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Supersedes Corp. 9803-L4

LGA / LCA / LHA SERIES
The LGA / LCA / LHA 7.5, 8.5. 10 and 12 ton (26.3, 29.8, 35.2,
and 42.2 kW) units are configure to order units (CTO) with a
wide selection of factory installed options. The LGA088/100
(7.5 and 8.5 ton) gas /electric rooftop units, are available in
125,000 Btuh or 180,000 Btuh (36.6 kW or 52.74 kW) heating
inputs and share the same cabinet size with one condenser
fan. The LGA-102/ 120/150 (8.5, 10 and 12 ton) gas/electric
packaged rooftop units, are available in 130,000 Btuh or
235,000 Btuh (38.09 kW or 68.9kW) heating inputs and share
a larger cabinet size with two condenser fans. Gas heat sec-
tions are designed with Lennox’ aluminized or optional stain-
less steel tube heat exchangers. The LCA088 through 150
cooling packaged rooftop units are equipped with the same
cooling sections as the LGA088 through 150 units. Optional
electric heat is factory or field-installed in LCA units.

Electric heat operates in single or multiple stages depending
on the kW input size. 7.5 kW through 60kW heat sections are
available. All units utilize two compressors.

The LHA088 packaged heat pump units are availabe in
86,000 Btuh (25.3 kW) heating inputs and 7.5 ton (26.3 kW)
cooling capacities. The LHA088 utilizes one compressor,
one reversing valve, one accumulator and other parts com-
mon to a heat pump. The LHA090 and 120 packaged heat
pump units are available in 90,000 Btuh and 119,000 Btuh
(26.3 and 34.9 kW) heating outputs and 7.5 ton and 10 ton
(26.3 and 35.2 kW) cooling capacities. The LHA090/120 re-
frigerant systems utilizes two compressors, two reversing
valves, two accumulators, and other parts common to a heat
pump. Optional auxiliary electric heat is factory or field
installed in LHA units. Electric heat operates in single or mul-
tiple stages depending on the kW input size. 7.5kW through
45kW heat sections are available for the LHA088/090 and
15kW through 60kW for LHA120.
The LGA, LCA, and LHA units are designed to accept any of
several different energy management thermostat control sys-
tems with minimum field wiring. Factory or field provided con-
trol options connect to the unit with jack plugs. When ”plugged
in” the controls become an integral part of the unit wiring.

Information contained in this manual is intended for use by
qualified service technicians only. All specifications are sub-
ject to change. Procedures outlined in this manual are pre-
sented as a recommendation only and do not supersede or
replace local or state codes.

LGA120 (10 TON) SHOWN

If the unit must be lifted for service, rig unit by attaching four
cables to the holes located in the unit base rail (two holes at
each corner). Refer to the installation instructions for the proper
rigging technique.

WARNING
Improper installation, adjustment, alteration, service
or maintenance can cause property damage, personal
injury or loss of life. Installation and service must be
performed by a qualified installer or service agency.

WARNING
Refrigerant can be harmful if it is inhaled. Refrigerant
must be used and recovered responsibly.

Failure to follow this warning may result in personal
injury or death.

ELECTROSTATIC DISCHARGE (ESD)
Precautions and Procedures

CAUTION
Electrostatic discharge can affect electronic
components. Take precautions during unit instal-
lation and service to protect the unit’s electronic
controls. Precautions will help to avoid control
exposure to electrostatic discharge by putting
the unit, the control and the technician at the
same electrostatic potential. Neutralize electro-
static charge by touching hand and all tools on an
unpainted unit surface before performing any
service procedure.
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OPTIONAL FIELD INSTALLED ACCESSORIES

Item LCA/LGA088 LCA/LGA100 LHA088

Blower Proving Switch — Monitors blower operation, shuts down unit if blower fails 18L89

Condensate Drain Trap - field installed only, may be factory enclosed to ship with
unit

PVC 37K70Condensate Drain Trap - field installed only, may be factory enclosed to ship with
unit Copper 48K14

Control Systems — See pages 5-10 for complete listing. See pages 5-10
Dirty Filter Switch — Senses static pressure increase indicating a dirty filter condition 30K48
Down-Flow Gravity Exhaust Dampers — Aluminum blade dampers prevent blow back and outdoor air infiltration

during off cycle, bird screen furnished - Net Weight. NOTE - See below for damper hood. LAGED08/10 - 8 lbs. (4 kg)

Down-Flow Gravity Exhaust Dampers Hood (Field Installed Only) - Net Weight 24L15 - 25 lbs. (11 kg)
Economizer — Opposing gear driven recirculated air and outdoor air dampers, plug-in connections to unit, nylon bear-

ings, neoprene seals, 24 volt fully modulating spring return motor, adjustable minimum damper position, damper as-
sembly slides in unit, outdoor air hood must be ordered separately (see below), optional down-flow gravity exhaust
dampers available (see below), choice of economizer controls (see below) - Net Weight

LAREMD08/10 - 43 lbs. (20 kg)

Economizer Control Choice —
Sensible Control — Furnished on IMC board in unit, uses outdoor air sensor furnished with unit to measure
outdoor air temperature and control damper position (Furnished)

Global Control — Furnished on IMC board in unit, used with Direct Digital Control (DDC) systems, uses global
air sensor to control damper position, determines when to use outdoor air for cooling or set damper at minimum
position (Furnished)

Outdoor Enthalpy Control — Adjustable enthalpy sensor, senses outdoor air enthalpy for economizer control,
0 to 100% outdoor air

Differential Enthalpy Control — Two solid-state enthalpy sensors allow selection between outdoor air and re-
turn air (whichever has lowest enthalpy)

(16K96) Outdoor
(16K97) Differential

Electric Heat — Factory or field installed, helix wound nichrome elements, time delay for element staging, individ-
ual element limit controls, wiring harness, may be two-stage controlled, requires Fuse Block and Terminal Block
(LHA/LCA Models)

See Electric Heat Data Tables

Electric Heat Fuse Block — Required with Electric Heat. Mounting screws furnished (LCA/LHA Models) See Optional Electric Heat Accesso-
ries Table (LCA/LHA Models).Electric Heat LTB2 Terminal Block — Required with electric heat

See Optional Electric Heat Accesso-
ries Table (LCA/LHA Models).

Outdoor Air Damper Section — Linked mechanical dampers, 0 to 25% (fixed)
outdoor air adjustable, installs in unit for down-flow applications, outdoor air hood
must be ordered separately (see below) - Net Weight

Automatic — fully modulating
spring return damper motor
with plug in connection

LAOADM08/10 - 28 lbs. (13 kg)

must be ordered separately (see below) - Net Weight
Manual LAOAD10/15 - 26 lbs. (12 kg)

Outdoor Air Hood — Required with LAREMD08/10 Economizer, LAOAD10/15 and LAOADM08/10 Outdoor Air
Damper Sections, two cleanable aluminum mesh fresh air filters furnished - Net Weight

LAOAH08/10 - 11 lbs. (5 kg)
Filter size: 16 x 20 x 1 in.

(406 x 508 x 25 mm)

Power Exhaust Fan — Installs in unit for down-flow applications only with econo-
Model Number - Net Weight LAPEF08/10 - 28 lbs. (13 kg)

Power Exhaust Fan — Installs in unit for down-flow applications only with econo-
mizer option, provides exhaust air pressure relief, interlocked to run when return
air dampers are closed and supply air blower is operating, fan runs when outdoor

Diameter - in. (mm)
Number of Blades 20 (508) - 5

air dampers are closed and supply air blower is operating, fan runs when outdoor
air dampers are 50% open (adjustable), motor is overload protected, requires op- Total air volume - cfm (L/s) 4200 (1980) @ 0 in. .wg. (0 Pa)air dampers are 50% open (adjustable), motor is overload protected, requires op-
tional down-flow gravity exhaust dampers (see above) Motor Horsepower (W) 1/3 (249)tional down-flow gravity exhaust dampers (see above)

Total Watts Input 300

Smoke Detector — Photoelectric type, installed in supply air section or return air section or both sections 70K87 - Supply
70K86 - Return

Aspiration box — for duct mounting of Indoor Air Quality Sensor 47N18
Coil Guards — Galvanized steel wire guards to protect outdoor coil. Not used with Hail Guards 24L55
Dehumidistat - Monitors humidity levels, reports to the IMC board which allows the heating and cooling to run

simultaneously as needed 65F86

Diffusers - Aluminum grilles, largecenter grille, insulated diffuserbox with flanges,
hanging rings furnished, interior transition (even air flow), internally sealed (pre-
vents recirculation), adapts to T-bar ceiling grids or plaster ceilings - Net Weight

Step-Down -
double deflection louvers RTD11-95 - 88 lbs. (40 kg)

hanging rings furnished, interior transition (even air flow), internally sealed (pre-
vents recirculation), adapts to T-bar ceiling grids or plaster ceilings - Net Weight Flush - fixed blade louvers FD11-95 - 75 lbs. (34 kg)

Downflow Roof Mounting Frame— Nailerstrip furnished, mates tounit, U.S. Na- 14 inch (356 mm) height LARMF08/10-14 - 118 lbs. (54 kg)Downflow Roof Mounting Frame— Nailerstrip furnished, mates tounit, U.S. Na-
tional Roofing Contractors Approved, shipped knocked down - Net Weight 24 inch (610 mm) height LARMF08/10-24 - 162 lbs. (74 kg)

Hail Guards — Constructed of heavy gauge steel, painted to match cabinet, helps protect outdoor coils from hail
damage. Not used with Coil Guards 24L54

Horizontal Conversion Kit — Two piece duct cover in kit blocks off unit down-flow supply air opening, horizontal return
air opening panel (on unit) is moved to block off down-flow return air opening for horizontal applications 17L25

¡¡Horizontal Gravity Exhaust Dampers — Aluminum blade dampers prevent blow back and outdoor air infiltra-
tion during off cycle, field installed in return air duct, bird screen and hood furnished - Net Weight LAGEDH03/15 - 30 lbs. (14 kg)

Indoor Air Quality (CO2) Sensor — Monitors CO2 levels, reports to Integrated Modular Control (IMC) board
which adjusts economizer dampers as needed 93J69

IMC Software and PC Interface Kit 86K84
IMC Software and Manual Only 32K22
PC Interface Kit Only 28K56
LPG/Propane Kits (LGA Models Only) 98L34 - - - -
Transitions (Supply and Return) — Used with diffusers, installs in roof mounting frame, galvanized steel

construction, flanges furnished for duct connection, fully insulated - Net Weight LASRT08/10 - 30 lbs. (14 kg)

¡Required if mixed air temperature is between 30 and 45 °F (-1 and 7 °C).
©Not available for LCA models with field installed electric heat, LCA 208/230v models with 30 kW or 45kW electric heat, LHA 208/230v models with 15 kW, 30 kW or 45 kW
electric heat or for LHA 460v models with 45 kW electric heat.
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OPTIONAL FIELD INSTALLED ACCESSORIES

Unit Model No. LCA/LGA102/120/150 & LHA090/120

LPG/Propane Conversion Kit (LGA standard heat models
only) 23M91

LPG/Propane Conversion Kit (LGA high heat models only) 98L35

Cold Weather Kit (LGA models only) 65C03

Down-Flow
Roof Mounting Frame

14 inch (356 mm) height LARMF10/15-14 - 126 lbs. (57 kg)
Roof Mounting Frame

(Net Weight) 24 inch (610 mm) height LARMF10/15-24 - 174 lbs. (79 kg)

Economizer
(Outdoor Air Hood

Required - Order Separately)
Model No. — (Net Weight) LAREMD10/15 - 47 lbs. (21 kg)

Outdoor Air Hood — (Net Weight) LAOAH10/15 - 11 lbs. (5 kg)

Outdoor Enthalpy Control 16K96

Differential Enthalpy Control 16K97

Gravity Exhaust Dampers
(Required With Economizer)

Down-Flow LAGED10/15 - 8 lbs. (4 kg)
(Required With Economizer)

(Net Weight) *Horizontal LAGEDH10/15 - 8 lbs. (4 kg)

Horizontal Conversion Kit 56K53

Power Exhaust
Model No. (Net Weight) LAPEF10/15 - 28 lbs. (13 kg)

Power Exhaust
Fan

(Down-Flo Only)
Diameter — in. (mm) & No. of Blades (1) 20 (508) - 5

(Down-Flo Only)
(Available With

Economizer Only,
Total air volume — cfm (L/s) 4200 (1980) @ 0 in. w.g. (0 Pa)

Economizer Only,
Down-flow

Gravity Exhaust
Dampers Required)

Motor Horsepower (W) (1) 1/3 (249)Gravity Exhaust
Dampers Required)

Total Watts input 300

Step-Down RTD11-135 (090, 102 & 120 models)
205 lbs. (93 kg)

RTD11-185 (150 models)
392 lbs. (178 kg)

Ceiling Supply and
Return Air Diffusers

(Net Weight)
Flush FD11-135 (090, 102 & 120 models)

174 lbs. (79 kg)
FD11-185 (150 models)

289 lbs. (131 kg)
(Net Weight)

Transition LASRT10/12 (090, 102 & 120 models)
32 lbs. (15 kg)

LASRT15 (150 models)
36 lbs. (16 kg)

Outdoor Air Damper (Manual Operation) — (Net Weight)
(Outdoor Air Hood Required - Order Separately) LAOAD10/15 - 26 lbs. (12 kg)

Outdoor Air Damper (Automatic Operation) — (Net Weight)
(Outdoor Air Hood Required - Order Separately) LAOADM10/15 - 31 lbs. (14 kg)

Outdoor Air Hood — (Net Weight) LAOAH10/15 - 11 lbs. (5 kg)

Indoor Air Quality (CO2) Sensor 18K51

*Field installs in return air duct. Two dampers furnished per order no.
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B-Cooling Components

Components described in this section may not be shared
by all LGA/LCA/LHA model units. See wiring diagram for
more specific component listing.

LGA/LCA/LHA units use independent cooling circuits con-
sisting of separate compressors, condenser coils and evap-
orator coils. See figures 11 through 14. Units are equipped
with one or two draw-through type condenser fans. All units
are equipped with belt-drive blowers which draw air across
the evaporator during unit operation.

Cooling may be supplemented by a factory- or field-
installed economizer. The evaporator is slab type and
uses a thermostatic expansion valve as the primary expan-
sion device. Each evaporator is also equipped with enhanced
fins and rifled tubing. In all units each compressor is protected
by a crankcase heater, high pressure switch and low pres-
sure switch. Additional protection is provided by low ambient
switches and freezestats (on each evaporator stage).

1-Compressors B1 and B2
See table 2 for compressor type and quantity. Compressors
are supplied by various manufacturers and are equipped
with independent cooling circuits. Compressor electrical
specifications vary by manufacturer. See compressor name-
plate for specifications.

WARNING
Electrical shock hazard. Compressor must be
grounded. Do not operate without protective cover
over terminals. Disconnect power before removing
protective cover. Discharge capacitors before ser-
vicing unit. Failure to follow these precautions could
cause electrical shock resulting in injury or death.

Each compressor is energized by a corresponding com-
pressor contactor.

NOTE-Refer to the wiring diagram section for specific unit
operation.

TABLE 2
Unit Efficiency Compressor Quantity

LGA/LCA088S Standard Reciprocating 2

LGA/LCA100S Standard Scroll 2

LGA/LCA088H High Scroll 2

LHA088S Standard Scroll 1

LHA090/120H High Scroll 2

LGA/
LCA102/120H High Scroll 2

LGA/
LCA102/120S Standard Reciprocating 2

LGA/LCA150S-1 Standard Reciprocating 2

LGA/LCA150S-2 Standard Scroll 2

2-Crankcase Heaters HR1 and HR2

All LGA/LCA units with scroll compressors and all LHA
units use belly-band type crankcase heaters, while all LGA/
LCA units with reciprocating compressors use insertion
type heaters. Heater HR1 is used on compressor B1 and
heater HR2 is used on compressor B2. Crankcase heater
wattage varies by compressor manufacturer.

3-High Pressure Switches S4 and S7

The high pressure switch is an auto-reset SPST N.C. switch
which opens on a pressure rise. All LGA/LCA/LHA units are
equipped with this switch. Each switch is located in the com-
pressor discharge line. S4 (first circuit) and S7 (second circuit)
are wired in series with the respective compressor contactor
coils.

When discharge pressure rises to 450 + 10 psig (3103 +
69 kPa) (indicating a problem in the system) the switch
opens and the respective compressor is de-energized
(the economizer can continue to operate). When dis-
charge pressure drops to 310 + 20 psig (2147 + 138 kPa)
the pressure switch will close. Early model units will have
a discharge pressure reset point of 210 + 20 psig (1447 +
138 kPa)

Main control A55 has a three-strike counter before lock-
ing out. This means the control will allow three high pres-
sure trips per one thermostat demand. The control can
be reset by breaking and remaking the thermostat de-
mand or manually resetting the control.

4-Low Ambient Switches S11 & S84

The low ambient switch is an auto-reset SPST N.O. pres-
sure switch which allows for mechanical cooling opera-
tion at low outdoor temperatures. All LGA/LCA/LHA
units are equipped with this switch. In all models a
switch is located in each liquid line prior to the indoor coil
section.

In LCA/LGA 102/120/150 units, S11 and S84 wired in par-
allel, are wired in series with outdoor fan relay K10 (com-
pressor one). Compressor two is under control through the
IMC board. In the LHA 090/120, S11 is wired in series with
outdoor fan relay K10 (compressor one) and S84 is wired in
series with outdoor fan relay K68 (compressor two).
LHA088 units will not be equipped with S11 or S84.

When liquid pressure rises to 275 + 10 psig (1896 + 69
kPa), the switch closes and the condenser fan is ener-
gized. When discharge pressure in both refrigerant circuits
drop to 150 + 10 psig (1034 + 69 kPa), the switch opens and
the condenser fan is de-energized. This intermittent fan op-
eration results in higher evaporating temperature allowing
the system to operate without icing the evaporator coil and
losing capacity.
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5-Flame Rollout Limit S47
Flame rollout limit S47 is a SPST N.C. high temperature
limit located just above the burner air intake opening in the
burner enclosure (see figure 16). S47 is wired to the main con-
trol panel A55. When S47 senses flame rollout (indicating
a blockage in the combustion air passages), the flame
rollout limit trips, and the ignition control immediately
closes the gas valve.

Limit S47 is factory preset to open at 250_F + 12_F
(121.1_C + 6.7_C) for standard heat units, and 270_F +
12_F (132_C + 6.7_C) for high heat units on a temperature
rise. All flame rollout limits are manual reset.

6-Combustion Air Prove Switch S18
The combustion air prove switch S18 is a SPST N.O. pressure
switch located in the vestibule area. The switch is used to
monitor combustion air inducer operation. Switch S18 is wired
to the main control panel A55. The switch actuates at 0.80”
W.C. + 0.05” W.C. (198.9Pa+ 12.4 Pa) for standard heat
units, and 1.0” W.C. + 0.05” W.C. (248 6+ 0.05” W.C. ) for
high heat units on a pressure fall . This pressure fall and
switch actuation allows power to the ignition control
(proves, by closing, that the combustion air inducer is oper-
ating before allowing the ignition control to energize). The
combustion air prove switch is factory set and not adjust-
able. The switch will automatically open on a pressure rise
at 0.65” W.C. negative pressure (161.6 Pa) for standard
heat units and 0.85”(211 Pa) negative pressure for high
heat units.

7-Combustion Air Inducer B6
Combustion air inducer B6 provides fresh air to the burners
while clearing the combustion chamber of exhaust gases.
The blower begins operating immediately upon receiving a
thermostat demand and is de-energized immediately when
thermostat demand is satisfied.

The combustion air inducer uses a 208/230V single-phase
PSC motor and a 4.81in. x 1.25in. (122mm x 32mm) blower
wheel. The motor operates at 3200RPM and is equipped with
auto-reset overload protection. Blowers are supplied by vari-
ous manufacturers. Ratings may vary by manufacturer. Spe-
cific blower electrical ratings can be found on the unit rating
plate.

All combustion air inducer motors are sealed and can-
not be oiled. The blower cannot be adjusted but can be
disassembled for cleaning.

8-Combustion Air Motor Capacitor C3
The combustion air blower motor in all LGA units re-
quires a run capacitor. Capacitor C3 is connected to
combustion air blower B6. All capacitors are rated at 3
MFD and 370VAC.

9-Gas Valve GV1
Gas valve GV1 is a two-stage redundant gas valve used in all
LGA units. Units are equipped with valves manufactured by
White-Rodgers or Honeywell. For both valves first stage (low
fire) is quick opening (on and off in less than 3 seconds). For
the WhiteRodgers valve second stage is slow opening (on to
high fire pressure in 40 seconds and off to low fire pressure in
30 seconds). Second stage for the Honeywell valve is quick
opening and close. On a call for first stage heat (low fire), the
valve is energized by the ignition control simultaneously with
the spark electrode. On a call for second stage heat (high fire),
the second stage operator is energized directly from A55. The
WhiteRodgers valve is adjustable on high fire only. The
Honeywell valve is adjustable for both high and low fire. A
manual shut-off knob is provided on all valves for shut-off.
Manual shut-off knob immediately closes both stages
without delay. Figure 22 shows White-Rodgers gas valve
components. Table 3 shows factory gas valve regulation
for LGA series units.

FIGURE 22
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ADJUSTMENT

HIGH FIRE
ADJUSTMENT

INLET
PRESSURE

TAP

MANIFOLD
PRESSURE

TAP

HONEYWELL VR8305/VR8205 GAS VALVE
GAS VALVE SHOWN
IN “OFF” POSITION

WHITE-RODGERS 36C76 GAS VALVE

D-1

GV-1
C-1
C2

GV-2

MANIFOLD
PRESSURE
TAP (SIDE)

STAGE 2 MANUAL MANIFOLD
PRESSURE ADJUSTMENT

SCREW UNDER CAP
INLET

PRESSURE
TAP (SIDE)

GAS VALVE
SHOWN IN “OFF”

POSITION



�����! 

��>����

����A��A�����9�������5�������9����

@'<#�,��
�$("&

8 "%%, "

��" '&#$0�8 "%%, "
�!,&("&��5'.&! /��"&&#$0

��	L�	�	
����8'

�'&, '( �	8	

�	�P	�L�	�	
��P�
8'

��1 &��� ��1 &���

�	�P	�L�	�	
���P
8'

�	
P	
L�	�	
����P���8'


	
P	�L�	�	
����P�
8'

�?��' ���(".& !*"%

����2����
������6423�������
�/���������������,��#��

�2����
�����6����
����������2���������2�/86�����


�/����4��������������#����2����
����������
������

���/2�6������2�����/�����
=�����4�������#����2����
����8

��6423����/�����
���4����������������
�����4����6���
�/��

��������1�������6��������3������/����4�������

?�������������)�����,�����2����������������,��2����
��*/��8

�����!.���
�����������2�/�4�������<2�6������2��/��6�4�������

4���������2��22�����2��

#�������,��2����
������������
�������������������2�43��� 

66���2�����8����2��
� ����
�
������ ��2����1����� #���1���

������%">� *+�!(�66./�6�2��:���,����������� ����2����
�

��
���
�/�6�2������,��2���3�����6���2��������������������2

��
�

�����"�
��&��
��
#%)"#"*�
+$%�,
����-.
��

�/�0���&�1
2"-2
3�/�%-�
4"��
+2�(/&
��(02

(�"�
0%5"���
%+
/"��/�
%+
$�++"5/��

���9�7

�������7�

���9�7�������7�

	��
L���	�
L
��	�������	�����

5��9�����

��?5('�"��"$%! %

��/2�6���������*/�������".����2����
��������������
���/���

4��������������#�������������6����
������������2����

���4���������������
������������
����������/2�6������8

2�����/���������6���4�������#��������������6423����/�����


��4����������������
�����4����6���
�/�����������1�������8

6��������3������/����4�������

-����/2�6����������
�43����/2�6���������*��
����
�43

6�����6�������2�����������/2�6�.�����,����������66�8


���23�� ?������ ��������)� /2�6�� ��� �����
� 43� ������

�����
��2������������
��2����
��*2����
�����������,

�2����
�.)�����������/2�6����
�����������������2��8

��
���#��� �������������2��22�1�� ������� ��2��� ����3

��������2���������/2�6�������2�*������������
�������

���/2�6�.���������
�

������

������

5��9�����



�����!�

�(".& #.��"'&�7'&'
��>����

������

��
�#="

�"3,# "*

�(".& #.��"'&
@!*"(��!	

G��"&��"#04&

�!	
!1

�&"�%

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

��!&'(�9$#&��6#&4
8!6" ��<4',%&
5'$��G��(".& #.
�"'&�@#$#�,�

�# .,#&����'.#&/�"3,# "* G��"&��"#04& �&"�%

��4�
��	
����

��4�
��	�����

� �� (�+ ��)���

� ��� +�! ��)(��
"� ""

;&����8' (
� �!� +�� �!)+��

"� ""

;&����8'�(
�� %�!�� � �"� '�( �()+��

� 
 ��

�� %�!��
������ � ""� +�� ��)(��

�	
���
������

"+���������
('( ������

� "+� +�� �!)+�� �! �""+���������
('(��������
!� 24� *�" ,�.

� " � '�( �()+��

�! �"
� �

!��24���*�"�,�. � ((� +�! ��)(��

� ('( +�� �!)+�� � ��

� +�� '�( �()+��

� ��

� �� ���! ! )+��

� ��� ���+ "!)���
( +�

;&����8�(
� �!� �!� "')���

( +�

;&����8�(
�� %�!�� � �"� �(�� (�)���

�
 ��

�� %�!��
������� � ""� ���+ "!)���

�
���
�������

"+����������
('( �������

� "+� �!� "')��� �� !�� �
('(���������
!� 24� *�" ,�.

� " � �(�� (�)���

�� !�

!��24���*�"�,�.
� ((� ���+ "!)���

� ('( �!� "')��� �! �(

� +�� �(�� (�)���

�! �(

	� �� �+�� (')'��

	� ��� � �� +")(�� '! ''

;&����8�� (
	� �!� ���' '�)'��

'! ''

;&����8���(
�� %�!�� 	� �"� ���( '+) ��

�� 
 ��

�� %�!��
�����
� 	� ""� � �� +")(��  �  +

��	
���
�����
�

"+����������
('( �������

	� "+� ���' '�)'��

 �  +
� �

('(���������
! 24� *�' ,�.

	� " � ���( '+) ��
! �24���*�'�,�.

	� ((� � �� +")(�� "� "!

	� ('( ���' '�)'��

"� "!

	� +�� ���( '+) �� !! !"

	� �� ���( '+) �� �� �(

	� ��� �(��  +)���

;&����8!�
	� �!� �'�( �!)��� ��! ��'

;&����8!�
�� %�!�� 	� �"� !��� ���)"��

��! ��'

� ��

�� %�!��
������� 	� ""� �(��  +)���

����
�������

"+��������
�
('( �������

	� "+� �'�( �!)��� (� (!� �
('(���������
! 24� *�' ,�.

	� " � !��� ���)"��

(� (!

! �24���*�'�,�.
	� ((� �(��  +)���

	� ('( �'�( �!)��� "� "!

	� +�� !��� ���)"��

"� "!

	� �� !!� ��()!�� �!� �!"

	� ��� !'� ���)���

;&����8"(
	� �!� "��! �"�)��� �" �(�

;&����8"(
�� %�!�� 	� �"� "(�� �(!)+��

�" �(�

�
 ��

�� %�!��
������� 	� ""� !'� ���)���

�
���
�������

"+����������
('( �������

	� "+� "��! �"�)��� '" '+� �
('(���������
"� 24� *�� ,�.

	� " � "(�� �(!)+��

'" '+

"��24���*���,�.
	� ((� !'� ���)���

	� ('( "��! �"�)��� (� +�

	� +�� "(�� �(!)+��

(� +�

�����?�����#$*#.'&"%�4#04�"11#.#"$./�,$#&%	�����#$*#.'&"%�%&'$*' *�"11#.#"$./�,$#&%	
���/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������
�
��8
���������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
	A�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22���������/���
42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�
����������2��
��:�������#5��#��6���2�52��,�

��>���

������

��
�#="

�"3,# "*

�(".& #.��"'&
@!*"(��!	

G��"&��"#04&

�!	
!1

�&"�%

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

��!&'(�9$#&��6#&4
8!6" ��<4',%&
5'$��G��(".& #.
�"'&�@#$#�,�

�# .,#&����'.#&/�"3,# "* G��"&��"#04& �&"�%

��4�
��	
����

��4�
��	�����

� �� (�+ ��)���

� ��� +�! ��)(��
"� ""

;&����8' (
� �!� +�� �!)+��

"� ""

;&����8'�(
�� %�!��

� �"� '�( �()+��

� 
 ��

�� %�!��
������ � ""� +�� ��)(��

�	
���
������

"+���������
('( ������

� "+� +�� �!)+�� �� ��"+���������
('(��������
!� 24� *�" ,�.

� " � '�( �()+��

�� ��
� �

!��24���*�"�,�. � ((� +�! ��)(��

� ('( +�� �!)+�� �' � 

� +�� '�( �()+��

�' � 

� �� ���! ! )+�� (� (+

� ��� ���+ "!)���

;&����8�(
� �!� �!� "')��� ( +�

;&����8�(
�� %�!�� � �"� �(�� (�)���

( +�

�
 ��

�� %�!��
������� � ""� ���+ "!)���

�
���
�������

"+����������
('( �������

� "+� �!� "')��� �� !�� �
('(���������
!� 24� *�" ,�.

� " � �(�� (�)���

�� !�

!��24���*�"�,�.
� ((� ���+ "!)���

� ('( �!� "')��� �! �(

� +�� �(�� (�)���

�! �(

	� �� �+�� (')'��

	� ��� � �� +")(�� '! ''

;&����8�� (
	� �!� ���' '�)'��

'! ''

;&����8���(
�� %�!�� 	� �"� ���( '+) ��

�� 
 ��

�� %�!��
�����
� 	� ""� � �� +")(��  �  +

��	
���
�����
�

"+����������
('( �������

	� "+� ���' '�)'��

 �  +
� �

('(���������
! 24� *�' ,�.

	� " � ���( '+) ��
! �24���*�'�,�.

	� ((� � �� +")(�� "� "!

	� ('( ���' '�)'��

"� "!

	� +�� ���( '+) �� !! !"

	� �� ���( '+) �� �� �(

	� ��� �(��  +)���

;&����8!�
	� �!� �'�( �!)��� ��! ��'

;&����8!�
�� %�!�� 	� �"� !��� ���)"��

��! ��'

� ��

�� %�!��
������� 	� ""� �(��  +)���

����
�������

"+��������
�
('( �������

	� "+� �'�( �!)��� (� (!� �
('(���������
! 24� *�' ,�.

	� " � !��� ���)"��

(� (!

! �24���*�'�,�.
	� ((� �(��  +)���

	� ('( �'�( �!)��� "� "!

	� +�� !��� ���)"��

"� "!

	� �� !!� ��()!�� �!� �!"

	� ��� !'� ���)���

;&����8"(
	� �!� "��! �"�)��� �" �(�

;&����8"(
�� %�!�� 	� �"� "(�� �(!)+��

�" �(�

�
 ��

�� %�!��
������� 	� ""� !'� ���)���

�
���
�������

"+����������
('( �������

	� "+� "��! �"�)��� '" '+� �
('(���������
"� 24� *�� ,�.

	� " � "(�� �(!)+��

'" '+

"��24���*���,�.
	� ((� !'� ���)���

	� ('( "��! �"�)��� (� +�

	� +�� "(�� �(!)+��

(� +�

�����?�����#$*#.'&"%�4#04�"11#.#"$./�,$#&%	�����#$*#.'&"%�%&'$*' *�"11#.#"$./�,$#&%	
���/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������
�
��8
���������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
	A�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22���������/���
42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�
����������2��
��:�������#5��#��6���2�52��,�



�����"�

��>����

�����

��
�#="

�"3,# "*

�(".& #.��"'&
@!*"(��!	

G��"&��"#04&

�!	
!1

�&"�%

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

��!&'(�9$#&��6#&4
8!6" ��<4',%&
5'$��G��(".& #.
�"'&�@#$#�,�

�# .,#&����'.#&/�"3,# "* G��"&��"#04& �&"�%

��4�
��	
����

��4�
��	�����

� �� (�+ ��)���

� ��� +�! ��)(��
"" "'

;&���� ' (
� �!� +�� �!)+��

"" "'

;&����8'�(
�� %�!��

� �"� '�( �()+��

� 
 ��

�� %�!��
������ � ""� +�� ��)(��

�	
���
������

"+���������
('( ������

� "+� +�� �!)+�� �� �!� �
('(��������
!� 24� *�" ,�.

� " � '�( �()+��
!��24���*�"�,�.

� ((� +�! ��)(��

� ('( +�� �!)+�� �' � 

� +�� '�( �()+��

� �� ���! ! )+��

� ��� ���+ "!)���
( +�

;&���� �(
� �!� �!� "')���

( +�

;&����8�(
�� %�!��

� �"� �(�� (�)���

�
 ��

�� %�!��
������� � ""� ���+ "!)���

�
���
�������

"+����������
('(� �������

� "+� �!� "')��� �� !�� �
('(���������
!� 24� *�" ,�.

� " � �(�� (�)���
!��24���*�"�,�.

� ((� ���+ "!)���

� ('( �!� "')��� �! �(

� +�� �(�� (�)���

	� �� �+�� (')'��

	� ��� � �� +")(�� '! ''

;&���� �� (
	� �!� ���' '�)'��

;&����8���(
�� %�!��

	� �"� ���( '+) ��

�� 
 ��

�� %�!��
�����
� 	� ""� � �� +")(��  �  +

��	
���
�����
�

"+����������
('(� �������

	� "+� ���' '�)'��� �
('(���������
! 24� *�' ,�.

	� " � ���( '+) ��
! �24���*�'�,�.

	� ((� � �� +")(�� "� "!

	� ('( ���' '�)'��

	� +�� ���( '+) �� !! !"

	� �� ���( '+) �� �� �(

	� ��� �(��  +)���

;&���� !�
	� �!� �'�( �!)��� ��! ��'

;&����8!�
�� %�!��

	� �"� !��� ���)"��

� ��

�� %�!��
������� 	� ""� �(��  +)���

����
�������

"+��������
�
('(� �������

	� "+� �'�( �!)��� (� (!� �
('(���������
! 24� *�' ,�.

	� " � !��� ���)"��
! �24���*�'�,�.

	� ((� �(��  +)���

	� ('( �'�( �!)��� "� "!

	� +�� !��� ���)"��

	� �� !!� ��()!�� �!� �!!

	� ��� !'� ���)���

;&���� "(
	� �!� "��! �"�)��� �" �(�

;&����8"(
�� %�!��

	� �"� "(�� �(!)+��

�
 ��

�� %�!��
������� 	� ""� !'� ���)���

�
���
�������

"+����������
('(� �������

	� "+� "��! �"�)��� '" '+� �
('(���������
"� 24� *�� ,�.

	� " � "(�� �(!)+��
"��24���*���,�.

	� ((� !'� ���)���

	� ('( "��! �"�)��� (� +�

	� +�� "(�� �(!)+��

�����?�����#$*#.'&"%�4#04�"11#.#"$./�,$#&%	�����#$*#.'&"%�%&'$*' *�"11#.#"$./�,$#&%	
���/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������
�
��8
���������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
	A�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22���������/���
42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�
����������2��
��:�������#5��#��6���2�52��,�

��>����

�����

��
�#="

�(".& #.��"'&
@!*"(��!	

�!	
!1

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

H�!&'(�9$#&��6#&4�8!6" ��<:
4',%&�5'$��G��(".& #.��"'&
@#$#�,���# .,#&����'.#&/�#="

�"3,# "*
@!*"(��!	

G��"&��"#04&
!1

�&"�%
�$�,& �$�,& �,&�,&

��4�
��	
����

��4�
��	�����


�4�
��	�����

� �� (�+ ��)���

� ��� +�! ��)(��
"(�*&.% " �*&.% ((�*&.%

� �!� +�� �!)+��
"(�*&.%
"+�*�.

" �*&.%
(��*�.

((�*&.%
(+*�.

;&����8'�(
�� %�!��

� �"� '�( �()+��

* . * . * .

� 
 ��

�� %�!��
���F��

� ""� +�� ��)(��
�" *&.% �( *&.% � *&.%�	
���

���F��
"+������F��
('( ���F��

� "+� +�� �!)+�� �"�*&.%
�(*�.

�(�*&.%
�+ *�.

� �*&.%
�� *�.

"+������F��
('(�����F��
!� 24� *�" ,�.

� " � '�( �()+��
�(*�. �+�*�. ���*�.

!��24���*�"�,�.
� ((� +�! ��)(��

�� *&.%� ('( +�� �!)+�� �� �� ���*&.%
�! *�.

� +�� '�( �()+��

�� ��
�!�*�.

� �� ���! ! )+�� (� (( +!

� ��� ���+ "!)���

;&��(� �(
� �!� �!� "')��� (' +� +�

;&��(�8�(
�� %�!��

� �"� �(�� (�)���

(' +� +�

�
 ��

�� %�!��
���F�� � ""� ���+ "!)���

�
���
���F��

"+������F
�
('(� ���F��

� "+� �!� "')��� � !� !"� �
('(�����F��
!� 24�� *�" ,�.

� " � �(�� (�)���

� !� !"

!��24���*�"�,�.
� ((� ���+ "!)���

� ('( �!� "')��� �! �" �'

� +�� �(�� (�)���

�! �" �'

MM� �� �+�� (')'�� '! ''  (

MM� ��� � �� +")(��

;&�!+� �� (
MM� �!� ���' '�)'��  �  + �"

;&�!+�8���(
�� %�!��

MM� �"� ���( '+) ��

 �  + �"

�� 
 ��

�� %�!��
*��F��� MM� ""� � �� +")(��

��	
���
*��F���

"+������F���
('(� ���F��

MM� "+� ���' '�)'�� "� "! "+� �
('(�����F��
! 24�� *�' ,�.

MM� " � ���( '+) ��

"� "! "+

! �24���*�'�,�.
MM� ((� � �� +")(��

MM� ('( ���' '�)'�� !! !" !'

MM� +�� ���( '+) ��

!! !" !'

MM� �� ���( '+) �� �� �" ���

MM� ��� �(��  +)���

;&��(� !�
MM� �!� �'�( �!)��� ��! ��+ ��"

;&��(�8!�
�� %�!��

MM� �"� !��� ���)"��

��! ��+ ��"

� ��

�� %�!��
���F�� MM� ""� �(��  +)���

����
���F��

"+������F��
('(� ���F��

MM� "+� �'�( �!)��� (� (! (+� �
('(�����F��
! 24�� *�' ,�.

MM� " � !��� ���)"��

(� (! (+

! �24���*�'�,�.
MM� ((� �(��  +)���

MM� ('( �'�( �!)��� "� "� "(

MM� +�� !��� ���)"��

"� "� "(

MM� �� !!� ��()!�� �!� �!" �"�

MM� ��� !'� ���)���

;&��(� "(
MM� �!� "��! �"�)��� �" �(� �(�

;&��(�8"(
�� %�!��

MM� �"� "(�� �(!)+��

�" �(� �(�

�
 ��

�� %�!��
���F�� MM� ""� !'� ���)���

�
���
���F��

"+������F���
('(� ���F���

MM� "+� "��! �"�)��� '" '( '�
('(�����F���
"��24���*���,�.

MM� " � "(�� �(!)+��

'" '( '�

"��24���*���,�.
MM� ((� !'� ���)���

MM� ('( "��! �"�)��� (� +� +!

MM� +�� "(�� �(!)+��

(� +� +!

�����?�����#$*#.'&"%�4#04�"11#.#"$./�,$#&%	�����#$*#.'&"%�%&'$*' *�"11#.#"$./�,$#&%	
M��/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������


�����������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
MMA�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22��������
/����42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�

���������2�����:�������#5��#��6���2�52��,�



�����"�

��>����

�����

��
�#="

�(".& #.��"'&
@!*"(��!	�G

�!	
!1

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

H�!&'(�9$#&��6#&4�8!6" ��<:
4',%&�5'$��G��(".& #.��"'&
@#$#�,���# .,#&����'.#&/�#="

�"3,# "*
@!*"(��!	�G
�"&��"#04&

!1
�&"�%

�$�,& �$�,& �,&�,&
��4�

��	
����
��4�

��	�����

�4�

��	�����

� �� ���! ! )+��
("�*&.
(��*�.

('�*&.
((�*�.

+!

� ��� ���+ "!)���

;&��(� �(
� �!� �!� "')��� (' +� +�

;&��(�8�(
�� %�!�� � �"� �(�� (�)���

(' +� +�

�
���

�� %�!��
���F��

"+�� ���F
�
� ""� ���+ "!)���

�
���
� �

"+������F
�
('(�����F��

� "+� �!� "')��� � !� !"
('(�����F��
!��24���*�"�,�. � " � �(�� (�)���

� !� !"

!��24���*�"�,�.

� ((� ���+ "!)���

� ('( �!� "')��� �! �" �'

� +�� �(�� (�)���

�! �" �'

MM� �� �+�� (')'�� '! ''  (

MM� ��� � �� +")(��

;&�!+� �� (
MM� �!� ���' '�)'��  �  + �"

;&�!+�8���(
�� %�!��

MM� �"� ���( '+) ��

 �  + �"

�� 
 ��

�� %�!��
*��F��� MM� ""� � �� +")(��

��	
���
*��F���

"+������F���
('(� ���F��

MM� "+� ���' '�)'�� "� "! "+� �
('(�����F��
! 24�� *�' ,�.

MM� " � ���( '+) ��

"� "! "+

! �24���*�'�,�.
MM� ((� � �� +")(��

MM� ('( ���' '�)'�� !! !" !'

MM� +�� ���( '+) ��

!! !" !'

MM� �� ���( '+) �� �� �" ���

MM� ��� �(��  +)���

MM� �!� �'�( �!)��� ��! ��+ ��"

;&��(�8!�
�� %�!��

MM� �"� !��� ���)"��

��! ��+ ��"

� ��

�� %�!��
���F�� MM� ""� �(��  +)���

����
���F��

"+������F��
('(� ���F��

MM� "+� �'�( �!)��� (� (! (+� �
('(�����F��
! �24���*�'�,�.

MM� " � !��� ���)"��

(� (! (+

! �24���*�'�,�.
MM� ((� �(��  +)���

MM� ('( �'�( �!)��� "� "� "(

MM� +�� !��� ���)"��

"� "� "(

MM� �� !!� ��()!�� �!� �!" �"�

MM� ��� !'� ���)���

;&��(� "(
MM� �!� "��! �"�)��� �" �(� �(�

;&��(�8"(
�� %�!��

MM� �"� "(�� �(!)+��

�" �(� �(�

�
 ��

�� %�!��
���F�� MM� ""� !'� ���)���

�
���
���F��

"+������F���
('(� ���F���

MM� "+� "��! �"�)��� '" '( '�
('(�����F���
"��24���*���,�. MM� " � "(�� �(!)+��

'" '( '�

"��24���*���,�.
MM� ((� !'� ���)���

MM� ('( "��! �"�)��� (� +� +!

MM� +�� "(�� �(!)+��

(� +� +!

MM� �� "(�� �(!)+�� �! �"� �"�

MM� ��� (��" �'�)���

MM� �!� ((�� �  )��� �(' �+� �+ 

;&��(�8+�
�� %�!��

MM� �"� +��� ��") ��

�(' �+� �+ 

� ��

�� %�!��
���F��� MM� ""� (��" �'�)���

����
���F���

"+������F���
('(� ���F�
�

MM� "+� ((�� �  )��� '  �  !� �
('(�����F�
�
"��24���*���,�.

MM� " � +��� ��") ��

'  �  !

"��24���*���,�.
MM� ((� (��" �'�)���

MM� ('( ((�� �  )��� +� +" +'

MM� +�� +��� ��") ��

+� +" +'

�����?�����#$*#.'&"%�4#04�"11#.#"$./�,$#&%	�����#$*#.'&"%�%&'$*' *�"11#.#"$./�,$#&%	
M��/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������


�����������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
MMA�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22��������
/����42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�

���������2�����:�������#5��#��6���2�52��,�

��>����

����


��
�#="

�(".& #.��"'&
@!*"(��!	�G

�!	
!1

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

H�!&'(�9$#&��6#&4�8!6" ��<:
4',%&�5'$��G��(".& #.��"'&
@#$#�,���# .,#&����'.#&/�#="

�"3,# "*
@!*"(��!	�G
�"&��"#04&

!1
�&"�%

�$�,& �$�,& �,&�,&
��4�

��	
����
��4�

��	�����

�4�

��	�����

� �� ���! ! )+��

� ��� ���+ "!)���
(' +� ++

� �!� �!� "')���
(' +� ++

;&��(�8�(
�� %�!��

� �"� �(�� (�)���

�
 ��

�� %�!��
���F��

� ""� ���+ "!)���
�
���

���F��
"+������F
�
('(� ���F��

� "+� �!� "')��� � �� !�� �
('(�����F��
!��24���*�"�,�.

� " � �(�� (�)���

� �� !�

!��24���*�"�,�.
� ((� ���+ "!)���

� ('( �!� "')��� �! �" �+

� +�� �(�� (�)���

�! �" �+

MM� �� �+�� (')'�� '! ''  (

MM� ��� � �� +")(��

MM� �!� ���' '�)'��  �  + �"

;&�!+�8���(
�� %�!��

MM� �"� ���( '+) ��

 �  + �"

�� 
 ��

�� %�!��
*��F��� MM� ""� � �� +")(��

��	
���
*��F���

"+������F���
('(� ���F��

MM� "+� ���' '�)'�� "� "! "+
('(�����F��
! �24���*�'�,�. MM� " � ���( '+) ��

"� "! "+

! �24���*�'�,�.

MM� ((� � �� +")(��

MM� ('( ���' '�)'�� !! !" !'

MM� +�� ���( '+) ��

!! !" !'

MM� �� ���( '+) �� �� �( ���

MM� ��� �(��  +)���

MM� �!� �'�( �!)��� ��! ��+ ��"

;&��(�8!�
�� %�!��

MM� �"� !��� ���)"��

��! ��+ ��"

� ��

�� %�!��
���F�� MM� ""� �(��  +)���

����
���F��

"+������F��
('(� ���F��

MM� "+� �'�( �!)��� (� (! (+
('(�����F��
! �24���*�'�,�. MM� " � !��� ���)"��

(� (! (+

! �24���*�'�,�.

MM� ((� �(��  +)���

MM� ('( �'�( �!)��� "� "� "(

MM� +�� !��� ���)"��

"� "� "(

MM� �� !!� ��()!�� �!� �!! �"�

MM� ��� !'� ���)���

MM� �!� "��! �"�)��� �" �(� �(�

;&��(�8"(
�� %�!��

MM� �"� "(�� �(!)+��

�" �(� �(�

�
 ��

�� %�!��
���F�� MM� ""� !'� ���)���

�
���
���F��

"+������F���
('(� ���F���

MM� "+� "��! �"�)��� '" '( ' 
('(�����F���
"��24���*���,�. MM� " � "(�� �(!)+��

'" '( ' 

"��24���*���,�.

MM� ((� !'� ���)���

MM� ('( "��! �"�)��� (� +� +!

MM� +�� "(�� �(!)+��

(� +� +!

MM� �� "(�� �(!)+�� �! �"� �"�

MM� ��� (��" �'�)���

MM� �!� ((�� �  )��� �(' �+� �+ 

;&��(�8+�
�� %�!��

MM� �"� +��� ��") ��

�(' �+� �+ 

� ��

�� %�!��
���F��� MM� ""� (��" �'�)���

����
���F���

"+������F���
('(� ���F�
�

MM� "+� ((�� �  )��� '  �  !
('(�����F�
�
"��24���*���,�. MM� " � +��� ��") ��

'  �  !

"��24���*���,�.

MM� ((� (��" �'�)���

MM� ('( ((�� �  )��� +� +" +'

MM� +�� +��� ��") ��

+� +" +'

M��/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������


�����������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
MMA�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22��������
/����42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�

���������2�����:�������#5��#��6���2�52��,�



�����"�

��>����

������

��
�#="

�"3,# "*

�(".& #.��"'&
@!*"(��!	

G��"&��"#04&

�!	
!1

�&"�%

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

��!&'(�9$#&��6#&4
8!6" ��<4',%&
5'$��G��(".& #.
�"'&�@#$#�,�

�# .,#&����'.#&/�"3,# "* G��"&��"#04& �&"�%

��4�
��	
����

��4�
��	�����

� �� (�+ ��)���

� ��� +�! ��)(��
'� '(

;&���� ' (
� �!� +�� �!)+��

'� '(

;&����8'�(
�� %�!��

� �"� '�( �()+��

� 
 ��

�� %�!��
������ � ""� +�� ��)(��

�	
���
������

"+���������
('(� ������

� "+� +�� �!)+�� !+ ! � �
('(��������
!� 24� *�" ,�.

� " � '�( �()+��
!��24���*�"�,�.

� ((� +�! ��)(��

� ('( +�� �!)+�� � ��

� +�� '�( �()+��

� �� ���! ! )+��

� ��� ���+ "!)���
�( � 

;&���� �(
� �!� �!� "')���

�( � 

;&����8�(
�� %�!��

� �"� �(�� (�)���

�
 ��

�� %�!��
������� � ""� ���+ "!)���

�
���
�������

"+����������
('(� �������

� "+� �!� "')��� " "�� �
('(���������
!� 24� *�" ,�.

� " � �(�� (�)���
!��24���*�"�,�.

� ((� ���+ "!)���

� ('( �!� "')��� !' !�

� +�� �(�� (�)���

	� �� �+�� (')'�� �� ���

	� ��� � �� +")(��

;&���� �� (
	� �!� ���' '�)'�� ��' ���

;&����8���(
�� %�!��

	� �"� ���( '+) ��

�� 
 ��

�� %�!��
�����
� 	� ""� � �� +")(��

��	
���
�����
�

"+����������
('(� �������

	� "+� ���' '�)'�� (� +�� �
('(���������
! 24� *�' ,�.

	� " � ���( '+) ��
! �24���*�'�,�.

	� ((� � �� +")(��

	� ('( ���' '�)'�� "' " 

	� +�� ���( '+) ��

	� �� ���( '+) �� �� �!�

	� ��� �(��  +)���

;&���� !�
	� �!� �'�( �!)��� �"� �"!

;&����8!�
�� %�!��

	� �"� !��� ���)"��

� ��

�� %�!��
������� 	� ""� �(��  +)���

����
�������

"+��������
�
('(� �������

	� "+� �'�( �!)��� '� '�� �
('(���������
! 24� *�' ,�.

	� " � !��� ���)"��
! �24���*�'�,�.

	� ((� �(��  +)���

	� ('( �'�( �!)��� (( (+

	� +�� !��� ���)"��

	� �� !!� ��()!�� �+' �'�

	� ��� !'� ���)���

;&���� "(
	� �!� "��! �"�)��� � ( �  

;&����8"(
�� %�!��

	� �"� "(�� �(!)+��

�
 ��

�� %�!��
������� 	� ""� !'� ���)���

�
���
�������

"+����������
('(� �������

	� "+� "��! �"�)��� �! �"� �
('(���������
"� 24� *�� ,�.

	� " � "(�� �(!)+��
"��24���*���,�.

	� ((� !'� ���)���

	� ('( "��! �"�)��� '! '"

	� +�� "(�� �(!)+��

�����?�����#$*#.'&"%�4#04�"11#.#"$./�,$#&%	�����#$*#.'&"%�%&'$*' *�"11#.#"$./�,$#&%	
���/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������
�
��8
���������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
	A�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22���������/���
42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�
����������2��
��:�������#5��#��6���2�52��,�

��>�����

�����

��
�#="

�(".& #.��"'&
@!*"(��!	

�%"" 1!!&$!&"�

�!	
!1

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

H�!&'(�9$#&��6#&4�8!6" ��<:
4',%&�5'$��G��(".& #.��"'&
@#$#�,���# .,#&����'.#&/�#="

�"3,# "*
�%""�1!!&$!&"�
G��"&��"#04&

!1
�&"�%

�$�,& �$�,& �,&�,&
��4�

��	
����
��4�

��	�����

�4�

��	�����

� �� ���! ! )+�� �! �+ ���

� ��� ���+ "!)���

� �!� �!� "')��� �� ��� �� 

;&��(�8�(
�� %�!��

� �"� �(�� (�)���

�� ��� �� 

�
 ��

�� %�!��
���F��

� ""� ���+ "!)���
�
���

���F��
"+������F
�
('(� ���F��

� "+� �!� "')��� (� (� ("� �
('(�����F��
!��24���*�"�,�.

� " � �(�� (�)���

(� (� ("

!��24���*�"�,�.
� ((� ���+ "!)���

� ('( �!� "')��� "� "� "!

� +�� �(�� (�)���

"� "� "!

MM� �� �+�� (')'�� ��! ��+ ���

MM� ��� � �� +")(��

MM� �!� ���' '�)'�� ��� ��( �!�

;&�!+�8���(
�� %�!��

MM� �"� ���( '+) ��

��� ��( �!�

�� 
 ��

�� %�!��
*��F��� MM� ""� � �� +")(��

��	
���
*��F���

"+������F���
('(� ���F��

MM� "+� ���' '�)'�� +� +! +(
('(�����F��
! �24���*�'�,�. MM� " � ���( '+) ��

+� +! +(

! �24���*�'�,�.

MM� ((� � �� +")(��

MM� ('( ���' '�)'�� (� (� (!

MM� +�� ���( '+) ��

(� (� (!

MM� �� ���( '+) �� �!� �!( �"�

MM� ��� �(��  +)���

MM� �!� �'�( �!)��� �"" �"' �(!

;&��(�8!�
�� %�!�

MM� �"� !��� ���)"��

�"" �"' �(!

� ��

;&��(� !�
�� %�!��
���F�� MM� ""� �(��  +)���

���� ���F��
"+������F��
('(� ���F��

MM� "+� �'�( �!)��� '� '" ''
('(�����F��
! �24���*�'�,�. MM� " � !��� ���)"��

'� '" ''

! �24���*�'�,�.

MM� ((� �(��  +)���

MM� ('( �'�( �!)��� ( (� +�

MM� +�� !��� ���)"��

( (� +�

MM� �� !!� ��()!�� �'� �'" � �

MM� ��� !'� ���)���

MM� �!� "��! �"�)��� � � ��� �� 

;&��(�8"(
�� %�!��

MM� �"� "(�� �(!)+��

� � ��� �� 

�
 ��

�� %�!��
���F�� MM� ""� !'� ���)���

�
��� ���F��
"+������F���
('(� ���F���

MM� "+� "��! �"�)��� �( �' ��
('(�����F���
"��24���*���,�. MM� " � "(�� �(!)+��

�( �' ��

* �.

MM� ((� !'� ���)���

MM� ('( "��! �"�)��� '+ '' '�

MM� +�� "(�� �(!)+��

'+ '' '�

MM� �� "(�� �(!)+�� �'� � � �  

MM� ��� (��" �'�)���

MM� �!� ((�� �  )��� �� ��� ��'

;&��(�8+�
�� %�!�

MM� �"� +��� ��") ��

�� ��� ��'

� ��

;&��(� +�
�� %�!��
���F��� MM� ""� (��" �'�)���

���� ���F���
"+������F���
('(� ���F�
�

MM� "+� ((�� �  )��� ��� ��� ��"
('(�����F�
�
"��24���*���,�. MM� " � +��� ��") ��

��� ��� ��"

"��24���*���,�.

MM� ((� (��" �'�)���

MM� ('( ((�� �  )��� '�  �  !

MM� +�� +��� ��") ��

'�  �  !

M��/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������


�����������7����:����6���������1���������42��/�����2�����+'°<�*'(°�.�
MMA�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22��������
/����42��,�/����3�����22�
��<����42��,�6���4������22�
��������1���/��2
�����22�

���������2�����:�������#5��#��6���2�52��,�



�����"!

��>�����

�����

��
�#="

�(".& #.��"'&
@!*"(��!	

�!	
!1

A!(&%
�$�,&

��
�$�,&

>&,4
�,&�,&

H�!&'(�9$#&��6#&4�8!6" ��<4',%&�5'$�
G��(".& #.��"'&

@#$#�,���# .,#&����'.#&/�#="
�"3,# "*

@!*"(��!	
G��"&��"#04&

!1
�&"�%

�$�,& �$�,& �,&�,&
��4�

��	
����
��4�

��	�����

�4�

��	�����

� �� (�+ ��)��� +� +( '�

� ��� +�! ��)(��

� �!� +�� �!)+�� +( + '(

;&����8' (
� �"� '�( �()+��

� 
 ��

;&����8'�(
�� %�!������F��
"+�� ���F��

� ""� +�! ��)(��
�	
���

� �
"+������F��
('(�����F��
!� 24 *�" , .

� "+� +�� �!)+�� !! !" !'('(�����F��
!��24���*�"�,�.

� " � '�( �()+��

� ((� +�! ��)(��

� ('( +�� �!)+�� �+ �' ��

� +�� '�( �()+��

� �� ���! ! )+��  �  ( ��

� ��� ���+ "!)���

� �!� �!� "')���   �� � 

;&��(�8�(
� �"� �(�� (�)���

�
 ��

;&��(�8�(
�� %�!������F��
"+�� ���F
�

� ""� ���+ "!)���
�
��� "+������F
�

('(�����F�� � "+� �!� "')��� "" "+ "�('(�����F��
!��24���*�"�,�. � " � �(�� (�)���

� ((� ���+ "!)���

� ('( �!� "')��� !( !+ ! 

� +�� �(�� (�)���

MM� �� ���( '+) �� ��� ��" �!�

MM� ��� �(��  +)���

MM� �!� �'�( �!)��� �!! �!+ �"!

;&��(�8!�
MM� �"� !��� ���)"��

� ��

;&��(�8!�
�� %�!������F��
"+�� ���F��

MM� ""� �(��  +)���
���� "+������F��

('(�����F��
! 24 *�' , .

MM� "+� �'�( �!)��� +' + '�� �
! �24���*�'�,�.

MM� " � !��� ���)"��

MM� ((� �(��  +)���

MM� ('( �'�( �!)��� (� (" (+

MM� +�� !��� ���)"��

MM� �� !!� ��()!�� �+� �+! �'�

MM� ��� !'� ���)���

MM� �!� "��! �"�)��� �' � � �  

;&��(�8"(
MM� �"� "(�� �(!)+��

�
 ��

;&��(�8"(
�� %�!������F��
"+�� ���F���

MM� ""� !'� ���)���
�
��� "+������F���

('(�����F���
"� 24 *�� , .

MM� "+� "��! �"�)���  � �� �"� �
"��24���*���,�.

MM� " � "(�� �(!)+��

MM� ((� !'� ���)���

MM� ('( "��! �"�)��� '� '� '"

MM� +�� "(�� �(!)+��

M��/�����@�����2��������
����;2������2���
��6����2���
���6����1���)�/������
�
�����������7����:����6���������1���������42��/����
2�����+'°<�*'(°�.�
MMA�3�4�����
�1���1������������2�
@0#;�D�<����42��,�6���4����
���
�������<����3�����22�
��������1�22���������/����42��,�/����3�����22�
��<����42��,�6���4������22�

�������1���/��2
�����22�
����������2�����:�������#5��#��6���2�52��,�



�����""

�?��&#!$'(��(".& #.��"'&��!��!$"$&%

#�42��� "� ������� ��� ���1� �22� �����42�� ���%�&�� �� ;&�

6���������
��2������2��������

�22��2��������������������������/��2��������������2�8

6����������
�
����23�������������6������/�������(�

;&��������������6���������1�����/��������+���
��'��

A�2��2�8������2�6����������:�����
������
��//������8

������������6����
�6��
�

5��9����


�������������8����@���

���������������������

�?@'#$��!$& !(�>!<��!��!$"$&%��

�'$*�5�

#���6���������2�4���*����/�������'.����������/�1��/���

�2���������������2�)��������N����6���������2�6�
�2�

�((���
�����/����42��,�<"��<�����
�����������/�6�
8

�2���((���
�/����42��,�<"������������	8��

�?�!$&'.&! %�C�
)�C��

���������B�(���
�B�+������������2��
��42��4���,

���������2����
��������2��������������4�2�����22

��������������:�����
�1������"E������2��#������2����

���B�(���
�B�+��������������������7�
�43���

6��������2��((����������B�(�������7������/���

�������������2�6���)�1��2��B�+��������7�����������


�������������2�6����

�?�#04��"��" '&, "��#�#&%���
��8 #�' /�

��(���������#�@�������8��������6����2����
������

4��,�����2��/�����2�����������������4�2�1����������

�2�6�������(�������������6��������2�6��/�������2�����

������������-������(������)� ��
������������42�6���

����3��6)���������B�(����
�8������7�
��-����B�(���


�8������7�
)� /���� ����� ��
� �22� ��4��:���� ������ �/

��������
�8������7�
���<���;&����%�(������)�����2��8

������������������6�������/����3��������������'��<

T�(�<�*'+���T��� ��.�������6���������������
����6�8

���223���������!��<�T�+�<�*("�"���T�!�!��.�������6���8

�����/�22��<���;&���������)�����2��������������������8

6�������/����3��������������+��<�T�(�<�*'������T

�� ��.�������6���������������
����6����223�������

����<�T�+�<�*"������T�!�!��.�������6��������/�22����

���6�����������
=���42��

�?�#04��"��" '&, "��#�#&������".!$*' /�

������������#�@����6����28��������6��������,����

���6��3��6��������2�6�)��������1���
�����������1�����

/��������������������2�*B�(.���
������
�������������

���2�*B�+.��-�������������)�����������*B�()�B�+.����


�8������7�
��-��������������������
�8������7�
)�/���

����� ��
� �22� ��4��:���� ������ �/� ���� ���� 
�8����8

��7�
��#������6�������/����3�����������������<�T�+

�<�*��"����T��!�!��.�������6���������������
�����4�

6����223� ����� 1���� �6�������� /�22�� 4�2�1� �+��<

*'�����.�


?�" �#$'(��& #���>�

;2����������2������2�������������������6�
������6�8

��2������#5!�*�����/����42��,������6��6�
�2�.�2����
���

���������2�/���������/�����2��������������4�2��

�?�"'&#$0��("�"$&%����)����)�����'$*����

&������ �2�6���� ���� ��6����
� �/� ��2��� 1���
� 4���

������6��1����������
�
����23�������������6��#����

�2�6���������������
����������8�������������8

6����#����2�6��������� %�!�E�����������������


�����R?�2�>��������6����;2�6�������"+����
�('(E

����������������
����R-3�>��������6����;��������

���������7�
���
����
��23�43�������������
���������8

����2����
��������2��������������4�2������2��0���

������7�
)���������/�������������������&�����6���8

����������������������
�
�43����6��3���
���
��
��

����� �6�������� 2�6��� ��
� ����������� ��������� ��

�����
�
�43�/�����

�?5,%"�5�

<����<!����������
������/����42��,�1�������2
������

/������;����<!�/��������������
�����������1��������2����/

�2�����������<�������+���
��42���!����1����/��������


1���������2������������������<�����6�2���3)�������8

�����6����2�2�4�2�����/�����<!������������<!���"�



�����"(

��>�����

��������������������������������59���������

����D9�����B
A�������

59������"'.4�����D9�����B
G���M� A�������

5��?�� 5��?�� 5��?�� 5��?��

�� %�!�E �(��6���(�E ����� ����� �����

�;&�����'�( "+�E �(��6��+��E ����� ����� �����

('(E ����6��+��E ����� ����� �����

�� %�!�E (���6���(�E ����� ����� �����

;&������( "+�E �(��6��+��E ����� ����� �����

('(E ����6��+��E ����� ����� �����

�� %�!�E (���6��(�E ����� ����� �(��6���(�E

;&��������( "+�E �(��6��+��E ����� ����� �(��6��+��E

('(E ����6��+��E ����� ����� ����6��+��E

�� %�!�E (���6���(�E ����� ����� (���6���(�E

;&�����!� "+�E �(��6��+��E ����� ����� �(��6��+��E

('(E ����6��+��E ����� ����� ����6��+��E

�� %�!�E (���6���(�E ����� +���6���(�E +���6���(�E

;&�����"(
"+�E �(��6��+��E ����� ����� (���6��+��E

;&���� "(

('(E
����6�
+��E ����� ����� "���6��+��E

�� %�!�E �(��6���(�E ����� ����� �����

�;&�����'�( "+�E �(��6��+��E ����� ����� �����

('(E ����6��+��E ����� ����� �����

�� %�!�E (���6���(�E ����� ����� �����

;&��(���( "+�E �(��6��+��E ����� ����� �����

('(E ����6��+��E ����� ����� �����

�� %�!�E (���6���(�E ����� ����� �(��6���(�E

;&�!+�����( "+�E �(��6��+��E ����� ����� �(��6��+��E

('(E ����6��+��E ����� ����� ����6��+��E

�� %�!�E (���6���(�E ����� ����� (���6���(�E

;&��(��!� "+�E �(��6��+��E ����� ����� �(��6��+��E

('(E ����6��+��E ����� ����� ����6��+��E

�� %�!�E (���6���(�E ����� +���6���(�E +���6���(�E

;&��(��"( "+�E �(��6��+��E ����� ����� (���6��+��E

('(E ����6��+��E ����� ����� "���6��+��E

�� %�!�E +���6���(�E +���6����(�E +���6���(�E +���6���(�E

;&��(��+� "+�E (���6��+��E ����� ����� (���6��+��E

('(E "���6��+��E ����� ����� "���6��+��E



�����"+

5��9�����

�����	
)��
)���	
)��)��
)��C�
�����������������������8������������@���

8��@��B���������
�������@��

��


�����������@����
����?����

������������
�������

�������������
A����>9��

�����7��B���������
��������@�����

5��9�����

��������������A����>9���8������������@���

���@���������8
��>��

5�������������������
���������������C�


�����7���������������
���������������C��

59���5�
5��:�� 59���5�

5��:��

59���5�
5��:��

59���5�
5�?�



�����"'

��?8����@������7�������������

A�,���������������������22�
���������
�����1�����

����22������������������
��22����2���42����
�������

�������������������/������
��������:������������/���

������2����/�6�������/��6��*���A<.�

���?��������

�������?7!�$!&�"<.""*�$'�"�('&"�.4' 0"�,$*" �'$/
.!$*#&#!$	

#�����������/����3�������
���
�����2
���:��������/�����

�
=��6���� 	/� ��� �3��6� ��:������ ������)� 	������
 ��

��	��1��!������
��
������1���
����
	�6��	��
���������

��	���

����
�
+�����
��	����
��
���
	����������
�����
78�9

:;<�0=�
"�
�����	���	��
�����
78�9
:;<�0=
1���
��	��

,�0	���
������
����
��
�������

	/� 1�������� /���2����� ���� ��� ����2�42�)� ��� �� ����,� ��

������)��������/�22�1���������
���N

��� �����������6���/�2
�� ��
�������� ���� ��� ���2���

6�
�����2��3��6���4�2�7���*�������6��23�/����6��8

���.��A�,���������
��������
�6����������2���
�

��� ����,�������3��6��������23�1����22������������8

����

�!� ���������6�6�������������23�6������������
���

�64�����6��������

�"� ���23������
�����6�����������42����"���������"

��
���6�������6�2��������������������

�(� ��6�����������6�2�����������������������������8

�������4����
�/��6������������A��������������� ��

���������������6�3�4��������
�
�����
�//�������

�������22������������/�����
�//�����������2
�6������

����3��6�������������23�������
������������42�6

������1�����6����6������ �������3��6���!  ".&

'$/�%/%&"��� !2("�%�2"1! "�� !.""*#$0	

�+� 	/�
�������������������������)���6������/��������/��6

����3��6��	/�
���������������������2�1)��

���/�����8

���������3��6�

� �

������6�������������������6����

� �22�1�����3��6�����4�2�7��������6����/�����8

�������

�
������6���
�

�'� �������/�22�1�������������6���
��2����1���������8

6�2�������������������������/��6����
�����

�������7������5�������������9���

5��9����

�9�7��������
�������

�
�

�9�7��������
�������

��>�����
��������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
Q5

�
Q5

�
Q5

�
Q5

�
Q5

��
Q5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

� +

���

�! 

�'�

!�"

!"�

'�

'�

'"

''

' 

 �

� !

�� 

�!(

�+�

!��

!"�

'�

'�

'"

''

' 

 �

��>����

��������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
Q5

�
Q5

�
Q5

�
Q5

�
Q5

��
Q5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�'+

���

�!�

�+"

!��

!!�

�'+

��!

�!�

�+(

!��

!"�

'+

''

' 

 �

 �

 �

'"

'(

''

' 

 �

 �



�����" 

��>�����
���������@����8��������8����9���

�,&*!! ��!#(��$:
&" #$0��# ��"��	

7#%.4' 0"�P��

�%#0
�,.&#!$�P�
��%#0

�
�5 �'� + 

�
�5 �� '�

�
�5 �� '�

�
�5 �+� '!

�
�5 ��' '"

��
�5 !!+ ''

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

��>������
��������@����8��������8����9���

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

� �

���

�"�

�'�

!��

 �

 !

 "

 (

 +

�' 

���

�"�

�''

!��

''

'�

 �

 !

 (

0�#?00��<�@��P��;���#�+(�<

��>�����
�������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
Q5

�
Q5

�
Q5

�
Q5

�
Q5

��
Q5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

� (

���

�"�

�'(

!��

!(�

'!

'"

'(

'+

' 

'�

� (

��!

�"�

�''

!�"

!((

'!

'"

'(

'+

' 

'�

��>�����
��������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

� (

��+

�"'

�' 

!��

!"�

'(

''

'�

 �

 "

 +

�� 

�!�

�+�

��!

!�+

!('

'+

' 

 �

 �

 "

 +

��>����
��������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�((

� (

��+

�"+

�''

!� 

' 

'�

 �

 �

 �

 !

�+!

��!

���

�(�

� �

!��

' 

'�

 �

 �

 "

 (

�,.&	
P�

�%#0

7#%	P
�

�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

��>������
���������@����8��������8����9���

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9����

�,.&	
P�

�%#0

7#%	
P��
�%#0

����9����

�++

��+

�� 

�+�

���

!��

''

' 

 �

 �

 "

 (

�++

��+

�� 

�+�

���

!��

'(

'+

' 

'�

 �

 �

��>�����
��������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

� !

���

�"�

�'�

!�!

!!!

'+

' 

 �

 �

 "

 (

� +

��(

�"+

�'+

!�+

!!'

'!

'(

''

'�

 �

 !

��>�����
��������������@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�++

��'

��'

�( 

�  

!��

'(

'+

' 

 �

 �

 "

�'�

��!

�!!

�+"

��(

!�+

'"

'(

''

'�

 �

 "

��>�����
��������
�����@����8��������8����9���

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

�
�5

�
�5

�
�5

�
�5

�
�5

��
�5

�,&*!! 
�!#(

�$&" #$0
�# ��"��	

����9���� ����9����

�,.&#!$
P�


��%#0

7#%.4' 0"
P��
�%#0

� !

��(

�" 

� �

!�!

!"'

+(

+ 

'�

'"

''

'�

� '

���

�(�

� (

!�'

!(�

++

+�

'�

'"

''

 �



�����"�

�����4' 0"�A" #1#.'&#!$�?���� !'.4�@"&4!*

� � �����������6�����6�6���)���6�����2�:��
��6���8

���������
�����64�����6��������

��������� #�6�������� U� ��:��
� �6��������6����

�64�����6��������

��� ����������6������������2
�6������2��������42��

�()��+�����'���������������6������������������

��2������1����
�����������
���������������������

�6��������2����������2������1����
�������������8

�������

���?���������������������6���
��/��3��6�����������
�

���6������������������42����"���������"��#�����8

�������6���
���������2�
�/��������23�����������
��8

������
��3��6��

��D9�7���@8	�@��9���@>�������@8	

���

��>����


�88��������@8����9������
����
���
9���

���

��#��#�$; �@?��#�$;

��

 �<�T���
*"�"���T���(.

'�<�T���
*!�����T���(.

��<�T���
*(���T���(.

���<�T���
*(�+���T���(.

��<�T���
*(���T���(.

 �<�T���
*"�"���T���(.

���
���

�(�<�T���
* ���T���(.

@%�

��D9�7���@8	�@��9���@>�������@8	

����

��>�����

�88��������@8����9��

9���

�����

��#��#�$; �@?��#�$;

���<�T���
*(���T���(.

����<�T���
*+���T���(.

 �<�T���
*"�"���T���(.

'�<�T���
*!�����T���(.

��D9�7���@8	�@��9���@>�������@8	

���

��>�����
�88��������@8����9��

����
���
9���

���

��#��#�$; �@?��#�$;

+�<�T���
*!�!���T���(.

���

���

���<�T���
*(�+���T���(.

�
�
��<�T���

*(���T���(.

'�<�T���
*!�����T���(.

���<�T���
*+�'���T���(.

���<�T���
*(�+���T���(.

+�<�T���
*!�!���T���(.

'�<�T���
*!�����T���(.

��<�T���
*(���T���(.

���<�T���
*(�+���T���(.

�A?�����98�?��8�������

��/�����������
�����������
���/����2���23����������1��8

����
�����6�1�������������������������6��2���/���6���8

6�6���������6����3���
�6���6�6�/������7��

�?8 "(#�#$' /�'$*��"'%!$'(��4".�%

��� A�,���������������������22�
���������
�����1�����

����22������������������
����2���42����
���

��� 	�������22��2������2�1�����)�4���/��2
���
�/����3�����22�


/���2�����������������#�����������:����
����/��������


�����6�2����
��������
���/����������2�4���������

�!� ����,� ��������� ��� ��/�������� 2��������� ������


���
�������
�
�������4�������������4�����������

��/��������2�����

�"� ����,���2���������
����������1�����E�2����6��

4��1����� ��� ������ 2���
���� �����6��2���� 	/���)

�����2������1�����6���3���
�����������2�������8

����
�4�/������������������

�(� ������,���2������
��6��
��1�1���������������� 	/

��2����������1�����������2���
����������6��2��)

����������
������2���1�����6���3����/��� �����

��6��2���/���6���6�6����
�2��
��6���

�+� 	������ ��
� �
=��� 42�1��� 4�2� *���� ������� ���52�1��

��6���6�����52�1���5�2��
=��6��.�

>?�!!(#$0��&' &,���������

�����0	��>����
����	�
����
��
���	�����
��
��	�
��'

��	�
����������

��
���	�
����	����	�
+��
��	������
��
���

��	�
��
��
������
��
�	�!���
����	����	
�	��
��������

%����
����	
��
�����

��� 	������ /���� ��
������
���������2����
�6��
����8

���
����������������������
�
�1������6����

��� <������������6����
�6��
�1�22�������7����6����8

������������
���������6����
�6��
�1�22�������7�

��6�����������0�������1�����������6�7��)�1������8


�����������������42�)���/���������
�6��
�1�22�����8

��7����������6�7��K��������
������
�6��
�1�22���8

����7����6����������

�!� ������������1����/������������������������������/��8

����� �

�"� ;���� ��/�������� ������� ��� �������23� ������
� 1��

&�<�������/������������������������2���/���������

�6�����/��������

�(� ��/��������2����0����������
��
=��6����������/��

�������6���
�������,���/���������������



�����(�

5��9�����

��5���������������

�
�

�>����5��������������M�7
�������B��7�@��7�

�4 ""�84'%"��. !((��!�� "%%! �A!(&'0"�84'%#$0

#����� ������ ����22� ��6���������6��� 4�� �����
� ��8

:�����223�������������������6����������
�42�1������8

������
�������������6����������
�42�1�������1���
���

�����������/����3����1���1�����������2�����
�
����/�28

2�1�N�2��������
)�2������3�22�1)�2����!�42���

��� 04���������������
�
���������������������
�42�1��
���������������������

��� ����������������6���
���)�
������������������6��
����)���
�42�1����������6���6�����������6��,����

	/����������
�//������2��������4�����
����42�1������������

���������N

�!� ?����������22���6����2������2���1�������2����

�"� ����������3�1��/��2
�����22�
�1������������
�����

2������
���/��" �
������������#5�!���6���2�������?�

�����������1�������42�1�����������

�(� A�,�����������������������������

?�����������
����������������������2
��������������

���6�2����8����������

�?�!!(#$0��&' &,�����

�����0	��>����
����	�
����
��
���	�����
��
��	�
��'
��	�
����������

��
���	�
����	����	�
+��
��	������
��
���
��	�
��
��
������
��
�	�!���
����	����	
�	��
��������
%����
����	
��
�����

��� ��� ���6���� ��� �6�������� �����2� 
������ /��

�1�������9��������	�������6��������6�������

�����2�
�����������������/������������2����
�6��
�

��P�����2����
�6��
�1�22�������7����6��������5��

(����
4��
��������
���������	
�
#���������2������6�7���1�22����������/���������*P�.
���2����
�6��
�1������
������������2�3��������42��
�����������
����2����
�6��
�*P�.�1�22�������7����68
��������5��

��� ��/������������������/����3�������
�1���&�<�������8

/����������������� �������2��� /�����������6�����/

�������

7?�"'&#$0��&' &,�����

5���B�9����5��B����7�>�5������������

�(".& #.�%4!.��4'=' *	��'$�.',%"�#$+, /

! �*"'&4	�7!�$!&�,%"�&4#%�1, $'."�#1�'$/

�' &�4'%�2""$�,$*" �6'&" 	����"*#'&"(/

.'((�'�3,'(#1#"*�%" -#."�&".4$#.#'$�&!�#$:

%�".&� &4"� 1, $'."� '$*� &!�  "�('."� '$/

�' &�!1�&4"�.!$& !(�%/%&"��'$*�'$/�0'%

.!$& !(�64#.4�4'%�2""$�,$*" ��6'&" 	

�������R

7'$0" �!1�"<�(!%#!$	��'$�.',%"�#$+, /�! 

� !*,.&� ! � � !�" &/� *'�'0"	� �1� !-" :

4"'&#$0�!.., %�! �#1�0'%�%,��(/�1'#(%�&!

%4,&�!11)�%4,&�!11�&4"��'$,'(�0'%�-'(-"�&!

&4"�'��(#'$."�2"1! "�%4,&&#$0�!11�"(".& #:

.'(��%,��(/	

�������R

�(".& #.� %4!.�� 4'=' *	� �'$� .',%"
#$+, /� ! � *"'&4	�>"1! "� '&&"��&#$0� &!
�" 1! ��'$/�%" -#."�! ��'#$&"$'$.")
&, $�&4"�"(".& #.'(��!6" �&!�,$#&��55�'&
*#%.!$$".&�%6#&.4�"%�	�9$#&��'/�4'-"
�,(&#�("��!6" �%,��(#"%	

�������R

5;<0�;��	$&#	@$��6�22��22������
�������2����������

/��������5����������6�22����������/2����4���������6�����

���������������������
�1�22���2��������/2����

������23�3�������
������������������������������2�,��4�

@�����������2���	/����,��4�1�22�������������������43����
)


����� �3� ��������� �)���22���:��2�/��
�������������������

<����������6��
��������6�3�����2������/����������2������

7'$0" �!1�"<�(!%#!$	��'$�.',%"�#$+, /�! 
*"'&4	�7!�$!&�'&&"��&�&!�(#04&��'$,'((/	
9$#&�4'%�'�*# ".&�%�' ��#0$#&#!$�%/%&"�	

�������R

#������������:�����
�1���������6��������,����������3�8

�6��#�������������2���	��������/�����/�3����
�1�)�6���

���6�����1�������55���
�������������6�����1���

���������������������������2�



Page 51

1-Placing Furnace In Operation
Gas Valve Operation for White Rodgers 36C and Honey-
well VR8205Q/VR8305Q (figure 29)
1- Set thermostat to lowest setting.

2- Turn off all electrical power to appliance.

3- This appliance is equipped with an ignition device
which automatically lights the burner. Do not try to light
the burner by hand.

4- Open or remove the heat section access panel.

5- Turn the knob on the gas valve clockwise to “OFF”.
Depress 36C knob slightly. Do not force.

6- Wait five (5) minutes to clear out any gas. If you then
smell gas, STOP! Immediately call your gas suppli-
er from a neighbor’s phone. Follow the gas supplier’s
instructions. If you do not smell gas, go to the next
step.

FIGURE 29

WHITE RODGERS 36C76 GAS VALVE

D-1

GV-1
C-1
C2

GV-2

GAS VALVE
SHOWN IN “OFF”

POSITION

HONEYWELL VR8205Q/VR8305Q SERIES GAS VALVE

Gas valve knob is shown in OFF position.

7- Turn the knob on the gas valve counterclockwise
to “ON”. Do not force.

8- Close or replace the heat section access panel.

9- Turn on all electrical power to appliance.

10- Set thermostat to desired setting.

11- The combustion air inducer will start. The burners will
light within 40 seconds.

12- If the appliance does not light the first time (gas line
not fully purged), it will attempt up to two more igni-
tions before locking out.

13- If lockout occurs, repeat steps 1 through 10.

14- If the appliance will not operate, follow the instructions
“Turning Off Gas to Appliance” and call your service
technician or gas supplier.

Turning Off Gas to Appliance

1- If using an electromechanical thermostat, set to the
lowest setting.

2- Before performing any service, turn off all electrical
power to the appliance.

3- Open or remove the heat section access panel.

4- Turn the knob on the gas valve clockwise to “OFF”.
Depress 36C knob slightly. Do not force.

E-Heating Startup LHA

1- Set thermostat or temperature control device to initiate
a first-stage heating demand.

A first-stage heating demand (W1) will energize com-
pressor. Outdoor fan is energized with a W1 demand.

LHA Units With Optional Electric Heat -
An increased heating demand (W2) will energize elec-
tric heat.

F-Safety or Emergency Shutdown
Turn off power to the unit.

V- SYSTEMS SERVICE CHECKS

A-LGA Heating System Service Checks
All LGA units are A.G.A and C.G.A. design certified with-
out modification.

Before checking piping, check with gas company or au-
thorities having jurisdiction for local code requirements.
Refer to the LGA Installation, Operation and Adjust-
ments instruction for more information.

GROUND
JOINT UNION

GAS PIPING
SUPPORT

FIGURE 30

GAS PIPING COMPONENTS

FIELD PROVIDED
1/8” (3.2 mm) PRESSURE TAP VALVE

MANUAL MAIN
SHUT-OFF VALVE

(REFER TO LOCAL CODES)

DRIP LEG

ROOF
MOUNTING

FRAME

CAP HERE TO
ISOLATE VALVE

PRESSURE TESTING

REFER TO INSTALLATION INSTRUCTIONS



Page 52

1-Gas Piping

Gas supply piping must not allow more than 0.5”W.C.
(124.3 Pa) drop in pressure between the gas meter and
the unit. Supply gas pipe must not be smaller than the unit
gas connection. Refer to installation instructions for de-
tails.

2-Testing Gas Piping

NOTE-In case emergency shutdown is required, turn off
the main manual shut-off valve and disconnect the main
power to the unit. These controls should be properly la-
beled by the installer.

When pressure testing gas lines, the gas valve must be dis-
connected and isolated. Gas valves can be damaged if
subjected to more than 0.5 psig [14”W.C. (3481 Pa)]. See
figure 30.

When checking piping connection for gas leaks, use the
preferred means. Common kitchen detergents can
cause harmful corrosion on various metals used in gas
piping. The use of specialty Gas Leak Detector is
strongly recommended. It is available through Lennox
under part number 31B2001.

Do not use matches, candles, flame or any other source
of ignition to check for gas leaks.

3-Testing Gas Supply Pressure

When testing gas supply pressure, connect test gauge to the
inlet pressure tap (field provided - figure 30). Test supply gas
pressure with unit firing at maximum rate (both stages en-
ergized). Make sure the reading falls within the range of
the following values. Low pressure may result in erratic op-
eration or “underfire.” High pressure can result in perma-
nent damage to the gas valve or “overfire.” For natural
gas units, operating pressure at the unit gas connection
must be between 4.7”W.C. and 10.5”W.C. (1168 Pa and
2610 Pa) For L.P. gas units, operating pressure at the
unit gas connection must be between 10.8”W.C. and
13.5”W.C. (2685.3 Pa and 3356.7 Pa).

On multiple unit installations, each unit should be checked
separately while operating at maximum rate, beginning with
the one closest to the supply gas main and progressing to
the one furthest from the main. Multiple units should
also be tested with and without the other units operat-
ing. Supply pressure must fall within the range listed in
the previous paragraph.

4-Check and Adjust Manifold Pressure

After line pressure has been checked and adjusted,
check manifold pressure. Move test gauge to the outlet
pressure tap located on unit gas valve GV1. See figure 22
for location of pressure tap on the gas valve.

The manifold pressure is factory set and should not re-
quire adjustment. If manifold pressure is incorrect and no other
source of improper manifold pressure can be found, the valve
must be replaced. White-Rodgers gas valve can be adjusted
for high fire only. Honeywell valves are adjustable for both high
and low fire. Refer to figure 22 for location of gas valve (man-
ifold pressure) adjustment screw. See table 3 for factory set
manifold pressure.

All gas valves are factory regulated. The gas valve should
completely and immediately cycle off in the event of gas or
power failure. The manual shut-off knob can be used to imme-
diately shut off gas supply.

CAUTION
For safety, connect a shut-off valve between the
manometer and the gas tap to permit shut off of
gas pressure to the manometer.

Manifold Adjustment Procedure
1- Connect test gauge to the outlet pressure tap on the

gas valve. Start the unit (call for second stage heat)
and allow five minutes for the unit to reach steady
state.

2- While waiting for the unit to stabilize, notice the
flame. The flame should be stable without flashback
and should not lift from the burner heads. Natural
gas should burn basically blue with some clear
streaks. L.P. gas should burn mostly blue with some
clear yellow streaks.

3- After allowing the unit to stabilize for five minutes, re-
cord the manifold pressure and compare to the values
given for gas supply pressure (above).

CAUTION
Disconnect heating demand as soon as an accurate
reading has been obtained.

5-Proper Gas Flow
To check for proper gas flow to burners, determine Btuh in-
put from unit rating plate or the gas heating capacity table on
page 3. Divide this input rating by the Btuh per cubic foot of
available gas. Result is the number of cubic feet per hour re-
quired. Determine the flow of gas through gas meter for two
minutes and multiply by 30 to get hourly flow of gas to the
burners.

NOTE - To obtain accurate reading, shut off all other gas
appliances connected to meter.

6-High Altitude Derate

Natural gas units may be installed at altitudes up to 2000
feet (610m) above sea level without any modification. At al-
titudes above 2000 feet (610 m), units must be derated to
match gas manifold pressures shown in the following table.
NOTE-This is the only permissible derate for these units.
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C2 diagram ELECTRONIC OR ELECTROMECHANICAL THERMOSTAT

1
2

4

SEQUENCE OF OPERATION
C2 DIAGRAM - ELECTRONIC OR ELECTROMECHANICAL THERMOSTAT

POWER:

1. Terminal strip TB34 energizes the thermostat components with 24VAC via TB1.
OPERATION:
2. The main control module A55 proves the optional N.O. filter switch S27(indicates dirty filter when closed), optional N.O. air flow

switch S52(indicates no air [i.e. broken belt] system shuts down), and optional C.G.A. -50° C low ambient kit thermostat S59
(used in C.G.A. units only).

3. The main control module A55 receives data from the supply and return smoke detectors A17 and A64,
optional phase protection monitor A42, blower motor overload relay S42, discharge sensor RT6, return air sensor RT16, and
the outdoor air sensor RT17.

4. The main control module A55 receives data from the electronic thermostat A2 (Y1, Y2, W1, W2, G, OCP)
and the CO2 sensor (if economizer is used) via terminal strip TB1. A55 energizes the appropriate components.

3
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