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BBeneHue

Bepudmkauma nporpammHoro obecnedenusi (MO), npeaHa3sHAYEHHOTO ANsi YACNEHHONO MOAEnupoBa-
HWSA CBEPX3BYKOBbIX TEYEHUI HEBA3KMX ra3oB, AOMKHA NMPOU3BOAUTLCA HA OCHOBE aHANUTUYECKUX PELLEHMUI
3aJa4, NOKPbIBAIOLLMX LUMPOKUIA CNEKTP TEYEHUI € pa3HOOBPa3HBIMU FPAHUYHBIMU U HA4YaNbHBIMU YCIIOBUSIMM,
HecTaLuoHapHbIMK B3aUMOAENCTBUAMU YAAPHO-BONHOBLIX CTPYKTYP. B JaHHOM CTaHaapTe npeanaraioTes 3a-
Aavu ana sepudukaLmmn BOSMOXHOCTU YUCIIEHHOW CXEMbI WU KOAA AaTb pe3ynbTaTthbl, UMeloLue OTHOLLEHUE
K peansHbIM TEYEHUAM ras3a. PaccmarpuBalotcs aBa cnocoba sepudmkaLyn: ConocTaBneHne YUCneHHsIX pe-
3yneTatoB C TOYHbIM aHANUTU4YeCKNM peLlueHnemMm U ¢ yCnoBHO 3TanOHHbIMU YUCIIEHHBIMU PELUEHUAMMN. K sta-
JNIOHHbIM OTHECEHbI 3aga4un, HE UMeloLMe TOYHbIX peLueHm7|, HO MHOIOKpaTtHO peLlieHHble YUCNEHHO pa3nuy-
HbIMM aBTOpaMn C UCNMoNb3oBaHUEM pa3H006pa3HbIX YUCNEHHBbIX CXEeM.

[laHHbIA cTaHaapT OTHOCUTCS K BONPOCaM BepudmKaLmm cxem u KogoB, paspadaTbiBaeMblX ANA YUCNEH-
HOro MOJENUPOBaHWUS TEYEHUI HEBA3KOro (MAaeanbHOro) rasa co CBEPX3BYKOBbIMU CKOpPOCTAMKU. CTauuoHap-
Hbl€ CBEPX3BYKOBbIE TEYEHUS OMUCLIBAIOTCS ypaBHEHUAMY runepbonuyeckoro Tuna. Moaromy MHOrMe 3agaqum
OMHAMUKN CBEPX3BYKOBbLIX MOTOKOB HEBA3KOTO rasa MOryT ObiTb peLUeHbl YUCNEHHO METOAOM XapaKTepuc-
TuK [1] mnu mapLueBbiM METOAOM CKBO3HOro cyeta [2], [3]. B TO e BpemMs npu CBEpPX3BYKOBbIX CKOPOCTAX
B NOTOKax MOryT BO3HUKaTb MOBEPXHOCTU CUJIbHbIX TMAPOAUHAMNYECKMX Pa3pbiBOB, 6eCKOHEYHO TOHKMX B
crnyyae HeBA3KOro rasa. B HEKOTOpbIX Criyyasx BblAeneHue rmapoamHaMM4eckoro paspbiBa MOXET OblTb NPUH-
uunuaneHslM TpeboBaHueM. Toraa npu UCMONbL30OBAHMU YMCTEHHbIX MeToaoB [1], [3] BO3HMKaeT npobnema
BbIJEMeHUs 3TUX pa3pbiBOB. Hanbonee npocTo BbIAENATL Pa3pbiBbl, KOTOPLIE SABMSAIOTCA BHELLHEW rpaHuLen
BO3MYLLEHHOI obractu. [ins BblAENeHMs: pa3pbiBOB BO BHYTPEHHEH 06racTu BO3MYLLIEHHOTO TedeHus Tpeby-
€TCA BBEAEHWE CrneLuansHbiX Npoueayp, KOTopble HE PACCMaTPUBAKOTCA B JAHHOM CTaHAapTe.

AnsrepHaTtuBoil meTtofam [1], [3] ABNseTCS METOA YCTaHOBNEHUS Ha 6a3e KOHCEepPBaTUBHBLIX KOHEYHO-
Pa3HOCTHbIX CXEM YMCEHHOTO PELUeHUss HeCcTaLUMOHapHbIX YPaBHEHUI ra30BON AuHaMuUKK [4], [6]. KoHcep-
BaTWBHAasA UMW AUBEpPreHTHas hopMa 3anucu ypaBHEHWN HeCTauMOHApHOW rasogMHaMuKuM no3BonseT moae-
nupoBaTtb 0606LUEHHbIE UMW KYCOYHO-TNAAKWE PELLEHUSI YypaBHEHUI AUHAMMKUA HEBSIZKOTO ras3a U TeM CambiM
CTaHAapTM3MPOBAaTb NPOLECC BbIMUCIEHWA.

OaHako npu MCnonbL30BaHWM KOHCEPBATUBHbLIX KOHEYHO-PA3HOCTHLIX CXEM BO3HUKAIOT NPOGnemsbl, CBS-
3aHHbIE C BIWAHWEM YUCMEHHON UINU CXEMHON BA3KOCTU U A dy3nn. BECKOHEYHO TOHKUE B HEBSI3KOM rase
rMAPOAUHAMUYECKME Pa3pbiBbl B YNCMEHHOM peLUeHun npuobpeTaroT TONLWUHY, u3nyecku HeoboCHOBAHHO
yBenuyueaeTcs 06rnacTb BO3MYLLEHHOIO TEYEHNA, YTO B KOHEYHOM CHETE MOXET NMPUBECTU K HEAJEKBATHOMY
OMUCaHUI0 AMHAMUKM MOTOKA MAEAamnbHOro rasa.
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HALULVMOHANBbHBLIA CTAHOAPT POCCUUCKON GPEAEPALUM

YNCNEHHOE MOOENNPOBAHUNE ®U3INYECKUX NMPOLIECCOB

YucneHHoe mogenupoBaHue CBepPX3BYKOBbIX TEY€HUI HEBA3KUX ra3oB.
Bepudukauma Mo

Numerical modeling of physical processes.
Numerical modeling of supersonic inviscid gas flows. Software verification

Dara BBeaeHna — 2019—01—01

1 ObnacTb NpUMeHeHus

JaHHbIi cTaHaapT OTHOCUTCS K BOMPOCaMm BepuduKaLmMKU YUCHIEHHBIX METOAO0B, CXeM U KOAOB, paspa-
faTbiBaeMbIX ANA MOAENUPOBAHUA TEYEHUI XUMUYECKM UHEPTHOTO MAEarbHOTO rasa Co CBEPX3BYKOBLIMM
CKOPOCTSIMU, B KOTOPbIX MOTYT BO3HMKaTb rMAPOAMHAMMYECKME paspbiBbl U 06MacTu A03BYKOBOMO TEYEHMUS.
WaoeanbHbIi ras npeanonaraer oTCyTCTBIUE BASKOCTU, TEMMONPOBOAHOCTH U ANPAY3UN KOMMOHEHT.

2 HopmaTtuBHbIe CCbIFIKU

B HacTosiLeM cTaHaapTe UCMNONb30BaHa HOPMATMBHASA CCbIfiKa Ha crneaylowui ctaHaapT:
FOCT P 57188 YucneHHoe MogenupoBaHue nsanyeckux NnpoueccoB. TEPMUHBI U ONpeaeneHna

MpumeyvaHue —pu NONLIOBAHUU HACTOALLMM CTaHAAPTOM Lienecoobpa3sHo NPOBEpUTL AEUCTBUE CCINOYHBIX
CTaHAapToB B MH(pOPMaLMOHHOI cucTeMe 06LLEro NoMb3oBaHUsS — Ha ouLUMansHoM caiiTe defieparibHOTO areHTCTBa Mo
TEXHUYECKOMY PeryriMpoBaHuio U METPONOTUU B cETU MHTEPHET UMK MO exXerogHoMy WHOPMaLUOHHOMY yKka3saTernio «Ha-
LiMoHanbHble CTaHAAPTLI», KOTOPLIA OMy6NMKoBaH NO COCTOSHUIO Ha 1 SIHBaps TEKYLLEro roaa, U Nno BbINyckaM eXxemecsy-
HOro MHOPMaLMOHHOrO yka3aTens «HavuuoHarbHble cTaHAapThI» 3a TEKYLUA rod. Ecnn 3ameHeH cebinoYHbIi cTaHaapT,
Ha KOTOpblii AaHa HEAATUPOBaHHas CChINKa, TO PEKOMEHAYETCS UCTONb30BaTh AENHCTBYIOLLYIO BEPCUIO 3TOTO CTaHAapTa
C YYETOM BCEX BHECEHHLIX B JaHHYl0 BEPCUIO U3MeHeHWIA. Ecru 3aMeHeH CChINoYHbIi CTaH4apT, Ha KOTophli JaHa AaTu-
pOBaHHas cchifika, TO PeKOMEHAYETCA MCMOMb30BaTh BEPCUIO 3TOMO CTaHAApTa C yKa3aHHbIM BhILLE FO0M YTBEPXKAEHUS
(npuHsATUA). ECnn nocre yTBepXAeHMs HAaCTOSLLEro CTaHAapTa B CChINTOYHbIA CTaHAapT, Ha KOTOpLIiA jaHa AaTMpoBaHHas
CChINKa, BHECEHO U3MEHEHUeE, 3aTparuBaloLLee NOOXEHUE, Ha KOTOPOE jaHa CChlKa, TO 3TO NONOoXeHUe pekoMeHayeTcs
NPUMeHSTb 6e3 yYeTa JaHHOTO U3MeHEHUs. ECrnn cChbiNoYHbIA CTaH4apT OTMeHeH 6e3 3aMeHbl, TO NOToXeHWe, B KOTOPOM
JaHa ccblfika Ha Hero, pekoMeHAYeTCs NMPUMEHSITL B YacTy, He 3aTparuBaroLeit 3Ty Cebisky.

3 TepMuHbI U onpeaeneHns

B HacTosiLem cTaHaapre NpMMEHeHbl cneayiloLme TePMUHbLI ¢ COOTBETCTBYIOLLUMMU ONpeAeneHUsMU:

3.1 mapweBas nepeMeHHana: Bpema B HeCTauMOHAPHOW 3a4a4e UM NPOCTPaHCTBEHHAs NepeMeHHas
B CTALMOHAPHOW 3ajaye, N0 HANpPaBMEHUIO KOTOPOW TEYEHUE UMEET CBEPX3BYKOBYIO CKOPOCTb.

3.2 mapuweBblii MeToA: MeToa YNCNEHHOTO PeLLEeHMS CTaUMOHAPHbIX YPaBHEHUI ra30BON AUHAMUKM C
nocneaosarenbHbIM NPOABWKEHWEM MO MapLLEBOW nepemexHoi [1], [3].

3.3 meton ycraHoBneHus: Metoj YNCNEHHOrO peLeHUs CTaUMOHApPHbIX YPaBHEHUI KakK NpeaenbHOro
NO BPEMEHU pELLEHUS HECTALMOHAPHbLIX YPaBHEHUI ra3oBon AnHamuku [4], [6].

3.4 ycnoBua HenpoTtekaHuA: [10TOKU MacCbl U SHEPrMKN NO HOPMANN K NOBEPXHOCTU paBHbI HYIIIO.

3.5 ycnoBusi OTKPBLITON rPaHuLbl: TEKyLLIME NapamMeTpbl NOTOKA CHOCATCS HA rPaHULy pacyeTHON 06-
nacru.

U3panue ocpuumnansHoe
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4 OCHOBHbIe HOPMaTUBHbIE NMONOXeHNA

4.1 TecroBble 3aga4n GOpMyNUPYIOTCA ANA COBEPLUEHHOrO ra3a ¢ NOCTOAHHLIM NokasaTtenem aguaba-
Tbl U MONEKYNAPHbIM BECOM NPU OTCYTCTBUM BHELLHUX MACCOBBIX W MOBEPXHOCTHBIX CUIl. OTO NO3BOMSAET Npo-
BOAUTb BEPUAUKALMIO PE3YNTATOB YNCMEHHOTO MOAENUPOBAHUS NYTEM CPABHEHUS C TOYHbIMU PELLUEHUSIMU B
ra3oBov AMHaMKUKE CBEPX3BYKOBbIX CKOpPOCTen (pasaensl 5 u 6). Bepudukauus MOXET TAKKe OCYLLECTBMNATLCSA
U NYTEM CpaBHEHWUSA C YCMOBHO 3TANOHHBLIMU YACNEHHLIMU PELLeHUAMU 3aaad, CHOPMYMUPOBAHHLIX B pasae-
ne 7. 3T0 3aga4un, YUCNEHHOE peLUEHUe KOTOPbIX MHOTOKPaTHO MOATBEPXKAEHO pacyeTamn pasHblX aBToOpoB,
MCNOSb3YIOLLMX PA3HOOOPA3HbIE YNCIIEHHBIE CXEMBI.

4.2 B craHpgapte npuBOAATCA OMNWCaHWe W NOCTaHOBKa 3ajadu, TOYHOE pPELLEeHME UMK CCbINnka
Ha TOYHOE MMM 3TANOHHOE peLUeHMe, a TakKe yKasaH OCHOBHOW MOBOA MMM npeaMeT Bepudukauuu no
FOCT P 57188.

5 Bepudumkauma Ha 6a3e TOYHbIX peLueHU OMnA YCTaHOBUBLIUXCA TEYEHUI

5.1 OgHOMepHbIe CBePX3BYKOBbIE TEYEHUA

5.1.1 CocTofiHme nokos

OnucaHue 3agauu

OnHopoaHbii ra3. MNMpoBepsaeTca cnOCOBHOCTb YUCNIEHHOW CXEMbl U KOAA COXPaHATb COCTOSIHUE NMOKOSA
npu UCMONb30BaHUU METOAA YCTAHOBMNEHUSA.

MocTaHoBKka nNpu ucnonb3oBaHuu metoaa. Mpou3sBosbHO 3aaaHa pacdHeTHas o6nactb. B HauyanbHbIl MO-
MEHT CKOPOCTb ra3a paBHa Hynio, AaBNeHWe U NNOTHOCTb PaBHbI €AWHULE BO BCEI pac4eTHoW obnactu.

Ha rpaHuue pacyeTHoi 06nacTu yCnoBusa HENPOTEKAHWUA UMM OTKPLITOM FPpaHULIbI.

TouHOe peLueHue.

[MapameTpbl He MEHAIOTCA CO BPEMEHEM.

Bepudmkaumsa Ha npegMeT yCTOWYUBOCTU CXEMbI U KOPPEKTHOCTU KoAa.

5.1.2 OgHOpOOHLIA CBEPX3BYKOBOW NOTOK

OnucaHue 3agaym

OnHOPOAHBIA CBEPX3BYKOBOW MOTOK 3amnonHsieT HEKOTOPYID NMPOCTPAHCTBEHHYK obnactb. Tpebyercs
NpoOBEPUTb CNOCOGHOCTb YUCNEHHOTO PELLIEHUsI COXPaHSITh NapamMeTpbl NOTOKA.

PacuyeTHas 06nacTb — NpsIMOYronbHUK CO CTOPOHAMM, NapannenbHbIMA OCAM NPSIMOYTONbHOM 1€KapTo-
BOM (X, ¥) UNN UMNMHAPUYECKOIA (Z, I) CUCTEMBI KOOPAMWHAT.

BapuaHT nocTraHOBKM Npu UCNONL30BaHUM METOAA YCTAHOBIEHUS

B HayarnbHbIl MOMEHT BPEMEHM BO BCEN pac4eTHOM 0bnacTu 3aaaHbl He3aBUCSILLIME OT KOOpAMHAT napa-
METPbI NOTOKA: AaBneHue, NIIOTHOCTb U CBEPX3BYKOBasi CKOPOCTb, HanpaBrieHHas BONb ocu abcuucc.

CneBa Ha Bxofe B pacueTHylo 0bnactb 3Ha4eHUsi NapaMeTpoB OCTAIOTCSl NOCTOSIHHLIMU B TEYEHUE BCETO
pacyera. Ha rpaHuuax, napannenbHbiXx 0CU abCLUCC, CTaBATCA YCNOBUS OTKPbITON rPaHuMLbl UNU HENpoTeKa-
HWA, HA NPaBOW rpaHuULIE — YCNOBUSI OTKPbITON rPaHULbI.

ToyHoe pelleHne

MapameTpbl NOTOKA HE MEHAKOTCH CO BPEMEHEM.

BapuaHT nocTaHoBKKM Npu NCNONE30BAHUM MaPLLEBLIX METOA0B YNCIIEHHOIO UHTETPUPOBAHUA

Ocb abcuucc — mapLueBas nepemeHHasi. Ha neBou rpaHuue pacyeTHoOW obnacTtu 3ajaHbl AaBrEHue,
NMOTHOCTb U CBEPX3BYKOBas CKOPOCTL MNOTOKA, HanpaBreHHas no ocu abcuucce. Ha rpaHuuax, napannenbHbix
ocu abeumce, — ycrnoBusl OTKPbITONW rPaHuLbl UMK HENPOTEKAHUS.

To4yHOEe peLueHne

Mapamerpbl NOTOKa Ha Ka)aoM NocreayoLeM Lware no MapLUeBOi NepeMEHHOI COBNaAaloT ¢ napame-
TpaMu Ha NpeablayLeM Croe.

Bepudmkaums Ha npeamMeT yCTOWUYMBOCTU CXEMbI U KOPPEKTHOCTM KOAA.

5.1.3 KoHTaKTHbIN pa3pbiB MeXAay ABYMSA CNYTHbIMU NOTOKaMU

OnucaHue 3agauu

[1Ba 0OHOPOAHBIX CBEPX3BYKOBbIX NMOTOKA pasAeneHbl MOBEPXHOCTLIO KOHTAKTHOrO paspbiBa. B npamo-
YronbHOW OEeKapTOBOW CUCTEME KOOPAMHAT (X, ¥) KOHTaKTHbIA pa3pbiB COBMagaeT ¢ ocbio abcuymucc. B uu-
NUHAPUYECKON CUCTEME KOOPAMHAT (Z, r) NOBEPXHOCTb KOHTAKTHOTO paspbliBa — 3TO OCECMMMETPUYHAas Lu-
NUHAPUYECKasi MOBEPXHOCTb, 0BpasyioLas KOTopol naparssesnibHa oCu CUMMETPUM, COBMaAatoLLeii C OCbio
abcuucce z.

2
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BapuaHT noCTaHOBKM NpW UCNOMb30BaHUM METOAA YCTAHOBINEHUS

B HauyanbHbIl MOMEHT BpEMEHU 387a10TCA AaBNEHKUE, NIOTHOCTL U CKOPOCTL OAHOPOAHbIX NOTOKOB No 06e
CTOPOHbI OT MOBEPXHOCTU KOHTaKTHOrO pa3pbiBa. Ha Bxoe B pacyeTHylo o6nacTs napaMeTpbl NOCTYNaloLero
NOTOKa HE MEHAIOTCA B Te4eHue Bcero pacdeta. Ha rpaHuuax, napannenbHblix 0cu abeumce, 3agatoTcsa yCnoBust
OTKPbITOW rPaHunLbl N HENPOTEKAHUSA, HA BbIXOAE U3 pac4HETHON 00nacTu — yCnoBUsi OTKPbITON FPaHULbI.

To4HOE pelueHune

MapamMeTpbl TEYEHUA HE U3MEHSAIOTCS CO BPEMEHEM.

BapuaHT nOCTaHOBKM NPW UCNOMb30BAHUW MAPLLEBLIX METOA0B YUCNEHHOTO UHTETPUPOBAHUSA

Ocb abcuuce — mapLieBas nepeMeHHas. [JaBneHue, nnoTHOCTE U CBEPX3BYKOBAsS CKOPOCTb KaXA0ro u3
NOTOKOB 3a4al0TCA Ha OAHOM U3 ABYX OTPE3KOB NIEBOW IPaHULbI, Pa3aeneHHON NOBEPXHOCTbLIO KOHTAKTHOIO pas-
pbiBa. Ha rpanuuax, napannenbHbiX 0cu abcumce, 3aaatoTcs YCNOBUS OTKPLITON FpaHULibl UMW HEMPOTEKaHUS.

To4yHOE peLueHne

MapameTpbl NOTOKa Ha KaXoM MocreyoLeM Cnoe no MapLUeBOi NepemMeHHO cCoBNaaatoT ¢ napame-
Tpamu Ha npeabiaywem croe.

Bepudukaums Ha npegmeT KOPPEeKTHOCTU KO4a U BNUAHUS YNCNEHHOW BA3KOCTU HA pa3MblBAHWME KOH-
TaKTHOro paspbliBa.

5.1.4 MpAMONMHENHbIN CTaLlMOHAPHbINA CKAYOK YNJIOTHEHUA

Onucanune 3agaum

3apgaiotcsa ABe KOMMNOHEHTbI CKOPOCTU NOTOKA, HaberaloLwero Ha NPSAMONUHENHBIN HEMOABMKHbINM CKAYOK
YNNOTHEHWSA: TaHreHUuanbHas U U HopMarnbHasi v Mo OTHOLUEHWIO K MOBEPXHOCTU ckayka. MpamMonuHeriHbIni
CKa4oK YNMnOTHEHUS MPUHUMAETCH 3a 0Cb abCLMCC NPSAMOYTONbLHON AeKapTOBOM CUCTEMBI kKOOpAUHaT. Pacyert-
Has 0bnacTb — NPAMOYTOSIbHUK CO CTOPOHAMM, NapanmnenbHbIMU OCAM NPAMOYTONbLHON AeKapTOBON CUCTEMBI
koopauHaT. CKayoK YNNOTHEHWUS AENUT PaCHETHYIO 06MacTb Ha ABE PABHbIE YaCTU: BEPXHIO U HUKHIOK.

BapuaHT nocTtaHoBKM Npy UCNOMb30BaHUU METOAA YCTAHOBIEHUS

B HavanbHbIii MOMEHT BpEMEHM N0 06€ CTOPOHbI OT CKayka 3aaHbl napaMeTphl ABYX OAHOPOAHbLIX NOTO-
KOB. TaHreHumanbHble CKOPOCTU NapannenbHbl 0CKU abCUNCC U PaBHbI U BO BCEN pacyeTHON obnactu. B Humx-
Hel YacTu 3aJaeTCst AaBneHune, NNOTHOCTL U CBEPX3BYKOBAS CKOPOCTb NOTOKA V MO HOPMArM K CKadvky ynmnoT-
HeHus. [laBneHue, NNOTHOCTb M HOPMAarnbHas CKOPOCTb ra3a B BEPXHE 4acTu pac4eTHON 06nacTu CBsA3aHbl C
napameTpamu HaberatoLLero NOTOKa B HUXKHEW YaCTU PaCYETHON 00NacTu COOTHOLLEHWAMI HA MPAMOM CKayke
ynnoTtHeHus [1], [7]. Ha Bcex rpaHuuax 3agatoTcs YCROBUSA OTKPLITOW rpaHuLbI.

To4HOE peLueHne

MapamMeTpbl TEYEHNSA HE MEHSIOTCS CO BPEMEHEM.

BapuaHT nocTaHOBKM NpW UCNOMb30BaHUW MapLUEBLIX METOA0B YUCNEHHOTO UHTETPUPOBAHUS

JleBas rpaHuua pacyeTHon obnacTu, napannensHas ocu OpAMHaT, pa3feneHa Ha ABa paBHbIX OTpe3ka.
Ha HuxHeM OTpeske 3aaaloTcs AaBreHue, NIoTHOCTL U CBEPX3BYKOBbIE KOMMOHEHTLI CKOPOCTU HaberawLLero
NoOTOKa V — MO HOpMAasM K CKayky YNroTHEHUS U U — TaHreHuumanbHas KOMMnoHeHTa. [JaBneHue, NnoTHOCTb W
HOpMarnbHas K ocu abCcumncc CKOPOCTb rasa Ha BEPXHEM Y4YaCTKe NEBON rpaHuLbl CBA3aHbl C napaMmeTpamm Ha
HWKHEM y4acTKe COOTHOLLEHUSIMM Ha NPSIMOM cKadke ynnotHeHus [1], [7]. Ha rpaHuuyax, napannenbHbiX 0Cx
abcumce, 3a4aloTCca YCNOBUS OTKPLITON rpaHuubl.

MapLueBoi ABnseTca nepeMeHHast ocu abeumcce.

To4HOE peLueHne

MapameTpbl NOTOKa Ha KaXZ0oM MOCIeaAyoLeM Cnoe No MapLUEBOI NepemMeHHO CoBNaaatoT ¢ napame-
Tpamu Ha npeabiaywem croe.

Bepudukaums Ha npegMeT KOPPEKTHOCTU KoAa U BIMAHUA YNCIIEHHON BA3KOCTb Ha pa3MblBaHWE HENoa-
BU>XKHOTO CKayka ynrmoTHEeHUA.

5.2 iByMepHble TeyeHus

5.2.1 HeogHOpOAHOCTL B NOKOsILWEMCS rase

Onucanune 3agaun

Mokosimiica ra3 3aHUMaeT 3aMKHYTYIO U OTPaHUYEHHYI0 00nacTb npocTpaHcTea G. 3ta obnacTtb OKpy-
XKEHa ra3om C Apyrow NioTHOCTBIO, HO NPU paBHOM AaeneHun. MNMpoeepsieTca cnoCOBHOCTb YNCIIEHHON CXEMBI
U KOAA COXpaHsTk kOHduMrypauumio obnactn G n napameTphbl ra3a kak BHyTPW, Tak U CHAPY>Xu 3TO obnacTtu.

MocTaHoBKa nNpu UCMNONb30BaHUU METOAA YCTAHOBIEHUSA

PacuyeTHaa obnacte — npAMOYrofibHMK CO CTOPOHaMMW, MapannenbHbIMU OCAM MPSIMOYTOnbHON Ae-
KapToBOM CUCTEMbI KOOPAUHAT. B HayanbHbI MOMEHT ra3 NOKOUTCA NpW 3a4aHHOM U NOCTOSAHHOM BO BCEW
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pacyeTHON obnactu aaeneHun. B pacuyeTHylo obnactb BCTpoeHa noaobnacrb, nepuMeTp KOTOPO# ABNSETCA
KOHTaKTHbIM paspblBOM. B 4acTHOM cny4ae 910 MOXET ObiTb MEHbLUMI NPSAMOYFOfIbHUK, CTOPOHbI KOTOPOIO
napannenbHbl CTOPOHAM BHELUHETO NPSAMOYrofnbHUKA. [NOTHOCTL ra3a BO BCTPOEHHOM Noa06nactu otnmyHa
OT NMOTHOCTU B OCTamnbHOW 4acTu pacyeTHoW obnacTtu. Ha rpaHuue pacyeTHoW obnacTtu 3agatoTcs yenoBusi
OTKPBLITOW rpaHuLibl UM HENPOTEKAHUS.

ToyHoe pelleHne

C Te4yeHnem BpeMeHU NONOXEHUe rPaHuL, U NapaMeTpbl ra3a He MEHSIIOTCS.

Bepudmkaums Ha npeamMeT KOPPEKTHOCTU KOAA U BAMSIHUS YMCTIEHHOW BA3KOCTU HA PACHET KOHTAKTHBIX
pa3pbIBOB B HEMNOABUXHOM rase.

5.2.2 OGTekaHue CTEHKU C U3JIOMOM

OnucaHune 3agayu

KoHTyp cTeHku 3agaetcs AByMA fy4amu, uayLmmmn U3 ogHOM TOUkK, 00pa3sys passepHyThii yron (bonee
180°). B nnockoCcTu 3TUX NMyyein OAUH U3 HUX MPUHUMAETCA 3a 0Cb abCLMCC NPSIMOYTONbHON AE€KApTOBON CU-
CTeMbl KOOpAUHAT. Yron o0TekaeT CBEpPX3BYKOBOW MOTOK, HANPAaBIEHHbIW HA BXOAE B PaCc4ETHYI0 06nacTb no
ocu abeuucc.

MpeaBapuTenbHble Laru

1) 3apaiotca napameTpbl HaBGerawero CBepx3BykOBOrO NOTOKA: AABMEHUE, MMOTHOCTb U CKOPOCTb.

2) Mo atum napameTpam u copmynam AnS LEHTPMPOBAHHOW B TOYKE W3NIOMa BOMHblI paspexeHus
Mpanana — Maiiepa paccuuTbiBAETCA MakCMManbHas BenMuMHa pasBepHyTOro yrna, npu kotopom obecnevu-
BaeTca ero 6e3oTpeiBHOE obTekanue [1], [7].

3) 3apaetca yron pa3ssopoTa CTEHKW, HE NPEBbIWAIOLLMA MAKCUMAIbHOIO 3HAYEHUS.

BapuwaHT nocTaHOBKU NMPY MCNOMb30BAaHUM METOAA YCTAHOBIIEHUSA

PacueTHasa 06nacTb CHM3Y OrpaHM4eHa CTEHKOW C M3NTOMOM U NepeceKaloLencs ¢ Hel NpsiMON, naparn-
NenbHOW ocK abcumce U pacnonoXeHHON HWXKe 3TOW ocu. BepxHsisi rpaHMua — 310 NpsaAMas, napansnenbHas
ocu abcunce u pacnonoXxeHHas Bbilwe Hee. Cnesa Ha BXOAE M CMpaBa Ha BbIxOAe pacyeTHas obnactb orpa-
HUYeHa NpPsMbIMKU, NapannenbHbIMK OCU OPAUHAT.

B HavanbHbIi MOMEHT BPEMEHU 324al0TCA NapaMeTpbl TedeHusi, 0b6TekaloLero creHky 6e3 oTpbiBa BO
BCEN pacyeTHon obnacTtu. Takum pacnpeaeneHuemM napamMeTpoB MOXET ObiTb, B YACTHOCTU, pacnpeaeneHume
napamMeTpoB B BOfHe paspexeHus MNMpanatna — Manepa. Ha cTteHke cTaBaTca ycnosus HenpotekaHus. Ha
BXOZE B PaCYeTHyI0 06nacTb 3ajjaHbl napameTpbl HaberawLwero NoToka, KOTOpble HE MEHAIOTCS CO BPEMEHEM.
Ha ocTanbHbIX rpaHuLax pac4eTHOM 06nacTtu — yCcnoBusa OTKPLITOW rPpaHULIbI.

BapuaHT noCTaHOBKM NpU UCNOMb30BaHUWU MAPLLEBbIX METOAOB YNCNEHHOTO UHTErPUPOBaAHUS

PacuyeTHas o6nacTb CHM3y OrpaHMUYeHa CTEHKOW C U3fIOMOM, Yron passBopoTa KOTOPON OrpaHuyYeH: KoM-
MOHEHTAa CKOPOCTU NOTOKA BAOMNb OCU aOCLIMCC A0MKHA OCTaBaTLCA CBEPX3BYKOBON. BepxHsasa rpaHuya — aro
npsiMas, napannenbHas ocu abCLUUCC M pacnonoXeHHasn Bbiwe Hee. Cnesa Ha BXOAE M CNpaBa Ha BbIXOAE
pacyeTHas obnactb orpaHu4eHa NpsMbIMU, NapannenbHbLIMU OCKU OPAUHAT.

Ha neso# rpanuue 3apaiorca napaMeTpbl HaGerawero CBepx3BykoBOro notoka. Ha HwkHel rpaHuue
CTaBATCA YCNOBUA HENPOTEKAHUSA, HA BEPXHEN — YCNOBUS OTKPLITON rPaHunLbl.

TouvHOe pelwweHue

B OKpeCTHOCTM TOUKM U3noma hbopMUpyeTcs LIEHTPUPOBAHHAA BOMHA pa3pexenua MNpangns — Maiie-
pa, orpaHu4eHHan NpsAMONUHENHbIMU Xapaktepuctukamm [1], [7]. MapamMeTpbl YNCNEHHOTO PELLEHUS MOXKHO
CPaBHUTb C peLUeHUEM AN LEHTPUPOBAHHOW BOMHbI pa3spexeHusn Mpanans — Maiiepa, obpatus ocoboe
BHMMaHWE HA COXPAHEHUE B MOTOKE SHTPOMUU M NOMHON SHTaNLNUK.

Bepudukaumsa Ha npegMeT KOPPEeKTHOCTU KOAA BAMSHUA YMCIIEHHOW BA3KOCTWU HA TOYHOCTb pac4eTa
SHTPONUU U NONHOM SHTANbLNUK B BONHe paspexenua MNpanans — Maiviepa.

5.2.3 KnuH B CTaLlMOHAPHOM CBEPX3BYKOBOM NOTOKE

OnucaHue 3agaum

KoHTyp knuHa 3agaetcs AByMSA ny4yamu, MAYLWMMU U3 OOAHOMN TOYKKU. Yron Mexay nydamu o 3agaert yron
packpbitust knuHa (o < 180°). KnuH o6Tekaercs cBEpPX3BYKOBbIM NOTOKOM, CKOPOCTb KOTOPOro napannernbHa
GuccekTpuce yrna packpbiTusi KNMHa.

MNpeasapuTenbHbIE LWaru

1) 3agaHbl gaBrneHue, NNOTHOCTb U CBEPX3BYKOBAs CKOPOCTb HaGeraiowero notoka, HamnpasreHHas
BAONb Ock abcuucc.

2) B nepemeHHbIX rogorpada onpeaensieTc MakcumasnbHas BeniMuuHa yrna packpbiTus KnuHa a,, obe-
crneumsaioLas 6e30TpbIBHOE 0DTEeKaHue KIMHA NpY 3aAlaHHbIX NapameTpax HaberaloLero noToka (o, /2 — yron
HaKMNOHAa KacaTenbHOW K yaapHOW nonsape, NpoBeAeHHON M3 Havyana koopauHat nnockoctu rogorpada) [1], [7].
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3) B nepemMeHHbIX rogorpada onpeaenseTcs MakCumanbHbIW Yron packpbiTua knuna , obecnevumsato-
LM CBEPX3BYKOBOE TEYEHUE 3a NPUCOEeAUHEHHON YyAapHON BONHOW (/2 — yron HaKnoHa cekywen k ocu at-
CUMCC, NPOBEAEHHON M3 Ha4Yana KoopauHaT B NIOCKOCTU rogorpadha B TOUKy nepecedeHuns yaapHon nonsapsl ¢
OKPY>XHOCTBIO, pPainyC KOTOPOI paBeH KPUTUYECKOW CKOPOCTU Haberatowero notoka).

BapuaHT NOCTaHOBKM 334341 NPU UCMONb3OBAHUN METOAA YCTAHOBNEHUSA

BuccekTpuca 06pa3oBaHHOMO ny4amu yrna NPUHUMAETCs 3a OCb abCLUMCC NPSIMOYrOfibHON AeKapTo-
BOI CUCTEMbI koopauHaT. PacyeTHaa o6nacTb CHU3Y OrpaHM4YeHa OCbio CUMMETPUM U NOBEPXHOCTBIO KWUHA.
BepxHsas rpaHuua — nOMaHasa fMHUA, COCTOALAA U3 ABYX Ny4el, Nepecekalomxca B Touke ¢ abcumccon
BepLIUHbI KnNuHAa. OAUH Nyy, napannenbHblii 0cU abcumce, pacnonoXeH NeBee TOUYKM nepeceyeHns, BTopon
napannesneH HakNMoHHOI NOBEPXHOCTU KNMHA. Cnesa Ha BXOAE M CnNpaBa Ha BbIxOAe pacyeTHasa obnactb orpa-
HWU4EeHa NPsIMbIMKM, NapannenbHLIMM OCY OPAUHAT.

B HavanbHbI MOMEHT BPEMEHW NapaMeTpbl NOTOKA BO BCEW pacHETHON 06nacTu pasHbl napameTpam Ha-
Geratoero notoka. Ha ocm cuMMeTpum 1 NOBEPXHOCTU KIIMHA 3aAa10TCA YCNOBUS HENPOTEKaHUsA. Ha ocTanbHbIX
rpaHuLax 3a4aloTcs YCIOBUS OTKPLITOM rpaHuubl. Ha neeon rpaHuue napaMeTpbl HE MEHAIOTCA BO BPEMEHMU.

TouyHoe peLueHue

Mpu o> o, hopmupyeTca oTowweaLwan yaapHas BonHa. Mpu o < o, peanuayertcs pexmum obTekaHns Knu-
Ha C NPMCOeAMHEHHON yaapHou BonHou. Mpu o < f§ dhopMupyeTcs obTekaHne KnmHa ¢ NPUCOEANHEHHON Nps-
MOJSIMHEWHOW Y apHOW BOSTHOW U CBEPX3BYKOBON CKOPOCTbLIO MEXY NOBEPXHOCTbIO KITMHA U yAAPHOIN BOMHOM.

BapuaHT noCTaHOBKM NpU UCNOMb30OBAHUN MAPLUEBLIX METOA0B YUCIIEHHOTO UHTETPUPOBAHUA MO OCK
abcumcc

3apaua peluaerca B NpAMOYrosibHOM AeKapTOBOW cUCTEMe KOOpAMHAT (X, y¥), abcuucca KoTopon coBna-
AaeT ¢ BepPXHUM Ny4yom, 06pasyiowmum knuH. Hauano koopamHaT HaxoauTCsl B BEpLUMHE KNMHA. PacueTtHast 06-
nacrb CHU3y OrpaHuM4yeHa NoBEpPXHOCTbIO KNNHA, CBEPXY — NPSIMOM, NapannenbHoi 3Toi NoBepxHocTu. Jlesas
rpaHuLa pac4yeTHon obnacrTu coBnagaet ¢ OCbio OpAUHAT.

Ha noBepxHOCTM KNMMHA 3a4al0TCA YCNOBUS HenpoTekaHus. Ha neBoi u BepxHel rpaHule 3aaaiorcs
napameTpbl HaberaioLero Ha KNWH NOTOKA, BEKTOP CKOPOCTM KOTOPOrO HanpasmneH noj yrnom — a/2 K ocu
abcuucc. Npu 3TOM NPOEKLUA CKOPOCTU HA OCb X AOIMKHA ObITb CBEPX3BYKOBOM. KpoMe TOro, AOMKHO BbINOM-
HATbCS ycnosue a < f.

MapLueBoi ABnsercsa nepeMmeHHas ocu abcuucc. Pacyer npoBoauTCa A0 TOYKU, KOTopas aensieTcs ab-
CLIMCCO TOYKM NepeceyeHnsa NpucoeaunHEHHON yaapHON NPaBon ¢ BEPXHEN rpaHuLEen.

To4HOe peLueHune

dopmupyetca o6TekaHne KnuHa ¢ NPUCOEeAUHEHHOW NPAMONUHENHOW yAAPHOW BONHOM U CBEPX3BYKO-
BOW CKOPOCTbIO MeXay NMOBEPXHOCTbIO KMUHA U yaapHoi BonHol [1], [7]. Mpu o < B napameTpbl Te4eHUs, No-
NYYEHHbIE B YUCIIEHHOM PELLEHUM, MOXHO CPaBHUTL C NapamMeTpamu TOMHOTO pPeLleHnA 3aaadu O HaKNOHHON
YAAPHOI BOMHE «cnaboro cemeincTeay, NPUCOEAUHEHHON K KMUHY.

Bepudukaumsa Ha npeagMmeT KOPPEKTHOCTU Koaa.

5.2.4 KpyroBo# KOHyC B CTaLLMOHAPHOM CBEPX3BYKOBOM MOTOKe

Onucaxune sagauu

Kpyroeoit KoHyc, o6pasytoLLiasi KOTOPOro HAaKMOHEHA NOA YoM o K 0CU CUMMETPUM (o < 90°), obTekaeT-
CSl CBEPX3BYKOBbLIM MOTOKOM, CKOPOCTb KOTOPOTO HanpasfieHa no 0Cu CUMMETPUMN.

MpeasapuTensHble waru

1) 3agaHbl gaBneHue, NAOTHOCTb M CBEPX3BYKOBAs CKOPOCTb HaberawLlero notoka, HanpaBneHHas
BAOMb ocu abeumcce.

2) B nepemMeHHbIX rogorpacda OnpeaenseTcs MakcuMarbHash BEIMYMHA Yrna PackpbITUA KOHyca oy,
ofecneunsaioLlan 6e30TpbIBHOE 06TEKaHME KNMMHA NPU 3a4aHHLIX NapaMmeTpax HaberaroLwero notoka (o, —
Yron HaKMoHa KacaTenbHOM K «si0NOKOBUAHOI» KPUBOW, NPOBEAEHHON U3 HAa4Yana KoopauHaT nnockoCTu roao-
rpada [1], [8]).

3) MNpun o < o, B NepemMeHHbIX rogorpada KOMNOHEHTLI CKOPOCTU NOTOKA Ha MOBEPXHOCTU KOHyca (Ko-
opAuHaTbl TOMKM nepeceyeHus «A0NOKOBMAHOMW» KPUBOW C CeKyLLEel, MPOBEAEHHON NOA YINOM o U3 Havana
KoopauHar nnockoctu rogorpada [1], [8]).

BapuaHT noctaHOBKM 3a4a4u NpW UCMOMb30OBAHUM METOAA YCTAHOBMNEHUS

B uunuHapuueckor cucteme KOOpAMHAT (Z, 1) 0OCb CUMMETPUMW KPYroBOro KOHyca NpMHUMaeTcs 3a oCb
abcuucc (r = 0). PacueTHas o6nacTb CHU3Y OrpaHUM4eHa OCbI0 CUMMETPUM U 0BpasyloLLeli KOHyca. BepxHas
rpaHuua — nomaHas fiMHUA, COCTOALLAA U3 ABYX NyyYeil, Nepecekalomxcs B ToO4Ke ¢ abCLMCCON BEPLUMHBI
KOHyca. OauH nyd, napannenbHblil 0CU abCUMCC, PaCrONOXEH NeBee TOYKU NepecevyeHnsi, BTOPON NeXuT Ha
npsIMON, napannensHoi obpasyioLweil KoHyca. Cneea Ha BxOAe M CnpaBa Ha BbIXOAE pacyeTHas obnacTb
orpaHuyeHa npsambIMKU, NapannenbHeIMU OCU OPAUHAT.
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B HavyanbHbIN MOMEHT BPEMEHU NapamMeTpbl MOTOKA BO BCEW pacyYeTHON 06nactu paBHbl NapameTrpam
Haberatowlero notoka. Ha ocu cUMMETPUM U MOBEPXHOCTU KOHYCa 3aJaloTca YCroBUS HenpoTekaHusi. Ha
oCTarbHbIX rpaHMLAX 3a4al0TCA YCMNOBUA OTKPLITON rpaHuubl. Ha neBoii rpaHuLe napaMeTpbl HE MEHSIOTCA
BO BPEMEHMU.

To4HOE peLueHune

Mpu o > o, hopmmpyeTca oTolueaLas yaapHasa BonHa. Mpu o < oy, peanusyeTcsa pexxuM oGTekaHus
KNUHa C NPUCOEAMHEHHON yaapHOI BONMHON. TeyeHne 3a NpUucoeanHEHHOW yaapHO BONHOW MOXET BbITb BCIO-
[y CBEPX3BYKOBbIM UIN NEPEXOAUTL HAa HEKOTOPOW KOHMYECKOW NMOBEPXHOCTU B JO3BYKOBOE, €CMU UHTErpanb-
Has KpuBas B NePEeMEeHHbIX rogorpada nepecekaet OKPYyXXHOCTb, paauyc KOTOPON paBEH KPUTUYECKOW CKOPO-
ctu B Haberatowlem notoke [1], [8].

BapuaHT nocTtaHOBKU MpU UCNOMb30BaHWWM MapLUEBbIX METOA0B YNCIIEHHOTO UHTErPUPOBaHUSA

3agada pewlaetcs B CMCTEME KOOPAMHAT (X, y), MOBEPHYTOW OTHOCUTENLHO (Z, ) B MOMOXWUTENBHOM
HanpaeneHun Ha yron o (o < o). PacyetHas oGnactb CHM3y orpaHudeHa ofpasyloLlen Kpyrosoro KoHyca,
coBnagaroLlen ¢ ocblo abcuncc B cucteme (x, y). CBepxy pacyerHas obnacrb orpaHuyeHa npsiMon, naparn-
nenbHOW obpasyioLlen KoHyca. JleBas rpaHuLla coBnaaaeT ¢ OCblo OpAMHAT y. Ha noBepxHOCTU KOHyca 3a-
[aloTCA YCroBMS HeNpoTekaHus. Ha neBovi n BepxHel rpaHuLe 3a4atoTcst napamMeTpbl Haberarowero notoka ¢
BEKTOPOM CKOPOCTM, HanpaBfieHHbIM MO 0CU abCUMCC UMIMHAPUYECKON CMCTEMbI KoopauHaT (z, r). MNpu aTom
NPOEKLUMA CKOPOCTM Ha OCb X AOMKHa ObITb CBEPX3BYKOBOW. MapLueBoi ABNSETCS NnepeMeHHas x no ocu ab-
CLMCC B CUCTEME KOOpAMHAT (X, y). PacyeTr npoBoaMTCS A0 TOYKK, KOTOpas sBnAeTca abcumccom TOYKN nepe-
CeYeHns NPUCOEeaMHEHHON YAapHON BOSHbI C BEPXHEN rpaHuLIEn.

To4HOE peLueHune

Mpu gocTatovyHO ManbIX yrrnax o M BbICOKMX 3Ha4YeHusaAx yncna Maxa dopmupyerca CBepx3ByKOBOe 00-
TEeKaHMe KOHyca C NpUcOoeqMHEHHON NPAMOMNWHEWHOW yaapHoW BonHou [1], [8]. MNonyyeHHOE B YMCNEHHOM
peLueHnn pacnpeaeneHme napaMmeTpoB 3a NPUCOEAUHEHHON KOHUYECKON yAapHON BONHON MOXHO CPaBHUTL C
TOYHbIM PELLEHUEM NPK o < o, €CNK NPEBAPUTENLHO B NEPEMEHHbIX rogorpada NPoMHTErpupoBaTh 00bIK-
HOBEHHOe AuddepeHumanbHOe ypaBHEHUME BTOPOro mopsaka, onpeiensowee 3aBUCUMOCTb MOMEepPEYHON
KOMMOHEHTbI CKOPOCTM OT NPOAOMbHOI B TeyeHun Bysemana.

Bepudukauma Ha npeaMeT KOPPEKTHOCTU Koaa.

5.2.5 MepecevyeHne ABYX CKAYKOB YNISIOTHEHUA

OnucaHune 3agayn

[Ba cTaumMoHapHbIX CKadka ynrnoTHEHWs O4MHAKOBOW WMHTEHCUBHOCTU MPUHAANEeXar CTOpOHaM yrna,
BAONb OMCCEKTPUCHI KOTOPOTrO HaMpaBneH BEKTOP CKOPOCTM HaberawLero CBepx3BykOBOro notoka. Heobxo-
AUMO paccuuTatb B3aUMOAENCTBUE TUX CKAYKOB YNITOTHEHUSA: ONpeaenuTb CTPYKTYPY M napameTpbl (hopMu-
PYIOLLEroCs TEYEHUS.

B pacuerax ckayku ynnotHeHus S obpasyloTCs Npu BXOAE CBEPX3BYKOBOTO MOTOKA B NMOCKMIA CUMME-
TPUYHBIA CYXXaloLWMNCA KIMHOBUAHbINM KaHan (CM. PUCYHOK 1).

BapuaHT nocTtaHOBKM NpW MCNOMb30BaHUM METOAA YCTAaHOBIEHUSA

B npsiMOyroncHOW AeKkapToBOW CUMCTEME KOOPAMHAT Ha MAOCKOCTM (X, ¥) pacyeTHaa obnacTb npea-
CTaBnsieT coBON Cy>KatoLWMUNCA CUMMETPUYHBIA OTHOCUTENBHO FOPU3OHTaNbLHON OCK abCcLMCC NNOCKMIA KaHan,
OrPaHUYEHHbIN Cneea U cnpaea NpAMbIMU, NapannenbHbIMU 0CKU opAuHAaT. KOHTYp CTeHKku kaHana 3agaetcs
nomanoi ABCD, cocrosilen us tTpex otpeskos npambix. Otpeskn AB n CD napannenbHbl ocu abcumce u pac-
MONOXEHbI HA PAa3HOM OT Hee paccTosiHUM. OTpe3ok BC HaKkMOHEH K 0Cu aGcumce noa 3a4aHHbIM YITIOM.

B HayanbHbIN MOMEHT 3aatl0TCA AaBreHne U NIOTHOCTb MOKOSLLErocs Bo Bcel obnacTtu rasa. Ha nesoit
W NpaBoOi rpaHuuax 3agaloTca YCroBUa OTKPLITOW rpaHuubl. Ha CTeHkax kaHana — yCroBuSA HENPOTEKaHUS.
3ajaeTcs yCkOpeHue NoToka B HanpaeneHum ocu abcumce, OAMHaAKOBOE BO BCEX TOHMKaX pacyeTHomn obnactu
[0 TOro MOMeHTa, noka yucno Maxa Ha Bx0oA4€e He AOCTUTHET 3apaHee 3a4aHHOr0 CBEPX3BYKOBOrO 3HAYEHUS.
[anee pacyeTt NpoBOAUTCA C HYNEBbLIM YCKOPEHNEM NOTOKA A0 POPMUPOBAHUA CTALIMOHAPHOIO peXxuma ¢ 3a-
AaHHbIM Yncnom Maxa.

To4yHOE peLueHune

B 3aBucumMoctu o1 uncna Maxa HaberatoLlero cBepx3BykOBOrO NMOTOKa U yrna HaknoHa otpeska BC k
ocu abecuuce hopMupyeTcs CtauMoHapHoe TeYeHue ¢ NPUCOEANHEHHON (CM. PUCYHOK 1 @) unu oToLueaLen
(cm. pucyHok 1 6) yaapHoi BonHoi nepea knmHom ABC [1], [7], @ B3auMogeincTBMe CKaykoB yNnoOTHEHUs S
MOXET ObITb PErynsapHbIM, Kak Ha pUcyHke 1 a, unu HeperynsapHeliM (MaxoBCKUM), Kak Ha pucyHke 1 6 [1], [7].
B cnyyae npucoeanHEeHHbIX CKaykoB S MONy4YeHHble B pacyeTax napaMmerpbl MOTOKA HETPYAHO CPaBHUTbL C
TOYHbIM peLueHuem 3agayu [1], [7].

Bepudukauma Ha npeameT KOPPEKTHOCTU Koaa.
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PucyHok 1

5.2.6 B3anmopgemncTBue KOHMUYECKON yAAPHOM BOJSIHbI C OCbIO CUMMETPUUN

Onucanue 3agaun

B 0CECHMMMETPUYHBIN CY>KaloLLMINCA KaHan, BbIMOSHEHHbIN B POPME YCEYEHHOro KPYroBoro KOHyca, no-
CTynaeT CBEPX3BYKOBOM NOTOK, CKOPOCTb KOTOPOro HanpasneHa no ocu cuMmeTpuun. Cxatue noToka NpuBoAUT
K hopMUpPOBaHUNIO yAAPHOW BOJHbI, CXOASILLENCA K Ocu cuMmMmeTpun. Heobxoammo paccumTatb B3aumogen-
CTBME CXOASALLENCH yaapHOW BOSHbI C OCbI0 CUMMETPUK: ONPEAENUTb CTPYKTYPY U napameTpbl (hOpMuUpyoLLe-
rocsi Te4eHus.

BapuaHT nocTtaHoBKM NPU NCNOMb30BaHUWM METOAA YCTAHOBMEHUS

B uunuHapuyeckoi cucteme KoopauHar (z, r) pacdetHas obnactb npeacraBnsaeT cobou cyxatLmincs
KaHarn, CUMMETPUYHbIM OTHOCUTENLHO FrOPU3OHTAaNbHON ocu abcuuce z. KaHan cnesa u cnpaea OrpaHuyeH
npsMbIMK, NapannensHeiMu ocu opauHart r. KoHTyp kaHana 3agaetca nomaHon ABCD, cocTosiien u3 tpex
oTpe3koB npsmMbiXx. OTpeskn AB n CD napannenbHbl 0cu abcuuce U pacnonoXeHbl Ha pasHOM OT Hee paccTo-
sHun. OTpe3ok BC HakMNoOHeH k ocu abcumce noa 3agaHHbIM YIToM.

B HayanbHbI MOMEHT 3a4at0TCA AABNEHME U MIOTHOCTb NOKOSALErocs BO BCel oGnacTtu rasa. Ha nesoii
M NpaBoON rpaHuuax 3agatTca YCNoBUA OTKPLITOM rpaHuubl. Ha creHke ABCD — ycnoBus HenpoTeKaHuA.
3agaetca yckopeHue notoka B HanpasneHun ocu abcumuce, 0gMHaAKOBOE BO BCEX TOUKax pacveTHOn obnactu
[0 TOro MOMEHTA, noka uncno Maxa Ha BxoAe He AOCTUIHET 3apaHee 3aaHHOr0 CBEPX3BYKOBOIO 3HAYEHMS.
Hanee pacuyeT NpoBOAUTCA C HYNEBbLIM YCKOPEHUEM NOTOKA A0 (hOPMUPOBAHUS CTALIMOHAPHOTO peXxuma ¢ 3a-
AaHHbIM ynucriom Maxa.

To4yHOe peLueHne

B 3aBucumocTu ot uncna Maxa HaberaroLlero CBepx3ByKOBOro NoTOKa U yrra HaknoHa otpeska BC k
OCU CUMMETPUM (POPMUPYETCA CTAaLMOHAPHOE TEYEHUE C MPUCOEAUHEHHON (CM. PUCYHOK 2 @) Unu oToLleaLUen
(CM. pucyHOK 2 6) yaapHOW BOMHONM, CXoAsiLLeNncs K ocu cuMmmetpun. Ee B3anmoaencTeue ¢ 0Cbto CUMMETPUN
B 000MX cny4asax npuBoaAUT K HOPMUPOBAHUIO HEPETYNIAPHON Max0BCKON CTPYKTYpPbI [9].

Bepudukaums Ha npegMeT KOPPEKTHOCTU U TOYHOCTM KOAA Ha UCMOSb3yeMON PACHETHOW CETKE.

PucyHok 2

6 Bepudumkauma Ha 6a3e TOUHbIX peleHNn Ot HeYCTaHOBUBLLUMXCA TEUEHUN

6.1 OgHOMEepHbIe TeuyeHusA

6.1.1 MepemeweHne o6nacTu HEOQHOPOAHOCTH

Onucanune 3agaum

[lBe KOHTaKTHbIe NOBEPXHOCTU pasaensioT NOTOK B TpyOe Ha TpW YacTu C pasHoW MIOTHOCTLIO. [dBuKe-
HMe rasa nponcxoaut ¢ NOCTOAHHOW CKOPOCTbIO 1 NMPU NOCTOAHHOM AaBIEHUMN.
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MocraHoBka

PacuyeTHas 06nactb — NpsiMOYronbHUK CO CTOPOHaMM, napannensHbIMW OCAM NPSIMOYTONbHOM AeKapTo-
BOW (X, ¥) UNU LMAMHAPUYECKON (Z, r) CUCTEMbI KOOPAUHAT.

B HavanbHbIA MOMEHT BPEMEHM 3a/1aHbl 1JaBNEHNE U CKOPOCTb, OIMHAKOBLIE BO BCEW pacyeTHON obna-
cTu. HanpaBneHue CKOpOCTM COBNAaAaEeT C HanpaBneHmeM ocu abeuuce.

PacuetHas obnactb pasgeneHa Ha Tpu 4acTu ABYMS1 NPSIMbIMKU «a» U «B», NapannenbHbIMUM OCK opaun-
HaT. B kaxxaoun u3 Tpex nogobnacrein 3agaHo CBOE 3HAYEHME NFIOTHOCTU, TO €CTb NPSIMbIE «a» U «B» — 3TO
KOHTaKTHbIE Pa3pbIBbl.

Ha neBo# rpaHuue napameTpbl MOTOKA COXPAHAIOTCA B npouecce pacyeta. Ha rpaHuuax, napannens-
HbIX OCU abcumce, 3a4al0TCA YCMOBUS OTKPLITOWM rpaHuLbl UMM HENpoTekaHus. Ha npaeou rpaHuue Bbixoaa
NOTOKa 3aAal0TCA YCOBUSI OTKPLITON FPaHULbI.

Pacuer npoBoauTCA A0 NoAXoA4a HEOAHOPOAHOCTM K NPaBOM rpaHuLe.

TouHoe pelueHue

C TeyeHueM BpEMEHMU PaCCTOSIHUE MEeXAY NepeMeLLaloLMMUCS NPAMBIMU «a» U «B» HE MEHSIETCSA, Kak
M NnapaMeTpbl rasa B KaXXaomn u3 Tpex nogobnacren.

Bepudmkauyumsa Ha npeamet AnddPy3MOHHbIX CBONCTB YACTIEHHON CXEMBbI.

6.1.2 PacnpocTpaHeHue nagarouen yaapHOM BOSHbI

OnucaHue 3agaum

B TpyGe, 3anonHEeHHOW NOKOALLMMCS ra30M C OAHOPOAHLIMU NapamMeTpaMu, pacnpocTpaHaeTca najato-
Lias yaapHas BOMHA.

[NocraHoBKka

PacuetHast 06rnactb — NnoCKui NPSIMOYrONbHUK, CTOPOHbI KOTOPOro NapannefibHbl OCAM NPAMOYronb-
HON AEKapTOBOW (X, ¥) UNKN LUNUHAPUYECKON (Z, r) CUCTEMBI KOOPAMHAT. B Ha4YanbHbIN MOMEHT BPEMEHU pac-
yeTHaa obnactb pasgeneHa Ha ABE 4YacTu NPSAMON, napannenbHONn ocu opauHaT. CnpaBa OT 3TOW NPAMON
3a4al0TCA AaBneHue U NNOTHOCTb NOKOSAILLEerocsd ra3a. Cnesa — napamerpbl O4HOPOAHOIO MNOTOKA 3@ NPAMbIM
CKa4yKOM YMIMOTHEHUs1, PaCNPOCTPAHSIOLLMMCA C 3a[1JaHHON CBEPX3BYKOBOIN CKOPOCTHIO MO NMOKOALLEMYCS rasy.
Ha neBoli rpaHuue (Ha BXoAe B pacueTHYI0 06nacTb) 3HaYEHUs1 NapaMETPOB COXPAHSIIOTCS B TEYEHUE BCEro
pacdeta. Ha rpanuuax, napannesnbHbix 0cu abCLUMCC, 3a4al0TCS YCNOBUS OTKPLITOW FPaHULBI UNU HENPOTEKa-
HUs1. Ha BbIxoae 13 pacyeTHON o6nacTu — yCcnoBus OTKPLITON rpaHuLbl.

To4yHOEe pelueHue

CoxpaHsTCs NPAMONMHERHAa (popma ckadvka ynioTHEHUA, CKOPOCTb €ro pacnpoCTpaHeHus u napa-
METpPbl MOTOKA 3a yAapHbIM (PPOHTOM, KOTOPbIE MOXHO BbIYUCAUTL MO COOTHOLLEHWAM Ha MPSIMOM CKauke
ynnotHeHus [1], [7].

Bepudukaumsa Ha npeagMeT KOPPEKTHOCTU pacyeTa U BINAHUA CXEeMHON BA3KOCTU HA pacyeT TeYEHUs ¢
HecTauuoHapHbIM CKaYKOM YNIOTHEHUS.

6.1.3 MpenomMmneHue nagarowein yoapHom BOSHbI

OnucaHue 3agauu

B Tpy6e ¢ neperopoakoii, pasgensiowei ABa pasnuyHbIX No MAOTHOCTU rasa, HaXoASALMXCS B COCTO-
SIHUWM NOKOSA NPW OJWHAKOBOM JAaBIIEHMM, CrieBa PacnpoCTPAHAETCA NajarLlasn yaapHas BonHa. Tpebyertca
onucaTk ABWXEHWE rasa nocne Toro, Kak yaapHas BonHa AoNAeT A0 KOHTAKTHOro pasphbisa.

MocraHoBka

PacyeTHasa obrnactb — NNOCKMIA NPAMOYrOfIbHWUK, CTOPOHBI KOTOPOro napannenbHbl 0CAM NPSMOYrofb-
HOW AeKapToBOW (X, ¥) UMM LUMNUHAPUYECKON (Z, 1) CUCTEMbl KOOPAMHAT. B HayanbHLIN MOMEHT BPEMEHW
pacyeTHas obnactb pasaeneHa ocblo OpAWHAT Ha ABe YacTu. Cresa OT OCU OpPAMHAT 334al0TCA NapaMeTpbl
OJHOPOAHOrO MOTOKA 3@ NPSAAMBIM CKAYKOM YMMOTHEHUSA, PACNPOCTPAHAIOLLMMCS € 3aAaHHON CKOPOCTLIO MO No-
KOSILLEMYCSA ragy cnesa OT neperopoaku. Cnpasa 3ajalotcs JaBreHne U NoTHOCTb eLle NOKOALLErocs rasa.
Mocne MrHOBEHHOTO YCTPaHEeHUS Meperopoakn Ha NeBsow rpaHuLie 3ajaHHbIe 3Ha4YeHUA napaMeTpoB COXPaHs-
l0TCA B TEYEHME BCEro pacyeTa. Ha rpaHuuax, napannenbHbix ocu abcumce, 3aaatoTest YCrnoBusA HenpoTeka-
HWUS UKW OTKPLITOI rpaHuLbl. Ha BeIXoae U3 pacyeTHoW 06nacTn — ycrnoBus OTKPLITOW rPaHuLibI.

TouHOe pelleHne

3apaya cBoaMTCA K 3a4a4e 0 pacnajge paspbliBa, KOTopas UMEET TOUHOe pelleHue [7]. Hanpaso Bcerga
WAeT NpenomneHHas yaapHas BonHa. Haneso B 3aBUCMMOCTH OT HavarlbHbIX MapameTpoB rasa W CKOPOCTH
nagatoLuei yaapHoi BONHbI MOXET PacnpoCTPaHATLCA KaK yaapHas BOSHA, Tak U BONHA PaspexeHus.

Bepudmkaums Ha npeagMET KOPPEKTHOCTU KOAa U BIIUAHUSI CXEMHOW BA3KOCTU HA PacyeT TEYEHUS C He-
CTauMOHapHbIM CKaYKOM YNIOTHEHUS.
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6.1.4 BaBuraembliii NNOCKUM NOPLIEHb

OnucaHue 3agaqm

Tpy6a 3anonHeHa OgHOPOAHBLIM MOKOSLLMMCS ra3oMm. B HEKOTOPbLIA MOMEHT B HEE€ HAUMHAIOT BABUIaTh
nopLLEHb C NOCTOSAHHOM CKOpocTbio [1], [7]. B nnockom cnyyae 3agaya 9KBMBAsIEHTHA HAaTEKAHUIO ra3a Ha He-
NOABWXXHYIO CTEHKY CO CKOPOCTbIO ABUXKEHUS NMOPLUHA.

MocraHoBka

PacuyetHas obnactb — NpsiMOYronbHUK B NPSIMOYIOfNIbHON AEKAPTOBOW CUCTEME KOOpAMHAT (X, y) CO
CTOpOHaMu, napannenbHbiIMU KOOPAUHATHbLIM OCAM.

B HauyanbHbI MOMEHT Ha NEBYIO IPaHULYY pacuyeTHoM obnactu x = 0 cnpaBa HaTekaeTt NOTOK rasa ¢ 3a-
AaHHbIMU U MOCTOSHHLIMK BO BCEW pac4eTHON 06rnacTu 3Ha4YeHUsAMM AABMNEHUs, NIIOTHOCTM U CKOpOCTU. Ha
nesou rpanuue x = 0 3agatoTcs ycroBUs HENPOTEKAHUS, HA NPaBOM — YCNOBUSA OTKPLITOW rpaHuLbl. Ha Bepx-
HEN N HWKHEN rpaHnLax ycrnoBus HENPOTEKaHUS UITW OTKPLITOW rpaHuULbI.

TouHoe peweHue

OT neBow rpaHuubl X = 0 HABCTPeYy NOTOKY C MOCTOSHHON CKOPOCTbIO pacnpoCTPaHAETCa CKa4YoK ynsoT-
HEHUSA, NnapaMeTpbl 3a KOTOPbIM ONPEAENsAIOTCA COOTHOLUEHUSIMU Ha YAAPHOW BOSMHE NPU 3aJaHHOW CKOPOCTU
HaberaooLlero noToka, paBHOM CKOPOCTU MOPLUHSA, BABUraemMoro B KaHars, 3anofiHEHHbIW NEPBOHAYaNbHO He-
noABWXXHbIM rasom [1], [7].

Bepudukauus Ha npeaMeT KOPPEKTHOCTM KOAA W BIIUSIHUS CXEMHOW BSI3KOCTU Ha pacyeT TeYeHuUs C He-
CTaLMOHAPHBIM CKaYKOM YNIOTHEHUS.

6.1.5 OTpaxeHue yaapHOM BOSIHbI OT TOPLEBOW CTEHKU

Onucadue 3agauu

B Tpy6e, 3anonHeHHOW NOKOALMMCH ra3oM, PacnpOCTPaAHSIETCA Najaiowlas yaapHas BOnHa. B Heko-
TOPbIi MOMEHT ylapHasi BONHA AOXOAUT A0 CTEHKU, NEPNEHAUKYNAPHON CKOPOCTU ee ABmwkeHus. Tpebyerca
paccuuTaTth AanbHenwee ABMWKeHue rasa [7].

MocraHoBka

PacueTtHasa obnactb — MroOCKui NPSIMOYTONbHUK, CTOPOHbI KOTOPOro napannenbHbl 0CAM NPSIMOYTOrb-
HOW AeKapTOBON (X, ¥) UNu UUIMHAPUYECKON (Z, r) cucTembl KoopauHar. MNpasas rpaHuua obnactu copnagaer
C OTpaxatoLLel CTEHKOW U napannenbHa 0cu OpAUHAT. B HayanbHbIi MOMEHT BPEMEHU B paCUYETHOI obnacrtu
3ajaHbl napaMeTpbl HaberawLero Ha CTeHKy OQHOPOAHOrO NoToKa: AaBneHue, NAOTHOCTbL U CKOPOCTb, pac-
CUYMTaHHbIE MO 3a4aHHON CBEPX3BYKOBOW CKOPOCTU NagaroLwei yaapHOi BOMHbLI M napameTpam noKosLerocs
nepea Hew rasa. Ha nesoi rpaHuuUe pacyeTHON 0BnacTy napameTpbl COXPaHSIIOTCS B TEYEHUE BCETO pacyeTa.
Ha rpaHuuax, napannenbHbix ocu abeumce, 3aaatoTeA YCnoBUsSl OTKPLITOM rpaHuuUbl UM HenpoTekanus. Ha
oTpaxaloLlei CTEHKe — YCrOBUS HENPOTEKaHUA.

To4HOE peLueHne

B TeueHne Bcero pacyera COXpaHSIOTCA NPAMONUHENHan hopMa OTPaXKeHHON YAapHOW BOMHbI U CKO-
pOCTb ee pacnpocTpaHeHus. 3a CKa4YKoM YNIIOTHEHUSA ra3 NOKOWUTCA, a AABNEHWE U NNOTHOCTb PACCYUTBLIBAIOT-
¢ no anrebpanyeckum COOTHOLLEHMSAM Ha NPAMOM CKayke ynnoTHeHus [7].

Bepudukaumsa Ha npeameT KOPPEKTHOCTU KOAA U BNUAHUS CXEMHOW BA3KOCTU HA PaCHET OTPaKeHUs
YAAPHON BOMHbI OT CTEHKM.

6.1.6 OTpaxeHHas ygapHasi BOJ/IHA MaKCUMaribHOM MHTEHCUBHOCTH

OnucaHue 3agayn

PaccmaTtpuBaeTcs crniyyqain oTpaXKeHus najatolleii yaapHoi BOMHbI OT TOPLIEBOM CTEHKM, KOrga aasne-
HWE B MOTOKE mepen OTpa)KeHHOW BOMHOW npeHebpexxumMo Mano no CPaBHEHWIO C AaBREHWEM 3a yAapHbIM
pOoHTOM. CKOPOCTb OTPaXXEHHOW BOJHbLI CHUTAETCA 3a4aHHON.

MocraHoBka

PacuyetHas obnactb — NNOCKMI NPAMOYrONbHUK, CTOPOHbI KOTOPOTO MapannenbHbl OCAM NPSMOYrOfb-
HON AeKapTOBOW (X, y) UMK LUAMHAPUYECKOW (Z, 1) CUCTEMBI KoopauHat. OTparkaroLlas NOBEPXHOCTb COBMa-
JaeTr ¢ NnpaBoM rpaHuuUen pacyeTHon oBnactu. CYNTAETCs, YTO MHTEHCUBHOCTb OTPaXXEHHON yAapHOW BOSHbI
no3sonseT npeHebpeyb AaBneHMeM B nagaroLlei yaapHol BOSHEe, TO eCTb CKOPOCTU pacrnpOCTPaHEHUst OT-
paXkeHHOW yAapHOR BOMHbI MO ra3y nepea HewW COOTBETCTBYET GeckoHevHO GonbLuoe vyncno Maxa. CkopocTb
pacnpocTpaHeHuns BosnHbl D umeet HanpasneHue, NPoTMBOMNONOXHOE 0CK abCumcC.

B HavyanbHbIn MOMEHT BPEMEHU BO BCEI paCYeTHOM 00nacTu 3agaeTcs Hynesoe AaBfieHue, OTNUYHas
OT HYNA NNOTHOCTb U CKOPOCTbL U < D, HanpasneHHas no ocu abcuucc. Ha npason rpaHuLe 3aaaloTcs Aasne-
HWE U NMOTHOCTb, PACCYUTAHHBIE MO COOTHOLIEHUAM ANSA yAapHOW BONHbI 6ECKOHEYHOW MHTEHCMBHOCTU MPK
3a/1aHHON ckopocTu D: ckOpOCTU pacnpOCTPaHEHUS BOMHbI MO ra3y nepej Hell COOTBETCTBYET GECKOHEYHO
6onboe uncno Maxa [10]. Ha rpaHuuax, napannenbHbix ocu abcumce, 3a1aHbl YCNOBUSI HENPOTEKAHUA UMK
yCnoBua OTKPLITON rpaHuubl. MapameTpbl Ha NEBON U NPABOM FPAHMLIAX HE MEHSIIOTCA BO BPEMEHM.
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TouHoe peLueHue

B TeueHune Bcero pacyera CoXpaHaIoTCa NpAMONMHenHasa hopmMa yaapHOI BOMHbI, CKOPOCTb €€ pacnpo-
CTpaHeHUs1 U NapaMeTpbl NOTOKA 32 CKAYKOM YNIIOTHEHUA.

Bepudukauusa Ha npegMmer KOPPEKTHOCTU KOAA U BIUSIHUA CXEMHON BA3KOCTU Ha pacyeT Te4yeHun C
CUIbHLIMU YAAPHBLIMK BONTHAMM.

6.1.7 N3BneyeHue nNIyIOCKOro NOPIUHA

OnucaHue 3agaum

OnHOPOAHDIN NOKOSILLMICS ra3 3anosfHAET YacTb TyObl, OrPAHUYEHHYIO NOPLUHEM. B HEKOTOPLIN MOMEHT
nopLIeHb HAYMHAET ABUXXEHUE C NOCTOSAHHOM CKOPOCTbIO OT 06nacTu, 3anonHeHHou rasom [1], [7].

B nnockom cnyyae 3agaya 9KBMBaneHTHa pasneTty ra3a OT HEMOABUXHOW CTEHKM CO CKOPOCTbIO ABWxe-
HUS NOPLUHS.

[NocraHoBKa

PacuyeTHasa 06nacrb — NpsIMOYTonbHUK B NPSIMOYTONbHOW AE€KApPTOBOM CUCTEME KOOPAMHAT (X, ¥) CO CTO-
poHamu, napannenbHbIMU KOOPAUHATHLIM OCAM. JleBast rpaHMLa NPUHAANEXUT OCK opauHar x = 0.

B HavanbHbIN MOMEHT pacyeTHas obnactb 3anofiHeHa rasom C 3a4aHHbIMU U MOCTOSIHHLIMWU BO BCEW
pacyeTHOl obnactu 3HaYeHUsAMU AaBIEHUs], MIOTHOCTU U CKOPOCTU, HanpaBrieHHOM no ocu abecuucc. Ha ne-
BOW rpaHMLE 3a4al0TCa YCMOBUA HENPOTEKAHWA, HA NPABON — YCNOBUSA OTKPLITOW rpaHuubl. Ha BepxHen u
HWXXHE rpaHuLax ycrnosus HENPOTEKAHUS UMK OTKPBITON rPpaHMLbl.

To4YHOE peLueHne

[MapamMeTpbl hopMUpPYIOLLEroca NOTOKa ONPeaensaioTc TeYEeHMEM B LEHTPUMPOBAHHOMW BOJIHE paspexe-
Hua Pumana [1], [7].

Bepudmkauma Ha npeaMET KOPPEKTHOCTU KOZA U BNUSIHUSI CXEMHON BA3KOCTU HA pacyeT TeYEeHUi Co
cnabbiMu paspbiBaMu.

6.1.8 UcTeuyeHne B BaKyym

OnucaHue 3agayu

PaccmaTpuBaercs 4acTHbii cnyqan 3agaum (6.1.6) 00 U3BNEYEHUU NNOCKOrO MOPLUHA C MOCTOSAHHOM
CKOPOCTbIO, MPU KOTOPOW ra3 He yCneBaeT 3a NOPLUHEM, U MEXAY ra3oM u nopLuHeM obpasyeTcs obnacrb Baky-
yma [1]. 3agaya akBuBaneHTHa MFHOBEHHOMY YCTPaHEHUIO NePEeropoaku, KOTopas otaensier obnactb Bakyyma
OT YacTu KaHana, 3anofHEeHHON MOKOSILLMMCS ra3oM.

MocTaHoBka

PacueTtHast 06nactb — NnOCKUI NPSIMOYTONbHUK, CTOPOHbI KOTOPOro naparnsienbHbl OCAM NPAMOYrofb-
HOW A4€eKapTOBOW CUCTEMbI KOOPAMHAT.

B HavyanbHbIi MOMEHT BpeMeHn pacyeTHas 06nacTb pasgeneHa Ha iBe 4actu npsaMoil, coBnaaatoLen ¢
OCbl0 OopauHaT. CnpaBa OT 3TOI NPSAMON BaKyyM, CrieBa — NOKOSILWMNCA ra3 ¢ 3alaHHbIM AABNEHWEM U NNoT-
HOCTbIO. Ha neBoit rpaHuuUe pacyeTHON 00NacTu u rpaHuLax, napannenbHbix 0cu abcumce, yCnoBua Henpo-
TEKaHUA UM OTKPLITON rpaHnLbl. Ha npaBo rpaHuLe — yCNOBUS OTKPLITOW FPaHULbI.

TouvHOe pelueHue

TeveHune B LEHTPUPOBAHHOW BosiHe Pumana, rpaHuyaiyen ¢ obnacrosio Bakyyma [1]. Bneso no nokosie-
MyCAl ras3y CO CKOPOCTbIO 3ByKa pacnpoCTpaHsieTcs BO3MyLLEHUe, ODYCMOBMEHHOE MOHWXEHUEM AaBneHus u
nNoTHOCTU. OBnacTb Bakyyma 3anornHsIeTCA ra30M CO CKOPOCTbIO, KOTOpasi Onpeensiercs M3BECTHLIM BblpaXe-
HUEM AN MHBapUaHTa BOMNHbI PumMaHa Ha NpaBoi xapakTepuCTUKE NpU HYNEeBOW CKOPOCTU 3BYKA B Bakyyme.

Bepudukaumsa Ha npeaMeT KOPPEKTHOCTU KOAA U BMMSTHUS CXEMHOW BA3KOCTH Ha pacyeT BOMH paspexe-
HUA, rPaHU4aLLIMX ¢ 06NacTbI0 Bakyyma.

6.1.9 3anyck ynapHou TpyObl

OnucaHue 3agaun

B Tpy6e c 3akpbITbiM TOPLIOM Neperopoaka pasjensieT 4Ba NOKOSILLUMXCA ra3a ¢ 0AMHAKOBON TeMnepa-
Typon. Mexxay TopLOM 1 neperopoakon AaBneHue rasa Bbille, YeM CreBa OT Hee. Temneparypa rasa Bciogy
oaHa u Ta xe. TpebyeTcs paccuuTarb ABWXKEHME ra3a nocrne MrHOBEHHOIO M3bATUSI NEPEropoaku [7].

MocTraHoBka

PacyetHas obnactb — NnOCKWI NPSIMOYTOSNIbHUK, CTOPOHbI KOTOPOro naparuienbHbl OCAM NPSMOYTofb-
HOW AeKapTOBON CUCTEMbI KOOPAUHAT.

B HavyanbHbIli MOMEHT BpeMeHM pacuyeTHas 06nacTb pasgerneHa Ha iBe 4acTu NpsiMoii, COBnagatoLlen ¢
0Cblo opauHar. Crnipasa OT 3TOM NPAMOM MOKOALLMIACA a3 C HU3KUM [1aBNEHNEM P, CrieBa — MOKOALLMIACA ras ¢
BbICOKUM AaBneHneMm p,. HavanbHas Temneparypa rasa oHa u Ta ke BO BCEi pac4eTHon obnactu. Ha neson
1 NPaBOW rpaHuULIax yCroBuA HenpoTekaHusa. Ha apyrux rpaHuLiax 3aaalorcs yCrnoBusl OTKPbITOM FPaHULIbI U
HenpoTeKaHus.
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To4HOe pelueHne

B cTopoHy neBoi rpaHuLbl N0 rasy BbICOKOrO AaBMEHUS PacnpoCTPaHAETCA BOHA Pa3pexeHuss Co CKo-
POCTbIO 3BYKA. [0 ra3y HU3KOro AaBneHUs pacnpoCTpaHAEeTcs nagatoLas yaapHas BonHa U 38 Hel KOHTaKTHbIN
pa3psbIB. [MapameTpbl TEY4EHUSA PACCUUTLIBAKOTCA NO popMynam Ans pacnaga npousBonbLHOro paspeisa [5], [7].

Bepudumkauua Ha npeamMeT KOPPEKTHOCTU KOAa U BNUSHUA CXEMHOM BA3KOCTW HA pac4yeT pacnaja npo-
M3BOJIbHOTO pa3pbiBa.

7 JrtanoHHbIe 3aaaun

7.1 OgHOMepHble HecTaLuMOHapHbIe TeYeHUs

7.1.1 CTOonKHOBeHue ABYX B3PbIBHbIX BOJH

Onucaxue sagayu

B Tpy6e HaBCcTpedy Apyr ApYry pacnpoCTpaHATCA 4B€E B3PbIBHbLIE YAAPHLIE BOSHLI. TpebyeTca paccyu-
TaTb pe3ynsrar ux B3anMOAENCTBUSA.

[NocraHoBka

PacuetHasa obnacte — NpsiMOYronbHUK CO CTOPOHAMKU, NapanmnenbHbIMA OCAM NPAMOYTONbHON aekap-
TOBOW CUCTEMbI KOOPAWUHAT.

PacuyetHasa obnactb pasgeneHa Ha Tpu 4acTu ABYMS MPAMBIMU «a» U «B», NapannenbHbIMU Ocu op-
AuHar. Mexay 3TUMK NpsiMbIMU HaXoAUTCA 06MacTb HEBLICOKOTO AaBMNEHUS MO CPABHEHUIO C AABMEHMEM B
Apyrux aByx nogobnacrsix. B Ha4yanbHbIi MOMEHT BPEMEHM ra3 UMEET OAUHAKOBYIO TEMNEpAaTypy U NOKOUTCSA
BO BCell pacyeTHol obnacTu.

Ha rpaHuuax pacyeTHon obnactu, napannenbHbiX 0cu abcumce, 3a4atoTCs YCrOBUA OTKPLITON FPaHULb
Unu HenpoTtekaHus. Ha neson n NnpaBou rpaHuLax ycnoBus HENPOTEKaHUS.

YucneHHoe peweHne npusoautca B [11], [12].

Bepudukaumsa Ha npeameT BNUSHUSA YUCINEHHON BA3KOCTM Ha HECTaLMOHapHbIE CTPYKTYPbI, BO3SHUKAIO-
LiMe npu B3aMMOAENCTBUM B3PbIBHbIX YAApPHbIX BOJH.

7.1.2 NMaparuwan yaapHana BomnHa, 6erywas no nepemMeHHoMy oHy

OnucaHue sapayu

Mapatowasn yaapHasa BOnHa, pacnpocTpaHsaoLwasnca B Tpy6e no 04HOPOLHOMY rasy, B HEKOTOPbIi MOMEHT
BXOAUT B 06NnacTb C HEOAHOPOAHBLIM pacnpeaeneHnem ninoTHocTu [14]. TpeByetcs onucaTts USMEHEHHE Napame-
TPOB 32 CKaYKOM YMMOTHEHUS], PACIPOCTPAHAIOLMMCS MO rasy ¢ HEOAHOPOAHLIM pacrnpeaeneHnem noTHOCTU.

MocraHoBka

PacuyetHas obnacrb — Nnockuii NpsIMOYroNbHUK, CTOPOHbI KOTOPOro rnapanmnenbHbl 0CAM NPSMOYIofb-
HOW AEKapPTOBOW CUCTEMBI KOOpAUHAT (X, ).

B HayanbHbIi MOMEHT BpeMeHu pacyeTHasi 0bnacTb pazaeneHa Ha ABe 4YacTu NpsAMOoN, napannenbHoii
ocu opaunHar, ¢ abeunccoit x = x, > 0. Cnesa oT 3T0/i NPAMOIA 3aAaHbLI NapaMeTpel NOTOKa 3a nNajatoLei yaap-
HOW BONHON, PaCNPOCTPaHAIOLLENCS NO NOKOALLEMYCH rady C 3aaHHbIMU U NMOCTOAHHbIMK 3HAYEHUSIMU MNOT-
HOCTU pg U AABIIEHNEM Py NPU X < X5 CNpaBa OT NPAMON X = Xy — NOKOSALLMIACA ra3 C AaBNeHNEM Py, HO nepe-
MEHHOI NNOTHOCTbIO: p = py + Asin[2mk(x / X, —1)], (k — uenoe 41cno).

Ha neBoi rpaHuue 3Ha4YeHUsA napaMeTpoB COXPaHAIOTCA B TeYeHUe BCEro pacyera. Ha rpanuuax, na-
pannenbHbIX 0cu abCUUCC, 3a4al0TCA YCMOBUS OTKPLITON rpaHuLbl UK HENPOTEKaHMA. Ha Bbixoae U3 pacyeT-
HOI 0BracTu yCnoBUs OTKPbITOW FpaHunLpbl.

YucneHnHoe pelueHne npusoautes B [12], [13]. 3a yaapHbiM (OPOHTOM NPUCYTCTBYIOT OCLMNNALMK, 00Y-
CMOBMEHHbIE HEOJHOPOAHOCTLIO pacnpeaeneHus NNOTHOCTU Nepes nNajatoLen yaapHoi BOSTHON.

Bepudukauma Ha npeaMeT BIUAHUS YUCNIEHHON BA3KOCTM HA CTPYKTYPY HECTALMOHAPHbLIX TEYEHUIA NpK
Hanuyum peanbHbIX NynbCaUui.

7.2 [1ByMepHble HeCTaLMOHAPHbIe TeYEHUA

7.2.1 MNMaparowan ynapHaa BONHA U KOHTAKTHbIA paspbiB

OnucaHue 3agayn

TpyOBy C NOPLUHEM 3anosHAIT ABa Pa3HbIX NOKOALUMXCS rasa. KOHTaKTHbIN paspbiB MEXay HUMU UMEET
BONMHUCTYIO cpopmy. MopLueHs saBuraeTca B TpyBy ¢ NOCTOAHHOW CKOPOCTLIO, BOBNEKAasi B ABWXEHWE HaX0Aast-
LMIicA nepea HUM ra3. TpebyeTcs onucatb TeYEHUE NOCne B3aUMOAEHCTBUA YOAPHON BOMHbI C KOHTAKTHOM
NOBEPXHOCTLIO. B NNOCKOM Cnyvae 3agaya 9KBUBasIeHTHA HATEKaHWIO ra3a Ha HEMOABIDKHYIO CTEHKY CO CKO-
POCTbIO ABWKEHUA NOPLUHSA.
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MocraHoBka

PacyerHass obnactb — NpsMOYrofibHUK B NPSIMOYFONbHOM AEeKapTOBOW CUCTEMe KoopauHaT (X, y) co
CTOpPOHaMU, NapannenbHbIMU KOOPAUHATHBLIM 0CAM. HYDKHSIA rpaHMLIa NpMHAANEeXmUT KOOpAUHATHOW ocn y = 0,
nesas u npasas 3aaHbl NPAMbIMK X = —1 U X = 1 COOTBETCTBEHHO.

B HayanbHbLI MOMEHT Ha HUXKHIOK FPaHWLY pPacyeTHON obnacTu CBepxy HaTekaeT NoTOK C 3aJaHHbl-
MU U NOCTOSIHHLIMW BO BCEW pacYHeTHOW 06nacTu 3HAYEHUSIMU AABIEHUsA, NMIOTHOCTU U ckopocTu. Kpueas
y = Acos(knx) + y, 3anaeT popMy KOHTaKTHOW NOBEPXHOCTM, Pa3Aensiowen NoToK Ha ABe 4acTu C pasHoH
MAOTHOCTbIO (kK — Uenoe yucno, y, > 0).

Ha HwiHe rpaHnue 3a4atoTca YCNOBMA HENPOTEKAHWSA, HA BEPXHEN (¥ = ¥y > ¥) — YCIOBUS OTKPLITON
rpaHnubl. Ha neson u npaBow rpaHnLax yCNoOBUA HENPOTEKAHMS UMW OTKPLITOW rpaHuLbl.

YucneHHoe peweHue

Beepx HaBcTpeyy Haberawemy NoToKy pacnpoCTPaHSETCA CKa4YOoK YNIMOTHEHUA C NOCTOSAHHOW CKOpO-
CTbIO 10 BCTPEYU C KOHTAKTHbIM pa3pbiBOM. Ha 3TOM 3rane napamerpbl 3@ CKaUKOM YNIOTHEHUS onpeaens-
IOTCA COOTHOLLEHUSIMU HA YAAPHOW BOMHE U 3a4aHHON CKOPOCTLIO HaberalLero noToka, paBHOW CKOPOCTU
NOPLUHA, pacLuMpsIoLeroca B HenoasuxHom rase [1], [7]. Mocne B3aumoaencTsns ¢ yaapHO BOSTHOW KOH-
TaKTHbIN paspbiB COXPAHAET NPAMONUHENHYIO chopMmy, ecnu A = 0. Npu A # 0 amnnuTyaa KpMBOM, 3aaaroLLen
NOBEPXHOCTb KOHTAKTHOTO pa3pbiBa, pacTeT Npu nepexoae U3 NNoTHOM B MEHEE MIOTHYIO cpeay.

Bepudukauma Ha npeaMer cnoCoBHOCTM CXEMbl U KOAA MOAENUPOBaTb HEYCTOWYMBOCTb Puxrmaiie-
pa — MewukoBa [14] npu B3auMoAeiCTBUN YAAPHOW BOMHbI C KOHTAKTHLIM pPa3pbiBOM.

7.2.2 BornHa pa3pexeHUs U KOHTAKTHbLIA pa3pbiB

OnucaHune 3agayu

TpyOy € NOpLUHEM 3anOMNHSIOT ABA Pa3HbiX MOKOALMXCA rasa. KOHTaKTHbIN pa3pbiB MEXAY HUIMU UMEET
BOMHUCTYIO ¢popmy. MopLueHb BbiaBUraeTcsa u3 Tpybbl C NOCTOAHHON CKOPOCTLIO, yBrekas 3a coboi ras. Tpe-
OyeTcsi onmcaTb TEYEHUE NOCHE TOro, Kak B ABWXEHWE NPUAET KOHTAKTHLIA paspbis. B nnockom cnyyae 3agaya
3KBMBANEHTHa pasneTy rasa oT HENOABUXHON CTEHKU CO CKOPOCTbIO ABMXKEHUS NOPLUHS.

[NocraHoBKa

PacueTHas obnactb — MpsIMOYTONbHUK B NPAMOYFOfIbHOW AEKApTOBON CUCTEME KOOpAMHAT (X, ¥) €O
CTOpPOHaMK, napanmnernbHbIMU KOOPANHATHLIM OCAM. HUXHAA rpaHnua NPUHaANEXuT KOopaAUHaTHOW ocu y =0,
nesas v npasas 3agaHbl NPAMbIMU X = -1 1 X = 1 COOTBETCTBEHHO.

B HayanbHblli MOMEHT pacyeTHas 06nacTb 3anofHeHa rasoM C 3a4aHHbIMU U MOCTOSIHHBIMM BO
BCEW pacyeTHoOM obnactM 3HaAYEeHWsIMUM AABMNEHUSA U CKOPOCTU, HANpasfieHHOW NO ocu opauHar. Kpueas
y = Acos(knx) + y, 3anaet hOpMy KOHTAKTHOW NOBEPXHOCTU, PA3AEnsioLen NOTOK Ha BE 4acTn C PasHO
MAOTHOCTLIO (K — Lienoe 4ncno, yg > 0).

Ha HuxXHeil rpaHuLie 3a0a10TCA YCNOBUA HENPOTEKAHUSA, HA BEPXHEN (¥ = ¥, > ¥,) — YCNOBUA OTKPbLITOM
rpaHuubl. Ha nesoi n Npaeov rpaHULAX YCIOBUSI HENPOTEKAHUA UMW OTKPbLITON rPaHuLbI.

YucneHHoe pelueHne

Beepx no razy pacnpocTpaHsieTcsi BOfIHa pa3pexXeHusi ¢ MOCTOSIHHOM CKOPOCTBIO 10 BCTPEYM C KOHTAKT-
HbIM pa3pbliBOM. Ha 9TOM 3Tane napaMeTpbl B BOSIHE pa3pexeHus onpeaensiotcs napamerpaMm TeYeHusl B
LeHTpupoBaHHoW BonHe Pumana [1]. Mocne B3anmMoaencTBms ¢ BONMHOW PumaHa KOHTAKTHbIN pa3spbiB coOXpa-
HAET npsiMonuHeriHyio opmy, ecnn A = 0. INpu A # 0 amnnuTyaa KpMBOM, 3a4al0LLEN NOBEPXHOCTb KOHTaKT-
HOro paspbiBa, pacTeT, eCnu pa3peXxeHue nNepexoauT U3 NMNOTHON B MEeHee NMMOTHYIO cpeay.

Bepudmkauma Ha npegMer CnOCOOHOCTM CXEMbl M KOAA MOAENUPOBaTb HEYCTOMUMBOCTb Puxrmaiie-
pa — MewukoBa [14] npu B3aMMOAENCTBMU KOHTAKTHOIO pa3pbiBa C BOSIHOM paspeXxXeHus.

7.2.3 B3pbiBHasA BOMIHA U KOHTAKTHbINA paspbIB

OnucaHue 3agaum

3apaya 0 pacnpoCTpaHeHun B3PbIBHOW BOMHLI, 00pa30BaBLUENCA B pe3ynbrare pacnaga LUInuMHApU-
yeckow 06nacTu BbLICOKOTO AABNEHUSA, B CPeJle C KOHTaKTHbIM paspbiBOM. TpebyeTca paccuutarb pesynsrar
B3aUMOAENCTBUSA B3PbIBHOW YAApPHOIN BOMHbI C KOHTAKTHLIM Pa3pbiBOM.

MocraHoBka

PacuetHast obnactb — KBagpar cO CTOPOHaMU, NapannenbHbIMUA OCSAAM NPSAMOYTOSIbHOM 1€KapTOBOW CU-
cTeMbl koopauHaT. Hayano koopauHaTt COBMNaZaeT ¢ LIEHTPOM KBaaparta. B ueHTpe pacnonoxeHa OKpY>HOCTb,
paanyc KOTOPOIA ry B HECKOMbKO Pas MEHbLLIE CTOPOHbLI PacyHeTHOM obnacTu.

B HauyanbHbI MOMEHT BPEMEHM AABEHUE B LIEHTPaNbHOM Kpyre Ha nopsiAoK NpesbilaeT AaBneHne B
OCTarnbHON YacTu pacyeTHon obrnacTu. CUMTaeTCs, YTO BHE LIEHTPAnbHOro Kpyra HaxoauTCS KOHTAKTHLIN pas-
PbIB, pasAensioLuin ra3 pasnuyHoi nnotHocTu. dopma paspeiBa 3apaercs opmynon r = r;(1+ Acos(an)),
rae o — asumyTanbHblii yron, aMnimtyaa 0 < A<<ry<r,unz8.

Ha rpaHuuax pacyeTHou 0brnacru — yCnoBUsi OTKPbITONM rpaHuLpl.
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YucneHnHoe pelueHue B [12], [15]: nOBEPXHOCTb KOHTAKTHOTO pa3pbiBa MCKAXKAETCA YCUITUBAIOLLMMUCS CO
BpeMEHeM MyrnbcaunsMu, eCrm cKka4yok YNIoTHEHUS NepexoanT U3 NNOTHOMO rasa B MEHEE MIOTHbIN.

Bepudmkauus Ha npegMer CrnocoGHOCTM CXeMbl M KoJa MOAENUPOBAaTb HEYCTOMYMBOCTbL Puxrtmaiie-
pa — Mewwukosa [14] npu B3auMOAEiCTBUM B3PLIBHOW YAAPHON BOMHbI G KOHTAKTHBIM Pa3pbiBOM.

7.2.4 Cxopsawmecs yoapHble BOSHbI

OnucaHue 3agayn

B otnuuue ot 3agaym MNyaepnes 06 0TpaXKeHUW yaapHOi BOMHbI OT OCM CUMMETPUK [8] B AAHHOM Cryyae K
HEKOTOPOMY LIEHTPY CXOAATCS, @ 3aTEM OTPAXKAKOTCA YETbIPE PABHOMPABHLIE B3PbIBHLIE BOMHLI, 00Pa30BaHHbIE
B pe3ynbTaTte CXMonbiBaHUs KBaapaTHoOl 0BnacTu, OKPY>XeHHOM NOKOSALLMMCS ra30M C BbICOKUM AaBneHuem [16].

MocraHoBka

PacyeTHas o6nactb — KBagpart CO CTOpOHaMU, napannenbHbIMU 0CAM NPSIMOYFONbHON AeKapTOBOW Cu-
CTeMbl KOOpAMHAT. B LeHTpe pacnonoXxeH Keagpar, NoBepHyThIn Ha 90° OTHOCMTENBLHO KBaapaTa pacyeTHOMN
obnactu. JuaroHanb BHYTPEHHEro KBagpara MMeeT nopszok NOMOBUHbLI CTOPOHbI pacyeTHON obnacTtu.

B HavanbHbIli MOMEHT BPEMEHU ra3 UMeeT O4MHAKOBYIO TEMMNEPATYPY U NMOKOUTCSH BO BCE pacyeTHoM
obnactu. [laBneHue BO BHyTPEHHEH 06nacTi mano no CPaBHEHUIO C ABNEHWEM B OCTalbHOW YacTu pacyeT-
Hol obnactu. Ha rpaHuuax pac4eTHoi obnactu 3aaatoTcsl yCroBusl HENpoTekaHus. B cuny ABOMHON cuMMe-
TPUW B NOCTAHOBKE 3ajaya peLlaeTcs B O4HOM U3 KBaAPAHTOB pacveTHon obnacru.

YucneHHoe pewleHue B [12], [16]. PacyeT BbINONHEH HA NPSIMOYTONbHOM ceTke. K LeHTpy pacnpocTpaHs-
€TCA yaapHas BOnHa, nepefHuin hpoHT KOTOPON UMEET [Ba M3romMa, CUMMETPUYHO PaCMONOXEHHbIX OTHOCU-
TENbHO AuMaroHanu KkeagpaHTta. 3a rofnoBHbIM yaapHbIM (PPOHTOM CNEAYIOT BOSIHA paspeXXeHUst U KOHTaKTHbIN
pa3spbiB. OTpaxxeHHas yaapHasa BONHA yCUNMBAET NynbCauuy Ha NOBEPXHOCTU KOHTAKTHOIO pa3pbiBa.

Bepudukauma Ha npeamer cnoCoBHOCTU CXeMbl U KOAA MOAENUPOBATb HEYCTOMYMBOCTb PuxTmaiie-
pa — MewkoBa [11] npu B3aMMOAENCTBUM KOHTAKTHOTO pa3pbiBa C OTPAXKEHHON B3PbIBHOW BOMHOMN.

7.2.5 3apaum o pacnage ABYMEpPHbIX pa3pbiBOB

Onucaxuve

B [17] npeanaraetca knacc 3agad, OnUCbIBaOLMX TEYEHUA, B KOTOPbIX O4HOBPEMEHHO MPUCYTCTBYIOT
pasHoro poja ruapoanHaMu4eckue paspbiBbl U BOMHbI PA3pEXXEHNs, B3aUMOAERCTBYOLLME MeEXAY COOON.

MocraHoBka

PacuyeTHasa obnactb — kBagpar co CTOPOHaMM, napanmnenbHbIMU OCAM NPAMOYFOfIbHOW AEKAPTOBOW CU-
CTEMbl KOOPAMHAT.

PacuyeTtHas obnactb pa3buta Ha YeTbIpe YacTu ABYMSA naparnnenbHbIMU OCAM KOOpAUHAT NPAMbIMU, NPO-
XOAALWMMU Yepes LUeHTp obnacTu.

B HavanbHbIi MOMEHT B KaXkgoi U3 nogobnacrei 3aaatoTcs NNOTHOCTb, AaBAEHUE U ABE KOMMOHEHTbI
CKOPOCTH.

Ha rpaHuue obnacty ycnoBus OTKPbITOW rpaHmLpbI.

YucneHHole pewenus [12], [17]. B 3aBUCMMOCTM OT 3a4aHus HadanbHbIX AaHHbIX DOPMUPYIOTCA pas-
NUYHbIE CTPYKTYPbI CO CNOXHON reOMETPUEN NOABUXKHBIX B OOLLEM Cryvae KOHTAKTHbIX pa3pbiBOB, yAAPHbIX
BOITH, BOIH Pa3peXeHUs, 30H HU3KOTO WU BbICOKOTO AaBMNEHus.

Mpun 3agaHUM CUMMETPUYHbBIX HAYarbHbIX YCIIOBUIA OTHOCUTENLHO OAHOW U3 AMAroHanelw pacdeTHomn 06-
nactu chopMUPYIOTCA CTPYKTYPbl C CUMMETPUENH OTHOCUTENBHO BblAENeHHOW AnaroHanu. MNpu 3agaHum Ha-
YarnbHbIX YCIOBUI C LIEHTPanbHON CUMMETPUEN MOTYT POPMMPOBATLCA MOABUXKHbBIE CTPYKTYPbI CO criMpane-
BMAHbIMU KOHTAKTHLIMU Pa3pbiBaMM.

Bepudmkauus Ha npeaMeT BIUAHUSA YMCIIEHHOW BA3KOCTU Ha pacyeT TEYEHMIt CO CIOXKHOW HeCcTauuo-
HapHON yAApPHO-BOSTHOBOW CTPYKTYPON U HanMyYneMm KOHTaKTHbIX pa3pbiBOB Pa3fiMyHON KOHUrypauum.

7.2.6 YoapHaA BofiHa, Haberawwas Ha KIuH

Onucaxune 3agaun

Ha cuMMeTpUYHBIN KIH, pacronoXeHHbI B MOKOSALLEMCA rase, HaberaeT nagaiowas yaapHas BonHa, cko-
pOCTb pacnpocTpaHeHUs KOTOPOW HarpaeneHa no GuccekTpuce yrna obpasyloLero KOHTyp knuHa. Tpebyetcs
paccunTaTb TEYEHNe, KOTOpoe POPMUPYETCA B pesynbrarte Audpakuuy nagaroLlei yaapHou BONHbI HA KITMHE.

MocraHoBka

KoHTyp knuHa 3apjaertca AByMS fydamu, WAYLLUMMKU U3 OAHOIM TOYKM. Yron pacKpbITUS KNMHA o — Yron
mexay nydyamun. Buccektpuca 06pa3oBaHHOrO nydamu yrrna npuHUMAaeTcs 3a 0Cb abCuMCC NPsSIMOYTONbHOW
[eKapToBOW CUCTEMbI KOOPAMHAT, BEPLUMHA KNMHA — 3@ Hayano KoopauHar.

IleBast rpaHuLa NpUHaaNeXuT ocu opanHat. CBepXy 1 CHU3y pacyeTHasi 06nactb orpaHMyeHa NpsMbIMU,
napannensHbIMU U CUMMETPUYHO PaCMONOXEeHHbIMU OTHOCUTENBHO OCK abcunce, cnpaBa — NpPsAMOW, naparn-
nenLHOM OCKU opaMHaT.
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B HayanbHbIi MOMEHT 06MacTb BHE KMKMHA 3anofHeHa NOKOALMMCSH OAHOPOAHBIM ra3omM.

Ha noBepxHOCTU KNMHa CTaBATCA YCNOBUS HeNpoTekaHus. Ha npaBoii rpaHuLe YCrnoBusi OTKPbITON rpa-
HUUpbl. Ha rpanuuax, napannesnbsHbIX 0CM abcUUCC, — YCNOBUA HEMPOTEKAHUA UMW OTKPLITOM rpaHuubl. Ha
neBoW rpaHuLe 3a4aloTcsa napameTpbl NajaroLwwen yaapHOW BOSHbI, PacnpoCTPaHALLERCs No NoKoALEMyCs
rasy ¢ 3a4aHHON CKOPOCTbIO. Yron packpbITuS KnuHa oGecnedynBaeT ero o6TekaHue ¢ NpUCOeaUHEHHON yaap-
HOI BONHOM NOTOKOM 3a nagarowen yaapHon sonHon [1], [7].

YucneHHsble peweHnsa npueoasaTca B [18]. B 3aBucumoctu ot umcna Maxa Haberatowlen BOnHbI U yrna
O PaCKpLITUA KNWHA peanuayeTcs perynsapHoe, opanHapHoe, ABOMHOE U TPOMHOE MaxOBCKOE OTPaXkeHue na-
JaroLen yaapHon BOSHbI OT NMOBEPXHOCTU KITMHA.

Bepudmkaumsa Ha npeagmeT CnoCOGHOCTN CXeMbl PACCHUTBLIBATL TEYEHUA C ANdPaKLUMEN yaapHbIX BOSH.

7.3 [IBymMepHble CTauMOHAPHbIE TeYeHUs

7.3.1 O6TekaHue BbiCTYyNna

OnucaHue 3agayu

Mnockuit Nnony6eCckOHEYHbIN BbICTYN, KOHTYP KOTOPOro 3agaeTcs NpsMbIM Yriom, 06TekaeTcs nnockum
OJHOPOAHbIM CBEPX3BYKOBbIM MOTOKOM, CKOPOCTb KOTOPOrO NEPNEHAMKYNSAPHa BEPTUKANbHON CTOPOHE yrna
(cm. pucyHok 3). Tpebyetca paccyunTarb 06TEKaHWe BbICTYNA.

KaptuHa o6TekaHus MoxeT BbITb NonyveHa B pe3ynsrare peLleHns 3agaqm 0 pa3roHe NPSIMOYrofbHOTO
nony6ecKoHEeYHOro Tena B nepBoHaYanbHO NOKOALLEMCS rase 40 3a4aHHOro 3Ha4eHus yucna Maxa, 4to akBu-
BareHTHO 3aJa4ve O NoTOKe, YCKOPAOLWEMCS OTHOCUTENbHO HEMOABUXHOMO NPAMOYIoNbLHOro NPodouns.

lNocraHoBKa

PacuyeTHas obnactb pacnonoxeHa B BEPXHEN NOMYNMOCKOCTU NPAMOYrONbHON AEKapTOBOW CUCTEMbI
KoopAuHar (x, ¥). Jlesas rpaHuua pacyeTHO 061acTi NPUHAANEeXUT NPAMON X = X, << -1 npu y > 0, npasas —
NpsIMOIA X = X, >> 1 Npu y > 0, BEPXHAS — NPSAMOIL y = ¥, >> 1 NpU X, < X < X,, OCTanbHas 4acTb rpaHnLbl naeT
no ocu abcumuce u CTeHKam BbICTYyna.

BoicTyn 3agaH otpeskomMm 0 < y <1 Ha npamoit x = 0 u nonynpamon y =1 npu x > 0.

B HauvanbHbIn MOMEHT 3a4al0TCA AaBMNEHNE U NAOTHOCTbL NOKOALLErocs ra3a Bo Bcen obnactu BHe Bbl-
cTyna. Ha BepxHen, NeBon 1 NpaBoii rpaHuLax 3a4aloTca YCNOBUA OTKPLITOM rpaHuLbl. Ha cTeHkax BbiCTyna
N OCU CUMMETPUK (y = 0) — yCnoBMa HENPOTEKAHUA.

MpousBoOnNLHO 3a4aETCH YCKOPEeHWE NOToKa B HanpaBneHuyM ocu abcuuce A0 TOro MOMEHTA, MoKa Yucno
Maxa Ha Bxode He AOCTUrHET 3apaHee 3aaHHOr0 CBEpPX3BYKOBOIO 3HauYeHUs. [lanee pacyer npoBOAUTCS C
HyneBbIM YCKOPEeHUeM NoToKa.

3TanoHHble pewenus B [11], [19], [20].

OBGTeKaHne NpoucxoauT B CTaLMOHAPHOM PEXUME C OTOLLE/ILLEN YAAapHOW BONHOW U UHTEHCUBHOM LIEH-
TPUPOBaHHOW BOMNHON pa3spexeHust NpaHans — Maiepa B OKpeCTHOCTU yrnoBo#n Toukm (0, 1).

Bepudukauma Ha npeaMeT cnocoBHOCTM CXEMbI U KO PACCUUTBLIBATL MIIOCKME TEYEHUS C HANUUUEM
obnacreii 40-, TPAaHC- U CBEPX3BYKOBbIX CKOPOCTENA.

Ay

X4 0 Xy

PucyHok 3

7.3.2 O6TekaHue UMNUMHAPA C TOPLUEBOW CTEHKOMN

OnucaHue 3agauu

Mony6ecKkoHeYHbIN KPYroBOW LIMIMMHAP C TOPLIEBON CTEHKON 00TeKaeTCsi CBepX3BYKOBLIM NOTOKOM rasa,
CKOPOCTb KOTOPOro HanpaerneHa no OCcu CUMMETPUM LMAUHAPA Ha TOPLEBYIO CTEHKY. TpeGyerca paccuutarb
yCTaHOBUBLLIEECS TEYEHME.

KaptuHa o6TekaHus MOXeT GbiTh MoNyyYeHa B pe3ynbrare peLleHus 3agadum o pasroHe umnuiapa B nep-
BOHa4anbHO NOKOsILLEMCA Fa3e A0 3a4aHHOIO 3HayeHus yucna Maxa, kotopas 9KBMBArIeHTHa 3agadqe o no-
TOKE, YCKOPSIIOLLEMCS OTHOCUTENbHO HEMOABMXXHOTO LIMNUHApPA.

14
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B yununapuyeckor cucteme KOOpPAMHAT (z, r) TOpLUeBas CTeHKa 06TEKaemMoro Kpyrosoro LMnuHapa npu-
HaanexuT ocu opauHart, obpasylowas uyunuHapa — npsamon r = 1, 0Cb UUNUHApPa NEXMT Ha ocu abcuyuce
(r=0).

INesas rpaHnua pacyeTHoW obnacTu s3agaeTca NpAMon X = x; << —1, npaeas — npAMon x = X, >> 1. MNps-
Mas r=ry >> 1 CNYXWUT BEPXHEN rpaHuLieil pacieTHON 00nacTu. HWKHAA rpaHnLa MAET no ocu CUMMETPUN,
TOPLEBOM CTEHKE 1 0bpasylowen uunuHapa.

B HayanbHbI MOMEHT BHE LIMNMHAPA ra3 B COCTOSIHUM NOKOSA, 3aJat0TCs €ro NAOTHOCTbL U AaBMEHME.

Ha BepxHelt, neBoii U NpaBoi rpaHuLax 3aaarTca yenoBua OTKPbLITOW rpaHuubl. Ha cteHkax umnuHapa
u ocu abCuUMUCC — YCNOBUSA HEMPOTEKAHUS.

Mpon3BOnbLHO 3aaeTcs YCKOPEHUE NOTOKA B HAaNpaBneHu ock abcumce Ao TOro MOMEHTA, NoKa YnCno
Maxa Ha Bxofie He AOCTUTHET 3apaHee 3ajaHHOr0 CBEPX3BYKOBOIO 3HadeHus My. danee pacyer npoBoanTCs
C HYNEBbIM YCKOPEHMEM NOTOKa A0 (POPMUPOBAHUS CTALIMOHAPHOIO Pexuma.

SKCnepuMeHTarbHble gaHHble [21].

Bepudukauus Ha npegMeT cnoCoOHOCTU CXeMbI U KOAA PACCHUTLIBATL 0CECUMMETPUYHBLIE TEYEHUS NPK
Hanuuum obracT MHTEHCUBHOTO Pa3peXXeHus.
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