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IIpakTude 3auarTa Nel

Mera: 3aKpinUTH TCOPETUYHI 3HAHHS BiJTHOCHO nepeTBOpeHHs Dyp’e.
3HaXO/KEHHS CIIEKTPIB JUCKPETHUX CUTHAIIB. 3HAXOKCHHS 3rOPTKH JUCKPETHUX
CUTHAJIIB.

[TutanHs, M0 MIJUIATAIOTh PO3TIISAY HA MPAKTUYHOMY 3aHSTTI:

1. HenepepsHe neperBopeHHst Dyp’e.

2. HNuckpetrne neperBopenns Oyp’e. [Ipsime Ta 3B0poTHE.

3. TlobGymoBa MaTpu4HOTO omeparopa neperBopeHHs Oyp’e Ha npukiazii 4-ro
Ta 6-TO MOPSIIKIB.

4. JloBeneHHS BJIACTUBOCTI OPTOrOHAIBHOCTI epeTBopeHHs Dyp’e Ha
NPUKIaIl MATPUYHUX ONEPATOPIB MEPETBOPEHHS 4-TO Ta 6-T0 MOPSAKIB.

5. 3Haxo/keHHs (QUTFTPOBAHOI MPOEKIIii 3 BUKOPUCTAHHSIM OMepaTopa 3ropTKU
3 TUCKPETHUMU BIJITIKAMH MPOEKLII].

6. 3HaxXO/KEHHS CIIEKTPY TUCKPETHOI'O CUTHATY.

/. BiIHOBIEHHS CUTHAY 33 HOTO CIIEKTPOM.

Buxinni nanni (TeopeTn4Hi BizoMocTi)

JduckperHe neperBopenns ®yp’e
Huckperne neperBopeHHs Oyp’e MokHa OTpUMATH 13 BiIOMHUX (PYHKIIIOHAIIIB

AQHAIITUYHOI'O IPSIMOTrO 1 3BOPOTHOI'O EPETBOPEHD
S(jw)=F{s()}= J". s(t) e7/@tdt, (1a)

s(t)= F{S(jw)e/*tdw. (16)

[Ipu mpoMy 4ac t 3aMIHIOETBCA Ha JUCKPETHI BIIUTIKU nAt, TOBXKHHA TEPIOAY

. 2 2
T=NAt. Tomi wyactora wq =?n=N—Zt ;W= 2m/NAt, a KOMIUIGKCHE SIIpO

j 2—")knAt

. _ (2m
nepersopeHHs e /®t saminumo Ha e’ (Vae

— kn .
—e™’ (N) (mpu IbOMY Ma€e Miciie
HOopMmyBaHHsS yacy At = 1 ta yacroru £,=21/N). OTxe omepaTopu MpsIMOro Ta
3BOPOTHOI'0 TUCKPETHOTO TiepeTBopeHHs Dyp’e MaroTh BUTIIS

Su(K) = X2 5 (n)e/Gr/Mkn; (2a)

5e(n)= ~ TRZ1 S, (K)e G/ Mkn, (26)

B Bupazax (2) BpaxoBaHo, 1o ¢GopMaTd TMEpPEeTBOPEHb (KIIBKICTh
JUCKPETHUX BIUTIKIB Y Yaci 1 TUCKPETHUX YaCTOT) CHIBMAAAIOTh 1 JOPIBHIOIOTH



N=2™; m — miie yucio. 3BUYaHO (3aJICXKHO Bix po3B’s3yBaHoi 3amaui) N> 32 i
Moke pgocsaratu 3HadeHb 1024...2048 1 T1.n1. B wmarpuuniii ¢opmi 3ammcy
OTIepaTOPH MPSMOTO Ta 3BOPOTHOTO MepeTBOpeHHS Dyp’e MAIOTh BUTIIS

S, F(m) = F(m,n)x5,(n), (3a)
ne F(mn)=
1 1 1 1
1 e—j(zwn)xlxl e—j(zwn)qu e_j(ZWn)X(N_l)Xl
1 e j(%”)xlxz e—j(ZWn)x2x2 e_j(%”)x(,v_l)xz
5T (n)= 1 e_j(ZWn)Xlx(N_l) e_j(ZWH)XZX(N_l) e—j(ZWR)X(N—l)x(N—l)
St(O) St(l) St(Z) csens St(N - 1) ]
Se (M)=
S, S, (1) S,(2) ..... Su,(N—1)

Tyt T'— 3HaK TpaHCIIOHYBaHHS.
Jns 3BopoTHOTO nieperBopeHHs Oyp’e

5c(M)=FT"(n,m) x S,,(m) (36)

MaTpUYHUN JTUCKPETHUHN OMEpaTop 3BOPOTHOIO NMEepeTBOpeHHS Pyp’€ Ma€ BUTIISA

FT*(n,m)xN =
1 1 1 1
1 ej(zwn)xlxl ej(zwn)xlxz ----- ej(zwn)xlx(N—l)
1 ej(%”)xzm ej(N)xzxz ----- j(zwn)XZX(N-l)
..... et eeaereeeieen.. JIE * — 3HAK
. o o . KOMITJIEKCHOT
e](T)X(N—l)xl e](W)X(N—l)XZ ..... e—](W)X(N—l)X(N—l) 0 CHIPSKEHHA,

Juckper



He TmiepeTBopeHHs Dyp’e, BHACHIAOK MPOCTOTH OOYMCICHHS (0COOJIMBO TMpHU
BUKOPUCTAHHI  aJTOPUTMIB IIBHJIKOTO TIEPETBOPEHHS) 3HAWIUIO  MIAPOKE
BUKOPHUCTAHHS NPU PO3B’s3aHHI JU(EepeHUIMHNX PIBHSAHb JUHAMIYHOI PIBHOBAaru
JIHIMHUX CUCTEM.

Tak, sKIIO Ha BXiJ JIiHIKHOT cucTteMu 3 (ynkuieto cucremu K(jw) HaaXoauTh
curHan S(t), To mns oOumcieHHs peakiii cucremu X(t) ciaimg AUCKpeTH3yBaTH
curHan S(t)—s;(n), auckperusyBatd (a00 OOYMCIHTH MO TOYKAX) KOS(ILIEHT
nepenadi K(jw)—K(K), 3Halitu npsime auckperHe meperBopenHs Dyp’e curHany
s¢(n) = S, (k) 1 3HAUTH TUCKPETHUI CTIEKTP peaKinii

X (K)=Sw (k) %K (k).
(4)
Hauti mio criektpy X, (K) 3HaWTH TUCKPETHI BIUTIKKM peaKiii
— 1 = —
X¢= NF*XXQ,. (5)
B HarypajipHHX KOOpAHMHATaX Ta cama MIpOoIeaypa, Ha MEpIIHid IOTIIs, Mae
MEHIIY KiJIbKICTh OIeparlii, 00 mo iMmysbCcHii xapakrepuctuili §(t), cucremy, sKy
3HaXOMSTh SIK 3BOpPOTHE neperBopeHHs Dyp’e Big ynkiii K(K)

1
9=y

)

“xK (6)

3a ¢opmynoro (4), (5), mo peanizye JUCKPETHY 3TOPTKY, MOXHa OOYHUCIIMTH
peaKIio Koia

X,= GX5,,

ajie 3BOPOTHY 3ajady (MOmyk S; Mo Xy, G) MOKHA JIeTlee PO3B'A3aTH B 00NACTI
neperBopeHHs yp'e, TOMy 110 B HATYpaJTbHUX KOOPAMHATAX JIJIS IIBOT'O MOTPiOHO

0o0epHyTH MaTpullo G, B TOM 4Yac sSIK JUIsl CIEKTPIB Take OOEPHEHHSI BUKOHYETHCS
3HAYHO MPOCTILIIE.

Cnpasni, Bupa3 (4) B MAaTpUYHOMY BUIJISIZII MOKHA 3alMCATH SIK

X,=KxS,, (7)
e K— niaronanbHa Matpuilt 3HadeHb K(K).

ToMmy, a1 OTpUMaHHsA MaTPHUIli 3BOPOTHOI 10 K, He0OXiHO 3HANWTH 3BOPOTHI
BEJIMYMHU €JIEMEHTIB JllaroHaIl 1 OOYMCIUTH CIIEKTP BUX1THOTO CUTHATY

- =4 o

So= K77 x X, (8)
Yacro 1ie 6yBae 3HA4HO TPOCTIIE, HIK PO3B’A3yBaTH 3a7a4i pecTaBpailii B
HaTypaJIbHUX KOOPJIUHATAX.



IIpakTunune 3ausaTra Ne?

Mera: 3aKpinUTH TCOPETUYHI 3HAHHS BIJITHOCHO MEPETBOPEHHS Aamapa.
3HAXOKEHHS CTIEKTPIB AUCKPETHUX CUTHATIB. BiTHOBICHHS CUTHAIIB.

[IutanHd, 010 MIJIATAIOTh PO3TIISAAY HAa MPAKTUYHOMY 3aHSTTI:

1. IleperBopennst Anamapa. [Ipsime Ta 3BOpoOTHE.

2. MatpuyHuii oniepaTop NepeTBOPEHHS Aamapa Ha MPUKIIAIl IepeTBOPEHHS
8-ro Ta 16-T0 MOpsIIKiB.

3. JloBenmeHHS BIACTUBOCTI OPTOrOHATBHOCTI EPETBOPEHHS Aamapa Ha
NIPUKJIa1 IEpEeTBOPEHHS 8-T0 Ta 16-T0 MOpSIIKIB.

4. 3HaxOIKEHHS CIIEKTPIB CUTHAJIIB.

5. BiJHOBIIEHHSI CUTHAJIIB 3a 1X CIIEKTPaMHU.

Buxiani nauHi (TeopeTrnyHi BITOMOCTI)

Po3pi3HslOTh HemepepBHE Ta JUCKpETHE TepeTBopeHHs Yomma. B
3QJIEKHOCT1 BIJ BIOPSAAKYBaHHS TpaHCPOPMAHT (eIeMEHTapHUX (QYHKLIA 3a
SKUMHU TPOBOAUTHCS po3kiaa ¢yHKuii B psan Yomma), ToOTo iX HyMmeparli,
pO3IUISAIOTL  MepeTBopeHHs  Yonma-Kopumapxka, VYomma-Ileiini Ta VYomma-
Anamapa.

[cHyroThH anroputmu nepenymeparlii TpaHchOpMaHT IIUX MEPETBOPEHb, TOMY
OUTBII JETANbHO PO3IMVIAHEMO HaW3pydHIWEe s (OPMYyBaHHA 1 NOJAJIBIIOTO
BUKOPUCTAaHHS B MaTEMaTHYHUX Olepaiisax Haj (QYHKIISIMUA TEePETBOPECHHS
Yonma-Anamapa (abo npocto Anamapa).

[Toznaunmo ynkmiro Agamapa w(n,t), ae N — Homep ¢GyHKIIT (TpanchopmanTn), t
— yac B inTepBaii nepiony (pyHkiis nepioguyna, nmepiog T = 1).

B takomy pasi Oyab-sKy nepionguuny ¢GyHKIO S(t) MOXXHA MPEICTAaBUTH HA

nepioji psjioM

s(t) = Xn=o Hn xw(n ), 1)
ne H, — «amrurityga» (BaroBuit koedirient) Gpynkmii w(n,t), ska o0UHCIIOETHCS 3a
dbopmyIioro

Hp= [, s(t) x w(n, t)dt ()

ITicns auckperusanii curnany s(t) i gynkmii w(n, t) 3 kpokom At Ha mepiosi
T= At X N oaepXuMO MaTpUYHHI OmepaTop IMepeTBOpPEHHsA Alamapa W, skuit
NEPETBOPIOE JTUCKPETHI BIUIIKM CHUTHANy S; B JUCKPETHI TpaHCPOPMAHTU 3
amrutitynamu H,

H=W x§,. 3)



Akmo nuckpeTHud MaTpuuHUN orepatop F meperBopeHHs Dyp’e Oyno
OTPUMAHO 3 HEINEPEPBHOIO IEPETBOPEHHS], TO y BUIIAJIKY IIEPETBOPEHHS Anamapa
3py4Hille CHOYaTKy OTpUMAaTH MATPUYHUN OIEepaTop W, 3a sSKAM MOXHa
OTpUMAaTH TpaHCc(HOPMaHTU AJlaMapa HeNepepBHOIO MEePETBOPEHHS.

baszoBoro ais popmyBaHHS MaTpHLl Agamapa € MaTpUI APYroro NopsaaKy
w=[1 ] (4a)

ta KpoHekepiB MHOKHUK M, = [1 _11] (46)

KponekepiB 1o0yTok matpuils (  Omepanito MHOXEHHs MO3HAYal0Th 3HAKOM

®) — me TakuWd JOOYTOK, KOJNHM KOXXHa MAaTpuIsl W MHOXHTBCS OKpPeMO Ha
€JIEMEHTH MHOKHHUKA, TOOTO

1 1 1 1
1 1 1 17_f(1 -1 1 —-1|_-=
[1 —1]®[1 —1]‘ 1 1 -1 -1 ™
1 -1 -1 1
(5a)
1 TIOPSIZIOK MaTPHIT w IIOIBOIOETHCS.
Tak camo gasni
1 1 1 1 1 1 1 1
1 -1 1 -1 1 -1 1 -1
1 1 1 1 1 1 -1 -1 1 1 -1 -1
1 -1 1—1®[1 1]:1—1 -1 1 1 -1 -1 1|_%
1 1 -1 -1 1 -1 1 1 1 1 -1 -1 -1 -1 8
1 -1 -1 1 1 -1 1 -1 -1 1 -1 1
1 1 -1 -1 -1 -1 1 1
L1 -1 -1 1 -1 1 1 -1
(56)
1 T.LI.

32 MM TPOCTHM QITOPUTMOM  (OPMYIOTH MATPHIIO JUCKPETHOTO
nepeTBOpeHHs Aamapa Oyab-skoro nopsaky N= 2™, n — e guco.

[TobynyemMo pgami 3a MaTpHIICIO l/l=/8 TpaHC(POpPMaHTH HEMEPEPBHOTO
neperBopeHHst Anamapa. [Ipu oMy OymemMo BpaxoByBaTH, 110 KOXKEH BiIIK =1 B
PAIKY MaTpHIll, IKKKM BIAMOBiAA€ BIUTIKY HEMIEpepBHOT TpaHC(HOPMAHTH HAJICKUTh
BignoBiaHiKA Toumi KAt Ha oci wacy (K — HOMep CTOBIIS MaTpuIli VT/, HyMeparis
cromuiB 3 k=0,1,2,...,N-1). Iatepan mixx Toukamu K ta k+1 (Buxmrouaroun K+1)
Ma€e 3Ha4CeHHS TPaHC(POPMAHTH B TOUIli K.

Toni ¢pynkii w(0,t),...w(7,t) maroTs BurIsig puc. 1.

VY BianoBiAHOCTI 110 (3) 3BOPOTHE JUCKPETHE MEPETBOPEHHS Y oiia-AnamMapa Mae
BUTIISITY



S, =W~xH, (6)

I (S 3BOpOTHa ManI/ILIﬂ
x W. (7)

W0, 1) +W(1,1)

Puc.1. ®ynkmii Yomma-Amamapa.



IIpakTnune 3ausaTTsa Ne3

Mera: 3aKpinUTH TCOPETUYHI 3HAHHS BITHOCHO KOCUHYCHOT'O ITEPETBOPCHHSI.
3HAXO/KEHHS CTIEKTPIB AUCKPETHUX CUTHATIB. BiHOBIICHHS CHTHAIB.

[IutanHd, 010 MIJIATAIOTh PO3TIISAAY HAa MPAKTUYHOMY 3aHSTTI:

1. Kocunyche neperBopenHsi. [Ipsime Ta 3B0poTHE.

2. MatpuyHuii onepaTop KOCUHYCHOTO IEPETBOPEHHS HA MPHUKIIAII
nepeTBopeHHs 4-ro Ta 6-ro MopsIKiB.

3. JloBenmeHHS BIACTUBOCTI OPTOTOHATBHOCTI KOCUHYCHOTO IIEPETBOPEHHS Ha
MPUKIal IEPETBOPEHHS 4-T0 Ta 6-T0 MOPSIKIB.

4. 3HaxOIKEHHS CIIEKTPIB CUTHAJIIB.

5. BiJHOBIIEHHSI CUTHAJIIB 3a 1X CIIEKTPaMHU.

Buxiani nauHi (TeopeTrnyHi BITOMOCTI)

KocunycHe neperBopeHHsl

OcTaHHl pPOKM MIMPOKOTO TONIMPEHHS TPH aHali3li OlOCHUTHANB HaOyIo
KOCUHYCHE TEpPETBOPEHHS, IO MPUBEIO HAaBITh J0 BHUITYCKY CIHEIlali30BaHUX
KOCHHYCHMX  mpormecopiB. Came  KOCHHYCHE  TIEPETBOPEHHS  BIIEpIIE
3aIPOIIOHOBAHO B POOOTI 1 6a3y€ThCs HAa YIBHOMY PO3MHOKEHHI JOCHIIKYBaHOT'O
CUTHAJTy OCECUMETPHUYHOI0 Taporo. TpaHchOpMaHTH KOCHHYCHOTO TEPETBOPCHHS
MaloTh Mepiof 7, a X BUIJISA (711 MEPIIUX YOTUPHOX TPaHC(HOPMAHT) HABEACHO
Ha puc.l.

Sx BumHO 3 puc.l, yci HemapHi (32 HOMEpOM) TpaHC(HOPMAHTH KOCHHYCHOTO
MepETBOPEHHS MalOTh CTPUOKM Ha MOYATKY IMEpiojy, a BC1 MapHI — TAKUX CTPUOKIB
HE MafOTh.

Cs(0,1)

EE]

I~ U\

Puc.1. TpanchopmaHTH KOCHHYCHOTO repeTBopeHHs Cs(n,t)



KOCI/IHyCHI/Iﬁ pSI)I HenepepBﬂoro HepeTBOpeHHH MO’XHa 1mogaTtu y BI/IFJ'ISIJIi
S(t) = Y20 Swn*Cs(n,), (1a)

ne S, — aMInITy1a KOCUHYCHOI TpaHC(HOPMAHTH, SIKY 00YHCIIOEMO 3a (OPMYIIOIO
Syn = i Jy s(t) x Cs(n,tydt. (16)

Jns  pemoHcTpaunii  OTpUMaHHS MAaTPUYHOI'O OIepaTopa KOCHHYCHOT'O
HePETBOPEHHS po3riisiHeMo nepiry Tpancopmanty Cs(1,t) Ha puc.1.7

To4yKkmn

BiA/iKiB

v

Touku Hymepauii Bianikis

Puc.2

HenepepBHumu  BepTHKanbHMMHM  JiHIAMH  (popmMar  JHUCKPETHOTO
NIEPETBOPEHHS N = 8) mo3naueHo Ti 3HAYEHHS BIUTIKIB, AKI OEpyThb IS
nuckpetHoro neperBopeHHs dyp’e abo Yomma. Ane mnpu Takiil JUCKpeTu3arlii
¢ynkmis Cs(n,k) we w™ae HymboBoro cepemuporo (Bimmik B Toum O He
KOMITCHCY€EThCS, yC1 1HII BIJIJIIKM KOMIIEHCYIOThCS MormapHo). Tomy xoua O st
¢ynkmii  Cs(0,k) Tpamchopmanta Cs(1l,k) Oyae HeoproroHamnpHOw (HE
BUKOHYETHCS yMoBa (1.31a). YMOBa OpTOroHaNIbHOCTI HE BUKOHYETHCA TOJ1 1 JUIS
yCIX IHIIUX Hap TpaHCHOPMAHT (KPIM MMAPHUX ).

Tomy nmst 3a0e3medeHHs] OPTOTOHATBHOCTI BIUTIKIB YCiX TpaHCHOPMAHT Il
BIUTIKA 3 «TOYOK  BiTiKiB» TOTPiOGHO mMocyHyTH Ha iHTepBan 1/2N (mpu



inrepsani guckperusauii 7/N) B «roukd HyMmepauii Bimuiki». Tomi MaTpu4Huii
OMepaTop MPSMOr0 JHUCKPETHOTO OPTOTOHAJIBHOI'O KOCHMHYCHOT'O TEPETBOPECHHS
Harnpukias, ;s N= 6 MmaTume BUTIIST

1 1 1 1 1 1]
T 3T Y/4 1 97 117
COS— COS— COS— COS— COS — COS——
12 12 12 12 12 12
2 67 107z 14 187 227
COS— COS—— CO0sS COoS COoS COoS
_ 12 12 12 12 12 12
Cs= 37 9z 157 21r 277 337 |- 2)
COS— COS—— COS COosS COosS COosS
12 12 12 12 12 12
A 127 207z 287 367 A4
COS— CO0s Ccos Ccos Ccos Ccos
12 12 12 12 12 12
15Y/4 157z 257 357z 457 557z
COSs— COs Ccos COoSs Ccos COoSs
L 12 12 12 12 12 12 |

Jis  momryKky — MaTpUYHOrO — Omeparopa  3BOPOTHOIO  KOCHMHYCHOTO
MIEPETBOPEHHSI CKOPHCTAEMOCS YMOBOIO OpTOroHanbHOCTI (la) mis ycix map
PAAKIB (Map AUCKPETHUX TPAHC(HOPMAHT), IJIsl HOrO OOUMCIUMO JOOYTOK

Cs xCsT= Diag{e?}, 3)

ne T — 3uHak TpanchopmyBanns; Diag{.}- niaronajipHa MaTpuili, IPUYOMY B
niaronani matpuui B (3) omep:xuMo eHeprii €2 3a mepiof AIf i—X JMCKPETHHX
Tpancdopmant. [Ipu mpomy 5= N, ae? (i= 0) = N/2.

Tomy omeparop 3BOPOTHOIO KOCHHYCHOTO IIEPETBOPEHHS MAaTHME IS
dbopmaty N=6 BurIsa

1 T 27 3 A7 57 |
— COS— COS— COS— COS— COS—
2 12 12 12 12 12
1 Ccos 3—72- Ccos 6—72- Ccos 9—71- Ccos 12_7[ Ccos 15—7T
2 12 12 12 12 12
1 Vi 107 157 207 257
_ ) E COSE COSH ({0} 1 Ccos 12 Ccos 12
Cs'== .
6|1 1 14rx 21z 287 357 (4)
E COSE COSE ({0} 12 ({0} 12 Ccos 12
1 Or 187 277 367 A5
E COSE COSE ({0} 1 Ccos 12 Ccos 1
1 227 33z A4 557
— COS—— CO0s Ccos COoS Ccos
12 12 12 12 12 12 |

V3arajpHIOIOYM OTPUMAHUM pe3ysiabTaT, MOXKHA CKa3aTh, II0 MaTpHIls
3BOPOTHOI'O KOCUHYCHOT'O MEPETBOPEHHS € TPAHCIIOHOBAHOIO MAaTPHUIICIO MPSIMOTO



IEPETBOPEHHS, IIOMHOXXEHOr0 Ha MHOXKHHMK 2/N, B skiii mepmuii croBmenb
MICTUTB 3aMiCTh OJJMHULb 3HaUYeHHS 1/2.

Takuii, BIAHOCHO CKJIAQTHUN TOPSAOK (OPMYBaHHS MATPHUIll 3BOPOTHOTO

NIePETBOPEHHS TOB’SI3aHUM 3 TUM, 110 MaTpHIll CS € HeCHMETPUYHOK BiJTHOCHO
TOJIOBHOT /I1aroHaml.

IcHye Benmmka KUTBKICTh OPTOTOHAIBHUX IEPETBOPEHHb 13 HECUMETPUYHUM
MATPUYHHMM OIEpaToOpoM, 0 TOro * Takux, mo &7 B marpuui Diag{.} B (3) €
pizanMu. OCKIUIBKY 111 3HAYEHHS 11e ¥ 3anmexaTh Bix ¢popmary N, TO B 3araabHOMY
BUTIQ/IKY CIIiJT BAKOPUCTOBYBATH MPOIIETYyPy HOPMYBAHHS MPSIMOTO Ta 3BOPOTHOTO
nepetBopenHs. Jis 1poro micas obuucieHHs & B (3) MOAULTMMO KOXKHHE i-if

PSJIOK MATpHIIi TIPSMOTO MEPETBOPEHHs Ha & = |&f. OTpumaemo, Hanmpukia,

MaTpuIro C=S H-
Toni

CSHX§IE= E, (4Cl)

ne E — onuunusa MaTpHII.
AJnie, OCKUIbKY BIpHE PIBHSAHHSA (4a), TO BIPHO TaKOX
Csh = Csit. (46)
Martpuriis ﬁ,ﬂ g N = 6 maTume BUTIIA
1 1 05 1 2z 1 3z 1 _ 4z 1 57 ]

(5a)

I

Si- &l &= &= &= &
=
S
=
=
3
N
N
S
=
N
S
=
w
S

Bupaz (40) MokHa 3amnucaTd 1HaKWe, SKIIO BBaXATH PSAKK MAaTpUL

Cs;'sinnmikamu feskux HoBuX TpaHcdopmaHT. Tomi (46) MOKHA —3amUcaTH y
BUTJISA1

CCsy*CCs}, (56)

ne CCsy = Csyt, CCsf; = Csy,



[Ipu mpomy (3rimHo 3 (56)) psaku MaTpHIll ﬁH MICTSITh  BIJUTIKA
OpPTOrOHANBHUX (PYHKIIHA, TOOTO MJII HECUMETPUYHOIO MATPUYHOIO OIeparopa
3aBXKIM MOXKHA 3HAWTH CIOPIAHEHY CHUCTEMY OPTOrOHAJIBHHUX IIEPETBOPEHD,
BiIMiHHY Bij BuxinHoi. Tak, mepioJ KOCHHYCHUX (PYHKIIIH B psakax marpuii (5a)
cTaHOBUTHh /2. KpiM TOro, BiImKu OepyThbcs 13 modaTKy mepioay Oe3 3CyBy.
OcCKiTbKM HOPMOBAaHHMU KOCHHYC B KOXXKHOMY PSAIKY B TEPIIOMY 32 HOMEPOM
CTOBILI (HyMepalilo TYT AOLUIBHO PO3MJISAaTH HE 3 HYJS, a 3 OJUHUII), Mae
surisiz (1/4/3)cos(0)= 1/+/3, To 3amucasum

1 1 1

1
—=—+4(—=—-—F),
NCRNCRRN N
OTPUMAEMO PAJl KOCHHYCIB 13 HEMApHUMH HOMEpaMu 3 O-QYHKIISIMH 3 IUIOLICIO

(% —~ ﬁ) . Ilepury TpancdopMaHTy AUCKPETHOrO IepeTBOpeHHs (0e3 §-pyHKuii)
2

HAaBCACHO HA pUC 3.

Cs(LY)

LB ]

Puc.3
AHanoriuHo MoXxHa ModyAyBaTH yci 1HII TpaHCHOPMAHTH.



IIpakTnune 3anarra Ned

Mera: 3aKpinUTH TCOPETUYHI 3HAHHS BIITHOCHO HOPMAJIBHOT'O MIEPETBOPEHHS.
3HAXOKEHHSI CTIEKTPIB AUCKPETHUX CUTHATIB. BiTHOBICHHS CUTHAIIB.

[IutanHa, 010 MIJIATAIOTh PO3TISAAY Ha MPAKTUYHOMY 3aHSTTI:

1. HopmanbHe neperBopenHs. [Ipsime Ta 3BopoTHe.

2. MatpuyHuii onepaTop HOPMAIBHOTO IEPETBOPEHHS HA MPUKIIAII
NEPETBOPEHHS 4-TO MOPSAAKY.

3. JloBeneHHS BIACTUBOCTI OPTOrOHATBHOCTI HOPMAIBHOTO IEPETBOPEHHS Ha
NPUKJIAJ] TepeTBOPEHHS 4-Tr0 MOPSAIKY.

4. 3HaxOJKEHHs CIIEKTPIB CUTHAJIB.

5. BiJHOBIIEHHSI CUTHAJIIB 3a 1X CIIEKTPaMHU.

Buxiani nauHi (TeopeTrnyHi BITOMOCTI)

HopmaJjibHe 0JHOBUMipHe NepeTBOPEeHHs

Po3riisHeMO  MOKJIMBICTH  CTBOPEHHS  JTUCKPETHOTO  OPTOTOHAJIBHOTO
IICPETBOPEHHS, IS SIKOTO OJHA 13 TpaHC(hOpPMAaHT 30iranacs 6 3 Hamepea 3aJaHuM
JTMCKPETHUM CUTHAJIOM JIOBUIBHOT (POPMH, a, OTXKE, CIIEKTP TAKOTr'O MEPETBOPCHHS
MICTHB OH JIHIIIe OJHY HEHYIbOBY CKIIaZoBYy. Take opTOroHaibHEe IEPETBOPCHHS Y
HOAAJBIIOMY OYyeMO Ha3uBaTH HopMaiabHUM [9 — 13].

MaTtpuyHuii oOnepaTrop AUCKPETHOI0 HOPMAJbHOIO IEpPEeTBOPEHHA
Nepuoro BUay

JUiss BU3HAYEHOCTI W HAOYHOCTI UIIOCTpalii Mpoueaypu mHoOyA0BH
HOPMAJILHOTO TIEPETBOPEHHS BUOepeMo (dopmart neperBopeHHs N piBHUM BOCHMU
(110 JO3BOJIMTH HaJal y3arajJlbHUTU OTPUMaHUN pe3yJbTaT Ha JAOBUIbHUN (opmMar
N=2", ne n — uine gomatHe ymcio). DopmaT HepeTBOPEHHS i (POPMAT CUTHATY
30iraroThcs. Tomy Hexai curHan X(t) Ha mepiomi, piBHOMY TPHUBAIOCTI CHTHANY,

e .o T
3aJIaH0 BEKTOPOM BImiKiB X, =[X,X,, ..., X,] , A& T — 3HAK TPaHCIIOHYBaHHSI.

Jins hopmaty N=8 X, =[X;, Xy, X3, X4, X5, Xg, X7, Xg]'

Jlnst ofgepr>kaHHsT HOPMAJIbHOTO TIEPETBOPEHHS CUTHAITY X, TIPOBEAEMO PSi

EPETBOPEHB, IIPU KOKHOMY 3 SIKMX KUIBKICTh HEHYJIbOBUX TPAHCPOPMAHT y
MOPIBHSHHI 3 BUXIJTHUM CUTHAJIOM OyJl€ 3MEHIIYBATUCS BJIBIYI.

[lepmmm 3 Takux mneperBopeHb W, Oyzae OmoyHO-AiaroHalIbHAa MaTpUIL,

: . : =) Xiw X2
rOJIOBHA Jl1arOHajb AKOI CKJIaJa€eThes 13 010kiB W, =
X

— Xjs2 i+1



Jns popmaty N=8 111 MaTpuist MaTUMe BUTJISIA
1 2 3 4 S) 6 7 8

=
I

Jlns  3a0e3nedeHHs OpPTOrOHANBHOCTI pAakiB wmarpuumi W,  1gocTaTHbO
3a0€e3MeYnTH OPTOrOHANBHICTD JIMIIIE KOKHOI Hapu psakiB: 1-ro Ta 2-ro, 3-ro ta 4-
ro, 5-ro ta 6-ro 1 T.A., OCKUIbKM psAaku | 1 2 3aBXKAUM OPTOrOHAJIBHI 10
BIJIHOIIICHHIO 70 PSAAKIB 3, 4, 5, 6 TOIIO BHACTIIOK TOrO, III0 BOHW HAJISXKATh J0

pi3Hux Oy0KiB miaroHani matpuii W, .
Tak, mpu mnepeBipul Ha OPTOTrOHAIBHICTH MEPIIOrO psAJiKa 3 JAPYTHM Ta
TPETHOI'O 3 YETBEPTUM, OTPUMAEMO CKAJISIPHI TOOYTKHU:

VY pe3ynbTari nepemHoxeHHs Matpuii W, 1 Bektopa X, omepXumMo

CTOBMEILb NEPLIOTro (13 cepii) mepeTBOPEHHS X_l :VTl . X_O, ne st N=8
Y 2 2 2 2 2 2 2 2
Xlz[(x1 +X, )0, (x3 +X, ),0, (XS +Xg ) 0, (x7 +Xg )O]T.

Jlnst 3a6e3medeH s OpTOrOHAJIbHOCTI KPaTHOTr o nepeTBopeHHs Marpuiiio W,
_ —T

CIIii HOpMYBaTH, JuIg 4oro 3Haiaemo nooyroxk W, -W, = diag{e,}, ne diag{e,} -

IlaroHaJbHa MaTPUIS 3 €JIEMEHTaMH F'OJIOBHOI JI1aroHal (x12 + X, ), (xlz + X, ),
2 2 2 2 2 2 2 2 2 2 2 2
T P T ST N FESE) NS

— 12
. . . . . 2 2
[MoainuBmy psaku Matpuni W, Ha BiIIOBiIHI 3HAYCHHS (Xi+1 + X0 )1



—_ T J—
AiaroHani, onepxumo marpumro W, , taky, mo W, -W,, =W, W,y =E, e

E - opunnyna matpuns. Qg N=8 matpuusa W, npencrasisie co0oro:

1| x/a | x,/a

3 Xg/b | X, /b

4 ~%, /b | 3/

F|
[l

6 —Xg/C | Xs/cC

7 X, /ld | Xg/d

8 “%g/d | X, /d

2 2 2 2 2 2 2 2
Je a=qX +X, D=X"+ X, , =X+ X7, d =% +Xg" .

Toi yacTKOBO HOpMaJTI30BaHUM (13 YHOTHUPMA HYJIbOBUMU 3HAUCHHSIMU )

cnektp X, =Wy - X, Mae BUIIIsg

X_]_N = [\/X12 + X22 1 01 \/)(32 + X42 H Os \/X52 + X62 ) 0; \/X72 + X82 y O]T .

JIns mepeTBOpeHHS HEHYJIhOBMX 3HAUCHb CUTHaTy X;y HOOyayeMo

marpuiro W, , aHajoriuno tomy, sk 1e 0ymno 3poodnaeHo ans marpuui W, . ToOto

apyre neperBoperns W, sBisie co00I0 MaTpHULIlO, € €IEMEHTH, HOMEpPa PAAKIB 1

CTOBIIIB SIKUX BIJIINOBIalOTh HEHYJIbOBUM e€JIeMEHTaM BekTopa X;y , MawoTh

[, 2 2 [, 2 2
_ _ 2 2 _ _ 2 2 . .
Wgs = W;; =/ X5~ + X5~ , W57 =—W;5 =4/X;” +Xg"~ . JllaroHanbH1 K €IE€MEHTH, 110

BIATOBIAAIOTh HYNSIM BeKTOpa X,y , Y 3arajl-HOMY BHIIQJKy MOXKHA 3aMiHUTH



OyIb-IKUMHM 4YHUCJIaMH, OCKUIbKM II€é HE BIUIMHE Ha pe3yibTaT JpYyroro
NEPETBOPEHHS. AJie 3AIMIIUTH X HYJIbOBUMHU HE MOXKHA, OCKUIBKU PE3YJIbTYIOUY

marpuiro Wy, HOPMAJILHOTO  TIEPETBOpPEHHS  OyAeMo  OJepKyBaTH

IMCPCMHOKCHHAM MaTpUIlb BCIX YaCTKOBHX IICPCTBOPCHDb WiN A WZN HC ITOBMHHA

MICTUTH HYJIBOBHUX PSIKIB a0o0(Ta) CTOBIIIIB, OCKUIBKA TPHU IIHOMY MATPHIISL
—
3BOPOTHOTro neperBopeHHs Wy,  He iCHyBaTHME.

VY naHoMy BUIQJIKy IOKJIaJEeMO JiaroHanbHi enementy marpuui W, , 1m1o

BIATOBIAAIOTH HYJISIM BEKTOpa X,y , PIBHUMH OJUHUIIIM. MaTpuuHuii onepaTop

HOPMAJIBHOT'O IIEPETBOPCHHA, IO CITMPATHUMCTLCA HA TaKy MATPULIO W2

YaCTKOBOI'O IICPCTBOPCHHA HA3BCMO MATPHUYHUM OIICPATOPOM IICPIIOTO BUAY.

1 2 3 4 3) 6 7 8
1 xS +%,° N
2 1
3 — X +X%,° X+ %,
_ 4 1
W, =
6 1
7 — % X JXs® +Xg
8 1

Tenep cniektp X_2 apyroro yactkoBoro neperBoperus W, = X_

X,
X_Z - [(Xl2 + X22 + X32 + X42)1 O’ O; O, (X52 + X62 + X72 + X8 ),
[Tponopmyemo VTZ:

— —T
W, W, = Diag{(xl2 X, 0+ Xy x42) 1 (xl2 + X, + Xy + x42) 1, (x52 +Xg Xy xgz), 1



2 2 2 2
(X5 +Xg + X7+ Xg )1}

ToOto npu HopMyBaHHI nepiuii Ta TpeTid paaku marpuui W, ciig

. 2 2 2 2 “ o . .
PO3OUINTHU HA & = \/Xl +X, + X3 +X, ,a I’ SITUI Ta CbOMMI B1AIIOB1AHO Ha

2 2 2 2
p= \/ Xs” +Xg" + X" +Xg~ . TakuMm unHOM OTpHMaeMo HopMoBaHy MaTpurro W,

1 2 3 4 5 6 7
1] K% IXso + X,
a a
2 1
3| xS |
(04 (04
4 1
T VX X | X
2N ,B ﬂ
6 1
B ol
8

[Ticnst BiMOBITHOTO HOPMYBAHHS MATPHIIl APYTOrO MEPETBOPECHHS

OJIEPKUMO BEKTOP X, , IO MICTUTH HEHYJIbOBI €IEMEHTH B TIEPIIOMY PSIIIKY

2 2 2 2 . > 2 5 >

2 2 2 2 2 2 2 2
Xon =% + %7 + X2 +%,2,0,0,0, /X2 + X2 + X, 2 + %2, 0,0,0]".

JIi1st IBOX HEHYJIBOBUX €JIEMEHTIB, 10 3aJIMIIMINCS, T00ynyeMo Matpuio W,

1 2 3 4 S) 6 7 8




E|
I
I

—T7

3W3

=

2 2 2 2
\/xl +X,7 4+ X" + X,

2 2 2 2
\/xs +Xg~ X7+ Xg

2 2 2 2

2 2 2 2
\/xl + X7+ X3+ Xy

= Diag{(xl2 Xy Xy X Xg A Xy A Xy xgz), 111

2 2 2 2 2 2 2 2
(xl +X,7 X X, X X X+ X ) 1,1, 1,}.

AHAJIOTIYHO /10 TIOTIEPEAHIX KPOKIB, MICIs HOpMYyBaHHs oaepkumo W.

3N
1 2 3 4 5 6 7 8
1 \/xlz X Xy X, \/x52 +Xgo 4+ Xy + Xg
A A
2 1
3 1
4 1
5 \/x52 X X+ X \/xlz X+ Xy + X,
A A
6 1
7 1




1
16 A= fX,7 X2+ X2 Xy %+ X2 + XgZ + X+ X
Pe3ynbTytodue HopMaibHE IEPETBOPSHHS Ma€ BUTIIS/
Wan =Way -Woy -Wiy 1)
ne
1 2 3 4 5 6 7 8
1] X X2 X3 X4 X5 X *7 X
A A A A A A A A
2| “X X
a d
3 X b | =%X,-b | X;-a X, -a
_ a-a a-«a b-a b-«a
Wyn=
4 % X3
b b
5 X B =X B =X B X f ] X | X | X a | X
a-A a-A a-A a-A LA p-A B-A | [-A
6 % *s
C C
. —Xgd | =Xg-d | X;:C | Xg-C
c-f c-p d-g | d-p
8 X X
d d

2 2 2 2 2 2 2 2
e a=+/X"+X,", b=X"+X,", C=X" +X%X5", d=/%X,"+ X5,
2 2 2 2 2 2 2 2 8 2
oc:\/x1 X7+ X7+ X, ,ﬂ:\/x5 +X XX, A= DX,
i=1

a CIIEKTP OTPUMAHOTO HOPMAJIBHOTO MepeTBOpeHHsT X\ Oyle sBIsTH c00010




=

]
_ 8

N Xo =Xy = /inZ,O,O,O,O,O,O,O .
i=1

ITpu Benukomy ¢opmari N curnany X, , KUIBKICTh YACTKOBHX IE€PETBOPEHb

W, 1pu $popMyBaHHI MATPUIHOTO OIEPaTOpa HOPMAIBLHOTO MepeTBOpeHH: B (1)
361IBIIUThCA, TOOTO 171 popMaTy N=2" KiJbKiCTh YaCTKOBUX ONEPATOPiB Oy/e

JIOPIBHIOBATH N.



IIpakTnune 3anarra Neb

Mera: Po3poOuTu anroputm HopMmadi3allii CUrHaly 3a piBHeM. BuzHaueHHs
KoedIillieHTy TpaHCPOPMAHT.

[IutanHd, 010 MIJIATAOTh PO3TIIAAY Ha MPAKTUYHOMY 3aHSTTI:

1. 3Haxo/KEeHHS CIIEKTPY €TaJOHHOTO curHany. BusHaueHHs koedilieHTa
TpaHc(hopMaHT.

2. 3HaXOJKEHHS CIEKTPY JOCIIKYBAaHOTO CUTHANy. BuzHauenHns koedirieHra
TpaHC(OPMAHT.

3. 3a BU3HAYECHHMH KPHUTEPISIMHU OLIHUTH MPUHATISKHICTH TOCTIIKYBAHOTO
CUTHAY JI0 €TAIOHHOTO KJIacy.

Buxinni nauHi (TeopeTn4Hi BIIOMOCTI)

Hopmaunizaiisi TecTOBOro curHaJy 3a piBHeM

JUIst Kpaioro po3ymiHHSI OCHOBHI IMOJIOXKEHHS METOAY OyleMo po3IiisiiaTu
Ha TPUKIAAl KOHKPETHOIO 0OpaHOr0 OPTOrOHAIBHOIO MepeTBOpeHHs. s 1mporo
obepemo neperBopeHHs Y onma-Kopumapika. [ Takux GyHKIINH HOpMaTi3aiito
“3a KPOKOM™ BHUKOHATH HEMOXJIMBO (OCKUIBKHA TPAaHC(OPMAHTH MArOTh JIMIIE J1Ba
3HaueHHs: +1, -1).
Hexaii tectoBuii curHan Mae BUrisa puc.2, a ¢opmatu (KUIbKICTh BIJUTIKIB)
TECTOBOTO CUTHATY 1 QyHKIIT YoJira — Hanpukiag, y; (puc.1), oqHaKOBI.
[TonimmmMo BIJUTIKU X¢esr HA PHC.2 HA KOPETYIOU1 KOC(DIIiEHTH

Ky = X;/t(—f]r)]) kn = Xgest (M) /w(n) (1)

Toni curnan puc.2 neperBoputbest Ha ¢yHkuio y; Ha puc.l. Koperyroui
koe(dirienTr HaBeaeHO B Ta0. 1.

Taomums 1

Ko Ky K, Ks K, Ks Ke k5

5| Bt B +2(A B +3(A B+ 4(A B +5(4 B+6(4 |,
- B)/7 - B)/7 —B)/7 —B)/7 —-B)/7B —B)/7

Ks Ko Kio Ki1 Ki2 Kis Kia Kis

4| "B-6(A | ~B-5(4 | -B—4(A | -B~3(4 | -B-2(4 | ~B-(A | _,
—B)/7 —B)/7 —B)/7 —B)/7 —B)/7 —B)/7
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Puc.1 TpaunchopmanTu (6a3ucHi ¢pyHkIii) meperBopenns Y onma-Kopumapika
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Puc.2 TectoBuii curual
Anroput™ HOopMai3allii 3a piBHEM Ma€ HACTYITHUN BUTJISI.
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1. Jlist  TecToBOro curHanay (BiAMOBITHAM YHHOM HOPMOBAaHOT0) OOpaTu
OpPTOrOHaJIbHE MEPETBOPEHHS Ta 0a30By TpaHC(HOPMAHTY MEPETBOPEHHS.



2. Jnst koxkHoro 3 N BIJIIKIB TECTOBOTO CUTHANY 1 TpaHC(OPMAHTU 3HAUTH
KOperyrodl KoedirmieHTH.

3. [ToxiauTy BIAJIIKKM HEBIOMOTO JOCIHIKYBAHOIO CHTHAJy Ha KOpPEryroui
Koe(IieHTH (SKIIO CUTHAJI BIAPIZHAETHCSA BIJ TECTOBOrO JIMIIE aMILTITYOIO,
OJIEP’)KUMO TPaHC(HOPMAHTY IUCKPETHOTO OPTOTOHAIBHOIO IEPETBOPEHHS TIET
caMoi aMIUTITYH).

4, Buxonatu r1i00aibHE TIEPETBOPEHHS CKOPETOBAHOTO JOCIIKYBAHOTO
CUTHAITY.
S. SKIIO creKkTp MepeTBOPEHHS MICTUTD JIMIIE aMIUTITyAy TpaHCc(hOpMaHTH, 3a

KO0 TIPOBEJIEHO HOpMAai3ailiio, TO TOCIIIKYBAaHUW CUTHAI (3 TOYHICTIO 0
aMIUTITYM) TOTOXHHUH 110 TecToBOro. SKiio crnekTp OaraThifi 1 Ma€ BEJIHKY
KUTBKICTh TpaHc(OpMaHT, CHIBMIpHUX 3 0a30BOI0 I HOpMaii3aiii, TO
JOCIIKY€EThCS CUTHAJ, HaBITh HE CXOXKHMI Ha TECTOBUH.

Tak, manpukiaa, neperBopeHHs Yomma-Kopumapika Uil CUTHANY Xiegt,
300paxkeHoro Ha puc.3 (B=1, A=8), micns iioro Hopmaizalii 3a TpaHCPOPMAHTOIO
w1 (puc.l) mae Burnsan puc. 3. B Toli camuii yac Jjis cCUTHaIy, 300pa)X€HOro Ha
puc.4, onepxumo cHektp puc.d5. Jns curHamy, 300pakeHOro Ha puc.6, 3
aguTuBHUM mymMmoM (6 = 0,244923B, 3nauenns BimmikiB mymy N(n) HaBemeHo B
Ta0j1.2) OTPUMAEMO CIIEKTP HOPMAaJi30BaHOTO IEPETBOPCHHs, 300pakeHUN Ha

puc/.
SXhest

16F-—9

- {H—0—0—0—0—0—0—0—0—0—0—0—0—0——
s > 1 6 8 10 12 14 k
Puc.3 CriekTp cUTHANY Xgpgt

10 12 14 n

o
[}
e
[=)
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Puc.5
Tabmn.2
No N, N, N3 N, Ns Ne N-
0 0.25 0.28 —0.19 —-0.21 0.20 —0.19 —-0.11
NS N9 NlO Nll N12 N13 N14 N15
0.03 —0.50 0.48 0.37 —-0.19 —0.38 0.22 0.05
Xiest
s P i
8 P
0 2 4 6 8 10 12 14 n
Puc.6
S xhest
53 -1
104
5 4
X 4 6 8 10
0 2 : b L 12 14 y k
Puc.7

Ha nmpaktumi Moke BHHMKHYTH CHUTYyallis, KOJM CHUTHal, SKAN
JOCIIJIKYETHCS, BIPI3HSIETHCA BiJ] TECTOBOIO Ha MAacCIITAOHUM MHOXKHUK a0o
MICTUTh “‘IOAATKOBY” TIOCTIMHY CKJIamoBy. Takuii ~ CurHai, 3MIHEHUN 3a
JIOTIOMOT'0I0 MacIITaOHOTO MHOXHHUKA 1 CKJIaJ0BOi, HACIPAB/l € TUM CUTHAJIOM,
SKUW HAM TMOTPIOHO 3HAWTHU Tpu 00poOIi. SIKIO B SKOCTI TECTOBOTO CUTHATY
BUCTYNAIOTh €JIEMEHTH 300pakeHHs, TO 3MiHa  MAacIITa0HOTO MHOXKHHKA
BIJIMOBIZA€ 3MiHI KOHTpAacTy 300pa)k€HHs, a JI0JaTKoBa IIOCTIiiHA CKJIaJoBa
BIUTUBA€E HA SCKPABICTh, TOOTO P0O30aBICHICTh 300pakeHHs OutuM. [[is Toro, mob
TaKWi CHTHAJ B pe3yJIbTaTi BUKOHAHHS HOPMaJli30BAaHOT'O TIEPETBOPEHHS Y OJIla-




Kopumapka OyB BU3HaHMI 3a TECTOBMM, MOTPIOHO HOro uUEHTpyBaTH (TOOTO
3HaWTH TIOCTIMHY CKJIAJOBY JIOCHIJ)KYBAaHOTO CHUTHAJIy 1 BIAHATH 11 BifJ
JOCIIKYBaHOTO CUTHAJY), aHAJIOT14HO, IIEHTPOBAHUM MOBUHEH OYTHU 1 €TaIOHHUMN
curHai. [Ipy npoMy OOYHMCIIOBATH CHEKTP 1 FOCTPOTY CIIIJ CaMe JAJisl TaKoi mapu
curHaniB. [lpm HasgBHOCTI CTalliOHAPHOTO AJUTUBHOTO IIIyMy 3 IIIYMOBUM
cepedHiM, HOro moMaBaHHS /O JOCTIIPKYBaHOTO CHUTHAJly HE BIUIMHE Ha
MaciiTadyBaHHs Koe(ili€HTIB HOpMaTi3ali.

O1iHKY BIIMIH CUTHAIIB (BUKJIMKAHMX CIIOTBOPEHHSIMHU KaHAIIB Iepesadl,
aQIUTUBHUM [IYMOM TOIIO) TaKOX MOXHa TMPOBECTH 3a KoedillleHTOM
TpaHC(HOpPMAHT:

= [T a2/, @
ne A, — aMIiiTyaa Tpchq)opMaHTH, 3a SIKOIO MPOBOJIMIIACS HOpMaJIi3allis.
Tax, nns curnany puc.2 K,,=0, s curnany puc.2.7 K,,=1.232945, a nns curHamty
puc. 4 Ky, >> 1.

Hapenenuii npukiag Hopmaiizalli, M0 UIFOCTPY€E 3alpOlOHOBAHUN METOJI,
noOy0BaHO Ha TpaHC(POpMaHTI nepeTBopeHHs Y ona-Kopumapika, ane sicHo, 1110
aK 0a30By MOKHa MNPUUHATH TpaHCPopMaHTy OyAb-SKOr0 OPTOTOHAIBHOIO
EPETBOPEHHSI.



IIpakTnune 3ausaTra Nebo-7

Merta: Po3poOuTy aaroputm HOpMai3allii CHTHaIYy 3a KpokoM. Bu3zHaueHHs
KoedIillieHTy TpaHCPOPMAHT.

[IutanHd, 010 MIJIATAIOTh PO3TIISAAY HAa MPAKTUYHOMY 3aHSTTI:

1. 3Haxo/KEeHHS CIIEKTPY €TaJOHHOTO curHany. BusHaueHHs koedilieHTa
TpaHc(hopMaHT.

2. 3HaXOJKEHHS CIEKTPY JOCIIKYBAHOTO CUTHATy. Bu3HaueHHs koedilieHTa
TpaHC(OPMAHT.

3. 3a BU3HAYEHUMH KPHUTEPISIMH OIIHUTH MPUHAICKHICTD JIOCHIKYBAHOTO
CUTHAY JI0 €TAIOHHOTO KJIacy.

Buxinni nauHi (TeopeTn4Hi BIIOMOCTI)

Hopmaunizanisi ZTHCKPETHOT0 OPTOrOHAJIBHOIO MEePEeTBOPEHHSA
3a KPOKOM

Jliis Hopmauizarii [1— 8] mepeTBopeHHs MOBWHEH OyTH HaJlaHUH €TATOHHUHN
CUTHAJI, TMOPIBHSAHHA 3 SIKUM JIOCJTIKYBAaHOTO CHUTHAJy 1 Ma€ JaTu BIAMNOBIAL Ha
MUTaHHS TIPO CTYIHb BIAMIHHOCTI a00 CHIBMAIIHHSA IUX JBOX CUTHATIB. Takuii
€TAJIOHHUW CHUTHAJ CJiJI HOPMYBaTH TaKUM YHHOM, 100 HOro mMakcuMallbHE Ta
MiIHIMaJIbHE 3HA4YeHHS JOpiBHIOBaIM +1 Ta —1 BIAMNOBIAHO, IO TPHUBEAE HOTO
JUHAMIYHHMH Jl1ana30H J0 JUHAMIYHOIO Ji1ana3oHy TpaHCHOPMaHTU OOpaHOTO IS
HOpMaJIi3aIii OpTOrOHAIBHOTO MIEPETBOPEHHSI.

Jns  mojanblioro TMOSICHEHHS MPOIEAypu HopMaiizaimii 3a KpPOKOM
pPO3MJITHEMO NPOCTUM TPUKYTHHMM curHai (puc. 1,a), HOpMOBaHUI TaKUM YHHOM,
10 Ooro MWHAMIYHMN Jiana3oH 3aiiMae iHTepBai +1. JlOBKMHA CUTHATY TOTOXHA
nepiony oOpaHOi OPTOTOHANBHOI (PYHKII 3 BUKOPUCTOBYBAHOI'O IEPETBOPECHHS
(puc.1,0).

Jns mpocToTH AeMOHCTparli iaei Hopmamizamii pO3rJasSHEMO JHUCKPETHE
KocuHycHe meperBopeHHs (opmary N = 8. Marpuunuii onepatop Cs TaKoro
KOCHHYCHOTO IepeTBopeHHs HaBeaeHo B Tabmumi 1. Touku 0 — 7 (puc.l,0)
BIJIIOBIIalOTh CTOBIIIM Ta0J.1, 3HAYEHHS AMCKPETHUX BiMTIKIB (pucl.o)
CIPOCIIIEMO (TOPU3OHTAIBHI IITPUXOBI JIiHII) HAa HOPMOBAHUW TPHUKYTHHUK
(puc.l,a). Orpumani Ha puc.l,a TOYKM BIAJIIKIB HA TPUKYTHUKAX MO3HAYMMO
31pOYKamu.

OCKUTBKM TECTOBUM € TPUKYTHHMM CHTHAJ, TO HyMEpaIlio BIIIKIB CIiJ
OPUBECTH O HOMEPIB, MMO3HaUYEHUX MTpuxamMu. L{i HOMepu BiNOBIIAIOTH HOBUM
HOMEpaM Ha KOCHHYCHil TpaHC(OpMaHTI (TeX MO3HAYEHI MTpUXamu Ha puc. 1.0).



3 pwuc.l,a BUAHO, IO IHTEPBAIM JHUCKpPETH3AIlil TPUKYTHOTO CHTHAJY CTaJH
HeekBiucTaHTHUMH. [[i iHTepBaTM MOBHHHI TaKOX OyTH pO3paxoBaHi 1 HaJaHi
(17151 TaHOTO €TaJIOHHOTO CUTHAJY) Y BUTJISA/II TaOJHIIL.

Hopwmarizariiss JAHCKPETHOTO KOCHHYCHOTO TIEPETBOPEHHS TEMep TOJATaE y
MIEPECTABJICHH] CTOBMIIIB JUCKPETHOTO Oneparopa Cs (Tabmurs 1) y BiAMOBIAHOCTI
JI0 HOBOi HyMeparlii (mrpuxamu). JuckpeTHUN HOpMali30BaHUN MaTPUUHUN
ornepaTop ﬁ,\,, OTpUMaHUH 3 oreparopa Cs (tabmuis 1), HaBeaeHO y TaOIUII 2.
Axmo B3sATH  eneMeHTH psaka 1y Tabmmmi 2 1 (3 ypaxyBaHHAM

HEEKBIIMCTAHTHUX KPOKIB AMCKPETH3allii) po3TallyBaTH iX B3JOBX OCI Hacy,
OTPUMAEMO TUCKPETU30BAaHUN TPUKYTHHUI CUTHAI puc.l,a.

* *__*

R

a 4]

Puc.1 HopmoBaHnwuii curnan TpukyTHoO1 ¢hopmu (a) 1 mepiia TpanchopmanTa
KOCHUHYCHOTO ITepeTBOpeHHS (6).

Ta0mn 1.

0 1 2 3 4 5 6 7
1 1 1 1 1 1 1 1

3n 5n T I 11x 13n 157%

C0S — COS — C0S — C0S — C0S — C0S — C0S — C0S —
16 16 16 16 16 16 16 16

b1 i 107 147 18n 227 267 307

COS — COS — COoS — COoS — COS — COS — COS — C0S ——
16 16 16 16 16 16 16 16




3 3n 9 157 21n 271 33n 391 451
C0S — COS — C0S — COS —— C0S —— CO0S —— CO0S —— CO0S ——
16 16 16 16 16 16 16 16
4 47 12n 20m 28n 36n 447 52n 607
C0S — COS —— COS —— COS —— COS —— —_— COS —— COS ——
16 16 16 16 16 16 16 16
5 5n 157 25n 35n 457 551 651 751
C0S — C0S — C0S —— C0S —— C0S —— CO0S —— COS —— C0S ——
16 16 16 16 16 16 16 16
6 67 187 30n 427 54n 667 78n 80n
C0S — COS — COS —— CO0S —— CO0S —— CO0S —— COS —— CO0S ——
16 16 16 16 16 16 16 16
7 T 21w 35n 497 631 17 91r 1057
COS — COS —— COS —— COS —— COS —— COS —— COS — COs
16 16 16 16 16 16 16 16
Taomums 2.
O 4 1 4 2 14 3 14 4 14 5 4 6 4 7 14
0’ 1 1 1 1 1 1 1 1
1’ 5n 3n r T I 157n 11x 13n
C0S — C0S — C0S — C0S — C0S — C0S — COS — COS —
16 16 16 16 16 16 16 16
27 107 67 1l4rn 27 18n 30n 221 267
COS —— COS — COS —— COS — COoS — COoS — COS — COoS —
16 16 16 16 16 16 16 16
3’ 157 I 21n 3n 27w 457 33r 39n
C0S — C0S — CO0S —— C0S — CO0S —— CO0S —— CO0S —— C0S ——
16 16 16 16 16 16 16 16
4’ 207 127 2871 4 367 607 447 521
COS — CO0S — COS —— C0S — COS —— COS —— COS —— COS —
16 16 16 16 16 16 16 16
5 257 15n 357 5n 457 757 557 657
C0S —— C0S — C0S —— C0S — C0S —— C0S —— C0S —— C0S ——
16 16 16 16 16 16 16 16
6’ 30n 18x 427 67 54rn 90n 667 787
COS —— C0S — CO0S —— C0S — CO0S —— CO0S —— C0S —— C0S ——
16 16 16 16 16 16 16 16
7 35n 21rn 497 T 631 105n 77 91r
COS —— COS —— COS —— COS — COS —— COs COS —— COS —
16 16 16 16 16 16 16 16

Tenep, AKIIO0 AOCTIKYBAaHUN CUTHAJ BIIPI3HIETHCS BIJl €TAJIOHHOTO TIIBKH
MaclITaAOHUM MHOKHHUKOM 1 MOCTIMHOIO CKJIaJ0BOIO, TO JOOYTKH BIIUTIKIB B3SITHX 3
ILOTO JOCTIKYBAaHOT'O CUTHANY (3 BIIOMUM HEEKBIIMCTAHTHUM KPOKOM) IaayTh
HYJBOBY (32 HOMEpOM) 1 mepury TpaHchopMmaHTy. Ycl IHIII TpaHCHOPMAHTH
HOPMAaJIi30BaHOT0 MEPETBOPEHHS IOPIBHIOBATUMYTh HYIIIO.

Axmo ¢opma curHany (BHACIHIIOK MTEBHUX HEICTOTHUX CIIOTBOPEHB) Oy TPOIIKU
BIAPI3HATHCS BiA (OpPMH E€TATOHHOrO, TO HEHYJhOBUMH OyayTh 1 iHII (KpiMm



nepioi 1 HyJbOBOi) TpaHchopMmaHTH. SKIO BiIMIHM OyQyTh CYTTEBI, TO BHIII
TpanchOpMaHTH OyTyTh MaTH BEIUKI aMILTITY/IH.

Cryninp BigMIHA (OPMH JTOCHIJIKYBAHOTO CUTHAy BiJl €TaJOHHOI'O MOKHA
KUIBKICHO OI[IHUTH 32 JOMIOMOT0I0 KoedilieHTa TpaHC(hOpMaHT

Kp =\/ Ilg;()l,k:tl Il% X 51% I (I X &), (2)

ne I, — ammmryna K- tpanchopmantm; &, — enepris k- TpanchopmanTh
OJTMHUYHOI aMIUTITY/IH.

dopmyna (2) € 3pydHOIO IS OIIHKKA CIIOTBOPEHBb MPH BHKOPUCTAHHI IS
aHaNi3y TUX CAMUX CUTHAJIB PI3HUX OPTOrOHAJIBHUX IEPETBOPEHbD.
Eneprito TpanchopmMaHTH OAMHWUYHOI aMIUIITyId MOXKHAa pPO3paxyBaTd 3a
dbopmyIioro

£ =Xn=0 Sk (W*AL, (3)

ne s (n) — Bimik N-i TparchopmMaHTH.
Ao pi3HI CUTHAAM TMOPIBHIOIOTBCA 32 €JUHUM  HOPMali30BaHUM
NEPETBOPEHHSAM, MOXXHA BHUKOPHCTOBYBATH CHpOIIEeHY (opMy KoedilieHTa

kTp = legz_zl Il% /11' (4)

Yacto mpu MOMIYKY CHUTHAMIB, SIKI MEBHOIO MIPOIO CHIBIAJAIOTh 13 €TaJOHHUM

TpaHnchopmarrii

3py4HO BUKOPUCTOBYBATH 3BOPOTHY A0 KoedilieHTa TpaHC(HOPMAHT TOCTPOTY.
I'=1/kyp. (5)

B mpomy BHMagKy MEpeBUILNEHHS TOCTPOTOIO TEBHOT'O HAIepen HagaHOTo
MOPOTY JI03BOJIIE 3pOOWTH BUCHOBOK TMPO HASBHICTh CHUTHATY, OJIM3BKOTO IO
TECTOBOI0 (€TaJOHHOT0) 1 HABIAKH.

Ha 3aBepiiienHs Haragaemo, 110 €JMHOI0 HE3PYYHICTIO METOAY HOpMai3allii
32 KPOKOM € HEEKBIIMCTAaHTHHH KPOK TUCKpETH3allil, MO0 MOXe OyTH HE3pYy4IHO
IIPY TUCKPETU3aIlli CUTHAITY CTAaHAAPTHUMHU TTPUCTPOSMH.



IIpakTnune 3ausaTra Ne§-9

Merta: Po3poOutu anroputm kinacudikarii cuirHaty 3a JOIMOMOTOX0 HOPMAaJIbHOTO
nepeTBopeHHs. Bu3znaueHHs koedimieHTy TpaHCcPOpPMaHT.

[IutanHd, 010 MIJIATAIOTh PO3TIISAAY HAa MPAKTUYHOMY 3aHSTTI:

1. CrBopeHHs MaTpUYHOIO ONepaTopa HOPMAJILHOTO IEPETBOPEHHS Ha 0a3i
€TaJIOHHOTO CUTHAIYy.

2. 3HaXOJKEHHS CIEKTPY €TaJOHHOro curHainy. BusnaueHHs koedilieHTa
TpaHC(OPMAHT.

3. 3HaxoKEHHS CIEKTPY MOCTIIKYBAaHOTO CUTHAITY. Bu3HaueHHs koedilieHTa
TpaHC(HOPMAHT.

4. 3a BU3HAYEHUMH KPUTEPISIMU OLIIHUTH NPUHATIEKHICTh JOCIIIKYBAHOTO
CUTHAJTY JI0 €TAJIOHHOTO KJIACy.

Buxiani nauHi (TeopeTnyHi BITOMOCTI)

JUiss BU3HAYEHOCTI W HAOYHOCTI UIIOCTpalii mpoueaypu mHoOyA0BH
HOpPMAJILHOT'O NEPETBOPEHHS BUOepeMo (opmar neperBopeHHs: N piBHUM BOCBMU
(1110 TO3BOJIMTH Ha/ajl y3arajJbHUTH OTPUMaHUM pe3yiabTaT Ha JOBUIbHUM (opmar
N=2", ne n — uine momatHe 4mcio). DopmaT HepeTBOPEHHS i (POPMAT CUTHAILY
30iratotbes. Tomy Hexai curnan X(f) Ha mepioni, piIBHOMY TPHUBAJIOCTI CHTHAIY,

3a7aHO BEKTOPOM BimTKiB X, =[X,Xy,..., X,]', me T — 3HAK TPAHCIIOHYBAHHSL.
Juts popmaty N=8 X =[X;, Xy, Xa, X4, X5, Xg X7, Xg]"

JI7st onep KaHHS HOPMAJIBHOTO IIEPETBOPEHHS CUTHATY X, TIPOBEIEMO Ps

EePETBOPEHB, IPU KOKHOMY 3 SIKMX KUIbKICTh HEHYJIBOBUX TPAHC(OPMAHT Y
MOPIBHSHHI 3 BUXIIHUM CUTHAJIOM OyJi€ 3MEHIITYyBaTHUCS BJIBIYi.

[lepmum 3 Takux neperBopeHs W, Oyzme 06i104HO-IiaroHajgbHA MaTpUIA,

. . . . =) X Xiy2
rOJIOBHA JlaroHaiib SIKOi CKJajaeTbes 13 0nokiB W, =
—Xjy2 X
st popmaty N=8 111 MaTpuIst MaTUME BUTJISI

1 2 3 4 5 6 7 8

1 X X,




=
I

oo ~ D (€] S
I
x
o
X
o

Jns  3abe3nedyeHHs OPTOrOHaJbHOCTI pAakiB Marpuui W, mocTatHbO

3a0€3Me4YnTH OPTOrOHAJIbHICTB JIMILE KOKHOI NapH psiakKiB: 1-ro ta 2-ro, 3-ro Ta 4-
ro, 5-ro ta 6-ro 1 T.A., OCKUIbKM psAaku 1 1 2 3aBXKIUW OPTOrOHAJIbHI IO
BIJIHOIIECHHIO 710 PSAAKIB 3, 4, 5, 6 TOIIO BHACIIOK TOrO, 1[0 BOHU HAJIEXKATh J0

pi3HuX 6s0KiB miaroHani matpuui W, .

Tak, mpu mepeBipIi HAa OPTOTOHAIBHICTH NEPIIOrO pPSAAKA 3 APYTUM Ta
TPETHOIO 3 YETBEPTUM, OTPUMAEMO CKAJISIPHI JOOYTKU:

V pesynbrati nepemMHoxeHHst Matpuii W, i BekTopa X, 0aep>KUMO

CTOBMEIL NIepIoro (i3 cepii) mepeTBOpEHHS X_1 =W, ~X_0, ne nis N=8

X, =02 +%,2) 0, (2 +%,2) 0, (x% + xsz), 0, (x,2 +x%,2 ) 0"

Jlis1 3a0e3neueHHs OpTOrOHAJIBHOCT1 KPaTHOT O iepeTBopeHHs MaTpurito W,

_ =T — —
CIIiJ] HOpMYBaTH, ajs yoro 3Haiaemo nodyroxk W, -W, = diag{e,}, ne diag{e,} -

JlaroHaJIbHAa MaTPHUL 3 €J1EMEHTaMHU I'OJI0BHOI 1aroHal (xl2 + X, ), (xl2 + X, ),
2 2 2 2 2 2 2 2 2 2 2 2
a2 +%,2), (62 +%,2), (62 +%62), (%62 +%:2), (6,2 +%62), (%2 + %),

[MoainuBumm psaku matpuni W, Ha BiIOBiHI 3HAUEHHS ( Xig + Xis )1
=E,

— T T
Aiaronani, onepxxumo marpuiro W,y , taky, mo W, -W;, =W, -W,,

E- onuHuuHa mMatpuus. s N=8 matpuus W, mnpencrasise codoro:
1 2 3 4 5 6 7

x/la | x,/a

(00)

—-X,/a | x/a

Xs/b | X, /b

A W0 N

—%,/b | x,/b




Xs/C | Xg/C

F|
[l

—Xg/C | Xs/cC

X, /d | x3/d

co N o O

—%g/d | x,/d

2 2 2 2 2 2 2 2
Je a=~/%" +X,", D=q/X"+X, 7, C=+/Xs" +Xg", d =X+ X" .

Tonai vacTkoBO HOpMaTi3oBaHui (13 YOTHPMA HYTHOBUMU 3HAYCHHSIMH)

cuektp X,y =Wy - X, Mae BUIIIsA]

JIns mepeTBOpeHHs HEHYJIbOBHUX 3HadeHb cuUrHamy X;y M[00yayeMo
marpuiro W, , aHajoriuHo Tomy, sk 1e 0yno 3pobnaeHo ans marpuui W, . ToOto

apyre nepersopeHHs W, sBiise coO0I0 MaTpUIIO, /1€ €IEMEHTH, HOMepa PSJIKIB 1

CTOBHHiB SAKHUX Bi,ZIHOBi,Z[aIOTL HCHYJILOBUM CJICMCHTAM BCKTOpa XlN , MaroTb

[\ 2 2 [, 2 2

[, 2 2 2 2 .
Wss =Wy =/X5~ + X5, Ws7 =—Wy5 =+/X;” +Xg~ . [l1aroHasIbHI 3K €IEMEHTH, 110

BIAMOBIAAIOTh HYISIM BeKTOpa X,y , Y 3arajJlb-HOMY BHIIQJKy MOXKHA 3aMiHUTH

OyInp-KMMHM 4YHUCJIaMH, OCKUIBKM II€ HE BIUIMHE Ha pe3yibTaT JpYyroro
NEPETBOPEHHS. AJie 3QIMLIUTH IX HYJIbOBUMHU HE MOXKHA, OCKUIBKU PE3YJIbTYIOUY

marpurro Wy, HOPMAJILHOTO  TIEPETBOpPEHHS  OyAeMO  OJepKyBaTH

MEPEMHOKEHHAM MaTpHULb BCiX 4acTKoBUX neperBopeHb W,y . A Wy, He nmoBuHHa

MICTUTH HYJIBOBHX PSAIKIB a00(Ta) CTOBIIIIB, OCKUIBKA MPU ILBOMY MATPHUILSL
—1

3BOpPOTHOrO neperBopeHHs Wy,  HeE ICHyBaTHME.

VY naHoMy BUIQ/IKy IOKJIaJEeMO JiaroHanbH1 enementu marpuui W, , 1o

BIAMIOBIAFOTH HYJISIM BEKTOpa X,y , PIBHUMH OJUHUIIIM. MaTpudHuii onepatop

HOPMAaJIbHOT'O IEPETBOPEHHS, 10 CIIUPATUMEThCS Ha Taky Matpuito W,

YAaCTKOBOTI'O IICPCTBOPCHHA HA3BECMO MATPHUYHUM OIICPATOPOM IICPIIOTO BUAY.
1 2 3 4 3) 6 7

1 xS +x° IXE + X%,




2 1
3 —x5° +x,° X+ %,
_ 4 1
e = 5 Xs® +Xg X+ X5
6 1
7 X, Xy X+ X
8 1
TeHep CIICKTP X_2 APYyroro 4aCTkoBOro rneperBOpCHHA \TZ . X_l = X_2
X, = [(xl2 X, X+ x42), 0,0,0, (x52 +Xgo X, + XSZ), 0,0,0]"
[IponopmyeMo VTZ:
VT.vTZT - Diag{(xl2 X, Xy + x42) 1 (x12 + X"+ Xg + x42), 1, (x52 +Xgo + X, + xgz), 1,

2 2 2 2
Xs~ + X5~ +X;” +Xg )1}

To6to nmpu HopMyBaHHI nepiuii Ta TpeTii paaku matpuui W, ciifg

. 2 2 2 2 . . . )
PO3AUIATH HA & = \/ X"+ X, +X3” +X,” ,an’aTuil Ta CbOMUH BIAIIOBIIHO Ha

2 2 2 2
p= \/ Xs” +Xg" + X" +Xg~ . Takum unHOM OTprIMaeMo HopMoBaHy MaTpurro W,

1 2 3 4 5 §) 7 8
1] % VX5o +%,°
(04 a
2 1
3| VX XS | X
[04 a
4 1
= 2 2 2 2
5 VX5 + Xg VX7 + Xg
B B
6 1




8

VX + X5

B

B

X+ Xg

[Ticns BiAMIOBITHOT'O HOPMYBAHHS MaTPHIIl IPYTrOro MepeTBOPEHHS

OIEP>)KUMO BEKTOP X,y , IO MICTHTh HEHYJIbOBI €JIEMEHTH B TIEPILIOMY PSIIKY

2 2 2 2 . 5 2 5 5
XN2:\/X1 +X, + X3 +X, IBH';{TOMypH)IKy stz\/xs +Xg" + X"+ Xg

XZN :[

J1st IBOX HEHYJIBOBUX €JIEMEHTIB, L0 3aJIUIIMINCS, T00ynyeMo Matpuio W,

El
Il

6
5
8

—_ —T

3W3

2 2 2 2 2 2 2 2 T
\/xl + X, + X357 + X, ,0,0,0,\/x5 +X5  +X;"+%7,0,0,0] .

1 2 3 4 S) 6 7 8
2 2 2 2 2 2 2 2
\/xl + X, + X537+ Xy \/xs +Xg~ +X;7 + Xg
1
1
1
2 2 2 2 2 2 2 2
—\/x5 +Xg~ + X"+ Xg \/xl + X"+ X3" 4 Xy
1
1

. 2 2 2 2 2 2 2 2
:Dlag{(x1 +X," +XgT + X, X X X+ X ) 111

(2 + %% + %52 X2+ X2 + X2 + %2 + %2 ) L1, 1,}.

AHAJIOTIYHO JI0 TIOTIepEAHIX KPOKIB, TiCIs HOpMyBaHHS oaepkumo W.

3N
1 2 3 4 5 6 7 8
\/xlz X, Xy H X, \/st +Xgo X+ Xy
A A
1
1
1




Ac

8

2 2 2 2
_\/x5 +Xg~ + X"+ Xg

2 2 2
\/xl + X, X"+ Xy

N

5
A A
6 1
7 1
8 1
e A=\/x12+x22+x32+x42+x52+x62+x72+x82 :
Pe3ynpTyroue HOpManbHE NEPETBOPEHHS MA€ BUTJIA]L
Wey =Way -Woy -Wiy 1)
1 2 3 4 5 6 7 8
X1 X2 X3 X4 *s L *7 X
A A A A A A A A
X X
a a
X b | =%X:b | X;-a X,-a
a-a a-a b-a b-a
X | X
b b
X B | =X B | =X B | =%, B | X5 X | X;-a | X3 -«
a-A a-A a-A a-A p-A LA B-A | B-A
—% Xs
C C
—Xg+d | =Xg-d | X;-C | Xg-C
c-f c-p d-g | d-p
X% | X
d d

2 2 2 2 2 2 2 2
me a=+/X"+X", b=1X"+X%,", C=1/Xs" + %", d =X+ %",

8
2 2 2 2 2 2 2 2 2
oc:\/x1 + X"+ X3+ Xy ,ﬂ:\/x5 +Xg X, XS, A= D%,
i-1

a CIIEKTP OTPUMAHOTO HOPMAIBHOTO 1epeTBOpeHHst X\ OyIe sIBIATH cO0010




=

]
_ 8

N Xo =Xy = /inZ,O,O,O,O,O,O,O .
i=1

ITpu Benukomy ¢opmari N curnany X, , KUIBKICTh YACTKOBHX IE€PETBOPEHb

W, 1pu $popMyBaHHI MATPUIHOTO OIEPaTOpa HOPMAIBLHOTO MepeTBOpeHH: B (1)
361IBIIUThCA, TOOTO 171 popMaTy N=2" KiJbKiCTh YaCTKOBUX ONEPATOPiB Oy/e

JIOPIBHIOBATH N.
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