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Pa3nHqHU8 BOnpocu aBTOMaTH3a!UfH ~H3Hq8CKHX HCCH8AOBaHHil 

npHBOART K pa3paClOTK8 nporpaMM AHR pelll8HHR H8nHH8HHUX CHCT8M 

ypaBH8HHn, oCln~aD~lOC paClllHp8HHUMH anropHTMllq8cKHMll.B03MOX

H0CTRMll. 

B Hac:roR~en paelo:re npeAnarae:rcR coc:raBHOH anropHTM AHR 

pemeHHR H8HHHenHux CHCT8M ypaBH8HHil, OCHOBaHHUil Ha Ol.-~-pe

rynRpH30BaHHUX H:repaUHOHHUX nponeccax raycca-HbDTOHa/11. B 

3?0M" anropH:rMe OXBaqeH PRA BaJICHUX AHR BuqncnH:renbHOil npaKTH

KH Ha 3BM ~-nponeccoB, xaKHx KaK aB:roperynRpH30BaHHun npo

necc Re~ 121, nponecc c 3KcnoHeHUHanLHO yCluBaBJII{HMH onepaxo

paMH perynRpH3anm/3, 4/, nponecc c KOMneHcHpOBaHH;n perynRpH-

3aUHeall/ H nponecc c "HaHnyqmen nonpaBKoll" (Koxopult omrnu

BaexcR B n. 4 HacTOR~ea paeloru). 

IIpeAnaraeMun B paeloxe anropHrM peanHsoBaH B HanHcaHHOlt 

Ha 'POPTPAHe nporpaMMe (SUBR.~UTINE R.EGN ), Koropyn MOXHO 

Henocpe,ncTB8HHO npll.l.!8HRU, B qacTHOCTH, Ha. 3BM E3CM-6 H Ma

lllHHax CDC cepHH 6000. Teno nporpaMMli R.E GN nplIBOAHTCR 

B npHHOlll:8H:IIH 1 0 

KpOMe B03M0lll:H0CTH HCIT0Hb30BaHHR pa3nHqHux R.-nponeccoB 

THna raycca-HLDTOHa, B anropHrue nporpaMMU R.EGN npeAycuoxpe

HU OTHOCH?8HbHO lllHpOKH8 B03M0lll:HOCTH B BUClope cnocoela noc:rpoe

HHR uarpnn HKoClH, cnocoela npepuBaHHR HrepaUHOHHUX nponeccoB; 

B BUClOpe THna pemaeuoa H8HHH8HHOR CHCT8MU ypaBH8HHn, a TaKlll:8 

B BUClOpe HOpM AHR B8KT0pOB H uarpHU. 

B OCHOBHOM nporpamia R.EGN npe,nHa3HaqeHa ,ltHR nocTpoemrn 

yc:roUqHBUX Hrepa!UfOHHUX nponeccoB OTHOCHT8HbHO HCKalll:8HHtt 
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BXO,llHliX ,llaHHWC H OIJIHClOK OKpyrneHHH npH paelOTe 3BM. K HeOClXO,llH

MOeTH noeTpOeHH/1 TaKHX nponeeeOB npHBO,llHT, B qaeTHOeTH, peme

HHe HeJIHHellHHX eHeTeM, HMeDmHx HenpoeTHe HYJIH. 

PaenrnpeHHHe B03M0lltHOeTH nporpaMMli R, E GN MOlltHO HellOJlb30-

BaTb npn e03,llUHllll enennaJibHHX anropHTMOB ,llJl/1 pemeHH/1 "nOTOKOB 

HeJinHellHHX sa,naq", nonyqaeMblX npH oClpaClOTKe pesyJibTaTOB qJH3H

qeeioro aKenepHMeHTa/
4, 5/ •. 

Ilporpal.!MY R. E G N MOJKHO TaKl!te nenOJib30BaTb npH aBTOMUTH3a-

UHH 11eene,110BaHHSI "HenpepHBHHX 3a,naq",llHtppepeHnHaJibHble, HHTe

rpaJibHble ypaBHeHHSI, KpaeBble sa,naqH ll ,lip.) Ha oeHOBe CHCTeLW 

qenoBeK - uali!HHa/61. 

n. I. OeHOBHble MO)IHqJHKaUHH aJirOpHTMa 

npor:P_aMMbl R. E G /\I_ 

IlycTb R.N - N-MepHoe BemecTBeHHOe npoeTpaHCTBO TOqeK 

( X 1. > ••• > Xr,1 ) • IIycTb B HeKoTopon BlillYKJIOil OClJiaCTH DJ-{;.~ 

sa,naHH M HeJIHHeAHHX BemecTBeHHHX qiyHKUHil +j<x,, ... ,xN),j=i , .• ,M,. 

OClJia,naDmHX qacTHliMH npOH3BO)IHlilffl no BceM KOMll0H8HTaM :C.i.,••·M 

B OClJiaCTH Di paceMaTpHBaeM HeJIHHeAHyD CHeTeMy ypaBH8-

HHil 

.J1 ( X1. > • • • > X,v) =: 'if-1 
. 

1~ (X1., •. •' :,C,v) =: ;p::; l (I) 

OTHOCHTeJibHO HeH3B8CTHliX X1..,··· ,':XN , r)le i/1>""")-:J.M -

38,l(aHHlie BemecTBeHHlie 'lHCJia. 

CHcTeMa (I) B nporpawe H.E GN pewaeTC/1 Ha OCHOBe npo-

H3BO,llHMOil KOHe'lHOil 'laCTH_HeKOTOporo peryJISIPH30BaHHOrO HTepa

UHOHHOrO nponecca THna raycca~libDTO~a/
1/ ,(KOHe'lHa/1 qaeTb -
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3T0 nocJie,llOBaTeJibHOeTb npH<lJimteHHil, HaqHHaDmanC/1 C 3~aHHOro 

Ha'laJibHOro npH<lJIHl!CeHH/1 :X:0 H KOH'laDmaile/1 npH<lJinl!CeHHeM X,,.* 

C ,IIOCTaTO'lHO ClOJibllll!IJ HOMepOM l!TepaUHH n II- ) • 

R. -nponeecu raycca.:..HbDTOHa B nporpru.lMe fl. EGN BOsuo:r.tHO 

BlillOJIHHTb B pa3JIH'lHHX BapHaHTax (MO,llHqJ,,KaUHS!X) • AnropHTM npo

rpaw.ili JI. EGN y,110ClHO paCCMaTpHBaTb KaK COCTaBJI8HHHi1 H3 He

eKOJlbKHX BH)IOB l!O,IIH'1)HKaUHH BLillOJIH/leMwc HTepauirnHHLIX ripoueccoB. 

OcHOBHOil BH,ll MO,llllqlllKaUHit ( A -MO,IIHqJHKaUHlt anropnnia) 

npe,11cTaBJIS1DT pasJIH'lHHe ,11onyeTHMHe cnyqau R. -npoueecon raycca

HbD'IOHa. 

Bee enoco<lLI ,11H!pqlepeHni1poBaHHS1, HMenmne Mecto npn oClpa

soBaHHH .uaTpHn .HKO<lH, COCTaBJISIDT \) -MO,llHyHKaUHH anropHTMa. 

PasJIH'lHLie cnocoou npep1rnaHHS1 HTepanuoHHHX nponeccon ns 

·KJiacea A oelpasyDT G -110,11mynKanHH anropnt11a. 

KaKS -uo,11.rOnKaUHH anropHTW nOHHMaDTC/1 Bee ,llOnycTHMlie 

THllll pemaeM!lX HeJIHHeiaHWC CHeTeM (I). 
u, HaKoHeu, Bee cnoeoou nonyqeHH/1 m1qiop1iann11 o nan,neHHOM 

pememm eHCTeMU (I) nOHHJ.IaDTCfl KaK p -MO,IIHCPl!KaUHH aJirOpllTMa. 

!~po.Me onHeaHHliX OCHODHliX MO,IIHl_!MKanHA B R. EGN ocyu1ecT

BJieH l1 PM BTOpOeTeneHHliX, KOTOpHe nepeqHeJISIDTC/1 B nocne,11yD

me11 llO,llpOClHOM on11caHHH anropHT?Aa. 

'.-Opl!aJlbHhle napa11eTphl NP, M , N ,K 

T , AD , S , TT , D , E , AM , AN 

, K K , r. T ,KP, 

rrporpaw.1u REGN 

(cu. npHJIOl!CeHHe I), a TaJ:::.:e 3Jl8M8HTbl o<lmHx (rro,.'.etieHHhlX) ClJIO

KOB CINT ,DR.(])PX, WE.PS ,WE,V0R.M-, l<SEI... , LIAIT , NUITT 

H NL (e11. rrp11no"e1111e I) Has11BaDTCS1 "rrapai.ietpalili 
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ynpaBJieHHSI nporpaMUH REGN " (B ,naJII,Henwe11 odo3HatJaDTCSI 

Ka.K ITY). 

PeaJIH3aUHSI TOll HJIH HHOll MO,!IH(!lHKaunH aJirOpHTMa 0Cj'lll8CT

BJISl8TCSI npH nouomn H8KOTOporo ~THll8CKOro Hadopa H3 nepetJHC

JI8HHIIX JIY. By,1teM pa3JIHtJaTb ,nBa BH,lla JIY: 11 0CHOBH!I8 nap&l8Tp!I 

ynpaBJI8HHSl 11 (OJIY) - JIY, KOTOp!Ie SIBJISIDTCSI qiopMB.JibHID.!H napa

M8TpaMH nporpaMMU 'R.EGN , H 11 BHYTP8HHH8 nap&leTp!I ynpaBJie

HHSI" (BJIY) - JIY, SIBJISIDmHeCSI 3JI8M8HTaMll'. ynOM.llHYTIIX odmHx dJIO

KOB. 

.UJIS! ynpomeHHSI npH 3a,llaHHH MO,llHqJHKaIU'lll nporpamm REGN 

npe,1tyCMOTp8HO 11 CaMoynpaBJI8HH8 11 BJIY, T • e. aBTOllaTHll8CK08 npn

CBaHBaHHe napaMeTpaM BJIY CTaH,napTHIIX 3HatJ8HHll, OTBetJaDmHX 

CaMHM npHM8H.ll8Ml1M .MO,!IH(f)HKaUH.llM aJirOpHTMa. 

IlH,nHKaUHell ,!IJISI BKJID'l8HHSI pel!!:HMa ca1.1oynpaBJI8HHSI CJIYlKHT 

HyJieBoe 3HatJeHMe napa11eTpOB BJIY. CauoynpaBJieHHe ,naeT B03MOJK

HOCT:b nporpaMMHCTY H8 onpe,neJISITb 3HatJeHHSI napaMeTpOB BJIY. 

B TaKOM CJiytJae BJIY HM8DT aBTOMaTHll8CKH HYJI8B!I8 3HatJ8HHSI/7/ 

(,nJISI ,!IOCTHJK8HHSI 3TOro 3qiqJ8KTa npH padOT8 C MOHMTOpHOll CHCTe

MOll SC<i'PE A,\'ll 3BM CDC -6000 cpe,nH ynpaBJISIDmHx KapT Ha,110 

nocTaBHTb KapTy .SETC_(/)R.E/8/). 

Ilporpamia REGN 'ncnOJib3yeT 8 BCil0MOraT8JibHIIX no,n

nporpaMM, cpe,nH KOTOPIIX BaJKH08 3HatJ8HH8 ,!IJISI ee aJirOpHTMa 

HM8DT TR.A-M. , SV"4I.N H (])UTPUT • 0,nHa H3 BCilOMOraTeJibHIIX 

no,nnporpaw, a HM8HHO RELADI, COCTaBJISl8TCSI Il0Jib30BaTeJieM 

B 3aBHCMMOCTH OT pewaeMOll KOHKpeTHOll 3a,llatJH. B nporpawe 

R ELAOI BBO,!IHTCSI OCHOBHa.ll HHq>OpMB.UHSI O pewae11on 3a,natJe -

ypaBH8HHSI CHCT8M!I (I) H tJacTH!I8 npOH3BO,!IH!I8 J.f.j , 8CJIH 
JJc.i 

,!IJISI HHX cymecTBYDT aHaJIHTHll8CKH8 B!Ipal!C8HHSI. 
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Jiporpawa REGN COCTaBJI8Ha H3 6 KpynHHX dJIOKOB

tJacTen (od03HatJeHHHX dyKBaMH OT A ,no F , c11. npHJIOJK8HHe I). 
B no,nrOTOBHT8JibHOM dJIOKe ~Alf-IlY nporpaMMll nepeBO,!ISITCSI Ha 

BHyTpeHHHll Sl3HK, a TaKl!te peaJIH3Y8TCSI p8l!G'IM ca11oynpaBJI8HHS1. 

B dJIOKe~B~npOH3B0,!IHTCSI nepBaSI HT8paUHSI ,!IJISI H8KOT0p!IX 

H3 rJiaBHIIX MO,!IMqJHKaUHll KJiacca A • 

.OJIOK*C* ocymecTBJISl8T CBSl3llBaDII{H8 tjJyHKUHM M8JKAY dJIOKaMH 

• 1)11- M *D,.. • 

B rJiaBHOM dJIOKe ... n... nporpaMMll ltE GN BllilOJIHSl8TCSI OCHOBHOH 

HTepaUHOHHllll UHKJI ,!IJISI Bcex _MO,!IMqJHKaUMH KJiacca A- • 

B dJIOKe~E~peaJIH30BaHll cnocodu npepuBaHMSI HTepaUHOHHOrO 

npouecca • 

liJIOK~ ~ cpyHKUMOHMpyeT BM8CT8 C no,nnporpaMMOll S.YMIN npH 

ocymecTBJI8HHH ododmeHHOro odpameHHSI CHMM8TpHllH!.lX MaTpHU 

(cM. ll.6). --
B CJie,nynmHx nyHKTax padOTll npHBO,!IHTCSI no,npOdHOe on11ca

HH8 aJirOpMTMB. nporpa!.!Mhl I?. E GN • 

IT. 2. Odmaa HT8paUHOHHa.ll CX8Ma 

Ilycn RM - N -1.1epHoe BemecTB8HHoe npocrpaHCTBO TO-

tJeK { ~i > ••• , ~ M) • 

NIH onHcaHHH aJiropHTMa nporpaMMu RE &N y,D;OdHee HCilOJib-

30BaTb B8KT0pHyD sanHCb CHCT8Mll (I): 

.f-x =~ (2) 
rA,e 

x=(_.xs,•••,x,..,)i, R!", Jx=(~pc:) , ... ,.fM,:t:,{<: JlM M :J- =('Jj1 , •• •, ~l'i)~R"f. 
B ,naJibH8J1il8M uy,neJJ npe,11.noJiaran, llTO B npOCTpUHCTB8 

BBe,neHa paBHOJ.1epHU.II HOp}Ja B8KT0p0B C B8CaJ,IH ~i )0 (i =f, ... ~/J) 

IIX II= wt.a.:.::. <; i /'Xi I 
'I 

('.3) 
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H n OALfMH eHHa/l en Hopw ,ItJill 1tBa,npaTHoit wxpm~u Z=[~ii] 

/IZ II= -mcx..:,c 
i 

i_ ~. lz=iJ I 
j=i 3, (4) 

HOpL!ll (3) H ( 4) /lBJI/lDTC/l OCHOBHllMH B nporp8.1D,le REGN • Beca 

9i (i == 1, ••. ,"' ) Bb!Be,11eHbl Kalt BIIY H sa.naDTC/l npH nOMOIIIH o0111e-

ro ClJIOita WEtvcPR.M. B pexm.1e ca11oynpaBJieHH/l B R.EGN HM 

npHCBaHBUDTC/l e,11HHHUll. 

L~f· 1 IlYCTb J(;,:)= ?_ j=t, ...• ~ OCl03HatJaeT LlaTpHUY .HltOOH 
vX, J :1, .. ,,,._, 

.ItJlll onepatopa .; • ilaTpHUY .HltoOH B TOtJlte :c..,, Oy,11eM 0003Ha-

tJaTb COKp~eHHO C j,,,,_ 

Bee B0111e,11111He B aJirOpHTM nporpaw11 R.EG-N_ a-..u- pery-

JISlpll30BaHHl1e npouecc11 raycca-HbDTOHa ,ItJl/l pe111eHH/l ypaBHeHH/l 

(2) L!OXHO sanHcaTb B o0111yD HrepaUHOHHYD cxeMY 

R,: X·o > X-n+-1. = X,.. -

T 1/. f. T 1~T (5) 
- tr-.i{J,.. G )..,, +-e..Uf ~-J'~V:..t1 ... GJ"t+E..UT fl'"Fi_.f:x:..-;1) J 

X-.i E- DJ. , ( "'1 = 0,:1, ••• ,,n.,. - HOMep HTepattHH, Ha KOTOpolt 

npouecc R. npep1,1Baerc11) •. 

IlpHMeHeHHlle B cxeue (5) OCl03HatJeHH/l HL!8DT CJie.ItYDIIIHlt 

CMl:ICJI: 

I.I"-., = r-u;.."' 0 J Lo .. ~-1.1",.,,'lt 

, rA,E UK.,K ~co> 1],(k.=1, ... ,N) 

- onepatop MYJibTHilJIHitaTHBHOlt peryJillpH3aUHH/l/; 

• 

·j 
" 
'/j 

i1 
\ 
I· 
ii 
'I 

'.\ 
i 

i 

I 
:1 

l 

llllllllllll 

r~ 0] E,, U=en . '. 
0 UN 

> rt..e e.. <:-[O,oo} >t1<. c(o,oo), 

(K=1., ••• ,tJ) - onepatop a.n.ItHTHBHOil peryJillpll3au1m111. lJ.HCJia 

C1-t HMenr crpyKTYPY 

C'YL S'" t- EL , f,... > €1... E- [O,oo) > (6) 

r,11e E11-t - nepeueHHa/l no HOMepy HTepaUHH, a Ct:. - nocroHHHaH; 

G·::: [~\. 0] ) rAe 

0 ~M 

~ I<. f: ~ o, OD) 1( )<.::: i 1 , .. ? M) 

- "Marpnua B3B8lIIHBaHllll 11 CHCT8M1/1/ • il OClllKHODeHH_b!J{ CJiytJal!X 

G= E (cJiyt1aH, 1tor,11a G:t: E onHc1,1namcH B II,Y); 

cf - tJHCJIO, KOTOpoe npHHHMaer 3HatJeHllll O HJlll I. B nepBOM 

cnyqae ( <1=0) H3 HTepaUHOHHOit cxe1111 (5) nonyqaeTCll 0011KHO

B8HHl111 R-npouecc raycca-llbDTOHa (ooosHat1aeM11i1 B ,l(aJibHeillI!eM 
GN T-R. ). Bo BTOpoM cnyqae ( o =I) H3 cxe1111 (5) nonyt1aerc11 

n ll -npouecc raycca-HbJJTOHa C KOMil8HCHpOBaHHOit perynllpH3a-

UK8l!"/l/ (oCl03HaqaeMl1il B ,l(aJibH8ltllleM ·. R. Ge"' ) , 
00111a11 cxe11a (5) peanH30BaHa B Ono1tax.11,B .. H_.,.D* nporpaiw11 

REGA/ • 3TH ClJIOKH oOpa111aDTC/l ~oroKpaTHO K no,11nporpaMMe 
T 

T RA 1\.1 , r,11e npOH3BO,IIHTC/l qiopMHpOBaHHe MaTpHU ':J,.,. G 'J,,,, 
H ':/.J G(.f.:x:..-y). 

JJarpHUbl u:.. H u IlpHHHMaDTC/l B nporpawe R.EGN Kalt 

BIIY H sa,nanTC/l npH noMOIIIH 0Cl111Hx ClJIOKOB DR@Px H WEPS 

COOTB8TCTB8HHO. B peXHM8 cauoynpaBJI8HH/l 3JI8M8HTaM ClJIOita WEPS 

B RE 6 N npHCBaHBaDTC/l e,n;HHHUli. 
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~~HTHBHaR peryJIRpH3ariuR B npoueccax (5) ocymecrBJIRercR 

Ha OCHOBe 1rnceJI 6i,, 0-t=o,1, ... ,,n*), KOTOpble B OCHOBHOM onpe

~eJIRJOTCR BHYTPH nporpa11Mu RE GAi • 

ilOCTORHHaR c~ ~OPMYJibI (6) Hrpaer pOJib AOnyCTHMOro 

HHXHero npeAeJia peryJIRpH3aUHH (BO MHOrHx CJiyqagx OHa MOXeT 

curb paBHa HYJID). ct., npHHRra KaK BITY H 3aAaercR npu noMomu 

oCmero 6JIOKa CV.IT : C.1...=.C(t.O) (Ha BHyrpeHH8M R3b1Ke REGN 

OHa 0603Haqeaa KaK EPS L Q) W ) • 

.!lJIR opram13au1rn KOM6mrnpoBaHHbIX a.-..tt-peryJIRpH30BaH-

HblX npoueccOB (5/I/ Bli1,1{8JieHa 0TA8JibHaR IlOAnporpaMMa ltEMt. 

ilpHBJl8KaR KaKOi1-HH6YAb 113 ueTOAOB MYJibTHilJIHKaTHBHO!l peryJIRpu-

3aUHH (CM., HanpuMep,19,ro;) nOJib30BaTeJib MOXeT COCTaBHTb 

CBOJO nporpaw.iy R.EM L. AJIR 3aAaHHR He06XOAH.IAWC Ha Kallt,D;O!l 

urepauuu cneuuaJibHblX oneparopoB _v:;. • B HameM BapuaHTe npo

rpru.!MH R.EML, 3anporpru.wupoBaHa CBR3b 

- d..-n f. 
·V-i,'Yl -:=a.e +- (1=-1, ... ,N) 

} 

ilOCTO.flHHble a , d H f BlilB8AeHH B ocmeM 6JIOKe RN H npH 

HeOCXOAlIMOCTH MOryT 6HTb HCilOJib30BaHbl B nporpwwe USER (CH.n.11) 

KaK napaMeTpbl THna BITY. 

B nporpaMMe R. 'E &Al Ha Kax,non urepaumr H no cxeMe (5) 

BblqHCJIRDTC.fl 3HaqeHHR pflAa Kpu:repHeB OTHOCHTeJibHO npouecca 

H HaXOAHMOro pemeHHR CHCT8Mbl (I). 3:ru KpHTepHH pa3A8JI.flDTC.fl 

Ha ABe rpynnu. ITepBaR rpynna - 3TO "Kpurepuu·uenu". B Hee 

BXOA.f!T ¢yHKUHOHaJibl 

T 
'RCI> ( =,p,.,, > = 111~ G C.f.x'tt-y) 11, 

MAX DEFE.CT. = ll .J:x,,,,.-~ II , 

M 2. 
HI SQ -= ~ 9;(Ji -:C...-~t'.) , 

i:1 
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(Ha BHYTP8HHeM R3b1Ke nporpaw.rn R.EGN OHH 0603HaqeHbl COOT

BeTCTBeHHO R<D 1'-1' RM H REV ). 

B:rOpaR rpynna - 3TO "KpHTepHH Il0B8A8HHR npouecca 1l " 

B Hee BXOA.flT ~YHKUHOHaJIH 

T 
TA u ( = L,v, ) = II J,., G 'J~ II ; 

C (J) ,v O -= II Ji ~ 11-1 +e'Hu II 11(:f.J G :r,.. + &, u r 1 II , 
E PS :::: €,,,,,, 

KpHTepuu uenu cnyxaT AJI.fl HHTepnpexauuu noJiyqeaaoro peme

HHR. Ha HX OCHOB8 MOXHO OTBeTHTb Ha BOnpoc, KaKHM RBJIReTC.fl 

Ha8AeHHOe pemeHH8 nporpa:w.ibl R.EGN (JIOXHblM HJIH HaCTO.fllllH~I/) • 

. KpHT8pHH nOB8A8HHR AaDT HH~OpMaUHJO O CTeneHH BblpOXA8H

H0CTH MaTPHUbl flKOCH Ha Kax,nOtt HTepaUHH H T8M caMWl npOJIHBaJOT 

CBeT Ha CB08CTBO YCTO!lqHBOCTH peaJIH3yeMoro npouecca/III. 

B 3TOM OTHOill8HHH rJiyCoqanmen xapaKrep.HCTHKOil RBJI.fleTCR qucJIO 
C<PND /12/ . 

rr. J. AB:roperyJiapn3oBaHHue npoueccu n npoueccu 

C 3KCnOH8HUHaJibHO y6uBaDmHMH onepaTOpaMH 

peryJIRpH3aUliH 

B nporpaMMe REGN pa3BHTbl TOJ!bKO 8AAHTHBHbl8 peryJIRpH-

3aUHH HtepaUHOHHblX npouecCOB tmra (5). 0HH ocymecTBJIRDTC.fl 

pasJ11iqHw.t cnoco6oM sa.namrn quceJI &, B BupaxeHHH (6). B Ha

CTORUl8M H CJieAYDlll8M nyHKT8 OilHCHBaJOTC.fl Bee MOAH~HKUUHH npo-

ueccoB Jl GN H R, ~A) , BX0ARUIH8 B KJiacc A aJirOpHTMa. 

A1). AB:roperyJiapH30BaHHHtt npouecc R. GN nepBoro Tnna(4 R P-F) • 

Ilpouecc ,4RP-F nonyqaetC.fl HS o6meil CX8MH (5) npH a =O 

H IlpH Co= Co ( e O - 38M,BaeMa.fl IIOCTO.flHHaa)' 

II 



- ot'..1. (' ( '2.. ) €,.,. =T ye,..,. + YAlo,Y'l/t - (,n ' [2.,1 J (7) 

(,n -= i > !l, > ••• , 1'l." ) ' 

r.n.e No ==~:(E 0 2..+Eo'f"o) [2.) , a CX.1€:[0,c:,o) H olz.€{0,1] -

nocroHHHue .n.na npouecca. 

IIepBaa nrepauna npouecca ARP- F npoBo.n.Hrca B CIJIOKe 

11B~ nporpfil!!.!hl REGN , ocraJibHue Hrepal.\HH - B ClnoKe "'°"' . 
IIocroaHHue c0 ,c::<.1H cl2. RBJIRIOTCJl OIIY H BB8,ll8Hhl KaK cpop-

J..!aJihHhle napmierpu E , AM , ltN • Ha BHyrpeHHeu aah!Ke l,., 
Z-,,,. , ,fl,. , A/0 , oC.'1. H ol2. OCI03Ha'l8Hl,!,COOTB8TCTB8HHO, 

EPS ,TAIJ , 1t©M t EN$ , A-LPIIA1 H ALPHA2. • 

) 
GA/ A2 ABroperynapH30BaHHUl1 npouecc R __ BToporo rnna (ARP ) • 

IIpouecc ARP orJIH'laerca or npouecca ,4R.P-F ronbKO reu, 

'lTO 'lHCJia peryJIRpH3al.lH~ c,,,,_ 38,ll;aIOTCR no aBTOperyJIRpH3al.lHOHHOtt 

CBR3H (7) ,llJIJl Bcex 11 = o, 1,•-•~?t .... IlOCTOJlHHaJl No Bhl'lHCJIJl8TCJl, 

KaK H B cJiy'lae nporiecca A- R. P -F , Ha ocHOBe 3a,JiaBae11olt nocro

JlHHOtt e0 (ynpaBJieHne E ) • 

Mo.n.mpHKau1rn A-RP ocymecwneHa B CIJioKe .-:D~ nporpru.uru 

R,E GN' • 

Ornoc11reJibHO nocroHHHOit €0 B npoueccax A-RP-f: H A R.P 

npe.n.ycuorpeHa raKlite B03MOl!CHOCTh .n.na aBro1.mrn'lecKoro aa.n.amrn 

no cpop!.iyne 

E, o = <: • Z--o, (8) 

KOTOpaH peaJIH30BaHa B. CIJIOKe -lf/t'll' • 

IJocroHHHaH C (Ha BHyrpeHHeM aauKe oCloa~a'laeMaR EPSN ; 

B pelltHMe Ca.MoynpaBJI8HHJl 11~1eer 3Ha'l8HH8 o. I) BXO,llHT B nporpaM-
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MY Ka.K BIIY H aa.n.aerca npH nOMOlllH 

GINT • 

C(3) H3 OCIU1ero CIJIOKa 

3 a M e 'l a H n e. 

IlOCTOJlHHHe c<'.:1 H ol2. B cpop.MyJie (7) HCnOJib3YIOTCJl ,llJIJl 

ocnaCIJieHHJl HJIH ycnneHna aBroperynapnaaunn. OClll'lHO 

o{ 1. = oL,_ = i. . 

nGN G}) 
A3) Ilponeccu ': _ n R c _ c _ aKcnoHeHl.lHaJihHO yCluBaIOlllHMH 

-
&» 

om,paropaMH _EeryJIHpH3al.lHH (E R p ) 

IIpoueccH l:R. p noJiy'lanTCJl H3 OClllleit CX8Mll (5) npn 

c,lz. '}1 

= I cl'L I e ( -n = o., 1. , •• ·, 1-'l 
11 > [ 3, 4 J . (9) 

r.n.e ct 1. H o('.'2. - nocTOJlHHll8, ,nJIJl KOTOpllX c,( 1 E:(-oo;<Xi), cLz_ E-(-o>, OJ. 
o(,1. H o(.i.. 38,ll;aIOTCJl npH nOMOlllH napaMerpoB OIIY .4 ~ H AN 

(AM=ol1., ,4.v::o<.z.) 0 

Mo,nncpHKauna ER. P peannaoBaHa B 6noKe *D-M nporpaMMH 

R.EGN • 
YnpaBJieHne npoueccoB ltR P-F , AR P n ERP ocylllecr-

BJIRerca npn nOMOlllH OIIY l T , E , AM H A IV B COOTB8TCT-

BHH co CJI8.IJ.Y!Olll8ll ra6JIHU8lt. 

Taelnnua I 
MO A-. On':J IT 'E AM AN· 

AR.P-F .(.O ~o ~o >o 
ft R.P ~o ~o ~o >o 
A R. P - I=' Jro.1.t.CblJ°op co <O -i bO >o 
ll R p a.BTOM 0 8•1cf01'Eo 40 -1 ~o > o 
E R.P f;J~ RGN ~o 0 ~o fo 

ERP o..t.st ll il\l ~o 0 <o ~o 

13 
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rr. 4. Ilponeccu faycca-HbDTOHa c HaHnyqmen 

IlOII_ll_aBKOa (nponeccu R Pr> C ) 

IlyCTb 38,l(aHO HeKOTOpOe MHOJICeCTBO nonOJICHTenbHHX qHcen 

G.s ::: f o~Jso<C J>-i. l. • · · <-~s < c:,o} • 

IlponeccH fl p BC nonyqaJl)TC.H H3 O<llllell HTepaUllOHHOH cxeuu (5)' 

KOrAa B Kal!eCTBe C,i,i 0,i ==o,i , ••• ,-n*JB qiopuyne (6) Hcnonbay1DTC.H 

qHcna c;!s , onpeAen.Heuue Ha cootHomeHH.H 

fl J x.n<tr,>- ;J lie == /Wti n Ii XJJi)- j" 11/, 
t-, E G.s 

rAe x&,) = :::c"" -

(IO) 

- tr1't(JJ GJ-w+JutCE-aJ.irh(j,Jc;1,+Jut1)::rJ b(ix..-1). 

3AeCb HCnOnb30BaHa cqiepHqecKa.H HOpua (oaoaHal!eHHa.H Ha BHyT

peHHeM naHKe KaK RE v ) • 

PeanHaOBaHHlie B nporpaMMe RE. G N nponeccu THna RP BC 

(nom1ua1DlllHecn KaK MOAHCpHKan:irn Al/) Ha Knacca A ) ocHOBli-

BanTcn Ha cnenHanbHOM anropllTMe An.H 0AH0BpeMeHHOro llOCTpoeHH.H 

MHOJICeCTBa Qs ll npOB8A8Hll.H WiHllIDl3anllll (IO)• 

B cBoen paaote aToT anropHTM HcnonbayeT napaue:rpu OTIY 

,40 ' s 'TT H napaMeTp!,! THna BTIY CC'() 'C(j.lf) H3 O<llllero 

anoKa C INT (Ha BHYTP8HH8M .H3UKe nporpaMMH oaoaHaqeHH TADD 

ll EBCL COOTB8TCTB8HHo), a TaKJICe l.INT H3 O<llllero ano:ica.LIAIT • 

IlpH IlOCTpOeHHH MHOJIC8CTBa Q5 .HCOOnb3Y8TC.H peKyppeHTHa.H 

aaBHCHMOCTb 

~Kt-1 -=S,K+A-0 ,(K.=0,1>••··LIIJ7).,r/J.,e 

J!, o -:::: -AO + E BC t. • . 
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Ha KallCAOM mare K 3TOMy BHyTpeHHeuy nponeccy Bll'IHCn.HeTC.H 3Ha

qeHHe ll#-x;JB~)- ~ lle • BHXOA H3 UllKna (II) 0CYlll8CTBn.H

eTC.H B ABYX cnyqanx: 

I) AOCTHrHy:ro HepaBeHCTBO 

I l'.".(..8,m) - x.<.,e11,) I _, 
0 t,'1- !,?I . ,. 0 c.. TT 

1~~..:i 1 

(An.H Bcex KOMllOH8HT xi,1< (i == 1,, •·,Iv) B8KTOpa ~--8)), 

llnH 

2) Huee:r uecTOK=LINT •. 

(I2) 

EcnH 3TOT KPHTepHll He B!,!llOAHeH, TO BHyTpeHHHll nponecc 

(II) llOBTOp.HeTCJI OKOAO HaH'AeHHOro rpyaoro J.GIHHMyYa C HOBl,D( 

maroM AD 'KOTOpHll BHqncnaeTCJI no qiopMyne 

(A-D) HOBHl! = Sx:(A D) cTapun. / (IJ) 

HaMeHeHHe mara B (II) Ha OCHOBe (13) IlOBTOp,HeTC.H AO Tex 

nop noxa He cpa<loTaeT xpntepnn BHXO'Aa Ha UHKna (II). 
B Tex cnyqanx, KOrAa 313JlaHHHll MHOJICHTenb S 0Ka3HBaeTC.H 

HeAOCTa:roqHo uanw H BHpa<loTaHHHll B (13) HOBHll mar AD npH

BOAHT K ~ <. 0 ' HaqanbHOe qHcno ~ 0 B (II) CTpOHTCJI no 

'APYron qiopuyne: 

Js o = - A D + ,4 D /TA- D D 
11 C(2)R.R.ECTED 

IlpH 3TOM nporpaiwa REGN neqaTaeT HHAHKaUHD rTER.ATI(])N" 

B pe~HMe CaMOynpaBn8HH.H 

EP>CL =0.0001 , TADD=iO, t..INT=iOO • 

oTueTHM, qTo qiyHKUHn /ff ~J-;t Ile , J3 €-(o,o0J 

B O<lllleM cnyqae HMeeT aoxee, qeM OAHH XOKanbHHll MHHHJlYK• 

15 
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Ilpn paelo:re C R.EGNnpe.nno,rn:rae:rcSI MHHHMyu, OTB0'laDll{Hl1 

caMOMY MaJl0HbK0MYJ> • B CBSI3H C 3THM HeOClXO,l\HL!O npOSIBJISITb 

He~o:ropyD oc:ropo:11rnocu npn B11Clope napaue:rpoB AD 11 S , a. 

:raxxe npOBO,l\HTb 'lHCJl8HHl18 3KCnepHM8HTl1 ,l\,D;SI HaxOl!t,!(8HHSI :rex 

TIY, xo:ropue oClecne'lHBan:r xopowyn paelo:ry npouecca RP 5C • 

B nporpauue R.EGN np9AyCMOTpeHO :raxxe aBTOMaTH'l8CK08 

sa.namrn ynpaBneHHSI AD no qiopMyne (8). 

Anst B1111rp11wa B Cluc:rpo.nenc:rBHH npn ocyll{eCTBJ!eHHH npouec-

coB ftp BC MaCCHB Zl ( N, N) HCnOJ!b3Y8TCSI KaK paClO'lHl1. 

B H0M xpaHHTCSI L!aTpnua ·f:. 6 J,vi ' OCT8.Dll{aSICSI nOCTOSIHHOlt B npo

ueccax L!HHHL!H3a!U{H (10). 

Ilpoueccu R PBC ocyll{ec:rustn:rcst Ha ocHoBe OTIY NN, A- D , 

s , TT , E H AM B coo:rBe:rc:rBHH co cne.nynll{ell :radnnuen. 

TaClJIHUa 2 

~ R.P C 
(\/fJ AD s TT E AM 

R pe,c d..tJt R. 6 " N >o )o >o 0 ~o 

fl PI., C d..t'1 fl "t N >o >o >o 0 <o 
R. P B C ~..c.Jt R. GA. 

Q6ro..u. €61E"op A p 
N 0 >o >o -1 ~o 

R.PBC c!..t-'t P.. ~ 
N 0 >o )o -i ~o 

o.tn,o.u.. e,,cr;;p A 0 
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n. 5. OClpasoBam1e :uarpnu 'JJ 6 J,n 11 .J..; Eif x.-.-¥) 

3a,l\!ll!H8 G H ?/ 
T 

B J'l-1 G:J,.. 
T 

H J,i,, G(fx.,, -1a) 
CBSI3aHO C THilHsauneit H8JIHH8llH11X CHCTeM. l1HqiOpMau1rn O B8KTOpe 

.fr41 co.neplKHTCSI B cocraBJ18HHOll nOJ1bSOBareJ1eM no.nnporpa.1111e 

RELA DI • .l\JIJI odpasoBaHHJI Marp11u11 HKoon "J{x;..,) raKJ:re 11cnOJ1h3Y

e:rcJI HHq>opMauirn H3 no.nnporpa1.1M11 REL~DI • 

Bee ipyHKUHH ,l\JIJI odpa30Bamrn COCTaBHllX 3Jl8M8HTOB J.!aTpHU 

'J~GJ,., H i;, G(/x,,,-;j) , KaK n cairu 3TH 11arpnu11 Bl1IlOJIHJIDTCJI 

B no.nnporpaMJ.ie TRAM • !{poue onncaHHllX qiyHKl\11:l, no.nnpo

rpamre. TR.A /vi BllilOJIHJieT )IBe .nonoJ1H11TeJ1hH!le: ne<mraer, npn 

H80ClXO,l\HMOCTH, .neqieKTU Il0CJl8 BOCCTaHOBJ18HHJI Ha KaJ.(,l\Oll llTepa

UHl! H BU!U'lCJIJI8T Kpnrepnn uenn REV• ,L,Jlil odpa30BaHl!il Jrt B 

no.nnporpru.11rn TR.AM xpo11e .nmix]lepeHunpoBamrn no sa.nanHllM 

qiopMyJ!aM peaJIH30Ba!ll1 !18CKOJ!bKO CilOCOOOB 4l!CJl8HHOro .nmix~epeH

UHpOBaHHil, Cnocoelu ,D;Hqx.{lepeHl\HpoBaHHil cocraBJ!i!IOT 1:J1acc D -

110.nnqil!Kaunn oelll{ero anropl!TMa nporpa1.111u R. £ E,N 

D
1

) Jl.mpqiepeHl\llpOBaHHe no_qiopMyJJaM, 

of' qaCTHHe npOH3BO,l\Hl18 _jL BU'lHCJISIDTCJI no sa.naHHNM 
, ~Xi 

B no.nnporpaMMe RELA DI aHMHTH48CKHM B11pa:iceHl!JIM. 

02) ~CJl8HHOe .nnqxpepeHUHPOBaHHe C paBHllM waroM. ----------------------
qacrn11e'np0!13BO,l\Hl18 Bl14HCJIJIDTCJI IlO qJOpMyJ!e 

v.fa ~ J.'jt:ri+f.;J...cf;cx) cr4) 
a~- ~ , ~ . 

'l 

r.ne f;,>o He_a.aBHC_HMO or H~1rnpa t . B ~14) J'jLX,i+ft.;.1 
odosHa<taer +.J (x1,•••,JC;+'ki,···,;r;tv> 
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War ,Ir, B QopMyJie (14) 3a,naeTcSI npH noMOillH OIIY D c paBeH-

CTBOM 

h =- ID I (15) 

0 3) l!HCJI8!1HOe Alf~5-p5-HUHJ20Ba1111e C maroM,_ 3aBHCSlllllfM OT 

_!!8_!!3.!!_8£T,!!bl! • 

l!aCT!lhte npOH3BOAHlie BliqHCJISIJJTCSI no cpopMyJie (14) C marOM 

AHqx.[JepeHUHPOBaHlfSI, HM8DlllHM BHA 

hi= C I Xi I (16) 

rAe C) 0 - nOCTOSIHHaSI AJISI Boero npouecca, KOTOpaSI 38,llUSTCSI 

npn noMOillH OITY D paBeHcTBOM 

C = ID I - 1-0 o . (17) 

(TaK, aanp,IMep, qT06li HJ48Tb C = o. 001, Ha,no nocTaBnu D = 

=100.001). Ha BHyTp8HH8M Sl3liK8 R.EGN H TltA-/1-1 nocTOSIHHaSI 

C Oci03Haqeaa KaK C/116. 

D4) Crnaxeaaoe qHcJieHHoe AHqxpepeHUHp-OBaHHe c_paBHliM 

maroM. 

l!aCTHble npOlf3BOAHlie BliqHCJISIDTCSI no cpOpMYJI8/IJ, CTp.600/ 

i) §1 (~J ~ ( 3 f j [::c;-t-1i;J + 1 Ofa CXJ- :18 tJ Ix.;-/i ;J + 
Xi (18) 

+ G fa[ x; -~Iii] - fJ [ x:~· - 3 -ft; J Jj< 12. ~i) . 

lllar AHIPt~epeHUHpoBaHHSI fl; , xax 11 B MOAHcfJHKartHH 'D2J, He 

3aBHCHT OT HOMepa i • OH 3aAa8TCSI npH IlOMOillH OITY D 
cornacHO paB8HCTBY (15). 

II 

I 

j 

I 
I 

I 
1, 
I 

11 
,I 
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.) 
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I I 
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Jj 

j 
I 
I 
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D5) Crnal!teHHOe qHcJieHHOe AHg~epeHUHpoBaHHe c maroM.1. 

3aBHcSimHM OT H8H3B8CTHl1X. 

l!acTH!,18 npOH3B0AHli8 B 3TOM CJiyqae BuqncJISIDTCSI no Qop1.1y

Jie (18), HO c maroM, 3aAaBaeYW.! cornacHo (16). KoHcTaHra 

38,llaeTCSI np11 noMOillH paBeHcTBa ( 17). 

YnpaBJI8HHe nepeqncJISHHliMH MOAHcpHKaUHSIMJf anropHTMa npo

rpaMMbl R.E 6/IJ npOH3B0AHTCSI npH IlOMO!JlH OAHOro napaMerpa D 

B C00TB8TCTBHH co CJI8AYDill8H Ta6JIHUeil. 

Tadmrna J 

~ n DU D:t) D~) DY) D !>) I 
D 0 > 0 < 0 > iOO <-1.00 I 

rr. 6. Ocipamem1e 1.1arpHUli ::IJG:J""-t-E,.,U 

OcipameHHe, MaTp11UI,1 S',i,1 = 1-J GJ,,,.,rc,.,.U 3aHHMaer ueHrpanh

aoe Mecro B anropHrMe nporpaMMli RE 5N • OcipameHHe Bi.mon

HSiercSI npH IlOMO!JlH cneunaJibHOlt IlOAnporpamm 5 Y/\11 [ N (nepepa-

60TaHHlilt BapHaHT 6H6JIHOTeqHolt nporpaMMli S V/11[ NV /l4/) • .llJISI 

odpUilleHHSI ClU.1MeTp11qHOlt MaTpHUli nporpaMMa SYfY INV l1CITOJib3yeT 

M8TOA raycca-~OpAaHa C HOpMaJIH3aUH8lt/1~, anropHTM 1501. EcJill 

Marp11ua S,u SIBJISI8TCSI BlipOXA8HHOlt (HJIH AOCTaTOqHO ClJIH3Ka 

K TaKOMy COCTOSIHHD), ee Ocipa!Jl8HH8 npu nOMOmH SYHIN H8B03MOXHO 

H B nporpai.weSYMIN BlipadaruBaerca np113HaK IF4IL=i. B 

3TOM cnyqae B nporpawe REGN npOll3BOAHTca aBTOMaTHqecKoe 

ynyqmeHHe ociycnOBJI8HHOCTH S-i1 nyreM yBeJiuqeHHSI qHcna 8,.,. 
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,no Tex nop, llOKa ee oOp8.llleHll:8 npH llOMOl!IH S 'r'M IIJ OKal!teTc/1 

B03MOllCHllM (0110KH*8* H -l'-0; - 8ASIS SE6MENT ). 

YBe11Hl!eHHe l!HC11a €,.. B REGN npOH3BO,l(HTC/l npH nOMOl!IH 

peKypCH8HOR CB/l3H, KOTOpall Ha BHyTpeHHeM /131:lKe nporpaL!MLI 

HMeeT BH,l( 

( E PS )Ho8oe = CE PS x((E PS lropoe+ EFAL.I )• 
(19) 

Ko}!cTaHTbl CE PS H EFA LI /lBJl/lDTC/1 BTIY. Hx MOJICHO MeH11TL, 

HCllOJIL3Y/l o0111HR ClJIOK cvvr (CEPS=Cct} ,EF,4lI=C(6J )J3 pexHMe 

cauoynpaBJleHH/1 CEPS=5 , Ei=ALI=0,0001. Bo Bcex CJ1yt1a11x, 

Kor,na npHMeH/leTC/1 CB/l3L (19) H nel!aTL no HTepallHH paspemeHa, 

nporpawa R 1:GiV net1araeT HH.nHKWlHD,,Ca>RRECTE D rTER.ATia>N ~ 

Kpoue OllHCaHHOro ~OClHKHOBeHHOro 0Clpa111eHH/l11 Ma.TpHilbl · s,,,, 
aJiropHTM nporpaW.U:l REG~ ll03BOJI/leT npOBO,l(HTL ,,0000111eHHOe 

oOpa111eHHe
11 

,IJ;Jl/1 S -H • BBe,neM HeKOTOpLie BCilOL!OraTeJILHLie nOH/lTHll. 

IlyCTL 3a,n;aHa CHMMeTpHl!eCKB./1 MaTpHua S C pasMepHOCTLD 

9, H nycn Ha HeR OTMel!eHbl I( (011<. ,q,} 11KpecTOB 11 (no,11; Kpec

TOM IlOHHMaeM BMecTe B3/lTLie CTpOKY H cronOen, nepeceKaD111Hec11 Ha 

,n;HaroHaJIH). no.n "cxaTHeM MaTpHUbl S Ha K KpeCTOB" nOHHMaeTC/1 

llOJlyl!eHHe HOBOR MaTpHUbl (OCl03Hal!aeMOR KaK i;S ) nyTeM y,n;ane

HH/1 H3 MaTpHULI S OTMel!eHHLIX KpecTOB. 

Ot1eBH,1J;Ho,. pas:u:epHOCTL uaTpHUbl iS paBHa 4-1<. • 

no,11; "paCT/ll!teHHeM MaTpHUbl ( t S} Ha I<. HyneBLIX KpeCTOB 11 

IlOHHMaeTC/1 nonyl!eHHe HOBOR MaTpHnbl (0003HaqaeMOR B ,11;aJILHeRmeM 

KaK f ( f S) ) nyTeM npHClaBJI8HH/l tia MeCTO y,11;aJ18HHLIX npH 

onepanHH f KpecroB HOBblX KpecTOB, COCT~/llllHX H3 Hynea. 

PasuepHOCTLD !48.TpHnLI i ('9) CHOBa /lBJI/le:tC/1 l!HC110 C/,, • 

OClOCl1J18HHOe oClp8.llleHHe B nporpawe 'Jl E GN COCTOHT B nocT

poeHHH MaTpHilbl 
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s: = !(CtS_ll1)-i) (20) 

,o.n11 sa,n;aHHblX K KpeCTOB. 

B Tex cnyt1a11x, Kor,na e 'l'l = o H sa,naHHue ,nnn nonyt1eHH11 

MaTpHilbl s/)/ff) KpecTbl BHpOl!t,ltaDT MaTpHUY ':.f;J G:T,,,. t. onHcaHH?e 

0000111eHHoe oOp8.llleHHe uaTpHnbl S,i,i 11Bn11eTc11 " 9'-oop8.llleHHeM" 

/16/ 
• 
~encTBHTeJILH0 9 s;f B 3TOM CJiyl!ae y,nOBJieTBOpl!eT COOT

© 
HollleHHn s'\1 s"" s~ == s11-t. 

OOpa111eHHe (20) HMeeT cymecrBeHHOe npimeHeHHe np;i Ha

XOlit,li;eHHH cTaTHCTHl!eCKHX omHClOK B cnyqae Henpocroro pemeHR/1 

(CM. Il.9). 

IlpH IlOCTpOeHHH onepaTOpa $~ HCilOJIL3YDTC/I ClJlOKH 

*CR.IA/GE. -1' H .i(EIJLltR.GE* nporpaMMbl REG,V , a--iaKllte no,n

nporpaJWa S Y MI Al • 

OClpauteHHe (20) ocy111eCTBJI/leTC/l Ha OCHOBe BHemHen HH~Opua

UHH oo y,nan11eMblX Kpecrax, KOTOpall sa,naeTC/1 npu IlOMODtH ane-

l!eHTOB DX OOutero Ono Ka DR (1) PX' (BilY). Jne1.1eHraM V X , 

cooTBerctBYDIIIHM y,nan11eMWl KpecTaM, nporpai!MOR U5 E R (cM. 

n. IJ, npHMep.3) npHCBaHBaeTC/1 3Hal!eHHe 1. Ha OCHOBe orue

l!eHHblX TaKHM OClpa30M KpecTOB B nporpam1e R.EGA/ npOH3BO,IJ;KT

C/l oOpauteHHe THna (20) ){JIil Bcex $,,.('lli=o,:1, ... 111.~},. 

OClpauteHH8 (20) OTCYTCTByer B OCluteR HTepauHOHHOR cxeue 

(5) TaJt lt8.K B H6CTO/l11tee BpeM/1 OHO npOH3B0,ltHTC/l npH IlOMO~H 

BHeJIIHel HHq>OpMauHH, 36BHC/111181 OT Il0Bb30B6T8BH. 

21 



II. 7. l!P_ejl_irnamrn nrepaUHOHHoro npouecca 

B dJIOKe -lf'E-11 nporpawm 'R.EGA/ peaJIH30BaH pa.n; cnocodoB 

npep1,wamrn HTepaUHOHHOro npouecca (5), COCTaBJIRJOIIIHX MOJJ:HljJH

KaUHH KJiacca G • 3TH MOJJ:H~HKB.UHH anrop,irua ynpaBJIRJOTCR npH 

IlOMO!llH napaMerpOB rnna OIIY rT ' T H napaMeTpOB rnna BIIY 

K..GS H L H3 oelmero ClnoKa l<SEL.. • 

IlpH padore c nporpaw.!011 REGAi MOlitHO npm.1eHRTb cne.n;yD

mHe npepirnaHH/l Hrepau,iomrnro npouecca. 

G1) Bmco.n; no .n;ocrmreHHH 3a.n;aHHOro q,icna HrepaUHlt -n* • 

IIpouecc (5) npepi,rnaeTCR Ha MTepaUHH c HOMSpOM 

11-,=IIT/ 

~) Bmco.n; no .n;ocrHlitSHHH 3a,n;aHHoro Kp11repMR uen11 HJIM 

3a,n;aHHOro 'IHCJ!Ei HTep,aUHlt. 

IIpouecc (5) npepuBaeTCR Ha nepBOl1 HTepaUHH (H3 3a,n;aHHblX 

.n;onyCTHMLIX Hrepaunn), JJ:Jl/l KOTOpon BblilOJIHReTCR'HepaBeHCTBO 

C f IT I 
) 

r.n;e C -,_ onpe.n;eneHHHlt BHJJ: KpHrepHR uenH ( R CD , l'-1 A x DE r: ECT 

HJIH H-I SQ). 

l!ncno ,l\OnycrHMHx !{TepaUHl1 3a.n;aercR Ka.K B cnyqae G 1). 

G 3) Buxo.n; no .n;ocrH1:eHHH 3a,n;aHHoro. ronepaHca ,n;JIR _EeWeHHR 

H-JIH no_ 3E1,l\aH_l!O!!Y_ q!t_c_Jiy_H:!_e_IJaUHl1. 

IIpouecc (5) npepuBaerca Ha nepBol1 H3 3a,n;aHHL1X 1J11* .n;o

nycrmMLIX HTepaunn, JJ:Jl/l KOTOpOli HepaBSHCTBO 
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100 ~ I T I 

BllIIOJIHSHO OJJ:HOBpeMSHHO JJ:JI/l Bcex KOMnO'HeHT Xt (i =i> .. ")Al), 

trncJio .n;o_nycTHMWC HTepaUHl! 3a;taerca KaK B cJiyqae G1). 

G4) Buxo.n; no_napyweHHD MOHOTOHHoro yduaaHHR KpMTepMR 

ue~m H_JIHU_() 3aJJ:aHH£:MI ~H.£JIY MT~~UHll. 

Ilpouecc (5) npepuaaerca Ha nepaolt HTepaUHH ,i1 (cpe.n;H 

3a,n;aHHLIX 11# HTepaUHlt), JJ:JI/l KOTOpon BllIIOJIH/lSTC/l HepaBeHCTBO 

(C ),i;i ~ (C ).:v;,,_t '> 

r.n:e {: - onpe.n:eneHHbllt BH,ll KpHrepHR USJIH ( R. (f) '/cf,4X DEF. 

MJIH HI SQ). 

'l!RcJio HTepau,in -11"' 3a.n:aerca KaK B cnyqae /'G1). 

lIM8DT MSCTO eme .n:aa KOH'I,DHKTHBHLIX TMna BbIXO,llOB H3 npo

rpaMMU REGN. 

Gs) 

GG) • 

G4) 1,l.,(.U G2..) 

G 4) u"u G 3) 

:> 

YnpaBJieHHll MO,llH~HKaUHll Knacca G ocymecTBJIRerca B co

oraercTBHH co CJl8,llYD!ll811 radJIMUelt. 

Ta6nHga 4 
~A, G1> E,2.} G3J G4 J Gs-> Gs) 

J., = 1 C= ll<l> e= Rep C.=R.(f) C=il.<I> 
L =2. C. :l-f, D. C=M.D. e=H,O. C =H-0. 

L =3 C :/fl SGl C =ff I SQ C-Jl.[f;Q C =Ul~IZ 

T 0 <( 0 >o 0 <'.:O >o 
KGS 0 () 0 1 1 1 
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rr. ~- THnH3aUHH pemaeLUlX H8RHHeltHhlX CHCTeM 

ypaBH8HHlt 

IlporpaMMa ll EGN npHM8HH8TCH K pe111eH:1UJ pa3HhlX THnOB He

RHHeltHllX CHCT8M ypaBHeHHlt, qTo npHBO,l(HT K pasnHqHX) B CTpyKTy

pe BXO,l(HllX .naHHhlX HK pasnHqHD B nocTpOeHHH HecTaH,napTHOlt 

no.nnporpaMMH JlEL.4DI • 

Bxo,nHue .naHHble sa.naqH COCTaBJIHDT BeKTOp ";J. 'MaTPHUa G 

H na~MeTpu, OT KOTOphlX 3aBHCHT CBH3H f1 . Bxo,nHue ,l(aHHble 

sa.naDTCH npH noMOl!IH MaCCHBa YR. 
PasnHqHue .nonycTHMble THnll CHCT8Mll (I) 06pa3YDT Knacc 

S -MO,l(HqJHKaUHtl anropHTMa nporpaMMll 11.E GN. Mo,nHqJHKauHH 5 

ynpaBJl/lXJTC/l npH nOMOl!IH napaMeTpOB OIIY N ' K H I<. I< • THnH-

38UHH CHCT8M ocy111ecTBRH8TCH B no,nnporpaMMe T R..4 A-1 • 

IlycTb S (Kl-!> K) OCl03HaqaeT Oelll!Hlt THn CHCTeMbl (I)• .UnH 

nporpaMMu REGN .nonycTHMU cne,nyDll!He THnu pewaeMUX CHcTeM 

(I). 

S ( i, 4) - CHcTeMa pasnHqan111HXCH uex,n:y cooon ypaBHeHHlt, 

HRH CHCTeMa O,l(HOTHnHhlX ypaBHeHHlt, OTJIHqaD!llHXCH Mex,n:y coelolt 

no sHaqemrn o,nHoro napaMeTpa (B TIU M H /{EL.4D1 oel03HaqaeTcH 

KaK X(i)) 

IlapaMeTp X (1) aBTOMaTHqecKH npHHHM8.8T 3HaqeHHe 

X (1 ) = i > ~ :, • • • -, fv1 • 

>(Cl}- 311eMeHT H3 0Cl111ero .n11n TR.A-1-1 H RELADi 6110.Ka/X /. 

MaTpHua 6 =E • YnpaBneHHe H HMeeT sHa11eHne M • 

CTpyKTypa BXO,l(HhlX .naHHhlX HMeeT BH,I( 

YR.ti> =;11 . . 
y R.(M> = !J,q 
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Sc2,JJ._ CHCTeMa O,l(HHaKOBHX no THny ypaBHeH11ll, pa3R!FlaPJIIIHXCR 

?011!,KO no 3HaqeHHRM 0,J;Horo napaMeTpa )( ( 1.) 1 KOTOputl BXO,l(HT 

BO BXO,nHue .naHHble sa.na1.rn. l,laTp11ua G = E • YnpaBnemrn A1 

HMeeT 3HaqeHHe ~M . 
CTpyKTypa .naHHblX HMeeT Bff'A 

YR.C1)=~1 ) YR.<2->=-p-3 

YR.(2.M-1)= , 'rll(.ttCiJ=PM • 
=- "J M 

IlapaMeTp X(1) npHHHMaer 3H848HHR 

X(1>=,P1. , ••• > X(M) =PM • 

SCJ,3)- CucTeMa ypaBHeHHtl, KOtopaH or11u1.ma or TJrna 5(2..,2,) 

TOJlhKO Teu, 4TO G=[~-.. 'a~ H 4TO CTpyuypa BXO,D,HhlX .naHHhlX 

HMeeT BH'A 

YR.<1) =11 , YRU .. ) = ..L ~ YR.C~)-:: p 1 . • ~1 

YRC 3N-2.) =- , YR.OM-1>= ') YRt?>Ml= -p,q 
=-1J;:; i 

:::. -
~,q 

S(ff ,~)- CHcTeMa o.n11HaKOBhlX (Hnu pasmiqmix no BH'AY) ypaB

HeHHtl1 B KOTOpblX yqacTBYDT KK -i<_. 3a'A8Ba8MhlX BO BXO,l(HhlX ,naHHIIX 

napaMeTpOB X(1 > > ••• ,X(KIC-K). 

Ha qHc11a fi H iZ HanoliteHu orpaHHqeHirn 9... ~ K ~ 4 
H k <. kl(~ LO • 

r•h OJ !1latpHua E:, =Lo'••<;}"" • YnpaBnemie M HMeer 3Ha4eH11e 

q_M , r,ne q..= 'l.+ l<'K--R 
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CTpyKTypa DXO,l\HllX .naHHhlX HMeeT Bli,l\ 

YR<t) = ;J1 (1) 
'{R.('l..) = .i. > 'r'R.U>=-p1 ,. • ·, 

~1. 

(ct) 
YRl<P= P1 

YR. ( 9,( M-1)t1)::: 1 YR (q..C N-1)-n.)=, YR.Cq,cR-1)+-J)=, ••• , YR. (q,ivi)= 

'J i (j , - -p{q.) =;::;; =- -..h - -
,~, ~M - rM ~ 

ITapaMeTphl 3a,n;a1rn npHHHMallT 3Ha'leHUSI 

X(iJ 
(i) (-1) 

= p-j > ••• ' p N 

{q_) cq,) 
X Cq,) =- P1 > • • • '> p M 

rr. 9. CTaTHCTH'leCKa.SI oueaKa pemeHHSI 

Ilpu pemeHHH nepeonpe.neneHHllX HeJIHHeilHh!X CHCTeM ypaBHe

HHit ( N( M )Ha OCHOBe Jl -npoueccoB raycca-HbDTOHa B03MOlKHa 

cTaTHCTn11ecKaS1 oueaKa nony11aeMoro pemeHHSI. AJISI 3Toil uenu 

K HaHJiyqmen HTepauuu np!IM0HSl0TCSI xeopHSI OlllllelOK M0TO,lla HaH

M0HblliHX KBa,n;paTOB/l6, CTp. 192/. 

B ClJIOKe STATICALANAUS'I5 nporpaMMH peaJIH30Ba.Ha OelOCl1I1eH

HaSI oueHica pemeHHSI xii ( -i1 - aouep aamryqmen · HTepauuu), 

,l\JISI KOTOpoa B icaqecTBe HH(j)OpMaUHOHHOil MaTpllUhl ClepeTCSI uaTpuua 

F CE"J = IH SQ ('Jc~Jf:,J(~J t£},U )-! 
M-N+K ' 
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o , ecirn: MaTpuua c:r-i1 G ),;;;, ) -! 

a .r:::: 
T e;;; ' ecJm MaTp11ua 1,,-;; G J,vi 

CYl!leCTByeT ; 

aeoelpaTHMa • 

K - qucno 3a,n;aHHHX KpeCTOB ,l\JISI onepaUHH ClKaTHSI (IT. 6). 

CTaTHCTUqecKHe OlllH<lKH H8H3B8CTHhlX Z.:1,-ti 1 , •• > :x!,v,,i:i 

II K03~HUH8HThl KOppeJISIUHU Mellt,l{y HHMU BhlqHCJISIJ!JTCff no (j)OpyYJiaM 
/16, CTp. 202/ . 

A It u Xi ,-'n ( e ) =Y 'Fii(c .. > .. , 

l3ijC6-,{ l 
Fij (£*) 

(fii ce 11
) FJ;i(e .. ) 

(2I) 

r.ne Fij (i,J=!,, •. ,.v ) - i-J -Thill 3JleM8HT MaTpHUhl J:: 
-II 

B CJiyqae, KOr.na 5 = 0 ' npHBe.neHHhle oueHKH ffBJISIDTCSI 

oueHKa.MH B CMhlCJie HaHMeHblllHX KBa.npaTOB (Hecue1I1eHHb!MH H C MH

Hli.MaJibHOil .n11cnepcueil), tiero H8Jib3ff cKa3aTb o cny11ae8,r=E-it> o • 
~ 

OueHKH (2I) np11 ,nocraroqHo uanem,Knx qucJiax E >O MOXHO 

liCUOJlb30BaTb KaK HOCHTeJIH mqecTBeHHOil HH(J)OpMaUHH O TOM, -
T 

KaKue H3 KOWIOHeH:r pememrn X~ .nenaDT .u:aTpuuy J ,-i, G 'J~ 
CHHrynapHon. 0118Bl1,ItHO, TaKHM KOWIOHeHTa.M Cly.ny:r o:rneqax1, 

ClOJII,llil{8 3HaqeHHS! c1 X,i ,;:;ct> II ClJIH3KHe K I 3HaqeHHS! !,; j ( £.*) • 

0TM8Tllll, 'ITO HCll0Jlb30BaHH8 OU8HOK (2I) B CJiyqae E*=E~)D 

xopomo coqeTaeTCSI c xapaKTepH~ ,l\JISI npoueccoB T11na ,4 R. p 

CTpeWI8Hll8U K HYJID ql{CJla peryJIS!pH3aUHH c,.. npH ,n~oo. 
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B CJiyqaruc, KOr,n;a HMeDT MeCTO OUeHKH (21) npH e-)1 > o 

nporpaMMa ll E GN net1aTaeT HH,n;HKa.UIID ,,Cl VAS! -E R.R.CZ>llS 

AND GUASI-C(l)R,R.ELATI(l),V CCZJET-'F'ICIENTS". 

HcnoJII,3Y/I nporpau:My ~ E GN , MOlltHO npOBO,ll;Ht:& fl- -0Cl

pa111eHHe (CM, rr. 6) npH nOMOIIIH onepauHH "clltaTHe-oClp~eHHe

paCTRllteHHe". B TaKOM cJiyqae y,n;aJiaeMblM KpecTaM ,ll;OJllltHH TO'IHO 

COOTBeTcTBOBaTb Te KOMilOHeHTH BeKTOpa X,i,j , KOTOphle ,n;eJiaDT 

MaTpHUY 'J J G ':I ,i:; CHHryn.11pHoll. MmpopMaUHOHHaa MaTpHua 

·npH 3TOM HMeeT BH,ll; 

F(O)::: ltISQ t((~/'j~G"t-))-1) 
M-/111-1<. I< ir;.\ '1'I Jl'H 

B HeJIHHellHOM cnyt1ae oueHKH (21) Ha ocaoBe F Co) MoryT 

ClHTb HCilOJib30BaHbl KaK oueHKH ,ll;Jl/1 Bcex KOMIIOHeHT BeKTOpa x,iii 

3a HCKJID'leHHeM Tex, KOTOpHe COOTBeTCTBYDT y,n;aJI8e11blM KpeCTaM, 

TOJibKO eCJIH OWHClKH B nocne,n;HHX 8BJl8DTC8 npeHeClpe~HMO MaJIHMH. 

llpHMepOM npHMeHHMOCTH CTaTHCTH'leCKOll oueHKH Ha OCHOBaHHH 

MaTpHUH F(o) RBJIReTca MeTo,n; Haxollt,ll;eHHR 011:cna cKpHTHX 3aKOHO

uepHOCTell/I'f,IB/ (c1.1. TaJOEe npm.iep '.3 B II. I'.3). 

Bo WlOrHx CJiytiaax npH OClpaClOTKe aKcnepHMeHTaJibHHX ,n;aH

HHX CTaH,n;apTHHe OTKJIOHeHH/1 <>i H3MepeHHHX BeJIH'IHH ";1-i (i= 
= i, • •., N) 8BJI/IDTC8 X. opowo onpe,n;eJieHHHMH. Tor,n;a B rpoueccax 

R 11 Kat1eCTBe MaTpHUH BaBeWHBaHHa ClepeTca G = 6?- ·•. 1 . 
GN . .L O] 

0 ~ 
l{pHTep.ieM ycnewHoro peweHHsi TaKHx 3a,n;aq · CJIYlltHT npHClJIH3HTenb-

HOe paBeHCTBO ~ S ~~ 1 "npH MaJIOM 3Ha'leHHH KpHT8pH8 U8JIH 
k-N 

R. ct> • 
B nporp8.11Me REGN npe,n;yc11O:rpeHa B03MOlltHOCTL nonyt1eHHR 

oueHoK dl:i,'"C£•> H BifCE.,> (i.>)=1, ... ,AJ) B omicaHHOM 

BHWe OCl111eu CJiytiae. 
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YnpaBJieHHe np1rne,n;eHHhlM CTaTHCTl!tiecmrn aHaJll130M ocyqeCT

BJI/leTC/1 C nOMOlllbD ynpaBJieHH/1 BH,11,atiell nonyqeHHOll Ul!(jJOpMauHH 

(cM. CJ1e,n;yo111Hll nyHKT). 

II. IO. BH,11,atia noJiytieHHOll HH~OpMaUID! 

IIpH paeloTe C nporpaMMOll R. E GN Hall,n;eHHa/1 UHrJ)OpMal\H/1 

0 peweHHH CHCTeMhl (I), a TaKllte HHqJOp!-!al\Hil O xapaKTepe ocy-

111ecTBJieHHOro npouecca (5) B HaCTOi11I188 B pe1.!/I Bb!BO,l\llfTCil Ha ne

t1aTaKJ111ee ycTpOllCTBO. JTO npOH3BO,l\HTCil npn ITO!.!Oii{U cneunaJibHOll 

no,n;nporpaw.m (/) UT PUT~ 

llH,11,aBaeMail HHq_JOpMaU,lil UMeeT CJ1e,n;yl'.l111ne :JJiel.leHTbl. 

D - net1aTb HeB/130K 

_fa ( r'VI ) - J a ( j = j_ > ... > t-,1 ) 1 

C - net1aTb KpnTepneB npouecca (5) 

( net1aTal'.)TCil Ta.K;iCe EXTITT - 1101.rep 1nepau1111 B npouecce 

(5) 11 INT ITT - 'IHCJIO npone,n:emmx BHyrpeHH11x 11Tepau11n (He0Cl

xo,z;,1MHX ,l\Jlil ocy1:1ecTBJ18Hl1/I !.!11HHMl13al\lil1 (lU)) B pe;;,:11Me R P&C) j 

X - netiaTb KOMITOHeHT BeKTOpa X-111 ; 

X L(c) - netiaTb KOMITOHeHT BeKTOpa X,ji Ha Hal!JIYtJUell nrepa-

1\1111 B CMblCJie BHClpaHHOro KpHTep11a ueJIH (aro Ta HTe

paUHil, ,l\Jlil JWTOpon 3a,n;aHHblll Kp11Tepttll L\8Jll1 C HMe

eT MHHHMaJibHOe 3HatieHHe) j 

XL+ SA - net1aTb KOl,ffiOHeHT BeKTOpa ):,j:i BJJecTe co cTaTHCTH

qecKm.rn OL\8HKaMl! (netiaTaDTC/1 OL\8HKI1 (21)). 
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I 

B 3aBHCl!l.!OCTH OT Toro, K KaKon HTeparum OTHOCHTCSI B!,l,D;a

BaeMB.SI HH~OpMB.UHH, pa3RHqaIJTCH TPH Tuna neqaTH. 

'PI - HaqaJ11>Haa neqaT1> 1OTHOCHl!laaca K HaqaRbHOMy npudRm;rn

HHKJ '.Xo j 

p - npo1.1elltyTOqHaH neqaTb, KOTOpaS! OTHOCHTCSI K npHdRmie

HHSIM X'YI (vt = i > , • •, ,n") j 

p F - KOHeqHaH neqaTI,, KOTOpaH OTHOCHTCH K HaHJIY!Jiil8MY 

peill8HHKJ B CMblCJie BHdpaHHOrO KPHTepua R.<t> 
i\;!AX DEFECT HRH ij-I SQ 

B nporpaMMe REGN peaJIH3OBaHH CRe,D;yIJmue THilhl KOMdHHH

poBaHHOll Bhmaqu (KOTOpue, B CYl!IHOCTH, COCTaBRHKJT MO,ll;H~HKaUHH 

KJiacca P ). 

Pl 

p 

(C:tX)o 

(c +x )'11 

PF : (c + XL) F 

, (DtC+X)
0 

, (D + C + X )'l, 

) (D~C + X t.. ) F ) 

, 

(c+xL+SA)F ,(D+c+Xt..tSA)i= 

YnpaBJI0HHe MO,ll;HWHKaUHHMH KRacca p ocymecTBRSl0TCSI npH 
. . ' 

noMO!IIH napaMeTpa I< P rnna OITY u napaMeTpOB k Pr , kP F 

u /.... Tuna BITY (3JieMeHThl od111ero dJIOKa KSE L ) B cooTBeTCTBHH 

co CJ18,D;YKJl!l0ll TadJIHUell. 
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TadJIHUa 5 

~ (C +>< Jo @fCI-X}
0 

KPI 1. 2. 

~ (c-1- >< )'YI (o+c +x),,,, 

KP 1. 2. 

~ C+XL{C:))F D+c +XLCCJ)F t+xl.lc)+SA)F lHC+XL(c)+SA); 

KPF 1 ~ 3 '-I 

KpuTepun ueRu C B KOHeqHon neqarn P F 3a,D;aeTc.H npu 

IlOMOl!IH napaMeTpa L., • 3Haqemrn L = :L., 2-.~ 3 OTBeqaKJT, co-

OTB8TCTB8HHO, C = R.(/> ., lvt4X DEFECT~ II-I SQ_ •.. 

AnropuTM, BlldHpaKJmun MHHHMaJibHOe 3HaqeHue C , HYlKHOe 

,ll;JIH KOHeqHon neqaTH (cM, dJIOK 8ES'T ITER.ATI(J)N ), HCilOJlb3Y8T 

B KaqecTBe dOJII,illOro qlJCJia napaMeTp BIIY CC1S) • B pelltHM8 

caMoynpaBReHHlI C(1£") = J.,E+13. 

rr. II. CocTaBJieHue nporpaw.r USE.R. u R.ELADI 

Ilpm.ieHeHHe nporpaMMH REGA/ ,D;JIH pemeHua O,ll;HOil HRH He

CKOJibKHX CHCT8M ypa.BHBHHn (I) ocymecTBJISl0TCR npH IlOMOIJll{ ,ll;BYX 

,D;OITOJIHHren1>Hl:IX nporpaJ.W. B nepBon H3 HHX (Ha3h1Baeuon B ,I1;aR1>

He8meu USE. R. ) 3a,D;aKJTCSI padoque uaccuB11, BXO,ll;Hlle ,namrae 

3a,D;aqu H HeOdXO,ll;HMHe ynpaBR8HHH ,ll;JISI peaJIH3aUHH BlldpaHHWC 

Mo.nmpmca1u11t anropnn1a. !fa nporpaMMhl USE. R. ocymecTBJ1S1ercsi 

odpamelllle K nporpaiwe R.EGN • Kpo11e onucaHHllX rpyHKUidt, 
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nporpawa USER. 110:m:er BhlilOJIHau 11 .n;pyr11e, He 1111enl!l11e npa11oro 

OTHOllleHl!J! K l!CilOJib30BaHllll R, EGA/ • 

Bropaa nporpawm ( SUI3RCPUTIAIE REUD~cocraBn11erc11 11cKnD

q11ren1,HO .n;na np1111eHeH11a nporpawhl REGN • ll Hen nporpa11M11-
r>f: PYJOTCJ! q>yHKl.lllll f :, t ll qacTHhle npOll3BO,I(Hhle J4i 

ecnH .n;na Hllx 1111e10rca aHan11r11qecx11e Bhlpa:m:eH11a. IlporpaMMaRfLAPI 

B oal!leM cnyqae pean112yer Mara211HHYD crpyxrypy, npe.n;Ha3Ha'leH

HYJO ,I(JIJ! opraHl!3al.lllll xpaHeHl!/1 l!Hq>OpMal.lHH, OTHOC/ll!leJ;tca O,I(HOBpe

MeHHO K HeCKOJibKHM HeJil!HeRHhlM CllCTeMaM ypaBHeH11R. 

Ilpl!Be.n;eM aonee no.n;pOOHOe Oill!CaHl!e npaBHJI COCTaBJieHHJ! 

nporpaMM USER. 11 R.ELA-DI • 

llpll COCTaBJieHllll nporpaMMhl us ER. Ha.n;o BhlnOJIHl!Tb cne.n;yn-

Illee. 

- 3ape3epBl!pOBau 118.CCl!Bhl z c.V ) ,V ) ' z L. ( iJ ,NN) 'YR.CM) 

H XX ( N} • Pa3MepHOCTll iJ , lJiJ" , ;::r ~OJ!l!tHhl dhlTI> CBJ!-

3aHhl c napa11erpawt OID", N , N N H M coorHollleHHIIMH 

N.f N, NN = A.IN H /1,f ~ M 

- 3aKa2au Odll!He (c no.n;nporpawoa R.EL.A DJ ) anoK11, xoro

pue HCilOJ!b3YDTCJ! B cnyqae HaJIH'lHJ! yµpaBJieHH/;l Tllna BID' (6JIOKll 

KSEL , LINT , WEPS , WE.tJ<PR.M, WE.N, CIAJT , DRCJPX ). 

- BuapaTb Tl!IlH3al.lHll CHCT8W H cornacHO eJ;t 3a.n;ar1, BXO,I(Hhle 

.I(aHHae 2a.n;a'IH, r.e. B 11acc11Be YR. 2a.n;ar1, (Hcnon1,2yn HyxHyn 

crpyxrypy) Bexrop "cf , uarp11uy B3B8lllHBaHHJ! G II napa11erpu 

3a.n;aq11 . (eCJIH TaKOBhle iu.ienrca· - CM. rr. 8). 

- B Ma.CCHBe XX 3BHOCHTCJ! HaqaJibHOe npHOJ!HllteHHe 
"" 

(BeKTOp Xo ). 

- 3a;Jlau ynpaBJieH1111 t nY). B cxyqaax, Kor.n;a R.ELA Dl 

HMeer Mara3HHHyn crpyKTYPY, napaJleTp NP cJiy:imr ,I(JIJ! 2a.n;aHHJ! 

HOMepa pelllaeuott 3a.n;aq11. Ilp1111cno111,30BaHHH pe:m:aMa cauoynpaB-

•·· 
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neHHJ! napauerpau BID' MOlltHO HH'lero He npncBaHBau. 

- BllnOJ!Hl!Tb oapamem1e K nporpa.mie R,E G,V • )!JIii ynpol!leHl!/1 

paOOThl peKOMeH.n;yerca B oapameHll/1 BMeCTO q>aKTl!'leCKHX KOHCTaHT 
• 

ynorpe6JIJ!Tb lf,l(eHTllq>l!KaTOphl, KOTOphlM npllCBal!BaTb 3Ha'leHHJ! 

nepe.n; oapameHHeM, KaK aro noKa3aHo B nporpa11Me EXAM P 

(cM. np11no:m:eHHe 2). 
Ilocne oneparopa CAl..L REGA/ B nporpai!Me USE R. Bee 

3a,I(aHHhle ynpaBJieHHJ! coxpaHIIDTCJ!. Ha/;l,I(eHHOe pellleHl!e· .(B CMhlCJie 

HaHJiyqllle/;l l!Tepauim) co.n;eplltl!TC/1 B MaCCHBe xx • B Odll!HX anoKax 

CR.IT , CIUTW H EPSW co.n;epJ1C11rc11 11H<IJop11au1111 o xp1nep11ax 

1.leJIH OTHOCl!TeJ!bHO HaHJIY'lllle/;l HTepal.lllllo Tl!Illl'lHhlM np1111epOM 

nporpaMMhl us f R, MO.teT CJIYllCllTb nporpaMMa EX AM p ( CM. np11no

:m:eH11e 2). 

CocraBneH11e nporpaMMhl R. Et..ADI 2aB11c11r or r11na pemaeuoa 

CllCTeJ.W (I), HaJIH'lllJ! aHaJil!Tl!'leCKHX BhlpaxeHH/;l ,I(Jl/1 qaCTHhlX 

npOll3BO,I(HhlX HOT 'IHCJ!a pemae!iWX 3a.n;aq. 

IlpHBe.n;eM o.n;Hy 113 B03MOJKHhlX cxeu nporpaMMhl RELA DI 

peaJIH3Yllll!Yll Mara3l!HHYD crpyKTypy (pemanTCJ! ,I(Be 3a,I(a'lH) C He

OOXO,I(HMWAll noacHeHHJ!l!H. 

G 

}

BR.<DUTINE REL ADI ( Al>NP, INDEX ,A-, Y,DF) 

IMENSI(l)N lrCN>,DHNJ 
c:p N M C/JNI X I X (1. 0 J 

CTaBHTCR, eCJIK cpe.n;H pemaeJWX 3a.n;aq l!M88TCJ! 3a.n;aqa, 3aBHCRll!aJ! 

OT napm,cerpoB. 

11 · 
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G (/) T <P (tot , 1. O 'i ) , NP 

JTOT nepexo.11 pa3Cl1rnaeT nporpru-™Y R.E:LADI Ha •rncTl'I, oTBe11aromne 

peillae1.~ 3a,l(a11ru,1. Ho11ep ,VP= 1 o3Ha11aeT nepByn 3a,l(a11y H T • .11. 

{011 lGG T(l) (1.i>i2.) •• • , 1.0t~),ItVDEX 

lla11aJio ·n pBOn 11acTH R£l.ADI • IlpncyTCTBHe G<D T(/) c MeTKol1 

IOI yKa3UBaeT, l!TO 3a,l(al!a HMeeT pa3JIHl!Hlle MellC,l(y COClOl1 no 

BUAY CB/13H .f.j • BMeCTO X1 •• •. ,:x:.~ nmnytca ,4(i) , ••• ,,4C.v}. 

111 I Y=.f1. (X.t.) ... ,x,N) 

12... 

10-1-ii:f 

OFC1)= o-?1 
~ 

DF(.V) of-1 
3XN 

y = f_f:1 (X1., ... , ::X:N) 

Dl=Ci)= 2);;',M . ~ 
D F(N) ~ "f~ 
RETU R, Al 

Ha11aJio BTOpon 11acTit nporpawm R. EL.+ or 

io~ Y = .f (:l:.t...>•• ":>XA1';>'C1),XC.l),X(~)) 

t>FCO = oi 
• li.x-1 . 

D F( tv >::_ ..e.f 
l;'JCI\/ 

BTOpa11 3a.11a11a llM88T O,l(HOTHITHHe CB/13H (oCl03Hal!eHHH8 -t ), 
KOTOp!le pa3Jil11!1lJJTC/I M8l!C,l(Y codon TOJII,KO 3HalleHH/ll!H rpoeK (Xct.J, 
X(2.) ' X (3) ) 3a,n;aBa8MllX napaMeTpOB (CM. II. 8). IlpH l!HCJl8HHOM 

AHcpcpepeHUHpOBamm onepaTopH OFCil= .. · j • --; DJ:(A)>=·•-onycKaDTCH, 

- 11 ltETU~tJ ... 
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IIpm,epoJ.t R.EL~Dl , HanncaHHOi1 no npHBe.11eHHOi1 cxeue, 

MOli:8T cnyxHTb R.ELADI , KOT OPYD ncnon1,3yeT nporpawa EX AMP 

(cu. np1rnoJB:em1e 2). 

0,l(HHM H3 B03MOJICHHX npm.i:eHeHHi1 nporpaMMH REGA/ /IBJl/18T-

C/I nocTpOeHHe HOBHX (Ha Clonee 
0

BUCOKOM ypoBHe) no.n;nporpaw ,l(JIH 

pemeHH/1 CHCTeMH (I), HM8DIIIHX KOMIT03HUHOHHU8 anropHTMH, COCTaB

Jl8HHHX H3 HecKOJibKHX BH,IJ;OB R-npoueccoB (5). 

IIpm.1epOM TaKOro anropHTMa MOllt8T CJIYJltHTI, anropHTM, co

CTaBJieHHlli1 H3 O,l(HOi1 HTepaUHH R. p BC H MO,l(HipHKaUHH A-R. p ,!(JIii 

npO,l(OJillt8HH/I npouecca C Hal!aJII,HOi1 nOCTO/IHHOi1 e o t paBHOlt 

l!HCJIY E1Q.s ' BllpaCloTaHHOMy .R p 8 C • TaKaH KOMIT03HUIHl 

MOllteT CYII18CTB8HHO OClJ1er11HTI, npHM8H8HHe aBTOperynapH30BaHHHX 

npoueccoB (5) Ha ocHOBe cBH3H (7). 

n. 12. Pememrn mrnel1Hmc cncreM u- 3a.11a11H 

0 cOClCTB8HHHX 3Hal!eHH/IX 

B nporpawe REE,A/ AJIH pemeHHH JIHHei1HllX cncreM ypaBHeHHi1 

H IT0JIH0l1 3a,l(al!H O coClcTB8HHWC 3Ha11eHH/IX ,D;Jl/1 CHMM8TpH118CKOi1 

MaTpHUU npe.11ycMOTp8Hll HeKOTOpHe cneuuaJII,Hlle B03M0l!CHOCTH. 

IIycTI, 3a,l(aHa JIHHellHa/1 CHCT8Ma ypaBH8HHi1 

Zx.=1J ) ( XE R.."' ) 'JC R.M ) (22) 

T 
B cny11aax, Kor.11a MaTpHUa 2 z nJioxo oClycnoBJieHa, pe-

meHne CHCT8Mll ( 22) Ha 0CHOB8 MO,l(HipHKaunn ER. P HJIH ,4- R. P 

HTepaUHOHHoro npouecca (5) MOllteT OKa3aT1,ca Buro.11Hee, 11eM 

.11pyrn:wt MeTo.11aMH. 

PemeHHe (22) B REGN ocYII1eCTBJIHeTcH np11 noMOIIIH cneun-

an1,Hoi1 no.n;nporpaMMll R.EL.4D • 

35 



ii 
'i ! 

I.:_._ 

llpl1 peilleHl1l1 (22) MaTpHua R EG,V 3a.naeTesi B uaeeHne Z t.., ( 

N, iJAJ), KOTopun ,!\OJJJKeH Clun, 3ape3epBHpOBaH B USE R e TO'l

mnm pa311epHOeTS1Mu iJ =-·Al H NIJ =-M. CnoelO.I\HHtt neKTop y, 
aa,!\aeresi B YR. • B nporpaw.1e REGN npH peilleHHH (22) peaJJl1-

30BaHa TOJJLKO B03MOJKHOetb THna S(i,'-{). 

XonyeTl1MhlMH MO.I\l1~l1KaWiSIJ.IH KJJaeea A 

A-R.P H ERP • 

SIBJISIDTeSI: A- R. P-F ' 

OeHOBHUM ynpaBJJeHl1eM· np11 npHMeHeHHH R.EGN B mrnel1HOM 

eJJyqae eJJylKHT NP==-1 • Ilpl1 e'leTe Ha :mu c DC (eepHl1 6000) 

nporpaMMa RELADI He eoeTaBJJSie:resi, a npH eqeTe Ha E3CM-6 

HeKo:ropasi nporpaMMa e UMeHeM R.EL.4D I HeOClXO,!\l1Ma, XOTSI K Hett 

qiaK:rHqeeKH H He npoHeXO,!\HT oelpallleHHSI. EereeTBeHHHM Ha-

'laJJbHHM npHClJJHJKeHHeM SIBJJReTeSI HyJJeBOtt BeKTOp. 

Ilye:rb Z - ,!\ette:rBHTeJJbHaa eHMMeTpHqHaSI MaTpHua nopR,!\Ka 

Al-1. , .n;etteTBYDillaR Ha,!\ 3JJeMeH:rai.m i:.~.:x;._, .. ;,:,/. PaeeMa:rpHBaeM 

B JV" onepa:rop 

:$'.x -·[z. ~ -x~ 5c] 
- ~ 2. > rAe 

FX-1 :-L 
1.:!2_ 

X := [~1] 

H HeJJHHettHOe ypaBHeHHe 

-fx = 0 (23) 

B 3TOM ypaBHeHHH KOMIIOHeH:ra X1 SIBJJReTeSI eoele:rBeHHHM 3Ha'le

HH8M MaTpH~ Z , a Be-K:rop (X:.,. > ••• , ~N) - eoo:r~~~eTBYDillHlt 

ewy eoeleTBeHHHtt BeKTOp. OnepaTOp J H ero MaTpHUa HKoelH 3a

nporpaw.!HpOBaHH B no,!\nporpawe R, ELA D • 

IlpH peilleHHH ypa1memrn (23) MOll:HO uenOJJb:30BaT_b Bee MO,!\H

iPHKaUHH KJJaeea A • .nonye:rHMa.fl THOH3aUHa ~(1,L.f) • Ma:rp.11ua Z 

3a,!\aeresi B 1,1aeeHB8 7./..., , Ha'IHHa.fl e :me:u:eHTa Zl.. (1,1) • 
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MaeeHB ZL.(N,NN).J\oJJl!CeH Clun, 3apeaepBHponaH BUSER e pa3Mep

Hoe:raMH AJ =NN= Iv • OeHOBHbll! ynpaBJJeHue1,1 npH peilleHHl1 (23) 

.f!BJJRe:resi AJ P=-2.. 

He~.11Hel1Haa el1eTeMa (23) HMee:r /J-1 peilleHHll. Ilpo-

rpaw.iy EX AMP Y.I\OelHee ripl1MeHRTb KaK y:roqHa10my10 nporpaw.iy 

BMee:re e .n;pyrott nporpaMMon, Ko:ropaa aa,nae:r Ha'laJJbHUe npHClJJl1lKe

Hua .n;JJa neex peilleHHli (Hanpm.1ep, nporpal!Ma, oeHoBaHHaR Ha ueTo

.n;e BpameHHR rtKOClH). 

II. IJ. IlpnMepu npnMeHeHHR !Jporpa1mu REGN 

B nporpaMMe EXAM P , KO:ropaa npHBO,!\HTeR B npHJJOlKeHl1l1 2, 

,!\a10:reS1 :rpH npnMepa peilleHHSI HeJJHHel1HHX eHe:reM ypaDHeHHn e no

MOillbD REGN • 

3TH npHMepu no.n;oelpaHU TaK, 'ITO BMeeTe OXBUTUDaD:r nee oe

HOBHHe !JO,!\HqJHKaUHH auopHTMa nporpaw.m RE G,N __ TaKHM oelpa30M, 

nporpaMMy EX A /'-1 p MOllCHO HenOJJb30BaTb KaK noeOClHe npl1 nayqe

HHH A.E GN. 

C .n;pyron eTOpOHU, peill8Hl1e npl1MepOB B nporpaMMe EXAN p 

.f!BJJ.fle:rea KOHKpeTHUMH oelpa3uauu eoe:raBJJeHH.fl nporpaMMH :rurra 

USER. 

llpHBe,!\eM HeOClXO,!\HMHe Oel~SieHeHHR H KOMMeHTapllH K 3THM 

npm,epaM. 

_!!p~1~p_I.!. 

PeIJ1aeTeS1 HeJJHH88HaR eHeTeMa/2/ 

2. 
X1 + X.2., = 2. 

2. - 0 + X2. -l:1. 
] (22) 

3:ra e.11e:reua HMee:r ,!\Ba .n;eneTBHT8JlbHHX pemeHHSI 
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:::c* : X1=-i )X~=1 

xi.<"': X:1 ~-i.8:H1 't-72.1 

. 
) 

, X2,~-:1..35'3.2.099t: • 

CHCT8Ma (22) pewaeTC.11 c HaqaJILHWl npH0JIHllt8HH8M 

x 0 
: X1 =-o.s , X:>- =- o.s 

T 
)ln,11 3TOro HaqaJILHOro npH0JIHllt8HH.ll Ma.TpHua futOOH 'Jo ':lo Bli-

pol!C,l(a8TC.ll H 3a,l(aqy H8B03MOlltHO pelllHTl» Oe3 npHM8H8HH.11 R_ -npo-

ueccoB. 

CHCTeMa (22) B nporpaMMe EX AMP npHqHCJieHa K nny s(_1,4). 

B KaqectBe MO.n;mPHKau;rn npouecca (5) BHOpaHa AR.P-F c HaqaJIL

HliM qHcnou c
0 
= i . (O BHCiope .n;pyrHx ynpaBJI8HHi CM. Heno

cpe.n;cTBSHHO B nporpruwe EX A f.-1 p ) • 

Ha ctp. 6 8 np11Boj1uc.11 nonyqeHHa.11 HHqiOpMaUH.11 B BH.n;e 

(C+X)
0 

+(C+X)'l'I. Peruemte x* Haxo.n;HTC.11 Ha 6-toa nepaumi: c 

TOqHOCTLD .n;o II-Toro 3HaKa nocne 3an.11ton. 

_!!p~M~p_2.!. 

CHCT8Ma (22) peruaeTCH C HOBliM HaqaJILHliM npH0JIHllt8HHeM 

:x: 0
: X1:=-o.5" ,x2-:::-o,4. 

3.n;ecL MaTpHUa }iKOCil'I :i; 'Jo.llBJI.IISTC.11 TOJILKO nnoxo oOyCJIOBJieH

HOi/Iit. ITpHM8H8HH8 OOliKHOBSHHOro M8TO.n;a raycca-HLDTOHa 

npHBO.D;HT K pacxo.n;HMOCTH nocne nepBon HtepaUHH. B nporpruwe 

Ex AM p npH pemeHHH (22) B stOM cnyqae Hcnou3yetc.11 qnc-

neHHoe .n;nqxliepeHUHpOBaHHe D~) c maroM D=O, 00000·0001.. 

B Kaqec?Be OCHOBHOn MO)J;H~HKaUHH )J;JIH pemeHH.11 (22) npHBJie-

qeHa R. PBC 

OctaJILHlie ynpaBJiemrn coxpaH.IIDTC.11 TaKHMH lite, KaK B npH-

Mepe I. 
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Han.D;eHHa.11 HHqiOp.MB.UH.11 no HTepaUHHM npHBO,ll;l'ITC.11 Ha CTp. ll 9 • 

KaK BH,ll;HO H3 neqaTH, Ha nepBOi HT8paUHH (EXTlTi::: 1) qHCJIO pe

ryn.11pH3aUHH c~f=:1.81 B pell:Hll8 R.PBC onpe.n;e;rneTCH npH IlOllOlllY. 

26 BHyTpeHHHX HTepaUHi. ( UJTITT=2.6np:ri ynpaBneHHHX AD=1 

H S:o,t ). Ha B:ropoa H:repau1111, aHanor11qHo, q;icno. perynapHaa

UHH E~s = o.So1 onpe.n;enae:rc.11 npH noMOlllH 21 BHy:rpeHHHX 11:re-. 
paUHi. O:r Tp8TL8i .n;o mecton HTepau:rin ql{CJIO BHyrpeHHHX HTepa-

UHn paBHO 2, (MHHHMaJILHOe q11cno B peJKHMe R, P BC ). B Ka-

qec:rBe q11cen Ct,. Qs Cieperc.11 KOHCTaHTa o. 001. , KOTOpaH .IIBJl.11-

eTC.ll 3HaqeHH8M napauerpa C(L~) THna BITY (Ha BHyrpeHHSM 

H3HKe E BCl.. - B peJKHM!! caMoynpaBJieHH.11). 

IlpHMep_ 3. 

3TOT npHMep .n;aeT HJIJIDCTpaUHD Oonee rHOKoro HCilOJIL30BaHH.ll 

nporpaMMH R. EGA/ B cnyqae pemeHH.11 o)J;Hon aa,l(aqH aHan11aa 

3KCilOH8HUHaJILHliX 3aBHCHMOCTett. 

PaccMaTpHBaeu: 3KCnOH8HUHaJILHYD 3aBl:!Cl'IMOCTL '1J ct) ) t ✓,,-o 
/19, CTp. 280/ 

-t -3t -S't 
0.09,1 e + o.aso1-e + 1.ss-+se = ~c-l > (24) 

llycu 3HaqeHH.ll :JCtJ) ,ll;Jlll C8TKH f1:o,fj+1=i:a+~.or(J=t·, .. ~,'-3) 
BhlqHcJI8Hli C TOqHOCTLD .n;o IO-Toro 3HaKa nocne 3anHTOi. 

PaccuaTpHBaeu H8JIHH88HyD CHCTeuy 113 24 ypaBH8HHA 

.!J... -::C'-1+1. tj . J ~ -xi e = 1ciJ> 
t:1 · ' .. 

j =i,2., ... , :v-1. 

(25) 
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i 0TH0Cl1T8JlbHO H8H3B8CTHIDC aMIIJIHTY,l( ::X:1 :>, • •, -:Cl{ H H8H3BeCTHb!X 

,neKpeMeHTOB Xs-,···,Xa . IloJiyqeHHall CHCTeMa ypaBHeHHll (25) 

HMBeT_ CHHryJillpHyD MaTpm.iy ilKOClH B CaMOll pel!leHHH no npHq1rne 

,l(OnYJlleHHll CYJlleCTBOBaHHll 4-Ton 3KCnOHeHTLI/I?/. YKa3aHHall CHH

ryJillp~ocu, a TaKJKe CHJ!bHall HeJIHHeltHOCTb, ,neJiaDT pe111eHHe CHC

TelW (25) ,l(OBOJI~HO HeJierKOlt 3a,naqen/I8,I9/. 

Pe111eHHe CHCTelW (25) B nporpaMMe Ex A t-i P pa3ClHBa8TCll Ha 

,!(Be qacTH. B nepBOlt qacTH (elt OTBeqaeT nepBOe OelpameHHe K 

R.E&A/ B tXAMP3 , CM. exp. 66 ) CHCTeMa (25) pemaeTCll 

TOJ!bKO ,!(Jill onpe,neneHHll q11cna 3KCnOHeHT. Bo BTOpon qacTH Halt

,JteHHOe pe111e11He yxoqHlleTCll HOBIDL HTepaUHOHHIDl npouecco1.1, B KO

TOpOM npOH3BO,l(HTCll ?} -oelpameHHe MaTPHl.-l S-rr (CM. II.6) H 

,11enaeTcll CTaTHCTHqecKall oueHKa nonyqeHHOro pe111eHHll. 

B nepBol:t qacTH CHCTeua (25) npHqHcneHa K THny SC3,3). 

li3 3TOro cne,11yeT TpOltHa.R crpyKTypa ,naHHllX npH 3a,JtaHHH BXO,JtHOlt 

HH!pOpMal.-lHH (M=3M). Bem1qHHLI "cf<-lo>(i-=1.,,,.,2.'-f) He llB

JlllDTCll CK0ppenHp0BaHHWLH, 1-f B 3T0M cnyqae MaTPHl.-la B3BeIIIHBaHHll 

G paBHa e,11HHHqno1t. IlapaMeTpOM 3a,na,1H cny:m:HT tj ,j=1, .•. ,2.'f. 

AnR pememrn (25) npHBJieKaerca uo,11HipHKal.-lHII A R.P-J: c Ha

qanbHIDl 'IHCJIOM Co=iO • B KaqecTB8 MO,l(H!pHKal-lHH npepHBaHHII 

BHClpaHa G3) • I1onyt1eHHa.R HH1p0p1m1uu neqaraeTCll B BH,Jte 

(C+ X)0 -l(C+Xl},= (cw. crp. 10 ). B t1actH (C+X}0 3tOll 

neqarH BHiHu HaqaJibHHe npHClJIHJ:8HHII H'cootB8TCTByl)ll!H8 HM KpH

tepu 1.-lBJIH._ B qacTH (C +X~ neqatH ,11aetca 30-ta.R Htepal-lHa 

KaK HaHJiyqmee pacll!HpeHHe. KpHtepltll MAX DEFECT noKa3hllaet, 

'ltO pemeHH8 Ha 30-tolt Ht8P8.IUIH BOCCtaHaBJIHBaet 36,1:taHHHe ipyHK

l-lHOHllJlbHH8 3Ha'l8HJI.II f-;fcltJJ C roiutocTJ,D ,1{0 5-toro 3HaKa. 

nocne 3anatoll. Boumoe 3Ha'IBHHe KpHtepH.R CC/>MD no,11nepz,naer 
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OllCH,l(aeuyn nnoxyn oaycJIOBJieHHOCTb MaTPHl.-lLI J3D '130 

l!llcn~13; J3o+eo Ef1II =(CC1>A1Dljj°AU~:f£P5~oxe llBJilleTcll OTHOCHTeJibHO 

ClOJibIIIHM. 3TO 03HaqaeT 1 'ITO HTepaUllOHHHlt npouecc B nepBOll qac

TH pellleHHll (25) oana,naeT 0,D;H0Bp8M8HHO ,D;BYMll nponrnope'IHBWm 

CBOl:tCTBaMH - "caMOHcnpaBJI8HHe"/I/ H "OTTaJIKHBamrn no 

(J<f:)-:!Qe)+E(l:JfJi /II, KOTOpID.1 oel~llCHIIBTCll npoaBJI8HH08 3a

M8,l(Jl8HH8 B CXO,l(HMOCTH. Ycnex npH pellleHHH TaKoro THna aa,n;aq 

oelyCJIOBJI8H aBTOperynapH3al.-lHelt npHBJ18'18HHOro HTepal.-lHOHHOrO 

npouecca. Ilpn paCCMOTp8HllH Hal:t,n;eHHoro pelllBHHII Ha JO-Toll HTe

pau:irn MOlitHO 3aM8THTb, ~ro .n;eKpeMeHTLI X (+) ll X (8) pa3JIH'IHLI 

Mex.n;y coaon TOJlbKO Ha 3%. 3TOT 9B,KT .n;aeT OCHOBaHHe c.n;enaTb 

·r11noxe3y, 'ITO B CHCTeMe (25) cymecTBYDT He qerupe 3KCilOHeHTLI, 

a TOJlbKO TPH/11, 181. BTOpall qacTb pellleHHll CHCTeMLI (25) OCHO

BLIBaeTCll Ha 3TOll r11noreae. B Ka'leCTBe aMIIJIHTy,n;u qerBepron 

3KCilOHeHTH ClepeTCll HYJib (XX(l/)=0) H c}.lHKCUpyeTCH (DX(4)::1) • 

,lleKpeMeHT x 8 xoxe qiHKcttpyexcll (DXC3)=1). IlpoBe,n;eHHLle 

!pHKCHpOBaHHll 03Haqanr, 'ITO 3a,D;aHa HHqiOpMa.1.-lHll oa y,naneHHH 

4-Toro H 8-ro KpecTOB H3 MaTPHl.-l J;:;J,n • GoxpUHllll Bee oc

TaJibHLle ynpaBJieHHll Tel.!lt ;;:e, 'ITO B nepBOil ·qacTH perueHHll 3a,n;a'IH, 

npOH3BO,D;HTCll HOBLIH HT8pal.-lHOHHHll npouecc I Ha Kail(,l(Oli HTepal.-lHH 

KOTOporo OcymeCTBJ!l!eTCll Oelpamemte THila 1 (( tS'l-1f1) • KaK JI8rKO 

MOlltHO 3aMeTHTb, c.n;enaHHall BLIIll8 r11n0Te3a 3KBHBaJieHTl!a runoxe3e, 

'ITO oelpameHHll ~ llBJIIIDTCll ~ • -oelpali\eHHlll.!lt. 

HOBHll HTepauHOHHHll npouecc IlOJIHOCTbD pelllaeT nocTaBJI8HHYID 

aa,n;aqy. Ha CTp. ~ 9 .n;aeTCll neqan. Hall,n;eHHOll HH(.iJOpMal.-lHli B BH-

.n;e (C+X)0 +{D+C+XL+SA}F: • "Ya.cn(D+c+xL+SA)J: ne'laTH 

OTHOCHTCll K 17-ron HTepal.-lHH, KOTOpall OKa3anacb ~Jill npouecca 

HaHJiyq111en. C .n;pyron CTOpOHLI, Kpnxepnn MA-X l>Er=ECT Ha 17-ron 

HT8paUHH IlOKa3LIBaeT, 'ITO Hal:t.n;eHHOe pe111eHRe BOCCTaHaBJIHBaeT 
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3a,JJ;allH!le 3Ha4BHI/IR C T04HOCTb)'.) ,l!O IO-Toro 3Haim. JTO 03Hal!a

eT, l!TO nyqrnee perne11111e 3a,l(alll/l (25) npaKTl/lllBCKJ/1 HBB03MOJKHO. 

BTOpaR l!aCTh pellieHI/IR (25) 1/lMena xapaKTep 41/lCRBHHOro 

::iKcnepimeHTa. Pe3yn1TaT noro 3KcnepttMBHTa noKa3liBaeT, l!TO 

c.11ena1111aR r111n0Te3a 6una npaBI/IRhHon. Eon1rnoe 3Hal!BHl/le KpJ/1-

TepHR IlOBB,l!eHI/IR C (J) ND B pernemm 3a,l!a4111 Il0Ka3l:lBaeT, l!TO 

aHaRJ/13 nplllBBABHHOH 3KCilOHBHUl/laRhHOH 3aBIIICI/IMOCTI/I (24) RBRR-

8TCR TPYAHOll 3a,l(aqen (B l!aCTHOCTH, CI/IRhHO HeycTOlll!I/IBOll) 

.11a:m:e KOr,l!a OHa pernaeTCR C TOl!HliM 41/lCROM 3KCilOH8HT. 

IlpHMeHeHl/le nporpa.M.Mli FlE. GN B npHMepe 3 RBRReTCII B 

H8KOTOpon Mepe TI/ITil/ll!HliM npl/l p8ill8HI/II/I peaRhHliX 3aJ(aq 1/13 

R,1!8pHOll (J)J/13HKIII. 

ABTOp BlipaxaeT rny60KYD 6naro.11apHOCTL n.Kapa.n:xoBy, 

H.AHrenoBy, C.ABpruioBy H Xp."4epHeBy, MHOroKpaTHO oKa3uBaB

IllHM euy IlOMOl!lb npH pa60T8 Ha,n; nporpaMMOH R..EGN , a TaKxe 

I'.Il.JJa3HOMy 3a 60RhillYD IlOMOJilb B OqJOpMJI8HHI/I pyKOilHCJ/1 1/1 C,1!8-

naHHll8 3a11eqam1R. 

PyKOTIHCI, nocTynHna B 1/13,I!aTen1,cKl/lll OT,1!8R 
I8 I/IDHR 1973 r • 
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C 

C 
C 
C 
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IIPlU!OlKEHllE I. IIPOrPAMMA 1H &N HA cpQPTPAHe 

SUBROUTINE REGN 
•(NP,M,N,NN,K,KK,IT,KP,T,AO,S,TT,O,E,Z,ZL,YR,XX,AH,AN) 

COHHON/A/A(100l/OF/OFl100)/X/Xl10l 
COHHON/X1/X11100l/X2/X211001/X3/X3(1001 

•IXl+/X1+11001/X5/X5(1001/XH/XH!1001 
COHHON/ICON/NC1,NC2,NC3,NC4,NC5,NC6,NC7,NC8,NC9,NC10, 

INC11,NC12,NC13,NC14,NC15,NAUT 
COHHON/CON/CN1,CN2,CN3,CN4,CN5,CN6,HYHAX/EL/EL 
COHHON/CRIT/ROH,RH,REV,TAU,COND,ENO/EPSH/EPS,EPS1 
COHHON/CRITH/ROHH,RHH,REVH,C01,EPS1H,TAU1H 

COHHON/KSEL/KPI,KPF,KGS,L/LINT/LJNT/NUITT/NUITT/NL/NL 
COHHON/HEPS/HEPSl1001/HENORH/HENC1001/SJGMA/SIGHAl1001 
COHHON/CINT/C(151/0ROPX/OX!1001 
DIMENSION ZIN,Nl,ZL(NN,Nl,XX(Nl,YR(HI 

"'A• 

C 
C•At1 • 
C 

PREPARATORY SEGMENT 

EXTERNAL CONSTANTS 

C 
c•A/2• 
C 

ITT=IT 
KPH2=KPI 
KPH1=KPF 
KPH3=KGS 

T2=TT 
TOLER=T 

KLEF=KK 
KEY:K 

SAD=S 
OERIV=O 

EPS=E 
ALPHA 1=At1 
ALPHA2=AN 
NS:NN 
NN=O 

INTERNAL CONSTANTS 

CEPS=C(1l 
EPSH=CI 31 
TAOD=C(l+I 
EFALI=C (61 
BEG=C(71 
TI NV=C ( 91 
EPSLOH=C ( 101 
EPST=Cl111 

TEPS=C (131 
EBCL=CC11+ I 
IF<CEPSI 23,20,23 

20 CEPS:5. 
23 IF(EPSHl25,24,25 
24 EPSH=.1 
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I 

II 
,I 

\ 
! 

t 

25 
26 

27 
28 

31 
32 
33 

36 
37 

41+ 
1+5 

1+8 
1+9 

50 
55 
52 

51 
56 
57 

Sit 
53 

C 
c•AtJ• 
C 

1011 

1010 

1012 
1020 

1050 

1051 
7777 
1008 

1009 

1001 

1000 
1003 

1002 
1030 

1005 

IF(TA0D127,26,27 
TA00=10. 

IFIEFAL1131,28,31 
EFALI=0.0001 

IFIBEGl33,J2,33 
BEG=1 • 
CONTINUE 

IF(TINVI 37,36,37 
TINV=1.E+5 
CONTINUE 
IFIEPSTI 1+5,1+1+,1+5 
EPST= .5 
CONTINUE 

IFITEPSl1+9,1+8,1+9 
TEPS=1• 

IFILINTI 50,50,55 
LINT=100 
IF Ill 52,52,51 
L=Z 
IFIEBCLl56,5i,57 
EBCL=0,001 
IFICl151151t,51t,53 
C!151=1,E+13 
CONTINUE 

FORMATION OF TRANSITIONS INDICATIONS 

NC1=KLEF 
NC3=N 
IF<DERIVI 1010,1011,1012 
NClt=O 

Go TO 1020 
NCl+=1 

DERIV=-0 
GO TO 1020 

NCl+=2 
CONTINUE 

IFIALPHA21 1050,1050,1051 
NC5=1 

GO TO 7777 
NC5=2 

IFIALPHA11 1008,1009,1009 
NC6=1 
ALPHA1=ABSFIALPHA11 
CONTINUE 

IF!ITI 1000,1001,1000 
NC8=1 
GO TO 1030 
JFITOLERl1002,1003,1002 
NC8=2 -
GO TO 1030 
NCll:3 
CONTINUE 

IFCSAOJ 1005,1005,1001+ 
IF!AOI 1006,1007,1006 

45 



ii 

I! 
I! 

C 

1007 NC9=0 
GO TO 1040 

1006 NC9::2 
GO TO 1040 

1004 NC9=1 
1040 CONTINUE 

NC10=NP 
DO 1041 I=1,N 
IflDXIIl-1.l 1041,1042,1041 

1042 NC11=1 
1041 CONTINUE 

IFIABSFIDl-10011066,1067,1067 
1066 NC13=0 

GO TO 1070 
1067 NC13=1 

CN6=ABSFIOl-100 
1070 NAUT=KEY 

LL=H 
11=11/KLEf 

c• A/44 

C 
PREPARATION FOR ITERATIONS 

DO 383 K=1,N 

383 

1064 
1065 
1063 

2007 
2006 

2222 
2 

1991 

1992 

1998 

1999 
C 
C 

AIKl=XXIKI 
CONTINUE 

IFINC10+211063,1064,1063 
DO 1065 I=1,H 
YRIIl=O. 
CONTINUE 

DO 2006 1=1,N 
IFIWEPSIIll2006,2007,2006 
WEPSII1=1• 

CONTINUE 
DO 2 I=1,N 
IFIWfNII112,2222,2 
HENIIl=1. 

CONTINUE 
NUITT=O 
CALL TRAH ILL,KP,H,N,O,Z,ZL,YRI 

TAX=ANORZFIN,Zl 
ROX=AHAXFIN,X11 

RH=WYHAX 
RO=ROX 

TAU=TAX 
IFIROX-1.E-1011991,1991,1992 
PRINT 4999 
GO TO 1160 
CONTINUE 

NUIT=O 
JF IEPSl199B,1999,1'399 
EPS=EPSH•TAX 

AD=EPS 
CONT JNUE 

•s• 
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ti 
t 

j 
(: 
r 

C 
C 

FIRST ITERATION ARP AND RPBC 

IFIITI 5900,5600,5600 
5900 CONTINUE 

CALL OUTPUT 
•IKPH2,H,N,0,0,RO,RH,REV,O.,EPS,TAU,Z,XXI 

5555 CONTINUE 

5004 

801 

851 

DO 5004 1=1,N 
ZII,Il=ZII,Il+WEPSIIl•<EPS+EPSLOWI 

CONTINUE 
INOIT=1 
GO TO 600 
CONTINUE 
ITCOND=t 
GO TO 750 

CONDIC=CONO 
CALL SYHIN (Z,N,NN,IfAIL,X2,X3,X41 
ITCOND=Z 
GO TO 750 

852 CONO=COND•CONDIC 

811 

6110 
6510 
6201 

GD TO 700" 
CONTINUE 
If(IFAIL-11 6100,6110,6100 
IF<KPI 6201,6201,6510 

PRINT 5000 
CONTINUE 

EPS=CEPS•fEPS+EFALII 
GO TO 5555 

6100 CONTINUE 
BO=ANORZF<N,ZI 
DO 5006 J=1,N 
H10=0• 
DO 5005 !=1,N 

5005 W1D=W10+Z<J, Il•X1UI , 
X2(Jl=W10•ABSF(1.-DXIJII 
AIJl::A(JI-X2(J) 5006 

C 
C 
C 
C 

•c• 
CONNECTING SEGMENT 

ITT=IT 
IT=-IT 

5620 CONTINUE 
CALL TRAH (LL,KP,H,N,D,Z,ZL,YRI 

TAU=ANORZF<N,"ZI 
RO=AHAXF IN, Xii 

RN=HYHAX 
DO 5901 K=1,N 

5901 XXIKl=A(KI 
S600 CONTINUE 

504 CONTINUE 
ENO=ALPHA1•EPS•IEPS+TAXI 

ENO=ENO/ROX 
IFINC9-1l 500,501,500 

501 CONTINUE 
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CALL OUTPUTIKPH2,H,N,0,0,RO ,RH,REV,O.,EPS,TAU,Z,XXI 
GO TO 503 

500 CONTINUE 
IFIITTl 502,503,503 

502 CALL OUTPUTIKP,H,N,1,0,RO,RH,REV,CONO,EPS,TAU,Z,AI 
IFA IL=O 

NU IT=1 
503 CONTINUE 

ROX5=Cl151 
INOIT =2 
NU ITT =O 

GO TO 3333 
C 
C •o• 
C•BASIS ITERATIONAL CYCLE ERP ,ARP ANO RPBC• 
C 
C 
C•OIERP+ARP+RPBC/1 • 
C 

3 CONTINUE 
00 388 K=1,N 
XXIKl=A(KI 

3118 CON TI NUE 
3333 CONTINUE 

IFITAUl3334,241,3334 
241 TAU=TAU+i.E-8 

3334 NUIT=NUIT+1 
C 
C•OIERP• 
C 

GO TO 140,411,NCS 
40 EPS=ALPHA1•EXPFCALPHA2•1NUIT-111 

GO TO 42 
C•ENO•OIERP• 
C 
c•otARP• 
C 

41 EPS=1.+C4.•ENO•RO/TAUI/TAU 
EPS=SQRTFCABSFIEPSII 
EPS=CEPS-t.1•TAU•ALPHA212. 

42 CONTINUE 
C•ENO•O/ARP• 
C 
C•O/RPBC/1• 
C 

RP HITH BEST CORRECTIONS 

IFCNC9-11 350,360,350 
360 CONtlNUE 

IF CNP+1 I 887,889, 8117 
887 CONTINUE 

DO 888 1=1,N 
00 886 J=1,N 

ll8ll ZL CI,Jl=ZCI,JI 
889 NUITT=O 

AOO=AO 
EPS=-AOO+EBCL 

41 

{ 

,, 

I 
I 
(j 
,) 

i 
~i 

371 
358 
351 

00 371 K=1,N 
XH (Kl =A (Kl 
RR=Cl151 

CONT TNUE 
EPS1=EPS 
C01=CONO 
NUITT=NUITT+i 
EPS=EPS+AOO+EPSLOH 
00 370, K=i,N 
XX(Kl=ACKl 

370 A(Kl=XH(KI 
TFINP+11 996,997,996 

997 CALL TRAM ILL,KP,H,N,O,Z,ZL,YRl 
GO TO 350 

996 CONTINUE 
00 999 1=1,N 
00 999 J=t,N 

999 ZII,Jl=ZLII,JI 
350 CONTitlUE 

C•ENO•O/RPBC/t • 
C 
CD/ERP+ARP+RPBC/2• 
C 

BASIS SEGMENT 

C 

C 
C 

00 4 I=1,N 
ZII,Il=ZII,Il+WEPSCTl•CEPS+EPSLOWI 

4 CONTINUE 

802 

653 

854 

812 

106 

101 
110 

GO TO 600 
CONTINUE 

ITCON0=3 
GO TO 750 

CONOIC=CONO 
CALL SYMIN CZ,N,NN,IFAIL,X2,X3,X41 
lTCOND=lt 
GO TO 750 

CONO=CONO•CONDIC 
GO TO 700 

CONTINUE 
IFIIFAIL-11 100,106,100 

PRINT 5000 
EPS=CEPS•IEPS+EFALII 

IFCEPS-1.E+71 101,100,100 
IFCNCg-11110,351,110 
NTV=NUITT 
NUITT=O 
CALL TRAM fLL,KP,H,N,O,Z,ZL,YRI 
NUITT=NTV 
NUIT=NUIT+1 
GO TO 350 

100 CONTINUE 
11 ROH=RO 

BASTS RELATION 

CALL REHLCM,N,NUITI 
DO f, J=1,N 
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H10 =O • 
DO 5 1=1,N 

5 H10=H10•Z!J,Il•X1!11 
X2!Jl=H10•ABSF!1.-0X!Jll 

6 ACJl=A!JI-X21JI 
IF!NC6-111054,1053,1054 

1053 DO 7 J=1,N 
H 10=0·~ 
00 8 1=1,N 

8 H10=H10•ZL!J,Il•X2!Il 
X31Jl=H1Q•ABSF!1.-0X!J)l•WEPS!Jl•CEPS•EPSLOHI 

7 AIJl=A1Jl•X3!Jl 
1054 CONTINUE 

C•E~O•OtERPtARP•RPBC/3• 
C 
c•otRPBC/2 
C 

IF!NC9-1!301,302,301 
302 NL =1 

IF!NUITT-LINTl490,490,300 
490 CONTINUE 

R01=RO 
RM1=RH 
REV1=REV 
CALL TRAH !LL,KP,H,N,O,Z,ZL,YRI 
RO=AHAXF!N,Xil 

RH=HYHAX 
IF!T21410,355,355 

410 IF!RR-REVl354,354,42D 
420 RR=REV 

GO TO 351 
355 IF(RR-HYHAXl 354,354,356 
356 RR=HYHAX 

GO TO 351 
354 00 385 K=1,N 

AB=ABSF!XX!Kl+1.E-10l/100. 
IF!ABSF(XX!KI-A!Kll/AB-ABSF!T211385,385,353 

385 CONTINUE 
GO TO 300 

353 CONTINUE 
EPS=EPS-2.•AOO 

ADD=ADO•SAO 
IF!EPSl 480,386,386 

480 EPS=-AOD+AOO/TADO 
PRINT 5000 

386 CONTINUE 
GO TO 358 

300 CALL OUTPUT 
•!KP,H,N.NUIT,NUITT,R01,RH1,REV1,C01,EPS1,TAU,Z,XXI 

00 382 K=1,N 
382 A !Kl=XX!KI 

NU ITT =O 
301 NL=O 

c•END•D/RPBC/2• 

50 

I 

C 
C•O/ERP+ARP+RPBC/3• 
C 

REVS=REV 

BEST ITERATION 

CALL TRAH !LL,KP,H,N,D,Z,ZL,YRI 
TAU=ANORZFIN,ZI 
RO=AHAXF IN, Xi I 
RH=HYHAX 

ROH=RO 
IFINC9-1l 1100,1131,1100 

1100 CONTINUE 
CALL OUTPUT 

•(KP,H,N,NUIT,O,ROH,RH,REV,CONO,EPS,TAU,Z,Al 
1131 CONTINUE . 

GO TOl71,72,731,L 
71 R5=ROH 

GO TO 74 
72 R5=RH 

C 
C 
C 
C 
C 

GO TO 74 
73 R5=REV 
74 IFIROX5-R51 1120,1120,1130 
1130 ROX5=R5 

DO 1140 K=i,N 
X51KI =Al Kl 

1140 XHIKl=XXIKI 
NUITH=NUIT 

NTH=NUITT 
ROl1W=ROH 
RHH=RH 

REVW=REV 
REVSH=REVS 

C ONDH=COND 
EPS1W=EPS 
TAU1W=TAU 

GO TO 1110 

•E• 

GOING FROH BASIS ITERATIONAL CYCLE 

1120 CONTINUE 
IFIKPH3-1l1110,591,1110 

1110 CONTINUE 
NN5=1 
GO TO !7001,7010,70011, NC8 

7001 CONTINUE 
IFITOLERI 401,7002,7030 

7030 . CONTINUE 
00 387 K=1,N 

AC=ABSFIXX(Kl+l.E-101/100. 
IFIABSF!XXIKI-AIKll/AC-TOLERI 387,387,7003 

387 CONTINUE 
NN5=2 
GO TO 7003 

401 CONTINUE 
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I 
i 

J'il 

C 

7002 
7003 
7010 
7011 
7020 

591 

IFCR5-ABSFCTOLERll7002,7003,7003 
NN5:2 
GO TO 17020,7010,70101, NC8 

IFINUIT-ITl7020,7011,7011 
NN5=2 

ROH1=ROH 
GO TO 13,5911, NN5 

CONTINUE 

C STATICAL ANALYSIS 
C 

IFCKPHi-31520,521,521 
521 IFCH-Nl520,520,530 
530 CONTINUE 

DO 529 1=1,N 
529 ACil=X5 Ill 

IFAIL=O 
532 NUITT=O 

CALL TRAHCLL,KPH1,H,N,D,Z,ZL,YRI 
00 531 1=1,N 

531 ZCI,Il=ZII,Il•EPSiH•IFAIL 
INOIT=3 . 
GO TO 600 

803 CALL SYHIN CZ,N,NN,IFAIL,X2,X3,X4l 
GO TO 700 

813 IFCIFAIL-11527,526,527 
526 PRINT 5001 

KPH1=3 
GO TO 532 

527 CONTINUE 
ROS=SQRTFCREVSH/CH-N ♦ NNII 

00 525 I=1,N 

515 
525 

523 

518 

524 
522 

519 
520 

1151 
1160 

SIGHAIIl=SQRTFIZCI,Ill•ROS 
IFCOXCil-1.l 525,515,525 
SIGHACil=O, 
CONTINUE 

DO 522 1=1,N 
DO 523 J=1,N 

X4CJl=Ztl,JJ/SQRTFCZCI,Il•ZIJ,JII 
00 524 J=1,N 

IFCI-Jl518,524,518 
CONTINUE 

ZII,Jl=X4CJI 
CONTINUE 

CONTINUE 
00 519 1=1,N 
ZCI,11=1. 

CONTINUE 
CALL OUTPUT 

•CKPH1,H,N,NUITH,NTH,ROHH,RHH,REVH,CONDH,EPS1H,TAU1W,Z,X51 
OD 1151 K=1,N 
XXIKl=X5(Kl 
CONTINUE 

H-=LL 
N:NC3 

52 

1 ri 

I 
I 
I 

I ti 

f] 

j 
i 

/: 

C 
C 
C 
C 
C 
C 
C 

600 

602 

603 

NN=NS 
IT=ITT 

K=KEY 
RETURN 

• F • 

BREAKING OUT OF UNKNOWNS ACCORDING TO THE /DROPX/ 

• CRINGE Z • 

CONTINUE 
IFINC11-11601,602,601 

NN=O 
00 606 1=1,N 
IF COX IIl-1, I 606,603,606 
NN=NN+1 
I3=N-NN+1 
I2=I-NN+1 
00604 11=12,13 
00 605 14=1,N 

605 ZII1,I41=ZII1+1,I41 
00 604 14=1,N 

604 ZII4,I11=ZII4,I1+11 
606 CONTINUE 

N=N-NN 
601 GO TO 1801,802,8031,INDIT 

C 
C • ENLARGE Z • 
C 

700 CONTINUE 
IFCNC11-11701,702,701 

702 N=N+NN 
II=O 
00 730 I=t,N 
N1=N-I ♦ 1 
IFCDXCNU-1,1 715,730,715 

715 II=II+1 
NZ=N-NN-II ♦ i 
00 716 J=i,N 

716 ZCN1,Jl=ZlN2,JI 
730 CONTINUE 

DO 703 1=1,N 
IFCDXCil-1,1707,703,707 

707 DO 708 J=1,~ 
708 X4CJl=ZII,JI 

JJ:O 
DO 704 J=1,N 

IFCOXCJl-1.1 705,713,705 
705 JJ=JJ+1 

XJ(Jl=X4CJJI 
GO TD 704 

713 ll'JCJl=O. 
704 CONTINUE 

00 710 J=1,N 
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C 
C 

C 

C 
C 
C 

710 
703 

712 
709 
701 

750 

776 
777 

Z ll,Jl=X31JI 
CONTINUE 

DO 709 1=1,N 
IF(DX(ll-1.1709,712,709 
ZII,ll=TINV 
CONTINUE 

GO TO 1811,812,8131,INOtT 

• NUMBER CONOITtON • 

CONT !NUE 
DO 777 J=1,N 
W5=0 • 
00 776 1=1,N 

W5=WS+ABSFIZIJ,I)I/WENIII 
X31Jl=WPWEN(Jl 

CONO=AHAXFIN,X31 
GO TO 1851,852,853,8541,ITCONO 

C 
4999 
5000 

5001 

FORHATl14X,14HXO TS SOLUTION! 
FORHATl/14X,19HCORRECTED ITERATION) 

FORHATl///14X,56HSOLUTION WITH QUAST-ERRORS 
•ANO -CORRELATION COEFFICIENTS) 

END 

SUBROUTINE REHL IH,N,NUITI 

CDHHON/DRDPX/OXl100l/RH/EA,EO,EF 

IF !EA I 1,2,1 
1 DO 3 1=1,N 

!FIOX(Jl~1,l 4,3,4 
4 DXIIl=EA•EXPFI-ED•NUITl+EF 

DX 111=1.-DXIII 
3 CO NT INUE 

2 CONTINUE 
l<ETURN 
END 
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I, 

C 
C 
C 
C 
C 

C 
C 

SUBROUTINE TRAH <LL,KP,H,N,O,Z,ZL,YRl 

FORMING OF JCOBI MATRIX AND 
GETTING THE PRODUCTS Z=ZT•z, X1=ZT•v 

COHHON/A/Af1001/0F/OFl100l/X/Xl101 
COHHON/CON/CN1,CN2,CN3,CN4,CNS,CN6,HYHAX 

COHHON/ICON/NC1,NC2,NC3,NC4,NC5,NC6,NC7,NCB,NC9,NC10, 
INC11,NC12,NC13,NC14,NC15,NAUT 

COHHON/X1/X11100l/X2/X211001/X3/X311001 
•IX4/X41100)/X5/X5(100l 

COHHON/CRIT/ROH,RH,REV,TAU,COND,ENO 
COHHON/SIGHA/SIGHAl1001 
COHHON/Nl/NL/NUITT/NUJTT/NEWT/NT 
DIMENSION Z!N,Nl,YRILLl,A1!1001,Sl51 

EQUIVALENCEIA,A11 

3000 
_3002 

If(KPI 3000,3001,3000 
IF(HOD(KP,211 3001,3002,3001 
PRINT 3006 . 

3001 
PRINT 3003 

CONTINUE 
KPH=O 
REV=O. 
P=1• 
Q=1. 
DO 70 I=1,N 
If(Nll 121,121,122 

121 X1111=0• 
122 CONTINUE 

DO 70 J=1,N 
70 ZII,Jl=O• 

HYl'IAX=O• 
DO 2 1=1,H 
NC2=I 

GO TOl10,11,12,131,NAUT 
10 KS= 0 

GO TO 50 
11 K5=1 

GO TO 50 
12 K5=2 

GO TO 50 
13 Xf11=FLOAT(Il 

GO TO 60 
50 K1=NC1-K5 

Iffl<1-1l 60,51,51 
51 CONTINUE 

DO 3 1<2=1,1<1 
K3=NC1 •1 I-11 +K2+K5· 

3 XIK21=YR(K31 
60 Y=O • 

IFINC101200,210,210 
200 NC12=-NC10 
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C 
C 
C 

210 

40 
30 

21 

23 
22 

24 

CALL RELADINC12.LL,M,N.NC2.A1.Y,ZL,OFI 
YY=Y 

GO TO 1 
CALL RELADIIN.NC10.NC2.A1,Y•OFI 

YY=Y 

NUHER9CAL OIFFERENTIATION 

IffNUITTl 40.40,1 
IF(NCl+l30.1,30 

CONTINUE 
IFINC4-1l 1,21.21 

00 20 l1=1,NC3 
If!NC13122,22,23 

D=CN&•ABSF(AIT11l 
CONTINUE 
!FINC4-1l24.21+,25 
AII11=AII11+0 
CALL RELADIIN,NC10,NC2,A1.Y,Dfl 
YYY=Y 
AII1l=AIT1l-2.•0 
CALL RELADIIN,NC10,NC2.A1,Y,DFI 
Yt=Y 
A II11=AI I11-0 

CALL RELADIIN,NCtO.NC2.A1,Y.DFl 
Y2=Y 
A1!1l=AII1l-D 

CALL RELft0ltN,NC10,NC2,A1,Y.DFl 
Y3=Y 

OFIT11=13.•YYY+10.•YY-18.•Y1+6.•Y2-Y31/(12.•0I 
AIT11=AIT11+3.•0 
GO TO 20 

25 CONlINUE 
AII11=AII11+0 
CALL RElAD11N,NC10.NC2.At.Y,DFI 

OFII1l=IY-YYl/O 
A II1l=AI !11-0 

20 CONTINUE 
C •END HUM .OHF.• 
C 

1 Y=YY 
K4=NCt•!J-11+1 

GO TO 171.72,73,741,NAUT 
71 Y=Y-CN1 

GO TO 80 
72 Y=Y-VRIK4l 

GO TO 80 
73· Y=IY-YRIK4ll/YRIK1++11 

P=YR lk4+1 l 
Q=SQRTFIPl 

GO TO 80 . 
74 Y=Y-YRIII 

80 AB=ABSFIYI 
IFIA8-1.E+61 82,82,81 

81 REV=1.E+13 
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II 
. '; ! 

GO TO 83 
82 REV=REV+tQ•v1••2 
83 IFIKPI 3390,3300,3390 

C 
C •PRINT O• 
C 

3390 CONTINUE 
C 

IFIMOOIKP,211 3300,3333,3300 
3333 KPH=KPM+1' 

SIKPMl=Y 

3335 
IFIKPH-41 3334,3335,3335 
J1 = I-3 

3334 
3340 

3341 

3342 

3343 
3300 

C 

100 
110 

120 
92 

93 
130 

132 
131 

96 

J2 = I- 2 
J3 = I-1 
J4 =I 
PRINT 3350,J1,S11l,J2.Sl21,J3,S131,J4,Sl41 
KPH=O 
GO TO .3300 
IFII-Ml 3~00,3340,3340 
J1=1-KPH+1 

J2 =J1 +1 
J3 =J2 ♦ 1 
GO 1013341,3342,33431,KPM 
PRINT 3351.J1,S11l 

GO TO 3300 
PRINT 3352,J1,S11l,J2,S12l 

GO TO 3300 
PRINT 3353,J1,S11l,J2,S12l,J3,S13l 
CONTINUE 

•END PRINT O• 
IFIWYMAX-ABl100,100,110 
WYMAX=AB 
DO 90 J=1,N 

IFINLl 120,120,130 
IF INT 192,93,92 
X1 (Jl :'f 
GO TO 130 
Xi IJl =Xi IJl +Y"DF IJl 
IFINC10+11 132,131,132, 

IFINUITTI 131,131,90 
CONTINUE 

00 91 K=1,N 
IFINT196,95,96 

ZIJ,Kl=DFIKl 
GOTO 91 
ZIJ,Kl=ZIJ,Kl ♦ OFIJl•DFIKl/P 

CONTINUE" 
95 
91 

90 CONTINUE 
2 CONTINUE 

RETURN 
3003 FORHATl8X,7HOEFECTSI 
3006 FORMATl//l 
3350 FORMAT(1X,2HD<,I2,2Hl=,E17,10,1X, 

"2HOl,I2,2Hl=,E17,10,1X, 
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C 
C 

•2HO 1,I2,2Hl:,E17,10,1X, 
• 2 HO I, I 2, 2H l ", E 1 7, 10 l 

3351 FORHATl1X,2HDl,I2,2Hl=,E17,101 
3352 FORHATl1X,2HDl,I2,2Hl=,E17,10,1X, 

•ZHDl,I2,2HJ:,£17,101 
3353 FORHAT(1X,2HDl,I2,2Hl=,E17,10,1X, 

•2HO 1,I2,2Hl:,E17,10 1 1X, 
• 2 HO ( , I 2, 2 H l =, E 1 7, 10 l 

ENO 

SUBROUTINE RELAD INC12,LL,H,N,INOEX,A,Y,ZL,OFJ 

OIHENSION ZLILL,Nl,A(NJ,OF(Nl 
GO TO 1201,202l,NC12 

C 
C•LINEAR PROBLEM• 
C 

C 

201 CONTINUE 
W=O • 
00 1 I=1,N 
W=W+ZLlINOEX,IJ•A(IJ 

1 OFIIl=ZLIINOEX,Il 
Y=W 
RETURN 

C•EIGEN VALUE PROBLEM• 
C 

202 CONTINUE 
IFIINDEX-Nl 10,20,20 

10 Y=O • 
00 8 1=2,N 

OF(ll=ZLIINOEX,I-11 
8 Y=Y+OFII)•Atll 

Y=Y-Altl•AtINOEX+11 
OFIINOEX+11=0FIINOEX+1J-Al11 

OF11l=-AIINOEX+1l 
RETURN 

20 Y=O • 
00 30 t=2,N 
Y=Y+Alll••2 

30 OFIIl=2.•AIIl 
Y=Y-1, 
OFl1l=O, 

RETURN 
ENO 
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11 

'i 
l 
'l 

ti 

C 

C 

SUBROUTINE SYHIN IA,N,NN,IFAIL,P,Q,Rl 

OIHENSION Alli ,Pf1l ,0111 ,Rill 
INTEGER R 

!FA IL=O 
EPSILN=1,0 E-12 
EPSIL=t.E-10 

II=N 
Kl =N+NN 
00 200 1=2,N 
K= ( I-11 •Kt 
DO 200 J=1,N 
KK=K+J 
II=II+1 

200 AIIIl=AIKKl 
K=O 
DO 10 1=1,N 

10 R II I =1, 
00 65 I=1,N 

IFIAlll-EPSILll00,100,201 
201 BIG=O, 

JJ=1 
00 38 J=1,N 
TEST=ABSF IA IJJ) I 
IF(TEST-RIGl37,37,31 

31 JF(RIJll100,37,32 
32 B IG=TEST 

K=J 
KK=JJ 

37 JJ:JJHH1 
38 CONTINUE 

IFIKl 100,100,39 
39 IFIABSFIAIKKl/Allll-EPSILNll00,40,40 

40 RIKl=O, . 
Q(Kl=1,/A(KKI 
P IK1=1, 
AIKKl=O.O 
KP1=K+1 
KHi=K-1 
IFIKH11100,50,41 

41 JK=l+N"IK-11 
00 49 J=1,KH1 
P IJ I =A IJKl 
Q(Jl=A IJKl•QIKI 
IFIRIJll 100,48,42 

42 CllJl=-QIJI 
46 AIJKl=O,O 
49 JK=JK ♦ 1 
JO IFIK-Nl51,60,100 
51 KJ=K•IN+11 

DO 59 J=KP1,t,J 
PIJl=AIKJI 
QIJl=-A(KJl•QIKI 
IFIRIJll100,52,58 
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! 
I 

52 PIJl=-PIJI 
58 A IKJI =O.O 
59 KJ=KJ ♦ N 

60 IJK=1 
00 65 J=1,N 
JKsIJK 
00 64 K=J,N 
AIJKl=AIJKl ♦PIJl•QIKI 

64 JK=JK ♦ N 

65 IJK=IJK ♦ N ♦ 1 

I KJ=N•1 
00 72 IJK=2,N 
IJKH2=IJK-2 
K =I KJ ♦ !JKH2 

JK= IJK 
00 70 KJ=IKJ,K 
AIJKl=AIKJI 

70 JK=JK ♦ N 

72 IKJ=IKJ ♦ N 

GO TO 101 
100 IFAIL=1 
101 CONTINUE 

II =N 1H2+1 
Ki =N ♦ NN 

00 300 !=2,N 
K=(N-I ♦ 2)•Kt-NN♦ 1 

00 30 0 J=1, N 
K'<=K-J 
II =II-1 

300 AIKKl=AIIII 
RETURN 
[NO 

60 

ti 
{' 

,, 
i( . 

C 

SUBROUTINE OUTPUT 
•!KP,M,N,NUIT,NUITT,ROM,RM,REV,COND,EPS,TAU,Z,XXI 

COMHON/SIGMA/SIGMAl1001/X1/Xl!1Jul/X2/X211COI 
COMMON/OROPX/DXl10GI 
COHHON/OF/OFl1DOI 
DIMENSION XX (NI ,ZIN,NI 

c•PRINT xx• ' 
C 

1000 
2000 

100 

20 

IFIKPI 1000,1000,2000 
RETURN 
CONT IN.UE 

PRINT 1 . 
PRINT 2,NUIT,NUITT,ROM,RM,REV,TAU,COND,[PS 

PRINT 3 
IFIKP-21 100,100,200 

I1 =N/ 4 
K=MOD IN,1+1 +1 
IFIIl-11 30,20,20 
00 1+0 I=1,I1 
Jl =II -1 I •4 + 1 
J2=J1+1 
J3 =J2+1 
J4=J3•1 

1+0 PRINT 10 ,J1,XX(J11,J2,XXLJZl,J3,~X(J31,J4,XX(J41 
30 Jl=N-K+2 

JZ =J1 +1 
J3=J2 •1 
GO TOl110,120,130,1401,K 

120 PRINT 11,J1,XXIJ11 
GO TO 110 

130 PRINT 12,J1,XX(J11,J2,XX(J2l 
GO TO 110 

11+ 0 PRINT 13, .J 1, XX I J 11 , J 2, XX I J 21 , J 3, XX U 3 l 
110 RETllPN 

c•END PRINT xx• 
C 
C•PRINT xx,s• 
C 

200 

202 

300 
301 

302 

303 

304 

30'; 
3130 

DO 201 I= 1, N 
IF!OXIIl-1,1202,2G3,2~2 
CONTINUE 

IF IN-101 300,300,400 
GO TC I 3 0 1 , 3 0 2 , 3 0 3, 3 0 4 , 3 0 5 , ·3 0 7 , 3 ,) 7 , 3 r; 7 d 7 , 3 L 7 , 3 '_ 7J , N 
pi;: ! tJ T 3 1 , I , X X I I I , Z I I , 1 I 
r,o TO 3130 
PP HIT 3 2, I, XX I II , Z I I, 1 I, l. II, 2 I, 
GO TO H30 
PR INT 3 3 , I , XX I I I , Z I I , t I , Z l I , 2 > , Z I I , 3 I_ 
GrJ TO HJ0 
PR ! N T 3 4 , T , X )( I I I , Z I ! , 1 I , Z I I , 2 I , Z I I , 3 I , l I I , 4 I 
GO TO 3130 
PRINT 3 5, I, XX I I I , Z I I ,1 I, Z II, 2 l , Z II ,J l , Z I I, 4 I, Z I I , 5 I 
PRINT oO,SIGt'AIII 
r;o TO 201 
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,I 
!' 

307 

311 

312 

313 

314 

315 

400 

PRINT 36,1,XXlll,Zll,11,ZII,21,ZII,31,ZII,41,ZII,51 
GO TOl311,311,311,311,311,311,312,313,314,3151,N 
PRINT 41,SIGHAIIl,ZII,61 
GO TO 201 
PRINT 42,SIGHAIIl ,ZII,61,Zll,71 
GO TO 201 
PRINT 43,SIGHAIIl,Zll,61,Zll,71,Zll,81 
GO TO 201 
PRINT 44,SIGHAIIl,ZII,61,Zll,71,Zll,81,ZII,91 
GO TO 201 
PRINT 45,SIGHA(ll,ZII,61,ZII,71,Zll,81,Zll,91,ZII,101 
GO TO 201 
PRINT 36,I,XXIIl,Zll,11,Zll,21,Zll,31,ZII,41,ZII,51 
PRINT 46,SIGHAlll,ZII,61,Zll,71,ZII,81,ZII,91,ZII,101 
I1 =N-10 
K=HODIIt,51+1 
U=I1/5 
IFIIi-11 403,402,402 

402 00 404 J=1,I1 
J1=1J-tl•5 ♦ 11 

J2=J1+1 
J3 =J2+1 
J<+=J3+1 
J5=J4 ♦ 1 

404 PRINT 410,J1,ZII,J1l,J2,ZII,J21,J3,ZII,J31, 
•J4,ZII,J41,J5,ZII,J51 

403 J1=N-K+2 
J2=J1+1 
JJ=J2 ♦ 1 
J4=J3+1 
GO TOl201,411,412,413,4141,K 

411 PRINT 431,Jl,Z<t,Jll 
GO TO 201 

412 PRINT 432,J1,Zll,J1l,J2,Zll,J21 
GO TO 201 

413 PRINT 433,J1,ZII,J1l,J2,Zll,J21,J3,Zl!,J31 
GO TO 201 • 

414 PRINT 434,J1,ZII,J11,J2,ZII,J2l,J3,Zll,J31,J4,ZII,J41 
GO TO 201 

203 PRINT 204,I,XXlll 
PRINT 60,SIGHAIII 

201 CONTINUE 
RETURN 

204 FORHAT(1X,2HXl,I2,2Hl=,E17■ 10,14X,19H IS DROPPED UNKNOWN) 
1 FORHATl1X,13HEXTITT INTITT,6X,2HRO, 8X,3HHAX, 

•tX,6HDEFECT,7X, 
15HHI SQ,10X,3HTAU,11X,4HCOND, 9X,3HEPSI 

2 FORHATl1X,t5,1X,I5,2X,6E14,71 
3 FORHATl8X 1 8HUNKNOWNSI 

10 FORHATl1X,2HXl,I2,2Hl=,E17.10,1X, 
•2HXl,12,2Hl=,E17,10,1X, 
•2HXl,12,2Hl=,E17,10,1X, 
•2HXl,12,2Hl=,E17.101 

11 FORHATl1X,2HXl,12,2Hl=,E17,10) 
12 FORHATl1X,2HXl,12,2Hl=,E17,10,1X, 

62 

13 

ti+ 

31 

32 

33 

34 

35 

36 

60 
41 

42 

43 

1+4 

45 

46 

; I 410 

431 
1+32 

433 

434 

•2HXl,12,2Hl=,E17,101 
FORHATl1X,2HXl,I2,2Hl=,E17o10,1X, 

•2HXl,I2,2Hl=,E17,10,1X, 
•2HXl,I2,2Hl=,E17,101 

FORHATl1X,2HXl,I2,2Hl=,E17,10,1X, 
•2HXl,I2,2Hl=,E17.10,1X, 
•2HXl,12,2Hl=,E17o10,1X, 
•2HXl,I2,2Hl=,E17.101 

FORHATf1X,2HXl,I2,2Hl=,E17.10,1X, 
•&HB I 11=,F8,51 

FORHAT(1X,2HXl,12,2Hl=,E17,1D,1X, 
•&HB I 11=,F6,5,1X,6HBI 21=,FS.51 

FORHATl1X,2HXl,I2,2Hl=,E17,10,1X, 
•f>HB I 11=,F8,5,1X,6HBI 21=,F8.5,1X,6HBI 

FORHATl1X,2HXl,12,2Hl=,E17,10,1X, 
•6HB ( 1l=,F8.5,1X,6HBI 21=,F8,5,1X,6HBI 
•&HB I 41=,F8,51 

FORHATl1X,2HXl,I2,2Hl=,E17,10,1X, 
•6HBI 11=,F8.5,1X,6HBI 21=,F8,5,1X,6HBI 
•6HBI 4l:,F8,5,1X, 
•&HB I 51=,F8,5l 

FORHATl1X,2HXl,I2,2Hl=,E17,10,1X, 
•&HB I 11=,F8.5,1X,6HBI 21=,F8.5,1X,6HBI 
•&HB I 41=,F8,5,1X, 
•6HB I 51=,F6,5l 

FORHAT(1X,6H +/- ,E17.101 
FORHAHD,6H ti- ,E17,10,1X, 

•&HB I 61=,F8.5l 
FORHATl1X,6H +/- ,E17.10,1X, 

•6H8( 61=,F6,5,1X,6HBI 71=,F8.51 
FORHATl1X,6H +/- ,E17.10,1X, 

•&HB l 61=,F8.5,1X,6H8( 71=,F8,5,1X,6HBI 
FORHAT 11X, 6H .,. ,E17.10,1X, 

•6HB ( 61=,F8,5,1X,6HB( 71 =, F8o 5 ,1X,6HB I 
4 6H8( 91= ,F 8, Sl. 

FORHAT11X,6H t/- ,E17o10,1X, 
•6H8 ( 6l=,F8.5,1X,6HBI 7l=,F8.S,1X,6HBI 
•6HB l 91=,F8o5,1X, 
•&HS 110 l=,F8,51 

FORHAT(1X,6H +/• ,E17,10,1X, 
,.6HB I 6l=,F8,5,1X,6H81 7l=,F8,5,1X,6HBI 
•6HBI 9l=,F8,5,1X, 
•6HBl10l=,F6,51 

FORHAT(25X,2HBl,12,2H)=,F8.5,1X, 
•2H8(,12,2Hl=F8.5,1X, 
"2HB(,I2, 2H),:F6,5,1X, 
•2HBl,I2,2Hl=F6,5,1X, 
•2HBl,I2,2Hl=F8,51 

FORHATl25X,2HBl,J2,2Hl=,F6,5l 
FORHATC25X,2HB(,I2,2Hl=,F8.5,1X, 

"2H81,12,2Hl=F6,51 
FORHATl25X,2HBl,I2,2Hl=,F8.5,1X, 

•ZHBl,I2,2Hl=F8,5,1X, 
•2HB(,I2,2Hl=F6o51 

FORHATl25X,2HBl,I2,2Hl=,F6.5,1X, 
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31=,F8,Sl 

31=,F8,5,1X, 

31=,FS.5,tX, 

3l=,F8o5,1X, 

8l=,F8.5l 

81=,F8.5,1X, 

81=,F8.S,1l<, 

81=,F6.5,1X, 



' 

,j 

C 

C 

C 

C 

26 
27 

4 2HBC,f2,2Hl=F8,5,1X, 
•2HBl,12,2Hl=F6,5,1X, 
•2HBl,12,2Hl=F6,51 

~o 

FUNCTION ANORZFIN,ZI 

COHHON/WENORH/WENl1D01 
COHHON/X2/X211D01 
OIHENSION ZIN,NI 

00 27 J=1,N 
W4=0, 
00 26 1=1,N 
W4=W4 ♦ ABSFIZIJ,III/WENCII 
X2 IJI =W4•WENCJI 
ANORZF=AHAXFIN,X21 
RETURN 
ENO 

FUNCTION AHAXFIH,X51 

DIHENSION X5CHI 

AMAX=O, 
DO 1 1=1,H 
AB=ABSF CX5 CI 11 
IFCAHAX-ABI 2,2,1 

2 AHAX=AB 
1 CONTINUE 

AHAXF=AHAX 
RETURN 
END 

FUNCTION SQRTFIXI 
SQRTF=SQRT C XI 
RETURN 
ENTRY ABSF 
IFIXI 1,2,2 

1 SQRTF=-X 
RETURN 

2 SQRTF=X 
RETURN 
ENTRY EXPF 
SQRTF=EXPIXI 
RETURN 
END 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

IIPifJIOlillH.11E 2. IIPOr PAMMA E X A MP 

PROGRAH EXAHPIINPUT,OUTPUTI 
DIMENSION Z120,201,ZLl20,201,YRl1001,XXl201 

COHMON/kSEL/KPI,KPF,KGS,L/OROPX/DXl1001 

EXAMPLE 

SOLVING OF THE 
x+y••2=0 
X••z+ Y=2 

BY MEANS OF A R P WITH 
X=-0,5 ANO 

NP:1 
N:2 
N=2 
NN=N 
K=4 
KK=1 

IT=-30 
E =1, 
T=0,00001 
A1=1, 

A2=1 
KPI=l 
KP=1 

YRl11 =2, 
YRl21 =O, 
xx (11 =-0~ 5 
XXIZl=-0,S 

PRINT 101 

1 

SYSTEM 
(11 
121 
!NIT JAL 
Y=-0,5 

APPROXIHATJONS 

CALL REGN 
•<NP,H,N,NN,K,KK,IT,KP,T,AD,S~TT,O,E,Z,ZL,YR,XX,A1,A21 

EXAMPLE 2 

·rr=30 
KGS=1 
KPF.:O 
T=-o.ooooooooooi 
AO=l, 
S=, 1 

Tr": 2 • 
0=0,000000001 

XXl11=-0,5 
XXl21=-0,4 
PRINT 102 

':ALL orr;N 
•<NP,H,N,NN,K,KK,IT,KP,T,AO,S,TT,O,E,Z,ZL,YR,XX,A1,A21 

EXAMPLE 3 

EXAMPLE OF C •. LANCZ OS 

.65 



C 
l =O. 000001 
NP=2 
M=72 
N=S 
NN=6 

K=3 
KK=3 

TT=-30 
S =O • 
A C=O, 

O=O, 
f = 1G, 
KPF=1 
YRl11•2.5134IYRl21=1.$YR(31=0.0 
YRl41=2.044333373$YR(51=1•$YRl61=.05 
YRl71=1.666404436$YRIPl=1.$YRl9l=o1 
YNl10l=1,366416021$YRl111=1,$YRl121=.15 
YRl131=1,12323,467$YRl141=1.$YRl151=.2 
Ykl161=0,9268Sq716$YRl171=1.$YRl181=.25 
YRl191=0.767933856$YRl201=1•$YRl21l=.3 
YNl221~0,638877552$YRl231=1•$YRl241=,35 
Ykl251=0,533783531$YRl2bl=1•$YRl271=.4 
YNl281=0.447936361$YRl291=1.$YR(30l=.45 
YRl31l=0,377584788$YRl321=1•$YRl331=.5 
YR1341=0,319739319$YRl351=1.$YRl36l=.55 
YRl371=0,272013077$YRl381=1•$YR(391=.6 
YRl401=0.23249&552$YR(411=1•$YR(421=.65 
YRl431=0,199658954$YRl441=1.$YRl451=.7 
YRl46l=0.172270412$YRl471=1.$YRl461=,75 
YR(49l=0.14934C566$YR(501=1,SYRl511=.8 
YRl52l=0,130070020$YR(531=1•$YRl541=.85 
Yk(551=0,113811932$YR(56)=1.$YRl571=.9 
YRl561=0,100041558$YRl591=1.$YR(60l=.95 
YR(61l=0.088332090$YRl621=1,JYR(631=1, 
YRl&41=0.076335440$YR(651=1•$YR(661=1.05 
YRl671=0,069766937$YRl681=1.$YRl691=1.1 
YR(70l=0.062393125$YRl711=t.$YR(721=1.t5 
XXltl=0.12 
XX(21=1o1 
XX<31=0,9 
XX 1,, I =0.6 
)((ilj)c1.3 

XX (F., I c2. 8 
YX(71=4.7 
)()((81=4.7 

KGS=O 
KP=O 

PRINT 103 
CALL REGN 

•INP 9 H,N,NN,r,KK,IT 9 KP,T,AO,~,Tl,D.E 9 Z,ZL.YR,XX,Al,A21 
'JCXl4)=0. 
OX141=1• 
OXl81=1• 
E=0.05 
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.. .,,,..,.. 

KPF=3 
L =3 

CALL REGN 
•INP,M,N,NN,K,KK,IT.KP,T,AO,S,TT,D.E,Z,ZL,YR,XX,A1,A21 

C 
C 

101 
102 
103 

FORMAT(///20X,22HSOLUTION OF EXAMPLE 
FORHATl///20X,22HSOLUTION OF EXAMPLE 
FORHATl///20X,22HSOLUTION OF EXAMPLE 

ENO 

SUBROUTINE RELAOI (N,NP,INDEX,A,Y,OFl 
DIMENSION A(Nl,OFINI 
COHMON/X/Xl10l 
GO TO 1100,2001,NP 

100 CONTINUE 
GO TO 11,21,INOEX 

1 Y=At11••2+Ai21 
OF(11=2.•At1l 
OF<2l=1• 

. RETURN 
2 Y=Al1l+Al21••2 

OFl11=1 • 
OFl21=2.•Al21 

RETllRN 
200 CONTINUE 

1, /I 
2,/l 
3,/l 

Y = A (1 I "E XPF I -A 151 .,X ( 11 I +A I 21 "EXPF t-11 ( E, l •x I 1 I I+ 
•A(31 4 EXPFI-Al7l•X11ll+Al41"EXPF(-Al8)•Xllll 

OF<1l=EXPFI-Al51"Xl111 , 
OF12l=EXPFI-Al61•Xl111 
OFl3l=EXPFI-Al71•Xttll 
OF t 4 l = EX PF I -A I 81 • X < 1 I I 

OFl51=-Al11•Xl1l•OF(1l 
OF161=-A(2l•Xt1)•0F(21 
OF 171 =-A (3J<'X I t1• □ F (31 
DFl61=-Al41"Xltl•OF141 
RETURN 

END 
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