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Pabora nocssmena pa3paboTke BJAOXKEHHOIO CEMUCTAIUNHOIO METO/Ia, IIECTOrO IIOPAIKA TUC-
JIEHHOTO WHTErPUPOBAHUS CHCTEM OOBIKHOBEHHBIX uddepeHrmaabHbix ypasuennii. [Ipes-
CTaBJIEHO TPEXIIaPaMeTPUIECKOe CEMENCTBO CEMHUCTAMITHBIX METOIO0B IIeCTOr0 IOPAIKA, TH-
na Pynare —Kyrrel. Ha 3ToM cemeiicTBe moCTpOEHBI MHOTOTIADAMETPUIECKTE CEMENCTBA BIIO-
JKE€HHBIX METO0B ITeCTOr0 TOPSIKA IBYX TUIOB. /[JIs paCIeTHBIX CXeM TIPEICTABUTE/IEH BCEX
HalIEHHBIX CEMENCTB BJIOKEHHBIX METO/IOB IIPOBEIEHO CPABHUTEILHOE TECTHPOBAHUE.
Karuesvie caosa: 3aaagua Ko, BIoyKeHHBIE METOIBI, KOHTPOJIBHBIN WJI€H, TOPSI0K, CTA WS,
YCJIOBUSI TIOPSIZIKA, YIIPOIIAIOIIE YCIOBHUS.

1. Beegenune. B pabore paccMaTpuBaiOTCs BIOXKEHHBIE METOIbI PEIIEHUS HAYAIHHON
3a/lauu

y'(z) = f(z,y(z)), y(zo) =0 (1)

JUIsT OOBIKHOBEHHBIX (D DEPEHITHATBHBIX YPABHEHMUIA.

B Hacrosiree BpeMs JIJIs PEIIeHNsT TAKO 3a/[aui IITMPOKO UCHONB3YIoTCs [1, 2] siBHBIE
Bioxkennbie Meroipl Pynre—Kyrrot RKp(¢)m, p # ¢q, p,q € N. 3aecp p — nopsijiok
METO/Ia BbIYUCJICHUS TPUOIMKEHUS K PEIICHUIO HA Iare, ¢ — MOPSJI0K METO/IA «OIEHIIH-
K& MOrPEITHOCTHY IOJIYYEHHOTO NPUOJINKEHUs, & M — 9ucjo craauil. JlaHHble MeTo/b
MOXKHO Pa3/e/IuTh HA JABa Kjacca. s mepBoro mpu p < ¢ OIEHUBAETCS MOTPEITHOCTD
anmnpokcumanuu [3], a [ BToporo mpu p > q — MOCJEHAE YITEHHBIE B TPHOINIKEHHOM
perennn 4iaeHsl ¢ ¢ + 1-ro 10 p-ro. Hanbosaee m3BecTHbIi ¢ cepeaunbl 50-x romoB XX B.
MeToZ, BToporo kiacca obu1 npeoxkern B. A. Eroposbiv (M. [1]). D10 pacdyernas cxema
RK4(2)4 («upaBuio /g») gerseproro mopsjika ¢ KOHTpOIbHBIM uieHoM Eroposa. Ona
moutu 20 JieT OblIa OCHOBHOI B JAHHOM KJIAcCe MPH CO3/IAHNUU aJITOPUTMOB HHTErPUPOBA-
HUsI C ABTOMATUIECKUM BHIOOPOM IIIara.

Pa6orst Byruepa [4, 5] mamu TOI90K pa3BuTHIO anrebpandeckoil Teopuu MeTonos PyH-
re — KyTTbl BBICOKUX MOPSIKOB U KOHCTPYUPOBAHWIO HA MX OCHOBE BJIOYKEHHBIX METO/OB
aByx KiaccoB. Tak, juis Broporo kiacca B [6] Gbuid I0CTPOEHbI PACUYETHBIE CXEMbI IISTOIO
nopsiaka asyx tunos RK5(4)7M, RK5(4)7S, RK5(4)6M. ®opmasibHO 11pu paBeHCTBE TOY-
HOCTHBIX XapaKTEpUCTUK TepBbie ABe pacderHbie cxembl RK5(4)7M, RK5(4)7S TpeGytor
66JIbIINX BHIYUCIUTENLHBIX 3aTpaT, ueM RK5(4)6M. Vcnosib3yeMasi mpu MOCTPOEHUU ITUX
merooB rexuosiorus FSAL (First Same As Last — noc/ieisee Bbluucaenue npaBoii 4acTu
HA TEKYLIEeM IIare sBJSeTCs [ePBbIM HA CJEAyoieM) ycrpaHser (hakTUUeCKU JaHHbIA
HeocTaToK. JIjisi MEeTo/oB TAKOro THuila B a0OpeBHATypy METO/OB MN00ABJIAETCH JIATHH-
ckasg «F».
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Borauciurensuaa cxema RK5(4)6 Tak ke, kak u pacuernbie cxembl RK6(5)8M,
RKS8(7)13M, npeacrasiensbie B [7], OTHOCATCH K CTAHAAPTHBIM KJIACCHYECKAM METOJaM
9TOro KJIACCA.

B pabote cTposiTCa ceMeiicTBa CeMHUCTAINIHBIX METOIOB IMECTOTO MOPSAIKA, BJIOYKEH-
HBIX METOJIOB IecToro nopsiaka RK6(4)7 Broporo kjacca CTaHIapTHOrO TUNA U BJIOYKEH-
HBIX METOJOB ItecToro nopsaka RK6(4)8F.

IIpeamonaraem AOCTATOYHO TJIAJIKON MPaBYI0 9acTh paccMarpuBaeMoro auddepen-
upasibHOro ypapuenus. Cuuraem, 4To U3BECTHO TOYHOE perienue (&, ) 3aga4u (1) B Touke

S [Xo, Xk]

IMpubiuzkenue p-ro MOPAIKa — Zpt1 U ¢-TO — Zp41 K TOYHOMY DPEHICHUIO Y (Tp41)
B TOYKAX Tnt1 € [Xo, Xk|, Tnt1 = Tn + An, Ap =0(zp)h n 0 < 0(z,) <1, n=0,1,2,...,
zn = y(x,) UIIEM COOTBETCTBEHHO B BUJIE

Zn+1 = Zn + Z buku(h)a ||y(xn+1) — Zn+1 H ~ O(thrl)? (2)

fnit = 2u Y boku(h), ly(@ni1) = Zupall = O(ATH), 3)

Boraucass k, =k, (h) no dopmysam

v—1
k, = hnf <xn + ¢y hp, zn + § auuk,u>a (4)
p=1
rae by, ¢y, ay,, — mapamMeTpsl MeTona; hy, — IIar HHTETPUPOBAHNUA.
Paznocrs usyx npubnmkenuit (Ey, 41 = ||2n41 — Zn+1|| — KOHTPOJIbHBIA WiieH) UCHOJIb-
3yercs [1,2] At ynpasiieHus] BEJIMYHHOIN 11ara h, WHTErPUPOBAHMWS:
1 1
to T+
hn+1 = Oghn < ) ) (5)
EnJrl

rze (5) tol — MakcuMasIbHO JOMYCTUMOE 3HAYEHUE KOHTPOJIHHOTO Y/IeHA.

2. CeMeilicTBO SIBHBIX METOZOB III€CTOr0 IOPsAKa. 35 mapaMerpoB b;,c;,d;
SBHOTO CEMUCTaAUAHOrO (m = 7) Meroza (2) IIeCTOro mopsiaKa JOJZKHBI YI0BIETBOPATDH
[5] cucreme 37 HesunedHbIX ajgrebpanvecKux ypaBHEHUil

Zbc s+1’ s=0,1,...,5,
Zbyc;jz Ay pCp = 2(3—15), s=0,1,2,3,

Zb c Za%“c 3(4+§), s=0,1,2,
;bvci%:av,u%:au,scs = m, s=0,1,2,
XV:b,,cf, (Z av,ucu) : (Zav,u%) = 4(5—15), s=0,1,
Zb ey Za%“c (51“) s=0,1,

s _ 1
Zy: by XM: Au,uC, ZE: a/técg = T0(s+d)(1t+ad)’
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(s,d) €{(0,2),(0,3),(2,1),(1,2)},

(s,d, p) € {(0,0,1),(1,0,1),(0,1,1)},
> by (Z av,u%) (Z Au,uCp ) 316’ (6)
Zb ZG‘V MC;L 30»
30 (T v Zau,g%) (S aven) = %
v I ¢ I
Zy:bvcv %:av,u Zg:amﬁcz = 24(11+s)7 s=1,2,
St S (Tancee) - (Sanece) = o
v I
Z bucu Z au,,u %: a,u,ﬁ %}:a&’lﬁCexw = ﬁ’
v w
2o by > an 253 Qp g % ag,pCy, = 35,
v p
2o by X av 25:%,5 % g,y %: ayp,$Cop = 735
v o

st pernenust cucremst (6) UCHOJB3YIOTCs ylpoLiaoLue orpanudenus [8, 9] Buga

‘r+1
w,v :O’ 172’
Z Q€L T 7
23 bucgal/ﬁ - 07 g = ]-7 27 (7)
> byays=0bs(1—cs), s=1,...,m—1

v=s+1

Taxoii cocTaB ynpoIamux orpadudenuii ne ciydaes. menno orpanudenus (7) obecre-
YUBAIOT COBMECTHOCTH CUCTEMbI 1224 HeiuHelHbIX ypaBHeHuii (yCI0BUIA IECTOr0 OPSIIKA )
UpU [OCTPOEHUU CTPYKTYpPHbIX Merozxos [10, 11].

IIpumenenue (7) K cucreme (6) ¢ 0OAHOBPEMEHHO [IPOBEPKOIi HA COBMECTHOCTH PACILI-
penHoii cucrembl-ciaenctsus (6), (7) mMO3BOJISET CBECTH 33/1a9y MOMCKA PEIIEHUs UCXOIHOM
cucreMbl (6) K PENIEHUI0 CUCTEMbI-CJIECTBUS:

302 662
a=0, =1 0=0, ai=c === a 135¢3 — 60 co + 8’ ®
s 1
Zbyci: ) 520717"’75’ (9)
— s+1
Cr—i—l
Wy :37...,67 :O7la27 10
Z Gy Tt v ' .
Z bVC;aV,Q = 07 r= 07 17 27 (11)
v=3
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> obyays=bs(1—cs), s=3,...,6, (12)

v=s+1
m v—1 1
3 _ -
Z byc, Z Ay, €y = vk (13)
v=4 pn=3

Orpanvuenus (8) Ha TapaMeTPbI C3,C4, C7 OOECHEYUBAIOT COBMECTHOCTH CHCTEMbI-CJIE-
creug (6), (7). IIpuuem pemenue cucremsr (8)—(13) cBoguTca K HOCIEI0BATEIBHOMY pe-
[IEHUIO IBYX cucTeM. Pemenue nepsoit — (9) (imHeHHOME OTHOCHTENBHO b,) — HO3BOJISET
BBIPA3UTH BECOBBIE TTApAMETPHI b, depe3 CBOGOIHBIE TAPAMETDHI C2, Cs, Cg:

b ((3240— 540065)C5+324066 2160)cp 4 ((2880 c6—1680)c5 —1680cg+1104)co +(192— 32065)65+1QZC57128
3= c22(405c2 —270c5) (3ca —2c6) (405 co3 —450c22+132c5 —8)

(30 caeseg—15 cocs—15 cocg—10 c5ep+9 ca46 c5+6 cg—4) (135 co? —60 co +8)°
22 (145 800 c32—71 280 c2+8640) (135 c22c6 —60 cac6 —6 c2+8 cg) (135 cp2e5—60 cae5—6 ¢ +8 c5) (135 c22 —60 cp+4)

ba=-

(45 c22 =30 c2+4) (45 ca06—27 ca—12 ¢ +8)
6065(1765)(135 c22c5—60 coc5—6co+8 65)(65765>(3 ca—2c5)’

bs =

(14)

(45 c22 =30 c2+4)(45 cac5—27 ca—12 c5+8)
60 ce(1—cg)(2 cg—3 cz)(ce—c5) (135 ca2eg—60 caeg—6 ca+8cg)

7
by = M (c,c5,¢6) by =1— Zb“’

60(3c2—2)(135¢22 —66c2+8)(1—cp)(1—cg)’

be =

riae

M(CQ, Cs, Ce) = (8100 C5Ce — 6075 Cs — 6075 ce + 4860)023 — (8190 C5Ce —
— 6300 ¢5 — 6300 ¢ + 5130)c2? + (2520 c5c6 —
— 1980 ¢c5 — 1980 cg + 1632)ca2 — 240 csc6 + 192 ¢5 + 192 ¢ — 160.

ITpu rakum ob6pazom oupezeseHHbIX b, ocraBuiMecs ypaBHeHus cucreMmbi-ciaeacrsus (10)—
(13) nuHEHHBI OTHOCHTEIBHO @, ;, ¥ MOTYT OBITH BHIPAKEHBI Yepe3 CBOOOIHBIE IapAMETPEL
C2,Cs, Cq:

18cg (405 cp® — 180 c3 + 16) 24¢5(135 c3® —60cg +4)

9co
a4,3 = —
(135c22 —60ca +8)° ' ' ’

as2 = 8 a4,2 =

(135 2260 c2 +8)°

c5(3 ca—2¢5) (8100 ca®c5 —1620 cp® —5220 e c5 + 720 22+ 960 cac5—24 c3 —64 c5)
as3 =
5,3 27 ¢22(45 c22 30 c + 4) (135 c22 60 2 + 4)

)

es5(3ea—2¢5)(135 a5 —60 cacs —6 ca+8 c5 ) (135 ca® — 60 co+8)7

a =
5,4 108 ¢22 (45 ¢22—30 cg +4) (185 c22—60 ca +4) ’
P 15¢c53—15¢52 + 3¢5 P 15 ¢ —15¢c62+ 3¢
52 = T 45c2-30cy +4 6.2 = T45c,2—30cy +4 ° (15)
_ ((405 cg—270)c5 —270 cg + 189)cp+(84—120 cg)cs + 84 cg— 60
ar2 = M ((c2,c5,¢6)

P 4(3c2—2)Q7,3(c2,¢5,¢6)
73 = 27cy2(3ca—2c5)(3ca—2¢6) (1835¢22 —60cy + 4) M(ca,c5,c6) *

_ (3c2—2)(15 ca—4)(9 ca—2)(135 c3%—60 c3 + 8)2Q7 4 (c2,¢5,¢6)
7,4 = 108c52(135¢22 —60cy +4)(135¢2%cg—60czc6—602+8c6)(135¢22c5 —60cscs 602 18c5) M (c2,5,¢5)

a5 — (3c2—2)(9c2 —2)(15¢2 —4)(1—c5)Q7,5(c2,¢5,¢6)
7,5 = 5(Bca—2c5) (135 ca2ep—60 caes —6ca+8¢5)(c5—cg) M (cz,c5,c6) °

b3(1 — ¢3) — baas,z — bsas .z — brars ba(1 — c4) — as 4bs — a7 4b7
a3 = b ) a6,4 = b ;
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bs(l — 05) — b7a7,5 o (1 — Ca)ba
y are — ——F———
be b7

ag,5 =

1—1
) ai,lzci_zai,y, 1 =3,...,7,
v=2

rae Q7,.(c2,¢5,¢6)(v = 3,4,5) — MHOTOWIEHBI, BBEJICHHbIE /I [OJHOIO U KOMIAKTHOIO
[PEJICTABIEHHH IOCTPOEHHOIO ceMeiicTBa pemteHuil cucreMsr (6)(cemeiicTBo ceMucraauii-
HBIX PACYETHBIX CXEM IIECTOrO MOPSAIKA):

Q7,3(c2,¢5,c6) = <328 050c28¢c5c6 — 218 700c25c52c — 218 700c25c5c62 + 1239 300c24c52c62 —
— 164 025c2%¢5 + 328 050c25¢6 — 218 700c2%c52 — 364 500c2° csc6 — 218 700c2°c6? —

— 1433 700c2%c52ce — 1433 700 ca*csce? — 1231200c23c52c6? — 229 635¢28 + 783 675¢2%¢5 —
— 222 345¢25¢g + 906 390c2%c5? + 2629 260catcsce + 906 390catcs? + 1573 020c23cs2co +
+1573020c23c5c62 + 440 640c22c52c6? + 87 480c2® — 1805490ca%cs — 993 870c2cs —

— 766 260c23c52 — 2511 000c23c5c6 — 766 260c2°ce2 — 586 440¢ca2c52cq — 586 440c22csc62 —
— 67680c2c52c62 + 501 228¢24 + 1359 720c23¢c5 + 1027 296 co3ce + 263 088 co2c52 +
+ 908 784ca2c5c6 + 263 088¢22c62 + 92 736¢2c52¢c6 + 92 736¢ac5062 + 38405262 —

— 480816c23 — 447 984co%cs — 374 544c22c — 40320c2c52 — 143 136¢2c5c6 — 40320c2¢62 —

—5376¢c5%cg — 53T6c5c62 + 169 920c22 + 67 584cacs + 59232 cace + 2304 ¢52 +

+8320 c5cp + 2304 c62 — 26 496 c2 — 3840 c5 — 3456 ¢ + 1536)7

Qr,a(c2,c5,c6) = (3280 500 c2®c52c6? — 4100 625 c2°c52c — 4100 625 ca5csc62 — 4009 500 cates?ce? +
+5904 900 c2®csc6 + 1640 250 c2®ce2 + 5175900 catcs2cs + 5175900 caesce? + 2008 800 ca3cs2cp? —
— 2624400 c2®cs — 2296 350 c25cs — 2150 550 cacs? — 7654 500 catcscg — 2150 550 categ? —

— 2656 800 c23c52cs — 2656 800 c23cscp? — 518400 ca2e52c6? + 984 150 c2® + 3499 200 coes +
+ 3047 220 ca*cg + 1127 520 ca3c52 + 3998 160 ca3cscp + 1127 520 ca3cp? + 699 840 ca?cs52c +
+699 840 co?c5c62 + 69 120 cacs2ce? — 1326 780 c2? — 1854900 ca3cs — 1615140 ¢3¢ —

— 300240 ca2c52 — 1066 320 ca2c5ce — 300240 c22c6? — 95040 cacs?cs — 95040 cacsep? —

— 3840 ¢c52c62 + 710208 co3 + 497520 ca?cs + 435744 co’co + 40896 cacs? + 146 112 cacsep +

+ 40 896 62062 + 5376 65206 + 5376 05662 — 192816 022 — 68064 cocs — 60288 cacg —
— 2304 ¢52 — 8320 c5c6 — 2304 cg? + 26784 co + 3840 c5 + 3456 cg — 1536),

Qr.5(ca, c5,¢6) = (45 22 —30¢s + 4) (45 cace? — 9Ocacs — 63 cacg — 12 ¢62 + 27 co + 2¢5 + 18¢o — 8).

ITpusenennoe pemenve (8),(14),(15) cucremb-crencreus (8)—(13) sBiasercs Tpex-
NapaMeTpUYecKuM CeMeHCTBOM CEMUCTAMIHBIX SIBHBIX METOJOB IIECTOrO MOPSiIKA THIIA
Pynure —Kyrrer (RKS6). S B a66pesuarype meroga RKS coobuiaer o ucnosbzyemom Ha-
Gope ynpomaomux orpanuydenuii (7) Ipu HOCTPOEHHN CeMEHCTBA METOIOB.
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BrI60Op CBOGOIHBIX TTAPAMETPOB C2, C5, Cg TIONUAHSACTCS CIIEIYIONAM TPEOOBAHMSIM:
1) orpanuuenus na yssosbie napamerpol 0 < ¢; < 1,7 =1,...,m, nospoasmor (c yde-
5)U(s3);

2) 3HaMeHaTesV B IpeJicTaBIeHny mapamerpos (8), (14), (15) ornudHbl OT HyJs;

3) BecoBble napamerpbl (14) NOKHBI yA0BIETBOPATL HepasencTBy 0 < b; < 1, i =
1,...,m.

3. CemeiicTBo BioxeHHBIX MeTonoB RK6(4). [Tapamerpsr ¢, l;y, by, a,,, BIO-
JKEHHOI'O CeMUCTaAuitHOro Merona (2)—(4) mecroro u 4erBepToro MOPsJKOB J0JIZKHbBI OJl-
HOBPEMEHHO YJOBJIETBOPSITL cucTeMe 37 ypasHenuit (6) 1j1s mapaMerpos ¢, by, a, , u cu-
creMe 8 ypaBHEHUN

ToM (8)) orpaHUYUTH 00JIACTH ONPEJETIEHUsT: Cy € (0,

> by, = 7~41r—1 r=0,1,2,3,

sz -, (16)
Zayzaw{k;aﬂkck = o

P

ISt TTAPAMETPOB Cyy, by, Gy .

ITpu y»xke mocrpoensoM cemeiicree (8),(14), (15) ceMuCTaAMIHBIX METOIOB IIECTOTO
HOPSIKA K OIPeIe/IeHHBIX 3HAYEHNAX IapaMeTpos by (¢c2, ¢s, C6), Gy, (C2, C5, Co) 3aTatIa CBO-
JIUTCA K HOMCKY pemteHusi cucreMbl (16).

JIuneiinast oTHOCHTENBHO by, cucTeMa (16) ¢ yaeToM BbIIOIHEHNS Orpanudenuii by = 0,
Zu ayuc,, = ¢ /(r+1), 7 =0,1,2, npusoaurcs K JUHEHHON CUCTEME NATH yDaBHEHUH

Zz}yc;: 1 r=0,1,2,3,

= r+1
7 v—1
A 1
Z b, awci 12
v=4 n=3

Ee peluenue cyliecTsyer 1 06pa3yer 4eThIpexapaMeTpuieckoe ceMeficTso b, (ca, c5, Co, 36).
Orpanu4ymmMcs 31€Ch IPEICTABICHIEM YaCTHOTO PEIIeHMs SAHHOIO CeMEHCTBa, MOJIo-
xKus cg = 2/15,¢5 =2/3,c6 =4/5 n be = 7 € R. 910 oHONAPpAMETPUIECKOE CeMEHCTBO
BrIO2KeHHBIX MeToz08 RKS6(4)7 1] npencrasaeno B tabm. 1.
119 mpoBeIeHud CPaBHUTEIHLHOIO TECTHPOBAHUS IIOCTPOEHBI PACUETHBIC CXEMBI IIPH

napamerpe 7 = = — RKSG(4)7{25—1] (Tabm.2) n RKS6(4)7[—%} (tab1.3) mpu n = — 522
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Tabauya 1. Cxema RKS6(4)7(n]

Cw Aw,g by by
7 |21 1
0 96 | 25 12
2| 2
1| 1 125 | 625 _
5| 20 20 72| 62 — 40
1| 11 -5 10 27 |108, _ 9
3| 108 36 27 112|251~ 16
2| 28 _5 35 1 27| 9 _ 54
3| 54 18 54 6 112|124 — 257
4 _8 3 9 _ 189 72 125
5|7125 5 5 125 125 672 n
1] 28 _15_s0 108 _1825| 7 7
28 28 ~ 49 49 19 49 | 96 96
5 625
Tabauya 2. Cxema RKS6(4)7(57] Tabauya 3. Cxema RKS6(4)7[— 5]
Cw Qg bw | bw Cw Qw,g bw | bw
7 7 7 533
0 3 | &0 0 36 |~ 96
2| 2 2| 2
i5| 15 0 0 i5| 13 0 0
1| 1 3 125 5 1| 1 3 125 | 18125
5| 20 0 672 | 224 5| 20 20 672 | 672
1| 11 =5 10 27 | 261 1| 11 =5 10 27 | _ 459
3| 108 36 27 112 | 560 3| 108 36 27 112 |~ 16
2] 23 5 _3 7 2 9 2| 2 _5 _3 7 27 | 1647
3| 54 18 54 6 112| 70 3| B4 18 54 6 112 | 112
4| 8 3 9 189 12 125 5 4 83 3 9 _ 189 72 125 | 625
5|7125 5 5 125 125 672 | 21 5|7125 5 5 125 125 672 |~ 96
L] 23 _15 _s0 108 _1s2s| 7| 7 1] 28 _15_80 108 _1895| 7 | 7
28 28 49 49 19 49 | 96 | 96 28 28 ~ 49 49 49 49 | 96 | 96

4. CemeiicTBo BiokeHHBIX MeTonoB 6(4)8F. ITapamerps! ¢, IA)V, by, ay,, BIO-
JKEHHOTO BOChbMECTaauiHOTO (m = 8) meroma (2)—(4) mecToro u 4eTBEpTOro MOPSIKOB
RKS6(4)8F 10/12KHBI OJIHOBPEMEHHO YAOBJIETBOPATE cucTeme 45 ypasuenuii (6), (16). Pea-
Jmsanus rexHostorun FSAL nakiiaapiBaer Ha napaMerpbl BOCbMOM CTaMKU METO/IA JOI0JI-
HUTEJIbHbIE OIPDAHUYEHUSL:

cg = 1, ngO, as . :blﬂ ,u:1,...,7. (].7)
B pamkax Tpexnapamerpuueckoro cemeiictsa (8), (14), (15) cemucraguiiHbIX METOI0B
IIECTOrO HOPSIAKA IIPY OIIPe/IeJICHHBIX 3HATEHUAX IapaMeTpoB by, (2, ¢5, C6), au,p(C2, €5, C),

cs(ca), ca(c2) 3a7a9a BbIYUCIEHUS APAMETPOB BJIOKEHHOI'O METO/A b, 4€TBEPTOrO 1OPsi/I-
Ka CBOJUTCS K IOMCKY peinenus cucreMbl (16), Koropas ¢ y4eToM BbIIOJHEHUS yIIPOLIAIO-

mux orpanuenuit by =0, 3 avucy, = ¢ /(r+1), r =0,1,2, u pasencrs (17) npusosurcs
K JIMHEHHOH cucreme

° 1
> by, = , r=0,1,2,3,
r+1

v=1

(18)

8 v—1
R 9 1
E bl, E aVNfC;L = E
v=4 pn=3
Pemenue cucrembr (18) cymecrByer u oOpasyer MNATUNAPAMETPUIECKOE CEMEHCTBO

IA)V(027 Cs5, Cé, 857 I;G)v V= ]-7 v 78'
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B Ta61. 4 npecTaBiieHo AByXnapaMeTpuIecKoe nojaMHoxkecTBo cemeiictsa RKS6(4)8F
[, 7], mocrpoentoe mpu ¢y = 2/15, ¢5 = 2/3, cg = 4/5 u bs = 1, bg = 1.

g OpoBelieHUs TECTUPOBAHUS UCIOJIB30BajIach pacderHas cxema RKS6(4)8F
(rabu. 5), nosyuennas upu napamerpax ¢ = —5157/112, n = 3875/96 .

Tabauya 4. Cxema RKS6(4)8F[¢,n]

Cw Aw,g bw bw
7 5 _ T _ 21
0 56 | 12 ~ ¥~ 27
2 2
1| 1 3 125 125 _ 125
5| 20 20 672 ¢ + 96
1| 11 -5 10 27
3| 108 36 27 112| 16 _w - %77
2| 23 _5 _3 7 27 WP
3| 54 18 54 6 112
4|_8 3 9 _189 72 125
5 125 5 5 125 125 672 n
1| 23 _15_80 108 _18 25 7 49¢ + 147 7
28 28 49 49 T 49 49 96 96
7 125 27 27 125 7 14
1 96 0 672 112 112 672 96 0 - —1/’ 25
Tabauya 5. Cxema RKS6(4)8F
Cw QAw,g by by
7 223
0 96 96
2 2
1 1 3 125 | _ 13375
5| 20 20 72 672
1|l 11 -5 10 27 513
3| 108 36 27 11 16
2| 23 _5 _3 7 27 | _ 5157
3| 54 18 54 6 112 112
4 83 3 9 _ 189 72 125 | 3875
5 125 5 5 125 125 672| 96
1| 23 _15_80 108 _ 18 25 7 | 5299
28 28 49 49 49 49 96 96
7 125 27 27 125 7
1 96 0 672 112 112 672 96 0 —63

5. CpaBHureabHoe TecrupoBaHue. Opbouma Apencmopga. Tliockoe nBuzkenue
kocmuueckoro anmapara (KA) ¢ koopaunaramu (o1, x2) B TPABUTAIIMOHHOM TI0JI€, CO3/1a~
BaemoM 3emuieit (0,0) u Jlynoit (1,0), onuceiBaercs [2] cucremoii 06bIKHOBEHHBIX T de-
PEHIMATBHBIX ypaBHEHUH

/

T+ Ty — W
M Ds .y Dy
Zo

MDl ’uDg’

T1 =21 + 222 —

(19)
ig = T2 — 2i’1 —

e Dy = ((x1 +p)? +23)%2; Do = (w1 — p')? +23)%/%; p=0.012277471; ¢/ =1— p.
HpI/I Ha9aJIbHBIX YCJIIOBUAX

2(0) = (0.994, 0), #(0) = (0, 2.00158510637908252240537862224) (20)

KA npuzkercs no opbure ¢ mepuogom Ther = 17.0652165601579625588917206249.
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B CPAaBHUTEJIbHOM TE€CTUPDOBAHUN HaPALY C TPEACTABJICHHBIMU 31€Ch BJIOXKEHHBIMU ME-

rozanm (RKS6(4)7 [%} (e, Tabir. 2), RKS6(4)7 [—%} (ca. Tabin. 3), RKS6(4)SF (rabur. 5))
[IECTOTO TOPSA/IKA B KAYeCTBE ONIOHEHTOB mpu perternu 3a1auu (19), (20) ucnonb3osanu
Mmerozpl Toro xe kiacca (RK5(4)7M = DOPRI5(4)7F, RK5(4)7S [4], RK6(5)8M [5]).

Borunciienus BBIIOMHANNCH C YUCIAMU C IJIABAIONIEH 3alI9TON U MAHTUCCOM JJIMHON
30. MakcuMaIbHO JOIyCTHMOE 3HAYEeHHEe KOHTPOILHOrO wieHa tol (cm. (5)) u3MeHsnocs B

uanazone tol € [107241074] ana Beex pacdeTHbIX CXEM (RKSG(4)7{25—1] (cm. Tabur. 2),

RKS6(4)7{—%} (cu. a6 3), RKS6(4)8F (ra6n.5), RK5(4)7M = DOPRI5(4)7F,

RK5(4)7S [4], RK6(5)8M [5]) ¢ equubiM asropurMoM (5) BBIYHCIIEHHs IIara WHTETPH-
poBaHUs.

Ha puc. 1,a,6 u puc. 2 npuBeeHbl 3aBUCHMOCTH TOMHOM IorpemHocTd Errglop oT
0011ero KOMM4ecTBa BRIUUCICHUH paBoil dacTu Ny Ha WHTepBaJe [0, Tper]-

_lg ” Errglob H

Puc. 1. 3aBucumocts HOpMBL —1g || Errgion || mosmoi morpemsocTn

OT KOJIMYECTBA BBIYUCJJICHUN HpaBOﬁ qacTn Nf AJId PA3HBIX PACYETHBIX CXEM
Pacuernsie cxembi: a — RKS6(4)7, RK6(5)8M, RK5(4)7M; 6 — RK6(5)8M, RKS6(4)8F, RK5(4)7S.

Haxkjonb! ToMaHbIX Ha puC. 1, @, 6 TOKA3LIBAIOT, YTO [JI BCEX MPEIJIOKEHHBIX B pa-
6oTe MEeTOIOB 3aBHCHMOCTH IMIOOANBHOIN MOTPEHOCTH EITglon OT umcna obpamennit Ny
K IIPOLE/ypaM BbIUKUC/IEHUs IPABbIX YacTeil MMeeT IIeCTOM OPsI0K.

Ha puc. 2 Bce Tpu kpusble jy1s meronos (RKS6(4)7 {%} (cm. Tabu. 2), RKS6(4)7 {— %]

(cm. Tabi. 3), RKS6(4)8F (taba. 5)) cauBarorca B ogny RKS6(4)8F.
6. 3akJrroueHue. Pe3ybraTbl CPABHUTEJILHOIO TECTHPOBAHUSA [IPH PEIIEHUH TECTO-
Boii 3anauu (19), (20) geMoHcTpUpPYIOT BBICOKYIO 3 (DEKTUBHOCTD NPEACTABIEHHBIX B Da-

6oTe BJIOKEHHBIX PACYETHBIX CXEM (RKSG(4)7{%], RKS6(4)7{—%}, RKS6(4)8F). Hns

JOCTHKEHHUS OHONW M TO# »Ke IMOJTHOM MOTrPENITHOCTH 3TU METO/IbI TPEOYIOT MEHBIIEro KO-
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600 000 |
RK5(4)7M
500 000 |
RK6(5)8M
400 000 1
]
N
300 000 | ;!
I./
I./
200000 /' RKS6(4)8F
/
l'/
100 000 F e
27
o —_—
6 8 10 12 14 16  —lgllErrggepl

Puc. 2. 3aBUCHMOCTD KOJINYIECTBA BBIUUCICHUI paBoil dactu Ny

ot HopMmbl —lg || Errgiop || mosmmoit norpemnoctu

JIAYeCTBa BBIYUCJICHUI IpaBoii yacru, geM Meroabi-onnonentsl (RKS6(5)8M, RK5(4)7M,

RK5(4)7S).
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In the paper embedded methods of order six, with seven stages for solving systems of or-
dinary differential equations, are derived. A family of Runge —Kutta methods, of order six
with seven stages and having three free parameters, is presented. This family is extended in
two different ways with embedded methods to form families of embedded method pairs. Nu-
merical comparison is given for certain examples of the embedded pairs from the constructed
families.

Keywords: Cauchy problem, embedded methods, error control, order, stage, order conditions,
simplifying conditions.
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