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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A , a P p p p R , r

£ 6  B, b C c  C c  S, s

B B B S V , v T -r T m T , t
r r  G ,g Y y Y y  U, u

D , d F, f

E e E a Ye, ye; E, e5 X x X x Kb, kh

~ JR ~c Zh , zh t.4 ~ Li q Ts, ts
3 a 3 s Z, z LI V Ch , ch

M w  K u  1, 1 W w  i l iw  Sh, sh
a y , y U4 U4 ill cq Shch , shch

K H  X x K, k

J1 n ft A L, 1 bI ~ e, Y , y
M M  M M  M , m b b  b ~
H H  H N N , n 3 3  9 ~ E, e

0 o 0 o 0, o FO ‘a Yu , yu

fl n 17 a P , p H A Ya , ya

*~~~~ initially, after vowels , and after ~~, ~; e elsewhere.
When written as ~ in Russian , transliterate as ye or ë.
The use of diacr itical marks is preferre d , but such mar ks
may be omitted when expediency dIctates.

G R E E K  ALPHABET
Alpha A cv. . Nu N v
Beta B ~ Xl
Gamma r y Omicron 0 o

Del ta ~ 6 P1 II it

Epsilon E £ ~ Rho P p 9

Zeta Z ~ Sigma E a c

Eta H n Tau T t

Theta 0 0 1 Ups ilon T u
Iota I 1. Phi ~ 

p

Kappa K X K ~ Chi X x
Lambda A A Psi ‘V tp

Mu M p OmegaI



R USSIAN AND EN G LI SH T R I G O N O M E T R I C  F U N C T I O N S
Russ ian  Engl i sh

sin sin
cos cos

tg tan

ctg cot
sec sec
cosec csc

sh sinh

ch cosh
th tanh
c th  coth
sch sech

csch  csch

arc sin sin~~
arc cos cos 1

arc tg tan~~
arc c tg  cot~~
arc sec sec

j arc cosec csc~~
arc sh sinh~~
arc ch cosh~~
arc th  tanh~~—larc c th  co th
arc sch sech~~
arc csc h csch~~

rot curl

ig log

G R A P H I C S  D I S C L A I M E R
All figures, graphics , tables , equations , etc.
merged i n to th i s tr a n s l a ti on were e x t r a c ted
from the best quality copy available.
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CLO ~~R A P f I Y  A N D  ITS P R A C T I C A L  ~~ 1’LOY :~E N r

Co rL -~- s j ~o n d i f l & J  Me m b c r  of r h ~ AS U SS~R I A c a J e a 1 ci Sc ie nces U S S R )  L. D.

C~~k r r a r . h , Dcct or of P h y ~~i c c — M a t h . ~ata t ica 1 S ci e n c € s  s.. B. G u r € v i c h ,

Cc id~~t~~ of Ph y s i c o — M a t ~~~n -~~t i cu 1  Scien ces  ~~. A ( ;avr i lov

H c i oj r a p h y  is an a11— j~u r p c ~~ n~ t h c d  f c r  r € c o r d i n q  and

t€ rrc .ducin~ wave f i€ l d s  w i t ~ t h ~ I .u r .pc~~ ot rev€aling the necessary

~ntormdtio n both on an cbj€ct wh ich is a radiatio n source and on thv.~
n a t u r e  of t u e  wave t i e l d.

Th ’~ idea  of a ho 1o~j r a ç h i c  m e t h o d  tcr  L E C o L d i n g  and r e s t o r i n g

imajes was tirst pro~ os€d in 19148 ~ y t h €  E n g l i ~~ scientist V. Gabo z

who , ir.  1971 , was awarded t h e  Nob~’1 Prize tcr ~Fysics for this 

~~~~~~~ -~ _ _ _ _ 
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discovery . In the Soviet Unicn the first hcL k cii holography was done

by Yu.. N Denisyuk from 19~~ to 19~ 2.

The development of the holoyraphic method was aided by the work

cf N. ~~~. 3asov , A. M. Prckhcrov , a nt i  C~. Tauns , which led to the

cr&~at ion of a power tul coht; L~ n t  radiat icn ~~C U t C E  — the laser. This

discovery ~~rwitte d th � Aw ~ ricar . ~ci~-nti st~• 
~.L1eth 

and Yu.

CFatni yeks (as translit~-r at~~i J in 1962 to cttait th~ first laser

hclc .jram~ of diffusely L~~ili ct ir~ ol jects.
I

Ir rec’~nt yea:s in t . ; r~~st ir, nc1c (~Lap hy has sharp ly gr cw n all

cv~ r t h.~ world. This is .x ~~1ai re i Ly ‘J.c tact th at it opens

~ossibiiiti~ s for sclvinj j:r c l1EL. -.; wh ic i , cannct be solved I’y any

cth€r t~ethods, or tha t it ~cr ni~ . rF obtaining thE necessary results

sore sim~ ly and of L~ ctively t h a t .  l y c~i h € r  hays.

Ti:e pract ical uses of holoyraphy are sc vetied that tc examine

all of the m in one article i~; ~.npossiI.le. Therefor e we will dwell or.

ieveral at the more urgent uce~ ~~~~~ the  ~~st typical properties of

the holojraphic method are used.

Ac js known , with the aid of holoyraph y w€ can reprod uce truly

thre — .~ii~ensional images of obj~cts, and also three—dimensiona l

representions of phenom . ri a and processes which cccur in a specific 

~~~---— - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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volume. of course, it i~ mrcst na tural tc u~~ this pI.operty in image

techr .oloqy, television, and the cir€n ’a .

The work of lu. N. I)eni3yu~ tc a signiticant deqree aided the

accompl ishment of tnc pc ssihility icr usiny hclcgraph y in im age

techi~oloqy . The me t hod w h i c b i’.~ ~.rcpos~~i tct recording holog rams in

~,h r .~— ci~ensional ~neJia ~ 1f li j d i i i t~s t h e  ~roctss cf restorin g images

rrcm suc~ holograms, sinc~ th€ i : y ~~ can b~ cttained in white light .

~!hcs~ hoth yr-ams ca r. be u s c~ ~cr t i a i i i i r t j — d~~uro n s t r a t i o n  purpose s, in

~hc adv~~ tisiny business, ii tu .c cc~ structicn ct artistic panoramas ,

it. the designing ot exh ih iticr s , tt c.

T h e  use of holograp hy in t~ levisi cr is asscciated with

~ul;~~ antial d i ff i c u lt i e ~~; f i rst  ot all in c c n n e c t i o n  w i t h  the

necess it y to coor d in a t e  t h c  t i e m e n d o u s  v o l u m e  ct  i r . f o r m a t i o n  w h i c h  is

cc i :t a i r ;cd in the  h o l o g r a t  w i t h  t nc -  t h r c u y h p ut c a p a c i t y  OL t e l ev i s ion

sys t F m r ;  a l so, secondly ,  l i .c a u s ~ or  the a b s E f l C e  at the pre sent time

cf recEivin g and transm ittir .j dEvices wh ich a re  s u i t a b l e  f c i

h o l cy r ap h i c  te levis ion,  if a l roadcasting hclcyraphic television

m y s t e i t  is a matter Ct th~ ccni p a i a t i v e ly  d i s t a n t  t u t u r e , t h e n

holcar aphic sy.~tems of closed—circuit television can be created in

the near future, These systems ate indispers ahie in ~I.l cases where a

thr ee—dime nsional oriectatic ru i~~ needed , fcr example , in work with

manipulators in nuclear indust ry or with th€ docking of spaceships.
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Tk-.e creat ion of three—uiui cnsic z.al cinEm a is also connecte d w i t h

cvercomir .g substantial difficulti es — c~taininy large—size holcgrams ,

their ~rojt~ctjons without dist cttic is , with the holographing of

full—scale scenes, etc. Hclcyra~ hic irovie system s in which an image

is Ck ;S..~LYC tI by a small numbe r Cr s~~ ctators , tcr example iii aircraft

trainers arm i in instrument landing systems cf aircraft , can be

realized cctnpa rativ~ ly simply. in t h e  latte r case the pilot sees

alter ratin g three —dium ensi cna l im a g e - s  of the landing strip whic h are

restored from the hologram s and se~ u~ n~~ially shcwn cm command from a

conput u-r. The computer wcrk s tog~: th e r  with a radar station and

accomplishcts a change in zuclog rans in accordance with the position or

th~ airc raft in spact~.

Th~ ability of holocrams tc rq2socuce three—dimensional images

is also used in various fields of sci~ cc~ and technology. Here it

[erm itL conducting a pcsteriori ~rcces~ ing Cf the results for the

cntire volum e studiei from cne si n gle  hcloytam , which is especially

iwj ottant with the inve stiyaticn of rap idly—proce eding processes and

ph c - n o in cn i .  This  p rocess ing  ci t h e  r e su l t s  ci i n v e s t i g a t i o n s  p r cv ides

the possibility to cain both in thc tim e tcr ccnducting an experiment

and in tit~ resourc es which ar~ r eguired for this. For exampl e, under

conditions of a labor—intensiv e and exp ensive cxperiment on
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eer o [a l li sr i c  r o u t e s  f r c m  a s i n gl e  h c l c q r am  made in one experiment w~ 
-

C al .  cz)~~a r n , using all or t h e  k n o w n  m e t n c d s of v i s ua l i z a t i o n  of phase

cbject.~ (Fig. 1), any nu m b e r of phctcs which detect details in

various points of the obj e c t .

The processing of nclcy rapn ic images i~ widel y used for

~nalyzin~; rarticles w h i c h  a l c v e  in  ~ specific vclumo (holoc~raphic

a i s dr c ~~~~r~ — Pig. 2 ) .  AC ct i r  “ . r c e z e ” t h e  ~a r t i c l � s  and t h e n

analyz~ t h€ image in i t s  variou s cross—sec t ions. Thus, a

ch ~ - ~lent  l i g u i d  j .- r s  ~~~
- .- iCcO n ~l i s h ej , ae rosols a re  stu d i e d ,

t h e  L e.~~ ~~~~ in t h o  i n tL r s a l  v o lu n c ~ ct  s t r e a m — d r i v e n  t u r b i n e s  and

t he iii t~~i zial c om b u st i o n  c h i m h e r s  01 e n ç i n e s  a L E  ob s k r v e J , an d  t h e

‘ 1  qrcw th ~~ breakJo~~r. of va~ cr 1 L C ~~s a rc  inv~ stigat~ d.

TL ’ holographic m etbed ~~L ffits aia~ lityi ng the equipment for

re Co Ld lr .4 tracks in bubbl e Ch auLeis a i d , in certain cases, inc reaslhJ

resoiution. The expcri:nents t o m  r e c o r d i n g  t r a c k s  (F i g .  3) showed  th~

~oss~ b~~li t y f o r i n c rea s ir a  t h e  “ cha r g e ” of c h a n l e rs ( recorded

c v e n t s ) u i ~€ i , cor.seq u e n t l y ,  t h e  e r f e c t i venes s  of accele ra tors .

TL~ p r o p e r t y  of a h o l o g r a m  to  r e p r c d u c e  t h r e e — d i w ~ n s ion a l  ~~~~~~
ct  ui o b j e c t  w hich is p o s i t i o n € d  i n  t h e  f i e l d  Cf action ot acoustic

oscillations opens L:rosr~~c t.~ f C L  c r e a t i n g  u l t r ap h o n o sc op i c  sys tems .

The specifics of accustic ecloyraphy cctsist ci the use of

~~~~~~1



- • — -:~~ .~ .._ ~~~~ t’a .ez - . - . .. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-

D C C  =

coIr~~trativel y large wav~ lenj~~~ anu , as a r~~ ult , linear detectors.

This P C L  u i t s  d i s c o n t i n u in g  t h e  introdu cticn of a reference bea m in

the ~ 1ar.~ of th e  r e c e i v in g  ant~- nn~ ~ n d i n t r o d u c i n g  it by an

~- l - . ct  r~~r~ic wet s *o d .  S i n c e  t h e  re~~~cr a t i c n  of acc~~st ic  h o l o g r a m s  is

~iCccui p li~~h c l  b y  v i s ib l e  l i 4 n t , t visualizati cr. ot acoustic images

is t b ~~t e h y  co n du c t e~~; hc~ ev~~r , h e r ~ t h e  p r c i l e n i  of m i n i m i z i n g

di~~t c r t :r ~n~ caused by t h e  c j r c a t  i : t~~r € n c e  in h a v e s  of u l t r a s o un d  a n d

i i~~h~ a r i~~~s.

Aco~ s t i c  holo .~r Lp hy i.-~ ~:scn i~~i n j  t cr  s o l v i n g  p r c b l e m s  c o n n e c t e d

w i t h  u ]~~r a son i c f l a w  ~1e t ec ~~icn , t o t  iiiv ~ ..;t i-~it iry t h e  structure Cf

th i~ ~ait h’~ crust , and f o r  se~~rc i ;i r . d f c i  m i n e r a l  r esources . No less

imj or t u n t  r s  i t s  em~.loyil.ent in ceean cg iaphy and sonar d?tectior..

TFe~e is p a r t i c u l a r-  i n t c r e n ~ ii accu nti c hclogr~ phy fcr

m e d i c i r .’.. U l t r a s o u n d  is noz  c se i~~~ t i v € -  t~ .3 c h a r g e  in t h e

c h a ra c ter i s t i cs  of s p e c if i c  ~~~~~~~~ t h a r  X — r a y  t e a m s , a n d  w i t h

m oucra te intensity i5 h a rraes ~- . T r€f ~~ -’, we can icok for wa rd to

us inq holo graphy for t h r e e — d i r ~ f~ - i u n d l  v i e w i n g  ct anatomical

~tructur ’ s of bone and soft- ti uc~ , icr clser v in j the int erna l

organs o~ living objects, a n d  i c r  i~. c o r d i n ~ ~at~’olcgica l cha nges.

UnLor tuna t e ly~ the majority Cf w o r k  ic  this ti € l d of acDustic

t’cloytapt~y has net yet ict t th~ c c n f r n € ~ ot  l a l c r a t o r y

~nvestiy~ tions.
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In  t~~t r a n g e  of com ~~a r a t i v e l ~ l o n g  waves which ir e  used in  r a d i o

a nd  ac ou .~t ic holog ra~~h y ,  a u e t h o d  c~ s y r t h ~~�.i z e d  a p er t u r e  can be

re~i l i  z eu  w h i c h  s u b s t a n t i a l l y  m c i  e a se s  t i l e  r e s c lu t i o n  ot  s ystems . i t

f i i . .~t act~u i u o J  d e v e l o p m e n t  ir ~ r a  t a r .  T h e  e s s en c e  of t h e  m e t h o d

c on s i st s  of the  sp .-ic~ — t i i r  ~~~~~~~~~ ~~~i n j  c I s i g n a l s  w h i c h  a re  r e cei v e d .

~ h o i oy r  ~ is ~ cr m e d  S~~~~ U€  t i~~i 1~ accc) r~~ir .~ t c  t h - ~ n u t u a l  m c t i c n  cf

t he  c b j~ ct b e i n g  studied and t he  r e c e i v i n g  ~n 1t e r n d .  I f  t h e  a n t e n n a  is

in s t a l l e d  en a n  a i r~~l an ~~, t h ~~n t b~ L c s c i u t i c n  i r  t h ~ r e s t o re d  image

w i l l  ~~ ~et ~~~n ir i o d  no t  b y it~ C y s i c a l  ~im e n s i c 1 :s , ~u t  by t h e  l e n g t h

c~ t . -  i o u~~e t r a v e~~.~ed L y  t C ~ a i k c r a i t , i .e . ,  ~y t h e  u i n e n s i c ns  of

t h e  r e~clcg ra m ( F i g .  
~
+ ) .  F o r  r~~ ; e l u t ij n  cn the terrain , radar

~~~~~~~~~~~~~~~~~~ w i t n a sy n t n e s i z c  a p e r t t ; r e  a r e  cou ~.a r a L l e  w i t h  sy s t e ms  cf

aer i ~i ~~ ot o.j r~~phy a i d , a t  t~~e s dr ~c t i~~e, h a v e  s i g n i f i c a n t  a~ vantago~

cv*- : +~~
- t~~~~: a l l — w e a t h e r  C u~~ d~~~1 . i i t y ,  o~~t a i n i r g  i m a g e s  at a g re at

d is t arci- ’ f r o a i  t h e  C ar r i er .

1L sy~~th~~siz~~i a j e r t u r e  m e t h o d  c a n  b e u s ed  t o r  m a p p i n g  t h e

€ a t t t ~~~; s u rf a c e , f o r g l a c i a l  a n d  g e o p h y s i c a l  su r v e i l l a n c e , a n d  in

ay r i c u l t ui e .  I t s  use  f o r  ~~ace r.~search , fcr examp le obtaining radar

m a r s  o~ pl u n o t s  w i t n  opticall y i u i p c r v i c u s  a t m c s t h e r e  ( V e n u s ) , is

e x t r e m e l y ~r o mi s i ny .  S y u t h e s i z i n j  an  a l e r t i r e  c a n  be a c c o m p l i s h e d

~ecaus€ ’  of the  mov~~in~~n t of ~la nE- t s .  It is pr ec i sely in t h i s  ma r .ne r  

— -- -—~— - ~~~~~
. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t~~at an x~~e r in e nt  ~~~ a c c o wp l i ~ aed , as a r e s u l t  of w h i c n  a r a d i o

j u d g e  -~~t t L~ moon ’s S Ut t i Ce  ~~~ oh t a  m cd:  t h e  t r a n s mi t t e r  ar d

r e e e i~~u r  w e r e  ~o sj t r o n eu  on t t i e c i r t h , an d  ~y n t 1 ’e s i~~i n q wa s

acco’r ~~l:~~h e i  bcc4i u~~~ of t h e  u o v t l c - n ~ o~ t h e  m c c i  ( F i g. 5).

~c Iu ~ t i t u s  ver y u f t c - i~ t i n d  ~~a~- i o y i ~cn t  as a i tem s or t r a r s f c r m i r : -~
w a v e  t :o i i t s. S~~e c i fi ca l l y ,  i~c l c~~u U u ~~ a r e  u s e d  as o p t i c a l  ~l e m e nt s :  a

-~ ~j r~~t i n g ,  a r . 1 co t : ec ~~ :i~~. ‘
~~~~ t ~cci1~~i n g  F r o ~~er t ie s  ,f z on a l

- ~l a t - -’s ~~~i C a  a r e  a n ) l o o r c i n Ci ~ L i l t :~~) U L C C ?  i r d  a f l a t  ref  - r e n c e

w a v ~ ~ :e w e l l  ~t o w n .  On e~~e~~~ - o t ;L ~~ j~~~~e la~~ a m ultitu de of

h o l o ~~r a L I ~ (~~~
- to  l O u U )  of  c u t  _ - e u r c e ~ t r a :  r . -c cr d ed .  T hes e

L C lo -~r~~ais u~~ s~~sS an  u n u ~- i i a  1 ~ iU t y * C J i  J + ati o~i~ ly septouuce a

]a r ~~ n u m b e r  ot  i de nt i c a l  u , .~~~_ ~~~ c a n  L (  u~~’:u , t e r  ox a i n~~le , in  t h e

t e c h l O lo~~v o~ p t u d u c r n g  5 1 C L ~~~C i U ~~~~~1 t 5 , in  c~~t i c d l  s y s t e m s  f o r

~u ] r  i c~~an : e l  i n f o r m a t i o n  p L C C C s S I I- 3 ,  e t C .

H olc~; i ai n s can also  r e  n.~ 4 ( 1  as n o n c c ut  ~~~ t e m p l a t e s  i n t he

t ec~~r . c l oj y  of n i cr o e i ec  r c r  ics ( t h - s e  t e m p l a t e s  i n s u r e  r e so l u t i cn  cli

t h e  c r . er ot 1 put on a st i r - l ace  ct  uj -  tc  50 m m , t h e y  do not suffer

f r - c m  t b e  i u -p ac t  of i ~r t i C l E  s, t i d  do n c t  w - a a r  d c w n )  , a n d  f o r

~r c d u c i n ~ d i f f r a c t  i cn  g r a t i  n a . : . Th ~ -s ’~ g r a t i n g s  a re  s i m p l e  t e  ob t a i n ,

a n d  h i ve large ~; j z t . a n d  h i g h  d i t f r a c t i c r  efficiency — U t o  90 0/0.

T~~e t r ~~n s t o r m a t i o n  ci w av e fronts wit h t h ~ ~ iJ of h o l o g r a ms

I

II~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ :T.~ ~~~~ ------- ~~~ -- --- _::T~~ -~ - -  - - -- - -  —~~~~
--
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c~ a u n i  ~ue [os~~ib i lit ~ t e  e h t a i n g u a l i r j i i r agc s  despi te  t h e

ai~~tc. r r  i ::~ i c t i on  ot n on tir i : or it an - i scatterin g n-- ’~ iu. For recording

L i t I ~~~-~ u n d e r  t h ~~.-e c on a i ~~i c u . s tw c ~rot’e:tiei~ of a hologram are

~ u-~~~) L t ~~r - . F r r . ;t  of a l l , i t L c  ~~~~ or t h e  ~as~ ing of reference and

cLj~- et w .tv ~ -s or on e- oi a r - c t ~ e 1 n o n ~i r i r c r m i  ~~, ti-c holog ra m proves to

b-c u :  ~~s~ or t ~~d ;  s e c a : ld ly ,  t h e  ~a s s in - j  ci a w av e se~ uentialiy through

~ li-~ ~iu ~u •n i -~ a h o l o g r a m  or t : -  y 1 v L r :  m~- i i u a  ~j i v e s m u  u n &t i s t o r t ~~i w a v ~
Ii c ” -..

1 l , ~ - -a~~e Ct h o l o j r a f h y  i c r  t r  i z s t c r i r i z i -~ w d V C ~Lonts is promising,

l o t  x 4 r n : l  , for  e i i a i i n a t i n q  ~ he c z t € c t  or  n c n e n i i o r i i t y  of t h e

a t i r c a p ~ t I C  or  an  i m a ;~’ c i  s p a c e  CL j C c t~~, a n - i  I c r  c~~s~~en s at in g

ab -~~n~~a t i o r ~ of optical ~l~ ;rt i t t  ~nu

i i o l o g t .~~ hy  can  ne u. ;ed i i l  i n r r f e r c i n e t r i c  i n v e s f i g a t i c n s .  He re

it h~~~L t : 1t 5  ac c om p l i t - I l i n G  m t -- i . t e n o  nec  of  w a v e  f r o n t s  w h i c h  ex i s t  a t

v a L i o u ~ ~~ r e nt s  in r i m e , a n d  a l : :u  ~t u d y i n g  c bj cts w i t h  comple x f o r m

dS ;~:uc I  as is desur.- ’d .  Tho g r e a t e r t  pop ulari ty was obtained by the

m e t n o d  ot  d o u b l e  e xp o s u r e  a i c  i n t e t f e r c r r e t r y  in real time . In the

first 4i se, two di fr -~rert s~ o t -  of c ne  or another object, the images

ci w h i c h  i n t e r f e r e  - l u r i n g  r .~~ t e r a t i o n , are  r~~cc rded  on a h o l o g r a m ;  in

t h e  s~~~-or d — t ; i C  o b s e r v a t i o n  or an o b j e c t  in v a r i o u s  st a te s  is

C U I , a U c- ed t h r o u g h  a h o l c g L a u i  ii  t h e  p r e se n ce  ci a r e s to r i ng  beam.

---  --- - . — -  

- _ . — - —- — . - — - - —.—.-—_—- ---— .~~~~~~~~~ 
. —~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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H o l o g r a p h i c  in t er f er o i u ~~r y  i~ - u :ed , s p ec i f i c a l l y ,  for

~ I L v t ~~~t i q at i f l g  v i b ra t i on s  ( F i ~i. t; g ive s intetter c-~rams of vibra ting

tu ri in ’ LIaJ€s). This has y r - e a r  ~:act iea1 .  value for nondestructive

g u d i l t y  coitrol of parts . ~~t ,d ti ~~r-uc ’iv~ q u a l i t y control of articles

i n  i n d u s t r y  is ~iaseJ on the ~i l — l ~ di~- t r ibuted holographic methcds oi

i nv e st  iqa t  m y  deformaticns . ~o, i t :  a t -  Uni t~~i States a device was

a ev c l O ou f o r  c h e c k i n g  t h e  i t ~ t~~ 1 d~~f c c t ~ t a u t o m o b i l e  t i r e s  w h i c h

d et ec t~ 4 -in y i n t e r n a l  d e i L Ct ~~~: i L l ’ 1 C S , t l a~~r n y ,  etc. ( F i g .  7 ) .

r~c i o y r a p i L 1 c  r n t e - r f c : o u i e~- r y  i . r r ~~t r ~ - u  a su~~i t a n ~~ia l  expansion of the

s t u d y  ~ r h t s ed o b j e c t s .  I t  is n i i :~, suc ee~~~t u l  ly  e mp l o y e d  in

a e r e dy  r : t ~t i c  i f lv e st . . g at i c n 5  i n c  ~~~~. ~ 1a n t r a h i c~ (F ig.  ~)

TI , - 4i~~i1it. y t o  r e c o r d  a -J i ~ -~~t ~ m c u r ~r cr  information in

C ) l I j U I I c t i - ) t .  w i t h  t h e  po l l  l I lt  y o r  i t~- tore rapid read—out perm its

us t o succ o~~s f u lly  use h o I c~j r a~ : hy  r o r  c r e a t i n j  m e m o r y  d e v i c e s  f o r

V ; I L i ’ ) U . L J n C t i o n S .  I n c  advanta-j~ s cf h cloqc~~phie memory devices are

h i g h  a - n - . i t y  or t h e  r e c or d i n g  (u ~ t o  1C~ — 1~~ Lit/cm 2), low

s e r s i r iv i ~~y to  m i c u c u e f e c t s  of ~ i e -  c ar r i e r  a n d  to c o n t a m i n a t i o n  in

t h e  p l i c -  o f  r e c o rd i n g  ( t : i e  t e c o r d i n y  c c r re s p c n d s  to each e l em e n t  ci

t~~c St C L  ~d u n f o r m a t ion n o t  lrt ~ s p e c i f i c  p c i n t  cf t he  ho log ram , b u t

in its et~t rre area) , t h e a r s~~n c e  cI  i n t e r m e d i a t e  o p t i c s  (which

su b s t a n i - i a l l y  . simp l ir i es  t h e  s t r u c t u r e -  ci t h e  s y s t e m  and its

a d ju s t ~~.’n 4 ) ,  low r e~I u i r e u e n t s  f o r  a c c u r a c y  of the placemen t of a

t r a n~~p~~u~-n t beam on i h o l c y r a u  ( si n ce  e v e n  a p a r t  of t he  h c l c g r a a  

. - . . .~~~~-.-~~~-_ - . - -----~~~-- _ _ _ _ _ _
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Les  totes t i e  entire r i n ay c )  , th~. at-sc n c e  of scanning devices,

c o n v c n r e n c ~ of operations with saup lf-s (because all of the restored

im a g ~~s t r o m  a m a t r i x  of t h c  h o l o g r a m s  a re  t c r m e d  in one a n d  t h e  same

plQce)- , an-i the potential pcssibility icr accoa~~lishing a reco rding

ci iitforration in a three—~ii aier.,ioi:a1 ired iun. In this case the

d~~i-Si t y of the recording cur: r-~~~~C~ 1C I.2_ 10 13 Lit/ca 3. These devices

aill f i n - I  use f i r s t  -~~~~ a l l  in  c o r n i u r a r  t e c n a o l cy y .  T h e re  is a basis

tc a s s u t n -~ t h a t  t h e y  d i l l  h ~ i u - l y  u s c - a  r c r creatin j fixed and

im r ~~- i i ~~t e— -- icces s storage cr c ) n c u t - L .
S

“ -~~~ a dvant a-~e.. of ~ ac i c i  c . r i :  h i c  n et  l c d  icr  storing information

cat  i-c s’ic c~ ss iul1 y r e a l r z ~-a ~~~~ t t C O I  C i 5 - ~ to l ev i s io n  at ~u W O Vi~~

~rog:ar~; on a special f i lm wi t h f i t  s u h s o q u c n t  r e p r o d u c t i o n  of an

i m u  j~ on sc reens  of n o r m - i l r~ - J V i S 1 C n  r e c e i ve r s~ T h i s  s y s t em ,

ap~. 1r e n 1 .l y ,  w i l l  b e  s i m j l :  ar - u C h e a p e r  t i- on o t her  s y s t e m s  of v i d e o

re cord in~~s diljch are in t cn d eA f o L  sass con sump t ion.

H o l o j t a p h i c  m e t h o d s  in  cci  j u r - c t i c r  w i t h  m e t h c d s  of cohe ren t

cr .t i c S  o~~ci  w i d e  po ssibili ti-- s Icr supp lementing the means for

cp - r i c a ~ n iocess i ng of infcrniation..

T~-~ a~ ility of holoy ram i.-. ‘C t r a n s f c r m  c p t i c a l .  f i e lds  and reccr-i

~i t t u l t - a ri~~o u sly  t h e i r  a m p l i t u d ~~ a~ d phases permits the creatio n of

dif r~ t sti ’ instrum ents , spe ciir call y analog duvices for detecting or
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a i tr e r r n r i at i n g  i m age s  ( a u t c i n a t i c  r e a d i n g  ci printed text , detecting

the d c - s i r e d  images cri the tf train t hctc s — aerial photo

reconnaissance, aerial p h c t c  inspection , aer ial photo geolog ic

prcs t ect cng, etc., automatic dactylosccpic search — identification oi

conp iete tingerprint s, etc.).

A sore complex pr oL )1-n- is the Lecc~ nition ci images. Here each

ci the jcssiLle classes of inagc~ (fcrtr ~) is described not by one

p reviously —k nown reali zjticn , ~ut Ly a m ultitud e of random

[rea1iza~ ions). T h e  uasis Ct  rc- coyri ti cn devic Es is a mult ichmnnel

cptical Lotrelator which us~s t-~c—u itr en sio r-dl hclcgraphic screens.

The scope of t h e  p rJrl eLn s wh ic h ii. solved fy these recognition

-i€v ice ; is  extreme ly wide: the i d e r - t i f i c a t icn ci various objects

~cco:dinj t o  t h e i r  i m a y ~~, t he L- e c u j n i t i c n  ci manuscript text, the

a u t o m a t i c  an a l y s i s  of aeri al ~hotograph s with the purpose of

d ot e ct i n , or)jects ot desir * -d c lasses , t i e r e c cy n i t i o n  of c h r c m cscm e s

ama ctl:er nicrobio lcgicm i oujects, t h e  iiactylcscopic unalysis of

incom pi c-te and distorted fingerprints in criminclogy , etc.

Experim ents sii o~ ed th at holo graph y can be successfully used with

th recognition of ditt erent kinds of signals , ~re1iminarily

transtorme i into images , for example with tne recognition of voice or

hydroacoustic and radar signals.

_ _ _ _ _ _  
~~~~~~~~~~~~~~~~ - .- --~~~~~~~ 



- - . - .  -

DCC = 0n37 13

We :;hould note two 1:cssinls uses ci hclogr aphy in autcmatic

control systems with optical ties for stabilizi ng oblects 
~
y m eans oX

tra c~ i;g t heir m a  ~e or for naviyutiona ] ti e—l i of aircraft by using

~~i s t i -il roisrence points ( t h e  i m a g e  of terrain , stars, the image of

p arts or the surface of planet s , etc.) , which is of exceptiona l

) f lt e t C 5t  for purposes ci E f d C e  I J V i ~~~d t i C f l .  The solution to these

p r ebl e ns is connec ted  w i t h  t h - ~ use of m atch ed liclographic filters.

Calculations show that su c h  filt - :rs insure an Extremel y high accuracy

ci stak.i]ization or tie—in whi ch i~ pr actically unattainable by other

near-s. The process or tricki n g or , ir.i gir is reduced to tracking a

~ri LJ ht s~-ot on the output of ~~- e filtei- which ccrresonds to tt~e

nax ini u r (‘f -i function of au +om~ tic corrEl ation ci the input image.

5uch devices are now in th€ stant ci cx~ er ine nt al investigations.

Presently the work i n  t h e  u c l a  or ho lc-g ra~~ty and opt ical

methods of processi rg in f o r  su~~i on  h a s  att ained a level on whic h the

cucstjon or introducin g the reaultsintc practice arises with all

u r g c r . cy .  Th e  basic ~iifricu lties in the ‘ath of realizing the

poss ik - .~l it i es  of t i e  hclc yx ap hic me thcd are ccnnected with the

clement an - i instrument base ci bol cyra~ hy. Fundamentall y new devices

a r - I instrumen ts are needed tc~ inp ut and output of information , as

are rnoeulators and Jeflocters ot li ght , holcyra~ ’nic devices, and

th~-ir ~l-merits . We need to create a wide assorttent of

~ighly—s ’-nsitive ma terials Icr i.~ccrding hclogram s whic h permit the

-—
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a c c o m p l i s h m e n t  of r e p e a t e d  r o c ir c u l a t i cn  of in f c rm a t i o n  a n d  e x p a n d i n g

the assortment of lasers which are designed tax . use in hol ographic

devices.

For coordinating wcrk in the f i e l d  of  ho lc~~r a p h y  and  cp t ical

methcds of processing intorm ati en , the Scientific Council on

holograph y was organized wit h t h e  D e p a r t m e n t  ci General Physic s and

A s t r o n o m y  of the Academy Cr Sci~ rc~~ U.C E R  ~hich contains four

sections: cptical hclo~~r ap h y ,  r u lic and acoustic holography, optical

m e t h o d s  of p r o ces si r i- j  i n t o r wa ~~icr . , a n d  r e c cr d i i .~ m ed ia  and m e a n s  of

l~olcgrophy equipment. Th e  C c u n c i l  co m p c se d  a p l a n  a n d  prog rams f or

investigations in the f i e l~i or  ~clcgraph y icr different periods. The

successful accomplishment ci t h ese invc stigaticns will, to a

si-jnifican r degree , depend on t h e  j c i n t  e f t cr t s  of  the i n s t i t u t i o ns

which are heading t h e  wcrk cn Loloyrd phy, and will make a substant ial

coiitrihutic n to sci~ ntific an~~ echni cal prcyress.

* 
-~~
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~~~~ 1. : — r o d y l L a l n i c  in v ~~st i ja t  i cns  w i t h  t h e  a i d  of holography cn

~a l li s ti c  t r aj e c t o r ie s : 1 — sci l i e i c ~n }h)tc ~~r a [ h , 2 — &dade from

~eh i n t l , 3 — blade tra m ir- ~:c n t , ~ — A - J a d e  f r c m  i*low , 5 — defccused

r i  l a t u e n t ;  6 — i n t e r f c r o t j r a m  or a:.~~~lJ c E  w e n t , 7 , 8 — in~ e rt e r og  rams

f r c m  t w o  h c l c gr aa i s .

t 

_____ 

________ 
_____ _________ 

~~- - --~~~~ -~~~  ~~~~~~~ ~~~~~ - -~~~ ~~~~- -~~~
-
~~ - ~~~~~ ~~~~~~~~~~~~~~
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lig . 2.  holographic disu rcwo rry : 1 — a jet cf l i j u i d  spray from a

i - w i n ]  r o ~ z l e , 2 — i m a g e  of f l o a t i n g  L u b b l e s  i n  l i q u i d.

I..

1
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Fi~. 3 r~ertored images tr ca h c l c y r a m  (r) cf a f r e o n  bubble chamb er

w ith a volum e or 0.7 liters. ~ — a dull scatterer , 1, 5 — reference

hires x~-i t h c ij  r - e s t or e d  i w a j ~ s, 2 , 3 , ~4 , 1’ — t h e  planes of

r e~~t o n a t  ion  and  t h e ir  cci L e~- p o r J i n  j t r u e  i m a g e s  of tr a cks  cf

L c-1ectr~ n—p ositron pairs , tcimc -d w ith t h e  C C U V € r S i O n  of y—q uanta ,

X~ — tOO M e Y .

a 
_ _ _ _ _ _ _ _ _ _ _ _ _
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L4 ~adar with synthesized A~ ertu rc : 1 — principle of operation

ci rh~ locator , 2 — optical recor ding ct si-;nais trcm the terrain ii:

t h e  locator , 3 — restored image ci the terraIn .

t~ey : (1) Length of synth esis , t z )  scan- m g  ~on e ~

H

- ~-.- -~~~~- ~~- — -

14

________________ _ _
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F i-;.  5. 1~~ ig~ of the l u r i r  ~~~~~~~~~ 1 — r a i i o  i w a ;~~, 2 — op t i c a l

i thd J ~.

F i .  t~~ l n v ~~5ti~~~t io~ ci t ~e v r ~ :- t t ~ cn ~ o f  t u r i  i r e  L l a a e s .

k’ey :  ~1) z.

—

~ 

- —~~~ — ~~~~~~~~~

— — -‘-—. - — . -
~ ~~~~~~
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Fig.  7. I n t e r f e rog ram of an automobi le  t i re  ( the arrows show
de fec t s  which  have been d e t e c t e d ) .
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~~. ~) 1~)~~r d j ~~1c t € L ~~e L c r c t t~~ : 1 — i t  e r r ~~i o gr a ; i  of a p u l s e d  a~~c

c :L -~ r ~~~~ o~ ~ laso: U .r-~- i n ~ t ’~~ ~~ ~~~~~~ c~~ n c ~~ . r e g i o n , 2 —

in  & I ~
— r u c~ a cc k *3  ~~~~

- ~ lc~ r i  i c r  J w it h e lec t  rica 1

C: :  w i c , ~ — i r . t ~~L : - I c ~~~L~~ W ci t~~~~~t g r c w t h  ~~r O C C S S  of d

c r - j~ ‘ a l  ~: c~ at  aq~~• u s  s c ] u ~~ic~~..
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