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OporpaMMa 4HcneHHoro peweHHR·4aCTH4HOH aaAa4H 
WrypMa-nHYBHnnR ,WlR CHCTeMW nHHeHHWX 
AH¢¢epeH4HanbHWX ypaBHeHHH BToporo OOPRAKa 

P5 - 12787 

OnHcaH anropHTM 4HcneHHOro peweHHR 3aAa4H WrypMa-nHyBHnnR ,WlR 

CHCTeMW 6onbWOr0.4Hcna nHHeHHWX AH¢¢epeH4HanbHWX ypaeHeHHH BTOporo 
OOPRAKa. AnropHTM paapa6oraH Ha OCHOBe HenpepwBHOro aHanora MeTOAa 
Hb~TOHa. OpHBeAeHa nporpaMMa SISTEM Ha R3WKe ¢0PTPAH, peanH3Y~WaR 
aror anropHTM. OporpaMMa noaeonReT pewarb Ha 3BM CDC-6500 cHcreMw 
AO 40 ypaBHeHHH. 

OporpaMMa ycnewHo Hcnonbaoeanacb ,WlR peweHHR aaAa4 Me3oMoneKy
nRPHOH ¢H3HKH, B KOTOpwx K03¢¢HqHeHTW CHCTeMW ypaeHeHHH 3aAaeanHCb 
e BHAe Ta6nH4. 

Pa6ora ewnonHeHa e na6oparopHH BW4HcnHrenbHoH reXHHKH 
H aeroMarHaaqHH OHRH. 

Coo6UleHH8 06bel!HH8HHOro HHCT'HT'yT'a H)lepHbIX HCCnenoaaHHII. Jly6aa I 979 

Vinitsky S.I. et al. 

P~ogram of the Sturm -Liouville Partial Problem 
Numerical Solution for the System of the 

P5 - 12787 

Second -Order Linear Differential Equations , 

An algorithm of the Sturm-Liouville problem numerical solution I 
for a system of bound differential equations obtained.on the basis of 
the Newton method continuous analoque is considered. The "SISTEM" 
program in FORTRAN language realising the algorithm is given. The I 
program enables one to save systems up to 40 equations with the l 
COC-6500 computer. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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I 

j ,. 

BBe,!!eHl'.le 

' ~at?a IllTypMa-JfuyBMJifr )l;JIJI CHCT8Mll ClOJ.II,ll!OrO t?HCJia 'Al!~peH-

It!IaJll,HllX ypaimemrl\ BTOporo no~ t?aCTO B08mntaeT B ~8.Jmt?HUX 

06,racTIDC MaTeMaTHt?eCROtt qiR8HKR. B R8.t?8CTB8 npm.tepoB MOlKHO np1rnec

TH aa,na1llt O BWU!CJI8J?ID ypoBHeit ~Heprmr. ff - -Me;OMOJieeyJI /I< 0 

ROJieelamm cBiraamwx RB8HTOBllX ocn;IJL)If.[TopoB /
2/,· aa,u.at?H H,ItepHoR 

qllrnmm / 3/, pemeim:e MHoroKaHMI,HOfl sa.n:a~ pacce.filllUI I 4/. 
B ,n:aHHOii paeloTe Olll!CaHa nporpaMMa SISTEM ' KOTOpa;I 

npe,n:HaaHat?eHa )l;JIJI tmCJieHHoro peniemr.11 <iacTHt?Ho:li aa,n:atm IIITyp11a

JuiyBWLltll )l;JIJI CHCT8Mll .n:uqxllepe~am,HUX ypaBHeHHii, TO eCTl, aa,n:atm 

0 BlltmCJ18Hlm COClCTBeHHUX .8Hat?eHH:li U COClCTBeHHWC qJYHitUHtt CHCT8Mll 
'' 

.n:o 40 JIHHeih!wc 'Al!(1xilepeHlllia.m,H!lX YplilllleHd BToporo nol)ll'.nita, y,n:oB-

JieTBO~ O,n:HOpo,n:lrnM rpaHUtnruM yCJIOBR!iM. IlporpaMMa ycnemHO HC

ll0Jll,80Ba.JI3Cl, )l;JIJI pemeHM aa,u.at? M830MOJI8RyJI/IpHO:li cpll3mtlf /I/, B 

KOTOpllX R0~8HTll CUCTSMll YIJaBHSHJiil 3a,n:aBa.J:inc1, B BH,Ite Tael.mm, 

' 
I, IlOCTaHOBKa sa,natm 

.IlJia,cHcTeMU JIHHefuillx 'AH@!ePSHit!IaJil,HllX ypaBHeHd BTOporo no

pH,n:Ka: 

'fr?,>..,Y)a Y rx)-2 Q{x)Y{x)-1-{).-I-H(xpY(1C)=O<I.a) 

TpeelyeTCJI HaffTH COClCTBSHHOe 8H8t?8Hll8 ). H COOTB8TCTByilll88 ·coel-
. - . 

cTBeHHoe pemeHl'.le Y{J<) , y.n:oBJieTBOplIJll(ee rpaHK'iHllM ycJioBRRM: 

'f (l.l).,, Y ): Sr;.,«) Y~a.) + L {J.,,a..) Y {a)= 0, (I.Cl) 

'f (~~ -)= ,J.,Y - T0i.&)Yt6) + F(;.,!J)Y(t,J=o. (I.B) 
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3,nec1, Q(x) x H (x) - MaTpHWl pasMepHocTn JlxN, sa

,namrue Ha 0Tpes1<e [ a, 6] B mr,ne Ta6JIKU c nponsBOJIJ,HHM maroM no 

X ; I - 8,I(lllilllm8.II MB.Tp~; s (A,a,) ' l (J.,a,)' TtJ.,6), 
F'(>.,6)- MaT~ pasMepHocrn Jf,cJI ; .Y'tx), Y(x), Y(xJ-

Be1<Topa pasMepHOCTil'. N . · 
IIpe,nnOJiaraeTc.11, '<ITO :irnOJlil'.pOBaHHoe pemeHHe sa.u;a'<lll (I) . -., 

( ~ , y ( X) ) CY11!80TBY8T I R l't3B8CTHO Ha'l8JIJ,H08 IIPl'f6Jml!teHHe 

( J\ 0 , Yo (X) ) R STOMY pemeHHD. · 

2. I<paTROe OimCaHRe M8TO.I(8 pememm 

.rr.,m pememm sa,u;a'<IH (I) npHMeH.lleTCJI Henpep:immdt e·ra.nor MeTo

,na fu.JOTOHa. :3ToT M8TO,n no,npo6HO paccMOTpeH B pa6oTruc / 5/ n .IIBJVI

eTC.11 pa3BllTR8M R,nett pa60T /G/. 3,necL IIpnBe,neM Rp8TROe Oill!CaHHe 

MeTo,na IIpHM8HllT8JIJ,HO R sa,u;a-qe (I). 

Sa,u;a-qa (I) ,noonpe,neJI.lleTCJI yCJioBHeM HOp.wpoBKH: 
N & . oo . 

'P (>..,Y)a 1,-.. Y.{JC)Jx+ (c,~(>.,xJ -1=0. (I.r) (~) - "5' [ J ,. f •~2 
c.•1 .. 

ci. 

3,necL </j (>., )C) - acHMIITOTll'l8CROe Blipa,tteHRe IIPH X ➔ oO ,nJI.11 

llCROMOtt co6CTB8HHOtt ~ ·~ {X} , KOTopoe C'IHT88TC.II R3-

B8CTHUM. YCJIOBHe HOpr,mp0BIUI B TaKOt! ~pMe IIpllM8HHMO ,nJI.11 sa.u;a'!ll 

(I), eCJIH pemeHHe ll!ll8TC.II Ha nci.7IY6ec1<0HewoM HHTepBaJie C«., oo) 

B KJiacce RBa.u;paTll'<IHO llHT8rPl'fpyeMWC ipyHimni, KoHCTaHTbt Cj Ha

XO,W.CTC.11 R3 YCJIOBH.11 "ClllllBaHllll" Y/ ( X) R ~ (A, JC ) B H8KO

TOpo! ,nocTaTO'<IHO y,na.neHHott TO'<IX8 X .1, 

Yj. ( I, ) = Ci ti'j. C .A, A ) (2) 

'4 

I) 
1 

J 

•• 

ECJm sa,na-qa ( I) . pelll8eTC.II Ha ROHetIHOM OTpesRe [ a, 6 ) , 

TO B yCJiomm (I. r) CJie,nyeT noJioimTL C j = 0 . 
Sa,u;a-qy (I) MOJKHO paccMaTpRBaTJ, ~ HeJIIl'.HettHoe ~~OH~-. , . 

'i . . • 
HOe ypaBHeHHe 

'P {z) = o , 
r.ne 'f - coBoeyIIHOCTL onepaTOpoB { Cf <J.J 1 l = :I., ... ., -'t} 
onpe,neJieHHwc B (I), Z= {.>.,YO<)) E Rx { Cl[a,8]} 
.rr.,m IIOCTpoemm 8BOJlllUl10HHOrO ypa.BH8Hl't.ll HenpepHBHOro aHaJIOra Me-

TO,na fu.TDTOHa Z IIOJiaraeTCSl 3aBHCSllllliM OT HerrpepHBHOro napaMeT-

pa t < o~t < oo ), z(t)= (;.tt), Y{x,t)) 
Tor.na EMecTo sa,u;a'<IH (I) pemaeTc.11 8BOJIIOIUIOHHOe ypaBHeHHe: 

I I 1\ 'f ( Z{t)) · Z It) =- - <f {Z(t)/, (3) 

Z (0) = { .Ao, Yo(X)) • 

3,necL i.p 1 
- rrpoR3BO.nH8.II ilipeme orrepaTopa <f ' a 

z'lt) = (.!"It), ir(x,t )) , (4) 

• • ,ii - • -I . 
r.ne · ;4-f / t) = ). ( t} , 11" ( X, t) = Y t { X, t ) 

Cxo,nHMOCTL pemeHHH sa,na'<IH (3) npll'. t -+ o0 R llCltOMOMY 

pemeHlllO 

b,m I/ z t t J - z * II = o 
-I-+ oO 

B HeROTOpott ORpecTHOCTll 8TOrO pemeHH.11 paccMOTp8H8 B pa6oTe /?/ 

,nJI.11 8pMRTOBWC onepaTOpoB. 

3. ){HcKpeTHOe rrpe.ncTaBJieHHe no rrapaMeTpy t 

J]J!:cxpeTHaR anrrpo1<CHM8l4H.II SBOJIIJUllOHHoro ypaBHeHRll (3) no rra

pa1,4eTpy t pea.nnsoBaHa Ha ocHoBe MeTo,na.Sitrrepa /
5/. IIOJlyocI> 
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0~ t < 00 

2, ••• ) 

pas61rnaeTCJI ysJioBID.m TO'lRBMH t,c ( f< = 0, I, 

iK~1 : tK + 'f"M , to=O 1 

a qx)JlMY~ (4) 38M8HJI8TCJI p8.3HOCTHHMH 8.HaJIOrru.m: 

). K♦1 -= ). IC + "('K .I' IC , 

.Y,cJ~)= )' K(X) +. f',c 'V",c(X), 

r.ne ,AK = ). ( t,c) , ./"" == .J"' (l,c), 

¼,::: Y'ic(x)= Y{x,t").~if1<(X)= U-{x,t"),. 
IlpII TaROii armp0KCHM~ 8B~OHHM sa;n;aqa (3) .ItJI.11 sa.n;atII:I (I) 

MOE8T 6UTh IIJ:)e,nCT8.BJI8H8. B BH,Ite: 

,nl') - ... ,tJ<t) - , I 
T (J.K,11',,)=-j,f1<Y,c(X} - T (AK Y,cfX)/, . ,_ 

(1.) - r/ I - I I ' - · (t) - _ 

c.p ( ).", ~) = -1"1< (,:, J.1< Y" (a,)+ l,1." Y,/a.J)- <f (A .. ,~(a)), 

(3) - I -I I - )\\ ll){J) \\ 
'f (}.K,1"'>-= -r"fT,. .. Y"(l,J+F;."~<,,'/-, o.".Y/,,",<5> 

"' N 00 1 

Z { ~ f Yj.,c{X)~"(x)Jx +/f1e~ e;J 'lj.f.A,c,x)</j(A«,")Jx ]= 
tt•f a, ,,., "l q 

• - f' .. 'r"' Y.- <xJ) K1 IC • 

Ilpo6JieMa 38.KJIJOIJ8.8TCJI B Haxo,ir,n;emm lIT8palWOHIIHX nOIIpa.BOK 

'lf; {X) ll J"K . eCJm ITpII6.nmteHWI K llCKOMOMy pememm Y,c ( X) ll 
), K K3B8CTHR. 

IIonpa.BKa ~ ( X) lllll8TCJI B BH,Ite 

~ (x) = iii" (X) + /f,c_ U,c(X) • r,ne 

W~(X )- pemeHHe KpaeBoff sa;n;atII:I: 

6 

~· t 

·, 

! . 

(f) - ) u,(4) - ) Cf '( ).K, uf,c. = - T ( ).K, YK • 

lb (1,) - ,0(1,)( - ) 
T . ( ""· uJIC) = - .,, A~ Y,c • 

,n<JJ(, ::r -) -= _ 'f °''(). Y. ) T AK, WJC ,c, IC , 

(6) 

a U,c(X) - pemeHHe Kpaeoo:lt sa;n;ag 

{t) -'f ( A,c, UK) :: - Yl((X) • 

(.&) _ [ t!I - I I - 1 tp ( A", U,c)• - ,:J"":Y1e(a) + L;." ~ {a.} , 
(?) 

(J) - . I - I I - 1 
'f ( )l,c, U,c) = - [ TA,c ~(!,} + ~" YK (!,) . 

PenmB 8TH 3a;D;8.qR, MOll!HO Ha!T:e: HS noCJie,IJ;II0rO COOTHOlll0Hrul CRCT8Mll 

(5) B!lpS.llteHHe ,n;,,m: ./'.!' . ~ee no qQPMYJiaM (3) HaxOWITCSI CJie-

.ztY1lllll0 npn:6JIIDKeHM ·y,c+t ~ .>.1<+f · , e~ sa;n;aTh sHaqeHRe 

_mara HHTerpIIpoBBHRII 'C "· • CJie,nyeT OTM0TllTh, qTo 

W (X)= - v (X) 
K - .JK . 

(8) 

I 

4. ~eTHaJI cxeMa no X 

,UJI.fI ,nRc:itpeTHoro npe.ncTaBJieHM no X KpaeBoil sa.n:a~ (?) 

6wm RCnom.soBaHa TpexToqewM KOH8qffO-p8.3HOCTHM armpo:KcHMamm 

- - "'''' co<1.J ,n<J) 
,nRqxpepeHiij,IaJihHl:Dt:° onepaTOpoB r ' r: H T • a. YCJIO-

BRe HOp,m:poBIGI annpoKCHMllpOB8JIOCl> C noMOIIll>IO KBa;D;paTYIJHllX qx)JlMYJI 

Cm.mcoHa. ,UJI.fI ql!CJI0HHOrO pemeHlL'I KpaeBOH Sa;D;8.qR (?) 6wr npm.!eHeH 

BJII'OpllTM nporoHKR 161. 
HIDll:e paccMOTpeHa KOH0'll!O-p8.SHOCTHaJI annpoKCHMaIUJR s~aqR 
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(?), IlplIBO~TCJI qx>pq.7lll WIit nporoHO'lHHX xoa@!KlmeHTOB B CJiy'Iae 

nocTomrnoro II nepeMeHHoro h, 
' 

5. 1JOQ_TOmnnrlt mar 

0TpesoR [ a, B] pasel:imaeTCJI ysJioBmm TOlffiBMR XL 

( i = 0, I, ••• , 11, ) 

X l+t = XL + h ~ XO = a., . x,, = 8 . (9) 

Sa.Ilati:a (?) SaMeH.fleTCJI Ha pa8HOCTHyD: 

- - - .a- , N: u, + M· u . . + R· u. = - I ''· " +1 c. c. c. fA,,c.-1 n J., , (IO) 

5,ii:,, +~hl,./1,-S,iio =-[S~Yz,+zJ,l:AY,-S~Q,J. 

- · - - ·[rr' - i ,-,'- r._'9.] T,, u,,., + zJ, F,,u,, -T,. Un_,=- lnA Y_.,+ZnrhAY,;- ,,,. ,. . 

(lllI,IleRc _K s.nech n HIDB:e OIIyllleH) 

r.ne MaTpmm I½ , M;, n R;, m.iem Bn,n: 

Ale: = I - Q;_·h t , 

M, = h ~). - 2.J - J/' H .. • 

(II) 

R;, = I + h- Q .. = ZI - ~ 
Ilpm11ott xo.n nporoHRn S81iJlll1l:aeTCSI B Bl:ltmCJieHID! nporoHO'llillX 1<oaj$1-

IJ,HeHTOB C;, , jj,; B cooTHomemm 

U, = C,; U i+1 + 'Di. (I2) 

no qx>pMyJiaM 

~ 

_,,..;/ 

" [ 
I 
I 

, ' 

I 

I 

, \ ,, .-

_,, 
C;, = - ( M;, + R;,C;,-,) N;, ', 

- _, .It - -

D; = (Mi.+ 'R~C,-1) (-h ,>';:- Ri.D;,-,) (I3) 

-1 

Co =-(R,5, + M 5,) ( M,5,- iliJ"1l,) 
_, 2 -

D0 = (R-, S, ~ ;Vi 5,) [-h 5, Y,. + (I4) 

+ ~ ( s,: Yz + 21z L :A Y, - s,: Yo)]. 
,lJ,mt oelpaTHott nporoH:KH ncnom,syeTCJI BupalKeHne 

-4 
UnH= (T,, + ZkFnCn- T,,Cn-,Cn)· 

(I5) 

: (-zh ( P:,. i,, 4- F,, ·'jjn) + T,, fi,,_,+ T..C •. ,D,,-7.:;Y...l't:Yn-1) 
lI COOTHomemre (I2), C llOMOl!ll>ID ROTOpux BW!lICJllilDTCJl ROMITOH6HTH 

U;, . 

I 
6. Ile~eMemnrlt mar 

0Tp680R [a, B j paselIIBaeTCSI ysJIOBHMR TOtmaMR X;, CJie

,ItyllltHM oelpasou: 

X i+t = X,; + h i-H . 

Sa.Ilati:a (?) 88lll6WieTCJl ROH6'WO-pa8HOCTHOit; 

IV.: U;.. .. , + M; U;, + 'R;. U;.-~ = Po: I 

~ - - - ,. .:. -, - ~' - ~ - (I6) 
;::,,. Uz. + L1 u,. - $, l.lo = -[s, .. Yz +Lo,¼ - g,,. Y,,J 1 . . 

f,, u,,., +tu" -i;, u,._1 =-[r,,:i.,+ f:,.9,.-r,,~ Yn-11 
. , 
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I. 

~ .,. 
r.rte .,¼ = h,~ { I - a, h;,) 
~ ' ,. J M;, = (i,+hi.r1)[ ;;h,h;.+,{Al-H)-I-(h.~,-h~)G, , 

Re.= hc.+1 (I+ o .. h, .. ..,) 

B = - : h;, hc.+f ( ki + hi,+t) Y.: 
7' .:i -
;:>, = h1 S.1. . . s, = ha 51 t (I?) 

~ ~ 2 Iv, = Zh,h,. (J,1 +hz)l1 + {h,1. -h1)I _, 
,., z ~ z. 
T,. = h,, T,, , T,, = hl1+, T,, 
F,, : /?, hnhn+-4 (h,,+ h~+1)F',. + (h!+f -h:)I. 

~PMYJW ,ItJIR: nporoHO~Hl:lX RO8qXpru:{lleHTOB H u, ITOJIHOCTI,ID COBlla

.n;aIOT c (I2-I3), sa RCRJIDtremrnM HatJ:aJII,HWC YCJIOBml .zvm: rrpiIMO:li R 

o6paTHOii rrporOHOR, ROTOpl:le rrpmmMal!lT BH,ll;: 
.,.,..,,, Fe' ,,.,,,, ....., _.,, .,,,,.., ~ ,_ """ 

C1::: - [ M1 s. + 'R. Lt] [ N; s., + R., S.d , (I8) 

n
1

= r~Ls1+ tJ:~~l' [SP-(R.S~9z+R.I;>91-ifs:9J, 
- ~ ~ ~ -1 
U.,.:-[T" + ( P,, -T"C,. .... )C"J ,, cm> 

~ [( f:-TnCn-f)Jt + •ey"~+ f.:~Y,,- t:A9"-t -t I),,.J • 
3aMeTIDJI, tJ:TO B ,ItaHHO:li peaJmsamm paCCMOTpelqlaJt HT8pa!UIOHH8.lt 

cxeMa pememm ROHetJ:Ho-pasHocTHo:li sa.rtatJ:H, aIIIIpoKCHMRPYillleii sa.zta-gy 

(I), SIBJJJieTCJI o6o6~eHHeM H8B8CTHOro MeTO.rta o6paTHWC HTepamnl 161. 

?. Ilpmnum peaJm381J,ID1 a.nropRTMa (rrporpaMM.a SISTELO 

W rrp:n:6JnmeHHoro pemeHHJI Sa,ItatJ:H (!) HeO6XO.lii!MO peaJmSOBaTI, 

CJie.ztYDl!d a.nropKTM: 

10 

I· 

·, 

. ...--· 

I) Ilwm:CJmTI, rrporOHOtJ:HUe Koaq$m!IeHTl:l no qx:>p,.iyJraM (I3). 

llpR STOM RCllOJU,SyJOTCJI Ma~ Koa~e~TOB H , Q R Ha'lBJIJ,

Hoe rrpH6.moteHKe K co6cTBeHHo:li lj)ymmlm Y0 11 co6cTB8HHOMY peme

mm Ao. 
2) Ilo qx:>IJMYJIBM (I2) R ,ItRCKpeTHOMY aHaJiory nocJie,IUiero Bl:lpaJKe--

HJlll (5) HalTH HTepawi:oHHHe nonpaBRK u. K CO6CTB6HHl:lM q>YHR-

UJ[SIM Jt: CO6CTB6HHOMY 3Hatremrn J' ll • 
r,J 

3) Sa,ztaTi, :matre:ime l,c • 

4) Bwn!:CJmTI, (K + 1)-oe npx6JIHllteHJie K C06CTBe.HllllM q>YHRUKIIM 

H CO6CTB8HROMY 8.HatJ:8HIIID 

}. K ♦ -f = AK + 'C,c_ff,c ,_ 

Y f(+◄~ = 9K· + 'LK (-YIC +.JIK i)K ) • 

5) Bwni:CJilITI, H8BII8Ry g K = II '-(';:) ( XK+4 , j tc'+t ) " , 

cooTBeTCTBytIIzyll BTOMY rrp:n:6Jmllte:imD. 

6) ECJm sa.n;rumaa: TOtJ:HOCTI, BWmCJieHRII Y 
THI'HyTa, TO rrpo~cc llOBTOpJieTCJI. 

K ). He ~oc-

Tpy,ItHocrir pea.,msamm BToro 8JII'OpnTMa 88.KJIIOtJ:eHl:l B CJI8.ztYKJit8M. . . 
Ha pa8JIHtJ:Hl:lX "9Tanax Bl:ltrHCJmTeJII,Horo rrpon;ecca Heo6xo,ItW11O xpa-

HHTI, B onepaT:n:BHo:li miMSITH SBM MaTpmi;T:l H , Q , C . HanpIDJiep, 

IlpH pactreTe ypoBHeil BH8prIDI R BOJIHOBWC rpyHiantil .I' -MeSOMOJI8KyJI 

BO~Opo~a HCllOJII,SyeTCSI CHCTeMa 40 ypaBHenml c napaMeTpaMH a= 0, 

B = 60, h = 0,I,R Krult,I(aJi HS BTllX MaTp:im CO.ztep:mT ,v ro6 BJ18M8H

TOB. Trutoil o6~eM UHqx:>pMamm H8JII,8Jl llOM8CTHTI, B onepaTllBIIy!O llaM/iTb 

3.Ell (.E3Cll-6, CDC-6500), HM8JlltRXCJI B .lIBI'A OIDlli. 

.ItruI ycTpaHemm STOil TPY.ztHOCTll 6wnr BCllOJII,3OBaHl:l BHennme sa

noMHHamme ycTpo:liCTBa (MaI'HHTHUe ,ItRCKH) • 

OcTaHOBIDJICJI no.ztpo6Ho Ha onHcamm nporpaMMHott pea.,msamm aJI

rop:n:TMa Ha aBM CDC-6500. -

II 



HeKOTOp8.fl MaTpIDW. (HanpIDJJep, C ( X.,) ) 3amICiraaeTCll Ha BHem

HeM ycTpo!CTBe "CJiom.m" cC(Xic&): C(X,cr,+t) •.. . , C (X'ice+"nt.lac.) ) 

(cM. pnc.I) no J/,<Nx hb1oc. TO"<IeK B KruK,Il;OM CJioe, (3.I(ec1, l<f> -

HOMep "CJIOH"' h & loc. - wup:irna "CJIOJI"' Bcero k Bloc. "CJIOeB". 

'lfu:CJIO T~"<IeK pa30Hemm 0Tpe3IW. [ a, B] . IIpH KOH8"<!HO-pa3HOCTHOll 

armpoKCllMaIUill pallHO Kt)oc.,c h&1oc ). B orrepaTWlHYJO ll8M/IT1, C'lli

THBa6TCll TOJII,KO Hymmtt B ;8.HHilfi MOM8HT "CJio:lt" • B!Joop TaROH opra

HH3all;lm ll8Ml!Tll onpe.I(eJieH TeM, "<ITO npH TpeXTO"<!e"<IHOfi annpoKCRMaIUm 

MSi B:irntCJieHRJI JII06o:ii BeJIWUIHH B HeKOTOpo:ii TO"<!Ke Xi. (Xi f: [a' B]) 

HeOOXO.I(HMO llM8Tl, lIHqJOpMaIUrlO O .J'.U)YI'RX BeJill'Il'!Hax, BXO.rtflllllIX B q:op-

Mym aJiropnTMa ,TOJII,Ko B TO~ X •'-• , X.. n:. X .:+1 
Ha 3~ CDC-6500 srumc1, MaTpm:( H n: Q Ha BHemHee ycTpoiicTBO 

(MarHHTHHfi ,I(HCK) (TAPE 1) no 11 CJIOHM" OCYlll8CTBJTJieTCll C IIOMODU,Xl 

nporpaMMH-pe.I(aRTOpa FLOWER, BXO.nmrte:lt B II8ft6T rrporpaMM, 

ynp8.BJllIXII1He RB.pTH KOToporo rrpe.I(cTaBJieHH Ha p:n:c.2. AHMorwnmM 

oopasoM Ha . TAPE 4 sarmcmiaIOTCll qJYlIIW.IDI Ha"<IanHoro npn6m-

llteHM ( "t 10 C. B!iO:irpaeTCll T8.Kl!M o6pa30M; "<!TOO!i "CJIOtt" 

}/,c N X ,,1, Joe llOM6UlMCll B onepaTIIBHOfi llaMJITH Mannnru) • IIoCJie 

Toro , KaK H , Q li Yo 3allHCaH!i B HYlJtHOfi q:opMe , Hal{RHaeT 

paOOTaTI, OCHOBH8.fl nporpaMMa pememIJI CHCT6Mli ypaBHeHlitt. 
' ' . 

C BHeIDlIBX ycTpottcTB TAPE I H TAPE 4 'lll-

TaeTCll nepBHfi "~oi1" H , Q H ~o , BHl{lICJIHeTCll nepBllii CJIO!l 

nporoHo"<IH!iX xo~eHTOB C H 1) H san:n:cHBaeTCll Ha TAPE2. 

~eM 'lllTaeTCll BTopott CJio:11 c TAPE I H TAPE 4_, BH"<IHCJllIJJTCll C 
D BToporo CJIOH n srumciraalDTCll Ha T4PE 2. B pesyJII,TaTe Ha 

T~E 2 arumcrum KA1oc CJioe~ nporoHotJHWC xo~eHTOB C 
'D fl MOEHO Ha"<IHHaTI, o6paTHYJO nporomcy. Ha TAPE 2 ,l(eJiaeTCll B03BpaT 

Ha O'!J)fy JIOrH"<IeCKyIO e,I(lflllllly SamICH Ha3M (Ha O,ll;lIH "CJio:11"), 'lliTaeT-
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111 
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I"' 
! 

:,1;1 
~ i I 

-

PKc.I CxeMa opraIDtsa

nJIH 'pa60Tli nep.pdHHX 

ycTpOftCTB B rrporpaMMe 

SISTEM. 

., 

Pllc. 2 IlaKeT ynpaBII.IID

ll!l(X 88,lalld .1tJJJI aw 
CDC-6500. 

TAPE1 

/ [@TAPE4 

~ 
KBLOK _.} 

1:IEtr'~'~if ~.l"l 

""'·""' I I I JJ"""" ·. \ __ READ + 
TAPE[fJTIWlfl!!i WRl 'E I READ) u,:,f,,.• / 

/ / 
.,,,,,,,.,,,,.,,, /// 

z..i+ "-~·Y <•> ____ ..... ,.,-,, 
u.;;-v:~•(x) --:------ __ ,..,,,, -------~~!_!~--------

NOJM 

NDlM 

TAPE2 

H(x),Q(X) 

/Tflflf• 

= 
/ ~=· _ ... _._ 

JOB 
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' 

I. 

CJI STOT CJIOII:, Bll'tfilCJJJieTCJI CJIOII: llTepaIUIOIUWX IJOnpaBOK L( ,c ll sa

IDICHBaeTCJI Ha TAPE 3. fuTeM Ha TAPE 2 ,n;eJiaeTCJI BOSBpaT Ha .n;Be 

Jior:ra:~ecKRe e,n;mnm;II samrcH Hasa,n; n tm:TaeTCJI npe,n;nocJie.n;Hd CJioll 

KOa~eHTOB ~ ll 1) , ~CJJJieTCJI CJie,n;yI(Illllii CJIOH HTepaIUioiI

HllX nonpru30K U" H samrcllBaeTCJI Ha TAPE 3 • B KOHUe Ha TAPE 3 

oy;rzyT samcrum HTepmuiomme IJOnpaBKll l.T,c • liapa.7IJI6JThHO nponcxo

,ll;llT CyMMllpOB8.Hlle B KBa,n;pazypHHX qiopzyJiax .n;JJJI Bll'lliCJiemm l'K . 
B!l6npaeTCSI r: K ' coorBeTCTBYJ.:lllee MIDmMyMy HeB!lSKll. J(aJree aHa-

JIOrH"IHO 0IlHC8IlHOii B!lllle npon;e;rzype BWmCJieHWl lil( B!.ftll!CJ.UmTCJI 

qJylIKD;llH Y K+1 n samrcHBaJOTCJI Ha TAPE 5, BwmCJilleTCJI J. ,c • 

ECJill HeMSK8 a IC+i OOJI1,me 38,n;aHHOit BeJill'tfilHU, llHqJOpMan;M C 

TAPE 5 nepeIJlICHBaeTCSI Ha TAPE 4,R BlltmCJillTeJ'll,mnl npon;ecc llOBTO

psi:eTCJI CHa~. 

0IJTHMHSamtll paccMOTpeHHoro 8JII'OPllTMa ,ll;OCTllI'aeTCJI CJie,n;yRJllllM: 

a) sa c~eT BUOOpa 'C It pacmHpsi:eTCSI OOJ!a.CTI, CXO.n;RMOCTH Me

TO,n;a fu.JOTOH8 ; . 

6) MeHee nomio6HaSI ceTKa no X Ha ~aCTKax MewreHHoro H3-

MeIIeHIDI xoaqxiim.uieHTOB H II Q npHBO.n;llT K yuem,memm ~llCJia 

oneparudt, T.e. K ycxoperuno BWmCJIHTeJil>Horo npon;ecca. 

TeKCT nporpaMMll SISTEM Ha SI3!lKe iliOPTPAH-4 HaXO,lOITCJI 

B.6n6.mroTeKe-nporpEiMM OIDIB, OJioK-cxeMa ,n;aHa Ha p:ra:c.3. 

8. OIJHcrume napaMeTpoB nporpaMMH SISTEM 

Bee qialtTll~eCKH8 SHa~eHIDI napaMeTpOB,HeOOXO,n;HMHe .n;JJJI paoorn 

SISTEM1 a TaRllte rice pasMepHOCTH MaCCHBOB Koa~eHTOB sa-

,n;amCJI nporpaMMoii-pe,n;mtTOpOM FLOWER • (IIporpaMMa SISTEM 

Mo21teT pa6oTaTI> :ra: oes nporpaMMll-p,e,n;rutTopa) • 

NDIM - tm:CJIO ypaBHeIUitt B CHCTeMe (I) 
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NBL(f)C X K 8L(/)C - tmCJio ySJIOB ceTKH no >< 

( NBL</JC ,n;oJD1tHo YMeHI,maTI>CSI c pocTOM NDI M : HaIIl)HMep, npn 

NlJIM= 40 - H8L¢c = 5, npn rfDIM = s - A/13J..¢c. = 50). 

£ O - Ha~WII,HOe np:ra:OJIHllteHlie K HCKOMOMY COOCTBeHHOMy 3Ha-

~emm ( t-o= i-AMN-E./aa-A,r,n;e AMN, BETA - n~~HHH, KoTopHe 

• sa,n;aJJTCJ{ lIOJII,SOBaT8JieM). 

AM f , AM 2, A H3 - qmmrttecKHe napaMeTpH, ooecn.e'IlillaKlllHe 

nepeBo,n; .;\ B pasJil!'IHHe qiRSH'I8CKHe e,n;mm:uu. (CMHCJI STHX napaMeT-

poB o6McHJieTcsi: B n.9, 'l'aK 21te KaK :ra: napaMeTpoB li, l.2;LJ ). 
NIT£ R - MaKCi!MaJil>Hoe tmCJio maroB no ocn: t . 
EPS - napaMeTp, xapaKTepRSYllllHii TO~OCTI> BWmcJieHHSI co6cT

BeHHoro sHa~eHHSI H COOCTBOHHOff qJylIKD;llH sa,n;atm (I). B Ka~eCTBe 
. -

Mepu TO~OCTH npn:6Jm21temm ( ). "',. Y K ) K HCKOMOMy pememno BH6Hpa-
2 _ eTCJI neJIHimHa: 

SK= ~a.x -----·I b.~ er- h..ia~ )Y ..... ,t< + 
20.«lf-t. h.~ hi (he:+ h..+1) 

. +Ch-c.+hi•t) rt 1i.~11,,+i CI.,\ - H~ )- I- l ki ... -k.}a.:]Yi,,l 
• + _.l,i.i.+f (I T h-i.+1 Q;) Yi-1.K I 

HTA U - napaMeTp, sa,n;amimt pelltlIM oo6opa mara !"',r 

N TA V = 0 ,, 'l'K = i. , 

KTAVI 0 0.9 i HTAU:;.J, '(K~= 0.1+ A/TAU-().( , - . ~ BllOHpaeTCJI HS yCJIOBHSI LI< = nHn O "' 
. l<<c.~NTAV· 

Rax IJOKaSllBaeT OllllT Bl,JqHCJiemdt~aToT pel!tHM ooecne,mBaeT HaHOOJII,-

lllYJl ycTOfftmlloCTI, l!Tepaltd. 

I PRINT - onpe.zteJJJieT ~cToTy w.n;a-cm: Ha ne~aTI> npoMellty-

TO'IHO:tt HHq>OJlM~. 

IIpn I PRINT= 0 ~ Y~., ne~Tamca: noCJie 

BllIJOJIHemm O.n;Horo · HS YCJIOBml: JlHOO K + 1 > /V 1 r ER , Jm:00 

~/(♦'( < EPS. 
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Ilpn IPR INT= f (})j'1IBIUm ½H neqaTamca noCJie 

I<aJK,nOit HTepruum • 

S T £ P - mar pa::iHocTHOii: ceTKR no X • 

STEP=HH B CJIY'Iae paBHOMepHott ceTKR, STEP{nUoc+ 1) = 

HH (nMoc+-1) - B c.JIY'lae HepaBHOMepuon ceTKR, • 

NS TEP - aTOT napaMeTP ::ia,n;aeT pellOO! pa60T11 nporpaMMll c 

IlOCTOJIHH!:lM J,IR60 C nepeMeHHUM maroM ceTKR, 

#STEP-= 0 nocTomnmtt mar 

Al ST£ P = 1 nepeMenlllllt mar. 

E - aToT napaMeTp cooTBeTcTByeT ). B ::ia,n;aqe (I), T,e. 

.>.=E . 
KpoMe nepei:mcnemmx BmIIe napa111eTpoB ,)µIll pa6oTu nporpaMMll 

SISTEH c BHenrnm.m ::iarroMRHal!IlllIMH ycTpoitcTBaMH TAPE I, TAPE 4, 

TAPE 6,HYJ!tHO ::iarmcaT1> Ha !RX Ro~euTR H H Q , ~ 
HB'l'.Ml>Horo npn6JIIDKeHIDI Yo :u: mar rro X - h;, (B CJIY'IBe nocTomr

uoro mars no X h., = h,, TAPE 6 ue Hcnon1,::iyeTcn:, h aa,n;aeT

ca B rrporpaMMe-pe,n;aRTope). 

H , Q - TIJeXMepHRe Macc~u pa::iMepuocT:u: NDIM x,IIJ)J/11( 

X N~L(lJC. 
Y - .n;l3YDepHR:li MBCCHB pa3MepHOCTH Afl)IM X AIBL (Jc. 

f/11 - B c.nyqae N'STE P= 1 o.n;uoMeplllllt MaccRB pa::iMepuoc_; 

TH ll13'-¢C -1-i. 
H , Q , Y , H H - aami:cimamca ua BHennme aanoMm!lllllllle 

ycTpottcTBa CJie.n;yl[IltID4 o6pa::ioM: 

d. 

1)(6 i Ke,= i~ KBldc 

Wl?I~E (1) 

WRITE {4) 
H,Q 
y 

WR.ITE (6) STEP 
C0NTIA/t/£ 
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.IT.1Ia nporpaMMll SI ST£ M Heo6xo,It1n.1O TBKllte rrpe.zrycMOTpen, 

BHennme ycTpoilcTBa TAPE 2, TAPE 3; TAPE 5. 
· IloCJie K8J!,JJ;O:ll RTepamm netJ:aTamca: 

K - . 'll!CJIO HTepaIUril: 

TAU::: 'l'K , TM:::: .J'K 
. IN' 

$ Y = 1 f, [ ~l((xJ]'lx, 

SY = r'~ y, CK) u. cx)JJ(. E = .,,\ . 
e).,_ J• { J,K J•" , 

IlOCJie 'IIOCJI8.n;H81 HT8panm!, RpoMe Toro, II·etJ:aTamCSI Bwnt:CJI8H

HH8 nepBHe mecTl> ~ Y,c H aua-qeHHSI E : E5 , .[ V, EM 
B paaJnrn!WC <paaHtJ:ecIWX cHcTeMax e~: ES =. 0.5 · E / A MN, 
EV= E 5 ·BETA.EM= E S·ALF'A ; rrepeBo.n;uoil rrapaMeTp 

· A L FA , TaR ze KB.K II BET A , aa,n;aeTc.R: non1,aoooTeneM. 

IIporpaMMott SI STEM Bll3RB8DTCH cne.zrymurn no.n;rrporpaMMR: 

CDPR~G,FPR0G. iAUKA :u: 'DELTA. . 
. 5UBR0VTJNE CJ)PR(bG(NDIM,KB,>IB.CC,YEC~M.R,H~ 

" 3Ta no.n;rrporpaMMa Bll'llICJJJieT nporoHotJHue RoaiixPmmeHTH C H 

1) , ROTopue qepe::i C</JHM(/)IV -6noR nona,n;aDT B ocHOBHYJO nporpa111-

MY H ::iami:clIBaRlTCSI Ha TAPE 2. 
SUBR0UTINE ~FPR¢G( NDJM, KB,NB,Fl?EJ'f.. 

_ N8L(/)C,HH L 
8Ta no.n;rrporpaMMa Bwnt:CJJJieT qJY1IK[Um U , tJ:epes c¢HM(6,V -

6JIOR OHll nona,n;aIOT B OCHOBHy'i) nporpaMMy li 3aIIHCllBalOTC.fl Ha TAPE 2 • 
Sll8IU/JUTI)(£ TAUl<A(HH, HflE, 'rM, TK:, NTAU, 

E, N,-1-/, Q,N'DI M, KBL/JC., 
N/31.r/JC) 

IIo.n;rrporpaMMa BH6HpaeT t'x- n::i ycnoBM T K = 
= rn,'>t, J",..,: H IIPHCBaHBaeT 4 napa111eTpy TK . .ITJm 

j,H",JI 7>r:: 1 TA 
pa6oTll STOil IIO.n;rrporpaMM!i Hyxlfa no.n;rrporpaMMa J:-1,1 , BWIIIC-

JIJmltaJI t" . 
17 



s u BR ©TI N'E 'DE l TA { 7)£ l, I /1/!,LlbC., 

NDIM, }I, H, Q, HH, HHZ, EH) 
STa no.I4IIPorpaMMa Bll'Il!CJifieT ;J K • /.,, i Ha OTJ)esKe fa.', I,' J , 

r.I{e a'= {KB-J.)-NBL0C, .i'= KB·N8L¢C , 1:.~ KB,K8LrJc 
I I I ~ 

(B TOtmaX a.. ll f, - ~I( • 11, He BWUICJifieTCH). 

flOJIJ,30B8TeJIJJ He06XO,ItW/JO TaKllte COCTaBllTD c~e.eyllllllie IIO.I4IIPO

rpaMMU: 
Sul3R¢UTINE FC1Df {HH, S, L) 

STa lIO.I4IIPOrpaMMa BWmCJl/18T IIO qx:>JlMY~aM (I4), (I8) KOBqqlli

D;R8HTll C-1 H D., , KOTopue tiepes C0MM¢N-6~oK nona.naJOT B 

no.I4IIPOrpaMMy C'DPR~G. 
S1UBRiJf.lTINE FU!l(Hfl, T, F) 

-
Ilo,I{llporpaMMa BWmCJIIIeT no qx:>PMY~ (I5), (I9) ll,, , eCJIH 

T::tO, F=I TO 0,,=0. 
B nporpaMMe :IICIIO~D3YJOTC.fi 6ir6~0T8'!Hll8 IIO.I4IIPOrpaMMa--if?yHK:IJ.mI 

M ATI N ll gJYHlO.UJJi AMAX I. 

9. Ilpl!Mep llCII0~30BaHRII nporpaMM!l SISTEM. 

BwmMeHHe imeprmr CBll3ll H BOJllJOBllX ~ M630-

MO~eKy~ pJ M . 
Fj 

IlporpaMMa RCII0~30B8~8CD ,IVllI H8XOJK,n8HRII yp0BHett 3Heprllll 

/I -M830MM8Ky~ BO.I{Opo~a. B Ka'l8CTBe II~epa paCCMOTpeHO BWmC

~emie yp0BHII 3Hepr:im II BOJllJ~BllX gJYHKil;Rtt M830MO~eey~ p"J,f C 

KBaHTOBWm 'lllC~ J::: 0 , l.f• 0 B M1!868Tlf'l6CKOM IIp8.I{CTaB

~emm sa.na'lR Tpex Te~ C KynOHOBCRIIM B38.ID/JO,I{eHCTBH6M /Bl. JI,1m: 3TO

ro CJIY'IaJI CYII!eCT:syeT HesaBHC:l!Milli BaPHal\ROHHml: pacqeT 191. 
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B Ka'ieCTBe HatIMDHoro npir6J:tmiteHIDI K BMHOBllM <Wl!KI.UmM H 

3Heprmr IIClIOJII,~OBaJmCD BOJllJOBlle -gJYHlmruI II co6cTBeHHoe 3Ha'!emre. 

Yo= 
( 

¼. ,o) Yz,o 
0 

, Eo 

lIOJJY'leHHHe 143 .I{ByxypoBHeBoro rrpn6nmteHJLII ,zvm: cacTeMH pelf' . 
Ilepe.I{ o6p~eHHeM K nporp&mae napaMeTpaM 6unH npHCBoeHH cne,I{y
Dl!He SHatieHHB: : 

AMI = 3670,48!, AM2 = I836,I52, AM3 = 206,769, Z1= Z:2 = I, 

EO = -2!4, LI = o, STEP= o,r, ilSTEP = o, E.P$ = ro-ro, 
NITER = IO, #TAU = o, I PRINT= o. 

3,necD: 

AMI, AM2, AM3 - Maccu sr,nep p, J R Macca /' -MesoHa "'I" , 
Z I , Z 2 - sap!WI sr,nep, 

lJ' - MOM8HT ClICT6Mll f'"l" , 
Sa.na'Ia paccMaTpHBMacD Ha oTpesKe [ O, 20] c Hy~eBUMH rpa-. ,, 

HH'IlillMH YMOimRMR 

T= S = 0 
I l = F= I 

IlaKeT nporpaMMH Hso6paJJteH Ha pirc.2. 

Ha qrutnax TAPE I6, P3, FL¢WE·R , SISTEM 98.IIliCaHU 

BqqleKTlIBHlle UOT6HIOmJm sa.na,m Tpex Te~ B B.A1Ia6aT:II'l6CKOM npe~CTaB

~eHim, H(x ), Q(x), BOJIHoBHe ~ HatzanHoro npm:SJIIDKemra: 

Y0 (X), nporpaMMa-pe'AaKTop FL©WE R , nporpaMMa SISTEM ~ 
Jvm pa6oTu nporpaMMH Heo6xo.itm,10 sa.naTD Ha nepqx>KapTe # 1-24 

qx:>JlMaToM 6I5 B8Jl1I'il1Hu: NDIM, N'BL¢C, K8L0C, MST AR 
(Mm, no KoTopoMY qx:>pMHpymcsr Ko~eHTH H R Q ) , 
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NTA U,IPRINT I'I Ha nepqx:i~pTe #I -25 Bemrnnrn: 

A/VAR (HoMep oopmUITa),Z1, Z2, AMI, AM2, AM3, EO 
(B sB), LI qx:>pMaTOM ( 15, 2 F3.2,6F10.4, 12.). 

B CJIY'Iae I PR I NT= 0 pacrre'laTHBaJOTCJI BOJmoB11e qJYHK

UHH (riepBue 6) Ha rroCJie~eM mare no t . Ypomm aHepI'I'II'I BU

'II'ICJIHIOTCJI B pa.SJII'l'IHHX CI'ICTeMax e~: 

ES (UNITS (/)F M5TAR)=0.5-E/AMN' 

EV ( ELECTR(J)N V(/)LTS) = £5 • BETA 

EM {MES(/)JV UNITS)= ES-ALFA 
B e~ sa,na'!I'I ( A MN= 6. 25260328), B rureRTpoHBOJil>Tax 

CBETA=5326.Z.8397) I'I MesoaTOMHHX e~ax ( ALFA= 
0. 9J.i667-12). 

Pac'!eT 6WI npoBe~eH .JVIlI CJIY'IaeB #VIM = 2, #BL¢c= IOO, 

KBLr/Jc = 2, JIDIM = 6, /1/BLf/Jc = 20, K8L~c = ro,ll.l)JM= ro, 
i/BLt/JC = 20, KBLr/JC= IO, Nl>I/1 = 20, i/Bl<k·= ID, K8lr/JC = 20, 

All>IM = 40, N81..¢C= 4, KBLrJC= 50. 

B nepBOH RO~OHRe Tac5.7nmu I ne'laTaeTCH 'II'IC~O YP8-BH6H1m_B 

cl'lcTeMe #'DIM, BO BTopott I'I TP6Tbett RO~OHRaX - BpeMll pa.6oTU 

neHT~Horo rrponeccopa, saTpa'!eHHoe Hao~ I'ITepanIID, I'I BpeMll 

pa.60Tll II6pl'lftlepmbmx ycTpofiCTB B Celt, B '!6TBepTott ll IIHTOtt RO~OH-

R8X IIpl'IBe~eHu sHa'l:eIDUI A B e.nmnm;ax sa,na'II'I I'I B 3 8 • IIpo-

necc CXO~TCJI sa Tpl'I HT6pa.UHH, IIpu STOM H6M3Ra rK YM6Hbllla

Jia.Cb OT ro-I ~o ro-I0. 
Pesym,TaTH pa.C'leTa ypoBlUI f>? C KBaHTOBw.m 'II'ICMMH 

:l= 0 I lf:r:O IIplI y'l:6Te HenpepUBHOI'O cneRTpa (HenpeplillHlrlt 

cneRTp sa,na'IR 1I:fJYX RY~OHOBCRI'IX neHTpoB RB8HTOBOft M6:xrumrot Y'!I'ITH

BMCJI IIO TeOpIDI BOSMyllleHIW) xopomo cormcymCJI C Bapl'l~OmruM 

pac'!eTOM / 9/: 

E' Bap= -22I.28 sB, E = -22I.48 aB. 
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Ta6~ I 

BpeMll Ha · o~ n-repamm 

JIDIM· B C6R 

c,, CP. 

2 I,5 

6 7,8 

IO 2I,6 

20 II8,2 

40 7I5,8 

• 
~ 

Pltc.3 H.1101t-cxeMa npo

rpaMMl,I · SISTEM • 

). 
pp E <~B> 

40,8 -0;5092 -2I5,I 

40,8 -0,5!60 -2I8,4 

55,2 -0,5!66 -2I8,6. 

I35,0 -0,5I72 . -2I8,9 

399,0 -0,5I?7 
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'JQdaHut napaHtmptJI 
'Jadrf.~llptJIP(l,moii 

--~KmD!!l_____ 

1/m#HUt NO"IO~ 
llf)UtfAUJKtNUII i_•,Jl,Q, 

UIIUO 1'0 X-"h1, 
1uentJM,JgNJmr1 IHruJHUe 

~"'4f PE8z 
TAPE 1 
TAPE..§. 

-2I9,I 



IO. 3a.RJ:r!O'I_eHirn 

Ilpl[ pememm ~sll'!ecKHX s~aq xoaqqim.UieHTH B cncTeMe YJ)a.B

Herurtl (I) MOryT 6HTI, 38,!taHH B mme Ta6~ rumc paBHOMepHHM, 

T8K R C HepaBHOMepHHM maroM no X •.. EoJn,nnmcTBO 8JII'OpHTMOB 

npor:paMM /IO/ npe,mt83HaqeHH ~ pemeHllll CHCT6M C K03qqim.UieHTaMR, 

38,!taHHHMl'I aHaJilITll'IeCIW, 

,IT,rumaJI nporpaMMa opneHTnpoBaHa Ha pememre cncTeM OOJll,II!oro 

'll!CJia ypaB1Iemrff c noTe~raJiru.m, 38,!taHHmm tm:cJreHHo, npnqeM mrKa

rorx orpaHll'IeHIDi Ha MaTpIDJ;ll KOa~eHTOB OTHOCHTeJil,HO RX CHMMeT

p:im'He H8K!Ia,J:tIIBaeTCSI, 

B s8KJI!Oqemrn aBTOpH 6Jiaro~apa:T JI.H.IloHOMapeBa sa HHTepec 

It pa6oTe H noJiesHue o6cy,imemm. 
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