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z·¥¤²µ¦¥´ ´µ¢Ò°  ²£µ·¨É³ ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢ ¸ ¢Ò¸µ-
±µ° · §·¥Ï ÕÐ¥° ¸¶µ¸µ¡´µ¸ÉÓÕ, µ¸´µ¢ ´´Ò° ´  ¶·¨³¥´¥´¨¨ ³´µ£µË §´µ£µ ¸Î¥É´µ-
¨³¶Ê²Ó¸´µ£µ ³¥Éµ¤  ¶·¥µ¡· §µ¢ ´¨Ö ¢·¥³ÖÅ±µ¤. N §·¥Ï ÕÐ Ö ¸¶µ¸µ¡´µ¸ÉÓ ¶·¨
ÔÉµ³ ¸µ¸É ¢²Ö¥É ±Te/2M ¤²Ö ÔÉ ²µ´´µ£µ ¶¥·¨µ¤  Te ±¢ ´ÉÊÕÐ¨Ì É ±Éµ¢ÒÌ ¨³-
¶Ê²Ó¸µ¢.

N ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° WˆŸˆ ¨ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ
¨¸¸²¥¤µ¢ ´¨° ¨ Ö¤¥·´µ° Ô´¥·£¥É¨±¨ ��O, ‘µË¨Ö.

A New Algorithm
for the Direct Transformation Method of Time
to Digital with the High Time Resolution

I.R.Rusanov, I.H.Atanassov

The new measurement algorithm for the converter of time to digital with the high
time resolution is proposed. The time measurement is based on the multiphase direct
transformation method. The new algorithm permits one to achieve the time resolution
of ±Te/2M , for a clock-period of Te.

The investigation has been performed at the Laboratory of High Enegries, JINR

and INRNE BAS, Soˇa.

1. ‚‚…„…Hˆ…

„²Ö ¸µ¢·¥³¥´´µ£µ Ë¨§¨Î¥¸±µ£µ Ô±¸¶¥·¨³¥´É  ¢ ¦´Ò ¨¸¸²¥¤µ¢ ´¨Ö, ±µÉµ·Ò¥ · §· -
¡ ÉÒ¢ ÕÉ ³¥Éµ¤Ò ¤²Ö ¸É É¨Î¥¸±µ£µ  ´ ²¨§  ¸²ÊÎ °´ÒÌ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¥° ¸¨£´ ²µ¢ ¨
¸µ§¤ ÕÉ ¨§³¥·¨É¥²Ó´Ò¥ ¸¨¸É¥³Ò  ¢Éµ³ É¨§¨·µ¢ ´´µ° µ¡· ¡µÉ±¨ ¶µÉµ±µ¢ ¤ ´´ÒÌ. ‘µ-
§¤ ´¨¥ ³¥Éµ¤µ¢ ¨  ²£µ·¨É³µ¢ ¤²Ö µ¶·¥¤¥²¥´¨Ö ¸É É¨¸É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¶µÉµ±µ¢
¸¨£´ ²µ¢ ¶·¥¤¶µ² £ ¥É ¶µ¨¸± ¶·¨¥³²¥³ÒÌ ¶·µÍ¥¤Ê· ¤²Ö µ¡· ¡µÉ±¨ Ô±¸¶¥·¨³¥´É ²Ó´µ°
¨´Ëµ·³ Í¨¨ ¢ ·¥ ²Ó´µ³ ¢·¥³¥´¨. {É¨ ¶·µÍ¥¤Ê·Ò ¤µ²¦´Ò µ¡¥¸¶¥Î¨ÉÓ § ¤ ´´ÊÕ ÉµÎ´µ¸ÉÓ
¨ ¢Ò¸µ±ÊÕ · §·¥Ï ÕÐÊÕ ¸¶µ¸µ¡´µ¸ÉÓ ¨§³¥·¥´¨Ö.

∗ˆŸˆŸ{ ��O, ‘µË¨Ö
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‚ ¨§³¥·¨É¥²Ó´µ° É¥Ì´¨±¥ ¶·µ¡²¥³  ÉµÎ´µ¸É¨ ¢µ§´¨± ¥É ¢ ¸¢Ö§¨ ¸ ´ ²¨Î¨¥³ Ë ±Éµ·µ¢,
±µÉµ·Ò¥ µ± §Ò¢ ÕÉ ¢²¨Ö´¨¥ ´  ¨§³¥·¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ¨ Ö¢²ÖÕÉ¸Ö ´¥ÊÎÉ¥´´Ò³¨ ¶·¨
µÍ¥´±¥ ®· ¡µÎ¥° Ì · ±É¥·¨¸É¨±¨¯ ¨¸¸²¥¤Ê¥³µ£µ ¶·µÍ¥¸¸  [1,3]. Š ¢²¨ÖÕÐ¨³ Ë ±Éµ· ³
µÉ´µ¸¨É¸Ö Ê¶· ¢²¥´¨¥ ¨§³¥·¨É¥²Ó´Ò³ ¶·µÍ¥¸¸µ³ ¨ ´¥±µ´É·µ²¨·Ê¥³Ò¥ ¢µ§¤¥°¸É¢¨Ö [1,6]:

Å µ£· ´¨Î¥´´µ¥ ±µ²¨Î¥¸É¢µ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨ ¶·µ¤µ²¦¨É¥²Ó´µ¸ÉÓ, ¤µ-
¸ÉÊ¶´Ò¥ ¤²Ö ´ ¡²Õ¤¥´¨Ö ¨¸¸²¥¤Ê¥³µ£µ ¶·µÍ¥¸¸ ;

Å ¢´¥Ï´¨¥ ´¥±µ´É·µ²¨·Ê¥³Ò¥ ¢µ§¤¥°¸É¢¨Ö, ¶·µÖ¢²¥´¨Ö ±µÉµ·ÒÌ ¨³¥ÕÉ ¢¥·µÖÉ´µ¸É-
´Ò° Ì · ±É¥·;

Å ´¥ÉµÎ´µ¸ÉÓ ¸µ¶µ¸É ¢²¥´¨Ö ¨§³¥·Ö¥³µ° ¢¥²¨Î¨´Ò ¸ ¤¨¸±·¥É´µ° Ï± ²µ° ¶·¥µ¡· -
§µ¢ ´¨Ö;

Å ±· °´¥¥ §´ Î¥´¨¥ ¨ µÉ±²µ´¥´¨¥ ÔÉ ²µ´µ¢ µÉ ´µ³¨´ ²µ¢.
‚ ·¥§Ê²ÓÉ É¥ ¤¥°¸É¢¨Ö ÔÉ¨Ì Ë ±Éµ·µ¢ ¨§³¥·Ö¥³ Ö ¢¥²¨Î¨´  µÍ¥´¨¢ ¥É¸Ö ¸ µÏ¨¡±µ°,

±µÉµ· Ö Ö¢²Ö¥É¸Ö ¸²ÊÎ °´µ° ¢¥²¨Î¨´µ° ¨ ¢¶µ²´¥ Ì · ±É¥·¨§Ê¥É¸Ö ¸¢µ¨³ § ±µ´µ³ · ¸¶·¥-
¤¥²¥´¨Ö [3,6]. W¶É¨³ ²Ó´µ¥ ¸µ¶µ¸É ¢²¥´¨¥ ³´µ¦¥¸É¢  µÍ¥´¨¢ ¥³ÒÌ ·¥ ²Ó´ÒÌ µ¡Ñ¥±Éµ¢
{Xi}∝i=1 ¸ ³´µ¦¥¸É¢µ³ ÔÉ ²µ´µ¢ {nE}Nn=0 É·¥¡Ê¥É ¸µ§¤ ´¨Ö ³µ¤¥²¨ ¨§³¥·¨É¥²Ó´µ£µ ¶·µ-
Í¥¸¸ , ±µÉµ· Ö:

Å ÊÎ¨ÉÒ¢ ¥É ¨¸ÉµÎ´¨±¨ ¨§³¥·¨É¥²Ó´µ° µÏ¨¡±¨ ¨ ¨Ì ¢²¨Ö´¨¥;
Å µ¡¥¸¶¥Î¨¢ ¥É ¸·¥¤¸É¢  ¨ ¸¶µ¸µ¡Ò, µ£· ´¨Î¨¢ ÕÐ¨¥ ¢²¨Ö´¨¥ ´ ¨¡µ²¥¥ §´ Î¨É¥²Ó-

´ÒÌ ¨¸ÉµÎ´¨±µ¢ µÏ¨¡±¨.

2. ‘—…’HC-ˆŒc“‹œ‘H›‰ Œ…’C„. ’C—HC‘’œ cD…CODP‡C‚PHˆŸ

‡ ¤ Î¨, ¸¢Ö§ ´´Ò¥ ¸ ¨§³¥·¥´¨¥³ ±µ·µÉ±¨Ì ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢ (‚ˆ) ¨ ¸ ¨§ÊÎ¥´¨¥³
¨Ì · ¸¶·¥¤¥²¥´¨Ö, ¢µ§´¨± ÕÉ ¢µ ³´µ£¨Ì Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´É Ì. ‚ ¸É É¨¸É¨Î¥¸±µ³
¢·¥³¥´´µ³  ´ ²¨§¥ µ¶·¥¤¥²Ö¥É¸Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¢µ ¢·¥³¥´¨ ¸²ÊÎ °´µ£µ ¶µÉµ±  ¸¨£´ ²µ¢,
®£¥´¥É¨Î¥¸±¨¯ ¸¢Ö§ ´´µ£µ ¸ § ¤ ´´Ò³ Ê¶· ¢²ÖÕÐ¨³ ¶µÉµ±µ³. „²Ö µÍ¥´±¨ ´¥¨§¢¥¸É´µ°
ËÊ´±Í¨¨ ¨¸¶µ²Ó§Ê¥É¸Ö Î ¸ÉµÉ  ¶µÖ¢²¥´¨Ö µÉ¤¥²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¨Ì ¢·¥-
³¥´´µ£µ ¶µ²µ¦¥´¨Ö µÉ´µ¸¨É¥²Ó´µ ´ Î ²  µÉ¸Î¥É , § ¤ ¢ ¥³µ£µ ¨³¶Ê²Ó¸ ³¨ Ê¶· ¢²ÖÕÐ¥£µ
¶µÉµ±  [2,3,4].

„²Ö ·¥Ï¥´¨Ö ÔÉ¨Ì § ¤ Î ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶·¥µ¡· §µ¢ É¥²¨ ¢·¥³ÖÅ±µ¤ (z‚Š). ˆ§³¥-
·¥´¨Ö µÌ¢ ÉÒ¢ ÕÉ Ï¨·µ±¨° ¤¨ ¶ §µ´ µÉ ¤µ²¥° ´ ´µ¸¥±Ê´¤Ò ¤µ ¸µÉ¥´ ³¨±·µ¸¥±Ê´¤. z·¨
É ±µ³ ¡µ²ÓÏµ³ ¨§³¥·¨É¥²Ó´µ³ ¤¨ ¶ §µ´¥ ¶µ É¥Ì´¨Î¥¸±¨³ ¨ Ô±µ´µ³¨Î¥¸±¨³ ¶·¨Î¨´ ³
´¥Í¥²¥¸µµ¡· §´µ ¨¸¶µ²Ó§µ¢ ÉÓ Ê´¨¢¥·¸ ²Ó´Ò¥ ¶·¨¡µ·Ò. zµÔÉµ³Ê · §· ¡µÉ ´Ò z‚Š, ±µ-
Éµ·Ò¥ ¶·¥¤´ §´ Î¥´Ò ¤²Ö ·¥Ï¥´¨Ö ±µ´±·¥É´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ § ¤ Î. N¥ ²¨§µ¢ ´´Ò¥
¶·¥µ¡· §µ¢ É¥²¨ ¢·¥³ÖÅ±µ¤ ¸Î¥É´µ-¨³¶Ê²Ó¸´µ£µ ³¥Éµ¤  ¸ ³Ò¥ · ¸¶·µ¸É· ´¥´´Ò¥. {Éµ
µ¶·¥¤¥²Ö¥É¸Ö ¨Ì Ï¨·µ±¨³ ¨§³¥·¨É¥²Ó´Ò³ ¤¨ ¶ §µ´µ³, ¢µ§³µ¦´µ¸ÉÓÕ ¶·¥µ¡· §µ¢ ´¨Ö ¢
·¥ ²Ó´µ³ ³ ¸ÏÉ ¡¥ ¢·¥³¥´¨, ¢Ò¸µ±µ° ´ ¤¥¦´µ¸ÉÓÕ ¨ ¶·µ¸ÉµÉµ° ±µ´¸É·Ê±Í¨¨, ´¨§±µ°
¸Éµ¨³µ¸ÉÓÕ ¨ µ¤´µ·µ¤´µ¸ÉÓÕ ¤¨¸±·¥É´µ° Ï± ²Ò ¶·¥µ¡· §µ¢ ´¨Ö. W¸´µ¢´µ° µ£· ´¨Î¨-
¢ ÕÐ¨° Ë ±Éµ· ¶·¨²µ¦¥´¨Ö ÔÉ¨Ì ¶·¥µ¡· §µ¢ É¥²¥° Å ÉµÎ´µ¸ÉÓ ¶·¥µ¡· §µ¢ ´¨Ö, µ¶·¥-
¤¥²Ö¥³ Ö ¡Ò¸É·µ¤¥°¸É¢¨¥³ ¸ÊÐ¥¸É¢ÊÕÐ¥° Ô²¥³¥´É´µ° ¡ §Ò.

2.1. cµ¸É ´µ¢±  µ¶É¨³¨§ Í¨µ´´µ° § ¤ Î¨. …¸²¨ {Ti}∝i=1 Å ³´µ¦¥¸É¢µ ¨§³¥·Ö¥³ÒÌ
¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢,   {nTe}Nn=0 Å ¤¨¸±·¥É´µ¥ ³´µ¦¥¸É¢µ ³ É¥³ É¨Î¥¸±¨Ì ³µ¤¥²¥°,
±µÉµ·Ò¥ µ¶¨¸Ò¢ ÕÉ ¢·¥³¥´´Ò¥ ¨´É¥·¢ ²Ò, Éµ ¤²Ö ¨¤¥ ²Ó´µ£µ ¶·¥µ¡· §µ¢ É¥²Ö ¢·¥³ÖÅ
±µ¤ ¢Ò· ¦¥´¨¥ [3,6]:

{Ti}∞i=1
U∗
−→ {nTe}Nn=0 (1)
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µ¤´µ§´ Î´µ ¶·¥µ¡· §Ê¥É ÔÉ¨ ¤¢  ³´µ¦¥¸É¢  ¸ µÏ¨¡±µ°

−Te ≤ ∆ ≤ 0 , (2)

£¤¥ U∗ Å ¨¤¥ ²Ó´µ¥ Ê¶· ¢²¥´¨¥ ¨§³¥·¨É¥²Ó´Ò³ ¶·µÍ¥¸¸µ³,   ∆ Å µÏ¨¡±  ±¢ ´Éµ¢ ´¨Ö,
Te Å ÔÉ ²µ´.

‚µ ¢·¥³Ö ¨§³¥·¥´¨Ö ¢ ·¥ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ, ¢ ·¥§Ê²ÓÉ É¥ ¤¥°¸É¢¨Ö ¸²ÊÎ °´ÒÌ ¢´¥Ï´¨Ì
¨ ¢´ÊÉ·¥´´¨Ì Ë ±Éµ·µ¢, Ëµ·³¨·Ê¥É¸Ö µÍ¥´±  ¨§³¥·Ö¥³µ£µ ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¸ ¨§-
³¥·¨É¥²Ó´µ° µÏ¨¡±µ°. ˆ§-§  ÔÉµ° µÏ¨¡±¨ ¸Ëµ·³¨·µ¢ ´´ Ö µÍ¥´±  ³µ¦¥É µÉ²¨Î ÉÓ¸Ö µÉ
µÍ¥´±¨ ¨¤¥ ²Ó´µ£µ z‚Š. N §´¨Í  ³¥¦¤Ê ´¨³¨ ´ §Ò¢ ¥É¸Ö ®¤µ¡ ¢²¥´´µ° µÏ¨¡±µ°¯. O 
·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¢·¥³¥´´ Ö ¤¨ £· ³³  ¸µ¶µ¸É ¢²¥´¨Ö ¨§³¥·Ö¥³µ£µ ‚ˆ ¸ ¤¨¸±·¥É´µ°
Ï± ²µ°. WÍ¥´±  ¨§³¥·Ö¥³µ£µ ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  µ¶·¥¤¥²Ö¥É¸Ö ¨§ ¸µµÉ´µÏ¥´¨Ö [3,6]:

T = NTe , (3)

£¤¥ N Å ±µ²¨Î¥¸É¢µ Í¥²ÒÌ ¶¥·¨µ¤µ¢ ÔÉ ²µ´´µ° É ±Éµ¢µ° ¸¥·¨¨, § ¶µ²´¨¢Ï¨Ì ¨§³¥·Ö¥-
³Ò° ¨´É¥·¢ ²; Te Å ¸·¥¤´¥¥ §´ Î¥´¨¥ ÔÉ ²µ´´µ£µ ¶¥·¨µ¤  É ±Éµ¢ÒÌ ¨³¶Ê²Ó¸µ¢.

N¨¸. 1. ‚·¥³¥´´ Ö ¤¨ £· ³³  ¸µ¶µ¸É ¢²¥´¨Ö ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¸ ¤¨¸±·¥É´µ° Ï± ²µ°. T Å ¨§-
³¥·Ö¥³Ò° ¢·¥³¥´´µ° ¨´É¥·¢ ², NTe Å µÍ¥´± , t1 ¨ t2 Å ¸µµÉ¢¥É¸É¢¥´´µ ´¥ÊÎÉ¥´´ Ö ¨ ¤µ¡ ¢²¥´´ Ö
Î ¸É¨ ¢·¥³¥´´µ£µ ¨´É¥·¢ ² , TeÅ ÔÉ ²µ´

ˆ§³¥·¨É¥²Ó´ Ö µÏ¨¡±  ¢ ÔÉµ³ ¸²ÊÎ ¥ µ¶·¥¤¥²Ö¥É¸Ö ¨§ ¸µµÉ´µÏ¥´¨Ö

∆ = T − T = NTe − (NTe + t1 − t2) = t1 − t2 , (4)

£¤¥ t1, t2 Å ¸µµÉ¢¥É¸É¢¥´´µ ´¥ÊÎÉ¥´´ Ö ¨ ¤µ¡ ¢²¥´´ Ö Î ¸É¨ ¢·¥³¥´´µ£µ ¨´É¥·¢ ² . ’ ±
± ± ¤²Ö ÔÉ¨Ì Î ¸É¥° ¨§³¥·Ö¥³µ£µ ¨´É¥·¢ ²  ¢¸¥£¤  ¢Ò¶µ²´Ö¥É¸Ö Ê¸²µ¢¨¥ 0 ≤ t1, t2 ≤ Te,
Éµ ¤²Ö ¨§³¥·¨É¥²Ó´µ° µÏ¨¡±¨ ¶µ²ÊÎ ¥É¸Ö

−Te ≤ ∆ ≤ Te . (5)

‘²¥¤µ¢ É¥²Ó´µ, µÍ¥´±¥ NTe ¸µµÉ¢¥É¸É¢Ê¥É ± ¦¤Ò° ¢·¥³¥´´µ° ¨´É¥·¢ ², ±µÉµ·Ò°
Ö¢²Ö¥É¸Ö Ô²¥³¥´Éµ³ ¸²¥¤ÊÕÐ¥£µ ³´µ¦¥¸É¢  ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢:

∆T1 = [(N − 1)Te ; (N + 1)Te]
U−→ NTe . (6)

„²Ö µÍ¥´±¨ (N + 1)Te É ±¦¥ · ¢´µ¸¨²Ó´µ ¢Ò· ¦¥´¨¥

∆T2 = [NTe ; (N + 2)Te]
U−→ (N + 1)Te . (7)
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W¡Ð Ö Î ¸ÉÓ ÔÉ¨Ì ¤¢ÊÌ ³´µ¦¥¸É¢ ∆T1 ¨ ∆T2 ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

∆T = ∆T1 ∩ ∆T2 = [NTe ; (N + 1) te] . (8)

zµ¸²¥¤´¥¥ ¢Ò· ¦¥´¨¥ ¶µ± §Ò¢ ¥É, ÎÉµ ¸Î¥É´µ-¨³¶Ê²Ó¸´µ¥ ¶·¥µ¡· §µ¢ ´¨¥ ¢·¥³ÖÅ
±µ¤ µÍ¥´¨¢ ¥É ± ¦¤Ò° ¢·¥³¥´´µ° ¨´É¥·¢ ² ¤¢Ê§´ Î´µ:

T
U−→ T =

{
NTe ,

(N + 1)Te .
(9)

{Éµ ¶·µ¨¸Ìµ¤¨É ¨§-§  ¸²ÊÎ °´µ£µ Ì · ±É¥·  ¸µ¶µ¸É ¢²¥´¨Ö ¨§³¥·Ö¥³µ£µ ¢·¥³¥´´µ£µ
¨´É¥·¢ ²  ¸ ¤¨¸±·¥É´µ° Ï± ²µ° ¶·¥µ¡· §µ¢ ´¨Ö [3,6]. ‘²¥¤µ¢ É¥²Ó´µ, ´Ê¦´µ Ê¶· ¢²¥´¨¥
¨§³¥·¨É¥²Ó´Ò³ ¶·µÍ¥¸¸µ³, ±µÉµ·µ¥ µ¡¥¸¶¥Î¨¢ ¥É ³¨´¨³ ²Ó´µ¥ ¢²¨Ö´¨¥ ÔÉµ£µ Ë ±Éµ· .
—Éµ¡Ò ¤µ¢¥¸É¨ ¨§³¥·¨É¥²Ó´ÊÕ µÏ¨¡±Ê ¤µ µÏ¨¡±¨ ±¢ ´Éµ¢ ´¨Ö, ´¥µ¡Ìµ¤¨³µ ·¥Ï¨ÉÓ µ¶É¨-
³¨§ Í¨µ´´ÊÕ § ¤ ÎÊ:

Uopt = arg
{

min
[
{∆i(ui)}Ki=1

]}
, (10)

£¤¥ ∆i Å ¨§³¥·¨É¥²Ó´ Ö µÏ¨¡± , {ui}Ki=1 Å ³´µ¦¥¸É¢µ ¤µ¶Ê¸É¨³ÒÌ ¢ ·¨ ´Éµ¢ Ê¶· ¢²¥-
´¨Ö, Uopt Å µ¶É¨³ ²Ó´µ¥ Ê¶· ¢²¥´¨¥ ¨§³¥·¨É¥²Ó´Ò³ ¶·µÍ¥¸¸µ³.

2.2. Œ´µ£µË §´µ¥ ¸Î¥É´µ-¨³¶Ê²Ó¸´µ¥ ¶·¥µ¡· §µ¢ ´¨¥.ˆ§³¥·¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ¶·¥¤-
¶µ² £ ¥É ´¥¨§¢¥¸É´µ¸ÉÓ ¨§³¥·Ö¥³µ£µ ¶ · ³¥É· . Šµ´¥Í ¨§³¥·¥´¨Ö ¸¢Ö§ ´ ¸ Ëµ·³¨·µ¢ -
´¨¥³ µÍ¥´±¨ ¸ µÏ¨¡±µ°, ±µÉµ· Ö ¶µ¶ ¤ ¥É ¢ ¶·¥¤¢ ·¨É¥²Ó´µ § ¤ ´´Ò° ¤¨ ¶ §µ´. W¸´µ¢-
´Ò³ ¨¸ÉµÎ´¨±µ³ ¨§³¥·¨É¥²Ó´µ° µÏ¨¡±¨ ¸Î¥É´µ-¨³¶Ê²Ó¸´µ£µ ³¥Éµ¤  ¶·¥µ¡· §µ¢ ´¨Ö
¢·¥³ÖÅ±µ¤ ¸ ´¥¸Ë §¨·µ¢ ´´µ° ¶µ ´ Î ²Ê ‚ˆ ÔÉ ²µ´´µ° ¨³¶Ê²Ó¸´µ° ¸¥·¨¥° Ö¢²Ö¥É¸Ö
´¥ÉµÎ´µ¸ÉÓ ¸µ¶µ¸É ¢²¥´¨Ö ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¸ ¤¨¸±·¥É´µ° Ï± ²µ°. �´ ²¨§ ¶·µÍ¥¸¸ 
¶·¥µ¡· §µ¢ ´¨Ö ¢·¥³ÖÅ±µ¤ ¶µ± §Ò¢ ¥É, ÎÉµ ¥¸ÉÓ ¢µ§³µ¦´µ¸ÉÓ Ê³¥´ÓÏ¨ÉÓ ¨§³¥·¨É¥²Ó-
´ÊÕ µÏ¨¡±Ê ¨ ¤µ¢¥¸É¨ ¥¥ ¤µ µÏ¨¡±¨ ±¢ ´Éµ¢ ´¨Ö, ¥¸²¨ [2,3]:

Å ± ¶µ¢Éµ·ÖÕÐ¥³Ê¸Ö ¢·¥³¥´´µ³Ê ¨´É¥·¢ ²Ê ¢µ ¢·¥³Ö ± ¦¤µ£µ ¥£µ ¨§³¥·¥´¨Ö ¤µ¡ -
¢²Ö¥É¸Ö ‚ˆ ¸ ¨§³¥´Ö¥³µ° ¤²¨É¥²Ó´µ¸ÉÓÕ Å 0 ≤ t ≤ Te;

Å Ëµ·³¨·Ê¥É¸Ö ³´µ¦¥¸É¢µ µÍ¥´µ±;
Å ¢ ± Î¥¸É¢¥ µÍ¥´±¨ ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¢Ò¡¨· ¥É¸Ö É , ±µÉµ· Ö ¨³¥¥É ¶µ¤ ¢²Ö-

ÕÐÊÕ Î ¸ÉµÉÊ ¶µÖ¢²¥´¨Ö ¢µ ³´µ¦¥¸É¢¥ µÍ¥´µ±.
ˆ§³¥·¨É¥²Ó´Ò° ¶·µÍ¥¸¸ ¶·¨ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ ¤²Ö ¸É É¨¸É¨Î¥¸±µ£µ ¢·¥³¥´´µ£µ  ´ ²¨§ 

¢ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ë¨§¨±¥ ³µ¦´µ ·¥ ²¨§µ¢ ÉÓ ¶·¨ ¶µ³µÐ¨ ¸Î¥É´µ-¨³¶Ê²Ó¸´µ£µ ¶·¥-
µ¡· §µ¢ ´¨Ö ¸ ³´µ£µË §´Ò³ £¥´¥· Éµ·µ³ [5]. ‚ ÔÉµ³ ¸²ÊÎ ¥ ÔÉ ²µ´´Ò¥ ¨³¶Ê²Ó¸´Ò¥
¸¥·¨¨, ±µÉµ·Ò¥ Ëµ·³¨·ÊÕÉ ¤¨¸±·¥É´ÊÕ Ï± ²Ê ¶·¥µ¡· §µ¢ ´¨Ö, ¨³¥ÕÉ µ¤¨´ ±µ¢Ò° ÔÉ -
²µ´´Ò° ¶¥·¨µ¤ ¶µ¢Éµ·¥´¨Ö Te ¨ ¨³¶Ê²Ó¸´Ò¥ ¸¥·¨¨, ¸¤¢¨´ÊÉÒ¥ ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê£ 
¶µ ¶· ¢¨²Ê

φi,j = (i− j)
Te
M

, (11)

£¤¥ i, j Å ±µ²¨Î¥¸É¢µ ¨³¶Ê²Ó¸´ÒÌ ¸¥·¨° (i, j = [1...M ]).
z·¨ ¸µ¶µ¸É ¢²¥´¨¨ ± ¦¤µ£µ ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¸ ¤¨¸±·¥É´Ò³¨ Ï± ² ³¨ ¶·¥µ¡· -

§µ¢ ´¨Ö ¤²Ö ¥£µ ¤²¨É¥²Ó´µ¸É¨ Ëµ·³¨·Ê¥É¸Ö ³´µ¦¥¸É¢µ µÍ¥´µ± {T i}Mi=1. ˆ§ ¢Ò· ¦¥´¨Ö
(9) ¸²¥¤Ê¥É, ÎÉµ ¤²Ö ± ¦¤µ£µ Î²¥´  ÔÉµ£µ ³´µ¦¥¸É¢  ¢ ¸¨²Ê ¢Ò· ¦¥´¨Ö

T
U−→ T = NTe (12)
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¨²¨
T

U−→ T = (N + 1)Te . (13)

Œ´µ¦¥¸É¢µ µÍ¥´µ± ¸µ¸É ¢²¥´µ ¨§ ¤¢ÊÌ ¶µ¤³´µ¦¥¸É¢. Š ¦¤µ¥ ¶µ¤³´µ¦¥¸É¢µ ¨³¥¥É
µ¤¨´ ±µ¢Ò¥ Ô²¥³¥´ÉÒ:

{T}Ni=1 = {T p = NTe}Kp=1 ∪ {T q = (N + 1)Te}Mq=M−K . (14)

Š·µ³¥ ÔÉµ£µ, ¤²Ö ± ¦¤µ° µÍ¥´±¨ ¨§³¥·Ö¥³µ£µ ¨´É¥·¢ ²  ¨ ¥£µ ¤²¨É¥²Ó´µ¸É¨ · ¢´µ-
¸¨²Ó´Ò ¢Ò· ¦¥´¨Ö:

T = NTe + ∆1 , (15)

¨
T = (N + 1)Te − ∆2 , (16)

£¤¥ ∆1 ¨ ∆2 Å ¨§³¥·¨É¥²Ó´Ò¥ µÏ¨¡±¨. ˆ§-§   ¤¤¨É¨¢´µ£µ Ì · ±É¥·  ¨§³¥·¨É¥²Ó´µ°
µÏ¨¡±¨ µ¶É¨³ ²Ó´ÊÕ µÍ¥´±Ê T opt ‚ˆ µ¶·¥¤¥²ÖÕÉ ¶µ ¶· ¢¨²Ê

T opt =




M∑
i=1

T i

M


 , (17)

£¤¥ [x] µ¡µ§´ Î¥´  Í¥² Ö Î ¸ÉÓ x. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ¨§³¥·¨É¥²Ó´µ° µÏ¨¡±¨ ¶µ²ÊÎ ¥É¸Ö

−Te ≤ ∆ ≤ 0 . (18)

…¸²¨ P = [Te(M −K)] /M Å ¤·µ¡´ Ö Î ¸ÉÓ ¢Ò· ¦¥´¨Ö (17) ¨ ¶·¨ ¢Ò¡µ·¥ T opt

¸²¥¤ÊÕÉ ¶· ¢¨²Ê

T opt =





 M∑

i=1
T i

M


 , ¥¸²¨ P ≤ 0, 5 ;


 M∑

i=1
T i

M


+ 1 , ¥¸²¨ P > 0, 5 ;

(19)

Éµ ¨§³¥·¨É¥²Ó´ Ö µÏ¨¡±  Ê³¥´ÓÏ ¥É¸Ö ¤µ

Te
2

≤ ∆ ≤ Te
2
. (20)

‚ ¶·¥µ¡· §µ¢ É¥²ÖÌ ¢·¥³ÖÅ±µ¤ µÎ¥´Ó É·Ê¤´  ·¥ ²¨§ Í¨Ö ÔÉ¨Ì  ²£µ·¨É³µ¢ ¢Ò¡µ· 
µ¶É¨³ ²Ó´µ° µÍ¥´±¨. W¸ÊÐ¥¸É¢²¥´¨¥ µ¶¥· Í¨¨ ¸²µ¦¥´¨Ö ¨ ¤¥²¥´¨Ö É·¥¡Ê¥É ¡µ²ÓÏ¨Ì  ¶-
¶ · É´ÒÌ ¸·¥¤¸É¢. Š·µ³¥ ÔÉµ£µ, Ê¢¥²¨Î¨¢ ¥É¸Ö ¢·¥³Ö ¨§³¥·¥´¨Ö ¢·¥³¥´´µ£µ ¨´É¥·¢ ² . ‘
¤·Ê£µ° ¸Éµ·µ´Ò, ¸µÌ· ´¥´¨¥ ¢¸¥Ì µÍ¥´µ± ¨ ¨Ì ¶¥·¥¤ Î  ¢ {‚Œ ´¥ ¢¸¥£¤  Í¥²¥¸µµ¡· §´ 
¨ µ¸ÊÐ¥¸É¢¨³ . zµÔÉµ³Ê ¤²Ö ÔËË¥±É¨¢´µ£µ ¶·¨²µ¦¥´¨Ö ³´µ£µË §´µ£µ ³¥Éµ¤  ¶·¥µ¡· -
§µ¢ ´¨Ö ¢·¥³ÖÅ±µ¤ ´¥µ¡Ìµ¤¨³ ¡Ò¸É·Ò°  ²£µ·¨É³ ¤²Ö ¢Ò¡µ·  µ¶É¨³ ²Ó´µ° µÍ¥´±¨.
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z· ¢ÊÕ ¸Éµ·µ´Ê ¢Ò· ¦¥´¨Ö (17) ³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

M∑
i=1

T i

M
= NTe +

M − k

M
Te , (21)

£¤¥ k Å ±µ²¨Î¥¸É¢µ µÍ¥´µ± NTe, (M − k) Å ±µ²¨Î¥¸É¢µ µÍ¥´µ± (N + 1)Te, NTe Å
Í¥² Ö Î ¸ÉÓ, [Te(M − k)] /M Å ¤·µ¡´ Ö Î ¸ÉÓ.

‘²¥¤µ¢ É¥²Ó´µ:
1. ‚³¥¸Éµ ¸²µ¦¥´¨Ö ¨ ¤¥²¥´¨Ö, ÎÉµ¡Ò ·¥ ²¨§µ¢ ÉÓ µÍ¥´±¨ ¶µ ¢Ò· ¦¥´¨Õ (17),

´¥µ¡Ìµ¤¨³µ ¢Ò¤¥²¨ÉÓ ³ ²¥´Ó±ÊÕ µÍ¥´±Ê ¨ ¨¸¶µ²Ó§µ¢ ÉÓ ¥¥ ± ± µ±µ´Î É¥²Ó´ÊÕ.
2. WÍ¥´±Ê ¸ ¶µ¤ ¢²ÖÕÐ¨³ ±µ²¨Î¥¸É¢µ³ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¨§ ¢Ò· ¦¥´¨Ö

T opt =
{

NTe , ¥¸²¨ k ≥ M − k ,
(N + 1)Te , ¥¸²¨ k < M − k .

(22)

‚ ÔÉµ³ ¸²ÊÎ ¥ ´¥µ¡Ìµ¤¨³µ ´¥Î¥É´µ¥ Î¨¸²µ ± ´ ²µ¢ ¨§³¥·¥´¨Ö.
N¥ ²¨§ Í¨Ö ¶µ¤µ¡´ÒÌ  ²£µ·¨É³µ¢ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ¶µ³µÐ¨ ¸µ·É¨·µ¢±¨ Ô²¥³¥´Éµ¢

³´µ¦¥¸É¢  µÍ¥´µ±. „²Ö µ¶É¨³ ²Ó´µ° µÍ¥´±¨ ¶·¨´¨³ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ ¸µ·É¨-
·µ¢ ´´µ£µ ³´µ¦¥¸É¢ :

1. {²¥³¥´É ¸ ¶µ·Ö¤±µ¢Ò³ ´µ³¥·µ³ i = 1; ¸µµÉ¢¥É¸É¢Ê¥É ´ ¨³¥´ÓÏ¥° ¨§ ¤¢ÊÌ µÍ¥´µ±.
2. Œ¥¤¨ ´a ³´µ¦¥¸É¢ , ¨²¨ Î²¥´ ¸ ¶µ·Ö¤±µ¢Ò³ ´µ³¥·µ³

l =
M

2
+ 0, 5 , ¥¸²¨ M = 2l + 1 , (23)

¨³¥ÕÐ¨° ¶µ¤ ¢²ÖÕÐ¥¥ ±µ²¨Î¥¸É¢µ ¢µ ³´µ¦¥¸É¢¥ µÍ¥´µ±.

3. cDCƒDPŒŒHPŸ ŒC„…‹œ. DP‡D…˜PW™PŸ ‘cC‘COHC‘’œ.
’C—HC‘’œ cD…CODP‡C‚PHˆŸ

O  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  ¢·¥³¥´´ Ö ¤¨ £· ³³  · ¡µÉÒ ³´µ£µË §´µ£µ ¸Î¥É´µ-¨³¶Ê²Ó¸-
´µ£µ ³¥Éµ¤  ¶·¥µ¡· §µ¢ ´¨Ö ¢·¥³ÖÅ±µ¤. „²Ö µ¶·¥¤¥²¥´¨Ö · §·¥Ï ÕÐ¥° ¸¶µ¸µ¡´µ¸É¨
¨ ÉµÎ´µ¸É¨ ¶·¥µ¡· §µ¢ ´¨Ö ³Ò ¸µ§¤ ²¨ ±µ³¶ÓÕÉ¥·´ÊÕ ¶·µ£· ³³Ê ´  Ö§Ò±¥ ®C¯. z·¨
¶µ³µÐ¨ ÔÉµ° ¶·µ£· ³³Ò ³Ò ¶·µ¢¥²¨ ³µ¤¥²¨·µ¢ ´¨¥ ¨§³¥·¨É¥²Ó´µ£µ ¶·µÍ¥¸¸  ¶µ ¶·¥¤-
²µ¦¥´´µ³Ê  ²£µ·¨É³Ê. ‚ ± Î¥¸É¢¥ ¢Ìµ¤´ÒÌ ¤ ´´ÒÌ ¨¸¶µ²Ó§µ¢ ²¨¸Ó:

Å ¶·µ£· ³³´µ £¥´¥·¨·µ¢ ´´Ò° ¢·¥³¥´´Ò° ¨´É¥·¢ ²;
Å ÔÉ ²µ´´Ò° ¶¥·¨µ¤ É ±Éµ¢ÒÌ ¨³¶Ê²Ó¸µ¢ Å Te;
Å ±µ²¨Î¥¸É¢µ ± ´ ²µ¢ ¶ · ²²¥²Ó´µ° µÍ¥´±¨ £¥´¥·¨·µ¢ ´´ÒÌ ‚ˆ Å M ;
Å Ï £ ¸¤¢¨£  ÔÉ ²µ´´ÒÌ ¸¥·¨° ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ µÉ ¤·Ê£  Å φ.
O  ¢ÒÌµ¤¥ ¶·µ£· ³³Ò ¶µ²ÊÎ ²¨¸Ó ³¨´¨³ ²Ó´ Ö ¨ ³ ±¸¨³ ²Ó´ Ö µÏ¨¡±  ¶·¥µ¡· -

§µ¢ ´¨Ö ¢·¥³ÖÅ±µ¤. Š·µ³¥ ÔÉµ£µ, ¢ ¶·µ£· ³³¥ ¥¸ÉÓ ¢µ§³µ¦´µ¸ÉÓ ¤²Ö Ëµ·³¨·µ¢ ´¨Ö ¨
§ ¶µ³¨´ ´¨Ö ¢ ¢¨¤¥ ³ ¸¸¨¢  ¢¸¥Ì µÏ¨¡µ± ¨§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢.

‚ ¶·¨¢µ¤¨³µ° É ¡²¨Í¥ ¨³¥ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¶·µ¢¥¤¥´´ÒÌ É¥¸Éµ¢. �´ ²¨§ ·¥§Ê²ÓÉ Éµ¢
¶µ± §Ò¢ ¥É, ÎÉµ:

 ) ˆ§³¥·¨É¥²Ó´ Ö µÏ¨¡±  ¸¢¥¤¥´  ¤µ ¸²¥¤ÊÕÐ¨Ì £· ´¨Í:
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N¨¸. 2. ‚·¥³¥´´ Ö ¤¨ £· ³³  ¸µ¶µ¸É ¢²¥´¨Ö ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¸ ³´µ£µË §´µ° ¤¨¸±·¥É´µ°
Ï± ²µ°. T Å ¨§³¥·Ö¥³Ò° ¢·¥³¥´´µ° ¨´É¥·¢ ², NTe ¨ (N +1) Te Å µÍ¥´±¨, φ1M Å ¸¤¢¨£ ³¥¦¤Ê
Ï± ² ³¨

’ ¡²¨Í  1. CÏ¨¡±  ¶·¥µ¡· §µ¢ ´¨Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢Ò¡µ·  µÍ¥´±¨

Šµ²¨Î¥¸É¢µ Ï± ²Ò
¤²Ö ¨§³¥·¥´¨Ö

¢·¥³¥´´µ£µ ¨´É¥·¢ ²  WÏ¨¡±  ¶·¥µ¡· §µ¢ ´¨Ö
O ¨³¥´ÓÏ Ö ¨§ ¶µ²ÊÎ¥´´ÒÌ µÍ¥´µ± Œ¥¤¨ ´´ Ö µÍ¥´± 

1 Te ≤ ∆ ≤ Te *
2 − Te ≤ ∆ ≤ 0, 5Te *
3 − Te ≤ ∆ ≤ 0, 33Te ± 0, 66Te

4 − Te ≤ ∆ ≤ 0, 25Te *
5 − Te ≤ ∆ ≤ 0, 2Te ± 0, 6Te

6 − Te ≤ ∆ ≤ 0, 16Te *
7 − Te ≤ ∆ ≤ 0, 14Te ± 0, 57Te

8 − Te ≤ ∆ ≤ 0, 125Te *
9 − Te ≤ ∆ ≤ 0, 11Te ± 0, 55Te

Å ¥¸²¨ ¤²Ö µÍ¥´±¨ ¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¶·¨´¨³ ¥É¸Ö ´ ¨³¥´ÓÏ Ö ¨§ ¶µ²ÊÎ¥´´ÒÌ
µÍ¥´µ±, Éµ:

−Te ≤ ∆ ≤ Te
M

; (24)

Å ¶·¨ ¢Ò¡µ·¥ µÍ¥´±¨, ±µÉµ· Ö ¨³¥¥É ¶µ¤ ¢²ÖÕÐÊÕ Î ¸ÉµÉÊ ¶µ¢Éµ·¥´¨Ö ¢µ ³´µ¦¥-
¸É¢¥ µÍ¥´µ±, ¨§³¥·¨É¥²Ó´ Ö µÏ¨¡±  µ¶·¥¤¥²Ö¥É¸Ö ¨§ ¢Ò· ¦¥´¨Ö

−M + 1
2M

Te ≤ ∆ ≤ M + 1
2M

Te , (25)
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£¤¥ M Å ±µ²¨Î¥¸É¢µ ¨³¶Ê²Ó¸´ÒÌ ¸¥·¨° ¤²Ö ³´µ£µË §´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö ‚ˆ;
¢) “¢¥²¨Î¨¢ Ö ±µ²¨Î¥¸É¢µ ¨³¶Ê²Ó¸´ÒÌ ¸¥·¨° ¤²Ö ³´µ£µË §´µ£µ ¶·¥µ¡· §µ¢ ´¨Ö

¢·¥³ÖÅ±µ¤, ¨§³¥·¨É¥²Ó´ÊÕ µÏ¨¡±Ê ³µ¦´µ ¤µ¢¥¸É¨ ¤µ µÏ¨¡±¨ ±¢ ´Éµ¢ ´¨Ö.
£) z·¥¤²µ¦¥´´Ò°  ²£µ·¨É³ µ¡· ¡µÉ±¨ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨Ö ³´µ£µË §´µ£µ ¶·¥µ¡· -

§µ¢ ´¨Ö ¢·¥³ÖÅ±µ¤ ¨³¥¥É ¡µ²¥¥ ¢Ò¸µ±ÊÕ · §·¥Ï ÕÐÊÕ ¸¶µ¸µ¡´µ¸ÉÓ, Î¥³ ¤ ¥É ¸Î¥É´µ-
¨³¶Ê²Ó¸´Ò° ³¥Éµ¤.

Å · §·¥Ï ÕÐ Ö ¸¶µ¸µ¡´µ¸ÉÓ ¸µ¸É ¢²Ö¥É Te/M , ¥¸²¨ ¶·¨´¨³ ¥É¸Ö ´ ¨³¥´ÓÏ Ö ¨§
µÍ¥´µ±;

Å ¶·¨³¥´¥´¨¥ µÍ¥´±¨ ¸ ¶µ¤ ¢²ÖÕÐ¥° Î ¸ÉµÉµ° ¶µ¢Éµ·¥´¨Ö Å ±Te/2M .
¤) WÍ¥´±  ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢ ¶µ ¤ ´´µ³Ê ³¥Éµ¤Ê Ô±¢¨¢ ²¥´É´  ¸Î¥É´µ-¨³¶Ê²Ó¸´µ³Ê

¶·¥µ¡· §µ¢ ´¨Õ ¢·¥³ÖÅ±µ¤ ¶·¨ ¶µ³µÐ¨ ¢M · § ¡µ²¥¥ ¢Ò¸µ±µ° Î ¸ÉµÉÒ ÔÉ ²µ´´µ° ¨³-
¶Ê²Ó¸´µ° ¸¥·¨¨ ¨ µÉ¡· ¸Ò¢ ´¨Ö ³² ¤Ï¨Ì · §·Ö¤µ¢ ¢ µ±µ´Î É¥²Ó´µ° µÍ¥´±¥.

e) — ¸ÉµÉÊ ¶·µÖ¢²¥´¨Ö ± ¦¤µ° ¨§ µÍ¥´µ± NTe ¨ (N + 1)Te ³µ¦´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¨
¤²Ö ¶µ¢ÒÏ¥´¨Ö ÉµÎ´µ¸É¨ ¶·¥µ¡· §µ¢ ´¨Ö ¢·¥³¥´´µ£µ ¨´É¥·¢ ² :

{
T i
}M
i=1

= {NTe ; . . . . . . . . . . . . . . . . . . . . . ;NTe} U−→ NTe ,

{
T i
}M
i=1

= {NTe ; . . . . . . . . . ;NTe ; (N + 1)Te} U−→ NTe +
Te
M

,

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (26)

{
T i
}M
i=1

= {NTe ; (N + 1)Te ; . . . ; (N + 1)Te} U−→ NTe +
M − 1
M

Te ,

{
T i
}M
i=1

= {(N + 1)Te ; . . . . . . . . . ; (N + 1)Te} U−→ (N + 1)Te .

z·¨ ÔÉµ³ ÉµÎ´µ¸ÉÓ ¶·¥µ¡· §µ¢ ´¨Ö ¸µ¸É ¢²Ö¥É Te/M ,   · §·¥Ï ÕÐ Ö ¸¶µ¸µ¡´µ¸ÉÓ
±Te/2M .

4. ‡PŠ‹W—…Hˆ…

‚ · ¡µÉ¥ [7] ¶·¥¤¸É ¢²¥´ ³´µ£µ± ´ ²Ó´Ò° ¶·¥µ¡· §µ¢ É¥²Ó ¢·¥³ÖÅ±µ¤, ¢ ±µÉµ·µ³
·¥ ²¨§µ¢ ´ ¤ ´´Ò° ¨§³¥·¨É¥²Ó´Ò°  ²£µ·¨É³. ˆ§-§  ´¥¤µ¸É ÉµÎ´µ£µ ¡Ò¸É·µ¤¥°¸É¢¨Ö ¨´-
É¥£· ²Ó´ÒÌ ¸Ì¥³, ´  ±µÉµ·ÒÌ · §· ¡µÉ ´ z‚Š, ¶·¨Ï²µ¸Ó ¶·¨¡¥£´ÊÉÓ ± ¶·¨³¥´¥´¨Õ
Î¥ÉÒ·¥ÌË §´µ£µ ¸¶µ¸µ¡  ¨§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢. ‘ÊÐ´µ¸ÉÓ ³¥Éµ¤  ¸µ¸Éµ¨É ¢
µÍ¥´±¥ ¨§³¥·Ö¥³µ£µ ¨´É¥·¢ ²  ¶µ Î¥ÉÒ·¥³ µ¤¨´ ±µ¢Ò³ Ï± ² ³, ¸¤¢¨´ÊÉÒ³ ¤·Ê£ µÉ´µ-
¸¨É¥²Ó´µ ¤·Ê£  ´  2 ´¸. z·¨³¥´¥´¨¥ ¶·µ£· ³³¨·Ê¥³ÒÌ ²µ£¨Î¥¸±¨Ì ³ É·¨Í ¡µ²ÓÏµ°
¸É¥¶¥´¨ ¨´É¥£· Í¨¨ ¨ ¨´É¥·¶µ²ÖÉµ·  ´µ¢µ£µ É¨¶  ¶µ§¢µ²¨²¨ ¸µ§¤ ÉÓ ÔÉµÉ ¶·¨¡µ· ¤²Ö
¨§³¥·¥´¨Ö ¢·¥³¥´´ÒÌ ¨´É¥·¢ ²µ¢.

�¢Éµ·Ò ¡² £µ¤ ·ÖÉ �.ƒ. ‹¨É¢¨´¥´±µ ¨ ‘.‚. �Ë ´ ¸Ó¥¢a §  ¨´É¥·¥¸ ± · ¡µÉ¥ ¨ ¶µ²¥§-
´Ò¥ µ¡¸Ê¦¤¥´¨Ö. ŒÒ µÎ¥´Ó ¶·¨§´ É¥²Ó´Ò ¶·µË. ‚.O. z¥´¥¢Ê §  ¶µ¸ÉµÖ´´µ¥ ¢´¨³ ´¨¥ ¨
¶µ¤¤¥·¦±Ê ´ Ï¥° · ¡µÉÒ ¢ „Ê¡´¥.
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