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1. BBenenue

Cpean MHOTOUYHCIEHHBIX ITPOOJIeM, BOSHUKAOIINX B 00JACTH pACIO3HABAHUA, YKayKeM 3a-
Jlady MMOCTPOEHUS TUIEPILIOCKOCTEl, Pa3/Ie/IsIoNinX BhIIIYKIbie MHOKecTBa. Cirydaii, Korjga 00a
MHOKEeCTBa — TOJIUIPhI, 3a/[aHHbIE ¢ MOMOIIBIO CUCTEM JIMHEWHBIX HEPABEHCTB W yPaBHEHUIA,
paccmorpen B [1|. lanHasg paboTa HOCBSIIEHA TTOCTPOEHHUIO CEMEfiCTBA TUIEPILIOCKOCTel, pa3-
JICJIIONINX TIOJIUTOIBI — BBIMYKJIbIe 000JI0YKH KOHEYHOro Habopa Todek. [Ipemgnaraembrii auc-
JIEHHBII TTOIXO0JT K TOCTPOEHUIO CEMENCTBA Pa3AeNdI0NINX TUIEPILIOCKOCTER MAKCUMAJIBHON TOJI-
IIMHBI OCHOBAH HA MCIOJIb30BAHUU MeToja MojudunupoBanubix Gynkiuit Jlarpanzxka n 0600-
meHnoro Metoya Hoiorona jijist 6€3yc/IOBHON MUHUMU3AIME KYCOYHO-KBAPATUIHON (DYyHKIIUH.
Meton peamsoBan B cucreme MATLAB u no3BossieT cTponTsh pasae/sionne THIEPIIOCKOCTH
JIJIST TIOJIATOIOB, 33/ JaHHBIX HECKOJIHKUMH MUJITHOHAMHI TOYEK.

[Ipeamomaraercs, uro B R™ 3agan oaun HabOp U3 My TOYEK U APYroil HADOP U3 My TOUYEK.
O01mee 9ucsI0 TOYEK PaBHO My + Mo = m. Beiykiibie 000/109KH, HATSHYTHIE HA 3T MHOYKECTBA
(mosmronsl), o6o3uadens yepe3 X1 u Xy COOTBETCTBEHHO.

B pazz. 2 craBuTcs 3a/1a4a HaX0XkKAEHUSI BEKTOPA, COCIMHSIONIETO JIBe OInzKaiiime TOYKN u3
JIBYX IOJIUTOIIOB. DTa 3a/la4a 3aMeHeHa SKBUBAJIEHTHOM’, /I/id KOTOPOil TOCTPOEeHa JTBORCTBEHHAS
3aja4a. [IpuBenensl (popMysIbl, OMpeaesoniue ceMeiicTBO THIIEPILIOCKOCTel MaKCHMAaJIbHOM
TOJIIUHbBI, PA3JIE/ISIONUX HOJUTODI.

B pazx. 3 meron mogudunupoanubix dyukiuii Jlarpanka (M®DJI) u 0606imennblit MeTo
Hriorona npumensiorcst K npsMoit 3ajiade, a B pasi. 4 — K JBoiicTBennoii. B 3amadax, rje
m > n, mejaecoodpasHo ucmoab3oBarb MeTon M®JI mas pelrerus IBOMCTBEHHOI 3a1a49H, TaK
KaK B Hefi MHOTOKPATHO UIIETCsl 6e3yCa0BHbI MUHUMYM B (1 + 1)-MepHOM nipocTpancTse. Ecu
n > m, o Metox M®JI npumendgercda K mpamoii 3amade. brarogaps 3ToMy MHOTOKpaTHAas
Oe3ycjioBHAsT MUHUMU3aIKs O0OOIIEHHBIM MeTo/IoM HbIOTOHA ITPOBOJUTCSH B M-MEPHOM IPO-
cTpaHcTBe. YHC/IEHHBIE METO/Ibl TOCTPOEHUs CeMEeNCTBA TUIEPILIOCKOCTEN MaKCUMAJIBLHOM TOJI-
IUAHBI, Pa3IeJd0IINX TOJUTOIL, IporpaMMHO peanan3oBanbl B cucreme MATLAB. B kauecTse
IpuMepa pelieHa 3aja4da O pa3/IeJeHuH MOJUTONOB, 33/ IaBaeMbIX MIThI0O MIJLTHOHAME TOYEK.

B paszn. 5 n 6 usydaercsa corydaii, Koraa moJJUTONH TepeceKaioTces. B pe3yabraTe ncmoab30Ba-
HUsE CzKaTusl (KOPPEKIUH) BBIILYKJIBIX 000JI0U€EK Oy Yal0TCsl JIBA HEIIEPeCeKAIOIUXC sl ITOJIUTOIIA,
U JIJIsi HUX CTPOUTCS CeMeCTBO Pas3Jie IsIoNInX THIePIIOCKocTeil. B KauecTBe pasesisionieit ru-
HNEePILIOCKOCTH DePeTcst THIEPILIOCKOCTD, TPOXO/ISIIast Yepes3 cepeuny cemeiictBa. OHa ycJI0BHO
pasjiesisgeT UCXOIHbIe MOJTUTOIDI.

'Pabora Bemonnena npu dbunancosoi momiepxke PO®U (kox mpoekta 03-01-00465) 1 1o mporpaMme mos-
JIePXKKHU BeyIMX Hay4IHbIX mKoa (kon npoekra HITI-1737.2003.1).



2. IlocTpoeHue cemeiicTBa pa3esidioNIuX I'MIIEPIJIOCKOCTe
MaKCUMAaJIbHOM TOJINIUHBI

Bsenem npamoyrosbabie Matpuibl M u N pasvepaMu mq X M, My X N COOTBETCTBEHHO.
Ux crpokammu gsasiorca My, ..., M,,, n Ny,..., N,, coorBercTBeHHO. MOXKHO CKa3aThb, YTO
CcTpOKHU Marpunbl M 3a7ai0T My TOYeK, CTPOKH MaTpHUIbl N 33Ja0T Mo TOYEK U3 N-MEPHOTO

eBKJIMI0Ba mpocTpancTBa R™. Boinykiibie 060109k MHOXKeCTB, HaTstHyThie HA My, ... M, n
Ha Ny, ..., Ny, (moauromnsr), 6yaeM 0603HAYATH, COOTBETCTBEHHO, Yepe3 X1 u Xo:
mi
j T
Xy = SmeR" o =Y wiM =M"w, w €8y,
Jj=1
m2
X, = R” : 2y = IN] =NT S
2 = (I2€ DI WylN; = N wz, wz €030,

j=1

rie S1, Sy — CHMILTEKCHI, OIpeiesisgeMble 110 (opmyie
my;
S; = ’wZERTZE wle , =12
J=1

[Tonnoe KoM4uecTBO 3aJaHHBIX TOYEK PaBHO M = my + Me. llycTh HemycTbie MHOXKECTBA
X1 u X, ne nepecekatorcs. Toraa mycTeiM Oy1eT MHOZKECTBO TOUYEK, IPUHA/IIEZKATIIX OHOBDE-
MeHHO X 1 X», T.e. IIyCTO MHOXKECTBO TOUEK W, H Ws, YIAOBIETBOPSIOMAX yeaoBuam M w, =
= NTIUQ, wy € Sl, Wy € SQ.

[TocraBum 3a/1a4y HAXOXK/JAEHUST KpaTdailiero paccTossHus MexK/ly nojautonamu X u Xo

. . HMTwl — NTUJQHQ
min min . (1)
w1 €S wo €Sy 2

mi m2
Bsesem B paccmorpenne sektopsl v1 € R n vy € R u Bmecto 3azaun (1) ounpenennm
6JII/I3KYIO 3a/a9y MUHUMHU3AIIUN Ha HOJOZKHUTEJIbHOM OPTAaHTE

MT o NT 2

min min
m m
U1€R+11)2€R+2 2
MPU OJIHOM JIOMOJIHUTEJILHOM YCJIOBUH: 6;11)1 = 6;';21)2, rje e; — BeKTop u3 R’, Bce KOMIIOHEHTHI

KOTOPOT'O PaBHBI €IUHUIIE.

Teopema 1. Ecau ussecmmno |wi,ws| — pewenue 3adavu (1), mo 6 kawecmee pewerus
1 *¥2 ’
zadanu (2) MoAHCHO 634 Mb
* * * *,

ecau uzsecmmo [vy,v3] — pewenue zadauu (2), mo pewenue sadawu (1) onpedessemes no gop-

MYNAAM.!
Uf
* * *
w, = — Wy = — 5* =€, V.
1 5* ) 2 6* ) mi1 71

HoxkazarenbcrBo. Oyukiys Jlarpanxka ayst 3agaqu (1) nveer Bu

MTw; — N w2
L(w17w2a81782) = ” . 9 2H +Sl(1 —6;121)1)—}—82(1 _el—lsz)y




rJe §1 U So — MHOXKUTeTH Jlarpanzxa (CKaJIspsl).
g 3amaun (1) yenopust Kyna—Takkepa 3aliCBIBAIOTCS CJIEYIOMAM 0OPa30M:

L, (w1, wa, 81, 89) = M(M wy — NTwsy) — 516, > Oy, (3)
w{ Ly, (w1, ws,51,52) =0, wy > Oy s (4)
Ly, (w1, ws, 81, 89) = —N(MTwl — Nng) — 59€m, = Oy, (5)
Wy Ly, (w1, w3, 51, 82) = 0, wy > Oy (6)
Ly, (wy,wy, 51,89) =1 —e, wy =0, (7)
L, (w1>w2; 51752) 1- w2 =0. (8)
U3 (4), (6) — (8) numeem
51 =w; M(M " w, — N wy), sy = —wy N(M wy — N ws).
®ynknus Jlarpanzka s 3agaun (2) umeer BUj
Eun,va) = I NT0E e v — el )
3/1ech CKaJsIp Y €CTh MHOXKHUTEb Jlarpanxa.
Banumem ycaosust Kyna-Takkepa s 3amaun (2):
Ly, (v1,v2,7) = M(M " vy — NTw3) = (1 +7)em, = O, s (10)
v] Ly, (v1,02,7) = 0, v1 > Oy (11)
Luy(v1,02,7) = =N(M "oy — Nv3) + Yem, > Oy, (12)
Tj} ,(v1,09,7) =0, Vg > Oy (13)
Ly(v1,v9,7) = € V1 — € U2 = 0. (14)
13 (11), (13) u (14) momxydaem, 9T0
(1+7)en,v1 = TM(MTU — NTuy),
—ven,v2 = —vg N(M vy — N'wy).
[Iycrs [wi, w3, s7, s3] — Touka Kyna—Takkepa mus 3amaun (1), a [vf,v5,7*] — Touka Kyna—

Takkepa 1yist 3amaan (2). Ecaun monoxuts vf = wi, v3 = w}, 1o yeaosus (3) — (6) coBmamaor
¢ (10) — (13), a eciim v* = 57 — 1 = s3, To u3 ycmosuii (7) u (8) nomyuaerca ycaosue (14).
ITycrs Teneps [vf, v5,v*] — Touka Kyna-Taxkepa aus sazaun (2) u § = e, vi. Ouesnzno,
q1o 0 # 0, TaK KaK B IPOTHBHOM cnyqae COIJIACHO (14) nmeem v = 0, v = 0, Te. X7 u Xy
nepecekatorcs. 13 (14) momywaem, uro e, vi/d =1, e; v3/d = 1, re. yeaopus (7), (8) Bbmon-
HSIFOTCSI.
Paznenum (11) — (13) Ha § ¥ BBIIOJIHUM [OJCTAHOBKY

v = 0wy, vy =0dw;, y=03s7—1, y=4s5.
Torga mosyunm coorromenust (3), (4), Beraucaenusie B rouke Kyna—Takkepa [w], w3, s7, s3]. O

Bajaua, aBoiicTBeHHAs K (2), COCTOUT B HAXOXKICHUN

2
min min Hq”
+eR geR" 2

(15)
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[pU yCJIOBUU, ITO

Mqg— (1+7)em, > Oy, —Nq+ vemy = Opp,y. (16)
[Iycrs [¢*,7*] — pemenue 3amaun (15) — (16), a [v],v5] — pemenne 3amauun (2). Torga
¢* = M"v{ — N0} u u3 reopembl aBoiicTBennocTn caeayer pasencrso ||¢*||* = e, vf = e, 5.

[Tycrs w* = [wy, w3] — pemenne 3amaun (1). Torma Touxn
* T * * T %
x] =M wj € Xy, Ty =N w; € Xy

ABJIIOTCSA OMMKafmuMu U3 MHOXKeCTB X1 1 Xy COOTBeTCTBeHHO. BBeeM BekTOp p* = 2] — 5.
K 3azade (1) npumennm npuniun jsuseapusanuu. [Toayanm, qro mis ao6eix wy € S1u wy € Sy
BBIIIOJIHEHBI HEDABEHCTBA

pTMT (0 —w)) > Oy, (17)
—p*TNT(wg—w;‘) > O, (18)

Onpegesium runepiiockoctsb (@), 3aBUCAIILYIO OT CKaJISIPHOTO Hapamerpa o
Ma)={zcR":p" "2 — (1 —a) —af =0},

rie
6 = p*TxL ﬂ = p*Tx; 0<a<l. (19)

[oncrasnsas B (19) Beipazkenus jyis o5 u x5, noayunm |[p*||> = £—f, .e. £ > (. [lyers 1 € X7,
Ty € X,. Torma cymecrByor BeKTOpbl Wy € Si, we € Sy Takue, 410 o1 = M "wq, o = N Tws.
[Tosromy corsacuo (17) u (18) mveem

pler>E>(1—a)+abf>p3>p . (20)

Hepasencrso (20) umeer mecto npu JoObIX 7 € X, Ty € Xy, U, CJIEI0BATENbHO, THIEPILIOC-
kocTu I'(a) pasmensior MuoxecTBa X, m Xo mpu mo6bx 0 < a < 1. ['mmepmtockoern p* 'z = €
u p*'w = 3 ABAAIOTCA OLHOPHBLIME K MHOXkKecTBaM X1 U Xy COOTBETCTBEHHO, TakK Kak p*' 2} = &,
vt e Xy mplay =0, x5 € Xy

O6benunenne Beex runepiiockocreit I'(a), korma o uamensirest or 0 j1o 1, HazoBem cemeii-
CTBOM Pa3IesIONIX MIIePILIOCKOCTel 1 0003HAYNM depe3

BekTop p* gaBisgeTcs HOpMAIBIO 3TOTO ceMeiicTBa. EBKIMI0BO paccTogHme OT HAYAIa KOOPITHAT
j10 runepmiockocredi I'(ar) Borancasiercs no dhopmyae |(1—a)l+af|/||p*||. Tommuna cemeiicrsa
' (eBK/IM/I0BO PACCTOSIHUE MEZK/1y IPAHUYHBIMY ILJI0CKOCcTsiME) paBHa ||[p*]|? = £ — . Cpeau Becex
ceMeiicTB, pasesasionnx X u Xo, cemeiictBo I’ ob/1aaeT MakCuMaJIbHON TOJIIIUHON, PaBHO
I5°].

Ot pemrenns 3anaun (1) mepeiigem K perrenuto 3agauu (2). DTO BHECET HEKOTOPbIE KOP-
PEKTUBBI B HOJy4YeHHbIe (POPMYJibl: BMECTO p* B HUX Oyier durypuposarb ¢*, smecro &, [ —
ckasp 7. meror mecto cieayone (hpopMyIbl:

MT * NT * *
p* — MTU)T _ NT’UJ; — ! Uy _ Q_’
gl 1+ 79* vf (21)
9 = |12 = = = —.
o = i €= g A=



Ucnonp3yst (21), MOXKHO TOKa3aTh, 9T0 u3 (20) CIeyI0T HepaBEHCTBA
¢l 2147 >0y + (L4 (1—a) 27" > ¢ a,,

cupapegauBbie npu J0ObIX 0 < a < 1w 1100BIX 1 € X1, 9 € Xo.

OnopHbiME K MHOXKecTBaM X 1 Xo 6yayT rumeprmiockoctd ¢*' o = 1 +~" u ¢*'a = +*
COOTBETCTBEHHO, paccTosuue Mex iy uumu pasuo ||p*|| = |l¢*||/0 = 1/||¢*||. Jnga nocrpoenus
cemeiicra I Gyzem pemrars mbo npsimyio 3agady (2), amubo asoiicrsennyio (15) — (16).

3. UwucaeHHBIT MeTOA JJid cjaydas 1 > m

st permenns 3amaqn (2) u qBoiicTBeHHOI K Heii 3ama4un (15) — (16) Bocmob3yeMes MeTOIOM
mouburposanabix dynknuii Jlarpanka (M®JI) (em. |2, 3, 4]). Benomorarenbuyo 3agady
MWHUMU3AIUN HA TTOJIOKUATEIHHOM OPTaHTe PerraeM ¢ TOMOIIbI0 00001eHHOro Metoj1a Heiorona
(cm. [5, 6]). BBegem cxansp v u Bekrop A € R}, cocraBuM moaubunupoBanuyo ¢GyHKIHIO

Jlarpamxka

[MToy = Nl

L(vy,v9,\,y) = 5 em V1 + V(€ v2 — €, V1) +
L Tehn e | 0= o),
2 27 7

rie 7 — Kodddumment mrpada, v = [v] v, ], BeKTOp \g € R v € R! — mpousBosbHbIe

HadasibHbie TOouku. OObraHO mpu pacuerax Oepercs 7 = 100 w A = 0,,, 7 = 0. [ocyennee
caaraemoe B gynkmun Jlarpamxa BBegeno jaad ydera orpanmdenud v > 0,,, A € R’ — coor-
BETCTBYIONINII BEKTOp MHOXKHUTes el Jlarpanzxa.

C yderom o0beMHEHNsT BEKTOPOB U1 U vy uMeeM L(vy,ve, A, y) = L(v, A,y). Homep urepa-
mun 6ygeM 0603HAYATh JTOMOJTHUTETHbHBIM HUXKHUM HHIEKCOM IPH COOTBETCTBYIOIIUX ITepeMeH-
ueix. Torga merom M®JI 3anumrercs B Buae

T T
Vi1 = Vi + T(€p, V1 k1 — €y V2k41), Met1 = (Mg — TUk41) 45 (22)
IJe U1 ONpeIesdeTcs U3 Caepyomeil 3a1aun 6e3yCI0BHON MIHAMI3AIIH:

Vg1 € arg min L(v, A\g, Yk). (23)
veRm

B sroii 3aj1aue pynknus JIarpanzka BolityKJasi, KyCOUHO-KBajpaTuinas u jiuddepennupyemasi.

[TosToMy Ji/1s1 €6 MUHUMH3AIUKE MOYKHO ITPUMEHUTH 000011eHHbIi MeTo 1 HbloTOHA, KOTOPBI 1151

JIAHHOM 331291 CXOAUTCS TI00ATBHO 38 KOHEUHOE YHCJIO maros |5, 6.

B kagectBe mutocTparun paboThl METO/IA PEIIAINCh CTeHePUPOBAHHBIE CIyYallHBIM 0Opa-
30M 3aj1a4u (2) ¢ GOTBITUM YHCTIOM HEOTPUIATETBHBIX TIEPEMEHHBIX (70 CTa TBICAY) U CPEJIHUM
UCJI0OM OrPAHUYEHUH-PABEHCTB (0 OJHOM THICAYH), T.e. UMEJIO MECTO 1 > M.

Nrak, 3amaBaiuch ducjia m u n. B marpune M 3jieMeHTb Opajuch CaydaiiHbIM 00pa3om
u3 narepBaia [—50, 100], B marpune N — u3 unrepsana [—50, 120]. [To ocobomy ompeensinch
nepBbie cTo0IBI MaTpuil M u N. DaeMeHTHl epBOro croJidna mMaTpuilbl M Opaanch U3 HH-
repBasa [30,50], a smemenTsl mepBoro crosbna marpursl N — u3 uarepsana [100, 120]. Kpome
TOTO, 3aJIaBAJIUCh TPU TOYKHU Ty, To, T3 U3 MHOKECTBA X1, Y KOTOPBIX [E€PBbIE KOMIIOHEHTHI
ObLu paBHbl H0; Yy TpeX TOYEK Y1, Y2, Y3 U3 MHOKeCTBa Xo MEPBbIE KOMIIOHEHTHI OBLIN PaBHBI
100; re. 71 = 2y =2 =50m y] = ys = y3 = 100. Tnsa seex 2 < i <nul < j < 3 Bo-
NOJIHAIOTCA yCIoBUA T = y;. Biarogaps Takomy BBIOOpY rapaHTHPOBAIOCh, YTO PACCTOAHHE
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Mek ity MHOXKecTBamu X; u Xo paBHO [|p*|| = 50 u onTuMaIbHbI BeKTOp w* mpsMoii 3a1a4u
(9) mMeer MmepBYIO KOMIIOHEHTY, DABHYIO €JIMHHUIIE, a OCTATbHbIE KOMIOHEHTHI PDABHBI HYJIIO. VY
BEKTOpa P OTIMYHA OT HYJIs TOJBKO liepBas KOMiOHeHTa, paHas H0. Kpome Toro, recrosas
3a/1a9a UMEET HEeeJIUHCTBEHHOE PeIleHne, UTO yCJIO0XKHSIeT pacdeTsl. /[y renepanum TeCTOBBIX
3a/1a4 MCIOJIh30BAIaCh CJIeAyoNast mporpaMmMa, npeanastnadennas st cucrembl MATLAB.

Code 1. MATLAB Teneparop marpun, M u N

%Code 1: Generate random M,N:

%Input: ml,m2 n; Output: M N

tt=1;tt1=1; ss=2:n;ss=ss’; ssl=n-tti;

M=rand(ml,n) ;M(:,tt)=10%M(:,tt)+40*ones(ml,tt1)-10*rand(ml,ttl) ;
M(:,ss8)=50%(M(:,ss)-rand(ml,ss1))-50*xrand(ml,ss1)+50*rand(ml,ssl);
N=rand(m2,n) ;N(:,tt)=10%N(:,tt)+100*ones(m2,tt1)+10*rand (m2,ttl) ;
N(:,s8)=50%(N(:,ss)-rand(m2,ss1))-50*xrand(m2,ss1)+50*rand(m2,ss1);
uu=30*rand (3,n) ; uul=uu;uul(:,1)=50%ones(3,1);
uu2=uu;uu2(:,1)=100*ones(3,1); M=[M;uull; N=[N;uu2];
m1=m1+3;m2=m2+3;m=m1+m2; xM=[50 50 50];yM=[50 0 -100];

xN=[100 100 100];yN=[50 0 -100];

plot(M(:,1) ,M(:,2),”.r> ,N(:,1),N(:,2),°*bl’ ,xM,yM,xN,yN) }

[Ipemyaraemptii st pemtenust opsMoit 3agaun (2) meron M®JI npeacrabisier coboii ure-
panuonHublii nporecce (22). O606mennbii MeTos, HbloTOHA MpUMeHeH K penieHuio 3a1aun (23).
Agropurm peasmzoBan B cucreme MATLAB 7 B Buge nporpammbr MLF1. Kpurepuem ocranos-
KU mporecca MuHnMu3aiun (23) sisjisiercst BoinosHenne yeaosust ||vgr1 —vg|| < toll. Kpurepuem
OCTAHOBKHW mreparuii (22) sipiasercs BoinonHenune yeaoBuil ||ver1 — Vil < tol2 m || Apr1 — Ael] <
< tol2. B kayecTBe HAYAJBHBIX YCIOBUIl /IS BCeX 33/a4 OPAJIUCh HYJIEBble BEKTOPBI Uy H Ag, a
TaKzKe Tmojaraaoch vy = 0.

[Iporpamma MLF1 cpasuuBaercs ¢ nporpammoit MATLAB, cocrasiiennoit na 6aze 6ub-
smoreku MetoioB ontuvusaruu cucrembl MATLAB. B pesyabrare Borauc/ieHuii onpeie/isijinch
CJIEJIYIOINE HEBSA3KU:

Av=ld—lplll,  Az=lep, v —epval, Az =[(=0)+ ],
rje ||al|s ecTb yebbieBckas HOpMa BEKTOpPa a; d €CTh HAllJIEHHOE PACCTOSTHUE MKy MHOMKe-
creami, ||p*|| = 50. O6brano B pacderax nonaranoch toll = 1078, tol2 = 1078,

g BeIYUCIEHn NCIIOIB30BaJICI KOMIBIOTED ¢ nporeccopoM Pentium-4 ¢ TakToBoi yacTo-
toit 3 I'T'1, omeparuBHOit mamsaTbio 1 6.

Pesyabrarer perenust ciydaifHbIM 00pa30M CreHEPUPOBAHHBIX 33724 MIPUBEJIEHBI B Ta0/1. 1.
B niepBom cTo.1011e TabIuIbl yKa3aHbl Pa3MEPHOCTH M 1 N. Bo BTopom cTo/1011e TpUBe/IeHbI NMe-
Ha HCHOJIb3YeMBIX IporpaMM. B TpeTbeMm — JaHbl BpeMeHa cuera (B CeKyHax). B uerBepToMm,
ISITOM M IIecTOM CTOJI0max ykaszaubl Aq, Ao, As.

13 Tabmums ciepyet, aro nporpamyva MATLAB okazanace 6osee adpdexkrusnoii, uem MLF1,
TOJIBKO IIPU PellleHry 1epBoil 3a/1a4u HEBBICOKON pazMmepHocTu. Ha BTopoii n yerBepToil crpokax
soipazkenne MATLAB* o6o3navaer, 9T0 3TOT METOA NPH CTAHAAPTHBIX HAYAJBHBIX YCIOBUIX
He pemm 3a1a49y. [losTromy OblTn n3MeHeHbI HAYaJbHBIE YCJIOBHS: BCe KOMIIOHEHTHI BEKTODOB
Vo, Ao U CKAJSIP 7o B3ATHI PABHBIME eJuHUIEe. B TpeTheil u rmecroit 3amade (ctpoka 3,6) mpo-
rpamMma MATLAB me pemmia 3aady HE OpH CTAHJIAPTHHIX, HU IIPH M3MEHEHHBIX HAYATbHBIX
ycioBusix. B nmpumepe, npusesennom Ha derBeproil crpoke, nporpamva MATLAB okazanace



Pesynbrare!r cpaBaenus paborsl MerogoB MLEF1 u MATLAB,
U():Om, )\0:0m,70:0

JIydieil Mo BpeMeHH, OJIHAaKO TOYHOCTH ompejeseHusd d Oblia HU3KOH. [[nsg 3amad OoJbImnoii
pa3meproctu nporpamma MATLAB cymecTBenno ycrynaer nmporpammve MLF1.

Tabauma 1

mXxXn METO/ | T,sec Aq A, Az
MLF1 | 3.5 [2,5x10712]2,2x 1076 [6,7 x 1016
50X 10°  ["\IATLAB | 0.25 | 1.5 x 10| 5.4 x 10-1° | 5.2 x 10-2
MLF1 | 10,9 [7,1x 1073 ] 1,5 x 1078 | 1,7 x 1018
100 X 10° F\IATTAB* | 2.4 |8.5x 10-14| 7.0 x 10-15 | 8,1 x 10~
MLF1 | 85 |1,0x 107 6,7 x 1078 [ 4,8 x 1020

300 x 10% "NATTAB |« x % .
MLF1 | 30,8 [9,3x1073 |2 1x 10771 x 10-18
200 10° F\ATTAB | 7.5 | 8,7 x 10-° | 2,9 x 10-5 | 4,0 x 10-16
MLF1 | 25,5 |2,1x107[42x 107122 x 10-19
500 X 10% FNPATEAB* | 77.0 |11 x 101 | 5.7 x 101 | 3.9 x 1016
MLF1 96,6 | 4,8 x 1074 [3,4x 1071 |3,6 x 107%

1000 108 N AT AR | . * *

4. YucjeHHBIII MeTOM JJid cjaydas m > n

Paccmorpum jiBoiictBennyio 3a1a4dy (15) — (16). AHaTOrHYHO MpeIbIayIeMy pasieny 00b-
eJTMHUM BEKTOP ¢ W CKAJIAD 7y OJHUM CHMBOJIOM z = [¢,y| U BBeJeM MHOKECTBO

Z={zeR": Az >e,},

rae A = —]\;[V _eeml } — marpuna m X (n+1). /IsoiicrBennyio 3amady (15) MOKHO 3amucaTh
B BU/JIE ’ )
min 1 (24)
2€Z 2

st ee pelieHusi CHOBa BOCHOJIB3YeMCs METO/IOM MOoJAndUIUpoBaHHbIX (ynkmuit Jlarpanzxa.
B namnoM BapmaHTe MeTOma HIMETCS 0e3YCTOBHBIN MUHAUMYM HO ¢ W 7Y CJeAYoIeil MoauduIim-
poBannoit byukmun Jlarpanzxa:

Ligu.v) = Bllall® + Il + g(em - AZ)]+H2,

rae v € R, B — kosdbdurment mrpada.
Ha k-m mare wrepanuii HoBoe 3HAYEHHE Zj 1 HAXOJMUM U3 YCJIOBUA

1
sia € arg min {Bllall? + lfox + Blem — A2)] [} -
zE

7



Jlng ompeneseHnsa OOTUMAILHOIO BEKTOPa U HCIOIL3YeTCs CJIeIyIONUil HTepAIMOHHbI Mpo-
necc:
V1 = [V + B(em — Azig1)]+, (26)

IJle BEKTOP vy — HPOM3BOJIbHAsI HavyaJsbHas Touka u3 MHoxkecrsa R''. O6biuHO npu pacuerax
oepercst =10 u vg = 0,,.

Tabauma 2

Pesymbrarer cpaBrenust paborsr Mmetogos MLEF2 u MATLAB,

Vg = Oy 20 = Opg1

mXn METO/L | T,sec AN Ay
MLF2 | 0,65 |1,4x 10" ] 1,5 x 10-20
2000 20 P\ ATLAB | 0,62 [ 4,0 x 1071 [ 2,3 x 1025
MLF2 | 6.6 |3,4x10-'1]6,1x 1012
10° x 10 14 —20
MATLAB| 7.0 |7.9x 10| 4,6 x 10
MLF2 | 59,5 [1,1x10-12[3.1x 10-13
2.10% x 2 ~13 —14
MATLAB | 155.3 | 4.0 x 1013 | 1,3 x 10
6 MLF2 | 385 ]23x10-1[1,1x 101
10°X5  '\IATLAB| 37,3 [3.8 x 10-1 | 1,7 x 10-15
MLF2 | 144,8[7,3x 1013 [ 1,3 x 10-13
6
410" X 2 IV IATLAB | 317,3 9,3 x 1020 | 5,7 x 10-15
6 MLF2 |167,4]1,4x10-12]2,9 x 10-2
-1 X2 AT AB | « « .

[IpemaraeMblii METO peNIeHUs ABOIICTBEHHOM 3a0a41 3aKII09aeTC B UCIIOJb30BAHIN NTE-
panuoHHOro mporecca (26) u pernrerust 3a1a4 6e3ycJI0BHON MEHIMU3AIUH (25) ¢ TOMOIIBIO 0600-
meHHoro Meroga HeioToHA.

B npusejennbix jiByX BapuanTax Metoja moaudunupoBanubix gpynknuii Jlarpanxka ocHoOB-
HOE BpeMsl PacveToB TPATHTCS Ha PeNieHue 3a1ad 0e3ycJOoBHOI MuHMMU3anuu. B mepsom Ba-
puanTe MeTofa (22) MUHUMYM UINETCS B 1M-MEPHOM HPOCTPAHCTBe, BO BTOPOM Bapuante (26)
— B (n + 1)-meproMm mpoctpancTse. [TosTomy mepBbiii BapuaHT MeToja Hauboaee 3hdeKTuBeH
pu 1 > M, BTOPO#A BapuaHT — LPU M > N.

Autropurm (26) peasnnsosan B cucreme MATLAB 7 B Buge nporpamv MLEF2. Kpurepuewm
OCTAHOBKH TpoIecca MUHUMHU3AINK (25) sIBIsSeTCs BBITOJHEeHWe yeaoBus ||zxi1 — 2| < toll;
KpUTepPHeM OCTAHOBKH Mpoliecca ureparuii (26) sBisercs BbIIOJHEHHe YCIoBUs |[Ugr1 — Ukl <
< tol2, rne toll, tol2 — mHekoropble 3aaaHHble TOYHOCTH. OOBIYHO B pacueTax I10/1arajaoch
toll = 1071, tol2 = 1075, PesyabraThl BLIUHCTEHNil CIyYaifHEIM 06pPa30M CTeHePHPOBAHHBIX
3aa4 npuBeaeHbl B a0, 2. Oupeeasiiuch CJaeAyIonmue HeBI3Ku:

Ay =ld—|plll,  As=[[(Az = b)4[s-

3/1ech Tak ke, Kak U B MPeIbIAYIeM pasjee, paciers mo mporpamvam MATLAB u MLF2
OJIM3KHU B CIydae 3a/1a9 HeOOJIBINOH pa3MepHOCTH.



s 3amaqan ¢ m = 4-10%, n = 2 Bpemsa cuera mo nporpamve MATLAB B 1Ba pasa Gosblre,
vem o nporpamme MLF2. Bamaga ¢ m = 5-10°, n = 2 pemena mporpammoit MLF2 3a 167.4
cexyH/1 u He ObL1a pemena nporpammoit MATLAB.

5. Cayuyaii iepeceKamInuxcs IMOJUTOIIOB IIPU M > N

[Tpu perreHnn TPAKTHICCKHUX 3aa9 MOXKET OKA3aThCs, UTO B pe3yabTaTe PasHOTO POJa
HOFpeH.[HOCTeﬁ IIOoJIy4YeHHbI€ SKCIIEpUMEHTAJIbHbIE JJaHHbIE TaKOBbI, YTO ITOJIUTOIIbI X1 nu X2 11e-
pecekatoTcst. B 9ToM ciiydae peKOMeHLyeTcst Tak CKOppeKTuposarh (cy3urh) X; n Xa, 9T0 BBe-
JIEHHBIEe BMECTO HIX MHOZKECTBA X H Xo He IIePeceKaroTcs n Takosbl, uto X1 C X1 1 X, C Xo.
OnpeieiiM HOBbIE MHOXKECTBa 110 (bopMyiaM

mi

X, = xGR”:x:Zw{MJT:MTwl, wy € 51 p,
=1
m2

Xy = .’EGR”Z%ZZM%N]T:NT”LUQ, wy € Sy ,
=1

rie Si, Sy — cKaTble CUMILICKCHI

m;
S; = wiGRTi:ZwZ]-:l, wl <oy, i=12.
7=1

Buech 0 — uncao u3 uarepsasia [1/m, 1].
OueBuaHO, YTO HOBBIE MHOXKecTBa TakoBbl, 4ro X; C X;, Xo C Xy; Kpome TOro, mpu
o = 1 muoxkectBa X; u Xi, Xo u Xy copnagaror. Bmecte ¢ TemM ¢ Henb3sg OpaTh CJAUIIKOM

m;
MaJIBIM, TaK Kak ecan o < 1/m, To wf < 1/m, Zwi < 1 u MHOKecTBO S; GyJeT IyCThIM,
j=1
[O9TOMY MHOZKECTBO X, Toxe oyaer myctbiM. g “cxKaThIX” MOJUTOIOB IIOCTPOUM CeMeiicTBO
pa3IedIoNuX IUIepIockocTeil [ ¢ HaMpaBadIONIMI BEKTOPaMu q*.
Bagady (1) 3amenum ciieyionieii:

min ~ min [|M w; — N wyl? (27)
w1ERT1 ’LUQER:L2

MIPA YCJAOBUAX

T T
CpyW1 =1, e wr =1 04 Sw; <0€py, Opy Swy <oy,

Tak ke, KaK # B pa3/. 1, mepexoauM K 3ajiade MAHAMHI3AIIN

min min MTu, — NTwl2—e! v 28
o, i (I 1> = e, 01) (28)

IIPA YCJAOBUAX

T _ T
eml/Ul — €m2U27 0m1 S U1 S O€m,, Om2 S V2 S O€my-

MozKHO moKa3aTh, YTO €CJau Wi, wi — perenne 3aga4qu (27), TO B Ka4ecTBe PeIeHus 3a/a9n
(28) MOKHO B3SITH
* * *
Uy = Wy, Uy = Ws-



Eciu u3BecTHbl v} U v3, TO pemenns 3a1a4un (27) onpeaensorcs 1o hopMyiaM

*
G
=7

T.e. perenus 3aja4 (27) u (28) B3aMMHO OJHO3HAYHO CBSI3AHBI MeKJLy COOOIA.

wy = Z—i, 0 = ellvf, (29)

*
Wy

Teopema 2. 3adaua, dsoticmeennasn k (28), cocmoum 6 Hazoscdenuu

ollélly + ol + llall?

min  max min min (30)
pe Ry e RT? 1eR' ¢eR 2
npu YeAo8UU, Mo
Mq_(1+7)6m1+¢20m17 _NQ+76m2 +w20m2;

ede v € R', ¢ € R, ¢ € RT?. Ecau [v],v3] — pewenue sadawu (28) u [¢*,v*, ¢*, 1] —
pewenue zadavu (30), mo
lg™1* = e, vi = ¢* "0} — ¥ Tw3. (31)

HokazarenbcrBo. Qyukius Jlarpanxka j1st 3agaqu (28) nmeer Bu

- M Ty, — N2
L<Ulav2777 ¢7¢) = || . 2|| -

T T T
€m, V1 + V(GmZUQ - €m1U1)—|—

2 (32)
+ ¢ (v —oem) — U (vy — oem,),
rje 7y, ¢ u ¢ — muoxkurenu Jlarpanzxa.
BanuireM JBOHCTBEHHYIO 33129y
max max max min min  L(vy, va, 7y, ¢, 1)). (33)
veR" 4 e R p e RT? v e R v, e RT?
VemoBUsS ONTHMATBHOCTH BHYTPEHHEH 3aaUl MUHAMU3AINK 3alUCHIBAIOTCS B BUIE
L'Ul (Ula V2,7, ¢7 1/1) - M(MTvl - NTU2) - (1 + 7)6m1 + ¢ Z Omp (34)
v] Ly, (v1, 02,7, ¢,) = 0, vy > Oy, (35)
L'UQ (Ula V2,7, Qb, 77[]) - _N(MTvl - NTU?) + Yem, + ¢ > 0m27 (36)
Vg Ly, (v1, 02,7, ¢,) = 0, Vg > Oy (37)

U3 (35) u (37) umeem

of M(MTvy = NTwg) = (L+9)v] ep, — 0] ¢,
vy N(M vy — NTwy) = vy ey + vq 2.

[Toxcrapisst 9Tu BoIpazKkenus B (32), mosyunm aBoiicTBennyo dbyHKIHIO Jlarpanzxa

- M o, — N2
L(vi,v2,7,0,%) = ” - 5 2ll” ey V1 (e, 02 — €, v1) +
+ (bT(Ul - Ueml) - wT(U2 - Uemz) =

MT o NT 2
= ” Y1 5 /02” — U;—M(MT’Ul — NT’UQ) +

+ v, N(M vy — NTug) = o|¢|ly — ollll =

HMTfUl — NT’U2H2

S 5 — ol ¢lls — ol

10



O6oznaunm ¢ = M vy — N Tvy. Orciozia, yuursisas (34) u (36), mosyqum JBOfiCTBEHHYIO K
(28) zamauy (30).

Eciu [vf, v5] — pemenue 3anauu (28), a [v*, ¢*,¥*] — pemenue jBoiicTBeHHOMN K Hell 3a1a4u
(30), To o Teopeme JBoiicTBenHOCTH NMeeM (31). O

Heckosbko Bujousmennm sajauy (30). Bo-nepsbix, k mesesoii dbynknuu jgobasum 72 /2;
BO-BTOPBIX, 3aMEHUB MEPBbIE HOPMBI BEKTOPOB ¢ U 1) HA KBAJAPAThl ITUX HOPM, HOJIYUUM CJie-
JIYOILY IO TeJIEBYI0 (DyHKITHIO:

lal> | 7?
2 2"

allol? +allwli +
Vcnonb3yeM m3BecTHOE HEPABEHCTBO MeXKy MEepPBOil M BTOPOI HOpMaMU:

[0l < vmallgll, — [[¥ll < vmalld].

Bwmecro (30) mpuxoauMm K ciejyromieii 3agade 6€3yCI0BHON MUHUMU3BAIINHN:

min  min lall? + 2 + mao||[(1 + 7)em, — Mql4||? + mao||(Ng — 76m2)+\|2.
qERn VERI 2

(38)

B cinygae 60bmux m u MaJbIX 1 3Ty 33a9y MOXKHO PEIaTh ¢ MOMOIIBI0 000DIIEHHOTO MEeTO-
sia Helorona, tak kak 1eseBast (pyHKIMS 3/ieCh BbIILYKJIasi, HeNpepbiBHO juddepennupyemas,
KYCOTHO-KBaIPATHIHAS.

[Mosxo, 6Gu3KMiA K U3JI02KEHHOMY, pa3pabaTbiBajics B cTarbax |5, 7, 8]. Bmecre ¢ Tem Harn
IIO/IXOJT KMEeT HeKOTOPbIE OTJINYHsI: B KauecTBe OCHOBHOI 3a1auu Oblia B3sTa He (27), a 6iu3kas
K Heii 3amada (28), 94T0 ympocTHao mosydenue aBoiicTBennoil 3amaun (30). Ecte orimune B
3as1a4e 6e3yca0BHON MuHUME3aNUK (38) O CPABHEHUIO ¢ aHAJIOTUYHOI 3aa4eil B [8].

6. Cuayuyaii iepeceKamInuxcs MMOJUTOIIOB IIPU N > M

B 3asiaue (1) Haxoauach eBKJIMI0BA HOPMa BEKTOPA, OLPEAEIAIONIEro Kpardaiiiiee paccro-
sgHue Mexk1y MuHoxkecrBamMu X; u Xo. BMecTo 3TOro MOXKHO OTBICKUBATH Y€OBIIIEBCKYIO0 HOPMY
sToro BeKkTopa. Torma 3amava (1) samummercs caeayonmM 00pa3oMm:

min  min ||M w; — NTws|s (39)
w1i ERTl WQGRZ_Q

PN YCJAOBUAX

T 1 _.T
em, W1 =1 =r¢,, ws, Oy, Swy < oepy, Oy, S wy < 0y,

[Tepexojum K ciejyloleil 3a/ia4e MUHUMU3AIUN:

min = min _(|M o1 — N osoe — €, v1) (40)
R veRY™ '
vielN, = veelNy
IpH YCTOBUAX
T T
€y V1 = €y, W2, Omy S 01 < 0€yy s Om, < Vg < 0y

MozKHO IOKa3aTh, 9TO ecIu (Wi, w;| — perrenne 3anaqu (39), a [v], v5] — pemenne 3amaun (40),
TO B KadecTBe pernrenns 3aga4n (40) MOXKHO B3Tb

* * *
V] = wy, Uy = Wsy.
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Ecau ussectno [v}, v3], To permenne 3amaun (39) onpeesnsercs mo Gpopmynam

* *
v v
* 1 * _ 72
wy = o Wy = o
T.e. PeIleHHs dTUX 3aJa4 CBA3aHbI MEXK/Iy COOOI B3aMMHO OJHO3HAYHBIM 0OpPa30M.
Bamaua (40) 9KBUBAJCHTHA CJICAYIONIeN 3a1a4ye JIUHEHHOrO IPOrpaMMUPOBAHNUA: HANTH

* T *
0" = e, v,

min ~ min  min (A —e¢] v) (41)
1 mi mo 1
AeR, v e R vy e RY

IIPA YCJIOBUAX
—Xe, < MTog — NTuy < dey, eTval = eTTnQUQ,

0< A Oy <1< 0€y, Om, Svy <0y,
JIBoiicTBennol K 3aja4e (41) gaBiasercs ciepyomas: HaliTn
min  min  min  min  min o(e) d+e 1) (42)
1 m1 mo n n mi m2
veR" ¢ e RT" v e RY? wy e R} wp e RY
LPU YCJIOBUAX

M(up —ug) — (L+7)en + ¢ > Oy —N(uy — ug) +ven, + 1 > 0y,

6Tul + QIUQ - 17 ¢ 2 Om17 ¢ Z 0m27 Uy 2 0717 U2 Z On

n

Ecau [vf, v, A*] — pemenne 3agaun (41) u [¢*, ", uf, ud, v*] — pemenne 3amauun (42), To nmeer
MECTO PABEHCTBO
Em, V1 — M 0] = N3 [l = 0, " + €, 0%). (43)

B zazmaue (42) umeercs m + 2n + 1 weusBectusix u 2m + 2n + 1 orpanuvenuii. s quc-
JIEHHOT'O PeIeHust 3TON 3aa9i MOXKHO BOCIOJIB30BAThCS METOIO0M MTPadOB, TPUMEHEHHBIM K
apoiicrenHoii 3amade (41). Cocraum mrpaduyo GyHknuio s 3amaan (41):

T T T
P\ v,v9,8) =e(A—ep 1) + (Mo — Nvg+ Xep) 4 || +
+ [(NTvy — M oy 4 ey ||* + (44)
2 2
+ [loem, — o) I + [[(0em, —v2)+]".
Munnvmsarnus ynknnun ® Bemercs mpu yerosusx A € RY, vy > Oy, V2 > Oy
[HesteBasi bynknusi B 3T0i 3a/1a4e KyCOUYHO-KBaIpaTU4dHasi, OJuH pa3 jauddepennupyemas.

JIst ee MEHUMU3AIHH MOYKHO TPUMeHUTH 06061enHbIit MeTo Heiotona. B pabore [5] mokasano,
YTO CYIIEeCTBYeT Takoe €, 9To npu BcakoM 0 < € < £ pemenne 3312490

min ~ min  min  ®(\, vy, v9,8) = PN, 0F, 03, €) (45)
AR o e RTY vy e RT?

JIaeT BO3MOXKHOCTh HAWTH HOPMaJbHOE pelleHrne NCXOAHOM 3amaun (42).
HeoGxouMble 1 JOCTATOYHBIE YCJIOBUST MUHUMYMa 3a1aun (45) 3aluChIBAIOTCSA B BUJIE

Pr(\,v1,v9,8) =e+e (M vy — Ny + Xep)y + (NTvg — Moy + Aep)y >0,

APy (A, v, v9,€) =0, A >0, (46)
Dy (N, v1,v9,€) =€y + M(M vy — Ny + Xep)y — M(NTvg — Moy + Ney )y > 0m17(47)
v Dy, (N, V1, v2,€) = Oy s v1 > Oy

D, (N, v1,02,6) = NXe, — (Mo — NTwg)ly — N(M vy — Ny + Aen) s > Oy, (48)

’U;(I)UZ(A,Ul,’UQ,E) = Omza Vg > Om2.
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JIist HaXOXK IeHUsT HOPMAJIBHOTO Pellienns 3a1a4u (42) BOCIHOIb3yeMcst CIeyomeil 3a1adeil Mu-
HUMHI3AIMUN:

. . . . . €
min min - min - min - min - {o(e), 6+ ep,v) + S0+ I+ 2+ ua]® +4) |
veR ¢ e RT" ¢ e R w e R} wp e R}

(49)

IIpH YCJIOBUAX

M(up —ug) — (1 +7)en + ¢ = Oy, —N(uy — uz) +ven + U = Oy,
elul—l—eZuQ:l, @ >0y, ©>04,, u >0, us >0,

Oyukius Jlarpamka as 3agaqn (49) umeer B
19
L(uy, ug, ¢, 0,7, A\, v1,02) = §(||cz5||2 + [0 + NJua ] + Jluzl® +~7) +

+ 0 (€, &+ e, ) 0l [(L+7)en — M(ur —us) — ]+ (50)
+ vy [N(ug — ug) — yen — ] + M1 — e up — e us),

rae v; € R vy € RT? A € R! — muozkurenn Jlarpamxa.
C nomomipio dyukiun Jlarpanzka (50) 3anuiiem JBOHCTBEHHYIO 3a/1ady

max max max min  min  min = min  L(uy, ug, ¢, 1,7y, A\, v1, v2). (51)
1
AeR™ v e RT 0y e RY? wy e RY wp e R 9 e RY ¢ e R

Yea0BHUS ONTUMATIBHOCTU BHYTpeHHel 3aja4uu MuauMu3anun (51) 3anuchBAIOTCS B BUJIE

Lul (UIJ U2,7, ¢7 wa )\7U17U2) =&uUy — >\en — (MTvl — NTUQ) > On,

52
uf [eug — Ae, — (Mo — NTwy)] =0, up > 0,, (52)
Lu2 (ula Uz, 7, ¢7 wa )‘7U17U2) = E&Ug — Aen - (MTUI - NTUQ) Z 0n7 (53)
Uy [eug — Aep, — (M Tog — NTwy)] =0, Uy > 0,,,
L¢(U1, Uz, 7, Cb, ¢7 )‘7 U1, U?) = 5¢ + O€m; — U1 Z Omn (54)
¢T<5¢+0_6m1 _Ul) :()7 sz Om17
Lw(ub Uz, 7, ¢7 7% )‘7 Uy, UZ) = €¢ + O0€my — VU2 > Omz: (55)
YT (et + o€, — v2) = 0, Y > Oy,
L’y(ubuQa’yv ¢7wa >‘7U17U2) =&y — eq—zr(vl - U2) = 0. (56)

[Tycrs [vf,v5, \*] — pemenne 3amaun (45) n [uf, ul, ¢*, ¥*,~v*| — pemenue 3amaun (49). Torma
u3 (46) — (48) u u3 (52) — (56) mosrydanm, 9TO

1 1
uy = E(MTUT — NTvi + Xep)s, uy = E(NTv;‘ — Mot 4+ Xen)y,
* ]‘ * * ]‘ * * 1 T/(,,* *
P = E(Ul - Uem1)+7 P = E(UQ - J€m2)+7 7= gen (U2 - Ul)'

JIist TOro 9ToOBl yUecTh YCJIOBHE HEOTPHIATETbHOCTH BEKTOPOB U1 M Uz, BOCIIOJIB3YEMCS Me-
togoMm mirpadoB. IlpumenuB mpocreiimuii KBaapaTudHblii mTpad, TPUXOIUM K CJIeIYoIIei
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3aa1e Ge3ycI0BHOI MEUHIMH3ANNN B mpocTpancTse R™H:

min min  min P\, vy, v9,6) = (A —e) v]) + [|[(M o] — Nvj + Ne) 4 |* +
AR v, e R™ v e R™
+ [(NTwy — Mot + Nep)y | +
+ [l(oem, = v])+l* + [l(oem, — v3)4 1 + (57)
+ 7l (=oD) P + Tl (=) I
rjie 7 — kodpduiment mrpada. Tak kKak MUHUMU3UpYeMas (PyHKIHMS KYyCOUHO-KBAIPpATHIHA,

To J7ist pernerust (57) MOXKHO TPHMEHNUTH 00001eHHbIH MeToq HbloToHa, KOTODPHIH B JaHHOM
caydae uMeerT I106aIbHYI0 KOHEUHYIO CXOJIUMOCTD.
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