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',© 06"eJUUleHHblA IfHCTHTyr JIJlepHhlX HCCn«tnODlHmt Lly6l1a, 19se. 
\ 

"1, " 

BBE}lEHIfE 

COCTaBHhIe (,nBYXCJIOHHhle) xanannnpasre CTpYH, COCTOHIUHe H3 

aztpa, B3aHMoneHCTBYIOIUero C KOaKCHaJIbHhIM CJIOeM HeCMenHmalOIUeH

CH JlCH,nKOCTH, npencraanaror aarepec C TOqKH 3peHHH ynpaBJIeHHH YCTOH

qHBOCTblO TaKHX TeqeHHH H nonY-IIeHHH xanens 3a):(aHHh1X pasraepoa H 

CTPYKTyphI. 

JIHHeHHblH aHaJIH3 HeYCTOHqHBOCTH COCTaBHhlX CTpYH /1,2/ naer 

B03MOiKHOCTb BhlHBHTb TpH xapaxrepasrx iHIIa norepa YCTOHqHBOCTH: 

a) o,nHOBpeMeHHhIH pacnan -H,npa H CJIOH H 06pa30BaHHe xanens, conep

:>KamHX JICH,nKH~ anpo H CePepHqeCKYIO 060JIOqKY; 6) 60JIee õsrcrpoe 

paspymeaae anpa CTpYH na KallJIH, yarrercaer-rsre :>KH,nKOCTblO CJIOH; B) co

npmcacanae aaeuiaeâ Me:>KePa3HoH nOBepXHOCTH c BHYTpeHHeH, npenuie

CTBYlOmee nepasrsr ,nBYM ePopMaM pacnana. B TO BpeMH KaK ePOpMhl 

(a) H (6) Ha6JIIO,naJIHCb 3KcnepHMeHTaJIbHO B/3/, ePopMa (B) onpenene

aa rrorca TOJIbKO H3 TeOpeTHqeCKOrO aHaJIH3a. }lJIH ee BhIHBJIeHHH aeoõ-

XOAHMO JICH,nKOCTb CJIOH nonoõpars TaKHM o6pa30M, qT06hI ee IlJIOTHOCTb 

6bIJIa MeHbrne, qeM nJIOTHOCTb anpa, a nOBepXHOCTHoe HaTH)KeHHe na 

BHYTpeHHeH nOBepXHOCTH - MHoro MeHbrne HaTH)KeHHH na aneuraeã. 

Onaaxo, KaK noxaasmaror axcneparaearsr, o6pa3YIOIUHecH KallJIH 

neonaoponnsr no paar-repaxr: 60JIbrnHe OCHüBHhle KallJIH qepe,nYIOTCH 

C BTOpHIIHhIMH, MeHblllHX ,nHaMeTpOB. 3TO rOBopHT o TOM, qTO na onpene

JIeHHhlX CTa):(HHX pa3BHTHH B03MYIUeHHH B crpye B036y~aIOTcH asrcurae 
rapMOHHKH H npouecc pacnana CTaHOBHTCH HeJIHHeHHhIM. B3aHMo,neH

CTBHe OT,neJIbHhIX rapMOHHK Me)K,ny C060H npasonar K nepepacnpenerre

HHIO 3HeprHH B03MymeHHH Me)K,ny HHMH, K HCKa)KeHHIO ePOpMhl Me)K

ePa3HhlX nOBepXHOCTeH no CpaBHeHHIO c onpenenaesroã H3 JIHHefu:loH 

'reopan H, B pe3YJIbTaTe, K OTPhlBY KaneJIb-.caTeJIJIHTOB, nepeMe)KaIOIUHX

CH c OCHOBHhlMH KallJIHMH. 

HaCTOHIUa.H paõora nOCBHIUeHa sanase O HeJIHHeHHOM pa3BHTHH 

B03MymeHHH: B COCTaBHOH crpye. B OTJIHqHe OT /4/ CHHTO npennonoace

HHe.o MaJIOCTH nauam.aoà asinmrrynsr B03MYIUeHHH. MeTO,n pH,nOB <I>ypbe 

npHMeHHeTCH K HCXO)].HOH cacresre ypaBHeHHH ABH:>KeHHH anpa H xoax

CHaJIhHOrO CJIOH, 3anHCaHHOH B O)J.HOMepHOM npH6JIH:>KeHHH .12,5/ • He
JIHHeHHhle 3ePePeKThl HCCJIe,nYIOTcH rJIaBHhIM 06pa30M C TOqKH 3peHHH 

B03,neHCTBHH CJIOH na TeqeHHe B anpe, 
HaH60JIee cyuiecraenaoe BJIHHHHe na ePOPMY pacnana CTPYH OKa

3hlBaIOT BOJIHOBOe qHCJIO B03MYIUeHHH: H õeapaaraepasre OTHOrneHH,H 

nOBepXHOCTHhlX HaTH)KeHHH H nJIOTHOCTeH aztpa H CJIOH. KaK npaBHJIO, 

nOTepH YCTOH~BOCTH CTPYH npoHcxo,nHT H3-3a pacna):(a H,n~ Ha KallJIH 
• 

'(n~ejUiii?tiHhin KHCTHTYJ I 
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(rana (a», npaxewr B ,n;nHHHOBonHOBOM zraanasoae HMeeT MeCTO oõpa
30BaHHe BTOPHqHbIX xanens-carennaroa. Ilpa ,n;OCTaTOqHO 60nbIllHX no
BepXHOCTHbIX HaTH)KeHHHX cnoa MO)KHO ,n;06HTbCH onaoapesienaoro pac
naná anpa H cnoa na xanna co CcPepHqeCKOH 060JiOqKoH. Ilpa oznroape
MeHHOM YMeHbIlleHHH nnOTHOCTH cnoa nOHBnHeTcH HOBaR cPopMa norepa 
ycroHlIHBOCTH THna (B). 

1. IlOCTAHOBKA 3A,UAQI1 

PaCCMOTpHM reneaae oceCHMMeTpHqHOH KanHJInHpHOH CTpYH pana
yca h2 , axmosarouteã nearpansnoe anpo panayca h1, B3aHMo,n;eHCTBYIO
mee c KoaKCHanbHbIM cnoer-r HeCMeIllHBaIDrn;eHCH )KH,n;KOCTH (CM. pHC. 1). 

Bynesr CqHTaTb, qTO npo
r Ih) 

CTpaHCTBO aoxpyr OCH 3aHHTO , 
HeBH3KHM ra30M nocToHHHOH 
nnOTHOCTH H BaBneHHH. 113 npH-'

Hl Be,n;eHHbIX B./8 cPOTorpaq>HH BH,n;
HO, qTO B peansnsrx ycnoaaax 
,n;BH)KeHHe cOCTaBHOH CTPYH HMeeTH. 
HeCTa~HOHapHbIH BonHOBOH xapax-

Z rep: na 06eH..~ Me)KQ>a3HbIX no-o . BepXHOCTHX B03HHKalOT õeryuure 
PIIc. 1. KOHq,HrYP8QHH COCTaBHOH CTPYH.	 aonasr c B03paCTaIDrn;eH asmna-

Ty,n;OH. ,UnH npOCTOTbI npa H3Y
qeHHH aonaoaoro TeqeHHH CTPYH 

6y,n;eM npeaeõperars BJIHHHHeM BH3KHX H MaCCOBbIX CHJI. KpOMe Toro, 
aHaJIorHqHO onaocnoãasna xanannapastsr CTPYHM B. ypaBHeHHHX ,n;BH)Ke
HHH 6y,n;eM npeaeõperars 3aBHCHMOCTblO aKCHaJIbHOH CKOpOCTH H naane
HHH OT panHaJIbHOH xoopnaaarsr. 3TO osaasaer, qTO MbI 6y,n;eM norrsso
BaTbCH onnosrepasrr-ra aecranaoaapasnaa ypaBHeHHHMH ,n;BH)KeHHH, non
P06HO BbmHCaHHbIMH B/2/. ,UnH HaIllHX ziansneãuiax ueneã y,n;06HO 
BBeCTH B 3TH ypaBHeHHH HOBbIe He3aBHctiMbIe nepesreaasre 

t t , e= aZ - úJt ,	 (1):t:t 

rne a H (U - 'aaztaaasre rronozcarensasre qHCna, CMbICn KOTOpbIX YTOqHHM 
HH)Ke. B oõmera cnysae npa nOMOrn;H (1) ocyuiecrnnaerca nepexon K 
no,n;BH)KHOH xoopnaaarnoü CHCTeMe, HMelOrn;eH CKOpOCTb (Ula. B 3TOH 
CHCTeMe onaor-repasre ypaBHeHHH :,n;BH)KeHHH npHHHMalOT BH,n; 

U 1t = (~ - au ) u 2a We -1 [h~2 h1e + a 2h1eee + To (h~~ 2g+ a 2h2eee )],t 1e+ 

1 
hit = «Y - ({U1) h le - "2 a h 1 U le 

= «Y -au2)u 2e+ 2aWe-1Topõl(h;2h2e+a2h2eee ), (2)u2t 

2
1 1 h 1 h 1 

~2t = (úl-au ) h - -ah2u 2Ç +-a -(u2e- ule) +a -(u2-u1)h 1e, 2 2e 2 2 h	 h
2	 2 

rne HH)KHHMH HH,n;eKcaMH t H' e 0603HaqeHO ,n;HcP4>epeH~pOBaHHe no 
3THM neperaeaasrr-r, a HHT-J;eKCbI j =1,2 aseneasr nna rH,n;po,n;HHaMHqe
CKHX BenHqHH B anpe H cnoe COOTBeTCTBeHHO. YpaBHeHHH (2) rrpaaene
HbI K 6e3pa3MepHoMY aany, npa 3TOM B rcaxecrae MacIllTa60B acnonsso
BaHbI aexoropsre xapaxrepasre 3HaqeHHH neaoavryuteaaoro pannyca 
H*H HeB03Myrn;eHHoH CKOpOCTH U* anpa CTPYH. ,UnH KpaTKOCTH sepea 
To = T 2/ T l 0603HaqeHO OTHOIlleHHe nOBepXHOCTHbIX HaTH)KeHHH na 06eHx 
cPa30BbIx rpanauax, a sepes Po = P2/Pl - OTHOIlleHHe nnoraocreã )KH,ll; 

xocreá CTPYH. QHcno Be6epa We = 2p l"*U;lT t cooTBeTcTBy eT napaxrer
par-r azrpa, ~o nerraer cHcTeMY (2) õorree nparonaoã .lUIH accnenoaaaaa 
BnHHHHH cnoa na pacnpocrpaaenae B93~yrn;eHHHB anpe. 

B crauaoaapasrx y~noBHHX (iJ I at =0) ypaaaeaaa ,n;BH)KeHHH (2) 

HMelOT OqeBH,n;HOe peurenae 

Uj~Uj' hj="j'	 (3) 

B KOTOpOM nOCTOHHHbIe H j H UJHHTepnpeTHpYlOTCH KaK HeB03Myrn;eHHbIe 
3HaqeHHH panHYCOB H CKopOCTeH anpa H cnoa, <l>H3HqeCKH (3) onacsrsaer 
rexenae uanaanpasecxoã COCTaBHOH CTPYH c UHnHH,n;pHqecKHM H,n;pOM 
H O,n;HOpO,n;HbIMH (nnOCKHMH) np0cPHJIHMH CKOpOCTH B anpe H cnoe. 
,UnH 0611UIOCTH MO)KHO npHHHTb U1 f:.~, nonycxaa B03MO)KHOCTb TaH
renuaansaoro paspsraa cxopocreã na BHYTpeHHeH Me)KcPa3HOH noaepx
HOCTH. HH)Ke y~06HOo paasrepasre 3HaqeHHH panayca H CKOpOCTH HeB03MY
meaaoro anpa "1H U1acnonssoaars KaK xapaxrepasre MaCIllTa6bI: 

o o 

U* = U,l, "", = Hl . (4) 

Bespaawrepaoe OTHOIlleHHe panayca anpa K nonHOMY panaycy CTPYH 
ofi03HatrnM xepea 8. Torna no onpeneneamo 

H 1 ""' 1, "2 =: 

-1 
8 , U 1 = 1, U 2 = 

o o 
U2 lU 1 • (5) 

Korna asmnaryna B03Myrn;eHHH ,n;OCTaTOqHO Mana, ypaBHeHHH ,n;BH)Ke
HHH (2) MO»CHO nHHeapH30BaTb, 3allHCbIBaR HCKOMoe pemenae B sane 

u 1 =: U1 + v, U2 = U 2 + W , h1 == TJ ="1 + q, h 2 == , = H 2 + , (6) 

H npeaeõperaa KBanpaTHlJHbIMH no OTHOIlleHHIO K v, W, ~ H' xneaasra. 
B /2/ nOKa3aHO, xro asmnaryna nHHeÜHbIX aona B03paCTaeT 3KcnOHeH
~HanbHo: 

2 
3 



fe-1a q t r = e -i~ ,	 f = (V, 'w, .",'), (7) 

c K03cPqnmHeHTOM HapaCTaHHH aq, rne q - xopeas nacnepcaonaoro 

ypaBHeHHH c nOnOJKHTenbHOH MHHMOH xacrsto: 

q4	 +q2we-l[1_a2+To(p08)-1(l-82)(ô2- a 2) + ôT (ô 
2

- a 2 )] +o
(8) 

+ We-2T (p (I - a 2)(1 _8 2)(8 2 _a 2 ) = O. o	 08)-1 

3aMeTHM, qTO cPopManbHo q HBnHeTCH co6cTBeHHbIM qHCnOM naaeapa

30BaHHOH aanasa. 
YpaBHeHHe (8) 3anHCaHO )l)IH xacraoro cnyxaa onnoponaoro npo

cPHJIH CKOpOCTH BO nceà crpye U 1=U2. OTMeTHM, qTO B (7) H (8) a 
3TO nornroaoe qHCnO, a co - yrrroaaa qaCTOTa ManblX B03MymeHHH. B 
paccraarpaaaesrowr qaCTHOM crrysae B03MymeHHH pacnpOCTpaHHIOTCH 

co CKOpOCTblO aeaoarayuteaaor-e TeqeHHH, H, cnenoaarensao, OHH 6y,n;YT 

nOKOHTbCH B CHCTeMe OTCqeTa (1) c CtJ/ a ",,'1. B /2/ HaH,n;eHO, ~o B BOnHO

BOM naanaaoae 0.< a ,< 8 ',n;HcnepcHoHHoe COOTHOllleHHe norrycxaer naa 

ceMeHCTBa nHHeHHbIX nona C B03paCTalOmHMH aMIUlHTy,n;aMH, T .e. zrae 

aeycroãsaasre MO,n;bI, a npa Ô.< a ,<I - O,n;HY HeYCTOHqHBY~ MO,n;y. 

M3-3a axcnoaeauaansaoro pOCTa ar-mmrryn B03MymeHHH HenHHeH

nsre xneasr CHCTeMbI (2) CTaHOBHTCH cymecraeaasnra, a mmeãaoe peure

HHe (7), (8) - HenpHMeHHMbIM K õonee n03,n;HHM CTa,D;HHM aonaoaoro 

TeqeHHH CTPYH. TaKHM o6pa30M, B03HHKaeT aanaxa o npOCneJKHBaHHH 

pa3BHTHH BO BpeMeHH aasansaoro B03MYIIJ;eHHH 3a,n;aHHOH cPOpMbI (aanpn

Mep, rana (7» H ,n;nHHbI aonasr À = 2"/a. 

2. 'METO,U PH,UOB <l>YPhE 

K o,n;HOMepHbIM ypaBHeHHHM ,n;BHJKeHHH onaocrroãaoü xarrannap
HOH CTPYH 3TOT MeTO,n; npHMeHHJICH B /5/, a K zmyxcnoãnoá - B /4/. 

Hnea MeTo,n;a 3aK1!lOqaeTCH B OTbICKaHHH peurenaa o,n;HOMepHbIX ypasne
HHH ,n;BHJKeHHH B BH,D;e pana, COCTOHIIJ;erO ,H3 OCHOBHOH (rnaBHOH) rapsro

HHKH (C 3a,D;aHHOH ,n;nHHOH aornrsr À) H ee KpaTHbIX (BbIClllHX) rapMOHHK 

c HeH3BeCTHbIMH aMIUlHTy,n;aMH, 3aBHCHIIJ;HMH OT BpeMeHH: 

f	 = f O +' f 1 e _ + fi e + + f2·e -2 + r;e 2 + '" (9) 

COKpameHHO 

"	 ±i~ ±2i~ (10)e±	 = e ,e ±2 = e 

H qepe3 f 0603HaqeHa rnoõaa H3 BenHqIDi v, w, 11, ,; 0603HaqeHHe 

f* aaeneao )l)IH KOMnneKcHo-COnpHJKeaHOH cPYHKQHH f. 

4 

nO,n;CTaBnHH B (2)- H npHpaBHHBaR asrpaacenaa nepen o,n;HHaKOBbI

MH CTeneHHMH e±imÇ; (m=0,1,2), nOJIyqHM nocnenosarensao ypaBHeHHH 

nna npoaaaonasrx no BpeMeHH OT aMIUlHTY,D;HbIX cPYHKQHH. MMeeM nna V: 

Vó=	 0,

iv ~	 = ((L) - a U 1) V 1 - a V t v2 + a;1[ ( 11;-2 - a 2) 1]-1 + 

+ (3." ~~;7J1 - 2." ~3 71t 7J2}) + aPO;2 [ «( ~2_ a 2 
)( 1+ (3(~'~'r-2'~i'2)]' 

2) -3 2 1iv; =	 2( (i.) - a U 1) v2 - (J; V : + a~ [ 2 (71 ~2 - 4 a 71 2 2-71 O 71 t + 

2 (11) 
+ a pO ; 2 [ 2.(' ~2 - 4 a ) <:" 2 - 2' ~3, ~ } , 

rne	 ~ 1 ::: 2/We, 0"2 = 2To 'P O
1

/ We ; 
,n;JIH ':. 

. r' 1 ( I' * * 1') 1 2 I' -2 (I' * I' * )
1"" O = '2 a W 1 ':. 1 - w 1 ':. 1 + 2" a TIO ':.O ':. 1a 1 - ':. 1 a 1 + 

+	 a 71 O , ~2A(71; , 1 - 71
1
,; ) , 

iÇ-;	 = (CtJ -aU 2 ) , 1- {-a'ow 1 - : a'2w i + a 711> '.;-lA711+ }t71:~~1+ 

A(21'-3 1'1'* 21'-21'* .)"-221'* r-i * 
+a 7]0':.0"'1':.1':.1- ""17]2-""0171':.1+':.0171172710':.0
 

1'-3 *1'2 )" -2 * 1') ()" -1 * I' -1 *
 
-	 71 0 ':. 0 7J 1"" 1+ 17 0':.0 71 1 ':.2 + a "'0':. O 71 1 a 2+ 710 ':. 0 "'2& 1 

(12) 

1'-2 I' 2 )"-2... 1'* * 1 r-i 2 * 21'-31' 1'* 
- 71 O':. O 17 1 ':.1 a 1 - 71 O':. O-TIl ':. la 1 + 2" ':. O 7J la 1 + 17 O ':. O ':.1 ':.1 a 1 

- .,,2'-2'*& + 11 ,-2 11' a* - ,-1." .,,*a _ 1...,,2,-3,2a * + 
O	 O 12 O o 111 O 111 2 O 011 

+	 1 2 I' -2 I' a * ) 
"2"'0':.0 ':.2 l ' 

i'~ = 2(ú):'" aU 2) '2 - a'ow 2 - : a'lwl ~2a7J0,;1 A"'2 + . 
5 
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2J"-1 (2 J"-1 1 2J"-2 J" ) A(J"-1.2 J"-2 J" ) 

a11 0 '::. 0 ae+a '1?0'::.0 711al- 2"110'::.0 '::.la l +a -o 71 1 -11 01:;0 71"1'::.1' 

rne A == U 2 - UI' a m= W m- V m (m = 1 ,2) • 
YpaBHeHHR nna npoasaonasrx OT asmnarynasrx <PYHK~HH W nony

q810TCR H3 (11) rrOnCTaHOBKOH 

U1 -+ U2' v m -+ W m > aI -+ O, Po -+ 1 ,.	 (13) 

a nnR asmnarynasrx <PYHK~HH - H3 (12) rrOCpenCTBOM 

UI	 -+ U 2 , Wm-+V rn, "m "'11 m, A-+O, am-+O. (14) 

PaBeHCTBa (11) - (14) 06pa3YIOT CHCTeMY 06bIKHoBeHHbIx nH<p<pe

peauaarrsasrx YPaBHeHHH nepsoro nopaznca MR KOMnJIeKCHbIX aMnJIH

• Tyn f m. Ilepasre ypaBHeHHR (11) H (13) HMeIOT OqeBH,lJ,HbIe peuieaaa 

Vo = UI' Wo = U e	 (15) 

H BbIpIDK810T TOT <paKT, qTO cpenaae CKOpOCTH HeCT~HOHapHbIXTeqeHHH 

ae HCKa:>KaIOTCR HenHHeHHbIMH B3aHMoneHCTBHHMH. Ecna B (11) - (14) 

oT6poCHM HeJIHHeHHbIe nneasr, TO ora CHCTeMa pacnanaerca aa He3aBH

CHMbIe rpynrrsr JlHHeHHbIX ypaBHeHHH ,nJIR onpeneneaaa rrraaaoã f 1 H 

KpaTHOH fe rapMOHHK. lJTO KaCaeTCR 11 0 H 'O' TO B naHHOM cnysae HMeeM 

71 0 = H1, 'o	 (16)== H 2 • 

OpH f 2 == °rrpHXOnHM K nHH~HHOMY peureaaro THna (7), (8),. 
.una onàosaasaoro peuieaaa CHCTeMbI (11) - (14) aeoõxonasro 

sanars HaqanbHbIe ycnoBHR,nJIR Ka:>KnoH H3 KOMllJIeKCHbIX aMllJIHTyn. 

OnHH BapHaHT TaKHX ycnoaaá rronyqHM, ecna B HaqanbHbIH MOMeHT 

t = 0, aapany c (16), 3a,u.a,u.HM aenyneasre 3HaqeHHR TonbKO ,nJIR 71 1 H 

'1: 

71 ~ (O) = >O, '10 > O.	 (17)71 10 "1 (O) = 

B COOTBerCTBHH c (9) npa nOMOI.UH (16) H (17) B HaqanbHbIH MO

MeHT aa HeB03MYmeHHbIe nOBepXHoCTH COCTaBHOH CTPYH HaKJIa.z:\hIBaIOT

CR rapxroaaxecxae B03MymeHHR HX TOnI..UHH c aMllJIHTynaMH 7110 H '10' 
B rrOCnenYIOI.UHe MOMeHTbI BpeMeHH <popMa nOBepXHOCTeH H pacrrpene

nenae CKopoCTeH B pasncax onHOH ,nJIHHbl BOJIHbI 6ynYT onpenenarsca 

H~ (11) - (14) • .uml ManbIX npesren H HaqanbHbIX asmmrryn B03Myme

HIDI B crpye 6ynYT pa3BHBaTbCR cornacao nHHeapH30BaHHOH CHCTeMe 

(11) -" (14). Ee <pYHnaMeHTanbHOe peureaae RBnReTCR nHHeibioH KOM-

6HH~HeH xersrpex nHHeHH(}-He3aBHCHMbIX peureaaã Tlma (7), (8). 'OrCIO

na BHAHO, trrO ycnOBHR sanasa MO:>KHO nonoõpars TaKHM 06Pa30M, trr06bI 

OHH COOTBeTCTBOBaJIH O,lJ,HOH H3 B03paCTaIOI.UHX MOn• .unR sroro H3 nHl;!ea

pH30BaHHOH CHCTeMbI HY:>KHO HaifrH c06CTBeHHbIH BeKTOp ( v, w, ~l' '1)' 
6 

COOTBeTCTBYIOI..UHH naHHOH, aanpasrep aaaõonee 6bICTpO B03paCTalOmeH, 

MOne. Ilpa <pHKCHpOBaHHOM co6cTBeHHOM qHCn~ q KOOpnHHaTbI c06CTBeH

aoro aexropa nerxo BbIpa3HTb, nanpasrep, xepea :ql' 3a,u.aBaJlCb nasans
I HbIM 3HaqeHHeM 7110' MO:>KHO BbIqHCnHTb aasansasre ar-mnarynsr v, W H} 

" K KOTOpbIM HY:>KHO n06aBHTb (16); nna OCTaBIllHXCR asmmrryn 3aITH

rneM ayneasre aasansasre 3HaqeHHR. OOCTpoeHHbIe TaKHM 06pa30M aasam) 

1

HbIe ycnonaa ,nJIR CHCTeMbI (11) - (14) 6yneM Ha3bIBaTb cornacoaaa

HbIMH c aaaõorree 6bICTpO pacrymeã MonoH.
 

3. lJHCJlEHHhIE PE3YJlbTAThI 

B qHCneHHbIX pacserax, H306pa:>KeHHbIX HH:>Ke na pHCYHKax, HeKOTO

psre H3 6e3pa3MepHbIX napasterpoa sanasa OCTalOTCR <pHKCHpOBaHHbIMH: 

We = 50, 8 = 0,5; rrpHMeIDIIOTcR naxansasre ycrroaaa c <PHKCHpOBaHHOH 

aMnnHTynoH 11 10 = 0,01, cornaCO~aHHbIec 60nbrneH MonoH. 

H3 nHHeHHoro aHaJIH3a YCTOHqHBOCTH cocraaaoã CTPYH 161 H3BeCT

HO, qTO BnHRHHe KOaKCHaJIbHOrO cnoa na K03<P<PH~HeHT HapaCTaHHR 

B03MymeHHH rrpORBnReTCR rnaBHbIM 06pa30M sepes õespaasrepaoe OTHO

ureaae To nOBepXHOCTHbIX HaTR:>KeHHH na 06eHx <pa30BbIx rpaaauax. 
B KOpOTKOBonHOBOM naanaaoae noõaaneaae crroa K anpy npHBOnHT 

'K cTa6HJ1H3~HH B03MymeHHH B crpye, a B ,nJIHHHOBOnHOBOM nHaITa30He 

K 06paTHoMY 3<p<peKTY. Ha pHC. 2,3 npa <pHKCHpOBaHHOM BonHOBOM 

lfficne 3<p<peKT cnoa npocrreacaaaerca na KOHelJHOH CTa,u.HH pacnana CTPYH. 

Ha pHC. 2a,6,B aonaoaoe qHCnO BbI6paHO B nnHHHOBOnHOBOM naanasoae 
(a = 0,3), a <popMa CTPYH nepen pacrranosr noxasaaa nrra rpex xapaxrep-

HbIX 3HaqeHHH napasserpa To. B .nepaosr cnysae To « 1 B03MymeHHR 

B anpe pa3BHBaJOTCR, KaK B H30nHpoBaHHOH crpye, ae acnsrrsraaa BnHR

HHR cnoa. C B03paCTaHHeM T O HaqHHaeT CKa3bIBaTbCR necTa6HJ1H3HPYlO

uree B03neHCTBHe cnoa aa aormoaoe nBH:>KeHHe CTPYH. 3<1><t>eKT necraõa
nH3aI.lHH 3aMeTeH aa BHewHeH nOBepXHOCTH CTPYH, aMnJIHTyna B03MY

meHHH KOTOpoH pe3KO B03paCTaeT. C <pH3Ht1eCKOH ToqKH 3peHHR 3T0 

oaaasaer, qTO yaenasaaaerca BKJIa,n cnoa B HeYCTOHqaaOCTb CQCTaBHOH 

CTPYH. Ha pHC. 2B BHernHRR nOBepXHOCTb Y:>Ke RBnReTCR <paKTopoM,
'l 

KOHTponHpYIOI..UHM pacnan CTPYH.i· Ha pHC. 2 MO:>KHO BbIneJIHTb nae xapaxrepasre <pOpMbI 06p830BaHHR 

KaITeJIb H3 COCTaBHOH CTPYH. TaK :>Ke, KaK H B nHHeHHOM npH6nH:>KeHHH,I;
" anpo nepBbIM pacnanaerca na Karunt, xoropsre 3aTeM nBHJKYTCR, yane

KaeMbIé )KH)lKOCTbIO cnoa. nO.n06HbIe <pOpMbI pacnana noKa3aHbI na 

il pHC. 2a, 6. YqeT HeJIHHeHHOCTH npouecca pacnpocrpaaeaaa B03MymeHHü 

npHBOnHT, KaK H B OJUlOcnOHHOH crpye, K 06pa30BaHHIO xanerrs-caren

nHTOB, paCnOnO>KeHHbIX Me:>KnY OCilfOBHbIMH KanJIRMH H TaIOKe ysrrexae
Ji	 MblX cnoesr. KaK BIf,IUIO H3 pHC. 2, no Tex nop, noxa To 5 1, paasrepsr 

OCHOBHbIX H BTOpHllHbIX xanens aztpa npaKTHqeCKH ae MeHRIOTCR npa 

<PHKCHpoBaHHOM BonHOBOM qHCne. HHTepeCHO OTMeTHTb, qTO paasrep 
BTOpHtlHblX xanens COXpaHReTCR H B crrysae pHC. 2B, HO OHH IfMelOT npy
ryio CTPYKTYPY. H3 anpa CTPYH 06Pa3YeTCR anpo, a H3 cnoa - C<pePH
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PIfe. 2. <I>OpMbI pacnana eOCTa.BHOH eTpYH 

B ,llnID:IHOBonHOBOM ,llHaIUl30He: a = 
=0,3; Po= 1; a) To=10-~ 'b=90,l; 
6) To = 4, t o = 72,1; B) T o r::: 102 ,

' '''='''' .• ....",' , '''%"' ,';;:;I', , tb=16.1.
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0,88 PIfe. 3. <I>OpMLI pacnana CTPYH B KOPOT !I 
0,48 KOBonHOBOM naanasoae: a c 0,707, 'P = o
I,saI I" ' ,/ I , ," , ./, , = L: a) T = 10-2 tb = 51 L: 6) T = , o "2' , o8,. .,25 2,58 1,11 5illl 8.25 P,59 .,75 18,. 11,25 12,51 F = 4, t b = 57,1; B) T = 10 , tb= 59,5.o 
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lIeCKaH 060JIOllKa CaTeJIJIHTa. B OTJIHqHe OT pHC. 2a, 6 3Ta <popMa norepa 
ycrOHqHBOCTH HBJIHeTCH OKOHqaTeJIhHOH, B TOM CMhICJIe, qTO CTPYH KaK 

uerroe pacnanaerca aa OCHOBHhle H aropaxasre KarrJIH. 
/4/ TB npa O » 1 6hIJIH orraeseasr CJIyqaH, xorna o6e noaepxaocra 

nepecercarorca B MOMeHT' 'BpeMéHH, npeznnecrayroutaâ BpeMeHH pacnana, 

H 6hIJIO rrOKa3aHO, qTO 3TO CBH3aHO C qHCJIOM HCrrOJIh3yeMblX qneHOB 

B panax <I>YPhe. Ha pHC. 2B nonoõasrã 3<p<peKT OTCYTcTByeT. 

Ha pHC, 3 AJIH CpaBHeHHH C pHC. 2 BOJIHOBOe qHCJIO a = 0,707 asrõpa
HO B KOpOTKOBOJIHOBOM naanasoae TaKHM, qTO B JIHHeHHOM rrpH6JIH)KeHHH 

OHO COOTBeTcTByeT HaH60JIee 6hlCTpO paCTYmHM B03MymeHHHM npa 

To'« 1. 3aMeTHM, qTO B 06JIaCTH To'« 1 (CM. pHC. 3a) a opt r::: a O,n;HO

apesreaao onpenenaer rpaHHUY HHTepBaJIa [O, a opt] , BHYTPH xoroporo 

HMeeT Me~TO 06f8.30BaHHe BTOPHqHhlX xanens H3 anpa, 8TOT BhIBO,n; 

corJIaCYeTCH C / 4 . COrJIaCHO JIHHeÜHOH TeOpHH, YCTOHqHBOCTh CTPYH B 

KOpOTKO:>KHBymeM naanaaoae KOHTpOJIHpyeTcH BHYTpeHHeH noaepxao

CThlO, qTO OCTaeTCH B CHJIe H na HeJIHHeHHOH CTa,D;HH pa3BHTHH B03Myme

HHH, KaK BH,D;HO H3 pHC. 3. BhlrrOJIa:>KHBaHHe aaemaeâ rrOBepXHOCTH C 

B03pacTaHHeM To 06'bHCHHeTcH cTa6HJIH3HPYIOmHM B03,n;eHcTBHeM CJIOH 

na xoporrcae BOJIHhl. 

Harepecao CpaBHHTh orraeseaasie <pOpMhl pacnana CTPYH C Ha6JIIO

,n;aeMhlMH B'3KcrrepHMeHTaJIhHhlX YCJIOBHHX:/S/.. 

<I>opMa pacnana CTPYH H3 o,n;HHaKOBhIX :>KH,D;KoCTeH (p O = 1, To ..... (0), 
npaaeneaaaa B /3/, xasecraeano nonoõaa H306pa:>KeHHOH na pHC. 2B, 

TaK KaK 3KcrrepHMeHTaJIhHO onpenenaesroe BOJIHOBOe qHCJIO paapymaio
mero CTPYIO B03MymeHHH HMeeT aaaseaae a *= 0,348, rrpananneacantee 
,n;JIHHHOBOJIHOBOMY naanasoay. JIHHeHHhlH H HeJIHHeHHBIH aHaJIH3 ,n;aIOT 

a opt = 0,353. B axcneparaenrax Ha6JIIO,n;aeTcH o6pa30BaHHe BTOpHlIHhlX 

xanens MeHhIJlHX .paastepoa, qeM COCTaBHhle. li Te, H ztpyrae conepxcar 

anpo H3 :>KH,D;KOCTH anpa CTPYH H C<pepHqeCKYIO 060JIOqKY H3 :>KH,n;KOCTH 

CJIOH. 

BTOpOH axcnepasrear rrpOBo,n;HJICH C COCTaBHhlMH CTpYHMH, ,n;JIH 

KOTOphlX T o..< 1 (KOHKpeTHO, To = 0,385) H paapytuarouree B03My~e

HHe onpenenaerca KaK a * = 0,698 (reoperavecxoe aaaseaae a opt :;= 

= 0,707). <I>oTorpa<pHH <pOpMhl pacnana CTpYH aaanorHlIHhl pHC.· 3a: 

CaTeJIJIHTHhle KarrJIH anpa npaxrauecxa OTCYTCTBYIOT H B03MymeHHe 

anennreâ rrOBepXHOCTH CTPYH MaJIO rro CpaBHeHHIO C BHYTpeIJHeH. OTMe

THM, onnaxo, qTO norepa YCTOHqHBOCTH H3-3a pacnana anpa ae HBJIHeT

CH KOHeqHOH CTa,D;HeH pacnana COCTaBHOH CTPYH. Ho pacnan .CTPYH, BKJIIO

saromeã B ceõa KarrJIH npyroã necsreurasaiomeãca :>KH,n;KOCTH, rpeõyer 

CrreUHaJIhHOrO paCCMOTpeHHH, asrxonautero sa paMKH Bhl6paHHOrO B 

,n;aHHOH crarse nonxona. 

C TOqKH 3peHHH <pOpMhl KOHeqHOH CTa,D;HH pacnana pOJIh napasrerpa 

To MO:>KHO oxapaxrepasosars CJIe,n;YlOmHMH TpeMH THrrHlIHhlMH o6JIa

CTHMH ero H3MeHeHHH: T 0'« 1, To.:"" 1 H To» 1. Korna To«l, CaTeJI

JIHTHhle KarrJIH <POpMHPYIOTCH H3 aztpa B BOJIHOBOM naanaaoae [O, a opt] , 
rrpHqeM ·a opt = 0,707 COOTBeTcTByeT MaKCHMaJIhHhIH. K03<P<PHUHeHT 
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HapaCTaHIDI B03My~eHHH. OpH TO» 1 CTPYlI pacnanaerca aa OCHOBHhIe 
H BTOpHtnI.hle xanna CO C<pepHqeCKOH oGonOqKOH JL.,HHTepBane -0.<a <aopt' 
rne B paCCMaTpHBaeMOM. cnysae. a opt == fi / v2 .Lf:JIlI nOBepXHOCTHhIX 
HaTlI*eHHH, cpaBHHMhIX no noparncy (To -1) , oõpasoaaaae CaTeJIJIHTOB 
H3 anpa HMeeT MeCTO no aexoporo npOMe*YTOqHOrO BOJIHOBorO tlliCJIa 
a-O,5. 

Onpeneneanoe B03,neHcTBHe aa pacnan CTPYH OKa3hIBaeT OTHOllleHHe 
nJIOTHOCTeH 'Po. Korna 'Po> 1 {CM. pHC. 4a), KoaKCHanbHhIH CJIOH HMeeT 
cTaGHJIH3HpYIO~H~ 3<p<peKT H asmnaryna B03My~eHHH aneumeâ noaepx
HOCTH YMeHblllaeTCH; <popMa anpa OCTaeTClI npaxrnsecxa ões H3MeHeHHH 

a	 6 
4.11I 4.11I
 

3.&; 3.&;
 

3.28 

0.88 

0.48
 
8.11I 1 • • ! , • , • • • ,
 

I,n 2,51 3.15 '.11I 8,n 7,58 8,15 18.11I 11,25 12,58 ~ .,11I 1,13 li'. ',15 1,11I ',IS 7,58 ',7' 18,11I lI,n lI,'. f 

PHc. 4. 3<PePeKTbI IIJ1oTH~cm CJIOR: a == 0,3; a) Po= 2, To= 200, tb =14,6; 
6) Po = 0,5, To= 50, t b=13,l. 

(cp. pHC. 2B). O,nHaKO CJIOH c MeHbllleH IlJIOTHOCThIO, qeM anpo, peaxo 
,neCTaGHJIH3HpyeT CTPYIO H npa To .... npanonar K HOBOH, .rperseã00 

<t>opMe' norepa YCTOHqHBOCTH. KaK nOKa3aHO na pHC. 4G, napacraaae 
asmrrarynsr BHelllHeH nonepxaocra BhI3hIBaeT õsrcrpoe CMhIKaHHe oõeax 
noaepxaocreã, no BpeMeHH npernuecraysoutee ozmoapewreaaowry pacna
ns azrpa H cnoa, KOTOphIH npa Po = 1 fihill paCCMOTpeH aa pHC. 2B. HaM 
ae H3BeCTHhI sxcneparaearansasre ,naHHhIe, H3 KOTOphIX MO)fO{O õsmo 
6hI cyrnrrs o KapTHHe reseaaa B crpye nocne norepa YCTOHtrnBOCTH nonoõ
noro aana, 

ABTOphI BhIPa)l(aIOT õnaronapnocre E.X.XpHCTOBY sa noneansre 
o6cY)K)J;eHHlI. 
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Hemmeibwt HeyCToittumocn l<8IIHJIJIRpuo8 CTpyH, 
B38HMOAeHCTBytOUleH C KOat<CH8Jli>HhiM CJIOeM 
HecMeWHBaJOUleHCR XCHJlJCOCTH 

P5-86-748 

fipH DOMODlH OAHOMepHOH annpoKCHMauHH ypasHeHHA ABIDKeHHR 
HCCJieAOBaHa HeJJHHeHHaR HeyCTOH'IHBOCTb :>KHAJCOH COCT&BHOH CTpya. 
P.eweu:ae 38,1la'IH npeACTaBJieao B q,opMe- PRAOB Cl>ypbe. B 38BHCHMOCTH 
OT BOJIHOBOro 'IHCJia H OTHOWeHHH DOBepXHOCTHbiX HaTIDtceHHH H DJIOT· 
.HoCTeH RApa H cAoa BhiRBJieHbi -rpu pa3JIHtJHbie <PopMbi pacnaAa c-rpya. 
B AJIHHHOBOJIHOBOM AHana3oHe aapRAY c ocHoBHbiMH q,opMHpytOTCR 
TaiOKe. caTeJJJIHTHble JCaiJJIH, qame acero npH pacnaAe RApa. B noqra OAHo
MepHoM CJIY118.e COCTaBHaR CTpyR paCDaAaeTCR Ha JCaiiJIH, COCTORUlHe 
H3 RApa H cq,epH11ecxoii o6onoqJCH. 

Pa6oTll BbiDOJIHeHa B na6opaTOpHH BbJ.11HCJIHTeJJI>HOH TeXHHJCH H 
aBTOMilTH38IUIH OHHH. 

Coo61Qe1111e 061.e.r:umeHHoro HHC111T}'Ta liJlepRbiX HccnenoBaHHi. lly6Ha 1986 

nepesoA O.C.BHHOrpaAOBOH 

Radev S.P., Yordanov R.T. P5-86-748 
Nonlinear Instability of a Capiilary Jet Surrounded 
by a Coaxial Immiscible Layer· · 

The nonlinear instability of a liquid compound jet is investigated 
by using the one dimensional approximation of the equations of motion. 
The solution is obtained in the form of Fourier series. ·Three different 
forma of the jet desintegration are determinated, depending on the waw 
number and both the ratios of the surface tensions and densities of the 
~re and layer. In the long ware region together with the main satellite 
droplets appear as well, moat often formed from the core. For the almost 
homogeneous case the compound jet breaks up intO the main and satelli
te droplets that consist of a kemel and ap~cal_cover. -

The investigation bas been performed at the Laboratory of CompU
ting ~ques and Automation, JINR. 
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