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HAYVKOBI NMYBJIKALIT V 2010-2012 POKAX
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1. MpaBiTauia NpUNUHSE He3ane>XHY €BOTIOLI0 KOMMOHEHT Y.

1. ['paBiTauis NpUNUHSE HE3aNEXHY EBOJIFOLII0O KOMMOHEHT YCiX
nosnis

v, = 2
C

vaFg-y aF Vﬁnya = V,YFoég =0,
F=dA, 9,A" =0 — V,(VPA?) - RZA° = J? (1)
dF =0, 0F=0 F=dA A=6H—AH=0 (2)

H — Herz bivector (2-form)

AH = dG + xdW, G, W — arbitrary 1 — forms  (3)

Bromwich-Debay-Whittaker: H — 2 harmonic scalars
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) Bl MYBJIKALIT 010-201
1. MpaBiTauia NpUNUHSE He3ane>XHY €BOTIOLI0 KOMMOHEHT Y.

RIEMANNIAN SPACE

Penrose R. Zero Rest-Mass Fields Including Gravitation:
Asymptotic Behaviour Proc. R. Soc. London, Series A. 1965 284.
159-203

Cohen J. M., Kegeles L. S. Electromagnetic field in curved
spaces: a constructive procedure. Phys. Rev. D. 1974. 10.
1070-1084,

Cohen J. M., Kegeles L. S. Constructive procedure for
perturbations of spacetimes. Phys. Rev. D. 1979. 19. 1641-1664
Chrzanowski P. L. Vector potential and metric perturbations of a
rotating black hole. Phys. Rev. D. 1975. 11, 2042-2062

Wald R. M. Construction of gravitational, electromagnetic, or
other perturbation equations from solutions of decoupled equations.
Phys. Rev. Lett. 1978.
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2. Spinor field (and PET)

2. Spinor field (and PET)

Shing-Tung-Yau—R.Schoen (1979), E.Witten (1981), P. Sommers
A.Sen (1980-1981: Sen-Witten equation

2
DasAP + {/CAA =0, (4)
; 1
Dagc = \/EU(AAVB)A)\C - ﬁ’CABCDAD (5)
VAA _ UHAAVM (6)

Hall, Grisharu, Horowitz-Strominger, Deser, contra J.Goldberg
Nester J. Gauge condition for orthonormal three-frames.
J.Math.Phys. — 1989
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Bartnik R. Mass and 3-metrics of Non-negative Scalar Curvature.—
International Congress of Mathematics, 2002, Vol. Il 1-3
(arXiv:math.DG/0304259 v1 18 Apr 2003): Three distinct
approaches have been successfully used to prove the PMT. The
connection between these approachs remains mysterious

New approach for establishing the conditions of zeros absence for
Sen-Witten equation in asymptotically flat manifold: Sommers
transformation allows full decoupling

1 0 B
—— = [/ =hh®P 4 ) — CaBrg =
o/ —h Ox° ( OxP AA) Ca"As =0

V. Pelykh, J. Math Phys. 41 (2000) 5550, V. Pelykh, Phys.Rev.D,
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Department of Physics and Institute of Astronomy,
National Central University, Chungli, Taiwan
Nester James M.
ON SPINOR FIELD ZEROS AND THE EXISTENCE OF SPECIAL
ORTHONORMAL FRAMES

An attempt at proving that the spinor field could not have zeros [4]
was not convincing. At the 2003 CPS meeting we presented a
counterexample. Based on this example we claimed,
incorrectly, that zeros were associated with topology.

References: [1] J.M. Nester, J. Math. Phys. 30 (1989) 624.
[2] A. Dimakis and F. Muller-Hoissen, Phys. Lett. A 142 (1989) 73.
[3] V. Pelykh, J. Math Phys. 41 (2000) 5550
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3.QUASILOCALIZATION

HAWKING, PENROSE, YAU, NESTER CONCEPTS OF
QUASILOCALIZATION
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Frauendiener J., Nester J., Szabados L. "Witten spinors on
maximal, conformally flat hypersurfaces", Class. Quantum Grav.
28 (2011)

In the spinorial language, the question is: How to find the boundary
conditions for the Witten equation that ensure the existence of a
nowhere vanishing solution on the given domain? The existence of
the global solution of the frame gauge condition could be a very
useful tool in various problems in general relativity.

MpunyweHHs: ¥ — makcumansHa, koHdopMHO—NoCcKa. Ane
po3B’a30k Keppa — He Ma€ KOHPOPMHO-NNOCKNX LIAPYBaHb,
Bowen-York meton ans 4mcnoBoro MogentoBaHHSA 3iTKHEHHS
yopHux aip Keppa He3acTocoBHwMiA!
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4. Hose TBicTopHe piBHSAHHS | Hyni

t C f

4. Hose TBicTOpHe piBHsiHHSA i Hyni SWE

1 1
Dagoc = %FABOO Dagic = \ﬁWABOC (8)

ne Dap — inpgykoBaHa Ha X 3B si3HicTb Jlesi—YigiTa
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4. Hose TBiC'I;OpHe piBHsiHHs | Hyni SWE

The existence of parallel spinor fields seems to account for much of
the interest in metrics with special holonomy in mathematical
physics, since such spinor fields play a central role in
supersymmetry. In the case of string theory, SU(3), and lately, with
the advent of M-theory, G2 (and possibly even Spin(7)) seem to be
of interest.

Kininroee (napanenshe)cninopre none (Penrose-\Walker)

vA(A/\B) =0,

YMOBa IHTErpoOBHOCTI — npocTip Tuny D.
B R3 ymosga inTerposHocti — Ricci—flat: Rg’b =0
VMoBa iHTErpoBHOCTI y Hac:
(2Racsp — R/2eaecp)o” = £a8™ DmFnoc (9)

2Raic|8)p0" = £48™" DmFnoc (10)
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4. Hose TBicTopHe piBHsiHHsA | Hyni SWE

C g of

T niHo

Reaicigyp =0 J

B.Menux, B.Hoeocapgnuii, B.MHaTuk, P.Mnauyko, A.Hi Pospobka mopeneii Beecsity



4. Hose TBicTopHe piBHSAHHS | Hyni

t C f

The result of our investigations show that mystery, above
mentioned by Nester and Bartnik, is eliminated for all spaces with
typical geometrical properties and fields with typical physical
properties.

V 3B'513Ky 3 NOPYLUEHHSIM TEMHOK EHEPTIEID YMOBM
€HEeprogoOMIHaHTHOCTI MU AOBOAMMO, LUO HaBITb MPU MOPYLUEHHI
cnabkoi eHepretunyroi ymosu (p < 0), Sen-Witten spinor i
Sen—-Witten orthonormal frame ekeiganeHTHi y TpuBMMipHUX
obnacTsix, siki 3a40BOJILHAOTL YMOBY

1 1
5’62 + gKmoK™ 2 —p, Riaicigyp = 0,
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abo ogHOYaCHO Tpu YMOBK

1 2 1 T
— — < —
SK2 + SKnpK™ < —p,
1 2 1 TP 2 1 2 2 2

5 (K2 + SKrpK™ 4 1) = 2 [(01K)° + (02K)° + (35K)] = 0,

Racig)p = 0.
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5. Sequential decoupling of Maxwell equations
T T ¢ MY T

5. Sequential decoupling of Maxwell equations

A? = Agl? + Ain? + Aom? + Asm?, (12)

/ / /7 ’
/a:OAOA, na:LALA, ma:OALA, ma:LAoA _

Newman—Penrose tetrad
VQ = naD + IaA - ma5 — mag7 (13)
where D = [?°V,, A = n°V,, § = m°V,, 6 = m°V, Ricci tensor:

Rg = 2(¢'00nanc—¢01 nar'ric—f-cbogﬁvaﬁvc—dhonamc—{—(bll nalc—¢12r'nalc+

Goom?me — Py m?l + ©2/?1) — 6A(IPne + n?l. — mPme — m?m,),
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6. VYnbTpapensTusicTcbKa YacTKa i3 CNIHOM y CUIbHOMY Fpat

where 2¢; = R;; — Rf”, A = —R/24. The system is strong coupled
CONDITION OF SEQUENTIAL DECOUPLING:

k=oc=p=1T=c=a=0 (15)

Vo=0, V;=Dp, V= %(D’y—ﬁﬂ—ﬂ'T-ﬁ-(S—i—B)ﬁ-i-D/J,—((S-Fﬁ'-l-ﬂ)ﬂ'
(16)
= (G+B)y—B\, V4= (A+p+i+3v—3)A—(3+3a+3+m)v.
(17)
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6. VYnbTpapensTusicTcbKa YacTKa i3 CNIHOM y CUIbHOMY Fpat
Han ’ 1 OHHOT oAuH

If condition (?7) are fulfilled, space remain algebraically general.

6. YnbTpapendaTnBicTCbKa 4acTKa i3 CMIHOM Yy CUJIbHOMY

rpasiTauiiiHomy noJi

HbtoToHiBCbKa TEopis TSXKIHHA: HESIBHICTL y npobHoro Tina
BHYTPILUHBOIO KYTOBOFO MOMEHTY HE BMJMBAE HA AOro pyx
BIZHOCHO MaCWBHOrO Tina.

M. Mariccon (1937): 4epes BHyTpiwHe obepTanusa (cniH) npobHe
TIJIO 3a3HAE JOAATKOBOrO BMJIMBY KPUBUHM MPOCTOPY-4acy,
BHAC/IiJOK YOro 3MIHIOETHCS TPAEKTOPIS i OpPIEHTALIS CriHY.
3aranbHOPeNATMBICTCbKE piBHSAHHA [ipaka, y Kiacm4Homy
HabnvXXeHHI nepexoanTb y piBHsiHHA MaTicoHa.

P. Bong (R.Wald)euginue rpasitayiliny cnin-opbitTansHy Ta
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6. VYnbTpapensTusicTcbKa YacTKa i3 CNIHOM y CUIbHOMY Fpat

PisuanHs MaTicoHa-llananetpy

D Y DS 1 A
s <mu + u, 7 > = —EUWSpJRﬂpJ, (18)
DSH DSv° DSHe
ds = U'uuo- ds - UUUO'T == 0, (19)
pe v’ = dx*/ds € 4-wenakicTio yactku, SM — Vi Tensop cniny, m i

D/ds — BignosigHo maca i KoBapiaHTHa MOXifHa 3a BAACHUM HacOM

)\ .
jacTkm s, R7,, — Ten3op kpusnhn Pimana (BuKOpUCTOBYETBLCS

cnctema oguHup, ge ¢ = G = 1).
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6. YnbTpapensTusicTcbKa YacTKa i3 CNIHOM y CUIbHOMY Fpat
i c

[lepeTBopeHHs piBHsiHb MIT

B Plyatsko R., Stefanyshyn O., Fenyk M.
Mathisson-Papapetrou-equations in the Schwarzschild and Kerr
backgrounds. Class. Quantum Grav. 2011. 28. 195025 oTpnmaHo
HOBe 300pa)keHHs TouHux pieHsHb MaTicona-llananeTpy 3a ymosu
MarTicoHa-llipani gna metpuku Keppa, sike He MICTUTb TpeTixX
NOXiGHUX Bif KOOPAMHAT 3a BJAACHMM 4acOM 4acTku 3i cniHom. [ns
LlbOro BUKOPUCTAHO SIK BIJOMI IHTErpanu pyxy — €Hepril Ta
MOMEHTY KiIbKOCTI pyxy, TaK i HoBe audbepeHuianbHe
CMiBBIAHOLLEHHS, LLIO € HAaCAIAKOM LUX piBHSAHb. Dopma Lunx
PIBHSIHb afanToBaHa A4Sl KOMN KOTEPHOrO IHTErPyBaHHA 3 METOMO
JOCNIIKEHHS BNANWBY CMiH-TPaBiTaLiiHOI B3aEMOAIT Ha NOBEAIHKY
4aCTKK 3i CMiHOM B NOJi KEPPIBCbKOI YOPHOI Aipyn 6e3 obmexeHb Ha
Tl WBMAKICTb Ta OPIEHTALIIO CMIHY.
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6. YnbTpapensTusicTcbKa YacTKa i3 CNIHOM y CUIbHOMY Fpat
i c

KoHKpeTHI Brnagku pyxis

B Plyatsko R., Fenyk M. Highly relativistic spinning particle in
the Schwarzschild field: Circular and other orbits. Phys. Rev. D.
2012 85 104023 geTanbHO NpoaHasi30BaHO YMOBM, 338 SIKNX
YNbTPapeNAaTUBICTCbKA YAaCTKa 3i CMIHOM MOXXE pyXaTUCb MO
€KBaTOpiafbHUX KONOBUX OpbiTax HAaBKOAO KEPPIBCLKOI Macu.
JocnigxeHo npocTopoBy 0b6nacTk iCHYBaHHS Takux opbiT i
3a/IEXKHICTb penaTMBICTCbKOro dakTopa JlopeHua Big pagianbHol
KOOPAMHATM Ta BENNYUHM CRiHY, WO HeobXigHi ans ix peanisauii.
[NokazaHo, WO Ha BiAMIHY Bif yNbTPapeNsaTUBICTCbKUX KOJOBUX
opbiT 6e3cniHoBol YacTky, BiANOBIgHAa 06AaCTb TX iICHyBaHHA ANS
CNiHOBOT YaCTKM € 3Ha4HO wupoto. [eski 3 yux opbit
LEMOHCTPYIOTb 3HaYHY MPUTArajabHY A0 Ha 4acTKy
CMiH-rpaBiTaLiliHO B3aEMOAIT, IHLWI CAPUYNHEHI 3HAYHUM
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6. YnbTpapensTusicTcbKa YacTKa i3 CNIHOM y CUIbHOMY Fpat
i c

Yucnosi ouiHKK

[na enektpoHa B rpasiTayiiiHOMy MoJli YOPHOI 4ipn 3 Maco TPbLOX
COHSIYHMX MacC HeobxigHe 3Ha4eHHs dbakTopa JlopeHua ans
peanisauil yNbTpapensaTuBiCTCbKMX KOJI0BUX OpbIiT Mae nopagok
sennunHn 108, enepris BinbHOro pyxy enektpoHa nopsiaky 10 eB.
[lns npoToHa BignogigHa eHeprisi ctaHoeuTs 1018 eB. [ns
MaCMBHOI YOPHOI Aipn (106 COHSIYHUX Mac) BiANOBIAHI 3HAYEHHSI
eHeprii matoTb nopsigok 1017 eB gns enektpona i 102
NpOTOHa.

MepenbavacTbcs fOCNIAXKEHHSA 3aKOHOMIPHOCTEL
YNbTPaPENATMBICTCHKOI CMiH-rpaBiTaLiiiHOT B3aEMOZ(iT, CTOCOBHO
0CObNNBOCTEN CUHXPOTPOHHOrO BUMPOMIHIOBAHHSI €EKTPOHIB Ta
MPOTOHIB, KON B3aEMOZIS X CMiHIB 3 rpaBiTaLiiHOM MOJIEM HOPHMUX
Oip € BU3HAYa/IbHOMO.

eB ons
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7.Ananis mopeneii akcioHHO! eneKkTpogMHaMikmn

7. AHani3 mogeneli akCIOHHOI eNIeKTPOAVHAMIKY Ta HOBI
IHTErPOBHI MOAENI KBAHTOBOI MEXaHIKW AN YaCTUHOK, LLO

B3aEMOAIOTb 3 NMOASAMU AaKCIOHHOI e1eKTPOANHAMIKY

MogenbHuii narpaHxiaH:

1 1 K ~
— Zpph_ = pr By _
L= —pup FuF*™ + —0F,F V(0). (20)

2 4 4
Tyt F,, — noTeHUjaN-BEKTOP €1EKTPOMArHITHOrO NoJs,
Fuv = %quon", pu = 0,0, 0 — noTeHuian ncesaockansipHoro
akcionHoro nons, V(6) — dynkuis Big 6 Ta £ — 6e3posmipHa
KOHCTaHTa.
BunkoHaHo rpynoBy knacudikauito Mogeneii akCioHHOT
€/1eKTPOAMHAMIKN 3 LOBIJIbHOK B33aEMOAIEID aKCIOHHOrO MOJIS.
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7.Ananis mopeneii akcioHHO! eneKkTpogMHaMikmn

Bukopuctosytoum TpueumipHi niganrebpu anrebpu Jli rpynn
lNyaHkape OTpUMaHO LUIMPOKUIA KAac TOYHWUX PO3B SI3KIB A/
€/IEKTPOMArHITHOro Ta akcioHHoro nonis. Cepepn, Hux € obmexxeHi Ta
KBaApaTU4YHO IHTErpoBaHi po3s’'si3kun, 3 )a30BOIO WBUAKICTIO, LLO
nepeBuLLYE WBUAKICTb CBITA.

3HaligeHO HOBI IHTErPOBHI MOAENI KBAHTOBOI MEXaHIKM AJ1s
YaCTMHOK, LLO B3aEMOAIIOTb 3 NOASIMU aKCIOHHOT ENEKTPOANHAMIKM.
MposeneHo knacudikauito cynepiHTErpoBaHMX MOAeNER B3aeMoail
HETPOHIB i3 30BHIWHIMU NMonsAMU | NOOY[O0BaHO PO3B'S3KM AJis
psfy Takux MoAeneil.
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7.Ananis mopeneii akcioHHO! eneKkTpogMHaMikmn

NYBAIKALUIT

@ A. G. Nikitin, New exactly solvable system with Fock
symmetry ( J.Phys. A, nuctonag 2012)

e A.G. Nikitin, Superintegrability and supersymmetry of
Schroedinger-Pauli equations for neutral particles. ( J. Math.
Phys., naucronag 2012)

@ A. G. Nikitin and Oksana Kuriksha, Symmetries of field
equations of axion electrodynamics, Phys. Rev. D 86, 025010
(2012) [12 p/]

e A. G. Nikitin, Matrix superpotentials and superintegrable
systems for arbitrary spin, J. Phys. A: Math. Theor. 45 (2012)
225205 (13p).

@ E. Ferraro, N. Messina and A.G. Nikitin, Exactly solvable
relativistic model with the anomalous interaction. Phys. Rev.
A 81, 042108 (2010) [8 p.
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7.Ananis mopeneii akcioHHO! eneKkTpogMHaMikmn

Mpemis im. M.M. Kpunosa HAH Vkpainu (2010) J
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7.Ananis mopeneii akcioHHO! eneKkTpogMHaMikmn

Mpono3uuii mabyTHIX gocnigXkeHb

Mpoeectn knacudpikauito Ta NobyaysaTn TOYHI pO3B'I3KM
CynepiHTerpoBaHMX KBAHTOBOMEXAHIYHUX MOAeNeli B3aeMOA|i
3apAAPKEHNX YACTMHOK, WO MatOTb HETPUBIANHNIA LUNONbHNIA
MOMEHT, i3 30BHIWHIMU nonsimu (y TOMY YUCAT 3 NOASIMU AKCIOHHOT
enekTpoauHamikn). Taki JOCAIIKEHHS MOXKYTb MaTu LiKaBi
3aCTOCYBaAHHS Y KOCMOJIOTIT, OCKIJIbKM aKCIOHU HaneXaTb [0
OCHOBHUX MPETEHAEHTIB Ha POJib HOCIIB TEMHOI MaTepii, a TAKOX Y
TeOopil TONOJOriYHNX I30NATOPIB Ta MPOBIAHMUKIB, LLO IHTEHCUBHO
PO3BMBAETHLCS OCTAHHIM 4acOM.
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