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AhNtract- 1 t is shown that nanosized wires with a length of up to ~ 1 em or longer from metal nanospheres 
ohNcrvccl in liquid helium can be efficiently self-assembled in liquid nitrogen, which is a much cheaper and 
1l10I'C lcchnologically sophisticated method than the other available methods. The negative effect of the 
lllf.\hor I em pcratu re can be compensated by applying a uniform electric field with the intensity of - 104 V/ cm. 

1\cyworrls: nanowires, nanospheres, liquid nitrogen , liquid helium 
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IN TRODUCTION 

NilllO!-IIruc tured metals and their compounds are 
1111 1111porlunl component of many technological 
ili~V i<'tlN I I - 41. Na nosized wires (nanowires) and com
plrxwl h11 Nod on lhem are applied in particular [1, 5]. 
N1111lJWi roN nro also promising components for innova
llw I'OIIliJOHilo materia ls and natural elements of th e 
li 'llllii'WO I'kN or complex nanosystems [1] . Multiple 
p i'tiilt !Ulloll methods of nanowires have been devel
n ptltl , Vii l'lou ~-: vers io ns of the epitaxy method are the 
11 Iiiii I t·ommnn methods [5]. However, the methods 
I H 1 I11~ 11 ppllod huve limitations with respect to produc
llvll y, oNpl.lclu lly in the case oflong nanowires (with a 
ltliip. lli or I Clll o r lo nger). 

N11 110WiruN hnve previously been synth esized in 
I Hill\ 1<1 IO I 11ncl in free-flying drops [11-13] ofliquid 
IH,III illl tlll ri<.::hccl with metal atoms. H ere, the metal 
11111 11111 t'OIIHtilntc in na nosized spheres (h ereinafter, 
llli ll illlplllll'uN) , wh ile the nanospheres partially com
hl iHl Iilio illl nowi res. ft turned out to be possible to 
l•lll iil ll liiii iOWi res with a length of ~ 1 em when apply-
llli 1111 tlll\c l ric field with the in tensity of ~102 Vj cm 
IIi I. ' l'lto 11 111 lwrs o f these works relate th e formation of 
lllliiiiWII'llN wit h the capture by quantum vortices and 
II HII t'Oiilhlllnllon of the nanospheres that diffuse along 
l litl VOI'Iox upon the ir frequent collisions. 

ll owtlVl' l', we proved [14- 16] that th e mechanism 
n l' 1H1II' IINIIl.l lllhly o n qua ntum vortices cannot provide 
II HI NY IIilll~N I H or nnnowires because of the following 
llWHHifl: 

( I) T l10 huge umount of heat released on the fusion of 
lli li iiiiiiONphoro:-; will tea r them away from the vortex. 

( ~ ) ' 1'110 IHIIlowircs a re synthesized not only lower 
li lll iil t·Hl ldfl, l1or lhnn the 'A point [8] when there are no 
lj ll ll illtllll vortices. 
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(3) The nan owires are also synthesized on the sur
face of liquid h elium normal to the vortices [ 17]. 

( 4) A perfect lattice is formed from ~200 vortices in 
the flying drops of helium of~ 1 !lm [ 18] but the metal 
atoms form several nanowires instead ofbeing distrib 
u ted over them [ 11- 13], which is statistically improb
able if the nanospheres move independently in a dr.op 
of helium, and therefore indicates their mutual attrac
tion . 

However, we showed [14- 16] that all the experi
mental facts concerning the synthesis of nanowires in 
liquid helium are in good agreement with the known 
drift mechanism of the formation of low dimensional 
structures [19, 20]. Thus, nanospheres glowing as a 
result of coagulation and surrounded by an insulating 
layer of h elium vapor (their temperature was observed 
to be ~2-4 x 103 K [10]) acquire a charge du e to ther
m oelectron emission [15, 16]; the ch arged and polar
ized nanospheres are attracted to each other and to th e 
nonuniforrnities on the surface of the experimental 
equipment [14- 16]; the competition from the drift of 
th e nanospheres under the action of the electric fields 
b eing formed and thermally caused diffusion leads to 
th e formation of a system with th e self-similarity ele 
ments, the structural elements of which are quasi
one-dimensional nanowires, as observed by us in [14, 
15]; the length of the nanowires can become macro
scopic in th e presence of a uniform electric field , 
which was observed in [6]. 

Note that the high-temperature synthesis of quasi
one-dimensional structures due to electrostatic forces 
is well known and widespread . It is implemented in the 
products oflaser ablation in gases [21], in a shock wave 
[22], during polarization coagulation [23], and in th e 
diffusion-controlled aggregation of charged particles 
in an external field [19, 20, 24]. Such a synth esis has 


