Jleknusa 13. Ajsirebpa pesiISTUBUCTCKAX KBapKOB

A. A. Kenapuc
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B sroit Jlekiuu MBI TpofoszKaeM pacCMaTpPUBAThL AIreopy
KBapKOB Kak o00oOrenue ajiredpol Kinuddopaa. IIBeroBbiM
Pa3HOBUIHOCTSIM KBAPKOB MBI CTaBUM B COOTBETCTBHE Pa3-
HOBUJHOCTU TIEPECTAHOBOYHBIX COOTHOIIEHUH ¢ yuacTueMm Oa-
3UCHOIO BEKTOpPA BpEMEHU. Y paBHEHUS KBAHTOBON MEXaHUKH
JIJIsl PEJIITUBUCTCKUX KBAPKOB YCTAHABIUBAIOTCSI HA OCHOBa-
HUM TOTO K€ aJITOPUTMA, U3 KOTOPOTO paHee OBLIO MOIYIeHO
o6obiienne ypasuenus Jlupaka Jjis JEITOHOB. DTHU ypaBHE-
HUSI OTHOCSATCSI K KBapKaM OJIHOTO MOKOJIEHUSI U B CTaHIapT-
HOM TIPEJICTABIIEHUN PAa3JeIsIOTCs Ha JIB€ HE3aBUCHUMbBIE CH-
CTeMBbl yPABHEHU, OJ[HA U3 KOTOPBIX OTHOCUTCS K BEPXHEMY
KBAapKYy, a JIpyrasi K HUKHEMY.

I. PEJIATUNBUNCTCKUE KBAPKUN U IIBET

IIpexxme gem oOpaTUTHCA K aaredpe peaTUBUCTCKUAX
kBapkKoB (Q; HamoMHUM ciefyromee. YCTaHOBJIEHO, 9TO
KaXKJIplil U3 KBapKOB u, d, ¢, S, t, b cymecrByer B Tpex
pasHoBumHOCTSX. OTIMYIUTETHHOE CBOWCTBO ITUX DPas-
HOBHJITHOCTEl HA3BAHO UBEMOM, 8 KBAPKH B YKA3AHHBIX
Pa3HOBUIHOCTSIX 0O03HAYEHBI KAK KPACHOI, HCEAMbIT 1
cunull. BuLI0 6B CTPAaHHO, ecIu OBl IBETOBAS CUMMETPHST
He mMesia 1o, coboit asrebpamtaeckoii ocHoBel. Ckopee
BCEro UCKoMast ajirebpa pesIITUBIHCTCKUX KBapKOB Q, Oy-
JIeT IIPeJICTaBJIeHA TPEMs BADUAHTAME, KaXKJIbIil 13 KOTO-
pbIX 6asupyercst Ha OJHOM 1 Toi ke ajredpe Q5. st To-
10, 9TODBI MOYYIUTh PEJISITUBUCTCKYIO ajredbpy Q4, Ham
[IPEJICTOUT PACIHINPUTH 0Opa3yrolnee MPOCTPAHCTBO, 3a-
MEHUB FeOMeTPUYECKOe IIPOCTPAHCTBO HA IIPOCTPAHCTBO-
Bpemst CTO. UupiMu cyioBamMu, MBI JIOJI?KHBI BBECTH KO-
OpJWHATY BpEMEHM, OAa3UCHDBIN BEKTOP A4 M 3aIUCATD IIe-
PECTaHOBOYHBIE COOTHOINEHHST ITOr0 H6A3MCHOIO BEKTOPA
C TeOMEeTPUIECKUMU DAa3UCHBIMU BEKTOpaMu A,. VIMeHHO
C PA3HOBUJIHOCTSIMU YKA3AHHBIX MEPECTAHOBOYHBIX COOT-
HOIIEHWIT MBI B JIAJbHEHIEM CBSIKEM IIBETOBBIE PA3HO-
BHJIHOCTH KBapPKOB.

Wrak, BOSMOXKHBI CJIEAYOIINE YeThIPe PA3HOBUIHOCTH
[IEPECTAHOBOYHBIX COOTHOIIEHUH C yIACTHEM 4.

1. Bce cooTHOIIEHNsT aHTHKOMMY TATHBHBI
Ao = —/\40/\17

)\2 o )\4 —)\4 ) )\27 (1)
Az3oAg = —A40]3,

2. /IBa COOTHOIIIEHNST AaHTHKOMMYTATUBHBI, OJTHO COOT-
HOIIIeHHEe KOMMYTaTUBHO

)\10/\4:7)\40)\1,
A20Ag =Ag0 g, (2)
A3o Ay =—X103,

A1oAg=—Ag0A\,
)\20)\4 —)\40)\27 (3)
)\30)\4:)\40)\3,

)\10)\42)\40)\1,
)\20)\4 —)\40)\27 (4)
A3oAg=—A10A3,

3. OHO COOTHOIIIEHNE AHTUKOMMYTATUBHO, JIBA COOT-
HOIIIEHUs] KOMMYTaTHBHBI

)\10)\42—/\40/\17
)\20)\4:)\40)\2, (5)
Az3oAg = Ag0]3,

)\10)\4:)\40)\1,
)\20)\42—/\40/\27 (6)
Az3odg=Ag0A3,

AtoAg =Ag0A1,
)\20)\4:)\40)\2, (7)
)\30)\4:7)\40)\3,

4. Bce cooTHOIIEHUST KOMMYTATUBHBI

AtoAg =Ag0Ag,
A20A; = Ag0)g, (8)
A30dg =Ag0A3,

Terteps HAM HEOOXOIMMO BHIOPATH MEPECTAHOBOTHBIE CO-
OTHOIIIEHUsI U3 IIEPEYNCTEHHBIX U OIPEIe/INTh aJredphl
IBETHBIX KBAPKOB. 3aberasl BIEPEl, OTMETHM, 9TO TAKON
BBIOOD MOKET OBITH CJIeJIaH Ha OCHOBAHUY OITPEIEJIEHHOTO
npourenus auarpamMM FOHra, KjaacCupuIUpyOnmx CuM-
MEeTPHUH TEH30POB ITPOM3BOJIBHOIO PAHTa. DTOMY BOIIPOCY
OyZeT HOCBsAIIeHa cieayiomas Jleknus., A moka HauHeMm
¢ aJireOphI [IBETHBIX KBAPKOB 11epBoro mokostenus Q(u, d)
u puMeM 6e3 KaKuX-JIn00 MOsSICHEHUH CjieyToIree.

Anrebpa kpacubix u u d-kBapkosB Q(u, d), ucnonbsyer
[IePECTAHOBOYHBIE COOTHOIIIEHUS



)\10/\4:7)\4O>\1,
/\20)\4:—>\40>\27
A30dg=—XAg0A3,

Aunrebpa kearsix u u d-xBapkos Q(u, d), UCIOIB3YeT Ire-
PECTAHOBOYHBIE COOTHOIICHHS

AtoAg =Ag0A1,

A20Xg = —A40As,
)\30)\4:7)\4O>\3,

Anrebpa cunux u u d-gkBapkos Q(u, d), ucnosbsyer ie-
PECTaHOBOYTHbIC COOTHOINCHUA

)\10)\42/\40/\17
Ag0Ag=—A10M\,
Az3oAg = Ag0A3,

st Toro, 9TOOBI TIEepeiiTu K asrebpaMm IIBETHBIX KBap-
KOB BTOPOI'O U TPETBEro IOKOJeHWi, HeobxXoauMmo (B
COOTBETCTBUU C HAIIAM OOIIMM MOJAXOJOM) HCIOJIb30-
BaTh IIEPECTAHOBOYHBIE COOTHOIEHNS, OTINIAIOIIUECS OT
NPeIbIY X [UKJIAIECKON IEPeCTaHOBKON reoMeTpude-
ckux 6asucHbIX BeKTOpoB. Torma mist anreGpsr Q(c, )
TIOJTY IHM:

Asrebpa kpacubix ¢ u s-kBapkoB Q(c, s), ucnosbsyer
EPECTAHOBOYHBIE COOTHOIIEHUST

)\30/\4:7)\4O>\3,
)\10)\4=—>\40>\1,
A20 Ay =—Ag0 g,

Aunrebpa xenteix ¢ u s-kBapkoB Q(c, s), ucmonb3yer ire-
PECTaHOBOYHBIE COOTHOIICHUSI

A30Ag =Ag0 A3,

Atodg=—A10Ap,
)\20/\4:7)\4O>\2,

Asrebpa cunux ¢ u s-kBapkos Q(c, s), ucHONB3yeET 1IEPE-
CTaHOBOYHbBIEC COOTHOIIIECHUA

A3odg =Ag0A3,
Artodg=—X0A,
A20X3 =Ag0 2,

st anrebpor Q(t, b) nosmyanm:
Anrebpa kpacubix ¢ u b-kBapkoB Q(t,b), ncnosbsyer
[I€PECTAHOBOYHBIE COOTHOIIEHUSI

A20X3 =—A10Aa,

A30 A =—Ag40A3,
)\10)\4:7)\4O>\1,

Autrebpa xenTsix ¢t u b-kBapkos Q(t, ), ucnomab3yer me-
PECTaHOBOYTHBIEC COOTHOIIECHUA

)\20)\4:A4OA2,
A30o Ay =—XAg0A3,
)\10)\42—/\40/\17

Asre6pa cunnx t u b-kBapkos Q(t,b), ucnosab3yer nepe-
CTaHOBOYHBIE COOTHOIIIEHUST

A20A; =Ag0A2,

A3oAg = —A10]3,
)\10)\4:A4OA1,

Hamnee paccMoTpuM TOApPoOHEe aareOpbl IBETHLIX KBap-
KOB TOJIbKO TIEPBOTO TOKOJIEHUsI, UMesT B BULY, UTO Tepe-
X0/l K ajarebpaM KBapKOB JIPYTHUX MOKOJEHUN OYEBUJICH.
Harmmm nocTpoenust uMeroT 00IIy 10 9aCcTh, KOTOPas, 110 Cy-
mecTBy, coBmajaer ¢ Paznenom 2 Jleknuu 12. C ygerom
9TOrO TepeiIeM HEMOCPEICTBEHHO K PACCMOTPEHUIO aJl-
reGpbl KpacHbIX KBapKoB Q(u, d),.

II. AJITEBPA KPACHBIX U I D-KBAPKOB
QW, D)r

1. Basucusie BEKTOPBbI 1 UX IIPpOU3BEAECHUA

YraxkeM GasucHble BeKTOPbI anrebpsr Q(u, d), u mpa-
BUJI&, YMHOKEHNUS, KOTOPBIM OHU HOIMHSAIOTCSL.

e )\( — 0a3WMCHBIN BEKTOP CKAJSIPHON YACTU BEKTOPA.
Jist A\g MMeeT MeCTO IPABUJIO YMHOXKEHUST

)\0 o )\0 = )\0 .
e ObGpasyromue BeKTOPLI \;, TJe WHIEKC i mpobera-
er 3HadeHus oT 1 ;0 4, ecThb OAa3WMCHBIE BEKTOPBI
npocrpancra-Bpemenn CTO. Yucao BeKTOPoOB A,

PaBHO Y€TBIPEM. ,ZLHH HUX UMEIOT MECTO IIpaBHUJIa
YMHOXKEHHN A

AiOAOZ)\ooki:Ai.
/\i @) /\7 = sign >\z 3
rre
sign A\; = sign Ay = sign A3 = —sign Ay = Ag.
e BekTopnl
>\ik = )\k 9] )\Z .

3Bmech © # k. Yncao 9Tux BEKTOPOB PABHO TUCITY
COYETAHUN U3 YETHIPEX JIEMEHTOB 110 JBa

Ci=6.



B COOTBETCTBUU C PHB,ILGJ'IOM I .HGKHI/II/I 12 n Pa3;pe— )\1234 = 7)\2134 = 7)\2314 = )\3214 =

soMm | macrosmieit Jlekmun fi71s1 9TUX BEKTOPOB BbI- —A3124 = —A1324 = A1243 = —Ao143 =
TIOJTHSIeTCsT TIPABUJIO TIEPECTAHOBKH MHIEKCOB U, CO-
y A2413 = —A4213 = M123 = —A1423 =
OTBETCTBEHHO, COMHOXKHUTeseil (TepecTaHoBOTHbIC
COOTHOIITeHNS) 1342 = As142 = —Agq12 = Ms12 =
\ \ \ \ \ \ A4132 = —A1432 = A2341 = —A3241 =
21 = —A21 13 = A31 32 = —A23 _ _ _
’ ’ ’ A3421 = —A4321 = Mg231 = —A2431 -

Ala = =M1, Aoa= -2, Az =—A3.

s yci10BuAd aCCOIMATUBHOCTU U II€PECTAHOBOYIHBIX

IIpaBura yMHOKEHHUsI, B KOTOPBIX YIaCTBYIOT TH COOTHOIIIEHNUI TaKzKe CIeJyer
BEKTODBI, CJIEAYIOT M3 YCJIOBHUS aCCOIMATHBHOCTH
U TI€PEeCTAaHOBOYHBIX COOTHOIIEeHU. B wactHOCTH, A1324 © A1324 = Ao -
nMeeM
X210 Aot = —Ag, A2 © Ag2 = g, 2. CTpyKTypHbIE MaTPUIbI aJreopbl KpacHbIX

A32 030 = =g, A4 0 A4 = Ao, xsapkos Q(u, d);

Az o A3 = Ag, A340 X34 = Ag.

[TpuBenem cTpyKTypHBbIE MATPUIILI KOHTPABAPUAHTHOM
anrebpol Q(u, d),. KOMIOHEHTBI BEKTOPOB U MATDHIL
e BekTopsr PACCMATPUBAIOTCS B CJIEYIONIEH IMOCTIe0BATETbHOCTH

WHJIEKCOB
Aikl = N O AL O N .
(32,13,21,0,42,14,1324,34,1,2,3,123,134,234,4,124) .

Bnech i £ k,i £ 1,k £1 . Takum obpasom, ducio

9TUX BEKTOPOB PABHO YHUCJIy COYETAHUIN U3 IeTHIPEX

9JIEMEHTOB 110 TPH

Ilepexon or nefCTBATENHHOrO NPEICTABICHUS K KOM-
MAKTHBIM IPEICTABICHUAM OCYIIECTBJIACTCS IIyTEM BBe-
JIeHUsI COOTBETCTBYIONMX OJIOUHBIX MaTpull. Ilpu mpe-
CZ’ _yy obpazoBaHII ManI/II_L'CLK ;1 u CTX, or neiicrBurepHO-

ro IpeACTaB/IeHUs K $ab-IIpeICTaBIeHIIO UCIOJIb30BaHbI

cireyrorye 0603HAMEHUs I OJIOKOB 2 X 2
Jljist 5TUX BEKTOPOB BBINOJIHSIOTCS IIPABUJIA II€pe-

CTAHOBKM MHJECKCOB U, COOTBETCTBEHHO, COMHOMKU- ;- [ i = 1
TeJIel, BBITEKAIOe U3 IePeCTAaHOBOYHLIX COOTHO- 1]’ -1
mIeHn i
a= | Lop= [ ;
A123 = —A213 = —A231 = A321 = —Az12 = —A132,
A124 = —A214 = Aoa1 = —Ag21 = Ag12 = — A2, ITpu npeobpasosannu Marpur, Clx; u CTX} or iab-pen-
A134 = A314 = —A341 = A431 = M13 = — 143, crasjienust K I A B-1IpecTaBIeHIIo HCIIOIb30BAHbI CJIE Ly -
X234 = —Az24 = Agaz = —Au32 = Ag23 = —Aau3. forye 0603HAYCHHST JIJIs BIIOKOB 2 X 2
1= I= |
W3 ycnoBust accOMUAaTUBHOCTH U MTEPECTAHOBOTHBIX 1]’ 1]’
COOTHOIIIEHUN TaK¥XKe CJIeIyeT
A= B= "1
_ _ 1l ]’ 1
A123 © A123 = Ao, A124 © A124 = Ao,
A134 0 A134 = — Ao, A234 0 A2z = Ag .
e BekTop

)\1324:)\10)\30)\20)\4.

st 3TOr0 BEeKTOpa BBIMIOJHSIIOTCS ITPABUJIa Iepe-
CTaHOBKU MHJAEKCOB M, COOTBETCTBEHHO, COMHOXKU-
TeJsieil, BBITEKAIOIe U3 IIePECTAaHOBOYHBIX COOTHO-
eHuni



1. Cmpyxmyprsie mMampuys, KOHMPABAPUGHMHOU ar2ebpoL

deticmeus xkpachux keapkos Q(u, d)

Tright

13 0 _14_34 2 _123 234 124
32 721 4271324 1~ 3 134 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
34 1
Ao ~ ) =]
2 1
3 11
123 -1
134 -1
234 1
4 1
124 -1
0 34 123 124
13 147 2 134
-1 13 34 124
1 o 0 123
-] 14 -1 0
— b 1 34 b -J| 34
1 2 I 123
-1 123 I 124
1 234
-1 124
13 0 14 34 123 234 124
32 21 42 1324 1 ~ 3 134 4
32 -1
13 1
21 -1
0 1
42 1
14 -1
1324 1
A3 ~ 34 -1
1 1
2 |1
3 1
123 -1
134 -1
234 1
4 -1
124 1
0 34 123 124
13 14" 2 134
-1 13 34 124
1 o 0 123
1 14 -1 0
— 134 i 1|34
1 2 1 123
1 123 -1 124
-1 234
-1 124

130 14 34 2 123 234 124
327721 4271321 1 © 37134 4
32 [1
13 1
21 1
0 1
42 1
14 1
1324 1
Ag ~ 1
1 1
2 1
3
123 1
134 1
234 1
4 1
124 1
0 34 _123 124
13 147 27134
1 13 34 124
1 o 0o " 123
1 14 1 0
— 1 34 1 34
1 2 1 123
123 1124
1 |234
1124
13 0 14 34 2 123 234 124
327721 4271321 1 © 3 134 4
32 1
13
21 1
0 1
42 -1
14 -1
1324 -1
34 1
A1~ 1
2 1
3 1
123 |1
134 1
234 -1
4 -1
124 -1
13 0 1a%t 210
13 34 124
1 o 0 " 123
-1| 14 A 0
— a -1 |34 -Al 34
1 2 A 123
1 123 A 1o
-1 234
-1 124




13_.0 14 34 2 123 234 124
32 721 42 1324 1 3 771347 4
32 1
13 -1
21 1
0 -1
42 -1
14 1
1324 -1
34
Ay~ . =]
2 1
3 -1
123 1
134 1
234 [-1
4 1
124 -1
0 34 123 124
13 147 2 7134
1 13 34 124
1l o 0 123
1 14 1|0
— -1 4 i -1 34
-1 2 -1 123
-1 123 1 124
1 234
1 124
130 14 34 123 234 124
3221 42 1324 1 37134 4
32 -1
13 |1
21 1
0 -1
42 1
14 -1
1324 -1
34 1
Ao1 ~ 1 1
2 -1
3 -1
123 1
134 1
234 1
4 1
124 -1
34 123 124
13 147 2 134
-1 13 34 124
1 0 0 123
1 14 B 0
— -1 34 i -B 34
1 2 B 123
-1 123 Bl 124
-1 |234
1] 124

13 0 14 34 2 123 234 124
32 721 42 1324 1 37771347 4
32 -1
13 1
21 |-1
0 1
42 -1
14 1
1324 -1
34 1
Az~ :
2 -1
3 1
123 -1
134 1
234 -1
4 1
124 -1
0 34 _123 124
13 147 2 134
1 13 34 124
1 o 0 123
1 14 A 0
— 1 34 b A 34
-1 2 FA 123
-1 123 Al 124
-1| 234
-1 124
13 0 14 34 123 234 124
32 721 42 1324 1 37771347 4
32 1
13 1
21 -1
0 -1
42 -1
14 -1
1324 1
34 1
Az ~ :
2
3 -1
123 -1
134 -1
234 -1
4 1
124 1
0 34 _123 124
13 14" 2 134
1 13 34 124
1 o 0 123
-1 14 I 0
— 1 34 a -7 34
1 2 I 123
-1 123 -J|124
-1| 234
1 124




13 0 14 34 123 234 124
32 "21° 42 1321 1 T 3 134 4
32 1
13 1
21 -1
0 1
42 1
14 1
1324 |-1
34 1
Ag ~ :
2 -1
3 1
123 -1
134 1
234 1
4 1
124 1
0 34 123 124
13 147 2 7134
1 13 34 124
n o 0o " 123
1 14 A 0
_ oyl 34y A 34
-1 2 - Al 123
-1 |123 LA |12
-1 234
1 124
130 14 34 123 234 124
32 T21 42 1324 1 © 3 134 4
32 1
13 -1
21 1
0 1
42 1
14 1
1324 -1
34 |-1
Agg ~ T .
2 -1
3 1
123 1
134 1
234 1
4 -1
124 1
0 34 123 124
13 14 27134
q 13 34 124
1 o 0 " 123
1 14 -1 0
_ gt 3 _ I 34
-1 2 -J| 123
1 |123 7 124
1 234
1 124

130 14 34 2 123 234 124
32 T21° 42 1321 1 ° 3 134 4
32 1
13 1
21 1
0 1
a2 [1
14 1
1324 1
34 1
Aza ~ T
2 1
3 1
123 1
134 1
234 1
4
124 1
34 123 124
13 147 2 7134
1 13 34 124
1 0 0 " 123
1 14 1 0
1 1 L | 34
1 2 1123
1j12s 1 124
1 234
1 124
130 14 34 123 234 124
327 721 42 1324 1 © 3 134" 4
32 ]
13 1
21 1
0 1
42 1
14 -1
1324 1
34 1
A2z ~ ) =]
2 |
3 1
123 1
134 1
234 1
4 1
124 1
0 34 123 124
13 147 27134
1 13 34 124
1 o 0 " 123
1 |14 B 0
1 s B 34
-1 2 B 123
1 123 B 124
1 234
1 124




130 14 34 2 123 234 124
32 721 42 1324 1 © 3 134774
32 a1
13 -1
21 1
0 1
42 1
14 -1
1324 1
1
Atga ~ 3
2 -1
3 1
123 1
134 |-1
234 | -1
4 1
124 1
0 34 123 124
13 147 277134
1 |13 34 124
1l o 0o " 123
-1 14 Bl o
_ 1 s B 34
-1 2 B 123
1 123 B 124
1 234
1 124
13 0 14 34 123 234 124
32 721 42 1324 1 ° 3 134 4
32 =
13 1
21 1
Y -1
42 1
14 1
1324 1
1
Aiga ~ ) =]
2 -1
3 -1
123 1
134 1
234 1
4 1
124 |1
0 34 123 124
13 14 134
] 13 34 124
11 0o " 123
1 14 -A o
. 1 4 A 34
-1 2 -A 123
1 123 A 124
1 234
1 124

130 14 34 123 234 124
32 21 42 1324 1 3 134 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 1
34
Agga ~ 7 .
2 1
3 1
123 1
134 -1
234 1
4 11
124 | -
0 34 123 124
13 14 2 134
-1 13 34 124
1 o 0 123
-1 14 -I| o
b 1 34 b ] |4
1 2 o I 123
-1 123 I 124
1 234
-1 124
13 0 14 34 123 234 124
3277921 42 1324 1 © 3 134" 4
32 1
13 -1
21 -1
0 1
42 a1
14 |1
1324 1
A1324 ~ =
-1
2 1
3 1
123 -1
134
234 -1
4 -1
124 1
0 34 123 124
13 147 27131
1 13 34 124
1 0 123
-1 14 -B| 0
o 1 34 ;1B 34
-1 2 Bl123
1]123 B |12
1 234
1 124




2. Cmpyxkmyproie MAMPUUDLL KOSAPUAHMHOU aA2e0DbL 4313510 4o 14,30 | 2 123234 124
NPOCMPAHCMBEA-BPEMENU KPACHHT Keapkos Q(u, d)rzeft 39 ]
13 -1
21 1
130 14 34 2 123 234 124 0 1
32 721 42 1324 1 © 3 134 4 i
3211 14 !
18 1 1324 !
21 1 . 1
0 1 A2~ P 1
42 1 ) 1
14 1 5 1
1324 1 123 -1
AO 34 1 -1
~ 1 134 1
2 1 234 1
. 4 -1
3 1 124
123 1 -1
134 1
0 34 123 124
234 1 13 147 27134
4 - 13 34 124
1 1 0o~ 123
124 1 1 0
1| 14 -1 0
0 34 123 124 _
13 147 2 T34 = 1 1 324 — 1 I 34
1 13 34 124 1 123 I 123
1 o 0o " 123 -1 123 7 124
1 14 1 0 ! 124
1 34 1 34 -1
— 1 = 1
1 2 1 123
1 123 1124
1 |234
1124
130 14 34 2 123 234 124
32 721 42 1324 1 © 3 134 4
32 1
13 1
21 1
130 14 34 _ 2 123 234 124 0 1
32 721 42 1324 1 © 3 134 4 -
32 1 1
. 14 1
13 1 1324
2t -1 34 !
0 1 A3 ~ L 1
42 1 ! 1
14 1 1
3 1
1324 -1 123
1 34 1 1
A~ L T 134 1
234
2 1 i 1
3 1 124 !
123 |-1 1
134 1
0 34 123 124
234 -1 13 147 2 T34
4 1 1 13 34 124
124 -1 1 o 0o~ 123
1 14 1 0
0 34 123 124
13 147 21 = a 1 324 —a 1|34
1 13 34 124 1 123 1 123
a1 0 0o " 123 1 12 1 124
- A o ! 124
-1 | 34 . -Al 34 1
(3 = 1
1 2 A 123
1 123 A 124
1 234
1 124




13_0 14 _ 34 123234 124 13_0 14 34 2 123 234 124
32 721 4271324 1 7 3 13dT 4 327721 42 1324 1 © 3 7134 4
32 -1 32 -1
13 13 1
21 -1 21 |-1
0 1 0 1
42 -1 42 -1
14 1 14 1
1324 -1 1324 -1
A~ 1 A~ 1
1 -1 1
2 1 2 -1
3 -1 3 1
123 1 123 -1
134 [ 1 134 1
234 |1 234 -1
4 -1 4 1
124 1 124 -1
0 34 123 124 0 34 123 124
13 147 2 77134 13 147 2 T34
1 13 34 124 1 13 34 124
1l o 0~ 123 1 0 0 "~ 123
1 14 1| o 1 14 A 0
— 1 3 _ 1 34 — 1 34 b A 34
1 2 1 123 -1 2 _A 123
1 123 1 124 -1 123 A 124
1 234 -1| 234
1 124 -1 | 124
13_0 14 34 123 234 124 3 0 _14_34 123 234 124
32 721 42 1324 1 © 377134 4 327721 42 1324 1 © 3777134 4
32 1 32 -1
13 |-1 13 -1
21 -1 21 1
0 1 0 |1
42 1 42 -1
14 -1 14 -1
1324 -1 1324 1
A2l o B4 1 A32 o B4 1
1 1 1 1
2 -1 2
3 -1 3 -1
123 1 123 -1
134 1 134 1
234 -1 234 1
4 -1 4 -1
124 1 124 -1
34 123 124 0 34 123 124
13 147 277734 13 147 2777134
1 13 34 124 -1 13 34 124
1 0 0 123 1 o 0o~ 123
1 14 B 0 -1 14 -1 0
— -1 34 i B 34 — 1 34 a -7 34
1 2 B 123 1 2 I 123
-1 123 Bl iz -1 123 7|12
1 |234 1234
-1 124 -1 | 124




13 .0 14 34 2 123 234 124
32 721 42 1324 1 37771347 4
32 1
13 1
21 1
0 1
42 1
14 1
1324 |1
A14 ~ 34
1 -1
2 -1
3 -1
123 -1
134 -1
234 -1
4 -1
124 -1
0 34 _123 124
13 147 2 7134
1 13 34 124
1 o 0 123
1 14 A 0
_ 34 1 A 34
-1 2 - Al 123
-1 123 A 124
-1 234
-1 124
13 .0 14 34 123 234 124
32 21 42 1324 1 37771347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
A2 o 341
1 -1
2 1
3 1
123 -1
134 ]
234
4 1
124 -1
34 123 124
13 147 2 7134
1 13 34 124
1 o 0 123
1 14 I 0
o -1 34 i I 34
-1 2 -J| 123
1 123 I 194
-1 234
124

10

130 14 34 2 123 234 124
327721 42 1324 1 © 3 7134 4
32 1
13 1
21 1
0 -1
42 [
14 1
1324 1
A3 ~ 34 1
1 1
2 1
3 -1
123 1
134 -1
234 1
4 -1
124 1
0 34 123 124
13 147 27 7734
1 13 34 124
1 0 0 123
1 14 1 0
b 1 31 b 1 34
1 2 1123
1]123 1 124
1 234
1 124
130 14 34 123 234 124
32 721 4271324 1 © 3 1347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
A28 o 34 1
11
2 |
3 -1
123 1
134 1
234 -1
4 -1
124 1
0 34 123 124
13 147 2 77131
-1 13 34 124
1 0 0 123
1 |14 B 0
b 134 b Bl 34
-1 2 o B 123
1 123 B 124
1 234
1 124




13 .0 14 34 123 234 124 13 0 14 34 123 234 124
32 721 42 1324 1 3771347 4 32 721 42 1324 1 3771347 a4
32 -1 32 1
13 -1 13 -1
21 1 21 -1
0 1 0 1
42 -1 42 1
14 -1 14 -1
1324 1 1324 -1
Al24 o 34 1 A234 34 1
1 -1 1 -1
2 -1 2 1
3 1 3 1
123 1 123 -1
134 [-1 134 -1
234 -1 234 1
4 1 4 |1
124 1 124 -1
0 34 _123 124 0 34 _123 124
13 147 2 “134 13 147 2 134
-1 13 34 124 -1] 13 34 124
1l o 0 123 1 o 0 123
-1 14 B| o 1 14 -I| o
— g 1 34 1 B 34 b 1 34 b -I 34
-1 2 B 123 1 2 I 123
1 123 B 124 -1 123 I 124
-1 234 1 234
1 124 -1 124
13 .0 14 _ 34 123 234 124 13 0 14 34 123 234 124
327721 42 1324 1 37771347 4 32 721 42 1324 1 37771347 4
32 1 32 -1
13 1 13 -1
21 1 21 1
0 1 0 1
42 1 42 -1
14 1 14 |-1
1324 1 1324 1
Al34 34 1 Al324 34 1
1 -1 1 -1
2 -1 2 -1
3 -1 3 1
123 -1 123 1
134 -1 134 -1
234 -1 234 -1
4 -1 4 1
124 |-1 124 1
0 34 123 124 34 123 124
13 14 134 13 14" 2 134
1] 13 34 124 -1 13 34 124
1 o 0 123 1 o 0 123
1 14 Al © 1 14 B 0
—a 1 4 a A 34 a 1 34 a B 34
-1 2 A 123 -1 2 Bl123
-1 123 L4 194 1]123 B 194
-1 234 -1 234
-1 124 1 124

3. HeiicTBuTeIbHOE NMpEACTaBJIEHUE AJIreopbl
KBapkKoB Q,

Crpykrypusie marpunpl Clgr B geiicrsurenbHom
[IPEJICTABJIEHIH BBIUYNUC/IEHBI 110 aJI'OPUTMY, IPUBEIEHHO-
my B Paznene II 2 Jlekmum 12, gana npuHsaTOoro panee
opsiIKa MHAEKCOB. 1lpm aTOM ciraraembie BeKTOpa 1 3a-
[IACHIBAIOTCS B CJIEYIOIIEN OCIe[0BATEIHHOCTH
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Y= A3 0% + Mz ™ + A1 7+ Ao 0 +
A2 P*2 + A M + Aigoa 2+ Mg >t +
At 4+ Ao + A3 % + gz !+
AMaa ¥+ Nosa 0B+ Ay pt + Mg '

B pesyabrare mosyduMm JefiCTBUTENIbHBIE CTPYKTYD-
Hble MAaTpuUIbl A7 pa3mepnoctu 16 x 16.  Ilommmo
JEHCTBUTEIBHOIO IIPEJICTABJIEHNST Mbl HCIIOJIB30BAJIHA Q-
IIpe/JiCTaBJIeHHE.

4. iab-tipeacTaBiieHne aaredopsl KBapkoB Q,

tab-pesicTaB/IeHTE OCHOBAHO Ha CJIEYIOIIEM PA3JIONKE-
HUAU BEKTOPA:

¥ = A130 (A2 9*2 + Ao ") + Ao 0 (a1 ' + Ao 9°) +

A0 (A1 %2 + Ao M) + Azq 0 (Agg 9132 + Ng 9p®*) +
A2 0 (Ao P+ Mo ¥?) 4+ Aoz 0 (Ao ¥° + Ao ') +

A23a 0 (Aa1 13 + N ?3) 4+ Aag 0 (A1 ¥ + Ao 90124) .

OTO TpeJCTABIEHNE COOTBETCTBYET 3AIlUCH aJareOpbl
Q, B Buze npousseaenus Qs X Q; (3mech HUKHUI UHIEKC
€CTh Pa3MEPHOCTL 00PA3YIOIIEro IIPOCTPAHCTRA). Basuc-
HBIMI BeKTOpamu ajrebpor Qg siBisitorcst

A13, A0, A14 5, X34, Ao, A123, Aosa , Ao
6a3uCHBIMU BeKTOpaMu aJreopbl Q aBjsroTcs
A21, Ao

Kaxk n nmpex e mocraBuM B COOTBETCTBHE DA3UCHOMY BEK-
TOPY Ao1 ajrebpbl Q@ MHUMYIO equHUILY, & OA3UCHOMY
BEKTOPY Ag JefICTBUTE/IbHYIO eIMHUILY. B pe3ysbrare mo-
JiyauM BeKTOp asredpel (Qq B tab-nperncraBiieHnn nmeer
BUL

¢ =Ngo (i +9%) + Ao o (i9*! +¢°) +
A14 . (Z w42 + w14) 4 A34 o (Z w1324 T w34) +
Ao o (i +4%) + Mgz o (19 + 912 +
)\234 ° (iw134 =+ 1p234) + )\124 ° (Z ,(/}4 4 ,(/}124) .
Takum obOpaszoM, B iab-peiCcTaBIeHUN KOOPIUMHATHI

(KOMIIOHEHTBI) BEKTOPA SIBJISAIOTCS KOMILIEKCHBIMU YIHC-
JaMu. Beegem st HUX 0bO3HAYCHUE

¢13 — Z‘w32 + 1/}13 , ’([JO — Z‘w21 + 'IZ)O ,

,(/}14 — i¢42 + ¢14 , ,(/}34 — 7;¢1324 + ¢34 ,

wQ — 7/,(/)1 + ,(/12 ; w123 — 7/,(/13 + 1b123 , (9)
¢234 — iw134 4 w234 , ¢124 — i"/}4 + 1/)124 .

C y49€eToM 9TOro BEKTOpP ’(/} MOZKHO 3alliCaTb

Y =Xz + N p? + Mg ' + Asa P +
A2 h? + Aoz P12 4+ Aoga 2 + Aag 12

12

Orciofia BUIHO, 9TO B 4ab-TIPEJICTABIIEHUN BEKTOD ) IIPO-
eNUpyeTcs Ha HAIPABICHUST A13, Ag,A14, A34, A2, A123,
A234, A124.

B iab-tipencraBieHnn CTPYKTYpPHBIE MATPHUIBI 8 X 8
umeroT pasmeprocThb (cm. Paznes 112).

5. IAB-upencrasiieHune ajarebpsr kBapkoB Q,

1 AB-nipejicraBiienne airebpsr Q; ocHOBaHO Ha pasJio-
JKEHIU BEKTOPa:

A32 w42 + )\13 ,11[}14 + )\21 1/}1324 + )‘0 1/}34) o A34 +
A32 ¢1 + /\13 d’z + >\21 1/)3 + )\0 w123) o )\123 +

¥ =(A329%* + Az ™ + Ao ¥ + Ao %) 0 Ao +
(
(
gz 13 4 A1 2% 4 Agr 06 + Ao 1024) 0 Ao

DTO mpeJCcTaBieHe COOTBETCTBYET 3aInCcH ajareopsr Qg
B Buje npousseienust Qy X Q4. BasucHbiME BeKTOpamu
oJtHoM anredbps Qy aBIISTIOTCS

Ao, 124

Aza,  A123,

6a3MCHBIME BEKTOPAMU JIPYTOii ayrebper Qy ABISAIOTCS

As2, A1z, A2, Ao
Tocnemnioro anrebpy mbl HazBaau [ AB-anrebpoii. Dta
ajrebpa aHajormvHa aarebpe kparepHuoHOB. Jlms Ga-
3ucHBbIX eauHul] I AB-ajrebpbl UCHOJBb3YEM CJIELYIOITE
0bo3HaYeHUsT

a-I, b-A, i-B, 1.
SaMeHuM 0a3UCHBIE BEKTOPBI A32, A\13, A21, Ag IPUBEIEH-
HBIMU THIEPYUC/IAMUA B COOTBETCTBUU

Aza ~al,
Az~ bA,
Aot ~iB,
No~ 11,

Iomyuanm BexTop anredbpot Q, B I AB-nipejcraBiennn

v=(a-ITp*? +b- A3 +i-By* +19%) 0N+
'11/)42+b'A77[114+Z.'B’l/)1324+117/134)0)\34+
It b A i B 4+ 1913) 0 Aoz +

'I'lp134+b'A’(/J234+i‘BZ/J4+]1'(/)124)0)\124.

s

s

Q

~ o~ o~
Q

Takum obpasom, B [AB-npeicTaBieHAN KOOPIUHATHI
(KOMIIOHEHTBI) BEKTOpA SIBJISIFOTCSI THIIEPUYNCIaMU. BBe-
JeM ISl HUX 0003HadeHMe

U0 =aly® +0AYY +iBy?* +19°,

\1134 :CLI1/)42 +bA1/)14 +iBi/)1324+ﬂ1/134, (10)
‘1/123:a1w1 +bA¢2 +’LB¢3 _~_]1¢1237
\11124:(1]1#134—&-17141/}2344-2’3@/14 _~_ﬂw124.



C y4eToM 3TOro BEKTOD 1 MOXKHO 3aIHCATH
=00 N\g + U3 \gy + U2 N 105 + U2 N1y,

Orciona BuaHO, 9ro B [ AB-mpe/icTaBIeHUN BEKTOD 1)
MIPOEINPYETCsT HA HATIPABICHUST Ao, A34, A123, A124-

B I AB-npejicraBjieHuu CTPYKTYPHBIE MATPHUIBI UMEIOT
pasmepHocTh 4 X 4 (cm. Pasnen IT).

III. YPABHEHUE PEJISTUBUCTCKOMN
KBAHTOBOM MEXAHUKU JJIs1
CBOBOJHBIX KBAPKOB

MBI BBIYHCIUIN CTPYKTYPHBIE MATPUILI  ajareOphl
KBapKOB U Telephb BepHeMcsa K pedyabraram Jlexrmm 1.
Cornacuo sroii Jlekiuu: eciu aeificTBre HEKOTOPOro 00b-
€KTa sIBJISIETCsI aJIiredpoil, TO TAKOMY OOBEKTY IPUCYIIH
KBAHTOBBIE sIBJICHUsI, 8 YPABHEHUS CTPYKTYDPBI TOM aJi-
reOphI MOXKHO PACCMATPUBATHL KAaK KBAHTOBBIE MTOCTYJIa-
Thl. KBaHTOBBIE LIOCTYJIATHI JJjIsI IPOM3BOJILHOI ajaredphl
JieiicTBUsI OBLIN 3aIlMCaHbl CJIELYOIMMUM 00pa3soM

x
So

3necw 0y — omeparop auddepeHnupoBanus mo 00606~
IeHHOH KoopauHaTe, p’ M — KOODJMHATHI 000OIIEHHOrO
umiryibca, Clgxr — CTPYKTYpHBIE HOCTOSHHBIE AJreOphI
gefictBusi, Sy — AefCTBUTENbHASI ITOCTOSTHHAST BEJINYIN-
HA, UMEIOIas pa3MepPHOCTD JieficTBUsI. B mocsemyonmx
Jlektnsax Mbl BBesn anrebpy Kimddopaa kak anredpy
JIeiicTBUs U CBsi3aJid ee ¢ jienToHamu. [lpm sTom mocTo-
SIHHYIO BEeJIMYWHY Sy MbI OTOXKJECTBUJIA C TOCTOSHHOM
Ilnamka. Ecam 661 HaM ymagoch HafWTH HECKOJBKO aJ-
rebp JeHCTBUSI, TO MBI UMEJIU Obl HECKOJIHLKO 00BLEKTOB,
[TOTYMHSIONINXCsI KBAHTOBBIM sIBJIEHUSIM PA3HOT'O THUIIA.

Tenepb MBI BBeJIM HOBBIT OOBEKT — KBAPKU, KOTOPHIM
COTIOCTABUJIN CBOIO aJreOpy JACHCTBUST U aaredpy MpoCT-
paHCcTBa-BpeMeHu. UV cOIIacHO INPeJBIIyIIeMy KBapKH
HOIUUHSIOTCS CBOEH KBaHTOBOM Teopuu. Y pasaenus (11)
OyIyT KBAaHTOBBIMHU IOCTYJIATAME JJIs KBAPKOB, €CJI B
HIX TOJOKUTH nocrosunbie Oy paBHBIME CTPYKTYD-
HBIM IIOCTOSIHHBIM aJjireOpbl KBApKOB U yCTAHOBUTH 3HA-
qenne Sy. [Ipu 3T7OM BO3HHKAET BOIIPOC: HYKHO JIA CBsi-
3bIBATDh MTOCTOSTHHYIO [l71aHKa TOJBKO C JIENTOHAMU U CO-
oTBeTCTBEeHHO ¢ ajrebpoit Kimddopaa, a qis anredpwt
KBApPKOB BBOJIUTH JIPYI'YIO [TOCTOSIHHYIO C Pa3MEPHOCTHIO
nmeiicTBusi, WM nocTostHHas [liaHka siBjsieTcst yHUBEp-
caJibHOI? A priori oTBETUTH Ha 9TOT BOIPOC Heb3st. [lo-
9TOMY JIJIsi KBADKOB MbI BBEJIEM CBOIO IIOCTOSTHHYIO JIefi-
CTBUsI, 3HAYEHNE KOTOPOIl IIPEJICTOUT YCTAHOBUTH, U 000~
3HAYUM €€ Yepe3 (.

Anajornuno Pazgeny II Jlekmuum 9 upumgaaum cootT-
Homennio (11) dopmy ypasrenust Jdupaka. st aToro
YMHOXKHM €ro 0b6e YaCTH Ha CTPYKTYPHBIE IMOCTOSIHHBIE
CMN, . Tlomyanm

ot = — Clyr-plyy - (11)

1
CMNL 8M1/JL(I) = chNL : CLKI ‘pIM : %/JK . (12)

13

C Haimeil TOUYKM 3peHus 9TO YPABHEHUE U €CTh YPABHE-
HIU€ PeJIATHBUCTCKON KBAHTOBON MEXAHWKH JJIsI KBAPKOB
B caMoM o01meM Buje. Jlajiee, MOBTODSIS PACCYKJICHUS
Paznena II Jlekmum 9, 3anumeM 3T0 ypaBHEHHE TIPU CJIe-
JYIONUX OTPAHUYEHUAX: AuMdEPEeHIInPOBAHNE BBIIOJI-
HsI€TCsI TOJIBKO 10 KOOP/IMHATAM 00Pa3yIOIero IpoCcTPaH-
CTBa W YCJIOBUU, YTO B IEPBOM CXKATOM IPEJCTABICHII
K03 DUIMEHT IpU BOJHOBOI (DYHKINU B IIPABOI YaCTH
[IPUHAMAET BHU/T

mgycC

q
3mech my ecTh Macca d-KBapkKa. B pesysibraTe moJry <M
CTIeTyToIee ypaBHEHUE

Cm%yam¢%x):é(cNKMPU+CNKMpMd‘¢K~
(13)

IIpu sTOoM mMeeT mecTo ycmoBue *
Py + 0%y = —mgc. (14)

Paszobbem BesmunHy Mg ¢ MEXKTY UMILYJIbCAME pOO u p340
B HEKOTOPOIl miportopruu. JIJjist 9TOT0 MOoJI0XKAM

pooz_%()“ p340:—%
U3 (14) umeem
a+p3=2. (15)
Kpowme Toro, mosmoxnm
B-a=22u (16)
mg

3mecb m, Macca u-KBapka. llocse moacTaHOBKU UMITYJTb-
COB TIOJTY UM

mgycC

mN | L _
C L amQ/J (93) 2q

(- CNio + B CNgsa) - .

(17)

N

IMonsruo, aro 3aech CNgo = 6V B ommrame or CVg34.

1. YpaBHeHue /|jisi KPACHBIX KBAPKOB IIEPBOrO
IIOKOJIEHU S

VpaBHEHUE PEJIATUBUCTCKONR KBAHTOBON MEXAHUKY JIJIsT
CBODOJIHBIX KPAaCHBIX KBAPKOB IIEPBOIO MTOKOJIEHHS TI0JTY-
YUM, TI0JCTAaBUB B ypasuenue (17) cTpyKTypHbIE MaTpu-
1pl, BoiBedeHHble B Pazmeme II. na meficTrBuTEIBHOTO

*Cwm. Paszpen II Jlekuun 9.



PEryJIsipHOrO IIpejicTaBienus aarebpsl KBapkoB Q(u, d)
KOMTIOHEHTBI BOJHOBO# dbyrkmun X (z) npegcrapasaior
€000l 1TecTHAIIATE JIeACTBUTEIbHBIX GyHKIMi. B iab-
MpeJICTaBICHUN BOJHOBasg (DYHKIUS COJIEPXKUT BOCEMb
komnoreHT Buja (9). U B IAB-upencraBiieHHn KOM-
[TOHEHTaMU BOJIHOBOI (PYHKIMHU SIBJIsIIOTCS deThbipe I AB-
dyukuun Buga (10). Ilpusenem ypaBHEHHsI KBAHTOBO
MEXaHWKU O OTHOIEHUIO K [ AB-KOMIOHEHTAaM BOJIHO-
BOIT (PYHKITNN KBAPKOB:

1 -A
—1 1 1 Oy +1 1 -4 o1+
1 A
-7 1 po
34
T -1 O +a 1 1 03 5123
I 1 w24
a f po
_ _mmgc |B « P34
- 2q a B pl23
B @ \1,124
Nim
[0V (i Ay + 18, — ad) U1
mgyC 0 34
e O BV
i84\11123 —|—(ZA81 + 10y — aa3)‘1’124
=SB0 +an ),
¢ (18)
i(94\1134 7(7:1481 + 162 + (1(93)\110
mgC 123 124
e A U
B (0 W ),
10,00 —(iAal + 105+ aag)\I’?A
mgc

(8- 012 1o P12,

2q

2. CranpgapTHOe IIpeJCTaBJ/IEHUE ypPaBHEHUS
KBaHTOBOI MeXaHUKHU JJIsI KPACHbIX U U d KBapKOB.

ITpeoGpasyem ypasaenusi (18) ciemyromum o6pazoM.
CHauaJia CJIO?KHM IIepBOe YpaBHEHNe CO BTOPLIM & TPeThe
¢ geTBepThIM. Ilosyamm

042+ (i ADy + 10y — ads) s = “;dqc (a+8) 1,
. . mgcC
10401 — (1AL + 102 +ads)p1 = ﬁ(a-f—ﬁ)@z,

(19)

rae o = WO + U3 i py = U123 4 w124 3arem BeraTem
U3 YEeTBEPTOr0 TPEThe, a U3 BTOPOTO yPABHEHUS MEPBOE.
ITomyanm

i84X2+(iA(91 +I(92+CL83)X2 =

14

mgcC

ia4X1 — (zA@l + 10, —a83)X1 = Q—q(ﬁ—a)xg,
(20)
rae x1 = \1,123 _ \11124 U xg = \IJO _ \1134.

Nnn ¢ yaerom (15) u (16)

i84g02+(iA81 +I<’92 *(163)(,02 = mdc(pl,

. . myc

10401 — (1A + 105 +ads) oy = Td‘”’ (21)
104X2 + (1 A01 + 102+ a03) x2 = mchu

. ) my ¢

10sx1 — (1AL +102—a03)x1 = X2 s (22)

Takum o6paszoM, cucTeMa U3 IeThIPEX yPaBHEHUH TPeod-
pasyercs B JiBe cUCTeMbI U3 JByX ypaBHeHuil. OxHa us
CHCTEM IIPEJICTABJISIET YPABHEHUE JIJIsl YACTHUIIBI C MACCOH
my, a Jpyrasi MPeJICTABISeT YPABHEHHUE JJIsi YACTHUIILI C
Maccoit m,. OTcioma BBITEKAET CJIELYIONasi UHTEPIIpe-
Tannsl KOMIIOHEHT BOJIHOBON dymkImu. s kpacHoro
d xBapka JeBasi KoMmrorenTa d; = WY + U34 u npasas
kommonenta dr = W23 4 W14 4 npa kpacHOro u KBapka
up, = \:[1123 _ \1/124 nup = \I/O _ \1134.

3. ypaBHeHne AJid 2KeJITbIX KBAapKOB IIepBOro
IIOKOJIEHUuA

VpaBHEHUE PeJIATUBUCTCKON KBAHTOBON MEXAHUKHY JIJIsI
CBODOJIHBIX KEJITHIX KBAPKOB IEPBOrO IMOKOJIEHUSI TIOJTY-
9uM, 1OJCTaBUB B ypasHenue (17) crpykTypHblE MaT-
putiel, BoiBejieHHble B llpmnoxkennn A. s geiicTBu-
TeJIBHOI'O PEryJIsIPHOIO IIPEJICTABJIEHIS aJIreOPhl KBAPKOB
Q(u, d) xKommonenTsl BosHOBOM dbynkmmm X () npex-
CTABJISIOT CODOM IMEeCTHAMIATD IEeHCTBUTEIbHBIX (DYHK-
nuit. B ‘ab-ipenctaBienun BosHOBasg (DYHKIUS CO-
JIEPXKUT BOCEMb KOMOOHEHT Buaa (9). N s IAB-
[IPEJICTABJICHIN KOMIIOHEHTAMHU BOJIHOBOH (DyHKITUU SIB-
asiorest gerbipe I AB-dyukuun suga (10). Ilpusemem
yPpaBHEHUs KBAHTOBOI MEXaHUKU 110 OTHOIIeHno K I A B-
KOMIIOHEHTAM BOJIHOBOU (DYHKIIUU KBAPKOB:

B -A

A o+

Oy +1

\I,O
\I}34
\1[123
\I}124

03

\IIO
\1,34
\1[123
\I}124

@R
O ®

Nan



—aB(94\11124 —|—(2A81 + 105 — a83)‘11123

N mgycC
= —2q
+(iA31 + 182 — aag)\I/124

mgqgcC

(a~\110+ﬁ-\1134),

—a Bo,v1

00 o R
e (0 R
—(z’A81+182+a83)\I/0
mgycC
2q
—(i Ady + 10y + a03)W34
mgcC

2q

aB 84\1134

(- U128 4 3. g124)

aB 84\110

(8- 12 4. W2y,

4. CrangapTHoOe IIpEeACTaBJI€HUE YDPaBHEHUSI
KBAHTOBOII MEXaHUKU JIJIsI KEJITBIX U U d KBApKOB.

ITpeoGpasyem ypasaenus (23) ciemyromum 06pa3oM.
CHauaJjia cJIOKUM TIEPBOE YPABHEHNE CO BTOPHIM & TPeThe
¢ geTBepThbIM. Ilomyuum

mgqgcC

—aBOyps+ (1A + 102 —ads) pa = Tq(&"‘ﬁ)@la
aBOyp1 — (1AL + 102+ ads) 1 = %(O&"‘ﬁ)@Qa

(24)

rae o = U0 + U3y py = U123 4 w124 3arem Berarem
U3 4eTBEPTOro TpeThe, & U3 BTOPOr0 ypaBHEHU IIepBOoe.
Tlomyaum

aBOyxas+ (1AO + 102+ ad3) xe = H;—dqc(ﬁ—a)xh
—aBay — (A0 + 185 —ady)y = r%c (8- a)xz,
(25)
rie x1 = W0 — U3 i vy = U123yl
Nnu ¢ ygerom (15) u (16)
—aBOyps+ (1 A0y + 10y — ads)py = %%,
aB 01 — (i Ad) + 105 +ads) gy = %wz, (26)
n
aBoyxa+ (i Ady + 105 +ads)x2 = —Cx1,
—aBOyx1— (A0 +102—ads)x1 = mchZ’ (27)

Takum o6pazom, cucreMa U3 YeTbIpex ypaBHEHU mpeod-
pasyercst B JIBe CHCTeMblI U3 NByX ypaBHenwii. OjHa u3
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CUCTEM TIPEJICTABJISIET YPABHEHUE JIJIsT YACTHUIIBI ¢ MACCOM
my, a Jpyras IPeJICTAB/ISET YPABHEHUE JJIsi 9aCTHIIBI C
maccoit m,. OTcroga BBITEKAET CJIeyIolasi HHTepIIpe-
Tanys KOMIOHEHT BOJIHOBOW (byukimu. g xemaroro d
KBapKa, Jieas KommonenTa dy, = W0+ U34 i npasas xom-
nonenta dp = W23 + U2 3 g xenroro v KBapka
up, = \11123 _ \1,124 nup = \IIO _ \1134.

5. YpaBHeHHe i CUHUX KBapKOB II€PBOrO
IIOKOJIEHUS

VpaBHeHUE PEIATUBUCTCKON KBAHTOBONH MEXAHUKMY JIJIsT
CBOOOHBIX CHHIX KBAPKOB IIEPBOTO TIOKOJIEHUS ITOJLY UM,
HoJCTAaBUB B ypaBHeHue (17) cTpyKTypHbIE MATPUIIBL, BbI-
Benennble B [Ipunoxkenun B. g dna aeficrBurebHOrO
PEryJIsipHOrO IpejicTaBienus aarebpsl KBapkoB Q(u, d)
KOMTIOHEHTBI BOJTHOBO# dbyrkmun X (z) npegcrapasaior
€000l 1IecTHAIIATE JIefCTBUTEIbHBIX GyHKIM. B iab-
MpeJICTABJICHUN BOJHOBasg (DYHKIUS COJEPIKUT BOCEMb
komroneHT Buga (9). U B IAB-upencraBieHHH KOM-
[TOHEHTaMU BOJIHOBO# (bYHKIMU sIBJIsIOTCS deThbipe [ AB-
dyukuun Buga (10). Ilpusenem ypaBHEHUSI KBAHTOBOI
MEXaHWKU 10 OTHOIEHUIO K [ AB-KOMIOHEHTAM BOJIHO-
BOI (DYHKITNN KBAPKOB:

1 -A
a 1 -1 Oy +1 1 -4 o1+
-1 A
-7 1 wo
34
7 -1 O +a 1 1 05 5123
I 1 w124
a —f3 wo
_ _mmgc |B « 34
T 2¢ a —pB| | v
B o \1,124
Nim
—a (94\11124 +(2A61 + 182 - a83)\11123
mgC 0 34
O w0 3.
M (00— 0,
a84\11123 +(zA81 + 19y — a83)\11124
= S8 00 a ),
24 (28)
—a84\Il34 —(’LAal +182—|—a(93)\110
mgc 123 124
= HdC B 3.y
(184\1’0 —(iA81 +182+a83)\1134
mgycC

123 g2y
or (B + )



6. CrangapTHOe IIpeACTaBJI€HNE YPAaBHEHUSA
KBAaHTOBOI MEXaHUKHU JJIsi CUHUX U U d KBapKOB.

ITpeo6pasyem ypaBHeHus (28) cirepyonmM 06pasoM.
CHauasta CJIO2KHUM IIEPBOE YPABHEHUE CO BTOPBIM 8 TPEThE
¢ gerBepThiM. [losyanm

mic ms C
CL64X1+(7;A81+I(92—(1,83>902:_1901+_2X27
2q 2q
mj c mso C
a84X2—(iA31+132+a83)4p1 = —ISD2+—2X17
2q 2q
(29)

re o = \:[10 + \1134 u @y = \1}123 + \111247 X1 = \I/O _ \1,34
— 123 124 _ —
uyxe =¥ — U= my =mga, my =mg .
3areM BBIYTEM U3 YETBEPTOrO TPEThE, a U3 BTOPOTO
ypaBHeHUs niepBoe. llomyanm

mj C msy C

aa4801+(i1461+l(92+a83)x2:__Xl_i__(pz’
2¢q 2q
. mjc myc

a84@2_(ZA81+182_a63)X1 = _2—1X2+—2S017
q 2q

(30)

MBI CTOJKHYJIUCH CO CTPAHHBIM OOCTOSTEIHCTBOM: CH-
cTeMa ypaBHEHHI /ijIsl CHHHUX KBapKOB He pa3/iesisieTcs
Ha JIBE CHUCTEMbI, KOTOPbIE OTHOCUJIACH OBl K PA3HBIM Ya-
crunaM — BepxHeil u HmKHEH. OTMETHM 3TOT BOIPOC U
OCTaBUM €r0 OTKPBITBIM.

IV. BBIBO/IBI.

e IIBeToBBIE PA3HOBUJIHOCTU KBapKOB CTaBATCH B
COOTBETCTBHUE I1€PECTAHOBOYHBIM COOTHOIIIEHUSM C
ydJacTueM Oa3MCHOTO BEKTOPDA BPEMEHHM M T'eOMEeT-
pudeckux GA3UCHBIX BEKTOPOB.

e B OPUHATOM IIOHUMAHHU I[BE€TAa KBaPKNU NUMEIOT TPpHU
IBETOBbIE Pa3HOBU/HOCTU — KpaCHbIe, 2KeJITbIe, CU-
Hue.

e I3 ayirebpamveckoil CTPYKTYphl BEKTOPOB JIeii-
CTBHUS KBapKOB CJEJAYIOT KBAHTOBBIE IOCTYJIATHI U
Teopusi KBAHTOBBIX SIBJCHUIT 9THX YaCTHIl. B 00-
meM cjiydae HeT OCHOBAHHUI CUMTATh, YTO KBAHTO-
Bble SBJICHUSA C yd9aCTHEM KBAapPKOB OIPENEJISIOTCS
noctosgaHOM [lmamka, a e Jpyroi MOCTOSHHON Be-
JIMYUHON, UMeEIoNIeil pa3MepHOCTb JEUCTBUA.

e CTpyKTypa KBAaHTOBBIX yPaBHEHUI JIJIsi CBOOOIHBIX
KBAapKOB TaKOBa, YTO OHU Pa3JeJdI0TCs Ha JBe CHU-
creMbl ypaBHeHuit. Takum 06pa3oM, MBI IMeEM JIBe
YaCTHUIIbl, O/IHA U3 KOTOPBLIX 9TO BEPXHUIl KBapK, a
Jpyras — HUXKHUM KBapK.
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(] ypaBHEHI/IH JJId BEPXHUX U HU2KHUX KBaAPKOB OTJIN-

YaloTCA He TOJbKO MacCaMU YacTHIl, HO U 3HAKOM
OJTHOU M3 KOMIIOHEHT OIE€PATOPa UMITYJIbca. Takum
00pa3oM, B OTJIMYHE OT JIENITOHOB, JBUKEHUE B IIPO-
CTPaHCTBE HUKHUX KBAPKOB OTVIMYAETCA OT JIBUAXKe-
HUs BEPXHUX KBapKOB.

CTpyKTypa KBAaHTOBBIX YPAaBHEHU JJIsi CBOOOTHBIX
KBapKOB TaKOBa, UYTO BOJIHOBbIE (DYHKIMH KBAPKOB
paz/ieIa0TCd Ha JiBe KOMIIOHEHTHI — IIPaBYIO U Jie-
BYIO ITO/IOOHO TOMY KaK 3TO MMEET MeCTO JIJIs JIET-
ToHOB. Takoe pasjesieHne HeEOOXOIUMO JJIsI OIHCA-
HUsI 3JIEKTPOCIA00T0 B3aUMOJIENCTBUS KBaAPKOB.

IIpaBuia dopmMupoBaHusi TPABBIX U JIEBBIX KOM-
TTIOHEHT BOJTHOBOW (DYHKIINN JIJIsT KPACHBIX M YKEJI-
TBIX YACTHI] OTJIMIAIOTCS OT aHAJOTUIHBIX MTPABUJI
JUIST CHHUX YacCTUIl. B IepBoM ciydae JiIsl HUXK-
mux vactun Uy = U0 4 U84 i O = ©123 4 \11124,
a s Bepxmux dactun W = W0 — U3 g U; =
Y123 _ @124 | o propoM ciaydae yKa3aHHBIE KOM-
ITOHEHTHI HE OTHOCHATCSI K PA3HBIM JaCTHUIAM.



IIPNJIOZKEHUE A: AJITEBPA 2KEJITBIX U 1
D-KBAPKOB Q(U, D)y

1. BasucHbie BEKTOPBI U UX NPOU3BEAECHUSA

VYxaxeM Gasucusre BeKTOpHL anre6pst Q(u, d), u mpa-
BHJI& YMHOYKEHUS, KOTOPBIM OHH IIO{IHHAIOTCH.

e )\ — OA3WCHBIN BEKTOP CKAJSIPHON YACTU BEKTOPA.
Jna Ao nMeeT MeCTO NMPaBUJIO YMHOXKEHUS

/\0 ] )\0 = )\0 .
e OOpa3syroiue BEKTOPHI \;, I'Jle WHIEKC ¢ mpobera-
er 3HadeHusa oT 1 10 4, ecThb OAa3WCHBIE BEKTOPBI
npocrpancrBa-spemenn CTO. Yucao BeKTOpPoB A;

PaBHO YeTbIpEM. ZLHH HUX UMEIT MeCTO ITpaBUJIa
YMHOZKEHUA

)\iOAO:)\OO)\i:Ai-

/\i o /\z = sign )\z y

rie

sign A\; = sign Ay = sign A3 = —sign Ay = \g.

e BekTopnl

)\ik:)\ko)\i.

3nech © # k. Yuceao 9Tux BEKTOPOB PABHO UUCITY
COYeTaHuil U3 YeThIpex 3JIEMEHTOB 110 JBa

C?=6.

B coorsercTBuu ¢ Paznemom I Jlekmuu 12 u Pazne-
sgoMm | macrogmeit Jlekmum 1151 3TUX BEKTOPOB BbI-
TTOJTHSTOTCS TTPABUJIA TEPECTAHOBKY UHIEKCOB U, CO-
OTBETCTBEHHO, COMHOXKHUTeJel ([epecTaHOBOUHBIE

COOTHOIIIEHYSA )
A2t = —A21, A3 =2A31, A3z = —Aag,
A =M1, Aog = M2, Aza = —i3.

IIpaBmita ymMHOXKEHUsI, B KOTOPBIX YYaCTBYIOT 3TH
BEKTODBI, CJIEIYIOT U3 YCJIOBUA acCCOIUATUBHOCTHU
U IIePeCTaHOBOYHBIX COOTHOINeHni. B wacTHOCTH,

nMeem
A21 0 A1 = —Ag, A2 0 dg2 = Ao,
A32 0 A32 = —Ag, A4 0 Ay = —Ag,
A130A13 = Ao, A340A34 = Ao
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e BekTopnr

Aikl = N O AL O N .

31ech
12 kit k#I.

Takum 06pa3oM, IUCTIO ITUX BEKTOPOB PABHO UUC-
JIy cOYeTaHuil U3 4eTbIpeX 3JIEMEeHTOB I10 TPHU

1t 5TUX BEKTOPOB BBIMIOJHAIOTCS MPABUIA TIepe-
CTaHOBKU WHJIEKCOB U, COOTBETCTBEHHO, COMHOXKU-
TeJIel, BbITEKAIe U3 IepeCTaHOBOYHBIX COOTHO-
ICHWIT

A123 = —A213 = —A231 = Az21 = —Az12 = —A132,
A12a = —A214 = —Aog1 = Ag21 = —Aq12 = —Awa2,
AM34 = A314 = A341 = —M31 = —Ag13 = — 143,
X234 = —A324 = Az42 = —M32 = Mg23 = —Auz.

W3 ycioBusa accormuaTuBHOCTH U II€PECTAHOBOYHBIX
COOTHOUICHUI TaKKe CJeayer

A123 0 A2z = Ag, A124 © A2g = — Ao,

A134 0 Ai3a = — Ao, A234 0 Aazq = Ag .

e BekTop

A1324 = A1 0A30 A0 )y,

JI1st 5TOr0 BEKTOPA BBITIOHAIOTCS TIPABUJIA TT€pe-
CTaHOBKU WHIEKCOB U, COOTBETCTBEHHO, COMHOXKU-
TeJsell, BBITEKAIOIINE U3 IIePECTAaHOBOYHBIX COOTHO-
meHuit

A1234 = —A2134 = —A2314 = A3214 =
—A3124 = —A1324 = —A1243 = A2143 =
A2413 = —A4213 = Aq123 = A1423 =
—A1342 = —A3142 = —A3412 = A4312 =
A4132 = —A1432 = Aa3q1 = —Azo41 =
A3421 = — 4321 = A4231 = —A2431 -

s yCI0BHA aCCOIMATUBHOCTU U II€PECTAHOBOYIHBIX
COOTHOIIIEHUI 3aKOHOB TaKKe cienyer

A1324 © A1324 = Ag .



2. CTpyKTypHBIE MATPULLI AJIreGpbl *KEJIThIX
kBapkoB Q(u,d)y

a. Cmpyxmyprole Mampuyb, KOHMPABAPUGHMHOT GA2E0PDL

deticmeun orceamoz keapros Q(u, d)

Yright
13 0 _14_34 2 123 234 124
32 21 42 1321 1 © 3 13 4
32 [1
13 1
21 1
0 1
12 1
14 1
1324 1
34 1
Ao~ 1
2 1
3 1
123 1
134 1
234 1
4 1
124 1
0 34 123 124
13 147 2 34
1 13 34 124
1 o 0o 7 123
1 14 1 0
_ 1 s 1 34
1 2 1 123
1 123 1124
1 |234
1]124
130 _14_ 34 123 234 124
32 21 42 1321 1 © 3 13d° 4
32 1
13 1
21 1
0 1
42 1
14 1
1324 1
A~ 1
1 1
2 1
3 1
123 |1
134 1
234 1
4 1
124 1
34 123 124
13 14 134
1 13 34 124
1 0 0 123
1] 14 A 0
. 1 |34 Al 34
1 2 — @ A 123
1 123 A 124
1 234
1 124
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13 0 _14_34 2 _123 234 124
32 721 4271324 1~ 3 134 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
34 1
Ao ~ ) =]
2 1
3 11
123 -1
134 -1
234 1
4 1
124 -1
0 34 123 124
13 147 2 134
-1 13 34 124
o 0 123
-] 14 -1 0
— b 1 34 b -J| 34
1 2 I 123
-1 123 I 124
1 234
-1 124
13 0 14 34 123 234 124
32 21 42 1324 1 ~ 3 134 4
32 -1
13 1
21 -1
0 1
42 1
14 -1
1324 1
A3 ~ 34 -1
1 1
2 |1
3 1
123 -1
134 -1
234 1
4 -1
124 1
0 34 123 124
13 14" 2 134
-1 13 34 124
1 o 0 123
1 14 -1 0
— 134 i 1|34
1 2 1 123
1 123 -1 124
-1 234
-1 124




13_.0 14 34 2 123 234 124
32 721 42 1324 1 3 771347 4
32 1
13 -1
21 1
0 -1
42 -1
14 1
1324 -1
34
Ay~ . =]
2 1
3 -1
123 1
134 1
234 [-1
4 1
124 -1
0 34 123 124
13 147 2 7134
1 13 34 124
1l o 0 123
1 14 1|0
— -1 4 i -1 34
-1 2 -1 123
-1 123 1 124
1 234
1 124
130 14 34 123 234 124
3221 42 1324 1 37134 4
32 -1
13 |1
21 1
0 -1
42 -1
14 1
1324 1
34 -1
Ao1 ~ 1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
34 123 124
13 147 2 134
-1 13 34 124
1 0 0 123
-1 14 B 0
— 1 34 i B 34
1 2 B 123
-1 123 B 124
1 234
-1| 124
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13 0 14 34 2 123 234 124
32721 42 1324 1 3771347 4
32 -1
13 1
21 |-1
0 1
42 1
14 -1
1324 1
34 -1
Az~ :
2 -1
3 1
123 -1
134 -1
234 1
4 -1
124
0 34 _123 124
13 147 2 7134
1 13 34 124
1 o 0 123
-1 14 A 0
— -1 34 b -Al 34
-1 2 FA 123
-1 123 Al 124
1234
1 124
13 0 14 34 123234 124
32 721 42 1324 1 3 77134 4
32 1
13 1
21 -1
0 |-1
42 -1
14 -1
1324 1
34 1
Az ~ :
2
3 -1
123 -1
134 1
234 -1
4
124 1
0 34 123 124
13 145 277134
1 13 34 124
1 o 0 123
-1 14 I 0
— 1 34 a -7 34
1 2 I 123
-1 123 -J|124
-1| 234
1 124




13 0 14 34 123 234 124
32 C21 42 1324 1 © 3 13d 4
32 1
13 -1
21 1
0 -1
42 1
14 1
1324 |-1
34 1
Ag ~ 3
2 1
3 -1
123
134
234 1
4 1
124 1
0 34 123 124
13 147 27134
q 13 34 124
a1 o 0o " 123
1 14 -A 0
p 1 34y A 34
1| 2 Al123
1|1 LA |124
-1 234
1 124
130 14 34 123 234 124
32 T21 42 1324 1 © 3 134 4
32 1
13 -1
21 1
0 1
42 1
14 1
1324 -1
34 |-1
Agg ~ T .
2 -1
3
123 1
134 1
234
4 -1
124 1
0 34 123 124
13 14 27134
1 13 34 124
1 o 0o " 123
1 14 -1 0
o I e | 34
-1 2 -J| 123
1 |123 7 124
1 234
1 124
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130 14 34 2 123 234 124
32 T21° 42 1321 1 ° 3 134 4
32 1
13 1
21 1
0 1
a2 [1
14 1
1324 1
34 1
Aza ~ T
2 1
3 1
123 1
134 1
234 1
4
124 1
0 34 123 124
13 147 2 7134
1 13 34 124
1 0 0 " 123
1 14 1 0
_ g 1 L | 34
1 2 1123
1j12s 1 124
1 234
1 124
130 14 34 123 234 124
327 721 42 1324 1 © 3 134" 4
32 ]
13 1
21 1
0 1
42 1
14 1
1324 1
34 -1
A2z ~
2 |
3 1
123 1
134 1
234 1
4 -1
124 1
0 34 123 124
13 147 27134
1 13 34 124
1 o 0 " 123
1 14 B 0
g A3 -B| 34
-1 2 B 123
1 123 B 124
1 234
-1 124




130 14 34 2 123 234 124
327721 42 1324 1 © 3 134" 4
32 1
13 1
21 -1
0 -1
42 1
14 -1
1324 1
34 1
Atga ~ T
2 1
3 -1
123 -1
134 |1
234 | -1
4 1
124 1
0 34 123 124
13 14 34
13 34 124
4o 0 123
-1 14 -B ©
oy -1 B B 34
1 2 -B 123
-1 123 B 124
-1 234
1 124
130 14 34 123 234 124
32 21 42 1321 1 © 3 134" 4
32 1
13 1
21 1
Y 1
42 1
14
1324 1
1
Aiga ~ ) T
2 1
3 1
123 1
134 1
234 1
4 1
124 |1
34 123 124
13 14 134
1] 13 34 124
1 o 0o 123
1 14 Al o
. 1 B4 A 34
1 2 A 123
1 123 A 124
1 234
1 124

21

13 0 14 34 2 123 234 124
32 21 42 1324 1 3 134
32 1
13 -1
21 1
0 1
42
14 -1
1324 -1
34 1
Agga ~ 7 .
2 1
3 1
123 -1
134 -1
234 1
4 11
124 | -1
0 34 123 124
13 14 2 134
-1 13 34 124
1 0 o 7 123
-1 14 -I| o
— 1 By ] |34
1 2 T 123
-1 123 I 124
1 234
-1 124
13 0 14 34 123 234 124
32 21 42 1324 1 3 134 4
32 1
13 1
21 1
0 -1
42 1
14 |1
1324 1
A1324 ~ =
1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
0 34 123 124
13 14 2 134
-1 13 34 124
1 0 123
-1 14 B 0
— 1 s . |B 34
1 2 -p123
-1] 123 B |12
1 234
1 124




b. CmpyxmypHsie Mampuys, KO8aPUAHMHOU as2ebpvL
NPOCMPAHCMEaA-BPEMENY, Hceamur keapros Q(u, d)yleft

13 0 14 34 2 123 234 124
32 21 42 1324 1 3 134 4

32 [1
13 1
21 1

42 1
14 1
1324 1

A0~ 34 1

123 1
134 1
234 1

124 1

0 34 123 124
13 14 2 134

1 13 34 124
1 o 0o 123

1 14 1 0

- 1 34 1 34

- 1 : 1 1 [123
1 123

1 |234 112e
1]124

13 0 14 34 2 123 234 124
32 21 42 1324 1 3 134 4

32 -1
13 1
21 -1

42 1
14 1
1324 -1

AL ~ 34 1

123 |-1
134 1
234 -1

124 -1

1 13 34 124

-1 14 FA 0
-1 | 34 . -Al 34
1 2 A 123
A 124

1 124
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13 0 14 34 2 123 234 124
32 T21 42 1324 1 3777134 4
32 -1
13 -1
21 1
0 1
42 -1
14 -1
1324 1
A2 ~ 34 1
1 1
2 1
3 -1
123 -1
134 1
234 1
4 -1
124 -1
0 34 123 124
13 147 2 134
-1 13 34 124
1 o 0 123
-] 14 -1 0
— g 1 34 1 -J| 34
1 2 T 123
-1 123 I 124
1 234
-1 124
130 14 _ 34 123 234 124
32 21 42 1324 1 3777134 4
32 1
13 1
21 1
0 1
42 1
14 1
1324 1
A3 ~ 34 1
1 1
2 |1
3 1
123 1
134 1
234 1
4 1
124 1
0 34 123 124
13 14 134
1 13 34 124
1 o 0 123
1 14 1 0
— 134 a 1] 34
1 2 1 123
1 123 1 124
1 234
1 124




13 0 14 _ 34 123 234 124
32 T21 42 1324 1 ~ 3 134 4
32 -1
13 -1
21 1
0 1
42 -1
14 -1
1324 1
A~ 34 1
1 1
2 1
3 -1
123 -1
134 1
234 |1
4 -1
124 -1
0 34 123 124
13 147 2 134
-1 |13 34 124
1l o 0 123
-1 14 Bl o
—a 1 34 a B 34
1 2 -Bl 123
-1 123 B 124
1 234
-1 124
130 14 _ 34 123 234 124
32 "21 42 1324 1~ 3 134 4
32
13 |-1
21 -1
0 1
42 1
14 -1
1324 -1
A2 o 34 1
1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
34 123 124
13 14" 2 134
1 13 34 124
1 o 0 123
1 14 B 0
— -1 34 i B 34
2 B 123
-1 123 Bl 124
1 |234
-1] 124

23

13_0 14 34 2 123 234 124
32 721 42 1324 1~ 3 134 4
32 -1
13 1
21 |-1
0 1
42 -1
14 1
1324 -1
A~ 1
1 1
2 -1
3 1
123 -1
134 1
234 -1
4 1
124 -1
0 34 _123 124
13 147 2 7134
1 13 34 124
1 o 0 123
1 14 A 0
— b 1 .y A 34
-1 2 LA | 123
-1 123 Al 12
-1| 234
-1 |124
3.0 _14 34 123 234 124
32 721 42 1324 1 ° 3 134" 4
32 -1
13 -1
21 1
0 |1
42 -1
14 -1
1324 1
A2 o 3 1
1 1
2
3 -1
123 -1
134 1
234 1
4 -1
124 -1
0 34 _123 124
13 147 2 7134
-1 13 34 124
1 o o 123
-1 14 -1 0
— 1 s -7 34
1 2 I 123
-1 123 7| 124
1234
-1 |124




13 0 14 34 123 234 124
32 721 42 1324 1 37771347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 |-1
A L 3 1
1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124
0 34 123 124
13 147 2 7134
-1 13 34 124
1 o 0 123
-1 14 I 0
:bl 34:—1)[ 34
-1 2 J|123
1 123 I 124
1 234
-1 124
130 14 34 123 234 124
32 721 42 1324 1 37771347 4
32 1
13 1
21 1
0 1
42 1
14 1
1324 1
A2 o 341
1 1
2 1
3 1
123 1
134 1
234 1
4
124 1
0 34 123 124
13 147 2 7134
1 13 34 124
1 o 0 123
1 14 A 0
o 1 34 A 34
= a —
1| 2 Al123
1 123 A 194
1 234
1 124

24

13 0 14 34 2 123 234 124
32 21 42 1324 1 3771347 4
32 -1
13 -1
21 1
0 1
42 |1
14 -1
1324 1
AL~ 1
1 1
2 1
3 -1
123 -1
134 1
234 1
4 -1
124 -1
0 34 123 124
13 147 2 7134
-1 13 34 124
1 o 123
1 14 B 0
— g 1 34 1 B 34
1 2 -Bl 123
-1 123 B 124
1 234
-1 124
13 0 14 34 123 234 124
32721 42 1324 3 71347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
Al23 o 34 1
11
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
0 34 123 124
13 147 2 7134
-1 13 34 124
1 o 0 123
1 |14 B 0
— b 1] 84 b Bl 34
-1 2 o B 123
1 123 B 194
-1 234
1 124




13 .0 14 34 123 234 124 13 0 14 34 123 234 124
32 721 42 1324 1 3771347 4 32 721 42 1324 1 3771347 a4
32 -1 32 1
13 1 13 1
21 -1 21 1
0 1 0 1
42 -1 42 1
14 1 14 1
1324 -1 1324 1
Al24 o 34 1 A234 34 1
1 1 1 1
2 -1 2 1
3 1 3 1
123 -1 123 1
134 [1 134 1
234 -1 234 1
4 1 4 11
124 -1 124 1
0 34 _123 124 0 34 _123 124
13 147 2 7134 13 14
13 34 124 1] 13 34 124
1l o 0 123 1 o 0 123
1 14 1| © 1 14 Al o
— 1 34 b 1 34 — 1 34 a A 34
-1 2 _]1 123 1 2 A 123
-1 123 -1 124 1 123 A 124
-1 234 1 234
-1 124 1 124
13_.0 14 34 2 123 234 124 13 .0 14 34 2 123 234 124
327721 42 1324 1 37771347 4 32 721 42 1324 1 37771347 4
32 1 32 -1
13 -1 13 1
21 -1 21 -1
0 1 0 1
42 1 42 -1
14 -1 14 |1
1324 -1 1324 -1
Al34 34 1 Al324 34 1
1 1 1 1
2 -1 2 -1
3 -1 3 1
123 1 123 -1
134 1 134 1
234 -1 234 -1
4 -1 4 1
124 |1 124 -1
0 34 123 124 0 34 123 124
13 147 2 7134 13 147 2 7134
1] 13 34 124 -1 13 34 124
1 o 0 123 1 o 0 123
1 14 I|o -1 14 -1 0
o -1 34 i T 34 — -1 4 i -1 34
1 2 I 123 1 2 1123
-1 123 I 124 1|23 1 124
1 234 1 234
-1 124 1 124
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NPUJIOXKEHUE B: AJITEBPA CUHUX U 1
D-KBAPKOB Q(U, D)5

1. BasucHbie BEKTOPHI U UX NPOU3BEAEHUSA

VkaxkeMm 6asucubie BeKTOpbl anrebpol Q(u, d), u mnpa-
BUJI& YMHOYKEHUS, KOTOPBIM OHH IIO{IHHSAIOTCH.

e )\ — OA3WCHBIN BEKTOP CKAJISIPHON YACTH BEKTOPA.
Jna Ao UMeeT MeCTO NMPaBUJIO YMHOXKEHUS

/\0 o )\0 = )\0 .
e Obpa3symoiue BEKTOPBI \;, I'Jle WHIEKC ¢ mpobera-
er 3HadeHusa OoT 1 10 4, ecThb OAa3WCHBIE BEKTOPBI
npocrpancrBa-spemenn CTO. Yucao BeKTOPOB A;

PaBHO YeTbIpEM. ZLHH HUX UMEIOT MeCTO ITpaBHUJIa
YMHOZKEHU A

)\iOAO:)\OO)\i:Ai-

/\i o /\z = sign )\i y

rie

sign A\ = sign Ao = sign A3 = —sign Ay = \g.

e BekTopnl

)\ik:)\ko)\i.

Bmech @ # k. Yuceao 9Tux BEKTOPOB PABHO UUCITY
COYeTaHull U3 YeThIpex 3JIEMEHTOB II0 JBa

C?=6.

B coorsercTBuu ¢ Paznemom I Jlekmuu 12 u Pazne-
sgoMm | macrogmeit Jlekium 1151 3TUX BEKTOPOB BbI-
TTOJTHSITOTCS TTPABUJIA TEPECTAHOBKY UHJIEKCOB U, CO-
OTBETCTBEHHO, COMHOXKHUTeJel ([epecTaHOBOUHBIE

COOTHOIIIEHYS )
A2t = —A21, A3 =A31, A3z = —Aag,
Ad =M1, Ao = A2, Azs = Az

IIpaBmita ymMHOXKEHUsI, B KOTOPBIX YYaCTBYIOT 3TH
BEKTODBI, CJIEIYIOT U3 YCJIOBUA acCCOIUATUBHOCTHU
U IIePeCTaHOBOYHBIX COOTHOINeHn#. B wacTHOCTH,

nmMeem
A21 0 A1 = —Ag, A2 0 X429 = Ao,
A32 0 A32 = —Ag, A4 0 A1 = =)Ao,
A130A13 = Ao, A340 31 = —XAp.

26

e BekTopnr

Aikl = N O AL O N .

31ech
12 k,itlk#I.

Takum 06pa3oM, IUCTIO ITUX BEKTOPOB PABHO UUC-
JIy COYeTaHuil U3 4eTbIpeX 3JIEMEeHTOB I10 TPHU

1t 5TUX BEKTOPOB BBIMIOJHAIOTCS MPABUIA TIepe-
CTAHOBKU WHJIEKCOB U, COOTBETCTBEHHO, COMHOXKU-
TeJIel, BbITEKAIUe U3 IepeCTaHOBOYHBIX COOTHO-
ICHUIT

A2z = —A213 = —A231 = Az21 = —A312 = —A132,
A124 = —A214 = —Ao41 = Ag21 = — M2 = — A2,
A134 = A314 = A341 = Aa31 = A1z = M43,

/\234 = 7)\324 = )\342 = >\432 = 7)\423 = /\243 .

W3 ycioBus accormuaTuBHOCTH U II€PECTAHOBOYHBIX
COOTHOIICHUI TaKKe CJeayeT

A123 0 A123 = Ao, A124 0 A2g = — Ao,
A134 © Ai34 = — g, A234 © Ag34 = —Ag.
e BekTop

A1324 = A1 0A30A20 )y,

JI1st 5TOTO BEKTOPA BBITIOHAIOTCS TIPABUJIA TT€pPe-
CTaHOBKU WHJIEKCOB U, COOTBETCTBEHHO, COMHOXKU-
Teseil, BBITEKAIOIINE U3 IIePECTAaHOBOYHBIX COOTHO-
meHuit

A1234 = —A2134 = —A2314 = A3214 =
—A3124 = —A1324 = A1243 = —A2143 =
—A2413 = Mg213 = —A4123 = —A1423 =

A1342 = A3142 = A3412 = Ag312 =
A4132 = A1432 = —A2341 = Ag241 =

7/\3421 = 7>\4321 = /\4231 = 7)\2431 .

W3 ycioBus accoruaTuBHOCTH U IIE€PECTAHOBOYHBIX
COOTHOIICHUI TaKKe CJeyeT

A1324 © A1324 = Ag .



2. CTpyKTypHbIE MaTPUIbl aJIre0pbl CUHUX KBAapKOB

Q(U, d)b

a. Cmpykmyprsie MamMpuyb, KORMPasapuaHmHot arzebpo.
deticmeus cunuzx keapkos Q(u, d)y

right
13 0 14 34 2 123 234 124
32 721 42 1324 1 © 3 134 4
32 [1
13 1
21 1
0 1
42 1
14 1
1324 1
34 1
Ay ~ L I
2 1
3
123 1
134 1
234 1
4 1
124 1
0 34 123 124
13 147 2 T34
1 13 34 124
1 o 0o " 123
1 14 1 0
g 1 34 1 34
1 2 1 123
1 123 1| 124
1 |234
1124
130 14 34 123 234 124
32 T21 42 1324 1 © 3 134 4
32 1
13
21 1
0 1
42 1
14 1
1324 1
A o~ M 1
1 1
2 1
3 1
123 |1
134 1
234 1
4 1
124 1
34 123 124
13 14 134
1 13 34 124
1 o 0 " 123
1] 14 A 0
— . 1 34 Al 34
1 2 A 123
1 123 A 124
1 234
1 124
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13 0 _14_34 2 _123 234 124
32 721 4271324 1~ 3 134 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
34 1
Ao ~ ) =]
2 1
3 11
123 -1
134 -1
234 1
4 1
124 -1
0 34 123 124
13 147 2 134
-1 13 34 124
1 o 0 123
-] 14 -1 0
— b 1 34 b -J| 34
1 2 I 123
-1 123 I 124
1 234
-1 124
13 0 14 34 123 234 124
32 21 42 1324 1 ~ 3 134 4
32 -1
13 1
21 -1
0 1
42 -1
14 1
1324 -1
A3 ~ 34 1
1 1
2 |1
3 1
123 -1
134 1
234 -1
4 1
124 -1
0 34 123 124
13 14" 2 134
-1 13 34 124
1 o 0 123
1 |14 -1 0
— -1 34 i -1 34
1 2 1 123
1 123 1 124
1 234
1 124




13_.0 14 34 2 123 234 124
32 721 42 1324 1 3 771347 4
32 1
13 -1
21 1
0 -1
42 -1
14 1
1324 -1
34
Ay~ . =]
2 1
3 -1
123 1
134 1
234 [-1
4 1
124 -1
0 34 123 124
13 147 2 7134
1 13 34 124
1l o 0 123
1 14 1|0
— -1 4 i -1 34
-1 2 -1 123
-1 123 1 124
1 234
1 124
130 14 34 123 234 124
3221 42 1324 1 37134 4
32 -1
13 |1
21 1
0 -1
42 -1
14 1
1324 1
34 -1
Ao1 ~ 1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
34 123 124
13 147 2 134
-1 13 34 124
1 0 0 123
-1 14 B 0
— 1 34 i B 34
1 2 B 123
-1 123 B 124
1 234
-1| 124
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130 14 34 2 123 234 124
32 21 42 1324 1 3 134 4
32 1
13 1
21 |1
0 1
42 1
14 1
1324 -1
34 1
Az~ :
2 -1
3 1
123 -1
134 1
234 1
4 1
124 1
0 34 123 124
13 14 2 134
1 13 34 124
1 0 0o " 123
1 14 A 0
— 1 By A 34
-1 2 FA 123
-1 123 Al 12
1| 234
-1 |124
130 14 34 123 234 124
32 C21 42 1324 1 © 3 134 4
32 1
13 1
21 -1
0 |-1
42 1
14 1
1324 1
34 -1
Az ~ :
2
3 -1
123 -1
134 1
234 1
4 -1
124 1
0 34 123 124
13 147 27 134
1 13 34 124
1 o 0 123
1 14 I 0
— -1 4 T 34
1 2 I 123
-1 123 7| 124
1| 234
-1 |124




130 1434 123 234 124 130 14 34 2 123 234 124
32 721 42 1324 1 ° 3 134774 32 721 42 1324 1 ° 3 7134774
32 1 32 1
13 -1 13 -1
21 1 21 1
0 -1 0 -1
42 1 a2 [1
14 1 14 1
1324 |-1 1324 1
A4 3 A34 L 3
2 1 2 -1
3 -1 3 -1
123 1 123 1
134 1 134 1
234 -1 234 1
4 1 4 1
124 1 124 1
0 34 123 124 0 34 123 124
13 147 277134 13 147 277134
1 13 34 124 1 13 34 124
4 o 0o " 123 1 0 0o 7 123
1 14 -A 0 1 14 -1 0
_ oyl 34y A 34 1 1 L | 34
1| 2 Al 123 -1 2 -1 123
1 |123 L4 |z -1] 123 1 124
-1 234 1 234
-1 124 1 124
130 14 34 2 123 234 124 13 0 14 34 2 123 234 124
32 C21 42 1324 1 ° 3 13 4 327 721 42 1324 1 © 3 134" 4
32 - 32 1
13 1 13 1
21 1 21 1
0 1 0 1
42 1 42 1
14 1 14 -1
1324 -1 1324 1
4 |- 4
Agg ~ 31 1 =] A123 ~ 31 =) 1
2 -1 2 1
3 1 3 1
123 1 123 1
134 1 134 1
234 1 234 -1
4 -1 4 1
124 1 124 1
0 34 123 124 0 34 123 124
13 147 27 134 13 147 27134
1 13 34 124 1 13 34 124
1 o 0o " 123 1 o 0o 7 123
1 14 -1 0 1 |14 B 0
_ . s T 34 1 13 Bl 34
-1 2 -J| 123 -1 2 B 123
1 |123 I 124 1 123 B 124
1 234 1 234
-1 124 1 124
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130 14 34 2 123 234 124
327721 42 1324 1 © 3 134" 4
32 1
13 1
21 -1
0 -1
42 1
14 -1
1324 1
1
Atga ~ T
2 1
3 -1
123 -1
134 |1
234 | -1
4 1
124 1
0 34 123 124
13 14 34
13 34 124
4o 0o " 123
-1 14 -B ©
oy 1 B B |84
1 2 -B 123
-1 123 B 124
-1 234
1 124
130 14 34 123 234 124
32 C21 42 1321 371347 4
32 l
13 -1
21 1
Y -1
42 1
14
1324 1
Aiga ~ ) =]
2 -1
3 1
123 1
134 1
234 1
4 1
124 |1
34 123 124
13 14 134
1 13 34 124
4 | o 0o 123
1 14 -A o
. 1 B4 A 34
-1 2 -A 123
1 123 A 124
1 234
1 124
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13 0 14 34 123 234 124
32 21 42 1324 1 3 134 4
32 1
13 1
21 1
0 -1
42
14 -1
1324 -1
34
Agga ~ 7 :
2 -1
3 -1
123 1
134 -1
234 1
4 11
124 | -1
0 34 123 124
13 14 2 134
1] 13 34 124
1 1o 0 123
-1 14 I|o
b 1 B ] |4
-1 2 -7 123
1 123 I 124
1 234
-1 124
130 14 34 123 234 124
32 721 42 1321 1 © 3 134 4
32 1
13 -1
21 -1
0 1
2 [
14 |1
1324 1
A1324 ~ =
-1
2 1
3 1
123 -1
134
234 -1
4 -1
124 1
0 34 123 124
13 147 277131
1 13 34 124
1 0 123
-1 14 -B| 0
. 1 34 ) 34
2 = 1
-1 2 Bl123
1]123 B |12
1 234
1 124




b. CmpyxmypHroie mMampuydt K08apuaHmMHot an2ebpvl 4313510 4o 14,30 | 2 123234 124
NPOCMPAHCMBA-Bpemeny, curur keapros Q(u, d)bleft 39 ]
13 -1
21 1
130 14 34 2 123 234 124 0 1
32 721 42 1324 1 © 3 134 4 i
3211 14 !
18 1 1324 !
21 1 . 1
0 1 A2~ P 1
42 1 ) 1
14 1 5 1
1324 1 123 -1
AO 34 1 -1
~ 1 134 1
2 1 234 1
. 4 -1
3 1 124
123 1 -1
134 1
0 34 123 124
234 1 13 147 2 "3
4 - 13 34 124
1 1 0o~ 123
124 1 1 0
-] 14 -1 0
0 34 123 124 _
13 147 2 134 = 1 L 324 = 1 L
1 13 34 124 1 123 I 123
) o 0o " 123 -1 128 7 124
1 14 1 0 ! 124
1 34 1 34 -1
1 =1
1 2 1 123
1 123 1| 124
1 |234
1124
130 14 34 2 123 234 124
32 721 42 1324 1 © 3 134 4
32 1
13 1
21 1
130 14 34 _ 2 123 234 124 0 1
32 721 42 1324 1 © 3 134 4 -
32 1 1
. 14 1
13 1 1324
21 -1 " 1
0 1 A3 ~ L 1
42 1 ! 1
14 1 1
3 1
1324 -1 123
1 34 1 1
A~ L T 134 1
234
2 1 i 1
3 1 124 !
123 |-1 1
134 1
0 34 123 124
234 -1 13 147 2 T34
4 1 1 13 34 124
124 1 1 o 0o~ 123
1 14 1 0
0 34 123 124
13 147 2 71 = a 1 324 = a 1)s
1 13 34 124 1 123 1 123
a1 0 0o " 123 1 12 1 124
- A o ! 124
-1 | 34 . -Al 34 1
(3 = 1
1 2 A 123
1 123 A 124
1 234
1 124
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13 0 14 _ 34 123 234 124
32 T21 42 1324 1 ~ 3 134 4
32 1
13 1
21 1
0 1
42 -1
14 -1
1324 -1
A~ 34 -1
1 1
2 1
3 1
123 1
134 -1
234 |-1
4 -1
124 -1
0 34 123 124
13 147 2777134
1 13 34 124
1l o 0 123
1 14 1|0
—a -1 34 a -1 34
1 2 1 123
1 123 -1 124
-1 234
-1 124
130 14 _ 34 123 234 124
32 "21 42 1324 1~ 3 134 4
32 1
13 |-1
21 -1
0 1
42 1
14 -1
1324 -1
A2 o 34 1
1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
34 123 124
13 14" 2 134
1 13 34 124
1 o 0 123
1 14 B 0
— -1 34 i B 34
1 2 B 123
-1 123 Bl 124
1 |234
-1] 124

32

13_0 14 34 2 123 234 124
32 721 42 1324 1~ 3 134 4
32 -1
13 1
21 |-1
0 1
42 -1
14 1
1324 -1
A~ 1
1
2 -1
3 1
123 -1
134 1
234 -1
4 1
124 -1
0 34 _123 124
13 147 2 7134
1 13 34 124
1 o 0 123
1 14 A 0
— b 1 .y A 34
-1 2 LA | 123
-1 123 Al 12
-1| 234
-1 |124
3 14 34 123 234 124
32 721 42 1324 1 ° 3 134" 4
32 -1
13 -1
21 1
0 |1
42 -1
14 -1
1324 1
A2 o 3 1
1 1
2
3 -1
123 -1
134 1
234 1
4 -1
124 -1
0 34 _123 124
13 147 2 7134
-1 13 34 124
1 o o 123
-1 14 -1 0
— 1 s -7 34
1 2 I 123
-1 123 7| 124
1234
-1 |124




13 .0 14 34 2 123 234 124
32 721 42 1324 1 37771347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 |-1
A L 3 1
1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
0 34 _123 124
13 147 2 7134
-1 13 34 124
1 o 0 123
-1 14 I 0
_ oy 34:—1)[ 34
-1 2 J|123
1 123 I 124
-1 234
-1 124
13 .0 14 34 123 234 124
32 21 42 1324 1 37771347 4
32 -1
13 -1
21 1
0 1
42 1
14 1
1324 -1
A2 o 3t
1 1
2 1
3 -1
123 -1
134 ]
234 -1
4 1
124 1
0 34 123 124
13 147 2 134
-1 13 34 124
1 o 0 123
1 14 -1 0
:a_l 34 :aI 34
1| 2 J|123
L -1 124
-1 234
1 124
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13 0 14 34 2 123 234 124
32 721 42 1324 1 3 771347 4
32 1
13 1
21 1
0
42 |1
14 -1
1324 -1
AL~ 3 -1
1 1
2 1
3 1
123 1
134 -1
234 -1
4 -1
124 -1
34 123 124
13 147 2 7134
1 13 34 124
1 o 0 123
-1 14 1 0
— g -1 34 1 -1 34
1 2 1123
1j123 -1 124
-1 234
-1 124
13 0 14 34 123 234 124
32 721 42 1324 1 3 71347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
Al23 o 34 1
11
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 1
0 34 123 124
13 147 2 7134
-1 13 34 124
1 o 0 123
1 |14 B 0
— b 1| 34 Bl 34
-1 2 B 123
1 123 B 124
-1 234
1 124




130 14 34 123 234 124 13 0 14 _ 34 123 234 124
32 721 42 1324 1 3771347 4 32 721 42 1324 1 3771347 a4
32 1 32 -1
13 -1 13 -1
21 -1 21 1
0 1 0 1
42 -1 42 1
14 1 14 1
1324 1 1324 -1
Al24 o 34 -1 A234 34 -1
1 1 1 1
2 -1 2 1
3 -1 3 -1
123 1 123 -1
134 [-1 134 -1
234 1 234 -1
4 1 4 |1
124 -1 124 1
0 34 123 124 0 34 123 124
13 147 2 “134 13 147 2 134
-1 13 34 124 -1] 13 34 124
1l o 0 123 1 o 0 123
1 14 B| o 1 14 -I| o
— -1 34 b LB 34 — g -1 34 1 I 34
-1 2 B 123 1 2 A 123
1 123 B 124 -1 123 FA 124
1 234 -1 234
-1 124 1 124
130 14 34 2 123 234 124 13 0 14 34 2 123 234 124
32 T 21 42 1324 1 3771347 4 32 T21 42 1324 1 37771347 4
32 -1 32 1
13 1 13 -1
21 -1 21 -1
0 1 0 1
42 1 42 -1
14 -1 14 |1
1324 1 1324 1
AlB4 34 -1 AlB24 34 -1
1 1 1 1
2 -1 2 -1
3 1 3 -1
123 -1 123 1
134 -1 134 -1
234 1 234 1
4 -1 4 1
124 |1 124 -1
0 34 123 124 0 34 123 124
13 14" 2 134 13 14" 2 134
-1] 13 34 124 1 13 34 124
1 o 0 123 1 o 0 123
1 14 -4l o 1 14 -B 0
— 1 34 i A 34 — 1 4 i B 34
1 2 A 123 1 2 -Bl 123
1 123 L4 124 -1 123 B 124
-1 234 -1 234
-1 124 1 124
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