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 Ïðåäëàãàåòñÿ ñëåäóþùèé àëãîðèòì ìèíè-
ìèçàöèè ÷èñëà ïàðàìåòðîâ èññëåäîâàíèÿ äëÿ
ìíîãîïàðàìåòðè÷åñêèõ îáúåêòîâ:

1. Ñòðîèì ìàòðèöó èññëåäîâàíèÿ (ñòðî÷êè �
íàáëþäåíèÿ, ñòîëáöû � ïàðàìåòðû èññëåäîâàíèÿ).

2. Ìåòîäîì ãëàâíûõ êîìïîíåíò íàõîäèì
ìàòðèöó ôàêòîðíûõ íàãðóçîê. Îñóùåñòâëÿåì âà-
ðèìàêñíîå âðàùåíèå â ïðîñòðàíñòâå ôàêòîðîâ
(ñòðî÷êè â ìàòðèöå ôàêòîðíûõ íàãðóçîê � ïà-
ðàìåòðû èññëåäîâàíèÿ, ñòîëáöû � ãèïîòåòè÷åñ-
êèå ïåðåìåííûå, ôàêòîðû) [3, 4].

3. Â êàæäîé ñòðî÷êå ìàòðèöû ôàêòîðíûõ íà-
ãðóçîê, òî åñòü äëÿ êàæäîãî ïàðàìåòðà èññëåäî-
âàíèÿ, íàõîäèì ìàêñèìàëüíóþ ïî ìîäóëþ ôàê-
òîðíóþ íàãðóçêó.

4. Îïðåäåëÿåì ïî êàæäîìó ôàêòîðó ïîïàäà-
íèå â ýòîò ôàêòîð ïàðàìåòðîâ ñ ìàêñèìàëüíîé ïî
ìîäóëþ ôàêòîðíîé íàãðóçêîé (ïóíêò 3). Òî åñòü
òåì ñàìûì îïðåäåëÿåì îáúåäèíåíèå ïàðàìåòðîâ
ïî ôàêòîðàì.

5. Â îáúåäèíèâøèõñÿ â êàæäîì ôàêòîðå ïà-
ðàìåòðàõ âûáèðàåì îäèí ïàðàìåòð ñ ìàêñèìàëü-
íîé ïî ìîäóëþ ôàêòîðíîé íàãðóçêîé. ×èñëî
òàêèõ âûáðàííûõ ïàðàìåòðîâ áóäåò ðàâíî, î÷å-
âèäíî, ÷èñëó ôàêòîðîâ.

6. Ñòðîèì äëÿ âñåõ ïàðàìåòðîâ èññëåäîâà-
íèÿ ïîëèíîìèàëüíûå ìîäåëè, àðãóìåíòàìè â
êîòîðûõ áóäóò âûáðàííûå â ïóíêòå 5 ïàðàìåò-
ðû [1, 2, 5].

7. Ïî ïîñòðîåííûì ìîäåëÿì äëÿ êàæäîãî ïà-
ðàìåòðà îñóùåñòâëÿåì îïðåäåëåíèå âêëàäîâ ïà-
ðàìåòðîâ-àðãóìåíòîâ (îöåíêó êîëè÷åñòâåííîé
îáóñëîâëåííîñòè ïàðàìåòðîâ âûáðàííûìè ïà-
ðàìåòðàìè).

8. Ñðàâíèâàåì êà÷åñòâåííûå ãðóïïîâûå
îáóñëîâëåííîñòè, îáúåäèíåíèÿ ïàðàìåòðîâ ïî
ôàêòîðàì, ñ êîëè÷åñòâåííûìè îáóñëîâëåííîñ-
òÿìè ïàðàìåòðîâ, ïîëó÷åííûìè â ïóíêòå 7.

 Åñëè ãðóïïîâûå è êîëè÷åñòâåííûå îáóñëîâ-
ëåííîñòè äëÿ âñåõ ïàðàìåòðîâ èññëåäîâàíèÿ íå
áóäóò ñèëüíî îòëè÷àòüñÿ ïî ÷èñëó íåñîâïàäåíèé,
òî âûáðàííûå â ïóíêòå 5 ïàðàìåòðû ìîãóò áûòü
ïðèíÿòû çà áàçèñíûå ïðè îïèñàíèè äàííîãî
ìíîãîïàðàìåòðè÷åñêîãî îáúåêòà, ìàòðèöà èñ-
ñëåäîâàíèÿ êîòîðîãî áûëà âçÿòà çà îñíîâó â äàí-
íîì àëãîðèòìå. Òî åñòü òåì ñàìûì îñóùåñòâëÿ-
åì ìèíèìèçàöèþ êîëè÷åñòâà ïàðàìåòðîâ èññëå-
äîâàíèÿ, ïîòîìó ÷òî ÷èñëî ôàêòîðîâ ìåíüøå
÷èñëà ïàðàìåòðîâ.

Ðû÷êî Î.Ê., ×åïàñîâ Â.È., Êîëåñíèê À.Í.
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 ÈÑÑËÅÄÎÂÀÍÈß Â ÃÅÎÝÊÎËÎÃÈÈ

Íà áàçå ôàêòîðíîãî è ðåãðåññèîííîãî àíàëèçîâ ïðåäëàãàåòñÿ ìèíèìèçàöèÿ ÷èñëà ïàðàìåòðîâ
èññëåäîâàíèÿ äëÿ ìíîãîïàðàìåòðè÷åñêîãî îáúåêòà: îêðóæàþùàÿ ñðåäà è íîâîîáðàçîâàíèÿ. Çà ñ÷åò
âûáîðà áàçîâûõ ïàðàìåòðîâ çíà÷èòåëüíî ñóæàåòñÿ ïðîñòðàíñòâî ïàðàìåòðîâ áåç óõóäøåíèÿ òî÷íîñò-
íûõ õàðàêòåðèñòèê îïèñàíèÿ ìíîãîïàðàìåòðè÷åñêîãî îáúåêòà.

Ðàññìîòðèì èñïîëüçîâàíèå ðàçðàáîòàííîãî
àëãîðèòìà äëÿ ìàòðèöû èññëåäîâàíèÿ ñ ïàðàìåò-
ðàìè-ñòîëáèêàìè: ñìåðòíîñòü îò íîâîîáðàçîâà-
íèé è îêðóæàþùàÿ ñðåäà ïî Îðåíáóðãñêîé îá-
ëàñòè.

Ñîãëàñíî àëãîðèòìó îñóùåñòâëÿåì âûáîð
áàçèñíûõ ïàðàìåòðîâ:

â ôàêòîðå-2 áàçîâûé ïàðàìåòð � 15 (ñàæà
ïðè ñãîðàíèè áåíçèíà â % ïî îáúåìó);

â ôàêòîðå-4 áàçîâûé ïàðàìåòð � 51 (àíèëèí
â âîçäóõå, ìã/ì3);

â ôàêòîðå-6 áàçîâûé ïàðàìåòð � 59 (êîáàëüò
ìåòàëëè÷åñêèé â âîçäóõå ìã/ì3);

 â ôàêòîðå-3 áàçîâûé ïàðàìåòð � 25 (àêðè-
ëîâàÿ êèñëîòà â âîäå, ìã/ë);

â ôàêòîðå-7 áàçîâûé ïàðàìåòð � 17 (õëîðàìï
(àðáîðèöèä), ìã/êã ïî÷âû);

â ôàêòîðå-5 áàçîâûé ïàðàìåòð � 34 (êîáàëüò
â âîäå, ìã/ë).

Ñîãëàñíî ôàêòîðíîìó àíàëèçó (òàáëèöà 1)
ïàðàìåòðû 4, 6 èìååò ãðóïïîâóþ îáóñëîâëåí-
íîñòü ñ ïàðàìåòðîì 15.

Ñîãëàñíî âêëàäàì ïàðàìåòðû 4, 6 áîëüøå
âñåãî îáóñëîâëåíû ïàðàìåòðîì 15 (òàáëèöû 2, 4).

---------------------------------------------------------- 
|ÍÎÌÅÐ|          ÍÀÇÂÀÍÈÅ ÏÀÐÀÌÅÒÐÀ      |   ÍÀÃÐÓÇÊÀ    | 
---------------------------------------------------------- 
|   4 |(ðàê ìàòêè â ÷åë. óìåðøèõ)        |      .7535    | 
---------------------------------------------------------- 
|   6 |(ðàê ïèùåâîäà â ÷åë. óìåðøèõ)     |      .7266    | 
---------------------------------------------------------- 
|  12 |(îêñèäû àçîòà ïðè ñãîðàíèè áåíçèíà|               | 
|     | â % ïî îáúåìó)                   |     -.8558    | 
---------------------------------------------------------- 
|  14 |(àëüäåãèäû ïðè ñãîðàíèè áåíçèíà â |               | 
|     |% ïî îáúåìó)                      |     -.6500    | 
---------------------------------------------------------- 
|  15 |(ñàæà ïðè ñãîðàíèè áåíçèíà â % ïî |               | 
|     |îáúåìó)                           |     -.9642    | 
---------------------------------------------------------- 
|  21 |(ãàììà- èçîìåð ãåêñàõëîðàíà(èíñåêòè|               | 
|     |öèä) ìã/êã ïî÷âû)                 |      .9173    | 
---------------------------------------------------------- 
|  46 |(öèíê â âîäå ìã/ë)                |     -.7655    | 
---------------------------------------------------------- 
|  49 |(àììèàê â âîçäóõå ìã/ì3)          |     -.6437    | 
---------------------------------------------------------- 
|  57 |(êèñëîòà ñåðíàÿ â âîçäóõå ìã/ì3)  |      .6992    | 
---------------------------------------------------------- 
|  63 |(õëîð â âîýäóõå ìã/ì3)            |      .5681    | 
---------------------------------------------------------- 

Ðåçóëüòàòû ôàêòîðíîãî àíàëèçà (ôðàãìåíò)

Òàáëèöà 1. Îáúåäèíåíèå ïî ôàêòîðó 2

Ïðîìå÷àíèå: â ôàêòîðå 2, áàçîâûé ïàðàìåòð � 15 (ñàæà ïðè
ñãîðàíèè áåíçèíà â % ïî îáúåìó).
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Òî åñòü çäåñü ìû èìååì ñîâïàäåíèå ãðóïïîâûõ
è êîëè÷åñòâåííûõ îáóñëîâëåííîñòåé äëÿ çàâè-
ñèìûõ ïàðàìåòðîâ 4, 6 è ïàðàìåòðà-àðãóìåí-
òà 15.

 Àíàëîãè÷íûé àíàëèç ãðóïïîâûõ è êîëè÷å-
ñòâåíûõ îáóñëîâëåííîñòåé áûë ïðîâåäåí äëÿ îñ-
òàëüíûõ ïàðàìåòðîâ èññëåäîâàíèÿ.

Êîëè÷åñòâåííàÿ îáóñëîâëåííîñòü ïàðà-
ìåòðîâ ñîâïàëà ñ ãðóïïîâîé îáóñëîâëåííîñ-
òüþ äëÿ âñåõ ïàðàìåòðîâ.
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Çàâèñèìûé ïàðàìåòð � 4
(ðàê ìàòêè â ÷åë. óìåðøèõ)

Òàáëèöà 2. Âêëàäû ïàðàìåòðîâ-àðãóìåíòîâ â ìîäåëè
---------------------------------------------------------- 

|ÍÎÌÅÐ|           ÍÀÇÂÀÍÈÅ ÏÀÐÀÌÅÒÐÀ     |ÂÊËÀÄ Â ÌÎÄÅËÜ | 

---------------------------------------------------------- 

|  15 |(ñàæà ïðè ñãîðàíèè áåíçèíà â % ïî |               | 

|     |îáúåìó)                           |        1.0224 | 

---------------------------------------------------------- 

|  51 |(àíèëèí â âîçäóõå ìã/ì3)          |        -.0852 | 

---------------------------------------------------------- 

|  59 |(êîáàëüò ìåòàëëè÷åñêèé â âîçäóõå ì|               | 

|     |ã/ì3)                             |         .0265 | 

---------------------------------------------------------- 

|  25 |(àêðèëîâàÿ êèñëîòà â âîäå ìã/ë)   |         .0000 | 

---------------------------------------------------------- 

|  17 |(õëîðàìï(àðáîðèöèä) ìã/êã ïî÷âû)  |         .0263 | 

---------------------------------------------------------- 

|  34 |(êîáàëüò â âîäå ìã/ë)             |         .0100 | 

---------------------------------------------------------- 

Ìîäåëü (ðàê ìàòêè â ÷åë. óìåðøèõ)
çíà÷èìûé ïî âêëàäó ïàðàìåòð � 15
(ñàæà ïðè ñãîðàíèè áåíçèíà â % ïî îáúåìó)
âêëàä = 1.0223810

y=+(          234.3866)*(x 15)**0+(        -1300.7100)*(x 15)**1 

  +(       -17662.4300)*(x 15)**2+( 

  +(         -634.6078)*(x 51)**0+(        45451.6500)*(x 51)**1 

  +(      -960005.3000)*(x 51)**2+(      4835900.0000)*(x 51)**3 

  +(           41.3868)*(x 59)**0+(       -36600.7700)*(x 59)**1 

  +( 

  +(          -28.7673)*(x 17)**0+(          651.7759)*(x 17)**1 

  +( 

  +(          -18.7846)*(x 34)**0+(           18.6961)*(x 34)**1 

  +( 

* - óìíîæåíèå, ** - âîçâåäåíèå â ñòåïåíü

 Òàáëèöà 3. Õàðàêòåðèñòèêè ìîäåëè
---------------------------------------- 

|  ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÌÎÄÅËÈ   |  ÇÍÀ×ÅÍÈß | 

---------------------------------------- 

|Êîýôôèöèåíò äåòåðìèíàöèè  |       .95 | 

---------------------------------------- 

|Ñðåäíÿÿ àáñîëþòíàÿ îøèáêà |      4.37 | 

---------------------------------------- 

|Ñðåäíÿÿ îøèáêà â ïðîöåíòàõ|      3.03 | 

---------------------------------------- 

Ðåçóëüòàòû ðåãðåññèîííîãî àíàëèçà (ôðàãìåíò)
Çàâèñèìûé ïàðàìåòð � 6
(ðàê ïèùåâîäà â ÷åë. óìåðøèõ)

 Òàáëèöà 4. Âêëàäû ïàðàìåòðîâ-àðãóìåíòîâ â ìîäåëè
---------------------------------------------------------- 

|ÍÎÌÅÐ|           ÍÀÇÂÀÍÈÅ ÏÀÐÀÌÅÒÐÀ     |ÂÊËÀÄ Â ÌÎÄÅËÜ | 

---------------------------------------------------------- 

|  15 |(ñàæà ïðè ñãîðàíèè áåíçèíà â % ïî |               | 

|     |îáúåìó)                           |         .9755 | 

---------------------------------------------------------- 

|  51 |(àíèëèí â âîçäóõå ìã/ì3)          |         .0212 | 

---------------------------------------------------------- 

|  59 |(êîáàëüò ìåòàëëè÷åñêèé â âîçäóõå ì|               | 

|     |ã/ì3)                             |         .0070 | 

---------------------------------------------------------- 

|  25 |(àêðèëîâàÿ êèñëîòà â âîäå ìã/ë)   |         .0165 | 

---------------------------------------------------------- 

|  17 |(õëîðàìï(àðáîðèöèä) ìã/êã ïî÷âû)  |        -.0091 | 

---------------------------------------------------------- 

|  34 |(êîáàëüò â âîäå ìã/ë)             |        -.0112 | 

----------------------------------------------------------

Ìîäåëü (ðàê ïèùåâîäà â ÷åë. óìåðøèõ)
çíà÷èìûé ïî âêëàäó ïàðàìåòð � 15
(ñàæà ïðè ñãîðàíèè áåíçèíà â % ïî îáúåìó)
âêëàä =.9755280

y=+(          350.1800)*(x 15)**0+(        -5068.2570)*(x 15)**1 

  +(         2580.2430)*(x 15)**2+( 

  +(          527.0512)*(x 51)**0+(       -42413.2400)*(x 51)**1 

  +(      1107744.0000)*(x 51)**2+(     -9386275.0000)*(x 51)**3 

  +(          -72.9595)*(x 59)**0+(       343249.8000)*(x 59)**1 

  +(   -453330100.0000)*(x 59)**2+( 183648600000.0000)*(x 59)**3 

  +(          -10.9827)*(x 25)**0+(          -72.8374)*(x 25)**1 

  +(          189.7899)*(x 25)**2+( 

  +(            9.4853)*(x 17)**0+(         -216.0154)*(x 17)**1 

  +( 

  +(          -71.4056)*(x 34)**0+(           64.5448)*(x 34)**1 

  +( 

* - óìíîæåíèå, ** - âîçâåäåíèå â ñòåïåíü

Òàáëèöà 5. Õàðàêòåðèñòèêè ìîäåëè
---------------------------------------- 

|  ÕÀÐÀÊÒÅÐÈÑÒÈÊÈ ÌÎÄÅËÈ   |  ÇÍÀ×ÅÍÈß | 

---------------------------------------- 

|Êîýôôèöèåíò äåòåðìèíàöèè  |       .95 | 

---------------------------------------- 

|Ñðåäíÿÿ àáñîëþòíàÿ îøèáêà |      4.75 | 

---------------------------------------- 

|Ñðåäíÿÿ îøèáêà â ïðîöåíòàõ|      3.36 | 

---------------------------------------- 

 Òàêèì îáðàçîì, äàííûé ìíîãîïàðàìåòðè-
÷åñêèé îáúåêò ìîæíî îïèñàòü øåñòüþ áàçèñíû-
ìè ïàðàìåòðàìè âìåñòî èñõîäíûõ 66. Îñòàëü-
íûå ïàðàìåòðû ìîæíî îïðåäåëÿòü ïî ðåãðåññè-
îííûì ìîäåëÿì íà øåñòè áàçèñíûõ ïàðàìåòðàõ-
àðãóìåíòàõ. Âñå ýòè ìîäåëè èìåþò õîðîøèå õà-
ðàêòåðèñòèêè (òàáëèöû 3, 5).

Ðàçðàáîòàííûé ìåòîä ìîæåò ñ óñïåõîì èñ-
ïîëüçîâàòüñÿ âî ìíîãèõ îáëàñòÿõ èññëåäîâàíèé,
ñâÿçàííûõ ñ ìíîãîïàðàìåòðè÷åñêèìè îáúåêòàìè.

Ðû÷êî Î.Ê. è äð. Àëãîðèòì ìèíèìèçàöèè êîëè÷åñòâà ïàðàìåòðîâ èññëåäîâàíèÿ â ãåîýêîëîãèè


