra3a B

OTKPBITOC TIPOCTPAHCTBO MpPHU HETIOABHXHOCTH BO3HyH.IHOI71 cpeabl ONpCACIACTCA IO

bopmyre:
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. m
X =Yeepp =14,6- (7r)0,33 > (4 1)

Pr*Crgnp
[€ m, =p,-V,—Macca raza B OONAKe, K, p, —IUIOTHOCTh T[a3a MPH DaCUETHOM
TEMIIEPaType, KI/M’; Vi — 00beM rasa, BBILISIIIETO B PE3yJILTATE aBapUU B OKPYIKAOIIEe

MPOCTPAHCTBO, M, —HWKHUHA KOHUCHTPALMOHHBIA MpeneNl PaclpoCTpaHCHHUs

(‘VHKILP
mIaMeHH, %00.
Hcnonsays (4.1) i ra3os, yka3aHHBIX B Ta0M. 4.1, MOXHO IOIYYUTh CIIEAYHOLIME

(opMyJIEL IS pacyeTa X,

Jlist MeTaHa: Xoserr = Yo = 14,6 (=L— Vr Ly =8 58.1,°%, 4.2)
< HKIIP
Js mporana: X e = Vo = 14,6+ (—2— Vr V032 —11,61-1,.%% . 4.3)
* HKIIP
Jls sTana: X = Yogep = 14,6 - (=—2— Vr Y =10,27-1,%%. (4.9)
* HKIIP
I[Jlﬂ Boaopoaa: Xu}cup = Yu}cup 146- ( r 03} =9]165- Vz'n’”- (45)

HKHP
ITpr 3TOM paamyc BO3IEHCTBHS BBICOKOTEMIIEPATYPHBIX NPOAYKTOB CrOpaHUs
MapoBO3AYLIHOTO oOOJlaka TPH «HOKApPE-BCIBIIIKE» OMPEACNACTCS TO  CICAYIOMICH

3aBUCUMOCTH.
R ZB\IE,’ 'XHKHP, (4.6)

rae % ~ oGbenmbIit K03(puLKEHT pacIIMPEHHS MPOJAYKTOB CrOPaHUs.

Jns HedTenpoykToB E; MOKET OBITh IPUHAT PaBHEIM 7.

Torna ¢ yuerom ¢opMmyn (4.274.6) mna pa3snMUHBIX TOPIHOYMX Ta30B MOXKHO

MOIYIUTH MPOCThIe HOPMYJIbl VTS OIEHKH M0KapoOe30macHbIX PACCTOSHHIA:

Mertan RF =15.6- VF0.33
Tponaz R, =21.13-7,*%
Ortan R. =187 VF0.33
Boaopoa R, = 16.7- VF0.33

I'paguuecku npeacTaBieHHBE 3aBUCUMOCTY [I0Ka3aHbl Ha puc. 4.1 u 4.2.
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Rf, m

Rf, m

PucyHkun 4.1 n 4.2 —3aBUCUMOCTb pagnyca BO3AeCTBUA BbICOKOTEMMNEPATYPHbIX MPOAYKTOB CropaHus
rasoBo3fyLIHOro o6naka npu «noxape-BcnbilWKe» 0T 06bema rasa,
BblLWEALIEero B OTKPbITOE NPOCTPaHCTBO B pesyfbTaTe aBapuu, Vr, M3;

1 - ans o6naka cMecu MeTaHa C BO3yXOM; 2 —zns 06/1aka CMecy NporaHa ¢ BO3LyXOM;
3 —ans o6naka cMecy aTaHa ¢ BO3AyXoM; 4 —ans o6naka CMecu BOLOPOAA C BO3LYXOM;
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4.1.2 Toprouee BemecTBO — ;KHAKOCTH

Boixod eoprouux ocuokocmeii 8 OmKpvimoe HPOCHPAncmeo U 00pazosanue
HapOBO3OYUHDIX OONAKOS

3oHa, orpanuueHHas HKIIP napos JIBX, npu aBapuifHOM NOCTYIUIEHHH NapoB B
OTKPBITOE TPOCTPAHCTBO IPH HENOABIDKHOCTH BO3AYIIHOW Cpelbl  ONMpeneNsaeTcs

CJIEIYIOIIMM 00pa3oM:

X = Yegrp =32+ ‘/F ° (p—HJ V ° (L)O'33 > (47)

- HKIIP P Pu
e K=tycp/3600 — mpuanmactcs, uto K=1; py, k[la — naBneHre HaCBHILIEHHBIX IAPOB MPH

tp=20 °C;, c,,,,, —HWKHHAA KOHLEHTPALUMOHHBI Mpelea PpacnpOCTPAaHEHHS IUIAMEHH,

HKIIP

%00, My, =W,or tyor S —
/06, 11 men ruen Macca IapoB, NOCTYIMBIIUX B OKPY’KAlOLIEE MPOCTPAHCTBO,

kr; "eer T MHTEHCHBHOCTh MCHIApEHMs Kr/(C'M’), [N HEHATPETHIX BHIIE TEMIIEPATYPHI
okpyxatouiei cpenst JIBXK paccuntbiBatot no gopmyiie:

Woen =10"° n ‘/H'pH ,

rie 71 — Ko3pPUIUESHT, TPHHEMAEMEII 110 [3] B 3aBUCHMOCTH OT CKOPOCTH U TEMIEPATyPHI
BO3AYIIHOTO IIOTOKA Haj MOBEPXHOCTHIO MCHAPEHHUs;, M — MOJsApHAas Macca, KI/KMOIb;
{ycr— BpeMs uctiapenus, e 6omnee 3600c; S — mnomaae mponuea JIBX (1K), M pn’KI‘/Mj;
— IUIOTHOCTE MAapoB, nipu fp= 20°C.

B obutem Buzme mis mro6oit JIBXK pamiyc BO3AEHCTBHA BBHICOKOTEMIIEPATYPHBIX
MPOAYKTOB CrOPaHMs MapOBO3AYIIHOrO o0Jlaka MpH «T0Kape-BCIBIIIKE» MOKHO OLIEHUTH
0 CIEAYOIWEH TPUOIMKEHHOH 3aBUCUMOCTH:

0.8 6 L e
12,,.:5.824.(w p j _{10 n M 3600V, | (4.8)
1%::

- HETP
Hampuwmep, s anerona (M =58,08 xr/kmons; HKIIP = 2,7 % 06; p,= 2,33 KF/M3;
pu = 37,73 kIla) BelLEOIIEr0 B OTKPLITOE MPOCTPAHCTBO TIPH YCIIOBUHM HEMOABHKHOCTH
BO3/YLIHON cpensl popmyna (4.8) npUHEMAaeT BU;
R, =56730,"%. (4.9)
I'paduaeckn maHHAs 3aBHCUMOCTD MPEACTaBICHA Ha puc. 4.3 u 4.4,
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Rfm

PucyHkn 4.3 n 4.4 —3aBNCMMOCTb pajuyca BO3feNCTBNS BbICOKOTEMMEPATYPHbIX
NPOAYKTOB CropaHus napoBO3AyLLHOro 06/1aka aLeToHa npy «noxape-Benbilwke» 0T 06bemMa
napos., BblllefLIero B aTMoC(epy B pesy/bTaTe aBapun

4.1.3 Toproyee BEL,ECTBO - CXMXXEHHbIe Yr/1IeBOLOPOLHbIE rasbl

XapakTepucTukun Hanbonee pacnpoCTpPpaHEHHbIX CXMXEHHbIX YrnesogopoAHbIX

rasoB MpeCTaBeHbl HUXE.
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H JaBnexue
MonekynsapHas JIOTHOCTD HACHIIEHHBIX
Hanvenosanue HKITP, napos, Ipu
Macca, M, o AN MapoB IpH
BEIICCTBA % 06. t»=20°C, LA,
KI/KMOJIB <o tp=20°C,
pn, Ko pu, MITa
CVT (npornan) 44,10 2,0 1.872 0,833
CVT (sran) 30,07 2,9 1.263 3,721
CVYT (u-Gyran) 58,12 1,8 2519 0,205

Buixo0 cocudicertvlx 8 OMKpbimoe npoCmpancmeo npu yCiosuu HENOOBUINCHOCIU
8030YULHOII Cpedbl

JIns ompenencHWs pamuyca BO3ASHCTBUMA BLICOKOTEMIIEPATYPHBIX MPOIYKTOBR
cropaHuss  oOnakoB, 0O0pa30BaBIIMXCS B  PE3ylbTaTe BBIOPOCOB  CXKIDKECHHBIX
VIIIEBOIOPOTHEIX Ta30B PACCMATPUBAIOTCS ABA BPEMEHHBIX OTpe3Ka:

1. MOMEHT pa3repMeTH3alli{, IPH 3TOM BPeMs HCIAPEHUS MOXKET ObITh
oneHerno B 10 ¢;

2. MOMEHT MOJIHOIO MCIAPEHHs C TOBEPXHOCTH OOPa3OBABIIErOCS PA3NIMTHS,

IIPY 3TOM BPEMS MCIapeHus TpUHUMAETCs paBHbIM 3600 c.

1. MoMeHT pa3repMeTH3aINu.

I[OJ'[H MT'HOBCHHO HCHapHBIHeﬁCH KUOKOCTH ONPEACIIACTCA CICAYOITUM 06pa30M:
C,-AT
xX= -

rae C,, KIDK/Kr°C =20 °C yOembHAA TEIIOEMKOCTh SKHAIKOCTH, AT — W3MCHEHHE

(4.10)

TEMIIEPATY PhI KUIKOCTH TIPH MIEPEXO0/IE U3 HAYATIBHOIO COCTOSHUS B KOHEUHOE; 1., KJK/KT

— TCIUIOTA UCTAPCHUA JKUKOCTH.

Jnga paznuuabix CYIDT MOXKHO IONYYUTE CIACAYIOIIME 3HAYCHUS JONM MTHOBEHHO

HCIIAPUBILIEHCA KUAKOCTH:

I[ponan x=0.257
Ortan x=0.25
H-6ytan x=0.32

Torma pammyc BO3ICHUCTBHS BBICOKOTEMIIEPATYPHBIX IPOAYKTOB CTOPAHHS
HapOBO3AYLIHOTO 00JaKa TpH «noXkape-Bemblmkey it pasubix CYID ompepensercs B
cootBeTcTBUH ¢ (popmyiiamu 4.1 u 4.2. ¢ y4eTOM ONTYYEHHBIX 3HAUCHUIA X.

B o6mem Buse mis iro6oro CYI MOXHO HOTYUMTh CIEAYIOIIYHO 3aBUCHMOCT:
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RF =26.572 +(2% K1)0B =26 572 r C-AT-Vr s
I yrrne L-C (411)

HKMOp Y
B 3aBucuMmoCcTM OT KoJindecTBa BblbpacbiBaemoro CYI B atrmocepy and
HEeKOTOpPbIX YINEeBOLOPOAOB MOMYYeHbl Clefylolwmne YnpoweHHble 3aBUCUMOCTU ANd

onpegeneHus Rp (cm. puc.4.5, 4.6)

OTaH RF=14.9V,un
MponaH Rf=17.0 Vf**
H-6yTaH Rf=18.7

Rf, m

PucyHok 4.5 - 3aBMCUMOCTb paguyca NOpaXKeHUs BbICOKOTeMMNepaTypPHbIMU NPOAYKTaMU CropaHns
rasoBo3gyLIHbIX 061aK0oB, 06pa3oBaHHbIX NMPY MFHOBEHHOM McnapeHun ans pasHelix CYT oT
KONM4YecTBa, BbibpacbiBaeMoro B atmoctepy CYT:

1- ans obnaka cMecy 3TaHa c BO3AYXOM; 2 - Ana o6/1aKka CMech nponaHa ¢ BO3AyXoM;

3 - ana obnaka cmecu H-6yTaHa C BO34yXOM
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PrcyHok 4.6 - 3aBMCUMOCTb paguyca NopaxkeHWs BbICOKOTEMMNEPATYPHbIMW MPOLYKTaMy CropaHus
rasoBo3/yLLUHbIX 06/1aKOB, 06pa3oBaHHbIX NP MIHOBEHHOM UCMapeHnn Ans pasHbix CYT oT
KOMMYeCTBa, BblbpacbiBaeMoro B atmoctepy CYT:
1-ans obnaka CMecy 3TaHa C BO34yxoM; 2 - Ana 06/1aka CMecu npomnaHa ¢ BO3AyXOM;

3- AN obnaka cMecu H-GyTaHa C BO3fyXOM

2. MOMEHT NosHOro mcrnapeHus.

YuutbiBad, UTO B MOMEHT pa3repMeTM3alMym MIHOBEHHO WCMapuiach 4acTb
XWUAKOCTK, onpefensemas foMei X, paccumTbiBaeM pasMepbl 06/11aka, 06pa3oBaBLUerocs
npyv UCNapeHUW OCTaBLUENCA >XUAKOCTW C MOBEPXHOCTW, a Takke paguyC MOpaxeHus
BbICOKOTEMMEPATYPHbLIMY NPOALYKTaMK ero cropaHuns no gopmyne 4.1 n 4.2,

Takum o6pa3om, B obuem Buae ang  CYT[ MOXHO MONYYNUTb CrefdytoLlyto
3aBMCHMMOCTb:
.((1- 2X)+0,0036 sTYyYM —PH Y

Pr 'c Hknp

Rf =26.572 (4.12)

Ans HekoTopbix CYT 6blIM NOMYYeHbI CeaytoLiMe YNPOLLEHHbIE 3aBUCMMOCTY
Anst 6e30MacHOro paccTOsHNA:
STaH RF=37.075r038
MponaH RF=2.4 V03
H-6yTaH Rp-13.5V,08

I"padmKn NoMyYeHHbIX 3aBUCUMOCTEN NpPeAcTaBneHbl Ha puc. 4.7 n 4.8.
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200-

PucyHok 4.7- 3aBMCUMOCTb paguyca nopaeHus BbICOKOTEMNEPATYPHbIMW NPOAYKTaMU CropaHus
rasoBO3fyLLUHbIX 06/1aK0B, 06pa3oBaHHbIX MPU NOAHOM ucnapeHun ans CYT oT KONNYecTBa,
BblbpacbiBaeMoro B atmocgepy CYT:

1- nna obnaka CMecu aTaHa Cc BO3JyxoM; 2 - Ana o61aka cMecy npornaHa ¢ BO3LYXOM;

3 - ansa obnaka cMecu H-6yTaHa C BO34YXOM.

Rf, m

Ir, m3

Puc. 4.8. 3aBMCHMOCTb pagnyca NopaXKeHWs BbICOKOTEMMEPATYPHbIMU NPOAYKTaMU CropaHus
rasoBo3ayLUHbIX 06/1aK0B, 06pa30BaHHbIX NPY MOAHOM uMcnapeHun ansa CYT OT KoM4ecTBa,
BblbpacbiBaeMoro B atmocgepy CYT:

1- pns obnaka CMecu aTaHa ¢ BO3AyXOM; 2 - Ans o6naka CMecy NponaHa ¢ BO3LYXOM;

3 - Ans obnaka cmMecy H-6yTaHa C BO34YXOM
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4.2 Onpenenenne 6e30MACHOT0 PACCTOSIHUA MPHU BO3AelicTBHH yaapHOii

BOJIHBI

Jnsa ompeneneHus O€30MACHBIX pPAcCTOSHUNA MEKAY pa3repMeTH3MPOBAHHBIM
0o0OpyJOBaHHEM W  pPacCMaTpHBAaeMBIM  OOBEKTOM  (UEJIOBEKOM, 3JAHHEM WM
COOPY>KCHUEM) MPUMEHSAETCS CIIEAYIOIIHI AITOPUTM pacuera:

1. wmcxoms W3 mapaMeTpoB  aBapuiHOH  CcHUTyamuH (xoymuecTBa
BBICBOOO/JMBILETOCS. B PE3YNbTaTe pa3repMETU3ALMM TOPIOYEr0 BEIICCTBA, CBOWCTB
TOPIOYCH CMECH, YCIOBUII 3aKUTaHUs! WIIM MHULMAPOBAHUS B3PHIBA U T.I1.), TIPOM3BOJUTCS
pacueT 3Ha4CHU OnacHbIX (JaKTOPOB, BO3ACHCTBYIOIIMX HA PACCMATPUBACMEIH OOBEKT;

2. 1m0 W3BECTHBIM  KPHTCPHATHHBIM  3HAYCHHWAM  OMACHOr0  (hakTopa
TIPOU3BOAUTCS OIpesic/icHue O€30MacCHOr0 PacCTOSHUS ISl PACCMATPHBAEMOTO OOBEKTA.

TIpuHUMArOTCS CIIEYFOIHUE 3HAYCHUS] KPAUTEPUEB IIOPAKEHUS:

- Ui MIOAeH — KpuThdeckoe M30bITOYHOE AaBiieHHMe B YB, KOTOpoe SBIAETCS
rpaHuLEH BpEMEHHOM noTepy cityxa venoseka, Ap = 2 klla;

- JUISL 3[aHKH, COOPYKECHUI U HApY>KHBIX YCTAHOBOK — KPHUTHUECKOE U3OBITOUHOE
JaBjicHHE B YB, mpM KOTOPOM IIPOMCXOAWT pa3pyLICHHE NEPEropoaoK W KPOBIH
KAPIUYHBIX 30a8ui, Ap = 15 I1a.

PaccmarpuBacTcs  ropeHue B pexxkuMe  gediarpauud M IETOHALHA
HOIyCheprIecKoro  obnaka CTEXHMOMETPUYECKOM ra3omapoBO3AYIIHON CcMecH ¢
LECHTPAIBHBIM 3aKUTAaHUEM (Haubomee onacHsIi ciy4aif) [1].

Pexnm nedaarpanyy.

Hs6pTounoe maaeHne AP, x[la, B majaromeil BO3AYIUHON YAApHOW BOJIHE MpH
CTOPAHUHM Ta30BOH CMECH B IPHOIDKEHUH TTOCTOSTHCTBA CKOPOCTH FOPEHHUS ONPEAeAeTCS
3aBUCUMOCTEIO:

AP _2.y-(c-D)-a’ R,
P, - o‘-(1+a) R (413)
rae P,— atmocdepuoe naenenme, mpurmMmaercs paueiM 101 kIla;, y — mokasarens
ax=W/C, —

annabarel raza, o — CTICICHb pPACIIUPCHUS MPOAYKTOB CropaHusd,
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OTHOCHUTEJIbHAS BHANUMAs CKOPOCTh TOpEHHs, W,m/c — BUmuMAas cKOpocTh ropenus; C,,
M/C — CKOPOCTB 3BYKa B BO3YXE; 12, M — PACCTOSHHE OT LEHTPA 3VKUTaHUs CMECH; Ro, M —
pazuyc nonycdeps obnaka.

Hwxe npecTaBieHsl pe3ynbTaThl pacieTa 3aBUCUMOCTH H30BITOUHOIO TABICHUS B
VB AP, klla, ot paccTosHHA R, M, TIpH JAe(IarpalliOHHOM PEXUME CropaHus obyaka
ra3onapoBO3AYLIHONH CMECH.

IIpu cropanuu o61akoB ra3omapoBO3AYLIHON CMECH Ha CKOPOCTH TOPEHMS CMECH
OKasbIBAacT BIMAHWE KOHQUIYpAUUs OKPYXKAIOMIET0 IIPOCTPAHCTBA, B  KOTOPOM
MPOUCXOIUT TOPCHHE.

Pacuer pnednarpamoHHoro cropanus obnaka Tra3oHapoBO3AYNIHOW CMecH
OPOBOAWICS IS YETHIPEX PEXKIMOB, B 3aBHCHMOCTH OT KOH(UIypalu OKpYIKArOLIEro
MpocTpaHcTBa [2]:

- i cBoOOJHOTO TIPOCTPAHCTBA, IPA 3TOM CKOPOCTh TOPEHHS HPHHMUMACTCS
w=17 m/c;

- JUI CPETHE3arPOMOXKICHHOT O MpocTpaHcTBa (w = 35 M/c),

- JU1s CUJIBHO 3arpOMOKIEHHOrO pocTpaHcTBa (w = 70 m/c);

- JULs CHJTBHO 3arpOMOZKICHHOIO POTSHKEHHOro pocTpancTea (w = 120 m/c).

Ilpu cropanuu obnaka MeTaHOBO3MYHIHON cMmecu AP, klla, ompemensercs

3aBUCUMOCTEHIO!
AP = 3,465-107° -w? .3
w
1+—)R s 4.14
( 3 4) 4.14)
rae V — o00veM MeTaHa, BBICBOOOJMBINETOCS B PE3yJbTare pasrepMeTH3ALUH

0GopyoBaHHs, M.
Ha puc. 4.9 npencrapieHBl pe3yibTaThl pacueTa 3aBUCHMOCTH HM30BITOYHOTO
JIABIICHHAS B yJJAPHOH BOJIHE OT PACCTOSHHUS 10 00BEKTA, MPH Ae(rarparfiOHHOM CrOPaHIA

o0Jaka METAHOBO3AYLLIHOM CMECH B CpeIHE3ar pPOMOKICHHOM MPOCTpaHcTBe (W = 35 M/C).
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PucyHok 4.9 - 3aBUCUMOCTb M36bITOYHOIO JaB/EHNS B yAAPHOM BOIHE OT PacCcTOsSHMA A0 06beKTa,
npu gednarpaunMoHHOM cropaHny o6naka MeTaHOBO3AYLUHON CMecy B CpefHe3arpoMoXAeHHOM
NPOCTPaHCTBE NPU Pa3NNYHbIX 3HAYEHUAX V:
1- V=1m32- V=5m33- V=10Mm3;4 -V=25 13 5-Y= 50m3;,6- V=75 M3
7- V=100 m3; 8 - KpUTUYeCcKOoe 3Ha4YeHUe M36bLITOYHOrO faBneHns B YB, paBHoe 2 KIa;
9 - KpuTMYecKoe 3HaueHue N36bITOYHOrO AasneHns B YB, paBHoe 15 Kla;

BnmsiHMe 3arpoMOXKOEHHOCTU  OKPY)KAlOLLEro MpocTpaHCTBa Ha 6Ge3omnacHoe
paccTosiHue npy Bbibpoce MeTaHa (10 M v nocnegytolleM aediarpayyoHHOM CropaHum

o6/1aKa rasoBo3ayLLUHON CMecK NokasaHo Ha puc. 4.10.
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Ap, KMa o1

PucyHok 4.10 - 3aBMCMMOCTb 136bITOYHOrO AaBfieHNsA B YB 0T paccTosiHWA OT LieHTpa B3pblBa
npu pasnyHbIX 3arPOMOX/AEHHOCTAX OKPYXaloLLero NpocTpaHcTBa:
1- w = 17 m/c (cBO6OAHOE NPOCTPAHCTBO); 2 - W = 35M/c (cpeAHe3arpoMoXaeHHoe
npocTpaHcTBo); 3 -w = 70 M/C (CUNbHO 3arpOMOXAEHHOE NPOCTPAHCTBO);
4 —w = 120 m/c (CMNbHO 3arpOMOXEHHOe NPOTSHXKEHHOE NPOCTPAHCTBO);
5 - KpWTMYecKoe 3HayeHVe N36bITOYHOTO faBeHns B Y B, paBHoe 2 Kla;
6 - KpUTUYeCKOe 3HayYeHNe N36bITOYHOrO AaBneHns B ¥ B, paBHoe 15 klMa

M3 nonydeHHoil 3aBUCMMOCTM BWAHO, YTO 3arpPOMOX/EHWE MPOCTPAHCTBA, B
pe3ynbTaTe KOTOPOro BO3PacTaloT CKOPOCTW MPOTEKaHWUs Peakuyun ropeHusi, NpuBoauT K
3HaUMTENILHOMY POCTY M36LITOUHOIO AaBNeHus B YB.

AHanornyHble 3aBUCMMOCTU MOFYT ObiTb MOMYYEHbl A1 Pas3/IMUHbIX 3HAUEHUIA
WCXOAHbIX MapaMeTPoB. Ha OCHOBaHMM W3NOXEHHOTo noaxoda Obiiv  MOYYeHbl
amnupuyeckue hopmysbl AN pacyeTa 6e30MacHOro PaccTosHUs AN paccMaTpyBaeMbIX
00bEKTOB Npu fednarpaliOHHOM CropaHUM 0671aka MeTaHOBO3AYLUHOW CMecu B
3aBMCMMOCTM OT KO/IMYECTBA BblBPAcbiBAEMOr0 rasa, KoTopble NpefcTaBfieHbl B Tabn. 4.2.

TakXe Nosy4eHHble 3aBUCUMOCTU B rpatueckoM Buze NpeAcTaBfieHbl Ha puc. 4.11.
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Tabnuua 4.2

KOoH(hUrypaumus oKpy>atoLiero npocTpaHcTBa, CKOPOCTb
TOPEHVsi CMECH MEeTaHa C BO3ZYXOM, N M/C

CB060HOEe NpocTpaHcTBO W = 17 m/c
CpefiHe3arpoMoXjeHHoe NPOCTPaHCTBO W =35 M/C
CuibHO 3arpoMOXJeHHOE NPOCTPaHCTBO W =70 M/C
CunbHO 3arpOMOX/EHHOE MPOTSHXKEHHOE MPOCTPAHCTBO
w = 120 m/c

CB0604HOe NpocTpaHcTBO W = 17 m/c
CpefHe3arpoMoX/eHHOe MPOCTPaHCTBO W =35 M/C
CuibHO 3arpoMOXXeHHOe NPOCTPaHCTBO W =70 M/C
CunbHO 3arpoOMOXEHHOE MPOTSHXKEHHOE MPOCTPAHCTBO
w = 120 m/c

100 o3

bBesonacHoe
PaccTosiHUe, 7%6es, m

N6es = 0,475
0BE3 = 2,02' VI3
OB = 8,09' VI3

7%e3 = 23,5'T"3

72%6es = 0,064 VU

7%es = 1,08 Y '3

7%6e3 = 3,156

o 4 V, M3

PucyHok 4.11- 3aBUCMMOCTb 6€30MacHOr0 pacCcToaHUA ANA pacCcMaTpuBaeMbiX 06bLEKTOB OT
o6beMa, BbICBOOOAMBLLErOCA B pe3ynibTaTe aBapuu mMeTaHa, rae:
1, 2,3,4- 6e3onacHble paccTOAHWNA ANA NHOAEA NPU BUAUMBIX CKOPOCTAX FOPEHUS CMECK
MeTaHa ¢ Bo3ayxom, 17; 35; 70 n 120 m/c, COOTBETCTBEHHO;
5, 6,7,8 - 6e3onacHble pacCTOSHUS ANS 3AaHUIA U COOPYXEHWIA NPU BUAUMBIX CKOPOCTSAX
ropeHmsa cMecu MeTtaHa ¢ Bo3gyxom, 17; 35; 70 n 120 m/c, COOTBETCTBEHHO;

V- 00beM BblCBO6OAMBLU€FOCH B pe3y/ibTate aBapuu mMeTaHa, M3

B obwem Buge, 418 pasHbIX roOpUMX BELLECTB W YCIOBUIA pasBUTUS aBapUnHOL

O6bekT,
noJBepratoLuiics
BO3[ENCTBUIO YB,
APkp, Kla
MepcoHan
npesnpuaTvs,  YeHbI
NOXapHOro KOMaHfbl
APKp =2 Klla
30aHuna,  COOpYy>KeHus,
Hapy>XHbl€ YCTaHOBKM
APkp =15 klMa
RiM 1000
100
10
1
0.1
10
cuTyaumu,

[aHHble 3aBUCMMOCTM AN onpefenieHns 6e30MacHoOro paccTosiHUA  Aans

paccmMaTpuBaeMblX 06bEKTOB MOXHO MPeACTaBUTL CeaytoL MM 06pa3om:
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Y. 1. w? L

Ry ZW_(? Vs
o-(1+—-)-AP, er

( 344) @ ’

(4.15)

rae 4Pxp, XK[1a — KpUTHIECKOE 3HAYCHUE HU30BITOUHOTO MABJIEHHS [Tl PACCMATPUBAEMOTO

00BEKTA; y — IIOKA3aTe/lb anuabarhl ra3a; ¢ — CTeNeHb PACIIMPEHHS IIPOAYKTOB CTOPAHMNS,

W, m/c — BAIMMas CKOPOCTh TOPEHus; HHc, MJI/KT — HU3IuAs TeMJI0Ta CCOPAHHs rasa;

3
V,m

— 00BeM TOPIOYETO BEIIECTBA, BHICBOOOJMBINETOCS B pe3ylbTaTe pasrepMeTH3aiuu

000pyJ0BaHHS.

Ha puc.4.12 mpeacTaBnensl pe3ynbTaTsl pacueToB no Gopmyne (4.15) ans pasHbIX

TOPIOYHX BEIIECTB, OCHOBHBIC XapAKTEPUCTHKK KOTOPHIX NpeacTaBneHsl B Tadn. 4.3 [20].

CKOpOCTB FOPeHHMSI TPHHAMAIIACE W = 35 M/C (CPEIHE3arPOMOSKIEHHOE TIPOCTPAHCTBO).

Tabnumna 4.3
Toprouece secctso Meran - CH, | Boxopoa — H, | Iponan — C;Hy
IMoxazarens aguabaret rasa, y npu 0 °C u 101,3 xI1a 1,32 141 1,138
CreneHp paciupeHus MPOAYKTOB CTOPAHHS, & 744 7,0 79
Husiuas temnora cropanus, He, MJDx/kr 50 120 43,6
CrexnomeTprucckas KOHICHTpawms, % 06. 9.4 29,6 4,03
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PucyHok 4.12 - 3aBUCMMOCTb 6€30MacHOro paccTossHNUS Npu fedaarpaunoHHOM cropaHny 0671aKoB
CMeCeil pas/fInyHbIX ra3oB ¢ BO3AYXOM B CPefHe3arpoMOXAeHHOM MPOCTPaHCTBE, rae:
1- Ge3onacHOe paccTosiHWE, M, [/1s1 YesI0BEKA MPU CFOPAaHUN CMECU MeTaHa C BO3AYXOM;
2 - Ge3onacHoe paccTosiHWe, M, 4/1S YesioBeKa Mpu CropaHnuy CMecy BOAOPOAA C BO3LYXOM;
3 - 6esonacHoe paccTosiHue, M, AN Ye/I0BEKA NMPW CropaHuy CMecy NpornaHa ¢ BO34yXOM;
4 - Ge3onacHoe pacCTosiHMe, M, A/1A 30aHNIA U COOPYXXEHUIA NPY CropaHUKM CMecu MeTaHa C BO34YXOM;
5 - 6e3omacHoe pacCcTosHue, M, 415 34aHNIA U COOPYXXEHWI NMPY CropaHMK CMecn BOAOPOLa C BO3LYXOM;
6 - 6esonacHoe paccTosiHue, M, AN1s1 34aHUI U COOPYXXEHWIA NMPU CropaHUM CMecu NponaHa ¢ BO34yXoMm

Kak BMAHO 13 pe3ynbTaToB pacyeToB, MNpW peanusauuyu AegnarpayMoHHOro
peXuMa CropaHus rasonapoBo3fyLIHbIX 06/1aK0B M36bITOYHOE AaBneHne B YB gocturaet
3HAUMTENbHbLIX BENNYMH TONbKO HEMOCPEACTBEHHO BO/IM3M WCTOYHMKA 3aXKMWTraHUs W,
cnefoBaTenbHO, 6e30MacHble PacCTOSHNUSA He BENMKW. 3HAUUTENbHbIA POCT U36LITOYHOTO
JaBneHns B YB no cpaBHeHMIO C Aednarpauyueit MpoMcXoAuT B TOM Clyyae, ecnu

cropaHue o6naka rasonapoBo3ayLHO CMeCc NPOUCXOAUT B A€TOHALMOHHOM PEXMME.

Pexxum fetoHauuu.
N36biTOUHOE faBneHve B YB npu  AeTOHaLMOHHOM  pexume CcropaHua

rasonapoBo3fyLwHoro o6naka onpegensercs no qpopmyne [3]:
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0.33 0.66

AP=P, (0825 4305 5. M5
r

2 3

r o (4.16)
rae AP xIla — u30bITOYHOE AABJICHUE B YIAPHOI BoJHE, Py KIla — atMocdepHoe aBieHmne
(npuHumaercs pasusiM 101,3 xIla); » , M — paccTOsiHME OT LIEHTPA B3PBIBA; Mg, KT
MPUBEICHHAsA Macca ra3a WiK apa.

IIpuBeneHnas macca rasa WiM Iapa ONpPEAEsIeTCs MO CIERYIOLEH 3aBUCUMOCTH

[2]:

mS:m.Z.

JE

0 4.17)
rae m, KT — Macca TOPIOYHX Ta30B WM MAapoB, TIOCTYMHBIIMX B PE3YJIBTATE aBapHU B
OKpYKaroIlee IMPOCTPAHCTBO; Z — KO3((UIMEHT ydacThs TOPIOUETo raza WM fapa BO
B3pbIBE, 3HAUCHUE KOTOPOro  JIOIycKaercs mpuHuMare pasHeM 0,1  (mpu
COOTBETCTBYIOLIEM 00OCHOBAHHH J0MycKaeTcs yMeHbliaTh Z He 6onee, yem a0 0,02); He,
JOK/KT — yhedbHas TEIIoTa CropaHws ra3a WiW mapa, FH, — KOHCTaHTa, paBHaA
4,52:10°Jix/xr.

B kauectBe mpumepa Ha puc. 4.13 mpencraBieHBl pe3yNbTaThl  pacyeTa
3aBUCHMOCTH M30BITOYHOIO JIABJICHHS B YOAPHOU BOJHE OT PACCTOSHHUS OO 00BEKTa MpU

nedarpauroHHOM cropaHuy o0naka METaHOBO3AYIHOM CMECH.
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Ap, klla

Puc.4.13. 3aBUCMMOCTb M36bITOYHOIO fjaB/ieHNs B yapHOW BOJIHE OT PaccTosHWSA A0 06beKTa, Npu
AeTOHALMOHHOM CcropaHuy obnaka MeTaHOBO3[YLLHOM CMecu:
1- npu obbeme BbicBOGOAMBLUErOCA MeTaHa V= 1 M3;
2 - npu o6beme BbICBO6OAMBLUErOCA MeTaHa V=5 m3;
3 - npu ob6beme BbICcBOGOAMBLLUErOCA MeTaHa V= 10 m3;
4 - npu obbeme BbiCcBOGOAMBLUErOCA MeTaHa V' 25 M3,
5- npun o6beme BbicBO6OAMBLLErOCS MeTaHa V' 50 M3;
6 - npu o6beme BbicBoGOAMBLUErocs MetaHa V. 751 3
7- npu o6beme BbicBOboAMBLLErocA MeTaHa vV 100 m3;
8 - KpUTMYECKOe 3HaYeHMe U3bbITOYHOrO faBneHus B Y B, paBHoe 2 Kla;
9 - KpUTMYECKOe 3HauYeHme n3bbITOYHOrO faBfeHuns B YB, paBHoe 15 klMa

Ha ocCHOBaHMM nNpPOBEfEHHbIX pPacyeToB MOXHO MOYYUTb AN OLEHKM
6e3onacHoro  paccTosHMs Ans  pacCMaTpuBaeMblX OOBEKTOB Mpu  peanusaumm
[eTOHaLNOHHOIO pexuma cropaHus ob6naka MeTaHOBO3AYLUHOW CMeCU BblpPaXXeHus,
npescTaBneHHbIe B Tabn. 4.4.

Tabnuuya 4.4

O61beKT, nogseprawowumiica sosgeictamio ¥YB, APKp, KlMa BesonacHoe paccTosiHue, es, M

MepcoHan NpeanpuATUSA, YieHbl MOXapHOro KOMaHjbl
JIPkp = 2 kMa NBE3=86,6T */3

34aHunA, COOpPYXXeHUSA, HapyXHble ycTaHOBKU APKp =15 Klla

« 6es — 16,4T 13
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Takxe B paboTe OblaM NOAyUeHbl 3aBUCUMOCTU ~ 6e3(T) NPU CropaHum BOoAOPOAa U

nponaHa, KoTopble NpeACcTaBNeHbl B Tab. 4.5.

Ta6nuya 4.5
O6beKT, nogseprawLniics Bo3geicTeuio YB, BesonacHoe paccTosiHue,
NAkp. kMa [Coployee BelecTBO )
MepcoHan nNpPeanpuUATUA, YfleHbl  MOXAPHOIo Bogopoa N16e3=27,15Y a
KoMaHfbl \/'kp = 2 KMa Mponas ﬂ5E3-63ﬂ|)"3
3[aHNsl, COOPYXEHWUS,, HapyXHble YCTAHOBKMU Boaopoa «bE3=502 N3
\I'kp = 15 kMa Mponar ,U,EE3: 10,44_

Mpaduueckn nonyveHHble 3aBUCUMOCTU AN pacyeTa 6e30MacHbIX PacCTOSHUIA

npeacrtasneHbl Ha puc. 4.14.

PucyHok 4.14 - 3aBUCMMOCTb 6€30MacHOr0 paccTOAHNA ANsi pacCMaTpMBaeMbIX 06bEKTOB NPY CropaHum
061aK0B CMeCei pa3NnYHbIX Fa3oB C BO3AYXOM:
1- 6e3onacHoe paccTosiHMe, M, AN1f YeNI0BEKa NpU CropaHUM CMecy MeTaHa C BO34YXOM;
2 - 6e3onacHoe paccTosHue, M, A5 Ye/loBeKa NPy CropaHMM CMecu BOLOPOAA C BO3LYXOM;
3 - 6e3onacHoe paccTosiHue, M, AN14 Ye/loBeKa Npu CropaHum CMecy npornaHa c BO34YXOM;
4 - 6e3onacHoe paccTosiHUe, M, AN 34aHUS UK COOPYXEHWS NPW CropaHny CMecu MeTaHa C BO3LYXOM;
5 - 6e3onacHoe paccTosHue, M, A1 34aHUS UK COOPYXXEHWSA NMPU CrOpaHUn CMecu
BOLOPOJa C BO3AYXOM; 6 - 6e30nacHoe paccTofHue, M, ANA 34aHUA NN COOPYXKEHUA
npwn cropaHnn cMecy nNponaHa ¢ BO3L4YyXOM
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4.3 OnpenesieHne 0e30NACHBIX PACCTOSHHI TIPH BO3/1ElCTBHH TENJIOBOTO

HITYUeHHS

Hwxe npeacraeneHsl OCHOBHBIE PE3yJIbTaThl PACUETOB MHTEHCUBHOCTH TETUIOBOTO
U3NyYeHNs NPH PealiM3aliy Pa3IM4HbIX aBApUIHBIX CHTYalMii W WHXXEHEPHBIE (POPMYITBI
U1 OLCHKH O€30MAaCHBIX PACCTOSTHMI TIPH BO3CHCTBUHH TEIUIOBOTO M3TYUYCHHS HA JIOACH,

3[JaHAS, COOPYKEHUA H HAPYIKHBIC YCTAHOBKH.

4.3.1 Tloxap npoansa

OnHNM W3 BaKHBIX NApaMeTpOB, ONPEICIAIONIMX MacwiTad aBapuu, Oe30macHbIe
pacCTOAHMSL W BpeMs CYLICCTBOBAHWS OMACHOM CHUTyallmd TpH TMoOXapax MpoJuBa,
SIBIIAETCS IUTOIIAAB PA3IUTHS KHAKOCTEH U3 MOBPEXKICHHOTO 000py 10BaHUSL.

HanGonpmasd mmomanap pasnMTHs OOCTHTaeTCs IPH MTHOBEHHOM  IPOJIHBE
JKUOKOCTH HAa HCOTPAaHHUYCHHYIO TOPU30OHTAJIBHYIO MOBEPXHOCTD. MrHOBEHHBIM CUYUTAIOT
NPONTHB, HPH KOTOPOM BPEMs MCTEYECHMS XUIKOCTH M3 COCYJa MEHBIIE BPEMEHH €€
pacTeKaHus Ha MOBEPXHOCTH.

IoBeaenne >KMAKOCTENH pA3HBIX THIOB IIPH MTHOBEHHBIX MPONHBAX OBLIO
MoIpoOHO PacCCMOTPEHO B pasfene 2.2 TaHHOTO OTYeTa.

Hipke mpeacTaBiIeHEL pe3yAbTaThl PacueTOB PAIuyCcOB pacTeKaHus XKUAKOCTel o
MCTOIUKAM pa3HbIX aBTOPOB.

PacueTHBIE 3aBUCHMOCTH ANs ONPEAENEHUs] pagdyca ¥ BPEMEHM pPacTeKaHus

CKIKeHHOTO TIpupoHoro raza (CII) mpuseseHs! B Tad. 4.6.
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Tabnauna 4.6
CymHocTs noaxoaa ®dopmyna ms dopmyna aus Jlut-pa
paimyca pacTeKaHHs, | BPEMEHH pacTCKaHwms, t

r

1 | O6pazosanue cnos npaa mox CIII.
JluneitHoe H3MEHEHHE TEMIIEPATYPHI 110 6,33V, 10,82 V,'? [4]
TONMHHE JbAA OT Ty Ans CII 10 0°C
2 | To xe, HO MPEeHEOPEracTCs TEIIIOM IPH
OXJIKACHHUH JbIA

3 | BeneaerBue TypOynIeHTHOCTH nen He
obpagyercs. Hcnonsayercs
3KCIEPHUMEHTATBHO HM3MCPCHHBIN 8,47V>" 19,25V, [5]
TernoBoi nmorox mpu ucnapenun CIIT
100 xBr/M>

4 | Jlen me obpasyercs. IlpupasnuBarorcs V3 _—
UHTErpal BO BPEMECHU NMOTOKA | 334 "0 /al/s 0,62 "0 /a1/2 [51
HCHAPEHHUA Y MPOIHTAL Macca

10,9V, 31,8 Vo'? [5]

5 | IlpupaBuuBaroTcs rpaBUTALIMOHHAS 3/8 1/
JBHKYIAS CHJA M MHEPLMOHHAS cuia | 123 -[ Vo / 044 - Vo / [6]
COTPOTHBIEHHUS ’ al/* ’ all?

IIpuMedaHue: a — CKOPOCTB PETPECCHUM YPOBHSA JKHUIKOCTH BCIICICTBHE
nucnapenus. B pacuerax npuHnManocs a = 0.4 mm/c [7]. V, — 00beM mPOIUTOI JKHAKOCTH,
M3

Taxoke OBUTM TIPOM3BEJCHBI pacueThl IUIOMIAAM PacTeKaHUs sl COKMIKEHHBIX
VIIIEBOJAOPOIHBIX Ta30B.

Hnsa CYI' mnomans npoauBa Ha TOPU30HTAIBHYI0 HEOTPAHUYEHHYIO MIOBEPXHOCTH
ONPEIEISIETCS C MOMOIIBI) COOTHOLIEHUS [2]:

F=k, -V, (4.18)

rae ¥ —oGbeM mponMTOl kUKol dasbl, 11, K, kosdduiment, pasubii 0,15 M° Ha 1

MPOJIUTOTO TPOIYKTA.

PesynbraThl pacueToB NpeAcTaBIeHH Ha puc. 4.15.
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Puc. 4.15. 3aBucuMocCTh pagiyca pacTeKaHHs HA TOPU3OHTAIBHYIO MOBEPXHOCTb OT 0OBEMa MPOTUTON

SKUTKOCTH:
1, 2, 3, 4, 5 — paauychbl pacTeKaHus KUAKOCTH HA TOPU3OHTAJIbHYIO TTOBEPXHOCTD, M,
paccYMTaHHbIE TIO METOMUKAM U3 Tabi. 2.5, COOTBETCTBEHHO T, 1-5;

6 — papuyc pacrekanust CYI Ha rOpH30HTaNBHYIO ITOBEPXHOCTD, M

Jlns pacueTa CKOPOCTH BHITOPAHUS B JaHHOK paboTe MCMOJIb30BAIOCH CIIENYIOIIEE
BbIpakenue [1]:

AHcomb

m=125-10"p (4.19)

vap
rIe p - IJIOTHOCTh KMIAKOCTH NpPU HavanbHOM Temmneparype Ty, AH,. — Temmora

cropanus; AH,, - TemioTa NapooOpa3OBaHUS; BEIMUMHY 71, KI/M’C  JIOMyCKaeTcs

NPUHUAMATH PaBHOH [2]:

- s 6ensuna — 0,06;

- s CYT' - 0,10;

- o CIIT - 0,08;

- g au3enbHoro Tormmea — 0,04,

JI7s OLIEHKH MHTEHCUBHOCTH TETIJIOBOTO BO3ACHCTBUS HA PA3HBIX PACCTOSHHSIX OT
MpoJiuBa, omnpeneneHus Oe30MacHbIX PACCTOSHUM uis  O00OpYyJOBaHUS M JIFOJEH

HEOOXO0JMMO 3HATh pa3Mep IUIAMEHM Haj MPOJMTON JKMUAKOCTBIO. BBICOTY IUIAMEHH ¢
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JIOCTATOYHOM CTETICHBI0 TOYHOCTH MOXHO OTIPENENMTH MO W3BecTHO# (opmyne Tomaca
[8.,9]:

s gp (M _por (4.20)
D P gD

rae H, - BelcOTa muameHu, M; D — JuameTp IPONHMBA, M; 71 — CKOPOCTh BBIFOPAHHSL,
KI/M’C, O — IUIOTHOCTH OKPYJKAIOMIETO BO3AyXa, KI/M’; g — YCKODEHHE CBOOOIHOIO
2
najeHus, M/c”.
2
HHTEHCHBHOCTD TEIJIOBOTO M3JyUYEHHs ¢, KBT/M™ onpenendnace no Qopmysie u3
[3], xoTOpas TaKkKe BCTPEYACTCS BO MHOTHX JAPYTHX UCTOYHUKAX:
q=Er-Fy, (4.21)
rae Ef — CPCAHENOBEPXHOCTHA! MHTCHCHBHOCTb TEIUIOBOIO W3JYYCHUS [UIAMEHH,

2. o )
KBT/M"; F, — yroBoi koo duument 06ayueHHocTd; 7 — KOIDOUIMERT MpOMyCcKanus

aTrMocepsl.
Pe3ynbTaThl pacdeTa MHTCHCHBHOCTH TCIDIOBOTO H3JYICHUS B 3aBHCHMOCTH OT
paccrosHus OT neHTpa nponusa CIII'(Meran) npenacrapiacHsl Ha puc. 4.16. Pesynbrarsl

pacueros mis CYT (mponan-6yran) u Bonopoaa (H,) npencraeneHs: Ha puc. 4.17 u 4.18.
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PucyHOK 4.16 - VIHTEHCUBHOCTb TEMJIOBOr0 M3/lyYEHUSA HAa PacCTOAHUM X, M OT noxapa nponvsa CUT:
1- nponus 5mM3CWUT; 2 - nponus 10 M3CUT; 3 - nponme 20 M3CUT; 4 - nponve 50 M3CUT;
5- nponus 100 M3CUT; 6 - nponus 200 M3 CUT;
7. NOporoBoe 3HaYeHMe MHTEHCUBHOCTY TEMNIOBOMO U3NYyYeHUs AN YenoBeka, pasHoe 4,2 kKBT/mM2,;
8 - Noporosoe 3HaYeHe MHTEHCUBHOCTM TEMNI0BOr0 U3/yYEHUS A1 3[4aHWNIA, COOPYXEHWIA,
paBHoe 13,5 KBT/M2
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g, kKB1/M2 14104

PUCyHOK 4.17- VIHTEHCMBHOCTb TEMIOBOT0O M3NY4YeHUA Ha PACCTOAHUN X, M
OT noxkapa nponvea CYT:
1- NHTEHCMBHOCTb TEMMOBOro M3ny4vyeHus, BT/m o1 noxapa nponvea 5 m CYT;
2 —/AHTEHCUBHOCTb TEM/IOBOr0 U3nyyeHus, BT/m oT noxapa nponvea 10 m CYT;
3 —MHTEHCUBHOCTb TEMN/I0BOI0 U3NyYeHus, Bt/m% ot noxapa nponuea 20 M CYyr,;
4 —/\HTEHCUBHOCTb TEM/IOBOr0 U3nyyeHus, BT/M 0T noxapa nponvea 50 m CYT;
5 - WHTEHCWBHOCTbL TEMJIOBOI0 U3NTyYeHUS, B1/m% ot noxapa nponusa 100 i CYT;
6 - MHTEHCMBHOCTb TEMMOBOro U3nyyeHus, BT/m ot noxapa nponmea 200 m CYT;
7= MOPOroBOe 3HaYeHne NHTEHCMBHOCTW TEM/I0BOr0 U3NTy4YeHNs A9 YenioBeka, pasHoe 4,2 kKB1/m ,
8 - MoporoBoe 3Ha4YeHNe NHTEHCUBHOCTY TEMIOBOTO U3NYYEHUA A/19 30aHUIA, COOPY>XXEHU,
paBHoe 13,5 KBT/m
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PrcyHOK 4.18 - IHTEHCUBHOCTb TEN/IOBOTO U3TYYEHUA Ha PaCCTOAHMK X, M OT moXkapa nposnea
XUWAKOro Bojopoja:

1- MHTEHCUBHOCTL TEMNOBOIO U3NyYeHus, BT/M~ 0T noxapa nponuea 5 M XWLKOro BOA0OPOAa,;
2 — VHTEHCMBHOCTb TEMAI0BOrO M3ay4veHus, BT/m oT noxapa nponvea 10 M XWAKOro BOAOPOAA;
3 - MHTEHCUBHOCTb TENI0BOFO M3Ny4YeHns, BT/M20T noxapa nponusa 20 M3XXWAKOro BOAOPOAA;
4- MHTEHCUBHOCTL TENJI0BOTO M3nydeHuns, BT/M20T noxapa nponunsa 50 M3>KMAKOro BOAOPOSa;
5 - MHTEHCMBHOCTb TEMOBOr0 M3nyyYeHns, BT/M oT noxapa nponusa 100 M XUAKOro BOLOPOAE;
6- MHTEHCMBHOCTb TEMIOBOTO U3NlyYeHus, BT/M2 0T noxapa nponmea 200 M3>KMAKOro BOAOPOAa;
7- NOPOroBOe 3Ha4YeHNe MHTEHCUBHOCTM TEN/IOBOTO M3NTyYEHUS ANS YenoBeKa, paBHoe 4,2 KBT/M2,

8 - noporoBoe 3Ha4yeHNe NHTEHCUBHOCTYW TENI0BOTO U3NYYEHUS AN 34aHUIA, COOPYXXEHWA,
paBHoe 13,5 KBT/M2

Mcnonb3ysa NoporoBble 3HaAYEHUA UHTEHCUBHOCTU TEeN/I0OBOr0 MU3/lyyYeHUA, MOXHO

nonydynTb 3Ha4YeHWE 6e3onacHbIX paCCTOFIHI/II7| ansa  paccMatTpuBaeMbliX 00BbEKTOB B

3aBUCUMOCTMN OT KOJIn4ecTBa MPOJINTOro TroprH4Yero BellecTBa. 9T  3aBUCUMOCTU

npeacrtasfeHbl Ha puc. 4.19. INMpn 3aTOM B KayecTBe NMOPOroBbIX 3HAYEHUN WHTEHCUBHOCTU

TEMNOBOIo U3nlyd4yeHnAa npnHMMannchb:

- Ans dyenoseka - 4,2 kBT1/m2;

- ANS 3aaHNIA, coopyxXeHn - 13,5 KBT/mM2.
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Vv

PucyHok 4.19 —be3onacHoe pacCTosiHMe AN paccMaTpuBaeMblX 06bEKTOB Npu noxape nponusa CMAT,
CYT vnBofopoAa B 3aBMCMMOCTM OT KOJIMYECTBA NPOSIUTOrO:

1 - 6Ge3omacHoe paccTosiHWe Ans YenoBeka Mnpu noxape nponvea CMAT, wm;

2 - 6esonacHoe paccTosiHWe ANs 34aHniA, COOPYXXeHWi, npy noxape nponusa CIIT, m;
3 - 6e3onacHoe paccTosiHWe Ans YenoBeka npu noxape nponvea CYT, m;

4 - 6e30MacHOe paccTosiHMe ANS 3[4aHWi, COOPYXXEHUIA, npu noxape nponunea CYT, M;

5 - 6e3onacHoe paccTosHWe A1 34aHWIA, COOPYXEeHWIA, NpX NoXape NposMBa BOAOPOAa, M;
6 - 6e30macHoOe paccTosiHWe [18 YenoBeKa Npu NoXkape Nponvnsa BOAOpPoAa, M;
V, M3- 06bEM NPOANTOro roprYero B pesynbTaTe aBapun

B BUAe MHXeHEepHbIX GOPMYN AaHHble 3aBUCMMOCTU NpeACcTaB/eHbl B Tab61.4.7
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Tabnuna 4.7

O06nbexT,

N BesonacHoe paccrosuue | BesonacHoe paccrosuue | BesomacHoe paccrosHue
TOABCPrAIOIHHCA U [OXKape IpoJIHBa M [I0KAPE MPOJIHBA M [OKape [POIIMBA
BO3ACHCTBHIO YB, AP, P pe TIp P pe Ip P P Ip
«Ila CIII" (MeTaHn), M CVT (nponan-6ytan), M BOAOpPOAA, M
Ilepconan
NPEANPUATHA,  YICHBI _ 10,35 - - 70,35 — 19,35
nomapuoit - xomanm | o83 = 31,36V Rz =329V Ry3 = 25,7677

G =42 kBt/m*

3manus, COOpyXeHHS,
HapyXXHBIC  YCTaHOBKH

e Yo Rips= 13,129 173 | Rpps= 13,175 1%
G = 13,0 kBT/M

Ry = 12,6177

4.3.2 Ornennslii map

Jnst onpeenieHls Takoro apaMmeTpa, Kak JUaMETP OTHEHHOTO IIapa B HACTOAIIEH
paboTe OBLM NpPOAHAIM3HPOBAHBI 3aBHCHMOCTH Pa3HBIX ABTOPOB, MPEICTABJICHHBIC B
tabn. 4.8.

Tabmuna 4.8

dopmyna A1 pacueTa AUAMETpa
OTHEHHOTO IIapa

Ne /o Jlureparypa

1 D=525m"" [12]
[13,14]
(2]

[15]

D=624m"
D=58m"
D =62 m"*

D=6.28 m"”
D=55m"
D=6,95m"

[16.17]
[10]
(18]

N | || B WN

AHamM3 OKCIEPUMEHTANBHBIX JaHHBIX PA3IMYHBIX AaBTOPOB, IIPUBEACHHLIH B
pazzene 2.4, mo3BOJISeT PEKOMEHIOBATH HCIOJIb30BaHUE (POPMYJIBL:

D=58m". (4.22)
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3navenue uTenbHOCTH cymectBopaHuA OIIl BechMa BaXXHO sl OLEHKH €ro
HOpaKAIOMIETo AekcTBUA. B pasmene 2.4 moApoOHO PacCMOTPEHBI Pa3nMJHEIEC (OPMYIIBI
JUTSL ONPeNIeTIEHN s 3TOTO apaMeTpa.

AHanu3 rpauKOB, NPEACTaBIEHHBIX B paszacne 2.4, MOKa3plBacT, 4TO LI
ompeneneHus BpeMeHu cymiectBoBanns OLl MoxkHO myis Macc roprouero mexee 100 kr
MOJIB30BaThCs (popmytoit

= 1,1m™ (4.23)
a u1s 6onbimmx Mace OIT
1, ~0,45m". (4.24)

PacueT HHTEHCHBHOCTH TEIIOBOTO M3MyueHus oT OIII nponzBoamics mo ¢popmyine

[2]:
q=E I, 7. (4.25)

Bemiuuna E/ ONPEACIICTCI HA OCHOBE HMCHOMNUXCA SKCIECPUMEHTAIBHBIX

JaHHBIX. I[onycxaeTca JJIA rop}oqeﬁ JKHOAKOCTH HWJIH CKHXKCHHOIO rasa npHHHUMAaTh

E, =450 Briv?.

3HaueHHe BUIOBOTO (akropa F, onpesensercs no Gopmye:

i+O.5
_ o o
4. ((HDS +0.5)° + (I”DS)L)ls

I,

rae A — BbICOTAa NEHTPA OTHEHHOTO mapa, M; Ds — 3({eKTUBHbIA AnaMeTp OrHEHHOTO
miapa, M; 7 — pacCTOSHHE OT O0Iy4acMOro OOBEKTa O TOYKHM Ha MOBEPXHOCTH 3EMJIH

HETIOCPEACTBCHHO MO LEHTPOM OTHCHHOIO mIapa, M.

Kooddumuent mpomyckammsi atMocdepl  © I OTHEHHOTO — Imapa

paccuuTBIBacTCA IO GopMyIIe:
*r:exp[—7.().10’4.(\/rz-u’-l2 —D%)} (4.27)

PesynwTaTsl pacyeToB MHTEHCHBHOCTH TerioBoro uanyueHus OL mpencrasneHs

Ha puc. 4.20.
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q, BT/m2

PucyHok 4.20 —3aBMCUMOCTb MHTEHCUBHOCTM TEMJIOBOMO M3/IyYEHUA OTHEHHOTO Llapa Ha pacCTOAHUN T
OT TOYKMN HA NOBEPXHOCTU 3EM/IM HEMOCPELCTBEHHO MO LEeHTPOM OrHEeHHOrOo Lwapa:

1- macca roptoyero T=0,1 kr; 2- T =05«kr; 3- T=1kr;4- T =5«kr; 5- T =10«kr; 6 - T = 15 Kr;
7- T =25 kr; 8 - KpUTUYECKOE MOPOroBoe 3HaYeHNe MHTEHCMBHOCTM TEMIOBOI0 U3NyYeHUs ans
yenoseka, paBHoe 4,2 KBT/M2; 9 - KpUTMYECKOE NOPOroBoe 3Ha4YeHne NHTEHCUBHOCTU TEMNOBOIO

N3NyYeHNs ANs 34aHniA, COOPYXXEHWUI N HApPYXXHbIX YCTAHOBOK, paBHoe 13,5 kKBT/M2

Mo pesynbTaTam pacyeTa WHTEHCUBHOCTM TenjoBoro wusnydenus OLU no
mMeToAMKe [2] npu  MCNONb30BaHUM KpUTepUanbHbIX 3HAYEeHWA OblAM  NOMYUeHsI
YMNPOLLEHHbIE 3aBUCMMOCTM 6e30MacHbIX PacCTOAHMIA ANA YeoBeKa, a TakXke 3faHui,
COOPY>XEHWIA 1 HApY>XXHbIX YCTaHOBOK (CM. Ta6n. 4.9)

B kauyecTBe KpuTepuanbHbIX 3HaYEHWA WHTEHCMBHOCTW TEMMOBOr0 M3NY4YeHUs B
paboTe 6bI1U NPUHATLI MOPOroBble 3HAYEHUS:

- Ans venoseka: 4,2 kBt/m2;

NS 30aHNIA, COOPYXEHWIA 1 HAPYXXHbIX YCTaHOBOK: 13,5 KBT/M2.
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Ta6bnuuya 4.9

O6beKT, NnoaBepratoLwninca sosgeiicTemio Y B, APkp, KMa

MepcoHan NpeanpuATUA, YNeHbl NOXapPHOW KoMaHabl qkp= 4,2 KBT/M2

3[aHNA, COOPYXKEHMNA, HAPY>XHble YcTaHOBKM qp=13,5 KBT/M2

BesonacHoe paccTosaHue, M

A6es3=7,0™ °°332

N6es=4,3™ 0332

Mpathuyeckn Nosly4eHHbIE 3aBUCUMOCTU NpeAcTaBNeHbl Ha puc. 4.21.

100-

»
L,

(i

1. Kr

PucyHok 4.21 —3aBMCMMOCTb 6€30MacHOr0 paccTosHMA A5 pacCMaTpMBaeMoro o6bLekTa npu

nl

100

BO3eCTBMMN Ha HEro TeN0BOro nanyyveHns OLLL:
1- 6e3onacHoe paccTosiHMe 41 YenoBeKa, M;
2 - 6e3omacHOe paccTosHWe ANs 34aHMI, COOPYXXEHWA N HAPYXXHbIX YCTaHOBOK, M;
T, K - Macca roproyero, BbICBO60AMBLIErOCS B pe3yfibTaTe aBapuu
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44  Onpeneenne  0e30mACHBIX  pPacCTOSSHMI  NMpH  BO3JelicTBHH

BBICOKOTEMIIEPATYPHBIX IVIAMEH CTPYHHBIX BLIOPOCOB rOPIOYHX BElIECTB

B pasnene 2.1 ganHOro oryera mpeACTaBIIEH MEPEUEHD CYINECTBYIOIMUX METOAUK
pacyera napaMmeTpoB CTPYHHOTO (akena.
IIpu paccMOTPEHUH BOIIPOCOB UCTEYEHUS CXKaroro raaa  u3

Pa3srepMeTH3UPOBAHHBIX TPYOOIPOBOAOB PA3IMIAOT /(BA PEKAMA HCTCUCHHAS:

P 2 Yo
1. JTOKpUTHUYECKOE UCTEUYECHUE, ITPU YCIIOBUH: F" > [—J
v Y+
TOTIa MACCOBBIN Pacxo] UCTCUCHUIG, k2/C OMPEICISETCS CIIEAYIOLMM 00pa3oM:

-0

1/2
20y )]
G=au|ron (25 5) (3] ]| (428)

y—1) B, F

v

2

P 2 oo
2. KpHTI/I'-ICCKOC HUCTCUYCHUC, TIpH YCJIIOBHUHA: ?“ < [—1)
y+

v

TOTTa MACCOBLIH pacxon ucteueHus (G, ke/c OMPEAENAeTCs CIeAyOIUM 00pa3oM:
2y \OVOD 112
G=dy- o |:Pv Py }/[7_1,1] } > (4.29)

rae P,, I1a — atmocepHoe nasnenue; Pv, [1a — naBieHue rasa B anmnapare; y — nokasaresb
annabatsl rasa; Ay, M> — IUIOMWAAb OTBEPCTHS, 4 — KOO(OUIMEHT HCTEUCHHS (0,6-0,8);
Py, KD/M® — TUIOTHOCTD Ta3a B anmapare TIpH IaBIeHud Pv.

Pacuer aymuHBI (pakena raza Obul MPOHM3BEJECH IO HECKOJBKUM METOIUKAM,
MoAPOOHO 0 KOTOPBIX TOBOPUTCA B paszeie 2.1 JaHHOro OT4eTa.

dopMynbl I pacuera JIUHB (akena Uil HauOonee pacHpOCTPAHCHHBIX
roproumx razos [1]:

360-d

Hna merana: L= 30° (4.30)
1+
U,
Jlns Bogopona: L = 25? ;)‘é , (4.31)
U,
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Hns nponana; £ =3%%¢ (4.32)
1+ —
W
rae Uo - NnHeiiHas CKOPOCTb MCTEUYEHWs rasa, M/C, KOTOPYK MOXHO OMpedenuTh Mo

CNeaytoLLEein 3aBNCMMOCTK:

(4.33)

Pv'Aol
3fecb G, Kr/c - MaccoBblii pacxof UCTeveHWs, onpeaensieMblii no gopmynam 4.28 n 4.29;
Ahoi, M2- nnowaab 0TBEpCTMS; pV Kr/M3- MA0THOCTb ras3a B annapaTe Npu gaesneHun Pv.

PesynbTatbl pacyetoB no ¢opmynam 4.30 - 4.32 npeAcTaBneHbl Ha puc. 4.22.

PrcyHoK 4.22 —3aBMcMOCTb AMHbI (hakena rasa oT gnameTtpa Tpy6onposoga d, M:
1- pnvHa thakena MeTaHa, M; 2 - AnMHa (akena Bogopoga, M;
3 - anuHa hakena nponaHa, m.

B meTogmke [19] Ans pacueTa npouecca CTPYHOr0 FOpPeHUs rasa MUCMosb3yeTcs

CTaHpapTHasa Mopenb, rae onnHa anKena CTPyn rasa paccymTbiBaeTcsa no qupmyne:
LFLAME = C FLAME '" » (4-34)
rae LP m- ONvHa nnamMeHu, M; C MMl 3MNMpUYeckaa KOHCTaHTa rasa, G - MaccoBbli

pacxoj UCTeyeHns rasa, Kri/c.
3HaveHMe KOHCTaHTbl AAWHbI (bakena rasa konebnetca or 8 pgo 15 [ns

MOXXapoonacHbIX YI/NeBOJ0POAO0B NpeanaraeTcs NPUHUMaTh ero pasHbIM 12,
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Pe3ynbTaThl pacueToB NMPEACTABICHH! Ha puc. 4.23.

140

120

Lm

100

80 — e

60

40

20

02 06 038

d M

Pucynok 4.23 —3aBucUMOCTb JUIHHBI (paKesIa METaHa OT A1ameTpa Tpybonposona:
1 — nnuHa daxena rasa, M npu faeieHud B Ipybonposoae P = 0,05MI1a;
2 — numHa (akena rasa, M IpH JaBlieHuH B Tpybonposoae P = 0,3MI1a;
3 — nymHa Qakena rasa, M Ipu AaBlIeHuH B Tpydonposozne P = 0,6MI1a;
4 — nymHa Gakena rasa, M Ipy nasieHuu B Tpybonposoxne P = 1,2MIla

AnanornyHas MeToaWKa Ipemnaraercs B [21], rme uuHA
VITIEBOAOPOIHEIX Ta30B BEIYUCIIAETCS 10 opmyie:
0.4
L,=k-G

b

k — xo3((pUIMEHT MPONOPLHOHATBHOCTH, IPHHAMAETCS PaBHEIM 123,

(axena

(4.35)

Pa3meps! (akena MPHHIMAIOTCS HE3aBMCHMbBIMH OT HAIPABJICHHS HCTCYECHHS Ta3a.

IIpn WcTedeHny rasa BAONb OTPAaHHUMBAIOMIEH MOBEPXHOCTH (3eMi, 00OpyAoBaHHE M

T. JI.) pacueTHYIO JUIMHY (pakena ciaenyeT yBenuduTh Ha 25%.

W3 Bcex mepeunclieHHBIX METOAMK B HacTosmiel paboTe npeanaraercs

KCTIONB30BaTh METOIMKY, OMHCAHHYIO B [19] m [21], Tak kak oHa HauboJee IpocTa.

Honaraﬂ, YTO UHTCHCUBHOCTH TCIUIOBOTO U3JITYUCHUA OT (palcena HMCCT 3HAUYCHHA,

CPaBHUMBIC C KPUTECPHUATIBHBIMH JIAIIb HEMMOCPECACTBCHHO BONMH3H IIaMCHH, OTHOCHUTCIIBHO
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6€30MacHOT0 PACCTOSIHUS Ul Kakoro-mubo oOBeKTa MOXKHO MNPEOIOIOKHTE, YTO OHO
OTpeIeNsieTCss B OCHOBHOM Pa3MEPOM 30HBI KOHTAaKTa INIAMEHH C DPACCMATPHBACMBIM

O6B€KTOM, U TOrga WIS ONEHKN O€30IacHOrO PacCTOAHUA MOXKCT OBITH MCIIOJTE30BAHA

Gbopmyna:

Rees= Lo=12G™. (4.36)

JlurepaTypa K pazaeny 4
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CBSI3aHHBIX ¢ BHIOPOCAMH BBICOKOPHEPTETHYECKHX TOIUTHB B OKPY)KAOIIEE IPOCTPAHCTRO.
BHHMUIIO, M., 1994 r.

2. CoenuanbHbIe TEXHHYECKHE YCIOBHS MPOSKTA. AHanW3 pPHCKA OMACHBIX
TIPOM3BOACTBEHHEIX 00BEKTOB mpoekra «Caxamuu-II». M.: «CaxanuHckas DHeprus»,
2004 r.

3. TOCT P 123.047-98. TloxapHas 0€30MaCHOCTh TEXHOJIOTHYECKHX
mporeccos. Obiuue TpedoBaHus. MeToabl KOHTPOJISL.

4. James A. Fay, Unusual fire hazard of LNG Tanker spills / Comb. Sci. and
Tech. — 1973. - Vol. 7. - pp. 47-49.
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5 Meroo/IorHl OLEHKH TNO0XKapo0e30NACHBIX PpACCTOSIHMI npH

BLIOPOCAX FOPIOYHX BEIIECTB H3 TEXHOJIOTHYECKOro 000py10BaHUs

5.1 O0mue moJ10:KeHus

AHaJIM3 METOJIOB pacyeTa OMacHBIX (JakTOpOB MOXKapa U B3PblBa, IPOBEACHHLIA B
MpeABIIYIIMX pa3Aenax, MoKasall, YTO CYLIECTBYET AOCTATOYHO OOJBIIOE KOJIHYECTBO
METOAMK, TPEJUIOKEHHBIX pPAa3IMYHBIMH aBTOPaMH, JUIA ONPEACICHHMS NapaMeTpoB
pasiuTHii W BHIOPOCOB MOKAPOB3PHIBOOMACHBIX BEMIECTB W3  TEXHOJIOTHYECKOTO
000pyIoBaHHs B OKPYXAIOIIee IPOCTPAHCTBO, OOpa3yIOIMXCs TpPH 3TOM 007aKoB
TOPIOYMX  TA30MapOBO3AYIIHBIX  CMecelf M BBICOKOTEMIIEPATYpPHBIX  (pakesos,
XapaKTEPUCTUK YAApPHBIX BOJNH IIpW JAe(IarpalioOHHOM W ACTOHAMOHHOM pEeXHMax
TOpEHHMS, TApaMeTPOB OTHEHHOTO MIapa U Ap.

CrlokHBIE MOJENM  PaccMaTPMBAEMBEIX  IIPOLECCOB  TPeOYIOT — pa3paboTKH
COEIUAIBHBIX CIOXKHBIX MPOrpPaMM UYMCIEHHOTO pacyeTa MCKOMBIX BEIMYUMH Y HAIMYHUS
MOIITHBIX KOMITBIOTEPOB.

C TOYKHM 3pEHHS OMEPATHBHOTO ONPEACTICHAS TOXapoOe30NmacHbIX PacCTOSHIN
IIPH OPOTHO3UPOBAHUM BO3MOXKHBIX BAPHAHTOB PAa3BHTHA aBapuii ¢ IoXapamMu H
B3pbIBAMM Ha NPOMBIIUICHHBIX TPEANPUATHIX LEIeco00pa3HO OTAABaTh MPEANOYTCHHE
TEM METONHKAM, KOTOpbIE JOCTATOYHO MPOCTbl € HHXKCHEPHOI TOYKH 3PEHHS, HO
HO3BOJNAIOT C JAOCTATOYHOW CTENEHBIO TOYHOCTH OBICTPO OLIEHUTH BO3MOMXKHOE
MaKCHMAaJIbHOE BO3/EHCTBHE OnacHbX (JaKTOPOB MOXKapa HA JIFOJCH, 3MaHNs, COOPYKEHUS
M TEXHOJOrM4eckoe oOOpyNOBaHWE HA PA3NIMUHBIX PACCTOSHHUAX OT MecTa BhIOpoca W
VHUIAUPOBAHUS TOPEHUS MOXKAPOOMACHBIX BEIIECTB. OTO IIO3BOJIAET BBIPAOOTATDH
OIEPATHBHBIC pEIICHHS MO O0ECHEUCHUI0 O€30MacHOCTH MEPCOHANAa MPOMBIILICHHBIX
MPEANPUATHH, a TAKOKE NMOAPA3AEICHNI MO>KAPHONH OXpaHbl IPU MPOBEACHUH ONEpALAi 10
6oppbe ¢ moXkapaMH M JTMKBHAALMH UX TOCIICACTBHIA.

IIpenmaracMele HU)KE METOJMKH OLEHKH MOXApPOOE30MAaCHBIX PACCTOSHUH MOTYT

ObITh IOJOXKEHBI B OCHOBY METOOOJIOTHH q)yHKI.II/IOHaJIbHOI‘ 0 KoMmiekca «OreHka
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MOKapoOe30MaCHBIX PacCTOSHMA TP  MPOTHO3WPOBAHWH BO3MOXKHEIX — BapWaHTOB
pa3BUTHUS MOXAPOB HA NPOMBILUICHHBIX MPEANPHATHSIX)», KOTOPBI OyAET cOo31aBaThCs B
MHTEpEecax CUTYalMOHHOTrO IieHTpa Ha 6aze OI'Y BHUUIIO MUC Poccun.

ITo Mepe pa3paboOTKM JAHHOIO KOMILIEKCA (AJITOPUTMOB Pacyera, MpOrpaMMHOIO
obecrieyeHus U T.1.) TPEIUIOKECHABIE 3aBUCAMOCTH MOTYT YCIIOXKHATHCS U YTOUHSTHCS
JJIA KOHKPETHBIX YCJTOBI/Iﬁ MPAKTHICCKOTO TTPUMCHCHU A C HUCIIOJIB30BAHUEM
NpOAHATM3UPOBAHHBIX B JAHHOM OT4eTe OOJiee CIOXKHBIX METOJO0B  OIEHOK

HO>KapoOE30MACHBIX PACCTOSTHMI.

5.2 OueHka TmOXKApO0E3ONACHBIX PACCTOSSHANH NpH  BO3AeiicTBHA

TECIJIOBOI'0 U3JIYYCHHHA MOXKAPOB pa3.1ani‘l JKAAKOCTEH

5.2.1 Hcnoab3yemsbie 0003HAYEHAS

. KI/M’C — CKOPOCTb BBITOPAHHST KHIKOCTH,

P KI/M’ - IIIOTHOCTb JKHIKOCTH npy HavanbHO# Temneparype To;
;

AH . , K]JK/KT — yIenbHAS TEIIOTA CTOPAHHSL,

AH,, , xJDK/KT - yenbHas TEIIOTa Iapoodpa3oBaHHs,
H;, M- BbICOTA IIAMEHMY;

D, M — auaMeTp pasiHuTHsl JKHAKOCTH,

d, M - 5(peKTUBHBII AUAMETP PA3TUTHS,

F,, M* - II7IOMA/h PasIATHS,

Vi M — 06BEM MPOJIMTOM KUAKOCTH,

£, KI/M® — ILIOTHOCTb OKPY>KAOIIEro BO3/yXa,

g, M/c? — YCKOpEHHE CBOBOIHOTO MaICHHS,

Q, KBT — HHTEHCHBHOCTD TETJIOBBIIEICHHNS,
q, kBT/M’ — TemnoBoi MOTOK, MajAMOmMii HA €MHNLYY IUIOmMAad OOBEKTa
OVEE: R

Gips kBr/m* — KPUTUYECKOE 3HAYECHUE TETUTOBOTO MOTOKA,
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Er, KBr/M® — CPEHENOBEPXHOCTHAS HHTEHCHBHOCTH TEMJIOBOTO H3JTyUCHHS

IUIAMEHH,

Fy — yrnoeoit ko3 GuIEeHT 00Ty YeHHOCTH;

7— K03 HULUMEHT TponycKaHus aTMOCQEPEL,
¥, M — PacCTOSIHUE OT TIEOMETPUUECKOTO IIEHTpa MposiuBa 0 00JIy4acMoro
00BEKTA;

Rpp3 , M — 0€30MacHOE paccTOsHUE OT (PpoHTa IaMeHH A0 0OBeKTa 00ayUeHUSL.

5.2.2 McxoaHble COOTHOIIIEHHS

5.2.2.1. CKopoCTh BHITOPAHUS SKUAKOCTH ONPEACISACTCS BHIPAKCHUEM:

AHcomb
_— 5.1

vap

m=12510"%p

BenuuuHy CKOPOCTH BBITOPaHHUs AOMyCKaeTCs IPUHAMATEH PaBHOMH: s OcH3MHA —
0,06; nna CYT (uponan-O6yran) — 0,10; mua CIIU (meran) — 0,08; mnd Ou3eTBHOTO
tormBa u Hedru — 0,04.

5.2.2.2. TloBepxXHOCTH IUTAMEHH ANNPOKCUMUPYETCS BEPTHKAJIbHBIM LIWJIMHIPOM

aupameTpoM D u BeicoTol H /.

Beicora ninamenu onpenensercs no gopmyine Tomaca:

H, i :
—L =4 kel 52

®opMyna (5.2) AOCTaTOYHO XOPOIIO ANMPOKCHMHUPYET SKCIEPUMEHTATBHBIC

JaHHBIE 10 auaMerpa pasnutusa 20 M. OHa CripaBeTHBA, B OCHOBHOM, JUIS TEX CIIyYacB,
KOTJla HCIapeHHE SKAIKOCTH MPOHCXOJUT 32 CUET TEIUIONOABOJA OT miameHu. B ciyuae
3HAYHUTENBHOIO TEIUVIOBOIO MOTOKA K JKMIKOCTH CO CTOPOHBI TIOBEPXHOCTH, HA KOTOPYIO
OCYILECTBIIETCS ITPOJIAB, BEICOTA IUIAMEHH OIPEAEIIAETCS, B OCHOBHOM, TOIIBKO PacXoJioM
JKUIKOCTH, a HE ANAMETPOM IYKI». 3T0 OBIBACT NPU OPCHUM NPOJIHMBOB CHKMKCHHBIX
ra3oB.

Jlst oxvKeHHBIX ra3oB (nponas, 6yrad, CIIT, Bogopon)
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H,=0230%-1,02D, (53)

TIe
O =mAH,,,F, (5.4)
Beipaxenne (5.4) cnpaBeaiMBo NpU YCI0BUM 7 < (Q %4/1) < 700.
5.2.2.3. PajuauuoHHas Harpy3ka Ha €IMHULlY IUIOWand o0bekTa 00myveHws,
PacIoNOKEHHOrO Ha PACCTOSIHHH # OT TICHTPA Pa3JATHS, ONpeneNseTcs 1o Gopmyie:
q=Ez-Iy-t, (5.5)
3naveHne £y MPAHAMAETCS Ha OCHOBE MMEOIAXCSA SKCTIEPAMEHTAIBHBIX JAHHBIX
wii no Tabm. 5.1. Tlpu OTCYyTCTBMM HAaHHBIX Jisi HE(TENPOAYKTOB MOMYyCKAeTCs

OpHHUMATh BeIMIMHY £ ¢ paBHO# 40 KBT/™M’.

Tabnuna 5.1
4 2
Tommzo E f.KBT/M’, pu d, M

10 20 30 40 50
CIII" (meTan) 220 180 150 130 120
CVT (npomaun-OyTaH) 80 63 50 43 40
Bensun 60 47 35 28 25
JI13C/ b HOE TOTLTHBO 40 32 25 21 18
Hegrs 25 19 15 12 10
Tlpumevanue — a1 amameTpos ouara mcuee 10 M wm Goace 50 M cacayer npunuMars Er
TaKOH ke, Kak M A1t ouaros auamerpom 10 50 M cooTBeTCTBEHHO

5.2.2.4. YrnoBo#i koo hunuent 06ayueHHOCTH Fy onpenensieres no Gopmye:

Fy = +Fy (5.6)

rae Iy, Fy — $hakTopsl 00MyYeHHOCTH [UIS BEPTHKAIBHOM M FOPH30HTAIBHOM TITOMANO0K

COOTBETCTBCHHO, OIIPCACIIACMBIC C IIOMOIIBIO BLIpﬂ.}KGHHﬁZ

101 h ) h [f=1) 4 (5D
E_—” {S alctg[ Sl~1] 5 {arctg[ S+lj —— mctg{ 7@4—1)-(5’4—1)}} 5.7)
F, =L (B-l/S)_amg( /(B+1)-(S—1)]_(AI/S)wag[ {(AH)-(S—})} 58
T | VB -1 (B-D-(S+D A -1 (A-D-(S+D
2 2
h°+85°+1 (5.9)

4=1121
28
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B=1+S‘

25 (5.10)
S= 2%1 , (5.11)
h= 2% . (5.12)
5.2.2.5. DdbexTUBHBIN THAMETP IIPONUBA ¢ PACCUNTHIBACTCS 110 GopMYyJIE:
PR iy (5.13)
r

5.2.2.6. Kosdpduunmenr mpomyckanus arMmocdepbl 7 Ans TOxapa IpojvBa

ompenensieTcs mo Gopmyre:

r=exp[-7-107*(-=0,5d)]. (5.14)

5.2.2.7. TIpouenypa ONpeAEIeHs Ryp3 3aKII0UAETCS B CIEAYIOIIEM.

Ipumensas ¢opmyisr (5.1 — 5.14), MOXXHO TOMYuYNTh 3aBHCHMOCTH TEILIOBOIO
TOTOKA OT PACCTOSHMS I. 3aTeM, UCTIONB3YsI KPUTHIECKUE 3HAYEHUS ¢y, , IPUBEJICHHBIC B
paszene 3 I Pa3saMYHBIX OOBEKTOB, IIOCTPOHTH 3aBHCHMOCTH (€30MacHbIX PAacCTOSHMI
Rppz OT JuaMeTpa WM IUIOMAAW PA3JMTHs, MAcChl WM 0OBEMa PA3IHTON KHIKOCTH U
Ipyrux mapamMeTpoB. IIpMMEHEHHE 3NEKTPOHHO-BBIYMCIUTEILHOA TEXHUKH AENACT JTY
MpOLEAYPY HE CTOJIb AIUTEIBHON U TPYIOEMKOM.

5.2.2.8. YnpolieHHbIe HHXXCHEPHBIC 3aBUCHMOCTH.

IMpumenenne yka3aHHOW MpOLEAYPbl IS TOPSLIMX PA3NMTHIl METaHa, JTaHa,
npomaHa, 6yTaHa MOKA3ajo, YTO OTIMYWE 3HAYCHWI Rpps A 3THX PACIPOCTPAHECHHBIX
yIIIeBOIOpooB He mpesbiact 5—10%. 310 JaeT BO3MOXKHOCTH aNlpPOKCHMHPOBATh
3aBUCHMOCTH Ryg3 = f{D) juisl yKa3aHHBIX YIIICBOXOPOJOB €IHHBIMU 3aBUCHMOCTSIMH

- JUTsl HE3AIMILICHHBIX YYaCTKOB KOXKU YeNoBeKa (i = 1,4 kBt/v?)

Rsgz=7,5D" wma Ryy3 = 8,36F,"; (5.15)

- UL IOKapHEIX B OOCBOM OJEKIAE M KAcKaxX C 3ALIUTHBIM CTEKIOM (¢ = 4.2
KB/’ )

Reps = 4,00 uma Rpgs = 4,45F,%, (5.16)
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- JUIs IOYKAPHOM TEXHUKH (g, = 7,0 KB/M* )

Rypz = 2,80" wmnt Rygz = 3,12F,% ; (5.17)
- JUTS 37aHUH, COOPY>KEHHH, HapyXKHLIX YCTaHOBOK (¢ = 13,5 KBr/v?)
Rgez = 13,1517,03%, (5.18)
Jing BOAOPO/a aHATIOTHYHBIE 3aBUCHMOCTH HMEIOT CJICAYFOLIAIA BUJT,
- JUIsl HE3AIMINEHHBIX YYaCTKOB KOXKH 4eI0BeKa (G = 1,4 kB/M* )
Rypy,=4,8D"  wmm Ryps = 53564 (5.19)

- Ui TIOKAPHBIX B OOCBOM ONEKIE M KAcKax C 3ALUTHBIM CTEKIOM (¢xp = 4,2
KBr/M*)
Ripz=2,4D"" wma Ryps=2,67F,% ; (5.20)
- TS IO’KAPHOM TexHUKH (qxp = 7,0 KBT/M? )
Rez=1,5D"" wma Ry = 1,675, (5.21)
- U1 31aHKH, COOPYsKEHUH, HapyXKHBEIX YCTaHOBOK (¢ = 13,5 kBr/v?)
Rems = 12,6V, (5.22)
IIpencTaBineHHbIE I[IPOCTHIE 3ABUCHMOCTH TIO3BOJISIIOT OTEPATHBHO OLICHHBATH
Oc30macHble pACCTOSHHS A NEPCOHANA MPOMBILUICHHBIX MPCANPUATHI, JYHOTO
€OCTaBa MOXKAPHBIX MOJPA3ACIICHUM, MOXKApHOW TEXHWKH, 3AaHWii, COOpPY>XCHHU U
HAPY>KHBIX YCTAHOBOK IIPH BO3/ICHCTBUYU HA HUX TEILUIOBOI'O IOTOKA OT FOPSILIUX Pa3IuTHi
Haubomnee paclpoOCTPaHEHHBIX W TOXAPOOTACHBIX CXXWKEHHBIX YIJIEBOJAOPOJOB H

BOZIOPOJA.

5.3 OueHka mN0kKapo6e30NACHBIX PACCTOSHHII NpH BO3ACHCTBHH

TCIJIOBOT0 H3JIYYCHHSA OTrHCHHOI'O IIapa

5.3.1 Ucnoab3yeMble 0003HAYEHHS

m, KT — Macca FOprYEro B OTHEHHOM  111ape;
H, M — BbICOTa LIEHTPA OrHEHHOTO 111apa;

Dg, M — 3 deKTUBHBIN IMaMETP OTHEHHOTO 1Iapa;
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7, M — PacCTOSHUE OT OONYIaeMOro oOBEKTAa JO TOYKH HA TIOBEPXHOCTH 3E€MIIH
HEIOCPEICTBEHHO O IIEHTPOM OTHEHHOTO Iapa;

Ey, KBT/M® — CpEHEIOBEPXHOCTHAS MHTCHCHBHOCTH TEIJIOBOTO M3TyHeHHs
OTHEHHOTO I1apa;

F, — BUI0BOH (aKkTOp AN OTHEHHOTO IIapa;

T — k03((}HLUMEHT TIPOITYCKAHUS aTMOCHEPH,

tp, C — BpEeMsl CYIISCTBOBAHMS OTHEHHOTO Iapa.

5.3.2 HcxoaHble COOTHOLIIEHHUS

5.3.2.1. MakcuMaibHBIH THaMETP OTHEHHOTO I1apa s HIMPOKOT0 Juana3oHa
BEJIMYMHEI BEIOPACHIBAEMOTO Ta3a OLEHUBAETCA MO (hopMyJie:
D =58m" (5.23)
5.3.2.2. Bpems CyIeCTBOBaHMS OTHEHHOTO MIapa

0,1
t, =Llm™  ecmun m menee 100 kr,

1, =045m"  ecu m Gomee 100 kr. (5.24)

5.3.2.4. TennoBoii NOTOK OT OTHEHHOTO LIapa, MaJAOIIMi HA CAUHULY TUIOLIAIN
00BbeKTa OOIYUCHHS OTIPEACTISIETCS IO hOpMYJie:

q=E,-F, 7. (5.25)

5.3.2.5. Benuuuna £, onpejensercs Ha OCHOBE HMEIOLIUXCS SKCTICPUMEHTAITBHBIX

JaHubIX. Jlomyckaercs uis TOproveill SKMAKOCTH WM C)KH)KEHHOTO rasa IPMHUMATh

Ef =450xBm/ m* .

5.3.2.6. 3nauenne punoBoro gaxropa F, onpenensercs no dopmyne:

£+0.5
D,

I = — . 5.26
4. ((/:'{/DS +0,5)° + (7Ds)2)1 3 ( )

5.32.7. Koapdumment mpomyckanus armocepsl 7 i OTHEHHOTO Inapa

paccuuTHIBacTCs Mo Gopmyie:

T=e)q)[—7,0-10“‘-(\/r2+H2 —D%)] (5.27)
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5.3.2.8. TlpumeHsis OpoLEAypYy pacyera, OMMCAHHYIO B paza. 5.2.2.7, MOXHO

ONPENeNUTL 3HAuyeHUs OC30IAaCHBIX PACCTOSHHUN Ul Pa3IduHbIX OOBEKTOB IpU

BO3IEHCTBHM TEINIOBOTO U3IIYUSHHS OTHCHHOTO IIapa.

5.3.2.9. YnpoleHHble MHIKEHEPHbIE 3aBUCUMOCTH.

ITpuveHeHne yKa3aHHOW MPOLEAYPHl IIO3BOJNIMIO MHOMYYHTh  YIIPOIICHHBIE

(hopMyJIBI, TPUBENCHHEIE B TA0M. 5.2

Tabnumna 5.2

OOBeKT, MOABCPratoLIMIiCs BO3ACHCTBHIO TEILIOBOrO
HM3TY9ICHHsI OTHCHHOTO Imapa

Besonacuoe
paccTosHue, M

UneHbl TOKAPHOM KOMaHABT Gy = 4,2 kB1/M*

Ry = 7.0m>*32

3aaHus1, COOPYIKCHUS, HAPYIKHBIC YCTAHOBKU
< 5
G = 13,5 xBT/™i

Rygs = 4,3m"*

54 OueHka mN0:kapo0e30MACHBIX PpACCTOSHMIT NpH  Bo3deiicTBHA

YAApHBIX BOJTH

5.4.1 Hcnonb3yemble 0003HAYEHHSI:

M, xr — Macca roproyero rasa B o0naxe;

V,M3 —  00BeM roOpro4Yero  BCIICCTBA, BBICBOOOIUBIIECTOCST B pe3ynbTare

pasrepMeTH3arN 000PYIOBAHHS,

3
pr, KT/M” — IIJIOTHOCTH TOPIOYETO rasa,

Cer, % 00. — cTeXMOMETPHYECKAsS KOHLEHTPALMS Ta301aPOBO3 Ay IIHON CMECH;

Y — IoKa3aTciib angnabaTel rasa,

0 — CTENCHb PAaCIIMPEHMs TPOLYKTOB CTOPAHAS,;

o= W /Cy — OTHOCUTEIIbHASA BUUMAsT CKOPOCTH TOPECHMUS,

W, mM/c — BumMasi CKOpPOCTh TOPEHUSI;
Cy, M/C — CKOPOCTH 3ByKa B BO3/yXE,

Ro, M — pamuyc moycdeper;
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R, M — paccTostHE OT IEHTPA 3aKMTAHAS CMECH.

Ryps, M — Be30nacHoe PacCTOSHUE;
U,
Re=R,- _v — umcno PeitHonbnca;

Uy, M/c — HOpManbHas CKOPOCTh FOPEHMUS,

v, M’/c — KHHEMaTHYECKas BA3KOCTh TOPIOHeit CMeCH;

Py, x[Ta — atmocdeproe maBnenve (mpuHuMaeTcs pasisiM 101,3 kITa);

AP, xIla — u30BITOYHOE JTABJICHHUE B YAAPHOI BOJIHE;

APyp, kI1a — KPUTHYECKOE 3HAYCHHE U3OBITOUHOTO JABICHHS IS
paccMaTpupaeMoro 00OLEKTA;

i*, Tlac — yienbHbIi MMIYbC IOJIOKATENBHOM (a3bl JaBICHUS,

", ¢ — IPOAOJDKUTEIILHOCTD MOJNOXKHUTENBHOH (pa3bl NaBICHUS,

Z — koddduImeHT ydacTHs TOpIOYEro rasa WM fapa BO B3PHIBE, 3HAYCHHE
KOTOPOTO jomyckaeTcss MpUHUMATh paBHBIM 0,1 (mpU COOTBETCTBYIOIIEM OOOCHOBAHWUH
JIOIyCKaeTcst yMeHbIIarh Z He 6ostee, yeM 1o 0,02);

He JLx/KT — yenbHas TEII0Ta CrOpaHus ra3a Wik mapa;

H, — XOHCTaHTa, paBHASL 4,52‘10(’)1>K/Kr;

Mg, KT — IIDUBCJICHHAA Macca rasa Wiy Iiapa.

5.4.2 HUcxomHble 3aBHCHMOCTH

VYunuTeBass MHOIOBapUAHTHOCTh PA3BUTUS aBAPUIHON CHTyaryu, MPUMEHSETCS
VIPOIICHHBIA PacyeT NOPAKAIOWETO INEHCTBHSA yIAPHBIX BOJH, T'€HEPHPYEMBIX MpPH
CrOpaHuy ra30napoBO3IyIIHBIX 00IAaKOB

5421 PaccmarpuBaeTcs  ropeHMe ¢ IGHTPaIbHBIM  3KUTAHHEM
CTEXHOMETPHYECKOH a30MapoBO3AYITHON cMecH (HauOonee OmacHbBIN cirydait), pammyc

nonycdeps! Ry KOTOPOTO OLCHUBAETCS TI0 GopMyIIe:
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Ry, = (E . 100, ﬂ)1/3. (5.28)

T Cer Pr

B cimyuae oOpazoBanHusg oOsaka BHITSHYTON (opMEI 3a Ry MOXHO NPHHHMATH
MakCHUMallbHOE pAacCTOAHME OT MECTa BOCIUIAMEHEHMS [0 TpaHUIBl TOXKApOOIacHOM
CMECH.

5.42.2. OueHka MaKkCUMAaJIbHOW BHAUMOI CKOPOCTH TOpPEHUsT W ¢ MOMOIIBIO
BBEIPKCHUSL:

w=u, o (1+0,01:Re’5). (5.29)

Jnd pa3nuuHOH CTeneHW 3arpOMOXICHHOCTH IPOCTPAHCTBA MOTYT  OBITh
PEKOMEHIOBAHBl [UIL PAcyeTOB CICAYIOMME 3HAYCHHUS BHAMMOII CKOPOCTH TOPEHUS
ra3onapoBO3AYIIHBIX CMECEH:

- U1 ¢cBOOOHOTO TIpOCTpaHcTBa — 17m/c;

- VTS CPEHE 3arPOMOIKICHHOTO IPOCTPAHCTRA — 35 M/C;

- VI CWJIBHO 3arpOMO>KIEHHOTO TIpocTpaHcTea — 70 M/c;

- JUIS CUJIBHO 3arPOMOIKICHHOIO IIPOTSLDKEHHOrO NpocTpaHcTa — 120 M/c.

5.4.2.3. OnpeneneHre 0KUAAEMOTO PEKAMA B3PHIBHOTO MPEBPAILICHHUS.

OxujacMblii pe>KMM B3DBIBHOIO MPEBPALICHHS 3aBUCUT OT THUIA >KUAKOCTH U

TEOMETPUUCCKIX XaPAKTECPHCTHK OKPYIKAIOLIETO MIPOCTPAHCTRA.

Knaccupukanusi roprounx cMeceii Mo cTeneHH YyBCTBUTEILHOCTH

T'oproune BeliecTBa, CIOCOOHBIE K 00pa30BaHUIO TOPIOUMX CMeECel ¢ BO3LYXOM, TI0
CBO€H YYBCTBHTENBHOCTH K BO30YXKISHWIO B3PBIBHBIX MPOLIECCOB MOXKHO Pa3iENIUTh Ha
YeThIpe KJlacca.

Knacc 1: Oco60 4yBCTBUTENBHBIE BEIECTBA (Pa3MEpP JCTOHALMOHHON SYEHKH
MeHee 2 cM). K aToMy Kimaccy oTHocsaTes Takue Bemecta kak H,, C,H,:, C;H 0, C3HgO,
R-NO,.

Knacc 2: UyBcTBuTENbHBIE BEHIECTRBA (pa3Mep JETOHALIMOHHOMN SUYEHKH JISKHUT B
npeaenax ot 2 1o 10 cm). TUMHYHBIMY OPEACTABUTENAMH 3TOr0 Kiacca siisitorces C3Hg,

C4Hy, CoHs, C3Hs, C4Hs.
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Knacc 3:  CpenHedyBCTBHTENBHBIE BeLIECTBA (pa3Mep JCTOHAIMOHHOW SUYECHKU
aexur B mpenenax oT 10 mo 40 cM). TUNMYHBIMEA TPEACTABHTEISAMHM 3TOTO Kiacca
aBisitoTCs rekcad (CgHyy), OKTaH, M300KTaH, Maphl U pacnbuibl OeH3nHa, LNG.

Knacc 4. CnaGo 4yBCTBUTEbHBIE BEIECTBA (pa3Mep JACTOHALMOHHOM sYeHKU
Oonbme 40 cM). TUNMYHBIME TIPECTABUTEISIMU 3TOTO KJlacca SIBISIOTCS METaH, JCKaH,
pacIbUIbl IU3TOIIINBA, KEPOCHHA, OCH301a.

Kiaccudukarms nanGonee pacmpoCTPaHEHHBIX B MPOMBIIIJIEHHOM ITPOM3BOJICTBE
TOPIOYMX BEINECTB MIpUBEAcHA B TaOm. 5.3. B ciywae, €ciii BEIIECTBO HE BHECEHO B
KJIaCCU(PUKALMIO, €T0 CIEAYET KIacCU(ULMPOBATH 0 aHAJIOTUU C UMEIOLTUMUCS B CITACKE

BCHICCTBaAMH, a IIPA OTCYTCTBUHU I/IH(l)OpMaL[I/II/I 0 CBOHCTBAaxX JAHHOIO BEILIECTBA, €0

CIICyeT OTHECTH K KJaccy 1, T. €. paccMaTpiBaTrh HauboJsiee ONacHbIi ciyyaii.

Tabnuma 5.3
Knacc 1 Kanacc 2 Knace 3 Kanacc 4
ALETUIICH AKPUIIOHUTPHIT AleTAIBACTH/ 6eH301
BHUHWJIALCTHICH AKPOJICHH areToH JICKaH
BOIOPOX Oyran OCH3UH JU3TOILIHBO
TUIpa3UH OyTHIcH BHHHJIAIICTAT O-AUXJIOPOCH30I
H3OTIPOTIHITHUTPAT OyTanueH BHHIIXJIOPHJ JOJCKaH
METHJIALETUICH 1,3 neHraaucH TeKCaH KEPOCHH
HUTPOMETAH mpora rCHCPATOPHBIH ra3 MeETaH
OKHCH IPOIIICHA MPOTIUIICH H300KTaH METHT OEH30
OKHCB STHJICHA cepoyriepos MCTHJIAMHH METHJIMEPKANTAH
STUIHHUTPAT 3TaH MCTHJIALICTAT METHIIXJIOPHA
STUIIECH METHIOYTHIKESTOH HadTanuH
3¢hupsr: METHIIIPOTIMIIKCTOH OKHCB YIiIepoa
-IVIMC THJIOBBII MCTHIIITUIIKCTOH (denon xIopOeH30
-IMBUHUIOBBIN OKTaH STHIICHOEH30J1
-METHIOY THIOBBIT TTUPHUIUH
moJIy CCPOBOIOPOT
CITHPTBL;
-MCTHJIOBBIA
-3TUJIOBBIN
-IIPOTIHIIOBBIH
-aMUJIOBBIA
-H300Y THIOBBIH
-M30TIPOTIIIOBBIHI
LUKJIOTCKCAH
sTrnhopmMUaT
STUIIXJIOPHA
LNG




Knaccupuxauus ropoynx cmeceii no macuradam ¢gpyracHoro

(YRapHO-BOJIHOBOT0) MOPAKEHHS

Ipu oneHke MacmTaboOB yAAPHO-BOJHOBOIO MOPKEHHS HEOOXOOUMO YIUTHIBATE

pa3snuIue XUMHYCCKUX COCAUHCHHUU MO TCINIOTC TOPCHUA, I/ICHOHI:?,yeMOﬁ Jid pacucra

MOJIHOI'O 3amaca JSHECPrOBBIACIICHHUA. B pacuye€Tax SHCProBBIOCIICHHS HEC YUYHTBIBACTCA

TEIUIOTA KOH/ICHCAITMY BOJHBIX MAPOB. J[Jist THIMYHEIX YTJIEBOZOPOIOB OEpeTcs B pacuer

3HAUCHUE YACIbHON TEIIOTH! cropanus (=44 MJD/Kr. I UHBIX FOPIOYMX B pacueTax

UCTIONB3YETCsT yIeNbHOE 3HeproBuiieneHne O = PQo. 3meck f — KOPPeKTHPOBOYHLIM

napaMetp. st yCIOBHO BBIEIEHHBIX KJIACCOB OIACHBIX BEUIECTB BEMYHHBI apameTpa 3

TPeNCTaBIeHE B Ta0. 5.4.

Tabnuna 5.4
Kaacc 1 Knacc 2 B
Auetunen 1,1 JuneH 1,07
MetunaueTiieH 1,05 Jumunadup 0,77
Bunnnanetuien 1,03 JusuanmGup 0,77
Oxuce sTIIeHa 0,62 Okuch nponuneHa 0,7
Tunpasun 0,44 Axponens 0,62
WzonpormmauTpar 0,41 Cepoyrnepoa 0,32
OTHIHHTPAT 0,30 Byran 1
Bozaopox 2,73 Bytuncu 1
Huprpomeran 0,25 Byragnen 1
1,3 IenTaguen 1
Kaace 3 Oran 1
Tleunoii raz 0,09 Jumernmdup 0,66
Busmnxmopun 0,42 Jumsonpormmdup 0,32
Ceposonopos 0,34 HIDJIY 1
Aunerton 0,65 TIponunex 1
Kymon 0,84 TTponan 1
DruiaMuH 0,80
Mcrunamux 0,70 Knacc 4 B
Cromprst Meran 1,14
METHIIOBLIH 0,45 Tpuxnopstan 0,15
STHIIOBBIIT 0,61 MeTunxnopua 0,12
MPOIHTOBBIH 0,69 BeH3on 1
aMHIIOBBIH 0,79 Jlexan 1
Llnknorexcan 1 Juzronnuso 1
Anerampanbaeruy 0,56 Jozaexan 1
Bununanerar 0,51 Kepocun 1
Benzun 1 MeTtuntenson 1
I'excan 1 MeTunmepkantas 0,53
Hzookran 1 Hagranuu 0,91
char 1 Okucs yruepoaa 0,23
TTupomun 0,77 Juxnopatan 0,24
Lluxnonponax 1 JuxnopGenson 0,42
Tpuxnopsran 0,14
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Knaccupuxanus okpy:kaoomei TeppuaTopHH

B cBs3u ¢ TeM, YTO XapaKTep OKPY)KAIOLLIEro MPOCTPAHCTBA B 3HAYMTENNBHOM
CTENECHU ONpeleNnseT CKOPOCTh B3PHIBHOTO IpEeBpallcHUs 0O0JIaKa TOIIMBOBO3/YLUHON
cMecH U, CIIe0BaTEIbHO, NapaMeTPEl yaapHOH BOJHBI, FEOMETPUYECKUE XAPAKTEPUCTHKH
OKPY KAIOMIETO MPOCTPAHCTBA TAKKE PA3AEIEHBI HA HYETHIPE KIACCAa B COOTBETCTBHH CO
CTEMEHBIO MX OMACHOCTH.

Knaccl. Hanuuue anuHHBIX TPyO, NOJOCTEH, KABEPH, 3alOJHEHHBIX TOPHOYEH
CMECEIO, TIPH CTOPaHWH KOTOPOH BO3MOXKHO OXHUIATH (HOPMHpPOBaHWE TYpPOYJICHTHBIX
CTPYH MPOAYKTOB CTOPAHMS ¢ PA3MEPOM HE MEHEE TPEX PA3MEPOB IECTOHANMOHHONA AYehKr
JaHHOH cMecH. Ecny pasMep NeTOHAMOHHOM sSTYeMKH [UT JAHHOH CMECH HE M3BECTEH, TO
MUHUMAIBHbIA XapaKTEPHbIA pa3Mep CTPYH NPUHUMACTCS PaBHBIM 5 CM IS BELLECTB
kmacca 1, 20 cm s BemecTB knmacca 2, 50 cM mid BemrecTB kimacca 3 w150 cm mis
BEILIECTB Knacca 4.

Knacc II. CunbHO 3arpoMO’KACHHOE IIPOCTPAHCTBO: HAIAYME TOMY3aMKHYTBHIX
00BEMOB BBICOKAs MJIOTHOCTh Pa3MELICHUS TEXHOJIOTMYECKOro O0OpYAOBaHMS, JIEC,
60JBITOe KOMMUECTRO MIOBTOPSFOIIUXCSI TIPETIATCTBHIA.

Knacc III. CpepHe  3arpOMOXIEHHOE  TPOCTPAHCTBO:  OTHAENBHO  CTOSLIWE
TEXHOJIOTUYECKAE YCTAHOBKY, PE3EPBYAPHBII NapK.

Kracc I'V. Cna6o 3arpoMoxIeHHOE 1 CBOOOJHOE MPOCTPAHCTBO.

Knaccupuxauus B3pbIBHOTO peKUMAa

Jnd oueHku AelcTBUS B3phIBA BO3MOKHBLIE B3PBIBHBIE PEXKUMBI MPEBPAIICHUS
TOILTABOBO3AYIIHON CMeCH pa3sOMThl Ha IIECTh KJIACCOB IO JMAMa30HaM CKOPOCTEH HX
PacpoCTPaHEeHUSL.

Knacc 1. JleToHAIMs WM TOPEHHE CO CKOPOCTRIO (poHTa TTaMeru 500 M/c.

Knacc 2. [lednarpanus, ckopocts pponTa miamMern 300500 m/c

Knacc 3. [ednarpauusi, ckopocTs (ponTa mramern 200-300 m/c

Knacc 4. [ednarpauus, ckopocts ¢pponTa miamMern 150-200 m/c

Knacc 5. [lepnarpaunsi,  ckopocTb  (poHTA  IUIAMEHH  OHpenesseTcs
COOTHOIIICHHEM:
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w =y M, (5.30)
rae ki — KOHCTaHTa, Jiealmasd B aumanasoHe or 35 po 43; M — macca TOIUIMBA,
cofiepKamierocs B o0nake roprodeif CMecH B KT.

Knacc 6. Jlehnarpamms, ckopocth  (poHTAa  IJIaMEHH  OMpPEAENSeTCs
COOTHOILICHUEM:

w = ky M~ (5.31)
rae k, — KOHCTaHTa Jekalmad B jguama3oHe or 17 po 26; M — macca TOIUIMBA,
coaeprKaierocs B o0ake roprodeii CMECH B KT.

OXuAacMBIi PEKUM  B3PBHIBHOTO TPEBPAICHUS ONPEACISETCS € TOMOIIBIO
3KCHEPTHON TaOiMubl 5.5, B 3aBUCHMOCTH OT KJlacca TOIUIABA M KJacca OKPYKaroLIero
MPOCTPAHCTBA.

Tabnuma 5.5

Knacc okpy»karomero npocTpaHcTBa
II 111
2

Knacc cmecn

o|u]|s|w[Z

3
4
5

Alw|o]|—
o] —]—|—
Blwro|=—

ITpu onpeneneHny MakCHManbHOW CKOpOCTH (PpOHTA IUIAMEHHM /IS B3PBIBHBIX
npoueccos 2—4 KnaccoB JOIOIHUTENBHO PAaCCUUTHIBACTCS BHAMMAA CKOPOCTH (PpOHTA
IUIAMEHU 110 COOTHOLIEHUIO (5.16). B ToM ciydae, eciii moydeHHas BeIWYMHA OONbIe
MaKCHMMaJIbHOM CKOPOCTH, COOTBETCTBYIOLICH NaHHOMY KJIAaccy, OHA NPUHHUMAECTCS 3a
BEPXHIOK TPAHMILYy JMANa30HA 0XKUAAEMbIX CKOPOCTEH B3PHIBHOTO MPOLECCa B TOMIMBO-
BO3JYILIIHOW CMECH.

Jns nanpHEHIINX pacyeToB HEOOXOAMMO OIIEHHUTH arperaTHoe COCTOSHUE TOILIMBA
cmecu. Ipeanonaraercs, 9To cMech rereporenHas, eciu 6onee 50% TormBa CoOaepKUTCS
B o0Onake B BuJE Kanenb. [IpOBeCTH Takue OIEHKHA MOXKHO UCXOJS U3 BEJIMYMHBL JABICHUSL
HACBIIIEHHBIX MapOB TOIUVIMBA TP AAHHOM Temmeparype M BpeMEHH (HOPMHpOBAHHS
obmaka. [lns neTydux BEIIECTB, TAKWX Kak mpomad nipu temmeparype +20 °C, cmech
MO’KHO CYMTATh Ia30BOM, a JUIS BEILICCTB ¢ HU3KUAM JIABIICHUEM HACHILIEHHOTrO Mapa
(pacnbin ausronnuea mpy +20 °C) pacyeTsl MPOBOAATCS B MPEATIONONKEHUHN FETEPOTCHHOM

TOIUIMBO-BO3AYLLIHOW CMECH.
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5.4.2.4. OneHKa napamMeTpoB yIapHBIX BOJH.
Peorcum oepraepayuu.
U36BITOUHOE AaBJICHUE B NMAAAIOIICH BO3AYIIHON yAapHOH BOJHE B MPUOIIIKEHUM
HOCTOSHCTBA CKOPOCTH FOPEHUS ONPEAETIETCS 3aBUCUMOCTBIO
M: 2.y-(c-1)-a’ R

Po 0'-(1+a) R . (532)

Hmmynec yrapHO# BOTHBI ONPENETAETCS 3aBUCUMOCTBIO

= . .20 .p, 5.33
l+a o C, R ° (5.33)
IIpoJomKUTENBLHOCTD MONOKUTENBHON (Pasbl cxkaTus:
0,5-c"*-R
=2 (5.34)
w

IIpuBeneHHbBIE 3aBHCHMOCTH ITO3BOJISIIOT OMPEACTATh MapamMeTphl YAAPHBIX BOJH
Ha pasmuYHOM pacCTOAHMU OT MECTa WHHUIHUAPOBAHUA IIpOHECCaA. HCHOJ'H:Byﬂ
KPUTCPUAIbHBIC 3HAYCHHS MHABJICHUA H HWMITYJIbCa MOXKHO pacCuYnTaTb Oc30macHEIe
PacCTOAHMS UT PasNHYHBIX OOBEKTOB. It pasHBIX TOPIOYMX BEMIECTB WM YCIOBHit
Pa3BUTHA aBapI/IﬁHOfI CATyaly 3aBUCUMOCTD U1 OIPCACTICHUSA 0€30ImacHOTO paccTosaHnA
MOKHO TIPEJICTABUTH CIIEMYIOIIMM 00pa3oM
_ 0,017y -(c—1)-w? ) He-V

s ( )"

o (1+%)-APKP Cor ™ (5.35)

R

Jnsd  METaHOBO3AYWIHEIX CMECEH JUIL ONEpaTUBHOM OLECHKH O€30MacHBIX

paCCTOHHI/Iﬁ MO>HO BOCIOJIB30BAThCs 3aBUCUMOCTSIMH, IIPUBEICHHBIMH B Tabm. 5.6.
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Tabnuua 5.6

OGbeKT
- 3arpoMoKIEHHOCTh OKPYKAIOLIETO MPOCT] TB
moRBcpraioics CKODOCTS TODOHITK CMCGH METANA C BOVITNON, Besomacrioe
BO3AcHCTBHIO VB, AP, P P , YXOM, paccrosaHue, Rggs, M
w, M/C
klla
Iepconan CroGoaHoe mpoctpancTBo w=17 m/c Rygs= 0475743
NPEANPUATHS,  UICHBI
MOYKAPHOL KOMAHIBI Cpeane 3arpoMOXKISHHOC MPOCTPAHCTBO W = 35 M/C ) A
— R];E3 = 2,02V
AP =2klla
CHIIBHO 3arpOMOXKACHHOE IIPOCTPaHCTBO W = 70 M/c i
rp POCTp Rigs = 8,097
CHIbHO 3arpOMOXKACHHOC MPOTSHKCHHOS MPOCTPAHCTBO AR
_ Reez = 23,5V
w = 120 m/c
3panus, coopyxenus, | CBoGoxHOe mpocTpancTBo w= 17 M/c _ B
Rgps = 0,064 7
Hapy KHbIE YCTAaHOBKYU
AP =15 xIla CpeaHe 3arpoMOXKIEHHOE MPOCTPAHCTBO W = 35 M/C
p pea p KO npocTp Regs = 0,272'V1/3
CuiIbHO 3arpoMOKIEHHOE POoCcTpancTBo W = 70 mM/c s
RBE3 = 1,08V
CHIIBHO 3arpOMOKACHHOE MPOTSHKCHHOE IPOCTPAHCTBO A3
_ R];E3 = 3’156 V
w = 120 m/c

Peoicum oemonayuu.
H30bITOYHOE JaBlE€HNE W UMIYJIBC B YB MpHU JETOHAIIMOHHOM PEXHUME CrOPaHUs

ra3onapoBO3AyITHOrO 00JaKa ONMpeaesitoTcs Mo GopMyam:

0.33 0.66

S

AP=P,-(08- 25 —43.05 5.

m
—),
r r r

(5.36)

m 0,66
i=123—-

IIpuBeneHHAs Macca rasa Wid napa OnpeaeisaeTcs Mo CAeAyIOMeH 3aBUCUMOCTH:
mg=m-Z %
o, (5.37)
Hcmonb3ys npoiieaypy pacdera, OMMCaHHYo B pazjene 5.2.2.7, MOKHO NOJyYUTh
3Ha4YcHHs O€30MacHBIX PACCTOSHUI MPHM JACTOHAIMM Ta30MapOBO3AYIIHBIX CMECEH mpu
BO3JICCTBHU YAAPHBIX BOJIH HA Pa3INYHBIC OOBEKTHL

VYupoieHHbIe GOPMYIIBI, TIPEACTABICHHBIE B Ta0d. 5.7, MO3BOJSIOT ONEPATUBHO

MPOU3BOAUTH OLICHKY 0€30IacHBIX paCCTOHHI/Iﬁ JUIsE M€TaHa, IIporaHa 1 BOOOpoaa.
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Tabnuua 5.7

OOBeKT, MOABEPraroIMIiCs

BoszeiicTBuO VB, AP, klTa Toprouce BerceTBo BesonacHoe paccrosinue, M
Bozxopox Ryiz = 27,1507
Tlepconan TIPE ATPUATHS, YIICHBI — 7
HOKapHOH KoMaHasl APy, = 2 klla Ipoman Regs = 5520
Mertan Reps = 86,6117
Bozopoa Rsgs = 5,120
3naHus, COOPYIKCHUA, HAPYIKHBIE
VCTaHOBKH A%)Kp =15 1\1_}3;1 Tponan Riss ~ 10,440
Metan Ry = 16,41"

5.5. Onenka mnoxapo0e30MACHbIX PAaCCTOSIHMI npu  BO3AelcTBHH

BBICOKOTEMIEPATYPHBIX IUIAMEH CTPYHHBIX BEIOPOCOB

Jns oueHkH Ge30macHbIX PAaCcCTOSHUN Ui OKPYXKAKIMUX OOBEKTOB B  CIydae,
KOT/Ia TTOPaKAIOIHE ACHCTBIE OKA3RIBACT BEICOKOTEMTIEpaTypHoe T dy3nOHHOE TITaMs
(akena, 1eTecO00pPa3HO OMPEENATb 30HY BO3MOXKHOTO KOHTakTa IUIAMEHH C
paccMaTpuBaeMbIME OObekTaMK. Pamuyc 3TOM 30HBI OHpENENAeTCs JUTMHOM TITaMEHA

(axena raza.

5.5.1 Ucnoab3yembie 0003HAYEHHS

Hc , M— [UTMHA CTEXUOMETPHYECKOTO KOHTYPA MCTEKAIOIIETO FOPIOYETo rasa,
M = Uy/a — uucio Maxa;
Uy, M/C — cpeTHEPacX0JHas CKOPOCTh UCTEUEHHS Ia3a;
a, M/C — CKOPOCTb 3BYKAa B BO3/YXE.
_ 0,5 .
d,= 2(Ape /7)) — NHAMETP SKBUBAJICHTHOTO MO IUIOWIA/M KPYTJIOrO OTBEPCTHS,

f — K03 PHIHEHT CMEIICHAS,

L’y , M — nyvna dakena npu 3ByKOBO# CKOPOCTH HCTedeHns (U = a);
B=[2/(y + D]"" Y _ xpurnueckoe oTHOMEHNE ABICHIH,

G, xr/c - pacxo[ rasa;

Le — muHa (akesa MpH TeMIepaType okpyxkaromiero Boayxaly;

T, , K — TeMIepaTypa HCTEKAIOLIEro FOPIUero rasa;
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o, TPAA. — Yrojl MEXy OCbI0 COPOCHOTO OTBEPCTHS M HAIIPABICHUEM BETPA;

Ugo, M/C — cKOPOCTB BETPA;

Pa, Ila — atmoctepHOE [aBIeHNE;

Pv, Ila — napnenue rasa B anmapare,

y — nmokasarenb aauadaThl rasa;

Ao, M — wiomanp OTBEPCTHUS,

- koxdpdunment ucreaenns (0,6-0,8),

P, KI/M° — IUIOTHOCTB rasa B anmapare mpH JaBJIiCHAH PV,

Pa, KI/M° — IUTIOTHOCTB aTMoc(epHOro BO3/yXa;

Co, Coo , % 00. — 06BEMHASA KOHLICHTPALIWA TOPIOYETO Ta3a B MCTEKAIOIIEH CTpye U
KHCJIOPOJA B OKPY>KalOIIEM BO3yX€, COOTBETCTBCHHO,

X — CTEXHOMETPUUECKHIA K03 DUIHeHT, XapakTepu3yronuii 00BEMHOE OTHOILEHHE
MEXIY FTOPIOYUM M KHCJIOPOJOM B CTEXMOMETPUYECKON CMECH;

Ly, Ly, L¢*, Ly", M — mmmHa (akena, COOTBETCTBEHHO, HACTIJIBHOTO,
TEMIIEPATYPHOTO, TIEPECIKATOrO U TIPU BO3AEHCTBUM BETPA,

h, M — mmpuHa (axerna,

X,) , M — KOOpIMHATEI OCH CTPyH 1 (hakera.

5.5.2 UcxoaHbie COOTHOIIEHHUSI

5.5.2.1. MaxcumarnbHas JAIMHA CBOOOAHOTO TYypOyJeHTHOTO J(dy3noHHOrO
tbaxena, pasBHBAIOIIETOCS B HEHOOBIKHOW atMocdepe, MOXKeT OBITH ONpeneneHa ¢

IIOMOIIBIO cneuy}omeﬁ 3aBHCHMOCTH:

Ly = —%X (5.38)

JUist o0uIero ciyyas UCTEUEHUS] CMECH TOPIOYEr0 M MHEPTHOTO ra3oB B arMocdepy

C MPOM3BOJIGHLIM COACPKAaHUEM KUCIIOpOAa:

_657d, . (5.39)

H - >
© e,
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1
e — (5.40)
14 CoPe

2Coup,
5.5.2.2. Ins ompeneneHus IHH rOPsAIUX (DAKEIOB UUCTHIX I'a30B MOTYT OBITh
WCIOJIb30BaHbI CIIEAYIOLINE 3aBHCUMOCTH:

JUL1 BOAOPOAA

Ly = —55: (5.41)

JUI1 ME€TaHa

Lo = T (5.42)

IS TIpoTIaHa

Lo == (5.43)

IpennoskeHHBIE 3aBICHMOCTH OINCHIBAIOT pasMephl (PaKeNoB Wis JO3BYKOBBIX
CKopocTeit razocOpoca, Korma JaBleHHWE raza Ha cpe3e cOPOCHOTO OTBEpPCTHS PABHO
OKpY’KaroIeMy.

5.5.2.3. JIns pacueTa pasMepoB dakena, obpasyromierocs mpu cOpoce mepeckarbix
ra30BBIX CTPYil, IpH JABJICHUH B TEXHOJOrHYeCKOM o6opyaoBanun 6onee 0,2 MITa moxer
OBITh UCTIONB30BAHO CIEAYIOIIEE BEIPAKEHHE:

IPo=L0 P . (5.44)

Jlst BOZOPOAHOTO, METAHOBOTO M TIPOTIAHOBOTO (pakenoB 3aBHCHMMOCTH 5.44 6e3
OIIYTHMO# TIOTEPH MOXKET OBITH MpeoOpazoBaHa K CJICAYIOLUIEMY BHY:

Lr4 =0,75L4,[P, . (5.45)

5524, Jlna OHEHKH pa3sMepoB (akeioB mpu MaciiTabHBIX  BeIOpOCcax

YIJICBOAOPOOHEIX Ia30B MOXKET OBITh HCIIOJIL30BAHA cieayrias 3aBUCHMOCTD.
Ly=123G"" (5.46)

5.5.2.5. Pacxop rasa onpesensieTcs cleayommumM oopazom:

7
: P 2 o
OOKpUmMuyeckoe ucmederue, Npyu yCIOBUA ?" > o :
¥+
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27 Y (P JAW
G=A. -u-|P-p | =L ||z« d1-| Za : )
S [r—l] [Pj I(PJ ’ 4D

P Y=
Kpumuyeckoe ucmedernue, Ipu yCIOBHH —- < 2 :
P, \r+1
2y 0D 12
G=4,, u- I’V‘P‘v'}”(ﬁ] :| . (5.48)

5.5.2.6. Tlpu cOpoce TOPHOYErO ra3a, MMEIONICr0 TEMIEPAaTypy OTJIHYHYIO OT
TEMIIEpaTyPBl OKPY)KAIOILETO BO3AyXa, pacueTHas [mHa (akena OOJDKHA OBITh
CKOPPEKTUPOBAHA B COOTBETCTBUHU C 3aBUCUMOCTBIO
13 = Lo JToTT;. (5.49)
5527 Tlpm BeIOpoce rasa BJONb MOBCPXHOCTH 3E€MJIH ¥ 0Opa3OBaHHA
HACTUIBHOTO (hakesna AIvHA IOCIEAHETo OyeT GoMble YeM Y CBOOOIHOTO H COCTABHT:
I = (1,15 +1,25) - Ly. (5.50)
5.5.2.8. Illupuna TypOyseHTHOTO (akena # yBENUIUBAETCS MPAKTHUECKH JIMHEHHO
10 MEPE YAAICHHS OT YCThbS COPOCHOTO OTBEPCTHSI M JOCTHracT MAKCHMyMa MPHMEPHO B
cepenune Qakena:
Riax = (0,1 +0.15) « Lg,. (5.51)
5.5.2.9. Tlpu Bo3melicTBIM BeTpa Ha (paken ero koHdurypauus OyaeT H3MEHATHCSL.
Koopawuatel ocu (hakena, pa3BUBAMOMICTOCS B MOMNEPEYHOM BETPE, MOIYT OBITH
PACCUUTAHBI C UCIOIb30BAHUEM CIICAYIOMICTO BHIPAKEHHUS:
1,3
LS (—”00'”"32) " (1)3 +2.ctga. (5.52)
dy PoUo dy ds
Bozzeiicteie BeTpa Ha (aken NPUBOAMT K M3MEHEHHIO HE TOJIBKO €ro
KOHOUIypauuu, HO W Pa3MepoB. YMeHbIIEeHHE UIMHBI (haKena, PasBHBAIOIIETOCS B

TMOTICPEYHOM BETPE, MOXKET OBITb OLIEHEHO TI0 CJIICAYIOIIUM 3aBUCUMOCTSIM!

Lo Yoo .
1900 = =2 mpu-2<0,3; 5.53
@ 1+8,3-—Ll’]°—0 P Uo ( )
0
00 Uogo
Ly =03 Lo, IPA = > 0,3.
0
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TpeJyIoKEHHBIC  BBHILIE 3aBHCHMOCTH  TO3BONAIOT  OLEHMBATH PasMeEpel U
koHurypauuto 1uddy3MoHHBIX Pakenos.

UHTEHCHBHOCTH TEIIOBOTO M3IIy4eHUs 0T (haKena UMeeT 3Ha4CHNs, CPABHUMEIE C
KPUTEPHAILHEIMYA, JIMIIb HEIOCPEJCTBEHHO BONM3M ITAMEHH, IMO3TOMY Oe30macHBIe
paccTosiHMS ~ MOTYT  OICHHMBATBCS — pasMepaMu  30HBl  KOHTakTa IDIAMEHH C

paccMaTpuBaACMbIM OGLGKTOM, T. €. 3HAYCHHUAMH IJIVH INIaMCHA (I)aKCHOB.

5.6 OunenHka noxkapoGe30NACHBIX PACCTOAHHI NpPH  CrOpaHHMH

ra3onapoBO3AYIIHBIX 00IAK0B B PEKHME «I10KAPa-BCIBIIIKH»
5.6.1 Hcnoanb3yemble 0003HAYECHHS

E;— 00beMHBIM K03 PULINEHT pacinpeHus NPOAYKTOB CrOPaHus,

my. = p, -V, — KT, Macca rasa B 00sake;

£y, KT/M® | — TUIOTHOCTB 1232 IPH PACUETHOMH TEMTIEPATYPE;

Vr . M — oObeM rasa, BHINENIIETO B PE3yJIbTaTe aBapUH B OKPYKAMOLIEE
TTPOCTPAHCTRO;

c

“HKIIP >

K= tHCH/36OO;

% 00. — HI>KHUI KOHIIEHTPALIOHHBIN ITPEEI PacpoCTPaHEH U IUIAMEHH,

pu, K[1a - naBneHne HACHIEHHBIX TIAPOB MPH =20"C;

my, =Wy tyen S
a e Y 0 kr, — Macca TapoB, TOCTYHNHBLIMX B OKPYXKaromiee

IIPOCTPAHCTBO;
Wien | KF/(C'MZ) — UHTEHCUBHOCTb NCTIAPECHUS,
M, Kr/KMOTIb — MOJISIpHAS Macca;
Iycr— BpeMst ucnapenust, ae 6omee 3600 c;
S, M* — niowae mpomiea JIBXK (IK);
P11, KT/M —TIOTHOCTb HIApOB, TipH p = 20 °C;
C,, K/Li/kr °C - yaenbHas TEMIOeMKOCTb KUIKOCTH;

3
Vee» M” — 00BEM JKHIKOCTH B PaslIATHU,
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AT — u3MEHEHHE TeMIeparypbl S>KMAKOCTH TPH MEPEXOJe M3 HAYAJIBbHOIO
COCTOSIHHS B KOHEUHOC,

L, xJ[K/KT — TemnoTa HCTIapeHus KU IKOCTH;

As Br/(m K) — xoodduumenT TennonpoBOIHOCTH MAaTepUana, Ha IOBEPXHOCTH
KOTOPOTO Pa3jIMBacTCs KUIKOCTD;

Cs, Ix/(xr-K) — yienbHast TEIIOEMKOCTh MaTeprara;

s, KT/M'— IIIOTHOCTH MATEPHAIIA,

1o, K — HauanbHas TeMnepaTrypa Marcpuana,

{, c—TeKylIee BpeMsi C MOMEHTA Hayajia ucnapeHus (Ho He MeHee 10 c);

A — KOO(POUIMEAT TETLIONMPOBOTHOCTH BO3/TyXa TIPH Temmneparype 7.

u, M/C — CKOPOCTBBO3AYLLIHOT'O IOTOKA HAjl MOBEPXHOCTHIO NCTIAPCHUSL,

d, M — XapaKTepHEIH MaMeTp MPOJNBA;.

Va, M*/C — KHHEMATHYECKAS BI3KOCTD Bo3ayxa npu 1.

T, K — remneparypa kunenus CYI™ pu atMocEpHOM JaBIICHAM,

Lg, /Monb — MonbHast TemutoTa HenapeHnst CYT npu Temneparype npodykTa 17,

1;, K — remneparypa xunkoi ¢azsr CYI.

5.6.2 HcxoaHble COOTHOINEHUS

5.6.2.1. Pamuyc BO3OEHCTBUS BBICOKOTEMIIEPATYPHBIX MPOJYKTOB CrOpaHMS
HApOBO3AYIIHOIO OOJIaKka IIPU «IIOXKAPE-BCIMBIIMIKE» ONPEACIACTCS IO  CIEAYIOIEH

3aBUCUMOCTH:
Ry =3’\/EIXHKHP. (5.54)
Jlnst HeTenmpoIyKTOB £; MOXKET OBITh NPHHSAT PaBHBIM 7.
5.6.2.2. 3ona, orpanuueHHas HKIIP roprodero rasa, Npu aBapuifHOM NOCTYILICHUM
rasa B OTKPBHITOE BO3AYLIHOE MPOCTPAHCTBO MPH HEMOABMXKHOCTH BO3AYLIHOW CpEBI

omnpezensiercs 1no popmyie:

Xogerp = Vg = 14,6+ (——L—)". (5.55)
or Cuaw
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JUnsl yrineBoAOpOAHBIX TOPIOYHX a30B M BOAOpOJA 3HA4YeHHs R, (@ 3HAUMT U

6€30MacCHOr0  pacCTOSHMSA) MOXHO OLEHUTh [0 CIEAYIOIMM  NPUOIKEHHBIM

3aBUCHMOCTSM .
Meran RF =15.6- Vpo.n
Tponan R, =2113-7,%%
Orax R, =187 VFO'33
Bozopoa RF =167 VF0-33

5.6.2.3. 3ona, orpannyeHHas HKIIP npu asapuitnom moctymienuu napos JIBXK B
OTKPBITOE NPOCTPAHCTBO IIPHM HEMOJBIDKHOCTH BO3AYNIHOW CpPEMAbI, ONpenensiercs
CJIeAYIOIMM 00pa3zoM:

0,8
chrrP=Yl—n<m>=3,2"/F‘(_pH j (_mn )3 (556)
Coxrr P Pu
5.6.2.4. Jind HeHarpeThix BBINIE TEMIEPATypbl OKpyXaromeil cpeasl JIBX

CKOPOCTb UCIAPEHHsI PACCUMTHIBAIOT MO (hopMyJIe:

Wacn =107 1M -y (5.57)

5.6.2.5. Koapdummenr » B 3aBUCHMOCTH OT CKOPOCTH M TEMIEPaTyphI
BO3YIIHOTO NOTOKA HaJ IIOBEPXHOCTHIO HCIAPEHHS ONpeensercs mo 1abm. 5.8.

Tabnuna 5.8 — 3Hauenue ko3 unueHTa n

Cxopocts Bo3aymHoro | 3HaueHue ko3¢pHLEEHTa 1) IpH TeMneparype Bozayxa £, °C
MOTOKA, M/C 10 15 20 30 35
0 1,0 1,0 1,0 1,0 1,0
0,1 3,0 2,6 2,4 1,8 1,6
0,2 4,6 3.8 3,5 24 23
0,5 6,6 5,7 54 3,6 3,2
1,0 10,0 8,7 7,7 5,6 4,6

B obmem Buge g moboi  JIBXK (IK) pammyc BosaeiicTeus
BBICOKOTEMIIEPATYPHBIX MPOAYKTOB CTOPaHMWS MApOBO3AYLIHOTO 00JiaKa MpH «IIOXKape-
BCTBIIIKE» MOXKHO OLEHHTD TI0 CIIEAYIOLICH 3aBUCUMOCTH:

033

0,8 6 .
Rp=5.824~( Pu ] |10 nfb -3600-1 (5.58)

P

HKIIP
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5.6.2.6. BHIOpOC CKIKEHHOTO YIJIEBOJIOPOAHOIC rasa.

1. ®aza menosennoeo ucnapenus. Ilpm BeiOpoce CYIT U3 NOBPEXACHHOIO
00opynoBaHMs, B KOTOPOM JKHAKOCTb HAXOAMTCH HOJ JABIEHHEM, YacTb >KMAKOCTH 32
CUeT BHYTPCHHCH SHEPTHH MIHOBEHHO Hcmapsercs. OOpasyroluiics map 3aXBaThIBAacT
KaIlui KWIKOCTH M, CleIoBaTebHO, o0pasyronicecs obnako OyaeT MpeAacTaBIaTh coOoi
ra3oKamneabHYI0 CMECh.

Jlossi MTHOBEHHO MCTIAPABIIEHCS SKHKOCTH OIMPECIAETCS CIICYIOMIM 00pa3oM:

C,-AT
X=—. (5.59)
L

OOmas macca roprouero rasa B oOpasoBaBmieMcs TpH BeIOpoce obnake
OTIpeNeNseTCs KaK KOJIMYECTBOM MCIAPUBILEHCS KUAKOCTH, TaK M Maccoii oOpasyrouieiics
a3po30JIM, KOTOpas TaKKe IEPeXONWT B Tap TNpH HarpeBaHWW oOnaka. Jta Macca
OLICHUBAETCS KaK paBHAs KOJIUYECTBY UCHAPHUBLICHCS KUAKOCTH.

Taknm obpazom, B obmeM Buae mis Jrodoro CYI momydaem cClie IyIOLIYIO

3aBUCUMOCTE.
0,33
. 2¢ -AT-V. )’
R, =26572. 2y ~ g6 572 22 20 5.60
CHK.I'JZP HKIIP ( )

B 3aBuCHMOCTH OT KonmdecTBa BEIOpackiBacMoro CYI' B atmocepy paccrosHue
Rp 11 HEKOTODPEIX YIJIEBOAOPOAOB MOXET OBITh OLEHEHO [0 HIDKEIIPHBECACHHBIM

YOPOMICHHEIM 3aBUCUMOCTAM:

Otan R. =149y 8
7 >

TIpoman R. =17.07 "%
7 o

H-6yran R. =187 0,33
F tl 2

2. @asa ucnapenua CYI' uz paznumus. OcTaBIasCs YacTh JKUIKOCTH OymeTr
UCTapsThCA C TMOBCPXHOCTH DPa3IMTHsA 33 CUYET I[IOTOKA Temaa OT MOACTHIAOIICH

[IOBEPXHOCTH U BO3yXa.

221



Pamuyc ~ BO3HEHCTBHS ~ BBICOKOTEMIEPATYPHBIX  NPOJAYKTOB  CTOPaHUs
HapoBO3AYIIHOTO oONaka, 0Opa3oBaHHOTO HCMApeHWEM W3 TpPOJIMBA, TIPH «IOXKape-

BCIBIHIKE» MOXHO OLICHHUTH I10 CHCI[yIOH.lCﬁ 3aBHCHMOCTH:

* [w._ 36007, "
RF:5,824-((,1’H ] [ T ’“} : (5.61)

~HKIIP PnPu

VHTEeHCHBHOCTh HCTAPEHUS] JKMIAKOCTH CO CBOOGOAHON MOBepXHOCTH Wiy,
OTICBHIBAETCS BHIPAKEHHEM:

_ s G ps ’Ujﬁ{" —T,) | 0035 w40, = T,) . (5.62)
L, (1) W -d™-L,)

w

Jins  npuOMDKEHHBIX  ONEHOK Il HEKOTOPBIX  YIJIEBOJOPOJOB  MOKHO

HCIOJIB30BATh YITPOIICHHBIC 3aBUCUMOCTH.

Iman R, =14.941 "%
Tponan R, =170, %%
H-Gyran R, = 18,7VM0’33
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JaxiIoueHue

B pabore mpoBemeH mOApPOOHEI 0030p AEHCTBYIONMX HOPMAaTHBHBIX
JIOKYMEHTOB, ONPEICIISFOIINX BbIOOD MHUHUMAIBHO JIOIy CTUMBIX
NOKapoOE30MacCHbIX — PACCTOAHUN  MEXITY  3MaHUSIMH, COOPY)KCHHSIMH U
TEXHOJIOTMUECKUM 000PYA0BAHUEM.

CaenanHbBI 00630p MOKa3aJ, 9TO B HACTOSIIEE BpeMs BEIOOD MUHUMAIBLHBIX
HOXKapoOe30MacHBIX PACCTOSHMM OCHOBaH HA JACTCPMUHMPOBAHHOM MOIXOJE,
KOTOPBIH HE YUHUTBHIBACT COBPEMEHHBIE TCHICHIIMK B PA3BUTHH IIPOMBILLIEHHOCTH
7 JOCTIDKEHUSI B HOXKApPHOM Hayke 10 OOECIEUECHMIO TOXKapHOi Oe30macHOCTH
00LEKTOB IIPOMBILLICHHOCTH.

IIpoBenen moapoOHBIM aHANIM3 OTEUECTBEHHBIX M 3apPYOEKHBIX METOJOB
OTICHKH OTACHBIX (haKTOPOB MOXKAPOB W B3PHIBOB, BOSHMKAIOMINX MPH BHIOpOCAX
JIBX, T2K, CKWKEHHBIX W CXKATBIX TOPIOYMX Ta30B M3 TEXHOJIOTHYECKOTO
060pyI0BaHNS TIPOMBIIUICHHBIX MPE I PASTHH.

IIpoanau3npoBaHbl TEOPETUUECKUE MOJEH, pa3pab0OTaHHBIE PA3TMYHBIMU
aBTOpaMHU U NpeIHAa3HAYCHHBIMHA IS

- OLCHKW OMAacHHEIX (hakTOpOB TOXKapa W B3phIBA TPH CTPYHHBIX BHIOpOCax
TOPIOYMX ['a30B;

- pacuera pa3MEpOB 30H PpAacTCKaHWs, TMapaMeTpOB  HCIAPCHUS,
XapaKTEPUCTHK OOpasyloIMXCss TPH 3TOM TOPIYMX HApOra30BO3AYITHEIX
00671aK0B, a TAlOKe TOPEHHS MPOJIUTHIX JKHAKOCTEH Pas3IMuHOTO Kjacca u 00JI1akoB
pazmiaHo# GOopMBI;

- OLIEHKU YAAPHOr0 BO3JEUCTBUS MpH NedarpaliiOHHOM W JICTOHAITHOHHOM
PeXuMax CropaHusi Napora3oBO3MYIIHEIX CMECCit;

- pacuera pasMEpPOB M BPEMEHHU CYLIECTBOBAHWS OrHEHHBIX ILAPOB,
BO3HMKAIOIIUX IIPH 3AJIIOBEIX BEIOPOCAX M3 TEXHOJOTMIECKOro 000OpYIOBaHMS H

BOCILTAMCHECHUH T'OPHOYNX JKMAKOCTEH M ra3os.
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AHanu3 TMOKa3al, HECMOTPA HA TO, YTO YKMCICHHBIE METOIBI pacdeTa
OIAacHEIX (haKTOPOB IIOXKapa M B3PbIBA SIBJLIOTCS 00JIEE TOYHBIMH M YUHUTHIBAIOT
GONBIIOE YWCIO WMCXOAHBIX [AHHBIX, OHW TPeOYIOT s CBOEH peanu3amuu
OBICTPOJICHCTBYIOINX BBIYACIUTENBHBIX MAIlMH W WX JO0CTATOYHO TPYAHO
TIPUMEHUTD B 00IIEH poLeaype pacueTa NoXKapoOe30MacHbIX PACCTOSHHIA.

BeneactBue  3roro HauOonee  IEPCHEKTUBHBIM — MIPEACTABIETCS
TprUMeHeHne 6oJee MPOCTHIX MOJENeEl onpeneNeHs ONacHBIX (HaKTOPOB MoXKapa 1
B3pbIBa, KOTOpPHIE MOIYT OBITh IIOJIOKEHBL B OCHOBY pa3pabOTKH Hay4dHO-
000CHOBAHHEIX MCTOAUK, NO3BOJIAIOIINX MMOTYHYUTh KOHKPETHBIC 3aBUCUMOCTH AT
OIepaTUBHOM OLIEHKH MOKapoOE30MAaCHBIX PACCTOSHHUIA.

IIpoBeAeH NOAPOOHBIN aHAMM3 KPHUTEPUEB, OMPEACNAIOMMX CTENEeHb
OIACHOTO BO3ACHUCTBHA (DAaKTOPOB TIOXKapa M B3pbIBA Ha JIIOACH, 3/aHu,
COOPYKEHUS U TEXHOJIOTHYECKOE 000pYyAOBaHHUE.

IIpoBeneHa ONCHKA IIOPAXEHHS pPAcCMAaTPHBAacMbIX OOBEKTOB IIpH
BO3JCHCTBUY HA HUX:

- YAApHOI1 BOJIHEL,

- TETJIOBOTO W3JIy94CHHS,

- BEICOKOTEMIIEpaTypHOro qudy3noHHOro (hakerna.

Jnst 3TOro caenaHbl pacdeThl OMAcHBIX (DaKTOPOB mOKapa U B3pbIBa, C
UCTIONB30BaHUEM HanbOoJIee MPOCTBIX MoJieneit pacuera.

Ilo pe3ynbraraM pacyeToB OMACHBIX (DaKTOPOB MOKAapa U B3pbiBa U
CpaBHCHHAA HWX C KPUTCPHAIBbHBIMH 3HAUCHUSAMH TMOJYYCHBI HWHXKCHCPHEBIC
3aBUCHMOCTH JUIsl OnpeaeieHus Oe30MacHBIX PACCTOSHAN Ui paccMaTpHBacMBIX
OOBEKTOB MpU BO3JCHCTBUM YAAPHBIX BOJIH, TEMJIOBOIO WH3JIyYEHHs IOXKaPOB
IPOJIHBOB TOPIOYMX JKMAKOCTEH, OTHEHHOTO 1apa u Juddy3HoHHBIX (pakeoB.

INoyueHHBIE 3aBUCHMOCTH HO3BONSAT MPOU3BOAUTH ONEPATHBHYIO OLEHKY
NOXapo0e30MacHbIX PAcCTOSHUI JUIS MpPUHSATHS YIPABJICHYECKUX PELICHHE IO

JIMKBUJALUU KOHKPETHBIX aBAPUIHBIX CUTYALIWA.
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HpeﬂJlO)I(eHHble HHXKCHCPHBIC MCTOOUKHA OLICHKH no>1<ap06€30nacub1x
paCCTOHHI/Iﬁ MOTYyT YTOYHATLCA W JOTOJIHATHCA, HCXOJAd U3 Hpaxmqecmﬁ

MOTPEOHOCTH.
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