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V3ATAJILHIOIOYNI IIIXII 10 IIOBY/I0BU
BATATOKPOKOBIX METO/IIB PO3B’SI3YBAHHS 3AJIAYI
KOIIII

The method of uncertain factors of creation of the main algorithms of multistep methods of the
solution of a Cauchy problem for the ordinary differential equations is considered.

3aIpoMOHOBAHO y3araJbHIOKUHH M 1Xim 70 o0y 0B 6AaraTOKPOKOBUX METOJIB PO3B’ I3aHHST 3a1a¢1
Kormi st 3Buuaiinux mudepeHIiajibHIX PiBHSAHD.

Posrisinemo 3atauy Kot ji1s 3Bubaitnoro audepeHIiajabHoro piBHIHHS MEPITo-
ro MOPSAJIKY
v =fty), yto) = yo. (1)

gk Bigomo, upu mo0yoBi 6araTOKPOKOBUX METOJIB it po3B’a3auni 3aa4i (1) Bu-
KOPHUCTOBYIOTH ab0 eKBiBaJIeHTHEe iHTerpaJibHe CIiBBIIHOIIEHHS

Y(trs) = y(ta) + / ) ) (£ (0)),
(

i 3aMiny niinTerpabuol PyHKIT inTeproJisdiiiitnum Muorodiesom Jlarpanzxa, Hbio-
toHa, Epwmira [1-3|, abo pisuuneBy dbopmyiry BUTISILY

k k

1

7 E QilYnti = E Bif (tntis Ynti)s ap # 0,
i=0 =0

3 BuxopucranuaM dbopmyan Teitnopa maasa momanus y(tni1) 1 f(tnt1s Ynt1) = Vi
[1,2]. Onnak, npu npakTuyHiii peasiszanii, e JOCUTH TPYJAOMICTKI PONECH.

Jlnst y3araJibHEeHHs MiJIX0/ly i YHUKHEHHS BKa3aHUX TPYAHOIIIB ¢opmysn Hara-
TOKPOKOBUX METOJIiB Oy/1eMO MTyKaTH Y BUTJISI

k k
Yn+1 = Z A;Yn—1 + hb—lf(tn+17 yn—l—l) + hz bzf(tn—za yn—i)7
i=0 =0
abo
k k
Yn+1 = Z AiYn—1 + hb—ly;H_l + h Z biyil_ia (2)
i=0 =0
ae Y1 = [(tns1, Yns1)s Yn—; = f(tn—i, Yn—i) — 3HAUeHHS HOXinHOI nryKanoi ¢yHkii,
a;, b_1,b;, (i =0,1,..., k) — neski HeBizmomi KoedImieHTH, IKi 3HAXOAATHCS 3 IEBHUX
YMOB.

Harroro meroro € Bubip Takoro miaxo/y g0 nobymosu dbopmysn tuiy (2), sxuii gae
MOZK/JIUBICTD JIOCUTD IIPOCTO OTPUMATH IMUPOKUil HAGIp aJropuTMiB K SBHOIO, TaK
i HegBHOTO THITy. 30KpeMa, sIKIo MoKaacT b_1 = 0, TO 0JepKYEMO METOIH SBHOTO
THUILY, & B IPOTUJIEKHOMY BUIAJIKY — HESIBHOTO.
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Liest 3apOIIOHOBAHONO MIIXO/LY 1OJIAra€ B HACTYIHOMY: sKiio 3ajaa4a Komi (1)
Ma€ TOYHUIT PO3B’SI30K Y BUTJIsI TOIiHOMA cTereni k

y(t) = ap + art + agt? + ..+ agth,

Jae Qo, 0, ..., — KOHCTAHTH, TO 3a JornoMoron dopmyan (2) neil po3s’s30k
MOYKHA, 3HAITH TOYHO. PO3rIsHeMO 1esKi KOHKPeTHI BHIMAIKH.

1. Meron Amamca-Bamdgopra Merox Anamca-Bamdopra € apaum 6ararokpo-
KOBUM METOJIOM, sIKHUil 0oJlepKyeThcst 3 (opmyan (2) 3a ymMoBH, 1O O = Qg =
coyap=0,b_1 =0. Toxi bopmyna (2) HabyBae BUTIISLY

k—1
Ynt1 = QoYp + I Z biYp_1- (3)
=0
Hesinowmi koedittientn ag, by, by, . . ., bp_1 Oymemo mykaTn 3 ymMoBH, 110 (hopmyia

(3) € TOYHOO JIsT BCIX MOJTIHOMIAJBHUX PO3B’I3KiB, CTENiHb SKUX He mepeBuILye k.
3a Taki MOJTIHOMY Bi3bMEMO MOJIHOMH BUTTISIILY:

) y(t) = %(tn-&-l - t)07 y/(t) =0, m=0; (4)
U(O) = taes — O () =~ Bt — 0™, m = 1,2,k

Bukopucrosyoun nosinomu (4) nobyyemo cucremy JiHIHHIX ajgrebpaldaHux piB-
HSHBb JIJIS 3HAXOIKeHHSI HEeBIAOMUX KOeMIIe€HTIB HACTYITHUM YHHOM: OOYMCIMMO
suaverHst GbyHKIHL y(t) upu tp,11 1 t, Ta i1 noxiguoi y'(t) opu t,—;, i =0,1,..., k—1
i migcraBumo ix y dopmyiy (3), B pe3yJabTaTi 4oro 0JepKUMO CHCTEMY:

m=0: 1=ap;

m=1: O:ao—bo—bl—...—bk_l;
m:2O:a0—2b01—2612——2bk_1k:, (5)
m:3:0:a0—3b0-12—3b1-22—...—3bk_1-k2;
m:k:O:ao—kb0~1k_1—kbl~2k_1—...—kbk,1~kk_1.
fxmo BpaxyBaTu, Mo ag = 1 1 KOXKHe 3 pIBHAHDb, TOYNHAIOYH 3 JPYTOrO PO37Ii-
JINTH BIIOBIHO HA 2,3, ..., k, TO OJepzKaHy CUCTEMY MOYKHA 3aIUCATH Y BUIJISI

1 1 1 1 bo 1

1 2 3 k by z
B-b=d = 1 22 32 k2 b | =1 3 (6)

IR A L A b1 2

OckiIbKK BU3HAYHUKOM JIAHOI cucTteMu € BusHadnuk Ban-jep-Mona, To cucre-
Ma Ma€ €JIUHUN PO3B’I30K.

SayBakeuud 1. /a4 koocnoz2o0 3 memodie mu 6ydemo nagodumu Gopmysu Au-
we 0As KinoKox 3Hauenb . Dopmyasu 044 HUWUL Ae2Ko odeparcamu 3a JdoONoMO2010
HABEICHUT NPO2PAM.
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SayBaxkeuuda 2. Ouinku noxubor nasedenuxr Gopmys MOHCHG 3HATMU 6 UU-
mosaniti aimepamypi. Ha aicmuney 1 nasederno npoepamy, peanidosany 3acobamu
naxemy Mathcad, 3a donomoz0to axoi: popmyemuves mampuuys B ma npasa wacmu-
Ha d cucmemu, PO36° AZYEMBCA CUCTNEMA MA POPMYEMBCA BEKMOP C KOEHIULEHMIE
dopmyn Adamca-Bawgpopma daa k = 1,2,3. Cami gopmyasu Adamca-Bawgdopma
HAOUPAOMDCH Y PYUYHOMY PEAHCUME.

2. Meron Amamca-Myarona Meron Anamca-MynToHa € HesSBHHM 6araToKpo-
KOBUM METOJIOM, SIKUIl OJ1epKY€EThCst 3 bopMmyn (2) mpu yMOBI, MO a1 = ag = - -+ =
ar = 0. Toxi dopmyna (2) Habyae BULISLY

k—2
Ynt+1 = QoYn + hbfly;ﬁ-l +h Z bzy;_z (7)

=0

JInst 3HAXO/IZKeHHST HEeBLIOMIX KOedIli€HTIB BUKOPUCTAEMO TToJiHOME (4):

m=0: 1=ag,3Blakuay = 1;
m=1: Ozl—b_ll—bol—bll——bk_gl,
m:3:0:1—31),1~02—3b0~12—3b1~22—...—31)k,2-k2;
’rTL:l'CZO:1—]{?()_1'Okil—]{?bo'lkil—k}bl'21671—...—]{/’bk_g'kkil7

Ko KoxKHe 3 piBHAHD, MOYHHAIOYN 3 MEPIIOro PO3JILINTH BiAmOBiIHO Ha —I1,

—2, —3,...,—k, To ofep:KaHy CUCTEMY MOYKHA 3aIUCATH Y MATPUIHOMY BUTJISII
1 1 1 1 b_q 1
0o 1 2 k bo 3
B-b=d = 0o 1 22 k2 b | =] 3 (9)
0 1 20t . kM b2 z

OcCKLUIbKY BU3HAYHUK JAHOI CHCTEMH BiJIMIHHUI Bl HYJISI, TO CHCTEMa Ma€ € THHUT
po3B’sa30K. Ha mictunry 2 masegeno (opmyan Amxamca-MynToHa o .

BayBakenns 3. [Ipu mobymoBi HacTymHUX MeTO/IB MU He OyJeMO 3alucyBaTh
cucremy piBHsHB TUIy (6), OCKIIBKH AJrOpUTMHU X MOBYAOBH Ta iX BUIJIS, JJIsI
PO3IJISIyBAHUX , HABEJIEHO Ha BiamoBigHoMy Jicruury. Skmo pisasuHs (1) He €
"ykopcTkuM", TO, K MpPaBUIO, BUKOPUCTOBYIOTH SIBHUI 1 HesSBHUI OaraTOKpOKOBi
MEeTOJIU i OTPUMYIOTh TaK 3BaHUU MeTO/ MPO-THO3Y i Kopekitii. OaHuM i3 HaiOLIbII
BIJIOMHX METO/IB HPOTrHO3Y 1 Kopekiil € 00’eananns meromiB Anamca-bamdopra i
A namca-MysrTona 9eTBEpPTOrO MOPSIAKY TOYHOCTI : , . Jljast Toro, mob mouaru o64n-
CcJIeHHs HeoOXiIHO 3a3/a1eri/ib 3HAWTH TpU Teplri 3HaYeHHs ( - 3aaHe 3 TTOYaTKOBOL
YMOBH ), 32 JIOIIOMOIOI0 SIKUX O0UYHCTIOIOTHCS 3HAYEHHS Ix, 3a3BH9Aill, OGIHCTIOOTD
MeToioM Pynre-KyTTa 4eTBepTOro mopsjaky TOYHOCTI.
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3. Hesasuuit merox I'ipa Meros lipa (meros nudepennioBanns Ha3a) € HesiB-
HUM 6AraToOKpPOKO-BHM METOJIOM, SIKHUii 0/epKy€eThest 3 popmysn (2) mpu yMoBi, 110
. Toni dopmyna (2) wadbyae surasiay . (10) Ha picrunry 3 nasemeno dbopmyan [ipa
JUTST .
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4. dBunit metoxg Hioctpema Meroj Hiocrpema € ssBHuM 6araroKpoOKOBUM MeTO-
JIOM, SIKHil ojtepKy-€Thest 3 hopmysn (2) npu ymosi, mo . Toxi dopmyna (2) nabye
surssiny . (11) Ha sgicrunry 4 nasegeno dopmysin Hicrpema mis .
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5. Adsaunit meron Mimuna @Popwmy/u ssBHOro Meroay MijgHa MOXKHA HOOY/1yBaTH
sukopucrasnm crissigaomensst (5) npu . Toxi dopmyaa (2) nabyme Bursay . (12)
Ha nictunry 5 nasejsieno sisui popmyan Minna ogepzkani Jis i .
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6. HeaBuuii metom Minana ®@opwmyin HessBHOrO mMeToxy MijgHa MOKHA 1HOOY1y-
BaTH BUKopucTasiy mnojginomn (4) npu . Ha sicrunry 6 nasemeno nesiBai dopmy.iun
Minna, ogepzkani jjs i .

Ha ocuoBi gBHEX 1 HesgBHUX dopMmysr MinHa MozKHA peastizyBaTu MeTO/I IPOrHO3Y
i Kopekii 3 iTepariitHoro 06podkoto. /[ dopmyn MinHa deTBepToro mopsakKy Imo-
qaTKoBe HAOJIMKEeHHsT 069rCII0eThes 3a hopmyJioio , (13) a itepaniitnuit nponec mae
BurJisiz , . (14) Anasioriunuii irepaniitnuii mporec MoKHa peasizyBaTu 3a J0IOMOIOI0
dbopmys Minna mocroro nopsaxy : , (15) , . (16) dist roro, mob nogar o6IncgaeHHst
HEOOXiTHO 3a3/1a/1eri/ib 3HANTH BiIMOBIIHY KiJTbKICTb MEPIINX 3HAYEHbD. Ix, sk i Me-
TOH IIPeIUKTOP-KopeKTop Ha 6a3i popmysr Anamca-bBamdopra i Agamca-MynTona,
00unCII0I0TH MeTogoM Pyrre-KyTTa BiAMOBITHONO MOPSIKY TOYHOCTI.
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7. Metoa Minna-Cimmicouna Merox Minna-Cimiicona € HessBHUM 0ararokKpoKo-
BUM METOJIOM, sIKHil ojiepKyeThest 3 dopmyan (2) npu ymosi, mo . Toai dopmyna
(2) nabyme surasay . (17) Ha picrunry 7 waBegeno dpopmyan Minna-Civncona st
, 0Jiep-zKaHi 3a jornomoroio nakery Mathcad.
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8. Inrepnoagniiiauii meron Epmira Iarepnossniiinuii meron Epmira Oymye-
Thest 32 Gopmyioo . (18) Ha mictunry 8 maBegeno dbopMmysin iHTEPHOIAIHHOIO
Metoay Epwmirta s .
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9. Excrpanonganiiinuii meron Epmita Excrpanosnsaniitnuit meros Epwvita 0Oy-
ayerbest 3a dbopmysoro . (19) Ha sicrunry 9 naBeneno ekcrpamnossiiiini dbopmysin
Epwirta s .
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