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Energy transfer mechanisms in microtubules tryptophan system       

have been determined. 
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Entangled states are the basis of the theory of quantum communication:

quantum teleportation         quantum repeater superdense coding

Entanglementhas become the key ingredient in harnessing the 
power of quantummechanics in technological applications such 
as quantum computing.

Entanglement has become the key ingredient in 

harnessing the power of quantum mechanics in 

technological applications such as quantum computing.

Modified form paper by Bennett et. al.,1993 Phys. Rev. Lett. V.70 p. 1895.
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The pure Bell state is formed from two mixed states.



Peres–Horodecki criterion
 A density matrix of two qubits is separable if and only if it remains a 

density matrix under partial transposition.

Logarithmic negativity

What does it mean to remain a density matrix?



The states are correlated, 

that is, they fluctuate 

synchronously-

entangled.





The process of quantum entangled states migration 

between tryptophans has been considered. 



The results of the work allow us to talk about the signal

function of microtubule tryptophans working as a quantum

repeater that transmits quantum entangled states by relaying

through intermediate tryptophans.

E 1-2 → E 2-3 → E 3-4 → E 4-5 →...E 23-24



1. Energy transfer mechanisms in microtubules tryptophan system have been determined. 

2. Taking into account the spacing between adjacent tryptophan groups and exited state migration time, 

the rate of propagation of the excited states falls within the range of nerve impulse velocity.

3. The process of quantum entangled states migration between tryptophans has been considered.  

4. The results of the work allow us to talk about the signal function of microtubule tryptophans working 

as a quantum repeater that transmits quantum entangled states by relaying through intermediate 

tryptophans.

Conclusion

Development prospects: 

1. Quantum teleportation.

2. Superdense coding

in microtubules.
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