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MatemaTtnyeckun Mukpockon (MM) BbiISBUA TOHKME JeTanu
B3aMMHOIO MOr/oweHnA CTaNKUBaLWKMUXCA MONoAbIX 3Be3/ B LeHTpe
HalWen ranakTMKM U MexaHM3Mbl CTONKHOBEHMA 3BE3AHbIX BETPOB,
BbI3bIBAlOWKUX  ANPPY3NOHHbIE PEHTreHOBCKMUe n3nyvyeHus,
Habnogaembim  MmexXay 3Be3gamMum  camoro KeuHTynneta. MM
NO3BO/IN/T  BbIABUTb  C/IOXKHbIE  CTPYKTYPbl  M30ANPOBAHHOM
HEUTPOHHOM 3Be3Abl W C/IOXKHble CTPYKTYPbl KBa3apoB B
[PaBUTaUMOHHOM JIMH3NPOBAHUMN.
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Mathematical Microscope & Physical Principle Turning (@Alp)

We need to find a solution of the set of systems of equations

Y| 5 ={O} X. Note that we do not know the AP A. The parametric
set of discrete reversible AP {O} corresponds (in accordance with
our “a priori information about”) the unknown AP A.

The solution Y| 5 ={O} X can be found in the following w:
there are separate isolated objects-points in X .

The MM&=PPT solution includes three aspects:
1) areversible AP Q=A, and

2) asuper-resolved image X=R Y, R=Q!, with a minimum norm
Nor (R).If in the resulting super-resolved image X,

3) we detect individual objects-points.Q\PPT 5 becomes a fact.

We have a correct solution in this cases.



Maremarudeckui MUKPOCKOII

Meton MM sBusercs ctangaptom AlP.org (AmepUncTuT®uU3ukn).
[Tpuniune! HacTpoiiku MM 1o 00ycnosieHHocTH DI, MOCTaHOBKY 3a/a4u 1O
BbI00pY AD A u3 {O} o MUHMMYMY peakiluu Ha myM min||R|| u Beauuune
JOCTUTAEMOT0 CBEpX paspelreHus SR MoxHO HailiTh B paborax [4].
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Credit: NASA/CXC/Northwestern

U./C.Cruset-Zadeh (a) -Y — u3zo0paxxenue Kpunrymiera Ha Bxomge MM [1], (b) —

Macka oonynenrne BY mryma, (c) — mpeoOpa3oBaHue SPKOCTEH
B X, (d-f) — ceuenus A® MM [4].
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B3aumHoe norjiomeHnue MoJIoAbIX 3Be3/1

X=RY

SR=[47,152,202]  DI=3000*[0.5, 2, 2]

min||R||=[1400, 5520, 5540]

Credit: Physical Faculty M.V.
LomonosovMSU/E.N.Terentiev et al.
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CTpykTypa HEeMTPOHHOM 3Be3/bI

X-ray Credit:
NASA/CXC/Northwestern
Univ./A. Hajela et al.
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Y=A X — uzo06paxenne H3 Ha Bxone MM [2], A® MM,
pF=0.69— macka oonynenus BU myma.

[Tpn OObIYHLIX YCITOBUAX (CneBa) KBapKu OTMEYEHHbIE
LiIBETHLIMW TOYKaMM CBSA3aHbl B agpoHax. [1pn BCAKMx
TemnepaTtypax T >Tc npoucxoanTt AeKOHJAUMEHT
KBAapKOB M OHU NepecTaloT bbiTb CBA3AHHLIMU B
aflpoHax 1 o0pasyloT KBApPK-rIOOHHYIO nriasmy

Hanbwe: HeMTPOHHbIe U CTPaHHbIe KBapK- MMIOOHHbIE 3Be3bl
(PopToB B.E.)



N300paxenue ¢ ycujieHueMm caadbix sipkocteit H3 ¢ Bbixoma MM.
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(a) — mpeobOpazoBanue spkocteii, (b) -X=R Y — u3o0paxxenne H3 na Beixome MM.



N3o0pakenue ¢ ociadiienue cuiabHbIX siprocTed H3 ¢ Bbixoga MM.

SApkue rpaganuu
CBOJIMM K OoJiee e 400x400
Pa3InYMMBIM ~ R
rpajalusM B CpeaHe
0alTOBOM JHana3oHe
sprocreit (0-255).
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(a) — mpeobpazoBanue spkocteid, (D) -X=R Y — u3o0paxenne H3 na Beixone MM.



HenTpOHHLIE U CTpaHHblIe KBapK-rnoHHbIe 3Be3abl (PopTtoB Brnaanmup EBreHbeBuUY)

Cneundunyeckast 0COOEHHOCTb HENTPOHHbLIX 3BE3 — UX CBEPXBbLICOKAA (S4epHast) NNOTHOCTb ~
2,8 - 10M4 r/cm”3. B otnnume ot aToMHOro siapa, B KOTOPOM HYKMOHbI YAEPXUBAKOTCS CUNbHBLIM
B3anMoOeNCTBUEM (KBApPKM), B HEUTPOHHOW 3Be34e HYKITOHbI YAepXXUBakTCA
rpaBUTalMOHHLIMU CUNTaMMW.

B ntore obpasyetcsi kKomnakTHasi HeMTpPoHHas 3Be3aa ¢ M ~ Ms, pasmepom Bcero ~ 10 Kwm,
Ha4anbHom Temnepatypon ~ 10M1 K, nnotHocTtbio sapa ~ 1,5— 15p0 (p0 = 2,5 - 1004 r/cm”3
— MNSIOTHOCTb SAEPHOro BellecTBa), obnagarowas MowHbIM MarHUTHbIM (B ~ 10711-10M6 c) u
rpaBUTaUMOHHLIM (YCKopeHue ~(2-3)-1074 cm/c”2) nonamun, 4To genaet HeobxoanMbIM
ncnonb3oBaHWe Ansi ee onnucaHnsa obLien Teopnun OTHOCUTENBbHOCTM.

ATmocdepa HENTPOHHOW 3BE3abl MMEET TOSLLUNHY OT LECATKOB CAHTUMETPOB 0O HECKOMNbLKUX
MunnMmeTpos, nnotHocTb 0,1-100 r/cm”3; oHa cocTonT N3 HemageanbHou Mnasmbel ¢ T < 1076 K u
MMEET rMraHTckoe MarHMTHoe nore.

BHewWwHAA Kopa TONWMHON B COTHM METPOB COCTOUT U3 NSIOTHOW Nfia3mbil.

Ha rpaHuue c agpom HenTpoHHOM 3Be3abl (2p0 <p< 20p) aTOMHbIE A4pa McYesaloT, a
HENTPOHLI BO BHYTPEHHEN KOPE MOTYT BbITb CBEPXTEKYHYNUMU, YTO OTPaKaeTcsa Ha AMHaAMUKe
OXNaXaeHnst 1 Ha HEMTPOHHOW CBETUMOCTM OOBbEKTA.

Bo3moxxHo, A4pPO HQI?ITpOHHOVI 3Be€3bl COCTOUT U3 HYKITOHHO-TUNEPOHHOIo BewecTtBa NMMOHHOIO
KOHOEeHCaTa, KBapK-FJ'II-OOHHOI7I nnas3mbl UMK KAKNX-NIMOO NHbIX 9K30TUYECKNX COCTOSAHUNA.
Bo3moxHo, 4TO B page ciiydaeB B UeHTPAalrIbHbIX obnacrtax HeﬁTpOHHbIX 3Be34 MOXeT
BO3HNKATb KBAPK-rMmiOOHHAA nrfa3ma. Takme oObEKTbl Ha3bIBAKOT CTPaHHbIMUAN KBapPK-
MOOHHbLIMU 3Be3OaMMW.



paBuTauMoHHoOe JINH3MPOBAaHME KOCMUUYECKUI YETbIPEXIUCTHDIW KNieBep

Microlensing™
Stor

Credit: X-ray: NASA/CXC/Penn State/G.Chartas et al;
[llustration: NASA/CXC/M.Weiss

B wum3BecTHOM cxeme “KoCMMYECKMIA  YeTbIpeXNUCTHbIM  Knesep”  [paBUTALMOHHOIO
NInH3nposanua (I[N1) gna HabnogeHMs pPeHTreHOBCKMM Tesneckonom YaHapa KBasapa Ha
paccToAHuM 11 mapa. cB. netT mbl ucnosb3osanm MM.




BbIxoaHble gaHHble (M306paXkeHne KBa3apa Ha
pacctosiHun 11 Mnpa. cB. NeT) ¢ Teneckona HpHMeHeHHe MM B

YaHapa Mbl MCNONb30Banu Kak BXoAHble AN rpaBI/ITaIII/IOHHOM .JII/IHSI/IpOBaHI/II/I
MatemaTtuyeckoro Mukpockona (MM).
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(a) -Y — nsobpaxeHune c teneckona Yangpa, (b-d) - ceyeHns ocHoBHbiIXx AD MM,
(e) — macka obHyneHust BY wymos ¢ napametpom pF=0.49.



dusnyeckue NPUHUHUIbLI HACTPONKH
MM, “I¢dexT yxoasmux gyqen”
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Bcem HaM xopolio u3BecTeH “9QdeKT yXoaqimux Jyded” oT apkux (poHapeh Ha TEMHOM
dboHne. DT1oT 3P(PEKT 3pUTEILHON CUCTEMBbI TPUCYTCTBYET U B MM, eciu pa3dajaHCHUpOBaHO
YCHJICHUE SIPKOCTEN B CBEpXpa3pelIéHHOM H300pakeHuu X, ¢ nogasieHuemM BY mryma —
napametp pF, Benmmunnoit odycnosierrocta DI=1/min|MTF(A)[~||R||, (A® O=A), kotopas
oIpeesaeT BeIUINHY cBepX paspemieHus SR [2].



CTpyKTyphI
HaOII0JaeMOT0

KBa3apa Ha
Beixoae IJ1 +MM

DI=3000*[1, 1, 1]
min||R||=[2860, 2740, 2830]
SR=[100, 71, 108]




Conclusions

1. Modifications of the AF intelligent control methods can be
implemented in electron microscopy, in new radar
technologies, synthesized aperture locators, CT, MRT
tomography, telescopes, etc.

2. In the ideal case, it is necessary to design intelligent, self-tuning
devices (antenna systems) for CC and CAM AF O. We assume
that all this can be implemented “in hardware” and in programs
for modern radars, telescopes, microscopes, tomography
devices, etc.

3. Of course, all this will be widely used in astrophysics when
analyzing data from Black Holes, etc.

4. Possible wide applications MM method in the production of
processors.
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