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1.  INTRODUCTION

1.1 Scope

This specification establishes the requirements applicable to the design, construction, reliability, quality assurance, safety and environmental test provisions for flight spacecraft components to be used on the High Energy Solar Spectroscopic Imager (HESSI) mission.  This specification is intended for use with a Statement of Work (SOW) and/or a Product Function Specification (PFS) which identifies the detailed requirements for the product. Changes to this document shall be controlled by Spectrum Astro, Inc. The supplier should provide any cost effective approaches which are consistent with the minimum standards imposed by this specification.  It is recommended that the supplier use existing documentation whenever possible.

1.2 Definitions

a.
Abbreviated Functional Test:  A shortened version of the baseline functional test.  It is a series of test operations that exercise the critical functional performance parameters of the component under test.  This test is designed to verify that a component is operating in accordance with established performance parameters.  The abbreviated functional test will be described specifically in the functional test procedure for each component.

b.
Component:  Generally, a component is a functional subdivision of a subsystem and a self-contained deliverable item.  A component may be a subassembly (circuit card), unit (i.e., a "black box") or subsystem, depending on complexity.

c.
Functional Test:  Functional test is a series of test operations that exercise the critical functional performance parameters of the test item.

d.
Product Function Specification:  A specification that describes the functional and physical requirements for component or subassembly.  The PFS is a statement of functional requirements for performance, design, configuration, and test requirements.  The PFS provides the basis for technical and engineering management control.

e.
Temperature Stabilization:  The condition that exists when the rate of change of temperatures has decreased to the point where the test item may be expected to remain within the specified test tolerance for the necessary duration or where further change is considered acceptable.

f.
Test Failure:  A departure from specification that is discovered during protoflight or acceptance testing.

2.  APPLICABLE DOCUMENTS

2.1 General  

Unless otherwise specified, the following documents form a part of this specification to the extent specified herein.  Documents that are not specified in this document shall be used as guidance documents.  If a specific issue of a document is not called out, then the latest issue at the date of contract shall apply.  In the event of a conflict between this specification and other referenced documents, the following order of precedence shall apply:

a.
Statement of Work

b.
Product Function Specification

c.
Component Verification Specification

2.2 Specifications, Standards and Handbooks

a.
MIL-STD-275
Printed Wiring for Electronic Equipment

b.
MIL-STD-461D
Electromagnetic Emission and Susceptibility Requirements for the Control of Electromagnetic Interference

c.
MIL-STD-462D
Measurement of Electromagnetic Interference Characteristics

d.
MIL-STD-975
NASA Standard Electrical, Electronic and Electromechanical Parts 

e.
MIL-STD-1522
Standard General Requirements for Safe Design and Operation of Pressurized Missile and Space Systems

f.
MIL-STD-1541
Electromagnetic Compatibility Requirements for Space Systems

g.
MIL-STD-1686A
Electrostatic Discharge Control Program

h.
MIL-STD-2000
Standard Requirements for Soldered Electrical and Electronic Assemblies

i.
MIL-HDBK-217
Reliability and Stress and Failure Rate Data for Electronic Equipment

j.
MIL-PRF-38534
Hybrid Microcircuits

k.
MIL-PRF-38535
General Specification for Integrated Circuits Manufacturing

l.
MIL-P-55110E
General Specifications for Printed Wiring

m.
MIL-S-19500
General Specification for Semiconductor Devices

n.
NHB5300.4 (3A-2)
Requirements for Soldered Electrical Connections

o.
EWR 127-1
East and West Range Safety Requirements

3.  PARTS, MATERIALS, AND PROCESSES

3.1 General  

Parts and materials shall be chosen from experience on previous space hardware, whenever possible.  Selection of parts and materials shall emphasize proven performance, minimum contamination potential and suitability for 2 year storage and 3 year lifetime.  Materials will be procured from qualified suppliers and shall be inspected to assure that they meet the applicable specifications in this document.  Parts and materials used in space flight hardware should be qualified for flight use whenever possible.

3.1.1 Parts, Materials, and Processes List. 

The supplier shall prepare and maintain an "As-Built" parts list for all assemblies and components.  This parts list shall include all parts and materials, by generic part number and manufacturer, used in space flight hardware.  The "As-Built" parts list shall be maintained for all deliverable flight hardware.  The "As-Built" lists shall be maintained on file by the supplier and delivered as part of the Acceptance Data Package.

3.1.2 Limited Shelf Life Materials 

The supplier shall mark all limited life materials that degrade with age to indicate the date critical life was initiated and when it will be expended.  Expired material shall not be used.

3.1.3 Raw Materials

Purchased raw materials used in deliverable hardware shall be tested to verify conformance to applicable specifications.  Manufacturer's test reports are acceptable.  Test reports shall be traceable to the material tested.  The supplier shall maintain the reports on file for Spectrum Astro, Inc. review upon request.

3.1.4 Printed Wiring Boards

Printed Wiring Boards (PWBs) used in the manufacture of deliverable hardware shall be designed to the requirements of MIL-STD-275 and fabricated to MIL-P-55110.  

3.1.5 Traceability

All parts and materials shall be identified and shall be traceable to a specific manufacturer lot number or lot date code.  Certification of conformance from the manufacturer is required for all procured parts.  Lot date code limitations for electrical, electronic and electromechanical parts will be 5 years.

3.1.6 Venting and Outgassing

Parts, materials, devices and components shall be capable of operating in a vacuum for the lifetime of the program, and adequately accommodate pressure differentials and/or venting rates generated during the launch and ascent to orbit.  Materials selected shall have a total mass loss of less than 1% and a collected volatile condensable of less than 0.1% when heated in a vacuum to 105SYMBOL 176 \f "Symbol"C and collected at 23SYMBOL 176 \f "Symbol"C.  Materials not meeting this requirement may be baked out in a thermal vacuum chamber to achieve the desired limits upon approval by Spectrum Astro, Inc.

3.2 Mechanical Parts Selection

Mechanical parts shall be based on similar applications on prior space flight programs whenever possible.  Selection shall emphasize proven performance, minimum contamination potential and suitability for the expected life of each component as stated in the Product Function Specification.  Major factors such as outgassing, flammability, aging, stability, corrosion, and electrical properties of materials shall be considered.  New design mechanical parts shall be analyzed and/or tested to ensure adequate performance.

3.2.1 Prohibited Materials

The following materials shall not be used:

a.
Cadmium, magnesium, zinc or selenium, except internal to hermetically sealed devices.

b.
Unalloyed tin.

c.
Corrosive solder fluxes, unless detailed cleaning procedures are specified, along with appropriate verification methods to insure removal of residual contaminants.

d.
Mercury and compounds of mercury.

e.
Materials that exhibit or are known to exhibit natural radioactivity such as uranium, potassium, radium, thorium, and/or any alloys thereof.

f.
Dissimilar metals shall not to be used in conjunction with each other.

3.3 Electronic Parts Control

Control of Electrical, Electronic and Electromechanical (EEE) parts used on deliverable flight hardware shall be governed by the requirements of this document and the applicable supplier's procedures.  The supplier's procedures shall be available for Spectrum Astro, Inc. review.  Suppliers are encouraged to use the highest level of parts that are available (i.e., that will not significantly increase cost or schedule).

3.3.1 EEE Parts Selection

EEE parts shall be selected from MIL-S-19500, QPL JANTXV for discretes, or MIL‑PRF‑38535, Class Q for microcircuits, as a minimum.  Passive parts shall be selected from MIL-STD-975 with a failure rate level of R or S.  Custom microcircuits shall meet the requirements of MIL‑PRF‑38534 and MIL‑PRF‑38535, QML (as applicable).  EEE parts meeting the requirements of MIL-S-19500, QPL JANTXV, MIL-PRF-38534 and MIL‑PRF‑38535, QML (as applicable), and/or MIL‑STD‑975 are considered qualified.

3.3.1.1 Commercial Parts

Commercial parts shall be up screened to meet the applicable military specification as necessary to ensure mission success.  In the event that the parts selected do not meet the requirements of Section 3.3.1, the supplier shall obtain Spectrum Astro, Inc. approval prior to installation of the parts.  The approval request shall include a complete description of the part, the reason for the request, the part application, the technical justification for use and the criteria that is used to ensure that the commercial part is acceptable for flight use.  The approval request shall be reviewed and approved by a Spectrum Astro, Inc. Quality Assurance Representative.

4.  RELIABILITY

4.1 General

Reliability shall be considered during all phases of design, development and fabrication of the flight component. Some of the areas of concern for reliability are: simplicity of design and construction; the use of screened/burned-in parts to the maximum extent feasible; the conservative application of parts within their ratings and within their capabilities; and the use of heat sinks and conductive paths to minimize hot spot temperatures.  Components shall be designed to meet the expected life as stated in Section 3.1.

4.2 Mean Time Between Failure

A Mean Time Between Failure (MTBF) calculation of the flight component shall be established using MIL-HDBK-217.  MIL-HDBK-217 may be tailored by the supplier and presented to Spectrum Astro, Inc. for approval.

4.3 Power Supply Transient Measurement

Measurements shall be made of all power transient conditions presented to the spacecraft power bus, including ON/OFF transients, in-rush current, component state changes, etc.  These measurements shall be made over the specified voltage range of the component power inputs.  The measurements shall be delivered to Spectrum Astro, Inc. as part of the Acceptance Data Package.  

4.4 Stress Analysis

Stress analyses shall be performed to verify that the applied stress on each component does not exceed the specified rating for the application.  EEE parts shall be derated in accordance with MIL-STD-975.  The seller shall take appropriate steps to correct any over stressed condition unless specifically approved by Spectrum Astro, Inc.  A summary of each stress analysis performed shall be provided to Spectrum Astro, Inc. prior to acceptance testing.  The supplier shall maintain the stress analyses on file and copies of the stress analyses shall be available to Spectrum Astro, Inc. upon request.

4.5 Single Event Effects

Semiconductors susceptible to Single Event Effects (SEE) with an LET level less than 10 MeV/mg-cm2 shall be avoided whenever possible.  Microcircuits shall be single event latchup immune and single event upset tolerant.  Power bipolar transistors shall be evaluated for single event burnout.  Power HEXFET's shall be evaluated for single event gate rupture.  Circuit designs containing SEE sensitive electronic parts shall be analyzed to minimize the effect of SEE and to assure compliance with component level requirements.  Single event upsets shall not cause unrecoverable failure or performance degradation of the flight component. Parts susceptible to single event burnout and gate rupture shall not be used.

4.6 Parts Radiation Requirements

Electronic parts shall tolerate twice the expected total dose ionizing radiation environment (RDM = 2).  The expected total dose ionizing radiation environment is 15 krads (Si) for the mission.  Consequently, electronic parts shall tolerate a minimum of 30 krads (Si) when protected with a 30 mil aluminum wall.  Table 4-1 lists the total dose as a function of total equivalent aluminum shielding thickness.  Parts which are spot shielded shall use environmental transport assumptions commensurate with the degree to which the coverage provided by their spot shields is complete.

Table 4-1.  Total Ionizing Radiation Dose vs. Aluminum Shield Thickness

Effective Shield 

Thickness

(mil Al)
Total Ionizing Dose 

for 3  Year Mission 

(krad)
Total Ionizing Dose 

Design Requirement 

(krad)

1
2224
4448

5
726
1452

10
268
536

20
45
90

30
15
30

40
9
18

50
5
10

60
4
8

70
3
6

80
3
6

90
3
6

100
2
4

250
1
2

4.7 Government-Industry Data Exchange Program Alerts

Government-Industry Data Exchange Program (GIDEP) alerts are issued by Government contractors to document potential part, material or design problems discovered with Government qualified parts or materials.  GIDEP alerts submitted by Spectrum Astro, Inc. shall be reviewed by the seller for potential impact or non applicability to their product.  Any alert determined to have potential impact on their product shall be addressed in a formal response to Spectrum Astro, Inc. indicating impact and recommended resolution.  The seller shall respond to all GIDEP inquiries from Spectrum Astro, Inc.

4.8 Failure Reporting, Failure Analysis and Corrective Action

The seller shall have a formal closed-loop problem/failure reporting system.  Failures occurring during qualification, protoflight and acceptance testing shall be reported to Spectrum Astro, Inc. within 48 hours of occurrence, including the type of failure, the suspected cause and the proposed failure analysis.  The seller shall document each functional failure encountered during acceptance and qualification testing (including returned items) on a Problem Failure Report (PFR).  Upon completion, the PFR shall be submitted to Spectrum Astro, Inc. for review.  The PFR shall describe (as a minimum):

a.
The type or nature of the failure, including identification of the failed item.

b.
Type of test and environmental conditions at the time of the failure.

c.
The symptoms and cause, including potential impact on other hardware/software.

d.
Analysis and verification approach, and the results.

e.
Any rework or retest performed.

f.
Final disposition and corrective action.

4.8.1 Parts Failure Analysis

Part failures that occur during or after protoflight or acceptance testing shall be subjected to failure analysis to determine the cause of the failure.

4.9 Control of Static Sensitive Parts, Assemblies and Components

All electronic parts and assemblies containing parts that are susceptible to damage or degradation from application of static electricity shall be identified, protected and handled to protect them from Electrostatic Discharge (ESD).  ESD sensitive electronic parts, subassemblies and assemblies shall be identified with an applicable ESD symbol as shown in MIL-STD-1686 or equivalent.  Size of the symbol shall be commensurate with space restraints but shall be noticeable to unaided visual inspection.  Marking shall be done in a contrasting color.  ESD sensitive items shall be wrapped for shipment in an anti-static material.  The package and shipping container shall be plainly marked with standard ESD symbols, and a caution note such as "Electrostatic Sensitive Items."

5.  QUALITY ASSURANCE

5.1 General

The seller shall maintain a documented Quality Assurance (QA) inspection program to ensure compliance to contract requirements.  The seller's QA program shall be planned and organized to ensure that defects or other unsatisfactory conditions are discovered and corrected at the earliest practical point.  The QA system shall provide recorded evidence of quality in the form of inspection and test results.  QA shall participate in design activities to ensure that designs permit and facilitate producibility, repeatability, inspectability and that related quality requirements are included.

5.2 Government/Customer Surveillance

The QA system of the seller shall be subject to surveillance by Spectrum Astro, Inc. and the Government. Spectrum Astro, Inc.'s QA representative shall notify the seller's QA representative of such visits and determine mutually agreed upon dates of each visit.  Actions by Spectrum Astro, Inc. or the Government may determine whether the requirements of this document are met and that the contract articles are of satisfactory quality and meet the intended design or use.  In the event of a visit, the seller will be notified in writing of any unacceptable areas and will be given an appropriate period of time to correct them.  Spectrum Astro, Inc. reserves the right to witness any or all tests performed as part of the terms and conditions of the contract.  The seller shall notify Spectrum Astro, Inc. at least 5 business days in advance of the start of environmental and final functional testing.

5.3 Control of Procurement Sources

The seller shall be responsible for adequate and effective control over procurement sources to ensure that materials, supplies, hardware, software and services purchased meet all quality and reliability requirements specified herein.  Adequate records of inspections and tests performed by the seller at the subtiers facility shall be maintained by the seller.  The responsibility for supplying quality hardware rests with the seller and includes those materials, parts and assemblies and components procured from subtier vendors.  The requirements of this specification shall be imposed on subtier vendors as necessary to ensure the quality and reliability of their products.

5.4 Identification, Handling and Storage

Adequate methods and facilities shall be established for controlling the identification, handling, and storage of deliverable articles.  These controls shall prevent damage, deterioration, loss and substitution.  The parts, materials and articles shall be controlled from the time of receipt until use or delivery.  The seller shall identify deliverable items by a specific part number and a unique serial number.  Part number and serial number traceability shall be maintained to the next lower assembly.  All deliverable components shall be properly marked or labeled to identify the manufacturer’s CAGE number, component part number, approved nomenclature, and serial number.  Each external electrical or Radio Frequency (RF) interface connection of the assembly or component shall be clearly labeled with a unique reference designation such as J1, J2, etc., as applicable.

5.5 Configuration Control

A configuration control program shall be established to control the configuration of components.  Technical documentation, such as drawings, specifications and procedures used to manufacture deliverable hardware and software, shall be released and under change control.  Drawings used to manufacture space flight hardware shall be assigned a specific part number and shall be released prior to manufacture.  Test procedures shall be released prior to use with space flight hardware.  Deliverable items shall be fabricated, inspected, and tested to the latest applicable drawing, specification or procedure.

5.5.1 Drawing and Change Control

The seller shall ensure that deliverable items are fabricated, inspected and tested to the latest applicable drawing or specification.  These drawings and procedures shall be under change control procedures.  All approved changes shall be incorporated into each deliverable component prior to delivery and so evidenced on inspection records.  Engineering changes shall be classified as Class I or Class II.  Class I changes shall be submitted to Spectrum Astro, Inc. for review.  Class I and Class II changes are defined as:

a.
Class I:
A change that affects the contractually specified form, fit or function of the deliverable item.

b.
Class II:
A change that is not classified as Class I.

5.6 Inspections and Tests

Sufficient inspections and tests shall be performed to ensure that all hardware and software conform to applicable drawings and specifications with respect to all details such as workmanship, finish, construction, functional performance, weight, interchange ability, identification and marking.  Written travelers and procedures shall make clear the details of the operations, inspections and tests to be performed.  Criteria for determining quality acceptance or rejection of items shall be established.  QA shall verify that tests are conducted to approved test procedures.  Suitable inspection, measuring and test equipment of the range, accuracy and type necessary to ensure conformance of items to contract requirements shall be used.  Tools, gages, jigs or fixtures that measure dimensions, contours or locations affecting quality characteristics shall be inspected for accuracy prior to use.  Inspection and test equipment shall be calibrated in accordance with MIL-STD, ANSI, or ISO calibration requirements.  QA shall ensure recorded test results are accurate and complete.  When tests and inspections so require, the actual measurements and observations obtained shall be indicated, including any instrument multiplier factors.  Adequate records of all operations, inspections and tests performed shall be maintained and kept on file for a period of 5 years.  Records shall be made available upon request.

5.6.1 Retest

Whenever the design of the hardware is changed, the hardware involved shall be retested to verify the design change and to show that no new problems have been introduced.  Retesting may be necessary if a test discrepancy occurs during testing.  If it is determined that a discrepancy has negated prior testing, the item shall be reinspected and retested.  

5.7 Indication of Inspection Status

The seller shall maintain a system for indicating the inspection status of articles.  This shall be accomplished by means of initials, stamps, seals or decals.  The method of their application on individual articles, tags, routing cards, move tickets or other normal control devices attached to the articles or their containers shall also be defined.  Indications shall not be applied in any way which may damage or compromise the function or quality of the articles.

5.8 Process Control

The seller shall establish those inspections and controls over processes as necessary to ensure compliance with quality requirements.  These processes include plating, anodizing, heat treating, welding, soldering and other critical processes which affect the physical characteristics of the deliverable items.  Processes or procedures used to fabricate and test hardware, including processes generated for rework or retrofit, shall be documented.  The system of documentation shall establish process requirements, essential procedures, and critical controls necessary to ensure process reproducibility, product integrity, and reliability.  Operators and inspectors shall be trained and certified to special processes procedures and specifications.  Recertification will be at appropriate intervals.  The applicable military specification will be used when training for special process certification.  However, the training may be tailored for specific applications.  Contamination shall be controlled to eliminate possible particulate matter that could be detrimental to a part or component.  Contamination shall be controlled to meet a Class 100 K clean environment (in accordance with federal clean room standards), as a minimum.  Flight components shall be visibly clean of all contamination when inspected under 4X magnification.

5.9 Nonconforming Material Control and Corrective Action

The seller shall control nonconforming items to prevent their use as articles offered for delivery.  Nonconforming items shall be identified and separated from normal work operations.  When the seller believes that a nonconformance will affect form, fit or function of the end item and wishes to offer the nonconforming item for delivery, the seller shall notify Spectrum Astro, Inc. for disposition of the nonconformance.  The seller shall maintain records of any waivers or approvals of nonconforming items and shall identify the items so involved.  Nonconformance documentation shall indicate the cause of the nonconformance, the disposition of the nonconformance, and corrective action.  The seller shall take prompt action to correct conditions which have resulted or might result in substandard or defective materials, parts, components or services.  This action shall include preventive measures as well as correction of conditions that have occurred.  Inspection and test results and detailed examination of deficient or failed articles shall be used to determine the nature and basic causes of deficiencies or failures.  The seller shall document the efforts to correct existing deficiencies and minimize their future occurrence.

5.10 Workmanship and Soldering

Workmanship shall be of the highest standards in accordance with written procedures.  Particular attention shall be accorded of the quality of workmanship of soldering, welding, wiring, marking of parts and assemblies, plating and painting.  Soldering shall meet the requirements of MIL‑STD‑2000 or NHB5300.4(3A-2), as a minimum.  MIL-STD-2000 or NHB5300.4(3A-2) requirements may be tailored by the seller and submitted to Spectrum Astro, Inc. for approval.

5.11 Preservation, Packaging, Packing and Shipping

The seller shall maintain adequate control of packaging, packing and shipping to ensure that the quality of the fabricated items is maintained and that damage, deterioration, loss and substitution are prevented.  Packaging shall comply with the ESD controls as defined in this document.  The seller shall ensure that all requirements of the contract have been met and the deliverable items are complete prior to packaging for shipping.  The seller shall ensure that all shipments of deliverable items are marked or labeled in accordance with the requirements of the contract.

5.12 Acceptance Data Package

An Acceptance Data Package (ADP) shall be prepared and delivered for each end item delivered to Spectrum Astro, Inc., as applicable.  The ADP shall contain the following items, as a minimum:

a.
A cover sheet indicating the name, part number and serial number of the end item.

b.
A sign-off page with signatures of the responsible design engineer (RDE) and quality assurance (QA) indicating acceptance of the data package.  

c.
As-built configuration record for the end item.  

d.
The "as-built" drawing and parts list, including part and software version number, as applicable.

e.
Mechanical and electrical interfaces of the end item.

f.
End item acceptance (or qualification) test data, including environmental test results.

g.
Engineering summary, including operating time, mass and power levels of the end item.

h.
Copy of all nonconformance documentation applicable to the end item.

i.
Inspection and test records showing completion and acceptance of the end item.

6.  SAFETY

6.1 General

The seller shall maintain a safe and healthy work environment and have a safety program that establishes internal procedures and reporting systems for hazard identification, investigation and disposition of mishaps and safety incidents.  The seller shall ensure, to the extent practical, the inherent safety of program personnel through the use of appropriate design features, parts, materials, and operations.  Component designs shall meet the requirements of EWR 127-1 safety requirements.  Safety issues will be addressed prior to acceptance testing.

6.2 Hazard Identification

The seller shall provide a systematic approach to identify, eliminate and control hazards associated with the design in order to protect the life, health and physical well being of personnel.  Hazardous operations shall be assessed to determine the risk to program personnel and use the assessment to establish guidelines, procedures for resolution of the hazards, and safe conduct of operations.  The seller will consider alternate approaches to minimize or reduce risk from hazards that cannot be eliminated.  Safety warning devices or warning and caution notes shall be provided in the operating instructions and distinctive markings should be on hazardous components to ensure protection of personnel.  Mishaps shall be investigated to determine the cause and corrective action to prevent recurrence.  Hazard analysis shall be performed at the interface level for all items determined to be hazardous.  The analysis shall consider the following (as a minimum):

a.
Nature and causes of the hazard.

b.
The methods of controlling the hazard and applicable safety requirements.

c.
Actions taken to eliminate hazards or reduce their risk to an acceptable level.

d.
Risk acceptance rationale and approval by management.

Identified hazards that could cause the death of program personnel shall be reported to Spectrum Astro, Inc.  The seller shall maintain records of hazard assessments and analyses performed, and mishap reports on file and available to review by Spectrum Astro, Inc. upon request.

6.3 Hazardous Materials

Personnel handling hazardous materials shall be instructed as to the hazard associated with their use and in the proper use of the materials.  Hazardous materials delivered to Spectrum Astro, Inc. shall be accompanied by a Material Safety Data Sheet (MSDS).

7.  TEST REQUIREMENTS

7.1 General

Components shall demonstrate acceptable performance during protoflight qualification or acceptance tests prior to delivery.  Components passing the required series of protoflight and acceptance tests are acceptable for use.  End item acceptance or qualification test data including environmental test data shall be delivered with each component.  Components shall be tested as stated herein unless amended by the SOW and/or the PFS.  Inspections shall be performed prior to the start of protoflight qualification and acceptance tests to ensure that the unit is acceptable to start testing. Connector savers shall be used during testing of flight hardware. Test connectors that mate with flight hardware shall be flight connectors.

7.2 Test Procedures and Levels

Tests shall be conducted using documented test procedures prepared for performing all of the required tests in accordance with the test objectives.  A test procedure shall be developed for each component.  The test procedure shall clearly state the test objectives, pass/fail criteria, test setup description and should incorporate provisions for QA verification ("stamp-off") of test setups and data.  The test procedures shall cover all operations in enough detail so that there is no doubt as to the execution of any step.  The "as-run" test data shall be traceable to the component under test.

7.2.1 Protoflight Qualification Testing

Protoflight qualification (or protoflight) testing is required for all new designs in order to demonstrate that adequate margins exist in the final product to assure that the specification and operational requirements are met.  The objective of protoflight testing is to test the hardware to verify that there are no deficiencies in the design and methods of manufacture without stressing the hardware beyond the limits of the design and operational capabilities. Components shall be protoflight qualified to the performance and environmental levels as specified herein.  Protoflight hardware is intended to be used as flight hardware.

7.2.2 Acceptance Testing

Acceptance tests are the required formal tests that are conducted to demonstrate acceptability of an item for delivery.  Acceptance tests shall measure performance parameters and should reveal inadequacies in manufacturing process such as workmanship or material.  Acceptance tests shall demonstrate acceptable performance over the specified range of mission requirements. Acceptance testing is not required for a component that has been subjected to protoflight qualification tests.

7.3 Test Application

Unless otherwise specified, all components shall successfully complete the required tests shown in Table 7-1.  Any additional or "Special Tests" shall be performed as specified in the SOW or the PFS.  Selection of protoflight qualification or acceptance tests shall be made based on the individual component qualification status, using the guidelines described in this specification.  The suggested test sequence is shown in Figure 7-1.

Table 7-1.  Test Requirements Matrix

COMPONENT
Func. Test
Acoustic
Random Vibration
Shock
Thermal Cycle
Thermal Vacuum
Proof Pressure
Leak Detect
EMC
Burn-in

STRUCTURE  & MECHANISMS











Passive Nutation Damper (PND)
X

X

X




X

Linear Mass Driver (LMD)
X

X

X




X

TELECOMMUNICATIONS











Transponder (XPD)
X

X


X


X
X

Combiner/Divider
X

X


X





Antenna
X

X


X





ELECTRICAL POWER











Solar Panels (incl. Solar Cells and Laydown)
X



X






Solar Array Wing Assembly (SWA)
X
X









NiH2 Common Pressure Vessels (CPV) 
X

X

X

X
X



Nickel Hydrogen Battery  Assembly (BAT)
X

X


X





Charge Control Board (CCB)
X

*
*
X
*


*
X

Power Control Board (PCB)
X

*
*
X
*


*
X

Wire Harness
X










COMMAND & DATA HANDLING











Central Processor Unit (CPU)
X

X
*
X
*


*
X

Communications Interface Board (CIB)
X

*
*
X
*


*
X

Payload & Attitude Control Interface (PACI)
X

*
*
X
*


*
X

VME Backplane
X

*
*
X
*


*
X

Solid State Recorder (SSR)
X

X

X




X

Spacecraft Electronics Module (SEM)**
X

X
X

X


***
X

ATTITUDE CONTROL











Fine Sun Sensor Electronics (FSE)
X

X

X




X

Fine Sun Sensor Head (FSH)
X

X

X




X

Coarse Sun Sensor (CSS)
X

X

X




X

Three-Axis Magnetometer (MAG)
X

X

X




X

Electromagnetic Torque Rod (TQR)
X

X

X




X

X - Component Level Test Required

* - Component Level Test Performed with Integrated EPS and C&DH Subsystem Elements

** - Spacecraft Electronics Module (SEM) consists of VME card cage with integrated EPS and C&DH components

*** - Conducted susceptibility and emissions EMI/EMC tests only, no radiated tests




Figure 7-1.  Suggested Test Sequence

7.4 Functional Test

Functional test is a series of test operations that verify the functional performance parameters of the component under test.  The functional test parameters and limits will be described specifically in the functional test procedure for each component.  The functional test verifies that mechanical and electrical performance of the test item meets the SOW and PFS requirements.  A baseline functional test shall be performed at the beginning of protoflight and acceptance tests.  Abbreviated functional tests shall be performed to the extent necessary between the different environmental tests to ensure that testing has not caused a degradation in performance.  A final functional test will be performed after the completion of all other protoflight and acceptance tests.  The baseline functional test data shall be compared with the final functional test data to look for trends or degradation that might affect the life of the mission.

7.5 Safety Margins

Components shall have positive structural safety margins demonstrated by analysis, test or a combination of analysis and test.  The limit load factors are defined in the mass acceleration curve shown in Figure 7-2.  The component will be designed to be subjected to structural testing at 1.25 times the limit load (1.4 times for qualification) or show positive margins of safety by analysis at 2.6 times the limit load for ultimate failure modes such as material fracture or buckling.




Figure 7-2.  Mass Acceleration Curve (Single Axis, Worst Case Direction)

7.6 Random Vibration

Components shall operate in accordance with its PFS after application of the loads specified in Figure 7-3 and Table 7-2.  The components shall be mounted rigidly to the vibration exciter.  Vibrations shall be applied at the base of the adapter or fixture in each of three orthogonal directions (X, Y and Z).  All mechanical and electrical items shall be in their launch configuration and monitored for failures and intermittent operations to the maximum extent possible.  An abbreviated functional test shall be performed before and after the test to verify operation.  A calibrated control accelerometer shall be used and the output signal shall be recorded continuously during the test.  Power spectral density plots of the random vibration will be made and included in the qualification/acceptance test reports delivered with the test item.




7-3.  Random Vibration Profile

Table 7-2.  Random Vibration Levels

CONDITIONS FOR ALL AXIS
FREQUENCY

RANGE (Hz) 
PSD LEVEL

(g2/Hz)
Acceleration

(g)
DURATION

(sec/axis)

ACCEPTANCE
20

20 - 50

50 - 800

800 - 2000

2000
0.013

+6 dB/oct

0.08

-6 dB/oct

0.013
10.0 Grms
60 sec

PROTOFLIGHT
20

20 - 50

50 - 800

800 - 2000

2000
0.026

+6 dB/oct

0.16

-6 dB/oct

0.026
14.1 Grms
60 sec

7.7 Acoustic Test

Components that have a large surface area to mass ratio (such as solar arrays) shall be subject to acoustic testing to determine survival during the launch/ascent phase acoustic environment.  Components shall be in the launch/ascent mechanical and electrical configuration and shall be subjected to a uniform omni-directional acoustic field with load and durations as specified per Table 7-3 and Figure 7-4.  The component shall be installed in a reverberate acoustic cell capable of generating the required sound pressure levels with uniform sound energy density throughout the chamber.  A functional test shall be performed before and after the test to verify operational conformance with the PFS.  The acoustic test sound pressure level will be controlled to within 1/3 an Octave Band at SYMBOL 177 \f "Symbol"3.0 dB, and overall 1.5 dB.




Figure 7-4.  Acoustic Spectrum Profile

Table 7-3.  Acoustic Spectrum Levels

1/3 Octave Center Frequency 
(Hz)
Acceptance 


(dB)
Protoflight Qualification 

 (dB)
1/3 Octave Center Frequency 
(Hz)
Acceptance 


(dB)
Protoflight Qualification

(dB)

20
123.5
126.5
500
129.6
132.6

25
123.5
126.5
630
129.6
132.6

31.5
123.5
126.5
800
128.4
131.4

40
123.5
126.5
1000
127.2
130.2

50
123.5
126.5
1250
126.0
129.0

63
123.5
126.5
1600
124.7
127.7

80
123.5
126.5
2000
123.5
126.5

100
123.5
126.5
2500
122.4
125.4

125
123.5
126.5
3150
121.2
124.2

160
123.5
126.5
4000
119.9
122.9

200
126.6
129.6
5000
115.9
118.9

250
129.6
132.6
6000
111.7
114.7

315
129.6
132.6
8000
107.3
110.3

400
129.6
132.6
10000
103.3
106.3

7.8 Shock Test

Components shall be tested to the shock input spectrum provided in Table 7-4 and Figure 7-5.  The shock input shall be applied to the base of the test item.  The input shock pulse time history shall be oscillatory in nature and shall decay to less than 10% of its peak value within 50 milliseconds.  The spectrum shape shall be controlled to within +6/-3 dB, and shall be applied in each of three (3) orthogonal axes.  At least 30% of spectrum amplitudes shall exceed the nominal test specification.  Components that are powered-on during spacecraft separation shall be shock tested in the powered-on state.




Figure 7-5.  Shock Environment Profile

Table 7-4.  Shock Response Levels

FREQUENCY

(Hz)
ACCEPTANCE

(g Peak)
PROTOFLIGHT

(g Peak)

100
100
150

100-800
-
-

800-10,000
1,750
2,625

7.9 Pressure Decay/Venting

Components shall be designed to withstand the maximum pressure decay time history shown in Table 7-5 and Figure 7-6.  Verification of this requirement may be performed by analysis.

Table 7-5.  Pressure Decay Profile

TIME

(sec)
COMPARTMENT PRESSURE (psi)

0
14.70

10
13.47

20
10.52

40
4.13

60
0.85

80
0.20

100
0.04



Figure 7-6.  Ascent Pressure Profile

7.10 Pressure Test

Pressure vessels and pressurized components shall be designed and tested in accordance with MIL-STD-1522.

7.11 Leak Detection Test

A leak detection test is required for components such as seals, pressure vessels, and leak-proof valves.  Components which operate as hermetically sealed units, or which have hermetically sealed subassemblies attached will be subject to a leak detection test.  For purposes of this test, a hermetically sealed unit shall be defined as a sealed unit which contains a gaseous atmosphere, as opposed to potted units.  Leak test should be performed at the end of environmental testing.  Measurement shall be made per the manufacturer’s standard procedures.  

7.12 Burn-in

At the component level, a minimum of 100 hours of operation is required for burn-in testing.  The last 24 hours is intended to cover final functional testing.  The last 50 hours of burn-in at the component level shall be free of failures.  A systems on-time log shall be maintained to record all hours logged on the component.  Functional testing performed as a part of protoflight or acceptance testing of the end item, including during dynamic and thermal testing, counts toward total burn-in time.  Valves, fluid equipment, thrusters, and other items whose life is better measured by cycles of operation, shall be operated for 5% of the total expected service life cycles.  Devices that have extremely limited life cycles shall be tested in accordance with requirements established by the PFS.

7.13 Thermal Tests

Components shall be subjected to the thermal environment specified in Table 7-6 to discover workmanship defects and to verify the design. Components shall be powered and critical parameters monitored for proper operation during the total test except for the "turn-on" tests.  Components shall be turned off during the high and low dwells until the temperature stabilizes, for at least 30 minutes, and then turned back on.  Components shall exhibit normal turn-on characteristics.  Components shall be functionally tested during at least one high and one low temperature extreme after temperature stabilization in the thermal test.  Components shall be exposed to survival temperatures one time during the thermal test.  Components shall be turned off during survival temperature extremes and then turned back on when temperature reaches normal operating range.  The temperature shall be measured at a representative location such as component mounting feet on the base plate.  The master temperature sensor shall be controllable to within SYMBOL 177 \f "Symbol"5SYMBOL 176 \f "Symbol"C.  The data measurement and recording equipment will be calibrated to an accuracy of ±2SYMBOL 176 \f "Symbol"C.

Table 7-6.  Thermal Cycling And Thermal Vacuum Test Temperatures


Acceptance

Qualification/Protoflight

Survival


Component
Min.
Max
Min.
Max
Min.
Max

Telecommunications







Transponder
-24°C
61°C
-20°C
65°C
-34°C
71°C

Combiner/Divider
-24°C
61°C
-34°C
71°C
-34°C
71°C

Antenna
-24°C
61°C
-34°C
71°C
-34°C
71°C

Electrical Power







Solar Panels (incl. Cells and Laydown)
TBD
TBD
TBD
TBD
TBD
TBD

Solar Array Wing Assembly 
TBD
TBD
TBD
TBD
TBD
TBD

NiH2 Common Pressure Vessels 
-10°C
30°C
-10°C
30°C



Nickel Hydrogen Battery  Assembly 
-10°C
30°C
-10°C
30°C



Charge Control Board 
-24°C
61°C
-34°C
71°C
-34°C
71°C

Power Control Board 
-24°C
61°C
-34°C
71°C
-34°C
71°C

Wire Harness
-24°C
61°C
-34°C
71°C
-34°C
71°C

Command and Data Handling







Central Processor Unit
-24°C
61°C
-34°C
71°C



Communications Interface Board
-24°C
61°C
-34°C
71°C



PACI Board
-24°C
61°C
-34°C
71°C



VME Backplane
-24°C
61°C
-34°C
71°C



Spacecraft Electronics Module
-24°C
61°C
-34°C
71°C



Solid State Recorder
-24°C
61°C
-34°C
71°C



Attitude Control







Fine Sun Sensor Electronics
-20°C
60°C
-25°C
65°C



Fine Sun Sensor Head
-20°C
60°C
-40°C
105°C



Coarse Sun Sensor
-24°C
61°C
-34°C
71°C



Passive Nutation Damper
-24°C
61°C
-34°C
71°C



Linear Mass Driver
-24°C
61°C
-34°C
71°C



Magnetometer
-24°C
61°C
-34°C
71°C



Magnetic Torque Rod
-24°C
61°C
-34°C
71°C



7.13.1 Thermal Cycling

Components shall operate as specified in the PFS during exposure to the appropriate thermal environment defined in Table 7-6 and Figure 7-7.  Transitions between temperature extremes shall be at an average rate of 3SYMBOL 176 \f "Symbol"C per minute (air temperature), with the temperature rate maintained at all times during the transition between 2°C per minute and 4°C per minute.



 

Figure 7-7.  Thermal Cycling and Thermal Vacuum Profile

7.13.2 Thermal Vacuum

Components shall operate as specified in the PFS during exposure to the thermal vacuum environment defined in Table 7-6 and Figure 7-7.  Testing shall be performed at SYMBOL 163 \f "Symbol"10-5 Torr. and shall have an adequate conduction path to ensure proper cycling.  During pump down, it shall be demonstrated that components generate no corona which degrades their performance below specified limits while operating in the launch mode at vacuum.  Transitions between temperature extremes shall be at an average rate between 1SYMBOL 176 \f "Symbol"C per minute and 3SYMBOL 176 \f "Symbol"C per minute.  Care will be taken when returning the chamber to ambient to ensure that no condensation forms on the test items.  The master temperature sensor shall be controllable to within ±5SYMBOL 176 \f "Symbol"C.  The data measurement and recording equipment will be calibrated to an accuracy of ±2SYMBOL 176 \f "Symbol"C.

7.14 Electromagnetic Compatibility Testing

7.14.1 Electromagnetic Compatibility

Electromagnetic Compatibility (EMC) test procedures, conditions and limits shall comply with MIL-STD-461 and MIL-STD-462 for conducted and radiated emissions.  Waivers to a full testing program may be granted by Spectrum Astro, Inc. if a clear exception is shown.  The general requirements for electromagnetic compatibility are as follows:

7.14.2 RF Radiated Emissions

The test item shall not emit RF radiated emissions as measured at 1 meter from the test item, in excess of the following:

a.
MIL-STD-461C, Part 3, Class A2a.  Transmitted and received frequencies for the HESSI S/C are shown in Table 7‑7.

7.14.3 RF Radiated Susceptibility

The test item shall operate within specification when exposed to RF fields per MIL-STD-461, Part 3, Class A2a.  Transmitted and received frequencies for the HESSI S/C are shown in Table 7‑7.

Table 7-7.  HESSI RF Transmit And Receive Frequencies

MODE
FREQUENCY

TRANSMIT
2210 MHz

RECEIVE
2040 MHz

7.14.4 Conducted Emissions

The test item shall operate within specification when exposed to conducted emissions per MIL-STD-461, Part 3, Class A2a.

7.14.5 Conducted Susceptibility

The test item shall operate within specification when exposed to conducted susceptibility per MIL-STD-461, Part 3, Class A2a.

7.14.6 Electrostatic Discharge

All components shall operate within specification when the ESD transient is applied per MIL-STD-1541 requirements.

7.14.7 Bonding

All components shall be bonded to the structure of the spacecraft by less than 0.0025 ohms.

8.  SOFTWARE ASSURANCE

8.1 General

Deliverable software, firmware, software contained in deliverable hardware and software used to test flight hardware shall be controlled to provide traceability.  The software shall be identified by a part number and version number.

8.2 Development

Development of software shall be documented and controlled as necessary to provide evidence that the software is adequately designed and that requirements are met.  It is recommended that the seller generate a Software Development Plan (SDP).  The plan should be used to document hardware interface requirements as well as software development methods.  Software QA should be brought into the software development process as an active team member at the earliest possible point in the development process.  Engineering peer reviews should be held at key points in the development process to find any shortcomings in the development process.  Flight software shall be released, validated and verified prior to use with flight hardware.  A Version Description Document (VDD) shall be generated for software.  The VDD shall indicate the software part number, the version number and the associated hardware part numbers.  The VDD shall provide a summary of the functions performed by the software.  An altered item drawing shall be generated for firmware to indicate the generic part number of the altered item, the software part number and version number.

8.3 Configuration and Change Control

A streamlined configuration system should be developed to satisfy the needs of the developer and the needs of the user.  Deliverable software shall be assigned a part number and a version number to provide configuration control.  Changes to software will be indicated by a unique version number.  Changes may be informal up to the time of delivery or that the software will interface with flight hardware.  Prior to integration with flight hardware, software will be released and placed under configuration control.  A copy of all software after release (i.e., the master copy) shall be provided to configuration control for safekeeping.  Changes to software after integration into flight hardware shall be formally controlled.

8.4 Problem/Failure Reporting and Analysis

The seller shall have a formal closed-loop problem/failure reporting system for software problems and failures.  Problem/failure reporting may be informal up to the time of integration with flight hardware.  After flight software/hardware integration, problem/failure reporting will be similar to that described in Section 4.8 of this document.

9.  GROUND SUPPORT EQUIPMENT

9.1 General

Deliverable Ground Support Equipment (GSE) shall be assigned a part number and shall be controlled to provide traceability to the assembled hardware and software.  GSE shall be manufactured and assembled in accordance with workmanship specifications and documentation sufficient to provide evidence that the hardware and software is suitable for the application.  GSE that will interface with flight hardware shall be functionally tested to the extent necessary to verify that it is suitable for use with flight hardware.  Custom electrical GSE shall be analyzed to verify that no failure in the GSE will propagate to the flight hardware.  Software used in GSE shall comply with the requirements of Section 8.1 of this document.

9.2 Software

GSE Software shall meet the requirements of Section 8 of this document.

9.2.1 GSE Acceptance Data Package

A GSE ADP shall be prepared and delivered for each end item delivered to Spectrum Astro, Inc., as applicable.  The ADP shall contain the following items, as a minimum:

a.
A cover sheet indicating the name, part number and serial number of the end item.

b.
The as-built drawing and parts list for the end item.

c.
End item acceptance test data, including verification and validation of acceptance for use.

d.
Inspection and test records showing completion and acceptance of assembly and test of the end item.

e.
Copy of all nonconformance documentation, waivers, deviations and acceptance test failure documentation applicable to the end item.

f.
Operating manuals for the end item and off-the-shelf items contained within the end item.

g.
Certificate of Compliance (C of C) certifying that the end item meets all requirements specified in the contract or purchase order.  The C of C shall reference all approved waivers and deviations.
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1.4010211368289005

33.75319143157227

31.0

14.074

1.4037303990836314

33.33438048262831

32.0

14.528

1.4063139567225473

32.93205604268811

33.0

14.982000000000001

1.4087812397935693

32.545130029834674

34.0

15.436

1.41114071671942

32.172614059464884

35.0

15.89

1.413400016818148

31.81360786760757

36.0

16.344

1.4155660342681033

31.46728934882489

37.0

16.798000000000002

1.4176450167497878

31.132905947594494

38.0

17.252

1.4196426413641774

30.809767189828452

39.0

17.706

1.4215640799311524

30.497238179242956

40.0

18.16

1.4234140553802836

30.194733913807863

41.0

18.614

1.4251968906353731

29.9017143021144

42.0

19.068

1.4269165511457536

29.61767977945619

43.0

19.522000000000002

1.428576682017694

29.342167439686946

44.0

19.976

1.430180640537917

29.07474761224664

45.0

20.43

1.4317315247501425

28.81502082471847

46.0

20.884

1.4332321986385506

28.562615100350875

47.0

21.338

1.4346853143842602

28.317183547512286

48.0

21.792

1.4360933320885705

28.078402204328025

49.0

22.246000000000002

1.4374585372968243

27.84596810700791

50.0

22.7

1.4387830566070008

27.61959755479223

51.0

23.154

1.4400688716056147

27.399024548170654

52.0

23.608

1.4413178313387265

27.183999380182673

53.0

24.062

1.4425316634966405

26.974287363286223

54.0

24.516000000000002

1.4437119844662074

26.76966767656225

55.0

24.970000000000002

1.444860308383783

26.56993231997228

56.0

25.424

1.4459780553041723

26.374885164055833

57.0

25.878

1.4470665585858067

26.184341084890647

58.0

26.332

1.4481270715794985

25.998125175374863

59.0

26.786

1.4491607736970824

25.816072024959574

60.0

27.240000000000002

1.4501687759267659

25.63802506088584

61.0

27.694000000000003

1.451152125853828

25.463835944783817

62.0

28.148

1.452111812238264

25.29336401919196

63.0

28.602

1.4530487691948468

25.12647579916411

64.0

29.056

1.4539638800157881

24.963044504666566

65.0

29.51

1.4548579806715551

24.802949629934528

66.0

29.964000000000002

1.4557318630213898

24.64607654636818

67.0

30.418

1.4565862777615568

24.492316135910166

68.0

30.872

1.457421937136268

24.341564452164185

69.0

31.326

1.4582395174335399

24.193722406796553

70.0

31.78

1.459039661285858

24.048695479010785

71.0

32.234

1.45982297979344

23.906393446106396

72.0

32.688

1.4605900544860368

23.76673013332893

73.0

33.142

1.4613414391375907

23.62962318139242

74.0

33.596000000000004

1.4620776614466091

23.49499383021091

75.0

34.050000000000004

1.462799224593853

23.36276671751418

76.0

34.504

1.4635066086877775

23.232869691146554

77.0

34.958

1.4642002721071674

23.10523363395877

78.0

35.412

1.4648806527494957

22.979792300301867

79.0

35.866

1.4655481691927303

22.856482163221656

80.0

36.32

1.4662032217775922

22.735242271532112

81.0

36.774

1.466846193616627

22.616014116018604

82.0

37.228

1.4674774515358613

22.498741504086432

83.0

37.682

1.468097346954308

22.38337044222938

84.0

38.136

1.4687062167061102

22.26984902574557

85.0

38.59

1.469304383809692

22.1581273351762

86.0

39.044000000000004

1.4698921581879059

22.04815733898603

87.0

39.498000000000005

1.4704698373428264

21.939892802044024

88.0

39.952

1.471037706988527

21.83328919949826

89.0

40.406

1.471596041644895

21.728303635671832

90.0

40.86

1.4721451051952916

21.624894767635887

91.0

41.314

1.472685151410629

21.523022733143165

92.0

41.768

1.4732164244422272

21.42264908262977

93.0

42.222

1.473739159285628

21.323736715015425

94.0

42.676

1.4742535822173646

21.226249817052903

95.0

43.13

1.4747599112065328

21.13015380599624

96.0

43.584

1.4752583563028636

21.035415275374227

97.0

44.038000000000004

1.4757491200028647

20.942001943671606

98.0

44.492000000000004

1.476232397595485

20.84988260573483

99.0

44.946

1.4767083774886356

20.7590270867322

100.0

45.4

1.477177241517816

20.669406198510828

101.0

45.854

1.4776391652379837

20.58099169820351

102.0

46.308

1.4780943181997408

20.493756248949367

103.0

46.762

1.4785428642108174

20.407673382601246

104.0

47.216

1.478984961583771

20.32271746430178

105.0

47.67

1.4794207633707523

20.238863658818033

106.0

48.124

1.4798504175861276

20.156087898532064

107.0

48.578

1.4802740674176924

20.07436685299163

108.0

49.032000000000004

1.4806918514271628

19.993677899931594

109.0

49.486000000000004

1.4811039037405798

19.913999097682574

110.0

49.940000000000005

1.481510354229224

19.835309158888638

111.0

50.394

1.4819113286815895

19.757587425461015

112.0

50.848

1.4823069489669403

19.68081384469952

113.0

51.302

1.4826973331909283

19.60496894651761

114.0

51.756

1.4830825958437255

19.530033821710965

115.0

52.21

1.48346284794109

19.455990101213562

116.0

52.664

1.4838381971587666

19.382819936288286

117.0

53.118

1.484208747960583

19.310505979602528

118.0

53.572

1.484574601720595

19.239031367142402

119.0

54.026

1.4849358568396003

19.168379700921676

120.0

54.480000000000004

1.4852926088563285

19.098535032444474

121.0

54.934000000000005

1.4856449505535891

19.029481846882952

122.0

55.388000000000005

1.4859929720596483

18.961205047933674

123.0

55.842

1.4863367609450837

18.893689943318325

124.0

56.296

1.4866764023153567

18.82692223089663

125.0

56.75

1.4870119788993197

18.760887985360903

126.0

57.204

1.4873435711338718

18.695573645483634

127.0

57.658

1.4876712572449577

18.630966001891043

128.0

58.112

1.487995113325095

18.567052185337115

129.0

58.566

1.488315213407604

18.503819655453846

130.0

59.02

1.4886316295377058

18.441256189955087

131.0

59.474000000000004

1.4889444318406426

18.379349874272442

132.0

59.928000000000004

1.489253688586967

18.318089091602697

133.0

60.382000000000005

1.4895594662551375

18.257462513347782

134.0

60.836

1.489861829591552

18.197459089928845

135.0

61.29

1.4901608416681402

18.13806804195726

136.0

61.744

1.4904565639376348

18.079278851746317

137.0

62.198

1.4907490562866266

18.021081255147944

138.0

62.652

1.491038377086511

17.96346523369995

139.0

63.106

1.4913245832424251

17.906421007069856

140.0

63.56

1.4916077302402648

17.84993902578203

141.0

64.014

1.4918878721918725

17.79400996421573

142.0

64.468

1.4921650618784796

17.738624713862066

143.0

64.922

1.4924393507924818

17.683774376828726

144.0

65.376

1.4927107891776206

17.629450259581585

145.0

65.83

1.4929794260676479

17.57564386691318

146.0

66.284

1.4932453093235336

17.52234689612826

147.0

66.738

1.4935084856692864

17.469551231437222

148.0

67.19200000000001

1.493769000726446

17.417248938548717

149.0

67.646

1.494026899047304

17.365432259453048

150.0

68.10000000000001

1.4942822241469114

17.31409360738848

151.0

68.554

1.4945350185339203

17.26322556198279

152.0

69.008

1.4947853237403141

17.21282086456306

153.0

69.462

1.495033180350071

17.162872413626662

154.0

69.916

1.4952786280268036

17.113373260466986

155.0

70.37

1.4955217055404244

17.064316604947738

156.0

70.824

1.4957624507928686

17.015695791419724

157.0

71.278

1.4960009008429205

16.967504304774582

158.0

71.732

1.4962370919301764

16.91973576663004

159.0

72.186

1.4964710594981807

16.872383931641384

160.0

72.64

1.4967028382167684

16.825442683934465

161.0

73.09400000000001

1.4969324620036453

16.77890603365529

162.0

73.548

1.497159964045238

16.73276811363185

163.0

74.002

1.497385376816841

16.687023176143832

164.0

74.456

1.4976087321020897

16.641665589796094

165.0

74.91

1.4978300610117863

16.596689836492022

166.0

75.364

1.4980493940021022

16.552090508502943

167.0

75.818

1.4982667608921822

16.507862305630063

168.0

76.272

1.4984821908811747

16.46400003245544

169.0

76.726

1.4986957125647073

16.420498595678733

170.0

77.18

1.4989073539508313

16.37735300153653

171.0

77.634

1.4991171424754535

16.3345583533013

172.0

78.08800000000001

1.499325105017277

16.292109848857013

173.0

78.542

1.4995312679122663

16.250002778348694

174.0

78.99600000000001

1.499735656967657

16.2082325219032

175.0

79.45

1.499938297475526

16.16679454741879

176.0

79.904

1.5001392142259375

16.125684408420884

177.0

80.358

1.5003384315196826

16.084897741981823

178.0

80.812

1.5005359731806254

16.044430266702264

179.0

81.266

1.5007318625676696

16.004277780752112

180.0

81.72

1.5009261225863624

15.964436159968928

181.0

82.174

1.5011187757001436

15.924901356011793

182.0

82.628

1.5013098439412578

15.885669394568732

183.0

83.08200000000001

1.5014993489213375

15.846736373615883

184.0

83.536

1.5016873118416714

15.808098461726589

185.0

83.99000000000001

1.5018737535031683

15.769751896428867

186.0

84.444

1.502058694316025

15.731692982609388

187.0

84.898

1.5022421543091136

15.693918090962693

188.0

85.352

1.50242415313909

15.656423656483867

189.0

85.806

1.5026047100992441

15.61920617700348

190.0

86.26

1.5027838441280874

15.58226221176317

191.0

86.714

1.5029615738176987

15.545588380030702

192.0

87.168

1.5031379174218296

15.509181359753166

193.0

87.622

1.5033128928637782

15.473037886247013

194.0

88.07600000000001

1.5034865177440428

15.43715475092387

195.0

88.53

1.5036588093477565

15.40152880005082

196.0

88.98400000000001

1.5038297846519166

15.366156933544193

197.0

89.438

1.5039994603324107

15.33103610379571

198.0

89.892

1.5041678527708489

15.296163314530014

199.0

90.346

1.5043349780612074

15.261535619692534

200.0

90.8

1.5045008520162884

15.227150122366767

201.0

91.254

1.504665490174006

15.193003973720133

202.0

91.708

1.5048289078034984

15.159094371977309

203.0

92.162

1.5049911199110773

15.125418561420467

204.0

92.616

1.5051521412460156

15.091973831415368

205.0

93.07000000000001

1.5053119863061803

15.058757515462593

206.0

93.524

1.5054706693435158

15.025766990273217

207.0

93.97800000000001

1.5056282043693812

14.99299967486806

208.0

94.432

1.5057846051597472

14.960453029699908

209.0

94.88600000000001

1.5059398852602561

14.92812455579794

210.0

95.34

1.5060940579911488

14.896011793933726

211.0

95.794

1.5062471364520658

14.86411232380823

212.0

96.248

1.5063991335267208

14.832423763259005

213.0

96.702

1.5065500618874563

14.800943767487196

214.0

97.156

1.5066999339996816

14.769670028303654

215.0

97.61

1.5068487621261963

14.738600273393587

216.0

98.06400000000001

1.5069965583314053

14.707732265599311

217.0

98.518

1.507143334485427

14.677063802220477

218.0

98.97200000000001

1.507289102268097

14.64659271433129

219.0

99.426

1.5074338731728725

14.616316866114312

220.0

99.88000000000001

1.5075776585106382

14.586234154210239

221.0

100.334

1.5077204694134194

14.556342507083334

222.0

100.788

1.5078623168380005

14.526639884401984

223.0

101.242

1.5080032115694575

14.49712427643398

224.0

101.696

1.508143164224601

14.467793703456126

225.0

102.15

1.5082821852553374

14.438646215177727

226.0

102.604

1.508420284951947

14.409679890177673

227.0

103.058

1.508557473446284

14.380892835354583

228.0

103.512

1.508693760714898

14.352283185389803

229.0

103.96600000000001

1.5088291565820817

14.323849102222832

230.0

104.42

1.5089636707228453

14.295588774538823

231.0

104.87400000000001

1.509097312665821

14.267500417267863

232.0

105.328

1.5092300917960972

14.23958227109572

233.0

105.782

1.5093620173579878

14.21183260198571

234.0

106.236

1.509493098457735

14.184249700711424

235.0

106.69

1.509623344066149

14.156831882399958

236.0

107.144

1.509752763021188

14.1295774860855

237.0

107.598

1.5098813640304758

14.10248487427284

238.0

108.052

1.5100091556737636

14.07555243251063

239.0

108.506

1.5101361464053336

14.048778568974141

240.0

108.96000000000001

1.5102623445563488

14.022161714057251

241.0

109.414

1.5103877583371483

13.995700319973373

242.0

109.86800000000001

1.5105123958394915

13.969392860365211

243.0

110.322

1.5106362650387504

13.943237829922978

244.0

110.77600000000001

1.5107593737960527

13.917233744010952

245.0

111.23

1.510881729860379

13.891379138302126

246.0

111.684

1.5110033408706094

13.865672568420749

247.0

112.138

1.5111242143575287

13.840112609592541

248.0

112.592

1.5112443577457835

13.814697856302399

249.0

113.046

1.5113637783557983

13.789426921959407

250.0

113.5

1.5114824834056495

13.764298438568996

251.0

113.95400000000001

1.5116004800128975

13.739311056411982

252.0

114.408

1.5117177751963786

13.714463443730402

253.0

114.86200000000001

1.51183437587796

13.689754286419978

254.0

115.316

1.5119502888842544

13.66518228772897

255.0

115.77000000000001

1.5120655209482992

13.640746167963322

256.0

116.224

1.512180078711199

13.616444664197912

257.0

116.678

1.5122939687237333

13.592276529993814

258.0

117.132

1.5124071974479307

13.568240535121346

259.0

117.586

1.512519771258607

13.544335465288809

260.0

118.04

1.5126316964448745

13.520560121876798

261.0

118.494

1.5127429792116174

13.496913321677889

262.0

118.94800000000001

1.5128536256809355

13.473393896641618

263.0

119.402

1.5129636418935604

13.450000693624636

264.0

119.85600000000001

1.5130730338102398

13.426732574145891

265.0

120.31

1.513181807313094

13.403588414146679

266.0

120.76400000000001

1.513289968206945

13.380567103755556

267.0

121.218

1.5133975222206164

13.357667547057892

268.0

121.672

1.5135044750082096

13.334888661870007

269.0

122.126

1.5136108321503512

13.312229379517788

270.0

122.58

1.513716599155416

13.28968864461963

271.0

123.034

1.513821781460725

13.26726541487368

272.0

123.488

1.5139263844337212

13.24495866084923

273.0

123.94200000000001

1.514030413373118

13.222767365782152

274.0

124.396

1.514133873510027

13.200690525374325

275.0

124.85000000000001

1.514236770009064

13.178727147596954

276.0

125.304

1.5143391079694308

13.156876252497653

277.0

125.75800000000001

1.5144408924259771

13.13513687201127

278.0

126.212

1.5145421283502403

13.113508049774266

279.0

126.66600000000001

1.5146428206514662

13.09198884094274

280.0

127.12

1.5147429741776082

13.070578312013808

281.0

127.574

1.5148425937163084

13.049275540650429

282.0

128.028

1.5149416839958585

13.02807961550953

283.0

128.482

1.5150402496861421

13.00698963607332

284.0

128.936

1.51513829539956

12.986004712483847

285.0

129.39000000000001

1.5152358256919356

12.965123965380558

286.0

129.844

1.515332845063405

12.94434652574094

287.0

130.298

1.5154293579592881

12.923671534724098

288.0

130.752

1.515525368770946

12.903098143517237

289.0

131.20600000000002

1.515620881836618

12.882625513184946

290.0

131.66

1.5157159014422459

12.86225281452128

291.0

132.114

1.5158104318222825

12.841979227904545

292.0

132.568

1.515904477160483

12.8218039431547

293.0

133.022

1.5159980415906833

12.801726159393384

294.0

133.476

1.5160911291975636

12.781745084906488

295.0

133.93

1.5161837440173964

12.76185993700916

296.0

134.38400000000001

1.516275890038782

12.742069941913284

297.0

134.838

1.5163675712033708

12.72237433459733

298.0

135.292

1.5164587914065704

12.702772358678509

299.0

135.746

1.516549554498241

12.683263266287227

300.0

136.20000000000002

1.5166398642833783

12.663846317943753

301.0

136.654

1.516729724522783

12.644520782437091

302.0

137.108

1.5168191389337193

12.625285936705975

303.0

137.562

1.5169081111905596

12.606141065721946

304.0

138.016

1.5169966449254197

12.587085462374516

305.0

138.47

1.5170847437287815

12.568118427358286

306.0

138.924

1.5171724111501037

12.549239269062081

307.0

139.37800000000001

1.517259650698424

12.530447303459985

308.0

139.832

1.5173464658429472

12.511741854004256

309.0

140.286

1.5174328600136264

12.493122251520102

310.0

140.74

1.5175188366017307

12.474587834102262

311.0

141.19400000000002

1.5176043989604058

12.456137947013374

312.0

141.648

1.5176895504052215

12.437771942584021

313.0

142.102

1.5177742942147132

12.419489180114587

314.0

142.556

1.5178586336309106

12.401289025778658

315.0

143.01

1.5179425718598591

12.38317085252816

316.0

143.464

1.5180261120721328

12.365134040000038

317.0

143.918

1.5181092574033355

12.34717797442451

318.0

144.372

1.5181920109545968

12.329302048534892

319.0

144.826

1.5182743757930566

12.311505661478904

320.0

145.28

1.5183563549523436

12.293788218731454

321.0

145.734

1.5184379514330437

12.276149132008879

322.0

146.18800000000002

1.5185191682031625

12.258587819184617

323.0

146.642

1.5186000081985773

12.24110370420625

324.0

147.096

1.5186804743234839

12.223696217013922

325.0

147.55

1.5187605694508342

12.2063647934601

326.0

148.004

1.5188402964227676

12.189108875230652

327.0

148.458

1.518919658051034

12.171927909767186

328.0

148.912

1.518998657117411

12.154821350190712

329.0

149.366

1.5190772963741124

12.137788655226451

330.0

149.82

1.5191555785441921

12.120829289129954

331.0

150.274

1.5192335063219398

12.103942721614352

332.0

150.728

1.5193110823732692

12.087128427778788

333.0

151.18200000000002

1.5193883093361036

12.070385888038025

334.0

151.636

1.5194651898207499

12.05371458805311

335.0

152.09

1.519541726410271

12.03711401866324

336.0

152.544

1.5196179216608505

12.020583675818635

337.0

152.99800000000002

1.5196937781021493

12.00412306051448

338.0

153.452

1.5197692982376603

11.98773167872595

339.0

153.906

1.5198444845450547

11.97140904134424

340.0

154.36

1.5199193394765234

11.955154664113573

341.0

154.814

1.5199938654591132

11.93896806756924

342.0

155.268

1.5200680648950566

11.922848776976563

343.0

155.722

1.520141940162098

11.906796322270841

344.0

156.17600000000002

1.5202154936138128

11.890810237998219

345.0

156.63

1.5202887275799235

11.874890063257459

346.0

157.084

1.5203616443666081

11.859035341642626

347.0

157.538

1.5204342462568068

11.843245621186655

348.0

157.99200000000002

1.5205065355105207

11.827520454305768

349.0

158.446

1.520578514365108

11.811859397744753

350.0

158.9

1.5206501850355754

11.796262012523096

351.0

159.354

1.520721549714863

11.78072786388189

352.0

159.808

1.5207926105741274

11.765256521231594

353.0

160.262

1.5208633697630183

11.749847558100543

354.0

160.716

1.5209338294099526

11.734500552084283

355.0

161.17000000000002

1.521003991622382

11.719215084795605

356.0

161.624

1.5210738584870587

11.703990741815389

357.0

162.078

1.5211434320702957

11.688827112644152

358.0

162.532

1.521212714418224

11.673723790654329

359.0

162.98600000000002

1.521281707557044

11.658680373043238

360.0

163.44

1.5213504134932763

11.643696460786805

361.0

163.894

1.5214188342140054

11.628771658593902

362.0

164.348

1.5214869716871213

11.613905574861404

363.0

164.802

1.5215548278615578

11.599097821629899

364.0

165.256

1.5216224046675262

11.584348014540039

365.0

165.71

1.5216897040167454

11.569655772789535

366.0

166.16400000000002

1.5217567278026702

11.555020719090777

367.0

166.618

1.5218234779007145

11.5404424796291

368.0

167.072

1.5218899561684713

11.52592068402159

369.0

167.526

1.5219561644459305

11.511454965276563

370.0

167.98000000000002

1.5220221045556923

11.497044959753579

371.0

168.434

1.5220877783031783

11.48269030712404

372.0

168.888

1.5221531874768388

11.468390650332376

373.0

169.342

1.5222183338483577

11.45414563555777

374.0

169.796

1.5222832191728537

11.439954912176429

375.0

170.25

1.5223478451890793

11.425818132724395

376.0

170.704

1.5224122136196157

11.411734952860886

377.0

171.15800000000002

1.522476326171067

11.397705031332169

378.0

171.612

1.5225401845342488

11.383728029935911

379.0

172.066

1.5226037903843765

11.369803613486088

380.0

172.52

1.52266714538125

11.355931449778318

381.0

172.97400000000002

1.5227302511694338

11.342111209555732

382.0

173.428

1.5227931093784393

11.328342566475321

383.0

173.882

1.5228557216228984

11.314625197074712

384.0

174.336

1.52291808950274

11.300958780739457

385.0

174.79

1.5229802146033609

11.287342999670743

386.0

175.244

1.5230420984957949

11.273777538853567

387.0

175.698

1.5231037427368797

11.260262086025335

388.0

176.15200000000002

1.5231651488694218

11.24679633164491

389.0

176.606

1.5232263184223578

11.233379968862065

390.0

177.06

1.523287252910916

11.220012693487403

391.0

177.514

1.5233479538367718

11.206694203962602

392.0

177.96800000000002

1.523408422688205

11.193424201331167

393.0

178.422

1.523468660940252

11.180202389209494

394.0

178.876

1.5235286700548574

11.167028473758396

395.0

179.33

1.5235884514810227

11.153902163654948

396.0

179.784

1.523648006654954

11.14082317006479

397.0

180.238

1.5237073370002057

11.12779120661471

398.0

180.692

1.5237664439278242

11.114805989365692

399.0

181.14600000000002

1.5238253288364891

11.10186723678625

400.0

181.6

1.5238839931126515

11.088974669726163

401.0

182.054

1.5239424381306717

11.076128011390532

402.0

182.508

1.5240006652529536

11.063326987314214

403.0

182.96200000000002

1.5240586758300796

11.050571325336568

404.0

183.416

1.5241164712009405

11.037860755576535

405.0

183.87

1.5241740526928664

11.025195010408078

406.0

184.324

1.5242314216217543

11.012573824435913

407.0

184.77800000000002

1.5242885792921943

10.999996934471566

408.0

185.232

1.5243455269975947

10.987464079509767

409.0

185.686

1.5244022660203047

10.97497500070512

410.0

186.14000000000001

1.524458797631735

10.9625294413491

411.0

186.594

1.5245151230924783

10.950127146847327

412.0

187.048

1.5245712436524277

10.937767864697191

413.0

187.502

1.5246271605508916

10.925451344465674

414.0

187.95600000000002

1.5246828750167107

10.913177337767555

415.0

188.41

1.5247383882683698

10.900945598243835

416.0

188.864

1.5247937015141102

10.888755881540444

417.0

189.318

1.5248488159520406

10.876607945287265

418.0

189.77200000000002

1.5249037327702457

10.864501549077378

419.0

190.226

1.5249584531468934

10.852436454446579

420.0

190.68

1.525012978250342

10.8404124248532

421.0

191.13400000000001

1.5250673092392444

10.828429225658125

422.0

191.588

1.5251214472626509

10.8164866241051

423.0

192.042

1.525175393460112

10.804584389301278

424.0

192.496

1.5252291489617795

10.792722292198029

425.0

192.95000000000002

1.5252827148885046

10.78090010557195

426.0

193.404

1.525336092351938

10.769117604006166

427.0

193.858

1.5253892824546242

10.757374563871815

428.0

194.312

1.5254422862901005

10.745670763309816

429.0

194.76600000000002

1.5254951049429877

10.734005982212805

430.0

195.22

1.5255477394890866

10.72238000220736

431.0

195.674

1.525600190995468

10.710792606636401

432.0

196.12800000000001

1.525652460520564

10.699243580541816

433.0

196.582

1.5257045491142582

10.687732710647325

434.0

197.036

1.525756457817974

10.676259785341529

435.0

197.49

1.5258081876647622

10.664824594661182

436.0

197.94400000000002

1.5258597396793865

10.653426930274655

437.0

198.398

1.52591111487841

10.642066585465633

438.0

198.852

1.5259623142702783

10.630743355116966

439.0

199.306

1.5260133388554036

10.619457035694763

440.0

199.76000000000002

1.5260641896262463

10.608207425232647

441.0

200.214

1.5261148675673963

10.596994323316212

442.0

200.668

1.5261653736556524

10.58581753106768

443.0

201.122

1.5262157088601023

10.574676851130718

444.0

201.576

1.5262658741422

10.563572087655462

445.0

202.03

1.5263158704558435

10.552503046283721

446.0

202.484

1.5263656987474505

10.541469534134327

447.0

202.93800000000002

1.526415359956034

10.530471359788704

448.0

203.392

1.5264648550132762

10.519508333276587

449.0

203.846

1.5265141848436024

10.5085802660619

450.0

204.3

1.5265633503642535

10.497686971028836

451.0

204.75400000000002

1.526612352485357

10.486828262468062

452.0

205.208

1.5266611921099982

10.476003956063133

453.0

205.662

1.5267098701342907

10.46521386887702

454.0

206.116

1.5267583874474444

10.454457819338826

455.0

206.57

1.5268067449318339

10.44373562723065

456.0

207.024

1.526854943463067

10.433047113674618

457.0

207.478

1.5269029839100494

10.422392101120042

458.0

207.93200000000002

1.5269508671350527

10.411770413330746

459.0

208.386

1.5269985939937771

10.401181875372533

460.0

208.84

1.5270461653354181

10.390626313600816

461.0

209.294

1.5270935820027276

10.380103555648361

462.0

209.74800000000002

1.527140844832078

10.3696134304132

463.0

210.202

1.5271879546535239

10.35915576804666

464.0

210.656

1.5272349122908633

10.348730399941573

465.0

211.11

1.5272817185616978

10.338337158720552

466.0

211.564

1.5273283742774928

10.327975878224478

467.0

212.018

1.5273748802436367

10.317646393501072

468.0

212.472

1.5274212372594986

10.307348540793601

469.0

212.92600000000002

1.5274674461184865

10.297082157529722

470.0

213.38

1.5275135076081046

10.286847082310477

471.0

213.834

1.5275594225100089

10.276643154899366

472.0

214.288

1.5276051916000637

10.266470216211568

473.0

214.74200000000002

1.527650815648396

10.256328108303293

474.0

215.196

1.5276962954194508

10.246216674361253

475.0

215.65

1.5277416316720438

10.236135758692223

476.0

216.104

1.527786825159415

10.226085206712751

477.0

216.55800000000002

1.5278318766292822

10.216064864938984

478.0

217.012

1.5278767868238912

10.206074580976578

479.0

217.466

1.5279215564800683

10.196114203510753

480.0

217.92000000000002

1.5279661863292717

10.186183582296456

481.0

218.374

1.5280106770976398

10.176282568148597

482.0

218.828

1.5280550295060424

10.166411012932448

483.0

219.282

1.5280992442701293

10.156568769554111

484.0

219.73600000000002

1.5281433221003784

10.1467556919511

485.0

220.19

1.5281872637021443

10.13697163508303

486.0

220.644

1.5282310697757053

10.127216454922419

487.0

221.098

1.5282747410163107

10.117490008445571

488.0

221.55200000000002

1.528318278114226

10.107792153623565

489.0

222.006

1.5283616817547803

10.09812274941336

490.0

222.46

1.5284049526184107

10.088481655748975

491.0

222.91400000000002

1.528448091380707

10.078868733532778

492.0

223.368

1.5284910987124565

10.06928384462686

493.0

223.822

1.5285339752796876

10.059726851844525

494.0

224.276

1.5285767217437127

10.050197618941844

495.0

224.73000000000002

1.5286193387611722

10.040696010609313

496.0

225.184

1.528661826984075

10.03122189246361

497.0

225.638

1.5287041870598428

10.02177513103943

498.0

226.092

1.528746419631349

10.0123555937814

499.0

226.54600000000002

1.5287885253369615

10.002963149036114

500.0

227.0

1.5288305048105828

9.993597666044211

501.0

227.454

1.5288723586816897

9.984259014932572

502.0

227.90800000000002

1.5289140875753728

9.97494706670657

503.0

228.362

1.5289556921123768

9.965661693242438

504.0

228.816

1.528997172909138

9.956402767279688

505.0

229.27

1.5290385305778236

9.947170162413629

506.0

229.72400000000002

1.5290797657263686

9.937963753087942

507.0

230.178

1.5291208789585147

9.928783414587377

508.0

230.632

1.5291618708738466

9.91962902303047

509.0

231.086

1.5292027420678282

9.910500455362383

510.0

231.54000000000002

1.5292434931318408

9.901397589347807

511.0

231.994

1.5292841246532167

9.892320303563913

512.0

232.448

1.5293246372152762

9.883268477393417

513.0

232.90200000000002

1.5293650313973628

9.874241991017698

514.0

233.356

1.5294053077748768

9.86524072540998

515.0

233.81

1.5294454669193118

9.856264562328608

516.0

234.264

1.5294855093982864

9.847313384310366

517.0

234.71800000000002

1.5295254357755796

9.838387074663892

518.0

235.172

1.5295652466111633

9.82948551746313

519.0

235.626

1.5296049424612357

9.820608597540893

520.0

236.08

1.529644523878254

9.811756200482447

521.0

236.53400000000002

1.5296839914109657

9.802928212619191

522.0

236.988

1.5297233456044421

9.794124521022379

523.0

237.442

1.529762587000109

9.785345013496945

524.0

237.89600000000002

1.529801716135778

9.77658957857534

525.0

238.35

1.5298407335456774

9.767858105511472

526.0

238.804

1.5298796397604835

9.759150484274699

527.0

239.258

1.5299184353073498

9.750466605543851

528.0

239.71200000000002

1.5299571207099383

9.741806360701382

529.0

240.166

1.5299956964884482

9.733169641827505

530.0

240.62

1.5300341631596455

9.724556341694433

531.0

241.074

1.5300725212368922

9.715966353760662

532.0

241.52800000000002

1.5301107712301756

9.707399572165333

533.0

241.982

1.5301489136461353

9.698855891722603

534.0

242.436

1.530186948988093

9.690335207916135

535.0

242.89000000000001

1.5302248777560796

9.681837416893586

536.0

243.344

1.5302627004468627

9.673362415461192

537.0

243.798

1.5303004175539745

9.66491010107838

538.0

244.252

1.5303380295677382

9.656480371852462

539.0

244.70600000000002

1.5303755369752952

9.648073126533335

540.0

245.16

1.5304129402606312

9.639688264508294

541.0

245.614

1.5304502399046032

9.63132568579685

542.0

246.068

1.5304874363849648

9.62298529104562

543.0

246.52200000000002

1.5305245301763917

9.61466698152325

544.0

246.976

1.5305615217505077

9.606370659115424

545.0

247.43

1.5305984115759101

9.59809622631988

546.0

247.88400000000001

1.5306352001181938

9.589843586241503

547.0

248.338

1.5306718878399763

9.581612642587453

548.0

248.792

1.5307084752009228

9.573403299662353

549.0

249.246

1.5307449626577692

9.565215462363499

550.0

249.70000000000002

1.5307813506643468

9.557049036176155

551.0

250.154

1.5308176396716067

9.54890392716886

552.0

250.608

1.5308538301276409

9.540780041988796

553.0

251.062

1.5308899224777086

9.532677287857197

554.0

251.51600000000002

1.530925917164257

9.524595572564813

555.0

251.97

1.5309618146269448

9.516534804467392

556.0

252.424

1.5309976153026648

9.50849489248124

557.0

252.87800000000001

1.5310333196255659

9.500475746078793

558.0

253.33200000000002

1.5310689280270764

9.492477275284266

559.0

253.786

1.5311044409359238

9.484499390669287

560.0

254.24

1.5311398587781584

9.476542003348644

561.0

254.69400000000002

1.531175181977174

9.468605024976018

562.0

255.148

1.5312104109537288

9.46068836773979

563.0

255.602

1.531245546125967

9.452791944358854

564.0

256.056

1.53128058790944

9.44491566807851

565.0

256.51

1.5313155367171254

9.437059452666366

566.0

256.964

1.5313503929594499

9.429223212408303

567.0

257.418

1.5313851570443069

9.421406862104432

568.0

257.872

1.531419829377079

9.413610317065167

569.0

258.326

1.531454410360656

9.405833493107252

570.0

258.78000000000003

1.5314889003954557

9.398076306549886

571.0

259.234

1.5315232998794424

9.390338674210843

572.0

259.688

1.5315576092081473

9.38262051340267

573.0

260.142

1.5315918287746868

9.374921741928885

574.0

260.596

1.5316259589697814

9.367242278080207

575.0

261.05

1.5316600001817753

9.359582040630883

576.0

261.504

1.531693952796654

9.351940948834956

577.0

261.958

1.5317278171980628

9.344318922422643

578.0

262.41200000000003

1.5317615937673257

9.336715881596714

579.0

262.866

1.5317952828834625

9.3291317470289

580.0

263.32

1.5318288849232076

9.321566439856374

581.0

263.774

1.531862400261027

9.314019881678195

582.0

264.228

1.531895829269136

9.306491994551848

583.0

264.682

1.5319291723175168

9.298982700989797

584.0

265.136

1.5319624297739354

9.291491923956054

585.0

265.59000000000003

1.5319956020039587

9.284019586862794

586.0

266.044

1.5320286893709716

9.276565613566992

587.0

266.498

1.5320616922361936

9.269129928367125

588.0

266.952

1.5320946109586948

9.261712455999824

589.0

267.406

1.5321274458954137

9.25431312163667

590.0

267.86

1.5321601974011716

9.246931850880904

591.0

268.314

1.5321928658286905

9.23956856976426

592.0

268.76800000000003

1.5322254515286078

9.232223204743764

593.0

269.22200000000004

1.5322579548494926

9.2248956826986

594.0

269.676

1.5322903761378615

9.21758593092697

595.0

270.13

1.5323227157381938

9.210293877143037

596.0

270.584

1.5323549739929467

9.203019449473812

597.0

271.038

1.5323871512425713

9.19576257645617

598.0

271.492

1.5324192478255272

9.188523187033809

599.0

271.946

1.532451264078297

9.181301210554267

600.0

272.40000000000003

1.5324832003354019

9.174096576765981

601.0

272.854

1.5325150569294161

9.166909215815359

602.0

273.308

1.5325468341909811

9.159739058243858

603.0

273.762

1.5325785324488208

9.152586034985132

604.0

274.216

1.5326101520297548

9.145450077362165

605.0

274.67

1.5326416932587132

9.138331117084446

606.0

275.124

1.5326731564587506

9.13122908624517

607.0

275.57800000000003

1.5327045419510597

9.124143917318472

608.0

276.032

1.5327358500549852

9.117075543156663

609.0

276.486

1.532767081088038

9.110023896987501

610.0

276.94

1.532798235365908

9.102988912411508

611.0

277.394

1.532829313202477

9.095970523399268

612.0

277.848

1.5328603149098339

9.088968664288776

613.0

278.302

1.5328912407982855

9.081983269782823

614.0

278.75600000000003

1.532922091176372

9.075014274946364

615.0

279.21000000000004

1.5329528663508774

9.068061615203947

616.0

279.664

1.5329835666268443

9.061125226337138

617.0

280.118

1.5330141923075857

9.054205044481998

618.0

280.572

1.5330447436946977

9.047301006126533

619.0

281.026

1.5330752210880718

9.040413048108226

620.0

281.48

1.533105624785908

9.03354110761155

621.0

281.934

1.533135955084726

9.026685122165508

622.0

282.38800000000003

1.5331662122793785

9.019845029641212

623.0

282.842

1.533196396663062

9.013020768249456

624.0

283.296

1.5332265085273296

9.006212276538342

625.0

283.75

1.5332565481621026

8.99941949339089

626.0

284.204

1.533286515855682

8.992642358022708

627.0

284.658

1.5333164118947609

8.985880809979644

628.0

285.112

1.5333462365644348

8.979134789135488

629.0

285.56600000000003

1.533375990148214

8.972404235689673

630.0

286.02

1.5334056729280348

8.96568909016502

631.0

286.474

1.5334352851842696

8.958989293405455

632.0

286.928

1.53346482719574

8.952304786573812

633.0

287.382

1.5334942992397265

8.945635511149607

634.0

287.836

1.533523701591979

8.938981408926818

635.0

288.29

1.533553034526729

8.932342422011759

636.0

288.744

1.5335822983166993

8.925718492820874

637.0

289.19800000000004

1.5336114932331157

8.919109564078633

638.0

289.652

1.533640619545716

8.91251557881539

639.0

290.106

1.5336696775227618

8.90593648036529

640.0

290.56

1.5336986674310482

8.899372212364167

641.0

291.014

1.5337275895359146

8.892822718747505

642.0

291.468

1.5337564441012543

8.88628794374836

643.0

291.922

1.5337852313895253

8.879767831895343

644.0

292.37600000000003

1.5338139516617593

8.873262328010588

645.0

292.83

1.5338426051775729

8.866771377207767

646.0

293.284

1.5338711921951766

8.860294924890107

647.0

293.738

1.533899712971385

8.853832916748399

648.0

294.192

1.5339281677616259

8.847385298759086

649.0

294.646

1.5339565568199505

8.840952017182289

650.0

295.1

1.5339848803990432

8.834533018559933

651.0

295.55400000000003

1.5340131387502298

8.828128249713794

652.0

296.008

1.5340413321234885

8.821737657743657

653.0

296.462

1.5340694607674572

8.815361190025412

654.0

296.916

1.534097524929445

8.808998794209229

655.0

297.37

1.53412552485544

8.802650418217691

656.0

297.824

1.5341534607901175

8.796316010243972

657.0

298.278

1.5341813329768512

8.789995518750052

658.0

298.732

1.5342091416577206

8.78368889246489

659.0

299.18600000000004

1.53423688707352

8.77739608038266

660.0

299.64

1.534264569463767

8.771117031760978

661.0

300.094

1.5342921890667127

8.764851696119159

662.0

300.548

1.5343197461193483

8.758600023236468

663.0

301.002

1.5343472408574148

8.752361963150408

664.0

301.456

1.5343746735154113

8.746137466154995

665.0

301.91

1.5344020443266033

8.739926482799081

666.0

302.36400000000003

1.534429353523031

8.733728963884653

667.0

302.818

1.5344566013355172

8.727544860465178

668.0

303.272

1.5344837879936768

8.721374123843946

669.0

303.726

1.5345109137259236

8.715216705572427

670.0

304.18

1.5345379787594786

8.709072557448636

671.0

304.634

1.5345649833203783

8.702941631515525

672.0

305.088

1.5345919276334825

8.696823880059382

673.0

305.54200000000003

1.5346188119224824

8.690719255608233

674.0

305.99600000000004

1.534645636409908

8.684627710930272

675.0

306.45

1.534672401317136

8.6785491990323

676.0

306.904

1.5346991068643976

8.672483673158162

677.0

307.358

1.5347257532707856

8.666431086787206

678.0

307.812

1.5347523407542631

8.660391393632779

679.0

308.266

1.5347788695316698

8.654364547640682

680.0

308.72

1.5348053398187294

8.648350502987686

681.0

309.17400000000004

1.5348317518300585

8.642349214080038

682.0

309.628

1.534858105779172

8.636360635551968

683.0

310.082

1.5348844018784913

8.63038472226424

684.0

310.536

1.5349106403393515

8.624421429302684

685.0

310.99

1.534936821372009

8.618470711976757

686.0

311.444

1.5349629451856468

8.612532525818102

687.0

311.898

1.5349890119883838

8.606606826579137

688.0

312.35200000000003

1.53501502198728

8.600693570231627

689.0

312.806

1.5350409753883443

8.594792712965301

690.0

313.26

1.5350668723965413

8.588904211186453

691.0

313.714

1.5350927132157977

8.58302802151657

692.0

314.168

1.5351184980490094

8.577164100790958

693.0

314.622

1.535144227098048

8.571312406057388

694.0

315.076

1.5351699005637673

8.565472894574743

695.0

315.53000000000003

1.535195518646011

8.559645523811698

696.0

315.98400000000004

1.5352210815436171

8.553830251445385

697.0

316.438

1.5352465894544263

8.548027035360063

698.0

316.892

1.5352720425752877

8.54223583364584

699.0

317.346

1.5352974411020652

8.536456604597362

700.0

317.8

1.5353227852296438

8.530689306712526

701.0

318.254

1.5353480751519357

8.524933898691204

702.0

318.708

1.5353733110618872

8.519190339433997

703.0

319.16200000000003

1.5353984931514844

8.513458588040955

704.0

319.616

1.5354236216117587

8.507738603810333

705.0

320.07

1.5354486966327945

8.50203034623737

706.0

320.524

1.535473718403734

8.496333775013058

707.0

320.978

1.535498687112783

8.4906488500229

708.0

321.432

1.5355236029472181

8.484975531345741

709.0

321.886

1.5355484660933911

8.479313779252529

710.0

322.34000000000003

1.5355732767367365

8.473663554205151

711.0

322.794

1.5355980350617755

8.46802481685525

712.0

323.248

1.535622741252123

8.462397528043034

713.0

323.702

1.5356473954904934

8.456781648796133

714.0

324.156

1.5356719979587055

8.451177140328427

715.0

324.61

1.5356965488376881

8.445583964038915

716.0

325.064

1.5357210483074866

8.440002081510572

717.0

325.51800000000003

1.5357454965472679

8.434431454509214

718.0

325.97200000000004

1.5357698937353257

8.428872044982386

719.0

326.426

1.5357942400490863

8.423323815058241

720.0

326.88

1.5358185356651135

8.417786727044446

721.0

327.334

1.5358427807591153

8.412260743427085

722.0

327.788

1.5358669755059475

8.40674582686956

723.0

328.242

1.5358911200796201

8.401241940211529

724.0

328.696

1.5359152146533026

8.395749046467824

725.0

329.15000000000003

1.5359392593993282

8.39026710882738

726.0

329.604

1.5359632544892003

8.384796090652205

727.0

330.058

1.5359872000935968

8.379335955476309

728.0

330.512

1.5360110963823754

8.373886667004673

729.0

330.966

1.5360349435245788

8.36844818911222

730.0

331.42

1.5360587416884393

8.363020485842776

731.0

331.874

1.5360824910413842

8.357603521408079

732.0

332.32800000000003

1.5361061917500407

8.35219726018674

733.0

332.78200000000004

1.536129843980241

8.346801666723273

734.0

333.236

1.5361534478970265

8.34141670572706

735.0

333.69

1.5361770036646532

8.336042342071408

736.0

334.144

1.5362005114465962

8.330678540792535

737.0

334.598

1.5362239714055548

8.325325267088612

738.0

335.052

1.536247383703457

8.319982486318791

739.0

335.50600000000003

1.5362707485014642

8.314650164002265

740.0

335.96000000000004

1.5362940659599762

8.30932826581728

741.0

336.414

1.5363173362386349

8.304016757600225

742.0

336.868

1.5363405594963297

8.298715605344672

743.0

337.322

1.5363637358912028

8.293424775200466

744.0

337.776

1.5363868655806512

8.288144233472769

745.0

338.23

1.536409948721334

8.282873946621173

746.0

338.684

1.5364329854691754

8.277613881258775

747.0

339.13800000000003

1.5364559759793688

8.272364004151271

748.0

339.592

1.5364789204063825

8.267124282216063

749.0

340.046

1.5365018189039625

8.261894682521357

750.0

340.5

1.5365246716251386

8.256675172285304

751.0

340.954

1.536547478722227

8.251465718875087

752.0

341.408

1.5365702403468358

8.24626628980607

753.0

341.862

1.536592956649868

8.241076852740925

754.0

342.31600000000003

1.5366156277815273

8.235897375488777

755.0

342.77000000000004

1.5366382538913208

8.230727826004346

756.0

343.224

1.536660835128064

8.22556817238709

757.0

343.678

1.5366833716398847

8.220418382880391

758.0

344.132

1.5367058635742268

8.21527842587068

759.0

344.586

1.536728311077855

8.210148269886648

760.0

345.04

1.5367507142968577

8.205027883598385

761.0

345.494

1.5367730733766525

8.199917235816587

762.0

345.94800000000004

1.5367953884619887

8.194816295491732

763.0

346.402

1.5368176596969527

8.189725031713287

764.0

346.856

1.5368398872249702

8.184643413708878

765.0

347.31

1.5368620711888117

8.179571410843534

766.0

347.764

1.5368842117305952

8.174508992618865

767.0

348.218

1.5369063089917907

8.169456128672287

768.0

348.672

1.5369283631132236

8.164412788776257

769.0

349.12600000000003

1.5369503742350787

8.159378942837478

770.0

349.58

1.5369723424969042

8.15435456089615

771.0

350.034

1.5369942680376145

8.149339613125196

772.0

350.488

1.537016150995495

8.14433406982951

773.0

350.942

1.5370379915082046

8.1393379014452

774.0

351.396

1.537059789712781

8.134351078538856

775.0

351.85

1.5370815457456422

8.129373571806783

776.0

352.30400000000003

1.5371032597425918

8.12440535207429

777.0

352.75800000000004

1.537124931838822

8.119446390294948

778.0

353.212

1.5371465621689167

8.114496657549855

779.0

353.666

1.5371681508668553

8.109556125046938

780.0

354.12

1.5371896980660171

8.104624764120219

781.0

354.574

1.537211203899183

8.099702546229103

782.0

355.028

1.5372326684985402

8.094789442957685

783.0

355.482

1.5372540919956856

8.089885426014037

784.0

355.93600000000004

1.5372754745216282

8.08499046722951

785.0

356.39

1.5372968162067937

8.080104538558063

786.0

356.844

1.537318117181027

8.075227612075548

787.0

357.298

1.5373393775735962

8.070359659979045

788.0

357.752

1.5373605975131948

8.06550065458618

789.0

358.206

1.5373817771279459

8.060650568334449

790.0

358.66

1.5374029165454057

8.055809373780564

791.0

359.11400000000003

1.5374240158925656

8.050977043599758

792.0

359.568

1.5374450752958564

8.046153550585169

793.0

360.022

1.537466094881151

8.041338867647143

794.0

360.476

1.5374870747737677

8.036532967812617

795.0

360.93

1.5375080150984735

8.031735824224448

796.0

361.384

1.5375289159794865

8.02694741014079

797.0

361.838

1.53754977754048

8.02216769893444

798.0

362.29200000000003

1.537570599904585

8.017396664092221

799.0

362.74600000000004

1.5375913831943935

8.01263427921435

800.0

363.2

1.537612127531961

8.007880518013803

801.0

363.654

1.5376328330388103

8.003135354315702

802.0

364.108

1.5376534998359337

7.9983987620567

803.0

364.562

1.5376741280437967

7.993670715284377

804.0

365.016

1.5376947177823403

7.988951188156607

805.0

365.47

1.5377152691709848

7.984240154940986

806.0

365.92400000000004

1.5377357823286313

7.979537590014204

807.0

366.378

1.5377562573736663

7.9748434678614775

808.0

366.832

1.5377766944239628

7.970157763075925

809.0

367.286

1.537797093596885

7.965480450358011

810.0

367.74

1.5378174550092896

7.9608115045149415

811.0

368.194

1.537837778777529

7.9561509004600905

812.0

368.648

1.537858065017455

7.951498613212428

813.0

369.10200000000003

1.5378783138444203

7.946854617895946

814.0

369.55600000000004

1.537898525373282

7.942218889739079

815.0

370.01

1.537918699718404

7.937591404074153

816.0

370.464

1.5379388369936604

7.932972136336824

817.0

370.918

1.537958937312437

7.928361062065512

818.0

371.372

1.5379790007876346

7.923758156900847

819.0

371.826

1.5379990275316726

7.919163396585139

820.0

372.28000000000003

1.53801901765649

7.914576756961805

821.0

372.73400000000004

1.538038971273549

7.909998213974837

822.0

373.188

1.5380588884938373

7.905427743668273

823.0

373.642

1.538078769427871

7.9008653221856475

824.0

374.096

1.538098614185697

7.896310925769461

825.0

374.55

1.538118422876895

7.891764530760662

826.0

375.004

1.538138195610581

7.887226113598105

827.0

375.458

1.5381579324954096

7.882695650818048

828.0

375.91200000000003

1.538177633639576

7.878173119053619

829.0

376.366

1.5381972991508186

7.873658495034307

830.0

376.82

1.5382169291364218

7.869151755585445

831.0

377.274

1.538236523703219

7.864652877627721

832.0

377.728

1.538256082957593

7.860161838176642

833.0

378.182

1.5382756070054813

7.855678614342058

834.0

378.636

1.5382950959523758

7.85120318332765

835.0

379.09000000000003

1.538314549903327

7.846735522430444

836.0

379.54400000000004

1.5383339689629458

7.842275609040311

837.0

379.998

1.5383533532354052

7.837823420639473

838.0

380.452

1.5383727028244443

7.8333789348020435

839.0

380.906

1.5383920178333688

7.828942129193508

840.0

381.36

1.5384112983650544

7.824512981570276

841.0

381.814

1.5384305445219488

7.820091469779184

842.0

382.26800000000003

1.5384497564060742

7.815677571757033

843.0

382.72200000000004

1.5384689341190292

7.811271265530116

844.0

383.176

1.5384880777619911

7.806872529213746

845.0

383.63

1.5385071874357188

7.802481341011797

846.0

384.084

1.5385262632405539

7.798097679216242

847.0

384.538

1.538545305276424

7.7937215222066945

848.0

384.992

1.5385643136428442

7.789352848449944

849.0

385.446

1.5385832884389197

7.784991636499525

850.0

385.90000000000003

1.5386022297633473

7.780637864995235

851.0

386.354

1.5386211377144188

7.7762915126627234

852.0

386.808

1.5386400123900217

7.7719525583130205

853.0

387.262

1.5386588538876422

7.767620980842104

854.0

387.716

1.5386776623043674

7.763296759230469

855.0

388.17

1.538696437736887

7.758979872542684

856.0

388.624

1.5387151802814951

7.754670299926954

857.0

389.07800000000003

1.5387338900340932

7.7503680206147

858.0

389.53200000000004

1.5387525670901918

7.746073013920127

859.0

389.986

1.5387712115449117

7.741785259239797

860.0

390.44

1.5387898234929878

7.737504736052215

861.0

390.894

1.5388084030287688

7.733231423917393

862.0

391.348

1.5388269502462213

7.728965302476451

863.0

391.802

1.5388454652389312

7.724706351451196

864.0

392.25600000000003

1.5388639481001043

7.720454550643702

865.0

392.71000000000004

1.5388823989225708

7.7162098799359224

866.0

393.164

1.5389008177987846

7.711972319289252

867.0

393.618

1.5389192048208276

7.7077418487441545

868.0

394.072

1.5389375600804096

7.703518448419737

869.0

394.526

1.5389558836688721

7.699302098513372

870.0

394.98

1.5389741756771884

7.695092779300275

871.0

395.434

1.5389924361959668

7.6908904711331365

872.0

395.88800000000003

1.5390106653154523

7.686695154441711

873.0

396.342

1.5390288631255276

7.682506809732444

874.0

396.796

1.5390470297157162

7.678325417588067

875.0

397.25

1.5390651651751834

7.674150958667232

876.0

397.704

1.5390832695927383

7.669983413704113

877.0

398.158

1.539101343056836

7.6658227635080385

878.0

398.612

1.5391193856555787

7.6616689889631

879.0

399.06600000000003

1.5391373974767182

7.657522071027798

880.0

399.52000000000004

1.5391553786076575

7.653381990734649

881.0

399.974

1.5391733291354521

7.649248729189823

882.0

400.428

1.5391912491468127

7.645122267572781

883.0

400.882

1.5392091387281062

7.641002587135899

884.0

401.336

1.5392269979653574

7.636889669204105

885.0

401.79

1.5392448269442514

7.632783495174527

886.0

402.244

1.539262625750135

7.628684046516129

887.0

402.69800000000004

1.539280394468018

7.624591304769346

888.0

403.152

1.5392981331825755

7.620505251545741

889.0

403.606

1.5393158419781492

7.6164258685276405

890.0

404.06

1.5393335209387493

7.612353137467797

891.0

404.514

1.5393511701480564

7.608287040189031

892.0

404.968

1.5393687896894228

7.6042275585838865

893.0

405.422

1.5393863796458735

7.600174674614284

894.0

405.87600000000003

1.5394039401001098

7.596128370311193

895.0

406.33000000000004

1.5394214711345087

7.592088627774262

896.0

406.784

1.5394389728311257

7.588055429171515

897.0

407.238

1.539456445271697

7.584028756738992

898.0

407.692

1.5394738885376396

7.580008592780424

899.0

408.146

1.5394913027100539

7.575994919666895

900.0

408.6

1.5395086878697246

7.57198771983652

901.0

409.05400000000003

1.5395260440971235

7.567986975794108

902.0

409.50800000000004

1.5395433714724096

7.563992670110847

903.0

409.962

1.5395606700754318

7.56000478542397

904.0

410.416

1.5395779399857297

7.556023304436433

905.0

410.87

1.5395951812825353

7.5520482099166015

906.0

411.324

1.5396123940447748

7.54807948469793

907.0

411.778

1.5396295783510698

7.544117111678637

908.0

412.232

1.5396467342797395

7.540161073821407

909.0

412.68600000000004

1.5396638619088008

7.536211354153054

910.0

413.14

1.5396809613159712

7.5322679357642395

911.0

413.594

1.5396980325786696

7.528330801809133

912.0

414.048

1.539715075774018

7.524399935505138

913.0

414.502

1.5397320909788426

7.520475320132555

914.0

414.956

1.5397490782696757

7.516556939034294

915.0

415.41

1.5397660377227569

7.512644775615572

916.0

415.86400000000003

1.5397829694140346

7.508738813343609

917.0

416.31800000000004

1.5397998734191676

7.504839035747336

918.0

416.772

1.5398167498135262

7.500945426417093

919.0

417.226

1.5398335986721938

7.497057969004335

920.0

417.68

1.5398504200699679

7.493176647221332

921.0

418.134

1.5398672140813625

7.489301444840902

922.0

418.588

1.5398839807806086

7.485432345696087

923.0

419.04200000000003

1.5399007202416553

7.4815693336798885

924.0

419.49600000000004

1.5399174325381726

7.477712392744986

925.0

419.95

1.539934117743551

7.4738615069034235

926.0

420.404

1.5399507759309046

7.470016660226359

927.0

420.858

1.5399674071730705

7.4661778368437615

928.0

421.312

1.5399840115426118

7.462345020944141

929.0

421.766

1.5400005891118187

7.458518196774273

930.0

422.22

1.5400171399527085

7.454697348638905

931.0

422.67400000000004

1.5400336641370285

7.450882460900507

932.0

423.128

1.5400501617362565

7.44707351797898

933.0

423.582

1.5400666328216024

7.443270504351394

934.0

424.036

1.5400830774640093

7.439473404551709

935.0

424.49

1.5400994957341543

7.435682203170507

936.0

424.944

1.540115887702451

7.4318968848547415

937.0

425.398

1.54013225343905

7.4281174343074525

938.0

425.85200000000003

1.5401485930138399

7.424343836287511

939.0

426.30600000000004

1.540164906496449

7.420576075609357

940.0

426.76

1.5401811939562466

7.4168141371427305

941.0

427.214

1.540197455462344

7.413058005812435

942.0

427.668

1.540213691083596

7.409307666598048

943.0

428.122

1.5402299008886013

7.40556310453369

944.0

428.576

1.540246084945705

7.401824304707747

945.0

429.03000000000003

1.5402622433229989

7.398091252262653

946.0

429.48400000000004

1.540278376088323

7.394363932394593

947.0

429.938

1.5402944833092664

7.390642330353282

948.0

430.392

1.5403105650531697

7.3869264314417125

949.0

430.846

1.5403266213871238

7.383216221015898

950.0

431.3

1.5403426523779737

7.379511684484634

951.0

431.754

1.540358658092318

7.375812807309245

952.0

432.208

1.5403746385965105

7.372119575003354

953.0

432.66200000000003

1.5403905939566613

7.368431973132625

954.0

433.11600000000004

1.5404065242386382

7.364749987314535

955.0

433.57

1.5404224295080682

7.361073603218132

956.0

434.024

1.540438309830337

7.3574028065637815

957.0

434.478

1.5404541652705919

7.353737583122959

958.0

434.932

1.5404699958937427

7.350077918717989

959.0

435.386

1.5404858017644616

7.3464237992218235

960.0

435.84000000000003

1.5405015829471853

7.342775210557804

961.0

436.29400000000004

1.5405173395061162

7.339132138699431

962.0

436.748

1.5405330715052232

7.335494569670141

963.0

437.202

1.5405487790082422

7.331862489543063

964.0

437.656

1.5405644620786785

7.328235884440809

965.0

438.11

1.5405801207798064

7.32461474053523

966.0

438.564

1.540595755174672

7.3209990440472055

967.0

439.01800000000003

1.5406113653260924

7.317388781246409

968.0

439.47200000000004

1.5406269512966582

7.313783938451094

969.0

439.926

1.5406425131487336

7.310184502027867

970.0

440.38

1.540658050944458

7.306590458391469

971.0

440.834

1.5406735647457472

7.303001794004554

972.0

441.288

1.5406890546142937

7.299418495377482

973.0

441.742

1.5407045206115684

7.295840549068089

974.0

442.196

1.5407199627988213

7.29226794168148

975.0

442.65000000000003

1.5407353812370825

7.28870065986981

976.0

443.10400000000004

1.5407507759871637

7.285138690332079

977.0

443.558

1.5407661471096583

7.281582019813911

978.0

444.012

1.5407814946649434

7.278030635107353

979.0

444.466

1.54079681871318

7.274484523050652

980.0

444.92

1.5408121193143143

7.2709436705280615

981.0

445.374

1.540827396528079

7.267408064469631

982.0

445.82800000000003

1.5408426504139938

7.263877691850995

983.0

446.28200000000004

1.5408578810313667

7.260352539693169

984.0

446.736

1.5408730884392943

7.25683259506235

985.0

447.19

1.5408882726966637

7.253317845069706

986.0

447.644

1.5409034338621534

7.249808276871193

987.0

448.098

1.540918571994233

7.246303877667331

988.0

448.552

1.5409336871511659

7.242804634703019

989.0

449.00600000000003

1.5409487793910088

7.23931053526734

990.0

449.46000000000004

1.5409638487716135

7.235821566693348

991.0

449.914

1.5409788953506276

7.2323377163578915

992.0

450.368

1.5409939191854949

7.228858971681398

993.0

450.822

1.5410089203334574

7.225385320127704

994.0

451.276

1.5410238988515554

7.221916749203841

995.0

451.73

1.5410388547966285

7.218453246459857

996.0

452.184

1.5410537882253168

7.214994799488617

997.0

452.63800000000003

1.5410686991940612

7.211541395925619

998.0

453.09200000000004

1.5410835877591056

7.20809302344881

999.0

453.546

1.541098453976496

7.204649669778385

1000.0

454.0

1.5411132979020827

7.201211322676607

1001.0

454.454

1.5411281195915212

7.197777969947634

1002.0

454.908

1.5411429191002717

7.194349599437303

1003.0

455.362

1.5411576964836018

7.190926199032989

1004.0

455.81600000000003

1.5411724517965861

7.1875077566633845

1005.0

456.27000000000004

1.5411871850941077

7.184094260298336

1006.0

456.724

1.5412018964308583

7.180685697948664

1007.0

457.178

1.54121658586134

7.177282057665973

1008.0

457.632

1.5412312534398658

7.173883327542487

1009.0

458.086

1.5412458992205602

7.170489495710863

1010.0

458.54

1.5412605232573604

7.167100550344015

1011.0

458.994

1.5412751256040162

7.163716479654934

1012.0

459.44800000000004

1.5412897063140927

7.160337271896524

1013.0

459.902

1.541304265440969

7.15696291536142

1014.0

460.356

1.5413188030378404

7.153593398381813

1015.0

460.81

1.5413333191577192

7.150228709329294

1016.0

461.264

1.5413478138534347

7.146868836614655

1017.0

461.718

1.5413622871776345

7.143513768687749

1018.0

462.172

1.541376739182785

7.1401634940372904

1019.0

462.62600000000003

1.541391169921173

7.136818001190716

1020.0

463.08000000000004

1.5414055794449057

7.133477278713994

1021.0

463.534

1.5414199678059117

7.130141315211475

1022.0

463.988

1.5414343350559419

7.126810099325714

1023.0

464.442

1.54144868124657

7.123483619737305

1024.0

464.896

1.5414630064291936

7.120161865164732

1025.0

465.35

1.541477310655035

7.116844824364182

1026.0

465.80400000000003

1.5414915939751417

7.113532486129411

1027.0

466.25800000000004

1.5415058564403874

7.110224839291554

1028.0

466.712

1.541520098101472

7.106921872718982

1029.0

467.166

1.5415343190089243

7.103623575317146

1030.0

467.62

1.5415485192131002

7.1003299360283965

1031.0

468.074

1.5415626987641853
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