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U . ~~~ . BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transllteratioo
A ~ A a A , a P p p p R , r
1 0 5 6 B, b C ~ c c 5, 3

B • V , V 1 T 7 m T , t.
r r  r • G ,~~ Y y  y y U , u

~~ .~~ D, d F , f

E e E a Ye , ye; H , e* X x x z Kh , kh
Zh , zh 4 ~ Ts, ts

3~~ 3 s  Z, z Ch , ch
k1~~i H a ’  1, 1 W w  1 1 1 w  Sh , sh
H i-i A D Y , y Ui, ui, ill aq Shch , shch
H u ~~ x K , k b b

fl~~ L, l Y , y
i M~~~ M , m b b  b e

H H H ‘~ N n 3 ~ 3 i E, e

D o  O o  0, 0 hJ ao Yu , y u
f i n  t i n  P, p  H a  Ya ,ya

*~~~ Initially , after vowels , and after b , ~; e elsewhere .When written as ë in Russian , transliterate as y~ or ë.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinh~~
cos cos oh cosh arc ch cosh 1tg tan th tanh arc th tanh 1
ctg cot cth coth arc cth coth_1
sec sec sch sech arc sch sech 1
cosec csc csth csch arc csch csch

Russian English

rot curl
ig log
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Lr A,i t ~~ i: CAL. A 1ALY :~ I :1 I )i? J~~ f lT A B 1LITY OF I~~PL !~T ’1 CT (
~YL 1i1i F IC /\L

~~~~ 
r~ Th1:arov (t ~~ crn,’)

T h i s  ~so r I~ exa ; i the~ t he nro!; l~ rn of s t a Y ~i l i tv  of a t h in c ’ l i n —

dr ical  shel l. , t he nidd lQ s ur face  of ~h ich has random ini t ial  d r ? v i a —

t ions f ro~ t h e  Hea l sha ne .  ror a so lu t i on , ~:e used t he met hod of

~,1~~ J~ uo lnt in [1]. For the be j inn inn , ~.‘e use statistical character-

istic s of i fli t ial errors o~ tained accordin q to exn e ri ri enta l data in

‘. ‘or k E2 J.  ~;e arc tr vi nq to construct a solution to the stochastic

nrr)~)leII o f  staHlit” of a cy lindrical shell uith a ran doi~ calculated V

nun~-er of rand om nara~ieters ~‘h i c h characterize the deviations of the 
V

riHdle surface from the ideal shanc . Je selected for thesc narame-

ters cne ffir.le nt s of ~ do u ! le  Foüpier se r ies , iith th~ aid of wh ich

the errors of initial errors arc pres ented .

1
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Let u•; I’~~1’:~t ex - u i ~ 1ne t he  c l et e rn ln i 3t i c  p r oL  1cm o~’ V t ~~~~L .~ 1~ t~r of ~

~ c - r l i n ~ r i .c~i1 Theli  u h i c h  hi ~ ~ n ~t i ~ l 1evi~~t ion  rr en the  1 Ici 1 ~;hape

~ r�~~ ~~ ~ ~;:~~ r e  th i t  th e  :~hel1 ~ :; under th e  In f l i u c t e c  o~ 1onr ~~t u 1~~ri~t i  

~!r1F- 1o~~’1 ~ ( f i  ~-~ r o ) .  V T
C mill eon ~;i Icr t h at  t he  I r~1 t 1~i1 ~~

~ t~ roi~~l :v~pr 1rir ( ‘V m
1 ~~~ ) ~~‘e ~~u 1.l in co ~ r~~:;nn v~ t b  th e

c~k nes3 or the ~ho 11 ( h ) , ~ n the :~tr e:~~ — d e f’ c~ ~mot ‘ c m  ~ t ite  ~~~~~ 1•l ~’

V 

_ _

!t • ( f l ~~1 r’fl ’Ter~en t  o~ in the r~ cr~ tic~i1 ~t ’~ fle ~ 1t h  t cm; e “ t ~ —

c ’~~~~t~~en ~ mu :t V~a t 1h~ r-, e r ’ m~t~~on.s o r  t h e  J ) o n n e l l_  U ; tV r _ V 1 l :~ov t z ~~es

-

~~
- -a.. — N ~‘ w,) -k ~Ax 1 = 

V

eer : — ~‘wct ~on o~ ~dd t i ona l ~t~~e~~~e;3 , I — ~:0~~U] .  L O~~

t T h I t ; ’ 7 , F) — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r i~~. ic1it~’, ~ — r ’~dius  of ~ the  r ;he l l .  r 1 r f lu rh

the I- ’~~1i.’; o~~er~~to” i~ ~Iesipnated .

‘ u t  1~~V fl~~ to the  ~o 1utIori  e qu at i on , we olt a in

— ~~~~~~~~~~ ( 2 )

~ o o~ n’ir~r~ cotid~ t~ enr~, we take  support  eon ( f l ,t lons:

w~~~~~~ .= O  (zi~~ O, L) ( 3)

lere , L — ler.:-th of the shell .  T n n re nt i R l  con I~~tiofl:; m i l l  Le

ro rme l t: iu~~i~r :

Nu~~~~~ N, NM O ( ~~ iu. O, L) . (14 )

2
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:~~ •t U ;  ,~~~~~~~~ ( V  1 : V ~~~t ( 1~~ ’r U ti (~~15 (‘ ‘ t ;~e m ’ r J ~ j 1V  V 
~P

’ (’~ ~~~ t h . V

V e
’
~~’~ ~~~~ ~ ~e~ ’ 1 r 1 n I l ’ .’ cai  H i n !  e cmn  Lu r ’r ~n t o ’i  th

10~ (*,, x5) ~~ g~~ I’D + E ~ g~~ sin “
~~~~~ sin 

~~~~
. +

+~~~~~g~~sin-~~fL cos. L (
~

)

~ 
~~~~~~~~~ ~~~~~~~~~~~~~~~~~ — ~~e ’J~~tent.~ (~C b r e n L : d m : y ,  11

.;‘ H.~em~e~ tli be exririine (1 as r- mmio n .

‘~~~~ fl ~~~~~~~ ~i 3o l u t ! on  ~m the r er .:~ 0 r V 1 V ~~~•

to (5) ~~~~~~ ; ;n t  ~ C ’  (~~~ t i e  UOUfld2~~-r c o n d i tj o n ;~ cC th e  ~ ‘ ‘

“p +~~~~~/~~sin mr
in m n  

((i )- 
~~I 4~) . m~x1 IIXf+ ~j ~~~Imn liD V

~~~~~~~~~~OS -r~
~~~~~~~~ c~n~~”f ~~~ L en t ; ;  me obtain cxn r e :U s i on

~(‘) 
I~IUf~TIN j(~

I 
_______ 

(5) f~fl~ITp~fl ( 7 )FIN — 
~ — ~ ~ F inn T ~~

— , i —IN IIN*

:ri’r~~, — 
N N m~ RT,,1~~~~~, Yms~~~~r ,  ~bin =m fan

~~, Zh’ I I h , R 1 1‘~~~“~~F[ 12~T—js ’) “K
V~~~~~ ~T~~~J

N~~ — .

~~~~

- [ t2 (I—~5 41!!’ t~j”)’ ± .  
~~~~~

‘;5 inf ~ t he  ~e1ut ‘Ofl Vt f l  ( C) , vie cm (iet~ rr11ne the  r r e c  r .~ t i c  ‘1
;~

1V r o ; ; .~ ‘ .s t he  ; i cl i . Th u; , ~‘or exR~ r 1e, the  nu r roun d in~ ;;tre .~r:~ in
t V .e r~~dd1e V

~~1r P~1Ce ‘u i ]  1 be en ua l  to

~~~~
‘.._-

~~.[~~ 4~ sin m ! !
+~~~~~ ,

( )  (N’t”k~.’) 
—~~~~~~~~~ 

( 9 )
+~~ �2I~N 

(iI~~~~~~~~~~ If ~~~~~~ ‘~~ cos -~~ J
.~ct ‘m~ 3et up a problem on the 3t a t V~~~U ty  o~’ solution (). The

equ~ition o~’ neutra l eriullibrlum w~ 1l be o bt a . Tn e~ L ’i l i n e a r i z a t i on

near the un (listurbed equilibrium . Here, a;~ th is Is do n e normal1~, In
the theer’i of’ elastic stabllit’,, we will consider the s~ ster  “ri~-1 I” ,

3
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~~~ r e n t r  liUl the ~‘ eit~ c a l  mn ,y r~ ;e r i t : ;  ‘t fld m i ~t i a l  l c v ln t ~~u I : r :  in

~~~~~~~~~~~~ sen w I t h  t he  lnv h t l on s  Croci ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ eeu 1 J 1 ;r i ; i n  ;:~~ .

exr e r ~ n e nt a 1 V ta :;hnu , ~or :~he11s wh ui  Ho net  have  sr e eV ~ n i l  :i c re—

ated •te ”ect ~, th i ;~ I inear i~mt t i on  :L: ; f’u l l ’  r !Tht . L’h~ e’~un 1; 1 on fir’r

at~ on:; ‘n ~ t ” L e  t he  “orri :

w~ -4~- ~~~~~~~~~~~~~~~~~ (~~~)

Prec r i t i ca l  e u rr ou nd 1 rv~ st r e s V~ In the  m i d d l e  surCace , deter-

mIned accordlnr  t o  f’o rriu la (9), ent e r  i nt o  the  r iTht  h a l f ’  of ’  en u a—

t en (10). ‘or stresses me have exca’e:~s~ on:

N~~= — N+~~~~, N5 —~~~~ , Nil=N,I~~~—~~~~~ ( 11)

Let us note that a ::iri!lar approach  m i s  e a r l i e r  u sed I~ 7 1 . .~.

h a h n  [3] Cor an an a ly si s  of t he  ; ;t a b i litv  of ’ shell ::  m i H c h  h a v e  a x i —

~~~r V o o t r ic a l  errors .

:\n exact  an Va l~ r sI : ;  of ’ t he  enu at  ion of ’ n eu t r a l  e” U I V 1 1 hr 1u~ (ii)

d~ rr ’Icu lt  Hue to the  nre sence  in t i e  r~~rh t  h a l f ’  n f l  i l t i r l  L u r

There ”ore, cor lctermlninr the cr 1  t•ie a l  “n~ cer; ~ ~~V ( ~ ml 11 use a

variation of’ the Uubnov— tirilerl:Iri riet ied .

Let 13 rInd C u n c t t .on m~ in t h e  flor ~ o~ an ex e re n i  ‘ en v’:iLch s i—

tisf’ie~ COfl;1~ tIOfl:3 on the  e’Ires of’ th e  s n el l :

(12)

~there .j and k — wave numl eri which  ch ar a ct c r iz e  the Corn of’ loss of ’
p-’

st~ b i l i t v .  Expre i~sion (12 )  was selected wi th  con s i ’i er at l on  n f l  t he

shiCt o~’ nhase in the surrounc1in~-~ dIrection.

~1— — V ~ 
V ~~~~ 

VVV ~__ 
• 
~~~~
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nt  i .~ ‘-‘l act :  (12 )  in to  e eu a t i nn  (1~i )  : ‘mh :ho! an i t so th at  it

~~ 11 ho ;atl-Y’ied in terms of’ the ‘aUnev— ’~aler : ~~thH . ;ett~ n~
t o  ze’r .e ~s-~ ci’ b r  to H e t e r ’n ne th e  ; ;‘‘s tems 0 ” e m i t ons th  respect

to 
1 2’ 

~~VV O  ob ;t ~~~~ a rela t~~o ns h I r .  ~~VL I C connects t he  cri tical

ia 1 ie r”~ t h e  load n a r a” et e r  w I t h  th e  c n e f l ” 4  c ent s  of ’ L r e i k , i e V / f l  of ’

t h e  “un c t i o n  of ’ in it i a l  errors
r ‘ Va(o) m~I I —  

~~~~~~~~~ I —L ‘j~

= [
~ ~~flfl• v,,~ (1— ~~~~ 

)t + [~ ~~lfl fl • 

V

~~ 
(1— 

~~~~~ 

( 13)

o”- 
(0) (1) (2)

~(O) — ~ (1) °mn0 ~ (2) gm~~V ‘ ?fl — = ~7j ‘ ~mn•

Rh’ I h (k’ + ‘es’)’ R ~‘? ( 1 ~v = —~— N , v~ — ~2(I — ~~ ~~ + 
~~ (k’ + )j’)’

2k, V~~~~• = V innIa. ,*, l’mn. = Inn I
On e f ’f ’~~oien t s  a,~, and bm depend on the wave n u m be r s .

~e l tt  n sh~~r (13 ) can be si~~n 1C~~ca n t l ’  : ; i nr l i  “ l e d  if  we c n r ; s I —

‘1~~~’ t he  Col1o~V - i n f l  i ne”u al itv :

?i n <1, Imn.< 1 (15)
to tn~ .~ case , C) ” v, we obtaIn  an expl i cit :7  e x n r es s io n

_________ ( i ( )
~~~~~‘1k/(i + X,+ yX1’+ I,’)

~ere
x._~~~~~ , X5 _~~~~~~~

m , X•=~~~~,~~~ (17)

Let us note that in the ex,ress I o n  f’or v , the  wave aunl,er :;  .1

and k remained rari tan. ‘~‘or the ’r detern~ nat~ on in the f utu r e , we

mu st mIn im ize  ‘1. 
V

Let us enp1o~, the ~ npr ox ima t ion  r e i nt l o nsh ir  ( 16)  f’or st u d yin g

the s t a t i s t i c a l  tie between c r i t i ca l  stresses and random devia t ions

fro m the ideal shane .
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—-s.- w

V’e ‘ t11 tr”at breakiown In (5) as mectral presentat or of

ra n d om ~u n c ti on  ‘‘ ,~~~. hen t he  se t  of’ v a lue s  L~’>, ~~~~~~~ ~±J~ 11 descrIbe

t h e  r andom spectrum “or :‘.~~~~. L o t  us a s su :  :e tha t  th i e s~ coe f ’C e t e n t s

“ nm th e  s ’ster i  o~ n o r m a l  r and om v a l u es . En ~•~ i i  s i s~~~, th e  n ech aL

l ’. t~ “unc t  I ens Cor coc rr :  c t e n ts  X 0, X 1, and  h2 are onrir e: Lt  on :;  o~

norma l 1CeV~5 • ~~~~~~~~ t h e Ir  del , ”r n ln at ln n , ~t i s  ;;ui ’ fl b len t ta have a

e o !, ,e l at i o n  n at r t x  of ’  t he  5~~OCt1’Uri 0r  .EnIt ial error::.

• e r u st  ‘let ern l  me t he  mat ~ mo m i t l .cal ex~ ec t a t  I on n ” or  t ~c ii I on

~~~~~~~~~~~~~~ re at on s e ( 16 ) , me o h t u l i  i n  t h e  f ir s t  : r :,r ~~x i~~~ t i e u

( i L . )

r : e  r a t ’  r - t ~~c 1  n ;~r e e t a t 1 n n i s i~ . th e ri~~u r t par t  : t T • I  ex~~”, : ; : ; e d

t hr  c .a s~~c t”r ~ :t ’ c:; n f l  t h e  C , 02f 1c : r l ts  ~u o r ;  • ‘c j ~~ e (
~~) n

t ~‘
- 

~ 
‘ lom~ n~ rair;ner

<X.> =~~~(~~~
) - -

— 
~~~ ~~~~~~~~~~~ ~~~~ , <X1> = ~~~~ <~ S~> -k-- ( 19)

(~~~~Xj
1 
+ Xe’) — c 

~ 
X~ + X1’ exp {— -

~~ ~ 

x

_______ 2wu(Zi—<Zi)) (Z, (Zi)) 
+ 

(“~~~“~~J}dx1dX. 
V

-)
e . :;.V e r ~3 1 ~~~~ and and a lso  c o e ff l i  d ent u ” c o r r el a t  I ’ l l ;

r e :m’e3ent I iV1:e ~~~~.:’ co m b in a t l on s  f m :  t he  clercntm; of’ the corm:1a—

tI em matr~ x c ’’ t h e  ; r’ ’ct r ln o ” ! V n i t VL a .L e r rors .

-Lr t i c  slu r ]  -i s Er r  le r es ul t  I:; o b t a i n e d  In the  c i .;u ;:uere

‘u n c t i o n  ;~~~~ is u m l  fl~ En t h e  c I r cu lar  direct! on • h’he ex ; “ e : :; i

~nr [v] t’h:es t;~c form:

(v) — v~/(i + (I.)+y2 ( j X 1I> )  (20)

6
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1.. the ‘h~ai. 
;; t ’  •e~ ‘ .0 . V 1 I V :~ V 

~~~~~~~~ ~~~~~ / ‘~~~~~~~‘( [ i ]  n c c w ; s : w  to

~~~~~~~~~~~~~ nu ’~ c • ; ‘ m.~~ h , uCc~~ ’V~’~~’ :; cr ~ V~ ‘ s ~ t ’  0r V : 0~ t ’ . ’ r ’’i e

~
‘ - : : ; ‘ ~~~~~~ c’~ “ ‘ ‘ ;r’ _ 1_ (’ th i ‘ : ) ~~: 5 y - ’ . tc  :; ;an e  a ’’ 1 n ss

h e l n t4 V c : : u l I m V ; l ’ h e  ( 4 )  can  Lu  u: ;ei u l s u  “n o  :l V U r’ . I : ~~ t h e

‘~“rh n L i  ] V ~~” ,j o : i ; ; ! t - T  0 ’ CP I V t I C i l  lo~~h . ~“ o l l c w in ~’ sun : [1] , . 0 I

t h ’  f ’o l lo ;uln 1 e x p r es si o n  Ccr p ( v ) :

p (v) =c~~p [g (v , Xi, X,) X1, XsJ ~c . _2)j dXIdX, (21 )

•c re c — n o r n m l Iz in ~- m u E t I r l I e r , arid f u n c t i o n  r~(v , h~, L~~) o m n l ;

g (~ 
X~. X,) = Vj k Iv — 1 —Y~ —

~et us irLo ”l-r stop at sore numerical results . Let U ;  e x a m I n e ,

~
‘nr ox m m r V t e , the  ser Ies  n ” c’~i1n’!r.~cul V h . O l i 3 , ‘‘or wh I c h  51 ;

exrer 1 n un a  tal  .1 : IVe  ot  ~~~~ inn : :  ‘ er e  con h u c  ted  Vifl wooL : [2] . - nml  m c i

“
“ narasieter:; m ’~re -is “cliows:

h — 0 0i8 es, R — 10 cs, L — 30 cit , E = 2.1 .106

h’~ nnnrutat~ ons , conducted with various values o ’ w i v e  n i l :  her:;,

I. bo y !  the ~ol1o : I . n c  r e su l t s :

k— a 4 5 1 7 8
(e) asI.j 2 0.~3 0.65 0.42 0.44 0.31 (~~1kii. t)
<v >— 1.10 1.21 0.96 0.81 0.70 0.58 (~~lk~~~1,5)

L’he srallest va l u e  [v]  corresponds to ~~~~ X j / b V =1. t~ccor 2~n i ;

to t h e  d at a  ii. t ic ex ’-er lment , [v*] 0 .23.

V i e  i I V ”” e r e n c e  b e tw e e n  the  t h e o r e t i ca l  mmi i e x p e rI m e n t a l  va lues

; .~as 3~~~, ‘alICh at t e : ;t s  to  the  :;at i s f’ac torl ’  con ’-’ruence  of ’  results.

“~m c o n s t r u c t i r i w  t l i ;  d i s t r i b u t i o n  of ’  c rit I cal ,  forces , ~‘e can

use r e l at i cn sh li  ( 2 ” r ) .  Int e , -ma ’t l o n In  the  form of ’  (21 )  i s  e a sie st

to  a c c o mn ]. i sh  nure r±ca l lv . r V
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