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Ɋɟɡɸɦɟ 
 
Кɨɦɩлɟɤɫɧыɣ ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤɢɣ аɧалɢɡ ɩрɨɮɢля ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɨɧɤɨɦарɤɟрɨɜ ɜ ɛɢɨлɨɝɢɱɟɫɤɢɯ ɠɢɞ-

ɤɨɫɬяɯ ɨрɝаɧɢɡɦа ɫɩɨɫɨɛɟɧ ɫуɳɟɫɬɜɟɧɧɨ ɩɨɜыɫɢɬɶ эɮɮɟɤɬɢɜɧɨɫɬɶ раɧɧɟɣ ɞɢаɝɧɨɫɬɢɤɢ ɨɧɤɨлɨɝɢɱɟɫɤɢɯ ɡаɛɨлɟɜа-
ɧɢɣ. В ɩɨɫлɟɞɧɟɟ ɜрɟɦя ɜ ɤлɢɧɢɤɨ-лаɛɨраɬɨрɧɨɣ ɩраɤɬɢɤɟ ɛɨлɶɲɢɟ ɧаɞɟɠɞы ɫɜяɡыɜаɸɬ ɫ ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤɢ-
ɦɢ ɫуɫɩɟɧɡɢɨɧɧыɦɢ ɦɢɤрɨɱɢɩаɦɢ ɧа ɨɫɧɨɜɟ ɦɢɤрɨɱаɫɬɢɰ, ɨɩɬɢɱɟɫɤɢ ɤɨɞɢрɨɜаɧɧыɯ ɮлуɨрɨɮɨраɦɢ. Кɨɞɢрɨɜаɧ-
ɧыɟ ɮлуɨрɨɮɨраɦɢ ɦɢɤрɨɫɮɟры ɫ ɜыɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɝуɬ ɛыɬɶ ɞɢɮɮɟрɟɧɰɢрɨɜаɧы ɜ ɫуɫɩɟɧɡɢɨɧɧɨɦ ɨɛраɡɰɟ 
ɩɨ ɢɧɞɢɜɢɞуалɶɧыɦ ɨɩɬɢɱɟɫɤɢɦ ɤɨɞаɦ ɫ ɩɨɦɨɳɶɸ ɤлаɫɫɢɱɟɫɤɨɣ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɮлуɨрɢɦɟɬрɢɢ. В ɧаɫɬɨяɳɟɦ 
ɢɫɫлɟɞɨɜаɧɢɢ раɡраɛɨɬаɧа уɧɢɜɟрɫалɶɧая ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤая ɫуɫɩɟɧɡɢɨɧɧая ɫɢɫɬɟɦа ɧɨɜɨɝɨ ɩɨɤɨлɟɧɢя ɧа 
ɨɫɧɨɜɟ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ ɮлуɨрɟɫɰɟɧɬɧыɦɢ ɧаɧɨɤрɢɫɬаллаɦɢ. Сɢɫɬɟɦа аɞаɩɬɢрɨɜаɧа ɞля ɞɟɬɟɤɰɢɢ ɞɜуɯ 
ɮɨрɦ ɉСА – ɦарɤɟра Ɋɉɀ ɜ ɫыɜɨрɨɬɤɟ ɤрɨɜɢ ɱɟлɨɜɟɤа. Выяɜлɟɧɢɟ ɦарɤɟрɨɜ ɫ ɩɨɦɨɳɶɸ ɫɟɧɫɨрɨɜ ɬɢɩа «лаɛɨра-
ɬɨрɢя ɧа ɦɢɤрɨɱаɫɬɢɰɟ» ɨɫɧɨɜаɧɨ ɧа ɮɨрɦɢрɨɜаɧɢɢ ɢ ɜɢɡуалɢɡаɰɢɢ ɢɦɦуɧɧɨɝɨ ɤɨɦɩлɟɤɫа ɨɧɤɨɦарɤɟра ɫ раɫɩɨ-
ɡɧаɸɳɢɦɢ АɌ, ɜыɫɨɤɨɨрɢɟɧɬɢрɨɜаɧɧɨɝɨ ɧа ɩɨɜɟрɯɧɨɫɬɢ ɮлуɨрɟɫɰɟɧɬɧыɯ ɦɢɤрɨɫɮɟр ɫ ɩɨɦɨɳɶɸ аɞаɩɬɟрɧыɯ 
ɦɨлɟɤул ɛɟлɤа А. Вɜɟɞɟɧɢɟ ɜ ɫɨɫɬаɜ ɦɢɤрɨɱɢɩа ɦɨлɟɤул-аɞаɩɬɟрɨɜ ɨɛɟɫɩɟɱɢɜаɟɬ ɜыɫɨɤуɸ эɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɬɟɤ-
ɰɢɢ ɨɧɤɨɦарɤɟрɨɜ ɢ уɧɢɜɟрɫалɶɧɨɫɬɶ ɫɢɫɬɟɦы ɞля ɨɩрɟɞɟлɟɧɢя раɡлɢɱɧыɯ ɩрɨɮɢлɟɣ ɨɧɤɨɦарɤɟрɨɜ. 
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лɢɡ, ɩрɨɬɨɱɧая ɰɢɬɨɦɟɬрɢя. 
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Abstract 
 
Multiplexed analysis of the specific cancer marker profile of biological fluids can substantially improve early diag-

nosis of cancer. In modern clinical laboratory practice, much hope is put on multiplexed suspension microarrays based on 
microbeads optically encoded with fluorophores. Individual optical codes make it possible to differentiate fluorophore-
encoded microbeads in a suspension sample with high accuracy by means of classical flow cytometry. In this study, a ver-
satile multiplexed suspension system of a new generation based on microbeads encoded with fluorescent nanocrystals has 
been developed. The system has been adapted for detecting two forms of PSA, serum marker of human prostate cancer. 
Lab-on-a-bead detection of the markers is based on the formation and imaging of an immune complex of the cancer 
marker with capture antibody, which is attached to the surface of the fluorescent microbeads in a highly oriented manner 
through the adapter molecule (protein A). The use of the adapter molecules ensures highly effective detection of cancer 
markers and the versatility of the microarray intended for determining different biomarker profiles. 

 
Key words: fluorescent semiconductor nanocrystals, quantum dots, cancer markers, prostate-specific antigen, 

microbeads, suspension microarrays, multiplexed analysis, flow cytometry. 
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Ввɟɞɟɧɢɟ 
 
В ɧаɫɬɨяɳɟɟ ɜрɟɦя ɜ лаɛɨраɬɨрɧɨɣ ɤлɢɧɢɱɟ-

ɫɤɨɣ ɞɢаɝɧɨɫɬɢɤɟ ɨɧɤɨлɨɝɢɱɟɫɤɢɯ ɡаɛɨлɟɜаɧɢɣ 
ɩрɢɦɟɧяɟɬɫя ɞɜɟ ɫɬраɬɟɝɢɢ ɞля ɤɨлɢɱɟɫɬɜɟɧɧɨɣ 
ɞɟɬɟɤɰɢɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫыɜɨрɨɬɨɱɧыɯ ɨɧɤɨɦар-
ɤɟрɨɜ: ɬраɞɢɰɢɨɧɧыɣ ɬɜɟрɞɨɮаɡɧыɣ ɂɎА ɧа ɩла-
ɧарɧыɯ ɧɨɫɢɬɟляɯ [6; 15] ɢ ɞɢаɝɧɨɫɬɢɤа ɧɨɜɨɝɨ ɩɨ-
ɤɨлɟɧɢя ɫ ɩɨɦɨɳɶɸ ɫуɫɩɟɧɡɢɨɧɧыɯ ɫɢɫɬɟɦ ɧа ɨɫ-
ɧɨɜɟ ɤɨɞɢрɨɜаɧɧыɯ ɦɢɤрɨɱаɫɬɢɰ [16; 22]. 

Ɍɜɟрɞɨɮаɡɧыɣ ɂɎА ɫ ɢɫɩɨлɶɡɨɜаɧɢɟɦ ɩлаɧ-
ɲɟɬа ɢлɢ ɦɢɤрɨɱɢɩа ɨɫɬаɟɬɫя ɧаɢɛɨлɟɟ раɫɩрɨ-
ɫɬраɧɟɧɧыɦ ɦɟɬɨɞɨɦ ɨɩрɟɞɟлɟɧɢя ɫɩɟɰɢɮɢɱɟɫɤɢɯ 
раɫɬɜɨрɢɦыɯ ɦарɤɟрɨɜ ɢ аɤɬɢɜɧɨ ɢɫɩɨлɶɡуɟɬɫя ɜ 
ɤлɢɧɢɱɟɫɤɨɣ ɩраɤɬɢɤɟ [2; 3]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɦɧɨɝɨ-
ɩараɦɟɬрɢɱɟɫɤɢɟ ɫуɫɩɟɧɡɢɨɧɧыɟ ɫɢɫɬɟɦы ɧа ɨɫɧɨ-
ɜɟ ɨɩɬɢɱɟɫɤɢ ɤɨɞɢрɨɜаɧɧыɯ ɦɢɤрɨɱаɫɬɢɰ ɢɦɟɸɬ 
ряɞ ɩрɟɢɦуɳɟɫɬɜ ɩɟрɟɞ ɫɢɫɬɟɦаɦɢ ɧа ɩлаɧарɧɨɦ 
ɧɨɫɢɬɟлɟ, раɫɲɢряя ɜɨɡɦɨɠɧɨɫɬɢ аɧалɢɡа ɫɩɟɰɢɮɢ-
ɱɟɫɤɢɯ раɫɬɜɨрɢɦыɯ ɦарɤɟрɨɜ [14]. Ⱦля ɬаɤɢɯ ɫɢɫ-
ɬɟɦ ɯараɤɬɟрɧы ɜыɫɨɤая ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶ, ɬɨɱ-
ɧɨɫɬɶ ɢ ɫɤɨрɨɫɬɶ ɨɩрɟɞɟлɟɧɢя ɫ ɩɨɦɨɳɶɸ ɩрɨɬɨɱ-
ɧɨɣ ɰɢɬɨɦɟɬрɢɢ; ɤрɨɦɟ ɬɨɝɨ, ɢɯ ɢɫɩɨлɶɡɨɜаɧɢɟ ɞаɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜыяɜɢɬɶ ɨɞɧɨɜрɟɦɟɧɧɨ ɧɟɫɤɨлɶɤɨ АȽ 
ɜ ɨɞɧɨɦ ɛɢɨлɨɝɢɱɟɫɤɨɦ ɨɛраɡɰɟ, ɩрɢɱɟɦ ɤɨлɢɱɟɫɬ-
ɜɨ ɜыяɜляɟɦыɯ ɛɢɨɦарɤɟрɨɜ ɦɨɠɟɬ ɛыɬɶ ɞɨɫɬаɬɨɱ-
ɧɨ ɜɟлɢɤɨ [1; 8; 22]. 

ɉрɢɧɰɢɩ раɛɨɬы ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤɨɣ 
ɫуɫɩɟɧɡɢɨɧɧɨɣ ɫɢɫɬɟɦы ɡаɤлɸɱаɟɬɫя ɜ ɫɩɟɰɢɮɢɱɟ-
ɫɤɨɣ ɜɢɡуалɢɡаɰɢɢ ɢ ɤɨлɢɱɟɫɬɜɟɧɧɨɦ ɨɩрɟɞɟлɟɧɢɢ 
ɤаɠɞɨɝɨ ɢɡ аɧалɢɡɢруɟɦыɯ ɦарɤɟрɨɜ ɜ ɫɨɫɬаɜɟ ɢɦ-
ɦуɧɧɨɝɨ ɤɨɦɩлɟɤɫа, ɨɛраɡɨɜаɜɲɟɝɨɫя ɧа ɩɨɜɟрɯɧɨ-
ɫɬɢ ɨɩɬɢɱɟɫɤɢ ɤɨɞɢрɨɜаɧɧыɯ ɦɢɤрɨɱаɫɬɢɰ, ɫ ɩɨ-
ɦɨɳɶɸ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. Каɠɞɨɦу аɧалɢɡɢ-
руɟɦɨɦу ɦарɤɟру ɩрɢɫɜаɢɜаɟɬɫя ɢɧɞɢɜɢɞуалɶɧыɣ 
ɨɩɬɢɱɟɫɤɢɣ ɤɨɞ ɩɨɩуляɰɢɢ ɦɢɤрɨɫɮɟр, ɤɨɬɨрыɣ 
ɩɨɦɨɝаɟɬ ɤɨлɢɱɟɫɬɜɟɧɧɨ ɞɢɮɮɟрɟɧɰɢрɨɜаɬɶ ɞаɧ-
ɧыɣ ɦарɤɟр ɜ ɬɟɫɬɢруɟɦɨɦ ɛɢɨлɨɝɢɱɟɫɤɨɦ ɨɛраɡɰɟ. 
ɉрɢ ɫɦɟɲɢɜаɧɢɢ ɧɟɫɤɨлɶɤɢɯ ɩɨɩуляɰɢɣ ɮлуɨрɟɫ-
ɰɟɧɬɧыɯ ɦɢɤрɨɫɮɟр, ɨɩɬɢɱɟɫɤɢɟ ɤɨɞы ɤɨɬɨрыɯ 
ɩрɢɫɜɨɟɧы раɡɧыɦ ɛɢɨɦɨлɟɤулаɦ, рɟалɢɡуɟɬɫя 
ɜɨɡɦɨɠɧɨɫɬɶ ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤɨɝɨ ɤɨлɢɱɟɫɬɜɟɧ-
ɧɨɝɨ ɨɩрɟɞɟлɟɧɢя ɩрɨɮɢля ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɦарɤɟ-
рɨɜ ɜ ɨɞɧɨɦ ɨɛраɡɰɟ [11; 22]. 

Ⱦля ɦɧɨɝɨɰɜɟɬɧɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɤɨɞɢрɨɜаɧɢя 
ɦɢɤрɨɫɮɟр ɦɨɝуɬ ɛыɬɶ ɢɫɩɨлɶɡɨɜаɧы ɤлаɫɫɢɱɟɫɤɢɟ 
ɨрɝаɧɢɱɟɫɤɢɟ ɮлуɨрɨɮɨры ɢлɢ ɮлуɨрɨɮɨры ɧɨɜɨɝɨ 
ɩɨɤɨлɟɧɢя – ɮлуɨрɟɫɰɟɧɬɧыɟ ɩɨлуɩрɨɜɨɞɧɢɤɨɜыɟ 
ɧаɧɨɤрɢɫɬаллы, ɢлɢ КɌ [7; 10; 11]. 

ɉɨ ɫраɜɧɟɧɢɸ ɫ ɤлаɫɫɢɱɟɫɤɢɦɢ ɨрɝаɧɢɱɟ-
ɫɤɢɦɢ ɮлуɨрɨɮɨраɦɢ, КɌ ɨɛлаɞаɸɬ уɧɢɤалɶɧыɦɢ 
ɨɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜаɦɢ [17]. Ваɠɧɟɣɲɢɟ ɢɡ ɧɢɯ – 
эɬɨ ɜыɫɨɤɢɟ ɤɨэɮɮɢɰɢɟɧɬы эɤɫɬɢɧɤɰɢɢ ɢ, ɤаɤ ɫлɟɞ-
ɫɬɜɢɟ, ярɤɨɫɬɶ ɢɡлуɱɟɧɢя; уɡɤɢɣ ɫɢɦɦɟɬрɢɱɧыɣ ɩɢɤ 
ɮлуɨрɟɫɰɟɧɰɢɢ; ɩряɦая ɡаɜɢɫɢɦɨɫɬɶ ɡɧаɱɟɧɢя ɞлɢ-
ɧы ɜɨлɧы ɦаɤɫɢɦуɦа ɮлуɨрɟɫɰɟɧɰɢɢ ɨɬ раɡɦɟра 
ɧаɧɨɤрɢɫɬаллɨɜ, ɩɨɡɜɨляɸɳая ɡаɞаɜаɬɶ ɨɩɬɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜа ɧаɧɨɤрɢɫɬалла ɜ ɩрɨɰɟɫɫɟ ɫɢɧɬɟɡа; ɲɢрɨ-
ɤɢɟ ɫɩɟɤɬры ɩɨɝлɨɳɟɧɢя, ɩɨɡɜɨляɸɳɢɟ ɢɫɩɨлɶɡɨ-
ɜаɬɶ ɨɞɢɧ ɢɫɬɨɱɧɢɤ ɢɡлуɱɟɧɢя ɞля ɜɨɡɛуɠɞɟɧɢя КɌ 
ɫ раɡɧыɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜаɦɢ; ɜыɫɨɤая ɮɨɬɨ-
ɫɬаɛɢлɶɧɨɫɬɶ ɢ ɬ.ɞ. [12; 13]. ɂɫɩɨлɶɡɨɜаɧɢɟ КɌ ɞля 
ɨɩɬɢɱɟɫɤɨɝɨ ɤɨɞɢрɨɜаɧɢя ɦɢɤрɨɱаɫɬɢɰ ɩɨɡɜɨляɟɬ 
ɨɞɧɨɜрɟɦɟɧɧɨ ɜыяɜляɬɶ ɧɟɫɤɨлɶɤɨ ɛɢɨɦарɤɟрɨɜ, 
ɩɨɜыɫɢɬɶ ɮɨɬɨɫɬаɛɢлɶɧɨɫɬɶ ɢ ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶ 
ɞɢаɝɧɨɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦы, ɢɫɩɨлɶɡɨɜаɬɶ ɛɨлɟɟ ɩрɨ-
ɫɬɨɟ ɞɟɤɨɞɢруɸɳɟɟ ɨɛɨруɞɨɜаɧɢɟ (ɫɬаɧɞарɬɧая 
ɤɨɦɩлɟɤɬаɰɢя ɩрɨɬɨɱɧɨɝɨ ɰɢɬɨɦɟɬра) ɢ ɡɧаɱɢɬɟлɶ-
ɧɨ ɫɨɤраɬɢɬɶ ɜрɟɦя ɢ ɫɬɨɢɦɨɫɬɶ аɧалɢɡа [4; 22]. 
Крɨɦɟ ɬɨɝɨ, ɛлаɝɨɞаря ɫɜɨɢɦ уɧɢɤалɶɧыɦ ɫɩɟɤ-
ɬралɶɧыɦ ɫɜɨɣɫɬɜаɦ, КɌ ɦɨɝуɬ ɢɫɩɨлɶɡɨɜаɬɶɫя ɤаɤ 

эɮɮɟɤɬɢɜɧыɟ ɞɨɧɨры эɧɟрɝɢɢ ɩрɢ Ɏɟрɫɬɟрɨɜɫɤɨɦ 
рɟɡɨɧаɧɫɧɨɦ ɩɟрɟɧɨɫɟ эɧɟрɝɢɢ (Förster resonance 
energy transfer, FRET) ɧа ɩɨɞɯɨɞяɳɢɣ аɤɰɟɩɬɨр [12; 
18]. Ɍаɤая ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɡɜɨляɟɬ ɡɧаɱɢɬɟлɶɧɨ ɩɨ-
ɜыɫɢɬɶ ɤаɱɟɫɬɜɨ ɜыяɜлɟɧɢя ɦарɤɟрɨɜ, а ɬаɤɠɟ ɱуɜ-
ɫɬɜɢɬɟлɶɧɨɫɬɶ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɞɢаɝɧɨɫɬɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦы. 

В ɧаɫɬɨяɳɟɟ ɜрɟɦя ɬɟɯɧɨлɨɝɢɢ c ɢɫɩɨлɶɡɨ-
ɜаɧɢɟɦ КɌ ɢ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ ɮлуɨрɟɫ-
ɰɟɧɬɧыɦɢ ɧаɧɨɤрɢɫɬаллаɦɢ, ɧаɯɨɞяɬɫя ɧа эɬаɩɟ 
ɢɧɬɟɧɫɢɜɧɨɣ раɡраɛɨɬɤɢ ɞля ɞалɶɧɟɣɲɟɣ ɢɧɬɟɝра-
ɰɢɢ ɜ ɤлɢɧɢɤɨ-ɞɢаɝɧɨɫɬɢɱɟɫɤуɸ ɩраɤɬɢɤу [1]. ɉɨ-
луɱɟɧы ɩɟрɜыɟ ɢɧɬɟрɟɫɧыɟ рɟɡулɶɬаɬы ɩрɢɦɟɧɟɧɢя 
ɬаɤɢɯ ɫуɫɩɟɧɡɢɨɧɧыɯ ɫɢɫɬɟɦ ɜ ɩрɨɬɟɨɦɢɤɟ ɞля 
ɢɞɟɧɬɢɮɢɤаɰɢɢ ауɬɨаɧɬɢɬɟл (ауɬɨ-АɌ) ɜ ɫыɜɨрɨɬɤɟ 
ɤрɨɜɢ [23], ɱɬɨ ɨɬɤрыɜаɟɬ ɲɢрɨɤɢɟ ɩɟрɫɩɟɤɬɢɜы 
ɩрɢɦɟɧɟɧɢя раɡраɛɨɬаɧɧыɯ ɫуɫɩɟɧɡɢɨɧɧыɯ ɦɢɤрɨ-
ɱɢɩɨɜ ɞля ɨɞɧɨɜрɟɦɟɧɧɨɝɨ ɜыяɜлɟɧɢя ɰɟлɨɝɨ ɫɩɟɤ-
ɬра ɛɢɨлɨɝɢɱɟɫɤɢɯ ɦарɤɟрɨɜ ɫ ɜыɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ 
ɢ ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶɸ. 

ɉрɢɦɟɧɟɧɢɟ ɜ лаɛɨраɬɨрɧɨɣ ɤлɢɧɢɱɟɫɤɨɣ 
ɞɢаɝɧɨɫɬɢɤɟ ɫуɫɩɟɧɡɢɨɧɧыɯ ɦɢɤрɨɱɢɩɨɜ ɢɦɟɟɬ 
ɜаɠɧɨɟ ɦɟɞɢɰɢɧɫɤɨɟ ɡɧаɱɟɧɢɟ, ɬ.ɤ. ɩɨɞɨɛɧыɟ ɫɢɫ-
ɬɟɦы ɞля ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤɨɝɨ аɧалɢɡа ɨɛраɡɰɨɜ 
ɛɢɨлɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ яɜляɸɬɫя эɤɨɧɨɦɢɱɧɨɣ ɢ 
эɮɮɟɤɬɢɜɧɨɣ алɶɬɟрɧаɬɢɜɨɣ ɬраɞɢɰɢɨɧɧыɦ ɂɎА-
ɫɢɫɬɟɦаɦ [8; 14]. Ⱦɢаɝɧɨɫɬɢɱɟɫɤɢɟ ɫуɫɩɟɧɡɢɨɧɧыɟ 
ɫɢɫɬɟɦы ɧа ɨɫɧɨɜɟ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ КɌ, 
ɫɩɨɫɨɛɧы ɜɨ ɦɧɨɝɨɦ ɩрɟɜɡɨɣɬɢ ɜɨɡɦɨɠɧɨɫɬɢ ɫуɳɟ-
ɫɬɜуɸɳɢɯ ɤлɢɧɢɤɨ-лаɛɨраɬɨрɧыɯ ɦɟɬɨɞɨɜ ɤаɤ ɞля 
ɤɨлɢɱɟɫɬɜɟɧɧɨɣ ɞɟɬɟɤɰɢɢ ɨɬɞɟлɶɧыɯ раɫɬɜɨрɢɦыɯ 
ɨɧɤɨɦарɤɟрɨɜ, ɬаɤ ɢ ɞля ɫраɜɧɢɬɟлɶɧɨɝɨ аɧалɢɡа ɢɯ 
ɩрɨɮɢля ɢ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɞля эɮɮɟɤɬɢɜɧɨɣ ɞɢ-
аɝɧɨɫɬɢɤɢ ɨɧɤɨлɨɝɢɱɟɫɤɢɯ ɡаɛɨлɟɜаɧɢɣ. 

ɐельɸ иɫɫлеɞɨваɧия ɛылɨ раɡраɛɨɬаɬɶ уɧɢ-
ɜɟрɫалɶɧуɸ ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤуɸ ɫуɫɩɟɧɡɢɨɧ-
ɧуɸ ɫɢɫɬɟɦу ɧɨɜɨɝɨ ɩɨɤɨлɟɧɢя ɧа ɨɫɧɨɜɟ ɦɢɤрɨ-
ɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ ɮлуɨрɟɫɰɟɧɬɧыɦɢ ɧаɧɨɤрɢ-
ɫɬаллаɦɢ, аɞаɩɬɢруɟɦуɸ ɞля аɧалɢɡа ɩрɨɮɢлɟɣ 
раɡлɢɱɧыɯ ɨɧɤɨɦарɤɟрɨɜ, ɢ ɩрɨɞɟɦɨɧɫɬрɢрɨɜаɬɶ 
ɩрɢɧɰɢɩы ɟɟ ɩрɢɦɟɧɟɧɢя ɧа ɩрɢɦɟрɟ ɜыяɜлɟɧɢя 
ɞɜуɯ ɮɨрɦ ɉСА – ɦарɤɟра Ɋɉɀ ɜ ɫыɜɨрɨɬɤɟ ɤрɨɜɢ 
ɱɟлɨɜɟɤа. 

 
Ɇɚɬɟɪɢɚɥы ɢ ɦɟɬоɞы 
 

ɋиɧɬеɡ и ɫɨлɸɛилиɡаɰия  

ɮлɭɨɪеɫɰеɧɬɧɵх ɧаɧɨɤɪиɫɬаллɨв 
ɇаɧɨɤрɢɫɬаллы, ɢлɢ КɌ, ɫɨɫɬаɜа CdSe/ZnS, 

ɩɨɤрыɬыɟ ɝɢɞрɨɮɨɛɧɨɣ ɨɛɨлɨɱɤɨɣ ɬрɢɨɤɬɢлɮɨɫ-
ɮɢɧɨɤɫɢɞа (trioctylphosphine oxide, TOPO), ɛылɢ 
ɫɢɧɬɟɡɢрɨɜаɧы ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫаɧɧыɦɢ раɧɟɟ 
ɩрɨɬɨɤɨлаɦɢ [20] ɢ ɢɦɟлɢ ɦаɤɫɢɦуɦы ɮлуɨрɟɫɰɟɧ-
ɰɢɢ ɧа 515 ɢ 581 ɧɦ ɢ ɤɜаɧɬɨɜыɟ ɜыɯɨɞы 55 % ɢ 
70 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Сɬаɛɢлɶɧыɟ ɜɨɞɨраɫɬɜɨрɢ-
ɦыɟ ɨɬрɢɰаɬɟлɶɧɨ ɡаряɠɟɧɧыɟ ɧаɧɨɤрɢɫɬаллы ɛы-
лɢ ɩɨлуɱɟɧы ɩуɬɟɦ ɦɨɞɢɮɢɤаɰɢɢ ɩɨɜɟрɯɧɨɫɬɢ КɌ 
ɧɢɡɤɨɦɨлɟɤулярɧыɦ ɩрɨɢɡɜɨɞɧыɦ ɩɨлɢэɬɢлɟɧɝлɢ-
ɤɨля, ɫɨɞɟрɠаɳɢɦ ɮуɧɤɰɢɨɧалɶɧыɟ ɤɨɧɰɟɜыɟ ɬɢ-
ɨлɶɧуɸ ɢ ɤарɛɨɤɫɢлɶɧуɸ ɝруɩɩы (Thermo Fisher 
Scientific) [21]. 

 

ɋиɧɬеɡ ɦиɤɪɨɫɮеɪ,  
ɨɩɬичеɫɤи ɤɨɞиɪɨваɧɧɵх  
ɮлɭɨɪеɫɰеɧɬɧɵɦи ɧаɧɨɤɪиɫɬаллаɦи 

В ɤаɱɟɫɬɜɟ ɦаɬрɢɰы ɞля ɫɢɧɬɟɡа ɨɩɬɢɱɟɫɤɢ 
ɤɨɞɢрɨɜаɧɧыɯ ɦɢɤрɨɱаɫɬɢɰ ɢɫɩɨлɶɡɨɜалɢɫɶ ɤар-
ɛɨɤɫɢлɢрɨɜаɧɧыɟ лаɬɟɤɫɧыɟ ɦɢɤрɨɫɮɟры ɫ ɞɢаɦɟɬ-
рɨɦ 4,08 ɦɤɦ (ɦɟлаɦɢɧ-ɮɨрɦалɶɞɟɝɢɞɧыɟ ɦɢɤрɨ-
ɱаɫɬɢɰы (MF 4.08 µm), microParticles GmbH, Ƚɟр-
ɦаɧɢя) ɫ ɨɬрɢɰаɬɟлɶɧɨ ɡаряɠɟɧɧɨɣ ɩɨɜɟрɯɧɨɫɬɶɸ. 



5  ɊАɁɊАȻɈɌКА ɋɍɋɉȿɇɁИɈɇɇЫɏ ɆИКɊɈɑИɉɈȼ…ɈɊИȽИɇАɅɖɇЫȿ ɋɌАɌɖИ 

Ɉрɝаɧɢɱɟɫɤɢɟ ɩɨлɢэлɟɤɬрɨлɢɬы ɩрɨɬɢɜɨɩɨлɨɠɧɨɝɨ 
ɡаряɞа – ɩɨлɢаллɢлаɦɢɧ ɝɢɞрɨɯлɨрɢɞ 
(poly(allylamine hydrochloride), PAH; Mw ≈ 15000 
Ⱦа; Sigma-Aldrich) ɢ ɩɨлɢɫɬɢрɨлɫулɶɮɨɧаɬ ɧаɬрɢя 
(poly(sodium 4-styrenesulfonate), PSS; Mw ≈ 70000 
Ⱦа; Sigma-Aldrich) – ɩɨɩɟрɟɦɟɧɧɨ аɞɫɨрɛɢрɨɜалɢɫɶ 
ɧа ɩɨɜɟрɯɧɨɫɬɢ ɫɬаɧɞарɬɧыɯ ɤарɛɨɤɫɢлɢрɨɜаɧɧыɯ 
ɦɢɤрɨɫɮɟр, ɮɨрɦɢруя ɩлɨɬɧуɸ ɦɧɨɝɨɫлɨɣɧуɸ ɩɨ-
лɢɦɟрɧуɸ ɨɛɨлɨɱɤу [24]. ɂɧɞɢɜɢɞуалɶɧыɟ ɨɞɧɨ-
ɰɜɟɬɧыɟ ɨɩɬɢɱɟɫɤɢɟ ɤɨɞы ɦɢɤрɨɫɮɟр ɛылɢ ɩɨлуɱɟ-
ɧы ɩуɬɟɦ ɜɤлɸɱɟɧɢя ɜ ɫɨɫɬаɜ ɮɨрɦɢруɸɳɟɣɫя 
ɨɛɨлɨɱɤɢ ɜɨɞɨраɫɬɜɨрɢɦыɯ КɌ ɫ ɨɬрɢɰаɬɟлɶɧɨ ɡа-
ряɠɟɧɧɨɣ ɩɨɜɟрɯɧɨɫɬɶɸ [25]. 

ɇɟɩɨɫрɟɞɫɬɜɟɧɧɨ ɩɟрɟɞ ɩрɨɰɟɞурɨɣ ɯɢɦɢɱɟ-
ɫɤɨɣ ɤɨɧɴɸɝаɰɢɢ ɫ ɛɢɨɦɨлɟɤулаɦɢ ɮлуɨрɟɫɰɟɧɬ-
ɧыɟ ɦɢɤрɨɫɮɟры ɩɨɤрыɜалɢ ɞɨɩɨлɧɢɬɟлɶɧыɦ ɩɨ-
лɢɦɟрɧыɦ ɫлɨɟɦ ɩɨлɢаɤрɢлаɬа ɧаɬрɢя (poly(acrylic 
acid sodium salt), PAA; Mw ≈ 15000; Sigma-Aldrich) 
ɞля ɩɨлуɱɟɧɢя ɦɢɤрɨɫɮɟр ɫ эɤɫɩɨɧɢрɨɜаɧɧыɦɢ ɧа 
ɩɨɜɟрɯɧɨɫɬɢ ɤарɛɨɤɫɢлɶɧыɦɢ ɝруɩɩаɦɢ. 

 

Кɨɧɴɸɝаɰия аɞаɩɬеɪɧɵх ɦɨлеɤɭл  

ɫ ɩɨвеɪхɧɨɫɬьɸ ɮлɭɨɪеɫɰеɧɬɧɵх ɦиɤɪɨɫɮеɪ 
Кɨɜалɟɧɬɧɨɟ ɫɜяɡыɜаɧɢɟ ɮуɧɤɰɢɨɧалɶɧыɯ 

аɞаɩɬɟрɧыɯ ɦɨлɟɤул ɛɟлɤа А (Sigma-Aldrich) ɫ ɩɨ-
ɜɟрɯɧɨɫɬɶɸ ɤɨɞɢрɨɜаɧɧыɯ ɦɢɤрɨɫɮɟр (ɢɡ раɫɱɟɬа 
10–50 ɦɤɝ ɧа 106 ɦɢɤрɨɫɮɟр) ɨɫуɳɟɫɬɜлялɨɫɶ ɫ ɩɨ-
ɦɨɳɶɸ ɤарɛɨɞɢɢɦɢɞɧɨɝɨ ɦɟɬɨɞа ɯɢɦɢɱɟɫɤɨɣ 
ɤɨɧɴɸɝаɰɢɢ ɩɨ ɦɟɯаɧɢɡɦу ɨɛраɡɨɜаɧɢя ɤɨɜалɟɧɬ-
ɧыɯ ɫɜяɡɟɣ ɦɟɠɞу ɤарɛɨɤɫɢлɶɧыɦɢ ɝруɩɩаɦɢ ɩɨ-
ɜɟрɯɧɨɫɬɧɨɝɨ ɩɨлɢаɤрɢлаɬɧɨɝɨ ɫлɨя ɦɢɤрɨɫɮɟр ɢ 
эɤɫɩɨɧɢрɨɜаɧɧыɦɢ аɦɢɧɨɝруɩɩаɦɢ ɛɟлɤа.  

ɉɨɫлɟ ɤɨɧɴɸɝаɰɢɢ ɫ аɞаɩɬɟрɧыɦɢ ɦɨлɟɤу-
лаɦɢ ɫɜɨɛɨɞɧуɸ ɩɨɜɟрɯɧɨɫɬɶ ɦɢɤрɨɫɮɟры ɛлɨɤɢ-
рɨɜалɢ ɨɬ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɫɜяɡыɜаɧɢя ɫ ɞруɝɢɦɢ 
ɤɨɦɩɨɧɟɧɬаɦɢ ɞɢаɝɧɨɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦы ɫ ɩɨɦɨ-
ɳɶɸ ɢɧɤуɛаɰɢɢ ɫ 1–5%-ɧыɦ раɫɬɜɨрɨɦ ɛыɱɶɟɝɨ 
ɫыɜɨрɨɬɨɱɧɨɝɨ алɶɛуɦɢɧа ɢлɢ ɤаɡɟɢɧа ɤɨрɨɜɶɟɝɨ 
ɦɨлɨɤа (Sigma-Aldrich). 

 

Иɦɦɭɧɨɞиаɝɧɨɫɬичеɫɤиɣ аɧалиɡ  
ɨɧɤɨɦаɪɤеɪɨв ɫ ɩɨɦɨщьɸ ɦиɤɪɨɫɮеɪ,  
ɤɨɞиɪɨваɧɧɵх ɮлɭɨɪеɫɰеɧɬɧɵɦи  

ɧаɧɨɤɪиɫɬаллаɦи 

Ɉɩуɯɨлɟɜыɟ АȽ – ɦарɤɟры Ɋɉɀ ɜыяɜлялɢ 
ɩуɬɟɦ ɤлаɫɫɢɱɟɫɤɨɝɨ ɢɦɦуɧɨаɧалɢɡа ɫ ɩɨɦɨɳɶɸ 
ɬɟɯɧɨлɨɝɢɢ «лаɛɨраɬɨрɢя-ɧа-ɦɢɤрɨɱаɫɬɢɰɟ». Ⱦля 
эɬɨɝɨ раɫɩɨɡɧаɸɳɢɟ АɌ ɤ ɫɜɨɛɨɞɧɨɦу ɢлɢ ɨɛɳɟɦу 
ɉСА (Fujirebio Diagnostics) ɫɜяɡыɜалɢɫɶ ɫ аɞаɩɬɟр-
ɧыɦɢ ɦɨлɟɤулаɦɢ ɛɟлɤа А (Thermo Fisher Scientific) 
ɧа ɩɨɜɟрɯɧɨɫɬɢ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ КɌ ɫ 
ɦаɤɫɢɦуɦаɦɢ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 515 ɢлɢ 581 ɧɦ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɍаɤɢɦ ɨɛраɡɨɦ, ɦɢɤрɨɫɮɟры, ɤɨɜалɟɧɬɧɨ 
ɫɜяɡаɧɧыɟ ɫ аɞаɩɬɟрɧыɦɢ ɦɨлɟɤулаɦɢ, ɩɨɫлɟɞɨɜа-
ɬɟлɶɧɨ ɢɧɤуɛɢрɨɜалɢɫɶ ɫ ɤɨɦɩɨɧɟɧɬаɦɢ ɞɢаɝɧɨ-
ɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦы: раɫɩɨɡɧаɸɳɢɦ АȽ-
ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɦɨɧɨɤлɨɧалɶɧыɦ АɌ; ɜыяɜляɟɦыɦ 
АȽ (ɨɞɧа ɢɡ ɮɨрɦ ɉСА); ɞɟɬɟɤɬɨрɧыɦ ɦɨɧɨɤлɨ-
ɧалɶɧыɦ АɌ; ɜɬɨрɢɱɧыɦ ɛɢɨɬɢɧɢлɢрɨɜаɧɧыɦ ɩɨ-
лɢɤлɨɧалɶɧыɦ АɌ; ɤɨɧɴɸɝаɬɨɦ ɫɬрɟɩɬаɜɢɞɢɧа ɫ 
ɮлуɨрɨɮɨрɨɦ, ɜɢɡуалɢɡɢруɸɳɢɦ ɞɢаɝɧɨɫɬɢɱɟɫɤуɸ 
ɫɢɫɬɟɦу. ɉɨɜɟрɯɧɨɫɬɧыɟ ɞɟɬɟɤɬɨрɧыɟ АɌ (Fujirebio 
Diagnostics) ɛылɢ ɨɛɳɢɦɢ ɞля ɨɛɟɢɯ ɮɨрɦ ɉСА. В 
ɤаɱɟɫɬɜɟ ɜɬɨрɢɱɧыɯ АɌ ɛылɢ ɢɫɩɨлɶɡɨɜаɧы ɛɢɨɬɢ-
ɧɢлɢрɨɜаɧɧыɟ F(ab)2-ɮраɝɦɟɧɬы ɩɨлɢɤлɨɧалɶɧыɯ 
АɌ ɤ Fc-ɮраɝɦɟɧɬаɦ ɦыɲɢɧыɯ ɢɦɦуɧɨɝлɨɛулɢɧɨɜ 
(Sigma-Aldrich).  

ɉɨлуɱɟɧɧыɟ ɤɨɦɩлɟɤɫы ɜɢɡуалɢɡɢрɨɜалɢɫɶ ɫ 
ɩɨɦɨɳɶɸ ɤɨɧɴɸɝаɬа ɫɬрɟɩɬаɜɢɞɢɧа ɫ ɮлуɨрɟɫ-
ɰɟɧɬɧыɦ ɤраɫɢɬɟлɟɦ Tri-COLOR (Invitrogen). 

АȽ-ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɦɢɤрɨɫɮɟры ɛылɢ ɨɬɤа-
лɢɛрɨɜаɧы ɫ ɩɨɦɨɳɶɸ ɫɬаɧɞарɬɧыɯ раɫɬɜɨрɨɜ, ɫɨ-
ɞɟрɠаɳɢɯ ɢɡɜɟɫɬɧыɟ ɤɨлɢɱɟɫɬɜа рɟɤɨɦɛɢɧаɧɬɧɨɝɨ 
АȽ (ɉСА) (Abcam) ɜ ɞɢаɩаɡɨɧɟ ɤɨɧɰɟɧɬраɰɢɣ 0–
100 ɧɝ/ɦл ɞля ɫɜɨɛɨɞɧɨɝɨ ɢ 0–2000 ɧɝ/ɦл ɞля ɨɛɳɟ-
ɝɨ ɉСА. 

Ⱦля аɧалɢɡа ɤлɢɧɢɱɟɫɤɢɯ ɨɛраɡɰɨɜ АȽ-
ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɦɢɤрɨɫɮɟры ɫɦɟɲɢɜалɢɫɶ ɜ эɤɜɢ-
ɜалɟɧɬɧыɯ ɤɨлɢɱɟɫɬɜаɯ (ɩɨ 20000 ɦɢɤрɨɫɮɟр ɤаɠ-
ɞɨɝɨ ɬɢɩа ɜ ɫуɫɩɟɧɡɢɢ ɨɛɴɟɦɨɦ 50 ɦɤл ɞля аɧалɢɡа 
ɨɞɧɨɝɨ ɨɛраɡɰа) ɢ ɢɧɤуɛɢрɨɜалɢɫɶ ɫ ɫыɜɨрɨɬɤɨɣ 
ɤрɨɜɢ (50 ɦɤл) ɡɞɨрɨɜыɯ ɞɨɧɨрɨɜ ɢ ɨɧɤɨлɨɝɢɱɟɫɤɢɯ 
ɩаɰɢɟɧɬɨɜ ɫ ɜыɫɨɤɢɦ урɨɜɧɟɦ ɉСА. Ɍɨɱɧыɟ ɫыɜɨ-
рɨɬɨɱɧыɟ ɤɨɧɰɟɧɬраɰɢɢ ɞɜуɯ ɮɨрɦ ɉСА ɛылɢ 
ɩрɟɞɜарɢɬɟлɶɧɨ ɨɩрɟɞɟлɟɧы ɫ ɩɨɦɨɳɶɸ ɫɬаɧɞарɬ-
ɧɨɝɨ ɂɎА ɫ ɢɫɩɨлɶɡɨɜаɧɢɟɦ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɧа-
ɛɨрɨɜ ɩрɨɢɡɜɨɞɫɬɜа Fujirebio Diagnostics. Ɉɛраɡɰы 
ɫыɜɨрɨɬɤɢ ɤрɨɜɢ ɡɞɨрɨɜыɯ ɞɨɧɨрɨɜ ɢ ɛɨлɶɧыɯ 
Ɋɉɀ ɛылɢ ɩрɟɞɨɫɬаɜлɟɧы Ɉɬɞɟлɟɧɢɟɦ урɨлɨɝɢɢ ɢ 
Ɉɬɞɟлɨɦ ɤлɢɧɢɱɟɫɤɨɣ ɢɦɦуɧɨлɨɝɢɢ ɎȽȻɇɍ 
«ɊɈɇɐ ɢɦ. ɇ.ɇ. Ȼлɨɯɢɧа». 

ɉрɢ аɧалɢɡɟ раɡраɛɨɬаɧɧɨɣ ɫуɫɩɟɧɡɢɨɧɧɨɣ 
ɫɢɫɬɟɦы ɫ ɩɨɦɨɳɶɸ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ ɜɨɡɛу-
ɠɞɟɧɢɟ ɮлуɨрɟɫɰɟɧɰɢɢ КɌ ɢ ɜɬɨрɢɱɧɨɣ ɮлуɨрɟɫ-
ɰɟɧɬɧɨɣ ɦɟɬɤɢ, ɜɢɡуалɢɡɢруɸɳɟɣ ɢɦɦуɧɧыɟ ɤɨɦ-
ɩлɟɤɫы, ɨɫуɳɟɫɬɜлялɨɫɶ ɫ ɩɨɦɨɳɶɸ арɝɨɧɧɨɝɨ ла-
ɡɟра ɫ ɞлɢɧɨɣ ɜɨлɧы ɢɡлуɱɟɧɢя 488 ɧɦ 
(FACSCantoII, Becton Dickinson). Ɉɩɬɢɱɟɫɤɢɟ ɤɨɞы 
ɩɨɩуляɰɢɣ ɦɢɤрɨɫɮɟр ɢ ɮлуɨрɟɫɰɟɧɰɢя ɜɬɨрɢɱɧɨɣ 
ɜɢɡуалɢɡɢруɸɳɟɣ ɦɟɬɤɢ рɟɝɢɫɬрɢрɨɜалɢɫɶ ɜ ɫɬаɧ-
ɞарɬɧыɯ ɤаɧалаɯ ɩрɨɬɨɱɧɨɝɨ ɰɢɬɨɦɟɬра: FITC 
(fluorescein) (ɦɢɤрɨɫɮɟры, ɤɨɞɢрɨɜаɧɧыɟ КɌ ɫ ɦаɤ-
ɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 515 ɧɦ); PE 
(phycoerythrin) (ɦɢɤрɨɫɮɟры, ɤɨɞɢрɨɜаɧɧыɟ КɌ ɫ 
ɦаɤɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 581 ɧɦ) ɢ PE-Cy5 
(phycoerythrin-cyanine 5) (Tri-COLOR, 670 ɧɦ). Ɋɟ-
ɡулɶɬаɬы аɧалɢɡа ɫɢɫɬɟɦы ɡаɩɢɫыɜалɢɫɶ ɞɨ ɡɧаɱɟ-
ɧɢя 5000–10000 ɞɟɬɟɤɬɢруɟɦыɯ ɫɨɛыɬɢɣ ɧа ɨɛраɡɟɰ 
ɢ ɨɛраɛаɬыɜалɢɫɶ ɫ ɩɨɦɨɳɶɸ ɩаɤɟɬа ɩрɨɝраɦɦ 
FACSDiva (Becton Dickinson). 

 
Ɋɟɡɭɥɶɬɚɬы ɢ оɛсɭɠɞɟɧɢɟ 
 

ɋиɧɬеɡ ɦиɤɪɨɫɮеɪ,  
ɨɩɬичеɫɤи ɤɨɞиɪɨваɧɧɵх  
ɮлɭɨɪеɫɰеɧɬɧɵɦи ɧаɧɨɤɪиɫɬаллаɦи 

С ɩɨɦɨɳɶɸ аɞаɩɬɢрɨɜаɧɧɨɣ ɩрɨɰɟɞуры 
ɮɨрɦɢрɨɜаɧɢя ɦɧɨɝɨɫлɨɣɧɨɣ ɩɨлɢɦɟрɧɨɣ ɨɛɨлɨɱ-
ɤɢ ɫ ɜɤлɸɱɟɧɢɟɦ ɜ ɟɟ ɫɨɫɬаɜ ɮлуɨрɟɫɰɟɧɬɧыɯ ɧа-
ɧɨɤрɢɫɬаллɨɜ ɨɞɧɨɝɨ ɬɢɩа ɛылɢ ɫɢɧɬɟɡɢрɨɜаɧы 
ɩɨɩуляɰɢɢ ɨɞɧɨɰɜɟɬɧыɯ ɦɢɤрɨɫɮɟр ɞɢаɦɟɬрɨɦ 
4,08 ɦɤɦ ɫ ɦаɤɫɢɦуɦаɦɢ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 515 ɢлɢ 
581 ɧɦ, ɩрɟɞɧаɡɧаɱɟɧɧыɟ ɞля ɨɞɧɨɜрɟɦɟɧɧɨɝɨ ɜы-
яɜлɟɧɢя ɧɟɫɤɨлɶɤɢɯ ɨɧɤɨɦарɤɟрɨɜ. Аɧалɢɡ ɦɢɤрɨ-
ɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ КɌ, ɫ ɩɨɦɨɳɶɸ ɩрɨɬɨɱɧɨɣ 
ɰɢɬɨɦɟɬрɢɢ ɩɨɤаɡал, ɱɬɨ ɩɨлуɱɟɧɧыɟ ɨɛраɡɰы ɝɨ-
ɦɨɝɟɧɧы ɢ ɨɛлаɞаɸɬ ɢɧɬɟɧɫɢɜɧɨɣ ɮлуɨрɟɫɰɟɧɰɢɟɣ 
(рɢɫ. 1, А ɢ Ȼ). Ɉɩɬɢɱɟɫɤɢɟ ɤɨɞы ɢɧɞɢɜɢɞуалɶɧыɯ 
ɩɨɩуляɰɢɣ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ КɌ ɫ раɡлɢɱ-
ɧыɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜаɦɢ, ɛылɢ ɜɢɡуалɶɧɨ 
раɡлɢɱɢɦы ɜ ɫɦɟɫɢ ɨɛраɡɰɨɜ. 

 

Кɨɧɴɸɝаɰия аɞаɩɬеɪɧɵх ɦɨлеɤɭл  

ɫ ɩɨвеɪхɧɨɫɬьɸ ɮлɭɨɪеɫɰеɧɬɧɵх ɦиɤɪɨɫɮеɪ 
Ⱦля ɮɨрɦɢрɨɜаɧɢя ɮуɧɤɰɢɨɧалɶɧыɯ ɦɢɤрɨ-

ɱɢɩɨɜ ɢ эɮɮɟɤɬɢɜɧɨɣ ɤɨлɢɱɟɫɬɜɟɧɧɨɣ ɞɟɬɟɤɰɢɢ 
раɫɬɜɨрɢɦыɯ ɨɧɤɨɦарɤɟрɨɜ ɮлуɨрɟɫɰɟɧɬɧыɟ ɦɢɤ-
рɨɫɮɟры ɛылɢ ɤɨɧɴɸɝɢрɨɜаɧы ɫ аɞаɩɬɟрɧыɦɢ ɛɟл-
ɤаɦɢ (ɛɟлɨɤ А). Ȼаɤɬɟрɢалɶɧыɟ ɛɟлɤɢ А ɢ G ɫɨɞɟр-
ɠаɬ ɜ ɫɜɨɟɣ ɫɬруɤɬурɟ ɫɩɟɰɢɮɢɱɟɫɤɢɟ уɱаɫɬɤɢ, ɨɛ-
лаɞаɸɳɢɟ ɜыɫɨɤɢɦ ɫрɨɞɫɬɜɨɦ ɤ Fc-ɤɨɧɰɟɜыɦ 
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ɮраɝɦɟɧɬаɦ ɢɦɦуɧɨɝлɨɛулɢɧɨɜ ɤлаɫɫа G ɦлɟɤɨɩɢ-
ɬаɸɳɢɯ [5]. Ɋɟɤɨɦɛɢɧаɧɬɧыɟ ɛɟлɤɢ А ɢ G ɲɢрɨɤɨ 
ɢɫɩɨлɶɡуɸɬɫя ɜ аɮɮɢɧɧɨɣ ɯрɨɦаɬɨɝраɮɢɢ ɜ ɤаɱɟ-
ɫɬɜɟ аɮɮɢɧɧɨɝɨ ɧɨɫɢɬɟля-ɫɨрɛɟɧɬа, ɫ ɤɨɬɨрыɦ ɫɩɟ-
ɰɢɮɢɱɟɫɤɢ ɫɜяɡыɜаɸɬɫя ɢɦɦуɧɨɝлɨɛулɢɧы G (АɌ), 
ɞля ɜыɫɨɤɨɢɡɛɢраɬɟлɶɧɨɝɨ ɜыɞɟлɟɧɢя ɦɨɧɨɤлɨ-
ɧалɶɧыɯ АɌ ɢɡ раɡɧɨɝɨ рɨɞа ɛɢɨлɨɝɢɱɟɫɤɢɯ ɨɛраɡ-
ɰɨɜ, ɬаɤɢɯ, ɤаɤ ɤулɶɬуралɶɧая ɫрɟɞа, аɫɰɢɬɧая ɠɢɞ-
ɤɨɫɬɶ ɢ ɬ.ɞ. 

ɉрɟɢɦуɳɟɫɬɜа ɬаɤɨɝɨ ɩɨɞɯɨɞа ɜ раɡраɛɨɬаɧ-
ɧɨɣ ɞɢаɝɧɨɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɡаɤлɸɱаɸɬɫя ɜ ɩра-
ɜɢлɶɧɨɣ ɨрɢɟɧɬаɰɢɢ АȽ-ɫɩɟɰɢɮɢɱɟɫɤɢɯ уɱаɫɬɤɨɜ 
ɦɨлɟɤулы раɫɩɨɡɧаɸɳɟɝɨ АɌ ɧа ɩɨɜɟрɯɧɨɫɬɢ ɦɢɤ-
рɨɫɮɟры ɡа ɫɱɟɬ ɫɜяɡыɜаɧɢя ɟɝɨ Fc-ɮраɝɦɟɧɬɨɜ ɫ 
ɛɟлɤɨɦ-аɞаɩɬɟрɨɦ, ɱɬɨ ɝараɧɬɢруɟɬ ɮɨрɦɢрɨɜаɧɢɟ 
ɩɨлɧɨɰɟɧɧыɯ ɮуɧɤɰɢɨɧалɶɧыɯ ɢɦɦуɧɨɞɢаɝɧɨɫɬɢ-
ɱɟɫɤɢɯ ɦɢɤрɨɱɢɩɨɜ ɞля ɤɨлɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩрɟɞɟлɟ-
ɧɢя ɦарɤɟрɨɜ. ɂɫɩɨлɶɡɨɜаɧɢɟ ɩɨɜɟрɯɧɨɫɬɧыɯ аɞаɩ-
ɬɟрɧыɯ ɛɟлɤɨɜ ɬаɤɠɟ ɨɛɟɫɩɟɱɢɜаɟɬ ɩрɢɧɰɢɩɢалɶ-
ɧуɸ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞаɧɢя уɧɢɜɟрɫалɶɧыɯ ɧаɛɨрɨɜ 
ɩɨɩуляɰɢɣ ɮлуɨрɟɫɰɟɧɬɧыɯ ɦɢɤрɨɱаɫɬɢɰ, ɤɨɬɨрыɟ 
ɦɨɠɧɨ эɮɮɟɤɬɢɜɧɨ ɤɨɦɛɢɧɢрɨɜаɬɶ ɢ аɞаɩɬɢрɨɜаɬɶ 
ɞля аɧалɢɡа раɡлɢɱɧыɯ ɩрɨɮɢлɟɣ ɦарɤɟрɨɜ. 

В ɤаɱɟɫɬɜɟ ɜɬɨрɢɱɧыɯ аɝɟɧɬɨɜ ɞля ɜɢɡуалɢ-
ɡаɰɢɢ ɞɟɬɟɤɬɨрɧыɯ ɤɨɦɩлɟɤɫɨɜ ɧа ɩɨɜɟрɯɧɨɫɬɢ 
ɦɢɤрɨɫɮɟр ɢɫɩɨлɶɡɨɜалɢ ɛɢɨɬɢɧɢлɢрɨɜаɧɧыɟ 
F(ab)2-ɮраɝɦɟɧɬы ɩɨлɢɤлɨɧалɶɧыɯ АɌ, ɫɩɟɰɢɮɢɱ-
ɧыɟ ɤ Fc-ɮраɝɦɟɧɬаɦ ɦыɲɢɧыɯ ɢɦɦуɧɨɝлɨɛулɢ-
ɧɨɜ, ɢ ɤɨɧɴɸɝаɬ ɫɬрɟɩɬаɜɢɞɢɧа ɫ ɮлуɨрɟɫɰɟɧɬɧыɦ 
ɤраɫɢɬɟлɟɦ Tri-COLOR. Ɍаɤɢɟ АɌ лɢɲɟɧы ɫɜɨɢɯ 
Fc-ɮраɝɦɟɧɬɨɜ ɢ ɧɟ ɫɩɨɫɨɛɧы ɫɜяɡыɜаɬɶɫя ɧɟɩɨ-
ɫрɟɞɫɬɜɟɧɧɨ ɫ аɞаɩɬɟрɧыɦɢ ɦɨлɟɤулаɦɢ ɛɟлɤа А, 
ɱɬɨ ɩɨɡɜɨляɟɬ ɡɧаɱɢɬɟлɶɧɨ ɫɧɢɡɢɬɶ лɨɠɧɨɩɨлɨɠɢ-
ɬɟлɶɧыɣ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɣ ɫɢɝɧал. Крɨɦɟ ɬɨɝɨ, ɩрɢ 
ɬаɤɨɦ ɦɟɬɨɞɟ аɧалɢɡа ɨɛа АȽ-ɫɩɟɰɢɮɢɱɟɫɤɢɯ АɌ ɢɡ 
ɩары ɨɫɬаɜалɢɫɶ ɢɧɬаɤɬɧыɦɢ, ɱɬɨ ɝараɧɬɢрɨɜалɨ 
ɫɨɯраɧɟɧɢɟ ɜыɫɨɤɨɣ аɮɮɢɧɧɨɫɬɢ ɢ ɫɩɟɰɢɮɢɱɧɨɫɬɢ 
ɦɨɧɨɤлɨɧалɶɧыɯ АɌ. 

ɑɬɨɛы ɨɰɟɧɢɬɶ эɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɧɴɸɝаɰɢɢ 
ɦɨлɟɤул-аɞаɩɬɟрɨɜ, ɦɢɤрɨɫɮɟры ɢɧɤуɛɢрɨɜалɢ ɫ 
ɩɨлɧɨраɡɦɟрɧыɦɢ ɩɨлɢɤлɨɧалɶɧыɦɢ АɌ, ɦɟɱɟɧ-
ɧыɦɢ ɮлуɨрɟɫɰɟɢɧɨɦ (Invitrogen). ɉɨ ɢɧɬɟɧɫɢɜɧɨ-
ɫɬɢ ɮлуɨрɟɫɰɟɧɰɢɢ ɜɬɨрɢɱɧɨɣ ɦɟɬɤɢ (ɮлуɨрɟɫɰɟɢ-
ɧа) ɦɨɠɧɨ ɛылɨ ɨɰɟɧɢɬɶ ɤɨлɢɱɟɫɬɜɨ ɛɟлɤа А, ɫɜя-
ɡыɜаɸɳɟɝɨ Fc-ɮраɝɦɟɧɬы ɦɟɱɟɧыɯ ɩɨлɧɨраɡɦɟр-
ɧыɯ АɌ, ɧа ɩɨɜɟрɯɧɨɫɬɢ ɦɢɤрɨɫɮɟр (рɢɫ. 1, В). В 
алɶɬɟрɧаɬɢɜɧɨɦ ɤɨɧɬрɨлɶɧɨɦ эɤɫɩɟрɢɦɟɧɬɟ ɫ ɢɧ-
ɤуɛаɰɢɟɣ ɦɢɤрɨɫɮɟр ɫ F(ab)2-ɮраɝɦɟɧɬаɦɢ ɢɦɦу-
ɧɨɝлɨɛулɢɧɨɜ, ɦɟɱɟɧɧыɦɢ ɮлуɨрɟɫɰɟɢɧɨɦ (Sigma-
Aldrich), ɮлуɨрɟɫɰɟɧɰɢя ɜɬɨрɢɱɧɨɣ ɦɟɬɤɢ ɧɟ ɜыяɜ-
лялаɫɶ (рɢɫ. 1, Ƚ). Эɬɨ ɫɜɢɞɟɬɟлɶɫɬɜуɟɬ ɨ ɬɨɦ, ɱɬɨ 
раɡраɛɨɬаɧɧая ɫɢɫɬɟɦа ɩɨɡɜɨляɟɬ ɡɧаɱɢɬɟлɶɧɨ ɫɧɢ-
ɡɢɬɶ ɢ ɞаɠɟ ɩраɤɬɢɱɟɫɤɢ лɢɤɜɢɞɢрɨɜаɬɶ лɨɠɧɨɩɨ-
лɨɠɢɬɟлɶɧыɣ ɮлуɨрɟɫɰɟɧɬɧыɣ ɫɢɝɧал ɧɟɫɩɟɰɢɮɢ-
ɱɟɫɤɨɝɨ ɫɜяɡыɜаɧɢя ɤɨɦɩɨɧɟɧɬɨɜ ɢɦɦуɧɨɞɢаɝɧɨ-
ɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦы ɫ ɛɟлɤɨɦ А ɩрɢ ɢɫɩɨлɶɡɨɜаɧɢɢ 
ɜɬɨрɢɱɧɨɝɨ аɝɟɧɬа ɧа ɨɫɧɨɜɟ F(ab)2-ɮраɝɦɟɧɬɨɜ 
ɢɦɦуɧɨɝлɨɛулɢɧɨɜ. 

ɉɨ рɟɡулɶɬаɬаɦ аɧалɢɡа ɫɬаɧɞарɬɧыɯ раɫɬɜɨ-
рɨɜ рɟɤɨɦɛɢɧаɧɬɧɨɝɨ АȽ ɛылɢ ɩɨɫɬрɨɟɧы ɤалɢɛрɨ-
ɜɨɱɧыɟ ɝраɮɢɤɢ ɞля ɤɨлɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩрɟɞɟлɟɧɢя 
ɞɜуɯ ɮɨрɦ ɉСА ɜ ɨɛраɡɰаɯ ɫыɜɨрɨɬɤɢ ɤрɨɜɢ (рɢɫ. 
2). Сɬаɧɞарɬɧыɟ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦы ɞля ɜы-
яɜлɟɧɢя ɉСА, ɢɫɩɨлɶɡуɟɦыɟ ɜ ɤлɢɧɢɱɟɫɤɨɣ лаɛɨ-
раɬɨрɧɨɣ ɩраɤɬɢɤɟ, ɩɨɡɜɨляɸɬ ɨɩрɟɞɟляɬɶ ɢɫɬɢɧ-
ɧыɟ ɤɨɧɰɟɧɬраɰɢɢ ɦарɤɟрɨɜ ɬɨлɶɤɨ ɜ уɡɤɢɯ ɞɢаɩа-
ɡɨɧаɯ, ɝɞɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮлуɨрɟɫɰɟɧɰɢɢ лɢɧɟɣɧɨ 
ɡаɜɢɫɢɬ ɨɬ ɢɯ ɤɨɧɰɟɧɬраɰɢɢ (0–10 ɧɝ/ɦл ɞля ɫɜɨ-
ɛɨɞɧɨɝɨ ɢ 0–60 ɧɝ/ɦл ɞля ɨɛɳɟɝɨ ɉСА). Ⱦля аɧалɢ-
ɡа ɨɛраɡɰɨɜ ɫ ɛɨлɟɟ ɜыɫɨɤɢɦɢ урɨɜɧяɦɢ ɨɧɤɨɦар-
ɤɟрɨɜ ɧɟɨɛɯɨɞɢɦа ɩрɟɞɜарɢɬɟлɶɧая ɩɨɞɝɨɬɨɜɤа ɨɛ-

раɡɰа ɫ ɟɝɨ раɡɜɟɞɟɧɢɟɦ ɞɨ ɤɨɧɰɟɧɬраɰɢɢ, ɩɨɩа-
ɞаɸɳɟɣ ɜ ɞɢаɩаɡɨɧ лɢɧɟɣɧɨɣ ɡаɜɢɫɢɦɨɫɬɢ. Каɤ 
ɜɢɞɧɨ ɢɡ рɢɫ. 2, ɜ эɬɨɦ ɨɬɧɨɲɟɧɢɢ раɡраɛɨɬаɧɧая 
ɧаɦɢ ɫуɫɩɟɧɡɢɨɧɧая ɫɢɫɬɟɦа ɦɢɤрɨɫɮɟр ɜыɝɨɞɧɨ 
ɨɬлɢɱаɟɬɫя ɨɬ ɧыɧɟ ɫуɳɟɫɬɜуɸɳɢɯ: ɤалɢɛрɨɜɨɱɧыɟ 
ɝраɮɢɤɢ ɫɨɞɟрɠаɬ ɞɢɫɤрɟɬɧыɟ лɢɧɟɣɧыɟ уɱаɫɬɤɢ ɧа 
ɜɫɟɦ ɞɢаɩаɡɨɧɟ ɤɨɧɰɟɧɬраɰɢɣ АȽ ɜ ɤалɢɛрɨɜɨɱɧыɯ 
ɩрɨɛаɯ (0–100 ɧɝ/ɦл ɞля ɫɜɨɛɨɞɧɨɝɨ ɢ 0–2000 ɧɝ/ɦл 
ɞля ɨɛɳɟɝɨ ɉСА). Ⱦруɝɢɦɢ ɫлɨɜаɦɢ, раɡраɛɨɬаɧɧая 
ɫɢɫɬɟɦа ɩɨɡɜɨляɟɬ ɨɩрɟɞɟляɬɶ ɤаɤ ɧɢɡɤɢɟ, ɬаɤ ɢ 
ɨɱɟɧɶ ɜыɫɨɤɢɟ ɤɨɧɰɟɧɬраɰɢɢ ɨɧɤɨɦарɤɟрɨɜ ɛɟɡ 
ɩрɟɞɜарɢɬɟлɶɧɨɝɨ раɡɜɟɞɟɧɢя ɨɛраɡɰа ɢ ɢɡɛɟɠаɬɶ 
ɩɨяɜлɟɧɢя лɨɠɧыɯ рɟɡулɶɬаɬɨɜ ɩрɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ 
ɬаɤ ɧаɡыɜаɟɦɨɝɨ ɯуɤ-эɮɮɟɤɬа, ɯараɤɬɟрɧɨɝɨ ɞля 
ɫɬаɧɞарɬɧɨɝɨ ɬɜɟрɞɨɮаɡɧɨɝɨ ɢɦɦуɧɨаɧалɢɡа ɧа 
ɩлаɧарɧыɯ ɧɨɫɢɬɟляɯ [9]. 

Ⱦля ɩрɨɜɟрɤɢ ɩрɢɦɟɧɢɦɨɫɬɢ ɩрɟɞлаɝаɟɦɨɣ 
ɧаɦɢ ɞɢаɝɧɨɫɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦы ɜ ɤлɢɧɢɱɟɫɤɢɯ уɫ-
лɨɜɢяɯ ɦы ɩрɨаɧалɢɡɢрɨɜалɢ ɧɟɫɤɨлɶɤɨ ɨɛраɡɰɨɜ 
ɫыɜɨрɨɬɤɢ ɤрɨɜɢ ɛɨлɶɧыɯ Ɋɉɀ ɢ ɡɞɨрɨɜыɯ ɞɨɧɨ-
рɨɜ ɠɟɧɫɤɨɝɨ ɩɨла ɫ ɩɨɦɨɳɶɸ раɡраɛɨɬаɧɧыɯ ɫуɫ-
ɩɟɧɡɢɨɧɧыɯ ɦɢɤрɨɱɢɩɨɜ (рɢɫ. 3) ɢ ɫраɜɧɢлɢ рɟ-
ɡулɶɬаɬы ɫ ɞаɧɧыɦɢ, ɩɨлуɱɟɧɧыɦɢ раɧɟɟ ɫ ɩɨɦɨ-
ɳɶɸ ɫɬаɧɞарɬɧɨɝɨ ɤлɢɧɢɤɨ-лаɛɨраɬɨрɧɨɝɨ ɦɟɬɨɞа 
ɂɎА (Fujirebio Diagnostics). ɉрɢ аɧалɢɡɟ ɨɛраɡɨɜ 
ɫыɜɨрɨɬɤɢ ɡɞɨрɨɜыɯ ɞɨɧɨрɨɜ ɠɟɧɫɤɨɝɨ ɩɨла ɫɢɝɧал 
ɫɜяɡыɜаɧɢя ɜɬɨрɢɱɧɨɣ ɮлуɨрɟɫɰɟɧɬɧɨɣ ɦɟɬɤɢ ɧа 
ɩɨɜɟрɯɧɨɫɬɢ АȽ-ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɦɢɤрɨɫɮɟр ɨɫɬа-
ɜалɫя ɧɢɡɤɢɦ (рɢɫ. 3, В) ɢ ɫɨɨɬɜɟɬɫɬɜɨɜал ɧɟɫɩɟɰɢ-
ɮɢɱɟɫɤɨɦу ɫɢɝɧалу (PE-Cy5-ɨɬрɢɰаɬɟлɶɧая ɩɨɩу-
ляɰɢя) (рɢɫ. 3, Ȼ). ɉɨɫлɟ ɢɧɤуɛаɰɢɢ ɫ ɫыɜɨрɨɬɤɨɣ 
ɤрɨɜɢ ɛɨлɶɧɨɝɨ Ɋɉɀ ɫ уɫɬаɧɨɜлɟɧɧыɦɢ ɜыɫɨɤɢɦɢ 
урɨɜɧяɦɢ ɞɜуɯ ɮɨрɦ ɉСА эɮɮɟɤɬɢɜɧɨɫɬɶ ɫɜяɡыɜа-
ɧɢя ɜ ɫɨɫɬаɜɟ ɢɦɦуɧɨɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɦɢɤрɨɱɢɩɨɜ 
ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɮлуɨрɟɫɰɟɧɰɢɢ ɜɢɡуалɢɡɢруɸɳɟɣ 
ɦɟɬɤɢ ɛылɢ ɡɧаɱɢɬɟлɶɧɨ ɜыɲɟ (PE-Cy5-
ɩɨлɨɠɢɬɟлɶɧая ɩɨɩуляɰɢя) (рɢɫ. 3, Ƚ). Эɬɢ рɟɡулɶ-
ɬаɬы ɫɜɢɞɟɬɟлɶɫɬɜуɸɬ ɨ ɬɨɦ, ɱɬɨ раɡраɛɨɬаɧɧая 
ɫуɫɩɟɧɡɢɨɧɧая ɫɢɫɬɟɦа ɧа ɨɫɧɨɜɟ ɦɢɤрɨɫɮɟр, ɤɨɞɢ-
рɨɜаɧɧыɯ КɌ, ɩɨɡɜɨляɟɬ ɨɰɟɧɢɬɶ ɫɨɞɟрɠаɧɢɟ ɞɜуɯ 
ɮɨрɦ ɉСА ɢ ɤаɱɟɫɬɜɟɧɧɨ ɞɢɮɮɟрɟɧɰɢрɨɜаɬɶ ɫыɜɨ-
рɨɬɤɢ ɡɞɨрɨɜыɯ ɞɨɧɨрɨɜ ɢ ɛɨлɶɧыɯ Ɋɉɀ. 

 
Ɂɚɤɥɸчɟɧɢɟ 
 
Сɨɜрɟɦɟɧɧыɟ ɤлɢɧɢɤɨ-лаɛɨраɬɨрɧыɟ ɦɟɬɨɞы 

раɧɧɟɣ ɞɢаɝɧɨɫɬɢɤɢ ɨɧɤɨлɨɝɢɱɟɫɤɢɯ ɡаɛɨлɟɜаɧɢɣ ɢ 
ɜыɛɨра ɫɬраɬɟɝɢɢ ɢɯ лɟɱɟɧɢя ɨɫɧɨɜаɧы ɧа ɨɩрɟɞɟ-
лɟɧɢɢ ɩрɨɮɢля ɢ ɤɨлɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɞɟрɠаɧɢя ɢɡ-
ɜɟɫɬɧыɯ ɨɧɤɨɦарɤɟрɨɜ ɜ ɤлɢɧɢɱɟɫɤɢɯ ɨɛраɡɰаɯ 
[19]. В ɛɨлɶɲɢɧɫɬɜɟ ɫлуɱаɟɜ ɞля уɫɬаɧɨɜлɟɧɢя ɬɨɱ-
ɧɨɝɨ ɞɢаɝɧɨɡа ɬрɟɛуɟɬɫя ɤɨлɢɱɟɫɬɜɟɧɧɨɟ ɨɩрɟɞɟлɟ-
ɧɢɟ ɰɟлɨɝɨ ɧаɛɨра ɨɧɤɨɦарɤɟрɨɜ ɜ ɨɞɧɨɦ ɨɛраɡɰɟ. 
Ɍраɞɢɰɢɨɧɧыɟ ɦɟɬɨɞы ɬɜɟрɞɨɮаɡɧɨɝɨ ɢɦɦуɧɨаɧа-
лɢɡа ɧа ɩлаɧарɧыɯ ɧɨɫɢɬɟляɯ ɩɨ-ɩрɟɠɧɟɦу ɨɫɬаɸɬ-
ɫя ɧаɢɛɨлɟɟ раɫɩрɨɫɬраɧɟɧɧыɦ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ ɜ ɤлɢɧɢɱɟɫɤɨɣ ɩраɤɬɢɤɟ [2]. К ɫɨɠалɟɧɢɸ, 
ɫɜɨɣɫɬɜа ɧɟɩɨɞɜɢɠɧɨɣ ɩлаɧарɧɨɣ ɦаɬрɢɰы ɜɨ ɦɧɨ-
ɝɨɦ ɨɝраɧɢɱɢɜаɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɟраɬɢɜɧɨɣ ɦɨ-
ɞɢɮɢɤаɰɢɢ ɩрɨɮɢля аɧалɢɡɢруɟɦыɯ ɩараɦɟɬрɨɜ, 
ɱуɜɫɬɜɢɬɟлɶɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ, ɤаɱɟɫɬɜɨ ɢ ɫɤɨрɨɫɬɶ 
ɞɟɬɟɤɰɢɢ. Мɧɨɝɨɩараɦɟɬрɢɱɟɫɤɢɟ ɫуɫɩɟɧɡɢɨɧɧыɟ 
ɦɢɤрɨɱɢɩы ɧа ɨɫɧɨɜɟ ɨɩɬɢɱɟɫɤɢ ɤɨɞɢрɨɜаɧɧыɯ 
ɦɢɤрɨɫɮɟр ɢɦɟɸɬ ряɞ ɩрɟɢɦуɳɟɫɬɜ ɩɨ ɫраɜɧɟɧɢɸ ɫ 
ɤлаɫɫɢɱɟɫɤɢɦɢ ɩлаɧарɧыɦɢ ɛɢɨɱɢɩаɦɢ [14]. Ⱦля 
ɬаɤɢɯ ɫɢɫɬɟɦ ɯараɤɬɟрɧы луɱɲая ɤɢɧɟɬɢɤа ɫɜяɡы-
ɜаɧɢя, ɛɨлɟɟ ɲɢрɨɤɢɟ ɞɢаɩаɡɨɧы ɨɩрɟɞɟляɟɦыɯ 
ɤɨɧɰɟɧɬраɰɢɣ ɜ рɟɠɢɦɟ ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤɨɝɨ 
аɧалɢɡа, ɩрɢɧɰɢɩɢалɶɧая ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɟраɬɢɜɧɨ-
ɝɨ уɜɟлɢɱɟɧɢя ɤɨлɢɱɟɫɬɜа ɜыяɜляɟɦыɯ ɛɢɨɦарɤɟ-
рɨɜ [1; 8; 22]. 
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Ɋɢс. 1. Кɨɧɬрɨлɶ эɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɧɴɸɝаɰɢɢ аɞаɩɬɟрɧыɯ ɦɨлɟɤул ɛɟлɤа А ɧа ɩɨɜɟрɯɧɨɫɬɢ ɦɢɤрɨɫɮɟр ɞɢаɦɟɬ-
рɨɦ 4,08 ɦɤɦ, ɤɨɞɢрɨɜаɧɧыɯ КɌ, ɫ ɩɨɦɨɳɶɸ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. Вɨɡɛуɠɞɟɧɢɟ ɮлуɨрɟɫɰɟɧɰɢɢ КɌ ɢ ɜɬɨ-
рɢɱɧɨɣ ɮлуɨрɟɫɰɟɧɬɧɨɣ ɦɟɬɤɢ ɨɫуɳɟɫɬɜлялɨɫɶ ɫ ɩɨɦɨɳɶɸ арɝɨɧɧɨɝɨ лаɡɟра ɫ ɞлɢɧɨɣ ɜɨлɧы ɢɡлуɱɟɧɢя 488 ɧɦ: 

а. ɤарɛɨɤɫɢлɢрɨɜаɧɧыɟ лаɬɟɤɫɧыɟ ɦɢɤрɨɱаɫɬɢɰы, ɢɫɩɨлɶɡɨɜаɧɧыɟ ɜ ɤаɱɟɫɬɜɟ ɦаɬрɢɰы ɞля ɫɢɧɬɟɡа ɦɢɤрɨɫɮɟр, ɨɩɬɢ-
ɱɟɫɤɢ ɤɨɞɢрɨɜаɧɧыɯ КɌ (ɊЕ-ɨɬрɢɰаɬɟлɶɧая, FITC-ɨɬрɢɰаɬɟлɶɧая ɩɨɩуляɰɢя); 

ɛ. ɦɢɤрɨɫɮɟры, ɤɨɞɢрɨɜаɧɧыɟ КɌ ɫ ɦаɤɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 581 ɧɦ (PE-ɩɨлɨɠɢɬɟлɶɧая, FITC-ɨɬрɢɰаɬɟлɶɧая 
ɩɨɩуляɰɢя); 

ɜ. ɦɢɤрɨɫɮɟры, ɤɨɞɢрɨɜаɧɧыɟ КɌ ɫ ɦаɤɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 581 ɧɦ ɢ ɤɨɧɴɸɝɢрɨɜаɧɧыɟ ɫ аɞаɩɬɟрɧыɦɢ ɦɨлɟ-
ɤулаɦɢ ɛɟлɤа А: ɫɜяɡыɜаɧɢɟ ɩɨлɧɨраɡɦɟрɧыɯ ɩɨлɢɤлɨɧалɶɧыɯ АɌ, ɦɟɱɟɧɧыɯ ɮлуɨрɟɫɰɟɢɧɨɦ (PE-ɩɨлɨɠɢɬɟлɶɧая, 
FITC-ɩɨлɨɠɢɬɟлɶɧая ɩɨɩуляɰɢя); 

ɝ. ɦɢɤрɨɫɮɟры, ɤɨɞɢрɨɜаɧɧыɟ КɌ ɫ ɦаɤɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 581 ɧɦ ɢ ɤɨɧɴɸɝɢрɨɜаɧɧыɟ ɫ аɞаɩɬɟрɧыɦɢ ɦɨлɟ-
ɤулаɦɢ ɛɟлɤа А: ɨɬɫуɬɫɬɜɢɟ ɫɜяɡыɜаɧɢя F(ab)2-ɮраɝɦɟɧɬɨɜ ɢɦɦуɧɨɝлɨɛулɢɧɨɜ, ɦɟɱɟɧɧыɯ ɮлуɨрɟɫɰɟɢɧɨɦ (PE-
ɩɨлɨɠɢɬɟлɶɧая, FITC-ɨɬрɢɰаɬɟлɶɧая ɩɨɩуляɰɢя); 

ɞ. ɝɢɫɬɨɝраɦɦы раɫɩрɟɞɟлɟɧɢя ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮлуɨрɟɫɰɟɧɰɢɢ ɜɬɨрɢɱɧɨɣ ɦɟɬɤɢ (ɮлуɨрɟɫɰɟɢɧ, FITC) ɜ ɫлуɱаɟ ɫɜяɡы-
ɜаɧɢя ɦɟɱɟɧыɯ ɩɨлɧɨраɡɦɟрɧыɯ аɧɬɢɬɟл ɢлɢ ɨɬɫуɬɫɬɜɢя ɫɜяɡыɜаɧɢя ɦɟɱɟɧыɯ F(ab)2-ɮраɝɦɟɧɬɨɜ ɢɦɦуɧɨɝлɨɛулɢ-
ɧɨɜ ɫ аɞаɩɬɟрɧыɦɢ ɦɨлɟɤулаɦɢ ɛɟлɤа А, ɤɨɧɴɸɝɢрɨɜаɧɧыɦɢ ɫ ɩɨɜɟрɯɧɨɫɬɶɸ ɤɨɞɢрɨɜаɧɧыɯ ɦɢɤрɨɫɮɟр. 
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Ɋɢс. 2. Калɢɛрɨɜɨɱɧыɟ ɤрɢɜыɟ ɞля ɤɨлɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩрɟɞɟлɟɧɢя ɨɛɳɟɝɨ ɉСА ɜ ɨɛраɡɰаɯ ɫыɜɨрɨɬɤɢ ɤрɨɜɢ ɫ ɩɨ-
ɦɨɳɶɸ ɫуɫɩɟɧɡɢɨɧɧɨɣ ɫɢɫɬɟɦы ɮлуɨрɟɫɰɟɧɬɧыɯ ɦɢɤрɨɫɮɟр, ɩɨɫɬрɨɟɧɧыɟ ɩɨ рɟɡулɶɬаɬаɦ ɰɢɬɨɦɟɬрɢɱɟɫɤɨɝɨ аɧа-
лɢɡа ɤалɢɛрɨɜɨɱɧыɯ раɫɬɜɨрɨɜ рɟɤɨɦɛɢɧаɧɬɧɨɝɨ АȽ. ɉрɟɞɫɬаɜлɟɧы рɟɡулɶɬаɬы ɬрɟɯ ɧɟɡаɜɢɫɢɦыɯ эɤɫɩɟрɢɦɟɧɬɨɜ: 

а. ɤалɢɛрɨɜɨɱɧая ɤрɢɜая ɞля ɤɨлɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩрɟɞɟлɟɧɢя ɨɉСА ɜ ɞɢаɩаɡɨɧɟ 0–65 ɧɝ/ɦл; 
ɛ. ɤалɢɛрɨɜɨɱɧая ɤрɢɜая ɞля ɤɨлɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩрɟɞɟлɟɧɢя ɨɉСА ɜ ɞɢаɩаɡɨɧɟ 0–2000 ɧɝ/ɦл. 
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Ɋɢс. 3. Выяɜлɟɧɢɟ ɨɉСА ɜ ɨɛраɡɰаɯ ɫыɜɨрɨɬɤɢ ɤрɨɜɢ ɫ ɩɨɦɨɳɶɸ ɢɦɦуɧɨɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɦɢɤрɨɱɢɩɨɜ 
ɧа ɨɫɧɨɜɟ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ КɌ ɫ ɦаɤɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 581 ɧɦ, ɦɟɬɨɞɨɦ ɉɐ: 

а. ɮлуɨрɟɫɰɟɧɬɧыɟ ɦɢɤрɨɫɮɟры, ɤɨɞɢрɨɜаɧɧыɟ КɌ ɫ ɦаɤɫɢɦуɦɨɦ ɮлуɨрɟɫɰɟɧɰɢɢ ɧа 581 ɧɦ (PE-ɩɨлɨɠɢɬɟлɶɧая, 
PE-Cy5-ɨɬрɢɰаɬɟлɶɧая ɩɨɩуляɰɢя, ɨɬрɢɰаɬɟлɶɧыɣ ɤɨɧɬрɨлɶ); 

ɛ. ɮлуɨрɟɫɰɟɧɬɧыɟ ɦɢɤрɨɫɮɟры, ɩрɨɢɧɤуɛɢрɨɜаɧɧыɟ ɫ 2%-ɧыɦ раɫɬɜɨрɨɦ ɤаɡɟɢɧа ɢ ɨɫɬалɶɧыɦɢ ɤɨɦɩɨɧɟɧɬаɦɢ 
ɦɢɤрɨɱɢɩа: ɦɢɧɢɦалɶɧɨɟ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɟ ɫɜяɡыɜаɧɢɟ ɜɢɡуалɢɡɢруɸɳɟɝɨ ɤɨɧɴɸɝаɬа ɫɬрɟɩɬаɜɢɞɢɧ–Tri-
COLOR (PE-ɩɨлɨɠɢɬɟлɶɧая, PE-Cy5-ɨɬрɢɰаɬɟлɶɧая ɩɨɩуляɰɢя); 

ɜ. ɮлуɨрɟɫɰɟɧɬɧыɟ ɦɢɤрɨɫɮɟры, ɩрɨɢɧɤуɛɢрɨɜаɧɧыɟ ɫ ɫыɜɨрɨɬɤɨɣ ɤрɨɜɢ ɡɞɨрɨɜɨɝɨ ɞɨɧɨра ɠɟɧɫɤɨɝɨ ɩɨла ɢ ɨɫ-
ɬалɶɧыɦɢ ɤɨɦɩɨɧɟɧɬаɦɢ ɦɢɤрɨɱɢɩа: ɮлуɨрɟɫɰɟɧɰɢя ɜɢɡуалɢɡɢруɸɳɟɣ ɦɟɬɤɢ ɧа урɨɜɧɟ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɝɨ 
ɫɢɝɧала ɫɜяɡыɜаɧɢя (PE-ɩɨлɨɠɢɬɟлɶɧая, PE-Cy5-ɨɬрɢɰаɬɟлɶɧая ɩɨɩуляɰɢя); 

ɝ. ɮлуɨрɟɫɰɟɧɬɧыɟ ɦɢɤрɨɫɮɟры, ɩрɨɢɧɤуɛɢрɨɜаɧɧыɟ ɫ ɫыɜɨрɨɬɤɨɣ ɤрɨɜɢ ɛɨлɶɧɨɝɨ Ɋɉɀ ɢ ɨɫɬалɶɧыɦɢ ɤɨɦɩɨ-
ɧɟɧɬаɦɢ ɦɢɤрɨɱɢɩа: ɢɧɬɟɧɫɢɜɧая ɮлуɨрɟɫɰɟɧɰɢя ɜɢɡуалɢɡɢруɸɳɟɣ ɦɟɬɤɢ ɩрɢ ɫɜяɡыɜаɧɢɢ ɨɧɤɨɦарɤɟра (PE-
ɩɨлɨɠɢɬɟлɶɧая, PE-Cy5-ɩɨлɨɠɢɬɟлɶɧая ɩɨɩуляɰɢя); 

ɞ. ɝɢɫɬɨɝраɦɦы раɫɩрɟɞɟлɟɧɢя ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮлуɨрɟɫɰɟɧɰɢɢ ɜɬɨрɢɱɧɨɣ ɦɟɬɤɢ, ɜɢɡуалɢɡɢруɸɳɟɣ ɫɩɟɰɢɮɢɱɟ-
ɫɤɢɟ ɢɦɦуɧɧыɟ ɤɨɦɩлɟɤɫы ɜыяɜляɟɦɨɝɨ ɨɧɤɨɦарɤɟра ɫ аɧɬɢɬɟлаɦɢ ɩɨɫлɟ ɢɧɤуɛаɰɢɢ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧ-
ɧыɯ КɌ, ɫ ɨɛраɡɰаɦɢ ɫыɜɨрɨɬɤɢ ɤрɨɜɢ. 

 
В ɧаɫɬɨяɳɟɦ ɢɫɫлɟɞɨɜаɧɢɢ ɦы раɡраɛɨɬалɢ 

уɧɢɜɟрɫалɶɧуɸ ɦɧɨɝɨɩараɦɟɬрɢɱɟɫɤуɸ ɫуɫɩɟɧɡɢ-
ɨɧɧуɸ ɫɢɫɬɟɦу ɧɨɜɨɝɨ ɩɨɤɨлɟɧɢя ɧа ɨɫɧɨɜɟ ɦɢɤрɨ-
ɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ ɮлуɨрɟɫɰɟɧɬɧыɦɢ ɧаɧɨɤрɢ-
ɫɬаллаɦɢ, аɞаɩɬɢруɟɦуɸ ɞля аɧалɢɡа раɡлɢɱɧыɯ 
ɩрɨɮɢлɟɣ ɨɧɤɨɦарɤɟрɨɜ, ɢ ɩрɨɞɟɦɨɧɫɬрɢрɨɜалɢ 
ɩрɢɧɰɢɩы ɟɟ ɩрɢɦɟɧɟɧɢя ɧа ɩрɢɦɟрɟ ɜыяɜлɟɧɢя 
ɞɜуɯ ɮɨрɦ ɉСА – ɦарɤɟра Ɋɉɀ ɜ ɫыɜɨрɨɬɤɟ ɤрɨɜɢ 
ɱɟлɨɜɟɤа. ɉрɢɧɰɢɩ раɛɨɬы ɫуɫɩɟɧɡɢɨɧɧɨɣ ɫɢɫɬɟɦы 
ɨɫɧɨɜаɧ ɧа ɨɞɧɨɜрɟɦɟɧɧɨɦ ɜыяɜлɟɧɢɢ ɧɟɫɤɨлɶɤɢɯ 
ɨɧɤɨɦарɤɟрɨɜ, ɫɜяɡыɜаɸɳɢɯɫя ɫ ɩɨɜɟрɯɧɨɫɬɶɸ АȽ-
ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɩɨɩуляɰɢɣ ɦɢɤрɨɫɮɟр, ɨɛлаɞаɸ-

ɳɢɯ ɢɧɞɢɜɢɞуалɶɧыɦɢ ɨɩɬɢɱɟɫɤɢɦɢ ɤɨɞаɦɢ, ɫ ɩɨ-
ɫлɟɞуɸɳɟɣ ɨɰɟɧɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɮлуɨрɟɫɰɟɧɰɢɢ 
ɜɬɨрɢɱɧɨɣ ɦɟɬɤɢ, ɜɢɡуалɢɡɢруɸɳɟɣ ɞɢаɝɧɨɫɬɢɱɟ-
ɫɤɢɟ ɤɨɦɩлɟɤɫы ɤаɠɞɨɣ ɩɨɩуляɰɢɢ ɦɢɤрɨɫɮɟр ɦɟ-
ɬɨɞɨɦ ɤлаɫɫɢɱɟɫɤɨɣ ɩрɨɬɨɱɧɨɣ ɰɢɬɨɦɟɬрɢɢ. Ȼлаɝɨ-
ɞаря аɞаɩɬɟрɧыɦ ɦɨлɟɤулаɦ ɛɟлɤа А, ɤɨɧɴɸɝɢрɨ-
ɜаɧɧыɦ ɫ ɩɨɜɟрɯɧɨɫɬɶɸ ɦɢɤрɨɱаɫɬɢɰ, ɨɛɟɫɩɟɱɢɜа-
ɟɬɫя ɩраɜɢлɶɧая ɨрɢɟɧɬаɰɢя ɢ эɮɮɟɤɬɢɜɧɨɟ ɮɨрɦɢ-
рɨɜаɧɢɟ ɮуɧɤɰɢɨɧалɶɧыɯ ɞɢаɝɧɨɫɬɢɱɟɫɤɢɯ ɦɢɤрɨ-
ɱɢɩɨɜ, а ɫɢɫɬɟɦа ɦɨɠɟɬ ɛыɬɶ лɟɝɤɨ аɞаɩɬɢрɨɜаɧɧа 
ɞля аɧалɢɡа ɜыɛраɧɧɨɝɨ ɩрɨɮɢля ɫɩɟɰɢɮɢɱɟɫɤɢɯ 
ɨɧɤɨɦарɤɟрɨɜ, ɱɬɨ ɫɜɢɞɟɬɟлɶɫɬɜуɟɬ ɨ ɟɟ уɧɢɜɟр-
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ɫалɶɧɨɫɬɢ. Ɋаɡраɛɨɬаɧɧая ɫɢɫɬɟɦа ɮлуɨрɟɫɰɟɧɬɧыɯ 
ɦɢɤрɨɫɮɟр ɩɨɡɜɨляɟɬ ɨɰɟɧɢɬɶ урɨɜɟɧɶ ɫɨɞɟрɠаɧɢя 
ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɨɧɤɨɦарɤɟрɨɜ ɢ ɤаɱɟɫɬɜɟɧɧɨ ɞɢɮ-
ɮɟрɟɧɰɢрɨɜаɬɶ ɨɛраɡɰы ɫыɜɨрɨɬɤɢ ɡɞɨрɨɜыɯ ɞɨɧɨ-
рɨɜ ɢ ɨɧɤɨлɨɝɢɱɟɫɤɢɯ ɩаɰɢɟɧɬɨɜ ɫ ɩɨɜыɲɟɧɧыɦ 
ɫɨɞɟрɠаɧɢɟɦ ɨɩуɯɨлɟɜыɯ АȽ.  

Суɫɩɟɧɡɢɨɧɧыɟ ɦɢɤрɨɱɢɩы ɧɨɜɨɝɨ ɩɨɤɨлɟ-

ɧɢя ɧа ɨɫɧɨɜɟ ɦɢɤрɨɫɮɟр, ɤɨɞɢрɨɜаɧɧыɯ КɌ, ɩɨ-
ɡɜɨляɸɬ ɩрɨаɧалɢɡɢрɨɜаɬɶ ɩрɨɮɢлɶ раɫɬɜɨрɢɦыɯ 
ɨɧɤɨɦарɤɟрɨɜ ɫ ɜыɫɨɤɨɣ эɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɱуɜɫɬɜɢ-
ɬɟлɶɧɨɫɬɶɸ ɢ ɫɤɨрɨɫɬɶɸ, ɱɬɨ, ɧɟɫɨɦɧɟɧɧɨ, ɛуɞɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜаɬɶ ɫɜɨɟɜрɟɦɟɧɧɨɣ раɧɧɟɣ ɞɢаɝɧɨɫɬɢɤɟ 
ɨɧɤɨлɨɝɢɱɟɫɤɢɯ ɡаɛɨлɟɜаɧɢɣ. 

 
Ȼлаɝɨɞаɪɧɨɫɬи 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁУȿɆЫХ ɋɈɄɊАЩȿɇɂɃ 

АȽ аɧɬɢɝɟɧ 
АɌ аɧɬɢɬɟлɨ 
ɂɎА ɢɦɦуɧɨɮɟрɦɟɧɬɧыɣ аɧалɢɡ 
КɌ ɤɜаɧɬɨɜая ɬɨɱɤа 
ɉСА ɩрɨɫɬаɬɢɱɟɫɤɢɣ ɫɩɟɰɢɮɢɱɟɫɤɢɣ аɧɬɢɝɟɧ 

ɨɉСА ɨɛɳɢɣ ɩрɨɫɬаɬɢɱɟɫɤɢɣ ɫɩɟɰɢɮɢɱɟɫɤɢɣ аɧɬɢɝɟɧ 
ɉɐ ɩрɨɬɨɱɧая ɰɢɬɨɦɟɬрɢя 
Ɋɉɀ раɤ ɩрɟɞɫɬаɬɟлɶɧɨɣ ɠɟлɟɡы 
FACS fluorescence-activated cell sorting 
FITC fluorescein isothiocyanate 
FRET  Förster resonance energy transfer 
MF melamine formaldehyde 
PAA poly(acrylic acid, sodium salt) 
PAH poly(allylamine hydrochloride) 
PE phycoerythrin 
PE-Cy5 phycoerythrin-cyanine 5 
PSA prostate-specific antigen 
PSS poly(sodium 4-styrenesulfonate) 
TOPO trioctylphosphine oxide 
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