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MOAEJIMPOBAHMUE INTPOLECCA 3ATPA3HEHUA ATMOC®EPHI I1PU
I'OPEHUU TBEPJIOI'O PAKETHOI'O TOIIVIUBA

Po3pobJieHo MeToxx po3paxyHKy aBapiiiHOro 3a0py/iHeHHs aTMoc(epH NpH ropiHHi TBepaoro pa-
KETHOro najusa. Merog 6a3yerbcsi Ha 4MCEJbHOMY IHTerpyBAHHI TPMBMMipHOI0 pPiBHSIHHA Mirpamii
AoMimku y nopitpi. HaBoasiThesi pe3yibTaTH YHCeILHOI0 eKCIIePHMEHTY.

KurodoBi ciioBa: TBepze pakeTHe IMannBo, aBapiiHa CHTYyais, 3a0pyfHEHHS aTMochepn.

Pa3pabotan MeTox pacyeTa aBapHMiiHOro 3arpsi3HeHHs1 aTMocdepbl IPU TOPEHUH TBEPIOro pake-
THOTO TomjuBa. Mero 6a3upyercss Ha YHCIEHHOM HHTerPUPOBAHUU TPEeXMEPHOr0 ypaBHeHHs] MHIpa-
oMM npumecu B Bosayxe. IIpuBoasites pe3ybTaThl YHCIEHHOI0 YIKCIIEPHMEHTA.

KnrodeBble c10Ba: TBep0€ PAaKETHOE TOIUINBO, aBAPHIHHAS CUTYAIHs, 3arPsI3HEHHE aTMOC(HEPHI.

The method of calculation emergency contamination of atmosphere is worked out at burning of
hard rocket fuel. A method is based on numeral integration of three-dimensional equalization of migra-
tion of admixture midair. Results over of numeral experiment are brought.

Key words: hard rocket fuel, emergency situation, contamination of atmosphere.

AKTyajJbHOCTb. Kak n3BecTHO OJHOW M3 IKOJIOTHYECKUX MpobieM J(HemponeTpos-
CKOIl oOmacTu sBiIsIeTCS HalW4Me CKJIaJ0B C TBepAsIM pakeTHbIM ToruuBoM (TPT)
(puc.1). TPT 65110 cHATO ¢ pakeTHOH cuctembl PC- 22 u otnipaBneno Ha [laBnorpanckuit
xumudeckuit 3aBoj (I1X3). DTo TOMIMBO CKIAAUPOBAHO B CIEIHMAIBHBIX XPAaHHUIIUIIAX
(puc. 2).

B citydae upe3Bbl4ailHOW CUTyalUU HA 3TUX CKJIAJaX BO3MOXKHO BO3TrOpaHUE TOILIU-
Ba U MHTEHCHBHOE TOCTYIUICHHE TOKCHYHBIX MPOAYKTOB CTOPaHUs TOIUIUB B aTMoc(epy.
[TosTOMy BO3HMKaeT BakHas 3ajJadya MPOTHO3a YPOBHs 3arps3HeHHs aTMocdepsl mpH
Ype3BBIYaHON CUTyalluy B XpaHWIHUIIE.

Pemenue sToro Bompoca kpaiiHe BayKHO PH pa3zpadoTKe OQUIMATIBHOTO TOKYMEHTA
IIJTAC (mnan TUKBUAALMY aBApUHHON CUTYaLIUN).

Llenbio qanHOM pabOTHI ABIsiETCS pa3pabOTKa YUCICHHON MOJAEIH IS OIePaTUBHO-
r'0 IPOTHO3a YPOBHS 3arpsi3HEeHHst aTMocdeps! ipu ropend TPT.

Kak wm3BecTHO cymiecTByomas HOPMaTHBHAs METOAMKA HE IO3BOJIAET IMOIYYHUTh
pelieHne JaHHOW 3ajmaud. OTa METOAMKa pa3paboTaHa AJsl MPOTHO3a 30H MOPAKEHUS
MPUHLMITHAIBHO ISl APYTHX BUAOB aBapuil (HampuMep, pasivB Ha TPYHT WM B TOAIOH
3arpsA3HUTENS U T.11.).

[Tpumenenue mozeneit Tuna ['aycca He MO3BOJISIET yyecTh NPOQUIb CKOPOCTH BETpa
Y HEpaBHOMEPHOCTH Kod(hduineHToB atmochepHoit nuddysun. [loaromy kpaiiHe BaxXHO
pa3paboTKa YHCICHHBIX MOJENEH IS OTIEPaTUBHOTO PEILICHNS IPOTHO3HBIX 3a1ad.
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Puc.1. Bua nepsoii crynenu pakersl PC-22

Puc. 2. Auraps! 1is xpanenuss TPT

180



ISSN 9125 0912. Bicuuk /lninponerpoBcskoro yHiepcutety. Cepis «Mexanikay. Bun.17, T.1, 2013

MaremaTn4yeckas mMojeb. Ui pacueTa pacCeMBAaHMs KOHLEHTpAlMM TOTO HIIU
WHOTO BEIECTBa, 00pa3yromierocs MpH TOPEHHUH TBEPJOrO0 pPaKEeTHOrO TOIUIMBA Oyaem
HCIIONIB30BaTh YPaBHEHUE MIEPEHOCA TIPUMECH.

ITockosbKy Ipu TOPEeHUH TBEPAOTO TOILIMBA MPOUCXOIUT BHIOPOC HATPETHIX MIPOAYK-
TOB CrOpaHHs, TO BBEJEM B pacueThl 3(PpPEeKTHBHYIO BBICOTY MOAHATHUS CTPYH MPOIYKTOB
CrOpaHHs, KOTOPYIO PaccuuTaeM Ha OCHOBE ()OPMYJIbI

. 1/2
an=—0020%L 562 (@0) " (1)
u u

Qh:m'cp(Ts_Ta)a (2)

IJIe U — CKOPOCTh BETpa; 7l — MAcCcoBask CKOPOCTh MOTOKA CTPYU MPOIYKTOB CTOPAHHUS B
KHIOrpaMMax B CeKyHAY; €, — yAe/bHAs TEIIIOEMKOCTh IPH OCTOSHHOM JaBICHUH Ta3a
CTpyH IPOJYKTOB cropanus; ¢ — XapakTepHblil pasmep 31anus; I, — TeMnepaTypa Ipo-
JDyKTOB CTOPaHHMs Ha BBICOTE B KENbBUHAX; [, — TeMIepaTypa aTMOC()EPHOro BO3ayXa Ha

BBICOTE B KEJIbBUHAX.
Jns MomenupoBaHUs Ipoliecca IEPeHoca 3arpsA3HAIOIIEro BellecTBa B aTMocdepe
UCTIOJIB3yETCs TPEXMEPHOE ypaBHEHHE MUTpAIUH ITpuMecH [4]:
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rae C — KOHIIGHTpAIHs 3arps3HSIONIETO BEIIeCTBa; ¢, V, W — KOMIIOHEHTHI BEKTOpa CKO-
POCTHU BO3IYIIHON CPENBL; U= (L, [y, M) — KOIDOHULUEHT TypOyneHTHOH nuddysun; O —
WHTEHCHBHOCTh BBHIOPOCAa TOKCHYHOTO BEIECTBA; S(V—ri) — nenbpTa-QyHKIus Jupaka;

; )

7= (X3, Vi ,Z;) — KOOpIUHATHI NCTOYHHUKA BRIOpOCA.

Meroa pemenusi. /[jist 4UCIEHHOTO MHTETPUPOBAHUS YPAaBHEHHMsI IIEPEHOCA UCTIONb-
30Bajach HEsBHAS Pa3HOCTHAS CXEMa, paCCMOTPEeHHas B pabore [3].

BBINOMHUM CIEIYIONIYI0 aMMpPOKCHMAITUIO TIPOU3BOIHBIX, BXOAAIIMX B YPaBHCHUE
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KoMIIOHEHTBI CKOPOCTH BO3IYIIHOIO NOTOKA PACCUUTHIBAIOTCS HA TPAHSAX Pa3HOCT-
HOH sSUEeKU. BTOphIe MPON3BOIHBIC ANIITPOKCUMHUPYEM CIIEIYIONUM 00pa3oM:

i(“ 8_C)zﬁ Cir:,lj,k —Ci"jf _
ox " ox * Ax?

1 n+l
chl-cr
~ ijk i-1,j,k - 1 1

e = =M C™ +M:C™,

B wucnonb3yembix Boipaxenmsx L., L, M, M _

xx? X

— 0003HaueHHUs Pa3HOCTHBIX

OTIepaToOpOB.
C yderom 3THX 0003HaUCHHUI Pa3HOCTHBIN aHAJIOT ypaBHeHUs (1) OyJeT UMEeTh BH/I:
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Pemenue JAAaHHOT'O0 PA3HOCTHOI'O YPAaBHCHHA PACHICIUIACTCA IPHU UHTCTPUPOBAHNUHU HaA
BPEMEHHOM HHTEpBAJIC df CIEAYIOMUM 00pazoM.
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B naHHBIE pa3HOCTHBIE COOTHOIICHHS BXOAWUT «BO3MYIIEHHBIN» KO3 UIIMEHT
s i [5].

IIpakTnuyeckas peanusanus Mogeau. Ha ocHOBe JaHHOU pa3HOCTHOM CXEMBI pas-
paboTaHa IporpamMma Ha anropuTMudeckom s3eike DELPHI.

C moMOIIbI0 TTOCTPOCHHOW YUCJIICHHON MOJENHU BBHITIONHEH PAacueT 3arpsi3HEHUs aT-
Mocepsl ipu ropernH I ctynenn pakerst PC-22.

Pacuer BbimonHsuIcs a71st ckopoctr Betpa Uy = 4,5.m /¢ (Ha BeicoTe duttorepa). Ilpu

MPOBEACHUH PACUCTOB YYUTHIBATIACH 3aBHCHMOCTh CKOPOCTH BeTpa W KOI(DPHIIMEHTOB
1 dy3nu OT BEICOTHI
n

Z
u=uy —/| »
Z
re U] — 3HA4YeHHe CKOPOCTH BeTpa Ha BbicoTe Z (Bbicota durtorepa); n ~ 0,15—0,69

(maHHBI TapaMeTp 3aBHCHT OT IIEPOXOBATOCTU OBEPXHOCTH Z(), M),

m
Z
,uy=k0~u,k0=0,1; ,uz=k1- — ,
Z
rae Z — BBICOTA, Ha KOTOPOH onpenerseTcs BelnnduHa kodpduuuenra 4, ; m =1,

Hy = Hy-
Pesynbrarhl pacuera (KOHLEHTpalusi B Ge3pa3sMeEpHOM BHJIE) MPEICTABJIEHA Ha IO~
CHEYIOLINX PUCYHKAX.

Puc. 3. 3ona 3arpsi3HeHHUs 17151 MOMEHTAa BpeMeHH =600 cex
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OrRETPOScErs OOIacms

Puc. 4. 3oHa 3arpsi3HeHus 111 MOMeHTa BpeMeHH =1750 cex

Kak BHOHO M3 TpeAcTaBIeHHBIX PUCYHKOB 30HA 3arpsi3HEHUS MpEICTaBisieT co0oi
00J1aCTh, KOTOPAsl BHITATUBAETCS B HAIIPABJICHUH BETPA.

Kax BHIHO U3 pHCYHKOB 30HA 3arpsA3HEHNS HAKPHIBAET JOCTATOYHO OOIIMPHBIA yda-
CTOK MECTHOCTH TMPHJIETAIOMINN K CKIagy U CO3JaeT Yrpo3y 3arpsi3HEHHs BO3AYIIHON
cpeabl Ui pabovero moceaka pa3MeIeHHOTO BO3JIE 3aBOa.

BriBoasbl. B pabore mocTpoeHa KOMIBIOTEpHAsE MOJIETh U Ha €€ OCHOBE pa3zpaboTaH
3¢ GEKTHBHBIN METO/ pacyeTa JHHAMHUKH 3arps3HeHus aTMoc(hephl IPH TOPEHUH TBEPIO-
IO PaKeTHOTro ToIUIMBA. JlanbHeliee COBEpIIEHCTBOBAHIE JAHHOTO HAINIPABJICHUS CIIEAY-
€T IIPOBOJAUTH B HAPaBJICHUH CO3AAaHUS MOJETH AJISl PacueTa PacCenBaHUsI TSKENBIX ad-
po3zoneit.
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