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NCCJIEJOBAHUE CXOONMOCTHU JIATPAHYKEBO-SMJIEPOBBIX
PASBHOCTHBIX CXEM HA IIPMMEPE 3AJJAYM "BLAST WAVES"

C. M. Baxpax, 1. 0. Bezpykosa, B. ®. CnupuzoHos
(POAI-BHUUD D)

Pabora nocesiena HCCIEIO0BAHNIO TOYHOCTHE M CXOZAMOCTH PA3HOCTHBIX CXEM Jarpamske-
BO-3HNIePOBOif MeTOOHKHK Ha npuMepe 3ana4n "Blast Waves", orpaxaroueil niockoe ofHO-
MEpHOEe B3aMMOJEUCTBYE IBYX YIAPHLIX BOJH Pa3HON WHTEHCHBHOCTH.

IlpemcraBneHo 4YucieHHOE HCCIENOBAHHE TPEX 3HJIEPOBLIX PA3ZHOCTHBIX CXEM.

Pacue-

THI OPOBOJMJIHCH B TPEX DAa3/JHYHBIX NOCTAHOBKAX — 3HIepoBoil (Ha HENOABHXKHOH CeT-
Ke), NarpaHKeBo-3iJ1epoBoil (IarpaHIKeBsl TOUKH COOTBETCTBYIOT HAYATLHOMY TIOJNOMKEHHKIO
POHTOB yIAapHBIX BOJH) H C IPAMEHEHHEM METOJA KOHUeHTpauulk. B kadecTBe pe3ynsTaTop
NPHBOAATCA 3HAYEHHUS IOrPElIHOCTell NJIOTHOCTH B MHTErpalibHOR HopMe L Ha KOHEYHbIH
MoMeHT Bpemens ¢ = 0,038, a Takyke nonyd4eHEsle B JAHHBIX PACYeTaX NOPSIKH CXOXAMOCTH.

BRrenenne

B nocnempee BpeMs B CBA3H ¢ pacTyued mo-
TPeOHOCTBIO NPOBEJEHHA CYIUECTBEHHO TpEeXMep-
HBIX pacdeTop Bce Oojee akTyasbHON CTAHOBHTCA
npobiemMa HCCIEHOBAHAA ¥ TOBLILEHUS TOYHOCTH
aitiepoBeix cxeM. Ocobwlit wiTepec BhI3Basa pabo-
Ta [1], B KOTOpOIi, MOMEMO HCCIIENOBAHKA KOHCEPBa-
THBHBIX CXEM, B KA9ECTBE IPHMEPa OTCYTCTBHS CXO-
JUMOCTH IPHBOAKTCS PACYET IO HEKOHCEPBATHBHOMN
sinepoBoi cxeme. B pabore [1] B kauecTBe TECTO-
BO# 3aJa4u BLIOpAaHA HIKPOKO H3BECTHAA B 3apy-
bexxubix nybnukannax 3amagda Blast Waves", o1-
pakaomas IUIOCKOe OJHOMEPHOE B3auMOAeHCTBHE
aByx yaapubix BoaH (YB) pasroi#i mHTeHCHBHOCTH
B OLHODPOAHOM BewecTee [2].

B meronmke [3], mpeanasmavenHoi juisi pacde-
Ta ra30fHHAMUYECKHX OCECHMMETPHYELIX HECTAIH-
OHApHHIX Te4YeHHH, Ha 3HIEPOBOM 3Tame KCHOMb-
3yeTcsl HEKOHCEPBATHBHAS CXEMa Iepecdera Hep-
ruu (3aKOH COXPAHEHHs BBINONHEH [JI BHYTDEH-
Hell 9HePTHH) COBMECTHO CO CXeMOil COryIaCOBAHHON
aNIpPOKCHMAIMA KOHBEKTHBHEIX TOTOKOB [4], KoTO-
pasi obecnedrBaeT BTOPOH HOPANOK AalIpOKCHMA-
UM I78 KWHeTH4ecKoll suepruu. MMenuo Taxkoi
AJITOPHTM C Pa3/JIHTHBIME CXEMaMU pacdera KOHBEx -
THBHBIX IIOTOKOB MAacCChl, SHEPIHE H BS3KOCTH HC-
none3yerca B pacderax 3agadu "Blast Waves", pe-
3yJbTATHl KOTOPBLIX NPHBEIEHBI B JAHHOH CTaThe.

O630p narpaHxeBo-3MJIEPOBLIX
PA3HOCTHEIX CXeM

B meroauke [3] nns c9eTa KOHBEKTHEHBIX IIOTO-
KOB KOJIH9eCTBa JBHXKEHHA HCIOJL3YETCsd COrJiaco-
pauHas annpokcamanusa [4]. C sroit measvio cTposT-
Cd BCIOMOTaTe/IbHbBIE AYeHKH C BeDINHHAMH B IIEH-
Tpax OBYX CUYeTHBIX $9€eK, IPHUIETarluX K JaH-
BOMy y3ny. Kpome Toro, mpu cyere moTOKOB KO-
magectsa asuxenns (0K )’ BBogmTCS BECOBOM MHO-

ok
JKHTENb (¢ UEeHTPHPOBAHHS CKOPOCTeil (5K ) =

= §M’ [aii? + (1 — @) @®]. 3Baecs §M7 — name-
HEHHE MACChl OKPECTHOCTH DacCMaTPDUBAEMOro y3Jla

3a CYeT CMemeHns y3na j; 4%, 4% — CKOpocTH B J0-
HODHOM H aK[eNTOPHOM y3JiaX. 3HAa4YeHHEe MapaMer-

1 X
pPa @ B [AHHON CXeMe BRIOMPAEeTCH TaK: o = 3 + Lél,
(u—u*)r _ _,
roe A = e e U — U — CKOPOCTH HBUIKEHUS

BEIECTBA OTHOCHTE/LHO CETKH.

Jlast pacyera KOHBEKTHBHBIX IOTOKOB MAacChl,
9HEPrHH W BA3KOCTH K3 “UCTAHZ sfdeek (comepia-
LAX OZHO BEMIECTBO) CYLIECTBYET BO3MOXKHOCTE Bbi-
Gopa OfHON M3 HECKONBKHX PA3HOCTHBIX CXeM, pea-
JIM30BAHHBIX B MeToxuke [3]:

1. [Jlonopnas czema PCM (Piecewise Constant
Method) — xycouro-nocmoanHas pexoHCMPYKYUA.
Ilpu cuyere MOTOKOB BCErfa MCIONB3YIOTCH 3HAYE-
HES U3 JOHOPHON svelikn (OTKy/a HAampaBJeH I0-
TOK):
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Hccnenopanme cxoquMoCTH JarpaHKeBo-9HIePOBEIX PA3HOCTHEIX cxeM Ha npuMmepe 3agayn "Blast Waves"

AM = p?AV; AG =g%AV; AE =¢€%AM,

roe AV, AM, AG u AE — notoku obbema, Maccel,
BA3KOCTH H YIEeJNbHOH BHYTpPEHHEH SHEPrHH COOT-
BETCTBEHHO; BEPXHHM HHIeKCOM d 0003HaYeHbl Be-
JIMYMHBI U3 JOHOPHO# gdeiikn. [lanHas cxema uMme-
€T NepPBBIA NOPAIOK aNMpPOKCHMAaIlHH.

2. Jonopno-axyenmopras czema [5] PLM (Pie-
cewise Linear Method) — xycouno-aunetinan pe-
xoncmpykyua. IlpencraBnder coboit 3aMeny no-
HODHOM aNNpPOKCHMALMH KOHBEKTHBHBIX MOTOKOB

MacChbl, 3HEPIrHM H BSA3KOCTH Ha JOHOPHO-aKIIeI-
TOPHY1O:

d I d ! d I,

Pr=rpagl e e g =gy

d
p’=pd+a(pd—pp)max 0, min lp“_—p_ :
1 ’pd~—pp )
a __ pd
e’=6d+a(ed—ep)max 0, min 1,?-——8— :
ed —eP

g*:gd+a(gd~—gp)max 0,min {1 M
] 1 gd . gp ]
rjae BecoBoit K03 dUNUEHT & OnpeaensaeTca CuIeny-
omuM obpazom:
1 |AV]

a=-

2 Viyve

3necy V¢ — obwem monopmoit saeliku; VO — 06b-
eM aKNenTopHou faueiiku; pP, eP, gP — coorBer-
CTBEHHO ILIOTHOCTD, yAEJbHAs BHYTPEHHAS dHep-
rud ¥ BA3KOCTH siYeiKH, cocefHell C AOHOPHOH
He sBIsIOedcs axnenToproir; p?, e?, g% — mnor-
HOCTB, yIAelnbHaA BHyTPEHHSIH :—)Heprns H BA3KOCTH
JOHOpHO# sveliku (OTKyza Teder BeuecTso); p°,
e®, g® — NIOTHOCTH, yHelNbHAas BHYTDEHHSS SHep-
FUs ¥ BS3KOCTH aKUENTOPHOM syeliku (KyJa Teder
BemecTBo). OnmcaHHash CxeMa WMeeT BTOPOH IIo-
pH,II,OK a.nnpoxcnma.n,nn H OCHOBaHa Ha HOCTpOﬂHHH
KYCOYHO-JIHHE{HOH PEeKOHCTPYKIHH C HCIOJIb30Ba-
HHEM OrpaHmuHTeNs minmod.

3. Kycouno-napaboauvecruti memod PPM (Pie-
cewise Parabolic Method) [6, 7]. OcroBan Ha mo-
CTPOEHHH KycO4YHO-napabomryeckoro npoduua ra-
30JHHAMUYECKHX BEIMYHH 110 H3BECTHBIM CPEJHAM
3HAYEHHAM B COCEJHUX SIeHKax.

Hns nonygyenus 6onee Tounoro npoduns sbin-
3 Pa3phIBOB MCHONB3YETCHd CIHEAYIOUHNA NEepeKro-
qaTellb:

pL; = prL; (1 —n;) + p% ;M5

(1)
PRj = PR (1= 15) + Pk ;7is

rae prj ¥ pr,; — 3HaveHus napabonnveckol pysk-
MM IJIOTHOCTH HA CTOPOHAX AYEeHKH; p% ;o p‘f? ST
3HaYeHUs JuHedHol (PYHKUMM HA CTOPOHAX Adeii-
KH:

1 1
P‘I{.j = pj-1+ §5m9j—1§ P%,j = Pj41 — §5m,oj+1;

Ompj ONpeleNsiercs C IOMOIBIO OrpPaHWYATENst
Ban-Jlupa:

6 ;
dmp; = min (%i,?‘p? - ’O?*ll ,2‘,0;-‘4,1 —P?l) %

x sgn (pflyg —pf)
mpu (741 = #}) (P} = Pj-1) > 0.

B dopmyne (1) 7; onpenenserca Tak:

7; = max {0, min (n(” (7"?} = n{”) 1)} ;

rae
[ pjp1 =620
Vi+ (Vic1+ Vi) /2
Ak Vi-1)® + (Vi + V5)°
— 8 (pj+1 — pj-1) |
nj =4 \
ecmu — 62pi118%p5-1, |pj+1 — pj-a1l —
—emin (|pj+1],|pj-1l) > 0;
| 0, umaue;
s 1 (Pj+1 ~0§ Py~ ij)_
T VitV Vin Vin+ Vo Vi+ Vi

Hapamerpsi 7\ u 72 sensorcs koHCTaHTAMH,
KOTOpHIE ONPENeNIAI0T HeNPEePLIBHOCTL MEXAY CXe-
MOJf ¢ KycOYHO-IapaboNHYecKuM pacnpepesieHHeM
B fAdelike ¥ CxeMOH C KyCOYHO-JIHHEHHBIM pachpe-
JeJIeHHEeM. B npe,uc*raBneHme HHZE BbBIYHCJIEHH-
X, Kak ¥ B [2, 6], janHble napameTps! BeIGHpanucy
crenyoumMm obpasom:

2 =20, n® =005 &=0,1.
Ocobo oTMeTHM, YTO CXeMa C OIpeleIeHHeM Pa3phl-
BOB IIPHMEHAETCS TOJBKO AJs IUIOTHOCTH, IIPHYEM

JaHHasa MOIU(MHKANAA UCIONb3YeTCsA B CIydae

lpj+1 — pj-1l

S |pj+1 — pj-1l
min (pj+1, pj-1)

= min (pj+1,p5-1)

3pecs Ky — kOHCTaHTa, KOTOpasl 3aBHCHT OT KOH-
KpeTHOM 3a/1aun. B npuBefeHHbIX pacyeTax OHA 10-
narajack paHo# 0,5.
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Jnst cdyeTa KOHBEKTHBHBIX IIOTOKOB MAacChi,
YHeNbHOH BHYTDEHHeH 3HEPrMu U BA3KOCTH 3HA-
YeHUA COOTBETCTBYIOMMX Ta30AMHAMUYECKHAX BEJIH-

YUH 3aMEHSIOTCS UX 3HAYCHHAMU, TePeCIHTAHHbIMH
no PPM B noroke obvema AV:

d PPM d

pt—=p M e FEM

ogfPM,  gd. g tH

Ha ruagxux pemesEusx BAadu OT pa3pbiBOB
KYCO4YHO-TIapaboinYeCKHl METOM UMEET TPETHit mo-
PANOK ANnMpOKCUMAIUH.

Cueayer o0cobo mOAY4EpKHYTH, YTO IJjisd pacye-
Ta KOHBEKTHBHBIX MOTOKOB KONIMYECTBA JIBUIKEHUS
HCTIONB3YETCs CXEMa COIVIACOBAHHOH aNmpOKCHMa-
nun [4].

Opnoii u3 ocobennocrelt meroauku [3] sasnsiercs
UCIONb30BaHMe KOHIEeHTpauuii semects [8] u cme-
LHAJILHOTO JOHOPHO-aKUEOTOPHOrO AJIFOPHTMA Ce-
Ta KOHBEKTHBHBIX IIOTOKOB MacCChl ¥ BHYTpEHHEH
9HEPrUH U3 CMENIAHHBIX H4eeK I NpeNoTBpalle-
HHs CYETHOTO pPa3sMa3blBaHUS KOHTAKTHBIX Pa3phl-
BOB. Bce onucanubie BB Pa3HOCTHBIE CXEMBI CO-
CTHIKOBaHBI ¢ MeTofoM KoHneHTpanui (MK) raxam
06pa3oM, YTO CMeIlaHHbIE AYEHKH PaCCIATHIBAIOT-
ca ¢ momowpio MK, a BO Bcex ocTanbHBIX s49eiiKax
06jlacTH NpUMEHsIeTCH OJHAa U3 BHIODAHHBIX pas-
HOCTHBIX CXEM.

ITocTaHOBKA U METOJMKA MPOBEIEHUS
pacueros 3anauu "Blast Waves"

MaTtemaTHdeckas TOCTaHOBKa 3ajadu "Blast
Waves" npusenena B [1, 2]. [ns xonmyecTseH-
HOH ONIEHKH HMCIONb3YeTCHd MNOrPEeIIHOCTh IJIOTHO-
cTH B mHTErpaybuoit HopMe Ly. Jlia KoppekTHOCTH
CpaBHEHHS] B KayeCTBe 3TAJOHHOro Hepercs narpas-
xeB pacger u3 [1] Ha npemensrO GompmoM gmce
Toaek N = 20000. Cruenyer orMeTHTbh, YTO LIAT
0 BPEMEHH B PacyeTax ONpeAeaeTCs aBTOMATHIe-

CKH, TTO3TOMY HH OJHH pPACYeTHBIH MOMEHT Bpeme-
HM TOYHO He COBNAJAeT C KOHTPOILHBIM MOMEHTOM
t = 0,038.

Belin npoBejieHbl pacyeTsl IO TPeM 3iiIepOBBIM
pasHocTHBIM cxemam Meronukd [3]: PCM, PLM u
PPM. [dns nyquieii uX OueHKH OpeACTABIEH PacyeT
10 JIAPPAH)KeBON cxeme MeTOxuKH [3].

Pacuers! mo Bcem 3HNEpPOBBIM CxeMaM HPOBOIM-
JMCh TpeMsi cocobamu:

1) Ha 3iiepoBoit ceTke (HA KaXKJOM BPEMEHHOM

lrare CeTKa BO3BPAIAeTCs B HAYAIBHOE MOJO-
JKEHHE);

2) Ha arpaH)XeBO-3MJIEPOBOM CeTKe, JarpaHike-
Bbl TOYKH KOTOPOU COOTBETCTBYIOT HAYAJIBHO-
My nosoxkeHuio ¢ponros ¥YB (z = 0,1l u =z =
= 0,9), Mexxy 3THMH TOYKAMH CETKa PAaBHO-
MepHa 10 PACCTOSHUIO;

3) ¢ npumenennem MK (BBizenieEne pa3phiBOB C
IOMOLIIO KOHIEHTPAlMit).

Pesynprars!

[Tonyyennble MOrpeMIHOCTH IJIOTHOCTH B HHTE-
rpayibHO HOpMe L) mpmBeseHs! B Tabul. 1, mocTpoe-
Hbl KPHBBIE CXOJAMOCTH B JIOrapH(MHIECKOM Mac-
mrrabe (pucysox). s KayeCTBEHHOrO CpaBHEHHUSA
Ha PHUCYHKE NPeJICTABJIEHA TAKXKe KPHBAaA CXONHMO-
cru meroga PPMDE u3 pabors! 2], roe Hanmens-
1ee YHECJIO TOYEK B pacyerax coctaBmino N = 200.
ITopsimox CXOmMMOCTH PACCUMTHIBAJICS IO H3BECT-
HBIM NOTPENIHOCTAM € IOMOUIEI0 (hopMyIb

N
.ol
TR e NG

6pliL;

1 12
an,

rae N1 < N;. Ilonyyennbie 3Ha4YeHHS NOPSAIKOB
CXOIMMOCTH Ha KajKJOM HHTEpBaJie IpPEACTaBJIEHEI
B Tabi. 2.

Tabauya 1

HHaTerpanbHasi NOrpeliHOCTh IIOTHOCTHA B HopMe Ly 11 pasHOCTHBIX cXeM MeTonuKH [3] Ha MoMeHT
Bpemenu t = 0,038

PCM, PLM, PPM,
Jarp.- Jarp.- Jarp.- Jlarpan>xes
N PCM PLM PPM ghnen  spinep. oinmep. POM+MK PLM+MK PPM+MK ~ pocoer
CeTKa CeTKa CeTkKa
100 0,353 0,263 0,149 0,147 0,103  0,0760 0,188 0,137 0,147 0,0498
200 0,318 0,199 0,102 0,0933 0,0587 0,0527 0,134 0,0908 0,0881 0,0261
400 0,264 0,136 0,0458 0,0651 0,0389 0,0347 0,0915 0,0656 0,0486 0,0156
1000 0,193 0,0770 0,0243 0,0425 0,0278 0,0225 0,0610 0,0340 0,0242 0,00672
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HccnegoBanne cXOAHMOCTH arpaH>KeBO-3HIepOBBIX PASHOCTHBIX CXeM Ha mpuMepe 3agadu "Blast Waves"

lépll,

0,01

i/N

0,001

T T T T T 1

0,01

PacyerHble 3aBHCAMOCTH KHTBI"paJ'IbHOI:I HOTPELTHOCTH IJIOTHOCTH B CETOYHOH HOpME Ll OT CYEeTHOH CeTKH:

--B... — PCM; -8 — PCM, narpanxeso-3itneposa cerka; — - @ -
PLM, narpanxegpo-siineposa cerka; — - o - — — PLM+MK; --- x---

— — PCM+MK; ---e ... — PLM; ~—o— —
— PPM; —— — PPM, narpanxeso-sitneposa

cerka; — - X-— — PPM+MK; -4~ — PPMDE [2]; == — narpamxes pacuer

Tabauya 2

Ilopsimox cxoguMoCTH It PA3SHOCTHBIX CXeM MeToauKu [3]

PCM, PLM, PPM,

5 - - JI
N PCM PLM PPM . b~ 78P= JAP" poniiMK PLM+MK PPM+4MK ° o Damxes

aftnep. 3iinep. sitnep. pacyer

CeTKa CeTKa CeTka
100200 0,15 0,40 0,55 0,66 0,81 0,53 0,49 0,59 0,74 0,93
200400 0,27 0,55 1,16 0,52 0,59 0,60 0,55 0,47 0,86 0,74
400 +-1000 0,34 062 069 047 0,37 0,47 0,44 0,72 0,76 0,92
Cpenuee
e 0,25 0,52 0,80 0,55 0,59 0,53 0,49 0,59 0,79 0,86

Kak BHAHO M3 Pe3y/nbTATOB PACYETOB, AINPOKCH- COB B3aBMOJEHCTBHS C XOpourel#f TOYHOCTBIO. B

MallHs KHHETHYeCKOH JHEPIruH Cco BTOPBIM IODPAN-
KOM TOYHOCTH 0DeCHeYHBaeT NPABHJIBHYIO CXOMH-
MOCTb JAJIS BCEX HCCIENYEMBIX PA3HOCTHBIX CXEM.
Omnbxa 3aBUCHT OT MOPSAAKA ANMPOKCHMAIUE CXe-
MBI U YMEHbIIAETCA DU U3MEJIBYEHHHN CIeTHOH ceT-
ku. V3 BCex mpencTaBieHHBIX CXeM OHa HAUMEHb-
was y PPM.

I/ICIIOJIBBOB&HHE B JAaHHBIX pacyeTax JarpaHixe-
BO-9I€pOBOH CETKH IPHBENO K CYIIECTBEHHOMY
YMEHbIIEHNIO HWHTErPaJLHON OWHOKH IJIOTHOCTH
JUIS BCEX TPEX PEKOHCTPYKOHHM. ITO obbACHAET-
CA TeM, 4TO Ha OOJACTH HENOCPEJCTBEHHOTO B3au-
MozekcTBHa Y B npuxopurca Goyiee nogpobrad ceT-
ka, obecneumBaiomas y4er ocObEHHOCTEH mpomec-

JAHHOH CEepHH pacdeTOB CpPelHME MOPHAKH CXONU-
MOCTH JJId BCEX TPeX PeKOHCTPYKUu# npubinsu-
TeJbHO ONWHAKOBBI M cocrasigioT ~ 0,563 = 0,59.

IIpuMeHeHre HOHOPHO-AKIENTOPHOrO ANrOPHTMa,
pacdeTa CMeIlaHHbIX T9€eK COBMECTHO C Pa3/IHYHbI-
MH DEKOHCTPYKUMSAMH TaKXKe IIPUBENIO K YIydlle-
HHUIO pPe3yJbTaTOB, HO HE HACTOJNBLKO, HACKOIBKO B
Crydae C MCHOJb30BAHHMEM JlarpaHXKeBo-2iepoBoi
CYETHOHR CeTKH.

Jns pacderoB Ha 3iiepoBoit cerke HaubOAb-
XA CPESHUH NOPAJNOK CXOAMMOCTH TOJIYYEH IJIs
KycouHo-napabonmaeckoro meroga, asho ¥ = 0,80.
Ha orpeske 200 + 400 Towex mna merona PPM 3a-
(dUKCHPOBAH MOPSANOK CXONMMOCTH, PaBHBIN 1.
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W3 tabn. 1 m 2 cmepyer, 4TO HCHONL30BaHKE
KyCO4YHO-TIapabonnyecKolf PEeKOHCTPYKIMHE NO3BO-
JgeT nony4yaTs 6oee TOYHBIE PE3yIbTATHI IO CPAB-
HEeHHIO C JPYrdMH BHAAMH NPHBENEHHBIX DPEKOH-
CTPYKIMH.

AsTops! BhipaxaioT 6iarogaprocts HO. A. Bon-
JAPEeHKO 33 COTPYAHUYECTBO M NPOSBJIEHHBIN HHTe-
pec X mamuo#t pabore.

Pabora Brinonrena npu nomnepxkke Poccuiicko-
ro ¢ouga yssamMeHTANBHBIX HCCTeA0oBaHuN (KOA
npoexTa 05-01-00083).
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