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HEKOPEKTHICTDb 3AJAYI PO3KJAJAHHAI BEKTOPA TA
HEPIBHICTDb KOLII — BYHAKOBCBKOI'O

IIpod. 3anmen Pinep, acucr. Onekcanap pees

3anaya pasyioKeHHs BEKTopa Mo 0a3ucy MOANPOCTPAHCTBA, HE BMEUIAIOIIETO JAHHBII
BEKTOp, HEeKoppekTHa. OHa 3aMeHsieTCsl 3a/laueil OTBHICKAHUS HAWIy4dlIero HpuOIMKEeHUs
METO0/IOM HaUMEHbIIUX KBajapaToB. Omnpenensercs NpoeKLrs BEKTopa Ha HOIIPOCTPAHCTBO
u paccrosiHue 110 Hero. [lomyTHo nonyyaercst HepaBeHcTBO Koim — ByHsikoBckoro.

The problem of decomposition of a vector in basis underspace not containing a vector, is
incorrect. She is replaced with a problem the best approximation by a method of the least
squares. The projection of a vector on underspace and distance up to him is determined.
Inequality Cauchy - Bunyakovsky in passing turns out.

Beryn. [Ins koniHeapHHX HEHYJIBOBUX BEKTOpIB a 1 b piBHsSHHS a = Ab mae
€IMHUIA PO3B’A30K BITHOCHO A. Y €BKJIIJOBOMY IpOCTOPi HOro MoKHA 3HAUWTH,
MHO>KA41 CKaJSIPHO PiBHSAHHS Ha Bextop b. Lle mae A=(a,b)/b’. [list He KOIiHEapHHUX
BEKTOPIB yKa3aHe PIBHSAHHSA HE Ma€ po3B’A3KiB. 3ajaya po3B’sI3aHHS LIbOT'O PIBHSIHHS
€ Hexkopekmuor (T00TO, PO3B’sA30K abo He iCHye, abo0 He eauHui, abo ‘“‘myxe
YyTIMBUN’ 0 MalMX 3MiH YMOB) M uepe3 Te, 10 Mala 3MiHa HaIpsIMKY OJIHOTO 3
KOJIIHEapHUX BEKTOPiB MPUBOJIUTS 11 10 3a/1a4i, siIka He Ma€ po3B’s3Ky. Tomy ii Tpeda
nepedopMyIIIOBaTU TaK, IOOU BOHA Majla €AMHUI PO3B’SA30K 3aBkAU. Takoro Tumy
3aJa4l BHHHUKAIOTh M B MaTEMAaTW4YHIA CTATHUCTHIN, KOJIM HAaBITH JJId JIHIHHOTO
JIETEPMIHOBAHOTO 3B’SI3Ky MK MacMBaMH — BEKTOpaMu a(a,, as,.., a,) Ta b(by, by,...,
b,) piBHsIHHA a = Ab He Mae€ po3B’A3KiB, 00 TEOPETUYHO MPOMOPIIIIHI EJIEMEHTH a, Ta
by uepe3 HagBHICTh MOXUOOK BHUMIPIOBAHHS 4YM OOYHCIIEHHS CTalOTh
Henponopuiitaumu. s takux 3agau  K.I'ayccom Ta A.Jlexxannpom OyB
3aMpONOHOBAHUIA METOJ HaWMEHIIMX KBaJpaTiB, A€ LIYKAETHCS 3HAYEHHS A, sIKe
MIHIMI3y€ KBaJpaTHUUHy HEB sA3KY - BiIxuia (a - Ab, a - Ab).

1. 3HaxomkeHHs1 MIHIMAJBbHOI HeB’A3KM. MU BXE MNUCAIA NPO JOBEICHHS
HepiBHOCTI Kol — ByHSKOBCHKOro 3a JOMOMOIOI0 MEPEXOoAy A0 OPTIB BEKTOPIB 1
JOCIIPKeHHsS] HEPIBHOCTEN 11 MOAYJsi cyMu abo pi3HMIN opTiB. B 1iit crarti Mu
BUKOPHUCTAEMO JTOCTIIKEHHS PYHKIIT — CKaJIsIPHOTO JOOYTKY

f(L)=(a - Ab, a - Ab) = (a - Ab)". (1)

3a BIAacTUBOCTAMHM CKayisspHOro aAo0ytky f(A)>0 mpu Bcix a, b 1 A i gopiBHIOE

HyJIeB1 TUIbKU nipu a - Ab = 0, xonmu a = Ab. Takum yunom, miHimym f(A) = 0 npu

Takux a, b 1 A. 3apa3 Mu npononyemo AocaiauTu Qyskiio f(A) Ha MiHIMYM il Ipu
HE KOJIIHeapHHUX BEeKTopax a, b.

PosristHemo HallmpoOCTIIMI BUTIAJOK €BKI1I0BOIO MPOCTOPY JJIsi BEKTOPIB a, b i
ckansipa AeR. Tozi, BAKOPUCTOBYIOUM Ta JTUCTPUOYTUBHICTH CKAISIPHOTO JHOOYTKY
BITHOCHO PI3HUIII BEKTOPIB Ta OJHOPIAHICTH BIJHOCHOTO CKaJsipHOTO MHOKHHKA,
OTPUMAEMO
f(L) = A’b” - 2A(a,b) + a®> = (L) = 2Ab° - 2(a,b)=0, sixmo A=A,=(a,b)/ b>. Toxi
MiHiManbHe 3Hadenns ¢ynxiii f(1) = f(ho) = a’ - (a,b)/ b’ = (a’ b - (a,b)?) / b>>0.
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3Bifcy it BumHBae HepiBHicTs Kommi BynskoBcskoro a’b” - (a,b)*>0. Jlias BekTopis
Ha IJIOIIKMHI a00 y TPUBUMIPHOMY MPOCTOP1 BEKTOp a - Aob NepneHauKyisp 10
BekTopa b.

B epmiTHUTOBOMY (yHITApHOMY) TIPOCTOPI 3 KOMIUIEKCHUMH 3HAYCHHSIMHU
CKaJIIpHOTO OOYTKY (a,b) ¥ yucna A, ajge HEBil’€MHUMU 3HAYCHHSIMU CKaJISIPHOTO
kBaapaty — yskuii f(A) y (1), BUKOPUCTOBYIOUNM aHTUKOMYTATUBHICTh CKaJISIPHOTO
no0ytky (a,b) = (b, a)* (* - 3HaK KOMIUIEKCHOTO CIPSDKEHHS) Ta BUHECECHHS
CIIPSIKEHOTO MHOXKHHMKA JPyroro BekTopa y n00yTky (a, Ab)= A*(a,b), orpumaemo
piaicts f(A) = [A[’b® - A*(a,b) - A(a,b)*+ a’. ITiECTABMBLIN CIOOM KOMILICKCHE
3HaueHHs1 A=0+iB, orpumaemo f(a,f) = (a*+B*)b” — (a—if)(a,b) - (a+ip)(a,b)*+ a’.
YacTtunni noxigHi f, Ta f3 y To4mi MiHIMyMy IOBUHHI JOPIBHIOBATH HYJIEBI, IO A€
KPUTHUYHI 3HAYCHHS O Ta Po: O = Re((a,b))/bz, Bo = - Im(a,b))/b2:>?»0=(a,b)*/bz.
Toxi minimanbe 3Hagenns dyukiii fA)=f(ko) = a’ - |(a,b)|*/ b> =(a’b*-|(a,b)[*)/b>.
Ile nae Ty % camy HepiBHicTs Kouri — BymsikoBcskoro |(a,b)[’< a’b’. PiBmicth TyT
Oyne s KOMIUIEKCHUX BEKTOPiB, KOJM KOMIUIEKCHUA MHOXHHUK A 3poOHUTH IIi
BeKTOpH “kojiiHeapHuMU’. [losicHuMoO mpukiagoM: Hexail Maemo BekTopu a (3,2) Ta
b(4,-1). Bouu He € KomiHeapHMMH, 00 iX KOOpJMHATH HE MPOMOPIUINHI, are,
pO3MIIsIAAI0uN X SIK KOMIUIEKCHI yucia a = 3+21 ta b = 4-11, 3naitnemo A = (3+21)/(4-
1) = (3+21)/(4+1)/17 = (10+111)/17. Takum uyunom, A = 10/17+111/17 — enunauit
po3B’si30k piBHsAHHA B C. BiH nae koedimieHT po3TsaryBaHHs |A| BekTopa b Ta KyT
Horo moBopoTy arg(A) uist OTpUMaHHsI BEKTOpa a.

2. EnemenTapHuii miaxig 0e3 BUKOPUCTAHHSA M epeHuialbHOr0 YMCICHH.
VY minpydHukax anreOpu 3a3BUYail pO3IIIAIA€THCA TOM caMHUil KBaJApaTHUN TPUUJICH
f(L) = A’b” - 2A(a,b) + a’ ii BUKOPHCTOBYETHCA WIKITBHE 3HAHHSA, IO BiH MpHiiMae
HEBiZ’€MHI 3HAYCHHS, a TOMY HOro muCKpuMiHaHT 4(a,b)’-4a’b’<0. Takwuii camuii
miaXi BUKopucTtaHo B Opomrypi [1, c. 4]. Tam mus AoBeneHHsS MPOMOHYETHCS

n
- 2 . ..
PO3IIIAHYTH (YHKIIO Y =Z(xal. +b,)°. Yomy? Takuil caMO IUTYy4YHHH MIAX1]
i=1
YMIIIEHO B yCIX MIAPYYHUKAX JIHIAHOT anredpu Ta GyHKIIOHAIBHOIO aHami3y. Mix
THM, Halll MJIXiJ TOB’S3aHUM 13 3arajibHOI 11€€0 MOOYIOBH PETYJSIPU3YIOUOTO
orepaTopa JJis po3B’si3aHHS HEKOPEKTHHUX 3aJlay, a MiHIMaJdbHa HEB’si3Ka BKa3ye Ha
BIIXWJIEHHS OTPUMAHOTO “TICEBAO PO3B’A3KY~ BiJ HEICHYIOUOTO PO3B’S3KY.

a*b* —|(a,b)|
2 b

Tounire, Mu oTpuMaeMo abCOIOTHY KBaJpaTH4YHy MOXHUOKY f(Ag)=

AKIIO BEKTOpPU a 1 b BBakaTw piBHONPABHUMHU, TO JOLLIBHO OIIHIOBATH TOYHICTH
BITHOIIIEHHAM

a*b* —|(a,b)
: .

8(39 b)= a b2

2)
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Tyr HeB’s3Kky HaHO W [ KOMIUIEKCHO-3HAYHUX BEKTOPIB B €pPMITOBOMY
MPOCTOpi, J€ CKaJIPHUM TOOYTOK € KOMIUIEKCHO3HAYHUM; HOro MOIyNb, SK 1
MOy1 BEKTOPIB a 1 b, € diticnumu yuciamu.

V¥ mnocibuuky [2, c. 90, 105] npononyetbcs poBeneHHs HepiBHocTi K.-b. 3a
0moMororo migpaxysky f(L) mpu A=h¢=(a,b)*/b>. Yomy GepeTbcs Take 3HAYCHHS,
aBTop He BKazye. [Ipo cnpasemnuBicth HepiBHOCTI K.-b. B ynimapnomy mpocropi
CKa3aHo, IO “‘JIOBEICHHS MPOBOJUTHCA 3a TIEI0 X CXEMOW, K 1 B JIHCHOMY
Bunanaky”’. Haragaemo, o nepuie BugaHHA 1i€i KHUTY Buinuio y 1974 p., xonu B
MacoBI{ IIKOJI 1€ HE BHUBYAIU AUQPEPEHIIAIbHOrO YHUCIeHHs. Ta il MeTu naTu
MiHIMi3yloue TIyMadeHHs yKa3aHOro 3HA4YeHHs Ao=(a,b)*/b’, aBTOp He CTABHUTS.

Ham minxig nepeHocuThCcsl Ha BEKTOPHI PIBHAHHS 3 OaraTbMa (n) CKaIsipHUMHU
HEBIJOMUMH X THITY

b1X1+ b2X2+ b3X3+. LT bnxn=a. (3)
SIK110 BEKTOp a He JISKUTh B 000JOHIII, HATATHYTIH Ha BekTOopH by, by,..., by, TO
3ajlaua HE Ma€ pPO3B’SI3KYy X(Xi, Xz, ..., Xy). Perymspuzainiis 3ajadi JOCITAEThCS

3aMIHOIO0 PO3B’S3aHHSI HECYMICHO1 cucTeMu (3) 3aaueto 3HAXO/KEHHsI BEKTOpa X,
KU MiniMizye cyMapHe KBaJpaTH4He BinxumeHHs (HeB’s3ky) f(x) = (Bx — a)”. Ile
JIa€ CUCTEMY HOPMAIbHUX DPIBHSHDb, SIKa JJIs JIHIHHO HE3aJIe)KHUX PIBHAHb MAae
enuHui po3B’sa30kK. [Ipu n=2 i He koniHeapHux b;, b, HEB’s3K010 € KBagpaT BiACTaH1
KIHIISI BEKTOpa a BiJ IUIOUMHU BekTOpiB b;, b, TOOTO KBampaT IOBKUHU
NEepPHeHANKYJIApa €, OMYUIEHOr0 Ha BKa3aHy IUIOLIMHY, 00 YMOBU — PIBHSHHS IS
MOIIYKY X| Ta Xp, OTpUMaH1 Au(dEpeHIIIOBaHHAM I10 X Ta Xy,

fxl(le Xz) = 2(X1b1+ Xzbz — a)b1=0, fxz(X], X2) = 2(X1b1+ X2b2 — a)b2=0,
€ YMOBaMH MEPIEHIUKYIISIPHOCT] BEKTOPA - HEB sI3KM 10 BeKTOpiB by Ta b,. [Ipu n>2
HIIIT YMOBHU TE€X € YMOBAMH MEPHNEHIUKYISIPHOCTI BEKTOPA - HEB SI3KH 10 BEKTOPIB
“6asucy” by, bs,..., by (X1b1+ x0bsy + ...+ x,by— a)b =0, k=1,2...,n. B[1, c. 74-76]
TaKuW TMIAX1[A MPOBENCHO JUISI KOXKHOT KOOPJAWHATH Xy, JAl4M I Mpupict t,
OTPUMYIOUM KBaApPaTUYHy (YHKIIIIO B LIBOTO t, 10 BEAE A0 HOPMAIBHOI CUCTEMH.
Metonamu audepeHIialbHOro YucieHHs (QyHKIii 6aratbox 3MIHHUX, 11 PIBHSAHHS
OTPUMYEMO MUTTEBO.

Sxio Bexkropu by, b,,..., b, B3aeMHO OpTOrOHaIBHI, TO JUISI KOXKHOTO 3 X MAEMO
onne piBHsAHHS (by, b )X = (a, by), 3BiaKH X, = (a, by)/ b’

VY [1, c. 81] HaBoguthcs ¢opmyna ['aycca s MIHIMAIBHOTO KBaJPaTUYHOTO
Bimxutenns f(x) = (Bx — a)” npu (6e3 BUBEACHHS) IIPU N = 3, ane He BKA3YEThCS
MOXKJIUBICTb y3aeanvHenHs 3 Hei HepiBHOCTI K.-b.

Bennunna Hep’sa3ku Ouibll  iHGOpMaTHBHA, HDK HepiBHICTh Komi —
bynsikoBcbkoro. @opmyna (2) mokasye Ha CKUIBKM BiH BIAPI3HSAETHCS BIIHOCHO
no0yTKy MOAYJiB IHUX BeKTopiB. BiH omiHioe koedimient K kopensiii Mik
BEKTOpaMM — MacuBaMHu a ta b:

a*b* —|(a,b)
a’h’

(a,b)’

21.2
ab

o(a,b) =

—1-K K= B R. 3)
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Sxio Bexktopu a i b konineapni, TOGTO BIAMOBIAHI KOOPAUHATH TPOIOPIiHHI, TO
K=1. IIpu HexosiHeapHOCTI LMX BEKTOPIB 3a HepiBHICTIO Ko — ByHSIKOBCHKOTO
YuCeIbHUK y BHUpasl s O(a,b) momarHmii i koedimienT K<1. Jlns HezanexHUX
BUIIQJIKOBUX 3HAY€Hb €JIEMEHTIB MacuBiB a 1 b ckamspHuii no6ytok (a, b) = 0 i
K=0, 110 cBiT4uTH PO BIACYTHICTH CYTTEBOIO 3B’ 53Ky MK a Ta b.

CydacHi mnporpamHi 3acoOHU JI03BOJISIIOTH ABTOMATU3YBATH PO3PAXyHKU 3
BUKOPUCTAaHHSIM BEKTOPIB Ta MaTpuilb. Hanpuknaa, BukopucroByroun MatLab,
OyJIM 3reHepoBaHi BUMAIKOBI MaTpuill B posmipHicTiO 4°2 Ta BEKTOp CTOBIEIH a
po3mipHicTio 4 (B=rand(4,2); a=rand(4,1)):

0.9501 0.2311 0.6068 0.4860
0.8913 0.7621 0.4565 0.0185

OtpumaHo 3a gornomoroio Bupasy x=(B'B)'B'a=(1.0697; -0.0212)". OGuucneso
BenuunHy K= (B*x-a)*(B*x-a)/(a"*a*((B*x)"*(B*x)))= 0.0467. Mane 3nHauenns K
MOXHa (TIOPIBHSHO 3 OAMHMIICIO) CBIAYMTH MPO BIICYTHICTH TICHOTO 3B’SI3KY
BEKTOpa a 31 CTOBMISIMU MaTpuili B.

[Ipu nmocnmimxeHHSIX 3aleKHUX BenuuuH koedimieHT K wmaTtume 3HayeHHS
onusbke 10 1. Ak npukiian 0yno po3paxoBaHo KoediuieHT kopensnii K ais Bekropa
a — yucen Bonbda Ta matpuii B, cToBmil skoi 13 3ami3HEHHAM Ha 8 110 MICTATH
HIBUAKICTb COHAYHOTO BITPY, HOro TYCTHHY Ta 3HAUY€HHS HaIpYyXEHOCTI
MDKIUIaHeTHOro MarHitHoro noiist (3a 100 116). Koedirient K=0.7913, mo cBiguuTh
PO CYTTEBUM 3B’ 30K MK [IUMHU BEJIUYUHAMM.

3. Jliniiini perpecii a Ha b Ta b Ha a. fIxio BexkTopu a Ta b He KoJiHEapHI, TO iX
MO>KHA MPEJCTaBUTH Y BUTJIsAL @ = Ab + ay abo b = pa + by. Jloriyno, 1o nomryk A
Ta |1 3 YMOB MiHIMi3allii MOaYJIsl BEKTOpa a - Ab uu b - pa, nactb Ti )k 3HaUCHHS Ao =
(a,b)/ b°, py = (a,b)/a’, ski nae MiniMi3amis MOXYTiB BEKTOPiB - HEB’S30K.
OueBHIHO, Aol = (a,b)*/(a’b?)=Ke[0;1]. I[i umcna HA3MBAIOTH BIAMOBIZHO
Koeghiyieumamu peepecii a Ha b Ta b Ha a. BoHr MalTh OJTHaKOBUI 3HAK “+” Mpu
(a,b)>0 Ta “-“ npu (a,b)<0. Iy reomeTpuyHUX BEKTOPIB a 1 b roctpuii KyT MiX
HUMHM JaCTh 3HaK “+”, Tynui — 3HaK *“-*“. BekTopu HEB’S30K ay Ta by, K MpaBuiIo,
pI3HI i OPTOrOHAaJbHI BIIMOBIIHO BeKTOpaMm b Ta a.

a'=(0.8214; 0.4447; 0.6154; 0.7919),B"=

BucHoBkHu
1. Ananizyrotbcsi aoBeneHHs HepiBHocTi Komi — Bynskosebkoro (K.-b.)
3acobamu anreOpu Ta aHanizy. BigMiueHu ITyYHUN XapaKkTep HUX METO/IIB.
2. TlponoHyeTbcss WTHM Bil KBaAPAaTUYHOTO HAOIMKEHHS OJHOIO BEKTOpa
KOJIHEapHUM JpYroMy 3 YMOBHM MiHIMI3alii HEB’A3KA (BLAXWUITY) B
€BKJIJIOBOMY BEKTOPHOMY mpocTopi. OTpruMaHi BIAMOBIAHI KOSDIIIEHTH, SKi €
Koe(illieHTaMH perpecii 0JJHOro BEKTOpa — MAaCUBY Ha JPYTHil.
Merton 1 pe3ybTaTu MEPEHOCATHCS Ha BEKTOPU B €PMITOBOMY MTPOCTOPI.
4. TlokazaHo, IO pe3yJIbTaTH BHUPAXKAIOTh 3arajbHy JIHIHHY 3aJIEKHICTh MK
BEKTOpaMu BUAy a = Ab +ap uu b = pa + b,.

W
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5.

6.

7.

JlaHo cTaTHUCTHMYHE TJIyMaudeHHd pe3yiabTariB. llokazaHo 3a J10MOMOroro
nepiBrocti K.—B., 1o xoediuienT xopemsii (a,b)*/(a” b*)=Ke[0:1].

[linxomu, noctymHi crtyaeHtaMm 1-ro kypcy BH3, ski BuBYaoTh BHILY
MaTeMaTHUKy.

IcHyBaHHS PO3BUHYTOrO MPOTrPaMHOr0 3a0€3NeUEeHHS 103BOJIsIE, HE TPOBOASTYU
CKJIQAHUX aHANITUYHUX NEPETBOPEHb, OTPUMYBATH BEKTOP X, 110 MIHIMIZYyE
KBaJpaTHUHEe BinxmieHHs (a-Bx)’, Ta BiJHOCHY OIMHKY MiHiMaTbHOTO
BIIXWJICHHS] HAOJMMKEHHS BiJ] 3aJJaHOTO BEKTOPY a.
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