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SLIPM Å ¶·μ£· ³³  ´  Ö§Ò±¥ MAPLE
¤²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö Î ¸É¨Î´μ° ¶·μ¡²¥³Ò ˜ÉÊ·³ Ä‹¨Ê¢¨²²Ö
´  μ¸´μ¢¥ ´¥¶·¥·Ò¢´μ£μ  ´ ²μ£  ³¥Éμ¤  �ÓÕÉμ´ .
II. �·μ£· ³³´ Ö ·¥ ²¨§ Í¨Ö

SLIPM (SturmÄLIouville Problem in Maple) Å ¶·μ£· ³³´Ò° ±μ³¶²¥±¸ ´  Ö§Ò±¥ ¸¨-
¸É¥³Ò ±μ³¶ÓÕÉ¥·´μ°  ²£¥¡·Ò MAPLE, ¸μ¸ÉμÖÐ¨° ¨§ £² ¢´μ° ¶·μ£· ³³Ò SLIPM.mw ¨
·Ö¤  ¶·μÍ¥¤Ê·. �´ ¶·¥¤´ §´ Î¥´ ¤²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö ¸ ¶μ³μÐÓÕ ´¥¶·¥·Ò¢´μ£μ  ´ -
²μ£  ³¥Éμ¤  �ÓÕÉμ´  (��Œ�) Î ¸É¨Î´μ° ¶·μ¡²¥³Ò ˜ÉÊ·³ Ä‹¨Ê¢¨²²Ö, É. ¥. ¤²Ö ¢ÒÎ¨¸²¥-
´¨Ö ´¥±μÉμ·μ£μ ¸μ¡¸É¢¥´´μ£μ §´ Î¥´¨Ö ²¨´¥°´μ£μ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ μ¶¥· Éμ·  ¢Éμ·μ£μ
¶μ·Ö¤±  ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¸μ¡¸É¢¥´´μ° ËÊ´±Í¨¨, Ê¤μ¢²¥É¢μ·ÖÕÐ¥° μ¤´μ·μ¤´Ò³ £· -
´¨Î´Ò³ Ê¸²μ¢¨Ö³ μ¡Ð¥£μ ¢¨¤ . SLIPM Ö¢²Ö¥É¸Ö · §¢¨É¨¥³ ´ ¶¨¸ ´´ÒÌ ´  Ö§Ò±¥ Ëμ·É· ´
±μ³¶²¥±¸μ¢ ¶·μ£· ³³ SLIP1 ¨ SLIPH4. �´ ¤μ¶μ²´¥´ ¤¢Ê³Ö ´μ¢Ò³¨ ¸¶μ¸μ¡ ³¨ ¢ÒÎ¨-
¸²¥´¨Ö ´ Î ²Ó´μ£μ §´ Î¥´¨Ö ¨É¥· Í¨μ´´μ£μ ¶ · ³¥É·  τ0, ¶·μÍ¥¤Ê·μ° ÊÉμÎ´¥´¨Ö ·¥Ï¥-
´¨Ö (¸μ¡¸É¢¥´´μ£μ §´ Î¥´¨Ö ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° ¸μ¡¸É¢¥´´μ° ËÊ´±Í¨¨) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¶·μÍ¥¤Ê·Ò Ô±¸É· ¶μ²ÖÍ¨¨ ¶μ ³¥Éμ¤Ê �¨Î ·¤¸μ´ , ¶·μÍ¥¤Ê· ³¨ £· Ë¨Î¥¸±μ° ¢¨§Ê ²¨§ -
Í¨¨ ¶·μ³¥¦ÊÉμÎ´ÒÌ ¨ μ±μ´Î É¥²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸ , ¶·μÍ¥¤Ê·μ°
¸μÌ· ´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ ´  ¤¨¸±μ¢μ³ Ë °²¥. „ ´Ò μ¶¨¸ ´¨Ö ´ §´ Î¥´¨° ¶·μÍ¥¤Ê· ¨ ¨Ì
¶ · ³¥É·μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2010

Puzynin I. V., Puzynina T. P., Thach V. T. P11-2010-95
SLIPM Å a MAPLE Package for Numerical Solution
of SturmÄLiouville Partial Problems Based
on a Continuous Analog of Newton's Method:
II. Program Realization

SLIPM (SturmÄLIouville Problem in MAPLE) is a program complex written in the lan-
guage of the computer algebras system MAPLE. It consists of the main program SLIPM.mw
and of some procedures. It is intended for a numerical solution with the help of the continuous
analog of Newton's method (CANM) of SturmÄLiouville partial problems, i.e., for calculating
some eigenvalue of linear second-order differential operator and a corresponding eigenfunction
satisfying homogeneous boundary conditions of the general type. SLIPM is the development
of the program complexes SLIP1 and SLIPH4 written in the Fortran language. It is added
by two new ways of calculating the initial value of iterative parameter τ0, by a procedure for
calculating a higher precision solution (eigenvalue and corresponding eigenfunction) with the
help of Richardson's extrapolation method, by graphical visualization procedures of interme-
diate and ˇnal results of the iterative process and by saving of the results on a disk ˇle. The
descriptions of the procedures purposes and their parameters are given.

The investigation has been performed at the Laboratory of Information Technologies,
JINR.
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„ ´´ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö ¶·μ¤μ²¦¥´¨¥³ · ¡μÉÒ [1], £¤¥ ¢ ¶. 1 ¤ ´  ¶μ¸É -
´μ¢±  § ¤ Î¨, ¢ ¶. 2 μ¶¨¸ ´ ³¥Éμ¤ ·¥Ï¥´¨Ö ��Œ�:  ²£μ·¨É³Ò ¢ÒÎ¨¸²¥´¨Ö
´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö {λ0, y0} ± ·¥Ï¥´¨Õ, ¨É¥· Í¨μ´´Ò¥ ¸Ì¥³Ò ´  μ¸´μ¢¥
��Œ�,  ²£μ·¨É³Ò ¢ÒÎ¨¸²¥´¨Ö ¨É¥· Í¨μ´´μ£μ ¶ · ³¥É·  τk ¨ ¤¢  ´μ¢ÒÌ  ²-
£μ·¨É³  ¢ÒÎ¨¸²¥´¨Ö ¥£μ ´ Î ²Ó´μ£μ §´ Î¥´¨Ö τ0. ‚ ¶. 3 ¶·¨¢¥¤¥´Ò Î¨¸²¥´´Ò¥
·¥§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö ¶·μ£· ³³Ò SLIPM∗ ¤²Ö ·¥Ï¥´¨Ö É·¥Ì § ¤ Î: Ê· ¢´¥-
´¨Ö ˜·¥¤¨´£¥·  ¸ ¶μÉ¥´Í¨ ²μ³ Œμ·§¥, Ê· ¢´¥´¨Ö ‹¥¦ ´¤·  ¨ Ê· ¢´¥´¨Ö
“¨ÉÉ¥±¥· . �μ± § ´μ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ ¤¢ÊÌ ´μ¢ÒÌ  ²£μ·¨É³μ¢ ¢ÒÎ¨¸²¥´¨Ö
´ Î ²Ó´μ£μ §´ Î¥´¨Ö ¨É¥· Í¨μ´´μ£μ ¶ · ³¥É·  τ0 ¶·¨¢¥²μ ± ¸μ±· Ð¥´¨Õ ±μ-
²¨Î¥¸É¢  ¨É¥· Í¨° ¢ ¨É¥· Í¨μ´´μ³ ¶·μÍ¥¸¸¥.

‚ ¤ ´´μ° · ¡μÉ¥ μ¸É ´μ¢¨³¸Ö ´  ¶·μ£· ³³´ÒÌ  ¸¶¥±É Ì ±μ³¶²¥±¸  Å
μ¶¨¸ ´¨¨ ´ §´ Î¥´¨Ö ¶·μÍ¥¤Ê· ¨ ¨Ì ¶ · ³¥É·μ¢ Å ¨ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ  ¸¶¥±-
É Ì Å μÍ¥´±¥ ÉμÎ´μ¸É¨ ¶·¥¤²μ¦¥´´ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ¸Ì¥³ ¨ ÊÉμÎ´¥´´ÒÌ
¶μ ³¥Éμ¤Ê �¨Î ·¤¸μ´  ·¥§Ê²ÓÉ Éμ¢.

1. ��ˆ‘��ˆ… ���–…„“� Š�Œ�‹…Š‘�

�  ·¨¸. 1 ¤ ´  ¡²μ±-¸Ì¥³  ±μ³¶²¥±¸  ¶·μ£· ³³ SLIPM. ‚ ´ Î ²¥ £² ¢´μ°
¶·μ£· ³³Ò MAIN ¶μ³¥Ð ¥É¸Ö ·Ö¤ ´¥μ¡Ìμ¤¨³ÒÌ ±μ³ ´¤:

restart: Å ¶¥·¥§ £·Ê§¨ÉÓ ¢¸¥ ¶¥·¥³¥´´Ò¥ ¨ ¶·μÍ¥¤Ê·Ò;
with(plots): Å ¶μ¤±²ÕÎ¨ÉÓ ¶ ±¥É, ¶μ¤¤¥·¦¨¢ ÕÐ¨° £· Ë¨Î¥¸±¨¥ ·¨¸Ê´±¨;
Digits:=L: Å ¶¥·¥³¥´´ Ö μ±·Ê¦¥´¨Ö, Ê¶· ¢²Ö¥É Î¨¸²μ³ Í¨Ë· L, ±μÉμ-

·Ò¥ Maple ¨¸¶μ²Ó§Ê¥É ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ ¸ Î¨¸² ³¨ ¸ ¶² ¢ ÕÐ¥° § ¶ÖÉμ°. �μ
Ê³μ²Î ´¨Õ Digits = 10; ¢ É¥¸É¥ Digits = 20;

ts:=time(): Å μ¶·¥¤¥²Ö¥É ·¥ ²Ó´μ¥ ¢·¥³Ö ´ Î ²  ¢ÒÎ¨¸²¥´¨°.
„ ²¥¥ ¸²¥¤ÊÕÉ É¥²  ¢¸¥Ì ¶·μÍ¥¤Ê· ±μ³¶²¥±¸  ¨ ±μ³ ´¤Ò μ¡· Ð¥´¨Ö ±

¶·μÍ¥¤Ê· ³ μÉ INPUT ¤μ RICHARDSON. �μ¸²¥¤´ÖÖ ±μ³ ´¤  £² ¢´μ° ¶·μ-
£· ³³Ò tc:=time()-ts: ¤ ¥É ¢·¥³Ö ¢Ò¶μ²´¥´¨Ö ¢¸¥£μ ¢ÒÎ¨¸²¨É¥²Ó´μ£μ ¶·μÍ¥¸¸ .

�·μÍ¥¤Ê·Ò INPUT, PQRX, D1F1, D2F2, ANALYT ¸μ¸É ¢²ÖÕÉ¸Ö ¶μ²Ó§μ-
¢ É¥²¥³ ±μ³¶²¥±¸  ¸ ÊÎ¥Éμ³ ¶μ¸É ´μ¢±¨ ±μ´±·¥É´μ° § ¤ Î¨. ‡ É¥³ ¶μ¤·μ¡´μ
μ¶¨¸ ´Ò ¢μ§³μ¦´μ¸É¨ ¨ ¶ · ³¥É·Ò ÔÉ¨Ì ¶·μÍ¥¤Ê· ¤²Ö É¥¸É  ¸ Ê· ¢´¥´¨¥³
˜·¥¤¨´£¥·  ¸ ¶μÉ¥´Í¨ ²μ³ Œμ·§¥.

∗http://www.jinr.ru/programs/jinrlib/slipm/
http://wwwinfo.jinr.ru/programs/jinrlib/slipm/index.html
http://wwwinfo.jinr.ru/programs/jinrlib/slipm/index.htmle
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�¨¸. 1. �²μ±-¸Ì¥³  ±μ³¶²¥±¸  ¶·μ£· ³³ SLIPM

�·μÍ¥¤Ê·Ò MINMAX, PRINTINFOR, NEWTON0, MODIFYDF, SLIPM,
PRINTRESULTS, SAVETOFILE, RICHARDSON Ö¢²ÖÕÉ¸Ö ¢´ÊÉ·¥´´¨³¨ ¶·μ-
Í¥¤Ê· ³¨ ±μ³¶²¥±¸ . �¨¦¥ ¤ ¥É¸Ö ¨Ì ±· É±μ¥ μ¶¨¸ ´¨¥, μ¡· Ð¥´¨¥ ± ´¨³ ¨ ±
¨¸¶μ²Ó§Ê¥³Ò³ ¢ ´¨Ì ¶·μÍ¥¤Ê· ³ ¢Éμ·μ£μÄÎ¥É¢¥·Éμ£μ ·Ö¤ : TTP,
SUMSIGMA, NORMTRAP, DELT0, DELT, PRGK, PLOTGRAPHICS, FINIS,
ZEROS, TAUKA, TK4, TK5.
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1.1. �·μÍ¥¤Ê·Ò INPUT, PQRX, D1F1, D2F2, ANALYT.
INPUT:=proc(). �¡· Ð¥´¨¥: INPUT(0).
global A, B, N, H, P, Q, R, X, NZERO, EV0, Y0, EPS, NT, LST0, LST,

LDEL, LPR, EV, Y, EV0USER, LX, T0USER, EPS0, CEV0, CY0, SHIFTY0,
LVISU, LMOD, CMAX, LRICH, EVANALYT, YANALYT, EV0NEWTON,
Y0NEWTON, EVARRAY, OXLG, EQNAME, £¤¥

A, B Å ²¥¢ Ö ¨ ¶· ¢ Ö £· ´¨ÍÒ μÉ·¥§±  ¨§³¥´¥´¨Ö x;
N Å ±μ²¨Î¥¸É¢μ Ê§²μ¢ · ¢´μ³¥·´μ° ¸¥É±¨ ωh. N ¤μ²¦´μ ¡ÒÉÓ ´¥Î¥É´Ò³

Î¨¸²μ³. …¸²¨ N § ¤ ´μ Î¥É´Ò³ Î¨¸²μ³, Éμ ¢ ¶·μ£· ³³¥ ¢ÒÎ¨¸²Ö¥É¸Ö ´μ¢μ¥
N = N + 1;

H Å Ï £ · §´μ¸É´μ° ¸¥É±¨, ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥ H = (B−A)/(N−1);
P, Q, R, X Å ³ ¸¸¨¢Ò · §³¥·´μ¸É¨ N, ±μÉμ·Ò¥ ¤μ²¦´Ò ¡ÒÉÓ ¢ÒÎ¨¸²¥´Ò

¢ ¶·μÍ¥¤Ê·¥ PQRX;
NZERO Å Î¨¸²μ ´Ê²¥° ËÊ´±Í¨¨ y;
EV0 ¨ Y0 Å ´ Î ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥ ± ¸μ¡¸É¢¥´´μ³Ê §´ Î¥´¨Õ ¨ ¸μ¡-

¸É¢¥´´μ° ËÊ´±Í¨¨, § ¤ ¢ ¥³μ¥ ¶μ²Ó§μ¢ É¥²¥³. �´μ ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´μ ¸¶μ-
¸μ¡μ³, ¨§²μ¦¥´´Ò³ ¢ [1, ¶. 2], ¸ ¶μ³μÐÓÕ ¶·μÍ¥¤Ê·Ò NEWTON0 ¨²¨ ± ±¨³-
Éμ ¤·Ê£¨³ μ¡· §μ³.

�μ¸²¥ § ¢¥·Ï¥´¨Ö · ¡μÉÒ ¶·μÍ¥¤Ê·Ò SLIPM ¢ EV ¨ Y ´ Ìμ¤¨É¸Ö ¢ÒÎ¨-
¸²¥´´μ¥ ¸¥ÉμÎ´μ¥ ·¥Ï¥´¨¥ § ¤ Î¨ {λ, y}.

EPS Å ³ ²μ¥ Î¨¸²μ ε, Ì · ±É¥·¨§ÊÕÐ¥¥ ÉμÎ´μ¸ÉÓ ¶μ ´¥¢Ö§±¥ δk [1, (2.13)
¨²¨ (2.14)] ¢ÒÎ¨¸²¥´¨Ö ·¥Ï¥´¨Ö § ¤ Î¨.

NT Å ³ ±¸¨³ ²Ó´μ¥ ¤μ¶Ê¸É¨³μ¥ ±μ²¨Î¥¸É¢μ ¨É¥· Í¨°.
LST0 Å ¶ · ³¥É·, μ¶·¥¤¥²ÖÕÐ¨° ¸¶μ¸μ¡ ¢Ò¡μ·  Ï £  τ0 [1, ¶¶. 2.3, 2.4]):
¶·¨ LST0 = 1Ä3 §´ Î¥´¨¥ 0 < τ0 � 1 § ¤ ¥É¸Ö ¶μ²Ó§μ¢ É¥²¥³;
¶·¨ LST0 = 4 Å ¶μ  ²£μ·¨É³Ê [1, (2.18)];
¶·¨ LST0 = 5 Å ¶μ  ²£μ·¨É³Ê 5 [1, ¶. 2.3];
¶·¨ LST0 = 6 Å ¶μ  ²£μ·¨É³Ê [1, (2.19)];
¶·¨ LST0 = 7 Å ¶μ  ²£μ·¨É³Ê [1, (2.20)].
LST Å ¶ · ³¥É·, μ¶·¥¤¥²ÖÕÐ¨° ¸¶μ¸μ¡ ¢Ò¡μ·  Ï £  τk ([1, ¶. 2.3]):
¶·¨ LST = 1 Å ¶μ  ²£μ·¨É³Ê [1, (2.15)];
¶·¨ LST = 2 Å ¶μ  ²£μ·¨É³Ê [1, (2.16)];
¶·¨ LST = 3 Å ¶μ  ²£μ·¨É³Ê [1, (2.17)];
¶·¨ LST = 4 Å ¶μ  ²£μ·¨É³Ê [1, (2.18)];
¶·¨ LST = 5 Å ¶μ  ²£μ·¨É³Ê 5 [1, ¶. 2.3].
LDEL Å ¶ · ³¥É·, § ¤ ÕÐ¨° ¸¶μ¸μ¡ ¢ÒÎ¨¸²¥´¨Ö ´¥¢Ö§±¨ δk:
¶·¨ LDEL = 1 Å ¶μ Ëμ·³Ê²¥ [1, (2.13)];
¶·¨ LDEL = 2 Å ¶μ Ëμ·³Ê²¥ [1, (2.14)].
‚ É ¡²¨Í¥ ¶·¥¤¸É ¢²¥´Ò ¢¸¥ ´ ¡μ·Ò §´ Î¥´¨° ¶ · ³¥É·μ¢ LST0,

LST, LDEL.
LPR Å ¶ · ³¥É·, μ¶·¥¤¥²ÖÕÐ¨° Ï £ ¶μ ¨É¥· Í¨Ö³ ¢Ò¤ Î¨ ·¥§Ê²ÓÉ Éμ¢

¶·μ³¥¦ÊÉμÎ´ÒÌ ¨É¥· Í¨°.
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LST0 1 2 3 4 5 6 6 6 7 7 7
LST 1 2 3 4 5 1 2 3 1 2 3
LDEL 1 1 1 2 1 1 1 1 1 1 1

EV0USER Å § ¤ ´´μ¥ ¶μ²Ó§μ¢ É¥²¥³ ´ Î ²Ó´μ¥ ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥.
LX Å ¶ · ³¥É·, § ¤ ÕÐ¨° ±μ²¨Î¥¸É¢μ ¸É·μ±, · ¢´μ¥ LX + 1, ¢ É ¡²¨Í Ì

xk, yk ¶·¨ ¢Ò¢μ¤¥ ´  ³μ´¨Éμ· ¨ ¸μÌ· ´¥´¨¨ ¢ Ë °² Ì RICHARDSON*.dat
(∗ = 1, 2, 4), SLIPM.txt ¨ SLIPMOH4.txt.

T0USER Å § ¤ ´´μ¥ ´ Î ²Ó´μ¥ §´ Î¥´¨¥ τ0. �¥±μ³¥´¤Ê¥³Ò¥ §´ Î¥´¨Ö
τ0 = 0,01; 0,05; 0,1.

EPS0 Å § ¤ ´´μ¥ §´ Î¥´¨¥ εT [1, (2.4)].
LMOD Å ¶ · ³¥É·, § ¤ ÕÐ¨° ³μ¤¨Ë¨± Í¨Õ ´ Î ²Ó´μ£μ ·¥Ï¥´¨Ö ¶¥·¥¤

μ¡· Ð¥´¨¥³ ± ¶·μÍ¥¤Ê·¥ SLIPM ¶μ Ëμ·³Ê² ³ EV0 = EV0 + CEV0, Y0 =
CY0(Y0 + SHIFTY0).

CEV0, CY0, SHIFTY0 Å § ¤ ´´μ¥ §´ Î¥´¨¥ ±μ´¸É ´ÉÒ (¸³. [1, ¶. 3]).
�¥±μ³¥´¤Ê¥³Ò¥ §´ Î¥´¨Ö 1; 1,5; 2.

LVISU Å ¶ · ³¥É·, § ¤ ÕÐ¨° £· Ë¨Î¥¸±ÊÕ ¢¨§Ê ²¨§ Í¨Õ ¶·μ³¥¦ÊÉμÎ-
´ÒÌ ¨ μ±μ´Î É¥²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸ .

CMAX Å ³ ±¸¨³ ²Ó´μ¥ ¶μ²μ¦¨É¥²Ó´μ¥ Î¨¸²μ ¸ ¶² ¢ ÕÐ¥° § ¶ÖÉμ°.
‚ É¥¸É¥ CMAX := 1. · 1030.

LRICH Å ¶ · ³¥É·, § ¤ ÕÐ¨° ¢μ§³μ¦´μ¸ÉÓ ÊÉμÎ´¥´¨Ö ·¥Ï¥´¨° ¸ ¶μ³μ-
ÐÓÕ Ô±¸É· ¶μ²ÖÍ¨μ´´μ£μ ³¥Éμ¤  �¨Î ·¤¸μ´ . �μ²Ó§μ¢ É¥²Ó ³μ¦¥É § ¤ ¢ ÉÓ
§´ Î¥´¨¥ ÔÉμ£μ ¶ · ³¥É·  0 ¨²¨ 1. …¸²¨ LRICH = 0, Ô±¸É· ¶μ²ÖÍ¨Ö ´¥ ¢Ò-
¶μ²´Ö¥É¸Ö. …¸²¨ LRICH = 1, ¶·μÍ¥¤Ê·  ¢Ò¶μ²´Ö¥É Ô±¸É· ¶μ²ÖÍ¨Õ ·¥Ï¥´¨°,
¶·¥¤¢ ·¨É¥²Ó´μ ¢ÒÎ¨¸²¥´´ÒÌ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸£ÊÐ ÕÐ¨Ì¸Ö ¸¥Éμ± ¸
Ï £ ³¨ h, h/2, h/4 ¨ ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ Ë °² Ì RICHARDSON1.dat, RICHARD-
SON2.dat, RICHARDSON4.dat ¸μμÉ¢¥É¸É¢¥´´μ.

‚ ¡¨¡²¨μÉ¥Î´μ³ É¥¸É¥ ¨³¥ÕÉ¸Ö Ë °²Ò RICHARDSON1.dat, RICHARD-
SON2.dat, RICHARDSON4.dat ¨ ¶·μ£· ³³´Ò° ±μ³¶²¥±¸ SLIPMÄMORSE.ws
¸μ §´ Î¥´¨¥³ LRICH = 1. ˆ³¥ÕÉ¸Ö É ±¦¥ ´ ¡μ·Ò ¶μ²Ó§μ¢ É¥²Ó¸±¨Ì ¶·μÍ¥-
¤Ê· SLIPM Legendre UP.ws ¨ SLIPM Whittaker UP.ws ¤²Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨°
‹¥¦ ´¤·  ¨ “¨ÉÉ¥±¥· .

EVANALYT, YANALYT ¨ EV0NEWTON, Y0NEWTON Å  ´ ²¨É¨Î¥-
¸±μ¥ ¨ ¶μ²ÊÎ¥´´μ¥ ¸ ¶μ³μÐÓÕ ¶·μÍ¥¤Ê·Ò NEWTON0 ·¥Ï¥´¨¥ ¸μμÉ¢¥É¸É¢¥´´μ.

EVARRAY Å ³ ¸¸¨¢ ¸μ¡¸É¢¥´´ÒÌ §´ Î¥´¨°.
OXLG = 1 ¤²Ö Ê· ¢´¥´¨Ö ‹ ¦ ´¤· , ¨´ Î¥ OXLG = 0.
EQNAME Å ´ §¢ ´¨¥ § ¤ Î¨. ‚ É¥¸É¥ EQNAME := ©Schredinger equation

for the Morse potential \nª.
‡´ Î¥´¨Ö ¶ · ³¥É·μ¢ LST0, LST, LDEL, LPR, LX, LVISU, LMOD, LRICH

¨ ±μ´¸É ´É A, B, N, NZERO, EPS, NT, EV0USER, T0USER, EPS0, CEV0, CY0,
SHIFTY0, CMAX § ¤ ÕÉ¸Ö ¶μ²Ó§μ¢ É¥²¥³.
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�·μÍ¥¤Ê·  PQRX ¶·¥¤´ §´ Î¥´  ¤²Ö § ¶μ²´¥´¨Ö ³ ¸¸¨¢μ¢ P, Q, R É ¡²¨-
Í ³¨ §´ Î¥´¨° ±μÔËË¨Í¨¥´Éμ¢ p(x), q(x), r(x) Ê· ¢´¥´¨Ö [1, (1.1)Ä(1.4)] ¢μ
¢´ÊÉ·¥´´¨Ì (i = 2, . . . ,N − 1) Ê§² Ì x ¸¥É±¨ ωh. ‡´ Î¥´¨Ö x ¶μ³¥Ð ÕÉ¸Ö ¢
³ ¸¸¨¢ X.

�¡· Ð¥´¨¥: PQRX(0).
global A, B, N, H, P, Q, R, X, AM, DD, X0, AP, £¤¥ AM, DD, X0, AP Å
±μ´¸É ´ÉÒ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¶μÉ¥´Í¨ ²  Œμ·§¥ [1, ¶·¨³¥· 1 ¢ ¶. 3].

�·μÍ¥¤Ê·Ò D1F1 ¨ D2F2 ¢ÒÎ¨¸²ÖÕÉ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ d1, f1,
d2, f2 ¢ £· ´¨Î´ÒÌ Ê¸²μ¢¨ÖÌ [1, (1.2), (1.3)] ¢ ²¥¢μ³ ¨ ¶· ¢μ³ ±μ´Í Ì μÉ·¥§± 
[a, b] ¸μμÉ¢¥É¸É¢¥´´μ.

�¡· Ð¥´¨¥: D1F1(EV).
global A, AM, DD, X0, AP, D1, F1, DD1, DF1,
£¤¥ EV Å ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ λk;
AM, DD, X0, AP Å ±μ´¸É ´ÉÒ ¶μÉ¥´Í¨ ²  Œμ·§¥;
D1 Å d1(λk, a);
F1 Å f1(λk, a);
DD1 Å d′1λ(λk, a);
DF1 Å f ′

1λ(λk, a).
�¡· Ð¥´¨¥: D2F2(EV).

global B, AM, DD, X0, AP, D2, F2, DD2, DF2,
£¤¥ EV Å §´ Î¥´¨¥ λk;
AM, DD, X0, AP Å ±μ´¸É ´ÉÒ ¶μÉ¥´Í¨ ²  Œμ·§¥;
D2 Å d2(λk, b);
F2 Å f2(λk, b);
DD2 Å d′2λ(λk, b);
DF2 Å f ′

2λ(λk, b).
�·μÍ¥¤Ê·  ANALYT ¶·¥¤´ §´ Î¥´  ¤²Ö ¢ÒÎ¨¸²¥´¨Ö  ´ ²¨É¨Î¥¸±μ£μ ·¥-

Ï¥´¨Ö {EVANALYT, YANALYT} ≡ {λa, Ya}, ±μÉμ·μ¥ ¶·¨¸¢ ¨¢ ¥É¸Ö É ±¦¥
´ Î ²Ó´μ³Ê ·¥Ï¥´¨Õ EV0, Y0.

�¡· Ð¥´¨¥: ANALYT0.
global AM, DD, X0, AP, EVANALYT, EV0, YANALYT, Y0.

1.2. �·μÍ¥¤Ê·Ò ¢ÒÎ¨¸²¥´¨Ö ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö MINMAX,
NEWTON0, MODIFYDF.

�·μÍ¥¤Ê·  MINMAX μ¶·¥¤¥²Ö¥É §´ Î¥´¨Ö ¢¥²¨Î¨´ XMIN = Qmin,
XMAX = Qmax, ÉμÎ±Ê ¸Ï¨¢±¨ XW ± ± Q(XW) = Qmax ¨ Œ Å ¥¥ ´μ³¥· ¢
³ ¸¸¨¢¥ X. Œ ¤μ²¦´μ Ê¤μ¢²¥É¢μ·ÖÉÓ Ê¸²μ¢¨Õ 4 � M � N − 3.

�¡· Ð¥´¨¥: MINMAX (N,X).
global XMIN, XMAX, CMAX, M, XW, NZERO, Q.

�·μÍ¥¤Ê·  NEWTON0 μ¶·¥¤¥²Ö¥É ´ Î ²Ó´μ¥ ¶·¨¡²¨¦¥´¨¥ ± ·¥Ï¥´¨Õ
§ ¤ Î¨ [1, (1.1)Ä(1.4)] ¶μ  ²£μ·¨É³Ê, ¨§²μ¦¥´´μ³Ê ¢ [1, ¶. 2.1].

�¡· Ð¥´¨¥: NEWTON0 (A, B, N, NZERO, XMIN, XMAX, X, H, EPS0,
ITMAX, NIS, NNEC).
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global CMAX, M, XW, SIGMA, T, TP, EVANALYT, EV0, EV0USER,
EV0NEWTON, Y0, Y0NEWTON, EVARRAY, £¤¥

ITMAX Å ³ ±¸¨³ ²Ó´μ ¤μ¶Ê¸É¨³μ¥ Î¨¸²μ ¨É¥· Í¨°. …¸²¨ ÉμÎ´μ¸ÉÓ ¶μ-
¸²¥ ÔÉμ£μ ´¥ ¤μ¸É¨£´ÊÉ , ¢Ò¤ ¥É¸Ö ¸μμ¡Ð¥´¨¥, §´ Î¥´¨¥ ´ °¤¥´´μ£μ ¶·¨¡²¨-
¦¥´¨Ö, ¥£μ ÉμÎ´μ¸ÉÓ ¨ §´ Î¥´¨¥ ¶μ²¨´μ³  T (¸³. [1, (2.1)]);

NIS Å ±μ²¨Î¥¸É¢μ Ê¦¥ ´ °¤¥´´ÒÌ ±μ·´¥° ¶μ²¨´μ³  (¸μ¡¸É¢¥´´ÒÌ §´ Î¥-
´¨°). ˆÌ §´ Î¥´¨Ö ¤μ μ¡· Ð¥´¨Ö ± ÔÉμ° ¶·μÍ¥¤Ê·¥ ¤μ²¦´Ò ¡ÒÉÓ ¶·¨¸¢μ¥´Ò
¶¥·¢Ò³ NIS Ô²¥³¥´É ³ ³ ¸¸¨¢  EV;

NNEC Å ´μ³¥· ±μ·´Ö, ¤μ ±μÉμ·μ£μ ¢±²ÕÎ¨É¥²Ó´μ ´ ¤μ ´ °É¨ ¢¸¥ ±μ·´¨
¶μ²¨´μ³ , ´ Î¨´ Ö ¸ NIS-£μ, ¨ μ¶·¥¤¥²¨ÉÓ ËÊ´±Í¨Õ Y0;

XMIN, XMAX, M ¨ XW μ¶¨¸ ´Ò ¢ ¶·μÍ¥¤Ê·¥ MINMAX;
SIGMA Å §´ Î¥´¨¥ ¸Ê³³Ò ¨§ ¢Ò· ¦¥´¨Ö [1, (2.3)];
T Å §´ Î¥´¨¥ ¶μ²¨´μ³  T (λ) ¨§ ¢Ò· ¦¥´¨Ö [1, (2.1)];
TP Å §´ Î¥´¨¥ ¶·μ¨§¢μ¤´μ° T ′(λ).
‡´ Î¥´¨¥ EV0USER μ¶·¥¤¥²Ö¥É¸Ö ¢ ¶·μÍ¥¤Ê·¥ INPUT. …¸²¨ μ´μ �= 999,

Éμ μ´μ ¶·¨¸¢ ¨¢ ¥É¸Ö ´ Î ²Ó´μ³Ê §´ Î¥´¨Õ EV0.
�¸É ²Ó´Ò¥ ¢¥²¨Î¨´Ò μ¶¨¸ ´Ò ¢ ¶·μÍ¥¤Ê·¥ INPUT.
�·μÍ¥¤Ê·  MODIFYDF ¶·¥¤´ §´ Î¥´  ¤²Ö ³μ¤¨Ë¨± Í¨¨ ·¥Ï¥´¨Ö EV0,

Y0 ¶μ Ëμ·³Ê² ³ EV0 = EV0 + CEV0; Y0 = CY0(Y0 + SHIFTY0), £¤¥ ±μ´-
¸É ´ÉÒ CEV0, CY0, SHIFTY0 § ¤ ´Ò ¶μ²Ó§μ¢ É¥²¥³ ¢ ¶·μÍ¥¤Ê·¥ INPUT.

�¡· Ð¥´¨¥: MODIFYDF (N, CEV0, CY0, SHIFTY0).
global: EV0, Y0.

�·μÍ¥¤Ê·  NEWTON0 μ¡· Ð ¥É¸Ö ± ¢´ÊÉ·¥´´¨³ ¶·μÍ¥¤Ê· ³ TTP ¨
SUMSIGMA. �·μÍ¥¤Ê·  TTP ¢ÒÎ¨¸²Ö¥É §´ Î¥´¨Ö ¶μ²¨´μ³  T (λ)
(¸³. [1, (2.1)]), ¥£μ ¶·μ¨§¢μ¤´μ° T ′(λ) ¨ ËÊ´±Í¨¨ Y. �·μÍ¥¤Ê·  SUMSIGMA
¢ÒÎ¨¸²Ö¥É §´ Î¥´¨¥ ¸Ê³³Ò ¨§ ¢Ò· ¦¥´¨Ö [1, (2.3)]:

n−1∑
j=1

1
λk

n − λj
.

1.3. �·μÍ¥¤Ê·  ¤²Ö ÊÉμÎ´¥´¨Ö ´ Î ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö SLIPM.
�·μÍ¥¤Ê·  SLIPM μ·£ ´¨§Ê¥É ¨É¥· Í¨μ´´Ò° ¶·μÍ¥¸¸, μ¶¨¸ ´´Ò°

¢ [1, ¶. 2.2].
�¡· Ð¥´¨¥: SLIPM (A, B, N, P, Q, R, EV0, Y0, EPS, NT, LST0, LST,

LDEL, LPR, LX, EV, Y).
global TSUM, AM, TEMEV, EV1, YANALYT, V1, V2, AL10, H, X, SYA2,
SYDYA, KEPS, DELTA, DELTA0, TK, T0, LSTT0, T0TRUE, YTEMP, ETEMP,
LVISU.

‚¸¶μ³μ£ É¥²Ó´Ò¥ ¶·μÍ¥¤Ê·Ò NORMTRAP, DELT0, DELT, PRGK,
PLOTGRAPHICS, FINIS, ZEROS, TAUKA, TK4, TK. �·μÍ¥¤Ê· 
NORMTRAP ´μ·³¨·Ê¥É ËÊ´±Í¨Õ Y ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  É· ¶¥Í¨° ¶·¨
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¢ÒÎ¨¸²¥´¨¨ ¨´É¥£· ²  μÉ ±¢ ¤· É  ËÊ´±Í¨¨ Y. ‚ÒÎ¨¸²Ö¥É¸Ö ´μ¢μ¥ §´ Î¥´¨¥

y = y/
√∫ b

a
y2(x) dx.

�·μÍ¥¤Ê·Ò DELT ¨ DELT0 ¢ÒÎ¨¸²ÖÕÉ §´ Î¥´¨¥ ´¥¢Ö§μ± δk ¨ δ0 ¶μ Ëμ·-
³Ê² ³ [1, (2.13) ¨²¨ (2.14)].

‚ ¶·μÍ¥¤Ê·¥ PRGK ³¥Éμ¤μ³ ¶·μ£μ´±¨ μ¶·¥¤¥²ÖÕÉ¸Ö ËÊ´±Í¨¨ vk ¢ § -
¤ Î¥ [1, (2.8)].

�·μÍ¥¤Ê·  PLOTGRAPHICS ¶·¥¤´ §´ Î¥´  ¤²Ö ´ £²Ö¤´μ£μ ¶·¥¤¸É ¢²¥-
´¨Ö ¢ ¢¨¤¥ £· Ë¨±μ¢ ·¥§Ê²ÓÉ Éμ¢ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸ . �·¨ §´ Î¥´¨¨ ¶ -
· ³¥É·  LVISU = 1 ´  £· Ë¨±¨ ¢Ò¤ ÕÉ¸Ö ËÊ´±Í¨¨ Y0, YANALYT, Yk, £¤¥
k Å ´μ³¥· ¨É¥· Í¨¨, k = 0,LPR, 2LPR, . . .

�·μÍ¥¤Ê·Ò TAUKA, TK4, TK5 ·¥ ²¨§ÊÕÉ μ¶¨¸ ´´Ò¥ ¢ [1, ¶¶. 2.3 ¨ 2.4]
 ²£μ·¨É³Ò ¢ÒÎ¨¸²¥´¨Ö ¶ · ³¥É·μ¢ τk ¨ τ0.

�·μÍ¥¤Ê·  ZEROS μ¶·¥¤¥²Ö¥É Î¨¸²μ ¶¥·¥³¥´ §´ ±  ¢ É ¡²¨Í¥ §´ Î¥´¨°
ËÊ´±Í¨¨ Y. �´μ § ¸Ò² ¥É¸Ö ¢ NZERO ¨ μÉμ¦¤¥¸É¢²Ö¥É¸Ö ¸ Î¨¸²μ³ ´Ê²¥°
ËÊ´±Í¨¨ Y.

1.4. �·μÍ¥¤Ê·Ò PRINTINFOR, PRINTRESULTS, SAVETOFILE,
RICHARDSON.

�·μÍ¥¤Ê·  PRINTINFOR ¢Ò¤ ¥É ¤ ´´Ò¥ μ¡  ¢Éμ·¸±μ³ ±μ²²¥±É¨¢¥ ¨ ³¥¸É¥
¢Ò¶μ²´¥´¨Ö · ¡μÉÒ ¨ ±· É±μ¥ μ¶¨¸ ´¨¥ § ¤ Î¨.

�·μÍ¥¤Ê·Ò PRINTRESULTS ¨ FINIS ¢Ò¤ ÕÉ ·¥§Ê²ÓÉ ÉÒ ¶·μ³¥¦ÊÉμÎ´ÒÌ
¨ ±μ´¥Î´ÒÌ ¢ÒÎ¨¸²¥´¨° ¶·¨ ¢Ò¶μ²´¥´¨¨ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸  (TEST
RUN OUTPUT).

�·μÍ¥¤Ê·  SAVETOFILE μ¸ÊÐ¥¸É¢²Ö¥É § ¶¨¸Ó ´  Ë °² SLIPM.txt ¨´Ëμ·-
³ Í¨¨,  ´ ²μ£¨Î´μ° ¤¢Ê³ ¶·¥¤Ò¤ÊÐ¨³ ¶·μÍ¥¤Ê· ³ ¸μ¢³¥¸É´μ.

2. ’�—��‘’œ ‚›—ˆ‘‹ˆ’…‹œ��‰ ‘•…Œ›

’μÎ´μ¸ÉÓ ¢ÒÎ¨¸²¨É¥²Ó´μ° ¸Ì¥³Ò μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³.
�Ê¸ÉÓ z∗ = {λ∗, y∗(x)} Å ·¥Ï¥´¨¥ § ¤ Î¨, ¸ÊÐ¥¸É¢μ¢ ´¨¥ ±μÉμ·μ£μ

¶·¥¤¶μ² £ ¥É¸Ö. ‚ ·¥§Ê²ÓÉ É¥ ¢ÒÎ¨¸²¥´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É·¥ÌÉμÎ¥Î´ÒÌ
· §´μ¸É´ÒÌ ¨ ±¢ ¤· ÉÊ·´ÒÌ Ëμ·³Ê² ¸ ÉμÎ´μ¸ÉÓÕ  ¶¶·μ±¸¨³ Í¨¨ ¶μ·Ö¤± 
O(h2) ´  · ¢´μ³¥·´μ° ¸¥É±¥ x ∈ [a, b] ¸ Ï £μ³ h ¶μ ¨§²μ¦¥´´μ° ¢ [1, ¶. 2.2]
¸Ì¥³¥ §  ±μ´¥Î´μ¥ Î¨¸²μ ¨É¥· Í¨° K , É. ¥. ¶·¨ ¢Ò¶μ²´¥´¨¨ Ê¸²μ¢¨Ö δK < ε
(δK Å ´¥¢Ö§±  ¢ ¸¥ÉμÎ´μ° C-´μ·³¥), ¶μ²ÊÎ ¥É¸Ö ¶·¨¡²¨¦¥´´μ¥ ·¥Ï¥´¨¥:
zK

h = {λK
h , yK

h (x)}.
…¸²¨ zh Å ÉμÎ´μ¥ · §´μ¸É´μ¥ ·¥Ï¥´¨¥, Éμ ¢ ¸¥ÉμÎ´μ° C-´μ·³¥ ³μ¦´μ

´ ¶¨¸ ÉÓ ¸²¥¤ÊÕÐÊÕ μÍ¥´±Ê:

||z∗ − zK
h || � ||z∗ − zh|| + ||zh − zK

h ||. (2.1)
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„²Ö ¶¥·¢μ£μ ¸² £ ¥³μ£μ ¢ ¶· ¢μ° Î ¸É¨ (2.1) ¨³¥¥É¸Ö ¸²¥¤ÊÕÐ Ö μÍ¥´±  ¨§ [2]:

||z∗ − zh|| � Ch2.

‚Éμ·μ¥ ¸² £ ¥³μ¥ ¢ [3] μÍ¥´¨¢ ¥É¸Ö ± ±

||zh − zK
h || � BδK .

‡¤¥¸Ó B, C Å ±μ´¸É ´ÉÒ.
Šμ£¤  BδK � Ch2, ÎÉμ ¢Ò¶μ²´Ö¥É¸Ö ¶·¨ § ¤ ´¨¨ ³ ²μ£μ ε, ÉμÎ´μ¸ÉÓ

¶μ²ÊÎ¥´´μ£μ ·¥Ï¥´¨Ö ¡²¨§±  ± É¥μ·¥É¨Î¥¸±μ° μÍ¥´±¥:

||z∗ − zK
h || ≈ Ch2. (2.2)

…¥ ³μ¦´μ ¤¥É ²Ó´μ ¨¸¸²¥¤μ¢ ÉÓ ¶ÊÉ¥³ · ¸Î¥Éμ¢ ´  ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸£Ê-
Ð ÕÐ¨Ì¸Ö ¸¥Éμ±. �·¨ ÔÉμ³ ¢μ§³μ¦´μ ÊÉμÎ´¥´¨¥ · §´μ¸É´μ£μ ·¥Ï¥´¨Ö [2, 3].

‚ ¸²ÊÎ ¥, ¥¸²¨ ¨¸Ìμ¤´ Ö § ¤ Î  Ö¢²Ö¥É¸Ö ¸¨´£Ê²Ö·´μ°, ¢ μÍ¥´±Ê (2.1) ¤μ-
¡ ¢²Ö¥É¸Ö ¸² £ ¥³μ¥, Ì · ±É¥·¨§ÊÕÐ¥¥ μÏ¨¡±Ê  ¶¶·μ±¸¨³ Í¨¨ ¸¨´£Ê²Ö·´ÒÌ
£· ´¨Î´ÒÌ Ê¸²μ¢¨° Ê¸²μ¢¨Ö³¨ ´  ±μ´¥Î´ÒÌ ¨´É¥·¢ ² Ì [a, b]. Š ± ¶· ¢¨²μ,
μÍ¥´¨ÉÓ ÔÉÊ ¶μ£·¥Ï´μ¸ÉÓ ³μ¦´μ ¶ÊÉ¥³ ¶·μ¢¥¤¥´¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ · ¸Î¥-
Éμ¢ ´  · ¸Ï¨·ÖÕÐ¨Ì¸Ö ¨´É¥·¢ ² Ì [a, b].

‚¸¥ ÔÉ¨ Ë ±Éμ·Ò ¸²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê ¶·¨ § ¤ ´¨¨ ¶ · ³¥É·μ¢ ¢ÒÎ¨¸²¨-
É¥²Ó´μ° ¸Ì¥³Ò ¨ ¶·¨ μÍ¥´±¥ ÉμÎ´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢.

�·μÍ¥¤Ê·  RICHARDSON.
�·μÍ¥¤Ê·  RICHARDSON ¨¸¶μ²Ó§Ê¥É ³¥Éμ¤ Ô±¸É· ¶μ²ÖÍ¨¨ �¨Î ·¤¸μ´ ,

±μÉμ·Ò° Ê²ÊÎÏ ¥É ·¥Ï¥´¨¥ § ¤ Î¨ (1.1)Ä(1.4) · ¡μÉÒ [1] ¤μ ¶μ·Ö¤±  O(h4).
�¡· Ð ÉÓ¸Ö ± ÔÉμ° ¶·μÍ¥¤Ê·¥ ´¥μ¡Ìμ¤¨³μ ¶·¨ ¢Ò¡μ·¥ §´ Î¥´¨Ö ¶ · ³¥É· 
LRICH = 1 ¨ ¶·¨ ´ ²¨Î¨¨ É·¥Ì Ë °²μ¢ ¸ ¢Ìμ¤´Ò³¨ ¤ ´´Ò³¨ ¸ ´ §¢ ´¨-
Ö³¨ RICHARDSON1.dat, RICHARDSON2.dat, RICHARDSON4.dat ¸μμÉ¢¥É-
¸É¢¥´´μ. „²Ö ¶μ²ÊÎ¥´¨Ö ÔÉ¨Ì Ë °²μ¢ ¶μ²Ó§μ¢ É¥²Ó ¤μ²¦¥´ ¨¸¶μ²Ó§μ¢ ÉÓ ±μ³-
¶²¥±¸ SLIPM É·¨ · §  ¸μ §´ Î¥´¨¥³ ¶ · ³¥É·  LRICH = 0 ¨ § ¶¨¸ ÉÓ ·¥§Ê²Ó-
É ÉÒ ¢ Ë °²Ò ¸ ´ §¢ ´¨Ö³¨ RICHARDSON*.dat, £¤¥ ®*¯ μ¡μ§´ Î ¥É 1, 2, 4
¤²Ö ¢ÒÎ¨¸²¥´¨° ¸ Ï £μ³ h, h/2, h/4 ¸μμÉ¢¥É¸É¢¥´´μ. ˆ³Ö Ë °²  RICHARD-
SON*.dat ¶μ²Ó§μ¢ É¥²Ó ³μ¦¥É ³¥´ÖÉÓ ¢ ±μ³ ´¤´μ° ¸É·μ±¥ ¢ MAPLE:
ˇletext:= fopen(ªRICHARDSON*.datª,WRITE).

�¡· Ð¥´¨¥: RICHARDSON().
global EVANALYT, YANALYT, EVR, YR,
£¤¥ EVANALYT, YANALYT Å  ´ ²¨É¨Î¥¸±¨° ¸μ¡¸É¢¥´´Ò° Ô²¥³¥´É ¨ ³ ¸-
¸¨¢, ¸μ¤¥·¦ Ð¨° §´ Î¥´¨Ö  ´ ²¨É¨Î¥¸±μ° ¸μ¡¸É¢¥´´μ° ËÊ´±Í¨¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, EVR, YR Å ¸μ¡¸É¢¥´´μ¥ §´ Î¥´¨¥ λ ¨ ³ ¸¸¨¢, ¸μ¤¥·¦ Ð¨° §´ -
Î¥´¨Ö ¸μ¡¸É¢¥´´μ° ËÊ´±Í¨¨ y, ¤²Ö ·¥§Ê²ÓÉ Éμ¢ ¸ ÉμÎ´μ¸ÉÓÕ ·¥Ï¥´¨Ö ¶μ·Ö¤± 
O(h4) § ¤ Î¨ [1, (1.1)Ä(1.4)]. ‚¸Ö Ê± § ´´ Ö ¨´Ëμ·³ Í¨Ö § ¶¨¸Ò¢ ¥É¸Ö ¢ Ë °²
SLIPMOH4.txt.
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‡�Š‹�—…�ˆ…

• �  ¡ §¥ ��Œ� ¸μ§¤ ´ ¶·μ£· ³³´Ò° ±μ³¶²¥±¸ SLIPM ´  Ö§Ò±¥ MAPLE,
¶·¥¤´ §´ Î¥´´Ò° ¤²Ö Î¨¸²¥´´μ£μ ·¥Ï¥´¨Ö Î ¸É¨Î´μ° ¶·μ¡²¥³Ò ˜ÉÊ·³ Ä
‹¨Ê¢¨²²Ö ¤²Ö ²¨´¥°´μ£μ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ μ¶¥· Éμ·  ¢Éμ·μ£μ ¶μ·Ö¤±  ¸
μ¤´μ·μ¤´Ò³¨ £· ´¨Î´Ò³¨ Ê¸²μ¢¨Ö³¨ μ¡Ð¥£μ ¢¨¤ .

• �·¥¤²μ¦¥´Ò ¨ ¶·μ£· ³³´μ ·¥ ²¨§μ¢ ´Ò ¤¢  ´μ¢ÒÌ  ²£μ·¨É³  ¢ÒÎ¨-
¸²¥´¨Ö ´ Î ²Ó´μ£μ §´ Î¥´¨Ö ¨É¥· Í¨μ´´μ£μ ¶ · ³¥É·  τ0. �  ¶·¨¢¥¤¥´´ÒÌ
¶·¨³¥· Ì ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ ¸μ±· Ð¥´¨¥ ±μ²¨Î¥¸É¢  ¨É¥· Í¨° ¸ ¨Ì ¨¸¶μ²Ó-
§μ¢ ´¨¥³.

• �  ·Ö¤¥ É¥¸Éμ¢ ¶·μ¤¥³μ´¸É·¨·μ¢ ´  § ¤ ´´ Ö ÉμÎ´μ¸ÉÓ ¶μ·Ö¤±  O(h2)
¨É¥· Í¨μ´´ÒÌ ´ÓÕÉμ´μ¢¸±¨Ì ¸Ì¥³ (h Å Ï £ ¤¨¸±·¥É´μ° ¸¥É±¨ ¶μ x).

• ˆ¸¶μ²Ó§μ¢ ´¨¥ Ô±¸É· ¶μ²ÖÍ¨¨ ¶μ �¨Î ·¤¸μ´Ê ¤²Ö ·¥§Ê²ÓÉ Éμ¢ ´  ¶μ-
¸²¥¤μ¢ É¥²Ó´μ¸É¨ É·¥Ì ¸£ÊÐ ÕÐ¨Ì¸Ö ¸¥Éμ± ¶μ§¢μ²Ö¥É ¶μ¢Ò¸¨ÉÓ ÉμÎ´μ¸ÉÓ ¤μ
¶μ·Ö¤±  O(h4).

• �μ²ÓÏ¨¥ ¢μ§³μ¦´μ¸É¨ £· Ë¨Î¥¸±¨Ì ¶ ±¥Éμ¢ ‘Š� MAPLE ¶μ§¢μ²ÖÕÉ
μ·£ ´¨§μ¢ ÉÓ ´ £²Ö¤´ÊÕ ¢¨§Ê ²¨§ Í¨Õ ¨É¥· Í¨μ´´μ£μ ¶·μÍ¥¸¸  ¢ SLIPM.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ �””ˆ, £· ´ÉÒ
09-01-00770- , 10-01-00467- .

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·´Ò �.‚. ƒÊ¸¥¢Ê ¨ �. —Ê²ÊÊ´¡  É ·Ê § 
¶μ³μÐÓ ¶·¨ ¨§ÊÎ¥´¨¨ ¸¨¸É¥³Ò MAPLE ¨ ’. ”. ‘ ¶μ¦´¨±μ¢μ° ¨ ‹. ‚. �μ¶±μ-
¢μ° §  ¶μ³μÐÓ ¶·¨ μËμ·³²¥´¨¨ ±μ³¶²¥±¸  ¢ ¡¨¡²¨μÉ¥±Ê ¶·μ£· ³³ JINRLIB.
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