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B HacToR~e~ pa60Te paccMaTp~BaeTcR 3aAa4a O Hen~He~HoM pa3B~

T~~ B03My~eH~~ B ocec~MMeTp~4ecKo~ cTpye, cocTaBneHHo~ ~3 m~AKo

ro RApa ~YBneKaeMoro cnOR HeCMew~Ba~~e~CR m~AKocT~. He06xOA~

MOCTb ~3Y4eH~R Hen~He~HO~ HeycTO~4~BOCT~ cocTaBHO~ CTPy~ 06ycno
BneHa TeM, 4TO B 3Kcnep~MeHTanbH~X ycnoB~RX OT4eTn~BO Ha6n~Aa~T

CR TaK~e Hen~He~H~e 3$$eKT~, KaK nORBneH~e BToporo MaKC~MYMa Ha 
OAHO~ /BHYTpeHHe~/ ~n~ o~e~x Mem~a3H~X nOBepXHOCTRX, 06pa30BaH~e 
BTOP~4H~X Kanenb -, caTenn~TOB, 4epeAY~~~XCR c OCHoBH~M~ KannRM~ 

~ T.A. B nonHO~ BR3KO~ noCTaHOBKe 06cymAaeMaR 3aAa4a CBR3aHa c 
60nbw~M~ TPYAHOCTRM~, B~TeKa~~~MH H3 MHorocnO~HOCT~ Te4eH~R, Ha
nH4HR HeH3BeCTH~X Mem$a3H~X rpaH~~'~ MHoronapaMeTp~4HOCT~, 60nb
WO~ pa3MepHOCT~ ~ HenHHe~HOCTH CHcTeM~ ypaBHeH~~ AB~meHHR RApa 
~ KoaKc~anbHoro cnOR. B TO me speMR MomHO om~AaTb, 4TO nOA06HO 
énY4a~ OAHocnO~HO~ CTPy~ /1.2/ HenHHe~Hble 3$$eKTbl Ka4eCTBeHHO XO
pOWO 6YAYT on~C~BaTbCR OAHOMepH~M~ ypaBHeH~RM~ AB~~eH~R, B KOTO
p~X He Y4~T~BaeTCR H3MeHeHHe Te4eH~R B nonepe4HOM HanpaBneHH~. 

K 3THM ypaBHeH~RM B /3/ npHMeHReTCR MeTOA PRAOB <1>ypbe /4/ , np~ 
nOMO~~ KOToporo peweHHe AnR B03My~eHH~ onpeAeneHO c To~HOCTb~ 

AO nepB~x ABYX rapMoH~K - OCHOBHO~ ~ KpaTHo~. B np~H4Hne B pe
weHHe MomHO BKn~4~Tb H cneAY~~He rapMOH~K~, HO 3TO CBR3aHO c 
04eHb TpYAoeMKHMH B~KnaAKaMH. Y4HT~BaR, KpOMe Toro, 4TO AnR Ha
xomAeHHR He~3BeCTH~X aMnn~TYAH~X MHomHTene~ 4HcneHHO pewaeTCR . 
C~CTeMa 06~KHOBeHH~X gH$$epeH~HanbH~X ypaBHeH~~ nepBoro nopRAKa, 
npeACTaBnReTCR 4eneco06pa3HblM noc~pOHTb npRMoe 4HcneHHoe peweH~é 
~CXOAH~X npOCTpaHCTBeHHO oAHOMepH~X ypaBHeHH~ ABHmeH~R. 

B.pa60Te /5/ c 3TO~ ~enb~ npeAnomeH cnna~H-pa3HOCTH~~ MeTOA, 
KOTOPbl~ npHMeHeH K 4HcneHHOMY aHanH3Y HenHHe~HO~ HeYCTO~4~BOCTH 

OAHocnO~HO~ CTPYH. ~oxpaHRR OCHOBH~e HAe~, HHme M~ nOCTpOHnH 06
06~eH~e cnnaãu-p asaoc r aoro MeToga (51" npHMeHHTenbHo K B03My~eH
HOMY Te4eHH~ AByxcno~Ho~ C~PYH. XOTR MeToA AaeT B03MomHOCTb npo
BOA~Tb pacuetu npu n~60M uaôope õeapaaaepuax nap aaer poa , ~3-3a 

MHoronapaMeTpH4HOCTH 3aAa4H ~c4epn~Ba~~~~ aHanH3 AonycTHM~X cny
4aeB CBR3aH c 60nbw~M~ 3aTpaTaM~ B~4~cn~TenbH~X pecypcoB ~ TPYA
HO 0603p~M. n03TOMY AnR pac csrorpexua 6blnH Bbl6paHbl uexorooae TH
n~4Hble cnyvan . 

KaK ~ np~ OAHocnO~HO~ cTpye, nOKa3aHo, 4TO 06pa30BaH~e caTen
nHTHWX Kanenb HMeeT MecTO BO BceM A~ana30He HeycTo~~HBOCTH. np~ 

np04Hx $HKCHpOBaHH~x napaMeTpax pa3Mep caTennHTa onpeAenReTcR, 
B 06~eM cnY4ae, BonHOB~M 4HcnOM. OAHaKO B HeKOTOpo~ CTeneH~ pa3
Mep 3aB~C~T r aioxe OT Toro, KaKaR H3 HeYCTO~4HBbIX MoA nHHe~Horo 

npH6nHmeHHR B036ymAaeTcR Ha Ha4anbHO~ cTaAHH: 60nbW OT

© 061>e,lJ,HHeHHbIH HHCTHTYT arrepasrx HCCJIeAo8aJIHH ,Uy6Ha, l'~~~rUilietiHWti KHC~." 
U~~iidX ac C}J~JlO!UU9... ~- -", ---- ----~ 
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BeTCTBY~T 60nbw~e BTop~4H~e Kann~.	 ~3-3a Han~4~H B Te4eH~~ ABYX 
Mem$a3HWX nOBepXHOCTe~ CaTenn~THWe Kann~ pa3n~4a~TCH no CTPYKTY
pe. KorAa B T04Ke pacnaAa OAHOBpeMeHHO 06pbIBa~TCH o6e nOBepXHO
CT~, OTpWBa~~~eCH caTenn~THWe /TaK me,Ka~ ~ OCHOBHwe/ Kann~ ~Me

~T $OPMY HApa, 3aKn~4eHHoro B C$ep~4eCKY~ 060n04KY. Ecn~ nepB~M 

pacnaAaeTCH HAPO, OCHOBH~e ~ BTop~4H~e Kann~ OTpWBa~TCH KaK OT 
OAHocnO~HO~ CTPY~ ~ YBneKa~TCH m~AKOCTb~ cnOH. On~caHH~e $OpMW 
pacnaAa Ha6n~Aan~Cb B 3Kcnep~MeHTax/6/. nOKa3aHO TaK~e, 4TO Ha 
Ha4anbHOM 3Tane pa3B~T~e B03My~eH~~ B cTpye npo~CXOA~T B COOT
BeTCTB~~ c n~He~HO~ Teop~e~. CpaBHeHl-1e K03$$~l.\~eHTOB HapaCTaH~H, 

onpeAeneHH~X ~3 A~cnepC~OHHoro CoOTHOWeH~H n~Heap~30BaHHO~ 3aAa
4~ ~ Ha OcHOBe 4~cneHHWX paC4eTOB, nOKa3WBaeT, 4TO OTKnOHeH~H 

MemAY H~M~ CTaHOBHTGH 60nee cy~ecTBeHH~MH Ha K0He4~WX CTaA~HX 

B6n~3~ MOMeHTa pacnaAa. 

1. nOCTAHOBKA 3AAA4~ 

ABl-1meHl-1e HApa cocTaBHo~ CTpy~ B oAHoMepHo~ nOCTaHOBKe 1-13BeCT
HO, ecn~ 3aAaH~ ero paA~Yc h 1 ~ aKc~anbHaH CKOpOCTb u 1 ; B l.\~nHH
AP~4ecKo~ C~CTeMe KooPA~HaT Ou , meCTKO cBH3aHHo~ c OCb~ CTPY~, 

OH~ HBnH~TCH $YHKl.\~HM~ BpeMeH~ t ~ aKc~anbHo~ KOOPA~HaTbI Z /Ha
nOMH~M, 4TO B np~HHToM oAHoMepHoM np~6n~meH~~ 3aB~C~MOCTb~ OT 
paAl-1anbHO~ KooPA~HaTbJ r npeHe6pera~T/. AHanor~4Ho AB~meH~e KoaK
c~anbHoro cnOH onpeAeneHo np~ nOMo~~ h 2 - nonHoro paA~yca CTpy~ 

~ CKOpOCT~ u2/CM. pHc.l/. OCTanbHwe r~APoA~HaM~4ecK~e Ben~4~H~ 

/paA~anbHwe KOMnOHeHTW CKopocTe~ ~	 AaBneH~e/ B~pama~TcH 4epe3 h j 

1-1 Uí: j:=: 1,2. 
AnH AanbHe~wero paCCMOTpeH~H YAo6HO HecTa4~oHapHoe Te4eH~e 

CTPY~ C41-1TaTb B03H~KW~M ~3 HeKoToporo HeBo3My~eHHoro /cTa4~oHap

Horo/ COCTOHH~H. Ecn~ He Y41-1TWBaTb Ae~cTB~e MaCCOB~X c~n H B3a
~MOAe~CTB~~ c BHeWHe~ cpeAO~, TaK~M AnH COCTaBHO~ CTPY~ HBnHeTCH 
Te4eH~e, AnH KOToporo 

U j :=: Uj , h j = H j •	 /1.1/ 

PaBeHcTBa /1 1/ onpeAenR~T 4~n~HAP~4eCKY~ cOCTaBHY~ CTPY~ pa0 t 
A~yca Ü2 c 4~n~HAP~4ecK~M RApOM paA~yca fi] ~ HeBo3My~eHHwM~ CKO
pOCTRM~ ~Ü2 ~ U1 COOTBeTCTBeHHo. H~me Ben~~~Hbl H2 ~ Ü 16YAeH ~CnOJ1b
30BaTb B Ka4eCTBe xapaKTepHwx MaCWTa60B AnH nepeXOAa B ypaBHeH~
HX AB~meHI-1R K 6e3pa3MepHOMY B~Ay.OTC~Aa B 6e3pa3MepHO~ 3an~c~ 

U 1 :=: 1, U 2 :=: U2/Ul' H 1= lI 1/H 2 =' 8, H2 = 1.'	 /1.2/ 

KpOMe Toro, AnR YAo6cTBa BBeAeM HOB~e He3aB~C~MWe 

Ih	 /1.3/T :=:" a a 2 t , ç = a Z - wt 

1-1 3aBHCHMwe nepeMeHHwe 
Ih	 /104/Uj = U j + a2 Vj' 

2 

(]) J 

hj '"	 6a ~} 1
 
~U-\ 

0 

f"/2 " 

hj 
PHc.l. ~OPMW' pac~aAa COCTaBHOH 

B 
~ 2,0	 CTPYH: a = 0,5; a 1 = 0,02;
 

8 = 0, 5; PO:::: 1, h 10 == 0,.05;
 
ai a1 /.a2 = 100, r b = 0,21 1;
 
61 ai /a2 :::: 0,75; rb = 2,0265;
 
Bla1/a2 :::: 0,25; rb = 3,535.


~5 

2 
r ne a2 :=: T2/p2H2U2- õe apaa-
MepHW~ napaMeTp 3aAa4~, OTpa- . 
ma~~~~ 3$$eKT nOBepXHOCTHoro 
HaTRmeH~H T 2 BHeWHe~ Mem$a3
HO~ nOBepxHOCT~ /Ha BHYTpeHHe~ 

nOBepxHOCT~ eMY coOTBeTcTByeTo 
napaMeTpai°"" T1/PIH2U~ /0 
Aanee u 6YAeT ~Cnonb30BaTbCR 

CD K~ K eonuoaoe 4~cno, a t». - xa K 
yrnOBaH uac TOTa B03My~eH~~ .. 

np~ nOMo~~ COOTHo~eH~~ 

o----------------------+~n_----~f /1. 3/ ~ /1.4/ OAHOMepHble ypa a-

HeH~H AB~meH~R 3an~C~Ba~TCR ~ cneAy~~eM A~BepreHTHOM B~Ae: 

aQ aR _ O,	 /1.5/
r ~j-2- .ar 

rAe aekropa 
T
 

Q :=: (F 1 • vI' F 2' V 2) ,
 

2 v2 T 
R ((:~ ) F :I: V 1 , -1 (*) * 2 ) /1 6/ = c 1 +V 1 l' clVr1--2yaoP1+PoP2' c 2+V2 

QI'2 +C 2 V2 T 2 - +P2 o • 
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B /1 .6/ ~cnonb30BaH~ cneAy~~~e 060SHa4eH~R: 

cr:::(1~(Uj-w/a).Fl=h~F2=h~-hi,u6=a2/(11' Po " P2/Pl' /1.7/ 
4TO KacaeTCR ~x ~~S~4eCKoro CM~cna,TO Ben~4~H~ cl nponop~~OHanb
H~ He~oSMy~eHH~M CKOPOCTRM RApa ~ cnOR OTHOC~TenbHO HOBO~ /noA
B~~HO~/ KooPA~HaTHo~ c~cTeM~, ~Me~~e~ CKOpOCTb wk B ~CXOAHO~ 

C~CTeMe Orz, a Fj - nonepevxue ce4eH~R oõcux 4acTe~ CTPYVI. Ees 
orpaH~4eH~R 06~HÓCT~ MO>KHO np~HRTb w/a == UI (ci == O). 

AnR saM~KaH~R ypaBHeH~~ /1.5/, /1.6/ HY>KHO np~coeA~H~Tb pa
BeHCTBa 

2 
1 2 a h.P==-_a __J /1.8/

j h j aç2' 
KOTop~e B~pa>Ka~T AaBneH~R B RApe ~ cnoe nocpeACTBOM sHa4eH~~ 

rnaBHO~ Kp~B~SH~ 06e~x nOBepXHOCTe~. 3TVI ypaBHeHVlR He06xOAVlMO 
TaK~e cHa6A~Tb COOTBeTCTBY~~VlMVI KpaeB~M~ VI Ha4anbH~MVI ycnoB~RM~. 

C 3TO~ ~enb~ 6YAeM ~CXOAVlTb VIS nocTaHOBKVI saAa4~, np~ KOTOPO~ 

npOCne>K~BaeTCR paSBVlT~e BO BpeMeHVI saAaHHoro Hô4anbHoro BOSMY
~eH~R. BosMy~eHVlR C4V1Ta~TCR nepVloAVl4eCKVlM~ no npOCTpaHcTBY c 
An~HO~ BonHbl À ce 217/a 

hj~r~ç+217)= h/r,ç), vj(r, ç+ 217) == Vj(r, çL /1.9/ 

AnR KOHKpeTHoro auõopa ~OPMbl Ha4anb uoro BOSMy~eHVlR 6YAeM VlC

XOAVlTb ~s peweHVlR nVlHeapVlsoBaHHo~ saAa4V1 /1 .5/-/1.8/. np~MeHVI

MOCTb nVlHeapVlsa~VI~ 060CHOBaHa AnR Man~x aMnn~TYA Ha4anbH~X BOS
My~eHVI~ VI Man~X BpeMeH r. B pa60Te/ 7/ nOKasaHO, 4TO nVlHeapVlSO
BaHHaR CVlcTeMa /1.5/-/1.8/ VlMeeT 3neMeHTapH~e peweHVlR B BVlAe 6e
r~~x BonH 

• - i(ç+qr) _ i(ç+qr)
hj == H j+h j8 • Vj= vj.e, /1.10/ 

rAe q - c06cTBeHHoe 4V1cno, a (h j' Vj) - c06cTBeHHbl~ BeKTOp aana
4V1. Ae~cTB~TenbHaR 4aCTb q-qr VlMeeT CM~cn CKOPOCTVI pacnpocTpa
HeH~R, a MH~MaR qi - K03~~Vlu~eHTa HapaCTaHVlR Man~x BOSMy~eHVI~, 

KorAa q i < O. 
C06CTBeHHoe 4V1cno q HaxoA~TCR ~s AVlcnepCVlOHHoro COOTHoweHVlR 

nVlHeapVlSOBaHH~X ypaBHeHVI~ /1.5/-/1.8/ 

2( * 2 1 2 2 2 1 2 2 q q + c 2), + 2"(.1 - Ô H1 - a ) q + [-2a Po (1 - a ) + 

/1. 11/ 
1 ( -1 2 2 1 ,I 2 2 2 2+ 2 ôao) (l-a a )](q+c 2)+"4(ôuo , (l-ô )(l-a )(l-a a ) = O. 

Ecnu COCTaBHa.s:1 CTPYR VlMeeT OAHOpoAHbl~ npO$Vlnb HeBoSMy~eHHo~ CKO
poc~~ U l=U 2/ a r ons xo 3TOT cnY4a~ Mbl 6YAeM VlMeTb B B~AY HVI>Ke/, 
TO ypaBHeHVle /1. 11/ ~MeeT n~60 ABe napbl KOMnneKCHO COnPR>KeH
HblX 4V1CTO MH~MbIX coôc r aeuuux 4V1cen q m(m = 1,2), ecru- O < a < 1, n~
60 napy conpnxcaaax MH~MbIX VI napYAe~cTBVlTenbHblx 4V1cen, e cna 
1 < a < a-.1 Ka>KAO~ MHVlMO~ nape cOOTBeTcTByeT ABa ceMe~CTBa BOIlH: 

4 

OAHO c BospacTa~~e~, d APyroe - c y6bIBa~~e~ aMnnVlTYAo~, pacnpo
CTpaHR~~~XCR co cpeAHe~ CKOPOCTb~ CTpyVI. CeMe~cTBa BonH c BOS
paCTa~~VlM~ aMnnVlTYAaMVI xapaKTep~sY~TCR paSH~MVI K03~~VI~VleHTaMVI 

HapaCTaH~R VI ~onHoB~MVI A~anaSOHaMVI: nepBoe ceMe~cTBo, ~Me~~ee 

MeHbWVl~ K03~~VlLt~eHT, cyutec r ayer B I-1HTepBane O < a .< 1. aropoe - B 
~HTepBane' O < a .< a-.1 

npVl Ka~AOM ~VlKCVlpOBaHHOM BonHOBoM 4V1cne ~YHAaMe~TanbHoe pewe
HVle .n~HeapVlsoBaHHo~ CVlCTeMbl Bblpa~aeTCR n~He~HO~ KOM6V1Ha~Vle~ VIS 
c06CTBeHH~x BeKTopOB, COOTBeTCTBY~~VlX Ka~AoMY VIS c06CTBeHH~X 41-1
cen , EcnVl B Ha4anb Hbl~ MOMeHT B 3TO~ KOM6~Ha~VIVI coxpauaa r ons KO 
C06CTBeHH~~ BeKTOp, nonY4aeM~~ npVl nOMO~VI C06CTBeHHOrO 41-1Cna C 
Ma1-160nbW~M K03~~~~VleHTOM HapaCTaHI-1R, TO B cTpye 6YAYT paSBVlBaTb
CR HaVl60nee 6bICTpO· pac ryuiae BOSMy~eH~R. nOA06Hble Ha4anbHble ycno
BVlR 6YAeM HaS~BaTb cOrnaCOBaHH~M~ C 60nbwe~ MOAO~. OHVI OnpeAene
H~ C T04HOCTb~ AO npOVlSBonbHoro MHo~~TenR, Hanp~Mep Ha4anbHOH 
aMnnVlTYAbl h 10 BHYTpeHHe~ nOBepxHOCT~. 

Mbl 6YAeM Vlcnonb30BaTb TaK>Ke BTOPO~ cnocoõ Bos6Y~AeHI-1R aorn- B 
cTpye np~ nOMO~~ saAaHVlR HesaBVlCVlM~X rapMOH~4eCKI-1X BOSMy~eHI-1H 

06eVl~ nOBepxHocTeH: 

_h H + h H 2 + h ro cosç, v 2 == O, /1.12/1= 1 10cosç, h 2= v1= 

rAe h 10 ~ h 20 - saAaHHble KOHCTaHTbl / Ih 10 I ~ \h 20 I - COOTBeTCT
By~~~e Ha4anbH~le aMnnVlTYAbl BOSM~eHVlH/. 

2. 4HCnEHH~R ~nrOPHTM 

nYCTb CMewaHHaR saAa4a, COoTBeTcTBy~~aR ypaBHeHVlRM /1.5/ VI 
/1.8/ c saAaHH~MVI Ha4anbH~MVI /1.10/ ~ nepVloAVl4eCKVlMVI rpaHVl4HWMVI 
ycnoB~RM~ /1.9/, VlMeeT peweHVle. AnR qVlCneHHoro HaXO>KAeHVlR pewe
H~R BBeAeM Ha nnOCKOCTVI (ç, r) paBH.OMepHY~ cer KY w = Iç i' r k ~ 'i = 
== O. ±1, ±2, •••• k == 0.1.2.... C waraM~ /!i.ç VI /!i.r COOTBeTCTBeHHO. Ecru-
f( ç , r) - saAaHHafl ~YHK~VlR, TO nOnO>K~M f i == f(ç f' r k), 7i == f(ç i. r k- ~. 
Bce paCCMaTpVlBaeM~e ~YHK~VIVI C4V1Ta~TCR He06xOAVlMoe 4~Cno pas AVI~
~epeH~l-1pye~bIMVI.
 

AnR npOBeAeHVlR 4V1CneHHbIX paC4eTO~ B HaCTOR~eH paõor e ucnona

SOBanaCb HeRBHaR KOHcepBaTVlBHaR cnna~H-paSHOCTHaR cxeMa/ 5/.
 

Q.- (;). (1)
T __1 __ 1 + 3D (R. + f{.) = O. /2.1/

/!i. r 1 1 

(1) 
3Aecb T VI D - oneparopu , saAaHHbJe Ha MHO>KeC TBe nepVloAVl4ec KVlX 
CéT04HblX ~YHK~~H no ~opM.ynaM T f i = f i - 1 + 4f i + f i+ 1 ~Ú) fi = 
= (f i+ 1 - f i- 1)/2/!i.ç.Ha AoCTaT04Ho r naAKI-1X peureuaax cxeaa VlMeeT no
PRAOK annpOKCI-1Ma~VIVI O( L\r2 + L\( 4 ) , 4TO B /5/ nOATBep>KAeHO TaK>Ke 
4V1cneHH~MVI 3KcnepVlMeHTaMVI. 

YpaBHeH~R /1.8/ AnR AaBneHVlH annpoKCVlM~PY~TCR COOTHoweHVlRMVI 

5 



(2) (1) 
a 12 (2D Ivi - D lIlvi) + Pvi - --1 =: O, v =: 1.2. 12.21hv i 

(2)
 
rne onepa rop D f i =:= (f i-- 1 - 2 fi + f i + 1 ) I ~ e2 , a 8en~4~Hbl }
I rnv i YAOSneT80pRroT ypa8HeH~~M 

(1) 
T~i - 6 D ~i = O, v = 1,2. 12.31 

Cooruoureuus 12. 11-12. 31 np~ i = 1.2•••.• N E npeACTa8n~~T c060~
 

3aMKHYTY~ C~CTeMY Hen~He~HWX ypa8HeH~~
 

Fi (y i - l' Yi' Yi + 1) = O 12.41 

OTHoc~TenbHO HeJ.138eCTHblx Yi = (v li • h 1i • rn 1i' P 1 i ' V2i • h 2 i' rn 2i' P2i)~ 
np~4eM Yo =: YN"YN+1=: Y 8 cuny rpaHJ.14HblX ycno8~~. 3Aecb Fi - 8eK
TOPW ne8WX 4aCTe~ 8 }2.1/-/2.3/, ~HAeKC T 0603Ha4aeT TpaHcno
H~p08aH~e. .an~ peWeHJ.1~ 3TO~ C~CTeMbl ue.necooõpa s ao ~cnonb308aTb 

MeTOA Hb~TOHa; 8 pe ayns r a r e Ha s-~ ~Tepal...lJ.1~ I s =: 1,2 • .•. I npuxo
A~M K nJ.1He~HO~ 3aAa4e 

(s) (s) (s) 
a i Yi-1 + biYj + c i Yi+1 =: d 12.51 

c 6n04Ho-TpexA~aroHanbHo~ l...l~KnJ.14eCKO~ MaTpJ.1l...le~. 3neMeHTbl ai' b 
i•

Ci nocneAHe~ ~ npa8we 4aCT~ di ~Me~T 8~A 

aF. aFi aFiai = I, bi =: ---, c i = ~_ 12.61 
aYi-1 «», aYí+1 
(s-l) (s-l) (s-1) (s-l) 12.71 

-di = a i Yí 1 + b i Yi + c I. Yi + 1 - F i •
 
(s- 1)
fpaAJ.1eHTW 8 npa8WX 4aCT~X 12.61 8W4J.1Cn~~TC~ An~ 3Ha4eH~~ Yi 

8en~4~H Yi c npeAbIAy~e~ ~Tepal...l~J.1. B Ka4eCT8e ~CXOAHoro np~6n~}/(e

HJ.1~ ~~ np~H~Ma~TC~ 3Ha4eH~~ Yi c npeAwAy~ero 8peMeHHoro cno~. 
3aAa4~ 12.51 pewaeTC~ no MeTOAY l...lJ.1Kn~4eCKo~ MaTpJ.14HO~ nporOHK~. 
I-1Tepal...l~~ npexpauiaor ca np~ max IFi I :::;: f =: 10-6 • 06bl41-10 , annor s AO 
He60nbwo~ okoecruocr« 8peMe~~ rb pa apuaa CTPY~, smax'::;; 2+4. 

OTMeT~M oc06eHHocTb 4~cneHHO~ pean~3al...l~J.1. 1-13 4J.1CneHHWX 3KC
nep~MeHT08 8~AHO, 4To AOCTaT04Ho Aonroe 8peM~ CTPY~ pa38~8aeTC~ 

8 COOT8eTCT8~~ c n~He~HO~ TeOpJ.1e~. np~ 3TOM npO~380AHwe ~CKOMWX 

~YHKl...l~~ KaK no 8peMeH~, TaK ~ no npOCTpaHCT8eHHO~ KooPA~HaTe 

Manw no MOAyn~. 3TO n0380n~eT Ha nJ.1He~HOM Y4aCTKe J.1CnOnb308aTb 
KpynHY~ ceTKY - ~ r =O, 1 , ~ ç =: 17/16. 3Kcnep~MeHTanbHO YCTaH08neHO, 
4TO Hen~He~Hwe 3~~eKTW Ha4~Ha~T 8nJ.1~Tb cy~ecT8eHHO np~ Ton~~He 

npo~~n~ ~Apa h u =(0,4+0,5)h2(ç .r). np~ 8wnOnHeHJ.1J.1 ycn08J.1~ 
h 2(Ç, r) s: h u urar a ce rxn a8TOMaT~4eCK~ YMeHbwa~TC~: ~r: =: ~T I 2 , 
~ç : =: ~ç 12 , N E: =: 2N E' An~ 3aAaHJ.1~ J.1CXO,qHOrO np~6nJ.1}/(eHJ.1~ Ha cne
Ay~~eM cnoe J.1CnOnb308anaCb ~HTepnon~q~~ Ky6J.14eCK~MJ.1 3pM~T08bIM~ 

cnnat1HaM~. 

3PM~T08W~ Ky6J.14eCK~~ Cnna~H S(ç) Ae~eKTa 2, J.1HTepnon~py~ll.l~~ 
~YHKl...l~~ f(~) 8 Y3naX ç i, i = 0,1,2, ... ,N, Ha J.1HTep8arae [ç i' ç i+ 1] 
onpeAen~eTC~ no ~opMyne 
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12.81S(ç)= cPt(e)f i+ cP2((nfi+1+cP3(0)f~ + <P4(8)f~+1 • 

r ne O=(ç-çi)/~ç , a cPj(O) , j = 1,2,3,4 - Ky6J.14eCKJ.1e non~HoMbl 
OT 0/ 8 /. 

TaKJ.1M 06pa30M,An~ noc rpoeuaa S(ç) He06xOA~Mbl 3Ha4eH~~ f =:=f(Çi)' 
a TaK}/(e np0J.1380AHWe fi3f1çí) ~HTepnon~PyeMo~ ~YHKl...l~~ 8 Y3nax. 
CneAyeT pa3n~4aTb A8a cnY4a~. 

np~ ~HTepnOn~l...l~~ npo~~ne~ hv (ç, r), V = 1,2, 8 Ka4eCT8e h~i MO}/(
HO Bw6paTb 8en~4J.1HW rnvi" TeM CaMwM cooT8eTcT8Y~1l.l~e ~YHKl...l~~ 12.81 
npe8pa~aIOTc~ 8 Ky6J.14eCK~e nep~OA~4eCK~e cnna~HW Knacca C2 , npJ.1
4eM T04HOCTb O(~ç4) ~HTepnon~l...l~~ ~MeeT MeCTO An~ n~60ro x~[Ú. 2"J. 

EcnJ.1 8en~4~Hbl f'i He~38ecTHbl, TO, cnenys /8/ , MO}/(HO nonoxur s 
f:=(b> f. . [loc.ne 3.neMeHTapHblX npeoôpaaoaa-u-ã , All~ O = 1/2 nonY4~M 

I I 

12.91S(ç i + ~ç 12) = (- f i _ 1 + 9 f i + 9 f i + 1 - f i + 2 ) /16. 

Pa3nara~ 8 P~A Te~nQpa npa8Y~ 4aCTb, ~MeeM 

12.101S(ç i + ~ç 12) =: f (ç i + ~ç I 2) + O (~ç 4 ) • 

CneA08aTenbHO, norpewHocTb ~opMynbl 12.91 ~MeeT TaKO~ }\{e nop~AOK, 

4TO ~ pa3HOCTHap. cxeMa. 

3. 06CymnEHI-1E 4I-1CnEHH~X PE3ynbTATOB 

nJ.1He~HW~ aHan~3 ypa8HeH~~ A8J.1}/(eH~~ 11.5/ nOKa3W8aeT, 4TO Kap~ 

T~Ha pacnaAa COCTaBHO~ CTpy~/7/ Ka4eCT8eHHO MeH~eTC~ 8 3aB~C~
MOCT~ OT oTHoweH~~ KO~~~J.1l...lJ.1eHT08 n08epXHOCTHWX HaT~}\{eH~~ a 11a2' 

npJ.14eM MO}/(HO 8WAenJ.1Tb TpJ.1 xapaKTepHWX ~HTep8ana ero ~3MeHeH~~: 

ai la 2» 1. at - a2 ~ ai « a2' B8~AY MHoronapaMeTp~4HoCT~ 3aAa4J.1 
~MeeTc~ TaK}\{e 3a8J.1C~MOCTb OT 6e3pa3MepHblx oTHoweH~~ Ton~~H ~Apa 

~ CTpyJ.1 B ~ cOOT8eTCT8Y~ll.l~X nnoTHocTe~ Pa= P2/Pt. no oTHoweH~~ 
K napaaerpy B HaJ.160nee ~HTepeCHbIM~ ~8n~~Tc~ crtyvav B < y2/2 , 
An~ KOTOPblX Ilp~ nOMOll.l~ a 11a2 MO}\{HO MeH~Tb 8KnaA Ka}\{Ao~ ~3 Me}\{
~a3HMX n08epXHOCTe~ 8 HeYCTO~4~80CTb CTPy~. napaMeTp Po np~80AJ.1T 

K H08blM 3~~eKTaM, ecru- Po < L An~ Ha4ana Mbr" paCCMOTpJ.1M CJlY4a~ 

Po = 1. 
Ha pJ.1c.la, 6, s, nOKa3aHW QOPMW pacnaAa cocTa8Ho~ CTPy~ 8 KO

POTK080nH080M A~ana30He a = 0,5 ~ An~ Tpex T~n~4HWX 3Ha4eH~~ 

OTHOWeHJ.1~ a1/a2. nep8we A8a pJ.1CYHKa ~nn~CTp~pY~T 4a~e Bcero 
8CTpe4a~ll.lYIOC~ ~OPMY pacnaA~ cocTa8HO~ CTPY~, KorAa nep8WM Ha 
Kann~ pacnaAaeTC~ ~Apo. B TO BpeM~ KaK n~He~HWe 80nHW np~80ART 

K 06pa308aH~~ Kanenb 0AJ.1HaK08WX pa3Mep08, np~ Hen~He~HOM pa38~

T~~ 803MYll.leH~~ ~3 ~Apa Hap~AY C ocH08HWM~ ~ann~M~ ~OPM~PY~TC~ 

Kann~ - caTenn~Tbl. OCH08HOe pa3n~4~e Me}/(AY CnY4a~M~ p~C. la,6, 
~ 18 COCTO~T 8 8en~4~He 06pa3y~~eroc~ CaTenn~Ta. C YMeHb
WeH~eM OTHOWeH~~ ai~2 T04Ka OTpW8a ~Apa nepeA8~raeTC~ 8 CTOPOHY 
CaTenn~Ta, YMeHbwa~ ero pa3Mep. KpOMe TOrO, KaK 8J.1AHO Ha p~c. 18, 
06e n08epxHotT~ 06HapY}/(J.18a~T TeHAeHl...l~~ K'c6n~}\{eH~1O 8 T04Ke pa3
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p~Ba ~Apa, npeBpa~a~ ee B T04KY pacnaAa COCTaBHO~ CTPY~ B ~enOM. 

np~ 3TOM CTpy~ paCnaAaeTC~ Ha Kann~, cOAep*a~~e 4eHTpanbHOe ~APO 

~ KOH4eHTp~4eCKY~ C~ep~4eCKY~ 060n04KY, COCTO~~~ ~S cno~ *~A

KOCT~, np~4eM TaKa~ ~OpMa B OA~HaKOBO~ CTeneH~ OTHOC~TC~ KaK K 
OCHOBH~M, TaK ~ K BTOP~4H~M Kann~M. KOH~~rypa4~~ COCTaBHO~ CTPY~, 

nOKa3aHHO~ Ha p~c.1B, COOTBeTcTByeT BTOPO~ T~n~4HO~ ~OpMe pacna
Aa COCTaBHO~ CTpy~ - OAHOBpeMeHHOrO 06p~BaH~~ 06e~x nOBepXHOCTe~. 

TpeTb~ ~OpMa nOnY4aeTCR B CnY4ae P < 1 ~ o 8e~ 6YAeT CKasaHO H~~o
me. . 

C r~APoA~HaM~4ecKo~ T04K~ 3peH~~ p~c. la ~ lB cooTBeTcTBY~T 

ABYM paSH~M npeAen6H~M c~Tya4~~M, 06HapY*~BaeM~M TaK*e np~ n~

He~HoM aHan~se 3aAa4~. HanoMH~M, 4TO B paMKax nocneAHero pa3H~4a 

Me*AY cnY4a~M~ ai/a2» 1 ~ al/a2«lnpocne*~BaeTc~ np~ o~peAene
H~~ MaKC~ManbHoro K03~~~4~eHTa HapaCTaH~~ B03My~eH~~aq. 3TOT 
K03~~~4~eHT An~ KOHe4H~X B03My~eH~~ YA06HO BBeCT~ no aHanor~~ c 
oAHocno~Ho~ CTpye~ KaK cpeAHee ap~~MeT~4ecKoe ~s K03~W~4~eHTbB 

HapaCTaH~~ rop6a ~ BnaA~H~ BonH~: 

1 d S j+ dS j'::') 
q. =-(-- + ~, 1, 2, /3.1/

J 2 d- dT 

rAe 
max h (t: min h. (ç , r) - o 

Sj+ ~ In I~ j ,. d - 1 
--h---.--- I S. ln I ç J I • 

r 
JO h jo 

3AeCb ~HAeKcoM j = 1 060sHa4eH K03~~~4~eHT HapacTaH~R, OTHOC~

~~~C~ K nOBepXHOCT~ ~Apa, ~HAeKCOM j = 2 - OTHOC~~~~c~ K nOBepx
HOCT~ cno~. 04eB~AHo, BcneACTB~e Hen~He~Horo pa3B~T~~ BosMy~eH~~ 

Ben~~~H~ qj ~Bn~~T~~ ~YHK4~~M~ BpeMeH~ T np~ Ka*AOM ~~Kc~poBaH-
HOM aorn-osoa 4~cne a ~ npa 
~~Kc~poBaHH~x sHa4eH~~X 6es

5h 
pasMepH~X napaMeTpOB COCTaB
HO~ CTpy~ ~ Ha4anbHO~ aMnn~

TYAbl. 
npeAcTaBneH~e O xapaKTepe 

51f ~SMeHeH~~ Ben~4~H Sj± naer 
p~c.2. KaK ~ cneAOBano o*~
AaTb, Ha Ha4anbHO~ cTaA~~,/,/52 

+2 
noKa aMnn~TYA~ Man~, paSB~

/ 5/- T~e BosMy~eH~~ npo~CXOA~T B 
COOT8eTCTB~~ C n~He~HO~ Teo

<.c,,/~i;~:c:<"52. 
PHc.2. HapaCTaHHe rop6a H 
BTIagHHw BOITHW Ha 06eHX TIO

//f:~/ BepXHOCTRX: a = 0,5, al = 
/..-:~.~~ 

.;:;;:... ' = 0,015,a~= 0,02, o = 0,5, 

a '] -c. po = 1, h 10 = O, 05 . 

t& 
PHc.3. BpeMR paCTIaAa CTPYH: 
o = O, 5 , p o = I, h 10 = O, 05 . 
1- ai = 0,015, a2 = 0,02, 2
ai = 0,02, a 2 = 0,04; 3- at = 

0,02, a 2 = 0,08; 4- a'l =:: 
, 

'v ~ 
= 0,02, a2 = 0,2. 

p~e~, 4TO 06b~cH~eT np~Mon~:'1 . He~H~e Y4aCTK~ Kp~B~X Sj± Ha 
p~c.2. ~s-sa Hen~He~HOCT~ Ha 

.(} 5 
KOHe4H~X CTaA~~x paSB~T~A 

/B6n~3~ MOMeHTa pacnaAa/ KO
3~$~4~eHT~ HapaCTaH~~ rop6oB 
BonH Ha 06e~x ~OBepxHoCT~X 

B03paCTaDT,B TO BpeM~ KaK 
COOTBeTcTBy~~~e'K03~~~Q~eHT~ 

An~ BnaA~H y6~Ba~T. QAHaKO 
cpeAH~e K03~~~4~eHT~ HapaC

s TaH~~, nOC4~TaHH~e An~ BHYT
peHHe~ ~ BHeWHe~ nOBepXHOC
Te~, npaKT~4eCK~ COBnaAa~T C! 
onpeAeneHH~M~ ~3 n~He~Ho~ Te

21 lu 1._ 1.. I) OP~~, aa ~CKn~4eH~eM -reõona
7.8 OL woro ~HTepBana I:3peMeH~ B6n~

3~ MOMeHTa pacnaAa, KOTOPW~ COCTaBn~eT OKono 20% OT Bcero BpeMe-
H~ pacnaAa. 

KaK 6wno CKasaHo Bwwe, npeACTaBn~eT ~HTepec ~sY4eH~e paC4eT
Horo BpeMeH~ pacnaAa Tb OT BonHOBoro 4~cna a . 4~cneHHwe paC4eT~ 

nOKasbIBa.~T, 4TO An~ ~306pa*eHHo~ Ha puc , 3 l<p~BO~ 1 1 at»a'21 ape> 
M~ pacnaAa npOXOA~T 4epe3 M~H~MYM, KOTOpW~ ne*~T B OKpeCTHOCT~ 

d opt - sonxoaor-o 4~cna; B npeAenbHOM cny-rae ai la2 -4 DO ~MeeM d o p t = 

=.if- 0- 1 • 3TOT BblBOA cor.nacye r c a C pe syns r araau /3/ ~ 06bflCH~

eTCfl TeM, 4TO flA~O CTPy~ MO*HO C4~TaTb npaKT~4eCK~ ~30n~pOBaH

HWM - ~M KOHTpon~pyeTcfl HeYCTO~4~BOCTb cotTaBHO~ CTpy~. 

80 BTOpOM nperiensuos, cnyuae a'l « a2 IKp~Bafl 31 CTPYfl npaK1~4e
CK~ OAHopOAHa ~ HeYCTO~4~Boe nOBeAeH~e onpeAenReTCR BHeWHe~ no
BepXHOCTbIO. 3TO nOATBep*AaeTCfl Han~4~eM M~H~MYMa BpeMeH~ pacna
Aa B A~ana SOHe An~HHbIX eoru- 1 d opt ~ J2/2 I. ~HTepeCHO OTMeT~Tb, 

4TO onT~ManbHWM BonHOBWM ~~cnaM aopt B 060~x cnY4aRX COOTBeTCT
i 

BY~T np~MepHO OA~HaKOBwe no pa3Mepy caTenn~THwe Kann~; 3TO B~AHO
I 

Ha p~c.4 ~ 5 ~ Ha6nDAaeTc~ B 3Kcnep~MeHTax /6/ • Pa3H~4a TonbKO 

1
B TOM, 4TO caTenn~THaR KannR Ha p~c.5 OTpblBaeTCfl BMeCTe C OKpy

*aD~e~ ee KOH4eHTp~4eCKO~ 060nO~KO~ 13TO OTHOC~TC~ ~ K OCHOBHWM 
KannRM/, a Ha p~c.3 caTenn~THaR KannR ITaK *e, KaK ~ oCHoBHafll 
~opM~PyeTcR ~3 m~AKOCT~ RApa ~ YBneKaeTCR cnoeM. 

Me*AY pacCMOTpeHHbIM~ npeAenbHblM~ 3Ha4eH~RM~ o n-oureuaa al/a 2
 

nexa r 06naCTb, KOTOPYD Mbl ycnoauo 0603Ha4~M KaK 06naCTb, rAe na

paMeTpbl al ~ a2 ~MeDT OA~HaKOBbl~ nOPflAOK. 
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hj P:Hc.6. COrrp:HKOCHOBeHHe rrOBepxhj 
hj HOCTeH COCTaBHOH CTpY:H: a 

= 0,707, at = 0,00015, a"2 

= 0,02, Ô '= 0,5, Po = 0,5, 
h 10 = 0, 05, Tb = 3, 4. 
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B pa3B\I1T\I1e B03MYllleH\I1C1 HOB~C1 

3~~eKT: 3aAonrO Ao 06pa30Ba
l~T \ 

: 

-, \ 

o 

~o 

~ 

H\I1f1 Kanenb 06e nOBepXHOCT\I10 
C\I1nbHO np\l16n\l1malOTCfI oAHa K 

APyroC1 \11 Ha HeKoTopoM Y4acTKe 
W. 

.~ 

Q~ -, 
a~ 

CD 

nt2 ~f 
o 

l 

o 

P:HC. 4. OrrT:HMaTIhHbIH p acnan Hg- P:HC. 5. OrrT:HMaJIhHbIH p acrran coc

pa cocTaBHoH CTPY:H:a = 1,414, TaBHoH CTPY:H KaK ueJIoe: a =0,707, 
ai = 0,015, ()2 = 0,02, Ô = 0,5, a 1 = 0,02, a 2 = 0,8, Ô = 0,5, 
Po = 1, h = 0,05, Tb = 3,48. Po = 1,h 10 = 0,05, Tb = 4,145. 

lO 

KaK noxa sua ae r nil1He~HblC1 aaanua , C YMeHbWeHiI1eM ()1/0"2 Kpil1Bafl 

3aBiI1CiI1MOCTiI1 BpeMeHiI1 pacnaAa oT BonHOBoro 4~cna npOXOAiI1T 4epe3 

ABa~iI1H~MYMa: OAiI1H COOTBe,TC r ayer ab~)t ~ J212 , a APyroC1 - a~~)t ::: 

~ Y2/.2 Ô ~ fpy60 rOBOPfl, Kp\l1Bafl T b - a KaK 6bl BKnl04aeT 06a M~H\I1
MYMa, COOTBeTCTBYlOlll\l1X ABYM npeAenbHblM cny.4aflM al/a2 ~ O \11 ()t!()2 ~~. 
C YMeHbWeH\I1eM o/a 2 onpeAenfllOlll\l1M IMeHbW\I1MI OKa3blBaeTCfI %pry2/2, 

npil14eM nepexoA oT 60nbwero K MeHbWeMY a op t npOil1CXOAiI1T CKa4KOM. 

nOA06Hoe nOBeAeH\I1e OCTaeTCfI B c\I1ne \11 np\l1 Hen\l1HeC1HOM pa3BiI1 T\I1i11 

B03MYllleH\I1~, XOTfI 06a BonHoBWX 4\11Cna HeCKonbKO c6nil1malOTCfI. nO
B\I1A\I1MOMY, 06bflCHeH\I1e ManOOmil1AaeMOrO CKa4Ko06pa3Horo \I13MeHeHiI1f1 

aopt HymHO \I1CKaTb B OrpaH\I14eHHOCT\I1 06naCT\I1 np\l1MeH~MOCT\I1 °AHO

MepHWX ypaBHeH\I1C1 AB\I1meH\I1A cocTaBHOC1 CTPY~· KaK \I13BeCT HO, 3T\I1 
ypaBHeH\I1f1 nonY4eHw np\l1 npeAnOnOmeH\I1i11 O nOCTOflHCTBe AaBneH\I1f1 no

nepeK CTpY\I1. KorAa BKnaA nOBepxHOCTHWX HaTflmeH\I1C1 o6e\l1x nOBepxHO

cTeC1 OAHOro nopflAKa, Y4eT B3a\l1MOAeC1cTB\I1~ flApa \11 cnofl 4epe3 AaB

neH\I1e MomeT bKa3aTbcfI cYlllecTBeHHwM. 
B nnOCKOCT\I1 T -a nepexoA OT KOpOTKoBonHOBoro M\I1H\I1MyMa K An\l1H

HOBonHOBOMY oCYllleCTBnfleTCfI 4epe3 ceMeC1cTBO KP\l1BWX, \I1MelOlll\l1X B 

Anil1H~OBOnHOBOM A\I1ana30He \I1H~neKC~YIO T04KY· 
4T06w 3aKOH4\11Tb paCCMOTpeHiI1e TiI1n\l14HWX ~OpM pacnaAa coCTaBHOC1 

CTpYiI1, paCCMOTPiI1M cnY4aC1 Po < 1 B 06naCT\I1 o 1 «()2 Ip\I1c.61. C T04
K\I1 3peH\I1f1 OTHOWeH\I1f1 ()1!()2 3TOT cnY4aC1 OTHOC\I1TCfI K ~OpMe pacnaAa, 
\I1306pameHH0C1 Ha puc . 5. OAHa KO YMeHbWeH\I1e nnOTHOCT\I1 B cnoe 81-:0CvIT 
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CTaHOBflTCfI napannenbHWM\I1. B 

3T0C1 KOH~\I1rypa4\11~ AByxcnoC1Hafl 
CTpYfI TepfleT YCToC14\11BOCTb \113

3a COnp\l1KOCHOBeH\I1f1 Mem~a3HWX 

nOBepXHOCTeC1. MHTepeCHO OTMe

T\I1Tb, 4TO n\l1HeC1HOe peWeH\I1e 

np\l1BOA\I1T K HenocpeAcTBeHHOMY nepeCe4eH\I11O nOBepXHOCTeC1. TaKiI1M 06

pa30M, 06pa30BaH\I1e Y4aCTKa COnp\l1KOCHOBeH\I1f1 f1BnfleTCfI CYllleCTBeHHO 
Hen\l1HeC1HWM 3~~eKToM. npil1 paCCMOTpeH\I1\11 3Toro Y4aCTKa Ha OCHOBe 

OAHOMepHWX ypaBHeH\I1C1 ABiI1meH\I1f1 HymHo c06nlOAaTb HeKOTOpylO OCTopom

HOCTb, Ta~ KaK OH\11 , Bo061lle rOBopfl, Henp\l1MeH\I1MW np\l1 Manwx TOnlll\l1

Hax 3a30pa MemAY nOBepxHOCTflM\I1. 3TO me 3aMe4aH\I1e OTHOC\I1TCfI iI1 K 

06nacT\I1 B6n\l13\11 T04K\I1 pacnaAa CTPY\I1 Ha KOHe4Hwx cTaA\I1f1x pa3B\I1T\I1f1 

B03MYllleH\I1C1. 
Cne4\11anbHOro BH\I1MaH\I1f1 3acnym\l1BaeT Bonpoc o Bnil1f1H\I1\11 Ha4anbHWX 

B03MYllleH\I1C1 Ha Te4eH\I1e CTPY\I1. np\l1 Manwx Ha4anbHWX aMnnil1TYAax 3TOT 

BonpoC Mbl HenocpeAcTBeHHO CBfl3anil1 c peWeH\I1eM n\l1Heap\l130BaHH0C1 3a

Aa4\11. CpaBH\I1Bafl c OAHocnoC1HOC1 cTPyeC1/5/ , rAe ~YHAaMeHTanbHoe 
peWeHiI1e n\l1HeC1HOC1 3aAa4\11 COCTO\l1T \113 B03paCTalOllleC1 \11 y6blBalOllleC1 rap

MOH\I1K, MW B\I1AiI1M, 4TO B cnY4ae A9yxcnoC1H0C1 CTPY\I1 OHO \I1MeeT 4eTwpe 
n\l1HeC1HO-He3aB\I1C\I1MWe rapMOH\I1K\I1 - ABe B03paCTalOIll\l1e \11 ABe y6WBalOIll\l1e 
Inp\l1 ~amAOM ~\I1KC\I1pOBaHHOM BonHOBOM 4\11Cne B A\I1ana30He O<a < 1 I. 
3TO np\l1BOA\I1T K 60nbWOMY pa3H006pa3\111O B cnoc06e B036ymAeH\I1f1 B03
MYllleH\I1C1 B COCTaBHOC1 cTpye. Bwwe MW ~aCCMOTpen\l1 TonbKo 0A\I1H cno

c06 B036ymAeH\I1f1, OCHOBaHHWC1 Ha rapMOH\I1Ke c 60nbW\I1M K03~~\I14\11eHTOM 

HapaCTaH\I1f1; npil1 3TOM 3aAaeTCfI Ha4anbHaR aMnn\l1TYAa BHYTpeHHeC1 no

BepXHOCT\I1 IHa4anbHwe ycnOB\I1f1 cornaCOBaHW c 60nbW\I1M K03~~iI14\11eHTOM 

HapaCTaHiI1f1/. KaK OKa3anOCb, np\l1 TaKoM cnoc06e B036ymAeHiI1f1 CYllleCT

I 

; 
BeHHWM f1BnfleTCfI Bw60p CTapwero K03~~\I14\11eHTa HapaCTaH\I1f1 Inp\l1 AaH

HOM a I. npil1 np04\11X ~iI1KC\I1pOBaHHWX napaMeTp~x, npil1 \I13MeHeH\I1i11 Ha

J 4anbHwX aMnn\l1TYA h m iI1nil1 h~ , ~OpMa pacnaAa iI1 pa3Mep Kanenb npaK
T~4eCK~ He MeHflIOTCfI; OT Ben\l14\11HW aMnn\l1TYAw, OAHaKO, 3aB\I1C\I1T Bper 
MfI paCnaAa CTPYil1. 

Ha p\l1c.7 AeMOHCTp\l1PyeTcfI Bap\l1aHT Ha4anbHWX ycnoB\I1C1, KOrAat.1 
B036ymAaeTcfI TOnbKO rapMOHiI1Ka C MeHbWiI1M K03~~iI14\11eHTOM HapaCTaHiI1f1. 

I nepBoe OTnil14i11e OT pil1c.16 COCTO\l1T 8 TOM, 4TO 06e nOBepXHOCT\I1 pa3

B\I1BalOTCfI B npOTiI1BO~a3e - BnaA\I1He BHeWHeC1 nOBepXHOCTiI1 COOTBeTCT-

I 
11 



CD 

o 

PHc.7. B036~AeHHe MeHbweH 
rapMOHHKH COCTaBHOH CTPYH: 
a = 0,5, a'l = O, O15, a2 

hj 

(])
~5 = 0,02, ? = 0,5, Po = 1; n a-: 

'llaJIhHhIe YCJIOBHH, cor-nacoaaa-: 
nue c MeHhweH MOAOH, h 10 = 
= 0,05, Tb = 2,555. 

1° 
ByeT rop6 BHYTpeHHe~. nepBWM 
pa36~BaeTc~ ~APO, 06pa3Y~ .:] 
OCHOBHy~ ~ caTenn~THY~ Kan
n~, ~, 4TO nD60nWTHO, caTen-
n~T ~opM~pyeTc~ Ha y4acTKe, 
Ha KOTOPOM pacnono~eH rop6 
BHeWHe~ nOBepXHocT~; no cpa

1 BHeH~~ c p~c. 16 pa3Mep caTen
ff n~Ta c~nbHO YMeHbwaeTC~. Ha 

p~CYHKe 3aMeTHa TeHAeH~~~ K 
c6n~~eH~~ nOBepxHocTe~: ~x MO~HO np~BecT~ B conp~KocHoBeH~e np~ 

nOAxOA~~eM suõope OTHoweH~~ a 1.1 ~~Kc~poBaHHblx np04~X napa

~1 

1/a2 
MeTpax, np~4eM MO~HO coxpaH~Tb Po paBHWM eA~H~~e. 

B pa60Te /3/ ~cnonb30BaHW Ha4anbHwe ycnoB~~ T~na /1 .12/, np~ 
KOTOPblX He3aB~C~MO ~ oAHoBpeMeHHo rapMoH~4ecK~ B036Y~Aa~Tc~ 06e 
no~epxHocT~. Pa3B~T~e nOBepxHocTe~ ~Apa ~ cno~ np~ TaK~X oHa4anb
HWX B03My~eH~~x nOKa3aHó Ha p~c.8 np~ nOMO~~ ~YHK~~~ Sj± • XOA 
3T~X Kp~BWX B An~HHoBonHoBoM A~ana30He Ka4ecTBeHHO nOA66eH cny
4a~ onuocnoãuoã crpyn , ,Ltn~ cp aaaeuaa õuna npoaerieua õonsuiaa ce 
p~~ 4~cneHHblX pac4eToB. B pe3ynbTaTe MO~HO c~oPMYD~poBaTb cneAY
~~~~.06~~~.BWBOA: np~ ~~Kc~poBaHHwx 6e3pa3MepHwx napaMeTpax 3a
Aa4~ ~opMa pacnaAa ~ pa3Mepw OCHOBHWX Kanenb ~ caTenn~TOB He 

3aB~C~T OT Ben~4~H Ha4anbHWX aM
nn~TYA. ~opMa pacnaAa COOTBeTCT
ByeT n~He~Ho~ Teop~~ ~ 4a~e Bce
ro Ha KOHe4HWX cTaA~~x pacnaAa 
B03My~eH~~ nOBepxhoCTe~ ~Bn~~TC~ 

oAHo~a3HwM~. OAHo~a3HocTb B03MY
~eH~~ BcerAa ~MeeT MecTo, ecn~ 

06e Ha4anbHWe aMnn~TYAw nono~~

2 TenbHW. 
B 3aKn~4eH~e cneAyeT e~e pa3 

oTMeT~Tb, 4TO BB~AY MHoronapaMe

;;~:",;~;:::::SI-S2-

5/+ 

PHC.S. HapacTaHHe rop6a H BrraAH
..... HhI norrasr aa o õ etrx rrOBepXHOCTHX: 

;..".., napaae-rpsr , KaK na pHC. 2; uavarrs


o
 ] nsre vcrro ana 1, 12: h 10 = h 20 = 0,05. 

12 

TP~4HOCT~ 3aAa4~ B HacTo~~e~ pa60Te ~ccneAOBaHa ponb rnaSHWM 06
pa30M OTHoweH~~ nOBepXHOCTHblX HaT~~eH~~ ~, 4acT~4Ho, Bn~~H~e OT
HoweH~~ nnoTHocTe~, a TaK~e HeKOTOpwX Ha4anbHWX ycnoB~~. TeM He 
MeHee Ha 3TO~ OCHOBe MomHO ~TBep~AaTb, 4TO K~K 06~eKT ynpaBneH~~ 
HeycTO~4~BOCTb AByxcnO~HO~ ~TPY~ npeAocTaBn~eT 60nee pa3Ho06pa3
Hwe B03MO~HOCT~, 4eM OAHocno~Ha~ CTpy~/5/. 
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PaAeB c.n. ,60AAm~eB T.n., ny3~H~H H. B. 
4~cneHHOe MOAen~pOBaH~e Hen~He~HO~ HeyCT0~4~BOCT~ 

ABYXCno~HO~ Kan~nnApHO~ CTpy~ 

PS-86-699 

B r~Apaan~4eCKOM np~6n~meH~~ Te4eH~e HeBA3KO~ ABYXCnO~HO~ CTPY~, COCTOA~e~ 
~3 AAPa ~ yaneKaeMoro cnoA *~AKOCT~, on~c~aaeTCA c~cTeMo~ ~3 4eTblpex Hen~He~
H~x A~$$epeH~~anbH~X ypaaHeH~~ OTHOC~TenbHO none~ CKOPOCTe~ ~ paA~YCOB. AnA 
yKa3aHHO~ C~CTeM~ $OpMyn~pyeTCA CMewaHHaA 3aAa4a C nep~OA~4eCK~M~ rpaH~4H~M~ 
ycnOB~AM~. npoBeAeHO 4~CneHHOe ~ccneAOBaH~e Bn~AH~A Hen~He~HOCTe~ Ha HeKOTO~ 

p~e peweH~A cooTaeTCTBy~e~ n~Heap~30BaHHO~ 3aAa4~. B 4aCTHOCT~, B~AcHeHa 

ponb OTHOWeH~A noaepXHOCTH~X HaTAmeH~~ ~, 4aCT~4HO, OTHOWeH~A nnOTHOCTe~ cno
ea. AnA npoaeAeH~A pac4eToa ~cnonb30Banacb KOHcepaaT~BHaA cnna~H-pa3HOCTHaA 
CXeMa, on~caHHaA paHee /5~ noKa3aHo, 4TO KaK o6beKT ynpasneH~A HeyCT0~4~BOCTb 
Aayxcno~Ho~ CTPY~ npeAOCTaanAeT 6onee pa3HOo6pa3H~e B03MO~HOCT~, 4eM OAHocno~ 
HaA CTpyA. 

Pa6oTa a~nonHeHa 8 na6opaTop~~ 8~4~Cn~TenbHO~ TeXH~K~ ~ aaToMaT~3a~~~ OHRH 

Coo6meHHe QfueAHHeHHoro HHCTHTyT3 RJlepHblX HCCneAOBaHHH. Jly6Ha !986 

nepeBOA O.C.B~HorpaAOBO~ 

Radev S.P., Boyadjiev T.L., Puzynin I.V. 
Numerical Study of Nonlinear lnstabil ity 
in Two-Layer Capillary Jet 

PS-86-699 

In hidravl ical approach the flow of nonviscous two-layer jet (inner and 
outer layer) is described by a system of four nonlinear differential equa
tions for the vectors of velocities and radii of the jet. For this system 
a problem is formulated with periodical boundary conditions. A numerical 
study how the non\ inearity effects some of the solutions of the correspon
ding 1 inearized problem is performed. In particular, the role is investiga
ted of such parameters as the ratio of the surface strain and the ratio of 
the densities in the jet. For this conservative spline-difference scheme is 
used. It is shown that the two-layer jet, being a system with more parame
ters that the one-layer jet, is better control led. 

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