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- INTRODUCTION
The maln problem of electrical communication is fo insure reli-
ghls transmission of communications over a distance from one point

to another {and sometimes from one pc,.nt into many points) with the

g
& 4

of glectrical msans,
In accordance with this task, the sciehﬁifié~technical problem
A, 2;7 can be brc}:sizup into basie gz-oupé:
1) Insure the transmission of communicaticn over a dl tanne.
2} Insurs connections batwoen definite points.
Iniﬁie first group ﬁf problems, one solves problems of pro~
ducing comnunisation channels, The prineipsl indices hé}re are ‘the
corres gnndence bs twaen the rsceived communication and the transmitied

ongs, and the degres of utilisation of the volums of ths channal and

of the commvmcamon l:we.
The

" sscond group-of pmblems - A ‘ ; concerns
the construction of netuworks, statlons, and eircuits of the commuba-
tilon apparat us, stch as to insure ‘the possibility of intercomeﬁ"hmb
any points in the line at minimum cost, o to transult communication
in the necessary direction, The main qualitative index here 1s the

spead of sstablishment of connentmn or the speed of transaission of
-communication from one end po;mt to the other. ' -
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‘he problems of Lhe srﬂqa&'%faﬂg o pregented in genersl
form as follows. There ﬂﬁi&tﬁ sn sres, over which gubsoribers
are lmﬁaﬁaﬂMQW gourees and raseivers of inforoetion. 4 aerﬁ&&a‘vainmﬁ
aflinf@rmaﬁiﬁn 1a fyanspitted belween them, and io of ramdon ﬁhﬂ?&@“
tor, It is required %o Gﬂéﬁﬁﬁﬁﬂirﬁ natuork, iiaa; 4o jeln sil the

| gunecribers with each other and with the ﬁammunﬁcanven channels in
such 2 way, 23 %o logurd ¢m ;ﬂﬁ one hand thﬂ reguired gquality of
seryics (nwmiber of fallwres, maiting'timﬁ, delsy, ate,), and on the
otbsr hand &t a minimunm Gﬁﬁt; For the sake of svomomy, individuel
groupg of subseribere are cemnsoked ho common shationa. The connsg-
Lion wetwesn the latiar ig either dlrect or through intermediais
station - CENLerE.

Within the gtstions and ths centsre bhere should ha}ay?aﬁﬂtuﬁ
that conneche op trengmlis comaunications in the necessary direstlion,
Thig spparatus can be subdivided rto smibabbnnMQ apparatus &l
control appsratad,

ol grstens wers ornsiderad sg

Fravdous] Ly, switching and es
& whole, Recently there is a sspara shlon of G spparatus of Lhese
vatans bensvae of the diffevence in ths fusctions periormed
snd the gualitetive and guantitabivs raguiremsnts,
Suibching spperatus ghould insurs the transmisslon of tie
communicetions and is used during ﬁhﬁ,éﬂxira tims of this tranps-
’qaiun@

The purpose of control appersbus i3 4o seh on the switoning
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Uapparatus in such s way that the igkter transmits the communication ]
in a specified direction. It follows thersfore that the control
appar&tgs can be engaged for a much shorter time than thﬂ switching
apparatus,

"‘donsequently,_in the second group of prmbleés we can single

iout thrae'principal problemss the construction of the communication
network, the switching sys’beﬁm, and the cén'brol system,

Fof broadcasting snd television, &ll thess problems are solved
relatively simply, since the transmisaion is from one séurce to many
consumers, iooa’usd over a definite area, and no automatic switching
is necesgary. For télephone and talegfaph communication, this
problem bscomes more complicmted because of the nsed for insuwring
transmission of messages between any two subscribers. The problem
is particularly complicated for telephone communication, where the
nunber of subscribers is so large, and & comnneotion must be egtab-
lished rapidly in simultaneous transmission of communications in

both directions,

A congtruction of reliasble communication networks, particularly
for the USSR, is possible only when a1l the connection pro-
cegses are automatized, and also when unattended ewplifier points,
teiaphcne stations, telegraph stations, and radioc stations are built
with suitable remote control, remote gignalization, mdnitoring, :
and automstlc regulation of the paramstsrs of the chesnnels and

the spparatus. Automstization of communicabtion arg the création of

é
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' ungttended points and stabions make it pussible not only to :!.mraassa»I

the modﬁmtivi’ty of labor, bub in muny cases to reduce considersbly
tias; capital em&snﬁi’%mg by redusing the velume of bll,‘ilﬁifxg,.: and in
soue sc&sés by a mors rational construction of the netuork.
. _Atttamatizatibﬁ of _;ﬁommtmiez&'bicn‘ ié pmimsril& .a, quesﬁion,of o~ L
’d'ueim{g a\ummatic' conbrol Fsystema for tha . m-zm@hmg apparatug and ’
for other communication &?pa?atum IL is therefors no vonder that
the quastion of cresting cm;ltrol systems has davaieped into & separate
problem precisely because of the wids adoption of automgtization. .
Ths problem of craéﬁixxg en opbimum control system is much
similm* in its formidatica to problems in telemschanies, for bere
ons so}:@a:-z many problems on the trensmission of & number from the
subgeribsr to a gtatlion, uiti;hin the afi;étim, and also betuwean sta-
tionig, as%ll ag the prodblem of creating control eircuits for the
gtation, It does, hmaver., " have its oun peculisritiss, The
principal problems in control apparatus ls the receipt fron the
subsoriber of “an sddress" to direct the communication (the nuxber
of the called station), the detarminaticnof the unoccupied
ctz%z.’&mels in the necessary direction, the tzrﬁasmiaéion of the
ordar to the switching civeuit, the sgtablishment of the connestion,
and if the connection is not aompl;ate,_ tﬁeﬁﬁzgeﬁsgion of the
number. On the other hand, the coniyol apparatus must insure
automatization of the veiifio&tim and monitoring of the shate

and operation of both individual ingtellations and lines (including
. - o

aend
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: tug, as well as wiﬁh the communication chennels.

L. . |
the control apparatus itself), as well as of the systems as a whole, |

Consequently, contrcl apparatus perfoms several specific
functions, different from the functions of the other épparatua.
At the same time, it is connected with the switching and other appara-
L

In the problsm of constructing coi‘l_‘hrol gystems cne can separate‘
oﬁt two basic Qoups of problems, that of designing contral—gppara—
tus circuits and the creation of systems for transmitting the conitrol
orders over the comnunication qhannels.

.The present book is devoted to an examination of problems in
the fﬁrst group.‘ | ' . | ‘

Modern con%érol devices used in telaphone , telegraph, and radio
are made up of ap;_iaratus of diéareta action., The slements most ex—
tensively used in this apparéztua ars aleétromagnetic ralgys and
sslectors. Recently all kinds of contactless relay-action elemants
have come into use —— semlconductor diodes and transistors,
electron and ion tﬁbes, ferrites, etc.

The process of creating any rai.a’zr device consists of the
following fundemental stages:

1) Structural synthesis, consisting of making up the struc-
tﬁral d_iagram ~~ the principal diegram without indication of ths
paremsters of the slemente contained -in it -- on the basis of the

operating conditions of the network (on the functions it is to

© perform) and the cholce of elements.

¥4
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2) Caleulaticn of the perameters of the elemsnts that enter i
into the cirevit, for which purpese = wiring or mrincipsl dlegran is
wads up,

5} Wiring of the units snd completion of the device.

Ths corracbuses vith which these siages ere performed lsg veri~

. s
fied

1 by an amalygis' of the agam“&im of ‘hh circutt during individual
stages of the cmg'&z‘mtmﬁ&

Ths initlal date for the design of fhhe cireuit of any device
w hotover sre the conditions of interaction between this device and
others, as well e the elemsnts that can be used to bulld thie device:s
I"&l&‘gs, vacuun tubsp, seaisonductor dlodes, transistors, ferrites,
jonke davices, eto.

ke device may have to sablafy 'ﬂ“‘z}hﬁ’;}? raguirements, for example,

thoas iﬁ?éiving Lhe parametera of the power gourcs, dimenslonal
roquivemsnts, verious econciic requirements, relisblility reqzﬁi‘e—‘
merts, imounity malusb nofse, etsbllity agiinst mechanlcal action
sné mgalnst changsa in temperature and hunidity, sud technologlesl
fessinility of mannfactire, &1L tmsé reguirements may influence to

gors exbont bobh the choice of ths slemenits ani the sopatrustion of

Each gtege in tha synihesis has its cun speclfic nature and
cglls for different steps, While the lmst state - wiring - is &
pursly menufscturing process, in the first two siages the correct

cholce of elemsnts is determined by suitable cowpubation,

D
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From the 1list of problems discussed, the most extensively 1

developad have baah_ procedures for calculsting the characteristics
 of individual slemente, including electromagretioc relays, as given
in the worke by V.I. Kovalenkov, B, 8,Sotskov, M, I. Vitenberg, V. A.

_{ Govorkov and cheré. Much experience hasg alao besn accumilated on L

the compilation of wiring dilagrams and on wiring.

The synthesis of the structure of networks (the specification
of the opsrating conditions of the network, the cholice of elements, ‘
the determination of the necessary, nusber, and the compilation qf the

' most sconomicel connection diagram), as well as analysis (the dis-

closa;u'e of the operating conditions of the,oo:mplatéd network) began

%o be thaore‘tiically treated only during the last ten or fifteexi_

yeers, Theoreticel methods are not used even at m-émnt,- and new ;
netuorks are built in analogy with existing ones. In this cass each o
step of tranaforming the network should be accompanied by a veirifida-—
tion of its operation, and this’ complicates the problems of -

synthesis and analysis considerably., It must be added, that in such ‘
an "intuitive" construction sight is frequently lost of the cri- _
terion of necessity and suffiolency.

There are several metheds for developing the strusture,
differing in their procedures and sequence of operations, as well
as in the msthematical formaiism used,

in the @zfgaant book we ghall consider soms of the scientific

. methods for e‘tr;zctm'al syathesis of radio networks, based on the

fo
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F;E;Exec»ry nf relay-contset networks, e we ghall lesn mostly on
mathods that can be recommended for unglneeving prachlcd; and ere
alued at creating the gimplest possible netuworks.

In tha gensral form, the structwal synthesis of & netwerk of
any de*;"vice_ or center reduses o the following: | }

:l.} Detarmine the omraﬁizgg conditions of the receiving elements |
(incoming extornal sctions) and actuating circuits (transmitted by the
sotion circult) from tho gpecified cosditions of the operstion of
the network for definite slements,

2) Determine the nusber snd vharacter of D& MmOy elaments (iater-
mmdiate relays), wfmichAmu.éﬁ be introduced into the network to realizs
the spacified conditions,

3} Find the opersiing conditions éfi’ Individusl intermediate
slements {action circuits) and the dependence of the actuating
cireualts on ihe receiving and intermsdliate elemsnts,

L) Make up several versions of ths network structurs and choose
the most epplicable one by comparison.

In some cases one specifies not an elemant, bubt a set of
alements, and one determines during the eynthwels process which of
these are besd used for the comstruction of a network.

Finglly, & case may ocowr when dweing the synbhesie process
it is found advanbtageous to chasge the spscifications or to chenge

the character of the receiving or transnitted astion,

If the cireuit must perform a large number of functions, it ie

¥




radva;ntage.ous to break them up ini'ﬁg.“individual groups, which can bé 1
perfm:med by individual oenters of the network., Such a szﬁdivision |
af a complicated network into i.ndividual centers makes it ‘possible te
reduce the problam of creating a complicated network to that of de~

signing several smplaxj‘netwarka. This may incraése somewhat the . L

number of elemsnts in the netuork, bub it siwplifies its design. ’

One e‘siablishes ai,mltaneéusly aethods of connection between the
irdividual centers {(their sction on each othar), and also methods of

ax‘berml(acticn on the natwork.mo&uaed and mathods of having the{

network sot on other devices end instruments, This serves as a bgsis
for ”ormulating the operating oondz,tions of the individual cenbers

of the network, afier which the circults mede up of these csnters
are syn‘bhasmed.

Iviany researchers anﬁ engmaera have expended consider-
ghle work on the oreation of sclentiflc methods for strunturai
gynthegis of relay natﬁcmks, mainly devoted to generalization and
ordering of the "intuitive® methods of netuork construction. Thus,
one can point o work by several Adustrian and Germsn electrical
enginsers, dating back to the beginning of the Zﬂtﬁ centuwry, (by
R, Edler, M. Bode, and others). Somewhat later, in the 20th,
the Soviet scientistsM, G.Teimbalistyy . /3/ and A. K.

Kutti /4/ beve developsd at the Iﬂnjngx‘ad Experimental Electro—

technical Laboratcry, headed by V. I‘ Kovalenkov, methods that

make it possible to vomstrust a relay system for specified

L
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[ conditions., Huwever; the leck of mathematioal mﬁané at th&t‘tims 7
has made éuah mathods cunbersome and thess bave therefare not fcuﬂd.
ﬁids &pplieation, |

It becans pasaib?a ta 1ay tha grouwnd work far the theory of

; rﬁlay eircﬁits only'axter one of the araachﬁs of mathﬁma%iqﬂl logic L
-- algebraic logie /5, &/ or Boolsan elgebra (and named nffer the
British mathematiolian anle} - has boen apnlied to combast neltworks.
An important role was playesd ig the development éf wathematical logic

by the Russian scientists, P.5. Poretekly and L, 1. Shegalkin end
later by &.‘N,'Kplmogarov, 4. A, Markov, P, Sw'Nbvikpv, 8, V.
Yablonskly, 5. A, Yanovskaya /7, %/ end chars;

; (The possgibility 6f suploying algebrais logic for velay circuits
wag first indicateﬁ by the Ruselan plysicled P.$@Ehrenfeat in 1930
in his review /5/ of ihs bock by L. Katyus plgebraic Logic® /5/.)

The ﬁypc*bes*a of the poesibility of cwaatinzjélgebra far con~

tact ne%works was confirmed in an unpublished paper "Algebra of
Relay Circuits® written by the Soviet phyalcist V. I ‘Shestakov in
January 1935, which sarvad asa basig for his dissertation /lﬁf

V. 1. Shestskov has shown that u contact netuork can simulate
funotions of algaﬁraic_logic, and ths truxh.an& falsanaas of the
prédictions are siauleted by closed or open states of the ciroult,
while disjunchion and c@njunction of the judgsmenta aﬁs aiﬁulated
respectivaly'by perallel and sav iss connections of contact eircuita.‘

Analogous deductions were obtained at the same tims (1936 — 1938)

~¥




by the Japansse Nakashima /11/ aais‘l‘%ha Amsrican C.E.Shannon /12 -
15/. | .

‘ On the bamis of this mathematicsl formallsm and the gensraliﬁa«
tion of the sxpsrience in the gynthesls and snalysis of relsy netuorks,

L HOA Gavrilov laid the ground work for the thoory of relay-contdct ,

e
H

i

ne%mrxg and its praatmal gypliaation in ‘several papers, publishe&
in 1945 =~ 3.,-349, as well &g in his monograph /i6/, ubich wes the
first  book in the werld devoted to this problem.

Recently there hae been & great sxpanaion in work in the fleld
of the theory of relay circuits, and its application. Following the
boock by M.A.Gawvrilov, itranslated into Czech, Germex, Chinsse, and
?ali,s‘%h, seversl papers have beén published concerning this theory A
/17 — 21/, including the book by V. N. Roginskiy and 4. D. Kharkevich
/18/ published in the USSR and translated into Chinese. The
puzber of works in tha field of theory of contact and relay ciz-
cuits is contisuougly incﬁfeasing /22/, and they includs a large num-
ber of Soviet papsrs (bibliographiss for rscent yesrs are publiahéd
periodically in the jowrnal MAvtomstika i telemekhanika® /Automation
and Remote Costrol/ /23/." We are unable to discuss all the works,
but we shell stert on a few of general cheracter 28 - 75/,

The most highly davelcpeﬁ Wt of the thsory is the tzzaery of
combact p&r&llel—-saries eirauits, where there sxists a possibility

~ of mutual single-valued trengition from a oircuit to a farmule,

expressing not only the action 6f this circult, bub also its structurs.

L | t
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i By mi“mbl@ élgebmia tansiirmations of foemilag, oue can T
e‘a»'bain gifferent versions of a netuork, tutorconnect contacty, re-
distrimuﬁad @m’ham& wer-thﬁ celays, and simplify the ecirouits, on
uha basis of the cwﬁitim that individuel stetes are not encountered

during the process of opummun ogi' %ﬁ neteork,  One cen £ind bers,
as

B

for inﬁiv&val paral‘i.e}.»mrieau natworks, the sim;glam solutions
rega“da
tho mmbar of amﬁautm
. Tn the general form, the problem of Finding the most sconenical

petucrk bas nob yet bssh amwd thawatiaell;y sad . is of great

I
" inberest amd Yremendous ﬁ.ﬁfi‘iemv. A | |
" less developed sre tridge elroudts, which, experience has
shown, sre simpler in many cases for bhe seame conditlons.
In weny works, including those of M. 4. Gawrilov /16, 69/, and
methods
4. ¥, Brilayev /710 sre given for saparating bridge elements
aftor constructing pecallel-series contact natwoarks, Me A. Gevrilov
- [659/ bes fmmlﬁt%& b wmiﬁma for the passz.b;x.li‘cy of -separating
& briéps elemsnt., 4 considersble step forward in the transformation
of bridgs civeulbs was the applicetfon, by A.G, Luats /30 - 32/,
B, 1. jranovich M1, 72/ and M, L, Teetlin /6L, 74/ of watricss for
reqowding the strucbure and actic of conteot ﬁafmlﬁkss . A
m*&:rif wlovlus for contect netucrks was slsc ussd by Hohn asd
Schizsler [75/,Piemch Jhif, Sestw f76/, end a few others.

In Jri&ge cm’h&cﬁ rwtmz%s, the number of contacts oan be

reduced by &nﬁrmming va.‘i.vaa, whﬂ,.e the methods of M. A Gavrilov

Vi
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Uand 4, G. Lunbs, referrsd to sbove, maks it possible to determine the |

points kwhich the valves should be connectsed, M. A. Gavrilov /i

has developsd the thsory of construction of so~called rectifier grids s

which mede it possible to reduce the mimhar of contacts in each relsy
o one double-throw contach. Ancther anelytic method of the con~ |
gtruction of bridgemtyﬁ)e (1, k)-pols network was proposed in 1955
by G. N, Povarov /4L, 44/. This method, called the “eascade method”
uses for its construstion the separaﬁi_ng' properties of contact
pyramids (trees). | o | |
Finally, notice should be taken that in recent years imathsds
e éppearfsd of coz:s'ti‘uc.ting contact networks, which d‘c« not use the
fcf}malism of algebraic logic &iract].y,f although the theories of
contact netuorks bave been used in their deval opnant, One such method
is that of the indeterminate functionas, developed in Czechoslovakia
by F.Svoboda /59, 78/. The method consists of sslacting successively
elementary circuits, which satisfy ths conditioms of conduetbivity
from the otrhputs: to the input and to other centers. This includes
alsoc the grephical method developed by G. N. Povarov /43/ for
symuetrical eontact {1, k)-pole networks, and a graphic method
developed by the author /45 -— 47/ and dstailed in the present book.
| Along with sﬁxx}ying the general propertiss of contact net-
works, of praétical interest is alsc the study of thé so-called
ardersd-type networks. These netuworks include above all symmetrical

- and functionally~-separsble networks, which have béen congidered by

lé
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many au’tahors, i.nelwii,ng $bammn f12 = ?‘Sf, M, A.Gavrilow [16/, and T
G. N, Povarov /lu., 42, 43, 79/, OF gresb mpw“amcc for communioation
de‘fice@ are switching networks, wb.mh, &8 $bm»3n by A. D. Kharkevich
/86/, reprssent an Meper.den* group of ordered contact networks.

ne of 4w ahcr’bcrmirw' of modarn theory of.“ relay-contact net-
works is the fact that it is wpaljeablse y in accordsnse with the 3
terninology of 0g. C. Moisil /81, 82/ to mﬁa”‘ contucts, which changse
thalr sta%s instantaneonsly, In practice, durisg the time of opara-
tion or of relasse of‘ any re'ﬁa‘y, i% contiacts'éioée and open nob
simeltanecusly. Thera are nany pagers dewotefi 4o & stbudy of this
problem, but thersare still not gcod anough eagmaaring mathods for
taking into accoum; the xxcm—-mmultauelt“ of opemt:x.on of contacte ;m'
the sy%hesia of networks. | |

Along wl‘th s shudy of netuorks wibth aonmct;-rﬁaking tuo-poaition
relays, works have also appeared devoled 1o :xa'bursrm ﬁith mul i~
positﬁon elamnt. contacts (such as selectors). V. I Shestakoy
/837 sheved aegaxly a8 in 1946 thet one can apply to such
nez'tmorka the formalism of n-valued calaulusg of propositions. Une
can indieste slsc later works by V. M. Ostianu J8if and V, L.
Shegkakov /857, pevtaining to sug ‘h netwerks., In the present paper

graphic
ve give np\mt&od of :.onstrm'b.,ng natuworks made of coutechs of
multi-pogition elements,

Everyt“ing mepbhionsd above | pertaing s:i»nly to contact netucrks.
The problen of syntm«ia of relsy -wtuorks, i, e., the

.....

17




rnewwks,c;éhtamng the uixﬂlngs.gif the 1'8333:8‘, anﬁ_aisfo realatances, |
bave been very little developed. Individual mentions of trans-

format .mn of relay. nefmcwks are found in the papers by V. I. Shestakov
/86 — 88/, M. A.. Gavrilov /16/ and many otbers /18, 63, 89, %0/,
(i bub all thege pertain easantially to so«-eallad normal netwcrks,
| i.e., ﬁamoz?ka in which the contact clrouits are connected to ome l
pole e_f the battery while the relay windings are comnected to the
other, N

Transformations connectad with introaming of bucking
windings into relays, have been developed by A, N, Ym-asov [64, 65//
and D, I, Shoarevioh /91/. The author bas cons;idewed the ms&bi’ ity
of transforming such networks,in class mM/50 ~—~ 53/; for certain cases
of ratics of the raiay peramsters. T. L. 'I‘aystzm:va (still unpublished)
hag shewn that in this caéé one oan employ for the transformation of
relay networks the ma'tbematical formalisn of legic of ciasaas -
(multiple-velued logic)., Further development of the theory ls
necessary in this direction, so ss to create a general thsor'y of
transfornatione _(and then of censtr'ug'hicn) of relay netwarks with
perametric relationships, l.e., to produce a ,mthenﬁtical formalism
for the transformation of relay netuarké. |
T4 is slso necessary to stuly the use of such elements in

relay neimorks, as capacitors, which '.have the ability to store energy
/50/ . | |

‘ The anslyticel ‘method for writing down the strusture has also
. : !

a——

L8




— : - . -
! pade necessary the develo spment of serrasponding mﬁm&a of writing 1

donn the earﬂiﬁié&é, The boet weihod of recovding operating
cémiiians of mulii-contect velay netuarks are bthe go-called conn~
c‘tion tables, wiﬁaiy used by M, A dswrllov and ,tm:r;*a, The swbhor

. hee fefr‘rta‘wiﬂ% (‘O&éiu‘m)ﬁ.‘?; off ‘real $26b31ity of connecticn L '

H
4

ts* bles /18, /5.‘«‘?,’ , While ¥V, G, .Laz.are? [92 w= Y/ obbained egtimates
of the mi.aimun wiher of intermedlste relsys, v tha%. mugt
be introdused in r:z"éu For Ghe table Bo become realiszable.

4 somawhet di.ffemzxt mathod of tebular recording of the opora—
tinz conditions of 2 network bas been proposed by Huffwan /95, 96/.
i L..‘ Teetlin propoged the use of mek i{:ﬂb of states and reactions
[62/ for weitiog down the operating conditions of multi~atep networks,
Memy authors, for exanpls, ¥, I. Shegtakov /85, 97 — 99/, and
Gr. C. Motsil /36/ amd cthers emyﬁi@ slgetralc metheds for writing
doun the conditions, Eggcm“ﬁ;q‘ Y. 1. Shegtakov propossd for ‘th.iés

wrpoze the use of spec dal ;‘:mﬁhﬁé cards /1007, on which uniqus
connsotion teble a gre mpde up,

One of the features cr? the u;;*ra’:’omg conditions for :valaﬁ,
notuorks is thet e certala cirenit may be ixSiffirently c::lasagh sy
opon in pertain shates of the network. In partim"w this per-—
tains Lo so-called vnused states - ft‘fzﬁf , l.e., states uhich are
not encountersd during the process of epersztion of the network,

There exishs several methods of teling these states inte account.

In particvler, M. A. cavrileov hes introdused speclal equivalences

Fov. d
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[for specifised sequences of relay actions in the petwork, In the =
present book we give a system, developed by ths author /18, 49/, for
" recarding such states in the connection tables &nd in the formles,

ag well as methods of changing over from conditions o metworks with

allowance far iﬁdifferex;t- &tatea;f‘.;, Gertaln oparations of three-valued

logic are used here. .‘: é
shoul:i be noted that the Gﬁaoing mthods of ‘ﬁri’i‘.ing the

conditions cannot alusys be employed as yet. In particulsr, certaln
networks must realisze such a number of sequences, Bhat they cannot

" be written down in practics in the form of . connection teblss.

Thus, for ezample, 1f a network has ten inptrhzs and “ten outputs and

sctions enter through the inputs in any sequance, while the netucrk

must give out the actions in the oubpubts in the same sequence &3 -

thay are reseived in the inﬁuts, axoept with a certain delay, it

i3 alwost lmpogseible Ho write down thﬁse.conditions, since it ig

neceasary to construct Q) . . ~ different |

connection tables (this example was barrowed from M, A.Gavrilov).

It is also of pmetic.al interest to iuvestigate other net-
works with crdered sequences of sction (in analogy with ardered
contact networks)., Such include, for emple , cyolic /101 102/,
and counting /103, 104/ .networks, which have exteasive application
in comtrol setworks. In the general case, however, conirol net~
werks ars nc;‘t%-;;p__stucxrka of the ordefed type, and not much atten-
tion will t!ﬁr;fare be pald ﬁc them in the present books.

=7




b
' In analogy with single»step ‘netuorks, ons can apaak in *he case |

/ ﬁemwntml/ )
of multip] .ems*aepr\mmcm spparently, of uaused segusnces of ralay
oparation or of sxternal actions, Thers exists as yebt 8O general
method of teking such segusnces into sccount in the syntbesls of nab-

¢

.guorks, and everything reduses sazantially to %he discloswre of unt used

.

)

states.

"‘he tagk in the gvntheﬁm of & relay network consists of r;.ost
merely obtaining e network Corresps wading ‘Lo m}@cs_fz.ed working con~
gitions, bul ssilsfying in addition several other raqm&mnt». et
us dwell on some of those roquiresments.

"1, The produstion of networks with a mindoum number of elements,
pafticc&.arly if 1% is considered that the numbar. of conbact springs
on sech relay is limited. The minimim criteris for contact networks
have not vat beer established, ard therefore i% ie necogsary in the
synthesis of networks to redort to & coﬁg&rison of versiong, How-
aever, certalin ra'commnﬁatj.eas on the silmplification of natyorks do
exist and are given in the preseat book.

2, The mroduction of relisbly-operating nebworks. This problem
has not baen developed at all, and taere are seven no eriteria by
which to julge the relisbility of & glven netucrk, - Note should be
ta‘kan in this respsct of the paper by Shennon and Moore 7105/ on
the construction of reliable networks fromles ssralisble elensnbs.

3, Thoe construction of technclogicel networks, i.ab., rieke

- works with only one type of relay awx shandard wiring.

-2




, b
g“Saam;:i.ea;t‘ying this requiremsnt to some axtent are the cyello networks 1

considdred by V. I. Ivanovy /101, 102/,
4. Use of contactless elements in relyy networks.

A featurs of rslay netuworks is that ons end tbs éame require~
ment and ons and the samng set of conditions can be realizsd by &
large numbar of networks, Therefors the' cholcs mf versions becomas
very 4ifficult. This laads to the tendency of mechanizing the process

f constructing and analyszing networks. Attempts at using universal
computers for 'this pwpoge were not erouned with success, and theie»
fore the sciemtific thought haa . been devoted to the crestion
of @scialized machines, |

Mention showld be made here of logicsl machines developed in
1951 in England /106/ end in 1954 in Austria /26, 27, 108/, which
mads it pmésible to ansalyze éingls--step contact networks. The
maghive of Shannon and Moore 107/, developed by the Beil Systen
(0.8.) n 1953 , makes it possible not only o analyze the network,
but %o disa‘o#er excassive slements in the ne't;work..- In 1954,

T.T. Tsukanov /109/ produced an apperatus which makes it poséible
to determine, for a complicated contact netwerk, 21l paths between
selected terminala, |

| In 1955 —- 1957, engineer P. P, Parkhomenko /24, 110/
developed at the Instituté of Automation and Telemechanics,
hcadeny of Sclences, UD8R, a machine far the analysisof the opez-ation

/ sequﬁntial/
,of mu.ti;:le—r.amp relay networks, (This machine was demonstrated at

4
!
e

Qe




¢

[ the war‘}.ﬂ"'s Fair' of Bruéae@is in l@ﬁé and was awarﬁad't:hé »higheat 7
pa* s, twemr with & mackine for syathesia).

Tm question of autesatlizatlon off Lhe ﬁ“‘fnth%mi.a mrodass for
contact and Telsy. netwcrm hes mmm& ungolved for & long tlme.
L Ibe amin cbatacle o ‘t.na creation of auch a maehine wag the absence. L
?'af & ufl.mienm good rogular methud for network @nt%&is. | |

In 31954 ~l¢’5f$ mmimer F. Svobods of the Inmmtata of Mathe~
zmtiz:al Machinery of the Gzevhmlm ak &cm gmy of 8ol 8, ~. M 4
conglructed, on the ‘basie of’ a Qommtorial mobhod for the con-
struchion of contact netwarks /5% -~ 59/ doveloped by him, & semﬁ.—-
automatic machine for the syathasis of single-step ‘contact multipole
ne'mcr‘ka,

&% ths end Qi‘ 19355 't&s’.a aubhor, in the L%u:atem’r on the
- Devslopmant of 8¢ iemmfiu Proklems for Wire Commmlcebion, &m&afw
of Yelences, USSR, proposed on the bagls of a graphical met‘“mi &
pachine /2, 111/ for the syn‘hhﬁﬂiﬁ of networks of combact (1, k)-— '
pole nea%orka‘ (4 pampls of the mechine, developed &t the Labara—
topy for Wire Gcm:miwtior, sondeny of Selences, USSR and produced
by the mechine shop of thelnstitule of Automation and Telemechanius,
seadamy of Sciences, UBSR, was exblbited et the Worlﬁ;’.s Falx in
Brizssala F:La l§58 and was swarded the highest prize together with
the machins for network analysis,) _La’oex' onn the poseibilities of
operation of this machine were expandsd by adding davices for

introdustion of tasks in the farm of switching %ables and far aubo- |
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Umatic ohoive of the necessary namggr of intermediste rsﬁsyé and 1
their opsrating sequence 112/, This 1s the first of known machines
f:‘m: complete automatization of the procass of conglruction of relay

- networks, ‘

In conclusion, 4% must be noted that the theary of relay-
contact networks is finding incressing application slso in relay-
getion networks with conbactless elements,

In & book published under the editorship of &. Alken jm/,

& special symbolism is developed which can be called a unigus algebra
of elsctronic switching networks, Analogous methods have been used
alaa‘h'y many suthors for networks with contsctless elements /3y 39,
4k, 62, 134, 115, and others/, However, there ars no gensral prac-
tiral mathods for the creation of relay networks with contactless
alsments,

The development and geraaializs.{;izm of the ressarch belng
corried on at the present tize should lesd to the creaticn of a
general theory of construction of dissrete-smction networks. in
the present paper uwe towh upon only individusl problems, connected
with the cysation of Z‘ﬁ}.aig? ,csntz;é:al networks, as applled to telephone
devices,

The a«:&ila;bl@ experiencs of application of thsoretical mpthods
for the analysis of existing T goptrol sireults for manual
and automatic telephony and for synthesls of new networks ghows

that thess methods meke it poagibls to obtain netwarks that have

23
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Chapter 1 - Ty

BASIC DEPTNITIONS

1., RELAY NETWORES AND THEIR PARTS

| By relay network is meant a device conbalning &‘_certain nurbey
of slechromsgnetic ralayé and two or more positicn elenents {suitches,
pushbuttons, double-thwrow switc&aa," etc. ), and performing ceriain
fumﬁions. Each ralay netwark (Fig. 1) is connected with some other
deviess {including other relay networkas) and its task is %o transforkz,
in secordance with a g.ivaﬁ progran (in accordance with specified
conditions) ceﬁtain gignals received by this netwoark and ftranselitied
in modifisd form.

The signals can be inftrodused into the velsy network both
through slectric nircuits, in the form of changes in cerisin elsc-
tric psramsters, %o which ths receiving relsy responds, or with
the aid of keys, pushbuttons, and other slemsnbs, which respond
to mechanical, thermal, avditery, and other externsl factors. Thess
eiraunite and slezngnts will hencefarth rbe callsd receiving. The
aain feature of recelving slements »:i.sf that their responding or-
gans {(windings of relays, xnobg of keys, etc.) recelve sxternal

. signals (relative to the given nmetwark), and all that enter into the

—
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Dnetwork directly ars thelr aci‘.uati@i%' ozganﬁ (contacts). i
A relay natwork produses oubput si.?ﬁ&i,s Bg & ruie via
| elactric.aetu&ting circults, bub the oivoull mey contain elso other
actusting alements such as elecm*omégm'tm ﬁ;xbas, sigm;ll:ing devices, .

. ete. The fsatura of sobueting clsments is that only thelr reacting

—~

i

organg enber into the netuork.
To transforn the signals i_n'tdeataﬁlishing a connsction betwasn
the receiving elements smd the actuating clroulis, the patuwork may
contain intersediate relays, the action of which l1s de%ﬁrmhﬂsd by
| -the ata%s of aither the reeaiéing elaments or the intarmaéiata relays
timmésl%s, In gome nases the relsy nst?sork may include resistances,
: rea‘tifiars,' é&pacmcmé, and 'ot:%::’ﬂr electrical cireuvit elements. |

It should be actsd thet the same rélay mey serve both as a
rocelving azm an mterm&i&té relay., The sens cé,n.he said of cirouitas
one &ad the sams cireuit may diring diffsrent peridéis of the
né'h*f:crk operstion be either recsiving o actuating,

A relay network may be broken up into sevsral smaller sub-
mitworks or into individusl chrouits. 'In each relsy nelwork one czati
separate oul, a contect network, i.e., 8 multipols network, consisbing
of only - cmﬁacﬁs of reesiving elonsnts end intermediate rslays.

o Depending on the relstive conzeotions betwesen the contect
networks and the relay wirdings, relay networks are divided iato
three m'imipa; groupss normal onss, in which ﬁb.a relaj uindingé
in the actuating elements are commactad to 'tha samg pole of the
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7 g“battery; while the comtact 'circu’i'ﬁr“is connected at the other (Fig, -

2a); inverse, in which the windings of all relays and actuating
elements are connected in seriss between the terminals of
the béttery, while the 'evnfbact circuits are comecied to the windings
_ (Fig. 2c¢), and mixed. |

g

The points of can:aention of the individual slements or net-
work cirouits will be caf}lec? nedes, while nodes %o which external
wires (relative "‘é:s the givéxi network) sre connscted will be called
poles. | v )

In the general case,aereiéy network represents a multi.-—pola“

- network, cheytér, in most cases the snbire network or that part of
It connected to the intermediate relay can be considered as & two-

terminal network, in which the poles are the points where the

ewrasnt govras iz vonneoted.

2, States of a Relsy Network

Back network mads up of n 2-positicn elemsate (relays, keys, ‘
ste,) can have
L2 \ | (1.1)
differeant statss. To number these states of the ne:tmofk we employ
the following method. Te each element in any ssquence we assign

& number i {i =1, 2, 3, ..., n) and :a“wsi,glfrt” gy = zi B l, l.9.4

n -1

1, 2, dy veey 2 « The number of the gstate is assumed to be

the sum of the "welghts" of those relays, which operate in ths
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™ . .
tgiven gtate,

Thus, ell the 20 gtetos will have pumbers from sero {(nst

. one relsy operates) to 2 * (a1l velays operate), Table 1 gives

. an exanpde of all ?‘3 = Bagbates mf astwork with thrse elamenis A,

mrE and C 664 the nunberit £z ui‘ the am‘tﬁa When thase slements ere L

nurbsred in thelr alphsbeticsl ardse.
Table 1

y“’{‘\k L it

% Z} ’bm#mm

4 .
‘ r 6?:2
4y L K
Coeroxamts - -
yICRCETCY ) “ . :’ %
e i P 4
+ + - 3
- b + 4
+ - + s
- X - Ps
+ + + 7

1) Elemsnts, 2} mumbering of sbtates, 3) states of elements.

3. PARALLEL-SERIES ANG BRIDGE NETWCRKS
Depending on the mutual intercomnestion of individual ele-
ments of & relyy metwork, we distinguish betueen two clésses of

. mm{fkﬁ& '
. . H
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Tes perallsi-seriss clase of networks {elase 1) includes all 1
networks whosze elemonts amre conascted to each other either in seriss
or in parallel. For example, the networks in F‘g‘ 3 belong to class
7.

jﬂstwcrks of ths class of non-psrallel-seri é sotworks (class |
.ﬁ}, éenﬁainia addition to ssries in perallel connections, also
bridgs cgﬁnacﬁiaﬁa~ In the presence of bridge comnnectlons in the
gstuofk, e ﬁaﬁnot‘eancerning certain elements (the bridge elemsnts)
that they are connectad in sariﬁa.ﬁr in parallel relative to other
elements,

| When direct curf&nﬁ $a connected to the poles of the netuwork,
the current flowing through each of the elements of a hatwark of
slas§?€ can be in only cne'direction; In class‘finatmarkﬁ, on
the eéhsr'haﬂd,”fhere exists for the cese of bridge slemsnis the
possibility of cwrent flowing ia two opposita directions, &epénﬁ»
ing on ths state of othar‘glamants in the netwerk.
An example of 2 netuork of clasgs H is shoun in
Fig. 48, whieh coatains the bridge slament e.

Bridge networks, in turn, are divided into plensr, i.e.,
those which can be draun on a plane without erossing the wires, and
non-planer, which cannot be draun without intersections, An ax~

smple of a non-planer network is shown in Fig. 4b.




L. CONTACT NETWRKS - B 1

Like relay networks, conbect natworks reprogent multi—»z:scle
neamm:ka snd inmost }zx-actiqzai cagses are eriented, i.e., ohe can
separate m them the “.mputs" from the Woutpubs,? and the' network

itself can be rapre%nmd in tif»t fara of & (o, k)mpole natwork, _—

“having p .m'outw and k outputs (Fiz. 5),

In ssmh m.l,mmpola n&tﬁor}n we are interssted assantie..tl‘y
in the circuits beltween e inputs and the outputs., A particular
case of guch an orisnted muld ti~pole network is a (1, k)-pole network
with one iapwt end k oubpubs, or a {(k, 1)-pols network with k inputs
and one oahgute |

Althcug!:z in ganeral it is immmal which of 'bhe poles is
an input and uh.r:;h is an mztpm we shall awae, in ths case of de
netuorks (ﬁ&em meeﬁsa“y to moke the distinetion), to csrsider the
inputs the terminals of the netucrk connected to the plus of ‘t.ha
battery. | |

If it Ls impossible to producs cirouits in e {ps k}-pole
natwork béwaan any of its inputs (or outputs), svch & network is
called lsolating on the input (output) side.

An exsmpls of an isolating (1, k)~pole netwerk iz the con~
'héct pyr&mid (Frig. 6}. | |

The number of different oontact 2-pols networks whicb,‘caz_x'be

made up of the contacts of n relays is B
' (1.2)

B/




“i.6., when a;m 2 thera ars 16 éiﬁi&zfma {2~terminal networks), when ]
n=3 ve bave 256, whan 1 = 4 we have 65,536, ete.

' 411 these clireuilbs can ba joined lubo groups, in which cos zﬁat,-—
work is cbtalned from the othar eithar by chenging bhe nsmes of the
. relays, or by cbanging the als.ming contacts of ona relay by opening
contacts of ancther, ésﬁ vios Wr&é; 1% van demonstrated by Polya "
V /116/ that there will be 22 aush groups ﬁmﬁ 5= 3, AD2 grovups when
n = 4, ete.

Kebuorks of one group, counstructed in the same mamei*, will be

of the sems complexity, i.e., have ths same number of contacts on

each relay., For sxample, ths networks of Figs., 78 and b belong to

.glace
ona group, the netwark of 7b is obitalved from the network of
Ta by © ' renaming relszys B and D and by replacing the contacts

of reluys & and C by thesir opposites.

Thus, 1f 81l the netwarks cannot be covered in practics when
n 3, by bresking them up inbto groups one can imrsétigaﬁa ai}. of
then separately for n=3 and n o= 4, 8asvas done by 4. N, Povarow
[41/, and by Higgonet and Grea /19/.

Of 211 the getworks thet can be produced of. contacts of n
relays, we shall sepsrate the one camisﬁmg of & series connsc-=
tion C)j?'?:(}ﬂ"‘z‘;&iﬁﬁ each (normelly closed or normelly cpened) of sll
relays. There will be 2® suchcircuitsand esch of these
will be closed only in ons definite stete of the network. In other
words, 1o esch fnf the 2% gtates of bthe system we can sst in

2R
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correspondsnca a circult which ls olosed only in that state,
The algebraic sxprossion corvesposding to thie circult is

cmad_ the constituent (ses Chapter 4, Section 3).

- &, CEDERED CONTACT NETWRES
; of (?;nfactical interest is the study of individuwnl types of
crdemﬁ‘mtuarksa, which are characterized by some f‘gatm*a"or another,
In addition to the pyramide indicated above, thera eﬁ_s’ts & lazfge'
nunhar of different ordered eo&hé@% networsg. %
Let us ncte some of them. - | |
1. Bymsstricsl netwarks, i.e., those in which the oircuit
is olosed when é:}%fmiﬁs number of am,;r s relays from & tobtal numbsr -
cf n operate, The _numherrs 5 are callad the wérki{xg nutkarsg of the
'rel&y‘. The symmstrical netuorks bme baen studied:lj particular by
C.Shannon /12 -~ /15, M. A. Gavrilov /16/, and G.‘ N. Povarov /);.3,
Wl
In connection with the davelopment of the graphic method of
construction of networks, the gusation hasbeen raised of investi~
gating the properties of partially-symmetrical networks (sae
Chapter 7). |
2, Suitching nefuorks, i;e.; {p, k)~pole networks that are
isoleting on both eldes and have thelt property, thaﬁ each inpub
can be connected with any owiput (fully ééeasaible networks) or

with & specified part of the outpube (not fully accassible networks).
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{—Deveted to a study of these netuorks, sre . in pwticﬂar, the 1
' papsrs by A, D. Eharkevich /80/ in gamecti«m with cra&ﬁing switching
systam;s for asutomatic telaphons s‘hétimsu
4 sﬁecial typs of a switahing netuérk is e (k, i‘c)-—pole

. notuwork, in which each of ths inputs must elways be connected with

e

| one and oply one of ths outpts, and tfke; changss in suitchings
should satisfy epecified éondi‘i:ions. Such networks are used in
gertain computing mechines and in pamticu}ar in the machine for ‘the |
synthesis of comtact {1, k.)~pcl_.a networks,
3. & universsal nétmmrk, from which ons can s-btain‘an;y of the
possible 2% networks by eliminating (shorting or discoanecting
from the cirowit) individual comtacts, We shall  meet with the

construction of such & network when producing s tableau for the

machine for the gynthesis of {1, k)~pole netwarks (sse Chapber 11).

6. ADMITTANCE OF CIRGCUITS IN RELAY NETWRES

(ns of ithe most impértaﬁ'& physicel parameters of electric
miworks ls their impedance or the reciprocal, the admittancs, .
This parameter is perticularly imporiant in relay circuits, in
which the operat,ién of the relay depends sassentially on the
voitags and impedance of the circults comnscted to the relay., We
shall sgree henceforth to speak of admittences rather than im-
pedances, singe it will be shown that it is mors couvenilent for

. algebraic notation,

2%
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T The sdmittasce of any sleciris eireuit éepénds on the a&m&t&vj
ences of the slements contalned 4 the eireuit and on thelr inter-

somec:tiun. The admittances of m‘ﬁéual elerents are deberained

by their paysical propsriles and can bs elither constant or dependent,
o for example, on the frequency, of the applied voltage, on the

. i

i:.smparatwe, or othar exbransouy faobora.

In *emg networks we u&ua..ly deal s-e:'i. th direct cuwrrent, ard
therefore we skzall gonsider the properties cf‘ tha fmﬁamﬁn*td‘! ale«
ments {econtects, rectifiers, and uimings} used :Inﬂ:rsa ne‘?:wwkg umiar
dirvecht current, |

* ps is well knoun, ths overall admittance Y of a cireult ok
sisting of clements A and B with s3mittences Yy end Ip i.n paraliel

ig the svum n‘f“ theas &ﬁmﬁt&mas

' : v Ve = Y;+Yne _ : (1.3a)
:?;m, g
ard . in the cese of & seriss connscting they srs deterained from
ths following formula |
| : S . _
) Yer WA YR v"“r;' .
| 2 : (2.3}
To simplify the notation we shall write instead of the

smiteance Tp of the dlemsat A mev ely the symbol of this elemant,

In this osse formulss {1.3) car be rewritten
Fjuorzos A+ By B (1.42)
Y m?wﬂ‘»'*-’—'f“s-i O (Ldb)
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The expression 4 + B in Bg, (l.42) can be considered not !
- merely as an exprassion for the calculstion of the overall sdmittance
oi‘ the parallel sdmittances A and B, bub also as a notatioh for tie
- parallel connection of tha_elamﬁnté A snd B, Thus, a parslilel

; eonnection is aomerﬁmﬂy deanted with the plus symbol.,

For a geriss cammc‘bu,un of a&m‘ht&ncea, ) c}a not havs in
sevies
ganeral such a si.mpla relgtion. We shall agres to denots a

connsction of elamen‘i:.s by mal'txplica‘tim &,..g(a, i,8., we Shall mmte
formula (1.4b) in the form

4B
Yl = 755

or, even simpisr, P A<3~A'fg |
| . (1o4e).
Thus, the 6xpresaio£;‘& xB im:i,ca'éa:ﬁ, on the one hand, that
the elementas A and B ars comﬁbcta& in series, and on the o‘bhai;
hand that their combinsd admititance is csleulated from formuia
(1.3b}. ,
in & velay ne‘bwérk, the Aaﬁmitmae batusen any two ter-
minsls is determined by the elements that are included in the
circuit between thess two terminals for esch combinetion of the
's’r,'a‘tes of the contacts, Since a network with n relays can have
2% such combinations, the admittance of & relay circuit can have
up to 22‘_ different valuse, and the change in this quantity can
~ ocecur only in jmps,_“&w-ing the instants when the states of the

Je
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wk

-

- Uindividual relays change, | | R

Let us conslder now ths charcss in the sdmittances of relay

Celrevits with different elsmants,

e ol

The main element of # :elay‘circvit is the relsy contast, which;
can be sither clossd or opensd, Tie admitlance of a conbact in Lhe
clcsea gtate will be considered 4o he inf;nitﬁ, and in the opan
stete to be zero, i.e.,

Y

10 — A

Yo Voom g francl

{1.5)
In the caéﬂ of parailal or series conroction of the contacts
having the extreus veluse ofvadmit%ance,‘the overall admittancs ean
alan aSsuma only thess two %alaza, as shoun in Tabls 2,

- Teble 2

g3

Tlapsnrrsmase | Fleesenonsve mws
¥a s covarmnme | :
. ¥y ;
— i
{
t

Raofle
‘B8B83 e

[ A
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To simplify the nobation snd for convenienes in changing over |

" P

te elgebreic transformstions, ve ghall agres, followling V. I,

Sheatakoy /10, 86 - 88/ to denote an infinibe edmittance not by

-

the infinity siga, bub by unity (1). Qo the other hand, the
admittance ¥y of the contect a of relay 4 will bs denched eimply by

&, l.0., vs write expression (1.5) in the form

. (1.6)
CIn exder not ho confuse ﬁwtﬁ raéuﬁeé‘admiﬁﬁamma:wiﬁﬁ the
ordinary concept of an sdmittanse of one mho, we ghell call this
8 strustursl adnitiance, | "
In accordance with Teble 2 and with tﬂﬂAvaluaa from sxpgression
(1.6), we can fird the following relations:
8} Por & parsliel connsotlon
GA40=0: 0+ ==140=1 L4111k
' b) For a series connaciicn
0300 OX o I0e= 0 I == 1
Thesa relations eovrespond fully to the relations of Boolsan
slgetrs {(for more ﬁét&ils see Chapler 2}, Sincs the series connec—
tion colnecidss in this case with Boolesn multiplication, ihese
syébals Poy geries comnsction will be desncted with ths usual
mﬁltiplicagiéﬁ sipn (.}
The struﬁtural sdmittance of a contact netuork, consisting

of contacts of n relays, depsnds on the state of the contacis

Fa




U sontained in tile circult. And 3:*3';!;‘38 the contsste of 5 relays can
be in 2% different combinaicns (sanis relay either opsrates or doss
not operate), and the cmizaejt, civeuit for each of these combinations
car be elther closed or opened, eenaeza;uemiy, the steuetwal admitl-

., anca cf a4 contact tﬁimﬁiﬁd»&gg&is, on the one bm&i s on the eomecﬁian!w

| between the contacts 'tkﬁmse;vas (i.6., on the structure) and on the

cther hend opthe states of the rsisye included in the network. Thus,

for axample, fiv the contact metwork shown in Fig. 3a, the dapendence

4y

of the edmitbance on the states of the releys iz shown ia Table 3.

Tabls 3
g ey
i’? Prax "%2} '3'5"4’ .
B | L | meaam
A £ & ’
sf} 1t pss, te pad. tie pas, 0 ¢
s Pats, r 3 ¥ o» & ]
T He palh, Padi, *» o t
s, » LI 3 we i
He pat, ik sa, Pass. o )
a8, | I » 4 [
te pa8. Pah, ? =2 b
Vats, » * ™~ ]

1} Relay, 2) adnittance of the cirouit 3) struetural
admittance, 4) act working, 5) working.
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—
' Inaemuch as the edmitbance of ths contact is iudependent of B
the diraction of the ouwrvanb, the almittance of the cosmbact clrouit
is independent of which pole is considered the input snd which the

ovtput,

2. Adnittence of Dirouite umlib Jaghillers
In relsy nf'smo:fka mﬁe. mekes exbenasive use of factifier slemn‘ises
- gaploonductor {aum'ox; germanium, sslinium, etc.) diodss; having
a large sdmittence Y (Low resistence, on the order of several timss
| currents in ' |
! 10 ohas) farf\ene direction and low admititance Y (large resistance,
t on 'LLa ader of tens of thousands ohms and more) for currents in the
opposite direction.
ﬁl’though‘ the a&mit’iﬁamg& of vactifier elements are Finite,
nsyerthelags, cmaidering tbﬁxc setion in relay networke, we cm
agswse ’f,.‘mat‘ the strucbural sdmittance of & rectifier element, ée-— '
pending on the dlrection of ths ciwyent, assumes the values ¥¥ = 1
and ¥y O,
in obler words, the adaittance of a rectifisr element is
oriented, i.0., 1t depewds on thavcm:*:z'ant in-it. |
For ths z'sﬁ:ti-ﬁ‘.ier'k{., conducting from pole 1 to pols Q (Fip.
g}, we obbain: .

Ve V',
y‘gi = ynp

or, going to struetwal admittances

£
Ze




h&ve the valueb shown in Table bis

Tahle 4

o i
} 1 = i
Y 1 £ 3y
. ) .7
. containg
& oircult mhir:h & rectifier slements can also bave an oriented
aﬁmittame Thus, for the clrentt of Fig. %a, the adaittance will

"} et ) Caems dur. 9,2 : a.{fé ,_;;,,W’F
. - L) o -
. X }r *‘ Y :
5 & apotdieccys ‘;l:t‘s‘-ﬁ W: g
A (5 ,'; - V=¥l Yy s
Yie Ya Yis | ¥a
- N B o sl ol e o v
Y - —— o P ] Cw o so
- + - 124 v, #1106, XG! © (GXG,
k3 + P [ oo § $ o w0 o
- - | + ¥ ¥y t 7 v G G LI
+ w— + 0 0 o 0 G g o
- + L+l ory y; tib el a6 | o o
+ 4 |4 yxyarixYy ] 0l GGG +G] €

1) Relay, 2) diagram Fig. 92, 3} admitiance, L) strustural
admittance,
* To gimplify the notation we denote mon-working relays with

. ninug and worklng ones with plu‘é;

x/4




.
3. Conbast Glreulibe with Aotive Besistances

Beley windings and obher active resisgtancee have non-oriented

E!{G{;m. ' (1.8)
Ths admitbence of s cireuid which eonteing contacts and

&

slements of finite sdmitbance can heve both the extrems valuea
zero and iofinity, as well ag finite valwss. Thus, for exsmple,
Table 4 lishs valuss of the admbtanﬂe for the circult of Fig,

wt,

9:3. The presence of r&c‘mi‘ier atemants in such a cironit makes the

9*1‘;":;&52:;9 orisnted in tms cass, as shown in this table athe adeibt-

ance of the rectlifiers is daken to be currespondingly zere or in-
Tinity) for ths natwork of Plg, 9. The pro-
periiss of the active resistances in relsy networks will be con-

2

gidsred in greater detail in Chapter 8,

Fo SIHGLE-STEP AND MULTIPLE-STEP NETWORKS
theis
Dspending on the charactsr of eobion, relay networks can

be either singlesgtep or - muli’;’ipl}.e; gtep 7@@@%@&1}._
Singlewstep netwarks are those in uhich the state of the

actuating clreuits is determined by the state of the signals at

aach given instant, In such circults there is ne provision for

& saquential sction on the part of Individual elements in time,

with the excepticn of thes sequances which can arise in the

veleoie.

- nebwork during the instants of operation or of the relays

Yol




E

[ either dw %o & szp%a.a :’m their i.’é.:.-w povarsters (in similtaneous
opsration of .csevaral ml&yﬂ iy @ dro o mon- simm.taneoua cloging
and ag:;ar\ing dfltha individual contacts.

it w}?eno‘m by Xy, Xy wues xy 'ﬂm gtateg of the receliving
a‘iemama, and by %, z I zy 7 atwbaa- of ‘Lhc achuating oly-
cmts, then 'Ln 3 smgmma@,p xxat:’wm 'tm gtates of mzy aetuating
oirendt %3 Are & Lunotl on of the stetes of ‘cffm rec&iving slemnte-
oply, 1.6+,
' g feln o oer s HR | (1.9)
In mdtipla-sisp na‘marka, thes states of the actuating clr-

cuits depend mot only on the states of the externsl signels at a

given lnstant, but elsc on the sequenoss of these signals, i.6.,
L& u’“;'% &X, a‘&&n X0 Fs..x).. A : (1.10)

whare py .. 1 iz the siate of the petwork (interzediate alemsnﬁﬁ)
during the inaﬁaﬁt preceding the given signal. ‘

S*an in a multiple-step petuwork ths sequence or geguences
of ﬂig:m,_ta is of yrime importencs, such a na"suwa magt contain
merory devices in the mzm, ffm mmgxiﬁ cf in%rmadia‘t«a relaya.

Durlng the zmocsam of cp«amtiu;z of & multiple~step netwark,
its elements change their states both as a result of externsl
signals, and #s & result of internai intaractions. The sequential
combinations of the states of the elaments of the network, diff-
ering inthe swi;e cf a‘iﬁ‘lﬁasﬁ g sivgle slement, uill bs oalled

gtaps.



The pericd of operablion of Ef“ﬁsi?ﬁer}:, during which all the 7]
alements return 1o the stale assused To be the Initlal state, wi.ll

be callsd the oyole of the geration of the neluork. E)epeﬂéing on

the conditions of tbhe exbternsl ai,gna}.ss netuworks can be designeéi for
- a gingle definits oyols, but in yeactice one encounters as a

L

" rle setwc wkg with geveral ﬁiﬂ,ermﬁ aps ating o :;lés, depending on
the sequenne c,f‘ raosipt of sxbernal signels,

Since the changs in the state of the slsments of the netuwerk

deparde bobth on the cbange in the externsl signals and on the internal

irderactions, ve shall disbinguish two types of gteps during the

provess of opsrabtlon of a muliiple-shep setwerk /18/:
1) Steps in which the si&nga in the gtate of the elements
apory going to the next step is dm te chenges in the axbérnal gig~

sals., It Iz cloer thet the Jurebion of such a step is indspandent

of tie paramsters of the network ibtself or of its elements. Such

w

} Steps in which local cirewlts are mwodused, due o the

L™

eporatlion or drop-out of & cevials relesy from this network. The

{imaiiw of stmh & *%:.@,:; is determined only by the opersfing time
or the Telease tmﬁ of i“he c:orrespozgmig relay. Such stepe will
ws called unstabls,

The opsrating perisd of & r_xsi*é;&mrk hetwesn mé chenges in
externsl signels will be called a gtége‘s ‘i.n the ngrétion of the

setaork. A stage may conslst of one or ssveral steps.

5/




. The contwrol petworks used iﬁL communioation devices -a.re‘ as a |
rule multiple-step networks with several opersting cycles, Single~
step nstworke are encountersd only es isdivijual units in mulhiple-
step networks. ’.E‘hzarei‘aée principal a‘éban‘c:lc;.m will be peid to multiple-

. step petworks. ' ;
. -~

Al{mg with a general 5tvdy of mul‘ta.plewswp networks, prac-
tinal :Lnteres% attachas a}.so to multiple~step networks of wrdered
type, in vhich the sequence of sction of the relays obeys a certaln
mresoribed law. - Such mx,ﬂ.ti‘pleéﬁtﬁp networks include above all net-
works with a ss_ingle receiving element, In f-h&ag ne’bworksffpar‘biaular
interest are cyclic networks fi02, 103/ ,“ﬁhicth‘ includes counters, -
distributors, and other devices, |

Another important group of ordered vxxe'bﬂgrka are the éwcalled»
autonomous networks, which-c-gwmte without external signals. These
include, in particular, pulse networks (pulse generators). A s8pa~

rate group is mads up of clamping networks.

{ 0 ,.,'. L
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Chagher 2

""Al‘*"}‘; FOR THE SIRUICTIRE ARD ,sﬁi?.da‘i‘w: CUMDITIONS oF
& RELAY NETW(RK _ -

1, HOTATION FGR THE STRUCTURE OF RELAY NETWORKS

&

&g mrcmy indioated, by structiurs of a velay notuork iz
meant its compositicn (the eloments conbained in it), the avtual
plaéer:z‘sm: of Lhe elements, and the connectlions betwean thenm.

One ':;f the most widely uged methods of notation fov the
gtruotime of the pebuork ia gwa},ha.s aotation inike form of m*imipél
op wiring dlasgrams, imx M,z« %p&*ma alemsrnts of th amw{ ars

2

vepraganted by arbilyery gyvebols, and the cheracteristics of thege

3,

elemants are denoted wiith musbers, words, or some other arbilrary

symhels, There exist many differant ways of graphic repressabation

‘of netuorks, but we shall net desl with them heve

In gome casss 1t s convenlsnt o ﬁesigm% the slemsnts of
2 -ralay aetvork with lstisrs, It is mesth custamry to denote
relay wlndings with capital letters ,&, 5, %1, ¥3) and 4hs con-

tacts *ﬁa mx@*ﬁaspcﬁdjﬁg i mr«c&s& Lmtsara 8, b , =, Xy evs)

Joreak/
and e,lem_h € norpally-closed ) ¢ J%"«S&G'ﬁ‘é are distinguished from
A

5




/mke/ T L -
T elosing (hm*mliywooan) contacts wiih a superior bar (i.e.; &, b, 1

‘ ;l’ }:2, waa)e If tha relay mw several windings whiech mugb be dls-
ting*xiai:xed from ssoh other, we number (the ovder of numbering is
immaterisl) thfaue wimirgs and agme to write the number in the form

1 2

: of & superacriph (1,(—3,, b, by veeds In oasas whan the im}ividml =

‘windings are 80 connsched %;mt'tm:%x action may cancsl each obher
dietinguish "

(cpposmg uinding*s) , we ghall agr% o . the wirdings, in which

the current flcwﬁ from the end of the winding o the s‘t&rt of tha -

uind,‘.ni by an arrod sbove Ghe letter (fm‘ axampls A and A o

.&l and 4%). Hs can in‘hrodum Bymbofm also for other elements.

If ue zms denote by the eddition sign (4 ) a parallel
connection of network elsmen*hs and by the mul‘himlicaticn sign &
series connection, then the strusturs of any network of class TV

| éa_n e wﬁaiqwl},r recorded in i .fcxm of an é;lgeb:lz'aic expresaion |
or a sﬁ'wtucél formala, . |
Thus, the nstuorks of Fig, 10 can bs repregented by the
follau,’e,ng structucal formilas:
4} F -u(r}/i 4+ 65) + uahB + 6X;
83 F=(u+ab)@+06) 4+ 651406X

&j Fo=[BA 465+ TAB + IR+ 60X
dj Fe=letadbya- }aﬁ/!b)ﬁ-ﬁx

-

If is, however, impogaible to write down a netwark of
class H by means of 2 struchural foramuls, for in these netuworks

;‘ thére sxigt elements of which one cannot say whether they are.

#q




t

}
- connected in parallel or in geries, 1.8,, one cannot use the sign of
‘addition or multiplication, |

| The most canverdent form for wribing flown “l;’;aé structure Aof
,imwer?xs; of claza R are ths so-callsd s‘mwm‘hwa} matrices (or mat-
rices of direct admittancss, as thsy are somobimes called). _

Te - meke up the strustural matrix we r;umber the nodes
of the network in my sequence. It is nob ‘easential here to number |
-the nodes that enter into some cireults of ciass wﬂw . bﬁ‘é all the
poles must be aumhersd, One then constructs a quadratic mefrix with
number of rows and columns equal to the number of numbered nodes of
‘the netwerk, and at the intersection of the 1-bh réw and the j-th
colunn ohs writes down the gymbol for the circﬁi‘b froni the node with
gumber 1 to the ;zc&a with nuwnber j, not é&ﬁs;‘mg tlﬁ'ﬁugh any obhsy
numbered nodes. Then ths cireult will be called the direct circuit
#1; betuween the vnodes i and ‘_

Thus, the struotural matriz with q nodes will have the form

r@u Prz- - By |
PP . Py

b e o o o

i

L ?flvqi . thll !

If there is no cirouit passing through other nodes bhatween the
nodes i and j, one writes in the corresponding cell £ij = fj1 =0 |
(1), corresponding to an open circult (zero admitiance). '

| If, bowever, tuwo nodes 1 and j are connected directly, then
we assume Fij=F51= 1 {infinite sdmitience). It is obvious
that for amy node iy = 1. |

e
IS

Thus, the structursl matrix of a nebuork will bs square, with

—_ FO .
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' : B :
Munits ailong the prineipal diagousl -1

H
A,

i - "?hf‘ '

i'. Pgnd e o o By . &n
- “‘ coe ;

o Leats '

v the nebuork conbalus no rectifiers, then gij = #33, and the

strustueal metrixz will be symmetricel uwith respect to the principsl

diasgonal. In this case the nunber of the elemsrts in the network will

‘be aquel the nomber of elsments in the mairlx, iocated on one side

of this disgonal,

fme omn wriite analogously She swrustire of a reiay network.
Bince in relzy nebtwork where the relsys heve seversl windings each it
1s imporiant to know the divestion of the owwent in the individual
windings, we agreedo write doun the symbol of » winding in the corres-
posding cell wlthout en arvew, 1f the stert of ths wiiﬁiﬂg is
ecmaéﬁeei Yo bhe node from um&h the sireult is trsced, and we shall
use the saxe sywbol wiﬁt“cz an arsod; if. the end of the winding is
connactad to bthe seme node, i.4., if @ vinding &k is connacted to the
zzc:«:‘ia,é numberad o and ('5 , aod the sbart of tbe winding is connected

to Ghe node <o, then -




- Thas, the networks of Fig. i1 cen be written down in the forzm

of the following matrices.

e S0 a=  [tede 68
o 16 Y p 169 2 21 7 i
o A e ;

g0t ol

s 6 1 AXF . "
LAy e o 1R &l A 44

@ Ea

&
-~

¢ e 09
X b e
We note bhat by adding supplemsatsry nodes In

_ . » '

circuite of class Y , ths form of the matrix is cbanged. Bow-
ever, singe Hhese | matricss represent  une and the sams network,
we shell call them equal. Thus, for exauple, if we introduce in %he

netwerk of Fig. 1la additionzl nodsa 5 and 6, we obtain the ﬁsf}lcuﬁ:j ‘

matrix,
EE 7 & 6
91 & £ e I
s 1 0 %is
a 0 1 6 xs
a ¢ XV o § o
L0 0 6 X2 0 ¢
— t




To deaignate networks of class H, we can use also other methods,
for example the use of symbols for multiple-pole ;Qa:'allel o series

connscbion /167, cor ehuracteristic fumetiens /31/.

2, NOTATION FCR STRUCTIRAL NSIWORKS WITH RECTIFIERS
In the pressnce of rectifiers in a relay nstucrk, with sdmitt-
ances hat depend an bhs divection of the current and whieh can be

sssumed, in view of their low value compared with the admitiances of

tthe relay ﬁ:Mi@s, 4o be consldered '. zero when the recbifier

is "oub off" and unity when the rectifier Yeomducts," it iz aleo Very

convenisnt to use the matrix notabdion, since sach element of the

matrix determines the admitfance irpne direetion. If 2  .reo-
tifier is included in the circuit between nodes ol end 5, bhen the

strustural adalttance from o to P will nct be squal to bhe admitd-

- ance frem {;’3 “to ol , as can be seen, for exampls, from Table 5. . _

Izble &
Gt nes u‘: %, # . ff'?“‘
& scwniiomons f # 4
ooty 14
culibenaferd &

-o«{::f}w aldgeef . e




Ag & result, the structiral matrix for s network with rectifiers
will bo agymmetrical with respect to the prineipel diagonal. Thus,
 the matrix for the network of Fig. 12 will be

r
| B
[ I -
o
+
- a o &
| —
n wl*
L”
£, ¢ S i
N 'L

'I‘o dsaigm% 'i“he mmm'k in the form of strwtwal for-»
mulaa, 'hhe reetifiars must be aasigned smme gort of symbol, (M A+
Gavrilov f16/ uses the symbol ki),

s o rige




. - .- . ‘ _L .
| - 1
r, " 3, NOTATION FOR THE OFERATING COMDITIONS OF CONTACT NETWCRKS

Te formulabing the m}:#mﬁ’mﬁg conditions of individuwal contact
;circﬁits, cine usually ssys that a glven 'mimui*&; should bs or can hs
cloae_é at definite steteg of _ﬁmpml&ys. Ths partiovlar cese when

' thig eirouit acts on gome relay me gome cther device, one can say L
| whathar mﬁa‘ relsy operates or does nmot operate far
glven glates of the vcirmﬁ:is elemsnta.

let ug consider, for émplﬂ, a conteol network with three
cbjecty, in whiok & signal W nust appesr if simdltanecusly not less
than tuo control relays, 4, B, or G, operate. Thus, the condltions for
tha appesrance of the slgnal ¥ can be fwmula‘imﬁ‘ in the following
maaner. The cireull of the signel should be closed when relays &
and B opsrate but relsy € dces m‘h; or wien ralays A zmi G opsrata
but reiay B doos ooty op when velsys B and © opsrate and relay & does

wh, or faedly, when all thres relays opevats,

Table ©

-, Ej

%ﬁm peae ?TLu b
A £
A A AL
[N [} & &
B e e LI I 4
- 0 i 2
o e e 4 Soe 2
- - o L 01 4
3 ww o £ 4 S
e b e 4 9 &
+ + + i - ?

1) States of bhe rolays, 2} cirouits, 3) number of state.

g
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En prao‘bim one macuutam froguently ocapes when it is immgberial
undér cer gtates of the relays of &.«M nebuork whather & given cir-
cudd ie o;ezaar’* or c’iﬁsarz,« Upder Lhese eonditions, in verbal formule~
‘tions, one ussathe words "can be clossd" o Ycan operate," In parbti-
'cﬁl&r, in such “m&i?&fax m“ sgtotes may be mald%a those »:zombmatiana
of states of ’s:hsa netxz K, w‘mh sre noh encounbersd duwring its o Jpe*a—»:
ting ;zrwa&%, 160, ssc«&a?aleﬁ wnged stetes ,/’185_, LBl

let us spsally for axamglaj that in ”biw raceding cess the

ignal “mw Z :mcm &parah vhen rolays 4 and C operate bub %alay
B'. does noh, ar when relav B opwatm and ral&,{s A s C dc act, o
can apsr&m imam all tm*es releys pevabe, o mfmn r%m;y% 4 snd B
amram uu‘t re C dose n‘jts _ |

Tiese shates of the system, at uhich the given circuil wmust be
cicaﬁd, wa ahall eali obligatery, while '&hnsﬁ ot which it can be
o loged wiﬁz.’i be esallad mm;%,tim-‘-u.

Toe opsreting ﬁo*ﬁﬁ%imw san alge be writien in the form of 2
tahls of corraspondence; in wmch for each combination of stales of
‘the circwlt elemonts there are indlosted the required etstes of the
individual oircuite., -

We shell agres to make up & tabls of corrvespondence as shoua

for . ouwr psrbticulse exauple in Tsble 6, whers 'hha mn-»ﬂca"kiug gtates
of tbe velay are ncted by minus «3, na, &nd bhe working ones by plus

gigns. &g to the cireulls, we shell designate by unity states in

which the cireult must be ologed, by zero the ghates in which

— T




they must b opened, ad by & tiida { ~ ) the Indifferemt states.

| Is ;L!§B now number all the siabas of the network (aee Chapber 1, |

Sectiocn 2}, tkgs‘n eath cireult can be writtsen la the foram 01‘“ an asseably

of n@ws of those stabes, in which ﬁha_ circuitbe sshauld be or can be

closed. |

| g in Tablé 6 relay & is sssigoed & welight 1, relay B a weight

2, and relsy C a wéight %, we obtain the nutbers és indicated in the

same table. “ | _
We shall agres to writs a@m the agsemblisa for each clroult-in

cwrly bracketis, awi i.nql!ﬂa " the numbers corresgponding to the con-

ditional gistes, in: mﬁnd p&renﬁkﬁs&a; For ﬁha raceding exampls

ws obtaln the following assenblisss

| fos= 8.5, 6.7) I, ={25.6. mo (2.2a)
inasmuch as the numbers of the states depend on the weights

assigﬁeﬁ to the relays in the nemwk; in those ceses when it is

necesssry o do so, ve shall designate by means of an index for the

curly brackets the relays fncluded in the network in order of

decreasing welghts,
. Thus, Bgs. (2.2a) are written in the form {operations with
such assembliss will be discussed in detail in Chapter 6).

fw = {3 5,6 Tiasa,

fz={2.50, 7}}5;;4. (2020)




Fugbers corresponding to obligatory states ve shall call
obligatcery, and numbarsg correspo 43:‘2,; 32 to cordlitionsl gtates will be

called conditional., _
in the gensral form, when thers are r onliga‘bm sta‘bes and s

jcbnditiqml sbabtas we cbtaln

f"”i"ha%n-"’&«ﬁ‘n?&---‘Pn)is*iﬂ'{fm}”‘ ) (2.3)

where: 7} 3 -~ number of cbligetory states;

N —-assembly of obl:s,gatory nuphers;
g nimber of comiitional states;
Mo assembl;g‘ of conditional nudbersg
B — base. | . |
Finally, the Gp@ﬁﬁiﬁg conditions of the network can also be
written in the form of slgebraic formules. | |
- In formidating the opemﬁng éondi‘tions of any circui"t,’ e

usually use the conjuscblions Fand® and Yor." Thus; for example, if

the cirecuit of relay X mugt be closed, when relays & and G .

spefata,*it is eusy to verify that the closing (normally opsned)
ccntaeis of relays A and B (Fig. 13s) muat} be connected: in series.v
in the circult of relay X. To the coulrary, bhe condition that the

1ol

. | .
L 4 ‘ =
xi%j X Fig. 13'
A |




r

1
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' pelay X must operate when relays A or B operate, leads o a ;ﬁara}iel““f

connacbion of tho same contects (Fig. 13b}. Aawlegously, 1f we se)
that the eireuit mush bs closed when the relsy doss not operate, this
cirouit must contain sn opening (normally closed joontact of the relay.

-

. W see thersfore that ths conjunetion Yand® corresponds %o &
%r,%.es éczmectiaﬂ of conbacts, or, in the gyzbolilam adopted garlisr,
s multizlication sign (.}, whilas the conjunction Hopt com‘ﬁ:ﬁpeﬁés to
a parallel conrestion, i.e., i‘;é the sign of &ﬁc‘iiﬁi&n_{ <+ ). Sush
a symbolism cerresponds to the symbolism of slgebraic logis (sse
Chapber 4, Section 1}. |

| Usning the s:ym%oligm employved earlier fér : deg-
iénating the atructurs of contact nafmérks, we can write down also
the sobion of individual civcuits of the network in the form of for-
muiss, which give “bhe dependsncs of this circult on the states of the
individual contacts:
fr=Ffta abb ... 06 ' (2.4}
Thug, for ralaﬁf ¥ we obtain from the precsding exmmple i‘ch&t the
opémﬁir&g conditions are written in ths form
fw = abs 4 ab 4 abe 4 ubs.
| However, to write dowss the civeuit 2 in this menner is no
longer possible, sinee itas operabting ‘conditions inciude conditionsl
shates. In order to be eble to represent conditional states in the

Formula, we introduce an additionsl symbol %, which indicates that

one can taks any of the expressions starding on both sidas of the

& O



Mosre  (Tha ;mywi cal mosning of thle symbol and opsrations with It ™

will be g.a wan below in Chapher 5.0

e LwEm% fpbe pocount, Ghe operating conditlong Lor

ke cizeait & in %%:w &wsg fuh R etrd

i P, ~
g il g O [
‘ I Ll g- s}uﬂ.?‘—r -6.‘ .,,,i.:. ‘ i,..

——————
-~

Thus, the cpevating sonditions ogn be written in bhe gonsral

Porm ag followas

‘ ¢ 5ok
o= By b Nt
.f«:i_ N %x g {2‘9 5}

ket Kgg ad Ko, 000 Lhe eongbiiusnbs of bhe ohligatery end of

x4

P

a1 miatss with respect ho the aumbers fl;,f x and /e&

T sowe oL86g, DAY .,%{m};m*w for n S 4, i% mey be coxngenient
to uge & Yooordipsbe® notablon, used for f—zWﬁrxl& by 0. Plachl /20/
erd A Svobecda /55 - 56/, In thiz notablon one drava & recbanguler
= 1 with 28 aslls, oorresponding to o® congtituente. The variables

are hroken W iabo Tue groups {wher u is even ~— the groupe ars

equel), and the cowblnstlions of the warishles in essch group form

ths Yeourdinstes® of ths rous and the columng, sl gach otn-
ghivuent e dotermiped by the produeot of these teoopdinatas,

The pragence or ebeense of ponskitvents in the fermula is nobed
by placing eibter one or zerc in "é;hs:s eorrvegponding cells (0.

e gyrhols infindty and 2sry, while A. Svoboda used

"1"'

in soms co8en ‘a dob instesd of oo and luaves tue cella corraspond~
' ]

E4 b




l : ing to the missing constituents empby). The cells céﬁ}xr;;aining condi-
. 3
tionsl cwsﬁiﬁmnﬁs} are marked by & ~~ or aneﬂ-halfh(mechl uses
v {* . o .
& question marlx).

© Thus, we can write down

= TABINO6.11,13. 14050y,

§n] baf 8e) & ]
v 7t
. o -~ f 4] ¢ )
fr-s R z
P ' Y R N I3 PV - (& 6)
| ze 1 ] H ~ :
]
. : Y § ~ ~ s
| i

If ve nov assign to the Yooordinates" weights in accardance
with the weighte sssighed %o the individual v&riableé, then each |
‘eell will correspond do e; Go?l&ti‘tﬂﬁ!lt%é‘bh-ﬁ number agual to the
sur of the weights of the ”cucﬁ*dina*i:és." ' It is most con~
;vaxﬁent tsbacrrangs the varisbles in such a way that the Yooordi-
'né:teg" of the calwmé are 0, 1, 2, ooy (2’( -1) while those of

i

the rous are 01.21, 2.2'?, 3.'2X, ceny (Z’.n Il 1).2£’whsre £ is the

TS ERT B Y ST A

6/




number of columss used in the "cooxdinates.®
For example (2.6) we obfain the following numbering for the

sells {congbitusnbe).

In the cecmimtﬁ netatlon each row ang column can be aesigned
letter or nusber syebols and then each ems‘tﬂmnﬁ} (v‘aaah yertox)
can be dencted brisfly by a combinstlon of thsse symbols. For example,.
if we number the ?owa of (2«{6} with Ii,eti‘.ers and the columns with
nuEbers, ‘%,;héxz the congtitvent ky assumws a de signation al, aamsmt%nt
k,? bacones bl, ete. The synkol gol will correspond to the sum of
two nelghboring consti.umntﬁ k‘i and kg, i,e.,g‘ to the expresgsion a.gc’,
wb_;.le b2.3 will correspond bo ﬁfwﬁm of k A and 'kr;,q i.8.y to ‘bcé,
The symbol bd 2.3 carresponds to ths sun of four conghtituents kg,

key 21;31?, and ltyg, 1.8.; To be, eho. 'Thaée symbols ave used ln par—-

ticular by A.8voboda to abbreviate the notation.
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! We shail call the ﬁesi.gm%;i&i? of the nacessary and passibls mE
conditions for the sircuit in the form (2.3}, (2.5}, (2.6} or moms
6ther form, the general solution for thig eircuil. The general goln-
ticn contsling a1l the posaible versions of the pa:z*mcu}.ar congitions

- or pa:fticulaz* solublons of oireulis, whish can EERRA s:, in the presgence

i

Lo

| or ab%u,a of individusl cmdihzaxza.,; terns, bub which satisfy the
gpacified com:?.ﬁiarm& I Sa aeagy Lo ve**if* that in the presence of
g conditional songtltuents k - in the general ;smutien, hm nuber
of different particular ac»lxrm.onv m.,ll ve 2° /57/. '

¢

The opsrating conditioune of a contact awtramineﬁ network, ‘fo.u
gpecified
cliroulta £3; batwsen all nodes (i =1, 2, eneyqond =1, 2
eas a)j cen be written in the form of a atmwaamrism.a matrix or &

matriz of botal admitlances

g f!‘l‘ . . .f!‘@ H

I R E

Maxl o0 o v o - !
...... |

| fafe - - 1

(2.7}

It mush be nobed thab for a g-torminal nebuork not sl the

édmi‘t@amas £y; can bav spacified arbitrarily, since ssversl olr—

oults will appssr between the poles 1 and J thraugﬁ other polas.
As shatn by A.G. Lunts /31/, in order for & matrix M to be a

sharacteristic matrix, it in necassary and sufficisnt bo have

&3
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ME = M, (2’03)
i.€., bthat the sgaclng of tha meivrix {1z the senss of Boole) leads
to the sams malriz.

I this is not atisfisd, then the corditiohs designsbed by

" e watrix M cannok be reslized by @ contact ssltwork.

T4 must b noted, howsver, that in mogt practical cases it is
necegsery to specify the circults between all the poles, and there-

fors the use of the nobation for the conditiens in the form of mab-

- rices iz very limited.

s

.

L. ROTATION PR I*Bm C@m}iﬁﬁ GOMDITIONS OF MIBTIPLE-BIEP
NETWGRER L '

In mﬁt&ﬂa—é@%@ﬁ%@éﬁ , <. Ghe primsey inporbance atiaches
to the sagusnce af the aerival of the exberzsl pignals and of the
operation of tho actusbing cireuits, sud 2lso the in@m‘ha wh in
which the intermediats relays a;;ara‘hé or drop owb.

Tn the formulstion of the oparabing conditions of the nebwork
oiig nstally says that the closmg cr opening of a certaln
elromit or bhe operation or drop-oub of a certain relay ls followed
by the opsexticn (i‘%‘:lemlé;) éf & ssoond relay ar by ths closing
| {opening) of some actuating oirouib. 4 aisbinotion is mede bere
ke‘weén the operation of ths receiving slenents, which are operated
by ex’t&rmlﬁégi;gzmlss, and the operation of ths intermedlate relays,

which operats &s a rule in locel olrouits,

[

&2y

e




i

| ’ L - '
r Thus, for example, for the circult of the binary pules divider |

with tus intermediste welsye & and B,  operated by the con-

sache of the receiving pulsed velay P, the opsrating coniitions are

9 Durisg the secomd operablon of "bwa relsy ¥, relay b drops out and

foraulated sz follows: when pulse relay ¥ operates for the firgt

,bima, velay A operates. Alter relsy P drope oub, relay B operates.

Lo
i

" after .&mppi@ sut of the lralay P, ralay B drops oubt. Ths opersting

oycle of the nebwork terminates end the netwark veturus to the
initial stete, The ascbuating eircuit X should be closed during the
mecond pules and oan be clossd during -z:m_ interysl betwoen the first
and second __puls&éw | |

The operabing sequence of & m.a:&tiplemgéep netuork can ba
represerted by a relay-cparation greph (Fig. 14) consisting of
.sevsré.l stagas of the netuork operetlion, aépwa‘i;@ﬁ by differsnt
extornsl signals {(in this case ingtants of start and end of the
incoming pulsesi.

The graph,' bowosr, dess nob give & couplete pic‘btma' of the
teraction betwesn the individual network elements and therafors
tna most convenient form for the notation of the operating cenditlons
of é nuliiple~step netsiork ﬁ.s the ﬁo«ﬁallsd- connection t&'b}.s, acn-~
sisbting of steps, L.0., pericds during which the receiving and
intermediate elsments (releys, keys, etc.) of the network do not
changs bheir states. The connection falle fho;ssach elemsnt, ss well

as for sach actuating ocireuit, a line in which are noted the states

-

<% o




r
t

, L -
of the elemsnts and the circuibs during each step. The operating {

statsa of the receiving elements which respond o externel signals

- are denoted by & heavy line. In the lines for the intermsdisbe relsys

those steps In whieh conditions have been created for the opsration

¢ of the given relay ‘(but_t the relay kas not yet operated) are designated

an arrow { - }3 steps in which the reley operstes are desisnated
g " ) o

_‘ relays, and the teble must bave in these steps sither a «——p sign

by a plus (+), and steps durlng which corditions are created for
its release (but it is wtill pulled in) are designated { =-f ),
Fm; the actuating ecircuits, a solid line designstes the periods when
these civeuits should be closed, and a dotted line dasigné‘tes when
they ‘m&y be clogsd, | | |

The cunmc‘éian table ’.i‘or & blinexy pulse dlvider is shown in
Fig. 15.

Ths abmgeov«ér from ona step to the nexb is dus to & changé in
the stats loperation or drop-out) of cne of the relaye of the éircuit..
This change, in twrn, is made pogaslbls either by a changs in the
external sigoals, or by the creaticn of cmsspomiing coniitions for
the iﬂ'%ﬁrmeaiate rel@’s inside the network. In the former case the
gteps will be stmble, i.e., their dwation will be determined by
the durabion of the external signsl, which can be arbitrary and
irxiapéndant of the glven netwerk,

In the sscond case, the sheps will be unstable, since thsir
durstion is determined by the opsrating ar drop-oub time. of the

be
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Tor a minns sign,
211 theos sheps can be puabered, for exsupls, in Bhe arder of

their seqUEncs., It is awe convenisnt, however, to use here Lhe sams

system of mumbering as in ths corrsspordencs tablas (Chapter 1, Sea-
_&iaﬁ 2},

1 5

‘Fig. 15 shouz the numbering for the cases when the relay P is
asgsigned & welght 1, relay A 2 welght 2, and relay B g weight 4. in
this caise ths eteps nusbered 0, 3, 6, and 5 sre sheble,

Trers exisbe also other methdds of writing down clamsﬁtim
tableg. Thus, for emumpls, Dochor of Technical Scisncas M, A, G&‘@i:i.ov
/16/ recommends that the connechion tables be writtén in & somewhat

dfferent form, without sspsrstion inte raceiving snd indtermediate

elementy, as ghown im Fig, 64.

Table 7

Inpubs 42 cmmugs
& o, W onm i
@ s 4 2 |
®@© ¢« @ |-
@ s ® »
r ® ©® @ | @

6.8~




| indlcates the need of introducing Lnbermsdiste relays into ths

il

L

D, Butfuan /95, 96/ gives anotber tsbulsr method of writing

dewn a;:@mﬁing conditicos of mulbipis~gbep networks.

In hie table he Qlaues on the horizontel lines different com-

bm&;‘tiau of the ghates of the iz&;{rﬂls {(receiving slements), aud

" on the thmﬁ. ke arranges the ghates af ths oubputs (actuating

c.irm;ﬁs” ﬁ:b Bhs mmweﬁf o aXe pmmad 'Fha aerial nusbers of thae

gtates ef‘ the network, and if this atate is stab m the number is en-
clessd in & aiz*cﬂm., A ahangs .m the stabes of bhe lnpubs loads %o a

" ghange in the number of the stabe along U horizontel lins, If this

audser is nob emixc.‘s.ad, tiis indiostes that the eircudt should change
&8 & rasmlt of the change in the agtoten of the i.n’&armﬁiam relays,
slong the verticsl into & steble sbate with the ssos nusber.

Teble 7 L compiled by bthe Buffmen method, starting with the
following condibions. | '

In the initisl stete of the n-ssmork,' ot ong of 'i:.hé tuwo re~
ceiving reinys X; and Xp operate. Wien one of these relays operates,
the ccrrespopding sotusting ui:vm.i‘!: is olossd and the state of the
actuating relays should remin the same unbil a gﬁza'be is produed
in which only . tha ma«rm relay operates. Nou ths sctuatiog
elvoutt should be - opsned, and Shs oircuit should retwn to the
initisl state opnly afber both recsiving relays are‘ disoconnected.

The meesancs of seversl clreuil nuthers elong the sams column
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i nebuork,

2

notetl

slgrals ave vecclved hy geve:
8 -2
signals ars possidbls, l.s., uwhs

- signal can be racelved. In

g oY
Gk

a largs nurbar

Tamhore somdoe] st
2 %‘%,;eymmza sophrel 353%.%,
thers in jmrattice

signels is usuelly limited,

In addlitio
writing down the opsrating ¢

for evample,

so-celled conection formulas /167, or

nimbers of ghetes of

the nstwork can alss be remressnbsd

grang axd by obther method

Por syvdheasl s
the fors of oconmmeotion tableg,

& nobebion iz clear and makes It pos
mober of imbermediate releys amd to pr

L.on DAY be gony

eonnachbion tablss for fi

g rocord.

the netuork /99/.

5 /6o, €1,

..

e T S et iy 8
2L iAmpubz and arbliles

sy for soy &:ﬁ:mtv of

I fersnt

ard the nunber of posalble ;&q%z

can be mede

shncs, as will bs shoun below, such

gf the strusbuws of the networks,

5.

etl

The ¢ erma

OH

CHANGE FROM CONNECIT
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iy sRgue

SEQUENEe S

l‘l}‘

in the

14, 117, 118/,

TABLES T0 CCRRESPORDENCE

o

23

coenditions of sequemblal networks.

venlent when the input

£ 55
%J

the network any

$his case it is necassary to construct

£ -
#£5

A

ezmzz zzmﬁi‘h s gare not ancounters

Thug,

—
f

of tha

farm of tha

in the f‘i ro of & squence of
The operabing condliiiong of

in the fors of trensition dig-
s puorposes, the mogb convenlent is a noletlion in

ibie Yo determine sm;ﬁg the

cceed o the doanstrustion

TABLES

ion $able in the form shown in Filg, 15 act only




Ti

!

réhous the operating saqwarm;; of 'i'»hﬂ individml elomsnbs and 3

cireuits of the petwork, but makes it also possible to establish in

of :

what sta‘besf\thﬂ netwerk the actuating relays should and may be closed,

and alse gpecify conditions for operation of the intermsdiste relays.

_; In other words, ve can change over from the connscbion teble Toa

sorrespondence table, while the latier “ghould &lso contain the inter-

-
1

madiate-relay circuits, These ecircults should be cloged in all steps,

in which the symbols —» and -+ . are designated for the relay. Thus,

the cornection table of Fig. 15 leads to Tabls &,

Table 8
U/ -
Pear Weon
Lol
B} cocrompnn i 1 )
*ﬂ , 19 \ Alp lfa jts | Ix
0 - - - o @ &
i -+ —_ - t ¢ 0
! T 2 e R t oy~
3 + |+ - ¢ o oou
A - o 3 [T ] ~
5 -+ e 0 i 1
# — 4 | A 1 ! ~
H 4 + e o i !

1) Relays, 2) circults, 3) number of states.
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i'}ifmptar:ﬁ | ' T
SYNTHESIS OF SEQUENITAL NEIWGRKS
4s elreedy irzé‘;icaté&, the primiiml relsy networks in telephony
gre aéq_gential :nemorks; Tm songtrustlion of a éeqmn‘tiel natwork is '
based primarily on the conditions for the inmteraction betwsen ihe
netuork and obher ;S.ns*‘hrmntﬁ, devices, and netwarks, i.e., the
83(1’!:;533:‘1{56 of *z;h,a axternsl signals fad to ths glven network and :ﬁha
reguirements on "i“,«.hrss signals produced by the netwark.
In addition to tkmsa basic. conditions, one may specify also
other supplementary sonditions. Thus, for example, & linitation may
be imposed on the nunber mi" springs .u‘: any partieulsr relay, on
the nurber of incoming or oubgolng wirss, ele. Reguirements may ‘
al1sc be specified for bthe operastion of the nebwork under definite
types of faults or distorbion in ibe incoming signals. 411 this
can influence the netwmrk 4¢ & considerable extent.
| The problam of ehrustural symmms of & saqwm'bial netbwork
includss the follouing:
a) Fornuletion and.mta"ticn {for éxample, in the form of a
cmmaa‘ticnr'tabl@} for the operabing conditions of the projectsd

networi.
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r b) Subdivision of the network inbo functional blocks (if the |

opsrabing conditions meks ih nocessery) and determinetion of bhe

number of imtermediste relays which must be introdused iubo the net~
work to inswre g noraal dependence of the ghatss of the actuating

circuits on the gtates of ik recelving elemsnts. ;

" ¢) Compiletion of the sivvolure of the netwark.
In the present book we consider the sonstrustion of netuworks

with a mindmus number of relays and obher elsments.

2. COMPILATION OF CONMECTION TABLES
| The most convenient farm for writing dovn he operating condi-
tions of g ~SEz§mzxtial network are sonnsebion tables {(sse Chupter 2,
Sesﬁic.n 4.
- The process éf conpiling connesbion fsblss redusez to the
following.

1. Ono determines the skeletan of the designed nstwork with
an imiif:atimi of the inpuls =2ad oubpute, racelving slemenbs connactad
with the inputs, and aetusting cireuits snd elaments connscted with
the outputs,

2. & prgzliminmﬁy table is complled, in which cne enters only
the operation of tbe receiving alemsnte (or the sequence of the
external signals) and actuabing cirenits, i.6., one records
essentially the basic requi @mﬁts Laposed on bhe desipgned netuwark,

If several sequanses of signais are possible in the operation
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T of the netwark, these sequenoss should be reflscted in Ghe form of

indizidwal parts of the conmsabion iablasz,

4, PFrom ws ensalysiz of thie teble one Gatermines tos functlonsl

biocka in whish it is necessavy o hrsak down the petuork and the

. hecessary nusker of velmys which mush be lptroducsd into the netwark L

h
13
H

in ordey te make the %,ziileg :::azaa? "f&iﬁ.a,.&m"i ﬁlm those poriods,
during whick %Ew Laberanad Labe veleys should cbangs bheir stabes.
| 4. The table is %hen expanded by irtrodusing into it the inber-
madiate relsys and steps, during which thess relays change their
state. After veriiyving faﬁ* realisabiilby, one san procesd te
a coézpiiiaﬁ;im of bl network iteelf. | |
By %aa;:: of an exauple of sonstrusting a preliminery gonnection

table, let us consider the gynbbesis of a reley sssewbly (REL) for

oo

woway connecting line /Y hetween stadions TeBx3x2 and Tebx2

{a complote aynileais of the matwerk is given in /187, pp 148 -

Fig. L shous g skelaton dlsgrsm of the set REL, which

inclvdes bbe incoming line wires a aud b, Jack J, rsceiving relay
%

L (4o receive the esll from the lise), P, and ¥, which inmwe

inberestion with the relay of the cord palr of the TeBx3x2 switch-

boerd, amd b following schbusbing elementast the bugy blivker EB

oot

ard the calling lamp CL, Ths sane figuwrs ghows goms of the
devices in the coxd palr, Snberacting with the BSL: plvg Pf, sign-

 off releys OFy and i}?B, and the contset of bhe sigu-off relsy oF, ,

——
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and '()?a gperate in all essss when thelr clroulbs sre clesged, In

gha {:5.01‘2, 10} sign-o: ;3{’ on bhe part of the TaBx? station ahsad of the

o .

e ' ’ ~
‘which shunts the 400~ a,m roglastance when a aign-mxf slgnsl %

arrives from the other subsoriber. Relay GE‘l operates only wisn the

rozigtanse of its cirowuit doss not emceed 600 ohms, whils relay ¥

cparzian only ot 8 oireult resiptance up bo 4&90 chug. Relays P

e

accordgnce wit Lx the regul r&mzﬁ;&a, Lha fcw. owing edd 1itiozal cir eity

ghould mmdwm in the network: +hat of the cal,mng lemps (for},

the busy blinker \fj}, tha grcxmﬁ%,z»;g of a wire (b(f,), for the trans-

'mss.wn of tue response signal to the RIB, end for the shunbing c;ﬁ‘

2000-okm

l%hef\reais‘b&me (fgp)s b0 control tha relay OF. in the cexd pair,

i
The entive process of netuork operation consigbs of 11 basic

gtagen, Llisbed in the preliminery comnscilon table (graph of the
oparaticn of the receiving  and aot-wm,m elemsnts) on Fig, 14,
0) netwerk nob opsrating; 1) receiplt or eall from the Tal2

station; 2) inberrogation (the interrogation plug is 10~

gerted i the jack); 3) esteblishment of bhe connscbion with tha

line of bthe selled subsariber; 4) commectlion after the called
$*absari?sar o a’%,a%,im; TeBx2 anawers: 5) slgo-off on the part of
the local mubssriber and transuission of tho sign~off to the TsBx2
station; &) disconnection on the Tei3x2 suitchborrd (plug removed
from jack); ’?} sign-off on the part of the TsBx2 station afier
slgn-off on the perit of the losal smibswriber; 8) f‘mc;}rg of the

lins; 9) engsgement of the 1line on the p:mt of the Ts}ix.mz

Vs
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Usign-off on the paivt of the lmal";ifommer. .
The actiong mey ovotr in differant sequences. Thus, 'bhg line
way be engaged both on the side of tha TeBxl station (Fig. 188) as

- well as on the side of the switelbomed (Fig. 18¢). .

Anmlogously, sign-off can te on the pert of the subscriber

of the switchbosrd (Fig. 18a, b) or on the side of the TeBx2 stetion
(Fig. 18c). 411 these pcsséibilitias showdd be noted on the conneetiod

table,

3. CONDITIONS OF REALIZARILITY OF THE TABLE

| In order for the table of connecticus o be realizable in the _

fPora of & velay ﬁe,'!;uork, i'?;, ie necessary on the one hand to inswre
 the remaubering of 'tha sejuence of the ‘gignals, end on the other
hand, to prodwse the actuating oircuiss du:c'in.g ths corf&-_spondi.ng
é{@ps. | |
o the bagis of the mdyais of the action of the relay net-
works, the following realizasm ili of conditions have been formulated
/18, 49/:

1) Different states of the actuating cirouits should carres—
pond to different gtates of the rsgg,ivmg and iﬁﬁemeaiaté elements
of the network. | | |

'2) If one encounters in the operation of the network steps
with Aidentical states of the elemsnte and if st loash one such
~ step is unsteble, all these steps should bs una'habie, and in the

Z7

b




¥

i .o

rﬁext gteps the states of the @l@m;nts should be the sans.
1¢ sy of these copditions is violabed, 1b is necessary to
i&ﬁ*o&;wé inko the n&’bgmf}: ong or geveral inﬁerméiate rclagw o
to ohange in & éozvfa.sgwd:mg msaner Bhelr 0 coparaling se-
-} quence.
3
7t is necessary o beg in mind here that 4L in any atap
geveral rolays change thelr states slmultaneously, interwediste
states may appeac dvs to gimiitansous changs in tae states of these
ralays. Uastable ‘stepa corresponding to thess intermediate states
mush be taken into accoﬁ:z‘t when ‘wérif’ying ﬁhe» corrsutness of the
cperé*‘&i:m of thw nstuork,

Sterbing wikh the first realisabllity condition, the inter-

g

diate relays should be imtroduced in such & way that one can dis-
receiving elemsnbs is the same, bubt The state of the ackuating eir-

‘g, Lf bhers are o steges with identical states oL 1 and

e

‘»\i‘ of the receiving elements wibth different actuabing clroultis,
4] .
sepevsied by stage b (Fig. 192}, onme must lotrodusce an intermadiate
o (= > ‘

rﬁk}r, which changes its sbats flrst durling the stage (“é) ; and
& second time beyond oue c:ﬁ'- the stages oA .
If on the obher band there exist tuo vairs of states
oy — K, ami By = (5 hich must be distinguished {(Fig.

1%}, then the intermediate relsy must chengs its state during the

7

—
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b

T4ime of transiticn from stats t\'f' q to oA 5 ~. However, it le i.m;m;«aeu!.b?i.aI

e realize suek 2 constrtotion of the nebwork, since the sac:mﬁ condi-

- e I N N AT r e gl £ o ST e .
tion of realizghilivy will net be gatlelisd., Aot

&
%

- N N N
wallky, &L e luter-

e
ir

La

madiate rolay & is sed to oporabe 8t stage & o9 i;kmx s vnotable
Hd

: sbep with stats o, off\m ew:mg} ralays appecrs. However, the same

phate is obsa 'ﬂzesci ab the 'bwﬂ 0{1 &nd o ‘Neqwmuﬁy, rolay A will

L
:
!

opa"uw alresdy ot thiz 3*&;;3. Therafore Lor the segusnoes of the
statss of the rolay as repvessibed fun Fig. 1%, it iz becassery to
introduse two intermediste releys 4 and B, of which ome will change
Lo state 5% ths shage f) 3 and the sscond sk the shage X ,, as shoun
16 bagomes nocagIary also to &5%3&@@1@%& batween pericds with
idepbical sbates in those cases when in these stabes the sotuating
ciroulls sre identical, bub ths sequencs of thsge states is of
;lmps:;rmmé for the chapge of any scbusting civeuit. Thus, for éx=~

anple, if & counbliog miwaodkbwmk network mus -'iz cloge the clrouit caly

v pidlees have alvesdy bosa recelved.

4. DETERMINATION O THE NIBGER OF INIERMEDIATE RELAYS
“hn snalysig of ths cosnoceblon tsbls on the basig of the
re&lﬁzab:’é;m,w fswﬂm; 8 maien Lt possible %o debsraing the nurher

of rulzys s:hm‘a mugk be fnbroduced Inbo the teble, is oxder to make

£4




., >
B

Uit resiizeble, and also those per "’ia”-"?&’z ir whleh these relays must 1

i éie;z&mim on Yiw m:r'?mxr nugher By oF identical sgumaa {Fapinai~ ,

ahange thelir slates.
é.s hag boan sizmm by invesbigations carrded out by V.G.

Loz /92 e 94/, the number of relaye wiloh mmt be introduced

e
H

2

’ dences, ¥ fun the termindlogy of V.G. Lazaway) of the receiving
elovents, in whish the ghate of the actuatiog circults is diffarant,

or a“a& those ghates are essentiel for the reslization of the
specified soquense. the gmallesh mubsr 8 of the intermediate relays

iz obtained 3a this case from the folloving insqualitles:

) . * A
D% 2 sk : (3.1}
2 P Aﬁ’m.}x l. ] 6.2)
& .
The firsh of these loequalitius gives &n;inimm yolue, bub tha

networt with thls number of trberradiate velsys can be realized

ondy uhsn between these sdsntioal staten of the intermediate m’“lays,
nead

which wust be dlstinguished, there exists gtates which  nob be

distinguished, In the oppeaibe casa 1% bacomes necessary Lo use

inequality (3.2), which glves oue sdditional relsy.

hue, for example, for the connechion teble (Fig. 18} weo,

W

& that ldepbical ghatas of the recelving relavs sxigts at
siﬁag;%ss i - b, 2 m= by 3 =5, and 9= I whersas ths shate of
the sobuating circuits should bs dii’fe:*em in these steges (with
the excsption of stagos 9 and 1D oo

We thus obbain m . = 2, he=nne 8y =1 and 8, = X In oxder
!

Tt
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R

Mo distingulsh the states of ihe F&ley, 1t is enough to introduce oney

relsy, which chongas the stote ghages 3 and 4 and afber
the eszxisb. gtags, However, to ’cmam opm:?w‘ icm, of ‘the relay in stage
L afher the drop-out of relay ¥ 5%, imposaible, since ths second
realizability condiflon will act be qgam.w rlod. It is therefore
nass :sswry to inbroduss inbo the ns*?maﬂ{ twe irtormodiate relays.

20 shows bhe -{;gmi teble of connzebions cbbained for this
gasz with a breskdown of He possibls garlants ~f natwerk cpsrations
g ~- on bhe switebboard TeBx3x2 tie digconnect tekes pi&ce without
esﬁablismng e connection with the aza;:'aczvibeif; & - sign-off uhsn
the dalled enbgeriber dees nob zz.rasmi*; £ e gigtroff {:-é ths part of
the TaBx2 stabion pricr te sign-off by the switchboard subscribers

g — the same in the omse of fallure of tha cglled swibchboard

subseriber to answer, The same bable indicates the number of the
stetes for ensh sbep with allovance for the transition sheps, uhich
ean oscir ag & resuld of nop~simlbarsous drop~cub of relays F ad
Y, Statas with numbers 4, 5, .6, 7, 12, 13, 14, 24, and 28 ere

not used,

5,  Choiee of Comnecblon ﬁaz;gusn_eﬁ Tfor bz Intermadiste Helays

*

Z’f:,a’i,;{eﬁéi.r.;g the determination of tha nimber g of inbermediabe
relays, which must be inbroduced in the nebwork, it is necessary
to Find ths sequence of opsrstion of thess ra}ays, For‘ thls pur-
poss we nobe first those stagss, in which the intermsdiats relays

.
s
&%




é"‘saga, but ﬁﬁ?ﬁ?‘&l ghagng, L.e., bhe period during which tm state
of the Sutor w»cmm?:{ﬁ relsys showld chenge. Thag, for example, for he
saguance shown in Fig. ?:E.y, She imm*mﬂmtﬁ 'relcsy:s ghould change
their shates ab %&&as oLy a [ (m %WW ',;f_ from Js), Ja

f¢’\"§3

(i?a separats &u e 1 ffr"f %‘ | } ard [” to separste

J2 from Ju), and Cinally &.aswi of }"1 o i}‘:z&
We shall egres to cell Lhese ebagss of the opsration of the

petuark, during which the intermsdiebe velays mush change their

' gtehes, the lusbents {or ”‘3.(5.15::) of gomacthion,

Thue, ono obtains In bhs teble a Mobligabory® instants {ex

, ’%ﬁu siate of
periods! of connscblion. ﬂmwhe&eh ml‘mv ;»;;m‘ujﬁ change duriog bhe

, Lhet,
cyels a8n ov mﬁn}wr of mmm m the case of m odd, ous

a

mush of necessliy tm&a ons inetamt of mmmc%mg which, from the
point. of view of realissbilily of the netuwork, can be chossn ar-
bitrerily (and mey alao soincids “‘"i.-h any org of "i:,m cbligatary
inghents}. One can chooge squally seblirsrily aoy nuber of
inghanbs of commsebions feom among 2% - m, In the caso wien m

£ Pl L, uhsrse 2 is thy mexinus nwﬁ':aézr of ohanges of the giates,
which can be obhialosd for g lobermediste relays. -

| Afher the obligabtory lustanbts of connestlon heve busen geter-
mined, and tie sdditions] numder of auash instants wMeh can be
creatsd is aﬂgw‘mimd, it Ls necsasary to choogs the operabing

saguonce Wwith interwediste velays and to add them o the counac-

!
b

St

should vchaﬁga'tﬁair ghates, In goms cases this may bs nob a single =y

I




L ’ : S
" . - R . - .
[tion %sbla. In mosh enses Hhis problem is solved in wany weys. Toa |

..«xrfuwm, ty iz dus on one hand ky the sforemsntionsd sarbitrariness in
the ohoice of several ingtanis of conmectlon, and on the obher hand

by the faet thet at . specified lnstants of senvechion and gt A

r

epacified number of relays, diffsrs rh segusnses can be chosen. ;

i

-~~~
2]
i

Thus, f‘o*" gyanple, in "*"‘rs cags of ‘t;zm intermedizte reley:s

£
s
g

2} and fowr instants of connection (m = 4}, one can obbain oniy
seqVense {(if one dlevegards bthe csse of interchange of volays), as
shown on Fip., 22s, In the case of three relays and elght points of
somschion {é = 3, m= ?;} there can be made up buwe different ssquences
(Fig. 2%b) which are mutuelly reversible. For forr relaye (s = 4, o=

16}, there zra nine gifferent sequences (incluling the lnverse ons s}

in the nubor of the vrelays, the muher of ssqiences incresses sharply.

/120/, thres of which ers shown in Fig, 2. Tpon further incresss
if m < 2%, the numher of poezsible gequences inersasss.

The cholos rsf any perticulsx {;Wm"sms; geYUanee for the inter-
wdinte m.'};ays wanifegt i‘%ﬂﬁlﬁ‘ in ths complaxity of e ne:'!mork;, since
the number of aov‘taﬁ'bs €~hm;gﬁae both in the intersediste-relay cir-
| eulty, am in the &c%mu,mg civouits, This in turn mey render the
| netuwork non~reslizahle because of tiw lsek of springs on the relay
and will make it mgéssary to incresse bthe number of releys in the
netvork, |

There is gbill no general rule fur the cbolcs of operating
the
ssqusnoe afﬁz-elays. In this bock ws make zn abiempi o

£33
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| auggest sei*&ral racimmsmaaticns pz'{lf‘ésiﬁ,a matlber, pw:‘:‘.ma}fily Froi ths T
point of view of obtaining networks with a minimum mmber of comtacts
on the intermedlate rslays. |

m:gmﬁmﬂa in 'bm dasir;,i! of reley networka shows that as ths
nunbar of re:laya in & %ammwgl o u’#@w&» increases, whers t.}ma netwa"k
realizaa sll 2% statesn mbmh can be mroduced by the n ralays containea
in the m‘tmrk, 'Lha nw,}.»ar of‘ conbacts imreases much mors rapidly
Ghan 'E;’*aa ‘nupbher  of steps pmduﬂed by these ralays. |

Aebusily, in & netuork tha‘ realizes all the 20 states, the
action of em‘:h relav éeapen&sz on gli the remaining relays, aad con~
sequently, in ‘@‘m eireult of each relay there should be included
contacts of all mthe:e rela:srs. Slnes in a network having n relays
tha number of ope:ca’bwna aryi drop-oube of alil thase rel&ys is 2’3

during the enbire operaﬁinb cysle there will be produced n2R coz\tae:t

circults,

As & result, 1t is impossible to construct in gensval netuorks
with five relays of 'z;r;e REN type, which would realize all the 32
gtates. Tu:i.aa leads to the conclusion, thus far not confirmed
theoretically, that airnul g with five and more rela;s must as &

rule be broken doun iabo m:’lw:dxwl blocks, operatm;r by fmet:.onai

fnattwas or cyelically, when the operation of one blook {cascade)
depends on the preceding block (cmscaaa) In either cass it be-
comes impossible to use all % gbates, since some of then should

pe used for the traismission of gignals from one vlock to the other.
t

E7
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Congequantly , it may be found necesszry to use more relays T

L %

thay given by inequmnlities {%,1, and (3.2},

In the operation of the inmbermediate releys, when bhsy are all
broken down inbo soveral -  cascades, end the receiving elemends

%

cach only on the relays of uhﬁ first cascade, while the relays of ths
uceseding cagesdes count the periocds {cycles) of operatlion of the
roceding cascades, the total number M of ths connecltion lnstanbs,

uhich mast be realived by the nebuork ln the cass of a cassadeé

striucture, depends on bhe cascades inbo which the network is
broken down and how one cascads aschg on the succseding onss.
Withceut sbtopping in detail for derivations, we give the

formﬂlas for the deferminaticn of the maximun number M of the in-

stan & of connection, wlk fb can be obianined with z network conteining

s intermediate vslays, broken up inbo k cascades, such that

sx+32+c . .+$k"-—‘='-8. . . {303)

We consider hers only the following basic methods of action of

CHBIACEE

the preceding £ OB the reisy of the fallawing-cas&a’es, an&»
we soall sssume that there ls no inverse reachion betwean cascadas.

1. The seotion iz transuithted only from one relay of the pre~
ceding cascede, which operates only once during the operabing
cycle of this cascads, -

' Y, TN
My = 2o, (3.4)
f the network is conghructed such that thes last stages of

the cascade are retained still during the period when the aatiﬂg'

&&
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H
¢

relay of the proceding cascade has not yob changed its state, the |

nurher M increases somevhath

My = 20510+ 270, (3.5)

5. The signel is transmitted from sll relays of the preceding

cascadst

A«QS e 5k 3 g(msx _— 1)_‘ ‘
Faud ' {3.6)

Tn the particular case whbes s] = 83 = ... = 8 = s/k ve heve
My = (50— 1Y . (3.7}
3. The signal is transmiticd from 81l the relays of all the
‘;a‘er:adircf cascades: : o
k
5201
I‘V!a = o ?1m
j= o ) {.30%)
We can see from (3.4) -~ {3,8) that as a ruls thers should

be @3 > 1, and only in the casss (3.5), (3.6}, (3.8) can one

ralay be anploy 7@& in the lsast cascade, l.e., Ws can havelere o

:,;,

e 1.
It follows from the same formulas that
My <M, My < M,, (3.9}
/l( s ghown, for exsmple, in Table ¥ for s = 5 and 6. I% should be

notad that M is inereased here as a rule because of the complica-

~

tione introduced into the contast netuork.




] -3 8 M, My M,
!
g 5 {15 3200 92 | &
2 1h0 ) — | o]
3.2 W 20| 28
£ 2.3 16 14 24
3 122,84 - -] 18
1
& HERE - 64 &4 1S
PO BN - 4% 62
14,2 a2 40 Y
Flg., 23 2.3 2 W s
124 | 3] %1 48
3132 - pL 42
2,38 - 24 42
2.2, 18 il 36
: !
in references 104/ it has besn shown that in couabing net-
works 8% ig adventageous to use a cassads ccns‘hraxfmom,, using two

e, ) n » .
or tares relays per casonde.

Congsiderehle econony in the muwber of conboobs can ba obtained

* Lha patuort is mns’twmm& sush that each of the intermediake

relsya changes ibs shete exactly twics during the oycle of the

czsands  An whish bhds relasy fe lncluded, as shown, for exanple,

in Figs, R3s end 23b. In sueb & sequence, =3 rolays prodused

£
q
Sy
&
o
&
1
[
e
£3
Tarwes
R
&
o

i Rge ghaps,

g o bhe inberactic betwear bhe cascades and on Bhe

o
KA
B
e
L5

53
(o]

ntmber of relays in esanh cascads, bhe total muwber M of the in-
5 s

stante of conmecotlon, whish must be produced, Is given

by the following formulas:

&) When the signal iz fed to the next cascade from one relsy

&




[of the preceding cascade . ' ‘ e
My = 251%& coe e S (3.10)
b} When the signal comes from all relays of the preceding
cascade
et ' '
Mye==2s, 51 (26— 1), ,
faml - (30113
¢} When a3t the signals come from all relays of the preceding -
oascades |

Py
p ) - i
M, == 285,85, . . .8, — }42" IS 1Si2 + - - Spe

L

(3.12)

© In the particular case when & = Sp = ... = &, We obbein

My =25, (25, — 1)t=1, - (3.14)
: ) k___ . %
M; = (25,)* (")“fj:};—;gi' : (3.15)

When sy = 2 ve obbain the sams solutions asg in the macéding
cagse of cascads action, ' ' (ﬁetwcrks
of the last type wers studied by Candidate of Technical Scisaces
v, I, Ivanovw, He calls thenm simplé eycelic netuorks and shous %Eat
to inswre opsrabiom of such aetvicrks it is necessary o have mariy
tvo or thres contacts on each relay, and all relays need be of
the game type /101, 102/,).

The use of cascaded operation of the intermediate relays
makes 1% possible %o reduse the nurher of contécts in the network,

but this may meks it necegsary to use mors intermediate relays than

-

&r
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In soms capes this must be done,
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"examnle, the clveuvit must be redurned to itz initisl position.

1
In those cases, whan the comiitions for bhe change in tho state
of several relavs ars produnsd simaltancously {pertioularly in the

when~
pase when bhese ralsys are receiving relays), -ﬂn;i{,@pon appsarance of

i wransient steps ths operaticn of Hie network mey become fawlly,

‘measures wust be taken .to ingars that a &efini"c.a sequence in the
relay operabion ba» obasrved, éi:thssr moking one reley dependent on the
ctler, or by w:a,n..zg relays with suiteble time delsys, ‘
Thug, for example, in the network of Fig. 17 the rela;gs P ard
Y arsdisconnsoted simaltansously when the circu.%._; openg during the
insﬁé.nt when the plug ls removed foom the jack, Here, as can be seen
from the connection %able of Fig. zf.}a,. (thers may be produced , during

(the etort of stage Galiransient states of the networks numbered 21 .

E— a3

(&el&y P drops oub i‘i.rs'!:e)‘ or 19 (relay Y ovops out first}. Analo-
gously, states number 20 or 18 con oseour upon transition from-'thﬁ
stage 7e to 8a (Fig. 20b, g} and 29 or 27 upon transition from |
ghate 3 to stage 6 (Fig, 20d). Steps number 18 zm& 19 ere en—
countered during t.hé operetion of the metwork, and in these states
the actuating circults do not correspond bo the circuits in the
same gteps, between which transient sﬁeps ocour with the sems
nunbers (23 —- 17 in Fig. 20a -~ 22 -~ 16 1n Fig. 20b, g). The
appesgrance of transient sheps m;vrbéfeﬂ 20, 21, 27 and 29, on the
obher hand, does not viol:s_tte the Yealizatl 1ity of the table,

-

Conseguantly, the network should be constructed such that relsy X




- i _
' grops out labter than relay P. This can be obbained by making the 1
relay with the time delay or by . i

DR I I D) I B A S S e L T & ¢ s ER
providing sn edditicnal supply to the valbege Y so that

3z pebained in the local cirveult through a pori o1ly opon combact of

B

LG

7 MJEZZC”- OF CPERATION O
WIMUM OF CORTACT 1
We now aonsider how o choose bhe sequanos of opsration of the

imbtermodiate ralays from the puz.nt, of view of bhe minimws womber of

contsats for bhe ac J,a.img circuits. It is quite cbvious that if

one iptroduces into the nelwork as many

inbermediaste relays as’ there sre astusting circuits
nesoasary, and Lf these relays are set te opsralte in the same se-
qusnce  with uhich the sctuabing cirewits must be closed, then
fer each of these circuits it is necesmary to have oko contact, 1.8
the tobtal number of contscbs ln the actuabing clreulbs will be &

Howevar, in this case the nsluork as & whole mgy oot be

¥

i,l ki ;.L\& i

m from the point of view of the number of re igys and the tota

EN

o

mwanber of contactis,

t-

Starting with sunh arguments, we can recommend that
from She point of view of reducing the number of contacts in the

actusting circuite, it is necosssry to choose the ingtante of

connsction and disconnecting of "a:‘zc dividual intermediate relays

NEy

*3

1



. such that tﬁe operating periods of thess reiays ccincide with the

n leQing’(ﬁr opaning) periocds of the individual actuating
circuiud, parbiculearly those in which 4% Lo required to mroduce
simndtavecusly several oircutbs {ho close  the cirogit to
geveral linesz),

In cozﬁnmﬂ+iun with theoé?vecommﬁnﬁ&ﬁienag which vwsre given
ahova, one can choose the opsrating saquence for the Lwbermediate
relay ¢ uﬁh that the total pusber of caﬁtaqta will be cloze 1o 8
mdnd i,

In the imvastigathon of cuur?inp airoults, bhe author hag
shown S103, 104/ that i & dscimal counter is mﬁde ‘with a R¥ relay
with 15 w springs, then in bhe caseads con truction onG can obbain

netiorke with the charasterishics shoun :m Table 10,

& %ﬁ B : 2 , Teble 10
Fla] —t . Yneno Dy T TR —
Y g - B ROCTELZ MeRRT | MHoAo HOHTax-[YRsho npymin! Mancuasbnan
Usess N YU e} OB B HANROR (8B 10 OpROTPO- HPIVCAKOCTE
bY pene THRITTTR HEnGAHEYEAG. | BOMAWA HEROARNTES-
& pw? P gEr o Y HOM Beng Brixones [ s nench
4 poxe ! N :
FaW 3.....; : § ! i
yisle . - |
Sl 5 |78 } w1 34 27 g
5 pud | 6 | 67 i a4 L2 23 2
Pl en tols—6} @ | 1 20 4
g+
eutacmesnes

Treungient steps
Fig, 24,

1} Nugbher of r@l 78, <) number of gprings in local cireuits,

3) per relay, 4) tobal, 5) nusber of cantacts in each actuating

b . g . . e
cireuit, &) nudber of springs far cach group of ten single-condustor

lesds, 7) maximvm muber of wirss in the actuabing cirouits.

[ren

@5
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Fig. 28

1} Clamping relay 2) Counter 3) Tems 4) Units 5) Clamping relays




- By way of another example,of simplification, we give &
| counting netuwork used in key~pulsing &yﬁa,‘aﬁuﬁ /1217 %o establish =

) % L IR ; - < 3 i t ‘ 5
correspondence clreuits aftor & dsfinibe number of pulsaeg, depsnding
e clamping .
o g . " i p ik K] I .
on ths gtate of the Crelaye. The greatest economy in the cone

o . e onden d b e clamming’
tacts, and someiimes also in relays, is obbained i1f the-Claxpilts

cade ip metehsd with the counting system, L.e., 3f tho ghate of the

¥ R, L
for sach mwher syemgde Lo gene

. L. . b . £ s
g the ghete of the counbing re

;4o have g oLy

Lheow contact group, conected as shoun in Pilg. 25a.

The disgrem of the corraspondence oirculle

% ; PO DR o S8 3 i
ctad in accardance with this principls /ib/, assuuen
b 4 ., ~ 4 e s - % o = o A
the form shoun in Flp, 25b, .«5%.:” 81y U1 O and 4. are the conbaclts

the reluya thad fix the uwnid nuwmbers; &, by, 0 & are the

N
¥
':\)

of %he ralaye that £ix the tens nusbers, ebc.; Pl and d
gre conbacts of bhe kwmmes doible-blvow ralsys, which clogs reg-

= < : £ . i @ s b e {
peatively ihe civeulbe when unit nunbers (pis) and tens (p

In 2n sxishing key-pulal watus netwerk /1217, shown

and 85 springs.

in Fig. 25c, bhese [unotlons

O
"
&
%
Y
3
%
[ 3
“}A
2
-
=
| o

KL:. 1....!!’ ’(fS

As sesn from the analysis of the connecblon tebles, by com-
parisg the work of the veseiving elements and of the achuating
- t




o uss receiving relays &as inbermediate relays. Such a vse is
possible in the case when in accorcdancs with the operating conditions
there exist pericd, dm%ing-. which the given receiving relzy does not
opaerate, i.;ew when the signal received by this relay doss not
arrive., In thie cass the given relay can be used as an in‘bsa.;msaiate s
operating during thess Limes.

The simplest method of using swch a possibiliby is to retaln
the receiving reluy in a local circuit . affer a short signal, if
the euceeading analogous aigz:als“ eanzot in general be received,
or elgs thelr receipbt is  not ecsantial, |

Another possibility of reducing the number of relays and con-

tacts in the notuork is, in soms czses, Lhrough-transmission of

- : e . —
‘ eirouite ong can obtaln the minimun hamber of inbsrmediate relays,
nacasaai'y to :intrddue;a into the network to reslize the specifisd |
soquUAnces., o S
In gome cases, however, this number can be reduced somewhat. -
-i One of the moans cxf reducing i".hfa‘ n'umbaf of intermediate rolays is i

the externsl sigral along the achusting oireult /17/. This is
pogsible whon the signals received and transmitted by the network
may be idantical in certain perleis of opsration. In this cass

it is possible to connact the ir;ccming wi‘&e with the

network relay with oitbgoing camtacté.’ Lo example of such a solution
are the relsy sots IIfI‘-’GIoi_" the chep-by-sbep automatic telephone

. ghation /122/, in which afber selecting the necessary outgoing lead,

—

7




.t’ae talking wires are conneched émf& farbher contirol ‘p‘;ﬂseé pass
direchly, without acting on the cireuit of thig group selector,

CIn those casss whon bbe charsster of the exbernal signal is

such that it can be rsceived d¢rect1y'bv an intsrmediate or achbuating

alement, it becomes possible to exclude. ths rsceiﬁing siement from
the na@éork, Sinne ve speak of relay nelworks, such an exclusion
becomas pogsaibls when the signal is transmitted over elsctrical
vesalving circults and whon the valuss of the vCltawe and rosis—
tances in these clirenits are 3ueh that gbable operation of tna inter-
madiats or achbugbing elements is ihswrsd.

| In this case the &eaeiving‘circuit may be repregentad as a
closing or operdng contadt with s series-connected resistance (i£
BE suth g usmed in the axbernal eircuii}, If the sircult ig now
comvarted guch that only one contact is used on the receiving relay ,
then this relay can be excluded from the network, and its ceaﬁact

can be reprssented ag an evbernal signal clrcuii,

¥

£,

By way of an examnde, Fips 26 shows the dlagram of a binary
pulse-numbar diviﬂér, in which the signal cireuld iz arbibrarily
dencted by ﬁ, The counting ralays A and B receivs the external
signals, and the windings of one rgl&y should . have an ideagtical

rumbar of ampere turas,

In zoms cases the axalusion of the recsaiving relay may
iead to the i fact that dwing the process of
operation of the network it feeds to the incoming cireudl certain

74
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e

volsages,or else individual inpub circuits may become inmter~ |

gonneeted, I this is nob parnisslible in accordance wlth the opera-
ting conditions, the ciroult can be separaied, for sxample, by using

ractbiflers

g, USE OF TIME-DELAY RELAYVE IN BEQUENTIAL RETWCRES

Eslava in which bhe operation or drop-oulb ave delayed are

used in velay networks primerily as receiving relsys, responding o

2

prolotged pulees or to intervals between them, il.e., to receive a
tenporal distinguishing feature, This functions is performed,
by the series and holding welay in many aubomabtic

sbeblon networks, conneched with the recsipt of ths number

Sometimes the time delay is used in inbervsdisbe relays so as
to reduce somawhat the muber of contqc s in the nebuork.

The uss of & relay with a wime dalay in drop-oub makes
it pomsible to censtruet notworks such that shartmduratian'{within
a time shorter than the time deley) of bresks in the circuld do not
distwrb bhe operation of the relay. This means tuat the cirauib

of a relay with tive deley éxceeding the operating tims or the
Srop~oub time of obher relays in the network may be discoanscted
during the unstable sbeps, produced by changes in sbtates of the

latber., In obher words, for circuits of time-delsy relays, ths

/3G




B, se shown, for example, in Fig. 27b. IC the relay 4 is made with

- g .
‘unstable sheps can be ocongiderad as conditlional oness, and in soms 1

coses this may moke i% possible o siuplify the netuark sonsidsrably.

Thus, for example, to obbtain  sequantlal action w (Fig. 27a),

) v g g & o A e byt 3 3 bemoepm £ . g " ]
the clrouit of relay & shodld have in it conbasts of relays X and
o .

time delay, then the same gequance will be retained witiout intro-
ducing into the cirouids of relsy & the contact of velay B (Fig, 27e).
Thig principles gerves as e bLeasls Jar the constructlon of uhm
networh nsed to transmdt a nuwbor frem a ecounbing netwerk into e
fimatbor ;Lt'z‘ relay regisbers (Fig., 28}, The number ls transnibted
zaf*mr the drop-ouk of %,icﬁ goviss relay C (notirg the end of the
series) during the time when the susilisvy relsy FO holds {bocauss
of =% the tins delay) relay BC brisging the cowbing cireuls back
to the initizl gbate after ;}':raémt;:u%,a Hsd time delsy nabbesn vsed

1.4

ore, the cireult of relsy FC wouwld havs to pass tirough the con-

by

Sacts of the Tixing relays, in ordur bo have ke relay BC drop out
only after the Fixing relays have opersted,

In some chmes bhe bime dalay of tie relay can be used Lo
incresst the reliabliity of the operstic of ths netuork ia trang-
jord corditicns, when shopd-durabion broaks or closires are
possivle in tho oireuit becauge of non-simulbancous reswiiching of

Gifferent combacts of cerbain relays during operation or drop-oub,




10, CHANGE OVER FROM OONNE EETION TABLES TO THE NETWRK -

The commsebios bablo makes it possible to find directly tha
‘a;naly%;ical axpressions for the conditions for individual 'oircuim?
both achusting and those aubing on the intermediste relsys.

Ths crxres{paﬁding expressions can he obtained ag a sum: of
consbituents For those slates, in which the civcults should be
closed (ﬁeaowd in the connection table b;y the squol 3 argl plus
for inbermediste relsys and by heavy bar for bhe actuating relaysj.

From the tsble ohe can determins those consbituvents, which can
be baken ag conditional terms, The labber are ths constituents of
the wrused shetes (which do not enter into the connsction dable), and
also the conshitusnts of shtates shown dobted icm' the sctuetling clr-
cults,

Thus, one can obhein directly from the sonnection bsbls the

following general solubions far each cireult of the nebuork in the

- Form

(336}
Thus, for example, from the table of connections of Fig. 20,
‘the eireult £ is writlen ini\phe form

fs m{i& i1, 15, 18, 19, 26, 27, 31, (2 -3, 18, 25, 29, 3(:‘.4,5 6 7, 12,
13, 14, 24, WY supa

The transmission of these solutions and the change over

$o0:hho cholca. Sf the structure will be consldered in the following
{

—k
i

ES




' ghapters.
in some cascs, pariicularly for achusting circuits, obs can

gse dirsetly from the table on which releys bhe closed state of the

individual civcults depends, and the result can be writhen directly,

PV thout any transformbions whalevsr. | Tiras, for 'émmple, if in all
| the ‘steps during which the :r;:lay & operates tv.he'ﬂircuit fx. should
be or can be closed, and in steps when this relay doss not cparate
i% can or éhoulﬁ be opshed, we can writs immediataly
' fﬁf.w | |

If the preceding ccuditbions pa:f"“ain to sbops in which the

relay & doss not qerate, we write rospachively |
o fx = a | 4
Analogously, we can cblain alao the ci&cuits that depend on
two or mere relays. Thus, for swpnple, from bhe connection teble of

Fig., 20 we can sew thab f‘%viz‘shou}ﬁ or can ba closed in all cases,
e,
when the relays L or P operate (or both simultencously) and simil-
tansously we can writa directly from the table
f‘g; £r F-
In cases when the number of steps in which the circuit should

be clogad is 1w~ga compared with the number of sleps during which

it shouwld be opened, it is mors convanien‘h to compile a "non~

operation cireuit! as the sum of the consbituents of those states,

in ,

dwckmy which the clreuwit should or can be opened, i.8.
S | By . :
Ix 2k, + 5 : 3.17)

/2.3

P

-
A
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!

: 'uhare k); is the congbitvant oi’ the forbldden s‘%;a‘be w.i:hh nunber rxj_.hl

Then ; .
Px w5
(3,28}
In analyzing the c:zpami,usn of auny intermediats relay, vne oal
chbain the following stepe for his relsy from the tsbles .

Uperablon, in which condillons are produced for operation of
' da. o
the given relsy (}{w%d Y,
Holding, in which the rolay opersies, fmvfeomm operates by
being fed in local clrcuits @:ﬁw Cuﬁ’}
;relex&" 7
Drop-¢ :xt, in which conﬂ'ré;ion are produced for drop-oub of
the relay (-~ J.
Cenditions wmn the relay does nob work.
In this case the cireult of a given relay should be closed
guring the operatlon and holding sbsps and opened during the sbeps
of drop-ouh and nou-oporabion, We note thal steps that follow ths

opsration gheps diifer from thewm only in the shals of a given relay,

the eonsidersd relsy is &iminated, l.e., we oblain a sub-con-
shituerd of the operetion shep, (Wa sk'mll call sib-constibuente
/i8/ of & circult consisting of n releys 'bhom gongtituwents of

he network, cbbained from a given nebwork by excluding the con-
%;acm of “&hifﬁ, relay, whose operation ls comsidered, i.e., a net~

Cwerk of n o~ 1 relays.)




1
L

‘ We introducs the conca;:iﬁ'of formdas for ths: operation, Ty,
holding By, and dfopmout by which sharacterize the states of 2
network in different insbante of operation of the relsy W, and

which do not inoluds the conbacts of this relay.

doun Hhe fernml& for “chg oparation of ‘the relay W in the forn

| fo=rg +1g, (3.19)
b fo =1y 4 wiy. | (3.20)
r | _
| The first of thess formulas insures the closing of the relay

fiﬁr‘iﬁg
eiveult . the operation gheps and ¥m sll the holding steps, while

-~

In sccordance with this, it is most convenient Lo write

the second insures the closing of the circuit during the operation

‘and the opening (bhe lnversion of the grop~out formila is taken)

diring the drop-out steps.
Sinee the conbacts of the relay ¥ do #at enter inbo the ex~
' pressicn.ffi&g, gy, and Iy, with respect to which the formulas are
giveéx, they will consigt _a;E‘ sub-aonstibusnts of the correspcmﬂing
staps. _
| In sccordance with the subdivision of the steps, we lntro-
duce the following symbols: |
| T, sub—oonsbituents corresponding to the steps of
operation of a given relay;
h e sub-—conati‘bt;ems gorresponding to drop-out steps;

g; = sub-constituents corresponding to the remaining

steps, inwhich a given relay operatss, and

Al




el St

A . | |
i g . -- those in which it dves nob opsrate, 7

o

Here i is ths serial nurber of the corresponding sub-constltuent.

The forpala for bbe opsvation Ty, can be :f*e*m saerted 88 & sun

of gub-constituents 1, corresponding o 2ll the steps @ opsraticn

o

“of this relay,

In addizion Lo theps sub-constitusnts, which ars obligatory

3

torms, one can#md to the formula terms corresponding to certain

son

«mn,,eci sbates, It is claar that oneeunncd =dd to the opersbion
formuia the sub-consbituents g‘j‘ eorresponding to those unusé&' states
in ubdich the relay W nust not opersbe, since the addibion of such a
ﬁvbmécmstiiuﬁnt will cause operation of the relay ﬁwing 8 5%9’ when
it should not operate. If on the other hand the szi*:m:mstiﬁwnts
g’j will be found smong the uvnused states, it canke sdded 1o the
cperation fermila. On the obher hend, a sub-constiltuent g;, corres-
ponding to those vnused statas in which the relay W operabes, cannct
he addad, sinse & sub-constituent g'; squal %o 1%, corres-
pending to bhe neop-working stebs of relay W, mey be found aucag the
unuged statos. Conssguently, one canald to the speration formuls
only the smub-constituents of those unused states, 'aimvﬁ.ng which the
{ doss not operate,

Thz holding formule gy is made up of the sum of the sub-
congtituents Bis corresponding to the helding steps. By way of

conditional terms ome can %eke ths sub-constituents rj, corres-

ponding tothe opsrating shbeps, and slse the sub-constitusnts

Foé




I
4

or‘rsamnding to the unussd sta‘ta“ during whick the ralay w oparataa.v
. If the ml&y has & drop-out m*ns delay, 'hh*.:’l a»m conditional terus
holiding
can be congldered to be the aubwcan:;s‘ai'tsuams of ?;lx’z matablel\g‘taps,
and :z,i' it hagz-an apaeratinb timo deley, thess sub»cansﬁi‘baﬁnw
corrsspond to the wstahle stons, whan the valsay ams not operate.
ATha arapwum; forz&ula L, is made up as the un of the éub«
ccns'&ltuszms n . cm‘rasponiwp to the dron«mzt. s'bfaps, arnd the condi~
Maﬂa& mb-«canstrbusntu avs here thoss carraspozxiing ta the unaaed
gtatos, dwciag which the relay h operabes, as well as the aub~
consbitusnts rj of the opam‘i;ing gtops. For a relay with drogr—ouh :
tine "dalay, the conditional aaxm*tﬁ.ﬁmxxw o be thoge of the indi-
vidua.. uastable steps. |

Ualng %he aymcla introdunad aarlie: , the ganeral solution for

tha formulas for ep@ra"im, hcxximg;, am dropﬁwout bacom

- gt
re “22’: +3%

o G

v D8t EZT +Z'%"= {3.22)
o= Bht 5T 3E 6.2
| | 3,23

whore the indices i correspond to tie useﬁ gtates, and the imiiaes
f to the unugsed onss, l.e,, gf 18 & sﬁbwnons’ti“i;mn‘b gorresponding
e an mmsed gtate in which the ralay W operates, while g' x
eweapﬂmis %o one inutei,-.,h relay W doas not opsrate,

Thus, for sxample, from the aonnecbiocn table of Flg. 20 we

Y v




. . ¥ " M .
Mobtain for the relay & (relay A doés not operates in”the unused
states 4, 5y 6, and; 7s and operates in states 12,13,14,24,and 28),

/s,zmu 4 ﬂ“ {fj + Apyé A fég’gf
o

/!}7}!0 e

:)f

g4 =apy6 ~i~ APYE + apyB + apy6 + apy6 4 apy0 +
2pyd | apyb ys | apyd | apgh , Apub |
B aR R e,

oy

hia = apy6 + 2p56 + 4py6 + APy -+ apy6 +

o Ap¥G | Agub | apyl | apyb |, apyd , Apyd
e e i e ol Rl il

It ghmﬁﬁ be noted '?:fhat the sliminetion from the
hﬁld'ﬁng formula of the Stzb—-coﬁé"ﬁsitmm‘ha r; of the operating steps or
'i:ba iatroducﬁim of thsss sub-conghtliuents inte the drop-out .a.fmaala
mey cause the wi"eu.rb to be opetn for 8 short bime (dwring the tims
of movewsnd of the contact).

Whea the conditional berms are taksn lnbo account with the
a.;d of the tables of neighboring consbituents (see Chepter 5); thers
is mo mead of paying aﬁt@mmn to whethsr relsy W doss or doesnol
operabe i the uaused e:s'e;ata, which ig taken m he as the condition~
g} term, and the operabtlons can be carrisd oul in their entirety
with congbibuvants corresponding bolh to 015}..i_gawry and o condiiional
terms, excluding only fx-ém the resulte the contacts af the reliay
whose clreuit 1z being synbhesized. Thie ie possible bacauss whan
usmg tha tebles of meighboring consbituests cne can add to the
obligatory derme of hhe operation formula only those for which

the given velay doss not operate, and one can edd to the holding

VN




rand drop-oul Fermila only those c:rraswiwenw Inwbich it doss cgera'bef’]
If holding relaye ere uzed in the network (mchanical, magnetio,
o electr i) with two wmmw,, e naln ees (oper ..‘é;ing,} and
aﬁ~w¢};§ng than for nerpal opsration of s‘mh a relny it
i in essential bhat ths cirowdd o Lm main winding W be el aeﬁ onky
‘dwi% the operabing sieps, &m Lok the eiroudd of ‘i;im buemng
“winding W bs sioned for & sharb paricxi during ths drop-oub
- ghaps,
Thua, the strwbural formila of the network becomes in this
' FoargW + byW.
{3.24)
Tor relays with electric holdlng, it is necessary to producs
s holding siveult efter operation Lhwough a closing {normally-
open) combact of the relsy, and the eclrveult ek rancisr ener gk
zing Lhe eopusking | winding must alse conbaln & cloaing scabact
of ths saue relay, so that ths relay doss not opsrabe agein theough
the JDbucking wﬂnﬁ;mmx&mﬁgg |
Ths ammt’w&l formule of bhe network (Fig. 29) becomas in
this case [i6/s |
F={rg+u) W +mhw?¥7 R (3.25)

@
5

Fofrg 4 w) (W }zw,‘{;}’)'
o (3.26)

¥a nom that ia the expression hy in formulas (3.24) -

{3.26) one cam m’b trtroduse econditional stb-congtitvants x-.;_ BUPLR O~
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Upording to the operating steps. ' : 1

On the basis of the eonditions obtalnsd for the indlvidual
ci.mut, ong cgn make wp the diagram of ths civeuit, using, for
gxsmple, the transition from the formu m to the diagran alisr trang~
o formations for the purposa of ' reduciog the number of cona~
teohs {see Chapler 4 snd 5) or using the graphical mebhod devaloped
ir Ohapler 7. Expsrisncs hag shoun, however, that the greatest
eoonony In conbacts is chlained i1 thare is s posalbility of unifylng
saveral cireuibs ' and to construet the network in sush s

way, that one and the ssme contact acbs on as mapy elements ag
possilie, General considerstions regerding these problems sre glvan
in Chapler 9.
The simplest nethed of jolning wircuits iz to congbrust a

k] Sk R e - '3 *
normed netwerk (Fig, 28} la which 3rdividual contact cirouits eve

Jodlned irto a (&, kl-pole network, the common peoint of which 1s ob
s:;xéa of the poles of the hathery., In this oase the jo Luiﬁg, of the
contects is oblained by trarsforming the ;fﬁmaj.zzs with the gymbol
for these contacty teken owbside the brackets, Furdbher simplifica-
tlon of the contued cirould can gonstioes be obtained by going
over Lo g bridge circu'.t, for which can recommend the methods of
M, &.Govriloy 715/ or h.G. Lunte f30 -~ 32/, Tho bridgs contact
nebuork can slso be obtained dirsotly from the wriitisn doun con—

. by
diticne by a graphic method (see Chapter Th 01}\13!1& method of 7,

L7/

B



‘galls for cuwabsersoms m,,z.ala%,mr:. . In bhis ¢ a one can raconmend

By ﬁaq; of an sxample, Fig. 30 shows a BSL nstwork construsted ™|
susiybtically /18/ in scoordence with the connection table of Fig. 20,
In the caso wheo the connsction tabls is so compilad thab only

small wb of a1l the possible stabes is used and the ptuber of

unused stales ls large, the aneral mabhod developed hers
e ) g

g

for Esach hx%rmd iate .1*@3@:_‘ to construct parbisl tebles of counaciion
in u’leq:z ong. iﬂw'xiwes fireh only the elements which changs ﬁ%&eix
statesn d:ﬁ:ﬁ* sgbly ahead of the Qgﬁl‘&“ﬂiﬁ.b gteps or the drop-out steps ‘
& given relay, and if these bablas are r;o‘b reslizsbls, opg can
meke “"m network rtesali;ﬁfahla by introducing other elements
from smong. those contained in 'the ovarall hebls, as is recommended
by, M. AGewrilov /n‘% 73/, Other simplifisd mt hods of obbaining
from whe ‘ﬁabiaa struotursl formules for the inlermediate

ralarys in analogous cases are glven by 4. K. Ywrasov 65/ and
£ g M f

Yo, I Yelder /135, 136/,

Ze
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Chspter 4

AIFYEBRATC TRANS?GEM&?IONS GF GONTALT NETWORIE

1. BASIC MATHEMATICAL T0OLS

The basic mathematloal tool of medern theory of contact net-
works ig the formalism of ﬁlgééiais logic (Eaéle&n élgabra), which
operates with two nubers -~ zerd and one.

o In algahraia‘logiﬁ /5, 6, 123 124,/ theve are many functicns
that cherscterize operebions with elements that can.assume two
values; The functions alsc asoums ﬁﬁo valuss, We give here ths
oharactsrigtics of several bvesic functions of algebraic logic,
which are 3llustrated in Table 1}, and algo by the so~calle<§ Evler
circles, given in Fig, 31,

Q?uler circlas are used prineipally in sed theory fqr & clsar
reprasentation of sets and opsvaticns on them, For the ease of
céntﬂct networks, a rectangle represents the aggregate of all
the possible consbituents, and the sepsrated and shaded region
(Fig. 31a} represonts the aggrepate of those constitusnts, which
enher i;to the given funciion sg obligatory. Tuo functions whioh
have no common conshituents will bs represented by twd non~

intersecting domaing, and thope hsving nommon constltusnts will be
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rrepresentedﬂb;v kinterseoting dmins, where the common ﬁémaj.n carres- |
éonds to the constitwents which ere common to both sets, Such a
representation parwits & clear 11lustration of 11 the operations both
of elgebralc logic (Fig. 31), and of the algebra of contact netucrks,
It will shoun belou. that one cé&n _i'fapregen't analogously alse operablong

in the pressnce of conditiomal terms.

Table 1L

a b ap P i Bssb b PrY) «x/b ra &
| 0|

0 0 ) L | i 0 1 | 4

] G \) { “ ] 0 1 3 ¢ 4

61t o P R S t ] 1| 1] o

§ 5 | 1 ! § & .a 0 0 0 ]

1. Logicsl addition (disjunction, jolning) corresponds to
the logisel link wordsn tor# (in the ncnmseparéting meaning)." The
funotion a + b {somelimes denobed a Jbor aVb).is trua when
at leagt one of the terms is true (Fig. 31b}.

2. logical miltiplication {conjunction, interssction, corras-
ponds %o the logiosl link word . "amd.® The function asb (a /) B,
a /\ b, a &b) iz true only when both factors ard trus (Fig. 3le).

3. Implication (mclusion} corresponda Lo the logical link
word "if..., then ..." and "from ... it follous that voestt The
function a ~».b (a 2 b) is false when a is trus and b is falss,
and is trus in all other cases (Fig. 314).
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* 4, Bquivalence (exclusion “or®), The function a ~ b {(a

i

By
a -’;" b) is trus when & and b have equal welues (Fig. 3le).

5, Altermstive {addibion modulo Z) eorrvesponds bo the logi
link word "or® in the separati.ng sensa, The function a &8 b la o b,

. a -J- b) is true only when a and b have different valuss (Fig. 310).

6. The Sheffer fupction &/, which ig falzs only when s&and
b are simultaneously mue, and true in sll cthor cese s (Fig., 3igl.
[ri

7. Inversicn, corresponding bo logleal negatlon. The

£

function & {\a‘, ™ a, 1 - &) is trus when a is falss,
false when a is trve (Fig. 31h).

From among all these operations, we hsve chosen for the alige-
bra of contact networks the operations of muliiplicsiion, sddition,
and inversion, since, firstly, a&di,tiﬁn and multiplication JatsR
56 ~- 88/ are simulabed by parsilel and series joining of the com-
taots (cirouit eclosed —- trug — oneé; olreuit opened -~ false ——

g zerc), and the inversion cwrresponds te & replacement of a cloging
{normally opened) contact by an opening one (normally losed), and
vize versa.

Secaﬁﬁlys they form a functionally completbe system of

functions, i.e., wibth them one can write down all the remaining

funetious: .
Qb= 4 b= gb, (4o
@~ o= a&+aé -2)
. ' (4.3}
GDb=a~b s ob+ab,

/e




MR

ﬂ
" e

_ (k)

afb=ab = a + b.

2, BASIC LAWS AND RELATIONS OF ALGEBRA (F CONTACT NEIWC RES
In ths algebra of contact netuorks bthe £ollowing lavs hold:

1) Commubative (rearvangensnt).

ekt A (4.5)
2}  Assocciative
(xy}; find x(yz,,,, ;
(to)+z=stl+ ) ~
(!*L« 6)
3) Distribubive 7
(4 gz xz 4 g2 | E (472}

(the distributive law of multiplicstion relative to sddition)
timlx-tt+2d {4.To)
(distributive lew of eddition relative to multiplicetion).

%) Repstition

XX, . X=X, !
x+x+,..-“}~.§:=x;j (4.8}
5} Inversion
Ega:g;-{-?é* ' ([v‘ug-ﬂ»}
XFy=%g. (4. 5b)

Laws (4.5) ~~ (4.8) make it possible to effect identicsl

{(in admittance} transformations of contact netwarks, while law

(4.9 enables us to find networks which srs reciprécal in structuwrel
' ' {
i

i




+
S o

| sdmittance . {"«‘V ie reciprocal to xy). ’ | 7
by expragsions gwoéma& by the forecing operations, as well
ss Lhe individunl syrmbols, can agsvme only two values, wbich corras-
pords 1o the faat that the conbest olreuit can be either opened or
¥ closed., The egual .s-ign in all ﬁ&aa@ formanlas dcun.;a*!:}e that for sach .
| stata of the iﬁdm}i&if,«m e"mms}tﬂ' of "tm@; m‘!"wrk the iy e%;,i.ﬁ f
corcasponding to both paris of the sguation sgi,zji simuitensously bo
either ciosed or opened,
in oSher words, "&h@ equal sign indicates that the circults bave
an identicsl structural admittence, i.e,, when the shates of Bhe

-q

elemonts changs Hhey will be siwﬁ:&;mmuui ¥ c.i.aseé ‘or simultaseocusly
-pﬂnaﬁée
in aceondance with this, we can write down the following

aguivalenceds

Dy == 0; _ (ési@&}
box =2 {4.100)
04 x ==X
)+ (4.10¢)
Plx=t
(4.208)
x5 =05 (7 1’
‘ \H‘onLi-a)
- % == i
o T * (/«»sllb}

On the basis of the faregoing laws we can obtain also mauy

other aquivalences, which may be useful in setwerk transformation.
a "f- QX s 5:. . (i‘,fo 128,)
afa + x) = a; ‘ (4.12)
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a-;ax==a ¥ | (4132}

1

a8 4 %) o= ans {4.2130)
% 4 Gy - &Y = A% -+ 68 (4,142}
4@+ N+ =l 0@+ y} | {(hoddb}
- Finally, we ozn nobe the following expe :wi on Forwulas,
Flo b, .. myemaf{l, b .. 6} +af @5 ...,00 (4.155)

fla,b.... )= §¢3+{§9 b,....mfa+ (Lo, & (41565

or, in more genaral form

fia,b,....mp==ab. . n-f(LL,.. ., Btab. 6@ L. .4+
gl f(L,0 . B af @0 B
+Th L onf 0,0, .. D ab.. 7 [0,0,...,0, ' {4.163)

s

pords acirould of serics-connected contacts of all n relays, guch

that will be closed only in a glven state, The analyblcel exprassion

corvesppnding to such a aircm.i, is called the congbitvent of the
expansion of uaity, or simply congiitusnt,
We sghell dencta the individusl congtituents by the letier k

numberad vwith the numhex- of the same stete, in which ths carreg-

/179

flah, . m=jadbt. . kntfO,0,. . 0Ola b4 bt _
4 f15,0, ..., 08, R TE Y SR B 3 5% £ L 7 FOO Olia +ti-4-=..,—iw '
o a (L  {4.16b)
| s alrasdy mentioned, iX : sisbing of :
can produce ot gifferent shetes. To each of these slates corrss-




. wnbe .
fponddng eireuit 1s elosed. Thus, from Table 1 we can sse that
ky = abr,
if'l == ﬂ,&;.
&‘5 w é’l’ér‘f, I o o

It can ha shown /16, v 62/ thel o forpule for any contact

RLPe

petwork esf be reprezented as a sum of a cerbain nusber »f consgtl-

tuente, and the nebuork iteel!l can be pressndted io the form of a

2

comnectad conboats of all btha relsys of ths nebwoerk, Jl.s.,
% : .
i:":}dkA(f m‘rb,'q._y‘\....'i}r). (A,Q‘L’?}
This follows, in psrticular, fron formwla {4.16a), amd also

from the fuch thet sach cireuit can be cheracherized by

thess ghates, in which it should be closed (ses Chapier 2).

The sun of &11 27 constibuents is wnity, i.e., it carrssponds

s

to & continuously closed alroult

4 i
LA
E ko §, .
This explaing the nams “oconstituents for the expansion of

unity,

The constituente havs the i‘nllméi.ng wopsrties, that

kil =0 (fer i) {4,25)

Iaversion of the constituent ky, which we call ae anti-con-
stitvent (it is called the constituent for the expansion of zevo)

$)

corresponds to a ¢ireudt mads of

/0

P perallsl eireuits, sadsh of which consigt of only ssrieg-

the contacts of all relaye

P—

(et

™,
et




: , . .
* in perallsl, opsn in the state nurkered i. : 1

Gne can shouw that a formula for any contact circui‘b can be
re;:wec:emad as the pz'odact cf s certein ﬁumbmr of antimcons’si'bumta? '
and the netuwork itaslf can be reprascnted in uh.e farm of & series
csonneation of circﬁits,,_‘ eaaﬁ of which oonsiat of only parallelu oy

‘connected contacts of all the relsys of the metwork, i.e.,

- Sk = ]l

Ia!’@..,k ..... %p 5“”!'!’4'” ,..~.,1;2,‘.~i' (éuga)
The -conw‘hitmnts have the following pwopertiesz
: 2y ' = .
. . I &=o. {4.21)
fmg

b.22)
4. COMCEFT OF INCLUSION AlD IT6 NETWORK INTERFRETSTION

kedly=1.p.. i)

. Lot us consider & & ~concept of algebraic logié —
inclusion, & <= b /5/ ~ which denctes that Meach a is bY or that
" includes a® (Fig. 32). fhis means thab the nmﬁcal' value of
the expresaion will xie%r be grestsr tban the expression for b
(they‘caﬁ ba equal), Thus, for emsmple, if ve cnmparéd the exprsssions
ab and & + b, then as can be senn from Tsbls 11, for all velues of

the velne of
a and b the value &b will be either less than or equal ‘to a+b,

’Lm,wa+&
Flg. 32,

VY




TFoom the same Huble we oin

i
for sxanpls

@
b

that

SR e B -3 Py g g
agh oo eb &b o {a+ 8 o f‘;‘ o {g ‘..k b; )
PRy, g s & 2o b airmd in o b N 1 P
In othsy "‘véitsk’&&, the funluszion a oo, bopenstaes that Ya is nct
b kTR R (B Pys . |
graater than bY or & is less than cr equal fo b, Therefore we shadll

but

use for inclusion nobt bhe gynbol (O LUt the symbel € or B ils
inverse s foGe, if r L
a< b,
b> a
Soing over bo conbach networks, we oan ssy thabt Af formulas of
tuwe elreuits Iy and _i'? are connscted by the relation |
fi > fa
this mesns that for all possible stetes of e zm‘i’bﬁi}:ﬁzﬁ ontalned lf;
thage cireuibs. they will elbher he g Lagltanscusly closed or simdd-

- £ - .
tansonsly omsnsd (fy = £5) or slse £7 will be olosed when £y is opsn
’: f_‘;a;’,e f.e., thers cannot be a ghata mi’.‘»:n the cireult £ is
PR S - = 3£ % = 3
opened {f; = 0) and £, is closed fp = 1},
e Fo Fa

Ir. obhey worda, ths relation 7 g danctes that the func~
tion £ contalns all ths constitusnbs meking up the function o,
and 2 certain numbsy of additicnal ones,

Let us sgree to say

than ths eirvouit £, o tha

tic

b2

for zhort that the

e

N

T is smalle

ne grester and swsller have hhe

ik

than

cireult £ is greater

&

j;"} ES

b

ollowling proper-




- - oL

.

| ob == B, (4.23a)
a-tb=a B - {4.23D)
ab =0, (4. 230)
;. etb=1 (4.233)
| 2 S.“&mwifbivii;y
If & :‘;» b oand U 2 c«.,. then 2 = Ce | (4.24)
3, Ifa » b, thena < b.
e (4.25)
ife £ b, thena & Db.
. Viben & =& b
Ife € torb & %, theneb £ ¥ (4.268)
ira > %‘m‘* b > t, thenfo + B} > {4.26b)
Ii gh ;’; 4 then & 2 iant’i b2 b _ (4.26c)
it {a +b) & %, then a Ltadb £ T (4.264)

Tr oomtach netvorks the propertiss (42.3a, and b) signify
thet cno oan comnect in parallsl with emch contact cireuit a smaller
ciroult, or one can connect in sar:ieﬁ withh it & 3_ax~gar cj_;rcui'ﬁ;,
ithout changing the overall structiupal sinitbance.

&

Yo note that the concept of #hm circuit £¥, sualler than a
given circuit £, iz smbiguous, and pordal ',,abtcth%i'mara‘hinally in-
finite pet of clvouibs, sabisfying the inequality '

>0 | (4.27)
 The same can be sald aleo relative to the lerger cirouit £¥*¥%,

the 1limit of which is a short sireuit. A1l cireuits fa%_ praater

/A3




i than the cireult £, sabiefy tle inequality

1> % > f, | ‘ (4,28}

4

For inequalities of the type
h<e<fs (4.29)

L, Kywtwa /5/ gives the solubion

oy

r=hodfa | (4.30)
where V is any ﬁ:@-essi.aﬁ {any contact circuit), called indeterminate.
For the inegquallby pointa, Kyubues glves & solutﬁ-.én glven by
P.8. Poretskiy |
X = [y fo'. | (4.31)
Farmilas (4.30) and (4.31) are essentially ldentical, if it is
considered that when £y f., ve cbtain fp = £1 4 Lo, |
Thoae formulag meke it ,poaéible , in paeticwlar, to deter-
alne any greater cfxéui’t £*it pglative to £, by putting £y = f and fz =
1, iee., N R |
e fe oo, U.32)
‘iznalﬁgouslj, we can obhtain alse a "smaller® circult £¥, by
pubting f; = O and £, = £, Le., | |
= (4.33)
Saveral mocedﬁas for obﬁai.ning greater and smaller circulbs
azré given in the author's papei /53/. In particular, a gma'ber-
circvit can be obt‘a.ined Ly replacing any of the symbolg in the
fcz'mﬂ.a_ (any element regardless of whether :l:i{ is direct or inverse,

~and regardless of the presenhce of a repebition of this element in

i
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e
!
i

P : .
the forswda) by uniby, spd e smellsr ciremlt s obtained by replace-.
meoh with zerc, '

Thus, for exauple:

wtalc+d<adretbSater bl

ad 4 3{c4-Bymad -2 >0l 0.

We shall agres bo Genole 2 siroult greater than b cirould
£
. L . .}4:.
.:L. , and one gomiler than £ by i:he gymbol 6”' .

Moee will be ssid sbout these symbols

& f . 134 % oo 2 b
ia Chapber 5, Socoblon 3.

5. Strustaral ’Xﬁrwgfwmé‘f;ims of Conteod Networks

Gincs in the synbhesig of rzaf:?iw-ka ons obfains individual clr-
cuits in the form of fwo-pole networks, we shell {irst consider
eq,;agé,vél@ﬁ‘; stroctural transfarmetlons of thasa oirouits, i.e,, trans-
Formations . opdur which the structire of a cireult changss, bt bhe
stenetural. admithtance remaing the 5616 , | |

I the ~;x‘;:-‘bf.1£zbais of relsy nelvorks, the transformation of con-

P

et oirouits hes ss ibe prinsipnl pwrposs the srsabion of the

14

mw

implest nebwork. Iun this corpachion, we can formulate the follow-
ing | creblems, which sre golved in the sthruobuwral transf ormation of
ee;ln%rm networkat
Finding the structure with the smllest nusber of coabacts;
axcheion of excossive (ﬁi@l@zza‘bing) oiroults and contacts
from the netuork;

P X

TN
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I ’

re&is‘ca*ibuticn of ths conbacts mwaw among ixwii';i;i.’ual relays; 1
joining of a closing and opsining combact of one relay in a
<§§uble-‘thrw sonbact group to radute the nwiber of gprings in the
nstwark;

raduetlon of irdividual cireuibs to such & form, thet whan they,

are joined ths overall network contains a minimum of contacts;

meodustion of A struchwe more convenient for wiring of the
netvork, particularly wiﬁzi'; é mizdoum aumber of wires betwsen networks
or parts of & si.ﬁglé network.

In class 11 nebuorks, the strwstural t:&nsferm%iana can be
carria& oub b:;rﬂ_,’uslzzg notations in ths fora of 3*&:2;*%1(.:1;1:1'&1 formulas,
and the nuzber of gymbels for contacts entering into the formula
uill sxsotly be eqﬁal to the nusber of the contacts.

To go over to bridge- eireuits, it is nacesaary %o have addi-

tional transformations, such ag matrix trensformetions. In tlass

H netuorks, & decrease in the number of conbacis can be accompl~

ished In some cases by introduweing valve elemsnbs, as will be

shoun below,

6. STRUCTHRAL TRANSFCRMATIONS CF GL&SSW CONTACT THO-
TERMIFAL NETWORKS ’

Let us conslder now indlvidual gtrustural transformations of
clas&eaﬂ contact two-terminal nebuorks, aimed at veducing the

number of corbacts in the network, aod ihe laws of algebraic contact

/RE
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1

¥ ne'bwnrks, which are employed therain,

The bagic procedwrs for reducing Loe by of scntacts in 2

cxrcuit ig to exclide exnecssive consacks or clreulls from the net-

work or to jJoln inbo & coran.cn ci:rc nit tos canuaci.s sontained in

sawral eirouits. , o 0
Laws (&.5) ard (4.6} sl the possible rearrangements of con~

tacts within a ciroult, The alm’ifzt«xticn of axcessive contacts km and

circuits ig on the basis of the equivalences (4.10) = (4.24).

The joining of con *Lad:s id acc')mpil ished by mng ths distri~
butive lavs (A.‘??E?eiﬁkmg outaide of the bracket (4.7a) or by
separ&.u.;zg .ipto an individuals componsnt {A.’}b) those terma, which
are common to several cirﬁuita, connected in paraliel or in series.

in sone cases, however, it is sdvantageous to expend individual
oirgudbs, so that they can be nnified . |

Thus, for a:x:amplé, if there exists a cireult

| [ = abc -+ a + b)d, |
then the firsh ters is best expended, ard wriltten in the form
a(a + b)o, and then | | |
| f = (@b} (ac + d).

wh.mh Jeads ¢ uhe a“i.ﬁ.minaﬁion of c;ma Qoh‘ﬁﬂct‘

In khe general case ‘bhe “axpanmcn" of the comtact eirculd,
i.e., tha m‘b‘roéuction in it of additional sontacts, is based on

the equivelences (4.%3a) and (4.?31:} by connectmg a larger cire

cult in seriss or a smaller one in pam.,-..,;.el.

AR Y
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7. Transformation of Bridgs Ciroults | 1

In bridgs coutast netw sorks, in eddition o the transformations

-

that follow from the trassforamabtion of class U aon‘tmc *v’omi;ar'm al
retucrks, which can be applisd: slzsc fo individual bragches of the

-

P eirault, there is sbill anotber possible form of trasgformatlons,

conneoted with introducing bridge alements loto the netwerk, These
tranaformations, withoud changing bhe styuetwrsl adaiftences bebwssn
poles, lsad in muyy cases 'hc & change in the nudber of ﬁtﬁeﬁ of the
clreuit and of the clroults betwsen the individusl aodag,

Tha gimplecgt case of swh & fransformetion is bhe -4 t:c;m o

foruation and vice versa (Fig, 33), which can be wribten inierms of

tie dirent-adnitiance mabrices:
Te o g ,
0oyl |
fg o) 2 |=p% 1 -’f;
, EXxz g2 o
lx gy 21 4 {454

4 pengral pethed of introdusing nev neodes in bridge nebworks
wag given by A, G. Lumbs /30 ~- 32/, This method is very sffecbive,
since it makee 1% possibls to aonstrued bridge netuorks and %o
infroduee rectifier elomsube in then.

A shorbtooming of this metbod is that the conplexity of the
netuork depends on the sequsncs with which the new nodes are intro-
du.eeﬁ; and the construcled netuork may turn out to be sven more
complicated *:Qi;.gn a clags ‘-ﬂm netucrk, At the present tims .them ia
. 8till no slgorithn thet leads o a simplifleation of the netuwork

'

JRF
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U upon introdustion of bridge sismemta. V. U, Lazarav /93/ has shoun ™

l that if when using bhe method of £.G. Lunts one firet finde the
initial and fiosl @lemm}:’w, for ammpla, by the method of M. A.
' Gavrilov J16/, & cerhain sequence in construstion can be obtalsed,
: lseding to simpler netmorks. ' .
The gﬁmrail rules in&ica‘t;i;zg the - poéaihiliﬁy of vnifying
identical circuibs contained in different bramha of the netuorl
have been ecem;ly given by M. A.Gavrilov /69, 77/. Ths m'ock,ﬁure

proposed by him makes it posaible o evaluate methods of congtruchting

bridge conbact networks.

| R, INVERSION
By invaersion in the 'alg,ebfm of combtact networks is meant the
firding of a canbact netuork ¢, iaverse in its sdmittance to The
inibisl circuit £, L.6., the cirouit g shiowld be elosad;in thosa
states of the nebwork, duéj,ag which the circuit £ iz opened, and

vice yverga.

T

For networka of class M , gbarting out with the eéuivalancas
{4.9), ope obtains the following ruls for inversions to invért
8 c:la&sTr contact netwm"k ail the i:arallel connechions are replaced
be series oneg, and al.L the sories ones era connected by parallsl
ones, and &t the same time closing conbacts are replaced by opening
onag, and vice versa. | |

1f pectifiers are conbained ia the nebwork, they should be

‘/.;e?f?




‘ravars el

srd ench node by & closed loop, i

PRsS

120, ' 3

aeth plansy networks of class H, ops ocan recomnced a

s . T e
Y Gach cangpug

Ty e} ke % T g, pen] &
u 82/ conglabing of veplack

Fo

asoh two~pole notwork compwising bthe brouches Y ite inverss
, r
% 4 ; r 1 e & ARE E3 Tnn b
i the notuwork conbaling reotifiexrs, In the grapuis

X gt i ren on 5 gn " . I T g 1, I b,
Sreegsion bhede polavity is chosen in socordsnce wilh

P ws N P O FO s - wla & g e P .
rulas when b input pols of the network is woved counborel ;c.?«*u

the recbifier should be buwrned clockwine, and vice versa Flg. 25

Py

shvious thet in both cases of foversion the numser of

the network, and also the m

kel k% 1. e it - e fm s
elass H, thars arg ho metnd

e . P T 1 o — M2 . e e w ES
divact invession snd ono can recomend in such casss to vells doun

i s & e} LA dhg o T P ' o T i 2 om,
the netuwork in gtructural Formuls, obtalining the ine
e e g R L o e +£2 5 i I nmoonan oy Y o § Te Peaon.s i
verss syprassion, end congbruching the Laverss nebuork from Whis

LR & .,.ctl’,,:’;‘"

wratta.  fo bhis sgse tha nuber of elamentes in the network

By el g,

57 g\\z a’/ yi 2




- Plg. 3&'0




v THANSFOMATIONS
meral Solublion
hapbar 2, Section 3}, the cperatior
f individual ocireuibs iz written doun Lu general as ths pum of
obligatory and conditionsl terms, corvesponding bo those statss, in
Ghe : ﬁ
whish R ziven cirould k;hc_ A or could be az.s»;;w To write down tha
t oAl - ;“f'ﬁ" s 3 < b g
termg we made use of tha egynmc:i ety Andicabing that
L’
srb nunbered e ocan ba mp Laced by zero.  The pregance
me ‘!:,m gxrpraession, B several dlffersnt cireulld

sion, depending on whilch of the condi-~

sh are replaced by zeroas,

¥he A cirvcoudt {or its analytics

ﬁf{d,«-‘{a.ﬁ:
comiitions will be called o solublion, Seewtew of the oressnce of

8
»]
e
ok
Ite
»-"fg
&
E..
o+
(’1\
E»‘
Ty
e
Lor
a
=3
3
4]
o
[
e

ublonas may be cbhained for one sst
of conditions.
Thus, for example, 1f the cirewit of the relay X containg one

obligatory ternm abe and two conditional terms abe snd abd, then

the solubion can be writben in the form sbe {noﬁb ong of the

o

conditicnal terms hag been a(’téﬁﬁ)} &b, ac, or alb + o) {Oﬁﬁ of

/.'!:'?.w'{;

v




Vthe ooxﬂiti:uml torms or bouh 'i.nyf:;;hei have bean adﬁeé}" T
' }in this c&se,n;ig of these solubions can be trannfarned into

anothor by usual transformations of the theary of relay-contact net—
works (see Chapber 4), siocs these sclubions bave been obteined with
allowance for the operating cond‘sv.";isms of thw nﬁﬁs@&*ka - L

It should be noted thab if the sddition of certain corditlonel |
terns sinplifies tha expression, the addition of others pay compli~
cote it, |

Tha choice of the particular’ solubion 1s besh nsde only by
comperison with other cimemﬁa iuv the gyn® ‘ahas;m of the netwerk as 2
wiuols s 80 ag ‘bo obtain the m*ea%a:ﬁ wiification of 'tha irﬁiviéml
elomsnba, © |

Thus, for exampl«ss if in sddition %o dho eirceulk of the relay

whose operatlng
X, there exists & velay ¥, ks formila £y = (b + o)d, then the
cirewnit will be simplest, if we Laks the lags of the solwxbiom for
+hs circuit of relay X | :
| Fma (6 46} (aX + ),

It is aleo advanbuageots ‘éa kno§ a1l possible 5niutians' in

ths compilation of bridge ciroulbs.
wbile

Howsver, £ individual sclublons sannot bs redused inboe one

another, wmas esch of these cen be dgutained from ths solution

writtan in the following form

e 8 fe

o “.'55 ' f s afta + e .,]L. iy , (501)




A exgressicn of

s

&

o ko 2 b memedr & S e
sinse ail bhs psrbisulsr

wa can say thot 18 nob a singds nonditional form is

obtalin the minizel value of exprossion

-
f,k'mm o }j ngw .

o {5.3)

The sddition of all the conditional berms gives & maximal

waitg for this expression; Ll.e.,
,
i'};mam ey 2 aff'm, “{_\, :;; é%“f .
iz Fad 54

v, ooy parkiculsr

#, estisfyls

% o v 3 P £ . b Zerr
Yo Bhowid sden satisly

o rm o s e "y e ¥ b
In sevordancs wibtk

on €22, e can

Fadin Y
"h;

a
e

g fop~

{5
P

\®
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T pon formdla (5.6} bhat the nmnbégfof different partio wler solutiqnsj
oan be Aafinite, cossiderisg thal arbitrary variehiss can be intro-
dused into .

In practice, however, 1% is primsrily meanﬂ to chbain
particular solublons consisting of the same z?ermhma as in thé

funobion £y end £ . Such -'*,::fm;iw},m solubions will be callsd

[ -~ »
AZ Loin

fundamental, 1% can be shown that 1L there are s aaﬁdi,ticm}, GO
| stituents in formals (5 5,2), the ausber of diffsrent fw:da\mﬁn £%R
| golukions will be 25,

Todividual partioulsr solutions have that property, that boih
ths ;ﬂ*&imt and the zum of several partioular solubions is a parbi-
citiar solution,

In fach, if there are parilovlar ‘solublong

f)( == frmn ",L*"*; arax
and

f } = [, “+- ] mars

than X + fx == frun 4 (6 4 @) fromn = fote -+ @4f max "'m"‘fi{;
) §e2 . i

[xfx = [min + f-”;.”’:'!vnax = Fotg b 0gfan = [y (.}”?&)

(5.70)

Ancbher pertlcular solublon will be _

Fo=flo+ o o (5.70)

which can be readily verified by substituting the éa};zzas Lex f;il

an!i fi-g iﬂtﬁ (f’»'iﬁ}'

Now thst we have explained the nsbure and the basic properties

- . . ?

Vit e




[ of the. gensral and partisular soluﬂons, let us procééd '!:ro the quas~" |
tion of ' abbravieting $he nctation for the gansral solu~

'is.i.on, since 2 solubl on writien in the form of a sum of aongbltuenis

is mccmremwn* in opera“a;i on and doss nob make it possible in practlies

s

: to changs over to the pataork.

g

3. EQUIVALERGES
.In xsri_ti.né dewn ‘bhe ‘conditional terms in the general solutlicn,
we have iwa,ad the gyubol %‘—- , dencting that ona can take é:}.thfsr the
sxprasaion a or erc i

Lot us broaﬂan this comﬁpt. now for & nore ganam"! case, when
it ie necsssary to wrile doun nonwu,uqua golutlong.

We have seen that the pre'aeme of ﬂonﬁ.abg.onal gtates may
cause saveral different c;wcm..ns Lo satiafy the sams seh of gond -
tions, 'thesa c'i:’e&itr having ldenmbical values for fhase conditions.
He shall use the symbol already known bo us, the fr-action bar, to
write down cush sirsuibs, We shell treat bhis symbol as & sign
indiﬁating that the expressions on both sldes are squlvalent Lor
given conditions, and either of thess can be taken. Such ex-
pressions with the bar will he ¢ ealled 1 squivalsnces.

| (.c-m eguivalence is oms of the meitbods of wriblng dowa miltiple-
valusd solwbions, snalogous to the use of integration coim'bantsa
in the solubion of differential eguablons. As in the labber

case, the choies of the particular solubion is baged an the supple-

]
i
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henes, in spocedance with {4.30) and {4.31)

¢ gymbol (bar} z pariicular sereseion stands, 1l.6., the commubabion

M
P

' monbery aolu‘bioﬁs Por exampla, cvbiaining & nstwork with a minimum 1

pumber of con‘bactsa)}
Iet us s examine ths propertlss of eaui.v.slence,.,
We nobe first of sll that 1t is immaterial on wuch gids of the

L
law holds foz.’" squivalencess '

.
b Ta | (5.8)

«.mns;.dering a1l the possible combinations of the fow con-

stituents of tue !:ar.xmnlaﬂ a asd™b {(ah, &h, ab, and ab) , We can

‘verify that cm'r%panﬁmg o the conditmn a/v is the case when

one adr}s to the obligatory consbitusnts ab '&;ha sondl~

L, - . <R
tional congbituspts sb and ab, l.e., the equivalen’.” san be repre~

serbed in the form of a genaral solublon
Saight P (5.9)

D

Sterting with the statensuls made ln +the preceding section

concerning the genaral solubion, we can write

ab &

ea-;::

Q’{{? -«4»- ab -»L..
o = < ab

Qb % h (ﬂ + bL
(5,10)

'l"“ = g - 4~ {a -fr— b) @ = {lf?m - (“ . b) ®, (5011)

where €J, as bafere, is sn arbilxury sxpression.

Thus, equivalence is none cbher than an ebbreviated notation
4 ' ' {

a—y—s

/P 7




3
b

Boolasn funcetio On8;y satlig

o

\far g provp of j g tnequality (5.20) and
dstarmined by expression (5.14).

The particular solutions are obiained by assigaing to the

e

symbol o9 in (5.11) aoce ﬁfaf;’m?,,;i‘«f vulos,

Bince tle 6334;::’ vagion ob wwnm:i after subgbitiuiion of & ne L
longer rellis *t,} the gpecific lfi‘&'ﬁilﬁf‘@ﬁ of .ﬁhsa oparabing conditions |
of the metuork, the inverse transition from “";m} pertioular solubi
4o the general golubion ie impossidle., Therelfore, to go over fron

the genersl aolubion to the particular solublon we shall usa

squality sign, bub an arrow, indlcating the ons-sldednegs of the

%

wamfu maklon.,

Per ths porbiovler velues Bz ws chlain from formula {3.31)¢
]
T e K ?} @ B,
{ &
LR w o & % 1B,
_ . :
. E?PM [ O 3 ,ﬂ}; .}; o £ §
@
Api @by b (5.15)

bo verify thet these fowr solutions sre

not the

Fundnsanhel,

Wikh obhoy substitubions we san obbain other perblewlar solu-
tions. let us nobs sope of bhems

. &
: 2: 3 £ »§~- t’)_%f,

a
5ot an

The cage whsn :Ln cng of the perbs of the sguivalenbs thers

I ol
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' g zere, corresponds to the inmequalily

0< z <a (5.14)
or, from {5.31) .
v Be= (I,
(5.15)
Por the case a/l we shall hsve respscbivaly
or
a -,
TEaTe (5.17)
% |
Analegously, —- Genobes thatl
A » |
_ abr & :"E La+b 4-¢ (5.1.8}
¢
or '
A
B=abcb- (a4 bF Qe ‘
£ {5.19)
This result can be  derived from formula {5.11)

o SEEEDS Lo 4o g Belct [0+ 4 Bt cle
¢ : _ o o :

Putting (2 = e q e gat

§ =t (a-+ o -+ abo 4 (04 B+ cwm abe + @+0+ .

It ig essy to verify that (a + b + o) contalns, in addition

to the congtituent abe, six additional constibuents, i.e., the

&.

b o 6 \ .
expression E, corresponds Lo 2° = 64 different fundamental
& ' : : .

golubionsg.

yry

The symhol of equivalents mey be fowsd convenlent for an
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Mgance with the usuel riules, with Fon retention of thé squivalence

symbel - — e e

a P & a d r
kPR PO R e o, *
(b ' (n i (, = .
[ ) s
- % - 5
Q4 = @ - - = o
cTeE gy =a-t-z.

(5.23)

Nﬂltiplicatﬁun mf tha PQHiJﬂLQQChﬁ oarraspands tm saparate

zmltinlieatiov of each of the parts of ﬁhn flret equivalence by the

gecond - e 8w
o ae %4k _ b
b d bf_m“}“""?;"
i 9% @& o
(5.24)
Hﬁnc@,_ aw eﬁampie, : a4ﬂc , g a
a n‘&—c 3—}—? b+d t___ﬂa(‘;-{- &
&b«}»d a‘t«c a4+e¢ dla+ &’
, N Yo Pd bd
The game pertains to addition
¢ ] ¢ 4 ' = O
. b, A ———————" . 4R 19
i+iw“+d-“” b _t¥h o5,
Sptd T c = '
, btg d4g ‘f”
hence . ‘
c ate g :+a
g+~wwa*z_. T CFE _e+b
b 3mb e b4 T T
+7 i
5, Simplification of the Notation for the General Solubion

@hﬁ’gpnaral golution, vritfen in expanded fcrm, should be
simplified in order to retain in the. forpvla minimum nusber of
symbolq for contaabs. This is abtained by taking oubside the

brackete the coummon factors and adding thoss oongtituents, the

7

| _

-y

[




immfs to the eliminabion of saparste synm bcis‘,

AR e -
ion bo ROTIE.

v o g £ =) 4 T B L S P
2% 0L TLodn 52x~ 8 SooLsan Tunce

-y Xl Sy R b PR, S £ o &
with the Jessb nunber of lelbiersz is

]

ghalil eim nob at Finding ths

Fapoe Yo gk - : Z o e . e 5 T - L
form, bub sonvaniense of notation Eo;' AL mﬂs*"& changa over Lo

u{h F: L i b ¥ o0
i considared in Lthis

Wo note that sleplification of exprssuions

not fo

gection, bes as ils purpose Lo

3

sz"’“7; ot N"'\'i"‘g" =i ;L 1 ¥ a5 remn - sl ot il 'é* Y A b
SLOPLILY OO SYNLOS SISO ¥ Ak»"j\.t-h!h.g s 1t ig known +h S0 A0 G

se bhe formale with tho loagh nusber of slements doss not

X'“ s

-

o tho most economicel nelwork., Only in a psetl
sular cazs, for :L@wf? tuo~termingl netuwerks, doag the minimus of

elemsrhs in & Torm sing bhe miniaon of elemends in & nebwork,

thoge slmplifications, which

- 22 e e 8 g
mralt merely an abbraviation of 'i:fw nobabior

2. 4 ——
% is assy b gao

of all that o simplificeltion of any

L4 ry v
£ & R NP AR e e I _. L 4, P L L TLTY
formula fe cbhlalned by sdding to the constibusnts

in e given formula o constibwnt which differs by the

3

invergion of ons elament, Then thisz elesent iz excludsd and the

sloments In the Cinsl expression is redused.

Congbitwents consisbing of the same slemants and o)

only Inthe stale of one of these elements are called neigbboring

/667, In accordancs with these, when adding two neip shbhoring

ok
congblibuants ous exoludes the element in whose shate they differ,

Ve

AN




. _ . 1 v ) ' ‘ .
Analogously, one excludes from the exprassion two 1

‘elementa whon fouwr wna‘cituantu are sdded, differing in a ccmb&nation

- glates of uhcasw tiree @wﬁmf‘nufs, abe.,

of ghates of these tue ele .ments, and three elements are exaluded

by adding eight eozx&titmntﬁ, which differ in cambimtiona of ‘the

L
Therefore, wben cm*ymg oat. 'bx*«msfwmatinn .i‘or the purpess ;

of gimpllifying 't.‘::a nobavlon, it becomes nﬁm.asaary to chooss and

group the terms in mmh a way, that emw bion of individusl ele-

manbs tekes place, It is necessary to ingwe hers such & nobatlion

that no Andividual possible particuler solubions drop oub. Thus, if

a certain element is excluded by adding a cdz:&itiaﬁ,al Larn, this |

should be reflected in the nota'i;imé for the result in the form of

an aquivahmée, for axamples :
a5 - "“‘"’“3 (5.26)
On the obler hend, for the example (5.1 given zbove, o
f"mva . -k a .6
8
el (5.27)
One ean obbain from this notabion a1l the particular solutions, -
she fundamentals of which are sh, ac, b, and alb + ej.

12 the sun 19 found Lo conbrin con’itlonal terms whien &o

vm‘t unii‘y with the obligatory terss, they should also be sinplified

as much as possible, and writteo as conditional.

Thug, for exemple

00 3

a(}d 6 ?J& ey
W (5.20)

L~
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, L _ ‘ .
As we pave goen, aloplificatlon of expressions can be obtained |

by padreiss comparison of all the terms, In soms casss onge can

recomusrnd for convenienca bhat the terms be arranged in
columns /103, 12¢/, separatiog the condibional terms by 2 bar and

indiceting with werows whleh Gorms ars conbained in sach sum,

hus, for the cxpression

" e fin ’::i
| == 005 4 16u + ﬁéi o+ fii%i
. 4

P o b gr
we obbalin

b

-!:; o
e &
hanos - p! =
e ;«-E(Tf‘ L8y g 0
bt 4 4 .\\I i ‘T“ H i /( P q «

on noy be found to be locounvenlewds, and we  shall consider
three more pensral msthods,

6. SIMPLIFICATION OF FXFRESSIONS WITH THE 4ID OF TABLES
OF NEIGEBRING CONSTITUENTS

-

&g v have seen, the sluplificsbion of exmressions is dus to

e




{

i

| addition of terns correspording to nelghboring constituents. To

o

L]

guggegbs Table l?.t_

Table L

"
e

soilitate the fm&iz{sg of neighboring vongbituents, the aubhor

s S A e v Sl

.ﬂ: Hoseps SOCEAMBY KORSHITY CHTOR, NONYSAGIIERCE NDA WANCHENNR
» CHCPORREST BAPNeBTa ’
%g ) ] e p e jwf
;?@ Al ?’;5@) ' &h&) T rm P ‘wﬁ(m
0 § 2 4 8 16 ]
13§ O 3 5 9 17 23
2 3 o 8 10 18 3
7y -2 { 7 11 19 35
4 & & & i2 pil 3
5 4 7 ] 13 24 31
& 7 4 2 t4 22 K
7 6 5 3 15 23 3
& 5 50 Z G 24 4
g & 11 13 $ % |
10 1i 8 t4 i 26 1 4t
i1 10 9 15 3 27 43
1z 13 i4 ] § b 44
13 2 i3 9 5 24 45
14 15 12 10 ﬁ w46
15 14 13 11 A TR N ¥
16 17 18 20 24 6 48
£7 16 19 2t 25 4 1 49
i8 19 18 2 24 2 56
19 18 17 23 oo ; 5t
20 24 22 15 24 4 52
21 20 23 15 pad b 53
22 13 20 15 30 H 3
23 2 2 3 7 55
24 25 0 2 oA 16 8 o
25 K 24 17 4 Hes
26 27 24 30 18 10 o4
27 26 25 3 14 i B
&8 0 26 34 24 it 12 60
23 1 28 31 25 21 13 61
30 3 28 26 2 14 62
# p 3 20 7 23 15 63

 KEY, WEXT PAGE
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.
.%} Number of cousbituents, 2) nuabers of mz.ghbarm.g copgbi- |

tusnbz, obiained B uiwz change in the state of the element.

’Enﬁ._@ tabla gwea the nurbers of the migiﬁzc—rir;g e ‘?;v:x Lusnbs

for all 32 congtituents of & sebwoark consisbing of five 4, B, G, PR
" end E) slements (bhe nuxﬁmyjimg is made ulth a base EDCBA), If bhe
mmb_(&* of alm:-fsa:z:fhﬁ is greator, the tabde can he exms&i. Thus,
the sixbi coluan containg the numbers of bhe neighboring cona;!;itmn'ts,
ecrragroriing o a ohange in the sixbh (F) elesent. It is seen from ‘
Lhe tehis, for ezampls, that for the congtituent numberad 6,
neig;z?ﬁ:‘@rmg coneblients v::;.il he nubered 7, 4, 2, M, 22, 38, et
Hore ths consihihuent 6 differs from mnst,f.mm" T in ths stf'i;e of
sloment A {since the& pwdber 7 is in tha column ;em*raspmﬁing, to ﬁbis i

f tﬁ}v, ol differs ﬁcm ‘cmd,,it vent 2 in the state of the
elemsnt G, eto.,

Th followe thersfore thet if, for example, we add o i

‘aozzsi, suent nurbered & (Bhedé) a consbtibuent numbered ¥ {abeda), ‘

Jven the element e will be exoluded in tho sum, and upon addition

E

to nonstituent 2, the element ¢ will bs exeluded, i.e., the sums
9111 bo respectively veds and ahde, etc.

if we . copy from the tabls In two lines all the
neighboring constituends (lu the :wqwsme in the tabls), for two

reighboring consbituents, then in each column (in addition bo the

columy in which the numbers of the constituents chesen by us are

/HE




. eonshituents baken as terms, o i

e

' Jocated) we obtain one pair esch of nurbers of constituents, which |

upon addition with bihs previously taken congbitvants will yield ihe

eliminetion of two elements, Here we eliminghe those

alements, in ke columus of which sre losated the numbers of the

Thus, for example, for neighboring constitusnty & and 2, we
cbtain from the table {for the saks of conveilence we wrile over
tha ecolumns the elements in the stats with which they enter

o,

irho the first term)s

l & @ e F: ]
el 7 & 2 1% =2
2 3 0 & 13 i8

.

We sse tkﬁarefare that in addition be the element ¢, vhen
cong‘ti%;mntﬁﬁ and 7 are sddad the elemsnt a is elminated (as a
fesuﬁ; we chbain ‘t;"i"“em}, when the congtituents O and 4 are aédeﬁ the
element b 1s excluded (ade rez:;zaizm}, 8%0. |

YWe can obbain analogously the numbers of those aeight con~
stituente, the addition of which eliminates thess eloments and
smeng which ‘e&ch caﬁs’bi*twnt has siready bthree neighboring con-.
stituents, etc.

Consequently, having for a given cireull an assembly of
obligatory and corditicnal nutbers, we c&z:} obtain with

the aid of the table ths final axpression. With this, if in any

column there are found constibusats which do not enter into the

/57




, :
™ . L C oy ke . .
| apgeubly, the element corvesponding to this column cannot be ex-

Thag, in bhe aywhhesis of apy clrould we can o ghal

foliewing saquence for “b%:aa sholos and "&ihiafa of congtibwniz,

which enber iuso the gsm?*zﬁ. e;arl:ﬁim for bho glven clrewuld.
aral '
2. We take ome of bbe cbligsbory iher s g, Lroe Tabls 12 we

pary
-
Né
B
iQ
]
o]
.

be atdsd to Lhe given ons, in the sams sequence 83 in the tsble,

of thoge neiphboring conghibuents, which san

. We ooke un an Asssmbly cf chligatory apd conditionsl nuwbers,

7

Feare wa place & bar in ths p,uma of the constituvents which cannnt be

[ sl "{‘{‘ 3 .

© fap nogiven nurbor ho neightoring numbera are found, 1T
neans bhat Lhe sxpresslon for this bern : should be left unchanged.

Iy there is orly ons roighboring congbilusnt, then as 8 vesiih of

fg located the mumber of the sdded conpbituent. With this, 10 to2

& congbifuenbz belongs to the candibional terms, By exdlivded
elereard is wridben ne a conditional factor, The presence of
saveral nsighooring elssents ladicabes that 1% is possible

nxelufie ome of the slemenbs, corresponding bo Lhass ralghboring

Stuents. It mzy turn out bere that it is pogsibls to elimi~
nate similbanecusly several slameots, if one succesda in choosing

511 thy neceasary terms.

e

sdividunl nuwber (by using iteliss, for

Suion o ib cne eliminates bhat elemont, in the column of uhich




L.

3. We verify the possibility of eliminating two elonsuts, For |

thig purpose we wrlts out bthe second line for one of the naig;;moring _
constituents (with this it i preferable to take the number of the
obligatory teorm}. If after this we still find more than one column
wibth nunbers abill nob taken, we tals.g s of Liwss acﬁlﬂms (agaiﬂ

| grafera‘bi r m"th & large | anound’ oi" nwnbézjs:-of cbiiga‘bcry
terms), and write oub tuo additional rows of ausbers of the neighbor-
ing congbituents, corvesponding to the two taken punbers. We ana“lo»}
goualy wrikte oud fvm*hhe four, ‘eigﬁ'&, tto. rous, until only ons
eolumn is left, filled with numbers w#h_ich kave nol bean takén. vIn
this‘casa the elsments corre apox;ﬂmg to the filled ‘solumns can be
excludud, and ths gum 1:1}1 contain all '&;he mrma, whosa pudbers are

" in thess columna,

Iz irz the sequ.anﬂe of writiag out ihe xﬁ%g iiuf fa.l.s,ed columnsg
with nurbers which have not yet teen ta}:gng | tbiv indicates
that further simplificatlon is impmasibla.‘

Thus, if it ig found thalt there exishs several columns
£illed with nubers, and an .’i.:was{bigatian shows that no further
simplification is passibia, this ceans that only ons (any) of the

elemente corresponding to these columng can be eliminated,

We make an analogous opera tion with all the obligatory terms,
which did nob enter m the first reault (in the ‘first. térm. of the
gought answer), end all the obligatory terms already contained

' thers can be consideréd as conditional. This ls repeated with the

r¥q

-
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rfollwing forn \ | 'i_: S - B

For the remaining terms nuzbersd 10 and 12 we obtain

& 68 &
$0if] 8 e
g &19 4614290
; RiF 2 06
12313 34 B o

so that ag a £inal result there vemains only the elemont &, and
the pubers 2 an«"’*' 9, 11, 1.;, 14, sxd 15 will again enter. '
: ‘I.‘hu,.., all Hhe comx.timaﬁl. mambers have besn accumted for,

The fact that the far'egoi.ng two teras {(with nudbsrs 8 and 9)

en‘:,éiv: into two mambers, means that in one of the mermbers bhsy-can

be considered conditional. This yields two wesulbs

o -

N A ﬂ
f mffﬁ«%ﬁs 5ty

and ‘
& 5 B 2T AR R :
f’”‘ R -@*6& ~Lg (5‘%_55}?_!‘&
ct follovs therefars, that in class 1l , the simplest civoult
will e - f m'&?»%w 5#—{»2.

in

It should be noted hm;amba mathod cert&i.n imﬁaxmntal parti~

cuiar golubions may be losh, bacf use the e“iimimmon of :Lndwidual

elements is ciua to combining both cbligatory and conﬂi%&on.al terms.
§dmag Thus, in the Jlast exampls the ;)o:mjﬂg of ths terms with Nos.

(57
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axd 9 yields bhe result o (5 +4d). If ve odd to this the

R ST

we obbein ba.

LS @) =FE

nlained above.

1 perbiculsr

e
g *
[
when it iz neceasavy ‘i:e pebain 21l pessible funda~

solubiong, we must a.bisain tao simnlified furmulacs,

sspending to the maximum fg.. snd minimun Lo, n valm"ﬂ 5 of hhe

olution, i.e., with all the ccmmtiou nurbers and without ’z;her:z,

and by ccm;g;-wing these two

» lagh & vmn

*

aolubiong urite doun the gene%al solutio

AL (‘bm.,,ﬂ

{mmwz‘fg(a+ ) déﬁc‘é’?’?ﬁ@%‘ﬂ}

g
o8&~ i

In this c&:—z{s tha b

4o the exprassion L. .
= E‘.’-.al.j\,

f::zag == § 8 'Jﬁ Su '*%w &

+ o
by

|2
‘?.‘

i

at Sy 2D

implest network of cless r’w;,il,.;omespmd

‘u D OF SIMFLIFYING EXFRESSTINS iﬂz"""‘h THE AID CF

[MIZING MAPD

fnother method of simplification is wribing down the ex-

asstons with the 8id of the so-cellsd minimizing maps /113/.

This method is applicable for sclublons which do not have

IER



— .o 1 -
' sonditionsl termz. In ‘&as meas.t'b work ws ghow its use for the |

Auimplification of ‘the genersl sclikion,
&y minimizmb pap fm* a network consigbing c}f n relayw is a
taklle having 22 3 rows, esch of which e "responds to ons cuns‘titmnt,

: and 2.1 colunng, cmﬁ*aﬁp{zrﬁmg to aos:ab.ﬁumu;iana o:ff the produsts of L
varisbles taken 1, 2, 3, ..., & at & tims. In each cell of the E
tabls are writben down the Variabiﬁé which én‘her inte the given
b  ooluan in thoss states, in which they enter into the constituenmt of
the given row, Fig. 36 showé a minimizing map for n = 3,
t Far owr case we can recommand the fol}.c'éing sequance,
| " 1. ¥e cross oub all the mwé sorragponding to the constitusnts
’ which do not entsr into ths givan expréssimn.,

2. In each column the crossad~ous comblnabions of ths vari-
ablas_ sre crossed out . alécs fn the renalning rows,

3.,} Wa verify all the uncrossed rows end in thoss rous which
conbaln only ops sach of the wnorossed ccstbinations with a minimum
wimdber of varisbles, we frame M@sﬂ combinations, We also frame;
all scch ' :

combinations in emch celumn. Bach such combination is called
fogsontial? and shotld enter into e resultant expresaion.. |

L. In the unorossed vwg, in which there sre no :fram
c&mbinatiana, there will be several wncrosded combinations with
& mindmux number of slemsnitg. These combinstions are called Miree "
and ons of .tgnam mey be included in _'t.hsa résult, We enclos2 anclose

all the free ¢ombinations of each row in & common frame (insids

- 4
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the frame there msy be also crcssid-oub conbinstions, which we ghall—y

disregard).

5, The result is wrilten as a sum of all the sssential sombina- |
tiong, to which we mrf% the fres cx:atam,n&tmm, writton in the form of
sguivalences, _

I

The resdliant exprassion will correspond to the mezlmum velus °
of the gought solution,

terus, and in

so oub bhe rous corrvesgpordlng to 'thzs csorﬂx“i‘ieml

anzlogy with the foregoing find new essentisl and free

combinations {(for the sske of clarity wo shall cirels these } with
a wmz.da valiue for the gought E,men,
From a scampariaon of bobh SU.mﬁiui we ohtain a sinplified note~
tion for the general solublon,

In the case when it s mzc;f:a:ssss:b" to chlain only the sinplest
!{ natwork, ommﬁwns

expression for the comstruction of & clas

1 and 2 follovwsd by a corhinations from only the
rows of obligetury terss, dlsvsgarding the rowa of the conditional

Fig, 36 shows the determirstion of the simplified nobation

of the function
fm- {3,4.7.41, 5)§ammaﬁa ;«aég-g-afamy mm+_..w
(5.30)
out the rewg sorresponding to constitusnts 0, 2,

oub the choloe of the remsining coubinabions, we

PAC I e




jmn w G -} ﬂﬂ%‘ﬁgA,

ben, afber crossing cuh bhe conditional G‘Gﬁ'&‘"ﬁiu wrba with nusber

by 7] i
K] - ab
3
Fam et 4+ e s == (12 U -
a4+ 6.2 ad+ 0o

r"\
o

xx‘
\,r‘

For ghmplification in the compilation of the mep we can

posomzend bhat in sach esll we write aot the combinetion of vari-
ables, bub the number corre 'syor"i'mg b “z;he aun of bhe wel ights ol
thege varisbliss, irzeh sre locsted in the partledlar celd w?‘-mﬁ:
inversions. By way of an cxample of such a nolatlon, Fig. 37 «hm»zs
Lhe transforsation of bhe sxpression

— {1,7,8,9, 10, 12,40, 6, 11, 13, 14, 1)) \rBE 4

From this men vwe cblain

imﬁxma“%“ﬁé%-ﬁﬂ,

daar 4+ aﬂaznaiés-—}-ﬁﬂ} + a6 + 8y,

b
¢
=5
ey
,,

-nm:- == a?a '% EIEJ

i calb v ef u - z\e
RS & e 4 tGe+ 0 w)u«-,
. 1t/
Then Lhe mumber of verisblss is n > 4, bthe use of
mipinmizing maps becoouns 5 difficult becsuse of Lheir cunhorsomsngsd.
i

- : /578,




.
- i

" When the volume of werl is large, it is recommended that the maps
be prepared beforehand or that one msp be used in comnection with

tracing paper.

- 8, METHCD OF SIMPLIFYING THD EXPRESZIONS WITH THE AID OF
STENCILS :

To gimplify the éme:ésioﬁsg an original mthod. is proposed
for mi:aimization of  notabion with the aid of "contach gridgs"
r | ~- gpesial stencile . 56/, _ o '
| For miﬁimi.za‘%:im of & ftmctiém vritien éoﬁn in ths form of a
ooordinate® teble {(Chapter 2, Section 3}, A, Svoboda WO}#O&G& tha
uge of a specizl stencil (¥grid") for each variasble conbained in
the formula (c»rk ite inversion), with cubs in those rc;ﬁs, which
correspond o thase varisbles., Thus, for the six varisbles x,
X2, Fy;g, ¥is ¥ amd ¥as the general form of ‘i;ﬁe goordinste teble
is ghoun in Fig, 38, and the ocorresponding st:ancils‘ on Fig. 39,
The sams stencil is used for the iaversions, but is rotated by
180°. By mahmg up several stencils end dacing them on
| the tables, we see in the holes the eslls of those constltusnts,
| which entsr into the formula, corresponding %o ths modust of the
varisbles, dencted on dhe upper and right sides of the stencils.
Thug, Fig. 40 shous ’Ml*‘ alght e.;‘ozm'bi'buents c.omesiacxﬁing
to the e}xpression Xis %3, yz. S |
' a The process of minimization reduces to the following. The

VA S 4
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4
S

rsimplified ﬁmcﬁim is writtan in ths teble with werking for the 1
ohliga’tor:y and condi‘tinnai congtituunts, The stencile are then chosen
such, trzat when they are plecod on the table, one sees through the
holes ss msry obligatory and conditicnal constituents as possible,

- and not one of the forbidden ones iv ssen. The expression read Qi.th N
the aid of the shencils is wriiten as one of the termg, and the |
designations seen in the ho les ars orossed oub end are henceforth
congidered as copditionsl. This procsss is repeated watil all the
obligatory constituants are erossed oub.

To simplify the prossss, A.Svoboda recomnends that each con-
stituan"h be agelgned a “welipght! - ﬁa’;‘he. nurbar of wézméhle naighhoring

obligstory or con‘dit:i.onal c_:ms’%.itﬁezzm -~ gnd that the cholee begin

{ l)
P
with the sonstituents bavmg, the naxioum waight, ' -
i This me'bhom can also be used do expand formulas into con~

sbituwends

9. Additlonal Bquivelences that Follow from the O}@ratmg
Hequence of Ghe Relsy

In certain cases 1t becomes necassary to use equivalences
/16/ for specifisd sequences of operablon of the relays. Theae
ec’guiiralamsa can bs readily obiained by using the concepts of
grester and smaller cireults given above., Thus, for example,
relay A always operates before relay B, and drops out later, i.e.,
3f ths number of sbates in which {bs relsy & operates is greater

VEnd
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i Jons . -
" than the mudber of states fn which the ralzy B opsrates, and congs— "]

x A7) e : .
OB LY .,
PARECRERERN 6 g .

sceordancs with (4.2

The dash souality indicsbes, in partioulsr, thet the state when

the rolay B copersbtes end the velay A does not opovate doss mob
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' ’mzv. . : : .. ' N
af-=0, g4 61,
| =5, a-+b=a. + (5.24)
' &nalogous eqtﬁ.vmncea can ba obtained also for circuits with
8 g.r'eater number of relays, Thus, in the case whea relays 4, B, and L
c, never op*ra'ba simultanaausly, f.@., 'hhe £ ll.awing system of
ineﬁualz:ties holds _ _
W67, < w68 g a.
‘From ‘thig, for a:&amplé, fol?;,sms
0’63"‘"‘6 f} fé ‘..g,__l
aéemao' a6t g =g+ 6, [ : (5.35)
ete, ' *'
, will be
The uwaa of tﬁeaa equivaisnces ke :Ll_hustmated when an example
of the gynthesis of a netserk far transnitting a number from the
relay R4, BB, HC, RD, KE, and RF by means of a counting network of
a relsy register of commercial equipment /122, 129/ to four: Pmi.ng
rala;;r» over cirouits I, II, ITI, wé Iv.
The operation of the nstwork is specified in Teble 13,
Tt follovs from the table that, for example, cirowit I should
be closed when the numbsr 1, 3, 5, 7, or 9 is chosen, i.e.,

the formila of  the oirouit of this relay will be (we dlscard
the letter R for simpliciiy)

fy = abs206 + 360 20% + aBaron + abasde + ab 8 20e.

76 ¢
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Table 13

. .

", Biey m}: i -
Cuorne pesv u.ﬁwe:m;inw :
* : o DR e i e i e

& lpa ep PB ProPX PRy 1 1 MY
¥ IpA pg RC RD RE RE

iy

i
¢

-

-2-»
2 +

++
4

: + +
A + S
3 + + +
5 + +
T4 e 4

‘ . +

s

i * + +

Y Podl ey - - s ES N ok ok
1) Disled mumber, 2) counting relay, 3) actuabing clreud
TEF e - e ey o then

GEANE Byis) Hlia nety

s e
& Can OpeIavy,

Py i

aGscd=a, 46820 == 8 n aberce = @,

froae -t ge 40+ aetoe = a -+ 2b0.

Fop == (0 ﬁ,lt‘ A Gaze;
i =a + 2¢ + Oe;
f!‘.’ s 5(’ e 2 - o,

rg netwerk (Fig. 4la) has nine less

than the sume network in the exdebting register {filg. 43b}.
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Chapter 6.

g

ASSEMBLIES OF NUMMEZS AND THEIR TRANSFORMATIONS

1. Bazsle Definitions

Az shoun in Chapber 2, the operazting conditions of a conbast
retuork can be writlen in the form of asserbliss of numbevs of those
states, in which the given circults should wr could be closed,

With this, the murber of giate is takan Lo mean the sum of the

s i1
welghts g, = 2

of itha relays of the netuwork, which cperata
in the given state,

The goquence of arrangement of +the numbers within the obliga-
tory and conditional parts of the assembly is of no signifiéance,
as follows from the correctnsss of the commitabive law for con-
tact networks, and theréfors for the saké éf convenlancs we ghall
wrlts the numbers in the assembliss in iﬂﬁfaaaing erdar. Thus, &

cizcuit which should be closed in states with numbers 7, 0, and 2

esn ba ologed in gtates with aumbers 5 and 1, will be written in

the form of the assembly f = % 0, 2, 7(1, 5)} .

An sasserbdy of obligatory and conditional numbers corres—
ponds uniguely to the notation for the peneral sclubion in the

form of the sum of cbligatory and corditional constitusnbss

/6y




e

3 -
£ . : . R, &k k !
fe= Ry 4 by b Ry, + fﬁ ";‘;J S __%‘3.——.: i
== {."Xv Ty oo oy Tips {PL. :!";;9 ceas ps}}g == {N, (M}}ﬂ’ I
| S (6.1}
ubere: 95 = obligatory numbers (L= 1, 2, ees) r)s
/J i corattional mumbers (J = L1y 25 cves s)s L.
k, @k - e gongtbitionts aorresponding to thess
{ ;o v .
runhers s

H o asﬁéem‘ly of oblipstory nudbers; '
¥ -~ gasexbly of condibional nusherss
pem  pumber of obligabory terms:

g mm’i}ezr of cordibional ternas

’ ":3 e E:;&E‘aﬁ.

Az will be ghown later, aa:aam“t;li@a of nunbars serva as the
pasis of bhe geaphical construgtion of contact netvorks (Chapter 7).
Wa phall duell therefore in g'ma'tw dateil on operations with these
asserblies, but we Plrst jnbroduse several gupplenentary definitions.

We note first of all that in the geveral case the nunbers of
atakes, and conssquently ihe as;,;ezrstﬁli;es alse, changs for a glven
natwork depending on the . order with ubich the welghts

&Y

(mmmara‘)l 33:'63}}555.»’-‘&19{’; 4o individual velays of the netwmori, The
chogen order ’:)i’ sosigning weights to the releys will be called the
base and we shall sgeee to write it in ths form of & list of the
relays with deaveasing waight. Thus, for example, uben the bage

ig writien Ef“Bﬁvthis msens that the relay D has & welght g, relay Gt

-

[EST




v-'

. agsembly of numbers, in which it should be or could be opened

- .

‘ has a veight 4, relay B has a ve gﬁt 2 and relay A has a waigixt 1. 1
We shall agree, when neo asaam, Ho urite down the base in “hhﬂ form of
or index for the assembly after closing the cwrly brackets, Tn bhe

' sase when the sequence of assignment of the velghts s immaterial,

jand it is 'impcxzf’hanﬁ merely to note the muber of relays in the natw'or]&

n, this number will be written in the form of an index ingtead of
the base; _ .

hn asseubly which containg all the 2 mumbers of stabes, O,
1, 2, sesy 22~ 1, will be éaﬁed ccmpl‘e‘ta. If all the aumbers dre
in aéaz.t,,on cbligatory, sm:b an assemnly will be called absol tx!:-el,f
compm’m. Thig essembly corrosponds o 8 congbantly closed c.’m’;m‘b,
te6es AR P

' o (6.2}

An ‘asssmbly'ﬁhich contains not a single obligatory nusber
w@ill be called empt‘g If in this case thers are likewige no éonn
disional murbers, such an asssubly, consisting constantly cf an
open c;ireuit, will he called absolubely emply

{~{-}=0_ (6.3)

Stebes in which the given cireuit c&nno’b he closed will be
calied forbidden. The number of such states will be 2 F (e + 8).
.S*é:ar'ting with the definibion of the. condibional nugbers, we can
say that in states with these aumbers tha circuit can be opened .

In other uord s, each cirouit can be characterized also by an

-
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‘ {"p &5 . (t’u i . ?5)}
X (OQJQ)
NI . s ., n '
where ¥ j s the forbidden mabers (L =1y 2, veed P = 2 -1 = 8).
In analogy with tha .ma'bemnr, ta made in Chapter 5 re ;Dardmp
. pereral solutlons, we can say tat the notetion for any cirecult in
- _ L
. , i
the form
T3
5 s \60“1
= (N, (M)
corrasponds to the :meqw;iﬁ v v
AN) STV, M, 7 s
fs it M) (6.6)

’ LeGoy 8D gssambly consiste of only obiigatory numhers is the least
wius of the circuid, writtsn by farmula (6.5), an assenbly that
irelwdas all the obligatory and con ditional numbers is the largest

valus of this circuit, il.e.,

- }
= \
| [ = (N, M) .7
For the sake of clavity we shall reprasent this graphically
in the form of so-called Huler clivcles (F;Lg 42}, where ths rect-
angle isg the volume of all the e states, bhe in‘bsrnal circls 1s
the smallest vaiue of the function, and the axternal cirouit l1s

the meximon value. The boundery of the sought fusstion should be

incoted in the ring formed by these two circles,

2. Basic Opembions with Assemblies

Ag with algebraic exm as%;;.ons, one can cayry oub xmthem‘bmal

1
i




| operations a.nalogous to Qpamt.ioﬁELBf algebraié contact natﬁm-ks | 1
with npsenblisg.
*3 fors procoding to bhses operalions, we pote that the same
nunker c:améu imultaneously be bobth chligatory and mv::m%ii:iamal ja
. the sams agsenbly, If any nurber ¢ is simﬂ:bmnémly in haﬁ; parts

of the 2ssenbly, it must be exeluded from the conditio nal part, as

. k by 4k .
{&, {‘.&}} mm g -§». e g Y = {a} (, 23

Tn the forauldtion of individusl operations with assezblies,

wa shall beer in mind that all this pevtains o & spcarbling with one

..

and the sams base. The quaghtlon of tra mff;:z“mmms of aggerblies
connooted with the change in the bsse will be ccosideared in Sections

L te & of the pr»:nﬁm; n,hapmv.

& % 2

Gonsidering, as is cusbomsry In the theory of conbact notuorks,

that agdition correspondste a parallel cconscklon of
civceuits, and myliiplication corresponds to a &s aries sonnection, e

can esbeblish the follouwing rules for opamwati.énﬁ with assemblies.
4 sum of soveral assemblies gives an sssexbly in which the
obligatory terns sxe the obligabory nusbers of al.l the terma of
the assswhlies wilhout "‘ape‘titiorx, whila the conditionsl ones are
'é;?zosza conditional numbers of the bterms of the asserblies, vhich
vers nob included among the obligstory ones {Fig. 43a}.
This ‘¢=1.;;§,9xas from the fact that when awing fuwetlons ex-

panded inbo constitusnbs, the sum will conbain sll the constibuents

/€ &




Uof the terus. ' m-L

Thus, for example, B o
(0,35, 2,60+ BE6@A= |
=Ry ~{»§ kgt kg - '}%‘F %"'{"ff‘ﬁ 4 Ryt fey + Ry 'i:'%'{“ %L"%" %% |

PSSP ST SIP Iy . . REL R R RN R X
The product of several azgorhlies gives an asserbly in which
the obligatory ara those nurbers combained in the obligatory prts
of all tus multiplieci. assembilies, while the conditional ones are
the nunbers which sre contained in all the multiplied asssmblies,
bizh, which are conditional in at lssst one of them, (Fig. 43b),

The same follows from the leiplication of funcbicns expanded

in consbitusnts with sllowance for the fact that kiej = O when

o kg k
i 3& i &ivﬁ‘kgwg—t = «5@" .

- Thus, for eyample o
£1,3,5.42, 6045623 0=

/ N k kﬂ .,
— (l‘cs "}""?3 -+ ks +'§" ““*5‘) (k! +‘k5 '*ﬁ"r’f.;ﬁ«%- —}‘%4“%) o

k 3 ‘g =
=kt H G (502 2,8).

If we dsnote by 1 the presence of es;:;rns number in thé obligs-
tory part, by lj'.;i its pca.seme in tho condibional géx-t, and by
zero itg abgenss from the asserbly, thé position of this number in
tihe resultant agsembly, after addibicon or multiplication, can be

characterized by the following tables (in the first column and

i

end

the Pirst row are indicated the salusg of Lhe nwibers in the dnitial

WY




| agsexbliss, and at the interseation of the corrssponding rous and - T

golumng ere bhe valuss of the number in the resultant assembly);

# 2 & 1 '1/2 L
,t § § i 4 H ,fi 3]
Y2 ! Ve Y, e Yo Yy 0
& oY, 0 u o 0 &

In the case of inversion, bone obtains the circuit whose
gtructural admittance is the ikversa of the admittance of the
initial cireult, l.e., a circult which showld be ¢losed in those
states wheh bhe initiel circuit is open, and vice versa. It follous
tharefore that WPCD invex*gibn the pbligatm'y part of the new
asserbly will contain all the nubers thh are complements of
tho inverted assambly (i.e., the forbidden nusbers), while the
conditional parbs will confb&in.tha aonz_li‘bic;nal nudbers of the
inverted assembly (Fig. L30)},1.6., the presence of any parbicular
muaber in the re'ault.am; assembly is determined upon inversion

by the following "hable:

b2 8
Y R
Fer example, if £ = 1, 3(2,.6) , Shen

G f=={1, -')’:‘(‘;:.’, 6)= (0. 4357, (2, 6)).
The sun of the initisl function and - its inversion gives

’20
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e e , .
;aa &a&eml:” end the product gives an empty assesbly:
e F4i=1{0.43845 7, (2, 6)):

- [-] =102, 61 ,
AL 134k ivﬁ, ikt iy "ii« iabion, anpd fmversion of asessblies uith

ek

eblig&tary and conditional nurberg carresponds to analogous opora-
tions in three-valuad logie /1 %o 4/, in which one half if taken

to mean - "rwb determined ®

3. CUINCIDING ASSEMBLIES AND UNIFICATEION.

We ‘now introduce ancther comcept and cperation, which
we did not encounter in the algebraic notation for eirouibs, b:.rt
which are very imporbant in the graphical method of construchion

of contact networks.
Assemblies of which the cbligatery nuwdbar of any asserbly
avs completely contained in each of the remalning asse: mbliss, slbhough

among the conditional ones there, will be called coincident

. For

sxample, the asserblies {0 2, 7{L, 5) }, {U, 1, 7,2, 5, 6:‘};

. S l
and {1; 2,40, 5, 7} Juwill colncide.

From the definition of the coineiding assemblies it follous

"

ihat the asseablies

Fr={Ny (M)},
fﬂ == QNSG (ME))c

.
L N T Y
e 6w g “ . .

L S,

o W My}

*

will coincide if the following inequalities are sabisfied {Fig, 4da}
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{i'v};'} < ;,M.‘ |

or .
”mm%iimax i
(6,10}
o . % ’l P4 o A /,'c .m’é‘
for 1l the assambliss f; and L (1 & ij.
. ; - >
From the definition of colnolding as aamm,tm it follows that L

a*norr; the ebl:igatcr;; nuchars of each of dhise assenblies fhers ave
ne {Lorbidden nuw Lai‘s , pertaining to clroults sorragponding to other
of these arblies. Thus, fop the clreults given above, the nuxbars
3, b, O3 3, A, ard 3, 4, © v!ill e forbidden, and these, as we sse,
do not enter into the obligatory parte of any of the sssembliss. For
contact cireults this mesna that it is prasible ta.fuﬁ s clreunit
whizh @ij,lil's:i’ir«j,ssfy sach of the colnciding eirsults, In obher words,
the cirm;ita wiritten dovwn in t-ezrm&:. of the soineiding aszsemblics can

ba wnified and rs

o3

laced by one comnon cireult, which should not close
in 8ll the ghabsg with fom.z.dciwz pumhers of sach of the jolned cir-
aulbs,

The operetion of finding such a wnifled circult will be c&lled
unification and vill be nobed by bhe symbol € .

Zﬁ;xificam.m can be considere’ ag finding the gessral solubion
for all part icular solubtlons, seblisfying simultanecusly sl the
gﬁﬁemi solubions that are to be unifisd,

Toe uwpified ciroult 3‘5‘0 = gnf;f_ & , (M o )} for the vcein-»

3

ciding civenibs 9, fo, ewey I ahould aatisly each of the cir-

g A

cuite te be wnified, il.e., the following system of inequalities
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:shculd;ba setiafieds
f‘:mn "\g :K:} Q i(

ax?

L
.....
L

(6.11)
Tt follows from the left part of the system (6,11) thet the
minimum valus Fpin of the unified circult £O should be
) ' !?? |
fﬁ}in“fﬁm*émfﬁﬂn+“"*'fkm[ngf!ﬁ&' . )
. P (6.12)
The meximun value £2 ., on the basis of the right
half of sysbem (6.11), will be
| ok
;ﬁ?as” hm"gﬂmx'“ik&u"“ Hﬁ'mn' »
it - {6.13)

In other words, the unifisd circuit should satisfy the in-

P 1*.&.. . ‘
squality 5 -
Ef!mgngia {:‘;H;fmﬂ

=t 73

(6,14)

This leads to 8 ruls for obtaining & unifisd assembly, in

which the obligatory numbers sre all the obligstory nunbsra of the

wrified assembliss, and the co&éi‘tiomzl ones are the cmdi‘tioﬁal
numbere which are rapeated in each of these sssenmblies.

In other words, in unificatlon the obligatory part equals
the sum of bhe obligatory parts, whils ths conditional one is 7

the product of the conditionel parts of the unified assemblies,
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(The action _p:f" bnificatﬁon oan be chmracherized by meens of the g-aph'ﬁ

of Flg. 4hb ob the following tebles

i Yy O
1 ‘ L - .
1/2‘ \ 3 Yy 0 : . .
0 ! - 0 0 ‘ ' f
b Thus, for axampla,

0. 2. 4,6, 6}:{0.3. 4.2 5.6))-{2 3, 0. 4 5;} - {0, 2 3, 4{6)&.‘

|
} B b | m.z&zsmpm*mm OF ASSEMBLIES U?i)ﬁ CHANGE ~.E)I"" BASE
[ when the base is changed ths numbera of ‘k;hé atates also change,
and conseguantly the aasembli@s amd the nstwor ks can also change,
Ths changs in the base can be dus either to transposition (rearrangs-
ment) of its elemenbs, or by changlng the number of relays in the
natuerk, | | | |
Upon wan@go%vim of the bsse, the ssqusnce with which the
ral&ys ars num.mrar’ changes, and cmsaqmntly thelr wajghtﬁ change.
8incs the number of ‘elements repaing the same in this case , bhe
number of different segusncss of mmibaring {number. of differeut
‘béaes) in a netucrk consistiﬁg of n releys will be the number of
peruautations ‘of n, .ueh, n!. In each transposition part of the
nuber ahm:gea in accex'damsa with a definite Jau.
Thus, for example, if we use 'b%w bhage ABC instead of the; bags

i

- . . - ok

VX




. o . - -
{.Cﬁ%, corresponding 1o a changs in the weights of the relays C and A, 1

the following tranasformation of numbers takeg plsce

BEA 01,23, 4,5 6,7
AL B0 4 96 1,8 3, 71

If we changs, however, to the bass ACB, the transformation of

the nusbers will be

BBEA 01,2 3. 4,5,
ABET0 41,5 %8,

6, 7
3

v

Gas

Iin thess transpositions of the bass, the assembly~{;, 3, 5

{2, 6)}'CBA will be corregpondingly changed to

{1 3.5@ 6)}55;4 = {4, 5, 6.(2, 3Yjass = {4, 5, 6, (1, 3}}.:3:;.
Without dwelling on the general laws of changs in nushers upon
tranapcgition of the basé, we note thab the smallest (zero} and
the larpgest (2 ~'1) numbers do nobt changs in any transpositlion.

The situstion will bo differeat » as regards
changs of nuibers if the number of relays in the network is éh&nged.

Thus, if ﬁhera.is & cerﬁain circuit © mads up of combacis of
n relays, and we wish to add to the netuark one more relay X with
weight q , 7 = 2" without changing ths circuit, we must add to the
circult £ the paralliel-connectsd meke and bresk contacts of the
reley X. In obher words, the new clircuit can be represented in the
form of two parallel clroults, differing only in the facht ibéﬁ one
of them combains in series the break conbact of relsy %4, while

the sacond containg the make contact, This is equivalsnt to saying

176
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.wi.... . .o ‘ " —
’ i

that each number X , contained in the asgoubly of the elrcult f
in the old base , changes "in'fc two numbers when the relsy X is sdded

t;o the base: X , correspnnding tn the gtete in which the relay daea

not operate, and of + 9, v sorragponding to the gstats in whz.ch the

- rolsy X ope:aua&. ' | _ L

-

Thus, ths assenbly {i), 2, 5(3, 6)} CBA becomes the assembly
4

{0, 2, 5, 8,10, 13 13 {3, 6, 11, 14} }?XOBA when & relsy of weight 8

is addec“i .

In the genersl casa, whem m rnlays are added to s network,

each numbar of goes into 2° mzmbam by add:.ng to it all possihl«a

sums of the weighbs q, W s eesy q;( +mof ‘the added relays,

+ 1
-~ i.s., 1t pmcrxw;ea the series

";"‘qa-}‘h 1+(1~:+*..; 9v2+QH$m' ¢+‘§n+§‘+ llu+z..... :
&+ Grrt + Gns2 < b Qe :

+ 2

~ Thue, when two relays X and ¥ with weights 8 and 16 are édded
% the notwork, the assembly %0, 2, 513, 6) } CBA beoomes the assenbly
{o 2, 5, 8, 10, 13, 16, 18,
21, 2’4 26, 29,(3, 6, 11, !4 i9, 22, 97, 30)}}}«!:1,

It the added relays are 'ass:ignad- the .“Least weights 1,

2, Oteg k

- 1 then the weighta of the basic relays are carres-
ponﬁingly imreasad by a factor 2“ arxi consequently, each nmﬂser
ol will go into the series |

a2”* a.2m 4 1, m?’”-{- | _,bgtg.jmh.}.gﬁ._lv ‘

Thus, for example, in the- network contatning two relays with

1.._'7'7




. L .
base YX there exist a oircult with the assenbly { 1, (2) }, then |

upon addition of three relays 4, B, and C with welghts 1, 2, and 4
‘t;‘ha walghts of the relays ¥ and X should be J,rw.’vracs G by & far"tor
2’3 = 8, and cmaaqaamlv the sasesbly il (2) }ﬁ, &oas Lato th
assaml;;-g g, i?_lus 11, la, 13, 14, l (16, 17, lm 19, ?O, 2%, 23}

I

Using theso rulss, we can obbain a general numbering for the

cage of joining - of ssveral circuits withk differsnt baseg into
a common .~ netuork.

Taue, for example, i ons connects in series the aforemertionsd

circuiis 20 2, 53, b}} sl (2}} vy then the common cireult

GEA
will bs determined by the assembly which ls the product of the fwo
agsembliss, reduced to the bass YACBA, aa,, s:%';, 39, 13011, 14, 16,
18, 19, 21, 22 }_fgj
Et iz segy to veri ﬁ‘;;'i, uaing the rvle for ths transformabion of
numbers when chauging the bade and multlplying sssemblies, that io

the case of a serles conneotion of circults with sssemblisse

and nh = {R1, ..o oo (tige Bgo..., ;a,}}xm___, X,

!2’"""‘" gmiv Bseass Ty, é?sv 32““’ ﬁs')}ym.n.,?s : U:-glﬁ)
in ﬁ’w cags of the new base X, ..., Loy Eis Lpy weey Iy, Iy each
£ ths oblligatory nwibers ??ﬁf of the @é@w}»ly £ will yield r!

chligastery numbers, dsterminsd from the formulas

T2 (fe= 1,2, 'y,
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rzmﬂ 8' conditional numbers - ' SR

7#2u+@l€§x‘w 'M Teeg S’)
Bach conditional mumber /M‘( of the asgesbly £y goes into r' + s'
conditional nusghers

| . Brd® e : -7
ﬁl’l@i S . . 92;%%”'4”@}»< . )

Thus, the obligabory part of the assenbly of the overall cir-
cuit will hava r,r' obligatory numbers and rs' + s{r' + 5') condi-

tiopal nomber st .
2 r” r 55

faf,,w{s'gm 2%} aj, (gzmg = +6), 3 S1027 4 0
: ‘l.’ . Quzd funy - Vet o §
NS 2% 48) )} .
[ 203 ] FXe, ... L ) (é’wlﬁ)

‘i’%*us, for example, when cirouits with assamblias{ﬁ, 2, 5,

4’""’

(3, 6)} o, and {3‘(2)} ol we obtaln with the new base CBAYX
the foll 'wing gsgendly ‘ |
(1, 9, 21, (2, 10, 13, 14, 22, 95, ?ﬂiéﬁban.

I the particular case, when he ascembly £ containg only
ons obligavery number i,  ihs aséemb]y of the overall circuit
gontalns r chligatory and s conditional nurbers, whers each nuber
J of the assembly fj goas into the mimber | |

1= i . o (6.17)

We now sxamine the changs that will be ﬁoduced in the

gsgembliss, if somo relay is allvinated from the metwork. As is well

L77




kmun, on ‘t.ha baaia of the emnsf"n farmula (4b158): “I
i(ﬁ. veoew Yy =af (L, by n)+af(0 b co B

’ue oan %W&% mxh of any eir ult a transfer contact of one of the
rela}'s. ‘
. In cbher words, ansr eircult can be regresented as a parallel |
| connactién of two circults, ons sﬁ:ﬁ' which is comnected in serlss 3
with the make oircuib and bhe cbher with the break cirewlt of any
one of the rals;ys of the netuerk. If the eircuil ils specified by
. means of an asgembly, then to aapara‘be mxia.tha transfer conbact the
assembly mugt be broken up into. i‘mo, one wntaining tha nusbers of
the stetes in which the sepsrabed ra:lay does not operate, and the
other in uhi.ch ., flshis relay does operate.

Thus, when the contact o‘f" a relsy with weight 1 is separated,
the first aésembvly will contein all the even and the seocond all
the odd nurberg. For a relay with the maximum weight q, the first
asgemibly will include all the nusbers from zero to g, - 1, and the
sacond the numbers frow the relay weight q and .biguer. : ‘

In the pensral case ths relay with welight 4 does not opsrate
in ztates with ﬂugxiaersa from 2 g‘%i to (2f+ 1)gy ~ 1, and operates
in the states mumbered (2 + gy o (2 + 2)qy - 1, where =
G- 1y 2y wouy 2 1/% - L The list of the nuwbers of states
in whioh the relays with uaights from 1 to 16 operate and do not
operaie ars. given in Table 14 and iIn Fig. 45.

Thus, the cirouit spacified by bhe assembly{ N, (0 (Fig.46a)

-
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1, J, 3, 7, 3, ¥ % 15,77. f&ﬂplﬁﬁ,ilﬂ.lt
r , —
v 4 3, 8, 6 8, 11245 %8, 28, 31,20, 26, 34, 50

g 23 6. 7, 10 i, bo, 15, R, 15, 22,3, 95,20, 38,3
N8, 1, 6, 3, 8 8 15 13,16, 00, 2,2, 26,25, 28

$~3, 1215, 2623, 38~ ¥
4 . ‘
~yp -3, 8- 55, 16~ 15,34~ 37

-’é-. S -
BUf&lﬁ iérlgm

“No-r B8 , "“‘qugﬂ

Fig. 45.

-~ N7 I
&

_{‘ﬂ §4;, 14,5}
4w, i }
, 7
8, F‘E;__,:Q?..,._.__ '
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A ey
connachion of two circui.ts with

[ can be. repfesented as a parallel
assamb?{isa { _le {M}:)} and {3}? 2(542)} , of whick; the first contains only
eircuits closed in those states, in which the relay i3 u.ﬁ;h woeight q
.aperates,. and the socond those in waich it doss not op%r'a‘t';e (Fig. 46b).
If we now separats 4'bha transfor conbact of relsy 4;, thave remain g» |
two cireuits £3 ‘and f3 {(Fig. 46c), made up of contacts of ths re-
mairri:ag relays, i.e., baving a rew base, differing from the bage of
the initisl éiroult by 'tbe-ahsenca of the relay Aj.

I .in'the nev "base all the elemsnte are placed in the same .
secuancs as in bthe bage of the initial nes-imarlé, l.,8., the numbers
from }‘l to 4,. 1 remsin, and the aumbers of the rgl.;sxys from 4 ‘;,3,’1
o Ay ave reduced by one, bhen the nuwibers of the ssts fN::,{M;,‘)} and
i{ By, {Mg}j{ should bé changed in mccordance with the fdllowing ruls,
The nurbers qf the .aasembly {E&l, {Mi) }o:f.‘ a clrouit connectsd with the
break conisct is reduced by the amount gqi, while the nmera of
the second asgenbly, %_N;a’ {Mz}}] faxe reduced by an amount { § + 1las,
whers §. is taken to be the same as in the deternination of the
numbers that eater inbo the azssembliss of both eireuits, The trans-
formed mubers are shoun in itallesin Table 14. “

 Thus, for example, if in the clreuit with assembly { o, 2, 5, .
(3, 6)} CRa We separate the aon".;m;t of the relay B with weight 2,
we obtain twc new asgemblies \ | _
[N (M) = (0.5}, 4 Ve (Maly={2. 3. 6}

Reducing to the new base CA, we obtain

i
j—

1 &2




- - H : . )
§ . 3, N . : Lo - ‘ -
fi==1{03],, # fo={0, (1 Dz, . | =3
Tt i most convenlent 4o bring oub the contact of the relsy
. . ¥y e - . - .
with the maximum welght gn = .ot = 1 In this cage the circult

connestad in serics with the bresk conbact will E:sa’fza an agserhly with

suumhers lesser then the welighl. of the relay, while the second, L
-
conneeted in seriss with the make conbact, will have nusbers slarthing
with the waight of the relsy and higher, from uhich tm wmgf ¥ of

the relay is sblracted,

| . . ' Table 14

rd

-,

Bec ' ' am&%g
E - Hoowps & i, B uorepus pese A;
Y] . ’

.me paboyser
A,ﬁ.ﬁj& 12 44,96,48.20, 22 25 28,28 30
,4.5.8, ©0,17,13,18,17,20,21,24,25 28,26
,3.3.8, ©.40,11,18,7.18,19,24.25, 2{3 27
1,2
2
?

-

3.4, 5. 8, 7,15,17,18,40,20,21,22.25
5, 6, 7.8, £.45,41,12.15.144,15
.3.4, §, 6, 7.8, 9,10.11,12,13.14,15

by

.
}é
>

Lt Do & DR e
5 m &
%5.':@555:
'ﬂﬂu&:&cuﬁ»

és‘"fpaaﬁm'avr

1, 3, 5 7. 2.7%.11.43,45,17.19,24,23,25,27,28, 81
2, 3, 6, 7,40,1%,14,45,18,19,22,23,25
5 8 7,12.13,14,15,20,21,%2,23,
40,41,12.13,14,45,26,.25.28. 2,
18 2%
2

]

N s G B e

%ﬂ
28,29303%
28.29

7

i
,49,20,2:,22,28,24,25,

3, 4 5, 6,7, 889

3

1) Welight, gi. 2) pumber of states in which the relay 4y,

3} dogs ot operats, 4

) operatss.
Thus, for the eiroult lodicuted sbove {0, 2, 543, 6)% CoA

. when sspareting the conbact of the relay C with waight 4 ws oblain

7.8%4




o {Nl(l"&_)} = {0, 2(3) }GE&. and {NQT'IT’EZ)} = {5, (6)} cBA® Going over to™]
the nsw bage, we have £ = {f}, 2@}} oy 80d f_:2 = ii{z)}m’.
' In the sécozy} case, If ths contact of relsy with the swallesh
weight, 1, ia taken cut, the neu ass%mbly’v for the circult connsobed
with the break contact will consist of even numbers of the :’mi‘tial
| asssmbly, dlvided by two, aad for the éircui‘b connected to the make
contact it will conslst of odd numbers, reduced by unliy and also
dividad V‘o;y twao,

Consequently, for ths eircuit {Og, Z, 503, 6}}(}% ve cbtain '
upon separabing the contact of the relay A, £y = {0, 1, (3}}68 and
£, =12,0) Yea. o |
We note sEill another factor. It if cbvious thab in the case
‘when the circuits £1 and fo, which remain afier taking oub the
transfer conbact of any relay, are agusl, this contact can be
completsly eliminztsd. |
Thus, I there exists a circult with an assembl& { 1, 3, 9,
11.{2, lﬁ)g B ‘then upon separabion of the transfer contact of ‘
relay C vwe cbiain £ = fo = {'L, .3, (,’%)} };&’ i.e., the relay C can
be eliminsted,
However, the eliminebion cf ths contact
}.S pormissible alsc when the‘ circults are not equal, but have
colnciding assemblies, In this case the cirouit £y and fo can bs
replacsd by a c_iz*cuit with the uwnified msgembly, since the latter

“satisfies both circulis.

rEY




" Thus, for exampls, Af a eircuit with aseeusld {1, 10(2, 3, 8, 9

jc‘s is specified, bthen after exsluding the transfer contact of relay

6 we dht&in £l = {1, 2(3)}8& and i‘z z{z(o, J,)}BA. Ths citcults

£, and £, have colneiding essemblisg and can be replaced by a cir-

P

.....

agsenmbly {“, 2, 9, '10} CBA? whioh satisfies the givan cirecult.
The separeblon of the tranzfer contact gerves ag the basis

of the graphic method of conghruction of conbact nebworks,

e

. oult with unified az’ssﬁm‘aﬁy{ 1 2} na? ubieh corvespondaibo the 0




Chagter 7
L&%&P’i—im METHOL OF COMSTRUCTING COWIAC T NETWORES
1. METHOD OF CASCADES
Algebraie methods make it possible in mosb cases to construct : ‘
contaet netuworks of ﬁl&SS’%l tb“é&tisfy glven Bxpreséions@ Howevar,
ag is well known, the introduction of bridge elsments in many cases
mama, it ppss‘ble 4o obbtalin ainpler networks.
One of the methods of going over fron the algsbraiec expression
to 2 bridge netuwerk ls the so-called method of cascades f45/,
dsvaio;ed by &. N, Povarov /41/. This method is a gemeralization

of the method of synthesis of perallel-seriss two-terminal networks

ir '

there are specilfisd k functions of n variables: £1{x1, X2, «ees

with the aid of contact trees.

The essence of this method consists of the following.

Ky eess D05, X, ee., %), chavacterizing the structural

13
sdnittence of k oubputs to one inpub, then for each of thess
Tunctlons i‘i{}q_, ¥ns esoy Xn} one can suparate a transfer contact
of one of the relays, - for exampls, %

Fr (%5, Xg0onoy %) “xlf, (i, rg,...,x,,}—yx,f; 0, x5 ..., X,).

The functions remeining after separating the varisble % can
!

/5é




‘be written as new functions kg of u ~ 1 varlebls, l.e.,

'&'i (XQ, Kizg ooy xm!, ey ;{h: (I«.\, Kty o5y ,Yn),

where X 2% {gince for éiffercnt i the functlions b can be izantiosl).

b4
owe now beke & {1, ky)-pole "R {Fig., 47}, wkich realisss
_rall these functions b, then sash clirowld can be represel ted as I

congiatlng of & trensfer cartact ®xy gz, the leadz of which are
conneeted to the corresponéling oubpubs of The (1, kp)-pole, wrealizing
the functions £ (1, X2y eens 'yh) and £5{0, ¥, eeoy Zyle |

Inazmuch as the transfer contaet x3 - "3?1 is a conbeot pyranid
(tree) with one contacht, thea by virtus of the sap&r&hili‘ty off
grrmidﬁ, their oubpubs correaponding bo different ;. gan be joined to
one and the seme output of the ‘(;'L, ki)-pcls EH.

Thus, a skzanga‘ over Lakes plsmé from the {1, k)-pole with n

&

[

relay contasts to & {1, ¥, }-pole with 5 - 1 relsy covtacts.
Continuing the consbruction, we avvive at a new (L, kpj-pole made up

of contacts of n ~ 2 relays, sbo., until the network contalny

<)

eoniaats of all the relays.
Vo nobe thet the seriss lutroduction of tranasfer conbacts leads
%o bhe sibusbion wheraby st ench stage of construction, afber the

combacts of any reley are inbreduced into the nebuork, the vesulbsuodh

malbipels will slvays be isolsting as sesn by the ocutpubs of the

The process of consbructing by the cascade melbod will be

expleived with an exmuple of the consbruction of the network £ a

LF 7




Tz, 2}—_~p013 made up of contacts Gfof'ow relsys, apqﬁifiéﬁ by the
following strustursl f.‘crmulaé: ) | |
fs = % (xXy 4 Ka¥a) + Xekaka:
Fo = g2 + ERN
To simplify the notation, the clreuit from any node of the
émtwork rumbered i  which are writhen in the form of this
number, inel@ed in &aren%m«:ws (L}, iga;s in the givan casé £y =
(1), and £2 = (2},
| We combinue the nobation 4n bhe form of Table 15, with
sucoessive separation of cémﬁ&c‘ts Xys Koy €B0,

Table 15

(1) = 2, (3) 4- 2, (&) (3) = 2% + Xy Xq
(2 = Xy (5) + 5 (6) (B = xargky + Xty

(8) = xsxaxq + Xghy = (5)

(3) = ¥y (T) 4+ %2 (8) (7) = Xexy -+ X4 73
{B) = (T)
(4) == X2 {9) + X3 (10) (9) == a¥s
(10) = (9)
(8) = xa(11) “+%q (12) {11) = x574

(12) = ¥g

() = x(13) +5 (14) (13) = xg = (12)
(14) = Xq

(9) = xs( 15} (15) = x4 = (12)

(11) = x5(16) (18} = xy = (14)

1F 5
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The ccrfesponding netuork iELShnwn in Fig, 48, ~1

In his paper, G. N. Fovarov /44/ indicates that the complexity
of thenstwork will depend cn the sequence of arrangement of the
varizbles (i.e., on the ssguence with which the transfer contachbs are
separated out). He then proceeds to deduss that if cez-tain‘functicnsl
of & reaiizable sequameevﬂepend essaentially on less than n variablss,fw
then the varisbles on which all the ﬁuncfions depend cssentially are

best placed in the lagt places, near ths common Ilnput of the gyn-

thesizad (1, k)~pole netuwork.

2, CRAPHICAL METHOD OF CONSTRUCTION OF SYMMBTRICAL NETWORKS
: Somewhat later, developing ths cascade method, G. N.»deﬁrov
fbdef prpposeﬁ a»graphic methed for constructing contacls (L, k)~
poles for gymmstrical _d.ircui'bs, gpocifisd in terms of
working numbers, i.e., numbers ind’cating for how many’warking
relays should the cireuit be closed.

With this,.aa in the method of cascades, the transfer son-

spoba

‘ tacts of the relavs sre drawn successively., To conmstruct, one
alonz  a vertical line k points, corresponding bo the outputs,

and working numbers are essigred to each point. Then one

draws adjoining to each point the transfer gontact of one of the

symmetrical network is indﬂpenaenb of the scquence); the poilnt

\
’ relays (it is immaterisl which, since the complexity of the
connocted to the bresk contact is assigned sll the working nusbers
|

/&g




ponm

twith the exception of n {nmusber of the fala@r of %he na"lmork)., while -
the point conns cted %o the nake conbact are agsigned the nubers
greater than merc, reducsd by unity., Then the polnts with identical
asseribliss of z;;.mmrs ars joined, and the points withoud numbers

sre erased, 1f near any point thers are located all T numbers
from sero to n - 1, guch s point ig jelned to the common input.

y ¢ x .

The transfer contast of the nexi ziaﬂuay ig draun jeined o

o
&
i
H
l"'\
;’f

o8R8

aining pvmh, and in anslogy with the preceding, the working '

numbers axre changed, where n is ta.u:en to be the number of the ra-

meining relays. The process 1s repeated wabil the contachs of all

x

ralays are introducaed inte the network. With 'i;‘nis ‘bh@ last relas
b

e

will always have one trangfer contact,
Fig. 49 shous an example of ths construction of a {1, 3)-

- Fa P B " N . s . o, -
pole {k = 3) made up of conbacts of four (o = 4) relays for clr~

cuits having the following working mumvers: 0, 2; 1, 3, and 1, 3,
Lo Bizulbanecusly with mroposing the method, G, N, Povarov has '

shoun thet the process is applicable nob only for symesirical
netucrks, bub for quosli-symme trical ones, for which the working
nusbsr represents & sum of several welighbs, ascoribed bo individual
rolays of the nabwork,
The author of the pressnt work has later shoun that all the

networks are in this sense guasi~gymmetrical, if re’hm'g nurbersd

- , » » pi - 1 ” 1,8
i=1, 2, ..oy 1 ave asgigned weights 2 , and the working

numbers are taken to be bthe numbers of the stabes Quring which the
{. : /¥







t

Veireuit should be olosed, _ 4 o 1

3, GRAPHICAL MAETHOL OF C‘}‘\!S"EUC'FRLG CONTACT (1, k)-POLE

The grapbical method of congtructing combast (1, k)-poles mekes

i 3t poss 1ible to construst contact netwerks mthe‘aﬂ. analy‘b,.eal notat:mn!

3

3 trancformetlons. In the construction one chiaing aubomatloally

3

sioplificstions due $o the presence of indi fPovent and unused states.
One of the festures of this methed fs that ihe congtructed netuork
is obtalned both of olags Vo class H, elther plangr or zmzz«”}lanar
asmmmg on which nebwork is eimpler, somsthing that cannoct be oh-
tained in ganaral by anal; r

Exnericnoe in employing the graphicsl method shows that the
constructed networss, partmwlsrl;y netuiorks of aﬁ;ntac%«makiag madti-
poles, ave obtained in most cases simpler than those natucrks con-
gtructed by other methods,

The only limitation which the grephic method imposes on the
networks Ls on ordered srrangement of the contacts of each relay
of the network in definite ssctions, However, this limits the
musber of different veraions of the network to the value nl, which
ie an undoubied advantage of the m@th@d; Deviation from the fwrs-
gom\g limitation can yield in principle additional simplifications
¢f tho netwo ’L’, bub this problem has not yet been ilnvegtigated.
Simplicity of cperations and identity of the actions performed in

the construction of the network by the graphical method mekes it

47




_ rnca ible to amploy it fax mechanizs.lon of the process of synthesis |

of relay netucrks, as will be shova in Chaptor 1l, | |

‘ Inasmuch ag the graphlc mebhod in ihs indtial form vas & |

geaphic interprstation of the wethod of cuscades with addiﬁien of .

thoge sinplificstions, whish can be cblsined in tha allowancs for the

| corﬁi‘bimial (i,t}ﬁiffmran't. and unueed ) s‘&a“t-é 8, wa shall n_o'h ghop

specially it this sectionon the juatifima'bién of any parbiculsr con-
gtruction, but will go to a dirent davelopmant of ths method in that

| *"M in which one oan rescomzwm it for pracbical efw insering use.

Fer greater ols fi'ty we shall davelop this method first as
a;;plie& b0 the construction of contact (1, k)-poled. We shsll not
eonglidar tuo- pw“ﬂ gsince they are 'par'iz:lculax. cages of (3, k)ngmles;

' We note that in tbr congl *‘uﬂi’ ion of Go’rw'i::m“' networks one should
tend to & naximwa unificetion of the cm’cui:ta of the ne*tmomk into
one {1, k)-pole. Most freguently biza comon point of aonnaction
of the circulbs is cue of ths polas of the hatlery.
".i“ims, by }; of initial data for tl:\a geaphical congtrustion
of a conbact (1, H-ma}.e network made wp of contacte of n relays,
we have k assemblies, corresponding to circults from sach of the
k ocubpubs to Lhe somwson fnpub, | -
| To compile the netuwork, we note on the left, along & vertical
line, all the outputs and write nesr .each one of 'I;hem the corres-
pording asssmblies, and for simplificabion we 'sh.all leave outb

the curly brackets and the base. Ws first compile the common inpub,
]

]

oned
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b

iy ; ; -
"which we shall dsnote by plus, i
TF the noserblies include coincldling onsg, the sorresponding
poinks will join aud the unilled asserhly will bo writ tan out et the

common point, In the case when in & complete assembly (&1 the

i nuwsbers from zero Lo 2%~ 1) correspond bo any ,:na.,,ni: . owe join
this point on a straight line with the point ¥ <= % To ald
the rewalning points draw on b tght the moving springs of the

H

transgiar conbach groups of the relay having the gre a’i‘@sb welght, q,

. ol ~ 4 Ry

-t

= 2 . The point connected with the bhreak ccntact wa amasign the
numbers less than 22 ~ L gnd the poindt joined with the make coutact

2 msgign the remal ming numbsrs, reduced by the walght of the relay

Qn = ot - }u In this case the conditional numbers are written in

4o then meke & compariszon of all the assemblissin the follow-
ing seqguence,

<

Je so6 whe* by “h.rm'r gre any colneiding
desds frowm the maks and break contacks of one grouwp, and if such

asperblies are found, we ersse bhe entire contect group and replace
it by a single pcipi, o which we assign the wnified asgsembly
2} Wa verify whebler there ars complete sssembliss, and if

1

such are fowyd the corresponding poinhs srs jolned with ths inpub,
3) Ve erage the springs with empty assemblies.

4} We wnify points with coim:if},ing aésem&:slias, and write

. doun the unified sssewbly at the junctlon,

(9%



We note that becauss of the pressnce of sonditional nuubers, 'bi;g

M

solubion may be noh-unique. Thus, 1f there are tlree points with
agsonbisess a) ~={1, 5(2, 3, N} b) {3, 26y 5, Dandc) -
{Bﬁ 5o, 1, A}g , we can joiu either the points (a) and (o) with a |
] c—czmozz: assembly{l,. 2, 5{7)5 , o {a) and (e) Hi‘ti; 65 agsembly {l, 30
P - : ~ i

5. | |

’inﬁ newly placed poirds can be congidared &s bhe ow:«pu'bg:c:f a

new (1, k:;h)fpz—f:ﬂ;e- nade .u;s of eonbtacts of o - 1 xjela.};es; To these

points we . atbach the spring contachs of the trsngier ‘groups oi;

a réla:,r wi"t.h weight Gp - g=27 ?  ani analogously, write down the .
assax&bli«aaof v{i?;m?:mrs syl uifxere pc;::;:siblé wnify. Thess ywints régix'e.m
gent outpute of & new {1, ky)-pole made up of the contactsol

n - 2 relays, Ws Qm‘smua the construction mﬁ.ﬁ, i‘é is _c&w;plats.

Tae mtwﬁrk must thes be :;édramz; joining where possible all the
rempinling ezlés;mg snd all dls remaining make and break contacté‘ into
transfer 5;:*0‘@3. |

Fig. 50a shows sn sxeaple of the comshruction of & network

for the cirovits of the intermedliate relays o and B of a binary
pulss divider, specified by assemblies £, = }1, 2, 3, 6 }BM

snd fp = {.’2, 5, 6y .?}BEI’ Iﬁ. this network, as mtizzs pescading
one, we zhell represent for the e?:am of clority the srased con-
tacls by dobs, awd ths erased mmikmré-wﬁl ba. crosséd out, In
the rodreun fdrm2 the network is shown in Fig. 50b.

We pote that in the last relay with weight 1 thers is always

fP5
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one transfer group, and We shall £ﬁérefora graw it in this mannef|

On Fies, 51n and b is shoup the construction foar two bases of

Y . B " “r e e e e g gt P2 SR TN i TULE Foy
the civeulis X, ¥y, X, from the rogigier of <whe commeraisl eoulpment
L e ” A -

P

/122, 129/, specified by the following asssrblies:

emaeg.

L 2,04, 7, 9,(6, 11, 13, 14, 15)],4, .
7, 8, 9, 10, 12,(0, 6, 11, 13, 14, 15)},, 0 W71
4, 5,00, 6, 1, 13, 14, 15}, 551 |

»

¥

e

J

If the hase is ABCOD, thess agsembliss will Le

Xy=12, 4, 8, 9, 14,66, 7, 11, 13, 15)] .
Xy={1, 3,58 9 140, 6.7, 11, 11, 15, |
K= 12, 4, 10, 12,00, 6, 7. 11, 13, 15)] 00 |

V7.2

*

The networks construsted by this mebhed ars In gesneral brlidge

netuworis, Thoy have that dlstingulshing feature, howevor, that in

ary versical seobion on the oubpub alde {to the lafi) they are
Y, & o

geation he found Jloinsd . gt ralay ccwhacts, placed bstueen the
e 32

given gaction end the outpubts. This ls explained by tue fach that
By

by virtus of the congbruetion iteelf, such cirouit will contain at
# v

' i, s o o . : » a .
leaﬁ%ﬁws different contacits of one relay., As a resulit, false cir-
culis, which presant & danger in the construstion of
bridgs circuits, cannch appesr,

%
A

The mathod developed in the present section has the following

shortoomings: in the construstion of the network ons aluays intro-

duces g transfer group and ths pogsibility ol sliminabion of ons

/¢
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Tof the contacks of the group, resulting from the equivalents (4 l&a)wj

ey

G6-tax==gx

o~

e
¢
B
Do

teken iunto acoowad

The precence of bransfer groups ea

it possibls to caxry oul unifissblon but, as indicated by |

riiov ./ 69/, by far not all the possibilities of cireult

wification afforded by the crestion of Lridge nebuorks are used.

1

Taig shortcomning bas boan eliminated by the author by using the so-

>3

caliad dircet lead oubs in the cconstruetion.

by UBE OF DIREOCT LEAD OURS

it

In some aases the nurber of contachs in the network can bs

]

reduesd LT one uses so-called dicect lead-oubs in tos congbruchion,

Such lesd-oubs can be mads whan the assemblies of bolh contacts of

up do not colneide, bub identical obliga-

e presset.,  In this case one can make & dirsct lead-
ot at the comtact (¥ig. 52}, bhe assembly of which will contain
ths CORIOR numiers of bobh agsenblies. The only obligatory numbers
left st the conbacts are thoss h:.,ch ware not included in the

dirant-laad-oul gs

?.'{ 2

mbly, whils the numbers contained in bhis last

85 condibional, This corregponds to the follow-

o>
>

aassnoly are wrilthbe

ing transformation

x(a+b)+;(a+£)=za+x(b+—g—)—}—J‘t(f:—}- %) (7.3}

-
,?e‘,}j

Thus, for example (g, 52a), if bhe make contact

r198"




H

o

rcorrespom:ls "tc the ass embly 1, 5, \a, 3, )% aan the break contact.
gorrespends to +the assenbly { 0, 2, 54, t?, we can make a direct
lsaa—oﬁ_t with assembly {5, {2, 7) }er {(2, 5, {7)}; in the latter
sm‘a ve lenvs recsrx,cmvslm at the contacts the asacmlﬁ.e {l,(z, 3, 5,
| 7}} and {a, 2, 4, 5, 7)} (Fig. 52 end o).
o he use of direct leads is pw*‘wculmily affective il the
okligetory nusbers of one contact are contajimd in theoir entirsty
in the msserbly of the second contact. In thig case ‘ane contact of
the treansfer group can be crossed oub, corregponding to tbe trans-
formation: '
x(a+b)+xa=-=a+x( —}—g) (7.3
olp J

For example, if the mdke corbact of the relay with welght ¢
has an assembly %‘l, iy 5(2, 3, '2}} , and Lho make contact has an
assenbly .2, 5,(0, 4, '7).5 , tha 1:x*¢’iﬁer gen be replaced by a direct
lead with assembly {2, 5, {4y v)? , iewing | at the
pake contact bhe asserbly [ l by (? 3, 5, 7) }or else with ﬁsaembly '
{' 2, 4y 5, (7 )3”3.1“;3’) ths agsembly iu (25 35 4y 5 ’7,}} left at the
make contact (Blg. 53),

The advisability of naking direct leams mugt be varlf'..ac‘
merﬁim, for somebimes they may complicabs the notwork.

4 natwork with direcf:. leads viclates the comiition of isola-
ticn, and in soms c&388 individual poinbts in the vertical cross

seotion of tna network may be fourd to be joinsd to the input

Lhrough contacts of the following ralays and through the direct

/47
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P

rlesds, cormected to these centacts, When joining such pomts to 1
other cireuits, the leiter may ba fowd to be jolned to the input
3. ong round-sboub clveuits, and this mdy digturb the operabion of ths

netork.

Thus, for e:xamp]e » Anoths simm; of Fig. 50, dirsct leads

with azsenhly {25 can ba made at bobh contasts of the relay B,
vhils the remainmg contacts will have agsemblies {.1, 3. (2}} , 88

shown in Fig. 54e. Howsver, ons cannot join the direct leads (polnbs

[~

5’1&&:}

ke

~), since the elrcuits of relays A and B will be permanen‘tly

interconnacbs

Ln}

d. At ’rhe sans time , in ths netuork of Fig; 50, ths
divect lead from the contact of relay A ‘wiﬁh agganbly {1} does
not indroduce ar;;v changes ;m, the O';\fk ration of the network (Fig. 54b).
Analogously, in dieanstwork of Fig. 51b one can make a direct lead
with agsam.“w {l 3, 3 at the upper contact of relay B, as a
result of which we cbtain the nelwork shaw.;‘z in Fig, 55 {rmly tho
right h&l.fof the network ef‘ Fig, 51b:is shoun,

We gee thus thet in the presance of direct iaac‘ls one cannoh
alvwayrs join polobs with coinciding as semb? ieg, since false circults

mAY GPPOaT.

R

5 a result it mey Huen oub that in a network with direct
lesde one must place on the relay with the least weight more than

ona transfer contact group.

A Y e
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}’,IE”F’“ TION OF FAISE CIACUIT
I‘alus c:irm,:tb may appear whin dirsct leads are producaed in

and '{'.E"se cirouwits which ars connaclsd to these leads are furthsr

anifisd. In some cases, as obgervad for sxample in the netvoris
of Figs, 54 and 55, one can readil y verify whether the direch

mienihle o net, In bhe

load and the um;‘ym of the wires are por

ratumork of Fig. 546, the cireulbs joined %o the dircet lead
srs joinad only ot the point Mplus® so that no felse cirault can be
prodused, Iu the network of Fig. 55, the direct ~jesd cirevi ;L." no

Lo

conrectod to anybhing, and whan obher wireg sre joimsd ab the polnbs

By, By, and tg, there wrs no falsa cirouits (dobted in 7
prodused, since they will always conbain differant conmc 8 oi’ +the
joingd at the poinbs 1y and t:,) or C {joining at bhe
Tn complicated networks, it mey bo diffioult o trace the

appearence -of false clreulis, we tharefors proposa a mebhod which

e

t possible to establinh divscetly under what unifications

do falss circulbs appesr, and whes they do not. (n the obher hand,
not svery fr?a}ss: sireuld, even ii .i‘t is found to connsct the Input |
with one of the cubpubs, distwrbs the ope‘raaioa of the neiluork.

A

Thus, if some clroult is clo&;ﬁad ir states corresponding bo the

DUMIETS en“c.ormg\ in the mssembly of the given outpub, such a fal.,a

Ceireuit is permissible.

T determine in which cases the joining is permissible and

of 83
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b. bidden nunbers of the ouwbpub, corresponding to the states during

R

in whick it is not, we shall assign to each ouabput, with the excep- |

tion of the assemblies indicafed above, also forbidden numbers.
i

For points joinsd with the oubpub through a meke conbact of any

relay A; wibh welight g, the forbidden nuwsbers will be only the for-

ok
which relay A; does not operate. For polnts jolned through a nake LS"-’]
conbact, the numbers will corvespond to sta*’ées during which the

relay ‘A‘i operates, These numbers can be cbtained with the aid of
Teble 14 and Fig. 45.

Ye shall agres to write out the forbidden numbers under the
corresponding point and include them in square brackets, or else
write them with a colorad pencil., In this case the numbers for all
poinbs of the network will be referred to the base of the entirs net-

.
HWEr K,

Thus, for ths oubpubt with assembly { 2,7, (1, 5}} the
forbidden nunbers will be zero, 3, 4, and 6, whlile at the outputs
of the contach of relay with weight 4, thers will be written

correspondingly bhe forbidden numbers zeroc, 3 and 4, 6, as shown

%}

¥

in Fig, 56.

in the presence of a direct lesd, the latter should bs
aésigne& all the forbidden numbers. When joining saveral pointsa,
ths common point should be assigned the forbidden numbers of all
the joined points, l.e., the apsemblies of forbidden numbers add

up in the joining, Thus, when constructing a netuwork, along with

Loy




rsmnm ive agai,gmﬂn’b of a new asslélwlv of nmbers t;i -sach nev | 1
pcin‘b We nan as,..ign o ths Bams 0 m’h tha forbiddén numberal, i.a.,
ve L@mnate the m:rmbars of those st »a’bers of the ﬁe'hwark, at which
the gwmmﬁr,m’c xmat nat hava a cmmeetlam with the inpubt to bhe
neda up (1 kj-pole, |

vfﬁ now gee in Wh&u stotes the apr‘aa'ﬂam@ oi‘ falas clrculbs
‘bm"‘oagh ﬁimc“a lanmds s pr:a sible. it is easy ‘hc var;a.f,y that if |
in ‘thﬁ afmambly‘af tha éfé;f'ac"b lend, made at the conbaes of the relay
hy w:cm weight n4, there is an obligatory number of (coregponding to
the faet that this lead will m joived to the lnpub of the mmui"a
gt vhﬁ %a 22] w:&_uh suber @& of thoss relsys, whoze welghts are less
then g3, %:-haz: in bhe ata"ta.% wj“_thﬁ s number the lead of the break
eowbact will bs found j,p;mci to the input in the cage when the reley
A, doss not operate, i.6., in the ghate with the seme nwber X .
The lesd of the meke conteot will bﬁx‘ joined to the input through
the direct lezd in the sghats withk punber Oi’e» g3 (Fig. 57a).

(}n ihe obther hand, bhe obligavory number {'3 , whick enters
imto the asssably of the bresk conteed, will produce a falsa cir~
cuit to the direct lead j.n the ghbote with the same numﬁer /% s
while bhs obligatory nw&z;ar ¥, which entersg into thé ;éssezmhl:,’ of
the meks combact, will produce & false circuit #iﬁx number § + gs.
al._ this pertains to the emdlitl Lional nudbers, . the only
differance being Lthat it is nob knowa beforeband whether in tbhe

state corvespording to the conditlional number the eircuit will be

Ratiit e




Tconnected to ths input or not.

However, bthe nusbars obtalned in the sbove method will psriain

L . E % A dn % B
bo oo base which insludes the relays with welght .

o

,.
o
3
o
ot
m
0
W
b
Ty

wa

™

refur the mubers to the base of ths enbtirs network, ezch muber

& 2 k. § ' 0 Grog Fav e o Do ORI,
will go imto 2 numhers, detorained by toe states of those
relays, whoze welghbs ave greater than g, i.e., into the series

4 ‘x H
T A Gieztens @b g @b G e @b Gk e

h3

in whaet shebes of the netuork a gi'wn

point will bo {or can be, if Pﬁ pumber is condibicnall connected o

the input o s dirsct lesd bypossing

&
o

he maln nwgm’g, Wa zhall agrse

o cald these mubers bypassed numbers and wrlis bthem down eleng

undar the polub to which they periain,

ag ghoun in Flg. 57Tv. For the con-
tact of & relay with welght 4 in a nebwork mads up of fo w relays
In the further construction of ths n work, the bypagsed nusn-
bers are transformed in accordance with the same law as the fop-
biddan nunkbers,
Tovg, in the gensral . caze one oan assign $o each point, with
Bl sxuepblon of the furdamsntal a.mem,lﬂh; Torkidde: mm bypassad

. ’ I . B
numbers, It ie

avious bthat one and the same nunber camnot be

4]

s - '3

included sinulbtansously in the list of forkidden

‘.x

nd bypessed

numbers of ey point, since the ferbidden mumber indicstes that

s

K ﬁ“

Fetn
by
;

s sbate whe polnt nust not be connecbed to the inpud, wheress

Lde




the b,}rmq sed pumber indicabes 'tfmt tha point in ﬁ}:u.s, ghate will or

can be ccmmcmd u.e.th the inpub, Tnds lcads bo the ruls, that the
joinm,g. of two points with colnciding assemblies is impossible, if
among the bypagsed mumbers includes forbidden pusber of the second
point. |

Fales circuits, which a8 be forhsd “l:iwcugh‘mo or more
dirent leads, are analogms,slv detected, For this purposs, after
jolaing,the bypassed nubers are transierred to the preceding peints
and & verification is made whether any disagresmentg are fourd.

Fig, 58a showe bne construction of & network of & binary

divider for the mumber of pulzes with the fx’}rhifidsh and bypaszsd

- pupbers weittan cub, From an examiretion of the metuork one can see

that the Joining of the polunts 11 aed 4y is impessibla, gince the
pumbers 1, 3 and 5, 7 are bw&*&% numbers for one of thesa ang Lor-
bidden for the obher. Analogously, we cannot join the points t:,;
snd $4. On the other hand, the pc:inmslt*vl‘md t'5, as well as
gll leads pa:«‘:t the contacts of the relay 1, can be Jjoined.

Ong can verify tha validity of the joining at the points ’c.l;
ty, and T3 in the clreult of Fig. 55, Af the forbldden and bypassed
pumbers are as seignad o all points, |

| In pracbice, thsre is no need for writing oub the forbidden
ard bypassed numbers for the enbire network, It is recmmmended
that this be done only for 'Shose voints, for which it is necsasary

to agcertain the possibility of joining whon the points are

e

Lo




+

{ connected Wiﬁh ccntacts, at which direct leads exist. In sddition, 7}

there is no need of making a special verification if the joined points

are
A;cnnaﬁted to diffsrent contaots of one and the same relays, as i

L]

chgerved, in bhe joining of Fig, 55. Nor is there any nsed of
verifying the posgibility of joining at the inputb point,

If the direct leads ars mads atl uémﬁ relay Ay which does not

}..h ’

have the maximum.we;g %, it is enough to vtaw% to write owt bobth bh
forbiddsn and the hypasssd numberg with points lying directly ahead
of the contact of the relay A, as shown, for exampls, in Fig. 55,
which is part of the netuork cf Fig. 5lb.

In sowe cases the bypassed nusbers can be uséd to produce main
circults, bherely simplifying the network. This, however, calls for
additional investigations.

“3 Fa ¥

6, Eliminzbion of False Cireulis

In the casc when it is found that the joining of circudte is
impossible, the construction of thenetwork can be continued without

icining, as was done, for example, in Fig., 58, The resultant net-

In addition, the following possibilities exiet for preventing
the appearance of false circults:

1) Eliminstion of the dirsct lead, through which the false
cireuit is produced. For the network of Fig. 5¢a, this means a

change over to the network of Fig., 54h.

Aos
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r 2} Introduce rectifier aleméﬁ%g in the goinea circuits (in the |
cage when the plus of the currant sotwee is connscied to bhbe lnput,
the pectifier should be conrccted in cpposition To the arrow jindioca~
ting the direstlon of thﬁ'bymﬁﬁaed cireult)., Upon introdustlon of
roctifiers ahead of the points 4 and by in Fig. 58a, ve obbain the
netuwork of Fig. 59, ’

3; In *oﬂuus into the Joined circuils a amnﬁaa; of one of Hus
relays, uhie&.wauiﬁ not contradict the main circuit, but which
would eliminats the false circuid. For the network of Fig, 5%a,
guch a conbact mah be the presk contact of reley I {with weight 1).
If this conbact iz connacted, i’oi' exanple, ahéad of pdiﬁt E%; {Fig_;a
58h}, & pcssibii’ﬁy appears of umiﬁyin4 points ty and by and the
networy ssgumes the form shoun in Fig, 5%a.

4) Teoiste the direct laaﬁ 28 a goparats @ubput. This
is possible only when tuu eireuits sob on ths relay and additional
windings can be placed on 'i‘l:;z: rolay, This method can be parti-~
culerly effective in the case wben the direct lesd is made ab &he

comtact of the ralay with the greatest weight, as is ébserved, far

exanple, in the network of Fig. 5%a. By separating both direct
leads and introducing sccond windibgs on relays 4 and B, WS‘dbtain

%;hé metwork of Fig. 59.

Finally, in the case when the Jolning is impogsible bacausse
of a cireult produced by a conditional nurmber (the bypassed

number is in brackets), this cireult can be eliminsted by eliminsting

— !

-

é‘%//




*

Tthe parsiculay condibional number from the corresponding assem

bly,
There are zbili ne rules for Indlcaling which of the measures
givas the most succesafiul sclubion,

¥, CONSTRUCTION oF ISCLATING NATWRES
In some cases it becomes necessary Lo construct an lsclating
(1, x)~pole network, i.8,., one in which there can be no comnectlon
between the oubpute, with th e'akceoﬁxcn of the 1npubs.
If we consider the process of the gynthesis of contact networks

‘the .
by graphical mothod, we cmn see that in the general caszse ‘the

s

‘aonsbrunted ccirvenits will wb bave the igolabing properdy, for

D

when two polnts with coineiding aouemmll g are joined, a cireult
nay ba U““duﬁ@”.ﬁqn.dﬂtihp different oubputs, It follous therefore
that to obteln an isoﬁating‘metmark one qut not join points 1f they
have in gome state of ﬁﬁe'n&ﬁwo&? simulianecus connections tu.
dirferent oubtputs of the nebwork.

%t can be shown that in the case when there are no identical
nambers in assemblisa of different cubtpubs, the netuwork
must ba isclating, I thafa are identical aumbers, a circuil may
be produced between corresponding oubpubs in addition to the
3] ommon_ j__npu{; .

In order to use the graphic method for the construction of

isolaeting networks, we employ the following procedure. To sach

;&/.,&:\




.
nudber whmh enters inbto tie wsouabl,ges of ssveral outpuls, ve 1

.

saign & certain symbol {doh, eircls, bar, ete, ) and different

gymools are assigned to different nwa}m*s. Upon further congbruction
these symbole will be ﬁf*”ﬂ on the cowly obtained numbars, cbtalnsd
from the mavkesd nuber, L‘L coinoiding ssserblies ajzwnr nov, then

in the case when tiwss asassblics are fowd bo buave nabers

0
‘:,.,
=

1)

with identical syebols, such polais camel be Joined. If nsanoblise

wherein some nurbor is asalgned dirferent symbels ars jolned, both

sytbols zust be a asgigned to %%is number in the jolned assexbly.
Any . aspezbly esn be joined ot the pf‘lnu of input.

Using the nethod of cous + setion of :'L$cl:=;‘t:‘p;1g (1, .()., pole
netwerks, ons can o snstruct Mwo-sided® novmal networks, as shoun

The eonstruction of such networks mmkes it possiuvle

to reduce the botal nwrbse of contasts, bub this

for the case whan the formulas for sach of thes relays gro functionally
separable /36/ and can be expressed In the form of & produet of tuo

functions of dilfferent varisbhles,

ff(alv aﬁr."‘f a;z)*i:’(&'l, o, 00y Q:)f;(a[xr.h.-‘, a,,)‘

CONSTRUCGIION OF A CORTACT (p, k)-FOLE NETWCRK

o
3

The graphic method can algo be exbended to ihe construstion
of contact muliiple-pole networke with p indputs k oubpuis,

under the condition that in this [p, k)-pole not one of the outpubs

can be connected simulbanecusly o more than one liuput,

RAAZ
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Y 2%
To complis the, network, the sireulbs be'bwe*an the inputs and 7
he outputs should be specifiﬁ:;} in the form of assemblies £33 from
each outpub with mamber § (1= 0, A, 2, ...y ko~ 1) %o sach input

5= 0, 1, 2, ee., D -1}, Thus, the total pusher of

_ensemblies (lncluding smply one 5} nhould be pi.

In ordsr Lor the rzf-s’!::e-x:.xr!e: o satisfy the foregoling roguirenent

that there be no simullunecus oonmeabion betueen nn ouwbpub and

»

geveral Iinpubs, it Ls sulficlent thet in the sessubliss pa b i

Ry
B
o
>
=

with idenbical valuss of the index 1) no identloal

)

to one oubpud
obligetory nuwbers be found.

To congtruct sueh a (p, k)-pole ne feork from ﬁhé contachs. of
n relays, we converd it into a (1, k)-pcle of n + m relays, w hera
r is the amallesh iubeger gablsfying the inaquality 2 ,}: p. Wo
fow asaune thet of the combacte of w relays there is conglructed 2
(3, pl-pnls in such o wey, that to cach oubput of this
egponds an asse&-:mbljg £3 of one nunber, equal to Bhe
thz otdput, I1f we join the lnputs of The spacifiad

.

with the like oubpubs of the (1, pl-pole (Fig. 61},

thon, bhe 1 rogtltant (..L, k}-pole the cireuil from the cutput [ to

3 <

the cammen inpud throogh the peoipt 1 will comslst. of tha serles
& o] &

connacted eireuits £33 (of the (p, k}=pols and the clrouwib 3 of

Yole ki

/ ; 3 iy - 2 s Fs vt g S e
the (1, pi-pele. Since %he zssecbly of thw aircuit {5 consishe of

(9]

s

only one cbligatory nudber, l.e., I3 = 5;} , then, in ascorcance

with The shatesonts made 1n Chapbar 6, Bection 4, the noatar

o /3

g
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et
H
3
1

of the sgsembly [;; goas into the nwmher _ ' Sl
)
N o T (7.6)
And since esch oi the ouh ;ut; is wanected wiﬁh the common inpub
of ths (1 })~pnlﬁ by cirveulis pansing through ezsh of the JJ%

rediate poimbe i, then to each outpus we assign an assombly, which

kN

containg ths transformed nucbers of all the "“aﬂblxc f'j with

3

identicsl indices j, so bhat

st
b= S B,
i | (7.7)
Ve next eonstruct the networx in accorﬂanc@ with the mothod
glven above {Chapter 7, Section 3), starting with the relay having
the grestest weight 28 - d il the aonbacts “of the
relay with weight'Zﬂ’&ra introducad into the netuork, ihen the
nurbers eround the free ends of the contacta of this relay will
Gicate the pumbers of the inpubs of the (p, k}-pcls under con-
struotion. |
By wey of an example, we corgider the synthesis of a (3, 3)-
pole, made up of the conta cts of three relays,'Specified by the
assembLicm ligted in Tab?e 16,

Sines p = 3, me= 2, The tranaformmd nunbars are listad

in the same Table 16. The resulbent netwerk is shoun in Fig. 624
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Table 16
E‘ - - ot s e e vt ot e
) Hoxepa
§12 3
‘2’ HEXCNHWE ’npuﬂpawunnuc W} ‘Habop suxops |
& == 4@ 4 & 3 ’i
Fos 1,2,4,7,5) | 4,8.16,28,(20)
fox (3 24 2.4,8.14,16,26,
' 28,120,21,22)
Foz 0,3.6,(5) 2.44,26,(22,
ho | 375 12,28,(20)
1,(5) 3,(21) 5,12,18,26, 24,
hs | 030,21 43
{12 . év61<235} 18,26,(10,22[ .
Fa 0,6,45) 0,24,(20}
fn 1,3,(2,5) 5.13.(9,21) 0,5.13,18 24,30,
(4,20,21,22;
Jus 4,7.(5) 18,30,(22)

1} Numbers,

As slresdy

the strushburs of

the netvork

2) initisdl, 3 } trdaaf‘ormed 4) assembly of oulpud

OF CRDER OF CONSTRUCTION CF THE NETWREK
indicated in the graphicalmethod of construction,

-

may changs )ﬁapa Wding on the sequence

<]

with which the diffcrent contacts of the relays are introduced
at snother netuori, in analogy with how the complexity of an alge~
wanbs are

braic expression can vary uwith thc order with which ele

taken outside the brackets. Tepending on the sequencs of the
contacts of the relaysy the constructed netuorks may aui‘er in
their structure and the number of springs, both total and per relay.
In the . graphical mebhod of nebwork construction (Chapber 17,

*

Section 3), the sequence of intreoducing the contacts depends on the

A7 $




waights a niﬁnm to individusl rel,z ﬁt, ices, the arrréaplgamant of the |
alement in the base, Thus, in tha general .z:asa, for a network con-
éistizig of n relays é.m? gan chtain nl different natwosr}:s,‘cm'ras-
pondiég o **.i': erent permubs tiong of the elemanhs in the base.

The efora, o find he nebvori sausf:, ing eartam mq‘ ivements (for L

'Y
1

ax&mﬂlm, minimim mn‘fmctr‘ or springs), ‘Lt nay becoms necsssary to
congtr m:t 11 n! versions and to choose the Geah, ’f’l‘mrez is still no
gamral mat‘od uhm. vr:az:mi‘as determicing befarchend the bage for which

the gl ;ﬁcsu netywork is cbi pim;:‘ia

£

Howgwver, it is pot alusys nocessary ho convtruct all nstworks,

fcr' in & o8 casaess a1l thenatuorks ara a’b‘b&imd either guite :Ldar‘hical

Jv

or of i denbisal complexlt

it is known fivet of all f’lé/ tho soma'!led gyma‘tmicél
mr*‘bac’b mworks &o not chz‘*n e whon the relays are ranwsbered. Con-
swmnt 7, if the network will be sy anetricel, then no mabier how
we transpose the basa', ve always a‘.i:‘éain the same assembly. The
1088 553Xy and sufficient condition for an assembly to bel ong, to &
symaetrical netuwork is thed this snaanbly contain all the nunbers
of the ghates In which #n identisc! number of relay operates,
corresponding to the working murbers of the symmatz*icé. network,
and no m'.hé:c nurbers, |

The asssmb‘iias that charas vize gyametrical netuwarks with
different kﬂ“‘fﬂ"g mubers are iisted in Tebls 17 for n= 2, 3,

L, and 5. The asseubly of a natuork with several working numbers

[

A 19




~
Cgorresponding assonbly will be 2’ Gy L, 2, 4y B 3.5;}‘,

of the working numhere, and ghould not include any other numbers.

‘*'rvu:, fowr ono= 4 5 B gymmetrical retwork with working numbers

0
epond, the assenbly 3, 5, 6, 7, 9, 10, 11, 12,

cireudt (worlking mm&*erf‘ 0, X, &) the

Y

YTable 17 %

"
Pafiouce I8 S0 -
2 3 & 5
1] 6 ) ¢ ’ 1]
1 t,2 1.2.4 1.2.4.8 1,2,4,8,16
3 : 3.5.6 3,5.6,9,10,12 3,5.6,9.10,12

: 17,18,20,24

3 ki 744,493,444 7,11,13,14,19,

21,22,25,26,28

5 1 15,23,27,29,30,
3

P

(4]

%

1) Yorking nuamber
# Tnis tabls can be readily broadensd by considsring thot the
zspenbly for the working awber p, in ths csge of n relays, is nade

vps ’ U, T I £ ] - N A - o f ey e
up of the agsembly Tor the sane working nuogber p for no- 1 relays,

Por the working number p - L.0or n ~ 1 relsys
i) b bl

)
&
§..J
<
i—n

addad to the asses

. , — . . bk
in vhich esch nmwber is lnoreased by 2”, l.g., Z"t 2 ‘E = &,‘%54 ;

" A . 3 - & -
Pt +2 ;{’ , Whare cxpp iz tho assenmbly of a gsymmetrical network

with a work g pu er p for n relsys.

4 O




Let us nov imagine a natx:;ori%&:mais{ing of & geriss connsction |
of & symmetrical network made of conbacts of s relays —— A1, 4, «eey
Aé o~ anﬂ & nBon~-e; zmwiczal aireuit of comtacts of r relays -~ B,

B

59 see Byo It is obvious that en luterchange of the wsights
-

among the relays 4, which meke up the symmetricel cireuit, will not

change either the assenbly of the éntire cireuit, or the network.

On the obher hand an interchange of tho weighis of relsy B, zs well

oy o

{
4]
o

awbual interchange of weights botwean relays B and A, will lsad

te a change in the sesenbly and may lesd to & change in the network.

In other words, such a civevit with & bass including all the relays
_ sibgtantlielly ‘

A and B, may e, influenced only by those psrmutations, In

which at lsast one veley B participates, while permutations of relays
2y O p pa »

A do not influvsrnoe the resuld,

_ permidation of
& network of the contache of i relays, in which, only part

of the relays,s (¢ < b}, does not change the agssembly, will be

oalled partially symmotrical with rogpect to the relays Ay, Ap,

XY 3&&:
For a partielly symmetricsl network, the total nunber of

differert assemblias‘is decreased by ef, i.s., tho number will
be n!/el.

Distinguishing features of tho partielly-syamstrical metwork
ﬁitb revapect to two relays with weights gy and q; {i ?‘-‘; i) wiil
be the prescnce or bhsence in the ngsermkly of the numwbers gj and

ay pairvise, as well as of other derivative numbers debtermined by

A




Cthe states of the remaining relays,
consigting of fowr rolavs, the assembly o
netvorl relative to raslays with weipghts
not contaln the following pzirs of

- and 1A = 14, The presence of at L

fron

.

grometrical with respect to the

Tah

fond

e 18 iists
synaetry

the first column,

¥

among these will be evidenve ©
relsys with walghts 1 and
the paire of nubers

with respect to tws ralays

Thus, for example, in a netucrk |

1 ard 4 shoddd comtalin or

— g

nunberg: 1 - 4, Ay

e s

[
&

t one of the unpaired nurbsrs

«»44-

hat the nstuork is not

s

whi h detarming bhe

with welight AniJ sahad

Table 18

n
& —¢5 2 ‘ § 4 5
: : §
ez 56 G (O 1314 1718 2822 252 2030
{4 3-8 g1 19144 Pieot a2 2524 2700
2—4 5-5 1012 14—13 1830 fh--20 0 26- 28 2729
§--8 310 512 T—14 1724 19--06 252w 230
28 3--9 612 7—13 1824 805 22080 EpLl
4--8 59 616 Toe 2024 24—a2h m226 23T
116 et 520 T2 2% {126 IR 15130
216 L B 200 T2 3024 4120 1428 1529
416 547 618 To-14 1224 4385 1426 1527
816 91T 1018 419 1220 13-21 1422 1513
It is

eagy to prove the following thecrsas,

4.1r any clreult is simultansocusly ' pertially symmetrical

with regpect to ralayv w¢Lh.welg£t3 q‘L

qj and gi ~ U, than it

el oA A



ke —
reapaet to all thras relays with f

ial’} CSREN

aﬁnﬁ e o = _
s sim Al'tam uoly p'a,r tlally-sya ;em“ieal‘ with

ha:*h there is ab least one

groups of relsys, i
then bhe m*tm:r}f wiil be pa-tiglly symmetrical with
15,

gcomnon relay,
gregate of ':31 reinys of «,otn EXOUL
the e ”bwork. considarad

$0 Lhe a
Ooeae ages

ug consider
ed by the

et
spaciii

rogpacth

By way of an example

ith f,w:,u:u b

above {(gse o go/““
(1 2,4. 7, 9.6, 11, 13, 14, 180 rppa;

5) }J’EIM

aessk
K= |1, ‘? 8, 9, 10, ii’(ﬁ 5, li 13
Xy ={2 4, 3 5. 6, 11,33, 14, 15))054.
ing Table 18, ws ¢ats hsn that all “b: woe cireults are
par'-:::%a}m.y?-.s:y:».:q:a;!_;z«i_. with ~espset $o relaye with weighis 2 and
sirs of nurhels are uzﬁamr;cmd), i.e.,

relsys B and O,
Taus, this elrcuit hes nlfsl = L /aY = 12 different sets of
g of the rslays,

iined by *bhe changes .ixz vhe we gx. 3
Fig, 63 showy all these ver-

g

. . ]
assemblies, 4

and can hove 12 different versi
sions, conatruched by the grephical methed without the use ol
rke with direct

L Hevid

direct .Leaﬂs, wzile Fig. G4 shows ths same neuwo'
leads, For each netvork the bass: is indicated in the form of
acbion - the nuuber of contscts im bhe netvork (numerator) and

ot A 3
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 assemblies as indicated in Chapler 6, Ssction 5. In the particular

H
—d

Ty gonatrucet all possible neitworks ons csn change the walights !
of the relays in sccordance with the change in the base or to carry

out constructions by taking the conlacts not in decreasing order of

*

weights of the relsy, but in an avbitrary ordsr, transforming tbe

cese when the contact grour of the rolay with weignt 1 is
chosen £irgt, then all the sven mubers are writlen at ths

meke contact (starting‘with zero), divided by two, and the odd num-
bers, reduced by unity and also &ividaﬁ by two, are writlen at

the break contact, The welghts of the remaining relays sre also
divided by tuo. Ths canstruntioﬁ is then contiaued in analogy

with the previous congiruction, or starting with the relay having
the highssﬁ'of the newly»cbtainéd welghts, and the saQuénce indloated
in Section 3 of the prasant chaphber,

In the latber case it is not nscessary to divide the nuﬁbers
and waights of the relays by tuwo alfler introducing the contacts
of %he relay with welght 1.

It must be acted that the graphic congtrustion for a Sequsﬁca
different frcm that considerad in Saction 3 of the present chapler,
leads tb more ccmpllicated transformstions of the numbers, amd is
perticularly iﬁmonvanient ir the case when it is necéssary to

verify the possibility of appesrance of false circuitbs.

X2 >




- 10. Construction of Lwam&"‘rurm 8 e 1

To cong t.s uct Snvarse cs.mui“bs ane can also propose a graphic
mathod, !.»:ﬁit::h makes it possible to consiru 't. the metwork from $he
assefé‘bly of ‘the miz; sireult without first finding the assembly of
_ the inverse circuit, This mstbhod 1s bassd on the princi,ﬂla of
. gxapéﬁa inwersion of contact cireults. s a reau'it of‘ such an in-
version, s (1, k)-pols of mrmal form (,E‘;ng 6aa baaomﬂ* the net-
work shown in Pig, 66b, where the ccmtact sdmitiance betwesen two
naighboring points should be the inverse of the sdmittance bstuesn
{he corresponding oulpub zmﬁ i‘»he common input in the c,z,rcurh of
¥ig, Hba,

To c,a;zs‘;rmt 8x im}a;rsa girouit with k otzim&t*, we arrangs
along a horizsontal k %1 poi,zﬂ., between which we write down the
corresponding assemblies of the circuits. If tﬁers are colnciding
assonblies, they should be arranged in a row, and then destroy
ths center point sud write Jown the unifled assenbly.

Yaxt, betueen ssch of the pairs of ; pointa we place the
'iranﬁfer cogtact of the relay with the largest welght g, = & ‘i",
joining one of the points with the make contach and the other with
the break combmet. Prom the center gprings of theswe contacts,
ag well as from the points corrvesponding to the mxtputwg we draw
lines and meke up new points, of which there will be ok % 1.
Between each gaL of new poinbs we urite down ths assemblies in

aceordanse with the following rules: betwesn the polnts parallel

R




¢ ]
P
»’!Ib,
10 |
0 O
. 0 ™ |
&0 sm |
by H m.. |
B | o € ﬁ
LALILIS R LI I : |

TR - P P Y XY

1
2 X
i A
._;”.Oxi
2 .

."-'»-.'flt-o—




v hen
Mto which is comneched the woke contset of the relay with weight

Yelg

g we write out, fren the mssenbly locabted above the wentact, the
nubers less than e uglghu Gpe while betusen the polnts paraliel

s de

+o which is copnacted the break contact we urite out the ramaining
; nubers, reduced bv uh@ welght of the relay,
We Lhen make & compnﬁmacn of all the asssxhliss in the
Tolliowing seguesnee:
\

1) We verify whebher berc are any coinclding assemblles,

3

o]
b
3o
oy
o]
ok
b“
_Q

sides of the transfer ﬁowtact and if they exist, We erase
the entire contact and the point j ioined to the center supring, and
weite down the unxfied as@emﬁly batueen the e-ﬁremé points,

2} YWe ses whether there ars & ny eugty agnomhblies and if

such are found we join the polinte betmeeﬁ which 1o lceated an
enply assesn ly, and srage the eorresponding contacts

3} We verify whether there are any coinciding asseambliss
arranged in a row, and if theyvexist, we erase them ag well
as the point betueon thewn, and write>in this place the mwified
aésembly. If the coinciding assemblies are located not in a reu,
then we rodrav the network in such a way %hat they appear in
a row, In particular, ons can interchange the placas of ‘the make
anﬁ the brssk contacts.

Botuween the nowly-cbbained neiphboring points, witi bthe
exception of the points betwsen which is located the complete

asserbly, we draw the contact of thenext relay wibth weight gn - 1

439




“and repeatl. »b& s aTLuLGP on the changa end ieodning of the zesamblics, !

We continue this un%x; Lhe contacts of the ralay with the

1ﬁﬁpau wolght 1 are intr oﬁu ed 1nt

- khe networlk, We then radraw the

.

szX4aMimmwaW3pu,thmeﬂﬁmMWﬁcmﬂm&;mmrwmm*
. fer groups. S

Fipg, §7 shous by way ol an evanple bhe cong strustion of an
inverse netuork for a binary divider of aunm ber of pulsas.

Yo nobe that in the congtruction,the resuliant network is:
sometines planar, and gometimes, the complexity of such s netuwork
depends not only on the bass gﬁmﬁ, but alsce on the seguence with
which the points of thoe cubputs arc arranyad and how the contacts
are connected to the points, uwhick 1z of no significance in the
consgtrustion of normal natworks.

Sometimes . . ons can obbain in inverse networks gimplifica
tiong analoguug to the slmplifications cbbained in the ccnqtr1ctqon
of normal netuorks by using direct leads,

In the case when the tvo asserdlles a&;acen& to the fransfoer
spring of any trangfer contact contaln the sams nuURbEY 54 these

ssemblies can be %ransformed snbo three assemblies, in analogy
with the saparation of the asserbly for the direct lead (see Sec-
tion 4 of the present chapter). The distance hatuesn the poihts
o which the transfor contact wasvconnacted; is then divided into
three parts, in two of which we draw the make and the break con-

tacts, and tuwo points remain unconnected, Between them we

=4 3/
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Murite doun ths saparated assexbly, and we assign to the conbachs the |

transformed assarhlies, as shown in Fig. 6% for the assembly given
in Fig. 52,
In the particulsr case when one of the assemblies ad jacent to

. the transfer aontact is complétely contained ln an agsembly of an-

other contact, the combaet corresponding to tﬁs first assembly can
be erased, and in the second assenmily,the numbers contained in the
first asgombly must be mads condibtional, as ahown, for example, in
Fig. 68b{compare with Fig. 53); With thig aid of this rule ona can
eliminate from the'netuorg of Fig, 67 the contacts designated by
cro#sas. We note that the joining of such a éeparatedbassembly'with
the neighhérimgﬁ colnciding as&ambly can lesd to disturbance
in the opsration of the network, analogous to what occurs when

direct leads are joined.

11. APFLICATION OF THE GRAPHICAL METHOD FOR THE CONSTRUCTION
OF CONTACT NETWCREKS WITH MULTIPLE-PCSITION TRANSFER
SWITCHES o _
In the Fracedihg sections ws developed a graphical method
for the construction of comtact (1, k)~pole nelworks, msde up of
contacts of relsys, i.e., contmcts of two-positicn elements. We
now extend this method o include tle constructlon of networks
- mede up of contacts of multiple~pogition elemenﬁs, for exsmpla,

step gwitches,

- Let us canSider;ne£WOrks of contacts of n gwitohes A1, A2, «..

< 9 3




o,

A,, each of vhich has [ positions (blades)., Since each switeh can

E
‘

P
2 N ] : . . - ' /i 2
be in f positions, the entire network FLLl have [ different sgtates,

To anslogy with the ralay-contact {%&positigﬁ} atuorks, e

a5

b3

nuzber thase states. For thig purpose we assign o each switeh 4

-
Lo

a waight g3 = f s l.e., for bires-positicn switches we obbain

e

walghta 1, 3, 9, 27, for four-position switches we have 1, 4, 16,

&

o

o

jo]

Yois
JQ

[

t).
o

&

o

3

1 position of the switeh the numbers j = G,
1, «oes £~ 1, and we asoums the numbsr of the state Lo ba the sua

of the products of the musber of the position ii in which cach of

the switches A3 ocated in the given states, bytmwapﬁqw

fure
0
=t

of this switch, i.e.,
h .
= Eizq,:.
FE™ |
b s - . J.’l
“hus, ths states will have numbsrs from zero to £ - 1.
Table 19 givez an example of the numbsring of the states of the
network made up of two thre«—pas lon switches,
4z in the case of a relay, any cirouit of the conbacts of

tm;mﬁjﬁ@pmﬁﬁmi&ﬁ%@%rwmeWmmmnlrtwiﬁwmoxa

E&SQMbLJ ol numbers of those stabtes, in which this circuit shoulsd

Fots

or can be closed, il.8., in the form of an assembly of cbligatory

erd condibional numbers.

L

{te construction of the network proceeds in the sane way

as for relay contacts, the only difference being that evergtime one

X5y




Fdravs not the transfer contact of the relsy, but a suwitch with £

positions {bladeg), and the lead from sach of those popitionsg,

i

number § = 0, 1, oes; £~ 1, from the proceding saserlly one assipgrs

nupbers from J.gg to (i # Ljgy ~ L, from which the nusber

. is subtractad,

Fhe proasosaress A NEXORRTR B HOR- ‘2-} Ccemw;;s et
1) sewsum ¢ woMepuny Homep

( - Qnma (:'

Kalga =8 Ayt me 1) X3 X X

0 0 0 ~ 0. O

i} i 1 0 ~ 0

0 2 2 1 o 0

i 0 3 G ~ 1

L] 1 Y 1 1 0

1 2 5 o~ 0 1

2 & 8 4 Y] -~

2 1 1 0 1 4

2 2 & (] ~ 1

1) Switchss A; ere in positions with nuibers,2) number of

gtate of the network, o , 3) states of ths cirenils,

Thus, for example, for a thre r,'w-posi‘bioﬁ switeh with weight g4
= 3 we find that to the zers leed {j = 0) are glven the nuhers
0, 1, and 2, while to the first lead (j = 1) -- the nusbers 3, 4,
from which bhres is suotracted, and to the second lead (j = 2) ave
given the numbers 6, 7, ©, from which six is subtracted.
By way‘i_}qf’ an exempls, let us show the congtruction (Fig.
 6%a) of a network for tue three-position suitches Ay and Ay,

&R &5
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when the eircuits ara spegified hy the following ssseuwblies {see tabld

19} | .
X, = {2 4. 6.0, 5k

X, = (4 7.(L 3 9k
xa""m {3: 5, ?! sﬁ (ﬁ)L

{ P
.

Fig, 6% shovws the same network in the radrawn form, As in

. ' the cage of
networke with twwpofsition elemsats, in Aﬂli#l“.ﬁlm ~pogition switches
'i;ne complexity of the network may depend on tha sequence W'&;h which
sre assigned to the switches, a'nd "d:waz,i:" leads can ba es«,abl;x. :hed

during the constructlon.
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1. Genersl Concepts of Relay Ne worke

In the preceding chabtﬁ s wa considered tranaformetliony of con-

s

tact netvworks and circuits, and the main criierion for the eguivalencs

s

was congidersd the sguallily of ﬁb81* structuwral sdmittancss.

L]

In relay networks, fhers arve in addition to the contacts

3

alsc the relay windings, as well as obher elements such ag resglis-
tances, rect j’ic's, capacitorg, ste, |

In the grésént chaptor we shall consider ralay networka,

which may contain along with ths relays only activs resistances. Ia

addition, we shell assums that the nebuork is fed from a signzl
sourea, i.8., iﬁ hag the form of a two-terminal network, the ter-
minals of which ars the points where the cvrrendt source 1ls connscted,

In relay nebtuworks we are interested above all by the cperating
corditions of the raiays contained in the network. The opsration of

a relay in a neiwork, dspends, os the ons hand, on the state of

the contatts, and on the other on ths presence of acltive resistances

13

in these cirauits (including windings of cther relays), and in the

case of multiple-uwinding relays algo on the interaction betusen

X Fg
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I oaas : I
i windings.
Thevefore, baforse we proceed %o the guwsstion of transformation

of relay notuorks, we shall see on what the operation in a network

depsnds and how this operation is influenced by the active registances

;con‘taii'zsd in the re'fi.ay ciroult. !
oraet . el
! : . :

2,  Oparat

Bata
13a]

ng Conditions of a Relay in a Network
. o unblockad

The gtate of a given eleciromagneiic nonwpolariza&ﬁfalay deperds
on the magnetic £lux produced by the relay windings, and this can be
charactarizad by bhe ampere turns (the product of the cuwrrent flowing
in the winding by ths nnmﬁer of its twrne), '

| The oparabion of a relay of a given aongtruction and a givén

load is deternmined by the fnilowiag valueé of the ampere<tarns;’whi¢h
characherize the limits of possible transition of the relay from one
state into the obher:

The nan~apératiqn ampere'turné Awn, i.e., the vaximum value of
ampere turns ab which the relay will still not operats.

The operating ampers turns AW, i;a., the minimum'ngmber of
anperes turns ab whi;h'thﬁ relay wiil operate reliably.

The holding ampere turns AWy, i.e., the ainioom valus ab
uhich the relay will continus to hold after it has oparéted.

Tho release ampsre turns &, i.e., the maximun nucber éf
ampere turna &t which the previocusly-operated relay will be fully

released,

——

(;{ _&.:?‘ 7
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following relay is possi‘%f{.e hera s

A A>T,

Bl
+3
=
&

Fer most t‘&i}u hone releva we slso have the ralation

AW’ > AV, .
: Lurng
The Pworking! ampsve turns AWy, l.e., the ampss “eﬁwmnﬂ ere

_produced in a given ralay wliding, dapand on the parameters of this

winding #s well as on the volbege of % he cwrrvent sovrce and cbher

cireuit pwmatumﬂ Tf the following relation is satizliad

W AW > AWy o (&.1a)

the relay will operate reliable, end if
AW, < AV,
\

a4 W
it will be m the qmeqcem, shate.

For intermediate valuss of AMy, i.8.,
AV, < AW, < AV,
: b
the relay will remain in the state in which it was befors the in~
stant when those ampere turns were produced, or MY be in sn inter-

madiats shalse.

fet us set i sorrespondence wibth each relay & (for simplicity

of srgument, we shall assums for the time belng that it hes only
one turn) a coefficlent :X 4, Which will bs taken 1o mean the ratic
of ths working ampere turns AW, produced by the winding in axy
gtate of the patwork, to the operating aupere turns of this relay

AV,
Eﬁr?:; (3.2)

<S4
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b {Thig coefficient is sometimeg callsd the reliability margin in T

we shall assume this coefficient to he positive, if ths cwrent
flows from the sbtart of the winding to its end, and negetive other-

 yise : {we agsume g1l relays to be

-~

vwound in the saas airecticn)}
Both the quan*b:ii,y A‘wlw , and tbe nutber of

t.m*n.: ara constant far & ai'"en relay, and ‘bb@refora the coafficient

)& A v.ﬁ:ii daperr:l on the Voltagra of tha power gource and the stete of

the circ?xlt; to which the glven winding is connonted. Ve shall henca-—

forth, . as | ig observed in most préctical, thet

the voltage is constmzt; | | | V‘

Um’ier these conditions the current in the relay winr"ing,
connected in 'bhe relay network, will depesnd on ‘bhe regigstancss in
the cireult of this relsy, on the mutval connection, and on the
conneotion with the current sowrca, Einece the cc-nfigm';tion of the
relay circull depends onh ﬁhﬁ states of the can’cac'bs, consequently
the coefficient ,A may change during the operation of the net-
work and will be a discrate functlon of the states of the contacts
of the network _

‘ A=2sla, b, ..., 0 (£.3)
 The value of AA can change from sero (nc current in the
wiﬁdings) to #l\ , the valus of which is determined by the ampere

4
turns prodused by a given vinding when the sourcs voltage is

t

7
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feconnected to its terminals, and the sisgn is detorminsd by the

»

directlon of tbhe swyrent in the winding, il.e.,

- {0 2h

0 2 i Aa f < -A;} . Viveds )

il N £ 2 1 . - NTRUT AU IR . S s
For networks in which only pure eontzobt cirouits operate on

3 4o
A Ay Ao fa=L

N

Coh
If & finite s sonductance G is placad in éerias with the relsy
& (ve shall wse the econcept of conductance vabhar than that of
resistonce for convenlenes in using the gymbolic algsbra of contach

netuoris), sz the conduactance ig inereassd from zero o infinity the

PR B
conffiok

"
ht

v oy
2 shown in Fig,

in the cage of parallel connsction of the same

Limiting resistance). In ascordsnce with this, we can geparate
regions W of the values of the conductance G, at whick & given relay

in & givan network operates reliably (shown sheded in Fig. Tb and

thege will lie the interwmedists region, in which the state of the

relay dapends on its preceding state {(or the relay can be an inber-

HL
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r rnediate s’hat& soma of ths contacts havs been guitchsd nver, and

some no* 1.

In sehordance with (2.1}, the rag.wn w of relisble opsration of

"r,he relay & is determined by the relation

and thie reg“on n by the releblon
Vol e .:nv a o
3 i% :;ﬁ;;‘- . . (E.’:.‘D}Z&}
For each stete of the contacths of the relaye of the nstuork,
1f we know how the individual windings and resistances are inter-

L connected and we know their p»ram@ters, we can da‘harmine the valuss
of “!.he coafficiants ) , and from them judge the opera‘bion of the
relay.
We now congider how the inclusion of active resistances in
the circuit affect the épera'tion of a rela -. -

3. ROLE OE‘ ALTIW‘ CONDUCTANGE IN & RELAY CIRCUILT

s we héz"JS just seen, when &n ac +ive conductance G ls intro-

duced in the inﬂ ng circuil of relay 4, ths coefficient Ay is

Whnen o corductancs G is added to the circuit of a slngle~
winding A, depending on the valus of this conductance, the relay
can dd the followings | ’

a) Cperate and hold ( )A > 1)

b) Not operate, but hold, if it has operated meviously

i

,-.ﬂ?‘ ,9( 3,
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T > X, > /). B | | |
c) W,,.tm‘:f' oparate nor hold ()ﬁ AW, /.%‘ Y.

1\ X .
In casas (&) and (g}, the chfvaeter of the effect of ths

connected conduchanca is lcdepandent of the s%;ate of the relay, where~-

. Bs 1o case {b) these asfocks will differ d‘apezyiing on whether the
relay hag pa"evims}.;}r operatad or noh, -

Therefore ,m the amlw is of the operation of relazy A the
conduntance G can be replaced by %he valus ludicated in Table 20,

Tabls 20

é&u BpessReNecTs § RoRamoNens

{) . kA, TO GNT ISWSABCTN BRI
y Reforaas pele A npa vogearaes P 1N
wEE « sewy O FF 14y 4
[PDK ROCRETOBAN K| IR NEPRARCELIOH
HOM BXIBCYEAN BERDUE KM

5) Pexe cpadaruipaer B yaepsi-

Baet H 0
) Pene un cpaﬁa«-maef. 175)

YAEPKHBILT a a
-\ Pese se cpatatusaer v wme '
’ YAEPXEBACT 0 d !

!) Action of relsy A when G iz connectsd to it.
2) If the corductance G is connected to A, it is changsd by:
3) In ssries connection

4)  In parallel connsction

5} Relay operates and holis
6) Relay does not operate bub holds
7} Telay operates and does nob hnld

If there are several conductancss, the operating conditions of
'

L
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the relay can be move somplicated, Thug, for examnple, the saune i

L
g o "(;Zxé

conduotanse, connected in perallsl to a ro lay, dependin

sresence or absencs of anothar condnetance connacted in serien, nay

either dishwb or not disturb the pperabion of the relay.

The de pendance of the operation " of = relay cormecﬁe.:}
in the diagonal of 8 bridge che up of active conductance is parti- ]
cularly somplicated,

ks yat thers is no peneral method for converilag relay networks ‘

with active conduchances, Howsver, for the cass of class T networks,

under certain 13 mi‘ba‘biorxs, which will be discussed later, one can
give an analytiocal method of eguivalent transformelions of rslay l

networks, which can be used gbove all in bheir synthesis.

4, CGOK "U”‘ OF THE ORDER OF THE COMDUCTANCE

In order o characterize the effect of a finite conducbance

¢ connected bo a relay A, ve i.n‘(::mducet: the whoaph of the order of

the esnductance., BHach conductance G will be judged in
accordance with how 1t . effects the oper ation of a given

relay A in a given network in geries and in paralisl connectlon.

With this, we shall consider only the repions in which reliable
operation or release of the relay is insured (regions w and 1 in
Fig. 70).

If the condustance G, connected to rslay A, both in seriss

and in parallel, does not disturb the operation of this

K



- ' L
[ relay, we shall ssy that thie conductance is of one order

with relay 1
A, and ve shall agree %o deslignate It by G_ ,.
If, howevsr, the addition of

L he

£

condustance O in serices with

sonpletely th

the winding of the relay A disturhs ke operation of the

. velay, while parallel connesiion of the same ccnductance doeg not |
igtirk the operabicn, we shall sey thal the condustance G has a

lower order with rospect to the relay A and will be denoted by G, 4 -
. pe : A ¢ LA

To the contrary, if parailal connection of the conduciance
disturbs the operation, while series comnection does not affect it,
we shall say thet the conjuctance G is of nighsr opder with respect
te reliay A, and us shéll dencte ittby‘symbgl G ope

Finally, a ease may be when the operation of the relay

4 is disturbed both by parallel and by series connection of the

condustance G, Such 2 csse, howsver, has ne pracbical significance

and we shall not consider it,

We note that the concept of the "order of ¢onductanece” is
relative, since it charecterizes not the sbaolute valus of the con-

ductance {or resistance), but the effect of this of this conductance
on the oporetion of the reley in the netwerk, il.e., it pertains 1o
the specific pavameters of the ne

der s
)

ork snd to the voltage applied
to it,

It i¢ seen from the definitions that withoutdisturbing the

 operation of the relay A, one can connect lu saries kewk with the

=




r . i . ke - X
Twinding of this velay a conduetance of the same crder or nigher {(we 7}

shall dencte it in g_ﬁﬂ?‘lﬁr&.n form by G myﬁ&“}.i. On the other hand, a con-
&

ducbance &, comnectsd in geries, causes Aigbirbancs of
.;%.

the operation of the relay 4. Analogously, Los paral}.m connection of

o conductanse of lower crder or of the same crder {dencted in

e

. ganeral form G < &f} will not affech the mpmrg;ﬁim of the ralay,
while a parsllsl-connected condustance of highew order G shurte
. . > A
the rai%,a*f and disturbs ite operation,
we f“haj agrea that if tie fopmuia or o certain separated
part of ke formula doss nob have any indicabion of the mder of tae
corductance o, aontained in the formula for elements of finite conduc~
) - thean :
tance - (in particular, relay windings), all these elaments have the
: A

gams ordsr of conductancs.

5,  INTERACTION OF RELAYS IN A NETWCRK

I the presenco of several relays in a netuork, cach
relay represents a finlte corductance with respect to the windings
of the cther relays, and they can influsnce the operatlon of ezch
sther., Without considering all possivle cases of mutusl influence
O.‘fﬂv‘th‘: relay windings connscted in the network, we shall r*om.ma
ourselves %o the case (which is 'nc)s‘t; important from the pelnt of

view of prac tice} vhen the parame%rss of the relsys sre so chosen,

'thau ths zulmm,r'f condibions are sstlafieds

AN F




a) o< Aog, o E‘..-,x;‘ ,
6) ecan A B.a S 8.7
B} e Acs, by a. '

From the definitions and linitatlons assumed above, we can
phbain the following properbies:
1) Transitivity:

o

Ts '
Ig ‘ﬁ;rgg, and B?G

2} equality of orderss

s ";i:a.-sm A?’G or L{A; (’3.5)

{(%.49)

‘4 - 2 .
ir A;B abd B 24 Lhegn Am 5 or B A

3) non-realizebility:

Rty

I & am B, thon the nstiork de not realizable. (§12)
% f@?llows from the delfinitions thet if, for ezample, three
relays - A, B, and C -~ satisfying tha Tolation A ny and Bsg
(or _B {A s C(gﬁ are conneched in peries and to the pover supply,
only relay B, with the lowsgb arder of ca?.ﬁum":;smce,' will operéte.
In the csse of a. parallal comecﬁ;ﬂ;mn of thess relays, only relasy
4 with the largest order of conductance will operat«a.'

If all three relays have the sams order of condﬁctazma, all
will operate s%mul%anes ougly both in the cass of serles and in the
cage of parallel connecticons,

et us agree also, that the values of the conductances and

the paremeters of the relays ara oo choson that in parallel or

‘gerieg connsction of a finlte xumber of conduotances of one order,

tho total conductance will be of the same order, i.e.,

0

47
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AL Bogb . A KoamAEE . K)o
A-Bupor Kan=(AB ... Kn.

For conductances of , mrder, the dotal condustance In

. > . .. ek
Cgoeries conncotion will

conductancs of lowegh  parallel connsction by the ele-

g la'\«e,

ment with the higheat

boad-Boa=FE.ua | ‘
E.a-Beas= Bea '

From this It follous, in particular, that

0.6=0,  1.6=G;
G64G=G, 14+G=1

e
o
rd
v

M

srincipal  fechor in relay nf*wov o
whirh have

ths game cluvscier and sequence
antical stetez of the actuating

n of the actuating elements, will

5 P

ve called equivalert,

£ | I N
LSATE snsaad 0

¢ taken to distinculsh beiwean

equlvaiencs of contact aetuw

zg regards to thelr gtructural

adudittance, and equivalence as regards the oporation of the relsy




in the nebwork., ' . 1

Tn the present book wa shall consider not all possible equiva-
lent mmm*ks, but only equwmlen* networks w.x,th the sams number of
relays and the same operating sequence, i.e., networks the actlion of

s which is getermined by one and the same table of connections. In

other words, we consider here m*ausf‘orm.aua orsof reley networks,
for which the opsrating fw;ctwns of each reLAf and of each actuating
circuit . are apscified. |

Tf in addlbion to that, the metworks have the same conductance,
accurats to within its order, we shall call them a%solutely
equi%ralen.’cu Xoowledge of the conductance of a reliy network 1is
imperbart from the point of view of the nutual influsnce of
individual relsy netuvorks when they ave éonnecta& into a common net-
VOTK,

Ye shall distinguish the follouwing tpansformations of relay

netwerks:

1) Equivelent, which lead to netuorks with the sane a;ﬂration." _
We shall murmum far uhssa travsfornations the symbol .

2) Equal, wmch lead to networks of the same (accm‘ate to
wi’hm fte crder) structural admittance, ITor these tpansfornations,
in anslogy with contact circults, we sha'i,l use the - egual
sign)

3) Ahe‘alwfr,ely equivalen'b which do not changs ths operation

of *Lhe network and its structural adaittance. For these trang-

{5/




. b e
[ formations we shall use the symbol = . ' 1

X9

7. Bquivelent Transformations of Relay Hetworks

Wa have seen that in the case of comiact circulis, squal

+ transformebions of the algébra of the conbact networks lead to cop- |

“tact networks which have the seme ghrustbural eduittance, i.e., net-

works ave obtalned, which will be simultaneously closed or opsned

for different states of the relays, whose combacts enter into these

networks, However, the formaliom of the algebra of contact networks

E

cannot always be ussd for transformations of relay nebtworks, since

a

we are interested not in the structural admittance of the relay net-~
works, but in the relay opsration. In addition, the laws of the
algsbra of contaét‘uatwarks are not aluays valld for élements of
finite corductivity (in péfticular, * inversion
is not defined for these é]ﬂmanta). A relay cirouil c@htaining
slémﬁnts of finite conductiviiy (in the Banse Qf its infliuvence on
the cpqratien of the relay) can be considered as having valueg zero
ér one, and therefors, with certain restr-ictions, the lauﬁ of the
elgsbra of comtact networks can be used also for the transformation
of relay notworks,

| Lot ug ses now whel transformetions can be carried out with
relay netuorks in ordsr to obtain aqﬁiv&lent netuorks with allow-

ance for everything said above,

It ig essy to verify that one can mpply He networks of class

P~
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TI" eontaining both contacts and Windings of relays, those laws of —

shxameaie the algsbra of contact natuworks, which do not lead to a

ghange o bhe numzer of windings. Above £1l, ona can apply to reisy

whatever, the commubitlve and

-

) . ] 2
of ch»r’f:m-. ot networds, i.0.

3

xyA = () A = x (A
sty tAsEtY+Asct @+ A,

The Alstributive laws of the slgwbra of contact networks ave

soplicabla only for those rdms, when the nusber of windings does

.

-

not change, i.6., for bhe intersctlion of ths co entact elreult relative

to addition and muliiplication of elements of finite conmductance

x{(A -+ By=xA -+ x5;
x4 AF=={x + A (x -+ B).
EINEDY
Tn formiulas (5.34) ~- (#,16), ¥ and y can mean net only con-
acts of individual relays, but contact clrcuits, whils A and 3

can maan pot only the windings of individual relays, but relay
iseasy to verify that ii the natork conoists
e windings of single-wirding relaye with conduetence of the szme
order and if the sufficient condition for the operstlon of a

lay is thal current flow thw: mgh the winding of thisz relay, bthan

A4

{



a1l netwurkstof class Tr’will be ééﬁivalant, since for any connsctiofiy
| betusen these windings the cwrrent will pass through each of them, and
al.? relgys will opevate simulianeously. In'o*bher words, for eiezdex;ts
of finite conductivity of the same ordor we can write the follouing
~_jaz?.:»f.wli;u:f*ei‘..:f &qulvaleht %raasfarma@}on. : o
; Ag+ Bz A Baa (5‘17)
If the Wiﬁﬁlnbm of the rolay have éanﬂuctivities of different
ordsr, then the methed of jolning the windings will pley asn im~
portant role, dﬁe to the limitaticn of the currents in the windings
of the individual relays, as indicated zbove, and conzequently

transformation (£.17) is not applicable in this cass,

g, Inversion of Relay Netuwcrks

In the analysiﬁ of transforsations of conbact networks we
defined inversion as finding a neimork, of inverse admittance. In
the lnversion of any cireuit of class Uﬂﬁ, rerellel connections
becoms series conmections and vice versa, while meke contacts becoms
break contacts amd vice versa.

2t us examine now vhet heppens in a relay network if in-
version ie carried out in the afurementionsd sense.

Upon going from a geries connsction of & comtact circult and
& relay winding {Fig, 72a) to 2 perallel connsction (Fig. 72b)
the eperat*on of relay 4 will not be distwbed cnly if the clr-

cuit ﬁA, shunt;nﬂ +he relay A will have an admititancs invaraa of

o337
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’s

“ s sw;. HRANAT, I*r, i egay Lo veriiy, bmevm s Lkmin the twe net~

the eiroult f X i.6., if 'theae mrcu..,ts sre mu’tmly’ inva"rse 1

e

Fa = iA {3.1&
We wmee thus uh«;{; by inverting a velsy cireull in ace oedancs
with ths :f"u}_ﬁ of irversion of conbact circulbs, bub withoud changlog

the kjfum e of the relay, wobtain a new network, operating in

vworks aiffer in their conductivity.
!Lﬁ&lcgrs‘wlur in goibg from serles c;;'.mx':z—:.c“l::imn to perallsl
conneation for & circull eonbaluing r relays of one crdsr of con-
ig. 738}, the operabion of the cirouit dees nol cha:gs
if the conductivitiss r'ﬁ«"na‘m of tha sane opder.
3
the presencs of W md ings of different ovders of conduotleity,
ppon going from geries copnsotion to parallel connsv'ﬂ,iom the opara-
tj,exz of the circuld will nek changs only 1f the m‘dm’s of the
ST o - ponductances of the relay

windings in the network will be reversed (Fig, 73b). I we con

sider ths conductances of tha network, we shall £ind thad wnder

the Foregolng conditions, In the case ' of invergslon

of 2 petwork oor of conductances of the same order, the

p.)
@0
fn
w0
c“?’
r 8

eobduntance of the network romains of the same ovder, but if the
orders are different the erder 1s reversed,

Je can devive from this the following riles for laversion
of elaments of finite conductivity.

In ne‘bwor o with elsments of the same order, inversion of

XS




the netwark does not charge their order, end if conductances of |

differaut orders are present in ths network, inversion causes their

order to be ' changed from larger to smaller, and vies versa,
. iﬂe’,z
,.: Gwﬂ =R G«A; - ‘ P
Goawelens Ouazsligai- j
= VT e
GeamGon Ugcaelsae

(8.19)
Thus, the laws of inversion as applied to relay networks will

heave the forn

A=x ) A XA =x4
Xl g %X*‘!‘A'g.ﬁ; x+A>me-£<sa :
Xﬁhs =X “}'-A‘gﬁ:; X“}fﬁyﬁ -‘:.-“’,.EX'Ag;ng (,8.2[3}

Under these mﬂdi‘%ions the in*s:ars:im of & relay ﬁa"work is
an cguivalent %{zﬂazisfortsmtim; gince the active of the netuerk doss
not change, In other words, we can wrlis

Fa F. (8.21)

The strac%wral sdmittance of the network, however, ls lnverted
wﬁen the network ie inverted.

Alohg with bthis, one oan broaden bhe process of inversion in

‘ relay networks and invert xﬁot the én’i;ire relay netuork, bufc only a
‘ part of 1t, (Individual procedures for portiel inversion of relay
ﬁeﬁwork,ﬁ ce given in reference /331/ o) Tm:;s,'if e ralay tuo-

terminal network § is isclated in a velsy network, and if this

two pole network includes all the relay windings of the network
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Twhich ‘the wémpola # remaing &nch?zi%gad , the conditiong for the flow ™
of cwrrent through tha .‘La*h*i:er will be the same ssprior to inversion.
Howewsr, in this case ths inpub as}r.ﬁ:i;tanca (ag in other cases
of inversion) is c.han&er aotuslly, if dae .x.nvmt admittance of the

. network prlor to inversion was

‘ Yiw Vis o Ym.a“ﬁ‘
8

t
e

it becomes afier the inversion

| Yz o ?s,x(yvx.a+ .

The two-pole ¥ can in Gurn be uwarwd in accordance with the
rule of invorsion of relsy m’stwork.s . detually, @s we Imow, inversion
of a'x‘elaj,r network does pot change ite opﬁraiion, but only ite
avémit‘aance, Tnaspuch as the four-terminel ¥ is a purely contact
network, a change of the order of the admittance of the load dosas

| oot change the condition of cwrernt flow through It.

By uway of an exanple lot us consider the network of the form

F = xyh, the inversion of which legds to the natwork
Feity+A
Uging the coo mrt. tion rule and mmamtmg in different manners

Parﬁ
the conbact ’bm:»"-pale (for the sake of clarity the separated L8 under~

t’

lined), we obtain ,
Fagh ex (i Ay x4 yA
or

FoeeysAes ylt+ A=y + xA

A1l %he networks obtained (Fig. 75) arve equivalent, but have

o{;_.{‘- ?
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o L . : _
differant strucbural adaitbances. , ]

9, EYPANSION OF RELAY NETWINKS BY INTRODUUING CONTACT CIRCUITS
4 relay petuwork can giso be modified by introducing in it,
.: in accordance with definite rules, conbact circults for elements of

i

£inite conductivity. We sh«ll now conmsider under what conditions

Y

ong can introducs now contset eirouits into & ralay nsivork,

It is quite obv;_i,ous that the Yexpeasion® of individual contact
cirenits in accordance with the laws given in Chapter 4 does not
change the opexgbing principis of thiss raia;? netuork, since under these
expaﬁsiem; _#‘;he sdmittance of the o crbact ciréuits does not change,

The introdusbion ofyocsn“lsact éj,rcui'ts in relay nstworks offers
greater possibilitiss of expamimg the networks. Thug, if in a
normal natuwork of the form £A ué . add in parallel a purely-

contact eireult, tha condition of operation of the rela& A reinains
unchanged only if the cireuit i;/ iz opened at the instant whon the
cirenit £ is cléseﬁ.. In other words, the foliowing conditions
ghould be satisfied,

f=0.

4 is obvious thet this cordition is satisfled sbove all by an

expression inverse to £, kuyswy and algo by any "emaller" expression,

i.€.y
‘ < [

X/



==L
v

e ecan thus write down the followd
M@m+i (2,2

=
1

Analogously, the eqiuivalencn will

ot
fori
a3

. BT Py Yo ol
net he vioisted

s - * NP .y & g [ SR P R A T N
connect in serisz g cirould which will be

elosa? when the olreult connected pavallel o the rolay windlaog is
v L. - f e 2 . P . X 3 . it
opengd, This corregponds to multiplying an ewpresgsion of the lora

¢ + ALy an expression whieh ig inverss to £, or by sone ,Largs ex-

P+ Asm AL, | (&.23)

1t is eawy to verify that in translformations (£,22) and {(¢.23)

the ovorall ado Ti?'f.ml"cf of the eireuit chﬂngesg {with the cxcantion of

trivial cases - = O and ﬁf: = 1), and cobzeguently, thege Yrans-

- °
formobicns are not absolutely squivalont,

B ey

OLUCING BLEMETIS CF

7~
PRY P

et us consider the poseibility of cxpanding a network by
ciomants of finite sonductivity, In accordance with

b LR S5 S - N\ . & . N
tho definition, by connecting s corduchbanco G g

. N .
L LI 86T s WS
o A3

'8
3 NS N - R 5 5 . A P SO s SPT¢ )
e MLEG AN oF reday &, of bhe same order wr greator, doss not

change toe operating conditions of this relay, Natwrally, the

cperating conditions will remain unchanged if the conduotanss of

R 4 2




Tthis civeuwit is further increased by comnecting in parallel %o G , 1
' -

soms circuit SL (purely-contact or with element of finite conduc'bivisby)
@u‘i:, nob with relaey windings . Slamends of finits cord webivity can

he raplaced by windings if alrcults of several roelays are combloed

' . one ¢an
 {sae p 138).1 It follows therefors dhat,connect  in series with
! b 4 - A

any relsy netuork, without disburbing its operation, a circuit of

Sk + L1, uhere .é.g iz the netrork relzy wirding with the

lergsst order of conductance (Fig. 77a)s

. F(ﬂh.v..gag,z,.owz;A;,...',Au)“‘-':-“
?(G)‘M +Q)F(al’ n'napgﬂ' x,g PO .Z. Alg o.- . ’An) ((.:).22;-)

Anslogously, we can connset in parallel to each relay network

f- 134

a circuit of the fmfm‘.ﬁ.{}(A f' {(whsra A}g is ths network relay wianding

having the smallest order of condustanse):

Flon oo on@u X g2 Ay oo o An)5=SG gy +
+F(a‘1.‘T-.,G'mx....,z,Ag....,An). (8

A

5)
These eguivalences are in general not abgolute, They bscoms
ebsolube only when the structural edmittances of F and L2 are related

ag follous:

If F =1, then €2 = 1 Tor the equivalence (8.24) (5.2¢)
i I
<26

¥ 0, then £} = 0 for the eguivalence (8,25).

]
;:4:

In the case when the netwerk ¥ is of the normal or inverse
type, Ll.8.s vhen its struetiral admittance cannot assume the values
of eonditions (8.26), then the equivalences (8.24) and (8.25)

becoms absolute (Fig., 77b and c):

L3
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fAS(Gyat QA .27
ot A=Bcat o+ A ‘
(8,2¢)

The circmi.ﬁ Q;- 4+ £} can slso be inhroduced in gerles, and

. the circwit SL& ¢, in Im*&me? with the winding of the reley 4, LIS

i b and
i

cne esn add Lo formulag (*"a.iﬁ‘u ap? (8:28) the following equivalencest

fAz= (A3 QG cak : (5.29)
@ ﬁwwﬂﬂm-k&‘f)ﬁ .30)

Blemsnbs of finite condw tm: ty can also be introdused into
'I.I‘ﬁl'?iﬂtb‘li circuits, acting on the relay A. Thus, an élemﬁnt with
a condustivily Gyyora sircult of tha form G pp * 5L can be
connectad in sevies with any contact o.rf’cui‘t«, conneated in series
‘with the éimi;i.:xu of the ralay A.

In other words, in any tern contained in f one can introduce
as a multiplying fsctor the expression G 24 +.¢’L {in “*..:hﬁ paz-'ts.c\ﬁ.ar
sage L2 = O} without disturbing ths opamtmn of tha ne*tworh:

otk T A1 Gpa + D+ BIAS TR+ 1Ga + 94 (8.51)

Gﬂ ihe other hand, the operatian cf the network remalins

wrdistrbad i we nonnect. kureenchy

a o *mw'tamn of the forn {1 G (Aq whnse order lg less bhan the
cor;;ilm’t*me of the relsy wisding, in parallel bo the contact cir-
cuis connscled in safiﬂs with ttm» winding of reley A, since by
definition in casss whan the comtact eircuit is open the current |

uill not be bu.fi“:t.ownt inthe relay winding to opsrate this relay.

ol fg
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In other words, one can add o ths formula of the contact clr-

1
t

cuit of & neoemed netuwork of relay Aa :px*e:ssion LrGep a8 an additive

tem to any part of this eirenit {in par‘timﬁméﬁ* case £z 1Y

= {f + 2062 A {6,32a)
fsf«zﬁm(fa QG 4} fA.

Anslogously, in contsct cireculis connected in parallel Lo the
o b
winding of relsy 4, one can add in series a conduelance G)Q 4 5L,
Ly .

while in parallel cone cen 843 a conductance Ng <At
tony

. ’ 8,". 3
oupe -+ A= lgn + BGca) + 4; (.33)
vt Asgllaa+ B+ 4 ' {£.342)
o+t A 0 {Gsa 4 Q) 9 - A
{5,340)
If formulag (86,27) -~ (8.34) are compared with {4.23a) ax?d
{4.23b) for the expansion of contact networks, as well as with
formulaz {8.22) and (8.33), an inlercsting analegy can be mads
betuzen the conceph order of conductancs® and the concept of

larger or smallor conlact clreuwlis. Actuslly, where s larger clirvculd

an be connected to & countech nebwork without affecting the overall

2]

admittance, one can introduce in a rvelay cireuilt an elewent of
finite conductivity of greater order withoud disturbing the opora-
tiom of the network, An analogous correspordence exisbe batuwaen

thesmadlergontact cireuwlt amd & lovsr-crder element of finkte

A8




. .
1l. ACTION OF MULTIPLE-WINDING RELAYS ‘ -1
In the casas conaiderad sbove it was assumed that eachrelsay
Las a single windin ‘[ (:me ragpording organ )» In practice, ong uses

exvtensively multipl wix.ﬁmg relays, bthe sction of which depanis not

H

oaly on the gbate of the cir uits in which imc?iv:%,ﬂual are connected,
. -

hut also on the imberaction of thags wmdingfs,

Frr g mulbiple-winding :t?{-talﬁ%..:a-y we nurker (in the gensral case
the numbering order is $mmaterial) al'fl the windings of the “may and
write down the number of the m,m ing as a swerseript to the gymbol
of tha relay, l.e., &, &, elec. denote the first, second, ote.

windings of the relay A, In addition, we agx‘ma that if in winding

e
Er
&

& the swrrent flouwg and e the beginning, the gymbol for

fir o
'i-:“
this winding vu}ﬁk ha A

e note tha“b it is not mlways essential to write down the
winding nurhers. This pertains in particular to 1nd teruediate frans-
formations, in the case when the windings of . one relay sre &ll of
the sase order of conductance.

in a mulitiple-y &m;.ng relay the megnetic flux is proportional
to the otal ampara turns produssd by all the windings, with allow-
ance for the direstion of the curvent in the individual windinga.
Tf d" e ‘h., ) * 'Lh y ’t' A.w i/‘aw' Losnm A-}L -1 . 't-h
If wa denote by ab The ratio &, os Where &, arve the

o 5 .

tuorking® ampore tuens produced by winding & of relay A, then

the operation of relay A can be characterized by the algebrale

sun of these cosfficicnts for all the windings of this relay:

Réy
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)‘A o gl‘l. ’
‘ (8.35)
There are s:m}l no gensral methods for transfcraning reldy
el

netuworks uith mul himawwmr Ting relays, and in the next sections we

- shell only discuss sevsral particular cases, whilch are of practical

-gignificanca. We noic sbove all that the a,r'ar‘mf’c b on c:ef ralay
networks will depend on wkn.‘;me 81l the windings are connected in 8
Goor 5ir shed mzmner {the cwrrent fiows in all windings ik only one

4

direchion}, or or whethor there ewisbs bucking windings.

1z. ‘L.,L‘ 78 WITH CO0 ﬂ}mmuu WINDINGS

Por relays with coordinated windings, we infroduce the Follov-
ing limitations:

For « Jpera tion of the ralay it is Sz;cf‘ficimz"ﬁ that the circult

e eloged of ab Jsast one of the windings and that 1*,h6 relations

that follow . from the congept of the order of conductance be retained.

«

v’hen corduntances of lower crdor are condeched ia serles with
the windivgs or condustances of higher order are counscted in
parallel, the relay will not operate or hold, even thgugh curreant
flowg simultansously in sll windings.

In other words, we shall adsuwe that the parameters of ths
notuork are chosen such bthat in the case when the relay should
operate the coelfficient A Ai for any of its winﬁiﬁgs will be z;c«‘t.

lese than unity

S W
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.....

e

RY'ES) o-
' (8.36p)
and in those periocds when the relay should not operate, the coefil-.
! .
cients ) . ere guch that the foliowing relation holds

A
Zk <A5V
(8.366)

Under 'bhe&:,,”lw:itms.ona, the repetition law will hold, i.¢.,

AsMg Ly,
A@A“ﬁ"d;ﬁ-a,‘&. ’ }

(8.37)
as vwell ag the dlstribubive lsws

) A A 4 gae,
X+ A (x5 Al)g + Ac,.}

With the aild of ‘bhasev_relaﬁio‘ns ong can introduce into the
netuark edditionel windings, which in some cases mekes it possible
to gimplify the netuork. ~

We note inecidentall; ,}r that the distribube Zums, from the point
of viecw of operation of 'bha mla;y A, do no‘b impess any limitations
whatever on the sequesncs of the condugtances of the windings A,

_Al, and A2, If it is assumed, however, that all the windings have
the ssme order of conductance, then formuilas (E%.B’-?) and (8.38)
y;‘n,e]d absmiutely agguivalent ’tlﬁ’&ﬂSi'ﬂW@ti‘:ﬁlﬁ.

Ye note furthermore thet ths formulas for the dlstribubive
laws will hold alsc in bho case when x amd y wi.l‘l contain elem

ments of finlte conductivity, but the formulas will not glve

e

A g

'

-

oy




equivalent transformations il x a.nd v will contain windings of |
any relave.
The iptroductlion of supplementary windinge with use of thaelir

R
nLo

fre.

Taus (8.32) makes it possible to subdivide ths contact clrouwid

several independent clirouits, a fact which can be uged to reduce the

H

a2

number of contacts when con ,,:c:mztwp midltiple~relay natworks, as
will be shoun later.
After irtroducing into the petwork at Jeast one bucking winding,

ne further winding can be addod.

3, INTRODUCTION OF BUCKING WINDINGS

Ixperience in the consiruction of relay natworks shows that

In parbicular, the usc of sueh windings mekes it possible to
irorove bhe $ime factors of a relmy, and also replace certain con-

tacts in a relay circult by their inverses

e
1
ot
E—N
I
[458)
w0

Ye note that in genaral it '?.s immaterial which of the wis

e

is the basic one and which is the bueking oms, The basic i inding

alvays is busking with respect to the bucking winding, i.e.,
_ o ,
- S
A= A ‘ {8.39)
in the peneral case ths ampers turns produced by amy each

)

a L { B [y “ LY ) n
winding (both baglec and bucking) can have dilfferent values and
their inbersction may be sulficiently complicated.
He shall consider only nebworks in which the paramstors arc

—_—

70O
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rso ehosen, fthat each Winding can B5 in the following states: -

a) "Excited," characterized hy the coefficiant. [}\ K 1,
which is zeme for ell windings.

DL wkillw‘“'/"/‘; ’ (£.408)

b} MUnsxeitaed,! cl’.xzaracs‘terizaé by & cosfficient >\ : such
d 14{ Al.

t'xa d ' S
% 'ua l‘“
(8,400}
Ws shell coafine ourselves hers to guch transformations, whdch

do not change the valves of _)‘& = ‘“/;f' )Aa for 8ll possible states

[

»

of the nsbuork.
It is precisely for these conditions that we shall employ the

distributive law of relay networks, formulated by D, I, Shasrevich
o
x4+ WA= xA + yAS 4 xyA”, l
Xy + A= (x4 A} {y+A*)<x+y+A*> |

(8.41)

From this follow, for example, the following equivalencoss
(4 PA=(x+ 3y A=A ¢ yAY (8.42)
o Asm(xbx) A :m_ExAn + XA (©.43)

In the particulsr cass when xy = O, l.¢., X é ;r‘ or v & X,
formulas (2.41) assume tho "m’.«. of the distributive law for nebworks
without bucking wind irzg, 3o

Anot; hr;,r teansformation, which makes it possib le to introduce

of . -
inte the ne_mom, a bucking winding and retaining the vfaiuash '}A’

77




r . ' w g saa . et . '
! by changing the strusiural admittance, is the equivelent trans- 1

fermuiu.a, resonmanded by A. N, Yuragov /64, 63/ and D. I, Shnavevich
[
/91 s , e
xA= A+ x A%
, x+ A @ﬁ‘{f+‘§;‘)¢!

o

note that after m"”mucmd‘ inmbo the network bhucking

uindings ong can no Jopger ugs the transformations {8.34), Wziub

z
folicw from tha lauw (8.37) of repetition for na"awcmiﬁ.s without bucking

windings, for in this case the relation ls viclated betwesn the

o
e

nuzber of excited direct and bucking windings, and consegusntly
} & changes, |

if for any stats [FZ of +the gystem relaticn {;&(th is po:;ssible,
indicating thal reia;y" h doss not opsrabe in this %ate aither bscauss

of lack of current in the winding or becausc the magnetic f{lelds
produead by the individual s inding i ‘
pere cance elisd out, bhen emch of the windings & of this relay can

~ -
/

bafcr;nsidéreﬁ only as a finite comduchance G"‘M jé of the same order

8s tzikﬁ winding, Consequently, in psrbicular, it follows that in

the cese when identical ampore tirns are prcmuﬂed in the windings

M
i
f*.i and A
Ai“}‘m%«‘G-ﬁz.:} i
and

A!' Aj w= m‘A{. (;" j

(8.45)
Using the equivalences (8.25), (8.45), and (8.43), one can

-

AR

!
-
i
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robtaina derivation of the first of formulss (B.44) | 1

xA G XA 4 XG4 -—vﬂ 4 x{A 4+ jﬁ
zmyAox .-»‘%-{m xﬁ._ a= A 4 XA

Analogously, the second formwla can be derived.

14, Gfu NERAL RULES F(l{ TRANSFCRMATION OF RFMJ NETHORKS

As slrveady montloned, all trmsicrmtmn of relay netuor
¢sn be broken up into equivslent, in which the structural sdmitibance
chanpes, an shsolube equivelent,in .whiuhn;txly the action of the net-
work ig retalnsd, bub ﬂlﬁ" the struetural ﬂdmi%aﬂce. Cortain trans-
.Lf‘rmatl(:ﬂb, guch a3 mrmu.ae (o.3 ), for example, are shaclutely

Cequivalent wiuen a}.’ the relay windings contained in them hove oh.s
same order of conductancs.

Inazmuch as fn sbeolul e‘w aguivalsnt Warsfsrmnmons the
strustural admifhance éf the circuit does not changs, conseqmntly
'ite action on the other A natvworks with which it may be
c»:»mec*baa does not changs. C(me can therofors conclude that ahso-
Lubely éqaivaleni 'tmahsi‘orma‘hic.zm can be used without any
limitation both in the network 65 a whole, and in its individual
parts.

The situation is different with transformations which resuld
in a chamgiiin Vth@ strustural sdniitance. These transformations

applisd '

can be, - without limitation only to the network as a whole.

. When these transfornations are appiled to parts of neitworks, one
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to tho netvork of Fig. 78h, Analogously one can obtain other net-

works with bucking windings.

)
-]
T —

W

Thus, & transition is realized from the netuork of Fig. 78a 1
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. must avtempt to have as many contact circulils as possible convergs

Chapler 9

S

GO TR UCTICR OF MULTIPLE-RELAY HETWCRLIS

1, ilc”z::r‘m Lomarks

e B

In the gynthesis of relay M’%:mrks cne opbalng from wim

oparating conditions of the mm e 'i;he operating  conditions of the
individusl relays and achuating circuits in the form of analytical

og of nurbers, In other words, in the first

Tx

formulas or agse mbi

gtage of the gynthesis one ob taing a group of networks of the form

':fr T oper i,:m of the inbermediate rﬂlz;ys by By veus

5, B g ,
and £, Ly sees for She scbuating relays V, W, ..., (Fig. 79},
The next stage is Lo aonstruct bhe overall network, where it
is neccusery Lo attempt to chtain the simplest possibls network,
in particul buorks with the smallast nusber of contavbs. The

reduction in the number of contacts in the netuwork is atlained by
A

mifying conbact cirewlls acting on ﬁd‘fefem} 1 ma}rsﬂj The posaibillity

m . 2 g d -
of wilylng

the cireulbs of separate relays is ds termined by the
corditions imposed on the indi vidual oircults
14 becomss possible mogt froquehtly to unifly combact eircults

which are connscted to one of the terminals of the battery. Cos

a——
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["at one point, for in this case the possidilities of unifying indi- 7

- reducing ths number of contacia in a network.

vidusl coniacts lucreasge,
In the pregent chapber uwe ehwll consider conditions, under

which it is possible to unify individual netuworks, and methods of

The urdficabtion of individual cirowits in a common network
is possible in two ways.

In the flrst mothod, which we ghall call joining, the indi-

vidurl circuits sre joired together in perallel or in series.

-~

The second method ; which we shell cell combihi.ng, consists
of reducing circuits of ,  separate ielays‘ﬁ.xﬂc-o a singlé
structure, after which velays from atheﬁ netuorks are introduced
in one of them,

The principal condition which datarmimq ‘the poséibility of
joining individual cirouits inte a common mtmork is s‘ach s choice
of paramaters of all sireuits, under which the sta heg of ona of
the circults doss not influsnce the opsration of the relays in
other circuite, Aund since such an influénce is determined above
a1l by the sdmittances of the jolmsd networks, we shall stop te
disouss tue character of the structwral admittances of different

rolay circults.

2o CLA“ESEFJ.GATIO’Q OF RELAY I\‘JE‘EWCRK& BY THE CHARACTER OF
THE ADMITTANCE ‘

The structwral sdmitbance of the relay network is characterized

K77




Cas the adnittance of the individval windlngs of the relays and

resistsncss, and by the methods of unifying the contaét eircuits

WD g

»

with 'thfz windings and rogistances.

In gensral one can subdivide all circuits into fowr groups.

{0

Group A —- networks with finite admittance, characterize

¥

by the fact that in all cases their admittance hsve z finite vaue,

i.8., they catisfy the lnequality:

OlY < o 49.1)

n""v.

ZeT0 COrTE *n' s o cloae& circuit and one te an open
cirouit (admittance equals infinity).

2} Oroup B - natw.ofkg of normal type, characterizad by the
faot that the contaet circults are connscled in éarias with
elenents of finite admittance, In such networks the
sdmittance cen never be uniby, and satisfies the lneguality

Y <k (9.2

Group (‘ ~- networks of inverse trpe, where the contast
circuits ave connecsdted in parallel with elements of finite aon-
duﬁ‘ﬁi‘ii‘tff:, as a 'cmn‘saquenoe guzh a cireult can usver be opensd

-

and satisfies the "5., noquality
o<r<n (9.3)
4) Group D -~ mived networks; the contact clrcuits are
connected both in sarias'am in parallsl to elomsnts of finite
conductivity ax_ﬁ their sdmlitiance satisfiss the inequality

0S¥ <t (9.4)

RS
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3.' ; Elemsntary Raley Gircuf‘%;% | .. . - -1

& relay cireuit which cont sains only one single-winding
relay A will be ca.dea ap elemesnbary relay cirsult. Fig. .80 ghous
elm‘wntaw; relay ﬂizf“uwi of all four ETOM{);)«

Ia 'eha m*asamc& of saveral e Lemm‘barv rolay cirenits we shall !
eamp‘ﬁ,e thwm in ordsxr of candust nee, meaning trwr by the 0‘3’661“ of a
conductance of the relsy w;rﬁ:z,ng. contained in the partmw&ax sircult.

It is obﬁic;us that ah elomentary rGiAY sirenit of group & can
nevar‘chanm its conductanse. Elemputary relay a.ircmta of r:rohps
B and C may have two valugs of conductancs fi.m:he, gqual to the
con&un'hanqe of_‘b‘m-z ralay winding, amd I'iﬁﬁ}ﬁ‘edﬁiﬁaly ZET0 Or onc.
Circults of growp D oan ha:va both values gero and one, &3 well ag
finits valugs.

wlomonbary cim:mm of eclagses B and C ca;& ba trangforned
iato each 6'&3h 1w by simple inverslon, ard czn be 'bransfarmd into

- patvorks of class U and vice varsa by partial lo-
veysion, Thie doss not violate the elementary nature and the
operating conditi ons of the relay.

An elementary circuit of group I can be ;m'arx,gfcrz'med J.n‘bo
a network of group B or C by ssries or parailel connaotion of &
finite conductance G_ ,, as pollows frov transfornations (8.27)

- {5,28): , N,
¢+ 1Al +[A)Ga +5 )3 0.5)
,v+M=§w+iﬁi+§;GM k (9.6)
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[ “ N
i In turn, elementary cirouits of group B and C can be transformed
into group A by analogous ad aition of an element of finite conduct-

ance o by introducing a bucking windlng in sosurdance with formula

) v
3\8.4‘&'!.): . xt’i s YA '{‘ fi“ P l
. K Aa’:f‘»ﬂ*’rﬂi— & !
L (9.7
xA=A 4+ x4 : ’
- L 3 Ly
x4 A Alx 4 A). ' ' 9.65

4a elemembary relay ciroult of group & cannot be tranaforoed

into any obber group.

by COO ;I‘J’EOIL‘Z‘& OF SOLNING RELAY CIRCUITS TNIO 4 COMMOK
Y“‘N\?
‘i-k-‘-\o

dhen jolning saveral relay circults into a common one it is
nECessaETY Lo antisfy the condition wherchy the stales of

some eircuits do not affect the operaticn of the relay In other

circulte.
Starting with the oing, we can gea that when several

relay circults are connscted in b@!l“ﬁa the conductance of each o
these should be leas in order of conductence than all the remaining
cnes. To the comtrary, in perallel connection ezaéh conductance
should nct be of grestor ordsr.

It i obvious thalt the joining of saverél circults, 'éat;sfyimg
this ¢ ondmt*ou, is posgible only wi‘t;h;f.n 'i",i:xfs groups A, B, and C for
identiecal rwder.; of relsy candmtann in each ¢ircult, wherein:

1) The circuits of group A cazn be joined both in parallel and !

oA £/




: ok o
« s 5 H - 5 . 3 -
| in serics, as can be done with elements of finite condustance of !

ths sams order, snd alsc consected to clreulbs of group B
in parailsl or %c girouits of group C in gerless -
2} Circuwits of group B can be joined only in parallel with

.each other and with ciroulis of group 4.

!

e
H

3) Oireuits of group G can be joined only in series with each

other or with circuits of group &

—

4

Cirouits of group D cannot be joined either in series or

in paraliel with any other ecircuits.

We see that the mosi Wilexible® from the point of view @:’c,‘?g

vjciﬁing with othsr circults ere circults of.group 4. Cireults of
’ 4 N

groups B and C are equivalent, whils cireulbs of group I wre the

most wnsuitable,

Blemponbary relay cireuits of differsnt aréarﬁ of condustance
cannot be irberconnseted into a common netuork,

Tha most practical significance is a parsilel éonﬂagtion of
normal elemsnbary rel&y civeults (group E)@‘ Hars oné'shoulﬁ tand
vtowards wnifying contects which enter in circults of different
relays. Fer thisz pwposs ' formulas of individual circults
are redused to such & form 8o as to be able to talke outsids the
bfacke%s the largest number of elemsubs, #s a result of such
transformations one obtains again e cireuit of normal type. It

is possible to construst circults by graphical methods, if the

conditions of opsration of individusl relays are specifisd by

o fR




fasaembliea of nurbars.,

Cne join analogously inverse networks {groap C).

5. Breakdown of Elementary Helay Circuits

Pl

: - Y » a8
; In some cassg it 4

s advantageous to b;c«eakc‘m{m ths elemsnbary
| relay cireuilt, before jolning it %o (:\‘tﬁm.f eireuite, iuto sevexa}.
smaller relay cii'c uits, by Inteoducing adﬂitiéml wirdings. Such a
breskdoun can be nbwmud by it odig ing 2 coordinated winding in
soccrdance with formulas (£.3%) end (8.42) or bucking windings in
ceordance with formulas {8.41) and (8.44); Afber b:r-eakdawn, sach

.

elrzmen’l:.n"'y cweu:t can ba considemd indgpendently, bs zring in mind

relay,'furth oy Introduction of cn:wdmateé windi mgrs in aucord anee
with Porovla {8,38) is mpsssi,bi(;;.

The breakdoun 15 best carried out :m guch & way that in
individusl cireulte the 'comszmt pard of the network wilZL be if
possible the same struoht uro,or . else that thej have the madmm
numbier of identical contacts, which could be brought out into a

unified cirouit.

1ot us consider, for exampls, the “i:r.&nsi'orm*ﬁicms of a net~
work of a binary pulse divider,tie eircuils for whose relays A and
B ars speciiied' by the fermulas

fa =6+ ua:
fa =26 4 ua.

o A3
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Introeducing conbined windings, the cireult can be 1

rarvesented in the form of fowr elemsubary olrcuits of group B:
Foad

#

After such a breakdown, it ls advanbage-

ous to unify windings ,e{L and B” into somaon networks, as well
as A2 3 BQ‘, after which the ghruetural form Wa'ai‘ the network L
beconez |
= u(GA* -+ 65Y + iaAE? |
where the winding should bhe of tha same order of conductance. ‘
This cirveunlt can he ‘E'szmfor*qa Sirbher by introducing bucking
windings, to such a furm as to have, for ezample, one maka contact
el 1%1&;,@ I, Uging transformation {8 zl,f*} y WO veplace the conbtach
. TR NS
by ¢4, i.0., we write +ak"B *:: iak7B 4 ak™B°, anl congeq! snbly
we obtain the «ﬁ:ccmu
F =u{4 + 65 + a'BY) 4 aA'5Y,
renrosented in Flg, 206a, In this cirveudt all the windings @ q of
the same ordsr of condusbance, and the windings 22 - 47 and d
BR - B: should producs tar« same number of ampere turns, |
!
|
6, COMBINING RELAY CIRCUITS |
The joining of elementary relay circulis, as indicated above,
lesds eithsr to & normel network or do an lnverse one . The
prohabilities are much greater LI one goses to mixed netuorks
uith pazame;hu sobion on individusl relays.
jaininég- relay circuits, it is possible to bring out any
: | !
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. n .
contact {or contact cs.rcuit) intn a common circult proviﬂed this 1

_ ccm*aﬂt (cireudt) is in serios with 'rhm c.arc'ui of the relays that’

4 o

aye joined together.. It is impossibls to use one snd the pame
conbach, for e&; aumLu 'i;r's sot on two relﬁ.’ya iy *bb«»:s op@ra’&iﬁg fornul

of one relay c:‘rm’tai.ms & make con*t-ﬁw'c and the Tormula of tho obther

ey

cont «:m" a bresk Qfmu—lﬁ't with a gluple rowz.m;, of tha relay cir-
eits. In the mixed cirouit, bowever, 1L this csan'bao"h is connscled
in :qra:ilﬂl to ong relay and ia 861".".63*3 to ancther, its actions on
theszs releys will be oppoaite,

To congtruet u,.;afm_; relay netuorks we use the eguivalent trans-
cormmbions indicabed in Chager &, togobher with the possibility of
imtroducing into relay circuibe elemunts of Pinite comuﬂﬁl\tﬁ,,r.

The cireuit of sach relsy {or emch of the relay pindi.ngﬁi will be

transforned in such & way a3 to reduce then to a upified giructurs,

i.e., o circuits with identically located like contacts and elements

of finits c;ezzfimtﬁ,vi'b;y. Those cirenits of wnified structure can then
ba combﬁ.neé, 1.8., individusl e! smenbs of finite comductivity fan
be replaced by worrs .@m&mg relay windings from d:i:(;‘fi‘rafen‘iﬁ circulls
with obawva‘t:z,on of ‘tha necegpary crders of condustivily of these
windings. |

By way of an exampls lst u ccnsixiar the ’sransfr:)rw'tsian of
g nctwork, the synthesis of which ls sarried oub in refersince

73, pp 534 -~ 535, in which 'the frnotions of the operation of the

releys Xy, Xz, and X3 ave given by the formulss

T At
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fxl = O 4 XXXy
e w ey 4 xq (2 5= x5):
[x, == GXs 4 X, X,

{9.9)

M cangider firsh nstuorks which contain ‘the contacts of

relay A. For this purpose ws wwi&a - gach relay with Bwo

windings and transform the expresaion to s unifisd strueturs:

FL4aX1% @+ o0 0) X 5@+ 00t KL 400, ¢ )
Fi=az,X3 + a4 0Xi= @+ 5XH G, ’

Flom aﬁxgw?(a$m6<x‘ JgXimn (@ "G«cx: ) 2 ch;’; ).
(o denctas any combast circuit)..

Qﬁmﬂm ing the three rasﬁmﬂt expressions we san note that
the first factor of sach aas sstruetore a + X "1 <X K , while
the sasond ls sn slement of finits conductivity of form (}’I-;' K.;

+ Aok {< fé )>x,£ . I‘mm this We. eﬂzazzluda firet thab }13" and
Xy should be of the sams order. Fro:n & gomparison wi’bh the first
factor it Lfolloug that the order of the congd uctance of Kzl should
be less than the order of the cm&uatamés of Xll and ‘Xgl.

Consequently, we cbtaln finslly a structural formula

= (a +x;X§<X;‘x:3€X§+x,X§).

Ye note thet this netvork has the ché.racter of a normal

relay netuork, I:{'bﬁs calewlation of the I‘Blﬂf windings it is

nscegsary to take into account thal the w ;x,,z:aaci’l,n,g of relay 4{23'

should havs such a resistance, that whsn it is connected in series

oA FE
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rwi'th relay ~}£1 or Kg 3t doss ot hrmi‘, rq}ay Yo shouwdd omra'be when 1

cormacted in sories with the winding of relay X7
We now trensform the second perte of B s formila, conbalning

the conbacts of bhe velays X3k and L33

R R - - %
Fi e 00X X S Xt (6 X9 o= 4 WG*:X%)(& -+ 60‘:%){& + Xin

o ., - 3, e . - 2

Fes o, (x) -4 ) X5 =03y 3 Xl X3 b Xolin (0 4 G x1 )20 + Xe{Gy xk -+ o)
-2 o #2 0 ool ;e X

!'3 == x!la}‘ti $x:; e x.}iﬁ = (.\;’u -+ x;X%){ﬂ}gf:; + ‘.'t)). ’

From 8 comparison of 'Um individual parts of the resuliant

expressions we can welte fov t.he i’i:z*:“t paxt

X+ xnk <h‘.¢\~

and for the last pavrts
s 2 &g k4
{5y + X2 x3)00 + Xz xE x5 -

, )
Coaparing the orders of tho conduclances, we sqe that o~ and

-

.2 ' . : :
%3% are of the same order, uhile 1212 is of a largsr order, dl.6.;

finally
(= 0 X3 + ’{“’}(-’:1 i 1>x;. ©).
In order to he able to join the networks F’x‘z’ in parallsl,

the latter should bs redused to one of group B by connecohing in
- s ' B >

series a condustance R, the order of whi ch g showld he such thabs
"'k ’
.o s . - &
The operation of the relsy of network ¥ omust not be dis-

furbed, for which purpuse it should be g*fezx\%ar than or @{;mal to

&

the relsy with the hig shest order of condustance in thid network,

i.e. 3 ng:fr ..
-

The operabion of the network ¥ must not be distwbed, for

e

Af 7
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Mwhich purposs it should be equel to or less than the donductance [

3

of the relay of network I having the lowsst wder, l.6., R 4K i .

«

The final network will be ag shoun in Fig. Sa.

, To satisfy the conditions that follows from the Toregoing

: : ) 3

relations  for | the ordery of the conductance, the windings of

pardk

) the rélsy must be so designed, that relay X1 does not hold when the
windings of Xp" or Xy° sre compacted in geriss, and the relays 2{??;1\3,

R

operate when all thres windings togebher with the limiting resistance
o ’ i
R are comnected in series,
& shoricoming of this network is the fact that in quiet stats
o _ ‘
the eireult is continuously olosed. In order 4o sliminete this ve
take the inverse nétwork of Fog

Froom et XD+ mbt
+ X Xiex, 50

x

Hers, too, we mugt use a liniting res;?.ﬁ"ngme R, and ths,wim_}jng‘
of the 2‘.‘63},1:.37' should ®s be so depigned that the relay ¥y does not.
ﬁold when comnected in parsllel with winding Z{}_z, winding ng,
cr winding 1*132, while the relsys X3 and ¥3 should cperate when all
thres windlings are conmnested in parailel,

The new nebtwork is shown i Fipg. 82b, The resultant networks
have two or three contecits (fouwr or five springs) lsss than nei~

vorks assembled by usual synthesis metheds /73, Fig. 15/.

By way of ancther sxample lst us consider the gynthssis of

——
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["a well known tusc-relay network ot binary divider for ¥k a nunber '—-‘ '

of pulses, the gtrucbural formula of which hﬂs the form

”

F ‘*?:m?él‘ - ubh? 4
+ uaAh*, (9,10)

In analogy Wwith the preceding, ws ‘hﬁ'ansfcm the individual
" torms of this expression N

ES . -

= néfl‘mu {6 -4« fi”
”“u(ﬁaw;}s + Al ==
(it 4 wl o §6G 5 a0 + A"
Fz = ubht =i {5[)! + (i,g I } wh {u -+ mGd,‘ )(6f] ~{ (I,‘J,t
F,= naA’F’ =g b @QARE® =={u 4+ aAPE Gy o g

Compering the individual expressions Wwe can concluds that

the geperel siructural formila csa;:{ bs *e;rii;"ﬁeu in the form
=+ (A", (OBY, ,, + AT

The © eﬁre sp‘mxiihg nework is shown in Fig, 83a. Inverting

this form, ve obtain a new network (Fig. 83b):
F =58+ (A%505 0 1+ &+ BLa) A

Tn the First network the first windings of relays 4 and B
and the limiting resisbance should be g0 designed that Wkén
winding. 3l is connected in parallel to winding at relay A relsases,
ard reley B operates. The second windling A.?' and E‘Z_ ghould bs 80
dagigmd that both relays operate when thess windings ars
connected in series with winding A: and the limiting resistance,
In the second network (Fig. 83b), the winding 85 should be so de—

signed that when connected in series with the winding A relay

AF ¢
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- L
A relesases and B operates,

We note that these netbworks have one contac'b only on each
relay, and consequently, it is jmpossible to obtain a network with

fower contacts.

The solutiors given here aj:e not uniqus, since one can obtain |

a largs number of anslogous networks of different structures.

e ¥ 24




4 o ‘ Chapter 1D - e
SEQUENTIAL RELAY NETWORKS WITH CAPACIT(RS.

i, The Cgpasibor - &n Active Elsmeal of Helay Netuworks

In relay networks capacitors are widsly used principally to
produce delsyed operation and release of ralays, sometimes to
accalersta the operaticn, ard for suppression of gparks. The ghility

@

‘ of a capagitor to accwmilats and store charge and to produce

. A

short~duration current pulses during the time of charging or dis-

charging are used considerably less frsquently,

These properties make it possible to use the capacitor ae

a menory element iu a relay sequential nstwork, which may operate

on the relay /50/. In ths general case the capacitor can have

different charges, bub from the point of view of operation of & ‘
relay natwerk, we sre interested in miy two shates of the capa—
citor -~ discharge and charge with a voltage capsbls of ac‘sing- on
the raisy. ” |

Inasmuch as the processes  of eharging and discharging
of capacitors in different circouits lﬁve' | . bean studied
guite well, we ghall stop hﬁl‘%‘v enly ‘o discuss problems of

gynthesls of nelworks with ceapscitors sching on relays.

[r.
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repain in operatling condition,
5 b2 £

element B in the charging civeult of the capacitor (sse Fig. 85).

1

Fig. 84 ahows the simplest W&y of aoting on intormedlate relay |
*chrmlﬁh .

X onbact i of the receliving element, Ro 1a‘ L opepates only aftor
the roceiving elemont operates ant lhon relaases, LT bhe relsy has
& device for holding (polarised welay or grelay with solf~

- 2

holding, and also a holding winding Jdotled in Fig. 84/, it will

-

~ 5 'Y

The ra“éy can bs switched off either by brealing the helding
gire izit, o by transatiling 2 cuwrrent pelse frow a cspacitor in
a bucking winding, as shoun in Fig. 23, vhere the eirg uto r ard h
gorrespond to states of the network In which the reley 4 should
operate (v} or release '(h)‘. v ‘ One must co***mm, in a circuit
of the busking winding a nale contact of this 'z~:3LﬂV .so bhat afber
thig relary relenses the rrld;, does not operate agein beczuge of
current =f in the bueking vwinding,

Thug, %o oporato a relay without holding it is necesssry to

nave three windings ~- workleg, holding, and bucking. We note that

gupsly is cormc*u'iﬁq to it *tbz*uugh rosigbonce R by meansg of &

tranafer combact on the same **"rlzw . In this cage the paramotors

2]

of the circult shovld bé so chosen that the capacitor does not
have tine to hacons charged during the instant of ire ‘sfcr of the
contact, when the extrems springs zre iutercoansched. It is.

possible to eliminate this effect by lntroducing a rectifier

. oy ”»
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r Since the duration of the prlse is limited, one must chooge 1

such & duration, that one relay bes a chance %o operate or release,
and the other, connected in parallel to the oontact of the operating

Crelaasiﬁg) relﬁy’doﬁé‘nqt operate. Under this condition one can
‘use one capaclior ﬁc control savérai rel&yﬁ; - L
. i
Feom an‘examination of the networks we pee that corregponding
to charged and uncharged states of the crpsoitor (in anslogy to thﬁ»
o@er&bing and non~oparating statesz of the rélay) are individual
periods of operation of the networ. As regards its aotion on other
elemsnte of the network, ihe cépaaiﬁor differs from the reiay. Afber
tha felay'oparates, it suitches circuits (one or several) and after
cauging a ceriain action in other eiemanﬁs of ths circuit, it can
in itself not change its own state. On the other hand the éction

of the capacitor can take place only durlng instants of charging or

discharging, L.e., the sotion | is accompanied by a cﬁange in
the gbate of the capacitor, |
Thug, the‘capﬁcitor ean be tged only in these cases when It is
“enough to have s s?arﬁmduration action, as for Bxample“to antuzte
an intermediate reiﬁy} The posgibility of baving & oapaciter act
on actusting circults is very limlited and raquires’invastigation in
each particular cage.
" As will be shoun below, the use of capacitors in
sequential Agﬁwafks makes it possible o reducs the mumher of

. relays, which in soms ocases leads o an increage in the number of
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i contacts end windings in the remaining relays. Sonetimgs the use of N

capascitdrs makes It possibis to golve problems of interaction betwsen
Lha inﬁermaamm rfeii,gys, by realising chargss and discharges in a
camaaépon&i&g .:‘;qwanqs,. and also by transferring the chérge from one
5.(:&})&&;‘?“&0? to another, | |
; :In sOm2 CESES &l 'effe@iv@s_ solution can be obtalred by com-
omeg the aaifz‘,m of beth the capacitor and purely contact ne'bg:ozr}:s
on a given I‘%}MZ,_’{. Thus, for example, ons can let the relay opsrate
by a capacitor asd rélease by breaking the holding circuit. ,{

Tha gyothasls of réw né'tmm'k;; with capacitors can be cam:iad
out using ms'z,‘mﬁs used for the sy.ntheéais of relay cirenits,
and the purely contact-nmaking muliipole can be se mra’i&eé in tﬁﬁé
network with capacibore.

2

2, Synthesisz of Sequentisl Networks with Capacitor Acting

ég .

on 431 the Relavs,

Vl"jnr the gynthesis of networks with capacltors, we can uge
rﬁz—thcé:»: used in the theory of contact setworks for the syntmsis
of purely welsy neiuorka.

Ist ug first c:ona:i.dﬁ;r the gynthegis of a nétwrk with a
sirégle capacitor acting on " . & relays of the network. Such a
petuorlk can he conglructed in suh a 'u&y,tha*t:, the capacitor is
first charged and then discharged through the winding of the relay

Bhrough a corrsspending contact eircult. In addition, it is

e : ek
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rnsce sm o pr ovide a cireuit £or nold ing the relay. Lpplying "ahe 1
3 1o networks w:_tb capacitors,

synth.asm prcxueﬂwe of Chepter 3

tablog to determing

R

we ghall age connse tion the nscessary number of

{;

intermedinte elomente and the instants dwring which their states

- must ohange, i

‘ , L
A capacitor can have two states —

Ir it is considered 'th&'i& &
uncharged and eherged - uhe"n it can be used as cne of the cireuld

elenents, In this case the connection table must be ccms“*'*unftcd in

s@:&h a way, that during the perfod of nstwork operation, which

differ only in the :ffa.c't; thal the capacibor is charged vand dis
bha qi:a'-be' of i:;ﬁe actuating relays be

har z6d,

the same,
seperate rou, in

cherging

Wa intr aiuce into the connsctlon table a

whilch an arrou l-—=-?\ mll Aanota the ing stant of capacitor

and & cross { X ) ths steps during which the capacitor rehain
ps’ g ¥

ts charged state., The chacge of the capacitor will teke place
during the steps when "thes. relays, cn which the capaciter acts,
operate or releage. Thus, the comnectlon tebles will note in

addition the sleps of capacitor charging. The steps will
designating

be nurbered as in tebles withoub cepacitors,
the numbers of thoze steps, in which the Capacitor

uilth 2 crooss
(ineluding the

is charged, The differance betwsen &ll nubers
)} indicates the possibility of raalizatim of such a netunrk.

Tn accordance with the forsgoing, the table of connections
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‘for a eourrbing network fov fowr pulses, in which the sebuating cir-
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cuits are clogsd only sfter the relesse of the recelving pilas relay
- e T WY s by - b ey A i ol

I, will have the form shown in Flg., 86,

$fter tho table of connechions is made up, we procsad Lo
. synthesize the notwork,
' ‘ charging

Since in the proness of operation of the petuork the eirculs
£ of the capacitor should be closed during the chargling steps,
and the corresponding relay cperation and releass gheps should cause
the closing of the capacilor cherging eirouit to the working or
bucking windings of the relays, a gaciaem;iaf%. nwrelay' netuork with
cap&cimr gan be repregented in the foram of a sc:nﬁ:a;zt mulbtlpole

»

(Fig, &7} with one input and dws 2o 4 1 outpubs. Jonnecied to the

-

input of the multipedeis a capacitor, and to one output is connected

ohe terminsl of th‘é bat‘r,eiy through erlinibing resistance R, while
the working and bueking windings of the relays are connccled to
the remsining owtpubs (the holding circuits are not shown in the
disgrem, but if ‘;;he ralayd are unpolarizsd they sbould be wrovided

with such circuits), Theoutput to which the bultlery terminel is

&

-

conneched should be isolating as regards to all remalning cutputs,

feor the conasebion table ws find the following.

s

b

3

e

he formula for the capscitor charging cireundt fé ' pa the
“ e : charging .

aus of the constitvests corresponding to the Ag{;eps (des-

ignated by ab arrow in the row % ),

T‘ae formula i“y of the working winding of relay X as the sum

4
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Fig. 87.
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‘of the consbtitusnts corresponding bo the steps of aperatlon of this |

rolay (marked with an arvow in the table),
The fermula £1Y_ of +hs bucking winding of the sams relay i
as the stm of the constituents oc reesponding bo the releage steps

: {marked with the &yrﬁba’i ol }.. In this cass the conditional terms

| in foruulas £ i‘ )& and f” can be taken to be the congbiluents
correaponding to the unuse d shates, and in f‘azmuloss £y and f“}i
zlse the congtitusnis of those states of the netuork, in which
the cepacitor acting on the given circ it is not charged.
If we denote by & the tarvuinal of the batﬁe,ry with
,ick.l the cepecitor is charged (with resl shor R), then the strmtm*al

Tormula of the multipole netuwork {(without the holding circuits) can

be writben ln general form

F=}RE + S X+ FuX . (10.1)

=3 :
We note furthermors that in the synthesis of a relay network

with capseitors it is essential that the capacitor retura to its
initisl stats alier the cém yletlon of the operation. This may reguire
alditional ﬂcnms; or charging +the capacitor at the end of opsra-
tion of the network, if it vemained in charge state.

By way of exampls let us conslder a coﬁsia*imbion of &
sinplest counting nebuork with two c*unt;% relays (4 and B) and
2 capacitor, operating in accordance with the connection table

indicated in Fig. 86,

Starting with this tavle, we obtain

3oo
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fr = siah 4+ ued + pab + uGs e u;

ta mnéis"ﬁ, '
4 = of;
-1 ' : - [;an§53~
| Fis = uab.

Conse f“'.wra ARy

F = uE 4 nab A -+ 5064 - 50 + wabE =

<= €+ wta (64 + 6B) + a (65 + 64)).

The corrssponding neb ork with the holding eirsuits added s shown

3, HNotwork with D&:,.,w\l* 1 Capmoliors.

In the networks shown zbove, one capaciitor aeh

33 con seversl

rolave, ard bhis eallsd for e suiteble caleulation of the dweablon

o L . ) — 1 -
of the pulse and introduction of separehe contacts for each ralay

The motwork san be made to opo rats more

s

atably when

"

different capacitors, charged during different ’t:,a.:nm: st on the

BN
et

Y m

. 1, e [ oy o .
/  differont relays or windings. Thus, Flg. 69 showg o

~,

in this case the capaciltor charging cireuits

Fe. = {17} == wa6 4 uab = u (26 + ab);
. . b = {3,5] = wab -+ uns = u (a6 + ab),.

3o/
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In the synthesis of cireuibs for relay A we can teke as the ™|
corziiti‘anal terng the congbituante corrosponding to all steps, in
wiich cr.g&citur Gy, ar: ting on this velay, is nob chavged, 1.6.,

wi*!:h mm'z:aers Ry 3y by and 54

'Lay;:ug 'i;b;s acamma w3 obtain frs:v cha;y A&

f.ﬁ w2 {0 {2, 3. 4. «h)} =y .f;. 4 ‘f..(”ﬁé.w? R ) B }‘
| - (Frey -
i(l‘ 6, {‘n ti '{3 .j}} ew £f ‘é_ g"m‘z__ug:ﬁ )

Anal ogouﬁly we ob’tain for m oirc.z:wt. of realw b

fe=f2.0,1.8, :;}m,,%+m§ﬁ,

,ff,-—:h (1.6, Nt=1u% +“(“6:?:f§’ |

For the Yc,ixcuz‘.‘c of roluys 4 and B we can teke any one of the
aclutics.ns,. bub mf iZout advantagecus not to comxact in the circmt
of the wn*c‘ ing winding a cortact of the gi'veﬂ relay (this will
reguld in in total ciis;sharge of the capaci‘hof}, o*ri; to p‘lacé in the
c_rr'nit of the busking winding & bresk contascu of this rel,.@y.
' accorumg.l,,f, w obtaln the xxamork of Fig. 9C.
i is algo possible bo empley a s geparaste capacitor for each
wmﬁinﬁ of raelasys & and B, &8s ghman in the comsction tables on
Fig. 9. |

Since the capacitor C; is nch charged in all the states of
ihe nebwerk, with ths exceptlon of zero and ane', consequsntly
all the remsining constitusnts can he ‘taken as conditional terms

for the cireult f etbe. The corrugponding retwork is shown in

Fig. 92a. By unifylng the comtact (for which it is convenient

Jos
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roduee reotifier elsmonts ,Jf’% we obtain the eivcult of Fig, —

ot
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Tn sone nsges networks with sapseltors can be L,.mgi,r“.umx by
separating the intermediate eloments into ln dividual groups in guch
a way, thalt the operation of the first group depands on bthe recsiving

3
H
[
¥

clements, the cperaticn of the second .group depsnds oo the first,

ebe, in cmuj.omr ae it is advantageous Yo de in relay nelworks.

L. - ADDITICHAL (;APAb,{u_CTw,S OF NETWRZS WITH CAPACITURS

The use of ecapacitors in sequential networks ma"iés
{% possible to solve algo geveral obhier probloms withoud intro-
ducing adgitiondl relays. Thus, if a u;x red capacitor is discha:z‘géd
before it is connected to the relay winding, this relsy will not

nerats, Consegunently, in fh@ e mmﬂk of Fig., Y3 the relay £ will
opera"{:‘e'when the cirewdt £, is close, provided the eireuit i§
is closed sarlier and the cirouit 77 is mot olosed after this.
y: ,_aisrﬁ.‘*eing regisbance B should be connected in this cirouit,

Tv the genersl case, a relsy netuwork with such a cireuldt
can ba represented ia the form of & mulbipols (Fig, %), a.'xialogous
to the multipole of Fig. C? with one input and & 2n + 2 outpubs,

In addition to producing a pulse for relay opera‘c ion through
discharge, one can use the procems of charging ﬁhasap&oi’aor
(Fig. 95). Tor ncrmal operatlon it is necessary in this case %o
insure pricr dischargs of the capacitor tlhrough a resié’camefi,

e
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We see thal it differs from the muliipole of Fi ige 94 only in that

wwe conneebe!, and the gynthes 5 o of the
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ses one 08n nuse bo'* 1 pr-oc vages, Thus, for exampls,
Fig: 97 shows & setwork in which tbs relay X operates everytime
that the stets of the contact u changes {cnee hocuuse of charglng

of the cspacitor, and the second time becauss of tha discharge ).

&

Finally, circuite with capdoibors have addltwmal capasbilities

realized through the tranafer of“ tho f'hargn from ocne capacitor to

another, For sxzample, in the netwm-h af Fig. 9%: the relay X is

fed when the cirvewnits £, o, and fg are c-om'ze:::tad in sequence, and
ds A2 3 ,‘

imultensous and repesting clasures of the circuite sre permissible.
In the cirevit of Fig. 9% a distabance to the sequence in closing
of the oireoult makes 1t irhpa‘ssibla for relsy 4 Lo operate.

Thus, for example, the cireult of Fig. 49 pernits action on
the fhel&y X 6:‘&:{1,’5 the relayvs A, B, zmd C oporate and release in
sequence, Any other sequence of the opsration of these Ls"!ays
will not affect the IJL:}’ X, If tiis problem is ta bs solved by

means of ralays alone, thras interasdiate relays must be uged,

FLS

e .
The contact miiipole is reprssented in this case in Pig, 90, 1
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Chapter 11

ME&E&WKZ&?I@& OF THE PROCESS OF STRUCTURAL

SYNTHESTS OF RELAY NETWORKS

1. GENERAL INFORMATION ON THE AUTOMATIZATION

OF THE SYNTHESIS PROCLESE

The process‘of synthésis of relay networks is
quite time-consuming. The process is particularly
complicated because the samé conditions correspond to
a large number (theoretically infinite) of different
systéms, diﬁﬁaring.in tiae number of relays, their
sequence of opexation, meth&és of constructing individ-
ual circuilts, and other factors. The construction of
versions of the nmetwork and the choice af the optimum
call for a large amount of cumbersome work. The desire
to make the designer's work eas; in the choice of
network versions has led to a search for the possibility

of sutomatization of the process of structural synthesis.

Attempts at mechanizing algebraic methods of

—_— 308 -




network synthesis were unsuccessful, because of the
leck of a sufficiently good single-valued algorithm
for obtaining the structure of the network.
combination , ' ) ]
éxgpaﬁhod developed at the Institute of Mathematieal
Machines of the Czechoslovak 4Lcademy of Sciences

nas resulted in a semi-automatic machine /78/ for the

construction of contact (1,k)-poles specified in texms

- Y

éfstructur&l admiﬁtances; This machine‘analyzes:éhe
specification inserted in it and indicates which cdﬂtact
must be placed inithe network between the chosen texm-
inals. The'netWQrk'is assenbled manually,“and the |
maphine determines whether the contact has been added

to the network correctly. A8 a ;esult, a network
version is obtained which experience has shown to be
close to optimum as regards the mumber of contacts.

The graphic methmd'(cha'ter 7) | developed
in the Laboratory om Scientific Problems of  Wir |
Communication, Academy of Sciences U.S.S.R., has madé
it possible to develop a machine (suggested by V. N.

Roginskiy, V. ¢. Bazarev, and 4. A. a“khangel'skaﬁa /132/

- FOF .




which autématizes the construction of several versions
of cantaét‘{l,k)~poles from assembles sf obligatory
and conéitionai numbers, and also the choice of the
most sultable versi&n fcr“g specified minimﬁm cantéct
or the distriburion of aanfacts.aver the relays. The
machine simulates the basic oparatiéns of the graphic
methods, and the synthesized network is obtained on a
dummy panel.

ﬁeﬁt, on the basis of the work by V. G.
Lazarev /92/ on the determination of the minimum number
of intermediate relays necessary to realize a specified
sequence of actions (see Chapter 3, Section 4y, it
became possible to automatize also the process of
constructing the connection tablé /112!“‘

- In the present chapter we give brief information
on the princig}es of constructi&g the principal units
of this machine.

2. SIMULATION OF THE OPERATION OF THRE
"GRAPHIC METHOD

1nj%h@_§raphic method (Chapter 7) for the

!
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constyuction of contéct networks, ihe foilowing
operations are perfommed:

ll) Conditicﬁs are specified for each circuit
in the form of assémblias of obligatory and conditional
nunbers. | : -

2} Individual assewbhlies are compared witﬁ eachi
other and those coinciding afe deﬁected.

3) The cainciding assemblies are unified and the
common point is assigned ihe wified assembly.

YA) The assemblies arve separated by connécting
ﬁo the'pcint a relay transfer contact.

5) The necesssry junctions and contacts are
drawn and erased. |

It is possible to indicate“here_tha oparéting |
sequence in each stage. Thase}properties of the graphic
method have ﬁadevit pcssihla to develop a machine fo:
the synthesis of contact (1,k)-poles. To preduce a
machine it is nécessary to provide an eiectric model
for each operation.> Let us analyze the possibilities‘

of simulation.

— TS
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1. Sveecif cation of Assemblies

The eonditions for esch cireuit are specified in
the form of assemblies of obligatory and c@ﬁdiﬁi@nal
numbers. Tn a network of n relays, the fotal number
of numbers will be 2%,

The simplest method of spec lfjlﬂ? asaaﬂhl g8 is

to assign to each number a separate wire and to apply

to this wire different voltages depending on wn@tuar

this number is obligatory oxr conditional. In this cas
e “OT.

to each output of a (1,k)-pole network cne must assign

A

nmdle of 2% wires numbered from 0 to 2% - 1
and 2% 3-position switches (of other types of transfer
switches). Depending on the position of the switch,

the corresponding wire receives eithex the total voltage

H‘z

(if the given number is cbligatory) or half the voltage
(i

?"h

this nunber is conditiomal), or no‘voltége {for

forbidden numbers), as shswn,qfor example, in Fig. 100.
Other methods of specifying the assemblies can

also be developed, for exampie in the form of pulses

separated in time, etc.

- /02~
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2. Comparison of AasémblieSiufmmemmwwf?z

and Estsblisnment of Coincidences

The determination oﬁ‘gbincidences‘of individual
assemblies should be carriéd out with a epecial device
connected ultinately to aaéh pair of bundles.

To determine the coinciding assemblies, we
introduce, on the basis of their definiticn (Chapter.é,.
$ection 3), a - ,coincidehge funetion C(flg fz),
which assumes a value 1 when the assemblies fl and £

2
coincide, znd O otherwise, that is,

: 1, 1€ £, and £, colncide
Foo{r,f,) = L e (11.1)

0, ir f1 and fE do not coincide

To establish coincidence, it is necessary to
compare all the numbers of the assemblies and two numbers'
will coincide if and only if a "unique coincidence" is
established for each number, i.e., it is established
that not one of the obligatory numbers of‘one assembly
is contained among the forbidden numbexrs of the second

assembly. . The functions of the unique coincidence Gy

- FY




for each number i (Qhere'i s 0, 1, 2, v.i, 20 = 1)
ghould, in accordance with the definition of the

coinciding asgevblies, satisiy Table 21.

Cmebie 230 { Pable 23
* o

gi ' " ai

N i t ¢ o v 0 ¢

1 ’ 0 1 £ . 3 0 0

]
Then
o z%:i; : |
 Clfer fo) == Cocr- - Gy = ‘e . '

o ?  =e (11.2)

It is advisable to simulate mot the coincident
function itself C(fd ,,if& }, but its inversion
Cﬁd ’fﬁ): :

2 e

Clufd=Cot ... +cp, = 2 (11.3)

faz
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whepé ¢. is determined from Table 22

For the numbere corresponding to volt ages 0, %

i 3

and 1, specified abov ve, the function ¢; can be readily

lized by means of & thyratxmng'with a firing voltage

located halfway betwesn half and full voltage (Fig. 101)

1, L U L.

The nan*aeiﬂgma&nce £unct10n C{f;, f{) of two

assexmblies is realized here by means of a parallel
connection of the outputs of thyratrons connected to

1ike wires of two bundles, as shown in Fig 102.

bt

The sequence of comparison should be programmed
beforehand, and prxmarliy a aomgazison and unificaiion
should
take place of bundles pertaining ﬁo each trasnsfer contact,

followsd by the remaining bundles.

ot

3. @mu}&Lman of Unification

Two bumdles of wires, between which aoxnaxdence

is established (C(£ , £ i) = 1) should be unified, that

. \?/’éﬁ i




is, one bundle of wire should be obtained instead of twoi
The voltage on wire 1 of this bundle sh@ulﬁ satisfy

Ta bi@ 23 (in accordance w1iz Chapter 6 Section 3).

iab$e ?3

&

By 5
¢ e 87 3
i - e
o y { o —
t)z ¢ 1 472 %
v - | 1

The simplest method of realizing the uni ica tlsn

is direr t commection of like wires of the wified

if 2 voltage 0 oxr 1 are zaonlied to the wires
PP

o &

divectly, and a voltage % is applied through a limitin

s

E) "

resistance, then after the wnification the resuitant

voltapes will satisfy Table Z3. Since the result should

¥
the second of the wunified bundles should be disconnected.
Fig. 103 shows a joining scheme with the aid of
a wnificetion relay C *ii, which operates aftex &

coincidence between bundles k and { has been established.

— 3/ 7.-“
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Contxol of the unification is by means of & unifi-
cation detector, which is commected by meaus of a
distributor to individusl bundles. If a coincidence

*

tablished, & suitable wnification yelay is connecteg

653

is e
in ﬁha detector, éﬁ‘ah@wm in the block diagram of Fig.
103.

When woltages ér& applied to the wire mot through
the contacts of a switch, but with the aid of a relay
netvwork, thé wnification operation can be performed
by suitsblé change inm the states of the mastex relays
after briefly unifying the besms once coincidence has

been established. The corresponding network is shown

{

in Fig. 104, The master ryelays 4 and B operate in

the following mammexr: when 1 is applied, only relay A

0
o
o
ry
a4y
ot
b
@

~t
5

hen U is applied, réiay B operates. When
. is applied, both relays operate. These numbers are
applied in the form of brief pu&saé fed to windings I.
If the wires are joined xagetﬁar for ¢ short time, and
k- ‘ A

if the wmaster relay of both bundles are in the same

state, their states will not change; but if only one

_— FROD







'ralay eﬁeratés_in one bundlﬁ; and both relayé operate
in the second, then the r&iay agerating in the second isi
the one operating slso in the fiyst, l.e., a change in
potential will take place Lﬂ the wires, in accordance
with Table 23. The master relaysui one of the bundles
should then ré}eaﬁe, owing to the application cf.a sﬁort
current pulse to windings ILI.

In the second method there is no need for using a

unification relay at each point.

4. Separation of Assemblies

The 3&paration'of numbers into twe assemblies
at the point where there iS-cannecteé a transfer contact
of a relay with wéight q is :ealized in this method of
simulation of assemblies by simply dividing the
bundie into two parts with qorreéponding renumbering

of the wires in one of them, as shown in Fig. 105.

3. REPLACEMENT OF A CONTACT WITH A DIRECT LEAD

One of the contacts of the transfer group can be




repl :a:;c:—;fi: with a divect lead (Chespter 7, Secticm 4) in
the case when thé obl r,gutmy numbers of the sssewbly

of this contact ave completely contained in the as&embly
of the serond ccnract, even in the form of conditional
numbers. In other words, in th*s case the following

inequality should be satisfied

ABa}< (M) (11.5)

or

imm%fmm{

(11.6)

where fi.4  * {Nﬁ - e:fbil:i.,g,z:z*&".cn:xf'};"~ assembly of the contact,
which can be replaced by a direct I,éaé; |
£opax = E"ﬂz, MZ% -- assenbly eflaecmd contact.
Changing over to voltages c{ and (’b on the wives
i of bundles A and B, corresponding to make and break
contacts of ome group, ineqmzli%:y (11.6), which indic-atas

the possibility of replacing the m”‘ke contact (bundle A)
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with a direct lead will be catisfied if for each pair of
like wires the fumctio ﬁiﬁﬁ, determinad'by Table 24,
is equal to unity. ~ﬁﬁalogﬁusly, if thé function siBA
{Table 25) is equai to unity foz a1l pairs of like wires)

this will indicate the possibility of replacing the

break contact (bundle C) with a direct lead.

- ‘Table 24! . Table 25 |
L] L F : '
By : : B; '
8 T I R 0 o ou2 '
0 1 1 0 0 1 i 4
?% 3 { i 1/2 1 1 1
t 1 ? 1 o 1 i

Tha‘simulatioﬁ of these functions is analogous
to the simulation of the courrespondence fumction by

double verification with allowance for polarity.
When unifying bundles in which at ieast one is connected
to the direct lead, a check must be made on the poss;~
bility of appearance of falsé circuits (see Chapter 7,

Sectioﬂ 5).
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4. SYNTHESIS OF NETWORK
To obtain the synthesized network the machine
is provided with a handle, which represents a universal
(1,k)~pole, in which each contact and connection between

wires arve indicated by a bulb, as shown in Fig. 106.

Bulbs Al and ézinﬁiaate the presence of a given contact

in the network and light when theve is at least one total
voltage in the bundle corresponding to the given output.
7 light when a giveén contact is

eliminated (in which case bulbs Ay and A? must not glow)

£

Bulbhs El and B

or is replaced by & direct lead.
Bulbs ﬂk( light wp ip the case when correspondence
is established between bundles k and {.
Investigatiéns'have shown #hat the‘ demi~

panel 1is besgt constructed in the foxm of pyranids with

<

ertices at the point of output and a universal network '
at the input, as shown schematically in Fig. 107. For
the universal network the bulbs D (see Fig. 106) are
placed st the intersections of the outputs of both

parts of the panel.

— AL -

)




3

k-4 cecs »

Pig. 107

— SR

.,




5@‘ CHANGE OF BASE AND CHOICE OF ?ERSIGN
-és:alreaéy inéiaateﬁ (see Chapter 7, Section g}
the complexity of a network | ‘d&peﬁds on the sysﬁem
used to pumber the relays, i.e., on the base adopted.

"

A change in base leads to a change in the numbers. In

the machine, the changing of the base is simulated by
means of a switechboard that changes the numbers of the
assemblies in accordance with the change of the numbering
of the relays. »Such 2 switchboard has n! states aﬁd
Zn'~ 2 inputs and outputs, ﬁhilé the numbers 0 and
(2% - 1) do not change when the base is changed.

<fhe theory of tﬁe construction of such\switahbeards
was developed by‘v. G. Lazérev and Yu. L. Sagalovich
/133/.) |

After each switching, the machine constructs a néﬁ
network. The choice of the varsion}isfhased on cevrtain
additional conditions -~ the minimum of total number
of contacts in the network, a specified distribution of
contacts to the relay, etc. |

To facilitate the choice, the machine is equipped




with comters for the mumbers of contacts on each relay
and for the total number of contacts. The counters may
be intevconnected with the control assembly in such a

way that the network is chosn automatically.

6. AUTGM&TEZ&TIQN OF TiE SPECIFICATION OF THE
o COHDLTIONS

'For,synthesi# of séquenﬁial networks, the ccnd{~-
tions can @? specificd in the fomm of connection table
in which keys specify the states of the recelving
elements and aﬁtuatipg circuits. The m?chine verifies
automatically the realizébility of the taﬁleg deteimines
the periods during which the saé#es of the intexmediate
relaye must change, and intruduées_intefmeﬁiate relays
in accordance with a specified program.

After the . realizability of the table is
eatabiisheé,fﬂxxnnmhxaﬁxﬁhmxﬁEXmaxingxnixmﬁixx the
corresvondlng sssemblies sre determined for each of the
actuating circuits and also far the 1ntermediateurelay'

, circuits. The apparaLus for spezlfying the

— BRG ~




ae 1on

connection tables was developed wmder the leadership of

Ll
.
&
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7. BLOCK DIAGRAM OF THE MACHINE

Fig. 108 shows a block diagram of the machine

G},’)

for the synthesis of relay networks. The principal
blocks of the ﬁacuinp are as follows:

A panel fo? s?aalfVin& the comnection table with
2-position keys Ky for the rec&iving eiementsz 1ﬁm@s
I for the intermediate relays, and 3-position keys Ko

for <osﬂﬁiishina the states of the actuating cireuits
(]

Rage switchboard (B3).

Coincidence detector (CD).

Dummy panel
Mumber of contact counters (C).
Control network (¥).
The aoperation of the machine was verified in a
breadboard mgdél ccnstiucted in the Labsratéry for wire

Commmication, Academy of Sciences, U.S.8.R. Later, in

—- 380 -




acccrdénq; with the m@dei developed in the laboratory,
the machine ghep @f'tha metitute for Automation and
Telemechanics, Asademﬁ aflﬁciences,.U,S.S,R,, was
prepared a model of the mﬁéhine,'wﬁich has passed labor-
atory tests successfully aﬁd which was demonsﬁrated at
the World's Faixr in Bruseels in 1958 (it was awarded
the highest prize of the fair -- Grand Prix). At the
present time work is being done cn'the development_of
machines intended for practical utilization in the
design of relay networks. . (The development was carried
out under the leadership of the author with the aid

of A. A.‘Arkhangel‘ékaya, S. 8. Kraynov, V. G Lazarev,

and 0. ¥. Sexgeyeva.
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H ) .
Symbols | o h
&, B, vuuy Wy, %, ceey == relay windings (in miltipole-vwinding
rolays -- windings from which the curpent flows from the gtert to
the end).
i & ol ey .
4, B, eevs W, X, o.. = bucking wisdings of relays {current 1
-
flows from the end to the shart), . "
B, B, eney W, ¥~ make conbacts, Boolean variables,
a, ;, nay '{5, - a.., ~ resk combtacts, inverse Boolesn | i
varisbles,
G ~- alement of fiaite conductivity.
G, 4 = dittc of same order of uonémténae as elemant A,
Gy = ditto, of greater order.
Gy ~- ditbo of greater order or of the sams ovder.
Gg Lo ditto of same ordsr.
¢ - didio, of smaller or same order.
L4 :
£, § —- contact clrcuit (its siructural formula), §
fag == con'tact‘:c:;lrcﬁ“‘u of relay W {operabing formula of relay ‘
W},
& - any indeterminate contact cizféuit,
fys conbact ciroult betucen nodes i and de
LTpsn ™ minimal contact circult.
Lo ™ maxinal contact circults
Ty = formula for opsration of relay W.
g formila for holding relsy V.
: B
I3




~ .

o L
b = Pormula for release of relay W.
- goasbibuent with nunber .

a

r - subcongbituent, corrvesponding to bhe operaving stap.

g - the sawme, for holding step. -

h -~ the sane, for raleage step,

By wre, == numbers of stabes (oonetluents 3) of a netuork

)

of
/’7 s o~ Lbe BAme, cbligatory congblitodnte.

/‘Li o *.;m gams, corditionsl constitusate.

»}i e Porbifdden pumbors.

{"7' v e Gpapas - p)] = SN 1)

- asaerrb'! ¥ of oblig a+oxby and conditional nurbers.

[ _asazzm}ﬁy of Oh.lwigﬁ’tiﬁ":}" Cnumbers.

B oo avaamly all cond Ltlrm ol nuahers.

£1/f, == squivalence.

By ff == rélay clreuit (relay nstvori;.

LY -= any (indeterminate) relay clrowit.

8 =~ pother of releys {elemeris) in a network.

r-i-- - l

g =2 - yalght of relry X3

4 - parallel connsetion (Llogical additicn).

. = geriss connscbion {logical mulbiplication).

(=3
0 - parmanertly opened clréuit,

» .
il

1 - permsnsntly closed eircult.
() - joining

= - gguivslense of clre wits based on structural admmdnce.

F3.3




- equalify of relay circults in action.

o]

m— gpanlube couivalense of relay netuworks.
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