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1. BBeneHHe 

1~ 
I' KnacCHqeCKMe pemeHHfl 3~aqH 06 YCTO«qHBOCTH ~HnKOn KanHnnflpHOn

I 

;, CTPYH, BHTeKaro~e~ B HeBfl3Kyro cpeny, nonyqeHN B npennono*eHHH O UH

nHHnPHqeCKOn ~opMe nOBepXHOCTH H OnHOpOnHOM npO~Hne CKOpOCTH HeB03

M~eHHOro '(ycpe~eHHOrO) TeqeHHfl. OnHaKO, KaK nOKa3NBaeT nOKanbH~~ 

aHanH3 YCTO~qHBOCTH B/ l <BHH3 no TeqeHH~ HMe~T MeCTO 8~eKTN, OTpa
1 
II ~aro~e BnHflHHe CH~ TR*eCTH Ha WaPMY HeB03~eHHOn CTPYH - 8~eKT"
~ 

I
II cy*eHHfl CTPYH H Ha ee CKOpOCTb - 8~eKT YCKopeHHfl CTpYH. 
~ B03MO~HOCTb KaqeCTBeHHoro onHcaHHfl 8THX 8~eKTOB~aeT xoporno 

H3BeCTHoe O~OMepHoe npH6nH~eHHe ypaBHeHHH nB~eHHH/2 , B KOTOpOM 

B HeB03~eHHOM H B03~eHHOM TeqeHHHX npeHe6peraeTCH SaBRCffMOCTbID 

rHnP0AHHaMHqeCKHX BeITKQHH OT panHanbHO~ KOOpnHHaT~. ~H3HqeCKH STO 

CBfl3aHO c ~KTOM, qTO ARHHa BOnHH'HaH6onee 6HCTpopaCT~HX B03M~e

HHn HaMHOrO 60nbme panHyca CTpYH. B CTaUHoHapHOM cnyqae OnHOMepHHe 
I ypaBHeHHH nBH~eHHH nerKO HHTerpHpyroTCfl H npHBOnflT K cTpye, c~a~

~enCfl H YCKjPHID~e~CH BHH3 no nOTOKY. EcnH CpaBHHTb c qHCneHH~ pe{ 3 

j 
meHHeM Ha/ , TO TaKO~ xapaKTep TeqeHHe npHo6peTaeT nocne HeKOToporo 

KopOTKoro "penaKcaUHOHHoro" yqacTKa B OKpeCTHOCTH BHXOnHoro ce~eHHH 

HaCanKH (HnH cpa3Y ~e, ecnH npO~Hnb CKOpOCTH HCTeqeHHfl nnOCKHn). 

Ha 3TOM HaqanbHON yqacTKe OnHOpOnHHn npO~Hnb CKOpO~TH, B~BOnH~~ H3

i CTauHoHapHHX OnHOMepHYX ypaBHeHHn nB~eHHfl, MO~HO HHTepnpeTHpOBaTb
I 

KaK cpe~~~ no ce~eHH~ CKOpOCTb HeB03~eHHoro TeqeHHfl. 

B ,5 npH y~eTe 3~eRToB c~eHH~/ycKopeHHfl CTpYH K OnHoMepHNM 

ypaBHeHHHM ~B~eHHH ARfl ManHX B03~eHHn npHMeHflnCfl MeTOn MHOrHX 

MacmTa6oB.TaR leme 8TOT MeTOn RBnfleTCH aCHMnTOTHqeCKHM, OH naeT ynOB

neTBopRTe~bHYe pe3Y~bTaTN ARH YMepeHHO AnHHHNX CTpyn (YMepeHH~ 3Ha

,i
-, 

qeHHn OTHomeHHH nnHHN BonH~ HaH60nee 6~CTpopaCTY~ero B03M~eHHfl K 

~HHe HepacnaBme~Cfl qaCTH CTPYH). B OCHOBe MeTOna ne~HT pa3no~eHHei 
I' no ManoMY napaMeTpy, KaKOBNM B 3~aqe flBnHeTCfl OTHomeHHe nnHHN Bon

HN K xapaKTepHOMy rrpOnonbHOMY pa3Mepy 3a~~H. 

npe~CTa~nHeT HHTepec paCCMOTpeTb cny~an OqeHb ARHHHNX CTP'y~ 
H O~OBpeMeHHO B~CHHTb npenenN npHMeHHMOCTH HenOKanbHoro artarrH3a 

no MeTonY ~orHX'MacmTa6oB. C 3TO~ uenb~ B HaCTOfl~en pa60Te K 3aná~e 

i 

"I 
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06 YCTO~~~BOCT~ Kan~HnHpHoH CTPY~ K Manb~ ocec~MMeTp~qH~M Bos~eH~

HM npl1MeHHlOTCH o~HoMepH~e ypaBHeH~.H ,D,B~*eH~H, CO,D,~p1K8.II.l~e pa,D,~Yc ~ 

CKOpOCTb HeBo3~eHHoro Te~eH~H B B~,D,e ~YHKQ~~ OT npo,n,onbHo~ KOOp,D,~

HaT~. ,IVr.H 3T~X n~HeHHblx ypaBHeH~H B ~acTHhIX rrpO~3.BO,D,H~ ~~TCH peuie
H~H)nep~O,D,~qeCK~e no BpeMeH~,~ CBO~TCH K 06NKHoBeHH~ ,D,~~epeHQ~anb

H~ ypaBHeH~.HM ,D,nH aMnn~TY,D,H~ ~Y.HKU~M. B cn~ae 6onblll~x ~~ce~ Be6epa 
~x MO*HO CYII.leCTBeHHo ynpocT~Thl / ~ 3an~caTb aHa~or~~HO ypaBHeH~HM, 
on~c~BalOII.l~M pacnpocTpaHeH~e Marrb~ B03M~eHHR, nep~O,D,~qeCKHX no npo

cTpaHcTBY· ~.H o6o~x Bap~aHTOB ypaBHeH~w ,D,B~eH~H (ynpOIl.leHHOro ~ 

nonHoro) nonyqeH~ q~CneHHhle pemeH~H np~ cooTBeTcTBytOII.leM Ha60pe 6e3

paaaepaax naEaMeTpoB eanaua, Iloxaaaao , 'ITO TaK xe ,KaK .IiI B HenapaJIJI8JI:h
HOM aHarr~sel I, ,D,n~Ha HepacnaBllIe~cH ~aCT~ CTPYH .HBnHeTC.H n~HeHHOM 
~YHKU~en CKOpOCT~ ~CTeqeH~H. ITonpaBKH, ~T~BalOII.l~e HenapannenbHocTh 
HeBo3MYII.leHHorO TeqeH~.H, CTaHOBHTCH cYII.leCTBeHH~~ np~ ,D,OCTaTO~HO ~~H

H~X CTPY.HX. ITpHBe,D,eHhI rpa~~qeCKHe pe3ynbTaT~ pac~eTa ~pMbI CTPYH, 

KOTop~e ~n~lOcTpHPYIOT pa3B~T~e BosMYIl.leH~~ c aMnnMTY,D,OM, BospaCTalOII.leM 
BH~3 no nOToKY, ~ c~ecTBeHHo YMeHhmalOII.lHMCH BonHOB~ B8KTOpOM B OK

pecTHocT~ TOqKH pacna,n,a. Oro YKa3h1BaeT Ha Heo6xo,D,~MOCTh ~eTa nonpa
BOK OT HenaparrRenbHocTH ~ np~ paCqeTe ,D,HaMeTpa OCHOBHhIX KaneHb, 

06pa3yroIl.l~íCí np~ pacna,n,e CTPY~. C,n,enaHo cpaBHeHHe c nOKarrhHbIM npH6n~
Hs / 51 ~*eHHeM ~3 4 ~ HenapannenhHhIM aCHMnTOT~eCK~M YKaSaH~ o6nac

T~ HX np~MeH~OCT~. 

2. IIocTaHoBKa sana~~ 

PaccMoTp~M ocec~MMeTp~~HytO *H,D,KYIO CTpytO c OCblO Oz ,HanpaB
neHHot! BepTHKMhHO BH~S; panayc CTPY~ o6osHa~~M ~epe3 h (z, t) 

ee CKOpOCTh - ~epes u(z,t) • B O,D,HOMepHOM np~6n~~eH~~ CKOpOCTb u 

Cq~TaeTCH <PYHKQHeM roasxo aKc~anhHot:l KOOp,lr,HHaTbI z M BpeMeH~ t ~ 

COBMeCTHO c h HaXO,D,~TC.H ~s CHCTeMbI ~3 ,D,BYX ,D,HlfxPepeHUHa.n:bH~X ypas
HeHHR B ~aCTHhIX npO~SBO,D,H~/2/: 

'Ou + u ÔU = _1__ ~ (1)
ôt ôz 2Fr <a z ' 

~ + u 'O h + .:!-h 'O u = o t ( 2)
'Ot 'Oz 2 'õz 

2 -3 K2 ~2h ( 3)p-p = --- K (--- - --- ) , K == [ 1+ (~ ) 2 ] 1/2 • 
. e We h 'O z 2 <1z 

B/ 5/ YpaBHeH~H (I) - (3) SaITHCaHU B 6espasMepHOM BH,D,e, npHH.HTOM . 
B Kà~eCTBe 6espa3MepHhIX napaMeTpOB 3~a~H Bu6paHU ~Hcno.Be6epa 

We = f U~DN/T H ~HcnO ~PY,D,a Fr = U~/gDN ' 

2 

onpe,D,eRHeMUe K8K KOM6MHaUHH H3 Ben~~H nnOTHOCTH ( p ) ~ nOBepXHOCT

HOrO HaTH~eH~H (T) CTPYH, SeMHOrO YCKOpeHMR g H xapaKTepHCTHK conna: 
CKOpOCTH HCTeqeHHH ~ ero ,D,HaMeTpa DUN N 

IIepaoe ypaBHeH~e (I) - o,D,HOMepH~n aHanor S8KOHa coxpaHeHHR KonH

qeCTBa ,D,BH1KeH~H B,D,ORh CTPY~, BTopoe ypaBH8HHe DHproxaeT saKOH coxpaHé

HHH Macc~ (HenpoH~uaeMocTh nOBepxHocT~ CTpyn) , TpeThe cooTHorueHHe 

nonyqeHo M3 6a~aHca ,D,aBneH~R BHYTPH li BHe CTPYH c ~eToM CHR nOBepx
HOCTHoro Ha~H*eHH.H. 

~H YCTaHOB~BmerOC.H ypaBHeH~H (1)-(3) RerICO HHTerp~PYIDTCR B 
aHaHWTH~eCKoM BH,D,e: 

2U (4)U2 = 1 + ~ 4_ (1_H- 1) H = 1.
 
Fr We
 

(B (4) np~6nHlIteHHO npHH.HTO k=<l ) • 

PaBeHcTBa (4) on~C~BalOT TeqeHHe C O,D,HOpO,D,HhIM npo~HReM CKOpOCT~ 

B nOnepeqHOM Ce~eH"~ CTPYM, YCKopmOIl.leecH ~, B COOTBeTCTBHH C saKOHOM 
coxpaHeHHH pacxo,n,8, CYJKalOIl\eeCH BHHS no nOToKY. apf>eKTbI cYlKeHHH/ycKo

peHHH KOHTPORHpYIOTCH, rnaBHhIM o6pasoM, qHCROM ~PY,D,a. 

HHlKe npa HCcne,D,OBaH~H nHHettHo}1 HeycTO~qHBOCTH CTPY" Ha crauaoaap
Hoe (HeBosr~eHHoe) TeqeH~e (4) HaKn~b1BaroTcH MaR~e B03MYII.leHHfl CKQ
pOCTH li ~ panayca h 

u=U+u, h==H+h. (:)) 

Ms (1)-(3) nocne nHHeapHsaUHH HMeeM
 

'ati + U 'O ti +U lU = _ 'ª-.l2
 
( 6)et ôz . (3z ' 

U'~'Oh + U 'Oh + !! (lu + H'u ('7) 
+--h=<O,

'Ot ôz 2 az 2
 
2 (8)
 

p = - 3- (H- 2h + ~ )
 
We ()z2
 

r,D,e mTpHxoM 0603HatleHO ~HqxpepeHUMpoBaH~e .no z • 

B o6~eM c~yqae ypaBHeHHR (6)-(8) 06pa3YlOT CHCTeMY HenHHeHH~X 

,D,~~epeHu~anb~x ypaBHeHH~ B qaCTHbIX npOH3BO,D,Hb~ c nepeMeHH~H K03~

4>~jllHeHT8.MH • 
Ilpeoõpaaosaanee ~YPhe no Bp8MeHVI 3T"y ClrICT€MY MOilmo CBeCTM: K 

C~CTeMe o6HKHoBeHHbIX AH~epeHUMwlbHUX ypaBHeHH~ ~fl aMnnHTY~. 3TO 
cooeaere-raver OTblCI<amno pellieHH~ p,JI.H B03M~errnM CKOpOCT~ ~ panayca 

B BK.lJ,8 nepMo,D,lJ~eCKI1X lfJYHKUJt[~ BpeMeHH: 

... - 'u)
h = h(zle~ t, U =< ü(z)e~wt , (9) 

3 



r~e w - ge~cTB~TenbHOe q~CHO, XapaKTep~SYID~ee qaCTOTY KOHeÓaH~H.
 

YpaBHeH~H gHH KOMnneKCH03HaqHWX aMnH~TY~ fi ~ U Y~OÓHO cpasy
 

3an~CaTb B B~~e C~CTeMhI 06WKHOBeHH~ ~~~epeHli~anbHHX ypaBHeHHH nepBO
ro nOpH~Ka: 

y =- 2 !! y - ..l(2itúÀp +U)y - 4Ji: Qy
1 H 1 H 2 H3 

(Ia)Y2 21i.Y3' 

e \ H ~_ 

Y3 - -.I\j Y - - Y - JL Y 
H2 2 H 3 4 ' 

U • • tJ· U 2
 
Y4 (2 - H-U-iW~) y 1 + - (2i <..UÀB+U) Y2+ 4 .1L -y3
 

H H H
 

2 
rne E. =1/We, ÀB =2Jlé,a Y1= u, Y2 =h, Y =éh', Y = P

3 4
 
HOBHe ~CKOMHe ~YHK~~~. Bo ~sóe*aH~e MaHOrO napaMeTpa E nepe~ npo


~3BO~Hb~ BBe~eHa HOBaH He3aB~C~MaR nepeMeHHaR 

5= z lÀ B (TI)I 

~~~epeHUMpoBaH~e no KOTopOti: OÓ03HaqeHO TOqKO~ CBepxy. 

C TOqK~ 3peH~R np~MeHeH~R q~CneHHMX MeTO~OB K CMCTeMe (Ia) npe~

nOqT~TeHbHee pemaTb ee COBMeCTHo co CT~~HapHHM~ ypaBHeH~R~ ~B~e


H~R (1)-(3), ~3 KOTOp~'6un~ nonyqeHN aHanMT~qeCK~e Bup8*eH~R (4):
 

la .í\ H
2 

U H =_ B . (2) 
2Fr (u+e2H) 

2Fr (U+ e,2 H) 

• C~CTeMy ypaBHeH~~ ~HR BosM~eH~~ (Ia) MO~HO c~eCTBeHHO ynpoc

T~Tb, ecn~ npeHeÓpeQb 3~eKTaM~ cymeH~R/YCKopeH~R B CTaU~OHapHOM 

TeqeH~~. ~OPManbHO 3TO COOTBeTCTBy,eT cnyqaro Fr =00, U=H=1, 

Ü=H=O , KOTOpH~ paCCMOTpeH B76/ . TIp~ TaK~X npe~nono~eH~RX CTPYR 

~MeeT u~n~H~~qeCKYID qopMy ~ paBH~MepHYID B~OHb OCH CKOpOCTb, a K03~~

~eHT~ CRCTeM~(IO) HBHRIDTCH nOCTORHH~, He saB~C~KM~ OT aKc~anbHO~ 

Koop~~HaT~. 06~ee pemeawe 3a~CHBaeTCR B aHan~T~eCKOM B~~e: 

Y=C + C + c I (13)1y(1)+C2y(2) 3y(3) 4y(4) 

( ') ( ') -ik·1_( )T.rAe y - Y1'Y2'Y3'Y4 , a yJ=yJ e J (j=1, ... ,4) 

- n~He~HO He3aB~C~MUe pemeawR (Ia). COÓCTBeHHbIe q~cna k HaXO~RTCR H3j 
xapaKTep~CT~qeCKOrO ypaBHeH~R (~~cnepC~OHHoro COOTHomeHUR) 3~aq~ 

2 2 44_4.i 2 ('º- +~) k 2+16Tt.3aW Q k 16.1l 2 2--ê oW
k 
H H2 H
2 o (4)

H 

4 

a uepea Y (j) 060SHaqeHW COOTBeTCTBYJO~l1e UM c06CTBeHHHe BeKTOphJ. I{aK 

nOKasaHO B/5/ , gMcnepcl1óHHoe COOTHomeH~e I1MeeT qeTW~e ~e~CTBI1Te~bHWX 
M~~ nna getí:cTBuTenbHhlX U nsa KoMnneKCHOCOnp.fDKeHHhIX KOpHR; I1pM ~OCTa

TOqHO MaJIHX ê KOMnHeKCHhle KOpHYf HaXO~HTCH 113 aCUMnTOTl1qeCKI1X sapa
JKeHutí: 

= 2KWE.(1±i,r;~ i . (ILJ )k 1,2 

f10nbSYRCb npOU3BOJrOM B Bbl60pe UHTerpaIlMOHHblX nOCTOHHHblX Cj ,MO/Imo 

nOJlO)KMTb = h 11 paccaarpaaars h KaI< 3HaqeHI1eC2=C3=c4=ü, C 1 
aMnnUTY~bl B03MymeHHH Ha BblXo~e 113 conna; 6es orpaHl1qeHI1H 06~HOCTI1 h 
MOJKHO CqHTaTb ~eHCTBUTeJlbHblM qHCJlOM. TaKI1M 06pa30M, 113 Bcetí: cOBoKyn

HOCTI1 pemeHuH (13) MW Bbl611paeM W~3~eCKI1 càMoe I1HTepeCHoe, aMnJlI1Tyga 

KOToporo B03pacTaeT BHU3 no TeqeH~~ 

-ik !
 
Y = (Y ~ 1) , Y ~ 1) , Y j 1) , Y ~ 1) ) The 1, (16)
 

yi 1)=1,rge y~1) = (4Ji:éLU/k - 2, yj1)=-ik , y~1)=(k~/2Ji'2)-2é2. 
1) 1/2.i" 

OHO COOTBeTcTByeT B03MymeHI1HM, pacnpOCTpaHH~~I1MCH co cpennef C!<OpOCTbIO 

iKU~KOCTI1.!.. npUBO.IJ,ffiIiUM K ee pacna.n,y aa I<aTIJlH. Hanpavep , lJ,JlH B03M~eHI1H 

panuyca h HMeeM 

h = heq~ ei(wt-ol~) . (1'7) 

r~e o<. =Re (k ) - BOJlHOBOH sexrop , q=Irn (k 1 ) - KO..3rf.4il1lJl1éHT B031 
pacTaH~H B03~eHI1~. 

B 06~eM cnyuae Fr;i 00 11 CI1CTeMY (Ia) HYiI{HO pemar s qI1CJleHHO. 

npe,11,CTaBHHeTCH eCTeCTseHHblM HaqaJlbHble YCJlOBI1H IJ,JIfl aee ~bl6l1paTb B 

wopMe (16). HHJKe 6Y.IJ,eT BI1,11,HO" tiTO J.13-3~ 3qxpeI<ToB cYJi{eHI1H/Y:~I<opeHI1H 

wopMa B03M~eHI1f.í 6y~eT OTJll1qaTbCH OT (1'7). Hax nOKa3aHO B'!~)/, npa 

KOHeqHhIX, HO ~OCTaTOqHO 60JIbillHX ql1c.JIax Fr BJlI1HHl1e 3TI1X sq4JeKToB 

MOiKHO yuecvs , CqV!TaH BOJlHOBOe qHCJlO o(,. U K03qxpHUl1eHT soapacranna C] 

Me~JleHHO MeHHro~HM~CR ~YHKDHflM~ j . 
ECJlI1 npuMeHHTb (10) BnJlOTb lJ,0 TOqKI1 pacna,11,a CTPYI1 Ihl = H 

TO qI1CJleHHbI~ cve-r HaT8..JlKI1BaeTCH na TPY,11,HOCTI1, BblT8lcalOl11l1e 113-3a 

HaJmqUH Hef1Tp8JIbHbDC, HO 6hICTpO OCDHJlJlI1PYJO~I1X I<OMnOHeHT nexropa Y 

c lJ,JIl1Hof1 BOJlHbl nopamca e.n.I1HI1Ubl. (13 aHaJIJ.1TI1'tl'eCKOM pemeHl111 (13) OHI1 

COOTBeTcTByroT C06CTDCliHhIM 'tl'HCJIaM k 3 11 k 4 i , 11x xena reasao 1136e

raTb, Tal< xa« OHV! HnIUIalJ,blSalOT )KeCTKJ.1e 1pei)oBaHI1H na Bbl60p mar-a HH

TerpHpOB8HHH, xo ropue TeM OrpaHI1l.lI1TeJlbHee, qeM lJ,JlI1HHee CTPYH (qeM 

60JIbille l.lHCJla Be6epa). 

5 



3~ YnpOmeHHme ypaBHeHMR ARR B03MymeHMM 

C TeM, qT06H nORyqMTb 60xee rrpOCTHe ypaBHeHMR ARR aMnRMTY~H~X 

epYHI{1~Mtl li M h , M01KHO BocnORbaOBaTbC.R npeoõpaaoaaaxeu, ripa nOMO~M 
HOToporo B/2/ nOKaaaHa 3KBMBaReHTHOCTb sagaq o BpeMeHHO M npeCTpaH

CTBeHHO paCT~MX B03MYmeHHHX, a 1lM8HHO: 

e = "'z-c.Jt, z= ~-1 o(, -1 x ,	 (I8) 

rne e M x - soase HeaaBMCMMHe nepeaeaaae, ,1.J,JIR oueas MHorMX nparcra

qeCKM MHTepeCH~ cRyqaeB qMCRa We ~OCTaTOtlHO 60RbillMe'M BeRHtlMHy ~ 

M01KHO CtlMTaTb MaR~ napaMeTpOM aaAatlM. BYAeM MCKaTb pemeHMe MCXO~

HHX ypaBHeHM~ AB~eHKR (1)-(3) B BMAe 

li = W+ e w=w+e~eie, h=X+ ~ =x+! eie ,	 (19) 

npM aTOM, BO Ma6e1KaHMe HeAOpaaYMeHM~, tlepes X(x) MW(x) 060a

HatleHbl PaAMYC M CKOpOCTb CTPYM KaK epYHK~MM HOBOtl npOAoRbHotl KOOp~

HaTbl x • ilpM aaMeHe nepeMeH~ no epoPMYRaM (18) M nOACTaHOBKe (19) 
B ypaBHeHMR ABM*eHM.R KpoMe cTaH~apTHotl RKHeapMaa~HM OTHOCMTeRbHO 

MaR~ Boa~eHHtl YCROBHMCR TaK1Ke npeHe6peraTb BeRHtlKHaMH nop.RAKa 
~2 M B~e. Tor~ MMeeM 

~;:7 
w~·· -ic w dWw +2i(X-2- ol2)~ 

xdx dx 

d~ . - 1 dWw- =-lC - - -:;- ..!iXw 
XWdx 2 dx 2 

-1 w 
C cx(x) =S (W- s: ) . x 

(20)
 

ilpHCOe,IJ,HHHR CIO,IJ,a ypaBHeHHH (12) ,IJ,RR cranaoaapaax npo<pHRetl x 
M W ,nepenMcaHHble B HOBO~ nepeMeHHotl x, nORytlaeM 'aaMKHyTYIO 

cKcTeMY Ha tleTblpex 06blKHoBeHH~ AH~epeHUMaRbHblX ypaBHeHMtl ARR KOMn

ReHCHblX aMnRMTy,IJ, BoaMyrqeHHtl W M ~ • B czyxae Fr= oo ara CHCTeMa 
MMeeT tlHCTO anepaomorecxoe pemeaae ( o: ::> IX. ) 

1 =he I)X , ;;; == 2iG"'he ()x, ô=(1-ol2) 1/2	 (21) 

B ,IJ,HanaaOHe BORHOBblX tlHCeR ? <.0<.(,1 ,tlTO RM.ReTCR aaanoroa xnac
CHtleCKOrO pesYRbTaTa PaReR/? (cpas. c ~PMYRO~ (15)). BTopoe RKHe~
MO He3aBHCHMoe pemeHHe (20) aaTyxalO~ee. ilpH yqeTe cy*eHKH/ycKopeHK.R 

CTPYH 8MnRMTY~ Boa~eHH~ CKOpOCTH H paAHyca RBRRIOTCH OCUHRRHPYIO~M
MH rWHK4H.RMH. Bea OrpaHHtleHMH 061I\H0CTK MOlltHO npHHHTb w:::to{., TaK 

HaI<, Otl8BHAHO, Bbl60p oi.. #: c.J oaaausaer BRHRHHe TORbKO aa OC~RJIHPYIOucno 
tlaCT~ aMnRHTY,IJ,. 

6 

4. 06Cy~eHHe ~CReHH~ peaYRbTaToB 

B ynpo~eHHo~ CMCTeMe (20) YAaROCb M36aBMTbC.fI OT HetlTparrb~X 

~blCTpO OCURTJ~llPT~x MO~,tlTO AeRaeT ee npe,IJ,nOqTMTeJIbHetl npM :qMCJIeH

HHX paCqeTax. ilpeo6RaAroo~ee QO~bmHHcTBo ~CJIeHH~ BapMaHToB cqMTa
ROCb Ha OCHOBe (20). ~.R cpaBHeHH.R HeKoTopble BapH8HTbl 6~K paCCQH
TaHbl AIT.R nORHOM CHCTeMH (10). ~CJIeHHOe MHTerpMpOBaHHe KaK ynpomeH

HO~, TaR M nOJIHO~ CMCTeMbl npoBo,IJ,MXOCb MeTO,IJ,OM PyHre-KYTTa c aBTOMaTH

tleClniM BbI60pOM mera. 
_ Ha pMc.I nOK8aaH H860p npo~JIe~ B03~~eHHoH nOBepxHocTM c'rpJM 
'57, BnJIOTb no TOqKH paspasa : tlaCTOTa W M qHCJIO Be6epa We OCTalOTCR 

<pMKCMpOB8HHblMM, MeHHeTC.fI qUCJIO Fr • XOpOllIO BM,IJ,HO, qTO ,IJ,JIMHa ,BORHbl 

BOa~eHH.R aoapacTaeT ~~OJIb OCR CTPYM TeM SaMeT,ee, qeM MeHbille qKCRO 
~PY.n.a.	 ôro COOTBeTcTByeT BblBO,n,y, CAeRaHHOMY B/

5 
npM HenapaRJIeJIbHOM 

TO/1~Uwa CTpyU 

tle.lloJcQ,1ttI10e l"'IPuf5"t\nllett\J8: 

"'o - 100. o O""gc = glp"Q • 0.1 

) ~ ~ 
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N 
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:T 
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'i' I froude = 100_ 
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~o	 npO<I>HJmBOa~eHHO~ nOBepXHOCTl-f CTPYH: LV= 01. = O,?,We =100, 
'h = 0,01; I - Fr = 10000, 2 - Fr = 1000, 3 - Fr = 500, 
4 - Fr = 100. 
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j BOJIHbl C1'PYH B OKpeC1'HOC1'í-1 ,IJ,8HHOrO nonepeunor-o C8'l8HVlfl BbIB01J,HTCR H3aHaJIH38 YCToVí1JH80CTH C'rpYH. TafWt:t P8SYJIbTaT np8IJ,CTaBJIReTCH CY1l.\8CT
i e 

B8HHbIM, 1'81< KaK ,IVIHHO~ BOJIHbI Onp8,IJ,8JIH8'l'CH paaxep OCHOBHblX Kan8JIb, II COOTHOrneHHH (JCJ) nOCJIe nepeMHOiK8HHR 060HX MHO)/U1T8 II8M S t-i e 

na KOTOpbl8 paCn811,8eTCH CTPYR. Eno ByJKHO HMeTb B BH,IJ,y H npu HeJIYlHetí

HOM aHaJIHse HeYCTO~1JHBOCTH, TaK K8K B 8TH X YCJIODHHX B3aHMO)J,enCTBH8 

rapMOHHK MeiKAV c060ti 6YA8T COnpOBO)K)J,aTbCR JIOKaJlbHb!M l-fSM8H8HH2M ,IJ,J1Ylflbl 

DOJIHbl OCHOBHOt1 MOlJ,bl. 

lITOObl J1Y1IllI8 BWIBU'l'b l:lJli1mme scIx.DeI<TOB cYJKeHu.rr!YCICOpeH.V151 aa tlJOPMY 
CTpYH, na pHC. ~ H300péDK8Hbl ,l~eMcrl'BHT8JIbHble '{aeTH aMIJ.JlliTY,LJ; ~ r = Re (g) 
KpHBblX C pHc.I. Pv.c.2 nOKa3blDaeT, qTO! RDJIR8TCH )J,8~CTBHTeJIbHot1 . r _ . 
aMnJIHTY,IJ,OM BOSMY1l.\eHHorO pa)J,Hyca (T.e. 131= 5 r ) TOJIbKO B aCHMn-

TOTHqeCKOM CJIY'la8 Fr= 00 ,!wrn,a OBa MOHOTOHHO B03paCTa8T. Bo DC8X 

OCTaJIbHbIX CJIytIaRX 5' OCUHJIJIf.1pY8rr DHHS no 'l'e'leHf.11O t-i l.jt-iCJIO OCUt-iJIJIRmltí 
r 

)1,0 1'O'lKM paapusa BOSpaCTa8T C YM8Hb1lI8HM8M 'lHCJIa Fr. KpOM8 TOro, 

I~ r I B03paCTaeT M81J,JI8HHe8 no cpasnenao c aCt-iMrITO'T'M'l8CKHM CJIY1IaeM, 

'lTO npt-iBO,IJ,HT K y,IJ,.JU1HeHHIO CnJIOlllHOrO Y1JaCTKa CTp~. JloK8JIbHaR )J,JIHHa 

"MnI1UT}/a.. 
He~okOJ'ltJJ1ca npUl5J1ln1Cl:HUe 

ve = IDO. o ''''''9''. alp,," = 0.7 
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9 J- froud.. = IDo.
 

~1 --- ---- froude" 500.
 

I ------------- froud.... IDOO.
 

- - _. -- .froude" 10000.
 

I1UcT 2 TOM"" 16/D6/66 17. ~8 

C BOSpaCT8HM8M 1.J:HCJIa We (CM. pnc •.3) 'lHC.JIO OCUt-iJIJIRUV.tf .Ir pacrer , 

t
 nro rOSOpHT O B03paCTaHHM Bmlí1HHR H8napaJIJI8JIbHblX 8qxp8I<TOB aa ,IJ,HHa


M~my B03M~8HHtl • .lJ.pyrl1MYI CJIOBaMVI, 8tPiJeKTbl cY}[WFI1m/YClCOpemIH CTaHO

BHTCR 60JIee CYl48CT BeHHblMH ,JJ,JIR )J,JmHHbIX CTpyM. 

j
 
HHT8p8CHO SaM8'rv.Tb, 'lTO nO,IJ,06Hb18 Kap'l'VlHKH qlopMbl CTPYH MOJKHO
 

KalleCTB8HHO nOJIY1.HiTb yxe npa ynp01l.\8HHOM nO,IJ,XO)J,8, lWTOpbItf ripHM8HVI


T8JIbHO K CHCTeM8 (20) CBOp,HTCR K np8H86p8)K8HHIO npOHSBO,IJ,HblMH 01' He


B03MY1l.\8HHbfX npoqJHJI8t; (HO saBVI'Ct-iMOC1'b W H X' 01' x CoxpaHR8TCR). 
1 

I PaCC'lHTaHHbl8 B TaKOM npH6JIHJK8Hf.1V1 npolÍlVlJIH :r't nOKaSaHbI )J,JIR CpaBH8HHR 

ua puc , 4. TafOK8 1J,JIR cpasaeaaa na pHC. b no xaaauu npQ(IlVl'JIH '3 r ,IJ,JIR

I CJIytIaR tU 010( • HSlt yxe 06CYiK,IJ,aJIOCb, no CpaBH8HYlIü c pac..T t-i3M8HHJISCb 

(pa3a OCUVlJIJIHUH~, HO xapaRTep HapacTaHHR BOSM~~8HVltf cOXpaHVlJICfl TOT iKe. 

=>MnI1UTya.. 

....e:ncJc9ll ......oe np\JeJllJ');Ce:HU8 

ve = 500. o 0 ....9" ='lIlp"a = 0.7 
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( 

! ~ hic. 3. BJIVlHHHe ~VlCJIa We H8 KOMnJI8KCHyID aMnJIHTYAY: W= Dl 0,7 ,
PHc.2. KOMrmeKCHaR aMnJIH1'Y,IJ,a BOSMY1l.\8HHOtí nOB8pXHOCTH (,IJ,8HCTBHT~1bHaR 

We = 500, 1t 0,01; 1JHCJIa Fr, K8K Ha pHc.I. 
'laCTb); napaMeTpbI H 0603Ha1J8Ht-iR,KaK Ha pHc.I. 
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B 3KCnep~MeHTaX HaM60nee y~o6Hafl ~fl ~SMepe~fl Ben~~HHa - 3TO 

~~Ha HepaCnaBmerOCfl ~aCTKa CTp~ L • B paC~eTaX nOnO~eH~e TO~K~ 

paspaaa CTPy~ XL nanaerca tPYHlm~en .BOnHOeOrO tlliCna o(. , HO acnen S8 
P3neeM AnHHY CTpYH np~H.fITO OTOmAeCTBnflTb C ~HKManbHWM SHa~eH~eM XL 

2L=rnJn	 XL • ~fl B~flCHeHHfl napaMeTp~~eCKOn SaB~C~MOCT~ L OT 
Fr YI We 6hIJIa nposeneaa cepas p8C~eTOB, B KOTOpblX TO'tIK8 paapasa 

HaXO~HnaCb'MS ypaBHeH~.fI 

\ h (xL) I = H (xL) • 

~fl HeBH3KOA u~nHH~p~~eCKOn CTPy~ ~HH8 L -n~HenHa.fI ~K~~.fI 

napaxerpa {W; , B rrnOCKOCT~ (VW;; ,L· ) aacõpaaaercs npflMOtl na
HHeA, npoxo~~e~ ~epes Ha~anO KOOp~~HaT; yron ee HaKnOHa onpe~enfleT
cs norapHljlMoM peuanpovaoro SHa't{eH~fl Ha~WIbHOn aMnn~TY~bI en'h-1 • 

TaKOn XapSKTep ~SMeHeHH.fI L On~CbIBaeT ~aCTOI( 3KCnep~MeHTanbHOn KpH-

1"1:lM'lUI J7/D6/1I11 12. O! 
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~. KaMMeKcHafl aMMHTY)J,a 6e3 ytleT8 KpMBM::nW; oceaasase napaaerpa 
H OCí03H~qeIUm, KaK H8 pHC. I. 

k,. 
10 

I	 BOn L-UN ,H8 KOTOpOM, KaK ~SBeCTHO, ~n~Ha CTPy~ BospaCTaeT BMeCTe 
co CKOpOCTbID ~cTé~eH~JI U rro n~HeAHoMY saKOHY. 3a n~HenHNM ~aCTKOM

N

~ .	 Kp~Bafl L-UN rrpOXO)J,HT ~epes MaKC~MYM, KOTOpbIn Hen~Sfl on~caTb B PaM
Rax MO)J,enH u~n~H,IJ,pH~ecKOn CTpy~. 

,I 

K n~HeAHoA saB~C~MOCT~ ~n~HW CTpy~ OT fWe np~BO)J,flT·~ YTO~HeHi! HbIe Mo~en~ HeycTotl~~BocT~ (10) ~ (20), BKnroqaID~~e 8~eKTbI c~eHHfl/,1 

L
 
YCKope~fl. Ha p~c.6 HaHeceHH pesynbTaTbI tlliCneHH@X pac~eToB KpHB~
 

L- ~ B pasH~ np~6n~*eH~flx: ~~n~H)J,p~~ecKoM (PsneA), Henapannenb

HOM (acHMnToTH~ecKHA aHan~3/5/) ~ HenapannenbHoM (~~CITeHHbIA aHanHs)'\ 
- ypaBHeH~.fI (10), (20) ~ (20) c ~~ =0 • B)J,onb Bcex KpHB~ np~H.fITbIli 

,~ nOCTOflHHHMH Ha~anbHafl aMrrn~Ty~a ( e,n'h- 1 = 10,72 ) ~ OTHomeH~e 
We/Fr = 0.533 . TIpflMHe, cooTBeTcTByro~He pa3H~ rrp~6n"*eH~flM,nOn~aI IDTCfl ~pyP OT ,IJ,pyra napannenbHHM rrepeHocoM: H~~e Bcex pacnono~eHo
 

I Knacc~~eCKoe np~6n~*eH~e (n~H~fl 3), B~e - Hen~pannenbHoe aC~MnTOT~

1IW1IIury8a 
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Iv; .... 
<J;) 

CI /
to 

/ 
I· 

c:iI 
zr /

I	 ã /' / 
N 

ã 

o 

I'nJ 
N \ .... /'o 
I \ \, I \ zr 

o 
I \ 't '\:

\... , ,
to , 
o 
I 

~\ ... /'\cc 

91--~ froude = 100. 
o, _ 

',."ude • 500. 

7 ------------- ',."ude • IODO. 

frauda·	 10000.(, 

J1UCT 2	 TOH-aa 17/Pli/IlS 12.01i 

P~c.5.	 aMeKT OTHOmeHI:IH w/o(-w =0,9 o<. = 0,7, OCTB.JIbHbIe napaMeTphl 
~ 0603HaQeHHH,K8K Ha p~c.l. 
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Pac. b. 3amrCIDi10CTI:, MMHhI CTpY1iI 

üT CIWpOCTM nOTetIeIDI.H: We/Fr 
::;. U,533, tnh- 1. :::; Iu,72; I 
1lliCJIeHHOe pemenne oes ysera 

HpHBH3Hh!, 2 - 'tlltCJIeHHOe pemouae 

(ypannonao (20», 3 - WIJIllH,II.pH"lJ:e
CRoe npHÓ~~eHHe (P8~ell), 4 
HeIIapaJ~eJII:,HhIM aCHMIITOTlltIecI<ID1 
<1.HaJIIl3/ 5/ . 

[PilC. 7. 3<Ix.PeRT oraonenaa We/Fr-~ 
= 0,01; We/Fr = lO, 2 
We/Fr = 0,533. 

PRc.8. 3~8RTU cy,mellli.fI/YCRopeHRH 
npa pa3HhIX l'Je : ~ :::: 0,01; 
I, 2, 3 - qrrC~eHHhüi a!laJIH3 

,
(ypaBH.(20»; 1',2', 3 
l.ll1CJI8HHIDi aRanHS oes Y'ieTa Kp.L1
B.l13Hhl; r' - "tl:HCJIeHHui1 aaanas 
(ypaau, (IO) ) • 

, 

;I 
qeCKOe (nHHHH 4), KOTopoe, KpOMe Toro, HMeeT cna6NK HaKnOH no OTHO

J 

il
 
lIIeHHIO K qHCneHHOMY (nHH~H 2). Ha nHHHH 2 rrparcravecxa . JleJKaT pesyns

TaTN tIHCneHHNX pac~eToB KaK no ypaBHeHHflM (20), TaK H no (Ia). CpaB


HHB8H nHHHH 2 H I, MOJKHO cnenars BhIBO~, tITO Bltnap, KpHBH3HhI npoq>HR.fl:
 

CKOPOCTHW(x) (HnH, tITO TO JKe caMoe - KpHBH3HN npoqmJIH CTpYH X(x) ) 

cpaBHHTenbHO cna6N~. ITapannenbHOCTb nHHHH pa3HhIX npH6nH*eHH~, B tIaCT:1,
 
/' HOCTH, 03HatIaeT, tITO qeM 60nblIIe CKOpOCTb HCTetIeHHH, TeM MeHbme Yp,RH


HeHHe CTPYH O~HOCHTenbHO KnaCCHtIeCKO~ p,RHHhI. ITop,06H~ BhIBOp, MOJKHO 
6billO OJKHp,8Tb, T81{'KaK c EospaCTaHHeM CKOpOCTH HCTetIeHHH (npH ~HKC.l1

I pOBaHHhIX OCTanbHhIX nap8MeTpax) qopMa CTPYH npH6JIHJKaeTCH K nHnHHp,pH
d tIeCKO~.! 
.! ilHTep8CHO OTM8TRTb, 1J:TO 'i8M H~t8 nprr paC1J:8T? HaxO~TC.fI To~\a 

paspllBa	 XL ' T8M mnpe CTaROBHTCH H8YCTOll"lJ:HBhIll BO~OBOll ,II.Rana30H 

~nH oG ,	 a BonHOBoe tIHCnO, cooTBeTcTByro~ee MHHHMaITbHOMY xL,c~BHra

eTCH B CTOPOHY KOpOTKHX soxa. B tIaCTHOCTH, cy~ecTBYIOT BOSMYJI~eHHR, 

ko ropue B03HHK8!OT KaK YCTO~tIHBhIe (ex >1 ) B6nH3H HaC8,lJ.Ka H, pac

npOCTpa.HAACb BRR3 no T8T.{8HHlO,HatIHHaIOT BospaCTaTb. AHMOrHtIHhIe BhIBO,IJ,bI
l ol 6hIJIH	 nOnytI~HhI H a . 

B 3KcnepHMeHTaJIbHhIX YC~OgHHX KpHByro L-UN CHHMaIOT p,RH JKHp,KOCTl-! 

c BhI~paHHNMH ~H3RtIeCKHMH CBO~CTBaMR H p,RH H8C8,lJ.Ka c Sap,aHHUM.l1 reo

MeTpHtIeCKHMH xapaKTepHCTHK8MH, BapbHpYH CKOpOCTb HCTetIeHRH (paCXOp,) 

JKHp,KOCTH. Hax pesy,nbT8T, ()THOmeHHe We(Fr , ae aasacmnee OT CKO
pOCTH HCTetIeHRH,coxpaHReTCR nOCTOHHHNM. Ha pHc.7 HnnlOcTpHpyeTcH BnHH

HHe 3Toro OTHomeHHR Ha p,RHHY CTPYH p,RH Tpex ero 3HatI~HH~: 0,533 H 1,0 
.	 A 

(nWHHH 2), ro,o (nHHHH I); HatIMbHaH aMnnHTyp,a h = 0,01. C pOCTOM 

OTHOlIIeHHH We/Fr paCTeT H p,~HHa CTPYH, npH We/Fr = Ia ee Yp,RHH8

HHe CTaHOBHTCfl c~eCTBeHHbIM '(....., 50%); p,nR SHatIeHH~ We/Fr ( 1 Y,IJ,.JIH:

HeH~e CTpYH OTHOCHTenbHO cna6oe. C nHHH~ 2 COBnap,aeT H paCtIeT no 

nonHO~ CHCTeMe (Ia). 
Ha pHc.8	 rrpH Tpex ~HKCHpOBaHHhIX 3HatIeHHHX tIWcna Be6epa ~eMoHcT

pHpyeTcfl ponb tIHCna ~Pyp,a npH onpep,eneHHH ~nHHhI HepacnaDlIIerOCH y-qaCT

Ka B YCROBHHX CYJKaID~erocH TetIeUHH: KpHBhIe 1,2,3 - ~cn8H~e paCtIeT~ 

no ypaBHeHHRM (20), r', 2', 3' - no TeM ~e ypaBHeHHflM 6e3 y-qeTa KPH

'BH3HN, r" - tIWCneHHbI~ pacuer no nonHO~ CHCTeMe (Ia). ACHMnToTWtteCKH 

npa Fr -+-00 nce KpRBbIe CTpeMHTCH K KnaCCHtIeCltOMY npeneny, }{aK H cn8

p,OBano omH~aTb, BnHRHHe 3~eKTOB cymeHHR/YCKopeHHH H8w6onee c~eCT.~	 BeHHO B 06naCTH M8.lIhlX lUJCeR Fr • Ilo nopanxy BeJIHl.lHHbI BKnap, 3THX 

3~eKTOB onpeAenReTCR oTHomeHHeM xapaKTepHO" ~HHbI CTPYH (~~ ) 

I1	 
K xapaxrepaoay paauepy H8B03~eHHoro TelleH.l1H ("'Fr ). Ô'l'HM 060c

HOBhIBaeTCR OTKJIOHeHRe KP"BbIX L-Fr OT HX aCHMn'rOTHlleCKHX 3HalleHKR. 

Ha 3TOM ate pHCyHKe, onaano , MOJlUiO 38MeTHTb R c06CTBeHHO 3~KT lIRcna 
r. We, KOTOpblA 381UIlOlIaeTCH'B TOM, lUO lIeM ,IVIRHH8e CTPYfl, TeM BOS
.1 
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gei-ícTBHe 3qq>eKTOB Cj1JKeHHR/YCKOpeHHR RBJIReTCR ÔOJIee "npogomKHTeJIbHbIM" 

B~OJIb CTpyH. B CBR3H C 3THM 06JIaCTb OTKJIOHeHM~ KpHBNX L-Fr CMe~a

eTCR B CTOPOHY 60JIblliHX ~HCeJI Fr • 3fu~eTHM, ~TO 3~eKT~ HerrapaJIJIeJIb

HOCTH CTaHOB,flTCR CYJ.l~eCTBeHHee c YMeHblliem1eM Ha~aJIbHof.l aMITJIHTY,IJ,bl h 
(Ha pHc.9 h= 0,01), TaK KaK rrpH 3TOM CTPYR Y~JIHHReTCR. HMeH B BHAY 

pMc.8 Vf pHC.'2, MO)KHO YCJIOBHO rrpMHRTb, ~TO KJIaCCM~eCKoe rrpHÓJIIDKeHHe 

PaJIeR npHMeHHMO B 06JIaCTM ~~ <.( 1. BH8 3TOM OÓJIaCTl1 HYJKHO 

rrpvUUiM&Tb ao BHMM&Hl1e aqq>eKT~ HerrapaJIJIeJIbHOCTH. 

Ha pMc.9 M306pa*eH~ KpHBHe L-Fr, nony~eH~e gJIR pa3JIH~r~X 

rrpHÔJIvDKeHxf.l npl1 Ha~anbHof.l aMrrJIl1Ty~e e~-1 = 10,72 11 ~HCJIe We =100. 
TIo~TBep~~aeTcR aHBO~ o CJIa60M DJIMRHMM KpHB113Hbl rrpO~l1JIH CTPYl1 (KpHBaH 

2). 11HTepecHo, trTO (KaK 11: rta pRC. 6) Kp11:BaJI 3 - aCIDIIIITOTRtreCI~oe He

PI1C. 9. 3<MJeI~T 'iliCJIaFr : We = 
= IDO, en~ -1 = 10,72; I - 1JHC
JIeHHIDi aaanaa (ypaaa , (20).) , 
2 - ~CJIeHHHft aHarrR3 óa3 ytreTa 
KpHBH3HhI, 3 - HerrapaJIJIeJIJHbri1: 
aC~TITOTI1treCKHll aHaJlli3/5 , 4 
~H-qeCKoe rrpR~eHHe 

(P8JIeft) • 

llla.j ~ 'iê!io 
F,

3Óilõ---';ooo--SOOõ 

napannanDHoe rrpH6~eH11:e/5/_pacrrOJIO)KeHa Bume KpHBOft I - 1JHCXeHHoro 
pemeHHH. BepoHTHee acero,3To BN3B&HO TeM, 4TO B 06JIaCTH gOnyCT~O 

MaJIHX Fr , aCHMnTOT~eCKH" aHaJIH3 nepeoueHHBaeT PORo KpHB113HH npo

~HJIfl CTPYH. B Ka~eCTBe BepxHetl oueHKH npHMeHHMOCTH aCHMnTOT~eCKoro 

HerrapaJIJIeJIbHOrO aHaJIM3& MO*HO npHHRTb ~~ <. 1 

Acad. Sei, 1983,1, p. 70-78. 

2. MapKOBa H.M., llheanos B.R. VI3E. AH CCCP - MJKT', 1972, 1fJ3, c'rp.32. 
~. Gospodinov P.N., Penchev I.P., Radev S.P. Int. J. Mult. Flow, 

1979, 5, p , 87. 

Theor. Appl. ~ech., 8ulg. 

JTI1TF:PATYPA 

I. Radev S.,Chavdarov B.,Penchev I. 

J: 
I 
,l 

, 
l' 

14 

4. Radev S., Asanuma T., Iijirna T., Ennoji H. Prac. Fac. Engnrg. 

Tokai Univ., 1984, 10, p. 69-82. 

5. R~dev s. Theor. Áppl. Mech", Bulg. Acad. Sci., 1985,1. 

6. Pirnbley W.I. IBM J. Res. Develop., 1976, 20, p , 148. 

7. Rayleigh J.S. Proc. Lond. Math. Soe., 1978, 10, p. 4. 

PyROfiRCh TIOCTYTIRHa B H3~aTBJIhCIU1~ OT~eJI 

20 HIDRR 1986 ro~a. 

15 

11 



HET Jut nPOEEJlOB B BAIIIEA El1EJB10TEKE? 

8bl MoJKeTe no.ny'IHTb no not~Te nepe'IHc.neHHble HHlKe KHHrH, 

ec.nH OHH He 6bl.nH 3aKa3aHbl paHee. 

A2-82:-568 

A9-82-664 

A3,4-82-704 

At 1-83-51 t 

A7-83-644 

A2,13-83-689 

Atl-84-63 

A2-81t-366 

At,2-84-599 

A17-84-850 

Al0,11-84-818 

A4-85-851 

A11-85-791 

A13-85-793 

TPYAY coae~aHHA no HccneAOBaHHR~ a o6nacTM 
PenRTHBHCTCKoA RAepHoA ~H3HKM. AY6Ha, 1982. 

TPYAY coae~aHHA no KonneKTHBHWM MeTOAaM 
YCKOpeHHR, ,lly6Ha, 1982, 

TPYAW IV llelt<,llyHapoAHOA WKOJ1W no HeATpoHHOA 
~H3HKe, AY6Ha, 1982. 

TPYAW coa~aHHR no CHCTeMaM H MeToAaM 
aHanHTH4eCKHX BW~HcneHHH Ha 38M H HX npHMeHeHHD 
a TeopeTH4eCKoA ~H3HKe. ,Qy6Ha, 1982. 

TPYAW Helt<,llyHapoAHoA wKoJlbi-CeMHHapa no ~H3HKe 
fR*@JlWX HOHOB. AflywTa, 1983, 

TPYAW pa6o4ero cose~aHHR no npo6J1eMaM H3J1Y4eHHR 
H AeTeKTHpoaaHHR rpaBHTa~HOHHWX aonH. -AY6Ha, 1983. 

TPYAW XI He*AYHBPOAHOro CHMno3HYMa no 
RAepHoH 3neKTpOHHKe. 6paTHcnaaa 9 
4exocnoaaKHR, 1983. 

TPYAW 7 Helt<,llyHapoAHOro coae111a11HR no npo6J1eMaM 
KBBHTOBOH TeOpHH nOJ1R, AflywTa, 1984, 

TPYAW VII He*AYHapoAHora CeMHHapa no npo6J1eMaM 
~H3HKM BWCOKHX 3HeorHH. nv6H8. Jq81f. 

TpyAW m Helt<,llyHapoAHOro CMMna3HYM8 no H36paHHWM 
npo6neMaM cTaTHCTH~ecKoA MexaHHKH. ,Qy6Ha,1984. 
/2 TOMB/ . 

TpyAW V He*AYHaPOAHOro coae~J~aHMR no npo-
6J1eMaM.MaTeMaTH~ecKoro MOAenHpoaaHHR, npo
rpaMMHpoaaHHG H MaTeMaTH~eCKHM MeTOA8M pewe• 
HHR ~H3H~ecKHX 3aAa'l. AY6Ha, 1983 

TPYAW IX Bcecoo3Horo coaeU~aHHR no yCKOPHTeJ1RM 
aapR*eHHWx ~acTH~. AY6Ha, 1984 /2 TOMa/ 

TPYAW Me*AYHaPOAHOA WKOJ1W no cTpyKType 
RApa, AnywTa, 1985. 

TPYAW He*AYHapoAHoro coaeU~aHHR no aHaJ1HTH4eCKHM 
BW4HCfleHHRM Ha 38M H HX npHMeHeHHO B TeopeTH4e
CKOH ~H3HKe. AY6Ha,l985. 

TPYAW .xn Me*AYHapoAHoro cHMn03HyMa no RAepHoA 
3J1eKTPOHHKe. ,lly6Ha 1985. 

1 p, 75 K, 

3 p, 30 K. 

5 p. 00 1<, 

2 p, 50 K, 

6 D• 55 K. 

2 p. 00 K, 

4 D• 50 K. 

4 p. 30 K. 

c; n. c;o .. 

7 p, 75 K, 

3 p. 50 K. 

13 p.5D K. 

3 p. 75 K. 

4 p. 

4 p. 80 K. 

3axaabl Ha ynoMHHYTble KHHrH MoryT 6biTb.HanpaaneHbl no anpecy: 
101000 Mocxaa, fnaanot~TaMT, n/K 79 

H3naTenbCKHH OTnen 06beAHHe~Horo HHCTHTYTa HAepHbiX HCCnenoaaHHP 

: I 

PaAeB c.n •• BoR~HeB T.n. 
~cneHHWA aHaiTH3 HeycTOH~HBOCTH cy~aiD~XCR 
AJlHHHbiX KanumurpHbiX cTpyH 

PS-86-402 

~cneHHO HCCne~yeTCR YCTOH~HBOCTb O~HOMepHOH CTpyH He
BR3KOH ~H~KOCTH, noKa3aHO, ~TO AJ'IHHa HepacnaBmeHCR ~aCTH 
CTPYH RBnReTCR nHHeHHOH ~YHK~HeH CKOpOCTH HCTe~eHHR, llpH 
~OCTaTO~HO AJlHHHWX CTPYRX nonpaBKH H3-ga HenapannenoHOCTH 
HeB03MymeHHOrO Te~eHHR CTaHOBRTCR cymeCTBeHH~H H HX cne
gyeT Y~HThlBaTb npH pac~eTe ~HaMeTpa OCHOBHhlX Kanenb, 

Pa6oTa BhlnonHeHa B na6opaTOPHH swqucnuTenbHOH TeXHHKH 
H asToMaTH3a~HH OHHl1. 
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Radev S.P., Boyadjiev T.L. 
Numerical Analysis of the Instability 
of Long Convergent Capillary Jets 

PS-86-402 

The stability of one-dimensional jet of inviscid fluid 
is investigated numerically. It is shown that the length 
of the undecayed part of the jet is a linear function of the 
speed of outflow. When the jets are sufficiently long the 
corrections due to the nonparallelism of the unperturbed 
flow become essential and they have to be taken into ac
count in computing the diameter of the base drops. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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