
Íîðìàëüíîå ðàñïðåäåëåíèå
Î áîçíà÷åíèå N(x|µ,σ)

Î áëàñòü çíà÷åíèé ∞<<∞− x

Ïàðàìåòðû Ï àðàìåòð ðàñïîëîæ åíèÿ µ , ìàòåìàòè÷åñêîå îæ èäàíèå.
Ï àðàìåòð ìàñø òàáà σ, ñòàíäàðòíîå îòêëîíåíèå.
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Â ÷àñòíîñòè, ñóììà n íåçàâèñèìûõ îäèíàêîâî ðàñïðåäåëåííûõ íîðìàëüíûõ ñëó÷àéíûõ âå-
ëè÷èí )|x(N~ ii µν , i = 1.. n, ðàñïðåäåëåíà íîðìàëüíî ñ ñðåäíèì µn  è ñòàíäàðòíûì îò-

êëîíåíèåì nσ .

Ñóììà êâàäðàòîâ íåçàâèñèìûõ ñëó÷àéíûõ âåëè÷èí iν , ðàñïðåäåëåííûõ îäèíàêîâî íîð-
ìàëüíî ñ ïàðàìåòðàìè µ=0, σ=1, ïîä÷èíÿåòñÿ ðàñïðåäåëåíèþ  õè-êâàäðàò ñ n ñòåïåíÿìè
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Ãåíåðàöèÿ ñëó÷àéíû õ ÷èñåë

Ï óñòü ri – íåçàâèñèìû è ðàñïðåäåëåíû ðàâíîìåðíî íà [0,1]. Ï îñêîëüêó ìàòåìàòè÷åñêîå
îæ èäàíèå ri ðàâíî 1/2, à äèñïåðñèÿ 1/12, òî ñîãëàñíî öåíòðàëüíîé ïðåäåëüíîé òåîðåìå ðàñ-
ïðåäåëåíèå ñóììû
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ñ ðîñòîì n ñòðåìèòñÿ ê íîðìàëüíîìó ñ ïàðàìåòðàìè 0=µ , 1=σ . Î ñîáåííî ïðîñòàÿ ôîð-
ìóëà ïîëó÷àåòñÿ, åñëè âçÿòü n = 12.

Äâå íåçàâèñèìûå íîðìàëüíûå ñëó÷àéíûå âåëè÷èíû  1ν  è 2ν  ìîæ íî ïîëó÷èòü èç äâóõ íåçà-
âèñèìûõ ðàâíîìåðíî ðàñïðåäåëåííûõ íà [0,1] ñëó÷àéíûõ âåëè÷èí r1 è r2 ñ ïîìîù üþ  ñîîò-
íîø åíèé:

( ) ( )111 r2sinrlog2 π−=ν , ( ) ( )112 r2cosrlog2 π−=ν .

Âû ÷èñëåíèå ô óíêöèè ðàñïðåäåëåíèÿ è åå êâàíòèëåé

Ñïîñîáàì âû÷èñëåíèÿ íîðìàëüíîãî ðàñïðåäåëåíèÿ ÿ ïîñâÿòèë ñïåöèàëüíûé òåêñò, ïîýòîìó
çäåñü îãðàíè÷óñü ëèø ü äâóìÿ èëëþ ñòðàöèÿìè. Ô óíêöèÿ normalDF, ïîçâîëÿþ ù àÿ âû÷èñ-
ëÿòü ñ "ïðîèçâîëüíîé" òî÷íîñòüþ , èñïîëüçóåò óêàçàííóþ  ñâÿçü ñ ãàììà-ðàñïðåäåëåíèåì;
÷òîáû ýòè êîäû ðàáîòàëè, ïîòðåáóþ òñÿ ôàéëû loggamma.h è loggamma.cpp. Ô óíêöèÿ
æ å inv_normalDF ïðåäíàçíà÷åíà äëÿ âû÷èñëåíèÿ êâàíòèëåé íîðìàëüíîãî ðàñïðåäåëåíèÿ ñ
ïðèìåðíî òðåìÿ çíàêàìè. Â íåé èñïîëüçîâàí àëãîðèòì Z2 èç §3 òåêñòà ïðî ñïîñîáû âû÷èñ-
ëåíèÿ íîðìàëüíîãî ðàñïðåäåëåíèÿ; çàîäíî êîäû äåìîíñòðèðóþ ò ïðèìåíåíèå ïðàâèëà Ãîðíå-
ðà ïðè âû÷èñëåíèè ïîëèíîìà.

Ô àéë normalDF.h
/****************************************************/
/*                 Íîðìàëüíîå ðàñïðåäåëåíèå         */
/****************************************************/

#ifndef __NORMAL_H__                    /* To prevent redefinition           */

#define ENTRY   extern
#define LOCAL   static

double normalDF(double x);
/* Âû÷èñëÿåò âåðîÿòíîñòü òîãî, ÷òî ñëó÷àéíàÿ âåëè÷èíà,
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 * ïîä÷èíÿþùàÿñÿ ñòàíäàðòíîìó íîðìàëüíîìó ðàñïðåäåëåíèþ,
 * ïðèíèìàåò çíà÷åíèå, íå ïðåâîñõîäÿùåå x.
 */

double inv_normalDF(double level);
/* Âû÷èñëÿåòñÿ êâàíòèëü óðîâíÿ level,
 * êîòîðûé ñîãëàñíî îïðåäåëåíèþ ÿâëÿåòñÿ êîðíåì óðàâíåíèÿ
 * N(x) = level,
 * ãäå N(x) - ñòàíäàðòíîå íîðìàëüíîå ðàñïðåäåëåíèå.
 * Ðåøåíèå óêëîíÿåòñÿ îò òî÷íîãî çíà÷åíèÿ íå áîëåå, ÷åì íà 0.00045.
 * Êîíå÷íî, çíà÷åíèå level äîëæíî áûòü çàêëþ÷åíî ìåæäó 0 è 1.
 */

#define __NORMAL_H__                    /* Prevents redefinition             */
#endif                                  /* Ends #ifndef __NORMAL_H__         */

Ô àéë normalDF.cpp
/****************************************************/
/*                 Íîðìàëüíîå ðàñïðåäåëåíèå         */
/****************************************************/

ENTRY double
normalDF(double x)
/* Âû÷èñëÿåò âåðîÿòíîñòü òîãî, ÷òî ñëó÷àéíàÿ âåëè÷èíà,
 * ïîä÷èíÿþùàÿñÿ ñòàíäàðòíîìó íîðìàëüíîìó ðàñïðåäåëåíèþ,
 * ïðèíèìàåò çíà÷åíèå, íå ïðåâîñõîäÿùåå x.
 */
{
   double dfg;
   if (x == zero)
      return 0.5;
   dfg = gammaDF(0.5, x * x / 2) / 2;
   return 0.5 + (x > zero ? dfg : -dfg);

}/*normalDF*/

ENTRY double
inv_normalDF(double level)
/* Âû÷èñëÿåòñÿ êâàíòèëü óðîâíÿ level,
 * êîòîðûé ñîãëàñíî îïðåäåëåíèþ ÿâëÿåòñÿ êîðíåì óðàâíåíèÿ
 * N(x) = level,
 * ãäå N(x) - ñòàíäàðòíîå íîðìàëüíîå ðàñïðåäåëåíèå.
 * Ðåøåíèå óêëîíÿåòñÿ îò òî÷íîãî çíà÷åíèÿ íå áîëåå, ÷åì íà 0.00045.
 * Êîíå÷íî, çíà÷åíèå level äîëæíî áûòü çàêëþ÷åíî ìåæäó 0 è 1.
 */
{
   double q, t;

   assert((level > zero) && (level < one));
   t = level < 0.5 ? level : one - level;
   t = sqrt(-2 * log(t));
   q = t - ((0.010328 * t + 0.802853) * t + 2.515517) /
      (((0.001308 * t + 0.189269) * t + 1.432788) * t + 1);
   return level > 0.5 ? q : -q;
}/*inv_normalDF*/
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