71

Tnasa 11. CTJIAYKUBAHUE PE3VJIBTATOB U3MEPEHUN
METOA0M HAMMEHBIIINX KBA/TPATOB

11.1. OgHa cogepXkaresibHasi 3aa4da

Omnwucanue mpobieMbl, KOTOPOH IIOCBSAIIEHA T4 [VIABA, MBI HAYHEM C IIPOCTEMIIEro MPIMePa — U3MEPEHHUs] COIIPO-
TUBJIEHUS PE3NCTOPA METOJOM aMIIepMeTpa U BOJIbTMeTpa. MeTom 3TOT, KaK M3BECTHO, COCTOUT B TOM, YTO OJHOBDE-
MEHHO U3MEPSIIOTCS: TOK J, TeKyluii yepe3 pe3uctop, u U — najenue Hanpsikenus Ha Hem (puc.11.1).

(v)
N

o

Puc.11.1

Ecau npenebpedb TOKOM, TEKYIIUM Yepe3 BOJILTMETP, TO, B COOTBETCTBUU ¢ 3aKOHOM OMa, MCKOMOE COMPOTUB-
JIGHHME HAXOIuTCs 110 (PopMyJie

R==. (11.1)

Jeno, onHaKo, OCJIOXKHSIETCS TeM, 9TO, MOBTOPsIsi W3MEPEHNsI, MOJIyYal0T KAXKIbIA Pa3 HOBOE 3HAYEHWE COMPO-
TUBJICHUSA . BOBMO)KHI:I ABa PA3JIMYHBIX TOJIKOBAHUA ITOr'0 IKCIIEPUMEHTAJIBHOTO (l)a,KTa,.

1. Couporusienue pe3ucropa He MOCTOSHHO, & U3MEHSIETCsI CO BDEMEHEM.

2. ConpoTuBIIeHNE OCTOSIHHO, HO JaHHbIE U3MEPEHUi CoepKaT OMmuOKN (IIOrPenHOCTH IpUbOPOB, CYObEKTHB-
Hble OIIMOKY HAOIIOAATENS ¥ TIP.)

Cremyer siCHO TIOHUMATh, YTO 6€3 BHIOOPA MATEMATHYECKONW MOIEIN IKCIEPUMEHTA €r0
) P
pe3ynbTaThl 00pabaTHIBATE HETB3SI.

B mameit 3aa4€ MBI TIOCTYJIUPYEM HEM3MEHHOCTb CONPOTHBJIEHUS PE3UCTOPA BO BpEMEHU (BBISCHEHHE IIPABO-
MEPHOCTH TAKOr'O MNOCTYJIATA, BHIXOAUT, ECTECTBEHHO, 338 PAMKH KyPCa MATEMATUKK) U B3BAJUBAEM OTBETCTBEHHOCTD 33
ero HaOJIIOIAINUECS U3MEHEHUS HA MOTPEITHOCTH. 1Orna, MPOBE/Isi CEPUI0 U3 1 M3MEPEHU, Mbl MOXKEM 3aIKUCATb UX
pe3yabTaThl B BUIE

T.e. B BUJI€ CUCTEMbI U3 7 JIMHEWHBIX YPABHEHUIN C OIHON MEPEMEHHON — MCKOMBIM COMPOTHUBJIEHHEM pe3ucropa. Ilo-
CKOJIbKY 3T CHUCTEMa, OYEBWJIHO, HECOBMECTHA, OyIeM MCKATh ee mnceBpopemtenre. HecMOTps HA MpPOCTOTY 3334w,
MPOJIESIaeM BCE ONEPAINH MOAPOOHO, YTOOBI eIre Pa3 MPOIEMOHCTPUPOBATH METOIUKY.

3anuinemM CUCTeMy B BUIE

JR=TU, (11.1.2)

rie
J=[J,...., LT, U=[U,...,U,)".

Marpuma J*J = [J? + ... + J2] umeer pasmep 1 X 1, a marpura

pa3mep n X n.
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Tak kak J*J umeer pasmep 1 X 1, CHHTYJISIpDHOE YHCJIO OKA3BIBAETCS €IUHCTBEHHBIM - 3TO TMOJIOXKUTEIBHBIN
KOPEHb YPABHEHUS
n n 1/2
* 27\ _ 2 2 _ _ 2
det(J*J —0°,) =0 wmm J;—0°=0, me. o= Ji

k=1 k=1

COOTBETCTBYIOIINE CHHTYJISIPHBIE 0A3UCHI HAXOAATCS TAaK: Npasbili (COCTOSIIUE U3 OZHOrO BEKTOPA) — IyTeM

pemienns ogHOpoaHoM "cucrembr"

(JJ = L)w® =6 wm 6, -0 =6 ze. o) =11
(HAIIOMHEIM, 9TO CHHTYJSDHBII BekTop HOpMuposam). CooTBercrByrommii ieswii cunryspusii sexrop w(l) — 310
HOPMUPOBAHHLI 00pa3 Bekropa v{l) npu orobpaskenun, nopoxksennom marpuueii J :  wl) = %Jv(l) = %J. ror

BEKTOP MOXKHO OBLIO ObI JOMMOJIHATD 10 OPTOHOPMHUPOBAHHOIO 6a3uca B R, HO OCTAJIBHBIE BEKTOPHI HAM B JaJbHEAIIEM
HEe IIOHanooaTcs!

Cunrynsipuoe paznoxenue mMarpuisl J umeer sug J = WEV* e V* =V = [1], W = [w®,...,wV] -
YHUTApHAs MATpUIA mopaaka n , a X = [0,0...,0]T — cronGer BeicOTHI N.
Marpuna X1 = [1/0,0,...,0] — crpoka mmpunst n. [losToMy nceBnoOOpaTHAS MATPHUIA —
+ + * 1 (1) 1 *
JT=VETW* = —w = —J"
o o2

Tenepn MoxkHO 10 dhopmyie (10.3.1) HaiiTu nceBaOpEIIEHKE:
S I |
R=J"U=—=JU=—(NLhU+- -+ U, =
o o

LU+ + TaUn
I R

3ameuanne. BHUMaTeIBHBI YUTATENH 3aMETHUT, YTO TOT YK€ PE3YJIbTAT MOXKHO OBbLIO MONYyYHTb, TIEPEis K
HOPMAJIbHBIM yPaBHEHUSAM, T.€. JoMHOXKUB (11.1.2) cieBa ua J*:

JU LU + -+ JUp

J'N)R=JU=R="— =
() J*J T+t

Ho, Bo-miepBbIX, MBI yKe 00bICHUIN, IOYEMY HE CJIEAyeT MOJIb30BAThCS HOPMAJbHBIMU YPABHEHUSAMU (XOTs B
HaIel 3aa49e 370 ObUIO JOMYCTUMO), 8 BO-BTOPBIX, HAIEH 1EIbI0 ObLIA JEMOHCTPAIMS MOCTPOEHUS! ICEBIOPEIIeHNsI
CUCTEeMBI JIMHEHHBIX YPABHEHNH C TIOMOIIHI0 CUHTYJISIDHOTO PA3JIOXKEHUsT MATPHUIBI ee Ko puIimeHTon

[TosmyueHHOe 9MCII0 MOXKHO NCTOJIKOBATH KAK 3HAYEHHME CONMPOTUBJIEHUSI PE3UCTOPA, "HAMIyIIuM 00Pa30M COrIa-
cyromeecsi" cpasy €O BCeMHU Pe3yJIbTATAME U3MepeHus (IIPU 3TOM CTENEHb COTIACOBAHHOCTH MMOHUMAETCS TAK, KAK OBLIO
ckazano B 3amedannu 11.10.2). MoxHO nomarars, 9T0 TaKuM 06pa3oM Mbl n30aBuuCh OT " cayvaiibx "morpemnocTei
B PE3YJIbTATAX U3MEPEHUN — c24a0UAY ITU PE3yIbTATHI.

Cepnesnoe npeaynpexaenne. [loguepkHeM eie pas3, 9To NPUBEIEHHbBIE BbIIIE PACCY XK ISHUST UMEIOT CMBICII TM0Ab-
K0 6 PAMKAT NPUHAMOT MAMEMAMUBECKOT MOJEAY — COMPOTUBJIEHUE PE3UCTOPA MPEINOIATAETCS TIOCTOSTHHBIM BO BpPe-
venn. Ecam >xe Hama Mozens He BEpHA, M COMPOTHBJICHUE HA, CAMOM JIeJie M3MEHSIOCh BO BPEMS M3MEPEHMIA, TO TAKOe
"croaxkuBanue' IPeBPAIAETCS B UCKAXKEHUE PeajbHO HAOIIONAeMOrO SIBJICHMSI.

11.2 ITonmHOMHBAJIbHOE CIJIa>KVBaHNe

Paccmorpum (¢ MeHbIIeH KOHKpeTn3anueil ee COIepKATENBHON IaCTH) €Ie OHY PACIPOCTPAHEHHYIO TPUKJIAT-
HYIO 33/7a4y.

Nuadopmammonno-uzmepurensaas cucrema (MUC) dukcupyer B paBHOOTCTOAIME MOMEHTBI BDEMEHH t1, . . . , by,
3Ha4YEeHNs HEKOTOPOI M3MepAeMON BEJIMYUHBI Y1, . .., Yn.

Tpebyercs (kak OOBIMHO TOBOPAT NPUKJIAAHUKY) "MOmo6GpaTh KaKyoO-HEOYIL Npocmyto u ydobnyto dbyHKIuo,
KOTOpasi TOPOUWO ONUCHIEAAG Obl ITOJIyY€HHbIE PE3yJbTaThl".

[TombrTagmMcst TPUIATH TOYHBIM CMBIC 3TON TyMaHHOM (hpase.

[o-Bumgumomy citoBa "XOpPOIITO OMUCHIBAET'"MOXKHO MOHUMATH TOJBKO B OJHOM CMbICie: MOCKOIbky UNC Hu-
KakuX cBezeHuil 06 m3MepsieMOil BequuuHe, Kpome map uucen (t;,y;), & = 1,...,n, He uMeer, noHOOPAHHAS HAMUA
(Mb1 6y1eM HA3BIBATDH €€ ANNPOKCUMUPYOWel) GyHKIUs B TOIKAX t1, .. ., by, JOJKHA IPUHAMATD 3HAYEHUS Y1, - - - , Yn
COOTBETCTBEHHO.
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Bropoe TpeboBanme — "mpocrora" GyHKIMHE — OOBIYHO CYUTAETCS YAOBJIETBOPEHHBIM, €CIIU TPEIIATAeTCs MOJN-
HOM HE O4Y€Hb OOJIBIION CTATIEHM.

Nrak, popmyaupyeMm nepBbiii BADUAHT MOCTAHOBKY 33a4N: MOCTPOUTH TIOJIMHOM MUHHUMAJIBLHO BO3MOXKHOMN CTe-
IIeHHU, KOTOPBIA B 33JaHHBIX TOYKAX 11,...,t, IPUHAMAET 33JaHHbIC 3HAYECHUH Y1, ..., Yn.

910 u3BeCTHAs 33393 NOJMHOMUAILHOM unTepnoysinyu. Ee pemenuem Gyzer (cM. 1m.5.5) mOaMHOM NOPSIKa 1
(cTenennb ero, CTECTBEHHO 3aBUCUT OT WHTEPIIOJUPYEMOM TAOIULIbL).

OO6bIYHO TaKasi IOCTAHOBKA 331891 OTBEPraeTCs 110 JABYM [PUYUHAM.

Bo-nepsbix, mmpu 60JbUIOM KOIMYECTBE M3MEPEHMIl CTEIEHb MOJMHOMA, OKA3bIBAETCS TakKe 00buIol (OH nepe-
craer ObITh "mpocToii u ynobuol" dbyHKIMeid).

Bo-BTOpBIX, U3BECTHO, YTO PE3YJIBLTATHI M3MEPEHUI BCETIa, COAEPHKAT MOTPEITHOCTH, M €CTECTBEHHO IPEIIOIa-
raTh, 9TO POCT CTENEHN WHTEPIOJUPYIOMIEro MOJUHOMA, IPY YBEJNIEHUN KOJIMIECTBA U3MEPEHU 00bICHSIETCS CTPEM-
JIGHHEM 3TOr0 MOJIMHOMA XOPOIIO OINKUCHIBATDL OmMOKH!

IToaromy npu 06paboTKe pe3yIbTATOB M3MEPEHU YAIE IPUMEHSIETCS APYTasi IOCTAHOBKA, 33/1a49u: 3apaHee (puk-
CHPYeTCsi MOPSIIOK MOIMHOMA (BOIPOC O BBIOOPE ITOTO MOPSIAKA JIE?KAT BHE PAMOK HAIIErO Kypca - OH TpebyeT moapob-
HOIO PACCMOTDPEHHUsI CONEPKATENBHOI 3aaun). TpeboBaHue COBIAACHUs 3HAYEHUI OJIMHOMA, B y3J1aX CO 3HAYEHUSIMU
U3MEPEHHON BeJIMYMHBI 3aMEHsIeTCsi TpeboBanueM " 1ocTarounoil ux Gim3ocTu (BOIPOC O AOCTATOYHOCTH AOCTUTAEMOM
6I30CTH TaksKe TpebyeT MoAPOOHOTO PACCMOTPEHHsT CoepIKaTeabHOlM 3aaun’ ). Takoi TTOTMHOM Ha3bIBAIOT C2AAHCU-
B8AIOULUM.

Wrak, nmycTh m — HA3HAYEHHBIH MOPSIIOK CTJIAXKUBAIOIMIEr0 MOJIWMHOMA, m < n. st onpenesenus: ero ko3 du-
OUEHTOB ITOJIy9aeM CACTEMY JIMHEHHBIX yPaBHEHUMA

P(t)) = pi+pti+-+put] ' = u
............................................. wimw Tp=y, rzOe
P(tn) = p1+patp+--- +pmt2_1 = YUn
1t el
e — MATPHUIA Pa3Mepa n X m;,
1 t, tm—1
p=[p1,---,pm]T — MCKOMEII cTONGET KOIDDHUIMEHTOR TOTMHOMA,
y=1[y1,---,yn]T — cTONOEI PE3YMIHTATOR M3MEPEHMIi.

OTa cucreMa, Kak MpaBuio, ObiBaeT HecoBMecTHOMH. O THAKO IO MOCTAHOBKE 33,1891 COBMECTHOCTD 1 HE TPeOyeTcsI.
OrmerumM, 4TO 1EJIECO0DPA3HO CTAHIAPTU30BATE 33134y, BBE/Is BMECTO BPEMEHU ¢ LEJIOYUCICHHY IO IEPEMEHHY IO
(nomep m3MepeHus ), CBA3AHHYIO € t (HOPMYJIOit

tk=t1+ (k-1 -At; k=1,....n

(HAOMHUM, YTO MOMEHTBI BDEMEHU CUUTAIOTCS PABHOOTCTOAUMY; Af — MIar M0 BPEMEHH).
Torna critaXKuBarOMIMiA TOJUHOM TIPUMET BT

S(k) =51+ sok+---+s,k™ L,

u crosber ero k03ddurmenToB s OyaeT nceBAOpEIIeHreM JIMHAHOM cucTtembr 1's =y , rae

1 1 1

~ m—1

T 1 2 2 _
1 n nm—1

Tenepb yxke CraHzaprHas (npu (DUKCUPOBAHHBIX 3HAYEHUSIX N U M) MATPULA, [JIs KOTOPOH 3apaHee MOXKET ObITh
HaliieHa 11ceB1000paTHast.

IMocTpoenHblii Craa X MBAOMIUIN TIOJIMHOM CJLyYKUT JIJIsi BBIYUCJIEHUS] 3HAYEHUN BEJIUYUHBI Y B TAOJIMYHBIX TOYKAX
t1,.-.,tn. Ero npumeHenue no3BosisieT XpaHUTh BMECTO 7, YUCEN Y1, - - - , Yn BCEIO JIUAIIDL 17} YUCET S1, - - -, Sy, — KOID-
duruenTs noauEOMa. Ilpu GOMBINON pasHHIE MEXKIY N U M SKOHOMHS IIAMSATH MOXKET OKA3aThCH CyIIECTBEHHOM?

1 Bri6op MaTemaTHUecKoil MOIeN: — eJio TPHKJIaHUKa. MaTeMaTnk HadmHaeT paboTaTh, KOrJa MOJensb BhGpana. OH MOXeT MOMOYhL
NPUKJIATHUKY TOIBKO IIPEJIOKeHneM Hab0Opa M3BECTHBIX €My MOJeJel, HO OTBETCTBEHHOCTH 33 BBIOOD HecTu He MoxkeT. K coxkajeHuro, aTy
NIPOCTYIO UCTUHY HE BCETa IMOHHMAIOT.

29koHOMES HaMATH GECIIATHO He JOCTHIAeTCs: TEeIeph BMECTO BHIOOPKH UHC/IA Yj, NPHUXOJUTCS BRIYHACIATH 3HAYEHHE IIOJHHOMA S (k) —
PacX0J0BAaTh MAIINHHOE BpeMsi!
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KagecTBo anmmporcuManmy OIEHBAETCS CPEIHEKBAIPAMURECKOT NOZPEUSHOCTIHIO
L& 1/2

2
= (S(k) —yx)

n
k=1

(IO TIOCTPOEHMIO CIIIAXKMBAOIIMI OJIMHOM MUHUMH3MPYET MMEHHO 3Ty IOIPEIIHOCTH Ha, MHOXKECTBE BCEX MOJIMHOMOB

HOPSIIKA, M).

CepbesHoe mpenynpexaeHne. JacTo AeIalTCs MONBITKY UCIONb30BAThH CIUIAXKUBAIOMININ TTOJUHOM JJIst PAbOTHI
¢ HUM Mmedtcdy y3iamu tabsuipl. He mMess BO3MOXKHOCTH 3aIIPETUTH TAKOTO POJIA OMEPAINHU, XOTUM 3apaHee CHITH C
MAaTEMATHUKI OTBETCTBEHHOCTH 33 BO3MOXKHOE "KadecTBO'"UX Pe3ysIbTaToB.

11.3. CrnakusaHue IIoJIMHOMaMM1, OPTOTOHAJIbHBIMUA Ha CeTKe

MpbI OKa3au, 9TO TIOCTPOEHUE CTJIAXKUBAIOIIET0 TIOMHOMA HA PABHOMEPHOM CETKE CBOAUTCS K HAXOXKIECHUIO
HOPMAaJIbHOI'O IICEBAOPEIIEHNs CUCTEMBI JIMHEHHBIX yPABHEHUMN

Ts=y. (11.3.1)

B 11.10.3 yxa3aH0, 9TO HOPMAJILHOE IICEBIOPEIIEHNE ITON CUCTEMBI SIBJISETCsI PEIIEHUEM CUCTEMBI HOPMAJIbHBIX
ypasuenuii. Ho HOpMajibHBIE ypABHEHUS BBITOAHBI, €CJIA CTOJIOBI MATPHUILI ' IMONMAPHO OPTOrOHAJIBHBL.
W3BectHO, uyTO MaTpuia Bangepmonga

1 1 1
1 2 gn—1
1 n nn!

He BbIpOXKIeHa. ClienoBaTeIbHO, MHOXKECTBO €€ CTOJIONOB JIMHEHHO He3aBUCUMO. 1109TOMY JIMHENHO HE3aBUCUMA, U €r0
YaCTh — MHOXKECTBO CTOJIONOB MaTpuilbl 1. A j11060e JTUHEHHO He3aBUCUMOE MHOYXKECTBO BEKTOPOB MOXKHO C TIOMOIIBIO
anropurma 'pama-IIIvMuara npeobpas3oBarb B OPTOrOHAJIBHOE.

Ionosxkum, cornacuo 1.7.7, f) = TM) = [1,...,1]7. Janee
7(2) £(1)
2) _ (2 1 (T ) o+l
O =T _ 1,V rre ap = G0y T 2 1 T.0..

Ha si3bIke mOJIMHOMOB 3TOT IPOLECC BBITUISIINAT TAK.
Bekrop T — 310 3uauenus: noamsOMA E'(J)(t) = t/~! wa crampapruoii cerxe {1,...,n}. Tloaromy F@ -
3HAYEHUs] HA TOU K€ CeTKE IOJIMHOMA

FO(t) = BY () — aljF(l)(t) — = aj_l,jF(j—l)(t).

Hanpuwmep,

. 1
FO@) =1, FO@) =¢— ";”

OueBugno, uro F () (t) — nonmuuoM crenenu j — 1 co crapmuM K03(DDUIMEHTOM, PABHBIM €IUHUIE. YCIOBUE
(fO,fDY =0 upm i+#j Ha A3bIKe IOTMHOMOB 3AIMUILETCH TAK

Zn: FO(k) - FO (k) = 0.

k=1

Omnpegenenne. Ecim P (t), PY) (t) € P,, (momuHOMBI IOPSIIKA, 1), TO HHCIIO
(p(ﬂ)p(]’)) — Zp(i) (k) P(T(k) (11.3.2)
k=1

HA3bIBAETCS CKAAAPHBIM NPOU3EedeHuem ITUX TIOJIMHOMOB Ha cmandapmmot cemxke.

Sameuanue. Ogesunno, yro (P, P) > 0 gys goboro P € P,,. Eciu (P, P) = 0, To, oueBuguno, P(k) = 0 npu
k=1,...,n, T.e. IOJUHOM TOPSIKA N UMEET IO KpaiiHei mMepe n KopHeil. Ho mosmHOM ¢ TAKMMU CBOMCTBAMM TOJIHKO
onun — HyseBoit. Utak, ecau (P, P) =0, o P = 6.
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YuraTesio mpeaocTaBIsieTCsi BO3MOXKHOCTh CAMOMY ITPOBEPUTH, YTO BBEIEHHOE HA TPOCTpaHCTBe P, 110 (hopmyie
(11.3.2) "cransiproe mipousBeienre" yI0BIETBOPSIET U BCEM OCTAJIbHBIM CBOWCTBAM CKAJISIPHOTO MTPOU3BEICHUS.

Ecrectsenno nazsars nommuomel FU) | j = 1,... n noaunomamu, opmozonastnomu na cmandapmmoii cemse.
Onn, o4eBuIHO, 00PA3yIOT 6A3UC NPOCTPAHCTBA Pp, (OPTOrOHANBHBINA B CMBICTIE CKAJIAPHOrO npoussenenus (11.3.2)).

Bynem Temepnr nckaTh CryIaKUBAIOIIUI [TOJIMHOM B BHUE JIUHENHONH KOMOWHAIMY MOJMHOMOB U3 ITOCTPOEHHOTO
Gasuca:

Pt) =pFO@) +...,+pnF™(t)

(Tak kak crerens nomunoma F) pasma j — 1, P(t) nomanom nopsixa m).
st onpenenenns k03hdUINEHTOB IMeeM, AaHAJOTHYHO MIPEABIAYIIEMY [TyHKTY, CACTEMY JIMHEHHBIX yPABHEHUI

fp=y, (11.3.3)
roe f = | fO S (m)] — MATPHUIR pa3Mepa n X M ¢ HOMAPHO OPTOrOHAJIBHBIMHU CTOJIONAMU, P — MCKOMBIHA BEKTOP
K03 DUIHMEHTOB, Yy — BEKTOP PE3y/IbTATOB U3MEPEHMUIA.

VYwmuoxum reneps (11.3.3) ciesa na f*
(f*Hp=fy.
Pemenue 3Toit cucrembl (¢ auaronasbHOi Marpureil) cornacuo dopmysaam (10.3.3) umeer Bus
_ W™
pk—W, k—l,...,m.

Takum 06pa3oM, Ipu 3ar0TOBJIEHHOM 3apaHee CTaHAAPTHON (IIpU 3a4aHHBIX 7L U M) MATPULE OCTPOEHUE CLJIa-
2KMBAJOIIErO MIOJIMHOMA CBOAUTCS (DAKTUYECKM K YMHOXKEHHIO MATPHUIbI HA IIOJIyY€HHBIA B IKCIEPUMEHTEe CTOJIOer u
JIeJIEHUI0 KOODAMHAT CTOJIONA-IIPOM3BEIeHNSI HA TAKXKe 3apaHee 3arOTOBJIEHHbBIE YUCIIA, .

Me1 paccmoTpenu ABa Crocoba MOCTPOEHUsT CrIIaKUBAIONIET0 TOJIMHOMA: ¢ IIOMOIIBIO CUHIYJISIPHOTO PA3JIOKEHUST
MaTpuipl KOIDOUINEHTOB CUCTEMBL U C IIOMOIIBI0 OPTOrOHAIBHBIX HA CETKE IIOJIMHOMOB.

N tor u npyroit crmocobd TpebyeT BBHITONMHEHUsT OOJIBINON MOATOTOBUTENLHOM PabOTHI: B MEPBOM CIydYae — TO-
CTPOEHUSI CUHTYJISIPHOTO PA3JIOXKEHHsI, BO BTOPOM — ITOCTPOEHHsI OPTOTOHAIBHBIX Ha CeTKe TMoauHoMoB. VI Ta u apyras
OTIepaIst TOAAEPKUBAETCS YCTONUYUBBIMU BBIYUCIUTEIHLHBIMI aJITOPUTMAMHU, PEATM30BAHHBIMHU KaK B CPEaX KOHed-
HOTr'O TOJIL30BATEISI, TAK U B Oubimorekax mporpamm Ha Poprpane.

Mber He OyzeM NBITATHCS 1ATh CPABHUTEIBHYIO OIEHKY PACCMOTPEHHBIX MeTon0B. OTMerum numb gBa (akra.

1. Ecim MBI IOCTPOMIIN CIUIAXKUBAIONIMH IOJIMHOM, HO CPEJHEKBAIPATUYECKAS TOIPEITHOCTh 0KA3AJIaCh BEJINKA U
cjle/lyeT yBeJIMYUTh IOPSIOK IOJNHOMA, TO B CJIyYae CUHTYJISIPHOTO PA3JI0XKEHUS IIPHUIETCSI TEPECINTHIBATH BCE 3aHOBO.
IIpu ncnonbp3oBaHUM YK€ OPTOTOHAJILHBIX HA CETKE IOJIMHOMOB ITOTPeOyeTcs: J0OaBUTH JIUIIH €Ie OJHO CIaraeMoe — yKe
cocunTaHHbIe KO3(hMUINEHTHI PA3IOKEHUs COXPAHATCS. DTO — MOJIE3HOE CBONCTBO 0PMO20HAALHHIL CUCTEM (DYHKIIHIA.

2. Ilpu ucnonb30BaHUY CHHIYJISIPHOTO PA3JIOXKEHUsI CIUIA’KUBAIOIINI [TOJIMHOM ITOJIy4aeTCsl B CTaHIAAPTHOM op-
Me,

Pt) =pi+pit+...+put™
KOTOpasi JIONyCKaeT npumeHenue cxembl [opHepa.
IIpu mcnonbp30BaHWK OPTOTOHATIBHBIX HA CETKE IOJIMHOMOB CIVIAXKWBAIOIIWUY MOJIMHOM IOJIY4YaeTcs B BUIE UX

JIMHEHRHON KOMOUHAIN
P(t) =pi FO@) + ...+ pl, F{™(1).

He caedyem npueodumod nodobuvie wiehv, B IpaBoii dacTu (1peobpa3oBbIBATL 3TOT MNOJUHOM B CTAHAAPTHYIO
dbopmy), Tak Kak cymecTByeT npocroe 006o0uenue cxembl LopHEpa, 03BOIsA0IIEE PAGOTATE C TIOJIUHOMOM, PA3JIOKEH-
HBIMHU II0 OPTOrOHAJIBHBIM Ha CETKE IIOJIMHOMAM.

11.4 InckperHoe mnmpeobpasoBanue Pypbe

I/I,I[eﬂ IOCTPOEHUA CIJIA2KHUBAIOINErO IIOJIMHOMA C IIOMOINBbIO OPTOrOHAJIBHBIX Ha CETKE IIOJIMHOMOB MOXKET 6bITb
06001meHa. B camoMm Jies1e, KpoMe NOJTMHOMOB CYIIECTBYIOT U APYTHe CUCTeMbI "mpocThiX u yao0ubix dyukuumit". B arom
IIyHKTE MBI PACCMOTPUM OJHY TaKYH CHUCTEMY.

IIycTs w(T)(t) =exp (zz%rt) , 1 € Z.Ilokaxem, 9T0 3TU (DYHKIUU MOMAPHO OPTOrOHAJIBHBI HA, CTAHIAPTHON

cerke {1,...,n}. [JeilictBurennno,

(WD w™y = E w (k), w (k) = E exp (z%k) - exp (z%rk) =
k=1 k=1



76

_ kZ:le;L'p (i%”(j - r)k) - ; (e;cp (i%”(j - r)))k.

27

Ecmua j = r, To exp (zW(r — r)) = 1, u, CIeIOBATEJBHO,

(w™ Wy =n. (11.4.1)

Ecnu xe j # r, TO, IPOCYMMHUPOBAB F€OMETPUIECKYIO TTPOTPECCUI0, TMEEM

(W, ) = egp (i%ﬂ(]’ B r)) ‘ (exp (i%w(j —r))) ~1 )

ea:p(i%(j—r))—l B
2T
en(%u-n) (eon (2226 -) 1) =

erp (12%(] - r)) -1

OrMeTrM HEKOTOPBIE CBONWCTBA, PACCMATPUBAEMBIX (DYHKITUIA.
1. Oyuruun w() N-TIEPUOANIHBI:

27r
Z—

. (t+n)> =

2 2
= exp (z (%rt + 27rr)> = exp (z%rt) =w(t).

2. Ha Z cymecTByer TOMBKO 1 pa3muuHbix dbyakmmii wi):

w (t+n) = exp (

2
keZ = v (k) = exp (z@k) =

2
= exp (z (2nﬂk + 27rk>> = exp (z%k) =w (k).

3. w ) (k) = w") (k) = exp (—z’Qnﬂk) = w™ (k).

4. w™M (k) =w(k)=1 upn ke€Z.

Criaum Teneps pesyabrarst Habmomennit (m.11.2) muneiinoit kombunammeit bynxmumit w ... w(™  m < n.
ye = qw® (k) + ... + g™ (k). (11.4.2)

B marpuunoit ¢popme cucrema ypasuenuit (11.4.2) umeer sug Wq = y, rae
w(1) ... w™(1)

(n X m)-MaTpuLa ¢ NONAPHO OPTOTOHAILHBIMY CTOJIOIAMU.
IMepexonst k HOpMaJIbHBIM ypaBaenusim, nomyuum (W*W)q = W*y wam, yuuresas (11.4.1), n - ¢ = W*y.
Orcrona

1 1
¢g=-W* wm ¢ ==(y,w™), r=1,...,m. (11.4.3)
n n

Eciu B criaxkuBanuu y49acTBYIOT Bce (GyHKIMHU (M = n), TO HOPMAJIbHOE MCEBIOPEIIEHNE TPEBPAIIAETCS B
perienne — noayydaeM paasoxkenue Bektopa B C" mo oproronaarHOMY 6a3ucy:

n
Yk = quexp (z%k) , k=1,...,n, (11.4.4)
r=1
rze
- 27r
Gr = Zykexp (—i7k> , r=1,...,n, (11.4.5)
k=1

@opmymsr (11.4.4) u (11.4.5) 3a7a0T Tak HazBIBaeMoe duckpemmoe npeobpasosanue Pypve, puuem bopmy-

3YKan Barucr Kozed ®PYPHE (1768-1830) — ¢dppanmysckuii MmaTeMaruk, 4ieH ITapuxkckoit AH, mogernsit wien IlerepGyprekoit AH.
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sa (11.4.5), ¢ MOMOIIBIO KOTOPOU ONPEIEAIOTCS KOOPAUHATHI BEKTOPA (¢, HABBIBAETCA NPAMBIM NPEOOPAZ0SAHUEM, &
dopmyia (11.4.4), BoCCTAaHABIUBAIOIIAS UCXOAHBINA BEKTOD Y — 06pammvim Npeobpasosanuem.

Yucna ¢, HazbBaOTCA Koddduyuenmamy Pypve BEKTOPA Y uiin ero Komniexchom Dypve-cnexmpom. Orvernm,
YTO [IPH ANIPOKCUMAIMH 6EULECTMBEHHO20 BEKTOPA 11e71ecO0OPAa3HO BHIOMPATDH IIONAPHO CONPSI’KEHHbIE HA CTAHIAPTHOMN
cerxe dbynxmum w").

11.5. BeicTpoe npeobpasoBadane @Pypbe

st Beraucaenus omuoro kodddunmenta Pypre mo dbopmyse (11.4.5) wim 118 BOCCTAHOBJIEHHs] OHOM KOMIIO-
HEHTBI UCXOAHOTO BeKTOpa 1o ¢dopmyse (11.4.4) tpebyerca (npm rorosoit marpune W) BbmonauTs N nap "yCIoBHBIX
onepanuii" (ymuOXKEHHE+Ci102K€HEE) . Takmm 06pa30M, BECh IPOIECC BBIYUCICHUS] TUCKPETHOrO npeobpasosanus Dy-
pbe ToTpebyeT BhIMOMHeHNA N2 yeIoBHBIX onepanmii. [Ipu n ~ 108 — 107 (a Takue MACCHBBI B TIPUIIOMKEHUAX HE DKM )
06pabOTKa, Pe3yJIbTATOB U3MEPEHU CTAHOBUTCS HEJOCTYITHOMN Jjist COBpeMeHHbIX DBM.

B 3TOM myHKTE paccMaTpmBaeTCs OAWH W3 BAPUAHTOB TAK HA3BIBAEMOro ObICTpOro mpeobpasoBanus Dypne
(BII®). Byznem cuurars, uro n = 2P, p € N.

O603Ha49MM 2 = exp (z%r) Torma, oueBuano, 2"/2 = =1, 2" =1.

Dopmyaa (11.4.4) npumer Buj
ve=> @2, k=1,...,n. (11.5.1)
r=1

Cobepem B npaBoit gactu (11.5.1) oTaesbHO CliaraeMble C YeTHBIMU U C HEYEeTHBIMEU HOMEpaMu (10 IIPEeIII0IOXKe-
HUIO 1 = 2P — YeTHOE YHUCIIO):

n/2
Yk = Z(q2Tz2kr + q2r712k(27‘_1)) —
r=1
n/2
= (e + 2R gy 1 227) = 2l + 2R, (11.5.2)
r=1
rze
n/2 n/2
mgf) = Z Gar (22)FT, Z‘ECO) = qur_l(zz)’". (11.5.3)
r=1 r=1
Ouesngno, urto ipu k = 1,...,n/2
n/2 n/2

"I‘.;;)_n/g — Zq2T(z2(k+n/2)r — Zq2Tznr(z2)kr — mg}e)
r=1 r=1

U, AaHAJIOTUYHO Ji(o) = .’L'(O)
J ' Lpyny2 = g -

Dopmyser (11.5.3) mOKA3BIBAIOT, YTO CTOJIOIBI xie) u mio) (BbIcOTBI N /2 siBAsiEOTCS MUCKpeTHBIME Dypbe-

obpazamMu CTOJIONOB, COCTABJIEHHBIX COOTBETCTBEHHO M3 YETHBIX M HEUYETHBIX KOMIIOHEHT CTOJIONA .
ITpeoGpasyem dopmyy (11.5.2):

= xsce) + z‘ka:go),
k=1,...,n/2.

(&) 4 —n/2,-kg (o)

yk+n/2 = :L'k+n/2 (e) _ z—kmio)

Thtnj2 = Tk

Buano, uro s nostydenusi cronbua y (BBICOTHI 1) JOCTATOYHO BBIYUCIUTE CTOJIOLBI 1 .’E](:) u

¥ BBIMIOJIHUTD €IE 7 YCJIOBHBIX OIIEPAIMIA.
O6o3uaunm O(p) KOMUYIECTBO YCIOBHBIX ONEpaIyii, HEOOXOIUMBIX JJisi BLIUUCJIEHUS] TUCKPETHOrO Tpeobpa3oBa-
uust @ypne croabua BeicoTsr n = 2P. Torma

5’3590) (BbICOTBI 11/2

O(p)=2-0(p—1)+2°.
Yuursisast, uro O(0) = 0, METOJOM MaTEMaTUYECKOH WHJYKI[MU MOXKHO yOeIuThCs,9TO
O(p) =p-2° =n-loga(n).

Mpun = 220 ~ 10 n-logs(n) = 20-22° < 2.1-107 — mpu momormy BII® BEMMUCIEHNS BLITOTHATCS 32 HECKOMBKO
cexyHa, B To Bpems kak n? = 240 > 10!2 - 6e3 ucnonnzopamus BII® TpeGyemoe BpeMs yBesmmuawBaeTcss moutn B 10°
pas!

Agnropurm BII® peasuzoBaH B cpefax KOHEYHOrO MOJIb30BaTesisi M B Oubanorekax Poprpan-mporpamm. Mme-
I0TCSI BAPUAHTHI AJITOPUTMA, B KOTOPBIX BBICOTA CTOJIONA He 00513aHa ObITH CTENEHbIO JBOUKY.



