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Quality 

   

  ñQuality is doing the right things 

     and doing those things rightò 

 

        ò Quality is everyoneõs responsibilityó 
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WHAT IS QUALITY??? 

ÅQuality Control (QC) 

 

ÅQuality Assurance (QA) 

 

ÅContinuous Quality 
Improvement (QI) 

 

ÅQuality System 
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Quality Control vs. Quality Assurance 

 

  Quality Control is method control 

 

  Quality Assurance is process control 

 

  Quality System is the process of 
 building quality into the entire system 
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QA in Haematology Laboratory 

ÅQA in haematology lab is intended to ensure the 
reliability of the lab tests. 

ÅThe objective is to achieve precision and accuracy 

Å4 components of QA programme :  

1 ) Internal Quality Control ( IQC ) 

2 ) External Quality Assesment( EQA ) 

3 ) Standardization 

4 ) Proficiency surveillance   

 

 

 

The ultimate goil of quality system is to obtain test results 

 that are Reliable, relevant, reproducible&  

As accurate as possible 
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What is Quality Control? 

ÅProcess or system for monitoring the quality 
of laboratory testing, and the accuracy and 
precision of results 

ÅRoutinely collect and analyze data from every 
test run or procedure 

ÅAllows for  immediate corrective action 
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Pre-Analytical  Analytical  Post-Analytical  

Quality Control 

(QC) 

QUALITY ASSURANCE (QA)  

Quality Control (QC):  measures that must be included during 

each assay to verify that the test is working properly. 
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The Quality Assurance Cycle 

ÅData and Lab 

Management 

ÅSafety 

ÅCustomer 

Service 

Patient/Client Prep 

Sample Collection 

Sample Receipt 

and Accessioning 

Sample Transport Quality Control 

Record Keeping 

Reporting 
Personnel Competency 

Test Evaluations 

Testing 
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The Quality Assurance Targets 
ÅPre analytical Process 
ÁPat. preparation 
ÁSpecimen collection, Anticoagulant ,Labeling ,Storage, 

Transportation 
ÅAnalytical Process 
ÁTest method/procedure, Reagant 
ÁIQC,EQC 

ÅPost analytical Process 
ÁReview of Pat. Results ,Posting of Pat. Results  
ÁMaintenance of Pat.records 
ÁMaintaining of all documents 
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Designing a QC Program ð  

ÅEstablish written policies and procedures 

ÁCorrective action procedures 

ÅTrain all staff 

ÅDesign forms  

ÅAssure complete documentation and review 
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Measures of Central Tendency 

ÅMean = the calculated average of the 
values 

ÅMedian = the value at the center (midpoint) 
of the observations 

ÅMode = the value which occurs with the 
greatest frequency 
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Calculation of Mean 

X = Mean 

X1 = First result 

X2 = Second result 

Xn = Last result in series 

n ð Total number of results 
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Calculation of Mean 
 

1) 126 

2) 120 

3) 118 

4) 124 

5) 115 

6) 110 

7) 112 

8) 115 

9) 122 

10)120 

11)115 

Sum=1297 

 

ÅMean = the calculated 
average of the values 

ÅThe sum of the values (X1 

+ X2 + X3 é X11) divided 
by the number (n) of 
observations 

ÅThe mean of these 11 
observations is 1297 · 
11) = 117.9 g/L 
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Measures of Dispersion  

or Variability 

ÅThere are several terms that describe the 
dispersion or variability of the data around the 
mean: 

Range                           

Variance S2 = ×  (X-X)2 

                               n-1 

Standard Deviation      ã S2 

Coefficient of Variation   SD /mean x100 
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Normal Distribution 

ÅAll values are symmetrically distributed 
around the mean 

ÅCharacteristic ñbell-shapedò curve 

ÅAssumed for all quality control statistics 
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ÅNormal Distribution Curve 

 



17 

Accuracy and Precision 

ÅThe degree of fluctuation in the measurements is indicative of 
the ñprecisionò of the assay. (reproducibility) 

Ácan be controlled by replicate tests, check tests on 
previously measured specimens and statistical evaluation of 
results 

ÁThe quantification of precision is measured by  CV , 
Indicator of Random error 

 

ÅThe closeness of measurements  to the true value is indicative 
of the ñaccuracyò of the assay. can be checked by the use of 
reference materials  

ÁThe quantification of accuracy is measured by mean 

ÅQuality Control is used to monitor both the precision and the 
accuracy of the assay in order to provide reliable results. 



18 

Accuracy vs. Precision 

 Accuracy 

 How well a 
measurement agrees 
with an accepted value 

 

 Precision 

 How well a series of 
measurements agree 
with each other 
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ÅPrecise and inaccurate ÅPrecise and accurate 

Precision and Accuracy 
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Imprecise and  inaccurate 
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Standard Deviation and Probability 

ÅFor a set of data with a 
normal distribution, a value 
will fall within a range of: 

Á+/- 1 SD 68.2% of the 
time 

Á+/- 2 SD 95.5% of the 
time 

Á+/- 3 SD 99.7% of the 
time 
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Standard Deviation and Probability 

ÅIn general, laboratories use the +/- 2 SD criteria for 
the limits of  the acceptable range for a test 

ÅWhen the QC measurement falls within that range, 
there is 95.5% confidence  that the measurement is 
correct 

ÅOnly  4.5% of the time will a value fall outside of 
that range due to chance; more likely it will be due 
to error 
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Analysis of Control Materials 

ÅNeed data set of at least 20 points, obtained 
over a 30 day period 

ÅCalculate mean, standard deviation, 
coefficient of variation; determine target 
ranges 

ÅDevelop Levey-Jennings charts, plot results 
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Levey-Jennings Chart 
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Levey-Jennings Chart 

ÅA graphical method for displaying control 
results and evaluating whether a procedure 
is in-control or out-of-control 

ÅControl values are plotted versus time  

ÅLines are drawn from point to point to accent 
any trends, shifts, or random excursions 
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Levey-Jennings Chart - 
Record and Evaluate the Control Values 
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Internal Quality Control 

Å Levey-Jennings Control Chart 

1. Degree of scatter or impression  

2. Shift is a drift in values, may be sudden  

3. Trend is continuous movement of values in 
one direction for 6 or more consecutive 
values (slowly development) 

4. A trend may be thought of as a gradual shift 
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Trend 
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Shift 
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Westgard Rules 

 (Generally used where 2 levels of control 

material are analyzed per run) 

 Å12S rule 

Å13S rule 

Å22S rule 

ÅR4S rule 

Å41S rule 

Å10X rule 
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Westgard ï 12S Rule 
Åñwarning ruleò 

ÅOne of two control results falls outside ±2SD 

ÅAlerts tech to possible problems 

ÅNot cause for rejecting a run 

ÅMust then evaluate the 13S rule 
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Westgard ï 13S Rule 
ÅIf either of the two control results falls outside of 

±3SD, rule is violated 

ÅRun must be rejected 

ÅIf 13S not violated, check 22S 
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Westgard ï 22S Rule 
Å2 consecutive control values for the same level fall 

outside of ±2SD in the same direction, or 

ÅBoth controls in the same run exceed ±2SD  

ÅPatient results cannot be reported 

ÅRequires corrective action 
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Westgard ï R4S Rule 
ÅOne control exceeds the mean by ï2SD, and the 

other control exceeds the mean by +2SD 

ÅThe range between the two results will therefore 
exceed 4 SD 

ÅRandom error has occurred, test run must be 
rejected 
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Westgard ï 41S Rule 
ÅRequires control data from previous runs 

ÅFour consecutive QC results for one level of control 
are outside ±1SD, or 

ÅBoth levels of control have consecutive results that 
are outside ±1SD 
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Westgard ï 10X Rule 
ÅRequires control data from previous runs 

ÅTen consecutive QC results for one level of control 
are on one side of the mean, or 

ÅBoth levels of control have five consecutive results 
that are on the same side of the mean 
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Westgard  

 1 2s2 SDÑ 

 1 3s3 SDÑ 

 2 2s2SDÑ 

 R 4s2 SD 

2 SD 

       4 1s1 SD 

1 SD 

      10 x
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Implementing a QC Program ï

Quantitative Tests 
ÅSelect high quality controls 
ÅCollect at least 20 control values over a period of 

20-30    
      days for each level of control 
ÅPerform statistical analysis 
ÅDevelop Levey-Jennings chart  
ÅMonitor control values using the Levey-Jennings 

chart and/or Westgard rules  
Å Take immediate corrective action, if needed 
ÁRecord  actions taken  
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When a rule is violated 

ÅWarning rule = use other rules to inspect the 
control points 

ÅRejection rule = ñout of controlò 

ÁStop testing 

ÁIdentify and correct problem 

ÁRepeat testing on patient samples and controls  

ÁDo not report patient results until problem is 
solved and controls indicate proper 
performance 
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Errors 
ÅSystematic Errors (bias, shifts&trends) ï affect the 

accuracy of system 

ÁUsually  22S,,, 41S, 10X rules 

ÁCan be due to: change in reagent or    
calibration lot ,wrong calibrator value, 
improperly prepared reagent ,inadequate 
storage of reagent or calibrator, deterioration of 
reagent or calibrator temperature change in 
incubator unit, deterioration of photometric light 
source 

 

Systemic errors are most often related to  

reagent or calibration problems 
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Errors 

ÅRandom errors-these errors affect the the 
reproducibility of precision of a test system. 

ÁUsually 12S,13S,R4S Rules 

ÁCan be due to bubbles in reagents& 
reagent line s ,Inadequately mixed reagents 
unstable Tem. &incubation, individual 
operator variation in pipettingé. 
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Quality assurance programme 

a)At all time: 

 

   *Correlation system 

 

-Blood film with blood count 

-Blood count with clinical 
data  
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Quality assurance programme 

ÅAt all times 
ÁCorrection system 

    *Correction of blood film appearances with blood count  

      WBC(obj40) x 2000     WBC count 

       PLT (obj100) x15000   PLT count 

       MCV   Ÿmicro/macro 

       MCHC Ÿhypo/hyper 

       HCT= Hbx3 /  Hb= RBCx3 / HCt=RBCx9 

  *Correction of blood count changes with clinical events 
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Quality assurance programme 

ÅDaily 

ÁTest on control specimen ,control chart 

ÁDuplicate test s on a few of patients Spec. 

ÁCheck test on a few patients from a 
previous batch 

ÁDelta Test 

ÁDaily mean  

ÁCalibration Verification  ( T - Brittin) 
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Quality assurance programme 

ÅDaily 

ÁTest on control specimen ,control chart 

ÁDuplicate test s on a few of patients Spec. 

ÁCheck test on a few patients from a previous 
batch 

ÁDelta 

ÁDaily mean 

ÁCalibration Verification (T- Birittin) 
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Duplicate test 
 Specimen    1st count     2st count         d            d2 

        1                          5.4                    5.8                       0.4         0.16 
        2                          8.3                     10.5                    2.2          4.84 
        3                          17.2                    18                      0 .8         0.64 
       4                             5.4                    5.4                       0             0          
       5                             12.2                   11.8                   0.4           0.16 
                                                                                                       ×d2=5.8 
        SD=ã d2/2n 
       SD=0.76                  2sd=1.5      

    none of  the duplicate tests should differ from each other 
more than 2SD 

   *d>  2SD Ÿ random error 
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Check test 
ÅSimilar  to duplicate test  but use specimen with 

have been measure originally in an earlier 
batch 

ÅThe test should agree with each other with 
2SD 

ÅDetection deterioration of apparatus and 
reagent between tests 

ÅSuitable for Hb &RBC less for WBC &PLT  
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Delta test 

ÅComparison of current results with a recent 
previous result on the same patient 

Á Hb <10% 

ÁRBC <10% 

Á WBC <20% 

ÁPLT <50% 
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Daily Mean (Bullõ s method) 

ÅIn hospital over 100 test request each day , there 
should be no significant daily variable in the means 
of red cell indices 
Á Automation : MCV,MCH,MCHC 
Á Analyse  the results in successive batches of 20  
  specimens                                                            

By plotting this results on graph, any drift from 3             
indices can be readily recognized and used to 
identify instruments faults 
ÁManual : MCHC 
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Calibration Verification 

Å  ͼГуϳв дн϶ ͻϝк ЁͭϹжϜ м ϝк ϽϧвϜϼϝ͟ ͻϼϜϹтϝ͟ йϠ йϮнϦ ϝϠ
 ϤϹв йϠ̹͈  ͻϝвϸ ϼϸ ϥКϝЂ ͈  днвϾϐ ϾϜ дϜнϦ ͼв йϮϼϸ
  ͻϼϝвϐT-Brittin ϸнгж иϸϝУϧЂϜ ͼУуͭ ЬϽϧзͭ ϥлϮ . 

Å ЭЦϜϹϲ ͉ йжнгж )T=2.78 ( ϝϳуϮϽϦм̸̷ йжнгж T=2.26) ( 

 

Sd  =ã  ×(d2)-  (×d)2 /n /   n-1        

 ãnd   =   tn 
              SD          
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Quality assurance programme 

ÅAt intervals Initially and when indicated 

Á calibration of pipetts &automatic 
dispensers 

ÅAt intervals Initially & at least six monthly 

ÁPhotometer ,spectrophotometer 
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ЅтϝвϾϐ ϾϜ ЭϡЦ ϹзтϜϽТ 

йжнгж ͻϼмϐ ЙгϮ 

ϟЂϝзв ϸϝЧЛжϜ ϹЎ 

 ЬнϡЦм ϸϼ ͻϝкϼϝуЛв
йжнгж 

 ͻϼϜϸ йͺж БтϜϽІ
йжнгж 
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ϤϜϿулϯϦ 
ÅͩнУтϽϧжϝЂ 

ÅͩнУтϽϧжϝЂмϽͮув 

Åϼϝͭϸн϶ ͼЮнЯЂ иϹжϼϝгІ 

Å ϽϧвнϧТ 

 

 

                            

-  йвϝзЂϝзІ)ͫϼϹв( 

-ͼзТ ЭгЛЮϜϼнϧЂϸ)ͫϼϹв( 

-ͻϼϜϸ йͺж м ͼУуͭ  ЬϽϧзͭ ХϠϜнЂ 

- ϽугЛϦм ЁтмϽЂ ХϠϜнЂ 
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ͼЮнЯЂ иϹжϼϝгІ иϝͺϧЂϸ 
ͫϼϜϹв 

     @ йвϝзЂϝзІ 
Å- ϹтϽ϶ ϵтϼϝϦ 

Å  -иϹззͭ ͻϾϜϹжϜ иϜϼ ϸϽТ аϝж м днуЂϜϽϡуЮϝͭ ̪ ϟЋж ϵтϼϝϦ 

Å- иϝͺϧЂϸ ϼϝͮϠ ИмϽІ ϵтϼϝϦ 

Å- иϹжϾϝЂ ϼнЇͭ м йжϝ϶ϼϝͭ 

Å- иϝͺϧЂϸ ЬϝтϽЂ иϼϝгІм ЬϹв 

Å-  ϹтϽ϶ аϝͺзк иϝͺϧЂϸ БтϜϽІ) иϹІ ͻϾϝЂϾϝϠ ̪ ЭгЛϧЃв ̪ нж( 

Å- дϝϡуϧЇ͟ ϥͭϽІ Ѐϼϸϐм еЧЯϦ иϼϝгІ ̪ аϝж 

Å-иϝͺϧЂϸ дϜϽϠϼϝͭ ϝт ϽϠϼϝͭ аϝж 

Å- дϝϡуϧЇ͟ ϥͭϽІ БЂнϦ иϝͺϧЂϸ ϽϠϼϝͭ ЄϾнвϐ инϳж мϽϠϼϝͭ  ϤϝЋϷЇв 
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ϤϜϿулϯϦ йвϝзЂϝзІ 
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ͼЮнЯЂϽͺІϼϝгІ 
ͫϼϜϹв 

ÅͼзТ ЭгЛЮϜϼнϧЂϸ 

ͻϽϠϼϝͭ ͼͺжнͺͧ- ͻϼϜϸ йͺжм ЬϽϧзͭ инϳж-  ͻϝк нЇϧЃІ
 йжϝукϝв̪ ͼͺϧУк ̪йжϜϾмϼï  ϽтϸϝЧв   йͺж ϼϸ ͼϠϝтϾϼϜ ϸϼнв

ϼϝЇТ Эϫв ͻϼϜϸ....-   йϠ Ͼϝуж ϤϼнЊ ϼϸ йͭ ͼϦϝвϜϹЦϜ ЭϲϜϽв
йВнϠϽв ЬнϛЃвм ϸнІ аϝϯжϜ ϹтϝϠ ϽугЛϦ-   ͼзгтϜ ϤϝЗϲыв

ϼϝͭ аϝϯжϜ ϥлϮ 

ÅднуЂϜϽϡуЮϝͭ инϳж ЭгЛЮϜϼнϧЂϸ 

Åϭтϝϧж ϽуЃУϦм ͼЯ϶Ϝϸ ͼУуͭ ЬϽϧзͭ ЭгЛЮϜϼнϧЂϸ 

ÅϥуУуͭ ͼϮϼϝ϶ ͼϠϝтϾϼϜ ϭтϝϧж ͼϠϝтϾϼϜ инϳж ЭгЛЮϜϼнϧЂϸ 
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ͼЮнЯЂϽͺІϼϝгІ 
Å ХϠϜнЂ 

  -днуЂϜϽϡуЮϝͭ )ͻϜ иϼмϸ м ϟЋж аϝͺзк ϼϸ( 

 - иϝͺϧЂϸϽϠϼϝͭ ЄϾнвϐ 

 - ϹтϽ϶ иϝͺϧЂϸ 

-ͼϲыЊϜ аϜϹЦϜм  ͼЯ϶Ϝϸ ͼУуͭ ЬϽϧзͭ 

-ϤϜϽугЛϦ м ͻϜ иϼмϸ ͻϝк ЁтмϽЂ ̪ ͻϼϜϸ йͺж 

-ͼϮϼϝ϶ ͼУуͭ ЬϽϧзͭ 

-Log book 

-иϝͺϧЂϸ  ͻϝк ϝГ϶ днвϜϽу͟ ͼϲыЊϜ ϤϝвϜϹЦϜ 
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ͼЯ϶Ϝϸ ͼУуͭ ЬϽϧзͭ 
ÅϽϡϧЛв ͻϝЏЧжϜ ϵтϼϝϦ ϝϠ ЬϽϧзͭ дн϶ ϾϜ иϸϝУϧЂϜ 

      -  ϽуЃУϦ инϳж ϾϜ ϽϠϼϝͭ ͼкϝ͵ϐм ͼЮϽϧзͭ Ϥϼϝͧ бЂϼ
ϭтϝϧж 

ÅиϾϝϦ йжнгж ϾϜ иϸϝУϧЂϜ: 

    T-Britin,    Check test     ,Duplicate Test, Delta 
Check , Patient Mean 

ÅϽЗж ϸϼнв ХϠϜнЂ 

           - ͼЮϽϧзͭ ͻϝк Ϥϼϝͧ-ͻϼϝвϐ ͻϝк ͼЂϼϽϠ 

           - йϧТϽ͵ ϤϼнЊ ͼϲыЊϜ ϤϝвϜϹЦϜ 

            - иϝͺϧЂϸ ͻϝк ϽϧвϜϼϝ͟ ϥЦϸ 
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Calibration 

Å АϝϡϦϼϜ йͭ ϸнІ ͼв ФыВϜ ͼтϝк ϥуЮϝЛТ йКнгϯв йϠ
 ͬт БЂнϦ ϥугͭ ͬт иϹІ ͻϽу͵ иϾϜϹжϜ ϽтϸϝЧв дϝув
 дϐ ͼЛЦϜм ϽтϸϝЧв ϝϠ Ϝϼ ͼкϝͺЇтϝвϾϐ Ємϼ ϝт иϝͺϧЂϸ
 иϹІ ͻϽу͵ иϾϜϹжϜ ЙϮϽв ͻϝк Ємϼ БЂнϦ йͭ иϸϝв

Ϲтϝгж ЉϷЇв ϥЂϜ  . 
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When to Calibrate 
1-At installation 

2-Complete changes of reagents (i.e., change in 
type of reagent from same vendor, or 

       change to a different vendor) 

3. When indicated by quality control data 

4. After major maintenance or service 

5. When recommended by the manufacturer 

6. At least every six months 
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How 
ÅCalibrator 

ÅFresh blood sample  minimum 3 sample  each 
duplicate with reference (manual)  and current 
method 

Å 100Ĭ  скϝͺϧЂϸ Ємϼ еуͺжϝув - сϧЂϸ Ємϼ еуͺжϝув CF   =        

Å                                             ͼкϝͺϧЂϸ Ємϼ еуͺжϝув 

ÅFor best performance, calibrate all the CBC 
parameters.  The WBC differential is calibrated 
at the factory.  They do not require calibration 
in the laboratory 
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Daily startup procedures 
(Daily Maintenance) 

ÅDaily cleaning 

ÅBackground counts 

         RBC:        <0/03 x 1012/l 

         WBC: <0/04 x 109 / l 

          Haemoglobin: <0/2g/dl 

          Platelets: <5 x 109 /l 

ÅElectronic checks 

ÅRun controls 

Must be within specified limits 
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Manual method 

Á еуϠнЯ͵нгк ͻϽу͵ иϾϜϹжϜ 
-ϽϡϧЛв ͻϝЏЧжϜ ϵтϼϝϦ ϝϠ иϹІ ϹутϝϦ ϸϼϜϹжϝϧЂϜ ϾϜ иϸϝУϧЂϜ 
- ЭЦϜϹϲ ϝϠ ϸϼϜϹжϝϧЂϜ ͼзϳзв йулϦ ͈ϥЦϼ 
- Ѐыͭ ͻϜ йЇуІ ЭтϝЂм ϾϜ иϸϝУϧЂϜA   иϽϡуЮϝͭ ϤϜϿулϯϦм ϼϜϿϠϜ ̪

 ϹІϝϠ ͼв ͻϼмϽЎ. 
-  еІнЯтϸмϽͭϝв )̷͈  ϼϸ ϜϹжъ̸̷ ϽϧуЮ ͼЯув( 
 
ÁϥтϽͭнϦϝгк   

ϝлЮнЯЂ с͵ϸϽЇТ дϜнϦ ϽϫЪϜϹϲ̪ϽгтϝϦ ϸϽЫЯгК ̪ͩнУтϽϧжϝЂ ϼмϸ 
   
ÅϥЪы͟ мϹуУЂ рϝк ЬнϡЯ͵ ЄϼϝгІ 
   ϼϝϠнϛж аъ ϾϜ иϸϝУϧЂϜ 
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ͼϧЂϸ ͻϝк Ємϼ 
Á еуϠнЯ͵нгк ͻϽу͵ иϾϜϹжϜ 

  - ЅтϝвϾϐ аϝϯжϜ ЭгЛЮϜϼнϧЂϸ ϸнϮм 

-ϽϡϧЛв ͻϝЏЧжϜ ϵтϼϝϦ ϝϠ иϹІ ϹутϝϦ ϸϼϜϹжϝϧЂϜ ϾϜ иϸϝУϧЂϜ 

-ϼнІмϽϠ ХϡВ ϝкϸϼϜϹжϝϧЂϜ ͻϼϜϸ йͺж БтϜϽІ йϠ йϮнϦ 

- ЭЦϜϹϲ ϝϠ ϸϼϜϹжϝϧЂϜ ͼзϳзв йулϦ ͈ϥЦϼ 

- еІнЯтϸмϽͭϝв )̷͈  ϼϸ ϜϹжъ̸̷ ϽϧуЮ ͼЯув( 

-- Ѐыͭ ͻϜ йЇуІ ЭтϝЂм ϾϜ иϸϝУϧЂϜA   ϤϜϿулϯϦм ϼϜϿϠϜ ̪
ϹІϝϠ ͼв ͻϼмϽЎ иϽϡуЮϝͭ 

ÁϥЪы͟ мϹуУЂ рϝк ЬнϡЯ͵ ЄϼϝгІ 

  ЅтϝвϾϐ аϝϯжϜ ЭгЛЮϜϼнϧЂϸ-ϼϝϠнϛж аъ ϾϜ иϸϝУϧЂϜ 

Á сГуϳв дн϶ ЄϽϧЃ͵ï ϥуЂнЮнЫуϦϼ 

  иϸϝУϧЂϜ ϸϼнв ʹжϼ ͼУуͭ ЬϽϧзͭ инϳж ЭгЛЮϜ ϼнϧЂϸ 

 



65 

ͼϧЂϸ Ємϼ 

Á ϥтϽͭнϦϝгк 

ϥтϽͭнϦϝгк мϽͮув иϝͺϧЂϸ ͼзТ ЭгЛЮϜϼнϧЂϸ 

 иϝͺϧЂϸ ͼУуͭ ЬϽϧзͭ инϳж  ЭгЛЮϜϼнϧЂϸ 

 с͵ϸϽЇТ дϜнϦ ϽϫЪϜϹϲ̪ϽгтϝϦ ϸϽЫЯгК ̪ͩнУтϽϧжϝЂ ϼмϸ
ϝлЮнЯЂ 

ͼУуͭ ЬϽϧзͭ ХϠϜнЂϸнϮм 
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  ͼЮнЯЂ ϽͺІϼϝгІ иϝͺϧЂϸ ϼϝͭ ϥϳЊ м ϥЦϸ  ϾϜ дϝзугВϜ ϥлϮ

̬ϹІϝϠ ϸнϮнв иϝͺЇтϝвϾϐ ϼϸ ϹтϝϠ ͼϦϜϹзϧЃв йͧ 

 

 йͺж ХϠϜнЂ
ͻϼϜϸ 

ÅйжϜϾмϼ нЇϧЃЃІ-ͼͺϧУк-
йжϝукϝв 

ÅϝлЮнЯϳв ЍтнЛϦ 

ÅϤϜϽугЛϦ 

 ЬϽϧзͭ ХϠϜнЂ
ͼУуͭ 

ÅͼЮϽϧзͭ Ϥϼϝͧ 

Å ͻϼϝвϜ Ємϼt-Britin 

ÅͼϚϝϦмϸ днвϾϐ 

Åйжϝукϝв ϥЦϸ аϹК 
 

 ХϠϜнЂ
днуЂϜϽϡуЮϝͭ 

ÅϽугЛϦ ϾϜ Ё͟ 

Å  ЬϝтϽЂ иϼϝгІ ϽууПϦ ϝϠ
  ϝлЮнЯϳв 

Å ЬнϡЦ ЭϠϝЦϽуО ϭтϝϧжQC  

Å Ͻк ЭЦϜϹϲ ͊иϝв 
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ЅтϝвϾϐ ϾϜ Ё͟ ϹзтϜϽТ 

Å  рϼϜϸ йͺж дϝвϾ ϤϹвм рϼϜϸ йͺж БтϜϽІ̪ дϝЫв
 ϾϜ Ё͟ ͼГуϳв дн϶ ЄϽϧЃ͵ м ͼͮузуЯͭ ͻϝк  йжнгж

ЅтϝвϾϐ аϝϯжϜ 

 

ÅCritical Value 

  ͼжϜϽϳϠ иϸмϹϳв ϼϸ йͭ ͼϯтϝϧж ͻϼнТ ЄϼϜϿ͵ инϳж
ϹжϼϜϸ ϼϜϽЦ. 


