
ʯ̦̌́т̛е ϯ. ʺетод ̛̦̥̌е̵̛̦̹̽ к̏̌д̬̌то̏ 

Л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́ 

ˋе̬е̚ д̏е то̸к̛ ̦̌ пло̭ко̭т̛ 
̥о̙̦о п̬о̏е̭т̛ п̬̥́у̀ ̛ тол̽ко 

од̦у 

А е̭л̛ то̸ек ̦̌ пло̭ко̭т̛ – 

т̛̬ ̛ ̍олее? 



ˋ̭̌т̽ ϭ. Од̦о̥е̬̦̌́ л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́ 



ʺетод ̛̦̥̌е̵̛̦̹̽ к̏̌д̬̌то̏ 

ʪ̦̌о: 
1. ʻ̌̍о̬ ̾к̭пе̛̬̥е̦т̌л̵̦̼̽ то̸ек ሺ࢟૚, ࢞૚), ሺ࢟૛, ࢞૛Ϳ, …, ሺ࢟�, ࢞�) 

2. Л̛̦е̜̦̌́ ̥одел̽ ࢟ = ࢇ +  ࢞࢈

 

ʻ̜̌т̛ ко̴̴̶̛̛̾е̦т̼ ࢈ ̛ ࢇ 

 ܽ + ଵݔܾ = ଵܽݕ + ଶݔܾ = ܽ…ଶݕ + ௡ݔܾ =  ௡ݕ

ܴܵܵ ௜ݕ = − ሺܽ + ௜ሻݔܾ ଶ௜  

ʿе̬еоп̬еделё̦̦̌́ ̛̭̭те̥̌ 
у̬̦̌̏е̛̦̜ 

ʺетод ̛̦̥̌е̵̛̦̹̽ к̏̌д̬̌то̏ 
;ʺʻКͿ 
 

ʺ̶̛̛̛̛̦̥̌́̚ ̭у̥̥̼ к̏̌д̬̌то̏ 
откло̦е̛̦̜ RSS ;Resudiual Sum of 

Squares) 

ʻео̵̍од̛̥о̭т̽ ̏ 

п̛̬̍л̛̙е̵̦̦̼ ̥етод̵̌ 

В о̺̍е̥ ̭лу̸̌е ̬е̹е̛̦́ ̦е 
̛̥еет ;т.к. ̾к̭пе̛̬̥е̦т̌л̦̼̽е 
то̸к̛ о̸̼̦̍о ̦е ло̙̌т̭́ ̏ 
то̸̦о̭т̛ ̦̌ од̦у п̬̥́у̀Ϳ 



Л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́: ко̴̴̶̛̛̾е̦т̼ 

�ܴܵܵ�ܽ = ʹ ௜ݕ − ܽ − ௜௜ݔܾ = Ͳ�ܴܵܵ�ܾ = ʹ ௜ݕ − ܽ − ௜ݔܾ ௜௜ݔ = Ͳ 

ʿо̛̭к ̭т̶̛̌о̵̦̬̦̼̌ то̸ек дл́ RSS  ݕ௜௜ − ݊ܽ − ௜௜ݔ ܾ = Ͳ
௜௜ݕ௜ݔ  − ௜௜ݔ ܽ − ௜ଶ௜ݔ ܾ = Ͳ 

− ݕ  ܽ − = ݔܾ Ͳݕݔ − − ݔܽ ଶݔܾ = Ͳ  ܽ = − ݕ ݕݔ ݔܾ − ሺݕ − − ݔሻ ݔܾ ଶݔܾ = Ͳ  ܽ = − ݕ ݕݔ ݔܾ − + ݕ ݔ ܾ ଶ ݔ − ଶݔ = Ͳ 

 ܽ = − ݕ ܾ ݔܾ = ݕݔ − ଶݔ ݕ ݔ −  ଶ ݔ

ˀе̚ул̽т̌т ̸̬̭̌ёт̌ ܴܵܵ ௜ݕ = − ሺܽ + ௜ሻݔܾ ଶ௜  

ʺ̛̛̛̛̦̥̬̚уе̥̌́ ̴у̦ќ̶̛ 



Л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́: ко̴̴̶̛̛̾е̦т̼ r ̛ R2 

Ко̴̴̶̛̛̾е̦т дете̶̛̛̛̬̥̦̌ R2 

ܴଶ = ͳ − ௜ݕ  − ௜ ݕ ଶ௜ ݕ௜ − ଶ௜ ݕ = ͳ − ܴܵܵܶܵܵ = ܴܵܵ ܵܵܶܵܵܧ + ܵܵܧ = ܶܵܵ 

Ко̴̴̶̛̛̾е̦т ко̬̬ел̶̛̛́ ʿ̛̬̭о̦̌ �࢟, ࢟ ݎ௬,௬ =  ሺݕ௜ − − ݕሻሺ ݕ ሻଶ௜ ݕ−௜ݕሻ௜ ሺ ݕ  ௜ሺݕ ௜ − ሻଶ ݕ =  ሺݕ௜ − ௜ ݕሻሺ ݕ − ሻ௜ ݕ ܶܵܵ ⋅ ܵܵܧ  

= ௬,௬ݎ  ሺݕ௜ − ௜ ݕ + ௜ ݕ − ௜ ݕሻሺ ݕ − ሻ௜ ݕ ܶܵܵ ⋅ ܵܵܧ =  ሺݕ௜ − ௜ ݕ௜ሻሺ ݕ − ሻ ݕ + ௜ ݕ  − ଶ௜ ݕ  ௜ ܶܵܵ ⋅ ܵܵܧ = ܵܵܶܵܵܧ = ܴଶ 

0 ;т.к. ʺʻКͿ ˁ̏́̽̚ ̥е̙ду R2 ̛ �࢟, ࢟ 

ܴܵܵ ௜ݕ = − ௜ ݕ ଶ௜  

residual sum of squares ;̭у̥̥̌ 
к̏̌д̬̌то̏ откло̦е̛̦̜Ϳ ܶܵܵ ௜ݕ = − ଶ௜ ݕ  

total sum of squares ;о̺̍̌́ 
̭у̥̥̌ к̏̌д̬̌то̏Ϳ ܵܵܧ ௜ ݕ = − ଶ௜ ݕ  

explained sum of squares 

;о̻̭̦̍́ё̦̦̌́ ̭у̥̥̌ 
к̏̌д̬̌то̏Ϳ 

௜ ݕ = ܽ +  ௜ݔܾ



Л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́: к̛̬те̛̬̜ Ф̛̹е̬̌ ;н-те̭тͿ 

�௠�ܨ = ܴଶͳ − ܴଶ ⋅ ଶ݂݂ଵ 

ˌ̌̐ ϭ. ʻ̜̌т̛ F̥̾п ˌ̌̐ Ϯ. ˁ̛̬̦̌̏т̽ ̭ т̌̍л̸̛̦̼̥ 
̸̦̌̚е̛̦е̥ к̦̏̌т̛л́ 

ଶ݂  - ̸̛̭ло ̭тепе̦е̜ ̭̏о̍од̼ дл́ 
д̵̦̦̼̌ ;N – Ϯ дл́ ݕ = ܽ +  ଵ݂  - ̸̛̭ло ̦е̵̛̛̭̥̼̌̏̚ (ݔܾ
ко̴̴̶̛̛̾е̦то̏ ;ϭ дл́ ݕ = ܽ +  (ݔܾ

ʫ̭л̛ ܨ�௠�~ܨ ଵ݂; ଶ݂ , то 
̛̛̭̥̌̏̚о̭т̽ ̭т̌т̛̭т̸̛е̭к̛ 

̦е̸̛̦̥̌̌̚ 

ʻ̌ п̬̌кт̛ке: 
ʫ̭л̛ ܨ�௠� < ܨ ;ߙ ଵ݂; ଶ݂  

;т.е. ̛̭̬̦̌̏̏̌̀т ̭ т̌̍л̸̛̦̼̥ 
̸̦̌̚е̛̦е̥ к̦̏̌т̛л́Ϳ ܵܵܧ/ ଵ݂ܴܵܵ/ ଶ݂ = ܵܵܶ/ܴܵܵܵܵܶ/ܵܵܧ ⋅ ଶ݂݂ଵ = ܴଶͳ − ܴଶ ⋅ ଶ݂݂ଵ 

Откуд̌ ̏́̚т̌ ̴о̬̥ул̌? 

ʿ̛̬̥е̬: R2=0.667, N=11, ̌пп̬ок̶̛̛̭̥̌́ y = a + bx 

�௠�ܨ = Ͳ.͸͸͹Ͳ.͵͵͵ ⋅ ͻͳ = ͳͺ ܨ Ͳ.ͻͷ,ͳ,ͻ = ͷ.ͳʹ ˀе̬̐е̛̭̭́ ̸̛̦̥̌̌̚ 



К̬̏̌тет Э̦̭ко̥̍̌ (AŶsĐoŵďe’s quartet) 

y=3.00+0.500x 

r=0.816 
y=3.00+0.500x 

r=0.816 

y=3.00+0.500x 

r=0.816 

y=3.00+0.500x 

r=0.816 



Л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́ ̏ MS Excel 

ˁпо̭о̍ ϭ. Л̛̛̦́ т̬е̦д̌ ̦̌ ̴̛̬̐̌ке 

1. ʿо̭т̬о̛т̽ то̸е̸̦̼̜ ̴̛̬̐̌к по ̛̥ѐ̛̺̥̭́ д̦̦̼̥̌ ̛̏д̌ ;yi, xi) 

2. Щелк̦ут̽ п̬̌̏о̜ к̦опко̜ ̛̥̼̹ ̦̌ ̭е̛̛̬ то̸ек ̛ ̼̬̏̍̌т̽ «до̛̍̌̏т̽ л̛̛̦̀ 
т̬е̦д̌» 

3. От̥ет̛т̽ ̴л̙̌к̛̥̌ ̦у̙̦̼е оп̶̛̛ ;̛̏д ̌пп̬ок̛̛̭̥̬у̺̀е̜ ̴у̦к̶̛̛, 
пок̼̌̏̌̚т̽ л̛ у̬̦̌̏е̛̦е ̦̌ д̛̬̥̥̌̐̌е, пок̼̌̏̌̚т̽ л̛ R2 ̛ т.п.Ϳ 

 

ʻ̌̐л́де̦, ̦о ̦е п̬о̏од́т̭́ н-те̭т ̛ о̶е̦к̌ до̏е̛̬тел̵̦̼̽ ̛̦те̬̏̌ло̏ 
ко̴̴̶̛̛̾е̦то̏ ̬е̬̐е̛̛̭̭ 

ˁпо̭о̍ Ϯ. ʰ̭пол̽̚о̛̦̏̌е п̌кет̌ ̦̌̌л̛̌̚ д̵̦̦̼̌ 

1. В̼̬̍̌т̽ ̏кл̌дку д̦̦̼̌е, ̺елк̦ут̽ по пу̦кту ̥ѐ̦ «̦̌̌л̛̚ д̵̦̦̼̌»  
2. ʰ̚ п̬едл̌̐̌е̵̥̼ оп̶̛̜ ̼̬̏̍̌т̽ ̬е̬̐ѐ̛̭̭ 

3. ˄к̌̌̚т̽ ̵̏од̦̼е д̦̦̼̌е ̛ ̛̚у̸̛т̽ ̬е̚ул̽т̌т 
 

ʻ̌̐л́де̦, ̭оде̛̬̙т н-те̭т ̛ о̶е̦ку до̏е̛̬тел̵̦̼̽ ̛̦те̬̏̌ло̏ ко̴̴̶̛̛̾е̦то̏ 
̬е̬̐е̛̛̭̭ 

ˁпо̭о̍ ϯ. ʦ̬у̸̦у̀ 

ʰ̭пол̽̚о̏̌т̽ ̴у̦к̶̛̛ MS Excel ̬̏оде КОВА ,ˀ ʪʰˁʿ, ˁˀʯʻАЧ, ˁ˄ʺʺ, КОˀˀʫЛ ̛ т.п. 
ʻ̌ п̬̌кт̛ке ̭по̭о̍ ̦е удо̍е̦, ̦о поле̚е̦ дл́ по̛̛̦̥̦̌́ ̭ут̛ п̬о̵̛̭од̺́е̐о 



Л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́: л̛̦е̶̛̛̬̌̌́̚ 

ʫ̭л̛ д̦̦̼̌е оп̛̭̼̏̌̀т̭́ ̦ел̛̦е̜̦о̜ ̛̛̭̥̌̏̚о̭т̽̀, то ̏ 
̦екото̵̬̼ ̭лу̸̵̌́ её ̥о̙̦о л̛̦е̛̬̌̚о̏̌т̽ 

ʿ̛̬̥е̬ ϭ: �ଵ = �଴݁ݔ� − ��ோ்  ;у̬̦̌̏е̛̦е А̬̬е̛̦у̭̌Ϳ 

ˀе̹е̛̦е: l� �ଵ = l� �଴ − ��ோ் ;т.е. ̥̏е̭то ;k; T) – (ln k; 1/T) ) 

ʿ̛̬̥е̬ 2: Δ௠௜௫ܪ = ሺͳݔ − ܣሻሺݔ +  ሻ ;̦̾т̌л̽п̛́ ̭̥е̹е̛̦́Ϳݔܤ
ˀе̹е̛̦е: Δ����௫ሺଵ−௫ሻ = ܣ +  ݔܤ

ʿ̛̬̥е̬ ϯ: � = ��ௌௌ+�� ;̵̭е̥̌ ʺ̵̛̌̾л̛̭̌-ʺе̦те̦) 

ˀе̹е̛̦е: ଵ� = ଵ�� + ����ௌ 



ʿ̬о̭т̌́ л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́ ̏ GNU Octave 

>> x = (0:0.1:5)’; 
>> y = 2*x + 5 + randn(size(x)); 

>> X = [x ones(size(x))]; 

>> beta = X\y 

beta = 

   2.0653 

   4.7701 

>> close all; 

>> plot(x,y,’bo’,’LineWidth’,2); 
>> hold on; 

>> yfunc = @(x)beta(1)*x+beta(2); 

>> plot(x,yfunc(x),’k-’,’LineWidth’,2); 
>> hold off; 

>> print(gcf,’graph’,’-dpng’,’-r75’); 

ଵݔܽ  + ܾ = ௡ݔܽ…ଵݕ + ܾ = ௡ݕ ⇔ ଵݔ ͳ… ௡ݔ… ͳ ܾܽ = ௡ݕ…ଵݕ ⇔ ߚ� =  ݕ

.˃к. ̥̌т̶̛̬̌ X – ̦е к̏̌д̬̌т̦̌́, то ̌̚п̛̭̌т̽ ߚ = �−ଵݕ ̦ел̽́̚ 

ʻо Octave/MATэAB ̬е̛̹т ̾ту ̛̭̭те̥у у̬̦̌̏е̛̦̜, е̭л̛ ̦̌п̛̭̌т̽ b=X\y 



ˋ̭̌т̽ Ϯ. ʺ̦о̐о̥е̬̦̌́ л̛̦е̜̦̌́ ̬е̬̐е̛̭̭́ 



ʿо̭т̦̌о̏к̌ ̌̚д̸̛̌ 

ʰ̵̭од̦̼е д̦̦̼̌е 

о˃̸к̛ ̏ ;k+1) – ̥е̬̦о̥ 
п̬о̭т̬̦̭̌т̏е ሺݕ௜ , ,௜ଵݔ … ,  ௜௞ሻݔ

Апп̬ок̛̛̭̥̬у̺̀̌́ ̴у̦ќ̶̛ ݕ = ଴ߚ + ௜ଵݔଵߚ +ڮ+  п̬̥̌̌ет̬̼ ̥одел̛ – ߚ ௜௞ݔ௞ߚ

ˁ̛̭те̥̌ у̬̦̌̏е̛̦̜ 
;пе̬еоп̬еделё̦̦̌́Ϳ: 

 

ଵଵݔଵߚ  + ଵଶݔଶߚ +ڮ+ ଵ௞ݔ௞ߚ = ଶଵݔଵߚଵݕ + ଶଶݔଶߚ +ڮ+ ଶ௞ݔ௞ߚ = ௡ଵݔଵߚ…ଶݕ + ௡ଶݔଶߚ +ڮ+ ௡௞ݔ௞ߚ =  ௡ݕ

ˁ̛̭те̥̌ ̏ ̥̌т̸̛̬̦о̥ ̛̏де: �� = ࢟ 

 � = ଵଵݔ ڮ ڭଵ௞ݔ ⋱ ௡ଵݔڭ ڮ ௡௞ݔ ݕ ; = ௡ݕڭଵݕ ; 

ߚ = ௡ߚڭଵߚ  

+ 



ʻекото̬̼е ̭̏о̜̭т̏̌ ̥̌т̶̛̬ 

˄̥̦о̙е̛̦е ̛ т̬̦̭̌по̛̦̬о̛̦̏̌е ˁлед ̥̌т̶̛̬̼ 

1. ܣ + ܤ ⊤ = ⊤ܣ +  ⊤ܤ

2. ܤܣ ⊤ =  ⊤ܣ⊤ܤ

3. ଵ−ܣ ⊤ = ⊤ܣ −ଵ 

4. ܤܣ ܥ =  ሻܥܤሺܣ
5. ܣ ܤ + ܥ = ܤܣ +  ܥܣ

6. ܣ + ܤ ܥ = ܥܣ +  ܥܤ

tr ܣ = ܽ௜௜௜  

ˁлед ̥̌т̶̛̬̼ – ̭у̥̥̌ ̾ле̥е̦то̏ её 
̐л̦̌̏о̜ д̛̌̐о̦̌л̛ 

1. tr ܣߙ + ܤߚ = trߙ ܣ + trߚ ܤ  

2. tr ܤܣ = tr ܣܤ  

3. tr ⊤ܣ = tr ܣ  

4. tr ܥܤܣ = tr ܣܥܤ = trሺܤܣܥሻ 



ʺетод ̛̦̥̌е̵̛̦̹̽ к̏̌д̬̌то̏ 

ˁу̥̥̌ к̏̌д̬̌то̏ откло̦е̛̦̜ 
 ܴܵܵ = ݁௜ଶ௜ = ݁⊤݁ = = ݕ − ߚ� ⊤ ݕ − ߚ� = = ݕ⊤ݕ − ߚ�⊤ݕʹ +  ߚ�⊤�⊤ߚ

ʿо̛̭к ̛̛̥̦̥у̥̌ 
ߚ�ܴܵܵ�  = −ʹ�ሺߚ�⊤ݕሻ�ߚ + �ሺߚ�⊤�⊤ߚሻ�ߚ = Ͳ �ܴܵܵ�ߚ = ݕ⊤�ʹ− + ߚ�⊤�ʹ = Ͳ �⊤�ߚ = ݕ⊤� ⇔ = ߚ �⊤� −ଵ�⊤ݕ 

ʪ̴̴̛е̬е̶̛̦̬о̛̦̏̌е 

 �ሺ௬⊤�ఉሻ�ఉ� = �ሺ ��ఉ�� ሻ�ఉ� = �௞ ⇒ �ሺ௬⊤�ఉሻ�ఉ = �⊤ݕ ⊤ = де �௜̐ ,ݕ⊤� = �⊤ݕ ௜ 
ߚ�⊤�⊤ߚ = ߚ� ⊤ ߚ� ௝௠ߚ௜௝ݔ  =

௝=ଵ
ଶ௡

௜=ଵ ⇒ �ሺߚ�⊤�⊤ߚሻ�ߚ௞ = ௝௠ߚ௜௝ݔ ௜௞ݔ ʹ
௝=ଵ

௡
௜=ଵ  

௝௠ߚ௜௝ݔ ௜௞ݔ ʹ
௝=ଵ

௡
௜=ଵ = ʹ ߚ� ⊤� ⊤ =  ߚ�⊤�ʹ



ʺетод ̛̦̥̌е̵̛̦̹̽ к̏̌д̬̌то̏: од̦о̥е̬̦̼̜ ̭лу̸̜̌ 

>> x = (0:0.1:5)’; 
>> y = 2*x + 5 + randn(size(x)); 

>> X = [x ones(size(x))]; 

>> beta = X\y 

beta = 

   2.0653 

   4.7701 

>> close all; 

>> plot(x,y,’bo’,’LineWidth’,2); 
>> hold on; 

>> yfunc = @(x)beta(1)*x+beta(2); 

>> plot(x,yfunc(x),’k-’,’LineWidth’,2); 
>> hold off; 

>> print(gcf,’graph’,’-dpng’,’-r75’); 

ଵݔܽ  + ܾ = ௡ݔܽ…ଵݕ + ܾ = ௡ݕ ⇔ ଵݔ ͳ… ௡ݔ… ͳ ܾܽ = ௡ݕ…ଵݕ ⇔ ߚ� =  ݕ

.˃к. ̥̌т̶̛̬̌ X – ̦е к̏̌д̬̌т̦̌́, то ̌̚п̛̭̌т̽ ߚ = �−ଵݕ ̦ел̽́̚ 

ʻо Octave/MATэAB ̬е̛̹т ̾ту ̛̭̭те̥у у̬̦̌̏е̛̦̜, е̭л̛ ̦̌п̛̭̌т̽ b=X\y 



ʯ̌д̸̌̌: ̵̦̌о̙де̛̦е ко̴̴̶̛̛̾е̦то̏ ̬е̬̐е̛̛̭̭ 

ˌ̌̐ ϭ. ˁо̚д̌т̽ ̼̏̍о̬ку то̸ек 
x = rand(500, 1); 

y = rand(500, 1); 

z = 3*x+4*y+5+randn(size(x)); 

plot3(x,y,z,’bo’); 

ˌ̌̐ Ϯ. ʯ̌п̛̭̌т̽ ̛ ̬е̛̹т̽ ̛̭̭те̥у 
у̬̦̌̏е̛̦̜ 

X = [x y ones(size(x))]; 

b = (X'*X)\(X'*z); 

format long; 

disp(b); 

xv = 0:0.1:1; 

[Xm,Ym]=meshgrid(xv,xv); 

Zm = b(1)*Xm + b(2)*Ym + b(3); 

hold on; 

mesh(Xm,Ym,Zm); hold off; 

 



е˃о̬е̥̌ ʧ̌у̭̭̌-ʺ̬̌ко̏̌ 

ʿу̭т̽ ̼̏пол̦́̀т̭́ ̭леду̛̺̀е у̭ло̛̏́: 

1. ʺодел̽ п̛̬̌̏л̦̽о ̭пе̶̴̶̛̛̛̬о̦̏̌̌ 

2. ݃݊ܽݎ � = ݉, ̐де m – ̸̛̭ло ко̴̴̶̛̛̾е̦то̏ ̬е̬̐е̛̛̭̭ 

3. ܧ �௜ = Ͳ ;̦уле̏ое ̥̌то̛̙д̛̦̌е о̛̹̍ок ̬е̬̐е̛̛̭̭Ϳ 

4. ܧ �௜�௝ = ܧ �௜ ܧ �௝ = Ͳ ;̦е̛̛̭̥̌̏̚о̭т̽ о̛̹̍ок д̬у̐ от д̬у̐̌Ϳ 

5. ݎܽ� �௜ = ܧ �௜�௜ = �ଶ ;̐о̥о̭кед̭̌т̸̛̦о̭т̽ о̛̹̍ок ̬е̬̐е̛̛̭̭Ϳ 

 

˃о̐д̌ о̶е̦к̛ п̬̥̌̌ет̬о̏ ̬е̬̐е̛̛̭̭ ̥етодо̥ ̛̦̥̌е̵̛̦̹̽ 

к̏̌д̬̌то̏ ́̏л́̀т̭́ ̛̦̌лу̸̛̛̹̥ ̏ кл̭̭̌е л̛̦е̵̜̦̼ ̦е̭̥е̺ё̵̦̦̼ 

о̶е̦ок ;̦̌̐л. Best Linear Unbiased Estimator, BLUE). 

 



Ко̶̛̛̬̏̌̌о̦̦̌́ ̥̌т̶̛̬̌ 

ʻе̭̥е̺ё̦̦о̭т̽ о̶е̦ок п̬̥̌̌ет̬о̏ ̬е̬̐е̛̛̭̭ ܧ = ߚ ܧ �⊤� −ଵ�⊤ ܤ� + � = ܧ ܤ + �⊤� −ଵ�⊤ܧ � =  [ܤ]ܧ
B – ̛̭т̛̦̦ое ̸̦̌̚е̛̦е п̬̥̌̌ет̬о̏ ̬е̬̐е̛̛̭̭, � – ̏екто̬ о̛̹̍ок 

Ко̶̛̛̬̏̌̌о̦̦̌́ ̥̌т̶̛̬̌ cov , ߚ = ߚ ܧ − ߚ ܤ − ߚ ܤ ⊤ = ܧ �⊤� −ଵ�⊤��⊤� �⊤� −ଵ = = �⊤� −ଵ�⊤ܧ[��⊤]� �⊤� −ଵ = �ଶ �⊤� −ଵ 

 

B – ̛̭т̛̦̦ое ̸̦̌̚е̛̦е п̬̥̌̌ет̬о̏ ̬е̬̐е̛̛̭̭, � – ̏екто̬ о̛̹̍ок 

ʦ̛д ко̶̛̛̬̏̌̌о̦̦о̜ ̥̌т̶̛̬̼ 

 

cov , ߚ = ߚ Var[ߚ ଵ] covሺߚ ଵ, ଶሻ ߚ ڮ covሺߚ ଵ, ,ଵ ߚ௠ሻcovሺ ߚ ଶሻ ߚ Var[ߚ ଶ] ڮ covሺߚ ଶ, ڭ௠ሻ ߚ ڭ ⋱ ,௠ ߚcovሺڭ ଵሻ ߚ covሺߚ ௠ , ଶሻ ߚ ڮ Var[ߚ ௠]  

 

 

 

 

ʪо̏е̛̬тел̦̼̽е 
̛̦те̬̏̌л̼ 

ఉ�ଶݏ  = Var[ߚ ] Δߚ ௜ = �ఉݏ ⋅ ,ߙሺݐ ݂ሻ 
t – д̏у̵̭то̬о̛̦̦̜ к̦̏̌т̛л̽ t-
̬̭̌п̬еделе̛̦́; ߙ – ̏е̬о́т̦о̭т̽, f = n – m – 

̸̛̭ло ̭тепе̦е̜ ̭̏о̍од̼ 



О̶е̦к̌ о̛̹̍к̛ ̬е̬̐е̛̛̭̭ 

ʻе̭̥е̺ё̦̦̌́ о̶е̦к̌ 

о̛̹̍к̛ ̬е̬̐е̛̛̭̭ 
 � ଶ = ͳ݊ −݉ ݁௜ଶ௜ = ݁⊤݁݊ − ݉ 

 ݁ = ݕ −   ݕ

n – ̸̛̭ло то̸ек, m – ̸̛̭ло 
ко̴̴̶̛̛̾е̦то̏ ̬е̬̐е̛̛̭̭ 

ʿ̬оек̶̛о̦̦̌́ ̥̌т̶̛̬̌ 
= ݕ  ܪ;ݕܪ = � �⊤� −ଵ�⊤ 

 

ˁ̏о̜̭т̏̌ 

1. ⊤ܪ =  ет̸̛̬̦о̭т̽Ϳ̛̥̥̭; ܪ
2. ଶܪ =  де̥поте̦т̦о̭т̽Ϳ̛; ܪ

3. �ܪ = � 

݁ = ݕ − = ݕ ܫ − ܪ ݕ = � ܤ� + � = ��; ܴܵܵ = ݁⊤݁ = �� ⊤ �� = �⊤�� ݁⊤݁ = tr ݁⊤݁ = tr �⊤�� = tr ���⊤ ⇒ ܧ ܴܵܵ = ݎݐ ܧ� ��⊤ = �ଶtrሺ�ሻ 
ݎݐ � = ݎݐ ௡ܫ − ݎݐ � �⊤� −ଵ�⊤ = ݊ − ݎݐ �⊤� �⊤� −ଵ = ݊ −݉ 

ˁ̏́̽̚ по̬̐е̹̦о̭т̛ ̭ п̬оек̶̛о̦̦о̜ ̥̌т̶̛̬е̜ 

ʦ̸̛̼̭ле̛̦е ̭лед̌ п̬оек̶̛о̦̦о̜ ̥̌т̶̛̬̼ 



ʯ̌д̸̌̌: до̏е̛̬тел̦̼̽е ̛̦те̬̏̌л̼ ̸̦̌̚е̛̦̜ �  

ˌ̌̐ ϭ. О̛̹̍к̌ ̬е̬̐е̛̛̭̭ 
 

>> res = z–(b(1)*x+b(2)*y+b(3)); 
>> f = numel(res) - numel(b); 

>> sigma2 = res'*res/f 

  sigma2 =  0.808416630656864 

ˌ̌̐ Ϯ. Ко̶̛̛̬̏̌̌о̦̦̌́ ̥̌т̶̛̬̌ 
>> format short; 

>> C = sigma2 * inv(X'*X) 

C = 

  0.0204893 -0.0013650 -0.0096530 

 -0.0013650  0.0188808 -0.0085331 

 -0.0096530 -0.0085331  0.0106459 

ˌ̌̐ ϯ. О̛̹̍к̛ ̛ до̏е̛̬тел̦̼̽е 
̛̦те̬̏̌л̼ ко̴̴̶̛̛̾е̦то̏ 

>> sb = sqrt(diag(C));disp(sb'); 

   0.14314   0.13741   0.10318 

>> db = sb * tinv(1-0.05/2,f); 

>> disp(db'); 

   0.28124   0.26997   0.20272 

 

ˌ̌̐ 4. Ко̬̬ел̶̛́о̦̦̌́ ̥̌т̶̛̬̌ 
>> sbm = [sb sb sb]; 

>> r = C./(sbm.*sbm') 

r = 

 1.000000 -0.069400 -0.653593 

-0.069400  1.000000 -0.601874 

-0.653593 -0.601874  1.000000 

ʦ̛̛̦̥̦̌е! � ,࢏ � � ࢐ ≠ ૙ 

О̭т̌̏л̜́те «̌̚п̭̦̼̌е» ̦̌̚к̛ п̛̬ 
ок̬у̐ле̛̛̦ � !  

ˌ̌̐ ϰ. R2 ̛ н-к̛̬те̛̬̜ 
>> TSS = sum((z-mean(z)).^2) 

TSS =  1497.7 

>> RSS = res'*res; 

RSS =  401.78 

>> R2 = 1 - RSS/TSS; 

R2 =  0.73173 

>> F = R2/(1-R2)*f/2 

F =  677.80 

>> finv(0.95,2,f) 

ans =  3.0139 



ϯ. ˁ̛̭те̥̌ у̬̦̌̏е̛̦̜ �ߚ =  ݕ

 

Л̛̦е̶̛̛̬̌̌́̚ ̥̦о̐о̥е̬̦о̜ ̦ел̛̦е̜̦о̜ ̬е̬̐е̛̛̭̭ 

ϭ. ʻел̛̦е̜̦̌́ ̛̛̭̥̌̏̚о̭т̽ ܿ� ܶ = ܽ + ܾܶ + ܿܶ
 

 

Ϯ. Л̛̦е̶̛̛̬̌̌́̚ ܿ� ܶ = ଵݔܽ + ଶݔܾ + ଵݔ ;ଷݔܿ = ͳ;  ݔଶ = ଷݔ  ;ܶ = ܶ−ଵ 
 

� = ͳ ଵܶ ͳ/ ଵܶڭ ⋱ ͳڭ ௡ܶ ͳ/ ௡ܶ ; ߚ = ܾܽܿ
 



ʪо̏е̛̬тел̦̼̜̽ ̛̦те̬̏̌л ̛ ̛̦те̬̏̌л п̬ед̭к̛̦̌̌́̚ 

ʪо̏е̛̬тел̦̼̜̽ ̛̦те̬̏̌л  ࢟ 

(confidence interval) ݕ ± ఈ,௡−௠ݐ � ⊤ݔ �⊤� −ଵݔ 

 

ʰ̵̭од̦̌́ ̴у̦ќ̶̛ ̭ 
̏е̬о́т̦о̭т̽̀ 95% п̬о̵од̛т 

̸е̬е̚ ̾тот ̛̦те̬̏̌л 

ʰ̦те̬̏̌л п̬ед̭к̛̦̌̌́̚ 

(prediction interval) ݕ ± ఈ,௡−௠ݐ � ͳ + ⊤ݔ �⊤� −ଵݔ 

 

ʻо̏̌́ то̸к̌ поп̌дёт ̏ ̾тот 
̛̦те̬̏̌л ̭ ̏е̬о́т̦о̭т̽̀ 95% 

n=20 n=200 


