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The questions of administrative decision of worlaigoresent now inseparably connected with
the application of contemporary computer technologyh one of the most of labour-consuming
divisions appears the processing of economic inddion. In recent years fast manufacturing
growth and the introduction of a large quantityetdctronic key-actuated computers for processing
of economic information has been seen. The effectpplication of new high-productivity
electronic key-actuated computers requires the iatpye systematic preparation and increasing
qualification standard of maintenance of personnel.

This manual is written in strict conformity with éhcourse program of the study of
“Soemtron-220” machines in the training networktleé main administration of preparation and
increase in the qualification of the workers of tteculation of TscSu of the USSR (Central
Statistical Office of the USSR). The primary goélthe present manual is to render assistance to
the pupil, students of corresponding speciali@es] also workers of computing stations and bureau
in the application and studying of a design andrisermaintenance of the electronic keyboard
computer “Soemtron-220".

A characteristic property in the construction o tihhachine is the use of “AND” logic circuits,
and the wide application of controlled differentiat circuits, I.E. differentiating circuits with ¢h
performance of logical functions.



Chapter |

DESIGN AND THE APPLICATION OF EKVM* "SOEMTRON-220"
1.1. TECHNICAL AND OPERATING CHARACTERISTICS
1.1.1. Purpose and the general description.

The electronic computer model "Soemtron-220" (Rigcan be related to the type of electronic
key-actuated computers with manual entry of infdromawith a sequential operating principle.
Entry of digital information is provided by the dieal digital keyboard.

The keyboard allows the input of decimal digitdbmmation. The arithmetic operations of
Addition, Subtraction (balancing), MultiplicatioBjvision and Exponentiation are carried out
taking into account the sign of the number. Thiretic operations of Multiplication and
Division are carried out with the set degree ofuaacy and with a rounding off of the last digit.

The memory unit consists of three operational dmeet accumulator registers each with a
capacity of 15 digits.

Display of entered information and the results altglations are provided by 15 digital lamps.
The sign of the number is shown by the "™sign indicator.

The presence of the accumulator registers ensp@e@iate effectiveness during the solution
of different kinds of tasks, L.E. it creates an ogpnity for entry and use of constants, and allows
the accumulation and storage of the necessarymetdiate and final results of calculations. Except
for performance of arithmetic operations, the maehautomatically provides control of exceeding
register length.

With a system clock pulse frequency of 25KHz. Aaigitand Subtraction operations occur in
5ms, whilst Multiplication and Division - on aveegake 0.5 seconds. Presence of an automatic
rounding off of the last entry in Multiplication dnDivision testifies to the convenience and
expediency of the machine for processing in econonformation applications. This machine can
also be successfully used for different technicejieeering calculations.

* Note - EKVM = Electronic Key-operated Calculating Machine



The unit type principle of the assembly of sepatat#s is assumed as the basis of construction
of the machine. Essentially the computer is arharétic-logic unit, whose design is made on the
basis of diode-transistor elements in combinati@h & magnetic storage array composed of ferrite
cores, assembled into digital matrices.

Fig. 1. The common form of electronic key-actuatethputer “Soemtron-220":

1 - Rotary decimal point selection switch; 2 — Léykclears the machine and erases
information in the operational registers; 3 - Cleatry key for the most recently input
information; 4 - Decimal point key; 5 - Digital Kegard; 6 - Negate entry key;
7 - Multiplication; 8 - Addition, 9 - Involution; @ - Division; 11 - Subtraction;
12 - Result key; 13 - Add to accumulator registet3; 14 - Subtract from accumulator
registers 1-3; 15 - Return the intermediate suraccumulator registers 1-3; 16 - Return
final sum of accumulator registers 1-3; 17 - Digigsplay; 18 - " " sign indicator;
19- Mains on indicator.

The memory unit consists of six independent memegysters MD, MR, ACO, 1, 2 and
3, each of which is capable of storing 15 decimgltsl of information plus the sign of the
number.

According to its designation the registers canib&led into the operational (MD, MR and ACO)
and accumulating ( 1, 2and 3).



The operational registers serve to store the ehteigital information, sign of the number and
intermediate and final results of the arithmetiemgpion performed.

The accumulator registers are used for storinggifad information, also the sign of the number,
intermediate and final results of calculations.

Digital information, sign of the number, and thethanetic operation are entered into the
arithmetic-logic unit during closing and switchinfjthe corresponding contacts of the digital and
functional keys on the keyboard.

The entered digital information, results of arithim@perations, intermediate and final results of
calculations are displayed on the display unit gisgiminous digital lamps. The display unit has a
maximum capacity of 15 decimal digits plus sign.

The integer part of the number is separated froenftactional by setting the decimal point
position switch to the desired degree of calcuatiocuracy. The selected decimal point position is
shown by an illuminated incandescent lamp in th@@priate position of the display.

The integral power unit provides all the necessgpgrational stabilized and non-stabilized
supplies.

The supply line voltage with a frequency of 50Hzsinbe within the limits 220Vat!®® sy, —
110Vac+*19%,x,, at a consumed power of 50 W. Overall size ofrtfazhine is: width - 380mm,
length - 464mm, height - 194mm, weight - is 15 kg.

1.1.2. Preparation of the machine for operation.

The computer is delivered from the manufacturerfeea mains supply of alternating current
with a voltage of 220V atl%%,s, with a frequency of 50 Hz.

Before connecting the machine to the mains sugply hecessary to remove upper rear cover
and to check that the voltage selector switch efbwer unit corresponds to the line voltage of
your mains supply.

The setting of the voltage selector switch on tlevgr unit makes it possible to adjust the
machine for connection to the AC mains networkvoltages of 220V or 127V. After setting the
voltage selector switch to the correct line voltabe removed cover must be replaced.

The assembled machine with mains supply lead shHmeilconnected to the mains supply with a
master switch. Rotating the "ON-OFF" switch coriadhe line voltage to the primary winding of
transformer and illuminates the "mains on " piéohp on the display unit (Fig. 1).



Pressing the "L6" key ensures the erasure ofrtfemation in the operational registers MD,
MR, ACO and resets the component parts to an lirstete, enables the power unit and clears the
display. On enabling the power unit, the correcttages which ensure the operation of the
arithmetic-logic and display units, are output. Asresult of the controlled erasure of the
operational registers this ensures all digital larapthe display unit show the number zero.

Pressing the keys "*I", "*II", "*[lI" in sequencensures the erasure of the accumulator registers
AC1, AC2, AC3, I.LE. The re-writing of digital infmation from the accumulator registers AC1,
AC2, AC3 into the operational register MR (rewnitteligital information in the accumulator
registers is not retained) the previously writtégitel information into register MR is erased dgyin
the re-writing from the sequential accumulator segyi. After recall of the last accumulating
register digital information in the MR registerasased by pressing the "C" key.

As a result of this serial operation of the enurtegtdunctional keys the arithmetic-logic unit of
the machine is completely prepared for completimifpmetic operations.

Rotating the decimal point selection switch seésdbrrect level of accuracy for calculations.

1.2. Performance of arithmetic operations.

Entry of the digital information is made througtettigital decimal keyboard by a consecutive
set of figures, beginning from the high-order digitthe number (Fig. 1). Entry of mixed digital
information occurs with inclusion of th¢''key after the whole part of a number. When thierea
number has no fractional part and also when thetitnaal part has smaller quantity of decimal
figures, than is established by the decimal ponitch, entry of extra zeros is not required.

The position of the decimal point switch providegoaatic completion of the length of entered
numbers, I.LE. The automatic Addition of a corregpog quantity zeros after the inclusion of a
necessary functional key. After setting the detipaént switch, the position of the decimal poist i
shown by an illuminated miniature incandescent ldrapween the corresponding digital lamps of
the digital display to create the illusion of a ","

1.2.1. Addition.

Addition operations are performed by the arithmdggic unit with the result of the sum in the
operational register A0 or in the accumulating registers 1, A 2 or 3.



For performance of operations in a certain sequémedollowing function keys are used: "+",

e P | O |y R | | I | B ||
Example 1. +b= 197 + 454 = 651.
Order of operation Function key Display
1. Erase the operational registers "Lo" 0000000000000
2. Set the decimal point switch "o" 000000000000000
3. Enter the firstterm 197 "+ 000000000000197
4. Enter second term 454 " 000000000000454
5. Get the result =" 000000000000651
Example 2. +b= 265,12 + 165,437 = 430,557.
Order of operation Function key Display
1. Erase the operational registers "Lo" 0000000000000
2. Set the decimal point switch "3" 000000000000000
3. Enter the first term 265,12 "+ 000000000268,12
4. Enter second term 165,437 "+ 000000000165,437
5. Get the result =" 000000000430,557

The position of the decimal point switch is detered by the required degree of accuracy or by
the term with the greatest quantity of the numiaétesr the decimal point.

Addition with a different number of terms is cadieut in a similar manner to the examples
above. The small difference is to press the Additi+" key after the entry of each term
independent of the number of terms and continuthim way until a final result is obtained by
pressing the "=" key.

To display an intermediate sum you should press"tfiekey, after which continue with an
Addition "+" key in the usual manner to continue the sequdndie examples above the obtained
sum was written into the operational register AQDe result key ensures the storage of the digital
information and sign of the number into register MiRh the erasure of information in register
ACO. The transfer of the sum into the accumuleggrsters is produced by pressing the appropriate



keys "+ I", "+ II", "+ 1lI", which ensure the stoge of information from register MR into registers
AC1, AC2 and AC3 without the erasure of informatiorthe MR register.

An Addition operation with the use of the accumaitakgisters is examined below.

Example 3. +b= 342,35 + 127,23 = 469,58
Order of operation Function keys Display
1. Erase the accumulating registers R
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "2" 0000000000000,00
4. Enter the first term 342,35 "+ 0000000000382
5. Enter second term 127,23 "+ 0000000000127,2
6. Get the result " 0000000000469,58

In this example the obtained sum was written iegister AC1. With the serial use of the "+ | ",
"+ 11", "+ llI" keys the sum of 469,58, besides iggr AC1, will also be written into registers AC2
and AC3. Pressing the "*1" key ensures the redathe contents from register AC1 into MR with
the erasure of the contents in register AC1.

After completion of the Addition operation with sage of the sum in registers AC1, AC2 and
AC3, pressing the corresponding key "¥, "+ II", "+ |lI" ensures the display of the
intermediate sum, IL.E. recall without the erasuganf registers AC1, AC2 and AC3 into register
MR consequently, after pressing the keys for intsgti@te sums the information in the appropriate
registers remains.

1.2.2. Subtraction.

A Subtraction operation is carried out by the anigtic unit with storage of a difference in he
operational register 0 or in accumulating registers 1, 2and 3.

The display of negative values of the entered digitformation is ensured by illumination of the
miniature incandescent lamp™.

For completlon of an operatlon |n the speC|f|c squle these functlonal keys are used:
e B B N | R O 1 R e I L [ [ | 1] il Bl | Rl 1|



Example 4. -b= 397,46 — 123,134 = 274,326

Order of operation Function keys Display
1. Erase the accumulating registers Rl R [ )i
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "3" 0000000000000,00
4. Enter minuend 397,46 "+ 0000000000260,
5. Enter subtrahend 123,134 0000000000123,134—
6. Get the result =" 0000000000274,326

The position of the decimal point switch is the saas that used for Addition. Subtraction with a
large quantity of subtrahends is carried out inn@lar manner to the examples above. The small
difference is to press the subtract key ‘after the entry of each subtrahend independenhef
quantity and to continue in this way until a finesult is obtained by pressing the "=" key.

In this example the difference obtained was wriitédo the operational register ACO. Pressing
the result key ensures the return of informati@amfithe ACO register into the MR register with the
erasure of the information in the ACO register.

The transfer of difference into the accumulatoiigys is produced by pressing "+ I", "+ II", "+
" keys, which ensure the storage of informatfoom register MR into the appropriate registers
AC1, AC2, AC3 without the erasure of informationtie MR register.

Below is an example of Subtraction using the acdatauregisters.

Example 5. —-b= 679,38 - 243,15 = 436,23
Order of operation Function keys Display
1. Erase the accumulating registers Rl e [ )i
2. Erasure the operational registers "Lo" 00000000000
3. Set the decimal point switch "2" 0000000000000,00
4. Enter minuend 679,38 "+ 0000000000679,38
5. Enter subtrahend 243,15 ] 0000000000233
6. Get the result e 0000000000436,23




In the given example the difference obtained watewrinto register AC1. With serial use of the
AN I, - - - T keys |, the Subtraction result 436,23, besides registel, Al
also be stored into registers AC2 and AC3,

Pressing the " I" key ensures the recall of deéfece from the ACL1 register into the MR register
with the erasure of register AC1. After completmfrthe Subtraction operation with the storage of
the difference in registers AC1, AC2 and AC3, piregshe " I"," 1I"and " [lI" keys ensures
the display of the intermediate difference, |.EheTrecall of information without the erasure from
the appropriate registers AC1, AC2 or AC3 into ke register. Consequently, after pressing those
keys the information in registers remains.

Example 6. a-b=-c when a<b
235,24 - 467,496 = - 232,256 (striking a balance)

Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "3" 000000000000,000
3. Enter of minuend 35,24 "+ 000000000236,24
4. Enter of subtrahend 467,496 000000000467,496—
5. Get the result = 000000000232,256—

When as a result the completion of any operatigegya negative result, the miniature incandescent
lamp is illuminated, to show a display of sign""

Example 7. (@) +(-b)=-c
(+ 479,43) + (- 735,64) = - 256,21

Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "2" 0000000000000,00
3. Enter the first term 479, 43 "+ 0000000000439,
4. fn”(;er:é‘:gon”edggg:] ;?’Ife’s“ g 0000000000735,64—
5. Get the result = 0000000000256,21—
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Example 8.

(+ )= (-b) =

(+398,49) — (- 635,78) = 1034,27

Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "2" 0000000000000,00
3. Enter of minuend 398,49 " 0000000000398,49
4. Enter subtrahenq ) 6535,78 0000000000635,78—
and press negation "-#" key
5. Get the result = 0000000001034,27
Example 9. ( +b)—(+d) + (k-)=z
(235,46 + 1357,28) — (174,27 + 459,96) + (547,2875,49) = — 869,44
Order of operation Function key Display
1. Erase accumulator registers il I | | ||
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "2" 0000000000000,00
4. Enter the first term 235,46 "+ 0000000000285
5. Enter second term 1357,28 "+ 0000000001357,28
6. Result of the first sum T 0000000001592,74
7. Enter third term 174,27 "+ I 000000000827
8. Enter fourth term 459,96 "+ " 000000000040
9. Result of the second sum " 0000000000634,23

11

10. Subtract second accumulator

11. Result of first and second sun
12. Enter minuend
13. Enter subtrahend 2375,49
14. Result of the third sum

register from the first

547,54

S

"_ III
Ill
||+ ”Ill

0000000000634,23

0000000000958,51
000000000054
0000000002395,

0000000001827,95—-



Continuation

Order of operation Function key Display
15. Ad(_j to third accumulating g 0000000001827,95—
registe
16. Final result Rl 0000000000869,44—

Shown below is example 9 using just one of the cdating registers.

Order of operation Function key Display

1. Erase accumulator registers Rl R |
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "2" 0000000000000,00
4. Enter the first term 235,46 "+ 000000008®26
5. Enter second term 1357,28 "+ 0000000001857,
6. Result of the first sum =" 0000000001592,74
7. Store in first accumulator register "+ I 000000@B92,74
8. Enter third term 174,27 "+ 00000000D8,27
9. Enter fourth term 459,96 "+ 000000006926
10. Result of the second sum =" 0000000000634,23
11. Subtract second sum from first " 0000000000834
12. Enter minuend 547,54 "+ 000000000054
13. Enter subtrahend 2375,49 0000000002375,49—
14. Result of the third sum = 0000000001827,95—
15. Add the result from the MR

reg?ster to the first accumulator "+ 0000000001827,95—

register
16. CDaillstJ?E;{[itohr? final result of the e 0000000000869, 44—

It is evident from the above examples that algebralculation of Addition and Subtraction with
sign is accomplished by the arithmetic-logic uriithee machine.
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1.2.3. Multiplication.

Multiplication is carried out by arithmetic-logicnit with the result stored in the operational
register MR. To complete the operation in the gmesequence the function keys "X" and "=" are
used. The result, found in the operational regiM&, can be stored in the three accumulator
registers by pressing the function keys "+ I, I T+ III", "- I, "= II", "- IlI", a consequenceof
which adds or subtracts the result to the curmotrmation in the accumulator registers.

Completing a Multiplication process automaticatyinds off the result at the last step.

Example 10. b 125,25 15,25 =1910,0625

Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "4" 00000000000,0000
3. Enter the multiplicand 125,25 "X 000000001 R
4. Entelr the multiplier 15,25 and n_n 00000001910,0625
obtain the result
Example 11. b = 123,12 0,51 =62,7912
Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "2" 0000000000000,00
3. Enter the multiplicand 123,12 "X" 000000000812
4. Entelr the multiplier ,51 andl n_n 0000000000062,79
obtain the result

The position of the decimal point switch is detared by the required degree of accuracy of the
calculation or by the sum of the number of decidigits of the factors.

13



Example 12. xb =z 23,5 12,5x2,12 =622,75

Order of operation Function key Display
1. Erasure of operational registers "Lo" 00000@D@®OO0
2. Set the decimal point switch "2" 0000000000000,00
3. Enter first factor 23,5 " 0000000000023,50
4. Enter second factor 12,5 and

obtain the result =" 0000000000293,75

5. Prepare for multiplication by the

third factor 0000000000293,75

6. Entelr the third cofactor 2,12 and n_t 0000000000622, 75
obtain the result

The operational capabilities of the machine makgogsible to perform Multiplication with the
use of constants.

An example of Multiplication with a constant coefént is examined below.

Example 13. b= 125 5,3=6225
d b=z 15,36 5,3 =81,408
Order of operation Function key Display

1. Erase accumulator registers Bl I [ |
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch 2" 0000000000000,00
4. Enter constant factor 5,3 N'X 0000000000005,30
5. Enter first factor 125, 0000000000012,50
6. Get the result "X 0000000000622,50
7. Enter second factor 15,36 0000000000015,36
8. Get the result "X 0000000000081,41

The calculation of sum or difference products igied out with use of one of the accumulator
registers.
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Example 14. (a b) + (

d=z

(25 10,3) + (17,2 5,1) = 345,22

Order of operation Function key Display

1. Erase accumulator registers Bl R L (|
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "1 00000000000000,0
4. Enter first factor 25, "X 0000000002%,0
>- Enter second factor 12,5 = 00000000000257,5
6. rSetgirseteﬁesult in an accumulator wy 00000000000257.5
7. Enter third factor 17,2 "X" 0000000000017
8. Ente_r fourth factor 5,1 and _ 00000000000087.7

obtain the result
9. Add first and second products "+ 000000000008
10. Get the result " 00000000000345,2

The calculation of a difference in two productx(B) - (c x d) = x, is carried out in a sequence,

analogous to the calculation of the sum of two potsl with a difference, such that at point 9 of
example 14 press the "- I" key instead of the "kdy.

In the case of the negative value of cofactorgrdfte entry of a multiplicand or coefficient the
key for the entry of negative values is used. ahmetic-logic unit of machine accomplishes the
operation of Multiplication taking into account thigns of cofactors.

Example 15. (- ) (-b)=+
(-24,5) (-3,75)=91,875.

Order of operation Function key Display
1. Erase the operational registers "Lo" 0000000000000
2. Set the decimal point switch "2" 000000000000000

15



Continuation

Order of operation Function key Display

3. Enter first factor 24.5

Negate value key#" X 0000000000024,50 —

4. Enter second factor 3,75 W
Negate value key "-#"

5. Get the result =" 0000000000091,88 —

0000000000003,75—

Operation () x (-b) = — is carried out in a similar manner to that in epénl5 and is
characterized by the fact that after the entryheffirst factor the negate entry key "-#" is nogdis
The calculation of the signs of cofactors is acclishpd by the arithmetic-logic unit of the machine
of the operation of algebraic multiplication.

1.2.4. Exponentiation.

Exponentiation is carried out by the arithmeticiboginit with storage of the result in the
operational register R. For performance of the operation in the specé&quence the functional
keys "X" and "X" are provided. The result in registerR can be stored in the accumulating
registers 1 - 3 by pressing the corresponding "+ I", "+ 1I", "K' "- 1", "= I, "- lI" keys
which will add or subtract the result to the cutneiormation in the accumulator registers.

Order of operation Function key Display
1. Erasure of operational registers "Lo" 000000000000
2. Set the decimal point switch "0" 000000000000000
3. Entry of the number 25 "X 000000000000025
4. Result of 25 squared "X 000000000000625
5. Result of 25 cubed X 000000000015625
6. Result of 25 quadrupled "X 000000000390625
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With the erection of the negative number into tlegrde with the even index the result of
calculation is positive. With the erection of thegative number into the degree with the odd index
the result of calculation is negative.

1.2.5. Division.

Division is carried out by the arithmetic-logic umith the result stored in the operational MR
register. To complete the operation in the spe@é@quence the function keys , "=" are used.
The result, found in the operational register M&) be stored in the three accumulator registers by
pressing the function keys+ I", "+ 11", "+ ", "- 1", "- 1", "- 1I", which will add or subtract the
result to the current information in the accumulaemgisters.

In the process of completing a Division operatioa uotient is automatically rounded off in the
last step.

Example 17. :b= 625:5=125
Order of operation Function key Display
1. Erasure of operational registers "Lo" 000000000000
2. Set the decimal point switch "0" 000000000000000
3. Enter dividend 625 000000000000625
4. Ente_r divisor 5 and n_n 000000000000125
obtain the result

The operational capabilities of machine make itsgge to perform the operation of Division
with the use of constants of the dividend and divis

Example 18. d: b = 143,15 :8=17,89375
a:b=z 247,232 : 8 = 30,904

Order of operation Function key Display
1. Erase accumulator registers Bl B [ (|
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "3" 000000000000,000
4. Enter first dividend 143,15 000000000148

17



Continuation

Order of operation Function key Display
5. Enter divisor constant 8, B 000000000008,000
6. Result of first sum =" 000000000017,894
8. Enter second dividend 247,232 00000000023 ,2
9. Return result of the first sum R 000000000008,000
4. Final result =" 000000000030,904

The position of the decimal point switch is detered by the required degree of accuracy or by
the larger number of decimal points from the nuralestered for Division.

Example 19. :d=1z 1235,43:26 = 47,5265
b= 1235,43:47 = 26,2857
Order of operation Function key Display
1. Erase accumulator registers Bl B [ (|
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "2" 0000000000000,00
4. Enter constant dividend 1235,43 "+ " 0000000(B=®L23
5. Prepare for Division 0000000001235,43
6. Enter divisor 26, n_n
and obtain the result - 0000000000047,52
7. Indication of dividend " 0000000001235,43
8. Prepare for Division 0000000001235,43
9- Enter divisor At = 0000000000026, 29
and obtain the result

The calculation of sum or difference of the quadiers carried out with use of one of the
accumulator registers.
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Example 20. ( :b)-( :d)=2z
(5625 : 25) — (1234 : 24) =173,58.

Order of operation Function key Display
1. Erase accumulator registers Bl B [ (|
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "2" 0000000000000,00
4. Enter first sum dividend 5625, 0000000005685,
5. Enter divisor 25,

and obtain the result = 0000000000225,00

6. Store result in accumulator 0000000000225,00

register

7. Enter second sum dividend 0000000001234,00
1234,

8. Enter divisor 24, n_t 0000000000051,42

and obtain the result

9. Subtract second result the from o

: 0000000000051,42
first

10. Display the result e 0000000000173,58

The calculation of the sum of two quotients is iealrout in a sequence, analogous to the
calculation of a difference of two quotients. Tdlifference is to press the functional key "+ I,
instead of "- I" (point 9 of example 20).

For negative value dividends and divisors pressnibgate value key "-#" after entering the
dividend. Division is carried out taking into acen the signs of the dividend and divisor.

Example 21. (=):(=b)= (—-3174,6) : (—13)=244,2
Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "1 00000000000000,0

3. Enter dividend 3174,6
Negate value key "-#"

4. Enter divisor 13,
Negate value key "-#"

5 Result =" 00000000000244,2

0000000003174,6

"] 00000000000013,0—-
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The calculation of the signs of the dividend andsdir is accomplished by the arithmetic-logic
unit of the machine of the operation of algebrauisibn.

1.2.6. Extraction of square root.

In normal operation of the computer there is nalitgdor the automatic extraction of square
roots. In this case the most convenient methodttHerextraction of a square root is to use the

sequential approximation method.

X

For the expression Y+ 1:0'5( +ty ) , Where an accurate resultuallysfound after the

Vn

third approximation.

Prior to the beginning of calculation the ra¢ radicamduld be broken on the verge of two numbers
to the left from the decimal point. The quantiantifysales defines quantity of categories of the whole
pat of a root. In the first approximation, thethe tra® evaluated according to the left face, in which
there can be one number.

In the process of calculation to increase 1se the amyuof the result it is desirable to perform
intermediate operations with the largest possityssibingjty of the decimal digits.

Example 22. /985,96 =314.

Root from 9 composes 3. Two faces of thef the integetr @f radicand X give the two-digit number
of y, = 30.

The result of the first approximation will be: 2

0,5 x 985,96

30=31, 432667
30 * :

(Checking: 31,432667* = 988,012555);
The result of the second approximation

0,5 x 985,96

1,432667=31,40001
31 432667 +31,432667=31,400017

(Checking: 31,4000172 = 985,961068);

The result of the third approximation

0,5 x 985,96

31.400017 +31,400017=31,400000

(Checking: 31,4= 985,96).
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21

Order of operation Function key Display
1. Erase accumulator registers Bl B [ (|
2. Erase the operational registers "Lo" 00000000000
3. Set the decimal point switch "6" 000000000,000000
4. Enter dividend 985,96 "+ 000000985,060
5. Prepare for Division 000000985,960000
6. Enter divisor 30, "+ 000000030,0000
7. Result of quotient = 000000032,865333
8. Add to accumulator register 2 "+ I 0000000353883
9. Get the result Rl 000000062,865333
10. Prepare for Division 000000062,865333
12. rSe:g;et;Pe result into accumulatgr g 000000031,432667
" 2 <how result of dvidend | " 000000385, 960000
14. Prepare for Division 000000985,960000
16. Get the result =" 000000031,367367
17. Add to accumulator register 2 "+ 1" 0000000%/,367
18. Get the result I 000000062,800034
19. Prepare for Division 000000062,800034
21. Add to accumulator register 2 "+ " 00000003M@17

22. Recall to the operational registe
and show result of dividend

23. Prepare for Division

18
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Order of operation

Function key

Display

24. Recall accumulator 2, Divide
25. Quotient result

26. Add

27. Get the result

28. Division

29. Enter divisor 2, and
obtain the result

||+ IIII

Ty IIII

000000031,400017
000000031,399983
000000031,399983
000000062,800000
000000062,800000

000000031,400000

30. Result of the third approximation "X" 0000000310300
31. Checking "X 000000985,960000
1.2.7. Examples of the completion of complex calatlons.
Example 23, (b+ —-d)=z

123,15 (6,4 + 31 — 0,75) = 4513,4475.

3. Enter dividend 1127,

Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "2" 0000000000000,00
3. Enter multiplicand 123,15 " 0000000000123,15
4. Enter the first term 6,4 "+ 00000000062
5. Enter second term of 31, "+ 0000000000031,00
6. Enter subtrahend 75 - 0000000000000, 75—
7. Get the result =" 0000000004513,45
Example24. :(b+ —-d)=z
1127: (25,471 + 31,74 - 7,15) =22 51311
Order of operation Function key Display
1. Erase the operational registers "Lo" 00000000000
2. Set the decimal point switch "3" 000000000000,000

000000001127,000



Continuation

Order of operation Function key Display
4. Enter the firstterm 25,471 " 000000000@z1,
5. Enter second term 31,74 "+ 000000000031,740
6. Enter subtrahend 7,15 " 00000000QE~

7. Get the result

Example 25. (  b): =z

(125 25):7,3=428,0821

000000000022,513

Order of operation Function key Display
1. Erasure of operational registers "Lo" 00000@@®OO0
2. Set the decimal point switch "2" 0000000000000,00
3. Enter the first cofactor 125, "X" 000000000011y,
4. Enter second cofactor 25, = 0000000003125,0
5. Division 0000000003125,00
6. Enter divisor 7,3 and obtain the n_n 0000000000428,08

result
axb dxl_
Example 26. c y °
135X 3,7 35X27,3 _
24 B = 128,50

Order of operation Function key Display
1. Erasure of accumulator registers Bl A | A 1
2. Erasure of operational registers "Lo" 00000@u@DO0
3. Set the decimal point switch "2" 0000000000000,00
4. Enter cofactor 135,23 = 0000000003005,
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Continuation

Order of operation Function key Display
- Enter cofactor 3.7 " 0000000000499,50
and obtain the result
6. Divide 0000000000499,50
7. Enter divisor 2.4 = 0000000000208,13
and obtain the result
8. Store quotient to accumulator 1 "+ 00000000@)20
9. Enter cofactor 35, " 0000000000035,00
10. Enter cofactor 27,3 n_n 0000000000955,50
and obtain the result
11. Division 0000000000955,50
12. Enterdivisor 12, e 0000000000079,63
and obtain the result
13. Subtract — 0000000000079,63
14. Calculation result e 0000000000128,50
axXb _ dXxl _

The calculation of — =z is carried out in the sequeate¢he given example

y
above but is characterized by the fact that at tpdB instead of using the Subtraction from
accumulator key - I", the Add to accumulator key "+ I" is used.
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Chapter Il

ELEMENTS of pulse TECHNIQUE
AND POWER SUPPLY

. 1. BLOCK DIAGRAM OF THE MACHINE.

All necessary information enters the arithmeticadl &torage unit by pressing the appropriate

keyboard digital and functional keys in a specdigjuence (Fig. 2).
AC Supply voltage

The entry of digital information Honpawenve cemy
for the completion of arithmetic
operations and different p
7

calculations is ensured by the
decimal digital keyboard.

Aritmetic unit and memory BIOK
The encoding of the input APUPHEMY YECHOE P’('jﬁv”g‘r"gﬁgpw

information encodes the inputted 4 -
-, : : JonomuKanuee [
Elgfﬂ C;r}formart:ond f.roml the yempodembo (74 Prufgerat
keyboard from the decimal system V3 TYmsr unBUKOYLY
into the Binary Coded Decimal 5;
numeration system. V6

v7

The coded digital information
from the encoder output is in
proportion to the collection.

baox uxduxoyey Nixie display

|vg

The_entere_d nur_nber is passec_j o[ secenmmo- Keyboard
the arithmetic-logic unit and is | vomers Yempodembo Bhode
stored in the appropriate part of the | ##2#70
ferrite core memory in the L
operational register MR. Decimal point
switch

Fig. 2. Block diagram of a

The management teams and
g « Soemtron-220 » computer

arithmetic operations are carried
out the functional keys for input
unit. Pressing one of the functional keys causescbmpletion of the corresponding operation in
the arithmetic-logic unit.

All operations in the machine are stored in thetiecore memory as digital information and are
performed in the Binary Coded Decimal numeratiosteay.
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The information, written into the four core planes the MR register by the decoder of
arithmetic-logic unit, is transferred from the bipaoded decimal numeration system into decimal,
the decoded digital information from the outputtieé decoders is shown by the luminous digital
lamps of display unit, which ensures the visualpattof the entered information, results of
arithmetic operations and different calculationsthe decimal system. For visual output of the
digital information of the accumulator registerse tappropriate functional keys are used, which
ensure the transfer of the digital information he taccumulating register into the operational
register MR.

11.2. ARITHMETIC-LOGIC UNIT

The arithmetic-logic unit consists of 12 boardpohted circuit assemblies with the components
of the required electronic circuits, which accorsbpli different arithmetic operations and
calculations.

The diagrams used show the logic functions, swighmemory and amplifier elements of the
overall diagram of the arithmetic-logic unit of tbemputer. Signals formed at the outputs, and also
those entering the inputs of the correspondingt@eic circuits must be within the limits from 0V
to -12V. With the exception of the signals, whiale gormed by the anode and cathode amplifier
circuits for the display.

It is customary that those signals entering theiter formed at outputs of the corresponding
electronic circuits, in the voltage range from Q¥ -L,5V are assumed to be a logic 0 signal.
Voltages in the range from -8V to -12V are assutodae a logic 1 signal.

The arithmetic-logic unit through appropriate cortoes is connected to the power unit, input
unit, display unit and decimal point position switdrcuits to make the overall electrical diagraim o
machine.

On the basis of a number of the design featuréiseomachine, the memory unit is considered as
a separate unit in the composition of the arithcaletgic unit.

Note. In the schematic circuits, transistor part nursbérdicated in brackets were those
established and used in the appropriate schenwdtitee units and components of the first release
machines.

11.3. ELEMENTS OF THE FUNCTIONAL DIAGRAM.

11.3.1. AND gate (conjunction).

The diagram shows the logical function "AND", onnddgions of which the logic 1 signal at
output A of diagram is generated only when all ispH enter logic 1 level signals. The correct

realization of the logical function can only be exted when in the absence of logic 1 signals the
appropriate inputs E of the gate enter logic Oagn
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The diagram is drawn with semiconductor diodes fzal one output and can have from 2 to 20
inputs.

On the overall functional diagram of the machinedNT&X' gates are given numbers from K1 to
K211.

The logic symbol and schematic circuit diagramgven in Fig. 3.

An "AND" gate depending on signals at the input&o-

E20 is in the disabled or enabled state. £
With all signals at logic 0 on the inputs E1 - E&0Oan £5 7
"AND" gate the diodes are forward biased or turreed
resulting in a small forward voltage drop. Curréemtthe y
circuit: OV, parallel diodes D1 - D20, resistor R12V - on £29 7

the small resistance of the forward biased diodeates an
insignificant voltage drop. In essence a voltaggpdoccurs
on the 10 kilohms resistor, therefore, at outputogic 0 28
signal is generated, which determines the condydiiate of
"AND" gate.
R’

With simultaneous logic 1 signals to the inputs 7
E1l - E20 the gate is opened, as a result at theD"Aditput £, A
a logic 1 level signal is produced. 2,

When one or several inputs E of the gate inputadggrhe &2
diodes of the corresponding inputs are connectadvierse
voltages, I.LE. The diodes are forward biased bggec O Dsp
signal, from the output of one or several forwardsbd
diodes, which ensure the conducting state of tioaiiti [200—‘»|—"'

Simultaneously input all inputs diagrams logic @nsils or Fig. 3. Logic symbol and circuit
1 because of the fluctuations of signal amplitudemf diagram of an « AND » gate.
0V to -1,5V and from -8V to -12V are not usuallyemgd and

they do not reverse bias all diodes. Network elements: resistor R1 =
Kilohms; 0,05W; 10%; diodes D1..D20

At the output of the on or off circuit a logic 0 bisignal is = 1N35 or GAZ17

generated of a smaller amplitude to all the inpghals,

which reverse biases all the remaining diodes. &sgwith the smaller amplitude provides the
conducting state of the corresponding diode anatneent in the circuit of diagram, proportional to
a potential difference of the input signal and sewl2V. The completion of the assigned logical
functions by an "AND" gate is ensured only whehi@ absence of logic 1 signals at the appropriate
E inputs a logic 0 signal is input.

When the resistor of an "AND" gate instead of betognected to the power supply -12V is
connected to the output of an inverter (L.E. fligef the diagram of joining), the "AND" gate
becomes dependent on the signal at output of aertary I.E. controlled by the signal from the
output of an equivalent component. Consequentlyréséstor of the circuit diagram becomes a
control input.
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The input of a logic 0 signal at this input blodke function of the circuit. Input of a logic 1
signal at this input of the "AND" gate does not aipathe assigned logical functions. This practical
control input can be considered as an additiormltiof an "AND" gate.

11.3.2.

OR gate (disjunction).

The diagram shows the logical function "OR ", omditions of which a logic 1 signal at output
A is generated when one or several inputs E eatérgic 1 signal.

£,

Fig. 4. Logic symbol and circuit
diagram of an « OR » gate.

Network elements: Diodes D1 .. D20 -

IN35 or GAZ17.

11.3.3. Inverter.

The circuit is drawn with semiconductor diodes and
has one output and can have from 2 to 20 inputee T
guantity of diodes in the diagram is determinedtly
quantity of inputs. The anodes of the diodes are
connected to a common point and is the output ef th
circuit.

In the overall functional diagram of the machine
"OR " gates are given gate numbers from D1 to DPle
logic symbol and schematic circuit diagram are giue
Fig. 4.

The completion of logical functions by an "OR " gat
does not require special circuit conditions, |.LEThe
connection of logic O signals or the presencebseace
of logic 1 signals at the inputs of E1 - E20 of ¢fage. In a
number of cases the inputs E of the gate a logigal is
not input.

When one or several inputs simultaneously inpuiclog
1 signals, the corresponding diodes are forwarsdoigas a
result of which a logic 1 signal is output at pobf the
gate. With the larger amplitude of all input signalhich
reverse biases the remaining diodes of the gatendst
cases the small resistance of the forward biassdedioes
not need to be considered.

The diagram of an inverter shows the logical fumtt’NOT " (negation), the conditions of
which a logic 1 signal at output A is only outputen input E of the circuit diagram inputs a logic 0
signal, correspondingly, when input E of the citdsia logic 1 signal, output A of the inverter

produces a logic 0 signal.

The circuit of an inverter is executed with a P-Nype transistor and is a one-stage amplifier.
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The logic symbol and schematic circuit diagram mfiraverter are given in Fig. 5, on which the
dotted line shows the connection point for the sewf signals. Let us assume that in the initial
state of the inverter diagram a logic 0 signalppled at input E.

Circuit diagram

number

N°630

N°631

N°632

N°635

N° 636

N° 637

N° 649

N° 651

N° 652

£

(O

=120

/20

~126

Fig 5. Logic symbol, and circuit diagram of an "&mter".
Component parts:

Transistor
T1
SA25/2 (2SB75)
= 29-55
SA25/3 (2SB77)
= 45-88
SA25/4 (2SB77)
=72-166
SA25/4 (2SB77)
=72-166
SA25/3 (2SB77)
= 45-88
SA25/4 (2SB77)
=72-166

SA25/4 (2SB77)
= 72-166

SA25/2 (2SB75)
= 29-55

SA25/4 (2SB77)
= 72-166

Capacitor
C1

1000pF 10%
63V

1000pF 10%
63V

1000pF 10%
63V

1000pF 10%
63V

2700pF 10%
63V

1000pF 10%
63V

220pF 10% 63V

220pF 10% 63V

470pF 10% 63V

Resistor
R1

1K5 10%
0.125wW

1K5 10%
0.125wW

1K5 10%
0.125wW

1K5 10%
0.125W

1K5 10%
0.125W

1K 10% 0.125W

1K5 10%
0.125wW

Resistor
R2

12K 10% 0.05W

12K 10% 0.05W

12K 10% 0.05W

12K 10% 0.05W

4K7 10% 0.05W

4K7 10% 0.05W

12K 10% 0.05W

12K 10% 0.05W

8K2 10% 0.05W

Resistor
R3
68K 10%
0.05W

68K 10%
0.05wW

68K 10%
0.05wW

68K 10%
0.05wW

39K 10%
0.05W

22K 10%
0.05W

68K 10%
0.05W

68K 10%
0.05W

47K 10%
0.05wW

The source current flows in the circuit: +12V, stgis R3, R2, OV into a logic 0 signal of the
applied signals. The current is limited by thastsce of the voltage divider resistors.
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A voltage drop across resistor R2 from the curreinthe input bias source creates on the
transistor base a positive potential in relationtite emitter, the inverse voltage, applied to the
emitter junction, is within the limits of +2V andh&ures the non-conducting state of transistor T1.
In the base collector chain of the non-conductiaggistor flows a current ko, which creates a
small voltage drop across the collector resistor R¥s a result of the non-conducting state of
transistor at output A of the inverter a logic bigput, until the circuit input E receives a logic

With the connection of a logic 1 signal to inpubEthe inverter circuit the initial state of C1
shunts the base resistor R2. The negative voitguye logic 1 signal inputs the base and transistor
T1 is non-conducting.

In the circuit of the conducting transistor from,0M, R1, -12V flows a collector current, whose
value in essence is limited by the resistance 9$ter R1.

On the resistance of the conducting transistor thesurrent of collector occurs a comparatively
small voltage drop. The collector potential becsrose to the emitter potential and so a logic 0
signal is output at point A of the inverter.

Consequently, until input E of the inverter ciragteives a logic 1 signal, output A of the circuit
diagram will remain at a logic O level.

Capacitor C1 is charged up to the logic 1 sign#lage, the reactance Xc of speed up capacitor
C1 increases, to the base current circuit is cdederesistor R2, which decreases the value of
current, flowing in the circuit: OV, base-emittertbe conducting transistor, resistor R2 in patalle
C1, internal is the resistance of the source afagy -12V. The voltage between the base and the
emitter decreases. The base becomes more pobiitvpreserves negative potential with respect to
the emitter. Transistor T1 remains in the condhgcstate. The value of the base current from the
signal source in essence will be determined byatinelitude of the input signal, by the internal
resistance of the signal source and by the resistainthe base resistor R2.

The source current of the displacement flows indiheuit: +12V, resistor R3, resistance of the
base-emitter of conducting transistor, Ov. Théstaace of R3 considerably exceeds the value of
the resistance of the base-emitter of the condgictmansistor. The source current of the
displacement, in essence, is determined by thstaesie of resistor. R3.

The resistance of resistor R3 is approximately thyies the value of the resistance of the base
resistor R2. Consequently, the source currentefdtbplacement will be considerably less than the
value of the base current. The counter directioitoav of base and source of displacement creates
the resulting current in the section of the ch@; the base-emitter of the conducting transistor.
The resulting current creates a voltage drop acresistance the base-emitter of the conducting
transistor and ensures the negative potential @fodise with respect to the emitter, which retains
transistor T1 in the conducting state. The condgctransistor can be characterized by the
saturated and unsaturated states and the depenofetiee relationship of the currents, flowing in
the base and collector chains.
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If the input current, multiplied by the mu-factof toansistor, is more than the collector current
value of Ib that transistor is in the saturated state. df ¢tbllector and base current values do not
satisfy this relationship, then transistor is ie tmsaturated state. The relationship of the otirre
values in the circuit diagram of inverter N630 detimes the saturated operating condition of
transistor T1. After the end of the logic 1 sigtiad input of the inverter diagram receives a ldic
signal.

At the initial moment C1 speed up capacitor shuhts resistor of R2. The base obtains a
positive potential with respect to the emitter.afigistor T1 is hon-conducting, and output A of the
inverter will generate a logic 1 signal. Capaci@i is recharged to the value of a voltage drop
across resistor R2 from the source current of deghent, the reactance of Xc, increases, to the
current circuit of the source of displacement isrexted the resistor of R2. A voltage drop across
resistor R2 from the current of the source of dispiment ensures the non-conducting state of
transistor T1.

With the series connection of two inverters thegehaf the input signal to input A of the first
inverter does not change at output E of the secoretdter.

11.3.4. Driver amplifier.

A driver amplifier (V567 circuit diagram) is the oastage amplifier, assembled from
series-connected inverters. In the second invarteore powerful transistor is used.

Logic symbol and schematic circuit diagram of thepéifier are given in Fig. 6.

In the initial state input E of amplifier circukceives a logic 0 signal. The current of the seurc
of displacement flows in the circuit: +12V, R5, RV and the source of signals. The voltage
divider formed from resistors R5, R4 creates ondigtor base a positive potential with respect to
the emitter and ensures the non-conducting statesistor T1. Simultaneously the displacement
source current flows in the circuit: +12V, resistét6, R3, R1, -12V. The voltage divider formed
from the resistors R1, R3 and R6 creates on the bagransistor T2 a negative potential with
respect to the emitter. The forward voltage, agapto the emitter junction, ensures the conducting
state of transistor T2.

In the circuits: a) OV, T2, R3, R1, -12V; and b)2¥] R6, T2, OV in the conducting transistor
flow the base currents and source of the displanemeéhich have a different value and direction.
As a result on the base of transistor T2 remaiasntgative potential with respect to the emitter,
which ensures the conducting state of transistor TBe current value, flowing in the circuit OV,
T2, R2, -12V, is limited by the small resistancetlté conducting transistor T2 and by resistor R2.
In the circuit of the conducting transistor T2 dtage drop in essence it occurs on the collector
resistor R2.
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Consequently, until input E of the amplifier reeesva logic 0 signal, transistor T2 it is in the
conducting state, and output A of the amplifieatis logic O level.

When input E of the amplifier receives a logic frsil, at the initial moment capacitor C1’'s

capacity shunts the base resistor R4. The negatitage of the input signal enters the base of
transistor T1.

V67

— I D

-/28

+/28

Fig. 6. Logic symbol and circuit diagram of a "Denamplifier".
Component parts of V567

Transistor T1 S25/4 (2S 77) =72-166
"T2 S 25/4 (2S 77) =72-166
Capacitor 1 1000pF 10% 63V
"2 2200pF 10% 63V
Resistor R1 820R 0.25W 10%
" R2 330R 0.5W 10%
"R 2K2 0.05W 10%
"R4 12K 0.05W 10%
"R5 68K 0.05W 10%
" R6 15K 0.05W 10%

Transistor T1 is conducting and a current is ckatethe collector circuit: 0V, T1, R1, -12V of
the power supply. The value of the collector cotrris limited by the small resistance of the
conducting transistor and by resistor R1. As altdake collector of the conducting transistor T1
generates a logic 0 signal. Capacitor C1 is changiedeactance X, increases, to the current dircu
of the base is connected resistor R4, which deesetie value of current in the circuit: OV in, the
base-emitter of the conducting transistor T1l, RAd d@he internal resistance of the source
signals -12V.
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The voltage between the emitter and the base dmseso the base becomes more positive, but
preserves negative potential with respect to thgtem Transistor T1 remains in the conducting
state.

From the collector of transistor T1 a logic O sigeaters capacitor C2 and the base resistor R3.
At the initial moment the capacitor shunts resid®®. Positive voltage drop enters the base of
transistor T2. The base of transistor obtains sitipe potential with respect to the emitter.
Transistor T2 is non-conducting.

Capacitor C2 is discharged, the reactance of Xreases, to the chain of the source of
displacement is connected resistor R3, which deesethe value of current, flowing in the circuit:
+12V, R6, R3, T1, Ov, base becomes more negativtepieserves positive potential with respect to
the emitter. Consequently, until input E of amplifreceives a logic 1 signal, transistor T2 ishi& t
non-conducting state, at output A of amplifiersigenerated the signal E. After the end of theclog
1 signal the input A of amplifier enters a logisi@nal. Amplifier circuit returns to the initiatage.

In this case the speed-up capacitors completentlegter functions. The capacitor C1 decreases the
transit time of transistor T1 into the non-condngtistate, while the capacitor C2 decreases the
transit time of transistor T2 into the conductinates.

As a result the reverse switching of transistoradoordance with the initial state at output A of
amplifier circuit a logic O signal is generated.

11.3.5. Read amplifier.

The read amplifiers (diagram V507/1) serve to réaa written information from the ferrite
cores of the memory block into the four flip-flopkregister A.

Readout is produced from pulses induced by a ralvefdhe magnetization of the ferrite cores,
which directs an EMF onto the read wire.

In turn the read wire is connected to the inputsaB@ E3 of the read amplifier. Taking into
account that the reversal of polarity of ferriteesooccurs also during the record of informatibie, t
starting of the read amplifier occurs only wheniitput E1 receives the special reading signal
(HV=1). As a result of the special arrangement anding of cores in the matrix by the read wire
can arise both positive and negative polarity mylsehich in equal measure must act on the
amplifier in order to obtain a positive polaritylpa at its output.

A logic symbol and schematic circuit diagram ofead amplifier are given in Fig. 7. In the
initial state of the amplifier diagram input E1 edes a logic 0 signal, the current of the source o
displacement flows in the circuit: +12V, R3, R2,.0¥ voltage divider formed from resistors R2
and R3 creates a positive potential on the basmsistor T1 with respect to the emitter.

2 794
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Transistor T1 is in the non-conducting state, apouA of the read amplifier circuit is produced
a logic 1 signal.

Simultaneously the current of the source of digraent flows in the circuit: +12V, R4, R5, OV.
The voltage divider formed from resistors R4, R®tiyh the secondary winding of the transformer
creates on the bases of transistors T2 and T3 &dual read amplifiers a positive potential, which
ensures the non-conducting state of transistosntZT 3.

=128

i,

. yso7/7
L. 5 R

, > —=

)

RS

»

/4

128

73

Fig. 7. Logic symbol and circuit diagram of a "Resmplifier".

Component parts of V507/1.:

Transistor T1 SB20/2 (2SA15) =29-55
"T2 SB20/3 (2SA15) =45-88
"T3 SB20/3 (2SA15) =45-88
Capacitor 1 0.047uF 10% 63V
Resistor R1 10K 0.125W 10%
"R2 12K 0.125W 10%
"R3 68K 0.125W 10%
"R4 6K8 0.125W 5%
"R5 100R 0.125W 5%

The operation of the amplifier in shaping the pesitpolarity pulse at output A of the circuit
diagram occurs in the following order. First indtl receives the drive signal HV=1 and the
voltage divider formed from resistors R2 and R3ate a negative potential on the base with
respect to the emitter of transistor T1.

Transistor T1 is conducting and connects the cutecof transistors T2 and T3 to the negative
voltage of the power supply -12V.

34



The emitter of the conducting transistor T1 is awtad to OV through the high resistance of the
non-conducting transistors T2 and T3. Consequermilyrent in the circuit of the conducting
transistor T1 increases insignificantly, and theregponding change in the voltage on output A can
be practically ignored.

The polarity reversal of a ferrite core induceseEMF in the region of 30mV on the read wire,
which is fed to inputs E2 and E3 of the primary aving of the step-up transformer which has a
relationship of 1:100. Let us assume input E2 rexia positive potential from the read wire,
therefore, through the primary winding of the tfansier from input E2 to input E3 flows a current.
An EMF is induced in the secondary winding. Thartsbf secondary winding ensures that the
resultant EMF is in the same direction as in thenary winding of transformer.

The positive potential at output 3 of the transferrsecondary winding enters the base and does
not change the non-conducting state of transisor T

The negative potential at output 6 of the transtarmecondary windings enters the base and
opens transistor T3. At output A of the amplifelogic signal which changes from 1 to O.

In the circuit of the conducting transistors 0V,, T3, R1, -12V the current value in essence is
limited by resistor R1. On the resistances ofdbeducting transistors T3 and T1 there occurs a
comparatively small voltage drop. Transistor Than-conducting after the end of signal at the
inputs E2 and E3 of the primary winding of the sfammer. The emitter of the conducting
transistor T1 is connected to OV through the higsistance of the non-conducting transistors T2
and T3. Current in the circuit of the conductingnsistor T1 sharply decreases, at output of the
amplifier occurs a change in the signal from Id@ito 1. Transistor T1 will be non-conducting after
the end of signal E at output E1. If input E2 reesia negative potential from the read wire, inbtea
of transistor T3, transistor T2 will be conductingAs a result output A of the read amplifier
generates a positive polarity pulse.

11.3.6. RC differentiating circuit.

The most common device for the shaping of peakesutd differing polarity is the capacitive
differentiating circuit RC, which consists of a eafior C1, resistor R1 and diode D1.

The logic symbol and schematic circuit diagram @ireen in Fig. 8. Depending on the input
connection at E2 the operation of the differentigtircuit occurs with or without logical functians
The connection of input E2 of the differentiatingcait to OV ensures the circuit operates without
logical functions. For with logical functions tlagferentiating circuit is connected via input K2 t
the output of a logical element.
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1. Differentiating chain operation without logical functions.

Let us assume that capacitor C1 it is completedgttirged, input E1 of the differentiating circuit
receives a negative polarity square pulse and eates a charging circuit for capacitor C1. The
voltage across capacitor cannot abruptly changeurfent begins to flow in the capacitor charging
circuit, whose value is limited by the resistanteesistor R1. At the initial moment the curreash
a maximum value and diminishes in proportion todharge of the capacitor.
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6) Fig. 8. - Schematic circuit diagram and logic

symbol of the differentiating circuit RC:

Diode D1 - 1N35 or GAZ17; Capacitor C1 — 560pF 5%/6
Resistor R1-10k 0,05 W 10%; A) - diagram of thenfation of
signals by the differentiating circuit with a caoitinput; B) the
diode of the collector input of tHép-flop of IN35 or GAZ17.

Accordingly at the initial moment of time on resisR1 occurs the greatest voltage drop, which
decreases in proportion to a change in the valuth@fcharge current. As a result diode D1
provides a pulse of negative polarity. After cafma C1 charges to the voltage of the signal
source, current in the differentiating circuit widlll to zero, so the voltage drop across resiRtbr
ceases.

The diode D1 enters a voltage, equal to OV. Afiter end of the pulse on the differentiating
circuit input, a logic 0 signal is input, which cesponds to closing the circuit of the capacitor
discharge through resistor R1 without taking intocunt the small internal resistance of the signal
source. Capacitor discharge current flows in theospe direction. Again at the initial moment the
current has maximum value and diminishes in progoro the capacitor discharge. Accordingly
the greatest voltage drop occurs on resistor Rieanitial moment, which decreases proportionally
in response to a change in the value of currenttwe. As a result of this the diode D1 enteks th
peak positive polarity pulse.

36



The described mode of operation of the differgmigacircuit occurs with the condition of a
large pulse duration at input E1, which enablescygacitor to charge to the voltage of the input
signal. It is necessary to keep in mind, that gtraoement of time the voltage across capacitor C1
and voltage drop across resistor R1 is equal tosdtage of the source of signal Vc + Vr = V. In
the machine schematics the differentiating cir®@ is adapted for switching the circuits of a
monostable and flip-flops, which are calculatedtstg from the positive polarity pulses. For this
purpose at the output of the chain D1 is conneetbi;h passes positive polarity pulses at output A
only and ensures the removal of the negative pplptilses.

Let us examine the influence of the parameterhiefdlements of the differentiating circuit on
the decrease in the voltage of a peak pulse.

Let us assume that with the given resistance valuesistor R1 with an increased value in the
capacitance of capacitor C1, at the initial momantent in the circuit is limited by the constant
resistance value of resistor R1 and diminishes ropgrtion to capacitor charge or discharge.
Voltage on resistor R1 relative to OV of input ERI ¥all more slowly, since for discharge or charge
of an increased capacitor value by the given ctineguires a longer time, in consequence of which
the duration of the pulse increases. A decreasthefcapacitance value causes a more rapid
decrease in the voltage on resistor R1, causinguhegion of the pulse to decrease. Similarly with
a given capacitance value, an increasing or deageabange in the resistor value leads to the same
result. In the first case the voltage on resistbrvil diminish more slowly than in the second, on
the basis of the fact that for the charge on thmaciéor value the smaller current requires a greate
time n, on the contrary, with a current of largatue - shorter time. The decrease in the voltage o
resistor R1 is determined by the time constanthef differentiation chain since, which has a
dimensionality of time and most conveniently isalletined from the following relationships:

Ohms x farads = seconds;
Kohms X microfarads = milliseconds;
Megohms x picofarads = microseconds

Physically the time constant t can be represergdti@time, for which voltage across capacitor
changes to 63%, and the value of capacitor chargisoharge current decreases to 37% from the
initial value. Let us assume the negative clocksewf the multivibrator has a duration, equal to
20uS, which let us accept as the minimum at theatiop the differentiating circuit. The value of
capacitor C1 = 560pF, the resistance of resisto=RDK, the time constant T = RC of the chain
will be equal to:

0,01 Megohmx 560pf = 5,6mS.

In practice it is customary to assume the capacdstaharged in a time, equal to 3-5t, which
equates to 16,8 - 28,0uS.
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In this case the chain’s time constant t is eqoapproximately 4t, which corresponds to the
previously described mode of operation of the diféiating circuit. The differentiating circuitrfo
starting the monostable has a resistor, equalf&itbhms, and so respectively a smaller value of t
and a smaller pulse duration at output.

2.  Differentiating circuit operation with logical functions.

The differentiating circuit diagram forms the logiidunction "AND", the conditions of which
dictate the positive polarity pulse at output Aleped with the change at input E1 of a logic Q to
signal only if at this time input E2 enters a lo@isignal.

Consequently, if input E2 enters a logic 1 sigttad, change in the positive polarity pulse signal
at input E1 from a 1 to O, the A output it is nehgrated.

Let us examine the operation of the differentiatonguit with the implementation of logical
functions with a connection to input E1 of an idead square negative polarity pulse taking into
account a change in the signal at input E2 from D. {Fig. 8, A).

Let us assume that capacitor C1 is dischargednputs E1 and E2 receives logic 0 signals, so at
point K the differentiating circuit generates aito@ signal.

During t1, input E1 receives signal b, capacitor i€Tharged, at point K a negative polarity
pulse is formed in the sequence, as describediitt po

The capacitor is charged up to the voltage of tiggcl 1 signal, current in the circuit ceases, at
point K a logic 0 signal is generated. During t#ut E2 receives a logic 1 signal. Capacitor C1 is
discharged to the logic 0 signal voltage. At pdira logic 1 signal generated. (Capacitor discharge
with the connection of logic 1 signal at input B2the similar case, when the two capacitor plates
are connected to the voltage of one output of tveep supply).

During t3, input E1 receives a logic 0 signal, aagacitor C1 is charged up to the logic 1 signal
voltage.

A voltage drop from the charge current of capacfidr on resistor R1 at point K shapes the
positive polarity pulse, whose apex reaches thel lef/the logic 0 signal voltage. Capacitor C1 is
charged up to the logic 1 signal voltage, as altreswhich at point K a logic 1 signal is geneite

During t4 input E1 receives a logic 1 signal, amgbacitor C1 is discharged. The discharge
current of the capacitor on resistor R1 at poinshapes the negative polarity pulse, whose apex
reaches the level of the voltage of the doublectlagignal. Capacitor C1 is discharged to thedogi
0 signal voltage. At point K we obtain a logicigral.

During t5, input E2 input receives a logic 0 sigrapacitor C it is charged up to the voltage of
the logic 1 signal level, as a result of which ainpK a logic 0 signal is generated.

38



During t6, input E1 receives a logic O signal. Gajpe C1 is discharged. The capacitor
discharge current on resistor R1 at point k shdahespositive polarity pulse in the sequence,
described in point 1.

11.3.7. Multivibrator.

The basic master oscillator of the machine opamaisoa multivibrator, which consists of two
cross connected common-emitter amplifiers with cap@ collector-base connections.

To generate the rectangular master clock pulsesléivibrator is used in the self-oscillatory
operating mode with a switching frequency of 25 kHz

The logic symbol and schematic circuit diagramhef tnultivibrator M214 are given in Fig. 9.

The principle of the self-oscillatory operation tbie multivibrator is based on the successive
conducting and non-conducting states of transistarand T2.

For the purpose of explaining the self-oscillatoperating mode let us assume that at the given
instant transistor T1 is in the conducting state] that T2 is non-conducting. In the circuit of the
conducting transistor a collector current flowsnfr®V, through T1, R2, -12V, whose value is
limited by resistor R2. A small voltage drop ocum the collector resistance of the conducting
transistor. As a result at output A of the mulinator a logic 0 signal is generated. Simultangousl
from OV through the base-emitter junction of thexaacting transistor T1, R4, R1, -12V flows a
base current, which creates on base resistanc# tifefsmall negative potential with respect to the
emitter and transistor remains in the conductiagest_et us assume that during the non-conducting
state of transistor T1 capacitor C1 charges twtiage of the logic 1 signal on output A.

After the inversion of the multivibrator transistbt is in the conducting state. The left capacitor
plate of C1 is connected through the conductingsisdor T1 to OV. The right facing plate through
resistors R3 and R1 is connected to -12V. Capa€iois discharged. The discharge current of the
capacitor through resistor R7 creates a positiveri@l on the base of transistor T2 with respect t
the emitter and transistor remains in the non-cotidg state. Simultaneously capacitor C2 is
charged. The left capacitor plate is connecte@\Mathrough the base-emitter of the conducting
transistor, the right facing through resistor R&asinected to the -12V supply. The time constant
of capacitor C2’s charging circuit has smaller edllnan the time constant of the discharge cirduit o
capacitor C1. As a result capacitor C2 is chafgethe shorter time interval. The inversion of th
multivibrator does not occur until the base of memducting transistor T2 has a more positive
potential than emitter. The potential of the nomducting transistors base decreases in proportion
to the value of C1’s discharge current.
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When reaching the insignificant negative poterdfahe base with respect to the emitter the non-
conducting transistor T2 begins to conduct. A fasivoltage drop of transistor T2’s collector
through capacitor C2 enters the base and makesidtanT1 non-conducting, I.E. capacitor C2
begins to be discharged, the capacitor dischargerducreates a positive potential on the base of
transistor T1, which ensures its non-conductintgsta

M214 A

+/26
Fig. 9 - Schematic circuit diagram and logic symdioh multivibrator.

Component parts of M214:

Transistor T1 SB20/2 (2SA15) =45-88
"T2 SB20/3 (2SA15) =45-88
Capacitor 1 2200pF 10% 63V
Capacitor 2 2200pF 10% 63V
Resistor R1 1K (variable)
" R2 1K 0.05W 10%
"R3 10K 0.05W 10%
"R4 10K 0.05W 10%
"R5 1K5 0.125W 10%
" R6 1K 0.05W 10%
" R7 470R 0.05W 10%
"R8 220K 0.05W 10%

In turn a negative drop in the voltage of the adthe of transistor T1 through capacitor C1 enters
the base and boosts the opening of transistor A2.a result an avalanche transition process of
inversion at output A of the multivibrator therecacs a change in the logic signal from 0 to 1.
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After setting the multivibratotransistor T2 is in the conducting state, and Thas-conducting.
Capacitor C2 is discharged and prepares for theviolg operation of the multivibrator. After
sequential inversion at output A of the multivilanats the pulse shaped of negative floor the steep
bank of the polarity.

With the initial start of the multivibrator the +¥2supply creates on the base of transistor T2 a
more positive potential than that of the base afdrstor T1, and ensures the non-conducting state
of transistor T2.

After inversion of the multivibrator transistor T2 in the conducting state. The current of the
source of displacement flows in the circuit: +1R8, T2, OV and in practice is not reflected in the
value of base current because of the high valuleeofesistance of resistor R8.

11.3. 8. Symmetrical trigger (flip-flop).

One of the basic logic elements with memorizatienthe flip-flop, which consists of two
inverters with two collector-base connections. Tineuit of a flip-flop has two steady states, whic
can be characterized as state 0 and 1. In this Inobdeachine adapts the symmetrical not saturated
circuit of F119. With the start of the machine thajority of flip-flops are reset into the initiatiege,
which is characterized by the conducting staterafdistor T1 and the non-conducting state of
transistor T2. In the initial state of a flip-fl@plogic O signal is generated at output A1, at ouf®
a logic 1 signal, which remains until the inversiohthe flip-flop originates from the positive
polarity pulse, entered at the input of the conishgctransistor. After the inversion of the flipafi
transistor T1 is in the non-conducting state, aaddistor T2 is conducting. In accordance with the
operation of the flip-flop at output Al a logic igsal is generated, and at the output A2 - a |@gic
signal. In this model of machine it is conditioyaltustomary to assume the initial state of a
flip-flop as logic 0 and it's working state - agylo 1.

A logic symbol and schematic circuit diagram of tlgflop F119 are given in Fig. 10.

In the initial state of the flip-flop through therducting transistor T1 the following current
circuit is created: 0V, the resistance of the catidg transistor T1, R2, -12V, whose value in
essence is limited by resistor R2. On collectsister of the conducting transistor a comparatively
small voltage drop occurs. As a result the condgcstate of transistor T1 generates a logic O
signal at the Al output of the flip-flop. The sinalirrent of the source of mixing flows in the
circuit: +12V, R7, the base-emitter of the condugtiransistor T1, OV. In essence a voltage drop
occurs on a comparatively high resistance of msiRZ. A small voltage drop across the base-
emitter resistance of the conducting transistor bandisregarded if the opposite base current
exceeds by several times the current of the cHaimeosource of displacement.
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Simultaneously from 0V through the base-emittethef conducting transistor T1, R5, R3, R1,
-12V flows a base current, which creates in thestasce of the base of transistor T1 a small

Ay

@
+ 126
Fig. 10 - Schematic circuit diagram and logic syihdda flip-flop.

Component parts R 119:

Transistor T1 S25/2 (2S 75) =29-55
"T2 S 25/2 (2S 75) =29-55
Diode D1 IN35 or GAZ17
" D2 IN35 or GAZ17
Capacitor 1 1000pF 10% 63V
Capacitor 2 1000pF 10% 63V
Resistor R1 1K5 0.125W 10%
"R2 1K5 0.125W 10%
"R3 10K 0.05W 10%
"R4 10K 0.05W 10%
"R5 470R 0.05W 10%
"R6 470R 0.05W 10%
"R7 56K 0.05W 10%
"R10 56K 0.05W 10%

negative potential with respect to the emitter egtdins the transistor in a conducting state. The
non-conducting state of transistor T2 is ensuredhieyvoltage of the source of the displacement,
whose current flows in the circuit: +12V, R10, B8}, the collector-base-emitter of the conducting

transistor T1, OV.
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The voltage divider formed from resistors R10, &6 R4 creates a small positive potential on
the base of transistor T2 with respect to the emitivhich retains transistor T2 in the
non-conducting state, as a result of which traosi2 generates a logic 1 signal at output A2. The
differentiating chain RC are connected to its isgor switching the flip-flop from one steady state
to another. Let us assume that at input E of tHerdntiating circuit of the conducting transistor
negative polarity pulse is input. A logic 0 to égative voltage drop of the input signal shapes the
negative polarity pulse by the charge current @& tlapacitor and resistor of the differentiating
circuit. The diode of the differentiating circust reverse biased, so there is no pulse on thedfase
the conducting transistor T1. A logic 1 to O pisitvoltage drop on the input signal leads to the
capacitor discharging. The discharge current i@ dhifferentiating circuit resistor shapes the
positive polarity pulse, which opens the diode anthput to the base of the conducting transistor
T1. The base of the conducting transistor obtaipssitive potential with respect to the emitter, s
transistor T1 is non-conducting. On the colleabdrtransistor T1 a negative voltage drop is
generated, which enters the speed up capaciton@2esistor R4.

At the initial moment the capacitance of C2 shur#se resistors R4 and R6, so a negative drop
in the collector voltage of transistor T1 inpute thase of transistor T2. The base of the transisto
obtains a negative potential with respect to thétemtransistor T2 is conducting, on the collecto
of the transistor is formed a positive voltage drofnich enters the speed up capacitor C1 and
resistor R3. At the initial moment the capacitan€€1 shunts the base resistors R3 and R5. A
positive voltage drop on the collector of trangisi@ enters the base and boosts the non-conduction
of transistor T1. Positive feedback cause an achliflow of the switching process of transistors
T1 and T2, as a result the flip-flop changes state.

After a flip-flop changes state, the currents flogvin the circuits of the conducting transistor T2,
will be analogous to currents previously in the dweting transistor T1. The currents, flowing in
the circuits of the non-conducting transistor Til| e analogous to currents previously in the non-
conducting transistor T2.

Diodes D1 and D2 ensure the unsaturated operatitirea@onducting transistors. For control of
a flip-flop in the schematic of the machine, thare three forms of triggering and connection of the
differentiating circuits.

Uncontrolled triggering to the bases for separateniputs.
The triggering of flip-flops on the separate inpist€haracterized by successive pulse arrival on
the inputs E1 and E2 of the differentiating cirsuivhich ensure the appropriate switching of the

flip-flops. The differentiating circuits are corated by the cathodes of diodes to inputs B1 and B2
of a flip-flop, resistors to OV.
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The diodes, connected to the bases of the conduatid non-conducting transistors, obtain the
appropriate displacement of cathodes in the daedtopposite direction, which it is unessential for
the signals, which are fed to the inputs of théed#ntiating circuits. From each negative polarity
pulse, which entered the inputs E1 and E2, areegshap the resistor of the differentiating circuit
two pulses of different polarity. The negative adly pulse reverse biases the diode and does not
act on the base of the transistor. The positivarjip pulse forward biases the diode and entegs th
base of transistor. The pulse, which entered #se lof the non-conducting transistor, increases the
positive potential of base with respect to the @miand does not change the state of the flip-flop.
The pulse, which entered the base of the conduttamgistor, creates a more positive potential on
the base than on the emitter, which leads to thergmon of the flip-flop.

In the functional diagram of the machine the déferating circuit, connected to input V1 of the
flip-flop, it is customary to assume as the upjpéeral input. The differentiating circuit, conneatt
to input V2 of a flip-flop, it is customary to asea as the lower lateral input. The differentiating
circuits have the conditional form of pointers netupper and lower parts of the logic symbol of a
flip-flop.

Controlled triggering to the bases for separate inpts.

A difference in the controlled and un-controllednfoof triggering the bases consists in the fact
that the differentiating circuit diodes obtain geliminary displacement, as a result of which the
trigger pulse can only enter the base of the camuydransistor. For controlled triggering the
cathodes of the differentiating circuit diodes aomnected to the V1 and V2 inputs, the resistors,
correspondingly, to the flip-flop A1 and A2 outpulis the initial state at output Al there is a Qi
signal, whose small negative potential can be igthor The differentiating circuit diode of
preliminary displacement does not obtain. Theahpgositive polarity peak pulse through the diode
enters the base of the conducting transistor. sistr T1 is non-conducting and causes the
inversion of the flip-flop. At output A2 the indti state of the flip-flop outputs a logic 1 signal,
which enters the resistor of the differentiatingceit. The anode of the diode obtains preliminary
displacement. The diode becomes reversed biagédthé logic 1 signal. Pulse shaping with the
connection of signal E on input E2 of the differatihg circuit occurs in accordance with the
operational description of the differentiating aiitc(11.3.6- 2). In accordance with the description
the diode remains in the non-conducting state a&sdlts in no trigger pulse on the base of the
non-conducting transistor. The connection of défgiating chains in the functional diagram of the
machine are customarily to assumed as a triggetsnp

Controlled triggering on the clock input.
The association of two trigger inputs forms a clogbut E. Positive polarity trigger pulses ensure

the inversion of a flip-flop on the clock input, igh only enter the B1 or B2 inputs of a conducting
transistor.
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Consequently, a negative polarity input pulse @nEhinputs of the differentiating circuits cause
the required inversion of the flip-flop, the cirtwf the controlled starting on the clock input
considerably reduces the triggering time of a flgg in comparison with the diagram of the
uncontrolled starting on the clock input, which daformed by the association of the upper and
lower lateral inputs of a flip-flop, in essence ihgersion of a flip-flop with the triggering oneh
controlled clock input occurs analogously as with arrival of signal on the separate input. The
controlled triggering on the clock input in the étienal diagram of the machine is depicted in the
form of a pointer, directed to the middle of theéesmember of the flip-flop logic symbol.

The inversion of a flip-flop can be produced on #iatic input, the diode of which, whose
cathode is connected to the collector of transiatasutput A. The anode of diode by input E is
under certain conditions connected to OV (Fig. B, Bhe inversion of a flip-flop on the static
(collector) input occurs when a logic 0 signal wsent to the collector of the non-conducting
transistor. For as long as the static logic Oaigninput, the flip-flop is blocked and cannotolge
its state with trigger pulses on the other inputhe inversion of a flip-flop on the static input
begins from a change in the potential of the ctdieof the non-conducting transistor, which causes
the an avalanche process of the inversion of aflthp, the triggering of a flip-flop on the static
input is depicted as the section of straight limehe upper or lower part of the logic symbol of a
flip-flop.

11.3.9. Monostable multivibrator.

A Monostable, or waiting multivibrator, is a switn monostable circuit, is a single steady state
switching circuit that combines the properties afmaltivibrator and flip-flop. The initial steady
state and the operating temporary steady statbeaharacterized as the logic states 0 and 1.$n thi
model of the machine the scheme of unsaturatediesuilgrator is used. Transistor T1 is conducting
in accordance with the initial state, and at theolfiput a logic 0 signal is generated. Transisr
IS non-conducting, and at the A2 output a logicidnal is generated, which remains until the
inversion of the monostable, inversion can onlyupaetith the arrival of a positive polarity pulse on
the base of the conducting transistor. After thersion of the monostable output Al has a logic 1
signal, ant at output A2 a logic 0 signal. Aftespecific time interval the monostable independentl
returns to the initial state. Conventionally, itcsnsidered the initial position of a monostableaas
logic O state and triggered as logic 1.

The logic symbol and schematic circuit diagram ai@ostable are given in Fig. 11.
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Fig. 11 - Schematic circuit diagram and logic syimbtage of a
Monostable (servo multivibrator).

Component parts:

Transistor T1 SB20/3 (2575) =45-88
"T2 SB20/3 (25 75) =45-88
Diode D1 IN35 or GAZ17
" D2 IN35 or GAZ17
" D3 IN35 or GAZ17
Capacitor 1 220pF 10% 63V
"2 680pF 10% 63V
3 120pF 10% 63V
Resistor R1 1K 0.125W 10%
"R2 1K 0.125W 10%
"R3 10K 0.05W 10%
"R4 470 R0.05W  10%
"R5 1K 0.05W 10%
"R6 4K7 0.05W 10%
" R7 56K 0.05W 10%
"R8 1K 0.05W 10%
"R9 4K7 0.05W 10%
"R10 50K (variable)
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In the initial state of the monostable through toeducting transistor T1 current flows in the
circuit: OV, resistance of the conducting transisia, R2, -12V, whose value in essence is limited
by the resistance of resistor R2. In the collectmain of the conducting transistor a small voltage
drop occurs on the resistor. The collector po#trdf transistor T1 is close to the potential of
emitter. As a result the conducting state of tistos T1 generates a logic 0 signal at output Ahef
monostable. A small current from the source opldisement flows in the circuit: +12V, R7,
emitter-base of the conducting transistor, OV.deefice a voltage drop occurs on a comparatively
high resistance of resistor R7. The insignificaottage drop across the emitter-base of the
conducting transistor can be disregarded if the lwasrent considerably exceeds the current of the
chain of the source of displacement. Simultaneofrslyn 0 V through the base-emitter of the
conducting transistor, R4, R3, R1, -12V flows aebasrrent, which creates on the base resistance
of transistor T1 a small negative potential witBpect to the emitter which retains the transistor i
the conducting state. The non-conducting stateawfsistor T2 is ensured by the voltage of the
source of the displacement, whose current flowthéncircuit: +12V, R10, R9, R5, D3, 0V. The
voltage divider formed from resistors R10, R9, RBl a@iode D3 creates a small positive potential
on the base of transistor T2 with respect to thd#tendue to a voltage drop across the resistafice o
the forward biased diode. A small positive potantif the base of the non-conducting transistor is
also formed due to the current Iko. The positiasdpotential with respect to the emitter retains
transistor T2 in the non-conducting state.

For the inversion of the monostable into the openal order a differentiating RC circuit is
connected to the input of diagram.

Input E of the differentiating circuit enters ndagatpolarity pulses, the negative voltage of the
logic 1 signal creates a charge current circuickgacitor C3. The negative polarity pulse is skap
on resistor R6 of the differentiating circuit, ti@de of the differentiating circuit is reversecded,
so the pulse on the base of the conducting tramsist does not act. After the end of the logic 1
signal input E of the differentiating circuit ergea logic 0 signal, which creates a discharge ntirre
in capacitor C3. The discharge current in thestesithe differentiation chain shapes the positive
polarity pulse, which enters the base of the cotidgdransistor through the diode. The base of the
conducting transistor obtains a positive potentvéh respect to the emitter. Transistor T1 is
non-conducting, and on the collector of the nondetmting transistor is formed a negative voltage
drop, which will enter through the timing capaci€ and resistor R5 to the base of transistor T2.

The transistor base obtains a negative potentitii vaspect to the emitter. Transistor T2 is
conducting, and on the collector of the conductirapsistor is formed a positive voltage drop,
which enters the speed up capacitor C1 and resk8orAt the initial moment the capacitor shunts
the base resistors R3 and R4.
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A positive voltage drop from the collector of tssstor T2 through the speed-up capacitor C1
and resistor R8 enters the base and boosts theammhicting state of transistor T1. Positive
feedback cause an avalanche flow of the processvibéhing transistors T1 and T2, as a result of
which the monostable changes state into the trgghemorking steady state.

After inversion of the monostable the current af #ource of displacement flows in the circuit:
+12V, R7, R4, R3, the conducting transistor T2, ONhe voltage divider formed from resistors R7
and R4, R creates on the base of the non-condutttamgistor T1 small positive potential with
respect to the emitter, which retains transistdheinon-conducting state. The negative dropeén th
voltage, which entered the base of transistor @2ense biasing diode D3. The capacitor C2 begins
to be charged on the chain: 0V, the base-emitténetonducting transistor T2, R5, C2, R2, -12V,
the current of the source of displacement flowshim circuit: +12V, R10, R9, R5, base-emitter of
the conducting transistor T2, OV. At the initiabment the value of current of the charge of the
timing capacitor C2 considerably exceeds the vafugurrent of the source of displacement. As a
result a voltage drop across the resistance otdmelucting transistor from the current of charge
exceeds the value of a voltage drop from the cuwé&the source of displacement. On the base of
the conducting transistor negative potential wibpect to the emitter, which retains transistomr2
the conducting state, is created. The reactana# @gpacitor C2 increases in proportion to charge,
the current of charge decreases, the potentiaaeé lIbecomes more positive. With reaching of the
small positive potential of base with respect te #mitter transistor T2 is non-conducting. A
negative drop in the voltage on the collector ahsistor T2 causes an avalanche-type process of the
inversion of the monostable into the initial state.

The operation of a monostable can be presentedllas/$. After triggering the monostable the
-12V supply charges capacitor C2, through resiRfarthe base-emitter of the conducting transistor
T2, and in parallel through resistors R9, R10 ® pbsitive poles of the £12V power supplies, as a
result of the electron concentration on the bas#éhefconducting transistor is created a specific
negative potential, which keeps transistor T2 em¢bnducting state. The current in the base ¢ircui
transistor T2 decreases in proportion to the chargeapacitor C2, the potential of base becomes
positive with respect to the emitter and makingigrstor T2 non-conducting, which ensures the
reversion of the monostable into the initial st&@de D1 ensures that transistor T1 operates in an
unsaturated condition. The variable resistor Rifusis the current value of the source of
displacement and so the duration of the workingioad the monostable.
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11.3.10. "Minus" sign driver.

Amplifier V700 drives an incandescent lamp, whdkariination ensures the display of "minus"
sign. The logic symbol and the schematic circiagchm of the "minus” sign display amplifier are
given in Fig. 12.

In the initial state input E of the amplifier reees a logic level 0 signal from the MZ output of
the sign flip-flop.

In the circuit: OV, R1, R2, +12V - flows the smallrrent, whose value is limited by the total
resistance of the voltage divider resistors R1RR{110 kilohms).

V700
é- D ' I
+ /08
R2 V6
A R - 126
£ 71 — ® 2

2/ 82om

Fig. 12 - Schematic circuit diagram and logic syimbo
of the "minus” indicator lamp.

Component parts of V700:

Transistor T1 SA250/4 (2577) =72-166
Resistor R1 10K 0.05W 10%
"R2 100K 0.05W 10%
"R3 1K2 0.5W 10%

A voltage drop across resistor R1 creates on tlse bétransistor T1 positive potential in the
range of +1,2 V and ensures the non-conducting sfatransistor.

Simultaneously into the chain: +12V, R3, 82 ohmistes, indicator lamp, -12V supply, a
current of 17ma flows which is insufficient to matke incandescent lamp illuminate. (The voltage
between the power supplies is equal to 24V, théstese of the circuit - approximately 1,3
kilohms.)

A voltage drop across the incandescent lamp antirB2esistor creates a negative potential on
the collector of the transistor in relation to #mitter near to -10V.

As a result transistor T1 is non-conducting aceuydo diagram with general emitter.
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After setting the sign of the number flip-flop intbe working state input E of the amplifier
receives a logic 1 signal. A voltage drop acrassstor R2 from the circuit current of the voltage
divider resistors R1 and R2 creates a negativenpiateon the base with respect to the emitter.
Transistor T1 is conducting. This is analogouswiite description of the operation of the inverter
the current of the voltage source, flowing in thecuwt: +12V, R2, the base-emitter of the
conducting transistor, OV - will be considerablgdehan the opposite current in the base, flowing
for the chain: 0V, the base-emitter of the condurtiransistor, R1, the signal source internal
resistance, -12V. The resulting current createsltage drop across the base-emitter resistance of
the conducting transistor and ensures the negatitential on the base of transistor T1.

Simultaneously in the circuit: 0V, base-emittemdocting transistor collector, 82 ohm resistor,
incandescent lamp, -12V - flows a current, whodeevansures the illumination of the incandescent
lamp.

Current in the incandescent lamp circuit is detaadiby the resistance of the chain, which can
be considered approximately equal to 100 - 120 ohms

Consequently, the value of current, flowing throtige lamp, is within the limits 100 - 120ma.

After the end of the logic 1 signal input E of theplifier circuit receives a logic 0 signal.
Transistor T1 is turned off, and illumination oktincandescent lamp ceases.

[1.3.11.  Digital display cathode driver.

Amplifier V701 connects the numerical cathodeshef display to the -90V supply. In the initial
state input E of amplifier receives a logic 1 sign®utput A of the amplifier generates logic O
signal (W), which prevents the illumination of the numeric@thodes. When input E of the
amplifier receives a logic 0 signal, output A oétamplifier generates a -Ua (-90V) signal, which
enters the appropriate numerical cathode and etisaiiéumination of the appropriate number with
a simultaneous connection of the digital lamp artodée +U (+100v) voltage.

The logic symbol and schematic circuit diagram hed humerical cathode amplifier V701 are
given in Fig. 13.

The amplifier is assembled fromp-n transistors. The transistor emitters are simebasly
connected to the AJ(-90V) power supply and to the divider of the agke source -iJ(-12V). The
collector resistor R2 is connected t@, (DV of sources -k +U,).

It is necessary to keep in mind, that the operatibn-p-n transistor types in comparison with
p-n-ptransistors uses the opposite polarity of signals.

A voltage drop across resistor R21 in the circdithe voltage divider formed from resistors

R20, R21 of the -12V power supply determines thé&tempotential of transistor T1. With respect
to the base the emitter potential is -10V.
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In the initial state input E of the amplifier ingu& logic 1 signal from the output of an inverter,
which is within the limits -11,5V. As a result thase of the transistor obtains negative potential
with respect to the emitter and ensures the nonkatting state of the transistor. Output A of the
amplifier circuit generates a logic 0 signalaf)) which enters the appropriate cathode of a digita
indicator tube.

A logic O signal at input E of the V7017
amplifier creates a positive potential ¢ £ D A

the base with respect to the emitter.

Transistor T1 is conducting. Collectc
current in the circuit: OV (W), R2, T1,
-Ua (-90V) of the conducting transisto “”
with the illuminated indicator light is
limited by the value of resistor R2

Simultaneously the current, flowing it R2

the circuit: signal source 0V, R1, bas:

emitter of the conducting transistor T: A
R20 of the power supply, (-12V ) create R/

a positive potential on the base of tt T/

transistor with respect to the emitter ar
ensures the conducting state of tl

transistor until input E of the circui
becomes a logic 0 signal. o e _
Og R2/ Uy R20

/44

A voltage drop across the resistan
of the conducting transistor from the

collector current can in practice be Fig. 13. Schematic circuit diagram and logic symbol

of the display cathode driver.

ignored.
_ Elements of diagram V701.:
As a result the conducting state of Transistor T1  BSY79 >30
transistor T1 generates a signal,-U Resistor R1 12K  0.05w 10%
(-90V) at output A, which enters the » R2 100K 0.25w 10%

appropriate cathodes of the digital
indicator tubes.

At the end of the logic 0 signal input E of the difigr circuit receives a logic 1 signal which
creates a negative potential of the base with otgpehe emitter of transistor T1.

Transistor T1 becomes non-conducting, and fromuwiutpof the signal amplifier O (M) enters
the corresponding cathode of cathode of the digithtator tubes.

[1.3.12.  Digital display Anode driver.

The two-stage amplifier V703 serves to connectathedes of the digital indicator lights to the
+Ua (+100V) voltage supply. In the initial statguin E of the amplifier receives a logic 0 signal.

From output A of the signal amplifier a logic Os)enters the anode of a digital indicator tube and
prevents the illumination of the cathodes.
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When input E of the amplifier receives a logic ¢nsil, output A of the amplifier generates a
+Ua (+100V) signal, which enters the anode of alicator tube and ensures the illumination of the
corresponding numerical cathode with the simultaseconnection of that cathode to the -90V
supply voltage.

Logic symbol and schematic circuit diagram of thede driver V703 are given in Fig. 14.

V703

£ D A

36hIWEY

s K2/ R0

Fig. 14 Schematic circuit diagram and logic synmdfahe
digital display anode driver.

Elements of diagram V703:

Transistor T1 BSU70 >30
Transistor T2 BSU70 >30
Capacitor C1 0.22uF 20% 160V
Resistor R1 4K7 0.05W 10%
" R2 1K 0.05wW 10%
"R3 68K 0.25W 10%
" R4 100K 0.125W 10%

The amplifier is assembled witip-ntype transistors. The transistor emitters are@iinected
to the output of the A (OV of the sources - AJ) +U,) voltage source, also, through resistor R23 to
the divider of the voltage of the power supglis (-12V). The collector resistors are connected to
+Ua (+100V).

In the initial state input E of the amplifier reees a logic O signal. The power supply voltage
+Ua (+100V) through resistor R2 enters the base amton transistor T1. Current, flowing in the
circuit: HUs, R2, base-emitter of the conducting transistor,(0Y) - creates on the base a small
positive potential, with respect to the emitterjethensures the conducting state of transistor T1.
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In the circuit: OV (W), T1, R3, +U flows a collector current, whose value in essasdenited
by the resistance of resistor R3. An insignificaaitage drop across the resistance of the
conducting transistor T1 can be ignored and toidenshat the logic O signal from the collector of
transistor T1 enters the base and ensures theamahucting state of transistor T2. At output A of
the amplifier circuit a logic 0 (k) signal is generated, which enters the anodeeottiresponding
indicator tube. The emitter of transistor T1 thigbuesistor R23 is connected to the voltage divider
formed from resistors R20 and R21, and the powgplsul2V.

At input E of the amplifier circuit a logic 1 signa entered through resistor R1 and the isolating
capacitor C1 entering the base and making tramsidtmon-conducting.

A positive potential with respect to the emittecisated on the base of transistor T2 so transistor
T2 is conducting. Collector current in the cirooiit +Ua (+100V), 3,6k resistor, T2, R4, OV £b) of
the conducting transistor with the illuminated staf the indicator light is limited by the 3,6k dan
R4 resistors. In comparison with resistor R4 a bnwtage drop across the 3,6k resistance ensures
at output A a signal of approximately +96V, whiahters the anode of the corresponding digital
indicator light. The current, flowing in the ciitwf: OV (Uao), R4, T2, R3, +W (+100V), creates
on the base a positive potential, which ensuresdnelucting state of transistor T2 until transistor
T1 is in the non-conducting state.

In proportion to the charge on capacitor C1 theel@stains a positive potential with respect to
the emitter and conducts transistor T1, as a résuisistor T2 is non-conducting, and at outputfA o
the driver a logic 0 (Ua0) signal is generated.

The simultaneously conducting state of transistbr(diagram V701) and T2 (diagram V703)
produces the circuit feeding the voltages -90v alddOv to the cathode and anode of the
corresponding indicator light.

The applied voltage creates the ignition of andatbr light and resultant current in the circuit:
+Ua (+100V), 3,6 kilohms resistor, T2, anode-cathoflaroindicator light, T1, W(-90V).

The value of current in the circuit in effect whilé limited by the 3,6k resistor and by the internal
resistance of the indicator light.

11.3.13. Keyboard filter diagram.

Connection diagrams Y846 and Y846/1 ensure the emimm between the electronic
arithmetic-logic unit and the electromechanicaldagrd input unit. The basic task of the diagrams

Is to control the operation of the differentiaticigcuits.

Logic symbol and schematic circuit diagram V846 gixen in Fig. 15.
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In the initial state input E of the keyboard filidiagram no signals are apparent through the dead
contacts of the keyboard.

At output A of the keyboard filter circuit a logicsignal is generated, capacitor C1 is charged to
the voltage of the power supply. After closingtbé corresponding keyboard contact a logic O
signal enters input E of the keyboard filter. Aadinvoltage drop occurs across resistor R1 from the

current, flowing in the circuit of 0V, R1, R2, -12\4s a

£ Y46 result of this output A of the keyboard filter gesites a logic
- {1 0 signal.

Capacitor C1 serves to smooth the signal pulses the
mechanical microswitch contacts of the input unit.

20
Fig 15. Schematic circuit diagram and logic syniifahe
RO keyboard connection diagram.
R/
£ A Elements of diagram Y846:
Capacitor C1 0,047uF 63V
£/ Resistor R1 100R 0.05w 10%
I " R2 10K 0.05w 10%

In the functional diagram of the machine outputsfAhe keyboard filter diagrams in essence are
connected to the controlling outputs E2 of theailghtiating circuits.

In the keyboard filter diagrams for circuits Y84@&kistor R1 is absent.
[1.3.14. Schmitt trigger.

The operational sequence of a Schmitt trigger hashnmn common with the operational regime
of the servo multivibrator. In the initial stat®@in the outputs of the keyboard filters, logic Insilg
ensure the reversed biased state of the diodepuatt E of the Schmitt trigger circuit. The revetse
biased state of the diode in practice does not haveffect on the currents of the initial statehaf
Schmitt trigger.

In the initial state of the Schmitt trigger outpugenerates a logic 1 signal.

With the operation of digital or functional key®ifin the output of the corresponding keyboard
filter there is entered a logic 0 signal, which mpene of the steering diodes of the Schmitt trigge

The transition of the Schmitt trigger into the wiok state proceeds in 10ms from a logic O input
signal, which enter through one of the forward &thdiodes of input E of the circuit diagram. In its
operated state the Schmitt trigger generates a bgignal at output A until input E enters a lo@ic
signal.

After the end of the logic 0 signal from the outpéithe keyboard filters a logic 1 signal is input
to the appropriate steering diode of the Schmdgéar, which reverse biases the diode and ensures
the automatic transition of the Schmitt triggeoittte initial state.
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Logic symbol and schematic circuit diagram of tlelr8itt trigger are given in Fig. 16.
In the initial state of the Schmitt trigger schemmatansistor T1 is in the unearthed state.
Transistor T2 is non-conducting, so output A of 8amitt trigger circuit is generates a logic 1

signal.
£

-728

Fig. 16. Schematic circuit diagram of the Schnmitiger.

Component parts:

Transistor T1 SA25/2 (2SB75) =29-55
Transistor T2 SA25/2 (2SB75) =29-55
Capacitor C1 2,700pF 10% 63V
"C2 20uF 15% 63V
Resistor R1 1K8 0.125W 10%
" R2 1K5 0.125wW 10%
"R3 128K 0.05wW 10%
"R4 3K9 0.05W 10%
"R5 2K7 0.05W 10%
" R6 47R 0.05wW 10%
" R7 4K7 0.05W 10%
" R8 2K2 0.05wW 10%

After application at input E of a OV feed signalltage through resistors R5, R4, R8 and in
parallel R7, R3, R1, currents are created in thretage divider circuits.

A voltage drop across resistor R5 of the voltagedér creates on the base of transistor T1 a
negative potential with respect to the emitteranbistor T1 is conducting.
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In the circuitoV, R6, T1, R1, -12V of the conducting transidiows collector current, whose
value in essence is limited by the resistance sister R1. On the collector of the conducting
transistor a small negative potential is createichvis determined by the value of a voltage drop
across resistor R6 and the resistance of the ctingucansistor T1.

Simultaneously through in the circuit: OV, R6, these-emitter of transistor T1, R4, RS, -12V of
the conducting transistor - flows base currentvolage drop across the base-emitter resistance of
the conducting transistor creates a negative pateait the base with respect to the emitter and
ensures the conducting state of transistor T1. €&paC?2 is charged up to the value of a voltage
drop across resistor R6 and the resistance ofake-bmitter of the conducting transistor T1.

A voltage drop across resistor R6 creates a negatwential at the emitter with respect to the
base and ensures the non-conducting state ofgtan3i2.

Taking into account the small negative potentiahef collector at the conducting transistor T1, a
voltage drop across resistor R7 in the circuithef Yoltage divider formed from resistors R7, R3, R1
creates on the base of transistor T2 the respéctweall negative potential, which enters the base
of transistor T2.

The base has more positive potential with respettted emitter, as a result of which transistor T2
is in the non-conducting state. With the entry dbgic O signal from a corresponding keyboard
filter circuit through the forward biased diode gignal enters input E of the Schmitt trigger atcu
and the charged capacitor C2 begins to be disctialgeugh parallel connected resistors R4 and
R5. A voltage drop from the resultant capacit@ctarge current on resistors R4 and R5 ensures
the negative potential of the base and the conutyistiate of transistor T1.

AS current in circuit and voltage drop across tesssR4 and R5 decreases in proportion to the
capacitor discharge, the potential of the baserhesamore positive, as a result transistor T1 begins
to be non-conducting ensuring the inversion of Slsbmitt trigger into the working order. Current
in the collector circuit decreases, and the paakrdf the collector becomes more negative and
through the rising capacitance of C1 it inputstibse of transistor T2. As the voltage drop across
resistor R6 decreases, the potential of the enaftgansistor T2 becomes more positive.

Transistor T2 is conducting, in the 0V, R6, T2, RR2V circuit of the conducting transistor
flows collector current, whose value in essencénmted by resistor R2. A logic 0 signal is
generated at output A of the Schmitt trigger circiBimultaneously through the conducting
transistor in the circuit: 0V, R6, the base-emitiktransistor T2, R3, R1, -12V - flows base cutren

A voltage drop across resistance of the base-emoftehe conducting transistor creates the
negative potential of the base with respect to d¢h@tter and ensures the conducting state of
transistor T2. A voltage drop across resistor Réates a negative potential at the emitter with
respect to the base and ensures the non-condstategof transistor T1.
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After the end of the logic O signal the appropristeering diode of the circuit diagram enters aclog
1 signal. Transistor T1 is conducting in the sexpee analogous to the description, and ensures the
inversion of the Schmitt trigger into the initidhte.

11.3.15.  Ferrite core polarity reversal drivers

The diagram of drivers Y910, Y911, Y912 show théapty reversal system of the ferrite core

storage. The polarity reversal of a ferrite carensured by the simultaneous operation of 4 drjver
Im
which create th polarity reversal current of Im. Each pair of drivers creates a half-current " of

the polarity revesal Im.

Im
Two half-curents 5~ , those simultaneously taking place through the ferrite core, createate a

current Im, whch ensures the polarity reversal of a ferrite core, l.e. reading or writing of of an
information bit.

Im
Half-currents 5 , but not coinciding in time, do not produce a polarity reversal of a ferrite co: core.

A logic symbl and schematic diagram of drivers Y910, Y911 are given in Fig. 17.

Im
The shapingf the half-current pulses 5~ ensures the sequential connection of the second st«d steps

of two drivers of polarity reversal.

Connection A2 of the second driver Y910 is conneg¢teQV (-Usp) of the memory unit power
supply.

Connection Al of the second driver Y910 is conmedig one of the wires (register read or
discharge, register write or discharge), which eduthrough the ferrite cores, is connected to
connection A2 of the second driver Y911.

Connection Al of the second driver Y911 througlOR 43 X 120R) resistor is connected to the
memory unit power supply negative (-Usp).

In the initial state inputs E of the first set afvérs from outputs A of the AND gates receive
logic O signals. The current from the source sptiicement flows in the circuit: +12V, R2, R1, OV.
A voltage drop across resistors R1 creates a pesjibtential on the bases and ensures the
non-conducting state of transistors T1 of drivegd @, Y911.

In the collector circuit of the non-conducting tsestor T1 a current lko flows through the
primary windings of the transformers. In the se@gdvindings of the transformers an EMF is not
induced, so transistor T2 are in the non-conduaiate. The emitter junctions of transistor T2 are
shunted by the small resistance of the secondarglings of the transformers, a result of which is
that the series connection of the transformersbeaconsidered practically as a series connection of
diodes, to which is connected an inverse voltage.
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After the inversion of the monostable or Kipp dstdr (German Kipperf) into the working
order through two series connected inverters aedctirresponding AND gate E inputs of first
stages of cascades enters a negative polaritg pulls a duration of 4uS.
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! Fig. 17. Schematic circuit diagram
| and logic diagram of the ferrite core
: polarity reversal drivers
|
b
i
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Component parts V910 VIll V912
. SB20/4 (2SA17) SB20/4 (2SA17) SB20/4 (2SA17)
Transistor T1 = 72-166 = 72-166 = 72-166
"o SC20/3 (2SB210) SC20/3 (2SB210) SC20/4 (2SB210)
= 45-88 = 45-88 =72-166
Diode D1 OA741 OA741 OA741
Capacitor C1 220nF 10% 63V 220nF 10% 63V 220nF 10% 63V
" C2 330nF 10% 63V 330nF 10% 63V 330nF 10% 63V
Resistor R1 12K 10% 0.05W 12K 10% 0.05W 12K 10% 0.05W
" R2 68K 10% 0.05W 68K 10% 0.05W 68K 10% 0.05W
"R3 820R 10% 0.125W 820R 10% 0.125W 820R 10% 0.125W
Transformer TR1 TR910 TR910 TR912

At the initial moment capacitors C1 shunt resistRis the negative voltage input signal enters
the bases and cuts off transistor T1. In the dir€@y, T1, the primary winding of the transformer,
C2, -12V of the collector of the conducting tratmiscurrent flow begins.

At the initial moment capacitor C2 shunt the cdlbeaesistor R3, and the primary winding of
the transformer will have a high inductive reactaMc.
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In the collector circuit through the primary windiflows a minimum current, whose value

L
grows exponentially with a time constant z .

From a change of the current in the pry windingdbhghe transformer an EMF is induced in the
secondary winding, the negative pole of ch is appliggl to the base and the positive to the emitter
of transistor T2.

Transistor T2 is conducting. In the circ of the conducting transistor: OV (Ovsp) through T2 of

the cascaded amplifier Y910, the wire th:h the ferrite cores, T2 of the cascaded amplifier Y911,
Im
the 40R (3 X 120) resistor olUsp, a currenflow 5 begins, whose value is limitedB5A.

After the end of the logic 1 signal, the E input$ransistor T1 receive logic 0 signals.

Transistor T1 is non-conducting. Current in thelaxbr circuit decreases exponentially with a
time constant T. From a change of the currenhe grimary winding of the transformer in the
secondary winding is induced an EMF, the negatnle pf which is applied to the emitter and the
positive to the base of transistor T2. As a restithe changes in the polarity of the voltage loa t
outputs of the secondary winding transistor T2as-oonducting, I.E. extinction of the self-induced
EMF of the transformer primary winding occurs thghwapacitor C2 and diode D1.

11.4. POWER UNIT.

The machine power unit consists of seven powerlggp

1) Stabilized supply voltagéJ,, used in the arithmetic-logic unit as —12V;

2) Stabilized supply voltageUsp used in the memory unit -1175-13,56V (depending on
temperature);

3) Stabilized voltageUp, used in the arithmetical and memory unit of +12V,;

4) Non-stabilized supply voltagdJa, the cathodes of digital lamps —90V;

5) Non-stabilized supply voltage #fJa, of the anodes of the digital lamps +100V;

6) Non-stabilized supply of alternating voltage tloe indicator light of ~110V;

7) Autonomous power for the electronic voltage tagion circuit with overloads and short
circuit.

11.4.1. Principle of electronic voltage regulation.
The basis of the electronic regulating circuit ssamed the specific reference voltage of the

comparator device. A reference voltage is created result the internal change of the resistahce o
Zener diode ZD2 (Fig. 18).
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Fig 18. Power supply electrical circuit diagram.
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A larger or smaller change of the current valughe regulator circuit causes an appropriate
reverse change of the internal resistance of thelawor into a smaller or large value. As a result
the voltage the drop across the regulator is cohstaith respect to the reference voltage and
comparator input voltage from variable resistor RTransistor T5 performs the functions of a
comparator device. Input voltage is compared withreference voltage and changes the voltage on
the output of the power supply. A smaller or largeange in the voltage on the output of the power
supply produces an appropriate change of curretthencircuit of the voltage divider formed by
resistors R8, R7, R6 and the input voltage of thmarator. The comparator inverts the signal
phase, which through the DC amplifier formed bynsiators T4, T3 is fed to the input of the
regulating element. Transistor T1 performs thecfiams of the regulated element. The internal
resistance of the regulating transistor varies karger or smaller amount and ensures the assigned
voltage value on the output of the power supply.

11.4.2. Rectification of power supplies -WJand -Us,.

Rectification of the power -WJand -U, supplies is performed by a full-wave rectifierceiit with
centre tap and operates on the load with the ciyaaeaction. After switching on the mains
voltage supply by turning the disk of the mainstsWwiAUS - EIN, an alternating current begins to
flow in the primary winding of the transformer. Aternating voltage is induced in the secondary
windings S5, S6 of the transformer, which enterdd® D8 and D9. Smoothing of the rectified
supply is carried out by capacitor C1 which is amtad in parallel to the working load of the
rectifier. At supply switch on the resistance loé wworking load is shunted by a discharged filter
capacitor. The induced voltage of the secondanding through the rectifier diodes D8 and D9
create a charge current in capacitor C1. As capa€ll is charged, the reactance, ¥f C1
increases, and the charge current of the chainedses, voltage on the output of the rectifier
increases. Capacitor C1 charges almost to the @melivalue of the rectified voltage. The
resistance of the working load is connected tcctraiit of the transformer secondary winding.

Let us assume that in the positive half-periodhef transformer secondary windings output 15
has a positive potential, and output 16 a negaiotential relative to the centre tap at output 14.
During the positive half-period diode D9 is conmetto the forward voltage of the second-half of
the transformer secondary winding. Diode D9 is fandvbiased. In the circuit: secondary winding
output 16, diode D9, load resistance, output of tthesformer secondary winding 14 - flows a
current, whose value is limited by the resistarfah® switched on load.
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Simultaneously diode D8 is connected to the inverskage of the complete transformer
secondary winding, which retains diode in the regdrbiased state.

In the negative half-period the transformer secondanding output 16 has a positive potential,
and output 15 - a negative value relative to theregap at output 14.

During the negative half-period diode D8 is coneddb the forward voltage of the first half of
the transformer secondary winding. In the circtransformer secondary output winding 15, diode
D8, load resistance, transformer secondary outjding 14 - flows a current, whose value is also
limited by the resistance of the switched on lo&@unultaneously diode D9 is connected to the
inverse voltage of the complete transformer secgndanding, which retains diode in the reversed
biased state.

During each half-period in proportion to an incee@sthe sinusoidal voltage, when the potential
of the cathode becomes more negative than the tmdtehthe negative plate of capacitor C1, one
of the diodes is forward biased. In one half of ttemsformer secondary winding circuit flows a
current, through the parallel connected capacitar &bd the corresponding resistance of the
switched on load. In proportion to the decreasé¢ha sinusoidal voltage, when the potential of
cathode becomes more positive than the potentiabpécitor plate, the diode is reversed biased,
and capacitor discharge current flows through d¢lagl Iresistance in the same direction, the decrease
of voltage on the capacitor plate C1 is proportidwathe value of discharge current, which is
restored in proportion to the capacitor dischangend) each half-period. Alternation of the charge
and discharge cycles capacitor C1 ensures the bBigatf the pulsed voltage on the output of the
rectifier

In turn the rectified voltage ensures the operatibthe voltage regulating circuit elements and
nourishment of the connected load.

One should consider during the replacement of didbat the reversed biased diode voltage is
under the voltage of the complete secondary windinthe transformer, which is equal to double
the voltage of the rectified voltage.

11.4.3. Stabilized supply voltage -12V (-V).

Let us assume that on the output of the power guppl -12V supply is established, and in the
circuit: OV, R8, variable resistor R7, R6, D3, -12¥ current flows, a voltage drop across resistor
R8 and variable resistor R7 determines the poteottidne base of transistor T5 in to relation te th
emitter. Transistor T5 in the voltage regulatimgut fulfils the functions of the comparator dewi
of the stabilized voltage of the emitter and naabsized voltage of the base, which changes
response to the voltage on the output of the pewpply.
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When the established working voltage on the ougfuhe power supply does not change, the
base of transistor T5 has a more negative potahtia the emitter, and ensures its operation in an
unsaturated regime. With half-wave rectificatioanfr diode D7, resistors R27, R28 and capacitor
C4, fulfils a smoothing function, and forms a négaisupply of autonomous power, to which are
connected resistors R3, R4 and the collectorsaaktstors T4 and T5.

Transistor T5 is in the conducting state, and tghothhe conducting transistor a collector current
flows in the circuit: OV, the Zener diode ZD2, B4, R28, negative supply of autonomous power.

A voltage drop across Zener diode ZD2 and the coiy transistor TS ensures the negative
potential of the base with respect to the emittetransistor T4. Transistor T4 completes the
function of the first stage of a feedback amplifed it is in the non-conducting unsaturated state.

In the conducting transistor T4 a collector currows in the circuit: 0V, R2, T4, R3, R28,
negative supply of autonomous power. A voltagepdacross resistor R2 ensures the negative
potential of base with respect to the emitter ahsistor T3. Transistor T3 completes the function
of the second stage of the feedback amplifier airgdim the non-conducting unsaturated state.

Through the conducting transistor T3 a collectorrent flows in the circuit: 0V, R1, T3,
negative of the power supply rectifier. A voltadep across resistor R1 ensures the negative
potential of base with respect to the emitter ahsistor T1.

Transistor T1 completes the function of the regadaglement as a variable resistor and it is in
the non-conducting unsaturated state, the givemtguaof the internal resistance of transistor T1
according to the allowed conditions ensures th¥ -d2put of the power supply.

A decreasing change in the output voltage of th@gpsupply produces the appropriate current
change in the voltage divider circuit on the bas&ansistor T5. The voltage drop across resistor
R8 and variable resistor R7 decreases. The palteaotii the base of transistor TS5 becomes more
positive and somewhat makes the transistor nontaiimd). The internal resistance of transistor
increases, current in circuit and voltage drop s&rthe collector resistor R4 decreases. The
collector potential of transistor T5, and also Hase of transistor T4 becomes more negative and
somewhat further opens transistor T4, the interesistance of the transistor decreases, so current
in the circuit and voltage drop across the emitésistor R2 increases. The emitter potential of
transistor T4, and also the base of transistor €8olme more negative and so further opens
transistor T3, the internal resistance of the isdos decreases, current in the circuit and voltage
drop across the emitter resistor R1 increases. ehfiger potential of transistor T3, and also the
base of transistor T1 becomes more negative afultb@r opens transistor T1.
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The internal resistance of transistor T1 decreabesemitter potential becomes more negative,
as a result of which the -12V on the output incesas the assigned value.

When an increasing change in the output voltageéhenpower supply occurs, an appropriate
change of current in the voltage divider circuit thie base of transistor TS5 occurs, voltage drop
across resistor R8 and variable resistor R7 inesead’he base potential becomes more negative
and further opens transistor T5. The internaktasice of transistor decreases, current in ciendt
voltage drop across the collector resistor R4 emes. The collector potential of transistor T an
also the base of transistor T4 becomes more pesitiwd further makes transistor T4
non-conducting. The internal resistance of trdasiscreases, current in the circuit and voltage
drop across the emitter resistor of R2 decrea3dw emitter potential of transistor T4, and also
base of transistor T3 becomes more positive artidumakes transistor T3 non-conducting. The
internal resistance of transistor T3 increaseseatirin circuit and voltage drop across the emitter
resistor R1 decreases. The emitter potential asfsistor T3, and also the base of transistor T1
becomes more positive and further makes transistanon-conducting. The internal resistance of
transistor T1 increases, the emitter potential bexsomore positive. As a result the voltage on the
output decreases to the assigned magnitude -12V.

Capacitor C5, connected at output of the diagranstabilized in parallel to working load,
ensures the smoothing of the pulsation of the l&telivoltage with the short-term overloads.

I1.4.4. Stabilized supply voltage -11,5V + -13,56%Usp).

The operation of the 4J power supply without taking into account tempemtdependence is
analogous to the description of the operation ef-th, power supply of the arithmetic-logic unit.

Temperature fluctuations of the core memory uradiéo an appropriate change in the output
voltage of the power supply.

A change in the output voltage occurs as a rebelttémperature dependence of the internal
resistance of a thermistor. Thermistor Th in th@gdm of the power supply is connected in
parallel to the variable resistor R14 and is lodateimmediate proximity to the memory unit of the
core store.

A temperature decrease causes an increase inltleeofahe resistance of thermistor and voltage
divider of the base of transistor T8. The curienthe circuit: 0V, R15, in parallel: R14, Th, D4,
-Usp, - and a voltage drop across the variable resRid decreases. The potential of the base
becomes more positive and further makes transi€aron-conducting.

64



Internal resistance of the transistor increased,the collector of the transistor obtains a more
negative potential, which through the first andosetstages amplifier from transistors T7 and T6
enters the base of T2 and further opens transi3tioe. internal resistance of transistor decredbes,
potential of the emitter becomes more negative.tagal on the output of the power supply
increases. An increase in the temperature calngesldcrease of the value of the resistance of
thermistor and voltage divider on the base of istos T8. Current in the circuit: 0V, R15, in
parallel: R14, Th, D4, -k - increases the voltage drop across variabletoesi®l5. The base
potential becomes more negative and further opearssistor T8. The internal resistance of
transistor T8 decreases. The collector of thestséor obtains a more positive potential, which
through the first and second stage amplifiers entbe base and further makes transistor T2
non-conducting. The internal resistance of traosig2 increases, and the emitter potential
becomes more positive. Voltage on the output ofpibver supply decreases. Briefly the operation
of the voltage regulating circuit is reduced tdharge in the voltage on the output with a change of
the resistance value in the voltage divider citcantd the retention of the steady state voltagh wit
the unchanging value of the bleeder resistancbé@iransistor base.

[1.4.5. Stabilized supply voltage +12V (+U).

The source half-wave rectifier operates on the load capacitive reaction. After switching on
of the variable supply line voltage, in the tramsfer secondary winding S4 is induced an
alternating voltage, which enters the anodes aleBd10 and ZD1. Capacitor C2 of the smoothing
filter is connected in parallel to resistor R22ngediode ZD1 and to the resistance of the working
load. At the initial moment after the switching ohpower unit, R22, Zener diode ZD1 and the
resistance of the working load of the power su@sly shunted by the discharged filter capacitor.
The induced voltage in the secondary winding thiotlte rectifier diode D10 creates a charge
current in the capacitor. Capacitor C2 is chargedctance X of the capacitor increases, current in
the charge circuit decreases, voltage on the owpthe power supply increases. The charge on
capacitor C2 reaches almost to the amplitude \@tiee rectified voltage.

The secondary winding of the transformer is corgebtd resistor R22, Zener diode ZD1 and the
resistance of working load. Half-wave current frtma rectifier circuit on the secondary winding of
the transformer flows only during one half-cycldjem forward voltage is connected to the rectifier
diode. Let us assume that during the negative g&itbd diode D10 is connected to the forward
voltage, in the circuit of the transformer secogdainding output 12, D10, R22, ZD1, output 13 of
the transformer secondary winding, a current flomsich on the Zener diode ZD1 creates a voltage
drop of 12V.

3 k. 794
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During a positive half-period diode D10 is conndctiee inverse voltage, which retains diode in
the reversed biased state, in consequence of vduigient in the transformer secondary winding
does not flow. Capacitor C2 begins to dischargee discharge current does not change direction in
the Zener diode chain and retains a voltage dropsa&D1 of 12V. Voltage on the capacitor plates
decreases, but the sequential negative half-pdraod the secondary winding of the transformer
recharges capacitor C2 through the forward biagsied>10, which in the negative half-period will
again provide with the discharge current a corradpa voltage drop across Zener diode ZD1. The
Zener diode cathode has positive potential witlpeesto the anode and is connected to the output
of the power supply +12V. The anode is conneatetié common OV buss. A change in the value
of the current flow within certain limits producas appropriate change in the value of the internal
resistance of Zener diode ZD1, which ensures atannstabilized voltage on the output of the
power supply +12V.

In parallel to the Zener diode ZD1 and to the tasise of working load is connected capacitor
C3, which ensures the smoothing of the stabilizathge for short-term overloads.

[1.4.6. Un-stabilized supply voltage +100V (+Ua).

The power supply half-wave rectifier operates oa tbad with capacitive reaction. After
switching on of the variable supply line voltag®e, the secondary windings S1, S2 of the
transformer an alternating voltage is induced, Wianters the anode of diode D11 and resistor R30.
The smoothing filter capacitor C10 is connecteganallel to resistor R26 and to the resistance of
the working load. Operating conditions of the +¢Ghd -90V sources occurs with the closing of
contacts L62 of key L6, which connects 0V to thedimng of relay REL1. Relay REL1 operates and
closes its contacts. Relay contact REL 1a is cl@s&tconnects the OV gYoutput of the +100V
and -90V supplies through resistor R30 to outpudflibe transformer secondary windings S1.

Contact 1b of relay RELL1 is closed and createdatohing circuit for the relay winding. At the
initial moment after the switching on of the poveipply, resistor R26 and the resistance of the
working load of the power supply are shunted by diszharged filter capacitor. The induced
voltage in the secondary windings of the transfaroreates a charge current through the rectifier
diode D11 and resistor R30 for capacitor C10. Ciapa€10 charges, reactance of the capacitor
increases, current in the charge circuit decreasdtsge on the output of the power supply grows.
The charge of capacitor C10 reaches almost tortiitaide value of the rectified voltage.
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The circuit of the transformer secondary windinganected to resistor R26 and the working
load resistance.

In the schematic of the half-wave rectifier thesw®tary current of transformer flows only during
one half-period, when forward voltage is connedtetthe rectifier diode.

Let us assume that during the negative half-petioal diode D11 is connected to forward
voltage. In the circuit: output 7 of the transforrsecondary winding S2, D11, parallel resistor R26,
resistance of working load, resistor R30, outpubfi@ansformer secondary windings S1 - current
flows. During the positive half-period, diode DXlLdonnected the inverse voltage, which ensures a
reversed biased state of the diode. As a restiteofliodes reversed biased state there is nonturre
in the secondary windings of the transformer. Capac10 begins to be discharged. Discharge
current does not change direction in the load dir&oltage on the capacitor plates decreases, but
in the sequential negative half-period the tramafarsecondary current through the forward biased
diode D11 recharges capacitor C10.

[1.4.7. Un-stabilized supply voltage -90V (-W).

The source half-wave rectifier operates on the lwad capacitive reaction. After switching on
of the variable supply line voltage and pre-operatr relay REL1, in the transformer secondary
winding S1 is induced an alternating voltage, whectters the cathode of diode D12 and resistor
R30. Capacitor C11 of the smoothing filter is carted in parallel to resistor R23 and to the
resistance of the working load. At the initial memh after the switching on of the power supply,
resistor R23 and the resistance of the working loAdhe power source are shunted by the
discharged filter capacitor. The induced voltagethe secondary winding of the transformer
through the rectifier diode, resistor R30 and tlesed contact of relay RELalcreates a charge
current in the capacitor circuit. Capacitor Cllcisarged, the reactancec >f the capacitor
increases, current in the charge circuit decreagaiéage on the output of the power source
increases. The charge of capacitor C11 occurs stltmothe amplitude value of the rectified
voltage. The transformer secondary winding ciraitonnected to resistor R23 and the resistance
of the working load.

In the half-wave rectifier circuit transformer sadary current flows only in the time of one half-
period, when forward voltage is connected to theiffer diode. Let us assume that during the
positive half-period diode D12 is connected to farsv voltage. A current flows in the circuit:
output 10 of the transformer secondary windingd),R3 parallel R23 and the resistance of working
load, D12, output 9 of the transformer secondamdinigs S1. During the negative half-period
diode D12 is connected to the inverse voltage arsdires its reversed biased state, as a result no
current flows in the transformer secondary winding.
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Capacitor C11 begins to discharge. The dischangermt does not change direction in the load
circuit. Voltage on the capacitor plates decredsesscurrent in the sequential positive half-cyafe
the transformer secondary through diode D12 redsacgpacitor C11.

[1.4.8. Operation of the power supply with a shortcircuit.

In the case of a short circuit in the load of tlwevpr supply voltage -iJ on output -4 of the
power supply, -12V will be equal 0V, diode D1 iseopd and connects emitter of transistor T5 to
0V of the source of autonomous power. Diode D5oisvard biased and connects the base of
transistor T5 to the voltage divider formed fromis¢ors R16, R29, R17.

A current begins to flow in the circuit: negativitbe rectifier of source -\) R16, R29, D5, R7,
R8. A voltage drop across resistors R7 and R8&semnegative potential on the base and ensures
the conducting state of transistor T5. Diode D3reserse biased. In the circuit: 0V, D1,
emitter-base-collector of the conducting transiskt, R28, negative of the source of autonomous
power - results in a current flow from the satudatgerational condition of the transistor. The
collector potential conducting transistor T5 becerase to 0V. Transistor T4 is non-conducting.
In the emitter circuit of the non-conducting trater an insignificant current flows, the
consequential voltage drop on resistor R2 can $regiarded. The emitter potential of transistor T4,
and also the base of transistor T3, close to OWgedrtransistor T3 non-conducting. Similarly the
emitter potential of transistor T3, and also theebaf transistor T1, close to 0V, makes transisior
non-conducting. With a short circuit of the powapply the output -y enters a logic 0 signal and
breaks the feed circuit for relay REL1.

The relay contacts are opened. Contact REL1 lawimcts the secondary windings of the
transformer from the -MJand +U, power sourceLContact REL b breaks the feed circuit of the
relay, after the elimination of the short circudrisistor T1 will be in the conducting state, agldy
REL1 will be in its initial state. Working voltagm the output of the power source will be restored
after disconnection and re-closing of the mainspupoltage on the primary winding of the
transformer. Operation of the glpower source with a short circuit is analogouth®description
of the operation of the -Upower supply with a short circuit.

[1.4.9. Operational monitoring of the power supply
and installation of service voltages.

Checking and adjustment of the service voltagegher-U, -Us, +U, £ Ux power supplies is
carried out in the following order.

Voltage supply -12V ( W):

1) The potential switch of network to establist2RDV;
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2)

3)
4)
5)
6)

7)

Connect the power unit through the regulatiortha transformer core to the alternating
current mains supply;

Connect a voltmeter between the 4hd ® outputs of the power supply;

With the transformer voltage adjustment sefitipait voltage of the power unit to 220V;

With variable resistor R7 adjust the output @& tbk voltage source to -12V;

By sequential switching of the transformer vgéiaadjustment vary the input voltage of the
power unit by 2289%,4, V. With a proportional change on the input voltdige fluctuation

of the -U, output voltage must be -12 £ 5% V;

Operational noise conditions of the supply mudtexceed 15mV.

Voltage supply -11,5 -13,66V (-U,):

1)
2)

3)
4)

5)
6)
7
8)
9)

The potential switch of network to establisi2&RDV;

Connect the power unit through the regulationthef transformer core to the alternating
current mains supply;

Connect a voltmeter between they,-&hd (s, outputs of the power supply;

Unsolder one end of thermistor and connect carsely to its connecting points two
decade resistors (0, 1, 2, 3 ... 10 X by 1000R arid @, 3... 10 X by 100R). The value of
the resistance of thermistor at 15 and46mperatures is indicated in the table, fastened t
the power unit;

With the transformer voltage adjustment sefitipait voltage of the power unit to 220V;
Establish with decade resistors the value aftistor at 15C;

Adjust variable resistor R14 to obtain -13,5Vtba output of the -Usp source;

Establish with decade resistors the value afistor at 40C;

Adjust variable resistor R15 to obtain -11,5Vtba output of the -Usp source;

10) Establish with decade resistors the value efmtlistor at 15C and verify the voltage on the

-Usp output which must be -13 + 5% v. With any d&oen from the permissible limits
adjust variable resistor R14 to obtain -13,5V andhtput of the -Usp source;

11) Establish with decade resistors the value efntiistor at 40C and verify the voltage on

output -Usp which must be in the limits -11,5 + 5% With any deviation from the
permissible limits adjust variable resistor R15otatain -11,5V on the output of the -Usp
source;

12) Repeat point 10 installing decade resistorsmadsure the voltage on the output of source

-Usp, which must satisfy the requirements of pdiGt With any deviation from the
permissible limits adjust variable resistor R14otatain -13,5V on the output of the -Usp
source;



13) Repeat point 11 installing decade resistorsmaadsure the voltage on the output of source
-Usp, which must satisfy the requirements of pdidt With any deviation from the
permissible limits adjust variable resistor R15otmain -11,5V on the output of the -Usp
source,

14) Switching decade resistors and adjustmentdrséiguence of points 12 and 13 is carried out
before obtaining on the output of source -Usp oérapng voltage within the limits,
indicated in points 10 and 11;

15) Establish with decade resistors the value exfitlistor at 15;

16) By sequential switching of the transformer ag# adjustment vary the input voltage of the
power unit by 2289%,4, V. With a proportional change on the input voltaige fluctuation
of the -Usp output must not exceed the permiséitliés of point 10;

17) Establish with decade resistors the value efntiistor at 40C;

18) Repeat test point 16. The fluctuation of wgdtaon the output of source -Usp must not
exceed the permissible limits, indicated in poibt 1

19) Operational noise conditions of the supply nmagtexceed 15mV.

Voltage supply +12V (+Up):

1) The potential switch of network to establist2RDV;

2) Connect the power unit through the regulatirajdéformer core to the alternating current
mains supply;

3) Connect a voltmeter between the +Up ab@@puts of the power supply;

4) With the transformer voltage adjustment setitipt voltage of the power unit to 187V.
Voltage on the output of the +Up supply must ke 10,8V,

5) With the transformer voltage adjustment setitipait voltage of the power unit to 242V.
Voltage on the output of the +Up supply must ke 13,2V,

6) Operational noise conditions of the supply rmagtexceed 0,3 mV.

Voltage supply +U, Ux.

1) The potential switch of network to establist2RDV;

2) Connect power unit through the regulating tramser core to the alternating current mains
supply;

3) Connect a voltmeter between theat&hd U, outputs, and a second voltmeter between the
Ua and U outputs;

4) Press the Lkey to create an electrical feed circuit througlay REL1;
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5)
6)

7)

With the transformer voltage adjustment setittprt voltage of the power unit to 187V.
Voltage on the +WJ output must be +76V. Voltage on the -jJoutput must be -82V;

With the transformer voltage adjustment setitipt voltage of the power unit to 242V.
Voltage on the +Woutput must be +100V. Voltage on the -Joutput must be -108V;
Voltage on outputs -AJ+Ua should be regulated by the appropriate switchihghe
secondary winding S2 of transformer.

Voltage supply ~ 110 VG:

1)
2)

3)
4)

To establish the potential switch of network2#®V;

To connect power unit through the regulatingiéfarmer core to the alternating current
mains supply;

Connect a voltmeter between the 1V2 and 2V2uisip

To establish by regulating transformer voltagetbe input of the power unit of 240V.
Voltage on the output of the source of ~110V in tingsnear 110V.

II, 4.10. Component values of the power supply.

Transistors Electrolytic Capacitors
Tl 2SB228 Cl1 5000uF 25V
T2 2SB80-1 C2 500uF 25V
(2SB368-1) =29:55 C3 500uF 25V
T3 2SB80-1 C4 500uF 25V
(2SB367-1 C5 1000uF 15V
T4 SA25/2 =72+55 C6 1000uF 15V
T5 SA25/4 C9 b5uF 30V
T6 2SB80-1 C10 100uF 150V
(2SB368-1) =29:55 C11 100uF 150V
T7 SA25/2 Cl2 2uF 50V
T8 SA25/4 =72:166 C14 10uF 25V
Germanium Diodes Silicon diodes
D1 OA741 ZD1 Sz512 (ZL12)
D2 OA741 ZD2 SzZ506 (ZL6,8)
D3 Gul00
D4 Gul00 Resistors
D5 1N35 (GAZ17) R1 1K 0.25W 10%
D6 1N35 (GAZ17) R2 2K7 0.125W 10%
D7 Gul00 R3 390R 0.05W 10%
D8 Gul22 R4 2K7 0.125W 10%
D9 Gul22 R6 560R 0.125W 10%
D10 Gull2 R7 P1K
D11 Gul03 R8 1K2 0.125W 10%
D12 Gul03 R9 1K 0.25W 10%
R10 5K6 0.05W 10%
Paper Capacitors R11 2K7 0.125W 2%
C7 0.1uF 63V R12 1K2 0.125W 10%

C8 0.22uF 63V



Resistors
R13 220R 0.25W 10% R27 1K 0.125W 10%
R14 P 25K R28 100R 0.05W 10%
R15 P 10K R29 1K5 0.05W 5%
R16 3K3 0.125W 10% R30 33R 0.5W 10%
R17 1K5 0.125W 10%
R20 200R 0.05W 10% Relay
R21 1K 0.125W 10% REL1 GBR312-12
R22 33R 0.25W 10%
R23 10K 2W 10% Anti- Interference filter
R26 10K 2w 10% DO0,1 +2500/B/200 V 10%

Line voltage and earthing are connected to the pawi through connector V1

Connector V1

Power unit Contact number | Line voltage

1v2 1 220V (a

Safety devic 2 220V (b’

Machine frame 3 Boot-tree of supply lead from the
network and the groundi

Working voltages of the power supply are connedi@dhe arithmetic-logic unit through
connector V2.
Connector V2

. : Location of
Location of power Signals and , . . .
arithmetic-logic unit
supply connector contacts voltages
connector contacts

1vi 1 220V (a 1 3V3
5Trl 2 110 VC 2 30Ve6
Interference suppression
capacitol 3 220V (a) RWH 3 30VE

4 220V (a) RWH 4 1v3
D11; C10; R2 5 +Ua 5 1Vv3

6 6
D12; C9, 11; R23, 2 7 -Ua 7 11/12
REL 1a; C10, 11; R23,: 8 Uno 8 2/11
T2; D2, 4; Ci 9 -Usp 9 201

1C -Usp 10 20/
14Trl; REL 1b; ZD1, 2 11 Ov 11 60/3
C1,2,3,4,5,6,7,8,12, 14;|
R1, 2,8, 9, 10, 15, 17, 21,
Ovsp 12 ] Ov 12 60/z 8V5
ZD1; C3; R2. 13 +Up 13 61/1
T1;11Trl; RELL; D1,: 147 -Un 14 62/1
C4,5,9; R12, 20, : 15 -Un 15 62/z
REL1; REL 1i 16 PEL1 16 13V3

17 17

18 18 14V3
ov 19} OVsp 19 15V3

20 OVsp 20 16V3
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1.5. Keyboard input unit.

Entering digital information, display, initialisath of the arithmetic-logic unit into its initialate,
commands for the completion of arithmetic operatjorcord, erasure and re-writing of information
in the memory registers are all carried out bykiéagoard input unit.

The necessary information from the input unit entdre arithmetic-logic unit in a specific

sequence, which accomplishes the correspondingpes.

Connections V3 and V4 create the overall electrmeatuit of the arithmetic-logic unit and
information input. All the necessary operatingtages of the power supplies are supplied to the
keyboard input unit via connector V3 from the am#tic-logic unit.

Connector V3

Location of input unit
connector contacts

Signals and
voltages

Location of
arithmetic-logic unit
connector contacts

The double-throw contact
of power switch AUS-EIN 1

2
Dead contact of power switch
AUS-EIN 3
4
Double-throw contact "™ I" 5
Dead contact L6 2 6
Closed contact = 7
8
9
10
11
Double-throw contact
2L6 13
Double-throw contact r 14
1,3; L6 7 15
~16
17
Closed contact 1; L6 1 18
-19
Dead contact # 20
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220V (a) RWN

220V (a)

ov
ov
K

PEL1

0Vep
OVep
OVep

OVsA
OVeA
OVeA

1 4V2
2

3 1V2
4
5  60/1

6

7 30/¢
8
9

10

11

13 16V2
14 18V2
15 19V2
16 20V2
17 3711
18 38/1
19 391
20 24/11



Connector V4 connects the digital and functionayboard to the diode encoders of the
arithmetic-logic unit logic 0 signals during switoh of the corresponding contacts of the keyboard
input unit.

Connector V4

. . , Location of
Location of input unit : , ) . :
connector contacts Signals arithmetic-logic unit
connector contacts
Dead contact of ke "1" 1 1k 1 54/1:
"2" 2 2k 2 53/1Z
"3" 3 3k 3 52/1
"4" 4 4k 4 51/1Z
"B" 5 5k 5 50/1Z
"6" 6 6k 6  48/1Z
7" 7 7k 7 A47/1%
"8" 8 8k 8 46/1:
"9" 9 9k 9 45/1Z
"10" 10 Ok 10 55/1z
"11" 11 K 11 43/12
"12" 12 +k 12 22/1z
"13" 13 -k 13 21/11
"14" 14 X 14 41/11
"15" 15 'k 15 30/11
"16" 16 X"k 16 35/11
"7 17 =k 17 42/11
"18" 18 Ck 18 44/1z
"19" 19 + 1k 18 27/11
"20" 20 + Ik 20 17/11
"21" 21 + Ik 21 19/11
"22" 22 - 1k 22 33/11
"23" 23 - 1k 23 34/11
"24" 24 - lllk 24 26/11
"25" 25 * 1k 25 38/11
"26" 26 * [k 26 37/11
"27" 27 * 11k 27 25/11
"28" 28 k 28 36/11
"29" 29 k 28 40/11
"30" 30 k 30 31/11
"31" 31 Lo 31 52/7
"32" 32 LOsk 32 111

When not in use a logic O signal from keyboard umguts the arithmetic-logic unit through
connector contacts 5,6V3, the serially connectedtamts of the keyboard and connector contact
7V3 inputs to the circuit diagram (Fig. 19). Froime circuit diagram output a logic O signal enters
the equivalent components of the arithmetic-logitt achematic and ensures the assigned operating
mode.

In the initial state of the keyboard switch consatite logic O signal does not input the diode
encoders.
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As a result of this at outputs of the digital anddtional keyboard encoder schematics a logic 1
signal is generated.

In the process of entering information, operatiba switch contact leads to switching of a logic
0 signal from input K to one of the inputs of theeeeder of digital or functional keyboard.

1000 L10

2/0

QK ©
vavs//
L3
Ko {J——o 2/
$710, V8u6/7
Ll
240 C——-o 2/
#7n V&6t
Ko ;
L%
oA — {1——oz/40
470 Vess /1
S§k o
bk o
7k © —&
L2
ok @ {}—-o 2/80
470 21774
g4 o
Wk O
L5
Ck o— ———{—o L0
£

Fig. 20, Electrical schematic the digital keyboantoder.

The encoder diodes ensure the connection of the (bgignal to the inputs of the corresponding
connection diagrams. Consequently, after the cdioreof a logic 0 signal at outputs of the circuit
diagrams a logic 0 output signal is generated.erAtiirning off the logic 0 signal from input K at
output to the overall keyboard connection diagrawgée 1 signal is generated equal to the time the
switched contact has been pressed.
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The decimal digital keyboard encoder ensures tlteding of the number keys into the Binary
Coded Decimal numeration system.

Example, let us examine the operation of the digggboard encoder based pressing the number
3 key.

After switching the contact for the "3" key to inp8k of the diagram a logic O signal is
connected, which through the diodes enters thetsnpiithe filter circuits of L11, L13, L10. At
outputs Z/0, Z/10, Z/20 of the filter circuits aglo 0 signal is generated, and at the outputs Z/40,
Z/80, CO of the remaining encoder connection diagra logic 1 signals.

The signals of all digital keys, key for the declimpaint key and for the correction key "C" are

coded by the encoder diodes and by the filter ts@s logic 0 and 1 signals in accordance with the
following table:

Swit-
ched
key
Z/0
Z/10
Z/20
Z/40
Z/80
Co

Encoder output

6 7

P PP PP Or
el i N N S e R
P PP OOO|lw
R P OFRFr PR O+
N N e R e N
R B OO&®RrO
R P OOOO
P OFr PFrR PO ®
R OFrP L O O ©
=
R OO Fr O
OFRr P P RO

Devices and operation of the functional keyboarcbder (Fig. 21) are similar to the description
of the digital keyboard encoder.

1.6. Decimal point selection switch.

The decimal point position switch consists of fewitch wafers, each of which has 12 fixed
positions. Different positions of the switch enstire appropriate display of the decimal point, and
the combination of word length of the entered digitformation with arithmetic operations into the
memory unit registers. The quantity of numericatithal digits after the decimal point or the
degree of accuracy of calculations is determinethbyposition of the decimal point switch. Setting
the decimal point switch is effected by a numbetis#, which has the designations - 0, 1, 2, 3,4, 6
Z,9, 10, 11, 12, 14, which on the schematic cirdiagram (Fig. 22) corresponds to the position of
the contact of wafer E4 and to outputs L1, L2,1L8, L6, L9, L10, L11, L12, L14.

Connector V5 connects the decimal point positiotcdweircuit with the arithmetic-logic unit
into the overall machine electrical diagram. OVotlgh the connector pin 8V5 from the
arithmetic-logic unit enters the sliding contactal four switch wafers. Depending on the position
of the decimal point position switch a logic 0 sapasses through the appropriate outputs and pins
of connector V5 to the specific component partthefarithmetic-logic unit.
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Connector V5

Location of decimal point switch Signal , Locatlon .Of .
. . arithmetic-logic unit
connector contacts designation
connector contacts
Contacts 3, 5, 6 of wafer 2;
" 1 of wafer 3 1 G11 1 10/1C
10, 11, 12 of wafer 2 2 G14 2 39/1(
" 8,9, 10, 11, 12 of wafer3 3 Gl¢ 2 18/1C
" 2,4 of wafer 2 4 G21 4 47/1C
" 2,3,6of wafer 1 5 G2z 5 8/1C
" 8,9, 10, 11 of wafer 1 6 G24 6 1/1C
" 2,3,4,5, 6 of wafer 3 7 G2¢ 7 2/1C
Common contact of wafer 1, 2, 3, ¢8 ov 8 12Vv?2
Contacts 4, 5, 12 of wafer 1; 9 DiV 01k 9 21/¢
8, 9 of wafer
10
11

Simultaneously in accordance with the position lg tlecimal point switch a logic O signal
through one of the contacts of connector V9 is eated to the display and ensures the illumination
of one of the appropriate decimal point lamps.

The second contact of all the lamps of the decpoait display are connected through a resistor
of 270 ohms of 0,25w and contact of 29V6 to the @osupply -U (fig, 26).

Connector V9

Location of decimal point switch Signal , Locatlon .Of .
. . arithmetic-logic unit
connector contacts designation
connector contacts
Contact 2 of wafer 1 L1 1 Dplamp 1
Contact 3 of wafer 2 L2 2 Dplamp 2
Contact 4 of wafer 3 L3 2 Dplamfg 3
Contact 5 of wafer 4 L4 4 Dplamp 4
Contact 6 of wafer 5 L6 5 Dplamf 6
Contact 8 of wafer 6 L9 6 Dplamg 9
Contact 9 of wafer 7 L10 7 Dplamp 1C
Contact 10 of wafer 8 L11 8 Dplamp 11
Contact 11 of wafer 9 L12 9 Dplamp 12
Contact 12 of wafer 10 L14 10 Dplamp 14
11

1.7. Memory unit.
The memory unit consists of toroidal ferrite cossembled into digital matrices.

Ferrite cores are manufactured from a ceramic fieauggnetic material, whose general formula is
MO - KOs, where M is one of the bivalent metals. Note - Iron oxide is F©;,

The characteristic properties of ferromagnetic mmte can be attributed the following
properties, which are used and are considereceim#imory units from the ferrite cores:
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1) The materials internal magnetic field can coaesably exceed its induced magnetic field H;

2) Remnant induction Br remains for a long timehwiit the expenditure of additional energy;

3) The ferromagnetic properties of the materialesawith an inverse temperature dependence.
For each material there is its critical temperajoent, which when exceeded leads to the loss of
the ferromagnetic properties of the material.

In storage cores the remnant induction U/L}
: : +8,
is created as a result the action of a magn:
field by the tension Hm, which is formed b
the passage of a current of a specific vali
equal to I, through the ferrite cores +8r
winding.

N

Depending on the current directidg, -Im
and the corresponding magnetic field t ==—f
remnant induction of a ferrite core |
characterized as the state of +Br or -Br.

-dm »dm
Z 2 fim

!

Different states of remnant inductio
determine the two steady states of a fern -&r
core, which in the memory unit are used f
storage of information, which has values L{O
0 and 1. -8m /)

Fig. 23. Ferrite core hysteresis loop.

The polarity reversal of a ferrite core and theegponding change in the remnant induction £Br
is ensured as a result the action of a magnetat g the tension Hm.

The value of the magnetic field depends on thectioe and value of currerit,, taking place
through the ferrite cores winding. The curve a@hange in the magnetic induction of the sequential
reversal of polarity of ferrite core is called aysteresis loop (Fig. 23).

The principle of the operation of a ferrite corerage unit is based on the coincidence of the
half-currentLg] in the corresponding wires, which fulfils the fuioct of a single-turn winding of a

ferrite core.

[1.7.1. Reading information from a ferrite core.

The ferrite core has 2 sensing wires of dischafgme direction and ensure the readout of the

information of core only WheF|1r2ﬂ current pulses are synchronised (Fig. 24).

Each half-current creates a magnetic field by&mibnlgn.
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Hm Hm
The esulting magnetic field of two half-curren ™~ + 5~ Hm produces the polarity

reversal of a ferrite core. Let us assume thatrtfeemation O corresponds to the remnant induction
of +Br. Information 1 corresponds to remnant inductBr. A change in the magnetic induction
from -Br to +Bm directs an EMF of a correspondimgpéitude onto the read wire. The information
1 signal passes through the read amplifier and®ttie arithmetic-logic unit of the machine.

Sense wire of discharge
obod cvursBanur paspria

Write wire of discharge
poBod sanucu paspada
Read wire

TooB03 BocnpouiBedenus Blocking wire
\r ﬂ\ ApoBod broxupobru

sense wire of register
Apood cvursibarnur pezucroa

~- /Ip0B00 30nUCY peALCTRa
record wire of register

/ —»— [lpoBo0d crupanus
erase wire

/1

Fig. 24. Diagrammatic representation of a ferraeec

Information 0O, written on the ferrite core, is rdadthe resulting magnetic field HM without the
reversal of polarity of core, since a change inrttegnetic induction varies from +Br to +Bm, and
produces an EMF on the read wire, which correspémdee amplitude of counted information 0.
After the end of a read pulse the magnetic indaatiba core varies from +Bm to +Br, as a result of

which on the read wire it is directed interference.

The amplitude of counted information O is equathte amplitude of interference, but it is of a
reversed phase. The current pul%@swhich do not coincide in time, do not provideudfisient

tension of magnetic field, which does not causedhersal of polarity of ferrite core.
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[1.7.2.  Writing information to a ferrite core.

Im
Current pulse 5~  on the write wires register syneiz® and direction. The resulting

magnetic field ca equgual Hm only when through thecking (inhibit) wire it does not flow an
Im
opposing curren 5, . . The polarity reversal of a cfmewriting occurs analogously with the

reading of information, with the difference that EMnduced by a change of inducting the ferrite
core from +Br to -Bm, on the read wire does notpicee a useful signal (fig, 24). After the end of a
write pulse the magnetic induction of core variesnf -Bm to -Br. As a result interference is
produced on the read wire.

The erasure of the written information is ensurgd lbogic 1 level current pulse, which flows in
the erase wire only with the start of the corresioog keys. In the memory unit each matrix is
divided into 6 registers of 16 digits and ensurestasage of 96 bits. Consequently, four matrices
create 6 registers in groups of four ferrite cae$6 digits.

The planes of ferrite cores for digits 1 throughat® used for storing digital information in the
binary coded decimal numeration system. The gfoughe 16th digit is used for storing the sign of
a number. Positive sign is depicted as code zed0;Gbe sign "minus” - by the code of one 0001.

Memory unit registers according to the functionsied out are divided into operational registers
MD, MR, ACO and accumulating registers AC1, AC2 #&B3.

The binary coded decimal of any decimal digit issmEcutively formed at output of the encoder
in proportion to the decimal number entered onkiyboard input unit. The arithmetic-logic unit
ensures writing of the entered digital informatioto the groups of corresponding digits of the MR
register.

The code of sign "minus” corresponds to the recbi@he 0001.

The writing of digital information and sign of tmeimber into the other registers is ensured by
the arithmetic-logic unit via rewriting from regest MR by the pressing of the corresponding
functional keys.

The memory unit is located in the arithmetic-loBICB unit and is internally connected with it.
[1.7.3. Logic symbols of the memory unit connectios.

The first and second numbers indicate the locatibthe corresponding connection with the
lower or upper PCB assembly of the memory unit-(laiiver PCB, 02 - upper PCB).
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The third and fourth numbers indicate, on what safethe PCB assembly is located the

corresponding connection (Fig. 25).

Beginning from the mitred corner, the sides aragiededanti-clockwise by numbers 01, 02, 03

© 0 00 0 O0CO

0O 0 OO0 0O OO O0OC O O O£0
0O 000 0 00 00 QG Po°
® e 2l
]
OOS %00
o
° 0
o o
o o
o o
o o
o o
o e}
0 o
o
Oo o
o, %,
o [e]
o o
0 Q
o ¥ °
) o
ol o
oy
a7 23 S
0’ 0O 0000 OO0OCO O0OO0O0OO©O
N\ 0 00O

Fig. 25. The common form of assembly of doperating

memory unit.

and 04, if we look in the direction of the wires of
the corresponding PCB. The fifth and sixth
numbers indicate the number of each joint. The
connections of each side have numbers from 01
to 23 or from 01 to 21.

11.8. Display unit.

The display unit consists of 15 digital lamps,
which ensure the visual delivery of the entered
digital information, results of arithmetic
operations and calculations.

Each digital lamp is a glow discharge device,
which has one anode and ten numerical cathodes
from 0to 9. Connector V6 connects the display
unit circuit with the arithmetic-logic unit into ¢h
overall electrical diagram. The signals of the
voltage +hJ are consecutively
generated at outputs S$1S15 of the display
anode driver amplifiers. From the output of the

anode amplifiers consecutive #dignals are connected through contacts 2% of connector V6
to the anodes of the digital lamps RORO15 (Fig. 26).

The signals of operating voltage ~@dre generated at outputs-®@ of the display cathode driver

amplifiers.

From the output of the signal ampiidiesoltage -l are simultaneously connected

through contacts ¢ 10 of connector V6 to the appropriate numericahedés of the display lamps
RO1+ RO15. The illumination of the number cathode @& thdicator light, which corresponds to
the byte of memory unit, occurs when the anode #edcathode simultaneously through the
contacts of connector V6 reaches the ignition gafeequal to a potential difference of s&nd
-Ua. The synchronization of the #land -U\ signals is created by the operation of the aritione

logic unit.

The display of digital information from the memaugit occurs only from the ferrite cores of the
MR register. The display of the digital informatiof the remaining registers occurs as a result of
re-writing information into the MR register afteregsing the corresponding functional keys.

11 miniature incandescent lamps placed in the alysphow the position of the decimal point, the
"minus” sign is located on the right side of thepity block above the neon lamp that indicates a

supply of line voltage.
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Connector V6

. . . . Location of
Location of display unit Signal ithmetic-logic unit
connector contacts designation arithmetic-logic uni
connector contacts
Cathodel 1 ZV1 1 38/1z
" 2 2 ZV2 2 32/12
3 3 ZV3 3 8/1z
" 4 4 ZV4 4 20/12
5 5 ZV5 5 24/12
" 6 6 ZV6 6 17/1z
7 7 ZN7 7 711z
" 8 8 ZV8 8 15/1z
9 9 Z\V9 9 9/1z
" 1C 1C ZV0 1C 36/12
11 11
Lamp anode 12 Sv1 12 4/11
" "2 13 SV2 13 5/11
" "3 14 SV3 14 6/11
4 15 Sv4 15 7/11
" " 5 16 SV5 16 8/11
6 17 SVe6 17 9/11
" "7 18 Sv7 18 10/11
8 19 Sv8 18 12/11
" "9 2C SVS 2C 13/11
1C 21 SViC 21 15/11
" "1 22 SVv11 22 16/11
12 23 SViz 23 55/11
" " 13 24 SViz: 24 56/11
14 25 SV14 25 57/11
" " 15 26 SViE 26 58/11
27 27
82R 0.25V 28 LMZ 28 12/¢
270R 0.25V 26 -Un 28 62/
Line voltage indicatio 3C 110VC 3C 2V2
0.1R 0.05V 31 220V (a)RWN 31 3Vv2
32 32
Signal name table for the functional diagrams
SCHREIE - Write MUL - Multiplication
LES - Reac DIV - Division
EING - Input UBER - Transfe
L - Erast VOR - Preparatio
ADD - Addition RU - Conversel
SUB - Subtractiol VER - Shift
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Chapter IlI
Functional operation of the calculation machine.

In the description of the operation of the machifextional diagram some reductions in the
description of the operational sequence of the aapt parts have been made, the following
expressions serve as an example of a reduction:

1) “From output A of gate K... a positive voltage draets flip-flop into the working
condition”. Description of the operation of the qoonent parts without the reduction; “A change in
the logic 1 or 0 signal at output A of the diagreeads to capacitor discharge of the differentiating
circuit. At output A of the differentiating cirdua positive polarity pulse is generated, whicheent
input B1 and sets the flip-flop into the workingnclition”.

2) “Clock pulse S through gate K... resets flip-flonko the initial state”.

In this case the sequence of the diagram operatioars in the following order:Clock pulse S
enters input K of the gate... at the output of thetga negative polarity pulse is generated, which
is fed to the input of the differentiating circuiand in the sequence of describing point 1 ensures
the inversion of the flip-flopsd Analogous reductions in the text are allowed tfte purpose of
compactness in the operational account of the madiuinctional diagram.

[11.1.  Operating conditions of the machine schematic andonitrol
of read and write cycles

Preparation of the machine for arithmetic operaimeffected by the turning the EIN - AUS
(ON-OFF) switch disk to the operating position, fhesition ensures the closing of the switch
contacts (Fig. 19) the joint of 1V3, 3V3 and thenmection to the mains supply voltage of the
primary windings P1, P2, P3, P4 of the transfor(feg. 18).

The current, flowing in the primary windings, indiscan EMF on the secondary windings S1,

S2, S3, S4, S5, S6 of the transformer ensuringndeessary voltages are present at the power
supply unit outputs.
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Closing and switching the corresponding contatth® LO key carries out the following series
connection (Fig. 19), which completes the functions

1. The switched contact L61 through the connedtiagram u846 connects 0V, to the circuit
(Fig. 27) and ensures the erasure of the memotyap@rational registers with a current
pulse of Im from the charge of a 20uF capacitavugh a resistor of 15 ohms.

2. The closed contact L62 connects 0OV to and cseiiee electrical energizing circuit of relay
REL1 (Fig. 18):

a) The contact of the relay REL1a connects voltageto output connection 8V2 of the power
unit;

b) The contact of relay REL1a creates a latchingudifor relay REL1.

L0 DuF  r50

sy Vap

Zésp _ ,

fpobod cruparus

X
4,75 4 TmF

Fig. 27. Schematic circuit diagram of operatiaegjister erasure.

3. The closed contact L63 connectssd the collector inputs of the appropriate flipgk of
the arithmetic-logic unit into their initial statesetting them.

After switching on the power unit the voltagey-ehsures the starting of multivibrator M, whose
pulses enter the input of inverter N37. At outpbitthe inverter inverted clock pulses S with a
frequency of 25Khz are generated. Pulses S haegatine polarity and form a close to rectangular
signal.

Principally the reading and writing of informatiamthe registers of the memory unit depend on
the functions carried out and occurs consecutivaginning from the four bits of the specific byte,
control of the display operation is provided by th-flops of the Z counter through the appropeiat
logical AND gates.

Operational control of registers is carried outdgical "AND" and "OR" gates.

I
[1.L1.1. Incremental counting of the Z counter.

Starting the Z counter occurs as a result of thingeof one or several flip-flops depending on
the requirements of operational control by the ®ytethe memory unit.

In the initial state of the Z counter, which cotsief flip-flops Z1, Z2, Z4, Z8 and Z16, from
outputs Z1, Z2, Z4, Z8 inverters N79, N81, N83, N8# from the output of flip-flop Z16 to the
inputs of gate D13 logic 0 signals are enteredontthe output of gate D13 a logic O level signal
enters inverter N36.
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The phase of the input signal is inverted from uuﬁ of inverter N36, a logic 1 signal enters
the inputs of the corresponding functional diagraimsluding inputZ of gate K66. Let us assume

flip-flop S1 is reset, from outpu®: a logic 1 signal is fed to the input of inverteBN The phase
of the input signal is inverted, so from output &Xhe inverter a logic 0 signal enters the control
input E2 of the differentiating circuit of its fliflop. A clock pulse S with a negative voltage mro
disables, and with positive enables gate K66. h&t dutput of the gate a pulse is generated of
identical polarity and close in their parameterghe clock pulse S, which enters input E1 of the
differentiating circuit of flip-flop S1. At outpuk of the differentiating circuit is generated aage

positive polarity pulse, which enters input B1 lgpflop S1 and sets it. As a result from outpit

of the flip-flop a logic O signal is fed to the wmpof inverter N30. The phase of the input sigsal
inverted, and from output S1 of the inverter a dodji signal disables gate K186 (the remaining
inputs of gate K186 at this time enter logic 1 sigh from output X of inverter N18 a logic 0 si§ina

enters the control input of the differentiatingeciit of flip-flop Z1. Simultaneously from input S1 of
inverter N30 a logic 1 signal enables gate K79Sejuential clock pulses S with a negative drop in
voltage opens, and with a positive enables gate K\3he output of the gate is shaped the pulse of
identical polarity and close in their parameterghe clock pulse S, which enters input E1 of the
differentiating circuit of flip-flop S1. At outpuf of the differentiating circuit is shaped a peak
positive polarity pulse, which enters input B2 aesets flip-flop S1 into the initial state.

Further description of the sequence of the drignas through the logic circuits and the
differentiating circuits will be given in a reducddscription.

After inversion of the flip-flop S1 into the inifistate from output S1 of inverter N30 a logic O
signal disables gate K186.

At output of gate K186 is formed a positive voltagg®p, which through the differentiating
circuit sets flip-flop Z1 incrementing the Z countd he inversion of flip-flop Z1 corresponds t@th
record of one (00001) into the Z counter, whichkgan the binary number system.

From output Z1 of inverter N79 a logic 1 signalaingh gate D13 is fed to the input of inverter

N36. The phase of the input signal is invertedyuaput Z of inverter we obtain a logic 0 signal,
which through the gate D25 is fed to the inputnvierter N69, (other inputs of gate D25 at this time
enter logic 0 signals.) The phase of the inputaigninverted, and from output M of the inverter a
logic 1 signal enters the inputs of gates K162 laidl.

Sequential clock pulses S through gate K162 andlitfierentiating circuit with S1=0 triggers
the monostable, which after 4mS returns to théairstate.
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On outputs andt of inverters N1 and N2 of the monostable are gerdrshort-term pulses of
rectangular form and opposite polarity.

Pulset through the differentiating circuit sets flip-fldpl. From output S1 of inverter N30 a
logic 1 signal disables gate K74. Simultaneousbmfroutput S1 of the inverter a logic 1 signal
enters the control input of the differentiatingcaiit and prevents the triggering of the monostalle
Sequential clock pulses S through gate K162.

Sequential clock pulses S through gate K79 re$iptidp S1 into the initial state. From output
S1 of inverter N30 a logic O signal enters the trgmd disables gate K74. A positive voltage drop
from the output of the gate through the differeim@ circuit sets flip-flop LES-SCHREIB
(Read - Write) into the working order. After ingan of the flip-flop at output LES of inverter N25
a logic O signal is generated, and at the outputFEIB of inverter N26 - a logic 1 signal.
Sequential clock pulses S through gate K162 istéethe input of the differentiating circuit and
triggers the monostable. At the outputs of inwertdl and N2 monostable pulses t ¢7 d are
generated for the correct operation of the readwartd flip-flops.

A positive voltage drop of puls:ethrough the differentiating circuit sets flip-fl&i.

Sequential clock pulses S through gate K79 andlififierentiating circuit resets flip-flop S1 into
the initial state. A positive voltage drop fromtput S1 of inverter N30 through gate K74 and the
differentiating circuit resets the read and wrlip-flops into the initial state. At output SCHREI
of inverter N26 is formed a positive voltage dreyhich through the differentiating circuit sets
flip-flop UV. After the inversion of the flip-flopat output U of inverter N27 a logic O signal is
generated, and at the output V of the inverter N&@8ogic 1 signal.

Sequential clock pulses S through gate K162 trigyglee timing monostable t. At outputs of

inverters N1 and N2 are shaped the pulses ttawtth the working order of flip-flop UV and with
the initial state of the read and write flip-flops.

A positive voltage drop of pulse t through the @liéintiating circuit sets flip-flop S1. Sequential
clock pulses S through gate K79 and the differéntjacircuit resets flip-flop S1 into the initial
state. A positive voltage drop from output S1 ofarter N30 through gate K74 and the
differentiating circuit sets the read and writ@4liops into the working order.

Sequential clock pulses S ensures the inversidimeofonostable and the shaping of pulses t and

t at outputs of inverters N1 and N2 with the workiogler of flip-flops UV and reading and
writing, a positive voltage drop of pulse t throught differentiating chain sets flip-flop S1.

90



From output S1 of inverter N30 a logic 1 signalaties gate K84. Sequential clock pulses S
through gate K79 and the differentiating circugets flip-flop S1 into the initial state.

From output S1 of inverter N30 a logic O signaleesitthe input and disables gate K74. A
positive voltage drop from the output of the gdteugh the differentiating circuit resets the read
and write flip-flops into their initial state. Adutput S R B of inverter N26 is formed a positive
voltage drop, which through the differentiatingcait resets flip-flop UV into the initial state.rdm
output S1 of inverter N30 a logic O signal entdrs input and disables gate K84. At output of
inverter N33 is generated The VLS pulse of the fisge of identical polarity, equal in the duration
to pulse S1.

Gate K196 is in the disabled state by the logiog@as of inputsZJ and S16. From the output

of inverter S16 a logic 1 signal enables gate K187. The VLS polsthe first byte through gate
K187 and the differentiating circuit resets flipffl Z1 into the initial state. From output Z1 of
inverter N79 a positive voltage drop through gafB& and the differentiating circuit sets flip-flop
Z2. The inversion of flip-flop Z2 into the workingrder corresponds to the record number 2
(00010) into the Z counter.

During_j the working order of flip-flop Z2 occurs thepetition of the cycle of the shaping of

pulses t,t, S1 and the sequential switching of the read arite Wip-flops and UV. The VLS pulse
of the 2nd byte through gate K187 and the diffeadimig circuit sets flip-flop Z1 and increases the
information of the Z counter by one.

A change of the record in the Z counter from 008910000 ensures control of the bytes of
memory unit in the forward sequence. After conwwblthe 15th byte the position of flip-flops
corresponds to the record number 15 (01111) inZtlweunter. The VLS pulse of the 15th byte
through gate K187 and the differentiating circudsets flip-flop Z1 into the initial state.
Fromoutput Z1 of inverter N79 a positive voltagemthrough gate K188 and the differentiating
circuit resets flip-flop Z2 into the initial stateFrom output Z2 of inverter N81 a positive voltage
drop through gate K190 and the differentiating uircesets flip-flop Z4 into the initial state. dm
output Z4 of inverter N83 a positive voltage drbpough gate K193 and the differentiating circuit
resets flip-flop Z8 into the initial state. Fronutput Z8 of inverter N84 a positive voltage drop
through the differentiating circuit sets flip-flafi6 into the working order.

The information of the Z counter increases by oné eorresponds to the record number 16

(10000) in the binary number system. The positibthe Z counter ensures control of the 16th byte
of the memory unit. After the inversion of the Zlif-flop
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from output Z16 of the flip-flop a logic 1 signalkdbles gate K196. From output S16 of inverter

N87 a logic 1 signal disables gate K212. From oufpl6 of inverter N88 a logic 0 signal disables
the operation of gate K187. Simultaneously a I@y&ignal from output S16 of the inverter enters
the control input and prepares for the operati@ndifferentiating circuit of the 216 flip-flop. Eh
VLS pulse of the 16th byte through the differemtigtchain resets flip-flop Z16 into the initial &ta
and turns off the Z counter.

[11.1.2. Reverse counting of the Z counter.

During a straight cycle of the Z counter flip-fldfl is reset. The inversion of flip-flop F1
through one of gates K140, K144, K147, K183 and &K&8sures the specific mode of operation of
the functional diagram in the short-term conducstaje of gates K75 or K76.

With the output of the disabled gates K75 or K16gac 1 signal is fed to the input of gate D10
of the memorizing circuit.

After inversion of the flip-flop F1 into the worlgnorder, from output F1 of inverter N63 a
logic 1 signal is fed to the input of gate K77 amdbles the memory circuit.

The memorizing circuit formed from gates D10 and7Kihverters N23 and N24 retain the
short-term logic 1 signals from the output of gd{&% or K76 to the inputs of gate D10.

In the initial state of the memorizing circuit afitput RUof inverter N23 a logic 1 signal is
generated, and at the output R of inverter N2agec 10 signal.

A logic 1 signal from the output of gates K75 or&ig fed to the input of gate D10 and in the
short-term switches the memorizing circuit into tnaking order.

At outputRUof inverter N23 a logic 0 signal is generated, ahthe output R of inverter N24 a
logic 1 signal, which disables gate K77. From thgat of the disabled gate K77 a logic 1 signal is
fed to the input of gate D10 and ensures the wgrkier of the memory circuit, until flip-flop F1
is located in running order, l.e. Thus far inplitd¥ gate K77 enters a logic 1 signal.

From outpu ®% of inverter N23 a logic O signal is fedthe input of inverter N24 and also
disables the operation of gates K188, K190, K198 KA12. From output RU of inverter N24 a
logic 1 signal enables gate K195.

Pulse S1 through gate K195 and the differentiatimguit sets flip-flop incrementing the Z
counter.

The working order of the Z16 flip-flop corresportdsrecord number 16 (10000) in the Z counter
and to control of the 16th byte of the memory unit.

From the output of the Z16 flip-flop a logic 1 sajrdisables gate K196. From output S16 of
inverter N87 a logic 1 signal enters input gate K21
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During the initial state of flip-flops Z1, Z2, ZZ8 gate K212 is disabled when a logic 0 signal

inputs R At output S16 of inverter N88 a logic 1 signal is generated. Usually with the reverse
countng of the Z counter the flip-flop VER (shift) is located in running order.

From output VER of inverter N67 a logic 0 signal enters the collector input, setting arand blocking
flip-flop UV (V ?).

Sinultaneously from output VER of inverter N68 a logic 1 signal enters the control 0l input of the
differentiating circuit and disables the operation of gate K150 preventing the reset of fliplip-flop F1.

During the working order of flip-flop Z16 occurs in the usual sequence the shaping of g of puIS_ES t,
S1 arl switching of flip-flop LES-SCHREIB.

The working order of flip-flop UV ensures the shaping of VLS pulses through gate K2 K84 and the
inverters N32 and N33 from each second S1 pulse.

The VLS pulse of the 16th byte through gate K187 and the differentiating circuit sets 1s flip-flop Z1
into the working order.

A positive voltage drop from output Z1 of inverter N78 through gate K18189 and the
differentiating circuit sets flip-flop Z2 into the working order. A positive voltage drop fp from output

Z2 of inverter N80 through gate K191 and the differentiating circuit sets flip-flop 2Z4 into the
working order. A positive voltage drop from output 44 of inverter N82 through gatate K192 and
the diferentiating chain sets flip-flop Z8 into the working order.

In running order one of the flip-flops Z1, Z2, 74, 78 at outputs ZI, Z, Z, Z8 of the
correponding inverters generates a logic 0 signal, which enters one of the inputs and did disables gate
K196. As a result the disabled state of gate K196 at output S16 of inverter N87 a logicgic O signal is
genented.

The working order of flip-flops Z1, 72, Z4, Z8, 716 corresponds to record number 31 31 (11111) in
the Zcounter and to control of the 15th byte of memory unit. Switching flip-flop LES-SGCHREIB, in

the slaping of pulses t, ;, S1, VLS for the 15th byte occurs in the usual sequence.

The VLS pulse of the 15th byte through gate K187 and the differentiating circuit resesets flip-flop
Z1 into the initial state and decreases the information of the Z counter by one. Gate K188L88 is disabled

with & logic 0 signal at input Rii. Consequently, a positive voltage drop from output Z1iof inverter
N79 coes not change the state of gate K188 and flip-flop Z2. The working order of fliflip-flops Z2,
Z4, 73, 716 corresponds to record number 30 (11110) in the Z counter and to control ol of the 14th
byte « memory unit. The VLS pulse of the 14th byte through gate K187 and the difidifferentiating
circuit sets flip-flop Z1 into the working order. A positive voltage drop from output 2/ of inverter
N78 through gate K189 and the differentiating dircasets flip-flop Z2 into the initial state and
decreases the information of the counter by one.
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The working order of flip-flops Z1, Z4, Z8, Z16 e¢esponds to record number 29 (11101) in the
Z counter and to control of the 13th byte of memani.

A sequential change in the positions of the Z ceuftom 11111 to 10001 ensures control of the
bytes of memory unit in a reverse sequence.

In one of the bytes during the reverse countinghefZ counter at output X of inverter N18 a
logic 1 signal is generated, which enables gate8KXFulse VLS through gate K158 and the
differentiating circuit when S16=0 resets flip-flMER into the initial state. From output VER of
inverter N68 a logic O signal enters the contropuin and prepares for the operation the
differentiating circuit of gate K150. After controf the 1st byte the position of the flip-flops
correspond to the record number 17 (10001) in treouhter. Pulse VLS of the 1st byte through
gate K187 and the differentiating circuit reseig-flop Z1 into the initial state, the position tfe
flip-flops correspond to record number 16 (10000%hie Z counter and to control of the 16th byte of
the memory unit. After the inversion of flip-flfil into the initial state from output Z1 of invarte
N78 a logic 1 signal disables gate K196. From ou§il6 of inverter N87 a logic 1 signal enables
gate K150. The VLS pulse of the 16th byte throggite K187 and the differentiating circuit
ensures the sequential inversion of flip-flops 22, Z4, Z8 into the working order.

The working order of flip-flops Z1, Z2, Z4, Z8, ZI®rresponds to record number 31 (11111) in
the Z counter and to control 15th byte of memorny.un

The flip-flops of the Z counter in the process efisential inversion from output8l, Z2, Z4,

Z8 send logic 0 signals to the inputs and shut gdf@6K At output S16 of inverter N87 is formed
a positive voltage drop, which through gate K156 #re differentiating circuit with VER=0 resets
flip-flop F1 into the initial state, from output Fif inverter N63 a logic O signal enters the inpod
disables gate K77 of the memory outline. From thgput of gate K77 a logic O signal is fed to the
input of gate D10 and switches the memorising diricio the initial state. After switching the

outputﬁj of inverter N23 begins to be generated a logicghad, at output RU of inverter N24 a
logic O signal.

From outputﬁj of inverter N23 a logic 1 signal enables gates8& 13190, K193 and K212.
From output RU of inverter N24 a logic O signalaties gates K189, K191 and K192.

Pulse VLS of the 15th byte through gate K187 anel differentiating circuit ensures the
sequential inversion of flip-flops Z1, Z2, 74, Z8toe the initial state. Flip-flop Z16 remains in

running order, pulse VLS of the 16th byte throubk tifferentiating circuit withS16=0 resets
flip-flop Z16 into the initial state and turns dffe Z counter.
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.1.3. Operational control of the registers and bytes oftie memory unit.
Each register of the memory unit is divided int@ times of 8 ferrite cores (Fig. 28, 29).

In the upper line of a register ferrite cores 81®, 11, 12, 13, 14 and 15 are placed, in the lower
line - ferrite cores 16, 1, 2, 3, 4,5, 6 and 7.

Control of the ferrite cores of a register is paried by gates K12 K23, the operation of which
is governed by the Z counter.

Register control is performed by gates K6 - Klleragion of which is governed by the
schematic of the arithmetic-logic unit. Prior togb®ing the introduction and completion of
operations the functional diagram of the arithméggic unit ensures control of the MR register.

With the operation of the electrical control cirtcof ferrite cores let us examine the principle of
reading and writing to the four ferrite core plariee 4, 8 and the 12th of the bytes of the MR
register (Fig. 28, 29).

From output MRS of inverters N29 and N38 a logisignal enables gate K6. During operation

of the Z counter flip-flop Z4 sets into the workiogder. From outputg ], Z2 of inverters N78 and
N80 logic 1 signals are generated. They entemimets and prepare for the operation of gate K23.

From output Z4 of inverter N83 a logic 1 signal leles gates K18 and K19. From outpZ8 the
inverter N85 generates a logic 1 signal which esmlates K12 and K13. Flip-flop LES-SCHREIB
Is reset. From output LES of inverter N25 a logisignal enables gates K12 and K18. Pulse t of the
4th byte through gates K23, K18, K6 and K12 prodube starting of the corresponding four ferrite

cores driver stages. Current pul'%é of the driver stages (Fig. 28) with the 4th anthl®ites flows

in the circuit: Oy, exciting stage Y910, wire S4L, the sensing wirdogties, a diode, driver stage
Y911, 400hm resistor,

The current pulselzm in the driver stages (Fig. 29) of register MR dmder line flows in the

circuit: Ow,, driver stage Y910, wire Z8L, sensing wire of tlegister line, a diode, driver stage
Y911, 400hm resistor, 4J The identical direction of the half-currents oéthaadout'%, which

take place through the ferrite cores only of 4thebgreate the summed current Im, ensures the
reversal of polarity of the corresponding ferrimres and the readout of the written information.
The readout of the information of the 12th byteusscanalogously with readout in the 4th byte. In
this case instead of gate K12 enabling the corredipg driver stage Y910 it occurs through gate
K14. The readout of the information of the 8thebgiccurs analogously with the readout of 12th
byte. In this case instead of gate K18 enabling dbeesponding driver stage Y910 it occurs
through gate K16.
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The process of reading out stored magnetic infaomadnly occurs in the groups of four ferrite
cores in which a logical 1 is written. The growddour cores with a stored 0 do not reverse their
magnetism.

As a result of the polarity reversal in the core€MF is induced on the read wires, which enters
the inputs of the corresponding read amplifierg.(F)
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Fig, 28. Schematic diagram of the passage of hatkeats for the
reading and writing of bits.

The outputs HV1 - HV8 of the read amplifiers aresipwe polarity pulses. From the output of

the read amplifiers the pulses enter the diffeadinty circuits and ensure the inversion of the
corresponding four flip-flops of register A intoetlvorking order.

The record of information into the 4th byte occarmlogously with readout by the currerﬂgé
of opposite direction.

Flip-flop LES-SCHREIB is located in running ord&rom output SCHREIB of inverter N26 a
logic 1 signal enables gates K13 and K19.
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Pulse t of the 4th byte through gates K6, K23, Kiil K13 enables the drivers of the

corresponding four stages of ferrite cores. Cunpaige!™ of the driver stages (Fig. 28)
2

The 4th and twelfth bytes flow in the circuit: OVspriver stage Y910, wire S4S, the write wire
of the bytes, diode, driver stage Y911, 400hm tesisUs.
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Fig. 29. Schematic diagram of the passage of hateats for the
reading and writing of a register.

The current pulsc%q in the driver stages (Fig. 29) of register MR aower line flows in the

circuit: OVs, driver stage Y910, the wirZTSS, the wire of the record of the line of registdre t
diode, driver stage Y910, 400hm resistors,-U

The identical direction of the write half-curred, which take place through the ferrite cores of
2

only the 4th byte, create the summed current Imchviensures the polarity reversal of the ferrite
cores and writing of the corresponding informatiorthe absence of the opposite current from the

inhibit drivers. The opposite inhibit current dfet bytes of the [four bitsjzm flows through the
ferrite cores and creates the resulting curﬂ%ht The resulting current for the polarity reversal

the ferrite cores is not produced.

The writing of information into the 12th byte ocswanalogously with writing into the 4th byte.
In this case instead of gate K13 enabling the spording driver stage Y910, it occurs through
gate K15.

4 794
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The writing of information into the 8th byte occuasalogously with writing into the 12th byte,
but in this case instead of gate K19 enabling tireesponding driver stage Y910 it occurs through
gate K17. In the process of writing information yrhe ferrite cores of the four bits reverse
magnetism when a zero is written. The four bitscofes written with a one do not reverse
magnetism.

Control of write inhibits operations occurs througates K24, K1, K2 and K25 (Fig. 30, see
supplementary sheet).

Write inhibit current pulses are shaped at outplts, BL2, BL4, BL8 of the inhibit drivers and
respectively enter the first, second, third andtfomemory arrays. Write inhibit pulses prevent the
reversal of polarity of the corresponding four itercores.

[11.2.  Entry of digital information.

The input of digital information into the arithmetiogic unit occurs by consecutive usage of the
corresponding keyboard, beginning from the higheordigit of the number. In this example the
assigned degree of accuracy is set by rotatinglémémal point position switch to the number 3.
Prior to entering any information the machine setento operating conditions and it is completely
prepared for executing arithmetic operations. Lseexamine the sequence of the operation of the
overall functional (logical) diagram of machine edn the example of entering the numbers 763,
542.

In the initial state of the keyboard input unitgFiL9) a logic O signal from the power supply
through connector 5V3, series-connected contactshefdigital and functional keyboard and

connector 7V3 arrives at the K inputs of the Keydadiagram (Fig21, 30(see supplementary shéet)

From output@ of the keyboard diagrams a logic 0 signal throagh7k resistor is fed to the input
of inverter N61 (Fig. 30 see supplementary sh&edm output ST + KO of the inverter N61 a logic
1 signal enables the operation of gate K186 and tbaunter.

The entry of the high-order digit of the numbererssured by pressing the key for number 7,
which changes the position of the correspondingamimand disconnects the logic O signal chain

from the K input of the keyboard diagram. At outpi©O of the keyboard diagram a logic 1 signal
is generated, which through the 4,7k resistor & tie the input of inverter N61 (Fig. 30 see
supplementary sheet). The phase of the input kigriaverted, and from output ST + KO of the
inverter a logic 0 signal enters the input andllessgate K186. This disables the Z counter.

The closing contacts of the digital "7" key ensuiles connection of a logic 0 signal from the
power source through the connector 5V3 (Fig. 18¢, ¢onsecutively connected contacts of the
functional keyboard section and the connector ®/heé input 7K of the encoder diagram (Fig. 20).

From the input of the keyboard encoder diagrange 10 signal through the diodes of the
keyboard encoder and the filter circuits L10, L0LB], L14.
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From the output Z/0 of the keyboard diagram a I@ygignal enters through a diode to the input
of monostable ST (flip-flop Schmitt) and then te ttontrolling input of the differentiating circuit
for flip-flop VER (inversion of the monostable Siom a logic 0 input signal proceeds with a delay
of 10ms.)

Simultaneously from outputs Z/10, Z/20, Z/40 of Keyboard filter circuits L13, L11, L14 logic
0 signals enter the controlling inputs enablingdtferentiating circuits of the flip-flops for [EtE1,
E2 and E4 of register E.

After the disconnection of the Z counter, logisi@nals from outputs Z1, 22, Z4, Z8 and Z16 of
inverters N79, N81, N83, N84 and flip-flop Z16 deel to the inputs of gate D13. From the output
of the gate a logic O signal enters inverter NB6,ghase of the input signal is inverted, from autp

Z of the inverter a logic 1 signal enters the ingoitl prepares for the operation gate K137. Pulses
S1 through gate K137 enter the input of inverteBNB5At the output of inverter N56 the signal
EING (entry) is formed a pulse train of identicalarity, similar in form to the S1 pulses. (Witreth
series connection of two inverters the phase ofrtpat signal from the input of the 1st inverter to
the output of the 2nd inverter does not change.)

The series of pulses EING are fed to the inputtefcorresponding differentiating circuits and
invert flip-flops VER, E1, E2 and E4. The invensiof flip-flops E1, E2 and E4 corresponds to
writing the number 7 (0111) into the four flip-flswf register E. From the VER output of inverter

N68 a logic 1 signal disables gate K86 (second iggiet F3=1).

From the output of gate K86 a logic 1 signal thioggte D14 is fed to the input of inverter N34.
From output HV of the inverter a logic 0 signalabtes the operation of the V507 read amplifiers.

As a result of the inversion of flip-flop VER a lieg) signal from outputﬁ of inverter N67
enters the collector input, setting and blockingunning order the flip-flop UV. From the output of
flip-flop VF a logic 1 signal enables gate K84 fbe signal VLS. Monostable ST is inverted into

the working order after the pulse delay time. Ftbmoutput of the monostable a logic 0 sigST'Sﬂ
disables gate K137, which terminates the seri€d6 pulses.

Simultaneously the logic 0 sign8Tis fed to the input of inverter N61. The phasehef signal

is inverted, and from output ST + KO the logic §rell enables gate K186. The inversion of
monostable ST into the reset state occurs as # theuelease of a digital key and breaking of the
corresponding contact, pulse S1 through gate K186 differentiating circuit sets flip-flop Z1
incrementing the Z counter. From output Z1 of in@eN79 a logic 1 signal through gate D13 is fed
to the input of inverter N36. From the Z outputtioé inverter a logic 0 signal through gate D25 is
fed to the input of inverter N69. (The remaininguts of the gate D25 at this time enter logic O
signals). From the output of the inverter a logisidgnal inputs K162 and ensures the shaping of
pulses MS.
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Before the switching of functional keys at outpoitshe gates D11 and D15 are generated logic O
signals, which are fed to the inputs of inverter8B9Nand N38. At outputs of the inverters is
generated a logic 1 signal MRS, which governs theration of the MR register. The position of
the Z counter (00001) corresponds to control offthe bits of the 1st byte of the MR register.
Flip-flop LES-SCHREIB is reset. From output LESin¥erter N25 a logic 1 signal enables gates
K12 and K16 to enable the driver stages for thdaatof information.

Clock pulse S through gate K162 by a positive \ga@tdrop triggers the timing monostable t. At
the output of inverter N2 a 4uS pulse t with a tlaraof 4uS is generated, which through gates K&,
K12, K16 and K20 enables the corresponding dritegess and thereby the readout of the stored
information 0000 from the four ferrite core plamméshe 1st byte of the MR register.

Simultaneously pulse? from the output of invertet Mirough differentiating circuit sets
flip-flop S1 into the working order.

From output S1 of inverter N30 a logic 1 signalldaa gate K79 andnable/disables gate (?)
K74. Sequential clock pulses S through gate K79 theddifferentiating circuit resets flip-flop S1
into the initial state. A positive voltage drop milse S1 through gate K74 and the differentiating
circuit sets flip-flop LES-SCHREIB into the workirggder. From output SCHREIB of inverter N26
a logic 1 signal enables gates K13 and K19 of tmgewdrivers. Simultaneously from output
SCHREIB a logic 1 signal enables gates K24, K1aKad K25 of the inhibit driver stages.

The flip-flops E1, E2 and E4 of register E are tedain running order. From the outputs of
flip-flops E1, E2 and E4 the signals of the 1sbtlgh the gates D1, D2 and D3 are fed to the inputs
of inverters N4, N6 and N8. The phase of the edteignals is inverted, from outputs C1, C2 and
C4 a logic 0 signal disables the operation of gi@&$, K1 and K2 of the inhibit driver stages of the
1st, 2nd and 3rd bits of the four ferrite core pkan

The flip-flop E8 is reset. From output E8 of imnertN21 a logic 0 signal through gate D4 is fed
to the input of inverter N10. The phase of theesad signal is inverted, from output C8 a logic 1
signal enables gate K25 of the inhibit driver stafjiehe 4th byte of the four ferrite core planes.
Sequential clock pulses S through gate K162 setostable t. At the output of inverter N2 is
generated the pulse t, which through gates K6, KIIB and K20 enables the write driver stages.
Simultaneously pulse t through gate K25 will enablke inhibit driver stage, at the output of which
it formsan inhibit pulse for the 4th bit of the four feericore planes.

From the output S1 of the N30 inverter, The | sigmders the inputs, opens the circuit To 79 and
prepares the circuit To 74. Another clock pulgtrSugh the circuit K79-and differentiating circuit
overturns trigger S1 to its original state. Positpulse voltage drop S1 via K74 circuit and
differential circuit tilt trigger LES-SCHREIB in wking condition. From THE schreib output of the
N26 inverter, The | signal enters the input angpres for the operation of the K13, K19 circuit to
start the exciting information recording stagesa@taneously with the output of SCHREIB, the
signal L enters the inputs and prepares for theabipa of the K24, K1, K2, K25 circuits of the
recording ban stages.
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The current pulses of the write stages produavarsal of polarity in cores 1, 2, 3 of the four
ferrite core planes, which corresponds to writihg humber 7 (0111) into the 1st byte of the MR
register.

Simultaneously from the output of inverter N1 putséhrough a differentiating circuit sets flip-
flop S1 into the working order. From output S1 mferter N30 a logic 1 signal disables gates K74
and K84 andenables gate (?K79. Sequential clock pulses S through gate K79 #mal
differentiating circuit resets flip-flop S1 intoghnitial state, from output S1 of inverter N30ogit
0 signal enters the inputs and shuts gates K74K8dd A positive voltage drop from the output of
gate K74 through the differentiating circuit reséip-flop LES-SCHREIB into the initial state.
Simultaneously with the shaping of the pulse Sbugh gate K84 at output of inverter N33 is
shaped the pulse VLS, which through gate K187 &eddifferentiating circuit resets flip-flop Z1
into the initial state.

At output Z1 of inverter N79 is formed a positiveltage drop, which through gate K188 and the
differentiating circuit sets flip-flop Z2 into th&orking order.

The position of the Z counter (00010) correspormdsantrol of the four bits of the 2nd byte of
the MR register. The mode of operation of the fiomal diagram in the process of reading and
writing the 2nd and subsequent bytes does not ehang

The VLS pulse of the 15th byte through gate K183uees the sequential inversion of flip-flops
Z1, Z2, Z4 and Z8 into the initial state, and Z16to the working order. From flip-flop Z16’s
output a logic 1 signal disables gate K196, from dltput of the gate a logic 1 signal is fed to the
input of inverter N86. From output Z16 of inverid87 a logic 1 signal prepares for the operation of
gate K160 and disables gate K212.

From the output of gate K212 a logic 1 signal o tie@ the input of inverter N88.
From outputS16 of inverter N88 a logic 0 signal enters the ingnitl disables gate K187.

Simultaneously from outpu S16 a logic O signal entarsontrol input and enables the
differentiating circuit of the Z16 flip-flop.

The VLS pulse of the 16th byte through the prepaliéérentiating circuit resets flip-flop Z16
into the initial state and turns off the Z countdy.positive voltage drop of the Z16 flip-flop owtp

through another differentiating circuit (Witﬁ-?:O) sets flip-flop F3 into the working order. From

output F3 of inverter N64 a logic 0 signal enters the inpotl disables gate K86. Simultaneously a
VLS pulse through gate K16{(K161?]* and the differentiating circuit (with UBER=0) reset
flip-flop VER into the initial state. A positiveoltage drop of the VER output of inverter N68
through the differentiating circuit of flip-flop UM resets it into the initial state.

* - Gate K160 is split over boards 8, 9 and 10, but on board 9 it seems to be numbered K161. The three
connections required are all on pin 57 (B26) of each board on the backplane but are named on the German
logic diagrams thus :-

Board 8= K(VOR VLS, A8, R, RU, s16)
Board 9= K(VOR VLS, A8,R, RU, s16, AUSG) (Inverted R, added AUSG)
Board 10 = K(VOR VLS, A8, R, RU, AUSQG (S16 missing, inverted AUSG)

On the www.soemtron.org diagrams this net has been called \A8-RU. A8-RU
101



After disconnection of the Z counter the pulse Bibugh gate K186 and the differentiating
circuit (X=0) sets flip-flop Z1 incrementing thecounter.

The following number when entered is written inégister MR which is then displayed by the
operation of the Z counter.

Entering the second and following numbers of anmgta proceeds in a sequence, analogous to
entering the first number of an example but wittheahanges, which consist of the following:

1) The working order of flip-flop F3 during the deaut of information in notebook each byte
ensures the disabled state of gate K86 and, asuli,ra logic 1 signal at output HV of inverter N34
which enables and prepares the read amplifiers ¥&@O@peration.

2) After the switching on the counter and pulse ithwthe initial state of flip-flop
LES-SCHREIB ensures the reversal of polarity olesoand the readout number 7 (0111) from the
1st byte of the MR register. On reading the faamrife core planes an EMF is directed, which
inputs and excites amplifiers of the 1, 2 and 3rdbits. At the output of the read amplifiers are
short-term pulses, shaped through differentiatinguds, which by a positive voltage drop set flip-
flops Al, A2 and A4 into the working order.

3) Pulse t following the usual sequence ensureseit@rding of the number 6 (0110) from the
four flip-flops of register E into the four bits tfe 1st byte of the MR register.

4) Pulse VLS of the 1st byte through the approeriifferentiating circuits set flip-flops Al,
A2 and A4 into initial order. Positive drops in theltage of outputs A1F, A2F and A4F are fed to
the inputs of the differentiating circuits of flipps E1, E2 and E4 with the enable inputs SUB.

At the outputs of the differentiating circuits wiBUB=0 positive polarity pulses, respectively set
flip-flop E1 and does not change the state of fligps E2 and E4. From outputs Al, A2, A4 of
inverters N5, N7 and N9 logic 1 signals enter tbetilling inputs and block the operation of the
differentiating circuits for the inversion of flif,eps E1, E2 and E4 into the initial state.
Simultaneously with the inversion of the four ffipps of register A into the initial state pulse §L
of the 1st byte enters the inputs of the diffel@mg circuits and does not invert flip-flops E2dan
E4 into the initial state.

Consequently, the inversion of the four flip-flop$ registers A and E from the pulse VLS
ensures the re-writing of the information of thearfdip-flops of register A into the four flip-flag of
register E. The resetting of the four flip-floplsregister E into the initial state from the pulkES
proceeds only when to the controlling inputs Al & &f the corresponding differentiating circuits
enters a logic 0 signal, I.LE. when flip-flop A isthe initial state, and the corresponding fligafia
IS in running order.
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5) After switching the Z counter for the readingdanriting in the 2nd byte the first pulse t
ensures readout 0000. The second pulse t enswgesdord of the number 7 (0111) into the four
bits of the 2nd byte of the MR register. The fligps of the A register are in the initial state,
therefore, pulse VLS resets the four flip-flopg@gister E into the initial state.

6) Further operation of the Z counter flows in tlseial sequence.

7) Entry of the next number occurs in a sequentapgous to the input of the second number of
an example, I.E. with a one byte shift to the ¢éfthe previously entered number 76. As a redult o
the entry of three numbers, into the four bits teg MR register will be written the number 763
(0111 0110 0011). Flip-flop F3 remains set to taetof the corresponding functional key.

[11.2.1. Decimal point key "comma”.

The position of the decimal point switch throughhtamts G21, G22, G24, G28 of the switch
wafers where logic 0 signals are generated, whiobugh the appropriate encoder circuit diagram
are fed to the inputs of the differentiating citsuand govern the start of the Z counter (Fig. 22).
The start of the Z counter and the selection X 6-KJ) of the byte of memory unit (where K
corresponds to the accuracy of the degree of alon) occurs with the operation of the
"decimal point" key. In accordance with the examiple 3, at outputs G21, G24, G28 we obtain a
logic 0 signal, which through connectors 4V5, 6V¥5 and the installation of arithmetic-logic unit
enter filters L7, L9, L4 (Fig. 30 see supplementsingets). From the filter outputs G210, G240,
G280 logic 0 signal enters the control inputs arepare for the operation the differentiating citsui
of the corresponding Z counter flip-flops.

The "decimal point" key is included after the irgegart of a number. Usually the operation of
the "decimal point" key occurs when the quantityddafits in the fractional part of the number is
greater than the established degree of accuracgladilations. If a quantity of decimal digits okth
fractional part of the number corresponds to thalkdished degree of accuracy of calculations,
operation the "decimal point" key is not required.

After pressing the "decimal point" key a sequerrglogous to the description of the operation
of a digital key, occurs the switching of the cepending contact of the input unit and the
preparation of the arithmetic-logic unit scheméicthe disconnection of the Z counter.

The switched contact of the "decimal point" keyotlgh connector 1V4 and the encoder diodes
connects a logic 0 signal to the inputs of the micrencoder and filters L10, L14 and L12, from the
outputs Z/0, Z/40 and Z/80 of the diagrams a l@gysignal enter the inputs and enable the operation
of the differentiating circuits of flip-flops VERE4 and ES8.

From output ST + KO of inverter N61 a logic O sigdesables the operation of gate K186. As a
result after the end of calculations the startefZ counter through gate K186 does not occur.
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At output Z of inverter N36 a logic 1 signal is generated Whémables gate K137. S1 pulses
enter the input of gate K137, as a result of whitbutput of inverter N56 is formed the pulse train
EING (entry). The serial EING pulses through tliéecentiating circuits set flip-flops VER, E4
and E8 into the working order.

The working order of flip-flops E4 and E8 ensurke tecording into the four bits of register E
the number 12 (1100), which it is conditionally tmary to assume as the X12 marker. From

output\ﬁof inverter N67 a logic O signal enters the colbedhput, it sets and retains in running
order flip-flop UV.

Simultaneously from outpuﬁ: a logic 0O signal enters the control input of thiéedentiating
circuit and prepares the inversion of flip-flop UBEoverflow) into the working order.

From the flip-flop outputs E4 and inverters N21 &8 N68 VER, logic 1 signals disable gate
K59. From the output of gate K59 a logic 1 sigriabtgh gate D5 is fed to the input of inverter
N17. At output "X" of inverter N18 a logic 1 signa generated, which enters the control input of
the differentiating circuit of flip-flop Z1 and dibles the operation of gate K186. Simultaneously

from output "X " of inverter N17 a logic 0 signal enters the cohtnput and prepares for the
operation the differentiating circuit of flip-flopl. With the operation of the "decimal point" key a
logic O signal from output Z/0 of the keyboarddiltL10 enters the keyboard monostable and sets
flip-flop ST in working order for 10mS. From outp&T + KO of inverter N61 a logic 1 signal
enables gate K186.

Pulse S1 through gate K186 and the differentiatimguit sets flip-flop F1 into the working
order. From output F1 of inverter N62 a logic Insigdisables gate K138. From the output of gate
K138 a logic 1 signal passes through gate D26 verter N54. At output G2 of inverter N54 is
formed a positive voltage drop, which via the diffetiating circuits, sets flip-flops Z1, Z4, Z8 and
Z16. The position of the Z counter correspondstmrd number (11101) and to control of the 13th
byte of the MR register. Simultaneously a positiweitage drop of output G2 through the

differentiating circuit withVEF=0 sets flip-flop UBER into the working order. Atitput UBER of
inverter N22 a logic 1 signal is generated, whictees the control input of the differentiating ciitc
of flip-flop VER and disables the operation of gKtEs0.

In the usual sequence the read and write cycles fh@ four bits of register E rewrite the X12
marker into the 13th byte of the MR register anduee error and disconnection of the Z counter
with pulse VLS of the 16th byte. Flip-flop VER rema in running order, .E. The operation of
gate K160 from the pulse VLS is blocked by a lafjisignal at the controlling input UBER of the
differentiating circuit.
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After the disconnection of the Z counter, from (ultﬁ of inverter N36 a logic 1 signal enables
gate K66. Clock pulse S through gate K66 and tliferéntiating circuit with MUL = O resets
flip-flop UBER into the initial state.

The controlling input R of the differentiating airics of the four bits of the register E flip-flops
enter a logic 0O signal.

A positive voltage drop from the UBER output of émer N22 enters the inputs of the
differentiating circuits and set flip-flops E2 a8 Ehto the working order. The working order of
flip-flops E2 and E8 corresponds to writing inte tfour bits of register E the number 10 (1010),
which it is conditionally customary to assume asXi0 marker .

Sequential pulses S1 through gate K186 and therdiifiating circuit with X=0 set flip-flop Z1
incrementing the Z counter.

In the usual sequence the read and write cyclesiteethe X10 marker from the four bits of
register E into the 1st byte of the MR register andure a left-shift to one byte of the previously
entered X12 marker and the digits of the integet plathe number, as a result the operation of the
"decimal point" key the marker will be written intbe four planes of the MR register with the
integer part of the number of - 0@R00000000763 .

0000 0000 1100 0000 0000 0000 0000 0000 0000 0000 0000 0111 0110 0011 1010
Pulse VLS of the 16th byte through the differemmtigicircuit with S16 =0 resets flip-flop Z16
into the initial state and turns off the Z count®multaneously pulse VLS through gate K160 and

the differentiating circuit with UBER = 0 reset#fflop VER into the initial state.

A positive voltage drop of the VER output of invartN68 through the differentiating circuit
resets the UV flip-flop into the initial state.

Flip-flops F1 and F3 remain set. Sequential pu&kdhrough gate K186 and the differentiating
circuit sets flip-flop Z1 incrementing the Z counte

The cycles of the Z counter occur before the switglof a digital or functional key and ensure
the display of digital information, X10 marker asign of the number.

[11.2.2. Input of a fractional part of a number.

Entry of each digit of the fractional part of a ruen occurs in a sequence, analogous to the
description of the entry of the digits of the indegart of a number, with the shift to one byt¢he

left of the previously entered numbers and X12$h@ markers.

As an example after the entry of the number 4 (D18 X12 marker (1100) will be written into
the four bits of the 16th byte of the MR registe;:00000000076354.

1100 0000 0000 0000 0000 0000 0000 0000 0000 ODDD 0110 0011 1010 0101 0100
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As a result of the entry of the number 2 (001@®, IThe last fractional digit part of the example
number, the X12 marker is rewritten from the foiis lof 16th byte of the MR register into the four
flip-flops of register A.

Flip-flops A4 and A8 invert into the working ordefrom the 48 flip-flop outputit a logic O
signal disables the operation of gate K160. Assalt flip-flop VER is not inverted froom the VLS
pulse of the 16th byte.

From the outputs of inverters N9 and N11 logic dnais enteinputs A4, A8 and di disable gate
K56. From the output of gate K56 a logic 1 sigriabugh gate b is fed to the input wt of inverter
N17.

From outputX of inverter N17 a logic O signal is fed to theut of inverter N18. Frrrom output
X of inverter N18 a logic 1 signal enters the cohtnput of the dfferentiating circuit & and blocks
the inversion of flip-flop Z1 through gate K186. I8 VLS of the 16th byte ththrough the
differentiating circuit reset flip-flops A4 and ABto the initial stat and store the X12 n2 markeo in
the four flip-flops of register E. From the outpuisflip-flops A4 and A8, logic 0 signaals disable
gate K56. From outputs E8 of inverter N21 a log&idnal disablegate K59. As a resul2sult at output
X of inverter N17 there remains a logic O signdlpatput X of nverter N18 - a logigic 1 signal.
Simultaneously the VLS pulse of the 16th byte tigtoa differentiting circuit resets flifflip-flop Z16
into the initial state and turns off the Z countekfter the entry cthe last figure of the he fractad
part of the number, into the four planes of the M&iste will be stored ththe number
000000000763%542 with the X10 marker.

(0000 0000 0000 0000 0000 0000 0000 0000 0000 011@ (011 10100101 0100 00 0010)
After disconnection of the Z counter sequentidsp Y disable ge K76.

From the output of gate K76 a logic 1 signal is fedhe inptt of gate D10 and swswitches the
memorising circuit into the working order. As asué of the svitching at the Ru output of
inverter N23 we obtain a logic 0 signal, at thedriput of inverteN24 - a logic 1 signalyal. From the
RU output of the inverter a logic 1 signal disaldese K77. Simuaneously from the Rii Rl output of
the inverter a logic 1 signal enables gates K188 K192 and195. From the Ru output of
inverter N23 a logic 0 signal disables the operatibgates K188, K190 and K193. From the output
of gate K77 a logic 1 signal is fed to the inputgate D10 and ensures the working order of the
memorising circuit until the F1 input of gate K7aters a logic 1 signal (I.E. until flip-flop F1 s®t
in running order).

The following pulse S1 through gate K195 and tHé&edkntiating circuit sets flip-flop Z16 and
starts the reverse counting of the Z counter. Rureverse counting of the Z counter occurs the re-
writing and shift of the number in the MR registeithe right by one byte.

From output of flip-flop Z16 a logic 1 signal didab gate K196. From output S16 of inverter
N87 a logic 1 signal enables gate K81. After thadout of the four bits of information (0000) of
the 16th byte, pulse S1 through gate K74 and tiierdntiating circuit sets flip-flop LES-SCHREIB
into working the order.
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From output SCHREIB a logic 1 signal disables d&8d, from the output of which a logic 1
signal through gate D11 is fed to the input of meeN29. From output MRS of the inverter a
logic O signal disables the operation of gate Ké&vpnting the writing of the X12 marker into the
16th byte of the MR register. Pulse VLS of the 16yte through gate K187 and the differentiating
chain ensures the setting of flip-flops Z1, Z2,at Z8 into the working order and so switches on
counter Z. The position of the Z counter corresjsoto control of the following, I.E. by the 15th,
byte. Simultaneously pulse VLS through the difféiamg circuit set flip-flops E4 and ES8 into the
initial state. From outputs E4 of the flip-flopgl Bnd E8 and from inverter N21 a logic O signal
disable gate K56. As a result at the X , X. Owplitinverters N17 and N18 the signals change
to the hitial state. Re-writing and shift ot of thdarmation of the four bits of the remaining bytds
the MRregister and the X10 marker occuccurs in thealisequence.

During the readout of the four bits o5 of the 4th btite X10 marker is rewritten into the four
flip-flops of register A. From the outputs its of flifpps A2 and A8 a logic 1 signal disables gate K57,
from the output of which a logic 1 signalnal througiteyD5 is fed to the input of inverter N17. From
output X of the series-connected inverter rter N18 acldgsignal enables gate K158. Pulse VLS of the
4th byt through gate K158 and the diffelifferentiatinguit resets flip-flop VER into the initial state
Simulteneously pulse VLS ensures the he re-writingh@f X10 marker from the four flip-flops of
registel A into the four flip-flops of regigister Exéh switching the Z counter for re-writing without
shift of the remaining three bytes of the he MR regjisClock pulses S during the readout of the 3rd
byte casecutively through gates K60 anc and K70 rifigetiops E2 and ES8 into the initial state. As a
result « this the X10 marker is not wriwritten intad3he byte of the MR register. Flip-flop Z16
remain. set after the reading and writingting of thiebyge. From output Z16 of the flip-flop a logic 1
signal lisables gate K196. From output put S16 of itereN87 a logic 1 signal disables gate K150.
(The cmtrolling VER input of the diffeferentiatingreuit of flip-flop F1 enters a logic O signal).
Pulse YLS of the 16th byte ensures the the settindipffibps Z1, Z2, Z4 and Z8 and control of the

15th bye of the MR register. From outputpufd, Z2, Z4and Z8 logic 0 signals disable gate K196.
A posiive voltage drop from the S1616 output of irree N87 through gate K150 and the
differertiating circuit resets flip-flop F1-1 into ¢hinitial state. From output F1 of inverter N63 a
logic Osignal disables gate K77. The me memorisingud is switched into the initial state, at outpu
Ri and Rl of inverters N23 and N24 are are restored tiialisignals, which ensure further operation
of the Z counter in the forward direction.

Pulse VLS of the 15th byte through gate K187 anel differentiating circuit ensures the
sequential reset of flip-flops Z1, Z2, Z4 and Z®ithe initial state.
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Flip-flop Z16 remains in running order. At outpﬁG of inverter N88 a logic O signal is

generated. Pulse VLS of the 16th byte through tfierdntiating circuit withS16=0 resets flip-flop
Z16 into the initial state and turns off the Z ctamn After the disconnection of the Z counterhe t
four planes of the MR register the number 0000000638542 will be stored.

(0000 0000 0000 0000 0000 0000 0000 0000 0000 00MM 0110 0011 0101 0100 0010)

Sequential pulse S1 through gate K186 sets flip-#4 into the working order and starts the Z
counter, whose operation ensures the display oititeen information in the four planes of ferrite
cores of the MR register.

[11.2.3. Entry of a number with less digits than the Decimal Point setting.

The entry of digits of the entire and fractionattpaf a number occurs in a sequence, analogous
to the description of the example of the entryhaf humber 763,542.

After the end of the entry of a number with a qugrdecimal digits less than the established
degree of accuracy, which let us take as equdireetdecimal points (1), the decimal point is
included by entering one of the functional keys tfue completion of the specific operation. The
operation of a key ensures the shift of the nunamel the combination of its bytes in accordance
with the degree of accuracy of the forthcoming wlatons accepted. The closed contact of the
pressed key through one or several diodes of thetibnal keyboard encoder (Fig. 19) connects a
logic O signal to the input of keyboard filter LZ5rom output FUO of the diagram a logic 0 signal
enters the controlled input and prepares for trexatn the differentiating circuit of flip-flop VR.

Pulse EING through the differentiating circuit sétp-flop VOR into the working order. A

positive voltage drop of th&/ORoutput of inverter N59 through the differentiatingcuit sets
flip-flop VER into the working order.

After switching of the contact of the entered fumieal key into its initial state, at the ST+KO
output of inverter N61 a logic 1 signal is genedatehich enables gate K186.

Pulse S1 through gate K186 and the differentiatimguit sets flip-flop Z1 incrementing the Z
counter. During the first cycle of the Z countee thumber, established in the MR register together
with the X12 and X10 markers are shifted one bytthé left.

From outputVOROf inverter N59 a logic O signal disables the opieraof gate K160 of the
inversion of the VER flip-flop into the initial si&

If as a result of the first shift the X12 markemigt read from the 4 bits of the 16th byte of the

MR register, counter Z is included for the follogierror and the shift of the number (quantity of
operations of shift it is determined by the posital the decimal point switch).
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The shift of the number in the MR register occunsilithe X12 marker is found from the 16th
byte of the MR register. After reading out of &2 marker in the usual sequence occurs the shift
of the number in the opposite direction, the emsfrthe X10 marker, the resetting of flip-flops
VER and F1 into the initial state and stopping Zheounter. As a result of stopping the Z counter

attheZ output of inverter N36 a logic 1 signal is geneda¢nabling the operation of gate K151.

Clock pulse S through gate K151 and the differéinigacircuit resets flip-flop F3 into the initial
state. Flip-flop VOR remains set and ensures patjoa for the operation of the corresponding
functional key.

As an example of the automatic combination of hytee number 763,5 which was entered
before the operation of a functional key, the nunmié;;000000000763%5 was stored into the
four planes of the MR register in the following erd

(0000 1100 0000 0000 0000 0000 0000 0000 0000 0000 0111 0110 0011 1010 0101)

After the operation of a functional key and theresponding shifts of the number, in the four
planes of the MR register will be stored 0000000@3%500 in the following order:

(0000 0000 0000 0000 0000 0000 0000 000 0000 OMMM 0110 0011 0101 0000 0000)

In the case, when a quantity of the decimal digitthe number corresponds to the established
degree of accuracy of calculations, after the dmeraof a function key, automatic shift is not
included. The flip-flop VER is set into the worlgirorder from a positive voltage drop, entered

from the VOR output of inverter N59. Sequential clock pulsesh®ugh gate K151 and the

differentiating circuits withVOR=0 reset flip-flops F3 and VER into the initial ®aGate K151 is
prepared for the operation by the initial statdipfflop F1 and the Z counter.

[11.2.4. Entry of "minus" sign.

A negative number sign "minus” is written as a c6001 in the 16th byte of the MR register
with the operation of the "-# " key, the closed tem of the pressed key through the encoder diodes
connects a logic 0 signal to the inputs of the kayld functional encoder filters L17, L23 and L25.
From output FUO of the keyboard filter L25 a lo@icsignal simultaneously is fed to the input of
flip-flop ST and the controlling input of the diffentiating circuit of the VOR flip-flop.

From output SUBO of the keyboard functional encoliéer L23 a logic O signal enables the
operation the differentiating circuit of the MZdiflop. Pulse EING by a positive voltage drop set

flip-flops VOR, F6, VER and MZ into the working ced A positive voltage drop of theEF
output of inverter N67 on the collector input resand blocks flip-flop UV in running order.
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After resolution of a question of the shift of thember into correspondence with the description
of the operation of diagram (Section. 111.2.3) ffipps F3, VER and UV reset into the initial state.
From output F3 of inverter N65 a logic 0 signabiigh gate D24 is fed to the input of inverter N51.

From the EING2 output of the inverter a logic 1nsijenters the input resistor of gate K141.
After setting flip-flop ST into the working ordet autput ST+KO of inverter N61 a logic 1 signal is
generated, which enables gate K186. Pulse S1 thrgatg K186 and the differentiation chain sets
flip-flop Z1 incrementing the Z counter. The opera of the Z counter occurs simultaneously with
the arrival a logic 1 signal at output EING2 ofe@nter N51. After disconnectingtopping ?the Z
counter, at output S16 of inverter N87 is formegbaitive voltage drop, which through gate K141
and the differentiating circuit resets flip-flopiRto initial state. From output K of inverter N%8
logic 1 signal enables gatel94. Simultaneously from output Z of inverter N36 a logic ‘¢ 1 signal
disables gate K63. From thutput of the gate a logic 1 signal is fed to the input of inverterter N20.
From output X + E8 of in:xrter N20 a logic 0 signal enters the control input and enatnables the
operation the differentiatio chain of flip-flop Z16. Pulse S1 through gates K194 ancand K142
simultaneously sets flip-flog16 into working, and reset flip-flops R and VOR into the initiatial state.

A positive voltage drop om output R of inverter N58 through the differentiation chainain resets
flip-flop F6 into the initial stee.

The working order of tt Z16 flip-flop corresponds to control of the 16th byte of f the MR
register.

From outputs S16R ,anc VOR  of inverters N57, N59 and N87 logic 1 signals disatble gate
K152. From the output of gz K152 a logic 1 signal through gate D1 is fed to the input of :of inverter
N4. From output C1 of thenverter a logic 0 signal disables the operation of gate K24 24 and the
inhibit stage BL1 pulses. Rd and write cycles produce the writing of the "minus" sign cocode 0001
into the four bits of the 1 byte of the MR register. Pulse VLS of the 16th byte thronrough the
differentiating circuit resetsip-flop Z16 into the initial state and turns off the Z counter. Fr. Flief
MZ resets into the initial ate from a positive voltage drop on input EING or VOR of the
differentiating chains with the operation respesijnof a digital or functional key.

[11.2.5. Erasing the MR register.

Clearing the MR register is accomplished by pressive master clear key L6 or as a result of
pressing a digital key after the completion of athenetic operation.

1. Clearing written information in the MR registeith the L6 key is described in section
I.1.

2. Clearing written information in the MR regisigith the clear entry key "C " flows in the

following sequence, analogous to the descriptiothefentry of the first digit of a number,
with some changes which consist of the following.
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After switching the key contact a logic O signafoingh the diodes of the digital
keyboard encoder enters the keyboard filters LIbld®. From outputs Z/0 and CO of the
keyboard filters a logic 0 signal enters the cdntiput differentiation chains of flip-flops
F3, F1 and VER. In the usual sequence at the owtpimverter N56 is formed the pulse
train EING.

A positive voltage drop of pulse EING through th#edentiating circuits sets flip-flop

VER and resets flip-flops F3 and F1. From outpuiERvandF3 of inverters N68 and N64
logic 1 signals disable gate K86. From the outdiugate K86 a logic 1 signal through gate
D14 is fed to the input of inverter N34. At outgdV of the inverter a logic O signal is
generated, which disables the operation of the agaplifiers, inversion of flip-flop VER
into the working order ensures the start of theadinter through gate K186 and the
completion of the shift operation without reverseard, I.E.. The erasure of information
in the MR register. After erasure of the inforroatin the 16th byte of the MR register
The VLS pulse of the 16th byte through gate K16@ #me differentiating circuit with
UBER = 0 resets flip-flop VER into the initial stat

3.  Erasure of the information in the MR registecus if:

3a) After the operation of a digital key before tpeeration of the "comma" key flip-flop F3 is
located in running order;

3b) After operation of the "comma" key flip-flopd Bnd F3 are located in running order;

3c) After the completion of an arithmetic operat@mre-writing flip-flops F1 and F3 will be in
the initial state.

In all cases operation of the "C" key respectiaigures the resetting of flip-flops F1 and F3 into
the initial state and setting of flip-flop VER intbe working order. The inversion of flip-flops
VER and F3 in the sequence, analogous to the g@éscriof the point of 2 these paragraphs,
ensures the erasure of the MR register information.

[11.2.6. Display of digital information markers and "minus" sign.

Fundamental device operation and the start in dipgraonditions of the display unit occurs in
accordance with the description of sections Illi31.1., 1ll.1.3. After operation of relay RELhé
-UA, +UA voltage supplies are simultaneously corteddo the anode and cathode amplifiers of the
digital display lamps. Operational control of themerical cathodes amplifiers is produced by

signals A1-A8,Al- A8 and C1-C8 through gates K53, K62, K5, K4, K3, K487, K46, K45 and
K44, which are configured as a decoder and ensueettansfer of the MR register digital
information from the binary coded decimal numemaggstem into the decimal system (Fig. 30).

The amplifier outputs ZV0, ZV1, ZV2, ZV3, ZV4, ZNVZN6, ZV7, ZV8 and ZV9 are connected
the cathodes of identical numbers (Fig. 31).
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Operational control of the anode amplifiers is ped by signals Z1 - Z8 andl+Z8 through
gates K197 - K211. The amplifier outputs SV1 - S\dre each connected to the anodes of the
digital indicator lights.

Prior to the entry of any information and as a fesuthe erasure of the operational registers by
the L6 key in each 4 bits of register MR is writ@00. Consequently, during the operation of the Z
counter the read and write cycles do not causeaagehin the initial state of the flip-flops of the
register. From outputs C1, C2, C4 and C8 of inverid4, N6, N8 and N10 logic 1 signals enable
gate K53
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Fig. 31. Circuit diagram for connecting cathode hfieps to the
numerical cathodes of the display.

During the readout of each byte inputs U and LE8rdogic 0 signals and disable gate K90. At
the output AU of inverter N35 a logic 1 signal isngrated disabling gate K53. From the output of
gate K53 a logic 1 signal through gate D8 is fethtinput of inverter N16. From tt0  output of
inverter N16 a logic O signal enables the cathadplifier for the number 0. At the output of each
amplifier the voltage -Wis generated which is connected to all of theadels of the display lamps
for the number 0.

Operation of the Z counter through gates K197 - K2hables the anode amplifiers. At each
amplifier output a -l voltage is generated, which is simultaneously ected to the anodes of the
corresponding display lamps and with the dathode voltage causes each number O to illuminate
The sequential operation of the Z counter ensuresntimber 0 illuminates in all positions of the
display unit.
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The relatively short time interval of one step betZ counter in a comparatively frequent
sequential connection of the feeding voltages does cause any noticeable change in the
illumination of the cathodes of each digital lamp.

After the entry of the first number of an examptbarough gate K186 the Z counter is
incremented and the usual sequence of re-writieginformation of the MR register MR is
carried out.

Inversion of flip-flop Z1 ensures control of thet byte of the MR register.

From output Z1 of inverter N79 a logic 1 signalatikes gate K197. From the output of gate
K197 a logic 1 signal enables the anode amplifter] as a result the wUvoltage supply is
connected to the anode of the 1st digital lamphefdisplay. Flip-flops UV and LES-SCHREIB are
in the initial state. The first cycle of the reatiproduces a readout of the number 7 (0111) fitwen t
four ferrite core planes of the MR register inte fhp-flops of the A register. Flip-flops Al, Azhd
A4 are set into the working order, from inverters, M7 and N9 logic 1 signals enable gate K46.
From the output of gate K46 a logic 1 signal is fedhe input of inverter N95. From the inverter
output a logic 0 signal enables the cathode amplibr the number 7 cathode. As a result voltage
--Ua is connected to all the number 7 cathodes ohalitidicator lights.

The simultaneous connection of the operating veltaig+U, and - U to the cathode and anode
of the 1st indicator light ensures the illuminatiohthe number 7 only in the 1st position of the
display.

Pulse S1 through gate K74 and the differentiatingud sets flip-flop LES-SCHREIB into the
working order.

The first write cycle produces the re-writing bétnumber 7 into the four bits of the 1st byte of
the MR register. The following S1 pulse througliegi74 and the differentiating circuit resets
flip-flop LES-SCHREIB into the initial state. A piive voltage drop from output SCHREIB of
inverter N26 through the differentiating circuittsdlip-flop UV into the working order. From
output V of inverter N28 a logic 1 signal disabige K85. From the output of gate K85 a logic 1
signal enters through gate D14 to the input of itereN34. At output HV of the inverter a logic 0
signal is generated, blocking the operation ofrdael amplifiers.

The second read cycle erases the information itficineferrite core planes of the 1st byte of the
MR register. Pulse S1 through gate K74 and thedifftiating circuit sets flip-flop LES-SCHREIB
into the working order.

The second write cycle writes the number 7 (01at ihe four ferrite core planes of the 1st byte
of the MR register.

Pulse S1 following through gate K74 and the difféisging circuit resets flip-flop

LES-SCHREIB into the initial state. A positive tede drop of the SCHREIB output of inverter
N26 through the differentiating circuit resets ffipp UV into the initial state.
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At the output of inverter N33 is generated the fuBse of the first byte, which through gate
K187, and differentiating circuits temporarily refig-flops Al, A2, A4, Z1 into the initial state.

From output V of inverter N28 a logic 0 signal dikes gate K85. The resetting of flip-flop Z1
into the initial state switches the Z counter fonttol and displays the 2nd digit of the MR registe

Digital lamps of the 2nd - 15th digits of the dmsyplproduce a display of the O number from the
Z counter. Display of the written digital informatti in the MR register occurs prior to the entry of
the second number of an example. After the entrth® second and subsequent numbers of an
example the display occurs analogously.

The display of the X12 marker is produced withwuaeking order of flip-flops A4 and A8. From
outputs A4 and A8 of inverters N9 and N11 logicignals disable gate K56. From output X of
inverter N18 a logic 1 signal through the gate ®&d to the input of inverter N16. From the output
of inverter N16 a logic O signal enables the caghadhplifier, which ensures the display of the
number O.

Display of the X10 marker is produced with the wogkorder of flip-flops A2 and A8. From
outputs A2 and A8 of inverters N7 and N11 logiddnals enter the inputs and disables gates K57
and(k51)* K56. From output X of inverter N18 a logic 1 sijti@rough gate D8 is fed to the input
of inverter N16. From the output of the inverteftogic O signal enables the cathode amplifier,
which ensures the display of the number 0.

Simultaneously from the output of gdt€51)* K56 a logic 1 signal through gate D6 is fed to the
input of inverter N89. From the output of the ineera logic 0 signal enables the cathode amplifier,
which ensures the display of the number 1, asdtrige display of the X10 marker is produced by
the combination numbers 0 and 1.

The display of "minus" sign occurs as a resulteaiding and writing in the 16th byte of the MR
register.

The first read pulse produces re-writing of therius" sign code 0001 into the four flip-flops of
register A. From output Al of inverter N5 a logicsignal prepares for the work gate K157. Pulse
VLS of the 16th byte through the differentiatingcciits reset flip-flops A1 and Z16 into the initial
state. A positive voltage drop from output Al oiverter N5 through gate K157 and the
differentiating circuit sets flip-flop MZ into theorking order.

From output MZ of the flip-flop a logic 1 signal ied to the input of the amplifier V700. From
the output of the signal amplifier a logic O lettelough the 82 ohm resistor ensures the illumimatio
of the miniature incandescent lamp of the "minugh slisplay (Fig.26).

During the Z counter cycle there follows in the w&ace, analogous to the description, through
gate K157 the flip-flop MZ resets into the initistlate. After each cycle of the Z counter flip-flop
MZ inverts into the working or initial condition.

The comparatively short time interval of one cyofehe Z counter and the frequent connection
of the signal voltage does not cause any noticedidages in the illumination of the "minus " sign
indicator.

* Note - The gatd&56 listed here is a correction from the original Rassnanual which listed the
gate a¥51, this did not match the circuit and original GDOdgjic drawings.

114



[11.3.  Algebraic Addition.

An algebraic Addition operation is carried out wilie operation of the functional keys "+", "- ",
II+ |II’ II+ |III’ ll+ Illlll II_III, ll_Illl and ll_Illll'

The operation occurs between the MR register atw@sponding AC register with the result of
the operation in AC register.

Depending on the functional key used (Addition abaction), the signs and the absolute
values of the terms the machines arithmetic-lognit yperforms an Addition or Subtraction
arithmetic operation in accordance with the givadrid:

, Sign and value of Operation Sign of result with

Switched Key register carried out ,gb\C>MR AC<MR
o (+AC) + (+MR) Addition + 4
" (-AC) + (-MR) " -
g (+AC) + (-MR) Subtractiol +
e (-AC) + (+MR) " -
(+AC) - (+MR) " o
(-AC) - (-MR) " -
(+AC) - (-MR) Addition +
(-AC) - (+MR) ) -

Operational control of the AC register with the quetion of the algebraic addition operation
occurs depending on the functional key used "+,,"I", "Il " and "IIl ".

[11.3.1. Operational control of the ACO register.

With the operation of a "plus” or "minus" key ailo@® signal through the switched contact and
diodes of the functional keyboard encoder are ¢ethé inputs of the keyboard filter circuits L22
and L24. From the filter outputs ADDO, ()0 logicstgnals enter the controlling inputs of the
differentiating circuits of flip-flops B1 and F2A positive voltage drop of pulse EING through the
differentiating chain set flip-flops B1 and F2 intlee working order. When V = 1 gate K117 is
enabled. From the output of gate K117 a logic halignters through gate D21 to the input of
inverter N43. From the output of the inverter ai¢o@ signal is fed to the input of gate D22. Gate
K126 is enabled. From the output of gate K126 &ldgsignal enters through gate D23 to the input
of inverter N44. At output AC of the inverter aglo O signal is generated, which disables gate
K127. From the output of gate K127 a logic 0 sigaded to the input of gate D22. The remaining
inputs of gate D22 at this time also enter logisighals. At output of the gate a logic O signal is
generated, which is fed to the input of invertersNErom output ACO of the inverter a logic 1
signal enters gate K8 and ensures operationalaarftthe ACO register.
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[11.3.2. Operational control of the AC1 register.

With the operation of a "+ I" or "- I" key a logixsignal through the switched contact and diodes
of the functional keyboard encoder are fed to tipaiis of the keyboard filter circuits L18 and L24.
From the filter outputs (1)0 and ADDO logic O sigmaenter the controlling inputs of the
differentiating circuits of flip-flops B1 and F4.

A positive voltage drop of pulse EING enters thpuits of the differentiating chains and set
flip-flops B1 and F4 into the working order.

From output 74 of inverter N72 a logic 0 signal entis input and disables gate K126. When
the V = 1 gate K117 is enabled. Consequently, ftbenoutput of inverter N43 a logic O signal is
fed to the input of gate D23. The remaining inpotggate D23 at this time also enter logic O
signals. From the output of gate D23 a logic 0 a&ige fed to the input of inverter N44, at output
ACO of the inverter a logic 1 signal is generatgtich disables gate K127. From the output of gate
K127 a logic 1 signal enters through gate D22 wittput of inverter N45. At the output of the
inverter a logic O signal is generated, which entBe input and disables the operation of gate K8
for the administration of the ACO register. Simo&ausly from output AC of inverter N44 a logic 1

signal enables gates K9, K10 and K11. From theuwstpf inverters F4 andr5 logic 1 signals
enters gate K9 where it ensures operational cootn@gister AC1.

[11.3.3. Operational control of the AC2 register.

Operational control of register AC2 occurs in a usete, analogous to the description
“Operational control of the AC1 register”.

With the operation of a "+ II" or "- II" key instdeof the keyboard filter circuit L18 the keyboard
filter circuit L19 is used. Consequently, insteddlip-flop F4 inverting into the working order i+
flop F5 is inverted.

From outputsa and F5 of inverters N72 and N75 logic 1 signatsfed to the inputs of gate
K10 and ensure the operational control of the A€ifister.

[11.3.4. Operational control of the AC3 register.

Operational control of register AC3 occurs in awsgge, analogous to description “Operational
control of the AC1 register”.

With the operation of a "+ llI" or "- [lI" key atuiputs (1)0 and (I1)0 of the keyboard filter cirtsui
L18 and, L19 we obtain a logic O signals. As ailtelip-flops F4 and F5 invert into the working
order. From outputs F4 and F5 of inverters N73 148l logic 1 signals are fed to the inputs of gate
K11 and ensure the operational control of the A€ster.
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[11.3.5. Analysis of the signs of the terms.

In the description sequence in section 111.2.3 prapon occurs for the completion of the
algebraic Addition operation, I.E. The shift andtrg of the number in accordance with the
assigned calculations degree of accuracy. Afteretid of the preparatory part of the operation in
the usual sequence through gate K186 the Z cousiterdexed, which ensures re-writing the
information of the MR register MR and display of the term. During the Z countgcle from
output EING2 of inverter N51 a logic 1 signal estére control input and prepares for the work of
gate K141. After the setting of flip-flop Z16 intbe working order from output S16 of inverter
N87 a logic 1 signal disables gate K141. The Vu&e of the 16th byte through the differentiating

circuit with S16 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. A positive
voltage drop from output S16 of inverter N87 througate K141 and the differentiating circuit sets
flip-flop R into the working order. From output R mverter N58 a logic 1 signal enables gates

K117 and K194. Simultaneously from outpBtof the inverter N57 a logic 0 signal disables the
operation of gate K186. Sequential pulse S1 throggte K194 and the differentiating chains
simultaneously set flip-flops Z16 into the workistate (with Z+E8 = 0) and resets VOR into the
initial state. Consequently, the preparatory pérthe algebraic Addition operation flows equally
with the entry of any of the functional keys.

The end of the preparatory part of the operatianades with the beginning of the analysis of
the signs of the terms, which occurs between regiBtR and the corresponding AC register.
Depending on the result of the signs analysis tlitenaetic-logic unit performs an Addition or
Subtraction operation.

The operation of Addition is carried out with thendition of the initial state of flip-flop MZ,
I.LE., when at outputs ADD1 and ADD (addition) o¥@mnters N46 and N48 where logic 1 signals are
generated.

When as a result of the analysis of the signs eftéihms flip-flop MZ remains set and at output
SUB (Subtraction) of inverter N47, a logic 1 signelgenerated, and the arithmetic-logic unit
performs a Subtraction operation.

With the operation of an Addition key "plus” theadysis of the signs of the terms is carried out
in the following order.

From the outputs of gates D11 and D15 with U=1jddg signals are fed to the inputs of
inverters N29 and N38. At outputs MRS of invertBiZ0 and N38 a logic 1 signal is generated,
which enters gate K6 and ensures control of therbtfister.

From the output of gate K126 a logic 1 signal tigtogate D23 is fed to the input of inverter
N44. From output AC of the inverter a logic O sigdsables the operation of gate K127. The gate
K117 with V=1 is enabled. From the output of gatelK a logic 1 signal enters through the gate
D21 to the input of inverter N43. From the outptitre inverter a logic 0 signal is fed to the input
of gate D22.
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Simultaneously the remaining inputs of gate D22 atnter logic O signals. Consequently,
during the working order of flip-flop UV to the imp of inverter N45 from the output of gate D22 a
logic O signal is input. At output ACO of the imter a logic 1 signal is generated, which ensures
control of the ACO register. The working orderflgi-flop Z16 determines control of the sign digit
of the number.

A) Analysis of signs when the Add key is pressed.
1. (-MR) + (-ACO0).
Flip-flop UV is in the initial state, at output U mverter N27 a logic 1 signal generated.

The first read cycle reads the "minus" sign cod@l06f the four bits of the 16th byte of the MR
register into the four bits of the A register.

The first write cycle rewrites the "minus” sign eod001 of the four flip-flops of register A into
the four ferrite core planes of the 16th byte &f MR register.

A positive voltage drop of the SCHREIB output ofémter N26 through the differentiating
circuit sets flip-flop UV into the working orderA positive voltage drop of the output of inverter
N27 through gate K132 and the differentiating direvith F3 = 0 resets flip-flop Al into the initial
state. A positive voltage drop of the Al outputio¥erter N5 through gate K157 and the
differentiating circuit sets flip-flop MZ into thevorking order. Simultaneously a positive voltage
drop of the A1F output through the differentiaticigcuit with SUB = 0O sets flip-flop E1 into the
working order. Sequential clock pulses S througte g&60 and the differentiating circuit with
VER = 0 resets flip-flop E1 into the initial staté&=rom output E1 of the flip-flop a logic 0 signal
disables gate K34. Gate K98 is enabled. From thpubwf inverter N39 a logic 0 signal through
the diode on the collector input disables the dpmreof the A2 flip-flop. As a result a positive
voltage drop at the output of gate K34 through dtiterentiating chain does not set flip-flop A2
into the working order. After setting the UV flifpp into the working order from the output V of
inverter N28, a logic 1 signal through gates K1&hd 821 is fed to the input of inverter N43. From
the output of inverter N43 a logic O signal througte D22 is fed to the input of inverter N45. At
output ACO of the inverter a logic 1 signal is gexted, which ensures control of the ACO register.

Simultaneously from output ACO of inverter N45 gitol signal through gate D11 is fed to the
input of inverter N29. From output MRS of inverté&t29 and N38 a logic 0 signal enters gate K6
and disables the operation of the MR register.

The second read cycle reads the "minus” sign c6@& dom the four ferrite core bits of the 16th
byte of the ACO register into the four flip-flop§register A.

The second write cycle rewrites the "minus” sigdec6001 of the four register A flip-flops into
the four ferrite core bits of the 16th byte of th@0 register.
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A positive voltage drop of the SCHREIB output ofénter N26 through the differentiating
circuit resets flip-flop UV into the initial state.

During the second write cycle the VLS pulse throtigh differentiating circuit resets flip-flop
Al into the initial state.

Positive voltage drop of the output Al of inverds through gate K157 and the differentiating
circuit resets flip-flop MZ into the initial state.

Simultaneously a positive voltage drop of the Alfpat through the differentiating circuit with
SUB = 0 sets the E1 flip-flop into the working ord8equential clock pulses S through gate K50
and the differentiating circuit with VER = 0 reséip-flop E1 into the initial state.

Pulse VLS through the differentiating circuit resétp-flop Z16 into the initial state and turns
off the Z counter.

A positive voltage drop of the Z16 output of thipllop through the differentiating circuit sets
flip-flop F3 into the working order. From output F8 inverter N65 a logic 1 signal enters the
control input of the differentiating circuit disafd) the operation of gate K132. From output F3 of
inverter N64 a logic 0 signal disables the operatb gates K98 and K157. Simultaneously from
output Z16 of the flip-flop a logic O signal disablgate K196. A positive voltage drop from output
S16 of inverter N87 through gate K183 and the diffiéiating circuit with F1 = 0 sets flip-flop Z1

incrementing the Z counter. From outpﬁiof inverter N88 a logic 1 signal enables gate K111.
The initial state of the MZ flip-flop disables thperation of gate K111.

From the output of gate K111 a logic 0 signal pagkeough gate D19 to the input of inverter
N46. At outputs of inverters N46, N48, ADD1 and)B logic 1 signals are generated.

2.  (+MR) + (+ACO0).

During readout and the record in the 16th byteegfsters MR and ACO occurs the re-writing of
the "plus" sign code 0000, as a result of whicp-flops A1 and MZ remain in the initial state.
Consequently, after the end of the signs of ternadyais at outputs ADD1 and ADD of inverters
N46 and N48 logic 1 signals are generated.

3. (-MR) + (+ACO0).

The first read-write cycles correspond completelyhie description of reading and writing of the
"minus” sign code 0001 in the MR registers MR inrapée 1. As a result of the first read and write
cycle the MR flip-flop is located in running order.

During the second read and write cycle in the A€dister occurs the re-writing of the positive
"plus" sign code 0000, as a result of which the Wa-ffop remains in the initial state, and flip-fio

MZ - in the working.

After inversion of the flip-flop Z16 into the indl state in the sequence of example 1 occurs
switching of the Z counter. From outf S 16 of invem&8 a logic 1 signal disables gate K111.
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At the output of gate K111 a logic 1 signal is gexted, which through gate D19 is fed to the
input of inverter N46. From the ADD1 output of imex N46 a logic O signal through gate D20 is
fed to the input of inverter N47. At the SUB outpfithe inverter a logic 1 signal is generated.

4. (+MR) + (-ACO0).
During the first read and write cycle of the MR istgr there occurs the re-writing of the positive
"plus" sign code 0000, as a result of which flipgs A1 and MR remain in the initial state.

The second read and write cycle corresponds coetpliet the description of the read and write
cycle of the "minus" sign code 0001 in the ACO ségis in example 1. As a result of the second
read and write cycle flip-flop MR is located in ning order. At the SUB output of inverter N47 a
logic 1 signal is generated.

B) Analysis of signs when the Subtract key is presd.

After switching the contact of one of the Subtrawetikeys, through the functional keyboard
encoder diodes a logic 0 signal is fed to the irggteyboard filter L23. From the SUBO output of
the keyboard filter a logic O signal enters thetomrinput and enables the differentiating ciroofit
the MZ flip-flop. A positive voltage drop of thd G pulse through the differentiating circuit with
SUBO = 0 sets flip-flop MZ into the working ordevhich preliminarily determines the completion
of the Subtraction operation.

5. (+MR) - (+ACO0).

Analogous with the description of example 2 durihg read and write in the 16th byte of the
MR and ACO registers occurs the re-writing of tlesipve "plus” sign code 0000, as a result of
which flip-flops A1 and MR are not switched. Consenqtly, after the end of the analysis of signs of
the terms flip-flop MZ remains in running ordert the SUB output of inverter N47 a logic 1 signal
is generated.

6. (-MR) - (-ACO0).

Flip-flop MZ is set prior to the beginning of theaysis of signs. The switching of flip-flops Al
and MZ occurs in a sequence, analogous to theigasaorof the analysis of signs in example 1.
Flip-flop MZ is switched twice and remains in rungiorder during the analysis of signs. At the
SUB output of inverter N47 a logic 1 signal is gexted .

7. (-MR) - (+ACO0).

Switching of flip-flops A1 and MZ occurs in a seque, analogous to the description of the
analysis of the signs in example 3. During the ymislof signs the preliminarily established
flip-flop MZ is switched from the working order imtthe reset state. In the initial state of flippflo
MZ at outputs ADD1 and ADD of inverters N46 and Nd8§ic 1 signals are generated.

8. (+MR) - (-ACO0).

Switching of flip-flops A1 and MR occurs in a segue, analogous to the description of the
analysis of the signs in example 4. During the ymislof signs the preliminarily established
flip-flop MZ is switched from the working into thiaitial state. In the initial state flip-flop MZ at
outputs ADD1 and ADD of inverters N46 and N48 lofjisignals are generated.
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Consequently, after the analysis of the signs em®les 1, 2, 7, 8 flip-flop MZ remains in the
initial state. At the ADD1 and ADD outputs of imers N46 and N48 logic 1 signals are generated,
which determine completion by the arithmetic-lograt of the Addition operation.

Flip-flop MZ remains in running order after the &isés of the signs in examples 3, 4, 5 and 6.
At output SUB of inverter N47 a logic 1 signal isngrated, which determines completion by the
arithmetic-logic unit of the Subtraction operation.

[11.3.6. Addition.

Based upon Addition of the numbers in the examm@®w let us examine the sequence of
operation:

MR+ 71
+

ACO+ 65

ACO + 136

After the analysis of the signs of the terms fligek B1, F3, R and, Z1 are located in the working
order, and MZ in the initial state. At outputs ADnd ADD of inverters N46 and N48 logic 1
signals are generated, which using the arithmeticlunit completes the addition operation. The
position of the Z counter determines control of il byte. At the output of gates D11 and D15
with U = 1 logic 0 signals are generated, whichfackto the inputs of inverters N29 and N38. From
the MRS outputs of the inverters a logic 1 signatees the input and prepares gate K6 for the
administration of the MR register.

Flip-flops UV and LES-SCHREIB will be in the initistate. From outputs U and LES of
inverters N25 and N27 logic 1 signals are generatech accomplish the first read cycle.

The first read cycle reads the number 1 (0001) frleenfour ferrite core planes of the 1st byte of
the MR register ferrite cores into the four bitstioé A register. Flip-flop Al sets into the working
order. At the AL1F output of the flip-flop a logicsignal is generated, which is fed to the input of
the differentiating circuit of flip-flop E1. Puls&l through gate K74 sets flip-flop LES-SCHREIB
into the working order. At outputs U and SCHREBirverters N26 and N27 logic 1 signals are
generated, whichnableghe first write cycle.

The first write cycle rewrites the number 1 (00@bm the four flip-flops of register A into the
four ferrite core planes of the 1st byte of the kgister. Pulse S1 through gate K74 resets flip-flo
LES-SCHREIB into the initial state. A positive tae drop at the SCHREIB output of inverter
N26 through the differentiating circuit sets flilefp UV into the working order. From the V output
of inverter N28 a logic 1 signal enables gate KIAbm the output of gate K117 a logic 1 signal
enters through gate D21 to the input of inverteBN4
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From the output of inverter N43 a logic O signalees gate D22. The remaining inputs of gate
D22 enter logic 0 signals. From the output of g222 a logic 0 signal is fed to the input of inverte
N45. At the ACO output of the inverter a logic ifyreal is generated, which enables gate K8 and
ensures control of the ACO register. Simultaneotrsiyn the ACO output of inverter N45 a logic 1
signal through gate D11 is fed to the input of m&eN29. From the MRS output of the inverter a
logic O signal enters the input and disables trexatpn of gate K6 and control of the MR register.

On the V and LES outputs of inverters N25 and N&fid 1 signals are generated, which enables
the second read cycle.

During the second read cycle the number 5 (010dad from the four bits of the 1st byte of the
ACO register ferrite cores into the four bits oétA register is accomplished. Flip-flop Al resets
into the initial state, and sets A4 into the wodkiorder. A positive voltage drop from the A1F
output of flip-flop Al through the differentiatingrcuit with SUB = 0 sets flip-flop E1 into the
working order.

From output E1 of the flip-flop a logic 1 signalsdbles gate K34. Sequential clock pulses S
through gate K50 and the differentiating circuitiwVER = 0 resets flip-flop E1 into the initial
state. From output E1 of the flip-flop a logic i@rsal enables gate K34. A positive voltage drop
from the output of gate K34 through the differetitig circuit set flip-flop A2 into working order.

The working order of flip-flops A2 and A4 corresptsnto writing the number 6 (0110), LLE.. To
the sum of the terms of the first bytes of regstdR and ACO into the flip-flops of the A register.

The following pulse S1 through gate K74 sets flgpfLES-SCHREIB into the working order.
On the V and SCHREIB outputs of inverters N26 arBNbgic 1 signals are generated, which
enables the second write cycle.

During the second write cycle the re-writing of thember 6 (0110) from the four flip-flops of
register A into the four ferrite core planes of s byte of the ACO register accomplished.

Pulse VLS of the 1st byte through the differentigtcircuits reset flip-flops A2 and A4 into the
initial state. Positive voltage drops in the A2FlaF outputs through the differentiating circuits
with SUB = 0 set flip-flops E2 and E4 into the winidx order. Simultaneously the VLS pulse
through gate K187 switches the Z counter for cdrdfehe following, I.E. The 2nd, byte. Pulse S1
through gate K74 and the differentiating circusgets flip-flop LES-SCHREIB into the initial state.
A positive voltage drop from the SCHREIB outputinterter N26 resets flip-flop UV into the
initial state. At outputs U and LES of inverter@Nand N27 logic 1 signals are generated, which
accomplish the first read cycle. Sequential cloals@s S through gate K60 and the differentiating

circuits with E2 = 0 andE4 = 0 reset flip-flops E2 and E4 into the initichts.
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The read and write cycles of the 2nd byte are edrout in a sequence, analogous to the
description of the 1st byte.

During the first read cycle the number 7 (0111yeiad from the four bits of the 2nd byte of the
MR register ferrite cores into the four flip-flop$ register A. Flip-flops Al, A2, A4 invert into ¢h
working order. From outputs AlF, A2F and A4F lodicsignals are fed to the inputs of the
differentiating circuits of register E flip-flopslEE2 and, E4.

During the first write cycle the re-writing of theumber 7 (0111) from the four flip-flops of
register A into the four ferrite core planes of #mel byte of the MR register occurs.

During the second read cycle the number 6 (01803tared from the four ferrite core planes of
the 2nd byte of the ACO register into the four fligps of register A. As a result of the readout
flip-flops A2 an A4 invert into the initial state.

A positive voltage drop from the A2F and A4F outpof the flip-flops through differentiating
circuits with SUB = 0 set flip-flops E2 and E4 irntee working order. From the outputs of flip-flops
E2 and E4 logic 1 signals enter the inputs andotBsegates K38 and K42.

Sequential clock pulses S through gate K60 andiifferentiating circuits wherE2 = 0 andE4
= 0 reset flip-flops E2 and E4 into the initiaht®. From outputs E2 and E4 of the flip-flops to@i
signals enable gates K38 and K42. Positive vol@éggs from the outputs of the gates through
differentiating circuits set flip-flops A4 and A8to the working order. From the A4 and A8 outputs
of inverters N9 and N11 logic 1 signals enter tguts and disable gate K56. From the output of

gate K56 a logic 1 signal enters through gate Dhéoinput of inverter N17. From outp@€)” X

of the inverter a logic O signal enters the inpud a@isables gate K71. At the output of the gate a
positive voltage drop, which sets flip-flop E8 intbe working order, is formed through the
differentiating circuit with U = 0. From output E& inverter N21 a logic 1 signal disables gate
K64. Sequential clock pulses S through gate K70taadlifferentiating circuit when K1 = 0 resets
flip-flop E8 into the initial state. From outpuB®f inverter N21 a logic 0 signal enables gate .K64
A positive voltage drop from the output of gate KiBdough the differentiating circuit with U = 0
sets flip-flop UBER into the working order.

A positive voltage drop from outpt UBER  of the flip-fiathrough the differentiating circuit

with R =0 set flip-flops E1 and E2 into the working ardérom outputs E1 and E2 logic 1 signals
enable the operation of gates K34 and K38. Sealeritick pulses S through gate K60 and the

differentiating circuit withE2 = 0 resets flip-flop E2 into the initial staterof output E2 of the
flip-flop a logic O signal enables gate K38. A piee voltage drop of the gate output through the
differentiating circuit resets flip-flop A4 into ¢hinitial state. A positive voltage drop at A4Rjmut

of the flip-flop through the differentiating cirduvith SUB = 0 sets flip-flop E4 into the working
order.

* Note -

The signali listed here is a correction from the original Rassnanual which listed the signal as
X, this did not match the circuit and original GIdgjic drawings.
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From the output of flip-flop E4 a logic 1 signabkdbles gate K42. Sequential clock pulses S with

a positive voltage drop through gates K50 and Ki@iDthe differentiating circuits whek4 = 0 and
VER = 0 reset flip-flops E1 and E4 into the initethte. From outputs E1 and E4 logic O signals
enter the inputs and shut gates K34 and K42. Atipes/oltage drop from the outputs of the gates
through differentiating circuits set flip-flops A@to the working order, and A8 into initial staté
positive voltage drop of the A8F output throughiffedentiating circuit with SUB = 0 sets flip-flop
E8 into the working order. The following clock pal S through gate K70 and the differentiating
circuit with S1 = 0 resets flip-flop E8 into thatial state.

The second switching of the flip-flop E8 does nimiinge the working order of flip-flop UBER.

During the transfer of the overflow bits from thauf bits of the A register through the four
flip-flops of the E register, gate K49 is in thesabled state. From the output of the gate a logic
signal is fed to the input of inverter N14. Frontpaut E of the inverter a logic 1 signal disabletega
K166. From the output of gate K166 a logic 1 sigeralers through gate D25 to the input of inverter
N69. From output M of the inverter a logic O sigealters the input and disables the operation of
gates K74read/write)and K162.

The closed state of gate K162 prevents the operafithe monostable shaping the t puls? 3,
creates the delay for the completion of the sewanite cycle.

As a result of executing the second read cycletmgfer of the overflow, flip-flops Al, A2 and
UBER remain in running order, the working ordettuo# flip-flops corresponds to the stored number
3 (0011) in register A flip-flops and also the uwiitthe transfer into the four bits of high-ordegiy
I.LE. To the sum of the terms of byte.

After the setting of the four bit flip-flops of resger E into the initial state the disabling of emt
K74 and K162 is removed and in the usual sequdresdcond write cycle is carried out.

During completion of the second write cycle thewding of the number 3 (0011) from the four
flip-flops of register A into the four ferrite copdanes of the 2nd byte of the ACO register occurs.

The resetting of the four bits of flip-flops of ieters A and E in the initial state, switching bét
Z counter and administration of the 3rd byte ocdnra sequence, analogous to the description of
the resetting of four flip-flops of registers A aBdnto initial state and to switching the Z counte
the 1st byte.

In the four bits of the ferrite cores for the 341%tytes of registers MR and ACO is written the
number 0 (0000). Consequently, the first read antéwycles do not change the initial state of the
four flip-flops of register A.

During the second read cycle at outputs LES, V, BB inverters N25, N28 and N22 logic 1

signals are generated, which disable gates K68k#&l After the end of the read cycle the
LES-SCHREIB flip-flop sets into the working order.
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From the LES output of inverter N25 a logic O sigenables gate K68, at the output of the gate
a positive voltage drop, which resets flip-flop UBHEnto the initial state, is formed through the
differentiating circuit with U = 0. Simultaneoudiyom output LES of inverter N25 a logic O signal
enables gate K28. A positive voltage drop fromdhgut of gate K28 through the differentiating
circuit sets flip-flop Al into the working order.

The second write cycle from the four flip-flops refgister A rewrites the number 1 (0001) into
the four bits of ferrite cores for the 3rd bytetloé ACO register. In accordance with the exampde th
read and write cycles from the 4th through to thth bytes inclusively in the sequence, analogous
to the description, carry out a step-by-step aoldi@i (0000) + 0 (0000).

Pulse VLS of the 15th byte through gate K187 erssthre resetting of flip-flops Z1, Z2, Z4 and
Z8 into the initial state. Flip-flop Z16 sets intoe working order and ensures control of the 16th

byte. From outputsZL, Z2, Z4 and Z8 of inverters N78, N80, N82, N85 and the Z16 fligpf
logic 1 signals disable gate K196. From the outgugjate K196 a logic 1 signal through inverters
N86 and N87 enters the input S16 and disablesK212. From the output of the gate a logic 1

signal is fed to the input of inverter N88. Fromtpaut S16 of the inverter a logic 0 signal enters the
differentiating input circuit of flip-flop Z16. Siodtaneously from output Z8 of inverter N84 a logic

0 signal enables gate K140. At the output of thie @ positive voltage drop, which simultaneously
resets flip-flop B1 into the initial state, is foewh through the differentiating circuits setting iRfio

the working order. From output F1 of inverter N63ogic 1 signal enters the control input and

disables the operation of the differentiating dirad flip-flop Z1 with positive voltage drops ohe

output of gate K183. From outp1 of inverter N49 a logic 1 signal disables gate KBfbm the
output of gate K94 a logic 1 signal enters throggte D15 to the input of inverter N38. At output
MRS of the inverter a logic O signal is generatelfijch disables the operation of gate K6 and
register MR. Consequently, the first read and weiteles do not re-writing the code of the sign of
the number in the 16th byte of the MR register. résult of the operation the second read and write
cycles in the usual sequence read and write the abthe sign of the number into the 16th byte of
the ACO register.

The VLS pulse of the 16th byte through the difféiaimg circuit with S1L6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam The following S1 pulse through gates K142
and K194, and differentiating circuits with Z+E&=esets flip-flop R into the initial state, andsse
Z16 into the working order.

From the K output of inverter N58 a logic O sigealables gate K94. As a result at the MRS

outputs of inverters N29 and N38 a logic 1 sigsagenerated, which ensures control of the MR
register.
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A positive voltage drop from output R of invert¢b8 through the differentiating circuit resets
flip-flop F1 into the initial state. The VLS pulsd the 16th byte through the differentiating citcu
with S16 = 0 resets flip-flop Z16 into the initial $éa Pulse S1 through gate K186 and the
differentiating circuit sets flip-flop Z1 into thevorking order which starts the Z counter, whose
work ensures the display of the second term and&ighe number of 0000000000000071, written
into the four ferrite core planes of the MR registe

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0111 0001

As a result of completing the operation is obtaitled sum of terms 136 and the sign of the
numbers, which are written into the appropriate faits of ferrite cores of the ACO register.

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0001 0011 0110

Flip-flop F2 remains in running order for the reiimg of the obtained sum from ACO into MR.

[11.3.7. Exceeding register length AG during Addition.

In the case, where the result of a sum exceedietiggh of register AG with the completion of
the Addition operation the 15th byte flip-flop UBE®Rts into the working order. From the UBER
output of inverter N22 a logic 1 signal enablesdperation of gate K163. During incrementation of
the Z counter the 16th byte flip-flop Z16 sets inb@ working order. From output Z16 of the
flip-flop a logic 1 signal disables gate K196. Framtput S16 of inverter N87 a logic 1 signal
disables gate K163. At the output of the gategicld signal is generated, which through gate D25
is fed to the input of inverter N69.

From output M of the inverter a logic O signal estéhe inputs and disables the operation of
gates K74 and K162.

The disabled state of gate K162 prevents the dparaif the monostable, which blocks the
completion of the read and write cycles and theatpm of the Z counter. As a result of disabling
the control gates of the anodes and cathodes aenpldf the digital lamps are and turned off and
the illumination of digital indicator lights ceaseRestoration of operating conditions for the
arithmetic-logic unit circuit occurs after pressihg L0 key.

111.3.8. Subtraction with MR > ACO.

Based upon Subtraction of the numbers in the exarbplow let us examine the sequence of
operation:

ACO = -27
+

MR = +71

ACO = +44
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Flip-flops B1, F2, F3, R, Z1 and MZ are left in rung order after the analysis of signs.

At the SUB output of inverter N47 a logic 1 sigmalgenerated, which the arithmetic-logic unit
uses to accomplish the Subtraction operation. pidsition of the Z counter ensures control of the
1st byte. From the output of gates D11 and D15g& 16 signal enters the inputs of inverters N29
and N38. From the MRS output of the inverters acldgsignal enables the operation of gate K6.
Control of the MR register occurs with U = 1, cahtof the ACO register is ensured through gate
K117 with V = 1.

The first read cycle stores the number 1 (000Inftiee four ferrite core planes of the 1st byte of
the MR register into the four flip-flops of regist&. Flip-flop Al sets into the working order. From
output A1F of the flip-flop a logic 1 signal thradugates K29 and D1 is fed to the input of inverter
N4. A positive voltage drop from output C1 of theerter through the differentiating circuit with
ADD = 0 sets flip-flop E1 into the working ordere@uential clock pulses S through gate K50 with
VER = 0 resets flip-flop E1 into the initial stateate K34 is disabled with a logic 0 signal at otitp
V.

The first write cycle rewrites the number 1 (00@bm the four flip-flops of register A into the
four ferrite core planes of the 1st byte of the kBister.

The second read cycle stores the number 7 (0141 tine four ferrite core planes of the 1st byte
of the ACO register into the four flip-flops of lister A. Flip-flop Al resets into the initial state
flip-flops A2 and A4 are set into the working ordPositive voltage drops in the outputs C2 and C4
of inverters N6 and N8 through the differentiaticigcuits with ADD = 0 set flip-flops E2 and E4
into the working order. From outputs E2 and E4haf tlip-flops logic 1 signals disable gates K38

and K42. Sequential clock pulses S through gate &@0the differentiating circuits witE2 = 0

and E4 = 0 reset flip-flops E2 and E4 into the initiahtg. From outputs E2 and E4 of the flip-
flops logic O signals disable gates K38 and K4Xife@ voltage drops on the outputs of the gates
through the differentiating circuits resets flipfl A4 into the initial state and sets A8 into the
working order. A positive voltage drop from out@® of inverter N10 through the differentiating
circuit with ADD = 0 sets flip-flop E8 into the wking order. From output E8 of the flip-flop a
logic 1 signal disables gate K64.

Clock pulse S through gate K70 and the differemtggtircuit with S1 = 0O resets flip-flop E8 into
the initial state. From output E8 of inverter N@logic O signal enables gate K64. A positive
voltage drop from the output of the gate through differentiating circuit with U=0 sets flip-flop

UBER into the working order. A positive voltageogdrof the UBER output of inverter N22

through the differentiating circuit withR = 0 set flip-flops E1 and E2 into the working ordérom
outputs E1 and E2 of inverters N13 and N15 logsighals disable gates K34 and K38.
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Sequential clock pulses S through gate K60 resiptidp E2 into the initial state. From output
E2 of the flip-flop a logic O signal enables gate8K A positive voltage drop from the output of the
gate through the differentiating circuit sets flipp A4 into the working order. A positive voltage
drop of the output C4 of inverter N8 through th#etentiating circuit with ADD = 0 sets flip-flop
E4 into the working order. The following clock palS through gates K50 and K60 reset flip-flops
E1l and E4 into the initial state. From outputs &M E4 of inverter N13 and flip-flop logic O
signals enter the inputs and shut gates K34 and Re#n the gate outputs a positive voltage drop
through the differentiating circuits reset flip4i® A2 and A8 into the initial state.

The delay of the completion of the second writdeyccurs analogously with the description of
delay during Addition.

The second write cycle stores the number 4 (01@d) the four flip-flops of register A into the
four ferrite core planes of the 1st byte of the A€Qister.

The VLS pulse of the 1st byte resets flip-flop Adoi the initial state. Simultaneously a VLS
pulse through gate K187 increments the countecdatrol of the following, I.E. by the 2nd byte.

The first read cycle stores the number 7 (0111Inftbe four ferrite core planes of the 2nd byte
of the MR register into the four flip-flops of reger A.

Flip-flops A1, A2, A4 invert into the working ordePositive voltage drops from the outputs C1,
C2 and C4 of inverters N4, N6 and N8 through théedkntiating circuits with ADD = 0 invert
flip-flop E1, E2 and E4 into the working order. Seqtial clock pulses S through gate K60 and the

differentiating circuits withE2and E4= 0 reset flip-flops E2 and E4 into the initial teta The
following clock pulse S through gate K50 and th&edentiating circuit with VER = 0 resets
flip-flop E1 into the initial state.

The first write cycle rewrites the number 7 (01frbn the four flip-flops of register A into the
four ferrite core planes of the 2nd byte of the Kgister.

The second read cycle stores the number 2 (00&6) the four ferrite core planes of the 2nd
byte of the ACO register into the four flip-flop$ egister A. Flip-flop A2 resets into the initial
state. A positive voltage drop of the output LESneerter N25 through gates K28 and K68 reset
flip-flops UBER and ALl into the initial state.

The second write cycle rewrites the number 4 (OX@fj the four flip-flops of register A into
the four ferrite core planes of the 2nd byte of Al@D register.

In accordance with the examples, the read and wyitkes from byte 3 through to the 15th byte
inclusively carries out a step-by-step subtractibf (0000) - 0 (0000).
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The VLS pulse of the 15th byte in the usual segeewitches the Z counter for control of the

following, 16th, byte. After inversion of the flifoop Z16 into the working order from outpL‘B_16
of inverter N88 a logic 0 signal enables gate K1At.outputs ADD1 and ADD logic 1 signals are
generated, and at output SUB - a logic 0O signal.

As a result the inversion of flip-flop Z8 into theitial state at output Z8 of inverter N84 is
formed a positive voltage drop, which through gKte40 and the differentiating circuit with
UBER = 0 set flip-flops F1 into working order, aresets B1 into the initial state. From output F1

of inverter N63 a logic 1 signal enables the openatf gate K65. At outpuBlof inverter N49 a
logic 1 signal is generated, which through gate Kfdlogous with the description of the Addition
operation disables the operation of the MR regisfes a result the first of the read and write egcl
of the 16th byte do not produce the re-writing loé tode of the sign of the number in the MR
register.

At the end of the first read cycle a positive vgéiarop from output LES of inverter N25 through
gate K65 and the differentiating circuit witdZ = 0 sets flip-flop UBER into the working order. A

positive voltage drop of the UBER output of the@4fiop through the differentiating circuits WitR
= 0 set flip-flops E1 and EZ2 into the working ord€fock pulses S through gates K50 and K60 and
the differentiating circuits with VER = 0O resetpfiflops E1 and E2 into the initial state.

The second read cycle produces re-writing of theatist' sign code (0001) from the four ferrite
core planes of the 16th byte of the ACO registay the four flip-flops of register A. Flip-flop Ak
set into the working order. At the end of the regde a positive voltage drop of the LES output of
inverter N25 through gates K28, K65 and K68 diffgiaion chains reset flip-flops A1, UBER and
MZ into the initial state. A positive voltage drgp output ALF through the differentiating circuit
with SUB = 0 sets flip-flop E1 into the working @

Gate K98 is enabled state, and from the outputneérier N39 a logic 0 signal enters the
collector input and disables the operation of flgp A2. Sequential clock pulses S through gate
K50 and the differentiating circuit with VER = Oseds flip-flop E1 into the initial state. From
output E1 of inverter N13 a logic O signal enaljese K34. A positive voltage drop from the
output of gate K34 does not change the initiakestditthe flip-flop A2.

As a result of the inversion of the sign of the rapiens result the second read and write cycle
produces stores the code of the positive "plugi €0§00) from the four flip-flops of register A ot
the four ferrite core planes of the 16th byte af &CO register. The VLS pulse of the 16th byte

through the differentiating circuit WitlBL6 = O resets flip-flop Z16 into the initial statedaturns
off the Z counter. Sequential pulse S1 throughsgy&t&42 and K194, the differentiating circuits
with Z+E8=0 resets flip-flop R into the initial $¢aand sets Z16 into the working order.

5 .79

129



A positive voltage drop of the R output of inveri¢b8 through the differentiation circuits reset
flip-flops F1 and E3 into the initial state. Afteetting flip-flop Z16 into the working order the Z
counter starts, whose operation ensures the digpldnye subtrahend and sign of the number written
into the four ferrite core planes of the MR regi€€@0000000000071.

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0111 0001

Completion of the Subtraction operation resultthi difference sum of 44 and sign of the number
being stored into the appropriate four bits ofifercores of the ACO register.

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0100 0100

111.3.9. Subtraction with MR < ACO.

Based upon Subtraction of the numbers in the exarbplow let us examine the sequence of
operation:

. 0 -157
MR — 23
- 134

The sequence of completing the operation is ana®do the description in the example of
subtracting MR > ACO.

The Subtraction operation of the four flip-flops &gister A occurs in the following order.
During the first read and write cycle of the 1stebpf the MR register occurs the storage of the
number 3 (0011) into the four flip-flops of registe and also the re-writing of the number 3 (0011)
back into the four ferrite core planes of the MRBister. During the second read and write cycle of
the 1st byte of the ACO register occurs the stordgbe number 7 (0111) in the four flip-flops of
register A and the completion of the Subtractionrapen with the re-writing of the arithmetical
addition of the byte into the four ferrite corena of the ACO register.

Four flip-flops
of the A register

1. First read and write cycle. _ 0011
2. Second read and write cycle 0111
3. Correction _ 1100
4. Arithmetical addition of the 1st byte 0110

0110
5. The state of flip-flop UBER - working

Subtraction of the 2nd and next bytes are carrigdiro a sequence, analogous to the
description of the 1st byte.

1. First read and write cycle. __ 0010
__0101
2. Second read and write cycle 1101
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3. Subtraction of the unit of the transfer of tharfbits of low-order digit — 1

_ 1100
4. Correction 0110
5. Arithmetical addition of the 2nd byte 0110
6. The state of flip-flop UBER - is working
subtraction of the 3rd byte:
1. First read and write cycle __ 0000
0001
2. Second read and write cycle _ 1111
3. Subtraction of the unit of the transfer 0001
_ 1110
4. Correction 0110
5. Arithmetical addition of the 3rd byte 1000
6. The state of flip-flop UBER - is working
subtraction of the 4-15th bytes:
1. First read and write cycle __ 0000
2. Second read and write cycle 0000
0000
3. Subtraction of the unit of the transfer 0001
_ 1111
0110
4. Correction 1001

5. Arithmetical is the addition of 4th byte
6. The state of flip-flop UBER - is working.

After subtraction of the 15th byte in register A@DI be written the arithmetical addition and
sign code of — 999999999999866

0001100110011001100110011001 1100 10011001100110011001100001100110
S16 S1

Flip-flop UBER s located in running order, and thecounter switched for control of the 16th
byte.

A positive voltage drop of output Z8 of inverter N&rough gate K140 and the differentiating
circuit resets flip-flop B1 into the initial statecrom output UBER of inverter N22 a logic 1 signal
enters the control input of the differentiatingcaitt and blocks the setting of flip-flop F1 intoeth
working order. From output F1 of inverter N63 aito signal disables the operation of gate K65
and the resetting of flip-flop MZ into the initiatate.

The sign of the number is inverted during thedraad write cycles of the 16th byte in the usual
sequence and in the 16th byte of the ACO registaritten the code of positive "plus” sign (0000).

The VLS pulse of the 16th byte through the difféi@inmg circuit with S16 =0 resets flip-flop Z16
into the initial state.
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After resetting flip-flop Z16 into the initial d& at output S16 of inverter N87 is formed a
positive voltage drop, which through gate K183 dhne differentiating circuit with F1 = 0 sets
flip-flop Z1 into the working order which incrementhe Z counter. Simultaneously a positive

voltage drop from the output of gate K183 throupgk tifferentiating circuit withF3 = 0 sets
flip-flop F1 into the working order.

Flip-flop B1 is in the initial state, and from outpBlof inverter N49 a logic 1 signal disables
gate K94. From the output of the disabled gategacla signal is fed to the input of inverter N38.
From output MRS of the inverter a logic 0 signalees input U, it disables the operation of gate K6
for administration of the MR register. Flip-flop MZ located in running order, and at output SUB
of inverter N47 a logic 1 signal is generated, \WWigompletes the Subtraction operation.

During the Z counter cycle 000000000000000 occims subtraction of the complement
999999999999866 and the inversion of the codaesign of the number of the ACO register. As
a result of completing the operation in register CA@ill be written the straight number —
000000000000134.

(0001 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0001 0011 0100)

After the inversion of the sign of the number ire tACO register the disconnection of the Z
counter, the resetting of the corresponding flgpfl into the initial state and display of the
subtrahend occurs in a sequence, analogous toewigtion of the example of Subtraction with
MR > ACO.

[11.3.10. Re-writing the information in ACO MR
and the start of display.

Pressing the result key "=" after completion ofadgebraic Addition accomplishes the operation
of rewriting with erasure of the information fromgister ACO in the MR register.

The closed contact of the key through the encodeted of the functional keyboard connects a
logic O signal to the inputs of the keyboard fétér21 and L25. From outputs FUO and (=)0 of the
circuits logic 0 signals enter the controlling itpof the differentiating circuits of the B4 and RO
flip-flops.

Pulse EING through the differentiating circuits kwithe signals FUO = 0 and (=)0 = 0 set
flip-flops B4 and VOR into the working order.

In the sequence of describing section 111.2.3 osdine preparation for the completion of the
operation of rewriting. After the end of the pregiary part of the operation, pulse S1 through gate
K186 sets flip-flop Z1 and increments the Z countéh EING=1. During incrementation of the Z
counter is carried out the operation of rewritinG® MR with the working order of flip-flop F2.

The setting of flip-flop F2 into the working orderoceeds with the start of the operation of
algebraic Addition from the "plus" or "minus" keys.
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Operational control of the MR and ACO registersursdn the following order. Gate K118 is
opened with U =1 and LES = 1, at the ACO outpuinetrter N45 a logic 1 signal is generated,
which ensures operational control of the ACO regiséVith U = 1 and SCHREIB = 1 gates K118
and K128 will be in the conducting state. At out®CO of inverter N45 a logic O signal is
generated, which disables the operation of the Aggster. At output MRS of inverters N29 and
N38 a logic 0 signal is generated only with ACO.=R&maining time at output MRS a logic 1 signal
Is generated, which ensures operational contraghefMR register. With the V = 1 gate K85 is
enabled. From output HV of inverter N34 a logia@hal enters the input and disables the operation
of the amplifiers of reproduction.

The first read cycle reads from the four ferriteecplanes of the 1st byte of the ACO register into
the four flip-flops of register A.

The first write cycle rewrites the four flip-flopsf register A into the four ferrite core planes of
the 1st byte of the MR register. As a result rémgioccurs the distortion of the digital infornaati
of the byte of the MR register.

The second read cycle reads from the four ferote planes of the 1st byte without storing into
the four flip-flops of register A and ensures tihaseire of the information of the MR register.

The second write cycle rewrites information frone flour flip-flops of register A into the four
ferrite core planes of the 1st byte of the MR rgis The rewriting of the remaining 14 bytes and
sign of the number occurs analogously.

The VLS pulse of the 16th byte through the difféis@mg circuit with S16 = 0 resets flip-flop
Z16 into the initial state. From output S16 ofener N87 a positive voltage drop through gate

K141 sets flip-flop R into the working order. A gitive voltage drop from outpuR of inverter
N57 through the differentiating circuit witBB4 = 0 resets flip-flop F2 into the initial state.

Sequential clock pulses S through gate K134 viRth O resets flip-flop B4 into the initial state.
The following pulse S1 through gate K142 with Z+E® resets flip-flop R into the initial state.
Simultaneously pulse S1 through gate K194 and ifferentiating circuits sets flip-flop Z16 into

working, and rese¥$ORinto the initial state.

After rewriting ACO MR in the usual sequence occurs the display ofrtfegmation, which
has been written into the MR register.

Pressing a result "=" key with the initial stateflgf-flop F2 ensures rewriting MR MR in the
sequence, analogous to the description of the iegghCO  MR.

In this case gate K130 is enabled. From output ACverter N45 a logic O signal enters the

input, enables gate K8 and disables the operafitimecACO register. Consequently, the read cycles
produce the rewriting of the information of the ffdnits of the MR register.
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[11.3.11. Re-writing the information in ACO MR
and the start of display.

Pressing a key for an intermediate suml™, " 1I", " IlI" after the completion of the operation
of algebraic Addition accomplishes the operatiorrexfalling without erasure the algebraic sum
contents of one of the ACO registers into regibey.

1. The contact of the "I" key through the encoder diodes of the functidt@tboard connects
a logic 0 signal to the inputs of the keyboardefdtL25 and L18.

2. The contact of the "II" key connects a logic 0 signal to the inputstlué keyboard filters
L25 and L19.

3. Analogously the contact of the 'llI" key connects a logic 0 signal to the inputstbé
keyboard filters L25, L28, L19.

At the appropriate outputs FUO, (1), (I1)0 of theykoard filters logic O signals are generated,
which enter the controlling inputs of the differi@ting circuits of flip-flops VOR, F4 and Fb5.
By pressing the " I" key an EING pulse by a positive voltage dropotigh the differentiating
circuits with FUO, (1)0 = 0 set flip-flops VOR arkdl into the working order and ensures operational
control of register AC1. Analogously the operatiaf the " II" key ensures the setting of flip-
flops VOR and F5 in working order and control afister AC2.

Pressing the " llI" key ensures the setting of flip-flops VOR, Bd F5 in working order and
control of register AC3.

In the description in section 11.2.3 occurs thegaration for the completion of the rewriting
operation. After the end of the preparatory péthe operation a pulse S1 through gate K186 sets
flip-flop Z1 incrementing the Z counter with EING21.

During the counting cycle the operation of rewritiwghout the erasure of AC MR is carried
out, gate K126 is in the disabled state. Gate KiitB U = 1 is enabled. From the output of gate
K118 a logic 1 signal through gate D21 is fed te ihput of inverter N43. From the output of the
inverter a logic 0 signal through gate D23 is fedhte input of inverter N44. From output AC of the
inverter a logic 1 signal enters the inputs of g&8, K10 and K11, and ensures the control of one
of the AC registers.

At output MRS of inverters N38 and N29 with V= logic 1 signal is generated, which ensures
the operation of the MR register.

The first read cycle stores from the four ferriteecplanes of the 1st byte of register\Aifto the
four flip-flops of register A.

The first write cycle rewrites from the four fligeps of register A into the four ferrite core plane
of the 1st byte of register AC

The second read cycle reads from the four ferore planes of the 1st byte of the MR register
without storing into the four flip-flops of registd. (Gate K85 it is opened, at output HV it a logi
0 signal is generated, which disables the operaifahe write amplifier). The second read cycle
rewrites from the four flip-flops of register A mthe four ferrite core planes of the 1st bytehaf t
MR register.
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The rewriting of the remaining 14 bytes and sigthef number occurs analogously.

The VLS pulse of the 16th byte through the difféiaimg circuit with SL6 = 0 resets flip-flop
Z16 into the initial state. A positive voltage drof the S16 output of the inverter through gate
K141 sets flip-flop R into the working order. Seqtial pulse S1 through gate K142 with Z+E8 =0
resets flip-flop R into the initial state. A pogé voltage drop of output R of inverter N58 thrbug
the differentiating circuit resets flip-flop F4 (Finto the initial state. Simultaneously pulse S1
through gate K194 and the differentiating circwith Z+E8 = 0 sets flip-flop Z16 into the working
order and resets VOR into the initial state.

After rewriting AGy MR in the usual sequence occurs the display ofrtfeemation, written
into the MR register. Pressing a correspondingfkew final sum "™ [, "* 1I", "* [II" performs the
operation of recalling with erasure the algebraimscontents of one of the registers AiGto the
MR register. The sequence of completing the omeratorresponds to the description of recall
without erasure. With the completion of the opematilip-flop F6 is located in running order. From
output F6 of inverter N77 a logic 1 signal enabthe operation of gate K125. During the
completion of the first write cycle gate K125 isabfed. From the output of gate K125 a logic 1
signal through gate D23 is fed to the input of m&eN44. At output ACO of the inverter a logic O
signal is generated, which through gates K9, Kl1@ &1l disables the operation of the
corresponding AC register.

Consequently, during each first write cycle frone flour flip-flops of register A into the four
ferrite core planes of register ACewriting does not occur.

[l1.4.  Multiplication.

[11.4.1. Entry of cofactors.

Based upon Multiplication of the numbers in therapée below let us examine the sequence of
operation:

(- 135,00) x (+25,00) = - 3375,00.
The decimal point switch is set to position "2"£K2).

Introduction and the display of the first cofactB85,00 occurs in a sequence, analogous to the
description of sections II.2; 111.2.1; 111.2.4.

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD o o O O O O O O O O O O O O O O
ACOO 0 0 0 O OO OO O O O O O o0 o
MR 1 0 0 O O O O O O O O 1 3 5 0 O
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After loading the first cofactor by pressing the INplication "X" key locks the corresponding
contact and through the functional keyboard encdétmtes connects a logic 0 signal to the inputs
of the keyboard filters L20 and L25. From the ouspof diagrams (X)0, FUO a logic O signal enters
the control inputs of the differentiating circuas flip-flops B2 and VOR. Pulse EING through the
differentiating circuits set flip-flops VOR and B2&to the working order.

After setting the VOR flip-flop there occurs a seqaoe, analogous to the description in section
[1.2.3, for preparation of the completion of thpepation of Multiplication. I.E. shift and instatiian
of the first cofactor in the MR register in accanda with the assigned degree of accuracy and the Z
counter cycle with EING2 = 1.

During the Z counter cycle the rewriting operatdR  MD/MR is performed with the erasure
in register MD of the previously written informatio During the rewriting control of the MR
register occurs with U = 1. Control of the MD rdgrsis ensured by gate K101 with V=1.

During the first read and write cycles the rewgtiof the number 0 (0000) in the 1st byte of the
MR register occurs.

During the second read cycle storage from the fewite core planes of the 1st byte of the MD
register into the four flip-flops of register A doe@ot occur. Gate K85 with the V = 1 is enabled.
From the output of gate K85 a logic 1 signal entbereugh gate D14 to the input of inverter N34.
At output HV of the inverter a logic 0 signal isngeated, which disables the operation of the write
amplifiers (erasure of information).

During the second write cycle rewriting occurs fram four flip-flops of register A into the four
bits of the 1st byte of the ferrite cores of the Ndgister.

Reading and writing in the 2nd byte of registers il MD occurs analogously with reading
and writing in the 1st byte.

During the first read cycle storage occurs of thenber 5 (0101) from the 3rd byte of the MR
register into the four flip-flops of register A.

During the first write cycle the number 5 (01019rr the four flip-flops of register A is written
into the 3rd byte of the MR register.

During the second read cycle from the four fercibee planes of the 3rd byte of the MD register
readout occurs without storage into the four flmpé of register A, ILE. The erasure of the
information 3rd byte of the MD register.

In the second write cycle from the four flip-flopé$ register A the rewriting of the number
5 (0101) into the four ferrite core planes if thd Byte of the MD register occurs.

The rewriting of the remaining digital bytes angrsof the number occurs analogously.

The VLS pulse of the 16th byte through the difféi@img circuit with S16 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam A positive voltage drop on the S16 output of
inverter N87 through gate K141 sets flip-flop Roithe working order.
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Sequential pulse S1 through gates K142 and K194tlandlifferentiating circuits with
Z+E8 = 0 reset flip-flops VOR and R into the initdiate and sets Z16 into the working order.

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD o 0 O O O O O O O O O 1 3 5 0 O
ACOOO 0 0 O O O OO O O O O O O o0 o0
MR 1 0 0 O O O O O O O O 1 3 5 0 O

From outpul S16  of inverter N88 a logic O signal esttire control input of the differentiating
circuit of the Z16 flip-flop. The VLS pulse of tH&th byte through the differentiating circuit rese
flip-flop Z16 into the initial state and turns dffe Z counter. Flip-flop B2 remains set.

After stopping the Z counter, pulse S1 through ¢t86 sets flip-flop Z1 into the working order
and enables the Z counter for display of the ficfactor. The entry of the second cofactor occurs
in a sequence, analogous to the description oétitey of the first cofactor. After the entry ofth
second cofactor the result "=" key is pressed. ddrmtact of the key operates and through the
diodes of the functional keyboard encoder and ccisna logic O signal to the inputs of the
keyboard filters L21 and L25. From outputs (=)0 &WdD a logic O signal enters the control inputs
of the differentiating circuits of flip-flops VORna B4.

A positive voltage drop of pulse EING through th#edentiating circuits set flip-flops B4 and
VOR into the working order. After setting of flippp VOR into the working order, a sequence,
analogous to the description in section Ill.2.&pgaration for the completion of the Multiplication
operation occurs, IL.E. installation and shift o #econd cofactor in the MR register in accordance
with the assigned degree of accuracy and the Zteogycle with EING2 = 1. During the Z counter
cycle the initial state of flip-flop F2 ensures rémg of the information MR MR is analogous
with the description in section 111.3.10. (The worlg order of flip-flop F2 accomplishes the
operation of rewriting information from ACO MR with the erasure of the information in the ACO
register.)

At the end of the MR MR rewriting operation the VLS pulse of the 16Wtebthrough the

differentiating circuit withS16 = 0 resets flip-flop Z16. A positive voltage drapthe S16 output
of inverter N87 through gate K141 sets flip-flogrfRo working order. Sequential pulse S1 through
gate K194 and the differentiating circuit with Z+E&) sets flip-flop Z16 and resets VOR into the
initial state.

From outputVORof inverter N59 a logic 1 signal disables gate K136
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As a result of the enabled state of the gate ggubUMUL of inverter N52 a logic O signal is
generated, and at the output MUL of inverter N&3agic 1 signal.

In accordance with the example, after the entryhef second cofactor the arrangement of the
information written in the registers correspondshi following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD o 0 O O O O O O O O O O 3 5 0 O
ACOOO 0 0 O OO OO O O O O0O O O o0 o0
MR 1 0 0 O O O O O O O O O 2 5 0 O

[11.4.2. Analysis of the signs of cofactors.

Analysis of the signs of cofactors is carried ofti¢rathe preparatory part of the Multiplication
operation. As a result of the analysis of sigres gtate of the MZ flip-flop determines the sign of
work. The initial state of the flip-flop correspmto the sign of work "plus”, and the working stat
- to s "minus".

The working order of the Z16 flip-flop ensures aohof the sign digit of cofactors.

Gate K102 with U = 1 is in the enabled state. étpat MDS of inverter N42 a logic 1 signal is
generated, which is fed to gate K7 and ensuresatipeal control of the MD register. On the MRS
output of invertergN28)* N38 and(N39)* N29 with the V and LES = 1 a logic 1 signal is
generated, which is fed to gate K6 and ensuresaooit the MR register. Gate K123 with the V
and SCHREIB = 1 is in the enabled state. Consetyaitoutput ACO of inverter N45 a logic 1
signal is generated, which is fed to gate K8 arsigss control of the ACO register.

With the completion of the analysis of the cofadigns there are four possible results.

1) (-MD) x (-MR).

The first read cycle stores the "minus” sign cdal@d() from the four ferrite core planes of the
MD register into the four flip-flops of register A.

The first write cycle rewrites the "minus” sign eo@001) from the four flip-flops of register A
into the four ferrite core planes of the MD regigtdDS = 1.).

A positive voltage drop of the U output of invertd27 through gate K132 and the differentiating
circuit with F3 = 0 resets flip-flop Al into theiiial state.

A positive voltage drop of output Al of inverter lfyrough gate K157 sets flip-flop MZ into the
working order.

* Note -
The N38 and N29 gate numbers listed here are corrections fromotiiginal Russian manual in
which they were listed @428 andN39, this did not match the circuit and logic drawings
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Simultaneously a positive voltage drop of outputFAthrough the differentiating circuit with
SUB = 0 sets flip-flop E1 into the working orderedbiential clock pulses S through gate K50 and
the differentiating circuit with VER = 0 resetspiflop E1 into the initial state. (Inversion of the
flip-flop A2 through gate K34 it is disabled by tbpened state of gate K98.)

The second read cycle stores the "minus” sign &aae the four ferrite core planes of the MR
register into the four flip-flops of register A (MR= 1). Flip-flop Al sets into the working order,
and at output C1 of inverter N4 a logic O signajénerated. Gate K43 with V = 1 is in the enabled
state, at outputs C4 and C8 of inverters N8 and \Wd @btain logic O signals.

The second write cycle writes the record of then¥drker (in this case 1101) into the 16th byte
of the ACO register (ACO = 1). The VLS pulse oé th6th byte through the differentiating circuit

with S16 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. Simultaneously
pulse VLS through gate K172 and the differentiatiirguits resets flip-flop Al into the initial s&at
and sets F4 into the working order. A positive vgdtalrop from output Al of inverter N5 through
gate K157 resets flip-flop MZ into the initial statSimultaneously a positive voltage drop from
output A1F through the differentiating chain wit& = 0 sets flip-flop E1 into the working order.
Sequential clock pulses S through gate K50 regeflip E1 into the initial state.

Thus, the initial state of flip-flop MZ determind®e positive sign of work.

From outputﬁ the inverter N72 a logic O signal disables therapen of gate K43. A positive

voltage drop from the Z16 flip-flop output througime differentiating circuit when 8 = 0 sets
flip-flop F3 into the working order. Simultaneoudhpm output S16 a logic O signal enables gate
K196. A positive voltage drop from output S16 tgh gate K147 sets flip-flop F1 into the

working order. From outpuE3 a logic 0 signal enters the input and disablesfferation of gates
K157 and K98. From output F3 a logic 1 signal entbe control input of the differentiating circuit
and disables the operation of gate K132.

After the analysis of the cofactor signs and sterafthe X1 marker the arrangement of the
written information in the registers correspond#h® following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD o0 o 0O O O O O O O O O 1 3 5 0 O
ACOX1 0 0 0 0 o0 0o 0 O OO O O O o0 O
MR 1 0 0 O O O O O O O O O 2 5 0 O
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2)  (+MD) X (+MR).

The read and write cycles do not change the ingtiate of flip-flops A1 and MZ. During the
second write cycle in the 16th byte is written ¥iemarker (1100). The initial state of flip-flopa
determines the positive sign of work.

3) (+MD) x (-MR).
The first read and write cycles do not changetiteal state of flip-flops A1 and MZ.

The second read and write cycles are carried oatgaquence, analogous to the description of
the example (-MD) x (-MR), but in this case the Mip-flop sets into the working order. In the
16th byte of the ACO register is written the X1 kear(1101). The working order of flip-flop MZ
determines the negative sign of work.

4)  (-MD) x (+MR).

The first read and write cycles are carried out Bequence, analogous to the description of the
example (-MD) X (-MR), during the second read cytile-flop A1 does not change its reset state.
Flip-flop MZ remains in running order.

During the second write cycle in the 16th byte Xdemarker (1100) is written.

The working order of flip-flop MZ determines thegagive sign of work. After the completing
the analysis of the cofactors signs, flip-flops@®l R remain in running order.

[11.4.3. Interrogation and shift of the information in registers ACO and MR

The cycle of interrogation further determines tiperational regime of the arithmetic-logic unit
depending on the information written into the 1Bthe of the MR register, where in the 16th byte
of the MR register is located:

A) 0000 - occurs the subtraction 0000 - 0001 = 10@ter avhich is included the shift of
information in registers ACO and MR;

B) 0001 + 1001 - occurs subtraction 0001, after whitie operation of adding
MD + ACO ACO is carried out;

C) X1 marker - the Multiplication operation is turnefd directly.

After the analysis of the signs of an example setialepulse S1 through gate K194 and the
differentiating circuit with Z+E8 = 0 sets flip-{oZ16 into the working order and the Z counter is
incremented. From output S16 of inverter N87 addbisignal disables gate K116, as a result of
which at outputs ADD1 and ADD of inverters N46 alNd8 logic O signals are generated. At
output SUB of inverter N47 a logic 1 signal is gexted. A positive voltage drop from output
ADDL1 of inverter K46 through the differentiatingraiit with MUL= 0 sets flip-flop UBER into
the working order. A positive voltage drop fromtmut UBER through the differentiating circuits

with R= 0 set flip-flops E1 and E2 into the working order
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so clock pulses S consecutively through gates K@D K50 reset flip-flops E1 and E2 into the
initial state. On the MRS output of inverters N8& N29 with U = 1 and LES = 1, logic 1 signals,
which ensure control of the operation of the MRist&sy, are generated through gate K6.

The first read and write cycles of the 16th bytesimot change the initial state of the four
flip-flops of register A and the ferrite cores dfet MR register. Gate K82 with U = 1 and
SCHREIB = 1 is enabled. At output MR of invert&29 and a logic 0 signal is generated, which
through gate K6 disables the operation of the Migster.

The second read cycle of the 16th byte of the Migster does not change the initial state of the
four flip-flops of register A. A positive voltagdrop at the LES output of inverter N25 through
gates K28 and K68 sets flip-flop Al into the workiarder and resets UBER into the initial state.
A positive voltage drop from output C1 of invertdd through the differentiating circuit with
ADD = 0 sets flip-flop E1 into the working ordehe following clock pulse S through gate K50
with VER = 0 resets flip-flop E1 into the initiaade.

A positive voltage drop from output E1 of the ffipp through gate K34 sets flip-flop A2 into
the working order. A positive voltage drop fromtput C2 of inverter N6 through the
differentiating circuit with ADD = 0O sets flip-flog2 into the working order.

The following clock pulse S through gate K60 anel differentiating circuit wherE2 = 0 resets
flip-flop E2 into the initial state. A positive ltage drop from output E2 of the flip-flop through
gate K38 sets flip-flop A4 into the working ordeA positive voltage drop from output C4 of
inverter N8 through the differentiating circuit WitADD = 0O sets flip-flop E4 into the working

order. Following clock pulse S through gate K60 #mal differentiating circuit wherke4 = 0 resets
flip-flop E4 into the initial state.

A positive voltage drop from output E4 of the ffipp through gate K42 sets flip-flop A8 into
the working order. A positive voltage drop fromtput C8 of inverter N10 through the
differentiating chain with ADD = 0 sets flip-flop&&into the working order. The following clock
pulse S through gate K70 and the differentiatinguii with S1 = 0 resets flip-flop E8 into the
initial state. A positive voltage drop from outpla8 of inverter N21 through gate K64 and the
differentiating circuit with U = 0 sets flip-flop BER into the working order. A positive voltage

drop from outputUBERof the flip-flop through the differentiating cirdsiwith R=0 set flip-flops
E1l and E2 into the working order.

Following clock pulse S through gate K60 and thigedentiating circuit whenE2 = 0 resets
flip-flop E2 into the initial state. A positive ltage drop from output E2 of the flip-flop through
gate K38 resets flip-flop A4 into the initial state
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Sequential clock pulses S through gate K50 andlifierentiating circuit with VER = 0 resets
flip-flop E1 into the initial state.

A positive voltage drop from output E1 of the flpp through gate K34 resets flip-flop A2 into
the initial state. As a result of the transfethad overflow bits a subtraction is executed 0 0Q00
- 0001). In the four flip-flops of register A is itten number 9 (1001).

The second write cycle rewrites the number 9 (10 the four flip-flops of register A into
the four ferrite core planes of the 16th byte &f MR register.

The VLS pulse of the 16th byte through the difféisimg circuit with SL6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctamn A positive voltage drop from output Z16 of
inverter N87 through gate K148 and the differemgcircuit with ADD = 0 resets flip-flop F1 into
the initial state.

After interrogation of the arrangement of the imfi@tion, the contents written into registers MD,
ACO, MR, correspond to the following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 0 0 O O O O O O O O 1 3 5 0 O
ACOXx;, o 0 0 0 0 0O O O O O O O O O O
MR 9 0 0 O O O O O O O O O 2 5 0 O

Sequential pulse S1 through gate K155 and the rdiffating circuits withUBER= 0 set
flip-flops Z1 and VER into the working order increnting the Z counter. The setting of flip-flop
VER into the working order accomplishes the shifth@ information in registers ACO and MR. At
output of inverter N67 a logic 0 signal, enters tlodlector input, sets and blocks in running
order flip-flop UV. Gates K124 and K123 with the MiS and SCHREIB = 1 alternately be in the
conducting state. As a result with the V = 1 frtma output of gate D21 a logic 1 signal is fed to
the input of inverter N43. From the output of thearter a logic 0 signal is fed to the input ofegat
D22. From the output of the gate a logic O sigeded to the input of inverter N45. At output ACO
of the inverter we obtain a logic 1 signal, whidiraugh gate K8 ensures control of the ACO
register. Shift of the information in register A@9 carried out in a sequence, analogous to the
description of shift with the introduction.

During the Z counter cycle shifting of the numbe(0000) occurs from the 1st through to the
15th byte.

The read cycle stores the X1 marker (1100) of tita byte of the ACO register into the four flip-
flops of register A.

The write cycle rewrites the number 0 (0000) froourf flip-flops of register E into the four
ferrite core planes of the 16th byte of the ACOsty.
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The VLS pulse of the 16th byte through the diffeigmg circuit reset flip-flops A4 and A8 of
register A into the initial state. Positive voltagi@ps at the A4 and A8 outputs of inverters N9 and
N11 through the differentiating chains with SUB =sét flip-flops E4 and E8 into the working

order. Simultaneously a VLS pulse through the d#ffiating circuit withS16 = 0 resets flip-flop
Z16 into the initial state.

A positive voltage drop from VLS output of inverté&d87 through gate K182 and the
differentiating chain with F6 = 0 sets flip-flop Zito the working order. Simultaneously a positive
voltage drop from output S16 through gate K147 #rel differentiating chain with F1 = 0 sets

flip-flop F1 into the working order, from outputl of inverter N62 a logic O signal enters the
inputs and shut gates K123 and K124.

As a result at output ACO of inverter N45 a logisi@nal is generated, and at the output MRS of
inverters N29 and N38 - a logic 1 signal, whiclhotigh gate K6 ensures operational control of the
MR register.

The read cycle stores the number 0 (0000) fronidteferrite core planes of the 1st byte into the
four flip-flops of register A.

The write cycle rewrites the X1 marker (1100) frdme four flip-flops of register E into the four
ferrite core planes of the 1st byte of the MR rigis

The VLS pulse of the 1st byte through gate K187dnments the Z counter, which ensures control
of the 2nd byte.

The shift of the information of the 2-15th bytestbé MR register is carried out in a sequence,
analogous to the description of shift with thealction.

The read cycle stores the number 9 (1001) fronidhieferrite core planes of the 16th byte of the
MR register into the four flip-flops of register A.

A write cycle in accordance with the example reggithe number O (0000) from the four
flip-flops of register E into the four ferrite coptanes of the 16th byte of the MR register. Th&V
pulse of the 16th byte through the differentiatai@ins reset flip-flops A1 and A8 into the initial
state and stores the number 9 (1001) from theffipuflops of register A into the four flip-flopsfo

register E. Simultaneously a VLS pulse through diféerentiating circuit with S16 = 0 resets
flip-flop Z16 into the initial state and turns dffe Z counter. A positive voltage drop from output

S16 of inverter N87 through gate K148 and the difféiating circuit withF1 = 0 resets flip-flop
VER into the initial state. A positive voltage grérom output VER of inverter N68 through the
differentiating chains reset flip-flops UV and UBHERo the initial state. Sequential clock pulses S
through gate K50 and the differentiating circuitiwVER = 0 resets flip-flop E1 into the initial
state. The following clock pulse S through gat®l&nd the differentiating chain with S1 = 0 resets
flip-flop E8 into the initial state.
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After the shift of the information, the contentsitten into registers MD, ACO and MR,
correspond to the following table.

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 0 0 O O O O O O O O 1 3 5 0 O
ACOOO 0 0 O O O OO O O O O O O o0 o0
MR 0 O O O O O O O O O O 2 5 0 00X

Sequential pulse S1 through gate K194 with Z+E8se®8 flip-flop Z16 into the working order
incrementing the Z counter to interrogate the 13tie of the MR register.

Interrogation, subtraction 0-1 and shift of theommhation in registers ACO and MR is carried out
in a sequence, analogous to the description inosettt.4.3. In accordance with the example of the

last table after 11 cycles of interrogation andtsty, the number 2 (0011) is written into the 16th
byte of the MR register.

As a result of the execution of 11 cycles of imdgation and shifting the information, the
contents written into registers MD, ACO and MR,regpond to the following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 0 0 O O O O O O O O 1 3 5 0 O
ACOOO 0 0 O O O OO O O O 0O O O o0 o0
MR 2 5 0 0 Xy 0 0 0 0 0 O O O O O O

[11.4.4. Interrogation and addition of the contents of registers
MD + ACO  ACO.

After the shift and writing of the number 2 (0016j)o the 16th byte of the MR register the
interrogation of the MR register is included in theual sequence.

The first read cycle stores the number 2 (0010nftbe four ferrite core planes of the 16th byte
of the MR register into the four flip-flops of reter A.

During the first write cycle gate K82 is enabledorid output MRS of inverters N29 and N38 a
logic O signal enters gate K6 and disables theatjoer of the MR register. As a result rewriting of
the number 2 (0010) into the 16th byte of the M&gter does not occur.

The second read cycle stores the number 0 (0000) fine 16th byte of the MR register into the
four flip-flops of register A.
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A positive voltage drop from the LES output of imee N25 through gate K68 and the
differentiating chain with U = 0 resets flip-flopBER into the initial state. Simultaneously a
positive voltage drop of signal LES through gate8ks2ts flip-flop Al into the working order. A
positive voltage drop from output C1 of inverter Ndrough the differentiating circuit with
ADD = 0 sets flip-flop E1 into the working ordere@uential clock pulses S through gate K50 and
the differentiating circuit with VER = 0 resetspfiflop E1 into the initial state. A positive vai@
drop from output E1 of inverter K13 through gatedki@sets flip-flop A2 into the initial state. As a
result of the subtraction of 0010 — 0001 the transf the overflow bits occurred.

The second write cycle rewrites the number 1 (00 the four flip-flops of register A into
the four ferrite core planes of the 16th byte @&f MR register.

The VLS pulse of the 16th byte through the difféi@ing circuits with S16 = 0 reset flip-flops
Al and Z16 into the initial state and turns off theounter

A positive voltage drop from output S16 of invertBi87 through gate K148 and the
differentiating circuit with ADD = 0 resets flipdp F1 initial state. Sequential pulses S1 through
gate K155 sets into the working order flip-flop 2dd increments the Z counter.

During the operation of the Z counter an Addition mpen is carried out for
MD + ACO ACO. Gate K103 with U = 1 is enabled. At outpuDBI of inverter N42 a logic 1
signal is generated, which enters gate K7 and easaperational control of the MD register.

Gates K123 and K124 with V, LES and SCHREIB = 1 @ternately enabled. Consequently,
with V = 1 from the ACO output a logic 1 signal ergt gate K8 and ensures operational control of
the ACO register. Completion of the addition operatMD + ACO  ACO occurs in a sequence,
analogous to the description of the operation afirgil MR + ACO  ACO. The Add operation

does not occur in the 16th byte. Gate K103 withnd 816 = 0 is disabled, so from output MDS of
inverter N42 a logic O signal enters gate K7 arghlblies the operation of the MD register, as a
result the cofactor sign remains in the MD register

Pulse VLS through the differentiating circuit WiBL6 = O resets flip-flop Z16 into the initial
state and turns off the Z counter.

A positive voltage drop from output S16 of invemé87 through gate K147 sets flip-flop F1 into
the working order.

After the first addition MD + ACO ACO the arrangement of the information, writtetoin
registers MD, ACO, MR, corresponds to the followtagle:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 o0 0 O O O O O O O O 1 3 5 0 O
ACOO 0O 0 O O OO OO O O 1 3 5 0 o0
MR 1 5 0 0 X, 0 0 0 O O O O O O O O
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Sequential pulse S1 through gate K194 and therdiifeating circuit with Z+E8 = 0 sets

flip-flop Z16 into the working order incrementinge Z counter for the interrogation of the 16th
byte of the MR register.

During the interrogation occurs the subtractioroné from the four bits of the 16th byte of the

MR register (0001 - 0001 = 0000), after Subtractioe Add operation of MD + ACO ACO is
implemented.

As a result the second addition of MD + ACO ACO the arrangement of the information,
written into registers MD, ACO, MR, correspondghe following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 o0 0 O O O O O O O O 1 3 5 0 O
ACOO 0O 0 O O OO OO O O 2 7 0 0 o0
MR 0 5 0 0 Xy, 0 0 0 O O O O O O O O

During the following interrogation the subtractiohl from the four bits of the 16th byte of the

MR register (0000 - 0001 = 1001) occurs. After shbtraction O - 1 the shift of the information of
registers ACO and MR is included.

As a result of the shift the arrangement of therimiation, written into registers MD, ACO, MR,
corresponds to the following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 o0 0 O O O O O O O O 1 3 5 0 O
ACOO 0 0 0O O OO OO O 2 7 0 0 o0 o0
MR 5 0 0 X, 0 0 0 0 O O O O O O O O

The completion of the interrogation operation addiag MD + ACO  ACQO, interrogation and

the shift of the information of registers ACO andRMccurs to record the X1 marker (1100) into the
16th byte of the MR register.

In accordance with the example after five operatiaf interrogation and addition the

arrangement of the information, written into registMD, ACO, MR, correspond to the following
table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 0 0 O O O O O O O O 1 3 5 0 O
ACOOO 0 0 O O O OO O O 3 3 7 5 0 0
MR 0 0 O X, 0 0 0 0 0 O O O O O O O
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As a result of the completion of the 3-x operatiohgterrogation and shift of the information in
registers ACO and MR, the X1 marker (1100) willvoetten into the 16th byte of the MR register.
The arrangement of the information, written intgisters MD, ACO, MR, will correspond to the
following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 0 0 O O O O O O O O 1 3 5 0 O
ACOOO 0 0 O O OO 3 3 7 5 0 0 0 0 O
MR X, 0 0 0 0 0 O O O O O O O O O O

[l .4.5. Rejection of bytes and rounding.

After the record of the X1 marker (1100) into th&tHLbyte of the MR register, interrogation in
the usual sequence is included. The first readecstores the X1 marker (1100) from the four
ferrite core planes of the 16th byte of the MR s&ggiinto the four flip-flops of register A. Thigof
flops A4 and A8 invert into the working order. Frayatputs A4 and A8 of inverters N9 and N11
logic 1 signals enter the inputs and disables a& At output X of inverter N18 a logic 1 signal,
disables gate K73. A positive voltage drop fronpoti LES of inverter K25 through gate K73 and
the differentiating chains with ADD = 0 resets ffipp F4 into the initial state and sets F5 inte th
working order. From output F5 of inverter N75 aitod signal disables gate K52. A positive
voltage drop from output G1 of inverter N12 througle differentiating circuit resets flip-flop A8
into the initial state.

The decimal point switch is set to position 2 (R

At outputs G220 and G110 of the switch filters @i signals are produced, which enter the
appropriate controlling inputs of the differentragi circuits of flip-flops Z1 and Z2. A positive
voltage drop from output G1 of inverter N12 throutpe differentiating circuits with G220 and
G110 = 0 set flip-flops Z1 and Z2 into the workiogler. The working order of flip-flops Z1 and
Z2 creates control of the 3rd byte. A positivetagé drop from output S16 of inverter N87 through
gate K148 and the differentiating circuit with ADB 0 resets flip-flop F1 into the initial state.
Simultaneously from output S16 a logic 0 signalldesgate K116.
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As a result at outputs ADD1 and ADD of inverters@\ehd N48 the signal levels change from O
to 1.

During the first write cycle gates K82 and K95 arabled. From output MRS of inverters N29
and N38 a logic O signal enters gate K6 and disable operation of the MR register.
Simultaneously on outputs AC, ACO and MDS of ingestN44, N45 and N42 logic 0 signals are
generated, which are fed to the input of gates K40 and block the operation of registers ACO,
AC1, AC2, AC3 and MD. Consequently, the rewritinigtlee remainder of the X1 marker (0100)
does not occur.

Gate K124 with V and LES = 1 is enabled. From ou#GO0 of inverter N45 a logic 1 signal
enters gate K8 and ensures operational contréleoACO register.

In accordance with the example during the secoad ogcle, from the four ferrite core planes of
the 3rd byte of the ACO register the number 0 ()@9Gtored into the four flip-flops of register A.
At output LES of inverter N25 is formed a positiatage drop, which through gates K28 and K68
reset flip-flops UBER into the initial state and Atto the working order.

The working order of flip-flops A1 and A4 corresgbto storing in the flip-flops of the rounding
off number 5 (0101). Flip-flop UV is in running ad from output V of inverter N28 a logic 1
signal disables gate K43. At outputs C1, C4 anddg& O signals are generated, which disable
gates K24, K2 and K25, disabling the operation heff inhibit stages. Consequently, during the
second write cycle the marker X2 (1101) is writtenthe four ferrite core planes of the 3rd byte of
the ACO register.

Pulse VLS of the 3rd byte through gate K187 incnetwehe Z counter for control of the 4th
byte. Simultaneously pulse VLS through gate K178 dne differentiating circuit sets flip-flop F4
into the working order. During the first of the deand write cycles for the 4th byte with U = 1 at
outputs ACO, AC, MDS and MRS of inverters N29, NBBL2, N44 and N45 logic O signals are
generated, which are fed to the inputs of gates6 K8, K9, K10 and K11 blocking the operation
of registers ACO, MD, MR, AC1, AC2 and AC3. (Opéwatl control of the MR register is blocked
through gate K95).

After the first read and write cycles gate K124hwit = 1, LES =1 and gate K123 with the
V =1, SCHREIB = 1 be enabled state. At output A&EOnverter N45 a logic 1 signal, ensures
control of the ACO register.

The second read cycle stores the number 0 (000®) tihe four ferrite core planes of the 4th byte
into the four flip-flops of register A.

The second write cycle rewrites the number 0 (00af) the four flip-flops of register A into
the four ferrite core planes of the 4th byte of A0 register.

The VLS pulse of the 4th byte through gate K18#eantents the Z counter for control of the 5th
byte.

Re-writing of the remaining bytes of the ACO regisbccurs in the analogous sequence.
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The VLS pulse of the 16th byte through the difféig@mg circuit with S16 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctamn A positive voltage drop from output S16 of
inverter N87 through gate K147 sets flip-flop Fioithe working order.

After recording the marker X2 the arrangement @ ithformation, written into registers MD,
ACO, MR, correspond to the following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
D 1 0 0o 0o 0 0o 0 0 O O O 1 3 5 0 O
¢cOo o o o o 0o 0 06 33 7 5 0 0X2 0 0O
R o o o o O O O O O O O O O O o0 o

[11.4.6. General case of rounding.

Prior to the beginning of the formation an X2 markethe appropriate byte of the ACO register
is written one of the numbers from 0001 to 1001ribythe second read cycle of four ferrite cores
this number is rewritten into the four flip-flop$ @gister A, where addition with the remainder of
the X1 marker (0100) occurs.

A positive voltage drop of the output LES of ineriN25 through gate K68 resets flip-flop
UBER into the initial state. Simultaneously a piesitvoltage drop LES through gate K28 changes
the position of the Al flip-flop. The setting die flip-flop increases the number, written in the
flip-flops of register A by one.

In the cases of storing a number of more than @Pinto the four flip-flops of register A
during the second read cycle of an operation in ubeal sequence occurs the transfer of the
overflow bits. As a result of the transfer a pesitvoltage drop from output E8 of the inverter N21
through gate K64 and the differentiating circuittwi) = 0 sets flip-flop UBER into working order.
During the second write cycle the formation andtimgi occurs of the X2 marker into the four
ferrite core planes of this byte of the ACO regist&he X2 marker depending on the result of
adding the counted number with rounding off nunthé101) can take values from 1100 to 1111.

The VLS pulse of this byte ensures the settinglipiffop F4 into the working order and
switching the Z counter for control of the next aee.

In the next decade the first read and write cyakescarried out without control of registers, I.E.
At outputs ACO, AC, MDS and MRS of the correspogdinverters are manufactured logic O
signals, which disables the operation of registers.

The second read cycle stores the information ofdbeferrite core planes into the four flip-flops

of register A. A positive voltage drop from outfuES of inverter N25 resets flip-flop UBER into
the initial state.
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Simultaneously a positive voltage drop from outbES through gate K28 changes the position
of the flip-flop A1 and ensures the addition of thember, counted from the byte of the ACO
register with the unit of rounding.

The second write cycle rewrites the result of tbdi#gon from the four flip-flops of register A
into the four ferrite core planes of this byte ludé tACO register.

When as a result rounding is obtained the unitasidfer from the 16th byte of the ACO register,

the pulse VLS through the differentiating circuitttw SL6 = 0 resets flip-flop Z16 into the initial
state and turns off the Z counter. Simultaneouslige VLS through gate K182 sets flip-flop Z1
incrementing the Z counter. Flip-flop UBER remaimsunning order.

A positive voltage drop from output S16 of invertBl87 through gate K147 and the
differentiating circuit with F1 = 0 sets flip-flopl into the working order.

From outputﬁ. of inverter N62 a logic O signal enables gate K85.a result at output MRS of
inverters N29 and N38 a logic 1 signal is manufetuwhich ensures control of the MR register.

The first read cycle stores the number from thébyta of the MR register into the four flip-flops
of register A.

During the first write cycle gate K82 enabled. cAtput MRS of the inverter a logic O signal is
generated entering the input of gate K6 and blackie operation of the MR register.

At the end of the second read cycle of the 1st bifthe MR register a positive voltage drop of
the LES output of inverter N25 through gate K68 #imel differentiating circuit with U = O resets
flip-flop UBER into the initial state.

Simultaneously a positive voltage drop from outpES through gate K28 changes the state of
the Al flip-flop. As a result of this in the retgs A flip-flops the addition of the counted number
and unit of transfer occurs.

During the second write cycle the result of theithold is rewritten from the four flip-flops of
register A into the four ferrite core planes of fls byte of the MR register.

The Z counter cycle and the rewriting of the foerrite core planes of the MR register occurs to
the 16th byte inclusively. Flip-flop F1 remains aéier stopping the Z counter.

[11.4.7. Interrogation and shift of data from register ACO to register MR.
After rounding and writing of the X2 marker integation is included and the shift of the
information of registers ACO and MR with recordiafythe X2 marker into the 16th byte of the

ACO register is carried out. As a result of theaxion of 12 cycles of interrogation and shift the
arrangement of information in registers MD, ACO &l correspond to the following table:
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16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 o0 0 O O O O O O O O 1 3 5 0 O
ACO 0 . 0 0 0 0o 0o 0 0 0O O O O O o0 o
MR o0 O O O O O O O O O O 3 3 7 5 0

In the usual sequence the 13th interrogation idudexl and carries out the shift of the
information in registers ACO and MR.

The read cycle stores the last figure of work adicgy to example 0 (0000) from the four ferrite
core planes of the 16th byte of the ACO registtr the four flip-flops of register A.

In the flip-flops of register E is written the markX2 (1101), that previously counted from the
15th byte of the ACO register, the flip-flops E4da&8 are located in running order. From outputs
E4 and E8 the signals E enter the inputs and adisgdike K59.

From output X of inverter N8 logic 1 signal disablgate K175.

The write cycle rewrites the X2 marker (1101) frdme four flip-flops of register E into the four
bits of ferrite cores of the 16th byte of the A@Qister.

The VLS pulse of the 16th byte through the difféigmg circuits resets the four flip-flops of the
A register into the initial state and stores thst fegure of work 0 (0000) into the four flip-flopsf
register E.

Simultaneously a pulse VLS through gates K182 afh@d3and the differentiating circuits with

S16 =0, F6 =0,MUL= 0 reset flip-flop Z16 into the initial state wi#il and F6 into the working
order.

A positive voltage drop from output S16 of inverld87 through gate K147 and differentiating
chain with F1 = 0 sets flip-flop F1 into the worlimrder and ensures control of the MR register.
The position of the Z counter ensures control efht byte.

The read cycle stores the next-to-last number fileenfour ferrite core planes of the 1st byte of
the MR register into the four flip-flops of the Agister.

The write cycle rewrites the last figure of 0 (OP@@m the four flip-flops of the E register into
the four ferrite core planes of the 1st byte of e register, the sequential rewriting of infornaeti
in the MR register ensures shift and record of wiorkaccordance with the assigned degree of
accuracy.

Flip-flop MZ is located it in running order and dahines the negative sign of work. Pulse VLS

through the differentiating circuit WitlBl6 = 0 resets flip-flop Z16 into the initial staté positive
voltage drop from output S16 of the inverters tigtowgates K147 and K148, the differentiating

circuits with F1 = 0 andF6 = 0 reset flip-flops F1 and VER into initial stage positive voltage
drop from output VER of inverter N68 through a diffntiating chain resets flip-flop UBER
(transfer) into the initial state.
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After the disconnection of the shift of work theaargement of the information, written into
registers MD, ACO, MR, correspond to the followiadle:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD 1 0 O O O O
ACO X, 0O 0 O O O
MR O O O O O O

wlo|w
oo | ol
o0 | 0o
o'olo

0O 0 O
0O 0 O
0O 0 O

o | oo
oo |Oo
w| ok

[11.4.8. Erasure of the ACO register.

A sequential pulse S1 through gates K155 and Kit#tdifferentiating circuits with Z+E8 = 0
set flip-flops Z1 and Z16 into the working ordedancrements the Z counter. Operation of the MR
register is blocked by the enabled state of gate Wiéh F3 = 1.

During the indexing of the Z counter at output AGfdnverter N45 a logic 1 signal is generated,
which ensures operational control of the ACO regithirough gate K124 with the V = 1 and LES =
1, LE. To the period of the second read cyclehWi= 1 and SCHREIB = 1 gate K123 is disabled

with logic O signal at the inpuE6. As a result at output ACO of inverter N45 a to@isignal is
generated, which enters gate K8 and disables tbatipn of the ACO register, therefore, during the
read cycle, the only storing of the contents ofhebygte of the four ferrite core planes into the
flip-flops of register A occurs. The absence afmieng from the four flip-flops of register A into
the four ferrite core planes ensures the erasutigeahformation in the ACO register.

The read cycle stores the X2 marker (1101) fromfole ferrite core planes of the 16th byte into
the four flip-flops of register A. Flip-flops A4 dnA8 invert into the working order. From outputs

Al, A4 and A8 of inverters N9, N11 logic 1 signdisable gate K56, at outp& of inverter N17
is formed a positive voltage drop, which througheg&71 sets flip-flop E8 into the working order.

From the(eutptt) input E8 of inverter N21 a logic O signal enables gate K@@m output E of
inverter N14 a logic 1 signal disables gate Ki16@nf output M of inverter N69 a logic O signal

enters gate K162 and blocks the shaping of thd anulses for the write cycle.

Sequential clock pulses S through gate K71 andliffierentiating chain reset flip-flop S1 into
the initial state. Pulse S1 through gate K74 and thfferentiating chain sets flip-flop
LES - SCHREIB into the working order.

* Note -

The E_85ignal is derived from theput of inverter N21, not theutputas written in the original
Russian manual, this did not match the originalvings.
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Sequential clock pulses S through gate K70 anddifierentiating circuit with S1 = 0 resets
flip-flop E8 into the initial state. A positive itage drop from output E8 of inverter N21 through
gate K64 and the differentiating circuit with U =s6ts flip-flop UBER into the working order. A
positive voltage drop from the UBER output of tlip-flop through the differentiating circuits with

R = 0 set flip-flops E1 and E2 into the working ord8equential clock pulses S through gate K60
and the differentiating circuit with = 0 resetgpdflop E2 into the initial state. A positive
voltage drop of the E2 output of the flip-flop thigh gate K38 resets flip-flop A4 into the initial
state.

A positive voltage drop from output A4F through ttiéferentiating circuit with SUB = 0 sets
flip-flop E4 into the working order. Sequential clopulses S through gates K50 and K60 reset
flip-flops E1 and E4 into the initial state. A g voltage drop from output E1 of inverter N13
through gate K34 sets flip-flop A2 into the workiagder. A positive voltage drop from output E4F
of the flip-flop through gate K42 resets flip-flé}8 into the initial state. A positive voltage drop
from output A8 of inverter N11 through the diffetiting circuit with SUB = 0 sets flip-flop E8
into the working order. The following clock pulSethrough gate K70 resets flip-flop E8 into the

initial state. From outpuE8 of the flip-flop a logic 1 signal disables gate K4rom output E of
inverter N14 a logic O signal enables gate K166. oétput M of inverter N69 a logic 1 signal is
generated, which accomplishes a write cycle. Dutfiregcompletion of the write cycle register ACO
IS not governed.

The VLS pulse of the 16th byte in the differenngtichain reset flip-flops A1, A2 into the initial
state and stores the number 3 (0011) into the flquiflops of register E. The following clock
pulses S through gates K50 and K60 reset flip-flephsand E2 into the initial state. Simultaneously

pulse VLS through gate K182 and the differentiatirguits with S16=0 and F6=0 reset flip-flops

B2 and Z16 into the initial state and turns off theounter. A positive voltage drop from output
S16 of inverter N87 through gate K147 sets fligaflel into the working order. From output B2 of
the flip-flop a logic O signal enables gate K13@s a result at the MUL output of inverter N53 a

logic O signal is generated, and at the oufdldL of inverter N52 a logic 1 signal. Sequential clock

pulses S through gates K66 and K134, the diffeméing circuits with MUL = 0 andR = 0 reset
flip-flops B4 and UBER into the initial state. Sesptial pulse S1 through gates K142 and K194,
and the differentiating circuits with Z+E8 = 0 reflgo-flops R into the initial and sets Z16 intloet
working order. A positive voltage drop from outgRitof inverter N58 through the differentiating
circuits reset flip-flops F1, F3, F4, F5 and F@®ittte initial state.
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From outputﬁ of inverter N57 the signal disables gate K152. Fautput C1 of inverter N4 a
logic O signal disables the operation of gate K&4tlie inhibit driver BL1.

The working order of flip-flop Z16 determines caitiof the 16th byte. At output MRS of
inverters N29 and N38 a logic 1 signal is generatduch ensures operational control of the MR
register.

During the first read cycle the number 0 (0000t@ed from the ferrite cores of the 16th byte of
the MR register into the four flip-flops of regist&.

During the first write cycle gate K152 is enablatdputput C1 of inverter N4 a logic O signal is
generated, which ensures the storage of the "misigsi’' code 1 (0001) into the four ferrite core
planes of the 16th byte of register MR.

During the second read cycle the "minus" sign cb@@001) is not stored from the 16th byte four
ferrite cores of the MR register into the four fflpps of register A. Gate K85 with V=1 is enahled
From output HV of inverter N34 a logic O signalaies the operation of the read amplifiers.

During the second write cycle the "minus” sign c¢d@01) is rewritten into the 16th byte four
ferrite cores of the MR register as a result oféhabled state of gate K152. Simultaneously a VLS

pulse through the differentiating circuit WitBl6 = O resets flip-flop Z16 into the initial statedan

turns off the Z counter. Sequential pulse S1 thinogate K186 and the differentiating circuit with
X = 0 sets flip-flop Z1 into the working order asthrts the Z counter for the display of work.

[11.4,9. Register length overflow during Multiplic ation.

When work exceeds the permissible register lengt,it has more than 15 bytes, during the
completion of the shift operation ACO MR occurs an overflow.

The VLS pulse of the 15th byte stores the previpasunted number of the 15th byte of the MR
register from the four flip-flops of register A mthe four flip-flops of register E.

At one of the four flip-flops of register E outputsl, E2, E4 and E8 a logic 0 signal is
generated, which enables gate K49. From output Bwarter N14 a logic 1 signal enables gate
K164. Simultaneously pulse VLS through gate K18grements the Z counter for operational
control of the 16th byte of the MR register.

At output S16 of inverter N87 a logic 1 signal engrated, which disables gate K164. From the
output of gate K164 a logic 1 signal enters throggte D25 to the input of inverter N69.

From output M of inverte(N68j* N69 a logic 0 signal enters the input and disagbkies K74
and K162.

Note *
The original Russian manual lists output M of irteeN68, this was incorrect and has been
corrected to N69.
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After disabling inputs the Z16 flip-flop remainsranning order and ensures control of the 16th
byte.

Consequently, gates K197 - K211 of the display aremdplifiers are in the non-conducting state.
At the gate outputs logic O signals are generavduch disables the operation of the anode
amplifiers and digital lamps.

By pressing the L6 key analogous with the desanpin section Ill.1 the erasure of the contents
of the operational register occurs and so enahkesglisplay.

[11.4.10. Exponentiation.

The Exponentiation operation or raising a numbeah&Nth degree is carried out in a sequence,
analogous to a Multiplication operation.

As a result of entry of the first cofactor and grf a Multiplication key a number will be written
in registers MD and MR, raised to the degree, TRe first cofactor.

In contrast to a Multiplication operation, insteafdthe second cofactor should be entered the
Exponentiation key "X.

The contact of the "X key through the diodes of the functional keyboantoder connects a
logic O signal to the inputs of the keyboard fi#té20, L21 and L25.

From outputs FUO, (X)0 (=)0 of the keyboard filtéwgic O signals enter the controlling inputs of
the differentiating circuits of flip-flops B2, B4d VOR.

A positive voltage drop of pulse EING through théfedentiating circuits with (=)0, FUO,
(X)0 = 0 set flip-flops B2, B4 and VOR into the iorg order.

After the setting of flip-flop VOR into the workingrder, a sequence, analogous to the
description in section 111.2.3, preparation for queting the exponentiation operation of the number
into the N" degree occurs, |.E. shift and installation of feeond cofactor in the MR register in
accordance with the assigned degree of accuracthard counter cycle with EING2 = 1.

During the Z counter cycle flip-flop F2 is in theitial state and ensures in accordance with the
description in section 111.3.10 completion of theeoation of rewriting the register MR MR. As a
result the Z counter cycle in the sequence, andbgoas to the description of a Multiplication
operation, at output MUL of inverter N53 a logicsignal is generated, which determines the
completion of the usual Multiplication operation.

After the completion of the Multiplication operatidhe MR register will contain the number,
elevated to the second degree. In the MD registeiains the number, raised to the degree. Each
following start of key "X" ensures completion of the Multiplication operatiby a constant
cofactor, I.LE. The exponent of the raised numbergases by one.
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[11.5.  Division.
[11.5.1. Dividend entry.

Based upon Division of the numbers in the examm@®w let us examine the sequence of
operation of:

12,07 +12,00=1,01

The decimal point switch is set to position 2 (KR Entry and display of the dividend 12,07
occurs in a sequence, analogous to the descriptieection I11.2.

After entering the dividend the Division key is psed and the corresponding keyboard contact,
connects a logic 0 signal to the inputs of keybddiers L16 and L25, through to the diodes of the
functional keyboard encoder. From the outputs efkéyboard filters (:)0 and, FUO logic 0 signals
enter the control inputs of the differentiatingcaiits of flip-flops B3 and VOR.

A positive voltage drop of the EING pulse througk differentiating circuits set flip-flops VOR
and B3 into the working order.

As a result of setting of flip-flop VOR into the wang order, the sequence analogous to the
description in section 1l.2.3, occurs preparationcompletion of the Division operation.

During the Z counter cycle with EING = 1 the rewrif of MR  MD/MR with erasure of the
previous data in the MD register is carried out.

With completion of the rewriting operation, opeoaal control of the following registers occurs:
MR with U= 1,
MD with the V = 1 through gate K101.

During the first read cycle the number 7 (01113tred from the four ferrite core planes of the
1st byte of register MR into the four flip-flops kdgister A.

In the first write cycle the number 7 (0111) is reten into the four ferrite core planes of the 1st
byte of the MR register from the four flip-flops @gister A.

During the second read cycle, the information fithve four ferrite core planes of the 1st byte of
the MD register is not stored into the four flipgs of the A register. Gate K85 with V = 1 is
disabled, and from the HV output of inverter N34ogic O signal blocks operation of the write
amplifiers. Consequently, with V=1 and LES = 1 #@rasure of information in the MD register
occurs.

During the second write cycle, number 7 (0111 pisritten from the four flip-flops of register A
into the four ferrite core planes of the 1st byitéhe MD register.

The rewriting of the remaining digital bytes angrscode of the number occurs analogously.
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The VLS pulse for the 16th byte through the diffdéiaing circuit with SL6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctamn A positive voltage drop from output S16 of
inverter N87 through gate K141 sets flip-flop Roiworking order. Sequential pulse S1 through
gates K142 and K194, and the differentiating cicwvith Z+E8 = 0 reset flip-flops R and VOR
into the initial state, and Z16 and set into therking order. Flip-flop B3 remains in running order

Simultaneously with the setting of the Z16 flipglon working order the Z counter is
incremented ensuring the display of the divideAd.a result of completing the entry operation and
rewriting into the four ferrite core planes of r&grs MD and MR the arrangement of digital
information corresponds to the following table:

MR - 0000000000001207
MD - 0000000000001207

[11.5.2. Divisor entry.

After loading the divisor the result "=" key is psed and the corresponding closed keyboard
contact, connects a logic 0 signal to the inputshef keyboard filters L21 and L25, through the
functional keyboard encoder diodes. From outpu8 énd FUO logic 0 signals enter the controlling
inputs of the differentiating circuits of flip-flgpvVOR and B4.

Pulse EING through the differentiating circuits 8gt-flops B4 and VOR into the working order.
After the setting of flip-flop VOR into the workingrder in the sequence, analogous to the
description in section 11.2.3, occurs the preparator completion of the Division operation, I.E.
shift and recording of the divisor into register MR accordance with the assigned degree of
accuracy and the Z counter cycle with EING2 = lhe Tnitial state of flip-flop F2 during the Z
counter cycle ensures rewriting of information eégister MR~ MR. (When flip-flop F2 is located
in running order, I.E. The divisor is obtainedaaesult the Addition or Subtraction operationg, th
operation of rewriting register ACO MR is carried out erasing the information in th€®
register.) In accordance with the example the diviemains in the MR register.

The VLS pulse of the 16th byte through the difféiaimg circuit with SL6 = 0 resets flip-flop
Z16 into the initial state. A positive voltage drérom output S16 of inverter N87 through gate
K141 sets flip-flop R into the working order. Seqtial pulse S1 through gate K194 and the
differentiating circuits resets flip-flop VOR intbe initial state and with X+E8=0 sets flip-flop @1

into the working order. From outpMORof inverter N59 a logic 1 signal disables gate KIR%m
the output of gate K135 a logic 1 signal is fedhe input of the amplifier V567. From output DIV
of the signal amplifier a logic 1 through gate D&@ed to the input of inverter N54. A positive
voltage drop from G2 output of the inverter throubk differentiating circuits with G220, G240,
G280 = 0 set flip-flops 22, Z4, Z8 and Z16 in wargiorder incrementing the Z counter for control
of the 14th byte.
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(To the controlling inputs G210, G220, G140, G2@&1,10, G180, G280 the differentiating
circuits logic 0 signals come in the dependencenftbe position of the decimal point switch).
Simultaneously from output DIV a logic 1 signalalides gate K112. As a result at outputs C1 and
C4 of inverters N4 and N8 logic O signals are getegl which disable gates K2 and K24 and
disable the operation of the corresponding inldhbiter stages.

The position of the Z counter creates control of thith byte. Gate K121 with DIV and
SCHREIB =1 is enabled and ensures operationataaoitthe ACO register. At outputs MRS and
MDS of inverters N29, N38 and N42 logic O signals generated, which are fed to the inputs of
gates K6 and K7 and disable the operation of regdiD and MR. Consequently, during the first
and second write cycles into the four ferrite golanes of the 14th byte of the ACO register will be
written the rounding off number 5 (0101). The hagler digits of the ACO register will be used for
the record of the decimal digits of the quotient.

The VLS pulse of the 14th byte through gate K18tements the Z counter for control of the
15th byte.

Simultaneously pulse VLS through gate K171 anddifferentiating circuit with F3 = 0 sets flip-

flop F4 into the working order. From outp&4 of the inverter N72 a logic O signal disables the
operation of gate K121. The read and write cyofethe 15th byte of useful work do not occur. (It
is absent control of registers). At the invertetpouts of signals ACO, MDS and MRS logic 0
signals are generated, which disable the operafitie corresponding registers.

The VLS pulse of the 15th byte increments the Znteufor control of the 16th byte.

The analysis of the signs of dividend and divismrespond and occurs in a sequence, analogous
to the analysis of the signs of cofactors. Increimgrnthe Z counter accomplishes in the 16th byte
the operations of the analysis of the signs ofd#imd and divisor.

The first read cycle stores the sign code from 16th byte of the MD register into the four
flip-flops of register A. Operational control d¢fd MD register in the 16th byte with LES and U =1
ensures the enabled state of gate K105.

During the first write cycle registers MD, MR andCA are not governed.

The second read cycle stores the sign code froniéke byte of the MR register into the four
flip-flops of register A. Operational control dfeé MR register with LES and the V = 1 ensures the
enabled state of the AND gates, from the outputstoth logic O signals through the OR gates D11
and D15 are fed to the inputs of inverters N29 [dG88.

During the second write cycle registers MD, MR &@D are not governed. Operational control
of the MR register is disabled by the enabled sthtgate K93.

A positive voltage drop of the VLS pulse of thel6yte through the differentiating circuit with
S16 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter.
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A positive voltage drop from the Z16 output througk differentiating circuit withR = 0 sets

flip-flop F3 into the working order. From outplt3 of inverter N64 a logic 0 signal disables the
operation of gates K112, K98 and K157om F3 output of inverter N65 a logic 1 signalezstthe
control input of the differentiating circuit andsdbles the operation of gate K13From output F3

of inverter N65 a logic 1 signal disables gate K124 output SUB of inverter N47 a logic 1 signal
is generated, which during the following cycle bktZ counter ensures the completion of the
Subtraction operation (0 - MD MD), after writing the divisor into the ferrite res of the MD and
MR registers the arrangement of digital informatoanresponds to the following table:

MR 0000000000001200
MD 0000000000001207

[11.5.3. Comparison of the absolute values of dividnd and divisor (MD MD),
(MR+MD  MD).

The comparison of the absolute values of dividend divisor is carried out by adding the
divisor with the arithmetical Addition of the divedd.

Sequential pulse S1 through gate K185 sets flip-#& into the working order and increments
the Z counter for administration of the 1st byte.

During completion of the Subtraction operation BB MD gate K97 is enabled. From the
output of gate K97 a logic 1 signal through theedal5 is fed to inverter N38.

From output MRS of inverters N29 and N38 a logisignal is fed to gate K6 and disables the
operation of the MR register.

At completion of the second read and write cyclate 108 is enabled. From output MDS of
inverter N42 a logic 1 signal enters gate K7 angless operational control of the MD register.

The Subtraction operation 0 - MD MD occurs from the 1st through to the 16th bytes
inclusively.

Pulse VLS of the 16th byte through the differeiigtcircuit with S16 = 0 resets flip-flop Z16
into the initial state and turns off the Z counteAs a result the completion of the Subtraction
operation in accordance with the example in regigt® will be written the arithmetical addition of
dividend 9999999999998793. A positive voltage dabphe S16 output of inverter N87 through
gate K144 and the differentiating circuits with VERD and F2 = 0 set flip-flops F1 and F6 into the
working order. The setting of the flip-flop F6 anthe working order occurs in the case of the
equality of information in registers MD and MR.

From the F1 output of inverter N62 a logic O signal enters alishbles gate K114. At the
ADD1 and ADD outputs of the inverters are generdteic 1 signals, which in the time of the
following cycle of the Z counter ensure the completof the operation of adding the divisor with
the arithmetical addition of the dividend (MR + MD MD). Simultaneously logic 0 signals from

outputsF_l and F6 of inverters N62 and N76 enter and shut gate K97.

Note —
There does not appear to be any association betwdpuat F3 of inverter N65 and the “controlling
input and differentiating circuit” of gate K132
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At output MRS of inverters N29 and N38 is a logisidnal generated, which with U = 1 ensures
operational control of the MR register.

Control of the MD register occurs with V = 1 thréugate K104. The operation of the MR
register with the V = 1 is blocked by a logic 1ragat the MDS entrance of gate D11. Sequential
pulse S1 through gate K185 and the differentiatonguit when Al = 0 sets flip-flop Z1
incrementing the Z counter for completion of thedfiwn operation of MR + MD  MD.

During the first read cycle number 0 (0000) igatiofrom the four ferrite core planes of the 1st
byte of the MR register into the four flip-flops @gister A.

During the first write cycle the number O (000OYe@svritten into the four ferrite core planes of
the 1st byte of the MR register from the four flipps of register A.

During the second read cycle the number 3 (001%)arsed from the four ferrite core planes of
the 1st byte of the MD register into the four fflpps of register A.

During the second write cycle number 3 (0011) veritten into the four ferrite core planes of the
1st byte of the MD register from the four flip-fiopf register A.

From outputs C1 and C2 of inverters N4 and N6 I@ggignals enter the inputs and disable the
operation of gate K53. From the  output of inveNé6 a logic 1 signal enables the operation of
gate K180.

The VLS pulse of the 1st byte through gate K180 #addifferentiating circuit when S16 =0
resets flip-flop F6 into the initial state. Theitial state of flip-flop F6 is the criterion of the
inequality of terms. The addition of the numbeirthe remaining bytes is carried out analogously.

During the second read and write cycles the nur@l§g001) is rewritten into the 16th byte of the
MD register. From outputs C1 and C8 of invertersadd N10 logic 0 signals disable the operation

of gate K53. From outpu® of inverter N16 a logic 1 signal enables the ope@naof gate K174.
The VLS pulse of the 16th byte through the difféiamg circuit with S16 = 0 resets flip-flop Z16
into the initial state and turns off the Z countef positive voltage drop of the S16 output of

inverter N87 through gates K169 and K174 and tfferéintiating circuits with F2 = 0 and UBER =
0 set flip-flops F2 and F6 into the working order.

From output F2 of inverter N71 logic 1 signal emsbbate K115. At output SUB of inverter
N47 a logic 1 signal is generated, which preparescompletion of the Subtraction operation. As a
result of the addition of the numbers

0000000000001200 + 9999999999998793 = 9999999999399
overflow of the MD register does not occur. Thehanetical Addition, written into register MD,

corresponds to the value MD > MR and working orafethe flip-flop F6, which accomplishes the
Subtraction operation MR - MD MD and the shift of the information of register&\nd ACO.
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[11.5.4. Subtraction MR - MD MD (Complement) and the shift of the information d
registers ACO and MR.

Sequential pulse S1 through gate K185 with A1l = $lip-flop Z1 into the working order
which increments the Z counter for control of tis¢ dyte.

Operational control of the MR register occurs Witk 1.
Operational control of the MD register occurs vitie V = 1 through gate K108.

During the Z counter cycle the Subtraction operatidR - MD MD is carried out in the
sequence, analogous to the description of operé#k) - (-MR)  AC.

The VLS pulse of the 16th byte through the difféi@ing circuit with = 0 resets flip-flop
Z16 into the initial state which turns off the Zucaer.

As a result the completion of the Subtraction opena the number
0000000000001200 - 9999999999999993 = 00000000@0G0Me straight number (dividend) is
written in register MD.

A positive voltage drop of the output S16 of ineertN87 through gate K149 and the
differentiating circuit with ADD = 0 resets flipdp F1 into the initial state. Sequential pulse S1
through gates K153 and K185, and the differentgatimcuits with A1 and Z+E8 = 0 reset flip-flop
F2 into the initial state, and flip-flops VER and ito the working order.

During the Z counter cycle operational control loé tMR register and shifting of the divisor to
one byte to the left occurs. As a result of thédt gf information in register MR occurs the
Multiplication of a divisor by 10. The VLS pulsé thhe 16th byte through the differentiating circuit

with S16 = 0 resets flip-flop Z16 into the initial staté positive voltage drop from output S16 of
inverter N87 through gate K144 with F2 = 0 setp-flop F1 into the working order. From output
F1 of inverter N63 a logic 1 signal disables ga#®KFrom the output of gate K75 a logic 1 signal
is fed to the input of gate D10 which switches itiemorising circuit into the working order. From
output RU of inverter N24 a logic 1 signal enaliles operation of gate K195. Sequential pulse S1
through gates K195 and K194 sets flip-flop Z16 itite working order incrementing the Z counter.
Gate K122 is enabled, at output ACO of inverter Ndlgic 1 signal is generated, which ensures
operational control of the ACO register. During theounter cycle with RU = 1 the shift operation
of the rounding off number 5 (0101) to one bytetle right is carried out in the sequence,
analogous to the description of the reverse cogrdfrthe Z counter. During the decrement of the Z
counter from 16th into the 15th byte, at the outdb of inverter N87 a positive voltage drop
through gate K169 and the differentiating circuithv=2 = 0 sets flip-flop F2 into the working
order.

After the shift of the 1st byte switching counterfa control of the 16th byte occurs, IL.E.
flip-flop Z1 resets into the initial state, Z16 rams in running order. Pulse VLS of the 16th byte
through gate K187 set flip-flops Z1, Z2, Z4 and id® the working order and decrements the Z
counter for control of the 15th byte.

6 Zak 794
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A positive voltage drop of the S16 output of irteerN87 through gate K149 and the

differentiating circuit withVEF= 0 resets flip-flop F1 into the initial state. ofr output F1 of
inverter N63 a logic 0 signal is fed to the inptigate K77 and switches the memorising circuit into
the initial state. After switching of the memonigicircuit into the initial state at output RU of
inverter N24 a logic 0 signal is generated, anthatoutput of inverter N23 - a logic 1 signal.
A positive voltage drop of the VLS pulse of the iBiyte through the differentiating circuit reset
flip-flops Z1, Z2, Z4 and Z8 into the initial statend increments the Z counter for control of the
16th byte. From output of inverter N88 a logic ignsal enters the control input of the
differentiating circuit of flip-flop Z16. The VL®ulse of the 16th byte through the differentiating
circuit resets the flip-flop into the initial staéad turns off the Z counter. A positive voltagem
from output S16 of inverter N87 through gate K15®l dhe differentiating circuit with RU = 0
resets flip-flop VER into the initial state. Framatput VER of inverter N68 a logic O signal enables
gates K177 and K178. A positive voltage drop @& tates outputs through the differentiating
circuits reset flip-flops F2, F4 and F6 into théial state.

[11.5.5. Comparison of values after the shift of tle information in registers
MR, AC (about MD  MD), (MR + MD  MD).

After disconnection by counters flip-flop VER reseénto the initial state. From output of
inverter N67 a logic 1 signal disables gate K124.output SUB of inverter N47 a logic 1 signal is
generated, which determines the completion of thbtr&ction operation. Sequential pulse S1
through gate K185 and the differentiating circuliem A1 = O sets flip-flop Z1 incrementing the Z
counter. During the Z counter cycle the Subtractperation 0 - MD MD is carried out which
occurs in a sequence, analogous to the descriptieection 111.5.3.

_ 0000000000000000
000000000000120VID
9999999999998793 MD

After completion of the Subtraction operation thempletion of the addition operation
MR+ MD  MD occurs.

9999999999998793 MR
+ 0000000000012008D
0000000000010793 MD
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As a result of completing the Addition operationr@gister MD is written the straight number,
flip-flop F6 remains in the initial state, which reesponds to inequality MR > MD, LLE. The
number, written into register MR, is more than thatten into register MD.

[11.5.6. Subtraction (MR - MD MD) and reverse shift of the information in regiser MR
(divisor).

Completion of the Subtraction operation MR - MD MD occurs in a sequence, analogous to
the description of the Subtraction operation oftises 111.3.8. And 111.3.9. In this case insteafl o
the ACO register through gate K108, control of Mg register occurs:

_0000000000012000 MR
00000000000107981D
0000000000001207 MD

As a result of completing the Subtraction operatle dividend in register MD will be replaced
by the number 0000000000001207. The VLS pulsehefliéth byte through the differentiating

circuit with SL6 = 0 resets flip-flop Z16 into the initial statecaturns off the Z counter. A positive
voltage drop from output S16 of inverter N87 throggate K149 and the differentiating circuit with
ADD = 0 resets flip-flop F1 into the initial state.

Sequential pulse S1 by a positive voltage droputinogate K153 and the differentiating circuits
with Z+E8 = 0 resets flip-flop F2 into the initigtate and sets VER into the working order.
Simultaneously pulse S1 through gate K185 and ifferentiating circuit when A1 = 0 sets
flip-flop Z1 incrementing the Z counter.

Gate K97 is enabled, at output MRS of inverters 28 N38 a logic O signal is generated.
Gates K117 to K124 are disabled, on the outputsaA@ ACO of inverters N44 and N45 logic 0
signals are generated. Gates K101 to K108 are ldbaéat output MDS of inverter N42 a logic O
signal is generated. From outputs AC, ACO, MDS MRIS of the inverters logic 0 signals enter
gates K6 to K11 and block the operation of regstC, ACO, MD and MR. As a result of
blocking the registers counter Z is carried outarried errowith VER = 1.

After setting flip-flop Z16 into the initial stafeom output S16 of inverter N87 a positive voltage
drop through gate K144 and the differentiating witrgvith F2 = 0 sets flip-flop F1 into the working
order. From output F1 of the inverter a logic Insigdisables gate K75. From output RU of inverter
N24 a logic 1 signal prepares gate K195 to decrertten Z counter. Gate K131 is enabled, at
output ACO of inverter N45 a logic O signal is gexted, which enters gate K8 and disables the
operation of the ACO register.

6*
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At output MRS of invertergiNz28)" N38 and(N39)" N29 a logic 1 signal is generated, which
ensures control of the MR register.

Sequential pulse S1 through gates K194 and K198igdtop Z16 into the working order hich
decrements the Z counter. During switching of th@inter from the 16th to the 15th byte at output
S16 of the inverter N87 is generated a positivdaga drop, which through gate K169 and the
differentiating circuit with F2 = 0 sets flip-flob2 into the working order. During the decrementing
count of the Z counter the shift operation of thasdr is carried out to the right by one byte. tekf
reading and writing in the 1st byte flip-flops 222, Z4 and Z8 are located in the initial state hwit
Z16 in running order. The VLS pulse of the 16thebyrrough gate K187 sets flip-flops Z1, 22, Z4
and Z8 and decrements the Z counter for contrth@fl5th byte. At output S16 of inverter N87 is

formed a positive voltage drop, which through daid9 and the differentiating circuit WItMEF =
0 resets flip-flop F1 into the initial state.

From output F1 of inverter N63 a logic O signal lelea gate K77. From output RU of inverter
N24 a logic O signal disables the operation of shbematics of the reverse counting of the Z
counter. The VLS pulse of the 15th byte througte ¢&l87 reset flip-flops Z1, Z2, Z4 and, Z8 into
the initial state. The Z16 flip-flop remains setlaensures control of the 16th byte. The VLS pulse

of the 16th byte through the differentiating citowith S16 = 0 resets flip-flop Z16 into the initial
state and turns off the Z counter. A positive agé drop from output S16 of inverter N87 through
gates K159 and the differentiating circuit with RUD resets flip-flop VER into the initial state. A
positive voltage drop from output VER of inverte6®through gates K173 and K177, and the
differentiating circuits resets flip-flop F2 inttné initial, and F5 into the working order. The
working order of flip-flop F5 indicates the endtbe operations of determining the quantity of bytes
of the quotient.

[11.5.7. Preparatory quotient formation of
(0O-MD MD),(MR+MD  MD).

The preparatory operations for formation of thetopra are carried out in a sequence, analogous
to the description the section 111.5.5 (0 - MD MD)

_0000000000000000
000000000000120MD
9999999999998793 MD

After the end of the operation and disconnectiothef Z counter a positive voltage drop from
output S16 of the inverter M87 through gate K14d #re differentiating circuits with F2 =0 and
VER = 0 reset flip-flops F1 and F6 into the workimgler.

Note -
N38 and N29 listed here are corrections from the original Rarsgnmanual in which they were
incorrectly listed afN28 andN39, this did not match the circuit and logic drawings
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Sequential pulse S1 through gate K185 and therdiifeating circuit with A1 = 0 reset flip-flop Z1
incrementing the Z counter. After incrementing theounter the addition operation of the straight
number of the divisor with the arithmetical additiof the dividend MR + MD MD is carried
out.

0000000000001200 MR
+ 99999999999987981D
9999999999999993 MD

During completion of the Add operation and durihg tewriting of the first number into register

MD from the 0 output of inverter N16 a logic 1 signal enables tiperation of gate K180. The
VLS pulse of the 1st byte through gate K180 anddifferentiating circuit when S16 = 0 resets flip-
flop F6 into the initial state. The VLS pulse betl6th byte through the differentiating circuithwi

S16=0 resets flip-flop Z16 into the initial state atdns off the Z counter. Simultaneously pulse
VLS through gate K174 and the differentiating citanith UBER = 0 resets flip-flop F6 into the
working order. The working order of flip-flop FGetérmines that the information of the register
MD > MR, as a result of this the byte of quotienadded one. After disconnection of the Z counter
from output S16 of inverter N87 a positive voltadyep through gate K169 and the differentiating
circuit with F2 = 0 resets flip-flop F2 into the vking order.

Sequential clock pulses S through gate K91 andlitfierentiating circuit withF2 = 0 resets
flip-flop Al into the working order. From output Adf inverter N5 a logic 1 signal enters the

control input of the differentiating circuit of fifflop Z1 and disables the setting of flip-flop Kito
the working order through gate K185.

[11.5.8. Quotient formation and comparison of values
(MR+MD  MD).

Pulse S1 through gate K194 and the differentiatinguit Z+E8 = 0 resets flip-flop Z16 into the
working order and enables the Z counter for of austiation of the 16th byte.

Gate K83 is enabled, from output MRS of inverte29Nind N38 a logic O signal enters gate K6
and disables the operation of the MR register. ®a20 with V = 1 is enabled. At output ACO of
inverter N45 a logic 1 signal is generated, whinbuges operational control of the ACO register.

During the first of the read and write cycles cohtf registers does not occur.

During the second read cycle the number 0 (0008)ased from the four ferrite core planes of
the 16th byte into the four flip-flops of registr

6B a . 794
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During the second write cycle the number 1 (008Xewritten from the four flip-flops of the A
register the number 1 (0001) is rewritten intofth ferrite core planes of the 16th byte of theQAC
register.

The VLS pulse of the 16th byte through the difféig@mg circuit with S16 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctarm simultaneously pulse VLS through the
differentiating circuit resets flip-flop Al into ¢hinitial state.

From output S16 of inverter N87 a positive voltageop through gate K176 and the
differentiating circuit with UBER = 0 resets flifep F2 into the initial state.

Sequential pulse S1 through gate K185 and therdiiteating circuit with A1 = 0 resets flip-flop
Z1 incrementing the Z counter.

During the Z counter cycle the Add operation of MRMD  MD is carried out

0000000000001200 MR
+99999999999999981D
0000000000001193 MD

After the record of a number into the 1st bytetwf MD register pulse VLS through gate K180
and the differentiating chain with S16 = 0 reséfsffop F6 into the initial state. In the 16th leyof
the MD register is written number 0, thereforep-fliop F6 do not change initial state. The initial
state of flip-flop F6 determines that the inforroatiof register MR > MD, as a result this into the
byte of quotient one to does not enter. Pulse ViLtB® 16th byte by a positive voltage drop through
the differentiating chain with = 0 resets flip#l@16 into the initial state and turns off the Z
counter. A positive voltage drop from output SI6iroverter N87 through gate K169 and the
differentiating chain with F2 = 0 resets flip-fléj2 into the working order.

[11.5.9. Subtraction (MR - MD MD)
and the shift of registers MD, ACO.

The sequential pulse S1 through gate K185 andrdifteting chain with A1 = 0 resets flip-flop
Z1 incrementing the Z counter.

Gate K113 it is enabled, on the output SUB of iteeN47 a logic 1 signal is generated, which
determines the completion of the operation Subtad¥iR - MD > MD

_0000000000001200 MR
00000000000011981D
0000000000000008 MD
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Completion of the operation occurs in a sequent@pgous to the description in section 111.5.6.

The VLS pulse of the 16th byte through the difféiating circuit with S16 = by 0 resets
flip-flop Z16 into the initial state. A positiveoltage drop of the output S16 of inverter N87
through gate K149 and the differentiating circuithwWADD = 0 resets flip-flop F1 into the initial
state. Sequential pulse S1 through gate K153 amdlifferentiating circuits with Z+E8 = 0 reset
flip-flops F2 into the initial and VER into the wang order. Simultaneously pulse S1 through gate
K185 and the differentiating circuit when Al = Gse¢s flip-flop Z1 incrementing the Z counter.
Gate K106 is enabled, at output MDS of inverter Ndbgic 1 signal is generated, which enters
gate K7 and ensures control of the MD register.

The working order of flip-flop VER carries out tloperation of the shift of the remainder of the
dividend one byte to the left during the Z courtigzle. As a result of the shift the remainderhaf t
dividend, written into register MD, increases by Bulse VLS through the differentiating circuit
with S16 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. A positive
voltage drop of the Z16 output of inverter N87 tihgh gate K144 and the differentiating circuit
with F2 = 0 resets flip-flop F1 into the workingder. Sequential pulse S1 through gate K194 and
the differentiating circuit with Z+E8 = 0 resetspfflop Z16 in working order and it includes
counter Z. Gate K122 is enabled, at output ACheérter N45 a logic 1 signal is generated, which
enters gate K8 and ensures control of the ACO texgis

During the read cycle from the four ferrite coran@s of the 16th byte number 1 (0001) is
rewritten into the four flip-flops of register A.

During the write cycle from the four flip-flops oégister E number 0 (0000) is rewritten into the
four ferrite core planes of the 16th byte regisied ACO.

The VLS pulse of the 16th byte through the difféia@img circuit resets flip-flop Al into the
initial state and stores number 1 (0001) into the flip-flops of register E.

Simultaneously pulse VLS through the differentigtmircuit resets flip-flop Z16 into the initial
state and turns off the Z counter.

A positive voltage drop from output S16 of invertBl87 through gate K169 and the

differentiating circuits withVEF = 0 and F2 = 0 reset flip-flops F2 and Z1 in watkbrder, starting
the Z counter.

During the read cycle the number 0 (0000) is stdrech the four ferrite core planes of the 1st
byte of the ACO register into the four flip-flopgregister A.

During the write cycle the number 1 (0001) is reéten from the four flip-flops of register E into
the four bits of the 1st byte of the ACO regist&he shift of the remaining bytes of the ACO regjist
occurs in the usual sequence.
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Consequently, as a result of the execution of kiéirsg operation the number 1 (0001) from the
16th byte is rewritten into the 1st byte of the A@@ister and simultaneously the rounding off
number 5 (0101) is shifted one byte to the lef, it is rewritten into the 14th byte. The VLS gpeil
of the 16th byte resets flip-flop Z16 into the iaitstate and turns off the Z counter.

A positive voltage drop from output S16 of inverté87 through gates K149 and K159, the

differentiating circuits withVEF = 0, RU = 0 reset flip-flops F1 and VER into timitial state. A
positive voltage drop from output VER of inverte6®through gate K177 resets flip-flop F2 into
the initial state.

[11.5.10. Comparison of absolute values (0 - MD MD),
(MR +MD  MD) and the shift of registers MD, ACO.

Sequential pulse S1 through gate K185 and therdiffeating circuit when Al = O resets
flip-flop Z1 incrementing the Z counter. Gate Kli$4enabled, at the SUB output of inverter N47 a
logic 1 signal is generated, which determines tiragetion of the Subtraction operation 0 - MD
MD.

During the first cycle of the Z counter the Subti@t operation is carried out in the usual
sequence

_0000000000000000
000000000000007MMD  0050000000000001 AC
9999999999999930 MD

During the second cycle of the Z counter the Additbperation MR + MD MD is carried out
in the usual sequence

0000000000001200 MR
+ 9999999999999930MD
0000000000001130 MD

As a result of completing the operation flip-flof Femains in the initial state.
During the third cycle of the Z counter the Sultiatoperation MR - MD MD is carried out
_0000000000001200 MR

000000000000113M/D
0000000000000070 MD

As a result of completing the Subtraction operatl@remainder of the dividend is expressed by
the straight number and corresponds to inequaliy ¥MR. Consequently, the information of
registers MD and ACO must be shifted by one bytiaédeft.
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The following two cycles of the Z counter ensure shét of the information in the MD and ACO
registers. Consequently, the arrangement of infoomacorresponds to the following record in the
four ferrite core planes of the registers:

0000000000001200 MR
0000000000000700 MD
0500000000000010 ACO
After the shift of information in the registers the sequence, analogous to the description in

section 1I1.5.4, occurs the resetting of the cquoesling flip-flops into the initial state and the
disconnection of the Z counter.

[11.5.11. Comparison of values for rounding
(O-MD WMD) (MR+MD  MD).

In the sequence, analogous to the descriptionaticselll.5.5, the Z counter is started, which
carries out the comparison operation of the valnesegisters MDand MR and the shift of the
information in registers MD and ACO.

During the shift of the rounding off number 5 (0)@ito the 16th byte of the ACO register the
read cycle stores number 0 (0000) from the fous bftferrite cores of the 16th byte into the four
flip-flops of register A.

The write cycle rewrites the number 5 (0101) irtte four ferrite core planes of the 16th byte
from the four flip-flops of register E. Gate K49dsabled with the logic 0 signals of inpuksl and
E4. From output E of inverter N14 a logic 1 signaébles the operation of gate K170.

As a result of the shift, the arrangement of tHermation in the registers corresponds to the
following record in the four ferrite core planestbé registers:
0000000000001200 MR
0000000000007000 MD
5000000000000100 ACO

The VLS pulse of the 16th byte through the diffei@img circuit with S16 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam

A positive voltage drop of the S16 output of ineermN87 through gates K170, K149 and K159,

the differentiating circuits withiF2 = 0, VEF= 0, RU = 0 resets flip-flop F4 into working, F1dan
VER - into the initial state.

A positive voltage drop from output VER of inverfd68 through gate K177 resets flip-flop F2
into the initial state.

The working order of flip-flop F4 determines themgaetion of the rounding operation of the low
order digit of the quotient.
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[11.5.12. Comparison of the values (0 - MD MD), (MR+ MD  MD)
and the formation of a low-order quotient digit.

Sequential pulse S1 through gate K185 and therdiffeating circuit when Al = O resets
flip-flop Z1 into the working order and starts tHecounter for completion of the comparison of
values operations. The comparison of values of KID MD), (MD + MR  MD) and the
formation of the quotient occurs in a sequencelogioas to the description in section 111.5.8.

During the first cycle of the Z counter the Subti@t operation 0 - MD MD is carried out:
_ 0000000000000000

000000000000700MMD
9999999999993000 MD

During the second error of the counter the Add afp@n MR + MD  MD is carried out

0000000000001200 MR
+ 999999999999300MD
9999999999994200 MD

As a result of the comparison of the values ofdbwd and divisor we obtain MD > MR. During
the third cycle of the Z counter into the 16th bytehe ACO register enters one:

6000000000000100 ACO
During the fourth cycle of the counter the compamisf values is carried out:
0000000000001200 MR

+ 999999999999420MD
9999999999995400 MD

As a result of the comparison of the values ofdiwid and divisor during the fifth cycle of the Z
counter into the 16th byte of the ACO register entae:

7000000000000100 ACO

The comparison of values and the formation of the-érder digit of quotient is carried out
analogously with the description in section 111.5.8

After the record number 9 (1001) in the 16th byitthe quotient the error is included by counters
and the comparison of values, I.E.. is carriedopgration MR + MD MD:

0000000000001200 MR
+ 9999999999997800/1D
9999999999999000 MD 9000000000000100 ACO.

The comparison of the values of dividend and divieads to the result MD > MR.

170



The VLS pulse of the 16th byte through gate K174 te differentiating chain with UBER = 0
sets flip-flop F6 in working order.

From output F6 of inverter N77 a logic 1 signalldea the operation of gate K91.

Simultaneously pulse VLS through the differentigtizircuit with S16 = 0 resets flip-flop Z16
into the initial state and turns off the Z counter.

A positive voltage drop from output S16 of invertBl87 through gate K169 and the
differentiating chain with F2 = 0 sets flip-flop F&o the working order.

All the remaining F flip-flops are left in runnirgyder after the setting of flip-flop F2. Sequential

clock pulses S through gate K91 n the differem@thain whenF2 = 0 sets flip-flop Al into the
working order.

Sequential pulse S1 through gate K194 and therdiffeating circuit with Z+E8 = 0 resets
flip-flop Z16 into the working order and starts theounter.

Gate K120 with the V = 1 is enabled. At output AGDinverter N45 is a logic 1 signal
generated, which ensures control of the ACO registe

During the first of the read and write cycles ohtol of registers does not occur.

During the second read cycle the number 9 (100%)ased from the four ferrite core planes of
the ACO register 16th byte into the four flip-flopEregister A. After storing the number 9 (1001)
into the four flip-flops of register A, addition 6001 + 1001 is carried out.

As a result of adding 0001 + 1001 and transfehefdverflow bits, a positive voltage drop from
output E8 of inverter N21 through gate K64 anddtiterentiating circuit with U = 0 sets flip-flop
UBER into the working order. After setting flipsfp UBER the number 0 (0000) will be written
into the register A flip-flops.

During the second write cycle the number (000Q¥kisritten into the four ferrite core planes of
the ACO register 16th from the four flip-flops @gister A

Pulse VLS through the differentiating circuit WiBL6 = O resets flip-flop Z16 into the initial
state and turns off the Z counter. Simultaneouslyse VLS through gate K181 and the

differentiating chain WithF2 = 0 resets flip-flop Z1 incrementing the Z counter

Gate K120 with V = 1 is enabled. At output ACOimferter N45 a logic 1 signal is generated,
which ensures control of the ACO register. Durihg first read cycles of the record of control by
registers it does not occur.

During the second read cycle the number 0 (0008)ased from the four ferrite core planes of
the ACO register 1st byte into the four flip-flopkregister A.
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A positive voltage drop from output LES of inverfe25 through gates K28 and K68, and the
differentiating circuits reset flip-flops UBER intbe initial state and sets Al into working order.

During the second write cycle the unit of roundin¢0000) is rewritten into the four ferrite core
planes of the ACO register 1st byte from the fdip-flops of register A, The rewriting of the
remaining bytes of the ACO register occurs in theal sequence.

The VLS pulse of the 16th byte through the difféi@img circuit with S16 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam A positive voltage drop from output S16 o th
inverter N87 through gate K176 and the differemitcircuit with UBER = 0 resets flip-flop F2
into the initial state.

As a result of rounding the low-order digit in tRe&CO0 register faw is Chefp formation of
quotient. The arrangement of information in theQA@gister corresponds to the following record:
0000000000000101.

Sequential pulse S1 through gate K185 and therdiifeating circuit with A1 = 0 resets flip-flop
Z1 incrementing the Z counter for completion of doenparison of values operation. As a result of
the comparison of values we obtain MD < MR:

0000000000001200 MR
+ 9999099999999000MD
0000000000000200 MD

During the transfer of the overflow bits the flilefp E8 consecutively inverts into the working
and initial conditions. A positive voltage drop tbe output E8 of inverter N21 through gate K64
and the differentiating circuit with U = 0 setflilop UBER into the working order.

The VLS pulse of the 16th byte through gate K180 e differentiating circuits with
and S16 = 0 reset flip-flops F6 and Z16 into the initigh® and turns off the Z counter.

A positive voltage drop of the S16 output of ineertN87 through gate K169 and the
differentiating chain with F2 = 0 sets flip-flop F&o the working order. After disconnection oéth
Z counter the following clock pulse through gate6kahd the differentiating circuit with MUL = O
resets flip-flop UBER into the initial state.

[11.5.13. Rewriting a quotient from register ACO
into register MR (ACO  MR).

After the formation of the quotient flip-flops FE2, F3, F4 and F5 are located in the working
order and F6 in the initial state.

Sequential pulse S1 through gate K185 and the rdiffeating circuit when Al =0 resets

flip-flop Z1 incrementing the Z counter. Gate K1@h U and LES = 1 is enabled. At output ACO
of inverter N45 a logic 1 signal is generated, \Wwheasures control of the ACO register.
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Simultaneously from inverter N45's output ACO gitol signal enters through the gate D11 to
the input of inverter N29. From output MRS of inees N29 and N38 a logic 0 signal enters gate
K6 and disables the operation of the MR registent@®| of the operation of the MR register occurs
with U and SCHREIB =1 and V = 1.

During the first read cycle the number 1 (0001%tmred from the 1st byte of the ACO register
into the four flip-flops of register A.

During the first write cycle the number 1 (0001)yésvritten into the four ferrite core planes of
the MR register 1st byte from the four flip-flop$ gister A independently of the previously
written information.

During the second read cycle the number of the lhaisrof the ferrite core of the 1st byte of the
MR register in accordance with example 1 (000XTead without storing into the four flip-flops of
register A. Gate K88 is enabled, from the outputimvferter N34 a logic O signal disables the
operation of the read amplifiers.

During the second write cycle from the four flipfils of register A the number 1 (0001) is
rewritten into the four ferrite core planes of tMR register 1st byte. The rewriting of the
remaining bytes of quotient is carried out analaiyu

The VLS pulse of the 15th byte through gate K18#aments the Z counter for control of the
16th byte. From output S16 of inverter N87 a lobisignal disables gate K87. From output HV of
inverter N34 a logic 0 signal disables the operatibthe read amplifiers.

During the first read cycle the number of the ftarrite core planes of the 16th byte of the ACO
register in accordance with example to 0 (0000g&l without storing into four flip-flops of the A
register (I.LE. The information of four bits is seal).

During the second write cycle from the four flipfils of register A the number 0 (0000) is
rewritten into the MR register 16th byte.

The VLS pulse of the 16th byte through the difféi@mg chain withS16 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctarin A positive voltage drop of the output S16 of
inverter N87 through gate K133 and the differemgfircuit with F6 = 0 resets flip-flop B3 into
the initial state.

From the B3 output of the flip-flop a logic O sigrmaables gate K135. A positive voltage drop
of the DIV output of amplifier V567 through the fdifentiating circuit resets flip-flop F2 into the

initial state. Sequential clock pulses S througte ¢&l34 and the differentiating chain wifR=0
resets flip-flop B4 into the initial state. Followg pulse S1 through gate K142 and the
differentiating chain with Z+E8 = 0 resets flip4ldR into the initial state. Simultaneously pulse S1
through gate K194 and the differentiating circuithvZ+E8 = 0 resets flip-flop Z16 into the
working order incrementing the Z counter. A pagtvoltage drop from output K the inverter N58
through the differentiating circuits reset flipfi® F1, F3, F4 and, F5 into the initial state.
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Table of the sequence of activity of the functiotiatuit elements

for the general case of Division, with a numereehmple.

of the . Operation State and transition of the Registers
Operation . . Notes
opera- carried out selection for control flip-flops
tion result F1 F2 F3 F4 F5 F6 MD MR AC
1 2 3 4 5 6 7 8 9 10 11 12 13
Dividend entry 000...012071 000...01207 0000...0000
Divisor entry 000...01207 000...0120p 0000...0000
Equals key 000...01207 000...01200 0000...0000
1 Record of SUB = 1. 0/0 | O/O| O/1| 0O/1| 0/0| 0/0] Accordingto an 000...01207| 000...01200 0050...0000
rounding off Operation 2is example the 14th
number 5 into carried out. byte is selected. At
16th byte of output DIV a logic 1
register ACO. signal is generated.
Analysis of the Inversion of flip-
signs of flops; F4 - through
dividend and K171; F3 - through
divisor. the differentiation
chain, with =0,
SUB=1 - through
gate K114
2 Preparation, for | Operation 3is | 0/1 | 0/0 | 1/1| 1/1| 0/0| 0/1 F1, F6-through | 999...98793| 000...1200; 0050...0000
the comparison | carried out. gate K144

of the absolute
values of
dividend and
divisor.
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Comparison of | MD MR, 0/0 | 0/1 | 0/0| O/0| 0O/O| 1/0| F2 =1 through 999...99993| 000...01200| 0050...0000
the absolute operation 4-8 (1) | K169; F6 - into the MD>MR
values of are carried out. initial state through
dividend and With MD < MR K180 and into
divisor. operation 28 working order
MR + MD is carried out. through K174 with
MD MD > MR. SUB =1
- through K11

Complement of | Operation 1/0 | 1/0 | /2| 1/1| 0/0| 1/1] F1, F2 through 000...01207| 000...1200; 0050...0000
dividend. MR - 5 is carried K149 K153 VER =
MD MD out. 1 through K153
Shift MR one Operation 0/1|0/0| 1/1| 1/2| 0/0] 0/0, F1-through K144 000...01207  00...12000050...0000
byte to the left 6 is carried

out.
Shift ACO one | Operation 7is |1/0 | 1/0 | 1/1| 1/0| 0/0f 1/0, F1 -through K149, 000...01207| 00...012000 00050...000
byte to the right | carried out. F4 - through K178,

During record by F6 - through K177,

5 into the 1st VER=0 - through

byte 0Ois K159,

carried out F2=0 - through

operation 29. K177 SUB=1-

through K114

Preparation for | Operation 0/1 | 0/0| 1/1| 0O/0| 0/0| 0/1 F1,F6 -through 999...8793 | 000...12000 00050...000
the completion 8 is carried K144
of the operation | out.

of the
comparison of
absolute values.
0-MD MD
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Continuation

of the . Operation State and transition of the Registers
Operation . . Notes
opera- carried out selection for control flip-flops
tion result F1 F2 F3 F4 F5 F6 MD MR AC
1 2 3 4 5 6 7 8 9 10 11 12 13
8 Comparison of D> MR, 1/1 | 0/1| 1/2| 0/0| 0O/O| 1/1| F2 -through gate | 000...10973| 000...12000| 00050...000
the absolute operations (0) | K169, MD < MR
values of 4 -8 are F6 - into the initial
dividend and carried out. state through K180
divisor. With D< R with MD < MR.
MR + MD operations 9 SUB=1- through
MD — 13 are carried K113
out.
9 Complement of | Operation 10 | 1/0 | 1/0 | 1/1| 0/0| 0/0| 0/0] F1 - througt49, | 000...01207| 000...12000 00050...000
the dividend is carried out. F2 — through 153
R- D
D
10 Direct idle Operation 11 | 0/2 | 0/0 | 1/12| 0/0| 0/0| 0/0, F1-through44 | 000...01207| 000...12000 00050...000
miscalcula- | is carried out
tion of the Z
counte
11 Shift MR one Operation 12 | 1/0 | 1/0 | 1/1| 0/0| 0/1| 0/0] F1-througH49, | 000...01207| 000...1200| 00050...000
byte is carried out F2 — through 169
and 177,
5 —through 173
12 Preparation for | Operation 13 | 0/1 | 0/0 | 1/1| 0/0| 1/1| 0/1] F1, F6-through 144 | 999, . .8793 000...1200| 00050...000
the formation of | is carried out
guotient.
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0- D D

13 Comparison of D> R, 1/1 | 0/a | 1/2| O/0O| 1/1| 1/0] F2 —through 999...9993 | 000...1200 | 00050...000
the absolute operation 14 0) 169. With D MD > MR
values is carried out. R
R + MD With MD < F6 remains set
MD MR, through 174
operations
16 — 18 are
carried oui
14 Record 0001 intg Operation 15 | 1/1 | 1/0 | 1/1| 0/0| 1/1| 1/1| F2 - throughl76 999...9993 000...1200 1050...000
16th byte of 0 | is carried out.
15 Comparison of D R, 1/1 | 1/0| 1/2| 0/0| 1/1] 1/1| F2 —through 169 999...1193 000...1200 1005...000
the absolute operation 15 (0)
values. is carried out.
R+ D With MD <
D MR,
operations
16 — 18 are
carried ou
16 Complement of | Operation 16 | 1/0 | 1/0 | 1/1| 0/0| 1/1| 0/0] F1 through K149, 000...0007 000...1200 1005...000
the dividend. is carried out. through K153
R- D
D
17 Shift MD one Operation 18 | 0/2 | 0/0 | 1/1| 0/0| 1/1} 0/0 F1 - througH44 000...0070 000...1200 1005...000

byte to the left

is carried out.
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Continuation

of the . Operation State and transition of the Registers
Operation . . Notes
opera- carried out selection for control flip-flops
tion result F1 F2 F3 F4 F5 F6 MD MR AC
1 2 3 4 5 6 7 8 9 10 11 12 13
18 Shift ACO one With record by | 1/0 | 1/0 | 1/2| 0/0| 0/0| 1/1] F2 -through K169 000...0070 | 000...1200{ 0050...001
byte to the left 5 into the 16th it is working,
byte ACO is through K177 - into
performed the the initial state,
operation 2. F1 through K149
In the general
case of
operation No
19, 2(
19 Preparation for | Operation 20 | 0/1 | 0/0 | 1/1| 0/0| 1/1| 0/1 F1,F6 -through | 999...9930 | 000...1200{ 0050...001
the comparison | is carried out. K144
of absolute
values.
0-MD MD
20 Comparison of | WithMD<MR | 1/1 | 0/1 | 1/1| 0/0| 1/1| 1/0| F2 -through K169, 000...1130 | 000...1200 | 0050...001
absolute values | operations 16- F6 - into the initial | MD < MR
MR +MD  MD | 20 are carried state with
out. MD < MR
With MD > MR
operations
16, 17 are
carried ou
16 With MD < MR
operations 16- 000...0070 | 000...1200; 0050...001
20 are repeated.
Complement
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MR-MD MD

17

Shift MD one
byte to the lef

00...00700

000...1200

0050...001

18

Shift ACO one
byte to the left.

0...00700

000...1200

0500...010

19

Preparation for
the comparison of
absolute values.
0-MD MD.

99...99300

000...1200

0500...010

20

Comparison of
the absolute
values.

R+ D D.

With MD > MR
operations 16-
20 are carried
out.

With MD< MR
operation 16,
17 are carried
out,

00...00500
MD < MR

000...1200

0500...010

16

With MD < MR
operations No 16,
17 are repeated.
Complement

R- D D

00...0700

000...1200

0500...010

17

Shift MD one
byte to the left

0/1

0/0

1/1

0/0

11

0/0

The state of flip-
flops is analogous
with operation
17

0...007000

000...1200

0500...010
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Continuation

of the . Operation State and transition of the Registers
Operation . . Notes
opera- carried out selection for control flip-flops
tion result F1 F2 F3 F4 F5 F6 MD MR AC
1 2 3 4 5 6 7 8 9 10 11 12 13
21 Shift ACO one 1/0 | 1/0 | 0/0| O/a| 1/1| O0/0] F2 -through K169 0...007000 | 000...1200; 5000...100
byte to the left into working order,
through K177 -
into the initial
state,
F1 - through K149,
F4 - through K17
22 Preparation for 0/1|0/0| /2| 1/1| 1/1] 0/1 F1,F6 - through ...993000 | 000...1200{ 5000...100
the comparison of 144
absolute values. O
- D D
23 Comparison of the WithMD>MR | 1/1 | 0/ | 1/1| 1/1| 1/1| 1/1] F2 - through69 ...994200 | 000...1200{ 5000...100
absolute values | operation 14 D> R
R+ D D | is carried out.
With MD < MR
operations 16-
18 are carried
out.
24 Write 0001 into | Operation 23 |1/1 | 1/0 | /1| 1/1| 1/1] 1/1] F2 - through76 ...994200| 000...1200 6000...100
the 16th byte of | is carried out.
ACO
23 Comparison of | WithMD>MR | 1/1 | 0/2 | 1/1| 1/1| 1/1| 1/1] F2 - through69 ...995400| 000...1200 6000...100
the values operation 24
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is carried out.

With MD < MR
operations 16
- 18 are carried
oul

24 Write 0001 into | Operation 23 | 1/1 | 1/0 | 1/1| /1| 1/1| 1/1] F2 -through K176 9...9954Q0 000...12007000...100
the 16th byte of | is carried out.
ACO
23 Comparisonof | WithMD>MR | 1/1 | 0/2| 1/1| 1/1| 1/1| 1/1] F2 -through K169 9...996600  000...1200/000...100
values. operation 24
MR + MD  MD | is carried out.
With MD < MR
operations 16
- 18 are carried
oui
24 Record by 0001 | Operation 23 | 1/1 | 1/0 | 1/1| 1/1| 1/1] 1/1} F2 -through K176 9...996600  000...1200000...100
into the 16th byte | is carried out
of ACO
23 Comparisonof | WithMD>MR | 1/1 | 0/ | 1/1| 1/1| 1/1| 1/1] F2-through K169 99...997800 000..0020 8000...100
values. operation 24
MR + MD  MD | is carried out.
With MR < MR
operations 16
- 18 are carried
out.
24 Write 0001 into | Operation 23 | 1/1 | 1/0 | 1/1| 1/1| 1/1| 1/1] F2 -through K17¢ 99...9978p0  000..0120 9000...100

the 16th byte of
ACO

is carried out.
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Continuation

of the . Operation State and transition of the Registers
Operation . . Notes
opera- carried out selection for control flip-flops
tion result F1 F2 F3 F4 F5 F6 MD MR AC
1 2 3 4 5 6 7 8 9 10 11 12 13
23 Comparison of | With MD > /1 (0/A| 1/1| 1/1| 1/1] 1/1] F2-through K176 99...999000 000..012®000...100
the values of MR. Operation
MR -MD MD 24 is carried
out.
When MD <
MR operations
16 - 18 are
carried oui
24 Write 0001 in the| Operation 25| 1/1 | /1| /1| 1/1| 1/1} 1/1 99...999000 000...1200 9000...100
16th byte of ACO | is carried out.
25 Write 0001 into /1| 10| /1| 11| 1/1] 1/1] F2-through K176 99...99900 000...120000...101
the 16th byte of
ACO
23 Comparison of  |WithMD>MR. | 1,7 | o/1 | 1/1| /1| 1/1| 1/1] F2 - through K169, §600...000200| 000...120Q  0000...10
the values of Operation 24 -into the initial state
MR -MD MD |is carried out. through K180. With
MD <MR, 26 MD<MR
is carried ou
Initial state through
26 Shift of quotient | Operation 27 | 1/0 | 1/0 | 1/0| 1/0| 1/0| 0/0| K142, F1, F3 - F6
fromACO in MR | is carried out. through the R/C
chains from the
positive drop R of
inverter N58. F2 from
DIV=0
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When the quotient has a "minus" sign, flip-flop Mocated in running order. From output S16
of inverter N87 a logic 1 signal disables gate K132 output C1 of inverter N4 a logic 0 signal is
generated, which ensures the "minus" sign code @@&itten during the second write cycle into
the 16th byte of the MR register. The VLS pulse¢haf 16th byte through the differentiating circuit

with S16 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. Sequential pulse
S1 through gate K186 and the differentiating ctreuth X = 0 sets flip-flop Z1 in working order
and increments the Z counter for display of thetigmo.

[15.14. Exceeding register length with Division.

Exceeding the register length during formationhaf guotient occurs when the quotient exceeds
the permissible 15th byte limit of the registergdn A quantity of bytes of quotient is determined
to the beginning of its formation via the companisaf the values of dividend and divisor. The
result of comparison MD > MR ensures the shifthef information of registers MR one byte to the
left, ACO - one byte to the right. Consequentlynding off number 5 (0101) is shifted one byte to
the right. A different order of magnitudes of dighd and divisor leads to the sequential execution
of the operations of the comparison of values éniftl af the information of registers MR and ACO.

As a result of the specific number of shifts thanding off number 5 (0101) is shifted into the
first byte of the ACO register. After shift intbe 1st digit number 5 (0101) in the usual sequence
the comparison of values occurs and the starteo§Hiift of the information of the ACO register with
MD > MR.

During the shift of information in the ACO registire rounding off number 5 (0101) is stored
into the four flip-flops of register A. The VLS [s@ of the 1st byte through gate K186 decrements
the Z counter control of the 16th byte and simwdtarsly stores the number 5 (0101) from the four
flip-flops of register A into the four flip-flopsfaegister E. Flip-flops E1 and E4 invert into the

working order. From output€£l and E4 logic 0 signals enable gate K49. From output E of
inverter N14 a logic 1 signal disables gate K16&nfthe output of gate K165 a logic 1 signal
enters through gate D25 to the input of inverte@NBrom the output of inverter N69 a logic O
signal disables the operation of gate K162. FrotpuwuMS of the gate a logic O signal is fed to the
differentiating chain input and disables the opemaf the memory timing monostable for the

shaping of pulses t artd

During the completion of operation27 the sign is written into the 16th byte of the Wgjister;
no operation 28 is carried out with the condition MV < MR in tleperation 3, after the
comparison of values is carried out shift MD omelto the left and reverses the Z counter cycle.
In the event of an overflow the operation is stapmeration 29).

Note —
Operations 27-29 mentioned above are missing flenséquence table above, pages 174-182.
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CHAPTER IV

Maintenance.

The basis of construction of this computer is thenqgiple of assembling separate units,
constructed in essence on the elements, used inpdse technique. In comparison with
electromechanical models of computers, the absehtke wear of mechanical components and
other units completely changes the nature of miaawmee. The need for regular preventive
inspection, lubricant and replacing of worn compuasend mechanical units is eliminated.

In normal usage the machine must be protected tampness and dust. The removal of dust
from the current-carrying surfaces of the circuoatils and units is effected by a soft hair brush,
approximately 1- 2 times during the year dependimghe operating conditions.

After the end of work the machine should be covesiti a special case and the mains plug
removed from the mains voltage supply network.

When in the process of completing arithmetic openator other calculations the result does not
appear to correspond to actual value and deviaappear through the fault of the machine, it is
necessary via analysis of the operation of the tfanal diagrams to determine the emergent
malfunction.

The arbitrary symbol in the form of common fractannputs and outputs of each element of the
functional diagram is determined thus: the numeratdraction - number of the joint contact, the
denominator of fraction - number of the board assgrmor joint.

From the overall functional diagram one should ttorthe functional diagrams of the boards
(Fig. 34 - 45), which provide the possibility ofreore detailed analysis.

When as a result the analysis of functional diagtasmimpossible to reach the desired result, for
determining the emergent malfunction, the displangd of an electronic invoice machine
"Soemtron-381" of the type 8601 is connected.

The arrangement of boards in the arithmetic-logit depends on the date of manufacture of the

machine and can have a normal or reversed sequebBcbpard 1 or 12 can be the first board from
the right side of the arithmetic-logic unit.
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IV.1.

1)
2)
3)
4)

5)
6)
7
8)
9)

Prufgerat panel connection.
Remove the upper rear cover of the machine.
Remove the connecting plug from joint V7.

Connecting the display panel through the costatjoints V7 and, V8.
Fit the display legend to the indicator panéd(B2).

Output

Multiply Divide

Subtract +/- Shift Prepare Output

Carry

Fig. 32. Prufgerat panel legend.

Connect the mains supply voltage to the macaitkthe display panel.

Set the indicator panel switch to tA&JSG (0 - 9) position (Fig. 32).

Turn on the EIN-AUS toggle switch of the dispfaanel to the position EIN (switched).
Turning the switch EIN - AUS to connect the nsauoltage to the schematic of machine.
Press the L0 key to reset the machine and thieator panel for checking the completion

of arithmetic operations.

Checking the sequential switching of the elementghée electronic circuit with completion of
arithmetic operations is produced by visual obs@waof the appropriate signal lamps of the
display panel.

Zak. 794
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A illuminated signal lamp corresponds to a logicsijnal at the output of the equivalent
component of an electronic circuit.

Analog sockets serve for the connection of an loscibpe to the display panel. Use of the
digital and functional keyboard for checking theitshing of elements of the machine and
completion of arithmetic operations should be pomdlin the sequence, analogous to the
description of chapter 1.

Prufgerat

Prufgerat

Power supply

Fig. 33. Diagram of Decimal point
the connector layout position switch
on the block AU

Display unit

Keyboard (signals)

Keyboard (power)

During operation with the diagnostic display paitels necessary to consider the following
conditions:

A digital key should be held in the switched pasitiuntil it is shown on the corresponding
indicator lights of the four flip-flops of registé.

Functional keys should be held in the switchedtmosuntil it is shown that the indicator lights
of the Z counter are turned off. The completiortha corresponding operation will occur after the
release of the pressed key if are preliminaédgled(closed ?) the diodes of the inputs Z/0 and FUO
Schmitt flip-flop.

With the presence of the diodes at the entrancebeofSchmitt trigger indicated the start of
operation occurs in 10ms independent of the tinth@felease of key.

Operational speed of the elements of the netwotk@imachine depends on a master oscillator

in the display panel with switched ranges givirggtrencies of 2 Hz, 10 Hz, 100 Hz, 1 kHz and 25
kHz.

In the switch position IMP and with each presshaf tIMP push button generates one clock pulse
S, LLE. The possibility of manual control is cesht
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IV.2.  Connection tables and Signal names.
Board 1
Number Signal name Addresses of the field joints
1 3/3
2 3 5/12
3 312
4 z8s 412
5 z8L 5/2
6 S4s 6/2
7 saL 712
8 S4L 8/2
10 S4¢ 10/2
11 Losp 32v4
15 Al 16/3/4; 20/8; 19/10 2v8
16 -Usp 20/2 9, 10V2
17 -Usp 20/2 9, 10V2
18 A2 19/3; 4 12v8
19 ZMD 19/2
20 -Usp 20/2 9, 10V2
21 ZAC3 21/2
22 ZACO 2212
23 ZAC1 2312
24 SCHR 2412; 25/5/6 5v8
25 ZMR 25/2
26 ZAC2 26/2
27 HV8 25/3
28 4 28/12
30 2 29/12
32 HV1 32/3
33 HV2 33/3
34 HV4 34/3
37 OvseA 3712 17V3
38 OvseA 38/2 18V3
39 OvseA 39/2 19v3
40 40/2
41 SS3 4112
42 t 42/2
43 t 4312
44 A4 4413]4; 45/8 22v8
45 BL8 45/2
46 BL1 46/2
47 SS2 4712
48 A8 48/3; 3419
49 SS4 492
50 Ss1 50/2
51 HV 51/5 20v8
53 cs 53/2; 54/3; 53/4
55 C1 56/2/3/4
56 C4 58/3; 57/4
59 c2 59/3/4
60 ov 60/1-12 11,12v2: 5,6V3; 1V8
61 +Up 61/1-12 13V2; 21V7
62 -Uy 62/1-12 14, 15V2; 29V6;  20V7
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Fig. 34. Functional diagram of board 1.
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Board 2

Number Signal name Addresses of the field joints
1 K162 1/9
2 MDS 2/5; 1/6 21v8
3 Z8L 31
4 Z8S 4/1
5 Z8L 5/1
6 S4S 6/1
7 S4L 711
8 [ 8/1
9 10/5/6/7/8; 13/9
10 10/1
11 F5 12/4; 15/5/6/7; 14/9 V7
12 Z4 13/5; 12/10; 11/11 11v7
13 14/3/6; 15/9
14 F4 18/6; 19/7; 18/9 6V7
15 LES 15/4; 16/5/6
16 -Usp 20/1 9, 10V2
17 -Usp 20/1 9, 10V2
18 z8 23/5/7; 21/10; 23/11 12v7
19 ZMD 19/1
20 -Usp 20/1 9, 10V2
21 ZAC3 21/1
22 ZACO 22/1
23 ZAC1 23/1
24 SCHR 24/1; 25/5/6 5v8
25 ZMR 25/1
26 ZAC2 26/1
27 E5 11/3; 12/5/6/9
29 78 22/10; 28/11
30 74 23/10; 29/11
31 AC 30/5; 31/6 30v8
32 ACO 32/5/6 31v8
33 MRS 35/5/6 11v8
36 S1 36/4; 35/5/7; 348/10 7V8
37 OVspA 37/1 17V3
38 OVspA 38/1 18V3
39 OVspA 39/1 19v3
40 78S 40/1
41 SS3 41/1
42 t 41/5
43 t 43/1
45 BL8 45/1
46 BL1 46/1
47 SS2 47/1
49 SS4 49/1
50 Ss1 50/1
53 c8 53/1; 54/3; 53/4
54 Z1 55/5; 48/10/11 V7
56 c1l 55/1; 56/3/4




Fig. 35. Functional diagram of board 2.
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Continuation

Number Signal name Addresses of the field joints

57 z2 59/5; 54/10; 52/11 10V7

58 71 49/10/11

59 72 55/10; 51/11

60 )Y 60/1-12 11,12V2;5,6V3; 1V8

61 +U, 61/1-12 13V2; 21V7

62 -Uy 62/1-12 14,15V2; 29V6;  20V7
Board 3

Number Signal name Addresses of the field joints

1 7 1/12

2 8 2/12

3 Ad 1/1

4 B3 6/7

5 9 5/4; 6/12

7 VLS 7/4/5; 6/8/9/10

8 F3 8/5/6/7/8/19 5V7

9 MUL 10/4; 11/5/6/7/8/9/10 17v8

11 E5 27/2; 12/5/6/9

14 F4 13/2; 14/6; 15/9

15 K28 14/4

16 Al 15/1; 16/4; 20/8; 19/10 2vs8

19 A2 18/1/4 12v8

20 K112 20/6

21 E2 23/4 13v8

22 SVM 2216

24 VER 26/4/5/6/7/8/9/10

25 HV8 27/1

26 A8 27/4 32v8

27 B4 271/6/7/9/10 18V7

28 MZ 29/8

29 E8 30/4 1v7

30 5 30/12

31 6 31/12

32 HV1 32/1

33 HV2 33/1

34 HV4 34/1

35 E1l 35/4 3vs

37 v 36/5; 35/6 15Vv8

39 ALlF 39/4

40 VER 41/4; 40/5; 39/6; 40/8; 41/9 28Vv8

41 ABF 42/4; 4177

42 A2F 43/4; 41/6

43 F2 43/6; 44/9; 43/10

44 A4 44/1/4; 45/8 22V8

45 K91 46/5




Fig. 36. Functional diagram of board 3.
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Continuation

193

Number Signal name Addresses of the field joints

46 K152 48/8

47 E4 49/4 23V8

48 A8 48/1; 34/9

49 B2 49/7

50 K132 51/7

51 A4F 51/4

52 G1 52/4/8/10

53 F6 55/6; 56/7; 54/8; 53/9

54 c8 53/1/2/4

56 c1 55/1; 56/2/4

57 B1 57/6/7 15V7

58 ca 56/1; 57/4

59 C2 59/1/4

60 oV 60/1-12 11,12V2; 5,6V3; 1V8

61 +U, 61/1-12 13V2; 21V7

62 -Uy 62/1-12 14,15V2; 29V6;  20V7
Board 4

Number Signal name Addresses of the field joints

1 K65 2/7; 1/8

2 AU 1/5; 16/12

3 ADD1 2/6

4 ADD 3/6/8/9/10

5 9 5/3; 6/12

7 VLS 7/3/5; 6/8/9/10

8 R 716/7/8/9/10 19v8

9 9/8; 10/9 26V8

10 MUL 9/3; 11/5/6/7/8/9/10 17v8

11 Z/20 22/12

12 F5 11/2; 15/5/6/7; 1419 7v7

13 U 14/5; 13/6/7/8

14 K28 15/3

15 LES 15/2; 16/5/6

16 Al 15/1; 16/3; 20/8; 19/10 2vs

17 X 17/5; 16/8/9; 13/10

18 A2 18/1; 19/3 12v8

19 K66 20/5

20 S 19/5/6; 20/7; 19/8; 20/9

21 EING 21/7; 22/8; 22/9; 20/10

22 7 22/5/7; 21/8; 22/9; 20/10

23 E2 21/3 13v8

25 MUL 25/7/9/10

26 VER 24/3; 26/5/6/7/8/9/10

27 A8 26/3 32v8




Fig. 37. Functional diagram of board 4.
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Continuation

Number Signal name Addresses of the field joints
28 R 2715; 28/7; 27/8; 28/9/10
29 X 29/5; 30/6/718; 54/4
30 E8 29/3 1v7
31 EUBER E 31/9
32 UBER UBER 32/8/9
33 Z+E8 33/7/8/9; 32/10
34 G2 34/7; 33/10
35 E1l 35/3 3vs
36 s1 36/2; 35/5/7; 34/8/10 7V8
37 Z/40 35/12
38 Z/80 34/12
39 ALlF 39/3
40 | 41/12
41 VER 40/3/5/; 39/6; 40/8; 41/9 28V8
42 ABF 41/3/7
43 A2F 42/3; 41/6
44 A4 44/1/3; 45/8 22v8
47 UBER 46/8; 47/9; 46/10 2V7
48 0 49/9; 40/12
49 E4 47/3 23V8
50 Z/10 42/12
51 A4F 51/3
52 G1 52/3/8/10
53 c8 53/1/2; 54/3
54 X 29/4/5; 30/6/7/8
55
56 c1 55/1; 56/2/3
57 ca 56/1; 58/3
58 SuB 59/6 25V8
59 C2 59/1/3
60 )Y 60/1-12 11,12V2; 5,6V3; 1V8
61 +U, 61/1-12 21V7
62 -Uy 62/1-12 14,15V2; 29V6;  20V7

Note - The original signals abowee incorrect, correct signals are shown to thietrig

Board 5

Number Signal name Addresses of the field joints
1 AU 2/4; 16/12
2 MDS 2/2; 1/6 21v8
3 S1 2/8
4 F1 4/6/7; 518; 419; 5/10 3Vv7
5 SCHRF 5/9
6 MV2 27V7
7 VLS 7/3/4; 6/8/9/10
8 F3 8/3/6/7/8/9 5V7
9 M 9/9 6V8




Fig. 38. Functional diagram of board 5.
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Continuation

Number Signal name Addresses of the field joints
10 ST 9/2; 10/6/7/8; 13/9
11 MUL 9/3; 10/4; 11/6/7/8/9/10 17v8
12 E5 27/2; 11/3; 12/6/7
13 z4 12/2/10; 11/11 11V7
14 U 13/4/6/7/8
15 F5 11/2; 12/4; 15/6/7; 14/9 V7
16 LES 15/2/4; 16/6
17 X 17/4; 16/8/9; 13/10
18 F2 17/6; 18/7; 17/8/9 av7
19 S 20/4; 19/6; 20/7; 19/8; 20/9
20 K66 19/4
21 MV1 26V7
22 7 22/4/7; 21/8; 22/9; 20/10
23 Z8 18/2; 23/7; 21/10; 23/11 12V7
24 DIV 24/6/7/8/9/10
25 SCHREIB 24/1/2; 251617
26 24/3; 26/6/7/8/9/10
27 R 28/4/7; 27/8; 28/9/10
28 S16 29/6/7; 28/8; 28/9/10
29 X 29/4; 30/6/7/8; 5414
30 AC 31/2/6 30v8
31 Z16 31/8/10 13V7
32 ACO 32/2/6 31v8
33 MRS 33/2/6 11v8
35 S1 36/2/4; 35/7; 34/8/10 7V8
36 v 37/3; 35/6 15v8
38 RU 37/6; 38/7; 39/8/9; 38/10 27V8
39
40 VER 40/3; 41/4; 39/6; 40/8; 41/9 28Vv8
41 t 4212
43 RU 41/10
44 F3 42/6; 43/8
46 K91 45/3
48 K73 46/9
51 HV 51/1 20V8
52 F6 51/6; 53/7; 52/9; 50/10 8Vv7
55 Z1 54/2; 48/10/11 V7
59 z2 57/2; 54/10; 52/11 10V7
60 oV 60/1-12 11,12V2; 5,6V3; 1V8
61 +U, 61/1-12 13V2; 21V7
62 -Uy 62/1-12 14,15V2; 29V6;  20V7




Board 6

Number Signal name Addresses of the field joints
1 MDS 2/2; 2/5 21v8
2 ADD1 3/4
3 ADD 4/4; 3/8/9/10
4 F1 4/5/7; 5/8; 419; 5/10 3v7
5 EING2 5/7
7 R 8/4; 7/7/8/9/10 19v8
8 F3 8/3/5/7/8/9 5V7
10 ST 9/2; 10/5/7/8; 13/9
11 MUL 9/3; 10/4; 11/5/7/8/9/10 17v8
12 F5 27/2; 11/3; 12/5/9
13 U 13/4; 14/5; 13/7/8
14 E4 13/2; 14/3; 15/9
15 F5 11/2; 12/4; 15/5/7; 14/9 V7
16 LES 15/2/4; 16/5
17 F2 18/5/7; 17/8/9
18 F4 14/2; 19/7; 18/9
19 S 20/4; 19/5; 20/7; 19/8; 20/9
20 K112 20/3
22 SvM 22/3
24 DIV 24/5/7/819/10 18v8
25 SCHR 24/112; 25/5 5v8
26 24/3; 26/4/5/6/7/8/9/10
27 B4 27/3/7/9/10 18V7
29 S16 28/5; 29/7; 28/8; 29/9/10
30 X 29/54/4; 30/7/8; 29/5
31 AC 31/2; 30/5 30v8
32 ACO 321215 31v8
33 MRS 33/2/5 11v8
35 \Y; 37/3; 36/5 15v8
36 B1 3717
37 R 38/5/7; 39/8/9; 38/10 27V8
39 VER 40/3; 41/4; 40/5/8; 41/9 28v8
41 A2F 42/3; 43/4
42 F3 44/5; 43/8
43 E2 43/3; 44/9; 43/10
45 S16 45/10
51 F6 52/5; 53/7; 52/9; 50/10 8v7
52 F1 50/8; 51/10
54 K111 53/8
55 F6 53/3; 56/7; 54/8; 53/9
57 Bl 57/3/7 15V7
59 SuUB 58/4 25V8
60 ov 60/1-12 11,12v2; 5,6V3; 1V8
61 +U, 61/1-12 13V2; 21V7
62 -Un 62/1-12 14,15V2; 29V6;  20V7
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Fig. 39. Functional diagram of board 6.
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Board 7

Number Signal name Addresses of the field joints
1 ADDO 1/11
2 K65 1/4/8
4 F1 4/5/6; 5/8; 4/9; 5/10
5 EiNG2 5/6
6 B3 4/3
7 R 8/4; 7/6/8/9/10 19v8
8 F3 8/3/5/6/8/9 5V7
9 44/8; 45/9
10 ST 9/2; 10/5/6/8; 13/9
11 MUL 9/3; 10/4; 11/5/6/8/9/10 17v8
13 U 13/4; 14/5; 13/6/8
15 F5 11/2; 12/4; 15/5/6; 14/9 V7
18 F2 18/5; 17/6/8/9 av7
19 F4 14/2; 18/6/9 6V7
20 S 20/4; 19/5/6/8; 20/9
21 EiNG 21/4; 22/8; 19/9; 43/9; 42/8
22 7 22/4/5; 21/8; 22/9; 20/10
23 Z8 18/2; 23/5; 21/10; 23/11 12V7
24 DIV 24/5/6/8/9/10 18v8
25 25/4/9/10
26 24/3; 26/4/5/6/8/9/10
27 B4 27/3/6/9/10 18V7
28 R 28/4; 27/5/8; 28/9/10
29 28/5; 29/6; 28/8; 29/9/10
30 X 29,54/4; 30/6/8; 29/5
31 K182 30/10
32 :0 32/11
33 Z+E8 33/4/8/9; 32/10
34 G2 34/4; 33/10
35 S1 3/2/4; 35/5; 34/8/10 7V8
36 K140 36/8
37 BI 36/6
38 Ru 38/5; 37/6; 39/8/9; 38/10 27V8
40 VOR
41 A8F 41/3; 42/4
42 (=)0 43/11
44 B2 16V7
45 (X)0 45/11
46 B3 17V7
47 VOR 47/8 29v8
48 B4
49 B2 49/3
51 K132 50/3
52 Lo 51/8; 50/9 31Vv4
53 F6 52/5; 51/6; 52/9; 50/10 8Vv7
55 ST+KO 53/10
56 F6 53/3; 55/6; 54/8; 53/9
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Fig. 40. Functional diagram of board 7.
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Continuation

Number Signal name Addresses of the field joints

57 Bl 57/3/6 15V7

58 K194 59/10

59 FUO 59/9/11

60 )Y 60/1-12 11,12v2;5,6V3; 1V8

61 +U, 61/1-12 13V2; 21V7

62 Uy 62/1-12 14,15V2; 29V6;  20V7
Board 8

Number Signal name Addresses of the field joints

1 K65 1/4, 217

2 S1 3/5

3 ADD 4/4, 3/6/9/10

4 K155 4/10

5 F1 4/516/7/9; 5/10

6 VLS 7/3/4/5; 6/9/10

7 R 8/4; 7/6/7/9/10

8 F3 8/3/5/6/7/19

9 9/4; 10/9

10 ST 9/2; 10/5/6/7; 13/9

11 MUL 9/3; 10/4; 11/5/6/7/9/10

12 LMZ

13 U 13/4; 14/5; 13/6/7

15 K186 14/10

16 X 17/4/5; 16/9; 13/10

17 F2 18/5; 17/6; 18/7; 17/9

18 SuBO 18/11

19 S 20/4; 19/5/6; 20/7/9

20 Al 15/1; 16/3/4; 19/10

21 v 22/45/7/9; 20/10

22 EING 21/417; 1919; 42/8; 43/9

23 K144 23/9

24 DIV 24/5/6/7/9/10

26 VER 24/3; 26/4/5/6/7/9/10

27 R 28/4; 27/5; 28/7/9/10

28 S16 28/5; 29/6/7/9/10

29 MZ 28/3

30 X 29/54/4; 30/6/7; 29/5

31 Z16 31/5/10

32 32/4/9

33 Z+E8 33/4/7/9; 32/10

34 s1 36/2/4; 35/5/7; 34/10

35 K183 35/10

36 K140 36/7
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Fig. 41. Functional diagram of board 8.
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Continuation

Number Signal name Addresses of the field joints
39 R 38/5; 37/7; 38/; 39/9; 38/10; 27V8
40 VER 40/3; 41/4; 40/5; 39/6; 41/9; 28V8
42 EING 21/4/7; 22/8; 19,43/9
43 E3 44/5; 4216
44 KO 45/9; 9/7
45 A4 44/1/3/4 22V8
46 UBER 47/4/9; 46/10 2V7
47 VOR 4717 29v8
48 K152 46/3
49 Z10 48/9; 49/12
50 F1 52/6; 51/10
51 Lo 52/7: 50/9 31v4
52 G1 52/3/4/10
53 K111 54/6
54 F6 53/3; 55/6; 56/7; 53/9
55 K153 54/9
56 co 57/12
57 K160 57/9/10
60 oV 60/1-12 11,12V2; 5,6V3; 1V8
61 +U, 61/1-12 13V2; 21V7
62 -Uy 62/1-12 14,15V2; 29V6;  20V7

Board 9

Number Signal name Addresses of the field joints
1 K162 1/2
2 ()0 3/11
3 ADD 4/4; 3/6/8/10
4 F1 4/5/6/7; 5/8/10 3v7
5 SCHRF 5/5
6 VLS 7/3/4/5; 6/8/10
7 R 8/4; 7/6/7/8/10 19v8
8 F3 8/3/5/6/7/8 5V7
9 M 9/5 6V8
10 MZ 9/4/8 26V8
11 MUL 9/3; 10/4; 11/5/6/7/8/10 17v8
12 F5 27/2; 11/3; 12/5/6
13 ST 9/2; 10/5/6/7/8
14 F5 11/2; 12/4; 15/5/6/7 7v7
15 E4 13/2; 14/3/6
16 X 17/4/5; 16/8; 13/10
17 F2 18/5; 17/6; 18/7; 17/8 4v7
18 F4 14/2; 18/6; 19/7 6V7
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Fig. 42. Functional diagram of board 9.
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Fig. 43. Functional diagram of board 10.
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Continuation

Number Signal name Addresses of the field joints

19 EING 21/417; 2218; 42/8; 43/9

20 S 20/4; 19/5/6; 20/7; 19/8

21 DIV 01k 9V5

22 7 22/4/5/7; 21/8; 20/10

23 K144 23/8

24 DIV 24/5/6/7/8/10 18Vv8

25 25/4/7/10

26 VER 24/3; 26/4/5/6/7/8/10

27 B4 27/3/6/7/10 18V7

28 R 28/4; 27/5; 28/7; 27/8; 28/10

29 S16 28/5; 29/6/7; 28/8; 29/10

30 K 7V3

31 E 31/4

32 UBER 32/4/8

33 Z+E8 33/4/7/8; 32/10

34 A8 48/1/3

39 R 38/5; 37/6; 38/7; 39/8; 38/10 27V8

40 K169 40/10

41 VER 40/3; 41/4; 40/5; 39/6; 40/8; 28V8

42 #(*)0 44/11

43 EING 21/4/7; 22,42/8; 19/9

44 E2 43/3/6/10

45 KO 44/8; 917

46 K73 48/5

47 UBER 47/4; 46/8/10 2V7

48 Z/0 49/8/12

49 o) 48/4; 40/12

50 Lo 52/7; 51/8 31v4

52 F6 52/5; 51/6; 53/7; 50/10 8Vv7

53 F6 53/3; 55/6; 56/7; 54/8

54 K153 55/8

55 (N0 53/11

56 (1o 54/11

57 K160 57/8/10

59 Fuo 59/7/10

60 oV 60/1-12 11,12V2; 5,6V3; 1V8

61 +U, 61/1-12 13V2; 21V7

62 -Uy 62/1-12 14,15V2; 29V6;  20V7
Board 10

Number Signal name Addresses of the field joints

1 G24 6V5

2 G28 7V5

3 ADD 4/4; 3/6/8/9




Continuation

Number Signal name Addresses of the field joints
4 K155 4/8
5 F1 4/5/6/7; 5/8; 4/9 3Vv7
6 VLS 7/314/5; 6/8/9
7 R 8/4; 7/6/7/8/9 19v8
8 G22 5V5
10 G11 1V5
11 MUL 9/3; 10/4; 11/5/6/7/8/9 17v8
12 Z4 12/2; 13/5; 11/11 11v7
13 X 17/4/5; 16/8/9
14 K186 15/8
18 G18 3V5
19 Al 15/1; 16/3/4; 20/8 2Vv8
20 a 22/4/5/7; 21/8; 22/9
21 Z8 18/2; 23/5/7/11 12v7
22 78 29/2; 28/11
23 74 30/2; 29/11
24 DIV 24/5/6/7/8/9 18v8
25 MUL 25/417/9
26 VER 24/3; 26/4/5/6/7/8/9
27 B4 27/3/6/7/9 18V7
28 R 28/4; 27/5; 28/7: 27/8; 28/9
29 S16 28/5; 29/6/7; 28/8; 29/9
30 K182 31/7
31 Z16 31/5/6
32 Z+E8 33/4/7/8/9
33 G2 34/417
34 S1 36/2/4; 35/5/7; 34/8 7Vv8
35 K183 35/8
38 RU 38/5; 37/6; 38/7: 39/8/9 27V8
39 G14
40 K169 40/9
41 RU 43/5
43 E2 43/3/6; 44/9
45 S16 45/6
46 UBER 47/4; 46/8; 47/9 2V7
47 G21
48 z1 54/2; 55/5; 48/11 V7
49 71 58/2; 49/11
50 F6 52/5; 51/6; 53/7; 52/9 8Vv7
51 F1 52/6; 50/8
52 G1 52/3/4/8
53 ST+KO 55/7
54 z2 57/2; 59/5; 52/11 10v7
55 59/2; 51/11
57 K160 57/8/9
59 K194 58/7
60 oV 60/1-12 11,12V2; 5,6V3; 1V8
61 +U, 61/1-12 13V2; 21V7
62 -Un 62/1-12 14,15V2; 29V6;  20V7
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Board 11

Number Signal name Addresses of the field joints
1 ADDO 17
2 UAO 4/12 8v2
3 (#)0 219
4 svi 12V6
5 Sv2 13V6
6 sv3 14V6
7 SV4 15V6
8 SV5 16V6
9 SV6 17V6
10 sv7 18V6
11 z4 12/2; 13/5; 12/10 11v7
12 svs 19V6
13 Sv9 20V6
14 +Ups 24V7
15 SV10 21V6
16 svi1 22V6
17 + Ik 20v4
18 SUBO 18/8
19 + 1l 21v4
21 K 13v4
22 +K 12v4
23 z8 18/2; 23/5/7; 21/10 12v7
24 #K 20v3
25 + Ik 27V4
26 - 1k 24Vv4
27 +IK 19v4
28 z8 29/2; 22/10
29 74 30/2; 23/10
30 1K 15Vv4
31 K 30v4
32 0 3217
33 - 22v4
34 - Il 23v4
35 XNi 16V4
36 Ik 28Vv4
37 * Ik 26V4
38 * Ik 25Vv4
40 llk 29v4
41 Xk 14V4
42 = 17V4
43 (=)0 4217
44 #(*)0 42/9
45 (X)0 4517
48 z1 54/2; 55/5; 48/10 ov7
49 71 58/2; 49/10
51 72 59/2; 55/10
52 z2 57/2; 59/5; 54/10 10V7
53 (o 55/9
54 (o 56/9
55 SV12 23V6
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Fig. 44. Functional diagram of board 11.
210



211

Continuation

Number Signal name Addresses of the field joints
56 SV13 24V6
57 Sv14 25V6
58 SV15 26V6
59 FUO 59/7/9
60 oV 60/1-12 11,12V2;56V3; 1V8
61 +U, 61/1-12 13Vv2; 21V7
62 Uy 62/1-12 14,15V2; 29V6;  20V7

Board 12

Number Signal name Addresses of the field joints
1 7 1/3
2 8 2/3
4 UAO 2/11 8Vv2
5 3 2/1
6 9 5/3/4
7 V7 7V6
8 ZV3 3V6
9 ZV9 V6
11 -Ua 7V2
15 AV 8V6
16 AU 2/4; 1/5
17 ZV6 6V6
20 ZV4
22 Z/20 11/4
24 ZV5
28 4 28/1
29 2 30/1
30 30/3
31 31/3
32 ZV2 2V6
34 Z/80 38/4
35 Z/40 37/4
36 ZV0 10V6
38 Zv1 1V6
40 0 48/4; 49/8
41 1 40/4
42 Z/10 50/4
43 K 11V4
44 & 18Vv4
45 % ov4
46 & 8Vv4
47 & 7V4
48 6 6V4




Fig. 45. Functional diagram of board 12.
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Continuation

Number Signal name Addresses of the field joints
49 Z/0 49/8; 48/t
50 5k 5v4
51 4x 4v4
52 3k 3v4
53 2k 2V4
54 1k 1V4
55 Ok 10V4
56 cO 56/8
57 oV 60/1 — 12 11, 12V2; 5, 6V3; 1v8
60 +Up 61/1-12 13V2; 21V7
61 Uy 62/1-12 14, 15V2; 29V6; 20V7

IV. 3. DETERMINATION OF RESISTOR VALUES

The coloured rings, indicated by paint on the sugfaf a resistor with reference to one of the
examples, determine the resistance of the resisttire ohms. A reading is taken from the track
nearest to the resistor end, which is counted first

The first ring colour determines the first numb#re colour of the second ring - the second
number; and the colour of the third ring determitesquantity of zeros after the second number.

For example:

1st - Red; 2nd - Green; 3rd - Yellow, I.E. 250000ns;

1st - Blue; 2nd - Red; 3rd - Brown, I.E. 620 ohms.
6 2 0

The fourth ring determines permissible percentageadion in the value of the resistor.

Gold colour of ring - £ 5%; silver - £ 10%. Thesance of the fourth ring corresponds to a
permissible deviation of + 20%.

Table 1 Table 2
Determination of resistor value Determinatiornthef resistor
from the ring colour. power and ovesitles
Ring colour Ring RpE())SvIvS;et?r tg?m?n) Length
1 2 3 (mm)
(W)
Black - 0 0
Brown 1 1 1 0,0t 2,3 6,5
Rec 2 2 2 0,12¢ 2,3 11,5
Orang 31 3] 3 0,2t 5 17
Yellow 4 4 4 0,5 5 26
Greer 5 5 5 1 8 32
Blue 6 6 6 2 9 55
Violet 7 7 7
Grey 8 8 8
White 9 9 9
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