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0r biCK8HH9 OC06biX TO'll81t MaTpHUhi p8CC9SIHHH HM88T K8p.ll.HH8JlbH08 3H8tt9HH8 .ll.JJR TeO

PHil. B38l!MonelicTBHH aneMeHTapHbiX 'laCTHU. K alKnoll nHarpaMMe lp11c, 1 I, l!3o·opalK·iuomell 

npouecc paCC8SIHHSI, OTB8't{BJOT CBOH OC068HHOCTH M8TpHUbi p8CC8SIHHSI. 0HH MOryT 6biTb HaA:

ll9Hbl 113 cHcTeMbl anreopaH'IeCKliX ypaaueullli, nonyqeuuoll· naunay
111

• 06o3ua•mM '!Reno 

p H C, 

BHyTp8HHHX JlHHHA: B .llHarpaMM8 , 'IHCJlO aepWHH , 'liHCJlO H938BHCHMbiX JCOHTypoa 

k , npHCEIOHM K8lKllOll EIH8WHeli ni!HHH llHarpaMMbl 'leTb!p9XM9pHblll l!Mnyn&C p
1 
(i • 1, .. , n) 

II Macey /.f I , K8lKJlOli BHyTpeHHell - 4-HMnyn&C q
1 

, MI\CCY m1 H lli\PSMeTp <t>ellu

M8H8 al (i m 1 ..... £ J • CyMMy BHyTpeHHHX HMnyn&COB, BXOll~lflliX El aepwHHY • 0003H8'111M 

l:l • cyMMllpOB8Hll8 BllOITb 38MKHyToro KOHTypa k'·- l: . Torna CliCTeMa naunay 

oyneT HM9Tb Bllll! 

l:l q, = PI (i = 1, 2, ... , n ) 11.11 

l:l q I= 0 (i • 1,2, ... ,v-n) 11.21 

• l: a, q •0 
I 

11,31 

e 
l: a, = 1 ; 11,41 

l== l n 

l: v, = 0; 
I =1 

11.51 

q: + m: = 0 ( i = 1,2, ... , f ) I 11.61 

p;+ M;=o (i= 1,2, ... ,n); 11.7 I 

(p + p )2 = - s ; 
1 2 

11.81 

11.91 

3 
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QrpaHHqHMCSI cnyqaeM, KOr.O.a n = 4 H HH B OLtHY BepWHHy He BXOllHT 6onee OLlHOfi BH9WHeli 

1IHHHH. TorLta CHCTeMa /1/ onpe.aenReT npH .Q8HHOM s K piiBOA naH.Qay-Kaprmyca 

H8 c}JU3JPieCKOM JlHCTe LlJlR .ll8HHOfl .liHBrpaMMbl C onpeaeneHHbiMU m I , .~il H83biB8eTC9 ci:>YHK-

UHH I= t(s) , Hafl.neaaan H3 /1 I npH .o.eiicTBHTenbHbiX " H 0 < a I < i (i "'- .i, •• ,f). 

EcnH HettoTOpble a f paBRbl npH 3TOM aynro, TO KPHD851 naa.a.ay OTBeqaeT ... pellyunpoaaHHOfi"' 

LlH8f'p8MMe 1 B KOTOpOfi COOTB9TCTByiOUlH9 9THM a 1 nHHHH cT.smyTbl a ToqKy .. PemeHH9 npH 

a 
1 

rJ. (0, 1 ) OTaeqaroT ,..HecPHaHqecKHM,.. OC06eHHOCT9M H TO)J{e npe.o.cT8BJlstiOT HHTepec. 

CHcTeMa Ill peweaa nHwb .o.nst HeKOTOpbiX rrpocTefiuHt:X .uu:arpaMM. M eTo.oaM ee pewe

HHR yMe nocasnueao 3Hatut:TenbHoe •nrcno pa6oT /eM., aanp .. ,
13 ' 41 1 .. CaSI3b aanaqH o6 oTorc

ltBHHH 0C06eHHOCTeA cPeHHMaHHOBCKIIX llH8f'p8MM H 3KCTpeMallbHOH 38ll81fll TeOpHH aneKTpHqec

KHX nenefi IIOK838H8 B/S/ 

s 

r.z:te 

HHH<e R3naraeTCH 1fncneHHblfi MeTOD. pewemBl CHCT9Mbl naa.o.ay 

H 

Ll1ISI .1l,9tiCTBHT9nbHbiX 

CHcTef:'l' /1.11 npll ~ 1 ,2,3 /1.2/ H /1.3/ 3Bl1HWeM B MaTpll'IHOM BII.Qe: 

A(i P, 121 

Q. () ' ' (;:) /3/ 

A - M8TpHU8 1 COCTaaneHHa:R H3 neBblX lJ8CTeti /1.1 , 1.2, 1.3i, 0H8 'laCTblO COBna.QaeT 

c MaTpHuefi HHUHneHTHOCTH aHarpaMMbl. TaK, Llnst pHc. 

HnH 

r.z:te 

A 

0 0 

0 - 1 0 

0 0 0 

1 

0 

0 
0 
0 

-at 

0 0 

0 0 

0 

0 -1 

a2 a 3 

0 a, 
0. a, 

Bbrpa311M 113 /2/~qepe3 p1 11 a, : 

0 0 

0 0 

0 

0 .o 
0 -1 

0 

0 0 
0 0 
a, -as 
0 -a 1 

0 0 0 0 

0 0 0 

0 0 -1 0 

-1 

0 0 

0 0 
0 

0 0 

a 1 a 7 
0 0 
a, 0 

-1 

0 
0 
0 
a, 
0 

0 

0 

1 
0 
a • 
0 

Q = A't p, 

-1 

0 

0 

0 

0 

-1 

0 

a to 
0 
0 

q, 0,
1 

P
1

+ 0
12 

p
2

+ Q
13 

p
3 

(i = 1, ••. , f), 

141 

/5/ 

Q,, I -q,yHKUHH a
1

, ••• , af-t' ecnll )''!eCTb /1.4/, l-13 /1,7-1,9/ II /1,5/ cne.QyeT, 'ITO 

a 
3 

p p 
I 

4 

'!1 (/.1
1

2 + .11;-s), 161 

a, p 1 p 3 = ~l ( u 11 + u: _, t J , 171 

u ~ P P = 'h:(!llt2+ .'.11 +!.11-M2)- o 
~ I 3 2 3 4 I 

-·a /8/ 
3 

OcTam-tcb Hencnonb30BaHHhlMM TonbKO ypaBHeHIIH /1,6/, no.z:tCTaHOBKa B HIIX /5/ no3BO-

nHT onpe.nemrTb aenHttHH a z , •• ·' af-z II a, , ecnH aaaaTb u 
3 

I T.e .. 

F ~ •t'Q' •t 2 Q 2 •t 2 Q 2 Q Q Q Q Q Q 
2 

t9t 1 · - •· t It - ·• 2 1,2 - •· 3 13 + 2 It 12 °3 + 2. 12 11 °z + 2 13 It a1 +m, =0. 

3Ta "CHCTeMa MO>K9T 6biTb peweHa qucneHHO Ha ClJ9THOfi M8lllHHe. iJ.1IH nonp8BOK ~a 1 ,f!o
1 

K oqepe.aHOMY npn6JIM*emn0 nony•[aeTcSI nHHefiaasr cHcTeMa ypaaHeaaH IMeTon HbroToHa pe

llleHHst CHCT9Mbl HenHHC'ti.HblX ypaBHeHHJ1:! 

B Heii F1 

Darree, 

C-t 3 

:£ :£ !!.!'.!.... ~'-1!..... ,l " + _<!!'.!.._ (). a 

l'·tv.~I [JQ,It cJa I I a a, I 

i =- 1, ••• , e 
- F, 

j = 1, ... ,f -1 

/cM./9// MO}l{9T 6b1Tb T8K>Ke 38llHC8HO B BH.ae: 

F, 
, • aF, 

~v,m, -Y,l: -~ Q,v. • 
w' ao,v. 

~~-2.\I:Q, +2Q 11tau+2Q1 ua • (v.'f,v."-f.,), 
a o,v. " v. v. v. 

~ 2(<i,,-Q,JQ,3; 
a a I 

a Q I jJ. I Ja I -Tpll nepBb!X CTOrr5ua ( It 1,2,3) MBTpHUbl 

aA-
1 

/aa =- A·t (aA/aa )A'' 
I I 

/10/ 

/Ill 

/12/ 

/13/ 

1!41 

a A 
a M8TpHU8 --- COCTOHT T011bKO H3 B.ll,HHHU H Hynefi H ner~O BOCflpOH3BOLlHTC9 MB.lliHHOft flO 

ary 
MaTpnue A .. CymecTBeHH0 1 l.lTO peuenT COCTaBneHIUI CHCT9Mbl /10/ He 38BHCHT OT lmna 

.nnarpaMMbl. LlocTaToqao aa.na.Tb nnarpaMMy IMaTpnuen A/, 1fT06bi nony11HTb no TBepnbiM 

npaannaM MaTpn~y B CIICTeMbl /10/, a 3aTeM peWIITb CIICTeM)'. nonyqHB 113 /10/ non-

paBKH ~a I ~Ol 1 MO>KHO BbJ1U!C11HTb oqepe.ll,HOe npH6JIH)KeHH9 H C HHM H81.{8Tb pacqeT 

caoaa, noKa ae 6yneT BbinOnHeHo anSI acex· j aepaaeHCTBO \F j\ < 0 1 , rne 0. 1 - aanaaaast 

TOttHOCTb. Tpy llHOCTb aoaHHKaeT TOJibKO a Bbi6ope aynesoro npH6nnMeHHR B nepaofi ToqKe _ 

Kpl!BOfi naH.Qa)' • 

PacqeTbi npoao.au:nHCb nnst pSI.na aaa't!eHHii s B O>KH.o.aeMoii o6n,aCTH aanHqHst oco6ea-

aocTeii. Hyneaoe npH6nnm.eaue .nnR II a, B H81.{81JbHOfi TOqKe S
0 

OTbiCKHB81IOCb 

05bPIHO BCnenyro, TSK K8K 11Hlllb B npOCTBfillJHX .llH8f'p8MM8X MO)KHQ H3 £PH3H1{9CKHX COD6pax<e-

HHil ycTaHOBHTh s , t H a 
1 

Onna acitMfiTOT KpHBOii t = t ( s) ( s >> .U / ) .. B co-

ce.nHHX TOt.tKax s ayneBbre npn6nHx<.eHHfl nonyqannc& ua yme nonyqeHHblX aaaqeanfi t , a 1 

nnst aaqanbHOii ToqKn s 
0 

npn noMomu nnHeHaoH H KBanpaTnqaoil 3KCTparronftUHfi,. Xo.o. Kpa-

Bb!X t , t(s)- o6biqno .aoaon&HO nnaBHhlii, TaK qTo IKpoMe nayx nepBbiX aaaqemrH s 
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UpH OCTBnbHbJX s aeo6xonaMaH nns ~aaaqecxax aaaaq !oqaocT& nocTHranac& aa 1-2 

npH6UR>KeHHR, Pac'leT OllROll KpHBOll I = t(s) 38HHM8eT LIOnH MRH)'Tbl LinK f < 15, 

EcnR aallneaa t = t(s) nns aexoTopoll LIHarpaMMbl c MaccaMH m(oJ 
I 

' M (OJ 
I • TO 

ayneaoe npa6numeaae a nepaoa Toqxe so . '• Lln!l TOll >Ke LlHSrpaMMbl C LlP)THMH MSC-

C8MB , M" I nonyqaeTcR naaeAaoA HHTepconHUBea no MaccaM: oTwcxaaaroTcR t 0 -t0 (~) 
Lln!l 16 LlHSrpaMM C MSCCSMH mf+ K(m 1 -m~0J ), Kr::.l_, .J_t•••tl• 

16 16 

ttrnirn±r £1 tir 
l~Cz;t t,z:t,O:~O?t 

--,,.d. m.•2 - m,=fi 

p H C, 2 

~ 
..!:1. .. ~- ~·' . ~~ a.t-r 'f ~\ .. ' ' ' t"""~ \\'' ., ~II·- ~ ' 

t 1\ \ ~"'~~--to25 
30 

" 

10•-

1 ~- -<2.5 
t·\1 

~=l== }<·9 
10 Z.O lC ioO 

OcofJeHHOCinv ,ttuo t.pOMM pt~c 2 
BoJAe lr4.¥(.a.oU KPuCoii JKil3.;-.. *' u acul'f",.."''w 
U WOMilp C(J(Irr)Crmcm~y..;!Jf~U gr./Qlp/3/V'Iu H.J pHC..! 

p H C, 3 

6 

no COCTaBneHHO:fl nporpa:vt:Me 6bltiH paccqHT<B.Hbi K~HBble naHLlBY .anH PHL7B .O.Harp~MM 

/qacTb HX H306pBJK8H8 HB pnc.2 l:I 3/.Y HeKOTOpbiX H3 HHX OC068HHOCTH OK83BnHCb H8 ciJH-

3H'IeCKOM nHcTe /1-4/, Y npyrHX - Ha ae¢naH'leCKOM /5-8/. Y LIHarpaMM 9,10 MeToLI 

H&IOTOHB He cxo.aRTCSI HH K KaKoii Kpi!BOii • .lln:s:~ llHarpaMMbi 11 oco6eHHOCTb aa 3H81JHTenb-

HOM I!HTepaane H3M9H9HHSI s COBnanaeT C aCHMflTOTOft =9 , a cornacBH c aaanHTH1Jec-

KHM peaynh~BTOM. B Ta6.rtHUB COllOCT8BnBHbi pe3ynbT8Thi TO'-IHOro 8H8nRTH1J9CKOf'O H 'tJHCnea-

HOf'O peweHHSI CMCT8Mbl naH.OBY .0.1lfl !llf8f'p8MMbl pHC. 1 /6htn0 B3HTO 

MaCChi paBHhlMH 1/, 

s 

24 
20 
16 

Ta5nnua 

t aHan 

10,240000 
10,562500 
11,111111 

tJHCn 

10,239989 
10,562460 
11,110917 

0 I = 0,01 H BCe 

Mo)KHO KOHcTaTHpoaaTb, liTO 1JHcneHHhtfi MeTo.a noncKa oco6eHHOCTeii aMnnfiTyll cnoco-

6ea ,llOITOnHHTb o6menpHHSIThiti 8H8JUiTH'lJ:BCKHfi. 

0TM9THM, t{TO H3110>K9HHbli1 M9TO.O. ITO'ITH 6e3 H3M9H9HHfi npHM9HHM .01151 fl0HCK8 OC06eH

HOCT,efi npOH3B01lbHbiX •MHOf'OXBOCTOK". B 3TOM cnyqae OC06eHHOCTH ne.>KaT Ha MHOf'OMepHOfi 

noaepXHOCTH, H C1J9TH851 M8lllHHll MOA\.eT BbiqHCnBTb CelJeHHSI 9TOii fiOBepXHOCTH nnOCKOCTSIMH 

s
11 

=canst , r.a.e S IJ - Te HOBbie HHB8pHaHTbi /KpOMe s H I,, aanH'IHe KOTOphiX 

TOnbKO H OTnHllaeT "'MHOf'OXBOCTKy,.. OT ,..lJeTbipexXBOCTKH'. PactteT DpH 'lpHKCHpOBBHHbiX S11 

Mo:-KeT 1IpOH3BOLIHTbCQ no Toli xce nporpaMMe, HO B cpopMynax /5/,/10/,/11/ H T.'Ll, cyMMH-

poBaHHe DO ll 6y.a.eT OpOHCXOLlHTb He OT 1 .UO 3, 8 OT 1 .llO n- J 1 B COOTB8TCTBHH C. T8M 1 

liTO Tenepb B CTOn6ue p /eM. /3// 5yneT He 3, a n-1 HeHyneBbiX sneMeHToa p
1 

1\o\eTO.U MO)l{9T 6biTb pacnpOCTp8H9H H H8 OOHCK KOMnneKCHbiX. /no at , S H t I 

oco6eaaocTeii. BoaHHKBIOWHe a.aecb Tpy .llHOCTH castaaHbt TonhKO c onpe.a.enemteM "o6nacTu ua-

MeaeHIHI s H pacnoaaaaaaHeM To rot- ne)KHT nH aaii.neaaaB oco6eaaoCTh ·aa ciJuanqecxoM u_nH 

aeqmauqec_KOM nucTe /eM., HanpHMep, 
171 1. 

' ~/ 
B npuiioMeHHK nporpaMMa noucxa oco6~aaocTefi onucana aa stahlxe AllrOn-60 .. 

ABTOpbl aec&MS 6naronapHbl l1.B. nony5apunoey, A.n. PyLIHKY H·l1.T. Tonopoey 38 

ueHHhle o6cy ~Knenen. 
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npHnomeuHe 

VfCXO.OH H3 38ll8HHO~O H8'181lbHOro npH61JH}K9HHSI, nporpaMM8 Bbi'IHC1lS19T nocne.aOB8T81lbHbl9 

npn:61JH>K9HHSI K a
1 

, • •• , af-z' a I .00 T9X DOp, DOK8 Ll1lSI BC9X j ite Bblfl01lH9H0 HepaaeHCTBO 

I F
1 

I< ll 
1 

, rlle ll; - aallaHHSH TO'IHOCTb • .UHarpaMMa npellcTaBnHeTCH a BHlle MaTpHUhl A , 

npn:qeM .[l0CT8TO'IHO BB8CTH B M8WHHY T01lbKO 3H8KH OT.091lbHbiX S1l8M9HTOB /T._e. + 1,0 H1lH -J/. 

05paweuKe ( A, Q) o5oaHa'laeT npouellypy o5paweHnH MaTpHUbl A • 05paTHaSI MaTpHua o5oaua

'leHa Q • 

npouellypa PKn ( f , k, A , o , a , u ) 

3 uaqeuHe f, k ; ~ .f, k; aewecTnenH&Ii%: M8CCHB .4
1
,f,z:f,Bta

1
:f'fz:J, 

~ uenhtA 11 , i , j , n , t ; aemecTaeHH.hiA: s , t , D ; 

aewecTaeuubtl't Maccua Q, B 
1 

:f, 
1 

1 ~C 1 :Lz:~F • d 1:t; 

v: = 0; 

AA:v: = 11 + 1; "• := 0.5 x (M; + .u•, + M: -·M: )-:u1 -u 3 

MaTpHaa A : ..l!lli!... j: = 1 !!!.!!!' I 82 f BbrnonHHT& 

8.!!..l! i: = f -·k + 1 !!!.ill:. I 1!.!L f . Bb!DODHHTb 

A :=a ~sign(AI,/)i I./ I 

o5pameHHe (A, Q ) ; 

ru!l!i:=J!!!.ill: 

1!lli!. i: = 1 !!!.!!!' 

l!Q 3 BbiiTOnHHTb 

8Q: [ BbinOJlHHTb 

~ ~j =3 '!:Q.. n: =1 ~ n:=j+t 

C 1 , 1 =- /.1: X Q1,J + Ql,n X "•·•·I + Ql,•·•-l 

KOHSU i, j i 

npnMeqaHne C;,j 

a!U!.i:=t!!!l!r.. 

npe~cTaanneT nponasonHyro 

1!2. f BbiiTOJlHHTb 

F; 

82 f - 1 Bb!DODHRTb 

no Q i,j 

~ all! j: = 1 ~ 

~ B
1

•
1

:=0; 

1!lli!. n : ~ 1 .!!!1!!:. gQ 3 BbiiTOJlHHTb 

~ D: == O; 

x a. 

l!!!.J.ir;""' f - k +. 1..!!!1!! 1 .g.Q l BbinOJlHHTb 

. . KOHeu 

KOHen i i 

D: = D + Q1 ,,x.(sign(Ar.f )xQf,h -sign(A,.IJ x Q1,;, ); 

B 1, 1 :=B 1 • 1 +DxC 1,n 

KOH9U lJ 

B . 
. f. k {i I, 3 X ( Q I,> - VI, I ) 

npnMeqaHne D i,j npencTasnseT nponaso.nHyJO F j no a) .z:tnH i -/:. k 

no 0 1 Jing i = k • MaTpHaa a Q I aa I Bbl'IHCnBCTCSI no ,PopMyne a Q/ a a I =- Q X. a A I a a IX Q • 

3neMe:HThi 3TOit MaTpHUw BbiqHciJlSIIOTCR B UHKJle C nepe:MeHHOA. r 

8 

.m!a i:-"1 ~ 82 BblfiOJlHHTb 

F
1

: =·-·0.5 x (C
1

,
1 

x Q 1 ,
1 

+ C1,
2 

x Q1,, +. C 1, 3 x Q1, 3 + m~ ) ; 

05paW<;!HHe ( B , B ) ; 

8.!!.!! i :· .... 1 !!!!!!' 82 ,BbinOJlHHTb 

Ha .. ano J
1 
,.0 ; .!!lli!.... J: = 1 .!!!!!!:. 1 82 e _ i sbmonHHTb 

c/ 1 : =d 1 + Bt.l x F
1 

Konen i , j ; a,: = 1 ; 

.. Jl!!!. i: ~ 1 !!!..& 82 f - 1 Bb!DODHHTb 

~ a 1 : • a 1 + clJ ; af : = af _,a I 

KOHeU j; u
1 

: = U I + df 

Sill! i:=t.l!d!!£.. 82 BblfiOJlHHTb 

~abs(F 1 ) > /l
1

!Q.nepei!TH K A.4; 

s • = M • +. M. -· 2 X u ·; t: = M • +· At', -· 2 X us 
• J 2 J 2 . 

neqaTb (a 
1 

: It , s , t , v 

KOHC!! !IporpaMMbi, 

PyKonncb nocTynnna s Ha.naTenbCKHA oT.nen 
!9 HIODll 1963 r, t 


