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SUMMARY ﬁ } i‘ /

The Information International GRAFIX 1 optiecal character j
recognition (OCR) system was tested to determine its ability : 1
| to read pages from a Russian technical journal and

accurately capture their content in digital form. ' |

The capability to rapidly capture Russian journal articles i i
in digital form is required by the U.S. Air Force's Foreign .
Technology Division as part of their technical translation ..
project using the SYSTRAN automated translating system. The 0]
SYSTRAN program translates the journal articles from Russian i

to English, but only after the information has been first
converted from printed to digital form. This is ecurrently : :
done manually by specially trained typists, who copy the ; .
articles at computer terminals on a character-by~character : {
basis. GRAFIX I was tested to determine if it could do the : :
same job faster and more economically than the typists. :
(See chapter 1.)

The test was particularly challenging because of certain : !
characteristies of the journal articles themselves which
tended to impede the success of OCR. Most OCR systems, for
instance, are incapable of reading the Cyrillic alphabet or
proportionately spaced material at all. The Russian
journals ecmbine proportionately spaced Cyrillie text with .
poor quality paper, mathematical formulas, and a variety of : .
poor printing praectices which together present a major ; 4
challenge even for a very sophisticated OCR system like F .
GRAFIX I (see chapter 2.) GRAFIX I was selected for the test e
because of its proven ability to read proportionately spaced
material, Cyrillie print, and poor quality printing. (See
appendix E.)
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Twenty-seven actual Russian journal pages were put through
the. OCR process .at Information International's GRAFIX I
facility. in Cﬁlver City, CA. The first step was to
fiferofiim ~the'i‘pages. GRAFIX I uses mierofilm as the input
mediwh to- avord -paper-handling problems which arise from
torn ,edges, creases, and the varying sizes and weights of
the papers yused in the documents. The next step was the
;actual reading of the film by GRAFIX 1. This and subsequent
steps were performed under the direet supervision of
representatives from FTD and RADC. After the OCR step was
completed, _a "reject conversion" operator examined and
identified the small proportion of scanned images which the
computer had been unable to recognize. The final step
consisted of reformatting the output file to make it
compatible with FTD's SYSTRAN computer prcgram. Tapes and
lineprinter 1listings of the output at various stages of

processing were provided to the FTD representatives at the
time of the demonstration (see chapter 3).

The results of the test indicate that a GRAFIX 1 production
system designed for reading Russian journals of the quality
tested could be expected to fully capture from 1000 to 1500
journal pages during each eight-hour shift. Sueh a system

would identify about 95% of the Cyrillie characters, and’

would automatically route the remaining 5% to a reject
conversion operator for manual identification. The test
results indicate that the system would misidentify only a
fraction of one percent of the characters read. Finally,
such a system would reliably identify and preserve imbedded
mathematical formulas and other special biocks of material

for subsequent reinsertion into the translated text. (See
chapters 4 ané 5.)

To determine tne exact performance parameters of GRAFIX I in
a production system it would be necessary to conduet a
further study in whieh the GRAFIX I reads a statistically
valid random sample of the actual material whieh FTD plans
to process. Such an assessment was beyond the scope of the
present study, but is regarded as the logical next step in
evaluating the GRAFIX 1 as a practical alternative to FTD's
typists {see chapter 5).

In addition to the above, the report inecludes five
appendices containing a description of the demonstration,
facsimiles of the journal pages read for the test, the
output tape specifications, the font encoding scheme, and a
general discussion of GRAFIX I's capabilities and history.
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EVALUATION

The objective of this effort was to tect the feasibility of
Graphix I on scanning Cyrillic Text. This test involved the
scanning of 27 pages of the Russian text DOKLADY AKADEMII
NAUK SSSR No 3, 1976 supplied by Foreign Technology Division.
The resultant study demonstrated that the scanning of Cyrillic A
text is feasible, although there should be improvements made
in the areas of error rate and system throughput rate. These
areas are limited due to the recognition software and the

| difficulties inherent in the Cyrillic font. A production

system would require significant enhancements to handle a
F wide variety of documents and fonts in order to be cost-
effective.
( ‘ J
/{,LZ«; C; . ;,\,\,Z/Z__E',‘_ /

, f |
-JOHN A. GUILLEN, 2LT, USAF . ;
Project Engineer :
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CHAPTER 1

INTRODUCTION

The Foreign Technology Division (PTD) of -he U.S. Air Force
is engaged in the translation of Russian technical journal
articles, printed in Cyrillic characters, to a form
accessable to analysts. Currently the FTD uses specially
trained typists to key the Russian text directly into
machine-readable computer files, after which the files are
processed by a powerful machine . nslation system which
converts the Russian text to its E. 1 equivalent.

FTD has discovered that manual keying cf Cyrillic text is a
slow and costly process which proceeds at a rate of only a
few journal pages per typist per hour. Since FTD
anticipates a substantial increase in its translation work
load within the next few years, it is interested in finding
a faster and more economical method of capturing Russian
text in digital form.

The present study is an evaluation of Information
International's GRAFIX I optical character recognition
system in terms of its ability to read material from Russian
technical journals. Actual printed journal pages were used
in this test rather than monospace typed Cyrillic text as
has been the case in some previous studies.

The GRAFIX I system was chosen for evaluation because of its
proven ability to economically read large volumes of text in
which the layout is too complex and the print gquality too
poor to be successfully captured by most other OCR systems.
The GRAFIX I system has been used in commercial applications

AN b ¢




INTRODUCT ION

material written in Cyrillie, Grezk and other special
characters. The system's flexibility when confronted by 1
complex formats, proportionally spaced print, partial lines,
closely 1leaded lines, and overlapping characters makes it a 1
natural alternative to manual keying of the Russian

journals.
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INTRODUCT ION

material written in Cyrillie, Greek and other specisl
characters. The system's flexibility when confronted by
complex formats, proportionally spaced print, pertial lines,
closely leaded lines, and overlapping characters makes it a
natural alternative to manual keying of the Russian
journals.
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CHAPTER 2 y

OPTICAL CHARACTER RECOGNITIOM OF RUSSIAN JOURNALS

2.1 OCR Problems Associated with Russian Text

Automated optical character recognition of Russian technical
articles is a project which requires special abilities on
the part of an CCR system due to the unusual material to be ,
read. The Cyrillie alphabet and Soviet printing practices ; |
both exaggerate familiar character recognition difficulties :
and present new problems not encountered in other OCR
applications. These problems fall into four categories:
those rconcerned with the Cyrillic alphabet itself, those

. involving the typefaces used in the journals, those related
to poor printing, and those which result from the poor
condition of the paper.

o
P -

2.1.1 UNIFORMITY OF THE CYRILLIC ALPHABET

An area of special difficulty in OCR processing of Russian
text is the striking degree of similarity among many
Cyrillic characters, The frequency of letters containing
one, two or three vertical columns as major structural
elements is an example. In addition there is a tendenecy for
letters to be formed through minor elaborations of other

P T BT

: letters. In the- Roman alphabet this problem occurs H

4 relatively rarely, involving letter pairs such as "e" and :
"e", "O" and "Q", or "n" and "m". In the Cyrillic alphabet, ] i
however, similar letters are virtually the rule. i,

Figure 2-1 illustrates this point. 1In this figure the upper
line of type is a segment of text from an actual Russian
journal. The larger characters shown below are GRAFIX I
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OPTICAL CHARACTER RECOGNITION OF RUSSIAN JOURNALS
Problems with Russian Text

i
1
; FIGURE 2-1
A line of Russian text shown with five actual scanner images e
of characters within the line. Note the characteristiec i
uniformity of the letters. E

ki
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OPTICAL CHARACTER RECOGNITION OF RUSSIAN JOURNALS
Problems with Russian Text

scanner images of five of the characters in the preceding
line. The dominant pattern of vertical columns
differentiated by indistinet embellishments 1is readily
apparent. Clearly this forces the OCR process to
concentrate on minor differences between characters, and
impedes the rapid elimination of characters from the set of
possible correct identifications.

In lower case Roman letters, identification of an image is
made easier by the many letters which extend either above or
below the general line of print, and by the fact that in
proportionately spaced type the letters occupy differing
widths as well. Simply knowing the height and width of a
letter euts down the field of possible identifications. In
Cyrillic, on the other hand, lower case characters tend to
be smaller duplicates of wupper case characters, and are
extremely uniform with respeet to width and height.
Character dimensions are only rarely of assistance in
identifying the letters.

2.1.2 PROBLEMS OF TYPEFACE DESIGN

In addition to the difficulties presented by the Cyrillie
alphabet itself, the typefaces favorcd by Soviet editors
tend to be intrinsically difficult to read using OCR.
Frequently the typeface emphasizes bold vertical columns
capped with wide serifs. The extremely important minor
variations between similar letters appear as narrow,
hair-like lines. From the point of view of the OCR scanner,
this produces images in which the vertical ecolumns appear to
be linked at the top and bottom by serifs which almost
touch, (Refer again to Figure 2-1.) At the same time the
extremely thin horizontal or diagonal details tend to drop
out of the image, producing serious recognition problems.

If one were to deliberately design an alphabet and typeface
which would be difficult to read by OCR, the result might be
very similar to Russian Cyrillie print.

2.1.3 PROBLEMS OF POOR PRINTING PRACTICES

The difficulty of reading Russian journal text is compounded
by wvariations in printing quality. Cyrillie print is
difficult enough to read without having individual
characters printed out of 1line or rotated into a tilted
position. Such degradations are fairly common in Soviet
journals. Other common flaws are the appearance of
hairlines between letters (in 1.2% of the articles), 1light
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OPTICAL CHARACTER RECOGNITION OF RUSSIAN JOURNALS
Problems with Russian Text

or incomplete printing of a 1letter (in 22% of the
characters), letters which touch, and lines which are very
closely 1leaded. Although one does not normally expect to
encounter all of these problems on the same page, the OCR
system must be able to deal with them when they do appear.

2.1.4 POOR PAPER QUALITY

Although some journal articles appear on high-quality,
hard-surface, white, opaque paper, others are printed on
varying grades of paper including some which can only be
described as yellow, porous, and translucent (amounting to
33% of the material processed by FTD). Such paper allows
characters to spread and smear as the ink flows into the
paper, and minute bleed-throughs of ink from the other side
of the page are common in 20% of the journal pages. These
combine with irregularities in the paper itself to produce
spurious images for the OCR scanner.

2,2 The Russian Journal Pages Read for this Study

FTD supplied 27 actual Russian journal pages for the
GRAFIX I to read during the demonstration. These were drawn
from the journal DOKLADY AKADEMII NAUK SSSR, No. 3, 1976.
A table of the pages used and facsimiles of the actual pages
are included in appendix B of this report.

The material supplied for the GRAFIX I demonstration
represents the highest quality of Russian journal printing.
but even so the material includes lines printed at a slant
to the margins, hairlines between 1letters, and numerous
characters which appear to touch or which are only partially
printed. The material also included three different
Cyrillic fonts as well as Latin, Greek, mathematical and
other special characters in unpredictable sequences. This
was especially true of the first few pages, which were drawn
from an article on mathematics. This article contained many
small formulas imbedded within the text as well as larger
formulas which occupied large segments of each page. (See
the first few page facsimilies in appendix B.)

In spite of these features the ability of GRAFIX I to read
actual Russian journals was not fully tested by these pages.
The DOKLADY AN SSSR is an unusually high quality 3journal,
free from smudging, broken type, yellowed paper and other
characteristics of typical Russian journal printing,. In
other applications GRAFIX I has successfully read material
of much lower quality than the pages used in this study.
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CHAPTER 3

PROCEDURES

Chapter 3 describes the methods and materials used in the
GRAFIX I demonstration.

3.1 Filming

The 27 Russian journal pages were photographed with a Kodak
MRD-2 Planetary Microfilm Camera using Kodak Recordak AHU
Microfilm 5460, (a2 35mm film in compliance with seetion
4.1.1.2 of RADC's Statement of Work). The images were
reduced in size by a proportion of 6.5 to 1. A vacuum easel
held tne journal pages flat during filming, and strips of
lithographer's tape were used on the easel as a guide to
page placement. Filming proceeded at the rate of
approximately 3-4 frames per minute. The film was developed
using a Kodak Versamat processor. The film was labeled
"AF5" and dated March 16, 1979,

The journal pages were filmed using two frames of film per
page. Each frame contained the image of either the top or
bottom half of a page. This procedure was followed to avoid
making software modifications in the GRAFIX I page finding
program. This approach would not be used in a production
system, for which a suitable whole-page finding program
would ove provided. In production the manual filming
procedure would incorporate registration guides on the easel
for rapid page alignment. For very large volumes of
material, manual filming could be replaced entirely by a
semi~automatic camera system such as the Terminal Data
Corporation Documate.
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PROCEDURES
Filming

For the test the pages images were reduced by a ratio of 6.5
to one, a proportion which would accomodate the filming of
blocks of print up to 7 1/2" by 10" (the standard sarea of
print on an 8 1/2" by 11" page). Larger pages could be
accomodated by filming at a reduction ratio of 8 to one, but
there would be & penalty in terms of higher rejeect and
substitution rates during OLRK.

3.2 Font Acquisition

The three fonts read in the GRAFIX I demonstration (in
compliance with section 4.1.1.1 of RADC's Statement of Work)
were added to the computer's file of image masks using the
"font acquisition procedure."™ This proecedure consists of
loading the film of Russian journal pages into the GRAFIX I
scanner and attempting to read it with the OCR program.
Each rejected (not yet identifiable) charaecter is displayed
on the operator's terminal as it is enceountered. If the
image is suitable to use as a mask, the operator keys the
correct identification and stores the new mask in a disk
file. After several such masks have been created, the
operator stops the OCR program and adds the new masks to the
OCR mask file. On subsequent runs, the OCR program is able
to read these characters and therefore selects only
characters for which no masks have been captured.

The iterative nature of this process greatly =accelerates
mask aequisition. After gathering masks for alil characters
in the font, the mask file may be edited using & separate
program whieh displays each mask individually and allows the
operator to adjust the alignment of the image and to correct
inaccurate identifications.

The time spent in aequiring the initial set of masks for a
particular font was wusually about 20 minutes. (There are
about 90 masks in such an initial set.)

Since GRAFIX I has the ability to acquire font masks
directly from the material being read, the acquisition of
new fonts does not represent a significant source of further
expense to the user,

3.3 Data Tablet Operation

In a production system the "Data Tablet Desecriptor Entry
Procedure” is wused to create digital files of page layout
information. These files guide the scanner to blocks of
text which are appropriate for optical character recognition
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PROCEDURES
Data Tablet Operation

and away from bloecks which would be inappropriate, sueh as
graphs, line drawings, mathematical formulas, and
photographs. Confining the scanning tec bloeks of text whieh
are appropriate to OCR avoids wasting time on parts of the
page which do not require reading.

The descriptor files are usually created using a coordinate
digitizer, or data tabl:t, which allows an operator to enter
the locations of text and illustrations by pointing to them
rather than by measuring them. Even the layout of complex
tables can be quickly recorded in this manner, leaving the
details of bookkeeping to the computer. 1If desired, certain
logical information such as font type or page numbers may be
entered at the same time. In production this process
requires less than one minute per page, even for pages of
complex technical documentation. Note that data tablet
operation is a step performed on actual pages prior to, not
during, scanning by the OCR program.

The page descriptors used by the present film scanning
program  are in a new developmental format whieh Iis
inconsistent with existing data tablet software. Since the
format information .eeded for the demonstration was very
limited, the descriptor files were created manually without
using the data tablet. Data tablet software compatible with
the new format is under development and would be available
for a production system.

3.4 Text Reading and Optical Character Recognition
3.4.1 FINDING THE PAGE

Conceptually, the first task of the GRAFIX I in reading a
given page is to locate the image of the page on the film.
This is accomplished by scanning a series of widely spaced
lines parallel to the edges of the film, and then scanning a
second series of lines perpendicular to the (first. These
seans intercept and detect the edges of the page image as
they appear on the film. From the points of intersection
between the lines and the page edges GRAFIX I determines the
location and orientation of the whole page within the frame.

Once the page image has been 1located within the frame,
GRAFIX 1 wuses the previously prepared page descriptor file
as a guid: to the blocks of text on the page whieh should be
scanned.
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PROCEDURES
Text Reading and OCR

3.4.2 FINDING LINES OF TEXT

Once the page dercriptor file has directed the scanner to a
bloek of text, the scanner begins to search for the actual
lines of print within the bloeck. The first step in line
finding 1is to sweep the upper part of the block with sean
lines parallel to the upper edge of the page. The ratio of
black to white detected in each scan line is then digitally
plotted against the location of the scan line on the page.
This produces a graph with a  peak corresponding to the
location of the first line in the bloeck. This technique 1is
used to locate one 1line at a time as the scan progresses
down the page. This technique automatically adjusts to any
variations in line spacing and arrangement.

The next step after locating a line is to determine the
slope of the line. Russian journals frequently contain
lines which are skewed with respeet to the rest of the page
due to poor printing practices. The scanning software is
able to adjust to such irregularities automatiecally by
scanning the 1line in three segments to determine the
location of the character bases on the left, right and
middle thirds of the line. When this is established the
slope of the line is calculated and OCR is allowed to
proceed.

3.4.3 FINDING PRINTED CHARACTERS

Character finding is accomplished by the GRAFIX I in a
manner uniquely suitable to reading Russian journals and
other proportional-space print. Most other OCR systems are
eritically dependent on  monospace print and clear
separations between characters as an aid in charaecter
finding. GRAFIX I, however, uses finding techniques capable
of locating proportionally spaced characters, and which can
even separate characters which touch or overlap slightly.
GRAFIX I accomplishes this task through the use of
techniques such as "river finding," in which a white gap
between two characters can be identified even though it may
not form a clean vertical column perpendicular to the line
of type. Italicized characters, for instance, overhang one
another and do not leave neat columns of white between
letters. To separate touching characters GRAFIX I' may
search for opposing "notches" in the upper and lower edges
of the joined image as a cue to the proper point of
separation.
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Text Reading and OCR

The distinction between systems which read proportionally
spaced type and those which do not is extremely important.
Although a few OCR systems besides GRAFIX I may be capable
of identifying Cyrillie letters when typed on a monospace
typewriter, GRAFIX I is the only commercial system whiech
routinely reads proportionally spaced text containing
overlapping characters such as that found in Russian
journals.

3.4.4 IDENTIFYING PRINTED CHARACTERS

Once a character has been scanned and located, the OCR
program measures the character's maximum width and maximum
height. The font recognition masks are grouped in five
classes by height, ranging from the largest class (eapital
letters) through five descending steps to a class containing
very small characters (such as punctuation marks). Within a
height elass the masks are arranged in order of increasing
width. By using the height and width of the unknown
character as a reference, the OCR program is able to
immediately isolate a smali set of appropriate masks from
the universe of all possibilities. During the demonstration
this strategem typically selected about 20 possible masks
out of a field of 300 for each unknown character. The 300
masks represent upper and lower case characters in Latin,
Cyrillie, Greek, Special Symbols, and various italie forms
of these alphabets. (In other applications, GRAFIX I has
demonstrated the ability to read printed material containing
as many as 27 intermixed fonts.)

In this demonstration the character recognition masks for
all three fonts were stored as a single file, a procedure
whieh lowered the overall characeter recognition rate. In a
production system software would be used which explicitly
recognizes fonts prior to recognition of the characters.
This would speed up recognition of an unknown character by
eliminating the masks which belong to inappropriate fonts.
This procedure can be implemented by programming the
GRAFIX I to recognize differences between upright Cyrillie,
italie Cyrillie, bold Cyrillie, and a fourth set
representing the relatively infrequent Latin, Greek and
mathematical symbols. Such extensive software development
was beyond the scope of the present study, although similar
software has been successfully implemented on the GRAFIX 1
for other applications.
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When several possible masks have been selected for the
unknown character, a process of correlation is initiated.
Masks are assigned scores based on their similarity to the
unknown character. When the entire set of possible masks
has been scored, the OCR program isolates the few scores
whieh are high enough to be plausible matches. Of these,
the best two are examined closely. Before determining that
the highest scoring mask represents the true identity of the
unknown, the OCR program checks the scores against two
eriteria: '

1. The best mask must be very similar to the
unknown.

2. There must be a significant difference between
the score of the best mask and that of the second
best mask.

The exact mathematical thresholds used in these rejection
criteria can be adjusted to "fine tune"” the reject behavior
of the system. Typically the best mask must be about 90%
similar to the unknown and its score should be more than 5%
better than the second-best mask or GRAFIX I will reject the
character. These figures differ from one application to
another depending on the needs of the user.

If the mask scores meet both of these criteria, the unknown
character is assigned the identity of the highest-scoring
mask and the character code represented by that mask is
placed in the OCR output file. If the mask scores fail to
meet these criteria, the unknown character is classified as
a reject and a digital image of the character is placed in
the OCR output file, along with information about why the
character was rejected ard what the highest-scoring masks
were.

3.4.5 ADDITIONAL OCR PROCESSING OPTIONS

When GRAFIX 1 has finished reading a line it performs cne or
more post-processing steps on the line as a whole. In the
demonstration the only such step was to discard lines which
had more than 25% rejects. Such lines were assumed to
contain mathematical formulas or other unreadable material.
When such a 1line was rejected GRAFIX I placed a short
message in the OCR output file to alert subsequent users
that the line was missing, (in compliance with section
4.1.1.2 of RADC's Statement of Work). In the demonstration
the message was $$LN1.
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Text Reading and OCR

In a production system other post-processing steps could be
implemented, and a selection of more sophisticated page
format information could be included in the output file. An
example of an optional post-processing step would be to
search the line for possible character separation errors.
The computer can be programmed to identify suspicious
rejects by their size and location, such as in the case of a
large rejeet found. in the center of a word. Such a reject
could easily be a pair of touching characters whicech had not
been separated properly at first. An appropriate procedure
would be to reexamine such rejects and attempt to split them
into recognizable characters before outputting the rejected
image. GRAFIX I can also be programmed to inelude
information on fonts, spacing between letters, size and
extent of white areas, location of headings and captions,
and. si%e. and, extept of illustrations as an aid . in
recomposing the page following translation.

3.5 Reject Conversion

Those characters which were rejeeted during the OCR process
were manually identified in the subsequent reject conversion
step. (This is in compliance with section 4.1.1.4 of RADC's
Statement of Work). In this part of the demonstration the
gray-level images of unrecognized characters were displayed
to a human operator, who recognized them and keyed their
identities. In order to implement this process for the
demonstration it was necessary to ecreate g Cyrillic font for
the reject conversion displays, (in compliance with section
4.1.1.3 of RADC's Statement of Work). This font is shown in
Figure 3-1.

Figure 3-2 illustrates the reject conversion process. The
figure shows four sequential steps in clearing rejected
characters from a8 file generated during the GRAFIX I
demonstration. The upper row of letters in each frame shows
actual gray level images of the unrecognized characters in
the contaxt of other characters which were identified by the
OCR progrsm. The second row shows the same characters but
with large empty squares below the rejected images. The
solid white triangle is a "cursor.®™ The cursor shows the
operator whiech character wiil be affected by the next
keystroke.

In the upper frame of Figure 3-2 the cursor is shown under
the 1leading II. The operator presses the Il key on the
reject conversion keyboard to enter the identity of the
image. At the instant the operator presses the appropriate
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:
FIGURE 3-1 J P 4
4
The video Cyrillic font used to display Russian text on : .
GRAFIX I reject conversion terminals. .
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FIGURE 3-2 {
Four stages in the conversion of rejected characters (sec

text for discussicn). These are actual gray level images ’
from a reject conversion terminal. : .
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PROCEDURES
Reject Conversion

FIGURE 3-3

Error correction at the reject conversion terminal. In this
seqguence the reject operator keys an ineorrect
identification, then backspaces with a single keystroke and
corrects the error. See text for further discussion.
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Reject Conversion

key the symbol PI appears under the image and the cursor
moves to a position beneath the next rejected character.
The second unknown, an HH, is identified in the same manner
and the cursor moves to the third unknown. When this line
has been completely cleared of rejected characters the
cursor moves automatically to another line,

Figure 3-3 shows a variation on +this process intended to
illustrate the flexibility of the reject conversion
equipment. In this example the operator identifies the
first unknown image as a PI. This identification is in
error, since the character is actually NN. To correct the
mistake, the operator presses a special backspace key and
returns the cursor to its previous position (using only one
keystroke). At this point the operator keys in the correct
identification and goes on to the next reject image.

Note that the rejected characters shown in Figures 3-2 and
3-3 were typical of those which were difficult for GRAFIX I
to identify. The PI and NN in Figure 3-2 are especially
characteristic. These characters frequently appeared as
shown here with their upper and 1lower serifs overlapping.
This gave each character a very high degqgree of similarity to
both the PI and NN masks, preventing the OCR program from
identifying them (see section 3.4.4, above.)

The result of the reject conversion process is the creation
of OCR output files which have been rewritten with character
codes in place of the reject gray level images. The
rewritten files were then ready for final formatting and
tape output.

3.6 Tape Format

FTD requested a special set of file conventions in the final
output tape in order to make the data intelligible to the
SYSTRAN machine translation program, (in section 4.1.1.5 of
RADC's Statement of Work). The final ocutput tapes provided
to FPTD were written to these specifications. The memo
containing the tape format instructions has been included in
this report as appendix C.
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CHAPTER 4

RESULTS
4.1 Page and Line Finding

Of the 1029 lines of text contained in the 27 Russian
journal pages supplied by FTD:

Frames 2 and 48 of the film were omitted due to ecorrectable
errors in page finding. These frames contained 34 lines
(3.3% of -the total).

44 lines (4.3%) were not captured due to correctable
problems in line finding. These 1lines were located in
frames 4, 12 and 34.

40 lines and 4 half-lines (4.1%) were omitted from the test
due to human error in writing the page descriptor files.

27 lines (2.6%) were portions of article titles and figure
captions written in a font which GRAFIX I was not expected
to capture. GRAFIX I correctly identified each of these
lines and wrote the code "$$LN1" in place of each line in
the output file.

24 lines (2.3%) contained mathematical formulas or other
special symbols whieh GRAFIX I was not expected to capture.
GRAFIX I correctly identified these lines and wrote the code
"$$LN1" in place of each line in the output file.

11 lines (1.1%) were not read due to intrinsiec problems with
the material. GRAFIX I rejected these lines and entered the
"$SLN1" code in place of each line in the output file. This
caicgory most closely reflects the spurious line-rejection
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RESULTS
Page and Line Finding

rate of a produection system.

4.2 Reject Rates

A reject is a character which the OCR program encountered
and could not reliably identify. The rejects which occured
in the test material can be divided into six categories,
whiech are described below (see Table 4-1). It is expected
that in the development of a produection system, procedures
would be found to avoid most of the rejects falling into the
first five categories.

The reject categories were:

1. BAD LINE SCANS. Some lines in the test were
mistakenly scanned at an angle to the line of print
producing partial charaeter images which were
rejected.

2. DIVIDED CHARACTERS. The OCR program sometimes
encountered poorly printed characters which
appeared to consist of two images. Such characters
were output as a pair of rejects. The figures
reported here reflect the number of characters
which were divided, not the number of reject images
produced.

3. SPURIOUS REJECTS. This category represents
rejected images which consisted of small "shavings"
from adjacent letters, such as detached ends of
serifs. These images were counted as rejects but
did not represent unidentified characters.

4. MERGED LETTERS. Occasionally the OCR program
failed to separate two touching characters, and was
unable to identify the resulting image.

5. NO APPROPRIATE MASK. During the test the OCR
program encountered images for whieh it had no
appropriate masks. These were output as rejects.

6. AMBIGUOUS CHARACTERS. This category contains
look-alike characters, such as II, H, and H.
These rejects would be the most difficult to reduce
in a production system.
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Reject Rates

TABLE 4-1
CHARACTERS REJECTED OUT OF 44,504 READ

REJECT CATEGORY CHARACTERS | PERCENT OF
REJECTED TOTAL CHARACTERS
Bad Line Scans 210 0.5%
Divided Characters 170 0.4% :
Spurious Rejects 420 0.5% :
Merged Characters 800 1.8% %
No Appropriate Mask 770 1.7% :
*Ambiguous Characters 2220 5.0%

* Most nearly reflects the rejeect rate of a production
system on the material used in the test.
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Substitution Rates

4.3 Substitution Rates

A "substitution" is a character which whieh 1is incorrectly
identified by GRAFIX I. Substitutions fell into three
categories, only one of which (ambiguous characters) would
contribute signifiecantly to substitutions in a production
system. See Table 4-2.

The three categories of substitutions were:

1. NO APPROPRIATE MASK. In some cases when confronted
by a character for whieh it had no mask, GRAFIX I
misidentified the unknown by matching it with a
generally similar mask.

2. DIVIDED CHARACTERS. Occasionally GRAFIX I would
split a character into two images, mistakenly
identify one fragment and reject the other. 1In the
case of a split "m," for instance, the computer
might identify the first half of the image as an
"n," and then reject the remaining fragment as
unrecognizable.

3. AMBIGUOUS CHARACTERS. Certain letters, such as II
and H, are so similar in appearance that
variations in print quality can cause one to 1look
like another.
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TABLE 4-2 ,1
CHARACTERS INCORRECTLY IDENTIFIED OUT OF 44,504 READ

SUBSTITUTION CATEGORY CHARACTERS PERCENT OF
SUBSTITUTED | TOTAL CHARACTERS
No Appropriate Mask 60 0.13% :
Divided Character 51 0.11%
*Ambiguous Characters 82 0.18%
1

* Most nearly reflects the reject rate of a production
system on the material used in the test.
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RESULTS
Throughput Rates

4.4 Throughput Rates

There are two throughput rates of interest, the
instantaneous recognition rate and the total system
throughput.

The instantaneous recognition rate is the speed at whieh the
OCR program recognizes an individual letter. When reading
the Russian journal pages supplied by FTD the GRAFIX I's
instantaneous recognition rate 1is 65.0 characters per
second. (This rate was measured subsequent to the
demonstration.)

The total system throughput is the rate of conversion taking
into s&ccount the time spent on film positioning, page
finding, line finding, character finding, character
recognition, file writing, rejeet conversion, and tape
writing. The GRAFIX I's total system throughput for this
demonstration was approximately 30 characters per second.

Total system throughput is a practical figure which can be
converted to a realistic estimate of system productivity as
follows:

Throughput (chars/see) * 28,800 see/shift =
Daily Rate (chars/day)
Using this formvla, GRAFIX I demonstrated a daily throughput
of 864,000 characters per 8-hour shift. This is the

equivalent of approximately 500 Russian journal pages such
as those read for this test.
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CHAPTER 5
DISCUSSION

Information International's GRAFIX I optiecal character
recognition system successfully read 27 actual Russian
journal pages and converted them into digital files suitable
for processing by FTD'S SYSTRAN translation program. This
section presents a detailed discussion of the results of the
test and some observations regarding further research.

5.1 Discussion of Page and Line Finding

In general the page and 1line finding software performed
quite reliably. Several minor problems were encountered
during the test, but these were felt to be artifacts of the
demonstration itself. The various software packages used in
the test were not exactly appropriate for reading Cyrillie
journals, having originally been developed for other
applications. This produced several annoying but minor
difficulties, none of which would be present in & production
system.

As an example, consider the 44 lines which were not read due
to line finding probiems. The line finding software used in
the demonstration was adapted from a production system which
reads narrow columns of text from catalogs. These columns
frequently contain skewed 1lines of type. The program
accomodates narrow, skewed lines by searching for each end
of the line in order to establish the line's slope. It then
makes its first pass at the following line by presuming it
to be parallel to the first.
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Page and Line Finding

When applied to the long, closely-spaced 1lines of Russian
journal text, however, the line finding program occasionaly
failed. In three cases (0.03% of all lines) the program
found the beginning of one line and mistakenly matched it
with the end of the next line. This led it into a chain of
systematic errors which produced repeated tilted line scans
until the end of the frame was reached. Software written
specifically for Russian journal pages would not be subject

to this kind of probiem.

Similar difficulties account for the two frames of the film
whiech were skipped by the page finding program and the 42
lines which were not read due to human error in making up
the page descriptor files. Neither problem occurs in
GRAFIX I production systems, and neither appeared to be
related to any special feature of the Russian text.
Therefore, these problems are not expected to occur in a
production system when reading material similar to that used

in the test.

In summary, although the slight mismatch between software
and application proved to be a nuisance, no substantial page
finding or line finding problems relating to the nature of
the test material were encountered.

An important part of the test was for GRAFIX I to
demonstrate its ability to recognize lines of text
containing excessive numbers of mathematical symbols, and to
output a special code indicating the location of the line
within the article. This allows an editor to subsequently
locate the difficult 1line in the original material and
either key it in or paste it direectly into place in the
translated text. GRAFIX I correctly identified and noted 24

such lines.

GRAFIX I rejected 11 1lines (1.1% of the total) for
miscellaneous reasons which were intrinsic to the material.
An examination of these lines suggests that they may have
been rejected due to random effects resulting in their
having more than 25% unidentifiable charaecters. Some of
these lines were only one word 1long, for instance, uad
contained a high proportion of 1look-alike 1letters. In a
four-letter line a single rejected image would cause the

whole line to be discarded.

Rejected lines such as these are probably not avoidable.
The ecriteria used to identify lines containing mathematical
formulas will inevitably cause a few spurious reiections
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based on randomly high proportions of unidentifiable images.
Note, however, that all such rejected lines were replaced by
a code in the output file which would call them to the
attention of an editor. They are therefore nect 1lost, and
can be keyed into the data file manually at a later time.

5.2 Discussion of Reject Rates

About 5% of the characters in the material read were
rejected for legitimate reasons. A production system
reading this type of material would be expected to show a
similar rejeet rate. As was the case with errors in page
finding and line finding, a large proportion of the rejected
images during the test were felt to be due to artifacts of
the demonstration, and were not charaeteristie of a
production system.

For instance, 210 rejected images were artifacts of skewed
line secans. The bad line scans were a result of the line
finding error discussed above. The rejeets derived from
such scans should not be considered part of the overail
reject rate for this material. More appropriate line
finding software is expected to eliminate this category of
rejects.

The reject categories deseribed as divided characters,
spurious rejecets, and merged characters could be greatly
reduced by more sophisticated software :in a produection
system. Routines which rejoin fragments of characters can
be implemented, as well as procedures which split
overlapping characters. It is felt that these categories
wou.¢ not contribute significantly to the reject rate of a
production system.

Rejects caused by the lack of an appropriate mask represent
a more complex situation. With the open-ended potential for
the appearance of previously unused symbols, the rejection
of novel character images is a proper {unetion of the
system. By rejecting these characters GRAFIX I assures that
they will be brought to the attention of an editor. These
"rejects” would be better considered as proper dispositions
of novel characters rather than as errors or failures of
identification. Clearly these characters do not properly
beiong in an estimate of the total "reject rate.”

Finally there were the "hard" rejects, those whieh will be
difficult to eliminate from a production system. These were
rejects due to look-alike characters which could not be
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Reject Rates

reliably differentiated. It is felt that it will be
difficult to improve very much on the 5.0% reject rate
represented by this category. The Cyrilliec characters II
and H sre frequently degraded to the point that the OCR
program cannot distinguish between them. Considering the
similarity of the letters and the poor quality of the
Russian printing, it appears that a 5.0% reject rate is
reasonable for these ambiguous characters.

5.3 Discussion of Substitution Rates

Less than one-half of one percent of the 44,504 characters
read by GRAFIX I were misidentified. The low number of
substitutions is in part explained by the 5.0% reject rate
for ambiguous characters. GRAFIX I was programmed to reject
all doubtful characters specifically to keep the
substitution rate as low as possible. It was felt that the
rejected characters could be more easily converted for
SYSTRAN input than substituted characters could be. Even
though the substitution rate was gratifyingly low, it s
felt that two of the three categories of substitutions could
be greatly reduced in a produetion system.

For instance, one third of the substitutions were due to
attempts by GRAFIX I to identify characters for which it
possessed no appropriate masks. The operator in charge of
font acquisition for the demonstration did not make a
lower-case Latin "m" mask due to an oversight. GRAFIX 1
subsequently identified Latin "m's" by matching them with
the mask for the lower-case Cyrillie III. In a production
system the operator would simply have made another mask
after discovering the substitution, and the problem would
have been sclved. This option was not available during the
demonstration since the substitution was not detected until
several days later.

A quarter of .the substitutions were dus  to the
misidentification of a letter fragment. These substitutions
were in every case associated with a small rejeet image
represeniing the remaining fragment of the true character.
In the case of & split "m," for instance, the computer might
initially identify the first half of the image as an "n,"
and then reject the remaining fragment as wunrecognizable.
This problem is accentuated in the Cyrillic alphabet by the
presence of the two-part letter bI, the first half of which
is identical with b, the Cyrilliec "soft sign." In a
production system GRAFIX I would be programmed to recognize
a variety of characteristic substitution-fragment combi-
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nations and automatically correct them. A post-production {
routine, for instance, could instruct GRAFIX I to reexamine
any character within a word which happened to be folliowed by
a small reject image. Such a routine could substantially
reduce this category of substitutions.

There remain the "ambiguous character" substitutions,
representing only 0.2% of the -characters read. The
ambiguous letters II and U are so similar ir appearance 4
that variations in print quality will ecause a small A
incidence of substitutions between them in spite of the best
efforts to the contrary. This category is considered to be
the primary source of substitutions which would be
encountered in a production system.

5.4 Discussion of Throughput Rates

GRAFIX I demonstrated an instantaneous character recognition
rate of 65.0 characters per second during the Russian
journal OCR demonstration. This rate 1is not regarded as
being representative of a production system because the
masks used in the test were not subdivided by font. The
software for a production system would be designed to
recognize special fonts and restriet the selection of masks
to those within the correet font. This approach has been
implemented on the GRAVIX I successfully, and results 1in a
substantial increase in the character recognition rate. A
production system with an instantaneotus chsracter
recognition rate in the vieinity of 200 characters per
second is a distinet possibility using font recognition
techniques.

GRAFIX 1's total system throughput during the demonstration
was approximately 30 characters per second. This figure
reflects the rate at which the material is actually
processed by the whole system. This figure is partially
limited by the instantaneous character recognition rate, and
could be expected to improve by a factor of two or three in
a production system.

[

Even using the rates demonstrated by GRAFIX I during the i
demonstration, the system appears to be the equal of s
approximately 15 trained typists. In addition, GRAFIX I ;
runs continually (no coffee breaks), and can be operated on
a 24-hour basis if necessary. At maximum wutilization the
system could transceribe Russian journal pages at a daily
(3-shift) rate equivalent to a staff of 50 trained Cyrillic
typists.
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DISCUSSION
Further Study

5.9 Indications for Further Study

Although the results of this test and demonstration have
been enlightening, Information International feels that thic
study was limited in scope and shouid be regarded as an
indicative but not definitive evaluation of the usefulness
whieh an OCR system mey have to FTD. The present study
concentrated on a small sample of Russian pages from a
single journal, and did not properly evaluate GRAFIX I's
ability to process the full range of material handled by
FTD's technical translation division.

The practical ability of GRAFIX I to capture Russian
technical text will not be accurately determined until a
study is performed in which GRAFIX I reads a large,
statistically valid random sample of the sctual material FTD
proposes to capture for SYSTRAN processing. A sample of 500
randomly selected pages from the 1last year's production
might be satisfactory for this purpose. Until such a study
is performed the true production reject rate, substitution
rate, and total system throughput cannot be convincingly

determined.
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APPENDIX A

DESCRIPTION OF THE DEMONSTRATION: APRIL 18, 1979

A.l Participants from Infornation International

A. K. Griffith, Ph.D., Manager of OCR Development

Russell Ham, Project Leaderx

Rich Schroeppel, Senior Development Programmer

Jeremy Schwartz, Junior Programmer

Dian Sweeney, Reject Conversion Operator

Bruce D. Clayton, Ph.D., Corporate Communicatio:rs Specialist

A.2 Participants from FTD/RADC

Lt. Col., Russell C. Hagberg, Technical Translatio: Division,
FTD/NIT

Robert M. Wallace, Technical Advisor, Technical Translation
Division, FTD/NIT

Lt. John A. Guillen, Project Engineer, S&T Systems Develcp-
ment Section, RADC

A.3 Schedule of Events

10:00 Briefing of demonstration to follow.

11:00 Reading (OCR) of 27 pages supplied for the
demonstration.

Each page was filmed on two successive frames of film, with
the top of a1 page on one frame and the bottom of the page on
the next frarme. The output from each frame of film was put
in a separate "OCR Output file."” Therefore, 54 OCR output
files were created. Each file consisted of a suwccession of
digital codes, one for each recognized character; together
with a gray-level image of each unrecognized or "rejected™
character.
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DESCRIPTION OF THE DEMONSTRATION
Schedule of Events

These files were named CR0020.001 {33,110] through
CR0020.054 [33,110].

11:30 Creation of "mock reject" files.

Each OCR output file was run through a program which
replaced the reject images with question marks. These files
were named MK002(G.001 [33,110] through MK0020.054 [33,110]

12:00 Conversion of mock reject file to FID format.

All files output from mock reject conversion were converted
to FTD tape format. This tape was supplied to FTD as
"tape 1."

12:30 Lunch
2:60 Rejeet conversion.

Ten of the OCR output files created during the morning
session were put through the reject conversion eyele. Each
reject image i1t each file was displayed at a CRT terminal,
together with the textual context, in Cyrillie. The
operator keyed the correct identity of each rejected
character. An- encoded version of the keyed character
replace” the gray-level image in the output file. The
selectiva of these files was the option of FTD. The files
were named RJ0021.001 {33,1101 through RJ0021.010 [33,110]

2:30 Crcation of moek reject printouts.

The MK0020 files were printed on the lineprinter by a
program whiech gave Roman transliterations of the Cyrillic
characters, and indicated the fonts and character sizes. A
file called PJ0021.000 was created from files MK0020.001
[33,100] through MK0020.054 [33,100) and was supplied to
FTD.

3:00 Writing output tape of reject converted files.

The ten files put through reject conversion were formatted
according to the FTD specification, in 710-byte bloecks, and
were written onto a magnetiec tape. This tape was supplied
to FTD as "tape 2." A hex lineprinter dump of this tape was
also supplied.

3:30 Summary and discussion of test.
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APPENDIX B
JOURNAL PAGES READ FOR THIS STUDY

B.1 List of Pages Read

RADC provided Information International with 27 pages of
Russian technical journal material for GRAFIX I to read in

this demonstration. These pages are reproduced in this
appendix. Table B-~1 contains a sunmary of the pages read,
all of which were drawn from the journal DOKLADY AKADEMII

NAUK SSSR, No. 3, 1976.

TABLE B-1
LIST OF PAGES READ

Pages Read No. of Pages

521-524
529-530
603-606
611-613
615-618
622-628
750-751
756

00 =3 0O DO

Total: 27
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JOURNAL PAGES READ FOR TFIS STUDY
Actual Journal Pages :
B.2 Actual Journal Pages %
The following 27 pages contain faesimiles of the actual :
journal pages which the GRAFIX I read during the -
demonstration. The faesimiles have been reduced to 65% of
their original dimensions.
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 521 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976:

Moxaaamw Axajxennnu nayx CCCP
1976. Toum 234, M 3

VAK 51921 ’ NATENMATHRKA

10. K. BE1RES

NOCIEAYIOUIUE OUEUKIL ITPIT BLIBOPOYIIOM KOHTPOJIE
O RAMECTBEHIIOMY NPN3HARY C OIMNBRAMH
RIACCHOHRAIUII

(fpcocrasacne axadenunox A. N. Keanorapoeun 22 V] 1S76)

{lpu naannposanun swGOPOIROTo KOHTPOIN M 2ZHAZUIC €0 PeIYASTATOD
WICTO WCAGIAT B3I NPCANCIGAICHNN 06 OTCYTCTANA oumniox KIaccuduranmm.
0a4sKk0 NPB VOCTPOCHIN MATUMITHUCCKNX MOALICH, COOTNETCTEYIOMMX DuiGo-
POSHOMY NAN COIOUPOMY GCICOBANLNY € NCHOTLIOBALNEK CPUIACTS AMMTHO-
CTUKE 3BTOICHINEE B MEUNNNC, 3 TAKKE UPH HPOCHOIC HIIAROCTR Ide-
MefiTien HA OCHOLC PrayibIalon BcPaIpyimaniiero Kostpoin Goase peaane-
THNHA VEHTURATL BOINGKIGCTL omBGooi Kiocompuraune. Hpue  auasuse
QUNHLX 0 XOAC KOUTPRUIN B OReEKE CT0 KGPekTHRIUCTI MUAING & YCIORNAX
e uButieil 1SICCBIMIKALIN BCHOILIOLATE HUCICIVIIMIC GIEHRN, NPeLI0-
wennue AL H sworopontas ('), B maesunmeis paGare paamaracres noa-
AU K WOCTPNCHITN BOCTETYIBUIX OREHUR 11T RONTPOIa © onliias, 06o6-
LLAUIMIT CONTHCTCILYFININE Pe3YILTATIE an KouTpoar Ges omnGox ().

et Q= ({0...... O] — xogentan conouyimocts N oirenvor, Kauxamii
M3 KOTOPMX UPMEALICHNT OANONY B3 F RodINOKIME Kk1accos Xo..., Woey,
a N —unci oiuektor  2.€R, npovalacwamnx  xaacey X Noo(N,, ...

N, VO NsmN =~ =N, Hon xourpare obuoxtu Kisceumunpyorea,
L e oTRnenten K o:uamy 13 ¢ xiaccon. Civaali r=2 cooTnercTnyer Tox na-
AMBECMOMY EONTPOII N0 asuTepraTrsnomy npanaky. Peayavrama xaacen-
fURATY HYIeM PACOMATPUBATL KPE BIUNIIO0 NOIALICHNLIC CTyTalinue cobu-
TUN., TPHUCM BEPORTIMCTL Toro, 170 ohvert O.&X, Gyaer xaacendunnposan
KoK eOnent. npanagaesaienii saaeccy X, pawna p, , k=14,..., N. i j=0,...
veel =1 MacTa Py, 32020T  BEPONTROCTH TPANRALNOR  KIAaccuduKaNME,
a {—p.= ¥ p,  — sepontiocTn  oummbounoll  wiacenduxaunn, [lycrs p=

=P eees Pooei) — voxtOp-cToaGeit. 8 Pm[pe...., Pocy) - datpina  me-

puRTHOCTCR Kaacendmuauns,  oGparonannas  nektopasu p. i=0,.._, r—19,

Caywait P=1 1. e. p.—1, p. =0, inj. i =0, .. r——1. COOTROTCTHYCT KOM-

Tpoars Gey cumdans. Peayantara xoutpoan ouextos O,..... 0., npercrasuy

noca-InNaTEILNOCTLIIO Bektopon (6. ... e ). rre ey=(g, 4. .... 2,.. ). Ecan

NA K-OM JUATC KORTPOOIR OOBCKT KIACCHPMIRPYETCR KiaK  Npiitazskanugii
...

Kiacey X,. 10 ree t. =0, j%f,. ¢, y=1. KoMnorentit nexropa Xw= Ye, =
‘=)
Ll C IR Noay)’ PABNIE ANCIAM ODLEKTON,  OTHCCOMHWMM MO PedyRLTATAM
-
KONTpois €,..... €. Kk K1acead XMoo, Koo 7. e v= Yo . Booay nmxe
baut

NPEINCIATACTON, ATO HEAGTRANCTCA CANYATRNMIL BTGP 6LEKTOR A KONTPORS

aea FORUPAULICHITA B NI)IIT'HI.‘"- NPoROINTCH  Ne Iy HEPRORO  EXOAKIACHAR

IHE: - rpanaucit vaners ocranonsu 17 (), Tlocaetonateavnoen.  aw=(x,,...
.

s X)) Yeus Dol ks, 20000, ofipasyer nytn (TpackTopmie) Konrpois

00 TOURAM F-MePUOH BEIOSNCACHNOI pemeTin
Rurix), indxmer,d... tro xes(r,..., 20)0
Nyers
Gr(x)={a=(X,..... Xa): X, =x, m=ind N, x,2F, k<<m}
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JOURNAL PAGE, READ FOR THIS STUDY
Actual Journal Pages

Page 522 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976{

~ MHOKECTBO UYTLH, AOCTHrAMUX 709K X, KOTOpan A (GmeM Cryuae Momer
Gusy rpanugoi,
Goz x) = {am{x ..., %.): N2 X =X k=ind X, <mming X., \.&F, i<m)
~ MHEENCTBO Iy LPOXOMIEX Yepes z ¥ JocTaraomnx X, |} ~wmeo0
aneMenton meomectia J, aMwala—1) ... {(a—b+1), b—ueace uneao Aw
Bua¥Redits CTATHCINSUCAEA BMBOIOK HCUOTRAYIOTR sepoatiocrr Pu(a(x))
Perucipattinn upn ropuTpoae ny a{xreGrn).

Teopusa 1. Upu rnunrpoae co cayvaianu eubcpux Ges soaspaujenus
U MaTpLyeh eeporTnocTed Kaaccugunoyuu P eepoarnccry nYTL KOHTpoAR
a(x) = (X,,..., X}, Xu™x, JavaeTen caeaylouycis Jopayoi:

-ty

(el
Ne LN fo(x). )

prla(x))= F T

Tt Sy mm

= Y 1] tuder, @

(o gem b3me
colten) .m0, 4, 100, e, P, (e, )
m, T (i)l ipmk, I=1...., m}. 7 (m)ei:

. ~t}, s =~ ¥ o .‘:t, =y f=20,.. , r=1,
Py O

2de m=in] x, m-s{1m,,
4=0,.... re=f. [={
1Tty i~m. ke9,...

b ] (U S LS

pz aoasaaterrcime (1) (2) nexvopy =iy, ... £}’ conocraranen co-
Gutite, ructoRlliee # 10N, w70 ] it GTEBNAMIME 13 KoNTPON, 0GLCKT npnuax-
acant aacey 1 (Lm0, r—1). Imf oo m. Tips cayvaitnon sufiope Gea
BOIBPALLCLMY AOPOATHOCTL BONIOPA 3 PIRSA

AT NETHNS T )L mmmgt . Am,

Caeacrsuc i, Bepoarnociu ecex nyres xnoxecréa Gr(x) odunaxoem.

Cacactune 2. Hos xourpoge no niany IT) u cayvainom suGepe
061er28 11a KenTpn, Gr3 0036pauENIR 0OCTATONMGM CTATECTUROG o4 gex-
fupa narascipaa Na(N 0 N,L) Reaxwores KOOPIUNGIIZ TOUKY OCTBHOS~
KU KOM: [*1.18, A0200 RYTS enepevte GocTusaer zpanuyiz T

dvat dany un oano(asyx)erynenvatux manor m re2 fua noIytex
H. M Byasuraoi,

Cacactine 3 Tyers Po(x, T) -~ scposrnocry, docruxenus 2panuynod
10wk NEL, @ P\ (2. 8, ) — éeposrrocrs npozoxdenun u3 rovku 2 u docru-
aenur 33rew rouky ACT, Torog usvex

Po(x, N=L:(\)pita(x)). Pz, x. ) mL-(2, x)pelalz, x));
atx)eCr(r). ez a)elp(z, x), Le(x)==[G:ix) |, Lr(2, )= {Criz, x}|.

Pacerozpty: uo I' conciicrio w postnoctt sep {Pu(d, 1)} AST, 3a23-
Pavdoe seponrsoctavn uavons Pyia. I') » rpannesue forke xel, N arpact
poii papaseipa, Xm0, f...., iw0,..., r—1,

N>indFemaxindx, Pa(d, I')-Z Px(x,T).
aal brrry

Haan II(T') fivaen msausath nomuv. ccan COOTBEICTBIOMEE Cuy CoMeRer-
£0 {P -, T} amanerea poanux @4,
T Teopewa 2 flucry nagn N(TY noanug npu _Kontpese Ges owubox
(Pul} npu cryvoiinam swbopr Gos goacpaugenun. Toxda naan TI(T) nos-
KU U npit KOuTROE ¢ orubRawy, ety dot PO,

Jdoxazavearersa ocnonany i caeavionmy dakrax. Byacs cxurars. x10
coctzn N coroRvimeern B ananeten ey ainod neanannoi N.. B xancerse
ANPHOPHOTO PRCHPEANICHIA HOILMCN NOINHOMBATENOE

PN Ny o g g2, @

T DM AT A0 1 %ot e wrs pvw 70w s v e

[
>
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 523 from DOKLADY AKADEMII NAUK SSSR, No. 3,

=t
e 0<g. <1, }:‘q.—i. MNyets en=(6, 5r.... &=y} —menTOpU. ¥ XOTOPUE
6a =0, k»f,

ey
b1, p= qupl.n jo0,...,r-1.

Amt
Jdeuna 1. Ectu anpuspror pacnpedesenue N, 2811€3¢1 NOIUNCMULAS-
KM € REPUATHOCTANL 3navenuls {3), 10 nyrs Konvpoin ¢ Nafpuyeli 6eporr-
nocred Kiaccugunanyru Pooaerstrcreyer noauncvnganrovy Gayxdanue B,
no rouaox prersu X', npuven Pl =t Cz} »p,. 1=1, 2, ..., — Hoxepa
wazoe Kourpoa, j=0.. .., r=1.
Rpn ycrorms PO ornlpamenne (g0 ... grel) ~{p....., Posds

r,n:.‘:‘. ¢.P. ; nepenonT cnugacke SSt={{g...... g..4): 059 <1, Bg,~1) 2
- f)

M, - BEIAKME MNOTOTpatinnE pantepioctn r~3, A,CS5.0 ¢ pepiunnavn »
tomax Awvilp « ... p D). I=0...., r=t. Cnoiictin notix paane (D)
UPS BOIUNOMBA LN & NALDINN. KoL (Fe..., ¢ )80, shansazcurso
CHOTCIRV NOINETIL NPt CV AT MBOMCCTHS HIpAMeTpOR X0 XS,

Cacacrunc 4 MHpu xouzpole no asnreprarusnouy npuanaxy ¢ sepo-
AEHoeTSMn Kaareudinanun p, i pwl 4L pogTpe (po%Pyy) mran nepeo-
20 HroxCoeNuR ST RodN TOLA N TeNAG TAlYa, KU2DA O npocTol.

{Onp 1 1enme upectana e C). crp 133)

3avesaure. Fownpn r=d p, >p, Vi 1. =0, 4, 2, 10 det PO,

Fhenn M= {lL{\..... L. 1(\))" — pexvOp-c10a0elt. KOMROMCHTM ROTO-
poro pannu L(x) = L-(e .. \V/L:(x).

Teopena 3. Ecw daPv i, ro upu xonrpote no naony THUI) co cay.
waiae enbopov fier erepaugenun eextop Ny (NA .  N23)! neexe.
WEHNUT OUCHOK KOMNOKeENT ¢ekTnpa cocraaa N=(N,, ..., N..,)" eneoxynno.
€1t T ONPLOCAALTER COOTROMENILY

(N)A=XNP-"I(x). (4)

Cacactuie 5 Leau neav U noanui, ro ¢ yeansurr reopemis 3
HECHEUIEHHAR ClCHRE 15) eAUNCTECHINN & KAACCE NECHEU[EHNBIL OYEHOK, 38-
SUCRIUT 1T (s ;QTONHA C7ATICIURY X,

Cacacyrne 6 Bcaysaer=2up, %p,,

(N = NULA0. 1) A e () ) =pe J (P 1—Po o)~ ()

Baswcannne Ecan 1ompsrn omocsynenvaiiiy ofivava n. a d —asc.
0 CULOETOR, GIHCCLHINX b KTy Xy (7720 70 w3 (3) nucen (N}
weMdin—p, ) (pr\—p 1)}

Pﬂ:’(\(hfp“)’ CHCTLMY ypanre nnft

. NNi(1-6,) N, P
Eb, by 2'_-7,’. g Bom Yt (6)
LX) -

Myern P: — staspuna kovddunnenton nps nemmecrnns (NV. N7}, ynopa-
aeTeRAIT & Brte nektopa Vo= (VS ALVL VAL L LN AL V3D erpo-
Rl KOTOPefi CONTRCICTHYIOT BOAICA0RATEALOCTH Hodepon (K. 1}, nucomed
nun W00, (0.9, 02 (71, 72}, (r—1. r=1}. Kaw i ) pannanod
Toune AST  n npeodakennn min ind A2 comnctarny 1cnvop LX) =

a7
I(L.)(;';..?c.." x)/Li(x). Le{cw e XV L:(7)...., Loleg. sbe,, X)
iLe(x}}".

Teoposa 4. Muern ece rovnn 1, ind2=w2 asrsorea Meruxusvien 3
aunoanenu yeiosun reopevia 3. Torda det Pow0 iy sexrop (NN necuerjen.
nuz oyenos N; uxeer eud

(N N PP (x), ™
3

apen v ey
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JOURNAL PAGES READ FOR THIS STUDY 7
Actual Journal Pages

Page 524 from DOKLADY AKADEMI1 NAUK SSSR, No. 3, 1976:

Nyers C(N")-(E(N)'\(N)A'-N.\") T Matpana orapanai mecwmengen-
nax onemok (4). Convcrasms arpage ow(NA(1—o0, ) TNb ) Marpay
(AN (IFN)7 (1.8, )+ (A58, ), 2aexcnrm Kotopok  oGpazosassm pa
OCRCAE KUMMOLUT T KTOPA GUEHOK (N3} *, ougracasexoro (7).

Caezcraue 7. B ycaosusr Teopeaut 4 xarpuya (C(NAJ)A, obpaav-
€OKMAK PeCxemeNNINL GYeHRaNY Jacxenton xetpuyr C(NA) uveer qud

(C(N"))"-(N)"(-\')"-(”)‘- @)

yers FwF T, — TPALKUL 3aunsytux uvagos JI(TY), =i, 3, T~

=lu=I\0r,, opases Loe youny I, Rocrmmmmu UPH KOBIpoa¢ £o maagy

ITL), Bexrop N (x) == (Nymerr, . .. oAl ) 2am xm iz, P T

opg soipoae uo uxaoy () momso BUTCPAPCIRPORATS KIK BCR1OP COrrg-
B2 LCUPOROBYPOINPORANLLE vACTH P,

. Teopeua 3 Uyers KOKTpO2b npossvurca no naany 1), deg Pw,

8 nyre KOKTPOAX NPLIOOUT Nepes ToyNL xv'el,, xel,, npusex x*? doerya

XKD U3 TONER X Fep,, fuul), ..., re1. Tozda #¢KTOP, NecXewtrKO oyeny.

eawuuir N(x*"), unzer ¢ud B

(N(xlll))A-P-il(‘lll' ’(H) (N,_iud !("), ‘9) = {

r2e Hx'" x*) =L (x4, xP) (L, (x5 e,0,, xM), L L (x e,y %))

Nocaeay mutre oueuxs 9) wemno mcuomgorary AN ONCHAKANNA NS
Ademok ofuprerTimioctR DpB Depesote x Foutpaar no uiany fI(1%3, 21, one-
namans npmynroro Gpaxa () u r. A Avatorasus 3803y (7), (8) momuo
ROIFANTL HOCHeRUCBLUC ORONAL MATPEUU KOBAPUANMN KuMUOHeRT PexTO-
pa (9).

IL2ansposange luGopgnuom XoNTPOIN MOAHO nposoiats wa ocnose
Gakeconckors noxzoda ) Iyers Prayartati cwiomnro FOUTPOIN CORO-
Xymaocted § opeactaswmsr Bextopaus \,= (S, “o Fondinae 8.

W0 0GoxTon P, OTHECEHRMNY K Xy, j=0, ..., r=—1. E'N‘ N i) o

Paccuospus rocacaonareasnocts (Nio oo Nuy o)) peex BOIKONIUNT Intage-

LD sexTopuR eocrans N COBORYUNOCTLE 43 .V vhm K208, Fa 3=P{N,IN} ~

BRPURIBLCIR DpU CUownoN Koutpoae R c© mexzopor cocrsna N, notyesrs
-

»extop Ny, P (he.s) ~ uarpuur ¢ daemenzany Do b fomme? Ez.‘(ﬁ.). rae
Gy

1 R o

=

In(N) et upy NwN 2 72 (N) =0 apn NwN; ;—(ﬁ., venn Pae ), Xew
-:(nl.\',)_. eeee 7N, .. } = »esTop agpmopuux BEPOUTROCICR  IMANCHES

N N -

Teopesza 6 Ttyere nposviurea CRAGWHOR KONTpoas ..., . B ¢ xzr-
Puyed deposraseres; Kasccudoxayun P, dot Py, Pe3yALTaTS  KOTOpOZS
Mo Mol Tossa det P x ACRTOP X. MECNEWEHNO OyeNuSIOWUG gex-
TOP X anpuopnuiz geporTiuCeh, uNcer eud

x=F-1p, (10}

BN s B0y i s et ) g

Bavmevange. Yncao ROMOONERT BexTons x Gucrpo pacter ¢ pocron N.
NIOITOMY MVHKIIO BCCIRI0NATI THelOCTS cuenxs (10) » yeaopmax pocta N um.

Mocrovermi FOUI2ePCTMNRLIE YunrepcRTE? Nocsymitze
o X B Josxonmosa 97¢

3Viy
JANTEPATYPA

' 4 H Roixc.spos. Hay Al CCCP._cep aten., 7. 14, ». 4. 303 {1950). ¥ JO. &, Be.
Aaes. Beprtnocnne segnig FUTGPTIITe MW oI, Bavize, §975, 3 20, B Auw
qux I b Povawrenan JAM, 1, 1VLN2 20090, ‘B 5 Ponacun, Hayen. 3am.
Tambetizes ng1a AP N0 ECTEe, N $5, §12 u%i0) 4. Hald, Technometries, P
Y. 235 218 Tin (2L B B Biatwie, G Meazy rapaan RO NaTe42IMNDS

» Hsune, $970, eHaynas, 1572 cp, 48, * R . Aysewvexud, Has. AH CLCP. Texnn-
Neckaa unlopnern' s, & 4, 80 (1973),
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 529 from DOKLADY AKADEMII NAUK SSSR, No. 3. 1976:

Jdosaaau Axzacusn veyg CCCP
1976. Tom 231, 4 §

YAK 517.51 MATEMATHEA

E M AMBLKAR
CROPuCTD ITOHBOMHAIBHON ANTIPOKCHMARYIIIE B E7(G)

{(Dpedcrasseno atademnson C. M. Huxoarcaxn 29 V1 1976)

HyeTn G - Lavtiax OfLItTL. OTPLUBYNIFAT LPUCIGH CLPSMIN-NOE XPE-
roit 06, llpeatotnns, 410 Mak G. Tax @ c¢ sucmnocss C\ G s30Ius » aasce
B. 11, Cusprors (). erp 250). Kaace £7(G), 1<pZw, cocTont 33 auadm-
TBYACRDX 3 G dVURLR [, TRFABRUMC JBaYCLR KOTOPUI CYNUBPyeNU B CTC-
seus £ us 96 (ronnue oupecacuen ox. ('), ¢tp. 203) ¢ wopwoi

sﬁayu(juunwaxY"
”»’

€ ooMYHOR wuddananvedt npx peex. Ecin obyacts G —exunmsamd xpys

v j2i<y). 10 Er(A) =" — ofianuun Kiace Napag ((%). c1p. 78).
Uyere s>0; pacenwspun kaace K, °(G) scex densuni f a3 E2(G) co eae-
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4 Creays (). mazumm aiizscss G K)CUMHO-TIIIXROE, ocam o¢
FPAUTHI COTTr MY 1 KOBEINOIO YHEID FISIKAY VT ¢ HCupepusiiod Xpasaa-
BuB, GOpazy sty B SrpiLEnzx 3, Jo 1, 2, .. N, sncsiese x oGaacin G yrase
2, U, K2, npatess »olzsa 2,

$i2) =g (ci~A4,6) (=== A,(z) 76,
53¢ A= 2820 nenphpieio udda peatnpyesan dymaaas, T pansus T2-
Kol G3racTn MRITRoBgupa (7).

il. Ucuvsnaa reopema, lyers G- XYCOUMO-IIIINEX OLIACTS X
1€E7(G).

Teopesxa 1. Kexovoe us caeoypmyuz Oeyr yeaotul neobrotumo 1o o-
CTaronne OAR 1079, w1oou 1K, (6):

Ay SSU“"(:):';'(:') "1 dz)"*=0(A "), b0 mpu nexoropon m;

',

B3 AL{f8)a=0(87) =0 npu heAGTopoe m.,

HL Baseranna 1 Juctatomnecre yeaosnia A) 1 B) mesno oxa3ate
B 2% Gedee OIEI GRIMCICH. BAUPUNCp IR GRIATTCR © OIpALRYENYUN SPa-
LICHICS B HCRYICELR ERCmumsn Yas

Z HeoG3018M0cts  Maekza A} xenswimacres npa  ambom
Swax tis], is a ). ycwena By — npy arsw memax (Is). [s/a,)).

T CI0BHC A) HOMIG PACCUATPRRATL KaK OCTECTESHMG obobuienne K3ac.
CHSev I TeOopeuir Napas — Jlurrasy e (7). canaasann i Thanuauy o0 £333-
KT VTR &SPV IE € POrIng oF €Tt Bjvi b X £GI30 IPanans.

§ofen panopt O ycaomite B sjerpentacmon B omancerioc Jeronme
B K wauna (3 g JARICTBUPECT det CLPY AL Jea00em Téarzeps
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et B3 6L T St ke I cTOR DOOO\OIRVAIN B8 AR TS TN 1o J2R (G
Ho apn somin (3. 2 1 teuprve | Spute mwty VAL Hedtan o yeaorge B)
PaCYouTeR € Meaorzew it K Jlamauka Hpa p<a 51 m -0 y1atovmocts
veseens ) 210 301 Procz ®onmpsy Topumnst yeranonia » pabo-
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e naated AL(G) K KYCOINTIADME oftACTRX B
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Aoxaaiuw Axszexnu nayx CCCP
1976 Tom 23, & 3

YAK 330378 0 57 5317812 TEXHNTFCRAR OHIIEA
Axaacusx AH ¥CCP B, K. MOCCAROBCENE. k. 8. DETTOL

O BAMANIH TPEHIIA 1A MILPOCROALAEHNE

Onapazroe 0. Paanoaratox » 1675 1. (') xaxciie (MEFXROIPREBAR, 2po-
TERILIUCC 53 MIGLPIRT KUUIIRTA B33uMOICACTEY DIV Te3, 3 [orIeltee
SPCHN BUTCHCEES: BCCICIICTOR UPE SMOBUT 1= LITHHEN 2rTo20n FIsejenig
manpsRensi 8 aedoprannd (*°1), Criitecinymiite NetUIEni SuARIAHRR 00

KEIIMEALAR 5 CHBICIER Ghiaiamrl Juidust AeOCTaIME, JRISRICILIY
CHRAABLINE BUIUANUIL SeIL0te BRACHCHNE TPannU I N ol{-Tmac PR
NAUPRRD MU GSPHAPUEILHUTO o TURIIEK CAMIT SRR LolilekTa, Y1
B CHD HICPRS IATPIIMACT HCOIv puEanle BPHIeLIM Nevie R UIN2 K3 3%
UK PYGOT B JTult UBISCIR (7] NpvICTIRIKET CoGoit CUACU) RlyVCHLR BEe
IFAILHL PIAIVYEMEK Il B DPOLICCS DRCHCPAN-LTL. HURRESLIINY 2 Pri) 1=
TATE FMRRUNUICHTIBAR  STOYIOIO Triz R CTeRInHHoR  LERAIaAPGL ed kiR
RIBCTROKY, N2 KGIHpl ey Batigerd TedhilB (Ul KpACKUcry Scinctea Mo -
CKOIMIKENEE TPt CYRUN TPPURE, KaK UCIORS Neictitn, B DTuX C3) X4t MyicIR-
pyesex rpybo.

B launoll padiore upeICTaRIcHi pra}IsTATR IKCUCPITRCRTAILIO D B/ ¢
SORIMIA NPOLCC IAPAICITR MPH CHCILICUNE I €6 INCNCHEC & CoUTBeT-
CIBEN € RIldchimitken :-u-:r#mz.:c.na TPUUUN Tweherd,

1. Metotana wecaelosai A UFCucpuneiIss Dposolitach uo
prapaforanion asioPans Melufithe Ol JCICHER FPANDL 3001 ClILKFHRX,
G HOERBROR N3 OInAYt RY CEOCOG0R UTRYCRG1s METINA IR ANN J-$opun-
PORABBRO CLCIORHMA = 3ot pad duceren witepd-povcipnn, Hpa arew pe-
DAIHRRINCR" CRrMa INLIYRerRA [IGIPAMM b Ao IIRRACE My b, Nelulsd
ARYX IKCHOIRUME | PAIBHOly MaCiteiala rpw w- it Harp: masanee yeapanicr-
o DPCICTINIRIS ¢uod CRETCUY PIIISTIR, GREMoRANY  3TPYIREI PRy
SRFRE RECTRANE DAT M [ Lte LN FIECT IRt K CIPTTIRMET v el
OTEMS BICAENO UIITTRN, oSH2 H1 < Tuplt cletarmndk  liptivereus
CECTE CREA3L RjUauatif} s IISCIANEY OB T HIGIKAIKY KeHI3kIS Jr"op
ERPYERIT u.'u:m B, SIRKIHCEL 9T HAFO, KU lep ja pdPodsd € ¢H0DJLIM v e-
Xox. llo.umcm:ue RUTCF I PoTpaN VI HECIORy Uoit HuscpIRKIN tihaRa 1o
€37 Budopralinmg 6 NeXIRRINE ALTIRTHOID KIZRRACRCIREN, CLinn<Th pay-
PalOTAMUOLO CHILCHDA GHICIAICHUR LuTICCTRY, pavepus B o)1 1oL Cleaie-
HER. BCARSHE DOPOMCEI-UHR B 20 12X CKAA DA  (MToRT R CIeiyulilex.
Huscrdeporpassss KoMTartiol DoscPXRXNTE ICTRe 3 h4ISEINT 304y CUed-
AcHNA. OIP cuuy® nutepicpe S HOJGCON NeEpRort BePAIRS tottd
BPOCKAILIUBINKR AI[AKT: PUIA DTN TRIAAA N R fe P PrtIORTRT AAR0OC,
YRAILBIOMET K3 OCTUKCHTCILUOC NEPOXEIICHIC TOVCK IT0E YaCIR aoftTaxts
Roit 1HOBCPXRCTE. RoauweCToeian gurnka FraBadit CMeUIeUSA TOtek Bpo-
RIsOIRacy Oarvumn cuutohom 'r Taar sMeToInKa toepris pueaRaa
Beuotpectrense nalanIaTe ARICERA MEKFXEOISKCINR B DPOUCCES IECae.
pusenta.

Bunrcnenze ppouccca RORPLUIA £ PAINRINA 30T UIDAKGILKCHRR FPo-
POJTTOCH NO FKED-PHRCATATLNOI Crent. Bperrmkenuod O. Pengoaszcos ('),
BCCACTORARUTAM RIITIME JOU TPE OWATFH YOPYFIRY APRoyInILEu: Gpvercr
mectiwun nanraun. Ha Eure plepirpause CRaTOry YHPFIOIO DApaticienn-
de3A DIPLIICALEL FRANSUIN KRIZPITHONR KoUTIKTAOR A3orLIKE msfamta-
WICK DEIOIN, YRIIURIBURE HE DEPCHCMCRSS  NOTPINNTHETC  FRaCIKon.
llerTpasanan xacth, BPEICIAMINXIE COMOR KEAAPAT € GRPYISCRUKME YT~
JasM, AEAACICR 30N0H CRESICRAN.
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Page 604 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976:

Z Bubop matepsaan obpasnos. Marep G ob-
233aTh CIEAFLTIEXNB CHISeCThen bl THTE A YIN0-317a-
MIKBIK BOBCPIBNTL., ITNrLHLIC )‘np)"mc COGECTES N CPARERTICILNO BEIXER
»oay¥as yopyrocsa (E< ) 3 wxwj. Ma sarepaaios, olaaxaxnamx BEpeac-
SNELXE CRUITIRANE, Miiine Sioeats daopeniact-4 (E,=Hm xefux’) x
wemonrzacy 10530 (£ =100 kivsw’) Kosddameens yrexns pokon n3p Yro-
PUniat] = CIERI CUPCI-INICR U0 AIPCITMOE  HeTCUINE. T. ¢ RINEPEIOCE
TaRICRUBITLNGe (CIRNTIAPstirsd r B ROLMAILMY (u[ﬂmh r Jomans
B MONCET (T]AIATINNT UAPAIHA; OTHUeHn( nx J /P NPHENGAICH A saxd-
dunnent Tpesan ;. Heta 3 1a@KAHN 2% PN BuPcPUcTE (GrIBAPRAAISCE,
816 Dulskitis NOIFISe PROIMC BKNJOBIROZANMUC DOITILTATL.

Hpn upusrleure naecpenns ooUapyRa po. ¥Iu woddanncss spesas ¢1o-
POaC30 DNKTRUCKR 3t LIRITHT 4T CICOOuR [PEEITFR B JUBLILBO a3

"

A
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w— ot
(] o
-

Poc 3 Ndpatepnus wpmmis A1aie(f2 SOINYLRMMARS R DAMNTRR o
MK nt iR £ W MwacI ue.«wl tyr-n Svan ! ot
sorxeascd narptox € sjaas = &1op 4

XpRedI& — Dewaniacr i34 ‘m.c—mﬁzammumm
QY RICRZA 18 PER AIITNE teX) ex f. 1N}

PIEUL hmizmees Y 1~ NI Fladoeaer, EpE_Ealnd :.\-o
TR Derywenu rateplepepasuit (Cevlsercinenne N 1 —~Ne 28 1. 1) 3

won IITII0EL RAPVIOR (pre. 1,6). (ITRW 0Gecne1E223a0L CTAETIAROCTE YC-
A0BKE DPE RCCICACIAMIR J0on MuKpchoIbbonnn.) lurdubunncar tpemnn ae
MOD3IICTA B IUINTICINGCT CToHeND JARBCNT o Hufsabsed uarpyasn {pac,
1. i $lpE Ducicuernon LECIRTCUNR CMATEN Kuodn§-IERCHT THORRR B BICAAS-
m.m GOpl03 BATeucame pacter {¥io GUio sucpuize urycveno J1. JJexopun

*)). 321X BPORCAVIAT JraK0C IINCTICHEC POCIA { M, DOCIC JOCTHMERER
MIKCEMIMZ, DUBNOC YMOULACHEES €To 1) (OIS HalPyikax 30 OTEOCS-
Teasmo c1adsaLnuro coctoannr, (Hlexnduce sasmcaxoctw yxazanm s {*).)
B nponecce  mccaedoranns  Gailo IaMewHs, SI0 GYPANNML. MLPrIaNKEe B3
PAINAAUL FUICTKOR UFROILIICTORSTG INCTE. BHEMT RIRIRMILe £3 ¢Oope,
Ro RAIESCCTMN » GTARTINMECes Kpuaue §(77).  Jio osouctad nossaamin
OUPCICILRRLIY 055A30W UAFHTATIE SOBCRANGITL DICACIYCXRUX ohpaancs &
HOTPAETL RYFEATI IINACNULTE Keddwl ERDONTE IPERR 0T RIIPYIRR, WNM-
QY #1 JOCTATRAE DATAINNC HATAILNRE YEICTRE. MecGrDI8XLC 23R BUACHERES A
IIEONI BRIHEENOICHUR IO CORTUILMEHNN,

3 Peazisrazu axcnepnxenrta. Cepur uurcpleporpsss, paay-

s SCRHAR NPT VROINTCHST & VECALICNNN CRIVAKMCc RATPYILD BR MATEPRAIC b
€ IWACANLINA CRNicTBAMR R HnCTORGRUM Xodddrumentox Tpenas — dopo-
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Page 605 from DOKLADY AKADEMII NAUK SSSR, No. 3,

1976:

LIICTE. YEIRIIT N3 NOBIKERBOCTI TAONRT F0HMT COCIICNBA B BA COUTHCT-
CTRYRUC MULTCRDE I08M TPOTKATLIGSI4RR, CORIMEOE = FREINWCIEEN
BCoik EICIRN KICINEK.

Copa SXICHEepaTpaNs. DUINRCNNLUX DPa FRAICHINUL AUTILART 5~
ORI B3 SERSESHI, IAPRETLPRIFITIT RIC-ReARCR ERIDWCRGR UIONLIZE
pararsx (SDK Y 8 3o CRCENCTER § JARD(SROCTIN OF SHRKIITLPICNOT Ra-
spyase (Pl 21 Mesaiaye 373 Deajistatu & 7PI4ER 220RCTNOCTE Koad-
§ RENeRTA TRrBRES A7 CTOSeRR CRATRN, M INXIPORTE ISEMENKCTS Kudg-
GRUR-ETE TDCEFS [ O CIROTCREA MIXIRAA Jullld CRCBIERER & 50 R 1LI0-
tmans xuataita ! {(per. 1.6 AnsIEIEpyenIn KPRIOE KASrCIDOERO CPADA -
3 € praAssiaTewr, dasywaauxa Jd. A, Faoxnux urs pecesza 2232v8 0
BIIEIZAFRES IICKLTS RITINLZ, FOTTARTHSN LISINAANI FOTupsT Faubmte ma
SCEITA LN RBE CUCHICNES B 2 J0Uu EPocRALLIRaHEn {7 ARasam-
e PEIIIITETE YLIW COINE-FIE BPE FUIDCERE IT0R 32321M € HPEsCBEAR M
yiosucan Ki3tta Qrea B B Moccasoncsew x A T Roexyn (%),

Pacoxatyreat REleppepATvil, (SGTRCICTRYMMRC POIITYELMY Kaslde-
BRCHTIN TeBze. MOXEG PIIVTIS KPRSFD MIsxcxwocts [ or &1 (pac. 1. 6)
N3 SETHPE TIMTED
¥Yuacrox 1 (pmc. 2, &) apeactssisct cofoll CNATE~ 3IOTHWCCRKN PO<-
SOIEEERHLL KN MRSPOEPORDOCTOR. GARIFRREX  $EX, Fuiafaz
AR CISBIRIICT PEIRTMEY  CISTIIOMeR A T €. FHIILBIK MILPFINI
YPEIMABEMT S5 ¥ ToM CINLN  FROINCEEICT NOOGIESNXT  TPehax 3o
8 .

¥uactox !l (pac. 2. 6! XIPICIOPTINCICR (MTYIECTCD MEKPORCPORNO-
CItE TOKPIT ELCIFSINIRCE Talln DORCPIBNTE (RPOFRIfule «BAILEC10 IR,
DURCPABCITE, T. ¢ OT SNCIVIAMIGER  %2CIR LOBCPADoCIR.  (RrEC4ANSR €
M CTRIY OB EIBECK. KIK T BeNIP3 & Pulilic (TOPOEL Drjaweilanict e
SCTRIATUC Towry oGRICTE KUNIAKTA ICXTRe Jedopdanza paaa. Ha
fudrr SLHeRaN YYITRE KESJUbCpORROCIR VK- HalNwCILD CASoPEpoRe.
aBCE. 3 I3 APTIAT YEICIRIT N0 RARSERAC one Lputexier C preasscumen
IMEUISLCS 20§ 1T B0 LEINT AIAIRNIINE. KoSIINTRp) WHRCS HURepX-
nOCIR THe KX Bokul fp BPOIGILICT FEINIIEITICR & CRRIS € YROINIHRCY
S DK Ki-si CRATRA MERPe-frprelocTCn R AUDHOHER MaINECToCTR

¥Yuacrox Il {pac 2, 4) wipodveTcR Bt DUARIcHSD RIGIENR ChrO-
TONER B UoNIPe POALITIZNOTA GRPUIND nfred Kalelon 13RIWNT 6T Prowetjmgy
KORTINTROR GL130IR B FIKC Br J2BOHT O IRPORSKKIFR Hup-janortn (uoscpx-
ROCTS BS]ARISICL RAIROCTSE, MO MIKPURETRRINGTE CInicprIposainct).
Ha aTou 3Wac1E2 LPOECIo2ET [eINRN [OCT BrimSmiss ot cien wenan Ovee
BRINT. CITGTPHEPOREE Pues 31 GORAIEST JORG "Lit0 OANGPAY-
BYE: TECPIRCTA CUT- RRCPAIND Poicpd NITICIN RCAKIY  WTIRRGCTRER.
ITE SFCTOTH (ANINO JINCABKWICR IPT ILNCUTEN CRaThd. FHCIEVERSN
IOMF CHEDICHER. YIO COOTRCICTRENL asutaaer soddanernt Toonan. 1. ¢
CUETRBLL MTKPOMPORCOCTE TenePps ENF0T SuCIIToANs GALEIy™ KOHTAKT-
B33 COMCPATNCTS M BN IV, IFGOPUTPYACE CT VACIRECIAT BaIT)IKE. Pa3-
JATME B CTOPGRT, IMOANIA EEPOUNTTUML, YeR CUMIAYTWCA € werta, Hen
KEITIETRAR B0 2AHeCTE BOYET frds KK CANNAC REIOC.

3082 (TARIMNCR BRE CAITRE CIPATICICTANLIL RKVOTICT TE TOTKN. KO-
TOPIIE Je180 CIMUINTIIN B DPURUNHLY DeFPIMICRRR 07 NPEIGTCHRR Wi
JEMEWLO CATMLOTTE  JOSCINNICILITO VRIAR. . ¢ T ToRER Kak O
SARTTOWNTRAFTS IBUTRcESe. nlﬂ'w)' PeIASKUY 3ONUL FRCUWHERE  CRIIND
OGPAINa JFTRO FURSRTL. NPORIIIUASE HownlUEe malprasy AP lee voskm,
PINCC CANITICUUE, BEPTLCCTRTON B AP~ ERICPICPUIPSUCY € KITIANOE HO-
20C 330WC TPOCKITLINRIRER

Fuesczox IV (pre. 2 o1 — 370 ofaac?s RICHILONRE wECFUYCIOT Dt
EPOTHESC FOCTE MM CREUICHNT X SBOARKATK BIIAIRTRUL CRORITH RONTAK-
IRPFETHE BORCPINOCTR, STG MOFNO (HlACHETE DOXKITENCN IIRCTRSACNCR
m” ; TRE 3 LOACPRECTRCK Calr. Rpanan moXer we JoCIRINSTL 3NascARR
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Taxew 1l7a35%, 23 SOpEML AEFR 1EICTLIX C ICIFET OTIATE TPOIDUNTeNNT
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MEIAKC .M HOLRHSK WU VI MALLrEE Tak XX KuIIS
ALY BerTILIEPVORMI Te3 DNCrT JEMIK SEICNIERLITO PCTA
e st CHMITER JYAIRNAZY JeTA3ed KOHTINTHIA LUSfEnTs SPVLOAET TG
YO T Kpoteos pan b Gi, wxTrucnno ooy 4 sy (Dol TeraA, CTabays.
sapeaay e #3 yucrse IV,

Urtuzzra pavanicues MCI2ZRIED FARTRETEONS RIITWORCELTIER, Bred-
ATRNE B OISEDAT £323bm, PPN G5R3]VIKiHAE Mk MRKEARGILRCNES
MUBLT TEITE ROLSIIGRITE 1A CRPCIOLEE ORIXUTROE UIWIIARN KME-
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i1, M, BINOCHIHA

HCCAFLOBANNE OCOLENHOCTEN WHOPARPACHLIX CHERTIOB
ILTAFHORIABOR B JABHCHMOCTI OT COCTABA
W CTENRTNPHON YHOPHONMENTIOCTH

(Npeberanaens anadenunon N, B, Beavovin | VI 1918)

B sactomuiee BpeMa oacnie BT, 0THOCHUtUCCH K watiefimell rpyie
1o AAPUIOOPRIN IOUIA MNICPSIUB, HPIKIROGT REBMARIE MUOEHX Heeaeo
RATPACE, DRI BPORIGNONNIX  RTECHOCTPYRTYINS  Heeaegonanplt
BOIROALA0 OTICCTIE BX K [oispi,dy YOI BNtINGE TROPAS PACTROPOB,
SIH CHot T e OGYEIONTIIKA et K I OTHOWICHIE, TAK KNI onjegeate
U TUPMOAMBRMINCCRIX NEININE GOPRIGININ B Yamifeied  rpyniid
HOACHMIR TWNATON MOWCT NPHHCCTH INEdY B RCCHE it ll"ln!.'l ]MMIH'"'O'
10 reueucs,

Hecaelonumue  YNOPTEIILIA OPM I00ENIBNALI, TG I HIPH
BUINIE VOMNCPATY DN, 0 HEY HOPIANICHIIN Jups, CTO L ININ S RIICOIN K
TeMUeATY X, PP ACTOMIICT K RN e T eaniiel tepee,
Qeodonu [eado i, uliiAN RIAHCTEN HECACIEIIG o 115818, A0 Rutupors
Upotet ol S ALY PR IMEE BIOTeRI0T BTHOERSe b0 GlaeTpo, ICpomy To-
Ty QABCHT MUSKY JICEMATIIHRG PLEN KHR HENOHI Mt L0 Cepra none.
Pt TIBITOR A0IFP EIMANGTO Coetiahi, OMLNIY BPEACTHLIC NN B TIPRPOAS &
L] w.'.'!onun CHNYCd O MY mnmmb.n.n-mm OOPRA N MY,

Oanum 13 METLAGK, CRM Y ROYETEIRIIEN K ECeHeIE) COCTARD M
CTPYRYYPHOLY CorTUnIn OLINKGTUR, NIDWTEN METi L NP pnetol eaceKTe
poconin, I8 paderan 8 i () Biepibie Didie potisaaiing W3 eXIREETRYAT
AP SRR NP IR MUY HO0ORCHREM e 1 WIB)ipARPACHOM
COrRTin N CUCTaRE HICHN IHYON LT ueprntemol copiris, 13 cepin
PO U)o ap) Guan preesorpenid IDRPPLRPEIAC CHERTE IPRPOAN WX
It CHMTETUNLCRIEN 1L IATHORIANN ® SHIPGKe M Tephote cocYannn 1 Onsa ng.
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EOIOBIX WWue i, WU B 0T BAMCHeINR STueAley oo pomemitenc £t 0 Wiy, 1oty
po0oTaN, @ Youse Govtey tox san weeaodosaminsi ((4) Ouan ye1anoKieno,
N1y MARDGIC SVSCTRTCILININE K HAMEICHITN G Taln i CTPYNTYPHOFO Co-
CIUNMIY MIOHRTEN OO N odIRETH Gol)= 1200 1 S350 em™'y uTHocHMME
N R Sanuy Q=81 (AN =0y 0=8i=0. '

18 amion palore RIPPANPALIIIAE VKT RINT-RHOPTHIOROEO PAAS AN
COCTABOn Ha J00 % AR HpUPOIMA M CHNTETHYCERRY ofipnviios Bman danN-
cantd B odijactre 3500 <300 ex=' yn minppagpacnos eneitpodunosetpe UR-10
e MPTUIHKE DACTLE M TOUNOIHCHOPENBX el s noiliomie 1w Kide, Ha
1E, 1 AOKASATIE INAFPAMMA, LOCTPOCHIAN aBICpOM 1O HTHM JRUNLIK ¥ OT-
PRMBRALAN FIRBCHMOCTI MONTY CUCTOROM = 14 iMIPOM TLIRLINNL IR = 3 110300
SKEHWEV HHLI0E HOEIOICNNN b ofancT GOU= 20 e (v)) 0 W0=30 en=?
v,), JNarpaMun NOKAIANACT PAAREICHNE NA [0 RETR, CHMRARINOCR B 08-
Auctn coctanon D=0 An. Hepxuan serascs- Ab oot = 100% 4l An,
XAPAK, WL LI HPRPOTILIX HHIROTEMUC PV PILX ILIAEoRI0N. Jinxenr
WOTHL = AL eCoNND = J00% -0 AR, TIIHIAIT R CHTCTHICCHNY A1MC0.
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Baparosu1 Gimavk h cIONCTUK THTANOCH mKaTav — GadepTH(aTy BaFe,.
~Ti08:0,(0H): n  acrpudmamary (K, Na),(Fe.Mn):(Ti. Zr)s{51.0.:]s-
+{0,01. F)-, B CTPYRT)pax hoTopUx DMACINOICK LAGTUCIMAE OXTadapute-
CXue Caon, auatonunue Guotnrosuu n aeamaoanrosuy (Mg, Fe)-cepacuny-
KM I OMDVIKCOUME JUBORRNMY CeTHaMB-sKOTLYSravit» n3 Si- x Ti-noan-
agpor *). Ho » unx Tronvasnpu pacnozasanscea ocuy 4-10 nopaka nepren-
JBKYIAPHG CA0AM B vLodIMMTer (7], 70r1a hak w Daparopuie y Ti-onied.spos

Pre 2 Dparmens CIpyKIIpUE Gapatosura B opoekusn I3

1191p

AP m1y

NCPMIHBERYIAPUOE AKIRCTICA T f* TpOis ock. Pazop
10CTL RO OUPCACIRET VHCIIMCNHC YRE Lo OKT2IAPOB B cepivunmne. 7(3.5)
wanian H(3).

17 ConocT BICDOY CTPYRTADL GapatosuTa €O CIPAKIIPaMD MR IApHT-
oovue e togoto Tuna (awi02 cm i3 N, PO'mec () sManancsex un avn.
Teartee oo 1ok putus we pne 2, 1peae ofionit K0T La, Seengrer -«
o iparsonr ot vitautonoloinux erpyatyp Ho » Gapatonsye no-
ANPIe MITTAPIIORIIL AT dimae 101RUa §Si:00) pazutiantcn m MoKy
T4 BcTaknteren © it i Ca onzanapen Hpn 3708 papserp ¢ yseanys.
Beuton e ana oRzaapaectny Cacton mipineit 200 N 3t crenopnYes pannuy
195 0 Guotnt 20,11 %, cu manse 43 steTie HOCK, fCRCATORAILICR ne9c3KD
Oapruiorutar. POPUaINI0 TAROI SHCPENGT MUANG 3 PEICTIRBTL CAC) 0NN

[0
KLi,T0.{8i00: ] #+2(Ca; . 0r--F) = KLi 2a-T1:{ 8i0u)sF.

Tlorvvenuan CIpYKIAP L (GapatosnTa YOpoIty OSLACHAET NAACTABIATME ralu-
TYE 1 TORUOR HA CLABNICTL It ONTIYCCHIIE CRONCTRA,

12 3. 10t00se axopia BRpLka0Y cBon ups azenocrs 10, 1 Oprosy
n M 4 Cuupstorent i npeaccraniennue oipant. E 1L oewny »
E. (L Beioxonenoft «o sovonin npn neansenns i ofcuete dhonepisetia,
Moch(3ea 0 1023 WAPCTRAHUNIT VHBN POHTET TocTynuas
e\ Testencona 31 VIl 193¢

SIMTEPATY PA

$B. . Aycemasroe, E D Cexexve u 8p, 3an Buzorosn mam, ofz, 1. 106 S (1975},
* Int o Tablec for A-ltav Cnvstallozsypliy. v o Binascham 356 2 B oef fipasue
R DITCPEMOBE M MET4 Y Paf IR n 1t RPHETI TN I X CIptayp Ristinuer «Jihva
nanse 152 VBB Legoe Mnop patessis 66 Jlenektn 106 3aTa w47 (1963)
¢ 0. A Nareaso, A. A. Boponxoe. 3 B Nydoerune, Murepa12' Rascras rpscraszoxauns
amyava M. oHavsie 1406 ¢ A 4 Al WM Rewr, W O T 07 = A2 cristaliopr,
%1 (G T B B. Dosrzun, B, I} Loano. T 1 Ussorvess Kpucrasrorpsdumx
110 5 (1979).

* nnvirTRunoe COCANCRTL M0 IPUTOBOI0 CIPY XTI PROTO TRNE POSCTSCHYOL COI-
xmarnan ¢h, Na)t7e 7 Sejadln ADLSI0. (0

648

G w o

IRt SNt &

50

. atalifastncsnetie

— -

-

-~

b o

I R—— . g —— S oo 0 1 g0 § o
T s |

P T ——

E



JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 622 from DOKLADY AKADEMI1 NAUK SSSR, No. 3, 1976:

dontreas Asagcwnn nayk CCCP
1976. Tox 233. M 3

YR 511.49+540.94+546.95 xXnung

A. B, HIROILCRIUT, A, M. 1101108, B, B. SATAIOBA

HCCIAETOBAHNE BIAIMOAENCTBIA FERCAIUIAHOROMINIERCOB
PNTEHILS I OCMIH € A30THON RUCIOTON

{Opeocrasaenc '] B. H. Cnuy x 2 VI 1976)

Cot.tacno Mamvory (') n bapany ¢ coantopavn (%), npn sranscaeiictsmu
rencatuanohoMma neoy prrens i oot KM(CN ) ¢ somnon Kucaoroil
HOIFIM0TCA Hepassoupusie 3 pobe cocaimennn K fMNO{CN), - 211.0, uaen-
TEHRREPOLAUILIC YK IMNDWEME 2BTOPIMT DO CorTany M I Y0 B DK
CHFRTA\ BUTCHUSLION 110 J0UL B UTHUIO rothamn MU\ obnapyme s,
1o B CHUTC BPOLANNLIX TALLM GUPRIOY BCPICTBOPIMLIN NPOTY HIAX COACDAA-
HEe METAA OC OTBCTOPT M saHBOM) COUTJIBY; CAVO Ae BlanuodcltTsoe
TE14 AUBOBOLUMITICREOB € 330T10M KUCIOTON HEIHCTCH CIUAHLN MITOLUZTaLl-
By TpoUCCeoM.

ac pabora npcaup Ta € HCALI BINICHNA OCTOBLLIX CTajud .
31070 WPORECCa B DPHPOALE NPOMCKITONILX o holtevuds npdyssos, Hevox-
nuws romecrasty cxvan KJRu(CN)y ] 4 K [Os(CX).]. courestiposan-
sue no wersanre (UL*). RKosnenzpansa nanioro e Hun  PAPLHPOBANACL
® Doeaeaax ot 6,90 107 30 154-10°%, avornoh kuc.otit —or 0,39 20 14,7 Y,
Tcupepa1;pa —or 16 a0 100° C.

Cuertpodoroserpudecsn 6l 3adnacAposany clel)wiune CIajey Opo- -
necca

1. Oxseaenoe IM(CN)a)*- ;0 [M{CN)e)™ ¢ opasvsamiest au)oxuca
£3013°

[M(CN}o)* =2 *+NO," = [ M(CN) ()7~ N0~ 0.

Haupmep, 234 M=0s s10n c12088 coorrerctsyel sieperol o KpuaMx [
K ppmy 2 g2 pue te.5 Metoosd noroomensts 250, 308, J35. 389, 415 uv
gpuuaxicear npony [0s(CN) 1= ().

Hps ¥scaemn fa 9701 CTATUN B CHCYI/Y AATHOUOR TAMACILX METANIOB
0GPaTY I01CA XarAkTCpHLe ocarn ¢ [MCN )],
2 an Ma=Os s3opoit €100 OTBCMacT NEpENGT ¥ Lpusoit § {pnc. 1a1.

E
DPETOM JAALBCRMINR NPOUCed MACT Jinun AP narperanng 1o §5—100°C 3
B cugae Mesgiu peanans a0es sitanid 1o ScTpe 31 ota Araann te g -
euprerea enermpodorouctpiteckn Ha el cramn raacronie 1a508 ve oh- Ed

napyiheno. Monaun Ag* B PacTROP MOACT GIIL (wAKICHO HCCIBOTHOR €9+
AHPeRUE OCMRA, PoTlJIMIeecH HPIt RECN DIRIBLINGE BOJTOMY Das! Be YIa-
300) COATL €70 Mon CHOLID It ofpetrnTs cortan Il i ek enentpe npogveIa
TOVIONCUIA 31070 CoeUNCIMA Hat101awicd notocld w ohaacrn 1900 o
205 =2170 cu™'. CRIACTCILCIR BHLIE © Bttt Koopuititposannux NO- i
CNerpno Flo-enuvovy, 13 dYes CTa1 HPOBCAOITT OKBCICHNE 0ANOMO B3
HOARDAMMX JARTANIO0B Gea PLIXGXa N RUMTPCHUER (Depit KomBaeKes:

JINO, N
[MCN} ) ——= [MACN)L(ENX) ),
rae X npeactansanes cuGoft Tah RSt BIASC APICOCIVICHBYY AB}OKHCS 830T2,
3 Hs ook ctanen (sepexox g Kpukuw 4.5 ua pac 16 a 1-3, puc. 10)
TPoPCXOINT Br1ecHEs npnfnmIeanre 1 waii CO. ¢ Madoi npuscctio HON E
B 00Pa30BANNC (OCABDCINE AUATTIUINIT INTPOUDPYCCRRY:
[M(CX),(CNX) J=~[M{(CN);NO}*~+CNO-,
CNO»~2H *~#.0--CO.+NH,*, CN~+H*~HCN.
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Sue ']
4 KPS g0 Wb sl i s 482 305 Aen
Pie 4 Mavepanine srentnbrney cnentnur cnctey FMICN) 32« 1IN0 2 spemenn, t30
Mwr0e e, & & MarRu (o). A% 8. Crmecnni=117 1072 N, Ciea, =035 N, T=SPC,
L v T R e S et ol T 6 upn Jlaa 7 Cav,ruagee
Voraa =02 (=4 0 04T VW L3~ J7 FeEC T Tiow I(» C u-m;
w3 oy =y T — wraeditae €r 1w :'v-l- i, 360 4§55
8~90, =140, 70 ~20 uaw Jlzn ¢: Cx,micw 3076 i“" N.
- 317 w Tor € Ie vt T—novesman ticrena &~ 30 Mpg J=35 440,
S omta, S 350 T = usr s — 10, 89— 10K wan
Eran » ofvuesait CRCTeMs 1A DTOR S1A20E M itTHe IN3ORGTL PAcTEOD B BLi-
CHUMTL €70 B 5 CHAVIOPC, T0 M1 IRCPUN6O i IAThy MOAMG SRCTPATINPORITA
My TRUGTIN l."pn'n-'n\.‘l canr coctana K [ONO(CNL]-2H0 ¢ xomegnuam
FRNX0I0M OhO6 T, PUayantatic anaTIA AT050 COUTRIN IR HPARCICHN 8
1401 fom-n (‘m).'v-l!‘lu 4
B CLAr P33 HA [T BECOLO CLODPWCTI L 31 He nnere npouccea IpYY-
“0 BURSINTR B R ToN KK e AiaT0l N0 BP0 R TORROC CCEaRUCLRC,
TOMY MES fiodia) ek wiige apeergn R FRG{EON)L] 8 Sadcee sainay Yok,
EAWE I St NERRRE TOTen BRI KoM Rl TOMYL DT DE Oxit Ko 2 &
eM CX39AC I Y Dete s inte menar KIRONGIEN) 1 noesonnxy 8
FPORECTE AP« MW" fmitdia 1A nunit KPHETa aliainm  npodh  iIpeIRDOBN-
Tabanna
T4 A M 1-212 eXeundIP I 2E3THCY co0nBenpit {% b suleTeanus
12 PaIUTRIN 4T3 PR PUeIAC0)
ST etrs f AAlMUIEY CSUACURA CAOTRETCTRY T PATCIRTINMLR COCTIB)
1 H 1
forve sowre ! < e On < ’ ~ HO
i
h-AGEN )} 26 0 Wa 160 2 96
Crazne 2 camn R* | s 142 2 8=
A fHeNOCON ) ’ “!‘ 0 | 1he Hi 164 -
L-nxu L ton, ' qnn 160 366 -
(\.‘,mc\,.‘ M0 { 6 18 164 -
5 £ras AT ! !".5. 113 155 -
NN 20 ¢ H w4 130 203 -
5, cLan Azt H s 120 106 ~
e N Eixd 139 jind 3 157
fratiow B 1 47 Y 185 136
h 0NN 2H0 H 95 124 =1 is
toazex Boendt K- ' D5 $us 185 e
Az (0NN} ) SHO N a3 a0 $33 - * R
‘ » 3 oon At ¥ e id 1R 433 -
OAGC 2HO ] 30 105 165 107
Ceazp & i 14 108 65 1 91 .
1 rvesombe Cpelnie o7 0mewha 0XCTardent £3% 30 XM 244 23 € N 0N .
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Page 624 from DOKLADY AKADEMII NAUK SSSR, No. 2, 1976:

BOB 3Nze*

CxeMe

¢ 3ze¢a = xa3ee

o

BNA JaXBaTWBICT Nousr NO),~,
ayac HNO. a6 1IND,. G6 310w
A0FO UPOIYATa HuTEHCT MM Hu30CL B 051acTy §300 cn",

Jdaace. na crazum 4, BPOBEAOIMT GRICAOH
€ ssaeacuuen cwe 0,5 man CO,+~HCN. g1

PRUCCKN 3Ta CTAINA A4PaKTy
fromencs ope 430 1 aan py sermn tpue 19,83 11 455 mx 21w ocun (puc. 16,

9). Buzesennzx TEMHO-KOPHILLBAR € PLOPRIL COTL PYTesuA grovT cocTan,

TPEMCICLULT £ 106, .

6 Ha sref mocacaned crazmn BPONINUINT Ghpagnsanse nepacTsopmsiug
BI3IA0B. KOTOPK QDT Kar T rmnsn Bacrpe o
Tpemiero stein CO-+HEON. Jror rponece o fie
Posannce (11, 7.4 HAOQ. on NPALTpIIY ¢
noromezna (npunue 20

K3k 38200 03 2annun 1363 1, Cortux ne
uesuR oTscezer dopuiae O-(CN).NO-21 .0,
CROILXO Janam(no CoACpALI: )r-"ll‘ilﬂ,ld 1 a307a, 0aNARG
CYMMAPLOR  DeamUBR  NVRTBepA T4 obpazn

Teno 00594 r) = 01337 r
0.4458 ). Haamme XapaKtep

darypune crolnn 0373%3K1,
OTPEICIRTA CTPOLRAL apaavITa,

Tabarga2
H.-x ezexrpu awrposocoeansesni Ru [ ]

Coezbwense TNO. Cu=1 o, et Apyrme smaoew cw-t

K:{RuNOICN Y] 2H,0 1935 ¢. 27c, 252¢, 2115en, {I620c. 637 ps blea.
2065 ¢p 430ca,
RuNO(CN), 2H,0 192710 20¢., 2100c,, 2085 ¢. Icg?sc . G&'?c . S5 ox,
€. 1%cp

KfUNOWCN) ) 210 | 193¢, | 210 2138¢. 1620¢. 610 epe 52 ca

03NO(CN)5-2H.0 1900 220e, 2170¢c. 1630¢., (35¢p 560 ¢x.,

S¥5ex, 425¢p.

olpasy omuecn » PC3YALTATE OKRCICHEA B2 BO3-
CHURCTCILCTBYCT HAIRYLE B 1 K, CHCKIDe To0p-

i#¢ BTOPOTo UNauNINOTO IMragas
opsaaLuo memer GLTL Fanwca-

RX0y

ZIM(CN);.\'OP'—t(.\h(C.\').(NO)g)"-*'C.\'O'.
Hax pyrenma 315 cranmn MIPEKICPHIYCTER Kpuauva 4-7 (fue. 16) ¢ aio-
GeeTmas cxuid 10v0a npn 357 ny A ocvun 68 (pae. 16) ¢ nyoGecTasccnai
TOSKoit Bpy 3W ku. Ha pyrenstenan cucse M,
ALILDGUBUE 1] 4A0CC BPUTL Kt T 10%u 1y S0,
coctara Gawrs co x Ag {Hu (NO):(CN).)-
dazajorusiorne. FOCANHCIYR HpeduatatalIcd 3
3. JaKABRGEICICH OKBCTCHTE RTOPATG 1int

ote 0.5 31 COAHCN 1a 1 r-azom oy

716 8 pasbericunni Kucaore
PMUI0, MOANG OCATNTE  COTS
2HO (r46a. 1}). OGpasosanne
n weaess (%0).

MIBREOTO IHI4NA € SMIEIeN IR

{2 (N0)4(CN)1) "= {3, (NO:) (CN) = CNO-,

Caexspodorover PRIYCICA YEONINeEREM Bo-

ITUP YN lde To g BRACICHLOM
N0 JUTRG BACT B KURTEBTPR-
T UOMNY CEUKENNCM cmero-
na pne. 160 9 na pue, 1e),
PaCIOPINATO oCuUneROtD toetn.
2 1 PYicHncEOR OpoYyKTe me-

CTEAROMeTpIR

saige Ru{CN),\O0-2H0 po

K.{Ro(CX), ] Ra (CN),NO+ IKNO, 3NH.NO,.

Ha 0.6989 r K.{Ru(CN).} noayyeity 00548 r Ru(CN),NO-2H.0 (paccun.
NETPATUR  KAINA 1 auMOMRA  (paccesTane
THA He3eC R N K. CUCKTPAX 3TEX coetmmcnanh

Y10 Ramm X3BBUy me BOIMAIANT
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(ra61. 2), mapany ¢ tpyasocTanm snasmaa (1), 00-ZEARMONY, 2 3CTARINAE
BCZ:R0LATEACT J03T0€ BPEuA CINTLTH AX ALIOTLNE MATPOPYCCEIR.
E 072980 01 yha3aumisx coeamMenmi, NoIytcnBLC HaME feNTANRAEO-
BRTIOIOKUMIIACKCH PYTCIIR 1 OCMMA o4eli 61mIKY DO C3JHCTBIW K BATPO-
gpyeenay. Onp roTiscxronani,
J0POIO PFACTBOPAMT 4 BORE, Mee [ .
TauGie. ausmcrazdoprannie, ae-
sermicyavdorenae  ®apyrax
PacTSUpUTICIAN: TBIPYNTCA ABy-
A InenmadckTaMs Ag* m Cu'*, 2f .
vhpazya xoprsncasie ocaana. Mx
MHOICKYIAP qaeess, pen
RUC Haue Hs ocucucerpe Xam- H
aer — Tiapxer COCTARIAWT .}
337=20  (paccamramo Rag !
K:[RuNO(CN);} 333.5) = 448%
=20 {paccamraze an
K:{OsNO(CNj,, 4285 ye.). ¢ .
B m.-X. cOeRtpaz arux coean- NN T T
HAHER E TRCPIOM BOIG M B Pac-
TBOPIX NGIOCH V) FIKBL B CHM- Pae 2 Brenrpanmn®  cnenyy  cmcrews
MeTpURiitic. hak B y Na[Fe- K:iRuNOICN ) G0 107 ¥, - KOH
-CNJNOL y nepactscpmyux me € oy fCann 1=1 0 2t | 3= ]
KOUCSHUX DPORYKICE ONiR mAPO- 1:15 €~1.2 b
Kie. i enTuko sexkaxkennue Yac. .
TOTM Van ¥ NCNTINBINOHATELICKOMIACKCOR RLILTE, WO V' RRTPOIOTPONNIRKI0S
(1282. 2). [l vdntie PasImvna no1oc vao NaGI0TI0ICA B ¥ COOTRETCTEY IO
TIRL IIOPT NI T et e st pytennn: K {KuNOCL] o6aaqaer cax-
MCIPHINOE VINT 1 oot i 1005 on™Y & 238 RuNOCL-3H0 xapakrepma )
MBPOKIA BeR. e nooca ape 1890 ex™* (*). :
Ga DOAVYFRINL UeNTaUR p R CIAYI0T € O+ 1
Monaunsvz ispivep ¢ O™ Apanya {MICNLNOQ J=. x ¢ ', vinasyn
IMANOSCN 2], ktojiat BLACARIOTCR 31 MCTINGIZ B HE3e OCIKOR. B BT
HeR S hIPAT 01 TEINL AT TRI00H Vo B ENCOTCR AAPIKICPHLIE DOIGCH KO-
opasuupyganmay MO -5 NOS apyua. 2
Otanamteatuoin aobinpeerm nong {RaNO(CN). I~ saaneten  ciocob-
HOCYE DROCOCILIAT: (atala ninn OH-.nor. no mnauvan;, ¢ ofpazonanuex
ARTpukeibiiers Buetepea {ICN),NOH ) (poe 2, 2} o azme 2aten —
E10poit sow O ¢ rhpvenm wnew smzporemackhes (pre. 2, 4).
Halmege 11y Gectat e enont Tounss npr 352 csnyge 16 IRYET O DPCRpa- .
GieUrH T0ILho HBIPURtUTLIGIN L ICKCa B NATROSOATmICINGe 3 CB OTENTCT-
oun 2 pacrsope dopyu {HuNO(CN}, ).
Jdeneripazrasi RMCTReNnNE YERISPCET Nwsyoaze
A A A yrmcpastes TV
<IHTEPATY PA
' W Manchet, J Dasuing, Ber., B, 63, 1263 (1930) * £ 1 Raran, & Meller, 2a -
sherl w o aflecn Cher. B ST DY R G S f, How..d Am Chen ser 3 15,
TR NG S UEnTer AR LIHUN o N METa T MO G atRn e tpieme M
Fed 7 T APcud s P Gon 3 um Clem St v, Ty f LA piac8)
* K M Datics, G Stedman, ). Chere Soc.. Dalton Traos. v AAUB NG ) C Be R
b U L« l N mar ) Ui s | Dhbtey Teote, v 33 20 o100 ly *F Lo -
v, R 1 Iexing, G. Wikinsen, ). loorg. aud Nucl. Chem. v. 7, 32 (1938},
[~ N
. . d
:
: i
M
H

54

H
H
H
H
2
-
z
£
£
=
=
4
=
w
=

P R PR TR BTN SR

R e T

;
%
i
i




*s

e

=

A

Ay

et

JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages
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VK 547.1°43:546 88¢

AAEHDe: PECTIONAIBR HO Te FUHHCROGUY

B paTROPSN.

npy 1855,

WA Fala'im (el La LPatiece pacr
Can. TeTL. Ay POl aetnear £

Tp °C 0 L
& 20, cox-? 085 02

a0, ITaR, ne obnapy®en,

Hoxsazum Axaxexan nayx CCCP
196. Tom Y. N 3

Axazewux T, A. PA3) BAER. B. II. MAPBHH. C 1. KOPHERA,
1 H. BHIWITHCKASA, B. K. YEPRACOB, 0. H. APYAKOB

PEARIUNT TEPMITYECKOTO PACIIAJTA
JAUHNRACHENTAANEHMILHLIX HPON3BOAHLIX BAHAINA

Pance Bayn 6521 uayses +pfa0713 GUCHHAIONCBTZINCHE TLIKT HPONIROY-
MY TuyaRa B unpronna ohmeis Jopsy s (C:H ) M1, (Re=Me, PPh, Cl1,Ph).
Ye12unnieu0, $10 Pacual Coufun oA L ICH FOMOTHTANCCKNN  PaCUICN ICHEEN
0 tenzeit MeTats — Myepoa n pavpywennon (G} erpysaypu (%), He-
paoKeinn  OncuKIonenTagRe-
UATRILD, OPORIKGANMI BIHATUR Hehase 3L wT0 npl pacnaie (CH.)-VAr co-
xpamaercs (GHO):Veerpysrype Ottonnuisg npolyKrass pacitaia RKINOTCR
ArH sagaronen B saetongae saanotens (°}. Huzepeeno 6110 npocae-
ARTE. EIMCNUICT 10 \APIKICp PACHATd  MalaIROM ANBYCCANIN cocannenni
NPD 3AMC e AP ILHOLY SAMECTHICIN ¥ ATGMa RANAINA Na weTtaniui. Ha-
CYOACIasn p.n()m.\ HOCENUN Ha urC.bs toRaniine  Tepualitya
HyLy, upoLssoa pabann (C-11):VMe u (G511 VMe, & 7neprow nnae

ONCUKKIHIrNTAgNe-

Texnpatypmsie uuveprain pazromcins (Cy11,):VMe n (CH,):V\e, on.
PEACIEHLE Me1rIns Amdudpennina it no-1epundcerioro anani. (312 ). Kps-
pam 37« (GHD:VNe xapagro pusycres anysn obpazesusn smaotepusve.
cxure adderraun npn G g B0® 5t e Ty K3eTepuriechey afdiex-
Tox, Tasouaouiuacd aps 1227 ¢ sanenny sux wpa 150°. Hepase a3 odulexra
HU (BR3HU € PAXICACHRN BCRETTRa 1 3130 o &y anlBpatiast upo-
ANRICR FALIGEOI O IR IR BN ECT0 B 00T anTepratetRoro
s jaria. Ho JaHHY Q%2 90TMPOVRSICrINoe npORIZOIHGY
DI 1 Chocls CTabRALhe 1zt 1) GCCH)LN Me o pataaracien 63 sranienas
€ M purTechast ofadd RToa Npi sespepatype sume $22° ¢ saxensyuon

Yerrnum Tepuracnoro pacnate (Clh):VMe # 1repaon smac » pactso-
P2 BPOROANIPCL £ RORYYMOPORAHIRIY JANAHTBIE
¢ GLIMN BCHONLZGRanM Tiiya), TeK-
P B Stean]d @ P I Yelta KRHCTRE2
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nnx Metana fiua mayaen sepuwvecrnsi pacnax (CD);VMe = (CI).VMe,.

Merozom 17.2. DOKs?ano, W10 ACETCPEY
(-]

AT2AUCRN ILHOTO IR~

P

.

k

-

. s & o
PRI Y VO PR TA PO U

”

"Iy,

b e a9




P i . 2 e 1

Mo

*

JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 627 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976:
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 628 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976:

Tabasns 2
Jderyiae V compaasine FpOTISII TEPMESECESTD JAINNeRE ©

-~ Cenepoisart 3 THECE 838 T3¢0, B
= jrbeiid i IS EAT Y LMY
Mpczyar F2ZIN2 _.',;..,‘1 h:!#_: % }l'_“ %«; {+ I-.).‘*“.
sarys | saryym | veyyds Lt L]
{CH,3.V 181 =3 x5 2 78
{GH,:C DY 1% 162
1C.Dy3:V 191
WCHCHY (S HaY $% xR 45 84 165
{CG-H-mC-DeH, oV 3193 94
(LCHL H)C DY 200 180
(CH.CDMEI N ag 408
WH B 25 e 218 120 50
CHLHNCD BN 213 48
(CLaH:N 247 1

{CH.- 5. H, ] [CHCHs IV paad 25 @ 3 [

{CH - C:H. L CHy 3V b=} o3
$4035 C. D {C.D.CH IV Fa i 4
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€ LINIDLTPLINLM IINCCINICICN IPYTOR KOTOPOC TPEBUINT K COPIIORINED
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€8 K2k 3U3 IpS-. Tok M MCEMOICKYInpunx nyTex, Cymecrsonane TIKSY Y- :
T PIrTAls DOIIM PKIICICA FUICICHECM IEBTCRONCTaNs TPE TrpwaINle 3K- s
sauaazonux  oxecen  (GDDVEGH ) VMe & (GD):VHCH,):VMe:
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 750 from DOKLADY AKADEMII NAUK SSSR, No. 3,

Aox3aiu Axazexsn nayx CCCP
156 Tem 3L N 3
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MEXAHHSN FEARIGHT CYRINNILT KoA(IIHTETAZH
FEYIOA MBHIBILI TOIYEH

(Tpodcoreares cegdracera Z 2 Ceorpsamn 2 311 1956)
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 751 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976:

soranue cykuuonI-loA i neeprannacckoro docdara (rada 2, npoGa 4). Ira
Aufupe Vhasueeot n aktnppoen) CRC~@ » ofieit varaantnueckoli peax-
tutr Huad Kapruna 3260004 ek U BIANMORCHOTAIP 3T(T0 KOMUJACKCA ©
“Coernitnnatod B p10v Cayuae BpOncOin ia JnMeUA MEUCHILIM U YrACDORY
(*C) cynmunatoy concpamerocs ua Geaxe gocara npovepns na 50%
(¢ada 2, npoba 3}, ,

Hosmouo t13conoeo 1uTiore saentpodiopeta nuxyfaisonnyio cpeay, conep-
manpio CRC~@ (P), “Cocynumnat 1 Mg ~ noaws prasu apovatorpadnposa-
nuio ua wronhe G-50. Buno nasaeno. w10 8 Geanos) 10 Gpalino sKnoYaeres

Tabanua i
Baanuc witcrane hounrenca CKC ~ AT ¢ xosnoncarasu pearqua
PRIRGRETIFIHC COLANHONS 12 210kTDOSOPErpaNNe,
Hwwa *
N npotu Cre2d wuk)Gauds
SPONG | wpATD R I R
1 CRC- AT:Dergtr 342¢ 3§62 010 -
2 CHRC-ATM g+ +HoA 25% 160 031 -
3 CHRC=~AT®+\ig?e+ pALY) 154 043 0,02
+1C-cy hnnar
4 CHOC=A =\ ged+ 024 042 485 403
+KoA~YC-cvrnuzar
H CRC= AT\ 4 41D 0.23 442 045 -

© VAHRIBEE I ATMVELTRO COMINIOTO € Geakud PP MmN OOBACINIL HKCTICRILALLTII0 howns
Aerte LHC — ATS 10T0HIN ¥ YCIORAAT OELIPUDO[C e SICTHEHY DACRLIILTA 113 CHE B A2 P-ATD

T&Ganna2
Baannowiicssne sowitinca CREC = @ ¢ novnoscntann peaknas

‘ IaBudl TREHLC COCAURCUILT W2 3301 TPULiT s NNe,
o 1§

N nyrGe Cperau umt yoaunu

LpLhe 1 > PATE u g, |"Ceprumne
t
{
1 CRC-B= Vgt 452 005 (31 -
2 CRC~1e- Ma?+ 4 HoA 407 003 50 -
3 ChC-=\gier 243 003 231 003
+1C.cynnunat
4 CRC-a= Mgt ~HoA+ om 0,03 433 405
+ CoeN uIKaT
5 ChC=dir \git+ A 08 451 010 -
L

paaroantunuan ML ' T-oYRIINATA, B TO DPEMA KAKR PRANOAKRTARDANA METha
BP.Jwcdara Bty A¢ Gearony DpeadtuRy M 6LBact, LPAYCM  Koangecrso
BE 10HCRTeN P MOARTIZBRGH MOTRIE V0 0.0 BpafGpIUIotdabio Koamiectey
GCHUDOINIUICUCH PAMMOALTNBUON MeT PO Jannue \Kasnuant [a To,
T CYARBHAT L3anMOenetsyer ¢ 17 D enpaunanch ¢ HCIn0M B ROATICCTRE,
DRHIMOARPION OCHOHO WBUICMYCH | V.

Taknv ofpa ox, oda  sesienca. odpasorannme  Qepsentor »  vmae
CRC=® 3 CRC~ATA, anturiid B 0fieH MATAIMTHINCKOM PCAKULE R ABIR-
J0TCA GO-BRIMOMY, TPOMCAVTOUINME  TpoYKTaME  obpatuvore  nelictsus
cyxitvpReA-conrera s, Kownaene CHC—ATd nenpoucn, :oxer  2erko
neperomrs 8 CRC—M. wovopuii cnoceSen oltenysati hochoprasuuil ocra.
Toh #Ha CMLHBIAT
Mocsoscsiu rocyapersennull yaupepouret 1 810
nw, M B Joxerocoss  ° 20 VH igie

JNTEPATYPA

SC.E Cesepur, H 1T Mewxose u dp, 7. 227, 1010 (1976). * H. 0. Mew-

xoea J I} Mareeesa, Buoxumnn, 1, 35, 374 (147
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JOURNAL PAGES READ FOR THIS STUDY
Actual Journal Pages

Page 756 from DOKLADY AKADEMII NAUK SSSR, No. 3, 1976:

Joraaam \xagcunn wayk CCCP
1976, Tox 221, N2 3

; YilK 64223 @UINOINT A
|

2 I IPAAR, 5L H. BOPOHOBA

CPOICTRO FEMOTIOBITHA MEIOBERA R RICI0POAY
B YCOSHAN TRABMATHYECKOTO CTPECCA

(llpeé vanrene anavenuxon E. ¥ Kpencon 14 VII 1976)

Qi BeIRMe CrOUCTRA roMoriolulia B 3UANBTEALUOR CTCDCHR 3aBA-
et OT MITCHCEMIGUTI 1A0K0 13 B (PHIPOIKYAN" CBA3DL PLAININCICH Yepe3
2.8 audoofosorepar GO 5 ATD, RotapLic SABTAKTCA €CTCCIBLINBMT .

BOMNGUEHTON sHeplonpecholo 0 uan cuccodin RPHCOCAUHATLCA K TCMC.

4 10y clthest efo ChoicTo B Kuctopoay (F) Braronaps atovy duanto-
PIOUOIRNE TIBROTHI, MOINT OIS EeRInomEMEg R OTNODICBNY ABIYa-
Teaehioit Gt ing mpesit B onehax TaRNN $angopos Ml oGpaTi B, K K-
M RN v N CHIIANNLIY ¢ BOHIRNOBCUNEM CTPOCCA. KO YBEARvD-
Bertep LIEKOTHS B TR, BO3NUKACT TARCPEIOvA (°) B ot BasteRenint
B OPIDOUATAN A CIOBUUBICTL 1T YCMO MTHEAY (‘). conepmanue B BU\ Kép- s
OuanIIA L

Hecarionan TeMoranGl 9eoBek4 B nopue {n~23) 4 B Teuenne nepsiix
HACUR MOCTe TALEN TOREIMX TPAMN, Hak HegeteM, HULNY, odor  (nse28) .
bk ClLaORINBPOBAIS FeRapULoNR, 1pahail oTMasats 0.85% NuCl, uucte
HErd TOME LTl % Nacjoedarrew 6xgape pii 74 Beanvuny cpoaersa
LEMOLILONHA 1 RpIepoy olpeeds . o) I.l}lm’lll'('\!("ﬂvn‘l((‘l\lﬂl MeTO 0V
(%) npu 375, 2 CUL 0wy Py crL Jomme Yot GO0 FN, ROTICRTPARUK TC-
MOrAe0nHa B Pacyiope 117510 ' 3 Rantin, ofpara apern qaman na tpn
MALTH. L3 ROTOJ LI o 13, CA} ARUIY LOBIPOTCY B0 1,ICBAIACH cpasy Qn
TpUioTen KR FEMOINATA 31 ¢ CLIRON COCTUH G131 manueHer  MOMCHCH.
Jise aparun LA TCH BLEVGUR 30 Q0A s ocTefiohTingn 0T OPranmuechEs
Gocdazor M drposeisie npecy npucom 8 sepsoctate upy 37° 8 teac-
BEe 2, e Jlratne pacisopon TOMOTTelRNE LT TBOC €A TOK, mRAYATE )0- :
Tun (2 ¥ NGl aatew aperins 01 Y Na dwcdatiore fydepa (') Koneran- i
3¢ Ni173 QUPERC L1 11 MCTORCY FIOCTPOCHNL KACATCILIO K KPUBGH 1RSCo-
nustn oxcirerorsoiuna ('),

JiHoB0e Pe3y INTETI CCICI0DAMEA CBOAHTCA h TPrM AYHATaV H

1.\ 2GR COCTONNNIL TPABMATUNCCKOTO CTPCCCa CPOICTRO TeMoraofin- i
Na K RBCIOPGZY CHILK(IIC [O CPARHKMIO C MopMon & cpeatey pa 13%. se- .
anssua P cocray mer $0.9:50.4 wy proer. nporip 25,9 20,3 sv pr.cr. 8 nop-
se 1367 1), Pasnmna macono xactorepra (£<0,001). i

B nopie meinyuna Py, ¥ pasniax 2ouopon papboprer o1 240 o 280 v
PrET. K yeaoBrAN Crpecca — o1 285 .0 350 e prer V2 nawgenvon a3 28
(AUTIRREL © 33KPUTI A ICPeToNA Guapa B vamanna 9 vec. ¢ omoron 2-it
€7(MDE) CPOICTR OCTARAIOCH B BP-aeaay nopyt (20,0 1 263 ww prer .

Cyag 10 seImvaie Koncranty Niaaa (1a6h 1), noonepanmstuii offens
r(‘)l('l’.‘lﬂﬁﬂna CAMECTRENHO N MCNALTICR, HeCMOIPR Jta CHILLCNYE ¢POICTRA

2 Cpoxcreo ¥ mMAcTCR GHCTRO 1 B0 MUOTHY CAVUAAX, DO-BAIAMOMY, .
€307 JKe GHCIPO JNCTITACT MPEACTEPA HIIKNY anatenyit. ¥ 6 nanacuros na :

28 Kposh ATA uccacaosauns Guaa wansa B rcgenne 0,5-1 waca nocve me-
enactnoro cayqan 3unacunn Py OKA3AIACE  cAERVIOMAMAI 29 Mx pr.cr. .
(n=2), 32 uM prct (n=1) 1 33 su prcr. (n=3)
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APPENDIX C
OUTPUT TAPE SPECIFICATIONS

Appendix C contains the text
of a memo furnished by the FTD
to spécify ocutput tape batech
sizes for the tapes produced
during the GRAFIX I demon-
stration. The memo is repro-
duced verbatim.

TAPE INPUT TO MT' SYSTEM - GENERAL CHARACTERISTICS

1. The tape contains two files: ASCII label! and data.
Density = 8060 bpi. LRECL = 71, BLKSIZE = 710, RECFM = FB,

short final block permitted but last ten records must be all
X'FF's.

2. The first data record must be 71 X'00's.

3. Second and succeeding records will be a table eof
contents of the data file until a record of 71 X'01's is
encountered, indicating start of the first document. Each
index record begins with a blank, followed by a name of 11
characters, followed by blanks.

4. Each document is separated from the next document by a
record of 71 X'01's.

5. Each document record must begin with a blank. If a
textword will overflow from one record to another, current
record must instead be padded out with blanks and the

textword placed on the next record following the initial
blank.
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APPENDIX D

FONT ENCODING SCHEME

D.1 Explanation of Tables
nensung

The FTD output character set 1is a special eight-bit
allocation roughly based on the ASCII and EBCDIC codes. For
files internal to the GRAFIX I, Irformation International
has used a previously adopted encoding scheme, in which each
recognized graphic symbol is represented by a two-character
sequence, The first character of the sequence identifies a
group (or font, or overlay) of related graphic symbols, and
the second character identifies a particular member of the
group.

Throughout the tables in this appendix, the two-character
Information International code appears in the first column.
For simplicity, this code is expressed in ANSI column/row
notation. To convert the ANSI notation to the actual
seven-bit binary code for each character use the formula

Binary Code = b + (a x 16)
where (a/b) is the ANSI representation.

The second column in each table contains the FTD ASCII code

which corresponds to the Information International code in
column one.

The third column of the table contains the description of
the letter or symbol specified by the codes.

The FTD code and the character descriptions were derived
from "SYSTRAN:EDIP," by LATSEC, Inc., dated 10 September
197€¢, which was furnished to 1Information International by
FTD.
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FONT ENCODING SCHEME
Explanation of Tables

As an example of how to read these tables, consider the
symbol SPACE from the Latin (Roman) character set (Table
D-1). This symbol is designated in Information
International code as the two-character sequence (3/0) (2/0)
where (3/0) specifies the Latin character set and (2/0)
indicates the characeter SPACE within that set. This
character is represented in FTD ASCII code as 20.

The graphie symbols are grouped in tables according to  the
layout specified by the FID for their existing keyboards,
and are identified successively as "Latin," "Cyrillie,"
"Special Symbols," and "Greek" character sets. See Figure
D-1 for an illustration of the current FTD keyboard
arrangement and character set.
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FONT ENCODING SCHEME
Explanation of Tables

TTX1 COX N ) bzl i) (ccchnn M 1113 E

1+11§2'22§333304a4U5u556u6617u7T718(88)9¢99 [eee

Qule eeEfRP P TToTynev uy?T fIncIfooafPnon

qui ¥ eesefrpuptrstlynisd Juysufivgt jooswlpnen

AA alsc zlon afroreferar Jnvy JKHzK
s> >

aa_oafscyofda,54folofarey Juxpkugc fin2afrnt*

z3czhxxazfcwx jveuwo fsExB MMMl <<<<to>>>

2500 fxxCEfecuvx fve=ofbos=Bnu® vimmoul, ,, 8. ... §//1/

FIGURE D-1

The FTD character set displayed in keyboard format.
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FONT ENCODING SCHEME
Latin (Roman) Alphabet

D.2 Font Encoding Tables

The following tables show the Information International and
FTD codes for the four character sets used by FTD.
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FONT ENCODING SCHEME
Latin (Roman) Alphabet

TABLE D-1
LATIN (ROMAN) ALPHABET !

INF. INTER. FTD LETTER OR
CODE CODE | SYMBOL ;
(1st) (2nd) 1
(3/0) (2/0) | 20 Space !
(3/0) (2/1) 21 Exclamation Point 4
(3/0) (2/2) 22 Quotation Mark
(3/0) (2/3) | 23 Paragraph Mark (* Not ASCII *) ‘
(3/0) (2/4) | 24 Cent sign (* = ASCII $ *)
(3/0) (2/5) 25 Percent
(3/0) (2/8) -- i
(3/0) (2/7) | 2 Apostrophe
(3/0) (2/8) | 28 Left Parenthesis
(3/0) (2/9) 29 Right Parenthesis
’ (3/0) (2/10)] 2A Asterisk
(3/0) (2/11)} 2B Plus
(3/0) (2/12)] 2C Comma
(3/0) (2/13)| 2D Hyphen, Minus
(3/0) (2/14)| 2E Period
(3/0) (2/15)| 2F Slash ]
(3/0) (3/9) 30 Zero i
(3/0) (3/1) 31 One
(3/0) (3/2) | 32 Two
(3/0) (3/3) 33 Three '
(3/0) (3/4) 34 Four i
(3/0) (3/5) 35 Five
(3/0) (3/6) 36 Six
(3/0) (3/7) 37 Seven
(3/0) (3/8) | 38 Eight
(3/0) (3/9) 39 Nine
(3/0) (3710)} 3A Colon
(3/0) (3/11)] 3B Semicolon
(3/0) (3/12)] 3C Less Than
(3/0) (3/13)| 3D Equal .
(3/0) (3/7/14)! 3E Greater Than
(3/0) (3/15)] 3F Question Mark ’
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FONT ENCODING SCHEME
Latin (Roman) Alphabet

TABLE D-1 (cont.)

INF. INTER. FTD LETTER OR
CODE CODE SYMBOL
(1st) (2nd)

(3/0) (4/0) | --
(3/0) (4/1) | 41
(3/0) (4/2) | 42
(3/0) (4/3) | 43
(2/0) (4/4) | 44
(3/0) (4/5) | 45
(3/0) (4/6) | 46
(3/0) (4/7) | 41
(3/0) (4/8) | 48
(3/0) (4/9) | 49
(3/0) (4/10) 4A
(3/0) (4/11)| 4B
(3/0) (4/12)] 4cC
(3/0) (4/13)| 4D
(3/0) (4/14) ]| 4E
{3/0) (4/15)| 4F

Nt pat

(3/0) (5/0) | 50
(3/0) (5/1) | 51
(370) (5/2) | 52
(3/0) (5/3) | 53
(3/0) (5/4) | 54
(3/0) (5/5) | 55
(3/0) (5/6) | 56
(3/0) (5/7) | 57
(3/70) (5/8) | 58
(3/0) (5/9) | 59

MMYE<L<HMPOY OZEBRrRU~TOTMEHTUOWP>

(3/0) (5/10)| 5A YA

(3/0) (5/11)] 5B Left Bracket

(3/0) (5/12)| --

(3/0) (5/13)] 5D Right Bracket :
(3/0) (5/14)| -- |

(3/0) (5/15)| -- X

3
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FONT ENCODING SCHEME
Latin (Roman) Alphabet

TABLE D-1 (cont.)

INF.

INTER.

CODE

(1st)

(2nd)

LETTER OR
SYMBOL

(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/9)
(3/0)
(3/0)

(3/0)
(3/0)
(3/0)
(3/0)
(370)
(3/0)
(3/0)
(3/9)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)
(3/0)

(6/0)
(6/1)
(6/2)
(6/3)
(6/4)
(6/5)
(6/6)
(6/7)
(6/8)
(6/9)
(6/10)
(6/11)
(6/12)
(6/13)
(6/14)
(6/15)

(7/0)
(7/1)
(7/2)
(7/3)
(7/4)
(7/5)
(7/6)
(7/7)
(7/8)
(7/9)
(7/10)
(7/11)
(7/12)
(7/13)
(7/14)
(7/15)
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FONT ENCODING SCHEME
Cyrillic (Russian) Alphabet

TABLE D-2
CYRILLIC (RUSSIAN) ALPHABET

INF. INTER. FTD LETTER OR 1
CODE CODE SYMBOL

(1st) (2nd)

(3/1) (2/70) 20 Space (* = ASCII *)

(3/1) (2/1) | -~ l

(3/1) (2/2) --

(3/1) (2/3) BB Uppercase ‘'E!

(3/1) (2/4) | BC Uppercase ‘YA’

(3/1) (2/5) BD Uppercase 'SHCH'

{3/1) (2/6) | BE Uppercase Soft Sign

(3/1) (2/7) BF Uppercase Hard Sign

(3/1) (2/8) --
(3/1) (2/9) | --

(3/1) (2/10)] EO Lowercase 'i kratkoya' ('yy')
(3/1) (2/11)] Co Uppercase 'l Kratkoya' ('YY')
(3/1) (2/12)] 2C Conma (* = ASCII ¥)
(3/1) (2/13)]| 2D Hyphen, Minus (* = ASCII ¥)
(3/1) (2/14) 2E Period (* = ASCIT *)
(3/1) (2/15)] 2F Slash (* = ASCII *)

(3/1) (3/0) | --
(3/1) (3/1) | --
(3/1) (3/2) | --

(3/1) (3/3) DB Lowercase ‘'e'

(3/1) (3/4" | DC Lowercase ‘'ya'
(3/1) (3/5) DD Lowercase 'shch!
(3/1) (3/6) | DE Lowercase soft sign
(3/1) (3/7) DF Lowercase hard sign

(3/1) (3/8) | --
(3/1) (3/9) | --

(3/1) (3/10)} 3A Colon (* = ASCII *)

(3/1) (3/11)} 3B Semicolon (* = ASCII *)

(3/1) (3/12)] 3C Less Than (* = ASCII *)

(3/1) (3/13)] 3D Equal (* = ASCIL *%)

(3/1) (3/14)]| 3E Greater Than (* = ASCII *) .

(3/1) (3/15)] 3F Question Mark (* = ASCII *) - |
d
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FONT ENCODING SCHEME
Cyrillie (Russian) Alphabet

TABLE D-2 (econt.)

INF. INTER. FTD LETTER OR
CODE CODE SYMBOL
(1st) (2nd)
(3/1) (4/0) -
(3/1) (4/1) | C1 Upperecase ‘A’
(3/1) (4/2) | C2 Uppercase ‘B!
(3/1) (4/3) | C3 Uppercase 'CH'
(3/1) (4/4) | C4 Uppercase 'D!
(3/1) (4/5) C5 Uppercase 'YE'
(3/1) (4/6) | Cé Uppercase 'F!
(3/1) (4/7) | C7 Uppercase 'G’
(3/1) (4/8) | C8 Uppercase 'YU®
(3/1) (4/9) | C9 Uppercase 'YI!
{(3/1) (4/10)]| CA Uppercase 'ZH'
(3/1) (4/11)] CB Uppercase 'K'
(3/1) (4/12)} CcC Uppercase 'L
(3/1) (4/13)! CD Uppercase 'M’ }
(3/1) (4/14)| CE Uppercase 'N!' H
(3/1) (4/15)! CF Uppercase 'O §
(3/1) (5/0) | DO Uppercase 'P!'
(3/1) (8/1) | D1 Uppercase 'TS'
(3/1) (5/2) | D2 Uppercase 'R!
(3/1) (5/3) | D3 Uppercase 'S!
(3/1) (5/4) | D4 Uppercase 'T!
(3/1) (5/5) | D5 Uppercase 'U!
(3/1) (5/6) | D6 Uppercase 'V!'
(3/1) (5/7) | D7 Uppercase 'SH!
(3/1) (5/8) | D8 Uppercase 'X'
(3/1) (5/9) | D9 Uppercase 'I’
(3/1) (5/10)] DA Uppercase 'Z!
(3/1) (5/11){ 5B Left Bracket (* = ASCII *)
(3/1) (5/12)) --
(3/1) {(5/13)}] 5D Right Bracket (* = ASCI1 *) : .
(3/1) (5/14)| -- »
(3/1) (5/15) -- : 1
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FONT ENCODING SCHEME
Cyrillie (Russian) Alphabet

TABLE D-2 (cont.)

iNF. INTER. FTD LETTER OR
CODE CODE SYMBOL

(1st) (2nd)
(3/1) (6/0) --
(3/1) (6/1) El Lowercase 'g!
(3/1) (6/2) E2 Lowercase 'b!
(3/1) (6/3) E3 Lowercase 'eh!
(3/1) (8/4) E4 Lowercase 'd:
(3/1) (6/5) | E5 Lowercase 'ye!
(3/1) (6/6) E6 Lowercase 'f°
(371) (6/7) | E7 Lowercase 'g?
(3/1) (6/8) | E8 Lowercase 'yu'
(3/1) (6/9) | Es Lowercase 'yi'
(3/1) (6/10)] EA Lowercase 'zh!'
(3/1) (6/11)[ EB Lowercase 'k
(3/1) (6/12)| EC Lowercase '1!
(3/1) (8/13)| ED Lowercase 'm'
(3/1) (6/14)| EE Lowerecase 'n!
(3/1) (6/15)] EF Lowercase 'o!
(3/1) (7/0) FO Lowercase 'p!
(3/1) (71/71) F1 Lowercase 'ts*
(3/71) (71/2) | ®»2 Lowercase 'r!
(3/1) (7/73) F3 Lowercase 's?
(3/1) (7/4) F4 Lowerecase 't!
(8/1) (7/5) F5 Lowercase 'u?
(3/1) (7/6) | Fe Lowercase 'v'
(3/1) (7/7) F7 Lowercase 'sh!
(3/71) (778} | Fr8 Lowercase 'x?
(3/71) (779) | F9 Lowercase 'ij:?
(3/1) (7/10)] FA Lowercase 'z!'
(3/71) (71/711)} --
(3/1) (72/712)) --
(3/1) (7/13){ --
(3/1) (7/14){ --
(3/71) (1/15)) --
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FONT ENCODING SCHEME
Special Symbols

TABLE D-3
SPECIAL SYMBOLS

INF. INTER. FTD LETTER OR
CODE CODE SYMBOL

(1st) (2nd)

(3’2) (2/70) 20 Space (* = ASCII *)

(3/2) (2/1) 1B Percentile

(3/2) (2/2) | ic Integral

(3/2) (2/3) | 1D Def ined Equal

(3/2) (2/4) 1E Minus or Plus

(3/72) (2/5) 25 Percent (* = ASCII *)

(3/2) (2/6) 1F Radical

{3/2) (2/7) 27 Apostrophe (* = ASCII *)

{(3/2) (2/8) 28 Left Parenthesis (* = ASCII *)

(3/2) (279) 29 Right Parenthesis (* = ASCII )

(3/2) (2/10)} FC Plus or Minus

(3/2) (2/11)] 2B Plus (* = ASCII *)

(3/2) (2712){ 2C Comma (* = ASCII *)

(3/2) (2/713)! 2D Hyphen, Minus (* = ASCII *)

(3/2) (2710} 2E Period {(*+ = ASCII *)

(3/2) (2/715)] 17C Vertical Bar (* Redundant *)

(3/2) (3/0) 30 Zero (* = ASCI1 *)

{3/2) (3/1) 31 One (* = ASCII *)
| (3/2) (3/2} 32 TWG (* = ASCII *)

(3/2) (3/3) 33 Three {¢ = ASCII *)

(3/2) (3/4) 34 Four {(* = ASCii *)

(3/2) (3/5) 35 Five {(* = ASCII *)

(3/2) (3/6) | 36 Six (* = ASCIi *)

(3/2) (3/7) 37 Seven (* = ASCII *)

(3/2) (3/8) 38 Eight (* = ASCII *)

(3/2) (379) 39 Nine (* = ASCII *)

(3/2) (3/10)] 3A Colon (* = ASCII *)

(3/2} (3/11)]| FE Not Equal

(3/2) (3/12) 3C Less Than (* = ASCII ¥%)

(3/2) (3/13)] 3D Equal (*+ = ASCII *)

(3/2) (3/14)] 3E Greater Than (* = ASCIi *)

(3/2) (3/15)} B9 Partial Derivative
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FONT ENCODING SCHEME
Special Symbols

TABLE D-3 (eont.)

o~

prrroe Py PP LRV
'
A |

t:. . INTER. FTD LETTER OR
CODE CCDE SYMBOL
(ist) (2nd)
(3/2) (4/0) | --
(3/2) (4/1) 01 Superior Dash
(3/2) (4/2) | 02 Equivalent Identity
(3/2) (4/3) 03 Boolean Intersection
(3/2) (4'4) 04 | Superior Left Arrow
(3/2) (4/5) 05 Superior '3
(3/2) 4/¢) 06 Parallel
(3/2) (a/7) 07 Seript *'1!
(3/2) (4/8) | 08 Danish 'A' (Angstrom unit)
(3/2) (4/9) 09 Superior '8'
(3/2) (4/10)| 0A Inverted Delta ('DEL' operator)
(3/2) (4/11)| oB Equal To or Less Than
(3/2) (4/12)} ¢C Equal To or Grcater Than
(3/2) (4/13)] 40 Left Arrow
(3/2) (4/14)] OE Right Arrow
(3/2) (4/15)| OF Superior '9!
H
(3/2) (5/0) | 10 Superior '0! g
(5/2) 45/1) 1 Superior '1'
(3/2) (5/2) 12 Superior '4!
(2/2) (5/3) 13 Superior Right Arrow
(3/2) (5/4) 14 Superior '5°
(2'2) (5/5) 15 Superior '7!'
(~,2) (5/6) 16 Boolean Union
3/2) (5/7) | 17 Superior '2!
(23/2) (5/8) 18 Boolean Such-That
(3/2) (5/9) | 19 Superior '6' :
{3/2) (5/10)] 1A Boolean Element-Of i
(3/2; (5/11)| 5B Left Bracket (* = ASCII *)
(2/2) 5/12)| -~
(3/2) (5/13)] 5D Right Bracket (* = ASCII *)
(3/2) (5/14)| -~
(3/2) (5/15)| -~
73 §
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FONT ENCODING SCHEME
Special Symbols

TABLE D-3 (cont.)

INF. INTER. FTD LETTER OR
CODE CODE SYMBOL

(1st) (2nd)
(3/2) (6/0) --
(3/2) (e/1) | 81 Inferior Dash
(3/2) (6/2) | 82 Congruent To
(3/2) (6/3) 83 Similar To
(3/2) (6/4) 84 Inferior Perpendicular
(3/2) (6/5) 85 Inferior '3
(3/2) (6/6) 86 Alter:.ate Seript 'l
(3/2) (8/7) 87 Perpendicular
(3/2) (6/8) 88 Dot Product
(3/2) (6/9) 89 Inferior '8!
(3/2) (6/10) 8A Cross Product

‘ (3/2) (6/11)| 8B Less Than or Equal To
(3/2) (6/12)] 8C Greater Than or Equal To
(3/2) (6/13)| 8D Infinity
(3/2) (6/14)| 8E Degree
(3/2) (6/15)| 8F Inferior '9!

} (3/2) (7/0) 90 Inferior '0°
(3/2) (7/1) 91 Inferior '1°
(3/2) (7/2) 92 Inferior '4!
(3/2) (7/3) 93 Inferior Parallel
(3/2) (1/4) 94 Inferior '5!
(3/2) (17/5) 95 Inferior '7°
(3/2) (7/6) | 96 Approximately Equal To
(3/2) (1/7) 97 Inferior '2!
(3/2) (7/8) 98 Boolean Contains
(3/2) (7/9) 99 Inferior '6°
(3/2) (7/10)] YA Boolean Is-Contained-In
(3/2) (/1)) --
(3/2) (7/12)}) --
(3/2) (7/13)| -~
(3/2) (1/14)] --
(3/2) (1/15)| --
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FONT ENCODING SCHEME
Greek Alphabet

TABLE D-4

GREEK ALPHABET

-

gt TN, S vt AR 82w Py ¥

3

INF. INTER. | FTD LETTER OR
CODE CODE SYMBOL

(1st) (2nd)

(3/73) (2/0) 20 Space (* = ASCII *)

(3/3) (2/1) 21 Exclamation Point (* = ASCII *)

(3/3) (2/2) 22 Quotation Mark (* = ASCII *)

(3/73) (2/3) | --

(3/3) (2/4) | --

(3/3) (2/5) 25 Percent (* = ASCII *)

(3/3) (2/6) | --

(3/73) (2/17) 27 Apostrophe (* = ASCII *)

(3/3) (2/8) | 28 Left Parenthesis (* = ASCII *)

(3/3) (2/9) 29 Right Parenthesis (* = ASCII *)

(3/3) (2/10) | 2A Asterisk (* = ASCII *)

(3/3) (2/11)| 2B Plus (* = ASCII *)

(3/3) (2/12)] 2c Comma {* = ASCII *)

(3/3) (2/13)] 2D Hyphen, Minus (* = ASCII *)

(3/3) (2/14)| 2E Period (* = ASCII *) 3

(3/3) (2/15)| 2F Slash (* = ASCII *) %
|

(3/3) (3/0) 30 Zero (* = ASCII *)

(3/3) (3/1) | 31 One (* = ASCII *)

(3/3) (3/2) | 32 Two (* = ASCII *)

(3/3) (3/3) 33 Three (* = ASCII *)

(3/3) (3/4) 34 Four (* = ASCII *)

(3,2) (3/5) 35 Five (* = ASCII *)

(3/3) (3/6) 36 Six (* = ASCII *)

(3/3) (3/17, 37 Seven (* = ASCII *)

(3/3) (3/8) | 38 Eight (* = ASCII *)

(3/3) (3/9) 39 Nine (* = ASCII *)

(3/3) (3/10)} 3A Colon (* = ASCII #)

{3/3) (3/11)| 3B Semicolon (* = ASCII *)

(3/3) (3/12)] 3C Less Than (* = ASCII #)

(3/3) (3/13)] 3D Equal (* = ASCII *)

(3/3) (3/14)] 3E Greater Than (* = ASCII *) ‘

(3/3) (3/15)] 3F Question Mark (¥ = ASCII *) P
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FONT ENCODING SCHEME
Greek Alphabet

TABLE D-4 (cont.)

INF. INTER. FTD LETTER OR

CODE CODE SYMBOL
(1st) (2nd)
(3/3) (4/0) | -~
(3/3) (4/1) 41 Uppercase ALPHA (* = ASCII A *)
(3/3) (4/2) | 42 Uppercase BETA (* = ASCII B *)
(3/3) (4/3) 58 Uppercase CHI (* = ASCII X *)
(3/3) (4/4) 5C Uppercase DELTA
(3/3) (4/5) 45 Uppercase EPSILON (* = ASCII E *)
(3/3) (4/86) 5E Uppercase PHI
(3/3) (4/7) | 5F Uppercase GAMMA
(3/3) (4/8) | 48 Uppercase ETA (* = ASCII H *)
(3/3) (4/9) 49 Uppercase IOTA (* = ASCI1 I *)
(3/3) (4/10)]| s0 Uppercase PSI
(3/3) (4/11)] 4B Uppercase KAPPA (* = ASCII K *)
(3/3) (4/12)| 7E Uppercase LAMBDA
(3/3) (4/13)]| 4D Uppercase MU (* = ASCII M *)
(3/3) (4/14)| 4© Uppercase NU (* = ASCII N *)
(3/3) (4/15)| 7F Uppercase OMEGA
(3/3) (5/0) 9B Uppercase PI
(3/3) (5/1) FD Lowercase terminal sigma
(3/3) (5/2) 50 Uppercase RHO (* = ASCII P *)
(3/3) (5/3) 9C Uppercase SIGMA
(3/3) (5/4) 54 Uppercase TAU (* = ASCII T *)
(3/3) (5/5) | 9D Upperease UPSILON
(3/3) (5/6) | 9E Uppercase THETA
(3/3) (5/7) | 4F Uppercase OMICRON (* = ASCII Q *)
(3/3) (5/8) 9F Uppercase XI
(3/3) (579) -
(3/3) (5/10)] 5A Uppercase ZETA (* = ASCII Z *)
(3/3) (5/11)]| 5B Left Bracket (* = ASCII *)
(3/3) (5/12)] --
(3/3) (5/13)] 5D Right Bracket (* = ASCII *)
(3/3) (5/14)) --
(3/3) (5/15)} -~
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FONT ENCODING SCHEME
Greek Alphabet

TABLE D-4 (cont.)

INF. INTER. FTD LETTER OR
CODE CODE SYMBOL

(1st) (2nd)
(3/3) (6/0) --
(3/3) (6/1) | A1 Lowercase alpha
(3/3) (6/2) A2 Lowercase beta
(3/3) (6/3) | A3 Lowercase chi
(3/3) (6/4) | A4 Lowercase delta
(3/3) (6/5) | A5 Lowercase epsilecn
(3/3) (6/6) | A6 Lowercase phi
(3/3) (6/7) | AT Lowercase gamma
(3/3) (6/8) A8 Lowercase eta
(3/3) (6/9) | A9 Lowercase iota
(3/3) (6/10); AA Lowercase psi
(3/3) (6/11)| AB Lowercase kappa
(3/3) (6/12)] AC Lowercase lambda
(3/3) (6/13)] AD Lowercase mu
(3/3) (6/14)| AE Lowercase nu
(3/3) (6/15)| AF Lowercase omega
(3/3) (7/0) BO Lowercase pi
(3/3) (7/1) B1 Lowercase cursive theta
(3/3) (7/2) B2 Lowercase rho
(3/3) (7/3) | B3 Lowercase sigma
(3/3) (7/4) B4 Lowercase tau
(3/3) (7/5) | BS Lowercase upsilon
(3/3) (7/86) B6 Lowercase theta
(3/3) (7/7) B7 Lowercase omicron
(3/3) (7/8) B8 Lowercase xi
(3/3) (7/9) --
(3/3) (7/10)| BA Lowercase zeta
(3/3) (71/11)| --
(3/3) (7/12)] --
(3/3) (7/13)} -~
(3/3) (7/14)] --
(3/3) (7/15)( --
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APPENDIX E

GRAFIX 1

The GRAFIX I system 1is designed to automatically read
hand-printed documents or printed pages and convert the
information into a form whieh can be read, manipulated and
accessed within a high-spsed computer. GRAFIX I is
especially well suited to reading large volumes of material
quiekly and economically, bypassing the lengthy and costly
process of entering the information by hand.

In its simplest form this process is accomplished by
photographing the written or printed material on mierofilm
and loading the microfilm into the GRAFIX I scanner. The
scanner electronically examines the film and produces a
digital "picture" of the printed page. Within the GRAFIX 1
computer this digital image is eclosely examined. Each
individual letter is isolated and identified by the computer
software, and the recognized letter is written into a data
file. This is the process of optical character recognition,
which converts the digital image of a page of print into a
digital file of letters within the ecomputer.

Of «course GRAFIX I is not infallible. When reading
hand-written material the computer has difficulty with one
to five letters out of every hundred and needs the help of a
human operator. Many times on hand-written forms we humans
get careless, writing B's that 1look like 8's, G's that
resemble 6's, 5's which look like S's, and Dis that are hard
to distinguish from O's. It takes another human to scrt out
these confusing images. Even on printed pages GRAFIX I
occasionaily sees images it doesn't recognize, such as
smudged, broken or lightly printed letters, flyspees, tea
stains, and flaws in the paper. GRAFIX 1 asks for human
help on 5% or fewer of the letters from a printed page. On
especially clear print the reject rate can be below 1%.
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GRAFIX 1

GRAFIX I obtains human assistance in recognizing difficult
characters through the rejeet conversion system. The
computer displays the actual picture of the image it cannot
identify to a human operator (using a computer terminal TV
screen). One of the significant advantages of the GRAFIX I
system is that this image is displayed in various shades of
gray, a feature which adds more fine detail to the image
than was the case with earlier binary (black/white)
displays. The operator reads the line of print in whieh the
troublesome letter appears, examines the TV image of the
letter itself, and types in the correct identification of
the letter. (To double-cheeck, GRAFIX 1 can be instructed to
display the same difficult letter to two operators in
succession to see if they identify the image the same way.)

When all troublesome letters on the page have been correctly
identified, GRAFIX 1 writes the completed data file on a
reel of magnetic tape for permanent storage. GRAFIX I
writes the output tape in a code which can be read by other
computers, making the recorded information available for
general distribution and use.

In feasibility studies, Information International has
demonstrated the GRAFIX I's ability to read a very wide
range of material including technical manuals, telephone
directories, legal documents, typ-written or hand-lettered
forms, and materials written in foreign languages.

The GRAFIX I is eurrently in use by the US Navy and by the
British Department of Health and Social Security (DESS).
The US Navy uses GRAFIX I in ecombination with Information
International’'s COMp8) system to sean, update, reformat and
republish technical manuals for .-aval aireraft. The Navy
has about 17,000 such manuals which must be continually kept
up to date. Prior to the use of GRAFIX I, revision and
republication of a manual usually required 6 to 18 months of
effort. With GRAFIX 1 and COMp80, however, the time
required to process an average manual has teen cut to 60
days. In the case of a eritical revision, the Navy ecan
revise, republish and distribute several hundred copies of a
manual in as little as 48 hours.

The British Department of Health and Social Security uses
GRAFIX 1 to read handprinted forms wriiten by the
Department's 1400 eclerks. GRAFIX 1 reads the torms
execeptionally well, rejecting less than 1% of the
charaeters. This is particularly significant because the
forms are filled out wusing mixed alphanumeric characters
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GRAFIX 1

which do not require special training or striet quality
control on the part of the clerks

An upgrade of the DHSS GRAFIX I system is in progress which
will give the system the capability of reading pages from
the British Library's General Katalog III (GK3). The GK3 is
an index to approximately six million books dating back to
the 15th ecentury. The GK3 index represents a special
example of the abilities of the GRAFIX I because it involves
optical charecter recognition of 25 different fonts,
including Roman, Cyriilie, Greek and italicized letters.

In the future, Information International expects the
GRAFIX I to prove capable of reading engineering and
architectural drawings, biomedical cell counting and
chromosome analysis, automatiec inspection of industrial
X-rays, automated analysis and matehing of fingerprints, and
many other tasks. The versatility of the GRAFIX I system
has only begun to be realized.
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APPENDIX F

ESTTMATED COST FOR A COMPLETE PRODUCTION SYSTEM

HARDWA

A complete production GRAFIX I hardware configuration which

is

functionally equivalent to the one demonstrated is

outlined below, with prices. The actual differences between
the listed hardware and the demonstrated hardware are:

L

1.

The proposed system has two disc drives (as opposed
to three on the system used in the demonstration).
The demonstration required significantly less disc
capacity than was present on the system.

The proposed system would contain a single scanner,
a single CPU, and a single binary image processor.
The system demonstrated had two of each. During
the demonstration, only one of each was actually in
use.

The proposed system would include two tape drives,
capable of writing 710-byte records. The system
demonstrated had tape drives which were incapable
of  writing 710-byte records. An additional
off-line tape drive was used to convert the tape
off-loaded €from the GRAFIX I into the 710-byte
format required by FTD., 1In the proposed system, a
single tape drive capable of writing 710-byte
records would be sufficient for this off-loading.
The second drive is useful for backup and -tape
copying. N
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ESTIMATED COSTS
Hardware

4.

The cost

1.

The proposed system would contain only two model
1070 time-sharing terminals for operation of the
system versus six on the system demonstrated. A
large number of terminals on the demonstrated
system are used for in-house development. Only two
were used during the demonstration.

The proposed system will have slightly different,
but functionally identical, keyboards for reject
re—entry. The new keyboards are more durable and
more attractively packaged.

The proposed system will have five reject
conversion CRT's which display images identical to
those demonstrated, but which are capable of
displaying 24 lines of text (as opposed to 20 lines
in the demonstration equipment). Also, the
proposed CRT's will be mounted on stands, making
them more durable and convenient than those used in
the demonstration.

estimate for this hardware is as follows:

Modet 7001 GRAFIX I Basic System $1,750,000

Includes:

a. Central processor with 128K words of
core memory (1 u-sec)

b. Magnetic Tape Control plus two (2) 1600
bpi 240KC drives

c. Binary Information Processing Subsystem

d. Optical/Mechanical Subsystem including
35mm Film Transport and Signal
Processing Subsystem

e, Teleprinter

b siiwwwwwmmqmymmwmmmmwu.-«-wu...w...a.y.. -
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ESTIMATED COSTS
Hardware

2. Model 7031 Disc System Controller $62,500

3. Model 7032 Disc Drive 10 mil,

36-bit words, Two (2) at $30,500 61,000
4. Model 1070 Display Terminal, H
Two (2) at $9,500 19,000

5. Model 1060B Reject Processing System
Controller 107,000

6. Model 1061B Reject Terminal,
Five (5) at $11,500 57,000

7. Model 7002 Time Shared System including
additional 64K core memory 225,000

8. (No model No.) Line Printer, 600 LPM,
96 Characters, with Controller 59,500

RN it

o e .

TOTAL = $2,341,000

E.2 SOFTWARE

The cost of the applications software, as described in this
study and as denonstrated, 1is included in the actual
hardware price.

F.3 MANPOWER REQUIREMENTS

Five reject conversion operators will be required if reject
conversion and reading were to take place one shift per day
at the actual demonstrated throughput and total reject rate.
The demonstrated throughput was 864,000 characters per
8-hour shift. Of the 44,504 characters actually read during ;
the demonstration, 4,590 were rejected for various reasons.
In actual production, reject conversion operators typically
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ESTIMATED COSTS
Manpower

key 2,400 characters per hour. From this it may be derived
that 4.6 operators would be required operating one shift to

clear all rejects generated by one shift orf GRAFIX I
operation.

In addition to the reject conversion operators, one system
operator would be requi-ed full time for each shift of
operation of the GRAFIX I, and a microfilm camera operator
would be required one-fourth time for each shift of
operation.

F.4 ENHANCEMENTS

Ongoing development of the GRAFIX I system is 1likely to
result in throughput of Cyrillic text being increased by a
factor of three to approximately 100 characters per second.
There will be no additional charge for this increased
performance as it would be a feature of the standard
software. In the event that recognition software had three
times the throughput realized in the April 18, 1979
demonstration, then three times as many reject conversion
terminals and three times as much reject conversion and
filming manpower would be required.

Ongoing development may also lower the system's reject and
substitution rates on Cyrillic material. Again, there would
be no additional charge for this increased performance. A
reduction of the reject rate by a given percentage would
result in the reduction of the necessary reject conversinn
personnel by the same percentage.

Software created to more fully address a broader range of
Cyrillic text reading applications would be available
subject to a detailed specification of expected performance
on a broad sample of representative material. The cost for
such software development will be dependent on  this
performance specification.
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MISSION
of
Rome Avr Development Center

RADC plans and executes nesearch, development, *est and
selected acquisition programs in suppont of Commond, Control
Communications and Intelligence (C31) activitios. Technical
and ong¢neen4ng suppornt within areas of technical competence
45 provi-ed to ESD Program 0ffices (P0s) and other ESD
elements. The principal technical mission ateas are
communications, electromagnetic guidance and controf, sur-
veillance of gaound and aerospace objects, 4nte££cgance data
collection and handling, information system Lechnology,
40n04phem4c propagation, solid siate sciences, microwave

0,
physics and electronic reliability, maintainability and g
B

compatibility.
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