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The objcctive of developing a classifiction system for tractors and
agricultur~l nachines is tc cnablc o soundly-b-sed choice to be made of the
types of irnctors nd nnchin o which will sormit tot~] mechanizotion of a

siven country's ~ericultur. to Yo ocehioved with minisun 1obour roegulrements,

In the eenditions provailing in Aowv I2rine eountrics, it 1o particuloerly
important to s.l. ¢t Jrom the viry boelnning typos of troctors nd gricultural
machines which con immvar to iy b wced with the hizhest degroo of fticicney in
wwricultur., bt whienh con »loo be o subs cuently modificd Y mininun PXpensy

to snticfy the futlur. roguiroment o 0 devoloping cconony.

The torm “typ. range” of tractors or ~gricultur:l michines moenns the
et of typus, caros cnd modoles vhich, considercd from ~ tochnical ~nd
ceonomic point of view, cin o gsonklod wnder the honding of a4 single
wpplication yot posiose srogrossive featurce which tk. into nccount both

caasting nd future requircnonts of the cconomy.

A typc/size rone of troctors or agricuitural machines is a4 range or
cot of ringes of tractors or aeciculture.l machines which arce -1l designed
for the sue purpos. (ruch . plouzhing or t1lling) ~nd share the same main

parcmwtors,

A mod:l 1s tho actual maunufacturcd version of ~ tractor or agricul tural

wiwchine of ~ given type wnd si1ze,

Th. basic stups which munt be taken in the initinl stryc of doveloping
typie of troctors and cericulturel machin. s wre the development and vorifi-
cotion of the ceonoric soundnizs of machinery systems for the comprchensive
rochaalzetion of -griculture, tho dovilopiuent of methods of putting into
proctice the “pproaprint. mchinery systor (t-king in*to -ccount possible
futur changus in the tochnolosy of ~ultivotion), the assembly of the
n.cessnry Tulinble dat~ for making the cconnnic calculations, and the exccu=

.

tion of the cconomic clculations themzclves.
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Agriculture is quite different from industry, and the utilization of tractors and

machinery in agricultur: has 1its own special features.

Firstly, tho cultivation of agricultural crops involves providing them with
nourishment which is cither already in the soil or is brought to them through the
goil. [n order to prow wgricultural cropu it 1s essentinl to have solar encry,
which, however, frlls uniformly over the whole illuminated area and, like plant nourish-
ment, cannot be concentrated at isolated limited points. For this reason, agricultural

activitics must he spread over large areas of ground,.

Secondly, thc eidtivation of agricultursl creps involves the exccution of a con—
siderable number of diftercnt operations (working the soil, sowing, tendins the plants,
harvesting the crop, #te.).  These operations can only be carried out by drawing

agricultural machines through the ficlds so as to bring them to the points whcre the

operations are to be carried out.

Thirdly, these operations cannot be carried out at arbitrary times. They must

be carvied out in sccordance with agricultural technology at strictly defined times

which depend on the location of the farm, the time of year, the soil chemistry, and

the climatic and other conditions.

Fourthly, in corrying out the operations the machines must deal with living
niture (plants, micro-organisms) whose state is constantly changing in accordance with

birological laws,

AlL this means that there is a basic difference between agriculture and other
branches of the economy, and this is the reason for the special conditions in which

mechinery has to be used in agriculture.

These conditions render impossible the arbitrary use in all countries of the same
types of tractors and agricultural machinery, and special types of tractors and
machinery must therefore be developed for the sctual conditions of each country. The
operations carried out in agriculture can be divided up into moving operations and

stationary operations.

In moving or tractive operations, the michines are constantly moved through the

fields by means of various tractive devices.
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Stationary operctions are carried out at places previously set acide for this
purpose (threshing floors, silo trenches, silo towers, 2tc. ) or elsc indoors, without

any continuous movement of the machine through the f.clds.

As tractors ~nd agricultural m~chincs, joined together in machine-and-tractor
units, arc used primarily for the moving agricultural processes, the stationary

processes will not be dealt with in this paper.

The moving (tractive) processes can bc divided up, according to their function,

into the following groups:

1. Clearing and improvement of agricultural land and preparation of fields;
2. Reclamation work;

3. Field protection work; 8

4. Crop spraying;

5. Working of the soil;

6. Application of manurc and fertilizers;

1. Sowing and planting of agricultural crops;

8. Care of growing plants;

9., Harvestins of crops; and

10. Transport work,

The specinl faaturcs nnd level of development of agriculture in developing
countrics, the range of agricultural crops cultivated in thosc countries, and the
geographical, soil nnd climatic conditions in which the crops zre cultivated govern

the extent to which nny ~iven moving proccss can be used.

Thesc processcs determine the special features of the tractors and agricultural

machinery used to carry them out.

When we examine the process of cultivating any given agricultural crop, we find
that all the operstions making up the t -chnical process of cultivation fall into one

of three groups:

(a) Work of a general nature which is carried out not only in the cultivation
of the crop in question tut also in the cultivation of other crops

(ploughing, harcowing, etc.);
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(b) Specinl work carried out only in the cultivation of a given crop (planting,

of bect, between-row cultivation, harvesting of maize, ctca )}
(c) Auxilinry work, rninly transpori and loading or unloading operations.

Differcnt kinds of uwgriculturcl machines and tractors arc required for carrying

out these types of opcrations.

Gencral-purpoce agricultural mechines are those for operntions such as shallow
ploughing, the loading and heavy application of manurc and fcrtilizers, tilling opera~—

tiong, moisturc rctention and pre-sowing tillage.
] L

Special machines cre produced for planting and sowing, between-row cultivation,
top dreseing nnd hirvesting, They are intended for use only in carrying out a given

technological process.

In addition, transport equipment is nceded for moving seeds, fertilizers and

harvest.d producis.

It can be scer from this list of machines that the operations involved in the
culilvaticn of ~gricultursl crops can be divided up into simple operations and complex
npcrations,  Awong the simple operations ore those such o= ploughing, harrowing, ond
di o cultivation, while among he cemplex operatlons ~re sowing, planting, harvesting,

.nd a number of othcr operaticons which actually consisi of severnl joint operations.

If il thc op rations involved in the cultivation procuss nre mechanized, then
1t ean be stated that tetal mechonization of c¢rop cultivation has been achicved.
This dofinition is only really tru., however, when such total mechnnization is cffocted
through cystems of interlinked machines and when the following systems and scts of
machiner are uscd to carry out the cultiveiion procuss: (a) A system of general-
purpose machincs whosc work capacity is determinced by the conditions of the cntire
branch of crop cultivation in question, tcken os 2 wholec; (b) a complex of special
cultivation machincs whoee working width and work capacity are determined in the light
of the aize of the ficlds planted with the crop they arc designed to cultivate, and
(¢) n systen of transport and loading and ualoading equipment whosc load and work

sapacity is determined by the requircments of nll the branches of the farm in question,
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In order to bring about the total mechanization of agricultural opceratione, it is

necessary to have o system of machincs b-sed on the most offective utilization of the
y

power sources - the tractors and other power wiite - of o p rticul.r farm. A very
important factor in reducing thco ronge of . -.chince in = particular system is the
versatility of the cmquipment, which permits machines bulonging to » particular sot to

be used in thc cultivontion of scveral crops.

In sclecting mrchinery and cquipment with » view to totcl muchanization, it is
thereforc necessary to reduce the numboer of different types of tractors and machines

to the minimum by ensuring that thcy are as versntilc as possibdle.

In ordcr to c.rry out the total volume of machine work it is necossery to have

both sufficient mnchines nnd sufficiont personnel to opornte them,

In caleculating the technical faecilitics reaquircd to corry out the total amount
of work, calculations must be based on the agro-technical requircments, the nitural
and farming conditions, thc nre» to be cultivated, the sizc of the expeeted harvest
% or sowing ratcs, ctc., the ~verage distance botwcen the place of work of the cquipnent

i and its storage place, ctec., and the work capncity of the mnchines nd unito,

At the present time, the main typoe of power sources for carrying outi inoving

opcrations are tractors,

As the dircet tractien of machinery and cquipmont is effectid by the contact of
the driving mcmbers of the tractor with the ground, mnchinc/tractor units have unlimited
frcedom of movement. The driving members of modern troctors wre so desiymed that they
give relinble traction nnd ennable mochine—-cnd-tractor units to be used regardloss of
the stite of the ground, This 1o onu of the mein rensons for the successful develop-

ment and utilizotion of tractors in agricultur..

Agricultural tractors, like ~gricultural machines, can be divided up into general
purposc, univcrsnl and specizl tractors. In addition; they may be divided up, accord-
ing to thuir typc of driving members, into trocklaying tractors, wheelcd tractors

with two driving whecle, and four-vhecl-drive tractors.

Agricultural tractors must sailisfy various requircments, depending on their pur—
pose and typc. This ir duc to tue large vari.ty of naturcl, climatie, farming and
technical conditions in which tractors arc uscd, s well ne te the considernble
complexity and variety of the requircements which tractors must satisly in connexion

with their role 2s the key factors in raising the level of mechanization of agricultural

anctivitics,
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The operating proportics of tractors ean oo divided up into throc main groups:
agro-tcchnicnl, tcchnico-cconomic and gonerai tcchnical propertice.,  Thy propertice
which chnracterize o tractorts bility to artisfy the tochnnlosicsl requirc.onts of
ngriculturzl nctiviti ¢ -ro c111od the ngro-t.chnical propertioc.  Wh toehnico-
cconomic prop.rtics nre divided up into two subegroups: those m inly concorning tho

work cnpacity of th. tractor, nad thoue concorning its coonomy of opurition,

The rem~ining propertice which do not hove - dircet influcnce on the ~gro-
teehnicnl performence, the work o preity ~na th. .conomy of the tractor or. the general

technical proportics.

The nero-tuchnicl propertice of the tractor or. thos« which dircectly influencoe
its working capability. Such propertiuvs are, for cxempl:, its ~bility to operatc
Yotween the rows of nlants -nc it manoouvrebility. Th.s. prop.rticus arce rclovant

not only to tractors but ~lso te other similor cgricultural maechinery nnd cquipnent,

The tuchnico—cconomic propurtius, such s the work crnpacily ~nd the cconomy in
fucl consumption, ~s well s the soncrcl technicenl propertics such ns enf oty and
t {
comfort of opcrntion, ~re relovari not only for tractors -ind agricultural nachines,

rut nlso for other mach acs of the moust vericd purpose 2nd construction.

m rn~lysing th. propertics and performince fipurcs of difforont tractors the
wppronch should ~lwiye boe a comprchensive on. ~nd the intoerconnexion between thoe

various propertics ond figur.s should ~lw-y. be borne ir mind.

Wheeled tractors are mor. verariilc, light.r per unit of unginc power, and casier
to coupl. to tractor-mountud machines thon trackloying troctors. Wheeled tractors
can lse be used more Jffuctively for high—spocd oporztion. The usc of trackloaying
tractors for cort~in types of opurations may give highor preoductivity, howover,
Neeruse of the ability of trackl wing tractors to work on 4ifficult ground, corv.in
opcrations, ospucinlly in spring, c~n be cnrricd out by such tractors -t tince which
are morc ndvantngeous from an ngro—tuchnical point of view. The tractive offictcney
of tracklaying tractors is also highur thon the continuous tractive cfficiency of

wheeled tractors, capecially on loosc soil.
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For practical purposcs, thc most suitablc tractors arc thosc whosc performanc.
figurcs fit in with coch other in o balanced menner nnd satisfy the ontire st of
rooirem nte,  The dovelopuent of dosigns of modern troctors in procooding ~long two
dircctions: unmivers-.lizotion ~nd speei lizotzon.  Thus, whilc th. range of oporations
that con be earrivd out by tractors of ~ piven tyne in continurlly boing widenod, on
norensing numbor of specinl typee of troctors, such s those intended for uwe. in

mrrshy ir.as, gordens nd in hilly ~rons, 10 boing doveloped.

[t can readily b oaprreeiated from the above thot now types of troctors and
agricultural nachines muest be deviloped eide by side, and this is a complex task which

calls for d op study.

The machine-2nd-troctor unit, consisting of - tractor and an agricultural w.chin.,
is the brsic unit in the mechonization of agriculturc. Thoe cxccution of n given
opcration, such -5 ploughing, mowing, .tc., can be corricd out by michinc-nnd-tractor
units with vorious par~mctors, nlthough possibly of the same busic design. Thus,
for cxample, the unit may usc machincs of diffirent working width and diffirent
opurnting speeds, counl d to o tractor of a given woight and power, or the units
mny consist of differont tractors couplud te nn agriculturl michin. of n given

workinge width,

The question of the silcetion of the best prramcters for machinc-~nd-tractor
units . thercfore one of the most importint questions to be solved in cstoblishing

standard types of tractors and ~gricultur~l machines,

The first steps towards the sciontific ztudy of the question of wolicting the
best pipamcters for mechine-rnd-tracior units wie made by the fatier of the theory
of ~gricultural m.chincry and the crottor of “rgr.calturcl mo hanics | Ac~dericinn
of th. Academy of Scicnces of the USST, Vasilil Frokhorovich Gorynchkin, who work .d
out the main problim nrising under the  ‘heory of rmiss -nd spoode™ laid down by him,
namely, the deterninntion of the adequat  ~and neoscssary eize of the working parts
of cquipment nnd cngines so ns to be able to accommodat. th. largeet possible nmount

nf mechanieal power per uait of mass,
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T-king the cxamplc of the relationship betwoon moss and spced in nature,
Ac~demician V. P. Goryrchkin wrote: Similarly, thore must be certoin maximum vhlucs

of mass rnd gpecd for ~pricul tural machinery <nd _yulpment t1so, _xcessive woeight is

urcluss or cven harmful, while on th. othur h-ond insufficicn weight ig ~lso

inadmiseiblet,  Eyocossive wo1ght is hormful bocausc 4 increages the wmount of power
roequired for the propulsion i’ tn. anit nd inus roauces the .mount of power avrilable
for the uxecution of the netusl tochnological procesar  thot is, it roduces the work
chpacity «nd tho cconomir orficicney, On the other hond, insufficicnt w.ight rcduccs

ihe ~dhesion of the unit nnd roduc e ile fractive crpncity.

In the opinion of V.o F. Gorynctkia, the gueciion of the right weight is the nost

importrnt qucstion in agriculturad mechanics.

In showing the why to study the probloms of the thecry of mnss and spoud,

v. P. Oorynchkin warncd ~einet tho uscleses complicution of the question under considera-

“ 0 with incidontal factors of nminer ilport wc .,

Th> work -apacity of agriculturni machines for use in the filld, for cxample,
depondys on mony Jlements (the particul-r foatures of the soil, tho onging, the
w.thor, cte. ). Basicnlly, however, i+ i3 n-.~ussary to tnko into account only the
working width of the muchine ~nd its spovi of movement, "nd the "nswer to the question
af +h. work capacity of ficld anchinery is to be found in the ares covercd por unit

of timo."

rcademician Goryachkin sircssed the nocd to comsid.r the cx.cution af o given
t{.chnological process -8 ~ wholy, -nd not piccemenl, when studying the p~rawmctors of
ehin. and tractor units.  Hoe pointed out thet the congine, tho machinery and tho
mot.rinl boing processed re tho mein cleuonts in any working proc.ss ~nd nuegt bo
coneid.red as ~ whole. Thoe gencrnl purposc of the inveetigotion is to shud light on

the links botwoon thoso 2liments,

2valuntion of the proccess is possible only when 21l throc of the clements in

gquestion arc teken inte account.

Considuring the resistrnce of the working p~rts in vnrious t.chnologicnl procosses

-nd 1lso th. motor charnctoristics, V. P. Gorvachkin showed that the resistancc ond
.n.rgy consumption of the working pnrts cnin bo oxpressed gencrally by the following

cqurtions
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Pac+dv : N=(c+ dvz)v

while the tractive cepacity and power capacity of the tractor can be cxpresscd by:

P=~-bv . 1= (- bv )y
-nd can b cxprogscd grophically by p.rabola of diffurent kinds (sce figure 1).

#these formul ¥ — writ.s V. P. Gory-.chkin - “form ~ basic system covering the

~ln csscntitls of the proc.ss, althoush they ~re not ~lw~ye complitely accurcate.”

Th. graphe which ~r. given in this poper mro constructed for the crse whore the
aoced of wovement of the trector v~rica ia » stepless monner ~nd the troctor cnginc

develops the some power rognardluss of chrngoes in speed.

Further investigtions hove .n-bl.d the curves for the tractor to bu ploited

morc accurntoly, but thoir bisic form romning the sanc {sce dotted lincs).

The point of intcrscetion of the curves for the resistnce to traction
Pop = £(v) ~ud the power consumptinon of the machin. W = f(v) with th. curves for
the tractive cexpreity ka = f(v) -nd the power cnpﬁcit§ of the tr-ctor Hkp = f(v)
defince the maximur speed of movement of - unit consisting of ~ given tractor ~nd a

given ngricultur-l .nchinc.

Here the trective canaciiy ~nd ihe powcr capncity of the tractor are limited by
the curves Pkp = f(v) ~nd wkp = f(v) which dcteruine the ~mount of power that con be
used by tho ngricultursl wachinc.

In the graphs siven in thic paper, the value PPn mhx is dcterminced by the adhesion

charectoristics = the weight ~nd dosign of the tractor - whilc the speed at which

pkp = 0 is dcetermined by the pow.r of the troctor .ngin.c.

The varintion of the power capacity shown in figurc 1 ie characteristic for all

typus of tractors ~ trockloying -nd wheclad,

These capacitivs cover the -ngine, the agricultural mackine, ~nd the mntoerial
bcing worked. The power consumption of tho ~gricultural mnchine depends both on the
paramcters of the mrchine itsclf ~nd on the nnture of the mntorind being worked.

The possible pow.r nrde ~vnilable 'y the ongine driving the uait depends, in its turn,
Loth on thc propurtics of the cngine itsclf wnd on the deeign parmeicrs of the
trnctor in which it is installed, .8 woell as on the niturc of the soil over which the

unit is moving.
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The various enginc power caprcitics and working clement requircments shown in
figurc 1 form the basis for th. svloction of the best possible cconowic prramcters
for thc¢ unit,

We will consider b low the methodologic:. Tavstions rogarding the determination
wnd basic dotz reauircd for the detcrmin~tion of the burt vtenomic weight and power

of tractors, th. working width of arricultur:l mrehincs, nad the speed Of niovement of

machine="nd-tractor units,

Optimum cconomic portrnctors for nochine-~nd-troctop wlits

The optimum cesnonie prr-nicters for machin.-~nd=-tr-ator units ~re thosc parameters
which mnkc poscible the xecution of giren ngricultur-l operctions with minimun oxpundi-

ture of labour and wsaterials,

Out of th. 1" rgc nurber of paramcters for the mébilx unit, the¢ tractor ~nd the
“gricultur-l mechine, we will sclect thosc which, whil. fully charncterizing the unit
wnd providing the bosic prrometors for the tractors wnd m~chincs, ~t the sam. tim.
do not restrict the design possibilitics [op these units,  Such parameters wre the

followings:

(a) Typc nnd dcsign of tr-ctor - T (trﬂcklaying, wheeled tractors with two

driving whcels, four-wheel-drive tractors, ote.):
(b) Powcr of tractop engine - 1
(c) Weight of tr~ctor — Gpo its troctive capacity and its class;

(d) Type ~nd disign of the ~griculturn] machine - M, (knifc coulter plough,
i
disc coultcr plough, rotrry plough, cte.):
(¢) Working width of ~griculturnl machinc - B;

(£) Spicd of movement of the unit - v,

A machinc-~nd-tractor unit is not just -~ tractor mcechanicnlly linked to an NEri-
{cultur~l machin., but o unitary whole with new propcrtics. The poramctors of tractors
§ond machines must thercfore be determincd simultoncously, in - singlc process, and the

nicthodsg of dctermining thom must bu such 2s to make possible the simultancousg determin-

>tion of thc above~-mentioncd optimum paramcters of the units,
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The optimum parameters of units must be determined in conformity with the actual

naturrl ~nd tochnicnl conditions of the given area, region, zonc or country as a whole,

Within ~ givin arca (region, zone, ctc.), the calculations ~r¢ based or typical

f~rms.

The determination and establishuent of the optimum cconomic naramcters of urnits
is cnarricd out by finding the conditions which give the minimum expenditures for the
cxccution of operntions of ~ given extint ~nd nature which are characteristic for the
units in gquestion.

Crit.rin for the determinotion »nd cst-blishment of
e optiuun cconomic poramcters for machinc—and-tractor units

In solving th. probl r under consider~tion, it is extromely important to establish
eriterin for comprring m~chinc--nd-troctor units or complcxes with ¢~zh other and

dctermining the parnmetoers of units whieh comply with the principlc of optimnlity.

Such charnctiristics of the units ~s their power consamption, mct~l contoent,
nurber of opernting personncl roquired, ~nd so forth my be uscd ns criterin for the
¢st-blishment of the nhrametcers of the units., The nost import-nt of ~11 thc pessible

critorin, howcver, ~ru tho cconomic fficioncy -nd th. work crpacity of the units.

[t who stotid sbove thet the optinw. ccononic prroiactors are thos. which cnable
the unit to work with :minimun cxpenuiture of 1-bour wnd mrterinls ~t 2 high rate of
productivity. Thi: stotonent reguires son. furtner d.finition, howcver. The f-ct is
that th. crit.rion which is moont widoly ~eeopted 2t prosent, ~nd which will ~lso be
necopted by us -~ the »msic crit .rion for the optimnlity of units, is the criteeion
of mininum specific cxpenditurc por wnit of work crrricd out. This v-luc rcepresents
the ratio of the expenditurcs of husan ~nd mechonic~l work conncected with the oper-tion
of the units for = siven period of tin to the volume of work chrried out in thot
period of time. The opernting cxpoenditur. is nadc up of th. cxpenditurce of fucl ~nd
lubricants, the cost of repairs, tochnic-l scrvicing and rmnintenanee, rencwnl of paris,

and the whges of the operating personndl, Apart from this, thc usc of new tcchnology

must mike possible n given roturn on the capitnl investment,
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The investigntions carricd out on the dependence between the productivity of units
nd thiir cssoci~ted costs on the onc hand, 2nd the parancters of the wnits ~nd their
conditions of opuration on th. othur, sh(;w th~t the prrrncters corrusponding to
minirue costs ~nd oximum sroductivity of units do not coincide. Thercfore, when
spenking of the cptimur ccomomic p.ran.t re of units, wo menn the parencters of units

which correspond to rinimu, op.riting costs,

At the e tiae, ecnlie po pussible whoere the work crpacity of units is of norc
practicnl significanc. than thoir . cononic fficicney., In sclecting  the parameters
of unite, thorofnre, thouir work captertty rast be erleul~ted and the conditions in
which this c-pacity roaches its pxinus muet b deterniin.d,  This is 211 the casicr
becruse vhe detoerminntion of th. work crpreity of units ie ~a cssontinl sthge in

crleulnting their cconomnic _ffouctiven.con,

Doteriinstion of cxponditurcs involved

Dcpending on the probl.r. to b solved, the _xpunditurcs ~re enleulated cither

per unit of work corricd out ~r for th. tot-l volum. of work,
In the first cass, the .« xpoenditurcs e deternined nccording to the formulas:

E=Z+A+R+CG+X+I{E (1)

where 2 is the whges of the op.riting p.rsonncl;

is the deprocintion costs;

is the cxponditure on s.rvicins and mnjor ~nd routine maintenance;

is the cxpenditur. on fucl  nd lubricrnts;

M O W >

is the (xponditur. on th. stor-¢ of trctors ~nd agricultural machines; e~nd

KB is the st-ndwrd rete of roturn on c pirtal invegtmonts,

The componunts of the fortul @ [or ¢:leul~ting the cxpenditurcs ar: expresscd in

their turn in the following w.nn.r:

- ¢xpenditure on the wee s of the operating porsonnels

volon, + L2 + Lo Zpm
7 - by ooy, 3 1500 T “Hy (2)

where X“fw o 7 48 the nw.bor of operntors working on thc agricultural nmaching,
LI
the coupling -nd th troctor, respeetively, during opuration of th. unit,

ZK c.7 is th. hourly w-g. of the operators working on tho ~gricultur~l maching,
¥

the coupling -nd th. troctor, ~ccording to thcir spccinlitics nnd their

qualifications; nnd
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W is thc productivity of the unit per hour of shift work,

The wmount of the deprecintion deductions per unit of work carricd out isg

1 1 . 1
. Cm. .,‘.“ C .“C CT. . ;T 1
t

) - o (3)

+ +
yu ye ¥T

wherc CM,C,T is the rost of th. - gricuiturnl m~chinc, coupling nnd tractor in qucstion

1 o an Ces . .
8y, is th. ~nnuzl percentoge of depreeition for cach machinc, coupling
b 1

,C, T
and trn

ctor; ~nd

tyM C.T is the ~nnunl londing of the ~gricultursl machincs, couplings and tractor
v

. The cxpenditure on major and routince mrintcnanee and gurvicing per unit of work
carriud out is cxpressed by the formulas ‘
. C .Q. C.. e
Che - Sy % 7Sy i

R = + + ) . (4)
T T T 100w

where QF Cop is the purcentnrge of ~nnunl doductions for major and routinc maintenanco
S8 Aadl |

and scrvicing for the ngricultur~l machince, couplings -nd tractors.

Tho total .xpenditure on stornec of the unit per unit of work carricd out is

determined by th. fornaul-:

L+ X+ X
S R (5)

where XV,C,T te th. .xponditurc on storagc of the machincs, couplings and tractors

it

per hour of opcr-tion of the unit,

The oxpunditure on fucl and lubricants per unit of work carricd out is calculatod
nccording to th. formulq:

JFN :
¢ = = (6)

SR R R *

where g is the specific consumption of fucl;
F is the price of fucl and lubriconts; and
N is thu power utilized.
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The ratc of profitability of crpital investnonts, relotive to crch unit of work

crrried out, is coleul-t.d nccording to the formulas:

C C C
I c T
el N (7)

where J i the standerd soeffisient for the profit~bility of the cpitnl investmenis.
The expenditure for - given volume of work is detormined in the Tollowing manner:

= 4.} )
By = B.H (8)
where H is the given volur.. of work.

It wns stated ~bove that ~lthough the cxpenditure is the basic critcerion fer
cstablishing the optimum par~metors of units, it is advantageous to dotermine at the
e time such figures ~s the work crpacity, the cxpenditure of humen 1~bour, thc
fucl consumption ~nd th. mctnl contunt, which chiornctoiize individu-l ~spucts of the
ffcetivencss of units,  Thesc figurcs, which ~r¢ supplonent-ry critoric to the
cxpenditure, con in cortnin circunst-neos ploy ~n inportant rol. ~nd nct ns criteris
for the doterminetion of the optimum prrotors of units. The wnelysis of these
figures in conmbinntion with the wnnlysis of the .xpunditurc oncbles ~ mor. quolitetive
~ppronch to be made to the detoernination of the ~dvisnbility of introd--cing specific

kinds of units into frrum opur~tions.
Thc work capacity of the unit is dot.rmined according to the formuln:

Woa by 7 (9)
where WT is the work capacity of the unit per elcar hour of work;
’[ris the coofficicnt of utilizotion of the shift time,
The uxppndlturp of hw.nn l-bour on the exceution of a given amount of work is

determined ~ecording to il forruln:

H(L, + L + L)
ZT - 1 I:’rC T ( 10)

ond is expresscd in mon/hours,

The hourly fucl consumption(e) is dotermincd in thc following manncrs
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The fucl consumption for the cxocution of o given amount of work is determined

a8 follows:

q gL
SH = u.H.w o (12)

The mctal content D of oper~tions when they are carricd out by ~ given unit is

doterminced nccording to the formulas -
G.. G 3
Dl ¢ T= ¢ ) (13)
yh ye yT

.

and is cxprcssed in kilogrammes por unit of workcd arca.

In fornuln 13, G,, G -nd Gp ~ro the desiyn weight of the ngricultural machine,

M! T
coupling ~nd trnctor, respcctively.
The metnl content DH of th. .ntirc cenplox of work carricd out by givon units -

is determined in tho following wnnner:

Dy = D.i (14)

As may bo =oon from the formul o for the various .xpenditures (1-8) ~nd the
supplementory indcxcs (10-14), the detorminntion of the uxpenditure cocs not prosent
any unusu~l f-aturcs, and the cxpression of the cxpenditures nnd the cxprossions for
the supplcrentory indoexee is guite str-ightforwnrd. Tho problum of dutermining and
cstablishing the optimun prramct.rs for rochine ~nd tractor units renlly lics in
finding the rcl-tionship betwe o the cxpenditures, the poramctors of the units, ~nd

the conditions of opcrotion of the unito,

Procodure for doiormnining the optiouwr cconomic weight ind power of trectors,

optinum working width of —oricultur.l o caincs, wad opblag spoeed of LOvVo-

ment of noechine—nnd—troctor wnit:,  Finduwge tne rol-tionchip botween the
corrcctod (xpenditurcs and cupplos oo ry ince Xes wad the poroneters of the
units

R ——

1. First of 11 t k. forms (4) which - typic 1l of th. ~.rcw of the country
in qucestion froi the peint of view of lryout of cultivated ~rens, ronge
of crops cultivited, list »f operstions corricd out (0), soils, and operate
ing conditions for mnchinc—and-tr.ctor units (length of working run of
tractor in the ficlds, dimensions of ficlds, .te.).
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For cach agricultural undcrtnking it is then neeessnry to duternine the
volumc of work involved in respect of cnch operntion ~nd th. v-luos of such
operating indixes e the specific resistonce of the 30il, the lungth of

the unintorrupted working runs in the ficlds, the dimcnsions of the indi
vidunl ficlds to b worked, the diffirent dopths to which the 21l must he
workcd, cte., o woll wz the inter-rclationship between =11 thes. foctors

ot the farms in cucstion,

Depending on the nctual conditions of thc developing country, this st.gc
can be solved cithir by scloctine typictl {rrms or by t-king the cduntry ng
a wholc, This stage is cssonti-l for the corrcet ditornminelion -nd choice
of the types of trectors and wgricultural nochinee to be wsed to chrry out
givin operctions in the cultivrtion of ~gricultural crops which ~r¢ typieal

of the deviloping: country in qucstion,

It is rceeommended th-t the rosults of this st.gc¢ should be sot out in a

table or in o form sinilar to thet shown bulow (figure 2).

Dcpending on the range of operations to be corricd out in the cultivation
of agriculturnl crops, the present stote of ngriculturnl t.chnology, nnd
its developnent prospects, slturn~tive varionts con be .stnblished for the
units from the point of viww of the type nnd doesign of the tr~ctors (T),
the wuight of the trictors (G

\l!i;
working width of the agricultursl mrchin.s (V) €ar cch typ. or dusign (MN)'

)y the troctor .ngine power (4) ~nd the

At this strge, Lhe virious poseibilitics of enrrying out the oporations
arc considercd:  for vX°mple, with wheclod or crawler iractors of diff.rcnt
classcs nd copobilitioc couplud to ploughs of mouldbo .rd or non=-mouldbonrd

type, n~nd so forth,

All th. possibl. veri-nts of mxchin¢/trwctor uilts are t-bulnated in fiure 3,
The power, oper~ting, ceonoric ~nd other par~ncters must b cotablished for
ench machine/tr-ctor unit or £r ap of units.  The corrcl-tion botween those
prrometors ~nd the weight ~nd power of the trrctor, the working width of

the agricultur~l mnchine -nd the gpeed of ndvmne. of the unit is crlculnted,
Simil-rly, cnleul~tions nr. n~d. of the rolationship botweon the formul-

for deturnining th. vxpenditurcs wnd the sought-for prructors of mmchinu/
troctor units., In cnrrying out this stag. of tho work, it is nccussary to

determine the twoing cocfficicnt nnd the resistaneoe to motiom of tractors
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Table of agricultural work (operctions), their
volume and disirikution, undcr headings of
spccific resistance, depth of working,
length of run, etc., on a typical farm
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of thu typeo under comsiduration, the corrcl-tion botween the resistance to
traction wnd thoe power required to opoerate ~gricultur~l machines, the volucs
of thc cocfficicnts of _fficicney of m~chine /tractor units, the influcnco
of changes .n spucific soil rosistone. or the exceution of agricultural
opcrntions, the utiliz-tion fretor ¢f units, the cost of tractors of varioue
engine enpreitics ~nd of ~oricvlturtl mochines of vioricus working widths,

the standnrd rotes of voricus d.ductiosns, and other indoxes.

It is r_comrcnded th~t th. following formulae giving th. rclation butween a

nunber of the above indcxee -nd the desired unit porametcers be used.
Thus, for cxemplo:

The plooning price of ~griculturnl mnchines depends basically on their
working width ~nd con be ditermined to n sufficiunt degree of accoracy by

the cxpressiont

= R
CM Cunitﬁ'"

- where Cun' .. = the unit pri¢c of 1 mnchinc,

iti
This cxprcssion is ~lso valid for the planning price of couplinge, i.c.s

Co = Cunit .3
' C

wherc Cunitp = the unit pric. of ~ coupiing.

The ~nnlysis of th. indcxus for tractors shows that the planning price of a
tractor chassis c~n be cxpresscd s a function of the wcight of tho tractor
by the formuln:

Ceh = Cunit onOr
wherc Cunit ch. ™ the unit price of n tractor chassis, which diffcrs for
diffcerent types -nd designs of tr~ctors,
whilc the planning pricc of - tractor cngine cescntially dopends on its
rated power ~nd con k. oxpresscd by the formula:

=C N
wng unit ung.

where C it th. unit pricc of a tractor cnginc,

upit
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Bofor. considering the xpenditure on fucl ~nd lubric~ntg, the following

points must first be medo:

In enlcul-ting ssor-ting costs by the method described bclow, the onrmmcters
of units will v-ry with tho specd of rdvance ~nd th. workinz width. The
required nein. power io - function of those twn p roctors, Thus . given
unit »f ~ny given working width will dovelop diffiront oneine power -t

diff ront spocds of <dvanco.  In oetul units, the ongin. power iz limited
to n defirite figurc ~nd ~nnot xc. od it - th t ir to sy, the unit crnnot

vXCood » curtnin specd owing to insufficiont POWLT,

It is nssun.d thot th. s=.cific tucl consunption of the unit's cneine dous
not vary with ch-nges in th power reouirdd to sper-te the unit. This is
bascd on the frct th-t, h-ving doteraiacd the sptiows cngine power for the
machin:/tr~ctor anit, it is ~lwys possibl. to build -~n engine hnving the

spccific fucl consumption ssw.d in the crlcul~tions,

The rotes thet 1t ie roasonsbl. to -ssume for deprecintion ~nd ropnirs in
cost crlcul~tions will diffcr for .nch type of design of nachine, but,
within ~ singl. type, they will b the same for difforint working widths,

expacitivs, spouds, Cte,

The working tir . utilizrtion factor, 3, can be detoermined from the r-lntion
between the ting, %w' auring which the unit is c~rrying cut ~ tuchnie~l

operation, ~nd th. tot~1 t1 .. in the fi\_ld,f‘stot

The latter, ioc., the total time spent in the filld, is composud of the
working t.l.c plus the tinc spont in turning the unit round -t the cnd of

a fun, %turn.

3tot=?w+3tum

Thus g( & eeli——————

o+
Tw o Yturn

Ir this way we can cstoblish the rolation betwoen the working tinc utilization
factor and thc spued of advance and working width of thc unit,
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It is known thot:

Iw = o ond

Yturn = Aturn
Vturn
where A = the length of run,
td}n = the longth of tura, ~nd
Viurn = thce turning spceed of the unit,
Thent
N . 1
“f
1 + A tﬁrn

A *Viurn

There 2re two bosic ways in which units can nmove when carrying out ~gricul-
turcl work in the ficld: the up-and-down method and the round-—and=round method.
The round-ocnd-round acthod of wovenicn®t 15 not uslud by soil=working units,

B0 in considering the v.ori- ticus in the working tinc utilization factor,

we shall use only *the up-amd-dowr nethod ac an example,

In the up~and=down ucthod of woveocut, the unit works in straight lines up
and down the longth of th. fi.ld or =t ~n angle to it, with idlc turns or
pass.s ~t opposit. .ndes of the {icld. Depunding on the forin of the idlce
turns, the up-rnd-down acthod of rovenent con, in its turn, be divided inte

looped rnd non-loop.d.

In crlcul ting optinwn prranctoers, one type of turn may be token as typicnd
for plough units ~nd the other for the romaining types of soil--working units

(sced drills, cultivators, cte.).

Thus plough units using thc up--nd-down ricthod c~n make wide or tight turns.
In this c~s¢, th. -~wvuernge length of turn iss |

A purn ™ 0.5(2=3) +2.14 0 + 2
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wherc ¥ = thc width of the ficld or strip,
0 = thc turning rndius of the unit, and

e = thc distruce the unit novee out before turning,

For plough units, then,

T - .

Oulyg=) + .1l 8 + 20V

Ly Lot
tarn p d1L0 3

It is ~ssun.d thot sood drilis, cultivators ~nd other units comprising
eimil~r nachiner onde sinmple, pocr-shoped loop turns, for which the length
of turn is:

t‘ﬁ.n=69+2ﬁ.

The turning rndius can be taken a8 being cqual to the working width of the
unit:

6=7

Henee, the working time utilization factor for this typc of unit ist

v
Lurn

The power required for the work of the machinu/tractor unit (in thc casc of
ploughs and other niichines, the nctuzl forcc ~pplicd through the tractor

drawbar) is given by th. formul-~s

Nf + Jor

whero Nf = ft.ﬂt.v = the power of the tractor aveilablc for sclf-propulsion,

)
i

% the cocfficicnt ¢f rolling resistance of the tractor,

N =R .V = the power ruquircd to overcome the traective resistance
or or . :
of thc ngriculturnl machine,

R__ = the troctive rosistanee of the ~gricultursl meching,
y = the townge cocfflicient of the tractor ungin., ~nd

1’mg = the officicney of the transmiceion nnd cngine of the tractor,
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Academicinn V, P. Goryachkin's fcrmul-~ providcs a rational method for

dctermining the troctive rogist-nce of ploughs:

‘ <
= k2 + % ~Bv

f .G +
or or’ or

the cocffici nt of triction of the plough in thc furrow,

where for

or = the weight of the plough,

k = -~ proportion-.l cocfficicat cxpressing the resistance to
deformation of the crusc—scetion of ~ laycr of soil,

o
L]

the deptn to which the scil 1s workced, and

Y = 2 proportional coefficient expressing the resistance arising
out of tho kiactic cnergy comunicated to the porticles of the
soil l-yor when they ~ro pushed ~gide,

Here: G = yF

whore y = the specific motal content of the machine.

2
) HE oy + X+ Yov
Hence: R = X opt ¥ )

For othcr types of soil-working machincs (cultivators, sced drills, h~rrows,
stubble ploughs, ztc.) the tractive resistance is taken as being dctermined
by thc formul-:

R_ =K

or ud'B

wherc Kud = the troctive resistance of ~n ~gricultural machinc per metre

of working width,
In this c~sc¢, for determining the spccific resistrnce of agricultural
machines ~s ~ functicn of their specd of advence, it is bust to use the
compound percent~ges formuln, which reflects quite accurntcly the variations

in Kud and is compnaratively casy to calculatc:

1

v
K 6 = Ko(l *T(':’é')

ud

where K = thc spccific resistance to movement of an agricultural machine
when the speed of movement is nearly zero,

= the percentege inercasc in the troctive resistancc for cach
incrcase of speod by onc unit of valuc,
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The definitive form of the formulc, from which expenditures nr.. cnlculated,
is found by substituting the caleul~ted variations of thce unit indicus ~s
~ function of theo sought-for perometers for the valucs ~sswacd for the

various co.fficicnts in the origin~l fortul- for finding tho cxpenditurcs,

First, th. cpocd of ~dvinc. of the uait corrcsponding to the required
lo~d/power ratio on the trechor 1s c~lculnted for cach varirnt of the
nachine /troctor unit for - given tractor weight ~ng power nd working width
of th. ~griculsur~l reching, Ly ne~ns of th formula for the cnergy bal-once

correeponding to those nrrictirs, thon the expenditurcs -ro calculnted,

Dingrams for deternaning the spoed of rdvanc. nd ~ type of grrph showing

the vari-tion of expenditurcs for varintion of the specd of riovement and
working width of the unit with given types of tractor arc given in fipure 4
below; it will be seon that they fully corrcspond to Acrdenician Goryachkin's

di"h‘gr"lm.

The mininun valuce of the vxpenditures dutermines the optinum combin-tion of
specd of ~dvance of the unit ~nd working width of the agriculturnl mechinc

for cvery variant of unit and for wVery operation,

The appear-nce of the ccenonicnlly optinu combin~tion of working width of
the agricultural machine -nd speed of ~dv-nco of the unit, for constnnt
siven troctor woight -nd power, cnn be cxplained ne follows., The brsic
indux with the great st influinee on chonges in wxpenditur. is the product~
ivity of tac machinc/trzctor unit. It ~ppcers in the dunoniinztor of cioch
tern of the formulac (2=7) for deternining the cxpenditures, so thet these

cxpenditurcs zrc in inverse ratio to productivity,

Let us considoer the variations of the productivity of differont typcs of
unit coupled to ~ given tractor. By comporing the tractor power with the
requirencnts of the ~griculturn] mechin. (figure 4), the theorcticnl

productivity of the unit (9 t) can be found.

theor.:
The point where the curve of the power requircments of an ogricultural
m~chine of given working width interscets with the tractor power curve detorw
min.s the speed of advance of the a8scnbly.
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Diagram for determining the speed of advance (vi) of agricultural
machines and equipment of varying working width (B = variable) and

the optimum combination of speed and width for units with tractors
of given weight and power (Gt and N = cons

tant) for a given steady
load/power ratio on the tractor,

(The combination B.v. is the optimum one),
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The curve thus plotted for the theorctical productivity of the unit under

censideration is dotcrnmined by the formulas

1 - Iy
N‘th\,(')l\ t =V

and is shown in figurc . On this curve Wthcorct = f(B,v) arc superimposcd
radiating lincg indicating the veri-tions in the theorcticnl productivity
of th¢ unit for const-nt working width;  in this woy the working width of
the agricultwol mochin correcponuing to the mnaxinun productivity can be

determined by srophic mctheds,

From figur. 5 it c-n b szun that the productivity of - unit with cunst-nt
engine powrr ronches ~ rxinng velue -t - prrticular specd of ~dvance. This
is duc to the fret thzt, for - siven tr-ctor pow.r, -2 the apceed of ~dvanec
inercascs the working width of the 2escibly deciines from its initi-l valuc

to zero ~ when =11 tho power will be used for tao propulsion of the unit,

To begin with, for low sp.oide of “dvence, the £-11 in the working width is
small in comprrison with th.. incrense in the speed o1 ndvance, nnd product-
ivity rises, Later, with higner Speids of cdvaney, the working width f-11g
morc ropidly than th. soeud of ~dvonc: increascs, nnd the productivity, aft.r

wtteining o noxioun value, begins to deeline,

This is thc woy the theorcticnl productivity varies, and, taking into sccount
the working tiae utilizaticn frztor nd the actunl productivity, it detor—
mincs tnc form of varintion of the operiting cost: of the unit for constont

troctor weight ~nd power, oncc these oxcoocd sonme rinimun valuc,

The operating cost for given volumnen of work is now calculated for ench
variant of a unit with - given troctor welght ~nd cnging powir ~nd a given

optimun: ratio of working width to spocd of ~rdvone,

The data eamcerning Hperating costg sbtrined in thig wny arc assembled in -~
table (figurc 6) ~nd totrlled for the verious cperations carricd out by

units hoving troctors of - given weight ~ad pPOWCT,

It is of the highcst itportone., ~no indeod indispunsablc, to determine the

expenditures involvod in enrrying out o given volume of work, opcration by

oporation, for units aving tractors of - given weight bus varying powcr,
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The cxpenditure per unit ~pon worked dcpends mainly on the cnergy consumed

during thce nrocess,

The most xponsive opernation is ploughing, in which th¢ resistance of tha
plough iy gre~t ~nd th- productivity snnll. Whoer the troetive resistance
of thc sgricultursl nachine is lower,y it is possible, with the smme tractor
paromctors, to incrcasc the working width and, conscquently, the producte-

ivity of the unit.

When this is donc, the cxpenditurc f~lls., This is why th. cost of plouzhing
is considurably highour than the cost of opcrations lijk. cultivating, stubblec

ploughing, gowing, h-rrowing ~nd so on,

If the volunc of work involved in corrying out thege operations is not token
into ~ccount, then, when the cxponditurcs for corrying out all thusc Opu.r=-
ations with unitsg comprising troctors of given weight but v~ricble pow.r
arc wdded together, it ~ppenrs that th. mininun exXpenditure, and, hcnee, the

ceconomicnlly optimun powery 1s doetermined by ono single operntion - ploughing.

The volumc of work on ~ farm wecounted for by cultivnting (two I 5sues) or
sowing (cross—sowing) nd 50 on noy be substrntinlly grenter than tho
volumc of ploughing, howev.r., In this caSey the oxpenditure in reapect of
the wholce volwie of these operations it comparable with the cost of plough-
ing ond thus cxorts . grenter influence on the relation between nininum

costs and uaginc power.

In these circurst-ncus, the conomicrlly optinun power of =~ tractor of a
given weight is differcnt from thot rcquired for ploughing nnd yect has

considcerable overall ceononic ¢ffecet on the farm,

The optimun onginc power of o tractor of given weight is detormined by the
minimum value of tot-] xpenditure recorded with respect to the whole volume
of work on the form for units comprising iractors of given weight and

varying powcr,

The analysis of cxponditurc when scleeting the optimun troctor vnginc power
can be carricd out either by means of t-Lles of cnleulated results or by
means of o graph. A Cpecimen groph showing the variation of cxpenditure os

& function of the power of a tractor of given weight is shown in figurc 7,
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Pigure 6
Expenditure (in roubles) for
different variants of units,
broken down by operations
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ZE
(roudbles)

ZE when Gp = constant,
N = var. and (Bv) = eptimum

L

Diagram for determining optimum power for a tractor eof given

weight for units carrying out a given set of icultural opera~
tions on a given farm (Power N¢ is the optinum

N (h.p.)

Ny Ny Ny Ny Ny Ny tig Ny g
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7.

It should bc pointed out that the scarch for the optimum cngine power of o
tractor of given wcight uscd for = number of diffcerent operations is uscful
primarily when it is intendod to cploy only one type of tractor. If, for
each opcrntion, = tractor hnving th. cptinun power for the ~griculturnl
operation in question it used, the rcsulting swvings nay be considerable -
if the conscquent diversificntion of the trector stock nnd the rceulting

operational ~nd ropnir difficultics ~ro loft out of 2ccount,

Such qucstiouns h-ve not boen token into ~ecount in the method of sclecting
optinur parcictors descriticd ~bove, but 1t hos buen ossuncd that it would
bg morc cfficicnt to us. tractors of - singlc weight ~and power on a farm

than to usc tractors with difforont p.roncters,

This assunption has also been made in sclucting the cconomically optimum
tractor wcight,

Optimum trne  r weight for the glven conditions is detoermined by thc minimum
value of totel oxpenditure for units conprising tractors of optirun power

but varying weights,

This stage of the caleul-ticns concludes the determination of the cconomically

optimum tractor weight and power, the working width of m~.chincs, and the

spced of advence of mnchine/tractor units.

A graph showing variction of totnl cxpenditure for tractors of difforcnt

weight and optimum powcr is given in figure 8,

The same scquence is followed in the crlculation and nnalysis of other indices

-used when it 1s ncecssary to Llucid-te p.riicular aspects of the efficiency

- of various machin./tractor units

All the dat~ obtained, whother for cxpenditurcs or for other indices (labour
costs, fucl consumption ~nd n.tal content) can be convenicntly plotted

tog;thor on onc or morc graphs, likc thosc shown in figurc 9,

Such graphs ~ssemble 21l the indicen of units involved in the determination
of optlmum troctor weight and power. They can convenicntly be plotted 28 a
function of tr~ctor wiight, and all the indicators reduced to an cqual

lovel of cnergy saturation (relation of the tractor power to its weight),




EE

min

ID/WG.40/17
Page 35
Pigure 8
8E pin when Gp = var.,
N and (Bv) = optimum
G
04 62 GJ 64, 05 Gg 67 Ga G, G/a T (k‘)

Diagram for determining optimum tractor weight for tractors
of a single type carrying out, as components of units, a
given set of agricultural operations on a given farm.
(weight 05 is the optimum).




ID/WG.40/17
Page 36
9. The analysis of the results obtained is carricd out in rcversc order, First

of all, it is neccss~ry to dctermine the ceonomicilly optimum wcight and

powecr of the tractors (scparntely for cnach type of farm or rcgicn of the
country) which .usurc ninimum cxpenditure for carrying out o given volunc of

work (agricultursl opcrntions carricd out on a given PG )

If cquol minimum costs -~ro found with tractors of diffurcnt wuight ~nd powcr )
(different lcvels of wnergy saturction), additionsl indices nmust be annlyscd §

for these tractors.

The groph (figurc 9) shows *tnat oxpenditurcs ~re practically the sanc for a
whole rangc of sizes -nd types of tractors. analysis of the ~dditional
indicce, howcveor, shows that l-bour costs, fucl consumption ~rd mctal content
arc diffcrent in the cese of wits comprising these troctors.  Dupending on
the actual conditions on farms in develeping countrics, the troctors

gselceted in this casc will be thosc cnsuring optimur officicney with the

lowest labour costs, fucl conswiption and mctal content.,

Next, optimw. combin~tions =f the working width of agricultural machincs and
gpeced of z2dvance of units ~rc dctermined for the optimum troctors, toking
into account crch type of operation involved, as well as tac previously

deternincd working conditions of the unit,

The optimun paramcters of tractors and agricultursl machines thus obtained

arc uscd in thce calculation and justification of type sclection.
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CONCLUSIONS

The calculation and justification of the typc rangce of tractors and agriculturel
meshinces is a complex task involving . whole scrics of problems connceted with the
nenufocture ~nd operating conditions of tractors ~nd the ~gricultural machincs to

which thcy ~ro coupled,

fhe deturmiration of troctor weight and power, the working width of agricultural
machincs ~nd thc spead of advance of tho mochine/tractor unit is an csscntinl olcment

in the sclcetion of type ranges,

The ricthod sot out above for determining end justifying the optimum par~mctors
for mnchinc/trnctor units nekes 1t possible to identify the cconomiceally optimwa
weight nnd power of troctors, working width of agricultural machines ~nd speed of
rdvance of unitc so a3 to cngure nmoximun offici.ney in carrying out a given volumc

of work.

The eriterion for deterrining ~nd justifying the optimum paramcters of asscmblics
is the achicvenent of minimum cxpenditurc, cxpressed as the monty cost per unit area
workcd. at the same tiue, ndditioncl indices such as li.bour coste, fucl consunption
and nietnl eantont should be dotermined so tht ~ more qu-litrtive cpprocch can be
mad. to the sclection of machin./tr-ctor units and the doternination of the ~ppropriato=

ncgs of using them in the n-tioral cconony,

The collection of dnt~ on noturrl ~nd ~griculturcl conditicons and on specifie
fcatures of the cultivntion of ~griculturz) crops, together with the determinction of
the rclation butween cxpenditurcs and the paremeters of noching/troctor units arc
fund~ment~l tnsks 1n deternining the ccononicnlly optinum parcoctoers of machinu/trnctor

units,

The variants of machinc/tractor units for which cxpenditures arc calculatud and
from which the optimum is sclceected should if possible t-ke into account difforonces

in working conditions, ~s w.1ll =8 1n dcsign rnd cconomic factorc.

The mcthod we have deseribed nny be used in tho ~oscssront and selection of

~lternztive lincs of development of ~gricultur:l t.ochnology.

A8 lobour costs, fucl consunption rnd nctal contunt ore also deterninced whon
estimnting the cxpenditurcs, znolysis can Lf neeessary be carricd out on the besis of
any of thesce factors ~nd the unit poronctirs which onourc moaxinunm cfficicncy of the
unit for giv.n volues of these factors can be deteruined.

Thc method set forth may be used in >ther branchee ¢f the national ceonomy.
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