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JIOKAJihHA.fl KOHCEPBATHBHOCTh PA3HOCTHl>IX CXEM 
)];JIH YPABHEHHll r A30BOfl l);HHAMHKH 

KYPOIIATEHKO B. 'I!. 

(-r:.I e.11,R.6uncu) 

PaaHOCTHbie ypaBH8HIUI raaOBOH AHHaMimH, B00611\e TOBOpa, He o6Jia
AaIOT C(BOHCTBOM JIOK3JlbHOii KOHCepBaTHBHOCTH, BCJI8ACTBIIe 'l.ero C Te'leHneM 
BpeMeHH npOHCXOAHT Heo6panmoe ll3MCH81:1He B8JIQ'll:lH, KOTOpbxe AOJilRHbI 
6bITb H8Iil3M0HHbIMiil. Ilpe)l.JiaraeTca crroco6 IilCCJIC)l.OBaHna AHCCHll3TllBHbIX 
CBOHCTB pa3HOCTHblX ypam1ennii raaonoii AHII3MIII\li, HCllOJib3YIOJl\HH 11OB11-
TIUI M- H S - IWBC0pB3THBBOCTll, CllJlbllOH H CJia6oii AIICCHJJ3Tl:lBHOCTII. Ilpo
Be)l.CHO HCCJI0AOB3HHe AHCCHll3TllBBbIX CBOHCTB MllOrHX paaBOCTBbIX cxeM. 

MS 

Heo6xo,rurMOCTb HCCJiel).OBaHHJI CBOHCTB cxeM Ha KOHeqHoii CeTKe DpHBeJia 

K BBel].emuo DOHJITHH lJ.HBepreHTHOCTH, KOHCepBaTHBHOCTH [ 1], [ 2], [ 3] n 

DOJIHOH KOHCepBaTHBHOCTH [ 4). Ilony1urnn: mHpOKOe pacnpocTpaHeHHe IlOIIbIT

KH CBJI3.aTb CBOHCTBa paaHOCTHblX ypaBHeHHH C HX q>OpMOH. TaK, B [ 3] lJ.HBep

reHTHOCTb 6eaycJIOBHO OTO}Kl].eCTBJIJieTCJI c KOHCepBa-tHBHOCTbIO, a B [ 1] HX 

TOIBl).eCTBeHHOCTb o6yCJIOBJieHa HHBapnaHTHOCTbIO BCDOMoraTeJibHbIX BeJIHqHH 

Ha rpaHJIX JiqeifKH ceTKll OTHOCHTeJibHO rrpocTpaHCTBeHHOro HHl).eKca. AHamrn 

pa6oT, IIOCBJirqeHHbIX HCCJiel].onannro CBOHCTB pa3HOCTHblX 38KOHOB coxpaHeHHH, 

yKaabrnaeT Ha H03aBepmeHHOCTb TeopHH anpn:opaoro HCCJiel).OBaHHJI KOHCepBa

THBHOCTH cxeM _H npOTHBOpeqHBOCTb on;eHOK, n:60 60JibIDHHCTBO aBTOpOB l).JIH 

ypaBHeHHJI ::rneprHH C'IHTaeT npel].noqnITeJibHOH lJ.HBepreHTHYIO q>OpMy, a )l;JJJI 

ypaBHeHHJI coxpaHeHHJI M8CCbl - Hel).HBepreHTHYIO (nJIOTHOCTb paBHa l\IaCCe, 

l].eJieHHoii Ha o6'beM). 

PacCMOTpHM MeTOA HCCJiel].OB8HHJI JIOKaJibHOH KOHCepBaTHBHOCTH pa3HOCT

HblX cxeM H npn:MeHHM ero l).JIJI onpel].eJieHHJI lJ.HCCHnaTHBHbIX CBOHCTB HeKO

TOpbIX H3BeCTHbIX YCJIOBHO HJIH 6eaycJIOBHO yCTOH'IHBbIX cxeM. 

§ 1. l);mpq>epenn;naJibHble II pa8IJ0CTHble ypaBHeHDJI 

Ilpn OTCYTCTBHH BJI3KOCTH, TeDJIOilpOBO].l.HOCTH H HCToqmrnoB ::mepnrn 

ypaBIIeHHJI coxpaHeHHJI MaCCbl, KOJIHqecTBa )'.(BH}KeHHJI H 3HeprHH )'.(JIJI H)'.(eaJib

HOH cpe}'.(bl B JiarpaHiI{eBblX KOOp)'.(1rnaTax HMeIOT BH)'.( 

(1.1) 

(1.2) 

(1.3) 

av au 
- ·--~=0 at am ' 
au aP 
~ +--=0 at am t 

a
a. (E+0.5U2) + !.._ (PU) =0. 
t am 

C ncTeMa ypaBneHHii ( 1.1) - ( 1.3) CO)'.(epamT qeTbipe HCKOMbie q>yHKD;HH ( V -
y)'.(eJibHbIH o6'beM, p - )'.(8BJieHHe, E - y)'.(eJibHalI BflYTpeHHIIII ::meprnJI, u -
M8CCOBaJI CKOpOCTb), 38BHCJirqn:e- OT ABYX apryMeHTOB (t - BpeMJI, m - Jia:r-
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paumeBa KOOpA1rnaTa). Ma TepM0AHHaMHKH naBeCTH0, qTo cpeAH l\momecTBa 

T8pM0JJ;JIHaMH'leC.KHX <pyHR~HH, xapaRTepH3YIO~HX C0CT0HHHe Be~eCTBa, l];Be 

JIBJIJIIOTCJI He3aBHClIMblMH, a 0CTaJibHble BblpamaIOTCH qepe3 HHX. IIocROJibKY 

B (1.1)-(1.3) cop;epmaTCH TPH TepM0AHHal\rnqecKHe <pyHI,~HH, TO AJIH aaMbl

KaHHH CJieAyeT A06aBHTb 0AH0 ypaBH8HHe C0CT0HHHH 

F (P, V, E) =0. 

IloJiomeHHe KaiKAOH qacnn.1,bl B npocTpaHCTBe onpeAeJIHeTCH ee aftJiepoBOH 

KOOpA11:BaTOH x=x (m, t), AJIH naxo»,A8HHH KOTopoii: M0lliH0 HCII0Jib30BaTb 

OAH0 H3 ypaBHeBliii: 

(1.4) 

(1.5) (ax) -V=O. 
amt 

YpaBHeHHH (1.1) , (1.4), (1.5) 3aBHCHMbI: 0AH0 H3 HHX CJieAyeT H3 ABYX APY

nrx. PaccMOTpHM TaRme pH;n: ypaBH8HHH, HBJIRIO~HXCH CJI8ACTBHRMH CHCTeMbl 

( 1.1)- ( 1.3) H ypaBH8HHH TepM0AHHaMHKH. Yl\mOil(HB ( 1.2) Ha u H 0THRB pe-

3YJibTaT OT ( 1.3), II0JiyqHM 

(1.6) 
aE au 
-+P-=0. at am 

YMHOiKHB AaJiee (1.1) Hap H CJI0l-1\HB IIp0H3B8A8HHe C (1.6), II0JiyqHM 

(1.7) 
aE av 
-+P-=0. at at 

YpaBHeHH.fl (1.6), (1.7) .flBJI.fll0TCH CJieACTBHHMH HCX0;D;H0ii: CHCTeMbl (1.1)
( 1.3). Pacc1110TpeHHe pa3JIHqHhix TepM0JJ;JIHaMnqecm1x <pYHR~H:ii (anTaJibllHH, 

CB060AHaH aueprnR, Te:1.mepaTypa H T. A-) npHB0AHT K PHAY H0BhIX cJieACTBHii:. 

OrpanHqHMCH, 0AHaKo, T0Jlbl{O paCCM0TpenHeM 8HTpomrn s, II0CK0JibKY xopo

mo H3BeCTH0, qTo B aAHa6aTHqecKHX TeqeBlIHX 0Ha 0CTaeTC.fl llOCTOHHHOH 

BA0Jih JIHHHH T0Ka. 

YpaBuemrn (1.1)-(1.7) co;n:epmaT TPH TepM0AHHaMHqecmrn <pyHK~HH: 

P, V HE. IlycTh V HE ue3aBHCHMhI. YpaBnenHe cKopoCTH H3MeBeBlIH anTpo

rum S ( V, E) BA0Jib JIHHHH T0Ka HMeeT BHA 

(1.8) 
as aE av 

T- =-+ P - . at at at 
. . 

l13 ( 1. 7)' ( 1.8) CJie;n:yeT ypaBHeBHe coxpaHeHHH 8HTp0IIHH BA0Jib JIHHHH T0Ka:. 

(1.9) 
as 

Tat=O. 

YpanHeHHe (1.9), RaI, H ypaBHeHmI (1.6), (1.7) , HBJIH8TCH CJI8ACTBHeM CH

CTeMbl ( 1.1) - ( 1.3) H TepM0JJ;JIHaM.HqecKHX ypaBH8HHH. 

AHaJlll3 ApyrHX H3BeCTHblX TepM0AHHaMHqecm1x <pyHR~HH noKa3blBaeT, 

qTo cpeAH HHX HeT TaRHX, 3HaqeHHH K0T0pbIX coxpaHHJIHCh 6bI II0CT0HHHbIMH 

BA0Jib TpaeRT0pHH. 

PaccMOTplrn euw ABa qaCT0 BCTpeqaro~llXCH ypaBHe1rna, C0Aepm:a~HX 

c1wpocTb H3l\:18Hemrn AaBJieuua. IlpOAH<p<pepem.1,upoBan P(V, E) no t, no-
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JIY1IHM 

ap ( ap) av ( ap) aE 
at= av Eat+ aE V fit • 

IIoi1paBHB c10Aa aE I iJt na (1.6) HJIH (1.7), rroJiyqm,1 

ap au 
-+a2 -=0 at am ' (1.10) 

aP 
2 
av -+a~=O, at at (1.11) 

/J.JIH lfHCJieHHOro IlHTerpnpoBaHHH AH<pcpepem:waJibHbie ypaBHeHHH aaMeHH

IOTCH pa3HOCTHhlMll. Hnme 6yl-(YT paccMaTpHBaThCH paaaOCTHhle ypaBHemrn 

B AH<pcpepemi;HaJib HOH cpopMe. BonpOChl IIOJiy<IeIIHH paaHOCTHbIX ypaBHemni 

ra30BOH rornaMHKH B AH<pcpepemi;naJibHOH .cpopMe H lICCJiel-(OBaHHe HX CBOHCTB 

IIOl-(p06HO H3y<IeHhl B [ 5]. 
PaaHOCTHhle ypaBHeHHH, arrrrpoKCHMHpyrorri;He ( 1.1)- (1.7), (1.9)- (1.11), 

6yl-(eM HCCJiel-(OBaTb B BHl-(e 

(1.12) 
av au 
---= (1)1 a,t am ' 

(1.13) 
au ap 
-+-=©2 at am ' 

{1.14) 
a a - (E+O.SU2 )+ - (PU)=© s, at am 

(1.15) 
ax --U=©, at ' 

(1.16) 
ax --V=©5, am 

(1.17) 
aE au 
-+P-=©e, at am 

(1.18) 
aE av -+ P-· ~= ©1 at at ' 

(1.19) 
as T-= roa at ' 

(1.20) 
aP 

2 
au -+a -=©9 at am ' 

(1.21) 
aP av -+a2

-=©10• at at 

B eJIH'IJ.lIHbl © ;, i=1, ... , 10, HBJIHIOIIJ;HeCH norpemHOCTHMH anrrpOKCHMaii;1rn 
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_ypaBHeHHH ( 1.1) - ( 1. 7) , ( 1. 9) - ( 1.11) , COOTBeTCTBeHHO, ypaau.emrnMH 

(f.f2)-(f.21), HMeIOT BH,O: 

·(1.22) ©1= .E Aikl'tkhl, k+l~f, 
k=O,l=O 

r,n:e Aikl co,n:epn,aT "tJaCTHhle npOH3B0,0:Bhle <pyHI<IJ;HH, BXO,O:.Hlll;HX B COOTBeTCT

nyrom;ee paaHOCTaoe ypanuea11e, H He aaBHCHT OT 't - rnara ceTirn no nepei.rna

uou t H OT h - rnara ceTI<H no nepeMeHHOii m. 

§ 2. Ilpeo6paayeMocT1> <f>opM paauocTHblX ypasueuuu 

CHcTeMa ypanueHHH ( 1.12)- ( 1.21), co,n:epmam;aH 10 ypanneuHii D 4 ae

.aaBHCBMhle <pyHKQBH (x, u H ,n:ne TepMO,O:HBaMB"tJeCKHe <pyHKQirn)' HBJIHeTCH 

.:nepeonpe,n:eJieHnoii. ,lJ;JIH Haxon,,n:enuH "tJBCJienHoro perneHBH aeo6xo,n:nMa JIBllib 

11acT1> ypanneHHii. RoucTpYffponaaue paauocTnoii cxeMbI aa1<JI1011aeTcH B B1>160-

pe 11eTI,rpex ypanaenuii ua cncTeMhl (1.12)-(1.21), T. e. B B1>16ope "tJeT1>rpex 

KOHI,peTHblX ©;. CJie,n:yH ycTaHOBHBIIIeHCH TepMBHOJIOrBH [ 4], 6y,n:eM Ha3bl

BaTb pa3HOCTHbie ypanneHBH ( 1.12)-( 1.14) ypanHeHBHMB B ,n:1rnepreHTBOH 

,q>opi.rn, ypaBBeHBH ( 1.15) - ( 1.21) - ypaBHeHBHMII n He,O:HBepreHTBOH <popi.rn, 

.HJIII - npom;e - ,n:1rnepreHTHbIM.H B ne,n:unepreHTHblMB ypaBHeHHHMB. 

Teo p e Ma 1. J(ueepeenrnbie paanocrnbie ypaenenuR, eaao<Jou ounaMu~u 
,npeo6paay10rcR, c noM0Ufb10 opywx ypaenenuu paanocrnou cxeMbi 6 ypa6ne
.1-1,uR, neoueepeenrnou rfiopMbi, u nao6opor. 

p; 0 1-a 3 a Te JI I, CT Bo. IIepeii,n:eM OT paaHOCTHbIX ypaBHeIIHH ( 1.12) -
( 1.21) K CIICTeMe JIHHeiiHhlX OTHOCIUeJihHO ©i ypaBHeIIHH, He co,n:epmam;HX 

npOB3B0,0:HhIX, CTOHlll;BX n JleBhlX "tJaCTHX (1.12)-(1.21). YMHOIBBM (1.12) na 

P, CJIO,KHM C ( 1.17) B II3 nOJIY'IelIHOro Bbipan<emrn BblqTeM ( 1.18): 
(2.1) P©i+©a-©,=0. 
IIpo,n:H<p<pepem . .vrpyeM (1.15) no m, (1.16) not: 

a2x au a©. a2x av 0©5 
-----=-- = @4 
amat om am ' 

-----=--= (i) atam at at 5
' 

I 

Bbipaam.1 H3 aTHX ypaBHeIIHH au I am H av I at, onycncM ,O:JIH y,n:o6cTBa 11epTy 

na,n: <i>, D W5 H IIO,O:CTaRHM B ( 1.12): 

-(2.2) ©1-©.+(i)5=0. 

'YMBO}I\HM (1.13) Ha u, Bhl1ITeM B3 IIOJiyqemrnro BbipameHHH (1.14) II npH6a

BHM (1.17): 

{2.3) Uffi2-ffis+ffis=O. 

j(aJiee no,n:cTaBHM (1.18), (1.19) n (1.8): 

{2.4) (j)7-(i)3=0. 

'YMBOtl-,lBI (1.12) Ha a2, CJIOilnIM c (1.20) H BhlqTe:M (1.21): 

(2.5) a2
ffi1+ffi9-ffi1o=O. 

HaKOBeri;, II3 (1.18), (1.21) H ypanneHHH ,O:JIH CKOpOCTB pocTa ,n:anJieBIIH no

JIY1IIIM 

. (2.6) 
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"YpaBHemrn (2.1)-(2.6) o6paayroT cncTeMy mecTH mrneihu,rx OTHOCHTem,

HO ©; ypaBHeHHn c 10 nenaBeCTIIbIMH. Panr MaTpmv.r Roacpcpm:i;neaTOB aToii: CH

cTeMbI paBeH 6, CJie7wBaTeJibHO, CHCTeMa (2.1)- (2.6) Hl\feeT cpyHp;aMenTaJib

Hbie pememrn, Ramp;oe H3 ROTOpbIX COCTOHT H3 meCTH JIHHeHHO-He3aBHCHMhlX 

perneHHH. RoJIH'IeCTBO cpynp;aMeHTaJibHbIX pemennii: K:;;;;C106=210. PaccMOT

pnM HX, Ha'IHHaH C HaH60Jiee 'IaCTO BCTpeqarom;erocH B JIHTepaType TlHia paa

HOCTHOH CX0Mhl C He3aBHCHMhlMH © 2 , (i) 3 , (i) ~, (i) 5. IlepeHeCeM '1JI0Hbl ypaBHeHHH, 

COOTB0TCTBYIOID;He 3JI0M0HTaM 2-ro-5-ro CTOJI6.a;oB, B rrpaBble 11aCTH ypaBne

HHH. B peayJibTaTe IIOJIY11HM CHCTeMy JIHHeHHhlX OTHOCHT0JibHO (i) ; HeO)];HOpO,ll.

HbIX ypaBHennn. MaTpn.a;a aTon cHcTeMLI 

p 1 -1 0 0 0 

1 0 0 0 0 0 

A1= 
0 1 0 0 0 0 

0 0 1 - 1 0 0 

a 2 0 0 0 1 - 1 

0 0 ap;aE 0 0 -1 

n pacrnHpennaa MaTpH.a;a 

p 1 - 1 0 0 0 0 

1 0 0 0 0 0 (!)4-(i)5 

0 1 0 0 0 0 ©;3- U©2 
B1= 

0 0 1 - 1 0 0 0 
a2 0 0 0 1 - 1 0 
0 0 aP;aE 0 0 - 1 0 

HM0IOT panr r=6. CJiep;oBaTeJibHO, CllCTeMa COBMeCTI-Ia, <pyH,ri;aMeHTaJihHOe pe
IIl0HIIe cym;eCTByeT II HMeeT Bll,!J; 

IIpoBe,D;H anaJIOrll'IHOe paCCMOTpeHHe )];JIH Bcex 210 . CllCTeM, IIOJIY'IIIM, 'ITO 

TOJibRO 11acTb H3 HllX COBMeCTHbI H, CJie,ri;oBaTeJihHO, cym;eCTBYeT M0HhIIIe '10M 

210 <pyn,ri;aMeHTaJibHbIX pemenIIH. OrpaHH'IlIMCH IlOCTp00HlI0M cpynJJ;aMeHTaJib

HbIX perneHHH nan6oJiee yrroTpe6IIT0JlbHbIX pa3HOCTHbIX cxeM. HoMepa 3THX Tll

IIOB cxeM II COOTB0TCTBYIOI.a;He HM Ha6opbI He3aBHCHMbIX H 3aBHClIMbIX (i) ; npH
B0)];0HbI B Ta6JIII.a;e. 

J13 cym;eCTBOBaHIIH 3TllX cpyn,ri;aMeHTaJihHblX perneHHH CJiep;yeT: 

1) 0CJIH B pa3HOCTHOH cxeMe lICilOJib3Y0TCH ypaBH0HHe 3Hepr:rrn ( 1.14) B 

,D;HBepreHTHOH cpopMe, TO C IIOMOI.a;bIO COOTB0TCTByrom;ero qiyn ,ri;aM0HTaJibHOro 

perneHIIH OHO npeo6paayeTCH R JIIOOOMY H3 ypaBH0HHH ( 1.17)' ( 1.18) B ne
,!J;HBepreHTHOH qJOpMe (cxeMbl Tima 1,4); 

2) ecJIII B paaaocTHOH cxeMe 11crrOJihayeTCH ypaBHerrne aHeprnn ( 1.17) IIJIII 

( 1.18) B nep;uBepreHTHOH cpopMe, TO C IIOMOI.a;bIO COOTB8TCTByrom;ero cpyHp;a-
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T11n 
He3aDIICIIMble 3aDHCl!Mble p. c. 

1 W2 W3 W4 W5 W1 W6 W, W8 W9 W10 

2 W2 W4 W5 Wa Wt W3 W7 Ws Wg W10 

3 W2 W4 W5 W ; W1 W3 Wa WR Wg Wto 

4 Wt W2 W3 W4 W5W6W:Ws W9W10 

5 Wt W2 W4 Wa W3 W5 W7 Ws W1 W10 

6 Wt W2 W4 W7 W3 W5 Wa W8 Wg W10 

11Ie1naJihHOro peUie1m.1I OHO npeo6pa3yeTc.1I 1, ypanuemno ( 1.14) n l\HBCpre1n

Hoi'1 q>OpMe (cxeMbI THITa 2, 3, 5, 6); 
3) ecm1 n pa3HOCTHOH cxe"rn ucnoJihayeTC.II ypanuenHe coxpauemrn Mac

CbI ( 1.12) B l.l,HBepreHTHOH q>OpMe, TO OHO npeo6pa3yeTC.II I, ypannenmo coxpa- 

nemrn MaCChl (L16) n HCl.l,HBCpreHTHOH q>OpMe (cxeMhl nrna 4, 5, 6); 
4) eCJIH B pa3HOCTHOH cxeMe HCIIOJih3YeTC.II ypanneHHe coxpauemrn MaCCbl 

(1.16) B ne;:vrneprenTHoii q>opMe, TO ono npeo6pa3yeTCH K ypanaenmo (1.12) 
n l.l,HBepreHTHOH q>OpMe (cxeMbl Tima 1, 2, 3). 

TeopeMa l.l,OKaaana. 

§ 3. RottcepBaTHBHOCTb u l.l,HCClmaTHBHbie CBOHCTBa 

pa3HOCTHOii cxeMbl 

0 II p e l.l, e JI e H lI e 1. KoHcepnaTHBHOCThlO Ha3hIBaeTCH CBOHCTBO pa3HOCT

HOH CX0Mhl coxpamITh 6ea lI3M0H0HlIH KaRyJO-JIH6o q>ymrn;mo lIJIH RO~IOHHal.\IIIO 

cpymrn;nii:, BXOl.l,Hll\HX n ypannenmr (1.12)-(1.21), JIIIOO JfHTerpaJib[ OT IWM-

6HHal.\Hlf q>ynKu;IIii: no JIJOOhlM o6Jiacrn:M l1JIH IWHTypaM. 

Cpel.l,H q>YHRQHii:, BXOAHll\HX n (1.1)-(1.7), (1.9)-(1.11), TOJihlW S=const 

JI m=const B,ll,OJih JIHHHII TOKa. Ilo3TOMY orpam1.qHMC.II pacCMOTpemi.eM CBOJ1CTB 

cxeM coxpaH.IITh TO'IHO ITJIH npn6mrmenno s ll m Bl.l,OJlb JIHHHII TOl{a (S-1wH

cepnaTHBHOCTh H M-ROHCepnaTJIBHOCTh). IloCKOJihKY 3TH CBOMCTBa npO.IIBJIH

[OTCH Ha 1rnmp_oii: JIHHHH TORa, TO OHM HBJIHIOTCH JIORaJibHbIMH CBOHCTBaMII 

KOHCepnaTHBHOCTH. 

Teo p e Ma 2. Heo6x ofJu.1rwe u fJocraro 1tnoe yc.rweue M-Koncepearuenocru 

paaft0crnou cxe.i!tbi U.i!teer eufJ 

(3.1) cih=u>M, 

zae 

;a; o K a 3 a T e JI r, c T n o. PaccMOTpHM paa1rocTuoe ypamrnrrno coxpauenHn 

MaCChl B ne,n,IrnepreHTHOH q>opMe: 

(3.2) D..x/ D..m= V, 

rl],e D..x=x.-X- 1 - o6'beM, 3anmvraeMhIH B MOlVl0HT npe1110HH to npOH3BOJihHO· 

Bhl6pannoii: MaJioii 11rnccoii: D..m=m1-m-1 . PaaJI01HHM X1=x(t0, mt) H X-1= 

=x(to, m-1) B p.!Il.l,hl TeiiJiopa B TO'IKe (to, m o=0.5 (m.+m-1)) II llO,ll,CTaBIIM. 

B (3.2): 

~-V= ax -V+ L, ak 
D,.m Om h = I 

1 
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/1m2A a2H1X 

a,.= 22,.(2k-H) I am2k+i • 

.(3.3) W5 + .L, a,.=0. 
A=I 

IlpO,!],Hq>q>epeau;upoBaB (3.3) IIO t, IlOJIJ'IllM ypaBHeHHe IIpOH3BOACTBa MaCChl 

B BII)J;e -
~3.4) 

PacCMOTplIM BHatJ:aJie CJiytJ:aH, Korp;a Ohr=Ws ll3-3a L=O. aTO BO3MOIBHO IIpH 

.x=a1(t)+a2(t)m+as(t)m2 II rrpII JUOOhIX orpaaHqeHHbIX a1, a2, ll3, H60 B 8TOM 

CJiyqae Ws=O H ypaBHeHHe (3.2) CTaHOBIITCH TOqHhlM ypaBHeHHeM, o6Jiap;aro

~lIM CBOHCTBOM Jv/-1wucepBaTHBHOCTH (8!1m/8t= O) 6e3 BCHl<HX ycJIOBHH. ,[l;aJib

.rue 6yp;eM CtJ:IITaTb 'ITO L*O. 
He o 6 x o A II Moc Th. Ilpep;rroJ10arnM, 'ITO (3.1) He HMeeT MecTa, T. e. 

-ro,*wM, Torp;a II3 (3.4) cJiel \YeT, 'ITO B,!J,OJib JIIIHIIH TOKa 8!1m/8t*O H Macca 

,CeTOlJHOro IlpOl',teil,YTRa Be coxpaHHeTCH. 

Ao c Ta To tJ: a o c Th. IlycTb 8!1m/at=O. Torp;a II3 (3.i) cJiep;yeT (3.1). 
TeopeMa p;oRaaaaa. 

C JI e p; c T B II e 1. PaaaocTHaH cxeMa, cop;epma~aH ypaBaeuIIe coxpaae

,HIIH MaCCbl (1.16) B uep;IIBepreHTHOM BHp;e, BCerp;a M-KOHCepBaTIIBHa. 

C JI e p; c TB 11 e 2. PaauocTaa.11 cxeMa, CO,llepil{a~a.11 ypaBueune coxpaHeHIIH 

Macchi (1.12) B ,!),IrnepreHTHOM · BII,!J,e, M-KOHCepBaTIIBHa IIpII YCJIOBIIlI 

.{i)l-(l)t=ffiM, KOTOpoe CJiep;yeT 113 (3.1) II (2.2). 
IloCKOJibKY (t)M II .ffi5 - norpernHOCTII _aurrpOKClIMau;IIH BHp;a ( 1.22)' TO 

ypaBHeHHe npOII3BOACTBa MaCChl (3.4) B M-neKOHCepBaTIIBHhlX cxeMax HMeeT 

Bll,ll 

,(3.5) 
at 

k+l~1. 

0 II p e A e JI e H II e 2. n-e p;llq>q>epeuu;IIaJlbHOe rrpII6JIHIBeHHe pa3HOCTHOH 

,cxeMbl (,a;.rr.n) HBJIHeTCH M-KOHCepBaTHBHhlM, eCJIII B ypaBHeHlIH rrpOH3BO,Il;CT

Ba Macchi (3.5) 6y,a;eT BMi.1=0 ,a;JIH Bcex k+l-;,;;_n, 
Teo p e Ma 3. Heo6xoiJuJ.t0e u 8ocraro1moe yc,11,oeue S-·,wncepearuenocru 

_paanocrnou cxe.Mbi uJ.teer euiJ 

(3.6) Ws=O. 

He o 6 x op; II Moc Tb. Ilpe,a;rroJIOilrnM, qTO ffis°FO. Ilop;cTaBIIB 8TO B ( 1.19), 
1IOJiyq11M 8S/at°FO. 8HTpOIIIIH II3MeHH0TCH. 

,D;ocTaTO'IHOCTb. IlyCTb aS/iJt=O. Ilo,a;cTaBHB 8TO B (1.19), IIOJIY'IHM 

(3.6). Teope~rn p;oKa3aaa. 

Cpep;II TIIIIOB cxeM, rrpHBe,a;eHHblX B Ta6JIHu;e, HeT cxeM C He3aBHCIIMOH ffi s, 
,[l;JIH Kamp;oro Tlllla pa3HOCTHbIX cxeM ffis p;om-KHO 6hlTb BbipameHO qepe3 He-

3aBIICIIMbie (t) ; . 8TII ypaBHeHIIH, COOTB0TCTBeHHO, ,!],JIH TIIIIOB 1-6 HMeIOT BHA 

(3.7a) 
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·(3.76) <»a=P (oi,-ci>&) +©a, 

(3.7B) ©s=©1, 

(3.7r) ©s = P©1+©3-U©2, 

(3.7A) ©s=P©1+©a, 

(3.7e) ©s=©1. 

On;em<a H3MeBeBHH auTpOIIHH BAOJib JIHBHH TOKa C TeqeuHeM BpeMeBH .lIBJIH- 

eTCH aq>q>eKTHBBhlM cpeACTBOM JIOKaJibBOro KOBTPOJIH TOqHOCTH Bbl<{llCJieBHH.. 

TepMOAHHaMnqecKHX Bennqnu. IIocKOJibKY Bee © i HMeIOT BHA ( 1.22), TO n a.. 

(3.7) ll (1.19) CJieAyeT ypaBueune npOH3BOACTBa auTpOIIllll B o6~eM BH)J;e: 

(3.8) as '"1 B ,.hi T-- = ~ B1tl't ' at 
k -=O , l-0 

k+Z;;;;.1. 

0 II p e A e JI e H ll e 3. n-e Allq>q>epeun;Ham,uoe npH6mnKeHH0 ya3HOCTHOH 

cxeMbl HBJIHeTCH S-KOHcepBaTHBBhlM, eCJIH B ypaBBeBHH n·poH3BOACTBa auTpO

IlllH (3.8) 6yAeT Bs,.,=0 AJIH BCex k+l~n. 
PacCMOTpHM cxeMbl THIIOB 1, 4 C AHBepreHTBblM ypaBueuHeM aueprHH 

(1.14). Ha (3.7) CJieAyeT, qTo npaBan qacTb ypaBHeH~H npOH3BOACTBa au-

Tponun (3.8) MOiI<eT COAepmaTb 3uaqeuuH MaCCOBOH CKOpOCTH u H npOU3BOA

Hble frU/otv. 3To oauaqaeT, qTO B KJiacce cxeM c ABBepreuTHhlM ypaBueuueM 

aueprnn eCTb cxeMhl, ue HHBapnaBTHble OTHOCIITeJibHO npeo6pa30BaHHH ranu

Jien, B I<OTOpbIX llpU IIOCTyllaTeJibHOM ABHrKeHHU HeAeq>OpMIIpyeMO!'O Be~eCTBa . 

auTponIIH 6yAeT M0HHTbClI, qTo npoTHBope'IHT TepMOAIIHaMIIKe. 

0 II p e A e JI e Hue 4. Pa3BOCTHYIO cxeMy uaaoBeM TepMOAIIBaMII'leCKH ". 

HOpMaJibHOH, eCJIH B ueii CKOpOCTb npOH3BOACTBa auTpOIIHH ue 3aBHCHT OT Mac-

COBOH cKopocTH Be~ecTBa II ero ycKopeuuii. EcJIII me oS/ot aaBHCHT OT U HJIH 

OT i)vlj/i)tv, TO CXeMy Ha30B0M TepMOAIIHaMll'IeCKH auoMaJibHOH. 

0 11 p e A e JI e u II e 5. n-e AHq>cpepeun;nan1,uoe npuonHmeuHe paauocTuoii: 

cxeMbl aa30BeM TepMOAIIBaM:aqecI<H HOpMaJII,BhlM, ecmr q>yHRD;IIH B 8/tl B ( 3.8) ,. 

AJIH KOTOphlx k+l~n, ue COAepmaT MaccoBon c«opocni: Be~ecTBa H ero ycKo

peuHii i)•lj/i)tV, H TepMOAHHaMH'leCRH aHOMaJibHhlM, eCJIH COAepmaT: 

qT06bl onpeµ;eJIIITb, HBJIHeTCH Jill AIIBepreBTBaH cxeMa TepMOAHHaMU'leCI<ll. 

HOpMaJibHOH, aymuo IICCJI0AOBaTb npaByIO qacTb (3.8) II IIOI<a3aTb, qTo oua 

He 3aBHCHT OT UH a·U/ot•. 
QqeBHABO, qTo II3MeHeHHe 8HTponun ll3-3a norpemuocTeH annpOKCHMaD;HII 

He AOJiiI<BO npeBOCXOAHTb ee U8MeHeBHH B xapaI<TepHblX qlll3Hqecmu npon;ec

cax. B 1<aqecTBe TaKoro npon;ecca paccMoTpuM · cna6yro YAapuyro Bonuy, u_a; 

q>pouTe I<OTOpoi cnpaBeAJIHBO [6] ypaBHeHHe 

(3.9) T0/lS=--h ( ~
2

;
2

) 

8 

/lV3+0(~-V',~S2
), 

r]:le ~S= S - S0 , ~ V= V- V0 ; Vo, To, S 0 - auaqeuIIlI nepeA paapbIBOM. C'IuTaH, . 

. 'ITO S H V aaBIICHT OT Bp_eMeun t, npeACTaBHM Hx B BB) J,e plIAOB Teiinopa ·B

TOqRe (Vo, To, So). lIOACTamrn 8TH PHAhl B (3.9), noJiyqHM 

as 
T7t=©s, 

1183~ 



•(3.10) ills=-~(!:!-.) (~)
3 
+ 

12 a v2 s at · .. · 

-YpaBH0HHe (3.10) ,n:aeT B03MOiHHOCTh paa,n:eJIHTh Bee pa3HOCTHhie CXffMhl Ha 

CHJihHO ):(HCCHllaTHBHhie H CJiaOO ):(HCCHIIaTHBHhl0. 

0 II p e .n: e JI e H He 6. Pa3HOCTHYIO cxeMy Ha30B0M CHJihHO ):(HCCHIIaTHBHOli, 

ecJIH IIepBoe ,n:mp<f>epemwaJihHoe rrpn6JIHmenHe (,n:.II. 1) ee ypaBHeHHlI IIpo11a

BO):(CTBa 3HTpOIIHH S-H0KOHC0pBaTHBHO. 

0 II p e .n: e JI e H He 7. Pa3HOCTHYIO cxeMy Ha3oBeM CJiaoo ll,HCCHIIaTlrnHOli, 

0CJIH ):( .II. 1 ee ypaBH0HHlI IIpOH3BO):(CTBa 3HTpOIIHH S-IWHCepBaTHBHO. 

§ 4. AHaJIH3 S-KoHcepBaTHBHOCTH HeKoTopblx 

pa3HOCTHhlX cxeM ~JIJI ypaBHemrn ra30BOH ~IIHaMHKH 

PacCMOTpHM, C I{alWH TOqHOCThIO BhlllOJIHlieTClI aa.KOH coxpaHeHHlI 3HTpO

IIHH B cxeMax C ):(HBepreHTHhlM H H0):(HBepreHTHhIM ypaBH0HH0M aueprHH. IIo

.,!J,p06HhIH auaJIH3 H3M0H0HHH 3HTporrmr B H0.KOTOphlx cxeMax rrpoBe,n:eH B [ 7]. 

1-lHme rrpHBOAHTClI aHaJIH3 B HHOH q>OpMe H ):(JIH 6oJiee IIIHpo1wro .KJiacca ypas

H0HHH. 

MccJie,n:yeM BHaqaJie CBOHCTBa S-.KoucepBaTHBHOCTH · cxeM Tnna 4. IlycTh 

HCKOMhle BeJI11q11Hhl P, V, E, U, S, T orrpel],eJieHhI B Toq.Kax ceT.KH c rroJiy11,eJihl

MH HH):(0.KCaMH (OTH0C0Hhl .K cepe,n:HHaM ceTOqHhIX HHTepBaJIOB). 3anHUieM, 

CJie,n:ya [7]' pa3HOCTHhle ypaBH0HHlI B 06II1,eM BlI,n:e: 

,(4.1a) 
n+l n 

V;+o .5- V;+o.5 

't 

(4.16) 

. E1::.:-E1:u + (U1;;! ) 2
- (U;+o.5) 2 + l!i+1U:+1-P/U;' 

-r 2-r h 
=0; 

3):(0Cb 3B03):(0'll{a 03HaqaeT BCIIOMOraTeJibHYIO B0JIHqHHy. 

MccJie,n:yeM xapa.KTep H3MeHeHirn 3HTpOIIHH B pa3HOCTHhIX cxel\laX H3 ~Byx

napaMeTpHqec.Koro ceMef1cTBa cxeM III A ( CM. [ 7]), B .KOTOpbrx BCIIOMOra

TeJihHhie BeJinqHHhl onpe,n:eJIHIOTCH IIO <pOpMyJiaM 

,(4.2a) 

,(4.26) 

B 00lll,0M CJiyqae ):(JIH paccMaTpHBael\rnro ceMeHCTBa cxeM H03aBHCHMblMH lIB

.JIHIOTClI ill1, ill2, ills, IIo,n:cTaBHB HX B (3.7r) H BbipameHHe ills - B (1.19), IIO

Jiyq11M ypaBH0HHe npOH3B0):(CTBa 3HTPOIIHH 

c(4.3) 

Ma (4.3) cJie/:i,yeT, 'ITO cpe,n:H cxeM THna III A cxeMhI c l1=F0.5 rnpMOAHHaMH-
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'10C.KH aHOlliaJU,HI,I H CHJII,HO AHCCIUiaTHBHbI, CX0Mhl C l1 =0.5, l2afo0.5 CHJibHO 

.u;1-1cc1-1rraTHBHbI. Y ep;HHCTBeuaoii: cxeMoI aToro ceMeHCTBa c l1=l2=0.5 ypaBae
urre rrpOil3BOACTBa <'IHTPOTIHH HM00T BHA 

fJiaBHI,JH 1IJl0H B (4.4) COBna.u;aeT C (3.10)' 3Ha1IHT, .u;.n.2 pa3HOCTHOH CX0Mbl 

C l1=l2=0.5 CJia6o AHCCHIJaTHBHO H T0pMOJJ;HHa11mqec1rn: HOpMaJibHO. 

PaccM0TpM111 ,u;aJiee BTopoe .u;nyxnapaMeTpH~ecKoe ce~e:e:cT~o cxeM III B na 

[ 7 J, B .KOTOphlx BClIOMOraTeJibHI,10 B0JIH'IHHI,I onpe,u;emuoTCH ypaBH0HHHMH 

(4.5a) U , ( n n -r:l3 n n 
; = 0.5 U;+o.s+Ui-o.s )-h (P;+o.s-P;-o.s ), 

(4.56) 

B .u;mpq:>epeHI.J,HaJibHOH q>OpMe ypaBH0HHH (4.1) BM0CTe C (4.5) npHHHMaIOT 

BHA (1.12) - (1.14). Ilo,u;cTaBHB H03aBHCHMbl0 W1, W2, ul3 B (3.7) n Ws

B ( 1.19)' IlOJl)'1IHM ypanueuue npOH3BOACTBa 8HTpOIIHH 

CJiep;onaT0JibHO, y BCex cxeM .noro ceMeii:cTBa c ls=i=0.5 .u;.11.1 TepMop;naaMH1Ie

c1m aHOMaJibHbI, y BC0X cxeM C ls=0.5 H l ,. afo0.5 .u;.n .1 T0pMOJ];HHaMH1I0CKH HOp

MaJibHI,J H CHJibHO ,a.11cc1maTHBHhl H JIHillb y e,a.HHCTneaaoii cxeMbI c l3= l.= 
= 0.5 A,II.1 paBHO HYJIIO u OHa CJia6o AHCCJUiaTHBHa. 

Cxe11rn B [ 8] IIOJiyqaeTCJI H3 C0M0HCTBa I II B npH ls =l. =h/2-r:a. Ta1mM 

o6paaoM, B aToii: cxeMe l3=l.=0.5 nnmi, npn cooTHomeHHH maroB -ralh=i. 
AuanorH'IHblJI:( CBOHCTBOM o6Jiap;aeT cxeMa B (9]' IWTOpaJI IIOJiyqaeTCJI H3 ce

M0HCTBa III B nprr l3= l,=0.5(hh:a) 2
• 

Pacc1110TpHM .u;11ccmrnTIIBHbl0 CBOHCTBa pa3HOCTIIOH CX0Mbl THIIa 4 H3. (10), 

B I OTOpoii: BCIIOMOraTeJibHbie B0JIH"CJ'HIII,J orrpe,a.eJIJIIOTCH 1Iepe3 q:>yIIIHl,HH, TepnH

lll,He pa3phlB Ha KOHTa.KTHblX rpaumi.ax. B ypaBH0HHJIX coxpaHeHHJI MaCChl 

n KOJIH'10CTBa ;:i;nnmemrn B (4.1) BCIIOMOraT0JlbHbl0 3IIa'10HHH CKOpOCTH H p;all" 

Jl0IIHJI B3HTbI B BII)J;e 

U/=0.25 [ U;:o.s+U/~o.s+ui::\+u;_~\-

h n+I n - n+I n ) ] 
- - (Vi+o.s-Vi+0.5-Vi-o.s+ V;-o.s , 

-r: 

B ypannenmr a1rnprm1 ( 4.1) ncrroMoraTe111,noe ana1IenHe (PU) t BbI6HpaeTCH 

no qiopMyJTe 

n+I n+I h n+I n n+I n 
(PU) /=0.5[ (PU) 1+0.s+ (PU) ;-o.s] + 

4
-r: (~1+0.s-~i+o.s-~i-o.5+~ i-o.s ), 

r.u;e ~=E+0.5U2• IIo,u;cTaBHB ueaanucn1111,10 W1, w2, Ws n (3.7) H Ws - B (1.19), 
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llOJIY'IHM ypaBH0HHe npOH3BO}:J;CTBa aaTpOllHH 

Cnep;oBaTen1,ao, paccMaTpHBaeMaH cxeMa ua [10] aa ap;na6aT11tJeCRHx p erne

n11ax TepMO}:J;HHaMHlJ0CRH aHOMaJihHa H CHJihBO }:J;HCCHIIaTRBHa. 

PaecMoTpHM ceMe:iicTBO cxeM THIIa 1 c ypaBHeHHHMH 

't 

EcJIH BCIIOMOraTeJihHhie B0JIHlJHHhl OIIpep;eJIHTh ypaBH0HH.flMH ( 4.2) H IIOACTa

BHTh H03aBHCHMhle <il2, <ils, <il 4, <il s B (3.7) H <ils - B (1.19), TO IIOJIYtJllTCH ypaB

H0HHe IIpOH3BO}:J;CTBa 3HTpOIIHH (4.3) co BC0MH paaee C)WJiaHHhIMH BhIBOJJ;aMII 

OTHOCHT0JlhHO l1 H l1• 

PaccMOTpnM cxeMy c aep;IIBepreHTHhIM ypanaea11eM aneprirn (1.18). Cne
p;y.a [ 7], aIIIIpORCHMIIpyeM ( 1. 7) O}:J;HOIIa paMeTpIIlleCRHM ceMeHCTBOM pa3HO

CTHhIX cxeM 

En+I_En v n+I_ V" 
(4.6) ---+[ (1-~)pn+s+~pn]--- = 0. 

't 't 

Ilpeo6paay.a ( 4.6) R p;mpcpepeH~HaJihHOH q>OpMe ( 1.18), IIOJiyqaeM 

+ ( 8:i,) s 
0
; 

0
;; 2(~-0.5) 2

] +O('t3
). 

IlocROJihRy cxeMa C aTHM ypaBH0HH0M aaeprHH B COOTB0TCTBHH C Ta6Jim~eii 

OTHOCHTCH R THllY 3 HJIH R THny 6, ,!),JI.fl ROTOpbIX <i1s=<i11, TO ll3 (4.7) H (1.19) 
CJiep;yeT, 'lJTO aeaaBHCHMO OT 3HalJ0IlH.fl ~ Bee CX0Mhl 3TOro ce1reHCTBa TepMO

}:J;HHaMIIl£0CRH HOpMaJihHhI, IIpH ~=F0.5 - CllJlhHO )IHCCHIIaTHBHhI II JIHIIlh e)IHH

CTB0HHa.fl CXeMa C0M0HCTBa C ~=0.5 CJia6o )IHCCHIIanrnaa. 

Pa3HOCTHOe ypaBH0HHe 3Hepnm: (4.6) BIIepBble IIpn ~=0.5 llCIIOJih30Ba

JIOCh B [ 11]. K 3T0MY n,e RJiaccy OTHOC.flTCll pa3HOCTHhie cxeMhI H3 [ 12]' ( 13]. 
PacCMOTpHM Ce.M0HCTBO cxeM THIIa 2 C rrep;1rnepreHTHhIM ypaBH0IlH0M anep

rnn (1.17) : 

(4.8a) 
u"+' u n p. p • 

i - i + 1+0.s- ;-o. s 
-----~=0, 

't h 't' 

n+i n • 
E,+o.s-E,+o.s + p• U;+1-U/ i+0.5 ____ = 0. 

"' h 
(4.86) 

BcrroMoraTeJihH,hie B0JllllJHHhl orrpep;eJIHM ypaBH0HHHMH 
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HeaaBUCHMLie norpemHOCTU annpOKCHMa~HH TaKOBLI: 

't2 fJ3U h2 asp 
ro2.= 12 af- 24~+ O('t3, h

3
),' 

't aau h2 a2V 
ro, =- -

2 
- + 0 ( 'ts) ro5 =----+ 0 (hs)' 

6 at3 
' 24 am2 

' 

't2 
( asE a2P au a3V) h2 asu . 

roe=-- --+3----+3P--. --P--+0('t3 h3
) 

24 ats af am at3 24 ams ' . 
Ilop;cTaBHB HX B COOTB8TCTByrom;ee ypaBH8HH0 (3.7) u B (1.19)' IIOJiyqnM 

_ypaBH8HHe npOH3BOJ];CTBa 8HTpOIIHH 

as 't
2 

( a2P ) ( av ) 3 
. T-=-- -- ~ +O('t3 h3

) at 12 av2 s at ' · 
,CJiep;oBaTeJil,HO, pa3HOCTHaH cxeMa (4.8) TEll)MOJ];HHaMnqecKH HOpMaJII,Ha II 

CJia6o AHCCHIIaTHBHa. 

PacCMOTPHM OAHOIIapaMeTpH'l0C~oe C0M0HCTBO «IIOJIHOCTbIO KOHC0pBaTHB

HhlX>> pa3HOCTHblX CX0M H3 [ 14] ; 

.(4.9a) 
n+l n 

Vi+u- vf+0.5 

't 

U n +uft+l ij n un+l 
l+l i+i - i - i · --+--------- = 0, 

2h 

(4.96) 

¥paBH8HH8 npOH3BOJ];CTBa 8HTPOIIHH 8TOro C8M8HCTBa pa3HOCTHblX CX0M HM00T 

BHJ]; 

r£=(0;5-a)'t( aP) (~ )
2

-~(~) (~)

3 

+o('t3 h3
). at av s at 12 avz s at ' 

0TCIOp;a CJiep;yeT, .'ITO BCe cxeMLI aToro C0M8HCTBa T0pMOJ];HHaMHqecKH uop

.MaJibHhl. O;:i;ua1<0 CX0Mbl C o*0.5 CHJibHO J];HCCHIIaTHBHbl. Tpe6oBaHH0 CJia6oii 

J];HCCHIIaTHBHOCTII npHBOJ];HT K ;:i;am,ueiimeMy cymeHHIO MHOIB0CTBa cxeM C 

ypaBHeHHHMH (4.9). B ceMeiicTBe IIOJIHOCTLIO KoacepBaTHBHLIX cxeM (4.9) 
·CJia6o J];HCCHIIaTHBHOH HBJIH0TCH cxeMa C o=0.5. 8Ta me cxeMa IIOJIY'l0Ha B 

[ 15] na , Apyrnx coo6pameanii. 

3aKJiroqenue 

IlpOB0)];0HH00 paCCMOTpeune, a TaKme PHA ;:i;pyrnx npnMepoB, H3JIOIB0HHhlX 

•B [ 16], noaBOJIHIOT yTBepmAan,, 11To CBOHCTBa M- u S-KoacepBaTHBHOCTH ae 

•CBH3aHbl C J];HBepreHTHOH HJIH H0)];HB0preHTHOH <pop.MOH pa3HOCTHblX ypaBue

HHH. qTOObl onpeA0JIHTh J];HCCHIIaTHBHbl0 CBOHCTBa pa3HOCTHOH CX0Mhl, HYIBHO 

IIOCTpOHTh AJIH uee ypaBH0HH0 npOH3BOJ];CTBa 8HTPOIIHH H ypaBH0HH0 npOH3-

BOJ];CTBa MaCCLI. Auamrn J];HCCHIIaTHBHLIX CBOHCTB CX0M IIOKa3blBaeT, 'ITO cpe

AH CX0M C J];HBepreHTHbIM ypaBH0HH0M aueprHH (1.14) 0CTb T0pMOJ];HHaMH110-

CKH aHOMaJibHbie; OOJihIIIHHCTBO CX0M C H0J];HB0preHTHbIM ypaBH0HH0M ,mep

:XHH ( 1.17) HJIH ( 1.18) TepMOJ];HHaMe:qeCKH HOp!liaJlhHbl, 11 cpep;u HllX 0CTb 

CJia6o p;uccunaTUBHb10; cpe;:i;u IIOJIHOCTbIO KOHC0pBaTUBHblX (B COOTB0TCTBHH 

-c [ 14]) pa3HOCTHLIX cxeM 8CTb CHJibHO )];HCCHIIaTHBHbl8. 
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