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CadonoBa C.O. MeTo1 BU3HAYEHHSI 0e3MEYHOr0 BUKOPUCTAHHSA 3aO0iKHUX KJIaNaHiB. Y CTaTTi NPONOHYETHCS
METOJ] BU3HAUCHHS HACIIJAKIB aBapifHUX BUKUIIB JUIS IMiATPUMKHU MPUHHATTS PIilIeHb MO0 KOHCTPYKIIHHUX ocoOmmBoCTeH 1
KOMIIOHOBKH 3allOODKHMX TPYKWHHHAX KIIANaHiB, 3aCHOBAaHMM Ha MOJENIOBAHHI BHTIKaHHS ra3oBoi (a3 3 kiamaHa i
OJJHOYACHOT'O PO3CIIOBaHHS JOMIIIKH B aTMOcdepi 3 ypaXyBaHHSIM HaUTipIIMX IOTOJHUX YMOB.
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CadonoBa C.A. MeTto omnpejeseHusi 6e30MacHOr0 MCIO/IL30BAHMS NPETOXPAHUTENBHBIX KJIaNaHoB. B craTtne
MIPe/TaraeTcsi MeToJ ONPEAEIEHHs IOCIEICTBHN aBapHHHBIX BBIOPOCOB UIS MOAACPKKH IPHHATHS PEHICHHH OTHOCHTEIHHO
KOHCTPYKIIMOHHBIX ~OCOOGHHOCTEHl ¥ KOMIIOHOBKHM TIPEJOXPAHHUTENBHBIX HPYKHHHBIX KJIAIIAHOB, OCHOBAaHHBIM Ha
MOZENNPOBAHUN HCTEUYEHMS Ta30BOM (a3bl M3 KialmaHa W OSHOBPEMEHHOTO PACCesHHUS NMPUMECH B aTMocdepe ¢ ydIeToM
HaMXyIIIHX OTOJHBIX YCIOBHIA.

KiioueBble cjioBa: paccesHHe, WCTE€UCHHE, 30HA IIOPAXKEHHS, TEXHOJIOTMYECKHH IIPOIecc, MOJEINPOBAHUE,
MIPeIOXPaHUTENBEHOE 000PYIOBAaHHE.

Safonova S.A. A method for determination of safe use of the safety valves.

The article proposes a method determining the consequences of emergency emissions for decision-support regarding
design features and layout of the safety valve springs, based on the simulation of the gas phase of the expiration valve and
simultaneous dispersion of contaminants in the atmosphere with a glance of the worst weather conditions.
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MocTranoBka npodaembl. B coorserctBum ¢ OCT 12.2.085-2002 "Cocynei, paboTaromiue mo
naBineHueM. Kiamauel npenoxpaHutenbHble. TpeboBaHus Oe3omacHOCTH" 000pyHOBaHUE, HAXOIAIICeCs
mon  gaieHueMm  ceime 0,07 Mma, JOMKHO — OKCIUTyaTUPOBAaThCS C  YCTAHOBIICHHBIMHU
MPEIOXPAHUTEIBHBIME KJIallAHAMU PA3JIMYHBIX KOHCTPYKIIUH W XapaKTEPUCTHK B 3aBUCHMOCTH OT
YCIIOBUM U Cpell TEXHOIOTHYECKUX MPOIIECCOB.

B ocHOBHOM Takue KjamaHa CTaBSITCS HEMOCPEACTBEHHO HA EMKOCTH WM apMarypy CHCTEM
BBICOKOT'O JIABJICHUS M JIOJDKHBI COOTBETCTBOBATh TPEOOBAHHSIM HOPMATHBHOMN JOKYMEHTAIIMH, pacueTaM
MPOMYCKHON CIOCOOHOCTH U KOHCTPYKTHBHBIM TPEOOBAHUSIM, TTO3BOJISIONIUM OOCCIEUUTh HAJCKHOCTH,
MPOYHOCTH U paboTocrmocoOHOCTh. OnHako, Takue TpeOOBaHUS MPHUBOAIT K TOMY, 4YTO CcOpocC
napora3oBoit ¢aspr (III'D) g cHIDKEHHUS H30BITOYHOTO JABJICHHS MPOUCXOAUT HEMOCPEIACTBEHHO B
atMoc(epy BONHM3M BBIMYCKHOIO OTBEPCTHs KiamaHa. [IpakTWyeckd HUKOTJa Ha pPacCMaTpUBaeTCs
BOMPOC MOCTIEACTBUIA TAKOT0 BEIOpOca, eciu cOpackiBacMast [1I'® sBisieTcs Ype3BbdaitHO TOKCUYHOHN HITH
B3pbIBoOnacHoU. Tak, Ha mpeanpustuu Miro (Iepmanus) mpousomien cOpoc 3HAUNTEIbHOW wacTH HF
4yepe3 MpeoXpaHUTEIbHBIA KiallaH, YCTAHOBJICHHBIH Ha eMKOCTH Ha BbicoTe 10 mMeTpoB Ham ypoBHEM
3€MJIH, YTO TMPHUBENO K TSDKEIBIM OTPABJICHUSAM JBYX YEIOBEK Ha paccrosHuM a0 170 meTpoB oT MecTa
BeiOpoca. B JIzepxkuncke (P®) mnpomsomien cOpoc OKHUCH OTHICHA, NPUBEAUIMH K OTPABICHUIO
COTPYJHHMKA TPEANPHUATUS U BCIBIINIKA B OOJACTH KOJOHHBI CHHTE3a B PE3yJbTaTe SK30TCPMUUYECKOM
PEaKIUH Pa3IOKCHHUS.

W3MeHeHre KOHCTPYKIIMM KJamaHa, PacIlOOXKEHHs BBIXOJHOTO OTBEPCTHs], BHIOOp YCIOBUMI
MPOMYCKHOM CIIOCOOHOCTH TIO3BOJISIOT MPEIYTPEAUTh HEraTUBHBIC MTOCIEICTBUS aBAPUUHBIX COPOCOB.

B cratbe mpemmaraercs METOJ ONpEACICHHUS IMOCIEACTBUNA TaKMX BBIOPOCOB JUIS TOJICPIKKH
NPUHATHAS ~ PCIICHUH  OTHOCHUTEIBHO  KOHCTPYKIIMOHHBIX ~ OCOOCHHOCTEH W KOMITOHOBKH
MPEAOXPAHUTENBHBIX TPYKUHHBIX KkiamanoB (I1T1K), ocHOBaHHBIM Ha MOJACTUPOBAHHU HCTCUCHHUS
ra3oBoi (ha3pl M3 KJallaHa W OJHOBPEMEHHOT'O pacCesHUs MPUMECH B aTMoCc(hepe ¢ YISTOM HAUXYIINX
MOTOTHBIX YCIIOBUH.

Heapio pa3paboTky ABISETCA MaTEeMaTHYeCKOe OOECIICUSHHE MPOoIlecca MOCPKKN PEIICHUS U
BBIPa0OTKH PEKOMEHIAIUI OTHOCUTEIIBHO 0€30MacHOM 3KCILTyaTalliy MPEIOXPAHUTEIBHBIX KIIAIAaHOB.

WN3no:xxeHne OCHOBHOIO MaTepuaja M O000CHOBAHME TOJYYEHHBIX Pe3yJbTaTOB
HCCJIeT0OBAHMS.

OCHOBHBIE PE3yJIbTAThl UCCIICIOBAHMS 3aKIIOUAIOTCS B pa3pabOTKe MOAETH UCTCUCHUS Ta30BOU
(a3pl U3 CIOXKHOTO O0OPY/IOBaHMS, & TAKKE METOAMKH, IMO3BOJISIONIEH OMPEACIUTh 30HBI MOPAKSHHIMA
TOKCUYHOM MPUMECHIO WM PaCIPOCTPAHECHUS TOPIOUCH B3PBIBOOIIACHOW MIPUMECH B aTMocdepe.
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Jns dhopmanuzanum Mooenu ucmeueHus 2a3060ii hazvl U3 C0HCHO20 000Py006aAHUs TIPUHSITHI
CIICIYIONIHE MTPEATIONOKECHUS:
- UCTEUCHHE Ta30BOM (pa3bl — H30TSPMUUIECKOC;

- U3BCCTHEHI - OFpaHI/I‘{eHHI:If/i 06H.[I/II>i 00BEM EMKOCTH VO’ HadaJIbHOC JaBJICHUC P , TEMIIEpaTypa

T, coctaB cMecH (MOCTOSIHEH B TEYCHHE BPEMEHH UCTCUCHHUS);

- ICTEUEHHE BO3MOXKHO depe3 CUCTeMY TPyOOIpOBOIOB, 3aIOpPHON apMaTyphl U APYTHE MECTHBIC
Y THJIPABINYECKHE COIPOTUBIIEHNUS;

- UI3MCHEHHE [aBJICHUS B EMKOCTH IPOMCXOOUT U3-32 YMCHBIICGHHS Macchl Ta30BOd (Qasbl,

BLI6paCLIBa€MOI>’I N3 CMKOCTH 4YC€PEC3 OTBCPCTUC UCTCUCHUS IIJIOMIAAbIO F , 1 YBCIIMUCHHU S MACChl ra3oBoH
(1)213]:1 3a CUCT Ipruxoda 4€pe3 OTBEPCTHUC NOANIUTKHA IIJIOMIAABIO Fl'

- HAYaJhbHOE JaBJIeHWE ra30Bod (Da3sl B €MKOCTH COOTBETCTBYET MJaBIICHUIO WCTOYHHKA PS,
KOTOpOE HE MCHSCTCS B TEUCHHME BCETO BPEMEHHU CYIIECTBOBAHHS 3TOrO MCTOYHUKA (70 MEPEKPHITHS).
Buemnee gaBienue paBHO Pa .

Jns pacuera pacxofa MCTEUEHHMs Ta3a IMpemiaraercs mpeodpa3oBaTh CTAMOHAPHOE ypaBHEHHE
(1) B nmuHAMHYECKOE C YYeTOM M3MEHEHHsI MAacChl Ta30BOHM (a3bl M CYMTATh MACCOBBIH pacxol MO
3aBucumoctu (2) [1]:

P
Q=pu-F-y -, @)
\"

rae U - ko3 dunrent pacxona;
2y.
F - mmomans mockoct otBepeTust Beiopoca (M”);
P - naBnenue BuyTpu emxoctu (I1a);
V - yaenbHbIi 06beM eMKocTH (MY/KT);
Y - K03(GUIHEHT, KOTOPBIi ONpEeAeNsieTCcs B COOTBETCTBUH C [2].

dM (t) P(t)
Y R [ 2
prama w(t) v @)
I[IpencTaBUB MacCOBBIN PACXOJ M3 EMKOCTH B KOHEYHBIX Pa3HOCTSIX, MOMYYaeM 3aBHCHMOCTH (3):
P
M, =M_, -, F -y, [ == Ar, 3)
V‘rfl
rie M __, - macca raza B eMKOCTH B IPEBIIYIIHI MOMEHT BpeMeHH (KT);

M _ - mMacca rasa B eMKOCTH B pacUeTHbI MOMEHT BpeMeHH (KT);

T

YuuTeIBas 4TO:

R-T
v =t (4)
M-P_,
rmae R - yauBepcanphas razoBas nocrosianast (Jx/momb K);

M - mMosekynsipHast Macca BbIOpachiBaeMoro rasa (Kr/MoJib);

P _, - naBnenue B eMkocTH B npeabiayumii MomeHT Bpemenu (I1a),
MOJyJaeM JUTsl pacyeTa MacCOBOI0 Pacxojia U3 eMKOCTH Beipaxkenue (5):

M =M_,—u,-F,- P, - l-AT (5)
=NV Ty Yy :
R-T
YBenuueHne Macchl ra30Boi (ha3bl B eMKOCTH 3a CUET MPUXOJIa Yepe3 OTBEPCTHE MOIMUTKH

OyJIeT pacCYMTaHO KakK:

M
AM. = -F -y R F'AT- (6)
PesynpTHpyromiasi Macca BEIIECTBA B EMKOCTH ONPEACISACTCS KaK:
M =M_+AM_. (7)

HaBHeHI/Ie B CMKOCTHU MEPCPACCUUTHIBACTCA C YUCTOM ,HOHOHHHTGHBHOﬁ MAacCCBhI.
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_M,-R-T ©
: M-V
Pacqu HpOI/IBBOI[I/ITCSI o yKa3aHHOF0 BKCHCpTOM (bHBH‘leCKOFO BpeMeHI/I OKOHYaHMUsI HpOLICCC&
WU pyYHON OCTaHOBKH.
Pacqu HNCTCUCHNUIA Ira3a qepes CI/ICTeMy MCCTHBIX U FI/II[paBJ'H/I‘leCKI/IX COHpOTI/IBJ'IeHI/Iﬁ OCHOBAH Ha
NPENCTAaBICHUH O TIepernajie AaBJICHHIH Ha TUAPABIMYSCKOM CONpOTUBiIeHHH [3-5]:

P-P,=p-g-h. )
h Moker GbITh BBIpasKkeHa 4epe3 CKOPOCTh MOTOKA U COMPOTHBIICHHE!
PR
h=—- A==+ L. (10)
29 \&7 ' d, F

HJ’IFI pacucra HCO6XO,I[I/IMO 3HaTb 3HA4YCHUA Ha60pa MNEPEMCHHBIX JJICMCHTOB B CHCTCMC
COIIPOTUBJICHUS ITOTOKY.

Cpennioro ckopocts W (M/C) MOXHO BBIYMCIIHMTE, 3HAs MEPENaj] TaBICHUH MEXIy EMKOCTBIO U

CpCZ[Oﬁ MCTCUYCHUS, U3 YPABHCHUS.
0.25

—_— —_— m . 73 .
P,—P, | 4RT _— O.ll-z A, -10 +98v

| n
_s a =W - i S é’ , (]_]_)
P.+P, M Py d, w-d, d ; !
rie
- Ps + Pa 3
=———2% . — - cpenHss IIOTHOCTh MOTOKA (KI/M°);
P > RT P (kr/nr)
A-10° 68"
A =01 T+R_ - ruapaBiauueckuii  kodddunuent Ttpenus (popmyna
€
ANBTIITYJIS);
w-d
Re = - ypcio PelHombaca;
1%
|, - mmHa i-ro yuacrka tpy6onposona (M), d, - mmamerp i-ro yuacrka TpyoompoBoza (M),

A - DKBUBaJIeHTHas1 a0COTIOTHAS IEPOXOBATOCTh TPYOBI (MM) [3], Vv - KMHemaTHWyecKas BSI3KOCTh Trasa
2
(m/c), &, - koaddurment mectHoro conporusienus [4], T - Temneparypa raza BHYTpU 060pyI0BaHUsA

(K).
MaccoBbIit pacxon CUCTEMEL PaBEH:
2

am _ - (P.+P)M | 12)
dt 8 RT

[lorepss mMaccel M3 €MKOCTH B €IWHUIY BPEMEHH PacCUMTHIBACTCS, KaK M B TPENbIIyIIEeM
npuMepe.

JanHas Monens mpenHa3HaueHa Ui ONpEACNCHHUs KOJMYECTBAa IaporasoBod  ¢assl,
BbIOpackiBaeMOil U3 000PYIOBaHUS MPU aBApUU. DTH JaHHbIE ABISIOTCS BXOJHBIMH JJIs1 MOACTHPOBAHUS
paccesaus OXB B atmocdepe.

Memoouku, noseonawujue onpedenums 30Hbl NOPANCEHUN MOKCUYHOU NPUMECHIO UIU
pacnpocmpanenus 20pioyeil 63pbl60ONACHOI NPUMECU 6 AamMOochepe, MOKHO PA3IEIUTh HAa YUCICHHbIE
mozenu kinacca CFD [6-8], Mmonenu kiacca aHanMTHYECKHX OIEHOK [9-14], omeHOYHBIE SMIHPHYECKHIE

[15].

UucnenHoe MozenupoBaHue TpeOyeT MHOIO BpEMEHH Ui IOJYYEHHUS JUHAMUYECKHX
XapakTepucTuK pactpocrpanenus npumecn OXB B atmoctepe. [losTomy, npuMeHeHne Mozeel Kiacca
CFD wuckimiouaerca. OneHOYHbIE SMIIUPUYECKIE MOJIEIN yCTapelld U AaloT pe3yjibTar, He OTBEYArOUINi
TpeOOBaHUSIM K KauecTBY MPOrHO3a, YTO HE MO3BoJisieT 3(PPEeKTUBHO TUKBUAMPOBATH MOCIENCTBUS
BEIOpOCa.
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[Mocrymiienne mapora3oBoil (a3el B aTMocdepy COMPOBOXKIAETCS MPOLECCOM CMEIICHHUsS U
paccessHMsT TPUMECH IIOJ BO3AEHCTBHEM BeTpa M arMocepHbIXx TedeHuid. llpemmaraercss meron
OIpeZeIeHns] TapaMeTpoB PacIpOCTPaHEHHsI ONACHBIX XMMHUYECKHX BEIIECTB Ha 0a3e raycCoBOH MOAEIH
Ban VYnpaena m Xojcriara ¢ y4eToM JIEHCTBUTENBHOTO COCTOSHHUS aTMoc(epbl Ha MOMEHT aBapHy,
BO3MOJKHBIX KOJICOAHHI HaNpaBJICHUsI U CKOpoCTH Berpa [13, 14].

Ha ocHoBe 00pa0oTKM dKCHEpUMEHTANBHBIX JaHHBIX, MPEACTaBICHHBIX B padoTtax bepisama u
Be13nHO#, MOCBAMIEHHBIX aTMOC(epHOH TypOyJEHTHOCTH, MNPEAJaraloTcsl 3aBHCUMOCTH KoJeOaHUs
HaNpaBJIEHUH PAacCIpoCTpaHEeHHs 00JIaKa OMACHBIX BELIECTB OT CKOPOCTH BETpa M BPEMEHM yCPEIHEHHUS.
Hcnonp3ys anmpokcuManuio Ipu 00paboTKe JaHHBIX, CTABUM B COOTBETCTBHE UM (PYHKIIHIO OTKIOHEHUS
HarpaBjeHus Berpa ot ckopoctu (13) (ko durmenTs npencrasieHs! B Tadi.1):

u(v) =a -exp(a’ -v) +a’, (13)

rae V - CKOPOCTh BeTpa Ha BBICOTE 1 MeTp HaJ MOBEPXHOCTHIO 3eMiH, M/c. PaccumThiBaercs
coryacHo npoduito ckopocreit [16].

Tabruya 1. KoadpguuuenTsl PyHKIHN OTKIOHEHUS] HATIPABJIEHHS BEeTPAa B 3aBHCUMOCTH OT
CKOPOCTH W COCTOSTHHMSA aTMOCc(epBhl

. Koaddurment

I Pexxum ycToitunBocT aTMochepsl 1 2 3
a & a;

1 Konsexuus (HeyCToﬁqHBoe COCTOHHI/IC) 16,63 -0,26 0,345

2 Hzorepmus (paBHOBecHO cocTosnue) 6,858 -0,29 1,22

3 WuBepcus (yCToﬁqHBoe COCTOHHI/IC) 5,519 -0,38 08

OTKJIOHEHHE YTjia HalpaBJICHUs BETpa B 3aBHCHMOCTH OT BPEMEHU YCPEAHEHHMs IMpesiaracrcs
onpenensath uHerHo# yHkuuei (14) (koaddurmeHTs! npeacTaBieHb! B Ta0I.2):

u(T)=b;-T+b?, (14)
rae T - BpeMs yCpeaHEeHUs B MUHYTaX.

Tabruya 2. KoapduuuenTsl PYHKUHMHN OTKJIOHEHHUS YIJ1a HANPABJIEHUS BEeTPa B
3aBHCHMOCTH OT BPpeMeHH YCPeHeHHUsI U COCTOSIHNSA aTMoc(pephl

Koa¢dpuument
j Pexum ycroitunBocTr atMochepbl bt b?

i i
1 Konsekmusg (HeyCToﬁqHBoe COCTOHHI/IC) 0,118 8,118
2 Wzorepmus (paBHOBeCHo COCTOSIHI/IG) 0,125 2,5
3 WNuBepcus (yCToﬁqHBoe COCTOSIHI/IC) 0 0

OOIee OTKIIOHCHUE HAIIPABJICHHS BETpa IPH 33]aHHOM BPEMEHH YCPEIHEHUS U CKOPOCTH BETpa
cocrasisier (B rpamycax):
u(v,T) =u(v) +u(T). (15)
[Tpu pacuerax mo MeToaaM, MpUBEACHHBIM B [17], mone 3apa)keHUs MECTHOCTH IO MOPOTOBOM
703€ BBITJISIUT MPHUOIMKEHO Kak dyumIic. [TooBuHaA yria pacKkpbITus cekTopa coctasiseT 11 rpamycos.

YuutsiBas 06]1_[66 OTKJIIOHCHUC HAIpaBJICHUSA BCTpa HIpU 3aJaHHOM BPCMCHU YCPCIHCHUS U
CKOpPOCTH BCTpA, MHOJHBINA YTOJI paCKpbITUSA CEKTOPa OMPLCACIIACTCA Kak:
S(v,T) =(11+u(v)+u(T))-2. (16)
30Ha BO3MOXKHOI'O MOpPAaKCHUA OIPCACIACTCA HAJIOXKCHHUEM CCKTOpPAa Ha KapTy C 3aJaHHbBIM
CpCAHUM HAIIpaBJICHUECM BCTpPA.
CKOpOCTL, HampaBJICHUC BCTpPaA, TEMIICPATYPY oxpymaromeﬁ CpCabl Mmpeajiaracrcda ONpeACIATh C
IIOMOIIIBEO aBTOMATHYECKOI I_II/I(l)pOBOf/'I METCOCTaHIIUU
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Jlnsa momHOro Habopa JaHHBIX HEOOXOIMMO €Ille 3HATh BpeMs CYTOK ([IeHb, HOYb) M HATHYHE
obmayHoctu. [lo yMOM4aHHIO MOXKHO MpEAIoiarath CylIeCTBOBAaHUE OONAYHOCTH, T.K. 3TOT MapaMmeTp
BHOCHUT B ITPOTHO3 HE3HAYUTEIBHBIN BKIIA].

Paccesnue cunrtaTh st CKOpOCTH BeTpa 1 M/c, a BpeMsi ycpeaHeHus BRIOUpaTh KaK OTHOIICHUE
CKOpPOCTH BETpa K IIIyOMHE PpaclpOCTpaHEHHS TOKCUYHOM WITU B3PHIBOOIIACHOM TPaHUIIBI PUMECH.

MopenupoBaHue €  HCIOIB30BAHUEM  HM3JI0KEHHBIX METOAOB  IO3BOJNSIECT  ONpPENeIuTh
MPOCTPAHCTBEHHBIC XapPAKTEPUCTUKU 30H 3apPaXKCHUSI M 3ara30BaHHOCTH B3PHIBOOMACHON MPUMECHIO U
BBIPa0OTaTh TaKWe KOHCTPYKTHBHBIC PEIICHMS, KOTOPHIE MO3BOJSIOT M30eKaTh OTPABJICHUH IEepCcOHAla
YCTaHOBOK M BOBMOXKHBIX aBapHii, CBI3aHHBIX C BOCIUIAMEHCHHUEM MTPUMECH B aTMocdepe.

BeiBogbl W mepCcneKTHBHI JadbHeHmMMX wucciaenoBanuii. Takum o0pa3oM, HCIONB3ys
MPENJOKCHHBIE MOJETH, BO3MOXXHO TPOBECTH AaHalU3 TEXHUYECKUX PEUICHUN JKCIUIyaTaluu
MPEIOXPAHUTEIILHOTO O000OpPYNOBaHUS C YYETOM pEalbHBIX YCIOBHHA TEXHOJOTHYECKOTO IpoIecca U
BHEIIIHUX YCIIOBUH OKPYXKAIOIIEH CPE/Ibl, @ TAKKE C YISTOM PACIIONIOKEHHS 0OCITYKHBAIOIIET0 IIepCOHANa
1 ONU3IeKAIIero 000pyI0BaHuUS.

MonenupoBaHue HAUXYIUINX YCIOBUN BO3MOXKHBIX HEHITATHBIX CUTYallMd MO3BOJSET OLCHUTH
mapaMeTpbl W XapaKTePUCTUKH HETaTHUBHBIX TOCICJACTBUN cpabaThIBaHUS MPEIOXPAHUTEIBHOTO
00opytoBaHUs U BHIPA00OTATh OrPaHUYUTEIbHBIC TPEOOBAHUS K €ro dKCIUTyaTalui. Ha ocCHOBaHMM TaKMX
OTpaHUYCHUI BO3MOXHa pa3paboTKa TEXHUYECKUX MPEIJIOKCHUN, TO3BOJSIIOIINX W30eKAaTh KEPTB U
pa3pyllieHu PU peaTnu3aluy HEIITATHBIX CUTYaIUuH.
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