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EaH'leB ·B,U, - ,.. Pll -- 9678 
AnropKTM pewe.mrn aaaa•rn· K6w11. ansi >KecTKllX c11cTeM 
OOblKHOBeHH~IX llH_<pcpepeHUll8llbltbiX ypaB~9HHii. 

,npennaraeTCSI A-ycToil-q1m1,1ii anrop11TM pewettl!SJ · sana-q11 KowH nirn >Kee~ 
KllX ;c11CTeM OOb!KH.OBeH!tbiX All<pcpepeHUll8nbHblX ypaaneHllH, 8 OCHOBY anI"OpliTMa 
nonollieH o6o6meHHb!H ·MeTOll Pyn.re-KyTTa, npea~o>KeHHbill noycOHOM,. ii .KOTO­
poM MaTpll'lHaSI 3Kc·nonenTa. annpoKCHMHpye~•c.SI c noMOlllb!O paano>KeHHSI noKa-
3aTenbHoi\ cpyHKlllili B nenpepblBHYIO npoob, AnropHTM Il03BOnSJeT. nony'lHTb 
ouenKy noKam,noi\ 0U100Kll yce'leH11si, KOTopasi HCnonbayeTcsi µnn·aaTOMaTHqe­
cKoro BbI6c,p~- BenH'l HHbI U1aI"a ff. nopsmKa annpoKCllMBllllll: ·M1frpH'IHoii 3Kcno­
HeHTbI, : 

Pa6oTa Bb!IlOnHeHa B ·na6opaTOPlili Bbl'lllCnHTe/lbHOii TeX!tllKll, H 8BTOM8Tll-
OHHH. , . 38Ulill 
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An· Al'gori thm for the Solution of··the 
Cauchy Pr~blem f;r Stiff Sy~tems of , 
Ordini~y Differentiai Equa~ions 

. . ~ '· . . ' . . 
An A-stable 'algorithm·:t'or the ·solution- of the, 

Cauchy problem. for ·.stifi' systems .of ordinary differentiaL 
equations is presented. I_t is,based on the· generalized· ·­
Runge-Kutta method,: suggested by. Lawson, :with a continued 
fraction approximat-ion for the matrix exponential'. ,The 
algorithm· allows an estimati_on of the -local truncation 
~rror, wh;ich is used f'ar the auto~atic cheice 'of step· 
siJe and ~order of matrix exp~rientiar approximant. 

Th.e investigation· has· been. performed at the·-·. 
~Laboratory ot c'amput1ng. Techniq~es and1Automation, JINR. 
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I. 13}!.l!.Y,13.H_H~ ' 

CHC'1'6MY 06ImHOB6HHWC .nuif:if:epeflU[18}1!,HWC ypaBH6Hl'.lll nepBoro Il0-'­

ps!,n;K8 

"31

::~(t11) (I) 

r,na i l, J{) . 0 ( ~-!. ) l . ) JI\ ~ ,· • 
,=(1i1,-·-··,1 .ll: 1=t1>1i:·-·,1) -J~ -MSPHR6 

B6RTOPli, . H83~8R)T llt6CTROfi B CJIY'l86, 6CJ!ll ee M8Tpnua .BRo6rr . cJ{ {d~ 
ID.166'1' 60JII:,mon paa6poc C0dc'l'B6HHWC 3H8'18HHfi, T.e. ~Or)J,a 

\~'!Tl.a.ix,\ / \ J\,,.,,itn, \>> i , . r.na /\ """°'1X. .0: \ ~VI\ - Ma1<c.maJII:,H0e 

H MIIR.ll:M~JII:,H06 IlO MO.nyJDO C000TB6HHH6 'IUCJ18 M8TplUW .,. of/~~ • JKSCT­

ROC'l'l> CHCTSMH · (I) CHJII:,HO aaT_pymureT, a '18CT_P )J,eJiaeT a npa
1h~emm 

H6B03M0JKHHM 'IUCJl8HH06 HH'l'erpHpoB8H.ll6 38,nB'IH KomH 

1'~~~t,~) , 1lto)=10 c2) 

RJ18CCH116CRHMli SIBHHMl'.I M8TO,naMH THII8 PyHre-Ky'l'T8 aJia A,naMca. 3T0 

'1'8R, IlO'l'OMy 'ITO 60J1I,ml1HCTBO H3 3TliX M8TO)J.OB SIBMJOTCSI YCTOH'IUBHMH, 

ecJiu B6.lill'lllli8 mara fv Y.nc>BJ18TBOp_ReT HepaBeHCTBY \ "- °"~ \ L cl 
,n11.H BC6X. C06CTB6HHWC 'IHC6JI ;\, ( i..: i,!l, · .. ·. ,->() M8Tpm:w ol /'i)'lj , 
r)J.e 1 ~ ol f. IO. CJI6)J,OB8T6JII:,HO, eCJIR )J,8.llt8 Hae 6y .DYT HHT6P9COBaT\ 

TOJil>RO ROMilOH6H'l'H pememm, OTB6'18KIIIH8 M8JWM /\ ~ , np0:cyTCTBH6 

60JII:,fllHX COOO'l'B6HHHX 'IHC6Jl npHBO;IUIT R' BH6opy CT0JII:, M8JI0ro t .. 
'ITO Bp0Wl 0'16'1'8 CIJ:JII:,HO B03~CT88T H BJlllSIHH6 OlJll,160R ORpyrJ16Hm:I 

CT8HOBHTCSI cy~eCTB6HHHM /I, 2/, 
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K H60ClXO,llJiMOCT!I pe1!16HUJJ lit6CTRIL"{ Cl1CT6M A!itrif:epem:umm,uwc 

ypaBll6HHfi npirno.n;ar MHorne 38,n8'1Jll H8YKlI H T6XHI1KU. 061,rmo pacm.,m­

Tp!rnae~me B H8CT0Rli!66 npeMJI 3a,n8tJH T8KOro po]];a xapaRTOPll3Y!OTCR 

T6M, 'lTO 60JI:&!Illl6 no MO.IJYJllO 0060TE6HHH6 3Ha'l6Hl1.fl 'c)~ /'r>1 HM6IOT 

ClOJibmyIO OTP!HUlTSJibHYJO E8[lj6CTB6HHYJO 'IJ8CTI,. K pernemno 'I'aIUIX 38,nB'IJ 

cao,.-:1arca npocl11e1m K1;ue1.iarmu;,npoueccoB nepettoca, ynpan1rnH1w, aaa­

JJi::38 3JJ6I{TplI'l6CRHX nenen H ,JJJ). XapaRT6pHilr,l ,nJl.fl ncex 3T!IX npo<iJJSM 

RBJIBSTCP. TaROS IlOB6.IJ:6HH6 pe!Ilemrn 38,ll;8'1Jl'! l{om;i (2), npn KOTOpOM 

lit6CTl':l16 ROMilOH6HTH IlpeT6Pfl6B8IOT ClHCTp06 H8'l8JlbH06 i13M8H6Hll8 ( Tff­

na pacna.n:a, uanpm.mp), mi:60 MSHR!OTC.fl Cl!JJI,HO TOJJI,RO B H8KOTOpOM 

norpamrqam:. cnoe. IlocJie raKoro ua-qanr,aoro nepno,na amr nae norpa­

HH'lHOro CJJO.f! OHi! yl!te M8HRIOTCE M8.IJ:JJ6!1HO, a 'laCTO CTaHOBRTC.fl npe­

ne6pe :mr.10 M8Jlbll',1!1, T8R 'ITO ,ll8JJI,!Il6 Y'IK6 llHTepec npe,nCT8BJ!Rll11' 'l'OJII,RO 

H8lK6CTmrn ROMnOH8llTH pe!Il8IDr.f! (2) • O,naaKO l'l B 3TOM CJJY'l86 YCJIOBID! 

YCTOfitlL!BDCTl! ,ll;JIR RJl8CCI1'l80Rl'!X M8TO;IJ;OB .l?BHOro BIT,n8 6y'JJYT Tpe6o­

B8TI, Booopa 0'18Hb M8JIOro mara iIBTerpnponamm I XOTR llHq:Op.launn 0 

noBe.n;emm nccJJeJJYeMoro npouecca 6y;ii;eT co,neplWTbC.fl no cymecTny 

TOJJbRO E HG/K6CTRHX IWM~OH6HT8X/3/ • 
n CB.f!3l1 C 3Tl'!M B 1963 r. ,Il.aJJI,RBffCT/G/ BBBJI IlOHRTl'l8 A-yCTOil:­

tI;rnocTrr. r.-!ero.n pememrn: 3a,natin HomH (2) uasIIBaercJI A-ycTO~l!:BBM, 

ecJJu noJJJ'l!aeMoe c ero noMOmI>JO 'l.11CJI8HHOe pemeHHe .ypanneH1m 11{= Al 
CTpeMIITCE R nyJJJO npu t ~ /;\O ,. Kor.na ~ AL O ( h ':7 0) • ifuJJI,­

RB.11CT Il0K838Jl, 'ITO RBHHB 1(-rnaronae M8TO,Illl ( ¼ =I,2, ••• ) RB 

MDryT Clll'J.'b A-ycTOfitlliBl:lMl'l) II Tamm o6pa30M :y:i<asan Ha H60ClXO.JUIMOCTI, 

l1CilOJlb30I!8HlUl HSJJBHllX M8TO.UOB. 

B R8CTORmee BpeMR cy~eCTByer y;p;e .UOBOJJI,HO MHOro xoporno pa3-

pa60T8HHWC A-yCTOH'l!rnllX M6TO.UOB11 ' 2• 31. 0.JJ.H8KO' Ha.no OTM6TllTI>, 

'lTO He BCB [f3 HUX i,;oamo lICilOJJb30B8Tb ll o6111eM CJJY'l88, T .e • Kor.na 

60JII,IIlI16 no MOJJYJIIO {}0ClCTB6HHH8 3H8'l8H!Ul M8TplnJ,H 'd{ / 'c)~ MOryT 

HMBTI, HS TOJJI>RO ClOJII>!llll6 OTplIU8T6JlbHH6 B8Ul6CTB8HHH8 '!80'1'111./?/. B 
3TOM O'l'HO.IUGH!,nt BllrO,]UlO ,CTJ!ll'q8Jl1l'CJI· TS MBTO,IJ,H• IWTOpH6 .f!BHO IICnOJJI,-

3YJOT Maorpmiy RK06H ~ T /to1 p 121. HeROTOPHB !'!3 Hl'IX ·rpe6y10T 3Ha-

Hlffl COClCTB8HHIDC 'IHC6JJ Of~ > a H8KOTOPH8 TOJJI,RO KaK0r0-T-0 

npH6JlllliC6Hliil K 'c) ~ /'~~ /4/ • 
B 3TOii pa6oTe npe,nJJaraeTC.11 .aJiropHTM pememrn 38J¥l'IH Ho!lllI 

{2) B 06']16M CJIY'l88, ROr,na 60JJblllH6 no MO.lJYJIIO co6cTB8HHH6 'IHCJI8 

MaTpllUH ~ ~ / ~1 Moryrr Haxo.nuncJI RaR B JieBo~, TaR 11 B npanoii 

TIOJJYilJIOCROCTH. B ero OCHOBY IIOJI0llt6H 0606]l6HHHH MSTO;it Pyure-HyT-
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Ta, npe)J)J0llt8HHHH ~oycOHOM/4/, B ROTOpOM M8TPf!'lH8.fl 3RCil0!!6HTa 

annpoRcm.mpyeTCE C nDMOI!lI,10 P83JIO;Jt8!1!1.fl IlOI{838TGJJI,HOii ~·yHRI.Um B 

uenuy10 ,JJJ)061,l5/. i:JeJJII'llrna IDara H nopJI;Ii;OR annp0Rc1™ar.um 1:.aTprrtiuoil: 

8KCil0!18HTH ROHTpOJJHpy!OTC.fl aBTOM8TH'l6CRll IIYTBM O[(BHIU! JIOK8JlbHOil: 

OlllllClRll yceqemrn. AJirOpllTM SIBJJ.flO TCJI A-ycTOit<I,IBHM. 

2. OnHCaHIIS aJiropHTM8 

Caa-qaJia ROPOTKO OCT8H0Bl1MCJJ H8 060611eHHOM M8TO)J;6 Pynre­

KyTT/4/, ROTOpm1 IWilOJJb3Y6TC?. B npe,nJJaraeMOM aJJrOpHTM6. )J)IJI pe­

!Il8Hl'l.fl 38,nB'lH liOIIlll (2) BB6,ll;6M HDBYJO H8H3B6CTHYJO ljyHRUlllO \( }f 
~ct)= t.J)C,\l(-tA) 1lt) I r.ne A -noRaHeonpe;ii;eJJ6HH8.fl JI)( 

MaTpHua. Tor.na (2) npeBpamaeTc.fl B 

~'= wc~(-tAJ ➔ ~ lt,(/)(.v(tA)i(tJ] -Awc~(tAJ1.(t)1, (3) 

l (t0) = -we~ (-1~Al 1o . 
IlepenucIIBa.H (3) B BH.IJ:8 ?:.

1=~(tizJ i -i(t 0J="2.o 1 Ml:l HaX'o,um.,, 

'lTO M8Tpnua .HK06l'l oi /'h ,ll;JIR sa.natiH (3) llM66T Bl!Ji 

@-= ~v (-tAJ, 11_ - A 1 ¼9' (tA) . 
02 l <a1 .) -i 

CJJ6;IJ;OB8T6JlbHO, T8R RaR U)t-\1 (-t A): [ VJC.f (t A)], C06CTB6HHll6 

3Ha'l8Hl'l.R 'o~ /?Jr. paBHRIOTC.fl COClCTB8HHllM 3H8'16HIIJlM M8Tp:IUP 

'd{n, - A , ECJJll OHll M8JJH, pewemrn sa,na-qn (2) CBO)iliTC.fl H HHT6-

rpl'lpOBaHll!O H6)lt6CTI{ol c:10TeMH (3). Peman (3) c noMo4 1,10 RaRoro-

HH6y,nr, .flBHoro M6TO,n8 Pynre-l{yTTa • 

¥-1"' i ( t"t\) ~II\) > l-1 

Ki.=~ C t'I\ + cl"->""t~+ l~ t'l.ll "-j) 1 ~ = li~r--/lri 
b ~ "' 

~~H :t;"" + Y\, L \Vi. Ki ) 
l,. i 

Of c.i .f- c~ ~ -- . - f- c"" ti , 

MH noJiy'l88M qOJXIIYJJH 06061(GHHOro M6TO,n8 Pynre-l.yTTa/4/ ,ll;JIR aa­

XOi:t.U6HI!.fl 'lHCJJ6HHOro p0lll8H!Ul (2): 
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<=- t (t/)\)1~1-A1-n _J 

.._ g ~ \-i * 
?~=~c-r (c~"'AJ1~ + h, ~ Q~i wc.p((ci-cj)hAl Ki, 

K7=~\t'Y\·H\t)~~J -Af~ 1 L=~)\---,'v) 
'J' 

1"'fi =-tllCf (t.AJ1"' + t ~ wi ~e>p L( i-t~tvA] K~ 1 c4> 

D = c 1 ~ c1 ~ . _ ~ - _ . b c ,J' f i . 

B HatiecTne MaTp1uw A B (4) ecTeCTB6HHO 6paT1> 'd{ / d1 , 
BlI'HlCJlfl6My!O Il6p'IIO.Il,I!'I6CI{ll '16pe3 onpe,n;6JI6HH06 'IHCJIO rnaroB. l{poMe 

Toro,Hy:rteH anrop.0:TM .n;JIR npu6JirrJKeHHoro BH'IITCJI6Hllfl U)~ (Ct ~A). 
B pa60T/

1V noHasaHo, 'ITO ecJ111 annpoHc!Illiauim n Ul(f ( c.~ ~A) IIllleeT 

Cil6HTP8JILHHll pa,n;ayc M8Hl,lll6 6,ll;l!Hl-H:n,I .n;Jifl BC6X p, > 0 B npe,n;nOJIO­

aemrn OTpiiuaTeJibHOCTU nemecTB6HHI:IX tiacTeft co6cTB6HHI:IX tirr'ceJI A , 
TO aJirop1m.1 ( 4) A -ycTOfititrn. Tamm CBOHCTBOM o6Jia,n;aioT npH6J10:­

JK6H!IB MaTplltIHOtl: :mcnoneHTH Ulq> ( t A) , noJiytiaeMue c noMOTilbIO 

66 £83JO:K8H!IB B HenpepHBHYIO ,n;po6/
5/, a T8I{;,t6 annpOHClfM8Ulill Ila­

-p;J/ ,4 • B H8CTO.H!l{6M anropJITM6 ll'.CilOJII,3Y6TC.H MSTO,ll; npll6JIIIJK8Hll'.fl 

MaTpUtIHOH 3I{CilOH8HTH C IlOMOTilblO pasJIO:KSHIIB B uenuyro ,n;po6I>. Ilpll'. 

3TOM Ml:! orpamr'llUll!Cb TOJII,I{O H6'16THHMH annpOHCID/l8UIIBMII, I{OTOPH6 

conna,n;am c .uaaroHaJII>HHMH rra,n;a-annpoKCHM~HIIMH (no,n;po6Hee cM. 

151, r,n;e Il01{838HO, 'ITO 3TO Il03B0Jlfl8T YB6Jllf'l,ITb CHOPOCTI, CXO,ll;l:1-

MOCTll npu6JI,m8Hl1M M8Tpll'IHOH 3HCilOH6HTbl) • "OHH BH'IIWJlfllOTC.H no 

q:opMyJiaM 

F1 -= l , F, =- 1 l -t A. , t 1 = l , G.,, = t 1 + tA , 
F,.i+i=l(i~-f) Fq_1 + t:A:F,.,-~1 ~fl/>,--··­
C1~tt ,.l ll~-1.J G'q- 1 + t A G,_i-~ J 
H (tAJ=F-1 (tA).G. CtA)~tntn(tAJ, 

l'Tf\H i'Wl+i ~"mti r 
. 'Yl'\=0111

2
1 
.... 
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(5) 

-
• 

r,n;e I - e;n;im1:1tiHan MaTprm;a, a m - noJ)fl,n;OH annpoHcrrMauim. 

llJJJI 'IHCJI6HHOro p6lll6Hlffi 38,ll;8'1!1 }(Olli!! (2) C IlOMO,JlI,!O (4), (5) 

II OI.J;6HHH JIOH8JII,HOfi Ollll:16Hll ycetISH!l.fl B aJiropnMe ;ICilOJ!b3YSTCJ1 O,UYIH 

II3 M6TO,ll;OB BJIOIK6Hl-!JI Capacpasma /I/, HOTOpmi OCHOBh!B86TCfl Ha cj:op.iy­

)16 EyTtiepa TI.HToro nopn,Iij(a m1,n;a 

"'"= {;, 
o..---=O h:,L, ~, ) 0 

0..\.\: t 1 

-I D. -i. o...,i =--r )· "Jt - t ) 

o.. 11 i = o, 11 112. =-t) °'-1t., =L 
0.,1 =j_) ~51,= 0) C\.5~= 01 

H, 
" -::3-, ""s11 ➔ ~ 

(6) 

Cl,, :-2-iQ,,_= l:_ 
Gi t=, '1 1 ()_ -il.U.,--il.)Q,,=!i ,., - r:; ) -~ - 11- -, 

Ci= 0 ) tt = t ) C - i Cl! - 1 C - ~ C -j ~-~) -T) s-1i""1 c.-, 

W ::_1_ 
1 

'-N\_::- 0 1 
i ~() ' 

w - ~z w - ~'t w - 'H 'N - '+ ~-- 21--) 5--J 1,--~o ' ~o ~\J ,o 

JIOH8JII,H8.H omn6Ha ycetI6Hl-UI OU6Hll'.B86TC.H CJl6t1YIOUjlIM o6p830M. C no­

MOITU,10 (4)' (5). (6) npn 38,ll;8HH!1X '\I\'\, II h, O,n;HOBJ)6M6HHO H8Y.O-

,ll;l!TC.H '1!1CJ!6HH06 pernemrn ~ S" ,'l'·:+1 B TO'IHS t'I'\ + "' C TO'l-

HOCTI>Iq_ IlflTOro Il0Jlfl,Iij(8 !1 'l'.lCJl6HH08 p6W6HII8 11.j,•1·.+~/_,_ B TO'IH6 

t.._ + t../'l _ c TOtIHOCTbIO tISTBSIY!'oro nopn.n;Ka no ro:µ.iyne 

12t,~+~~=~(,¥J1" ~ tl { {J)Cf (tt) K~ t ½~lp(tt )K: t 1<:j i (7) 

JI< ;1t Jir 
r,n;e l(.i > K, 1 1<." - T6 ,it6, 'ITO ;1 B (4). ~icnom,sy.H Ha:A,n;eHH06 

3H8'16Hl:16 '11.t,'l'H~/,. II (4), (5), (6), (7), H8XO,IU1M BTOpoe 

3H8'16HII6 '\A~ 'l'\ti .n;Jifl 'Il1CJI6!1l!OrO P6lll6Hl-UI ~ TO'IHS, t...,.. t ~ 
0 1 \ 1 

1 
' c. TO'IHOCTI>IO tI6TB6pToro nopP.,Iij(a. Benrmrnn ~S,'l\tl -~1!,'l'H' , 

I,::- 1., i) -. -- I J-{ l ,TI;a!OT 0U6HKY JIOH8JII,HOJ1 01Ill!6Kl! ;vce~eHII.H )])IR 
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R8:lt,UOH R0!,1Il0!!8HTH pernemrn. MeTOJJ: B)l0)!{8HIDI Ca~if;ruma Tpe6yeT Btl-

'H!C)l8Hllil .necP.Tli 3H8tJ8HIIM npaBOH tJ8CTli ~ ( t I 1) B {I) .IJ.JIB R8llt-

.noro mara. 

QqemIJJ:HO ,OU6HR8 )10R8)1I,HOH onrn:6:1rn: yceqSHII.fl M8TOJJ:OM B)l0llt6HIDI 

Capaq8P.H8 BSpna TO)II,RO, ec;m onrn6ROH annpORCilM8IUm M8TpnqHOH ::rnc­

IlOH6HTH MOH(HO !lpeHe6peqI,. Il03T0MY B Oc5!1{SM CJiy'l!ae 3JJ:SCI, npe.nna­

raeTCJI OUSHl1B8Tb )IQJ(a)II,HYIO OIIH16Ry yce"ISilllJI 0)16.J];yJOl.11,!M oc5pa3DM. 3a­

nmnm:, 'lJ!1C)ISHHD6 perneHue 3a,na"Il'! Komz (2), noJiyqaeMoe c TIDMD:JU>IO 

(4), (5), (6), B Bu.ns • 

~ G 1"hi" ( \ 

'\l\'\H:: ''n, ''II.] 1 -(,=1ii).·--,.W1 

r,n;e 'V't\ - nopJ!JJ:01( annpoRCID.18Ul1ll M8TPil'lJHOil: 3RCilOH6HTH B (5). IIycTI> 

1 \ t) -ToqHOS pememrn (2). Tor.na JIOR8JII,H8JI 0llJH6Ra ycs"ISHIDI ~'V\ 

H8 'Y\ -OM mary 38;D;86TCJI paBSHCTBOM 

\i, ~/ \ \)'Y'tlli.( \ o.,.,..-="i ~tl\'\-ttJ - \1n, 1(t,v.JJ 1 t=1,l, ... ,X. (8) 

HMS6M 

\l~ If I 1\t~,J-(;''(1 (tJ\ +\ (\tt,)J-f'(~(tJ\, (9) 

r;n;s 'YY\ = a--0 03H8"I8ST, "ITO M8Tp11qaaJ1 3RCTIDHSHT8 38;D;8STCJI TO"I-

HO. IIepBHil: 'l)Jl6H B npaBOH "I8CT.0: (9) MOJK.HO OUSHl'!Tb nprr6Jlllllt6HHO BH­

lll60IlHC8HHHM MSTO,llPM EJIOTit6HIDI Caparprurna t a BTOpoil: :'}JISH OUSHITB8ST-

\ 
n ""H ~1 \ 'ml,( \. 

CR ( TO)KS npn6Jill)KSHHO) B6Jlll'lJHHOM . r-1,. ' \.)'I\J - ?}., > ~'ll,J , 
B cirny CBOHCTE liCilOJII,3Y6MHX annpoRCHM8l.l,l'Iii M8Tpl1'l!HOil 3RCilOH6HTH 

/ 5/ 3T8 OU6HR8 JIOR8JlbHOil: OIIIH6Rll YC6"I6ill1JI J!Bmi6TC.fl 3(NSRTHBHOii 

np11 ;n;ocTaTD"IHO MaJioM h . 
B npe,nnaraeMOM aJirDpl1TMS oueHRa JIOR8JlbHOii Olllll6Rll yce"ISHIDI 

HCTIOJII,3Y6TCJI ;n;JlJI 8BTOM8Tli'lJ6CRDro BH6opa B6JIH"Il!HH mara H nopJJ,ll;R8 

annpORCl1M81.l,l'IIT M8TPlltIHDii 3RCilOH6HTll. 3TO nponcxo;n;aT CJIS.J];yJOOlllM o6-
p83DM. 3a;n;aIOTCJI HSROTOpH6 H8"I8JlbHH6 3H8"ISill1fJ napaMeTpOB ~ H 'Y't\. 

Jljm JJ:OCTmxemrn 38JJ:8HHOii ESJI!ftll!HH OUSHI<ll pa:imoMepaoil: HOp.lH JIO-

R8)1I,HOii DIIIH6RlI YCS"ISHIDI \\ (\_'ll.\) : 1'2~~ \a~\ CH8"I8Jl8 yBSJlll-

"IITB8STCJI nopp,;n;DK annpoRCl!M8urrli "m. ;n;o HSROToporo "m..,,..o.,:,t 1 

IlOCJIS qsro, B CJIY'll8S H606XO;n;aMOCTll, rnar yMSHI,"IT86TCJI, a "rt\ npn­

Hl1M86T OBOS H8"I8liHD6 3H8"ISHl1S. 3TOT Ulil<Jl IlOBTOpR6TCJl,IlOR8 DUSH-

8 

~ 
~ 

( 

\j 
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1<8 HOµ.m )101{8JII,HOH Olllll6R.0: ycsqsmrn HS c5y JJ:ST M6Hblll6 38JJ:8HHOH. 

HT8R, OROH"I8T6JII,HO, npe.nnaraeMHil: 8)1r0pi!TM pemeHirn 38;D;8'lJl1 

Korna (2) ;n;JlJl :KSCTRIIX Cl1CT6M CDCTO[iT B IlPl'!MSHSHl!lt q.oµ.1yJI (4)' (5). 
(6), (?) II (9) BHill60IlllC8HHhlM 06pa30M. 

3. ~liCJISHHHH npm~sp 

~T06H npOI!JlJllOCTPl1PDB8TI, B03MOIKHOCTII npe.nnaraeMoro 8)1rOpUTM8 1 

npviBs;n;eM P63YliT8TH O,nHoro 'q\1CJISHHOro 3RCnepm,1eHT8, IlOJIY'lJSHHHS 

Ha 3BM c.rrc 6400 c IlOMDil!I>IO nporpaMMH, nprrBS;D;SHHDH B 181. 
Ilycu 3a;n;ana CJIS,D;yJ0018fl 3a;n;aqa Korna: 

~:=(0-+~1~~ t~iJ~(~-Q-t~iJ~t) 

,~ -=(% t t:i ~ ~,. ' 
l\l, 1=-1 (t-c _ __i_\-\.\ 4-(C+--1_\,! • u~ (ttif t+i·; o'- t+1.) 01

) 

i ~to) = t ) ~ ~ ( ~) = 1. 1 "i ~to) ,, 1 
TD"IHOS pelllSHRS 38~8'lJvl (IO), (II) 

·o.t . ~t 
~,=(t-d.) e. +' _t_1.. 
o lt+1.1 

2, it 
~,:= (t+il t l 

M 
e. -r (t'l-1)\ct 1,-= (tdJ 

H3B6CTHO: 

(IO) 

(II} 

(12) 

EcJlli samrcan (IO) B Bn;a;e 

CllCTSMli (10) COBil8JJ:86T C 

~ 1 = 'F (t) 1 , TD MaTpnua BRoc5a 

F(tJ 1 coc5cTB6HHWAl1 qacJiaMn ROTOpoil: 

JIBJIJIIOTCR A 1 -= o.. t 1 / ( h iJ 
IloJIOlltliM Q =60, ~ =-50, 

1 11\=i+t/(t+i) 1 A'!,=e+',/(t+i), 
C =O, I. Tor.na cacTsMa (IO) yMepeHHO 

JKSCTK8JI. 

PssyliT8TH qncJISHHOro I!HTerpnpOE8HIDl (IO), (II) B l1HT6pBa­

JIS ro, I/2] C rnarOM h =0,I u IlOpP.,ll;ROM annpDRCv!M.81.l,l'Ill M8TPli'lJHOii 
~ I, • 

3RCIIOH6HTH "rn.=0,5,IO JJ:8HH B T86JlllU6 I, r;n;s 1 ( L =I,2,3) -
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3H8'16Hl'I.R TO'IHOro p6lll6Hl'I.R (12)' J} - a6COJIIOTHH6 E6Jll'l"ll'JHH JlOR~JlI,­

HWC Ollll'J60R ycetieHn:.R ,IJ)l.R R8lK,Il,Ofi ROMilOH6HTH pelll6Hl'I.R. d. ~ H d.,~ 
- OU8HRl'I JIOR8J1I,Hbll{ Ollll'l60R yceti6Hll.R, IlOJIY'l6HHH6 M6TO,Il,OM EJ10J!t6Hl'I.R 

Capa~a.RHa, COOTB6TCTB6HHO 663 Y'l6T8 IIJll'I C Y'l6TOM Oll11'16Rl'I annpoR-

Cn:M8UUl'I MaTpl'lt1Holii aRcnoaeHTH. I,'.aTpl'lua .F.Ro6rr F"lt J EH'l!fCJI.RJ1ac1, 

H8 R8:K,Il,OM rnary. Jl;m Toro, 'IT06H MOlltHO 6HJIO EH'll'ICJIHTI, d., \ ' l'IC-
l . 

110Jll>3Y.Ri (8), 3H8'l6Hl'I.R 'i"" ( L =l,2,3), H606XO,Il,l'l?IIH6 ,IJ)l.R IlOJlytie-

Hl'I.R '1•YHi, 3a,J(aBaJUICI, C IlOMOll\l>D TO'IHOro p6lll6HJUI (12). 3aM6THM, I.ITO 

1.1epes %= 0 MH 0603H8'111Jlli .REHHlii M6TO,Il,. Pyare-KyTT8 (6) n: IlOSTOMY 

E STOM CJ1yt1ae 6HJil'I EIJ'H!CJ16HH TOJll>RO (i~ . 

Ta6JIHU8 l 

t =0,I 
1 1 1 1 =.444E+03 1 =.815E-02 1 =.135E+OI 

d.i =.174E+03 f· =.939E+OI ~,,, =.692E+OI 
d.~=.II6E+02 d.~=.907E+OI rl~=.67IE+OI 

"m. =0 

;=5 ,t =.457E+OI f· =.I82E-IO ~
1 

=.174E-02 
I 1 . l \ 

~s=-564E+00 ~s =.576E-IO (/.$=.123E-02 
\1 . ~t \1 
u.t =.564E+OO a.t =.826E-IO a.t=.123E-02 

------ 1 --- -- 1--------\-- .-
'lh=IO ~ =,457E+OI ~ =.677E-II 0. =.174E-02 

\1 l ,, 
o-,=.564E+OO ~,=.576E-10 ~,=.123E-02 
~~=.564E+00 ~~=.576E-IO ~\t=.123E-02 

t =0,2 
1 L . 1 
~ =.195E+06 ~ =.654E-04 ] =.176E+0l 

·"01.=0 
I l,. I\ 

d =· 757E+05 a. =. 782E-OI a. =.446E-OI 
I 1t. _\\ 

~s=.786E+04 a.s=.757E-0l ~s=.432E-0l 

'l'!\=5 ll.1 
=.144E-OI f· =.l?SE-12 d.1 

=.92IT-05 
1 I I" 1 
U.5 =.240E-02 a.s=.298E-12 ~5 =.665E-05 
t~ =.m3E-OI (1"i=.507E-12 !\=.665E-05 

'Y'n.=IO 
11 · ll l ~ · 
o. =.227E-0l Q=.302E-13 Q =.92IE-05 
a_~ =.240E-02 t,=.298E-12 6.~ =.665E-05 
\ 1 \ t I'\ · 
u.t=.240E-02 Qe=.298E-12 ~t=.665E-05 

t =0,J 
~ 2. ) 

}i =.854E+08 ~ =.51'7E-06 1 =.226E+OI 

10 

I 

~\=.330E+08 ~t=.639E-03 ~1=.287E-03 
a.~=.342E+07 A,~=.6I8E-03 d.~=-.2?9E-03 

m=O 

%=5 ~
1 
=.363E+0l 0.,1.. =.157E-14 d." =.512E-0? 

i~=.127E+OO ~:=.157E-14 11;=.247E-07 
o.,~ =.375E+OI ~t =.329E-14 ~t =.247E-07 
-, --------~l,------- \, -----

'l'll=IO l =.168E-OI o.. =.24IE-15 a. =.512E-0? 
' \ l, \, ts=.127E+OO O-s=.157E-14 o.s=.247E-07 

b\=.127E+OO ~t=.157E-14 l:=.247E-O? 

t =0,4 
~ t , 1 =.37IE+II 1 =.404E-08 ] =.286E+OI 

'm.=0 I \l \1 l =.143E+ll Q =.513E-05 Q =.195E-05 
\i \l "; 
a.s=.l48E+IO O.s=.497E-05 ~s=.28IE-05 

'Y'n.=5 ~ =.155E+04 (=.504E-15 Cl~ =.l29E-08. 
l~ =,38IE+02 d.s =.845E-l? d.., =• 103E-07 
il_~ =.l59E+04 d.tt=.253E-I5 6.-~ =.I03E-07 

'h't=IO c\.' =.458E+OI dt ,,;,.39IE-15 ( =.129E-C8 
d.1=.38IE+02 t;=.846E-l?, d.s=.I03E-07 
~~ =.38IE+02 d.~ =.139E-15 O.~ =,I03E-07 

t =0,5 
~ 1, , 

],=.l60E+l4 ~ =.312E-10 ~=.355E+0l 

"l\\=0 
i • I. \ 

(t=.6l?E+l3 a =.406E-07 a =.103E-06 
d~=.638E+l2 ~~=.393E-07 d~=.91IE-06 

'ffi,=5 d.1=::.664E+06 r =.838E-13 a\.850E-09 
t!=.II6E+05 i~ =.1?6E-17 ~~ =.915E-08 

'm=IO 

\i \~ ~ 
~t=.677E+06 ~t=.838E-13 ~t=.915E-08 ·-----------------------· 
d.'=,128E+04 11:i.=.28IE-I3 ~\ =.850E-09 
d.~=.II6E+05 tl,~ =.560E-I8 ~}=.915E-08 
~~=.II6E+05 tt=.562E-13 0.~=.915E-08 

PesyJil>T8TH, IlOJIY'l6HHH6 IlpH 'n\, =15, He O'l'JlH'l8Jll{CI, OT P63YJ1I,T8TOE, 

IlOJIY'l6HHIDC IlpH 'l't\. =IO. 
ll3 T86Jll'ltm El'l,Il,80, 'ITO·oueHRli JIOR8JlDHOfi Oml'l6Rn: ycetieHH.R, 

llOJiytia6MH6 cnoco6oM, 0Ill'IC8RHHM B § 3, .REJl.RJOTC.R ,Il,0CT8TO'IHO TO'!-
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HLl!,111 ll tJTO B 06:[16M CJiytJae omn6ROfI annpoRCllM8I.Um M8TPIItJHOi1 :rncno­

H6HThl H6Jil,3JI npeHe6peraTI>. B11,IJ,HO T8RlK8, tJTO C YB8JllltJ6Hli6M nopn;n;­

R8 annpORCliM8IJ;lm M8TPl1tJHOH 3RCilOH6HTbl TOtJHOCTI, 'IHCJl6l!HOro peme­

HHJI YB6Jli1'1JHB88TCJI. PesyJII>T8Thl, IIOJIY'l8HHl16 C llCilOJI!,30B8HII8M JIBH07 

ro M8TO,n8 Pyare-l{yTT8 (6) ('hi,=0), H8MHOro xyxrn, '16M 8H8JIOrH'!Hhl6 

pesyJII>TaTR, IlOJIY'l6HHhl6 c no1.mrru,10 npe,Il,llaraeMoro aJiroprrTMa (IY\'\=5, 

IO). 

, Tipirne,neM, H8ROH6ll,, pesyJII>T8Thl ,'lllCJI6HHOrO HHT6rpllpOB8HHR 

(IO), {II) C 8BTOM8TH'l60Rl!M Bhl60pOM mara t .Ii nopnmm "m., an­

npOI(CllM8D,m! M8TPlltJHOH 3RCilOH6HThl, IlDJIY'l8HHl18 Ha 25-0M mary np11 

pa3HUX: 'YV\11>\~ (M8l{C.l!M8JII,Hhlll IlOPfl,ll;OR annpoRcm.mr.um) C YCJIOBl1-

6M, 'IT06hl Oll,6HR8 I\ 0.. t, \l JIOR8JII,H0ll omv16RH ycetJeHHR H8XO,ll;vl-

Jl8CI, B rpaH.lil.$X rn-4 ~ \\ <tr,,, ~ :i:o-2 (TO'IHOe pemeHH6 (12) YY!,,8 

ne RcnoJII>3DBaJioci, ,nJIJI 3a,nanHR l::_ , RaR B Bl:lmeonncaHHOM tJHc-

JISHHOM 3RCnepllM6HT6). ii 3;D;6CI, qepe3 'YY"\11>\~ = 0 Mhl 0603H8tJHJIH 

JIBHblii M6TO;D; PyHre-}:yTTa (6) • Ha'!8JII,H06 3H8'16Hll6 'Yn B CJIY'l8iIX 

rm, =5,I0,12 6hlJlo paBHhlM 6,ll;v!HHD.e, a HatJaJII,aoe 3HatJeHne l 
611JI0 paBHHM o,r. Hail;n;eHHhle aJiropnTMOM sHatJeHAA k n "rr'\, MeM­

Jinci, c HOMepoM mara. 

l'fY\""'~t=O t25=.I62_5E+OO 

i 1 llS =· I99E+05 1 lS' =.40Ih'-03 

) ~ =• I99b'+05 . f =.400E-03 

'm,.,.,Ol)(.=5 t25=.45625E+OO 

~ 1 11s- =• II3E+I3 11s- =.263E-09 

1i =.II3E+I3 ij1 
=.262E-09 

'YY\'l't\J)/)~ =IO t
25

=.466796875E+OO 

3,neci, 

-\ ,. 
ti1f =.2I4E+I3 1 't =.I57E-09 

1 =.2I4E+I3 1 =.I57E-09 

"rC\~ =12 t25=.48046875E+OO 

1 'l. 
1~=.490E+I3 )1[ =.808E-IO 

. O =.490E+I3 ~ =.8_08E-IO 

( 1, =I, 2, 3) -'3H8tJ8HHJJ TO'IHOro pememm 
I, 

1 

12 

1 1•{ =.I60E+OI 

1 =.I60E+OI 

1 1 ':{ =. 323E+ OI 

) =.323E+OI 

~ 

lt{ =.33IE+OI 

1 =.33IE+OI 

~ . 

)~ =.340E+OI 

~ =.340E+OI 

(12) B TOtJI(6 t.\5" 

Ilpe.0:Myll{6CTBO npe,wiaraeMoro aJirOpliTMa no cpaBH8HUJO C RBHhlM MSTO­

;D;OM Pyare-1-:YTTa (6) ( "m.~-= 0) 0tJ8BY,IJ,HO. 

3aRJIIOIJ6Hli6 

rJiaBHhlM ;D;OCTOIDICTBOM npe,wiaraeMo.ro A-yCTOiltJ,rnoro 8JirOp0:TM8 

pememm 38;IJ;atJli l{oum (2) ,nJIJI IK6CTROit CUCT6MJ,J 06blHHOB8HHhlX .Jt1J4:q:e­

P8HUil8JII,HhJX ypaBHSHHH Jl.BJI.R6TCR CB8;D;6HH6 3TOH 38;D;8'lll R HHTerpnpo­

B8Hmo H8lit6CTROii CliCT61Ahl C HCIIOJII,30B8HH6M 0,Il,HOBper✓iennoro .li3M6H8HJUl 

mara U TIOp.fl;nI(a npH6Jlli!l!t8HIDl 3RCilOH6HUl:!8JII,HOi1 qiyHKIUIH M8TPIUUI HKo-
6li! l!CXO,Il,HOH CllCT6Mhl, IIOJIY'l86MOro C IIOMO!Jl!,JO pa3JI0l!t6Hlffi B nenpepuB­

HJIO ~6b. 3TO .I(88T ll03MOJKHOCTb H8XO;n;Ji!TI, tJIICJl6HH08 pemem1:0 38,nB­

tJll Kom,r (2) B o6~8M CJiytJae, Ror,na 00Jlbffill8 no MOJlYJIIO C06CTB6HHhl8 

tJIICJl8 M8TpHIJ;H_ E°R061! MOryT ID.18'1:'b HS TOJII,RO 60JII,UJJ16 OTPIID.8T8Jil,Hhl6 

B8ll!8CTB8HHhl6 tJ8CT.li. B RStJ6CTB8 RPJ!T8PIUl ,nJIJI 8BTOM8TlltJ6CROro Bhl6o­

pa B8Jll!'lliHhl mara I! IlO{)R,ll;I(8 annpORCm.18Ul:!I! M8TPiltJHOil 3RCilOH8HThl 

ClepeTCH OIJ,6HR8 JIOJ(8JlbHOil OII1Ji!6l(J! ycetJ6HH.f! no (top.1yJie (9). IlpHB8-

.I(6HHhl8 tJilCJI8HHhl6 31(0Il8PllM6HTll Il01(838JII1 3[(!'6R'l'H:BHOCTb IlCilOJib3Y8-

MOH OU6Hl(Il ]101(8]1!,HOH omn6Rlf ycetJ81HI.f! .Ii aJirOpli!'l'M8 B ll,8JIOM. 
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