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llpHBO):IMTCjj aHaJIMTJiqecKOe perneHMe 3a):laqJI, MO):IeJIHpYIOIQeH B03):1eHCTBMe rrpo):lyKTOB B3pbiBa Ha KOH­
):IeHCHpOBaHHOe ne~QeCTBO. B pe3yJihTaTe B3aMMO):Ieil:cTBJijj BOJIHhr pa3pe)J(eHMjj c y):lapHoil: BOJIHOU:, a 3a­
TeM C BCTPeqHOH BOJIHOH pa3pe)J(eHMjj, o6pa30BaBIIIeHCH IIOCJie BbiXO):Ia y):lapHOH BOJIHbl Ha CB060):IHYIO 
IIOBepXHOCTb, rrpOHCXO):IMT pa3pyrneHMe Be:IQeCTBa B IIJIOCKOCTM, rrapaJIJieJibHOH CB060):IHOH IIOBepxHOCTM. 
AHaJIMTMqecKoe perneHMe MCIIOJih3yeTCH ):IJijl rrpoBepm TOqHOCTM qMcneHHhiX MeTO):IMK npH pacqeTe Mac­
Chi OTKOJIOBIIIerOCH Be:IQeCTBa. fipHBe):leHbl pe3yJibTaTbl peiiieHMjj 3TOH 3a):laqM DO pa3JIJiqHbiM pa3HOCT­
HbiM MeTO):IMKaM. 

BBE.r.EHHE 

Cy~eCTByeT MHoro pa3JIH'IHhiX MOAeJieil, orrHChi­

BaJO~Hx OTKJIIIK Be~eCTBa Ha AHHaMH'IeCKOe B03-

AeHCTBHe, B TOM 'IHCJie MOAeJieH rrpO'IHOCTH II pa3py­

IIIeH1151. K~AA MOAeJih coAep)KlfT aAHa6aTH'IecKoe 

51Ap0, B KOTOpOM rrpHCYTCTByeT TOJihKO rnapoBaH 

'IaCTh TeH30pa HarrpiDKeHHH, T.e. AaBJieHHe. 06~a51 

rrorpeiiiHOCTh MaTeMaTH'IeCKOe MOAeJIH MO)KeT 6biTh 

rrpeACTaBJieHa B BMAe CYMMhl rrorpeiiiHOCTeM cp113ll­

qecKOH MOAeJIH, rrorpernHOCTH arrrrpoKCHMa:u;HH aAH­

a6aTH'IeCKoro HApa H rrorpernHOCTH arrrrpoKCHMa­

:u;nn AeBHaTopa: 

Ilp11 pac'IeTax peaJihHhiX 3aAaq CHJihHhie, cJia6bie 11 

KOHTaKTHhie pa3pb1Bbl MHOrOKpaTHO B3aHMOAeMCT­

BYIOT, 11 MO)KeT rrpoH30HTH Heo6paTHMOe HaKorrJie­

HHe rrorpeiiiHOCTeM H3-3a OCIJ;IIJIJIHIJ;IIH H AHCTpaK:u;llll 

pa3phiBOB, 'ITO B HTOre AaeT cy~eCTBeHHOe pa3JIII­

qlle Me~y xapaKTepHCTHKaMH peaJihHoro cpH3H'Ie­

cKoro rrpo:u;ecca H ero MaTeMaTH'IecKoro o6pa3a. 

,!J;JIH aAeKBaTHOrO OIIHCaH1151 IIOBeAeH1151 MaTepHaJIOB 

He06XOAHMa BhiCOKaH TO'IHOCTh KaK KHHeTH'IeCKHX 

MOAeJieM, TaK II 'IHCJieHHhiX MeTOAOB C OIITHMaJihHhi­

MH AHCTPaK:u;HeM H He MOHOTOHHOCThiO. ,!J;JIH o:u;eHKH 

rrorpernHOCTH arrrrpoKcHMa:u;nn aAHa6aTH'IecKoro HA­

pa 6hiJIO IIOCTpOeHO aHaJIHTII'IeCKOe peiiieHHe 3aAa­

'IH, MOAeJIHPYJO~eu B03AeilcTBHe rrpOAYKTOB B3phi­

Ba Ha KOHAeHcHpoBaHHoe Be~eCTBO. B pe3yJihTaTe 

B3aHMOAeMCTBHH BOJIHhi pa3pe)KeHHH c yAapHou BOJI­

Hou, a 3aTeM C BCTpe'IHOM BOJIHOH pa3pe)KeHH51, 06-

pa30BaBIIIeHC51 rrocJie BhiXOAa yAapHoil BOJIHhi Ha 

CB060AHYIO IIOBepXHOCTh, IIpOHCXOAIIT pa3pyrneHHe 

Be~eCTBa B IIJIOCKOCTH, rrapaJIJieJihHOH CB060AHOM 

IIOBepXHOCTll. 
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1. AHAJIHTII'IECKOE PEWEHHE 
3A.r.A 'Ill 06 OTKOJIE 

fiyCTh ABIDKeHHe Be~eCTBa H H3MeHeHHe ero 

TepMOAHHaMH'IeCKHX xapaKTepHCTHK OIIHChiBaeTCH 

CHCTeMOH 3aKOHOB coxpaHeHHH B BRAe 

ap apu = 0, (1) -+--
dt ax 

au au aP 0, (2) p-+pU- +- = dt ax ax 

aE Pav = 0 dt + dt ' 
(3) 

P = f(V, E), (4) 

ax= u 
dt ' 

(5) 

rAe V- yAeJibHhiM o6neM, U- MaccoBAA cKopocTh, P­
AaBJieHHe, E- yAeJibHAA BHYTPeHH5151 3Hepr1151, t- Bpe­

M51, x- 3HJiepoBa KoopAHHaTa. 

Ha cppoHTe yAapHoil BOJIHhi (YB) crrpaBeAJIHBhi 

COOTHOIIIeHHH fJOrOHHo-PeHKHHa: 

(V+-V_)W+(U+-U_)=O, (6) 

( U +- U _) W- (P +- P _) = 0, (7) 

E+- E_ + 0.5(P+ + P_)(V+- V_) = 0, (8) 

rAe BeJIH'IHHhi c HHAeKCOM "-" xapaKTepH3YJOT co­

CTOHHHe Be~eCTBa rrepeA cppOHTOM pa3pbiBa, a C liH­

AeKCOM "+"- 3a cppOHTOM pa3pbiBa; W = dm/dt- CKO­

pOCTh pacrrpocTpaHeH1151 YB B JiarpaH)KeBhiX Koop­

AHHaTax; D = dx/dt- cKopocTh pacrrpocTpaHeH1151 YB 
B 3HJiepoBhiX KOOPAHHaTax. 

PaccMoTpHM CHCTeMy, H3o6pa)KeHHYJO Ha p11c. 1. 
fiyCTb rrp11 t = 0 xapaKTepHCTIIKH Be~eCTBa liMe­

lOT cJieAYJO~He 3Ha'IeH1151: 0 5 x 5 x 2, t0 = 0, Po = 1, 
P0 = 0, U0 = 0, E0 = 0, C0 = 1. IlycTb rrpaBaH rpaHH:u;a 

(Ilf) CHCTeMbi HBJIHeTCH cBo60AHOM (P = 0). Ha Jie-
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0 1 X 

Puc. 1. PaccMaTpHBaeMrui cucTeMao 

BOH rpaHHI.J,e (Jlr) CHCTeMbl 3a)J;a~HM KOM6HHHpO­
BaHHOe ycnoBHe U nr(t), o6ecneqHBaiOII.J,ee ycnoBIDI 
llO~BJieHIDI OTKOJia B O~HOH TOqKeo 3aBHCHMOCTh 
Unr(t) HJo6pa)KeHa Ha pnco 2o 

YpaBHeHne cocTO~HIDI B03hMeM B BH~e 

u 

1.4 

1.0 

1.3 
0 0.1 Oo2 0.3 0.4 0.5 0.6 Oo 7 t 

Puc. 2. 3asucHMOCTh Unr(t)o 

BpeMH CMeHhi rpaHHqHoro ycnoBH», ti, onpe~eJIHM 
TaK. IJpoBe~eM xapaKTepHCTHKy nepBoro CeMeHCTBa 
H3 TQqKH t2, x2, TaK qT06bi OHa npOIIIJia qepe3 TOqKy 
ti, X1: 

x 1 = x2 +(U1 +C1)(t1-t2). (15) 
2 

P = (y- 1 )pE + Cok(P- Pok) (9) 3HaqeHIDI ti H XI CB~3aHhl YCJIOBHeM 

npH '( = 30 IJepeft~eM K 6e3pa3MepHbiM BeJIHqHHaM 

P= 
p E = _§_ c2 , - .E._ 

P = Pok' 
--

2 ' 
PokCok 

- u 
U=­

Cok' 

Ok 

c c- -0 

- Cok 

B ~aJihHeftrneM ~JI~ y~o6cTBa onycTHM qepTyo 

PerneHHe COCTOHT H3 HeCKOJihKHX 06JiaCTeH (pH Co 1 ). 

OoJiaCTL A. B o6nacTH A TeqeHHe Ja <f>poHTOM 
YB ~BmieTc~ cTai.J,HOHapHhiM. IlapaMeTphi TeqeHIDI 
onpe~eJI~IOTC~ cooTHorneHIDIMH fiOrOHHO-PeHKHHa 
Ha CHJihHOM pa3pbiBe II rpaHHqHhiM ycJIOBHeM U Jlf = 
= UI = const. ,!J;n» ~aHHoro ypaBHeHIDI cocTO~HH~ 

2 2 2 2 1/2 
PI = UI + [(UI) + Ud ' (10) 

2 
E1 = 0.5UI, 

PI+ 1 
P1 = 2EI + 1' (

3PI + 1)oos 
CI = , (11) 

PI 

fi (s) 
-3 = (1 + 3PI)PI - 1. (12) 

CKopocTh YB 

2 112 
D = UI+(l+UI) ' w =D. (13) 

BpeMH Bhixo~a y~apHoft BOJIHhi Ha cBo6o~HYJO rpa­
HHI.J,Y llJiaCTHHhi, 

t2 = x2/Dl. (14) 
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Xj = Uit\o 

a 3HaqeHH~ t2, Xz - YCJIOBHeM 

x 2 = Dt2• 

lh ( 15)-( 17) cne~yeT 

(16) 

(17) 

U1 +C1 -D 
tl = t2 UI ' XI = t2(Ul + CI-D)o (18) 

OoJiacTL B. B o6nacTH E Haxo~HTC~ BOJIHa pa3-
pe)KeHIDI. PerneHHe onpe~en»eTc» ypaBHeHIDIMH 

x- Xnr -- = U + C, U- C = U 1 - C10 (19) 
t-tnr 0 

l'b (19) cne~yeT, qTo B o6nacTH E 

1 (x- Xnr ) U = 2- --+Ul-Cl' 
t- tnr 

_ !(X-Xnr _ U
1 
+ Cl). 

C- 2 t-tnr 

P(x,t) = Hp~ci(c~;t)f -1]. 
p(x, t) = ~C(x t) c ' ' I 

E(x, t) = ![P(x, t) + 1- 1] 
2 p(x, t) 

0 

(20) 

(21) 

(22) 
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fpa.Hli'IHOe ycJIOBIIe Ha Jlf B npOMe)K)'TKe t1 :::; t :::; t3 

no~611paeTCSI B BM~e cpyHirn;HH U = F(t) TaK, qTo6bi 
IIMMTIIpoBaTh ~~~HaMuqecKoe HMTIYJihCHoe B03~eiicT­
BMe Ha Bern;eCTBO. JTO MO)KeT 6biTb JIII60 B03~eif.CT­
BIIe 113JiyqeHHSI, JIM60 B03~eHCTBIIe npo~yKTOB B3pb1-
Ba. Ilp11 3TOM TpaeKTOpHSI JieBOH rpaHHI.J;bl HMeeT Bll~ 

Xrrr(t) = x 1 + J F(t)dt. (23) 

B HeKOTopoii TOqKe 3 Ha JieBoii rpaH11u;e cKopocTh 
I1p11HIIMaeT 3HaqeHMC u3 = F(t3). YpaBHeHIIC xapaK­
TepHCTIIKH 2-4 MMeeT BM~ 

x = x 2 +(U1-C1)(t-t2). (24) 

Ha Heii cnpaBe~m!Bhi ypaBHeHMSI (19)-(22). 

06JiaCTb B. B TO'tKe x2, t2 npo11cxo~11T pacna~ 
pa3pbiBa, B pe3yJihT3TC KOTOpOrO B MOMeHT t2 CB0-
60~HaSI rpaHuu;a npu Pnr = 0 npuo6peTaeT CKopocTh 
Unr2, a BJieBo npoliJJ.CT U.CHTpupoBaHHaSI BOJIHa pa3-
pe)KeHHSI ( o6JiaCTh 8). B MOMeHT t2 nocJie pacna~a 
pa3pbiBa 3HaqeHHC CKOpocnt nr Unr2 y~OBJieTBOpSI­
eT ypaBHCHIIIO 

Unrz + Cnr = U 1 + C1• (25) 

3HaqeHIIe Cur HaXOJJ.HTCst H3 ypaBHeHIISI, CBSI3hiBaiO­
rn;ero C c P: 

2 2[ 1 ]
2
'
3 

c = C1 - 2(3P+ 1) . 
P1c1 

(26) 

Ilp11 p = 0 113 (26) CJie~yeT 

_ (c1)
113 

Cnr- - . 
P1 

(27) 

TaKHM o6pa3oM, xapaKTepiiCTIIKa 2-5 (KpaiiHSISI npa­
BaSI xapaKTep11CTIIK3 u;eHTp11pOB3HHOH BOJIHbl pa3pe­
)KeHHSI) IIMeeT B~ 

x-x2 = (Unn+Cnr)(t-t2 ). (28) 

Ha Heii 

U-C = Unn-Cnr. (29) 

XapaKTepiiCTIIKH BToporo ceMeiicTBa B o6JiaCTII B 
onpe~eJISIIOTCSI ypaBHCHIIeM 

X-Xz 
U-C = --. 

t- t2 

(30) 

CJieBa B 3TY o6JiaCTh npHXO~SIT a-xapaKTepiiCTIIKM 
113 o6JiaCTII B c ypaBHeHHSIMII 

x- Xz lz- t rrr 
U + C = -- + --(U1 + C1). (31) 

t-trrr t-tnr 

lh (30), (31) CJIC~YIOT ypaBHCHHSI ~JISI BeJIMqiiH B 06-
JiaCTII B: 

U(x,t) = ![x-x2+ x-xz+(t2 -trrr)(U1 +C1)(F(t)-U1 +C1)
2J. 

2 t-lz t-trrr cl 
(32) 

C(x, t) 
= ![x-x2+(t2 -trrr)(U1 +C1)(F(t)-U1 +C1)

2 
_ x-x2J· 

2 t-trrr cl t-lz 

BeJIIIqiiHhi P(x, t), p(x, t), E(x, t) B o6JiaCTII B Haxo­
~SITCSI DO ypaBHeHHSIM (21), (22) TIOCJIC TIO~CT3HOBKH 
B HMX C(x, t), noJiyqeHHoro 113 (32). 

Haii~eM Teneph 3aBMCMMOCTh P(t) Ha xapaKTepllc­
TIIKe 2-5. C TIOMOTIJ;hiO (25) npeo6pa3yeM (29) K B~Y 

U-C=V1 +C1 -2Cnr. (33) 

PeiiiaSI CIICTeMy ypaBHCHMH (31) II (33), TIOJiyqiiM Bhl­
pa)KeHIIC ~JISI C B~OJih xapaKTepiiCTIIKH 2-5: 

C= 

KOTOpOe C TIOMOTIJ;biO (32) II (28) npeo6pa3yeM K BII~Y 

lz-lrrr 
Cz5(t) = Cur--· (35) 

t- trrr 

Ilo~CTaBIIM TIOJiyqeHHYIO 33BIICIIMOCTb C(t) B Bbipa­
)KeHIIe (32). B pe3yrrhTaTe noJiyqiiM 33BIICIIMOCTh 
P(t) B~OJih xapaKTepiiCTMKII 2-5 B B~e 

P(t) = ![P.!.(cn/2- trrr)3 -1]. (36) 
3 cl t-tnr 

Ilp11 t = t2 na cpopMyJia ~aeT 

3 

P(tz) = ~(P1g1nr _ 1} (37) 

113 (28) 11 (37) cJie~yeT, qTo P(t2) = 0. Ilp11 t-oo 113 

(36) CJie~yeT, qTO limp ( t) = -1/3. ,Il,11cpcpepeHD;11pySI 
t->= 

P(t), B~OJih xapaKTepiiCTIIKH 2-5 noJiyqiiM 

1/3( )3 
dP = -(.!2) lz- lrrr 

4 
< O. 

dt c] (t- lrrr) 

JTO 03HaqaeT, qTO B~OJib xapaKTepiiCTIIKM 2-5 np11 
t > t2 ~aBJieHMe P(t) y6hmaeT. YMeHbiiiaSICh, ~aBJie­
HHe MO)KeT ~OCTHrHYTh 3HaqeHHSI p a< 0, np11 KOTOpOM 
B Bern;eCTBe o6pa3yeTCSI TPern;HHa. EcJIII p a > -1/3, TO 
I1p01130~eT pa3pYIIIeHIIC, CCJIII )Ke Pa:::; -1/3, TO pa3-
PYIIIeHHSI He 6y~eT. 06o3Ha~ 3TY TOqKY HOMepoM 5. 

Ha~eM MOMeHT pa3pyiiieHIISI 113 (34) np11 P = Pa 
BBII~C 

XMMM"l.J:ECKA~ <l>li3liKA TOM 21 .Nil 9 2002 
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lh ypasHeHHM (28), (32) ~JUI xapaKTepHCTHKH 2-5 IlOCKOJihKY 
aail~eMx5 : 

dx 
Unr = dt' x5 = x 2 +(U1 +C1 -2Cnr)(t5 -t2). (39) 

B TOqKe t5, Xs CKOpOCTh H CKOpOCTh 3ByKa npHHHMa­
lOT 3HaqeHIDI 

[c, ]113 
113 Cs = C0 = -(3P0 +1) = Cnr(3P0 +1) , 

p, (40) 

U5 = U 1 +C1 +Cs-2Cnr. 

Onpe~eJIHM Koop~HHaThi TOqKH 4 - ToqKH nepe­
ceqeaiDI a-xapaKTepHCTHKH 3-4-5 H f3-xapaKTepnc­
THKH2-4: 

x 4 -x2 = (U, -C1)(t4-t2 ), 

Xs- x4 = (Us+ C5)(ts- t4 ). 

CJIO)KHB o6a ypasaeHHH, nonyqnM 

Xs -x2 = (U1 - C1)t4 - (Us+ Cs)t4 -

- (U1 - C1)t2 +(Us+ C5)ts. 

(41) 

IJO~CTaBHM Xs H3 (39) B 3TO ypaBHeHHe H Bhipa3HM t4: 

Us+Cs-Unrz+Cnr 
t4 = tz + Cts- lz) Tr C U C · (42) 

s+ s- ,+ 1 

3aaqeHHe x4 HaXO~HTCH ITO Ha~eHHOMY t4 H3 (41). 
Pe}KHM TO'Ie'lnoro OTKOJia. B MOMeHT pa3pyrne­

HIDI ~aBJieHHe B TOqKe 5 CKaqKOM yBeJIHqHTCH C p = 
= p 0 < 0 ~0 p = 0, a B o6e CTOpOHhl OT TOqKH pa3py­
rneHIDI ITOM~YT y~apHbie BOJIHhl C aaqaJihHOM aMUJIH­
TY~OM M = -P0 • qT06hi He ~onycTHTh pa3pyrneHIDI 
s ToqKax, OTJIHqHhiX OT TOqKH 5, HY)KHO, qTo6hi npu 
t > t3 Kpaesoe ycnosue reHepuposano BOJIHY C)KaTIDI 
HJIH XOTH 6hi ITOCTOHHHOe TeqeHHe B 06JiaCTH fl.. 
qT06hi BhlllOJIHHTh 3TO YCJIOBHe, onpe~eJIHM BHaqa­
Jie KOOp~HHaThl TOqKH 3. 

Hail~eM Koop~nHaThi ToqKH 3 H3 ypasHeHIDI xa­
paKTepnCTHKH3-4-5 

Xs-x3 = (Us+Cs)Us-t3) (43) 

H ypaBHeHIDI JleBOM rpaHH:Qhl (23). B MOMeHT t3 CKO­
pOCTh JleBOM rpaHH:Qhl HMeeT 3Haqeaue u3 = F(t3). 
3To 3aaqeaue 3a~aeTC» B KaqecTBe Kpaesoro ycno­
BIDI npH t ~ t3• 

Cuooo)J;nas rpannu;a. Ha cso6o~aoil rpaHn:u;e 2-6 
P = 0. Ha aee )Ke BhiXO~»T a-xapaKTepncTHKH H3 o6-
nacTH B: 

x-xrrr - U C --- +. 
t-trrr 

IloCKOJihKY Ha llf npH p = 0 

(c,)"3 
Cur = ~ = const, 

TO H3 (44) CJie~yeT 3aBHCHMOCTb Unr(X, t): 

x- Xrrr 
Unr = ---Cnr. 

t- trrr 

(44) 

(45) 

(46) 
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TO TpaeKTOpiDI Ilf onpe~eJIHTCH ypaBHeHHeM 

dx x Xrrr 
----=-Cur---. (47) 
dt t-trrr t-trrr 

Ero perneane nMeeT BH~ 

Xnr = Xrrr+(U1 +C1)(t-trrr)+ 

x2 - Xrrr (48) 
+CnrU-trrr)ln . 

t- t rrr 

Ilo~cTaBHB xnr(t) s (46) nonyqnM ypasaeaue ~JIH 
Unr(t): 

Unr = U, + C, - C (t + ln Xz- Xrrr) nr . 
t-trrr 

(49) 

06JiaCTL r. B K~OM TOqKe X, t o6naCTH r nepe­
ceKalOTCH xapaKTepncTHKH nepsoro H BToporo ce­
MeilcTB: 

U + C - Xr-Xrrr 
r r-

tr-trrr' 

U r- Cr = Xr- xk 
tr- tk' 

(50) 

(51) 

r~e ToqKa xk> tk ne)KHT aa npasoil rpaau:u;e. 3aaqeHIDI 
Xk> tk y~OBJieTBOpHIOT ypaBHeHHIO (48) B BH~e 

( 
tk- tnr) 

xk = Xnr + (tk- tnr) U 1 + C,- Cnrln-- . (52) 
lz- tnr 

ToqKa Xr, tr B o6naCTH r CBH3aHa c TOqKoM xk> tk ypas­
HeHHeM 

Xr- Xrrr 

tr-trrr 

0TCIO~a CJie~yeT 

= Unr(tk)- Cnr. 

Xr = Xrrr+(U, +C,)(tk-trrr)+ 

t2 -trrr+ 
+ Cnr(tk- trrr) tk- trrr 

(53) 

+ (tr- tk) U, + C,- 2Cnr- Cnrln-- = (54) ( 
tk- trrr) 
lz- trrr 

= Xrrr + (tr- trrr)(u, + C1 - Cnrln tk- trrr) _ 
lz-lrrr 

- 2Cnr(tr- tk). 

Ilocne Toro KaK xr H xk Bhipa)KeHhi qepe3 tk> 3Haqe­
HIDI Ur H Cr aaxo~»TC» no cpopMynaM 

Ur = ![xr(tk)- Xrrr + Xr(tk)- xk(tk)J. (55) 
2 tr-trrr tr-tk 
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Pmin 

-0.1 

-0.2 

4.0 4.5 5.0 m 

Puc. 3. 3aBHCHMOCTh P min(m); 1 - aHaJIHTH'I.ecKoe peme­
HHe, 2- pac'l.eT no MeTo):ly [1]. 

Cr = ![xr(tk)-Xnr _ Xr(tk)-xk(tk)J· (56) 
2 tr-tnr tr-tk 

3Ha'IeHIDI Pr. Pr. Er Haxo;n;jiTCji c rroMOUJ;hiO (21 ), (22). 
0TKOJI. B MOMeHT t5 ;n;asJieHMe B TO'IKe 5 ;n;ocTMra­

eT 3Ha'IeHIDI, npM KOTOpOM npOMCXO,IJ;MT pa3pyrne­
HMe. Onpe;n;eJIMM OTKOJiosrnyiOCji Macey 

xnrUsl 

m = J Pr(x)dx. 

liJ (21) CJiep;yeT, 'ITO B 06JiaCTM T 

P1c 
Pr = c

1 
rUk). 

(57) 

(58) 

Ilo;n;cTaBMM Pr(tk) B (57) M rrepe:H:;n;eM K Hoso:H: nepe-

" dxr 
MeHHOM MHTerpHpOBaHIDI- tk. 3Ha'IeHMe dx = -d dtk 

tk 

3aBHCHMOCTb MHHHMaJibBOrO p OT m. MMHM­
MaJihHOe p ;D;OCTMraeTCji Ha xapaKTepMCTMKe 2-5. 
qT06hi y6ep;MThCji B 3TOM, paCCMOTpMM npOM3BO;D;­
Hhie ()pj()m cnpasa II CJieBa OT JIMHMM 2-5. 

B o6JiaCTM r 

(61) 

3amnneM (56) C TIOMOUJ;hlO (53) II (54) B BMp;e 

C _ C tk-tnr 
r- rrr---. 

tr- tnr 
(62) 

IlOCKOJihK)' tk IIpli cpHKCIIpOBa.HHhiX lr 3aBMCIIT OT Xr, TO 

dCr dCr dtk Crrr (dxr)-
1 

dx = dtk dxr = tr- lnr dtk (
63

) 

113 (54) cJie;n;yeT 

(64) 

(65) 

Ha rrr ~ = 0, TaK KaK, t = tk. MaKCMMaJihHOe 3Ha'Ie­
HMe ~ ;D;OCTMraeTCji Ha xapaKTepMCTMKe 2-5: 

t- trrr 
~25 = 

t2- trrr 

113 (64), (66) cJie;n;yeT 

dxr 
-d ~ Crrr(2- ~25). 

tk 

l13(38)cJie;n;yeT,'ITO 

t- trrr 1 = -----
( 3 p 25 + 1 ) 1/3. 

IlOCKOJihKY 

TO 

(66) 

(67) 

(68) 

(69) 

(70) 

Cne;n;osaTeJihHO, dxrldtk ~ Crrr(2 - ~6). PeaJihHO P6 

;D;OCTMraeT 3Ha'IeHHM 0.04-0.05. 3TO 3Ha'IMT, 'ITO 
max~6 "" 1.04-1.05. IlO;IJ;CTaBMB 3TH 3Ha'IeHMji B (68), 
IIOJIY'IMM,'ITO 

(71) 

TaKMM o6pa30M, MHHHMaJihHOe 3Ha'IeHMe P ;n;ocTM­
raeTCj{ Ha xapaKTepucTMKe 2-5. 

3TO p;aBJieHMe 3aBMCMT OTt B COOTBeTCTBMH C (36): 

minP = ![£l(crrrt2- tnr)3- 1]. (72) 
3 cl t- tnr 

Macca sern;ecTsa, Haxo;n;j{rn;erocj{ npasee 3TOM xa­
paKTepMCTMKM, orrpep;eJijieTCji ypaBHeHMeM (60): 

(73) 
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Pmin 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

-0.8 

-0.9 

-1.0 L..L------'-------'-----'-----' 

4.0 4.5 5.0 

Puc. 4. 3anucuMOCTh P min<m ); 1 - aHaJIHTH'IecKoe pewe­
HHe, 2 - pacl.!eT no MeTOizy [2]. 

Pmin 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

-0.8 

-0.9 

-1.0 ~ ~ - • 
4.0 4.5 5.0 

m 

m 

Puc. 6. 3aBHCHMOCTh P min(m ); 1 - aHaJIHTH'IecKoe pewe­
HHe, 2- pac'leT no MeTo~y [4]. 

Bbipa3HM OTCJO,n:a t If TIO}l;CTaBHM B (60): 

2 
(t2-trrr) 

t = trrr+ (tz-lrrr)-moTKCnr 
(74) 
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Pmin 

-0.1 

-0.2 

4.0 4.5 5.0 

Puc. 5. 3anucHMOCTh P min(m); 1- aHaJIHTnqecKoe pewe­
HHe, 2- pac'leT no MeTo~y [3]. 

Pmin 

-0.1 

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

-0.8 

-0.9 

m 

-1.0 .......,.'-----'-------'----L--____J 

4.0 4.5 5.0 

Puc. 7. 3aBHCHMOCTb P min(m); 1- aHaJIHTH'IecKoe pewe­
HHe, 2- pacl.!eT no MeTo~y KAMA-97. 

IJo,n:CTaBHM (74) B (72): 

m 

mmP =-- 1--- -1. . 1 [ 1 ( mCnr )
3 J 

3 Cnr lz- trrr 
(75) 
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Ecnn nonHaSI Macca cncTeMhi paBHa M, TO 3aBHCH­
MOCTh minP OT MaCCOBOH JiarpaH)KeBOH KOOp)J;HHa­
Thl 6yp;eT Bhipa)KaTbCSI <t>opMyJIOH 

minP = 2[-1-(1- (M -m)CIIT)
3 

-1]. (76) 
3 Cnr lz- trrr 

2. PE3YJihTAThl qHCJIEHHOrO 
PEWEHHH 3A)];A qH Oli OTKOJIE 

3ap;aqa o Bhixop;e HecTa:I~noHapHOH YB Ha cBo-
6op;HyiO noBepXHOCTb Be~eCTBa ll o6pa30BaHHH OT­
KOJia qHCJieHHO pernaJiaCb B nOCTaHOBKe, COOTBeTCT­
BYIO~eH nocTpOeHHOMY B pa3p;. 1 aHaJIHTHqecKOMY 
perneHHIO. BhiJIH 3ap;aHhi cnep;yiO~He HaqaJibHbie 
napaMeTphi: 

p0 =2.7, E0 =0, U0 =0, P0 =0, y=3, 

Pok = 2.7, Cok = 3, "{= 3. 

Ha neBoll: rpa:Hm~e cncTeMhi 6hiJIO 3ap;a:Ho nepeMeH­
Hoe rpa:HnqHoe ycnoBne U(t), BRA KOToporo npnBe­
p;eH Ha pnc. 2. 

3ap;aqa 6hma paccqHTa:Ha no MeTop;nKe KAMA-97 
[1] H MeTO)J;HKaM [2-5]. Ha pnc. 3-7 npnBep;eHbi 3a-

BHCHMOCTH p min OT MaCCOBOH KOOp)J;HHaTbl, COOTBeT­
CTBYIO~He pacqeTaM no 3THM MeTop;nKaM. 3aBHCH­
MOCTh P min(m ), nonyqeHHM npn pacqeTe no MeTop;y 
KAMA-97 (pnc. 7), yp;oBJieTBopnTeJihHO cornacyeT­
CSI c aHannTnqecKHM perneHneM (76). Bnp;Ho, qTo 
npH pacqeTe no MOHOTOHHOMY MeTop;y [3) MHHH­
MaJihHOe p;aBJieHHe He )J;OCTHraeT p;aBJieHHSI, npH KO­
TOpOM nponcxop;nT pa3pyrneHHe, a npn pacqeTax no 
MeTO)J;HKaM [2, 4, 5) pa3pyrneHHe HaCTYnaeT paHhille, 
qeM B aHaJIHTHqeCKOM perneHHH. 
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