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The questions of administrative decision of worlaigoresent now inseparably connected with
the application of contemporary computer technolagyh one of the most of labour-consuming
divisions appears the processing economic infonatin recent years fast manufacturing growth
and the introduction of a large quantity of elestcokey-actuated computers for processing of
economic information is seen. The effective applica of new high-productivity electronic
key-actuated computers requires the imperativeesyatic preparation and increasing qualification
standard of maintenance of personnel.

The manual is written in strict conformity with theourse program of the study of
« Soemtron-220 » machines in the training netwdrkhe main administration of preparation and
increase in the qualification of the workers of ttedculation of TscSu of the USSR (Central
Statistical Office of the USSR). The primary godltlee present manual is to render assistance to
the pupil, students of corresponding specialites] also workers of computing stations and bureau
in the application and studying of a design and/isermaintenance of the electronic keyboard
computer « Soemtron-220 ».

A characteristic property in the construction af thachine is the use of « AND » logic circuits,
and the wide application of controlled differentigt 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 ». (Eigan be related to the type of electronic
key-actuated computers with manual entry of infdramawith a sequential operating principle.
Entry of digital information is provided by the dieal digital keyboard.

The arithmetic operations of Addition, Subtractigiriking a balancg Multiplication, Division
and Exponentiation are carried out taking into aotahe sign of the number. The arithmetic
operations of multiplication and division are cadriout with the set degree of accuracy and with a
rounding off of the last digit.

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

Display of entered information and the results atalations 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 apnity for entry and use of constants, and allows
the accumulation and storage of the necessarymettiate and final results of calculations. Except
for performance of arithmetic operations, the maetautomatically provides control of exceeding
register length.

Addition and Subtraction operations occur in 5maltiplication and division - on average take
0.5 seconds, with a clock pulse generator frequeh@bKHz. Presence of an automatic rounding
off of the last entry in multiplication and divisidestifies to convenience and expediency of the
machine for processing in economic information mgpilons. This machine can also be
successfully used for different technical-enginegalculations.

* Note - EKVM = Electronic Key-operated Calculating Machine



The unit type principle of the assembly of sepatatis is assumed as the basis of construction
of the machine. Essentially the computer is arhangtic-logic unit, whose design is made on the
basis of diode-transistor elements in combinatigh & 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 — Lkears 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 registei3; 14 - Subtract from accumulator
registers 1-3; 15 - Return the intermediate suracctimulator registers 1-3; 16 - Return
final sum of accumulator registers 1-3; 17 - Digdeplay; 18 - «— » sign indicator;
19" Mains on indicator.

The memory unit consists of six independent memegysters MD, MR, ACOAC1, AC2 and
AC3, each of which is capable of storing 15 decimgltsl of information plus the sign of the
number.

According to its designation the registers canilb@ldd into the operational (MD, MR and ACO)
and accumulatingAC1, AC2 andAC3).



The operational registers serve to store the eshtéigital information, sign of the number and
intermediate and final results of the arithmetier@bion 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 thetranetic operation are entered into the
arithmetic-logic unit during closing and switchin§ the 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 gigiminous 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 calcutaiocuracy. The selected decimal point position is
shown by an illuminated incandescent lamp in th@@griate position of the display.

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

The supply line voltage with a frequency of 50Hzsmie within the limits 220Vat®* 150, —
110Vac*'%” 5., at a consumed power of 50 W. Overall size ofrtteehine is: width - 380mm,
length - 464mm, height - 194mm, weight - is 15 Kkg.

1.1.2. Preparation of the machine for operation.

The computer is delivered from the manufacturerfeetn mains supply of alternating current
with a voltage of 220V at*®* sy, with a frequency of 50 Hz.

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

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

The assembled machine with mains supply lead shHzeilcbnnected to the mains supply with a
master switch. Rotating the « ON-OFF » switch catsthe line voltage to the primary winding of
transformer and illuminates the « mains on » pgdatp on the display unit (Fig. 1).



Pressing the « L6 » key ensures the erasure ahtbenation in the operational registers MD,
MR, ACO and resets the network elements to arainstiate, 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.aesult of the controlled erasure of the operation
registers this ensures all digital lamps of th@ldig unit show the number zero.

Pressing the keys « *I », « *Il », « *lll » in segpce ensures the erasure of the accumulator
registers AC1, AC2, AC3, I.E. the re-writing of daj information from the accumulator registers
AC1, AC2, AC3 into the operational register MR (réten digital information in the accumulator
registers is not retained) the previously writtégitdl information into register MR is erased dgyin
the re-writing from the sequential accumulator segi. After recall of the last accumulating registe
digital information in the MR register is erasedfrgssing the « C » key.

As a result of this serial operation of the enurteztdunctional keys the arithmetic-logic unit of
the machine is completely prepared for completmitp@etic 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 througtettligital 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 the «» key after the whole part of a number. When the
entered number has no fractional part and also wherfractional part has smaller quantity of
decimal figures, than is established by the decpoait switch, entry of extra zeros is not required

The position of the decimal point switch providesomatic completion of the length of entered
numbers, |L.E. the automatic addition of a corregpmn quantity zeros after the inclusion of a
necessary functional key. After setting the decipmht switch, the position of the decimal point is
shown by an illuminated miniature incandescent ldrapveen the corresponding digital lamps of
the digital display to create the illusion of ax ,

1.2.1. Addition.

Addition operations are performed by the arithmdggic unit with the result of the sum in the
operative register 80 or in the accumulating registex§°1, AC2 or AC3.



For performance of operations in a certain sequéreéollowing function keys are used: « + »,
«=», <+ », «+Hl», <+ » Fl» « VI » « VI », «*» «*I » «* »,

Example 1. a+tb=c 197 + 454 = 651.
Order of operation Function key Display
1. Erase the operational registers «LO » 0000000O@O0
2. Decimal point switch setting «0» 000000000@@DO
3. Enter the firstterm 197 «+» 000000000®@101
4. Enter second term 454 «+» 000000000000454
5. Result «=» 000000000000651
Example 2. a+tb=c 265,12 + 165,437 = 430,557.
Order of operation Function key Display
1. Erase the operational registers « L0 » 0000000E@O0
2. Decimal point switch setting «3» 000000000@@DO
3. Enter the first term 265,12 «+» 0000000@&)280
4. Enter second term 165,437 «+» 00000000385
5. 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 numladtex 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 Additio+ » key after the entry of each term
independent of the number of terms and continuthis way until a final result is obtained by
pressing the « = » key.

To display an intermediate sum you should press«the» key, after which continue with an
Addition « + » key in the usual manner to continue the sequelmc¢éhe examples above the
obtained sum was written into the operational tegi&CO. The result key ensures the storage of
the digital information and sign of the number inégister MR with the erasure of information in
register ACO. The transfer of the sum into the audator registers is produced by pressing the
appropriate



keys « +I », « +ll », « +lll », which ensure the@rstge of information from register MR into
registers AC1, AC2 and AC3 without the erasurenfidrimation in the MR register.

The Addition operation with the use of the accurtarlaegisters is examined below.

Example 3. a+tb=c 342,35 + 127,23 = 469,58
Order of operation Function keys Display

1. Erase the accumulating registers «*» « *{ S »

2. Erase the operational registers « L0 » 00000000000
3. Decimal point switch setting «2» 000000000Q000
4. Enter the first term 342,35 <+ » 000000CHON35
5. Enter second term 127,23 «+l» 00000000D@R2
6. Result «*l» 0000000000469,58

In this example the obtained sum was written iemster AC1. With the serial use of the « +I »,
« +II », « +lll » keys the sum of 469,58, besidegister AC1, will also be written into registers
AC2 and AC3. Pressing the « *1 » key ensures tbalref the 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 ¥ k», « +¥ Il », « +V¥ Il » ensures the display of the
intermediate sum, |.E. recall without the erasuanf registers AC1, AC2 and AC3 into register
MR consequently, after pressing the keys for inegtiate sums the information in the appropriate
registers remains.

1.2.2. Subtraction.

A Subraction operation is carried out by the argfimunit with storage of a difference in he
operative registeACO or in accumulating registersC1, AC2 andAC3.

The display of negative values of the entered digifformation is ensured by illumination of the
miniature incandescent lamp—o».

For completion of an operation in the specific sage these functional keys are used:
K+ » «-» «=» «+|», «+ », «+ »-k», « -l » «-lll » «VI» «VII» «VII» «*>»,
« *ll », « *[Il ».



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

Order of operation Function keys Display
1. Erase the accumulating registers «*» « *{ S »
2. Erase the operational registers « L0 » 00000000000
3. Set decimal point switch «3» 0000000000000,00
4. Enter minuend 397,46 «+» 000000390460
5. Enter subtrahend 123,134 —® 0000000000123,134—
6. 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 innailar manner to the examples above. The small
difference is to press the subtract key « after the entry of each subtrahend independethiea
guantity 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 accumulatoigteys is produced by pressing « +I », « +II »,
« +lll » keys, which ensure the storage of inforgratfrom register MR into the appropriate
registers AC1, AC2, AC3 without the erasure of infation in the MR register.

Below is an example of Subtraction using the acdataouregisters.

Example 5. a—-b=c 679,38 - 243,15 = 436,23
Order of operation Function keys Display
1. Erase the accumulating registers «*» « *{ S »
2. Erasure of operational registers « L0 » 00000000000
3. Set decimal point switch «2» 0000000000000,00
4. Enter minuend 679,38 «+» 00000000068
5. Enter subtrahend 243,15 «-l» 0000002868(15—
6. Result «*» 0000000000436,23




In the given example the difference obtained wastew into register AC1. With serial use of
the « +lI », « +ll », « +lll », « -1 » « -1l », dlF » keys, the Subtraction result 436,23, besides
register AC1, will also be stored into registers22&hd AC3,

Pressing the « *I » key ensures the recall of céfiee from the AC1 register into the MR register
with the erasure of register AC1. After completminthe subtraction operation with the storage of
the difference in registers AC1, AC2 and AC3, prasshe « VI », « VIl » and « VIl » keys
ensures the display of the intermediate differeh&e,the recall of information without the erasure
from the appropriate registers AC1, AC2 or AC3 itite MR 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. Decimal point switch setting «3» 000000000000,
3. Enter of minuend 35,24 «+» 000000060240
4. Enter of subtrahend 467,496 —® 000000000467,496—
5. Result «=» 000000000232,256—

When as a result the completion of any operatisagya negative result, the miniature incandescent
lamp is illuminated, to show a display of sigr-.

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

Order of operation Function key Display
1. Erase the operational registers «LO » 00000000000
2. Decimal point switch setting «2» 000000000Q000
3. Enter the first term 479, 43 «+» 000000@®043
4. Enter second term 735,64 <+ 0000000000735, 64—
and press negation « -# » key
5. Result «=» 0000000000256,21—-
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Example 8.

(+a) - (-b) =¢

(+398,49) — (- 635,78) = 1034,27

Order of operation Function key Display
1. Erase the operational registers « L0 » 00000000000
2. Decimal point switch setting «2» 000000000Q000
3. Enter of minuend 398,49 «+>» 00000000008D8
e S, | «o» | 000000000065 7e-
5. Result «=» 0000000001034,27
Example 9. (a+b) — (c+d) + (k1) =z
(235,46 + 1357,28) — (174,27 + 459,96) + (54~2875,49) = — 869,44
Order of operation Function key Display
1. Erase accumulator registers < Fl o, <« 5% Ko
2. Erase the operational registers «LO » 00000000000
3. Decimal point switch setting «2» 000000000Q000
4. Enter the first term 235,46 « =+l » 0000000tE®)46
5. Enter second term 1357,28 <+l » 0000000002857
6. Result of the first sum ¥l» 0000000001592,74
7. Enter third term 174,27 <+l » 0000000074,27
8. Enter fourth term 459,96 « +l » 00000000®9,96
9. Result of the second sum Vd| » 0000000000634,23
10, Subactssood sccumilor > | 0000000000624,
11. Result of first and second sums V&» 0000000000958,51
12. Enter minuend 547,54 <+ » 0000CDW®HA 7,54
13. Enter subtrahend 2375,49 <« -l » 00000000628
14. Result of the third sum Wil » 0000000001827,95—

11



Continuation

Order of operation Function key Display
15. Add to third accumulating register <+l » 0000001827,95—
16. Final result «*|» 0000000000869,44—

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

Order of operation Function key Display

1. Erase accumulator registers <X », « ¥l »IH»
2. Erase the operational registers «LO » 00000000000
3. Decimal point switch setting «2» 0000000000000
4. Enter the first term 235,46 «+» 000(ImIP35,46
5. Enter second term 1357,28 «+» 0000000001357,28
6. Result of the first sum «=» 0000000001592,74
7. Store in first accumulator register <+l » 0000001592,74
8. Enter third term 174,27 «+» 0000WU0174,27
9. Enter fourth term 459,96 «+» 0000muB469,96
10. Result of the second sum «=» 0000000000634,23
11. Subtract second sum from first «—l» 0000006G64,23
12. Enter minuend 547,54 «+» 00000064@7,54
13. Enter subtrahend 2375,49 —® 0000000002375,49—
14. Result of the third sum «=» 0000000001827,9
15. Add the result from the MR

register to the first accumulator <+l » 0000000001827,95—

register
16. c[:)aillsfulfla%it)hne final result of the <+l » 0000000000869, 44—

It is evident from the above examples that algebralculation of Addition and Subtraction with
sign is accomplished by the arithmetic-logic uritree 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 dpesequence the function keys « X » and « = »
are used. The result, found in the operationalstegiMR, can be stored in the three accumulator
registers by pressing the function keys « +1 »Jlet« +1ll », « -1 », « -1l », « -lll », a consegnce
of which adds or subtracts the result to the ctaiirdormation in the accumulator registers.

The process of completing the multiplication autto@dly rounds off the result at the last step.

Example 10. axb =¢ 125,25x 15,25 = 1910,0625
Order of operation Function key Display
1. Erase the operational registers « L0 » 00000000000
2. Decimal point switch setting «4» 000000000000
3. Enter the multiplicand 125,25 « X » 000000E® 2500
4. Ente_r the multiplier 15,25 and = 00000001910,0625
obtain the result

Example 11. axb=c 123,12 0,51 =62,7912
Order of operation Function key Display
1. Erase the operational registers « LO » 00000000000
2. Decimal point switch setting «2>» 00000000an00
3. Enter the multiplicand 123,12 « X » 000000DOIR3,12
4. Entelr the multiplier ,51 andl <= 0000000000062,79
obtain the result

The position of the decimal point switch is detered by the required degree of accuracy of the
calculation or by the sum of the number of decidigits of the factors.
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Example 12. axbxc =2z 23,5x 12,5 x 2,12 = 622,75

Order of operation Function key Display
1. Erasure of operational registers « Lo » 00000000000
2. Decimal point switch setting «2>» 000000000Q000
3. Enter first factor 23,5 X< 0000000000023,50
4. Enter second factor 12,5 and =% 0000000000293,75

obtain the result

5. Prepare for multiplication by the

third factor «X » 0000000000293,75

6. Enter the third cofactor 2,12 and

obtain the result «=>» 0000000000622,75

The operational capabilities of the machine makmogsible to perform multiplication with the
use of constants.

An example of multiplication with a constant coeiiint is examined below.

Example 13. axb=c 125x 5,3 =622,5
dxb=2z 15,36x 5,3 = 81,408
Order of operation Function key Display

1. Erase accumulator registers «Fl», <« K » ke S
2. Erase the operational registers «LO » 00000000000
3. Decimal point switch setting «2» 000000000Q000
4. Enter constant factor 5,3 R 0000000000005,30
5. Enter first factor 125, 0000000000602,
6. Result « X » 0000000000622,50
7. Enter second factor 15,36 000000000C®L5,
8. 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. (axb)+(cxd)=z
(25x 10,3) + (17,% 5,1) = 345,22

Order of operation Function key Display
1. Erase accumulator registers «*l», « *|l » k%
2. Erase the operational registers «LO » 00000000000
3. Decimal point switch setting «1l» 000000000@O0
4. Enter first factor 25, « X » 00000000025,0
5. Ente_r second factor 12,5 and = 00000000000257.5
obtain the result
6. Sto.re result in an accumulator <+ » 00000000000257.5
register
7. Enter third factor 17,2 <« X » 00000000017,2
8. Entgr fourth factor 5,1 and <= 00000000000087,7
obtain the result
9. Add first and second products <+l » 0000000087 ,7
10. Result & *| » 00000000000345,2

The calculation of a difference in two productx(l) - (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 in point 9 of
example 14 press the « -1 » key instead of the x key.

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

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

Order of operation Function key Display
1. Erase the operational registers « L0 » 0000000O@O0
2. Decimal point switch setting «2» 000000000@mD0O

15



Continuation

Order of operation Function key Display
3. Enter first factor 245 «X » 0000000000024.50 —
Negate value key « -# »
4. Enter second factor 3,75 «— 0000000000003, 75-
Negate value key « -# »
5. Result «=» 0000000000091,88 —

Operation §) x (-b) = - is carried out in a similar manner to that in epéaml5 and is
characterized by the fact that after the entryheffirst factor the negate entry key « -# » isussd.
The calculation of the signs of cofactors is acclishpd by the arithmetic-logic unif 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
operative registeMR. For performance of the operation in the spea@gquence the functional
keys « X » and « X» are provided. The result in regisMR can be stored in the accumulating
registersAC1 - AC3 by pressing the corresponding « +I », « +11 sk », « - », « -lll », « -[ll »
function key and then performing an Addition or 8abtion operation.

Order of operation Function key Display
1. Erasure of operational registers «LO » 00000000000
2. Decimal point switch setting «0» 000000000@mWDO
3. Entry of the number 25 « X » 000000000000025
4. Result of 25 squared & X% 000000000000625
5. Result of 25 cubed <% 000000000015625
6. Result of 25 quadrupled <% 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 umiith the result stored in the operational MR
register. To complete the operation in the spesiiguence 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+l », « +11 », « +lll », « -l », « -ll », « -1l », a consequence of which
adds or subtracts the result to the current inftionan the accumulator registers.

In the process of completing the division operatio& quotient is automatically rounded off in
the last step.

Example 17. a:b=¢ 625:5=125

Order of operation Function key Display
1. Erasure of operational registers « L0 » 00000000000
2. Decimal point switch setting «0» 000000000@@DO
3. Enter dividend 625 «i» 00000000@EX®
4. Egttaeirn‘i'r‘]’('fgsult 5 and «=» 000000000000125

The operational capabilities of machine make itsgme to perform the operation of division
with the use of constants of dividend and divisor.

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 <« ¥l », <« ¥ 5] He»
2. Erase the operational registers « L0 » 00000000000
3. Decimal point switch setting «3» 000000000000,
4. Enter first dividend 143,15 «i» 000000D4®,150

17



Continuation

Order of operation Function key Display
5. Enter divisor constant 8, <+l » 000000000008,000
6. Result of first sum «=» 000000000017,894
8. Enter second dividend 247,232 «:i» 00000080232
9. Return result of the first sum «VI» 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 nural@stered for division.

Example 19. a:d =z 1235,43:26 = 47,5265
a:b=c 1235,43:47 = 26,2857

Order of operation Function key Display
1. Erase accumulator registers <Kl », <« K » ke S
2. Erase the operational registers «LO » 000000000000000
3. Decimal point switch setting «2» 000000000Q000
4. Enter constant dividend 1235,43 <+l » 000000235,43
5. Prepare for division €I » 0000000001235,43
7. Indication of dividend XI» 0000000001235,43
8. Prepare for division «i» 0000000001235,43
e <=» | oooonooooooze, 29

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

Order of operation Function key Display
1. Erase accumulator registers «*l», « *|l » k%
2. Erase the operational registers « L0 » 000000000000000
3. Decimal point switch setting «2>» 000000000Q000
4. Enter first sum dividend 5625, « I » 000000@EHHR00
5. Enter divisor 25, «=» 0000000000225,00
and obtain the result
6. Store result in accumulator 0000000000225,00
register
. Erz‘t?i{ second sum dividend «» 0000000001234,00
8. Enter divisor 24, «=» 0000000000051,42
and obtain the result
9. Subtract second result the from

first

10. Display the result

« -l »

«*|»

0000000000051,42

0000000000173,58

The calculation of the sum of two quotients is ieafrout in a sequence, analogous to the
calculation of a difference in two quotients. Th#edence is to press the functional key « +I »,

instead of « -1 » (point 9 of example 20).

For negative value dividends and divisors pressniigate value key « -# » after entering the
dividend. Division is carried out taking into acobahe signs of the dividend and divisor.

Example 21. (-a) : (-b) =¢ (—3174,6) : (—13) =244,2
Order of operation Function key Display

1. Erase the operational registers « Lo » 00000000000

2. Decimal point switch setting «1l» 00000000000000,0

3. Enter dividend 3174,6 N 0000000003174.6
Negate value key « -# »

4. Enter divisor 13, «+1 » 00000000000013,0-
Negate value key « -# »

5 Result «=» 00000000000244,2
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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 algebravsibn.

1.2.6. Extraction of square root.
In normal operation of the computer there is nalitgcfor the automatic extraction of square

roots. In this case the most convenient methodterextraction of a square root is to use the
sequential approximation method.

: X . .

For the expressiogn+1= O.E{—+ ynj, where an accurate result is usually found aferthird

Yn
approximation.

Prior to the beginning of calculation the radicamduld be broken on the verge of two numbers
to the left from the decimal point. The quantitysaddes defines quantity of categories of the whole
part of a root. In the first approximation, the tr@® evaluated according to the left face, in which
there can be one number.

In the process of calculation to increase the amgyuf the result it is desirable to perform
intermediate operations with the largest possiblntjty of the decimal digits.

Example 22.,/98596 = 31,4.

Root from 9 composes 3. Two faces of the integergfaradicand X give the two-digit number
of y, = 30.

The result of the first approximation will be:

05x98596 5 _ 31432667
30

(Checking: 31,432667 988,012555);

The result of the second approximation

05x 98596
31432667

+31432667= 31400017
(Checking: 31,4000F7 985,961068);
The result of the third approximation

05x 98596

+31,400017= 31,400000
31400017

(Checking: 31,4= 985,96).
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Order of operation Function key Display
1. Erase accumulator registers «*l», « ¥l » k3
2. Erase the operational registers « L0 » 00000000000
3. Decimal point switch setting « 6 » 000000000(1IID
4. Enter dividend 985,96 « +l» 000000985000
5. Prepare for Division «l» 000000985,960000
6. Enter divisor 30, « =+l » 00000003000
7. Result of quotient «=» 000000032,865333
8. Add to accumulator register 2 <+l » 000000883333
9. Result «*l» 000000062,865333
10. Prepare for Division €I » 000000062,865333
11.tﬁgtﬁrrs(slg;)ssrgximatioi’ resulto “«=» 000000031,432667
12. rSetgirsetetPe result into accumulator <+l » 000000031,432667
14. Prepare for Division «:» 000000985,960000
™ and show resuiof dvigend | < V1> 000000031,432667
16. Result «=» 000000031,367367
17. Add to accumulator register 2 « +II » 00000QB8I367
18. Result <[l » 000000062,800034
19. Prepare for Division € » 000000062,800034
20'tﬁgtﬁgs?zlsgrroximatiozn’ Restlto “«=» 000000031,400017
21. Add to accumulator register 2 « +II » 00000Q@B8M017
23. Prepare for Division € » 000000985,960000



Order of operation

Function key

Display

1.2.7.

24. Recall accumulator 2, Divide
25. Quotient result

26. Add

27. Result

28. Division

29. Enter divisor 2, and
obtain the result

30. Result of the third approximation

31. Checking

Example 23, ax(b+c—-d) =z
123,15x (6,4 + 31 — 0,75) = 4513,4475.

I »

K= »
« +l »
«*|| »

«KI»

«K=»

« X »
« X»

Examples of the completion of complex calsions.

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

000000031,400000

00008D@00000
000000985,960000

Order of operation Function key Display
1. Erase the operational registers « LO» 00000000000
2. Decimal point switch setting «2» 000000000Q000
3. Enter multiplicand 123,15 X¢» 0000000000123,15
4. Enter the first term 6,4 «+» 000000TmO6,40
5. Enter second term of 31, «+» 000000000@EB1
6. Enter subtrahend 75 «-» 00000000000,
7

. Result

Example24. a:(b+c-d)=2z
1127: (25,471 + 31,74 - 7,15) = 22 51311

22

0000000004513,45

Order of operation Function key Display
1. Erase the operational registers « LO» 00000000000
2. Decimal point switch setting «3» 000000000000,

3. Enter dividend 1127,

K »

000000001127,0



Continuation

Order of operation Function key Display
4. Enter the firstterm 25,471 «+» 00000@XEM471
5. Enter second term 31,74 «+» 000000000@81
6. Enter subtrahend 7,15 «=» 0000000050

7. Result

Example 25. (axb):c=2z

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

000000000022,513

Order of operation Function key Display
1. Erasure of operational registers « LO » 00000000000
2. Decimal point switch setting «2» 000000000Q000
3. Enter the first cofactor 125, « X » 0000000026,00
4. Enter second cofactor 25, «=>» 0000000253D
5. Division «i» 0000000003125,00
6. rEer;tSﬁ divisor 7,3 and obtain the <= 0000000000428,08

Example 26. axb_dx| =z
c y
135x 37 35x 273 =12850
24 12

Order of operation Function key Display
1. Erasure of accumulator registers « *| », « *koFI »
2. Erasure of operational registers « LO » 00000000000
3. Decimal point switch setting «2>» 000000000Q000
4. Enter cofactor 135,23 «=» 000000023300
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Continuation

Order of operation Function key Display
5. E:l‘éegggicttﬁé .y 3.7 «=» 0000000000499,50
6. Divide « > 0000000000499,50
£ E:l‘éeggt';’i'ﬁci[]e .y 2,4 «=» 0000000000208, 13
8. Store quotient to accumulator 1 <+l » 0000000000208,13
9. Enter cofactor 35, X< 0000000000035,00
10. aEr:‘ée(;thZ‘:";]“"tfer e 27,3 «=» 0000000000955,50
11. Division « > 0000000000955,50
12. aEr:‘ée(;t;jtg’i';%e resul%z’ «=» 0000000000079,63
13. Subtract «—=1» 0000000000079,63
14. Calculation result «*| » 0000000000128,50

The calculation ofﬂb:d x|
C y

but is characterized by the fact that in point A&tead of using the Subtraction from accumulator
key « -l », the Add to accumulator key « +I » is used.

=z is carried out in the sequence of the given exarapove
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Chapter II

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 specsiggjuence (Fig. 2).

The entry of digital information Honpsaenye cemy
for the completion of arithmetic
operations and different v
calculations is ensured by the d
decimal digital keyboard.

b0k

The encoding of the input HOUDMEMYYECKOE e
information encodes the inputted od
digital information from the ”ZZZ;ZZ%;’ #——Iz
keyboard from the decimal system (V3 Tymsr uwbukoiylt
into the Binary Coded Decimal ,’fj
numeration system. 'v;?

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

|ve

The entered number is passed to Aepexnn- ~ ]
the arithmetic-logic unit and is Yomens Sempodemdbp Sbode
stored in the appropriate part of the — [#7#7%
ferrite core memory in the |

ti | ister MR. . .
operational register Fig. 2. Block diagram of a

The management teams and « Soemtro-22C » compute.

arithmetic operations are carried out the functiokeys for input unit. Pressing one of the
functional keys causes the completion of the cpording operation in the arithmetic-logic unit.

All operations in the machine are stored in theteecore memory as digital information and are
performed in the Binary Coded Decimal numeratiostey.
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The information, written into the four core planet the MR register by the decoder of
arithmetic-logic unit, is transferred from the hip@oded decimal numeration system into decimal,
the decoded digital information from the outputtloé decoders is shown by the luminous digital
lamps of display unit, which ensures the visualpattof the entered information, results of
arithmetic operations and different calculationsthie decimal system. For visual output of the
digital information of the accumulator registerse tappropriate functional keys are used, which
ensure the storage of the digital information o @hccumulating register into the operational
register MR.

11.2. ARITHMETIC-LOGIC UNIT

The arithmetic-logic unit consists of 12 boardspahted circuit assemblies with the attached
elements of the required electronic circuits, whadtomplish different arithmetic operations and
calculations.

The diagrams used show the logic functions, switghmemory 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 correspondingtr@eic circuits must be within the limits from 0V
to -12V. With exception are the signals, which &ramed by the anode and cathode amplifier
circuits for the display.

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

The arithmetic-logic unit through appropriate coctoes 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 featurasaathine, the memory unit is considered as
separate unit in the composition of arithmetic-tognit.

Note. In the schematic circuits, transistor part nuraberdicated in brackets were those

established and used in the appropriate schenwdtigsts and elements of the machines of the first
releases.

11.3. ELEMENTS OF THE FUNCTIONAL DIAGRAM.

11.3.1. AND gate (conjunction).

The diagram shows the logical function « AND »,aamditions of which the logic 1 signal at
output A of diagram is generated only when all ispl 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 Oaign
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The diagram is drawn with semiconductor diodes lza®lone output and can have from 2 to 20
inputs.

On the overall functional diagram of the machin@ND » gates are given numbers from K1 to
K211.

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

An « AND » gate depending on signals at the inpats

El - E20 is in the closed or open state. £
With all signals at logic 0 on the inputs E1 - E@0Oan £3 7
« AND » gate the diodes are forward biased or uiroe
resulting in a small forward voltage drop. Currémtthe £ /
circuit: OV, parallel diodes D1 - D20, resistor R12V - on 2

the small resistance of the forward biased diodeates an
insignificant voltage drop. In essence a voltaggpdsccurs

on the 10 kilohms resistor, therefore, at outpua Aogic 0 24
signal is generated, which determines the condyatiate of
« AND » gate. R7
7,
With simultaneous logic 1 signals to the inputs £ Yi

El - E20 the gate is opened, as a result at theNB A
output a logic 1 level signal is produced.

When one or several inputs E of the gate inputadggithe I
diodes of the corresponding inputs are connectadvierse Dso :
voltages, I.E. the diodes are forward biased bygicl 0 I
signal, from the output of one or several forwaidsbd 5200——>|——"
diodes, which ensure the conducting state of tioeliti

Simultaneously input all inputs diagrams logic @nsils or
1 because of the fluctuations of signal amplitudemf
OV to-1,5V and from -8V to -12V are not usuallyened
and they do not reverse bias all diodes. Network elements: resistor R1 = 10
Kilohms; 0,05W; 10%; diodes D1..D20 =
At the output of the on or off circuit a logic 0 brsignal 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 andatineent 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 whenthe absence of logic 1 signals at the
appropriate E inputs a logic 0 signal is input.

Fig. 3. Logic symbol and circuit
diagram of an « AND » gate.

When the resistor of an « AND » gate instead ohd¢p@ionnected to the power supply -12V is
connected to the output of an inverter (I.E. flipef the diagram of joining), the « AND » gate
becomes dependent on the signal at output of agrtery 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 nloarme the assigned logical functions. This
practical control input can be considered as aiitiaddl input of an « AND » gate.

11.3.2. OR gate (disjunction).

The diagram shows the logical function « OR », onditions of which a logic 1 signal at
output A is generated when one or several inpugaters a logic 1 signal.

£y

/7
7/
£2p ,

Iy

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

Network elements: Diodes D1 ..D20 -
1IN35 or GAZ17.

The circuit is drawn with semiconductor diodes and
has one output and can have from 2 to 20 inpute. Th
quantity of diodes in the diagram is determinedthy
quantity of inputs. The anodes of the diodes armeoted
to a common point and is the output of the circuit.

In the overall functional diagram of the machine
« OR » gates are given gate numbers from D1 to D26.
The logic symbol and schematic circuit diagramgven
in Fig. 4.

The completion of logical functions by an « OR sega
does not require special circuit conditions, |.lBe t
connection of 0 logic signals or the presence senbe of
logic 1 signals at the inputs of E1 - E20 of théegédn a
number of cases the inputs E of the gate a logigial is
not input.

When one or several inputs simultaneously inputlog
1 signals, the corresponding diodes are forwarseiaas
a result of which a logic 1 signal is output atrppoh of
the gate. With the larger amplitude of all inpugrils,
which reverse biases the remaining diodes of the. ga

most cases the small resistance of the forwar@&did®de does not need to be considered.

11.3.3. Inverter.

The diagram of an inverter shows the logical fumttik NOT » (negation), the conditions of
which a logic 1 signal at output A is only outputien input E of the circuit diagram inputs a logic O
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-Npe transistor and is a one-stage amplifier.
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The logic symbol and schematic circuit diagram firaverter 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 O signalppleed at input E.

£
(O

/20

-/26

Fig 5. Logic symbol, and circuit diagram of an ¥érter ».
Network elements:

Circuit diagram Transistor Capacitor Resistor Resistor Resistor
number T1 C1 R1 R2 R3

o SA25/2 (2SB75) o 1K5 10% o 68K 10%
N°630 B = 29-55 1000pF 10% 63V 0.125W 12K 10% 0.05W 0.05W

o SA25/3 (2SB77) o 1K5 10% o 68K 10%
N°631 B = 45-88 1000pF 10% 63V 0.125W 12K 10% 0.05W 0.05W

o SA25/4 (2SB77) o 1K5 10% o 68K 10%
N”632 B = 72-166 1000pF 10% 63V 0.125W 12K 10% 0.05W 0.05W
0,

N°635 SAZE:M (2SB77) 1000pF 10% 63V - 12K 10% 0.05W 68K 10%
B =72-166 P 0.05W
0,

N°636 SAZS_/3 (2SB77) 2700pF 10% 63V - 4K7 10% 0.05W 39K 10%
B = 45-88 P 0.05W

o SA25/4 (2SB77) o 1K5 10% o 22K 10%
N°637 B = 72-166 1000pF 10% 63V 0.125W 4K7 10% 0.05W 0.05W

o SA25/4 (2SB77) o 1K5 10% o 68K 10%
N°649 B = 72-166 220pF 10% 63V 0.125W 12K 10% 0.05W 0.05W
0,

N°651 SA25/2 (2SBT5)  5500F 100663V 1K 10% 0.125W 12K 10% 0.05W 00K 10%
B =29-55 0.05W

o SA25/4 (2SB77) o 1K5 10% o 47K 10%
N°652 B = 72-166 470pF 10% 63V 0.125W 8K2 10% 0.05W 0.05W

The source current flows in the chain: +12V, resstR3, R2, OV into a logic 0 signal of the
applied signals. The current is limited by the s&sice of the voltage divider resistors.
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A voltage drop across resistor R2 from the curodrthe input bias source creates on transistor
base a positive potential in relation to the emittee inverse voltage, applied to the emitter
junction, is within the limits of +2V and ensurdgetnon-conducting state of transistor T1. In the
base collector chain of the non-conducting transifibws a current lko, which creates a small
voltage drop across the collector resistor R1. Assalt of the non-conducting state of transistor a
output A of the inverter a logic 1 is output, urtkie circuit input E receives a logic O.

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

In the circuit of the conducting transistor from,0NML, R1, -12V flows a collector current, whose
value in essence is limited by the resistance ©fter R1.

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

Consequently, until input E of the inverter ciraugteives 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 signdtlage, the reactance Xc of speed up capacitor
C1 increases, to the base current circuit is caederesistor R2, which decreases the value of
current, flowing in the chain; 0V, base-emittertibé conducting transistor, resistor R2 in parallel
C1, internal is the resistance of the source afiadiy -12V. The voltage between the base and the
emitter decreases. The base becomes more posbitivpreserves negative potential with respect to
the emitter. Transistor T1 remains in the condgcstate. The value of the base current from the
signal source in essence will be determined byatihelitude of the input signal, by the internal
resistance of the signal source and by the resistahthe base resistor R2.

The source current of the displacement flows indhain: +12V, resistor R3, resistance of the
base-emitter of conducting transistor, Ov. Thestasice of R3 considerably exceeds the value of the
resistance of the base-emitter of the conductiagsistor. The source current of the displacement,
in essence, is determined by the resistance dftoesR3.

The resistance of resistor R3 is approximately tixves the value of the resistance of the base
resistor R2. Consequently, the source currentefltbplacement will be considerably less than the
value of the base current. The counter directiofica¥ of base and source of displacement creates
the resulting current in the section of the ch@i; 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 @fbdse with respect to the emitter, which retains
transistor T1 in the conducting state. The condgctiansistor can be characterized by the saturated
and unsaturated states and the dependence ofl#tienghip of the currents, flowing in the base
and collector chains.
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If the input current, multiplied by the mu-factor toansistor, is more than the collector current

value ofplb = :—t that transistor is in the saturated state. Ifabiéector and base current values do

not satisfy this relationship, then transistomighe unsaturated state. The relationship of theeat
values in the circuit diagram of inverter N630 detmes the saturated operating condition of
transistor T1. After the end of the logic 1 sigtied input of the inverter diagram receives a Idgic
signal.

At the initial moment C1 speed up capacitor shuhts resistor of R2. The base obtains a
positive potential with respect to the emitter. Agigtor T1 is non-conducting, and output A of the
inverter will generate a logic 1 signal. Capaci@t is recharged to the value of a voltage drop
across resistor R2 from the source current of digrhent, the reactance of Xc, increases, to the
current circuit of the source of displacement iar@cted 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 thegghaf the input signal to input A of the first
inverter does not change at output E of the secoretter.

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 thepéfier are given in Fig. 6.

In the initial state input E of amplifier circuiéceives a logic 0 signal. The current of the source
of displacement flows in the chain: +12V, R5, R¥,dhd the source of signals. The voltage divider
formed from resistors R5, R4 creates on transistme a positive potential with respect to the
emitter and ensures the non-conducting state ofistor T1. Simultaneously the displacement
source current flows in the chain: +12V, resistB& 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, apptethe emitter junction, ensures the conducting
state of transistor T2.

In the chains: a) 0V, T2, R3, R1, -12V; and b) +1R6, T2, OV in the conducting transistor
flow the base currents and source of the displaneménich have a different value and direction.
As a result on the base of transistor T2 remaiesnigative potential with respect to the emitter,
which ensures the conducting state of transistorTh2 current value, flowing in the chain 0V, T2,
R2, -12V, is limited by the small resistance of twducting transistor T2 and by resistor R2. In
the circuit of the conducting transistor T2 a vgéadrop in essence it occurs on the collector
resistor R2.
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Consequently, until input E of the amplifier reaesva logic O 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 §irsil, 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

— b

=128

+/28

Fig. 6. Logic symbol and circuit diagram of a «\@&m amplifier »
Network elements of V567

Transistor T1 A25/4 2B77) B=72-166
» T2 SA25/4 2B77) B=72-166
CapacitorC1 1000pF 10% 63V
»C2 2200pF 10% 63V
Resistor R1 820R 0.25W 10%
» R2 330R 0.5W 10%
» R3 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 ceb@ethe collector circuit: 0V, T1, R1, -12V of
the power supply. The value of the collector currisnlimited by the small resistance of the
conducting transistor and by resistor R1. As altdbe collector of the conducting transistor T1
generates a logic 0 signal. Capacitor C1 is changedeactance 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 T1, RdAd dhe internal resistance of the source
signals -12V.
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The voltage between the emitter and the base dmgeso the base becomes more positive, but
preserves negative potential with respect to thét@mTransistor T1 remains in the conducting
state.

From the collector of transistor T1 a logic O sigaaters 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 atigespotential with respect to the emitter.
Transistor T2 is non-conducting.

Capacitor C2 is discharged, the reactance of Xreames, to the chain of the source of
displacement is connected resistor R3, which deesethe value of current, flowing in the chain;
+12V, R6, R3, T1, Ov, base becomes more negatiteyieserves 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 amplifiersitgenerated the signal E. After the end of theclogi
1 signal the input A of amplifier enters a logisi@nal. Amplifier circuit returns to the initialage.

In this case the speed-up capacitors completentregter 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 conductingts.

As a result the reverse switching of transistoradoordance with the initial state at output A of
amplifier circuit a logic 0 signal is generated.

11.3.5. Read amplifier.

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

Readout is produced from pulses induced by a ravefghe magnetizatioof 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 ferriteeoccurs also during the record of informatibe, t
starting of the read amplifier occurs only wheniiiput E1 receives the special reading signal
(HV=1). As a result of the special arrangement snding of cores in the matrix by the read wire
can arise both positive and negative polarity mjlsghich in equal measure must act on the
amplifier in order to obtain a positive polaritylpe at its output.

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

2 3ak 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 disgaent flows in the chain: +12V, R4, R5, 0V.
The voltage divider formed from resistors R4, Rétigh the secondary windings of transformers
creates on the bases of transistors T2 and T3l dowa amplifiers of reproduction the positive
potential, which ensures the non-conducting sthteansistors T2 and T3.
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Fig. 7. Logic symbol and circuit diagram of a « Beamplifier ».

Network elements V507/1:

Transistor T1 SB20/2 (2SA15) B=29-55
» T2 SB20/3 (2SA15) B=45-88
» T3 SB20/3 (2SA15) 3=45-88
CapacitorC1 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 indal receives the drive signal HV=1 and the
voltage divider formed from resistors R2 and R3ata#e a negative potential on the base with
respect to the emitter of transistor T1.

Transistor T1 is conducting and connects the cfscof transistors T2 and T3 to the negative
voltage of the power supply -12V.
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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 theresponding change in the voltage on output A can
be practically ignored.

The reversal of polarity of a ferrite core induoesthe read wire an emf in the region of 30mV,
which is fed to inputs E2 and E3 of the primary dvirg of the step-up transformer with a
relationship of 1:100. Let us assume input E2 rexia positive potential from the read wire,
therefore, through the primary winding of the tfanser from input E2 to input E3 flows a current.
In the secondary winding is directed emf. The sthecondary winding ensures that the resultant
emf is in the same direction as in the primary wigdf transformer.

The positive potential of output 3 of the transferrsecondary winding enters the base and does
not change the non-conducting state of transisfor E

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

In the chain of the conducting transistors 0V, TZ, R1, -12V the current value in essence is
limited by resistor R1. On the resistances of thedacting 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 ld@i 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, inktea
of transistor T3, transistor T2 will be conductings 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 peakesuts differing polarity is the capacitive
differentiating circuit RC, which consists of a eapor C1, resistor R1 and diode D1.

The logic symbol and schematic circuit diagram green in Fig. 8. Depending on the
connection of input E2 the operation of the diffgér&ting circuit occurs with or without the
completion of logical functions. The connectionioput E2 of the differentiating circuit to 0V
ensures the circuit operates without the completiblogical functions. For completion of logical
functions the differentiating circuit is connectaginput E2 to 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 completebcldirged, input E1 of the differentiating
circuit receives a negative polarity square pulsg so creates a charging circuit for capacitor C1.
The voltage across capacitor cannot abruptly chaAgeurrent begins to flow in the capacitor
charging circuit, whose value is limited by theistmnce of resistor R1. At the initial moment the
current has a maximum value and diminishes in ptapoto the charge of the capacitor.
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6) Fig. 8. - Schematic circuit diagram and logic

symbol of the differentiating circuit RC:

Diode D1 - 1IN35 or GAZ17; Capacitor C1 — 560pF 5%BV/p6
Resistor R1-10k 0,05 W 10%; A) - diagram of thenfation of
signals by the differentiating circuit with contiaput; B) the diode
of the collector input of th#lip-flop of 1N35 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 valuiefcharge current. As a result the diode D1
enters the peak pulse of negative polarity. Afl@pacitor 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. After &nd 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 thgospie direction. Again at the initial moment the
current has maximum value and diminishes in proporto the capacitor discharge. Accordingly
the greatest voltage drop occurs on resistor Riieanitial moment, which decreases proportionally
in response to a change in the value of current tve. As a result of this the diode D1 enters the
peak positive polarity pulse.
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The described mode of operation of the differemigacircuit occurs with the condition of a
large pulse duration at input E1, which enablesciygacitor to charge to the voltage of the input
signal. It is necessary to keep in mind, that gt moement of time the voltage across capacitor C1
and voltage drop across resistor R1 is equal tovdltage of the source of signal Vc + Vr = V. In
the machine schematics the differentiating cird®®@ is adapted for switching the circuits of a
monostable and flip-flops, which are calculatedtstg from the peak pulses of positive polarity.
For this purpose at the exit of the chain D1 isnamted, which passes at output A pulses of positive
polarity only and ensures the removal of the neggtplarity pulses.

Let us examine the influence of the parameterhiefelements 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 chain is limited by the constant
value of the resistance of resistor R1 and dimassh proportion to capacitor charge or discharge.
Voltage on resistor R1 relative to OV of input E&lvall more slowly, since for discharge or
charge of the greater capacitor value given byetuirrequires a longer time, in consequence of
which the duration of peak pulses increases. Aedma of the capacitance value causes a more
rapid decrease in the voltage on resistor R1, lsecatlithis the duration of peak pulses decreases.
Accordingly with a given capacitance value, an@asing or decreasing change in the resistor value
leads to the same results. In the first case thtag® on resistor R1 will diminish more slowly than
in the second, on the basis of the fact that ferdharge on the capacitor value the smaller current
requires a greater time n, on the contrary, withugent of larger value - shorter time. The decreas
in the voltage on resistor R1 is determined bytilme constant of the differentiation chain since,
which has a dimensionality of time and most coneetly is determined from the following
relationships:

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

Physically the time constant t can be represendetietime, 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 clockspuwf the multivibrator has a duration, equal to
20uS, which let us accept for the minimum at theutrof the differentiating circuit. The value of
capacitor C1 = 560pF, the resistance of resistorRDK, the time constant T = RC of the chain
will be equal to:

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

In practicality it is customary to assume the c#pads charged in a time, equal to 3-5t, which
equates to 16,8 - 28,0uS.
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In this case the chain time constant t is equak@pmately to 4t, which corresponds to the
previously described mode of operation of the déifdiating circuit. The differentiating circuit for
starting the monostable has a resistor, equaldkitbhms, and respectively a smaller value t and
the smaller pulse duration at output.

2. Differentiating circuit operation with logical functions.

The differentiating circuit diagram forms the logjidunction « 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 loQisignal.

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

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

Let us assume that capacitor C1 is dischargednghégs E1 and E2 enter logic O signals, so at
point K the differentiating circuit generates aitog signal.

During t1, input E1 enters signal b, capacitor €lcharged, at point K a pulse of negative
polarity it is formed in the sequence, describedomt 1.

The capacitor is charged up to the voltage of dggcl 1 signal, current in the circuit ceases, at
point K a logic O signal is generated. During ut E2 enters a logic 1 signal. Capacitor C1 is
discharged to the logic O signal voltage. At pdira logic 1 signal generated. (Capacitor discharge
with the connection of logic 1 signal to input E2the similar case, when the two capacitor plates
are connected to the voltage of one output of tveep supply).

During t3, input E1 enters a logic 0 signal, cafmacC1 is charged up to the logic 1 signal
voltage.

A voltage drop from the charge current of capac@dr 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 alre$which at point K a logic 1 signal is geneite

During t4 input E1 enters a logic 1 signal, capacl is discharged. The discharge current of
the capacitor on resistor R1 at point K shapesdwgative polarity pulse, whose apex reaches the
level of the voltage of the doubled logic 1 sigr@hpacitor C1 is discharged to the logic O signal
voltage. At point K we obtain a logic 1 signal.

During t5, input E2 input receives a logic 0 sigrepacitor C it is charged up to the voltage of
the logic 1 signal level, as a result of which @inpK a logic 0 signal is generated.
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During t6, input E1 enters a logic 0 signal. CafmacC1 is discharged. The capacitor discharge
current on resistor R1 at point k shapes the pespiolarity pulse in the sequence, described in
point 1.

[1.3.7. Multivibrator.

The basic master oscillator of the machine opemaoa multivibrator, which consists of two
cross connected common-emitter amplifiers with cdjp& collector-base connections.

To generate the rectangular master clock pulsesl@ivirator 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 thie multivibrator is based on the successive
conducting and the non-conducting states of trémsig 1 and 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 hon-conducting. In the circuit of the
conducting transistor a collector current flowsnir@V, through T1, R2, -12V, whose value is
limited by resistor R2. A small voltage drop occursthe collector resistance of the conducting
transistor. As a result at output A of the multraitor a logic 0 signal is generated. Simultaneously
from OV through the base-emitter junction of thexdacting transistor T1, R4, R1, -12V flows a
base current, which creates on base resistancé tifeTsmall negative potential with respect to the
emitter and transistor remains in the conductiagesti_et us assume that during the non-conducting
state of transistor T1 capacitor C1 charges tathimge of the logic 1 signal on output A.

After the inversion of the multivibrator transisfbt is in the conducting state. The left capacitor
plate of C1 is connected through the conductingsistor T1 to OV. the right facing plate through
resistors R3 and R1 is connected to -12V. Capa€ifors discharged. The discharge current of the
capacitor through resistor R7 creates a posititergi@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 connectedMotlfough the base-emitter of the conducting
transistor, the right facing through resistor RBasnected to the -12V supply. The time constant of
capacitor C2’s charging circuit has smaller valuantthe time constant of the discharge circuit of
capacitor C1. As a result capacitor C2 is chargedHe shorter time interval. The inversion of the
multivibrator does not occur until the base of momducting transistor T2 has a more positive
potential than emitter. The potential of the nomahacting transistors base decreases in proportion
to the value of C1's discharge current.
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When reaching the insignificant negative potentiilthe base with respect to the emitter the
non-conducting transistor T2 begins to conduct.o&ifive voltage drop of transistor T2’s collector
through capacitor C2 enters the base and makesigtanT1 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

M2i4 A

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

Network elements M214:

Transistor T1 SB20/2 (2SA15) B=45-88
» T2 SB20/3 (2SA15) =45-88
CapacitorC1 2200pF 10% 63V
CapacitorC2 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 aztbe of transistor T1 through capacitor C1 enters
the base and boosts the opening of transistor B2a Aesult 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 tHewolg operation of the multivibrator. After
sequential inversion at output A of the multivilinais 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 the inversion of multivibrator transistor T2 in the conducting state. The current of the
source of displacement flows in the chain: +12V, R8, OV and in practicality is not reflected in
the value of base current because of the high \a&ltlee resistance 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, which
can be characterized as state 0 and 1. In this Inmbdeachine adapts the symmetrical not saturated
circuit of F119. With the start of the machine thajority of flip-flops are reset into the initiaiage,
which is characterized by the conducting staterafidistor T1 and the non-conducting state of
transistor T2. In the initial state of a flip-fl@plogic 0 signal is generated at output Al, 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 flip-flo
into the working order transistor T1 is in the nmmducting state, and transistor T2 is conducting.
In accordance with the operation of the flip-flapoaitput Al a logic 1 signal is generated, and at
the output A2 - a logic 0 signal. In this modelne&chine it is conditionally customary to assume
the initial state of a flip-flop as logic 0 andsitvorking state - as logic 1.

A logic symbol and schematic circuit diagram of tiy@flop F119 are given in Fig. 10.

In the initial state of the flip-flop through themducting 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 collectoistes of the conducting transistor a comparatively
small voltage drop occurs. As a result the condgcstate of transistor T1 generates a logic 0 signa
at the Al output of the flip-flop. The small curtesf the source of mixing flows in the chain:
+12V, R7, the base-emitter of the conducting tstosiT1, OV. In essence a voltage drop occurs on
a comparatively high resistance of resistor R7.mals voltage drop across the base-emitter
resistance of the conducting transistor can besgasded if the opposite base current exceeds by
several times the current of the chain of the smofdisplacement.
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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

O
+ /26
Fig. 10 - Schematic circuit diagram and logic syhdda flip-flop.

Network elements R 119:

Transistor T1 a25/2 (2B75) B=29-55
» T2 SA25/2 (2RB75) B=29-55
Diode D1 IN35 or GAZ17
» D2 IN35 or GAZ17
CapacitorC1 1000pF 10% 63V
CapacitorC2 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 an conducting state. The
non-conducting state of transistor T2 is ensuredhieyvoltage of the source of the displacement,
whose current flows in the chain: +12V, R10, R6, R 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 traasif2 generates a logic 1 signal at output A2. The
differentiating chain RC are connected to its isgotr switching the flip-flop from one steady state
to another. Let us assume that at input E of tHerdntiating circuit of the conducting transiseor
negative polarity pulse is input. A logic 0 to lgadve voltage drop of the input signal shapes the
negative polarity pulse by the charge current & tlpacitor 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 pastivoltage drop on the input signal leads to the
capacitor discharging. The discharge current irdifferentiating circuit resistor shapes the positi
polarity pulse, which opens the diode and is irtputhe base of the conducting transistor T1. The
base of the conducting transistor obtains a pa&sfiistential with respect to the emitter, so traosis
T1 is non-conducting. On the collector of trangisté a negative voltage drop is generated, which
enters the speed up capacitor C2 and resistor R4.

At the initial moment the capacitance of C2 shur#ise resistors R4 and R6, so a negative drop
in the collector voltage of transistor T1 inputg thase of transistor T2. The base of the transistor
obtains a negative potential with respect to thd@temtransistor 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 capacitanfeC1l shunts the base resistors R3 and R5. A
positive voltage drop on the collector of trangist@ enters the base and boosts the non-conduction
of transistor T1. Positive feedback cause an acaktflow 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 flogviin the circuits of the conducting transistor
T2, will be analogous to currents previously in toeducting transistor T1. The currents, flowing
in the circuits of the non-conducting transistor, Will be analogous to currents previously in the
non-conducting transistor T2.

Diodes D1 and D2 ensure the unsaturated operatidtreaonducting 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 cirsuMvhich ensure the appropriate switching of the

flip-flops. The differentiating circuits are conned 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 daredtopposite direction, which it is unessential for
the signals, which are fed to the inputs of théed#ntiating circuits. From each pulse of negative
polarity, which entered the inputs E1 and E2, &isgped on the resistor of the differentiating circui
two pulses of different polarity. The negative plapulse reverse biases the diode and does not
act on the base of the transistor. The positivaniglpulse forward biases the diode and enters the
base of transistor. The pulse, which entered tise b&the non-conducting transistor, increases the
positive potential of base with respect to the smiand 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 ddferating circuit, connected to input V1 of the
flip-flop, it is customary to assume as the uppgeral input. The differentiating circuit, connette
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 e tupper 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-controllednfioof triggering the bases consists in the fact
that the differentiating circuit diodes obtain feliminary 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 outpuls the initial state at output Al there is a togi
0 signal, whose small negative potential can beorigth The differentiating circuit diode of
preliminary displacement does not obtain. Theahpiositive polarity peak pulse through the diode
enters the base of the conducting transistor. Ts@msT1 is non-conducting and causes the
inversion of the flip-flop. At output A2 the inifisstate of the flip-flop outputs a logic 1 signal,
which enters the resistor of the differentiatingcait. The anode of the diode obtains preliminary
displacement. Diode occurs the closed voltage gitla signal. Pulse shaping with the connection
of signal E on input E2 of the differentiating aiiit occurs in accordance with the operational
description of the differentiating circuit (11.3.8). In accordance with the description the diode
remains in the non-conducting state and resultsnan trigger pulse on the base of the
non-conducting transistor. The connection of dédfgrating 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 clagbut 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 anEhnputs 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 flgp 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 wiib arrival of signal on the separate input. The
controlled triggering on the clock input in the &ional diagram of the machine is depicted in the
form of a pointer, directed to the middle of théesmember of the flip-flop logic symbol.

The inversion of a flip-flop can be produced on #itatic input, the diode of which, whose
cathode is connected to the collector of transiatooutput A. The anode of diode by input E is
under certain conditions connected to 0OV (Fig. B, The 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. As long as the static logic 0 signahut, the flip-flop is blocked and cannot charige
state with the input of trigger pulses on the otinputs. The inversion of a flip-flop on the static
input begins from a change in the potential of cbkector of the non-conducting transistor, which
causes the an avalanche process of the inversianflgd-flop, the triggering of a flip-flop on the
static input is depicted as the section of straligiat in the upper or lower part of the logic syrhbo
of a flip-flop.

11.3.9. Kipp oscillator (Monostable).

A Monostable, or servo multivibrator, is a switajpimonostable circuit, which combines in itself
the properties of multivibrator and flip-flop. Irat steady and temporary operational states can be
characterized as logic states 0 and 1. In this mofdenachine the schematic of the unsaturated
monostable adapts. Transistor T1 is conductingcoo@ance with the initial state, and at the Al
output a logic 0 signal is generated. Transistorslizon-conducting, and at the A2 output a logic 1
signal is generated, which remains to the inversiaihe monostable, inversion can occur only with
the arrival of a positive polarity pulse on thedas the conducting transistor. After the inversidn
the monostable output A1 has a logic 1 signal,aardutput A2 a logic O signal. After a specific
time interval the monostable independently retumshe initial state. It is usually customary to
assume the initial position of a monostable agyelb state about even operation.

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

Network elements:

Transistor T1 SB20/3 (Z'5) =45-88
» T2 SB20/3 (2B75) =45-88
Diode D1 IN35 or GAZ17
» D2 IN35 or GAZ17
» D3 IN35 or GAZ17
CapacitorC1 220pF 10% 63V
»C2 680pF 10% 63V
»C3 120pF 10% 63V
Resistor R1 1K 0.125wW 10%
» R2 1K 0.125W 10%
» R3 10K 0.05W 10%
» R4 470 R 0.05W  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)



In the initial state of the monostable through toeducting transistor T1 current flows in the
chain: 0V, resistance of the conducting transidtby 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 potémfatransistor T1 is close to the potential of
emitter. As a result the conducting state of trstosiT1 generates a logic 0 signal at output Aef t
monostable. A small current from the source of ldispment flows in the chain: +12V, R7,
emitter-base of the conducting transistor, OV. deemice a voltage drop occurs on a comparatively
high resistance of resistor R7. The insignificamitage drop across the emitter-base of the
conducting transistor can be disregarded if the loasrent considerably exceeds the current of the
chain of the source of displacement. Simultaneofrslgn 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 stateaasfststor T2 is ensured by the voltage of the
source of the displacement, whose current flowthenchain: +12V, R10, R9, R5, D3, OV. The
voltage divider formed from resistors R10, R9, Rl @iode D3 creates a small positive potential
on the base of transistor T2 with respect to tha@tendue to a voltage drop across the resistahce o
the forward biased diode. A small positive potdntiathe base of the non-conducting transistor is
also formed due to the current Iko. The positiveebpotential 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 ndgatpolarity pulses, the negative voltage of the
logic 1 signal creates a charge current circuictgacitor C3. The negative polarity pulse is sdape
on resistor R6 of the differentiating circuit, tti®de of the differentiating circuit is reversecdsed,
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 the tesithe differentiation chain shapes the positive
polarity pulse, which enters the base of the cotgdransistor 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 nonetmting 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 potentidi véspect to the emitter. Transistor T2 is
conducting, and on the collector of the conductiramsistor is formed a positive voltage drop,
which enters the speed up capacitor C1 and regk80At 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 proceswvibéhing transistors T1 and T2, as a result of
which the monostable changes state into the tempuamrking steady state.

After inversion of the monostable the current af #ource of displacement flows in the chain:
+12V, R7, R4, R3, the conducting transistor T2, TWe voltage divider formed from resistors R7
and R4, R creates on the base of the non-conduttamgistor T1 small positive potential with
respect to the emitter, which retains transistahanon-conducting state. The negative drop in the
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 flowthachain: +12V, R10, R9, R5, base-emitter of the
conducting transistor T2, OV. At the initial momehe value of current of the charge of the timing
capacitor C2 considerably exceeds the value okotiwf the source of displacement. As a result a
voltage drop across the resistance of the conduttansistor from the current of charge exceeds
the value of a voltage drop from the current of foeirce of displacement. On the base of the
conducting transistor negative potential with resge the emitter, which retains transistor T2 in
the conducting state, is created. The reactanad &apacitor C2 increases in proportion to charge,
the current of charge decreases, the potentiahet lbhecomes 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 initiatst

The operation of a monostable can be presentenllaw$. After the inversion of the monostable
into the working order the -12V supply charges c#pa C2, through resistor R5, the base-emitter
of the conducting transistor T2, and in parallebtigh resistors R9, R10 to the positive poles ef th
+12V power supplies, as a result of the electronceatration on the base of the conducting
transistor is created a specific negative potentthich keeps transistor T2 in the conducting state
The current in the base circuit transistor T2 dases in proportion to the charge on capacitor C2,
the potential of base becomes positive with respecthe emitter and making transistor T2
non-conducting, which ensures the reversion of ttumostable into the initial state. Diode D1
ensures that transistor T1 operates in an unsatucaindition. The variable resistor R10 adjusts the
current value of the source of displacement andhgoduration of the working order of the
monostable.
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11.3.10.

« Minus » sign driver.

Amplifier V700 drives an incandescent lamp, whoksvgensures the display of « minus » sign.
The logic symbol and the schematic circuit diagmiithe « 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 chain: OV, R1, R2, +12V - flows the smallremt, whose value is limited by the total
resistance of the voltage divider resistors R1RRd110 kilohms).

V700
£ > ' A
+ /28
A2 A3
A R - 128
p i ————x)—o

I 8201

Fig. 12 - Schematic circuit diagram and logic syimbo
of the «minus» indicator lamp.

Network elements of V700:

Transistor T1 SA250/4 (257) B=72-166
Resistor R1 10K 0.05W 10%
» R2 100K 0.05W 10%
» R3 1K2 0.5wW 10%

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

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

kilohms.)

A voltage drop across the incandescent lamp antr82esistor 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 aceggdo diagram with general emitter.
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After inversion of the sign of the number flip-flapto the working state input E of the amplifier
receives a logic 1 signal. A voltage drop acrossster R2 from the circuit current of the voltage
divider resistors R1 and R2 creates a negativenpateon the base with respect to the emitter.
Transistor T1 is conducting. This is analogous i description of the operation of the inverter
the current of the voltage source, flowing in thaia: +12V, R2, the base-emitter of the conducting
transistor, OV - will be considerably less than dipposite current in the base, flowing for the nbhai
0V, the base-emitter of the conducting transis®il, the signal source internal resistance, -12V.
The resulting current creates a voltage drop aciiossase-emitter resistance of the conducting
transistor and ensures the negative potential ®adise of transistor T1.

Simultaneously in the chain; 0V, base-emitter, emtithg transistor collector, 82 ohm resistor,
incandescent lamp, -12V - flows a current, whodaeransures the illumination of the incandescent
lamp.

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

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

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

11.3.11. Digital display cathode driver.

Amplifier V701 connects the numerical cathodeshaf display to the -90V supply. In the initial
state input E of amplifier receives a logic 1 sigr@utput A of the amplifier generates logic 0
signal (Uy), which prevents the glow of the numerical cattsod&hen input E of the amplifier
receives a logic O signal, output A of the amplifignerates a -Ua (-90V) signal, which enters the
appropriate numerical cathode and ensure the gfatweoappropriate number with a simultaneous
connection of the digital lamp anode to thex{#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 simutiasky
connected to the -AJ(-90V) power supply and to the divider of the agke source -\J(-12V). The
collector resistor R2 is connected t@,J0V of sources -W +Up).

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

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

R20, R21 of the -12V power supply determines thétempotential 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 nokatiimg state of the transistor. Output A of the
amplifier circuit generates a logic 0 signalag)J which enters the appropriate cathode of a digita
indicator tube.

A logic 0 signal at input E of the V707
amplifier creates a positive potential ¢ £ D i

the base with respect to the emitter.

Transistor T1 is conducting. Collectc
current in the circuit OV (&), R2, T1,
-Ua (-90V) the conducting transisto (l”
with the condition for that closed thi
state of indicator light it is limited by the
value of resistor R2. Simultaneously tF R2
current, flowing in the chain: signa
source 0V, R1, base-emitter of th A
conducting transistor T1, R20 of th R/
power supply, (-12V ) creates a positiv £ ¥ 4
potential on the base of the transist
with respect to the emitter and ensur : -
the conducting state of the transist 126

until input E of the circuit enters a logi g O A —l—0
0 signal. s R2/ Uy R20

A voltage drop across the resistance

of the conducting transistor from the _ S _
collector current can in practicality be  Fig. 13.Schematic circuit diagram and logic
ignored. symbol of the display cathode driver.

. Elements of diagram V701:
As a result the conducting state of Transistor T BSY79 p>30

transistor T1 generates a signal 5-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 enters a logic 1 signal and creates
a negative potential of the base with respectécethitter of transistor T1.

Transistor T1 is non-conducting, and from outpubfAthe signal amplifier O (kb) enters the
corresponding cathode of cathode of the digitalcautor tubes.

11.3.12. 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 statgit E of the amplifier receives a logic 0 signal.

From output A of the signal amplifier a logic 04J) enters the anode of a digital indicator tube and
prevents the glow 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 aficator tube and ensures the glow 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

26KIWEY

o —1 O-128

Js R2/ A20

Fig. 14 Schematic circuit diagram and logic syniiahe
amplifier of the 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 0.05W 10%
» R3 68K 0.25wW 10%
» R4 100K 0.125wW 10%

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

In the initial state input E of the amplifier reces a logic 0 signal. The power supply voltage
+Ua (+100V) through resistor R2 enters the base amd ton transistor T1. Current, flowing in the
chain: #Ja, 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 chain of OV (W), T1, R3, +U flows a collector current, whose value in esseisce
limited by the resistance of resistor R3. An ingigant voltage drop across the resistance of the
conducting transistor T1 can be ignored and to idenghat the logic O signal from the collector of
transistor T1 enters the base and ensures theaomahucting state of transistor T2. At output A of
the amplifier circuit a logic 0 (k) signal is generated, which enters the anodeeottiiresponding
indicator tube. The emitter of transistor T1 thrbugsistor R23 is connected to the voltage divider
formed from resistors R20 and R21, and the poweplgu12V.

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

A positive potential with respect to the emittecisated on the base of transistor T2 so transistor
T2 is conducting. Collector current in the ciraniit+Up (+100V), 3,6k resistor, T2, R4, OV gb) of
the conducting transistor with the condition of tlesed state of indicator light is limited by the
3,6k resistors and R4. In comparison with resiB#ra small voltage drop across the 3,6k resistance
ensures at output A a signal of approximately +9@Xich enters the anode of the corresponding
digital indicator light. The current, flowing in e¢hchain of OV (W), R4, T2, R3, +W (+100V),
creates on the base a positive potential, whicliressthe conducting 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 addOv to the cathode and anode of the
corresponding indicator light.

The applied voltage creates the ignition of andattir light and resultant current in the circuit:
+Ua (+100V), 3,6 kilohms resistor, T2, anode-cathoflarmindicator 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 amimm between the electronic
arithmetic-logic unit and the electromechanicalbd@yrd 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 filsthagram 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 closing bé tcorresponding keyboard contact a logic O
signal enters input E of the keyboard filter. A dmaltage drop occurs across resistor R1 from the

current, flowing in the chain of 0V, R1, R2, -1244 a result

£ Y648 of this output A of the keyboard filter generatesogic O
=t '_I_I"‘ signal.

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

-2
Fig 15. Schematic circuit diagram and logic symtifahe
Ro keyboard connection diagram.
R/
£ A Elements of diagram Y846:
Capacitor C1 0,047uF 63V
Ll 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 theedéhtiating circuits.

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

The operational sequence of a Schmitt trigger hashnm 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 diodepuit E of the Schmitt trigger circuit. The reversed
biased state of the diode in practicality doeshase an effect on the currents of the initial stdte
the Schmitt trigger.

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

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

The transition of the Schmitt trigger into the wioik state proceeds in 10ms from a logic O input
signal, which enter through one of the forward éthdiodes 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 Schmdgar, which reverse biases the diode and ensures
the automatic transition of the Schmitt triggepittte 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 scheim#&tansistor T1 is in the unearthed state.

Transistor T2 is non-conducting, so output A of 8ahmitt trigger circuit is generates a logic 1

signal.
£

~/28

Fig. 16. Schematic circuit diagram of the Schnnigger.

Network elements:

Transistor T1 SA25/2 (2SB75) B=29-55
Transistor T2 SA25/2 (2SB75) B=29-55
Capacitor C1 2,700pF 10% 63V
» C2 20uF 15% 63V
Resistor R1 1K8 0.125wW 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 0.05W 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 theftage 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 emitternsrstor T1 is conducting.
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In the chain 0V, R6, T1, R1, -12V of the conducttrensistor flows 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 createuickvis determined by the value of a voltage drop
across resistor R6 and the resistance of the ctinducansistor T1.

Simultaneously through in the chain: 0V, R6, thsdemitter of transistor T1, R4, R8, -12V of
the conducting transistor - flows base current.oftage 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 negativential at the emitter with respect to the
base and ensures the non-conducting state ofstan3i2.

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

The base has more positive potential with respetitd 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 citcu
and the charged capacitor C2 begins to be disctidhgeugh parallel connected resistors R4 and
R5. A voltage drop from the resultant capacitocckiésge current on resistors R4 and R5 ensures
the negative potential of the base and the conuyistiate of transistor T1.

AS current in circuit and voltage drop across testssR4 and R5 decreases in proportion to the
capacitor discharge, the potential of the basernesanore positive, as a result transistor T1 begins
to be non-conduct ensuring the inversion of then8tthrigger into the working order. Current in
the circuit of the collector decreases, and thema! of the collector becomes more negative and
through the rising capacitance of C1 it inputs lthse of transistor T2. As the voltage drop across
resistor R6 decreases, the potential of the enufteansistor 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 essencdinmted by resistor R2. A logic 0 signal is
generated at output A of the Schmitt trigger circ@imultaneously through the conducting
transistor in the chain: 0V, R6, the base-emittdramsistor T2, R3, R1, -12V - flows base current.

A voltage drop across resistance of the base-anmofteghe conducting transistor creates the
negative potential of the base with respect to d@hetter and ensures the conducting state of
transistor T2. A voltage drop across resistor Réat@s a negative potential at the emitter with
respect to the base and ensures the non-condstaitegof transistor T1.
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After the end of the logic 0 signal the appropristeering diode of the circuit diagram enters aclog
1 signal. Transistor T1 is conducting in the segeem@nalogous to the description, and ensures the
inversion of the Schmitt trigger into the initidate.

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 corensured by the simultaneous operation of 4 drjvers

which create the polarity reversal current of Inack pair of drivers creates a half-curreltgl of

the polarity reversal Im.

Two half-currentégl, those simultaneously taking place through thetéecore, create a current

Im, which ensures the polarity reversal of a ferdbre, l.e. reading or writing of an informatian b

Im

Half-currents > but not coinciding in time, do not produce a piyareversal of a ferrite core.

A logic symbol and schematic diagram of drivers ¥9Y911 are given in Fig. 17.

The shaping of the half-current pulslézg ensures the sequential connection of the secepd st

of two drivers of polarity reversal.

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

Connection Al of the second driver Y910 is connddig 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 oivérs from outputs A of the AND gates are entered
logic 0 signals. The current from the source oplisement flows in the chain: +12V, R2, R1, 0OV.
A voltage drop across resistors R1 creates a pespiotential on the bases and ensures the
non-conducting state of transistors T1 of drivefd ¥, Y911.

In the collector circuit of the non-conducting ts&stors T1 a current Iko flows through the
primary windings of transformers. In the secondaigdings of the transformers an emf is not
induced, transistors T2 are in the non-conductiages The emitter junctions of transistors T2 are
shunted by the small resistance of the secondamgimgs 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 (kipp os¢dl into the working order through two series
connected inverters and the corresponding AND gateputs of first stages of cascades enters a

negative polarity pulse with a duration of 4uS.

A -128
£ D ﬂ!
-”‘p
p 12 Y910
4 400m (9x120)
Az
4 Otsp
2 vren
I”?
I Fig. 17. Schematic circuit diagram
| and logic diagram of the ferrite core
: polarity reversal drivers
|
b
]
|
——————
Network elements V910 V911l V912
Transistor T1. SB20/4 (2SA17) SB20/4 (2SA17) SB20/4 (2SA17)
B =72-166 B =72-166 B =72-166
5T2 SC20/3 (2SB210) SC20/3 (2SB210) SC20/4 (2SB210)
B = 45-88 B = 45-88 B =72-166
Diode D1 OA741 OA741 OA741
Capacitor C1 220nF 10% 63V 220nF 10% 63V 220nF 66%
» C2 330nF 10% 63V 330nF 10% 63V 330nF 10% 63V
Resistor R1 12K 10% 0.05W 12K 10% 0.05W 12K 1095%/0
» R2 68K 10% 0.05W 68K 10% 0.05W 68K 10% 0.05W
» R3 820R 10% 0.125W 820R 10% 0.125W 820R 10% W\125

Transformer TR1

TR910

TR910

TR912

At the initial moment capacitors C1 shunt resistRfs the negative voltage input signal enters
the bases and open transistors T1. In the chai@¥ 0T 1, the primary winding of the transformers,
C2, -12V of the collectors of the conducting tratsis, current flow begins.

At the initial moment capacitors C2 shunt the aithe resistors R3, and the primary windings of
transformers will have a high inductive reactange X
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In the collector chains through the primary windirfiilpws a minimum current, whose value

grows exponentially with a time constant %:

From a change of the current in the primary windingthe transformers an emf is induced in the
secondary windings, the negative pole of which ppliad to the bases and the positive to the
emitters of transistors T2.

Transistors T2 are conducting. In the circuit & ttonducting transistors: OV (Ovsp) through T2
of the cascaded amplifier Y910, the wire througé térrite cores, T2 of the cascaded amplifier

Y911, the 40R (3 X 120) resistor oblsp, a current flow% begins, whose value is limited to
0,25A.

After the end of the logic 1 signal, the E inputd¢ransistors T1 receive logic O signals.

Transistors T1 are non-conducting. Current in thiéector circuit decreases exponentially with a
time constant T. From a change of the current exghmary windings of the transformers in the
secondary windings is induced an emf, the neggaole of which is applied to the emitters and the
positive to the bases of transistors T2. As a teduthe changes in the polarity of the voltagetiom
outputs of the secondary windings transistors T maon-conducting, |.LE. extinction of the
self-induced emf of the transformer primary windowgurs through capacitors C2 and diodes D1.

11.4. POWER UNIT.

The machine power unit consists of seven powerlggp

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

2) Stabilized supply voltageUsp used in the memory unit -1155-13,56V (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 #Ua, of the anodes of the digital lamps +100V;,

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

7) Autonomous power for the electronic voltageutagion 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 creased @esult the internal change of the resistance of
Zener diode ZD2 (Fig. 18).
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A larger or smaller change of the current valugh@ regulator circuit causes an appropriate
reverse change of the internal resistance of tpaaor into a smaller or large value. As a rethst
voltage the drop across the regulator is constaith) respect to the reference voltage and
comparator input voltage from variable resistor Rvansistor 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 currethancircuit of the voltage divider formed by
resistors R8, R7, R6 and the input voltage of themarator. 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 the fioms 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 -iJand -Usp.

Rectification of the power -iJand -U, supplies is performed by a full-wave rectifierceiit with
centre tap and operates on the load with the ciymaaieaction. After switching on the mains
voltage supply by turning the disk of the mainstsiwiAUS - EIN, an alternating current begins to
flow in the primary winding of the transformer. Asfternating 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 axtad in parallel to the working load of the
rectifier. At supply switch on the resistance oé thorking load is shunted by a discharged filter
capacitor. The induced voltage of the secondarydiwin through the rectifier diodes D8 and D9
create a charge current in capacitor C1. As cama€itl 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 w@melivalue of the rectified voltage. The
resistance of the working load is connected tacttwiit of the transformer secondary winding.

Let us assume that in the positive half-periodhaf transformer secondary windings output 15
has a positive potential, and output 16 a negqiotential 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 fanvbiased. In the chain: secondary winding
output 16, diode D9, load resistance, output of tthasformer secondary winding 14 - flows a
current, whose value is limited by the resistarfdd® switched on load.

61



Simultaneously diode D8 is connected to the inverskkage of the complete transformer
secondary winding, which retains diode in the regdrbiased state.

In the negative half-period the transformer seconganding output 16 has a positive potential,
and output 15 - a negative value relative to theregtap 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 chaiangformer secondary output winding 15, diode
D8, load resistance, transformer secondary outpuding 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 the circuitoofe half of the transformer secondary winding
flows a current, whose chain is closed through plaeallel connected capacitor C1 and the
corresponding resistance of the switched on loadrbportion to the decrease in the sinusoidal
voltage, when the potential of cathode becomes poséive than the potential of capacitor plate,
the diode is reversed biased, and capacitor digetarrent flows through the load resistance in the
same direction, the decrease of voltage on thectapalate C1 is proportional to the value of
discharge current, which is restored in proportmthe capacitor discharge during each half-period.
Alternation of the charge and discharge cycles aégaCl ensures the smoothing of 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 windintpe transformer, which is equal to double
the voltage of the rectified voltage.

11.4.3. Stabilized supply voltage -12V (41).

Let us assume that on the output of the power suppel -12V supply is established, and in the
chain: 0V, R8, variable resistor R7, R6, D3, -12¥ eurrent flows, a voltage drop across resistor
R8 and variable resistor R7 determines the poleoititne base of transistor T5 in to relation te th
emitter. Transistor T5 in the voltage regulatingwit fulfils the functions of the comparator dewic
of the stabilized voltage of the emitter and nabdized 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 ougiuhe power supply does not change, the
base of transistor T5 has a more negative potethi@al the emitter, and ensures its operation in an
open unsaturated regime. With half-wave rectifmatirom diode D7, resistors R27, R28 and
capacitor C4, fulfils a smoothing function, andnisr a negative supply of autonomous power, to
which are connected resistors R3, R4 and the ¢otkeof transistors T4 and T5.

Transistor T5 is in the conducting state, and thhothhe conducting transistor a collector current
flows in the chain: OV, the Zener diode ZD2, T5, IR28, negative supply of autonomous power.

A voltage drop across Zener diode ZD2 and the cctimiy transistor T5 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 open unsaturated state.

In the conducting transistor T4 a collector currlatvs in the chain: 0V, R2, T4, R3, R28,
negative supply of autonomous power. A voltage daoposs resistor R2 ensures the negative
potential of base with respect to the emitter ahsistor T3. Transistor T3 completes the functibn o
the second stage of the feedback amplifier argirt the open unsaturated state.

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

Transistor T1 completes the function of the regdatlement as a variable resistor and it is in
the open unsaturated state, the given quantitigefriternal resistance of transistor T1 according t
the allowed conditions ensures the -12V outpuhefgower supply.

A decreasing change in the output voltage of thegosupply produces the appropriate current
change in the voltage divider circuit on the bak&ansistor T5. The voltage drop across resistor
R8 and variable resistor R7 decreases. The poltentighe base of transistor T5 becomes more
positive and somewhat makes the transistor nonwmimd). 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 emitesistor 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 isiosdecreases, current in the chain and voltage d
across the emitter resistor R1 increases. The eanpitttential of transistor T3, and also the base of
transistor T1 becomes more negative and so fuaibpens transistor T1.
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The internal resistance of transistor T1 decredbesemitter 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 the base of transistor T5 occurs, voltage drop
across resistor R8 and variable resistor R7 inesedkhe base potential becomes more negative and
further opens transistor T5. The internal resisaot transistor decreases, current in circuit and
voltage drop across the collector resistor R4 @mses. The collector potential of transistor T5, and
also the base of transistor T4 becomes more pesiimd further makes transistor T4
non-conducting. The internal resistance of transisicreases, current in the circuit and voltage
drop across the emitter resistor of R2 decreadesemitter potential of transistor T4, and alsaebas
of transistor T3 becomes more positive and furthakes transistor T3 non-conducting. The
internal resistance of transistor T3 increaseseatiiin circuit and voltage drop across the emitter
resistor R1 decreases. The emitter potential afsistor T3, and also the base of transistor T1
becomes more positive and further makes transistonon-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 lstaldivoltage with the short-term overloads.

11.4.4. Stabilized supply voltage -11,5V + -13,56\tUsp).

The operation of the 44 power supply without taking into account tempematdependence is
analogous to the description of the operation ef-th, power supply of the arithmetic-logic unit.

Temperature fluctuations of the core memory uradléo 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 thegdam of the power supply is connected in parallel
to the variable resistor R14 and is located in imliaie proximity to the memory unit of the core
store.

A temperature decrease causes an increase in the whthe resistance of thermistor and
voltage divider of the base of transistor T8. Theaent in the circuit: OV, R15, in parallel: R14n,T
D4, -Usp, - and a voltage drop across the variable resi®idr decreases. The potential of the base
becomes more positive and further makes transi€aron-conducting.
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Internal resistance of the transistor increased,tha 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 transibbar internal resistance of transistor decreabkes, t
potential of the emitter becomes more negative.taga on the output of the power supply
increases. An increase in the temperature causesldbrease 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, -kb - increases the voltage drop across variabletoesi®l5. The base
potential becomes more negative and further opesssistor T8. The internal resistance of
transistor T8 decreases. The collector of the istorsobtains 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 transi§g increases, and the emitter potential becomes
more positive. Voltage on the output of the powapmy decreases. Briefly the operation of the
voltage regulating circuit is reduced to a changéhe voltage on the output with a change of the
resistance value in the voltage divider circuitd @ime retention of the steady state voltage wiéh th
unchanging value of the bleeder resistance orréimsistor base.

11.4.5. Stabilized supply voltage +12V (+{).

The source half-wave rectifier operates on the lewdd 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 adeid10 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 of power unit, R22, zener diode ZD1 and the
resistance of the working load of the power sugply shunted by the discharged filter capacitor.
The induced voltage in the secondary winding thhotlge rectifier diode D10 creates a charge
current in the capacitor. Capacitor C2 is chargedctance ¥ of the capacitor increases, current in
the charge circuit decreases, voltage on the outpthie power supply increases. The charge on
capacitor C2 reaches almost to the amplitude v@litiee rectified voltage.

The secondary winding of the transformer is corektd 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-cycldyem forward voltage is connected to the rectifier
diode. Let us assume that during the negative gaittd diode D10 is connected to the forward
voltage, in the chain of the transformer seconadnding output 12, D10, R22, ZD1, output 13 of
the transformer secondary winding, a current flomisich on the zener diode ZD1 creates a voltage
drop of 12V.
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During a positive half-period diode D10 is connélctiee inverse voltage, which retains diode in
the reversed biased state, in consequence of vaoickent in the transformer secondary winding
does not flow. Capacitor C2 begins to discharge discharge current does not change direction in
the zener diode chain and retains a voltage drogsa&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 biasededD10, which in the negative half-period
will again provide with the discharge current aresponding voltage drop across zener diode ZD1.
The Zener diode cathode has positive potential va#pect to the anode and is connected to the
output of the power supply +12V. The anode is coteteto the common 0V buss. A change in the
value of the current flow within certain limits ghaces an appropriate change in the value of the
internal resistance of zener diode ZD1, which essar constant stabilized 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.

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

The power supply half-wave rectifier operates oe tbad with capacitive reaction. After
switching on of the variable supply line voltage, 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 +10@w -90V sources occurs with the closing of
contacts L62 of key L&, which connects OV to thadimg of relay REL1. Relay REL1 operates and
closes its contacts. Relay contact REL 1a is cl@sebconnects the OV ) output of the +100V
and -90V supplies through resistor R30 to outputofi@he transformer secondary windings S1.
Contact 1b of relay RELL1 is closed and createslatehing 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 discharged 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. Ciama€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 tortipditaide value of the rectified voltage.
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The circuit of the transformer secondary windingasnected to resistor R26 and the working
load resistance.

In the schematic of the half-wave rectifier themwtary current of transformer flows only during
one half-period, when forward voltage is connedctethe rectifier diode.

Let us assume that during the negative half-petie diode D11 is connected to forward
voltage. In the chain: output 7 of the transformecondary winding S2, D11, parallel resistor R26,
resistance of working load, resistor R30, outpubf@ansformer secondary windings S1 - current
flows. During the positive half-period, diode DXldonnected the inverse voltage, which ensures a
reversed biased state of the diode. As a resuhieotliodes reversed biased state there is no ¢urren
in the secondary windings of the transformer. Capa€10 begins to be discharged. Discharge
current does not change direction in the load tir&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.

11.4.7. Un-stabilized supply voltage -90V (-W).

The source half-wave rectifier operates on the led 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, whaciters 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 marhafter 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 Cllclsarged, the reactancec>of the capacitor
increases, current in the charge circuit decreagaisage on the output of the power source
increases. The charge of capacitor C11 occurs alimdse amplitude value of the rectified voltage.
The transformer secondary winding circuit is coneedo 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 connectedh® ttectifier diode. Let us assume that during the
positive half-period diode D12 is connected to farevvoltage. A current flows in the chain: output
10 of the transformer secondary windings, R30,arajel R23 and the resistance of working load,
D12, output 9 of the transformer secondary windi8§sDuring the negative half-period diode D12
is connected to the inverse voltage and ensuresviessed biased state, as a result no currens flow
in the transformer secondary winding.
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Capacitor C11 begins to discharge. The dischargemudoes not change direction in the load
circuit. Voltage on the capacitor plates decredsescurrent in the sequential positive half-cyate
the transformer secondary through diode D12 re@sacgpacitor C11.

11.4.8. Operation of the power supply with a shortcircuit.

In the case of a short circuit in the load of tleevpr supply voltage -J on output -l 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 fromsistors R16, R29, R17.

A current begins to flow in the chain: negativettod rectifier of source \J R16, R29, D5, R7,
R8. A voltage drop across resistors R7 and R8 esemtegative potential on the base and ensures
the conducting state of transistor T5. Diode D3réwverse biased. In the chain: 0V, D1,
emitter-base-collector of the conducting transisk#, 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 becemse 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 $reglarded. The emitter potential of transistor T4,
and also the base of transistor T3, close to OWedrtransistor T3 non-conducting. Similarly the
emitter potential of transistor T3, and also theebaf transistor T1, close to 0V, makes transitior
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 laowirts the secondary windings of the
transformer from the -pJand +U power sourcesContact REL I breaks the feed circuit of the
relay, after the elimination of the short circui@irisistor T1 will be in the conducting state, agldy
REL1 will be in its initial state. Working voltage the output of the power source will be restored
after disconnection and re-closing of the mainspBupoltage on the primary winding of the
transformer. Operation of the stoower source with a short circuit is analogouth® description
of the operation of the {\Jpower supply with a short circuit.

11.4.9. Operational monitoring of the power supply
and installation of service voltages.

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

Voltage supply -12V ( V):

1) The potential switch of network to establisi2&9V;
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2) Connect the power unit through the regulatdrthe transformer core to the alternating
current mains supply;

3) Connect a voltmeter between thed4hd ® outputs of the power supply;

4) With the transformer voltage adjustment setitiput voltage of the power unit to 220V,

5) With variable resistor R7 adjust the outputha -Uy voltage source to -12V;,

6) By sequential switching of the transformer aght adjustment vary the input voltage of the
power unit by 2201°%44, V. With a proportional change on the input voltaige fluctuation
of the -U output voltage must be -12 + 5% V;

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

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

1) The potential switch of network to establisi2R9V;

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

3) Connect a voltmeter between the-&8hd Bs, outputs of the power supply;

4) Unsolder one end of thermistor and connect exuts/ely 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;

5) With the transformer voltage adjustment setitipeit voltage of the power unit to 220V;

6) Establish with decade resistors the value efitiistor at 15C;

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

8) Establish with decade resistors the value efitlistor at 40C;

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

10) Establish with decade resistors the value eftfistor at 15C and verify the voltage on the
-Usp output which must be -13 = 5% v. With any d#ean 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 R15otufain -11,5V on the output of the -Usp
source;

12) Repeat point 10 installing decade resistocsrapasure 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 R14otutain -13,5V on the output of the -Usp
source;
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13) Repeat point 11 installing decade resistotsrapasure 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 R15otatain -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 valudefmistor at 15°;

16) By sequential switching of the transformertagé adjustment vary the input voltage of the
power unit by 2201°%44, 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 valu@efristor at 4(C;

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 nmat exceed 15mV.

Voltage supply +12V (+Up):

1) The potential switch of network to establisi2RDV;

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

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

4) With the transformer voltage adjustment setitipat voltage of the power unit to 187V.
Voltage on the output of the +Up supply mustite 10,8V;

5) With the transformer voltage adjustment setitipat voltage of the power unit to 242V.
Voltage on the output of the +Up supply mustdte 13,2V;

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

Voltage supply +W, Ua.

1) The potential switch of network to establisi2RDV;

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

3) Connect a voltmeter between theatdhd U outputs, and a second voltmeter between the
Ua and W outputs;

4) Press thed. key to create an electrical feed circuit througlay REL1,



5)
6)

7)

With the transformer voltage adjustment setitipt voltage of the power unit to 187V.
Voltage on the +W output must be +76V. Voltage on the -Moutput must be -82V;

With the transformer voltage adjustment setitipit voltage of the power unit to 242V.
Voltage on the +W output must be +100V. Voltage on the -Joutput must be& -108V;
Voltage on outputs -AJ+Up 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 regulatiransformer core to the alternating current
mains supply;

Connect a voltmeter between the 1V2 and 2Vpuist

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

Il, 4.10. Component values of the power supply.

Transistors Electrolytic Capacitors

T1 2SB228 Cl1 5000uF 25V

T2 2SB80-1 C2 500uF 25V
(2SB368-1)> p=29+55 C3 500uF 25V

T3 2SB80-1 C4 500uF 25V
(2SB367-1 C5 1000uF 15V

T4 SA25/2 p=72+55 C6 1000uF 15V

T5 SA25/4 C9 bGuF 30V

T6 2SB80-1 C10 100uF 150V
(2SB368-1) ~ p=29+55 C11 100uF 150V

T7 SA25/2 C12 2uF 50V

T8 SA25/4 p=72-166 C14 10uF 25V
Germanium Diodes Silicon diodes

D1 OA741 ZD1 Sz512 (ZL12)

D2 OA741 ZD2 S7506 (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 Gulil2 R7 P 1K

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
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Resistors

R13 220R 0.25W
R14 P 25K

R15 P 10K

R16 3K3 0.125W
R17 1K5 0.125W
R20 200R 0.05W
R21 1K 0.125W
R22 33R 0.25W
R23 10K 2W
R26 10K 2W

10%

10%
10%
10%
10%
10%
10%
10%

R27 1K
R28
R29

R30 33R

0.125W
100R 0.05W
1K5 0.05W

0.5W

Relay
REL1 GBR312-12

10%
10%
5%

10%

Anti-interference filter
DO0,1 +2500/B/200 V 10%

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

Connector V1

Power unit Contact number | Line voltage

1v2 1 220V (a)

Safety device 2 220V (b)

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

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

. . Location of
Location of power Signals and thmetic-loaic unit
supply connector contacts voltages arithmetic-logic u
connector contacts
1v1 1 220V (a) 1 3V3
5Trl 2 110 VG 2 30V6
Interference suppression
capacitor 3 220V (a) RWN 3 30V6
4 220V (a) RWN 4 1v3
D11; C10; R26 5 +h 5 1Vv3
6 6
D12; C9, 11; R23, 26 7 AJ 7 11/12
REL 1a; C10, 11; R23,26 8 AbJ 8 2/11
T2; D2, 4; C6 9 -k 9 20/1
10 -Use 10 20/1
14Trl; REL 1b; ZD1, 2 1 Oov 11 60/3
Cl1,2,3,4,56,7,8,12, 14;
R1, 2, 8,9, 10, 15, 17, 21;
Ovsp 12 Ov 12 60/2 8V5
ZD1; C3; R22 13 +4J 13 61/1
T1;117Tr1; RELZ1; D1, 3; 1]2} -\ 14 62/1
C4,5,9; R12, 20, 27 5 J 15 62/2
REL1; REL 1b 16 PEL1 16 13V3
17 17
18 18 14Vv3
ov 19} OVsp 19 15V3
20 OVgp 20 16V3




11.5. Keyboard input unit.

Entering digital information, display, initialisata of the arithmetic-logic unit into its initial
state, commands for the completion of arithmetierapons, record, erasure and re-writing of
information in the memory registers are all caroed by the keyboard input unit.

The necessary information from the input unit entdre arithmetic-logic unit in a specific
sequence, which accomplishes the correspondin@tes.

Connections V3 and V4 create the overall electrmeduit of the arithmetic-logic unit and
information input. All the necessary operating agkts of the power supplies are supplied to the
keyboard input unit via connector V3 from the amgtic-logic unit.

Connector V3

. . , . Location of
Location of input unit Signals and . . . :
arithmetic-logic unit
connector contacts voltages
connector contacts
The double-throw contact
of power switch AUS-EIN 1 | 220V (a) RWN 1 4Vv2
2 2
Dead contact of power switch
AUS-EIN 3 | 220V (a) 3 1v2
4 4
Double-throw contact «*I» 5 )] 5 60/1
Dead contact L6 2 6 oV 6
Closed contact = 7 K 7 30/9
8 8
9 9
10 10
11 11
Double-throw contact
2L0 13 PEL1 13 16V2
Double-throw contact 14 OVsp 14 18V2
1,3; L6 { 15 OVsp 15 19Vv2
16 OVsp 16 20V2
17 OVspA 17 371
Closed contact 1; L6 18 OVsoA 18 38/1
19 OVspA 19 391
Dead contact # 20 #K 20 24/11
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Connector V4 connects the digital and functionaydaard 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 key «1 1 1k 1 54/12
«2» 2 2k 2 53/12
«3» 3 3k 3 52/12
«4» 4 4k 4 51/12
«5» 5 5k 5 50/12
«6» 6 ok 6 48/12
«T» 7 7k 7 47/12
«8» 8 8k 8 46/12
«9» 9 9k 9 45/12
«10» 10 Ok 10 55/12
«11» 11 K 11 43/12
«12» 12 +k 12 22/12
«13» 13 -k 13 21/11
«14» 14 X 14 41/11
«15» 15 'k 15 30/11
«16» 16 & 16 35/11
«17» 17 =k 17 42/11
«18» 18 Ck 18 44/12
«19» 19 +lk 19 27/11
«20» 20 +11k 20 17/11
«21» 21 +Ilk 21 19/11
«22» 22 -1k 22 33/11
«23» 23 -1k 23 34/11
«24» 24 -1k 24 26/11
«25» 25 *1k 25 38/11
«26» 26 *IIk 26 37/11
«27» 27 *11k 27 25/11
«28» 28 k 28 36/11
«29» 29 k 29 40/11
«30» 30 k 30 31/11
«31» 31 L6 31 52/7
«32»| 32 L6 sp 32 1111

When not in use a logic 0 signal from keyboard umgtuts the arithmetic-logic unit through
connector contacts 5,6V3, the serially connectattads of the keyboard and connector contact
7V3 inputs to the circuit diagram (Fig. 19). Frohe tcircuit diagram output a logic 0 signal enters
the equivalent components of the arithmetic-logitt schematic and ensures the assigned operating
mode.

In the initial state of the keyboard switch consattte logic O signal does not input the diode
encoders.
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Fig. 19. Keyboard Input unit circuit diagram.
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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.

10040 L1

2/0

OR o
Vaes/r
/73
IR o 2/0
$70, vess//
FA/
240 C}—o 2/20
¥7.n 1740704
Ko ;
L%
¥k -~ {}——o2/40
70 VEys /7
Sk o l
Sk O
7k © —&
444
Sk * {}——o2/80
y70 T
8k o
WKk ©
L5
CA o— ——{—00
V846

Fig. 20, Electrical schematic the digital keyboartoder.

The encoder diodes ensure the connection of the Gogignal to the inputs of the corresponding
connection diagrams. Consequently, after the cdromeof a logic O signal at outputs of the circuit
diagrams a logic O output signal is generated. rAfiening off the logic 0 signal from input K at
output to the overall keyboard connection diagraimgae 1 signal is generated equal to the time the
switched contact has been pressed.
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Fig. 21. Schematic circuit diagram of the keybdartttion encoder.
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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 digaggboard encoder based pressing the number
3 key.

After switching the contact for the «3» key to ih@k of the diagram a logic O signal is
connected, which through the diodes enters thetsnptithe 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 @s@s logic 0 and 1 signals in accordance with the
following table:

Switched Encoder output
key 6| 7
Z/0
Z/10
Z/20
Z/40
Z/80
Co

P PR R R O
e e =
P PP OO O|w

P P OPFr P O~
P PP P O Olu
P P OOLRO
R =, O O O O
P OFR PP P Ol
P OPFrPr PP OO0l
P PR PR R O|lo
P O O Fr P O
ORr FrPFrEFLO

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

11.6. 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 enstlre appropriate display of the decimal point, and
the combination of word length of the entered digiformation with arithmetic operations into the
memory unit registers. The quantity of numericatiohal 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#t, 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, L&, L6, L9, L10, L11, L12, L14.

Connector V5 connects the decimal point positioitchweircuit with the arithmetic-logic unit
into the overall machine electrical diagram. OVotigh the connector pin 8V5 from the
arithmetic-logic unit enters the sliding contactsalb four switch wafers. Depending on the position
of the decimal point position switch a logic 0 sagpasses through the appropriate outputs and pins
of connector V5 to the specific network elementghefarithmetic-logic unit.
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Connector V5

Location of decimal point switch Signal Location of

: . arithmetic-logic unit
connector contacts designation
connector contacts

Contacts 3, 5, 6 of wafer 2;

» 1 of wafer 3 | G11 1 10/10
» 10, 11, 12 of wafer 2 2 Gl14 2 39/10
» 8,9,10, 11, 12 of wafer 3 3 G18 2 108/
» 2,4 of wafer 2 4 G21 4 47/10
» 2,3,6of wafer 1 5 G22 5 8/10
» 8,9, 10, 11 of wafer 1 6 G24 6 1/10
» 2,3,4,5, 6 of wafer 3 7 G28 7 1@/
Common contact of wafer 1, 2, 3,4 |8 ov 8 12V2
Contacts 4, 5, 12 of wafer 1; 9 DiVO1lk 9 21/9
» 8, 9 of wafer 2
10
11

Simultaneously in accordance with the position leg tlecimal point switch a logic 0 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 -4 (fig, 26).

Connector V9
Location of decimal point switch Signal : LOC:"itIOFI .Of .
connector contacts designation arithmetic-logic unit
connector contacts
Contact 2 of wafer 4 1 L1 1 Dplamp 1
Contact 3 of wafer 4 2 L2 2 Dplamp 2
Contact 4 of wafer 4 3 L3 2 Dplamp 3
Contact 5 of wafer 4 4 L4 4 Dplamp 4
Contact 6 of wafer 4 5 L6 5 Dplamp 6
Contact 8 of wafer 4 6 L9 6 Dplamp 9
Contact 9 of wafer 4 7 L10 7 Dplamp 10
Contact 10 of wafer 4 8 L11 8 Dplamp 11
Contact 11 of wafer 4 9 L12 9 Dplamp 12
Contact 12 of wafer 4 1Q L14 10 Dplamp 14
11

11.7. Memory unit.
The memory unit consists of toroidal ferrite cor@ssembled into digital matrices.

Ferrite cores are manufactured from a ceramic fieagnetic material, whose general formula is
MO - F, O3, where M is one of the bivalent metals. Note - Iron oxide is F©;,

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

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

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

In storage cores the remnant induction
is created as a result the action of
magnetic field by the tension Hm, which
formed by the passage of a current of
specific value, equal td, through the
ferrite cores winding.

~
3
~

Am
z. +Im
)

Depending on the current directidg, ~Im
and the corresponding magnetic field tl —==s—j
remnant induction of a ferrite core i

characterized as the state of +Br or -Br.

Different states of remnant inductio
determine the two steady states of a fer -8r J
core, which in the memory unit are used f
storage of information, which has values LU
Oand 1. -§m /)

Fig. 23. Ferrite core hysteresis loop.

The polarity reversal of a ferrite core and therespondinghange 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 thectore and value of currenf,, taking place
through the ferrite cores winding. The closed cus¥@ change in the magnetic induction of the
sequential reversal of polarity of ferrite coreadled a hysteresis loop (Fig. 23).

The principle of the operation of a ferrite corerage unit is based on the coincidence of the
hah‘-currents|7m in the corresponding wires, which fulfills the fdion of a single-turn winding of

a ferrite core.
[I.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 Whe-,clzrD current pulses are synchronised (Fig. 24).

Each half-current creates a magnetic field by datmt:sibnm
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The resulting magnetic field of two haIf-current'é'zm + % = Hm produces the polarity

reversal of a ferrite core. Let us assume thatrtfegmation O corresponds to the remnant induction
of +Br. Information 1 corresponds to remnant indutt-Br. A change in the magnetic induction

from -Br to +Bm directs an emf of a correspondingpéitude onto the read wire. The information 1

signal passes through the read amplifier and ettterarithmetic-logic unit of the machine.

Sense wire of discharge
pobod cvursiBonuR pasproa

Write wire of discharge
poBod sanucy paspsda
Read wire
/oabod BocnpousBedenus Blocking wire

Np0808 Groxupobry

sense wire of register
ApoBod cvursibanur pezucroa

~ []poB00 3anucy peeurTea
record wire of register

/ —»— /IpoBo0 crupanus
erase wire

y 4/

Fig. 24. Diagrammatic representation of a ferrdeec

Information O, written on the ferrite core, is rdaglthe resulting magnetic field HM without the
reversal of polarity of core, since a change inrtregnetic induction varies from +Br to +Bm, and
produces on the read wire an emf, which correspémdbe amplitude of counted information O.
After the end of a read pulse the magnetic induatiba 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 pulslrgns, which do not coincide in time, do not provideudfisient

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

Current pulseslzm on the write wires register synchronize and diogctThe resulting magnetic
field can equal Hm only when through the blockimghibit) wire it does not flow an opposing
current%m. The polarity reversal of a core for writing ocguanalogously with the reading of

information, with the difference that emf, induckg a change of inducting the ferrite core from
+Br to -Bm, on the read wire does not produce dulisggnal (fig, 24). After the end of a write
pulse the magnetic induction of core varies frorm-# -Br. As a result interference is produced on
the read wire.

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

The planes of ferrite cores for digits 1 throughal® used for storing digital information in the
binary coded decimal numeration system. The grouphle 16th digit is used for storing the sign of
a number. Positive sign is depicted as code zed0;abe sign « minus » - by the code of one 0001.

Memory unit registers according to the functiongried out are divided into operational
registers MD, MR, ACO and accumulating registersLABC2 and AC3.

The binary coded decimal of any decimal digit issecutively formed at output of the encoder
in proportion to the decimal number entered onkiagboard 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 decbone 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-logab unit and is internally connected with it.

11.7.3. 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-(@iver pcb, 02 - upper pch).
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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

and 04, if we look in the direction of the wires of
the corresponding pcb. The fifth and sixth

0O 0 000 0% 0 0 0 Ogo . . ..
z%, © 0000000 032 numbers indicate the number of each joint. The
® connections of each side have numbers from 01
OZSQ &oz to 23 or from 01 to 21.
° o
o oz 11.8. Display unit.
[+
o (]
o °: The display unit consists of 15 digital lamps,
oz o, which ensure the visual delivery of the entered
o, o,| digital information, results of arithmetic
° % operations and calculations.
o) Q
o . - . . .
oty %% Each digital lamp is a glow discharge device,
o which has one anode and ten numerical cathodes
ar 23 9 .
g1 ©.©.600000 0000 from 0 to 9. Connector V6 connects the display
A 0O C00O0O0OOCO 0O O

Fig. 25. The common form of assembly

of amemory unit.

unit circuit with the arithmetic-logic unit into ¢h
overall electrical diagram. The signals of the
operating voltage +) are consecutively
generated at outputs S$1S15 of the display

anode driver amplifiers. From the output of the dem@mplifiers consecutive wUsignals are
connected through contacts 4126 of connector V6 to the anodes of the digitalgaRO1+ RO15

(Fig. 26).

The signals of operating voltage x@re generated at outputs-@ of the display cathode driver
amplifiers. From the output of the signal ampléieroltage -4 are simultaneously connected
through contacts ¢ 10 of connector V6 to the appropriate numericahades of the display lamps
RO1+ RO15. The glow of the number cathode of the ingichght, which corresponds to the byte

of memory unit, occurs when the anode and the datsimultaneously through the contacts of
connector V6 reaches the ignition voltage, equah tpotential difference of +AJand -U\. The
synchronization of the +AJand -l signals is created by the operation of the aritigrlegic unit.

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

11 miniature incandescent lamps placed in the aysphow the position of the decimal point, the

«minus » sign is located on the right side ofdisplay block above the neon lamp that serves for
the indication of line voltage.
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Connector V6

. . . . Location of
Location of display unit Signal ithmetic-loic unit
connector contacts designation arithmetic-logic uni
connector contacts
Cathode 1 1 ZV1 1 38/12
» 2 2 Z\?2 2 32/12
» 3 3 ZV3 3 8/12
» 4 4 ZV4 4 20/12
» 5 5 Z\/5 5 24/12
» 6 6 Z\/6 6 17/12
» 7 7 ZNT 7 7/12
» 8 8 Z\V/8 8 15/12
» 9 9 ZV9 9 9/12
» 10 10 Z\0 10 36/12
11 11
Lamp anode 1 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 SV6 17 9/11
» » 7 18 SvV7 18 10/11
» » 8 19 SV8 19 12/11
» » 9 20 SV9 20 13/11
» » 10 21 SVvi10 21 15/11
» » 11 22 Sviil 22 16/11
» » 12 23 Svi12 23 55/11
» » 13 24 SV13 24 56/11
» » 14 25 Svi4 25 57/11
» » 15 26 Svi5 26 58/11
27 27
82R 0.25W 28 LMZ 28 12/8
270R 0.25W 29 -N 29 62/3
Line voltage indication 30 110VG 30 2V2
0.1R 0.05W 31 | 220V (a)RWN 31 3V2
32 32

SCHREIB - Write MUL -
LES - Read

EING - Input UBER -

Lo - Erase VOR -

ADD - Addition RU -

SUB - Subtraction VER -
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DIV -

Multiplication

Division

Transfer
Preparation
Conversely
Shift



Chapter IlI
Functional operation of the calculation machine.

In the account of the operation of the functionslgdam of machine some reductions in the
description of the sequence of the operation ohetevork elements have been made, the following
expressions serve as an example of a reduction:

1) “From output A of gate K... a positive voltage preets flip-flop into the working
condition”. Description of the operation of the wetk elements without the reduction; “A change
in the logic 1 or O signal at output A of the diagr leads to capacitor discharge of the
differentiating circuit. At output A of the diffendiating circuit a positive polarity pulse is
generated, which enters input B1 and sets thdl@jpinto the working condition”.

2) *“Clock pulse S through gate K... resets flip-flejpnto 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 thie ganegative polarity pulse is generated, which is
fed to the input of the differentiating circuit amdthe sequence of describing point 1 ensures the
inversion of the flip-flops”. Analogous reductions the text are allowed for the purpose of
compactness in the operational account of the madunctional diagram.

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

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

The current, flowing in the primary windings, ineéiscan emf on the secondary windings S1, S2,

S3, S4, S5, S6 of the transformer ensuring thessacg 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 connedti@gram u846 connects 0V, to the circuit
(Fig. 27) and ensures the erasure of the memoryaparational registers with a current
pulse of Im from the charge of a 20uF capacitoough a resistor of 15 ohms.

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

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

b) The contact of relay REL1a creates a latchirguit for relay REL1.

L0 DUF 159
ov.
3 Lisp .
) Mpobod crupakus
S
X
475 4 7mF

Fig. 27. Schematic circuit diagram of operatiomgjister erasure.

3. The closed contact L63 connectssOW the collector inputs and resets the appropriate
flip-flops of the arithmetic-logic unit into theinitial state.

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

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

Operational control of registers is carried outdyyical « AND » and « OR » gates.
[11.1.1. Incremental counting of the Z counter.

Starting the Z counter occurs as a result of ingarsnto working order of one or several
flip-flops depending on the requirements of therapenal control by the bytes of the 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, N8l from the output of flip-flop Z16 to the
inputs of gate D13 logic O signals are enterednitioe 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 autp of inverter N36, a logic 1 signal enters
the inputs of the corresponding functional diagraimsiuding inputZ of gate K66. Let us assume

flip-flop S1 is reset, from outpudl a logic 1 signal is fed to the input of inverteB0N The phase of
the input signal is inverted, so from output Sihaf inverter a logic O signal enters the contrplin

E2 of the differentiating circuit of its flip-flopA clock pulse S with a negative voltage drop
disables, and with positive enables gate K66. At dlitput 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 outpul of the differentiating circuit is generated a pea
positive polarity pulse, which enters input B1 lgbflop S1 and sets it into the working order. &s

result from output§L of the flip-flop a logic O signal is fed to theput of inverter N30. The phase
of the input signal is inverted, and from outputdthe inverter a logic 1 signal disables gate &18
(the remaining inputs of gate K186 at this timesehdgic 1 signals), from output X of inverter N18

a logic 0 signal enters the control input of thiedentiating circuit of flip-flopzl. Simultaneously
from input S1 of inverter N30 a logic 1 signal elesbgate K79. A Sequential clock pulses S with a
negative drop in voltage opens, and with a posiéinables gate K79. At the output of the gate is
shaped the pulse of identical polarity and closth&ir parameters to the clock pulse S, which enter
input E1 of the differentiating circuit of flip-flp S1. At output A of the differentiating circuit is
shaped a peak positive polarity pulse, which entgrat B2 and resets flip-flop S1 into the initial
state.

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

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

At output of gate K186 is formed a positive voltag®p, which through the differentiating
circuit sets flip-flop Z1 into the working order drementing the Z counter. The inversion of
flip-flop Z1 into the working order corresponds ttee record of one (00001) into the Z counter,
which works in the binary number system.

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

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

Sequential clock pulses S through gate K162 andliffierentiating circuit with S1=0 changes
the monostable into the working order, which afterS returns to the initial state.
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On outputgs andt of inverters N1 and N2 of the monostable are geedrshort-term pulses of
rectangular form and opposite polarity.

Pulset through the differentiating circuit sets flip-fldpl into the working order. From output
S1 of inverter N30 a logic 1 signal disables gaf@ KSimultaneously from output S1 of the inverter
a logic 1 signal enters the control input of thE#edentiating circuit and prevents the triggerinfg o
the monostable by Sequential clock pulses S thrgagé K162.

Sequential clock pulses S through gate K79 re$iptfldp S1 into the initial state. From output
S1 of inverter N30 a logic 0 signal enters the trgmd disables gate K74. A positive voltage drop
from the output of the gate through the differami@ circuit sets flip-flop LES-SCHREIB
(Read - Write) into the working order. After thevamsion of flip-flop at output LES of inverter N25
a logic O signal is generated, and at the outputfSEIB of inverter N26 - a logic 1 signal.
Sequential clock pulses S through gate K162 igdetie input of the differentiating circuit and set
the monostable into the working order. At outputsneerters N1 and N2 monostable pulses t and

t are shaped for the working order of the read anie \fip-flops.

A positive voltage drop of pulséthrough the differentiating circuit sets flip-fldpl into the
working order.

Sequential clock pulses S through gate K79 andiififerentiating circuit resets flip-flop S1 into
the initial state. A positive voltage drop from put S1 of inverter N30 through gate K74 and the
differentiating circuit resets the read and writp-flops into the initial state. At output SCHREIB
of inverter N26 is formed a positive voltage dreyhich through the differentiating circuit sets
flip-flop UV into the working order. After the inveion of the flip-flop at output U of inverter N27
a logic O signal is generated, and at the outpat ¥e inverter N28 - a logic 1 signal.

Sequential clock pulses S through gate K162 setsostable t into the working order. At

outputs of inverters N1 and N2 are shaped the pmlaadf with the working order of flip-flop UV
and with the initial state of the read and writp-flops.

A positive voltage drop of pulse t through the @iéntiating circuit sets into the working order
flip-flop S1. Sequential clock pulses S througheg#9 and the differentiating circuit resets flip-
flop S1 into the initial state. A positive voltageop from output S1 of inverter N30 through gate
K74 and the differentiating circuit sets the read arite flip-flops into the working order.

Sequential clock pulses S ensures the inversitineofnonostable 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 throujiat differentiating chain sets into the working
order flip-flop S1.
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From output S1 of inverter N30 a logic 1 signalaflies 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 gdtetigh the differentiating circuit resets the read
and write flip-flops into their initial state. Atutput SCHREIB of inverter N26 is formed a positive
voltage drop, which through the differentiatingcdiit resets flip-flop UV into the initial state.dm
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 closed state by the logic Oalig of inputszl and S16. From the output of

inverter 36 a logic 1 signal enables gate K187. The VLS pafdhe first byte through gate K187
and the differentiating circuit resets flip-flop 4ito the initial state. From output Z1 of inverter
N79 a positive voltage drop through gate K188 dreddifferentiating circuit sets flip-flop Z2 into
working order. The inversion of flip-flop Z2 intdhé working order corresponds to the record
number 2 (00010) into the Z counter.

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

pulses tt, S1 and the sequential switching of the read arniie Wip-flops and UV. The VLS pulse
of the 2nd byte through gate K187 and the diffeatimg circuit sets flip-flop Z1 into the working
order and increases the information of the Z caumyeone.

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 circugsets flip-flop Z1 into the initial state. From
output Z1 of inverter N79 a positive voltage drbpough gate K188 and the differentiating circuit
resets flip-flop Z2 into the initial state. Fromtput Z2 of inverter N81 a positive voltage drop
through gate K190 and the differentiating circuesets flip-flop Z4 into the initial state. From
output Z4 of inverter N83 a positive voltage drbpough gate K193 and the differentiating circuit
resets flip-flop Z8 into the initial state. Fromtput Z8 of inverter N84 a positive voltage drop
through the differentiating circuit sets flip-flgfl6 into the working order.

The information of the Z counter increases by ond 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 Alif-flop into the working order
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from output Z16 of the flip-flop a logic 1 signalsdbles gate K196. From output S16 of inverter

N87 a logic 1 signal disables gate K212. From outfi6 of inverter N88 a logic O signal disables
the operation of gate K187. Simultaneously a Idg&gignal from output S16 of the inverter enters
the control input and prepares for the operatiendifferentiating circuit of the 216 flip-flop. The
VLS pulse of the 16th byte through the differemtigtchain resets flip-flop Z16 into the initial sta
and turns off the Z counter.

[11.1.2. Reverse counting of the Z counter.

During a straight cycle of the Z counter flip-flé{l is reset. The inversion of flip-flop F1 into
the working order through one of gates K140, K1k447, K183 and K186 ensures the specific
mode of operation of the functional diagram in shert-term conducting state of gates K75 or K76.

With the output of the disabled gates K75 or K16aac 1 signal is fed to the input of gate D10
of the memorizing circuit.

After inversion of flip-flop F1 into the working der, from output F1 of inverter N63 a logic 1
signal is fed to the input of gate K77 and enatllesmemory circuit.

The memorizing circuit formed from gates D10 and7Kihverters N23 and N24 retain the
short-term logid signals from the output of gates K75 or K76 ®@itiputs of gate D10.

In the initial state of the memorizing circuit atitput Riof inverter N23 a logic 1 signal is
generated, and at the output R0 of inverter N2zgec I0 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 tharking order.

At outputRu of inverter N23 a logic 0 signal is generated, ahthe output R of inverter N24 a
logic 1 signal, which disables gate K77. From th&pat of the disabled gate K77 a logic 1 signal is
fed to the input of gate D10 and ensures the wgrkider of the memory circuit, until flip-flop F1
is located in running order, l.e. thus far inputd¥yate K77 enters a logic 1 signal.

From outpuRu of inverter N23 a logic 0 signal is fed to the inmi inverter N24 and also
disables the operation of gates K188, K190, K198 KB12. From output Rl of inverter N24 a
logic 1 signal enables gate K195.

Pulse S1 through gate K195 and the differentiatimguit sets flip-flop Z16 into the working
order incrementing the Z counter.

The working order of the Z16 flip-flop correspontts record number 16 (10000) in the Z
counter and to control of the 16th byte of the mgmumit.

From the output of the Z16 flip-flop a logic 1 sardisables 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

inputsRu . At output§6 of inverter N88 a logic 1 signal is generated. &llsuwith the reverse
counting of the Z counter the flip-flop VER (shift)located in running order.

From outputVERoOf inverter N67 a logic O signal enters the colbedhput, it sets and blocks
flip-flop UV (V ?) in running order.

Simultaneously from output VER of inverter N68 gitol signal enters the control input of the
differentiating circuit and disables the operatidrgate K150 preventing the reset of flipflop F1.

During the working order of flip-flop Z16 occurs the usual sequence the shaping of pulses t,
t, S1 and switching of flip-flop LES-SCHREIB.

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

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

A positive voltage drop from outpuiZl of inverter N78 through gate K189 and the
differentiating circuit sets flip-flop Z2 into theorking order. A positive voltage drop from output
Z2 of inverter N80 through gate K191 and the diffél@mg circuit sets flip-flop Z4 into the

working order. A positive voltage drop from outpitt of inverter N82 through gate K192 and the
differentiating chain sets flip-flop Z8 into the viking order.

In running order one of flip-flops Z1, 72, 74, 7Z& autputZl, Z2, Z4, Z8 of the
corresponding inverters generates a logic O sigwlailch enters one of the inputs and disables gate
K196. As a result the disabled state of gate Klt96ugput S16 of inverter N87 a logic O signal is
generated.

The working order of flip-flops Z1, Z2, Z4, Z8, Z®rresponds to record number 31 (11111) in
the Z counter and to control of the 15th byte ofrmoey unit. Switching flip-flop LES-SCHREIB, in

the shaping of pulsesi_t,, S1, VLS for the 15th byte occurs in the usualsege.

The VLS pulse of the 15th byte through gate K18a e differentiating circuit resets flip-flop
Z1 into the initial state and decreases the infoionaof the Z counter by one. Gate K188 is closed

with a logic O signal at inpuRl. Consequently, a positive voltage drop from ouflitof inverter
N79 does not change the state of gate K188 andldipZ2. The working order of flip-flops Z2,
Z4, Z8, Z16 corresponds to record number 30 (11ii@he Z counter and to control of the 14th
byte of memory unit. The VLS pulse of the 14th bgteough gate K187 and the differentiating

circuit sets flip-flop Z1 into the working order. positive voltage drop from outpul of inverter
N78 through gate K189 and the differentiating aircasets 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 memamit.

A sequential change in the positions of the Z ceufrom 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 gate8KPulse 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 contraif the 1st byte the position of the flip-flops
correspond to the record number 17 (10001) in tremuhter. Pulse VLS of the 1st byte through
gate K187 and the differentiating circuit reseig-flop Z1 into the initial state, the position thfe
flip-flops correspond to record number 16 (100003he Z counter and to control of the 16th byte
of the memory unit. After the inversion of flip-floZ1 into the initial state from output Z1 of
inverter N78 a logic 1 signal disables gate K19@nfoutput S16 of inverter N87 a logic 1 signal
enables gate K150. The VLS pulse of the 16th byteugh gate K187 and the differentiating circuit
ensures the sequential inversion of flip-flops Z2, Z4, Z8 into the working order.

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

The flip-flops of the Z counter in the process efjsential inversion from outpu@®l, Z2, Z4,

Z8 send logic 0 signals to the inputs and shut gai@aK At output S16 of inverter N87 is formed a
positive voltage drop, which through gate K150 #mel differentiating circuit with VER=0 resets
flip-flop F1 into the initial state, from output i inverter N63 a logic 0 signal enters the inpuod
disables gate K77 of the memory outline. From thgpuat of gate K77 a logic O signal is fed to the
input of gate D10 and switches the memorising dirouo the initial state. After switching the

output Ru of inverter N23 begins to be generated a logigghas, at output Rii of inverter N24 a
logic O signal.

From output@ of inverter N23 a logic 1 signal enables gates& 18190, K193 and K212.
From output RU of inverter N24 a logic O signaladiiles 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, Z4, ZBto the initial state. Flip-flop Z16 remains in

running order, pulse VLS of the 16th byte througk tifferentiating circuit with26=0 resets
flip-flop Z16 into the initial state and turns dffe Z counter.
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1.1.3. Operational control of the registers and bytes offte 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 parém 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 togbwing the introduction and completion of
operations the functional diagram of the arithmd&gic unit ensures control of the MR register.

With the operation of the electrical control cirtcaf ferrite cores let us examine the principle of
reading and writing to the four ferrite core plaribe 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 workingder. From output&l, Z2 of inverters N78 and
N80 logic 1 signals are generated. They enterripats and prepare for the operation of gate K23.

From output Z4 of inverter N83 a logic 1 signal lelea gates K18 and K19. From outpZ8 the
inverter N85 generates a logic 1 signal which eemhtes 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 progdutlee starting of the corresponding four

ferrite cores driver stages. Current pullszne] of the driver stages (Fig. 28) with the 4th andhl12

bytes flows in the chain: Qyexciting stage Y910, wire S4L, the sensing wirebgtfes, a diode,
driver stage Y911, 400hm resistor,spU

The current pulsé™ in the driver stages (Fig. 29) of register MR amder line flows in the
2

chain: Oy, 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 oétreadout'™ , which
2

take place through the ferrite cores only of 4thebgreate the summed current Im, ensures the
reversal of polarity of the corresponding ferrimes and the readout of the written information.

The readout of the information of the 12th byteuwscanalogously with readout in the 4th byte. In

this case instead of gate K12 enabling the cormdipg driver stage Y910 it occours through gate

K14. The readout of the information of the 8th bgtxurs 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 infaonainly occours in the groups of four ferrite
cores in which a logical 1 is written. The grougpdaur cores with a stored 0 do not reverse their
magnetism.

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

The outputs HV1 - HV8 of the read amplifiers aresigwee 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 intoetvorking order.

The record of information into the 4th byte occamslogously with readout by the curredits
2

of opposite direction.

Flip-flop LES-SCHREIB is located in running ordérom 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, kit K13 enables the drivers of the
corresponding four stages of ferrite cores. Curpeﬂﬂe'% of the driver stages (Fig. 28)

The 4th and twelfth bytes flow in the chain: OVdpyer stage Y910, wire S4S, the write wire of
the bytes, diode, driver stage Y911, 40ohm resist&y.
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Fig. 29. Schematic diagram of the passage of hateats for the
reading and writing of a register.

The current pulsé™ in the driver stages (Fig. 29) of register MR dowfer line flows in the
2

chain: O\, driver stage Y910, the WireZ8S, the wire of the record of the line of registére t
diode, driver stage Y910, 40o0hm resistorss-U

The identical direction of the write half-currenf8 , which take place through the ferrite cores
2

of only the 4th byte, create the summed currentwhich ensures 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 ofetbytes of the [four bits]™ flows through the
2

ferrite cores and creates the resulting curtght The resulting current for the polarity revershl o
2

the ferrite cores is not produced.

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

The input of digital information into the arithmediogic 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 rotatinglérémal point position switch to the number 3.
Prior to entering any information the machine setanto operating conditions and it is completely
prepared for executing arithmetic operations. Leexyamine the sequence of the operation of the
overall functional (logical) diagram of machine bd®n the example of entering the numbers 763,
542.

In the initial state of the keyboard input unitdFiL9) a logic 0 signal from the power supply
through connector 5V3, series-connected contactshefdigital and functional keyboard and

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

From outputKO of the keyboard diagrams a logic O signal throagh, 7k resistor is fed to the
input of inverter N61 (Fig. 30 see supplementamesh From output ST + KO of the inverter N61 a
logic 1 signal enables the operation of gate Kli@bthe Z counter.

The entry of the high-order digit of the numbereissured by pressing the key for number 7,
which changes the position of the correspondingamirand disconnects the logic 0 signal chain

from the K input of the keyboard diagram. At outpii© 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 signalverted, 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 easuthe connection of a logic 0 signal from the
power source through the connector 5V3 (Fig. 19¢, ¢onsecutively connected contacts of the
functional keyboard section and the connector 7¥4the input 7K of the encoder diagram
(Fig. 20).

From the input of the keyboard encoder diagrangec 10 signal through the diodes of the
keyboard encoder and the filter circuits L10, LLB], L14.
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From the output Z/0 of the keyboard diagram a I@ggignal 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 SAte the working order from a logic 0 input signal
proceeds with a delay of 10ms.)

Simultaneously from outputs Z/10, Z/20, Z/40 of Kegboard filter circuits L13, L11, L14 logic
0 signals enter the controlling inputs enablingdtiterentiating circuits of the flip-flops for [&§tE1,
E2 and E4 of register E.

After the disconnection of the Z counter, logisi@nals from outputs Z1, Z2, 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 NB&,ghase of the input signal is inverted, from autp

Z of the inverter a logic 1 signal enters the inguitl prepares for the operation gate K137. Pulses
S1 through gate K137 enter the input of inverteb N&t the output of inverter N56 the signal EING
(entry) is formed a pulse train of identical pakarsimilar in form to the S1 pulses. (With theiesr
connection of two inverters the phase of the inpghal 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 inputthefcorresponding differentiating circuits and
invert into the working order flip-flops VER, E12Eand E4. The inversion of flip-flops E1, E2 and
E4 into the working order corresponds to writing tiumber 7 (0111) into the four flip-flops of
register E. From the VER output of inverter N68ogi¢ 1 signal disables gate K86 (second gate

input FB=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 signalabges the operation of the V507 read amplifiers.

As a result of the inversion of flip-flop VER a lieg0 signal from outpulVERof inverter N67
enters the collector input, it sets and blocksuinning order flip-flop UV. From the output of flip-
flop VF a logic 1 signal enables gate K84 for tignal VLS. Monostable ST is inverted into the

working order after the pulse delay time. From ¢liput of the monostable a logic 0 sigrgf
disables gate K137, which terminates the seriédNG pulses.

Simultaneously the logic 0 sign8Tis fed to the input of inverter N61. The phaseh&f signal

is inverted, and from output ST + KO the logic fr&ll 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 Kih8bdifferentiating circuit sets flip-flop Z1 into
the working order incrementing the Z counter. Froutput Z1 of inverter N79 a logic 1 signal
through gate D13 is fed to the input of inverteréNBrom the Z output of the inverter a logic 0
signal through gate D25 is fed to the input of m&eN69. (The remaining inputs of the gate D25 at
this time enter logic 0 signals). From the outpithe inverter a logic 1 signal inputs K162 and
ensures the shaping of pulses MS.

4*
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Before the switching of functional keys at outpatghe gates D11 and D15 are generated logic
0 signals, which are fed to the inputs of invert®iZ0 and N38. At outputs of the inverters is
generated a logic 1 signal MRS, which governs fheration of the MR register. The position of the
Z counter (00001) corresponds to control of ther fbils 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 \gdtdrop sets monostable t into the working
order. At the output of inverter N2 a 4uS pulsathva duration of 4uS is generated, which through
gates K6, K12, K16 and K20 enables the correspgndiiver stages and therby the readout of the
stored information 0000 from the four ferrite cptanes of the 1st byte of the MR register.

Simultaneously pulsef from the output of inverter N1 through differemitig circuit sets
flip-flop S1 into the working order.

From output S1 of inverter N30 a logic 1 signal ldaa gate K79 andisables gaté?) K74.
Sequential clock pulses S through gate K79 andiifferentiating circuit resets flip-flop S1 intodh
initial state. A positive voltage drop of pulse thtough gate K74 and the differentiating circuitsse
flip-flop LES-SCHREIB into the working order. Frooutput SCHREIB of inverter N26 a logic 1
signal enables gates K13 and K19 of the write dsiv€imultaneously from output SCHREIB a
logic 1 signal enables gates K24, K1, K2 and K2&hefinhibit 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 1sotigh the gates D1, D2 and D3 are fed to the inputs
of inverters N4, N6 and N8. The phase of the edtsignals is inverted, from outputs C1, C2 and
C4 a logic 0 signal disables the operation of gt&$, K1 and K2 of the inhibit driver stages of the
1st, 2nd and 3rd bits of the four ferrite core plan

The flip-flop E8 is reset. From output E8 of ineriN21 a logic 0 signal through gate D4 is fed
to the input of inverter N10. The phase of the esttesignal is inverted, from output C8 a logic 1
signal enables gate K25 of the inhibit driver stafiehe 4th byte of the four ferrite core planes.
Sequential clock pulses S through gate K162 setsostable t into working order. At the output of
inverter N2 is generated the pulse t, which throggtes K6, K17, K13 and K20 enables the write
driver stages. Simultaneously pulse t through ¢&® will enable the inhibit driver stage, at the
output of which it formsn inhibit pulse for the 4th bit of the four feéericore planes.
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The current pulses of the write stages produceversal 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 gatg?) K79. Sequential clock pulses S through gate K79 el
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 resélig-flop LES-SCHREIB into the initial state.
Simultaneously with the shaping of the pulse Sbuph 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 theorking order.

The position of the Z counter (00010) correspomdsantrol 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 Z1&to 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 e the input of inverter N88.
From output6 of inverter N88 a logic 0 signal enters the ingitl disables gate K187.

Simultaneously from outpu@ a logic 0 signal enters a control input and ermlilee
differentiating circuit of the Z16 flip-flop.

The VLS pulse of the 16th byte through the prepaliffiérentiating circuit resets flip-flop Z16
into the initial state and turns off the Z coun#®&rpositive voltage drop of the Z16 flip-flop outpu

through another differentiating circuit (WitMER=0) sets flip-flop F3 into the working order. From

output F3 of inverter N64 a logic O signal enters the inpotl disables gate K86. Simultaneously a
VLS pulse through gate K16[(K161?]* and the differentiating circuit (with UBER=0) rése
flip-flop VER into the initial state. A positive Wtage drop of the VER output of inverter N68
through the differentiating circuit of flip-flop U 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, AUSG) (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 into the working der incrementing the Z counter.

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

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

1) The working order of flip-flop F3 during theadout of information in notebook each byte
ensures the closed state of gate K86 and, as ki, r@dogic 1 signal at output HV of inverter N34,
which enables and prepares the read amplifiers ¥&0dperation.

2) After the switching on the counter and pulsewith the initial state of flip-flop
LES-SCHREIB ensures the reversal of polarity ofesaaind the readout number 7 (0111) from the
1st byte of the MR register. On reading the fouritie core planes an emf is directed, which inputs
and excites amplifiers of the 1, 2 and 3rd of biisthe output of the read amplifiers are shortrter
pulses, shaped through differentiating circuitsjolhby a positive voltage drop set flip-flops Al,
A2 and A4 into the working order.

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

4) Pulse VLS of the 1st byte through the appraerdifferentiating circuits set flip-flops A1,
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 wiUB=0 are shaped positive polarity pulses,
which respectively sets flip-flop E1 into the wargiorder and does not change the working order
of flip-flops E2 and E4. From outputs Al, A2, Adiakerters N5, N7 and N9 logic 1 signals enter
the controlling inputs and block the operation loé differentiating circuits for the inversion of
flip-flops E1, E2 and E4 into the initial state.nf&iltaneously with the inversion of the four
flip-flops of register A into the initial state md VLS of the 1st byte enters the inputs of the
differentiating circuits and does not invert flimfis E2 and 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 therfdlip-flops of register A into the four flip-flap
of register E. The resetting of the four flip-flops register E into the initial state from the pls
VLS proceeds only when to the controlling inputs AJA8 of the corresponding differentiating
circuits enters a logic 0 signal, I.E. when flipgl A is in the initial state, and the corresponding
flip-flop E 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 ensweasdbrd of the number 7 (0111) into the four
bits of the 2nd byte of the MR register. The flipgs of the A register are in the initial state,
therefore, pulse VLS resets the four flip-flopgedister E into the initial state.

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

7) Entry of the next number occurs in a sequenta@pgous to the input of the second number of
an example, |.E. with a one byte shift to the téfthe previously entered number 76. As a result of
the entry of three numbers, into the four bits i MR register will be written the number 763
(0111 0110 0011). Flip-flop F3 remains in runnindey to the start of the corresponding functional
key.

[11.2.1. Decimal point key « comma ».

The position of the decimal point switch throughtamts 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 @dlon) occurs with the operation of the
« decimal point » key. In accordance with the exianip= 3, at outputs G21, G24, G28 we obtain a
logic 0 signal, which through connectors 4V5, 6VY5 and the installation of arithmetic-logic unit
enter filters L7, L9, L4 (Fig. 30 see supplementangets). From the filter outputs G210, G240,
G280 logic 0 signal enters the control inputs amepare for the operation the differentiating
circuits of the corresponding Z counter flip-flops.

The « decimal point » key is included after thegar part of a number. Usually the operation of
the « decimal point » key occurs when the quarttgligits in the fractional part of the number is
greater than the established degree of accuracglaidlations. If a quantity of decimal digits okth
fractional part of the number corresponds to thabdished degree of accuracy of calculations,
operation the « decimal point » key is not required

After pressing the « decimal point » key a sequereelogous to the description of the
operation of a digital key, occurs the switchingtloé corresponding contact of the input unit and
the preparation of the arithmetic-logic unit schémtor the disconnection of the Z counter.

The switched contact of the « decimal point » kepigh connector 1V4 and the encoder diodes
connects a logic 0 signal to the inputs of the mienencoder and filters L10, L14 and L12, from
the outputs Z/0, Z/40 and Z/80 of the diagramscl® signal enter the inputs and enable the
operation of the differentiating circuits of flipeps VER, E4 and ES8.

From output ST + KO of inverter N61 a logic 0 sibdesables the operation of gate K186. As a
result after the end of calculations the starhefZ 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 thigedentiating circuits set flip-flops VER, E4 and
E8 into the working order.

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

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

Simultaneously from outpW/ER a logic 0 signal enters the control input of thigedentiating
circuit and prepares the inversion of flip-flop UBEoverflow) into the working order.

From the flip-flop outputs E4 and inverters N21 && N68 VER, logic 1 signals disable gate
K59. From the output of gate K59 a logic 1 sigrabtigh gate D5 is fed to the input of inverter
N17. At output « X » of inverter N18 a logic 1 sagms 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 O signal enters the oaninput and prepares for the
operation the differentiating circuit of flip-flop1. With the operation of the « decimal point » key
logic 0 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 1nsigdisables gate K138. From the output of gate
K138 a logic 1 signal passes through gate D26 vwerter N54. At output G2 of inverter N54 is
formed a positive voltage drop, which via the difetiating circuits, it sets flip-flops Z1, Z4, Z8
and Z16 into working order. The position of the @inter corresponds to record number (11101)
and to control of the 13th byte of the MR regis&multaneously a positive voltage drop of output

G2 through the differentiating circuit with ER=0 sets flip-flop UBER into the working order. At
output UBER of inverter N22 a logic 1 signal is geated, which enters the control input of the
differentiating circuit of flip-flop VER and disa#$ the operation of gate K160.

In the usual sequence the read and write cycles the 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 rems in running order, |.E. the operation of gate
K160 from the pulse VLS is blocked by a logic 1msifjat the controlling input UBER of the
differentiating circuit.
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After the disconnection of the Z counter, from autg of inverter N36 a logic 1 signal enables
gate K66. Clock pulse S through gate K66 and tliieréntiating circuit with MUL = O resets
flip-flop UBER into the initial state.

The controlling input R of the differentiating auies of the four bits of the register E flip-flops
enter a logic 0 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 ito the working order. The working order of flip
flops E2 and E8 corresponds to writing into therfoitis of register E the number 10 (1010), which
it is conditionally customary to assume as the Kiker .

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

In the usual sequence the read and write cyclesteetihe 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 integer glthe number, as a result the operation ok¢he
decimal point » key the marker will be written intee four planes of the MR register with the
integer part of the number of - 09R00000000763%.

0000 0000 1100 0000 0000 0000 0000 0000 0000 0000 0000 0111 0110 0011 1010

Pulse VLS of the 16th byte through the differemigtcircuit with 6=0 resets flip-flop 216
into the initial state and turns off the Z count®multaneously pulse VLS through gate K160 and
the differentiating circuit with UBER = 0 resetpfflop VER into the initial state.

A positive voltage drop of the VER output of invrtN68 through the differentiating circuit
resets the UV flip-flop into the initial state.

Flip-flops F1 and F3 remain set. Sequential pu&kshrough gate K186 and the differentiating
circuit sets flip-flop Z1 into the working orderarementing the Z counter.

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

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

Entry of each digit of the fractional part of a nogn occurs in a sequence, analogous to the
description of the entry of the digits of the integart of a number, with the shift to one bytéhte
left of the previously entered numbers and X12 4h@ markers.

As an example after the entry of the number 4 (D10® X12 marker (1100) will be written into

the four bits of the 16th byte of the MR registé$;;000000000763354.
1100 0000 0000 0000 0000 0000 0000 0000 0000 O0DDD 0110 0011 1010 0101 0100
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As a result of the entry of the number 2 (001@, the 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 ordeffrom the A8 flip-flop output a logic 0
signal disables the operation of gate K160. Assaltdlip-flop VER is not inverted from the VLS
pulse of the 16th byte.

From the outputs of inverters N9 and N11 logic dnals enter inputs A4, A8 and disable gate
K56. From the output of gate K56 a logic 1 sigrhabtgh gate D5 is fed to the input of inverter
N17.

From outputX of inverter N17 a logic O signal is fed to theuhpf inverter N18. From output
X of inverter N18 a logic 1 signal enters the cohtnput of the differentiating circuit and blocks
the inversion of flip-flop Z1 into working order tbugh gate K186. Pulse VLS of the 16th byte
through the differentiating circuit reset flip-flsgA4 and A8 into the initial state and store tHE2X
marker into the four flip-flops of register E. Frotie outputs of flip-flops A4 and A8, logic 0
signals disable gate K56. From outputs E8 of irereli21 a logic 1 signal disables gate K59. As a
result at output X of inverter N17 there remain®gic 0 signal, at output X of inverter N18 - a
logic 1 signal. Simultaneously the VLS pulse of ii¢h byte through a differentiating circuit resets
flip-flop Z16 into the initial state and turns dffe Z counter. After the entry of the last figufelee
fractional part of the number, into the four plareésthe MR register will be stored the number
0000000007633542 with the X10 marker.

(0000 0000 0000 0000 0000 0000 0000 0000 0000 011@ 0011 1010 0101 0100 0010)

After disconnection of the Z counter sequentidbp Y disable gate K76.

From the output of gate K76 a logic 1 signal is fedhe input of gate D1@nd switches the

memorising circuit into the working order. As aukf the switching at th&Ru output of inverter
N23 we obtain a logic 0 signal, at the Rl outputnekrter N24 - a logic 1 signal. From the R
output of the inverter a logic 1 signal disableteg&77. Simultaneously from the R output of the

inverter a logic 1 signal enables gates K189, K1Q192 and K195. From thdRu 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 st

in running order).

The following pulse S1 through gate K195 and tHédentiating circuit sets flip-flop Z16 into
the working order and starts the reverse countiniped Z counter. During the reverse counting of
the Z counter occurs the re-writing and shift c# ttumber in the MR register to the 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 thedoit of the four bits of information (0000) of
the 16th byte, pulse S1 through gate K74 and thiéerdntiating circuit sets flip-flop
LES-SCHREIB into working the order.
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From output SCHREIB a logic 1 signal disables d&84, 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 Kévpnting the writing of the X12 marker into the
16th byte of the MR register. Pulse VLS of the 1i6yte through gate K187 and the differentiating
chain ensures the setting of flip-flops Z1, Z2,a# Z8 into the working order and so switches on
counter Z. The position of the Z counter correspotaicontrol of the following, I.E. by the 15th,
byte. Simultaneously pulse VLS through the diffeigimg circuit set flip-flops E4 and ES8 into the
initial state. From outputs E4 of the flip-flops Bf#d E8 and from inverter N21 a logic O signal

disables gate K56. As a result at thie X. outputs of inverters N17 and N18 the signélange to
the initial state. Re-writing and shift of the infieation of the four bits of the remaining bytegtod
MR register and the X10 marker occurs in the usaglence.

During the readout of the four bits of the 4th btihe X10 marker is rewritten into the four
flip-flops of register A. From the outputs of flifpps A2 and A8 a logic 1 signal disables gate K57,
from the output of which a logic 1 signal througiteyD5 is fed to the input of inverter N17. From
output X of the series-connected inverter N18 acldgsignal enables gate K158. Pulse VLS of the
4th byte through gate K158 and the differentiatiirguit resets flip-flop VER into the initial state
Simultaneously pulse VLS ensures the re-writinghef X10 marker from the four flip-flops of
register A into the four flip-flops of register Eé switching the Z counter for re-writing without
shift of the remaining three bytes of the MR regjisClock pulses S during the readout of the 3rd
byte consecutively through gates K60 and K70 régetlops E2 and ES8 into the initial state. As a
result of this the X10 marker is not written intad3he byte of the MR register. Flip-flop Z16
remains set after the reading and writing of thiebise. From output Z16 of the flip-flop a logic 1
signal disables gate K196. From output S16 of itereN87 a logic 1 signal disables gate K150.
(The controlling VER input of the differentiatingreuit of flip-flop F1 enters a logic 0 signal).
Pulse VLS of the 16th byte ensures the settindipfflbps Z1, Z2, Z4 and Z8 into the working

order and control of the 15th byte of the MR regjisErom outputszl, Z2, Z4and Z8 logic O
signals disable gate K196. A positive voltage drom the S16 output of inverter N87 through gate
K150 and the differentiating circuit resets flipfl F1 into the initial state. From output F1 of
inverter N63 a logic 0 signal disables gate K77e firemorising circuit is switched into the initial
state, at outputs Ru arfdiof inverters N23 and N24 are restored the initighals, which ensure
further operation of the Z counter in the forwanckdtion.

Pulse VLS of the 15th byte through gate K187 anel dhifferentiating 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 outpEBTﬁ 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 ctamAfter the disconnection of the Z counter ie th
four planes of the MR register the number 000000863542 will be stored.

(0000 0000 0000 0000 0000 0000 0000 0000 0000 O0MOM 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 tumber 763,542.

After the end of the entry of a number with a qitgrdecimal digits less than the established
degree of accuracy, which let us take as equatreetdecimal points (19, the decimal point is
included by entering one of the functional keys tloge completion of the specific operation. The
operation of a key ensures the shift of the nunalbel the combination of its bytes in accordance
with the degree of accuracy of the forthcoming wlations 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 LZ5:om output FUO of the diagram a logic 0 signal
enters the controlled input and prepares for theraipn the differentiating circuit of flip-flop
VOR.

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

positive voltage drop of th& OR output of inverter N59 through the differentiatiogcuit sets
flip-flop VER into the working order.

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

Pulse S1 through gate K186 and the differentiatimguit sets flip-flop Z1 into the working
order incrementing the Z counter. During the fagtle of the Z counter the number, established in
the MR register together with the X12 and X10 meskae shifted one byte to the left.

From outputVOR of inverter N59 a logic O signal disables the operaof gate K160 of the
inversion of the VER flip-flop into the initial k&

If as a result of the first shift the X12 markemist 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 positad the decimal point switch).
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The shift of the number in the MR register occunsiluhe X12 marker is found from the 16th
byte of the MR register. After reading out of th&2Xmarker 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 stoppingZheounter. As a result of stopping the Z counter at

the Z output of inverter N36 a logic 1 signal is genedagnabling the operation of gate K151.

Clock pulse S through gate K151 and the differéntggcircuit resets flip-flop F3 into the initial
state. Flip-flop VOR remains set and ensures petjoar 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 numié; ;0000000007635 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%00 in the following order:
(0000 0000 0000 0000 0000 0000 0000 000 0000 O00OM 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 dpmraof a function key, automatic shift is not
included. The flip-flop VER is set into the workingder from a positive voltage drop, entered from
the VOR output of inverter N59. Sequential clock pulsestifBough 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 statéliptflop F1 and the Z counter.

[11.2.4. Entry of « minus » sign.

A negative number sign « minus » is written as @edd001 in the 16th byte of the MR register
with the operation of the « -# » key, the closedtaot of the pressed key through the encoder
diodes connects a logic 0 signal to the inputshefkeyboard functional encoder filters L17, L23
and L25. From output FUO of the keyboard filter L2%ogic O signal simultaneously is fed to the
input of flip-flop ST and the controlling input ttie differentiating circuit of the VOR flip-flop.

From output SUBO of the keyboard functional encaiilesr 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 ad A positive voltage drop of th¥ER
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 signabilngh gate D24 is fed to the input of inverter N51.

From the EING2 output of the inverter a logic 1nsigenters 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 thrgate K186 and the differentiation chain sets
flip-flop Z1 into the working order incrementingethZ counter. The operation of the Z counter
occurs simultaneously with the arrival a logic g§insil at output EING2 of inverter N51. After
disconnectingstopping ?the Z counter, at output S16 of inverter N87 isrfed a positive voltage
drop, which through gate K141 and the differemigtcircuit resets flip-flop R into initial state.

From output K of inverter N58 a logic 1 signal elesbgate K194. Simultaneously from output

of inverter N36 a logic 1 signal disables gate Kem the output of the gate a logic 1 signal & fe
to the input of inverter N20. From output X + E8infverter N20 a logic 0 signal enters the control
input and enables the operation the differentiatibain of flip-flop Z16. Pulse S1 through gates
K194 and K142 simultaneously sets flip-flop Z16oimtorking, and reset flip-flops R and VOR into
the initial state.

A positive voltage drop from output R of inverteb®through the differentiation chain resets
flip-flop F6 into the initial state.

The working order of the Z16 flip-flop correspontis control of the 16th byte of the MR
register.

From outputs S16R ,andVOR of inverters N57, N59 and N87 logic 1 signals bisagate
K152. From the output of gate K152 a logic 1 sigiabugh gate D1 is fed to the input of inverter
N4. From output C1 of the inverter a logic O sigdaables the operation of gate K24 and the
inhibit stage BL1 pulses. Read and write cyclesipoe the writing of the « minus » sign code 0001
into the four bits of the 16th byte of the MR regrs Pulse VLS of the 16th byte through the
differentiating circuit resets flip-flop Z16 intdé initial state and turns off the Z counter. Flgp

MZ resets into the initial state from a positiveltage drop on input EING oVOR of the
differentiating chains with the operation respesiyvof 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
.1.

2. Clearing written information in the MR registeith 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.

110



3.

3a)

3b)

3c)

After switching the key contact a logic O signalatiigh the diodes of the digital
keyboard encoder enters the keyboard filters LIbla®. From outputs Z/0 and CO of the
keyboard filters a logic O signal enters the cdntrput differentiation chains of flip-flops
F3, F1 and VER. In the usual sequence at the owtpmiverter N56 is formed the pulse
train EING.

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

VER into working order and resets flip-flops F3 aatl. From outputs VER ané3 of
inverters N68 and N64 logic 1 signals disable ¢&8é. From the output of gate K86 a
logic 1 signal through gate D14 is fed to the inptiinverter N34. At output HV of the
inverter a logic O signal is generated, which disalthe operation of the read amplifiers,
inversion of flip-flop VER into the working ordensures the start of the Z counter through
gate K186 and the completion of the shift operatiathout reverse record, L.E.. the
erasure of information in the MR register. Afteagure of the information in the 16th byte
of the MR register The VLS pulse of the 16th byteotigh gate K160 and the
differentiating circuit with UBER = 0 resets flipp VER into the initial state.

Erasure of the information in the MR registecurs if:

After the operation of a digital key before thperation of the « comma » key flip-flop F3
is located in running order;

After operation of the « comma » key flip-fop1 and F3 are located in running order;

After the completion of an arithmetic operatar re-writing flip-flops F1 and F3 will be in
the initial state.

In all cases operation of the « C » key respegtieelsures the resetting of flip-flops F1 and F3
into the initial state and setting of flip-flop VERto the working order. The inversion of flip-flep
VER and F3 in the sequence, analogous to the @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 dpgraonditions of the display unit occurs in
accordance with the description of sections IlILB1.1., I1l.1.3. After operation of relay REL1 ¢h
-UA, +UA voltage supplies are simultaneously corteddo the anode and cathode amplifiers of the
digital display lamps. Operational control of thanrerical cathodes amplifiers is produced by

signals A1-A8,A1- A8 and C1-C8 through gates K53, K62, K5, K4, K3, K48/, K46, K45 and
K44, which are configured as a decoder and endweetransfer of the MR register digital
information from the binary coded decimal numenmaggstem into the decimal system (Fig. 30).

The amplifier outputs ZV0, ZV1, ZV2, ZV3, ZV4, ZVZEN6, ZV7, ZV8 and ZV9 are connected
the cathodes of identical numbers (Fig. 31).
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Operational control of the anode amplifiers is proed by signals Z1 - Z8 andl+ Z8 through
gates K197 - K211. The amplifier outputs SV1 - S\é@r®& each connected to the anodes of the
digital indicator lights.

Prior to the entry of any information and as a ltesluthe 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 caudeaage in the initial state of the flip-flops okth
A register. From outputs C1, C2, C4 and C8 of itersrN4, N6, N8 and N10 logic 1 signals enable
gate K53
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Fig. 31. Circuit diagram for connecting cathode &fieps to the
numerical cathodes of the display.

During the readout of each byte inputs U and LE®rdongic 0 signals and disable gate K90. At
the output AU of inverter N35 a logic 1 signal sngrated disableing gate K53. From the output of

gate K53 a logic 1 signal through gate D8 is feth®input of inverter N16. From thgoutput of
inverter N16 a logic O signal enables the cathadplidier for the number 0. At the output of each
amplifier the voltage -Wis generated which is connected to all of the@dls 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 ¢Athode voltage causes each number 0 to illuminate
The sequential operation of the Z counter ensuresntimber O 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 doet cause any noticeable change in the
illumination of the cathodes of each digital lamp.

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

Inversion of flip-flop Z1 into working order enswreontrol of the 1st byte of the MR register.

From output Z1 of inverter N79 a logic 1 signalatiles gate K197. From the output of gate
K197 a logic 1 signal enables the anode ampliféerd as a result the &Uvoltage supply is
connected to the anode of the 1st digital lamefdisplay. Flip-flops UV and LES-SCHREIB are
in the initial state. The first cycle of the reatipuoduces a readout of the number 7 (0111) fraem th
four ferrite core planes of the MR register inte thp-flops of the A register. Flip-flops Al, A2d
A4 are set into the working order, from inverters, N7 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 arepliir the number 7 cathode. As a result voltage -
-Ua is connected to all the number 7 cathodes ohalindicator lights.

The simultaneous connection of the operating vel@igtU, 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 througheg&i74 and the differentiating circuit resets
flip-flop LES-SCHREIB into the initial state. A pibise 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 disabigge 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 O
signal is generated, blocking the operation ofrdsl amplifiers.

The second read cycle erases the information ifotlneferrite core planes of the 1st byte of the
MR register. Pulse S1 through gate K74 and thedfftiating 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 diffdisging circuit resets flip-flop

LES-SCHREIB into the initial state. A positive vaife 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 u8se of the first byte, which through gate
K187, and differentiating circuits temporarily refigo-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 deplproduce a display of the O number from the
Z counter. Display of the written digital informaiti in the MR register occurs prior to the entry of
the second number of an example. After the entrthefsecond and subsequent numbers of an
example the display occurs analogously.

The display of the X12 marker is produced withwweking 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 B&ead to the input of inverter N16. From the
output of inverter N16 a logic O signal enables ¢hthode amplifier, 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 logiadnals enter the inputs and open gates K57 and
(K51)* K56. From output X of inverter N18 a logic 1 sigtlerough gate D8 is fed to the input of
inverter N16. From the output of the inverter ai¢o@ signal enables the cathode amplifier, which
ensures the display of the number 0.

Simultaneously from the output of gd#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, asudtrige display of the X10 marker is produced by
the combination numbers 0 and 1.

The display of « minus » sign occurs as a resuteatling and writing in the 16th byte of the
MR register.

The first read pulse produces re-writing of the irum » sign code 0001 into the four flip-flops
of register A. From output Al of inverter N5 a lodi signal prepares for the work gate K157. Pulse
VLS of the 16th byte through the differentiatingcdiits reset flip-flops A1 and Z16 into the initial
state. A positive voltage drop from output Al ofventer 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 0 letl@lough the 82 ohm resistor ensures the glow of the
miniature incandescent lamp of the « minus » sigplay (Fig.26).

During the cycle of the Z counter there followstive sequence, analogous to the description,
through gate K157 the flip-flop MZ resets into tindial state. After each cycle of the Z counter
flip-flop MZ inverts into the working or initial aadition.

The comparatively short time interval of one cysfdhe Z counter and the frequent connection
of the signal voltage does not cause any noticeah#mges in the glow of the « minus » sign
indicator.

* Note - The gat&56 listed here is a correction from the original Rassnanual which listed the
gate a¥K51, this did not match the circuit and original GD#gjic drawings.
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[11.3.  Algebraic Addition.

An algebraic Addition operation is carried out witle operation of the functional keys « + »,
«=-», «+ |», «+ll» «+ll », « =l » «—ll >nd « =l ».

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

Depending on the functional key used (Addition aib®action), the signs and the absolute
values of the terms the machines arithmetic-lognit performs an Addition or Subtraction
arithmetic operation in accordance with the givavid:

. Sign and value of Operation Sian of result with
Switched Key register carried out gAC>MR AC<MR
«+>» (+AC) + (+MR) Addition + 4+
«+» (-AC) + (-MR) » - -
«+» (+AC) + (-MR) Subtraction + -
<+ » (-AC) + (+MR) » -t
«-» (+AC) - (+MR) » + -
«-» (-AC) - (-MR) » -t
«-» (+AC) - (-MR) Addition + 4+
«-» (-AC) - (+MR) » - -

Operational control of the AC register with the quetion of the algebraic addition operation
occurs depending on the functional key used ««-», « £l », « £ll » and « Il ».

[11.3.1. Operational control of the ACO register.

With the operation of a « plus » or « minus » kdggic 0 signal through the switched contact
and diodes of the functional keyboard encoder adetd the inputs of the keyboard filter circuits
L22 and L24. From the filter outputs ADDO, ()0 lo@ signals enter the controlling inputs of the
differentiating circuits of flip-flops B1 and F2. positive voltage drop of pulse EING through the
differentiating chain set flip-flops B1 and F2 intiee 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 a iod signal is generated, which disables gate
K127. From the output of gate K127 a logic O sigedkd 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 inverterSN&rom output ACO of the inverter a logic 1
signal enters gate K8 and ensures operationalalasftthe ACO register.
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[11.3.2. Operational control of the AC1 register.

With the operation of a « +I » or « -1 » key a lo@ signal through the switched contact and
diodes of the functional keyboard encoder are ¢ethé¢ inputs of the keyboard filter circuits L18
and L24. From the filter outputs (I)0 and ADDO lod) signals enter the controlling inputs of the
differentiating circuits of flip-flops B1 and F4.

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

From outputF4of inverter N72 a logic 0 signal enters the inpuod @isables 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 inmftgate D23 at this time also enter logic O signals
From the output of gate D23 a logic 0 signal istiethe input of inverter N44, at output ACO of the
inverter a logic 1 signal is generated, which deslgate K127. From the output of gate K127 a
logic 1 signal enters through gate D22 to the irgfunverter N45. At the output of the inverter a
logic O signal is generated, which enters the irpnd disables the operation of gate K8 for the
administration of the ACO register. Simultaneoustyn output AC of inverter N44 a logic 1 signal

enables gates K9, K10 and K11. From the outpuiswvefrters F4 ands logic 1 signals enters gate
K9 where it ensures operational control of regist€n.

[11.3.3. Operational control of the AC2 register.

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

With the operation of a « +ll » or « - Il » key iaad of the keyboard filter circuit L18 the
keyboard filter circuit L19 is used. Consequenitgtead of flip-flop F4 inverting into the working
order flip-flop F5 is inverted.

From outputsF4 and F5 of inverters N72 and N75 logic 1 signatsfad 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 awsge, analogous to description “Operational
control of the AC1 register”.

With the operation of a « +IIl » or « - lll » key autputs ()0 and (II)O of the keyboard filter
circuits L18 and, L19 we obtain a logic O signds. a result flip-flops F4 and F5 invert into the
working order. From outputs F4 and F5 of invertd&3 and N75 logic 1 signals are fed to the
inputs of gate K11 and ensure the operational obofrthe AC3 register.
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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, |.E. the shift andrgrof the number in accordance with the assigned
calculations degree of accuracy. After the enchefgreparatory part of the operation in the usual
sequence through gate K186 the Z counter is indexkith ensures re-writing the information of
the MR registe— MR and display of the term. During the cycle oé tA counter from output
EING2 of inverter N51 a logic 1 signal enters tloatcol input and prepares for the work of gate
K141. After the setting of flip-flop Z16 into theosking order from output S16 of inverter N87 a
logic 1 signal disables gate K141. The VLS pulséhef16th byte through the differentiating circuit

with 96 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. A positive voltage
drop from output S16 of inverter N87 through gatelKk and the differentiating circuit sets flip-flop
R into the working order. From output R of inverd$8 a logic 1 signal enables gates K117 and

K194. Simultaneously from outpuR of the inverter N57 a logic O signal disables tiperation of
gate K186. Sequential pulse S1 through gate Kl84aa differentiating chains simultaneously set
flip-flops Z16 into the working state (with Z+E8 &) and resets VOR into the initial state.
Consequently, the preparatory part of the algelbAdudition 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 titenaetic-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,
l.LE., when at outputs ADD1 and ADD (addition) of@mters N46 and N48 where logic 1 signals are
generated.

When as a result of the analysis of the signs eftéhms flip-flop MZ remains in running order
at output SUB (Subtraction) of inverter N47, a togisignal is generated, and the arithmetic-logic
unit performs a Subtraction operation.

With the operation of an Addition key « plus » #ralysis of the signs of the terms is carried out
in the following order.

From the outputs of gates D11 and D15 with U=1jcddg signals are fed to the inputs of
inverters N29 and N38. At outputs MRS of invertBi29 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 tigtowate D23 is fed to the input of inverter
N44. From output AC of the inverter a logic O sigdisables 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 outpfitlee inverter a logic 0 signal is fed to the input
of gate D22.
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Simultaneously the remaining inputs of gate D2% aénter logic 0 signals. Consequently,
during the working order of flip-flop UV to the inp of inverter N45 from the output of gate D22 a
logic O signal is input. At output ACO of the inter a logic 1 signal is generated, which ensures
control of the ACO register. The working order typfflop 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 @@l of 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 » sigide 0001 of the four flip-flops of register A
into the four ferrite core planes of the 16th byft¢he MR register.

A positive voltage drop of the SCHREIB output ofénter N26 through the differentiating
circuit sets flip-flop UV into the working order. positive voltage drop of the output of inverter
N27 through gate K132 and the differentiating atrevith F3 = O resets flip-flop Al into the initial
state. A positive voltage drop of the Al output inferter N5 through gate K157 and the
differentiating circuit sets flip-flop MZ into thevorking order. Simultaneously a positive voltage
drop of the AL1F output through the differentiaticigcuit with SUB = 0O sets flip-flop E1 into the
working order. Sequential clock pulses S througte g&b0 and the differentiating circuit with
VER = 0 resets flip-flop E1 into the initial staterom output E1 of the flip-flop a logic O signal
disables gate K34. Gate K98 is enabled. From thpubwf inverter N39 a logic O signal through
the diode on the collector input disables the apmreof the A2 flip-flop. As a result a positive
voltage drop at the output of gate K34 through diieerentiating chain does not set flip-flop A2
into the working order. After setting the UV flipep into the working order from the output V of
inverter N28, a logic 1 signal through gates K1ad B21 is fed to the input of inverter N43. From
the output of inverter N43 a logic 0 signal throwggte 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 gito1 signal through gate D11 is fed to the
input of inverter N29. From output MRS of inverté&d29 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 @d& from the four ferrite core bits of the
16th byte of the ACO register into the four flipiils of register A.

The second write cycle rewrites the « minus » sigde 0001 of the four register A flip-flops
into the four ferrite core bits of the 16th bytetioé ACO 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 invertids through gate K157 and the differentiating
circuit resets flip-flop MZ into the initial state.

Simultaneously a positive voltage drop of the Aligpat through the differentiating circuit with
SUB = 0 sets the EL1 flip-flop into the working ord8equential clock pulses S through gate K50
and the differentiating circuit with VER = 0 resé#ip-flop E1 into the initial state.

Pulse VLS through the differentiating circuit reséltp-flop Z16 into the initial state and turns
off the Z counter.

A positive voltage drop of the Z16 output of thp4llop through the differentiating circuit sets
flip-flop F3 into the working order. From output FE8 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 diffidating circuit with F1 = O sets flip-flop Z1

into the working order incrementing the Z countaom output.60of inverter N88 a logic 1 signal
enables gate K111. The initial state of the MZ-flgp disables the operation of gate K111.

From the output of gate K111 a logic O signal pstkeough gate D19 to the input of inverter
N46. At outputs of inverters N46, N48, ADD1 and, Bbgic 1 signals are generated.

2. (+MR) + (+ACO).

During readout and the record in the 16th byteegisters MR and ACO occurs the re-writing of
the « plus » sign code 0000, as a result of whipkflbps 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 MRxample 1. As a result of the first read and
write cycle the MR flip-flop is located in runnirayder.

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 thAeflfp-flop remains in the initial state, and
flip-flop MZ - in the working.

After inversion of flip-flop Z16 into the initial tate in the sequence of example 1 occurs
switching of the Z counter. From outp@6 of inverter N88 a logic 1 signal disables gate K11
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At the output of gate K111 a logic 1 signal is @exted, which through gate D19 is fed to the
input of inverter N46. From the ADD1 output of imtex N46 a logic O signal through gate D20 is
fed to the input of inverter N47. At the SUB outpdithe inverter a logic 1 signal is generated.

4. (+MR) + (-ACO).
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 whichfflyps A1 and MR remain in the initial state.

The second read and write cycle corresponds coelplt the description of the read and write
cycle of the « minus » sign code 0001 in the AGfisters 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 Subtractikeys, 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 the BG 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 tlusipve « plus » sign code 0000, as a result of
which flip-flops A1 and MR are not switched. Consently, after the end of the analysis of signs of
the terms flip-flop MZ remains in running order. thie SUB output of inverter N47 a logic 1 signal
is generated.

6. (-MR) - (-ACO).

Flip-flop MZ is located in running order prior thd beginning of the analysis of signs. The
switching of flip-flops A1 and MZ occurs in a seque, analogous to the description of the analysis
of signs in example 1. Flip-flop MZ is switched t®i and remains in running order during the
analysis of signs. At the SUB output of inverter/N#logic 1 signal is generated .

7. (-MR) - (+ACO0).

Switching of flip-flops A1 and MZ occurs in a seqee, analogous to the description of the
analysis of the signs in example 3. During the ysisl of signs the preliminarily established
flip-flop MZ is switched from the working order mtthe reset state. In the initial state of flippflo
MZ at outputs ADD1 and ADD of inverters N46 and Ndgic 1 signals are generated.

8. (+MR) - (-ACO).

Switching of flip-flops A1 and MR occurs in a seque, analogous to the description of the
analysis of the signs in example 4. During the ymisl of signs the preliminarily established
flip-flop MZ is switched from the working into thaitial state. In the initial state flip-flop MZ at
outputs ADD1 and ADD of inverters N46 and N48 logjisignals are generated.
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Consequently, after the analysis of the signs emgdes 1, 2, 7, 8 flip-flop MZ remains in the
initial state. At the ADD1 and ADD outputs of inters 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 &sas 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 examplevb let us examine the sequence of
operation:

MR + 71
+

ACO+ 65

ACO + 136

After the analysis of the signs of the terms flgpet B1, F3, R and, Z1 are located in the
working order, and MZ in the initial state. At outp ADD1 and ADD of inverters N46 and N48
logic 1 signals are generated, which using thehmetic-logic unit completes the addition
operation. The position of the Z counter determio@strol of the 1st byte. At the output of gates
D11 and D15 with U = 1 logic O signals are generat¢éhich are fed to the inputs of inverters N29
and N38. From the MRS outputs of the invertersgicld signal enters the input and prepares gate
K6 for the administration of the MR register.

Flip-flops UV and LES-SCHREIB will be in the initisstate. From outputs U and LES of
inverters N25 and N27 logic 1 signals are generattdch accomplish the first read cycle.

The first read cycle reads the number 1 (0001) filoenfour 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 A1F output of the flip-flop a logicsignal is generated, which is fed to the inpuhef
differentiating circuit of flip-flop E1. Pulse Shrough gate K74 sets flip-flop LES-SCHREIB into
the working order. At outputs U and SCHREIB of irrees 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 vadfe drop at the SCHREIB output of inverter
N26 through the differentiating circuit sets flilpfp UV into the working order. From the V output
of inverter N28 a logic 1 signal enables gate KI1Arbm 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 ga22 a logic 0 signal is fed to the input of inverte
N45. At the ACO output of the inverter a logic frsal is generated, which enables gate K8 and
ensures control of the ACO register. Simultaneotrsisn the ACO output of inverter N45 a logic 1
signal through gate D11 is fed to the input of meeN29. From the MRS output of the inverter a
logic 0 signal enters the input and disables thexaimpn 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 (010d9ad 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 AlF
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 circuittwVER = 0 resets flip-flop E1 into the initial
state. From output E1 of the flip-flop a logic @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 correspisnto writing the number 6 (0110), I.E.. 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 flst 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 A2FlaMF outputs through the differentiating circuits
with SUB = 0 set flip-flops E2 and E4 into the wioik order. Simultaneously the VLS pulse
through gate K187 switches the Z counter for cdrdfdhe following, I.E. the 2nd, byte. Pulse S1
through gate K74 and the differentiating circugets flip-flop LES-SCHREIB into the initial state.
A positive voltage drop from the SCHREIB outputio¥erter N26 resets flip-flop UV into the
initial state. At outputs U and LES of invertersSN@nd 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 initightst.
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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 (0111eiad from the four bits of the 2nd byte of the
MR register ferrite cores into the four flip-flop$ register A. Flip-flops A1, A2, A4 invert into ¢h
working order. From outputs A1F, A2F and A4F lodicsignals are fed to the inputs of the
differentiating circuits of register E flip-flopslEE2 and, EA4.

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 #ral byte of the MR register occurs.

During the second read cycle the number 6 (01303tdred from the four ferrite core planes of
the 2nd byte of the ACO register into the four flipps 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 irttee working order. From the outputs of flip-flops
E2 and E4 logic 1 signals enter the inputs and gat¢es K38 and K42.

Sequential clock pulses S through gate K60 andifferentiating circuits wherE2 = 0 and

E4 = 0 reset flip-flops E2 and E4 into the initiahtd. From outputs E2 and E4 of the flip-flops
logic O signals enable gates K38 and K42. Poswiekage drops from the outputs of the gates
through differentiating circuits set flip-flops A#nd A8 into the working order. From the A4 and
A8 outputs of inverters N9 and N11 logic 1 signatéer the inputs and disable gate K56. From the
output of gate K56 a logic 1 signal enters throggte D5 to the input of inverter N17. From output

£4° X of the inverter a logic O signal enters the ingnd disables gate K71. At the output of the
gate a positive voltage drop, which sets flip-fl6 into the 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 K70thadlifferentiating circuit when K1 = 0O resets
flip-flop E8 into the initial state. From output EB inverter N21 a logic 0 signal enables gate K64.
A positive voltage drop from the output of gate K&dough the differentiating circuit with U = 0
sets flip-flop UBER into the working order.

A positive voltage drop from output)BERof the flip-flop through the differentiating cirdui
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. Secaletibick pulses S through gate K60 and the
differentiating circuit withE2 = 0O resets flip-flop E2 into the initial state.ofr output E2 of the
flip-flop a logic O signal enables gate K38. A fo& voltage drop of the gate output through the
differentiating circuit resets flip-flop A4 into ¢hinitial state. A positive voltage drop at A4Rpmut
of the flip-flop through the differentiating cirduvith SUB = O sets flip-flop E4 into the working
order.

* Note -

The signalX 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 K@dthae differentiating circuits wheB4 = 0 and
VER = 0 reset flip-flops E1 and E4 into the initeate. From outputs E1 and E4 logic O signals
enter the inputs and shut gates K34 and K42. Atipesioltage drop from the outputs of the gates
through differentiating circuits set flip-flops Afto the working order, and A8 into initial state.
positive voltage drop of the A8F output throughiffedentiating circuit with SUB = 0 sets flip-flop
E8 into the working order. The following clock pel$ 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 nioamge the working order of flip-flop UBER.

During the transfer of the overflow bits from theuf bits of the A register through the four
flip-flops of the E register, gate K49 is in theostd state. From the output of the gate a logic 0
signal is fed to the input of inverter N14. Frontpuut E of the inverter a logic 1 signal disabletega
K166. From the output of gate K166 a logic 1 sigeraers through gate D25 to the input of inverter
N69. From output M of the inverter a logic O sigealers the input and disables the operation of
gates K74read/write)and K162.

The closed state of gate K162 prevents the operatiaghe monostable shaping the t pulés,
creates the delay for the completion of the sewarite cycle.

As a result of executing the second read cyclet@msfer of the overflow, flip-flops A1, A2 and
UBER remain in running order, the working order thé flip-flops corresponds to the stored
number 3 (0011) in register A flip-flops and aldw tunit of the transfer into the four bits of
high-order digit, I.E. to the sum of the terms gfeb

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 thew#ing of the number 3 (0011) from the four
flip-flops of register A into the four ferrite copanes of the 2nd byte of the ACO register occurs.

The resetting of the four bits of flip-flops of istgrs A and E in the initial state, switching loét
Z counter and administration of the 3rd byte ocdnra sequence, analogous to the description of
the resetting of four flip-flops of registers A akdnto 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 antewycles do not change the initial state of the
four flip-flops of register A.

During the second read cycle at outputs LES, V, BRE inverters N25, N28 and N22 logic 1

signals are generated, which disable gates K68 K&&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 siganables 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. Simultaneoudisom output LES of inverter N25 a logic O signal
enables gate K28. A positive voltage drop from @lugput 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 bytetltoé 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 agdidi@ (0000) + 0 (0000).

Pulse VLS of the 15th byte through gate K187 erssthie resetting of flip-flops Z1, Z2, Z4 and
Z8 into the initial state. Flip-flop Z16 sets intioe working order and ensures control of the 16th

byte. From output&Z1, Z2, Z4 and Z8 of inverters N78, N80, N82, N85 and the Z16 flipef
logic 1 signals disable gate K196. From the outguyate 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. Frontput S16 of the inverter a logic O signal enters the
differentiating input circuit of flip-flop Z16. Simitaneously from output Z8 of inverter N84 a logic
0 signal enables gate K140. At the output of the gapositive voltage drop, which simultaneously
resets flip-flop B1 into the initial state, is foewh through the differentiating circuits setting iRfo
the working order. From output F1 of inverter N63ogic 1 signal enters the control input and
disables the operation of the differentiating dircd flip-flop Z1 with positive voltage drops ohe

output of gate K183. From outp@1 of inverter N49 a logic 1 signal disables gate KBebm 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 generatetijch 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 a d#ferating circuit with3.6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z cmmThe following S1 pulse through gates K142 and
K194, and differentiating circuits with Z+E8 = Gsets flip-flop R into the initial state, and setk6Z
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 sigsajenerated, which ensures control of the MR
register.
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A positive voltage drop from output R of inverfds8 through the differentiating circuit resets
flip-flop F1 into the initial state. The VLS pulsd the 16th byte through the differentiating citcui

with S16 = 0 resets flip-flop Z16 into the initial stateul®e S1 through gate K186 and the
differentiating circuit sets flip-flop Z1 into theorking order which starts the Z counter, whose
work ensures the display of the second term andaighe 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 obtaitleed sum of terms 136 and the sign of the
numbers, which are written into the appropriate tuts 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 retimg 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 exceedeniggh 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 itk 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 gate &lagsignal 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 dperatff the monostable, which blocks the
completion of the read and write cycles and theatpmn 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 glow of digital indicator lights ceases. Resation of operating conditions for the
arithmetic-logic unit circuit occurs after pressihg L0 key.

[11.3.8. Subtraction with MR > ACO.

Based upon Subtraction of the numbers in the exarbelow 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 locatedunning 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. Ts#ipn of the Z counter ensures control of the
1st byte. From the output of gates D11 and D15g& 10 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 (000Inftioe 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 ALF 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 tmwerter 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 statBate K34 is closed with a logic 0 signal at output
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 kRister.

The second read cycle stores the number 7 (01dd) tine four ferrite core planes of the 1st byte
of the ACO register into the four flip-flops of tister A. Flip-flop Al resets into the initial state
flip-flops A2 and A4 are set into the working ordBiositive voltage drops in the outputs C2 and C4
of inverters N6 and N8 through the differentiaticigcuits with ADD = 0O 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 &@0Dthe differentiating circuits witk2 = 0
and E4 = 0 reset flip-flops E2 and E4 into the initight&. From outputs E2 and E4 of the flip-flops
logic O signals disable gates K38 and K42. Positislage 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 outf@® 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 differemtggatircuit with S1 = 0 resets flip-flop E8 into
the initial state. From output E8 of inverter N2logic 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 voltage grof the UBER output of inverter N22

through the differentiating circuit witiR = 0 set flip-flops E1 and E2 into the working orderom
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 0 signal enables gat83<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#edentiating circuit with ADD = 0 sets flip-flop
E4 into the working order. The following clock pelS through gates K50 and K60 reset flip-flops
E1l and E4 into the initial state. From outputs Bd &4 of inverter N13 and flip-flop logic O signals
enter the inputs and shut gates K34 and K42. Frengéate outputs a positive voltage drop through
the differentiating circuits reset flip-flops A2 &@A8 into the initial state.

The delay of the completion of the second writdeyrcurs analogously with the description of
delay during Addition.

The second write cycle stores the number 4 (01@®) 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 Adtoi 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 resger A.

Flip-flops A1, A2, A4 invert into the working ordelPositive voltage drops from the outputs C1,
C2 and C4 of inverters N4, N6 and N8 through théedintiating circuits with ADD = 0 invert
flip-flop E1, E2 and E4 into the working order. Segqtial clock pulses S through gate K60 and the
differentiating circuits withE2and E4= 0 reset flip-flops E2 and E4 into the initial tstaThe
following clock pulse S through gate K50 and th&edéentiating circuit with VER = 0 resets
flip-flop E1 into the initial state.

The first write cycle rewrites the number 7 (01ifrbm the four flip-flops of register A into the
four ferrite core planes of the 2nd byte of the kBister.

The second read cycle stores the number 2 (00t6) 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 LESnyerter N25 through gates K28 and K68 reset
flip-flops UBER and Al into the initial state.

The second write cycle rewrites the number 4 (0I@@y the four flip-flops of register A into
the four ferrite core planes of the 2nd byte of A0 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 seqeeawitches the Z counter for control of the

following, 16th, byte. After the inversion of flifpep Z16 into the working order from outpl.‘H_16
of inverter N88 a logic 0 signal enables gate KIAtloutputs ADD1 and ADD logic 1 signals are
generated, and at output SUB - a logic 0 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 gt®40 and the differentiating circuit with
UBER = 0 set flip-flops F1 into working order, arekets B1 into the initial state. From output F1

of inverter N63 a logic 1 signal enables the openabtf gate K65. At outpuB1lof 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 regigtera result the first of the read and write cgcle
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 vgétadrop from output LES of inverter N25

through gate K65 and the differentiating circuitwMZ = 0 sets flip-flop UBER into the working
order. A positive voltage drop of the UBER outpittoe flip-flop through the differentiating

circuits with R = 0 set flip-flops E1 and E2 into the working ard€lock pulses S through gates
K50 and K60 and the differentiating circuits witlER = 0 reset flip-flops E1 and E2 into the initial
state.

The second read cycle produces re-writing of thairus » sign code (0001) from the four
ferrite core planes of the 16th byte of the ACOisty into the four flip-flops of register A.
Flip-flop Al is set into the working order. At tieed of the read cycle a positive voltage drop ef th
LES output of inverter N25 through gates K28, K@l &68 differentiation chains reset flip-flops
Al, UBER and MZ into the initial state. A positiweltage drop of output A1F through the
differentiating circuit with SUB = 0 sets flip-flog1 into the working order.

Gate K98 is enabled state, and from the outputneérier N39 a logic O 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 enalgjase K34. A positive voltage drop from the output
of gate K34 does not change the initial state efflip-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 « plugm (§000) from the four flip-flops of register A
into the four ferrite core planes of the 16th bytehe ACO register. The VLS pulse of the 16th byte

through the differentiating circuit Witle6 = 0 resets flip-flop Z16 into the initial statedaturns off
the Z counter. Sequential pulse S1 through gate®Kihd K194, the differentiating circuits with
Z+E8=0 resets flip-flop R into the initial statedasets Z16 into the working order.

5 3ak. 794
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A positive voltage drop of the R output of inved58 through the differentiation circuits reset
flip-flops F1 and E3 into the initial state. Aftsetting flip-flop Z16 into the working order the Z
counter starts, whose operation ensures the digpldne 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 resultthim 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

[11.3.9. Subtraction with MR < ACO.

Based upon Subtraction of the numbers in the exarbelow let us examine the sequence of
operation:

ACO - 157
MR - 23
AC -134

The sequence of completing the operation is anal®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 1steébgf 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 MBiseer. During the second read and write cycle of
the 1st byte of the ACO register occurs the stoEgbe number 7 (0111) in the four flip-flops of
register A and the completion of the Subtractioerapon with the re-writing of the arithmetical
addition of the byte into the four ferrite coreqda 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 carrigdio 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 tbarfbits 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

. Correction 1001

4
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
(00011001100110011001100110011001100110011001100110011000 0110 0110]

S16 S1

Flip-flop UBER is located in running order, and thecounter switched for control of the 16th
byte.

A positive voltage drop of output Z8 of inverter N&hrough gate K140 and the differentiating
circuit resets flip-flop B1 into the initial statBrom output UBER of inverter N22 a logic 1 signal
enters the control input of the differentiatingcaiit 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 registesritten the code of positive « plus » sign

(0000). The VLS pulse of the 16th byte through thierentiating circuit with 26 = 0 resets
flip-flop Z16 into the initial state.
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After resetting flip-flop Z16 into the initial & at output S16 of inverter N87 is formed a
positive voltage drop, which through gate K183 ahne 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 throupk tifferentiating circuit withF3 = 0 sets
flip“flop F1 into the working order.

Flip-flop B1 is in the initial state, and from outpB1of inverter N49 a logic 1 signal disables
gate K94. From the output of the disabled gategeclt signal is fed to the input of inverter N38.
From output MRS of the inverter a logic O 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, wihsompletes the Subtraction operation.

During the cycle of the Z countel000000000000000 occurs the subtraction of addition
999999999999866 and the inversion of the codhesign of the number of the ACO register. As a
result of completing the operation in register A@OIl be written the straight number —
000000000000134.

(0001 0000 0000 0000 0000 OO00 0000 0000 0000 0000 0000 0000 0001 0011 0100)

After the inversion of the sign of the number i tACO register the disconnection of the Z
counter, the resetting of the corresponding flgpl 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 wofadgebraic Addition accomplishes the
operation of rewriting with erasure of the informoeatfrom register ACO in the MR register.

The closed contact of the key through the encouaeted 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 hvithe signals FUO = 0 and (=)0 = O set
flip-flops B4 and VOR into the working order.

In the sequence of describing section [11.2.3 osdie preparation for the completion of the
operation of rewriting. After the end of the pregtary part of the operation pulse S1 through gate
K186 sets flip-flop Z1 into working order and inovents the Z counter with EING=1. During
incrementation of the Z counter is carried out tperation of rewriting ACO—» MR with the
working order of flip-flop F2.

The setting of flip-flop F2 into the working ordproceeds with the start of the operation of
algebraic Addition from the «plus» or « minus » &ey
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Operational control of the MR and ACO registersussdn 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 registVith U = 1 and SCHREIB = 1 gates K118
and K128 will be in the conducting state. At outA€0 of inverter N45 a logic O signal is
generated, which disables the operation of the Aggister. At output MRS of inverters N29 and
N38 a logic O signal is generated only with ACO =Remaining time at output MRS a logic 1
signal is generated, which ensures operationaraoot the MR register. With the V = 1 gate K85
is enabled. From output HV of inverter N34 a lo@icsignal 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-flops register A into the four ferrite core planes of
the 1st byte of the MR register. As a result remgitoccurs the distortion of the digital informatio
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 thasarre 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 regisThe rewriting of the remaining 14 bytes and
sign of the number occurs analogously.

The VLS pulse of the 16th byte through the difféie@mg circuit with 6 =0 resets flip-flop
Z16 into the initial state. From output S16 of iree N87 a positive voltage drop through gate

K141 sets flip-flop R into the working order. A fitbge voltage drop from outpuR of inverter
N57 through the differentiating circuit witlB4 = 0 resets flip-flop F2 into the initial state.

Sequential clock pulses S through gate K134 \Rith O resets flip-flop B4 into the initial state. The
following pulse S1 through gate K142 with Z+E8 =résets flip-flop R into the initial state.
Simultaneously pulse S1 through gate K194 and ifferentiating circuits sets flip-flop Z16 into

working, and resed¢OR into 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 statdlip-flop F2 ensures rewriting MR> MR in
the sequence, analogous to the description ofethatmg ACO— MR.

In this case gate K130 is enabled. From output ACihverter 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 fdits 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 sun¥ k», « Y1l », « VIl » after the completion of the
operation of algebraic Addition accomplishes thesrapon of recalling without erasure the
algebraic sum contents of one of the ACO registecsregister MR.

1. The contact of the &I » key through the encoder diodes of the funciidreyboard
connects a logic 0O signal to the inputs of the keyd filters L25 and L18.

2. The contact of the ¥ Il » key connects a logic 0 signal to the inputshaf keyboard filters
L25 and L19.

3. Analogously the contact of the¥lIll » key connects a logic 0 signal to the inputshe
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 differiating circuits of flip-flops VOR, F4 and F5.

By pressing the ¥I» key an EING pulse by a positive voltage dromtigh the differentiating
circuits with FUO, ()0 = 0 set flip-flops VOR arieht into the working order and ensures operational
control of register AC1. Analogously the operatmithe «¥ II» key ensures the setting of flip-
flops VOR and F5 in working order and control ofister AC2.

Pressing the ¥ lI» key ensures the setting of flip-flops VOR, BAd F5 in working order and
control of register AC3.

In the description in section 111.2.3 occurs thegaration for the completion of the rewriting
operation. After the end of the preparatory parthef operation a pulse S1 through gate K186 sets
flip-flop Z1 into the working order incrementinggtZ counter with EING2 = 1.

During the cycleof counter the operation of rewriting without theasure of AG—MR is
carried out, gate K126 is in the closed state. &4tk8 with U = 1 is enabled. From the output of
gate K118 a logic 1 signal through gate D21 isttethe input of inverter N43. From the output of
the inverter a logic 0 signal through gate D23eis to the input of inverter N44. From output AC of
the inverter a logic 1 signal enters the inputgates K9, 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 ferriteec planes of the 1st byte of register AiGto
the four flip-flops of register A.

The first write cycle rewrites from the four flipeps of register A into the four ferrite core
planes of the 1st byte of register AC

The second read cycle reads from the four ferote 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 operaifaime write amplifier). The second read cycle
rewrites from the four flip-flops of register A mthe four ferrite core planes of the 1st bytehef 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 difféismg circuit with 96 = 0 resets flip-flop
Z16 into the initial state. A positive voltage dropthe 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 pos#i voltage drop of output R of inverter N58 through
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 ofrtfteemation, written
into the MR register. Pressing a correspondingfley final sum «*I», «*II», «*llI» performs the
operation of recalling with erasure the algebraimontents of one of the registers Ai@to the
MR register. The sequence of completing the opmratiorresponds to the description of recall
without erasure. With the completion of the opematfilip-flop F6 is located in running order. From
output F6 of inverter N77 a logic 1 signal enabtee operation of gate K125. During the
completion of the first write cycle gate K125 isabied. From the output of gate K125 a logic 1
signal through gate D23 is fed to the input of me&eN44. At output ACO of the inverter a logic 0
signal is generated, which through gates K9, K1@ #11 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 AGewriting does not occur.

[1l.4.  Multiplication.
[11.4.1. Entry of cofactors.

Based upon multiplication of the numbers in theneple below let us examine the sequence of
operation:

(- 135,00) x (+25,00) = - 3375,00.
The decimal point switch is set to position « K»=(2).

Introduction and the display of the first cofacttB5,00 occurs in a sequence, analogous to the
description of sections 111.2; 111.2.1; 11.2.4.

16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1
MD o o o O O O O O O O O O O O o0 O
ACOO O 0 O OO OOO O O 0 0 o0 o0 o
MR 1 0 0o O O O O O O O O 1 3 5 0 O
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After loading the first cofactor by pressing theltiplication « X » key locks the corresponding
contact and through the functional keyboard encdd®ies connects a logic 0 signal to the inputs
of the keyboard filters L20 and L25. From the ow$paf diagrams (X)0, FUO a logic O signal enters
the control inputs of the differentiating circuds flip-flops B2 and VOR. Pulse EING through the
differentiating circuits set flip-flops VOR and B&o the working order.

After setting the VOR flip-flop into working ordesccours the sequence, analogous to the
description in section 111.2.3, for preparationtoe completion of the operation of multiplication.
I.LE. shift and installation of the first cofactor the MR register in accordance with the assigned
degree of accuracy and the cycle of the Z countir RING2 = 1.

During the cycle of the Z counter the rewriting ggi®mn MR — MD/MR is performed with the
erasure in register MD of the previously writtefiormation. During the rewriting control of the
MR register occurs with U = 1. Control of the MDyigter is 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 feuite core planes of the 1st byte of the MD
register into the four flip-flops of register A doaot occur. Gate K85 with the V = 1 is enabled.
From the output of gate K85 a logic 1 signal entereugh gate D14 to the input of inverter N34.
At output HV of the inverter a logic O signal isngeated, which disables the operation of the write
amplifiers (erasure of information).

During the second write cycle rewriting occurs frime four flip-flops of register A into the four
bits of the 1st byte of the ferrite cores of the kgister.

Reading and writing in the 2nd byte of registers kiRl 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 (01019rfr 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 flgpé of register A, LE. the erasure of the
information 3rd byte of the MD register.

In the second write cycle from the four flip-flop$ register A the rewriting of the number
5 (0101) into the four ferrite core planes if thid 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 difféiaing circuit with 26 = 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 Roitthe working order.
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Sequential pulse S1 through gates K142 and Kt@4the differentiating circuits with Z+E8 = 0
reset flip-flops VOR and R into the initial statedasets Z16 into the working order.

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MD o o 0o 0O O O O O O O O 1 3 5 0 O
ACOOO o o O O OO OO O OO O0O Q0O 0O o
MR 1 0 0 O O O O O O O O 1 3 5 0 O

From output§6 of inverter N88 a logic 0 signal enters the cadnimput of the differentiating
circuit of the Z16 flip-flop. The VLS pulse of tHksth byte through the differentiating circuit reset
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 ¢¢it86 sets flip-flop Z1 into the working order
and enables the Z counter for display of the Gicdtictor. The entry of the second cofactor ocaurs i
a sequence, analogous to the description of they eftthe first cofactor. After the entry of the
second cofactor the result « = » key is pressed. cdmtact of the key operates and through the
diodes of the functional keyboard encoder and cctsna logic O signal to the inputs of the
keyboard filters L21 and L25. From outputs (=)0 &tD a logic 0 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 flipep VOR into the working order, a sequence,
analogous to the description in section IIl.2.3pgaration for the completion of the multiplication
operation occurs, I.E. installation and shift of second cofactor in the MR register in accordance
with the assigned degree of accuracy and the ®fctee Z counter with EING2 = 1. During the
cycle of the Z counter the initial state of flipfi F2 ensures rewriting of the information
MR — MR is analogous with the description in sectidtBILO. (The working order of flip-flop F2
accomplishes the operation of rewriting informatisom ACO — MR with the erasure of the
information in the ACO register.)

At the end of the MR- MR rewiting operation the VLS pulse of the 16théyhrough the

differentiating circuit with3.6 = 0 resets flip-flop Z16 into the initial state.pdsitive voltage drop
at the S16 output of inverter N87 through gate K&dts flip-flop R into working order. Sequential
pulse S1 through gate K194 and the differentiatimguit with Z+E8 = 0 sets flip-flop Z16 into
working order and resets VOR into the initial state

From outputVOR of inverter N59 a logic 1 signal disables gate K136
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As a result of the enabled state of the gate giubUMUL of inverter N52 a logic O signal is
generated, and at the output MUL of inverter N33oegic 1 signal.

In accordance with the example, after the entryhef second cofactor the arrangement of the
information written in the registers correspondghi following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
Mb 0O 0O 0O 0O O O O O O O O O 3 5 0 O
ACOO O O 0O OO OOO 0 O O O o0 o0 o
MR 1 0 0 0 O O O O O O O O 2 5 0 O

l11.4.2. Analysis of the signs of cofactors.

Analysis of the signs of cofactors is carried oftierathe preparatory part of the multiplication
operation. As a result of the analysis of signsdtage of the MZ flip-flop determines the sign of
work. The initial state of the flip-flop correspantb the sign of work « plus », and the working
state - 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. ApattMDS 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 ensuregaooit the MR register. Gate K123 with the V
and SCHREIB = 1 is in the enabled state. Consefyyattoutput ACO of inverter N45 a logic 1
signal is generated, which is fed to gate K8 arslisss control of the ACO register.

With the completion of the analysis of the cofacigns there are four possible results.
1) (-MD) x (-MR).

The first read cycle stores the « minus » sign ¢6@81) 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 » sigode (0001) from the four flip-flops of register
A into the four ferrite core planes of the MD regis(MDS = 1.).

A positive voltage drop of the U output of invert&27 through gate K132 and the
differentiating circuit with F3 = 0 resets flip-f)oAl into the initial state.

A positive voltage drop of output Al of inverter ifrough gate K157 sets flip-flop MZ into the
working order.

* Note -
The N38 and N29 gate numbers listed here are corrections fromotiggnal Russian manual in
which they were listed 8428 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 orderedaiential 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 » sige ftom 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 signajéserated. 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 thenxdrker (in this case 1101) into the 16th byte
of the ACO register (ACO = 1). The VLS pulse of théth byte through the differentiating circuit

with 26 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. Simultaneously
pulse VLS through gate K172 and the differentiatirguits resets flip-flop Al into the initial stat
and sets F4 into the working order. A positive agé drop 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 witbli% = 0 sets flip-flop E1 into the working order.
Sequential clock pulses S through gate K50 regeflfip E1 into the initial state.

Thus, the initial state of flip-flop MZ determindse positive sign of work.

From outputF4 the inverter N72 a logic O signal disables therafien of gate K43. A positive

voltage drop from the Z16 flip-flop output througiire differentiating circuit when ® = 0 sets
flip-flop F3 into the working order. Simultaneoudlypym output S16 a logic 0 signal enables gate
K196. A positive voltage drop from output S16 thghugate K147 sets flip-flop F1 into the

working order. From outquB a logic 0 signal enters the input and disablesofferation 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 sterafjthe X1 marker the arrangement of the
written information in the registers correspondsi® following table:

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
MO 0 O O O O O O O O o O 1 3 5 0 O
ACO X1 o 0 0 0 0 0 0 0O O O O O O o0 oO
MR 1 0 0o 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 instiale of flip-flops A1 and MZ. During the
second write cycle in the 16th byte is written Xfemarker (1100). The initial state of flip-flop MZ
determines the positive sign of work.

3) (+MD) x (-MR).
The first read and write cycles do not change ttit&al state of flip-flops A1 and MZ.

The second read and write cycles are carried oatsaquence, 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 ou isequence, analogous to the description of the
example (-MD) X (-MR), during the second read cyftile-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 thegative 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 = 1@0ter which is included the shift of
information in registers ACO and MR;

B) 0001 + 1001 - occurs subtraction 0001, after thithe operation of adding
MD + ACO — ACQO is carried out;

C) X1 marker - the multiplication operation is tudneff directly.

After the analysis of the signs of an example setjalepulse S1 through gate K194 and the
differentiating circuit with Z+E8 = 0 sets flip-foZ16 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 a8 logic O signals are generated. At output
SUB of inverter N47 a logic 1 signal is generatddpositive voltage drop from output ADD1 of

inverter K46 through the differentiating circuittwiMUL = 0 sets flip-flop UBER into the working

order. A positive voltage drop from outpUBERthrough the differentiating circuits witR = 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 N3&la&N29 with U = 1 and LES =1, logic 1 signals,
which ensure control of the operation of the MRisty, 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 inverter@Nand a logic O signal is generated, which
through gate K6 disables the operation of the Migster.

The second read cycle of the 16th byte of the Mi#ster does not change the initial state of the
four flip-flops of register A. A positive voltagérop at the LES output of inverter N25 through
gates K28 and K68 sets flip-flop Al into the woukiorder and resets UBER into the initial state. A
positive voltage drop from output C1 of inverter Ndrough the differentiating circuit with
ADD = 0 sets flip-flop E1 into the working orderh& 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 from jput C2 of inverter N6 through the
differentiating circuit with ADD = 0 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 vialge drop from output E2 of the flip-flop through
gate K38 sets flip-flop A4 into the working ordek. 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 #reldifferentiating circuit wherE4 = 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 from jput 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 outpd8 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 thiéedéntiating circuit whenE2 = O resets
flip-flop E2 into the initial state. A positive vialge drop from output E2 of the flip-flop through
gate K38 resets flip-flop A4 into the initial state

141



Sequential clock pulses S through gate K50 andliffierentiating circuit with VER = 0 resets
flip-flop E1 into the initial state.

A positive voltage drop from output E1 of the ffipp through gate K34 resets flip-flop A2 into
the initial state. As a result of the transferlod bverflow bits a subtraction is executed 0 -A0(®D-
0001). In the four flip-flops of register A is wieih number 9 (1001).

The second write cycle rewrites the number 9 (10@dh the four flip-flops of register A into
the four ferrite core planes of the 16th byte ef MR register.

The VLS pulse of the 16th byte through the difféising circuit with 36 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctern A positive voltage drop from output Z16 of
inverter N87 through gate K148 and the differematircuit 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 12 o o 0O O O O O O O O 1 3 5 0 O
ACO X, o o o o o o o o o o o o o o0 o
MR 9 0 0 0 O O O O O O O O 2 5 0 O

Sequential pulse S1 through gate K155 and the rdiffeating 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 VERof inverter N67 a logic O signal, enters the cdbecnput, sets and blocks in running
order flip-flop UV. Gates K124 and K123 with the McS and SCHREIB = 1 alternately be in the
conducting state. As a result with the V = 1 frdma butput of gate D21 a logic 1 signal is fed ® th
input of inverter N43. From the output of the ineera logic 0 signal is fed to the input of gate2D2
From the output of the gate a logic 0 signal istfiethe input of inverter N45. At output ACO of the
inverter we obtain a logic 1 signal, which througgite K8 ensures control of the ACO register. Shift
of the information in register ACO is carried onta sequence, analogous to the description of shift
with the introduction.

During the cycle of the Z counter the shift the @m0 (0000) occours from the 1st through to
the 15th byte.

The read cycle stores the X1 marker (1100) of b byte of the ACO register into the four
flip-flops of register A.

The write cycle rewrites the number 0 (0000) fromarfflip-flops of register E into the four
ferrite core planes of the 16th byte of the ACOstay.
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The VLS pulse of the 16th byte through the difféiaing 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 difféiating circuit with 26 = 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 = O sets flip-flop 4idto the working order. Simultaneously a positive
voltage drop from output S16 through gate K147 #red differentiating chain with F1 = 0 sets

flip-flop F1 into the working order, from outpufl 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, whiclotigh gate K6 ensures operational control of the
MR register.

The read cycle stores the number 0 (0000) fronfdtieferrite 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 K18Taments 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 theadtuction.

The read cycle stores the number 9 (1001) fronidheferrite 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 resgithe number O (0000) from the four
flip-flops of register E into the four ferrite coptanes of the 16th byte of the MR register. TheSVL
pulse of the 16th byte through the differentiatoigins reset flip-flops A1 and A8 into the initial
state and stores the number 9 (1001) from theffquflops of register A into the four flip-flopsfo

register E. Simultaneously a VLS pulse through diféerentiating circuit with 96 = 0 resets
flip-flop Z16 into the initial state and turns dffie Z counter. A positive voltage drop from output

S16 of inverter N87 through gate K148 and the deffiating circuit withF1 = O resets flip-flop
VER into the initial state. A positive voltage drfiom output VER of inverter N68 through the
differentiating chains reset flip-flops UV and UBHRo the initial state. Sequential clock pulses S
through gate K50 and the differentiating circuittwVER = 0 resets flip-flop E1 into the initial
state. The following clock pulse S through gate Kand 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 contentsittan 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 0o 0 0O O O O O O O O 1 3 5 0 O
ACOOO o o O O OO OO O OO O0O Q0O 0O o
MR 0 0 O O O O O O O O O O 2 5 0 X

Sequential pulse S1 through gate K194 with Z+E8se8 flip-flop Z16 into the working order
incrementing the Z counter to interrogate the 16tie of the MR register.

Interrogation, subtraction 0-1 and shift of theormhation in registers ACO and MR is carried out
in a sequence, analogous to the description inoselit.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 irdgation and shifting the information, the
contents written into registers MD, ACO and MR,respond to the following table:

16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1
MD 1 0 0O O O O O O O O O 1 3 5 0 o0
ACOO O 0 O o o o o0 o0 o o o O o o o
MR 2 5 0 X 0 0 0o o O O O O O o o

0
0

l11.4.4. Interrogation and addition of the contents of registers
MD + ACO — ACO.

After the shift and writing of the number 2 (001fjo the 16th byte of the MR register the
interrogation of the MR register is included in tigual 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 resger A.

During the first write cycle gate K82 is enabledor 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&sgster does not occur.

The second read cycle stores the number 0 (0000) the 16th byte of the MR register into the
four flip-flops of register A.

144



A positive voltage drop from the LES output of imeg 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 volieg
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 tranef 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 ef MR register.

The VLS pulse of the 16th byte through the difféising circuits with 96 = 0 reset flip-flops
Al and Z16 into the initial state and turns off theounter

A positive voltage drop from output S16 of invertBl87 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 @id increments the Z counter.

During the operation of the Z countean addition operation is carried out for
MD + ACO — ACO. Gate K103 with U = 1 is enabled. At output BIBf 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 ar# alternately enabled. Consequently,
with V = 1 from the ACO output a logic 1 signal ers 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 dirsgiMR + ACO— ACO. The Add operation does

not occur in the 16th byte. Gate K103 with U afib = 0 is disabled, so from output MDS of
inverter N42 a logic O signal enters gate K7 arshblies the operation of the MD register, as a
result the cofactor sign remains in the MD register

Pulse VLS through the differentiating circuit WitB6 = 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 0o 0 0O O O O O O O O 1 3 5 0 O
ACOO o o o O OO OOO 0O 1 3 5 0 O
MR 1 5 0 0 %X 0 0 O O O O O O O o0 O
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Sequential pulse S1 through gate K194 and therdifteating circuit with Z+E8 = 0 sets

flip-flop Z16 into the working order incrementinget 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 Subtractio® Add operation of MD + ACB» ACO is
implemented.

As a result the second addition of MD + AG® ACO the arrangement of the information,
written into registers MD, ACO, MR, correspondshe following table:

16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1
MD 1 0 O O O O O O O O O 1 3 5 0 O
ACOOO o O O OO O O O O O0O 2 7 0 0O
MR 0 5 0 0 %X 0 O O 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 siibtraction O - 1 the shift of the information of
registers ACO and MR is included.

As a result of the shift the arrangement of thenmfation, 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 12 o 0o 0O O O O O O O O 1 3 5 0 O
ACOO o o O O OO O O O 2 7 0 0 0 O
MR 5 0 0 %X 0 0 0O O O O O O O O o0 O

The completion of the interrogation operation addiag MD + ACO— ACO, interrogation and

the shift of the information of registers ACO and&kMccurs 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 S5 4 3 2 1
MD 12 o 0o 0O O O O O O O O 1 3 5 0 O
ACOO O 0O O OO OO O O O 1 3 5 0 o0
MR 1 5 0 0 %X 0 O O 0O 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) willvaetten 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 0o 0 0O O O O O O O O 1 3 5 0 O
ACOO o o o 0o o 0o 33h...5 0 0 0 0 o0
MR X, o 0 0 0 O O O O O O O O O o0 O

lIl .4.5. Rejection of bytes and rounding.

After the record of the X1 marker (1100) into thétHLbyte of the MR register, interrogation in
the usual sequence is included. The first readecstdres the X1 marker (1100) from the four ferrite
core planes of the 16th byte of the MR registeo tie four flip-flops of register A. The flip-flops
A4 and A8 invert into the working order. From outpé4 and A8 of inverters N9 and N11 logic 1
signals enter the inputs and open gate K56. AtuduXpof inverter N18 a logic 1 signal, disables
gate K73. A positive voltage drop from output LEBimverter K25 through gate K73 and the
differentiating chains with ADD = 0 resets flip-floF4 into the initial state and sets F5 into the
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 (Ry

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 throutje differentiating circuits with G220 and
G110 = 0 set flip-flops Z1 and Z2 into the workiagder. The working order of flip-flops Z1 and
Z?2 creates control of the 3rd byte. A positive agkt drop from output S16 of inverter N87 through
gate K148 and the differentiating circuit with ADD 0 resets flip-flop F1 into the initial state.
Simultaneously from output S16 a logic 0 signaldes gate K116.
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As a result at outputs ADD1 and ADD of invertersaNghd N48 the signal levels change from 0
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 disaltkee operation of the MR register.
Simultaneously on outputs AC, ACO and MDS of ineestN44, 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#G0 of inverter N45 a logic 1 signal
enters gate K8 and ensures operational contréleoACO register.

In accordance with the example during the secoad cgcle, from the four ferrite core planes of
the 3rd byte of the ACO register the number 0 (009Gtored into the four flip-flops of register A.
At output LES of inverter N25 is formed a positiwatage 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 innotebook flip-flopsof the
rounding off number 5 (0101). Flip-flop UV is innming order, from output V of inverter N28 a
logic 1 signal disables gate K43. At outputs C1,d C8 logic O signals are generated, which
disable gates K24, K2 and K25, disabling the opanatf the inhibit stages. Consequently, during
the second write cycle the marker X2 (1101) istenitin the four ferrite core planes of the 3rd byte
of the ACO register.

Pulse VLS of the 3rd byte through gate K187 incret®siéhe Z counter for control of the 4th
byte. Simultaneously pulse VLS through gate K17@ e 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, N8Bl2, N44 and N45 logic 0 signals are
generated, which are fed to the inputs of gateski¥ K8, K9, K10 and K11 blocking the operation
of registers ACO, MD, MR, AC1, AC2 and AC3. (Opévatll control of the MR register is blocked
through gate K95).

After the first read and write cycles gate K124hmit = 1, LES = 1 and gate K123 with the
V =1, SCHREIB = 1 be enabled state. At output ACOrverter N45 a logic 1 signal, ensures
control of the ACO register.

The second read cycle stores the number 0 (0006) the four ferrite core planes of the 4th
byte into the four flip-flops of register A.

The second write cycle rewrites the number 0 (00GH) 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#entents the Z counter for control of the 5th
byte.

Re-writing of the remaining bytes of the ACO registccurs in the analogous sequence.
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The VLS pulse of the 16th byte through the difféis@mg circuit with 6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam A positive voltage drop from output S16 of
inverter N87 through gate K147 sets flip-flop Ffioithe working order.

After recording the marker X2 the arrangement @ itiformation, written into registers MD,
ACO, MR, correspond to the following table:

16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1
MD 1 0 0O O O O O O O O O 1 3 5 0 0O
ACOO o O OO OO 3 3 7 5 0 034xX0 O
MR 0 0 0O O O O O O O O O O O O0o o0 oO

[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 1001rimythe 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 pesitvoltage drop LES through gate K28 changes
the position of the Al flip-flop. The setting ofelHlip-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 inubeal 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 regiside X2 marker depending on the result of adding
the counted number with rounding off number 5 (Q1&h take values from 1100 to 1111.

The VLS pulse of this byte ensures the setting lipiflop F4 into the working order and
switching the Z counter for control of the next aée.

In the next decade the first read and write cyalescarried out without control of registers, I.E.
at outputs ACO, AC, MDS and MRS of the correspogdinverters are manufactured logic 0
signals, which disables the operation of registers.

The second read cycle stores the information offole ferrite core planes into the four flip-

flops of register A. A positive voltage drop froratput LES of inverter N25 resets flip-flop UBER
into the initial state.
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Simultaneously a positive voltage drop from outhbES 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 tbditon from the four flip-flops of register A
into the four ferrite core planes of this byte lod tACO register.

When as a result rounding is obtained the unitafdfer from the 16th byte of the ACO register,

the pulse VLS through the differentiating circuitthw 96 = 0 resets flip-flop Z16 into the initial
state and turns off the Z counter. Simultaneousiigg VLS through gate K182 sets flip-flop Z1
into the working order incrementing the Z counfdip-flop UBER remains in running 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 outputFl of inverter N62 a logic 0 signal enables gate K& a result at output MRS of
inverters N29 and N38 a logic 1 signal is manufeetuwhich ensures control of the MR register.

The first read cycle stores the number from thebyst of the MR register into the four flip-flops
of register A.

During the first write cycle gate K82 enabled. Attput MRS of the inverter a logic 0 signal is
generated entering the input of gate K6 and blarkive operation of the MR register.

At the end of the second read cycle of the 1st bfftthe MR register a positive voltage drop of
the LES output of inverter N25 through gate K68 #mel differentiating circuit with U = 0 resets
flip-flop UBER into the initial state.

Simultaneously a positive voltage drop from outphES through gate K28 changes the state of
the Al flip-flop. As a result of this in the re@stA flip-flops the addition of the counted number
and unit of transfer occurs.

During the second write cycle the result of theitold is rewritten from the four flip-flops of
register A into the four ferrite core planes of fist byte of the MR register.

The cycle of the Z counter and the rewriting of fber ferrite core planes of the MR register
occurs to the 16th byte inclusively. Flip-flop F&nmrains in running order after 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 integadion is included and the shift of the
information of registers ACO and MR with recordiafjthe X2 marker into the 16th byte of the

ACO register is carried out. As a result of theaeximn of 12 cycles of interrogation and shift the
arrangement of information in registers MD, ACO &g 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

mMb 127 0 0 0 0 0 0 0 0 0 0 1 3 5 0 O
ACO O X, O O 0 0 0O 3 37 5 0 0 0 0 O
MR O O O O O O O 0O O O o 3 3 7 5 O

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 E4daB8 are located in running order. From outputs
E4 and E8 the signals E enter the inputs and disgdik K59.

From output X of inverter N8 logic 1 signal disabtpate 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 AGQister.

The VLS pulse of the 16th byte through the difféie@mg circuits resets the four flip-flops of
the A register into the initial state and stores lest figure of work 0 (0000) into the four flimps
of register E.

Simultaneously a pulse VLS through gates K182 af@3and the differentiating circuits with

96 =0, F6 =0,MUL = O reset flip-flop Z16 into the initial state wil and F6 into the working
order.

A positive voltage drop from output S16 of invertd87 through gate K147 and differentiating
chain with F1 = 0O sets flip-flop F1 into the worgimrder and ensures control of the MR register.
The position of the Z counter ensures control eflkt byte.

The read cycle stores the next-to-last number fitoenfour 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 (OD@@m the four flip-flops of the E register into
the four ferrite core planes of the 1st byte of M register, the sequential rewriting of infornoeti
in the MR register ensures shift and record of workaccordance 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 Witl86 = 0 resets flip-flop Z16 into the initial state.p®sitive
voltage drop from output S16 of the inverters tigtowgates K147 and K148, the differentiating

circuits with F1 = 0 and F6 = O 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 followtadple:

16 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1
mMD 1 0 0 O O O O O O
ACO X; 0 0 0 0 O O 38 3
MR O O O O O O O O O

olN|O
ol O
w| Ol
Wl olw
N Ol o
oo
o O O

[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 Wigh F3 = 1.

During the indexing of the Z counter at output A@fGnverter N45 a logic 1 signal is generated,
which ensures operational control of the ACO regittirough gate K124 with the V = 1 and LES =
1, L.E. to the period of the second read cyclehwit= 1 and SCHREIB = 1 gate K123 is disabled
with logic 0 signal at the inpuE6. As a result at output ACO of inverter N45 a lo@isignal is
generated, which enters gate K8 and disables temtpn of the ACO register, therefore, during the
read cycle, the only storing of the contents ofhebgte of the four ferrite core planes into the
flip-flops of register A occurs. The absence of méng from the four flip-flops of register A into
the four ferrite core planes ensures the erasutteeahformation in the ACO register.

The read cycle stores the X2 marker (1101) fronfdle 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 outpdt of inverter N17
is formed a positive voltage drop, which througheg&71 sets flip-flop E8 into the working order.

From the(eutpud* input E8 of inverter N21 a logic O signal enables gate K@@m output E of
inverter N14 a logic 1 signal disables gate K16@nt output M of inverter N69 a logic O signal

enters gate K162 and blocks the shaping of the ﬁapulses 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 thifferentiating chain sets flip-flop
LES - SCHREIB into the working order.

* Note -

The ESsignal is derived from thaput of inverter N21, not theutputas written in the original
Russian manual, this did not match the originalings.
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Sequential clock pulses S through gate K70 anddifferentiating circuit with S1 = 0 resets
flip-flop E8 into the initial state. A positive valge 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 thip-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 wittE2 = 0 resets flip-flop E2 into the initial state. positive
voltage drop of the E2 output of the flip-flop tigh gate K38 resets flip-flop A4 into the initial
state.

A positive voltage drop from output A4F through th&erentiating 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 ptige voltage drop from output E1 of inverter N13
through gate K34 sets flip-flop A2 into the workingder. A positive voltage drop from output E4F
of the flip-flop through gate K42 resets flip-fla}8 into the initial state. A positive voltage drop
from output A8 of inverter N11 through the diffetiating circuit with SUB = 0 sets flip-flop E8
into the working order. The following clock pulseti@ough gate K70 resets flip-flop E8 into the

initial state. From outpuE8 of the flip-flop a logic 1 signal disables gate X4rom output E of
inverter N14 a logic O signal enables gate K1660/iput 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 differentigtichain reset flip-flops Al, A2 into the initial
state and stores the number 3 (0011) into the fiqas#flops of register E. The following clock
pulses S through gates K50 and K60 reset flip-flBpsand E2 into the initial state. Simultaneously
pulse VLS through gate K182 and the differentiatimguits with 36=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 fligaffél into the working order. From output B2 of
the flip-flop a logic O signal enables gate K13& A result at the MUL output of inverter N53 a

logic O signal is generated, and at the outplL of inverter N52 a logic 1 signal. Sequential

clock pulses S through gates K66 and K134, theswfftiating circuits with MUL = 0 andR =0
reset flip-flops B4 and UBER into the initial staequential pulse S1 through gates K142 and
K194, and the differentiating circuits with Z+E80=reset flip-flops R into the initial and sets Z16
into the working order. A positive voltage drop rfrooutput R of inverter N58 through the
differentiating circuits reset flip-flops F1, F34 5 and F6 into the initial state.
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From outputR of inverter N57 the signal disables gate K152. Fautput C1 of inverter N4 a
logic 0O signal disables the operation of gate K@4the inhibit driver BL1.

The working order of flip-flop Z16 determines canitiof the 16th byte. At output MRS of
inverters N29 and N38 a logic 1 signal is generatddch ensures operational control of the MR
register.

During the first read cycle the number 0 (000®ta@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 enablatputput C1 of inverter N4 a logic O signal is
generated, which ensures the storage of the « nsirgign code 1 (0001) into the four ferrite core
planes of the 16th byte of register MR.

During the second read cycle the « minus » sigre do@001) is not stored from the 16th byte
four ferrite cores of the MR register into the fdlijp-flops of register A. Gate K85 with V=1 is
enabled. From output HV of inverter N34 a logic i@nal disables the operation of the read
amplifiers.

During the second write cycle the « minus » sigtec(®001) 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 Witfl6 = 0 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 astarts the Z counter for the display of work.

l11.4, 9. Register length overflow during multiplication.

When work exceeds the permissible register length,it has more than 15 bytes, during the
completion of the shift operation AG8 MR occurs an overflow.

The VLS pulse of the 15th byte stores the previpaslinted 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 outputl, E2, E4 and E8 a logic O signal is
generated, which enables gate K49. From output Bwarter N14 a logic 1 signal enables gate
K164. Simultaneously pulse VLS through gate K18@rements 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 invertetN&8}* N69 a logic O signal enters the input and disagkss K74
and K162.

Note *
The original Russian manual lists output M of ingeN68, this was incorrect and has been
corrected to N69.
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After disabling(the Z counter ?the Z16 flip-flop remains in running order and @mes control of
the 16th byte.

Consequently, gates K197 - K211 of the display anadhplifiers are in the non-conducting
state. At the gate outputs logic O signals are igeeé, which disables the operation of the anode
amplifiers and digital lamps.

By pressing the L6 key analogous with the desaipin section Ill.1 the erasure of the contents
of the operational register occurs and so enahkesdisplay.

[11.4.10. Exponentiation.

The exponentiation operation or raising a numbehé&oNth degree is carried out in a sequence,
analogous to a multiplication operation.

As a result of entry of the first cofactor and gnof a multiplication key a number will be
written in registers MD and MR, raised to the degieE. the first cofactor.

In contrast to a multiplication operation, insteafdthe second cofactor should be entered the
exponentiation key « %.

The contact of the « % key through the diodes of the functional keyboamdoder connects a
logic 0 signal to the inputs of the keyboard fét¢20, L21 and L25.

From outputs FUO, (X)0 (=)0 of the keyboard filtdogic O signals enter the controlling inputs
of the differentiating circuits of flip-flops B2,88and 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 vkorg order.

After the setting of flip-flop VOR into the workingrder, a sequence, analogous to the
description in section 111.2.3, preparation for qaeting the exponentiation operation of the number
into the N" degree occurs, I.E. shift and installation of seeond cofactor in the MR register in
accordance with the assigned degree of accuracthand/cle of the Z counter with EING2 = 1.

During the cycle of the Z counter flip-flop F2 is the initial state and ensures in accordance
with the description in section 111.3.10 completiai the operation of rewriting the register
MR — MR. As a result the cycle of the Z counter in feguence, and analogous to the description
of a multiplication operation, at output MUL of iexter N53 a logic 1 signal is generated, which
determines the completion of the usual multiplmatperation.

After the completion of the multiplication operatithe MR register will contain the number,
elevated to the second degree. In the MD regist®aims the number, raised to the degree. Each
following start of key « X» ensures completion of the multiplication operatlny a constant
cofactor, I.E. the exponent of the raised numbereiases by one.
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[11.5.  Division.
[11.5.1. Dividend entry.

Based upon division of the numbers in the exam@®wb let us examine the sequence of
operation of:

12,07 +12,00=1,01

The decimal point switch is set to position 2 (R} Entry and display of the dividend 12,07
occurs in a sequence, analogous to the descrijptisection 111.2.

After entering the dividend the division key is gged and the corresponding keyboard contact,
connects a logic 0 signal to the inputs of keybddiels 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 differentiatingecdiits of flip-flops B3 and VOR.

A positive voltage drop of the EING pulse throubk tifferentiating circuits set flip-flops VOR
and B3 into the working order.

As a result of setting of flip-flop VOR into the wkang order, the sequence analogous to the
description in section 111.2.3, occurs preparationcompletion of the division operation.

During the cycle of the Z counter with EING = 1 ttesvriting of MR— MD/MR with erasure
of the previous data in the MD register is carioeidl

With completion of the rewriting operation, opeoaial 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 (01113tmred from the four ferrite core planes of the
1st byte of register MR into the four flip-flops @gister A.

In the first write cycle the number 7 (0111) is rit@n 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 fithwen 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 #masure of information in the MD register
occurs.

During the second write cycle, number 7 (0111kisritten from the four flip-flops of register A
into the four ferrite core planes of the 1st byit¢the 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 differating circuit with 6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam 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 cicwith Z+E8 = 0 reset flip-flops R and VOR
into the initial state, and Z16 and set into tlerking order. Flip-flop B3 remains in running order

Simultaneously with the setting of the Z16 flipglan working order the Z counter is
incremented ensuring the display of the dividensl.aAesult of completing the entry operation and
rewriting into the four ferrite core planes of retgrs 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 iegsed and the corresponding closed keyboard
contact, which connects a logic 0 signal to thaiisf the keyboard filters L21 and L25, through
the functional keyboard encoder diodes. From ostge)0 and FUO logic O signals enter the
controlling inputs of the differentiating circuits flip-flops VOR and B4.

Pulse EING through the differentiating circuits $igb-flops B4 and VOR into the working
order. After the setting of flip-flop VOR into theorking order in the sequence, analogous to the
description in section 111.2.3, occurs the preparafor 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 cycle of the Z counter with EING2. The initial state of flip-flop F2 during the
cycle of the Z counter ensures rewriting of infotima in register MR— MR. (When flip-flop F2 is
located in running order, LLE. the divisor is obhtd as a result the Addition or Subtraction
operations, the operation of rewriting register AGOMR is carried out erasing the information in
the ACO register.) In accordance with the examipéedivisor remains in the MR register.

The VLS pulse of the 16th byte through the difféis@mg circuit with 6 = 0 resets flip-flop
Z16 into the initial state. A positive voltage drépm output S16 of inverter N87 through gate
K141 sets flip-flop R into the working order. Seqgtial 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 outpdfOR of inverter N59 a logic 1 signal disables gate K135
From the output of gate K135 a logic 1 signal @ tie the input of the amplifier V567. From output
DIV of the signal amplifier a logic 1 through gd»26 is fed to the input of inverter N54. A positive
voltage drop from G2 output of the inverter througk differentiating circuits with G220, G240,
G280 = 0 set flip-flops 22, Z4, Z8 and Z16 in warggiorder incrementing the Z counter for control
of the 14th byte.

157



(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 signalalies gate K112. As a result at outputs C1 and
C4 of inverters N4 and N8 logic 0 signals are gategl which disable gates K2 and K24 and
disable the operation of the corresponding intdbiter stages.

The position of the Z counter creates control of thith byte. Gate K121 with DIV and
SCHREIB = 1 is enabled and ensures operationataooit the ACO register. At outputs MRS and
MDS of inverters N29, N38 and N42 logic O signale generated, which are fed to the inputs of
gates K6 and K7 and disable the operation of regidlD and MR. Consequently, during the first
and second write cycles into the four ferrite qolie@nes of the 14th byte of the ACO register will be
written the rounding off number 5 (0101). The hmyder 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 K18#faments the Z counter for control of the
15th byte.

Simultaneously pulse VLS through gate K171 anddifierentiating circuit with F3 = 0 sets

flip-flop F4 into the working order. From outp&#é of the inverter N72 a logic O signal disables the
operation of gate K121. The read and write cycfat® 15th byte of useful work do not occour. (It
is absent control of registers). At the invertetpaois of signals ACO, MDS and MRS logic 0 signals
are generated, which disable the operation of tinesponding registers.

The VLS pulse of the 15th byte increments the Zn¢éeufor 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. Increingnthe Z counter accomplishes in the 16th byte
the operations of the analysis of the signs ofddimd 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 ofdiMD 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 froni@he byte of the MR register into the four
flip-flops of register A. Operational control ofdftMR 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 I468.

During the second write cycle registers MD, MR #&&D are not governed. Operational control
of the MR register is diabled by the enabled stagate K93.

A positive voltage drop of the VLS pulse of theibyte through the differentiating circuit with
36 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter.
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A positive voltage drop from output Z16 through thiéferentiating circuit withR = 0 sets

flip-flop F3 into the working order. From outpd3 of inverter N64 a logic 0 signal disables the
operation of gates K112, K98 and K1%7om output F3 of inverter N65 a logic 1 signalezatthe
controlling input of the differentiating circuit drdisables the operation of gate K13Efom output

F3 of inverter N65 a logic 1 signal disables gatel& At output SUB of inverter N47 a logic 1
signal is generated, which during the followingleyof the Z counter ensures the completion of the
subtraction operation (0 - MB> MD), after writing the divisor into the ferrite ces of the MD and
MR registers the arrangement of digital informatommresponds to the following table:

MR 0000000000001200
MD 0000000000001207

[11.5.3. Comparison of the absolute values of didend 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 diedd.

Sequential pulse S1 through gate K185 sets flip-Ha into the working order and increments
the Z counter for administration of the 1st byte.

During completion of the subtraction operation BID — 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 ansliegs operational control of the MD register.

The subtraction operation 0 - MB> MD occurs from the 1st through to the 16th bytes
inclusively.

Pulse VLS of the 16th byte through the differemigtcircuit with 96 = 0 resets flip-flop Z16
into the initial state and turns off the Z count@s a result the completion of the subtraction
operation in accordance with the example in regigtie will be written the arithmetical addition of
dividend 9999999999998793. A positive voltage dabghe 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 intbe working order occurs in the case of the
equality of information in registers MD and MR.

From theF1 output of inverter N62 a logic O signal enters digables gate K114. At the ADD1
and ADD outputs of the inverters are generatedcldgsignals, which in the time of the following
cycle of the Z counter ensure the completion of dperation of adding the divisor with the
arithmetical addition of the dividend (MR + MB> MD). Simultaneously logic 0 signals from

outputsF1 and F6 of inverters N62 and N76 enter and shut gate K97.

Note —
There does not appear to be any association betwdpat 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 thrdugate 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 differentiatimguit when Al = 0 sets flip-flop Z1 into the
working order incrementing the Z counter for contple of the addition operation of
MR + MD — MD.

During the first read cycle number 0 (0000) igetiofrom the four ferrite core planes of the 1st
byte of the MR register into the four flip-flops kgister A.

During the first write cycle the number 0 (0000Yyesvritten 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%)ared from the four ferrite core planes of
the 1st byte of the MD register into the four ffipps 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-flopf 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 inverter N16 a logic 1 signal enables diperation of
gate K180.

The VLS pulse of the 1st byte through gate K180 tmeddifferentiating circuit when S16 =0
resets flip-flop F6 into the initial state. Thetial state of flip-flop F6 is the criterion of the
inequality of terms. The addition of the numbershaf remaining bytes is carried out analogously.

During the second read and write cycles the nurBb@001) is rewritten into the 16th byte of
the MD register. From outputs C1 and C8 of invertsd and N10 logic O signals disable the

operation of gate K53. From outp(_)tof inverter N16 a logic 1 signal enables the openeof gate

K174. The VLS pulse of the 16th byte through th#edentiating circuit with 86 =0 resets
flip-flop Z16 into the initial state and turns dfie Z counter. A positive voltage drop of the S16
output of inverter N87 through gates K169 and Kandl the differentiating circuits with F2 = 0
and UBER = 0 set flip-flops F2 and F6 into the wgkorder.

From output F2 of inverter N71 logic 1 signal emsbfjate K115. At output SUB of inverter N47
a logic 1 signal is generated, which prepares ¢imepdetion of the Subtraction operation. As a result
of the addition of the numbers
0000000000001200 + 9999999999998793 = 9999999999399
overflow of the MD register does not occur. Thdhametical addition, written into register MD,
corresponds to the value MD > MR and working oralfethe flip-flop F6, which accomplishes the
subtraction operation MR - MB> MD and the shift of the information of registerkMand 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 Al =e® dlip-flop Z1 into the working order
which increments the Z counter for control of tls¢ lyte.

Operational control of the MR register occurs Wikl 1.
Operational control of the MD register occurs witie V = 1 through gate K108.

During the cycle of the Z counter the Subtractigeration MR - MD— MD is carried out in
the sequence, analogous to the description of tper@AC) - (-MR)— AC.

The VLS pulse of the 16th byte through the difféiaing circuit with 26 = 0 resets flip-flop
Z16 into the initial state which turns off the Zurder.

As a result the completion of the Subtraction opena the number
0000000000001200 - 9999999999999993 = 00000000@0U0the 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 cycle of the Z counter operational cohtsf the MR register and shifting of the
divisor to one byte to the left occurs. As a restilthe shift of information in register MR occurs
the multiplication of divisor by 10. The VLS pulsé the 16th byte through the differentiating

circuit with 26 = 0 resets flip-flop Z16 into the initial state. positive voltage drop from output
S16 of inverter N87 through gate K144 with F2 =e@sdlip-flop F1 into the working order. From
output F1 of inverter N63 a logic 1 signal disaldese K75. From the output of gate K75 a logic 1
signal is fed to the input of gate D10 which swéslihe memorising circuit into the working order.
From output RU of inverter N24 a logic 1 signal lelea the operation of gate K195. Sequential
pulse S1 through gates K195 and K194 sets flip-#p into the working order incrementing the Z
counter. Gate K122 is enabled, at output ACO oéiter N45 a logic 1 signal is generated, which
ensures operational control of the ACO registerimuthe cycle of the Z counter with RU = 1 the
shift operation of the rounding off number 5 (01®d)one byte to the right is carried out in the
sequence, analogous to the description of the gseveounting of the Z counter. During the
decrement of the Z counter from 16th into the 15tte, at the output S16 of inverter N87 a positive
voltage drop through gate K169 and the differemtgatircuit with F2 = 0 sets flip-flop F2 into the
working order.

After the shift of the 1st byte switching counterfa control of the 16th byte occurs, I.E.
flip-flop Z1 resets into the initial state, Z16 raims in running order. Pulse VLS of the 16th byte

through gate K187 set flip-flops Z1, Z2, Z4 and ia® 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 irteer N87 through gate K149 and the

differentiating circuit with VER= 0 resets flip-flop F1 into the initial state. Rrooutput F1 of
inverter N63 a logic O signal is fed to the inptigate K77 and switches the memorising circuit into
the initial state. After switching of the memorigiircuit into the initial state at output RU of

inverter N24 a logic O signal is generated, anthatoutputR_U of inverter N23 - a logic 1 signal.
A positive voltage drop of the VLS pulse of the HBiyte through the differentiating circuit reset
flip-flops Z1, Z2, Z4 and Z8 into the initial stagand increments the Z counter for control of the

16th byte. From outputd 6 of inverter N88 a logic O signal enters the cadnimput of the
differentiating circuit of flip-flop Z16. The VLS yse of the 16th byte through the differentiating
circuit resets the flip-flop into the initial statand turns off the Z counter. A positive voltagemr
from output S16 of inverter N87 through gate K15@l ahe differentiating circuit with RU = 0
resets flip-flop VER into the initial state. Fromtput VER of inverter N68 a logic 0 signal enables
gates K177 and K178. A positive voltage drop of gates outputs through the differentiating
circuits reset flip-flops F2, F4 and F6 into theial state.

[11.5.5. Comparison of values after the shift of he information in registers
MR, AC (about MD — MD), (MR + MD — MD).

After disconnection by counters flip-flop VER resento the initial state. From outpMER of
inverter N67 a logic 1 signal disables gate K11do&put SUB of inverter N47 a logic 1 signal is
generated, which determines the completion of tbbtr&ction operation. Sequential pulse S1
through gate K185 and the differentiating circuttem Al = O sets flip-flop Z1 into the working
order incrementing the Z counter. During the cyofethe Z counter the Subtraction operation
0 - MD — MD is carried out which occurs in a sequence, @ga@ls to the description in section
1.5.3.

0000000000000000
0000000000001207 MD
9999999999998793 MD

After completion of the subtraction operation thempletion of the addition operation
MR + MD — MD occurs.
9999999999998793 MR

0000000000012000 MD
0000000000010793 MD
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As a result of completing the addition operatiorregister MD is written the straight number,
flip-flop F6 remains in the initial state, whichreesponds to inequality MR > MD, I.E. the number,
written into register MR, is more than that writieto 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 - MB MD occurs in a sequence, analogous to
the description of the subtraction operation otises 111.3.8. and I111.3.9. In this case insteactioé
ACO register through gate K108, control of the Migjister occurs:

_0000000000012000 MR
00000000000107981D
0000000000001207 MD

As a result of completing the Subtraction operatlmdividend in register MD will be replaced
by the number 0000000000001207. The VLS pulse efliéth byte through the differentiating

circuit with 96 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. A positive
voltage drop from output S16 of inverter N87 throwgate K149 and the differentiating circuit with
ADD = 0 resets flip-flop F1 into the initial state.

Sequential pulse S1 by a positive voltage droputjinogate K153 and the differentiating circuits
with Z+E8 = 0 resets flip-flop F2 into the initistate and sets VER into the working order.
Simultaneously pulse S1 through gate K185 and ifferentiating circuit when Al = 0 sets
flip-flop Z1 into the working order incrementingefZ 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 outputsaAG ACO of inverters N44 and N45 logic O
signals are generated. Gates K101 to K108 are ldsaét output MDS of inverter N42 a logic O
signal is generated. From outputs AC, ACO, MDS MRIS of the inverters logic O signals enter
gates K6 to K11 and block the operation of regsfe€, ACO, MD and MR. As a result of blocking
the registers counter Z is carried oumarried errowith VER = 1.

After setting flip-flop Z16 into the initial stateom output S16 of inverter N87 a positive voltage
drop through gate K144 and the differentiatinguirgvith 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 decrérien 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.
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At output MRS of invertergN28)" 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 theaZinter from the 16th to the 15th byte at
output S16 of the inverter N87 is generated a pasitoltage drop, which through gate K169 and
the differentiating circuit with F2 = 0 sets flippp F2 into the working order. During the
decrementing count of the Z counter the shift ofp@meof the divisor is carried out to the right by
one byte. After reading and writing in the 1st bijfie-flops Z1, Z2, Z4 and Z8 are located in the
initial state, with Z16 in running order. The VLSipe of the 16th byte through gate K187 set
flip-flops Z1, Z2, Z4 and Z8 into working order aw@écrements the Z counter for control of the
15th byte. At output S16 of inverter N87 is form&gositive voltage drop, which through gate

K149 and the differentiating circuit wittlER = 0 resets flip-flop F1 into the initial state.

From output F1 of inverter N63 a logic O signal ldea gate K77. From output RU of inverter
N24 a logic O signal disables the operation of shbhematics of the reverse counting of the Z
counter. The VLS pulse of the 15th byte througte dét87 reset flip-flops Z1, Z2, Z4 and, Z8 into
the initial state. The Z16 flip-flop remains setdansures control of the 16th byte. The VLS pulse

of the 16th byte through the differentiating citcwith 3.6 = O resets flip-flop Z16 into the initial
state and turns off the Z counter. A positive vgdtairop from output S16 of inverter N87 through
gates K159 and the differentiating circuit with RLD 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 intde initial, and F5 into the working order. The
working order of flip-flop F5 indicates the end thfe operations of determining the quantity of
bytes of the quotient.

[11.5.7. Preparatory quotient formation of
(0-MD — MD), (MR + MD — MD).

The preparatory operations for formation of thetognt are carried out in a sequence, analogous
to the description the section 111.5.5 (0 - MB MD)

_0000000000000000
000000000000120VID
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 workiogler.

Note -

N38 and N29 listed here are corrections from the original Rarssnanual in which they were
incorrectly listed asN28 and N39, this did not match the circuit and logic drawings
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Sequential pulse S1 through gate K185 and therdiiteating circuit with A1 = 0 reset flip-flop Z1
into the working order incrementing the Z countiter incrementing the Z counter the addition
operation of the straight number of the divisorhwihe arithmetical addition of the dividend
MR + MD — MD is carried out.

_0000000000001200 MR
9999999999998 7981D
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 tperation of gate K180. The
VLS pulse of the 1st byte through gate K180 anddifierentiating circuit when S16 = O resets
flip-flop F6 into the initial state. The VLS pulsé the 16th byte through the differentiating citcui

with 26=0 resets flip-flop Z16 into the initial state atwns off the Z counter. Simultaneously
pulse VLS through gate K174 and the differentiatirguit with UBER = 0 resets flip-flop F6 into
the working order. The working order of flip-flog letermines that the information of the register
MD > MR, as a result of this the byte of quotientidded one. After disconnection of the Z counter
from output S16 of inverter N87 a positive voltatyep through gate K169 and the differentiating
circuit with F2 = 0 resets flip-flop F2 into the viking order.

Sequential clock pulses S through gate K91 andlitferentiating circuit withF2 = O 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 fiiflop 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 aulsiration of the 16th byte.

Gate K83 is enabled, from output MRS of inverte9Mind N38 a logic 0 signal enters gate K6
and disables the operation of the MR register. 4120 with V = 1 is enabled. At output ACO of
inverter N45 a logic 1 signal is generated, whichuges operational control of the ACO register.

During the first of the read and write cycles cohuf registers does not occur.

During the second read cycle the number 0 (0008)ared from the four ferrite core planes of
the 16th byte into the four flip-flops of regisi&r

6B Dak. 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 intofihr ferrite core planes of the 16th byte of theQAC
register.

The VLS pulse of the 16th byte through the difféismg circuit with 6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctamn 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 flipep F2 into the initial state.

Sequential pulse S1 through gate K185 and therdiffeating circuit with A1 = 0O resets flip-flop
Z1 into the working order incrementing the Z counte

During the cycle of the Z counter the Add operattdiMR + MD — MD is carried out
~0000000000001200 MR

99999999999999981D
0000000000001193 MD

After the record of a number into the 1st bytelwf 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, thereforepfliop F6 do not change initial state. The initial
state of flip-flop F6 determines that the infornoatiof register MR > MD, as a result this into the
byte of quotient one to does not enter. Pulse VE$he 16th byte by a positive voltage drop

through the differentiating chain WitBl6 = O resets flip-flop Z16 into the initial statedaturns off
the Z counter. A positive voltage drop from out@li6 of inverter N87 through gate K169 and the
differentiating chain with F2 = 0 resets flip-flé12 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 andrdiiteting chain with A1 = 0 resets flip-flop
Z1 into the working order incrementing the Z counte

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

166



Completion of the operation occurs in a sequenta@pgous to the description in section I11.5.6.

The VLS pulse of the 16th byte through the difféi@img circuit with S6 = by 0 resets
flip-flop Z16 into the initial state. A positive Wtage drop of the output S16 of inverter N87 thioug
gate K149 and the differentiating circuit with ADD 0 resets flip-flop F1 into the initial state.
Sequential pulse S1 through gate K153 and the rdift@ating circuits with Z+E8 = 0 reset
flip-flops F2 into the initial and VER into the wiang order. Simultaneously pulse S1 through gate
K185 and the differentiating circuit when Al = Ose¢s flip-flop Z1 into the working order
incrementing the Z counter. Gate K106 is enabledutgput MDS of inverter N42 a logic 1 signal is
generated, which enters gate K7 and ensures cafttioé 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 cycle lué £ counter. As a result of the shift the remainde
of the dividend, written into register MD, increaday 10. Pulse VLS through the differentiating
circuit with 96 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. A positive
voltage drop of the Z16 output of inverter N87 thgh 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 resetsptflop 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 teryis

During the read cycle from the four ferrite coreamgs 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 diffeising 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 differentigtoircuit 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 withVER = 0 and F2 = 0 reset flip-flops F2 and Z1 in watkiorder,
starting the Z counter.

During the read cycle the number 0 (0000) is stdreoh the four ferrite core planes of the 1st
byte of the ACO register into the four flip-flop§register A.

During the write cycle the number 1 (0001) is rét®n from the four flip-flops of register E into
the four bits of the 1st byte of the ACO registdne shift of the remaining bytes of the ACO registe
occurs in the usual sequence.

6B*
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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 IeH, It is rewritten into the 14th byte. The VLS pails
of the 16th byte resets flip-flop Z16 into the ialtstate and turns off the Z counter.

A positive voltage drop from output S16 of inverté87 through gates K149 and K159, the

differentiating circuits withVER = 0, RU = 0 reset flip-flops F1 and VER into tmitial 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 the rdiftaating circuit when Al = O resets
flip-flop Z1 into the working order incrementingettZ counter. Gate K114 is enabled, at the SUB
output of inverter N47 a logic 1 signal is genedaterhich determines the completion of the
Subtraction operation 0 - MB> MD.

During the first cycle of the Z counter the Subti@t operation is carried out in the usual
sequence

_0000000000000000
000000000000007/MID 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
999999999999993MD
0000000000001130 MD

As a result of completing the operation flip-flop Femains in the initial state.
During the third cycle of the Z counter the Subtiat operation MR - MD— MD is carried out
~0000000000001200 MR

000000000000113MD
0000000000000070 MD

As a result of completing the Subtraction operatlfmremainder 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 countensure the shift of the information in the MD anGA
registers. Consequently, the arrangement of infoamaorresponds 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 ihe sequence, analogous to the description in

section 111.5.4, occurs the resetting of the cqroesling flip-flops into the initial state and the
disconnection of the Z counter.

[11.5.11. Comparison of values for rounding
(0-MD — MD) (MR+ MD — MD).

In the sequence, analogous to the descriptionahoselll.5.5, the Z counter is started, which
carries out the comparison operation of the valonesegisters 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 fows bitferrite 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
fom the four flip-flops of register E. Gate K49dksed with the logic O signals of inpuEd and
E4 . From output E of inverter N14 a logic 1 signahkles 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 difféis@mg circuit with 6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam

A positive voltage drop of the S16 output of ineem87 through gates K170, K149 and K159,

the differentiating circuits withF2 = 0, VER= 0, RU = 0 resets flip-flop F4 into working, Fldan
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 thengaletion 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 therdifteating circuit when Al = 0O resets
flip-flop Z1 into the working order and starts tHecounter for completion of the comparison of
values operations. The comparison of values of @D — 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 O - MD— MD is carried out:
_0000000000000000

000000000000700@D
9999999999993000 MD

During the second error of the counter the Add afpem MR + MD— MD is carried out

0000000000001200 MR
+ 9999999999993000D
9999999999994200 MD

As a result of the comparison of the values ofdbwnid 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

+99999999999942001D
9999999999995400 MD

As a result of the comparison of the values ofdéiwid and divisor during the fifth cycle of the Z
counter into the 16th byte of the ACO register entme:

7000000000000100 ACO

The comparison of values and the formation of the-drder digit of quotient is carried out
analogously with the description in section 111.5.8

After the record number 9 (1001) in the 16th byfetre quotient the error is included by
counters and the comparison of values, |.E.. igethout operation MR + MB- MD:

0000000000001200 MR
+ 999999999999780MID
9999999999999000 MD 9000000000000100 ACO.

The comparison of the values of dividend and divisads to the result MD > MR.
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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 signal lelea the operation of gate K91.

Simultaneously pulse VLS through the differentigteircuit with 36 = 0 resets flip-flop 216
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 = 0O sets flip-flop k2o the working order.

All the remaining F flip-flops are located in rungi order after the setting of flip-flop F2.

Sequential clock pulses S through gate K91 n tfferdntiating chain wherF2 = 0 sets flip-flop
Al into the working order.

Sequential pulse S1 through gate K194 and therdiifeating circuit with Z+E8 = O resets
flip-flop Z16 into the working order and starts tBeounter.

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%)ared from the four ferrite core planes of
the ACO register 16th byte into the four flip-flopgregister 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 anddlfferentiating circuit with U = 0 sets flip-flop
UBER into the working order. After setting flip-floUBER into the working order in register A
flip-flops will be written the number 0 (0000).

During the second write cycle the number (000Ggysritten into the four ferrite core planes of
the ACO register 16th from the four flip-flops @gister A

Pulse VLS through the differentiating circuit WitB6 = 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 into the working order iementing the Z
counter.

Gate K120 with V = 1 is enabled. At output ACO nferter 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 (0006)aiked from the four ferrite core planes of
the ACO register 1st byte into the four flip-flopsregister A.
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A positive voltage drop from output LES of inverté25 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 difféia@mg circuit with 36 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctaiA positive voltage drop from output S16 of the
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 tR&O0 register faw is Chelp formation of
guotient. The arrangement of information in the A€Qister corresponds to the following record:
0000000000000101.

Sequential pulse S1 through gate K185 and therdiiteating circuit with A1 = 0 resets flip-flop
Z1 into the working order incrementing the Z courftg completion of the comparison of values
operation. As a result of the comparison of valmesobtain MD < MR:

0000000000001200 MR
+999909999999900M1D
0000000000000200 MD

During the transfer of the overflow bits the flilep E8 consecutively inverts into the working
and initial conditions. A positive voltage drop thile output E8 of inverter N21 through gate K64
and the differentiating circuit with U = 0 set9flilop UBER into the working order.

The VLS pulse of the 16th byte through gate K18@ d&ne differentiating circuits with
UBERand 96 = 0 reset flip-flops F6 and Z16 into the initiht® 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 = 0O sets flip-flop k2o the working order. After disconnection of the
Z counter the following clock pulse through gate6ka&hd 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 into the working order incrementingeltZ counter. Gate K119 with U and LES = 1 is
enabled. At output ACO of inverter N45 a logic §real is generated, which ensures 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 inkees N29 and N38 a logic 0 signal enters gate
K6 and disables the operation of the MR registent®l| of the operation of the MR register occurs
with U and SCHREIB=1and V = 1.

During the first read cycle the number 1 (00013tmred 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)esvritten into the four ferrite core planes of
the MR register 1st byte from the four flip-flop$ @egister A independently of the previously
written information.

During the second read cycle the number of the lbasrof the ferrite core of the 1st byte of the
MR register in accordance with example 1 (000Xe&d without storing into the four flip-flops of
register A. Gate K88 is enabled, from the outputimverter N34 a logic O signal disables the
operation of the read amplifiers.

During the second write cycle from the four flipls of register A the number 1 (0001) is
rewritten into the four ferrite core planes of MR register 1st byte. The rewriting of the remagnin
bytes of quotient is carried out analogously.

The VLS pulse of the 15th byte through gate K18#%ements 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 fearrite core planes of the 16th byte of the ACO
register in accordance with example to 0 (000@¢&sl without storing into four flip-flops of the A
register (I.E. the information of four bits is ezd3.

During the second write cycle from the four flipls of register A the number 0 (0000) is
rewritten into the MR register 16th byte.

The VLS pulse of the 16th byte through the diffeéi@img chain with 3.6 = 0 resets flip-flop
Z16 into the initial state and turns off the Z ctam A positive voltage drop of the output S16 of
inverter N87 through gate K133 and the differemgtircuit with F6 = 0O resets flip-flop B3 into
the initial state.

From the B3 output of the flip-flop a logic O sigremables gate K135. A positive voltage drop of
the DIV output of amplifier V567 through the diféattiating circuit resets flip-flop F2 into the

initial state. Sequential clock pulses S througte ¢gél34 and the differentiating chain witk= 0
resets flip-flop B4 into the initial state. Follovg pulse S1 through gate K142 and the
differentiating chain with Z+E8 = 0 resets flipfiidR 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 postwoltage drop from output K the inverter N58
through the differentiating circuits reset flip4l® F1, F3, F4 and, F5 into the initial state.
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Table of the sequence of activity of the functiociatuit elements
for the general case of Division, and a numersample.

o) c .
£ 2 . . . State and transition of the Registers
« © Operation Operation selection ; Notes
o8 carried out for result control flip-flops
2 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...01207| 000...01207 0000...0000
Divisor entry 000...01207| 000...01200 0000...0000
Equals key 000...01207| 000...01200 0000...0000
1 | Record of SUB = 1. 0/0 | 0/0 | O/2 | O/1 | 0/0 | O/O | According to an 000...01207 | 000...01200| 0050...0000
rounding off OperationNe 2 is example the 14th byte
number 5 into carried out. is selected. At output
16th byte of DIV alogic 1 signal is
register ACO. generated. Inversion of
Analysis of the flip-flops; F4 - through
signs of dividend K171; F3 - through the
and divisor. differentiation chain,
with R =0, SUB=1 -
through gate K114
2 | Preparation, for | OperationNe 3 is 0/1 | 0/0 |1/1 | 1/1 | 0/0 | O/1 | F1, F6 - through gate| 999...98793| 000...1200 | 0050...0000
the comparison of carried out. K144
the absolute
values of dividend
and divisor.
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Comparison of | MD—MR, 0/0 | 0/2 | 0/0 | 0/0 [ O/0 | 1/0 | F2 =1 through K169;| 999...99993| 000...01200| 0050...0000
the absolute operationNe 4- 8 (1) | F6 -into the initial MD>MR
values of are carried out. state through K180
dividend and With MD < MR and into working ordel
divisor. operationNe 28 is through K174 with
MR + MD— MD | carried out. MD >MR. SUB =1 -
through K115
Complement of | Operation 1/0 | 1/0 | 1/1 | 1/1 | 0/0 | 1/1 | F1, F2 through K149 | 000...01207| 000...1200 | 0050...0000
dividend. MR - Ne 5 is carried out. K153 VER =1
MD — MD through K153
Shift MR one byte Operation 0/1 | 0/0 | 1/1 | 1/1 | 0O/0 | O/O | F1 -through K144 000...01207| 00...12000 | 0050...0000
to the left Ne 6 is carried out.
Shift ACO one OperationNe 7 is 1/0 | 1/0 | 1/1 | 1/0 | 0/0 | 1/0 | F1 - through K149, 000...01207| 00...012000| 00050...000
byte to the right | carried out. F4 - through K178,
During record by 5 F6 - through K177,
into the 1st byte VER=0 - through
ACO is carried out K159,
operationNe 29. F2=0 - through K177
SUB= 1- through
K114
Preparation for Operation 0/1 | 0/0 |1/1 | 0/0 | O/O | O/1 | F1, F6 - through K144 999...8793 | 000...12000| 00050...000

the completion of
the operation of
the comparison of
absolute values.
0 - MD—MD

Ne 8 is carried out.
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Continuation

c .
g '% . Operation State and transition of the Registers
w © Operation . . Notes
© g carried out selection for control flip-flops
28 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 | MD > MR, 1/1 | 0/1 | 1/1 | 0/0 | 0/0 | 1/1 | F2 - through gate 000...10973| 000...12000 | 00050...000
the absolute operations (0) | K169, MD < MR
values of Ne 4 -8 are F6 - into the initial
dividend and carried out. state through K180,
divisor. With MD <MR with MD < MR.
MR + MD— MD | operations\e 9 — SUB=1- through K113
13 are carried out,
9 | Complement of | OperationNe 10 | 1/0 | 1/0 | 1/1 | 0/0 | 0/0 | 0/0 | F1 — througtK149, 000...01207| 000...12000 | 00050...000
the dividend is carried out. F2 — througlK153
MR —MD— MD
10 | Directidle OperationNe 11 | 0/2 | 0/0 | 1/1 | 0O/0 | O/0 | 0/0 | F1 — througlK144 000...01207| 000...12000| 00050...000
miscalculation of | is carried out
the Z counter
11 | Shift MR one OperationNe 12 1/0 | 1/0 {1/2 | 0/0 | O/1 | 0/0 | F1 — throughK149, 000...01207| 000...1200 | 00050...000
byte is carried out F2 — throughK169
andK177,
E5 — throughK173
12 | Preparation for | OperationNe 13 | 0/1 | 0/0 | 1/1 | 0/0 | 1/1 | 0/1 | F1, F6-througfik144 999...8793 | 000...1200 | 00050...000
the formation of | is carried out
quotient.
0-MD — MD
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13 | Comparison of MD > MR, 1/1 | 0/1 | 1/2 | 0/0 | 1/1 | 1/0 | F2 —througtK169. 999...9993 | 000...1200 | 00050...000
the absolute operationNe 14 is (0) | With MD >MR MD > MR
values carried out. F6 remains in running
MR + MD — MD | With MD < MR, order througlK174
operations\e 16
— 18 are carried
out.
14 | Record 0001 into | OperationNe 15 | 1/1 | 1/0 | 1/1 | 0/0 | 1/1 | 1/1 | F2 — througlK176 999...9993 | 000...1200 | 1050...000
16th byte ofACO | is carried out.
15 | Comparison of MD <MR, 1/1 |1/0 | 1/1 | 0/0 | 1/1 | 1/1 | F2 — througlK169 999...1193 | 000...1200 | 1005...000
the absolute operationNe 15 is (0)
values. carried out.
MR +MD — MD | With MD < MR,
operations\e 16
— 18 are carried
out
16 | Complement of | OperationNe 16 1/0 | 1/0 {1/2 | 0/0 | 1/1 | 0/0 | F1 through K149, 000...0007 | 000...1200 | 1005...000
the dividend. is carried out. through K153
MR —-MD — MD
17 | Shift MD one OperationNe 18 | 0/12 | 0/0 | 1/1 | 0/0 | 1/1 | 0/0 | F1 — througlK144 000...0070 | 000...1200 | 1005...000

byte to the left

is carried out.
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Continuation

c .
g '% . Operation State and transition of the Registers
w © Operation . . Notes
© g carried out selection for control flip-flops
28 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 5 | 1/0 | 1/0 | 1/12 | 0/0 | 0/0 | 1/1 | F2 - through K169it | 000...0070 | 000...1200 | 0050...001
byte to the left into the 16th byte is working, through
ACO is performed K177 - into the initial
the operatiomie state,
2. In the general F1 through K149
case of operation
No 19, 20
19 | Preparation for | OperationNe 20is| 0/1 | 0/0 | 1/1 | 0/0 | 1/1 | 0/1 | F1, F6 - through K144 999...9930 | 000...1200 | 0050...001
the comparison of carried out.
absolute values.
0-MD— MD
20 | Comparison of With MD < MR 1/1 | 0/1 | 1/1 | 0/0O | 1/1 | 1/0 | F2 - through K169, 000...1130 | 000...1200 | 0050...001
absolute values | operations\e 16- F6 - into the initial MD < MR
MR + MD — MD | 20 are carried out, state with MD < MR
With MD > MR
operations\e 16,
17 are carried out]
16 | With MD < MR 000...0070 | 000...1200 | 0050...001

operations\e 16-
20 are repeated.
Complement

MR - MD — MD
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17

Shift MD one
byte to the left.

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.
MR +MD —MD.

> With MD > MR
operations\e 16-

With MD< MR
operation\e 16,

20 are carried out|

17 are carried out|

00...00500
MD < MR

000...

1200

0500...

010

16

With MD < MR
operations No 16,
17 are repeated.
Complement

MR -MD — MD

00...0700

000...

1200

0500...

010

17

Shift MD one
byte to the left

0/1

0/0

1/1

0/0

1/1

0/0

The state of flip-flops
is analogous with
operationNe 17

0...007000

000...

1200

0500...

010
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Continuation

c .
g '% . Operation State and transition of the Registers
w © Operation . . Notes
© g carried out selection for control flip-flops
2 & 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/2 | 1/1 | 0/0 | F2 - through K169 ...007000 | 000...1200 | 5000...100
byte to the left into working order,
through K177 - into
the initial state,
F1 - through K149,
F4 - through K170
22 | Preparation for 0/1 |0/0 |1/2 | 1/1 | 1/1 | O/1 | F1, F6 — througlK144 ...993000 | 000...1200 | 5000...100
the comparison of|
absolute values. 0
-MD — MD
23 | Comparison of the With MD > MR /1 |0/1 | 1/1 |1/ | 1/1 | 1/1 | F2 —throughK169 ...994200 | 000...1200 | 5000...100
absolute values | operationN\e 14 is MD > MR
MR +MD — MD | carried out.
With MD < MR
operations\e 16-
18 are carried out,
24 | Write 0001 into | OperationNe 23is| 1/1 | 1/0 | 1/1 | 1/1 | 1/1 | 1/1 | F2 —througtK176 ...994200 | 000...1200 | 6000...100
the 16th byte of | carried out.
ACO
23 | Comparison of the With MD >MR /1 |0/1 | 1/1 | 1/2 | 1/1 | 1/1 | F2 —throughK169 ...995400 | 000...1200 | 6000...100
values operationNe 24 is
MR +MD — MD | carried out.
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With MD < MR
operations\e 16 -
18 are carried out]

24 | Write 0001 into | OperationNe 23is| 1/1 | 1/0 | 1/1 | 1/1 | 1/1 | 1/1 | F2 - through K176 9...995400 | 000...1200 | 7000...100
the 16th byte of | carried out.
ACO
23 | Comparison of With MD > MR /1 | 0/1 | 1/2 | 1/1 | 1/1 | 1/1 | F2 - through K169 9...996600 | 000...1200 | 7000...100
values. operationNe 24 is
MR + MD — MD | carried out.
With MD < MR
operations\e 16 -
18 are carried out
24 | Record by 0001 | OperationNe 23is| 1/1 | 1/0 | 1/1 | 1/1 | 1/1 | 1/1 | F2 - through K176 9...996600 | 000...1200 | 8000...100
into the 16th byte | carried out
of ACO
23 | Comparison of With MD > MR 1/1 | 0/1 | 1/1 | 1/12 | 1/1 | 1/1 | F2 - through K169 99...997800| 000...1200 | 8000...100
values. operationNe 24 is
MR + MD — MD | carried out.
With MR < MR
operations\e 16 -
18 are carried out,
24 | Write 0001 into | OperationNe 23is| 1/1 | 1/0 | 1/1 | 1/1 | 1/1 | 1/1 | F2 - through K176 99...997800| 000...1200 | 9000...100

the 16th byte of
ACO

carried out.
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Continuation

c .
g '% . Operation State and transition of the Registers
w © Operation . . Notes
© g carried out selection for control flip-flops
28 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 the WithMD >MR. | 1/1 |(0/1 | 1/1 | 1/1 | 1/1 | 1/1 | F2 - through K176 99...999000| 000...1200 | 9000...100
values of OperationNe24 is
MR - MD — MD | carried out.
When MD < MR
operations\e 16 -
18 are carried out]
24 | Write 0001 in the | Operatiom\e 25 | 1/1 | 1/1 | 1/1 |1/1 | 1/1 |11 99...999000| 000...1200 | 9000...100
16th byte of ACO | is carried out.
25 | Write 0001 into 1/1 | 1/0 | 1/1 | 1/1 | 1/1 | 1/1 | F2 - through K176 99...99900 | 000...1200 | 000...101
the 16th byte of
ACO
23 | Comparison of the WithMD >MR. | 1/1 | 0/1 | 1/1 | 1/1 | 1/1 | 1/1 | F2 - through K169, F6 t+ 00...000200; 000...1200 | 0000...10
values of OperationNe24 is into the initial state
MR - MD — MD | carried out. through K180. With
MD < MR, Ne 26 MD<MR
is carried out.
26 | Shift of quotient | OperationNe 27 1/0 | 1/0 | 1/0 | 1/0 | 1/0 | 0/0 | Initial state through
fromACO in MR is carried out. K142, F1, F3 -F6
through the R/C chaing
from the positive drop
R of inverter N58. F2
from DIV=0
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When the quotient has a « minus » sign, flip-flog M located in running order. From output
S16 of inverter N87 a logic 1 signal disables d¢&t&2. At output C1 of inverter N4 a logic 0 signal
is generated, which ensures the « minus » sign 00608& is written during the second write cycle
into the 16th byte of the MR register. The VLS jputd the 16th byte through the differentiating

circuit with 26 = 0 resets flip-flop Z16 into the initial statedaturns off the Z counter. Sequential
pulse S1 through gate K186 and the differentiatimguit with X = 0 sets flip-flop Zin working
order and increments the Z counter for displayhefquotient.

lI1'5.14. Exceeding register length with division.

Exceeding the register length during formationhe guotient occurs when the quotient exceeds
the permissible 15th byte limit of the registerddn 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 shifth#f information of registers MR one byte to the
left, ACO - one byte to the right. Consequentlyrrding off number 5 (0101) is shifted one byte to
the right. A different order of magnitudes of digil and divisor leads to the sequential execution
of the operations of the comparison of values dmitl &f 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 intogtist digit number 5 (0101) in the usual sequenee t
comparison of values occurs and the start of tlife shthe information of the ACO register with
MD > MR.

During the shift of information in the ACO registiére rounding off number 5 (0101) is stored
into the four flip-flops of register A. The VLS md of the 1st byte through gate K186 decrements
the Z counter control of the 16th byte and simwtarsly stores the number 5 (0101) from the four
flip-flops of register A into the four flip-flopsfaregister E. Flip-flops E1 and E4 invert into the

working order. From outputgl and E4 logic O signals enable gate K49. From output eérter

N14 a logic 1 signal disables gate K165. From thgput of gate K165 a logic 1 signal enters
through gate D25 to the input of inverter N69. Frtm output of inverter N69 a logic O signal
disables the operation of gate K162. From output ®i$he gate a logic O signal is fed to the
differentiating chain input and disables the operaibf the memory timing monostable for the

shaping of pulses t antd

During the completion of operation27 the sign is written into the 16th byte of the Mgister;
operation Ne28 is carried out with the condition MV < MR in thaperationNe3, after the
comparison of values is carried out shift MD to diyge to the left andeverse unmarriedycle of
the Z counter. In the case of exceeding registegtleoccurs the blocking (operatid®9).
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CHAPTER IV

Maintenance.

The basis of construction of this computer is theqgiple of assembling separate units,
constructed in essence on the elements, used inpdlse technique. In comparison with
electromechanical models of computers, the absefhtiee wear of mechanical components and
other units completely changes the nature of maamee. The need for regular preventive
inspection, lubricant and replacing of worn compaeeand mechanical units is eliminated.

In normal usage the machine must be protected ttampness and dust. The removal of dust
from the current-carrying surfaces of the circwiilis 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 covexéiti 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 deviaappgar 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 fractianinputs and outputs of each element of
the functional diagram is determined thus: the mamoe of fraction - number of the joint contact,
the denominator of fraction - number of the boagseanbly or 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 diagitasmimpossible to reach the desired result, for
determining the emergent malfunction, the displaangd 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 sequidacbpard 1 or 12 can be the first board from
the right side of the arithmetic-logic unit.
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IV.1. Indicator panel connection.

1) Remove the upper rear cover of the machine.

2) Remove the connecting plug from joint V7.

3) Connecting the display panel through the cdstatjoints V7 and, V8.
4)  Fit the display legend to the indicator pameéd(32).
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Fig. 32. Indicator panel legend.

5) Connect the mains supply voltage to the machintethe display panel.

6) Set the indicator panel switch to tA&JSG (0 - 9) position (Fig. 32).

7)  Turn on the EIN-AUS toggle switch of the digpf@anel to the position EIN (switched).

8)  Turning theswitch EIN - AUS to connect the nsawoltage to the schematic of machine.

9) Press the L6 key to reset the machine andniffieator panel for checking the completion
of arithmetic operations.

Checking the sequence switching the elements aftreld@c circuit with the 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 glowing incandescent signal lamp corresponds lmgac 1 signal at output of the equivalent
component of an electronic circuit.

Analog free sockets serve for the connection obsailloscope 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 poedl in the sequence, analogous to the
description of chapter 1.
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Fig. 33. Diagram of the connector | V5 nepexnwovarens sonarod
layout on the block AU io ér/
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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 registér.

Functional keys should be held in the switchedtpwsuntil it is shown that the indicator lights
of the Z counter are turned off. The completiortt@ corresponding operation will occur after the
release of the pressed key if are preliminasihyledthe 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 timbaefelease of key.

Operational spped of the elements of the networth@fmachine depends on a master oscillator
in the display panel with switched ranges givinggfrencies 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, L.E. the possibility of manual control is crehte
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IV.2.  Connection tables and Signal names.

Board 1
Number Signal name Addresses of the field joints
1 Ad 3/3
2 3 5/12
3 Z8L 312
4 Z8S a2
5 Z8L 5/2
6 S4s 6/2
7 S4L 712
8 L 8/2
10 Sas 10/2
11 Lésp 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 22/2
23 ZAC1 2312
24 SCHR 24/2; 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 OyspA 37/2 17V3
38 OyspA 38/2 18V3
39 OuspA 39/2 19v3
40 785 40/2
41 SS3 41/2
42 i 4212
43 t 43/2
44 A4 44/3/4; 45/8 22V8
45 BLS 45/2
46 BL1 46/2
47 SS2 4712
48 A8 48/3; 34/9
49 Ss4 49/2
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, 12Vv2: 5, 6V3; 1V8
61 +U 61/1-12 13V2; 21V7
62 Uy 62/1-12 14, 15V2; 29V6;  20V7
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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 311
4 78S 4/1
5 z8L 5/1
6 S4s 6/1
7 saL 7/1
8 SaL 8/1
9 ST 10/5/6/7/8; 13/9
10 S4S 10/1
11 F5 12/4; 15/5/6/7; 1419 V7
12 z4 13/5; 12/10; 11/11 11v7
13 Fa 14/3/6; 15/9
14 F4 18/6; 19/7; 18/9 6V7
15 LES 15/4; 16/5/6
16 -Usp 2011 9, 10V2
17 -Usp 2011 9, 10V2
18 z8 23/5/7; 21/10; 23/11 12v7
19 ZMD 1911
20 -Usp 2011 9, 10V2
21 ZAC3 211
22 ZACO 2211
23 ZAC1 2311
24 SCHR 24/1; 25/5/6 5v8
25 ZMR 25/1
26 ZAC2 26/1
27 F5 11/3; 12/5/6/9
29 78 22/10; 28/11
30 Za 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 371 17V3
38 OVspA 38/1 18v3
39 OVspA 3911 19v3
40 78S 401
41 SS3 411
42 t 41/5
43 t 43/1
45 BL8 45/1
46 BL1 46/1
47 SS2 471
49 SS4 491
50 Ss1 50/1
53 c8 53/1; 54/3; 53/4
54 z1 55/5; 48/10/11 ov7
56 c1 55/1; 56/3/4
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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 7 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 F5 2712; 12/5/6/9

14 Fa 13/2; 14/6; 15/9

15 K28 14/4

16 Al 15/1; 16/4; 20/8; 19/10 2v8

19 A2 18/1/4 12v8

20 K112 20/6

21 E2 23/4 13v8

22 SVM 22/6

24 VER 26/4/5/6/7/8/9/10

25 HV8 27/1

26 A8 2714 32v8

27 B4 2716/7/9/10 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 28v8

41 A8F 42/4; 4177

42 A2F 43/4; 41/6

43 = 43/6; 44/9; 43/10

44 A4 44/1/4; 45/8 22v8

45 K91 46/5
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Continuation

Number Signal name Addresses of the field joints

46 K152 48/8

47 E4 49/4 23Vv8

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 o 53/1/2/4

56 c1 55/1; 56/2/4

57 Bl 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 216

4 ADD 3/6/8/9/10

5 9 5/3; 6/12

7 VLS 7/3/5; 6/8/9/10

8 R 7/6/7/8/9/10 19v8

9 Mz 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; 14/9 V7

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 2Vv8

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 Z 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
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Continuation

Number Signal name Addresses of the field joints

28 R 27/5; 28/7; 27/8; 28/9/10

29 X 29/5; 30/6/7/8; 54/4

30 E8 29/3 1v7
31 EUBER 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 AlF 39/3

40 [ 41/12

41 VER 40/3/5/; 39/6; 40/8; 41/9 28V8
42 A8F 41/3/7

43 A2F 42/3; 41/6

44 A4 44/1/3; 45/8 22v8
47 UBER 46/8; 4719; 46/10 2V7
48 0 49/9; 40/12

49 E4 47/3 23Vv8
50 Z/10 42/12

51 A4F 51/3

52 G1 52/3/8/10

53 Cc8 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 oV 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 abowe incorrect, correct signals are shown to that.rig

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; 5/8; 4/9; 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
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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 F5 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; 1419 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 Z 22/417; 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; 25/6/7
26 VER 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; 54/4
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 15Vv8
38 RU 37/6; 38/7; 39/8/9; 38/10 27V8
39
40 VER 40/3; 41/4; 39/6; 40/8; 41/928V8
41 t 42/2
43 RU 41/10
44 E3 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
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Board 6

Number Signal name Addresses of the field joints
1 MDS 212; 2/5 21v8
2 ADD1 3/4
3 ADD 4/4; 3/8/9/10
4 F1 4/5/7; 5/8; 4/9; 5/10 3Vv7
5 EING2 5/7
7 R 8/4; 7/7/8/9/10 19v8
8 F3 8/3/5/7/8/19 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 [ 13/2; 14/3; 15/9
15 F5 11/2; 12/4; 15/5/7; 1419 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 2213
24 DIV 24/5/7/8/9/10 18v8
25 SCHR 24/1/2; 25/5 5V8
26 VER 24/3; 26/4/5/6/7/8/9/10
27 B4 27/3/7/9/10 18V7
29 S16 28/5; 29/7; 2818; 29/9/10
30 X 29/54/4; 30/7/8; 29/5
31 AC 31/2; 30/5 30v8
32 ACO 32/2/5 31v8
33 MRS 33/2/5 11v8
35 v 37/3; 36/5 15Vv8
36 B1 3717
37 Rii 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 = 43/3; 44/9; 43/10
45 S16 45/10
51 F6 52/5; 53/7; 52/9; 50/10 8Vv7
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 SUB 58/4 25V8
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
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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 KO 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; 1419 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 EiING 21/4; 22/8; 19/9; 43/9; 42/8
22 Z 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 MUL 25/4/9/10
26 VER 24/3; 26/4/5/6/8/9/10
27 Ba 27/3/6/9/10 18V7
28 R 28/4; 27/5/8; 28/9/10
29 S16 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; 4214
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 31v4
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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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 4/5/6/7/9; 5/10

6 VLS 7/3/4/5; 6/9/10

7 R 8/4; 7/6/7/9/10

8 F3 8/3/5/6/7/9

9 MZ 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 Z 22/45/7/9; 20/10

22 EING 21/4/7; 19/9; 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 UBER 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
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Number Signal name Addresses of the field joints

39 Rii 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 F3 44/5; 4216

44 Ko 45/9; 9/7

45 A4 44/1/3/4 22Vv8

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 3Vv7

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 V7

15 Fa 13/2; 14/3/6

16 X 17/4/5; 16/8; 13/10

17 F2 18/5; 17/6; 18/7; 17/8 av7

18 F4 14/2; 18/6; 19/7 6V7
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Fig. 42. Functional diagram of board 9.

205



Sxp-

Fig. 43. Functional diagram of board 10.
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Continuation

Number Signal name Addresses of the field joints

19 EING 21/417; 22/8; 42/8; 43/9

20 S 20/4; 19/5/6; 20/7; 19/8

21 DIV 01k 9V5

22 z 22/4/5/7; 21/8; 20/10

23 K144 23/8

24 DIV 24/5/6/7/8/10 18v8

25 MUL 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 Rii 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 = 43/3/6/10

45 KO 44/8; 9/7

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 (10 53/11

56 0 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
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Continuation

Number Signal name Addresses of the field joints
4 K155 4/8
5 F1 4/5/6/7; 5/8; 419 3Vv7
6 VLS 7/3/4/5; 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 2V8
20 z 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 25/4/7/9
26 VER 24/3; 26/4/5/6/7/8/9
27 Ba 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 34/4/7
34 s1 36/2/4; 35/5/7; 34/8 7V8
35 K183 35/8
38 RU 38/5; 37/6; 38/7; 39/8/9 27V8
39 Gl4
40 K169 40/9
41 RU 43/5
43 = 43/3/6; 44/9
45 S1¢ 45/6
46 UBER 47/4; 4618; 4719 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 Fi 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 72 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 Uy 62/1-12 14,15V2; 29V6;  20V7




Board 11

Number Signal name Addresses of the field joints
1 ADDO 17
2 UAO 4/12 8v2
3 (#)0 219
4 Sv1 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 sv8 19v6
13 Sv9 20V6
14 +Up 24V7
15 SV10 21V6
16 svi1 22V6
17 +Ik 20V4
18 SUBO 18/8
19 +lIk 21v4
21 K 13v4
22 +K 12v4
23 z8 18/2; 23/5/7; 21/10 12v7
24 #K 20V3
25 +l1k 27V4
26 Ik 24v4
27 +IK 19v4
28 78 29/2; 22/10
29 Za 30/2; 23/10
30 1K 15V4
31 Yillk 30v4
32 0 3217
33 -k 22V4
34 -lIk 23v4
35 XNk 16V4
36 Yik 28Vv4
37 *llk 26V4
38 *llk 25V4
40 Yilk 29v4
41 X« 14V4
42 = 17V4
43 (=)0 4217
44 #(*)0 42/9
45 (X)0 457
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 (Ino 55/9
54 (o 56/9
55 SV12 23V6
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Fig. 44. Functional diagram of board 11.
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Continuation

Number Signal name Addresses of the field joints
56 SV13 24V6
57 SvV14 25V6
58 SV15 26V6
59 FUO 59/7/9
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 12

Number Signal name Addresses of the field joints
1 7 1/3
2 8 213
4 UAO 2/11 8Vv2
5 3 211
6 9 5/3/4
7 ZV7 7V6
8 Zv3 3V6
9 ZV9 V6
11 -Un 7V2
15 Zv8 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 5 30/3
31 6 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 & 18V4
45 & oVv4
46 & 8Vv4
47 * 7V4
48 6 6V4
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Continuation

Number Signal name Addresses of the field joints
49 Z/0 49/8; 48/9
50 5k 5v4
51 4k 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 sagfaf a resistor with reference to one of the
examples, determine the resistance of the redisttre 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 determitiesquantity of zeros after the second number.

For example:
1st- Red; 2nd - Green; 3rd - Yellow, I.LE. 260®hms;
1st - Blue; 2nd - Red; 3rd - Brown, |.E. 620vh

6 2 0

The fourth ring determines permissible percentaggation in the value of the resistor.

Gold colour of ring - = 5%; silver - + 10%. The abse of the fourth ring corresponds to a
permissible deviation of £ 20%.

Table 1 Table 2
Determination of resistor value Determinatidrhe resistor
from the ring colour. power and ovesatles
Ring colour L IT)%?/LS;? Dl(?nmr:)ter Length
1 ]2 3 (mm)
(W)

Black - 0 0
Brown 1 1 1 0,05 2,3 6,5
Red 2 2 2 0,125 2,3 11,5
Orange 3 3 3 0,25 5 17
Yellow 4 4 4 0,5 5 26
Green 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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