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BPATHbIA BEC ®YHKUHUW HEOBXOAUMbBIX HEU3BECTHDIX,
YPABHEHHbIX B n-MEPHOM MNPOCTPAHCTBE *

/CTb JlaHa q)YHKIIPIH YPaBHEHHBIX HeOﬁXOlU'IMbIX HEU3BECTHLIX

F(Xip1, Xego, ..., X)) (1)

F (X?_(_l — Xt'—[_l, X?—f—‘_’ e x;—|—2, sy X?l o X;l)9 (2)

(r=1t4+1, t+2, ..., n) — npubiuKeHHbIE 3HAYCHHS HEOGXOMMMDIX
THBIX, @ X, — IIONPABKU K HUM; X, = — x; [2].

I onpesesieHnsi obpaTHoro Beca GyHKUHH (1) Hesb3sl HENOCPeCTBEHHO
UTb M3BECTHYIO M3 TE€OPHH OWIHUOOK GopMyJy

1 OF \2 OF \2 oF \2

TFZ(W)+(W)+"‘+(7)’ 3)
K TIOC/IENHSAS CIPaBeINBa 1J1s1 (QYHKIMEA HE3aBUCHMBEIX MexK1y colGoii ap-
bR X, Y, ..., Z.
eICTaBUM JaHHylo QyHKuHO (1) B BUIe (QYHKIMH HE3aBHCHMBIX apry-
l; = d; — L;, nMelomux Te e cpeiHne KBaAPaTHUECKHE OLIHGKH, UTO U
1, 2, ..., n), riae d; — npubauKEeHHblE 3HAYEHHUSI pesy/IbTaTOB H3Mepe-
 l; — npuGHXKeHHblEe NONPABKH B PE3yJbTaThl H3MEpeHHil. Becosyto
10 (1) myrem pasnoxenus ee B psin Tefiyiopa MOXKHO TPUBECTH K JIMHEfi-

BULY

F=F;+4+ oy Xt,+1 + OppoXppo+ - - - ‘an;u 4
F=FXl — X1, X?+2—X;+2, SR )
Fo= F(X{1 Xiva <oy Xo)
(o s < _ (e
( 0X ;11 )0’ i ( 0X 10 )o’ e L 0X, ')0 5)
(

THbIE [POU3BOAHLIE BECOBOH (PYHKLUHH MO HEOOXONUMBIM HEH3BECTHBIM,
MmounM 13 GYHKUUK (4) MONPABKH X,, 3aMeHsAsi MX HE3aBHCHMEIMH Be-
u .

aeM 3TO JBYMSA IyTSMH.

pubasum K QyHKuHH (4) cienyomue ypapHenus [2]:

G+ s Xt akep e gt —1 = 0;
azxi—i‘ R +t2X;+u2x;+l+ < lsie +n2x,',—12=0; ©)
G+ <00 b u gt e e L, —1, =0

HHcro H3Mepennil, MOMyYeHHEIX paHee Ha OCHOBAHMH [e€OMEeTPHUECKHX yCIOoBHi [2,3].
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HJIH B BEKTOPHO-MAaTPHYHOH (opMe ypaBHEHHE

Kx' — =0, (7)
YMHOKEHHBIE Ha HE ONpeJeJeHHbIe MoKa eine Kosbduunents p;. Toraa moaydnm
F = Fy+4 oppixep + OppoXeo + - - - 06,4

+@xi+ - Ftxtuxipa A+ oo Faxa—L)p, +

gl & -0 Ll e - e, — L) e o

+(anx1 + =iy Td +tnxf _I—u/zxt-l-l + T +ﬂ’;zxn_lrz) On- (8)
3nech K — KBajpaTHasi HeOCOGEHHAs MATPHUIIA #1-TO MOPSIIKA, CTOJAGIE KOTOPO#
COCTOSIT M3 KOOPAMHAT f JIMHEHHO HE3aBHCHMBIX BEKTOPOB mpocrpaHctBa E™;

X1, X9, ..., Xn — HEH3BECTHBIE MHOXKHTeH [2].
[Tocsie packpeiThsi CKOOOK H NpPUBENEHHS MOAOOHBIX UJIEHOB [0 HEU3BECT-
HbIM BbipaxkeHue (8) mpuMmer BHI

F=Fo—(9111+9212+ e —I—p,zl,z)—l—
+(@p + a0+ - )+

B G e X+
+ (U105 <+ Uy oo v - U ) X - /

+ (Ao + 150+ - - - A+ 1,0, + 0,) Xn
[TorpeGyem paBeHCTBA HYJIIO BbIPAXKEHHH B KPYIJIbIX CKOOKAX MPH HEH3BECT-
HBIX MHOXKHTEJISIX Xy, ..., Xt, Xiy], ---p Xn, TO €CTb MOXKHO HAMHCATh CHCTEMY 7
YPaBHEHHH C 7 HEU3BECTHBIMH Ko3(duIuentamu o,
a0, T a0, o a,p, = 01
tlp] + t2p2 _l_ Sor e + tnprz T 0’
Wp; + Ugy + = -+ - ULP, = — O,
SR TS WOy SRR L SR Y TR SRR S e n—t
mo; + a0 + - 0, =—0,
HJIn BeKTOpHO'ManHque ypaBHEHHe
K'o = — @o,n—1, (10)

rie K' — TpaHCIOHHPOBaHHAs MAaTpHIA 110 OTHOILIEHHIO K Matpuie K.
C yuerom (9) Boipaxkenue (8) Gymer UMETb BHI

F = Fy=Apilyrpsly o -2 0l - (11)
Tenepnr k ¢ynxunu (11) npumennma ussecTHasi GopMyJia TEOpHH OMHGOK,
TaK Kak apryMeHThl /; He3aBHCHMBI MexK1ly CO00H, a KOa(h(DUIIHEHTEI ;, KAK BHIHO
u3 cucteMsl (9),— MOCTOSTHHBIE.
Haiinem wactusle npousBoauble pynkuuu (11) mo aprymenram /;

OF oF oF
_-a—ll-—zp], —szz, .--,——W:pn' (12)

©)

Torna o6patHblii Bec PyHKIHH ypaBHEHHBIX HEOOXOAUMBIX HEH3BECTHBIX (1)
MOXKHO OINpPENENHTb I0 (opmyJe

TlF— = [pp]. (13)
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Obpatumcs K (n — ) ypaBHeHHAM cucTeMbl (9):

Uy + UgPp + - - - F 1,0, = — 0113
s S S 8,0, = — OpLo}
101 T 905 + -+ S0, 42 (14)
0, Sl 1504 Ak Sl no,=—ao,
A ¢ -]
I'p = — o,y (15)

- [je /I — martpuna KOOpAHHAT GA3UCHBIX BEKTOPOB NIOANPOCTPAHCTBA HEO6XO-
JuMbix  u3Mepennii E" ' pasmepamu  (n — #) x n, TPAHCIIOHHPOBAHHAS IO
OTHOILEHHIO K MaTpHie /] ypaBHEHHH NONPaBoK.

Cucrema (14) — HeonpernesieHHasi, HMeeT GeCKOHEUHOE MHOMKECTBO perue-
muii. TpeOyercss HalTH Takoe pelleHHe, KOTOpO€ yJIOBJ/IETBOPSIET IPHHIHITY
HaWMEeHbIUINX KBaJPaToB, TO €CTb

[op] = min, (B)

- 470 COOTBETCTBYET IIPHHUHUNY HaubGOJIbLIEro Beca.

CucreMoii inHeAHbIX ypaBHeHui (14) ompenensiercss JuHEHHOE MHOrooGpa-

' se M, mosiyueHHoe MapassielbHbIM CABHTOM MOANPOCTPAHCTBA H3GLITOYHBIX

| sveperuid £ ma Bextop p [4]. Jlio6as touka | sauneitnoro MHOroo6pasusi M!
YAOBJIETBOPSAET cucTeMe (14), KOTOpYIO MOXKHO 3amucath Kak

wh+dfs+ - - - +u,f, = — o,
Slfl SIE Szfz + S W + S/szz = = Wty (16)
nlf]+/l2f2+ S +Ilnf/z:-wﬂ
W s 5
H,f = ==n—p (1 7)

' Yeiosue (B) BbiOJHsETCS TOTAA, KOTAA BEKTOP O OPTOTOHAJEH IOJIIPOCTPaH-
CTBy M3OBITOYHBIX H3MEPEHHi, TO e€CTb

o bt (18)

Yenosiio (18) u orBevalor nepsbie ¢ ypasnenuii cucremsl (9). CiienoBaresn-
HO, BEKTOP 0 MPHHAIIEXKHT IOANPOCTPAHCTBY HEOOXONUMBIX H3MepeHHl

pela (19)
2: llpubasum x dynkunu (4) ypasuenus [2]

UpXepr + SXipa+ -+, —o =0,

UpXit1 + SpXepa + = - - 4 ngx — 0, =0, (20)

u/zX;+1 = SpXefo |- = e - +’7/zX;l i Vni— Os

JMHOXKEHHDIC HA HE Olpeie/eHHbIe MOKa elle KOSPDULMEHTE fy, foy +vvy [a
F= Fo -t m,4.;x£+l =5 U)t+2X;+9 Bl (x)nx,; 1
e o S sy UL I Tin— 0N

+ (UaXeqs + SXepa A ¢+ - A ngxn—vy) o + 1)

=t (unX;—H = SpXt4-2 St Enoh EiE n,Xn— Ulz) ffz‘
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Boipaxenue (21) mocie OYeBHAHBIX npeoOpa3oBaHUi NPUBELEM K BHAY

F=F,— o+ [0+ - - + favn) +
+(u1f1 =+ u2f2+ i "l‘unfn—l‘(’)t—l—l)x;—}—l +
o (S Safa - v o b Safa + O42) X2 + (22)

o (gfy - afy e o 00) %
TpeGysi paBeHCTBa HYJIO BhIDAKEHMH B KPYIJLIX CKOOKax NpH MHONpaBKax
B gt K 1O GETE

ulf1+u2f2+ e ih +urzfn: — Oz41,

814 o ot P R Sufn = — Oty

n1f1+n2f2—1— kg +nnfn= — O,
noJyyaem

F=F,—(fo,+f0a+ - +falh) (23)
WM B BEKTODHOM BHJE

F = Fo— (o), (24)

rie v € E"" — Bextop HONPaBOK K MPHO/IHKEHHBIM 3HAYEHUAM d; pesyJb-

TaTOB H3MepeHuil; f € E" — BEKTOp, ONpEEJsieMblii KaK 9acTHOE pelIeHHe
cuctemnr (16).

Oynkiusa (23) aBasercss (QyHKuUHedl 3aBUCHMBIX apryMEHTOB, Tak KakK
MONpPaBKH v; NOJyYeHbl B Pe3yJsbTate ypaBHHBaHHS [2].

MckmounM TonpaBku v; U3 GyHkuuu (23) caexyromum obpasom.

[Ipubasisist K Qynkuun (23) ypaBHeHUs [2]

a, +agys+ - - - ad,uy=0 ]
............. z,
to, Fto,+ - -0 FE0,=0 (©5)
v, + Uy + - U, T W = 0
................ 1l — t’
nlvl+n2vz+ SR o M i
YMHOKEHHbIE Ha He ONpeJieIeHHbIE NI0Ka ellle MHOXKUTE/H Kistoons Fopy dipiing wivwy higs
oc/ie OUeBHMAHBIX I1peo0pasoBaHUi MOJydaeM
F=Fy+Mp @i+ Mpe@ipo + - - - + 00, +
+@M+ - FhA R + - +nh, — )0+
(@ + - - A U+ - + nyh, — o) vy +  (26)

......................

‘}'(an?"l_‘— I +tn7"t+un7"l+l—|— Sl —I_n;z?"n*frz)vn'

Muoxuread Ay, Ay, ..., A, BbIOEpEM TaK, 4YTOOBI BBIpaKEHHSI B KpPYIJIBIX
cKOOKaX paBHSUIMCh HYJIO, TO €CTb MOMKHO HANHCaTb CHCTEMy 71 JINHEHHBIX
ypaBHEHHH C 71 HEM3BECTHHIMH MHOXKHTE/ISAMH

ah+ - FEM oA+ o+ ik, = [y,

ah + - FlA b uhe + - b= fs
................... Feir @7

an"’l %= == tnxt =t urzht-i-l ST + nrz}"n = fn
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11 BEKTOPHO-MaTPUUHOE ypaBHEHHE

=f. (28)
Torpa wumeem
F=Fy+Muwi + Mpowipo+ - - - + A0, (29)
ne [2]:
— Wi =udy Fusly + - - -+,
— Wit = Slll - 5212 o R L o Snlrz’ (30)
—w, = nlll 5 nzlz e 0 JE n'rzlfz

Beons (30) B Bhipaxkenue (29) u rpynmupys 4/I€Hs! NOJYYEHHOTO BbIpayke-
il MO0 apryMeHTam [;, mosnyiaem

F=Fy— (M +shpa+ - - - +nd) ] —
— (@hip1 + Sphepo + - - 0 M) L —
o (unA'H‘l = sn}”lﬁ'ﬂ S fl,,?\/n) ln' (31)
B stom ciyuae yactHbie mpousBoaubie (12) umetor Bux [1]
oF
e T Y Uik + S iy + - - -+,
oF
— 51 =P = Ui + Shipo + - - -+ 15M,,
n (32)
oF
s al, = 0r = un}"t-H He Sn}"t-i—Q S R nn}"ﬂ
Il B BEKTOPHO-MAaTPHYHOH (hopme
p=1Iky s (33)
B BekTopHOM BHIE
P=Uhsps L Shpgt + v o nhy,, (34)
e M_H, Aiyo, ..., A, — HeH3BecTHble MHOXKHTeNd, mpHu 3toMm [1, crp. 204]:

il = G }”H-“’ = Gz .- }" = Gp-

Bripazkenue (34) nokassiBaer, 4To BEKTOD O MPEJACTABJSETCA B BHIE JHHE -
0fi KOMOHHAUNH GAa3HCHBIX BEKTOPOB MOANPOCTPAHCTBA HEOOXOMMMBIX H3Mepe-
it E"!, ato eme a3 MOATBePKIAeT CIpaBeAHBOCTb ycaoBust (19). Jlumei-
aq KoMOMHAaIus u?»,+| -+ S}\/t_l_g—l‘ —l—n?» — eJMHCTBEHHAass MJsd JIoOoro
gkTOpa f, TpeiCTaBASIONIero co6oi JI06oe YacTHOe pelieHue cucremnl (14)
u (16).

Onpenenns koopauHatsl BekTopa o [3], Haxomum obpaTublil Bec (QpyHKIHH
aBHEHHBIX HEOOXOAMMBIX HEH3BeCTHBIX 1o ¢opmyJe (13).

Takum obpasom, npencraBjeHne (QyHKIHH HEOOXONMMBLIX HEH3BECTHBIX,
DaBHEHHBIX B f1-MEDPHOM INPOCTPAHCTBE, B BHIe (YHKIHH DPe3yJbTaTOB H3Me-
EHHH [IPHBOAMT K (DYHKIHH, apI'yMEHTAMH KOTOPOH SIBJISIIOTCS NPHOJHMKEHHbBIE
onpaBkH /;, a Ko3(pHLUHEeHTaMH — 3JIeMEHThl BecoBOro BekTopa p. [IpuBe-
eHHe BeCOBOH (YHKIMHU K TAaKOMY BHIY IIPOH3BOAUTCS ITYyTEM BBEJIEHHsT Pasuy-
bIY. HEONPEJEJEHHBIX MHOXHTENEH, SIBJSIONUXCS PEIlleHUeM CHCTEM JIHHEHHBIX
[paBHEHUH C KBaJApaTHOH HeOCOOEHHOH MaTpHLUe# 7-ro mopsaka.
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3aMeThM, U4TO U3 BhIpaxkeHuH (4), (11), (23) u (29) crenyer KOHTPOJLHOE
COOTHOILIEHNE

(@n_iXn_s) = — (1) = — (F0) = (Rn—@n—0). (35)

Brlunc/iM ypaBHEHHOe 3HAUCHHE H oGpaTHbli BeC (yHKIHHU, NPUBEICHHOH
B npumepe B [2, 3.

[IpuGTuKeHHOe 3HAYEHHEe NAHHOH (YHKIHMH F, = 95°35'20,0" [25

[Mpupamenue QyHKIAA HAHAEM IO onHoil u3 opmyJ cooTHoureHus (35)

AF — (@ninp) = —1-0,1" 4 (—1)- 0,4" + (1) - (— 4,27) = 3,7,
rjue 5:1-—2 = —61 (3)
Torja ypaBHeHHOe 3HaueHHe QYHKIHH MOXKHO MOJYdIHTH IO dopmy.ie (4)

F — 095°35'20,0" - 8,77 = 95°35/23,7’,

4TO COTIACYETCS C Pe3yJIbTAaTOM, OJy4eHHbIM B pabore [2].
O6partHblii Bec QyHKIINH ONpenenuM mno gopmyne (13):

L _ 095% 4 0,25% - 0,5? + 02 - 0,252 - 0,25 = 0,5000,
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