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Po3paxyHkoBo-rpagiuna podora 3 ITUCHHUILTIHA
«udppose 00pod/IeHHSI 300paKEeHb
«Kunacugikanisi curaaJais»

KOPOTKI TEOPETHYHI BIIOMOCTI
HOPMAUJIIBALIA IIEPETBOPEHD

BcerynHi 3ayBakeHHS

OpToroHanbHi MEPETBOPEHHS YaCTO BHKOPUCTOBYIOTH ISl OIIHKM 3MIH B

rpadoeieMeHTax IOCHIIKYBaHUX CHUTHAJIB, KOJMU IIi 3MIHM HE JY>K€ TMOMITHI B
HATypaJIbHUX KOOpJAMHATAX.
Tak, HanpukiIag, CHOTBOPEHHS (POPMU E€IEKTPUUYHOTO TAPMOHIYHOTO CTPYMY, «Ha
OKO» MOXYTbh OyTH HE TIOMITHUMH, B TOU Yac, K Ha crekTpi Dyp’e BIACYTHICTh YU
HAsIBHICTh CKJIQJIOBUX KpAaTHUX YacTOT (3 aMIUNTyAaMHu [;) € MOMITHOIO i, 0 TOTrO
&K, MOXKE€ OYTH YHCENIbHO OIliHEHa KOe(IilIEHTOM TapMOHIK

k.= /Zf’;zl 1711, (1)

3py4HICTh OLIHKHU CIIOTBOPEHB y MPUBEICHOMY MPUKIIAAl 3yMOBIIEHA THM, L0
dbopma ieabHOrO JOCHTIIKYBAaHOTO CHUTHAIY cHiBmagae i3 (opMor oaHiel
(mepuoi) 3 TpanchopmanTt psagy Dyp’e. Ha xanb, eTanoHu IOCHIIKYBAaHHUX
pPamiOTEXHIYHUX, O1OMEAUYHUX Ta 1HIIUX CHUTHAJIB 3a3BHYail HE CHIBIAJAIOTh 110
dopmi 13 TpaHcPopMaHTaMU ICHYIOUUX OPTOTOHAJIBHUX TMEPETBOPECHb, HE
3BaKAIOYM HA BEJIMKY KUTHKICTh TAKUX MTEPETBOPECHb.

VYHiBepcallbHUH XapakTep NEPEeTBOPEHb MPU3BOAUTH JO TOrO, IO TIEBHI
rpadoereMeHTH  «pPO3MHUBAIOTHCS» B 00JIacTi  TpaHC(OPMAHT 1 CTAKOTh
HENMOMITHUMHU. 3MIHU B 00JaCTi TpaHC(OPMAHT CTAIOTh THUM MOMITHIIIMMHU, YUM
MEHIIIe JOMIHAHTHUX (TOOTO TaKuX, 110 3HAYHO OUIBINI 3a iHII) TpaHCHOPMAHT
(1HaKIIe KaKy4dd, YUM BYKUYMHA e(PEeKTUBHUI CIEKTp MEPETBOPEHHS) 3HAXOASATHCS B
CIIEKTp1 JociipKyBaHoro curHany. lle cmpusimo cmpobam (4acTo yCHIIITHUM)
BUKOPHUCTAaHHS TEPETBOPEHb, BIAMIHHUX BiJl mepeTBopeHb Dyp’e 1, AK BKe
3ragyBayiocsi, OyJlo 3HaAWJIEHO, IO 3PYYHUM JJIS aHANI3y CHUTHAIIB 3B’SI3KYy €
nepeTBopeHHs Y oua, a 010CUrHaliB — KOCUHYCHE MEPETBOPEHHS.

ToMy Benuke 3HAYEHHsS Ma€ CTBOPEHHSI TAaKUX JUCKPETHUX OPTOTOHAIBHUX
NEepPETBOPEHb, SIKI O Malii TpaHC(OPMAHTH, 1O CMIBNAJAIOTH (200 Y IEBHOMY CEHC1
CHIBIAJAI0Th) 3 €TaJOHAMU JOCHTIIKYBAHUX CUTHAIB.



HopmadJtizanisi 1MCKPeTHOr0 OPTOrOHAJBLHOIO NePEeTBOPEHHS
32 KPOKOM

Jlns Hopmautizaiii [1— 8] mepeTBopeHHs MOBHMHEH OyTH HAJaHUW €TATOHHHNA
CUTHAJI, TMOPIBHAHHA 3 SIKUM JIOCHIKYBaHOTO CHUTHAJy 1 Ma€ JaTH BIATOBIIL Ha
MUTaHHS NPO CTYMIHb BIAMIHHOCTI a00 CHIBHAIIHHS IMX JIBOX CUTHaNIB. Takuit
€TAJIOHHUW CHUTHAJ CJIiJI HOPMYBaTH TaKUM YHHOM, 100 HOro MakCHMallbHE Ta
MIHIMaJbHE 3HAYEHHS JOpIBHIOBaIM +1 Ta —1 BiAMOBIAHO, 110 MpHUBEAE HOTO
JUHAMIYHHMH Jl1ara30H 0 JWHAMIYHOTO Jiana3oHy TpaHCHOPMaHTH OOpPaHOTO IS
HOpMaJi3ailii OpTOroHaJIbHOT'O MEPETBOPEHHSI.

Jlnst  mojanpIioro TMOSICHEHHS MPOIEAYpPH HOpMamizamii 3a KpPOKOM
PO3TIIIHEMO MPOCTUN TPUKYTHUM curHai (puc. 1,a), HOpMOBaHHUI TaKUM YUHOM,
10 MOro JMHaMIYHUM Alana3oH 3aiiMae iHTepBai +1. JloBXKWHA CUTHATY TOTOXHA
nepiogy oO0paHoi OpTOroHadbHOI (GYHKIl 3 BHKOPHCTOBYBAHOT'O IMEPETBOPECHHS
(puc. 1,0).

Jlnst mpocToTH JIeMOHCTparlii i7ei Hopmaiizaiii po3TJISTHEMO JIUCKPETHE
KOCHHYCHE meperBopeHHs ¢gopmary N = 8. Marpuunuii oreparop Cs Takoro
KOCHHYCHOTO TIepeTBOpPeHHs HaBeleHo B Tabmumi 1. Toukum 0 — 7 (puc. 1,6)
BIJIOBIAalOTh CTOBIIIM TaOJI. 1, 3HAYCHHS AMCKPETHUX BimmikiB (puc. 1.0)
CHPOELII0EMO (TOPU30HTAJIbHI IITPUXOBI JIIHIT) HA HOPMOBAHUN TPUKYTHUK (pHC.
1,a). Orpumani Ha puc. l,a TOYKM BIJUIIKIB Ha TPUKYTHUKAX MO3HAYNMO
31pOYKamu.

OCKUIbKM TECTOBUM € TPHUKYTHHA CHUIHAaj, TO HyMEpAlllo BIIKIB CIIJ
IPUBECTH J0 HOMEPIB, MO3HAYEHUX ITpuxamu. L{i HoMepu BiAMOBIAAIOTh HOBUM
HOMEpaM Ha KOCHUHYCHIii TpaHC(OpMaHTI (TeX MO3HAYCHI MITpUXaMu Ha puc. 1.0).
3 puc. l,a BUIHO, MO IHTEPBAIM AUCKPETH3AIlli TPUKYTHOTO CHUTHATY CTaJH
HEEKBITUCTAaHTHUMU. [l1 1HTEpBajM MOBHHHI TaKOX OyTH pO3paxoBaHI 1 HaJaHi
(7151 JAHOTO €TaJIOHHOT'O CUTHATY) y BUTJISI TAOJIHII.

Hopwmanizariiss AUCKPETHOr0 KOCHHYCHOTO TEPETBOPEHHS TEIep IOJArae y
MepEeCTaBJICHH] CTOBIILIB JUCKPETHOTO OIepaTopa Cs (Tabnuist 1) y BiAMOBITHOCTI
10 HOBOI HyMeparii (mrpuxamu). JIMCKpeTHHI HOpPMai30BaHUN MaTpUYHUN
ornepaTrop ﬁ,\,, OTpUMaHUH 3 orepaTopa Cs (tabumurst 1), HaBeaeHO y TaOuII 2.

Axmo B3SATH  eneMeHTH psaka 1y Tabmumi 2 1 (3 ypaxyBaHHAM
HEEKBIIMCTAHTHUX KPOKIB JUCKPETHU3allii) po3TallyBaTH iX B3JOBXK OCI Hacy,
OTPUMAEMO JTUCKPETU30BAHUN TPUKYTHUM curHai puc. 1,a.



-R{2

3

3.0

2

’,

1

,

1
1
r
1 1
N
17T
' 1
et iy N
11 H " :
L | T
TR Lo
1y ! ! I 1
[ 1 1 1 1
1y “ “ “ 1
""“ 1 1 »t 1 “
Ty a ! I 1 )
L 1 ! 1 1
[ 1 1 1 1
I 1 1 1 H
1y ! " I 1
R Ll !
L 1 H
L] H ) H 1
““_ 1 ] 1 “
.." 1 g
“"_ " —“/5.||||I.||
L T S Sy B
“"“ ! 6*7 ||||||||| 1
HER I "
RN S _
A "
[ " “ N 1
“.. | H N "
_._ 1 1 =
! . ;
[ .||."I||I23 1
[ | N '
“.+ : ‘o N i
- A "
H 1 — i |
} “ \ 1
1 ——— o 1
} ™ }
H H
- 5

751
1057w
16

C0S ——
16

Taomums 1.

651

oS ——
16
91rn

C0Ss —
16

16
17
16

551
oS —

COS ——

457
16
16

c0s —
631

COS ——

497

35n
oS —

C0S ——
16

16

25n

COS —
16

357

COS ——

KOCHHYCHOTO ITepeTBOpPEHHS (6).
16

16
21w

C0s ——
16

157

COS —

Puc. 1 HopmoBanwmii curnan TpukyTHO1 popmu (a) 1 nepiia TpancpopmaHnrta
S5n

COSs
16

COS
16




Tabaui 2.

0’ I 2 3’ 4 57 6 7’
0’ 1 1 1 1 1 1 1 1

1’ 51 3n n T 9n 15n 11n 13n
COS — COS — COS — COoS — COS — COS — COS — COS —

16 16 16 16 16 16 16 16
27 10w 67 14z 2n 18=n 30 22n 267
COS — COS — COS — COS — COS — COS — COS —— COS ——

16 16 16 16 16 16 16 16
3’ 15 9n 21n 3n 27m 45n 33n 39
COS — COS — COS — COS — COS —— COS —— COS —— COS —

16 16 16 16 16 16 16 16
4’ 20m 12n 28 4m 36mn 60 44n 52n
COS —— COS — COS —— COS — COS — COS —— COS —— COS —

16 16 16 16 16 16 16 16
5 251 157 35n 5n 457 751 551 657
COS — COS — COS — COS — COS —— COS — COS — COS —

16 16 16 16 16 16 16 16
6 30mn 18n 42n 6m 547 90x 667 781
COS —— COS — COS —— COS — COS — COS — COS —— COS —

16 16 16 16 16 16 16 16
7 357 21n 491 r 6371 105n T7n 91n
COS — COS —— COS —— COoS — COS —— CoSs COS —— COS —

16 16 16 16 16 16 16 16

Tenep, AKII0 JOCIIPKYBAHUN CUTHAN BIAPI3HIETHCS Bl €TAJIOHHOTO TIUIBKH

MacIITaOHUM MHO>XHUKOM 1 ITOCTIHHOIO CKJIaJI0BOIO, TO IOOYTKH BiJUTIKIB B3STHX 3
ILOTO JIOCTIKYBAHOT'O CUTHANY (3 BIIOMHM HEEKBIIMCTAaHTHUM KPOKOM) JaayTh
HYJBOBY (32 HOMEpOM) 1 meprry TpancpopmaHTy. Yci iHII TpancPopMaHTH
HOPMAaJIi30BaHOI0 MEPETBOPEHHS IOPIBHIOBATUMYTh HYIIIO.
SAxmo ¢popma curHainy (BHACIIJOK NEBHUX HEICTOTHUX CIOTBOPEHB) Oy/ie TPOLIKU
BIZIPI3HATUCS Bil (OPMU E€TAJIOHHOTO, TO HEHYJIbOBHUMH OyayTh 1 1HIIN (KpiM
nepIIoi 1 HyJIbOBOi) TpaHCHOpMaHTU. SKIIO BiAMIHM OyIyTh CYTTEBI, TO BUII1
TpaHchOpMaHTU OyyTh MaTH BEIUKI aMIUTITY/IH.

Crymiab BIAMIHK (OPMH JTOCTIIKYBAaHOTO CHUTHAIY BiJl €TAJIOHHOT'O MOYKHA
KUIBKICHO OI[IHUTH 32 JOMIOMOT 010 KoedilieHTa TpaHCHOpPMaHT

kTp =\/ Ilg;(},k:tl Il% X 8,% I (I X &), (2)

ne I, — ammmryna K- tpanchopmantu; &, — eHepris k-i TpanchopmanTH
OJTMHUYHOT aMIUTITY/IH.

®dopmyna (2) € 3pydHOIO JJIS OIIHKH CIOTBOPEHb NMPU BUKOPHWCTAHHI JJIS
aHai3y TUX CAMUX CUTHAJIB PI3HUX OPTOTOHAJIBHUX MEPETBOPEHbD.



Eneprito TpanchopMaHTH OJWHWUYHOI aMILTITyIM MOXHA pO3paxyBaTH 3a
dbopmyIoro
£k =Ln=o Sk (WAL, (3)

ne s, (n) — BimwIik N-1 TpaHchopMaHTH.
Ao pi3HI CUTHaAud TMOPIBHIOIOTBCA 32 €JUHUM  HOPMaIi30BaHUM
MEePETBOPEHHSM, MOKHAa BUKOPUCTOBYBATH CIIpoIIeHy QopMy KoedilieHTa

TpaHchopMmallii
kTp = vV leg;zl I]% /11 (4)

YacTo npu MOIIyKy CUTHAJIB, K1 IEBHOIO MIPOIO CITIBIAJAIOTh 13 €TaJTOHHUM
3py4HO BUKOPUCTOBYBATH 3BOPOTHY JI0 Koe(ilieHTa TpaHC()OPMAHT TOCTPOTY.
I=1/kyp. (5)

B npomy BHManKy MEpeBUILEHHS TOCTPOTOI TMEBHOTO HAmepea HaJaHOTO
MOPOTY JI03BOJIIE 3POOWTH BUCHOBOK TPO HASBHICTh CHUTHATY, OJM3BKOTO J0
TECTOBOT'O (€TaJOHHOr0) i HAaBIAKH.

Ha 3aBepiieHHs1 Haragaemo, M0 €IMHOK HE3PYUYHICTIO METOJY HOpMali3arii
32 KPOKOM € HEEKBIIMCTAaHTHHH KPOK TUCKpETH3allil, Mo MOoXe OyTH HEe3py4dHO
IpU AUCKPETU3allii CUTHATY CTaHJAPTHUMU TPUCTPOSMHU.

HopmauJizaiisi TeCTOBOro CUrHaJjiy 3a piBHeM

JI1st Kpaioro po3yMiHHSI OCHOBHI MOJIOKEHHSI METOy OyAeMO po3IJIsiIaTH Ha
OPUKIAZl KOHKPETHOTO OOpaHOr0 OpPTOTOHAJIBHOrO IepeTBopeHHs. [l 1poro
obepemo meperBopeHHs Y ounma-Kopumapyka. [l Takux (QyHKINH HOpMaTi3aiiio
“3a KpOKOM™ BHKOHATH HEMOJIHMBO (OCKUIbKU TpaHC(HOPMAHTHU MAIOTh JIUIIE JBa
3HaveHHs: +1, -1).

Hexail TecToBuii curHasl Mae BUMIISIA puc. 3, a popMaTu (KUIbKICTh BIIJIIKIB)
TECTOBOT'O CUTHaNYy 1 PyHKIi Yomma — Hanpukia, W1 (puc. 2), oqHaKOBI.
[TominmuMo BIJTIKH X;pg; HA PUC. 3 HA KOPETYIOU1 KOSDIIEHTH

kn_ l//(n) 1kn xtest(n)/ll)(n) (6)

Tonmi curnan puc.3 mepeTBopuThcs Ha ¢yHKIIO y; Ha puc. 2. Koperyroui
KoeiIieHTH HaBeEeHO B Ta0I. 3.
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Taomuna 3

Ko Ky K, Ks Ks Ks Ke K7
p| 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
k8 k9 klO k11 k12 k13 k14 k15
4| "B-6(A | -B-5(A | -B—4(A | -B-3(4 | -B-2(4 | -B-(A | _,
-B)/7 | -B)/7 | -BY7 | -BY7 | -BY7 | -B)/7

ANTOpUTM HOpMaJi3allii 3a piBHEM Ma€ HACTYIHUM BUTJTIS.

1. Jlns TecTtoBOoro curHaiay (BiAMOBIIHMM YHWHOM HOPMOBAHOI'0) o00paTu
OpPTOrOHaJbHE MEPETBOPEHHS Ta 0a30BY TpaHC(HOPMAHTY MEPETBOPEHHS.

2. st koxkHoro 3 N BIJIIKIB TECTOBOTO CUTHANY 1 TpaHC(OPMAHTU 3HAUTH
KOperyroul KoeirieHTH.

3. [lominuTH BIJUTIKM HEBIIOMOTO AOCTIIKYBAaHOT'O CHTHAIY Ha KOpPEryroui
Koe(irieHTH (SKIIO0 CHTHAJI BIAPI3HIETHCSA BiJ TECTOBOTO JIMIIE aMILIITYIOIO,
OJICP’)KUMO TpaHC(HOPMAHTY IUCKPETHOTO OPTOTOHAIBHOTO IEPETBOPEHHS Ti€l
caMoi aMIUTITYIH).

4, Bukonatu r1i00aipHE TIEPETBOPEHHS CKOPErOBAHOIO JOCIIIKYBAHOTO
CUTHAIY.
5. SKI10 criekTp MepeTBOPEHHs MICTUTD JIMIIE aMIUTITyAy TpaHC()OpMaHTH, 3a

SAKOI TPOBEICHO HOpMAaii3alilo, TO TOCHIIKYBAaHUN CUTHAI (3 TOYHICTIO O
aMIUTITYJIM) TOTOXKHUW JI0 TECTOBOro. SIKIIO CHeKTp Oaratwii 1 Mae BEIHUKY
KUIBKICTh TpaHc(OpMaHT, cCHmiBMIpHUX 3 0a30BOI0 Uil HOpMaii3aiii, TO
JOCTIKY€EThCS CUTHAJ, HABITh HE CXOXKHMI HAa TECTOBUH.

Tak, Hanpukiian, neperBopeHHd Yonwa-Kopumapxka sl CUTHANY  Xiest,
300paxkeHoro Ha puc. 3 (B=1, A=8), miciis iioro Hopmatizailii 3a TpaHCHOPMAHTOIO
w1 (puc. 3) mae Burisan puc.4. B Toii camuii yac s CUTHaTy, 300pakeHOTO Ha
puc. 5, omepKUMO crekTp puc. 6. [l curnamy, 300paxkeHoro Ha puc. /, 3
anutuBHUM 1ymMoM (6 = 0,244923B, 3HauenHs BiTiKiB mymy N(N) HaBemeHO B
Tabyn. 4) OTPUMAEMO CHIEKTP HOPMAJi30BAHOTO IEPETBOPEHHS, 300pa)kKeHUW Ha

puc. 8.
Sxtest

16-—9
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Puc. 4 CniexTp CUTHANY X{pgt
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8 10 12

14 n

71 S VPV Sy SO e GO S S DY N S e S S SRS SO VY
Puc. 6
Tabm. 4
No N N, N N4 N5 Ns N-
0 0.25 0.28 —0.19 —0.21 0.20 —0.19 —0.11
N8 N9 NlO Nll N12 N13 N14 N15
0.03 —0.50 0.48 0.37 -0.19 —0.38 0.22 0.05
Kiest
S B I
//6 \\\
NG

8 10 12 14 n
Puc.7
S xtest
>
154 -
10
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Ha npakTtuiii Moyke BHHUKHYTH CUTYaIlisl, KOJIM CUTHAJ, IKHH JTOCTIKYEThCS,
BIZIPI3HAETHCS BiJl TECTOBOTO HA MACIITA0OHUN MHOXHHUK a00 MICTUTH ““TOAATKOBY
NOCTIMHY ckiafoBy. Takuil  curHai, 3MIHEHMH 3a JONOMOIOH MaclITaOHOTO
MHOKHHKA 1 CKJIaJIOBOI, HACIIPAaB/l € TUM CHTHAJIOM, SIKHM HaM MOTPIOHO 3HANTH
npu  o0poOIi. SIKI0 B SKOCTI TECTOBOI'O CHUTHAY BHCTYIMAIOTh EJIEMEHTH
300paKE€HHS, TO 3MIHa MaclITaOHOrO MHOXHHUKA BIAMNOBIA€ 3MiHI KOHTPACTY
300paK€HHS, a J0JaTKOBa TOCTIHA CKJagoBa BIUIMBAE Ha SICKPaBICTh, TOOTO
po30aBiieHICTh 300paxkeHHsT OimuM. [[s Toro, mo0 Takuii CUTHal B Pe3yibTarTi
BUKOHAHHS HOPMaJli30BaHOr o nepeTBopeHHs Y onma-Kopumaprka OyB BU3HaHMI 3a
TECTOBUM, TOTPIOHO WOro IeHTpyBaTH (TOOTO 3HAWTH TOCTIHHY CKJIQJIOBY
JIOCJIIJI)KYBAHOTO CUTHAJY 1 BITHATH ii BIJ JOCTIKYBAHOI'O CUTHATY), aHAJIOT14HO,
[IEHTPOBAHUM TIOBMHEH OyTH 1 eTamoHHHWM curHai. [lpu 1mpomy oOuucioBaTH
CIIEKTp 1 TOCTPOTY CHI came JUIsi Takoi mapu curHaiiB. [Ipum HasBHOCTI
CTAIllOHAPHOTO QJWTUBHOTIO IIYMYy 3 IIYMOBHM CEpEAHIM, HOro J0JAaBaHHS [0
JOCHIPKYBaHOTO CHTHaly HE BIUIMHE Ha MacimTta0yBaHHS Koe(dilleHTiB
HOpMaJIi3allii.

OuiHKy BIIMIH CHUTHAIIB (BUKJIMKAHUX CIIOTBOPEHHSIMH KaHAIIB Tepenadl,
aQIUTUBHUM [IYMOM TOIIO) TaKOX MOXXHA TMPOBECTH 3a KOe(IiliEHTOM
TpaHC(HOpPMAHT:

YN - 1A2/ . @)

l#n

ne A, — aMIiiTyaa TpaHC(bopMaHTH, 3a SIKOIO MPOBOMIIACS HOpMaJIi3allis.
Tax, qs curnamy puc.2.3 K,=0, 11 curnany puc. 7 K,,=1.232945, a nns curnamy
puc. 5 Ky, > 1.

Hapenenuit mpukiiang Hopmaiizalli, 1[0 UTFOCTPY€E 3alpPONOHOBAHUNA METO/I,
noOy0BaHO Ha TpaHC(POpPMaHTI mepeTBopeHHs Y onmra-Kopumapika, ane sicHo, 1110
sk 0a30By MOXKHa TIPUHHATH TpaHCHOpPMAHTy OyAb-SIKOTO OPTOTOHAIHHOTO
HEPETBOPEHHSI.

HopmaJjibHe 0JHOBUMipHe NepeTBOPEeHHs

Po3rinssHeMO  MOXJIMBICTD  CTBOPEHHS JUCKPETHOI'O  OPTOTOHAJIBHOTO
NepETBOPEHHS, JJIsI IKOTO OJHa 13 TpaHchopMaHT 30iranacsa 0 3 Hamepesa 3aJaHuM
JUCKPETHUM CUTHAJIOM JIOBUIBHOI (hOpMH, a, OTXKeE, CIIEKTP TaKOrO MEePETBOPEHHS
MICTHB OM JHIIIe OHY HEHYJIbOBY CKIIaJ0BY. Take OpTOroHalIbHE TIEPETBOPEHHS Y
MOAANBIIOMY OyeMO Ha3uBaT HOpManbHUM [9 — 13].

MaTtpuyHuii omepaTrop JAUCKPETHOr0 HOPMAJIBHOIO0 TEePeTBOPEHHS
Mepuoro BUAy
Jlns BU3HAYEGHOCTI W HAOYHOCTI UIOCTpalii mporeaypu mnoOya0BU



HOPMAJILHOTO MIEPETBOPEHHS BHOepeMo (opmat neperBopeHHs N piBHUM BOCHBMU
(110 JO3BOJIMTH HAJANTI y3araJlbHUTH OTPUMAHUN pe3yabTaT Ha JOBUTbHUN (opmMat
N=2", ne n — uine gomatHe umcio). DopmaT HmepeTBOPeHHs i (HOpMAT CHUTHAIY
30iratotbcs. Tomy Hexaii curHan X(f) Ha mepioni, piBHOMY TPHUBAJIOCTI CHTHAIY,

v T
3a/1aH0 BEKTOPOM BiIIiKiB X, =[X;,X,,..., X,] , Ae T — 3HaK TpaHCHOHYBAaHHS.

Jinst opmary N=8 X =[X;, Xy, X3, X4, Xs, Xg, X7, X'

JI71st onepaKaHHs HOPMAJIBHOTO IIEPETBOPEHHS CUTHATY X, TIPOBEAEMO P
NEePETBOPEHbB, TIPHU KOKHOMY 3 SIKHX KUIbKICTh HEHYJIbOBUX TPAaHCPOPMAHT y
MOPIBHSAHHI 3 BUX1IHUM CUTHAJIOM OyJ1e 3MEHIITyBaTHUCS BIBIYI.

Ilepmum 3 Takux neperBopeHb W, Oyne 06s04HO-JIiaroHajbHA MaTpPHIL,

: . =) X
TOJIOBHA J1arOHAJIb SIKOI CKIIafaeThes 13 OnokiB W, =

Xi+2

i1
—Xirz Xin
Jns popmary N=8 1 MaTpuils MaTUME BHUIJIS]L
1 2 3 4 5 6 7 8

Xy Xy

=
I

0o ~N o o b~ w N
I
>
SN
>
w

— Xg X7

Jnis  3abe3nedyeHHs OPTOTOHANBHOCTI pAnkiB Marpuumi W, 10ocTaTHbO
3a0€31e4YnTH OPTOrOHANIbHICTD JIMILIE KOKHOI MapH psijakiB: 1-ro ta 2-ro, 3-ro Ta 4-
ro, 5-ro ta 6-ro 1 T.A., OCKUIBKM psAaku | 1 2 3aBXKIW OPTOrOHAIBHI 10
BIJTHOILIEHHIO 710 pSAJKIB 3, 4, 5, 6 TOIIO BHACIIIOK TOrO, 110 BOHU HAJIEXKAaTh 10

pi3HuX Os0KiB aiaronani matpuui W, .
Tak, mpu mnepeBipul Ha OPTOTOHAIBHICTH MEPIIOrO psAJKa 3 JAPYTHM Ta

TPETHOTI'0 3 YETBEPTUM, OTPUMAEMO CKAJISIPHI TOOYTKHU:



V pesynbrati nepeMHoxeHHst MaTpui W, 1 BekTopa X, 0Jep>KUMO

CTOBMEIh NIEpIIoro (i3 cepii) mepeTBOpeHHs X_1 =W, -X_O, ne nis N=8

X, = [(xl2 + xzz). 0, (x32 + x42), 0, (x52 + xez) 0, (x72 + xgz) 0]".

Jlis1 3a0e31e4eHHs] OPTOrOHAIBHOCTI KPATHOTO IIEPETBOPEHHS MaTpuLo W,
_ =T

CIIiI HOpMYBATH, JUIg 4oro 3Haiaemo nodyrox W, -W, =diag{s,}, ne diag{g_l} -

IlaroHaJbHa MaTpPUIA 3 €JIEMEHTaMH F'OJI0BHOI I1aroHal (xlz + X, ), (X12 + X, ),
2 2 2 2 2 2 2 2 2 2 2 2
(a2 32 ), B? 32, (k62 +x67), (62 %62 ), (6% 4 %6%), (6,2 + %),

/2
, . . o 2 2
[TominuBimm psaku matpuiil W, Ha BIANOBIIHI 3HAYEHHS (Xi a1 X )l

o T T =
AiaroHani, onepxumo marpumro W, , taky, mo W, -W,, =W,y W,y =E, ne

E - onnnnuna Matpuus. s N=8 marpuus W, npencrasisie co001o:

1 2 3 4 ) 6 7 8
1] x/a | x,/a
2| —x,/a| x/a
3 X3 /b | X, /b
4 — X, /b | X3/b
Win =g Xs/C | Xg/cC
6 —Xg/C | X /cC
7 X, /ld | Xg/d
8 —Xg/d | x;/d

2 2 2 2 2 2 2 2
Je a=/%"+X", D=q/%"+X,", C=1/X" + X", d =1/%" +X° .

Tonai yacTkoBO HOpMaTi3oBaHui (13 YOTHPMA HYJTHOBUMU 3HAYEHHSIMH)

cnektp X;y =W\ - X, Mae BUrisn

X—].N = [\/X12 + X22 ' 01 \/X32 + X42 ' O’ \/)(52 + X62 y O; \/X72 + X82 y O]T .

JInst TepeTBOpEHHS HEHY/IbOBUX 3HA4eHb CHTHATY X MOOyIyeMo
matpuio W, , aHaJIOTI4HO TOMY, SIK Lie Oyio 3pobaeno g marpunai W, . Tob6to

npyre nepersoperHs W, sBisie co0010 MaTpHULIIO, J€ €IEMEHTH, HOMEpPA PAAKIB 1



CTOBIIB SIKMX BIJIMOBIJIAIOTh HEHYJIbOBUM €JIEMEHTaM BeKkTopa X,y , MaroTh

[\, 2 2 [, 2 2
_ _ [y 2 2 _ _ [y 2 2 .
Wgs =Wy =/ X5~ +Xg~ , Wg7 =—Wy5 =1/ X;” +Xg~ . Jl1aroHanbH1 K €IEMEHTH, 11O

BIAMOBIAAIOTh HYJSIM BeKTOpa X,y , Y 3arajJlbHOMy BHIAJKy MOXXHA 3aMiHUTH

Oynp-SIKUMH 4YHCJIaMH, OCKUIbBKM 16 HE BIUIMHE Ha pe3yibTaT JpPyroro
NEePETBOPEHHS. AJl€ 3aJUIIUTH 1X HYJIbOBUMHU HE MOXKHA, OCKIIBKH PE3YJIbTYIOUY

matpuiro Wy, HOpPMaJIbHOTO  MEpeTBOpPEHHS  OyAeMO  OJep>KyBaTH

MIEPEMHOKEHHSIM MaTPUIb BCIX YacTKOBUX neperBopeHb Wiy . A Wy, He noBuHHA

MICTUTH HYJIBOBHUX PSAIKIB a00(Ta) CTOBIIIIB, OCKUIBKA MPU IIBOMY MATPHILL
—_1
3BOPOTHOTrO neperBopeHHst Wy,  He iCHyBaTHME.

VY naHomy BHUIIAAKY MOKJIAJEMO AlaroHajabH1 enemMeHTd Matpunl W, , mo

BIATOBIAAIOTH HYJISIM BEKTOpa X,y , PIBHUMH OAMHUIIM. MaTpu4Huii orepaTtop

HOPMaJIBHOT'O IIEPETBOPEHHS, 1110 CIIUPATUMETHCS Ha Taky marpuiio W,

YaCTKOBOI'O IICPCTBOPCHHA HA3BCMO MATPHUYHUM OIICPATOPOM IICPIIOIO BUAY.

1 2 3 4 5 6 7 8
1 xS +x,)° VX + X,
2 1
3 —xs° +x,° X +%,°
T 1
6 1
8 1

Tenep cnexktp X_2 APYyroro 4acTkoBoro neperopeHHs W, = X_

X,
X_Z = [(Xl2 + X22 + X32 + X42)’ O’ O; 0; (X52 + X62 + X72 + X8 )
IIpoHopmyeMoO VTZ:

.
W, W, = Diag{(xl2 + X"+ Xy + x42) 1, (xl2 + X"+ Xg + x42) 1, (x52 + X+ Xy F ng), 1,



2 2 2 2
(x5 + X~ + X7+ Xg ) 1,}.

Tobto npu HopMyBaHHI nepiuii Ta TpeTii paaku matpuui W, ciifg

: 2 2 2 2 . Lo :
PO3ILINTH HA & = \/ X"+ X" +X3" +X,” , an’aTuii Ta CbOMUH BIATIOBIIHO Ha

2 2 2 2
b= \/ X5~ + X5~ +X;” +Xg" . TakuM uHOM OTprMaeMO HOpMOBaHy Matpuiro W,

1 2 3 4 5 6 7
2 2 2 2
1| VX A Xs® + X,
(04 (04
2 1
3| % X VX + %,
o (04
4 1
\N—: 2 2 2 2
2N 5 X5+ Xg X7+ Xg
B B
6 1
2 2 2 2
. X X X"+ Xg
p B
8

[Ticnst BiAMOBITHOTO HOPMYBAHHS MATPHIIl APYTOro MEPETBOPECHHS

OJIEPKUMO BEKTOP X, , IO MICTHTh HEHYJIbOBI €JIEMEHTH B TIEPIIOMY PSIIIKY

Xn2 = \/X12 + X22 + X32 + X42 1 B 'ATOMY PAAKY Xy5 = \/)(52 + X62 + X72 n st

Xon :[\/xl2 +x22 +x32 +x42,0, 0, 0, \/x52 +x62 +x72 +x82 ,0,0,0]".

JUI 1BOX HEHYJIBOBHX E€JIEMEHTIB, 1110 3aIMIIWINACA, MO0y xyeMo MaTpuo W,

1 2 3 4 ) 6 7 8

1 \/xlz + X, + Xy + X, \/x52 +Xgo A Xy H Xy




W — 4 1
W, =
2 2 2 2 2 2 2 2
S —\/x5 +Xg~ 4+ X7+ Xg \/xl +X,7 X3+ X,
6 1
7 1
8 1
W.-W. = Di (52 %7 %57 %7 %67 %67+ %7 %7 ) 11,1
2 2 2 2 2 2 2 2
(xl +X,7 X X, X X X+ X ) 11, L}.

AHaJIOTTYHO J10 TONEPEAHIX KPOKIB, MICIsl HOpMYBaHHS ojepxkumo W

3N
1 2 3 4 5 6 7 8
1 \/X12 -|-X22 -|-X32 -|-X42 \/X52 -l-XG2 -i-X72 +X82
A A
2 1
3 1
Win= 4 1
5 _\/x52 +Xgo A X H Xy X2+ X2 4 XD 4 X,
A A
6 1
7 1
8 1

2 2 2 2 2 2 2 2
Ie A:\/x1 +X,7 A+ XgT + X, X X X X

P€3y.IILTy}O‘Ie HOPMAJIBHC IICPCTBOPCHHA MA€ BUI'JIAL

WzN :W3N ‘W2N ‘W1N ' (8)



e

1 2 3 4 5 6 7 8
1] X X2 X3 X4 X5 Xe X7 X8
A A A A A A A
o ZX2 X
a a
_ —X b | =X,-b | X;-a X, -a
Wer= 3
XN a-a a-a b-a b-a
4 % X3
b b

a-A a-A a-A a-A p-A p-A B-A | B-A

6 X | X%
c C
. —Xg-d | =Xg-d | X,-C | Xg-C
c-p | ¢p | d-pg | dp
8 X | X
d d

2 2 2 2 2
me a=qX +X,", b=1%"+%,7, c=x" +%5°, d =% +%,
2 2 2 2 2 2 2 2 8 2
oc:\/x1 + X7+ X"+ X, ,,B:\/x5 +X XX, A= DX,
i=1

a CIIeKTp OTPUMAHOTO HOPMAaJIBHOTO EPETBOPEHHsT X\ OyZe SBIATH COOO0T0

]

- 8

Xy =X :{ >%2,0,0,0,0, o,o,o} .
i=1

[pu Bemmkomy ¢opmarti N curaany X, , KUIbKICTh YaCTKOBHX IEPETBOPEHB

éH

W, mpu ¢popMyBaHHI MaTpUYHOTO ONEPaTOpPa HOPMAJIBLHOTO TIEPETBOPEHHS B (8)
30inbIUThCS, TO6TO 11 popmaTy N=2" KijbKicTh 4aCTKOBHUX OIlEpaTOpiB Oye
JOPIBHIOBATH N.

Hpuxaan 1. Sk npuknan noOyaoBU TpaHCHOPMAHT HOPMATIBLHOTO
NEPETBOPEHHS PO3IIISTHEMO MaTeMaTHYHE OYIKyBaHHS Mepioay MyIbCOBOI XBHIII
JIIOJTUHU J10 TTaiHHA (puc. 2.9), BIIHECEHY /10 HYJILOBOTO ITOYaTKOBOI'O BIJIIKY,
3BelleHy 10 OAMHUYHOI BETMYMHN PO3Maxy Ta mpeactasieHy y hopmarti N=32.
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Puc. 9. Ilynbcorpama, 1o B3sTa SIK €TAJIOHHUN CUTHAI JUTsl (DOPMYBaHHSI MaTPUII

NEepPETBOPEHHS

Ha puc. 9 naBegeHo tpancopMaHTH OTPUMAHOTO 32 JOIIOMOT OO
OIMKMCAHOIO BUILE aJITOPUTMY (POPMYBaHHS MAaTPUILI HOPMAJILHOTO IEPETBOPEHHS.
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Puc. 9. TpanchopmManTi HOPMAIBHOTO MIEPETBOPESHHS JJISI MATEMATHYHOTO
OUiKyBaHHS TpaHC(POPMAHTHU pHC. 8.

Ak BugHO 3 puc. 9, mepma TpaHchopMmMaHTa MATPHUIll MEPETBOPEHHS 3
TOYHICTIO JI0 MOCTIHHOIO MacHITaOHOTO MHOXKHMKA 301ra€ThbCsl 3 MYJIbCOIPAMOI0
puc. 8, 1 Bci TpaHcPOpMaHTH MEPETBOPEHHS puC. 9 OPTOTrOHAIBHI, TPO IO

cBlunTh cnekTp nepersopenHs Wy, Ha puc. 10.
e

-1
0 5 10 15 20 25 20 £

Puc. 10. CriekTp €TajJoOHHOI0 CUrHaIYy IPU HOPMaJIbHOMY NIEPETBOPEHHI.

Ha puc. 11 HaBegeHO OKpeMO B3SITUH Tepioj MYyJIbCOBOI XBWIII JIFOAWUHU
Bifpa3y micis naninag (puc. 11a) Ta mepion mMyabCOBOI XBHJIL JIFOAMHHU 4epe3 5
XBWIMH micis namiHHs (puc. 116), BiiHECEH] 0 HYJIBOBOI'O MOYATKOBOI'O BIJUIIKY,
3BEJICHI /10 OJJMHUYHOI BEIMYMHU PO3Maxy Ta mpeacrapiieHi y popmarti N=32.
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Puc. 11. Okpemo B3sTHI 1ePi0J] MyTLCOBOT XBUII1 JIFOJUHU BiApa3y MicCis
nayiHHA (a) Ta yepe3 5 XBUIMH HIiCHIs MaaiHHs (0)

IX criexTpu HOPMaNBHOrO MEPETBOPEHHs HaBeleHi Ha puc. 2.12 a Ta 6

BIJIITIOB1THO.

0 %L%W

SHS S I R . O CUUO SOU S

0 5 10 15 20 25 30 &

o

Puc. 12. CiekTpu HOpMAJIBHOT'O TEPETBOPEHHS TIEPIOiB MYJIHCOBOI XBHIII PHC
2.11 a ta 6 BIAIOBIAHO.



Ha puc. 12 B cnekTpax HOPMaJbHOTO MEPETBOPEHHS MEPioJIiB MyIbCOBOI
XBWII JIFOAMHU BIApa3y Ta 4yepe3 5 XBWIMH MICHsA HaliHHA, SK 1 OYiKyBajiocs,
MOJKHA CITOCTEpiraTu TpaHC(OPMAHTH BHUIIHMX MOPSJIKIB, MOSBA AKUX CIIPUIMHEHA
3MIHOIO CTaHy CyIMHHOI CHCTEMH JTIOJIUHU B PE3YJIbTATI MAJIiHHS.

Ipuxknax 2. BigzHaunmo, 110, SKIIO B OCHOBY II00YJIOBH MaTpHIIl
HOPMAJILHOTO TIEPETBOPCHHS [0 BUIICHABEACHOMY aJTOPUTMY  ITOKJIACTH
OJIMHMITIO, TIOCTIMHY Ha Iepiojii, TO BOHO 3 TOYHICTIO JIO 3HaKy 30iraTUMeEThCs 3
nepeTBOpeHHAM Y oura-A gamapa.

11 1 1 1 1 1 1
-1 1 -1 1 -1 1 -11
-1 -1 1 1 -1 -1 1 1
oL 1 -1 -1 1 1 -1 -11
N sl-1 -1 -1 -101 1 11
1 -1 1 -1 -1 1 -11
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
11 -1 -1 1 1 -1 -1
— 101 -1 -1 1 1 -1 -1 1
W=—"—
J8lt 1 1 1 -1 -1 -1 -1
1 -1 1 -1 -1 1 -1
11 -1 -1 -1 -1 1 1

1 -1 -11 -1 1 1 -1

[Ipu ¢dopmyBaHHi OJIOYHO-IIArOHATIBHOI MAaTPUIl MEPIIOr0 YaCTKOBOIO
HOPMAJILHOTO TIEPETBOPEHHS PO3TAIIyBaHHs 3HAKIB OYyJ10 O HACTYITHUM:

V\=/1(I) _ |:Xi+1 Xi+2 :|
Xipo —Xin .



A.HI‘Opl/ITM 6e3nocepenﬂbor0 (l)OpMyBaHHH MAaTPpHUYIHOTO o1eparTropa
HOPMAJBbHOTO NCPECTBOPCHHA

Ha ocHOBI aHani3y BUIJSAy MaTpulb HOPMAaJbHOIO MEPETBOPEHb PI3HUX
TOPSI/IKIB, MOYKHA CKJIACTH JITOPUTM Oe3mocepeIHhoro (hOpMyBaHHS 111€1 MaTPHIII,
HE BJIAIOYMCh JI0 OOYMCIICHHS MATPHUIh HIDKYUX TMOPSAKIB ¥ 3HAXOHKCHHS 1X
N00yTKY, TOMY IIO JUJISl BEJIMKUX 3HA4€Hb N 1€l IPOIEC € TOCUTh TPYAOMICTKHM.
Kpim TOro, orpumMani B CHUMBOJBHOMY BHUIJISJI MaTPHUIll HOPMaJIbHOIO
NEPETBOPEHHSI MAIOTh E€JIEMEHTH 31 CKOPOYCHHMHM 3arajilLHIMU MHO)XKHMKaMH Ta
NpUBEACHUMH TONIOHUMH uwieHamMu. OTxe, yncenbHe (POopMyBaHHS MATPUYHOTO
orepatopa TpU3BENO OM 10 3HAYHOTO HAKOMWYEHHS MOXMOOK 3a PaxyHOK
00MEXXEeHOT pO3PSITHOCT1 OIepaH/IiB.

[ToxpokoBuii mporec (HoOpMyBaHHS MaTpUIll HOPMAJIBHOI'O TEPETBOPEHHS
3BOJUTHCS 7O CTBOPEHHS OIEPaTOpiB YAaCTKOBUX IEPETBOPEHb, KOXKHE 3 SKHX
3MEHIIY€E KiTbKICTh HEHYIBOBUX CKJIQOBUX Yy CIIEKTPl TECTOBOT'O CHUTHAJY BIBIUI.
Cnin 3asHaunty, 1o npu ¢opmati N BxigHoro curnamy (N =2", ne n — mine
YHUCJI0), KUIBKICTh KpOKIB (OpMYyBaHHS MaTpHUIb YaCTKOBUX I€PETBOPEHb
JOPIBHIOBaTUME N, OTXE MpHU peai3alli Takoro crnocody OTpUMaHHsS MaTpulll
HOopMansHOTrO mneperBopeHHss Ha [IEOM Oyne  HakomuuyBaTHCs orepaliiiiHa
noxubka. o Toro >k med mporec € Aocuth TpyaomicTkuM. Came TOMy CIif
PO3TJISTHYTH MOXKJIMBICTH CTBOPEHHS QJITOPUTMY O€3MOCEPENIHbOr0 T'eHEepYBaHHS
MaTpUIll HOPMAJIBHOTO IEPETBOPEHHS, HE BIAIOYUCH O CTBOPEHHS OIMEpaTopiB
OPOMDKHHUX CTaAlil.

[Ipu mnokpokoBomMy (opMyBaHHI MaTpHlll HOPMAJIBLHOIO TEPETBOPEHHS
nesikoro ¢popmary N, B OCHOBY SKOrO MOKJIAJE€HO AUCKPETHI BIAJIIKU TECTOBOIO
curHanmy X, , pPe3y/lbTYIOUHii OMepaTop IEPETBOPEHHS ONEPKAHO AK HOOYTOK

orepaTopiB 4YacTKOBUX mepeTBopeHb. Tak, mias ¢gopmatry N =4 mMu maemo
TECTOBUI CUTHAJ y BUTJISAL

v T

X0 = [Xl’ XZ! X3! X4] ’
TOJIl MAaTPULL HOPMAJIBHOT'O NIEPETBOPEHHS MAaTUME BUIJIS 1O00YTKY

WZN :WZN 'W1N 1

ne W, ta W, — omeparopu INOKPOKOBHX IE€PETBOpPEHb, 0 U 3agaHoro N

MAKTbh BUIJIAL,



Xl XZ 0 0
2 2 2 2
\/Xl + X2 \/Xl + X2
_ X2 Xl 0 0
2 2 2 2
W = \/Xl + X5 \/Xl + X,
N X X
0 0 3 4
2 2 2 2
N X3 + X4 N X3 + X4
O 0 _ X4 X3
2 2 2 2
i \/X3 + Xy \/Xs + X4 |
B\ X12+X22 O A\ X32+X42 O
[b2, 02, ,2,,2 [02 2. ,2,,2
Xl +X2 +X3 +X4 Xl +X2 +X3 +X4
—_— 0 2 21 2,2 0 0
W _ VX" X X5+ Xy (10)
2N —A X32+X42 O A X12+X22 O
X12+X22+X32+X42 1 X12+X22+X32+X42
1
0 0 0 \/Xz 2.,2,,2
L 1 tXo +X3 +Xy ]
30epiraroun OpTOrOHAIBHICTD psAAKIB MaTpuul W, 1i TaKOXK MOKHA IOAATU
y BUTJISIAL
B\ X12+X22 O A X32+X42 0
\/x 2. ,2,,2,,2 \/ 2. .,2,,2,,2
1 Xy X3 Xy XX T+ X3+ Xy
1 1
—_— 0 [b2,,2,,2.,2 0 [2,,2,,2. 2
W — Xl +X2 +X3 +X4 Xl +X2 +X3 +X4
2N -\ X32+X42 0 A X12+X22 0 ’
A X12+X22+X32+X42 A X12+X22+X32+X42
0 = 0 L
i \/x12+x22+x3,2+x42 \/x12+x22+x32+x42 1
abo
\/Xz 2,,2,,2 \/ 2,,2,.,2,.,2
X0+ Xg Xy X"+ X2 X3 +Xq
0 A X12+X22 0 A X32+X42
—_— \/ 2,.,2,.,2,.,2 \/ 2,.,2.,2.,2
_ Xl +X2 +X3 +X4 Xl +X2 +X3 +X4
2N - X32 +X42 0 A X12 +X22 O
\/x 2, 02,42,y 2 \/ 2,,2,.,2,.,2
| tXp X3 Xy XTH X X3+ Xy
O —1 X32+X42 0 A X12+X22
\/ 2,.,2,.,2,.,2 \/ 2,.,.2.,2.,2
L Xl +X2 +X3 +X4 Xl +X2 +X3 +X4 |

(11)




[Ipu 1pbOMY CHEKTp TECTOBOIO CUTHAIIY TaK CaMO MAaTHME €IMHY CKIIaJIOBY B
0a3uci 3amporOHOBAHOTO MEPETBOPEHHS, a BIAMIHHICTD MK PE3yJIbTYIOUHMHU
olepaTopaMy MEPETBOPEHb MOJIATaTUME Y TOMY, IO NPHU BUKOPUCTaHHI BUpa3y
(10) MaTpuIilss HOPMATEHOTO MEPETBOPEHHSI MATUME Y CKJIAJIi CBOiX TpaHC()OpMaHT,
K OyJI0 moKa3zaHo Ha puc. 9, “Hyni”, KIIBKICTb SIKUX Oyje PI3HUTHUCS B psJKa 10
psaaka, ToAl SK mpu BUKopucTaHHl Bupaszy (11) Bci komipku marpuui OyAyTh
3alOBHEHI HEHYJNIhOBUMHU 3HaueHHSAMHU (puc. 13). Jlng 3pydHOCTI MaTpUUHUIA
orepaTop HOPMaJIbHOTO NEPETBOPEHHA, L0 chupaeTbcs Ha Bupas (10) Oyno
Ha3BaHO MATPUYHHMM OIEPATOPOM IMEPIIOro BHUIY, & MATPUYHUN OIEpaTop, IO
crimpaeTbest Ha Bupas (11) — MaTpuyHUM ONIepaTopoM APYroro BHIY.

Binrak, nns ¢opmary N =4 wmaTpuusd HOPMaJIbHOTO MEPETBOPEHHS
HEepUIOro BUY MaTUME BUTJIA:

X, X, X3 X,
A A A A
|2 A g g
Wan = —xla-b —xj-b Xg-@ Xg-a|
a-A a-A  b-A Db-A
0 o X X
L b b
a MaTpHIl HOPMaJIbHOTO EPETBOPEHHS IPYrOro BUIY:
X X, X, X, |
A A A A
X2 Xy X4 X3
Wo-l A A A A
Nl —xb =x,-b  x3-a x,-al
a-A a-A b-A  Db-A
x2-b -X b X-a X;-a
a-A b-A b-A_

ne a=+%"+X,’ b—w/x3 +x,°, A= \/xl + X, +x3 +X,°

[Ipuctynaroun A0 ONUCY aJIrOPUTMIB OE3MOCEPEAHBOIO TE€HEPYBAHHSA
MaTpUIlb JUCKPETHONO HOPMAJIbHOIO MEPETBOPEHHS IEPIIOro Ta JAPYTroro BH/IIB
3ayBaXXMMO, II0 BHUXOJSYM 3 PO3MVISLY CHMBOJBHUX BHpa3iB MaTPUYHHUX
ONEepaTopiB PIZHUX MOPSAIKIB, aJIropuT™M (OPMYBAHHS MaTPHULl HOPMAJIbHOIO
NIEPETBOPEHHS Ma€ €IMHUMN BUTIIA JUIsI KO)KHOTO BUIY.

OTxe, 3ampoONOHOBAaHA MpoOIENypa CTBOPEHHS MAaTPUYHOIO OIEepaTopa
HOPMAaJIBHOTO TIEPETBOPEHHS APYroro BUAy nepeadadae HaCTyMHI KPOKH:



1. T'enepyBaTu MaTpPHUIIIO V\TH Anamapa N -ro mopsiaky, 3HaKH OJMHHIIL SKOT

(+1 um -1) OymyTh BIANOBIZATH 3HAKAM EIIEMEHTIB, IO MICTAThCA Yy
BIJIMOBITHUX KJIITHHAX MaTPHIll HOPMAJILHOT'O MIEPETBOPECHHS.

2. JIOMHOXXWTH €JIEeMEHTH MaTpuill Ajamapa Ha AUCKPETHI BIJUTIKM CUTHATY
5 T . .. .
Xo =[X, X5, ..., Xy ], mpu yomy B ycix HemapHuX psakax ( BimJIiK psaKiB
Ta CTOBII[IB BEAEMO 3 OJMHMUII) MOPSAIOK PO3TALIYBAHHS EJIEMEHTIB X;
BEKTOpY X, 3aJIMIIMTHU HE3MIHHUM;

TOAl AK B YCIX MapHHUX PsJKaXx B KOXKHIM Mapl AMCKPETHUX BIJIIKIB IX
HO3ULII MOMIHATH MICUSAMHU, TOOTO (X,, X;, X4, X3, -+, Xy» Xng) - 1licHd

NPOBEACHHS LIUX Olepanii oxepxkumo marpuio W, .
3 06 - @ _ [,2 2 _ [y2 2
. O0umncuTH KOEPIIEHTH 0 =q/X;” + X", a5’ =1/X3" + X, , ...,
o 2 2 . e
Ny =4/ Xy Xy~ A BCIX Iap BIIJIIKIB, OYMHAKOYH 3 TEPILO];

o = XX %7+ X7, =X A XD+ XD X2 .

b

2 2 2 2 2 : : .
a,(\l ,) 4= \/ Xn_g +Xn_p + Xy +Xy© QUM BCIX YACTKOBUX MOCIHIIOBHOCTEM

I10
YOTHPH BITIKH;

al inz : 0553) = , ZSZXN_i +12 U1 BCIX
i= i=1

YaCTKOBUX TIOCIIi JOBHOCTEH 10 BiciM BiUIIKIiB 3 BEKTOpPY X 1 T.1.;

HapelTi

al(n—l) —

ne N=2".

4. Marpuiro W, , ogepkaHy B 1.2 alrOpuTMy, IIOMHOXHUTH Ha KOe(]iLI€HTH

OCi( K HAaCTYIITHUM YHHOM:

a). Bci enemenT Matpuui W, MHOXkatbcs Ha koedimieHT 1/ alN -

0). 3 KOKHHX YOTUPHOX PSJKIB ISl ABOX OCcTaHHIX (3-ro Ta 4-ro, 7-ro Ta 8-ro,
11-ro ta 12-ro Ta iH. PAAKIB) BC1 MapH €IEMEHTIB, [0 YTBOPIOIOTH YACTKOB1

o

MOCJIIZIOBHOCTI MO YOTHUPHU €JIEMEHTH MHOXKAThCSI Ha KOE(IIIEHT D
2%)

JJIA

a®

nepiioi mapu Tepiioi YeTBIpKM Ta Ha % JUIL Apyroi Iapu IMepuiol
a
2



a (1)

4 ) PRI | Hepm01 nmapu )IpyFOI IIGTBlpKI/I Ta Ha (1) JJIsA ,prrOI

IICTBlpKI/I Ha (1

()
an/Z
(1)
n/2 -1

YeTBIpKHU 1 T.A4.. OCTaHHA 4YeTBIpKa MHOXHUTHCS Ha (mepmia mapa) Ta

L0
Ha ”212; L (apyra mapa);

X2
B). 3 KOXXHUX BOCHMU PSJIKIB HOTUPU OCTaHHIX (5-U-8-i1, 13-K-16-i1, 21-ii-24-i1
Ta 1H. PAJIKM) MHOXAThCS IO YAaCOBUM IMOCTIJOBHOCTSIM, YTBOPEHHUM 3
BOCBMU €JIEMEHTIB B MEPIIiNA YETBIPI MEPIIOi BICIMKM KOXXHOTO psJKa Ha
ald (2)

o
(2) Ta B IPYT1d YETBIpLI — (2)

a? a?

— Ha T Ta Ha W JUTS IPYTOi YETBIPKH 1 T.1T.;

). 3 KOXKHUX IJ_IiCTHaI[I_IHTI/I pSAKiIB BiciM ocTaHHIX (9-K-16-i1, 25-i1-32-1 Ta iH.
PAIKM) IS TIEPIIOi YaCTKOBOI TOCHIZIOBHOCTI (KOXKHOTO psigka) 3 16

(3) al®
€JIEMEHTIB MHOXAThCs Ha — — (TepuIl BICIM €JIEMEHTIB psijika) Ta Ha “_

(3) al®
o,

Jpyra BiciMKa mepiioi rpynu 3 16 eneMeHTiB 1 T.1.;

aén—Z)

al(an)

n). ocranHi N /2 psjaka MaTpuili MHOXaTbCsS Ha i nepmux N /2

(n 2)

( 5y — OCTaHHIX.

€JIEMEHTIB KOXKHOI'0O psadKa Ta HA ——

[Tepeitnemo 10 anropuTMy CTBOPEHHS MAaTPHUIll HOPMAJTLHOTO TTEPETBOPECHHS
NIEPIIIOTO BUY:

1. OGuucnuTu KUIBKICTh Ta BH3HAYUTH MICIIE PO3TAIIyBaHHS HEHYJIbOBUX
CJIEMEHTIB MaTPHIll HACTYNMHUM YHHOM. KiJIbKICTh HEHYJbOBHUX €JIEMCHTIB
KOXXHOTO psigka  Oyde 3ajekaTd BIJ HOMEPY PsSAKY 3a HACTyIMHUM
npaBwiIoM: skino yuciao (i—1), me | — HOMEp BIAMOBITHOTO PAAKY, Oe3
ocraui ainmurbess Ha wucino k/2, ne k=2", n=12,---,log, N, To wei
psAnoK MicTuTuMe k HeHyJIboBUX eileMeHTIB. Tak, mius N =8 2-i, 4-i1, 6-i1 1
8-i1 psaKu MaTpulll MICTATH 1Ba, 3-U 1 7-U psAAKA — 4OTHpH, a 1-i 1 5-i —
BiCIM €JIEMECHTIB.

Po3zramryBanHs eneMeTiB y pAJIKY TaKoX B1IOYBA€ThCS 32 MIEBHUM 3aKOHOM.
I'pyma 3 K emeMeHTIB, 110 MICTHTBCSA y JAaHOMY PSIKY 3CyBaeThCcs Ha K



0)

MO3UIIA BiTHOCHO TEPIIOr0 EJIEMEHTY ITONEPEIHbOI TPYIMU 3 TaKOK XK
KUTbKiCTIO enmeMeHTiB. Hampukman s K=2 y apyromy psaky elIeMEeHTH
3aiiMaroTh 1-11y Ta 2-ry MO3WIlii, y 4eTBEpTOMY PSAIKY — 3-TIO Ta 4-Ty , Y
HIOCTOMY PSAJKY — D-Ty Ta 6-Ty, a y BOCBMOMY — /-My Ta 8-My NO3HILIII.
3renepyBat Matpuiro XaapaN -ro mopsiiky, 3HaKd  €JIEMEHTIB SIKOi
OynyTh BIJMOBIAaTH 3HAaKaM MHOXHHKIB (+1 abo -1) mepex BMicTOM
BIJIMMOBITHUX KJIITHH MaTPHUIll HOPMAJILHOT'O IIEPETBOPCHHS.

[TomHOXuTH OTpuMaHy MaTpuito 3 enemeHTiB 0, +1 Ta-1 Ha guCKpeTHi
BIJITIKA CUTHAITY X_O, IIPY YOMY B YCIX HEMapHUX psiaKax ( BIIIIK PAIKIB Ta
CTOBIIIB MOYMHAETHCA 3 ONMHUII) MOPSAOK PO3TAIIyBaHHS E€JIEMEHTIB X;

BEKTOPY X, 3aIUIIUTH HE3MIHHHM;
a B MMAPHUX PAJKAX B KOXKHIN Mapl JUCKPETHUX BIITIKIB 1X MO3HUIII1 TOMIHSATH
MiCIIMH, TOOTO (X, X;, X4 X3, ..., Xy s Xy3)- BHacHmiIok nux omnepauiit

onepxumo marpuo W,

OO6uncnuT Koe(IllEHTH 1AEHTHYHI Koe(illeHTaM, L0 MpUBEIEHI y .4
QITOPUTMY CTBOPEHHS MATPUYHOI'O ONEPATOPA HOPMAJIBLHOI'O IEPETBOPEHHS
ApYroro BUY.

Marpurto WX , OJIEp’)KaHy B I.2 aJIFCOPUTMY, TOMHOXKUTU Ha KOE(IIiEHTH

o) 3a HacTynHuM npaBUIOM:

BCI €JIEMEHTH 1-TO PSAIKY MaTpHIIi W MHOKaThCs Ha KoedirmienT 1/ a(” .

CIIEMEHTH BCIX PSAKIB 3 KUIBKICTIO eJeMeHTIB K=2 MHOXaThCs Ha
xoedimient 1/ o nna 2-ro paaxy, va 1/’ ans 4-ro paaky, Ha 1/
JUISL 6-TO PSIAKY 1 T.J1.;

B) PSAIKH, 10 MICTATh K =4 elleMeHTH MHOXaThCs Ha KOe(DIli€EHTH BIAMOBIIHO

lla(z) s 3-TO pANKy, Ha llozé2 st 7-r0 pANKY, Ha 1/05(2) mia 11-ro

PAIKY 1 T.JI.;
[Ipy yomy mepmii JaBa €JIEMEHTH 3 TPYNH y 3-My pSJIKy TOTPiOHO

(1) (1)
JIOMHOXXHUTH Ha KOe(IieHT W’ a 1HII ABa — HA KOe(iIlieHT %, nepii

(1) (1)

JIBa €JIEMEHTH Y 7-MY PSJIKY — Ha — — (1) , a 1HIII1 IBa — Ha (1) 1T.1.;

) Ui PSIKIB, IO MICTITh K =8 erneMeHTiB XxapakTepHUM € MHOKHUK 1/ 05(3)

s 5-ro psaaky, Ha 1/ 052 Uit 9-ro psaaxky, Ha 1/al® s 13-ro i 1.1.



I[O TOI'o X Hepmi YOTHPH CIICMCHTH 3 5-ro pAaKa HOTpi6HO JOMHOXHNTHU Ha

.. (1(2) . . .. (2)
KOoe(IIIEHT —2-, a IHIIl YOTHPH — Ha KOeIIIE€HT
0@ (2) ’
1

nepIr 40TUPHU

(2) (2)

€JIEMEHTH 3 7-TO PAIKY - HA — (2) , @ IHIIl YOTUPH - HA (2) 1T.0.; ...

HapemTi, PSAKU, 0 MICTITh k =N eneMeHTIB MHOXaTbCsl Ha KOCQIIIEHT

1/ a(” . JlomaTkoBOo mepura iX MOJIOBMHA MICTHTH y CBOEMY CKIafi

(n-2) (n-2)
0!2 0!1
MHO>XHHUK a(n_z) , d Apyra — MHOKHHK

(n-2) °
1 a,



3aB1aHHA HA BUKOHAHHSA PO3PaXyHKOBO-rpagiyHoi podoTH

1. 3a HamaHOIO HABYATHLHOIO MHOXKMHOKO CUTHAJIB (3aBAaHHS OTPUMATH y
BUKJIa/1a4a) HEOOX1HO BUSHAYNTH MaTeMaTUYHE OUiKyBaHHSI JIJIsl TAHOTO KJIacy
Ta IPUIHITH MOT0 B SIKOCT1 TECTOBOI'O CUTHAIY.

[TobynyBaTu Ha oHOMY IpadiKy CUTHAIIU, IO BXOAATH JI0 IAHOTO KJIacy Ta iX
MaTeMaTUYHE OYiKyBaHHSI.

2. Jlns HOopMmasizaliii cCurHaTy 3a piBHEM 00paTH OPTOTOHAIIbHE TTEPETBOPECHHS
(mepetrBOpeHHs Alamapa) Ta oAHy 3 GYHKIIIH JaHOTO TIePETBOPEHHS.
Po3mipHicTh (KUTBKICTH BIJIJIIKIB) TECTOBOI'O CUTHAILY Ta IEPETBOPEHHS Ma€e
OyTH OJTHAKOBA.

2.1 BusHaunuTu KOperyoui KoeireHTn
kn = ¥ /Xtest(N)

2.2 TectoBuii curHajm NPUAHATH 3 YypaxyBaHHSIM KOPETYIOUUX KOEQIIli€HTIB

Xtest (n) = kn * Xtest (n).
OO6uncnuTy Ta TOOYAYBAaTH CIIEKTP TECTOBOTO CUTHATY Ta OOUHUCIUTH

Koe(IlieHT TpaHCHOPMAHT.
SEn = Hadp * X¢est ()

= [ Zien Af/An

2.3 JIig KOXKHOTO CUTHATY, IO BXOJWTHh /10 HAaBYAIHHOI MHOXKHWHU, BHUKOHATH
n.2.2.
2.4 3amaty AOCTiKyBaHI CUTHAIM (3aBJaHHS OTPUMATH Yy BUKJIaa4a).

[ToGynyBaTtu Ha olHOMY TpadiKy MaTeMaTUYHE OYIKYBaHHS IS HAaBYAJIbHOI
MHOXWHU CUTHAJIIB Ta TOCTIIKyBaH1 CUTHAJIH.

2.5 JlocnipKyBaH1 CUTHAIM PUWHSATH 3 YpaXyBaHHAM KOPETYIOUMX KOS(IIIEHTIB.
2.6 Jlns mociiKyBaHUX CUTHAJIIB BUKOHATH 11.4.

2.7 TloOyayBaTu CEKTpP TECTOBOT'O CUTHAIY, CHEKTPH CUTHAJIIB, 10 BXOATH 0
HaBYAJIbHOI MHOXKUTH Ta CHEKTPU JOCIIKYBAaHUX CUTHAIIB.

3. Jlns HopMmamizaiii CHUTHaIy 3a KPOKOM (32 JOTIOMOTOK) KOCHHYCHOTO
NIEPETBOPEHHSI) MIPOBECTH TepeMaciTadyBaHHSI CUTHANY (3BEACHHS JIO Jialma3oHy
amritya Big -1 mo 1).

3.1 IlpoBectu HOpMali3alil0 CHUTHaJy 3a KPOKOM,BU3HAUUTU KOE(DILIEHTH
TpaHCOpPMAHT [JIi BCIX CHUTHAIIB, IO BXOIATHh JO JAaHOTO Kjacy Ta s
JOCJIJDKYBaHUX cUTHAIIB. [100ymyBaTH criekTpHu.



4. Jlng TECTOBOrO CUTHANIYy CKJIACTH OIEpaTop MATPUYHOIO HOPMAJIbHOIO
IIEPETBOPEHHS.

4.1 TloGynyBaTu CIEKTPH IJIs BCIX CUTHAJIB, I10 BXOAATH J0 JAHOI'0O KJIacy Ta JJIs
JNOCHIDKYBAaHMX CHUTHQJIIB 32 HOPMaJbHUM IEpeTBOpEHHSIM. BuszHauutn
Koe(IlieHTH TpaHCHOPMAHT.

5. OOpatu HaiOIbIIe 3HAUYCHHS KoedilieHTa TpaHchOopMaHT cepel; KoedilieHTiB
TPaHC(POPMAHT JJIs CUTHAJIIB, IO HAJNEXKATh J0 IaHOIr0 KIacy Kipmax AK MPAHHUIIIO
KJIacy.

6. [Tpu xinacudikamii (3a KOXXKHUM BUAOM Kiacudikaiii) koediieHT TpaHCcOpMaHT
HEBIZIOMOTO  JIOCII/KYBAHOTO CHUTHANY Kop1ocq CHIA TOPIBHATH 3 TPAHHYHUM
3HaueHHsAM Koediuienty kmacy A. KO Kipiocn < Krpmax, TO BIIHECTH 1€l
CurHan 0 Kmacy A. VY BUNAAKy, AKWO Kypiocn > Krpmax — 1IEH CHUTHAI HE
HAJIEKUTD JI0 TAHOTO KJ1acy. 3pOOUTH BUCHOBKH.



