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H3noxena o0mmas TeopHs AJIs MO CO CIIHHOM 2 Ha ocHOBE 30-KOMIIOHEHTHOH CHCTEMbI ypaBHEeHHH TiepBoro nopsaka dero-
poBa — Pemxe. B pe3yibraTe HCKITIOUEHHSI B 9THX YPaBHEHUSX JOMOTHUTEIBHBIX BEKTOpA M TEH30pa TPEThero paHra BhIBEACHBI
ypaBHeHHs BToporo nopsika Ilaynn — @upua ais ckanspa 1 CHUMMETPUYHOIO TeH30pa. JleTallbHO pOaHaIu3UpOBaH MPEAEb-
HBII TIepexo/ K 6e3MaccoBOMY Ipejielly; HCCIeIOBaHa UMEIOIIasIcsl coracHo aHainu3y llayii — ®@upha KaruOpoBOYHAs CHM-
METpHs. B sBHOM BHU/IC NMOCTPOCHBI PCUICHUA B BUAC INIOCKUX BOJIH I MaCCHUBHOM YacTUIlbl, KOTOPBIE COOTBETCTBYIOT IIATH
JIMHEHHO HE3aBHCHUMBIM COCTOSIHUSM. B ciryyae 6€3MaccoBOro IMoJIst HﬁﬁZ[CHLI 6 HEe3aBHCHMBIX peHIeHI/Iﬁ H IIOKa3aHO, 4YTO 4YC-
TBIPE U3 HUX SBJIAIOTCS KaJ'[PI6pOBO‘IHLIMI/I U, CJIEA0BATCIbHO, MOTYT OBITh UCKITIOYEHBI KAK He(bI/ISI/I‘IeCKI/IC. I[Ba HE3aBHCHMBIX
pelIeHust, KOTOpbIe He CoJeprKaT KaIHOPOBOYHBIX CTENeHeH CBOOO b, HAaliIeHbI B'IBHOM BH/IE.

Kniouesvie cnosa: none cnuna 2, ypasnenue emopozo nopsoka Ilayiu =@upya, ypasnenue nepsozo nopsoxka Pedoposa —
Peoorce, nnockue onnvl, nezasucumvie pewiens, 6e3mMacco8as Yacmuyas yCmpanenue Katuopogoutsix cmeneneti c0600bL.

A general theory for a field with spin 2 based on the 30-component system of first-order Fedorov — Regge equations is
presented. As a result of the elimination of the additional vector and thethird-rank tensor in these equations, the Pauli — Fierz
second-order equations for the scalar and symmetric tensor are deriveds» Transition to the massless limit is analyzed in detail; the
gauge symmetry available according to the Pauli — Fierz analysis is investigated. There are explicitly constructed solutions in
the form of plane waves for a massive particle, which correspond to five linearly independent states. In the case of a massless
field, 6 independent solutions are found, and it is shewn that four of them are gauge ones and, therefore, can be excluded as
nonphysical. Two independent solutions that do not contain gauge degrees of freedom are found explicitly.

Keywords: spin 2 field, second order equation by Pauli — Fierz, first order equation by Fedorov — Regge, plane waves, linearly

independent solutions, massless particle,exclusion of the gauge degrees of freedom.

BBenenne

Teopust MaccUBHOTO Hs6€3MaccoBOrO TMoJieil co
CIMHOM 2, HaunHas ¢ paborB. [Taynun u M. dupia
[1], [2], Bcerna mpucyTcTBOBana B Juteparype [3]-
[21]; cm. Takxke B J22]-[25]. Bonpmas dacts paboT
BEITIOJTHEHA B paMKax (opMann3Ma ypaBHEHUH BTO-
poro nopsaaka. I3BecTHO, 4TO MHOTO CJIOKHOCTEH B
TEOPHUH YACTHI ¢ BBICIIMMHU CIIMHAMH BO3HUKACT H3-
3a TaK HA3HIBAEMOIl HEOAHO3HAYHOCTH MOpSIKa Ha-
MUCAHNS HPON3BOIHBIX. TaKke M3BECTHO, UTO C Ta-
KOTO pO/ia HEOJHO3HAYHOCTSIMHU MOKHO CIIPAaBUTHCS,
€CITINC CcaMOro Haudajla HCIOJIb30BaTh (hopmain3m
YPaBHEHMI [IEPBOrO MOPSIIKA.

[To-BUIUMOMY, TMEPBOE CHUCTEMATHYECKOE HC-
CJICZIOBAHUE TCOPUH YACTHUIIBI CO CITUHOM 2 B paMKax
TEOPHUH PEATUBUCTCKUX BOJHOBBIX ypaBHEHHU Tep-
BOro mnopsaka BbinmonHeHo P.J. PenoposbiM [7].
Oxka3anock, 4TO YacTUIA CO CIOMHOM 2 TpedyeTr i
cBoero ommcaHus  30-KOMIIOHEHTHOW  BOIJHOBOM
¢ysakmun. [lo3mHee 310 ommcaHue OBUTO 3aHOBO Tie-
PEOTKPBITO U JIOMOTHUTEIHHO MCCIEIOBAaHO B paboTe
T. Pemxe [15]. Hanbosiee n3BECTHBIM B TEOPHH TTOJIS
co cruHOM 2 sBisercs moaxon Ilaymm — @upia.
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OH OCHOBaH Ha CHUCTEMEC YPaBHEHHUH 2-T0 MOpSIKa
JUIsl CUMMETPUYHOTO crnuHopa 2-panra. [lomxon,
Pa3BUTHIA 3HAYMTEIBHO IMO3KE, OCHOBAH Ha OOIIEH
TEOPHUH PEIATUBUCTCKUX BOJHOBBIX ypaBHEHHH 1-ro
MOPSAAKA; TPU 3TOM JUIS OIHCAHUS TOJS MCIIONB3Y-
eTcst Habop W3 cKasipa, 4-BeKTOpa, CHMMETPHYHOTO
TEH30pa BTOPOTO paHra M TEH30pa TPETHEro paHra,
AHTUCUMMETPUYHOIO M0 OJHOM mape HHIAEKCOB. B
€ro OCHOBE JICKHT JIarpamkeB (opMaiu3M, OpU
9TOM BC€ CBOWCTBA CHMMETPHH TEH30POB BMECTE C
YCIOBHSMH CBSI3M Ha HUX COZIEPIKATCS B UCXOJHOM
JIarpaHKuaHe.

Onucadus MacCUBHOM U 0€3MacCOBOM YaCTHIL
CYLICCTBEHHO pa3iu4aloTcsi. B dacTHOCTH, B 0€3-
MacCOBOM CJIy4ae CYIIECTBYET CrelnupuIecKas Ka-
MUOPOBOYHAS CHUMMETpHs, KOTOopas 00oO0IIaeT Ka-
JUOPOBOYHYID CHMMETPHIO B JIJIEKTPOJIMHAMUKE
Maxcgemna. KanmnOpoBounbie cTemeHn cBOOOIBI HE
IOJDKHBI JaBaTh BKJIaja B HAOIIOJaeMble BEIMYMHBI
TUTIA TEH30pa SHEPTHH-UMITYIIbCA MO DTO IPUBO-
AT K HEOOXOIMMOCTH BBIAEIATH B 0€3MacCcOBOM
cilyyae KaJlMOpOBOYHBIE PELICHHSI, OCTABIISIS TOIBKO
¢usnyeckn  HAOMIOJACMbIE  HEKAIMOPOBOYHBIE.
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B maccuBHOM ciydyae BO3HHKAIOT U3BECTHBIE TPYI-
HOCTH MPU PACCMOTPEHHUU YACTHIIBI CO CIIMHOM 2 B
[IPUCYTCTBUE BHEUIHUX 3JICKTPOMArHUTHBIX IOJIEH.
Oun BbIpAXXAaKOTCA B TOM, YTO BO3HUKAIOT aHOMAJIb-
HBIE pEILEHMs], OTHOCSIIMECS K YacTHLAM, JBHUIaro-
IIAMCST B IIPOCTPAHCTBE CO CKOPOCTSAMH OOJIbILE,
YeM CKOpOCTh CBeTa. JIOMONHUTENBHBIX TPYIHOCTEH
B TCOPHH YAaCTHUIBI CO CIIMHOM 2 MOXHO OXXHIATh
MIPHU y4YeTe BHEUTHUX TPABUTAIIMOHHBIX ITOJICH, OIH-
CBIBaEMBIX B paMKax OOIIel TEOPUH OTHOCHTEIBHO-
CTH. 31€Ch OCOOEHHO CYIIECTBEHHBIM SIBIISIETCS BbI-
06op ucxomHoTO hopMaar3dMa B MPOCTpaHCTBE MUH-
KOBCKOT'0, KOTOPBIi 3aTeM 00001maercsi Ha o01ieKo-
BapMaHTHBIN ciydail. TO KacaeTrcs Kak BO3HUKHO-
BCHHS HOBBIX aHOMAJIBHBIX pemeﬂnﬁ B MAaCCUBHOM
cilydyae, Tak U npoOJieM ¢ KaJHOpOBOUYHBIMH CTETle-
HSIMH CBOOOJIBI.

B Hacrosimeii paboTe uznoxkeHa o0mas Teopus
JUTSA TIOJISL CO CITMHOM 2 Ha OCHOBE YpaBHEHHI mep-
Boro mnopsuaka Penoposa—Pemxe. B pesynbrare
UCKITFOUEHHS B THX YPaBHEHHAX IOMOJIHHUTEIBHBIX
BEKTOpa M TEH30pa TPETHEr0 PaHTa BHIBEACHBI YPaB-
HeHust Broporo nopsanka Ilaynu — ®upua ans cka-
Jspa U CHMMETPHYHOTO TeH3opa. [letampHO mpo-
aHAJIM3MPOBAH NpeeNbHBIN mepexon K Oe3macco-
BOMY IIpeJieNly; MCCIeNOBaHAa HMEIUascs 34ech
KannOpOBOYHAsE CUMMeETpHsi. B siBHOM Buie mo-
CTPOEHBI PEIICHUs B BHUJE IUIOCKUX BOJH A Mac-
CUBHOM 4YacTUIIbI, KOTOpPbIE COOTBETCTBYIOT IISITU
JMHEHHO HEe3aBUCHMBIM COCTOSHMSM. B ciryuae Ges-
MacCOBOW YaCTHIIBI HAaWICHBI 6 HE3aBHCHUMBIX pe-
[IEHWH U TO0Ka3aHO, YTO YETHIPE M3 HUX SBILTOICS
KaTuOpOBOYHBIMHU. J[Ba HE3aBUCHMBIX PEIICHISL,
KOTOpBIE HE COAEp)KaT KaIHMOPOBOYHBIX' CTEHEHEN
cBOOO/TBI, HAWJCHEI B SBHOM BHJIE.

1 30-xoMNOHEHTHAsI CUCTEMA\YPaBHEeHU
Bynem ncxoauts U3 CUCTEMbIypaBHEHUN Tep-
BOT0 MOPAJKA AN MAaCCUBHOW YACTHUIBI CO CIIMHOM
2 B clleyI0llIeM BUJIE:
Ao D \=mD, (1.1

CO®+B0"D, =md,, (1.2)

l n
E[akq)[ka]b + 6kq)[kb]a _Egabakq)[lm] +

(1.3)

1
+Ny O, D, +0,D, -3 gabakqak} =m®,,

1 & k
F{aaq)(bc) _abq)(ac) +§(gbca q)(ak) -g,0 (D(bk)ﬂ =

= mq)[ab]c’ (1 '4)
rne A, B,... — HEKOTOpbIE MOCTOSIHHBIC; UX 3a(UK-

CHpYeM HIKe, HaKJIaablBas TpeOOBaHHE MOIYYUThH
u3 (1.1)~(1.4) cucremy ypaBHeHHUi BTOpOro HoOpsi-
ka, npemnoxeHHywo Ilaynu u ®upuem. Kpyriasie
CKOOKM TpH HHIEKcax 0003HAYal0T CHMMETpHY-
HOCTb, KBaJpaTHbIE CKOOKHM — aHTHCHMMETPHY-
HOCTb. lcnonb3yercs METpUYECKU TEH30p € CHUT-
Hatypoil (+,—,—,—).
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U3 ypaBuenns (1.3) cnexyroT CHMMETPHUYHOCTh
W HENPUBOJAMMOCTB TeH30pa 2-ro panra P,

D, =+D,, gD, =D =0. (1.5)

U3 (1.4) cnenyert, 9TO TEH30p TPETHETO paHTa aHTH-
CHMMETPHYEH I10 TIEPBBIM JBYM HHIEKCaM:
q)[ab]c =-0

CeopauuBas B ypaBHeHuH (1.4) uHAEKCH b U ¢
n yuntbiBas (1.5), moiyyaem ycinoBue HENpHBOAH-
MOCTH T€H30pa TPEThEro paHra K TEH30py IEPBOTO

[ba]c*

paHra: <D[ub? =0. Hakonen, ucrnoss3ys ypaBHeHHE

(1.4), HaxomuMm emie OOHO YCIIOBHE IJIi, TEH30pa
TPEThEro paHra:

_ kabe _
cD[ab]C +(D[bc]a + cD[(‘a]h =0 = ¢ (Dabc =0.

OO6miee 4nclIo HE3aBUCHMBIX KOMITIOHEHT B Habope
TeH3opos O, P, D .. D, PaBHO TPUILATH:

O(x)=>1, ¢, =4, @, > 10-1)=9,
D, > 6x4-4-4=16.

Be3 orpanuyeHus 0OMHOCTH MOYKHO MOJIOKUTh A U
F paBHBIMU eIMHUIIE; TeM cambIM HapameTp A me-
peHocuM B ¢BoQoay B BeiOOpe Besmunubl C, a mapa-
MeTp F'— B ¢B0GOY BBIOOpa BEIMUUHEI E.

B ceodTtBercTBHE € 3THMM maiblie OyneM mccie-
JIOBATb/yPABHCHNUS

D = m, (1.6)
Co,®+B"®,,, =md,, (1.7)
E (akq)[lm]b + akq)[kb]a j +
o (1.8)
+N|0, D, +0,0, —Egabﬁ O, [=md,,
aa1q)(bc) _abq)(ac) +
(1.9)

1
+§(gbvakq)(ak) - guz'akq)(bk)) = mq)[ab]c'

IIpu 3TOM MOXXHO YUYWTHIBATh YCJIOBHUS, SIBIISIOLIUE-
Csl CIIEACTBUSIMU UCXOAHOM cucteMsl (1.1)—(1.4):

_ a _ _

q)(ab) - +q)(bu)’ (Du - O’ (D[ab]c =-0
b = p—

(D[ub] - O’ (D[ + q)[bc]a + (D[ca]b - O

Uckmouas n3 (1.6)—(1.9) BekropHyro U (TpeThero
panra) TeH30pHYIO (yHKIMH, OyaeM HaXOIUTh
ypasHeHust aist noied @ u @, [ aroro cHa-

[balc>

ablc

yana, Bocrons3oBaBmuchk (1.7) m (1.9), momyumm
BBIpYKEHUS /ISl IBYX 4iIeHOB U3 ypaBHenus (1.8):

E(d' Dy, +0' Dy, | =
_—E

4 k k
— [g(aaa Dy +0,0" Dy, |-

2 n
_Zakakq)(ab) _Egabaka q)(kn)i|’
N{aaCDb +0,D, —%gﬂbakanJ =
N

-2l

m

1

0,0, —Zgabﬁkak D+
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Cmpykmypa niocKux 601 015l RO CO CHUHOM 2, MACCUBHBIU U Oe3MACCO8bIIL CLYyYAlU

+B

1 .
0,0' Dy +0,0° D, ~— 2,010 (D“'”)H'

C yuerom uero ypasHenue (1.8) mpuHMMaer BuUX
(BBOMMM 0GO3HAuenne O =0°0,)

1
2CN{aaab -2 0%

®+2E00,, +(NB—£EJX
3

1
x|0 0'®, +0,000, ——g 0'0"D J:
{ a (kb) b (ka) 2 ab (kn) (110)

=m’®
Amnanornuyno u3 ypaBHeHus (1.6), yumursBas (1.7),
HAXOJIUM

(ab)*

CO® +Bo" 0", =m’D. (1.11)

Takum 00pa3om, MOIyYeHBI ypaBHEHHUS 2-TO MTOPSA-
ka (1.10) u (1.11), comepxamue ckansgp U CUMMET-
PUYHBINA TEH30p.

Haiinem ycnoBusi, OrpaHHuYMBaIOLINE BHIOOP
napameTpos B, C, E, N. JIist 3Toro nogeucTsyeM Ha

ypasrenne (1.10) omeparopom 0°, B pesynsTare

IPUXOIUM K
4

%CNaum +%(NB —EEJ 0,00 D, +
5 (1.12)
+(NB + EE}:@HDM =m’"D,,.
HOTpe6yeM BBITNIOJTHCHUSI pABECHCTBA
NB+ % E=0,
toraa (1.12) mpumer Bug

o, [3 CNO® - E6“0"®,,,
2

= m*0" 0y, N(1.13)

Teneps obpatumcs x ypaBreruto_(1¢l1). eitcTtBys
Ha 00€ ero 4yacTH OIepaTopoM O, \IoIydacM
0,(CO®+B' "Dy, | =m0, (1.14)

[Morpebyem, YTOOBI IAPaMETPHl yIOBJIETBOPSIIH
YCIIOBUSIM

C= u'I%CN, B=-u"'E,
torna (1.14) MOXHO IIpEICTaBUTh TaK:
0, [%CND(D - E6"6”<D(,m)J =wn’o,®. (1.15)

JleBsie wactu paBeHcts (1.13) u (1.15) coBmanator,
COOTBETCTBEHHO PABHBI U IIPABBIE:

o' ®,, = po,d. (1.16)

HevictByst Ha 00e wacTu paBeHctBa (1.16) omepato-
pom &', momydaem

po® -o8*0'd ) = 0. (1.17)

ConocTaBuM 3TO paBeHCTBO ¢ ypaBHeHueM (1.11),
3aMvCcaHHBIM B BUJIC

-B —%D(D—a"é’"d)(,m) =m’®. (1.18)

IMoTpebyeM, 9TOOBI BBIIOIHSIOCH YCIOBHE
w=-C/B.

Problems of Physics, Mathematics and Technics, Ne 2 (47), 2021

Torma u3 (1.17) u (1.18) cnemyer paBeHCTBO HYIIIO
ckassiporo nojst @ :

O =0. (1.19)
[Ipn stom u3 (1.16) momydyaem ycrnoBue Ha TEH30p-

Hoe note @,

k
o', =0. (1.20)
Ocraercs Y6CIII/ITBC$I, YTO HaJIOXKCHHBIM Ha

CBOOOJHBIE TTapaMeTphl YCIOBHAM MOXKHO YIOBIIE-
TBOpHUTE. CobepeM nx BMecTe:

NB+3E=0, c=p“§CN,
3 (121
B=—p'E, n=——.
WOE, n=—"
U3 (1.21) noxygaem
p:%N, C:E=—%NB. (1.22)

Ecnu BeIOpaTh pemenne ypaBHenuit (1.22) B Bune
C=E=1/2, N=1, B=-1/3, (1.23)
To cuctema ypaBHeHu#,(1.10), (1.11) npunrmMaer Bux

) +(D—m2]®(ab) -

{aaa[, _%gﬂbl:l
| (1.24)
_[aaakq)(kb) + abakq)(ka) _Egabaka”q)(k")J =0,

Gm—mz j ® —éaka"cb(,m) =0;  (1.25)

OHU COBMAAAIOT (C TOYHOCTHIO JIO 3aMEHBI 0003Ha-
YEeHUH) C ypaBHEHMSMH, NPUBEICHHBIMH B padoTe
[aymn — @upna. [Ipu yuere ycnoswuit (1.19) u (1.20)
u3 cucteMsl ypaBHeHn# (1.24)—(1.25) momydaem
®©=0, @+M*)P, =0, (1.26)

D =Py, O, =0, akqn(,m) =0. (1.27)

C yuerom paBeHcTB (1.23) mcxoaHas cucTema mep-
Boro nopszaka (1.6)—(1.9) mpumert Bug

0‘®, =md, (1.28)

a

%aacb —éab%b) =md,, (1.29)

1 1 ;
E{akq)[ka]b + ak(D[kb]a _Egabakq)[kn] +

(1.30)

+ = md)(ab),

1
0,®,+0,0, _Egabakq)k

6[1(D(bc) _6bq)(ac) +
1
+§(gbcakq)(ak) - gacakq)(bk) ) = mcD[ab]cﬂ (1.31)

m=iM.

Bynem paccmarpuBate cuctemy (1.28)—(1.31)
KaK OCHOBHYIO JUISI TEOPUM YACTHULBI CO CIIMHOM 2.
VYpaHenust Broporo nopsiaka (1.26)—(1.27) moryt
paccMarpuBaThCsl Kak IPOW3BOJHBIE, IOCKOJIBKY
oun crnenytor u3 (1.28)—(1.31). Ormerum, uTO
BKIIIOUYEHHE B 3Ty CHCTEMYy CKaJsipHOTO monsi @
JWIIHEE, CKASIPHOE TI0JIe 00paIaeTcsi B HyJb TOJb-
KO B ClTyJae CBOOOIHOMN YaCTHIIBI.
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2 [Inockue BOJIHBI, MACCHBHBIH CIy4ai
OOpatuMcsi K MOCTPOCHHIO pEIIeHHH B BHUIE
TUIOCKUX BOJIH [t ypaBHeHut (1.26)—(1.27):

@+M*)D,, =0, 2.1)
@, =0, "D, =0. (2.2)

IMoxcranoBka [Isi BOMTHOBOHM ()YHKIMH HWMEET BUM
(yuuThIBa€M CHIMMETPUIHOCTH TEH30DA)

fo S S S
il Lo S S

® — et -

[@u =l

Jo fs S fs

fo d d, d, @3
— ok d fi ¢ ¢ .

d ¢ f, ¢

d ¢ ¢ f

JomnonuuTtensHble ycnoBud (2.2) naroT
Joo =S =S2 =S =0,

Sk + fo k' + ik + fi sk’ =0,

fiok’ + fi k' + £k + £k =0,

ok + fok' + £,k + [Pk, =0,

Fiok® + fuk' + fok® + ik’ =0;

¢ yueToM 0003Ha4YeHUH U3 (2.3) OHU 3aIMCHIBAIOTCS
B BHJE:

fo=h+ it fs
K +d Kk +d i +d k=0,
dk’ + fik' + ek +c,k’ =0, (2.4)

Ak’ +ek' + £,k + ek =0,
0 1 2 3
dk” +c,k +ck”+ f;k° =0.
OcHoBHOe ypaBHeHHE (2.1) TPUBOIUT, K YCIOBHUIO
CBSI3U MEX/Y SHEPTUEH U UMITYIIBCOM

ki =M?+ k' k" =M+ Tk, .
Takum obOpazom, nmeem 5 ypaBHeHuit anst 10
nepemMeHHsIxX  f . = {6, d,;}. Halinem sBHBIH

BHJ] HE3aBUCHUMBIX PeIieHn# cucteMsl (2.4). st aTo-
TO B ypaBHCHHSAX MNEPEHECEM BIPaBO MEpEeMEHHBIC
Jis Jas f35C5,d; (OMHOBpEMEHHO OIlycKasl Bce UHIEK-
Cbl BHM3); B_pE3yJbTaTe IOIY4YUM HEOIHOPOIHYIO
CHCTEMY,YPaBHEHUH OTHOCUTENBHO f,C;,C,,d;,d,:

o =0+ i+ [y kJy—kd, —k,d, =dik;,
kOdl _kscz _kzc3 = fik,, kodz _leS = 1ok, +clk37
-,k =k, + f,k, —d;k,.
B maTpuuHOii popMe ee MOKHO 3amucaTh TakK:

1 0 0 0 011 h+hH+ 1
ky 0 0 -k -k d;k,
0 k5 -k, k 0fqgl= 1k ,
0 0 -k 0 k|4 Sk, +ek,
0 -k O 0 0 ||d,| |ck,+fik,—d,k,
Ax=y.
26

YO6exxmaeMcsi, 9TO OCHOBHOHM OIpeAeNuTeNIb CHCTe-
Mbl oTimdeH oT Hyist: det A=-2kk’k, =D, Pe-
LIEHHE CTPOUTCS Ha OocHOBe hopMyibl x, = Ddet 4,

i=1,...,5; B IBHOM BHUIC OHO UMEET BU/I
fo = _2D(f1 +/, +f3)kok12k29
c, = 2k0k1k2D(clk2 —d k, + f3k3),

¢, =~k D| ~2dskky + 11 + 1 +
fik =k )+ 1k -8 )]
d, =—kk,D| =2ck,k, + fk; — fi=
+fy (k2 + K2 )+ 1 (K2 —kjj],
d, = ki D[ “2¢,k,k, +2d ek, = fikg = £ +
Al A AL +k§]].
Ero MoHO mpencTaBuTh B MATPHYHON (hopMe:

_2D(f1 +f2 +f3)kok12k2
ZkOkaZD(clk2 —dk, +f3k3)

Skolo DY -2d.Jesk, + fikeg + £k +
e, N1 (e =)+ 1. (ks =i )|

&\ 7| ~kk, D[ “2c ko, + fikeg = ik +
+fi (k2 + k) + £, (K2 —kj)]

k2D ~2eikok, + 2 kk, ~ fik; -
e+ 1 (k=)= £ (ks + )]

YTO MOXKHO Pa3JIOKHUTh B JIMHEHHYIO CYNEPIO3UIHIO
MSITH HE3aBUCHUMBIX ClIaraeMbIX (YYHTHIBAa€M BBIpa-
skeHue nis D):

R TR TS
@ 2\ kk, k, 2\ kk, K

cl= + +
| = 1(k, K f21 k, K
d, B Sl R T
p 20k K, 2k kk,
2
K Kk Ik Kk
2\ kk, Kk 20k, K,
1
K 0 0
k, K ky
1k K k k
2\ kk Kk 0 kyks
+1, 1% K )+ +d, |-
1( k k2 _k2k3 klkz
)| (x| | o
1 0™ k3 k:;
, Ll Y
l[&+ k j ky k,
2\ k,  kyk,
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3 Be3maccoBhblii npeaen
Cucrema ypaBHEHUH 1-T0 mOpsiiKa, OMUCHIBAIO-
11ast 0e3MacCOBYIO YaCTHILY CO CITHHOM 2, IMEET BT

0‘d, =0, (3.1)
1 1
Eaad) —gabcb(ab) =0, (3.2)
L k 1 k n
5 0 cD[ku]b +0 (D[kb]u _Egaba q)[kn] +
3.3)

+

0,0,+0,0, —%gubakcbk J =0,

akq)(ab) _6aq)(kb) -
1 ., ., (3.4)
_g[gkba (D(an) — 8,0 (D(kn)] = cD[ka]b'

Cpasy Ke OTMETHM, 4YTO 3/IeCh peaji3yeTcsi WHas
CHUTYAIHsI C JIOTIOJIHUTEIbHBIME YCIOBUSIMH, HEXEIH
B MacCHUBHOM ciiy4yae. Tak, CBopaurBasi B ypaBHCHUH
(3.3) unOeKcH a u b, IPUXOAUM TOIBKO K TOXKIECT-
By 0=0, T.e. ycloBUe HEMPUBOIUMOCTH CUMMET-
pUYHOTO TeH30pa He Bo3HMKaeT. CBopaumBas B
ypaBHeHUH (3.4) WHIEKCH g U b, TIOTy4aeM JI0TIO0I-
HHUTEJIFHOE YCIIOBUE B BUJIE

no__ n
akq)n _CD[kn] .
Teopuss 6e3MaccoBOTO IO OCHOBaHA Ha (DYHKIUU

¢ (1+4+10+24-40) =35 KOMIOHEHTaMH.

Hcximounm 3 ypasaeHu# (3.1) gomosHUTENB-
Hoe mosie @, TOIydaeM ypaBHEHHE BTOPOIO IO-

panka st ckansipa P(x) u rensopa @, (x):
1 1 a b

SEP-39 oD, =0. (3.5)
bynem uckmouats u3 ypasHenuit (3.3) monst @, u

@5~ Tax, ypaBHeHue

1 1 R
E[akq)[ka]b + akq)[kb]a _Egabakq)[kn

] +

+

aaq)b + abq)a _%gabakq)k ] = 0
naer

1

E{ak |:ak(D(ab) - aa(D(kb) -

_g(gkbancb(an) - gbaanq)(kn) ):| +

4o

1 n n
akq)(ah) _abq)(ka) _E[gkaa q)(bn) —g,,0 q)(kn)ﬂ -
1 1.,
+40,| =0, -=0"D, |+
2 3
+0, (laacb—la'@mj—
2 3

1 1 1,
—Egabﬁk (Eak(l)—g@ q)nkj} = 0

PackpriBaeM CKOOKH ¥ IPHBOIMM ITOTOOHBIC YJICHEI,
B pe3yJbTaTe MOJIydaeM
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1
-—g.0'0,@"
2gab k=n

1 1 0
(aaab _ZDgab\Jq) _Zgab ood; +DcD(ab) -

~0,0"®,,,, —0,0"®

(na)

1
+Egabaka"q)(kn) = 0
YuuteBas (3.5) B popme:
0°0"® oo,

()

N | W

TociIeIHee YpaBHEHHE MOKHO IIPeoOpa3oBaTh K BUIY.

1 1 .
(aaab +Egab|:|)q) _Zgahl:lq)n +Dq)(ab) 3

-0,0"®,,,, —0,0"®,,, =0,
Yo6enumcsi, 9T0 ypaBHEHUS BTOPOIO, MOPSAKA
(3.5)(3.6) (cmemoBaTenbHO, W ypaBHEHHS IIEPBOTO
mopsiaka (3.1)—(3.4)) umeroT kKIacc KammOpOBOYHBIX

peuienuii (3ToT (akT BrEpBBIe ObUI yCTAHOBIEH B
paborax [Taymu u @upa):

(3.6)

D= alA/» (T)(ab) =0\, +0,A, _%gabalAl’ (3.7)

rae A,(x) — mpomnsBonbHBIN 4-BekTop. JleicTBu-

TCJIIBHO, IJIs1,3TOI'O KaHI/I6pOBO‘IHOI‘O pe€uIcHuA Haxo-
M paBCHCTBO

N, 1 1 -
—ga 0" Dy = —EDG’A[ = —EDCD,
OHO\MOKET OBITH MEPEIMCaHO TaK:
1 = 1 e
—O®--00 =0;
) 3 D ()

MOCJIEIHEE COOTHOIICHUE COTJIACYETCS C YPaBHEHH-
em (3.5). lanee, yuuteiBast paBeHCTBA

(8061) —%gubl:!)cf =0,0,0'A,, ®“,=0,

_ 1
Od () =00,A, +00,A, _EgabDaZA/’

1
0,005 ==-0,0,0'A, ~D0,A,,

a

1
-0,0'D) = —Eaba o'A,—00,A,,

1 3

Egabakalq)izl)) = +Egab DalA/)
yOexxnaemcst, uro Habop moneit (3.7) yaoBneTBopsieT
u ypaBHeHuto (3.6).

Haiinem BBIpaskeHHS [UISI TEH30pOB (P, U

@4y COMYTCTBYIOMMUX Habopy moneii (3.7):

_ 1 1
=+-0,0A,—=0OA,,
q)u 3 a 1 3 a

q_)[ab]z‘ = 6(‘ (60Ab _abAa ) -

1 ) 1
_E(gcbaa _gz‘aab)6 Al +§(gcbDAu _gcuDAb)'
OTmeuaeM CHpaBeTMBOCTh PABEHCTBA D, = 0.
Ilocnennee coryacyercst ¢ MPUBEAECHHBIM BBIIIE CO-
oTHomIeHneM ¢@“, =0 W JOIOIHUTENHHBIM yCIOBH-

c

—b —
eM aa (Db = cD[aC] .

27



A.B. Bypuui, A.B. Hsawxesuu, E.M. Oscuiok, B.M. Pedbkog

Takum 06pazoM, 6e3mMaccoBoe TOJIe CO CITMHOM
2 MOXHO OIHCHIBATH JIUOO CHUCTEMOW YpaBHCHHIA
nepBoro nopsjaka (3.1)—(3.4), mubo cucremoii ypas-
HeHuit BTOoporo nopsiaka (3.5)—(3.6):

% 0o —éﬁké”d)(k,) —0, (3.8)

1 1
(aaab +Egabujq)_zgabuq)i +0® - (3.9)
-0,0'®,,, —0,0'D,, =0.
[Ipu 5TOM B ypaBHCHHSX HMECTCS KaJMOPOBOUHAS
CUMMETpHS, CBS3aHHAs C CYIICCTBOBAaHHMEM Kiacca
pemienuii  (3.7), omnpenenseMbIX MPOU3BOJBLHBIM
4-extopoM A (x):

(b1)

— _ 1
D=0'A,, D =0,A, +0,A, _EgahaIA[’

_ 1 1
=+-0,0'A,—=OA,,
(Da 3 a 1 3

_ 1
Drapye = 0, (aaAb _abAa)_g(gcbaa —gm@b)alAl +

+§( g,0A, -g,0A,). (3.10)

4 TInockue BOJIHBIL, 0€3MaCCOBBIN cay4aii

[TonyunM pelieHuss CUCTEMbl ypaBHEHUH IUIS
OesmaccoBoil uactuuel. IlomcTaHoBKa ocTaercs
npexHeld (0IHAKO OTCYTCTBYET YCJIOBHE HEIPUBO-
JUMOCTH CUMMETPHYHOTO TEH30Da):

)= S, @, (0= S,

o S Jo S| [fo 4 dySd,
_ Jo Su oo S _ dfi & ol

Jo o Ju Sl [bTGN S TG ’

Jo fis Jfu Sul lda e & S

TH03/IHEE B 3TOM pasjiesie MbL CMEHUM CHUCTEMY 000-
3HAUCHUM, YTOOBI OHA COBIaaa ¢ UCIOIb30BaHHON
B MAaCCHBHOM CIIydae:

C1,Cy5Cy 2 C5,C5,C.

v

Vpasrenue (3.8) daer (BBUIY paBeHcTBa Kk, = k?

nMeeM ToxaecTBONID = 0)

1 17, a
- mcb—ga "D, =0 = kk’f, =0;

B/CBO¥Q odepens, ypaBHeHHE (3.9) MPUBOANT K
~k k, f+k Kk f, +k k' f,=0.

TakuMm 00pa3zoM, 3IeCh HMeeM alreOpandecKyro

CUCTEMY ypaBHEHHH

Kk f, =0, —kk,f+kkf, +kk f,=0.(4.1)

KanmubpoBouHble  pelieHHus  ONpeeNsIFoTCs
IPOU3BOJILHBIM 4-BeKTOpoM A, (x) :e”"‘""ukl U 3a-
natorcs cootHomeHusMH (eM. (3.10)):
D= fe, f=—ik'h;
—ik,x“

Ouwn =S >

28

fab = _i|:ka}\‘b +k,\, _%gabkl}\’l:|' 4.2)

Jlerko ybemmthcsi, uTo perneHus (4.2) ymOBIETBO-
psroT ypaBHeHUM (4.1):

Kk F = (=Dkk [kaxb +k\, —% gabk’kl} =
_(_ _1 arb 1 -0
=(=i)| 0+0 Ek k'g , k'\, |=0;

—k e, f +k K F, kK T =(=i)x

x{—kﬂkb k", +k k' ~[kb?», +k\, —%gb,k"kn} +

+h, k' -[kakl +k, —% g k", }} 0.

Herammupyem ypaBHeHns u3 (4.1). Ilepsoe
ypaBHEHHE JaeT

k(S +d k' +d K +dk )+
+k' (d K" Sk + ek + e,k )+
+k (dk° +c k' + [k + ek ) +
(k" + e,k + ek + f,k7) = 0.
Bropoe‘ypaBHeHHE TIPUBOIUT K 16 ypaBHEHUAM:
00) KK f =k (f,k +d k" +d k> +d k) +
+(f,k’ +d k' +d,k* +d kK,
01) K°k'f =k°(dk" + fik' +ck” +c k) +
+(f,k’ +d k' +d,k* +d.k )k,
(02) K°K>f =k (d,k° + k' + f,k% +c,k°) +
F(LK +d k' +dyk +d ok,
(03) k'K f =k (d k" +c,k' +c,k> + fk) +
+(LK +d k' +d ke +d )k,
(10) K& f =k (f,k° +d k' +d,k> +d, k) +
(A + fE 4k + ok,
(A1) KK f =k @k + [k +ck* + k) +
+(d k" + fik' + ok +c k),
(12) KB f = k(d,K" +c,k' + £,k + k%) +
+(d k" + fik' + ek’ + Kk,
(13) KB f =k (dk° + k' + e,k + f,k5) +
+(d K’ + fk' + ek’ +c,k Yk,
(20) Kk f = ky(f,k° +d k' +d, k> +d k) +
+(dk" + k' + £k + e kK,
Q) Kk f =k @k + K +ek +ek’)+
+(dk" +ek' + £k + e kHk,,
(22) KK f = ky(dk° +c k' + [,k + k) +
+(dk k' + i + e kK,
(23) KK f = ky(dok" + 0,k + e,k + i)+
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+(dk +ek' + £k + ek,
(30) K’k f = k3(f0k0 + dlk1 + dzk2 + d3k3) +
+(dk° + k' + ek’ + [k )k,
Bl Kk'f =k(d k" + fk' +ck* +c,k’)+
+(dk° + k' + ek + [k,
(32) K’k f =k, (d, k" +c k' + £,k +c k) +
+(dk° + k' + ek + [k )k,
(33) Kk f = k, (d3k0 +czk1 +c3k2 +f3k3)+
+(dk° + k' + ek + [k k.
C yueToM COBMAJAOUINX OCTaroTcsa Toibko 10 ypa-
BHEHHI (OITycKaeM BCE WHICKCHI BHU3):
ky(fokey —d\k, —d,k, —d k) +
+(foky —d\k, —d, k, —d k)k, = kK, f,
kl (dlko _flkl _clkZ _Czk3)+
+(dky — fik, -k, —c,k)k = kk f,
kz (dzko _Clkl _fzkz —C3k3)+
+(d,ky — ek, — foky —¢;k)k, = ko, f,
ky(dsky —cyk, — sk, = fiky) +
+H(dsky =k — sk, = fik)ks = ksks f
ko(dlko _.flkl _C]k2 _Czk3)+
+(foky —dik, —dyky —dsks)k, = _koklf,
ko(dyky =ik, = fok, —c3ky) +
+(fok, —d\k, —d,k, —d k)k, =—k,k, f,
ko (d3k0 _czkl —C3k2 _f3k3) +
+(foky —d\k, —dyk, —d ik )k, = _k0k3f=
kl (dzko _clkl _fzkz —C3k3) +
+(d\ky — fik, — ek, — ¢, k)ky Skk, f
k(dsky — ¢,k — c;k, = k) +
+(d k) = fik, — ek ek 0k = kiks f
ky (dsky — cykips Gk, — f3ky) +
+(d,ky — ¢k = ok, = ¢k )k = ok f
Taxum obpazom,‘ypaBaeHus (4.1) IpUBOIAT K
ko(fok0 —d\k, —d,k, —d,k;) +
+h\(d ik’ + fik' + ek’ + k) -
“k, (dyky — ik, — ok, — sk ) -
—k; (dsky — ¢,k —csky = k) =0,
2(foky —d k= dyk, —dky) =k, f
2(d\ky = fik, — ek, — k) =k, f,
2(dzko _clkl _fzkz _C3k3) = sz,
2(dky — e ok, — ek, — fiky) = ks f 5
2k0 (dlko _flkl _clkZ _C2k3)+
+2k, (fokey —d\k, —d,k, —d k) = —2k0k1f,
2k0(d2k0 _clkl _fzkz _csk3)+
+2k2 (foko _dlkl _dzkz _d3k3) = _2k0k2fn
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2k0 (d3k0 - Czkl - c3k2 - fsks) +
+2k, (foky —dk, —dk, —d k) = —2k0k3f;
2k1 (dzko - clkl - fzkz - c3k3 )+
+2k, (d\ky = fiky — ek, —cyky) = 2kik, £
Zkl (d3k0 - czkl - c3k2 - f3k3 )+
+2ky(dik, = ik — ek, —c)ks) = 2k ks f
2k, (dyky = by —csky = fiky) +
2k, (d,ky —c,k, — fok, — k) =2k, k, f .
Hcnone3ys ypaBHenus 2,3,4 U3 NepBOH YETBEPKH;
mpeobpa3yeM JIBe TPOUKH ypaBHEHHI:
2(foky —dky — dyky —dsky) = ko
2(dky — fiky — ek, — k)= ks
2(d,ky — ek, — ok, — k) = f
2dysky =,k —csky = k) = ks f 5
2kok, [+ 2k, (foky — dik, — dyley™=d k) = —2k0k1f,
2kok, [+ 2k, (fok, <k, —d, k, —d k) = -2kk, |,
2kok, f + 2k, (fok, =dik, —d k, —d k) = —2k0k3f;
2k (d,ky=cil = fok, —c; k) + ok f =2k ik, f,
2k (dky=ck, —c,k, — k) + ok f =2k k. f,
2l (ds kg — e,k — sk, = fiky) + ks, f = 2k ks f

OtrOpaceiBas nUIIHKE (M3-32 COBIAJICHMS) ypaBHe-
HUS, TOJTydaeM:

2(foky —d\ky = dyky —dyky) = ko f s
2(dky = fiky — ek, =, k) =k, f,
2dyky =ik = ok, —csky) =k, f
2d;ky —crk — sk, = fiks) = ks f,
2ko S + (foko = diky —dyk, —d k) =0,
d,ky —ck, — f,k, —c;k, =0,
diky —c,k, — ¢k, — fik, = 0.
C ydeTroMm ABYX MOCIEIHUX ypaBHEHUH MPUXOINM K
paBeHCTBY f =0, mpH 3TOM OCTarOTCs TOJIBKO 4

HE3aBUCHMBIX YPaBHEHUS
Joko —dik, —d,k, —dsky =0,
dik, = fik, = ¢k, = c,ky =0,
d,k, —ck, — fok, —c;ky =0,
dk, —c,k, —c;k, — fik, = 0.
Takum obOpazom, umeeMm 4 ypaBHeHus Ha 10

nepemMeHHbiX. C y4eToM 3aMeHbl B 00O3HAYEHHSX
¢, < ¢, u3(4.3) npuxoauM K

dik, +dyky = foky —dsks, dky —cky —c ks = fik;,
dyky — ek = ok, + ks,
ek, = dsky =k, = fiks.
B marpuuHO# opMe oHa UMEET BUJT

(4.3)

0 0 k ko, Soko, —dsk,
—ky —k, ko Olc _ Sk,

0 —k 0 k|4 ck+ 1ok,
k0 0 0|d,) |—qk+dk,—fik,
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Crpoum penienue Ha ocHOBe Gopmyn x, = Ddet 4,

det A=-2k,k’k,=D":

¢, = D[ kykky (2¢,k, —2d,k, +2 £k, )],
¢, = D[ kok [2d ek, = fik + £k + 146 = £k |,
d, = D] ki, (2ekk, = fyks = ik + 1.7 + £k ],
d, = D[kf (~26kk, +2d Kk, -

~foks + 1 = 1 = k) .

Ero Mo>xHO npencTaBuTh B MaTpuiHoit popme U paz-
JIO)KUTh B JINHEWHYIO0 KOMOWHALIMIO U3 6 ClIaraeMbIX:

0 0 0
. ks ST B

2 2kk, 2k, 2k,

C.

JI=h| K [HAl KB+ A k;
d‘ 2k, 2k, 2kok,
: k, k? k,

2k, 2kyk, k,
K
K, ke L)
2 k, k,
5 k3k 0 koks
+f, ;{j +o| kk|+d;| Kk,
- 2k3k kok, 0
0™ k3 k
2 2 -2
3 kO k2
2kyk,

Oto obmiee pemeHne MOYXKHO 3aIicaTh B/BUIE, MaT-
pHILIbI, KOTOpas SIBJISETCS CHMMETPHUYHOM, OTHOCH-

TEJIHHO TJIABHOM JHaroHalIn:

Jo | 8 | &IN4;
f & SiahBal| 2
@ g 1 &ad i al
df ' gy "¢ | fs
riae
ko % 2 kk,
= — + — - — - C,
T T T L T Al
kO kl2 kZ
= fi——fi+—2f+
85 =0 ok M
2
k_phe kg
2k, kT
ko k, k, k koks
- T L T L
= T e T,
ky .k, ok
gy =——f——c +—d,.
24 kl 3 kl 1 kl 3

Ot0 ofliee pelieHre MOXKHO Pa3loKHUTh B JIMHEH-
HYIO CYTIEPIIO3UINIO 6 HE3aBUCHUMBIX:

30

f;ab) = f(‘)

i

+fs

Kan
Kan

>
=1
K

+¢

= LF

(=]

(=]

+d,

kK ko
2k 2k,
2
0 ko
2k k,
2
ky 0 0
2kk,
0 0 0
i _ klz 0
2k, 2k, k,
1 k4
2k,
_k 6N
2k,
0 0 0
ko ko
2kok, 2k,
o K
2k,
kR
2k,
0 0 0
koK
2kok,  2k,k,
o Bk
2kk, K
ks 0 0
2k.k,
_E () 1
kl
k2k3 ﬁ 0
kok, kK,
0 0o K
kl
+
0 0 1
_ﬁ 1 ()
kl
0 LT
k,
0 koky k|
k]kZ kl
kyk, 0 o’
k]kZ
Ky 0 0
kl

(4.4)
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HITH KOPOTKO TaK:
Sy = JoFo + hE + LB, + LF +¢,C +d;D;. (4.5)
Temepb y4TeM CyLIECTBOBaHUE KaarOPOBOUY-
HBIX PEIICHHI; OHU 33al0TCSI COOTHOIICHUSIMHU

1= —ilkyhy — kA =k, —Asksy),

_ (3 1 1 1
fO =1 (Ek‘)xo +Ek17\«1 +Ek27\«2 +Ek3>\‘3j,
1 1
_Ekzkz _5k3}"3)»
1
2 _Ekzkzja

1 3
—Ekzkz +§k3k3j,

1= —i(%koko +%klkl
- (1 1 3
fz =-1 (Eko}\.o —Ekl}\.l +5k2}\.

_ (1 1

f3 = —I(Eko}\.o —Eklkl

d,=—ilkoh +kAy), d,=-i(kM, +kL),

d=—i(khy +kN)),

c1= _i(kzk3 + k37‘2)a Cc2= _i(k1}"3 + k3}"1):

c3= _i(k1}"2 + kz}‘q)'

ITockonbKy pelieHrss UCXOTHOM CHCTEMBI IO-
CTPOCHHI C y4eToM paBeHCTBa f =0, HyXHO Tpebo-
BaTh, YTOOBl KaTHMOPOBOYHBIC MpeoOpa3oBaHHS HE
HapyIIald 3TOTO YCIOBHS; MOATOMY HAaKJIaJbIBacM
orpannyenue kA, — kA, —A,k, — Ak, =0. B pesyns-
Tare o0Iee KATMOPOBOYHOE PEIICHNE IIPUMET BHJL

_70 = =2ik\, = 2ih,k, —2iNsk;,

f="2ik\,, f,==2ik\,, f,==2ik\,,

Fo="2i0ky, 7,20, 7,=-2ik),, 7,=0,

o kK ky, ki
d] = + 1 7\. - k - 7\4 - 7\‘
kO k() kO
o kK, ktk ks
d,= k2 hl 2 7V J 7\‘3?
kO k() kO
p— k ) ,
d3:—ik3kl A —i 4, Xy R s,
kO k() kO
a1 = —ikyhy —ikhy, @8 = —ikhy — ik,
E3 = —ikl}\'Z _ikZ}\'l'

Ero moxHo Pa3aokKUTL B KOM6I/IHaIlI/IIO TpEX HE3a-
BHUCUMBIX:

f :—Zl'k}\.l, 71:_2ik}‘19 J72:0’ J73:0’
_ k2 + i _Kiky _kk
kO k() kO
EIZO, Ezz_ikxla E3:_Zk }\‘13
2
ks, Rk k.
0 0 0
2 2
_imkl ~2ik\, —ik\, -k,
f(Sb)) = kli :
ALY —ik,\, 0 0
0
k k,
7\. —ik\, 0 0
0
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_ kk. - AR ek,
LN W AL BALR Y S VY
kO 0 k()
El = _ik37\‘2, EZ = 09 E} = _ikl}\’zs
2 2
ik, il Rtk ki,
0 k() kO
Rk, 0 Lk 0
@ _ 0
(ab) — 2 2
B
ThoL ik, -2ikh, ik,
0
Rk 0 kg 0
0
fo="2iksky, £,=0, f =00 Fy=-2ik\;,
2 2
Sk o kkg ) ke,
kO (1] kO
Elz_ik27"3s Ezz_ik]kgy 5320
2 2
—2id k, —zkl/ik EILK ML}L
0 kO kO
Wkky oo 0 ik,
3) L 0
(ab), ™
kky 0 —ikp,
0
2 2
SRRy g ik, —2ik,
0

Tpu TpOCTEUIINX KAIHOPOBOYHBIX DEIICHHUS
JOJDKHBI COZEP)KAaThCSl B HAWICHHOM OOIEM pere-
HuH (4.4).

CHavana paccMmaTpuBaeM ciayuait A, #0. U3

pasencrBa f, = fl) cmemyer cucrema u3 10

YPaBHEHUIA:
fo:_2ikl?\‘l’ f]:—2lk7u1, AZOQ
kk
f£,=0,¢=0,d, =
0
k, k
, =—ik,\,, —Od =—ik,\
2kkf02kf1k1k2 ik,\ k ik,
k2+k2
0 1
_f f b
2% 7 1 ky
2
O f;) f ﬁd :—.klkz }\.1,

3 I—
2k k, k, k,

YTO 3KBUBAJICHTHO CIICAYIOIIEMY':

fo ==2ik\,, f,==2ik\,, f,=0, f,=0,
L kk
=0, d, =—i—"1,,
0
ky +kl =k + k), ks —k) —k; —k; =0,
ky ki —k; —k; =0.
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T. e. 3T0 KanUOPOBOYHOE PELICHHE OTOXKIECTBIISCT-
CsI CO cTydaeM OOIIero PelieH s COTJIACHO

f(ab) f(ab)’ fo ==2ik\,, f, =-2ik\,, f,=0,

Kk,
f,=0,¢=0,d,=—i

LA
0
AHanornyHo paccmarpuBaeM ciaydai A, #0. U3

paBeHCTBA f ) = f(ﬁ)) CIIEyeT CUCTEMA

fo =2ihk,, f,=0, f,==2ik,\,, f,=0,

—ik;h,, dy = kk?u
k,

k3

—=—(2ik,\,) —

ok1( ik,\,)

k.
23 k)=

_ k,k,

. kk
(—ikyh,) = —i ;{ 2,

0™ 0

k ) k . ky .
j(—szzkz) +j(—21k2k2) + 2 (—ikyh,) -

2 0 0

2 2
—5[—1']‘3]‘%2]: ks k+k -

kZ kO 0
k2
Dihk) 2 L2k, ) -
2k1k2( ihoka) - 2k1( ihrha)
Koy
Py N
Tk,

k[ kks
R Gy + B 20, |=0.
kl kl k()
B pe3ysIibTaTe MNPUXOAUM K COOTHOILICHUSIM
£, ==2ihk,, =0, f, ==2ik),, f2=0,

¢, =—ik\,, d; = kk =20,
k

0
2 2 2 2 _ 2 2 2 2 2 2 _
K2k =k k2 =0, k2 +kZ + k3 -k —k =0,
2 2 2 2 _ —
k2 —kZ — k2 — k2 = O kg — ok, = 0.
CJ'ICI[OBaTeJ'IBHO, 3TO KaJ'II/I6pOBO‘IHO€ pCUICHUC OMH-
CBhIBACTCA PaBCHCTBaAMU

f(ab) f(ah)’ fo =-2ihsk,, 1 =0, f, ==2ik,h,,

fi =0, ¢ s -ik,\,, d, = kkkk

0
Paccmorpum ciyuait A, #0. M3 paBeHcTBa
fiw = fia) cnenyior 10 ypaBHenuii:
So="2ikk,, f,=0, f,=0, f,==2ikA,,

2 2
ik, dy = iRty
0
k 2
—°(—2ik3k3) e Rk
0 ]
ko
k()kl kO

kZ
——(2iksk, —2ik,\ i kA
Zk( i )+2k (=2i )+ (—iky)y) =

02 0

32

k(O k2 +k; g, k k, kh,,
k, ky Tk,

2 ) k2

(2ikk) 2

172 172
kb (kG Ak Gk,
kik, ky

k . ky .
— (k) == E (kA +

1 1

D75 J ik,

(=2ik\y)

ko( k2K
+_

1 0
B pesynbrare npuxonum K
Jo =2iMk;, f,=0, f, =00 fi=2ik,,

ke +k2

¢, =—ik,h;, dy i

()

K=k =k =kl =0, k2 +Kk+k -k —k2 —k7 =0,
K+ k2 =k —k? £ ONk> — k> —kF =2k + k2 =0
9TO KaHI/I6p0BO‘IH06 PEIIEHUE OTOXIACCTBIIAECTCA CO

clryqacM O6HI€I‘O pemenus CoriiaCHO

f(ab) 7 (Sb))’ fo :_21'7‘3]‘3» fl =0, fz =0,

KK
KL ik, ¢ =ik, dy=—it 15

0
Taxkum 0O6pa3oM, NEHCTBUTENBHO, CPEIU 0OIIIe-
[0 PELIEHUS] UCXOJHOM CUCTEMBbl YPaBHEHMH Cylie-
CTBYIOT TPH, KOTOpPbIE MOTYT OBITH OTOXIECTBJICHBI
C KaJIMOPOBOYHBIMHU:
) _ _9; » _ _»n: M _ a _
fo =2k, £ ==2ikA,, f,) =0, f;7 =0,

kk
B

=0, d" = L SO =2k,

0
2 2 . 2 2 .
f2=0, fO=2ikh,, [P =0, ¢ =—ikh,,

kk
a2

d? = b SO =2k,

0

3 3 3 . 3 .

fl( ) = f( ) =0, f; ) = —2ik A, cf ) =—ik,\,,
k2 + k2
i3
ky

IIpuBenem 3aech e SBHBIA BHI OOIIETO pPEIICHHS
(4.5) — orpaHMYMMCs CUMBOJINYECKOH OpMONi:

(f(ab)) = foby + E + LF, + f3F +¢,C +d,D;.

[pucytcTBUEe KaTHMOPOBOYHBIX PEUICHUN BHYT-

pu oOmero MoXKeT OBITH IOSICHEHO CIIEXIyFOIINM
obpazom:

Obwee: f, f, f, fi ¢ d,
@ S fo0 0 0 dv
Q): fo(2> 0 f2(2) 0 01(2) de ’
3): £ 0 0 f2 & de
OTCIO[la MOXHO CJ€J1aTb BbIBOJ, YTO pPCHICHUSA
F,F,,F, sBs1oTcd KanuOpoBouHbIMU. Jlanblue

3) _
d¥ =-

HYXXHO HUCCJIENO0BATH BEIMYNHY
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phys _ _ ) _ @ _ G
ab - f;z/: ab ab ab (46)
C YUE€TOM TPEX PABCHCTB
—_ ) _ ;
f =" ==2ik\,,

fo= 3(3) = —2ik,),,
5= 3(3) = 2ik,\,.

B siBHOM Bujie paBeHCTBO (4.6) IpUHUMAET BUJL

Pphys _f _ ) _ (@) _ G _
ab —Jab ab ab ab

:fo'F0+ﬁ'F;+f2'F2+f3'F3+Cl'C1+d3'D3+
+2ik A, - Fy +2ik A, - F,+0-F, +

+0-F, +O-Cl+%k1 -D; +
k,

0

+2ik,h, - Fy +0- F +2ik,\, - F, +

ik k
+O-F3+ik3?u2-C1+l]z -

0

+2ik Ay - Fy +0-F +0-F, +2ik, A, - F, +
ki +k;

A, D+

+ik, My - C, +i Ay Dy;

0
OTCIOZIa TIOCHIE TPHUBEICHHUS MOJOOHBIX MOIydYaeM
(oOpamaeM BHUMaHHE Ha TO, YTO MHOXHTENb TEpe.
peuieHueM F, oOpaliaercs B Hyllb)

phys _f _ () _ @) _ G _
ab —Jab Jab ab ab

=(fo~7,) F+0-F+0-F+0-F +
+(¢, +ikhy +ikyhy)-C +

+%hn+%@xﬁ4%+%
kO kO kO

CrenoBarenbHO, o0lee pelieHre, He cojepiKaliee

KaHI/I6p0BO‘IHBIX KOMITIOHCHT, BBITJIAOUT TAK:
phys

w =M G, DS
_kky K

+| d,

A, |- Dy

0 N
kOkl kO
S5O F
- k01 g
el 0o o0 1
ks
0o ko4
ky
0 o b
k2
0 0 kb &y
" kik, K,
LA kb
ky  kk,
1k 0 0
ky

OTOT CUMMETPUYHBIH TEH30p COIEP>KUT TOJIBKO IBa
IIPOU3BOJIBHBIX YHCJIOBBIX IapameTpa |, U l,; OH
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