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Hccnenyercs 06001meHHast MOENb (PepMHOHA CO CIIMHOM Y2, KOTOPBII XapakTepu3yeTcst TpeMs (H3M4eCKUMI MacCOBBIMU I1a-
pamerpamu M. JIONONHUTENBHOE B3aHMOJCHCTBIE ONPENENSETCS TEH30POM BHEIIHET0 JIEKTPOMArHUTHOTO NOJIS M CKAJIPHOM
KPUBHU3HO# MPOCTPAHCTBA-BPEMEHHM, OHO CBSI3bIBACT TPU OMCIIMHOPA B €IMHYIO CUCTEMY ypaBHEHHUH. Mojielb ocTaeTcst mpuMe-
HUMOW U JJIs1 HEMTPaIbHBIX MaHOPAHOBCKUX ()EPMUOHOB, TIPH 3TOM 00BEMHEHUE TPEeX OMCIIMHOPOB B EIMHYIO0 CUCTEMY 00Oec-
IIeYMBAETCsl HEHYJIEBOU CKaJIPHOW KPUBH3HOM. McciemyeTcst MoJenbHast CUTyalHsl, KOTIa MOXKHO CUHTATh, YTO JIOKAIBHO J0-
IIyCTHMO HCIIOJIb30BaHHE JICKAPTOBBIX KOOP/IMHAT, a BHEIIHUH reOMETpUYECcKUil (OH MOKHO 3(D(EKTUBHO YUECTh MOCTOSHHBIM
ckamsipoM Puuum R. [l mpOCTOTBHI OrpaHUYMBAEMCsl OJHOMEPHBIM ciiydaeM (f, x). VIcronp3ysi AMAaroHalH3aLHI0 MaTPUIBI
CMEIIHMBAHUS B CJIOKHOW CHCTEME ypaBHEHHMIl, IPUBOJUM 3a/iady K TPEM pa3JelbHbIM YPaBHEHUSM JIUPAKOBCKOI'O THIIA C HO-

BBIMH 9 ()eKTUBHBIMU MaccaMH M, 3HAYCHHS KOTOPBIX ONPENENSAIOTCA YHCICHHO B 3aBHCHMOCTH OT BHYTPEHHHX IapaMer-

POB MOJEIH U OT BEIMYHHBI KPUBU3HBI IPOCTPAHCTBA-BPEMEHH. [IpHBEIeH TaK/Ke YMCICHHbINH aHAIN3 HEOOXOMMMBIX AHAroHa-
JU3MpPYIONTHX MpeoGpasoBanuii S u S™'. Pemenns Tpex pasneNbHBIX ypaBHEHHH MaifOpaHOBCKOTO THTIA CTPOATCS B Gaswce UM-
TMYJThC-CIMPATBHOCTE. VCTIONE3ys BRIpaKeHHe JUT MATPHIT MpeoGpasoBanus S i S, 3TH pelleHns pacKiabBalOTCA B IMHEH-
HbI€ KOMOMHAIIMK N0 PEIICHUSIM C GPU3MYECKUMU MAacCaMH ¥ HA00O0pOT.

Knroueswvie cnosa: gpepmuon c mpems maccogoimu napamempamu, Maopano8CKas yacmuyd, CKauiApHas KpUeU3Ha npocmpan-
cmea-epemenu, ypasrenue Jfupaxa.

In this work a generalized fermion model with spin Y, which is characterized by three physical mass parameters M; are studied.
The additional interaction is determined by the tensor of the external electromagnetic field and the scalar space-time curvature.
It joints three bispinors into one physical system. The model also remains valid for neutral Majorana fermions. The coupling of
three bispinors into a single system is ensured by the nonzero scalar curvature of the space-time. We study a model situation
where it can be assumed that locally the use of Cartesian coordinates is permissible, and the external geometric background can
be effectively taken into account by a constant Ricci curvature R. For simplicity, we restrict ourselves to the one-dimensional
case (2, x). Using the diagonalization of the mixing matrix in a complex system of equations, we reduce the problem to three

separate Dirac-type equations with new effective masses M,, the values of which are determined numerically depending on the

internal parameter of the model and the space-time curvature. A numerical analysis of the necessary diagonalizing transforma-
tions S and S™' is given. The solutions of three separate equations of the Majorana type are constructed in the momentum-—
helicity basis. Using the expression for the transformation matrices S and S, these solutions are decomposed into linear combi-
nations by solutions with physical masses and vice versa.

Keywords: fermion with three mass parameters, Majorana particle, of space-time scalar curvature, Dirac equation.

1 Mopeab 00001eHHOr0 (hepmMuOHA

XOopoIo u3BeCTHa BO3MOXKHOCTh BMECTO IIPO-
CTEUIINX YPaBHEHHUM ISl BJIEMEHTapHBIX YaCTHI]
(Kneitna — ®doka —'opoma, J[upaka, Haddpuna —
Kemmepa, IMaynu — @upua, Paputs! — [IIBunrepa u
JIp.) TOCTPOUTH OoJiee CIOXHBIC YpaBHEHHS, KOTO-
pble MOTYT OIMCHIBATH YAacTHIBI C HECKOJBKHMHU
CIMHAMH, HECKOJIBKHMH MacCaMH, C JIOTOJIHHUTEIb-
HBIMH ~ DJICKTPOMAarHUTHBIMH ~ XapaKTEPUCTUKaMHU
(aHOMaJIbHBIM MarHUTHBIM MOMEHTOM, JJICKTpHYE-
CKUM KBaJpPyNOJbHBIM MOMEHTOM, MHOIAPH3YyEMO-
CThIO, cTpyKTypo#i Jlapsuna — Kokca u ap.). Bee atn
0000IIIEHHBIC MOJIEIHN CTPOSATCS HA OCHOBE OOIIEro
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TEOPETHYECKOTO MOJIX0/1a, co3/1aHHOro [ enbdansom
u Srnomom [1]-[61].

B uwactHOCTH, B pabote [62] ObLIa mpeaioxeHa
000011eHHast MoJiellb (PepMHOHA CO CITMHOM Y2, KO-
TOPBI XapaKkTepu3yeTcs TpeMs MacCOBBIMH Iapa-
MeTpaMu. byzem mcxoanTh M3 HaijeHHOH (OPMEI
YPaBHEHUS I TAKOM CIIOKHOW YacCTHUIIBI B TIPHUCYT-
CTBHM BHEIIHUX JJICKTPOMAarHUTHBIX W TPABUTALH-
OHHBIX IOJIEH:

iy (0)[0, +T, (x) +ied, ()] P, (x) -
—M,®,(x) + ¥ E(x)P(x) =0,
iy (x)[0,, + T, (x)+ied, ()] @, (x)— (1.1
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~M,®,(x)+7, Z(x)®(x) =0,
iy* (x)[0, +T, (x)+ied, (x)]D,(x)—
~M,®,(x)+Y, Z()D(x) =0,
rze (cM. o0o3HaueHus B [62])
4e,
Y, =—=c,(A, -
Y, (A —¢y),
D(x) =L D, (x)+L,D,(x)+L,D,(x).
ITockonbky B (1.1) MOMONHUTETHHOE B3aMMOICHCT-
BUE OIPEIENSIeTCS TEH30POM BHEIIHETO 3JIEKTPO-

MAarHuTHOI'O IIOJIA H CKaJ'IHpHOﬁ KpHBPI3H017[ mpo-
CTpaHCTBA-BPpEMCHU:

(x) = —ieF, ﬁcs‘xﬁ (x)+ Rix) ,

TO B MoJieNisaX ¢ R(x) # 0 maxxe B OTCYTCTBUE BHEII-
HET0 3JICKTPOMArHUTHOTO TOJS O0OOIICHHAS CHUC-
TeMa ypaBHEHHIl OOBEIUHSET TPU OUCIHUHOPA B
€IMHYI0 (PU3NUECKYIO CHCTEMY:

.o

iy*(x)[0, +T, ()] D, (x)—

()

-M @, (x)+Y, —=D(x) =0,

" (x)[0, +FQ(X)]<D2(X)—

1.2
R() o (1) =0, (1.2)

-M,®,(x)+Y,

iy ([0, + T, ()] D5 (x) -

()

-M,D,(x)+Y;, —=D(x) =0.

Bsuny Toro, uto B JIIO6OM MaHOpaHOBCKOM 0Oa-
3HCE BBIOIHAIOTCS PaBEHCTBA
[y )] =iy*(x), I5(x) =T, (x),
cuctema (1.2) nomyckaeT OrpaHHYEHHE K CIydaro
BEIECTBEHHBIX W YUCTO MHHUMBIX OHMCIIHHOPOB, T. €.
K CIIy4al0 MailOpaHOBCKHX YaCTHIl C TPEMsI Macco-
BBIMU TTapaMeTpaMH.

2 Y4eT NOCTOSAHHOI CKAJSIPHO KPUBU3HBI
PasBuras Teopus memaeT BO3MOXHBIM Y4eCTh
BIIMSIHAE KOCMOJIOTUYECKOH CTPYKTYpBI IMPOCTpaH-
CTBa-BpEMEHHU Ha TaKkoWl MaiopaHOBCKHU (DEpMHOH.
IIpocreiimeir cutyanuel SBISIETCS  CIEAYIOLIAS:
MOKHO CYHUTaTh, YTO JIOKAJIHHO, HAIPUMEp, Y IO-
BEPXHOCTH 3€MJIH, JOMYyCTHUMO HUCIOJb30BaHUE Jie-
KapTOBBIX KOOPJIMHAT, a BHEIIHUN IeOMETPUICCKHUI
(o MOXHO 3((EKTUBHO y4eCTh HEHYJIEBBIM IIO-
CTOSIHHBIM CKaJsipoM Puyuu R, KOTOpPBI MOXHO
BapbHPOBATh B NIMPOKHX Tpenenax. s mpoCcTOTHI
OTPaHUYHUMCS (XOTSI 3TO HE CYIIECTBEHHO) OJHO-

MepHBIM ciydaeM (¢, x,y =0, z =0).

CrnenoBarenbHO, OyieM UCXOIUTh U3 YPaBHCHUI
(#y°0, +iy'0, = M,)®, +d,(L,®, + L,®, + L,D,) =0,
(iY°0, +iv'0, —M,)®, +d, (LD, + L, D, + L,D,) =0,

(iY°0, +iy'0, — M) D, +
+d, (LD, + L, P, + L,D,) =0;
B (2.1) ucnons3zoBano obo3HayeHue d, =Y, (R/4).

@.1)
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Cucrema (2.1) Moxer ObITh INpeJCTaBlieHa B MaT-
PUYHOM BHUJIC

@,
(iY°0, +iy'0, - M) |®,| = (2.2)
@,
(M_Ml +d1L1) dle dll'j q)l
== d,L, (M-M,+d,L,)) d,L, D,
d3L1 dsz (M_M3+d3L3) @
WJIH KPaTKO

AD=T D, A=—(iy’0, +iy'0,-M), (2.3)
A€ CMEIIMBaroulas MaTpuia T 3a4a€TCA paBCHCTBOM

(M-M,+d L)  dlL, dL,
T= d,L, (M-M,+d,L,)  d,L,
d,L, dL,  (M—-M,+d,L)

[Moasepraem TpexmepHsbIi cTonben @ Oucnu-
HOpoB u3 (2.2)—(2.3) nuHeitHOMYy npeoOpazoBaHUIo,
MIpUBOJIIEMY MaTpuny 7 K JHaroHaJbHOMY BUAY:

O =SD, AD=(STS")D,

b 00
STS'=T,=/0 pn, O]
0 0

B pesynbrate Oynem MMeTh pa3feibHbIC YPaBHEHUS
JUIsl HOBBIX OMCITMHOPOB:

[iY°0, +iy'0, ~M,]®, =0, M, =M +p,,
[iy°0, +ivy'0, -M ]CD =0, ]\712 =M +p,,
[iy°0, +iy'0, ~M,]1®, =0, M, =M +p,.
U3 ¢usndeckux cooOpakeHUid HyKHO Mpe.roia-
raTh, 4TO BCE TPH COOCTBEHHBIX 3HAUEHUS [, OyIyT
BemecTBeHHBIMU. UT0OBI HaliTu MaTpuity S, obpa-
maeMcs K ypasHeHuto ST =TS, koTtopoe maer

Sy Sy SpX
S50 S Sy
(M _M] + d]Ll) dle d1L3
X d,L, (M-M,+d,L,) d,L, =
d,L, d,L, (M-M,+d,L,)

we 00 0ls, s, s
=10 p, Ofls, sy Sy,
0 0 sy 85, Sy

OTCIOJIA TIOTy9aeM TPH IIOACHCTEMEI [0 TPU ypaBHe-
HUSA B KAXKI0U:
(M —M, +d\L)s, +d,Ls,, +d;Lis;; = s,
d\Lys,,+(M =M, +d,L,)s, +dsL,5,5 = 55,
d\Ls,, +d,Ls,, +(M —M, +d,L)s;; =1,55;(2.4)
(M =M, +d\L)sy +d,L5y, +dsLis,; = 1,8y,
diLysy +(M =M, +d,L,)sy, +dsLy5,; = 1,5,
dLysy +d,Lysy, + (M =My +d;Ly)sy; = Wy555 (2.5)
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(M =M, +d\L)sy +d,Lsy, +diLisy; = sy,
d\Lysy +(M =M, +d,L,)sy, +d;L,s5; = ;55
d\Lys; +d,Lysy, +(M =M, +d;L;)s5; = Wy555.(2.6)
3mech IMeeM TpH 3aaul Ha COOCTBEHHBIC 3HAYCHUS:

M-M, +
d dZL] d3Ll
+ 1L1_“1 s
dL M=My+ ’ 0
S =0,
12 +d2L2—u1 32 s12
M-M,+|"
d1L3 d2L3 d L
tds Ly — 1
M-M, +
d dZLl d3L]
+ 1L1_M2 s
dL M-M,+ d,L i 0
S =0V,
12 +d2L2—l.l2 32 s22
M-M,+|%
d1L3 d2L3 dL
tdil; — 1,
M-M, +
dL dZLl d3L1
+d, Ly — 1, s
M-M,+ 3
dL, : diL, |s,|=0.
+dy Ly — 1y s
M-M,+|"
dL, d,L, Il
tdil, —

OTMeTuM, 4TO CTPOKH MaTpHUIlsl S BOCCTaHABIH-
BAIOTCS TOJBKO C TOYHOCTBIO IO ITPOHM3BOJIEHBIX
MHOXHTEJIEeH. YCIOBUEM CYLIECTBOBAaHMS PELICHUIN
y 9THX TpeX CHCTEM SIBJISIETCS PaBEHCTBO HYIIIO OII-
penenuTens

M-M, +
d,L, d,L,
+d,L, —p
M-M, + 3
det| d\L, d,L, |=0.
+d,L, -
M-M,+
dlLS d2L3 +d L _H
373

IomyunMm sIBHBI BUZ ypaBHEHHUS 3-i1 CTEIEHH TS L :
- +(3M -M,-M,-M, +
+d, L, +d,L, +d,L,)p* +
+[-Ld, (2M -M, - M, )-
—d,L,(2M - M, - M,)-d,L,(2M —M, - M, |-

“3M*+2(M,+ M, +M, )M —

—(M M, + MM, + M, M) |+
+Ld (M —-M,)(M—-M,)+
+L,d,(M —M))M-M,)+
+L,d; (M -~ M )M -M,)+

+(M -M )M -M,)(M—-M,)=0.

20

OT0 mpencTaBIeHHEe MOXKHO IpeoOpa3oBaTh B clie-
nytomee (yureM M, =M /X,):

-’ +{M [3—i—i—%J+lel +L,d,+Ld, } w+

1 2 3

—3M2+2M2(L+L+LJ—
_Mz(il LL, LLH
}\’l}\' l 3 7\'
[M Ldl(l 1)(1—L]+

7\’2 }\‘3
— (l—i +
7\’]
( 1
— || 1-—— |+
}\’2
VA FPLIN (PRI PRSI P
}\‘1 }\’2 7\‘3

JertanusupyeM sIBHBII BUJA 3JIEMEHTOB MaTpH-
el 7. CHavana yuTteMm, 4TO MapaMeTpU3aLUI0 BO3-
MOJKHBIX 3HAUY€HHH TpeX MacCOBBIX MapaMeETPOB
M /X, =M, MOXHO 3HauUUTEeNbHO ympocTuTh. Ha-

IIOMHUM, YTO KOPHU A, SBJIAIOTCS PELIEHUAMH Xa-
PaKTEpUCTHYECKOTO YpaBHEHUS [62]

A (¢, +c,)A +(cc, +a” +b* ) —(c,a” +¢,b*) =0,
rne ¢;=b>0, ¢, =a>0. Haxogum BbIpakeHUs

st A, A, depes A, :
s _ato —Ay ffate =Ny ’ _cla2 +c,b’
! 2 2 A,
ca’ +c,b’

2 :cl+cz—k3+ ¢ +e, =\, 2_ ?
: 2 2 A

3HadeHue KOpHHA )\.3 HECYHICCTBECHHO, IMOCKOJIbKY

¢Gusudecky 3HAaYMMBIM ~ apaMeTPoOM  SBIAETCA
M,=M/\,, pu 3To0M M TpPOU3BOIBHAS BEIH-

yuHa. Hanbosee npocroe BblpakeHue A1 A, IOIY-
YaeTcs Npu ¢, = ¢, = 1; 1pu 3ToM KyOHUecKoe ypas-

HCHUC U €ro KOpHI/I 3HAYUTCIBbHO prOH_[a}OTCH
A -2 +(1+k)k—k=0 k=a*+b,

Ay =1, A, =———~/1—4k,

A :—+—«/1—4k, kelo,— |
22 ( 4)

Co0TBETCTBEHHO MAacChl M, paBHEI
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2M

RN Y

M,=M,M

oM 1
M,=—=""__ ke|0,~|
P o1+1-4k ( 4)

[TocTpouM TaGIUIBI 3HAYCHUN IS k;] =M,/M B

3aBHCHUMOCTH OT 3HaYeHUH mapamerpa k :
k=025 1/A, =2.000, 1/A,=2.000, 1/A, =1;
k=023, 1/X =2.786, 1/A,=1.560, 1/A,=1;
k=021, 1/A, =3.333, 1/A,=1.429, 1/, =1
k=0.20, 1/A, =3.623, 1/X,=1381 1/, =1
k=0.16, 1/Xx, =5.000, 1/Xx,=1.250, 1/, =1;
k=0.12, 1/A, =7.194, 1/X,=1.161 1/, =1
k=0.08 1/A, =11.364, 1/A,=1.096, 1/A, =1;
k=0.04, 1/A, =23.810, 1/A, =1.044, 1/%, =1;
k=0.01, 1/, =100.000, 1/, =1.011, 1/A, =1.
Hetamuzupyem koddpdunnentsr L, (cMm. [62])
O(x) =L D, (x)+L,D,(x)+L,D,(x)
(yuutsiBaeM, 4to A, =1)
Lol [
b (%, 1)(1 “) |
! -
b, —1)(x )|
v
b(1-1)(1-1,) 2.8)

1
x{—Zk o (=20 =20+ 4m2)},

2k+ ( 1+2A )}

N =

2k+—( 1+2A )}

5 =

rae

L=1+i a2+b2=k<%, 0<2b<l.

76

HetanuzupyeM kodpduuuents! d, :
d_RbU 1) d—Rb[kz—lj,
oM 2 6M 2

(2.9)
4=20,-1)
oM 2

B MaTpuie CMCHIMBAHUSA BO3HUKAIOT KOMOH-

HauMu d,L;, MOSTOMY napamerp b B 3HAMEHATENSX

n3 (2.8) Oymer cokpamaTtbcs ¢ IapaMeTpoM b u3
(2.9). INockonbKy pa3MEpPHOCTh CKAISIPHON KPHUBH3-

HBl R —9T0 M* (06paTHBIl KBaApaTHBIHA METP), TO
MO>KHO BBECTH MOACTAHOBKH

R=6rM> =
d = Rb A, L =M-rb Xi—l =M-D,
6M 2 2
BelMuuHbl D, — 6e3pasmepHbple. C y4yeToM 3TOro

KyOmdaeckoe ypaBHeHHE (2.7) TepemnuchBaeTCs B
Oonee mpoctoM Buze (KOPHE MOXKHO MCKATh B BUJIE
w,=MA,, toe A, — 0e3pa3sMepHbIE BEJIUUYHHBI;

YUHUTBIBAEM, UTO A, = 1)
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syt 1

1 2

+| LD, 1—L +L,D, l—L +
}\‘2 }\’1
+L,D, Z—L—L +
7\’] 7\’2
+3-2 L+L+1 + LLJrL+L A—-
}\’l 7\’2 7\’] 7\’2 7\’] }\’2
-L,D, 1—L 1—L =0.
}\’l }\’2

3aMeyaem, 4To mapaMeTp b BXOINT MHOKHTENEM B
D,, D,, D, n BXOIUT B MHOKHUTENb B 3HAMEHATEIIN

+ LD, +L,D, + LD, |A\* +

BhIp@KEHUH 11 koapduiuenros L, L,, L,. Ilo-
9TOMY B KOMOMHAIIMSX

LD +L,D,+LD,, LD, L,D,, LD,

3TOT mapameTp cokpamaercsi. C ydeToM 3Toro,

OITyCKaeM 3TOT MHOXKUTEIb B BRIPAKCHUIX I L, U
D, . Torna nmMeem
1

L=——""7-—

(}“1 - 1)(}“1 - 7“2)

L= ;{—2/( Lo - 1)},
(7\'2 - l)(}“z _}“1) 2L

1
k-}-z(l—2k1 —2M, +4A, kz)},

{2k+ (x, 1)},

L = ;{—2
(1_7"1)(1_7\'2)
r r
D, ==k, ~1), D, ==(2A, 1), D, =
2 2 ;
rae

___ﬂx=—+—ﬂ ke[ j

b
L=1+—, (a2+b2):k<—.
J6 4

Y4auTeiBast TOXKIECTBA
20, —1=—1—4k, 21, —1=+/1—4k,
A=A, =14k, &, =%, =+/1—4k,
AMF+A, =L A —-1=-A,, A, —1=-A,,
1-2%, =2%, +40 A, =4k -1, M A, =k,

morygaeM 0oJiee TPOCTHIE BRIPAXKECHUS U KOAPHH-
LHEHTOB

1
L= \/1 4k
L+1-4k )\/1 4k }
L = +2k \/1—41«
oa-V1-4k )\/1 Al }
1
L3 :;{—2](“1‘5(4](—1)},

D, = —2\/1—41{, D, = +§\/1—4k,
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D, ==, L=1+-2 0<op<1.

2 J6

KyOunueckoe ypaBHEeHHE OTHOCHTENHHO A 3a-
MTUIIEM B BHJE

A+ AAN* +BA+C =0,
rae Ko3()(QUIUEHTHI C Y4YeTOM CBOWCTB KOpHeEH
A, A, paBHBI

1
A=2=+ LD+ LD, + LD, C=L,D,,

3 1-+1-4k _ID 1+\/1—4k+

B=-LD
S FEN/ VTR RS RN Iy

1
+L3D3(2—;j+1.

Haiinem BelpakxeHUs! 1S BEIMIUH

2k —IN1-4k p

LD, =
T 1+1-4k
LD, = 2k +IN1-4k

r’
1-1-4k
LD, =—(l+ll_4kjr.
2k

B pesymberare Becex npeobpa3zoBaHUil OTyIaeM Ipo-
CTOE MPEACTAaBIICHUE IS YPAaBHEHUS

A3+2kk_1A2+{1+(1— Vo 1_4kJr}A+

26 +b) 2k
Jo o 1-4k
l+——— " |r=0, (2.10
+[+2(\/5+b) w )70 G0

0<k<i, 0<b<2,mycte b =0,b, =1,b, =2.

[MockonbKy mocie JIMHEHHOTO peoOpa3oBaHuUs

MMEEM TPH YpaBHEHHUS TUPAKOBCKOTO THIIA

[0, +iy'0, - M (1+A) | F, =0,
TO cJeqyeT OXHAATh, YTO TPU HOBBIX MAaCCOBBIX
napamerpa M (1+A;) OyoyT BEIIECTBEHHBIMU U
MOJO>KUTETbHBIMU.

Hamomuum, 4ro mapamerp » OBLT BBEICH CO-
oTHOmeHHeM R =6rM>. C y4eToM TOTo, 4TO Ipa-
BUTALMsI JOJKHA HCKakaTb MacCOBBIC MapaMeTphl
HE3HAYHUTENLHO, CIENyeT MperoaraTb oe3pasmep-
HBII TapameTp 7 ocTaroyHo ManbiM. Kpome Toro,
BO3MOXKHBI JIB€ (DM3MYECKH DPa3HBIE BO3MOXKHOCTH:
>0 mpH HOJOXHUTENbHOW KpuBU3HE U 7 <0 mpH
OTpULATENILHON KpuBH3HE. MBI mpociiequm 3a He-
CKOJIbKMMH CHTYyallsIMU cl1aboW W CHJIBHOM TpaBu-
Taluu:

-30 -5 -3 ) .
r=+10"",r=+10",r=+10",r=+10", r = +1;
r==10""r=-10",r=-10",r =107, r =—1;

mocnenHuil ciaydait |r|=1 cluemyer OTHOCHTH K
OYEHb CHIIBHOMY UCKPHUBIICHHIO TIPOCTPAHCTBA.

[TocTponM HECKONBKO TAOIMIl 3HAYECHUH IS

KOpHEH A, A,, A, :

22

b=2, r=+10"",
k=024, A, =0.667, A, =1.500, A, =-1.023-10";
k=0.20,A, =0.382,A, =2.618 A, =—1.138-107;
k=0.16,A, =0.250, A, =4.000, A, =-1.310-107";
k=0.12,A,=0.162,A, =6.171, A, =-1.596-107";
k=0.08, A, =0.096, A, =10.404, A, =-2.170-107;
k=0.04,A, =0.044, A, =22.956, A, =-3.890-107;
k=0.02, A, =0.021, A, =47.979, A, =-7.331-10";
b=0, r=+10",
k=024,A, =0.667, A, =1.500, A, =-1.042-107;
k=0.18, A, =0.308, A, =3.248, A, =—1.389-107";
k=0.14,A, =0.202, A, =4.940, A, =-1.786-10"";
k=0.10,A, =0.127, A, =7.873, A, =-2.500-107;
k=0.06,A, =0.069, A, =14.598, A, =—4.167-107";
k=0.02,A, =0.021,A, =47.979, A, =-1.250-107.
OTMedaeM, 4TO 3aBUCHMOCTb KOpHEH A, OT
napameTpa b €(0,2) odens crnabas, TOATOMY Aajb-
1€ MCIIOIb3YeM TONBKO 3HaueHune b = 0.
ITycTb KpUBU3HA OTpULIATENIbHAS
b=0, r=-107",
k=0.24,A, =1.042-107°, A, =0.667, A, =1.500,
k=020,A,=1250-10"", A, =0.382, A, =2.618;
k=0.16,A, =1.563-107°, A, =0.250, A, = 4.000;
k=0.12, A, =2.083-10°°, A, =0.162, A, =6.171;
k=0.08,A, =3.125-10"°, A, =0.096, A, =10.404;
k=0.04,A, =6.250-107", A, =0.044, A, = 22.956.
VBenuuuM KpUBH3HY TIpocTpancTBa b=0, 7 =+10",
k=0.24, A, =0.667, A, =1.500, A, =—-0.00001;
k=0.20,A, =0.382,A, =2.618, A, =—-0.00001;
k=0.16, A, =0.250, A, =3.999, A, =—-0.00002;
k=0.12,A, =0.162, A, =6.171, A, =—-0.00002;
k=0.08, A, =0.096, A, =10.404, A, =—-0.00003;
k=0.04, A, =0.044, A, =22.956, A, =-0.00006.
Mycts =0, r=-10",
k=0.24, A, =0.0000104, A, =0.667, A, =1.500;
k=0.20, A, =0.0000125, A, =0.382, A, =2.618;
k=0.16, A, =0.0000156, A, =0.250, A, = 4.000;
k=0.12, A, =0.0000208, A, =0.162, A, =6.171;
k=0.08, A, =0.0000313, A, =0.096, A, =10.404;
k=0.04, A, =0.0000626, A, = 0.043, A, = 22.956.
OTMeuyaeM 3aKOHOMEPHOCTh: C POCTOM KpPHBH3-
HBI TIPUMEPHO 70 BeTMuuHHI |7 |=10" mpu cMeHe

3HaKa KPUBH3HBI JIBa KOPHS U3 TPEX OCTAIOTCS IPaK-
THYECKH TEMH K€, a TPETHH KOPCHb MEHSET 3HaK
(mymepaiust kKopHer uppaMu HeCYIECTBEHHA).
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VBeIMYUBAEM KPHUBU3HY JAJIbLIIE:
b=0, r=+107,
k=024, A =0.670, A,=1489, A
k=020, A =0384, A,=2617, A
k=0.16, A =0252, A,=3.999, A
k=012, A =0.164, A,=6.171, A, =-0.002;
k=008, A =0.099, A, =10404, A
k=0.04, A =0.049, A,=22957, A
b=0, r=-107,
k=024,A, =0.001, A, =0.664, A, =1.502;
k=0.20,A, =0.001, A, =0.380, A, =2.497,
k=0.16, A, =0.002, A, =0.248, A, = 4.000;
k=0.12,A, =0.002, A, =0.160, A, =6.171;
k=0.08,A, =0.003, A, =0.093, A, =10.404;
k=0.04, A, =0.008, A, =0.036, A, =22.956;
k=0.02,A, =47.979, A, =0.0105+0.0122i,
A, =0.0105-0.0122i;
k=0.01, A, =97.990, A, = 0.005+0.015i,
A, =0.005-0.015.

3aMedaeM, 4YTO NpH STOH KPUBHU3HE OTMEUYEHHAs

3aKOHOMEPHOCTb YX€ HE BBINOJIHAETCS: IPU CMEHE

3HaKa KPUBHU3HBI BCE TPU KOPHS B 00IIEM MEHSIOTCS,

IIPY 5TOM OJIMH W3 KOPHEI MEHSET 1 3HaK.
YBennuuM KpUBU3HY elie OouibIe.

b=0, r=+1072,
k=024, A =0.697, A,=1480, A
k=020, A =0399, A,=2613, A
k=0.16, A =0267, A,=3.998, A
k=0.12, A =0.181, A,=6.171, A,=-0.019;
k=0.08, A =0.120, A, =10.405 A
k=0.04, A =0.077, A,=22958 A
k=0.02, A =0.061, A,=47981, A
k=0.01, A =0.055 A,=97.992, A
b=0, r=-1072,
k=0.24,A,=0.011,A, =0.637, A, =1.519;
k=020,A,=0.013,A, =0.363, A, =2.624;
k=0.16,A,=0.017,A, =0.231, A, =4.002;
k=0.12,A, =0.025,A, =0.137, A, =6.172;
k=0.10,A, =0.034,A, =0.093, A, =7.873;
k=0.08 A, =10.403, A, =0.485+0.256i,
A, =0.485-0.256i;
k=0.06,A, =14.597, A, =0.349+ 0.405i,
A, =0.349 -0.405i;
k=0.04, A, =22.955, A, =0.226+0.470i,
A, =0.226-0.470i;
k=0.02, A, =47.977, A, = 0.115+0.497i,
A, =0.115-0.497;;
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k=0.01,A, =97.987, A, =0.626 +0.501i,
A; =0.626—0.5013.

OtmedaeM, 9TO MPH TOJOKUTEIBHON KPUBU3HE BCE
KOpPHU BEIIECTBEHHBI, a MPH OTPHUIATCILHOW KpH-
BHU3HE HEKOTOPbIE KOPHHU CTAHOBATCS KOMILIEKCHBI-
MH, 4YTO yKaSI)IBaeT Ha He[lOHyCTl/lMOCT]) TaKOﬁ BC-
JIMYHNHBI OTpldLlaTeJ'leOﬁ Kpl/IBl/ISHl)I BpaMKaX pac-
CMaTPUBAEMOMU MOJIENH.

Haxkowrern npu eire 0OJbIIeM yBETUYCHUH KPH-
BH3HBI KOPHU CTAHOBSATCSI KOMIUIEKCHBIMU TIPH 000-
HX 3HaKax KpUBU3HBL b =0, r =+1,

k=0.24, A, =1.265+1.129i, A, = -0.362,
A, =1.265-1.129i;
k=0.209, A, =1.588+0.726i, A, = —0.392,
A, =1.588-0.726i;
k =0.206, A, =1.625+0.656i, A, =—0.395,
A, =1.625-0.656i;
k=0.203,A, =1.662+0.574i, A, =—-0.398,
A, =1.662-0.574i;
k=018 A =1.173,A, =2.804, A, = -0.422;
k=0.12,A, =0.695, A, =6.128, A, =—-0.489;
k=0.06,A, =0.503, A, =14.727, A, =-0.563;
k=0.01,A, =0.406, A, =98.221, A, =-0.627.
b=0, r=-1,
k=0.24,A =2.339,A, =—0.863+0.662i,
A, =—-0.863-0.662i;
k=0.209, A, =2.862, A, =—-0.387 +0.645i,
A, =-0.387-0.645i;
k=0.206,A, =2.923, A, =-0.345+0.643i,
A, =—-0.345-0.643i;
k=0.203,A, =2987,A, =-0.303+0.6414,
A, =-0.303-0.6414i;
k=0.18, A, =3.556, A, =—-0.237 4+ 0.625i,
A, =-0.237-0.625i;
k=0.12, A, =6.213, A, =0.602+0.5759i,
A, =0.602-0.5759i;
k=0.06, A, =14.468, A, =0.995+0.527i,
A, =0.995-0.527i;
k=0.01,A, =97.757,A, =0.121+ 0.491i,
A, =0.121-0.491i.
Takum 00pa3om, Ha rpaHHIE BEIUYWHBI KPUBH3HBI
0K0J10 7 =+10"> TOSBIAIOTCS KOMIUIEKCHbIE KOPHH.

OTO O3Ha4aeT, YTO MpPU CHUIBHOI KPUBHU3HE TEOpUS
CTaHOBHUTCS HE HHTEPIPETHPYEMOM.

3 SIBHBI BUA AMATOHATU3MPYIOLIUX Npeod-
pa3oBaHuii

Tenepp paccMOTpHM BOIIPOC O SIBHOM IIPEA-
CTaBJICHUH TIPeoOpa3oBaHuii S, C TOMOIIHIO KOTOPBIX
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JOCTHIAETCs JUArOHAM3AIUSA CUCTEMBI yPaBHEHMI —745406.712 2684319.723 —1938913.011

(2.1). Tockomeky cTpoK Matpuil § Haxomstes S =|-144375.762 376446.431 —232070.669 |,
TOYHOCTBKO A0 MHOXXHTECIICH, TO MOXHO HCKaTh 3TH

MATPHIE! B BUE 1.014 5251 5.237
Sap - Sayz 1 k=020, r=+107,
Bi=S,0,, 8 =50y S b5y = =55 = +1. ~0.000000605 0.00002203 1
Son S 1 $ = |-0.000000347  0.00000561 1],
COOTBETCTBEHHO, BO3BpaIlasch K cucremam (2.4)— —0.000000693  0.00004412 1
(2.6), orbpackiBaeM B Kax 10/ U3 HUX TPEThe ypas- ~8693394.736 4986681.114 3706713.621

HeHue. [Ipu 3TOM HomyYnM Tpu HEOTHOPOIHBIE CHC-

o
TEMBI 10 [Ba YPaBHEHUS B KaXKAOW, KOTOPBIE OIpe- §7 =] -76752.501 18059.506 58693.395 |,
nenstor crpoku (1), (2), (3): -2.612 2.644 0.968
(M =M, +d,L,—p ) sy +doL, -5, =—d; L, k=0.20, r=-10",
diLy s +(M =My +d,L, =) 5, =—d; Ly ; 0.0000006926 —0.00004411 1
(M =M, +d\L,—) 5oy +dyL, -5, ==d, L, § =10.0000006046 —0.00002203 1,
A\L, -5 +(M =M, +d,L, —11)) Sy = —ds Ly ; 0.0000003467 —0.00000561 1
(M =M, +d\L, — ), + 5L, -5 =~d, L, —3864009.458 9059949.095 —5195939.637
o
d\Ly -5y + (M =M, +d,L, — )5, =—d,L, S™'=| —60689.893 —60689.898 —20708.455 |,
0.999 —2.684 2.685

ITpuBenem BEIpaskeHUs Ui BeIU4uH D, H Lj

_ _ -5
(OCKOJIBLKY MHOXHTENM b M b KOMIEHCHDYIOT k=0.10, r=+107,
ApYT Ipyra B IPOU3BEACHUAX D, L;, Mbl HX OITyCKaeM): 0.000000114  0.00008816 1

S ={0.000000058 0.00000280 1],
[ —2k+ix/l—4k},

0.000000116 0.00017610 1

2
L =
L (+1-4k)1-4k

2 s 36454126.28 —1.850  —1.797
LZ‘(l_ N [J“zl”ﬁ 1_41‘}’ S =[-12200.458 420.705 11779.752],
1 1 b -2.080 2.071 1.008
Ly=—| 2k+—(4k-1) |, L=1+—=
’ k[ +2L( )}’ +\£’ k=0.10, r =-107",
mycts b = 0, —0.000000116 —0.00017596 1
r r r S ={-0.000000114 —0.00008814 1,
D, =—=~1-4k, D, =+=~1-4k, D, =—.
) 22 P2 ~0.000000058 —0.00000280 1
Brmmmen acumrrrorukn 2 gyt L, (%) : 17976761.23 —36475931.28 18499170.04
k_>l, L —>—m, L —>+o0, L, —>-2, S =|-11796.328  12217.625  —421.297 |,
4 1.010 2081 2.072

k—0, L, > +0.5, L, > 40, L, - —o0.

_ _ -5
Hmeem crenyromie MaTpHUIBI IPeoOpa3oBaHU k=004, r=+107,

py (QUKCHPOBAHHBIX MMApAMETPaXx: 0.0000000629 0.00054044 1
k=024, r=+10", S ={0.0000000314 0.00000204 1],
—0.00000487 0.00001812 1 0.0000000630 0.00107282 1
S =|-0.00000352 0.00001115 1, 64056692.55 —31848280.67 —32208411.88
~0.00000704 0.00003625 1 S =| -1890.390 5.982 1884.407 |,
—2684319.723 1938913.011 745406.7119 —2.008 2.000 1.007
S =|-376446.431 232070.669 144375.7620|, k=0.04, r=-107,
-5.251 5237 1.0140 ~0.00000006285 —0.001066623 1
k=024 re—10" S =[-0.00000006278 —0.000539638 1|,
0.00000704  —0.00003625 1 ~0.00000003137 —0.000002039 1
5 <10.00000487 —0.00001812 1 32552229.90 —64461770.05 31909540.15
S =| -1901.911 1906.150 —4.239

0.00000352 —0.00001115 1
1.017 -2.018 2.001
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4 MaiiopaHOBCKHeE IJIOCKHE BOJTHBI
PaccmoTpuM BOmpoc O TMOCTPOCHUU B SIBHOM
BUJE pEIIeHHH Tpex ypaBHEHHUN MaillopaHOBCKOIO
TUNA:
[iy’0, +iy'0, - M 1@, =0, M, =M (1+A);
[iY°0, +iy'0, - M,]1®, =0, M, = M(1+A,); (4.1)
[iy’0, +iy'0, - M,1®, =0, M, = M(1+A,).
VYpaBHenust u3 (4.1) OXHOTHITHBI, IOATOMY HOCTa-
TOYHO UCCIIEA0BATh OJHO U3 HUX:
[iy°0, +iy'0, — M,]®, =0. 4.2)
Hcnonrs3zyemM MaiiopaHOBCKHIT 0a3umc [UIsI MAaTpHIl
Hupaxa

0 < 0 0 0 0 0
s lio 0o , Joioo
W=loo o i ™Tlo 0 - o
0 0 —i 0 0 0 0 i
00 0 i 0 i 00
, oo =io , |io0ooo0
w=lo 0 o ™Tlo o o 4f
i 0 0 0 00 i 0
HpI/IMeHﬂeM IIOACTAaHOBKHU
Al
51 — e*iEH»ikx jj ,
A,

rne 4, =a,+ia, B, =b,+ib/,C, =, +ic]. W3 ypas-
HeHus upaka (4.2) nomydaem (Hmke ¢ = Ef—kx)

anreOpamyecKyro CUCTEMY

k -E 0 0 a, +ia
E -k 0 0 — ||la,+ia;
i, 120, 43)
0 0 k& E) a, +ia
0 0 -E -k a, +ia,

ByaeM CTpOWTH pEIIeHHs 3TOM CHUCTEMBI, OJI-
HOBPEMEHHO MArOHAIM3UPYs OMEpaTrop CHUpab-
HOCTH:

2. 34N _ &
(ryv'0)¢, =09,
a, +ia]
_ . a, +ia,
¢, = (cosp—ising) s
a, +ia;

.
a, +ia,

S
|
—

o .
a, +ia, a, +iaj

. ! . !
a, +ia, a, +ia,
k =0

S = O O
(=]

0
1
of |a;+ia, a, +iaj|
0

(=]
S o O

-t . !
a, +ia, a, +ia,
OTkyna HaxoJuM JBa COOCTBEHHBIX 3HAYEHHd M
COOTBETCTBYIOLINE OTPAHUUEHHS:
L »
6 =+k, a; +ia; = +i(a, +i'a)),

a, +ia, =—i(a, +i'a,);
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. ! . o
6 =—k, a, +ia; =—i(a, +i'a),
. ! . .
a, +ia, =+i(a, +i'a,).
CrnenoBatenbHO, pelieHusl ypaBHeHuH [[upaka
¢ (DMKCHPOBAHHBIMU CHHPATBHOCTSAMHU IIPEACTABIIA-

101cs B Buge (MycTh k =+E* —M?):

a, +ia,

- . a, +ia,

D, (c=+k)=(cosp—ising)| | NE
+i(a, +ia))

—i(a, +ia))
a, +ia

— . a, +ia;

D, (c=—k)=(cos@o—ising)| | N
—i(a, +ia))
+i(a, +ia;)

VYurem 3Tu orpanuueHus B ypaBaeHun Jupaxka (4.3):
c =+k,
k—ip, -E 0 0 4
E  —k-ip, O 0 4, o (4.4)
0 0 k-ipg, E |44
0 0 -E  —k—ip||-i4,
c=—k,
k—ip, -E 0 0 4
E —k-ipr, O 0 4, _o (4.5)
0 0 k-ipf, E ||-i4]
0 0 —-E  —k—ip||+iA,

B pesynbTare u3 (4.4)—(4.5) momydaem OfHY U TY XKe
CUCTEMY JBYX YpaBHCHUIA:

(k—iM,) A4 — E4, =0,

EA +(~k—iM))A4, =0.
U3 tpeboBaHusi oOpalieHusi B HyJb OIPEISIUTENs
CUCTEMBbI HAXOJIUM

k—iM, 4.
E

E*~M!=k>= 4, =

TaxuMm oOpazom, JUIsl pemeHunii ¢ pa3HbIMHU O~
JSIPU3ANUSMH TI0JTyJaeM IPEICTABICHHS
A

1
k—iM,
E

+id,

A]
Doy = (cOSQ—ising)

Doy = (COS@—isinQ)

+ik_lM1

Al

JIJ'IH Ka)KI[Oﬁ MoJigpu3alii HaxXOJUM BBIPAKCHUSA
JJIs1 MaﬁopaHOBCKHX KOMIIOHCHT:
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(a, cos @+ a/ sin @)

E‘[(kcoscp—]\7[1 sing)a, +
+(M, cos @ + ksin @)a/]

— +Major __
o=+k T

+(—a, cos @+ a, sin @)

E7'[~(M, cos @+ ksin@)a, +
+(kcosp— ]\711 sin@)a, ]

(a' cos@—a, sin )

E’[—([\7I1 cos@+ksing)a, +

— or +(kcosp— M, sin@)a/]

q)o':+k =1

+(a, cos ¢+ a, sin @)

—E'[(kcosp— M, sin@)a, +
+(M, cos @ + ksin @)a/]

(a, cos @+ a/ sin )

E[(k cos<p—]l7[1 sin@)a, +
+(M, cos @ +ksin @)a/]

— +Major

®G:*k =

—(—aj cos @ +a, sin @)

-E*! [—(1l7[l cos ¢+ ksin)a, +

+(kcoso— M, sin ¢)a;]

(a cos @ —a, sin@)

E‘[—(1l7[1 cos@+ksin)a, +
+(kcoso— M, sin @)a/]

= —Major

q)c:7k =i

—(a, cos @+ a, sin )

E'[(kcoso —1l7[1 sin@)a, +

+(M, cos @ +ksin @)a/]

Pemrenust anst Bcex Tpex mojei <I>§"“J°r BBITJISA-

JAT aHAJIOTUYHO, PA3IUM4Me TOJBKO B MapaMeTpax
M,. Hcnonb3ysi BeIpa)K€HUE AJI1 MaTPHIBI IIPE0O-

paszoBanuss S u S~', 3TH pelIeHHs] MOKHO pasio-
KUTb B JMHEHHble KOMOMHAIMU IO PEIICHUSIM C
¢dusnyeckumu maccamu M, M,, M, 1 Hao60pOT:

A Major __ Major Major __ -1  Major
BT = §, M M = (§71) P,

3akJloueHue

HccnenoBana teopust pepMHOHA CO CITMHOM Y5,
KOTOPBI XapaKTepH3yeTcsl TpeMsl (QHU3NIECKUMHU
MaccoBbIMH Tapamerpamu M,. Paccmorpena Mo-

JelbHasg CUTYalus, KOrla MOXKHO CUHTATh, YTO JIO-
KJIBHO JOIyCTHMO HCIIOJb30BaHUE JEKapTOBBIX
KOODJMHAT, a BHEIIHUH reoMeTpHYecKuii (POH MOXK-
HO 3¢ QEKTUBHO y4YecTh IOCTOSIHHBIM CKaJISIpOM
Puuum R, mis mpocTOTHI OTPaHUYMIIMCH OJHOMEp-
HBIM citydaeM. Vcronp3ys quaroHann3auio MaTpu-
IIbl CMEUIMBAaHWS B CJIOXHOW CHUCTEME ypaBHEHHH,
3agava NMpUBEICHA K TPEM pas3lelbHBIM ypaBHEHUS-
MH JHPAKOBCKOTO THIA ¢ 3(PPEKTHBHBIMI MaCCaMH

M,., 3HAUCHUSA KOTOPBIX OMNPEACIAIOTCA YHUCICHHO,
B 3aBUCMMOCTHU OT BHYTPCHHUX IMapaMETPOB MOAECIN
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1 OT BEJIMYUHBI (MOJOKUTEIBHONW WIIM OTPHULIATEIh-
HOW) KpUBHU3HBI NMPOCTpaHCTBa-BpeMeHu. IlpuBenex
TaK)Ke YHCICHHBIH aHan3 HEOOXOIMMBIX JWaroHa-
JU3UPYIOIUX npeobpasoBanuit S u S~'. Pemenus
TpeX pa3JeNbHBIX YpaBHEHUH MallopaHOBCKOTO THMA
CTposiTc B 0as3uce MMITYJbC-CIHpaTBbHOCTE. V-
TOJIb3Ysl BBIPKEHUE IS MaTpHUIBl Ipeodpas3oBa-
HUSI, 3TH PEIICHUS] PacKIaIbIBAIOTCS B JIMHEHHBIC
KOMOMHAIMH TI0 pEIICHNsIM ¢ (U3MYECKIMH Macca-
MH ¥ Ha00OPOT.
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