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HauvoHanbHbIi TEXHUYECKNT YHUBEPCUTET YKpauHbl
«KneBCckuu nosIMTeEXHNYECKNT MHCTUTYT»

O pacnpocTpaHeHnn
CTPpyW pacnnaBa

B baccenHe
NcnapsaoLLErocs
oxJlagntens

Wccnenyorcsi 0cO6EHHOCTY pacrnpoCTpaHeHsl TOCTbIX CTPYIA
pacriasa Kopuyma B r1opeakTopHOM 6acceriHe ncnapsioLerocs
oxn1aanTesisi B MacCUBHOV CUCTEME 3alumTbl OT TSKEJbIX aBapuii
Ha ASC. PaccMOTpeHbl MOAEN BHEAPEHWVS CTPYH 1 OXNaXaeHns
o0pasyroLmxcs Karnesb pacniasa, MnpoBeAeHb! BblYUCINTE/bHbIE
9KCMepUMEeHTbI /151 YCTaHOBJIEHUS] KAYE€CTBEHHbIX U KOJINYEeCTBEH-
HbIX XapakTepuCTUK CUCTEMbI, KOTOPbIE MOryT ObiTb M0/1€3HbIMU
rpyi KOHCTPYMPOBaHUN Y BHELPEHUN CUCTEM MacCUBHOM 3aLUymThbl
OT TSIXKeJIbIX aBapuii C noapeakTopHbiM 6acceriHoM BOAbI.

KniwouyeBble caoBa: CTPys, pacraas, KOPUyM, NacCUBHasi
cucTemMa, Taxesasi aBapus, OXIaxaeHue, Kariu.
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Mpo po3noBcloAXeHHS CTPYMEHIB po3nnaBy B 6aceiiHi Buna-
POBYBaHOro OX0OJI0OAXKYBa4a

Jocninxyrotecsi  0COG/MBOCTI  PO3MNOBCIOAXEHHSI ~ TOBC-
TUX CTPYMEHIB pPO3riaBy KOPiyMy B MigpeakTopHOMY baceriHi
BUMapoOBYBaHOIr0 OX0JI0AXYyBadya B MacuBHIii CUCTEMI 3axucTy
Biag Tskkux aBapivi Ha AEC. Po3rnissHyTo mMozesi npOHUKHEHHS
CTPYMEHIB Ta OXOJIOAXEHHS Kparesib pOo3riiaBy, L0 YyTBOPIOIOThCS,
rnpoBeneHo 06YMCIOBAsIbHI €KCIEPUMEHTU A1 BCTAHOBJIEHHS
SIKICHUIX Ta KiJIbKICHUX XapakTepuUCTUK CUCTEMU, LLO MOXYTb OyTu
KOPUCHUMMU Y POLECI KOHCTPYIOBAHHS Ta BPOBAAXEHHSI CUCTEM
racuBHOIO 3axXUCTY Bifl TSXKKMX aBapivi 3 nigpeakTopHum 6aceriHom
BOAM.

KnwoyoBi cnoBa: CTPyMiHb, po3riaB, KOpiyM, rnacviBHa
cucTemMa, TsxXKa aBapisi, OXO/I0AXEHHS, KparJii.
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JIsg YCIEIIHOTO IPUMEHEHUS U JaJbHEHMIIEro pas-

BUTHS TIEPCIIEKTUBHBIX ITACCUBHBIX CUCTEM 3aILUThHI

OT TSDKEJIBIX aBapuii ¢ MOAPEaKTOPHBIM 0acCeiiHOM

BOABI MJISI yIepKaHWs pacilylaBa KOpUyMa B KOHT-

pOJIMPYEMOM OXJIAXKIAEMOM COCTOSIHUM B T€YCHUE

3aJaHHOrO0 MHTEpBajia BPEMEHM, J0 MPUHSITUS Mep
no JMKBUAAUMM TocaenctBuit aBapuu [1]—[4], HeoOxoaumo
MPOBECTH MOJEIMPOBAHNE TETUIOTMIPABINYECKUX ITPOIIECCOB
B Takux cuctemax. OnHa U3 Momeseil paccmatpuBaiach [3], [4]
B YIIPOIIIEHHOM ITOCTAaHOBKe, 0e3 y4yeTa WCIMapeHUs OXJIaJuTe-
na B OacceitHe. OmHako MCTapeHWe BOIOBI 3a CUET KOHTAKTa
C BBICOKOTEMIIEPATYPHOII CTpyeil pacilaBa KOpHUyMa MOXET
CYLUECTBEHHO BJIMSITh Ha IIPOLIECC BHEAPEHUS CTPYU B OacceiiH,
BIUIOTh IO IIAPOBOIO B3pbIBa, KOIIa KapTUHA MOBEACHUS CTPYU
B OacceiiHe KapauHaibHO MeHsieTcs. Kpome Toro, B Havaie
BHeIpeHUs: B OacceiiH CTpysl Bcerga MMEET IapoBOe OKpYXKe-
HHUE, TaK KaK 3a CYeT MHTEHCHBHBIX PaJMallMOHHBIX ITOTOKOB
TeIula OT BBICOKOTEMIIepaTypHOI CTPyM pacIllaBa Boma B Oac-
celiHe HauYMHAaeT MCIapSIThCs elle 10 MPSMOro KOHTAaKTa CTPYH
¢ Bomoii. B manHo#T paboTe crmenraHa MOMBITKa pa3paboTaTh Ma-
TEMaTUYeCKyl0 MOJEb C yYeTOM HCIapeHMsI BOIbI B OacceiiHe.
PaccmatpuBaeTcst TakKe YMCIEHHAsT MOJENb TpoIecca OXJIaxk-
JIEHUs KaIlId pacillaBa, KOTOpas B COBOKYITHOCTU C MOIEJBIO
MPOHUKAHMS CTPYH B 0ACCEHH MOMOXET IMPABUILHO OLIEHUTH
npoucxosinue B bacceiiHe dhuznyeckre Mpolecchl BHEAPEHUS
M OXJIAXKIEHMsI CTPYU pacIliaBa.

Pa3pa60TKa MaTtemMaTuyeckon mogenu
BHeApeHus CTpyu C ncnapeHmem Boabl

PacnipocTpaHeHue CTpyu B OacceiiHe OIpeaesseTcss apXu-
MEIOBbIMU CUJIAMU, CUJIOW TMIAPOAUHAMMUYECKOTO COMpPOTHB-
JleHusl OacceiiHa U CUJIOW BO3JEHCTBUS Mapa, IBUXKYLIErocs
HaBCTpeuy cTpye. MIHTeHCUBHOE McnapeHue XUAKOCTU B Oac-
CeiiHE TIpU BHEIPEHUU B HEE BBICOKOTEMIIEPATYPHOM CTpyu
MPUBOAUT K MAPOBBIM MOTOKAaM, MAYIIUM HaBCTpeuy BHEIpPsi-
IOLLEHCST CTpye, MOCKOJIbKY 3a CUET BBICOKOTO JAaBJIEHMS TMapa
U OOJIBLION apXMMENOBOI CHUJIbI, NEUCTBYIOLIEH CO CTOPOHBI
OacceilHa Ha map, BCTPEYHBbIE CTPyM Mapa MOryT o0jaaarh
OosblIOi 3Heprueil. OCOOEHHOCTBIO BHEIPEHUST BBICOKOTEM-
MepaTypHbIX CTPYW SBJSIETCS TO, YTO MHTEHCHUBHOE Iapoo00-
pa3oBaHMe B OacceiiHe HauMHaeTcs ellle JO0 KOHTaKTa CTPyU
¢ OGacceiiHOM BCJIEICTBME MHTEHCUBHBIX PAIMALlMOHHBIX TEIJIO-
BBIX TIOTOKOB OT CTPYH K XUIKOCTH OacceifHa (TeriooOMeH 13-
JIydeHreM OuYeHb BBICOKUIT). Bo MHOTMX ciydasix dusnyeckoe
SIBJIEHUE CUJIBHO YCJIOXHSIETCSl TeM, YTO CTPYys pacraBa ¢ak-
TUUYECKU BXOIMUT B OACCEH B OKPYXKEHUU BCTPEUHON MapOBOi
ctpyu. CxkumaeMblii map OyIeT BBIXOAMTb M3 OacceiiHa Kak
CTpyd MOJ INEMCTBUEM [aBJICHUsS IMapa U apXMMEILOBOM CHUJIbL
GacceifHa Ha MMapoBYyIO CTPYIO, a CTPYsI pacriaaBa — BHEAPSTHCS
B OacceilH MPOTUBOIOJIOXHO IEMCTBUIO CTPYIi Mapa U Mpeoio-
JieBasl CONMPOTUBIIEHUE XUJIKOCTU B OacceiiHe.

B 3amave o BHempeHUU CTPyM (KMAKOTO LMJIMHApPA) B Oac-
CeliH aHaJIM3UPYIOTCS HEKOTOPBIE NOTIOJTHUTEbHBIE (aKTOPHI,
CBsI3aHHBIC ¢ (hopMoOil Teaa (000OIICHNE MJIST CIydast TBEPIABIX
TeJ), BOBMOXKHOCTBIO MCIAPEHUsT XKUIKOCTU TIPU BHEIPEHUU
TeJlla C BBICOKOM TemIepatypoil u T. A. [lpouecc BHeapeHUs
cTpyu B OacceiiH XUAKOCTU pPaccMaTPUBAETCS B MPEIONo-
JKEHWU, 4YTO: CTPYsl (MM TeJO0) HAUYMHAET BHEAPSITHCS B XKUMI-
KOCTb, MMesl HEKOTOPYIO HayaJIbHYI0 CKOPOCTb Vj, KoTopas
B MPEAEJbHOM CJIyyae MOXET OBbITh HYJEBOU (BHEeIpeHUe
CTPYM WJIM TeJla TOJBKO 3a CYET IpaBUTALIMOHHBIX CHJI); Oac-
CElH C XMAKOCTBIO (B MPEACIBHOM Clydyae 3TO MOXET OBITh
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U Ta3) SBJSICTCS TTOKOSIIIEHCs
Cpenom; TeJI0 MTHOBEHHO CO-
00111aeT TTOBEPXHOCTHU OacceitHa
CKOPOCTb, PpaBHYIO CKOpPOCTU
TeJa B MOMEHT KacaHMsI IIO-
BEPXHOCTH OacceiiHa; BHEIPSIO-
1asicss CTpysi oceCMMMeTpUYHA.
OOpa3oBaHue KaBepHbl Ha MO-
BEPXHOCTHM XUIKOCTH TIpU ynIa-
pe O TOBEpPXHOCTh HE paccMar-
puBaeTcsi. CHUXXeHUe CKOPOCTU
CTPyd B MOMEHT €€ yaapa o To-
BEPXHOCTh XKUIKOCTH OacceitHa
OLIECHMBAETCSI Ha OCHOBE HMMEI0-
LIKUXCS B JIMTEpAaType HdaHHBIX.
[ JIoGoBOE COMPOTUBIIEHUE TEJA
Vx BBIPAXKAETCI uepe3 IUIOLIAIb
Puc. 1. PacueTHas cxema ITOIIEPEYHOI0 CEUEHMST TeJIa.
BHEIPEHUS CTPYU C ydYeToM IPUHSTBIX yIIPO-
B GacceitH IIEHWI, Ha OCHOBE ONMMCAHHOI
¢duszuyeckoit Moxaenu paspada-
THIBaeTCS MaTeMaTuuecKass Moielb cucteMbl. [IpeamonaraeTcs,
YTO COMPOTUBJICHWE XWAKOCTU BHEIPSIEMOMY Tely (CTpye)
MPOMOPLIMOHATIBHO TUAPOAMHAMUYECKOMY HAIOpPY XUIKOCTH
B FOJIOBHOM 4YacTW Teja ¢ KO3(P(PUIIMEHTOM, 3aBUCSIIUM OT
(opMbl Tela 1 pexxuma ero apuxkenus [5], [6]. B mpocteitiem
cilyyae UMIMHAP uMeeT conportusieHue 0,5p,V1S;, tme p, V,
S — IUIOTHOCTb, CKOPOCTbH Tejla, IUIOIIAAb CEUYEHHUsI COOTBET-
ctBeHHO. MHaekcamu 1 u 2 obo3HayaeTcsl MpUHAIIEXKHOCTb
BEJIMYMH TeJIy U KUIKOCTH COOTBETCTBeHHO. Ecitu BHenpsiemoe
TEJO0 BOWIJIO B OacceifH TOJHOCTHIO, JajbHelllee TBUXKEHUE
MPOVICXOIUT TIPM HEM3MEHHOW TpaBUTAIIMOHHON CHUJie, OIpe-
JIeJIsieMO pa3HUIIE Beca Tejla U BhITaJIKMBalolleil cuibl. o
TIOJTHOTO BHEIPEHUST PACCMATPUBAEMOTO Tejla B XXKUAKOCTh Tpa-
BUTAIlMOHHASI CWJIa, JACHCTBYIOIIAS Ha TOTPYKEHHYIO B XHUI-
KOCTb 4acTh TeJla, PaBHA BECY 9TOM YACTU TeJa MUHYC apXuMe-
[IOBa BBITAJKMBAIOLIAsI CUJIa, PaBHAsI BECY BHITECHEHHOM TEJIOM
xuakoctu. [locie MoaHOro BHeApPEeHUs Tejla TpaBUTAIlMOHHAS
CUJIa He MeHseTcs Mo IiyouHe. [lajiee TeIo MPOIOJIKaeT BHEI-
peHMe 3a CYeT MHePLIMOHHBIX CUJI, IEUCTBYIOIIMX IIPOTUB CUJIbI
JI060BOTO COMPOTUBIICHUST KUIIKOCTU, KOTOpast U3BMEHSIETCST 110
Mepe M3MEHEHUsI CKOPOCTHM BHEIPSIEMOTO TeJla, U CUJIbI IaBJie-
HUs obpasytonierocs mapa. ['paBUTAlIMOHHAST CHUIa OTPEIessi-
€TCsT Pa3HOCTBIO TIJIOTHOCTEH KMAKOCTU U TeJia, YBETNUNBasICh
10 Mepe BHEAPEHUs N0 MOMEHTa TOJTHOTO TIOTPYXeHUs Tena,
W JCHCTBYeT B HAaINlpaBJICHUMW IBUKCHUSI, €CJIM XKUIKOCTb Me-
Hee IUIOTHAs!, WK IPOTUB IBUXKEHUS] — €CJIM XXKMIKOCTD 00Jiee
IUIOTHASL.

IIpu BHemapeHUM Tea BBICOKOIl TeMIIepaTypbl BO3MOXEH
TaK>Ke ITapoBOii B3PHIB B TOJIOBHOM YaCcTH Tejla Ha MPOTSIKEHUU
BCEro BpeMEHM BHEAPEHUs WJIM B HavyaJIbHOM cTamuu. s
3TOrO Ciiydas IPeANPUHSITA TIOMBbITKA OLIEHUTH BIUSHUE HaB-
JIeHHsT 0Opa3yIolIerocs mapa Ha IIpoLecc BHEIPEHMS TOPSUETro
Tena. IlockonbKy oOpasymoumuiicss map OyaeT B JajJbHeHllnem
JIBUTAThCSI BIOJIb TIOBEPXHOCTH TeJia BBEPX IO MApPOBOMY CJIOIO
BOKPYT Tejia, MPOLIECC IBUXKEHUS YCIOXHSIETCS U TPUMEHsIe-
Masl OLIEHKa SIBJISIETCS TIPUOJMKEHHOM B KOJMYECTBEHHOM CO-
OTHOILIEHN M, OMHAKO OHA IO3BOJISIET IIPOBECTU KAYeCTBEHHbII
aHaju3 siBleHMsI. BHayaje [J1s MPOCTOTHI pacCcMaTpUBaeTCs
BHEIpeHUE TeJla HUJIMHAPUYECKO (opmbl. JIBUXeHUE Mpo-
HMCXOIMT BEPTUKAIbHO, CBepXy BHU3 MJIM CHU3Y BBepX (BO3-
MOXHBIE (U3MYEeCKMe peaJr3aluyi IOCIeIHEer0 BapuaHTa
3nech He obcyxknaioTcst). CKOpOCTb JABUXEHUSI CTpyu (Tesa)
paBHa V] =dx/dt, tne x — KoopauHaTa, OTCYUTbIBaeMasi OT
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MOBEPXHOCTU BIJyOb OacceiiHa, x =0 — ypaBHEHUE IOBEpX-
HocTH OacceitHa (puc. 1). Paguyc nuJInHIpuyeckoi cTpym pa-
BeH a, NJIWHA — /A, HayaJbHasi CKOPOCTb CTPYM MO KacaHUs
C MOBEPXHOCTBIO XKUIKOCTU B OacceitHe — V.

VpaBHeHUE IBUXEHMSI CTPyU B GacceiiHe ¢ BOAOM MOXKHO
3anucaTh B CJIEAYIOLIEM BUJE:

v
pih—k= 2(pyh—pax) —0p, V2 —BpRT;, (1)

IJe g — YCKOpeHUe CBOOOTHOTO MaaeHusT (€CIU TEJO TBUXKETCS
BHM3, TO g — TMOJIOKHUTEIbHASI BEJMUYMHA, €CIM BBEPX — OT-
puLaTesbHas); 4 — JJMHA UMIMHAPA; P — IUIOTHOCTD Mapa;
T| — Temmeparypa mapa;, R — yHuMBepcaibHas rasopas IIO-
CTOSIHHAsT; O — KO3(DdUUUEHT JOOO0BOr0 COMPOTUBICHUS
(3aBucHT OT (OPMBI Tesla U pexkuMa O0TeKaHUsl, JJISI IIPOCTHIX
OLIEHOK MOXHO Tojnoxuth o.=0,5); B — sMmmnupuueckas
KOHCTaHTa, TMomIexalasi OINpeaesieHuIo M3 9KCIepuMeHTa
(Biax =1; ipu oTCyTCTBUM BIMSHUS MapoobpasoBaHust = 0).
sl IPOCTOTHI BJIMSTHUE TTapOBOTO B3phIBA B TOJIOBHOW YacTH
TeJla OLIEHUBAETCS TI0 yPaBHEHUIO COCTOSTHUS MIeaJIbHOTO ra3a
U TIOJIaraeTcsl, YTO TeMIIepaTypa Teja 3a BpeMs ero BHEIPEHU S
B 06acceiiH He ycreBaeT M3MEHUTLCSl 3HauuTesNbHO (7] = const)
1160 oHa usBectHa: Tj (x).

VYpaBHeHue (1) BbIpaxkaeT yCJIOBUE COXpaHEHUS KOJMYeC-
TBa ABMXeHUs. CjeBa B 9TOM YpaBHEHUU CTOUT MHEPLUOH-
Hasl cuJia, CcripaBa — apXMMeIoBa CUJIa, CUJIa COMPOTUBIICHUS
KMIKOCTU OacceifHa BHeApsIolleiicsl B 6acceilH cTpye U cuia
JABJICHUsI, CO3[]aBaeMOro MapoM HCrapsiolieiicsi B 6acceiiHe
Xuakocty. Mcrmonb3oBaB BbIpaXkeHUe IJISI CKOPOCTHM IBUKE-

x
HuUA cTpyn V) = 7 u monenuB ypaBHeHue (1) Ha Pp, eTo MOX-
t

HO 3amnucarb B TAaKOM BUIC:

d’*x dx )
h——+q —| + xX—=h)+b=0, 2
e Pzi(dt) g (pax—h) (2)
e Py =P, /P; — OTHOLIEHWE TIOTHOCTE KUIKOCTH M CTPYH

(MUIH IpYTOro BHEAPSIOIIETOCs B OacceitH Tena); b = BRTIp/ o)
HEKOTOpasi KOHCTaHTa WX U3BeCTHasl PYyHKUMS TEMIEepaTyphl.
[pennocnenHuit yieH B (2) siBAseTCS KOHCTAHTON gh (p21 —1)
npu x > h (MoJiHOe TIorpy>keHue Tena). Ecnm ymap ctpyn (Mian
Teja) O TIOBEPXHOCTD KUIKOCTH HE3HAUMTENIeH (TIJIaBHBIN BXOM
Tejla B XHUIKOCTh), CKOPOCTh Tejla B HaYaJbHBINI MOMEHT Ka-
CaHUSI TIOBEPXHOCTU MEHSIETCS HE3HAUUTENbHO, U HavyaIbHbIe
ycnoBus st ypaBHeHus (1) uau (2) UMeT BUL

t=0,x=0,Vl=ﬂ=V0. 3)
dt

IIpu HaMYUK MapOBOroO B3pbIBa BOBMOXKHBI Pa3JIMUHbIE CU-
Tyaluuu: eciu gh> b, CKOPOCTb BHEAPSIIOLIETOCS TeJla MOXKET
HapacTaTb, KaK pacCMOTPEHO BbIllle, a npu gh<bh — Bcer-
na yooiBaeT. [lpuueM B ciyyae MaJjioii HayaJIbHOW CKOPOCTU
BHENIPSIOILEroCsl Teja BJIUSHUE NMapooOpa3oBaHUs (ApOBOTO
B3pbIBa) MOXET OBITh CUJIbHEE BIUSTHUS TPaBUTALIMOHHBIX CHUII,
U Jaxe ONpeAeIsIoNINM B cly4yae OYeHb BHICOKHUX TEMIIEpaTyp
BHenpsitolerocs: Teaa. [1pu BbICOKOI CKOPOCTH Teja IpaBUTa-
LIMOHHBIE CUJIBI MaJjo BJMSIOT Ha MpPOLECC BHEAPEHHUS, a Ma-
pOBOIi B3pbIB MOXKET IMPENsITCTBOBaTb BHEAPEHUIO B OacceilH
CUJIbHEE, YEM COMPOTUBIECHUE XXUIKOCTU. BBICOKOCKOPOCTHOE
MPOHUWKAHUE Tel B XUAKOCTb OIpeneasieTcsl, TJIaBHbIM 00-
pa3oM, MHEPLUMUOHHBIMU CUJIAMU W COINPOTUBIIEHUEM CPEbI,
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O pacrnpocTpaHeHUM CTPyii paciijiaBa B GacceiiHe UCIapsIIOLIerocs OXJaauTess

oTpeneieHue KOTOPOTO TPEACTABIsSIeT 3HAUYUTENbHBIE TPYI-
Hoctu [6]—[12]. I[Ipu 3TOM YacTo ciaydau BHEIPEHUS CTPYii
U TBEPAbIX Tel B KUAKOCTb U TBEPIAblE Teda pPa3invyaloTcs
JIMUIb MapaMeTpaMU CPefl U MOTYT pacCMaTpUBAThCs B paMKax
ONIHOI1 M TOW Xe Moxenau. JlaHHasi MOIEIb TaKXKe MOXKET MpH-
MEHSIThCS JJIs1 aHaJIu3a BHEAPEHUS CTPyil B GaceiiH B ciyyae
MaJIOrO U3MEHEHUsI CKOPOCTU CTPYH.

AHanun3 u o6ocHOBaHue maTemMaTu-
YecKoun Mmoaesiu CucTemsl

[Tpu GoBIIOIT CKOPOCTH TejIa M OOJIBIION TJIOTHOCTH KU~
KOCTU B MOMEHT KacaHWUs TOJIOBHOI YaCTH TeJia O TTIOBEPXHOCTh
XKUIAKOCTU MPOUCXOAUT yAap. YCKOPEHWUs! TPaHULl XUAKOCTU
UMEIOT OOJIbLLIME 3HAYEHUsI B TEUEHHE OYeHb KOPOTKOIO MpOo-
MEXYTKa BpEMEHHU, MOITOMY MOXHO PACCMOTPETb MPeAeTbHbII
cily4yail UMIyJabCcHOro (yZapHoro) maMeHeHus. bosblune mac-
COBBbIE CHUJIbl HEMOCPENCTBEHHO Ha XUIKOCTh HE JAEWCTBYIOT,
OIHAKO MT'HOBEHHOE WM3MEHEHHWE B JABUXKEHWU TpPaHUIl OyoeT
c03/1aBaTh OECKOHEUHO OOJIbIIME TPAJIUEHThl JaBJICHUS, KOTO-
pble TTOPOXXIal0T MTHOBEHHOE M3MEHEHWE CKOPOCTH KUIKOCTH.
Hwu cxopocTh TpaHUIIbl, HU CKOPOCTH XXUAKOCTU HE CTAHOBSIT-
cs1 OONBIIMMU BO BPEMST TAKOTO MU3MEHEHWUSI, TIOITOMY UJIEHBI
B YPAaBHEHUM MABUXKEHUST XUIAKOCTU, COMdEpXKallhe CKOPOCTU
WJIM UX TPAIUEHThI [0 KOOpAMHATAM, TPeHeOPeX MO MaJibl 10
CPaBHEHUIO C JIOKAJILHOM MPOU3BOAHON CKOPOCTH MO BPEMEHU.
CornacHo [Ix. batuenopy [13], UMIyJIbC CUJIbI, JEHCTBYIOLLIEH
Ha OCECMMMETPUYHOE TeJO C MJIOCKOW HOCOBOW YacThlO cpa-
3y K€ MOcJe MPSMOro yaapa o MOBEPXHOCTh XUAKOCTHU, PaBEH

4
§p2a3V0. PelleHue nonay4yeHo M3 paccMOTPEHUST MPUOIUKEH-

HBIX YPaBHEHUII NBUXKEHUS XKUIAKOCTU O€3 OrpaHMYeHus Ha
BSI3KOCTh KMJKOCTH (32 BpeMsl yaapa He YCIeBaeT MpPOSIBUTh-
cs). IlpeneOperast BsI3KOW AMCCHUIIAlIME, MOXHO IIOJIYYUTh
OLIEHKY HayaJIbHOM CKOPOCTH MPOHUKAHUs TeJa, MOJIb3ysCh
YPaBHEHHEM COXPAaHEHUsI UMITYJIbCa:

4
p]TCathO = p]nathn +§pza3V0 5 (4)

rae V,, — ckopocTb MPOHUKAHWA TENa B XKUIKOCTh (HaYabHast
CKOPOCTBb BHEIpEeHUST CTpyHU B OacceitH). M3 ypaBHeHUs (4)

4a
Vn=(1—E921)V0- (5)

Kak BugHO M3 BbIpaxeHUs: (5), CKOpPOCTb TMPOHUKAHMS
CTpyu (Tena), OTHEeCEHHasl K HayaJlbHOM CKOpPOCTHU (Ha TOMI-
XoIle K MOBEPXHOCTHM 0OacceiiHa), 3aBUCUT TOJBKO OT OTHOCH-
TEJbHBIX pPa3MEpPOB CTPYM (Tejla) M OTHOIICHMSI IUIOTHOCTEH
KMIKOCTU B OacceilHe M cTpyu (tesa). ToHKuME Tena MPOHM-
KaT 6e3 ymapa, JaXe eCJIM XKHIKOCThb OoJiee TIOTHAs, YeM
Teno. M B ciydae masoil MUIOTHOCTH XKMAKOCTU JIIOOBIe Tejia
MpoHUKAIOT B OacceliH 0e3 ymapa. Ho eciu Teio He TOHKOe
U XUJIKOCTh TOCTATOYHO TIOTHAS, TIOTEPU CKOPOCTH TeJsia TIPu
BXOXIEHUU B XUIKOCTH 3a CYET yaapa O IOBEPXHOCTb MOIYT
ObITh 3HaUUTEIbHBIMU. M3 (5) caemyeT, 4TO mpu

a 3m
;:Tplz =~2,355p, (6)

BCSI CKODOCTh Tejla TepseTcss BO BpeMms yhapa, a Inpu
a>2,355p;,h cKOpOCTb MPOHUKAHUS B KUIKOCTb CTAHOBUTCS
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OTPULIATEIBHOM, T. €. TeJI0O OTCKAKWBAET OT MTOBEPXHOCTH KUJI-
KocTu BBepX. PaccMoTpeHHast 0COOEHHOCTh HaYaJIbHOTO yYacT-
Ka BHEAPEHUSI BBICOKOCKOPOCTHBIX TeNl B KUIKOCTb MOKa3bl-
BaeT, YTO IpHU JI000I CKOPOCTU Teia B ciaydae (6) LUIAUHAD
OTIAeT BCIO KWHETUYECKYI0 SHEepPruio Mpu yaape O MOBEpX-
HOCTb, Y MapasoKc 3aKJII0YAeTCsl B TOM, YTO TE€JIO C MEHbLUEH
CKOPOCTBIO, HE JOIyCKalleld yrapa O MOBEPXHOCTb, MPOHU-
KaeT B XMAKOCTb ryoxe. Kak BumHO u3 (5), cyllecTByeT Tak-
e TpelieSIbHbII cilyyaii, Korna a>> P,/ (TOHKas MIacTHUHA,
yIapsIioIasicsl o TNIOTHYIO XUIKOCTh), M CKOPOCTh TeJia TTocie
yoapa mproopeTaeT MaKCMMaJbHO BO3MOXKHOE OTPHUIIATETHHO
3HAUYEHUE.

AHanu3 TMPOHUKAHUS Tl B XUAKOCTH TpeOyeT BO MHO-
TUX CIy4dasix Takxe ydyeTa Ko3(DhUIIUMEHTOB MPUCOSIMHEHHBIX
macc. CaenaTb 9TO MOXHO, BBeIsl B TIEPBbIi YJIeH ypaBHEHUU
(1), (2) NOMOJHUTENbHYIO MPUCOCAMHEHHYIO Maccy, KoTopas
U1 YAJIMHEHHOTO UMJIWHAPUYECKOro TeJla COCTaBisieT 00-
nee 0,2 OT Maccel XUIKOCTU B 00BbEME IBUXKYILUErOCs Tea;
IJIs Wapa, cooTBeTCTBeHHO, 0,5, a IJ1s M1acTUHBI nopsiaka 1.
ITockosnbKy BO MHOIMX CilyyasXx P, <1 (Hampumep, oTHoOLIE-
HHU€ TUIOTHOCTEN XWIKOCTH U CTalld Pj, z1/7,8), IUISE TOH-
KUX (YIJUHEHHBIX) Tesl KO3(POUIMEHTH TPUCOeTMHEHHBIX
Macc MOXHO He YUYMTBIBaTh. JIJIsT 3aTyTNJIEHHBIX TeJl BIUSHUE
TMPUCOETMHEHHBIX MACC MOXET OBITh 3HAYUTEIbHBIM. Tak, st
mapa go0aBka K Macce ABMKYIIETOCs TeJla COCTaBIISIET TIOPSII-
Ka 6 %. [1pu BHEAPEHUU B XUAKOCTb HU3KOI TJIOTHOCTHU (ra3)
yaapa o MOBEPXHOCTb HET U BIUSIHUE MPUCOEAUHEHHBIX Macc
Masio. B HeKOTOpBIX ciyyasix HEOOXOAMMO YUMTBHIBATh TaKXkKe
BJIMSIHUE TOJICOCA BO3AyXa MPW BHEAPEHUU CTPyU B OacceliH,
HO 3Ta 3a/aya MPeACTaBISIET OTAENbHBI MHTEPEC U 3[1eCh He
TIPUBOIUATCS.

PaccmartpuBaercs 3agada Komm mist nuddepeHmaaibHOTo
ypaBHeHUs (2) ¢ HAYaJIbHBIMM YCJIOBUSIMU

1=0,x=0%_y )
dt

rae V, 3anpaercs no dopmyiie (5) npy Haauuyuu yaapa (3ary-
JIEHHOE TeJI0, BHEAPSIOLIEeCs] B MIOTHYIO XUJIKOCTb MPU OO0JIb-
LIMX CKOPOCTAX) Ui V, =V, (TOHKOE TeJIO WJIM 3aTyIUIEHHOE,
HO JIBMXYILEECS CPAaBHUTEIBHO MENJIEHHO JMOO B Cpele Ma-
JIOM TUIOTHOCTH, KOTJa TeJIO BXOAUT B KMIKOCTH IUIABHO).
YpaBHeHue (2) ynoOHO MPEACTaBUTh B TAKOM BHJIE:

2 2
i;+aAFE)+gm2+C:O, ®)
dt dt

tne A=py,/h;C=b/h—g; Ax=p;, =const pu x> hx>h.
HenuneitHoe nuddepeHuunanibHoe ypaBHeHUe (8) umeer
aHAJIUTUYECKOE pellleHre, KOToOpoe OyIeT pacCMOTPEHO U Mpo-
aHaJIM3UPOBAHO HUKE. YpaBHEHME MPEJICTaBICHO B pa3MEPHOM
dopme, HO Bo MHOrux ciyyvasix 6espasmepHasi popma 3anucu
YpaBHEHUMI TpeINouTUTEeIbHA BBUAY €e Oojiee 0oOLIero mpe-
cTaBJieHUsl W npuMmeHeHus. [loaTomy 3anuiiem najee 3agady
Kommn (7), (8) B 6Ge3pasMepHOM BuIEe, OTHECS CKOPOCTh K Vj,
paccTosiHue — K paamycy CTpyH a, BpeMs — K BelTndnHe afl

dx - dv o1 — _

—=v, —=—|eap, v +—=(xep,, +b—1)|, x<1/e; (9
r a7 P21 Fr2( P21 ) [e; )
(10)
[Jle TOC/ENHMI WIEeH BO BTOPOM YpPaBHEHHH cucTeMbl (9) Mpu
X¥>1/e pasen (py —1)/Fr2; Fr? = V2 [(ga); Fr — uncio

7=0, ¥=0, v=1,,
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®pyna; € =a/h — OTHOLIEHUE paauyca UMIMHIPA K €ro IJu-
He; b =n/Vy — OTHOlIEHUE MOTeHIMAIbHOI 3Hepruu 00-
pasylollerocs mnapa K KMHETUYECKOH 3Hepruu crpyu; v, =1
win v, =1-4ep, /(3n) (B ciyuae ynapa crpyu o CBOGOI-
HYIO TOBEPXHOCTh XMUAKOCTU B HavyaJbHbIii MOMEHT BHeIpe-
Husl B OacceiiH). Yeproukamu B O6e3pa3MepHOil MaTeMaThye-
ckoit mogenu (9), (10) o6o3HaYeHBI Oe3pa3MepHbIC BEIUUNHEI.
YpaBHEeHHE BTOPOTO TMOPsIAKA 3aMCAaHO B BUIEC CUCTEMBI JABYX
ypaBHeHU T TiepBoro nopsiaka. HauanwHbie ycnoBus (10) Boipa-
JKalT, YTO Ha TOBEPXHOCTH OacceiiHa B HAYaJTbHBI MOMEHT
CKOPOCTb CTPYU paBHa CKOPOCTM Ha TMOAXONEe K OacceiiHy 3a
BBIUYETOM TOTEPU Ha yaap O MOBEPXHOCTb OacceitHa (ciemyst
bartuenopy).

MaremaTtuueckas mozaeinb (9), (10) nomyckaeT ynpolieHHble
aHAJUTUYECKUE PELIeHNUs U B OOIIEeM clyyae JIETKO peajin3yeT-
cst Ha OBM 1711 cuTyallMOHHOTO MOJEIMPOBAHUSI B ILIMPOKOM
nuana3oHe BapbUpyeMbIx MapameTpoB. OHa TO3BOJISIET Hal-
TU OCHOBHBIE 3aKOHOMEPHOCTU MPOHUKAHUS CTPYM pacliaBa
B OacceilH B 3aBUCMMOCTM OT OTHOLIEHUSI TJIOTHOCTEW KMI-
KOCTell cTpyu U OacceiiHa, TeMIepaTypbl pacrjaBa (I1aBaeHUs
napa), 6e3pasMepHoro Kputepus — uucia ®pyna, BeIpaxkao-
1IETO OTHOIIeHNE WHEPIIMOHHBIX CUJ K TPABUTAIIMOHHBIM CH-
JlaM, U Ipyrux mapameTpoB. M3 pemrenus 3amaum Komm (9),
(10) onpenensiioTcst 3aBUCUMOCTH TIIYOMHBI TPOHUKAHUS CTPY U
B 0acceilH UM CKOPOCTM TMPOHUKAHUSI Kak (QyHKIUU Bpeme-
Hu. be3pa3mepHasi MoieIb ONMHAKOBO MPUTOAHA [JIsSI JTIOOBIX
cllyyaeB BHENPEHUsI CTPyU OJHOMN KUIKOCTU B MPOCTPAHCTBO,
3aHSITOE APYTOi XUIKOCTbIO, UM TBEPAOrO Tejla B XUIKOCTh
b0 B TBEPIOE TEJNO, HE3aBUCUMO OT KOHKPETHBIX CBOICTB
marepuajioB. [IpumMeHeHHWe MOAEAW OrpaHUYEHO TOJBKO CO-
OJIToIEHWEM YCJIOBUI M OCHOBHBIX TOMYIIEHWI, KOTOPBIE OBLIN
TTOJIOXEHBI B OCHOBY TIpH ee pa3paboTke. [aree pazpabotaHHast
MOJIeTb BHEIPEHUST BBICOKOTEMIIEpaTypHOU CTpPyW B OacceilH
OXJIAIUTENST TIPUMEHEeHa [JIs aHaJin3a OCOOEHHOCTEN TPOHU-
KaHUsl CTPYU KOpUyMa B MOJAPEAKTOPHBIN OacceiiH ¢ BOJIOM.

PelwieHune 3agaum pacnpocTpaHeHus
TONCTON CTPYM B UCNapsIOLWEeMcs oxnaaurene

AHanuTtnyeckue peuleHus IUddepeHInaTbHOro ypaBHe-
HU (8) UMEIOT BUJ:

X OLpZI b
—=v,t -t >l——); 11
u Yit8| Yy (Cl P J pu Py oh (1n

dx 0Py b dx
— = —vy,cth ——=f <l-—, —>7v,;(12
7 Yocthi ¥, (Cz 4 TIPU P ah i ¥25(12)

@=—thh 72(03 +ﬂt) MpU Pyy <l——,

dx
—<v,,(13
I ” Y2,(13)

rie 712 >0; y% > 0; ¢, ¢y, c3 — KOHCTaHTBI, OIMpefiesieMble U3
perieHus mpu x < 4 :

e
cth Z:T,
e

th z=1/cth z — runep6onuyecKre KOTAHTEHC

u TaHreHc. Boipaxxenus (11)—(13) npeactaBasioT npeaebHblid
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ciydaii ooiero peiieHus ypasHenus (8) mpu x > h. [TockonbKy
KOHCTAHTbl MHTETPUPOBAHUS MOXHO OIPEAETUTHh TOJIbKO W3
COMpSIKEHUsT ¢ pelieHueM IudGepeHIInalbHOr0 ypaBHEHUS
(8) mng x <R, maHHbIE COOTHOIICHMS HAIOT JMIIb BO3MOX-
HOCTb KaueCTBEHHOIO aHajiu3a pelleHusl 3alayd Ha ydacTke
X>h ¥ MOTYT OBbITh IOJIE3HBI JJIS YCTAHOBJIEHUS aleKBaTHOC-
TH TOCTPOEHHON MaTemaTuyeckKoil monenu. [Ipu nocratouHo
IUIOTHOM XMAKOCTHU, a TaKXe CKOPOCTM HUXKE KPUTHUYECKOM
cTpys (Teso) MPOHUKAET Ha ONpeNeeHHYIO TIyOuHY, a Nnpu
JIOCTaTOYHO BBICOKOW CKOPOCTM Ha OOJIBIIOM PACCTOSSHUU OT
TTIOBEPXHOCTHU OacceifHa B cirydae, KOrma IMJIOTHOCTh XUIKOC-
TH HUXe KPUTUIECKOU, TEJIO ABUXKETCS C TTOCTOSTHHOU CKOPO-
CTbIO 7Y, IO OeckoHeuHOCTU. [yt Gosiee MOAPOOHOro aHaIu3a
3aKOHOMEPHOCTEN BHEAPEHUSI Tela B XXKUAKOCTb MPOUHTETPU-
pyeM ToJiydyeHHbIe MpocThie nuddepeHnanbHble ypaBHEHMS
nepBoro nopsinka (11)—(13). B pesynbrare nojydyum cienyro-
LIM€ BBIPAXEHWS IJIS1 IYOMHBI BHEAPEHUSI CTPYU:

_Oﬁpzlt) +d
h b

x= (14)

In|cos| v, (cl
Upa

Injexp yz(cz—%t) —exp yz(ﬂt—cz) +d,,

x:
0Py

(15)

<1—i ﬁ> ;

P21 oh’ di Y25

0Py 0Py

xX=- Injex o +—=t||+exp|| —V,| —=t+c; |||+ d;5,
Dy p Y2(3 i ) P Yz( 3) 3
b dx (16)

<l—-——, —<v,,

P21 gh’ dt V2
rae d,, d,, dy — KOHCTaHTbl MHTErPUPOBAHMS, MOMJIEKALIME

ONpPEACTCHUIO U3 COMPSIKEHUsT KaXIO0To U3 MOJYYEHHbIX YacT-
Hbix perreHuit (14)—(16) ¢ obwuM peleHrueM ypaBHeHUs (8)
WM U3 BKCIEPUMEHTa (QHAJIOTUYHO — C KOHCTAHTAMU WH-
TETPUPOBAHUS C|, C,, C3). IIpy HaNIMUMKU NapoBOTO B3phbIBa
r1yOrHA TIPOHWMKAHUS CTpyu (Teja) M CKOPOCTh IBUKEHUS
CHMXAIOTCs, MPUYEM B CJly4yae BBICOKOTEMIIEPATYpPHOU CTpyU
(pacriaB simepHOro TorauBa) 3(deKT MOXET ObITh HACTOJIBKO
3HAUMUTEJBbHBIM, YTO TIOJTHOCTBIO OMPENeUT Bech rnpotecc. [1o
MHEHUIO MHOTMX aBTOPUTETHBIX B JJAHHOW OOJACTU MCCIEeNO-
BaTeJieil, UMEETCs Jlake BO3MOXHOCTb [MapoBOro B3pbiBa, MPU
KOTOPOM pacIlJiaB BbIOpachiBaeTcs MapoM U3 GacceitHa B OKpY-
Karolee MpoCTPaHCTBO.

Jlanee paccMaTpuBaeTCsi aHAJUTUYECKOE pelleHre 3aJauu
BHEJIPEHHUS CTPYHU pacrijiaBa B 6acceilH ¢ OXJIauTesIeM C Ucra-
peHueM oxyagutens. B oOuiem ciyudae HenuHeiiHoe nudde-
peHIMaNbHOe YpaBHeHUe (9) MOXHO MPEACTaBUTH B BUIC

ﬂzV’ dV
dt

Ay +gax+C), (17)
OTKYJa CJelyeT, C y4eTOM paHee BBEICHHBIX BbIPaKeHUIt
An C cKOpOCTb MMeET TEHAEHUMIO K YObIBAHMIO BO BPEMEHM,
3a UCKJIIOYeHUeM ciaydyasd Ax<l1, T.e. x<hp,,, 4TO COOT-
BETCTBYET HAYANLHOMY YYacTKy, AIsl KOTOPOTO BHINOMHSAETCS
yernosue oAV +g(Ax—1)+b/h<0,1. e V< gh(l—pyy )-b
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O pacrnpocTpaHeHUM CTpyii paciijiaBa B GacceiiHe UCIapsIIOLIEerocs OXJIaauTess

npu x2h umn V2 >gh(1—p21)—b npu x<h. U3 ananu-
3a TIOJIOKMTEIBHOCTH BBIPAXKEHMST B CKOOKAaX, KOTOPOE MOXKET
HapyIIaThcsl TOJIBKO B ciydae Ax <1 W IS KOTOpOro jaaiee
BBIBOJIUTCSI YCJIOBKME, BUHO, YTO B CJIy4ae JOCTATOUHO OOJb-
1IOTO BJIMSIHUSI TIAPOBOIO B3pbIBa 3TO YCJIOBHME, PACCMOTPEH-
HOE 3/1eCh KaK WMCKJIIOUeHWe, HEBO3MOXHO, TaK KaK MOJIKHO
ObITh gh(l—p21)>b (mpu x> h) unu g(h—pzlx)>b (npu
x<h).

Cucrema nuddepeHIManibHbIX YpaBHEeHUN (9) MMeeT oco-
OyI0 TOYKY X, = (I—E)plz/e , Vo =0, 4TO B OTCYTCTBHE MNa-
POBOTO B3pBIBA JAET Xj = Pi, / €, vy =0. C yyetom TOro, 4ro
cuctema (9) crpaBemiMBa Ha ydacTke )?31/5, ocobas Tou-
Ka BXOIUT B O0JIACTb OMpE/CICHUSI, T. €. SIBJISICTCS PeaibHOIA:
Py =1-b nocne tTouku X =1/e. Eciu py; <1—-b , 10 oco-
6o0ii Touku He Oyner. be3 mapooGpa3oBaHus (17 =0) ocobas
TOYKa OTCYTCTBYET, €CJIW >KUJIKOCTb MeHee IJIOTHas, 4eM
cTpys (teno). [Tapoobpa3oBaHue CHUXKAET 3TOT MOPOT BILIOTh
IO HYJISI, BOBMOXEH JaXe BhIOPOC Tejla U3 KUIKOCTHU 3a CUeT
MapoBOro B3pbiBa (5 >1). Ilpu oTCyTCTBUU MapooOpa3oBaHUST
ocobasi TouKa JABUXKETCS BIIYyOb XKUAKOCTU (IJyOMHA TMPOHU-
KaHMSI TeJla YBEJIUYMBAETCS) C YMEHbIIEHUEM OTHOCHUTEIbHON
TOJILLMHBI TeJIa U OTHOILEHUS TUIOTHOCTE! KUJIKOCTH U TeJa.

Btopoe ypaBHeHMe aBTOHOMHOI cuUcTeMbl (9) MOXHO pas-
NIEJIUTh Ha MEPBOE U MOJYUYUTh ypaBHEHUE (ha30BbIX TPAEKTO-
pUii paccMaTpUBaeMOM CUCTEMBbI

dv _ eopy Friv? +epy ¥ +b -1
dx Frv

(18)

C T'PAHUYHBIMU YCJIOBUAMU

19)

X=0,v=9,.

YpaBHeHue nepBoro nopsaka (18) kaxmoit Touke (x,V)
CTaBUT B COOTBETCTBUE HAKJIOH TIPOXOSIIe yepe3 Hee KPUBOiA
dV/d)_c. [Tony4aroleecs moJie HampaBJIeHU# («M300pakeHUe»
nuddepeHInaIbHOTO ypaBHEHUST Ha (Ha30BOI TJIOCKOCTH)
MO3BOJISIET TIOCTPOUTDH (ha30BbIil MOPTPET CUCTEMbI B BUJIC Ka-
4eCTBEHHOI 0600LIEHHOI KpHBOii V (X) 1 OTCIONa ONpeneanTs
pelieHre ypaBHEHHU S TI0 3aIaHHbIM HayaJbHbIM 3HAYCHUSM X
U V. MOXHO HauaTh C MOCTPOCHUsSI F€OMETPUUYECKOTO MecTa
TOYEK TOCTOSIHHOTO HAKJIOHA dV/dX=m (M30KJIUHBI, TUHUU
pPaBHBIX TPAJMEHTOB CKOPOCTU MO HAIMPABICHUIO IBUXEHUS
CTpyu uiu TBeprnoro Tena). C yueToM U3JI0KEHHOTO

g0y Fr*v? + mFr’v +b +epy x—1=0,
OTKYyJa

—mFr +\m*Fr? —4eopy; (1;+ €Py X — 1)

2e0p, Fr

Via = (20)

Crnenys (20), MOXHO ONpeACJUTh YCIOBUE ACUCTBUTE/Ib-
HOCTHU CKOPOCTM MPOHUKAHUS CTpyU Uiau Tenaa (real v ):

2p.2 2p.2
F — F
y<ym=P2 1+up12_b :;0+up122. Q1)
€ 4oe 4o’
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Ycnosue (21) onpenensieT MaKCMMaTbHO BO3MOXHYIO TITyOUHY
MPOHUKAHUS CTPyU B OacceilH (Tesia B KUIKOCTh) MPU Pa3HBIX
napamerpax. [Tpu m =0 (CKOPOCTb HE MEHAETCA IO X ) Xx = X .
B ocoboii Touke X =X, CKOPOCTb paBHa HYJIO M CTPysl OCTa-
HaBauBaeTcsa. OmHaKo Mocje 3Toro 0Oojee IJIOTHasl CTpys,
yeM XUAKOCTh B OacceilHe, MOXET MPOIOJKUTh BUXEHUE
3a CcYeT TpaBUTALIMOHHBIX CWJI BHM3, a B cllyyae Oosiee MIoT-
HOI XuIKOCTU B GacceitHe — BBepx. Ho B mocieqHem ciyuae
CTPYSI TIPOCTO PACIPENETUT Cs TT0 OacCeiiHy 1 TIPeKpaTUT CBOE
CyIIIeCTBOBaHMWE KaK TaKoBas, B TO BpeMs KaK TBEPIOE TeJo
OyJeT MpoaoJIKaTh IBUXKEHUE.

[lpy HaMWUUM TAPOBOTO B3pHIBA YYACTOK TIOTPYXEHUS
CTpyu (Teja) MOXET ObITh KOPOTKUM. EcCiM OLIGHUTH €ro mo
MaKCUMaJbHOMY TPAJUCHTY B HauaJie MOrpyXeHusi, Koraa

_oepy VPl +b -1
Fr217n

my = , 22)

yCJIOBUE HEMPOHUKAHMSI Teja B XHUAKOCTH HMEET BUI
by = 1+0c£p21Vn2Fr2 , OTKYyJa C YYETOM yIapa O IMOBEPXHOCTh

2
b =1+ 0gpy Fr? (1—;‘—2;)21) . (23)

JLJ151 TOHKOTO TeJla U MaJIOH MJIOTHOCTHU XKUAKOCTH (€P,; <K 1)
u3 (23) caenyet

b :1+ocsp21Fr2,

YTQ MPU MaJbIX CKOPOCTSX CTpyu (Tesa), Korma Fr’ =1 nm
Fr’ <1 , BBIPAXXAeT ypaBHOBELIMBAHNE Beca CTPyH (Tesa) AaB-
JleHreM TapoBoro noroka. [1pu Fr® > 1 Benuuuna b: Moxer
3HAYUTETHHO MPEBHIIIATH AUHUILY.

s yucaeHHoOro peiieHus kpaesoi 3agauu (18), (19) u BbI-
YUCJIUTEIBHOIO 3KCIepuMeHTa Ha DBM mocTpouMm BHavaje
U30KJIMHBI, YUUTHIBAsI, YTO MapaMeTp m U3MEHSIeTCs OT 3Haue-
HUSL m B HayaJle Ipoliecca BHEAPEHUs CTpyU B bacceiiH 1o 0,
IIPUYEM 7y MOXET ObITb U IOJIOKUTEIbHBIM, KaK 00Cyxnia-
JIOCh paHee (pasroH 3a CYET 3HAYUTEJIbHBIX apXMMEIOBBIX CHJI
WJIM TIapoBOro B3pbIBa). OUEBUMIHO, YTO M30KJIUHBI SIBISIIOTCS
mapabojilaMH 10 CKOPOCTH TTPOHUKAHMST CTPYU B GacceiiH:

7= P2 (1_5)- P2 ey o7 04)
€ €
Hccnenosanne Gpynkuuu (24) Ha 3KCTpEMyM IO V moka-

3bIBaCT, YTO MAaKCUMyM X (V) paBeH paHee HailcHHOMY 3Ha-
yeHuo X« (21):

®. To=_Pi2

2
2e0 25)

Kak BunmHO m3 (25), MakcuMabHas TIIyOMHA MPOHUKAHUSI
cTpyu (Tena) B 6acceitn ipu m < 0 (yObIBaHME CKOPOCTH TTO X )
Oyner Takoil ke, kak n npu m>0. OTInYMe COCTOUT JINIIb
B TOM, YTO B NEpBOM ciy4ae Vi >0 (IBMXXEHME BHM3), a BO
BTOpoM — Vi <0 (mBukeHue B OOpaTHOM HampaBjeHUHU), T. €.
Tejo 1100 3aMeasIsieTcsl 10 TOUYKM OCTAHOBKM U 3aTe€M HIET
BBEpX, JIMOO OCTAeTCS HEMOABMKHBIM B TOUKe X = X« (Vi =0
npu m>0). UHTepecHO, UTO Yepe3 TOUKY X, IPOXOAAT BCE
(azoBbie TpaeKTOpUU crcTeMbl. [10 MpeacTaBjIeHHBIM JaHHBIM
MOXHO M3YyUYWUTbh BCE BO3MOXHbBIC BAPUAHTHI Pa3BUTUSI CUCTE-
MBI TP U3MEHEHUN €€ TTapaMeTpPOB.
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MopaenupoBaHue oxnaxaeHus
o6pa3y|ou.mxcs| B 6GacceiiHe kanesnb pacnnaea

CBOOOMHbBIE TIOBEPXHOCTU CTPYHW TMOABEPXKEHBI BO3MYIIE-
HusM. TIpu HapacTaHUKM BO3MYIIEHUI OT TIOBEPXHOCTU CTPYH
OTAENSIIOTCS Karlli, KOTOpbIe 3aTeM MOTYT B CBOIO oOuepelb
pacraaatbes Ha 6ojiee MeJKue Kariu. TTocTerneHHO Ha OTAeb-

Hble (DparMeHThl M Karlu pacriajgaeTtcs BCsi CTpys. SIBieHue
JIUCTIEPIrMPOBAaHUSI CTPYU Ha KarllM, WX MOCJIEAYIOIIee OXJIax-
JIeHWE M 3aCTbIBAaHHUE, a 3aTeM OXJaXKIEHWE 3aCTbIBILIMX 4Yac-
THI — CEPbe3Hble CAMOCTOSITEIbHbIE MpoOJeMbl. B maHHO
paboTe KpaTKO aHaJIM3UPYETCsl MPOLECC OCThIBAHMS KaIllu,
MOCKOJIBKY OH JIMMUTHUPYET WMHTEHCUBHOCTDL OXJIaXKICHUS
pacIuiaBa KopryMa B MOAPEAKTOPHOM OacceiiHe OXJIaIuTels.
YuclieHHOe pelleHre TPEeXMEepPHOM HeCcTallMOHApHOW 3azauyn
TETIONIPOBOAHOCTY JIJIST YAaCTUIIBI PEIIajioch B CIEAYIOIIeit
MOCTaHOBKE:

dT;
;)1(:7t1 = div (k-gradT; )+ ¢ ; (26)

(=0, T =" exp(-x? =7 ) 22 4y2422 =1, =10, 27)

rae kK — Ko3Gh@GULIMEHT TEIJIONPOBOAHOCTU SIIEPHOTO TOILIU-
Ba (3aBMCMMOCTb OT TEMIIEpaTyphl MpEACTaBJIeHa Ha puc. 2);
q= 108/ (4/3-3,14) — WHTEHCUBHOCTb BHYTPEHHUX TEIJIOBbI-
neneHuid B TorumnBe (Bce enmHuibl B CU); ¢ = 2849 — ynmens-
Has TenjaoeMKkocTh; Py =8000; 7; — TemmepaTypa TOIUIMBA.
KoahGuiumeHT TerIonpoBOAHOCTY — HEJWHEWHasT (QyHKIIUS
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Puc. 3. PacyeTHas ceTka A7 YaCTHIILI TOIIMBA (CNIeBa) U TEMIIEPATyphl B MJIOCKOCTH yZ YacTULel ipn =10, x =10

BT/g“{;g} = 3.49E-10x° + 3.43E-06x2 - 9.64E-03x + 1.07E+01
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Puc. 4. Pacnipenesienre TeMriepaTypbl B TUIOCKOCTH Xy yacTuiibl ipu z = 0,5 (ciea) u mo nonycdepe yactuust, ¢ = 1,0
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O pacrnpocTpaHeHUM CTPyii paciijiaBa B GacceiiHe UCIapsIIOLIerocs OXJaauTess
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Puc. 5. Pacnipenenenue Koah@uiiMeHTa TENJIOMPOBOAHOCTH B IJIOCKOCTH yz yacTuibl ripu ¢ =1,0,
x =0 (cnesa) u Temmneparypbl B IJIOCKOCTH yz YacTullpl npu ¢ = 600, z=10,5

TeMrepaTypbl. B HayajabHBII MOMEHT BpeMeHU TeMIlepaTypa
3a7laHa B BUZle SKCIOHEHIIMAJTBLHOTO paclpene/ieHus, yObIBa-
HUE UJET OT IEeHTPa K MOBEPXHOCTU YaCTUIIHI TOTIJIABA.

Pemenue mocraBiieHHOUW HETWHEIHOW TpeXMEpHOIl Kpae-
BOI 3a7auM [IJisl ypaBHEHUsI TeronpoBogHoctu (26), (27) mo-
JIy4eHO YUCJIEHHO METOIOM KOHeuHbIX o0beMoB. [Iporpamma
IS KOMIMBIOTEPHOTO MOJEJIUPOBAHUSI COCTaBJI€HA B Cpelie
miatdopmbl FLEX PDE. PesynbraThl pacueToB npeacTaBIeHbI
Ha puc. 3—5.

Kak BuaHO M3 puc. 2, 3aBUCUMOCTb KO3(h(UILIMEHTA Ter-
JIONIPOBOIHOCTHU OT TeMITepaTypbl 3HAUMTEbHA, OAHAKO B AUa-
MMa30He peajbHBIX TeMIepaTyp IMpu Tskesoil aBapuu Ha ADC
OHa MeHee CYIIeCTBEHHa M MaJio BJIWSIET Ha pe3yJIbTaThl pac-
YETOB, UTO CJIEAYeT M3 PUC. 3—5, COOTBETCTBYIOIIMX MOMEH-
taM BpeMeHu 1,0 u 600. DBosoLMIO TOJEH TeMIepaTypbl Ha
oTpe3ke BpeMeHU OT 1 1o 600 MOXHO HPOCIEIUTH IO MOJY-
YEeHHBIM JAaHHBIM KOMIIBIOTEPHOTO MOJEJUPOBAHUS AJISI MO-
MeHTOB BpemeHM oT ¢ =1,0 mo ¢#=600. HeTpyaHo 3aMeTUTh,
YTO Ha yKa3aHHOM WHTEpBaJie BPEMEHU U3MEHEHMWSI CUCTEMBbI
He3HauuTeabHble. [lo MoNydYeHHON METOAMKE MOXHO IMpOBEC-
TU AETaJbHBIE PacyeThl B KaXXIOM KOHKPETHOM CJyyae W BBbI-
TTOJTHUTH OLIEHKY TTapaMeTPOB CUCTEMbI ITACCUBHOI 3aIIIUTHI OT
TSIKEJIBIX aBapyid.

BbiBOAbI

PazpaboTtanHble MareMaTHuecKUe MOAEAU BHEAPEHUs BbI-
COKOTEMMEepaTypHbIX CTPYH pacriaBa B OacceiiH HcHapsiio-
LIETrocsl OXJIAAUTENSI, MPUTONHbIE TaKXKe IJISI MONEIUPOBAHUS
BHEIPEHUSI BBICOKOTEMIIEPATYPHBIX TeJd LUJIMHAPUYECKON
(opMBI, MO3BONIUIN YCTAHOBUTH OCHOBHBIE 3aKOHOMEPHOCTU
Takux cucteM. [lomydyeHHBIE pe3ynbTaThl MPENCTABIEHBl B BU-
e pa3MepHbIX W O6e3pa3MepHbIX KPaeBbIX 3aJay U UX aHaJIM-
TUYECKUX PELIEHUI ISl psifa NMPEaebHbIX CIydaeB, NalInuX
MOHUMaHUE OCOOEHHOCTEH u3y4yaeMoll CHUCTEMBI UM B3aUMO-
BJIVSTHUST PA3HBIX BAPbUPYEMBIX TTapaMETPOB.

[MocnenHnee BaXXHO BBUAY OTPAHUYEHHBIX BO3MOXHOCTEN
npoBeneHus: (puznveckux, a TeM 0ojee — HATYypHBIX UCIbITA-
HUM U181 CUCTEM IMACCUBHOM 3alUUTBl OT TSXKEJbIX aBapuii Ha
ADC. B pealbHbIX CUTYyallUsIX, K COXAJICHUIO, BapbUPYEMOCTh
MapaMeTpoOB OYEHb BbICOKA, TOCKOJIBbKY, HAUMHAsI C (PU3MYECKUX
CBOWCTB pacrjaBa KOpPUyMa, HEONPEAENEeHHOCTb WCXOMHBIX
MAHHBIX TP MOJEJIVPOBAHUU TSIKEJIBIX aBapuil HEyCTpaHUMa
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¥ TIO3TOMY TpeOyeT CUTYallMOHHOTO MOIEIMPOBAHMS IS yCTa-
HOBJIEHUSI TIPEIEJIOB BO3MOXHOTO pa3BUTHUs coObITHil. Pacuer
da3zoBoro mopTpera ucCiemyeMoOil CHCTEMBI TO3BOJISIET yCTa-
HOBUTH Haunbosee oOIMe 3aKOHOMEPHOCTU €€ Pa3BUTHUS. DTO
YCTpaHSIET HEOOXOAMMOCTh AETaJIbHBIX PACUYEeTOB B IIMPOKOM
JIMara3oHe BapbUPyEeMbIX MapaMEeTPOB, TaK KaK MOXKHO BHavaJse
BbIOpaTh TOJBbKO Haubojee MHTEPEeCHbIe BapUaHThbI, OTOPOCUB
HepeasbHble UJIM HEMHTEPECHBIE ¢ KaKON-TM0O0 TOYKM 3PEHMUS.
Hanpumep, 13 Mojay4yeHHBIX Pe3yJbTaTOB MOXHO ONPEIEIUTh
MaKCUMaJIbHYIO TJIyOMHY NpOHMKaHUs cTpyud (Tena) B Oac-
CellH M YCTAaHOBMUTH INMapaMeTphbl, TIPU KOTOPHIX 3TO BO3MOXHO.
Mmes mipencTaBiaeHHBIM apceHasn pa3pabOTaHHBIX Pa3MEPHBIX
1 6e3pa3MepHbIX MaTeMaTUYeCKUX MOJeJell BHEIPEeHUS BBICO-
KOTeMTIepaTypHBIX CTPYH B 0acceiiH MCIapsiiolerocsl OXJiaau-
TeJsl, MOJyYeHHbIe aHAJUTUUECKHUE PELICHUs] M YIIPOIICHHBIC
GopMyIbI ST psaa MpeaebHBIX CydaeB, JETKO MpeacTaBUTh
KapTUHY TIOBEIECHUSI CTPyU B OacceliHe W BBIYMCIUTH KPUTH-
yeckue I paboThl MACCMBHOM CHUCTEMblI 3alllUThl OT TsXkKe-
JIBIX aBapuii 3HaYEHMsI MapaMETPOB: MAKCUMAJbHYIO TIIYyOMHY
MNPOHUKAHUSI CTPYyU B OacceilH, LIMPUHY 3aHMMAeMOi paclliu-
psitolieiicss B OacceliHe cTpyeil o0JjacTu, pasMep IUCIIEePCUid,
MoJTyJaeMbIX TIpY pacraje CTPYM Ha KaIlIh U IOCIeAYIoLeM
JMaJbHENIeM pacrajze Kareab Ha Oosiee Melakue Karumu. Ecnu
mIyOWHA TTPOHUKAHUS CTPYM OIpenessieT TpeOyeMylo IiyOuHy
OacceifHa (TTOCKOJIBKY PaTMOAKTUBHBIN pacriaB Kopuyma He
JIOJIXKeH BCTYIIaTh B KOHTAKT ¢ JHUIIEM OacceiiHa), TO pa3mep
00pa3yIoIIMXCS Karedb ¥ IUPUHA 00J1aCTH, 3aHUMAEMO CTpy-
eii U KaruisiMy B OacceiiHe, TMMUTUPYET MPOLECC OXJIaxKACHUST
Karmejab U MPOoLEecChl UX MOCAEAYIOIIEro 3acThiBAHUS U 3aTBEp-
nesaHus. [locienHee ompeaensieT MHTEHCUBHOCTb U KayeCTBO
KOHTPOJMPYEMOT0O OXJaxKJIeHMsI pacrjaBa KOpUyma, YTO Bax-
HO JIJISI YCIIELTHOTO BBIMOJHEHWSI OCHOBHOM 3a/1a4y MacCUBHOM
cucteMbl 3a1uThl ADC OT TsIXKesoi aBapuu.
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