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BBeaeHue

Llenb ancceprauumn:

1) uayyeHme cnMHOBbLIX CBONCTB KBAPK-TMHOOHHOM U aApOHHOM
cpen, 0b6pas3yowWwencs npmu CTONKHOBEHUAX afpPOHOB U TAXKeNblX
MOHOB;

2) MpobHUKKN cpeabl — nonapm3auma BUPTYaANbHbIX
KanmbpoBouHbIx 603oHoB (v , W, 2);

3) NonAapunsayma npoAasBnAeTca B YrN10BOM pacnpeneneHunm
KOHEYHbIX NENTOHOB;

4) YrnoBoe pacnpegeneHme yaobHo n3mepsaTb B CUCTEME NOKOA,
coBNaAaloLLEen C CUCTEMOMN NOKOA BO30HA, B KOTOPOU U
NPOABAAOTCA CMMHOBbLIE CBOUCTBA;



BBeaeHue

5) Bbibop ocent B AaHHON cucTeme ABNAETCA NPOU3BOJIbHbLIM (Npw
3TOM, B KONNaNOEPHbIX SKCNEePUMEHTAX, Kak NpPaBuUno,
ncnonblyertca cnctema Konnmusa-Conepa);

6) Mpn 3TOM, CYLLECTBYIOT MHBAPUAHTHbI, Bbipa*KeHHble yepes
CNMHOBbIE Habatoaaemble, HeNnocpeacTBEHHO CBA3aHHbIE C
MaTPULLEN NJTOTHOCTMU;

7) OcHOBHasA 3aaava: lNMNonyyeHue n nuccnegoBaHme obLLero 3akKoHa
npeobpa3oBaHMA YI/IOBbIX KOIPPULMEHTOB, a TaKKe MmaTpuLbl
NJIOTHOCTU NPU Nepexoae n3 oAHOU CUCTEMbI K APYTrOu.



BBeaeHue

Ipouecc /Ipemna-Ana-Marseesa -MypaassHa-TaBxeaunase

" QW
hs OZXCY :

9
2 cos Oy

Y (C'w — Ca."/5)

JKCIIePUMEHThI
CMS MPD, SPD(NICA)
PP - CTOJKHOBEHUHA ATLAS PP, AA - cronkHoBeHus
Vs =4 —26GeV
Vs = 8TeV PP - CTOJIKHOBEHMS Ao — A,
Ao — Ay V5 = 8TeV

Ag — Ay



BBeneHue _ '
EW _ . Y I NCoppu_ . 9 Lo 3 .2
Linter "cos 6, In 4 "cos b, Vi _2(1 )17 = Qpsin” 0,
N EW - 4 =
.9 _
M = =i g T (P) e en = Cays] vs(p2)en (k)

VuuTeiBas, uTo cedenue paccesHus o o< |M|?, a Taxzxke npouece dpesta-Sdna (MMT)
[I0JPa3yMeBaeT MOIPABKY HA aJIPOHHYIO CTPYKTYPY, TO UCKOMOE CeYeHUe IPOIOPIIIO-

HaJIbHO CBEPTKE:
oo M| o« WH x Ly, (2.4)

riae WH - aapOoHHBII TeH30D, NTPAIOIINI POJIH MaTPUIIBI INIOTHOCTHU Z-0030Ha, KOTOPHIN

- cyTb OuTMHEenHAs KOMOMHAINS KBAPKOBBIX TOKOB |12]:
WH x< ppo‘J(’?lX e X|(J;’)T\p1p2 > (2.5)

1 00J1a1aeT CJISIYVIONINMI CBONCTBAMIU:

1) TOJIOYKUTETEHOOITPE/ICTICHHOCTD;

2) 3PMHUTOBOCT;

3) IIOIIEPETHOCTD (KaK CJIe/ICTBHUE OIIpe/iesIeHNs I 3aKOHa COXPaHeHus 3apsia 0, J! =
0) g WH* = g, W = 0.



BBeneHue

o o< M| o< ehi(k)ey (k) X Ly, (2.6)
L = Z Ur (P1)Vu(Co — €a¥5)0s(D2)TVs(P2)(Co + €a¥5)Vwttr (P1) (2.7)
L,ul/ = 1Ir [W;L(C’U o Ca75>(ﬁ1 o m)(cv £3 Ca%”))%/(ﬁ? kg m)] (2°8)

L,UJ/ — 4( _ng,ul/ (pl 7 p2>+m2 CCQLQ,LLV_I_C(szl,uPQV_I_C(szleQ,u _I_zicacz;e;wapplapr_ ngm/ (pl , P2 ) .
(2.9)

2.2 2 2
— 1M Cy 9w H CoP1uP2v T CUPIVPQ,LL)

Ly = 4= 9 (D1, p2) +D1,020 (CoA4C0) 4 D201 (Co4C) +20CaCo€ o pD10D2p—CoGyr (P15 D2) ).
(2.10)



C,ZLGJI a€M 3aMCHY IIEPEMEHHDBIX:

BBeaeHume fnem - -
p1r—p2 = Ag |
{pl — L(g+ Ag) 01
pr = 3(q— Ag)

Bribepem cucremy, cBS3aHHYIO € IIEHTOM Macc: p1, = (E, D), pa, = (£, —p), Torma:

¢" = (2E,0) = (g0, 0,0,0), (2.13)

¢ =g =4E? = 4(m* + ) = ¢, (2.14)

Ag¢' = (0,9) = (0,q1,q2,q3) = (0,2p), (2.15)

Ag* = —¢° = —4p” (2.16)

L,, = —(c2 + ¢ 2 ING?) 929l S g N 217
22 (Ca 55 Cv>gl“/(q q ) i (Ca, 1 CU)(qﬂq’/ M q’/>—|— ( . )
+ 2iCaCo€nvo0(0s8p — NG A, + Agsq, — g-Aq,) (2.18)

€iiop( AU —0:A0,) = €ijk0(Aqkqo — @A) € jor(Aqoqi — Qo Aqk) = 2€;jk0£q0, (2.19)
PHC. 31 CHCTeMa Ko.rl.rmH:;a-Conepa, paB.TIH‘IHbIG _VI‘JII)I H IIJIOCKOCTH B Heﬁ, B CUCTeéeMe TIOKOHA Z-6030Ha
(10}, [9].

Lij = (c; + ) (—9ij (> — AG®) = 2A¢:AG) + 2icaCo€ijop(Ddoy — GoAqp) = (2.20)

~ 20" [(CZ + ) (05 — ninj) + 20CqCo€ijkoN |

0O X WijLij — WU [(CZ + C%)((Sij — nm]) -+ Q’L.CaCz,Gijkonk] , (221)



Yrnosoe pacnpeaeneHue

cos 0 0 n°> —n? w1 ap+iay by + ibs
: ij . .
n = | sinf cos ¢ €ijkone = | —n® 0 n W =1 a —iay W2 C1 T 162
: ; 9 3 3
sin @ sin ¢ n® —-n 0 by —iby ¢y —icy W
1—cos? 6 — cosf cospsinf+2isinfsin ¢ — cos fsin ¢ sin@—2¢ cos ¢sin b
szij X — cos # cos ¢ sin #—2:C' sin f sin ¢ 1—cos? ¢sin” @ — cos ¢ sin® 6 sin ¢+2iC cos f
— cosfsinfsin d+2iC cos psinf  — cos ¢ sin ¢ sin® #—2iC cos @ 1—sin® fsin? ¢

0 X WijLij — WU [(C?I + Cg)(éij — nzn]) + QicacveijkOnk] 9

1 do 3 1

10 1 3 (1+)\90052(9+)\9¢sin29005gb+)\¢sin2¢9(3052gb+
£ T 0

+ A\ g sin” 0sin 26 + X g4 sin 20 sin ¢ + 24y cos @ + 2A,sin 0 cos ¢ + 2A | 4 sin f sin @)




Yrnosoe pacnpeaeneHve u UHBAPMUaAHTLI

i3 1
OdQ_47T3-|-)\9

1 + Ny cos® 0 + Agg sin 20 cos ¢ + Ay sin? @ cos 20+ Wi a +iay by + by
W = a1 — iag W9 C1 T ’iCQ

+ A1 Sin” 0 sin 2¢ + A g, 8in 20 sin ¢ + 244 cos 0 + 2A4sin 6 cos ¢ + 2A | 4 sin @ sin ¢)

b1 — Zbg C1 — ’iCQ W3

1=2¢ —Xgp — A1 s —A1gg +iA
1] = 1 | 9 > 0 —LA1¢ —ALos ¢
det [FF— f-1] =0 W' =STws W=g -1+ W+iWa 35N (—A9¢ +id, 2e2re ) Ay
| ’ —Algp — 1Ay —Alge t+1Ag 1+/\e?+2>\¢

L _ A3 ATH AL, N3 +3 (A2 403, + A%, + A% 4,)
MNMHBAPUAHTDI!! T (B34 A2 T (34 Ag)?

. (Ao + 3)\0) (zAg — 6o + 9)\§¢) +9 (AQA?LW, — 22022 5 + 6XosA LosA Lo — 3)\¢,)\_2w¢)

(3 —+ )\9)3
1
R = o1 37 (54 (AgAgrag + Ao A 1A 10 + ALpAsALe) +9Ng (247 — A_2L¢ — Aé) + 27X (Ai - Aicﬁ))
1
M = EESWE {A5 (N3 — 9] —9XT4) — A7 (200 (Mg +3Xs) + 99X 4,) + AT 4 (BAgAs — 205 — 9A7,)

+ 640A14 (ALos (Ao —3Ag) +3XasA1s) +6A4[A0 (Mag (Mo +3As) +3A10sA16) + Als (BAagA Lo — 2X0A16)]}




[lpeo 6 Pa30BadHWNE K03(|)(|) MUNEHTOB Cosepwum npeobpasosaHue cucmemsl omcyema
npu 0syx Jusnepoebix Nosopomax

cos(a) cos(y) — cos(f) sin(a) sin(y) — cos(y)sin(a) — cos(a) cos(B) sin(y)  sin(S) sin(y)
R=Rz(y) - Rx(B) - Rz(a) = | cos(f)cos(v)sin(a) + cos(a)sin(y)  cos(a) cos(f) cos(y) — sin(a)sin(y)  — cos(y) sin(J)
sin(a) sin(f) cos(a) sin(3) cos(f)

Kak »ce moza0a npeobpasyromca koagpgpuuyueHmeoi YP u coxpaHamcsa au

UHsapuaHmei?!
BoissneHue obwux ceolicme npu xapaKkmepHbsix npeobpa3osaHusX...
2 2 2 2 2
g Ao+ AG+ ATy Ag +3 (Acx) +Agy + ALy + Meqb) Kak amo ompasumca Ha yacmuyax 8 «3aKpyYeHHbIX COCMOAHUSAX...
1 — ) 2 —
(3+ )g)2 (3+ Xg)2

(Mo +3)) (QAg —BXods + 9A§¢,) +9 (AMiw — 2XA% 4 + 6Agg A LopA Lp — 3/\¢A19¢)

I = 3
(3 + /\9)
1
R = o1 37 (54 (AgAgop + ApA L Los + ALsAsA1s) + 9o (245 — AT, — A7) + 27Xy (A5 — AT,))
1
M = EESWE {A5 (N — 99X —9AT,) — AZ (200 (Mg +3Xg) +9AT g4) + AT, (6Aa Ay — 205 — 9NF,)

+ 6A40A 14 (ALog (Ao — 3Ag) +3X09ALs) +6A¢ [Ag (Mg (Ao +3Xg) +3ALosA10) + ALe (BAogALos — 2X0A 1)}



[MpeobpasoBaHune KoO3dPMLUMEeHTOB NP NOBOPOTE NO a3UMYTa/IbHOMY
yrny ¢ v noCToAHCTBE NONAPHOro yrna 6

%;% = 4?; 3 _'_1 )\0(1 + Ag cos” 6 + Ay sin 20 cos P+ COS Q?I _ | S ?5() — sin ¢y o COS ¢
+ \gsin®6cos2¢ + A 4sin® Osin 2¢ + A g4 sin 20 sin ¢ + 24y cos 0+ sin ¢/ SIn gy COS P Sin ¢
+ 2A4sinf cos¢ + 2A, 4sinfsin @)
N = Ap
Aoy = Agy€OS Bg + X'\ g, 5in By
%g—g — 4:; - +1 v (1 + Mg cos” 0 + Ay, sin 20(cos dg cos ¢ — singgsin )+ (4.3) Ag = A€o 2p + N4 sin 26

/ /.
P % 50 : : / g 19 : y , , )\—Ld) — )\_Lgb COS 2¢0 T 0, S1I1 2¢0
+Ag sin” 0(cos 2¢ cos 2¢ — sin 2¢g sin 2¢) + X 4 sin” 6(cos 2¢ sin 2¢ + sin 2¢g cos 2¢)+ / ;.
Algp = AlLgyCOS Py — Agy Sin gy

A, = A,
Ay = Ajcosgy+ Al 4sin ¢

+XM¢ sin 260(cos ¢ sin ¢+sin ¢y cos ¢)+2 Ay cos 9+2A; sin #(cos ¢y cos ¢p—sin ¢ sin @)+

-1-2’l 4 SIN 0(cos ¢ sin ¢ + sin ¢ cos ¢))

Ay = A 4cospy — Ajsingy




= )\’ ‘ 0082 200 + N7y sin’ 2¢ + AN sin 4¢hy

= /\'2¢ cos® 20, + )\ sin? 20 — ’\/Lqﬁ’\d) sin 4¢,

MpeobpasosaHue KoapPULUUEHTOB NPU NOBOPOTE MO ASUMYTA/IbHOMY Yray @
N NOCTOAHCTBE NONAPHOro yrna 6

N o= N, (1.12)

AZ s AZ 1 A_L()o Aoy = gy 0S Py + N\ g48in g (1.13)

Ul = . Ag = Aycos2¢y+ X, sin 2¢ (1.14)
(3 T )\9) Aig = N 4c082¢) — Ny sin 24y (1.15)

Aoy = N ggc08 ¢y — Aggsin gy (1.16)

2=A§+3(>\ + Ao + AT + Algs) A, = A, (1.17)
(3 + Xg)? Ay = Aycos g+ Al 4sin (1.18)

Ay = A, cospy — Aysingg (1.19)

Ao

A5+ Xy + Ao+ Ags) = (A5 +Xgy + ATy + NTg)
3+ X = 3+ XN
= Uy = Uy =inv

COS “dg HAE d,sm qb0+)\’¢)\ 66 SN 2

)\ 16¢ COS ¢0 + )\, Sln2 ¢0 — ,leqs)\le(p Sin 2¢0



[TlpoBepKa MHBAPUAHTOB NpU Npeobpa3zoBaHNN

1

(a4 3X)(2M% — 66Xy + ING,) + 9(MeAT g4 — 22 AT 4 + 6AapALapALs — BAgALag) R = 5 (54 (AgAghog + AgALgA 1o + ALsAsAig) +9Ng (245 — AT 4 — A7) +2Thg (A7 — A%,))
B BT ) ’ (A +3)
1
M = e 145 (6 =905 — 9X1y) — A3 (220 (Mo +3%s) + 9XT0g) + ATy (630s — 215 — 9X],)
7
+ 6A40A15 (ALog (Ao — 3Xg) +3X09ALs) + 644 [As (Ao (Ao +3Ag) +3A10A1g) + ALy (3MegALog — 2M0ALg)]}
® O wolfram Mathematica

3 perogl? + 3 xper¢l? + x61? + 3 26912 + 3 Ap1?

Out[14]= 3 52
(3 +261)

-18 Aper¢1” X6l + 54 Apero¢l Aper¢l A6¢l + 9 Aperogl® (A6l - 3 A1) + (261 + 3 A1) (22617 + 9 A691” - 6 A61 A1)

outiel: (3 +201)3

9 (-6 Aper¢l (Aol ipero¢l + Apl Aperpl) - 2 A01” 161 - 6 A1 Apl A1 + Ap1l® (X6l - 3 A1) + Aper¢l? (161 + 3 2¢l))

Out[18]= - e 3
(3 +2A61)

1
out[20}= ——— (6 Aper¢l Aol (Aperegl A61+ 3 Apergl A6¢1 - 3 Aperopl A¢l) + Aper¢l? (-2201% - 9 X6¢1” + 6 X601 A¢1) + A61® (-9 Apergl? + A61% - 9 A¢1?) -
(3 +261)

A<1>12 (9 /\pere¢12 +2261 (261 + 3 Apl) ) + 6 Apl (-2 Aperol aper¢pl 261 + 3 Aper¢l Aperogl A6¢1 + A6l (3 Apero¢l Aper¢l + A61 A6¢1 + 3 A6p1 Ap1)) )
Simplify[U2new - U2]
YNPOCTUTDb

Simplify[Tnew - T]

YNPOCTUTDb

Simplify[Rnew - R]

YNPOCTUTDb

Simplify[Mnew - M]

YNpPOCTUTDb

Out[25]= O
Out[26]= O
Oout[27]= O

Out[28]= O

U; = Ué = INU
T
R
M

, o
T" = v

R = inv

M' = inv



[Mpeobpa3osaHue NONAPHOrO yraa npu USMeHAEeMOM a3MMYyTa/IbHOM yr/ie

cos By sin 6 cos ¢ — sin 0y cos ¢

V1 — cos2 ¢

cos ¢ =
X' = (—sinfy; cos 6y; 0).

: . 71 __ N TP .
cos @ = sin  sin 0 cos ¢ + cos O cos O Z'" = (cos tp; sin 0y; 0).

sin @’ sin ¢’ = sin @ sin ¢




[Mpeobpa3soBaHue KO3pPULUMEHTOB NPU NOBOPOTE NO NONAAPHOMY
yrny O

ldo _ 3 1
od)  4w3+ )\

+ As sin? 0 cos 26 + A 16 sin? @sin 2¢ + A 166 S1in 20 sin ¢ + 2A, cos 6+
+ 2A;sinfcos ¢ + 2A, 4sin fsin ¢)

2 : 1d 3 1
(1 4+ Agcos® 8 + Mgy sin 26 cos ¢+ _£ _ I (14 g cos® 0 + Ao sin 26 cos ¢ + Ay sin” 6 cos 20)
o T 0 |

\ — l()\ 2 — 3 cos? 6, \ 3sin26, /\’381112 90)

0 y 7 9 0o 9 - Ao 9 9

1, . sin 26, 3 sin 26,

/ _ : 2 b % i

- | L Xax COSD0h — A : / 2—23 cos* O, 3 sin 26, 3sin“ 6,

06 7( 01— T Ao 0= A5 ): A, , : . : Ao
Vo 1 O sin® 6, . 3 sin 20y /\'2 — sin? 90) ’9 s | == 3"1229" cos 260, 38“;29" X | Ao
P ’}/ ; 2 l e 2 | ¢ 2 : A/ ’7 Si112 9() sin 29() 2—Si112 9() )\ |

¢ 2 2 2 P
. 9 , . 9 N e’ N e e
EEERY sin” 6 Y sin 26 B = sin“ 6 A’ r A
TEAT AT T ATy T T




[MpeobpasoBaHue K03pPULMEHTOB NPM NOBOPOTE MO NOAAPHOMY yray O

Cnyyan HeHyneBoro 4,

1l do 3 1
odS) A4Ar 3+
2—3 cos? 0, 3 sin 26, 3sin? 6,
2 2 2
81112290 cos 2 90 3 Sll; 20,
sin? 6, sin 26, 2—sin? 4,
2 2 2
w
&

X

3 Si112 9()/\2)
- D X, sin’ 6)
—sin 20p A,
0 = :
= Ay sin” 6;)
(1 =+ COS2 0()))\:3
5 P Ay sin” 6)

A9

Y.
Ao

Ao

A

- X (1 +\< cos” 0 +\\90 sin 26 cos ¢ + Ay sin® @ cos 2¢)
0 0 )

3cos? 0p—1 3 sin 20, 3sin? 6,
LE o 2 2
- 51112290 cos 2 90 3 sn; 26,
) sin® 6 sin 26 14-cos? 6y
2 2 2
. .
 sin?6@y, 2 — A, sin® )
vy=1- /\49 — ' i
2 2
3 Si112 9() /
Ao , s
N sin 20 \/
Mg | = 52 y
X T 14-cos? 6, \
e 2 ¢




[MpeobpasoBaHue K03pPULMEHTOB NPM NOBOPOTE MO NOAAPHOMY yray O
Cnyyaun HeHynesoro 4,

l do 3 1 . .
— (1 + Agcos™ @ + Nge sin 26 cos ¢ + Ny sin” 0 cos 20)
/\2 2—3 cos? 0, 3 sin 26, 3sin? 6, )\9 Ag 3 cos? 0p—1 3 sin 26, 3sin? 6,
o 2 2 o 2 2
/\(/9 ’ - _/ 81112200 coSs 2 90 3811; 20, ¢ )\0¢ /\9(;,> — _/ 8111220() coS 2 90 3511; 20,
hYs L sin? 6, sin 26, 2—sin? 4, )\d) /\d) L sin® @, sin 26 14-cos? 6,
@ 2 2 2 2 2 2
N’ N———— — — p—
& J G . sin® @y 2+ X\ sin® 6)
— 0 —
2 2
/\9 o (2 -3 SiIl2 9()))\19
(2 -+ /\:9 sin? 9()) ,
\ sin 260\, X (2—3 s2m 20 )\g
b — 49
(2 4+ A sin®6p) o o l sin 26, \
)\ Si112 90/\’9 8(;) /\/ 22 0
¢ = : sin” 0y \/
(2 + A} sin” ) Ao 5 )\9




MpeobpasoBaHue K03pPULMEHTOB NPM NOBOPOTE MO NOAAPHOMY yray O

1 1
;Z_g — 4:13 n )\0(1 + Mg cos? 6 + Mg Sin 260 cos ¢+

+ As sin? 0 cos 20 + \ 14 sin? §sin 2¢ + \ 164 SIn 20 sin ¢ + 2A4 cos 0+

+ 2A4sinf cos¢ + 2A, 4sinfsin ¢)

/\2; 2—3 (:2052 g 3 siI; 26, 3 six;z2 0 0 0 0 0 0 Ao
Aos = 2 cos 26, 3t 2 0 0 0 0 0 Ao
/\; sin; fo sin‘;Go 2—52{-’ fo 0 0 0 0 0 Ao
Nig _ 1 0 0 0 cosf, sinb, 0 0 0 o Al
Ao g 0 0 0 —sinfy cosfy 0 0 0 A16¢
A, 0 0 0 0 0 costly —sinfy 0 Ag
Al 0 0 0 0 0 sinfy cosfy, O A,
A, 0 0 0 0 0 0 0 1 Ay

(detI’ = 1) , Trorga 0~ : ™' x T = I'x I~ = Z5.4:



[TlpoBepKa MHBAPUAHTOB NpU Npeobpa3zoBaHNN

2 2 2 2 2 2 2 2 1
B As + A¢ + chp 1, — Ap + 3()\¢ + )\9¢ + )‘ch + )\L9¢) R = (54 (AgAgras + AgA 1A 106 + ALgAsA1s) + 9o (247 — A2¢¢> - Ai) + 27Xy (A?b — Aicﬁ))

U, = . -
(3 + Ng)? 2 (34 \g)? (Ao :— 3)
_ 2 2 2 2 2 2 2 2 2
(o + 305 (2202 — 639Xy + 903,) + 9NN 5 — 20A2, + BAaghisshio — Ading) M = Giagys (A0 (Ao = 9% —9X1g) — Ay (220 (o +3X9) +9X10g) + ALy (BAeAg — 24 — 9N5y)

(34 X5) , + 6A40A 16 (ALog (Ao —3Xp) +3XopA1s) +6A5[As (Nap (Ao +3As) + 33X 106 A10) + AL (BhopALos — 200 10)]}

® @ wolfram Mathematica

Aper¢l? + Ao1? + Apl?

Out[49]=
(3+261)2

—_— 3 xperegl? + 3 aperpl? + 1612 + 3 A6p1% + 3 112
ut =

(3+2061)2
-18 Jper¢1® 261 + 54 Aperogl Aperpl A6¢1 + 9 Aperogl? (161 - 3 Ap1) + (261 + 3 Ap1) (2 261° + 9 A691% - 6 161 A1) , v
Out[53]= [P —
(3 +201)3 1 — 1 — va’
9 (-6 Apergl (Aol xperogl + Apl dper¢l) - 2 Ao1” A6l - 6 Aol Apl X691 + Apl? (161 - 3 A¢1) + Apergl? (16l +3 Apl))
Out[55]= -
(3 +201)3
1 , .
out[57]= - (6 Aperg1 Aol (Apero¢l Aol + 3 Aper¢l A0¢l - 3 Aperogl Apl) + Apergl? (-2261% - 9 26¢1% + 6 101 1¢1) + Ae1® (-9 Apergl? + 101% - 9 A¢1?) - l ; — l ; a—
(3 +261) 2 E— I Z n v
A<1>12 (9 )Lperecﬁl2 +2 261 (261 + 3 Apl) ) + 6 APl (-2 Aper¢gl aper¢l 261 + 3 Aperol Apero¢l 2691 + A61 (3 Apero¢l aper¢l + A61 A6¢p1 + 3 1691 Ap1l) ) ) 2 ’

Aper¢l? + Ae1? + Ap1?
In[63]:= Ullnew = s

(3+201)2
3 pero¢l? + 3 aper¢l? + 2012 + 326912 + 3 2912
U22new = 3
(3 +201)2

-18 aper¢1? 261 + 54 Aperogl Aper¢l A6l + 9 Aperogl® (161 - 3291) + (261 + 3 A1) (22617 + 9 A6¢1” - 6 X601 A$1)
Tlnew = 5

u
~

||
o~
=
<

(3+201)3
9 (-6 Aper¢l (A6l 2pero¢l + Apl aper¢l) - 2 Ao1” 261 - 6 A61 Apl 2691 + Ap1> (261 - 3 A1) + Aperl® (16l + 3 $1)) , ‘
e (3 +261)3 3 R - L
Mlnew = I 1 i: - Z n v’
PRy (6 Aper¢l Aol (Aperegl 261 + 3 Aper¢l 1641 - 3 Aperodl Apl) + Aper¢1? (-2 261? - 9 xe¢1? + 6 261 A$1) + Ae1? (-9 Aper¢1® + x01” - 9 2$17) -
+

Ad1® (9 Apero¢l® + 2261 (2161+3 A¢1)) + 6 Apl (-2 Aper 1 Aper$l a6l + 3 Aperdliperopl X041 + A61 (3 Aperogl Aperdl+ 01641 +3 1041 2¢1)) ) ;

|
<
|
o,
~
S

M

In[68]:= Simplify[Ullnew - Ul] out[68]= O

YNPOCTUTb

Simplify[U22new - U2]

Out[69]= 0O
yNpOCTUTH
Simplify[Tlnew - T] )
YNPOCTUTb Out[70]= O
Simplify[Rlnew - R]
yPOCTUTb Out[71]= ©
Simplify[Mlnew - M]
YNPOCTUTb Out[72]= O




[Tlpeocbpa3zoBaHUA, OCyLLEeCTBAAEMbIe 33 cHeT
9MNepoBbIX NOBOPOTOB ( BTOpoK cnocod)

Jiineposbl N08OPOMbI BEKMOPA OMHOCUMENbHO20 UMIMYAbCA ME30HO8.
Ya2noesie pacnpedeneHusa cea3aHbl ¢ mampuyeli na1omHocmu 6030Ha Yepe3 c8epMKY C
N1eMIMOHHbIM MOKOM i | .

p |J

Lo & . " 1 0 0
ii OC 0ji — MM + 19€;ikN . . | .
2 2 2 LK | Ny _ 3
/ / / / 1 ['1(¢0) = | 0 cosgy —sin gy

y y O Sin Cb() COS @()
N — eAUHUYHbIN BEKTOP, HanpaBaeHHbIU NO , |
OTHOCUTEeNbHOMY MMnNynbcy nentoHos B CLUM, R . N

W L4 II
npeobpasyowmmnca noag aemcrsmem martpuu, e | 'a ] L
costy sind

MosoporTa. MpeobpasoBaHue BeKTopa onpeaenaer e ’ 0 0o 0

npeobpa3oBaHMe MaTPULLbl NIOTHOCTU U, , ['95(60p) = | —sinfy cosby 0

KaK cneacrteBue, yrnoBbix KoadpuumeHTos E/ 0 0 1




MaTpuua NI1OTHOCTU

P =\ Pyz Pyy Py=

L,l;j X (51] — NN + igﬁijkn

Lij X 57;:]' — Nin;.

k

[TomMuMoO paccMOTPEHHOrO paHee I10/1X0/1a OIMMCAHNs IIPeodpa30BaHNsI YIJIOBBIX KO-

3 dunnenToB B yrioBoM pacupegenennn (3.1), moayueHHOM KaK CBEPTKY IPOCTPaH-

CTBEHHBIX JacTeil aJpoOHHOro 1 JenToHHoro renzopos WH L, a TakzKe ero nHBapuam-

TOB (3.2)) - (3.4)), MOXKHO OCYIIECTBUTDH OOJIee 00Nt cIydail mpeobpa3oBaHus, Pe3y/b-

TaTOM KOTOPOIr'o OyIeT HaXOyKJeHNe 3aKOHOB IIpeodpPa30BaHmsl MATPUIHBIX 3JEMEHTOB

MaTPHIIBI IIJIOTHOCTH, & TaK:Ke UX BbIParKeHNe uepe3 CIIMHOBBIE HaDJ 0 laeMble, ITPUCYT-

CTBYIOIIIME B pacipeaeseHun (3.1), npm coBepimeHun, B 9aCTHOM CJAy4ae, OTIE/IbHbIX

DilJIEpOBBIX IOBOPOTOB 10 ¢ 1 6, a TakzKe, OOIEro IMOBOPOTAa CHCTEMBI OTCUETa, KakK
CYIIEPIIO3UIINN TpeX DINIePOBBIX ITOBOPOTOB (T&K Ha3bIBACMbIN, IIPONU3BOJILHBIN ITOBO-
poT). B aTOM cityuae, Mbl OyJieM OCYIIECTBIISITH BpaIeHne NMEHHO 0a3UCHOrO0 BEKTOPA

n, mepexois K HOBOMY 0a3mncy M, KaK CJIeJICTBUE, IOJyUaTh IIPeodpPa3soBaHHOE BBIPa-

»KeHHne JIeIITOHHOTO TeH3opa (2.21) B moBepHyTOil cucremMe, a BMecTe ¢ HUM (POPMYJIbI

IpeoOpa30BaHIsT MATPUIHBIX JIEMEHTOB.



[Tlpeobpa3zoBaHUA, OCyLLECTBAAEMbIE 33 cHeT
DUNEePOBbLIX MOBOPOTOB

cos 6

/ : . : :
n — Fl (¢O) X N n' = | sin @ cos @ cos ¢ — sin f sin ¢ sin ¢y
sin @ sin ¢ cos ¢y + sin 0 cos ¢ sin ¢

cos 6 cos 0y + cos ¢ sin 6 sin 6

n" = Ty(6y) x n n" = | cos 6y cos¢@sinf — cos @ sin b

sin @ sin ¢

sin @ sin 6 cos ¢ + cos 6 cos b
n" =T9(0y) x I'1(¢g) X n n"" = | sin @ cos By cos ¢ cos ¢y — cos O sin Oy cos Py — sin O sin ¢ sin oy

sin @ cos 6 cos ¢ sin ¢y — cos 6 sin 0 sin ¢y + sin € sin ¢ cos @



JIeENTOHHbIN TEH30P M ero npeobpa3oBaHMe

f

Llj X 52] N nln] n' = FQ(O()) XN

cos ¢ " _ Tl 5.9
n = | sinfcos ¢ n = ‘2( ()) X 1(99()) XN

sin 6 sin @



J1eNTOHHbIM TEH30P NPU NPEO0HBPA3OBAHUAX

. . wolfram Mathematica

0,=0,¢,=0

Out[~ ]//MatrixForm=

f 1-Cos[6]? -Cos[©] Cos[¢] Sin[6] -Cos[6] Sin[6] Sin[¢] |
~Cos[6] Cos[p] Sin[e] 1-Cos[¢]®Sin[e]? -Cos[¢] Sin[O]%Sin[o]

| -Cos[©] Sin[6] Sin[¢] -Cos[¢] Sin[O]%Sin[¢#] 1-Sin[6]°Sin[¢]? |




J1eNTOHHbIM TEH30P NPU NPEO0HBPA3OBAHUAX

) @ wolfram Mathematica

0,=0,¢0, %0

Out[+» |//MatrixForm=

/ 1-Cosf[o]*
-Cos[6] (Cos[¢] Cos[¢p0O] Sin[B] -Sin[6] Sin[¢] STn[¢0O])
. -Cos[O] (Cos[¢0O] Sin[6] Sin[¢] + Cos[¢p] STn[6] SIn[¢0O])

-Cos[6] (Cos[p] Cos[9p0] Sin[B] -Sin[6] Sin[¢] SIn[¢p0O])
1- (Cos[¢] Cos[¢0] Sin[6] - Sin[6] Sin[¢] Sin[¢0])"
- ((Cos[¢0] Sin[B] Sin[¢] + Cos[¢p] STin[6] SIn[¢p0O]) (Cos[¢] Cos[pO] STn[B] -Sin[6] Sin[d] SIn[¢p0O]))

-Cos[6] (Cos[9p0] Sin[O] Sin[¢] + Cos[¢p] STn[O] SIN[¢O])
- ((Cos[¢p0] Sin[B] Sin[¢] + Cos[¢p] STn[6] SIn[pO]) (Cos[¢] Cos[pO] SIn[B] -Sin[B] Sin[¢p] STIn[¢0O]))
1- (Cos[¢0] Sin[6] Sin[¢] + Cos[¢p] Sin[6] Sin[¢0])?




J1eNTOHHbIM TEH30P NPU NPEO0HBPA3OBAHUAX

) @ wolfram Mathematica

6, % 0, = 0

Out[~ ]//MatrixForm=

f 1- (Cos[6] Cos[60] + Cos[¢] Sin[e] Sin[e0])?

- ((Cos[60] Cos[¢] Sin[B] -Cos[©] SIn[60]) (Cos[©] Cos[60] + Cos[¢] Sin[B] S1n[B0O]))
\ -Sin[6] (Cos[B6] Cos[60] + Cos[d] Sin[B] ST1n[60]) Sin[¢]

- ((Cos[60] Cos[p] Sin[B6] -Cos[6] SIn[60]) (Cos[B] Cos[60] + Cos[¢p] STIn[6] S1n[60O]))
1- (Cos[60] Cos[¢] Sin[e] - Cos[B] Sin[e0])?
-Sin[6] (Cos[60] Cos[¢p] Sin[6] -Cos[O] STn[6O]) Sin[¢]

-Sin[©] (Cos[©] Cos[60] + Cos[¢] Sin[©] Sin[60]) Sin[¢]
-Sin[©] (Cos[60] Cos[¢] STn[6] - Cos[O] SIn[6O]) Sin[o¢]
1-Sin[6]”%Sin[¢]? )




J1eNTOHHbIM TEH30P NPU NPEO0HBPA3OBAHUAX

©) @ wolfram Mathematica

B, # 0,¢p, % 0

Out[~ ]//MatrixForm=

1- (Cos[©] Cos[60] + Cos[¢p] Sin[6] Sin[e0])?
- ((Cos[6] Cos[00] + Cos[¢p] Sin[6] STn[60]) (Cos[60] Cos[¢p] Cos[¢p0] Sin[6] - Cos[O] Cos[¢p0O] Sin[60O] -Sin[B] Sin[¢] STn[¢p0O]))
- ((Cos[6] Cos[00] + Cos[¢p] Sin[6] STn[60]) (Cos[¢pO] Sin[6] Sin[¢] + Cos[60] Cos[¢] STIn[6] Sin[¢pO] - Cos[6] SIn[6O] STin[¢pO]))

S

- ((Cos[6] Cos[60] + Cos[¢] Sin[6] Sin[60]) (Cos[60] Cos[¢] Cos[¢p0] Sin[6] - Cos[B] Cos[¢p0] STin[6O] -Sin[6] Sin[¢] SIn[¢0]))
1- (Cos[00] Cos[¢p] Cos[¢p0] Sin[6] -Cos[O] Cos[¢p0] STin[60] -Sin[B] Sin[¢] Sin[¢0] )2
- ((Cos[¢0] Sin[B] Sin[¢] + Cos[60] Cos[¢] Sin[6] Sin[¢p0O] - Cos[O] STn[60] Sin[¢p0]) (Cos[60] Cos[p] Cos[¢p0O] Sin[6] - Cos[B] Cos[p0O] STn[6O] -Sin[6] Sin[¢] STn[¢p0O]))

- ((Cos[©] Cos[60] + Cos[¢p] Sin[6] Sin[eO]) (Cos[¢p0] Sin[6] Sin[¢] + Cos[60] Cos[¢p] Sin[6] Sin[¢p0] - Cos[O] STn[6O] STin[¢0]))
- ((Cos[¢0] Sin[6] Sin[¢] + Cos[60] Cos[¢] Sin[6] Sin[¢p0] - Cos[6] Sin[60] Sin[¢p0]) (Cos[60] Cos[¢p] Cos[¢p0O] Sin[6] - Cos[O] Cos[¢p0] Sin[6O] -Sin[6] Sin[¢d] STin[¢0O]))
1- (Cos[¢0] Sin[e] Sin[¢] + Cos[60] Cos[p] Sin[6] Sin[¢0] - Cos[6] Sin[60] Sin[¢0])?




MaTpunua NN1OTHOCTU

Pz Pry Prs
P="| Pyz Pyy Py Lij o< 05 — niny.

Pzzx sz Pz

Pry | Pz Pzz  Pyy — Pz
Tr(pIJLCJFL) = Pz 2+ —+ (— |

2 2 2 )
P Sin 26 cos ¢ — p,,. sin® 0sin 2¢ + (

Pzz — Pyy

2

) COSQ 0 o p;ry SN 20 COS Qb—

) sin” @ cos 2¢




[lepBbin dnnepos noBopoT. [lpeobpa3oBaHue

no yrny ¢

Tr(p.,:jL;Fk) = Pyz T P;y | p;z | (p;Z + Py 5 Pm) cos’ ) — Py sin 26 cos 0— P sin 260 cos ¢ — p,,. sin? @ sin 20 (,0;;;; > pyy) sin’ 6 cos 20
» . ., COS 2 yu COS 2 , .
Ir (p ] L‘f]rk) — (p;mf ,032;y pQZZ ) ( Pzx p;y p;?: ) C082 0 (—pay COS Go—pa- SIN @) sin 260 cos ¢+(p' (;S %o _Fw ZS Po — Py Sin 2¢y) sin” § cos 20+
oy S1N1 2 2> SIn 2 . . : : :
+(pyy 8121 %0 _P= 812 %0 — Py COS 2¢) sin® 6 sin 20+ ( Py SIN Po— Pz, €OS @p) sin 260 sin ¢
/ p, P’ £ P
10:17117 | %y | Sz — 10217117 | %y | gz ) ,
1 0 0 0 0 0 Pra
_IO, | Py | P SR Pyy | Pz Pz o o . o
ol 22 ¢ T y 2 D o 0 sin“¢@p sin® ¢ 0 0  —sin2¢y Pyy
) Py SIN 200 258102 ]
5 = C 5 > — Pyz COS 29y, o 10 cos® ¢y cos? o 0 0 sin 2o y 1
/ ° ! 10 0 0 COS sin 0 1
/0:1::(/ — pzlty COS qb() g Pz Sl €b07 IO:ry qbo Qbo pa,y
; . P 0 0 0 —sin g cos ¢y 0 -
Prr = —Pxy Sl ®0 + Pz COS Po, / sin2pp  sin 2¢0 |
90 . Py 0 5 > 0 0 cos 2¢q Dy
'O{UZ — __ Pyy 81211 0 1 Pz 51211 Po | Py COS 2¢O’




[TpoBEepPKa MHBAPMAHTOB NPU Npeobpa3oBaHNN

B )\g + 3()‘325 + /\3¢ + )‘Qiqb + A3_9¢) ()\9 —+ 3)\¢)(2)\92 — 6)\9/\¢ + 9)\g¢) + 9()\9/\%_%5 — 2)\¢)\i¢ + 6A9¢)\J_9¢>\_[_¢ — 3)\¢)\J_9¢)

Uy = = . )
i (3+A3) | (3+ %)

O, @® wolfram Mathematica

4 (oxx* +3pxy* + 3 pxz’ + oyy” + 3 pyz” - oyy pzz + pzz* - pXX (pyy + p2Z) |
out] + = , U . U/ .=
(6 -2 oxx + pyy + pzZ) e P — (X,

1
out]+]= - 8 (20xX° - 18 pxz” pyy + 2 pyy’ + 54 pXy pXz pyz + 9 pyy pyz" +

(6—2pxx+pyy+pzz)3 T — T, — Zn/U

9 0xy’ (oyy - 2 pzz) + 9 oxz* pzz - 3 pyy” pzz + 9 pyz” pzZ - 3 pyy pzZ" + 2 p2Z° - 3 PXX* (0YY + pZZ) + 3 OXX (3 oxy” + 3 pxz” - pyy® - 6 pyz” +4 pyy pzz - pzzz) )

4 (,oxx2 +3 pxy2 +3 ,oxz2 . pyy2 +3 ,oyz2 - PYY pPZZ + pzz2 - PXX (pYyYy + pzz) )
Out[~]=

(6 - 2 pxX +pyy+,ozz)2

1
Out[+]= - 8 (2 pxx3 - 18 pxz2 oyy + 2 pyy3 + 54 pxy pxz pyz + 9 pyy pyz2 +
(6 - 2 pxXX + pyy +,ozz)3

9 pxy2 (oyy - 2pzz) +9 ,oxz2 pzZ - 3 ;oyy2 pzZZ + 9 ,oyz2 pzz - 3 pyy pzz2 + 2 ,ozz3 -3 pxx2 (pyy + pzz) + 3 pXX (3 /oxy2 +3 pxz2 - /Oyy2 -6 pyz2 + 4 pyy pzz - pzzz) )

in[ ]:= Simplify[U2new - U2]

OCTUTDb

Out[«]= ©

in[ .= Simplify[Tnew - T]

1IPDOCTWITE

Out[«]= ©




[lepBbin dnnepos noBopoT. [lpeobpa3oBaHue
no yrny (),

1 do
UdQ

+ 1480 05in 20 + A g sin 20 sin ¢ + 244 cos 0 + 2A,sin 6 cos ¢ + 2A | 4 sin 0 sin @)

3
471 3

)\9(

1 + Xy cos® 8 + Agg sin 20 cos ¢ + Ay sin? @ cos 20+

' . . zZz 2 - 2 . .
I'r ( Pi L;Fk) (Pzz P;y | p; ) + (—pos ng | ,0;;: ) cos® O+ (— Py COS Po— Pz, SIn @) sin 26 cos ¢+(p C;S 0 _Puy C;S P0_ py. sin 2¢y) sin? f cos 2¢+
oy SIN 2 ., SIn 2 . . : : :
+(py z 81211 . _ P SIQH %0 — Py COS 2¢) sin? 6 sin 20+ (pay SIN Go— Pz, €OS @p) sin 26 sin ¢
P, Pz
f)/ pl‘l‘ ;y = 57 .
)‘ = _prr p;y | p§7 9
=2 —Ago COS g + Ay SIN —(Agy + A cot ¢ Sin
== = '0S Qg 0 —(Ag 5 e 0 0
P2, COS2Q00  Pyy COS 20 . ? ’ . ° . 14+Xg+2\ cos 260 —2) |  sin 2
Ad) — 2 L 2 pyz S1n 2¢07 \—(qub + )\_]_qu) COt gbO S111 ¢0 _()\¢ —I— )\J_¢) COt 2¢0 S111 2¢0 5 ; /
sin 2 sin 2
)\_qu T s ¢O i ¢0 Pyz COS 29350:
2 2
)‘_Lf)cp — Pzxy sSin ¢O — Pxz COS ¢O




[lepBbin dnnepos noBopoT. [lpeobpa3oBaHue
no yrny ¢

1_2’\9 — A9 COS Qg + Mg SIN O — (Ao + ALeg) cot ¢g sin ¢g
= — g COS P + g SIN O SENy S 2;5 012214 8In 290 —(Ap + ALg) cot 2¢0) sin 2¢
—(Ago + Alog) cOt ppsin pg  —(Ay + A1) cot 2¢¢ sin 2¢q i K. 2;)0_2/\”’ s

/ / /
TY,O = Pax T pg/y T Prry =

= Pz + (—py- SN 200 + (pyy + p-2) sin” Do) + py= SN 200 + (pyy + p22) cos” o =

L —Xg 14+ Xg—2A5C08200 + 2A 14 SIn 29
= Prx T Pyy T P2z = | ? %

2 2
| 14+ Mg+ 2)\¢ COS 200 — 2)\J_¢ Sin 29 B
| 2 -
3+ N\
= = COnst

2



[lepBbin dnnepos noBopoT. [lpeobpa3oBaHue

no yrny ¢

1—)\g
/ 1_2>\9 —Agg COS O + Mgy Si}l Po —(Ago + ALgo) cOt g sin ¢g \ 2 2
D = _)‘9¢> COS Cbo T )‘9q‘> e Qb() 14+Ag—2A4 cos 2§0+2>‘L¢ sin 2¢q _()\¢ + AJJ?) cot QQSO) S 2¢O 3 _|_ )\ _)\Hgb
\_()\Hq‘) + Alge) cot posiny —(Ag + ALg) cot 2¢0sin 2¢g T+ 2022 o8 25)0_2/\”5 e, / 0 _)\J_Hgb
1—X\g  1=Xy
s, My = A
14+Ag—2Ap cos200+2A ¢ sin 209 1—I—/\'9—2/\:b 0 05
2 o 2 ) o .
1+ Xo+2Xg o8 200—2X 1y sin 269 1+Ap+2N, 6 = Ay COS 200 + ALy Sin 2¢y,
2 T 9 a

—)\9¢5 COS gbo + )\egs SIn CbO — _)\/9¢7
)\QQJ) Sin ¢p + )\Leqf) COS Py = — l@d)v
—)\Qf) S1n 2@50 + >\J_¢ COS QQSO — /_|_¢7

b6 = AL SIN o — Agy COS ¢y,
’w¢ = /\ec,é Sin cbo T )\qu COS Cbo,

,J_cf) — >\L¢> COS 2§b0 — )\¢ S1n ngo,

_)\%
1+)\9—2/\¢

_)\Lqﬁ

—oA 185

_)‘ch)
1+)\(9+2/\¢




BTtopown Innepos nosoporT. [Npeobpa3zoBaHume

noyrny @

T Pey | Pez | Pz | Py = Prxy 9 - : .2, . Pzz — Pyyy ;. 2
Tr(p.,:ijk) = e + ; | 5 - ( ; | ; ) cos” 0 — pr Sin 26 cos g— P sin 26 cos ¢ — p,,. sin” @ sin 2¢ + ( ; ) sin” 6 cos 2¢
2 ) : 2 : 3
Tr(p,;LL.) = ,0'1"1'2 — sin” 6 L P ) 2 —cos” 0y puysin 26, (p, 1 — 3 cos” b Pz 3Py SIN 20 i 1 — 3sin” 6y s 0
J 9 2 9y 9 9 4 it 2 2 Yy 2
: : : ; 3 2 : P Sin 2‘90 Pz Sin 290 :
+ (pyz Sin By — pa, cosby) sin 20sin ¢ + (—p,,. cos Oy — pa. sin By) sin” O sin 20+ - ( L — Py €S 200 — sin 26 cos ¢
2 g .
Pyy COS“ 00 prxSIN“Oy  prysin26y  pu.\ . o
=+ | = — — + sin“ @ cos 2
( > > > > ¢
! / 2 . sin 20 / l4+cos20p 1—cos20g e
101,17;17 _I p32/y I PHH — prz 9111 90 |r ,OSz pUUQ COS 90 L Py S;ll 0’ IO,CU:I 5 5 O S1N 200 O O ,01’11’
! 3. . sin 26 / 1—cos260p 14cos26p 8
_101,17117 | p;y | pzz _ ﬂrrl 3COS fo + Pz~ | 2Pay 92111 0 :0’111/1 33111 90’ pyy 5 5 0 S111 290 0 0 Py
e yy COS2 0 5 2y 51N 20 i
v . / S1I1 0 S1I 0 2
,0;,z:y =~ Sl211 o - Py COS 200 P S;n 2907 Pay 2 2 0 cos 200 0 0 Py
/ : -
P, = —py.sinby + pe. cos b, 8. 0 0 0 0 cos g — sin b -
. / = .
P, = py= 08B + py-sin f, P 0 0 0 0 sinfy  cos b i




[TlpoBepKa MHBAPUAHTOB NpU Npeobpa3zoBaHNN

B )\g + 3()\35 -+ /\g¢ -+ )‘?Lqﬁ -+ A3_0¢) _ ()\9 = 3/\¢)(2)\92 — 6)\9)\¢ -+ 9)\g¢) -+ 9(/\9)\3_%5 — 2)\¢)\i¢ -+ 6)\9¢)\J_0¢)\_]_¢ — 3)\¢)\J_9¢)
2 (34 \2) ’ (3 + 22 ’

O, @® wolfram Mathematica

pxx2 +3 pxy2 +3 pxz2 + pyy2 +3 pyz2 - pYY pZZ + pzzz - PXX (pyy + pzz)

/ :
4 (pxx +pyy +pzz)* U2 —_ U2 — 1Nv

Out[«]= - 3 (2 pxx> - 18 pxz® pyy + 2 pyy® + 54 pXy pXz pyz + 9 pyy pyz> + 9 pxy? (pyy - 2 pzz) +
8 (oXX + pyy + pzZz)

Out[ «]=

9 pxz? pzz—3pyy2 ,ozz+9pyz2 ,ozz—3,oyypzzz +2pzz® - 3 pxx® (pyy + pzz) + 3 pXX (3pxy2 + 3 pxz° —pyy2 —prz2 +4pyy,ozz—pzzz)) : Z I _ Z l’ e va
2 2 2 2 2 2
4(pxx + 3 Xy  +3p0XZ° + pyy” + 3 pyz® - pyy pzz + pZzz° - pXX (pyy+pzz))
Out[~]=
(6—prx+;oyy+pzz)2
1
Out[+]= - 8 (2 pxx® - 18 pxz® pyy + 2 pyy® + 54 pXy pXz pyz + 9 pyy pyz” +

(6 - 2 pxX +;oyy+;ozz)3

9 pxy2 (pyy - 2pzz) +9 ,ox22 pzz - 3 ;oyy2 pzzZ + 9 pyz2 pzz - 3 pyy ,ozzz +2 pzz3 -3 pxx2 (pyy + pzz) + 3 pxX (3 pxy2 +3 pxz2 = pyy2 -6 ,oyz2 + 4 pyy pzz - pzzz) )

In[ = Simplify[U2new - U2]
YyNpPOCTUTb

Out[-]= O

In[ ]:= Simplify[Tnew - T]

yNpOCTUTL

Out[-]= O




BTtopown Innepos nosoporT. [Npeobpa3zoBaHume

noyrny @ L

—— = 1
o df) 47T3—|-)\9(

Ag €0S” 0 4 N 5in 26 cos ¢ + A sin” 6 cos 2¢

+ A1 48in% 08in 26 + A g sin 20 sin ¢ + 244 cos @ + 2A,sin 6 cos ¢ + 2A | 4 sin 0 sin @)

2 —sin’fy  p.. 2 —cos’ 0y puysin 20 1 —3cos*0y  p.. 3pu,sin20 1 — 3sin”6
(sz ]l-.,) Prx 5 L 5 = Pyy 5 5 =R o 5 | | 5 = Pyy 5 cos” 0
! : : ; 5 2 : o Sin 2‘90 Pz Sin 290 ;
+ (pyz Sin By — pa, cosby) sin 20sin ¢ + (—p,,. cos Oy — pa. sin By) sin” O sin 20+ - ( L — Py €S 200 — sin 26 cos ¢
9 5 B g
Pyy COS“ 00 prxSIN“Oy  prysin26y  pu.\ . o
— — — sin“ @ cos 2
U ( 2 2 2 * 2 P
2 —sin’fy  p.. 1+sin®fy  pa, sin 26,
Y = Pzx 9 BN 9 ER pyy 9 o 9 )
1 — 3cos?6 s S ST 20 3sin’ 6, — 2 _ ) cos 200 — . ) s ,
Ao = Pas : 0 4 ﬂ; m Pay ; 0, Do 20 | /1 Ao+(Ap—Ng) : 200—2X g sin 26 g €08 20 + (Mo /\¢2) in 26 Mg cosfp — A1y sin 00\
% Pyy sin 26 Dy COS 29 Prx sin 26, p = _/\GCf) COS 290 + ()\9—)\¢2) sin20p  1-Ag+(Ao—Ay) Cc;s 200+2Ag¢ sin 2600 _/\_qu COS 90 + )\J_qu sin 90
0bp — — Py 0 — ) . .
| 2 ! 2 \ —Algs COS by — A1 4 sin O — AL COS by 4 Aoy sin O H/\";Q’\d’ /
T pyy(sin®fy — 1) peesin®fy  pg, sin 26, L P
. 2 2 2 7k
Alp = —Pyz COS Oy — Pz, sin Oy,
ALgs = Py SN0y — pg. cOs O




BTtopown Innepos nosoporT. [Npeobpa3zoBaHume
noyrny @

1—Ap+(Ap—Ag) cos 200—2Ag 4 sin 200 (Ag—Ag ) sin 20g

— g €OS 20 —A19g COS Oy — Ay sIn b

2 2
Ap—Ag ) sin 260 1—=Ap+(Apg—Ap) cos 200+2Mp 4 Sin 260 .
p= | —Ngs cos 26, 1 Qo ¢2) - s+{20=29) % —— =X cosby+ Al sin by
, . 1 Ag+2\
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BbiBOAbl

1)MonyyeH obwmum 3akoH npeobpasoBaHUA KO3PPMNLMEHTOB YINI0OBOro

pacnpeaeneHua Asyma cnocobamwu
2)MMpousBeneHa npoBepKa COXPaHHOCTU paHee NoJIy4eHHbIX UHBAapPMaHTOB NPW

AaHHbIX Npeobpa3oBaHUAX
3)HanucaHbl Koabl ana npeobpasoBaHUA yrnosbiX KoadpduumeHtos Ha Wolfram

Mathematica, Kotopblie moryT 6bITb B nocsneacTBme BKAKOYEHbI B MOAENNPOBaHUE

npoueccos Ha MPD, SPD
4)MNMnaHnpyerca ucnonb3osaHmne popmanmsama aNa yraosbix pacnpeseneHmmn

3aKpPYy4YeHHbIX COCTOAHUMU



3aKn4yeHue

MopMmyJibl |, IIpejicTaB/IeHHbIe B HACTOSIIEH padoTe, CyIeCTBEHHBIM 00pa30M MOT'YT

OBITH IIPUMEHNMDbI K OITMCaHNIO 1 aHaJIN3yY COCTOSIHUIT ¢ OOJILIITNM Op6I/ITaﬂbeIM MOMEH-

TOM, 3aKpyUeHHbIM cocTossHIAM |13], [14], [15] , npuiokennsim KBaHTOBOI XpPOMO/INHA-

MUKU [Eﬂ, JacTHIlaM €O CIIMHOM S = 2(IpaBHUTOHaM) B TEOPUU CUJILHON I'DaBUTAINN.
Takzke elne o/HOIT BazKHOIT 3ajiavueii, KoTopasi MOKeT ObIThH IpeJicTaB/ieHa K pellleHnio
C ICII0JIb30BaHueM (popMyJl IIpeodbpa3oBaHns KOI(DMUIINEHTOB paclipe/le/IeHnsd, a TaKzKe

3aKOHOB Hp606paBOBaHI/IH JIEMEHTOB MaTpPHUIIbI IIJIOTHOCTH, CBA3aHHbIX C HUMM, CJIYZKNUT

3ajlada O IIoNCcKe IIpeodpa30BaHmil JIJIs yIJla HeKOMJIaHapHOCTH z_Qﬂ, BO3HUKAIOIIEIO B
JINJIEIITOHHBIX pacnajiaXx. HecMoTpst Ha paccMoTpeHne TOJIbKO CUMMETPUYHOIO cJaydal,
OTBeYaloNero OTCYTCTBUIO HapVIIeHNUs CUMMeTPUH, B KadecTBe pe3yJibTaTa, I10JyUYeH
MOIIHBIIT MHCTPYMEHT - OTJIeJIbHbIE IIpeoOpa3oBaHnsd KOdPMUIMEHTOB, 3aKOHbI ITPe0d-
pa30BaHUs 3JIEMEHTOB MaTpPHUIIbl IJIOTHOCTH - HEOOXOJIMMble KaK TeopeTHKaM, TaK N
SKcIlepuMeHTaTopaM B (pU31UKe BbICOKUX sHepruii. 11o dosibiiomy cuety, B paboTe Obliia
yCTaHOBJIEHA CBSI3b MEXKJ1y PeJIITUBUCTKOI KMHEMAaTHKOIT 1 I'pylnoii Bpalennii Jlopen-
Ia, YTO IOOYZKJlaeT K CO3JaHNI0 YHUBEPCAJBHOIO «pelleliTay MoNcKa NHBapUaHTOB J11s

pPa3HOI'o PoJla MCCJIeIyeMbIX IIPOIECCOB, B OCOOEHHOCTH, IIPU NU3YUYEHUHN 3aKPyUeHHBIX

COCTOSTHIIT [l_jﬁ B vacTtHOCTH, pa3BuTHe JaHHOI padOTbhl MOYKET IOCTYZKUTH XOPOIINM

OCHOBaHUEM JIJIZ PaCCMOTPEHNZ YIVIOBOI'O PaCIIpEIC/ICHNA aHHUTI'MJIATINN 3aKPYYC€HHDIX

KBapKoB |21, a 1oJiydyeHHble pellleHnsd 3a/a4d IPUMeHNMbI K U3y YeHNIO (pyHIaMeHTa b

HbIX KBAHTOBBLIX CBOMCTB KYTPHUTOB, BOSHUKaAIOININX B KBAHTOBOM KOMIIBIOTHHI'C @
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