Yupaxnenud K Jleknun 6. ITojse /Iupaka

Pemenng

Vupaxuenus ujayt no xoay riaswl 3 [eckuna IlIpenepa, kaxpoe ynpakHeHue ONEHUBACTCA B 2.5
basa.

3.1 JlopeH1 MHBapUAHTHOCTHh BOJIHOBBIX YpPaBHEHMUII.

(O 1. Ucxonst u3 dbopmybr 1jist TeHepaTopoB Bpaitienust J* = i(zH0" — x¥0"), nokasaTh, 9T0 st HUX
BBITIOJTHSIOTCS CJeAYIONIe KOMMYTAIMOHHBIE COOTHOIIIeHHA aJredbpsl JIoperia

[JHV JP7] = (PP TR — gHP JvT — gvo TR 4 gho g,

Pemenne: lcnonbsyem, uto d,z” = 0y, otkyna Oz = g, umeem

[T JP] = —[(2#8” — "), (2P0 — 27 OP)] = —[4D”, 2PO] + ... =
= —g"Pxt0% + g" PO + ... = ig"P(ixh 0P + ...) +igM (... — ixPI") + ... =
= i(gVPJHT — ghP VT — ghT JHP o ghT VP, (0.1)

9T0 ¥ TePOOBAIOCH MOKa3aTh. ()
3.2 ¥YpasBuenne Iupaka.

O 2. Ilokasatb, 9TO reHepaTophl aaredps JlopeHna B mpecTaBIeHI: raMMa-MaTpui: SH = ih”, 71,
YA0BJIETBOPpACT KOMMYTAallMOHHBIM COOTHOIIEHUAM aﬂI‘e6pr ﬂopeHua:

[SHV, §P7) = i(g"PSHT — gMPSVT — g7 SHP 4 gho SVP),

Pertenne: Vcnoansyem, uro {y*, 4"} = 2¢g", umeem

14 log 1 v (o} 1 v g g v
(57, 8% = =160 0" o = = (VYT = ) =
1 14 g g_ vV a 14
= —1g (YT Y = 2¢70) £ =
1 v g o_V o_ vV o} v
= =16 =P+ 29" = 2¢79) £ =
1 14 g vV _Oo vo o_ vV ag 14
= =15 (YT AT = 20700 4 297007 = 2970000 =
1 14 o vo o_ vV g v
= =120 = 209" + 2970 = 29P0) o =
= i(g"PSHT — ghP SV — gV SHP L gH GVP) (0.2)

O

O 3. TlokazkuTe, 9TO B KHPAJILHOM IIPEACTABICHAN raMMa-MaTpu;: 70 = < (1] (1) ) , V= ( OZ- % ),

reHepaTopsl aaredpsr Jlopernma S*Y, 1a0Tcsa BHIParKEeHUSIMI

01’_3' 0 z’__i o' 0 z’j_f i j_lz’jk ok 0 zlijk k
St =1l = 2<0 _Ui)7 59 =071 =3¢ 0 ok ) =3 E



Pemenne: Nuveem

W tak:ke HaX0IUM

i

S =
4

=5 T 5 ) (2 T T )=

B 3( —a'o’ 0 [ —dldt 0 ) = i [0, 07] 0 B
4 0 —oio? 0 —olo 4 0 [0, 07] )

1 ..
— ik
2° (

0 oF

rJie MBI HCIIOJIBL30BAMH TO, 4To [0, 07] = 2ie¥*a* u £123 = 1.()

O 4. Tloxkaxmure, uro [y*, SP7] = (TP )4", tae (T*7)as = i(0505 — 0503).

Pemrenne: veem

g Z (o Z (o2 o Z (oa ag
[y, 577 = Z[’V”; V. Y]] = ZW‘,’M — 7] = ;l([’y”,vpv ] =[] =

/l: g g g (o

= ;1(7“7”7 — YPYTE — TP AP =
/l: g (o g g g g

= 1(—7”7“7 + 29" — APATAE F ATA P = 2917 NP + ATYPAE) =
i .

- Z(—Qg‘“’vp + 2917 + 2gMPT — 2gM7yP) = i(g"PyT — g =

=i(g™s, — g™y = (T ).

O

(O 5. IlokaxkuTe, 9T0 BEPHO PaBEHCTBO
1 ! SP7)vH(1 ! SP7) = (1 ! PaVEAY
( + §Wpa )’7 ( - §wpa ) - ( - 5("}/20\7 )y’7 .

Pemrenne: veem

(0.3)

(0.5)

(1 20po 5™ (1 = 2ps ™) = 7+ 2o S, 7] 4+ O(w?) = (1= ST )ir” + Ow?),  (0.6)

rJIe Mbl UCIOJIH30BAIH PE3YJIBTAT MPeAbayiero yipaxuenus. ()

O 6. Tposepore, ato (SY)T = 4 (SY)T = G0 (§U)TA0 = 7054, (89140 = —4050%,

Pemmenne: Vcrnonbsyst pesyabrar ynpaxuenns 3, a taxxe (0f)! = of owesmmno, uro (S¥) =
S (S99 = — 8% Tasmee, ncmoawsys, aro (7°)" = 7°, MOKHO IOAYYUTH OCTATBHBIC paBeHCTBA. TaKKe
) J ? )
BCe MOJKHO OBLIO MOJYYHTH HEIOCTPeICTBeHHO U3 ompeaenenns S u u3 toro, ato (70) =% u () =

-7 O

O 7. Tlokazkure, 4T0 Y1) €cTh JOPeHIeBCKnil cKausp, a 1y topennesckuii BexTop, rie 1 = 1iy0.

2



Pemenne: [Ipu npeobpasosanun Jlopenna z# — AX 2V, cinnop npeobpasyercs Kak

v(r) — A%Qb(x), rie A
TOTZIA UMEeM IS 1)
=l =l exp(QwW(S””) N =y 0eXp(2w WSH) =
rjie Mbl MCIOJIb30BAJIM PE3YIbTaThl yiupaykuenus 6. Janee numeem
VP = YA A = gy
N TAKZKe
VY = YA ALY = A Yy,

rJie Mbl HCIOIb30BAJIH PE3YabTaT yruparkaeans 5. ()

YA (0.8)

(0.9)

(0.10)

O 8. lloxaxure, 4ro ypasHenns Diirepa-Jlarpamka aaa o (wmm o) naa narpamkumana Lpiae =

Y (iy*0, — m)y mpusogar x ypasuenuio dupaka (1749, — m)y(z) = 0.
Pemtenne: [losyuaem u3 g—fz =0:

(78, — m)ih(x) = 0.
®

3.2 BeiineBckne CIMHOPHI.

(0.11)

(O 9. IlposepbTe, UTO A1 JIEBOTO )1, U HPABOrO 1R BEHICBCKUX CIMHOPOB, IIPH OGCKOHEYHO MBLIBIX
spamienusx 0 (0; = %E’kajk) u Gycrax 3 (; = woi), Tpeobpa3OBAHUS UMEIOT BU/T

o

¢La(1—ie-§—ﬁ%)w,
Yr = (L=i8- 2 48 2)un

Pemrenne: Nveem

<$;):¢—M1—%%£WW <me£m—ﬂ%91(

1 wgiai 0 1 i

:(1_(@»%“@% 0 i))(w)‘
0 —ﬁz%‘i‘lez% ¢R

)
(i)

(0.12)

B nrore momydnmm mpeobpasosanme i, — (1 -0 - —B- $)Yp, uyg — (1 —i0 -5 + 8- 5)Yr. O

O 10. /Tokazxure TOXKICCTBO 020" = —0 02, U NOKaXKUTe, YTO BeJUInHa 0217 npeobpasyercs mogo0Ho

MPaBOMY CIITHOPY.



Pemenue: Vcnobsys, uro (o1)* = ol (02)* = —0?, (03)* = 03, a rakxke {0%,07} = 269, nerko

POBEPUTH, UTO 020* = —oo?. Janaee noxydaem
\ e o, ., . o, .,
B urore Buuum, uro o?pf — (1 —i0- %+ B- %)oY, kak u g — (1 —i0 -+ B - $)r. O

3.3 Pemenuda ypaBuenus Jlupaka ajisg cBOOOTHBIX YaCTHII.

0 7n _( chn shpy
(O 11. llokaxkure, 4TO €Xp [( n 0 )] - ( shn chn )’ 1

exp { ( —ng3/2 Wg/Q )} _ ( ch(n/2) —Oa3sh(n/2) eh(n/2) +003Sh (n/2) ) .

Pemenne: Nuveem

0 n 2n7 ,'72n 0 0 n 2"""17 0 772n+1 014
n 0 - 0 77271 ) n 0 - 772n+1 0 . ( )

B urore nomyunm

0 n B S l 0 n k_ 0 1 ,',/Qn 0 S 1 0 7,/2n+1 B
epr” 0)1_Zk!(n 0) _Z(%! 0 7™ +Z(2n+1)! gt ) T

Tak:ke nMeeMm
( _,,70_3/2 0 )2” B ( (g)2n 0 ) ( _7703/2 0 )2”+1 _ ( _(g)2n+103 0 )
0 7703/2 0 (g)?n ’ 0 770.3/2 0 (g)Qn—HUZ’) .

N anajornydno nosiydaem

o |( T3]

4T0 U TPedOBaIOCh MOKa3aTh. ()
O 12. Tokaxure, uro (p-o)(p-o)=p* =m? tme o = (l,0) n o = (1,—0).
Pemenue: llmeem

ch(n/2) — o”sh(n/2) 0
( 0 ch(1/2) + osh(1/2) ) o (017)

— —v 1 —v V= v
(p-o)(p-0)=pup,ota” = p#p,,i(a“a +0"a") = pup,g"” = p? =m?, (0.18)

r7e MBI UCTIOJIB30BaIU, 9T0 ot aY 4 Vot = 2¢gM¥, 9T0 JIeTKO TPOBEPUTDH MPSAMBIM BBIUNCJIEHUEM U yUN-
TeiBast, uto {o', 07} = 2§Y.0)

(O 13*. Haiinure cobGCTBEHHDBIC YUCIA W OOMIMIT BUI MATPUILL /P - 0.
Pemenne: veem

0 .3 .1, 2
A A ) (0.19)

o= gup'c’ =plo® — po = .
p GuD p b (—p1—2p2 p0+p3



Haxoznst coberbennbre 3uauenns Ao = p® + |p|, Jerko mepenucarsh 1aHHYI0 MATPUILY B BHIE
p-o=SAS™! ( —p Il —p D) ) (po ~lpl 0 ) ( T T ) (0.20)
0= = 1 _ ;.2 1 _ ;02 0 3 : .
—pl — —pl — 0 1 ___p’+lp|
pow e prlp B ORG)
Torpa s /p - 0 noJryaum

3 3 0 1 P’

— -1 _ p p| V1" — |p| 0 2 20p|(pl+ip?

\/ o= SVAS! = p | | p : | Ipl(p+ip?) _
b < —pt —ip* —p' —ip? 0 V10 + |p] :

|pls—p’t E(pl — p?
_ 2[p| _mp_lp) — g Blat — & ~_ S tp
- . . . =gup'oc" =p-o, p=(5577) (0.21)
( — g (P* +ip?) % : 2 2|p|
e s = \/p° + [p| +/p° = pl; a v = /" + |p| — \/p° — [p|. O
14. IIpoBeputnb, 4o V() = p"ff ) e~'PT ecTh pelllenne ypabHenus JInupaxa.
O poBep Y(x) ( \/—Vp,gg p yp Hup
Pemtenne: Mbl J10/12KHBI IPOBEPUTD, YTO
(V"D = mu(p) = (gu"p” = mu(p) = (V'p" = 7'p" = m)u(p) = 0, (0-22)
VP ¢ ) N
rjie cumHop u(p) = _> |, a y-MaTpuibl B34TH B KupajabHoMm (BeilaeBckom) mpejcraBienun:
it p u(p) ( N Y-MaTpuI p ( ) mpen
0 1 » 0 ot
0 _ T
~ _(1 0)77_(_01. 0 ).I/IMeeM
00 )
w - -m  po’—p'o _( —m p-o P o€ _
(V'pu — m)u(p) = (pOUO 1 piot —m )u(p) (p'5 -m ) < P o¢ )
_ ( (=my/p-0+p-oyp-G)E ) _ ( (—=my/p- 0+ /D 0P 0P 0)E ) _
(=myp-o+p-op-o)k (=myp-a+/p-5vp-ayp-o)§
_ ( (—my/D-0+ /D-om) ) —0 (0.23)
(=my/p- 7 +/p-am)¢ ’
9T0 U TpeboBaIOCh MOKa3aTh. ()
15. ITokaxkute, uro uu = 2m&T¢, rae u(p) = p-qf ),au = uf 0,
O ¢'¢, rae u(p) ( N (p) = u'(p)v
Pemrenmne: Iveem
_ _ 01 _
a(p) =u' ()’ = (o §vpa) ( 10 ) =(&vra &vpa), (0.24)

r7ie MBI HCIOJIB30BaTH, 9T0 (\/p-0)! = VP on (p- o)t = \/p- 0. Hanee nomydaem

u(p)u(p) = (&'vp-a &\p-a) ( F%g ) =280p-Gp- o0& =2méle, (0.25)

9T0 M TPEOOBAIOCH MOKa3aTh. ()



16. ITokazkute, uro 0" (p)v(p) = —2md™, V" (p)v(p) = 2E,0", e vi(p) = ( p~az758 ) u
O (p)o*(p) (p)v*(p) p () Iy
Nyt =6"%, s, r =1,2.

Pemtenne: Iveem

—r s _ o T = rt - VP O-T]S ) - _9 rt, s __ —9mé™ 0.26
" (p)v = o o _— | =-2m = —2mo"’. .
(p)v*(p) = ( —n""Vp-7 nTyp-o) ( Ny A (0.26)
Hamnee
rt s _ rt ot = VP 0-775 T ~\, s __ 7} 0 0V, s
v v = o -0 _ . | = o+p-o)ny’ = 2p'o =
(p)v*(p) = (n"'v/p nVpT) ( Ay ) n(p-o+p-o)m” =u"(2p"0")n
= 2" n® = 2E,0", (0.27)
4T0 U TPeOOBAIOCH MOKa3aTh. ()

O 17. IIposepsre, uto 4 (p)v*(p) = 0" (p)u(p) =0 u u'T(p)v(—p) = v"T(—p)u’(p) = 0.
Pemrenne: Nnveem

@ (pi(p) = (&Vpa &pa) ( _”%;S ) = (VP avp o —Vpravp o =
=& (m —m)n* =0,

v"(p)u*(p) = (—n"'Vp-G nl/p-0) ( ¢—§,j‘;§ ) =0 (=D a0+ P oVp-5)E =

= UTT(—m + m)gs =0. (028)
Janee nmeem
uT(p)*(-p) = (¢Typ-o €p-a) ( _V%;S ) =0, (0.29)

ans " (—p)u(p) = 0 nposepsiercs ananoruuno. ()

O 18. Jloxaxure dopmyry Y., 65T =1 = < é ? ); e £1€° = 67 w nokaxure, uro Y uf(p)u’(p) =

s=1,2 s
y-p+m,ay vi(p)vi(p) =7 -p—m

Pemenne: Tak kak &5, s = 1,2 06pa3yioT opTOHOPMIUPOBaHHKI Gaszuc: £71¢5 = 67, To B3sIB Mpons-
) 7 )
BOJILHBIH BEKTOp € = €11 + €262, mMeeM

(Z gsgs]‘)e = e Z gsgsTfl + ey Z gsgs]“g? = e Z 58581 + ey Z 65582 _ 6151 +€2€2 =e, (030)

s=1,2 s=1,2 s=1,2 s=1,2 s=1,2

oTKyja caepyer, uro . 5651 = 1. Jlanee noayuaem
s=1,2

;us<p)ﬂ8(p):;(%§z>(£ST\/ﬁ SSTW):< T.flﬁ pg@a)zv.erm,

p

gv%p)wp):z( ) (e E e ) = (P ) = 03

S



4T0 U TPedOBaIOCH MOKa3aTh. ()

3.4 Marpunsl /Ilupaka un ounauHeliable popmbl /Iupaka.

0~1~2~3 — 0123

O 19. TIposepsre, uro 7° = iy = —1e"7y,7,7,%, 1 €% = —egi23 = 1.
Pemenmne: Tak kax 7,7, = 29, —Y Vv, 1 §uy CAMMETPUYHBINR TEH30D, U IPU CBepTKe ¢ 77 oH paBeH
HYJIIO, TO TIPH CBEPTKE ¢ £M“P7 MOXKHO CUHTATh, 9TO Y, Yy ~ —YuVu- LOTIA VYoV Vo ~ Emwpe VY V2>

Taxum obpa3oM oIy daeM
0123 0123

—@E" PN Ve = —@e" 7Y VYN =YY, (0.32)

IJe MBI BOCIIOJB30BAJACH TeM, IT0 "¢, ., = —4l. O

O 20. Hposepyre, 410 Y = ich?7y,77, e Y0 = Aliggfl = (g P = P =yl Py Pyt 4
VA = APV

Pemtenne: OueBuaHO, 9TO €CaU JBa KAKHX-IH00 HHIEKCA COBHAIAioOT, To V"7 = (. Paccmorpum
cJIydaii, KOrJa BCe MHJEKCHI [, V, p pa3uble. Torjga raMMa-MaTpUIlbl aHTUKOMMYTHDPYIOT MEXKJy CO0Oil,
OTKya YHP = AFyY~yP. Jlanee mycTh 0 €CTh WHJEKC, KOTODBIl He paBeH WHJEKCAM (i, V, p (HApEMep
p=2v=3 p=0,rorma o = 1), Torma Mbl MOKEM 3aIHUCATh, UCTIOIB3Ysl, 9TO Vo7’ = 1 (3mech HeT
CYMMUPOBAHUS 110 UHIIEKCY O)

PP = PPy = =V = 1P (1 ) = Py (0.33)

rJie MbI UCHOJIB30BAH, 9TO Yy yPy? = etPi~Oyla344 rak xax Bee ungexcsl pasable. ()

O 21. Iposeppre, uro (1°)F =77, (9° ) =1, {" "} =0
(

Pemenne: Ucnossyd, arto (7)1 =49, a (7 VW=~ i=1,2,3, umeem:
(V) = ((7°y'7*) T = =i(7*) ()T () (O = i’ = iy 'y = A0 (0.34)
Taxkzke
(7*)? = 7YY = vt = P = Y = 1 (0.35)
U B urore
{(7°, 9} = YV iy Y Y = =iy H iy Py =, (0.36)

TaK KaK IIpHU IepeHoce y* yepes npousseienne 1'v1v2y3, ona aHTUKOMMYTHPYeT ¢ TpeMs TaMMa-MaTPUIAMI

U KOMMYTHUDYeT ¢ co00il, OTKyJa U MosiBsieTcsa 3HaK Muuyc. ()

O 22. Iokaxkure, uto d,,j* = 0, 9,j*° = 2imy°y, tae j*(x) = (x)y*b(x), *5(z) = P(z) v (z),
YUUTBHIBAs YPABHEHUS JIBUZKEHUS.
Pemtenne: Ypasuenus IBUKEHHUSA €CTh

(i(Outp )y + map) =0, (0.37)

JaJiee IoJydaeM

0" = D@ (@)) = (0,0(x)71b(x) + D)y D, 0(x) = imi(a)(x) — mi(a)ile) = 0, (0.39)



AHAJIOTHYHO HMEeM
0u3"* = a0y y° ) = (0u)V"y* Y + V"7 Ot = impy* + impy*p = 2imapy’e), (0.39)
4T0 U TPedOBaIOCH MOKa3aTh. ()

O 23. TTokaxkute, ato j*(x) n j*°(r) ABNAIOTCA HETEPOBCKUME TOKAMHE, COOTBETCTBYIOIIIMHU TPE0GPa30Ba-

ausm Y (x) — ep(z) m h(x) = e P ().

Pemenne: lmeem £ = ¢(iv"0, — m)y u ¢ — (1 + i), otkyna 6y = i), ¥ mMOIyIHM

oL -
U Y 0.40
j 500) b =Yy, (0.40)
nanee 1 — (1 +iay)p, orkyaa 6 = iy51) u nosydanm
oL -
1 = ——— 1) = pyHy° 0.41

910 U TpeboBaIOCh MOKa3aTh. ()
O 24. Hcnonsys ToxaectBo Pupna (04)as(0,)s = 260+ 35, HOKAKATE, ITO
(w1 ro*usr) (Uspousr) = —(U1RO Usr) (UsrRO,U2R)-

(ﬂlLﬁ“a”ﬁ’\uQL)(ﬂgLﬁuayc’n\uM) = 16(@1L6HUQL>(TL3L5'HU4L>.

Pemenne: llcnonesyeM, 9to (0#)a5(04)vs = 2€avE85 = —2€arE5p = —(0")as(04)13, OTKY IR
(U1 ro" usR) (UsROWULR) = Ut RaU2REUSRYUARS (0" )ap(0u)rs = —UiRaU2REUSRYUsRS (0" )as(0u)rs =
= — (1 ro" usr)(Usro,U2R).- (0.42)

Hautee nMeem

(ﬂ1L5“a”6Au2L) (17,3[/5'“0',,5')\’&4[/) = 26047@1[/&223[,7655(Uya')\UQL)g(UV&)\U4L)§. (043)

Tenepsb paccMOTPUM OT/IETHHO

eps(0" 5 ML) (0,0 UaL)s = €55(07)5p(07) potiare (0,0 UsL)s = —€55(07) 5p(07) potlare (0LTNULL )5 =
= —(0")3568(0) potiaro (0, TaUaL)s = —(67) 55 (0) ps€potiare (0, aUaL)s =
= _Epau2Lo(UA)pB(ﬁy),B&(O—V&)\u4L)6 == 60',ou2LO'(O_)\a—ya—y5)\U4L)p =
= (4>2€0'pu2L0'u4Lp7 (044)

IJIe MBI UCHOJIB30OBAIIN, UTO €,3(0") 3y = (G*)pa€sy u 0+, = 00, = 4. Teneps noydaem

(ﬂ1L5”UVC7)‘U2L)(ﬁ3L5MUV5,\U4L) = 2Ea7ﬂ1Laﬂ3m€ﬁd(UV&AUQL)B(UV@\ML)(S =
=2. (4)2emﬂlmﬂgmegpu%guup =
= 1601 6 Us 1 U210Uarp(0" )ao (Tu)yp =
= 16(u1,0"usr)(UspouuarL), (0.45)

910 U TpeboBaIOCh MOKa3aTh. ()



3.5 KBanToBanue J/I[upakoOBCKOroO IOJIS.

O 25. TokazkuTe, 9TO IOTHOCTH JIMPAKOBCKOrO TaMHJIbTOHHAHA NA€TCs BbIpazkeHneM H = )(—

V +m)i.
Permmtenne: 115 KAHOHHYECKOIO MOMEHTA, P UMEEM
oL
p= = in? = iTH040 = iyl (0.46)
Aoty

Hanee ang ['aMHABTOHOBOM TJIOTHOCTH TOJIYYaeM
H = pdyp — L = iy ) — p(in° 0 + 170 — m)yp = (i - V +m)ih, (0.47)
910 U TpeboBaIoCh MoKa3aTh. ()

O 26. IlokaxkuTte, 9TO /I JTAHHOTO "HENPABUIHLHOTO' IMPAKOBCKOTO MOJIsT

dp 1 Jipx _
l/z(x)—/m\/r Szl2au p) +b° v (~p))

primoHsAIOTCA cootHomerns [1)(x), Y (y)] = 6@ (x — y) x 14y4. UcnoabsyiiTe KOMMYTAIHOHHBIE COOT-
nomenus [al, asf] = [br, bif] = (2m)%6®) (p — q)67*.
Pemenne: llveem

001 = [ Gt e % (i 00 @)+ 6 (I ()1 =

dp 1 i (o5
= / (%)3@6”( DN By = p+m)+ (1 Ep+vy-p—m)]y’ =
=60 (z — y) X 1yp4, (0.48)

9T0 U TpedoBaIOCh MoKa3aTh. ()

(O 27. Tlokaxkute, 9TO /1/1sT BOJTHOBON (DYHKIMHU W3 TYHKTA 26, TaMUJIBTOHUAH JIAETCS BhIPAYKEHUEM

/ £ Z (Bpasial — Epbsbs) .

Pemenne: veem

H= /d?’xzz(—z'»y -V +m)i, (0.49)

rae

—_

v = [ Tp 1 e p) + % 0" (=p))

T
i) =0 = [ —mygj(rT w(@)+ 1 () (0.50)

o
5
Hj




Jagee noaydaem

H= /d%qﬁ(—i’y -V +m)p =
2

Bod3 \ o L - o
_ / (;W)Gq \/QElTﬂ,(%) 5(p—q) Zl (arfr (@) + 007 (=a) ) (- p -+ m) (a0 (9) + 17 () =

- /(37?3% Z (GLT "(p) + b0 (— P)) (v-p+m) (agu’(p) + b° ,v°(—p)) (0.51)

Jlajiee UCIoJIb3yeM U3 ypasHenuii japuzkenns, aro (v - p +m)u®(p) = YV Epu(p) u (v - p+m)vs(—p) =
—7YEpv* (—p) momyanm

= /i% i ( rt rT bTT ( p)> (a;us(p) —bs_pvs(—p))7 (0'52)

Tenephb ucnosb3yeM, uto u'l (p)vs(—p) = v’ (—p)u*(p) = 0 u nomyuUM

H = /dgp1 > (aplagut(p)u(p) = by 0 (—p)v*(~p) ) (0:33)

r,s=1

nasee ucnoabsys, uro ul (p)us(p) = v"1(p)v*(p) = 2E,0™, B uTOTE HAXOMUM

P”p “p

dS
H_/<27T];3;( asfas — Bbsins) (0.54)

49T0 U TPedOBaIOCh MOKa3aTh. ()

O 28. Toxaure, 10 [ty (x), U(y)] = (i D +m) a6 (@), ()], 1€ 6(x), 6(y) — nona Kaeitma-Topona,
a 1, u Yy noad u3 nynkra 26 B [eiizeHOEproBCKOM Ipe/ICTaBICHIH.
Pemenne: Ivmeem

Y(r) = / ;ZW \/ES 12(& 2U°(p)e —ipw + byv®(p)e “””)7

U(x) = / TE > (apfu (p)e™ + bl (p)e ™), (0.55)

s=1,2

TOorAa IOJIYyYUM

[wa(x),”l;b(y)] = / (27?)32_ (ui(p)ﬂg(p)efip'(xfy) + ,UZ(p),l—)g(p)eip-(mfy)) _

3
= [ a5 e (= ) ) =

= (i +Mm)ap (;ZW];” ﬁ(e—w(m—y) _ eip(z—y)) —
= (i Pz + m)a|(x), S(y)], (0.56)



4T0 U TPedOBaIOCH MOKa3aTh. ()

(O 29. Tokaxkwure, uro aas "npaBuabao'KBaHTOBAaHHOTO /IMPAKOBCKOTO MOJIS

d3 ip-T ST,.8 ipx .
0@ = [ G e 2 (O 4 ).

7 d3 1 —ip-x st—s ip-x
i) = [ o 7 2 B e+ e )e).

raMuJIbTOHHAH Ja€TCA BbIDazKeHUeM

3
H = /d 32 (Epasia, + Epb3iby) |

rjie OUepPATOPhl aHTUKOMMYTUPYIOT Kak {aj,, i} = {b5, bif} = (27)260) (p — q)d™.
Pemtenmne: Ilveem

H = /df’x&(—w -V +m), (0.57)

JaJiee IoJydaeM

H= /d3x¢(—i7 -V +m)p =

- [ B e - @) X (@) + 1 ) (- p ) (o) + 5 (-p) -
-/ ng% (" (0) + 17, (~p)) (- p -+ m) (a3 (p) + b’ (~p) ) (0.58)

Jastee UCIoab3yeM u3 ypasHennii apmkenns, ato (v - p +m)u®(p) = Y Epu’(p) u (v - p+m)v®(—p) =
—YEpv®(—p) momyaum

2

H:/(;ﬁ;g% Z (apu"T(p) + 0" 0" (—p)) (a;uS(p)—bfpw(—p)), (0.59)

Tenephb ucnosb3yem, 9to u' (p)vé(—p) = v"T(—p)u’(p) = 0 u moTyIIM

2

H= / p %Z g (p)u? (p) — b0 (-p)e(+p)) (0.60)

nasiee ucnosib3ys, uro u'l (p)us(p) = v (p)v*(p) = 2E,0", B uTore HaxOIUM

P“p“p (27T)3

d3p s]‘ s s pst d3p ST S stps
H = W E ay, — E.b%h ) = Z (E ap prp bp) + (6eckoHeUHAST KOHCTAHTA),
(0.61)

9T0 M TPEOOBAIOCH MOKa3aTh. ()

11



O 80. Tlokaxute, uro yHuTapusii omeparop U(A), mpeobpasyer af mo mpasury U(A)asU~'(A) =
E D
V T G
Perenne: Myeem st 01HOYACTHYHOIO COCTOSHU [P, 5) = /2Epasf|0):
U(A)|p, s) = |Ap, 5) = /2Erpai,|0), (0.62)
OTKY/IA MOy 9aeM
A)p, s) = 2E,U(N)asl|0) = /2E,U(A)as U™ (A)U(A)|0) = /2Expa},|0), (0.63)

yaursiBas, aro U(A)|0) = |0), moaywaem, aro
V2E,U(N)a UTH(A) = \/2Enpaly, (0.64)

OTKY/Ia, HAXOIUM U(A)a;TUfl(M _ EAp sT O

(O 31. PaccmarpuBasi MaJIeHbKHI HOBOPOT BOKPYT OCH Z, OKAXKHUTE, 4TO A1 ~1— wWS = i —10%°.
PemeHI/Ie [Tpu moBoOpoOTE BOKPYT OCH 2, Wis = —Ws = 0, OCTAIbHBIE KOMTIOHEHTHI W, PABHBI HYITIO.
o
Takxe SY = 3 Leiikyk | cnemoBarenbHo

. . X .
Ayl %MWSW —1- %(wus” Fwyn Sy =1 - %(9 - 6(—52%) = 1 - %923, (0.65)

910 ¥ TPEOOBAIOCH MOKa3aTh. ()

O 32*. Oneparop yraosoro momenta st noas Jupaka pasen J = [ &zt (—ix x V + $3). Yupo-

CTUTE OTJECJbHO BbIpazkKeHue JJId CIMHOBOH ¢ KOMIIOHCHTBI J;pm =/ dgxz/}T(%Ei)zﬁ olepaTopa, yriaoBo-

ro MoMeHTa u 3aTeM st opbutanbroil Ji, . = [dzyi(—i(x x V)') . [lokaxure, aTo onepatop
J = Jorit + Jepin yHIUTOKAET BaKyyM, T0 ecth J|0) = 0. [Tokazxure, aro Jaj |[0) = Z (€12¢) alt|oy.

Pemenne: llcnonp3yem, 910

vie) = /27r 2; Z apu’(p) + 020 (=),

By e ive
v [ wﬁg@ﬁ (Pl ) 0

R G A - ( _Vjp_—“jn ) @) p) = Pl p) = 0,

VP O\p-G=m,u D0 = < 2|p| 2|p| (p' —ip?)

N

wlm

= gwb'ot =p-o, Dp=(535),
2‘p‘ (p +ip ) Iplglzp > B pl

raes = /p° + [p|+/p° — |p|, at = /p° + [p|—+/p° — |p| (orMernm, 4O 8, v CKANAPDL, & He BeKTODBL!).

CnumHoBasg 4dacThb: /[ CIMHOBOI YacTu uMeeM

d3pd3q e —iz(gq—p) Zz
i 3 sT S'I' s 48 = r,r vt > _
T = [t QEME 1:2 Q)+ 107 (=) 5 (ap(p) + 00 (-p)

d3pd3q e~w(a—p) st r DI .
- [ o P)agfar + () S (Pl ¢

V2E 2Eqrs 12 q _p

s 2 r s T s )y r s T
+ 0t (—a) S ()b gap + v (—a) SV (—p)bT ). (0.67)

12



Jlasee UCHONB3Ys, 9TO fd%e‘iz(q_p) = (27)3(q — p), noayuum

’ d3pd3q6 . DL shor
Jioin = Z u"(p)ag fa pt U (q)?v( )qu_Tp

\/2E 2Eq r,s=1,2

D D )
+ UST(—q)—u’"(p)biqaL + UST(—q)?vT( p)be b7 L) =

> “ab-
d3p 1 st oy r sT r Doy r sT TT
» 5 )
+ 0 (=p) S (P) pay, + 0T () T (=p)b70T). (0.68)

ijk +k

Temepb BBIYHCIsIEM (HCIOAB3YeM, UTO olo? = §% + jehghk u [of, 0I] = 24k gk
) )

u st = 2|p|, €' = 1):

' (p) 2 (-

\_/

(etypo 5”\/13—0)( ; gi)(—j\/?_?;r):
&ENVp-oa'\p g —paa\pon

T((EUO_EU p) (500+£a-p $ g, tO-p ;5 tO-p

2" 32 p 2w G T TG

2 2 |p|
0", op))n" = §§ST(2i€ijk0kPj)77T =i (px o),

78>% J‘m
[0
—+

—~
‘

4|p|
(rvis et ) (5 o) (VEe ) -

' (Vp-aolypo—/p-oo'\p- )& =—in'l(p x o)¢". (0.69)

[\3|,_. NJI»—A N | = wl»—w\:)l»—t [\:>|>—t

Ianee nmeem

e (7 £) ()
&l (p-oo'\/p-o+p-oop o) =

5 to-p
&G0 -
2 2 |p|

52 ) t2

(50’ +2‘ |2

(nivp & —ns*x/ﬁ)< i £)<—\/jp__6:”>:
op

n'(Vp-oo'p-o+p-odpom =n’ (m0i+(5p—m)wpi)n’", (0.70)

5 : 5 : -]

> Tp) 50l G e Ve =

) T s 7 op 2\ T
opo'op)t” = & (mo' + (Ep—m)Wp ISE

I
»
—

[\:)lri [\.’)I>—‘ N | — wl»—t[\JI}—t [\3|,_.

rJIe MBI HCHOJIB30BaM, 4T0 6% = 2(E, +m) u v> = 2(E, — m), a Takxke

opoiap = dloictpiph = (69 4 ieflgY ok piph = pop + ietilolatpiph =
=plop+ie’(8" + i o™ pt = plop + i — Mg Pt =
= plap — (756" — 5§V o™i pk = 2p'ep — |p|*o’. (0.71)

13



B urore nosnyuaem

i d3p 1 st i r sT r st r stprt
JSPIH:/WETZ (g (ma +(Ep )| | )g +Z€ (pXO') apbfp

s=1,2
_ st ey ar st i B — op ThS bTT 0.72
i’ (p x @)'€"b pay, +1° (mo' + (Ep m)’p’ PBT,). (0.72)
OpbOuranbHas gacTb: /[j1s opOuTAIBbHON KOMIIOHEHTHI HMEEM

o = / @B () (—i(z x V) )(x) =

d3qd3 e_i astus s s i a wpx (T, T T T
- / & > (agful (@) + 020" (=) (=i 0! =)™ (apur (p) + V" (—p)) =

¢ /2E 2Eqsr T

dqug EZ]kx‘]elmP q S S S S T T T T
= / g > (agwl(a) + b2 v (—)p" (apu (p) + 0" (—p)) =

\/2E 2E s,r=1,2

ijk 98® (p—q)
Padp —i(2m)ie B )
_ sT sT s st k(. r, r rt o r _
o +b7 V7 — a, U +b ' v (— —
/ (2m)S  \/2E,2E, Z - ()P’ (agu” (p) + 70" (—p))
0 1
EY) ST ST S S ijk k r,r rt r

= q) +b°, vt — aru + 07 V" (— ,

[ o e @) 5 (0 (5 @+ e ()
(0.73)

Jajee MbI HCIIOJIb3yeM, YTO 513’“88] ¢F = €7k§TF = 0 u Takxke £9FgF aqu(|q|) ik k\qulf/<|q|)
e [ — upousposibHas (yHkius. OTCIOJa B YACTHOCTH CJIEJYET, 9TO 5”qu—8‘3]~ —;E = 0, Tak Kak

V q

= /m? + |q|?. B urore Mbr nosiyuaem (3aMeHsisi ¢ Ha P)

i . d3p 1 st s s s ijk, 0 ror rf r
Jorvit = _@/ (27T)3E ng (“pT“ "(p) + bZpv (—p))e" p]a—pk(%u (p) + 00" (—=p)), (0.74)

Jajiee UCHOAb3Ys, UTO uST(p)u”(p) = vST(—p)vT(—p) = 2E,0", n uST(p)vr(—p) = UST(—p)u’”(p) =0,
HOJIy 9aeM

Z, [ dPp e st 00 o
orbit:_l/w > Y (appja_pz_’_b—P apkp)_

s=1,2
. d3p 1 ijk (, st aur(p) sT r ‘avr(_ ) s‘[ ri
—Z/ (27T)3E8,;728 (u (p)P]a—pk p T (P)p]a—pk ap b+
ou” ov .
o P PPy + v”(—p)pﬂ%bipb ) (075)

Ucromnsys, uro e9*p) ghps = e¥pl Soot = 0, mae s = /p° +[p[ + /p° —[pl, a v = \/p° + [p] —

VI = Tpl, oy
z]kp] \/p__ 'ijp] d (5 0
sty k\/_*—

T
2|p|

”kp’ f= op |(’p o), (0.76)

—~_(px o),

'ijp] k_ _
2|p|

[ 1
po)=
2\|

14



OTKYyAda HaXOAUM

s()z]kp] ( )

=&V Us”kpf VPO =V el pl g k\/p a)n’

—SST(Q‘ | erpl ot )77 = & ploM )y :SST(pX o),
vST(—p)eijkpjag—p(f):n (vp- ae”kp7 ,/p o—\/p- Ue”kp7 \/p a)&"
= -t (2| , epla )5 T (e*po*)e" = =P (p x &)'¢". (0.77)
Jajee HaxouMm
st ijk 0u’ (p) _ gst — _ijk i - — _ijk i =\
u”(p)e p]—apk & (vp-oe’p gpr VP otV oE p o VP 7)€
= 61 p(ep)(p x 0))" = i€ (By —m)o' = (By —m) e,
N ) 0
vt (—p)etp’ % ="M (Vp- oty VP TV Os”kpja—wx/p o)y =
2
=15 o) R X @) ) = i (Ey =)o = (Bp —m) g, (0.78)

rJie MBI HCIOJIB30BAJIH, 9T0 t2 = 2(FE, — m), a Takxe
(o,p)(p % O')Z — €ijk0'l0'kplpj zyk‘(élk +Z€lkm m)pp] zyk mlk mplpj —
= i(6"™¢ — 51T o™y’ = i(|p|*c’ — plop). (0.79)
B urore nonyuaem

i , d’p ijky st Oag, .8b5jp
orbit — Z/ (271')3 8;28J (appja_pk + b—ppj 8pk >+

dp 1 s : o . .
+/ (27]_)3@8;2 (5 T((Ep _m)a — (Ep — )|p’ )5 T — i T(p % 0.) CLpr_Tp

8 1¢T LS T s % OP i\, ris pr
+ /“7 T(p X 0-) § bfpap + 77 T((EP - m)U - (Ep - m) |p| ) b*pb TP)
(0.80)
B urore naxomu s J*:
&p y as O
) ) — - ijk( st i~ P s P
J' = T + iy = — i / ) 521:25 (5P 58 + V% apk )+
d3p S r_ ST T s 18 (s
* / (2m)3 Z <€ 2 5 T p 1 T 1n'bZp0 Tp) (0.81)

s,r=1,2

AHTHKOMMYTUDYA bs_ brj 7 BBIKUJbIBad OECKOHEYHDbIe KOHCTAHTHI, a TAKKe 3aMeHAd B JIAHHBIX YJIeHAX
P —p 9
p — —P, noJayvdaeM

) . d3p igk (st aa;’ st ab;’ d3p r st r s’[o-i rprips
J :—Z/<2ﬂ_>3 Zé‘j <app78_pk+bppj8_p’€)+/(27r)3sz (f fa p 7 577 bpbp).

321’2 7'2172

(0.82)
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2T10 BbIpazK€HHUE€ MOXKHO IIEPEeIINCaTb KaK

d3p o 0 0
J=| —— stest(= — 497 — b’"Jr st 1o —)n"b;). 0.83
/ (27-(-)3 57,212 (Clpf (2 ? D X ap)g (2 +1 b X ap) p) ( )
Haiee, ouesnano, aro J|0) = 0. Teneps, rax kak J|0) = 0, umeem Ja |0) = [J,a']|0). Boruncsis
KOMMYTaTOp [a ;Tap, ] (2m)35¢) (p)angéTS, MBI BHJIMM, 9TO JOJKHBI B3sITh BCe B TOuKe p = 0, OTKy/1a

HAXOJUM, 9TO JaOT]0> > (8’*%55)%’*\0)-

O 33. Tokazkure, uro 3anaspiBaionias dynkiusa ['puna a1s ypastenus lupaka ecth S¥(x — y) =
(1 Pe+m)awDr(x—1y), tne Dr(x—y) 3anazapsatonias dbyuxus ['puna s ypasaenus Kieiitna-Topaona.
Pemenne: C 0110 ¢CTOPOHBI MBI HMeEM

S@(x —y) = 0(2” — y°))(0[{vba(x), ¥s(y) }0), (0.84)

C ;prroﬁ CTOPOHBI MOZ2KHO BBIYUCJIUTD

- d®p : d*p
<O|¢a<x>wb(y)|0> - / (27’(’)3 2; Szl2u2(p)ﬂg(p>€_lp'(m b) :( @m +m>ab/( ) —1p (== y)7
- d®p , d®p
OO = [ (o555 3 @™ = (60 m [ (55070,
(0.85)
OTKY/a
(OLa(e) B0 = (180 + s [ L () = 09) = (5, 4 060, 60)]0)
a y YollY - T ab (27_(_)3 2Ep - T ab ) Y .
(0.86)
B urore nosiyuaem
Si (@ —y) = 0(2° = y°)) (O{a(2), ¥4(y) }HO) = (i 2 + m)asf(z° — y°))(0l[6(2), d(y)]0) =
= (ifr + m)uDr(x —y), (0.87)
9TO0 U TpeboBaIOCh MOKa3aTh. ()
O 34. Ilokaxure, uro #P = 0>
Pemtenmne: Ilveem
DD =20, 0 = 11 0, = S + 7710,y = 90,0 = (0.88)

9T0 B TpeboBaIoCh MmoKa3arh. ()
3.6 JIuckperHbie cumMeTpuu B Teopuu /lmpaka.

O 35. [IposepbTe, 9TO Bee BeTMIHUHBL: 1), Uy ah, ih[y*, v/ b, Yy*y°y, ihy°1) aBAAI0TC SPMUTOBBIMI.
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Pemenne: Vcnonbsys 1o, ato (1°)T = 10 (¥°)1 = 4% a (/)T = —+%, i = 1,2,3, a Taxoke, 410

{79} =0, {¥*,7"} = 29" umeenr:
()" = (1) = T ()T = T3 % = Yo,
(W)t = @19 )T = T ()T () = Ty 9y = iy,
(", 7 1) = (@' [y, 1) = =i ()T ) = ()T ()% = iy, 71,
(¥r*y W =T (®) (7)1 = TPy = Py,
(i0y° )T = =T (7°)T(7°) 10 = —ih Ty 7 = ipy e, (0.89)

410 1 TPeboBaIOCH TPOoBEPUTH. ()

(O 36. Ilokaxure, 41O

7 w=0,
Pyin® =
_,y,u’ n= 17273'

Pemenne: cnonssys 1o, uto (71°)? = 1, a takxke {7°,~7'} =0, i = 1,2, 3, moxyuaem

)

P =72 %0 = =0 = (0.90)
9T0 U TPedOBaIOCh MOKa3aTh. ()

(O 37. Ilposepbte, 91O
+@€’y“¢(—t,X), H = 0
_Q/Wuw(—tax), n= 17273'

Pemrenue: Vcnonbsys, uro T'(c—uncio) = (c—uuciao)* T, u takzxke T (t, )T = yy3(—t, ), noayuum
Ty T = TYT () TYT = i (=t @) [y I (1) (V)7 7 o (@) =
= ¥(—t,2)(='7") (V") (-t ). (0.91)

Tenepn nenoasays, o (1) = 1%, (11)" =74, (1) = v u (1) = =2, {3%,7"} = 2¢", noayuy

TPy YT = p(—t, ) (=" )y P (—t ) = 9y (=, @),

Ty T = (=t ) (=" )y Y’ (—t ) = =yl (—t, @),

Ty T = —zﬁ(—tw)(—’ylvg)v%lv%( &) = —py*Y(—t, x),

Ty YT = p(—t, ) (=" )y e (—t ) = —py°Y(—t ) (0.92)

Tyy"yT = {

910 U TpeboBaIoCh nMpoBepuTh. ()
(O 38. Haiture geMy paBHO TIpeobpasoBaHme 3apsAg0BOr0 CONPSKeHNs I OMLTHHEHHBIX (hopM:
CypC, Cy"pC, Cipy*, 4", Cpyy o C, Ciy*yC.
Pemenue: cnomnsys, aro C(z)C = —i(1py°y3)T, n raxme CC = (—in®y2)T mmeem:
CYypC = (=i ") (=i °7?)" = A% et @eie = Yarge Ve oete = =770 = ¢,
Cipy*YC = i(=i*v*) ' (—ipy*+*) " = iy, (0.93)
AHAJOTHIHO MOYKHO HPOBEPHTD IS OCTAIBHEIX BhIpazkernii. ()
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