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JanbHeiiee paciluupeHue 1MANa30Ha NPUMEHUMOCTH
TEOPUH KOPOTKHUX BOJIH

© B.H. Oxutun
MI'TY um. H.O. baymana, Mocksa, 105005, Poccust

B pamxax meopuu kopomxux 6oiH nonyyeHo emopoe npudnudicenue (Hazeannoe S-npubnu-
Jicenuem) Ot napamempos 0OHOMEPHBIX YOapHIX B0JIH, 8 KOMOPOM Kodpguyuenmol npu
BbICUUUX YWIEHAX PA3NONCEHUSL PYHKYULL 6 CeneHHble Psobl He COBNA0Aion cO 8MOPbIMU NPO-
U3B0OHBIMU (DYHKYULL 11O CBOEMY APSYMEHMY, HO 0OECRedUsalom CYWEeCMEEeHHO Iyyuiee co6-
naoenue ¢ ucmunHbIMu 3Haveruamu @ynkyuti. CpasHerue pe3yibmamos ebl4UcIeHuti no no-
JIVYEHHOMY PEeUeHUIO C Pe3yIbmamamu YUCIEHHbIX paciemos O NIOCKOU YOAPHOU BOJIHbL
Mpey2onbHo20 NPoQuis 6 6030yXe NOKA3LIBAEM, YMO MO NPUOTUICEHUE NPU pacyeme ee
napamempos, 8 mom ducie OIUMerbHOCmU Qaszvl cocamusl, No380Aen pacluupums OUand-
30H NpUMeEHeHUs. MeopuU KOPOMKUX B0JIH C NOSPEUHOCbIO 8 00U NPOYeHma 00 U30bImoy-
HO20 Oasnenus Ha hpornme 0,3, a 6 npedenax HecKoIbKux npoyermos — 0o 0,4 om HauanbHo-
20 Oasnenust 8 ammocgepe.

Knroueesvle cnosa: meopusi KOpomkux 60.H, pasiodcerue 6 psao, usdblmounoe 0dsieHue,
OUMenbHOCMb Paszvl CoHCamus

BBenenne. Teopuss xoporkux BoiH (TKB), paspaboranHas coBet-
CKMMHU y4eHbIMH, Hanpumep [1-8], mpeanasHaueHa Juist TOro, 4roOsbl mo-
JY4YUTh TPEACTABICHUE O pACIHPOCTPAHEHUU OJHOMEPHBIX YIapHBIX
BoH (YB) Ha OonbIIOM yJajdeHUHM OT MeCTa MX BO3HUKHOBEHHUS TPH
YCIJIOBUH, YTO JUIMHA BOJIHBI 3HAYNUTEIBHO MEHBILE PAaJNyca KPUBU3HBI €€
¢ponta. HcnonszoBanue TKB st pemeHus 3amadu 0 NpOXOXKACHUU
wiockoi YB uepes cioil ropsyero Bo3nyxa [9] mokassiBaer, 4To quana-
30H €€ MPUMEHUMOCTH JOCTaTOYHO orpaHuyeH. [lpu u30pITouHOM NaBie-
HUM Ha QpoHTe Aps, KoTOopoe Gonbiie 0,1p;, omMOKN BBIYMCIACHUN HAYM-
HAIOT 3aMETHO BO3pacTarh (3€Ch U Jajee MHIAEKCH | W 2 OTHOCATCA
K apameTpam rnepen u 3a ¢ppontom YB). B pabote [10] momyueHo Bropoe
npubnmxenne TKB, nmo3Bossironiee pacMpuTh JUarna3oH ee MPUMEHUMO-
CTH 710 U30BITOYHOTO JIaBJIeHuUs, cocTapistomiero 0,2p;.

Lenp Hacrosimiell paboThl — AajibHEHIEEe PACIIUPEHUE AMaIa3oHa
npumenumoctu TKB.

p-npudau:kenne TKB. B pa6ore [10] mcmonp3oBaHo BTOpOE mHpu-
onxeHue pasnoxkeHus QyHkiuii B psg Teitnopa:
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3nech u, ¢, p, D, k —maccoBasi 1 3ByKOBasi CKOPOCTH, IIJIOTHOCTb, CKO-
pocTh (pOHTA yHapHOW BOJHBI, TOKa3aTelb aauadaThl (Ui BO3AyXa

npu temneparype 15 °C k = 1,4; p, =1,013-10° ITa; p; =1,225 Kr/M>;
¢, =340 m/c).

JUst TOro 9TOOBI MONYYUTh AHATUTUYECKHE COOTHOIICHHSI HA KOHCTaH-
TBI BTOPBIX YJICHOB Pa3JIoKeHUs, HaKIaapIBaeTcst ycinosue B =24/3 [10],

KOTOPOE JUIsl BO3yXa BBINOJIHAETCS ¢ NOIPEUIHOCTBIO 0KO0JIo 5 %. Bropoe
npuOIMKEHUE TMPUBOAWT K PACIIMPEHHIO Auarna3oHa npumeHeHus TKB

110 U30BITOUHOMY AaBieHu0 10 Ap ~0,2p,, ogHaKo He MPUBOIMT K IIO-

BBIILICHUIO TOYHOCTHU BBIYUCICHUS JIIMTENEHOCTH (pa3bl coxatus YB.
JIyiss ©30BITOYHOTO JaBlieHUS Ha (POHTE OJHOMEPHBIX YB momydeHo
BbIpaxkeHue [10]
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MacCChI ra3a 4epe3 CANHULY IIOBECPXHOCTHU 7 =7, 3a BPCM: to, 6BICTp0 H0-

CTUTaOLIEro MaKCUMyMa i1 KOpOTKOW YB; 1y — paauyc, ¢ KOTOpOro
MokHO uctnonb3oBath TKB); v=0,1,2 — mapamerp cummeTpuu Ais

MJIOCKOM, IMITMHIPUYECKON 1 cPepruecKoi BOJTHBI COOTBETCTBEHHO.
s ompeneneHus JUIMTENbHOCTH (Dasbl cxaTust YB moiydyeHo coot-
Homrenwue [10]
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,Z]Ll/the‘l;Wee pacuiupernue ouanasona npumeHumocmu meopuu KOpomkux 60J1H
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T m ¢
TlIe X=r—r, — yJaJleHue pacCMaTpUBAEMOI TOUYKH OT HAYaJIbHOIO CE-

YCHUA 1 (I/IHILCKC «0» oTHOCHTCA K pacCTOAHNIO, HAUWMHAA C KOTOPOIo

MOKHO HCII0I630BaTh TKB).

Ananu3 coortHomienuit (1), (2) mokaspiBaeT, 4T0 U3OBITOYHOE JaBIIC-
HHE B BOJIHE 3aBUCHUT OT KOHCTAHTHI B B pa3ji0oKeHUH, a JNIUTEIBbHOCTH (a-
3bl CKaTUsl — TAKXKE M OT KOHCTaHThl A. Eciin KOHCTaHTy A BBIYMCIIATH
Kak A = 3B/2, 10 ee 3HaYeHHEe OyIeT OTINYATHCS MPUMEPHO HA 5 % OT Be-
JUYMHBI B pas3yiokeHuu B psan Teinnopa. Bo3aMOXHO, ¢ 3TUM CBSI3aHbI I10-
TPEIIHOCTH BBIYHMCIICHUS T BO BTOpOM Iipubvkenuu [10].

B npunnumne, MOXHO MOXY4YUTh TpeTbe npudmmkenue TKB, yuuTsi-
Basi TPETHH WIEH B pa3nokeHuu GyHkuui B psan Teinopa. OqHako B 3TOM
cily4yae NMpUAETCSA clenaTh JOCTATOYHO T'POMO3AKHE BBIKIAJIKH, B CBS3H
C 4eM TpyAHO mojgaercs aHanuzy. K Tomy ke oHO o0Onamaer Tem ke He-
JIOCTaTKOM, YTO U BTOpOE NPUOIMKEHUE, — BEIMYMHA KOHCTAHT B pa3-
JIOKEHUHU 3aBHCUT OT BBIOOpA (PYHKIMH, IO KOTOPOW O/IHA U3 HHUX BBIUHUC-
nsetcs. [loaromy Oynem uckath pasziioxkenue GyHKIUN B BUE
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MO3BOJISIOIIEE TPOUHTETPUPOBATH YPABHEHUE BIOJb MOJOXKHUTEIHHON Xa-
pakrepuctuku [10]. ITomyunm Tpu ypaBHEHUS C TpeMsl HEM3BECTHBIMU 4, B
u . bynem HazwiBath paznoxkenue (3) B-mpudmmxennem TKB. Breruncnss
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OpU 33/1aHHBIX 3HAYEHUSAX apryMeHTa (pu)* corylacHO (4) BbIpaXeHUs

A(pu)E =4 n B(pu)g = B., nosyuum
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[IpuHuMast B kKauecTBe 3aJaHHOTO 3HAUEHUS apTyMEHTa JJIs BO3yXa

(pu)*:79,131 A—p:0,25,
b

nosrydum B = 2,03, T. €. ¢ BBICOKOH TOYHOCTHIO MOKHO TOJIOKHUTH 3 = 2,
Toraa B-npubnamwkenue GopmMaibHO OyAeT COBMAIATh CO BTOPHIM MPUOIIH-
xenneM TKB. Ognako k03(QUIUEHTHI TPU BTOPBIX WIEHAX PA3JI0KEHHS
GbyHKIUI B psAAbl HE COBMAAAIOT C UX BTOPHIMHU MPOU3BOJAHBIMU 10 apry-

MEHTY (pu).
Koaddunmentsr 4 wim B MOXHO pPacCUHMTaTh, WUCIOJB3Ys BBIpaKe-
HUs (4), ¢ 00s3aTeNTBbHBIM MIPUBJICYCHUEM CBSI3U

LBt
p

IpU 3TOM B 00OMX Cllydasx OHU OyayT pazaudHbIMU. OJHAKO 3TO pa3iu-
YK€ COCTABISAET JOJIU MPOLIEHTA, I03TOMY BO3bMEM UX CPE/IHEE 3HAUECHUE
Y OKOHYATEJIbHO MOJIYYHM:

3

A:1,80761%; B =1,20507 3
P11 P1<

Jlnsi cpaBHEHMsT Ha PUCYHKE HNpPEACTaBJICHbI I'paUKHU 3aBUCHUMOCTEN

e aq G pu
GyHKIMi U | ————| OT apryMeHra ——, IJI€ CIUIOLIHbIE
u+c D u+c PiC

JIMHUM OTHOCSTCS K NIepBOW (DYHKINU, a ITPUXITYHKTHPHBIE — KO BTOPOI.
UepHblii LIBET KPUBBIX COOTBETCTBYET 3aBUCUMOCTSIM, IOJIyYEHHBIM U3 CO-
OTHOIIICHUIA JTUHAMHYECKOW COBMECTHOCTH Ha (hpoHTe YB, cuHMiI — mep-
BOMY HPUOIMKEHUIO, 3€JIEHbIi — BTOPOMY HPUOJIMKEHUIO, KPACHBINA —
B-npubmmwxkenuto TKB. Buano, uro P-mpubnmxenue obecrieunBacT
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Hanvneiiuee pacuupenue ouanazona npuMenumMoCcmy meopuu KOPOmKUX 601H

CYILIECTBEHHO MEHBIINE MOIPELUIHOCTHU 110 OTHOLIEHUIO K UCTUHHOMY 3Ha-

YeHUI0 (QYHKUUN (CPaBHUM COOTBETCTBYIOIIME CIIOUIHBIE U IUITPUXITYHK-

TUPHBIE KPUBBIE UEPHOT'O U KPACHOTO LIBETA).
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3akirouenue. [IpoBeieHHbIE YHMCIEHHBIE PacueThl pacIpPOCTPAHEHUS
wiockoi YB TpeyronbHOro npoduiis B Bo3IyXe MOKa3blBaOT, YTO B-IIpH-
onmxenne TKB ¢ nmorpemHocTbio B 40U NPOLIEHTa IPUMEHUMO 10 U30bI-

A
TOYHOTO JIaBJICHUS 'y 0,3, a C HOTPEIHOCThIO B HECKOJIBKO MTPOIIEH-
P

TOB — JI0 4 0,4. Ilpu 5TOM BCe COOTHOIIEHUS, OTy4YeHHbIE B [10]
P
JUTSL BTOPOT'O TIPUOIFKEHUS, OCTAIOTCS CIIPABEITTUBBIMH.
Taxkum 006pa3om, moaydeHHoe B-TpUOIMKeHHE MPUBOIUT K JadbHEH-
HieMy pacldpeHuro Aauama3ona npumeHumMoctd TKB u Moxer ObITh HC-
MOJIb30BAaHO JJIsl OIICHKH HAarpy3oK Ha OOBEKTHI IMPHU OOJBIIOM YyJaJIeHUU

OT MCCTa B3phbIBa.
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Further extending the short wave theory applicability range

Further extending the short wave theory applicability range
© V.N. Okhitin

Bauman Moscow State Technical University, Moscow, 105005, Russia

The short wave theory was used to obtain the second approximation, called the p-
approximation, for the parameters of one-dimensional shock waves. In this approxima-
tion, at the higher-order terms of the expansion of functions in power series, the coeffi-
cients do not coincide with the second derivatives of the functions in their argument, but
provide significantly the best match with the true values of the functions. Comparison of
calculations based on the obtained solution with the results of numerical calculations for
a flat shock wave with a triangular profile in air shows that this approximation, when
calculating the shock wave parameters, including the duration of the compression phase,
allows extending the short wave theory applicability range with an error of a fraction of
a percent to an overpressure at the front 0.3, and within a few percent — up to 0.4 of the
initial pressure in the atmosphere.

Keywords: short wave theory, expansion in series, overpressure, compression phase du-
ration

REFERENCES

[1] Landau L.D. Prikladnaya matematika i mekhanika — Journal of Applied Mathe-
matics and Mechanics, 1945, vol. 9, no. 4, pp. 286-292.

[2] Khristianovich S.A. Prikladnaya matematika i mekhanika — Journal of Applied
Mathematics and Mechanics, 1956, vol. 20, no. 5, pp. 599-605.

[3] Korotkov P.F. Izv. AN SSSR. Otd. tekhn. nauk (Proceedings of the Academy of
Sciences of the USSR), 1958, no. 3, pp. 165-168.

[4] Grib. A.A., Ryzhkov O.S., Khristianovich S.A. Prikladnaya mekhanika i
tekhnicheskaya fizika — Journal of Applied Mechanics and Technical Physics,
1960, no. 1, pp. 37-46.

[5] Zamyshlyaev B.V., Yakovlev Yu.S. Dinamicheskie nagruzki pri podvodnom
vzryve [Dynamic loads during underwater explosion]. Leningrad, Sudostroenie
Publ., 1967, 486 p.

[6] Korobeynikov V.P., Khristoforov B.D. Podvodny vzryv [Underwater explo-
sion]. In: ltogi nauki i tekhniki, ser. Gidromekhanika [Results of science and
technology, ser. Hydromechanics]. Vol. 9. Moscow, State. Com. USSR Council
of Ministers for Science and Technology, USSR Academy of Sciences, VINIT,
1976, pp. 15-21.

[71 Yakovlev Yu.S. Gidrodinamika vzryva [Explosion hydrodynamics]. Leningrad,
Sudpromgiz Publ., 1961, 361 p.

[8] Ovsyannikov L.V. Lektsii po osnovam gazovoy dinamiki [Lectures on the fun-
damentals of gas dynamics]. Moscow, Nauka Publ., 1989, 368 p.

[9] Okhitin V.N., Menshakov S.S. Prikladnaya mekhanika i tekhnicheskaya fizi-
ka — Journal of Applied Mechanics and Technical Physics, 2002, vol. 43,
no. 4, pp. 87-97.

[10] Okhitin V.N. Vestnik MGTU im. N.E. Baumana. Ser. Estestvennye nauki —
Herald of the Bauman Moscow State Technical University. Series Natural Sci-
ences, 2005, no. 1, pp. 56-66.

Okhitin V.N. (b. 1943) graduated from Bauman Moscow State Technical School in
1966, Dr. Sc. (Eng.), Professor, Department of High-Precision Airborne Devices, Bau-
man Moscow State Technical University. Research interests: gas dynamics, continuum
mechanics, physics of combustion and explosion. e-mail: okhitin@bmstu.ru

Engineering Journal: Science and Innovation # 3-2022 7



