
Метаматериалы 



Метаматериа́л — это композиционный 
материал, свойства которого обусловлены не 
столько свойствами составляющих его 
элементов, сколько искусственно созданной 
периодической структурой.  

Особый интерес представляют метаматериалы с отрицательным 
коэффициентом преломления:  



Из уравнений Максвелла следует, что 

  n2 = εμ. 

Тогда   n = ±(εμ)½. 

 

В.Г. Веселаго показал, что n = -(εμ)½ в том 

случае, когда одновременно ε < 0 и μ < 0. 

Виктор Георгиевич Веселаго 



Отрицательный коэффициент преломления n = -  εµ

n > 0 n < 0 



Basic metamaterial structures to implement artificial electric and magnetic responses. 
(a) Schematic of periodic wires (with radius r) arranged in a simple cubic lattice (with 
lattice constant d).  
(b) Effective permittivity of wire media, acting as dilute metals with an extremely low 
plasma frequency.  
(c) Schematic of split ring resonators, with outer radius r and separation s between the 
two rings. A magnetic field penetrating the resonator induces a current (~j), and thus a 
magnetic moment (~m).  
(d) Effective permeability of split ring resonators around the resonance frequency. 



(a) NIMs working at microwave frequencies, which consist of copper SRRs and wires 
deposited lithographically on standard circuit boards. The size of the unit cell is 5 mm. 
Reprinted from ref. 15 with permission.  
(b) Fishnet structure as NIMs in the visible region (yellow light). The left panel is the 
schematic of the fishnet structure, in which two layers of metal meshes (gray) are separated 
by a dielectric layer (cyan). The right panel is the scanning electron microscope (SEM) 
image of the sample fabricated by electron beam lithography (EBL).  



Применения метаматериалов 



(a) A flat NIM slab can focus all the light rays from a point source, arising from the 
negative refraction.  

(b) The NIM slab can also amplify evanescent waves, leading to perfect imaging at the 
image plane.  

(c) Experimental demonstration of an optical silver superlens. Top: focused ion-beam 
(FIB) image of the ‘‘NANO’’ object. The linewidth of the object was 40 nm. Middle: 
atomic force microscopy (AFM) of the developed image on photoresist with a silver 
superlens. The linewidth is 89 nm. Bottom: AFM of the developed image without a 
silver superlens. The line width is 321 nm. The scale bars indicate 2 mm. 

N. Fang et al. Science 2005, 308, 534. 



N. Fang et al. Science 2005, 308, 534. 



Принцип реализации «плаща-невидимки». 

(a) A 3D fishnet NIM structure fabricated by the top-down method (FIB), which consists of 21 total layers of 
alternating silver (30 nm) and MgF2 (50 nm) films. The inset shows the cross-section view.  

(b) Silver nanowire metamaterials fabricated by the bottom-up technique. Left and right SEM images show the 
top and cross-section view, respectively.  

(c) Magnetic resonators composed of four metallic nanospheres. The structure may be 
synthesized from the self-assembly method. 



The triple-band MMA.  
(a) The front view of a unit cell. 
(b) The fabricated structure. 

Ultrathin multiband gigahertz metamaterial absorbers 
(Hui Li et al., J. Appl. Phys. 110 (2011) 014909) 





Отрицательный коэффициент 
преломления 

Отрицательный коэффициент преломления в фотонных кристаллах 

dω/dk < 0 
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