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I. OEmAH XAPAKTEPHCTHKA PAEOTH 

AKTyaJJbHOCTb TeMhl. llCCJJeAOB:Hlle ycTOHqllBOCTII MOAeJJhHblX 

pa3HOCTHblX KpaeBblX 3aAaq (p. K. 3.) Ha 3BM C rrp11MeHeHlleM CAB 

llBJllleTCll HOBhlM rrepcrreKTIIBHUM HarrpaBJ1eH11eM B perneHIIII BOrrpoca 

Bbl6opa ycTowqllBblX q11cneHHblX anropllTMOB AJ!ll CJIO~HblX rrpllKJJaAHblX 

3aAaq. np,aKTll'leCKOe np11MeHeH11e 113BeCTHblX TeopeT11qecK11x 

pe3yJJbTaTOB no IICCJleAOBaHIID ycToHqllBOCTII MOAeJJhHblX p.K.3. 

OCJIO~HlleTClI TPYAHOCTllMII perneH11a B03HIIKa=11x rrp11 3TOM 

anre6paw1ecK11x JaAaq. Kpo11,1e Toro, rrpoBepKa Kp11Tep11eB 

ycTOtt•IIIBOCTII CBll3aHa ~ rpoM03AKIIMII aHaJ111T11qecKIIMII BblKJ1aAKaM11, 

npaKTll'feCKII HeBhlIIOJIHIIMUMII BpyqHyo. B CBll311 C 3TIIM pa3pa6oTKa 

MeTOAOB np11MeHeHllll CIICTeM aHaJJIIT11qeCKIIX BblKJJaAOK {CAB) AJ!ll 

IICCJJeAOBaHllll ycTottqllBOCTII pa3HOCTHblX cxeM (p.c) Ha 3BM 

llBJllleTClI aKTyaJJhHOH 3aAaqett. 

uenb pa60Tbl COCTOIIT B C03AaHIIII II pean113al.\llll Ha 3BM C 

IlOMOlllb~ CAB, anre6pa11qecKoro anrop11TMa BblqllCJleHlllI crreKTpOB 

p. K. 3. AJ!ll r11rrep6on11qeCKIIX p. C., C IlOCTOlIHHUMII K03cjxjllll.\lleHTaMII 

II OAHOW npocTpaHCTBeHHOH rrepeMeHHOH. 

MeTOAIIKa IICCJJeAOBaHlllI. ttccneAOBaH11e ycTOHqllBOCTII p.K.3. 
* < 

npoBOAIITCll no MeTOAIIKe H.-0.Kreissa. Bero pa6oTax AOKa3aHO, 

'ITO TOqKII crreKTpa z, I z 1ac1 rrony6eCKOHeqHblX p. K. 3. 

YAOBJleTBOpllITT AeTepMIIHaHTHOMY ypaBHeHIID, KOTopoe MO~O 

BblBeCTII aHaJIIITllqecKII. 

Ha _y_qHall HOBll3lJa 113JIO~eHHblX B pa6oTe pe3yJJhTaTOB 

3aKJJ~<IaeTCll B CJJeAy=eM. npeAJJO~eH anre6pa11qeCKllH anropllTM 

Bblq11cneHllll crreKTpOB, II03B0Jlll=IIH AJ!ll rrpaKT11qecK11 Ba~oro 

Knacca pa3HOCTHblX KpaeBblX JaAaq CBeCTII, CJJo~yo 3aAaqy 

Bbl'IIICJJeHlllI ToqeK cneKTpa z, lzlacl K 11axO~AeHIIO KOpHett 

MHOfQqJJeHOB OT OAHOW nepeMeHHOtt. AJJrOpllTM peaJJll30BaH Ha 3BM C 

np11MeHeH11eM CAB REDUCE (nporpaMMa SPECTR). nporpaMMa SPECTR 

rrpllMCHeHa AJllI IICCJJeAOBaHllll ·YCTOHqllBOCTII pHAa rrpaKT11qeCKII 

Ba~blX,p.K.3. 

* 
//Math Comput. - 1968.- Vol.22.- N 104.- P.703-714. 
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~ ~/,•,:[ ;i,- 0 hJ -,-::...t{f\ ~ 
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]lOCTOBepHOCTh conep~amllXCll B AllCcepTaUllll pe3yJihTaTOB ll 

BhlBOAOB nOATBep~eHa TeopeTll'-JeCKllM o60CHOBaHlleM pa3J\11'1HblX 

3Tanoa npennaraeMoro anropttTMa, TecTOBhlMll pactJeTaMtt no 

nporpaMMe H conOCTaBJieHHeM C ll]BeCTHhlMll pe3yJihTaTaMll npyrttx 

aBTOpOB. 

HaytJHall H npaKTll'IeCKall ueHHOCTh. 

AllCCepTaUllll anropttTM H nporpaMMa 

npaKTtttJec.Kll aa-oro Knacca p.K.3. 

npenno~eHHhle a 

SPECTR, n03B0JllllOT AJlll 

CBeCTll CJIO~HYIO 3anaqy 

Bbl'IllCJieHllll TO'IeK cneKTpa z, I z I ~1 K HaXO~AeHIIIO KOpHeii 

MHOrO'IJieHOB OT OAHOH nepeMeHHOH. nporpaMMa SPECTR np11MeHeHa 

AJlll HCCJieAOBaHllll ycTOH'IllBOCTH p»na npaKT'll~eCKII Ba~HblX Jana'!. 

Ha ocHoBe ncnonhJOBaHttll nporpaMMhl npenno~eH cnoco6 s1,16opa 

ycTOH'IllBhlX p.K.3 ll3 JanaHHoro napaMeTptttJecKoro ceMeiicTBa. 

nonyqaeMble nptt 3TOM K03qxpllUlleHThl pe3yJihTIIPYIOmllX MHOro•ineHOB 

llBJIHIOTCH rpOMO]AKl!Mll aHaJillTlltJeCKllMll Bblpa~eHllllMII 

npttMeHeHll!I 

OT 

CAB ttccnenyeMhlx napaMeTpoa. Hx BblBOA 6e3 

npaKTll'IeCKll HeB03MO~eH. ]lJill npoaepKll nonyqaeMblX 'IIICJieHHblX 

pe3yJihTaTOB npenno~eHbl H peaJil!]OBaHbl 'Ha 3BM Kpl!Tepllll, 

no;naep~AalOmlle HX AOCTOBepHOCTh. C noMOmhlO npo rpaMMhl SPECTR 

HCCJieAOBaHO llBJleHHe HeycTOH'IHBOCTH, KOTOpoe Ha6JIIOAaJIOCh npll 

'IHCJieHHOM MOAenllpOBaHHH Al!HaMHKll ~JIIOKCOHOB. Ha paCCMOTpeHHOH 

nptt 3TOM p.K.3. AJill TpexcnoiiHOH p.c. PycaHOBa TpeThero 

nopllAKa TO'IHOCTII nponeMOHCTpttpoaaHbl nonOJIHllTeJihHble 

B03MO~HOCTll anrop11TMa ll nporpaMMhl SPECTR AJill Bbl'IIICJieHll!I 

cneKTpOB CJIO~HblX MOAeJihHblX 3aAatJ. 

Anpo6aUll!I pa60Tbl. OCHOBHble pe3yJihTaTbl AllccepTaUllll 

AOKJiaAhlBaJillCh Ha Me~AyHapOAHOM coaemaHllll no CllCTeMaM II 

MeTOAaM aHaJil!TlltJeCKllX Bhl'IlfCJieirnii Ha 3BM ll 11X npllMeHeHIIIO B 

TeopeTH'IeCKOii ~ll311Ke (Jly6Ha, 1985 r.), Ha CeMllHapax Ka~eApbl 

Bhl'Il1CJlllTeJihHOH MaTeMaTl1Kl1 MexaHIIKO-MaTeMaTll'IeCKOro ~aKyJihTeTa 

MrY, Ha ceMHHape no aHaJillTll'IeCKl1M Bbl'IllCJieHll!IM Ha 3B~ (MOCKBa, 

1987r.), Ha ceMllHape MaTeMaT11tJeCKoro ~aKyJihTeTa B BllJibHIOCCKOM 

rocynapCTBeHHOM YHllBepCttTeTe, Ha 

Bhl'IllCJlllTeJihHOH MaTeMaTllK11 nBTA OHHH 

ceM11Hapax RBTA OHHH. 

ceMttHape <JTAena 

ll Ha na6opan>pHb1X 

ny6JIHKaUHH. OCHOBHhle pe3yJihTaThl AllCcepTaUll11 ony6nllKOBaHbl 

a pa6oTax (1-5]. 

CTpYKTypa H o6oeM pa6oThl. ]lllccepTaUllll COCTOllT ll] 
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BBeAeHllH, Tpex rnaB, JaKJIIO'leHllll, cnllCKa JlllTepaTyp1,1 ll 'IeTblpex 

npttno~eHllH. 06oeM conep~aTeJihHOH tJaCTl1 AHCCepTaUllll 91 

CTpam1ua, cnttcKa Jll1TepaTyp1,1 - 14 CTpaHllU, npttno~eHllH - 29 

CTpaHllU. Pa6oTa conep~llT 4 Ta6n11u1,1 ll I pttcyHOK. 

II. CO]lEPMAHHE PAEOT~ 

Bo BBeAeHllll o60CHOBaHa aKTyaJihHOCTh TeMhl llCCnenosaHll!I. 

]laH KpaTKllH 063op pa6oT no llCCnenosaHlllO ycTOH'IllBOCTll p. K. 3. 

paccMaTpllBaeMoro KJiacca. PaCCMOTpeHbl B03Hl1Kal0mtte nptt 3TOM 

TPYAHOCTll. 

B r nase I ll3JIO~eHhl HeKOTOphle He06XOAllMhle TeopeTtt'IeCKlle 

pe3yJihTaThl no llCCnenosaHlllO ycTOH'Il1B0CTll KpaeBhlX 3aAa'I AJIH 

rttnep60JilltJeCK11X CllCTeM JIHHeHHhlX pa3HOCTHhlX ypaBHeHHH. ~ 

CTaBllTCH anre6pa11qecKaii 3anaqa Bhl'IllCJieHHll TO'IeK cneKTpa z. 

lzl~l nony6eCKOHe'IHblX p.K.3. BhlBOAllTCll neTepMttHaHTHOe 

ypasHeHlle. PaCCMOTpe'H Knacc rttnep6on11tJeCKllX CllCTeM pa3HOCTHhlX 

ypaBHeHttii: 

3AeCh VV

MaTpllUhl. 

Pll6eHhKOro 

n+t 
p 

n 
vv = [ AV 

I V+l 
V = 1,21 ••• , N-1, (1) 

0 V ·v 

v" 
µ 

v" 
N+CT 

= 

l = -r 

= f 
V . 0 ::: t :s: T , 

s 

[ B v", 
J = 1 J ,µ J 

Jl= 0 , -1 , ... , -r+t, 

s n 

[ cJ,crvN-J' 
J = 1 

O"=O, 1, ... ,p-1. 

BeKTOphl pa3MepHOCTH k, A , B , 
J J,µ 

B COOTBeTCTB11ll C pe3yJihTaTaMll 

B.C. AJlll ycTOll'IllBOCTl1 p.K.3. 

(2) 

(3) 

C - nOCTOllHHhle 
J,CT 

ronyHoaa C.K. n 

(1), (2), (3) 

He06XOAHMhl ycTOH'lllBOCTh COOTBeTCTBylOmeii 3aAa'Ill Komtt, neaoii 

Kpaes.oii 3anaq11 ll npaaoii Kpaeaoii JaAa'Il! •. npennonaraeM, 'ITO 

3anaqa KOWll ycTOH'IHBa, MaTpllUhl AP ll A_,- HeBhlpo~eHHhle, 

CllCTeMa (1) rttne,p60Jill'IeCKaH. TO eCTh Bee co6CTBeHHhle 3Ha•reHl!H 

xapaKTepllCTll'IeCKOll MaTpl!Ubl OTHOCHTeJihHO acex onpeneJI!IIOmllX 

TO'IeK llMelOT HaKJIOHHble xapaKTepttCTl!Kll. ]lanee paccMaTpllBaeM 

neaylO KpaeaylO 3anaqy. nptt HCCJieAOBaHllll ee ycTOH'IllBOCTll npe~ne 

BCero Hano y6en11ThCll, 'ITO HeT TO'IeK cneKTpa BHe eAllHl1'IHOH 

OKpy-OCTll. ECJill cneKTP ne~T CTporo BHYTPll eAllHll'IHOro Kpyra 
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lzl<l, paccMaTpnnaeMall nenall pa3HOCTHall Kpaenall JaJia•1a 

yCTOlltJHBa. ECJIH eCTb TO'IKU. cneKTpa BHe e}ll1Hll'IHOi'i 0KpylKHOCTl1, 

Ha6Jil()JiaeTCll CllJlbHall HeyCTOi'itJHBOCTb )KCITOHeHUllaJJbHOro nrna. B 

nepBOM naparpaqie BblBOJIHTCll JieTepMnHaHTHOe ypanHeH11e, KOTOpOMJ 

YJIOBJieTBOplll()T TOtJKll cneKTpa z, lzl?:1 ·neBblX p.K.3. 

paccMaTpnnaeMoro KJiacca: 

detR(K 1 , ••• ,Kkr'z) = 0, (4) 

R - MaTpnua, JaBHCl!IUall OT rpaHl1tJHblX ycnon11i'i. llJJll lzl?:1 

peweHHll xapaKTepnCTUtJeCKOro ypaBHeHHll (x.y.) 

p . I 
F(K,z) = detll I A

1
K -zIII 0 (5) 

1 =-r 

pa36uaal()TC_ll Ha JIBa HenepeceKal()w11xcll MHOlKeCTBa IK
1 
(z) l="l, 

1=1-;i°r ll (K
1

(z)]?:1, 1=1,kp. TiyCTb K
1

, 1=1,kr pa3JJl1'1Hbl MelKJiy 

co6oii. TOr}la JIJill BbltJHCJieHHll OTBetJal()WnX HM "npOCTblX TO'IeK 

cneKTpa" z, ]z]?:1 neaoii p.K.3. nonyqaeM cncTeMy": 

l 
F(K

1
,z)=O 

. .. . . .. .. .. . 
F{ic z)=O ( 6 ) . 

k r' 
detR(K , ••• ,K ,z) = b, IZl?:1. 

1 kr 
Bo BTopoM naparpacpe paccMOTpeH cny•iai'i KpaTHblX peweH11i'i 

xapaKTepnCTll'IeCKOro ypaBHeHl1ll. Bb1B0Jil1TCll JieTepM11HaHTHOe 

ypanHeHne, KOTOpOMY YJIOBJJeTBOplllll()T 11 KpaTHble TO'IKH oneKTpa" z, 

lzl?:1 H ypaBHeHne JIJJll BbltJHCJieHUll KpaTHblX peweH11i'i 

xapaKTepHCTHtJeCKOro·ypaBHeHl1ll. 

Bo BTopoii r naae npeJIJJolKe11 HOBb1i'i · anre6pantJecK11i'i anrop11TM 

BbltJHCJieHHll cneKTpOB p.K.3. 11. ero nporpaMMHall peaJJl13aU11ll. 

B nepBCM naparpatjJe 113JJaraeTCll CaM anrop11TM. llJJll npaKTl1'1eCK11 

nalKHoro KJJacca p.K.3.: 

{ 
n+1 p n 

VV ~ L a 1 VV+t' V~1, 
1=-r 

s 

vtt= I b v", J.L=0,-1, .•.• -r+l, 
µ. j=~ J,Jl J 

(7), 

r:S3, r+p:SS, 

V cKanHp, al' b - canst, 
J. µ 

anrop11TM IT03B0JllleT 

JaJiatJy BbltJHCJieHl1ll TOtJeK cneKTpa z, IZl?:1 K 

cnecT11 

pewe11111() 

ITOJJIIHOMl1aJJbHOro ypaBHeHl1ll OT OJIHOtt nepeMe1111oii. llJJll )Toro 

KJJacca p. K. 3. nporpaMMa SPECTR aBTOMaTl1tJeCKl1 Bbl'IHCJJlleT BCe 

TOtJK11 cneKTpa z, lzl?:1 paccMaTpnnaeMoi'i p.K.3. npttMeHeH11e· 

anrop11TMa .ll.Jlll BbltJHCJJeHllll cneKTpOB 6onee CJJOlKHblX 3 a}la'I II 

.') 

l 

I 
L 

BOJMOlKHOCTl1 

pac CM<JTpeHbl 
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IIC ITOJlb 30BaHl1ll np11 

B .III-ei'i rnane, 

)TOM nporpaM\lbl 

§4. Anre6pa11•1ecKall 

SPECTR 

JaJia•1a 

BbltJ11cneH11ll TOtJeK cneKTpa z, lzl?:1 paccMaTp11naeMoro Knacca 

p.K.J. (7) CBOJIHTCll K peweHl11() CllCTCMbl (6) JIJlll k=l, r:S3. 

OCHOBHall 

nepeMe11111,1e 

ll}lell anrop11TMa COCT011T B CJJeJiyKlllleM. BBOJ111M 

X= [ K
1

, y 
l =1 

n Kl, 
I= 1 

IKI 1:s1, r::SJ. (8) 

HCIT0".1b3Yll CBOHCTBa Cl1MMeTpw1eCKl1X MHOro•JJJeHOB 11 COOTHOWeHl1ll 

BHeTa JIJlll X. y., CJlOlKHble ITOJlllHOMllaJlbHble ypa BHeHl!ll CIICTeMbl ( 6) 

yJiaeTCll npeo6p:noBaTb K f>onee npoCTblM COOTHOWeHllllM n IIOBblX 

nepeMeHHblX. np11 :noM pewe1111e Cl1C-TeMbl ( 6) C B0.D.IITCll K peweHlfl() 

Cl1CTeMbl: 

l 
F

1 
(x,y,z)=O 

F
2

(x,y,z)=O 

detR(x,y,z) = 0, 

(9) 

lzl?:1. 

llJJll paccMaTp11naeM1iro KJJacca p.K.3 •• ee pcme1me CBOJIIITCll K 

HaXOlKJieHHI() Kop11eii MHOfO'IJlCHOB OT OJIHOi'i ne pe~1e11110i'i X, y, 11Jlll 

z. nony•1aeM1,1e M11oro<1ne11bl 11a31,1naeM pe:iynbT11pyKJ1UltM11. 11anp11Mep, 

JaJia<Ja Bbl'll1CJJeHllll cneKTpa JJenoi'i p.K.3., BO]HllKaKlUlall np11 

l1CCJJeJIOBa111111 ycTOH'll1BOCTII JIOITOJJHIITCJJbflblX rpaH11'11lblX ycJJOBlli'i 

JIJlll l!BllblX p.c. MaKCl1MaJJbHOro He•1eT11oro nopllJIKa T0'1H0CTl1 O(h
5

) 

JlJlll ypaBHCHl1ll ut + U x = 0, C BOJIIITC ll K H:tXOlKJieHmo pewe·1111f1 Z, 

I z I ?:1 cncTeMbl: 

3K
5
-25K

4
+ 

1 t 
( 150 -256z )K3+ 150K

2
- 25K + 3 =0 

1 I I 

3K
5
-25K

4
+ 

·2 2 
( 150 -256z )K~+ 150K:- 25K 2+ 3 =0 

3K
5
-25K

4
+ 

3 3 
( 150 -256z ) K

3
+ 150K

2
- 25K + 3 =0 

3 3 3 

detll 

1 1 1 

II = o, 

(10) 

,fll (Kl) ,fl
1 

(K
2

) efl, (K3) 

,fl2 (Kt) ,fl2 (K2) ,fl2 (K3) 

,fll (K) = 63 + ( 315 - 256Z )K - 210~
2+ 126K

3
- 45K

4
+ 7K

5
, 

,fl2(K) = -7 + 105K + ( 210 - 2?6Z )K
2

~ 70K
3

+ 21K
4

- 3K
5 

C ITOMOIUbl() anrop11TMa ee pewe1111e CBOJil1TCll K peweHIII() CIICTCMhl: 
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~ + ( 25 _ x)( 150-256z + _! 
y 3 3 y 

25 · 150 
X ( -3- - X) ] + y =:- -3-

_! [ 150-256z + .!_ 
y 3 y 

x( 25 _ x)J + y( 25 
3 3 

x) 25 
3 

detll :
11 

;, 2 II = o. 
(11) 

21 22 

g = -210 + 126x - 45(x
2

- u) + 7(x
3

- 2xu + y), 
11 2 2 

g = -256z + 315 - 126u + 45(ux - y) - 7(x u - xy - u ), 
12 2 3 

g = -256z +210 + 70x + 21 (x - u ) - 3 (x - 2xu + y) , 
2r 2 2 

g
22

= 1.05 + 70u - 2l(ux-: y) +3(x u - xy -u ), 

U = 150 ; 256Z + + _ X( ;5 _ X). 

nporpaMMa eson11T pewe1111e nony•1ettttoii c11cTeMbl ( 11) K pewe111110 

non11110M11an&ttoro ypas11e1111H: 

p39(y) 

rne P
25

(y) 

l 74611838y
23 

205209729450y
20 

2338748818839y
17 

6266640025628y
14 

78008633983448y
11 

1452902452587y
8

-

49624700139y5+ 

1476225y + 1.9683, 

1632586752y
13

P26 (y) = 0, (12) 

19683y
26

+ 2952450y
25

+ 140530059y
24 

+ 

163126799_10y
22 

+ 8230489388ly
21 

-

+ 313894922544y 19 - .385112025063y
18 

+ 

6796506878883y
16 

-, 8202521876700y
15 

+ 

+ 47058663056818y
13 

+ 76735952624660y
12 

+ 

+ 47534784947653y
10 

+ 16098774318440y
9

-

4433349374298y7- 2199194991126y~-

3449607862y4- 2531082168y
3

+ 8523395ly
2

-

y=ic,ic2,c3, 

nOJJl1HOM11aJlbHble nony<1eHHble 

HenOJJb3yeTell 

peJynbT11py10w11x 

J,c 
I 

J:sl, i=l,3. 

ypairnemrn · pewaKJTeH •111eJJel!HO. 

eTa11napTHall 

M11oro•1ne11os 

nporpaMMa MULLRD. Kopn11 

Bbl'lllCJJlllOTC H fihleTpo, Ho 

11enoeTaTO'IHO TO•lllO. flOJJY'IeHHble 3Ha•1e1111H YTO'lllllKJTell no. MeTOJly 

BoeBO)ll1Ha. Bbl•IHCJlllK)TCll Bee XJ, y j, zj. Bo BTOPOM naparpacpe 

eoneplK11TeH on11eaH11e nporpaMMbl SPECTR, pean11Jy10Weii anrop11TM, H 

ee B03MO;KHOeTeii. nporpaMMa eoeTOHT 113 JlBYX qaeTeii: 

aHaJJl1Tl1'leCKOl1, 11an11caimoii B CAB REDUCE (REDUCE - qaeTb) 11 

•111eneHHOH, Han11ca11HOl1 11a FORTRANe (FORTRAN -. •iaeTb). RED{,JCE -

'laCTb nporpaMMbl aHaJJl1Tl1'1eeKl1 eTaBl1T 3ana•1y Bb1•1HeneHHll TO'leK 

cneKTpa z, lzl>:l (Bb1B0Jll1T e11eTeMy (6)) 11 B eOOTBeTeTBl111 e 

anrop11TMOM eBO)ll1T ee peweH11e K HaXO;K)leHHIO KOpHeii MHOf(Jl(JleHOB 

"~ J -. " ,: 

11 

J 
!, 
I 

I 

) 

j 
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OT OJlHOH nepeMeHHOH. np11 3TOM rrporpaMMa eoJnaeT TeKeTbl 

~oprpaHHblX rronrrporpaMM, coneplKarn11x 11eo6xon11My10 JlJIH q11ene1111blx 

pae•IeTOB 11H~OpMaQHIO: K03~HQHenni pe3yJibTHpyKJWero MHOfO'lJiena, 

BbipalKe1111H, eBH3b1BaKJWHe nepeMeHHble x, . y 1 ·Z .. H . attaJIHTH'leeKHe 

pe3yJI&TaTbl JlJlll Bb1•1Henenm1 . "Kparm,1x TO'leK eneKTpa" Z, J Z J>:l. 

FORTRAN - •IaeTb rrporpaMMbl Bbl'lHeJIHeT Bee peweHHll z J, YJ ll XJ 

paeeMaTpHBaeMOH eneTeMbl (9) 11 onpenenHeT, KaK11e 113 ITOJiy'leHHblX 

3Ha•IeHlll1 zj, lz J J>:l llBJJHIOTell TO'lKaMH erreKTpa. "JioiKHbie · TO'lKH 

eneKTpa" nOHBJJHIOTeH: a)H3-3a Toro, ''lTO eOOTHOIIleHl1llM'' Bl1eTa 

YJlOBJJeTBOpHKlT He TOJibKO Bb16paHHble · IiaMll , perneHHiI 

xapaKTep11eTH'leeKoro ypasneHllll, MeHbWHe no MOJlYJIIO I, O)ll3-3a 

oeso60lK)leHl111 OT. paJlllKaJIOB B rrpoQeeee rroJiy'leHHll 

pe3yJibTHpyKJWero· MHOfO'lJieHa. "JIO;Kttble TO'lKl1 eneKTpa" JierKO 

OT)leJJHIOTell. To•IKa Z J, I Z J J>:l llBJI!leTell TO'lKOH eneKTpa, eCJill 11 

TOJlbKO eeJJH BblnOJJH!IKJTell 

3ana'le eOOTHOWeHllll (8). 

eOOTBeTCTBYKJWHe 

KpoMe 113JJOlKeHHblX 

paeeMaTp11saeMoii 

OeHOBHblX • 
anropttTMa B nporpaMMe peaJIH30BaHa cxeMa Payca 

3TaITOB 

)lJill 

aHaJJHTw1eeKoro onpenene1111H· paenoJiolKeHl1H ··Kop11eii serneeTse1111oro 

MHOfO'lJJeHa OT O)lHOll rrepeMeHHOll OTHOe11TeJibHO e)ll1H11'lHOfO Kpyra. 

OHa np11Mem1eTell B eny<iae rroJiy'leHl1ll pe3yJibTHpyKJWero' MHOfO'lJJeHa 

OT rrepeMeHHOll z. B TpeTbeM rraparpacpe paeeMOTpeHbl BOilpOCbl 

JlOeTOBepHOeTH 

pe3yn&T11py10II1HX 

'll1CJJeHHblX pe3yJI&TaTOB. KaK 

.. MHOfO'lJJeHOB BeJIHKll 1 (JlO 

rrpaBttJJO CTerr~Hl1 

48-oii eTene1111 B 

paeCMOTpeHHblX ·p.K.3.). Hx K03~llQHeHTbl llBJI!IIOTCll QeJJblMl1 

'll1CJJaMH BblCOKHX rropHJlKOB (.zio I s-oro B paeCMOTpeHHblX p. K. 3 ·;) 

11n11 . rpoM03JlKHMl1 aHaJI11T11'leCKllMll BblpalKeHl1!1Mll B enyqae 

11eenenosa1111l1 napaMeTptt'leeKHX p.K.3. (rn. III, §§3, 5). Borrpoe 

)lOeTOBeptJOeTH nony'lettHhix pe3yJI&TaTOB B03H11KaeT 113-3a 

HaKOITJieHllll rrorpeWHOeTll B rrpoQeeee Bbl'llleJ1e1111ii. nonyqeHHble 

rrpoeTble TO'lKll eneKTpa z , I z J>:l )lOJilKHbl YJlOBJieTBOpllTb 
J J 

)leT~pM11HaHTHOMY ypaBHeH11IO ( 4) • )lJill Bbl'll1eJii:HHOH Berne eTBeHHOH 

TO'lKl1 z , lz l>:l onpe.nenlleTell B11JIKa detR(z -c)detR(z +c)<O, 
J j J I J • ·. 

Ha KOHQax KOTOpoii 3HaKll )leTepMHHaHTa OCTaKJTell pa3Jil1'lHblMll npll 

YTO'liieHl111 ee e MaWHHIIOH TO'lHOeTblO ( r JI. III, , §4) • B enyqae 

KOMrrJJeK.~HOll z J, I z JI >:I Bbl'llleJilleTell nocJie)lOBaTe~bl!OeTb 

3Ha'leHl111 nerepM11HaHTa JlJlll YT.O'lHeHHblX no MeTOJlY BoeBO)lHHa 

3Ha•1ei111ii: /Cl I lic, l<l, l=l,r. ECJill rroenenoBaTeJibHOeTb 311aqe1111ii: 

)leTepMHHaHTa y6blBaeT Ko, e'lHTaeM, 'lTO nerepM11HaHTHOe yeJIOBl1e 
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(4) BblIIOJIHllCTCll ll z,, 1z,1a:1 llBJillCTCll npOCTOii TO'IKOH cneKTpa 

(rJI.III, §2). AHaJIOrllqHall npoBepKa BblnOJIHllCTCll JlJlll 

BblqllCJICHHblX 11 KpaTHblX TOqeK cneKTpa II z J, I z JI >:l. 

TpeThll rnaBa nocB11meHa BOnpocaM npaKTHqecKoro npHMCHClll1ll 

pa6oTa nporpaMMbl SPECTR. B nepBoM naparpape ee 

nponeMOHCTpwpoBaHa Ha npwMepax. Bo BTopoM naparpape C 

nOMOmhKJ nporpaMMbl SPECTR llCCJienyeTCH YCT0H'l11BOCTb 

nonOJIHllTCJibHblX rpaHllqHl,IX ycnOBllH JlJlll p. C. MaKC11MaJibHOfO 

HeqeTHOro nopllJlKa TOqHOCTll (O(h
3

) 1 O(h
5
)), Ham1caHHblX no 

HCCllMMCTpHqHOMY qeTHOMY Ha6opy TOqeK JlJlll ypaBHCHl1H ul+ux =O: 

k-1 
n+l n 

UV = L al UV+l, n~O, V~k. 
l=-k 

Un, u
0

- 3anau1,1. HenocTaJOllll1C 
0 V 

n+l n+l 
u

1 
, ••• , uk-t onpenen11KJTCH 11:i 

annpOKCHMallHl1 MaKCHMaJihHOro 

U +u =O: 
l X 

nopllJlOK 

2k-1 
un•l= IC Un 

I I J 
J=-0 

annpOKCHMallHH Ha 

nopHnKa TO'IHOCTl1 JlJlll ypaBHCHl1H 

, 1=1, ... ,k-1. 

pemeHHH O (h2k-l) • YCTOH'IHBOCTb 

nonOJIHHTCJibHblX rpaHH'IHblX ycnOBHH HCCJICJlOBaHa JlJIH p.c. nopllJlKa 

TO'IHOCTH O(h
3

) H O(h
5
). PaCCMOTpCHbl nocnenoBaTeJibHO cny'lal1 

k=2, k=3. B npennoJIOlKCHHH ycTOH'IHBOCTH Jana'IH KOWH JlOKa3aHo, 

'!TO cneKTpbl nocTaBJICHHOH JICBOH p.K.3. JielKaT BHYTPH CJll1HH'IHOrO 

Kpyra I z l<l. B cny'lae k=2 xapaKTepHCTH'ICCKOe ypaBHCHHe JlJIH 

lzl>:1, liMCCT JlBa peweHHll Kl H K2, MCHbWHe no MOJlYJIKJ CJlHHHLlbl. 

Anre6pauqecKall Jana'la Bbl'IHCJICHHll TO'ICK cneKTpa z, I z l>:l 

CBOJlHTCll K perneHHIO CHCTCMbl H3 3-x ypaBHCHHii TpeTheii cTeneHl1 
'-

no K
1 

n K
2 

c napaMeTpoM z. nporpaMMa CBOJlHT ee perneH11e K 

perneHHIO nOJIHHOMl1aJibHOfO ypaBHCHHH 5-oii CTeneHl1 no y, y=K1K2, 

IK1,21:s1. }lJill cnyqa11 . k=3 anre6patt'ICCKall 3ana•ia Bbl'IHCJICHl1H 

TO'ICK CIICKTpa z, lzl>:1 CBOJlHTCll K peweHHIO nOJIHHOMHaJihHOH 

CHCTCMbl (10), perneHHe KOTOpOH nporpaMMa CBOJlHT K uaxOlKJlCHHIO 

KOpHeH MHOroqneHa 26-0H CTeneHH no y (12). PeJyJihTaTbl 

qnCJICHHblX pacqeTOB npHBCJlCHbl B JlHCCepTallHH. Ha npaBOH rpaH11ue 
n+l 

HCJlOCTaKJWne ul l=N, .•• ,N-k+2 HaXOJlHTCll aHanorwmo. 

}loKa3aHO, '!TO HCCJICJlOBaHne ycTOH'IHBOCTH npaBOH KpaeBoii Jana'IH 

CBOJlHTCll K HCCJICJlOBaHHIO "KpaTHblX TO'ICK cneKTpa". }lJIH k=2,3 
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npHMblM pac•1eTOM no.i;a3auo, 'ITO xapaKTepllCTll'ICCKOe ypaBHCHIIC 

IIMCCT KpaTHble pernellllll, MCllbWHe no 1'10JlYJIKJ 1. Jlllillb JlJIH I Z I <1.. 

B TPCTbCM naparpacpe C IIOMOmbKJ nporpal'iMhl SPECTR JTO'IHHCTCH 

ofinaCTb ycTOH'IIIBOCTII p.K.3. C11oy11a JlJIH p.c. Kpaiicca-Om1repa. 

rpa11wm1,1e ycnomlll coneplKaT napaMeTp µ. nporpal't,1a CBOJ!IIT 

1ana•1y Bb1•111c11e111111 T0•1eK cneKTpa z., I z la:1 K pewe111m 

non11110Ml1aJibllOfO ypaB.IICllllll 48-oii CTene1rn no nepeMeHIIOl1 y. 

KcncjxjJIILlHCIITbl HBJllllOTCll MIIOfO'IJieHaMII 4-0H .cTene1111 no µ. B CBOIO 

0•1epenb •111cJIOBble KO:J<lx!mL111e11Tbl np11 µ 11MeKJT nop11noK m, m:s15. 

PeJyJibTaTbl Bbl•rnc11e11H11 T0•1eK cneKTpa z, lzl>:l cornacyKJTCH c 

113 BeCTllblMII pe:i YJlbTaTaMII Cnoy11a. np11 :nm1 ynaJIOCb JTO'IHl!Tb 

11HTepBaJl 311a•1e1111ii µ,. JlJIH KOTOpblx cneKTpbl paccMaTp11BaeMblX 

p.K.3. 11elKaT. BHYTPl1 en111111•11wro Kpyra lzl<!. B 4-oM naparpac!ie 

11cc11en0Ba110. ll BJICIIIIC 11eycToi1•111BOCTII on11oro peaJlbllOfO 

cjJll311'1CCKOro pac•1eTa, B KCJTOpOM HCnc)Jlb30BaJlaCb T,pexc11oii11a11 

p.c. rycaHOBa TPCThero nop11nKa TO'IIIOCTH. 40Ka3aHO, '!TO K 

11eycTOH'IHBOCT11 np11son1111a TO'IKa cneKTpa z=-1.063. ~ccnenosa11a 

p. !{. 3. C nonOJIIIIITCJlbllblMl1 rpa1111;1Hb1Ml1 ycJIOBllllMH, KOTOpble OblJlll 

IICIIOJih3(1Ballbl JlJlll c!H1311'1CCKIIX pac•1e,TOB. Ha :1TOM Il!)lll'lepe 

nponeMOIICTp11poBallbl JlOIIOJIIIIITCJibJi'ble BO]MOlKHOCTII a11rop11TMa M 

npo rpaMMbl .SPECTR JlJlll Bl~'l 11CJICH!lll C ne KTpOB JlOCTaTO'I HO CJIO)KHblX 

p.K.3. (CIICTeMa (6) • JlJISI k=2, k(r+p)=S, r=2). 

B 5-0M naparpacjle nporpaMMa npllMCHlleTCH JlJIH ,BblOOpa 

ycTOH'IIIBblX p.K.3. 113 Jana1111pro napaMCTJ)ll'ICCKOro ceMCHCTBa. 

Onpenem1eTcH ofinaCTb ycToii•111Bocn1 on11oii TpexnapaMeTp11•1ec Koii 

p.K.3. 

B np_1111olKe111111 ! np11Bene11 TCKCT aHanHTtttJeCKO~ lJaCTH 

nporpaMMbl 

nporpaMMe. 

SPECTR (REDUCE-'laCT11) 11 np111,1ep 06pamc111rn i; 

B np1111olKe111111 II - OCIIOBHble nonnporpal'tl'.tbl 'lllCJICHHOit •1acn1 

nporpaMMbl SPECTR (FORTRAN-•1acT11). 

B np1111olKeH1111 III - TCKCTbl m>nnporpal'tl'.1_, C03Jl!IBaeMblX 

aHaJIIITll'ICCKOH •1aCTbK) nporpaMMbl IIJHI pcwe111111 3ana•111 Bbl.6opa 

ycTOHql!BblX p. K. 3. H3 :iana1111oro napa~CTJlll'ICCKCJf() ceMeliCTBa 

(rnaB'.1 III, §5). 

B np_HJIOlKCHl111 IV K03qxp11u11eHTbl 

MIIOfO'IJlCHa, IIOJIJ'ICIIIIOfO nporpaMMOii np11 

ycTOH'IIIBOCTII p.K.3. Cnoy11a (rnasa III, §4). 

pe3 y11bT11pyKxue ro 

yTo'l11c111111 0611acT11 
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III. OCIIOBllblE PEJYJlbTATbl PA60Tbl 

1. B .n11ccepTal.llHI npe.nnolKeHa MeTO.lll1Ka np11MeHe111rn CAB REDUCE 

.nnll 11ccne.nosaH11l1 ycToii•ll1B0CTl1 1\10.UenbllblX p. K. 3. Ha 3BM. 

Pa3pa6oTaH anre6pa11qecK11ii anrop11TM Bbl'f11cneH11ll cneKTpos, 

no] BOnlllOUll1H .nnll npaKTll'leCKl1 BalKHOfO Knacca p. K. 3. C BeCTl1 

cnolKHYKl 3a.na'-1y Bbl'-I11cneH11ll TO'IeK cneKTpa z, lzla:l K 

HaXOlK.lleHl1Kl KOpHeii MHoro•rneHOB OT 0.llHOii nepeMelIHOii. 

2. npe.nnolKe1111blii anrop11TM pean11J0Ba11 Ha 3BM B B11.ne nporpaMMbl 

SPECTR; 11cnonbJYIOllleii CAB REDUCE 11 ll]blK FORTRAN. Mo.nynbHall 

CTPYKTypa nporpaMMbl noJBon11eT 11cnonbJOBaTb ee · npoue.nypbl 

.nn11 BblnonHe111111 oT.nenbHblX 3TanoB anrop11TMa B Tex cny'fallx, 

Kor.na no nporpaMMe He y.naeTCll aBTOMaTll'IeCK11 Bbl'll1Cnl1Tb 

·TO'IKl1 cneKTa z, lzl"=l pacc11,1aTp11saeMoii p.K.J • .Unll noBuweH1111 

TO'IIIOCTl1 pean11:10Ballbl an rop11TMLI yT<l'IHeHl1ll pelynhTaTOB 

c•1eTa. a TaKlKe He06XO.lll1MblX npoBepoK. no.nTBeplK.nalOUll1X l1X 

.llOCTOBepHOCTb'. 

3. Ila ocHOBe 11cnonhlOBaH1111 cxeMbl Payca aHan11T11'1eCKII pewe11a 

1a.na'fa o pacnonolKeH1111 Kop11eii BewecTBeHHOro MHoro•rneHa 

OTHOCIITenbHO e.n1111ll'1HOii OKPYlKHOCTl1 (np11MeHlleTCll B cnyqae 

nony'feHllll pe3ynbT11py10U1ero MHOfO'-WeHa OT nepeMeHHOii z) • 

4 • .llnll pa3HOCTHLIX cxeM MaKC11ManbHOf0 He'feTHOfO nopH.nKa 

TO'IHOCTl1 (O(h3
), O(h5

)), 11an11CaHHLIX no HeC11MMeTp11•1110My 

'feTHOMY Ha6opy TO'feK .nnll ypaBHeHl1ll u, + u.= o, 11ccne.n0Ba11a 

ycTOH'll1B0CTb 

ycnos11ii. 

npe.nnolKeHHLIX .nononH11Tenb11ux rpa1t1i•111blx 

5. lfccne.nosaHO ll BneH11e HeycTOH'IIIBOCTl1, KOTOpoe 11a6nKJ.nanOCb 

np11 '-111CneHHOM Mo.nen11p0Bam111 .lll1HaMl1K11 
\ 

cpnKlKCOIIOB. 

Hccne.noBaHa p. K. :1. C .nonon1111TenbHLIMl1 rpaHll'lllblMII ycnOBIISIMl1, 

KOTopue GunH 11cm1n1,10BaHLI .nnll <pl1311'IeCKl1X pac•1eTOB. 

6. C nOMOlllbKl nporpaMMbl SPECTR YTO'!lleHa oGnaCTb YCT0H'fl1BOCTl1 

p.K.3 • .nn11 p.c. Kpaiicca-On11repa c rpaHH'IHblM11 ycn0B1111M11 

cnoyHa, co.neplKa11111M11 napaMeTp. 

7. Ha OCHOBe np11MeffeHHll nporpaMMbl SPECTR npe.nnolKeH cnoco6 

Bbl6opa ycTOH'll1BblX pa3HOCTllblX KpaeBblX :ia.na'I 113 Ja.naHHOfO 

napaMeTp11qecKoro 

npo.neMOHCTpl1pOBaHa 

ceMeiicT Ba. 3Ta 

Ha Ja.na,,e 

B03MOlKIIOCTb 

onpe.nenemtll 

ycTOH'll1BOCTl1 o.n11oii TpexnapaMeTpll'IeCKOii p. K. 3. 

nporpaMMbl 

06nacT11 
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