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I. THE EIECTRICAL IMXIHY: THE "AlN TECIN] AL ASIO
FOR ™ E'RCT T (CATTOR OF A SO TY

One of the @ort important protlems facod by dovelopire ~o s trice whor
&ctermining development priorities 1a that of the "orrw t a.dobjective  vau-
ation of the role and - acu of the elcatrizal md'utm" ard ite (1"KB vith the
other brenches of production,

If this question is viowed 1. the L1aht of th. example cf th. Joviet Urion,
& particularly vivid piroturo is gained of the evclut.or of the economic potuna
t1al of the USSP and the transformation of Russia from 2 backinrd a, ri~uitural
ocountry into a sghty Socialist 3tate.

Me scale on which electric powor .c used is ar index of the 1 -ve. of
devolopment of the productive capacity of any prveent-day Stat..

The Soviet Union 1s scarcely fifty ycare old, In the lifc of a State this
is but a briof span, but 1n this short time Huss.a h.s witnesered unparalluivd
developments in economy, science and culture, made poesitlce primarily through
achievements in the field of alectrification.

Half a century ago, Russia was callod 'Darkling Ruesia'. Today, howuver,
i% is flooded with clectric light. The country is covered with a dense notwork
of power stations, producing over 550 b‘llxon-‘/ kWh cf electric powsr por year.
This power network extends to the farthust ccrnurs of Sidoria, the far North and
far eastum USSR, and it feods miyhty stecl molting furnaces and electrolytic
plants and drives trains, rolling mills, cxcavators, and machinos. Today it is
hard to namo any field of industry, asr.oulture, transport, building, soientific
resoarch or daily life whore use is not made of that  recat forcc of nature -
eleotrioity.

Thue we see the tromondous importance of tho cluotrical industry, the
steady and reliadle development of which ¢overnus thc scale of production of

L/ Doth here and lator on in this study the torm "eluctrical industry” means,
in acoordance with the aoccoptod USSR classification, that branch of industry
which produwoes all types of electrical machinery and equipmsont, trensforsers,
elootrioal trunsport equipment, genorators, cablos and associated fittings,
lighting squipment and other heavy-current eloctrioal cquipment.

y Throughout this dooument the term "billion" is used to denote onc thousand
sillien.
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civetrie pover and the v-ys i which 1t 8 trarsm. tted, distriduted nd uwsed

to the beet advart o, in oth r worde, the dovulorment of the ~lcodriocal indus-
try dotormines the _conomiee nf power reincerin, and the .lectritication of
industry.

As th. .lcctr.cal industry ¢ the manuf.cturing, sciantific and techninal
basie for thu eloctrific: tion of - ~ountry ~nd .ts vhole industry, 1t is ane of
the «ey branchee of the nntional uioromy snd e ~ rignificant detcm:rim, faotor
In the rrto of duvclopmert of tho "thr:s pill.rs' of tuchnioal presrese: powor
engineering, t.chnology ~nd the product.on of now maturials,

In order to produc cicctric power 1t is nuccessary to have soncrators,
which “r¢ developed and producced b, the clectrioal industry. Tho same applies
to trinsformers =nd many othcr .1 .etric povor oonverters, to ewitching equipment
wnd complet. high and lowv tcne:on installations, to cablos and wires - in a
word, to cverything which 18 nucded for the transmiseion, Listribus.on and
supply of Jluctric power to consumcrs.

The clectrical industry = co 2 prgre ani produres el tri. Forer « Oeswling
equipment such as clectric drives of various functicas and 81208, uloctrie
motorse, clectric furnaces, clectric welding cqu: paont and other cloctrio umits
uscd in industry, and l.4ht sources, The gonuration, conversion, transmission,
distribution and uge of clectric powur are controllcd by elootrical apparatus
which is to an cvereincrcaeing dogrec automatic in operation,

Complex modarn aescmblics of eloctricnl cquipment make it possible to use
clectricity diroctly in production procecson and hclp to croato radically new
technoiogiocal operantions, systome and matcrials. !odern automated oloctrie
opcration affords infinito pose.bilitios for increasing the dugree of meehani-
sation and automation, crcating continuous production proccsses and a mcre
officient and botter cauipped workin, forxco.

The history of the ustablishment and devolopmont of the Soviet e)ectrioal
indus:ry is rich in exaumplus of the succcesful struggle for high rates of ‘
production, national, tcchnical and oconomic indopondence, the mastering of new ‘
tochniques, and the satisfaction of growing necds in all branches of the

national cconomy for ulcotrical oquipment.
Until the Firs’ World Nar (1914-1917) Russie lagged thirty to forty years
bohind the lcading countries of that timo in thc cetablishment of an esleetyical
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industyy, and the Civil ¥ar (1917-1921) whizk follow.d the iorld ~ar had the
effect of practioally wiping out swun the fuable 1ndustry, whish then cisted.

™o Beviet slectrical in@ustry inhwrit.d oniy » handful of _ndustiri.l
undertakings frea pre-revolutionary Mussia, Th. production of thuec factoriue
was of a yeneral mature, withous tho slightuet attonpt at spocin'isation, and
they manufactured all types of eluctrieal joods 2nd cTu.pment and dozons of
different i%ems weed ia general machincry “onetructior.

Out of this indwstry in Fuins srow s plar for ths duvelopmant of the
cowmntry on the basis of elactrification, known t$o the whole world undor the
title of the OUBLIO (3%ate Commission on the Elortrification of Ruseir) Plan.
It was cmphasised thoroin that "thc operation of eluctric power stations w'li
only be reliable if thoere i@ a parailel divclopmont of the clcotmcal industry”,

Wy 1924-1925 the output of eluotrical squipment nd rocds surp seed that
of 1913. That levsl of production was not high snough, howevcr, to satisfy the
roqui remente of the pregremmc for the slcotrifioation of the national wconomy.
The eleetrieal induwsiry was still not ablc to produce a number of complicated
mechines and items of oquipment, which had to bc imported from abroad. The
strusture of the indusiry was out of date, 1t 120ked the most important types
of cleotrical cquipmeat, \nd a considersblc proportion of ite cquipment was
otill o logaoy from the old days. Morcover, thc total amount of i1nvostment
for tho extansien of the clectrical indwiry et that time was quite insignifi-
cant,

During this peried, exteasivo usc was made, in the devolopment of the
Soviet eleoctiricel indwetry, of the t.ohnical uxperience of the leading foreign
oowmiries, partisularly Ingland, Germany, the Un'ted Btatos and Austria.

AS that stego, the predlem of the teshnical and coencmio independonce of
the Seviet Mato vas & nost pressing ose, aad it clearly breught out the need
$o estadlish 4 vhole range of mew industries.

Iy saking full we of the advantages of a plannod ocomemy, this diffioult
prodlen was solved. Iy 1912, the tetal output of eloctrical equipment and
ooods was ainetesn tines grester than in the pre-war period, and in only five
yoars (1930-1932) the produstion of slecirical equipmeat inorcased moro than
ooven times.
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It ie intoperir, tooret tot vhil s b tope o W the 2POwiIne eleetrienl
industry produccd ~ L iy «neds o1 Bonoral o ewmptior, in *hRe following Wwo
yerre the etructur Hf th dugtry o5 oL lly eh-ryed -ad emphas:s bogan
te to shiftod to the rr duction 1 L wtmaa squipmont for sain-line olootmne
cud dies 1l Incomotives, tne conetrct.on of powurful poncrators, and the dcsign
nd oonstrw tirn of nther types ot L0 trr ot al ceuipmont,

The pramery bs et oroonorees d product.orn v cvery fiold 1s Aeavy 1ndue-
try, which b, an to te dovsloped t . rpid pce in the thirtice, and the
clestmenl industry thus had to naet r the profuctiorn of now typus of clectrieal
vwapment,  The m o tal crdustry, the vchinery ardustry, the chumicl indwsiry
and other tranchee of not:onel cdustry all callod for uvereincreasing numbers
of vlectria motors (part ~ulafly ... .nrPg. 8i2.8), powerful enerators and
transformers, cluctric l ciuipacnt, wnd cloctrical traction and lifting equip-
ment,  The clectriesl undoertaking s would not have been 2 le to satisfy the
decmands of thu lcduir, traichos of rduetry for swh couippent if the training
of cadres of fully qual.ficd .nyin.ere and tochnicine hid not boen given %ep
priority -t this time. T3y 1,32, the nuaber of spc-i1alists trained for the
cloctrical industry h~d mor._ than do:tlod, ~hilc thu numbder of traincd factery
managcrs had increascd nore than throe tiras,

The perind from 153: to 1940 »n8 on. of further growth in the cleotriocel
industry and .ncrcascd epucialization in 188 componunt undcrtakings.

By th¢ be inming of the Sucond World War, the Soviet elootrical industry
was a fully .ndupcndunt branch capablc of satislying thc inoreasing demands of
the national oconuiy for the main typos of ulectrical equipment.

Thore have aleo becn substantial changas in the i1ntornal strwctusre of the
olactrical industry. Taking the ovoranll produotion of the variows facteries
of the eloctriocal industry ns 100 por cont, yocarly output may b broken dewa
as follows (soc Tablc 1):

o

L
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Electrical plant and oq.ipmont ¥.6 ST 967 e
Klsctric enbles 26, - L4 NI o3
Reotrical ineul :tors and soremic
produste for s cloctrical
industry 1.k 4.9 5.3 A
Other products 1ot 1n.e 9. e

The Soviet clertrical industry has th s unde (13nt stridce since the deys
of the GONLRO Plan. Thore has bowr an in-:aleulable incrcase in product.on, .
groat increase in production faoilitice, and - whol. system of spucializod
scientific research i1mstitutus for the ul.ctrical industry hae boen sut up.
T™e electrical industry of the USSR has now takon sccond place in tho world
in wluc of production, and is considerably huad of the i1ndustrice of the
Poderal Repudlic of Gurmany, the United Kingdom and Francc.

The radical changos in the googruphical distribution of the cloctrieal
iadustry dotweon 1940 and 1960 may be sccn fryom the figurce given in Teble II.

IAUE L

Yoot and North-Vest N.7 15.6
Semtze 9.4 31.0
Yolgn aven 3.4 33
Unls 2.) 5.8
Weotern Sideria - 6.8
Tastewn Siheris and Pur Besters USSR 0.2 2.4
‘Centrnl Asia and Kasshheten - 4.3
Berth Cancosus and Tremssswseaia - 8.9
Sovth (Mraine) 13.0 4.7

Totals 100, 1008
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docnl o mhe cw hove s lee bl pleec i the y e, reph o an] histribution

or the ac1 nt fu~ re peh tre 18 of the v ctrical industry., Floctre-
tochuolos . i irut ¢ tis hev hoon et w4 on the deporezhyc, th. Chuvash
R.opublic, *he rale, Ji1loepr, vcldeves wrd in Azoerbaidzhen, whilo new uleetpm-
tochrolor i nl sewentifis centres .rv in the procoss »f urtablishmert 1n
«ovochcrkaesk, Dorctek, "iflis, Trunzc, £.ransc and othar towns,

An i1dca of the prosent levs) of concentration of the uloctmoal indwstey
riy be guined ly  rogglae tocothor the various wido - kin, e ascording to the

aunber of workere wnployod by then,

ERaxcuntoas oL cotall

up to 70C .nrzere 2,1
from ~Ul to 00 T.4
fron 501 to 1900 13,2
from 1001 to 200C 23,8
from 2001 to 300G 19.9
frorm 3001 to 5000 16.0
over 5000 17.6

In the "SSR, 29 pur scnt (in torms of valuc) of all the oloctrical oquip-
ment produced in the country is usod in powcr ongincoring, 20 por cent is wsod

dircctly in technological proccsscs, and 55 pcr cont is uscd in tho uanufacture
of various cloctric drive systems.

The following figurcs, which show the tranendous achicvoments of the
Soviot olecctrical industry in the production of gcnerators, tocother with
figurce for the total installed c-pacity of eloctrio powor stations and the
enount of cloctricity produced, arv oxtrorcly sign:ficant:

Al UL
Production of gencerntors, in thousands
of kilowatts 11.5 16,800
: Inetalled capadity of aloctric gonorating
stations, in thousands of kilowatts 1,140 115,000

Production of clootric power, in billions
¢ of kilowatt hours 2,04 507
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Betwoun 19%) nd 1965 the productiom ~f al. typee »f  rorstre . re-acd
mory Shan ten timos, th:at of turbo-, \nuretore "reruiein slaost Buv nt.o or tince
and that of hydso-cloctrmec ccroraters 10,7 timee, Tupminy the sux pomood,
avern: o WRitATY powcr of turbo-guncr- tors increnecd .0 times, whii th.t of
Aydro~(anorators .ncreascd 1.7 t.me-,

T™he output »r an 1nduetrial ecaiv of tupti—ccneratore with 2 “apacity ~f
100,000 kilowntts was boiun .n 153, In 1750 bogan the production »f turbo-
gonorators with a capacity of 150,000 kilowatte, in 19%8 that of goncrators
with a capacity of 200,000 kilowatte, and in 1361 th -t of gencrators with »
capacity of 300,000 kilowatts, Mow ir the procoss of manufacture and asacmtly
arc turbo-generators with a capac:ty of 50C,000 kilowatte in minglu~rotor fom
and 800,000 kilowatts in twin-rotor form, whilo devulopment work 1s being
carried owt on singlo-rotor turbo-generators with a capac:ty of 500,000 kilu-
watts and turbo-;encretors with s capecity of 1,0 % 1.° million kilowatts,

Batwoon 1958 and 196%, 120 turbo-genermtors with individual “apacitice
of 150,000, 200,000 r.nd 300,000 kilowntts, all producod in factorics of the
Boviut clectrical industry, werec installer in thermnl powcr statione of he
Soviot Union. In 1965, as many as 60 per cent of the turb -gencrators browht
into cperation im power stations of thc UBCR had c-pacities of 150,000, 200,000
and 300,000 Hlmﬂl&(

Betwoen 1966 and 1970, 64 to 66 million kilowatts of now capacity will bu
brought in.o operation. Most of thisz new capacity will be attainud throuch
the censtrwotion of larg:c thermal condenser powor statioms with a capacity of
2.4 m1lljion kilowatts or more, oquipped with primarily r~producing units
oach with an individual capacity of 300,000 xilowatts®. Inorcasing the ocapacity
of thermal power stations, primarily through thc wse of larger powor units,
groatly roduoces tho coet and time of oconstruction and affords considorabdlo

V W, ("Rlectdric powor stations"), Nos. 3} nnd 12, 1965;
L ] * .

2/ '"Direotives of thu XXIII Conforence of the Commmist Party of thc Soviot
Union on the Pive-Year Plan for the developmont of ihe nationnl ecomomy of
the UNBR ia the yoars 1966-1970", section 111, pasre. 10,
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gavirss both v tu i cmamption nd o1 th o amesat of jower used for the nesde
of thd statior itself,

For the last thre. derades, the Soviet elactrical intustry hes held the
record for the constriuction of the higgest hyiro-electric genersters in the
world, In 19% , hydro-clectric pensratore with a capacity of 109,XX ki lewetts
were instalied in th: "V,I, Ler.r" hydro-electri~ station on the Pelga, 1n 1960
the first hydro-electri: gonerstors w.th a “apscity of ’¢7,000 kilowatts wese
installed in the Bratsk hydro-electric station, and in 1% 4 a hyére=electrie
generator with a capacity of 500,200 kilowatts wae ripplied for the hydre-eleetpin
etation under conetruction st Krasroyarsk,

With these uncommonly powerful eisctrioal machines it has been possitia -
in record time - to harness the great hyiro-electric resources of She Purepsan
part of thc ''CER, and to set about harnessirg the irexhaustitls hyire-sleetrie
resources of Siberia,

The progress made :n transformur prodmctior .r the last few years is
svidenced hy the production of single-unit portable three-phase step-up rame-
formers operating at a maximum of 330,000 velts with a capaeity sf 400 WA,

Ths following are now in the process of development and constpuetion: a VAPoe-
phase 15/220 kV step-up transformer with a capacity of 630 VA, & Shree-phase
20/165 kV transformer with a capacity of 400 WVA, a unit of three greuped single-
phase 750/545/3R.5 kV auto-transformers with a capacity of ) x 417 WA, wd vany
other .

The latest achisvementis of the Soviet high voitage ogui ppont industry oam
be seen in the recently constructed air circuit breakars operating ot & wltage
of 750 kV and having s cut—off capacity of up te 50,000 MVA, current and weltage
transformers and cut-outs of T%0 kV capasity, air circuit dweakere o.erating ad
220 kV,2,00CA, 1,500 VA for use in smbient temperatures &swm %o -35° C, Mghly
advanced generator sir circuit btreakers eperating at 15 iV, 14,0004, 3,90 ™A,
and others. For ths hisxh woltage iransmissior of direct ocurremt, single-snsde
mercury valves with a sazimum capacity of 900A and 130 k¥ hove been Geveleged,
while work is now proceeding on a mereury inverter with a capacity of e %o 40 DW,

The highly advanced transforwers, valwes, inverters, AMeh-wltage oguipnent,
cables and electrical insulating materials suprliec hy the electriecal industey

YV y y ("Electrotechnoleg™), No. 2, 19%64;: Br. 7, 1969,
y ("Blectric power stations”), Be. 4, 1966,
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T A o

YV  Davda, 7 August 1966,
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electreally-opersted scu pment are to ar incPeas.r, extent automaticail-
sontrel led, and for th.s reasor. the.r oontrel jear .s more complicated. The
elecirical industry of the UBBR is dewelepin, the production of low-voltase
cserirel apparatus - including automatic apparstus - such as corntactore, reiays
for variouws purposes, control gear, automatic regulators, nagnetic, electro-
mschanioul, elecironic and other amplifiers, transmitters of various electrical
aad nem-eleetirie valwes, measuring and si;nalling equipmert, etc. Ir recent
yoars, the production of transietorired olectronic contactless apparatus for
sutammtic sontrel, Thyristor electric drives and contrel systems, and complex
eystems based on control by electronic computers has slso been besun. Complete
fastory-asesmbdled centrol systeme ir. the fors of panels, assemtlies and large-
blec pamel unite are being produced on an eYer-iricreas.n; scale.

I8 ocan be seen frem the above that the electrification of the nat.onal
econemy of Whe Soviet Union is being carried out with the help of an advanced
and repidly dsveloping clectrical industry, Ae technical progress in any
cowatry is wmtinkable witiout an electrioal industy, 1t would therefore be
sfvantagosus for the developing countries to create the:r own electrical indus-
try, making the best poesible usec of imports and mutual co-operation. Other-
wieo the dovelopment of their econemies will depend entirely on forei,r imports,
and as the Freach sey: "He who followse another always la.,s behind",

The nature of production and the way of life differ from oowntry to country,
bowover, and thesc iPe Shc factors that will detormine the structure and scale
of an elestirical industry,

The Seviet Mrion is a country w.*h a planncd economy. Its groat and varied
natural reseurees, its extensiwe torritory and its large pepulation enabdle it
%o casure hattenious dovelopment in all bremches of its national economy .

11. THR DEVELOMGNT OF INDUOTRIAL PRODUCTION,
TER GIMERATION OF ELECTRIC POVER, AND TME

The epesial place ecowpied by the electricel industry among the variows
Wunshas of the national coeneny is due to the fuct that it supplies eleotrical
ogignent for we ly produstion wveskars and is therefore ons of the mest
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important olements in building up the firces of production. It makes possidle
the e¢stablighment and ~v-equipment of industry, and this can load %0 a oconsider-
ablc increaso in the volume of industrial production.

The oonnexion between the volume of industrial produwotion and the amount
of slectrio power gencrated in the USSR is shown by the following figures: ia
the poriod 1950-1965, the average annual rate of inorease of industrial produc-
tion in thc USSR was 10.9 por oent, whilo the increase in the rate of goneration
of clectric power was 11.8 per ccent. For the period 1960-196%5 the firures were
11.1 and 14.3 per cent respectively, but in the poriod 1950-1¢ 59 the rate of
increase of clectric pover production outstrippod that of industri al produotion
by only 3 per cunt, and indcod during that poriod clectric power shortages were
experienced in the Sovict Union, partioularly in autusn and winter. Analysis’
of the statictical data for a longer period, taking into acoount the development
of the main clectric power-consuming industrics - thoe chemizal industry, atemic
tochnology, the non-forrous mctals industry and the production of high quality
oloctric stocol - shows that the production of elcotric power, in a highly-
developed comprohensive coonomy liko that of the USGR, must be 15 to 20 per oent
ahead of industrial production.

When studying the coonomics of the eleotrical industry it is interceting
to note thc corrclation hotween the production of elociric power and the output
of alectrical equipment.

There is a direct connoxion betweun tho amount of ocleotric power oconsumed
and tho production of olectrioal equipmont: tho more clectrio power is oonswmed,
tho morec eloctrical cquipment is roquired. Tho coeffioient of this relationship
differs from country to oountry, however, and is subjeot to variationm.

A dcisive influcrooc on thc relationship is oxercised by such fastors as
tho production o clectric pewor, the cost of clectrical oquipmaat®] the strue-
ture of oleotric powor consumption and the variations in that strusture withia
each ocountry and, finally, technical progress in the produwotien of the eleotrio
equipment itself, o

In the firet staces of the eloctrification of toohnological processes,

1/ VYo lawe in mind only that part of the production of eleotrio oquipment
vhich is for intornal uso.
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electrioity 1s used mainly in operstions which requiroc the expenditure of
substantial power or motive force. Progress is then made tn the introduction
of electrical machinery snd equipment for auxiliary opcrations, chocking and
oontrol. In this partiocular field, lees electric power ie used, but the cost
of the electrioal squipment remains high.

With the oconstant incremsc in the sito of irdividual unite of electrical
equipment and of tho working speed and speed of rotation of machinery, the
specifio oost of electrical equipmont is falling. This reduction in cost is
due just as much, however, to technical progress in the productiem of electrical
equipment, such as the use of new magnetic, insulating and eemi-conducting
sateriale, tho further porfoction of ocooling systoms, roductione in the lovels
of magnetic and heat losses, the more uniform distribution of dynamic and hcat
loads, improvements in produotion technology, and so forth.

Ultimately the mutual action of all theso complex and variod factors also
affects rates of growth in the production of electric power and eloctrical
equipment., In the USSR, th: mean annual increase in the production of electric
power between 1958 and 1965 was 11.9 per oent, while the increase in the produc-
tion of electrical goods and equipment was 15.1 per cent.

I1I. THE PROPORTIONAL ROLE OF THE RLECTRICAL INDUSTRY |
I¥ INDUSIRIAL PRODUCTION AND IN THR NATTONAL ECONOMY %

The present-day industrial production is e complex aystea of independent
tut commected branches. The higher tue level of development of the productive
foroes, the mere wried and compliosted is the production system and the greater
the sttention whioch must be paid %o the harmonious dovelopment of the individual
wanthes of iwluetry and the full utilisation of all the advantages o0f technical
progress,

A moet vivid pisture of the dynamios of indwatrial production is provided
ty an amalysis of the rete of growth in ladeur prodwotivity. Por memy thousands
of yoars, tirough the Plore, Dromse and Iren ages, the labour produotivity grew
st o rete of enly » microscopie grepertic: of 1If per year. It was only vhen
e Mj“‘l!m rvive «~ F.yet stpam, them slectricity ~ that the expendi-
Yo of Mowr o N0 edusiion of wateriel geods bagan te drep shewply.
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Wo arc now livin_ in an cra of unoxampled rates of incroaso in tho produc-
tivity of labour. This is due to tochnical progrves - to oluctri fication, to
the usc of new types of synthetic matorials, and to the moochanisation and auto-
mation of production processce through thc use of clcotric power.

The structurc of the various branchce of the national oconomy takes shape
under the inlTlu.nce of technical progruse. In this structural dovolopmont of
the production acctor, n most important rolo s played by thc machino-construction
and chomical industrics, a majer part bo:n, playod, within thce mach:ino-
construction caterory, by the alectrioal, radio and cloctronio, and instrumont
manufacturing scctors.

In devclopud countrice with comprohonsive oconomivce, the proportion of the
national product du. to industry averagce 55 to 65 per cont. Of this figuro,

22 to 34 por cont is nccountod for by machinc-construction, whilo 18 to 22 per
cont of the total for machinc-construction ie aocountcd for by tho olcotriocal
inductry (includin; tho low-currcnt branch of thc industry).

Thus, ae far as ~beolutc valuc is concormcd, the clectrical industry does
not account for such 2 lar;. part of thc ;ross nutional product. Mut tho real
influonce of the cloctrical industry on the dovclopment of the national QoONORy
must be cvaluatod not simply in the lisht of thie quantitative oriterion, but
primarily in terms of thc qualitative improvements in the styucture of .the
national product and in cxponditure on thc produotion of matorial goods, brought
about by thc eloctrification of production proccsscs, ovoryday lifo, soientifio
rcscaroh, and the like.

An acouratu picturc of this aspoot of the dovolopment of tho national
coonomy of any given country may be obtainod by studyin; thc structurel changea
in tho dovulopment of industrial produotion. In the cesu of the usslt, these
ohangas arc ohiraotorizcd mainly by an inorvasc in the proporiion of tosal indue-
trial production accountod for by mechinory produotion md,' within the smohinery
production category, by an inocrease in the proportion acoounted for by e
clectrioal industry.

By 1970, tho proportion of the totel industrial produotion of sho UBSR
aocountod for by machinery production should rosch 27 to 28 por oemt, 10 %o 11
per oont of whiok is to bo attridbuted %o tho clootriosl industry (im 1965, the
proportion of total industrial production accounted for by tho machinesy indestey
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was 27,8 pcr sont, of whith 9.1 por cont wan reprecent.t 1y the luntr.ce:
indmstry).

The offuct of the rcceloratcd dovelopmint of the mackirery and cloectrical
industrice is roflactyd in th. rete of incruns. :n lobour productivity ir -11
branchcs of nnt.onal production. Thie 14 ~n .xccliort .ndicatior of the rol:

and signifiownce of the cluotr.ca) industry .n the n-t.or:1 _concrmy

IV. THZ STRUCTUPY OF IPEXDITUPT O LABOU  AND } ATEMIAL.
IN THS F'ECTRICAI LQUIP. ¥N7 INDUSTY

The olectrical industry is cheracter. z.d by« relatively high labour
intensity. At tho gamc time, in financial tormg the output pur work.r in thig
branch is 05 to 30 pur cont hijher then .n mech.nery product.on r8 a whol.

This is oxplainoud by tho fact that in the cluctrioal industry wide use if madc
of alloy stucl and non-forroue mutals, th. totnl valuc of wh.ch it morc than
65 por cont hi, hcr than all the other matorials urcd i+ the inductry .

Tho nature of tho matorials usod larg.ly determince the etruciure of
oxponditurc on the production of .loctrical goods and vu.pment., The structurc
of this oxponditur. for the cloctr.cal industrice of eovernl countri e is shown
in Tablc 3.

United

Singdop
Yatorials ’ n.o %.0 59.7 57.5
¥ages and Balaries 19.0 2.0 26.6 21.5
Othor Expendi turc 10.0 12.0 11.7 15.0

Thoso fi_urou: show that thorc arc close corrospondences betwecn tho cxpon-
ditures on matorials and on wagos and salawios in tho eloctriocal industrics of
diffosort commtries. It is truo that at firet sight it might bc concluded that
in the USSR the figuwro for wagos and salaries is lower and that for cost of
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mater:ale h:i_her, but such . conclus.on would be n has'. onc to drew.

! riret of all, i* must b lorio in mind that in the USSit the fi ure for
4 wagos and salaries do.e not taw. into nccount the laric sums distributed as
: benefite throuch public furds, such as :xpenditure on froe modical attention,
the payment of prants to ctudente, pension rights, the provision of sanatorium
treatment at advanta cous rutcs, tho maintenance of housing rosources, and so
forth., Sccondly, us ruch a8 30 per cent of the valuc of production in tho
clectrical industry of th. USSR 15 accounted for by tho oablu sector, whioh
_ producce not orly insulatod but also aon-insulated conductors, whercas in other
i countrics the propsortion acocounted for by this class of goods amounts to only
‘ 15 to 20 por curt. Tn the cable industry, thc proportion accounted for %y the
cost of mricrinle .g the hirhest of all branchcs, and this makcs it impossidle
to comparc the cxpenditure on matcriale.

When account is takcn of these partioular fosturcs, it will bo soan that
‘ there is ro significant diffcrence betwoon the structure of expenditurc in tho
eloctrical induetry of thc USSR and that of othor countrias.
Nor arc there any sulstantial difcroncos in tho labour requirements of
" the different kinds of work, thc average valuce for whioh aro shown in Table 4.
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anding Fittling Cther
Iypf, and ~ed types
€old irpulatin rreo.nbly Cpecial of
mm Soatins lichinirg m mmm_ —oki .gldong proceig.s wori
1 2 3 5 ) t Y,
Tlootrioal
cquipmont £.6 1.3 15 o0 1, . Ly 5.6
Cablcs and
wiring - - - 35,¢ - - 60.2 -
Eloctro~-
chomical
currunt
sourocs - 3.0 5.0 - 2.0 - 36 .0
Elcotrionl
insulating
matormals
and
insulators - 3.0 2.4 0.1 0.6 - 86 10 3
Electric
lamyp
produotion - - 3.0 - - - 94 3.0
Avore;o
for the
cleotrical
industry as
a whele 6.3 14,1 12.1 17.0 14.6 7.8 22.6 5.5

From an emalysisef tho ladour roqu.roments for the various typecs of work,
the conclusion mey be drawm that thore is an important place for fomalc labour
in tho cloetrical industry, partioularly in the production of low=voltare oquip-
mont, low-power maohincry and lighting uquipment.

T aversgs level of skill of tho workors in th. clootrical industry is
higher than ia w othor brunchos of industry, ar is also the lovel of qualifi-
catiens of She encimeering & . tochmiocal staff. In cxpenditure on scientific
rosearch work, the olectrioal industry comos seoond, aftor the aviation industry
but alwad of the chomical industry.

A m factore mst bo takom into aocoount when docidin on tho googre~
phioal locatien of sleotrical m
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wxpericice heo ghowr that the clectriecal sudustry can nost advantascously
be duvelopud in arvas possessing thoe neccssary lebour reoourcus and the roqur site
tcchnizal and ccononmic sonditions, This wns cxactly the roasoning followod Yy
the Sovernment of the USSP vhon it sct up an oloctrical industry in, for example,
the Iranscausasion Heopublize, which only a fuw decados ago wore backward 4$ooh-
nically, ccononitnlly ~rd culturnily.

"he Transcaucasicn Republies, partiiularly Acurbaidzhan, possuss considor-
ablc rusourcos of fucl and power (natural ;as ard hydro-cluctric powor), as well
as many typcs of raw ratorial nocded for the production of thoe matoriale usod
in the electrical irdustry. The production of rolled stocl has boun doveloped
in Guorgia, and that ¢f rolicd coppecr in Ameniz., Through oo-oporation, the
industrics of th. iranscaucasion Fcpullics have created tho noovssary facilities
for the devclopment of the clectrical :industry., TFinally, the prusonce of tho
requisitc lnbour rceources, including a sizcable numbor of spocialists, and the
dovclopment of an oxtensive systcm of tra nin, and sciuntific mmsearch insti-
tutcs have created thoroughly favourable cenditions for the suoccssful develop-
ment of this branch of inductry. In only a short spacc of time the variows
cnterprisce making up tha clectrical industry of Azorbaidshan havo sastored
the latcest progressive tcchniques for the construction of eleetric potors, oil
circuit-breakers, cluctric welding and cloctrothormal equipmont, and the produo-
tion of nuw cconomical c¢lectric driver for drilling rigs hes boen undertaken.
Specialized factorics have becr ¢stablished for tho production of castings amd
spocial tcechnical equipment for tho clectirical industry, and centralisod storsge
and auxiliary undertakings operating at optimum lovels and fonm‘n‘ sdvanocod
tochniques have been sot up, On thu basis of tho highly dovoloped clectrioal
industry, a scicntific, tochnical and production complox has boon sct up in the
fiepublic for the development and production of a complote range of largo-unit
eloctrical cquipmont for thc oil and gas industry of tho wholo country,

Tho clcotrical industry of the Ropublio has made a grcat contribution to
the dovelopment of power engincering,, machinory production and chemisiry - all
bren~hos which govern tochnical progross. Ascrbeidshan has outetripped the
Fodural Ropublic of Gormany and tho Unitod Kingdom in tho amount of eleotsde
powor produced per head of population, whilc tho volume of its industrial
production grow 1.6 timos betwoon 1959 and 1965,
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V. 'ABOUR PRODUCTIVITY AND TH: EXTINT CF [HE USR OF
ELCTI ICAL ECUIPM T IV INDUSTRIA' PRCDXTION

An important indcx of the development of the .coromy .s th anount of
olectric power producod pur hond of population. Th.s perticular .rdex 1s
rising repidly in the USSR andg spucial attuntion has buen paid tn accclorating
1%8 growth in the onco backward periphcral Reputl.cs. Thus, while the produc-
tion of oclootric powor por hoad of populatinr for the UGSR us a wholc rosc £.1
times and atta.nod 2,020 xilowntt hours botween 1940 and 1;9¢, in thc Usbek
Republioc it increasod during the samc poriod clpost lo tioes (to 9.9 kilowatt
hours), and in the £irghiz Republic 2¢ timcs (to 260 xilowatt hours).

In doveloping countriocs this indox is vxtromely emall. In 1964, of all
the doveloping oountrios, only the Ropublic of Cyprus ach.cvod e production of
oleotric powcr as high as 54% kilowatt hours per huad of population. In other
doveloping countrics clootricaty production is mu.. lowvor and varics froe 401
kilowatt hours in lexioco to 10 kilowatt hours or lcee in ‘aos, Sthiopia, the
Republio of Dahomcy, thc Ropublio of tho Niger, Bolivia, Bouador and other
countrias.

T™ho incroassingly oxtunsive usc of clootric power in :ndustrial production
is accompaniod by an incroaso in tho cocfficient of clectrifinstion (i.c. the
tio of tho total powor of tho installod eluotric motors to thu total power
of all installod powor sources. For tho USSR industry as a wholo, this cocffi-
olent is oJuso t0 0.9. It $s at its highost in such branches of industry as
meokine oo struction (0.98), 1ight industry (0.97), the chomioal industry (0.96)
and tho 00 1 industry (0.95).

At t¢ prescnt stags of cconomic dovelopment the increaso in matcrial
produotioe i accompamiod by s constant increase in the domand for clcotric
pover, whi b runs ahcad of tho inorcasc in tho number of workors omploycd in
prodwotior. As s rosult, prisent-day ocoomomic progroess is overywhore conditionsl
Won inor asing tho amount of clecirical equipment used in tho production
pocas, that is % sy, the amount of .loetric power used by cach worker in
00 you . Tis a2 W seen frem tho figwros given in Table 5.
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TALLE 5
RATTS CF_TCITAST LI THE A-IOUNT™ OF POWER USED BY 'J(RKERS T‘J IHW-)TR L
_PEOC"““““ TONT OF "RO‘YI“’ '*P' 3 i

Limount of ower used Ly
labour force 14 2.8 30 32 34 3.5

- T

Txteat of -rovision of
1 electrical cqui-me~t for
a labour force 15 3o 1.1 3.4 3.6 1.9

Productiv t+ of 1labour 1. 2.0 1.0 3.2 1.5 3.8

\n

Ratio of ircrease of extent
» of -rovision of electrical
equipment to amount of -owar
used by labour force 1.07 1.07 1.03 1.06 1,06 1.08

Ratio of incrcase . extont

. of nrovision of electrical

i equipment to increase in

productivity of labour 1.0 1.07 1.0} 1.06 1.03 1.02
There can be no increase ‘n the extent of -rovision of the l-bour force

with electrical equipment without extonsive and radical changes in the technical

equinment of industry, profound changes in technology and, in many cases, ohanges

in the nature of production and even in the nroducts produced. The introduction

of eleotric power is conditional upon theso changes and, in its turn, makes thea |

et R o

)

necessary. An increase in the electrical equinment of the labour force is there-
fore an index of technical and economic orogross in industry,
Industrial progress based on an increase in the eloctriocal equipment of
the labour force i3 always accompanied by an increase in the real productivity
of labour, for these two indices - thc oxtent of provision of the labour force
with electrical equinment and the productivity of labour - are interlinked.
Exporience of economic development in the USSR, as in other oountries,

W,

't

shows that modern industrial development is accompanied by » ‘rease in the

1 1/ See "Narodnoe Khozyaistro SSSR v 1964 g," (The utioul econony of the USSR
: in 1 y Do. . 50, 151; "Promrshlen 20! SR (USSR industey),

1964, pn. 32 and él, and Fravds, 3 v




Unido/17D/4
Page 21

dogree of olectrical oquipment, which outpacos thc goncral inorcasc in tho
use of power, thus loading to structural changes 1n gonoral powoer roequiroments
in favour of cloetric power. This is onc of the inoscapablc trunds of pruscnt-
day techniocal progress.

-he ratio of the growth of the oxtunt to whioh tho labour forcc is provided
wvith olectrical equipmont to the growth of labour prodwotivity in industry is
on the vholeo olose to unity. At the same timo, however, in thos. tranches of
industry whore the inoreasc in tho doireo of oluctrical equipnmont of labour 1s
linked with repid technical progross, the risos in labour productivity during
the poriod of techaiocal devclopmont may considorably outstrip the risc in the

extent to which the labeur forco is providod with oloctriocal oquipr ont (sec
Tabls 6).
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RATTE OF SROMTH I
WITH SLECTRICAL B
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[ _THE VARIOUN TRANCTE OF BOWTIE YORRESEN

Lo LI RIIACTR OF THE 1385 TV

Coal:
Elcctrical cquipment
Productivity

Oil:
Eleetrical cqupment
Productivity

Iron and stocl:
Elcotrical couipment
Productivi ty

Chonical ¢
Eicetricnl cqupment
Productivity

Machine construction:
Electrical equipmont
Productivity

Ccllulose and papor:
Tleotrical cquipmont
Productivi ty

Cotton toxtiles:
Eloctricel couipnunt
Produotivi ty

' PP ’
statistical Yoarboek, the

14}

26} 8)
160 167
208 w2
404 4N
244 65
2 22
156 16}
290 o8
156 163

< »
206 17
an 42
190
190 190

4 (The aatienal cocneay of

Sga *
USSR ¥n iﬁ, D i! !5!. Yn ukc with the

rates of growth of the omtent V¢ whieh

latour forec is previded with eleetris oguiphent age
of data on tho averegc wee of elostrical power Wy o
worker. Thc indices for the ladews predustivity 12 the ceal end et}
industrios arc likewise computod for ¢ single mesual
romeining brenchos of industyy, hewonr, the figures
tivity aro computod for a single worter but alse iaslede on-tananl
'om"o

L
date given in thie
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The significance of the automated slectric drive syston in the development

of mechanized production emd the raiiing of the productivity of labowr as a
fv whole, outlined in ite moet important and general terms, is that it ocombines
in one, three of the four units of mechanienl equipment (the motor, the trams-
3 mission, ~nd the automatic mechunism) and requires only about two-thirds ap
much electric power as older systoms .
A Lot us consider the rolc of smtomated clectric drive aystens in the aamu~
facturing industry, the developmcnt of which is of great significance for the
whole economy of a country, and particularly the economy of deweloping cewmtries.
In the developed indusrtrialised countiies, the menufacturing industry ameunte
to 70 to 85 per cent of the whole of industrial produotion,

Manufacturing industry is the core of technicel progress, for it ¢ vers the
machine~construction and electrical industries, 2s well as the chemioal amd
metallurgicel industries; it serves as the technical basis for constrwetiea,
as it includes such industries as the bui lding saterials industry, the cememt
industry, tho glass industry, and the timber and timber conversiea twanches of
§ industry; it is the basis for raising the cultural and edwoatienal levels of

& country, since it includes the printing and cellulose and paper teanches of
industry, and it raises the mtandard of well-being and the living standard of
the poople, as it covers light industiry and the food industry,

There are definite correlations between the indices of the dowelopuent of
the manufacturing industry and of ite eloctrification, and a knowledge of these
makes mothodical and plannod devclopment possible,

, A reliable index of the influence of autemated electric &riw aystems e
the dovelomment of industry is the inorease in the demand for clestrie power
for motive purposes. Table 7 shows details of the increase ia Wis indes ia

oo e B s oy

Rusmag

b & Vs

the UBER during the peried 1913-1964.
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UNPTION OF ELACT!
KR JOTIVE PURPOSEN

Consumption of

eleotric powor

for mative ‘
Total output .  pyxposvs in Countrius whase total output of ocloctric

of eleotric -¥ho industry  powor in 1964 ia approximatoly oqual to
o in the of the UBSK, tho amount of electric power used for

s in in billions of nmotive purposes in the industry of the
Isar Mllisse of K
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industry increases at approximately the sans rete as the extent of provison
of the labour fpme with eleotrio -o_ﬁivp power,

-

-,\l-ro v]\ic.'oi,,' P o
JW‘ ‘l aﬂw.wuwl! | SR LEDUSTRY OF T [N
WITR 19%0 TAREN AF .".“r | COY

Total exient of provision of the labour

force with electrical equipment 146 192 266
xtent of provision of the labour foroe

with electric motive power 14 186 il
Productivity of labour 144 197 U8

The inorease in the use of electrio power for motive purposes is thus
tha most effective means of inoreasing labour produotivity,

The science of electric motive power is well developed im the Boviet Union
and steus direotly from the materialistio interpretation of the matwe of
icchnclogy as an aid to labour and to human wtivity, viich 15 deweleping ia
givon historical ociroumstances, o e o .

In the Soviet Union, the term “eutomated eleotric motive aysta’ covers
three basically different pieces of equipment: the electrio ddving UM.
the tronsmission and the automatioc (oybormetio) appamtue. The elesirio metive
system transforms electrical power into mechanical power, tvansmits it fyem
the oleciric motors to the operative parts of the mackinery and, ﬂﬂm.
Togulates the azplituds, nature and direction of this power, while wimatically
controlling the operation of the drivin( motors and ¢of the wheole M‘l

process.
Automatod eloctrio motive power s s most importent .—. of tainieal
progress as it is alone in affording, simultenscusly, e peseidiliy of ales-
rification, of mechanisation and of swtomation im predusticn.
Elootrio motive pover systems are hinc doveloped io’ﬁ -nt-um .ﬂ
quantitatively, . ‘ L
¥ith the further development of cleetyic netive wmite and the slestede
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sotive units and the (leotrio motcrs and power oonvericrs whioh form part of

thom, there is an acoompanying risc in the dogroe of clectrical cquipment and

the produotivity of mochanical oquipmont, a rise in the ooefficient of usoful

work, and greator opportunity for expanding the scale of preduction processce

and machine units. All this sonsticutcs one of thc most iaportart lines o

tochnioal progress. |

The dovelopmont of transmission mochanisms and the o.cation on this bagis |
of machinory powpred by multiple imdividual cloctric motors, intcgrally linked
with the operative parts of the production machinc, make it posaible to {
proaress froa intermittent production proceeeos to semi-continucus and oon-
tinuwous proccsses, and thig too, i< a most important aspuct of tcohnical pro-
gross,

Pinally, the fuxthor dovolopment of automat:io apparatus - tho third compo-
nont clemont of cleotric moMve systoms - sccurcs thoe bost and most advar.tagoou
operation of all parts of tho ocloctrioc motive sys%om and hence ihe most produo-
tive and eoconcaioal oporeticn of theo entire wit of mochanioal ard olcotrioal
oquipm:nt : nd of tho production procoss an a whole,

Atterpts to do.olcp on’y individuel parts of +%, cleotric rotive syetoms,
vithout dovoloping tho otder parte, load to inadequato utilization of the
potemtial of *hc uiut of oquipment. Tho oxpuionse of %o Joviet Umion shows
that only oversll davolopient of all tho oompaien. parts and of the elootrio
sotive 'nit as a wiole oan oroate the nooessary oonditio.s fo- repid toochniocal
progress in tho :onstruoiion of mork_=iged {ngusirio~? oqvimaent,

Grost imnortarne 1e atiachod in tho USSR to the 800isl aspeots of the
developacut of autoetod olectricall: -driven equipment. Mhat we have inm mind
are ouoh factors s tho improvoment of vorking conditions, the moohan:: ation
of laboua-consming orerations whioh ™quire gonsidorable oxponditure of paysi-
oal effolt Ly the woricors, the cutomation of prodvntion procosscs whioh oall
for & grest axpenditure of nervous energy, and othors. To some extent, there-
fore, the electrification, meoharization and astomation of produotion processes
is mot made oonditional only upon the ocost of the elocirical squipment or the
Profitabiliiy of the smitial capital imvestmozts required, In industrial under-
takings ia the UNR, considerable sume are spont on the méohanisation and suto-
mtien of production 11 ¢~ 'r 4 seouze improved working oconditions, oven where
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thc direct cconomic .dvantage is not ovidont.

An cxample of automation which not only offers great advanteges from e
humanc point of vicw but also presents marked economio advantages is the
automation of tho scale cars in blast furnace plants whioh has been carried
out in many stccl works in the USSR, As a result of this sutomation, there
has been not only an increase in tho asocuracy of the dispensing of mix and a
reduciion in the specific consumption of ocke per ton of pig iron, but also
a sharp drop in the incidence of silicosis and tuboroulosis among the soale
car oparators, who no longer nced ts be constantly in a hot dusty place under
the storage bunkers of the blast furnaces.

In the Sovict Union and a number of other countries, groat attention has
been paiu in rocont years to the usc of elecironio computers for oontrol pur-
poses .n thc automation of production procossos. The use of costly computers
for controlling machinery units is only economically offioient, however, if
tho whole production procees, all units of the machinery, and all parts of
the electrical motive unit are sufficiently highly perfocted from the technical
point of view. In the vivid words of Acadomician A.I. Berg,"it is no use
attaching cn clcctronic computor to a whoolbarrow", This ocnce again bears
out ‘nc viocw that the development of all parts of an olootrio motive systes
must bc integratod and co-ordinated.

If we study the history of the development of such pieces of -oiiaoq
as blooming mills, rolling mills, blast fumace equipment, motalworking sachines
and pressos, cxcavators, papermaking machince and coal-cutting machines, we
seo in each casc that the dovelopment and porfoctioning of these machines has
.~ - hand in hand with the development of systoms of automatod electrio actua~
tion. In thc USSR, cleoctric motive power has beocome the power basis for
industry, transport,and daily life, and in tho near future it will become the
pover basis for agriculture as well,

The total installed power of eleotric motore in Seviet industry Fees
2,000,000 kW in 1928 and 14.2 million kW in 1940 %0 120 milliom k¥ in IJ

1/ W (tun mmu-), 8tatistionl Yoar Book, " tatistioe®
Publiehing soow, 1
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As an sxmmplc of the oxceptionally high lovel of development of electric
@otive systens in tho UBBR wo mey tcke blooming mills. The electrical oquip-
sent of theee pieces of machinery is approximately twicc as large as that of
the largest capacity blooming milis constructod in other countrics.
The installed power of the drving motors of tho "1300" blooming mill is over
30,000 H.P, Tho maximum production of Soviot blooming mills is more than twice
a8 high, and the averegc production more than throo timee as high as that of
mills sbroad.
A hig  level of clectrifioation of the mining industry has boon attained
in the UBSR, particularly in tho boring of oil and gas wells. The productivity
of drilling rigs driven Yy eloctricity is 25 to 30 per ocent highor than that
of rigs driven ky diersl ongines.
There 15 an extremely high lovsl of electrification in oponcast maining
workings, whero single- and multi-bucket oxcavators with clectric motors of
an installed power of over 10,000 kilowatts for oach excavator are in usc.
The largest ocolliery elovator installations have elootiio driving motors of
abovt 4,000 kilowatts.
Weh the expericnoe of the olootrification of mining machinery gained by
the Soviet Thion it oan Do stated that the automatically regulatod olectric
ariving systems fitted to most itows of mining maohinery ensure 10 to 15 per
oent kigher prodmotivity, greater reliability in tho mechinory and improved
working conditions conpared with unrogulated oleotrio drives o the same
poser,
Uatil recemtly, the wids use of automatioally regula*od olootric drives
in the wiming industry vas hindered 'y the relative comploxity and high oost
of swih @rives and also by the adeence of properly porfected systoms for the
soenciis Tegulation of the speed of altormating ourrent eleotric motors.
Adventes ia Mgh-pover sanicondaotor techmology have emablod theso difficultics
%0 M ovevouis, hovever. Owcosssful indusirial-scale tests of automatically |
regulated Wprister direct current drives for coal-cutting machines are being
oarvivd ous in the UBER. |
MMW direot curvent slecirio @rives contimue %o koop
ilnum of dlving wxite for solliesy elewators (for slectiric drives
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of over 1,500 kilowatts copacity), singlo-buckot oxoavators with a buoket
capacity of two cubic mctres or more, and machinory feeding drilling rigs.

The dynemic charactarigtios of tho loeds in mining machinory and the
arduous conditions in vhich such mochinory is used make it neoessary to envi-
gagc the usc of cvluctric drives without reduction goear.

Elcetric motive power h-e bocome the power basis for present-day machine
tool construction. 1t can be said without oxaggeration that all progressive
tronds in the dovclopment of mnchine tool construction aro, to a _reater or
lesscr degree, contingont upon the porfection of electrio motive power for
the machincs: that is, tho dovelopment of uloctrifioation. Eloctrification
is tho starting point for nuw and progressive technological proccssees in metal-
working which can load to great savings,

In rccont years particular attontion has beon paid to tho development of
machine tools which programmcd cloctric control and of automatic lines of
machines, thc high productivity of whioh is largely duc to their high degree
of elactrioal automation.

The genoral tendency in the dovelopment of machine tool constywotion ie
towards incroasing thc dogrec of clectrioal oquipment of the machine assemblies
and increasing thc proportion of thoir physinal makeup and cost represented
by the olootrical part. The widely difforont dosigns of msohine t0ols and
the conditions in which thcy operato mean that thoy also pomse a wide nlp of
requiremc. s to thc clectric motor and eleotrical equipment industry. These
spcoifio needs uf the machine tool industry arc satisfied by the lamgs and
varicd rang ;> of clectrical equipment available,

On an svera,o, cvory mctalworking machino tool produced in the USER s
oquippod with 3 - 4 clectric motors and 5 = 7 clectro-magnetic wnits. At the
samc timc, howover, tho UBSR producos heavy machine tools, eash equipped with
sevoral doson cloctrio motors (of a total installed power of as mwoh as 1,300
to 2,000 kilowatts), hundrods of other items of slectrical equipment, and
also many acouratc and fast-aoting oleotrical regulatore which maintelis a
givon type of operation by the machine tools. Tho fumotional wesk lead of
the oloctricel part of many typos of machino teols is vesy heawy. In Whis
connexion, the combimation into a singlc unit of the elecdsrical end ssechamtoal
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parts of many machine tools is a mattor of particular importance.

Over tho last fow docadcs, thoro has boon a risc in both tho nuuber and
powor of tho elootric motors uscd in machinc tools. If we take the avereyc
dogree of motor oquipment of a machinc tool produced in tho USSR in 1940 s
100 por cont, tho avorago dugroc of motor cquipmont of a machino tool produced
in 1964 is approximatcly 200 per ccnt,

In the main, tho oloctrification of nachinc tcols still takcs the form of
using elootricity as a source of motive power. In this respect, olectricity
is usod only indircctly in thc treditinnal mechanical working of motcle by
machine tools. This is far from bcing the most cffoctive way of using it, how-
ovor. Blootricity can be usod diroctly in technological procossce, thus consid~
orebly incroasing thoir cofficionoy. This aspoot of tho cloctrification of mach-
1no tools has not yot boon adoquatoly dowoloped, but 1t ir of . roat importance
amd holds out groat possidilitios,

In any oountry, rogardicss of tho lcvol of developaont in tho oconomy and
the sloctrical industry, it is of advantago to organiso laboretorics or roscarch
institutes epooializing in automntod clootric drive systoms, to study the prob-
lems of tho cloctrification, mochanisation and automstion of production. Tho
broad soiontific and praotiocal outlook provided by the study of automated
clootrio drivo mystems onablos the staff of thoso institutions to play an active
part in the formation of Statc tochnical and oconomic policy and tho dovolopmont
of their country's productivo rosourcos.

VII. THEE DEVELOPMENT (. THE FERROUE AND NON-FERROUS )TTALB INDUSTRY
ON THE BASIS OF THE DIRB.T USE OF ELECTRIC POVER
IN TECEMOLOGICAL PROCESSES

Mout 12 por cont of all tho clooctric power producod in the world is at
present weed in tho olootro-thormal and cleotro-chomioal procossos comnocted
with the mmelting, refining, casting or ¢lootyolysis of ferrous and nom-forrous
W tesdmelegy, nature and cooncamios of elootro-thermal and olootro-ohomioal
pretesnes wed in i~Mwtry wary videly, as may bo scon fyom tho following oxamplo.
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In the first half of thc twonticth oantury, the production of vlectrio
stccl was devcloped in order to satisfy the requremonts of the automobilo and
aviation indsutrics for high-gradc and supcr-high-grdc stccl. It becamc cloar
as carly as the 1950's, howevor, that in givon conditions tho cleotric atoel
procoss could produce ordinary carbon stucl chcaper than the opon-hoarth mothod,

Thc cconomic rcasons for this arc es follows:

- an clectric steel melting plant 18 35 to 45 pur ocnt cheapor to build

than an open-hcarth plant of the samc cepacity;

~ nn open=hcarth furnacc requirce o miniowm of 45 per sont of pig ivon in

the charge and cannot toke morc than 55 per cent of stool scrap, whoroas
an cloctric furnacc cen takc a chargc consisting of 100 por cont etool
scrap ond do without pig iron complotely - an important saving, as a
ton of stucl scrap costs only 50 to S0 per ccnt as much as « ton of pig
iron, k

The result of thie difforence in the cost of rew matorials, togother with
tho lowcr doprociation costs on the capital invostod, is thas oven whero alootrio
power i3 quito cxpensive a ton of cluctric stcocl works out choapor sthan a tom of
opoen-hcarth stocl.

Therc is nothing nmorc wastcful for the cconomy of a dovcloping country than
to scll stccl scrap and cast-iron scrap for oxport and at the samc timeo So pur-
chasc rcquircd mctal abroad. An clcetric stocl molting plant with a capaeity of
300,000 tons of stcol per ycar, consuming domostic scrap, pays for itsolf oom=
plotcly in two ycars of opcration and from the third yoar omwards shows a sud-
stantial profit on ovcry ton of stocel mcltod,

If a country has doposits of coking coal and the cconomic comditions aso
favourablo to tho cstablishmont of a large blast fumaoc industry with an anmwal
capaoity of ovor 1.5 tc 2.0 million tons, thon tho prodwotion of pig irom Wy
blast furnaccs is nore advantagoous than in clootric fumasos.

Tho usc of olootric smoliing procossos is backod up by tho coomomios of phg-
iron production in countrics whore thore arc no doposits of dmostic ooking ccel
or whorc tho soalc of production of pig iren in o proposed plant decs mot emsesd
450 to 550,000 tons por yoar, im wiow of the lowcr costs for the ool bSroess
uscd instcad of top-quality blest furnacc coko and the lowor cepital imvestmsst
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in an clootric stocl melting plant compared with -n opufi-hcerth plant,

If a country has complcx iron orcs whicih contalin rot only 1ron but sm:ll
quantitics of such othcr uscful nctals ae chromiun, nickcl, titrnium, vanadium
or mangancso, the proccssing of such raw matcrial in olectric furmaccs, which
can also ortract motals morc oxponsive than iron, bocoacs cver morc advantagcous
cconomioally.

The favourablc cconomics of the clectric stocl wcelting procuse can preatly
brighten the prospoots for the utilisation of complix ircn~cre dupoeits, concid-
oring tho high valuc of the mctels which can b¢ oxtractcd as bty-groducts whil.
tho stocl is being emclted. Only in cloctrie furnaces can all typcs of forrous
slloys, including forro-mangance: and fcrro—silicon alloys, te smcltcd cconomi-
oally. Thc financial cxponditurc on the construct:on of furrous alloy production
plants is not groat, nnd the cxport of ferrous alloys is considcrably norc advan-
tagoous than thc cxport >f ore or conocntiratce,

T™ho production of high quality stcol, alloys, stcols with special physical
qulitics, and hcat-rusisting, high-tcnsilc and high-procision alloys, is of
&roat importanco in presont-day toohnology. The production and procossing of
swoh alloys involvos tho uso of arc and induction vocuun furnccos and cquipmont
for olootric slag molting, such as clcctron boam or plasma arc moltinug cquipment,
Tho olootrical industry of the USSR produccs all typoe of vacuur, olcctronic and
Plassa installations nocdod for thesc purposcs.

Ovor six million tons of aluminium arc smcltcd in the world cvery ycar and
120 billion kilowatt hours of clcctriu powor arc usod for this purposc. Many
aluminium producing countrios cporatc wholly ox pertly on imported bauxito. It
is olear that tho production of aluminiunm can advantagoously bc dovoloped in
comntries whorc olectric powor is ohoapost.

™o produotion of aluminium bogins with the primary procossing of bauxitc
into puro alumina and onds with the oluotrolysis of aluninium fromw a molton
solution of alumine in oryolito. It involves tho sotting up of thoe production
of carhon dlocks, oclevtro’s matorial and oryolito, as a sidolinoe, and is an
indestsy which roguirce large amounts of ocapital and is profitadblo only whon

ocarvied out on a largo scalo.
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In the USSR, thc production of aluminium frog nophulinos, with Portland
ccement as a by-product of alumina production, has been dewveloped to tho point
where it it cronomically profitable.

Fhere 1oi mnteoriel (bauxite, cynnitcs, diasporos and sillimanitce) is to
.. found locally tut, for somc rcason such as lack of financial rosourcos, the
production of 2luminiunm cannct be started yot, it is advantagcous to ostablish
thc production of alunminium silicon or synthctic corundum, both of whieh oan bo
produccd with lcss cxpenditurc of powor and capital investmont than aluminium
tut zic more profitablc to scll than raw matorial.

Synthetic corundun is of particular intcrcst. In thc UBSR a mcthod has
boen deviscd and perfectcd for the singlc-stage production of synthotic corundum
«sith a content of 98.5 per cont of alumina from bauxitc in large oloctric aro
furncccs. This synthctic corundum is vital to tho motal industry for tho produc-
tion of high quality rcfractorics and synthctic slags uscd in stccl produotion.

Stvlzhide/nickel and copper/nickol orcs can most advantagcously bo smoltod
into cnke in cloctric furnacos. The power consumption for smolting into ocako is
2btous 550 kilowatt hours per tonne of orc. As tho niokol contont of the rew
nntorial smolted is usually 6 to T per ocnt, thc total powcr consumption por
ton of niclel contained in the cakc is 9,000 - 10,000 kilowatt hourn. This
Goowlgtlon of clcetric powor is justifiod, howcvor, by tho high dogroc of
cxtraction of nick.l in clecctric furnacos. Exporioncc shows that the waste
slanz from clcetiic furnaces contains 0.25 to 0.30 por oont loss niokel than the
slag from ruverberatory furnaccs.

An cleciric furnacc of modium siso, molting a thousand tons of orc and
corcenirates per 24 hour period, producos an oxtra 2,500 kilogrammes of niokol
through the rcduction of lossos in the wasto slag.

Thc unc of clectric powor in tho production of nickol and cobalt ontere
into almos* all etagos of tho motal-produoing procoss: 1.c., into the roduwotion
of nickel, the cloctrolysiz and smolting of oathodc nickcl and tho redmotion of
cobalt hydroxidc.

L% all stages of motallurgical produotion, boginming with tho primary
ircetment of the ilmenito concontrato and cnding with tho casting of ingots of
titaniun and its alloys, only olectro-mctallurgical procossos aro usod,
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Tho total powor conoumption for all proccsccer invelved in the production of .- |
ton of mctallic titanium 18 approximatoly 70,000 kilowatt hours. It 13 this ‘
that oxplains the hizh cost of metallic titan.um, for 1lmenitc cuncontrate in
rolatively incxponsive, and roadily available,
Sotting up n titanium production iadustry i1e 2n cxt...ely complicated
mattor oclling for hecavy cagpitrl investacnts. For countrics posscreing naturnl
resourcos of ilmonite, the task of settirg up such an industry ncy 1dvant_ . cously
bo carried out in two stasvs. Tho firet etnge chould Y limited to the produc-
tion of titanium-rich sintcrs contrinin, 75 to 53 p.r ~ent -f titarium dioxide,
ns tho mnin product, with thu production of p:; 1rorn s = by-produst to eat.sfy
intornal domends for that mctcrinl. In thu s cond stug-, whon the poseirb.lity
of largo capital investmonts ariscs, progress may < cade to *he construction
of a full sot of industrizl installations for the production of titauaus.
Decisions on the scloection of oconomicai mothods for th. production »f zinc,
load and othor non-forrous mutals by pyro-mcialluryic.l, clectro-rwtallurgical
or electrolytic proccsscs should only be takcn fter thorowh study of the
composition of tho orcs snd & roviuw of the country's cconomuc features,
In the 8ovict Unicn, an uxtonsive oxpurimental wad ruscarch system has beon
sot up for oleotrothcrmy. This systun nakes 1t poeeitlc, aftcr study >f a
commercial sanple of oru, to work out the bust tochiiology for 1t clectrothermal

prooossing, ‘o calculatc how much the motml will cont whon produced, and alsc
to dotorming tho megnitudo of the capital rrvestmente rxquired to sct up an
oloctre-metallurgional metal productic. industry. This applics not only to
ratallic ores Wt also to othor types of row matcrial for the produstion of
phosphorous, caloium casbide, syntheti~ corundum, carborundus, boron and its
dorivativos, prrooasod rufreotorics, glass, coram.c uncmels, graphite and
grephite articles, cto.
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VIII. Ti. ELACTRIFICATIO!. OF RATIL TRANSPORT

Of all brraches ot loctrifioat, in, that whinh Ras the widset-ranging
influence or the cocnor.i~ developuuent »f the soumtiry 19 the wleetmifieation

of reil transpert. The cffuct >f _lotrification >f the re. lwag system cannet
be calculat:d simply in firantial turme, [t ,1ves & now stimmluws %o the dovelep-
ment o irdus'rv, ard rad.caily changes orditions of work wd life. RNe othee
type «f rail trcticn can do thie,

(riy #with 1 ctriccl tracti-n cen us. be made now »f sush fosms of onergy
~8 hydro— 1:ctric power, coal, poat, "1l shal e and other .ow—calemie fosme of
golid fucl and, 1n the futurc, of wind nd t1dal power, Whe d&i ffegumee in Samp=
uraturc bctwoen the depths of the carth asd 1te sueface and B ween sna water
and air, and sclar enorpy. Statistices show that for every millien gpose Voame-
kilometres th. amount »f ~oal requrd is & tone vith stcas Vraetion (10D pee
cent), 25 tons with diiscl traction {5 pur dent), but snly sizteen tons with
clectrin temctior (3 pur cont),

Abrut 40,000 kilometrue of mulway lin: Rave heon slectmified in the UDNR.
Oroat attontion 18 being dovotud %o thu scicntific basas of Whe prodliems of
cicntrl "ication 1tself, of retirn lly orFgsaising Pasl § anepe®t cpodutions
increas.ng the traction propertl : and the power »f 1 cametiveo, Lnouasing e
running spucd of traine, and purf.cting spetuas of power supply. e selsbion
of theso probloms is intimrtcly eorrected with She luwel of dowelegmend of e
eloctricrl industiry, which produsce the entise Pange of oquspmont Gnodnd for
the clectrification of rril trameport: oleetpia lesemetives, ‘Souncfoties
installaticns, protuctiv:, switehing, stapting and cantdpel oquapgmend, vastsus
types of steelwork ad 8o on. Thus, LA Wis pasticulas case W iaflesnse of
$he eluctrical industry on Whe netional esonsmy 18 videwonnging wd offesds @
active stimulus to its Tarther &ov: ) paont,
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still as top.cal =8 uvur, .o Whe sclestion of Ve ayotem of cleststifiostion G
be spplivi on *he rulwage, for Wi sclest on of We coPvust apetem of clesti M-
sation brings the country the grestest coenams ¢ Dunefi 40 and sots ndwtey &
She road towards the production of e ot highlpgurfunted ognigment.
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As a result of thi: rec~natruction carrieu out on the basis of reilway
electrificativn, the nunter of ~eracnnel em-loyad on rail freight operations
has reuained orastically unchanged ~ver the past five years, anu the entire
lLncrease ir the amount ~f freight transperted hae been dus to the improvement
1n labcur ~roduct.vity,

Ir 1364, the ‘verwe welght °f an electrically-hauled freight train was
4T rer cert greuter than with steam traction, while the aversge distance ocovered
ty an electris locca tive in a day was JO -er cent greater than that of a steam
locemotive 1rn a simiar ~eri-i.

The 1eveis i1nw ~cuitries have . extremely feeble railway network with a
rermanent wiy construction which  1lcws axle loadings cf the order of only 10
tc 15 tone, ard .he iensity of their railway systams can be ten or, in some

cises, eve:r hunarels f times lose tnan in industrially developed ocountries.
The total lerwtn t the railways ~f Africa, Asia and Seut. Amerioa at the bogin-
ring °f 1300 wis aocuathirg ovar 300,000 kilometpe=, and theee reilvays had
eighteen {ifferont wheoi xaug:=s, varying froa 597 te 1,676 aillinetges.

The #a- tetwesr. the .svel renchod by the capitalist countriss and that
reached, fcr exam;l:, by Afr.~a in 10, 1= 11lustrated by the following figuses:
for Africa ae = shole tne density of the rnilway systes was only O.24 kilomstree
per 100 sjuare kilometres «: territory, while in ocanitalist countries it was -
1.04 kilometres. [1 such African countries as Algeria, Congo (Kinshass), Eengs,
Uganda and Tanguyix the rallway density was 0.2 kilometres; in Bthiopia, Suden,
Seriegal, 4ali in! Canercon, only A.1 xilometres; whils in the Conge (Mll‘),
the Central African Re ublic, Gaben nd Chad it was enly 0,02 kilemetres, 1.0, %0
times lower *han i1 the rest of the world and 250 times lower tham, for ezample,
Prance.

At the same t.me, the enonomies of these ceuntries are paseing through »
2eT1od of relatively intensive growia, chiefly dwe te their offerte to empleit
Sheir great natural resources (mainly of rew aatesrials)) and ihe faet that the
loads $o be carried consist largely of rew mnterials msens that thege are ovea
higher demands on the freight-carrying capasity of the relling stech. The 1ight-
ness of the permanent way, the lew tesinicel standard of the lecomatives, e
low rusning speeds and the mmall cerwissidle anle leadings, tegether with the
fact that the sajerity (67 per sent) of the lines ase mevev gage, il ovetly
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ocoaplicate tho solution of transport probless, which hinder the normal and
harsonious develonment of the economy aeven at this »rizary stage of davelop=-
nont,

Between 1958 and 1963, the newly independent countries develored their
productive capacity and suwooeeded in inoreasing the volume of their industrial
produotion one and a half timos, development being uost intensive in the many-
facturing industry (which grew 1.72 times), including the metal industry (which
sTow 1.52 timos); trarsport operations Flay a vital oart in the production nro-
Jesfe8 of both thess branches of the oonomy. The production of olectric power,
Jor ite part, increased by 59 per cent.

Acoording to the data of the statistioal aonthliecs ¢f the Unitod Nations,
the growta of heavy industry has outatripped other developments, and 1n rarti-
cular there has been a failupe to keep up with the requirements for means of
traasport. A vivid illustration of this situation is provided bty India, where
for years in@ustrial development has been held back by shortages of electric
power and treasport. Ia 1962, the amowst of freight handled on the Indian rail-
waye inoreased Wy only 2.7 per cont, while industrial productior grew by 8 ner
oent, but ia 1963 trensport modernisation, with the electrification of a nuaber
of i"pertant main-lines and othor measures t0 inorease the froight~carrying
oapacity of the railmys, emabled 11 per oent aore freight to bte carried while
the preductica of electric POt inoveassd by 14.4 per oent.

These difficultios are intensified by the emoessive diversity of struoture,
the weaknoos, mtnmwcmmtmuumotammhnlm
PORT basis ia develeping couniries, most of which are charecterised by a do-
fieid of solid or liquid feel while at the same time possessing great Rydso-
olestyie power resswrces. Moz Africe alese (emcluding the Repudlic of Sewth
Afriss) the Mpdre-elestric power recsusrces are suffioient to operate esleetric
power statiens of & total capasity of 1,190 aillion kilomtts, vith & total pro-
Sustion of elestris power over 5,000 Billten kilewats heurs. At W3¢ same time,
ﬁ-mmmmutun-anm.muunuumomu
-nm-s.sunu.m-an. -munmnmmnm—p—
mnmm«mummqnm of the total snsunt of oleet-
5 powr poetused. '
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Fer the cconcmies of the developing countrics it 1e extremely iamportant to
keep such a structurc of the fucl-nower balance as will nakoe them independent of
fucl imperts (this = :lics 1n particular te petroleum and petroloua products).
Ccnscquently, for countrics which do net -osscss their own potroleuw rescurcas
and lack thc preduction facilities for refining diosol fuel, tho most rational
way of developing the transvort grstam can only be cleotrificatien, whioch cnables
thaom to use for traction purposos clectric power produced eithor in thormal powor
ctatione using local fucl such as coal, puat or o1l shales, or in hydro-eleotric

stations, As oxperionce has shown, the Republic of India, having seleotsd elect-

rification with single-rhase alternating current at industrial frequency as the
main method of improving ite railway systea (28 in the USSR, Prance, the United
Kingdom, Janan and othcr countries), is now frce of the need to import petroleun
oroducts for diesel locomotives.

Electric traction has nlsc ~rovad to be the most eoonomical solution in the
conditions prevailing in the Republic of India, where two million ton/kilo.otrot
of tho freight transmorted by rail each year are oarried on lines with steep
cradients and six to scven million ton/kilomctres on flat seotions.

where the density of the railway systen is not very high, aid where the
nature of the permancnt woy doos not permit the usa of modern heary rolling stook,
it is adviseble to usc rolling stock with a high motor power on each axle but a
relatively low axlc lozding. 8uch pronertiss are possessed by nodern sleotric
locomotives, which may be fitted with traction motors of a power of up to
1,100 - 1,200 kilowatte per axle.

When selecting the form of traction to bo usad by developing oountries,
account must be taken of the featurcs which are most important to the national
economy, such as reliability of operation of any given type of locomotive; simpli-

city of design} eimplicity of sorvicing and operation} range without refuelling;
performance attained in acceleration frem rest, braking and maxirun speed; a
sufficient rosorve of power and ability to operate safely even when overloaded;
specifio power-weight ratioj ability to accommodaty & suffioiently high power in
a given arca or space; suitibility for high—-altitude operation; constant readi-
ness for sorvice; low axle loading, with ainicmm dmamio co-effiocient; and a
suffioient lavel of cloanliness to guareantee healihy working oonditions.
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The problems of sclecting the bost type of rolling stock for the railways
of developing ocountries were clearly brought out at the Pourth African Rai lway
Conferunce in Addis Ababa in 1966. Study of the exporience goined :r the onara~
tion of rolling stock on the lines of the majority of African countrics shows
that in nomt casus the upper limit of the axle loading is irn the region af 15
tons, which, for a four-axlc diosel locomotive yiolds a maximun instclled pecwer
of 1,000 horse-powar or, for a six~axle diesel locomotive, a power of 1,50C
horse~power. Consoquently, for diesel locom. iives the power selccted is gena-
rally between 500 and 600 horse-power, depending on the height of the place of
operation above sea lovel. Such figures for pcwer and axle loading Lear witness
to the serioue difficultiee of laying heavier raile snd strengthening ths por-
manent way both of which are essential to cope with the growing voluse of freight
to be ocarried.

This underlines once again the advantagos to be guined from using electric
traction, particularly ir. viow of the low peruiseible axle loadings. An elemen-
tary caloulation shows that for s given rail gauge and & qaven strength of porowe~
nent way, eleotric trectiom can give tractive powrs 1.8 to two times greater
than dienel trectiom.

Ix. TiC BLICTRICAL INDUSTRY - THE TECMNICAL MASIS POR THE
BLECTRIPICATION OF AGRICULTURE AND OF
THE DAILY LIPR OF ™M POPULATION

In our countzy the eleotrification of agriculture was bagun only after the
victosy of the great OGoteder Scoialist revolution. In the rwrel areas of pre-
mmmmuhl!‘b?l-u-lntmmmnmuuu
Votal eapaoity of abows 2,000 kilowatis, most of whioh belonged to large land-
owners,

mmmm.muxmuwazwun«mmmm
hu-dmm.wmummuammunnm
lanpe. Nmmmhﬁ-m‘t“mmwhﬂ-u
urden. ummumv.m-em{mwmﬂm
wumumm)mumuam:mwmu
”.!nmtdmﬁmmmuﬁ.mmm. while
wmmmummmmm
0.8 par omnt. ‘
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Only with the sctting up of 2 -roat national eluctrioal indastry was it
possible t> begin work on the clectrification of agriculture. During the
poriod 1954-1%5 tho length of rural clectric tranmaission lines operating at
20-10-6 kV and of low-voltarse vlectric lincs oneratiiy; at 0.4 kV reached 1.7
mi.lion kilonetres, whilc 11 165 the consuantion of ¢lectric power in agriocul~
“urc amounted to 1.4 billion kilewatt hours. There was a considersble incroase
1n the axtent to which clactrie nower for colloctive farms and State farms was
su-plied fron the most relieble sourccs - State power systens and central elect-
ric pewcr stations. In 1970, Soviet agriculturo will consume 60 to 65 billion
kilowatt hcurs of electric powsr, R0 ta 90 per cent of this from State power
gystens and large ccntral -ower stations. This means that the absolute majority
of agricultural nroduction units will bo supplied with electric nower, and the
closing nf some 50,000 szall nrivate thermal electric power stations will enable
atout 100,000 workoers to be relzamed for othor work.

The mechanization of -roduction process:s through the use of systems of
electrified machinas and eTuipment permiSs the wost rational solution of the
oroblon of reising lavour productivity. It is calculated that overy kilowatt
hour of cloctric motive cwer used in agriculture gives a saving of 1.5 to two
man-hours,

Electric power can most aeconomically be umed in agricultural productiea in
largo proceases whioh require a stationary source of power. Such procesess play
a decisive role in stock-breeding, poultry-breeding, primary processing of greia
ar! oler inductrizl crops, irrigation and alec in suxiliayy agrioculturel ontem
prises. In the slectrical milking of cows, for example, the expenditwre of
labour is reduced by 67 per cent compared with hand silking, while the operating
costs are reduced by 34 per cent. The slectro-mnechanical distridution of foed ea
pig farms roduces labour expenditure by 95 per oent conpared with duad distride-
tion and yields & 96 per cent reduction in operating costs. Kleotre-sechanieal
wator supply and distribution on stock-breeding furms gives & redustion of 9% por
cent in expenditure of labour coapared with metheds imvelving the wes of horge-
drawn transport and manual labour, nﬂﬁnoa%moﬁlmtuhmw
costs. Tho aleotrifiocstion of the oleaning and sorting of grein gives a -3
per oent savirg in labour expenditure cempesed with mechanicn) metheds and an
18-35 per ount reduoction in cpersting cests. Pinally, the use of elestvie metive
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power for irrigation brings about » saving of 20-30 ner cent in labour axpendi-
twrs compared with mechanical ®otive dower, and a 15-79 per cent maving in
rumning costs,

Presont tendencios are towards transition froa tho sechanisation »f in-
dividual procosses to the comploto aechanization, on the basis of clectrifices
tion, of the whole cyocle of oporation connootod with a particular crop or branch
of agriculture. The mcet important cycles of operations, the clectrification of
which secures saximua efficiency, are the followings
In stock-breeding:

™e supply of wter to stook-breeding and poultry-breeding farms;

The preparetiocs and distridution of food;

The removal of manure;

™e ailking of occws and the Primary processing of ailk;

The shearing of sheep; and

The colleetion and packing of oggs.

In areble fareing:

The irrigation of fields;

The clesning, sorting, &rying and grisding of &raing

The primary processing of ootton and ether orups, and the proparation

of L~y menl.

Eleotric pownr is aloo woed in mxiliary agricultural undertakings such

s mechanieal repair wrkshops and weoldworking shops,

™e resources of olestre-technelegy ope. up great poesibilities for the

nochonical means of using sleotric powse. Klestre-technolegy permites the agri-
odm-nofmlmuu‘c. hMgh-froquency ocurveats, ultraseaie
m,-‘-ﬁnf-notmﬁrwmmumupm-um
ummummxmhuam. ote., and so forth.

hﬂuuhmmmm‘mﬁwmm
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The technical re-equi iument c¢f wrriculture on the Lasis of electrifioation
can be carricd out only 1f there i1a a sufficiently highly developed electrical
industry. EBecausc of the great length ¢f the low-power tranmmission lines in-
volvod and the large number of consuners of electricity, with at the same time
a low concentration of pewer consumption, agrioulture .s an extremely heavy
consumer of suoh electricel 0ode s electric metors, transformers and complete
distributicn systems, starting and nrotective anparatus, lighting equipment and
electric cabla.

In the twontics, which wore the darkets daye f{or Ruseia, V.1. Lenin said
that "the introduction of cloctriz light and elcctric heating into every home
will free millions of 'househnld slaves’ of the need to pass three-quarters cf

their lives in a stinking kitchon"}-{ Thesc words pin-point the revolutionary

role which electricity can play in radically changing not conly working and
living oonditions, but indeed the whnle existence of the pecole.

The level of economic develonment of a State and the meterisl well-deing
of its pecrlc are largely churncterized Ly the amount of eleotric powsr used
for communal and nublic needs. In 1965, out of 5C7 billion kilowatt hours of
electric power nroduced :n the USSR, over 120 billion were used for lighting
and tha social and communal needs cf the workers.

Domestic machines and apnliances driven %y eloctricity now ocoupy a fifm
»lace in the daily life of the Coviet neopls, and about 400 entsrprises in the
USSR are engaged 1n their production. [n the creation of new designs and
models of dcmestic electrical appliunces and the organisation of their mmes
pr~duction a leading role must of necessity be played by the factories of the
electrical industry, in which almost the whole range of domestic eleotrical
machines and appliances is produced.

The range of slectrical goods produccd in the USSR fer domestic purpeses
covers hundreds of items (over 1,000 models). The annual euiput of refrigere~
tors, washing machines, vacuum cleaners, electric irons, elestrio stoves and &
nusber of other domestic appliances it higher in the Soviet Union them in ang
country in Vestern Turope, and for certain individual articles it is as high as

)  V.I1. Lenin, Imxti edition, velume 19, page 42.
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$hat of thu United States of America. In 1965, 3,423,000 washing machircs,
1,675,000 rofrigerstors and 800,000 vacuun cloanere, and a large quantity of
eleotric floor polishers, olectrio irons, eloctric shavers, etc. wore produced
for the population of tna USSR.

The uso of modern aleotric househcld machinos and appliances vnables the
time speat on horsework to bo approxiaately halved. Tho annual se7ing of time
on housework for n fuiily of four persons, including two children, amounts to
1,600 man-hours. Por o housewife, this does not mean just a daily saving of
several hours, but liboration from hard physical tasks, a healthier life, and
a ohance %0 broaien her interests and knovledgo. These advantages cannct be
euged by any systeus of moasuremonts or units.

From the prodwstion of individual machines and appliances for domestic
uss, a transition is now taking place in the USSR towards the development and
production of completo electrical equipmont for the home: that is to say, coo~
plete sets of indoor aleotrical equipsent, lishting fittings, and radio and
eleotronio apparetus. The "kitchen" set of appliances, for example, consists
of aa all-purposc kitohen machine, a refrigerator, a dishwashor, an cloctric
stove with an electrionl oven and s filter-equipped fan, and othar equipment,
Work on tho complete electrifioation of dwllings has already bogun in many
citien of the USSR, such as Vladivostok, Krasmoyarsk, iirny and others. In the
now buildings of these citise, heating, hot wator supply and the preparation
and refrigecetion of food are all carried out Wy electricity, so that the per-
sons 1iviag in thess new buildings enjoy all the conveniences aad comforts
ozaated Wy eleotrical appliances.

X. 0TS PO THE IRVELOP.EST OF TR BLECTRICAL
FI3777% T BVELAPXYY OF SCIENCR

hmmtmnMomnumhtMunmn
hmmmm-muwnmmw«
.ﬁQMBmwn.luomhuu the elestrical
talastey.
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The oconony of th: world is oxtromely variod. The nations of the world
explcit tho bdbasic ferrme of onerry in different ways. If an attennt were mado to
equal within 10 to 17 vears in overy cthor country the eluetric power produstion
ard consumrtion of, for cxanole, tho United States of America today, 1t would be
necessary to build electric power stitions with r total capacity of 3 billten
kilowatts cr, taking int: ccount the increasc in sonulaticn, to bring into
cpcraticn about 200 ai1llion kilowatts of genurating power overy yoar. The
installed capacity of all the elcctric powor stations in the werld today comos
tc aooromimatel; 500,707,000 kilowatts. Thie would mean, then, that in two yoars
1t would be neccassary tc build a8 many vloctric power stations as have been
built and equirped ir th> last hundred years.

Juch an undertakin: is obviously unrealistic, tut this extreme example does
vividly show the infirite possibilitios of dcveloping: electric power production
throughout the world,

The expericncc gained in the electrification of the national soonomy of the
USSR usefully illustrates the possibilitics of accolerating $his process. Thus,
if we rompare the rutos of inorease of the production of eleotrie power in the
USSR and in otbur highly developud countries over a twenty-year period (from
1337 to 1957, we sec that thc ratc of increase in the prodmction of electrie
power in the USSR was 1.2 times higher than in the USA, 1.5 timos higher tham ina
the Taderal Republic of Goruany, 1.6 tines higher than in tho United Kingden,
*«4ice 28 high as in France, and 2.1 tines higher than Japan. Nor muet it be
forgotten that for the USSR the years 1937-1941 were Traught with pre—war ten~
sions, whilc the years 1741-1945 coincided with the Jecond World Wap.

This rapid develonment of power engineering and of the electrical industry
is duo to thc thorough axploitation of the latest achievements of techno gy
and to the practical utilisation of inveations, discoveries and ashieveasnts ia
both the electrical field and 2djoining branches of techmelegy.

Prospesting to discover new depesits of minesals is deing carried out ea an
sver-increasing scale. The question which ariess ia Shis cempemion, however, 1o
not that of the oxhaustion of reserves of ainsgals, but tat of mtiefying mas=
kind's increasing needs for power in genersl and cheaper power in particulap.
The latest discoveries in the fields of piysics, chemistyy and olestrieity have
brought nearer the real possibility of ebiaining mere eleetris powse net \y
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burn.ng oren: .o ues ‘n tha Leilupm - f eleetr cwor at.tinne f the ©endor mor
typo, b’ through increwsia: the offintoney «f ¢y ~tr;- pover net~iliat.one t.
60 to A% pe> nent, ua:ng ruclear fuels rucn .9 ~aniui and thorium, usirg magn.-
sic hydro-dynaaiic meth., la, and obtaintng ~lecty, - Power Lirectly frog fual ule-
nente, with tho aid of powerful olar brttoariae,

The ssarch frr new "l she or methode ~f sneratig wleotric rnewer 18

closely soriecied wi:ih the probiem of th. _coroajnr] te.nemiselon of electricty
over lory <1 1tascos, Long-cistnce alt. FRetin —Current trarnsmisei r. !inos TpePu~
Vng &t volitag s 00 00,000 and T, 0K yelte Rave zlrosdy bugr «otblished, and
lines for the tranmaiesion (r olectricity st 1,200,040 voite are 1+ the fosign
and dovaloruent s.%3. The» dovelomerta rernit the scrnomizal trarsminei~n

of large wov.ie of cleztirie nower over distarces of nore than 1, Wl Riiome tpce,
Por extrene.y loap-digtanca power tranamissicr lines, the ' vt proepacts hoear
$0 122 in tha trunevission of iirect urrent aiL . we.tage of up *5 1.° ‘illisn
volts. ‘ha graates: difficuitiee 11 the cetablishmen’ of sueh traremissic: lines
e connected #iti the consiruction of rei: sble invartore te rectify the altep-
miire rreut esappl e oy She tuplo-gensriters uﬂd' thon 2hange the tire-t - ippent
baek intn A'8e tin,, ocuvent of \ndustria. froquoney. One poseible wlution te
this rrobles Lo to use tae phenomenon ~f supimorductivity and e Yrpe et large
adownis of el ol.i0 povop ‘BTOugh tuLee Nentainin: liguit haliun and nitrogen at
& voitemqu of “pprerimataly 75,000 solte, thut 12 to say, close to that at whioh
o Yirgincity ‘e perarated. 2vai. &t the present nost cf superconduct ive
misriale, uca .ines omld, at & Pruiie .ary cotiants, cempote with 750,700 volt
al‘errating ~u res’t Yines or 500,000 velt darest surrent lires. [nvertere would,
WE 208, be micecsary al sach end "7 U lie in this cxes alee, But thers i@
M - wlsk lere of supew Aish voliagwe.
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