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C H A P T E R  7

safety and fuel economy

Automakers can utilize a variety of design and technology
options for reducing fuel consumption. The only one that could
have a significant impact on occupant safety during a crash, how-
ever, is vehicle weight reduction.33 The auto industry has argued
that weight reduction compromises safety and that public policy
should not encourage further fuel economy improvements, since
they would lead to vehicle weight reduction (as they did in the
period from 1977 through 1985).

Contrary to this assumption, the relationship between safety
and the weights of vehicles in the fleet is neither direct nor obvi-
ous. The factors that affect public safety on the road are so many
and varied that actual road casualties can be only generally pre-
dicted. In particular, the concern over the safety of weight reduction
is driven by the poor safety performance of the lighter vehicles in
the fleet. This performance is misleading since it is partly due to
two factors: (1) the lightest vehicles in the fleet tend to be the least
expensive and thus incorporate the fewest safety advances, and
(2) lighter vehicles tend to be driven by younger, more aggressive
drivers.

Vehicle weight reduction is a reasonable strategy for fuel
economy improvements if it is applied most aggressively to the
SUVs, minivans, and pickup trucks used as private passenger ve-
hicles. In addition, these weight reductions can be applied in
combination with obvious and inexpensive safety improvements.

Principles of elementary physics imply that in a two-vehicle
collision, a heavier vehicle should be safer than a lighter one. In
practice, however, that is not necessarily always the case. In a two-
vehicle crash, for example, if the heavier vehicle is struck in the
side by the front of a lighter vehicle, the occupants of the heavier
vehicle may be more at risk. Further, the potential for survival in

33  Estimates show that a 10 percent reduction in vehicle weight could result in a
3 to 7 percent increase in fuel economy (NRC 1992; OTA 1991).
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single-vehicle crashes (including rollovers) depends on many fac-
tors, only one minor one of which is vehicle weight.

When one considers road transportation generally, the dif-
ference in weight between vehicles is much more important to
occupant safety than the average weight of all vehicles sharing the
road. Furthermore, specific design features that affect the inher-
ent safety of individual vehicles and their compatibility when they
collide play a more important role than do the weights of the in-
dividual vehicles.

Driving on a Highly Skewed Field
When discussing motor vehicle crash losses, it is critical to

consider the major shift toward light trucks over the past 25 years.
Since half of all new light-duty vehicles are SUVs, pickups, and
minivans, the nature of accidents and the spectrum of crashes have
changed dramatically.

Some of the popularity of light trucks can be linked to the
perception that they are safer than passenger cars and the fact that
SUV drivers sit higher, giving them a more commanding view of
traffic. While light trucks must meet essentially the same federal
motor vehicle safety standards as passenger cars, two areas—
rollover safety and compatibility of vehicles in two-vehicle
crashes—are not covered or are inadequately covered in these stan-
dards. These two areas are critical to the safety of occupants of
light trucks and occupants of vehicles that are hit by them.

Rollover Safety
A vehicle’s rollover safety is a combination of its rollover pro-

pensity, restraint performance in rollovers, and roof strength. SUVs
are roughly twice as likely to roll over as passenger cars. The Na-
tional Highway Transportation Safety Administration recently
began to provide static stability index (SSI) consumer informa-
tion in its New Car Assessment Program on all light motor
vehicles.34 The SSI provides a strong indication of a vehicle’s
rollover propensity and confirms concerns regarding the rollover
safety of many of the heavier vehicles. Federal motor vehicle safety
standard (FMVSS) 216 governs roof strength, but the standard is
so weak as to be virtually meaningless.35
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Compatibility in Two-Vehicle Crashes
In two-vehicle collisions, compatibility refers to the degree to

which each vehicle minimizes the potential for injury in both ve-
hicles. Weight disparity is a major factor in compatibility, as light
trucks are, on average, more than 1,000 pounds heavier than pas-
senger cars.

 The second factor in compatibility is the height of the pri-
mary structure of a vehicle. Passenger car manufacturers design
cars with their primary structure set between 14 and 21 inches
above the ground in order to meet federal bumper and side-impact
standards. Light trucks are not subject to the bumper standards,
and their primary structure is often well above that of passenger
cars.36 Thus, a light truck is likely to override the safety structure
of a passenger car in a crash. This is particularly disastrous if a
light truck strikes the side of a passenger car.

The third factor in compatibility is that the frames of heavier
vehicles such as light trucks are generally stiffer than those of cars.
These stiffer frames do not absorb their share of the energy of a
crash and thus tend to force the other vehicle to deform more and
absorb the majority of the crash energy. These impacts are impor-
tant in both front and side crashes with all other vehicles on the
road.

SUVs in general, and pickups in particular, seriously violate
all of the principles of compatibility. On the other hand, the pas-
senger car fleet has been moving toward increased compatibility.
In the passenger car fleet, the disparity in vehicle weight has de-
creased dramatically over the past 25 years. Since the adoption of
the CAFE standards, small passenger cars have become heavier
while large passenger cars have become lighter, with the biggest
growth in the new-car fleet coming in the middle with 3,500-pound
cars. These cars went from 12.5 percent of the new-car fleet in
1975 to 51.9 percent in 2000 (Heavenrich and Hellman 2000). For
the 1975 model year, cars with inertia weights of less than 2,500
pounds made up 10.8 percent of the new-car fleet but only
2.6 percent in model year 2000. In contrast, passenger cars in the
over-4,500-pound weight class and above made up 50 percent of
the new-car fleet in 1975 but only 0.9 percent in 2000. The net
effect of these changes was a safer passenger car fleet, particularly
when one considers the improved safety technology put into
passenger cars.

36   49 CFR 581, Bumper Standard.
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Safety by the Numbers
In 1979, the motor vehicle fleet consisted mostly of vehicles

that had been designed before the energy crisis of 1973 to 1974.37

At that time, light trucks still played a very small part in new-ve-
hicle sales, and smaller vehicles had only begun to make their way
into the market. Thus, 1979 provides a reasonable baseline against
which to compare the two key trends over the past 20 years: (1)
the dramatic increase in passenger car fuel economy and the at-
tendant reduction in average car weight; and (2) the substantial
increase in light trucks as a proportion of the total vehicle fleet.

The changes in vehicle registrations are shown in table 17.
During that period, the proportion of light trucks in the fleet went
from 22 percent to 37 percent. The number of light trucks today is
2.5 times the number of 20 years ago.

Over the last two decades, highway fatalities have gone down
by nearly 20 percent, while travel has increased by more than 40
percent—a reduction of more than 50 percent in fatalities per mile
traveled over 20 years. During the same period, pedestrian fatali-
ties decreased by one-third, and motorcycle fatalities were cut by
half. Passenger-car and light-truck occupant fatalities were down
about 10 percent, mostly in single-vehicle, nonrollover crashes.
Table 18 shows these and some other basic motor vehicle fleet and
crash statistics characterizing the changes.

37  The first downsized vehicles, full-sized General Motors B and C platform
cars, were introduced as 1977 models. They were roughly 1,000 pounds
lighter than the vehicles they replaced, but retained the same interior room
and performance. It was not until the 1980 model year that a substantial
portion of the new American vehicles were genuinely downsized vehicles.
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The reduction in light-vehicle occupant fatalities is a result of
a number of factors, including a substantial increase in safety belt
use, the almost universal installation of airbags in recent model
light motor vehicles, and the implementation of the dynamic side-
impact standard. Rollover fatalities have decreased modestly in
passenger cars, but they have increased dramatically in pickup
trucks and SUVs, consistent with the comparative growth in the
number of these vehicles in the fleet. Overall, fatalities in rollovers
of pickups and SUVs have more than doubled.

 Two-vehicle crashes between passenger cars kill only about
half as many people as they did 20 years ago, while fatalities in
passenger-car/light-truck crashes have increased by nearly 50 per-
cent. This fact further emphasizes the problem with the current
disparity in the vehicles driven on the road today.

Figure 15 shows trends in two-vehicle fatal crashes in terms
of the number of deaths for those driving a vehicle per number of
registered vehicles of that type on the road (see also table F-1 in
appendix F for the actual numbers of fatalities). This figure
indicates a fatality risk based on the exposure of each type of
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vehicle. Had the ratio of light trucks to passenger cars remained as
it was in 1979 (22 percent rather than the current 37 percent),
nearly 1,000 fewer fatalities would have occurred in two-vehicle
crashes between light vehicles.

Fatality rates per registered vehicle in single-vehicle crashes
show a decline for all vehicles. Differences can be seen, however,
for cars versus light trucks (figure 16 and figure 17).38 The
passenger-car nonrollover fatality rate per 100,000 registered pas-
senger cars went from 13.7 in 1979 to 5.0 in 1999 , which represents
a reduction in risk of over 60 percent (figure 16). For light trucks
and vans, the rate went from 8.1 to 3.9, a reduction of 50 percent.
Overall, cars have been making more safety progress in single-
vehicle crashes than have light trucks.

In rollover crashes, cars showed an even greater improvement
than light trucks. The passenger car fatality rate in a rollover de-
creased 30 percent, from 4.4 to 3.1, over the same 20 years, while
the light-truck and van fatality rate in rollovers went down only
half as much, from 6.8 to 5.8. Light-truck and van fatality rates in
rollovers were twice as high as were passenger rates in 1999; SUV
and pickup rollover rates are even higher.

38   Tables F-2 through F-4 in appendix F show fatalities in single-vehicle crashes
of passenger cars, pickups, SUVs, and minivans.

Figure 15. Occupant Fatality Rates in Crashes
Between Two Light-Duty Vehicles per Number

of Victim’s Type of Vehicles on the Road

Source: NHTSA’s Fatal Accident Reporting System (FARS)
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Figure 16. Passenger Car Occupant Fatalities

in Single-Vehicle Crashes and Rollovers

Source: NHTSA’s Fatal Accident Reporting System (FARS)

Source: NHTSA’s Fatal Accident Reporting System (FARS)

Figure 17. Light-Truck Occupant Fatalities

in Single-Vehicle Crashes and Rollovers
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Rollovers are potentially among the most benign motor ve-
hicle crashes because the forces involved are much lower than the
forces in major frontal and side-impact crashes. Approximately
half of all serious to fatal casualties in rollovers are from passenger
ejection and could be prevented by the virtually universal use of
effective safety belts.39 Many of the remaining casualties result from
the collapse and buckling of the vehicle’s roof in a rollover. Making
adequately strong roofs in new motor vehicles is well within the
technological capability of their manufacturers, would add only
minimally to the vehicle’s weight, and would cost well under $100
per vehicle.

The rate of single-vehicle crash fatalities of all types depends
far more on the specific design and use characteristics of vehicles
than on their weight. For example, simply increasing safety belt
use by 10 percentage points would overwhelm almost any effect
of reasonable weight reduction in these types of crashes.

 In general, the data on the history of motor vehicle crash losses
suggest several conclusions that will help in considering the po-
tential impact of future changes in vehicle fuel economy on safety:

•    The major increase in light trucks used as substitutes for
passenger cars in the vehicle fleet has kept the number of light-
vehicle occupant fatalities from falling as much as other crash
statistics. The increased use of light trucks as substitutes for
private passenger vehicles has produced at least 2,000 addi-
tional rollover fatalities annually.

•      Fatalities in single-vehicle crashes went down more than 25
percent from 1979 to 1999, while light-duty vehicle occupant
fatalities in two-vehicle crashes went down only about 10 per-
cent. The reduction in single-vehicle crash fatalities was driven
by a 45 percent reduction in passenger car single-vehicle crash
fatalities, indicating that technologies were adopted that sig-
nificantly improved vehicle safety. On the other hand, the
greater number of light trucks in the US fleet increased pas-
senger-car occupant fatalities in crashes with light trucks by
more than 50 percent. This overwhelmed a decrease in pas-
senger-car occupant fatalities in crashes with other passenger
cars of under 50 percent. Overall, two-vehicle crashes would
have killed nearly 1,000 fewer people without the major in-
crease in light trucks as passenger car substitutes.

39  Unfortunately, many current safety belts installed in these vehicles perform
poorly in rollovers.
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•     If the disparity in weights between passenger cars and light
trucks becomes wider, either because of the design and mar-
keting practices of the automakers or because of continuing
regulatory policies that differentially affect cars and light
trucks, fatalities in these types of two-vehicle crashes will con-
tinue to increase relative to other types of automotive
casualties. Reducing this weight disparity is likely to decrease
casualties in two-vehicle crashes.

•        No more than one out of four light-vehicle occupant fatalities
would be influenced by changes in vehicle weight to improve
fuel economy. Furthermore, the effect of weight disparity on
these fatalities is marginal—almost certainly less than the ef-
fect on fatalities of the major increase in light trucks in the
fleet. Had light-vehicle occupant fatalities in two-vehicle
crashes decreased to the same degree as single-vehicle crash
occupant fatalities (other than from rollovers), the effect would
have been roughly 2,000 fewer fatalities (less than 5 percent
of the total in 1999).

Weight Reduction to Improve Vehicle Fuel Economy
Historical data and the physics of crashes indicate that some

crash fatalities are fundamentally dependent on the weights of the
vehicles involved while others are not. In two-vehicle crashes, oc-
cupants of the lighter vehicle are at a disadvantage, according to
past statistics. This effect has been exacerbated by the introduc-
tion of large numbers of light trucks into the US vehicle fleet, not
only because of the light trucks’ greater average weight, but be-
cause their structure is stiffer and higher than that of passenger
cars. Just as large cars posed more of a hazard to small cars until
the former were downsized, so large SUVs pose a hazard to small
SUVs and pickups, as well as to all passenger cars.

In the 2000 model year, large SUVs weighing an average 5,439
pounds comprised 5.5 percent of new passenger vehicles (cars,
trucks, and vans), while small SUVs were nearly 1,800 pounds
lighter, at 3,670 pounds, making up 2.3 percent of the new pas-
senger vehicle fleet. Just as large cars lost nearly 1,400 pounds in
weight, from 5,142 pounds to 3,792 between 1975 and 2000, large
SUVs could lose a similar amount of weight with a net resultant
gain in fleet safety and fuel economy.

Many of the past statistical relationships between weight
and crash safety are changing as the science of safety advances.
Technologies for high-strength, lightweight materials have been
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under development by the aluminum and steel industries, both
through the Partnership for the Next Generation of Vehicles and
through autonomous development programs. The UltraLight Steel
Auto Body and Light Truck Structure studies, along with findings
from the Auto Aluminum Alliance, have indicated the ability to
achieve significant reductions in car and light-truck weight with-
out sacrificing safety (AISI 2001, ULSAB 2001, ULSAB-AVC 2001,
Auto Aluminum Alliance 2001). Because these materials maintain
strength while reducing weight, past historical data no longer apply,
and the potential exists for vehicle weight reductions with im-
proved crash characteristics.

 Mass reductions of up to 40 percent have been demonstrated
in production and prototype vehicles that rely on aluminum and
other lightweight materials for much of the powertrain, vehicle
structure, and body. While these lighter vehicles do carry addi-
tional costs, they are designed to maintain safety, strength, and
durability (Ford 2001). In the late 1990s, both Ford and Chrysler
built prototype cars of the size and carrying capacity of the Ford
Taurus and Dodge Intrepid that weighed only about 2,000 pounds.
These vehicles used aluminum and plastics extensively. Chrysler
officials said that their 2,000-pound vehicle could eventually be
built at a price equivalent to that of its current Dodge Intrepid
because it used less material and because Chrysler had developed
techniques that substantially simplified the assembly process for
this lighter-weight vehicle.

Lighter Versus Less-Expensive Vehicles
For single-vehicle crashes, some estimates of the effect of

weight have compared the performance of smaller, less-expensive
cars with that of larger, more-expensive cars. This procedure over-
estimates the effect of weight reduction, because lighter vehicles
are typically less expensive and feature less-sophisticated safety
engineering. For example, smaller cars have higher rollover rates,
but this is primarily because they have narrower track widths (and
therefore lower static stability indices) and shorter wheelbases, not
because they are lighter. If a larger vehicle is made lighter through
substitution of lighter-weight material, rather than by making the
vehicle shorter and narrower, such a large vehicle is not likely to
have any greater propensity to roll over than it did with the heavier
material.

The same reasoning holds true for single-vehicle nonrollover
crashes. The structural performance of a lighter vehicle that retains
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its basic size and energy-management capability should be as good
as that of the heavier vehicle it might replace. These principles
were demonstrated more than 20 years ago with the National High-
way Traffic Safety Administration’s Research Safety Vehicle
Program.

In two-vehicle crashes, reducing the weight of the heavier ve-
hicle would reduce casualties in the lighter vehicle without
necessarily increasing casualties in the heavier vehicle. Further-
more, in the case of SUVs, the trend is toward using passenger-car
platforms for these vehicles. The Ford Escape and Acura MDX are
two recent examples that join such vehicles as the Mercedes-Benz
M Class, Lexus RX300, Honda CR-V, Toyota RAV4, and Subaru
Forester.

Building an SUV on a passenger-car platform has two posi-
tive effects. First, it can reduce the weight of the vehicle for a given
interior space and carrying capacity. It can also reduce the SUV’s
aggressivity, the danger the vehicle poses to others on the road.
Since changing from a light-truck to a passenger-car platform for
an SUV can be a technique for improving fuel economy, this change
would increase safety for all vehicle occupants as it increases fuel
economy.

Reducing light-vehicle weight is unlikely to have much effect
on losses in crashes with large trucks, with cyclists, or with pedes-
trians, because the discrepancy between the weights of these
vehicles and individuals is so great. Table 19 summarizes these
conclusions.

 Assuming that light trucks and vans remain a major part of
the private passenger vehicle fleet, efforts to improve automotive
fuel economy through weight reduction can most productively be
applied first to these vehicles. This is particularly true for light
trucks that are used as substitutes for passenger cars, as opposed
to those used as commercial or farm vehicles. The opportunity to
improve the fuel economy of light trucks is greater simply because
of this class of vehicle’s size, weight, and poor fuel economy.
Because weight reduction has a more significant impact for light
trucks than for cars, this report incorporates larger weight reduc-
tions for light trucks. The light truck weight reductions are also
phased in earlier, to capitalize on the benefits as early as possible.

Previous Studies of Safety/Fuel Economy Trade-Offs
Many studies of the trade-off between safety and fuel economy

assume that manufacturers will reduce the weight of their vehicles
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to increase fuel economy. They also assume that manufacturers
will not take advantage of offsetting technologies for increasing
safety when vehicles are made lighter. The fact is that the variables
that must be addressed in such a study are too many and too un-
predictable to lend themselves to any kind of precise analysis.

In particular, many studies assume that the safety of a
downsized full-sized car will be equivalent to the safety of a
midsized car of the previous generation, for example. This is not
necessarily the case, however, both because the configurations of
the two vehicles will be different and because the more expensive
full-sized car will probably have fewer design and material com-
promises than its midsized counterpart.

To improve safety in such crashes, more safety regulations are
necessary. One example is the dynamic side-impact standard,
FMVSS 214. This standard requires improved occupant safety
under test conditions where a 3,000-pound, angled moving bar-
rier impacts a vehicle at 33.5 mph. Under such standards, today’s
more fuel-efficient cars that tend to weigh less are required to
include more safety technology and improvements because of the
relatively higher change in velocity they experience in a crash com-
pared with that of larger, luxury cars. In addition, increased
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consumer information is critical to ensuring that people can make
reasonable choices. The National Highway Traffic Safety
Administration’s New Car Assessment Program (NCAP) should
be expanded in scope and the information more widely publicized.

Safety Improvements That Remain to Be
Widely Implemented

Under the assumption that safety is a societal priority, motor
vehicle manufacturers must address vehicle safety measures inde-
pendently of fuel economy requirements. Until they do, arguments
about the nexus between safety and fuel economy have a hollow
ring. A number of simple, inexpensive safety designs and tech-
nologies remain to be broadly implemented. These include:

•        Effective safety-belt use inducements. Currently, 18,000 people
who were not wearing safety belts die each year: 6,000 to 10,000
could be saved by effective belt-use inducements.

•       Stronger roofs for rollover protection. Although a majority of
casualties of rollovers are still unbelted and ejected, 2,000
belted occupants die annually, mostly because of roof crush.
With increased belt use, the number of casualties from roof
collapse and buckling is likely to increase as fewer people are
ejected in rollovers. This further emphasizes the need to en-
sure that vehicles have safe roof designs.

•       Improved safety belt design and performance, including belt
pre-tensioners that trigger on rollover as well as on frontal
and side crashes. An additional 3,000 to 5,000 people could
be saved by an effective rollover protection system: a strong
roof, belt pre-tensioners that trigger on rollover, the interior
padding required by a new federal standard, and window cur-
tain air bags.40

•    Crash avoidance technologies such as smart cruise controls,
yaw-control systems, nonpulsing anti-lock brakes, and

40   Racing car drivers regularly survive very dramatic rollover crashes because
they are protected by roll cages, five-point safety belts, and helmets. These
features can be effectively emulated in ordinary passenger vehicles with a
strong roof, well-designed safety belts that include pre-tensioners that trigger
upon rollover, and the padding currently required by FMVSS 201 in head-
impact areas. The cost of such improvements should be less than $100 for
most new vehicles.
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drowsy-driver warnings. New computer and communications
technologies should provide major opportunities to reduce
the possibility of crashes.

Overall, automakers have many opportunities to pursue an
aggressive path of vehicle crash safety improvements. In addition,
they can choose a strategy of careful application of vehicle weight
reduction, along with the application of safety technology, to en-
sure that consumers have the option to drive vehicles that are both
safe and fuel-efficient.
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The following data are fatality counts from the Fatal Accident
Reporting System (FARS).
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9891 908,4 181,2 114 346 440,8

4991 119,3 862,2 946 882 611,7

9991 991,3 502,2 119 604 127,6

sehsarCelciheV-owTniseitilataFpukciP.b1-FelbaT

detsiLselciheVdnaskcurTpukciPneewteB

tnediccA

raeY

regnessaP

sraC

pukciP

skcurT
sVUS snaviniM latoT

9791 486 093 71 34 431,1

4891 955 892 02 56 249

9891 526 614 25 78 081,1

4991 965 464 88 83 951,1

9991 994 835 651 86 162,1

APPENDIX F

Actual Motor Vehicle Crash Statistics
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sehsarCelciheV-owTniseitilataFVUS.c1-FelbaT

detsiLselciheVdnasVUSneewteB

tnediccA

raeY

regnessaP

sraC

pukciP

skcurT
sVUS snaviniM latoT

9791 06 42 - 4 88

4891 96 12 5 1 69

9891 301 05 4 11 861

4991 361 77 12 8 962

9991 822 461 06 83 094

raCregnessaPelciheV-elgniS.2-FelbaT

seitilataFhsarC

srevollornoN srevolloR

tnediccA

raeY

-noN

detceje
detcejE deniartseR

-nU

deniartser
detcejE

9791 653,21 478,1 111 679,1 605,2

4891 819,9 477,1 621 824,1 664,2

9891 379,8 277,1 207 403,1 876,2

4991 572,6 613,1 640,1 709 589,1

9991 503,5 960,1 401,1 338 298,1

elciheV-owTniseitilataFnaviniM.d1-FelbaT

detsiLselciheVdnasnaviniMneewteBsehsarC

tnediccA

raeY

regnessaP

sraC

pu-kciP

skcurT
sVUS snaviniM latoT

9791 751 34 - 01 012

4891 58 73 1 6 921

9891 921 45 01 81 112

4991 27 46 71 21 561

9991 731 121 05 32 133
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seitilataFhsarCVUSelciheV-elgniS.4-FelbaT

srevollornoN srevolloR

tnediccA

raeY

-noN

detceje
detcejE deniartseR

-nU

deniartser
detcejE

9791 97 05 02 55 822

4891 49 07 13 16 472

9891 251 67 37 57 993

4991 942 79 381 29 635

9991 453 531 453 032 529

seitilataFhsarCnaviniMelciheV-elgniS.5-FelbaT

srevollornoN srevollornoN srevollornoN srevollornoN srevollornoN srevolloR srevolloR srevolloR srevolloR srevolloR

tnediccA

raeY

-noN

detceje
detcejE deniartseR

-nU

deniartser
detcejE

9791 362 901 9 88 041

4891 602 95 8 55 611

9891 962 19 43 16 391

4991 411 83 94 42 001

9991 212 47 88 64 961

hsarCkcurTpukciPelciheV-elgniS.3-FelbaT

seitilataF

srevollornoN srevolloR

tnediccA

raeY

-noN

detceje
detcejE deniartseR

-nU

deniartser
detcejE

9791 638,1 583 41 085 039

4891 675,1 453 32 684 449

9891 007,1 405 661 916 174,1

4991 025,1 694 872 544 553,1

9991 995,1 174 283 405 725,1


