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Introduction

1. The Soviet tractor jndustry is an industry in
transition. Since 1970, the theme has been tractor moderni-
zation. The old historic (since World War II) emphasis
upon growth in output with insufficient regard for the needs
tof'agricultural and industrial-usersAhas been suspended, if
only-temporarily,vto permit greaterwemphasis on quality and
performance. still, old habits=die hard. and goals for techni-

cal 1mprovements are proving more -difficult to achieve than

" _monotonic increases in output.

N\

v

. 2. The'purposefof'this.studyfis to put the new trend
‘into context. The paper discosses;production, technology,
and uses of Soviet tractors, and the technical goals and
.achievements of the modernization program. It prov1des a
<detai1ed comparison of SovietwandeS tractors in texrms of
output, parks, horsepower, and use' assesses the general-:

quallty and malntalnablllty of Sov1et and - US tractors; and

~ evaluates the'importance-of-Western~technology and foreign

trade to the Soviet tractor industry.

Production

‘3. The USSR is‘the'world's largest producer of tractors.
In 1975, the USSR produced about 550 thousand tractors, more

than double that of the United States (see Table 1). However,




£hé'évérage Soviet tractor:is less powerful than its US
»cdunterpart. Thus, measurégiin total horsepower 1/
(estimated), Soviet output exceeded that of the US by only
about 60 percent. Soviet tractor output in 1975 was about
13 percent larger than the combined output of the "‘United
States, United Kingdom, andeest Germany, three of the -
leading producers in thé.nOn-CommunistAworld (see Figure 1).

| },4; Soviet tractors are highly standardized, and'unf
like those in the United States, are-seldom built to the-
user's custom specifications. .Production is¢charéqterized
by long runs of a reiﬁtively'féw models produced in mass
fﬁolume in a relatively few huge p1ént§;.1§;;;;;ajor’plants
account for more than four-fifths. of all;tractors prodﬁced
-annually in the USSR. 2/ |

5. 'ﬁy'standardizing.models,xahdfkeepingamodels in pro-

:dpctign‘long'after.designs of‘new:andgimprovedumodels had
become available, the Soviets ﬁavembeeﬁﬁable-tb.achieve high-
and steady growth in output. - During .1951-65, for~éxémple,
-output climbed'steadily at an average annual rate of about

8 percent.

1l/ Unless otherwise indicated,-horéepower in this paper refers

‘to engine horsepodwer at the rated .revolutions per minute of
the engine.

2/ In the ascending order of size (by unit output) with the
share of total output given in parenthesis, these are:

Chelyabinsk (5%), Vladimir (5%), Pavlodar (5%) , Rubtsovsk (7%), .
Lipetsk (10%), Dnepropetrovsk (10%), Kharkov (12%), -
Volgograd (14%), Minsk (16%). i




6.. ﬁowaver, as production grew, tractor quality,
-désigh; and ééchndlogy were neglected, making major adjﬁst—
ments sooner or later inevitable if other goals, such as
impro&ement in the average life of the tractor park, were
~not to be sacrificed. During 1966-7Q, the Soviets tried to
have it both ways -- sustain the previous high growth rate
while upgrading tractor quality —- but failed; the growth
 rate fell off from 8.3 percent in 1961-65 to 5.3 percent
'in-1966-70 and oﬁtput-fell,shorﬁfof plan by about 25 percent.
7. In the l97i—75-£lan,periqd the Soviets lowered

their production sighps,and launched a major effort to up-
. .grade the quality and téchnical-capabilitiés of tractors.
Plannéd output'for 1975 ‘was set .at 575,000 units, implying
an annual érowth rate-of only 4.6 percent, the lowest of any
post war plan peri¢d. This slowing in the rate of growth was
intended to facilitate a.tétodlihg'énd-reequipping program
- for the production of.several néw«andlimproved-tractor models.
-Appérently, new mode1é were to make up one-third to one-half
of total tractor output. However, none of the goals of this
5§fogram were fully achieved:-.aétual output fell short of
plan by about 25;000 units or .about 5 pércent;'and new models
-aécbﬁnted for only about one-sixth of production. Major new
models that‘were.introduced into production by 1975 are listed
in Table 2. ~Models currently in'production are shown in

Table 3.




- 8. Newer tractof modelé have greater hofsepower ratingé
than older models and improved performance characteristics
generally, but they also cost more. Moreover, new prices
are high relative to claimed traétor productivity. For
exémple, the current price of the new 150-horsepower f-lSO
tracklaying tractor is 135 percent greater than that of the
T—74’model‘it is replacing, but its productivity in power

consuming operations is only 40 percent to 80 percent higher.

'.Compoéition‘of Output: - An Unsettled Controversy

9. For many years the USSR favored theiproduction and
use 6f tracklaying, rather than wheeled, tractors. Although
tracklaying types are more‘expenSive to produce and operate
and lack the speed and mobility of wheeled types, they have
better tractidn'in most soils, compact the soil less, con-
sume less fuel per hectare, and are more easily adapted to
non-agricultural (e.g., construétibn) applicaﬁions._ During
the late 1950s and early 19605, howe&er, influénced by
‘expansion in sown acreage of rbw crops iﬁ the USSR (which
favors the use of wheels rather than-tréqks) and.a personal
.directive by Premier Khrushchev to copy US practice (in which
‘wheeled tractors predominate), the production of wheeled
tractoré"was,giVen a spectacular boost.“OutpUt of wheeled
tractors increased from 21 percent of tractor.output,in 1953
to a peak of 57 percent in 1964.

- : : -4-
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10. Khrushchev s decision to push output of wheeled
tractors generated :an intense, and sometimes bltter, con-
troversy over -product mix that c0nt1nues to be reflected in
the ebb and flow of relative output shares. During 1964- 72,

" the share of tracklaylng types creeped steadily upward to

4 post-1964 high of 48 percent in -1972. The economic justi-
fication for the- Shlft away from the wheeled ver51on was a
gradual decline in acreage of row.crops, and the promise of
powerful new engines for tracklaying types capable of off-
setting the speed advantages of wheeled tractors. Since 1972,
-however, the share of“tracklaylng tractors has again decllned
- as the output.of»heavy—duty~wheeled;types, especially the
T-150K and K-700 series, .has rapidly accelerated - Apparently,
the Soviets are now persuaded: that . wheeled tractors are
‘superior to tracklaylng types 1n\many agricultural appllca-
tions. For example, wheeled tractors are espec1ally useful
_1n Soviet agriculture for traller-transport.of'farm products
and other materials. In the Us, trucks are normally used for
this purpose. |

. 11. Currently, the USSR produces about 20 percent more
wheeled than tracklaying tractors:(29l,600 wheeled ahd 239,500
- tracklaying inll974). Larger and -heavier tractors, 90 horse-
power and greater, prlmarlly are of tracklaylng des1gn,
smaller and lighter tractors, less than 50 horsepower, are
wheeled. 1In the intermediate horsepower ranges (50 to 89

horsepower) wheeled tractors outweigh tracklaying by a margin

-5~
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ofaéll In the United States, 85 percent to 90 percent of
all tractors produced annually are wheeled and include a
more even representation of light, medium, and heavy types.

12. Tractor output is heavily biased toward light and
medium—powered types of less than 90 horsepower. 'Only about
one-third of production in 1974 consisted of large, heavy-
duty types and about twe-thirds of these were relatively
low powered (no more than 108 horsepower). Very powerful
tractors (200 horsepower and up) are produced in relatively
small quantities (aboqt 20,000 in 1974) and nearly all are
-wheeled tractors forluse, primarily, in agriculture; high-
powered tractors for industrial applieations are in extremely
short supply. |

13. To plug the gap in heavy—dﬁty tractors, the Soviets
are building a large new plant at Cheboksary for the prOduc~
tion of special-purpose industrial—type tractors in 330 hp
ahdeOO hp models. Although originally planned for construc-
tion during 1966-70, ground was not broken until 1972. By
the end of 1975, the Soviets had managed to assemble a couple
of tractors in one major.buildiqg already completed. How-
ever, most of the components for these two tractors apparently
came from the Chelyabinsk Tractor Plant where designe-vere
developed and prototypes made. The first stage of_éroduction
at Cheboksary -- several thousand units per year -- is still

a long way off and may not be achieved before 1980 at the

-6—
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eafliest. Clearly, it will be many years beyond 1980 before
this plant will be able to meet growing Soviet needs for
heavy tracklaying tractors for construction.

Key Subsectors: Tractor Engines . . .

14. Production of diesel engines for tractors 3/
paradoxically, has helped both to advance and to retard pfo—
gress in the tractor indusﬁry. On the one hand, increasing
specialization of enéine<production for more than a decade
‘has. freed production capacity at tractor plants, helping to
sustain secular growth in tractor output. Whereas in'1960,
rtractor'plants-were,\éhemselves, the major producers éﬁd
-suppliers of tractor engines, by 1974, seven major specialized
producers provided roughly 70 percent of the engines uéed for
new tractor proauction. 4/ Only three tractor blants -
'.Bryansk! Chelyabinsk, and Vladimir -- continué:to'produce
éngines. Bryansk and.Chelyabinsk produce engineS'for their
-own tractors, . for road and constructlon machinery, and for
-other industrial uses. The Vladlmlr'plant, which produces
far more engines than tractors, supplies engines to producers
of wheeled tractors.

15. Oﬁ-the'other hand, lags in the development of planned

"fémilies“-of.improved~tractor engines have delayed introduction

3/ All tractor engines produced since 1957 have been diesel
and virtually all tractors now in use are diesel powered.

4/ These specialized plants are located in Barnaul, Khar'kov
(two plants), Minsk, Rybinsk, Yaroslavl, and Volgograd

-7
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of new tractor models, in some cases for ten yearé Oor more.
For example, the first prototypes of the_MTz—80 (which is

to replace the MTZ-50) were tested in 1963, but production
didn't begin until the latter half of 1974. The first pro-
totype of the T-130 (which is to replace the T-100M) were
tested as far back as 1960, but the tractor still was not-in
full-scale production by the end of 1975. Reasons for lags
ih engine development are not clear; almost cértainly they
include: bureaucratic resistance to change, difficuities

in getting engine plants retooled, and lack of a close working
yielationship between\&evelopers énd'producers.

-16. Production of diesel engines in the USSR is charac-
'terizéd by-an inadequate level of specialization and standardi-
zationiin the production of major engine componénts and parts.
There are complaints that coﬁponents,aﬁd parts are still pro-
.duced.in é relatively large number of enterprises with wide
variétion$ in output levels (and cbsts). For‘éxample,'in
the early 19705, crankshafts for traétor engines wére produced
- by ten plants with annual levels of output ranging from about
80,000 to 180,000 units; pistons were produced'in ten plants
" with outputs ranging from 300,000 units to 3 million units.
The'quality of workmanship and the quality of metal inpﬁﬁs in
component parts Qery often have varied from producer to
producer.
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! ',17. Standardization of engines often means only
standardlzatlon of bore and stroke. Such standardization
promotes the use of similar piston siaes but not wide
interchangeability of parts. For example, the Soviet press’

' reports that 75 horsepower engines produced by three
diffe:ent plants have the same number. of cylinders, and the
same cylinder diametets, but otherwise different engine
designs. Thus, many other parts and accessories are not
interchangeable. One factor retarding progress in standardi-
zation has been poor coordination among the seven ministries
manufacturlng diesels“for all purposes, and among the plants

within ‘the same ministry.

-_- - And Spare Parts and Repair

18. Soviet production of spare parts for tractors,v
relatlve to that of the Unlted States, is huge, as may be
seen from the following exXample: in 1974, the- USSR produced
spare parts valued at 1. 02 bllllon rubles, representlng about
. two-thirds of the value of output of new tractors. 5/ 1In
_the United States, production of sSpare parts amounted to a
iittle over one—fourth of the value of new tractor output.
On-balance, the ratlo of spare parts to output ought to be
somewhat hlgher in the USSR, than in the us, because of the

greater use of tracklaYlng tractors in agrlculture. 6/ Even

§/ Estimated at 1.6 billion rubles.

§/’ More spare parts are required to maintain tracklaying tractors than

wheeled. For example, in the Unites States ﬂxavaluecﬁfsparelxnis shipped

for tracklaylng tractors amounted to 51 percent of the value of camplete
units in the period 1970-74, campared with 71 percent for wheeled tractors.
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“taking this factor into account, however, under comparable
US standards spare parts pfoducﬁion ip the USSR probably
would not exceed 35% to 40% of the value of output of new
tractors. |

19. 1In effect, Soviet spare parts production in 1974
was roughly equivalent tb 350,000 new tractors, whereas US
spare parts production, for the same year, was the equivalent
of about 64,000 tractors. 7/ This comparison is especially
striking in view of the fact that the US park of tractors in
agricuiture is about 2 million units larger than the Soviet
park, and the averagédage of the US park is about double
" that of the USSR.

_“20. Pespite the exceptionally large volume of spare
'partsvproduction, Soviet oﬁtput still is not able to meet
‘domestié.needs.' To take one example: in 1970, output
"amounted-ﬁo about 800 million rubles, but this was only 73
ApérCent:of.l;l.billibn rubles wor£hvof new parts that SQViet
offiéials estimated wereineeded for that year. Moreover,
_pearly_ZO perbent.of the parts classified as "especially
importént" were. produced in below—pian quantities. An
official of the"USSR Ministry of Tractor and Agricultural
Machine-ﬁﬁildingveXpressed the dilemma of spare parts proddc—

tion in a Pravda article (22 March 1972) as follows:

7/ Based on the estimated unit value of the tractors produced
in each country in 1974.

~10-




' *"The more spare parts we turn out,
Athe greater the need for them becomes.
Expenditures éf metal 6n spare parts -
now come to a good one-half of the
metal earmarked for the manufacture
of new machines. But we are still
told that there arén't enough spare

parts."

21. To offset persistent shortfalls in new parts pro-
ductidn,‘repair ente;grises have.aécelerated:the»recOndition—
ing of wérﬁ parts. AIh 1970;.;é;g;§itioned tractor parts
were valued at 170 miliion rubles,ior 21 percent of the
value of néw pafts prodﬁction. Reconditioned parts are said
to be 40 percent to 60 percent cheaper than new parts, and
service life is said to be good. |

422. éTh¢Aexceptional1y large-need for spare parts,-whichb
uniquely dramatizés the technological lag-of the Soviet. trac-
tor industry, stems from both engineering and managefiél
‘deficiencies. Engineeringideficiencies include: mediocre
construction quaIity, mediocre quality of many parts and un-
eﬁen durability~of a significant share of production. Mana-
gerial deficiencies.inélude: overproduction_of-eaéil?zmade
parts and under-production of the more complex ones;vfaulty

distribution which results in receipts of unwanted parts;
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poor fleld maintenance; the tendency of farms and tractor
repair organizations to overstock parts to be on the safe
side; and, flnally, over-repair or the tendency to replace
unworn parts along with those that are worn. The tendency

to replace unworn parts apparently has increased in recent
years with the development of a large number of assembly-line
type facilities for major overhaul work. Since every tractor
that enters one of these shops is totally disassembled,
technicians are tempted to replace internal parts that nor-
»mmally are hard to get to just to be on the safe side.

W

“Technology
23. Historically, Soviet tractors have lagged behind

those of the United States in design, durability and power;
hence, they have been less vereatile and reliable. Although
- some new models -of Soviet tréctors.have greatly narrowed the
gap in one or more of these aspects during the past five
years, 1t remalns generally true that US tractors, on the
average, can do more work, perform more efficiently, and last
longer than their Soviet counterparts.

Design

24. Sov1et tractor de51gn has tended to follow, some-
times w1th a ‘substantial tlmelag, changes in Western tech-
nology. Native innovations have been few. Most'of the com-
plex features of Western tractor technology such as automatic

transmission, power steering, and turbocharging are incorporated

-12-~

i nOQUr
« ‘a- ‘u ‘




into certain of the current Soviet models, but they are
found én a much smaller shdfe of total output than is the
case in the US. One additional feature that has been copied
and very widely applied is the four-wheel drive; the USSR
produces more tractors with this feature than the.United
States or any other Western country. Recentiy, the Soviets
have modified four-wheel drive to provide for automatic
_engagement.at a predetermined level of slippage. Automatic
engagement is in.use on some type of motor vehicles in the
United States but has not yet been applied to tractors,
apparently to keep down the price. |

25. For many years the Soviets have not”copied'ﬁs
-models outright, although a number of new Soviet wheeled
tractors bear a close resemblance to US counterparts. Some
tracklaying models still in production, such as the DT-54A
and the T—lOOM, are only'slightly_modifiedeersionSwof models
-developed in'the United StateSfmoré than:zs years-égo.

26. The quasidependence of the Soviet traétor industry
on the United States for design technology has its -historical
‘roots in the extensive assistance that US firms provided in
the early 1930s in designing and equipping the first Soviet
tractor plants in-Chelyabinsk, Khar'kov, and Volgograd (then
_Stalingrad); However, é major.shift away from reliance on US
design technology appears imminent; industrial tractors to be

built at the new Cheboksary plant have an innovative Soviet




‘design of cab at the front. of the tractor, and bear'nq re—
semblance to US tracklaying models.

Durability

27. Soviet tractors, though rugged, tend to break down
more frequently than their US counterpart. For example, the
average period of use before first major overhaul is about
4,500 hours compered with 6,000 hours in the USf 8/ Soviet
tractons are not built to the precise tolerances of US equip-
ment, generally do not incorporate high strength metal alloys
to £he same-degree, are;nOtmserviced'with comparable high-
.quality lubricants ang oils,-and .are not assembled with the
‘same degree of craftsmanship:that characterizes US practice.
In past years, thousands of .newly -built tractors have been
rejected- by agrlcultural equipment procurement representa-

tives 9/ before leaving plant shipping areas and have had

8/ Planned average'operating’normé £6r  Soviet tractors used
‘in agriculture before first major .overhaul are: tractor

transmissions —-- 6,000 hours; engines and undercarriages of
wheeled: tractors —-.5 000 hours; undercarriages of tracklaying
tractors -- 4,000 hours. These averages apply only if pre-

scribed operating and maintenance producers are strictly’followed.

9/ Officials of Soyuzsel'khoztekhnlka (All-Union Agrlcultural
Equlprent Association), an organlzatlon that acts as inter-
mediary between the producer .and agriculture for tractors and
agricultural machinery,. as well :as for fuel, mineral fertilizers,
and other items. Soyuzsel'khoztekhnika also controls the major
repair facilities not owned by collective and state farms.

-14-
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to be set right.by:the prodqcers; thousands more have becoﬁe 
quickly inOperétive shortly after delivery.

Power |

28. Soviet tractors, on the average, are léss powerful
than US tractors (see Table 4). 1In 1975, tractors p:oduced
in the USSR averaged about 76 horsepower, compared with about
103 horsepoweriiﬁ the United States. The disparity was even
greate; for tracklaying tractors -- about 87 horsepower in the
USSR compaied with about 145 horsepower in the United States. lg/

| 29. 1In general, Soviet tractors are underpowered relative

to weight. However,&weight tobpower ratios are vastly improved
over those common in the 1950s, and the newest tractors have
- weight to power ratios that are as good as many US models. The
avergge-whéeled tractor produced in the USSR in 1974 (weighted
by output) weighed an estimated 56 kilograms per horsepower,
compared with aﬁ estimated-46 kilograms per hdrsepower for US
wheeled tractors. 11/ For more powerful tractors used iﬁ con-
struction, weight to power ratios tend to be higher in both
countries. For example, the most pOWerfui tracklaying tractor

currently in production in the USSR (the 300-horsepower DET-250M)

lg/ Data on tracklaying tractors are for 1974.

11/ These data are not entirely camwparable. Because weight-to-horsepower
ratios for tractors produced in the US in 1974 are not available, the above
figure is based on power take-off (PTO) data for a sample of 80 diesel
wheeled tractors tested at the University of Nebraska test center during
1971-75. PTO horsepower in the tests was estimated to be 95 percent of
engine horsepower. Since Soviet data are given in tems of engine horse-
power. PTO in the US was divided by .95 to get engine horsepower.




weighs about 98_kiiograms per horsepower, based on service
weight, compared with abodt 93 kilograms per horsepower for
the most powerful US model (524 hoisepower); In some con-
struction applications, high weight is advantageous.

30. Soviet tractors weigh relatively more than US trac-
tors, and, by comparison, are underpowered, mainly because
more metal is used in the fabrication of engines, components,
and parts than is the case in. the United States. 12/  More
.metal‘is used to compensate for its relatively poor quality:;
metal used in Soviet tractors lacks the high strength.
characteriétiCS'of USalloys. Soviet tractors also tend to be
underpowered because engines .are:adjusted to run at lower
speeds to reduce wear and extend}éperating life. Although
newer Soviet traétors are being--operated at Z,OOb to 2,200 rpm,
- typical of many US tractorguof=£he:late 1960s, engine rpm's of

2,400 to 2,800 now»arevquite common in the.United States.

31. sSoviet traCtors'also‘losé-more-hofsepower~than do
US tractors between the eﬁgineAahd the drawbar where the power
counts; that is, relatively more of the power of the average
Soviet tractor goes into moving the tractor itself. The
average US tractor is able to translate a greater share of

engine horsepower into .usable power atthe drawbar, because it

12/ For example, the new Soviet MTZ-80 tractor tested at Nebraska
weighs ‘more in relation to its power than a similar US model tested
earlier with the same maximum PTO .and drawbar. horsepower. The
MTZ-80 weighed (without ballast) 47.5 kilograms per maximum RTO
horsepower compared with 40.9 kilograms for the US model.

-16-




has less weight relative to engine horsepower,.and better
gear ratios. However, the margin of US superiority in thisg
respect seems to be diminishing. Only a few years ago, the
'drawbar horsepower of the average Soviet diesel wheeled trac-
tor was about 70 percent of engine horsepower compared_with
nearly 90 percent for US models. Current Soviet models,
according to tests apparently carried out on a Soviet track
in much the same way as tests at the University of Nebraska
test center, are claimed to have approximately the same draw-
bar horsepower in relation to engine horsepower as similar

US tractors.
Uses

Agriculture

32. Agriculture absorbs by far the greater share of
production of tractors in the USSR, as‘in the United States,
and curreutly accounts for about 2.;-milliqn tractors, or
about two-thirds of the total tractor park, compared with
about 4.§‘million in US agriculture, or abgut three-fourths
of the total. 13/ However, because tractor attrition rates
are high, the number of tractors in use in agriculture in tﬁe
USSR falls far short'of what is optimally desired. Also,

shortages of Spare parts frequently keep tractors out of

service for extended periods, further reducing the number

harvested
13/ The s=== acreaqge of the USSR in 1971 was about 216,500 hec-
tares, or about Sﬂfpercent more than that of the Unlt @eSt tF "o
whlle the estimated value of Soviet net farm output ‘was on% 1 7os
about four-fifths ghag gdthe US. In 1975, there were about

9B hectares of sz:a acfeage per tractor in the USSR compared

with aboutvVas hectares in the United States.
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available for use. As an illustration of the seriousness

' &

of this pfoblem, in the 1até$l9605, 30 percent to qupercent
of the entire tractor park was in a standdown condition from
time to time awaiting parts. .

33. According to a recent Soviet estimate, about 3.2
million tractors are needed in the USSR for optimal farm
exploitation. That quaﬁtity of tractors in use would have
been reached by about 1971 if the rate of tractor retirements
from the park had been kept at about 4 percent to 5 percent

during the past two decades, a rate that has characterized

.. US practice for many §éars.

34. In fact, more than 12 percent of the existing park
of tractors. in Soviet agriculture has been retired annually
during the past decade, a sharp rise over the 9 percént
average of the 1961-65 period (seé_Table 5). In recent years
the number of tractors retired has been equai to about 78
percent of the numbé:-of'new tractofSrbeing delivered to agri-
culture, resulting in only relatively small additions to fhe
existing stock. For example, during 1970-75, about 2 million
new tractors were delivered, and about 1.5 million units were
retired, resulting in a relatively modest increase in the gotal
park of tréétdrs over é-six—year period of about 450,000 units.
By comparison,in the United States, the annual retirement of
tractors since the mid-1960s has been considerably in excess
of the-nubmer.of new tractors delivered, in some years by as

much as 75 percent to 80 percent. Such retirementshave been:

-18-
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péésible because the US park has long been near the satura-'
tion point, and new tractoréﬁhave been purchased primarily
for replacement. Also, the sharp increase in the use of
higher horsepower tractors has permitted fewer tractors to do
the same or an even greater amount of work. Thé US park
reached the current Soviet level in 1945.

35. The relatively high rate of retirement. of Soviet
tractors is a reflection of deficiencies in machine quality
and durability, and, perhaps, to a lesser extent, to poor
maintenance and high usage rates. 1In addition, the fact that
- output norms are set the same for both old and néw traétorsA
within a power class encourages collective and state farm
managers to. replace older ‘and less productive tractors as
soon as they can jﬁstify retirement to higher authorities.
Since there is no used-tractor market in the USSR, tractors
- that are retired, in effect, are scrapped.

36. The number of tractors in use in agriculture iﬁ?the;
USSR will not reach optimum levels even by 1980 if thé 12.per—
cent retirement rate of the past decade continues, as seems
likely. During 1976-80, 1.9 million new tractors aré scheduled
. for delivery'to.agriculture,Lahd an estimated 1.4 million units
will be :etired,va nét increase in the park of about 500,000.

tractors. By the end of 1980, Soviet agriculture is scheduled

to have a park of 2.87 million tractors, or about 330,000 short

of the optimum. Rising allocations of tractors to non-agricultural

consumers, especially construction and roadbuilding, has prevented
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Soriet‘planners from alloeating a larger share of production
to agriculture. Agricultufé is tovget about 66 percent of
new outputAduring‘1976;8Q, the same ehare as in 1971-75.

‘37. Tractors in use in Soviet agriculture, particularly
the higher powered new models, are often grossly underutilized
because of low inventories of complementary‘farm machinery.

For example, thousands of the new K-700/700A and T-150K
heavy-duty wheeled tractors in agriculture cannot be fully
utilized beoaase of a serious-shortage of farm trailers, plows,
harrows, and other machinery. Soviet experts estiﬁate that pur-
chases of new agricaftural'machihery'6ther~than tractors should
amount to about 2.5 rubles per ruble expendedvon,new tractors.
That desired ratio, which is:met by oniy a few leading farms,
compares with an actual coefficient'inl1970-of about 1.4 rubles
‘throughout ‘agriculture. Although this coefficient probably
rose during the 1971—75 Plan perlod the 1mba1ance between the
number of tractors in use and ava11able~agrlcultural:maChinery lﬁ/
probably will persist for some time. |

38. By upgrading the quality and durability of tractors,
modifying tractor and engine.designé to increase ‘engine horse-

power and overall pulling power, and increasing the volume of

spare parts, Soviet planners hope to reduce attrition rates

14/ The value of output of agricultural machinery 1ncreased
by 79 percent in 1975 over 1970 (compared with a 20 percent
increase in unit output of tractors.

-20-
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(increaéing‘indiréctly-the park of tractors) aﬁd improﬁe tﬁé‘
utilization and efficiehcy of tractors in use.
Industry' o
39. The USSR has made slow progress in satisfying the
highly specialized needs of industrial users. Although about
28 percent of all tractors produced annually in the USSR lé/
are allocated to industrial consumers, most are tractors that
have been.designed primarily for use in agriculture. 16/ 1In
1974, the USSR produced only about 20,000 tractors specially
~designed-fbr industrial applications, and 19,000 of these were
logging tractors. Spégialﬁpurpose tractofs and tractors modi-
fied for use under differing climatic and geographic conditiohs
are ‘urgently needed. For example, one of the basic bulldozers
in use in construction and roadbuilding is a genéral-purpose
tracklaying tractor designed for agriculture with a blade
~mounted ‘on the front. Only about one-fourth of the t:a¢?brs'
" 4in industrial use are said to be.adapted especially for con-
ditiéns under which they are operated. Tractors in use in
northern climates frequently are not built for sustained
voperations-under conditions of extreme cold. 17/ and tractors
‘with inadequately ventilated cabs that are used in permafrost

. regions are sent to desert regions. in the south as well.

15/ An average for 1970-74.

16/ 1In 1970, of the tractors allocated in the non-agricultural
Sector, construction and roadbuilding received an estimate 70
percent, forestry 15 percent, and mining and miscellaneous 15 percent

17/ Insufficient use is made of special low-alloy metals, special
rubber, and special lubricants designed for cold climates. '

-21-
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Beginning in 1974 or 1975, air-conditioning was installed
for the first time on some tractors going to hotter climates.
Export

40. The USSR exports a relatively small share of trac-
tor output -- about 6 percent to 7 percent for the past 15
years —— because of-a large domestic need. Nevertheless,
the USSR has become one of the world's largest exporters of
tractors. In 1974, exports totaled about 40,100 units, about
88 pércent that of the United States, 18/ and about one-third
that of the United Kingdom, 19/ the world leader. About

three-fourths of all Soviet tractor exports go to %2 Communist

primacily
countries, & Eastern EurOpe and Cuba (see Table 6) These
YA

countries have been dependent on the USSR for tracklaying
models, since only Bulgaria, Poland, and Romania produce
tracklaying types and, until reecently, only in models of up
to about 65 horsepower. However, Poland now produces more
powerful tracklaying tractors in the 140 to 285 horsepower
range through an agreement with a US company, and Romania

is producing models of domestic design of 150 and 180 horse-
power. Thus, historic Eaét European dependence on Soviet

models is diminishing.

18/ Exports from the United States averaged about 37,000 units

annually in the decade 1965-74, with a peak of 72,000 units
in 1953.

19/ Data for the United Kingdom are for 1973. Exports for the
period 1970-73 fell within a very narrow range around the
annual average of 116,400 units.
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41. For many years the [SSR shipped to non-Communist
countries roughly a fewrth of all the tractors that were
exported. During 1963-72, an overwhelming proportion of these
—-— about 80 percent -- were shipped to the developing nations;
in turn, about one-half of these went to India alone. Dﬁring
this period, relatively fe& tractors went to industrialized
countries -- 2,000 or less annually -- and most of these to
France. 1In 1973 and 1974, however, sales to industrialized
countries were more than double the 1972 level, owing to sudden
large purchases by the UK, Canada, and the US. Soviet officials

are hoping for future sales in the US alone of 5,000 to 8,000

[

units annually.
42. To attract Western buyers, the USSR has made some

minor modifiéations in tractor design in an effort to meet the
special requirements of foreign customers and has set.up some
modern se;vicing'facilities and spare parts depots ih the West.
Export tractors are beginning to match up fairly well with the
performance standards of US and other Western-built tractors.
More importantly, the USSR has priced tractors below competi-
tive Western models. For example, according to industry sources,

Soviet four-wheel drive tractors are being offered in the

United Kingdom at about two-thirds of the price of UK-manufactured

20/ The largest are located in France, Canada and the United
States (New Orleans and Milwaukee).
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models; tractofs are being offered in the US at roughly
fou;-fifths the price of éomparable US models. 21/ To
carry out sales in Canadian and US mafkets, the USSR has
formed a Canadian-Soviet joint-stock company.

43. These Soviet initiatives have helped to overcome -
the traditional reluctance of farmers in the West, and
'especially in the United States, to purchase Soviet tractors.
Moreover, they came at a tiﬁe when a heavy domestic demand in
the United States was delaying deliveries for certain US
-models and were aided also by a changed political climate
~which seems to have Iéssened-the-stigma of purchasing Soviet
~products. ~Although some US customers seem actually to prefer
Soviet tractors because of their greater simplicity and lack
of frills, it is still too early to judge whether Soviet
“tractors will prove to be sufficientiy sturdy, reliable, and
efficientAto gain widespread acceptance in the United States.

44. 'The'USSR has shown littié interest in laige pﬁrchases
-of Weétern—made tractors for use on Soviet farms.(buying only
_small,quahtities for testing purposes) but has shown a growing
interest'in-procqring large, high-powered, specialized models

for industrial applications. 'The USSR has already purchaséd

21/ Selling prices of Soviet tractors in the United States
bear no relation to the dollar prices obtained by converting
domestic Soviet ruble prices at the official exchange rate.
For example, the converted price.of the MTZ-50 (one of five
models being offered in the US) would be about-$3,200 (2,400
rublesxﬁl;33), or about one-third the price of a Comparable
US tractor. : .
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5etween four and five thousand large (up to 524 horsepower)
trackleying tractors from tHe United States and Japan. Those
in the upper horsepower range efe used in laying gas pipelines
and ripping ground in mining operations in the permafrost
regione. Included in the purchases from Japan are tracklaying
models for use in fdresteclearing and mining projects in the

Soviet Far East.

.Goals for the Seventies

1971-75

45. During 1971-75, the Soviets planned for major improve-
ments across-the-boatfl —— in engines, components, tractor
design, and spare parts. “Major;technical goals included in-
creased engine rpm's, improved:fuel consumption, wider appli-
cations of turbocharging, increased average horsepower, and
better weight to horsepewer'ratios, Thoﬁgh reasonable, and
technically feasibie, these goals were realized only partially,
- or not at all. |

46. The Soviets had planned to increase the engine speed
of the average Soviet tractor by 20 to 40 percent by raising
average rpm's from 1600—1800 rpm's in 1970 to 1900-2500 rpm's
in 1975. 1In fact, nearly all tractor engines in productlon
in 1975 had the same rpm rating as in 1970. Planned speeds
were achieved in only three of the new models: the T-150
tracklaying (2,000 rpm), the T-150K wheeled (2,100 rpm), and

the MTZ-80 wheeled (2,200 rpm).
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47. Fuel consumption on some Soviet tractors is as good
or better than on some US tractors, but the plan to have
typical consumption rates of about 170 to 180 grams per horse-
power hour by 1975 was not realized. 1Indeed, only four trac-
tors in production in 1975 had consumption rates within this
range (the MTZz-80 and K-700/700A wheeled and the T-100M and.
T-130 tracked); consumption of 185 to 195§ grams per horsepower
hour seemed to be typical.

48. Currently, engines of the heavy-duty K-700/700A
wheeled and the new T-130 tracklaying tractors are turbo-
charged for inc}eased power. The Soviets had planned to add
turbocharging to thr;;‘or four more engines for tractors in
mass production, but this dbes not appear to have happened.

‘ 49. The power of the average Soviet tractor (weighted
by output) was to have increased to 93 horsepower by 1975,
that is, by 4? percent above the -average for 1970. 'i‘he actual
average in 1975 was only 76 horsepower or léipercent higher
than 1970. |

50. A significant reduction in weight~to-horsepower
ratios was planned -- down tb 35 to 50 kilograms per horse-
power for wheeled tractors (similar to the US ratio), and to

40 to 70 kilograms per horsepower for tracklaying tractors

(somewhat better than the US ratio). 22/ The Soviets made

been calculated on the basis of the designed weight of the tractor or the
service weight (fueled and ready to go), but probably it is the former.

The difference can be significant. For example, the average weight per
horsepower of all Soviet wheeled tractors produced in 1974, weighted by
estimated output, was 51 kilograms based on designed weight and 56 kilograms
based on service weight. For tracklaying tractors, the figures were 81 and

86 kilograms, respectively. 3 K“le{“aé A T 0 ;;‘5:"?3

NI HEURY/

22/ It is not clear whether these Soviet weight~to~horsepower ratios have




substantial progress toward these goals. All four of the
major new models of wheeled tractors that were in mass pro-
duction by the end of 1975 (the MTZ-80, YuMZ-6, T-150K, and
K-701) had weight-to-horsepower ratios within the planned
range, based on designed weight. The new T-150 tracklaying
tractor also has a low weight-to-horsepower ratio of 44 kilo-
grams based on désigned weight, but it had not gone into mass
prodﬁCtion by the end of 1975. All other major models of
Soviet tracklaying tractors weigh considerably in excess of
70 kilograms per horsepower, with the exception of the mass-
produced T-4A -and DT=75M (which average about 70 kilograms
per horsepower). |

51. Finally, an unprecedented feature of the Ninth
Five-Year Plan was an objective to satisfy completely all
requireménﬁsvfor spare parts by 1975. This was to be
accomplished, in part, through'increased consolidation of
.enﬁerpriSes'prdaucing.spare parts.-’Consolidatién was ekbected
also to reduce wide differences in production costs through
increased economies of scale in production programs. For
the five years as a whole, tﬁe Soviets had planned to increase
output of parts.and components for tractors and farm machinery
in specialized enférprises by 2.5 billion rubles; by 1975,
Qutput of spares was scheduled to amount to one-fourth of the
gross value of output of tractors and agricultural machinery

combined. The Soviet press has since been silent about these
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_goals or thelr 1mp1ementatlon. However, there is evidence

that the spare parts supply problem persists, and that the
existing patterns of spare parts distribution and consumption
that contribute so importantly to the problem have remained
 fundamentally unchanged.

1976-80 |

52. In the current Five-Year Plan period,  the Soviets
-will try again to reach many of the same technical objectiVes
that they failed to reach'during 1971-75. 1If, as seeﬁs likely,
-most of the 1980 technical goals are met, the Soviets. Wlll have
taken a major step toward upgradlng their tractors to world
‘standards. However, they:probablyawill notvachieve compara-
bility with-the Us. The thrust in the US tractor industry for
1mprovements in tractor performance“seems tO“be»even more
Antense than in the USSR.

53‘, One area that may prove difficult is raising ‘average
'tractor horsepower to 93 horsepower by 1980 as planned Y'To a
large extent, that:goal will depend.upon successful fu11¥scale
production of new tractor‘modelsvat Chelyabinsk and Pavlodar.
.Additional capaoity is under construction at Chelyabinsk but
is moving slowly. Pavlodar plans to put into production the
300-horsepower K;701 wheeled tractor but has had experience
producing ohly a single 90-horsepower tracklaying model.

General Conclusions

54. In general, Soviet tractors in 1975 were better made

and more powerful than those produced in 1970, although, on




e

£he average,_not as well-made or as poweiful as those produced
-ih'the Uniteé;étates; the average Soviet tractor still cannot
be said to be the technological equivalent of the average US
counterpart. buring the past.fiye years, the technology gap
~with the United States has been narrowed sufficiently in
Soviet export models to make them. acceptable to at least some
US farmers, but acceptability in the US market is not a sure
indicator of technical equivalence as long as the Soviet priqe
is substantially lower than the US counterpart. Moreover,
expoft models are manufactured with special cére and cannot
. be-said_td beAcharacggriStiC'of:Soviet production, generally.

| 55. < .The:Soviet drive to raise average tractor horsepower
is well directed and éhould,help:to improve productivity in
»agriculturé, and perhaps also to reduce agricultural manpower
requireménts. _Even .so, new, higher horsepower models are
 likely to bevunderutiliZéd’forfmény years because of shortages
of complementary-farm'machinery,:ﬂinvaddition, shortages of
spare parts will continue-to~keepcmany tractors out of service
for extended periods.
| 56. A critical shortage of special-purpose heavy-duty
industrial—typé—£ractors,_including pipelayers and tractors
for constru¢tion work as bulldozers, is likely to persist
throughout the remaiﬁder 6f the 19705. This shortage, couplea
with an anticipated growth in demand generated by projects
such as the Baikal-Amur Railroad (BAM), makgs it likelythat the

USSR will continue purchase of large tractors in. the United
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States and other Western countries. The USSR may also
acguire US production technology under a recently signed

scientific and technical cooperation agreement with a large

US company.
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Major New Tractor Models .
Introduced During 1971-75

New
_. Models
Wheeled

. YuMZ-6M/6L
- MTz-80/82
T-50/50A
"K-701
T-150K

Tracklaying

T-150
- T-130

°

Percentage
Models Increase in
Horsepower Being Horsepower Horsepower of
Rating Replaced Rating New Models
60/65 MTZ-5MS/LS 48 25/35
75/80 MTZ-50/52 50/55 50/45
' 50 T-40/40Aa 40 25
300 K-700 200 50
165 ... .cee e
. .150 T-74 75 100
140/160 T-100M 1108 30/56

33

pep H"\‘c L "\t\ﬁr-g'rt"i

oo

Yy

PN C—




AR

IRINEDYR A

sS

JueTd IO3deX] HSUTHW 9°19 9°19
. . (xsaox3zadoadauq)
juerd buypring QduTYoeW UIBYINOS 0°¢€s 0°¢€S 09 -
© 3ueld I030vIL NSUTW 0°'T 0°'T 08
jueld J030®vIL AOY,IBYY G°ST ©o60g6T 69T.
(peabuyuel) ACITY TUDWT Fueld 9°'6T 961 ST1¢
T°6¢€ L'E8T 8°¢CL 9°16¢
juerd x03oex] ¥siodryl "6'0 6°0 8y
(yspoaezo13ad) 3ueTd 1030e1] ebauo 1°S : 1°S 06
(ysaosaqny) 3uerd xo3odeal Aelartv - 0°0T 0°01 14
. Jueld JI03IOVIL ADUTYSTY 9'8g 9°'8 GS
(3spoaez0130g) 3ueld I03DLIL ebouQ 0L 0°¢ ; Z9
(¥sa0s3Gny) 3Jueld Io3dell Aeatv 0°'¢ 0'¢ SL
JueYd 303001 AOY,aeyy L*LY N L°Ly SL
jueq ao3doeva] prabobiop 0°0T. 0°0T St
jucid Xo3idoeil peabohioa 0°6 0°8 SL
jued ao3deay, oo
xepolaed ‘3jueld 103oexy prabohiop 1°0v8 % 1°v8 06
jueld I103050IL YSUTqeATayd S LT S'Le 801
. (§SA0S3IGNY) JUPTd JOIDBIL Kea vy 0°S 0°'s 01t
“{ysa0s3qny) 3Iueld J03IdRIy Kea1v 1°22 122 0Tt
. jueld X0390aY YsurqeiArayd *1baN ’ *1baN 09t1/0vT
_jueld X03DeIL AOX,Ieyy G0 " s°0 0sT
m juerd SIOTYOA I03ON Ysuehag. 1°0 1°0 SLT
Jueld 9YOTY2A IO3ON Ysuvdag AL v'o SL1
jueTd Io03oeal ASUTqRATOUD S°0 . S'0 00¢
[N AS 86 6°'0 g*6t?
£°SLY 1°282° L EL T°TES .
jueld buyonpoad sroav % dil 06 dn 68 ©3 06 dil 0§ ueyz Te3ol I9MOdasION
Kaeoy] ’ wunTpoOnW £897~34by1

vIiun .choi L

.

/% pL61 ‘TopoW kq ‘sx030v3L 3o uoy3onpoxd” russn

e

£ °oTqed

" TI05/W0S-2INW

19/W9-2Z¥MX
28/08-21W
NOST~-1

¥00L-3 ‘00L-¥

PolooUM .

WBE-L
WOV-1dl
vrs-1d

pg-d ‘AVS-L
‘66-1aL
GL-1aL
[ ZERE

g5 ~-1a
‘gL-1d

SPG-I
G -LUNT

Vs L-1a

WsL-1d
WOO0T-L
-1l
vy-1
0ET-L
061-L
Wyog-a
908T-%L ‘08T-%
W0SZ-130

bujkXeisoeay]

U 8T92pOoN 1TV

gWooT-L

TOPOK

3%




wrew

-1 4 oGP

uigi

*79poW OTSeq OY3j JO SUOTIROTIIPOW JO 3ndano apn{ouy OsTe s[opow dTseq oz eiep 3ndino ‘3zed jsow ayl 103 ‘e

jueld ATQWISSY JO3IDeI] A0, Xeyl . 8°61 86T 02 WIT-L
JuePTd I03001L ITWIDETA , 0°8¢ 0°8¢ TN vsT-L
jueyd Io3oex] Xsiadrq 8°9T 8°9T1 137 )
jueld. 1030e1y ¥s3odyl 8°9T 8°9T 0§ - NYOP/WYOV/¥Ob -1
" jueTd I030eIl }s3ady1 z°'8 (] ob v . :
¢ . jueTd I030®1l }s30odIq . '8 '8 os oy Woy/0p-1
. jueTd 10320v1] jud Ysel 9°12 9°T2 0s ; ’ puxgZ-L -
N JUeTd I1030PIY YSUTW (A4 g2 3] _ ) YM0S~-2IK
Jueld 10301l SUTH 0°61 0°61 SS : . TTS/WTS-ZIW
v PaTa3aym
.3ueld butonpoxad eaoqy 3 dH 06 dH 68 ©3 0§ dH 0§ ueyy Te3jol, I8ModasIol T19POKH
, Kaeay UNIPOKW §997-346T17 .
S3vq) pueshoy . ) :
' (poNUT3UOD) ’

\m vhaa ‘TOpOW %a.smuOuumua.wo uot3IoONpPOIgd - USSN -

€ oTqel

i




‘eeu £EVT
‘e-u 15T
621 Lyt
"eu 00T
ey 001
vL 00T
e u 99T
*e*u S6
9L €01
350 sn
SL6T

911

8¢
Lz

09
9L

18

L8
59
SL

T
T

STl
LET

€eT

00T
00T

00T

ST

.98

€6

S0T €11
90T . TTT
80T 1884
19 00T
1¢ 00T
z8 00T
6L w T€T
os £ oL
9 8L
qssn sn
0L61

[

|

AL ol

00T =
oot -

00T

SL
Ly

65

gssn
5961

00T
00T

00T

001
00T

- 00T

911
€9

ButAeTyoeay,
patoaym

1e30%-
(00T = S96T) xamodasioy abexadae JO Xopul

putdeyoray
pPaTeayM

\ . 1e30L

i SN Jo 3udoxad. e
;. . .6 SI030vI3 39TAOS JO aamodasioy sbrisay

. burfersoexy
' . , patraayym

" . Te3og

J030eI} Ix9d xomodasioy abeiday

paonpoag sx030e1], JO x3MmodosIOoH ©beIsday pajeur3sd :¥ssn pue sn

p oTqeL

.

\
18




1d pue ¢96T UT SaANITNOTIBE 03 JusM I93I3PT 2y3 30 009’1 3noqvy
(s3xodwy HUTDPNTOXD) SI03IDRII pPITIAYM Teani(ndyxbe yo sares Tie

*Po3jewIlIS® eIRP YSSN IBYIO {UBATL eaep Ki2aTTOp ¥ssn

393 U0 paseq axe ejep

‘PL-9961 2043

*pa3ewWYISS ejep SN 'O
*saead jusanbosqgns ur sar3ytzuenb xayrrows ATqQe

*sI030vx] burdelyorwal Tean3z[noribe jo S9TIBATIOP SpPNTOUT 30U Op
resn wrey 103 sjuswudrys 'q

*Ioquanag [ JO sy ‘e

/5 SL61

24 (4 zs1 121 0°'s T°hLe 0°€Te €°z9e‘c 061'V Z°L9 L'SS 0°0LE 0°0bT
L 8 LLT €T 6°S 0°0L2 £°86¢ §'99zZ‘C €97’y S$°S9 4'GS 0°8bE €°ShT PL6T
‘9L 2°90T1 L'11 €°p vrotve 8°L8T S°88T'C 9LE'Y L9 SsIL 0-¢ee 8°9LT €L61
‘8L T°6ST 121 6% 9°9¢v¢ 8°0¢¢ 6°TTT1‘CT (8E'Y S'G69 2909 8°C1¢ 8°8¢1 L6T
‘8L 8°8L1 Pzl 9% 0°sve 0°11¢ L"Sv0‘C 69v‘p F°99 8°'09 2 ele 0°81T TL6T
tLL T°LPT 9°¢1 6°¢€ 0o°ove T°8LT S LLE'T 295’y S°L9 699 €°60¢€ T°121 OLAT
YA L70LT 6°TT 8°p P L1e SsTyie 2°806°T 619V 6°89 LLs €°p0¢ S 1€l 696T
‘TL S 6€T 0°21 €y 8°L0C 67902 €°12Z8°'T TIL'Y 9°89 &§°19 £°06¢ 6°1S1T 8961
A T 111 9°21 P 07602 £°00¢ 8°8EL'T 99L'% 6°0L 899 brL8e £€°08T L9961
‘8 S 86 4 AN ¢ 8°8¢Z Z2°v6T P'099°'T 98L°¥F 2L y'e9 0*9L2 L6l 99671
‘69 £€°20T L°0T 8°¢ €°691T 2°18% 2'ET9'T €8l ¢N.ho £29 S 6€C ToLLT S961
"9¢ £°66 8 0°€ 6621 Trevl 0'6£S'T LBL'D 9°L9 6'95 §'TzTz Tyl b96T
K4 L*b6 °6 0'¢€ 2°9¢T f¢°IvT 0°zZvv'T 98L'y 9°'¢€L 6 €2 £°6€2 P*0ST €961
%4 6°68 A 8°2 1°68 boLel 6°82E€’'T 8LL'VY 8'TL 2769 0°90¢ P 8PT 2961
1S 0°s8 8 /4 9°66 STETT 0°21Z'T €9L'y - €°0L ©‘92 €°68T1 S'€eT 1961
'9¢ 9°€S 8 b1 L°88 g°€9 €°22T'T €bL'Y 8°S9 L9 0°LST §$ 811 0961
MG L G g t=+t6 68T 0=p5-0-4—889-LY 945 {89 RO S A A Towpsestemer U
9s bezL LYg Tt e e 08 e TE T 8 100 T €49 R D s a4 At A" U X34 sl6
‘gL 0"€L 0T DB e QT DN GE T O P2 6 omwawwtspfwzdﬂlleiimhawfif:mvmwﬁlrlpwmwwlle 4s
ot P r,.wu.uptﬁ.uum.v““.ﬂ...l...t.! G ) o om e [ St —emfot8 g~ @G Gowrm e ) T 68~ QL m.‘ﬁvs oG 2 G o Gt G &qu*ﬂis»m‘hiﬂf'l“lfl
‘€9 6°6% m.&‘ T°¢ €°8L 9°¥€T 0°0b8 08v‘p §°sL STL £°eltl 9692 SS61
35N sn dssn SN . dssn sn dssn sn yssn SN dssn /Qq sn Aeax
180 3O 3U8dIdg XI103UBAUT JO 3UBSI8g S3TUN puesSnoyy S3ITU[) puesnoyy 30Npoag jO 3IUSDIDg  S3ITUN puPsSnoyl

sjudwaayyoy /ekIo3usAuy S3TIBATIT3(

2IN3ITNOTIHY UT SI03DLIL JO SIUDWDITIBY pue ‘AI0judaur ‘s2TIDATTRQ

s a1qey

4SSN pue sn

vy




"PL-096T HUTINP SIO3ORIY ww«>om 8S€’ST Po3xoduT YoTyM ‘eTARTSOSNE Butpnyoxm ‘e

0ET 9sZ’¢e ZE6'Y ¢ 81€’8 905y 989°¢ 065°€2 z8L'1E 00T ‘0¥ bL6T
Ss 0LS'Y 00T’y 2GZL‘'8 985'E 200°Y LOS'LT §60'S2 0zg‘ee €L6T
14} L8’y £€26°T 658’9 =si'z b 'E 186°%1 168 ‘02 0sL'LT ZLET -
6¢ LyO'’sS go ¢’ S6E-F v6v’9 L2’z £68°¢C v8L'yT 9zo‘1e 0zs ‘Lz TL6T ™
S 81¢’S heHS'T 90T'L 49" TLT1'Y S2C’ST £€9T1°1¢ 692’82 0L6T
€S ZLE'6 e’z 659 TTz9«1 ¢98'p gee’‘et 050°6T 60L7°0¢€ 6961
€€ €19°¢ 026’1 99S°‘L zio'z 6T9°% ©LL0‘ET 60L'6T sLz'Le 8961
SL T19°¢% PS8’T 07S'9 pzo'z bbb 'p 0LE’0T 8E€B ‘9T 8LE'ET L9961
vo ;. 608°¢€ 8S0°T Teg'raLs'y 0LL‘Z T9T'TT P0s‘9T sey’1e 996T
6€ : hb 'y 695 " 0S50S gzs't SLYIS - pI8Y6 L1891 L9812 S96T
81 S00°S , 9sT 6L1'S 958 89T'¢ L0B'TT TE8'ST 070’12 P961 ;
81 SS9y E4 Tee€ v00‘S zzg't 966°2 L8L'ET  's0T1‘81 601°¢€2 €961
0o - 9TL T , 99 . T8L'T 9¥2'1 STO0'T 962’8 695071 16€°2T 2961
€¢ 800°‘¢ 0s¢ S B6LE'E 8P 89V ‘T TPT0T LsL'zt 9€T’91 1961
z 6£5°¢2 2es ) €90t +Lo's T09 3AREAN vC8 'St L88'8T 0961
: 5
pe3eubisspuny padoioasg IeTI3ISnpur Te30L w430 eqn) . /% 3doang 1e30% Te30% Ieaf
ssa7 : uxajlsey
) S3TIJUNOD I STUNUWOIN~UON S9TIJUNOD ISTUNWWO)
s3TUn . i

sx030e31] JO s3xodxd :y¥SsSn




