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Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ ïîäãîòîâêà è ïðîâåäåíèå òåîðåòè÷åñêîãî èññëåäîâàíèÿ îïòèìàëüíîãî êîëè÷å-
ñòâåííîãî è êà÷åñòâåííîãî ñîñòàâà ìåòàíîëî-ðàïñîâîé ýìóëüñèè äëÿ ïðèìåíåíèÿ åå â êà÷åñòâå àëüòåðíàòèâíî-
ãî òîïëèâà äëÿ äèçåëüíîãî äâèãàòåëÿ, òàê êàê íàèáîëåå ýôôåêòèâíûì ñïîñîáîì óëó÷øåíèÿ êà÷åñòâà óêàçàííûõ 
ïðîöåññîâ ÿâëÿåòñÿ ïðèáëèæåíèå ñâîéñòâ áèîòîïëèâ íà îñíîâå ðàñòèòåëüíûõ ìàñåë ê ñâîéñòâàì ñòàíäàðòíî-
ãî äèçåëüíîãî òîïëèâà. Ïðåäñòàâëåíû ìåòîäèêà è ðåçóëüòàòû ïëàíèðîâàíèÿ ïîëíîãî òðåõôàêòîðíîãî ýêñïå-
ðèìåíòà ïî îïðåäåëåíèþ êà÷åñòâåííîãî è êîëè÷åñòâåííîãî ñîñòàâà ìåòàíîëî-ðàïñîâîé ýìóëüñèè. Ìåòîäèêà 
ïðîâåäåíèÿ ïðåäóñìàòðèâàåò îïðåäåëåíèå êîëè÷åñòâà ýìóëüãàòîðà, ñîäåðæàíèå ìåòàíîëà â ñîñòàâå ýìóëüñèè 
è êðàòíîñòü åå ãîìîãåíèçàöèè äëÿ ïîëó÷åíèÿ ìàêñèìàëüíîãî âðåìåíè ñòàáèëüíîñòè ýìóëüñèè. Â ðàìêàõ ïëà-
íèðîâàíèÿ ýêñïåðèìåíòà ïðîèçâîäèòñÿ ðàñ÷åò ïëàíà ýêñïåðèìåíòà ïî âûáðàííûì èçìåíÿåìûì ïîêàçàòåëÿì, 
îïðåäåëÿþòñÿ êîýôôèöèåíòû óðàâíåíèÿ ìàòåìàòè÷åñêîé ìîäåëè, ïðîâîäèòñÿ ñòàòèñòè÷åñêàÿ îöåíêà àäåêâàò-
íîñòè ìàòåìàòè÷åñêîé ìîäåëè, ñòðîÿòñÿ äèàãðàììû èçîëèíèé ñ âîçìîæíîñòüþ âûÿâëåíèÿ òî÷êè ýêñòðåìóìà. 
Ðàññìàòðèâàåìûé ýêñïåðèìåíò îïðåäåëåí êàê ïîëíûé òðåõôàêòîðíûé ýêñïåðèìåíò. Ïîëó÷åíû óðàâíåíèÿ ìà-
òåìàòè÷åñêîé ìîäåëè ñ ó÷åòîì âñåõ èçìåíÿþùèõñÿ ïîêàçàòåëåé è ñ ó÷åòîì ïîñòîÿííîãî ïîêàçàòåëÿ – êðàò-
íîñòè ãîìîãåíèçàöèè. Àíàëèç ðåçóëüòàòîâ ïëàíèðîâàíèÿ ýêñïåðèìåíòà ïîêàçûâàåò çíà÷èìîñòü ïîëó÷åííîé 
ìîäåëè ïî êðèòåðèþ Ñòüþäåíòà è àäåêâàòíîñòü óðàâíåíèÿ ìîäåëè ïî êðèòåðèþ Ôèøåðà è, êàê ñëåäñòâèå, ïðè-
ìåíèìîñòü äëÿ ðåøåíèÿ ïðîèçâîäñòâåííî-ðåöåïòóðíûõ çàäà÷. Ýêñòðåìóìó ôóíêöèè îòêëèêà óðàâíåíèÿ ìîäå-
ëè ñîîòâåòñòâóþò çíà÷åíèÿ ôàêòîðîâ: êîíöåíòðàöèÿ ýìóëüãàòîðà – 5,376 %, ñîäåðæàíèå ìåòàíîëà – 29,38 %, 
êðàòíîñòü ãîìîãåíèçàöèè – 3. Âðåìÿ ñòàáèëüíîñòè ýìóëüñèè ïðè ýòèõ çíà÷åíèÿõ ñîñòàâèò 14,513 ìèíóò. Ðå-
çóëüòàòû ïðîâåäåííûõ èññëåäîâàíèé ïîäòâåðæäàþò âîçìîæíîñòü ïðèìåíåíèÿ ìåòàíîëî-ðàïñîâîé ýìóëüñèè â 
êà÷åñòâå ìîòîðíîãî òîïëèâà äëÿ äèçåëÿ Ä-242. 
Êëþ÷åâûå ñëîâà: äèçåëü, òðåõôàêòîðíûé ïëàí, ìàòåìàòè÷åñêàÿ ìîäåëü, ýìóëüñèÿ, ðàïñîâîå ìàñëî.

The aim of the research is a preparation and a conducting of the theoretical research work of optimal quantitative 
and qualitative composition of the methanol-rapeseed emulsion for an application as an alternative fuel for the diesel 
engine, since the most effective way to improve the quality of these processes is an approximation of the biofuel’s 
qualities on the basis of vegetables oils to the standard diesel fuel properties. The methodology and results of the plan-
ning of a complete three-factor experiment on the determination of the qualitative and quantitative methanol-rapeseed 
emulsion composition are reported. The methodology provides a determination of emulsifier quantity, a content of 
methanol in the emulsion and a multiplicity of its homogenization for obtaining the maximum emulsion’s stability 
time. Within the framework of an experiment planning a plan of the experiment of selected variable indicators are 
conducted, coefficients of an equation of the mathematical model are determined, statistical estimation of the ade-
quacy of the mathematical model is carried out, the contour diagrams with the possibility of identifying an extremum 
point. The experiment under review is defined as a complete three-factor experiment. Equations of the mathematical 
model with an account of all changing indicators and an account of a constant index – the multiplicity of homogeni-
zation have been obtained. Analysis of the results of the experiment planning shows a significance of obtained model 
by the Student's t-test and an adequacy of the model equation by the Fisher’s exact test, and as a consequence the 
applicability for solving production-prescription problems. The extremum of response function of the model equation 
corresponds to the values of factors: concentration of emulsifier – 5,376 %, content of methanol – 29,38 %, rate of 
homogenization – 3. The stability time of the emulsion at these values is 14,513 minutes. The results of conducted 
investigations support a possibility of the methanol-rapeseed emulsion application as motor fuel for the diesel engine 
D-242. 
Keywords: diesel engine, three-factor model, mathematical model, emulsion, rapeseed oil.
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Ââåäåíèå
Âàæíûì ñâîéñòâîì ðàñòèòåëüíûõ ìàñåë, 

èñïîëüçóåìûõ äëÿ ïðîèçâîäñòâà áèîòîïëèâà, 
ÿâëÿåòñÿ ñïîñîáíîñòü ñìåøèâàòüñÿ â ëþáûõ 
ïðîïîðöèÿõ ñ áîëüøèíñòâîì îðãàíè÷åñêèõ 
ðàñòâîðèòåëåé (â òîì ÷èñëå è ñ íåôòåïðîäóêòà-
ìè – áåíçèíîì, êåðîñèíîì è äèçåëüíûì òîïëè-
âîì). Ýòî ñâîéñòâî ðàñòèòåëüíûõ ìàñåë ïîçâî-
ëÿåò ïîëó÷àòü ìîòîðíûå òîïëèâà ñ çàäàííûìè 
ôèçèêî-ìåõàíè÷åñêèìè ñâîéñòâàìè ïóòåì ñìå-
øèâàíèÿ ðàçëè÷íûõ êîìïîíåíòîâ â òðåáóåìûõ 
ïðîïîðöèÿõ. Ðåçóëüòàòû èññëåäîâàíèé ïîä-
òâåðæäàþò âîçìîæíîñòü èñïîëüçîâàíèÿ â êà÷å-
ñòâå òîïëèâà äëÿ äèçåëåé «÷èñòûõ» ðàñòèòåëü-
íûõ ìàñåë, à òàêæå ñìåñåé ñ òðàäèöèîííûì 
äèçåëüíûì òîïëèâîì [1–3]. Íî èñïîëüçîâàíèå 
áèîòîïëèâ íà îñíîâå ðàñòèòåëüíûõ ìàñåë ñäåð-
æèâàåòñÿ îòëè÷èÿìè èõ ôèçèêî-ìåõàíè÷åñêèõ 
ñâîéñòâ îò ñâîéñòâ ñòàíäàðòíîãî äèçåëüíî-
ãî òîïëèâà. Â ÷àñòíîñòè, îäíîé èç íàèáîëåå 
îñòðûõ ïðîáëåì, âîçíèêàþùèõ ïðè ðàáîòå 
äèçåëÿ íà ðàïñîâîì ìàñëå, ÿâëÿåòñÿ åãî ïîâû-
øåííàÿ âÿçêîñòü [4–7]. Ýôôåêòèâíûì ñïîñî-
áîì óëó÷øåíèÿ êà÷åñòâà óêàçàííûõ ïðîöåññîâ 
ÿâëÿåòñÿ ïðèáëèæåíèå ñâîéñòâ áèîòîïëèâ íà 
îñíîâå ðàñòèòåëüíûõ ìàñåë ê ñâîéñòâàì ñòàí-
äàðòíîãî äèçåëüíîãî òîïëèâà. Îäíèì èç òàêèõ 
ñïîñîáîì ïîëó÷åíèÿ òîïëèâà ÿâëÿåòñÿ ýìóëü-
ãèðîâàíèå ìåòàíîëà â ñðåäå ðàïñîâîãî ìàñëà. 

Ïðè ïðîâåäåíèè ýêñïåðèìåíòîâ è òåîðåòè-
÷åñêèõ ðàñ÷åòîâ ñîâìåñòíî ñ ïîëó÷åíèåì îá-
ðàçöà ýìóëüñèè è èìèòàöèè âçàèìîäåéñòâèÿ 
ýëåìåíòîâ ñèñòåìû øèðîêî ïðèìåíÿåòñÿ 
ôóíêöèîíàëüíîå ìîäåëèðîâàíèå, ðåçóëüòà-
òîì êîòîðîãî ÿâëÿåòñÿ ïîëó÷åíèå óðàâíåíèÿ 
ìàòåìàòè÷åñêîé ôóíêöèè, îïèñûâàþùåé ïî-
âåäåíèå îáúåêòà èññëåäîâàíèÿ íåçàâèñèìî îò 
âíóòðåííåé ñòðóêòóðû ñèñòåìû. Ôóíêöèî-
íàëüíàÿ ìîäåëü ðàáîòàåò ïî ïðèíöèïó «÷åð-
íîãî ÿùèêà», ïðè ýòîì èçâåñòíû ïàðàìåòðû 
«âõîäà» – ïåðåìåííûå èëè ïîñòîÿííûå ôàêòî-
ðû, à òàêæå ïàðàìåòðû «âûõîäà» – êðèòåðèé 
ýôôåêòèâíîñòè, îòêëèê è ò.ä.

Îáúåêòû è ìåòîäû
Â ðàìêàõ ïëàíèðîâàíèÿ ýêñïåðèìåíòà 

ïðîèçâîäèòñÿ ðàñ÷åò ïëàíà ýêñïåðèìåíòà ïî 
âûáðàííûì èçìåíÿåìûì ïîêàçàòåëÿì, îïðå-
äåëÿþòñÿ êîýôôèöèåíòû óðàâíåíèÿ ìàòåìà-
òè÷åñêîé ìîäåëè, ïðîâîäèòñÿ ñòàòèñòè÷åñêàÿ 
îöåíêà àäåêâàòíîñòè ìàòåìàòè÷åñêîé ìîäåëè, 
ñòðîÿòñÿ äèàãðàììû èçîëèíèé ñ âîçìîæíî-
ñòüþ âûÿâëåíèÿ òî÷êè ýêñòðåìóìà. Ðàññìà-
òðèâàåìûé ýêñïåðèìåíò îïðåäåëåí êàê ïîëíûé 
òðåõôàêòîðíûé ýêñïåðèìåíò.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü
Ïîñòðîåíèå ôóíêöèîíàëüíûõ ìîäåëåé ýêñ-

ïåðèìåíòàëüíûõ çàâèñèìîñòåé ñâîéñòâ ìåòà-
íîëî-ðàïñîâîé ýìóëüñèè îò åãî ñîñòàâà âêëþ-
÷àåò ñëåäóþùèå ýòàïû [8–10]:

– âûáîð ôàêòîðîâ, îïðåäåëÿþùèõ èçìåí÷è-
âîñòü îïòèìèçèðóåìûõ ïàðàìåòðîâ; 

– âûáîð èíòåðâàëîâ èçìåíåíèÿ ôàêòîðîâ;
– âûáîð ïëàíà è óñëîâèé ïðîâåäåíèÿ ýêñïå-

ðèìåíòà;
– îáðàáîòêà ðåçóëüòàòîâ ýêñïåðèìåíòà ñ ïî-

ñòðîåíèåì ìàòåìàòè÷åñêèõ ìîäåëåé çàâèñèìî-
ñòåé ñâîéñòâ ìåòàíîëî-ðàïñîâîé ýìóëüñèè îò 
âûáðàííûõ ôàêòîðîâ.

Ðåçóëüòàòû è âûâîäû
Â êà÷åñòâå âõîäíûõ ôàêòîðîâ ïðèíÿòû: êîí-

öåíòðàöèÿ ýìóëüãàòîðà – Õ
1
, êðàòíîñòü ãîìî-

ãåíèçèðîâàíèÿ – Õ
2
, êîíöåíòðàöèÿ ìåòàíîëà â 

ñîñòàâå ýìóëüñèè – Õ
3
.

Â ðàñ÷åòå ôàêòîðíîãî ïëàíà çíà÷åíèÿ óðîâ-
íåé âõîäíûõ ôàêòîðîâ ïðèíèìàþòñÿ â êîäè-
ðîâàííîì âèäå, ïðè ýòîì îñíîâíîé óðîâåíü 
(öåíòð ïëàíà) êàæäîãî ôàêòîðà îáîçíà÷àåòñÿ 
êàê «0», à íèæíèé è âåðõíèé óðîâíè: «–1» è 
«+1» ñîîòâåòñòâåííî (òàáë. 1).

Äëÿ îïðåäåëåíèÿ âîñïðîèçâîäèìîñòè èçìå-
ðåíèé âûõîäíîãî ïàðàìåòðà Y, â êà÷åñòâå êîòî-
ðîãî âûáðàíî âðåìÿ ñòàáèëüíîñòè ìåòàíîëî-
ðàïñîâîé ýìóëüñèè, ïðîâåäåíû ïàðàëëåëüíûå 
èçìåðåíèÿ. Ñîãëàñíî ïëàíó ýêñïåðèìåíòà ðàñ-

Òàáëèöà 1

Ôàêòîðû è èíòåðâàëû èõ âàðüèðîâàíèÿ

Íèæíèé 
óðîâåíü (–1)

Îñíîâíîé 
óðîâåíü (0)

Âåðõíèé 
óðîâåíü (+1)

Èíòåðâàë 
âàðüèðîâàíèÿ

Íàèìåíîâàíèå 
ôàêòîðà

Õ
1

5 7 9 2 Ýìóëüãàòîð, %

Õ
2

1 2 3 1 Êðàòíîñòü

Õ
3

10 30 50 20 Ìåòàíîë, %
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ñ÷èòàíî äåñÿòü îïûòîâ ïî äâà ïàðàëëåëüíûõ 
èñïûòàíèÿ â êàæäîì. Âûõîäíûå ïàðàìåòðû, 
íàèìåíîâàíèå âûõîäíîãî ïàðàìåòðà è êîëè-
÷åñòâî ïàðàëëåëüíûõ çàìåðîâ ïðåäñòàâëåíû â 
òàáë. 2.

Ïîñëå ïðîâåðêè ââåäåííûõ äàííûõ ðàñ-
ñ÷èòûâàþòñÿ êîýôôèöèåíòû ìàòåìàòè÷åñêîé 
ìîäåëè (òàáë. 3), è âûâîäèòñÿ ôóíêöèÿ îòêëèêà.

Óðàâíåíèå ìàòåìàòè÷åñêîé ìîäåëè: 

Y = 17,391 + 13,481 X
1 
+ 0,8 X

2
 + (–6,068) X

3 
+ 

+ 7,082 X
1

2 + 0,836 X
2

2 + (–2,331) X
3

 2 + 
+ (–2,169) X

1 
X

2 
+ (–5,81) X

1 
X

3
 + 1,206 X

2 
X

3
.  (1)

Ïîñëå ïîëó÷åíèÿ ìàòåìàòè÷åñêîé ìîäåëè 
ïðîâåðÿëàñü çíà÷èìîñòü êîýôôèöèåíòîâ 
ìîäåëè. Ïðîâåðêà êîýôôèöèåíòîâ íà çíà÷è-
ìîñòü ïðîèçâîäèòñÿ ñ ïîìîùüþ êðèòåðèÿ 
Ñòüþäåíòà (t-êðèòåðèÿ), ïðåäñòàâëåííîãî â 
òàáë. 4 è 5.

Ïðîâåðêà àäåêâàòíîñòè ìàòåìàòè÷åñêîé 
ìîäåëè ïðîèçâîäèòñÿ ïî êðèòåðèþ Ôèøåðà. 
Îïðåäåëåíû íåîáõîäèìûå ïîêàçàòåëè äëÿ 
îöåíêè àäåêâàòíîñòè ìîäåëè (òàáë. 6).

Ïî êðèòåðèþ Ôèøåðà óðàâíåíèå ìàòåìàòè-
÷åñêîé ìîäåëè ÿâëÿåòñÿ àäåêâàòíûì. Ìîäåëü 
ïðèìåíèìà äëÿ ðåøåíèÿ ïðîèçâîäñòâåííî-ðå-

Òàáëèöà 2
Ïëàí ýêñïåðèìåíòà è âûõîäíûå ïàðàìåòðû îïûòîâ

Íîìåð 
îïûòà 

(u)

Ìàòðèöà ïëàíèðîâàíèÿ Íàòóðàëüíûå çíà÷åíèÿ ïåðåìåííûõ
Âûõîäíîé 

ïàðàìåòð (âðåìÿ 
ñòàáèëüíîñòè, ñ)

Õ
1

Õ
2

X
3

ýìóëüãàòîð êðàòíîñòü ìåòàíîë Y (u,1) Y (u,2)

1 –1 –1 –1 5 1 10 9 7

2 +1 –1 –1 9 1 10 54 48

3 –1 +1 –1 5 3 10 12 11

4 –1 –1 +1 5 1 50 4 6

5 –1 0,19 0,19 5 2,19 33,8 11 12

6 0,19 –1 0,19 7,38 1 33,8 19 19

7 0,19 0,19 –1 7,38 2,19 10 28 22

8 –0,29 +1 +1 6,42 3 50 10 12

9 +1 –0,29 +1 9 1,71 50 25 23

10 +1 +1 –0,29 9 3 24,2 44 37

 Òàáëèöà 3
Êîýôôèöèåíòû óðàâíåíèÿ ìàòåìàòè÷åñêîé ìîäåëè

b
0

b
1

b
2

b
3

b
11

b
12

b
13

b
22

b
23

b
33

17,391 13,481 0,8 –6,068 7,082 –2,169 –5,81 0,836 1,206 –2,331

Òàáëèöà 4
Òàáëè÷íûå çíà÷åíèÿ êðèòåðèÿ Ñòüþäåíòà 

Ïîêàçàòåëü Çíà÷åíèå

Äèñïåðñèÿ âîñïðîèçâîäèìîñòè â ïàðàëëåëüíûõ îïûòàõ 6,95
×èñëî ñòåïåíåé ñâîáîäû 10

Òàáëè÷íîå çíà÷åíèå êðèòåðèÿ Ñòüþäåíòà 2,23

Òàáëèöà 5
Êðèòåðèè Ñòüþäåíòà è çíà÷èìîñòü êîýôôèöèåíòîâ ìîäåëè

b
0

b
1

b
2

b
3

b
11

b
12

b
13

b
22

b
23

b
33

t-êðèòåðèé 7,081 12,82 0,761 5,772 3,486 1,731 4,636 0,411 0,962 1,147

Çíà÷èìîñòü 1 1 0 1 1 0 1 0 0 0
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öåïòóðíûõ çàäà÷. Â êà÷åñòâå ïîñòîÿííîãî ôàê-
òîðà ñ òî÷êè çðåíèÿ òåõíîëîãè÷åñêîãî ïðîöåñ-
ñà ïðèãîòîâëåíèÿ ýìóëüñèè ïðèíÿòà êðàòíîñòü 
ãîìîãåíèçàöèè X

2
 = 3.

Ïðåîáðàçîâàííîå óðàâíåíèå ìàòåìàòè÷å-
ñêîé ìîäåëè ñ ó÷åòîì ïîñòîÿííîãî ôàêòîðà: 

Y = 17,391 + 13,481 X
1 
+ 0,8 + (–6,068) X

3
 + 

+ 7,082 X
1
2 + 0,836 + (–2,331) X

3
2 + (–2,169) X

1
 +

 + (–5,81) X
1 
X

3
 + 1,206 X

3
. (2)

Íà îñíîâå ïîëó÷åííîé ìàòåìàòè÷åñêîé 
ìîäåëè ïîñòðîåíà äèàãðàììà èçîëèíèé â êîîð-
äèíàòàõ Õ

1 
è Õ

3
 (ðèñ. 1). 

Äèàãðàììà èçîëèíèé ïîçâîëÿåò ïîëó÷àòü 
êîîðäèíàòû ôàêòîðíîãî ïîëÿ è çíà÷åíèÿ âû-
õîäíîãî ïàðàìåòðà.

Îáðàáîòêà äàííûõ ïëàíèðóåìîãî ýêñïå-
ðèìåíòà çàâåðøàåòñÿ îïðåäåëåíèåì íàëè÷èÿ 
ýêñòðåìóìà ôóíêöèè îòêëèêà. Ýêñòðåìóì 
ôóíêöèè îòêëèêà ïîëó÷åííîé ìàòåìàòè÷åñêîé 
ìîäåëè íàõîäèòñÿ â ïðåäåëàõ âàðüèðîâàíèÿ 
ïåðåìåííûõ ôàêòîðîâ. Ïðè ýòîì çíà÷åíèå ýêñ-
òðåìóìà ñîñòàâëÿåò Y

opt
 = 14,513. Ýêñòðåìó-

ìó ôóíêöèè îòêëèêà ñîîòâåòñòâóþò çíà÷åíèÿ 
ôàêòîðîâ: X

1 
= 5,376 è X

3 
= 29,38 ïðè X

2
 = 3. 

Çàêëþ÷åíèå
Àíàëèç ðåçóëüòàòîâ ïëàíèðîâàíèÿ ýêñïå-

ðèìåíòà ïîêàçûâàåò çíà÷èìîñòü ïîëó÷åííîé 
ìàòåìàòè÷åñêîé ìîäåëè ïî êðèòåðèþ Ñòüþäåí-
òà è àäåêâàòíîñòü óðàâíåíèÿ ìàòåìàòè÷åñêîé 
ìîäåëè ïî êðèòåðèþ Ôèøåðà è, êàê ñëåäñòâèå, 
ïðèìåíèìîñòü äëÿ ðåøåíèÿ ïðîèçâîäñòâåííî-
ðåöåïòóðíûõ çàäà÷. Ýêñòðåìóìó ôóíêöèè îò-
êëèêà ìàòåìàòè÷åñêîé ìîäåëè ñîîòâåòñòâóþò 
çíà÷åíèÿ ôàêòîðîâ: êîíöåíòðàöèÿ ýìóëüãàòî-
ðà – 5,376 %, ñîäåðæàíèå ìåòàíîëà – 29,38 %, 
êðàòíîñòü ãîìîãåíèçàöèè – 3. Âðåìÿ ñòàáèëü-
íîñòè ýìóëüñèè ïðè ýòèõ çíà÷åíèÿõ ñîñòàâèò 
14,513 ìèí. Ðåçóëüòàòû ïðîâåäåííûõ èññëåäî-
âàíèé ïîäòâåðæäàþò âîçìîæíîñòü ïðèìåíåíèÿ 
ìåòàíîëî-ðàïñîâîé ýìóëüñèè â êà÷åñòâå ìî-
òîðíîãî òîïëèâà äëÿ äèçåëÿ Ä-242.
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Òàáëèöà 6
Êðèòåðèé Ôèøåðà è ïîêàçàòåëè àäåêâàòíîñòè ìîäåëè

Ïîêàçàòåëü Çíà÷åíèå

Äèñïåðñèÿ àäåêâàòíîñòè ìàòåìàòè÷åñêîé ìîäåëè 23,076
×èñëî ñòåïåíåé ñâîáîäû ïðè çíà÷èìûõ êîýôôèöèåíòàõ 5

Òàáëè÷íîå çíà÷åíèå êðèòåðèÿ Ôèøåðà 3,33
Ðàñ÷åòíîå çíà÷åíèå êðèòåðèÿ Ôèøåðà 3,32

Ðèñ. 1. Äèàãðàììà ëèíèé ðàâíîãî óðîâíÿ 
â êîîðäèíàòàõ Õ1 è Õ3
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