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 ɸʈʊʋʃɸʈ ʊɯɿɯʄɯפʓʉפ

 

AES - Advanced Encryption Standard (ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʰʠʬʨʣʘʫ 

ʩʪʘʥʜʘʨʪʳ) 

ASCII - American Standard Code for Information Interchange 

(ɸץʧʘʨʘʪʧʝʥ ʘʣʤʘʩʫ װʰʽʥ ʢʦʜʪʘʨʜʳש ʘʤʝʨʠʢʘʣʳץ 

ʩʪʘʥʜʘʨʪ)r 

ATM - Asynchronous Transfer Mode (ʊʘʩʳʤʘʣʜʘʫʜʳש ʘʩʠʥʭʨʦʥʜʳ 

ᴅʜʽʩʽ) 

BBS - Algorithm Blum  Blum  Shub (ɹʣʶʤ-ɹʣʶʤʘ-ʐʫʙʘ 

ʘʣʛʦʨʠʪʤʽ) 

CBC - Cipher Block Chaining (ñh ʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ 

ʞʘʣסʘʫò ʨʝʞʠʤ)̔ 

CFB - Cipher Feedback (ñh ʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ 

ʢʝʨʽʙʘʡʣʘʥʳʩò ʨʝʞʠʤ)̔ 

CTR - Counter Mode (ñʩʘʥʘסʳʰò ʨʝʞʠʤ)̔  

DES - Data Encryption Standard (ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ) 

ECB - Electronic Code Book (ñɻ ʣʝʢʪʨʦʥʜ  rʢʦʜʪʳ ʢʽʪʘʧò ʨʝʞʠʤ)̔ 

FIPS - Federal Information Processing Standards (ɼʝʨʝʢʪʝʨʜʽ 

ᴇשʜʝʫʜʽש ʬʝʜʝʨʘʣʜʳ ʩʪʘʥʜʘʨʪ)r 

GSM - Global System for Mobile Communications (ʄʦʙʠʣʴʜʳ װʷʣʳ 

ʙʘʡʣʘʥʳʩʪʳש ʘʫץʳʤʜʳ ʮʠʬʨʣʳץ ʩʪʘʥʜʘʨʪ)r 

IBM - International Business Machines (ʍʘʣʳץʘʨʘʣʳץ ʙʠʟʥʝʩ-

ʤʘʰʠʥʘʣʘʨ ʢʦʨʧʦʨʘʮʠʷʩ)r 

IDEA - International Data Encryption Algorithm (ʍʘʣʳץʘʨʘʣʳץ 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ) 

IPES - Improved Proposed Encryption Standard (ɾʝʪʽʣʜʽʨʽʣʛʝʥ 

 (ʘʥ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳסʩʳʥʳʣײ

IST - Information Societies Technology (ɸץʧʘʨʘʪʪʳץ ץʦסʘʤʜʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ) 

IV - Initialization Vector (ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʳ) 

KSA - Key-Scheduling Algorithm (ʢʽʣʪʪʽʢ ʢʝʩʪʝ ʘʣʛʦʨʠʪʤʽ) 

LFSR - linear feedback shift register (ʩʳʟʳץʪʳ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ 

ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ) 

MA - Multiplication/Addition (ʢᴇʙʝʡʪʫ/ץʦʩʫ) 

MAC - Message Authentication Code (ʭʘʙʘʨʜʳש ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ 

ʢʦʜʳ) 

MDC - Modification/Manipulation Detection Code 

(ᴇʟʛʝʨʽʩʪʝʨʜʽ/ʤʘʥʠʧʫʣʷʮʠʷʣʘʨʜʳ ʪʘʙʫ ʢʦʜr) 

MIT - Massachusetts Institute of Technology (ʄʘʩʩʘʯʫʩʝʪʩʪʽʢ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʩʪʠʪʫʪ) 

NFS - Number Field Sieve (ʉʘʥʜʳץ ᴇʨʽʩʪʽש ʝʣʝʫʜʽש ʞʘʣʧʳ ᴅʜʽʩʽ  

ʪײʪʘʩ ʩʘʥʜʘʨʜʳ ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ᴅʜʽʩʽ) 
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NIST - National Institute of Standards and Technology (ʉʪʘʥʜʘʨʪʪʘʨ 

ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײ שʣʪʪʳץ ʠʥʩʪʠʪʫʪ)r 

OFB - Output Feedback (ñh ʳסʳʩ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩò 

ʨʝʞʠʤ̔) 

PES - Proposed Encryption Standard (ױʩʳʥʳʣסʘʥ ʰʠʬʨʣʘʫ 

ʩʪʘʥʜʘʨʪʳ) 

RSA - Rivest, Shamir ʽ Adleman (ʘʰʳץ ʢʽʣʪʪʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʣʛʦʨʠʪʤ) 

SPA - Software Publishers Association (ɹʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʥʳ 

 (ʨʫʰʳʣʘʨ ʘʩʩʦʮʠʘʮʠʷʩʳײץ

TCP - Transmission Control Protocol (ɾʽʙʝʨʫʜʽ ʙʘʩץʘʨʫ 

ʭʘʪʪʘʤʘʩʳ) 

ɸɸʐ - ʘʩʠʥʭʨʦʥʜr  ʘסʳʥʜʳ ʰʠʬʨʣʘʨ 

ɸɾ  ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝ 

ʇʂʉɻ - ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨ r

ʇʂʉʊɻ - ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽʥʽש ʛʝʥʝʨʘʪʦʨ r 

ɼʂʊ - ʜʠʬʬʝʨʝʥʮʠʘʣʜr  ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ʕɽʄ - ʣɻʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘ 

ʕʎפ - ʕʣʝʢʪʨʦʥʜʳ ʮʠʬʨʣʳץ ץʦʣʪʘשʙʘ 

ɸʊɾ - ʘץʧʘʨʘʪʪʳץ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʞװʡʝ 

ʂʉפ - ʢʽʣʪʪʽʢ ʩʘץʪʘʫ ײץʨʳʣסʳ 

ʉʂʊ - ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ʇʂʉʊ - ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽ 

ʇʂʊ - ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʛʽ 

ᴄʐפפ - ᴅʫʝ ʰʘʙʫʳʣʳʥʘ ץʘʨʩʳ ץʦʨסʘʥʳʩ 

ʉɸʐ - ʩʠʥʭʨʦʥʜr  ʘסʳʥʜʳ ʰʠʬʨʣʘʨ 

ʂʉʈʆ - ʂʝשʝʩʪʽʢ ʩʦʮʠʘʣʠʩʪʽʢ ʨʝʩʧʫʙʣʠʢʘʣʘʨʳʥʳש ʦʜʘסʳ 

ɸתɹʌɸ - ʈʌ ʇʨʝʟʠʜʝʥʪ ʘʡʤʘסʳʥʜʘ ʘץʧʘʨʘʪ ʞᴅʥʝ װʢʽʤʝʪʪʽʢ 

ʙʘʡʣʘʥʳʩʪʳש ʬʝʜʝʨʘʣʜʳץ ʘʛʝʥʪʪʽʢ 
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ʂɯʈɯʉʇɽ 

 

 ɹװʛʽʥʛʽ ʢװʥʛʝ ײʣʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽש ʩʘʷʩʘʪʪʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

 שʪʳץʦʨʪʘ ץʧʘʨʘʪʪʳץʧʘʨʘʪ ʧʝʥ ʘץʳ ʬʘʢʪʦʨ ʘץʘʰסʨʘʤʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʘʣײץ

 ʳʟʤʝʪץ ʨʣʽװʪʘʥ, ᴅʨ ʪץʛʝʡʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʉʦʥʜʳשʜʝ ץʘʥʜʳסʘʣסʦʨץ

ʘʷʩʳʥʜʘ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ (ʘץʧʘʨʘʪʪʳץ) ʞᴅʥʝ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʝ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʩײʨʘץʪʘʨʳ ʤʘשʳʟʜʳ ʤᴅʥʛʝ ʠʝ ʙʦʣʫʜʘ.  

 ɾװʡʝʜʝ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʜʝʧ ʢʝʣʝʩʽ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʙʽʨʝʫʽʥ 

ʥʝʤʝʩʝ ʙʽʨʥʝʰʝʩʽʥ ʦʨʳʥʜʘʫʜʳ ʪװʩʽʥʝʜʽ: ʞװʡʝʜʝ ʪʝʭʥʠʢʘʣʳץ ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥʜʘʣʘʪʳʥ ʞʠʥʘʫ, ʝʥʛʽʟʫ, ʞʘʟʫ, 

ʪװʨʣʝʥʜʽʨʫ, ʦץʫ, ʩʘץʪʘʫ, ʞʦʶ, ʪʽʨʢʝʫ, ץʘʙʳʣʜʘʫ, ʞʽʙʝʨʫ. ᴆשʜʝʣʝʪʽʥ ʘץʧʘʨʘʪ 

ʩʠʷץʪʳ, ʦʩʳʥʜʘʡ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ (ʥʝʤʝʩʝ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 ʘʪʳʥʘʩץ ʘʫʜʳסʦʨץ ʘʫ ʦʙʲʝʢʪʽʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘʣʧʳסʦʨץ (ʘʤʪʘʤʘץ

 :ץʪʳʨʘץʪʘʣʘʧ ʝʪʝʜʽ, ʥʘ (ʧʘʨʘʪץʩʳʥʜʳ ʘ) ʧʘʨʘʪץʨʫʳ ʰʝʢʪʝʣʛʝʥ ʘײץ

ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץ ,ץʳʟʤʝʪʪʽʢ ʥʝʤʝʩʝ ײץʧʠʷ ʘץʧʘʨʘʪ (ʤʳʩʘʣʳ, ʤʝʤʣʝʢʝʪʪʽʢ 

 ʨʫʳ ʰʝʢʪʝʣʛʝʥײץ ʘʪʳʥʘʩפ .(ʧʠʷײץ ʘץʧʠʷ ʥʝʤʝʩʝ ʙʘʩײץ ʧʠʷ, ʙʘʥʢʪʽʢײץ

ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʦʥʳ ʨץײʩʘʪʩʳʟ ʞᴅʥʝ ʙʘץʳʣʘʫʩʳʟ ʪʘʥʳʩʫʜʘʥ, 

ʪװʨʣʝʥʜʽʨʫʜʝʥ, ʞʦʶʜʘʥ, ʢᴇʰʽʨʫʜʝʥ, ʪʘʨʘʪʫʜʘʥ ץʦʨסʘʫ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫ 

ʢʝʨʝʢ, ʷסʥʠ ʦʥʳץ שʦʨסʘʣסʘʥʜʳסʳʥʳש ʥʝʛʽʟʛʽ ץʘʩʠʝʪʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ï 

ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץʪʳ, ʪײʪʘʩʪʳץʪʳ, ץʦʣ ʞʝʪʽʤʜʽʣʽʢ ʞᴅʥʝ ʙʘʡץʘʫʰʳʣʳץ. 

ʉʦʥʳש ʽʰʽʥʜʝ ץʳʟʤʝʪʪʽʢ ʞᴅʥʝ ײץʧʠʷ ʘץʧʘʨʘʪʪʳ ʙʽʨ ʞװʡʝʜʝʥ ʝʢʽʥʰʽʩʽʥʝ 

ʪʝʭʥʠʢʘʣʳϨ ʞᴅʥʝ ʘϨʧʘʨʘʪʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ϨʦʨϤʘʫ ʢᴇʤʝʛʽʤʝʥ 

ʰʠʬʨʣʘʥסʘʥ ʪװʨʜʝ ʥʝʤʝʩʝ ץʦʨסʘʣסʘʥ ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳ ʘʨץʳʣʳ 

ʞʽʙʝʨʽʣʝʜʽ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʨסʘʫ ʪᴅʩʽʣʽ ʙʘסʜʘʨʣʘʤʘʣʳץ, 

ʙʘסʜʘʨʣʘʤʘʣʳץ-ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨ ʘʨץʳʣʳ ʘʨʥʘʡʳ 

(ʢʽʣʪʪʽʢ) ʜʝʨʝʢʪʝʨʜʽ ץʦʣʜʘʥʳʧ ʘץʧʘʨʘʪʪʳ ʪװʨʣʝʥʜʽʨʫ ʞʦʣʳʤʝʥ ʘץʧʘʨʘʪʪʳש 

ʤʘʟʤײʥʳʥ ʞʘʩʳʨʫ/ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ, ʦʥʳש ʰʳʥʘʡʣʳסʳʥ, ʪײʪʘʩʪʳסʳʥ, 

ʘʚʪʦʨʣʳסʳʥ ʞᴅʥʝ ʪ.ʙ. ʨʘʩʪʘʫ ʤʘץʩʘʪʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ᴆשʜʝʣʝʪʽʥ, 

ʩʘץʪʘʣʘʪʳʥ ʞᴅʥʝ/ʥʝʤʝʩʝ ʞʽʙʝʨʽʣʝʪʽʥ ʘץʧʘʨʘʪʪʳץ שʦʨסʘʣסʘʥʜʳסʳʥʳש 

ʢʝʨʝʢʪʽ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ײץʨʘʣʜʘʨʳʥʳש, ʢʝʨʝʢʪʽ ʢʽʣʪʪʽʢ, ʥʦʨʤʘʪʠʚʪʽʢ, 

ʧʘʡʜʘʣʘʥʫʰʳʣʳץ ʞᴅʥʝ ʙʘʩץʘ ײץʞʘʪʪʘʨ (ʩʦʥʳש ʽʰʽʥʜʝ ץʘʫʽʧʩʽʟʜʽʢ 

ʰʘʨʘʣʘʨʳʥ ʘʥʳץʪʘʡʜʳ) ʞʠʥʘסʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝ (ʢʨʠʧʪʦʞװʡʝ) ʜʝʧ 

ʘʪʘʣʘʜʳ.   ʂʨʠʧʪʦʞװʡʝʣʝʨʜʽ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

 ʨʘʪʳʥ, ᴇʥʜʽʨʝʪʽʥ, ʧʘʡʜʘʣʘʥʘʪʳʥ ʞᴅʥʝ/ʥʝʤʝʩʝ ʪʘʨʘʪʘʪʳʥײץ ʨʘʣʜʘʨʳʥײץ

 ץʧʘʨʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץʘ שʢᴅʩʽʧʦʨʳʥʥʳ ,שʤʝʢʝʤʝʣʝʨʜʽ ,שʡʳʤʜʘʨʜʳײ

 ,ʰʝʣʝʨ, ʙᴇʣʽʤʰʝʣʝʨװʘʥ ʤסʳʪʪʘʣסʤʳʩʳ ʙʘײʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞץ ʘʫʥסʦʨץ

ʪʦʧʪʘʨʜʳש ʞʠʳʥʳ ï ʘϨʧʘʨʘʪʪʳ ϨʦʨϤʘʫʜʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝʩʽ ʜʝʧ 

ʘʪʘʣʘʜʳ.  

 ɸϨʧʘʨʘʪʪʳϨ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳϨ ʞϮʡʝʜʝ (ɸʊɾ) ʜʝʨʝʢʪʝʨʜʽש 

ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʟʘʤʘʥʘʫʠ ʩʠʤʤʝʪʨʠʷʣʳץ ʞᴅʥʝ 

ʘʩʠʤʤʝʪʨʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʦʣʜʘʥʫ ʥʝʛʽʟʽʥʜʝ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש 
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ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʽʥ ײץʨʫʜʳש ʞʘʣʧʳ ʧʨʠʥʮʠʧʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʦʩʳ ʦϨʫ ϨϰʨʘʣʳʥʳϬ ʤʘϨʩʘʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʢʝʣʝʩʽ ʪʘʨʘʫʣʘʨʜʘʥ 

ʪײʨʘʜʳ:  

 ʙʽʨʽʥʰʽ ʪʘʨʘʫ ʢʨʠʧʪʦʛʨʘʬʠʷ, ʢʨʠʧʪʦʣʦʛʠʷ ʞᴅʥʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫ ʪʫʨʘʣʳ ʞʘʣʧʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʤʘʟʤײʥʜʡʜʳ. ɹײʣ ʞʝʨʜʝ ɸʊɾ 

ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ʥʝʛʽʟʜʝʨʽ, ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש 

ʞʘʣʧʳ ʤʘץʩʪʳʥʜ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʣʘʨʜʳש ʨᴇʣʽ, ʂ. ʐʝʥʥʦʥʥʳϬ 

 ʘʥ, ʭʘʙʘʨʣʘʨʜʳ ʰʠʬʨʣʘʫסʘʥ ʙʘʡʣʘʥʳʩ ʪʝʦʨʠʷ ʥʝʛʽʟʜʝʨʽ ʘʰʳʣסʧʠʷʣʘʥײץ

ᴅʜʽʩʪʝʨʽʥʽש ʞʽʢʪʝʣʽʫ ʢʝʣʪʽʨʽʣʛʝʥ; 

 ʝʢʽʥʰʽ ʪʘʨʘʫ ʜᴅʩʪװʨʣʽ ʪʘʨʠʭʠ ʘʫʳʩʪʳʨʫ (ʙʽʨʘʣʬʘʚʠʪʪʳ, ʢᴇʧʘʣʬʘʚʠʪʪʳ) 

ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʣʘʨʳʥʘ ʘʨʥʘʣסʘʥ;  

 Ϯʰʽʥʰʽ ʪʘʨʘʫ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨסʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʤʝʥ ʙʣʦʢʪʳ 

ʞᴅʥʝ ʢײʨʘʤʜʘʩ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ ʟʘʤʘʥʘʫʠ ʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ײץʨʫ ʧʨʠʥʮʠʧʪʝʨʽʥ ʘʥʳץʪʘʡʜʳ;  

 ʪϺʨʪʽʥʰʽ ʪʘʨʘʫʜʘ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ (A5, RC4) ʞᴅʥʝ BBS 

ʘʣʛʦʨʠʪʤʽʥʜʝ, ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨʣʘʨʳ ʘʰʳʣסʘʥ;  

 ʙʝʩʽʥʰʽ ʪʘʨʘʫ Data Encription Standard (DES)  ʜʝʨʝʢʪʝʨʜʽ ʙʣʦʢʪʳ 

ʩʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳʥʳש ʤᴅʥʽʥ ʘʰʘʜʳ: ײץʨʫ ʪʘʨʠʭʳ, 

 ʤʢʽʥʜʽװʨʳʣʳʤʳ, ʰʠʬʨʣʘʫ ʤʳʩʘʣʜʘʨʳ ʞᴅʥʝ ʤײץ ,ʨʘʩʪʳʨʫ ʧʨʠʥʮʠʧʪʝʨʽײץ

ʰʘʙʫʳʣʜʨʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʳ;  

 ʘʣʪʳʥʰʳ ʪʘʨʘʫ ʜʝʨʝʢʪʝʨʜʽ ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫʜʳש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʦʨʳʥʜʘʫ ʨʝʞʠʤʜʝʨʽʥ ʤʘʟʤײʥʜʘʡʜʳ;  

 ʞʝʪʽʥʰʽ ʪʘʨʘʫʜʘ ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ 

ʩʪʘʥʜʘʨʪʳ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ, ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ, ʢʝʨʽ 

ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʞᴅʥʝ ʠʤʠʪʦʝʥʜʽʨʤʝ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʨʝʞʠʤʽʥʜʝ ʪʦʣʳץ ץʘʨʘʩʪʳʨʳʣʘʜʳ;  

 ʩʝʛʽʟʽʥʰʽ ʪʘʨʘʫ Rijndael ʞᴅʥʝ Advanced Encryption Standard (ɸES) 

ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ: 

ʩʪʘʥʜʘʨʪ ײץʨʳʣʳʤʳ, ʪװʨʣʝʥʜʽʨʫ ʨʘʫʥʜʳ ʞᴅʥʝ ʪ.ʙ.;  

 ʪʦϤʳʟʳʥʰʳ ʪʘʨʘʫ International Data Encryption Algorithm (IDEA) 

ʞᴅʥʝ Camelia ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש 

ʤᴅʥʽʥ ʘʰʘʜʳ: ײץʨʫ ʪʘʨʠʭʳ, ײץʨʘʩʪʳʨʫ ʧʨʠʥʮʠʧʪʝʨʽ, ײץʨʳʣʳʤʳ, ʰʠʬʨʣʘʫ 

ʤʳʩʘʣʜʘʨʳ ʞᴅʥʝ ʤװʤʢʽʥʜʽ ʰʘʙʫʳʣʜʨʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʳ;  

 ʦʥʳʥʰʳ ʪʘʨʘʫʜʘ ʘʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨ 

 ;ʘʥ: ɼʠʬʬʠ-ʍʝʣʣʤʘʥ, ʐʘʤʠʨ, ʕʣʴ-ɻʘʤʘʣ,ɹ RSA, ʈʘʙʠʥסʘʨʘʩʪʳʨʳʣץ

ʜʠʩʢʨʝʪʪʽʢ ʣʦʛʘʨʠʬʤʜʝʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʢʨʠʧʪʦʞװʡʝʣʝʨʜʽ ʙײʟʫ ᴅʜʽʩʪʝʨʽ. 

 ᴄʨ ʪʘʨʘʫסʘ ʙʘϨʳʣʘʫ ʩϰʨʘϨʪʘʨʳ ʞᴅʥʝ ʠʛʝʨʽʣʛʝʥ ʙʽʣʽʤʜʝʨʜʽ ᴇʟʽʥʜʽʢ 

ʙʘץʳʣʘʫ װʰʽʥ ʪʘʧʩʳʨʤʘʣʘʨ, ʩʦʥʳʤʝʥ ץʦʩʘ ʙʘץʳʣʘʫ ʪʘʧʩʳʨʤʘʣʘʨסʘ ʦʣʘʨʜʳ 

ʦʨʳʥʜʘʫʜʳש ʜײʨʳʩʪʳסʳʥ ʪʝʢʩʝʨʫ װʰʽʥ ʞʘʫʘʧʪʘʨ ץʦʩʳʣסʘʥ.  

 ʆץʫ ײץʨʘʣʳʥʳײץ שʨʳʣʳʤʳ ʤʝʥ ʤʘʟʤײʥʳ çɸץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʥʝʛʽʟʜʝʨʽè, çɸץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʨʽè, 

çʂʨʠʧʪʦʛʨʘʬʠʷ ʞᴅʥʝ ʰʠʬʨʣʘʫ ʤʘʪʝʤʘʪʠʢʘʩʳè, çè, çè ʧᴅʥʜʝʨʽʥʽש 
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ʤʘʟʤײʥʜʘʨʳʤʝʥ, ʘʚʪʦʨʣʘʨʳʥʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʪᴅʞʽʨʠʙʝʩʽʤʝʥ ʘʥʳץʪʘʣסʘʥ.  

 ʆץʫ ײץʨʘʣʳ çɸץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢè ʙʽʣʽʤ ʙʘסʳʪʳʥʜʘ ʦץʫ װʨʜʽʩʽʥʝ, 

ʙʽʨʽʥʰʽ ʙʦʣʳʧ ʜʘʡʳʥʜʘʫʜʳ5 שɺ100200, 6M100200, 6Dɺ100200 - 

çɸץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ʞװʡʝʣʝʨʽè ʙʘסʳʪʳ װʰʽʥ  ʘʨʥʘʣסʘʥ. ʆʩʳסʘʥ ץʦʩʘ, 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ, ɸʊɾ  ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ײץʨʘʣʜʘʨʳ ʤʝʥ 

ʢʝʰʝʥʜʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʤʘʤʘʥʜʘʨסʘ, סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ 

ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʤʘʛʠʩʪʨʘʥʪʪʘʨ, ʜʦʢʪʦʨʘʥʪʪʘʨ ʞᴅʥʝ סʘʣʳʤʜʘʨסʘ ץʦʣʜʘʥʫסʘ 

ʘʨʥʘʣסʘʥ.  
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1 ʪʘʨʘʫ 

 

ʂʈʀʇʊʆʃʆɻʀʗ, ʂʈʀʇʊʆɻʈɸʌʀʗ ɾᴄʅɽ 

ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ʊɸʃɼɸʋ ʅɽɻɯɿɼɽʈɯ 
 

1.1. ɸפʇɸʈɸʊʊʓפ-ʊɽʃɽʂʆʄʄʋʅʀʂɸʎʀʗʃʓפ  

ɾתʁɽʃɽʈɼɽ ɸפʇɸʈɸʊʊʓ פʆʈנɸʋ ʊʋʈɸʃʓ ɾɸʃʇʓ 

ʄᴄʃɯʄɽʊʊɽʈ 

 

 ɽʩʝʧʪʝʫ ʪʝʭʥʠʢʘ ײץʨʘʣʜʘʨʳʥʳש ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ʘʰʳץ 

ʞʝʣʽʣʝʨʽʥʽש ʪʝʟ ʜʘʤʫʳ ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʝ ʞᴅʥʝ ʢᴅʩʽʧʢʝʨʣʽʢ ץʳʟʤʝʪʪʝ 

ʦʣʘʨʜʳש ʢʝש ʪʘʨʘʫʳʥʘ ᴅʢʝʣʜʽ. ײפʘʪʪʳ ʝʩʝʧʪʝʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʫʜʽש ʞʝʜʝʣʜʽʛʽ ʢᴇʧʪʝʛʝʥ ʜᴅʩʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ץʘʣʳʧʪʘʩץʘʥ 

ʙʠʟʥʝʩ ʞװʨʛʽʟʫ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʫʤʝʥ ʙʽʨʛʝ  ʢᴅʩʽʧʢʝʨʣʽʢ ץʳʟʤʝʪʪʽש 

ʜʘʤʫʳʥʳש ʞʘשʘ ʙʘסʳʪʪʘʨʳʥ ʘʰʪʳ [21]. 

 ɹʽʨʘץ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʡʤʘסʳʥʜʘ ʘʜʘʤ ʦʡʳʥʳש ʩʦסשʳ 

ʪʘʙʳʩʪʘʨʳ ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʣʝʨ, ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʞʝʣʽʣʝʨʽ ʞᴅʥʝ 

ʵʣʝʢʪʨʦʥʜʳ ʘץʰʘ ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ סʘʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

 ʩʽʥʽʢʪʝʨʤʝʥװʘʨʫ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʚʠʨʫʩʪʘʨ ʞᴅʥʝ ʪ.ʙ. ʪץ ץʧʘʨʘʪʪʳץʦʡ, ʘץʘʩץ

ʙʘʡʣʘʥʳʩʪʳ.   

 ʊᴅʞʽʨʠʙʝʜʝ ɸʊɾ ץʘʫʽʧʪʝʨʽ ץײʩʘʩ ʞװʡʝʣʝʨʜʽש ʩʦסשʳ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳץ שʳʟʳסʫʰʳʣʘʨʳʥ ʪײʜʳʨʘʪʳʥ, ʘץʧʘʨʘʪץʘ, ɸʊɾ 

ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʳʥʘ ʞᴅʥʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ץʳʟʤʝʪʪʝʨʽʥʝ 

ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʫʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʫ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, Internet ʘʨץʳʣʳ ʢʝש 

ʪʘʨʘסʘʥ ʰʘʙʫʳʣ ʪװʨʽ ʙʘʨ - ʊʉʈ (Transmission Control Protocol ï ʞʽʙʝʨʫʜʽ 

ʙʘʩϨʘʨʫ ʭʘʪʪʘʤʘʩʳ) ʞʘʣסʘʥ ʘץʧʘʨʘʪʪʘʨ ʜʘʫʳʣʳ ï ʞװʡʝ ץʘʰʳץʪʘסʳ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽ ʫʘץʳʪʰʘ ʪʦץʪʘʪʫסʘ ᴅʢʝʣʝʪʽʥ 

ʙʘʡʣʘʥʳʩ.  

 ɸϨʧʘʨʘʪʪʳϨ Ϩʘʫʽʧʩʽʟʜʽʢ ʜʝʧ ɸʊɾ ʩʘץʪʘʣʘʪʳʥ, ʞʽʙʝʨʽʣʝʪʽʥ, ᴇשʜʝʣʝʪʽʥ 

ʜʝʨʝʢʪʝʨʜʽ ʟʘשʩʳʟ ʪʘʥʳʩʫʜʘʥ, ʪװʨʣʝʥʜʽʨʫʜʝʥ ʞᴅʥʝ ʞʦʶʜʘʥ (ʪװʨʣʝʥʜʽʨʫʜʽש 

ʰʝʪʢʽ ʞʘסʜʘʡʳ ʩʠʷץʪʳ) ץʦʨסʘʣסʘʥʜʳץ ʢװʡʽʥ, ʩʦʥʳʤʝʥ ץʦʩʘ ʦʣʘʨʜʳש ʞײʤʳʩ 

 שʨʝʩʫʨʩʪʘʨʜʳ ץʧʘʨʘʪʪʳץʘʥ ᴅʩʝʨʣʝʨʜʝʥ ʘסʳʪʪʘʣסʘ ʙʘסʟʫײʘʙʽʣʝʪʪʽʛʽʥ ʙץ

 .ʩʽʥʝʤʽʟװʡʽʥ ʪװʢ שʘʥʜʳסʘʣסʦʨץ
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 ʇʘʡʜʘʣʘʥʫʰʳסʘ ʘʨʥʘʣסʘʥ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʪʘʨʳ 

ʢʝʣʝʩʽʣʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ [21]: 

- ʘץʧʘʨʘʪʪʳש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ; 

- ʘץʧʘʨʘʪʪʳש ʪײʪʘʩʪʳסʳʥ; 

- ʘץʧʘʨʘʪʪʳש ʰʳʥʘʡʣʳסʳʥ; 

- ʘץʧʘʨʘʪץʘ ץʘʪʳʥʘʩ ײץʨʫʜʳש ʞʝʜʝʣʜʽʛʽʥ; 

- ʵʣʝʢʪʨʦʥʜʳ ײץʞʘʪ ʪװʨʽʥʜʝ ײʩʳʥʳʣסʘʥ ʘץʧʘʨʘʪʪʳש ʟʘשʜʳץ ʤᴅʥʜʽʛʽʥ; 

- ʢʣʠʝʥʪ ᴅʨʝʢʝʪʪʝʨʽʥʽץ שʘʜʘסʘʣʘʤʘʫʰʳʣʳסʳʥ.  

 ɸϨʧʘʨʘʪʪʳϬ ʢʦʥʬʠʜʝʥʮʠʘʣʜʳϤʳ  - ʘץʧʘʨʘʪ ʪʘʨʘʡʪʳʥ ɸʊɾ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳʥʳש ʰʝʢʪʝʣʛʝʥ ʰʝשʙʝʨʽʥʝ ץʦʣ ʞʝʪʽʤʜʽ ʙʦʣʫ ץʘʩʠʝʪʽ. 

 ɸϨʧʘʨʘʪʪʳϬ ʪϰʪʘʩʪʳϤʳ ʜʝʧ ʘץʧʘʨʘʪʪʳש ʥʝʤʝʩʝ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 ʨʳʣʳʤʳʥײץ שʪʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ᴇʟʽʥʽץʞʽʙʝʨʫ ʞᴅʥʝ/ʥʝʤʝʩʝ ʩʘ שʘʤʪʘʤʘʥʳץ

ʞᴅʥʝ/ʥʝʤʝʩʝ ʤʘʟʤײʥʳʥ ʩʘץʪʘʫ ץʘʩʠʝʪʽʥ ʪװʩʽʥʝʜʽ. ɾʝʣʽ ʘʨץʳʣʳ ʘץʧʘʨʘʪʪʳ 

ʭʘʙʘʨ ʪװʨʽʥʜʝ ʞʽʙʝʨʫ ʩײʨʘץʪʘʨʳʥ ץʘʨʘʩʪʳʨʳʧ, ᴅʨ ʭʘʙʘʨ ᴇʟʽʥʽש ʤᴅʥʜʽʢ 

ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ʢʝʡʙʽʨ ʢʣʘʩʪʳ ײץʨʘʡʪʳʥʳ ʪʫʨʘʣʳ ץʦʨʳʪʳʥסʘ ʢʝʣʫʛʝ 

ʙʦʣʘʜʳ. ɹʘʩץʘ ʩᴇʟʙʝʥ ʘʡʪץʘʥʜʘ, ʝʛʝʨ ʘץʧʘʨʪʪʳ ʵʣʝʢʪʨʦʥʜʳ ʪװʨʜʝ ʢᴇʨʩʝʪʢʝʥ 

ʢʝʟʜʝ ʧʽʰʽʤʽ ᴇʟʛʝʨʩʝ ʜʝ ʩʦסשʳ ʭʘʙʘʨ ʤᴅʥʽ ʘʣסʘʰץʳʜʘʡ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ, ᴅʨ 

ʭʘʙʘʨʜʘ ʢʝʡʙʽʨ ʪʽʣʜʝ ᴇʟʽʥʽש ʵʢʚʠʚʘʣʝʥʪʪʽʢ ʢʣʘʩʳ ʙʦʣʘʜʳ, ʞᴅʥʝ ʙʝʨʽʣʛʝʥ 

ʞʘסʜʘʡסʘ ʪϰʪʘʩʪʳϨʪʳ ʩʘϨʪʘʫ ץʘʩʠʝʪʽʥ ʢʝʣʝʩʽ ʪװʨʜʝ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʙʦʣʘʜʳ: M ʞʽʙʝʨʽʣʛʝʥ ʭʘʙʘʨ ᴇʟʽʥʽש ʪײʪʘʩʪʳסʳʥ ʩʘץʪʘʜʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ, 

ʝʛʝʨ ʞʽʙʝʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʭʘʙʘʨ M' ʭʘʙʘʨʜʳש M ʵʢʚʠʚʘʣʝʥʪʪʽʢ 

ʢʣʘʩʳʥʘ ʢʽʨʩʝ.  

 ɸϨʧʘʨʘʪʪʳϬ ʰʳʥʘʡʣʳϤʳ ï ʦʥʳש ʢᴇʟʽ ʙʦʣסʘʥ ʦʙʲʝʢʪʢʝ ʥʝʤʝʩʝ ʦʣ 

ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʛʝʥ ʦʙʲʝʢʪʢʝ ץʘʪʘש ʪʠʝʩʽʣʽ ʙʦʣʫʜʳ ʙʽʣʜʽʨʝʪʽʥ ץʘʩʠʝʪ.  

 ɾʝʜʝʣʜʽʢ ï ʦʥʳש ʫʘץʳʪ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʩʦסשʳ ʧʘʡʜʘʣʘʥʫʰʳסʘ 

ʘץʧʘʨʘʪʪʳש ʥʝʤʝʩʝ ʢʝʡʙʽʨ ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʳץ שʦʣ ʞʝʪʽʤʜʽ ʙʦʣʫ 

  .ʘʙʽʣʝʪʪʽʛʽץ

 ɿʘϬʜʳϨ ʤϸʥʜʽʢ ײץʞʘʪʪʘ ʟʘש ʢװʰʽ ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʤʘץʩʘʪʧʝʥ 

ʞʽʙʝʨʝʪʽʥ ʭʘʙʘʨʜʳש ʟʘשʜʳץ ʤᴅʥʽʥ ʨʘʩʪʘʫʜʳ ʤץײʪʘʞ ʝʪʝʪʽʥ ʦʙʲʝʢʪʪʝʨ 

ʘץʧʘʨʘʪʪʳש ʟʘשʜʳ ʤᴅʥʜʽ ʙʦʣʘʪʳʥ ץʘʙʽʣʝʪʪʽʛʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʢʝʡʙʽʨ 

ʘʪʨʠʙʫʪʪʘʨʳʥ ʙʘʨʣʳץ ʞʝʨʜʝ ץʘʙʳʣʜʘʫ ʪʫʨʘʣʳ ʢʝʣʽʩʝʜʽ. ɸץʧʘʨʘʪʪʳש ʙײʣ 

 ʨʘʣʜʘʨʜʳ ʘʫʜʘʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʡʪʳʥײץ ץʰʘʣʳץʘʩʠʝʪʽ ʘץ

ʵʣʝʢʪʨʦʥʜʳ ʪᴇʣʝʤʜʝʨ ʞװʡʝʣʝʨʽʥʜʝ ʝʨʝʢʰʝ ʤʘשʳʟʜʳ. ɸʡʪʳʣסʘʥסʘ ץʘʨʘʧ, 

ʘץʧʘʨʘʪʪʳש, ʦʥʳש ʟʘשʜʳ ʤᴅʥʜʽʣʽʛʽʥ ʨʘʩʪʘʡʪʳʥ ץʘʩʠʝʪʽʥ ʙʽʣʜʽʨʝʪʽʥ, 

ʘʪʨʠʙʫʪʪʘʨʳʥʘ ץʦʡʳʣʘʪʳʥ ʢʝʡʙʽʨ ʪʘʣʘʧʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ɸץʧʘʨʘʪʪʳ, ʬʦʨʤʘʣʜʳ ʢᴇʟ ץʘʨʘʩʪʘʥ ʪʝʢ ʦסʘʥ ʪʠʝʩʽʣʽ ʞʽʙʝʨʫʰʽ סʘʥʘ ײץʨסʘʥʳ 

ʘʥʳץ ʘʥʳץʪʘʣʘʪʳʥʜʘʡ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʨʝʢ.  

 ϧʘʜʘϤʘʣʘʤʘʫʰʳʣʳϨ ï ʙʘʩץʘ ʦʙʲʝʢʪʪʝʨ ʙʘʡץʘʤʘʡʪʳʥʜʘʡ ɸʊɾ ʢʝʡʙʽʨ 

ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫ ץʘʙʽʣʝʪʪʽʛʽ. ɹײʣ ʪʘʣʘʧʪʳש ᴇʟʝʢʪʽʣʽʛʽ ʵʣʝʢʪʨʦʥʜʳ ʘϨʰʘ 

ʞᴅʥʝ Internet-banking ʪװʩʽʥʽʢʪʝʨʽ ʧʘʡʜʘ ʙʦʣʫ ʘʨץʘʩʳʥʜʘ ʩʽʨᴅ ʙʦʣʜʳ. 

ʕʣʝʢʪʨʦʥʜʳ ʪᴇʣʝʤ ʞװʡʝʩʽʥʝ ץʘʪʳʥʘʩ ײץʨʫʜʳ ʘʚʪʦʨʣʘʥʜʳʨʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫʰʳ ʦʥʳ ʙʽʨʤᴅʥʜʽ ʠʜʝʥʪʠʬʠʢʘʮʠʷʣʘʡʪʳʥ ʢʝʡʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ ʙʝʨʫ 

ʢʝʨʝʢ. ʆʩʳ ʞװʡʝʣʝʨʜʽש ʪʝʟ ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʘץʪʳ ץʘʫʽʧ ʧʘʡʜʘ ʙʦʣʫ 



 13 

ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ʙʘʨʣʳץ ʪᴇʣʝʤ ʦʧʝʨʘʮʠʷʣʘʨʳ ʙʘץʳʣʘʥʘʜʳ, ʩʦʥʜʘ ɸʊɾ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʘʨʪʳʥʘʥ ʞʘʧʧʘʩ ʙʘץʳʣʘʫ ʰʘʨʪʪʘʨʳ ʪʫʳʥʜʘʫ ʤװʤʢʽʥ.  

 :ʙʽʨʥʝʰʝ ʞʦʣʜʘʨʳ ʙʘʨ שʧʨʦʙʣʝʤʘʩʳʥ ʰʝʰʫʜʽ ץʘʣʘʤʘʫʰʳʣʳסʘʜʘפ 

 - ɸʊɾ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʘʨʪʳʥʘʥ ʢʝʟ ʢʝʣʛʝʥ ʞʘʧʧʘʩ ʙʘץʳʣʘʫʜʳ  

ʟʘשʙʝʨʫ ʘʢʪʳʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʪʳʡʳʤ ʩʘʣʫ;  

 ᴅʜʽʩʪʝʨʜʽ ץʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳװ ʦʣʜʘʫץ ʪʳץʘʣʘʤʘʫʰʳʣʳסʘʜʘץ - 

  .ʦʣʜʘʥʫץ

 ɸʡʪʳʣʳʧ ʢʝʪʢʝʥʜʝʡ, ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ʢʝʡʙʽʨ ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץ 

ʤᴅʣʽʤʝʪʪʝʨ װʰʽʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ɸʊɾ ʙʝʨʽʣʛʝʥ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʦʨʳʥʜʘʫ ץʘʙʽʣʝʪʪʽʛʽ װʰʽʥ ʜʝ ץʘʨʘʩʪʳʨʳʣʫ ʤװʤʢʽʥ. 

 ɸʊɾ ʞײʤʳʩ ץʘʙʽʣʝʪʪʽʛʽʥʝ ץʘʪʳʩʪʳ ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʽʜʽʢ ʰʝשʙʝʨʽʥʜʝ 

ʰʝʰʽʣʝʪʽʥ ʥʝʛʽʟʛʽ ʝʩʝʧʪʝʨ ʢʝʣʝʩʽʣʝʨʜʝʥ ץʦʨסʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʨʝʢ:  

 - ʘץʧʘʨʘʪʪʳץ ʘʨʥʘʣʘʨסʘ, ʜʘʙʳʣʜʘʤʘ ʘʨʥʘʣʘʨʳʥʘ, ʢʦʤʤʫʪʘʮʠʷʣʳץ 

ʞʘʙʜʳץʪʘʨʳʥʳש ʜʝʨʝʢץʦʨʳʥ ʞװʢʪʝʫ ʞᴅʥʝ ʙʘʩץʘʨʫסʘ, ʞװʡʝʣʽʢ ʞᴅʥʝ 

 ʘ ᴅʩʝʨ ʝʪʫʤʝʥ ʙʽʣʜʽʨʽʣʝʪʽʥסʘʤʪʘʤʘץ ץʜʘʨʣʘʤʘʣʳסʦʣʜʘʥʙʘʣʳ ʙʘץ

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʞװʡʝʥʽש ʞײʤʳʩʳʥ ʙײʟʫʜʘʥ;  

 - ʜʝʨʝʢʪʝʨʜʽש ʘסʳʧ ʢʝʪʫʽʥʝ, ʘץʧʘʨʘʪʪʳש ʞᴅʥʝ ʞʝʣʽʥʽש ʪײʪʘʩʪʳסʳʥ 

ʙײʟʫסʘ, ʘץʧʘʨʘʪʪʳ ʪʘʨʘʪʫ ʽʰʢʽ ʞװʡʝʩʽʥʽש ʞײʤʳʩʳʥʘ, ʜʝʨʝʢץʦʨʜʳץ שʦʣ 

ʞʝʪʽʤʜʽʛʽʥʝ ᴅʢʝʣʝʪʽʥ ʞʝʣʽ ʨʝʩʫʨʩʪʘʨʳʥ ץʦʣʜʘʥʫ ʪʘʣʧʳʥʳʩʪʘʨʳʥʘʥ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨסʘ ʨץײʩʘʪʩʳʟ ץʘʪʳʥʘʩ ײץʨʫʜʘʥ; 

 - ʝʥʜʽʨʽʣʛʝʥ ʞᴅʥʝ ʩʳʨʪץʳ ץʦʨסʘʫ ײץʨʘʣʜʘʨʳʥ ʙײʟʫʜʘʥ;  

 - ʞʝʣʽ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʞᴅʥʝ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʰʽ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʽש 

 .ʩʳʟ ᴅʨʝʢʝʪʪʝʨʽʥʝʥץʳץײץ

 ɸץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽש ʢᴇʨʩʝʪʽʣʛʝʥ ʝʩʝʧʪʝʨ ʘʨʘʩʳʥʜʘ 

ʙʘʩʳʤʜʳʣʳץʪʘʨʳ ᴅʨ ʥʘץʪʳ ɸʊɾ װʰʽʥ ʞʝʢʝ ʘʥʳץʪʘʣʘʜʳ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʣʝʨʛʝ ʪʽʢʝʣʝʡ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʳʥʘʥ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ.  

 ʄʝʤʣʝʢʝʪʪʽʢ ײץʨʳʣʳʤʜʘʨ ʢᴇʟ ץʘʨʘʩʳʥʘʥ, ץʦʨסʘʫ ʙʦʡʳʥʰʘ ʰʘʨʘʣʘʨ 

ʙʽʨʽʥʰʽʜʝʥ ʘץʧʘʨʘʪʪʳש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ, ʪײʪʘʩʪʳסʳʥ ʞᴅʥʝ ץʦʣ 

ʞʝʪʽʤʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʰʘץʳʨʳʣסʘʥʳʥ ʝʩʝʧʢʝ ʘʣʫ ʢʝʨʝʢ.  ʈʝʞʽʤʜʽʢ 

ʤʝʤʣʝʢʝʪʪʽʢ ײʡʳʤʜʘʨ װʰʽʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳ ʙʽʨʽʥʰʽ 

ʦʨʥʳʥʜʘ ʪײʨסʘʥʜʳסʳ, ʘʣ ʪײʪʘʩʪʳץ ʦʣʘʨʜʳש ᴇʟʛʝʨʤʝʫʰʽʣʽʛʽ ʜʝʧ 

ʪװʩʽʥʝʪʽʥʜʽʛʽ ʪװʩʽʥʽʢʪʽ. ʂʦʤʤʝʨʮʠʷʣʳײץ ץʨʳʣʳʤʜʘʨסʘ ʜʝʨʝʢʪʝʨʜʽש 

ʪײʪʘʩʪʳסʳ ʞᴅʥʝ ʦʣʘʨʜʳ ᴇשʜʝʫ ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨ ʤʝʥ ץʳʟʤʝʪʪʝʨʜʽש 

ʤʘשʳʟʜʳ ʝʢʝʥʽ ʳץʪʠʤʘʣ. ʄʝʤʣʝʢʝʪʪʽʢ ײʡʳʤʜʘʨסʘ ץʘʨʘסʘʥʜʘ ʢʦʤʤʝʨʮʠʷʣʳץ 

 ʘʫʽʧʪʝʨ ʩʘʥ ʙʦʡʳʥʰʘץ ʤʢʽʥʜʽװʪʘʥ ʤץʞᴅʥʝ ʩʝʨʧʽʥʜʽ, ʩʦʥʜʳ ץʡʳʤʜʘʨ ʘʰʳײ

ʞᴅʥʝ ʩʘʧʘ ʙʦʡʳʥʰʘ ᴅʨ ʪװʨʣʽ ʙʦʣʘʜʳ.  

 ɸʊɾ ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢ ʝʩʝʙʽʥ ʰʝʰʫ װʰʽʥ ʢʝʨʝʢ: 

 - ʘץʧʘʨʘʪʪʳ ʦʥʳ ʩʘץʪʘʫ, ᴇשʜʝʫ ʞᴅʥʝ ʞʝʣʽ ʘʨץʳ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ץʦʨסʘʫ; 

 - ʜʝʨʝʢʪʝʨ ʦʙʲʝʢʪʝʨʽʥʽש ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש (ʙʘʡʣʘʥʳʩ 

ʦʨʥʘʪʘʪʘʳʥ ʞʘץʪʘʨʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʣʘʫ) ʰʳʥʘʡʣʳסʳʥ ʨʘʩʪʘʫ;  

 - ʜʝʨʝʢʪʝʨ ʦʙʲʝʢʪʝʨʽʥʽש ʪײʪʘʩʪʳסʳʥ ʙײʟʫʜʳש ʘʣʜʳʥ ʘʣʫ ʞᴅʥʝ ʪʘʙʫ;  

 - ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץ ʘץʧʘʨʘʪʪʳ ʘסʫʜʳʥ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ʘʣʫʜʳש 

ʝʥʜʽʨʽʣʛʝʥ ʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣסʳʣʘʨʜʘʥ ײץʨסʘʫ; 
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 - ʙʘסʜʘʨʣʘʤʘʣʳץ ʪװʣʽʢʪʝʨʜʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʳʩʪʳʨʤʘʣʘʨʜʳ ʞᴅʥʝ 

ʚʠʨʫʩʪʘʨʜʳ ʝʥʜʽʨʫʜʝʥ ץʦʨסʘʫ; 

 - ʞʝʣʽʥʽש ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʳʥʘ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳײץ ץʨʘʣʜʘʨʳʥʘ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʘץʧʘʨʘʪʪʳש ʞᴅʥʝ ʞʘʣʧʳ ʞʝʣʽʥʽץ שʦʨסʘʣסʘʥʜʳץ ʜʝשʛʝʡʽʥ 

ʪᴇʤʝʥʜʝʪʧʝʫʜʽש ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʙʘʩץʘʨʫ ײץʨʘʣʜʘʨʳʥʘ ʨץײʩʘʪʩʳʟ ץʘʪʳʥʘʩ 

  ;ʘʫסʦʨץ ʨʫʜʘʥײץ

 - ʢʦʥʬʠʜʝʥʮʠʘʣʜʳ ʜʝʨʝʢʪʝʨʜʽש ʩʘץʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʙʘסʳʪʪʘʣסʘʥ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʰʘʨʘʣʘʨʜʳ ײʡʳʤʜʘʩʪʳʨʫ; 

 - ʙᴇʣʤʝʣʝʨʜʽ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳײץ ץʨʳʣסʳʣʘʨʜʳ ץʦʨסʘʫ. 

 ɸץʧʘʨʘʪʪʳ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʞʘʣʧʳ ʧʨʠʥʮʠʧʪʝʨʽʥ 

ʥʘץʪʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʪʝʭʥʠʢʘʣʳץ ʥʝʤʝʩʝ 

  .ʤʢʽʥװʡʳʤʜʘʩʪʳʨʫ ʰʘʨʘʣʘʨʳʥʜʘ ʙʦʣʫ ʤײ

 ᴆשʜʝʣʝʪʽʥ ʞᴅʥʝ ʞʽʙʝʨʽʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽ ץʦʨסʘʫ ʰʘʨʘʣʘʨʳʥʳש ʢᴇʣʝʤʽ ʝש 

ʘʣʜʳʤʝʥ ʙʦʣʞʘʤʜʳ ʟʘʣʘʣ ʤᴇʣʰʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʘʡʪʳʧ ʢʝʪʫ ץʘʞʝʪ. 

ɹײʣ ʤᴇʣʰʝʨ ʪײʨʘ (ʤʳʩʘʣʳ, ʪײʪʘʩʪʳסʳ ʙײʟʳʣסʘʥ ʢʝʟʜʝ ʞʘשʘ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 שʳʥʜʘʨ) ʥʝʤʝʩʝ ʞʘʥʘʤʘ (ʤʳʩʘʣʳ, ʙʘʥʢʪʽסʘ ʰʳסʘʤʪʘʤʘʥʳ ʩʘʪʳʧ ʘʣʫץ

ʘץʧʘʨʘʪʪʳץ ʞװʡʝʩʽ ʪʦץʪʘʧ ʪײʨʫ ʢʝʟʽʥʜʝʛʽ ʰʳסʳʥʜʘʨ) ʪװʨʜʝ ʙʦʣʫ ʤװʤʢʽʥ. 

ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʟʘʣʘʣ ʤᴇʣʰʝʨʽʥ ʝʩʝʧʪʝʫ ץʳʡʳʥ (ʤʳʩʘʣʳ, ʤʝʤʣʝʢʝʪʪʽʢ 

  .(ʘ ʢʝʪʫ ʢʝʟʽʥʜʝץʩʳʨ שʧʠʷʥʳײץ

 

1.2. ɸפʇɸʈɸʊʊʓפ פɸʋɯʇʉɯɿɼɯʂʊɯ פɸʄʊɸʄɸʉʓɿ ɽʊʋ 

ɾɸʃʇʓ ʄɸפʉɸʊʓʅɼɸ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ʍɸʊʊɸʄɸʃɼʓר 

ʈᴆʃɯ 

 

 ɸʊɾ ʘץʧʘʨʘʪʪʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʥʝʛʽʟʽʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ϸʜʽʩʪʝʨ ʞᴅʥʝ ʘϨʧʘʨʘʪʪʳ ϨʦʨϤʘʫ Ϩϰʨʘʣʜʘʨʳ ײץʨʘʡʜʳ. 

ɽש ʩʝʥʽʤʜʽ ץʦʨסʘʫʜʳ ʪʝʢ ʢʝʰʝʥʜʽ ʪᴅʩʽʣ ʢᴇʤʝʛʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤװʤʢʽʥ 

ʝʢʝʥʽʥ ʝʩʝʧʢʝ ʘʣʫ ץʘʞʝʪ, ʦʣ ʜʝʛʝʥ ʝʩʝʧʪʽ ʰʝʰʫ ײʡʳʤʜʘʩʪʳʨʫ-ʪʝʭʥʠʢʘʣʳץ 

ʞᴅʥʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʰʘʨʘʣʘʨʜʳש ʞʠʳʥʳ ʙʦʣʫ ʢʝʨʝʢ.  

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʝʨ ʥʝʛʽʟʽʥʜʝ ʘʥʳץʪʘʣסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʟʘשʜʘʨ 

ʙʦʡʳʥʰʘ ʞʘʩʘʣʘʪʳʥ ʘϨʧʘʨʘʪʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪϮʨʣʝʥʜʽʨʫ ʪװʩʽʥʽʛʽ 

ʞʘʪʳʨ. ɹײʣ ʪװʨʣʝʥʜʽʨʫ ʙᴇʪʝʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʙʝʨʽʣʛʝʥ ʘץʧʘʨʘʪץʘ 

 שʘʪʘʨ ʩʦʣʘʨʜʳץ ʩʘʪʳʤʝʥ, ʩʦʥʳʤʝʥץʨʫʳʥ ʙʦʣʜʳʨʤʘʫ ʤʘײץ ʘʪʳʥʘʩץ

ʘץʧʘʨʘʪʪʳ ʙʘץʳʣʘʫʩʳʟ ᴇʟʛʝʨʪʫʽʥ ʙʦʣʜʳʨʤʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʤʘץʩʘʪʳʤʝʥ ʦʨʳʥʜʘʣʘʜʳ.  

 ץʧʘʨʘʪʪʳץʦʣʜʘʥʫ ʘץ ᴅʜʽʩʪʝʨʽʥ ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ שʘʫʜʳסʦʨפ 

 ʥʳײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹץ ʥʝʛʽʟʛʽ ʝʩʝʧʪʝʨʽʥ ʰʝʰʫʽʥ שʘʫʽʧʩʽʟʜʽʢʪʽץ

ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץ ʞᴅʥʝ ץʳʟʤʝʪʪʽʢ ʘץʧʘʨʘʪʪʳ, ʩʦסʘʥ ץʦʩʘ ʞʘʣʧʳ 

ʘץʧʘʨʘʪʪʳץ ʨʝʩʫʨʩʪʘʨʜʳ ץʦʨסʘʫʜʳש ʢʝʣʝʩʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʝʨʽʥ 

ʞװʟʝʛʝ ʘʩʳʨʫ ʞʦʣʳʤʝʥ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ:  

 - ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ʘʰʳץ ʞʝʣʽʣʝʨʽ ʘʨץʳʣʳ ʞʽʙʝʨʽʣʝʪʽʥ ʙʘʨʣʳץ 

ʘץʧʘʨʘʪʪʳץ ʪʨʘʬʠʢʪʳ ʞᴅʥʝ ʙᴇʣʝʢ ʭʘʙʘʨʣʘʨʜʳ ʰʠʬʨʣʘʫ;  
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 - ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʘʪʳʥ ᴅʨ ʪװʨʣʽ ʜʝשʛʝʡʣʽ ʦʙʲʝʢʪʪʝʨʜʽש (ʘʰʳץ 

ʞװʡʝʣʝʨʜʽש ᴇʟʘʨʘץʘʪʳʥʘʩ װʣʛʽʣʝʨʽʥʽש ʜʝשʛʝʡʣʝʨʽ) ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʩʳ;  

 - ʞʽʙʝʨʽʣʝʪʽʥ ʘץʧʘʨʘʪʪʳש ʰʳʥʘʡʣʳסʳʥ ʞᴅʥʝ ʪײʪʘʩʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ʤʘץʩʘʪʳʤʝʥ ʠʤʠʪʦϨʦʨϤʘʫ (ʞʘʣסʘʥ ʘץʧʘʨʘʪʪʘʥ ץʦʨסʘʫ) ʞᴅʥʝ 

ʵʣʝʢʪʨʦʥʜʳϨ-ʮʠʬʨʣʳϨ ϨʦʣʪʘϬʙʘ (ʕʎϧ) Ϩϰʨʘʣʜʘʨʳʤʝʥ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʩʳʤʘʣʜʘʡʪʳʥ ʪʨʘʬʠʢʪʳ ץʦʨסʘʫ;  

 - ʜʝʨʝʢץʦʨʜʘ ʩʘץʪʘʣʘʥʳʥ ʥʝʤʝʩʝ ʬʘʡʣ ʪװʨʜʝ ʙʝʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ;  

 - ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢ ʙʘץʳʣʘʫ ʩʦʤʘʣʳʨʳʥ ץʦʣʜʘʥʫ ʞʦʣʳʤʝʥ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʥʳש ʪײʪʘʩʪʳסʳʥ ʙʘץʳʣʘʫ;  

 - ʪᴇʣʝʤ ײץʞʘʪʪʘʨʳʥʳש ʟʘשʜʳ ʤᴅʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʕʎפ 

  ;ʦʣʜʘʥʫץ

 - ʵʣʝʢʪʨʦʥʜʳ ʘץʰʘ ʪװʩʽʥʽʛʽʥʜʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴇʣʝʤ ʞװʡʝʣʝʨʽʥʜʝ ʢʣʠʝʥʪ 

ᴅʨʝʢʝʪʪʝʨʽʥ ʙʘץʳʣʘʥʙʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ϨʘʨʘϬϤʳʣʘʪʳʥ ʮʠʬʨʣʳϨ 

ϨʦʣʪʘϬʙʘʥʳ ץʦʣʜʘʥʫ.  

 ʂʝʣʪʽʨʽʣʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʨסʘʫ ᴅʜʽʩʪʝʨʽʥʽש ʢᴇʙʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ 

ʢʝʟʽʥʜʝ ʢʝʡʙʽʨ ʘץʧʘʨʘʪʧʝʥ ʘʣʤʘʩʫ ʢʝʨʝʢʪʽʛʽ ʪʫʳʥʜʘʡʜʳ. ʄʳʩʘʣʳ, ɸʊɾ 

ʦʙʲʝʢʪʝʨʽʥ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʣʘʫ ʠʜʝʥʪʠʬʠʮʠʷʣʘʡʪʳʥ ʞᴅʥʝ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʣʘʡʪʳʥ ʘץʧʘʨʘʪʧʝʥ ʘʣʤʘʩʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ.  

 ɾʘʣʧʳ ʞʘסʜʘʡʜʘ ʦʩʳʥʜʘʡ ʞװʡʝʣʝʨ ʦʙʲʝʢʪʪʝʨʽʥʽש (ʩʫʙʲʝʢʪʝʨʽʥʽש) 

ᴇʟʘʨʘ ץʘʪʳʥʘʩʳ װʥʝʤʽ ʭʘʪʪʘʤʘ ʜʝʧ ʘʪʘʣʘʪʳʥ ʢʝʡʙʽʨ ʢʝʣʽʩʽʤʜʝʨʜʽ 

ʩʘץʪʘʫʤʝʥ ᴇʪʢʽʟʽʣʝʜʽ. ʌʦʨʤʘʣʜʳ ʭʘʪʪʘʤʘ ʜʝʧ ʘʥʳץʪʘʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫ 

 ʣײᴅʨʝʢʝʪʪʝʨ ʪʽʟʽʤʽʥ ʝʩʝʧʪʝʡʤʽʟ. ɹ (שʩʫʙʲʝʢʪʝʨʜʽ) שʰʽʥ ʦʙʲʝʢʪʝʨʜʽװ

ʞʘסʜʘʡʜʘ ʦʣ ʭʘʪʪʘʤʘʥʳ ץʦʣʜʘʥʫ ײץʨʳʣʳʤʳ ʤʝʥ ʩʧʝʮʠʬʠʢʘʩʳʥ ʘʥʳץʪʘʡʜʳ.  

 ᴆʟ ʦʰʽʨʝʪʽʤʝʥ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʭʘʪʪʘʤʘ ʜʝʧ ʦʥʳץ שʘʪʳʩʫʰʳʣʘʨʳ 

ʘʥʳץʪʘʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʘץʧʘʨʘʪʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ץʦʣʜʘʥʘʪʳʥʜʘʨʜʳ ʘʪʘʡʤʳʟ.  

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʰʝʰʽʣʝʪʽʥ ʘץʧʘʨʘʪʪʳץ 

 :ʥʝʛʽʟʛʽ ʝʩʝʧʪʝʨʽ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽץ ʘʫʽʧʩʽʟʜʽʢʪʽץ

 - ʘʨʳץʘʨʘʡ ץʦʨסʘʣסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʤʘʩʫʜʳ ʦʨʥʘʪʫʤʝʥ ʢʽʣʪʪʽʢ 

ʘץʧʘʨʘʧʝʥ ʘʣʤʘʩʫ; ʙײʣ ʞʝʨʜʝ ʢʽʣʪʧʝʥ ʘʣʤʘʩʘʪʳʥʜʘʨ ʘʣʜʳʥ ʘʣʘ ᴇʟʘʨʘ 

 ,ʤʳʩʘʣʳ) ץʘʥʜʘʡ ʤᴅʣʽʤʝʪʪʝʨ ʞʦץʨʫ ʪʫʨʘʣʳ ʝʰײץ ʘʪʳʥʘʩץ

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʫʩʳʟ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫʜʽש 

ʪʘʨʘʪʳʣסʘʥ ʞʝʣʽʣʝʨʽʥʜʝ ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪʪʳ ʪʘʨʘʪʫ ʞװʡʝʣʝʨʽʥ ײץʨʫ ʤװʤʢʽʥ 

ʝʤʝʩ); 

 - ʙʘʡʣʘʥʳʩ ײץʨʘʪʳʥ ʞʘץʪʘʨʜʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷʣʘʫ;  

 - ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ץʳʟʤʝʪʪʝʨʛʝ ץʘʪʳʥʘʩ ײץʨʫ 

ʢʝʟʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳ ʘʚʪʦʨʣʘʥʜʳʨʫ.  

 ɹװʛʽʥʛʽ ʢװʥʛʝ Internet ʩʠʷץʪʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ intranet 

ʞᴅʥʝ extranet ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫʜʽש ʘʰʳץ ʞʝʣʽʣʝʨʜʽש ʙʘʨʣʳץ ʞʝʨʜʝ 

 ʙʝʨʽʥשʨʣʽ ʝʩʝʧʪʝʨ ʰʝװʭʘʪʪʘʤʘʣʘʨ ᴅʨʪ ץʘʩʳʥʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץʦʣʜʘʥʫ ʘʨץ
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ʰʝʰʫʜʝ ʞᴅʥʝ ʩʦʥʜʘʡ ʞʝʣʽʣʝʨ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳʥʘ ʙʝʨʽʣʝʪʽʥ װʥʝʤʽ 

ʢʝשʝʡʝʪʽʥ ץʳʟʤʝʪʪʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʢʝץ שʦʣʜʘʥʘʫʳʥ ʪʘʧʪʳ.  

 ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʭʘʪʪʘʤʘʣʘʨʜʳ ʢʣʘʩʩʠʢʘʣʳץ ץʦʣʜʘʥʫ 

ʘʡʤʘץʪʘʨʳʥʘʥ ʙʘʩץʘ, ʩᴅʡʢʝʩ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʣʘʨ ʢᴇʤʝʛʽʤʝʥ 

ʰʝʰʽʣʝʪʽʥ ʘʨʥʘʡʳ ʝʩʝʧʪʝʨʽʥʽʥ ʢʝש ʰʝשʙʝʨʽ ʙʘʨ. ɹײʣ, ʝש ʘʣʜʳʤʝʥ ײץʧʠʷʥʳש 

ᴇʟʽʥ ʪʦʣʳץ ʢᴇʣʝʤʜʝ ʘʰʫʩʳʟ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʙᴇʣʽʛʽʥ ʘʰʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

 ʘ ʞʝʪʫץʩʘʪץʘʪʳʩʫʰʳʣʘʨ ʞʘʣʧʳ ʤʘץ ,ʧʠʷʥʳ ʙᴇʣʰʝʢʪʝʧ ʘʰʫ. ʄʳʩʘʣʳײץ

 ʘʡʩʳʩʳʥʘ ʙʝʣʛʽʩʽʟץʙᴇʣʽʛʽʥ ʘʰʘʜʳ ʥʝʤʝʩʝ ᴅʨ שʧʘʨʘʪʪʳץʰʽʥ ʙʽʨ ʙʽʨʽʥʝ ᴇʟ ʘװ

  .ʧʘʣʜʘʨʳʥ ʙʽʨʽʢʪʽʨʝʜʽץʰʽʥ ʳװ ʧʠʷʥʳ ʘʰʫײץ

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʣʘʨʜʳש ʪʝʟ ʜʘʤʫʳ ʵʣʝʢʪʨʦʥʜʳ ʪᴇʣʝʤʜʝʨ 

ʞװʡʝʣʝʨʽʥʽש, ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢʘʨʪʘʣʘʨʳʥʳש ʜʘʤʫʳʤʝʥ, ʵʣʝʢʪʨʦʥʜʳ ʘץʰʘ 

ʧʘʡʜʘ ʙʦʣʫʤʝʥ ʞᴅʥʝ ʪ.ʙ. ʙʘʡʣʘʥʳʩʪʳ.    

 ɹװʛʽʥʛʽ ʢװʥʛʝ Internet ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʥʝʛʽʟʛʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

 ʧʠʷʣʘʨʜʳײץ ץʪʘʥ, ʦʩʳʥʜʘʡ ʢʦʤʤʝʨʮʠʷʣʳץʘʥʜʳסʨʘʣ ʭʘʪʪʘʤʘʣʘʨ ʙʦʣײץ

 ʘסʳʥʘʥ ʜʘʤʳʫ ʙʦʣʘʪʳʥʳʥ ʘʡʪʫסʨʘʣʜʘʨʳ ʩʘʧʘ ʞᴅʥʝ ʩʘʥ ʞʘײץ ʘʫסʦʨץ

ʙʦʣʘʜʳ.  

 ɾʝʨʛʽʣʽʢʪʽ ʞᴅʥʝ ʪʘʨʘʪʳʣסʘʥ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʝ ʘץʧʘʨʘʪʪʳץ 

 ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʝʩʝʧʪʝʨʽʥ ʰʝʰʫʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʫʽʧʩʽʟʜʽʢʪʽץ

ʭʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʢᴇʧץʳʨʣʳסʳ ʦʣʘʨʜʳש ʥʝʛʽʟʛʽ ʪʠʧʪʝʨʽʥ, ʦʣʘʨʜʳ 

ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʨסʘʫ ʩײʨʘץʪʘʨʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝ ʘʨʥʘʡʳ ʘץʧʘʨʘʪʪʳץ 

ʞװʡʝʣʝʨʜʽ ײץʨʫʜʳ ʪʦʣʳץ ץʘʨʘʩʪʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ.   

 

1.3. ʂʃɸʉʉʀʂɸʃʓפ ʂʈʀʇʊʆʃʆɻʀʗ,  

ʂʈʀʇʊʆɻʈɸʌʀʗ ɾᴄʅɽ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ  

ʊɸʃɼɸʋ ʊʋʈɸʃʓ ɾɸʃʇʓ ʄᴄʃɯʄɽʊʊɽʈ  

 

1.3.1. ʂʨʠʧʪʦʣʦʛʠʷ ʪʫʨʘʣʳ ʞʘʣʧʳ ʤᴅʣʽʤʝʪʪʝʨ  

 

 ʂʨʠʧʪʦʣʦʛʠʷ ï ײץʧʠʷʞʘʟʙʘʥʳ (ʢʨʠʧʪʦʛʨʘʬʠʷʥʳ) ʞᴅʥʝ ʦʥʳ ʘʰʫ 

ᴅʜʽʩʪʝʨʽʥ (ʢʨʠʧʪʦʣʦʛʠʷʣʳϨ ʪʘʣʜʘʫʜʳ) ʟʝʨʪʪʝʡʪʽʥ ʙʽʣʽʤ ʘʡʤʘסʳ, RSA ᴅʡʛʽʣʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʘʚʪʦʨʣʘʨʳʥʳש ʙʽʨʽ ʈʦʥʘʣʴʜ ʈʠʚʝʩʪʪʽϬ 

(ʄʘʩʩʘʯʫʩʝʪʩʪʽש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʠʥʩʪʠʪʫʪʳʥʳש ʧʨʦʬʝʩʩʦʨʳ  MIT) ʘʡʪʫʳ 

ʙʦʡʳʥʰʘ ʢʨʠʧʪʦʣʦʛʠʷ çʙʘʨʣʳץ computer science ʢʽʥʜʽʢ ʰʝʰʝʩʽè [2, 12]. 

ʂʨʠʧʪʦʣʦʛʠʷʥʳש ʘʪʳ ʛʨʝʢ ʪʽʣʽʥʝʥ (ʢʨʠʧʪʦʩ ï ײץʧʠʷ, ʣʦʛʦʩ ï סʳʣʳʤ ʥʝʤʝʩʝ 

ʩᴇʟ) ʧʘʡʜʘ ʙʦʣʜʳ. 

 ɿʘʤʘʥʘʫʠ ʢʨʠʧʪʦʣʦʛʠʷʥʳ סʳʣʳʤ ʨʝʪʽʥʜʝ ײץʨʫ ʤʘʪʝʤʘʪʠʢʘʥʳש, 

ʬʠʟʠʢʘʥʳש, ʘץʧʘʨʘʪ ʪʝʦʨʠʷʩʳʥʳש ʞᴅʥʝ ʪʘʙʠסʳ ץʳʡʳʥ ʢװʨʜʝʣʽ 

ʝʩʝʧʪʝʫʣʝʨʜʽש ʬʫʥʜʘʤʝʥʪʘʣʜʳ ʪװʩʽʥʽʢʪʝʨʽ ʤʝʥ ʬʘʢʪʽʣʝʨ ʞʠʥʘסʳʥʜʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ɹʽʨʘץ, ʦסʘʥ ʪᴅʥ ץʳʡʳʥʜʳץץʘ ץʘʨʘʤʘʩʪʘʥ ʢʨʠʧʪʦʣʦʛʠʷʥʳש 

ʢᴇʧʪʝʛʝʥ ʪʝʦʨʠʷʣʳץ ʞʝʪʽʩʪʽʢʪʝʨʽ ʙʽʟʜʽש ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ 

ʥʳסʘʡʪʳʣסʘʥ ᴇʤʽʨʜʝ ʢʝץ שʦʣʜʘʥʳʩץʘ ʠʝ, ʤʳʩʘʣʳ: ʧʣʘʩʪʠʢʘʣʳץ  smart-

ʢʘʨʪʘʣʘʨʜʘ, ʵʣʝʢʪʨʦʥʜʳץ ʧʦʰʪʘʣʘʨʜʘ, ʙʘʥʢʪʽʢ ʪᴇʣʝʤ ʞװʡʝʣʝʨʽʥʜʝ, Internet 

ʘʨץʳʣʳ ʵʣʝʢʪʨʦʥʜʳ ʩʘʫʜʘʜʘ, ʵʣʝʢʪʨʦʥʜʳ ײץʞʘʪʘʡʥʘʣʳʤ ʞװʡʝʣʝʨʽʥʜʝ, 
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ʜʝʨʝʢץʦʨʣʘʨʜʳ ʞװʨʛʽʟʫ ʢʝʟʽʥʜʝ, ʵʣʝʢʪʨʦʥʜʳ ʜʘʫʳʩ ʙʝʨʫ ʞװʡʝʣʝʨʽʥʜʝ ʞᴅʥʝ 

ʪ.ʙ. ʆʩʳʥʜʘʡ ʞʘʣʧʳ ʽʰʢʽ ץʳʡʳʥʜʳץ ʧʝʥ ʪᴅʞʨʽʙʝʣʽʢ ץʦʣʜʘʥʫʰʳʣʳץ 

  .ʰʽʥ ʙʽʨʝʛʝʡװ ʳʣʳʤס ץʘʪʳʥʘʩʳ ʪʝʦʨʠʷʣʳץ

 ʂʨʠʧʪʦʛʨʘʬʠʷ  - ʘץʧʘʨʘʪʪʳש ʤʘʟʤײʥʳʥ ʞʘʩʳʨʫ, ᴇʟʛʝʨʪʫʜʽ ʥʝʤʝʩʝ 

ʨץײʩʘʪʩʳʟ ץʦʣʜʘʥʫʜʳ ʙʦʣʜʳʨʤʘʫ ʤʘץʩʘʪʳʤʝʥ ʘץʧʘʨʘʪʪʳ ʪװʨʣʝʥʜʽʨʫʜʽש 

(ʰʠʬʨʣʘʫʜʳש) ʙʘסʜʘʨʣʘʤʘʣʳץ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʳʥ, ᴅʜʽʩʪʝʨʜʽ, 

ʘʣʛʦʨʠʪʤʜʝʨʜʽ, װʣʛʽʣʝʨʜʽ ʟʝʨʪʪʝʡʪʽʥ ץʦʣʜʘʥʙʘʣʳ ʤʘʪʝʤʘʪʠʢʘ ʪʘʨʘʫʳ. ɹʘʩץʘ 

ʩᴇʟʙʝʥ ʘʡʪץʘʥʜʘ, ʢʨʠʧʪʦʛʨʘʬ ʭʘʙʘʨʣʘʨʜʳײץ שʧʠʷʣʳסʳʥ ʞᴅʥʝ/ʥʝʤʝʩʝ 

ʰʳʥʘʡʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ᴅʜʽʩʪʝʨʽʥ ʽʟʜʝʡʜʽ.  

 ɸʰʳץ ʵʣʝʢʪʨʦʥʜʳ ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨ ʙʦʡʳʥʰʘ ʞʽʙʝʨʽʣʝʥʪʽʥ 

ʜʝʨʝʢʪʝʨʜʽ ץʦʨסʘʫ ʢʝʟʽʥʜʝ, ʵʣʝʢʪʨʦʥʜʳץ ʘץʧʘʨʘʪʪʳש ʪײʪʘʩʪʳסʳʥ ʨʘʩʪʘʫ 

ʢʝʟʽʥʜʝ ʥʝʤʝʩʝ ʦʥʳש ʘʚʪʦʨʣʳסʳʥ ʜᴅʣʝʣʜʝʫ ʢʝʟʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʩʳʟ 

ʙʦʣʤʘʡʜʳ.    

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪʘʣʜʘʫ ʢʽʣʪʪʽ ʙʽʣʫʩʽʟ ʘץʧʘʨʘʪʪʳש 

ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ ʞᴅʥʝ ʰʳʥʘʡʣʳסʳʥ ʙײʟʫʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʽʥ 

ʙʽʨʽʢʪʽʨʝʜʽ.  

 ʂʨʠʧʪʦʣʦʛʠʷסʘ ʢʽʨʤʝʡʪʽʥ, ʙʽʨץʘʪʘʨ ץײʩʘʩ ʙʽʣʽʤ ʩʘʣʘʣʘʨʳ ʙʘʨ. 

ɸץʧʘʨʘʪʪʳץ ʤʘʩʩʠʚʪʝʨʜʝ ʘץʧʘʨʘʪʪʳ ʞʘʩʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʤʝʥ 

ʩʪʝʛʘʥʦʛʨʘʬʠʷ ʘʡʥʘʣʳʩʘʜʳ. ʂʝʟʜʝʡʩʦץ ᴅʩʝʨ ʝʪʫ ʢʝʟʽʥʜʝ ʘץʧʘʨʘʪʪʳש 

ʪײʪʘʩʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʜʝʨʛʽʛʝ ʪϺʟʝʤʜʽ ʢʦʜʪʘʫ ʪʝʦʨʠʷʩʳʥʘ 

ʞʘʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʨʠʧʪʦʣʦʛʠʷסʘ ʞʘʥʘʤʘ ʘʡʤʘץ ʙʦʣʳʧ ʘץʧʘʨʘʪʪʳ 

  .ᴅʜʽʩʪʝʨʽ ʝʩʝʧʪʝʣʝʜʽ ץʤʘʪʝʤʘʪʠʢʘʣʳ שʳʩʫʜʳץ

 ɹײʣ ʦץʫ ײץʨʘʣʳʥʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ 

ʞװʡʝʣʝʨʜʽש ʙʝʨʽʢʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʙᴇʣʽʛʽ ʞᴅʥʝ 

ʢʨʠʧʪʦʛʨʘʬʠʷ ʥʝʛʽʟʜʝʨʽ סʘʥʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  

  

1.3.2. ʂʨʠʧʪʦʣʦʛʠʷʥʳש ʜʘʤʫ ʪʘʨʠʭʳ 

 

 ʂʨʠʧʪʦʛʨʘʬʠʷ ʪʘʨʠʭʳʥʜʘ ʰʘʨʪʪʳ ʪװʨʜʝ ʪᴇʨʪ ʢʝʟʝשʜʽ ʙʝʣʛʽʣʝʫʛʝ 

ʙʦʣʘʜʳ [6]: ʘסשʳʨʪ, ʬʦʨʤʘʣʜʳ, סʳʣʳʤʠ, ʢʦʤʧʴʶʪʝʨʣʽʢ.  

 ɸϬϤʳʨʪ ʢʨʠʧʪʦʣʦʛʠʷ (XVI ס. ʙʘʩʳʥʘ ʜʝʡʽʥ) װʰʽʥ ʭʘʙʘʨ ʤʘʟʤײʥʳʥ 

ʞʘʩʳʨʫ װʰʽʥ ץʘʨʩʳʣʘʩʪʳ ʰʘʪʘʩʪʳʨʫʜʳש ʢʝʟ ʢʝʣʛʝʥ ץʘʨʘʧʘʡʳʤ ʪᴅʩʽʣʜʝʨʽʥ 

 ʘסʰʽʥ ʢʨʠʧʪʦʣʦʛʠʷװ ʘʫסʦʨץ ʧʘʨʘʪʪʳץʜʝ ʘשʳ ʢʝʟʝץʦʣʜʘʥʫ ʩʠʧʘʪ. ɹʘʩʪʘʧץ

ʪʝש ʝʤʝʩ, ʙʽʨʘץ ץʘʪʘʨ ʢʦʜʪʘʫ ʞᴅʥʝ ʩʪʝʛʘʥʦʛʨʘʬʠʷ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʜʳ.  

 ʦʣʜʘʥʘʪʳʥ ʢᴇʧʪʝʛʝʥ ʰʠʬʨʣʘʨ ʘʣʤʘʩʪʳʨʫϤʘ ʥʝʤʝʩʝ ʙʽʨʘʣʬʘʚʠʪʪʳפ 

ʘʫʳʩʪʳʨʫϤʘ ʘʣʳʧ ʢʝʣʝʪʽʥ. ʊʽʨʢʝʣʛʝʥ ʤʳʩʘʣʜʘʨʜʳש ʘʣסʘʰץʳʣʘʨʜʳש ʙʽʨʽ 

ʎʝʟʘʨʴ ʰʠʬʨʳ, ʘʣסʘʰץʳ ʭʘʙʘʨʜʳש ᴅʨ ᴅʨʽʧʽ ʦʣ ᴅʨʽʧʪʝʥ ʘʣʬʘʚʠʪʪʝ 

ʘʥʳץʪʘʣסʘʥ ʧʦʟʠʮʠʷʣʘʨ ʩʘʥʳʥʘ ʞʳʣʞʳסʘʥ ᴅʨʽʧʢʝ ʘʫʳʩʪʳʨʳʣʘʜʳ. ɹʘʩץʘ 

ʰʠʬʨ, ʧʦʣʠʙʠʘʥʜʳϨ ʪϺʨʪʙϰʨʳʰ, ʦʥʳש ʘʚʪʦʨʣʳסʳ ʛʨʝʢ ʞʘʟʫʰʳ 

ʇʦʣʠʙʠʡʛʝ ʪʽʨʢʝʣʝʜʽ, ʙʽʨʘʣʬʘʚʠʪʪʳ ʘʫʳʩʪʳʨʫ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. ɹײʣ 

ʰʠʬʨʜʘ ʰʠʬʨʣʘʫ ʘʣʬʘʚʠʪʧʝʥ ʢʝʟʜʝʡʩʦץ ʪʦʣʪʳʨʳʣסʘʥ ʪᴇʨʪʙײʨʳʰ ʢʝʩʪʝ 

(ʛʨʝʢ ʘʣʬʘʚʠʪʳ װʰʽʥ 5
 
Ĭ

 
5) ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. ɸʣסʘʰץʳ ʭʘʙʘʨʜʳש ᴅʨ 

ᴅʨʽʧʽ ʢʝʩʪʝʜʝ ʘʩʪʳʥʜʘ ʪײʨʘʪʳʥ ᴅʨʽʧʢʝ ʘʫʳʩʪʳʨʳʣʘʜʳ.  
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 ʌʦʨʤʘʣʜʳ ʢʨʠʧʪʦʣʦʛʠʷ ʢʝʟʝשʽ (XV ס. ʩʦשʳ - XX ס. ʙʘʩʳ) 

ʬʦʨʤʘʣʜʘʥסʘʥ ʞᴅʥʝ ץʦʣʳʤʝʥ ʞʘʩʘʣʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʳʥʘ 

ʙʝʨʽʢ ʰʠʬʨʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʝʫʨʦʧʘʣʳץ 

ʤʝʤʣʝʢʝʪʪʝʨʜʝ סʳʣʳʤ ʞᴅʥʝ ʩʘʫʜʘ ʜʘʤʫʳ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʩʝʥʽʤʜʽ 

ʪᴅʩʽʣʜʝʨʽʥʝ ʩײʨʘʥʳʩ ʪײʜʳʨסʘʥ ʢʝʟʜʝ ɾʘשʘʨʫ ʜᴅʫʽʨʽʥʜʝ ʙʦʣʜʳ. ɹײʣ ʢʝʟʝשʜʝ 

ʤʘשʳʟʜʳ ʨᴇʣ ʙʽʨʽʥʰʽ ץʘʪʘʨʜʘ ʙʽʨʘʣʬʘʚʠʪʪʳ ʘʫʳʩʪʳʨʫʜʳ ײʩʳʥסʘʥ 

ʠʪʘʣʠʷʣʳץ ʩᴅʫʣʝʪʰʽ ʃʝʦʥ ɹʘʪʠʩʪ ɸʣʴʙʝʨʪʠʛʝ ʪʠʝʩʽʣ. XVI ס. ɹʣʝʟ 

ɺʠʞʠʥʝʨ ʜʠʧʣʦʤʘʪʪʳש ʘʪʳʥʘ ʠʝ ʙʦʣסʘʥ ʙײʣ ʰʠʬʨ ʘʣסʘʰץʳ ʭʘʙʘʨʜʳש 

ᴅʨʽʧʪʝʨʽʥ ʢʽʣʪʧʝʥ (ʧʨʦʮʝʜʫʨʘʥʳ ʘʨʥʘʡʳ ʢʝʩʪʝ ʢᴇʤʝʛʽʤʝʥ ʞʝשʽʣʜʝʪʫʛʝ 

ʙʦʣʘʜʳ) ʨʝʪ ʙʦʡʳʥʰʘ çϨʦʩʫʜʘʥè ʪײʨʘʜʳ. ʆʥʳש çʐʠʬʨ ʪʫʨʘʣʳ ʪʨʘʢʪʘʪè 

(1466 ʞ.) ʞײʤʳʩʳ ʢʨʠʧʪʦʣʦʛʠʷ ʙʦʡʳʥʰʘ ʙʽʨʽʥʰʽ סʳʣʳʤʠ ʞײʤʳʩ ʜʝʧ 

ʝʩʝʧʪʝʣʝʜʽ. 

 ɹʘʩʧʘʜʘʥ ʰʳץץʘʥ ʙʽʨʽʥʰʽ ʞײʤʳʩʪʘʨʜʳש ʙʽʨʽ ʥʝʤʽʩ ʘʙʙʘʪ ʀʦʛʘʥʥ 

ʊʨʠʪʝʤʠʫʩʪʳϬ çʇʦʣʠʛʨʘʬʠʷè (1508 ʞ.) ʞײʤʳʩʳ, ʦʥʳש ʽʰʽʥʜʝ ʩʦʣ 

ʤʝʟʛʽʣʛʝ ʙʝʣʛʽʣʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ץʘʣʳʧʪʘʩʪʳʨʳʣסʘʥ ʞᴅʥʝ 

ʞʘʣʧʳʣʘʥסʘʥ. ʆʣ ʝʢʽ װʣʢʝʥ ʝʤʝʩ, ʙʽʨʘץ ʤʘשʳʟʜʳ ʞʘשʘʣʳץ ʘʰʪʳ: 

ʧʦʣʠʙʠʘʥʜʳץ ʪᴇʨʪʙײʨʳʰʪʳ ʪʦʣʪʳʨʫ ʪᴅʩʽʣʽ (ʙʽʨʽʥʰʽ ʧʦʟʠʮʠʷʣʘʨ ʞʝשʽʣ ʝʩʪʝ 

ʩʘץʪʘʣʘʪʳʥ ʢʽʣʪʪʽʢ ʩᴇʟʙʝʥ ʪʦʣʳץʪʳʨʳʣʘʜʳ, ʘʣ ץʘʣסʘʥʜʘʨʳ ï ʘʣʬʘʚʠʪʪʳש 

  .ʧʪʘʨʳʥ (ʙʠʛʨʘʤʤʘʣʘʨʜʳ) ʰʠʬʨʣʘʫײʘʥ ᴅʨʽʧʪʝʨʽʤʝʥ) ʞᴅʥʝ ᴅʨʽʧʪʝʨ ʞסʘʣץ

 ʙʝʨʽʢ ʢᴇʧʘʣʬʘʚʠʪʪʳ ʘʫʳʩʪʳʨʫ (ʙʠʛʨʘʤʤʘʣʘʨʜʳ ץʘʨʘʧʘʡʳʤ, ʙʽʨʘפ 

ʘʫʳʩʪʳʨʫ) ʪᴅʩʽʣʽ ʙʦʣʳʧ XIX ס. ʙʘʩʳʥʜʘ ʏʘʨʣʴʟ ʋʠʪʩʪʦʥʤʝʥ ʘʰʳʣסʘʥ 

ʇʣʝʡʬʝʨ ʰʠʬʨʳ ʝʩʝʧʪʝʣʝʜʽ. ʋʠʪʩʪʦʥ ʤʘשʳʟʜʳ ʞʘץʩʘʨʪʫ ʝʥʛʽʟʜʽ ï çץʦʩ 

ʪᴇʨʪʙײʨʳʰʧʝʥè ʰʠʬʨʣʘʫ. ʇʣʝʡʬʝʨ ʞᴅʥʝ ʋʠʪʩʪʦʥ ʰʠʬʨʣʘʨʳ ץʦʣʤʝʥ 

ʞʘʩʘʣסʘʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ʙʝʨʽʢ ʙʦʣסʘʥʜʳץʪʘʥ, ʙʽʨʽʥʰʽ ᴅʣʝʤʜʽʢ 

ʩʦסʳʩץʘ ʜʝʡʽʥ ץʦʣʜʘʥʳʩʪʘ ʙʦʣʜʳ.  

 XIX ס. ʛʦʣʣʘʥʜʪʳץ ʆʛʶʩʪ ʂʝʨʢʛʦʬʬʩ ʢᴅʟʽʨʛʽ ʫʘץʳʪץʘ ʜʝʡʽʥ ᴇʟʝʢʪʽ 

ʙʦʣʧr ץʘʣסʘʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʛʝ ʙʘʩʪʳ ʪʘʣʘʧʪʳ ץʘʣʳʧʪʘʩʪʳʨʜʳ: 

ʰʠʬʨʣʘʨʜʳϬ ϨϰʧʠʷʣʳϤʳ ʘʣʛʦʨʠʪʤʥʽϬ ʝʤʝʩ, ʢʽʣʪʪʽϬ ϨϰʧʠʷʣʳϤʳʥʜʘ 

ʥʝʛʽʟʜʝʣʝʥʫ ʢʝʨʝʢ.  

 ɸץʳʨʳʥʜʘ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽש ʦʜʘʥʜʘ ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ 

 ʘסʘʪʘʨ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫץ ʘʤʪʘʤʘʩʳʟ ʝʪʢʝʥ, ʩʦʥʳʤʝʥץ

(ʤʝʭʘʥʠʢʘʣʘʥʜʳʨʫ ʤʘסʳʥʘʩʳʥʜʘ) ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ סʳʣʳʤסʘ ʜʝʡʽʥʛʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש ʩʦסשʳ ʩᴇʟʽ ʙʦʣסʘʥ ʨʦʪʦʨʣʳϨ ʢʨʠʧʪʦʞϮʡʝʣʝʨ.  

 ʆʩʳʥʜʘʡ ʞװʡʝʣʝʨʜʽש ʙʽʨʽʥʰʽ ץʘʪʘʨʳʥʘ ʞʘʪʘʪʳʥʥʳש ʙʽʨʽ  1790 ʞʳʣʳ 

ʙʦʣʘʰʘץ ʧʨʝʟʠʜʝʥʪ ʊʦʤʘʩ ɼʞʝʬʬʝʨʩʦʥ ʦʡʣʘʧ ʪʘʧץʘʥ ʤʝʭʘʥʠʢʘʣʳץ 

ʤʘʰʠʥʘ.  ʈʦʪʦʨʣʳץ ʤʘʰʠʥʘ ʢᴇʤʝʛʽʤʝʥ ʢᴇʧʘʣʬʘʚʠʪʪʳ ʘʫʳʩʪʳʨʫ ʘʡʥʘʣʘʪʳʥ 

ʨʦʪʦʨʣʘʨʜʳש ᴇʟʘʨʘ ʢװʡʣʝʨʜʽש ʚʘʨʠʘʮʠʷʩʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʈʦʪʦʨʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʦʥʳש ʽʰʽʥʜʝ çʪʽʛʽʣʛʝʥè ʘʫʳʩʪʳʨʫʜʳ ʞװʟʝʛʝ 

ʘʩʳʨʘʜʳ.  

 ʈʦʪʦʨʣʳץ ʤʘʰʳʥʘʣʘʨ ʪᴅʞʽʨʠʙʝʣʽʢ ʪʘʨʘʫʳʥ ʪʝʢ XX סʘʩʳʨʜʳש ʙʘʩʳʥʜʘ 

ʘʣʜʳ. ʊᴅʞʽʨʠʙʝʣʽʢ ʪװʨʜʝ ץʦʣʜʘʥʘʪʳʥ ʤʘʰʠʥʘʣʘʨʜʳש ʙʽʨʽ 1917 ʞʳʣʳ 

ʕʜʚʘʨʜ ʍʝʙʝʨʥʤʝʥ ײץʨʳʣסʘʥ ʞᴅʥʝ ɸʨʪʫʨ ʂʠʨʭ ʞʝʪʽʣʜʽʨʛʝʥ ʥʝʤʽʩʪʽʢ 

Enigma ʤʘʰʠʥʘʩʳ. ʈʦʪʦʨʣʳץ ʤʘʰʠʥʘʣʘʨ ɽʢʽʥʰʽ ᴅʣʝʤʜʽʢ ʩʦסʳʩ ʫʘץʳʪʳʥʜʘ 



 19 

ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʳʣʜʳ. ʅʝʤʽʩʪʽʢ Enigma ʤʘʰʠʥʘʩʳʥʘʥ ʙʘʩץʘ Sigaba (ɸפʐ), 

ʊʫʨʝʭ (ױʣʳʙʨʠʪʘʥʠʷ), Red, Orange ʞᴅʥʝ Purple (ɾʘʧʦʥʠʷ) ײץʨʳʣסʳʣʘʨʳ 

 ʘʨʘʧʘʡʳʤץ ʡʝʣʝʨ ï ᴇʪʝ ʙʝʨʽʢʪʽ ʰʠʬʨʣʘʨʜʳװʞ ץʦʣʜʘʥʳʣʜʳ. ʈʦʪʦʨʣʳץ

ʞװʟʝʛʝ ʘʩʳʨסʘʥʜʳץʪʘʥ, ʬʦʨʤʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש ʰʳשʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʈʦʪʦʨʣʳץ ʞװʡʝʣʝʨʛʝ ʞʝʤʽʩʪʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʰʘʙʫʳʣʜʘʨ XX 

 ʙʘʩʳʥʜʘ ʵʣʝʢʪʨʦʥʜʳϨ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʣʘʨʜʳϬ שʞʳʣʜʘʨʜʳ 40 שʘʩʳʨʜʳס

(ʕɽʄ) ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʤװʤʢʽʥ ʙʦʣʜʳ.  

 ϣʳʣʳʤʠ ʢʨʠʧʪʦʣʦʛʠʷʥʳϬ (1930 - 1960 ʞʞ.) ʙʘʩʪʳ ʘʡʳʨʤʘʰʳʣʳסʳ ï 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽ ץʘʪʘʣ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʥʝʛʽʟʜʝʫʤʝʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳ. 30 ʞʳʣʜʘʨʜʳש ʙʘʩʳʥʘ 

ʢʨʠʧʪʦʣʦʛʠʷʥʳס שʳʣʳʤʠ ʥʝʛʽʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʤʘʪʝʤʘʪʠʢʘ ʪʘʨʘʫʣʘʨʳ 

ʙʽʨʞʦʣʘʪʘ ץʘʣʳʧʪʘʩʪʳ: ʳץʪʠʤʘʣʜʳץ ʪʝʦʨʠʷʩʳ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʩʪʘʪʠʩʪʠʢʘ, ʞʘʣʧʳ ʘʣʛʝʙʨʘ, ʩʘʥʜʘʨ ʪʝʦʨʠʷʩʳ, ʘʣ ʘʣʛʦʨʠʪʤʜʝʨ ʪʝʦʨʠʷʩʳ, 

ʘץʧʘʨʘʪ ʪʝʦʨʠʷʩʳ, ʢʠʙʝʨʥʝʪʠʢʘ ʙʝʣʩʝʥʜʽ ʜʘʤʫ ʙʘʩʪʘʜʳ. ʂʨʠʧʪʦʛʨʘʬʠʷ 

ʞᴅʥʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ סʳʣʳʤʠ ץʦʨ ʞʘʩʘסʘʥ ʂʣʦʜ ʐʝʥʥʦʥʥʳϬ 

çϧϰʧʠʷ ʞϮʡʝʣʝʨʜʝ ʘϨʧʘʨʘʪ ʪʝʦʨʠʷʩʳè (1949 ʞ.) ʞײʤʳʩʳ ᴇʟʽʥʜʽʢ 

ʩʫʘʡʨʳסʳ ʙʦʣʜʳ. ʉʦʣ ʫʘץʳʪʪʘʥ ʙʘʩʪʘʧ ʢʨʠʧʪʦʣʦʛʠʷʥʳ ʘץʧʘʨʘʪʪʳש 

 ʳʣʳʤʳ ʜʝʧ ʘʪʘʧ ʢʝʪʪʽ. 1949ס ʨʣʝʥʜʽʨʫװʰʽʥ ʪװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʳʥסʧʠʷʣʳײץ

ʞʳʣסʘ ʜʝʡʽʥʛʽ ʢʨʠʧʪʦʛʨʘʬʠʷ ʞᴅʥʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʜʘʤʫ 

ʢʝʟʝשʽʥ ϤʳʣʳʤʥʳϬ ʘʣʜʳʥʜʘϤʳ ʢʨʠʧʪʦʣʦʛʠʷ ʜʝʧ ʘʪʘʧ ʢʝʪʪʽ.  ʐʝʥʥʦʥ 

çʰʘʰʳʨʘʪʫè ʞᴅʥʝ çʘʨʘʣʘʩʪʳʨʫè ʪװʩʽʥʽʢʪʝʨʽʥ ʝʥʛʽʟʜʽ, ʢʝʨʝʢʪʽ ʙʝʨʽʢʪʽʣʽʛʽ 

ʙʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ײץʨʫ ʤװʤʢʽʥʜʽʛʽʥ ʥʝʛʽʟʜʝʜʽ.  

 1960 ʞʳʣʜʘʨʳ ʞʝʪʝʢʰʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʤʝʢʪʝʧʪʝʨ ʙʣʦʢʪʳ 

ʰʠʬʨʣʘʨʜʳ ײץʨʫסʘ ʢʝʣʜʽ, ʦʣʘʨ ʨʦʪʦʨʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʛʝ 

 ץʟʝʛʝ ʘʩʳʨʫʳ ʪʝʢ ʮʠʬʨʣʳװʪᴅʞʽʨʠʙʝʣʽʢ ʞ ץʘʥʜʘ ʙʝʨʽʢʪʽʨʝʢ, ʙʽʨʘסʘʨʘץ

ʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣסʳʣʘʨ ʪװʨʽʥʜʝ ʤװʤʢʽʥ  

 ʂʦʤʧʴʶʪʝʨʣʽʢ ʧʨʠʪʦʛʨʘʬʠʷ (1970 ʞʳʣʜʘʨʜʘʥ ʙʘʩʪʘʧ) ᴇʟʽʥʽש ʧʘʡʜʘ 

ʙʦʣʫʤʝʥ Ϩʦʣʜʘʥ ʞʘʩʘʣϤʘʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳϨ ʰʠʬʨʣʘʨϤʘ ץʘʨʘסʘʥʜʘ, 

ʰʠʬʨʣʘʫʜʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳ ʙʘʨ ʢʝʟʜʝ ʙʽʨʥʝʰʝ ʜʝשʛʝʡʛʝ ʞʦסʘʨʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝʣʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ᴇʥʽʤʜʽʣʽʢʧʝʥ ʝʩʝʧʪʝʫ 

  .ʧʘʡʜʘ ʙʦʣʫʳʥʘ ʤʽʥʜʝʪʪʽ שʨʘʣʜʘʨʳʥʳײץ

 ʨʘʣʜʘʨʳ ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʪᴅʞʽʨʠʙʝʣʽʢײץ ʳʥ ʝʩʝʧʪʝʫסʫʘʪʪʳ ʞᴅʥʝ ʰʘפ 

ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥʝ ʠʝ ʙʦʣסʘʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽש ʙʽʨʽʥʰʽ 

ʢʣʘʩʳ - ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ. XX סʘʩʳʨʜʳ70 ש-ʞʳʣʜʘʨʳ DES  Data 

Encryption Standard (ʉʪʘʥʜʘʨʪ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ) ʘʤʝʨʠʢʘʣʳϨ ʰʠʬʨʣʘʫ 

ʩʪʘʥʜʘʨʪʳ ײץʨʳʣʜʳ. ʆʣ 1978 ʞʳʣʳ ץʘʙʳʣʜʘʥʜʳ. ʆʥʳש ʘʚʪʦʨʣʘʨʳʥʳש 

ʙʽʨʽ ʍʦʨʩʪ ʌʝʡʩʪʝʣʴ (IBM ץʳʟʤʝʪʢʝʨʽ) ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ װʣʛʽʩʽʥ 

ʩʠʧʘʪʪʘʜʳ, ʦʥʳש ʥʝʛʽʟʽʥʜʝ ʙʘʩץʘ ʙʝʨʽʢʪʽʣʽʛʽ ʞʦסʘʨʳʨʘץ ʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʨʠʧʪʦʞװʡʝʣʝʨʽ ײץʨʳʣʜʳ, ʩʦʥʳש ʽʰʽʥʜʝ 1989 ʞʳʣʳ ʂʉʈʆ ײץʨʳʣסʘʥ ɻʆʉʊ 

28147-89 ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ.  

 DES ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʘ ʙʘʡʳʜʳ, ʘʤʝʨʠʢʘʣʳץ 

ʘʣʛʦʨʠʪʤʛʝ ʰʘʙʫʳʣ ʞʘʩʘʫ װʰʽʥ ʙʽʨʥʝʰʝ ʞʘשʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 
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(ʩʳʟʳץʪʳ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞᴅʥʝ ʪ.ʙ.) ʪװʨʣʝʨʽ ײץʨʳʣʜʳ, ʦʣʘʨʜʳש 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞװʟʝʛʝ ʘʩʫʳ ʪʝʢ ץʫʘʪʪʳ ʝʩʝʧʪʝʫ ʞװʡʝʣʝʨʽ ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ 

ʤװʤʢʽʥ ʙʦʣʜʳ.   

 ʍʍ סʘʩʳʨʜʳ70 ש ʞʳʣʜʘʨʜʳש ʦʨʪʘʩʳʥʜʘ ʟʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʜʘ 

ʢᴅʜʽʤʛʽ ʞʘʨʳʣʫ ʙʦʣʜʳ - ʝʢʽ ʞʘץ ʦʨʪʘʩʳʥʜʘ ײץʧʠʷ ʢʽʣʪʪʽ ʞʽʙʝʨʫʜʽ ʪʘʣʘʧ 

ʝʪʧʝʡʪʽʥ ʘʩʠʤʤʝʪʨʠʷʣʳϨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝʣʝʨʜʽϬ ʧʘʡʜʘ ʙʦʣʫʳ. ɹײʣ 

ʞʝʨʜʝ 1976 ʞʳʣʳ ʋʠʪʬʠʣʜ ɼʠʬʬʠ ʞᴅʥʝ ʄʘʨʪʠʥ ʍʝʣʣʤʘʥ ʞʘʨʠʷʣʳʤסʘ 

ʰʳסʘʨסʘʥ çɿʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʜʘ ʞʘשʘ ʙʘסʳʪʪʘʨè ʞײʤʳʩʳ ʰʳץץʘʥ 

ʥװʢʪʝ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɹײʣ ʞײʤʳʩʪʘ ʘʣסʘʰץʳ ʨʝʪ ײץʧʠʷ ʢʽʣʪʧʝʥ ʘʣʤʘʩʫʩʳʟ 

ʰʠʬʨʣʘʥסʘʥ ʘץʧʘʨʘʪʧʝʥ ʘʣʤʘʩʫ ʧʨʠʥʮʠʧʪʝʨʽ ץʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. 

ɸʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨ ʠʜʝʷʩʳʥʘ ʪᴅʫʝʣʩʽʟ ʈʘʣʴʬ 

ʄʝʨʢʣʠ ʞʝʪʪʽ. ɹʽʨʥʝʰʝ ʞʳʣʜʘʥ ʢʝʡʽʥ ʈʦʥ ʈʠʚʝʩʪ, ɸʜʠ ʐʘʤʠʨ ʞᴅʥʝ 

ʃʝʦʥʘʨʜ ɸʜʣʝʤʘʥ RSA ʞװʡʝʩʽʥ ʘʰʪʳ - ʙʝʨ̔ʢʪʽʣʽʛʽ װʣʢʝʥ ʩʘʥʜʘʨʜʳ 

ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ʧʨʦʙʣʝʤʘʩʳʥʜʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʨʽʥʰʽ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʘʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ. ɸʩʠʤʤʝʪʨʠʷʣʳϨ ʢʨʠʧʪʦʛʨʘʬʠʷ 

ʙʽʨʜʝʥ ʙʽʨʥʝʰʝ ʢʦʣʜʘʥʙʘʣʳ ʙʘסʳʪʪʳ ʘʰʪʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʵʣʝʢʪʨʦʥʜʳϨ 

ʮʠʬʨʣʳϨ ϨʦʣʪʘϬʙʘ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʜʳ ʘϨʰʘ ʞװʡʝʣʝʨʽ. 

 1980-1990 ʞʳʣʜʘʨʳ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש ʞʘשʘ ʙʘסʳʪʪʘʨʳ ʧʘʡʜʘ ʙʦʣʜʳ: 

ʳϨʪʠʤʘʣʜʳϨ ʰʠʬʨʣʘʫ, ʢʚʘʥʪʪʳϨ ʢʨʠʧʪʦʛʨʘʬʠʷ ʞᴅʥʝ ʙʘʩץʘ. ʆʣʘʨʜʳש 

ʪᴅʞʨʽʙʝʣʽʢ ײץʥʜʳסʳʥ ʩʝʟʽʥʫ ᴅʣʽ ʘʣʜʘ. ʉʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝʣʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ʝʩʝʙʽ ʤʘשʳʟʜʳ ʙʦʣʳʧ ץʘʣʳʧ ʪײʨ. ʆʩʳ ʧʝʨʠʦʜʪʘ 

ʬʝʡʩʪʝʣʜʽʢ ʝʤʝʩ ʰʠʬʨʣʘʨ (SAFER, RC6 ʞᴅʥʝ ʙʘʩץʘ) ײץʨʳʣʜʳ, ʘʣ 2000 

ʞʳʣʳ ʘʰʳץ ʭʘʣʳץʘʨʘʣʳץ ʙʘʡץʘʫʳʥʘש ʢʝʡʽʥ ɸפʐ ʞʘשʘ ײʣʪʪʳץ ʰʠʬʨʣʘʫ 

ʩʪʘʥʜʘʨʪʳ ץʘʙʳʣʜʘʥʜʳ ï AES (Advanced Encryption Standard  

ɾʝʪʽʣʜʽʨʽʣʛʝʥ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ).  

 ʂʨʠʧʪʦʛʨʘʬʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳש ʪײʪʘʩʪʳסʳʥ ʙʘץʳʣʘʫʜʳץ שʫʘʪʪʳ ײץʨʘʣʜʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ 

ʝʩʝʧʪʝʣʝʜʽ. ʂᴇʧʪʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʦʣ ץʘʫʽʧʩʽʟʜʽʢʪʽש ʙʘסʜʘʨʣʘʤʘʣʳץ-

ʪʝʭʥʠʢʘʣʳץ ʨʝʪʪʝʫʽʰʪʝʨ ʽʰʽʥʜʝ ʦʨʪʘʣʳץ ʦʨʳʥ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʬʠʟʠʢʘʣʳץ 

ʪװʨʜʝ ץʦʨסʘʫ ᴇʪʝ ץʳʡʳʥ ʧʦʨʪʘʪʠʚʪʽ ʢʦʤʧʴʶʪʝʨʣʝʨ װʰʽʥ ײʨʣʘʫ ʦץʠסʘʩʳ 

ʙʦʣʩʘ ʜʘ ʪʝʢ ʢʨʠʧʪʦʛʨʘʬʠʷ ʘץʧʘʨʘʪʪʳש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ ʢʝʧʽʣʜʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.   

 

1.3.3. ʂʨʠʧʪʦʣʦʛʠʷʜʘ ʧʘʡʜʘʣʘʥʘʪʳʥ ʥʝʛʽʟʛʽ ʘʥʳץʪʘʤʘʣʘʨ 

 

 ɿʘשʩʳʟ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʘʥ (ʨץײʩʘʪʩʳʟ ץʘʪʳʥʘʩ ײץʨʫʜʘʥ) ץʦʨסʘʫ 

ʤʘץʩʘʪʳʤʝʥ ʘץʧʘʨʘʪʪʳ ʪװʨʣʝʥʜʽʨʫ (ʰʠʬʨʣʘʫ) ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪᴅʩʽʣʜʝʨʽ ʰʠʬʨ 

ʜʝʧ ʘʪʘʣʘʜʳ.  

 ʐʠʬʨʣʘʫ  ץʦʨסʘʣʘʪʳʥ ʘץʧʘʨʘʪץʘ ʰʠʬʨʜʳ ץʦʨʜʘʥʫ ʧʨʦʮʝʩʩʽ, ʷסʥʠ 

ʰʠʬʨʜʘ ʘʥʳץʪʘʣסʘʥ ʝʨʝʞʝʣʝʨ ʢᴇʤʝʛʽʤʝʥ ץʦʨסʘʣʘʪʳʥ ʘץʧʘʨʘʪʪʳ (ʘʰʳץ 

ʘץʧʘʨʘʪʪʳ, ʜʝʨʝʢʪʝʨʜʽ) ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨסʘ (ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ) 

ʪװʨʣʝʥʜʽʨʫ.  
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 ʂʝʨʽʰʠʬʨʣʘʫ ï ʰʠʬʨʣʘʫסʘ ץʘʨʩʳ ʧʨʦʮʝʩʩ, ʷסʥʠ ʰʠʬʨʜʘ ʘʥʳץʪʘʣסʘʥ 

ʝʨʝʞʝʣʝʨ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ ץʦʨסʘʣʘʪʳʥ ʘץʧʘʨʘʪץʘ 

ʪװʨʣʝʥʜʽʨʫ. 

 ʂʽʣʪ ï ʥʘץʪʳ ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ ʪװʨʣʝʥʜʽʨʫʛʝ ʞʘʫʘʧ 

ʙʝʨʝʪʽʥ ʰʠʬʨʜʳש ʤʘשʳʟʜʳ ʢʦʤʧʦʥʝʥʪʽ. ᴄʜʝʪʪʝ ʢʽʣʪ ʙʦʣʳʧ ᴅʨʽʧʪʽʢ ʥʝʤʝʩʝ 

ʩʝʥʜʳץ ʪʽʟʙʝʛʽ ʪʘʙʳʣʘʜʳ. ɹײʣ ʪʽʟʙʝʢ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʝ çʙʘʧʪʘʡʪʳʥè 

ʩʠʷץʪʳ.  

 ʍʘʪʪʘʤʘ ï ʝʩʝʧʪʽ ʙʽʨʽʛʽʧ ʰʝʰʫ װʰʽʥ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʢᴇʧ ʞʘץ 

ʦʨʳʥʜʘʡʪʳʥ ץʘʜʘʤʜʘʨ ʨʝʪʽ. ɹʘʨʣʳץ ץʘʜʘʤʜʘʨ ץʘʪʘש ʨʝʪʧʝʥ ʦʨʳʥʜʘʣʘʜʳ, 

ʦʣʘʨʜʳש ʙʽʨʝʫʽʜʝ ʘʣʜʳʥסʳʩʳ ʙʽʪʧʝʡ ʦʨʳʥʜʘʣʤʘʫ ʢʝʨʝʢ. ʉʦʥʳʤʝʥ ץʦʩʘ, ᴅʨ 

ʭʘʪʪʘʤʘסʘ ʘʟ ʜʝʛʝʥʜʝ ʝʢʽ ʞʘץ ץʘʪʳʩʫ ʢʝʨʝʢ. ɽש ʩʦסשʳʩʳ, ʭʘʪʪʘʤʘ ʤʽʥʜʝʪʪʽ 

ʪװʨʜʝ ʢʝʡʙʽʨ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʪʘסʘʡʳʥʜʘʣסʘʥ.  

 ʅʝʛʽʟʽʥʜʝ ʢʨʠʘʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤ ʞʘʪץʘʥ ʭʘʪʪʘʤʘ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʭʘʪʪʘʤʘ ʜʝʧ ʘʪʘʣʘʜʳ. ɸʣʘʡʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʭʘʪʪʘʤʘʥʳש ʤʘץʩʘʪʳ ʘץʧʘʨʘʪʪʳ ʙʘʩץʘʣʘʨʜʘʥ ײץʧʠʷ ʩʘץʪʘʫ סʘʥʘ ʙʦʣʤʘʡʜʳ. 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʥʳץ שʘʪʳʩʫʰʳʣʘʨʳ ʙʽʨ ʙʽʨʽʥʝʥ ײץʧʠʷʣʘʨʳ ʞʦץ 

ʞʘץʳʥ ʜʦʩ ʙʦʣʫ ʤװʤʢʽʥ, ʙʽʨʘץ ʙʽʨ ʙʽʨʽʥʝ ʝʰʪʝשʝ ʘʡʪʧʘʡʪʳʥ ʙʽʪʽʩʧʝʩ 

ʜʫʰʧʘʥ ʜʘ ʙʦʣʫ ʤװʤʢʽʥ. ʉʦסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨסʘ ʙʽʨʣʝʩʪʽʢ ʢʝʣʽʩʽʤʛʝ ץʦʣ 

 ʜʘʡʜʘסʣ ʞʘײʤʢʽʥ. ɹװʘʞʝʪ ʙʦʣʫ ʤץ ʦʶ ʥʝʤʝʩʝ ᴇʟʽʥ ʢʫᴅʣʘʥʜʳʨʫץ

ʢʨʠʧʪʦʛʨʘʬʠʷ ʭʘʪʪʘʤʘʥʳץ שʘʪʳʩʫʰʳʣʘʨʳ ʝʤʝʩ ʙʘʩץʘ ʘʜʘʤʜʘʨʤʝʥ 

ʪʳשʜʘʫʜʳ ʪʘʙʫ ʥʝʤʝʩʝ ʙʦʣʜʳʨʤʘʫ װʰʽʥ, ʘʷʣʘץʪʳץʪʳ ʙʦʣʜʳʨʤʘʫ װʰʽʥ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʞʠʽץ ʭʘʪʪʘʤʘ ʢʝʣʝʩʽʥʽ ץʪʘʥ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץʘʞʝʪ. ʉʦʥʜʳץ

ʪʘʣʘʧ ʝʪʽʣʝʜʽ: ʦʥʳץ שʘʪʳʩʫʰʳʣʘʨʳ ʭʘʪʪʘʤʘʤʝʥ ʘʥʳץʪʘʣסʘʥʥʘʥ ʙʘʩץʘ 

ʝʰʪʝשʝ ʙʽʣʤʝʫ ʞᴅʥʝ ʞʘʩʘʤʘʫ ʢʝʨʝʢ.  

 ʂʝʟ ʢʝʣʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘʥʳש ʥʝʛʽʟʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ 

ʘʣʛʦʨʠʤʜʝʨ.  

 ᴄʨ ʪװʨʣʝʥʜʽʨʫ ʢʽʣʪʧʝʥ ʙʽʨʤᴅʥʜʽ ʘʥʳץʪʘʣʘʜʳ ʞᴅʥʝ ʢʝʡʙʽʨ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʘʣʛʦʨʠʪʤʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹʽʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʣʛʦʨʠʪʤ ᴅʨʪװʨʣʽ ʨʝʞʠʤʜʝʨʜʝ ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. ʉʦʣʘʡ 

ʰʠʬʨʣʘʫʜʳש ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʐʠʬʨʣʘʫʜʳש ᴅʨ 

ʨʝʞʠʤʽʥʽש ʘʨʪʳץʰʳʣʳץʪʘʨʳ ʞᴅʥʝ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ʉʦʥʜʳץʪʘʥ ʨʝʞʠʤʜʽ 

ʪʘשʜʘʫ ʥʘץʪʳ ʞʘסʜʘʡʜʘʥ ʪᴅʫʝʣʜʽ. ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʫסʘ 

 ʤʢʽʥװʜʘʡʜʘ ʘʡʳʨʤʘʰʳʣʳ ʙʘʨ ʙʦʣʫ ʤסʘʥ ʘʣʛʦʨʠʪʤʥʝʥ ʞʘʣʧʳ ʞʘסʦʣʜʘʥץ

ʘʣʛʦʨʠʪʤʽ ץʦʣʜʘʥʳʣʘʜʳ. ʆʩʳסʘʥ ʩᴅʡʢʝʩ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ 

ʢʽʣʪʪʝʨʽʥʽϬ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦʣʫ ʤװʤʢʽʥ. ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʤʜʝʨʜʽש ʞײʙʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝ ʜʝʧ ʘʪʘʡʜʳ, ʘʣ ʦʣʘʨʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ײץʨʳʣסʳʣʘʨʜʳ ï ʰʠʬʨʣʘʫʰʳ ײץʨʳʣסʳʣʘʨ ʜʝʧ ʘʪʘʡʜʳ.  

 

1.3.4. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʞʘʣʧʳʣʘʤʘ ʩײʣʙʘʩʳ 

 

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝ ï ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ʤʘץʩʘʪʳʤʝʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʽ ʦʨʳʥʜʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳץ, ʘʧʧʘʨʘʪʪʳ 

ʥʝʤʝʩʝ ʙʘסʜʘʨʣʘʤʘʣʳץ-ʘʧʧʘʨʘʪʪʳ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ ʞװʡʝ [8, 22]. 
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 ɾʽʙʝʨʫʰʽ ץʘʙʳʣʜʘʫʰʳסʘ ʭʘʙʘʨ ʞʽʙʝʨʛʽʩʽ ʢʝʣʜʽ ʜʝʡʽʢ. ʆʩʳסʘʥ ץʦʩʘ, 

ʞʽʙʝʨʫʰʽ ᴇʟ ʭʘʙʘʨʳʥ ץʘʫʽʧʩʽʟ ʞʽʙʝʨʛʽʩʽ ʢʝʣʝʜʽ: ʦʣ ʪʘʩʳʤʘʣʜʘʫʰʳʥʳ ʞʦʣʘʡ 

 ʳʩʳסʥʳʥ ʙʽʣʤʝ ʘʣʤʘʡʪʳʥʳʥʘ ʩʝʥʽʤʜʽ ʙʦʣײʤʘʟʤ שʦʡ ʭʘʙʘʨʜʳץʘʩץ ʘʥסʩʪʘײ

ʢʝʣʝʜʽ. ɾʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨ ʘʰʳϨ ʭʘʙʘʨ (ʤϸʪʽʥ, ʜʝʨʝʢʪʝʨ) ʜʝʧ ʘʪʘʣʘʜʳ. 

ʍʘʙʘʨʜʳש ʪװʨʽʥ ʦʥʳש ʤᴅʥʽʥ ʞʘʩʳʨʫ ʤʘץʩʘʪʳʤʝʥ ᴇʟʛʝʨʪʫ ʰʠʬʨʣʘʫ ʜʝʧ 

ʘʪʘʣʘʜʳ. ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʰʠʬʨʤϸʪʽʥ (ʜʝʨʝʢʪʝʨ, ʢʛʠʧʪʦʛʨʘʤʤʘ) ʜʝʧ 

ʘʪʘʣʘʜʳ. ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʘʰʳץ ʭʘʙʘʨסʘ ʪװʨʣʝʥʜʽʨʫ ʧʨʦʮʝʩʩʽ 

ʢʝʨʽʰʠʬʨʣʘʫ (ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʢʝʟʽʥʜʝ ʢʝʨʽʰʠʬʨʣʘʫ) ʜʝʧ ʘʪʘʣʘʜʳ 

 ɾʽʙʝʨʽʣʝʪʽʥ ʘץʧʘʨʘʪʪʳ (ʭʘʙʘʨʜʳ, ʤᴅʪʽʥʜʽ, ʜʝʨʝʢʪʝʨʜʽ) ʰʠʬʨʣʘʫʜʳ 

ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʽש 

ʞʘʣʧʳʣʘʤʘ ʩײʣʙʘʩʳ 1.1 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.   

 

 
 

1.1 ʩʫʨʝʪ - ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʽש ʞʘʣʧʳʣʘʤʘ ʩײʣʙʘʩʳ 

 

 ɸʰʳץ ʤᴅʪʽʥʜʽ ʄ (message  ʭʘʙʘʨ) ʥʝʤʝʩʝ ʈ (plaintext  ʘʰʳץ ʤᴅʪʽʥ) 

ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ. ɹײʣ ʙʠʪʪʝʨ ʘסʳʥʳ, ʤᴅʪʽʥʜʽʢ ʬʘʡʣ, ʙʠʪʪʽʢ ʙʝʡʥʝ, 

ʮʠʬʨʣʘʥסʘʥ ʜʳʙʳʩ, ʮʠʬʨʣʳץ ʙʝʡʥʝʢᴇʨʽʥʽʩ ʞᴅʥʝ ʙʘʩץʘ ʙʦʣʫ ʤװʤʢʽʥ.  

 ʐʠʬʨʤᴅʪʽʥʜʽ ʉ (ciphertext  ʰʠʬʨʣʘʥϤʘʥ ʤϸʪʽʥ) ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ. 

ɹײʣʜʘ ʝʢʽʣʽʢ ʜʝʨʝʢʪʝʨ, ʢʝʡ ʢʝʟʜʝ ʄ ʙʽʨʜʝʡ ʢᴇʣʝʤʜʽ, ʢʝʡ ʢʝʟʜʝ װʣʢʝʥʨʝʢ.  

ɽʛʝʨ ʰʠʬʨʣʘʫ ץʳʩʫʤʝʥ ʙʦʣʩʘ, ʦʥʜʘ ʉ ʢʽʰʽʨʝʢ ʙʦʣʫ ʤװʤʢʽʥ.  ɹʽʨʘץ 

ʰʠʬʨʣʘʫʜʳש ᴇʟʽ ʘץʧʘʨʘʪʪʳ ץʳʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ. ɽ ʰʠʬʨʣʘʫ 

ʬʫʥʢʮʠʷʩʳ ʘʰʳץ ʤᴅʪʽʥʛʝ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ײץʨʳʧ ᴅʩʝʨ ʝʪʝʜʽ:   

 

ʉ = E ( M ). (1.1) 

 

 ɸʰʳץ ʤᴅʪʽʥʜʽ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʙʦʡʳʥʰʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

ʢʝʨʽʰʠʬʨʣʘʫ ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ D ʢʝʨ̔h ʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ 

ʦʨʳʥʜʘʣʘʜʳ:  

 

M = D ( C ). (1.2) 

 

 ʍʘʙʘʨʜʳ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʤʘסʳʥʘʩʳ ʘʰʳץ 

ʤᴅʪʽʥʜʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʙʦʣסʘʥʜʳץʪʘʥ, ʢʝʣʝʩʽ ʪʝשʜʽʢ ʦʨʳʥʜʘʣʘʜʳ:  
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M = D ( E ( M ) ). 

 

 ʐʠʬʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤ ʰʠʬʨʣʘʫסʘ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫסʘ ץʦʣʜʘʥʘʪʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʬʫʥʢʮʠʷ (ʤʳʩʘʣʳ, (1.1) ʞᴅʥʝ 

(1.2) ᴇʨʥʝʢʪʝʨʽʥʜʝ E ʞᴅʥʝ D ʬʫʥʢʮʠʷʣʘʨʳ) ʙʦʣʘʜʳ.  

 ɽʛʝʨ ʘʣʛʦʨʠʪʤʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʘʣʛʦʨʠʪʤʥʽש ᴇʟʽʥ ײץʧʠʷ ʩʘץʪʘʫʜʘ 

ʥʝʛʽʟʜʝʣʩʝ, ʦʥʜʘ ʙײʣ ʰʝʢʪʝʣʛʝʥ ʘʣʛʦʨʠʪʤ. ʐʝʢʪʝʣʛʝʥ ʘʣʛʦʨʠʪʤʜʝʨ ʪʝʢ 

ʪʘʨʠʭʠ ץʳʟʳסʫʰʳʣʳץʪʳ ʪײʜʳʨʘʜʳ, ʙʽʨʘץ ʦʣʘʨ ʙװʛʽʥʛʽ ʩʪʘʥʜʘʨʪʪʘʨסʘ 

ʤװʣʜʝʤ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ. תʣʢʝʥ ʥʝʤʝʩʝ ᴇʟʛʝʨʝʪʽʥ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʪʦʙʳ 

ʙײʥʜʘʡ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ ʧʘʡʜʘʣʘʥʫʰʳ ʪʦʧʪʘʥ 

ʰʳץץʘʥ ʩʘʡʳʥ ʦʥʳש ʤװʰʝʣʝʨʽ ʙʘʩץʘ ʘʣʛʦʨʠʪʤʜʽ ץʦʣʜʘʥʫ ʢʝʨʝʢ. ɽʛʝʨ 

ʩʳʨʪʪʘʥ ʙʽʨʝʫ ײץʧʠʷʥʳ ʢʝʟʜʝʡʩʦץ ʙʽʣʽʧ ץʦʡʩʘ, ʘʣʛʦʨʠʪʤʜʳ ʘʫʳʩʪʳʨʫ 

ʢʝʨʝʢ.  

 ɿʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷ ʙײʣ ʧʨʦʙʣʝʤʘʣʘʨʜʳ K ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ ʰʝʰʝʜʽ. 

ʂʽʣʪ - ʙʝʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤ װʰʽʥ ʙʘʨʣʳץ ʤװʤʢʽʥʜʽ ʥײʩץʘʣʘʨʜʘʥ ʙʽʨʝʫʽʥ 

ʪʘשʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ, ʜʝʨʝʢʪʝʨʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ 

ʘʣʛʦʨʠʪʤʥʽש ʢʝʡʙʽʨ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʥʘץʪʳ ײץʧʠʷ ʢװʡʽ. ʄװʤʢʽʥʜʽ ʢʽʣʪʪʝʨ 

ʢᴇʧʪʽʛʽʥ ʢʽʣʪʪʝʨ ʢʝϬʽʩʪʽʛʽ ʜʝʧ ʘʪʘʡʜʳ.  

 ʂʽʣʪʪʽ ץʦʣʜʘʥʫʜʳ ʝʩʝʧʪʝʫʤʝʥ ʰʠʬʨʣʘʫ (1.1) ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ (1.2) 

ʬʫʥʢʮʠʷʣʘʨʳ ʢʝʣʝʩʽʜʝʡ ʞʘʟʳʣʘʜʳ:  

 

ʉ = EK ( M ) (1.3) 

ʞᴅʥʝ 

M = DK ( C ), (1.4) 

 

ʢʝʣʝʩʽ ʦʨʳʥʜʘʣʫ ʢʝʨʝʢ: 

 

M = DK ( EK ( M ) ). (1.5) 

 

 ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʝʡʙʽʨ ʘʣʛʦʨʠʪʤʜʝʨ װʰʽʥ ᴅʨʪװʨʣʽ 

ʢʽʣʪʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ (1.3) ʞᴅʥʝ (1.4) ʢʝʣʝʩʽ ʪװʨʜʝ 

ʞʘʟʳʣʘʜʳ:  

 

)ʄ(EC
1K= ,   )C(Dʄ

2K= , (1.6) 

 

ʘʣ ʪʝשʜʽʢ (1.5): 

.))ʄ(E(Dʄ
12 KK=  

 

 ʐʠʬʨʣʘʫסʘ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʘץʧʘʨʘʪ ʨʝʪʽʥʜʝ ʢʝʡʙʽʨ 

ʘʣʬʘʚʠʪʪʝ ײץʨʳʣסʘʥ ʤᴅʪʽʥʜʝʨ (ʭʘʙʘʨʣʘʨ) ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ʪʝʨʤʠʥʜʝʨ 

ʘʩʪʳʥʜʘ ʢʝʣʝʩʽʥʽ ʪװʩʽʥʝʜʽ. ɸʣʬʘʚʠʪ  ʘץʧʘʨʘʪʪʳ ʢʦʜʪʘʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ 
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ʙʽʣʛʽʣʝʨʜʽש ʰʝʛʽ ʙʘʨ ʢᴇʧʪʽʛʽ. ʄϸʪʽʥ (ʭʘʙʘʨ, ʜʝʨʝʢʪʝʨ) ï ʘʣʬʘʚʠʪ 

ʵʣʝʤʝʥʪʪʝʨʽʥʝʥ ʨʝʪʪʝʣʛʝʥ ʞʠʥʘסʳ.  

 ɿʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʝ ץʦʣʜʘʥʘʪʳʥ ʘʣʬʘʚʠʪʪʝʨ ʤʳʩʘʣʳ 

ʨʝʪʽʥʜʝ ʢʝʣʝʩʽʥʣʝʨʜʽ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ:  

 - ʘʣʬʘʚʠʪ Z26  ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʳʥʳ26 ש ᴅʨʽʧʽ (ʙʦʩ ʦʨʳʥʩʳʟ); 

 - ʘʣʬʘʚʠʪ Z32  ʦʨʳʩ ʪʽʣʽʥʽ32 ש ᴅʨʽʧʽ ("ʸ" ᴅʨʽʧʽʩʽʟ) ʞᴅʥʝ ʙʦʩ ʦʨʳʥ; 

 - ʘʣʬʘʚʠʪ Z256  ASCII ʩʪʘʥʜʘʨʪʪʳ ʢʦʜʪʘʨʳʥʘ ʢʽʨʝʪʽʥ 256 ʩʠʤʚʦʣ; 

 - ʘʣʬʘʚʠʪ Z16  ʦʥ ʘʣʪʳʣʳץ ʘʣʬʘʚʠʪʪʳש {0,1,é,f} 16 ʩʠʤʚʦʣ; 

 - ʘʣʬʘʚʠʪ Z2  ʝʢʽʣʽʢ ʘʣʬʘʚʠʪʪʳ2 ש ʩʠʤʚʦʣ r{0,1}. 

 (1.3), (1.4) ʞᴅʥʝ (1.6) ᴇʨʥʝʢʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽש 

 ץʝʨʝʢʰʝʣʽʢʪʝʨʽʥʜʝ ʝʤʝʩ, ʢʽʣʪʪʝʨʜʝ ʪʦʣʳ שʘʫʽʧʩʽʟʜʽʛʽ ʘʣʛʦʨʠʪʤʥʽץ

ʥʝʛʽʟʜʝʣʛʝʥ. ɹײʣ, ʘʣʛʦʨʠʪʤ ʞʘʨʠʷʣʘʥʫ ʞᴅʥʝ ʪʘʣʜʘʥʫ ʤװʤʢʽʥ ʝʢʝʥʽʥ 

ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʘʣʛʦʨʠʪʤʜʽ ץʦʣʜʘʥʘʪʳʥ ʪװʣʽʢʪʝʨ ʢʝש ʪʠʨʘʞʜʘʥʫ ʤװʤʢʽʥ. 

ɹʽʨʽʥʰʽ ʨʝʪ ʛʦʣʣʘʥʜʪʳץ ʆ. ʂʝʨʢʛʦʬʬʩʧʝʥ XIX  ʘʥסʘʣʳʧʪʘʩʪʳʨʳʣץ ʘʩʳʨʜʘס 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʬʫʥʜʘʤʝʥʪʘʣʜʳ ʝʨʝʞʝʩʽ ʢʝʣʝʩʽ: ʰʠʬʨʜʳש 

ʙʝʨʽʢʪʽʣʽʛʽ (ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש) ʪʝʢ ʢʽʣʪʪʽײץ שʧʠʷʣʳץ ʜᴅʨʝʞʝʩʽʤʝʥ 

 ʧʠʷײץ ʘ ʩᴇʟʙʝʥ, ʂʝʨʢʛʦʬʬʩ ʝʨʝʞʝʩʽ ʙʦʡʳʥʰʘץʪʘʣʫ ʢʝʨʝʢ. ɹʘʩץʘʥʘ ʘʥʳס

ʢʽʣʪʪʝʥ ʙʘʩץʘ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ץʘʨʩʳʣʘʩʪʳש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʩʳʥʘ ʪʦʣʳץ ʙʝʣʛʽʣʽ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪװʨʣʝʥʜʽʨʫ ʞʠʥʘסʳʥ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ ᴅʜʝʪʪʝ ʘʰʳץ 

ʞװʡʝ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʤʘשʳʟʜʳ ʧʨʠʥʮʠʧʳʥ ʙʝʡʥʝʣʝʡʜʽ: ײץʧʠʷ (ʢʦʥʬʠʜʝʥʮʠʘʣʜʳ) ʘץʧʘʨʘʪʪʳש 

ʩʳʨʪץʘ ʢʝʪʫ ʞʘסʜʘʡʜʘ ʞװʡʝʥʽץ שʦʨסʘʣסʘʥʜʳסʳ ʪʝʟ ᴇʟʛʝʨʪʽʣʤʝʡʪʽʥ ʥᴅʨʩʝʜʝʥ 

ʪᴅʫʝʣʜʽ ʙʦʣʤʘʫ ʢʝʨʝʢ. ᴄʜʝʪʪʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨ ʞʠʥʘסʳ, ʦʥʳ ʪʝʢ ʫʘץʳʪ ʧʝʥ ײץʨʘʣʜʘʨʜʳש 

ʢᴇʧʪʝʛʝʥ ʰʳסʳʥʜʘʨʳʤʝʥ ᴇʟʛʝʨʪʫʛʝ ʙʦʣʘʜʳ, ʘʣ ʢʽʣʪ ʞʝשʽʣ ᴇʟʛʝʨʪʽʣʝʪʽʥ 

ʦʙʲʝʢʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʙʝʨʽʢʪʽʣʽʛʽ 

ʪʝʢ ʢʽʣʪʪʽײץ שʧʠʷʣʳץ ʜʝשʛʝʡʽʤʝʥ ʞᴅʥʝ ʰʠʬʨʜʳש ᴅʨʪװʨʣʽ ʰʘʙʫʳʣʜʘʨסʘ 

   .ʪʘʣʫ ʢʝʨʝʢץʨʫ ʙʝʨʽʪʽʣʽʛʽʤʝʥ ʘʥʳײʘʨʩʳ ʪץ

 

1.4. ʂ. ʐɽʅʅʆʅʅʓױפ רʇʀʗʃɸʅנɸʅ ɹɸʁʃɸʅʓʉ 

ʊɽʆʈʀʗʉʓʅʓר ʅɽɻɯɿɼɽʈɯ 

 

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʤʪʜʝʨʜʽ ץʘʨʘʩʪʳʨʫʜʳש ʘʣʜʳʥʜʘ, 

ʢʨʠʧʪʦʛʨʘʬʠʷ ʰʝשʙʝʨʽʥʜʝ ʢʣʘʩʩʠʢʘʣʳץ ʙʦʣʳʧ ʪʘʥʳʣסʘʥ ʩײʨʘץʪʘʨסʘ ʢᴇשʽʣ 

ʙᴇʣʫ ץʘʞʝʪ, ʦʣ ʜʝʛʝʥ ï ϨϰʧʠʷʣʘʥϤʘʥ ʙʘʡʣʘʥʳʩ ʞϮʡʝʣʝʨʽʥ ײץʨʫ ʥʝʛʽʟʜʝʨʽʥʝ.  

 ϧϰʧʠʷʣʘʥϤʘʥ ʙʘʡʣʘʥʳʩ ʞϮʡʝʣʝʨʽ ʜʝʧ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ 

ʢᴇʤʝʛʽʤʝʥ ʘץʧʘʨʘʪ ʤᴅʥʽ ʞʘʩʳʨʳʣʘʪʳʥ ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʫ ʞװʡʝʩʽʥ ʪװʩʽʥʝʤʽʟ 

[34]. ɹײʣ ʞʝʨʜʝ ʘץʧʘʨʘʪʪʳ ʞʽʙʝʨʫ ʬʘʢʪʽʩʽ ʞʘʩʳʣʳʨʤʘʡʜʳ. ᴄʨ ײץʧʠʷʣʘʥסʘʥ 

ʙʘʡʣʘʥʳʩ ʞװʡʝʩʽʥʽש ʥʝʛʽʟʽʥʜʝ ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץʪʳ ʩʘץʪʘʫʜʳש ʥʝʛʽʟʛʽ 

  .ʦʣʜʘʥʫץ ʳʩʳ ʨʝʪʽʥʜʝ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥסʨʳʣײץ

 ʂ. ʐʝʥʥʦʥ ʭʘʙʘʨ ʢᴇʟʽ M ʘʰʳץ ʤᴅʪʽʥʜʽ ʪײʳʥʜʳʨʘʪʳʥ װʣʛʽʥʽ (1.2 ʩʫʨʝʪ) 

  .ʘʨʘʩʪʳʨʜʳ. ʂʽʣʪ ʢᴇʟʽ K ʢʽʣʪʽʥ ʛʝʥʝʨʘʮʠʷʣʘʡʜʳץ
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1.2 ʩʫʨʝʪ -  ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʨʜʳ ʞʽʙʝʨʫ ʞװʡʝʩʽʥʽװ שʣʛʽʩʽ 

 

 ʐʠʬʨʣʘʡʪʳʥ ײץʨʳʣסʳ M ʘʰʳץ ʤᴅʪʽʥʽʥ K ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ C: C = EK ( M ) 

ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʪװʨʣʝʥʜʽʨʝʜʽ. ʂʝʨʽʰʠʬʨʣʘʡʪʳʥ ײץʨʳʣסʳ  C ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʽʥ ʘʣʳʧ M = DK (C) ʢʝʨʽ ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘʡʜʳ.  

 ʤᴅʪʽʥ ץʩʘʪʳ ʘʰʳץʤʘ שʪʘʣʜʘʫʰʳʥʳ ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ שʘʨʩʳʣʘʩʪʳפ 

ʞᴅʥʝ/ʥʝʤʝʩʝ ʢʽʣʪʪʽ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ʘʣʫ. 

 ʐʝʥʥʦʥ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ײץʧʠʷʣʳץ ʩײʨʘץʪʘʨʳʥ 

 ʰʽʥ ʐʝʥʥʦʥ ʢʝʣʝʩʽװ ʪʘʫץʪʳ ʘʥʳץʧʠʷʣʳײץ ץʘʨʘʩʪʳʨʜʳ. ʊʝʦʨʠʷʣʳץ

ʩײʨʘץʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʜʳ:  

 1. ɽʛʝʨ ץʘʨʩʳʣʘʩʪʳש ʪʘʣʜʘʫʰʳʩʳ ʫʘץʳʪʧʝʥ ʰʝʢʪʝʣʤʝʛʝʥ ʙʦʣʩʘ ʞᴅʥʝ 

ʢʨʠʧʪʦʛʨʘʤʤʘʣʘʨʜʳ ʪʘʣʜʘʫ װʰʽʥ ʙʘʨʣʳץ ץʘʞʝʪʪʽ ײץʨʘʣʜʘʨʳ ʙʦʣʩʘ, ʞװʡʝ 

  ?ʪʳ ʙʝʨʽʢ ʙʦʣʘʜʳץʘʥʰʘʣʳץ

 2. ʂʨʠʧʪʦʛʨʘʤʤʘʜʘ ʙʽʨ סʘʥʘ ʰʝʰʽʤ ʙʘʨ ʤʘ?  

 3. ʐʝʰʽʤ ʙʽʨ סʘʥʘ ʙʦʣʫ װʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳסʘ 

ʢʨʠʧʪʦʛʨʘʤʤʘʣʘʨʜʳץ שʘʥʜʘʡ ʢᴇʣʝʤʽʥ ʞʦʣʘʡ ײʩʪʘʫ ʢʝʨʝʢ?  

 ɹײʣ ʩײʨʘץʪʘʨסʘ ʞʘʫʘʧ ʙʝʨʫ װʰʽʥ ʐʝʥʥʦʥ ʘʩʘ ϨϰʧʠʷʣʳϨ ʪװʩʽʥʽʛʽʥ ʢʝʣʝʩʽ 

ʰʘʨʪ ʢᴇʤʝʛʽʤʝʥ ʝʥʛʽʟʜʽ: ʙʘʨʣʳץ ʉ װʰʽʥ ʘʧʦʩʪʝʨʠʦʨʜʳ ʳץʪʠʤʘʣʜʳץʪʘʨ 

ʘʧʨʠʦʨʜʳ ʳץʪʠʤʘʣʜʳץʪʘʨʳʥʘ ʪʝש, ʷסʥʠ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʞʦʣʘʡ ײʩʪʘʫ 

 ʧʘʨʘʪʪʳץʘʥʜʘʡ ʘץʪʘʣʜʘʫʰʳʩʳʥʘ ʝʰ ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ שʘʨʩʳʣʘʩʪʳץ

ʙʝʨʤʝʡʜʽ. ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʳ ʙʦʡʳʥʰʘ: 

 

p
 
(
 
M,

 
C

 
) = p

 
(
 
M

 
)Āp

 
(
 
C/M

 
) = p

 
(
 
C

 
)Āp

 
(
 
M/C

 
), (1.7) 

 

ʙײʣ ʞʝʨʜʝ ʨ(M) ⱷ M ʭʘʙʘʨʳʥʳש ʘʧʨʠʦʨʜʳ ʳץʪʠʤʘʣʜʳסʳ; p(C/M)  M 

ʭʘʙʘʨʳ ʪʘשʜʘʣʜʳ ʜʝʛʝʥ ʰʘʨʪʳʤʝʥ C ʢʨʠʧʪʦʛʨʘʤʤʘʥʳש ʰʘʨʪʪʳ 

ʳץʪʠʤʘʣʜʳסʳ, ʷסʥʠ M ʭʘʙʘʨʳʥ C ʢʨʠʧʪʦʛʨʘʤʘʩʳʥʘ ʘʫʜʘʨʘʪʳʥ ʙʘʨʣʳץ 

ʢʽʣʪʪʝʨ ʳץʪʠʤʘʣʜʳץʪʘʨʳʥʳץ שʦʩʳʥʜʳʩʳ; ʨ(ʉ) ⱷ ʉ ʢʨʠʧʪʦʛʨʘʤʤʘʩʳʥ 
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ʘʣʫʜʳש ʳץʪʠʤʘʣʜʳסʳ; ʨ(M/C) ⱷ ʉ ʢʨʠʧʪʦʛʨʘʤʤʘʩʳ ʞʦʣʘʡ ײʩʪʘʣʜʳ 

ʰʘʨʪʳʤʝʥ M ʭʘʙʘʨʳʥʳש ʘʧʦʩʪʝʨʠʦʨʜʳ ʳץʪʠʤʘʣʜʳסʳ. 

 (1.7) ᴇʨʥʝʛʽʥʝʥ ʢʝʣʝʩʽ ʰʳסʘʜʳ: 

 

p(C)

p(C/M)p(M)
p(M/C)

Ö
= . (1.8) 

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʘʩʘ ײץʧʠʷʣʳסʳ װʰʽʥ ʙʘʨʣʳץ M ʞᴅʥʝ C 

 .ʥʠ p(M/C) = p(M)סʘʞʝʪ, ʷץ ʙʦʣʫ שʰʽʥ p(M/C) ʞᴅʥʝ p(M) ʤᴅʥʜʝʨʽ ʪʝװ

ʉʦʥʜʳץʪʘʥ, (1.8) ʪʘʣʜʘʫʜʘʥ ʪʝשʜʽʢʪʽש ʙʽʨʝʫʽ ʦʨʳʥʜʘʣʫ ץʘʞʝʪ:  

 - p(ʄ) = 0 (p(ʄ) ʢʝʟ ʢʝʣʛʝʥ ʤᴅʥʜʝʨʽ װʰʽʥ ʪʝשʜʽʢ ʦʨʳʥʜʘʣʫ ʪʘʣʘʧ 

ʝʪʽʣʛʝʥʜʽʢʪʝʥ, ʙײʣ ʰʝʰʽʤ ʰʳסʘʨʳʣʳʧ ʪʘʩʪʘʣʫ ʢʝʨʝʢ); 

 - ʢʝʟ ʢʝʣʛʝʥ M ʞᴅʥʝ C װʰʽʥ p(C/M) = p(C). 

 ʂʝʨʽʩʽʥʰʝ, ʝʛʝʨ p(C/M) = p(C), ʦʥʜʘ p(M/C) = p(M), ʞᴅʥʝ ʞװʡʝ ʘʩʘ 

 ʰʽʥװ M ʞᴅʥʝ C ץʘ ʙʦʣʘʜʳ: ʙʘʨʣʳסʘʣʳʧʪʘʪʳʨʫץ ʧʠʷ. ʉʦʥʳʤʝʥ, ʢʝʣʝʩʽʥʽײץ

p(C/M) = p(C), ʷסʥʠ p(C/M) ʄ ʪᴅʫʝʣʜʽ ʙʦʣʤʘʫ ʢʝʨʝʢʪʽʛʽʥʜʝ ʘʩʘ ײץʧʠʷʣʳץ 

  .ʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪץ ʰʽʥװ

 ɹʘʩץʘ ʩᴇʟʙʝʥ, ʄi  ʭʘʙʘʨʳʥ ʙʝʨʽʣʛʝʥ C ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨסʘ ʘʫʜʘʨʘʪʳʥ 

ʙʘʨʣʳץ ʢʽʣʪʪʝʨ ʳץʪʠʤʘʣʜʳסʳ ʄj ʭʘʙʘʨʳʥ ʙʘʨʣʳץ ʄi, ʄj ʞᴅʥʝ C װʰʽʥ ʪײʨʘ 

ʩʦʣ C  ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨסʘ ʘʫʜʘʨʘʪʳʥ ʙʘʨʣʳץ ʢʽʣʪʪʝʨʜʽש ʪʦʣʳץ 

ʳץʪʠʤʘʣʜʳסʳʥʘ ʪʝש.  

 ɸʨʳ ץʘʨʘʡ, ץʘʥʰʘ ʄ ʭʘʙʘʨʳ ʙʘʨ ʩʦʥʰʘ C ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʙʦʣʫ 

 M ʞᴅʥʝ ʢʝʡʙʽʨ C ʘʨʘʩʳʥʜʘ ץʰʽʥ Ei ʙʝʡʥʝʩʽ ʙʘʨʣʳװ ʘʞʝʪ, ʩʝʙʝʙʽ ʪʽʨʢʝʣʛʝʥ iץ

ᴇʟʘʨʘ-ʙʽʨʤᴅʥʜʽ ʩᴅʡʢʝʩʪʽʢʪʽ ʙʝʨʝʜʽ. ɸʩʘ ײץʧʠʷ ʞװʡʝ װʰʽʥ ᴅʨ C ʞᴅʥʝ ʢʝʟ 

ʢʝʣʛʝʥ M װʰʽʥ  

 

p
 
(
 
C/M

 
) = p

 
(
 
C

 
) Í 0. 

 

 ʉʦʥʜʳץʪʘʥ, ʙʝʨʽʣʛʝʥ M ʢʝʟ ʢʝʣʛʝʥ C ʙʝʡʥʝʣʝʡʪʽʥ ʢʝʤʽʥʜʝ ʙʽʨ ʢʽʣʪ 

ʪʘʙʳʣʘʜʳ. ɹʽʨʘץ ʪʽʨʢʝʣʛʝʥ M ᴅʨʪװʨʣʽ C ʙʝʡʥʝʣʝʡʪʽʥ ʙʘʨʣʳץ ʢʽʣʪʪʝʨ ᴅʨʪװʨʣʽ 

ʙʦʣʫ ʢʝʨʝʢ. ʉʦʥʜʳץʪʘʥ, ϸʨʪϮʨʣʽ ʢʽʣʪʪʝʨ ʩʘʥʳ ʄ  ʭʘʙʘʨʣʘʨ ʩʘʥʳʥʘʥ ʘʟ 

ʙʦʣʤʘʫ ʢʝʨʝʢ. 

 ʂʝʣʝʩʽ ʤʳʩʘʣ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʭʘʙʘʨ ʩʘʥʳ ʢʽʣʪ ʩʘʥʳʥʘ ʥʘץʪʳ ʪʝש 

ʙʦʣסʘʥʜʘ ʘʩʘ ײץʧʠʷʣʳץʪʳ ʘʣʫסʘ ʙʦʣʘʜʳ. Mi Ci ʩʠʷץʪʳ 1-ʜʝʥ  n-Ϥʘ ʜʝʡʽʥʛʽ 

ʩʘʥʜʘʨʤʝʥ ʥᴇʤʽʨʣʝʥʛʝʥ ʙʦʣʩʳʥ ʞᴅʥʝ n ʢʽʣʪ ץʦʣʜʘʥʳʣʩʳʥ.  ʉʦʥʜʘ: 

 

Ei (Mj ) = Cs , 

 

ʙײʣ ʞʝʨʜʝ s =  (i  +  j) mod n. 

 ɹײʣ ʞʘסʜʘʡʜʘ p
 
(
 
M/C

 
) =  1/n =  p

 
(
 
C

 
) ʪʝשʜʽʢ ᴅʜʽʣ ʞᴅʥʝ ʞװʡʝ ʘʩʘ ײץʧʠʷ 

ʙʦʣʳʜʘ. ʆʩʳʥʜʘʡ ʞװʡʝʥʽש ʙʽʨ ʤʳʩʘʣʳ 1.3 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʙײʣ 

ʞʝʨʜʝ s =  (i  +  j  ï 1) mod 5.  
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1.3 ʩʫʨʝʪ ï ɸʩʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ 

 

 ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʩʘʥʳ ʘʣסʘʰץ rʭʘʙʘʨ ʩʘʥʳʥʘ ʞᴅʥʝ ʢʽʣʪ ʩʘʥʳʥʘ ʪʝש 

ʘʩʘ ײץʧʠʷ ʞװʡʝʣʝʨ ʢʝʣʝʩʽ ʝʢʽ ץʘʩʠʝʪʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ:  

 1) ᴅʨ ʄ ᴅʨ ʉ ʪʝʢ ʙʽʨ ʩʳʟʳץʧʝʥ ʙʘʡʣʘʥʳʩʘʜʳ; 

 2) ʙʘʨʣʳץ ʢʽʣʪʪʝʨ ʪʝשʳץʪʠʤʘʣʜʳ. 

 ʉʦʥʳʤʝʥ, ʦʩʳʥʜʘʡ ʞװʡʝʥʽש ʤʘʪʨʠʮʘʣʳץ ʙʝʡʥʝʩʽ çʣʘʪʳʥ 

ʪϺʨʪʙϰʨʳʰʳè ʙʦʣʘʜʳ.  

 çʄʘʪʝʤʘʪʠʢʘʣʳϨ ʘϨʧʘʨʘʪ ʪʝʦʨʠʷʩʳʥʜʘè ʘץʧʘʨʘʪʪʳ ʩʘʧʘʣʳ ᴇʣʰʝʫ 

ʵʥʪʨʦʧʠʷ ʢᴇʤʝʛʽʤʝʥ ʳסשʘʡʣʳ ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʛʝʨ ʨ1, ʨ2,...,ʨʧ 

ʳץʪʠʤʘʣʜʳץʪʘʨʳ ʙʘʨ ʤװʤʢʽʥʜʽʢʪʝʨ ʞʠʥʘסʳ ʙʘʨ ʙʦʣʩʘ, ʦʥʜʘ ʵʥʪʨʦʧʠʷ 

ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ ʢᴇʨʩʝʪʽʣʝʜʽ 

 

ä Ö-= ii plogpH . 

 

 ʜʘʫ ʞᴅʥʝשʜʘʫ ʢʽʨʝʜʽ: ʭʘʙʘʨʜʳ ʪʘשʪʘ ץʡʝʛʝ ʝʢʽ ʩʪʘʪʠʩʪʠʢʘʣʳװʧʠʷ ʞײפ 

ʢʽʣʪʪʽ ʪʘשʜʘʫ. ʍʘʙʘʨʜʳ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ײץʨʳʣʘʪʳʥ ʘץʧʘʨʘʪ ʩʘʥʳʥ ʅ(ʄ) 

ʘʨץʳʣʳ ᴇʣʰʝʫʛʝ ʙʦʣʘʜʳ  

 

ä Ö-= )M(Plog)M(PM)(H , 

 

ʙײʣ ʞʝʨʜʝ, ץʦʩʫ ʙʘʨʣʳץ ʤװʤʢʽʥ ʭʘʙʘʨʣʘʨ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ.  

 ʊײʨʘ ʩʦʣʘʡ, ʢʽʣʪ ʪʘשʜʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʝʣʛʽʩʽʟʜʽʢ ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ 

ʘʥʳץʪʘʣʘʜʳ 

 

ä Ö-= )K(Plog)K(PK)(H . 
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 ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʘʩʘ ײץʧʠʷ ʞװʡʝʣʝʨʜʝ ʭʘʙʘʨʜʘסʳ ʘץʧʘʨʘʪ ʩʘʥʳ 

ʝש ʢᴇʧ ʜʝʛʝʥʜʝ log n (ʙײʣ ʰʘʤʘ ʪʝשʳץʪʠʤʘʣʜʳ ʭʘʙʘʨ װʰʽʥ) ʪʝש. ɹײʣ ʘץʧʘʨʘʪ 

ʢʽʣʪ ʙʝʣʛʽʩʽʟʜʽʛʽ log n ʢʽʰʽ ʙʦʣʤʘʩʘ סʘʥʘ ʪʦʣʳץ ʞʘʩʳʨʳʣʘʜʳ. ɹײʣ ʪᴇʤʝʥʜʝ 

ʞʠʽ ʢʝʟʜʝʩʝʪʽʥ ʞʘʣʧʳ ʧʨʠʥʮʠʧʪʽש ʙʽʨʽʥʰʽ ʤʳʩʘʣʳ: ʙʝʨʽʣʛʽʥ ʢʽʣʪ 

ʙʝʣʛʽʩʽʟʜʽʛʽ ʢʝʟʽʥʜʝ ʦʥʳ ʘʩʫסʘ ʙʦʣʤʘʡʪʳʥ ʰʝʢ ʙʦʣʘʜʳ ï ʰʝʰʽʤʛʝ ʝʥʛʽʟʽʣʫ 

ʤװʤʢʽʥ ʙʝʣʛʽʩʽʟʜʽʢ ʩʘʥʳ ʢʽʣʪ ʙʝʣʛʽʩʽʟʜʽʛʽʥʝʥ ʘʩʘ ʘʣʤʘʡʜʳ.  

 ɽʛʝʨ ʭʘʙʘʨ ʩʘʥʳ ʰʝʢʩʽʟ ʙʦʣʩʘ, ʦʥʜʘ ʞʘסʜʘʡ ץʳʡʳʥʜʘʡʜʳ. ʄʳʩʘʣʳ, 

ʭʘʙʘʨʣʘʨ ʩᴅʡʢʝʩ ʤʘʨʢ ʧʨʦʮʝʩʩʽʤʝʥ ʰʝʢʩʽʟ ᴅʨʽʧʪʝʨ ʞʠʥʘסʳ ʪװʨʽʥʜʝ 

ʪʫʳʥʜʘʣʩʳʥ. ɽʰץʘʥʜʘʡ ʰʝʢʪʽ ʢʽʣʪ ʘʩʘ ײץʧʠʷʣʳץʪʳ ʙʝʨʤʝʡʪʽʥʽ ʘʥʳץ. ʆʥʜʘ, 

ʢʽʣʪ ʢᴇʟʽ ʢʽʣʪʪʽ ʪײʨʘ ʩʦʣʘʡ ʪʫʳʥʜʘʪʩʳʥ ʜʝʡʽʢ, ʷסʥʠ ʰʝʢʩʽʟ ʩʠʤʚʦʣʜʘʨ 

ʞʠʥʘסʳ ʨʝʪʽʥʜʝ.  

 ᴄʨʽ ץʘʨʘʡ, LM ײʟʳʥʜʳסʳ ʙʘʨ ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ 

 ʳ ʙʘʨ ʢʽʣʪ ʢʝʨʝʢ ʜʝʡʽʢ. ʍʘʙʘʨסʟʳʥʜʳײ ʘʥ LKסʪʘʣץʰʽʥ ʪʝʢ ʘʥʳװ

ʘʣʬʘʚʠʪʳʥʳש ᴅʨʽʧʪʝʨ ʩʘʥʳʥʳש ʣʦʛʘʨʠʬʤʳ RM, ʘʣ ʢʽʣʪʪʽʢʽ  RK  ʙʦʣʩʳʥ. 

ʆʥʜʘ ʩʦסשʳ ʞʘסʜʘʡʜʘ ʘʩʘ ײץʧʠʷʣʳװ ץʰʽʥ ʢʝʣʝʩʽ ʪʝשʩʽʟʜʽʢ ʦʨʳʥʜʘʣʫ ʢʝʨʝʢ  

 

RMĀLM Ò RKĀLK. 

 

 ɹײʣ ץʦʨʳʪʳʥʜʳʣʘʨ ʭʘʙʘʨ ʳץʪʠʤʘʣʜʳסʳ ʙʝʣʛʽʩʽʟ ʥʝʤʝʩʝ ʢʝʟ ʢʝʣʛʝʥ 

ʙʦʣʞʘʤʳʤʝʥ ʞʘʩʘʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʘʩʘ ײץʧʠʷʣʳץ ʙʦʣʫ װʰʽʥ ʢʽʣʪ ʤװʤʢʽʥ 

ʭʘʙʘʨʣʘʨʜʳש ʪʦʣʳץ ʩʘʥʳʥʘʥ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ.  

 ɽʛʝʨ ʭʘʙʘʨ ʢʝשʽʩʪʽʛʽʥʜʝ çʄʘʪʝʤʘʪʠʢʘʣʳϨ ʘϨʧʘʨʘʪ ʪʝʦʨʠʷʩʳʥʜʘè 

 ʳ ʙʘʨסʘʥ ʞʳʣʜʘʤʜʳסʪʘʣץʘʥʳ שʨʫʜʳײץ ʘʥ ʤᴅʥʽʥʜʝ R ʭʘʙʘʨʣʘʨʜʳסʘʙʳʣʜʘʥץ

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʪʽʨʢʝʣʛʝʥ ʙʝʣʛʽʣʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ ʙʘʨ ʙʦʣʩʘ, 

ʦʥʜʘ ʢʝʨʝʢʪʽ ʢʽʣʪ ʢᴇʣʝʤʽʥ ʦʨʪʘʰʘ R/RM ʨʝʪʢʝ ʪᴇʤʝʥʜʝʪʫʛʝ ʙʦʣʘʪʳʥ ʝʜʽ. 

ʐʳʥʳʥʜʘ, ʭʘʙʘʨʜʳ ʘʨʪʳץʪʳץʪʳ ʘʣʳʧ ʪʘʩʪʘʡʪʳʥ ʞᴅʥʝ ʭʘʙʘʨʜʳש ʦʨʪʘʰʘ 

 ʳʣʳ ᴇʪʢʽʟʫʛʝץʨʣʝʥʜʽʨʛʽʰ ʘʨװʘʨʪʘʪʳʥ ʪץʳʩץ ʳʥ ʩʦʣ ʢʝʨʝʢ ʨʝʪʢʝסʟʳʥʜʳײ

ʙʦʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ, ʥᴅʪʠʞʝʛʝ ɺʝʨʥʘʤ ʰʠʬʨʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʍʘʙʘʨ 

ᴅʨʽʧʽʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʽʣʪ ʢᴇʣʝʤʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪװʨʜʝ R/RM ʢʽʰʽʨʝʡʝʜʽ 

ʞᴅʥʝ ʙײʣ ʞʘסʜʘʡʜʘ ʢʽʣʪ ʢᴇʟʽ ʞᴅʥʝ ʭʘʙʘʨ ʢᴇʟʽ ʥʘץʪʳ ʢʝʣʽʩʽʣʛʝʥ ï ʢʽʣʪʪʽש ʙʽʨ 

ʙʠʪʽ ʭʘʙʘʨ ʘץʧʘʨʘʪʳʥʳש ʙʽʨ ʙʠʪʽʥ ʞʘʩʳʨʘʜʳ. çʄʘʪʝʤʘʪʠʢʘʣʳϨ ʘϨʧʘʨʘʪ 

ʪʝʦʨʠʷʩʳʥʜʘè ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʝש ʞʘʢʩʳ ʞʘסʜʘʡʜʘ 

ʦʩʳסʘʥ ʞʝʪʫʛʝ ʙʦʣʘʜʳ.  

 

 

1.5. ʍɸɹɸʈʃɸʈɼʓ ʐʀʌʈʃɸʋ ᴄɼɯʉʊɽʈɯʅ ɾɯʂʊɽʋ 

 

 ʂʣʘʩʩʠʢʘʣʳץ ʥʝʤʝʩʝ ʙʽʨʢʽʣʪʪʽ ʢʨʠʧʪʦʛʨʘʬʠʷ ʩʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʦʣʜʘʥʫסʘ ʩװʡʝʥʝʜʽ, ʙײʣ ʞʝʨʜʝ ʰʠʬʨʣʘʫʜʳש ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʪʝʢ ʦʨʳʥʜʘʫ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʢʝʡʙʽʨ ץʘʜʘʤʜʘʨ ʙʘסʳʪʳʥʜʘ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦʣʘʜʳ. ɹײʣ ʘʣʛʦʨʠʪʤʜʝʨ ʩʦʣ ײץʧʠʷ ʵʣʝʤʝʥʪʪʽ (ʢʽʣʪʪʽ) 

 (שʰʠʬʨʣʘʫʜʳ) שʦʣʜʘʥʘʜʳ, ʞᴅʥʝ ʝʢʽʥʰʽ ᴅʨʝʢʝʪ (ʢʝʨʽʰʠʬʨʣʘʫ) ʙʽʨʽʥʰʽʥʽץ
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 ʘʪʳʩʫʰʳʩʳץ ᴅʨ שʪʘʥ, ʘʣʤʘʩʫʜʳץʘʨʘʧʘʡʳʤ ʘʡʥʘʣʳʩʳ ʙʦʣʘʜʳ. ʉʦʥʜʳץ

ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʡ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʡ ʘʣʘʜʳ. ʉʦʥʜʘʡ ʞװʡʝʥʽש ʩײʣʙʘʣʳץ 

  .ʨʳʣʳʤʳ 1.1 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥײץ

 ɾʽʙʝʨʫʰʽ ʞʘסʳʥʜʘ M ʭʘʙʘʨ ʢᴇʟʽ ʞᴅʥʝ K ʢʽʣʪ ʢᴇʟʽ ʙʘʨ. ʂʽʣʪ ʢᴇʟʽ 

ʙʝʨʽʣʛʝʥ ʞװʡʝʥʽש ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʽʣʪʪʝʨʽʥʝʥ ʥʘץʪʳ K ʢʽʣʪʽʥ ʪʘשʜʘʡʜʳ. ʆʣ 

ʢʽʣʪ K ʢʝʡʙʽʨ ʪᴅʩʽʣʤʝʥ ץʘʙʳʣʜʘʫʰʳ ʞʘץץʘ ʞʽʙʝʨʽʣʝʜʽ, ʞᴅʥʝ ʜʝ ʦʥʳ ʞʦʣʘʡ 

 ʳʣʳץʘ ʙʦʣʤʘʡʜʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ, ʤʳʩʘʣʳ, ʢʽʣʪ ʘʨʥʘʡʳ ʢʫʨʴʝʨ ʘʨסʩʪʘʫײ

ʞʽʙʝʨʽʣʝʜʽ (ʩʦʥʜʳץʪʘʥ ʩʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫ ʞʘʙʳϨ ʢʽʣʪʪʽ ʰʠʬʨʣʘʫ 

ʜʝʧ ʘʪʘʣʘʜʳ). ʍʘʙʘʨ ʢᴇʟʽ ʢʝʡʙʽʨ M ʭʘʙʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ, ʦʣ ʩʦʜʘʥ 

ʢʝʡʽʥ ʪʘשʜʘʣסʘʥ ʢʽʣʪ K ʘʨץʳʣʳ ʰʠʬʨʣʘʥʘʜʳ. ʐʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳ 

ʥᴅʠʞʝʩʽʥʜʝ C ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʘʣʳʥʘʜʳ (ʢʨʠʧʪʦʛʨʘʤʤʘ ʜʝʧ ʘʪʘʣʘʜʳ). 

ɸʨʳ ץʘʨʘʡ ʢʨʠʧʪʦʛʨʘʤʤʘ C ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳʤʝʥ ʞʽʙʝʨʽʣʝʜʽ. ɹʘʡʣʘʥʳʩ 

ʘʨʥʘʩʳ ʘʰʳץ (ץʦʨסʘʣʤʘסʘʥ) ʙʦʣסʘʥʜʳץʪʘʥ, ʤʳʩʘʣʳ, ʨʘʜʠʦʘʨʥʘ ʥʝʤʝʩʝ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽ, ʞʽʙʝʨʽʣʛʝʥ ʭʘʙʘʨʜʳ ץʘʨʩʳʣʘʩ ʞʦʣʘʡ ײʩʪʘʫ ʤװʤʢʽʥ. 

 ʪʘ C ʢʨʠʧʪʦʛʨʘʤʤʘʩʳ K ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ ʢʝʨʽʰʠʬʨʣʘʥʘʜʳץʘʙʳʣʜʘʡʪʳʥ ʞʘפ

ʞᴅʥʝ M ʢʽʨʽʩ ʭʘʙʘʨʳ ʘʣʳʥʘʜʳ.  

 ʊʘʙʠסʠ ʪʽʣʜʝʨʜʽװ שʣʢʝʥ ʘʨʪʳץʪʳסʳ ʘʨץʳʣʳ ʪʽʢʝʣʝʡ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʛʝ ʤᴅʥʽ ʙʘʨ ᴇʟʛʝʨʽʩʪʽ ʝʥʛʽʟʫ ᴇʪʝ ץʳʡʳʥ, ʩʦʥʜʳץʪʘʥ ʢʣʘʩʩʠʢʘʣʳץ 

ʢʨʠʧʪʦʛʨʘʬʠʷ ʦʩʳʤʝʥ ץʦʩʘ ʞʘʣסʘʥ ʘץʧʘʨʘʪʪʳ ʪʳץʧʘʣʘʫʜʘʥ ץʦʨסʘʫʜʳ 

 ʠסʰʽʥ ʪʘʙʠװ ʘʫסʦʨץ ʨʣʝʥʜʽʨʫʜʝʥ ʩʝʥʽʤʜʽװʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɽʛʝʨ ʭʘʙʘʨʜʳ ʪץ

ʘʨʪʳץʪʳץ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʭʘʙʘʨסʘ ʠʤʠʪʦʝʥʜʽʨʤʝ ʜʝʧ ʘʪʘʣʘʪʳʥ 

ʘʨʥʘʡʳ ʙʘץʳʣʘʫ ʢʦʤʙʠʥʘʮʠʷʥʳ ץʦʩʫ ʘʨץʳʣʳ ʞʘʩʘʥʜʳ ʞʦסʘʨʣʘʪʫ ʤװʤʢʽʥ.   

 ᴄʨʪװʨʣʽ ʰʠʬʨʣʘʫ ᴅʜʽʩʪʝʨʽ ʙʝʣʛʽʣʽ (1.4 ʩʫʨʝʪ). 

 

 
 

1.4 ʩʫʨʝʪ ï ʍʘʙʘʨʜʳ ʰʠʬʨʣʘʫ ᴅʜʽʩʪʝʨʽʥʽש ʞʽʢʪʝʣʽʫ 
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 ʊᴅʞʽʨʠʙʝʜʝ ʘʫʳʩʪʳʨʫ, ʘʣʤʘʩʪʳʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʞᴅʥʝ ײץʨʘʤʜʘʩʪʳʨʫ 

ᴅʜʽʩʪʝʨʽ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ.  

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʝʨ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʪʠʧʽ ʙʦʡʳʥʰʘ ʝʢʽ װʣʢʝʥ 

ʪʦʧץʘ ʙᴇʣʽʥʝʜʽ (1.4 ʩʫʨʝʪ): ʩʠʤʤʝʪʨʠʷʣʳϨ ʞᴅʥʝ ʘʩʠʤʤʝʪʨʠʷʣʳϨ. ʆʩʳסʘʥ 

 ʜʝʫ ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘשʧʘʨʘʪʪʳ ᴇץʨʣʝʥʜʽʨʫ ʪʠʧʽ, ʘװʦʩʘ, ʘʣʛʦʨʠʪʤʜʝʨ ʪץ

ʙᴇʣʽʥʝʜʽ. 

 ʉʠʤʤʝʪʨʠʷʣʳϨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʝ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫ ʙʽʨ ʢʽʣʪ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʜʳ. ɾᴅʥʝ ʦʩʳסʘʥ ʩᴅʡʢʝʩ ʢʽʣʪʪʽ 

 ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ ץʣ ʞʝʨʜʝʥ ʩʠʤʤʝʪʨʠʷʣʳײʪʘʫ ʢʝʨʝʢ (ʙץʧʠʷ ʩʘײץ

ʞװʡʝʣʝʨʜʽש ʙʘʩץʘ ʘʪʳ ï Ϩϰʧʠʷ ʢʣ̔ʪʽ ʙʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝʣʝʨ).  

 ɸʩʠʤʤʝʪʨʠʷʣʳϨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʝ ʝʢʽ ᴅʨʪװʨʣʽ ʢʽʣʪ ʙʘʨ: 

ʙʽʨʝʫʽ ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʘʰʳϨ ʜʝʧ ʘʪʘʣʘʜʳ, ʙʘʩץʘʩʳ ï 

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ, ʞʘʙʳϨ ʜʝʧ ʘʪʘʣʘʜʳ. ɸʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʨʠʧʪʦʞװʡʝʣʝʨʜʽש ʙʘʩʪʳ ʘʡʳʨʤʘʰʳʣʳסʳ ʢʝʣʝʩʽʜʝ: ʘʰʳץ ʢʽʣʪʧʝʥ 

ʰʠʬʨʣʘסʘʥ ʘʜʘʤ ʜʘ ʭʘʙʘʨʜʳ ײץʧʠʷ ʢʽʣʪʩʽʟ ʢʝʨʽʰʠʬʨʣʘʡ ʘʣʤʘʡʜʳ. 

ʉʦʥʜʳץʪʘʥ ʙײʣ ʞװʡʝʣʝʨ ʘʩʠʤʤʝʪʨʠʷʣʳϨ ʥʝʤʝʩʝ ʘʰʳϨ ʢʽʣʪʪʽ ʞϮʡʝʣʝʨ 

ʜʝʧ ʘʪʘʣʘʜʳ.  

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽש ʝʢʽ ʪʠʧʽʥ ʜʝ ʙʽʨʽʢʪʽʨʝʪʽʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ʛʠʙʨʠʜʪʽ ʜʝʧ ʘʪʘʡʜʳ. ʆʣʘʨʜʘ, ʝʨʝʞʝ ʩʠʷץʪʳ, 

ʭʘʙʘʨ ʤᴅʪʽʥʽ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽ ץʦʣʜʘʥʫʤʝʥ 

ʰʠʬʨʣʘʥʘʜʳ, ʘʣ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʤʝʥ ץʦʣʜʘʥʳʣסʘʥ 

 ʦʣʜʘʥʫʤʝʥץ ʡʝʥʽװʞ ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ ץʧʠʷ ʢʽʣʪ ʘʩʠʤʤʝʪʨʠʷʣʳײץ

ʰʠʬʨʣʘʥʘʜʳ.  

 ʂʽʨʽʩ ʘץʧʘʨʘʪ ʪʽʟʙʝʛʽʥ ᴇשʜʝʫ ʪʠʧʽ ʙʦʡʳʥʰʘ ʞװʡʝʣʝʨ ʘϤʳʥʜʳϤʘ ʞᴅʥʝ 

ʙʣʦʢʪʳϤʘ ʙᴇʣʽʥʝʜʽ. ɸסʳʥʜʳ ʞװʡʝʣʝʨʜʝ ʘʰʳץ ʤᴅʪʽʥʥʽש ᴅʨ ʩʠʤʚʦʣʳ ʥʝʤʝʩʝ 

ʙʠʪʽ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʩʠʤʚʦʣʳʥʘ ʘסʳʥʤʝʥ ʰʠʬʨʣʘʥʘʜʳ. ɹʣʦʢʪʳ 

ʞװʡʝʣʝʨʜʝ ʭʘʙʘʨʣʘʨ ʘʥʳץʪʘʣסʘʥ ײʟʳʥʜʳסʳ ʙʘʨ ʙʣʦʢʪʘʨʤʝʥ ʪװʨʣʝʥʜʽʨʽʣʝʜʽ.  

 ɸʣʤʘʩʪʳʨʫ ϸʜʽʩʪʝʨʽʥʜʝ ʢʽʨʽʩ ʤᴅʪʽʥʥʽש ʩʠʤʚʦʣʜʘʨʳ ʘʥʳץʪʘʣסʘʥ ʝʨʝʞʝ 

ʙʦʡʳʥʰʘ ʙʽʨ ʙʽʨʽʤʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʘʜʳ. ɸʫʳʩʪʳʨʫ ϸʜʽʩʪʝʨʽʥʜʝ ʘʰʳץ 

ʤᴅʪʽʥ ʩʠʤʚʦʣʜʘʨʳ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽש ʵʢʚʠʚʘʣʝʥʪʪʝʨʽʤʝʥ 

ʘʫʳʩʪʳʨʳʣʘʜʳ. ʐʳʥ ʤᴅʥʜʝ, ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ʢʝʡʙʽʨ 

ʢʽʨʧʠʰ ʙʦʣʘʜʳ, ʦʣʘʨʜʘʥ ʙʘʩץʘ ᴅʨʪװʨʣʽ ʙʝʨʽʢ ʰʠʬʨʣʘʨ ײץʨʳʣʘʜʳ.  

 ʐʠʬʨʣʘʫ ʩʝʥʽʤʜʽʣʽʛʽʥ ʞʦסʘʨʣʘʪʫ ʤʘץʩʘʪʳʤʝʥ ʙʽʨ ᴅʜʽʩʧʝʥ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥ ʙʘʩץʘ ʰʠʬʨʤʝʥ ʪʘסʳ ʰʠʬʨʣʘʥʫ ʤװʤʢʽʥ. ɹײʣ ʞʘסʜʘʡʜʘ Ϩϰʨʘʤʜʘʩ 

ʥʝʤʝʩʝ ʢʦʤʧʦʟʠʮʠʷʣʳϨ ʰʠʬʨ ʙʦʣʘʜʳ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʪᴅʞʽʨʠʙʝʜʝ 

 ʨʘʤʜʘʩײץ ʳʥʜʘ ʰʠʬʨʣʘʨסʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʣʦʢʪʳ ʥʝʤʝʩʝ ʩʠʤʤʝʪʨʠʷʣʳץ

ʰʠʬʨʣʘʨסʘ ʞʘʪʘʜʳ, ʦʣʘʨ ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʫ װʰʽʥ ʙʽʨʥʝʰʝ ʦʧʝʨʘʮʠʷʥʳ 

  .ʦʣʜʘʥʘʜʳץ

 ɿʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש ʢʦʤʧʴʶʪʝʨʣʽʢʪʽש ʘʣʜʳʥʜʘסʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʜʘʥ ʥʝʛʽʟʛʽ ʘʡʳʨʤʘʰʳʣʳסʳ ʢʝʣʝʩʽʜʝ: ʙײʨʳʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʪʘʙʠסʠ ʪʽʣʜʝʨʽʥʽש ʩʠʤʚʦʣʘʜʘʨʳʤʝʥ, 

ʤʳʩʘʣʳ, ʘסʳʣʰʳʥ ʥʝʤʝʩʝ ʦʨʳʩ ʪʽʣʽʥʽש ᴅʨʽʧʪʝʨʽʤʝʥ ʞײʤʳʩ ʽʩʪʝʜʽ.  ɹײʣ 

ᴅʨʽʧʪʝʨ ʘʥʳץʪʘʣסʘʥ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ᴅʣʤʘʩʪʳʨʳʣʜʳ ʥʝʤʝʩʝ ʙʘʩץʘʣʘʨʤʝʥ 
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ʘʫʳʩʪʳʨʳʣʜʳ. ɿʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʜʝ ʝʢʽʣʽʢ 

ʙʝʣʛʽʣʝʨʛʝ ʦʧʝʨʘʮʠʷʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ, ʷסʥʠ ʥᴇʣ ʤʝʥ ʙʽʨʣʝʨʛʝ. ʂᴅʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽ ʥʝʛʽʟʛʽ ʦʧʝʨʘʮʠʷʣʘʨ ʘʣʤʘʩʪʳʨʫ ʥʝʤʝʩʝ 

ʘʫʳʩʪʳʨʫ, ʞᴅʥʝ ʜʝ ʰʠʬʨʣʘʫʜʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʞʦסʘʨʣʘʪʫ װʰʽʥ ʙײʣ 

ʦʧʝʨʘʮʠʷʣʘʨ ʙʽʨʛʝ ץʦʣʜʘʥʳʣʘʜʳ (ײץʨʘʤʜʘʩʪʳʨʳʣʘʜʳ) ʞᴅʥʝ ʢᴇʧ ʨʝʪ 

ʮʠʢʣʜʳ ʪװʨʜʝ ץʘʡʪʘʣʘʥʘʜʳ.  

 ϧϰʨʘʤʜʘʩʪʳʨʳʣϤʘʥ ʥʝʤʝʩʝ ʢʦʤʧʦʟʠʮʠʷʣʳϨ ʰʠʬʨʣʘʨ ʥʝʛʽʟʽʥʜʝ ʞʘʪץʘʥ 

ʠʜʝʷ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢ ʞװʡʝʥʽ ץʘʨʘʧʘʡʳʤ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ʢᴇʧ ʨʝʪ ץʘʡʪʘʣʘʫ ʞʦʣʳʤʝʥ ʧʘʡʜʘʣʘʥʫʜʘ ʙʦʣʜʳ. 

ʂ. ʐʝʥʥʦʥ ʪװʨʣʝʥʜʽʨʫ ʨʝʪʽʥʜʝ ʘʫʳʩʪʳʨʫʣʘʨʜʳ (substitution) ʞᴅʥʝ 

ʪʨʘʥʩʧʦʟʠʮʠʷʣʘʨʜʳ (permutation) ץʦʣʜʘʥʫʜʳ ײʩʳʥʜʳ. ɹײʣ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ 

ʢᴇʧ ʨʝʪ ʧʘʡʜʘʣʘʥʫ ʙʝʨʽʢ ʰʠʬʨʣʘʨסʘ ʪᴅʥ ʝʢʽ ץʘʩʠʝʪʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ: ʰʘʰʳʨʘʪʫ (diffusion) ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫ (confusion).  

 ʐʘʰʳʨʘʪʫ ʘʰʳץ ʤᴅʪʽʥʥʽש ʙʽʨ ʙʝʣʛʽʩʽʥʽש ᴅʩʝʨʽʥ ʪʘʨʘʪʫʜʳ ʝʩʢʝʨʝʜʽ, 

ʩʦʥʳʤʝʥ ץʦʩʘ ʢʽʣʪʪʽש ʙʽʨ ᴅʨʽʧʽʥʽש ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʙʽʨʪʘʣʘʡ 

ʙʝʣʛʽʣʝʨʽʥʝ. ʐʠʬʨʜʘ ʙײʣ ץʘʩʠʝʪʪʽש ʙʘʨ ʙʦʣʫʳ, ʙʽʨ ʞʘסʳʥʘʥ, ʘʰʳץ ʤᴅʪʽʥ 

ʙʝʣʛʽʣʝʨʽ ʘʨʘʩʳʥʜʘ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪᴅʫʝʣʜʽʢʪʽ ʞʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʙʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʢʽʨʽʩ ʪʽʣʜʽש ʘʨʪʳץʪʳסʳʥ ʙװʢʽʣ ʤᴅʪʽʥʛʝ ʪʘʨʘʪʫ ʘʨץʳʣʳ 

 ʘʣʧʳʥʘץ ʳʥʘʥ ï ʙʝʣʛʽʩʽʟ ʢʽʣʪʪʽ ʙᴇʣʽʢʪʝʨʤʝʥסʘ ʞʘץʘʡʪʘ ʙᴇʣʫʜʽ, ʘʣ ʙʘʩץ

ʢʝʣʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ʄʳʩʘʣʳ, ʩʠʤʚʦʣʜʘʨʜʳ ץʘʨʘʧʘʡʳʤ 

ʘʣʤʘʩʪʳʨʫ ʙʠʛʨʘʤʤʘʣʘʨʜʳװ ,שʰʛʨʘʤʤʘʣʘʨʜʳש ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ 

ʢʝʟʜʝʩʫʣʝʨʜʽש ʞʠʽʣʽʛʽʥ ʞʘʩʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 ɸʨʘʣʘʩʪʳʨʫ ʤʘץʩʘʪʳ ï ʢʽʣʪ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʘʨʘʩʳʥʜʘסʳ 

ʪᴅʫʝʣʜʽʢʪʽ ʢװʨʜʝʣʝʥʜʽʨʫ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʘʨʘʣʘʩʪʳʨʳʣסʘʥ 

ʤᴅʪʽʥʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ ץʦʣʜʘʥʳʣסʘʥ ʢʽʣʪ ʪʫʨʘʣʳ ʢʝʟ 

ʢʝʣʛʝʥ ʘץʧʘʨʘʪ ʩʘʥʳʥ ʘʣʤʘʫ ʢʝʨʝʢ.  ᴄʜʝʪʪʝ ʘʨʘʣʘʩʪʳʨʫ ʘʫʳʩʪʳʨʫ 

ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʐʘʰrʨʘʪʫ ʤʝʥ ʘʨʘʣʘʩʪʳʨʫʜʳ ʙᴇʣʝʢ 

 ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ, ʙʝʨʽʢ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʞʝʪʪʽ ʙʝʨʽʢʪʽʣʽʢʪʽץ ʦʣʜʘʥʫץ

ʞװʡʝʥʽ ʪʝʢ ʦʣʘʨʜʳ ʙʽʨʛʝ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʫסʘ ʙʦʣʘʜʳ.  

 

1.6. ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ʊɸʃɼɸʋ 

 

 ɸʣʜʳʥʜʘ ʙʘʡץʘʣסʘʥʜʘʡ, ʢʨʠʧʪʦʛʨʘʬʠʷ ï ײץʧʠʷ ʢʦʜʪʘʨʜʳ ײץʨʫ ᴇʥʝʨʽ 

ʞᴅʥʝ סʳʣʳʤʳ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ï ʩʦʣ ʢʦʜʪʘʨʜʳ ʙײʟʫ ᴇʥʝʨʽ ʞᴅʥʝ 

 ץʦʩʳʤʰʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʳʣʳʤʳ. ʂʨʠʧʪʦʛʨʘʬʠʷ ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝס

ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫ ץʘʞʝʪ. ɹײʣ ʙʘʩץʘ ʘʜʘʤʜʘʨʜʳש ʢʦʜʪʘʨʳʥ ʙײʟʫ װʰʽʥ 

ʝʤʝʩ, ᴇʟ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽש ʦʩʘʣ ʞʝʨʣʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ץʘʞʝʪ. 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳ ʟʝʨʪʪʝʫ ʞʘץʩʳ ײץʧʠʷ ʢʦʜʪʘʨʜʳ ײץʨʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʪᴇʨʪ ʞʘʣʧʳ ʰʘʙʫʳʣʜʘʨ ʪʠʧʳ 

ʙʘʨ, ʦʣʘʨ 1.5 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ [8]. 
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1.5 ʩʫʨʝʪ -  ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʰʘʙʫʳʣʜʘʨʳʥ ʞʽʢʪʝʫ 

 

1.6.1. ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ 
 

 ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʪʝʢ 

ʢʝʡʙʽʨ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ. ʆʣ ʣʘʡʳץʪʳ ʢʽʣʪʪʽ ʞᴅʥʝ 

ʢʽʨʽʩ ʤᴅʪʽʥʜʽ ʽʟʜʝʫʛʝ ʪʳʨʳʩʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʙʦʣʞʘʤסʘ ʩᴅʡʢʝʩ, 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʘʣʛʦʨʠʪʤʜʽ ʙʽʣʝʜʽ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ 

ʞʦʣʘʡ ײʩʪʘʡ ʘʣʘʜʳ. ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ ï ʝש ʳץʪʠʤʘʣʜʳ, 

ᴇʡʪʢʝʥʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳסʘ ʦʣ װʰʽʥ ʪʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽש 

ᴇʟʽ ʢʝʨʝʢ. ʐʠʬʨ ʙײʣ ʰʘʙʫʳʣ ʪʠʧʽʥʝ ʰʳʥʜʘʧ ץʘʨʩʳ ʪײʨʫ ץʘʞʝʪ ʞᴅʥʝ 

 ʤʢʽʥʜʽʢ ʙʝʨʤʝʫ ʢʝʨʝʢ. ʐʘʙʫʳʣװʘ ʤסʘ ʭʘʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʫץʘʨʩʳʣʘʩץ

ʧʨʦʮʝʩʩʽʥ 1.6 ʩʫʨʝʪ ʙʝʡʥʝʣʝʡʜʽ. 

 ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣʜʘ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. 

ʆʣʘʨʜʳש ʢʝʡʙʽʨʝʫʽʥ ץʘʨʘʩʪʳʨʘʡʳץ. 

 

çϧʘʪϨʳʣ ʢϮʰè ʰʘʙʫʳʣʳ 

 

 çϧʘʪϨʳʣ ʢϮʰè ʰʘʙʫʳʣʳ ʢᴇʤʝʛʽʤʝʥ ʥʝʤʝʩʝ ʪʦʣʳϨ ʢʽʣʪʪʽʢ ʽʟʜʝʫ 

ϸʜʽʩʽʤʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥʫʜʳ 

ʪʘʣʧʳʥʘʜʳ. ʆʣ ʘʣʛʦʨʠʪʤʜʽ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʢʽʣʪʪʝʨʜʽ (ʤװʤʢʽʥ ʢʽʣʪʪʝʨ 

ʪʽʟʽʤʽʥ) ʙʽʣʝʜʽ ʜʝʧ ʙʦʣʞʘʡʤʳʟ. ɹײʣ ᴅʜʽʩʪʽ ץʦʣʜʘʥʫ ʞʦʣʳʥʜʘ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥ ʞʦʣʘʡ ײʩʪʘʣʘʜʳ ʞᴅʥʝ ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʽʣʪʪʝʨ ʢʽʨʽʩ ʤᴅʪʽʥ ʰʳץץʘʥʰʘ 

 ;ʳʡʳʥ ʝʩʝʧ ʙʦʣʘʪʳʥץ ʨʳʥײʨʫ ʙײץ ʰè ʰʘʙʫʳʣʜʳװʳʣ ʢץʘʪפʦʣʜʘʥʳʣʘʜʳ. çץ

ʙװʛʽʥ ʢʦʤʧʶʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʙײʣ ʞʝשʽʣʨʝʢ ʙʦʣʜʳ. ɹײʣ ʰʘʙʫʳʣ ʪʠʧʽʥ 

ʙʦʣʜʳʨʤʘʫ װʰʽʥ, ʤװʤʢʽʥ ʢʽʣʪʪʝʨ ʩʘʥʳ ᴇʪʝ װʣʢʝʥ ʙʦʣʫ ץʘʞʝʪ.  
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1.6 ʩʫʨʝʪ ï ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ ʧʨʦʮʝʩʩʽʥ ʪװʩʽʥʜʽʨʫ 

 

ʉʪʘʪʠʩʪʠʢʘʣʳϨ ʰʘʙʫʳʣ  

 

 ʉʪʘʪʠʩʪʠʢʘʣʳϨ ʰʘʙʫʳʣʜʳ ʙʘʩʪʘʫ װʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ 

ʘʰʳץ ʤᴅʪʽʥʥʽש ʪʽʣʽʥʝ ʪʠʽʩʪʽ ʢʝʡʙʽʨ ʩʠʧʘʪʪʘʤʘʣʘʨʜʘʥ ʧʘʡʜʘʥʳ ʪʘʙʘ ʘʣʘʜʳ. 

ʄʳʩʘʣʳ, ʘסʳʣʰʳʥ ʤᴅʪʽʥʽʥʜʝ ʝש ʞʠʽ ʧʘʡʜʘʣʘʥʘʪʳʥ ᴅʨʽʧ ɽ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʝ ʝש ʞʠʽ ʧʘʡʜʘʣʘʥʘʪʳʥ 

ʩʠʤʚʦʣʜʳ ʪʘʙʘʜʳ ʞᴅʥʝ ʦʣ ʢʽʨʽʩ ʤᴅʪʽʥʥʽץ שʘʞʝʪʪʽ ʩʠʤʚʦʣʳ E ʜʝʧ ʝʩʝʧʪʝʡʜʽ. 

ɹʽʨʥʝʰʝ ʞײʧʪʘʨʜʳ ʘʥʳץʪʘסʘʥʥʘש ʢʝʡʽʥ ʪʘʣʜʘʫʰʳ ʢʽʣʪʪʽ ʪʘʫʳʧ ʭʘʙʘʨʜʳ 

ʢʝʨʽʰʠʬʨʣʘʡ ʘʣʘʜʳ. ɹײʣ ʪʠʧʪʽ ʰʘʙʫʳʣʜʘʨʜʳ ʙʦʣʜʳʨʤʘʫ װʰʽʥ, ʰʠʬʨ 

ʪʽʣʜʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘʩʳʨʫ ʢʝʨʝʢ.  

 

ϭʣʛʽ ʙʦʡʳʥʰʘ ʰʘʙʫʳʣ 

 

 ʂʝʡʙʽʨ ʰʠʬʨʣʘʨ ʪʽʣ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘʩʳʨʘʜʳ, ʙʽʨʘץ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʜʝ ʢʝʡʙʽʨ װʣʛʽʣʝʨʜʽ ײץʨʘʜʳ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʰʠʬʨʜʳ 

ʙײʟʫ װʰʽʥ װʣʛʽ ʙʦʡʳʥʰʘ ʰʘʙʳʫʣʜʳ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ, 

 ʤʢʽʥ ʙʦʡʳʥʰʘ ʙʝʣʛʽʩʽʟװʘʥ ʤᴅʪʽʥʜʽ ʤסʘʨʘʩʪʳʨʳʣʘʪʳʥ ʰʠʬʨʣʘʥץ

(ʘʙʩʪʘʨʢʪʳ) ʙʦʣʜʳʨʘʪʳʥ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʫ ʤʘשʳʟʜʳ.  

 

1.6.2. ɹʝʣʛʽʣʽ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ  

 

 ɹʝʣʛʽʣʽ ʢʽʨʽʩ ʤϸʪʽʥʛʝ ʰʘʙʫʳʣ ʢʝʟʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ 

ʞʦʣʘʡ ײʩʪʘʣסʘʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ץʦʩʘ ʢʝʡʙʽʨ çʢʽʨʽʩ/ʰʠʬʨʣʘʥϤʘʥ 

ʤϸʪʽʥè ʞײʧʪʘʨʳʥʘ 1.7 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ.  
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1.7 ʩʫʨʝʪ ï ɹʝʣʛʽʣʽ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ ʧʨʦʮʝʩʩʽʥ ʪװʩʽʥʜʽʨʫ 

 

 ʂʽʨʽʩ/ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʞײʧʪʘʨʳ ʘʣʜʳʥ ʘʣʘ ʞʠʥʘʣסʘʥ. ʄʳʩʘʣʳ, 

ʞʽʙʝʨʫʰʽ ץʘʙʳʣʜʘʫʰʳסʘ ײץʧʠʷ ʭʘʙʘʨʜʳ ʞʽʙʝʨʜʽ, ʙʽʨʘץ ʙʽʨʥʝʰʝ ʫʘץʳʪʪʘש 

ʢʝʡʽʥ ʭʘʙʘʨ ʤʘʟʤײʥʳʥ ʙʘʩץʘ ʘʜʘʤʜʘʨסʘ ʘʰʪʳ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ 

ʞʽʙʝʨʫʰʽ ᴇʟ ʢʽʣʪʽʥ ᴇʟʛʝʨʪʧʝʡʜʽ ʜʝʧ ʝʩʝʧʪʝʧ, ʢʽʨʽʩ ʤᴅʪʽʥʜʽ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʜʽ ʩʘץʪʘʧ ץʘʣʘʜʳ. ʆʣʘʨʜʳ ʢʝʣʝʩʽ ʞʽʙʝʨʫʰʽʜʝʥ ץʘʙʳʣʜʘʫʰʳסʘ 

ʞʽʙʝʨʽʣʝʪʽʥ ײץʧʠʷ ʤᴅʪʽʥʜʽ ʙײʟʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫʰʳ ʘסʳʥʜʘסʳ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʪʘʣʜʘʫ װʰʽʥ ʘʣʜʳʥסʳ ʞײʧʪʘʨʜʳש 

  .ʦʣʜʘʥʘʜʳץ ʘʪʳʥʘʩʪʘʨʳʥץ

 ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʙײʣ ʞʝʨʜʝ 

ʜʝ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥ. ɹʽʨʘץ ʙײʣ ʰʘʙʫʳʣʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʦשʘʡʨʘץ, ʩʝʙʝʙʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʜʘ ʪʘʣʜʘʫ װʰʽʥ ʢᴇʙʽʨʝʢ ʘץʧʘʨʘʪʳ ʙʘʨ. ɹʽʨʘץ 

ʞʽʙʝʨʫʰʽ ᴇʟ ʢʽʣʪʽʥ ᴇʟʛʝʨʪʽʧ ʥʝʤʝʩʝ ʘʣʜʳʥסʳ ʭʘʙʘʨʣʘʨʜʳש ʤʘʟʤײʥʳʥ ʘʰʧʘʫ 

ʤװʤʢʽʥ, - ʦʥʜʘ ʙײʥʜʘʡ ʰʘʙʫʳʣ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣʘʜʳ.  

 

1.6.3. ʊʘשʜʘʣסʘʥ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ 
 

 ʂʽʨʽʩ ʤϸʪʽʥʜʽ ʪʘϬʜʘʫʤʝʥ ʰʘʙʫʳʣ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ץײʩʘʩ, ʙʽʨʘץ 

çʢʽʨʽʩ/ʰʠʬʨʣʘʥϤʘʥ ʤϸʪʽʥè ʞײʧʪʘʨʳ ʰʘʙʫʳʣ ʞʘʩʘʫʰʳʤʝʥ ʪʘשʜʘʣסʘʥ ʞᴅʥʝ 

ʞʘʩʘʣסʘʥ. ɹײʣ ʧʨʦʮʝʩʩʪʽ 1.8 ʩʫʨʝʪ ʢᴇʨʩʝʪʝʜʽ. 
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1.8 ʩʫʨʝʪ -  ʊʘשʜʘʣסʘʥ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣʜʘʨ ʧʨʦʮʝʩʩʽʥ ʪװʩʽʥʜʽʨʫ 

 

 ɹײʣ ʙʦʣʫ ʤװʤʢʽʥ, ʤʳʩʘʣʳ, ʝʛʝʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ 

ʞʽʙʝʨʫʰʽʥʽש ʢʦʤʧʴʶʪʝʨʽʥʝ ץʘʪʳʥʘʩ ײץʨʘ ʘʣʩʘ. ʆʣ ʘʥʳץʪʘʣסʘʥ ʢʽʨʽʩ ʤᴅʪʽʥʜʽ 

ʪʘשʜʘʡʜʳ ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ײץʨʘʜʳ. ʂʽʣʪ 

ʞʽʙʝʨʫʰʽ ץʦʣʜʘʥʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʜʘ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʪʘʣʜʘʫʰʳʜʘ ʢʽʣʪ ʙʦʣʤʘʡʜʳ.  

 ɹײʣ ʰʘʙʫʳʣ ʪʠʧʽ ʦשʘʡ, ʙʽʨʘץ ʦʣ ʘʟ ʳץʪʠʤʘʣʜʳ, ʩʝʙʝʙʽ ʙײʣ ʞʝʨʜʝ çʝʛʝʨè 

ᴇʪʝ ʢᴇʧ.  

 

1.6.4. ʊʘשʜʘʣסʘʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ 

 

 ʊʘϬʜʘʣϤʘʥ ʰʠʬʨʣʘʥϤʘʥ ʤϸʪʽʥʛʝ ʰʘʙʫʳʣ ʪʘשʜʘʣסʘʥ ʢʽʨʽʩ ʤᴅʪʽʥ 

ʰʘʙʫʳʣʳʥʘ ץײʩʘʩ, ʙײʣ ʞʝʨʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʘʥʳץʪʘʣסʘʥ 

ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʪʘשʜʘʡʜʳ, ʦʥʳ çʰʠʬʨʣʘʥϤʘʥ/ʘʣϤʘʰϨʳ ʤϸʪʽʥè ʞײʙʳʥ 

 ʜʘʡ ʙʦʣʘʜʳ, ʝʛʝʨ ʪʘʣʜʘʫʰʳסʣ ʞʘײʰʽʥ ʢʝʨʽʰʠʬʨʣʘʡʜʳ (ʙװ ʘʣʳʧʪʘʩʪʳʨʫץ

ʞʽʙʝʨʫʰʽ ʢʦʤʧʴʶʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʝ ʘʣʩʘ). ɹײʣ ʧʨʦʮʝʩʩʪʽ 1.9 ʩʫʨʝʪʽ 

ʢᴇʨʩʝʪʝʜʽ. 
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1.9 ʩʫʨʝʪ ï ʊʘשʜʘʣסʘʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʰʘʙʫʳʣ ʧʨʦʮʝʩʩʽʥ ʪװʩʽʥʜʽʨʫ 

 

 ɿʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʰʘʙʫʳʣʜʘʨ ʢʝʣʝʩʽ ʪʘʨʘʫʣʘʨʜʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  

 

ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨʳ 

 

 1. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨ ץʦʣʜʘʥʫ ʢᴇʤʝʛʽʤʝʥ ʰʝʰʽʣʝʪʽʥ 

ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʘʡʪʳʥʳʟ. 

 2. ʇʘʡʜʘʣʘʥʫʰʳסʘ ʘʨʥʘʣסʘʥ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʜʳש ʥʝʛʽʟʛʽ ʝʩʝʧʪʝʨʽ. 

 3. ɸץʧʘʨʘʪ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʥʳץʪʘʤʘʩʳʥ ʙʝʨʽשʽʟ: ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץ, 

ʪײʪʘʩʪʳץ, ʰʳʥʘʡʣʳץ.  

 4. ʂʝʣʝʩʽʣʝʨʛʝ ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ: ʰʠʬʨ; ʠhʬʨʣʘʫ ʢʽʣʪʽ; 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤ; ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ. 

 5. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʭʘʪʪʘʤʘסʘ ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ. 

 6. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ (1.5) ʰʘʨʪʳʥ ʦʨʳʥʜʘʣʫ ץʘʞʝʪʪʽʣʽʛʽʥ 

ʪװʩʽʥʜʽʨʽשʽʟ.  

 7. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʘʩʘ ײץʧʠʷʣʳסʳ װʰʽʥ ץʘʞʝʪʪʽ ʞᴅʥʝ 

ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʳשʳʟ.  

 8. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʦʣʘʨʜʳ ʰʘʰʳʨʘʪʫסʘ ʪװʩʽʥʽʢʪʝʤʝ 

ʙʝʨʽשʽʟ. 

 9. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʘʨʘʣʘʩʪʳʨʫ ʤʘץʩʘʪʳ ʥʝʜʝ? 

 10. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʰʘʙʫʳʣ ʜʝʛʝʥ ʥʝ? 
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 11. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʰʘʙʫʳʣʜʳץ שʘʥʜʘʡ ʪʠʧʪʝʨʽ ʙʘʨ? 

 12. ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽשʽʟ. çפʘʪץʳʣ 

ʢװʰè ʰʘʙʫʳʣʜʳ ʪװʩʽʥʜʽʨʽשʽʟ. 

 13. ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽשʽʟ. 

ʉʪʘʪʠʩʪʠʢʘʣʳץ ʰʘʙʫʳʣʜʳ ʪװʩʽʥʜʽʨʽשʽʟ. 

 14. ʊʝʢ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽשʽʟ. תʣʛʽ 

ʙʦʡʳʥʰʘ ʘhʙʫʳʣʜʳ ʪװʩʽʥʜʽʨʽשʽʟ. 

 15. ɹʝʣʛʽʣʽ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽשʽʟ.  

 16. ʊʘשʜʘʣסʘʥ ʢʽʨʽʩ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽשʽʟ.  

 17. ʊʘשʜʘʣסʘʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣסʘ ʩʠʧʘʪʪʘʤʘ ʙʝʨʽשʽʟ.  
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2 ʪʘʨʘʫ 

 

ɼᴄʉʊתʈʃɯ ʊɸʈʀʍʀ ʐʀʌʈʃɸʈ  

 

 ʉʠʤʤʝʪʨʠʷʣʳץ ʢʽʣʪʽ ʙʘʨ ʜᴅʩʪװʨʣʽ ʰʠʬʨʣʘʨʜʳ ʝʢʽ װʣʢʝʥ ʢʘʪʝʛʦʨʠʷסʘ 

ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʣʘʨʳ. 

ɸʫʳʩʪʳʨʫ ʰʠʬʨʳʥʜʘ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽש ʙʽʨ ʩʠʤʚʦʣʳ ʙʘʩץʘ ʩʠʤʚʦʣסʘ 

ʘʫʳʩʪʳʨʳʣʘʜʳ; ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʳʥʜʘ - ʘʣסʘʰץʳ ʤᴅʪʽʥʜʝʛʽ ʩʠʤʚʦʣʜʘʨ 

ʧʦʟʠʮʠʷʣʘʨʳ ʦʨʳʥʜʘʨʳʥ ʘʫʳʩʪʳʨʘʜʳ.    

 

2.1. ɸʋʓʉʊʓʈʋ ʐʀʌʈʓ 

 

 ɸʫʳʩʪʳʨʫ ʰʠʬʨʳ ʙʽʨ ʩʠʤʚʦʣʜʳ ʙʘʩץʘʩʳʤʝʥ ʘʫʳʩʪʳʨʘʜʳ. ɽʛʝʨ 

ʘʣסʘʰץʳ ʤᴅʪʽʥʜʝʛʽ ʩʠʤʚʦʣʜʘʨ - ʘʣʬʘʚʠʪʪʽש ʩʠʤʚʦʣʜʘʨʳ ʙʦʣʩʘ, ʦʥʜʘ ʙʽʨ 

ᴅʨʽʧ ʙʘʩץʘʩʳʥʤʝʥ ʘʫʳʩʪʳʨʘʜʳ. ʄʳʩʘʣʳ, A ᴅʨʽʧʽʥ D ᴅʨʧʽʤʝʥ ʘסʳʣʰʳʥ 

ʘʣʬʘʚʠʪʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʘʣ T-ʥʳ  Z-ʧʝʥ 

ʘʫʳʩʪʳʨʘʜʳ. ɽʛʝʨ ʩʠʤʚʦʣʜʘʨ - (0-ʜʘʥ 9-סʘ ʜʝʡʽʥ) ʩʘʥʜʘʨ ʙʦʣʩʘ, ʤʳʩʘʣʳ, 3-

ʪʽ 7-ʛʝ ʞᴅʥʝ 2-ʥʽ 6-סʘ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ.  ɸʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ʝʢʽ 

ʢʘʪʝʛʦʨʠʷסʘ ʙᴇʣʽʥʫ ʤװʤʢʽʥ: ʤʦʥʦʘʣʬʘʚʠʪʪʽ (ʙʽʨʘʣʬʘʚʠʪʪʽ) ʞᴅʥʝ 

ʢϺʧʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨ.   

 ɸʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ װʰʽʥ ʘʰʳץ ʤᴅʪʽʥʥʽש (ʤᴅʣʽʤʝʪʪʝʨ) ʘʣʬʘʚʠʪʽʥʽש 

 שʘʣʬʘʚʠʪʽʥʽ (שʜʝʨʝʢʪʝʨʜʽ) שʘʥ ʤᴅʪʽʥʥʽסʳ (nM) ʞᴅʥʝ ʰʠʬʨʣʘʥסʟʳʥʜʳײ

 .ʥʠ nM = nCסʳ (nC) ʙʽʨʜʝʡ, ʷסʟʳʥʜʳײ

 ɹײʣ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʘʣʬʘʚʠʪ ᴅʨʽʧʪʝʨʽʥ ʦʣʘʨʜʳש ʨʝʪʪʽʢ 

ʥʦʤʝʨʣʝʨʽʤʝʥ ʪʝשʝʩʪʽʨʫ ʳסשʘʡʣʳ ʙʦʣʘʜʳ.  

 

2.1.1. ɸʫʳʩʪʳʨʫʜʳש ʤʦʥʦʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʳ 

 

 ɸʫʳʩʪʳʨʫʜʳש ʤʦʥʦʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʳʥʜʘ ʘʣסʘʰץʳ ʤᴅʪʽʥʜʝʛʽ ᴅʨʽʧ 

(ʥʝʤʝʩʝ ʩʠʤʚʦʣ) ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʝʛʽ ʩʦʣ ʪʝʢ ʙʽʨ סʘʥʘ ᴅʨʽʧʢʝ (ʥʝʤʝʩʝ 

ʩʠʤʚʦʣסʘ) ᴅʨץʘʰʘʥ ʜʘ ʦʥʳש ʤᴅʪʽʥʜʝʛʽ ʧʦʟʠʮʠʷʩʳʥʘ ʪᴅʫʝʣʩʽʟ ᴇʟʛʝʨʝʜʽ. 

ʄʳʩʘʣʳ, ʝʛʝʨ ʘʣʛʦʨʠʪʤ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ A ᴅʨʧʽʥ  D ᴅʨʧʽʥʝ ᴇʟʛʝʨʝʪʽʥʜʽʛʽʥ 

ʘʥʳץʪʘʩʘ, ʦʥʜʘ ʤײʥʜʘʡ ʞʘסʜʘʡʜʘ ᴅʨʙʽʨ A ᴅʨʧʽ D ᴅʨʧʽʥʝ ᴇʟʛʝʨʝʜʽ. ɹʘʩץʘʰʘ 
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ʘʡʪץʘʥʜʘ, ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʛʽ ᴅʨʽʧʪʝʨ ʙʽʨʜʝʥ ʙʽʨʛʝ 

   .ʘʪʳʥʘʩʳʥʜʘ ʙʦʣʘʜʳץ

 2.1 ʤʳʩʘʣ. hello ʙʘʩʪʘʧץʳ  ʤᴅʪʽʥʽ ʰʠʬʨʣʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ KHOOR-סʘ 

ʘʡʥʘʣʜʳ. ʐʠʬʨʣʝʫ ץʘʥʜʘʡ ʰʠʬʨʤʝʥ ʦʨʳʥʜʘʣסʘʥʜʳסʳʥ ʘʥʳץʪʘʫ ʢʝʨʝʢ. 

ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʢᴇʨʩʝʪʫ װʰʽʥ ʢʽʰʽ ʩʠʤʚʦʣʜʘʨʜʳ, ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʜʽ ʘʣʫ װʰʽʥ ʙʘʩ ᴅʨʽʧʪʝʨʜʽ (ʞʦסʘʨסʳ ʙʘʩ ᴅʨʽʧ ʨʝʛʠʩʪʨʽʥ)  ץʦʣʜʘʥʘʤʳʟ.  

 ʐʝʰʫʽ. l-ʜʽש ʝʢʝʫʽ ʜʝ  O ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥʜʽʢʪʝʥ, ʰʠʬʨ 

ʤʦʥʦʘʣʬʘʚʠʪʪʽ ʙʦʣʘʜʳ. 

 2.2 ʤʳʩʘʣ. hello ʥᴅʪʠʞʝʩʽʥʜʝ ABNZF-ץʘ ʘʡʥʘʣʜʳ. ʐʠʬʨʣʝʫ ץʘʥʜʘʡ 

ʰʠʬʨʤʝʥ ʦʨʳʥʜʘʣסʘʥʜʳסʳʥ ʘʥʳץʪʘʫ ʢʝʨʝʢ. 

 ʐʝʰʫʽ. ʐʠʬʨ ʤʦʥʦʘʣʬʘʚʠʪʪʽ ʝʤʝʩ, ʩʝʙʝʙʽ l-ʜʽש ᴅʨʙʽʨ ᴅʨʧʽ ʪװʨʣʽ 

ʩʠʤʚʦʣʜʘʨʤʝʥ ʰʠʬʨʣʝʥʛʝʥ.  l-ʜʽש ʙʽʨʽʥʰʽ ᴅʨʧʽ -   N, ʘʣ ʝʢʽʥʰʽʩʽ - Z ʨʝʪʽʥʜʝ 

ʰʠʬʨʣʝʥʛʝʥ.  

 

ϧʦʡʳʣʳʤ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʘʨʳ 

 

 ɽץ שʘʨʘʧʘʡʳʤ ʤʦʥʦʘʣʬʘʚʠʪʪʽ ʰʠʬʨ - ʘʜʜʠʪʠʚʪʽ ʰʠʬʨ, ʦʥʳ ʢʝʡʜʝ  

ʞʳʣʞʳʪʫ ʰʠʬʨʳ, ʘʣ ʢʝʡʜʝ -  ʎʝʟʘʨʴ ʰʠʬʨʳ ʜʝʧ ʪʝ ʘʪʘʡʜʳ, ʙʽʨʘץ 

ʘʜʜʠʪʠʚʪʽ ʰʠʬʨ ʪʝʨʤʠʥʽ ʦʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʘסʳʥʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ ʢʽʰʽ ᴅʨʽʧʪʝʨʜʝʥ (a-ʜʘʥ z-ʢʝ ʜʝʡʽʥ) ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ 

ʙʘʩ ᴅʨʽʧʪʝʨʜʝʥ ײץʨʘʣסʘʥ (A-ʜʘʥ Z-ʢʝ ʜʝʡʽʥ) ʜʝʧ ʙʦʣʞʘʡʳץ. ʄʘʪʝʤʘʪʠʢʘʣʳץ 

ʘʤʘʣʜʘʨʜʳ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʨʛʝ ץʦʣʜʘʥʫʜʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ װʰʽʥ ᴅʨ ᴅʨʽʧʢʝ ʘסʳʣʰʳʥ ʪʽʣʽ (26 ᴅʨʽʧ) װʰʽʥ 2.1-ʩʫʨʝʪʪʝ ʞᴅʥʝ ʦʨʳʩ ʪʽʣʽ 

 ʤᴅʥʜʝʨ (ʪᴇʤʝʥʛʽ ʞᴅʥʝ ץʰʽʥ (32 ᴅʨʽʧ) 2.2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʩʘʥʜʳװ

ʞʦסʘʨסʳ ʙʘʩ ᴅʨʽʧ ʨʝʛʠʩʪʨʽ װʰʽʥ) ʤʝʥʰʽʢʪʝʡʤʽʟ.  

 

 
 

2.1-ʩʫʨʝʪ. ɸסʳʣʰʳʥ ʪʽʣʽ װʰʽʥ  Z26-ʜʘ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ 

ᴅʨʽʧʪʝʨʽʥʽש ʢᴇʨʩʝʪʽʣʫʽ  

 
2.2-ʩʫʨʝʪ. ʆʨʳʩ ʪʽʣʽ װʰʽʥ  Z32-ʜʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ 

ᴅʨʽʧʪʝʨʽʥʽש ʢᴇʨʩʝʪʽʣʫʽ 
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 2.1-ʩʫʨʝʪʪʝ ᴅʨʙʽʨ ʩʠʤʚʦʣסʘ (ʪᴇʤʝʥʛʽ ʨʝʛʠʩʪʨ ʥʝʤʝʩʝ ʞʦסʘʨסʳ ʨʝʛʠʩʪʨ) 

Z26-ʜʝʥ ʙװʪʽʥ ʩʘʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʽʣʛʝʥ. ɾʽʙʝʨʫʰʽ ʤʝʥ ץʘʙʳʣʜʘʫʰʳ 

ʘʨʘʩʳʥʜʘסʳ ײץʧʠʷʣʘʫ ʢʽʣʪʽ - Zn-ʜʝʛʽ ʙװʪʽʥ ʩʘʥ. ʐʠʬʨʣʝʫ ʘʣʛʦʨʠʪʤʽ 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʩʠʤʚʦʣʳʥʘ ʢʽʣʪ ץʦʩʘʜʳ; ʰʠʬʨʜʝʥ ʘʣʫ ʘʣʛʦʨʠʪʤʽ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʩʠʤʚʦʣʳʥʘʥ ʢʽʣʪʪʽ ʘʣʘʜʳ. ɹʘʨʣʳץ ʘʤʘʣʜʘʨ  Zn ʩʦסשʳ 

ᴇʨʽʩʽʥʜʝ ʞװʨʛʽʟʽʣʝʜʽ.  

 2.3-ʩʫʨʝʪ ʰʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ ʧʨʦʮʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ.   

 

 
2.4-ʩʫʨʝʪ. פʦʡʳʣʳʤʥʳש ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ 

ʰʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ ʧʨʦʮʝʩʽʥ ʪװʩʽʥʜʽʨʫ  

 

 ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽʢ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ שʦʡʳʣʳʤʥʳפ 

ʰʠʬʨʣʝʫ ʪᴇʤʝʥʜʝʛʽ ᴇʨʥʝʢ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ:  

 

C = (ʄ + K) mod n, (2.1) 

 

ʤײʥʜʘסʳ n  ʘʣʬʘʚʠʪ ײʟʳʥʜʳסʳ (ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽ װʰʽʥ n =  26); M ʞᴅʥʝ C 

 ʩᴅʡʢʝʩʽʥʰʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ; K  ʰʠʬʨʣʝʫ (ʰʠʬʨʜʝʥ 

ʘʣʫ) ʢʽʣʪʽ, ʘʣ ʰʠʬʨʜʝʥ ʘʣʫ 

 

M = (C ï K) mod n. (2.2) 

  

 ʐʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ ʧʨʦʮʝʩʪʝʨʽ ʙʽʨ-ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʽ ʝʢʝʥʜʽʛʽʥ 

ʦשʘʡ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ץʘʙʳʣʜʘʫʰʳ ײץʨסʘʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ (M1) 

ʤʝʥ ʞʽʙʝʨʫʰʽ ʞʽʙʝʨʛʝʥ ʤᴅʪʽʥʽ (ʄ) ʙʽʨʜʝʡ: 

 

Mǋ = (C ï K) mod n = (M + K ï K) mod n = M. 

 

 2.3-ʤʳʩʘʣ. hello ʭʘʙʘʨʣʘʤʘʩʳʥ  K = 15 ʢʽʣʪʽ ʙʘʨ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ 

  ʦʣʜʘʥʘ ʦʪʳʨʳʧ ʰʠʬʨʣʝʫץ

 ʐʝʰʫʽ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʛʝ ʰʠʬʨʣʝʫ ʘʣʛʦʨʠʪʤʽʥ (2.1) ץʦʣʜʘʥʘʤʳʟ, 

ᴅʨʽʧʪʝʥ ᴅʨʽʧʢʝ: 

 

 m1 = h Ÿ 07; c1 = (07 + 15) mod 26 = 22 Ÿ W; 
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 m2 = e Ÿ 04; c2 = (04 + 15) mod 26 = 19 Ÿ T; 

 m3 = l Ÿ 11; c3 = (11 + 15) mod 26 =   0 Ÿ A; 

 m4 = l Ÿ 11; c4 = (11 + 15) mod 26 =   0 Ÿ A; 

 m5 = o Ÿ 14; c4 = (14 + 15) mod 26 =   3 Ÿ D, 

 

ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʘʣʘʤʳʟ  WTAAD. 

 ʅʘʟʘʨ ʘʫʜʘʨʳשʳʟ, ʰʠʬʨ ʤʦʥʦʘʣʬʘʚʠʪʪʽ, ʩʝʙʝʙʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש 

ʙʽʨʜʝʡ ᴅʨʧʽʥʽש  (l) ʝʢʽ  ʙʝʡʥʝʩʽ ʙʽʨʜʝʡ (A) ʩʠʤʚʦʣʳ ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥ.  

 2.4-ʤʳʩʘʣ. WTAAD  K = 15 ʢʽʣʪʽ ʙʘʨ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ ʰʠʬʨʜʝʥ ʘʣʫ. 

 ʐʝʰʫʽ. ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʛʝ ᴅʨʽʧʪʝʥ ᴅʨʽʧʢʝ ʰʠʬʨʜʝʥ ʘʣʫ ʘʣʛʦʨʠʤʪʽʥ 

  :ʦʣʜʘʥʘʤʳʟץ (2.2)

 

c1 = W Ÿ 22; m1 = (22 ï 15) mod 26 = 07 Ÿ h; 

c2 = T Ÿ 19; m2 = (19 ï 15) mod 26 = 04 Ÿ e; 

c3 = A Ÿ 00; m3 = (00 ï 15) mod 26 = 11 Ÿ l; 

c4 = A Ÿ 00; m4 = (00 ï 15) mod 26 = 11 Ÿ l; 

c5 = D Ÿ 03; m5 = (03 ï 15) mod 26 = 14 Ÿ o, 

 

ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʘʣʘʤʳʟ  hello. 

 ʅʘʟʘʨ ʘʫʜʘʨʳשʳʟ, ʘʤʘʣ 26 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʜʽ, ʪʝʨʽʩ ʥᴅʪʠʞʝ 

Z26 ʙʝʡʥʝʣʝʥʫʽ ץʘʞʝʪ (ʤʳʩʘʣʳ, -15 ʤᴅʥʽ 11 ʙʦʣʘʜʳ). 

 ʊʘʨʠʭʠ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʝʨ ʞʳʣʞʳʪʫ ʰʠʬʨʳ ʜʝʧ ʘʪʘʣʘʜʳ, ʩʝʙʝʙʽ 

ʰʠʬʨʣʝʫ ʘʣʛʦʨʠʪʤʽ ñϸʨʽʧʪʝʨʜʽ ʪϺʤʝʥʛʝ ʞʳʣʞʳʪʫ ʧʝʨʥʝʩʽò ʨʝʪʽʥʜʝ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʘʣ ʰʠʬʨʜʝʥ ʘʣʫ ʘʣʛʦʨʠʪʤʽ ñϸʨʽʧʪʝʨʜʽ ʞʦϤʘʨʳϤʘ ʞʳʣʞʳʪʫ 

ʧʝʨʥʝʩʽò ʨʝʪʽʥʜʝ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʄʳʩʘʣʳ, ʝʛʝʨ ʢʽʣʪ K = 15 ʙʦʣʩʘ, ʰʠʬʨʣʝʫ 

ʘʣʛʦʨʠʪʤʽ ᴅʨʽʧʪʽ 15 ᴅʨʽʧʢʝ ʪᴇʤʝʥ ʞʳʣʞʳʪʘʜʳ (ʘʣʬʘʚʠʪ ʩʦשʳʥʘ). ʐʠʬʨʜʝʥ 

ʘʣʫ ʘʣʛʦʨʠʪʤʽ ᴅʨʽʧʪʽ 15 ᴅʨʽʧʢʝ ʞʦסʘʨʳ ʞʳʣʞʳʪʘʜʳ (ʘʣʬʘʚʠʪ ʙʘʩʳʥʘ). 

ᴄʨʠʥʝ, ʘʣʬʘʚʠʪʪʽש ʙʘʩʳ ʤʝʥ ʩʦשʳʥʘ ʞʝʪʢʝʥʜʝ, ʩʘץʠʥʘ ʙʦʡʳʥʰʘ ʙʘʩʳʥʘ 

ʞʳʣʞʠʜʳ (ʘʤʘʣʜʳש ʞʘʨʠʷʣʘʥסʘʥ ץʘʩʠʝʪʪʝʨʽ n ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ).  

 ʖʣʠʡ ʎʝʟʘʨʴ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ ᴇʟʽʥʽש ʰʝʥʝʫʥʽʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʫ 

 ʦʣʜʘʥʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʝʨ ʢʝʡʜʝ ʎʝʟʘʨʴ ʰʠʬʨʳ ʜʝʧץ ʰʽʥװ

ʘʪʘʣʘʜʳ.  ʎʝʟʘʨʴ ᴇʟ ʙʘʡʣʘʥʳʩʳ װʰʽʥ ʢʽʣʪ ʨʝʪʽʥʜʝ 3 (K = 3) ʩʘʥʳʥ 

  .ʦʣʜʘʥʜʳץ

 ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʘʨʳ ʪʝʢ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʛʝ ʤʝʡʣʽʥʰʝ שʦʡʳʣʳʤʥʳפ 

ʘʨʪʳץ ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ סʘʥʘ ʰʘʙʫʳʣסʘ ᴅʣʩʽʟ ʙʦʣʘʜʳ (ñϺʨʝʩʢʝʣ 

ʢϮòh ʰʘʙʫʳʣʳ). פʦʡʳʣʳʤʥʳש ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʘʨʳ ʢʽʣʪʪʝʨʽʥʽש ʞʠʳʥʳ 

ᴇʪʝ ʘʟ ï ʦʣʘʨ ʪʝʢ 26 (ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽ װʰʽʥ) ʞᴅʥʝ 32 (ʦʨʳʩ ʘʣʬʘʚʠʪʽ 

 ʨʽ, ʥᴇʣʜʽʢ, ʞʘʨʘʤʩʳʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳװʙʽʨ ʪ שʰʽʥ). ʂʽʣʪʪʝʨʜʽװ

(ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʛʝ ʩᴅʡʢʝʩ ʙʦʣʘʜʳ).  ɼʝʤʝʢ, ʘסʳʣʰʳʥ 

ʘʣʬʘʚʠʪʽ װʰʽʥ ʪʝʢ 25 ʞᴅʥʝ ʦʨʳʩ ʘʣʬʘʚʠʪʽ װʰʽʥ 31 ʤװʤʢʽʥ ʢʽʣʪʪʝʨ ץʘʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ ʰʠʬʨʣʝʥʛʝʥ ʢװʰʢʝ ñϺʨʝʩʢʝʣ ʢϮòh ʰʘʙʫʳʣʳʥ 

ʦשʘʡ ʙʘʩʪʘʡ ʘʣʘʜʳ.  
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 2.5-ʤʳʩʘʣ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ UVACLYFZLJBYL ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʽʥ 

 ʘʣʘʡץ ʦʣʜʘʥʳʧץ ʩʪʘʧ ʘʣʜʳ ʜʝʣʽʢ. ʆʣ ʰʠʬʨʜʳ ñϺʨʝʩʢʝʣ ʢϮòh ʰʘʙʫʳʣʳʥײ

ʙײʟʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʡʽʥ.  

 ʐʝʰʫʽ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʤᴅʪʽʥʜʽ ʘʰʫסʘ ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ ʢʽʣʪʪʝʨʜʽ 

ʙʽʨʽʥʰʽʩʽʥʝʥ ʙʘʩʪʘʧ ʽʨʽʢʪʝʡʜʽ. 7 ʥʦʤʝʨʣʽ (K = 7) ʢʽʣʪʪʽש ʢᴇʤʝʛʽʤʝʥ ʦʣ "not 

very secure" (Ϻʪʝ Ϩʘʫʽʧʪʽ ʝʤʝʩ) ʤᴅʪʽʥʽʥ ʘʣʘʜʳ.  

 ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ: UVACLYFZLJBYL 

 

 K = 1         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: tubkxeykiaxk 

 K = 2         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: styajwdxjhzwj 

 K = 3         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: rsxzivewigyvi 

 K = 4         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: qrwyhubvhfhuh 

 K = 5         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: pqvxgtaugewtg 

 K = 6         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: opuwfsztfdvst 

 K = 7         ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: notverysecure 

 

 ץʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʘʨʳ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʩʪʘʪʠʩʪʠʢʘʣʳ שʦʡʳʣʳʤʥʳפ 

ʰʘʙʫʳʣʜʳש ʦʙʲʝʢʪʽʣʝʨʽ ʙʦʣʘ ʘʣʘʜʳ. ɹײʣ ᴅʩʽʨʝʩʝ, ʝʛʝʨ ץʘʨʩʳʣʘʩʳ װʣʢʝʥ 

 ʪʳ ʙʦʣʘʜʳ.  ʆʣץʘʥ ʢʝʟʜʝ ʥʘסʩʪʘʧ ʘʣײ ʪʳ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽץʟʳʥʜʳײ

ʩʠʤʚʦʣʜʘʨʜʳ ʥʘץʪʳ ʪʽʣʜʝ ץʦʣʜʘʥʫ ʞʠʽʣʽʛʽ ʪʫʨʘʣʳ ʙʽʣʽʤʜʽ ʧʘʡʜʘʣʘʥʘ ʘʣʘʜʳ.  

2.1-ʢʝʩʪʝʜʝ ʘסʳʣʰʳʥ ʤᴅʪʽʥʽ װʰʽʥ 100 ʩʠʤʚʦʣ ײʟʳʥʜʳץʪʘסʳ ʙʝʣʛʽʣʽ 

ᴅʨʽʧʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ [29, 32]. 

 

2.1-ʢʝʩʪʝ 

 

ɸסʳʣʰʳʥ ʤᴅʪʽʥʽʥʜʝ ᴅʨʽʧʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽ  

 

Ϸʨʽʧ ɾʠʽʣʽʢ Ϸʨʽʧ ɾʠʽʣʽʢ Ϸʨʽʧ ɾʠʽʣʽʢ 

E 12,7 D 4,3 B 1,0 

T 9,1 L 4,0 V 0,09 

A 8,2 C 2,8 K 0,08 

O 7,5 U 2,8 J 0,02 

I 7,0 W 2,3 Q 0,01 

N 6,7 F 2,2 X 0,01 

S 6,3 G 2,0 Z 0,01 

H 6,1 Y 1,9   

R 6,0 P 1,5   

 

 ɼʝʛʝʥʤʝʥ ʞʘʣסʳʟ ʩʠʤʚʦʣ ʞʠʽʣʽʛʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʞʝʪʢʽʣʽʢʩʽʟ, ʞᴅʥʝ ʙײʣ 

ᴅʨʽʧʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫ ʪʘʣʜʘʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʪʘʣʜʘʫʳʥ 

 ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʙʽʣʫ ʪʽʧʪʽ שʠʳʥʜʘʪʘʜʳ. ʉʠʤʚʦʣʜʘʨ ʢʦʤʙʠʥʘʮʠʷʩʳʥʳץ

ʜײʨʳʩ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʝʢʽ ʥʝʤʝʩʝ װʰ ʩʠʤʚʦʣʜʘʨʜʳש 
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ʢʦʤʙʠʥʘʮʠʷʩʳʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝ ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʙʘʩʪʘʧץʳ ײץʞʘʪ 

ʞʘʟʳʣסʘʥ ʪʽʣʜʝ ʦʥʳש ʞʠʽʣʽʛʽʤʝʥ ʩʘʣʳʩʪʳʨʫʜʳ ʙʽʣʫ ץʘʞʝʪ. ɺʝʩʴʤʘ ʞʝʣʘ-

ʪʝʣʴʥʦ ʟʥʘʪʴ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʢʦʤʙʠʥʘʮʠʡ ʩʠʤʚʦʣʦʚ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠ-

ʤʦ ʟʥʘʪʴ ʯʘʩʪʦʪʫ ʧʦʷʚʣʝʥʠʷ ʚ ʟʘʰʠʬʨʦʚʘʥʥʦʤ ʪʝʢʩʪʝ ʢʦʤʙʠʥʘʮʠʡ ʩ ʜʚʫʤʷ 

ʠʣʠ ʩ ʪʨʝʤʷ ʩʠʤʚʦʣʘʤʠ ʠ ʩʨʘʚʥʠʚʘʪʴ ʝʝ ʩ ʯʘʩʪʦʪʦʡ ʚ ʷʟʳʢʝ, ʥʘ ʢʦʪʦʨʦʤ 

ʥʘʧʠʩʘʥ ʠʩʭʦʜʥʳʡ ʜʦʢʫʤʝʥʪ. 

 ɸסʳʣʰʳʥ ʤᴅʪʽʥʽʥʝ ʘʨʥʘʣסʘʥ ʝʢʽ ʩʠʤʚʦʣʳ ʙʘʨ (ʜʠʘʛʨʘʤʤʘ (diagrams)) 

ʞᴅʥʝ װʰ ʩʠʤʚʦʣʳ ʙʘʨ ʥʝײסʨʣʳʤ ʢᴇʧ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʦʧʪʘʨ (ʪʨʠʛʨʘʤʤʘ 

(trigrams)) 2.2-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

2.2-ʢʝʩʪʝ 

 

ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʦʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʜʠʘʛʨʘʤʤʘʣʘʨ 

ʤʝʥ ʪʨʠʛʨʘʤʤʘʣʘʨ ʪʦʧʪʘʨʳ  

 

ɼʠʛʨʘʤʤʘ 
TH,HE,IN,ER,AN,RE,ED,ON,ES,ST,EN,AT,TO,NT,HA, 

ND,OU,EA,NG,AS,OR, TI,IS,ET,IT,AR,TE,SE,HI,OF 

ʊʨʠʛʨʘʤʤʘ 
THE,ING,AND,HER,ERE,ENT,THA,NTH,WAS, ETH, 

FOR,DTH 

 

 2.6-ʤʳʩʘʣ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʪᴇʤʝʥʜʝʛʽ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʽʥ ײʩʪʘʧ ʘʣʜʳ 

ʜʝʣʽʢ.  

 

XLILSYWIMWRSAJSVWEPIJSVJSYVQMPPMSRH 

SPPEVWMXMWASVX-LQSVILY-

VVCFIJSVIXLIWIPPIVVIGIMZIWQSVISJJIVW. 

 ʉʪʘʪʠʩʪʠʢʘʣʳץ ʰʘʙʫʳʣʜʳ ץʦʣʜʘʥʳʧ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʪʘʙʫ ʢʝʨʝʢ.  

 ʐʝʰʫʽ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʙײʣ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʛʽ ᴅʨʽʧʪʝʨ ʞʠʽʣʽʛʽʥʽש 

ʢʝʩʪʝʩʽʥ ײץʨסʘʥ ʢʝʟʜʝ, ʦʣ ʤʳʥʘʣʘʨʜʳ ʘʣʘʜʳ: I = 14, V = 13, S = 12 ʞᴅʥʝ 

ʪʘסʳ ʙʘʩץʘʣʘʨʳ. ɽש ʞʝʢʝ ʩʠʤʚʦʣ - I , ʦʣ 14 ʨʝʪ ʢʝʟʜʝʩʝʜʽ. ɹײʣ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʜʝʛʽ I ʩʠʤʚʦʣʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ  e ʩʠʤʚʦʣʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʫʽ 

ʳץʪʠʤʘʣ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʩʳʣʘʡʰʘ, ʢʽʣʪ K = 4 ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʜʘ,  

K = 4 ʢʽʣʪʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʤᴅʪʽʥʜʽ ʰʠʬʨʜʝʥ ʰʳסʘʨʳʧ ʪᴇʤʝʥʜʝʛʽʥʝ 

ʘʣʘʜʳ:  

 

the house is now for sale for four million dollars it is worth 

more hurry before the seller receives more offers 

(ʜʦʤ ʪʝʧʝʨʴ ʧʨʦʜʘʝʪʩʷ ʟʘ ʯʝʪʳʨʝ ʤʠʣʣʠʦʥʘ ʜʦʣʣʘʨʦʚ, ʩʪʦʠʪ 

ʧʦʩʧʝʰʠʪʴ, ʧʦʢʘ ʧʨʦʜʘʚʝʮ ʥʝ ʧʦʣʫʯʠʣ ʙʦʣʴʰʝ ʧʨʝʜʣʦʞʝʥʠʡ). 

ϧʦʡʳʣʳʤʥʳϬ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪ ̔ʰʠʬʨʣʘʨʳ 
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̔ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪ שʦʡʳʣʳʤʥʳפ  ʰʠʬʨʣʘʨʳʥʜʘ ʰʠʬʨʣʝʫ ʘʣʛʦʨʠʪʤʽ 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʢʽʣʪʧʝʥ ʢᴇʙʝʡʪʫʜʽ ץʦʣʜʘʥʘʜʳ, ʘʣ ʰʠʬʨʜʝʥ ʘʣʫ ʘʣʛʦʨʠʪʤʽ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʢʽʣʪʧʝʥ ʙᴇʣʫʜʽ ץʦʣʜʘʥʘʜʳ, ʦʣ 2.5-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

2.5-ʩʫʨʝʪ. פʦʡʳʣʳʤʥʳש ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʭʘʙʘʨʣʘʤʘ-

ʣʘʨʜʳ ʰʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ  

 

 ʳ ᴇʨʽʩʽʥʜʝסשʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳʥʜʘ ʘʤʘʣʜʘʨ Z26 ʩʦ שʦʡʳʣʳʤʥʳפ 

ʞװʨʛʽʟʽʣʝʪʽʥʜʽʢʪʝʥ, ʰʠʬʨʜʝʥ ʘʣʫ ʤײʥʜʘ ʢʽʣʪʪʽש ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ 

ʠʥʚʝʨʩʠʷʩʳʥʘ ʢᴇʙʝʡʪʫʽʥ ʙʽʣʜʽʨʝʜʽ. ʂʽʣʪ Z
*
n ʞʠʳʥʳʥʘ ʞʘʪʘʪʳʥʜʳסʳʥʘ 

ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ, ʙײʣ ʰʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʙʽʨ ʙʽʨʽʥʝ 

ʠʥʚʝʨʩʪʽ ʝʢʝʥʜʽʛʽʥʝ ʢʝʧʽʣ ʙʦʣʘʜʳ.  

 ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽʢ שʦʡʳʣʳʤʥʳפ 

ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ ʰʠʬʨʣʝʫ ʤʳʥʘ ᴇʨʥʝʢ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 

 

C = (M Ĭ K) mod n, 

 

(2.3) 

 

ʘʣ ʰʠʬʨʜʝʥ ʘʣʫ: 

 

M = (C Ĭ K
ï1

) mod n, (2.4) 

 

ʤײʥʜʘסʳ K
 ï1

  K ʢʽʣʪʽʥʽש ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ. 

 2.7-ʤʳʩʘʣ. ɸסʳʣʰʳʥ ʘʣʬʘʚʠʪʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ץʦʡʳʣʳʤʥʳש 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳ װʰʽʥ ʢʽʣʪʪʝʨ ʞʠʳʥʳ ץʘʥʜʘʡ ʝʢʝʥʽʥ ʘʥʳץʪʘʫ 

ʢʝʨʝʢ?  

 ʐʝʰʫʽ. ʂ̔ʣʪ Z
*
26 ʩʦסשʳ ᴇʨʽʩʽʥʜʝ ʙʦʣʫ ʢʝʨʝʢ. ɹײʣ ʞʠʳʥʜʘ ʪʝʢ 12 ʵʣʝ-

ʤʝʥʪ ץʘʥʘ ʙʘʨ: 1, 3, 5, 7, 9, 11, 15, 17, 19, 21, 23 ʞᴅʥʝ 25. ɹײʣ 2, 4, 6, 8, 10, 

12, 13, 14, 16, 18, 20, 22 ʞᴅʥʝ 24 ʤᴅʥʜʝʨʽ װʰʽʥ Z
*
26 ʞʠʳʥʳʥʳש 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ ʞʦʢ ʝʢʝʥʜʽʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

 2.8-ʤʳʩʘʣ. ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʜʳ ץʦʣʜʘʥʳʧ K = 7 ʢʽʣʪʽʤʝʥ hello 

ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʣʝʫ.  

 ʐʝʰʫʽ. ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʛʝ ᴅʨʽʧʪʝʥ ᴅʨʽʧʢʝ ʰʠʬʨʣʝʫ ʘʣʛʦʨʠʪʤʽʥ (2.3)  

 :ʦʣʜʘʥʘ ʦʪʳʨʳʧץ
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 m1 = h Ÿ 07; c1 = (07 Ĭ 07) mod 26 = 23 Ÿ X; 

 m2 = e Ÿ 04; c2 = (04 Ĭ 07) mod 26 = 02 Ÿ C; 

 m3 = l Ÿ 11; c3 = (11 Ĭ 07) mod 26 = 25 Ÿ Z; 

 m4 = l Ÿ 11; c4 = (11 Ĭ 07) mod 26 = 25 Ÿ Z; 

 m5 = o Ÿ 14; c5 = (14 Ĭ 07) mod 26 = 20 Ÿ U, 

 

 XCZZU ï ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʩʳʥ ʘʣʘʤʳʟ. 

 ʘʜʜʠʪʠʚʪʽ ʞᴅʥʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʣʝʨʽʥ שʦʡʳʣʳʤʥʳפ 

ʘʨʘʣʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʞᴅʥʝ ʦʜʘʥ ʘʬʬʠʥʜʽʢ ʰʠʬʨʜʳ, ʷסʥʠ ʝʢʽ ʰʠʬʨʜʳש 

ʢʽʣʪʪʝʨ ʞײʙʳʤʝʥ ʢʦʤʙʠʥʘʮʠʷʩʳʥ ʘʣʘʤʳʟ. ɹʽʨʽʥʰʽ ʢʽʣʪ  ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ 

ʰʠʬʨʤʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ʝʢʽʥʰʽ  ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʤʝʥ. 2.6-ʩʫʨʝʪ 

ʘʬʬʠʥʜʽʢ ʰʠʬʨ  ʰʳʥ ʤᴅʥʽʥʜʝ ʙʽʨʽʥʝʥ ʢʝʡʽʥ ʙʽʨʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʢʽ ʰʠʬʨ.  

 

 
 

2.6-ʩʫʨʝʪ. פʦʡʳʣʳʤʥʳש ʘʬʬʠʥʜʽʢ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ 

ʰʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ  

 

 ʳ M ʞᴅʥʝץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʙʘʩʪʘʧץ ʘʬʬʠʥʜʽʢ ʰʠʬʨʳʥ שʦʡʳʣʳʤʥʳפ 

ʰʠʬʨʣʝʥʛʝʥ C ʤᴅʪʽʥʽ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ k1 ʞᴅʥʝ k2 

ʪᴇʤʝʥʜʝʛʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ:  

 

C = (M Ĭ k1 + k2) mod n, (2.5) 

 

ʞᴅʥʝ 

 

M = ((C + (ïk2)) Ĭ k1
-1
) mod 26, (2.6) 

 

 ʤײʥʜʘסʳ k1
ï1

  ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷ k1, ʘʣ k2  ʘʜʜʠʪʠʚʪʽ 

ʠʥʚʝʨʩʠʷ k2. 

 (2.5)-ʜʝʛʽ ʩʠʷץʪʳ  2.6-ʩʫʨʝʪʪʝʛʽ ʰʠʬʨʣʝʫ ʥʝʤʝʩʝ ʰʠʬʨʜʝʥ ʘʣʫ װʰʽʥ ʪʝʢ 

ʙʽʨ סʘʥʘ ʢʝʰʝʥʜʽ ʘʤʘʣʜʳ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. ɼʝʛʝʥʤʝʥ  2.6-ʩʫʨʝʪʪʝ ʘʨʘʣʳץ 

ʥᴅʪʠʞʝ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʰʠʬʣʘʨ ʢʦʤʙʠʥʘʮʠʷʩʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʘʨʣʳץ 

ʢʝʟʜʝ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʳש ʩʳʟʳץʪʳש ʙʘʩץʘ ʞʘסʳʥʘ ʠʥʚʝʨʩʠʷʩʳ ʙʘʨ 

ʝʢʝʥʜʽʛʽʥʝ ʞᴅʥʝ ʦʣʘʨ ʰʠʬʨʣʝʫ ʤʝʥ ʰʠʬʨʜʝʥ ʘʣʫ ʢʝʟʽʥʜʝ ʢʝʨʽ ʪᴅʨʪʽʧʪʝ 
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 ʳʥʘ ʢᴇʟ ʞʝʪʢʽʟʫ ʢʝʨʝʢ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʝʢʽ ʞʝʢʝ ʘʤʘʣסʦʣʜʘʥʳʣʘʪʳʥʜʳץ

ʢᴇʨʩʝʪʽʣʛʝʥ. ɽʛʝʨ ץʦʩʫ ʰʠʬʨʣʝʫ ʢʝʟʽʥʜʝʛʽ ʩʦסשʳ ᴅʨʝʢʝʪ ʙʦʣʩʘ, ʦʥʜʘ ʘʟʘʡʪʫ 

ʰʠʬʨʜʝʥ ʘʣʫ ʢʝʟʽʥʜʝʛʽ ʙʽʨʽʥʰʽ ᴅʨʝʢʝʪ ʙʦʣʘʜʳ.  

 2.9-ʤʳʩʘʣ. פʦʡʳʣʳʤʥʳש ʘʬʬʠʥʜʽʢ ʰʠʬʨʳ ʙʽʨʽʥʰʽ ʢʽʣʪ Z
*
26 ïʜʘʥ, ʘʣ 

ʝʢʽʥʰʽʩʽ -  Z26-ʜʘʥ ʪײʨʘʪʳʥ ʢʽʣʪʪʝʨ ʞײʙʳʥ ץʦʣʜʘʥʘʜʳ. ɸסʳʣʰʳʥ ʘʣʬʘʚʠʪʽʥ 

 ʰʽʥ ʢʽʣʪʪʝʨ ʞʠʳʥʳװ ʘʬʬʠʥʜʽʢ ʰʠʬʨʳ שʦʡʳʣʳʤʥʳץ  ʘʥ ʢʝʟʜʝסʦʣʜʘʥץ

  ?ʪʘʫ ʢʝʨʝʢץʘʥʜʘʡ ʝʢʝʥʽʥ ʘʥʳץ

 ʐʝʰʫʽ. 2.7-ʤʳʩʘʣʳʥʜʘ ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽ װʰʽʥ 12-ʛʝ ʪʝש k1
ï1

 ʢʽʣʪʪʝʨ 

ʞʠʳʥʳ ʘʥʳץʪʘʣסʘʥ. ʉʦʥʜʳץʪʘʥ ʘʬʬʠʥʜʽʢ ʰʠʬʨ װʰʽʥ ʢʽʣʪʪʝʨ ʘʡʤʘסʳ 

ʤʳʥʘסʘʥ ʪʝש ʙʦʣʘʜʳ  

 

K = Z26 Ĭ Z
*
26 = 25 Ĭ 12 = 300. 

 

 2.10-ʤʳʩʘʣ. פʦʡʳʣʳʤʥʳש ʘʬʬʠʥʜʽʢ ʰʠʬʨʳʥ ץʦʣʜʘʥʳʧ k1 = 7 ʞᴅʥʝ k2 

= 2 ʢʽʣʪʪʝʨ ʞײʙʳʤʝʥ hello ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʣʝʫ.  

 ʐʝʰʫʽ. ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʢʽʣʪ װʰʽʥ k1 = 7 ʞᴅʥʝ ʘʜʜʠʪʠʚʪʽ ʢʽʣʪ װʰʽʥ k2 

 שʦʡʳʣʳʤʥʳץ ʘ ᴅʨʽʧʪʝʥ ᴅʨʽʧʢʝסʦʣʜʘʥʳʧ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʭʘʙʘʨʣʘʤʘץ 2 =

ʰʠʬʨʣʝʫ ʘʣʛʦʨʠʪʤʽʥ (2.5)  ץʦʣʜʘʥʘ ʦʪʳʨʳʧ: 

  

m1 = h Ÿ 7; c1 = (7 Ĭ 7 + 2) mod 26 = 25 Ÿ Z; 

m2 = e Ÿ 4; c2 = (4 Ĭ 7 + 2) mod 26 = 4 Ÿ E; 

m3 = l Ÿ 11; c3 = (11 Ĭ 7 + 2) mod 26 = 1 Ÿ B; 

m4 = l Ÿ 11; c4 = (11 Ĭ 7 + 2) mod 26 = 1 Ÿ B; 

m5 = o Ÿ 14; c5 = (14 Ĭ 7 + 2) mod 26 = 22 Ÿ W, 

 

ZEBBWï ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʩʳʥ ʘʣʘʤʳʟ. 

 2.11-ʤʳʩʘʣ. פʦʡʳʣʳʤʥʳש ʘʬʬʠʥʜʽʢ ʰʠʬʨʳʥ ץʦʣʜʘʥʳʧ k1 = 7 ʞᴅʥʝ k2 

= 2 ʢʽʣʪʪʝʨ ʞײʙʳʤʝʥ ZEBBW ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʜʝʥ ʰʳסʘʨʫ.  

 ʐʝʰʫ̔. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ ʩʠʤʚʦʣʳʥ ʪʘʙʫ װʰʽʥ (ⱷk2) mod 26 = (ⱷ2) mod 

26 = 24 ïʪʝʥ ʘʣʳʥסʘʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʛʝ ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʨʩʠʷʥʳ ץʦʩʘʤʳʟ. 

ʉʦʩʳʥ k1
-1
 mod 26 = 7

-1
 mod 26 = 15 ïʜʘʥ ʥᴅʪʠʞʝʥʽ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ 

ʠʥʚʝʨʩʠʷסʘ ʢᴇʙʝʡʪʝʤʽʟ. k2-ʥʽש Z26 ïʜʘ ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ  2.10-ʤʳʩʘʣʜʘ ץʦʣʜʘʥʳʣסʘʥʜʘʡ:  

 

c1 = Z Ÿ 25; m1 = ((25 + 24) Ĭ 15) mod 26 = 7 Ÿ h; 

c2 = E Ÿ 4; m2 = ((4 + 24) Ĭ 15) mod 26 = 4 Ÿ e; 

c3 = B Ÿ 1; m3 = ((1 + 24) Ĭ 15) mod 26 = 11 Ÿ l; 

c4 = B Ÿ 1; m4 = ((1 + 24) Ĭ 15) mod 26 = 11 Ÿ l; 

c5 = W Ÿ 22; m5 = ((22 + 24) Ĭ 15) mod 26 = 14 Ÿ o. 

 

 ɼʝʤʝʢ, hello ʙʘʩʪʘʧץʳ ʭʘʙʘʨʣʘʤʘʩʳʥ ʘʣʘʤʳʟ.  

 שʦʡʳʣʳʤʥʳץ ʘʥ ʢʝʟʜʝʛʽסʘʜʜʠʪʠʚʪʽ ʰʠʬʨʳ  k1 = 1 ʙʦʣ שʦʡʳʣʳʤʥʳפ 

ʘʬʬʠʥʜʽʢ ʰʠʬʨʳʥʳש ʞʝʢʝ ʞʘסʜʘʡʳ. ʧʦʜʩʪʘʥʦʚʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ k1 = 1. 
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 ʘʥ ʢʝʟʜʝʛʽסʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳ ï k1 = 0 ʙʦʣ שʦʡʳʣʳʤʥʳפ

   .ʜʘʡʳסʞʝʢʝ ʞʘ שʘʬʬʠʥʜʽʢ ʰʠʬʨʳʥʳ שʦʡʳʣʳʤʥʳץ

 ñϹʨʝʩʢʝʣ ʢϮòh ʧʝʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʰʘʙʫʳʣ ᴅʜʽʩʽ ʪʝʢ ץʘʥʘ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʛʝ ץʦʣʜʘʥʳʣʘʪʳʥʜʳץʪʘʥ, ʪʘשʜʘʣסʘʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ ʞʘʩʘʧ 

ʢᴇʨʝʤʽʟ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʪᴇʤʝʥʜʝʛʽ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ 

  :ʩʪʘʧ ʘʣʜʳ ʜʝʣʽʢײ

 

PWUFFOGWCHFDWIWEJOUUNJORSMDWRHVCMWJUPVCCG. 

 

 ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʭʘʙʘʨʣʘʤʘ ʞʽʙʝʨʫʰʽʥʽש ʢʦʤʧʴʶʪʝʨʽʥʝ 

ʝʥʫʛʝ ʞᴅʥʝ et ʝʢʽ ʩʠʤʚʦʣʳʥʘʥ ʪײʨʘʪʳʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʰʳסʘʨʳʧ ʘʣʫסʘ 

 ʦʣ ʞʝʪʢʽʟʝ ʘʣʘʜʳ. ʉʦʣ ʢʝʟʜʝ ʦʣ ʝʢʽץ ʘ ʤʝʨʟʽʤʛʝץʳʩץ ʘץʳʪץʘʥʘ ʞʝʪʝʪʽʥ ʫʘס

ʪװʨʣʽ ʘʣʛʦʨʠʪʤʜʽ ץʦʣʜʘʥʳʧ ץʳʩץʘ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʰʠʬʨʣʝʧ ʢᴇʨʝʜʽ, ʩʝʙʝʙʽ 

ʦʣʘʨʜʳץ שʘʡʩʳʩʳ ץʦʡʳʣʳʤʥʳש ʘʬʬʠʥʜʽʢ ʰʠʬʨʳ ʝʢʝʥʜʽʛʽʥʝ ʩʝʥʽʤʜʽ ʝʤʝʩ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʦʣ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʙʽʨʽʥʰʽ ʞʠʳʥʳʥ ñʙʘʩʪʘʧϨʳ 

ʤϸʪʽʥ/ʰʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥò  et Ÿ WC ʞᴅʥʝ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʝʢʽʥʰʽ ʞʠʳʥʳʥ 

et Ÿ WF ʘʣʘʜʳ.  

 ʂʽʣʪʪʽ ʪʘʙʫ װʰʽʥ, ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ ʪᴇʤʝʥʜʝʛʽ ʩʪʨʘʪʝʛʠʷʥʳ ץʦʣʜʘʥʘʜʳ: 

 1. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʝʛʝʨ ʙʽʨʽʥʰʽ ʘʣʛʦʨʠʪʤ ץʦʡʳʣʳʤʥʳש ʘʬʬʠʥʜʽʢ 

ʰʠʬʨʳ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʙʽʨʽʥʰʽ ʞʠʳʥʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʪᴇʤʝʥʜʝʛʽ ʪʝשʜʝʫʜʽ ײץʨʘ ʘʣʘʪʳʥʜʳסʳʥ ʙʽʣʝʜʽ:  

 

m1 = e Ÿ 4;  c1 = (4 Ĭ k1 + k2) mod 26 = 22 Ÿ W; 

m2 = t Ÿ 19; c2 = (19 Ĭ k1 + k2) mod 26 = 2 Ÿ C. 

 

 ʉʘʣʳʩʪʳʨʫʜʳש ʙײʣ ʝʢʽ ʪʝשʜʝʫʣʝʨʽʥʽש ʰʝʰʫʽ ʙʘʨ (k1 ʞᴅʥʝ  k2 ʤᴅʥʜʝʨʽ 

ʪʘʙʳʣʘʜʳ) 
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 ɹײʜʘʥ k1 = 16, ʘʣ k2 = 10 ʘʣʘʤʳʟ. ɼʝʛʝʥʤʝʥ ʙײʣ ʞʘʫʘʧ ʪʠʽʤʩʽʟ, ʩʝʙʝʙʽ k1 

= 16 ʢʽʣʪʪʽש ʙʽʨʽʥʰʽ ʙᴇʣʽʛʽ ʙʦʣʘ ʘʣʤʘʡʜʳ. ʆʥʳש ʤᴅʥʽ, ʷסʥʠ 16,  Z
*
26-ʜʘ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷ ʙʦʣʘ ʘʣʤʘʡʜʳ.  

 2. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʝʥʜʽ  ʤᴅʣʽʤʝʪʪʝʨʜʽש ʝʢʽʥʰʽ ʞʠʳʥʳʥʳש ʥᴅʪʠʞʝʩʽʥ 

  :ʦʣʜʘʥʳʧ ʢᴇʨʝʜʽץ

 

m1 = e Ÿ 4; c1 = (4 Ĭ k1 + k2) mod 26 = 22 Ÿ W; 

m2 = t Ÿ 19; c2 = (19 Ĭ k1 + k2) mod 26 = 5 Ÿ F. 

 

 ʂʚʘʜʨʘʪʪʳ ʤʘʪʨʠʮʘ ʞᴅʥʝ ʦʥʳש ʠʥʚʝʨʩʠʷʩʳ  ʘʣʜʳסשʳ ʤʳʩʘʣʜʘסʳʜʘʡ: 
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 ɽʥʜʽ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ k1 = 11 ʞᴅʥʝ k2 = 4 ʤᴅʥʜʝʨʽʥ ʘʣʘʜʳ, ʙײʣ ʞײʧ 

ʪʠʽʤʜʽ, ʩʝʙʝʙʽ k1-ʜʽש Z
*
26 ïʜʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ ʙʘʨ. ʆʣ (19, 22) 

ʢʽʣʪʪʝʨ ʞײʙʳʥ ʧʘʡʜʘʣʘʥʳʧ ʢᴇʨʝʜʽ, ʦʣʘʨ    (11, 4) ʠʥʬʝʨʩʠʷ ʞײʙʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ:  

 

c1 = W Ÿ 22; m1 = ((22 + 22) Ĭ 19) mod 26 = 04 Ÿ e, 

c2 = F Ÿ 5; m2 = ((5 + 22) Ĭ 19) mod 26 = 19 Ÿ t 

 

ʞᴅʥʝ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʜʝʥ ʘʣʘʜʳ: 

 

PWUFFOGWCHFDWIWEJOUUNJORSMDWRHVCMWJUPVCCG. 

 

ɹײʣ ʢʝʟʜʝ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʙʳʣʘʡ ʙʦʣʘʜʳ: 

 

Best time of the year is spring when flower bloom 

(ʉʘʤʦʝ ʣʫʯʰʝʝ ʚʨʝʤʷ ʛʦʜʘ - ʚʝʩʥʘ, ʢʦʛʜʘ ʮʚʝʪʫʪ ʮʚʝʪʳ). 

 

ϧʦʡʳʣʳʤʥʳϬ ʙʽʨ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʳ 

 ʘʜʜʠʪʠʚʪʽ, ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʞᴅʥʝ ʘʬʬʠʥʜʽʢ שʦʡʳʣʳʤʥʳפ 

ʰʠʬʨʣʘʨʳʥʜʘ ʢʽʣʪʪʝʨ ʞʠʳʥʳ ʘʟ, ʦʣʘʨ ñϹʨʝʩʢʝʣ ʢϮòh ʰʘʙʫʳʣʳʥʘ ᴇʪʝ 

ᴅʣʩʽʟ. ɾʽʙʝʨʫʰʽ ʤʝʥ ץʘʙʳʣʜʘʫʰʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ ᴅʨ ᴅʨʽʧʪʽ ʰʠʬʨʣʝʫ 

 ʰʽʥװ ʰʽʥ ʥʝʤʝʩʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʛʽ ᴅʨ ᴅʨʽʧʪʽ ʰʠʬʨʜʝʥ ʘʣʫװ

 ʘʥʜʘ, ʢʽʣʪץʘʰʘ ʘʡʪץʘʡʳʥʜʘʡʜʳ. ɹʘʩסʳʟ ʢʽʣʪʪʽ ʪʘסʦʣʜʘʥʘʪʳʥ ʞʘʣץ

ʪʘʙʳʩʪʘʣʘʪʳʥ ᴅʨʽʧʢʝ ʪᴅʫʝʣʩʽʟ.  

 ɼײʨʳʩ ʰʝʰʽʤ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש ʩᴅʡʢʝʩ ʩʠʤʚʦʣʳʥʘ ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʥʽש ᴅʨʙʽʨ ᴅʨʧʽʥʽש ʙʝʡʥʝʩʽʥ ײץʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.   ɾʽʙʝʨʫʰʽ ʤʝʥ 

 ʙʝʡʥʝʩʽ ʪʫʨʘʣʳ ʢʝʣʽʩʽʧ ʘʣʘʜʳ ʞᴅʥʝ ʦʥʳ ʢʝʩʪʝ שʘʙʳʣʜʘʫʰʳ ᴅʨ ᴅʨʽʧʪʽץ

ʪװʨʽʥʜʝ ʞʘʟʳʧ ʘʣʘʜʳ. 2.7-ʩʫʨʝʪʪʝ ʦʩʳʥʜʘʡ ʙʝʡʥʝʣʝʥʫʜʽש ʤʳʩʘʣʳ  

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 2.13-ʤʳʩʘʣ. 2.7-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʽʣʪʪʽ ʧʘʡʜʘʣʘʥʳʧ ʭʘʙʘʨʣʘʤʘʥʳ 

ʰʠʬʨʣʝʫ ʢʝʨʝʢ  

 

 
2.7-ʩʫʨʝʪ. ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ץʦʡʳʣʳʤʥʳש ʙʽʨ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨ װʰʽʥ ʢʽʣʪ 

ʤʳʩʘʣʳ  
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This message is easy to encrypt but hard to find the key 

(ʕʪʦ ʩʦʦʙʱʝʥʠʝ ʧʨʦʩʪʦ ʟʘʰʠʬʨʦʚʘʪʴ, ʥʦ ʪʨʫʜʥʦ ʥʘʡʪʠ ʢʣʶʯ, 

ʢʦʪʦʨʳʤ ʟʘʰʠʬʨʦʚʘʥ ʪʝʢʩʪ). 

 

 ʐʝʰʫʽ. ʐʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘ ʤʳʥʘ ʪװʨʛʝ ʝʥʝʜʽ:  

 

ICFVQRVVNEFVRNVSIYRGAHSLIOJICNHTIYBFGTICRXRS. 

 

  ʽʩʪʽʢ ᴇʣʰʝʤʽשʘʥ ʢʽʣʪʪʽʢ ʢʝסʙʽʨ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʳʥʘ ʘʨʥʘʣ שʦʡʳʣʳʤʥʳפ 

- 26-ʥʳש ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʩʘʥʳ, ʷסʥʠ 26! (ʰʘʤʘʤʝʥ 4Ā10
26

). ɹײʣ ñϹʨʝʩʢʝʣ 

ʢϮòh  ʰʘʙʫʳʣʳʥ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ װʰʽʥ, ʪʽʧʪʽ ʦʣ ץʫʘʪʪʳ ʢʦʤʧʴʶʪʝʨ ץʦʣʜʘʥʩʘ 

ʜʘ, ᴇʪʝ ʢװʨʜʝʣʽ ʝʪʝʜʽ. ɼʝʛʝʥʤʝʥ ʦʣ ʩʠʤʚʦʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʰʘʙʫʳʣ ᴅʜʽʩʽʥ ʜʝ ץʦʣʜʘʥʘ ʘʣʘʜʳ, ʩʝʙʝʙʽ ʙײʣ 

ʰʠʬʨ ʩʠʤʚʦʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ᴇʟʛʝʨʪʧʝʡʜʽ.  

 

 ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʳ שʦʡʳʣʳʤʥʳפ .2.1.2

 

 ᴅʨ ʧʘʡʜʘ שʦʣʜʘʥʫ ʩʠʤʚʦʣʜʳץ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʳʥ שʦʡʳʣʳʤʥʳפ 

ʙʦʣʫʳʥʳש ʪװʨʣʽ ʘʫʳʩʪʳʨʳʣʫʳʥʘ ᴅʢʝʧ ʩʦץʪʳʨʘʜʳ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ 

ʩʠʤʚʦʣ ʤʝʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʛʽ ʩʠʤʚʦʣ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ ï çʙʽʨʜʝʥ 

ʢϺʧʢʝè. ʄʳʩʘʣʳ, a ᴅʨʧʽ ʤᴅʪʽʥ ʙʘʩʳʥʜʘ D ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʝʜʽ, ʙʽʨʘץ ʤᴅʪʽʥ 

ʦʨʪʘʩʳʥʜʘ ï N ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʝʜʽ. פʦʡʳʣʳʤʥʳש ʢᴇʧ ʘʣʬʘʚʠʪʪʽ 

ʰʠʬʨʣʘʨʳʥʳש ʞʝʪʽʩʪʽʛʽ: ʦʣʘʨ ʥʝʛʽʟʛʽ ʪʽʣ ʩʠʤʚʦʣʜʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫ 

ʞʠʽʣʽʛʽʥ ʞʘʩʳʨʘʜʳ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ  ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʙײʟʫ װʰʽʥ ʞʝʢʝ 

ʩʠʤʚʦʣʜʘʨʜʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʞʠʽʣʽʛʽʥ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ.  

 שʰʽʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽװ ʨʫײץ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʳʥ שʦʡʳʣʳʤʥʳפ 

ᴅʨʙʽʨ ʩʠʤʚʦʣʳʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʩᴅʡʢʝʩ ʩʠʤʚʦʣʳʥʘ ʞᴅʥʝ ʭʘʙʘʨʣʘʤʘʜʘ 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʩʠʤʚʦʣʳʥʳש ʧʦʟʠʮʠʷʩʳʥʘ ʪᴅʫʝʣʜʽ ʝʪʫ ץʘʞʝʪ. ɹײʣ ʢʽʣʪ ᴅʨ 

ʽʰʢʽ ʢʽʣʪ ʰʠʬʨʣʝʫʜʽש ʽʰʢʽ ʢʽʣʪʪʝʨʽʥ ʪʘשʜʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥ ʩʠʤʚʦʣʳʥʳש ʧʦʟʠʮʠʷʩʳʥʘ ʪᴅʫʝʣʜʽ ʽʰʢʽ ʢʽʣʪʪʝʨ ʘסʳʥʳ ʙʦʣʫʳ 

ʢʝʨʝʢʪʽʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ.  ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ,  ki ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ i-ʰʽ 

ʩʠʤʚʦʣʜʳ ʰʠʬʨʣʝʫʛʝ ʞᴅʥʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝ i-ʰʽ ʩʠʤʚʦʣʜʳ ײץʨʫסʘ 

 .ʘʞʝʪץ ʳʥʳ ʙʦʣʫʳסʦʣʜʘʥʳʣʘʪʳʥ k = (k1, k2, k3,é) ʢʽʣʪʪʽʢ ʘץ

 

ϧʦʡʳʣʳʤʥʳϬ ʘʚʪʦʢʽʣʪʪʽʢ ʰʠʬʨʳ 

 

 ʂʽʣʪʪʽש ʧʦʟʠʮʠʷʩʳʥʘʥ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʪװʩʽʥʫ װʰʽʥ ʘʚʪʦʢʽʣʪʪʽʢ ʜʝʧ 

ʘʪʳʣʘʪʳʥ ץʘʨʘʧʘʡʳʤ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʜʳ ץʘʨʘʩʪʳʨʘʡʳץ. ɹײʣ ʰʠʬʨʜʝ 

ʢʽʣʪ ï ᴅʨ ʽʰʢʽ ʢʽʣʪʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ ʩᴅʡʢʝʩ ʩʠʤʚʦʣʜʳ ʰʠʬʨʣʝʫ װʰʽʥ 

 ʳʥʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ɹʽʨʽʥʰʽ ʽʰʢʽ ʢʽʣʪ ïסʦʣʜʘʥʳʣʘʪʳʥ ʽʰʢʽ ʢʽʣʪʪʝʨ ʘץ

ʞʽʙʝʨʫʰʽ ʤʝʥ ץʘʙʳʣʜʘʫʰʳʥʳש ʞʘʩʳʨʳʥ ʢʝʣʽʩʽʣʛʝʥ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʣסʘʥ 

ʤᴅʥ. ɽʢʽʥʰʽ ʽʰʢʽ ʢʽʣʪ ï ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʙʽʨʽʥʰʽ ʩʠʤʚʦʣʳʥʳש ʤᴅʥʽ (0 ʤʝʥ 

25 ʘʨʘʩʳʥʜʘסʳ).  תʰʽʥʰʽʩʽ ï ʝʢʽʥʰʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש i-ʰʽ ʤᴅʥʽ. ɸʨʳ 
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 .ʳ ʤᴅʪʽʥ: ʄ = m1, m2, m3, é ʙʦʣʩʳʥ ʜʝʣʽʢץʘʨʘʡ ʦʩʳʣʘʡʰʘ. ᴄʨ ʙʘʩʪʘʧץ

ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ: C = c1, c2, c3, é. ʂʽʣʪ: K = (k1, k2 = m1, k3 = m2, k4 = m3, 

...). 

 ʘʚʪʦ ʢʽʣʪʪʽʢ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽʢ ʭʘʙʘʨʣʘʤʘʥʳ שʦʡʳʣʳʤʥʳפ 

ʰʠʬʨʣʝʫ ʪᴇʤʝʥʜʝʛʽ ᴇʨʥʝʢ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ:  

 

ci = (mi + ki) mod n, (2.7) 

  

ɸʣ ʰʠʬʨʜʘʥ ʘʣʫ: 

 

mi = (ci - ki) mod n. (2.8) 

 

 ʘʚʪʦ ʢʽʣʪʪʽʢ ʜʝʧ ʘʪʘʣʫʳ ʽʰʢʽ ʢʽʣʪ ʰʠʬʨʣʝʫ שʰʠʬʨʳʥʳ שʦʡʳʣʳʤʥʳפ 

ʧʨʦʮʝʩʽ ʢʝʟʽʥʜʝ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʰʠʬʨʳ ʩʠʤʚʦʣʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽʥʝʥ 

ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ײץʨʳʣʘʪʳʥʜʳסʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ.   

 2.14-ʤʳʩʘʣ. ɾʽʙʝʨʫʰʽ ʤʝʥ ץʘʙʳʣʜʘʫʰʳ  k1 = 12 ʙʘʩʪʘʧץʳ ʢʽʣʪʪʽʢ ʤᴅʥʽ 

ʙʘʨ ʘʚʪʦ ʢʽʣʪʪʽʢ ʰʠʬʨʜʳ ץʦʣʜʘʥʫסʘ ʢʝʣʽʩʪʽ ʜʝʣʽʢ. ɽʥʜʽ ʞʽʙʝʨʫʰʽ 

 ʘ Attack is today (ʰʘʙʫʳʣ ʙϮʛʽʥ) ʭʘʙʘʨʣʘʤʘʩʳʥ ʞʽʙʝʨʛʽʩʽסʘʙʳʣʜʘʫʰʳץ

ʢʝʣʝʜʽ.  

 ʐʝʰʫʽ. ʐʠʬʨʣʝʫ ʩʠʤʚʦʣʜʘʥ ʩʠʤʚʦʣסʘ ʞװʨʛʽʟʽʣʝʜʽ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ 

ᴅʨ ʩʠʤʚʦʣ ʘʣʜʳʤʝʥ 2.1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʙװʪʽʥ ʩʘʥʥʳש ʤᴅʥʽʤʝʥ 

ʘʫʳʩʪʳʨʳʣʘʜʳ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש ʙʽʨʽʥʰʽ ʩʠʤʚʦʣʳʥ ײץʨʫ װʰʽʥ ʙʽʨʽʥʰʽ 

ʽʰʢʽ ʢʽʣʪ ץʦʩʳʣʘʜʳ. ʂʽʣʪʪʽץ שʘʣסʘʥ ʙᴇʣʽʛʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʩʠʤʚʦʣʜʘʨʳʥʳש 

ʦץʳʣʫ ʰʘʤʘʩʳ ʙʦʡʳʥʰʘ ײץʨʳʣʘʜʳ. ʐʠʬʨʣʝʥʫ ʥᴅʪʠʞʝʩʽ 2.3-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 ʄʳʥʘסʘʥ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ, ʰʠʬʨ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ᴇʡʪʢʝʥʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ ʘ-ʥʳװ שʰ ʨʝʪ ʧʘʡʜʘ ʙʦʣʫʳ ʪװʨʣʽʰʝ ʰʠʬʨʣʝʥʛʝʥ. 

t-ʥʳש ʜʘ װʰ ʨʝʪ ʧʘʡʜʘ ʙʦʣʫʳ ʪװʨʣʽʰʝ ʰʠʬʨʣʝʥʛʝʥ.  

 ʧʘʡʜʘ שʘʚʪʦʢʽʣʪʪʽʢ ʰʠʬʨʳ ʰʳʥʳʤʝʥ ʜʝ ʞʝʢʝ ʩʠʤʚʦʣʜʳ שʦʡʳʣʳʤʥʳפ 

ʙʦʣʫ ʞʠʽʣʽʛʽ ʩʪʘʪʠʩʪʠʢʘʩʳʥ ʞʘʩʳʨʘʜʳ. ɼʝʛʝʥʤʝʥ ʦʣ ʜʘ ץʦʡʳʣʳʤʥʳש 

ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʳ ʩʠʷץʪʳ çᴇʨʝʩʢʝʣ ʢװʰè ʰʘʙʫʳʣʳ ʢʝʟʽʥʜʝ ᴅʣʩʽʟ. ɹʽʨʽʥʰʽ 

ʽʰʢʽ ʢʽʣʪ 25 ʤᴅʥʥʽש ʪʝʢ ʙʽʨʝʫʽ ʙʦʣʘ ʘʣʘʜʳ (1 ⱷ 25). 

 

2.3 ʢʝʩʪʝ 

2.14-ʤʳʩʘʣʳ װʰʽʥ ʰʠʬʨʣʝʫ ʥᴅʪʠʞʝʣʝʨʽ 

 

ɹʘʩʪʘʧϨʳ ʤϸʪʽʥ a t t a c k i s t o d a y 

M ʤϸʥʽ 00 19 19 00 02 10 08 18 19 14 03 00 24 

K ʢʽʣʪʪʝʨ ʘϤʳʥʳ 12 00 19 19 00 02 10 08 18 19 14 03 00 

C ʤϸʥʽ 12 19 12 19 02 12 18 00 11 07 17 03 24 

ʐʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ M T M T C M S A L H R D Y 
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-ʩʠʧʘʪʪʘ שʘʞʝʪʪʽʣʽʢ ʪʽʣʜʽץ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʳʥʜʘ שʦʡʳʣʳʤʥʳפ 

ʤʘʣʘʨʳʥ ʞʘʩʳʨʳʧ ץʘʥʘ ץʦʡʤʘʡʜʳ, ʦʣʘʨʜʘ װʣʢʝʥ ʢʽʣʪʪʝʨ  ʞʠʳʥʳ ʙʦʣʘʜʳ.  

 

ʇʣʝʡʬʝʝʨ Ϩʦʡʳʣʳʤ ʰʠʬʨʳ 

 

 ʥʠʝװʘ ʤʳʩʘʣ ï ʙʽʨʽʥʰʽ ʜץʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʳʥʘ ʙʘʩ שʦʡʳʣʳʤʥʳפ 

ʞװʟʽʣʽʢ ʩʦסʳʩ ʢʝʟʽʥʜʝ ʙʨʠʪʘʥ ᴅʩʢʝʨʽ ץʦʣʜʘʥסʘʥ ʇʣʝʡʬʝʝʨ ʰʠʬʨʳ. ɹײʣ 

ʰʠʬʨʜʝ  ײץʧʠʷʣʘʫ ʢʽʣʪʽ 5 Ĭ 5 ʤʘʪʨʠʮʘʩʳʥʘ ʦʨʥʘʣʘʩץʘʥ ʘʣʬʘʚʠʪʪʽ25 ש 

ᴅʨʧʽʥʝʥ ʞʘʩʘʣסʘʥ (ʣʘʪʳʥ ʘʣʬʘʚʠʪʽ װʰʽʥ, ʢʠʨʠʣ ʘʣʬʘʚʠʪʽ װʰʽʥ ï 6 Ĭ 6 

ʤʘʪʨʠʮʘʩʳʥʜʘ). 

 ʄʘʪʨʠʮʘʥʳ ײץʨʫ ʤʝʥ ʰʠʬʨʜʳ ץʦʣʜʘʥʫ װʰʽʥ ʢʽʣʪʪʽʢ ʩᴇʟ ʙʝʥ ʪᴇʨʪ 

 שʰʽʥ ʝװ ʨʫײץ ʘʥ ʞᴇʥ. ʂʽʣʪʪʽʢ ʤʘʪʨʠʮʘʥʳסʪʘץʘʨʘʧʘʡʳʤ ʝʨʝʞʝʥʽ ʝʩʪʝ ʩʘץ

ʘʣʜʳʤʝʥ, ʤʘʪʨʠʮʘʥʳש ʙʦʩ ײʷʰʳץʪʘʨʳʥ ʢʽʣʪʪʽʢ ʩᴇʟʜʽש   ᴅʨʽʧʪʝʨʽʤʝʥ 

ʪʦʣʪʳʨʫ ʢʝʨʝʢ (ץʘʡʪʘʣʘʥסʘʥ ʩʠʤʚʦʣʜʘʨʜʳ ʞʘʟʙʘʡ). ʉʦʩʳʥ ʢʽʣʪʪʽʢ ʩᴇʟʜʝ 

ʪᴅʨʪʽʧ ʙʦʡʳʥʰʘ ʢʝʟʜʝʩʧʝʡʪʽʥ ץʘʣסʘʥ ʩʠʤʚʦʣʜʘʨʤʝʥ ʤʘʪʨʠʮʘʥʳש ʙʦʩ 

 ʳʣʰʳʥ ʤᴅʪʽʥʽʥʜʝ ᴅʜʝʪʪʝ ʩʠʤʚʦʣʳ ʘʣʳʥʳʧסʪʘʨʳʥ ʪʦʣʪʳʨʫ ʢʝʨʝʢ. (ʘץʷʰʳײ

ʪʘʩʪʘʣʘʜʳ, ʙʘʩץʘ ʥײʩץʘʣʘʨʳʥʜʘ i ʤʝʥ j ʙʽʨ ײʷʰʳץץʘ ʙʽʨʽʛʝʜʽ). ɸʣʬʘʚʠʪʪʽש 

ʩʠʤʚʦʣʜʘʨʳʤʝʥ  ʪʦʣʳץʪʳʨʳʣסʘʥ ʢʽʣʪʪʽʢ ʩᴇʟ 5 Ĭ 5 ʤʘʪʨʠʮʘʩʳʥ ײץʨʘʜʳ ʞᴅʥʝ 

ʰʠʬʨʜʳש ʢʽʣʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.   ʄʘʪʨʠʮʘʜʘ ᴅʨʽʧʪʝʨʜʽ ʦʨʥʘʣʘʩʪʳʨʫ 

ʪʫʨʘʣʳ ʪװʨʣʽ ʢʝʣʽʩʽʤʜʝʨ ʢᴇʤʝʛʽʤʝʥ ײץʧʠʷʣʘʫʜʳש ʢᴇʧʪʝʛʝʥ ʪװʨʣʽ ʢʽʣʪʪʝʨʽʥ 

   .ʨʳʩײʘʥ ʜסʨײץ

 ʍʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ װʰʽʥ ʦʥʳ ʙʠʛʨʘʤʤʘסʘ (ʝʢʽ ʩʠʤʚʦʣʜʘʨ ʪײʨʘʪʳʥ 

ʪʦʧ) ʙᴇʣʫ ץʘʞʝʪ, ʤʳʩʘʣʳ hello world ʭʘʙʘʨʣʘʤʘʩʳ he ll ow or ld ʙʦʣʘʜʳ, 

ʞᴅʥʝ ʙײʣ ʙʠʛʨʘʤʤʘʣʘʨʜʳ ʢʝʩʪʝʜʝʥ ʽʟʜʝʧ ʪʘʙʘʜʳ. ɹʠʛʨʘʤʤʘʥʳש ʝʢʽ 

ʩʠʤʚʦʣʳ ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʜʘ ʪʽʢʪᴇʨʪʙײʨʳʰʪʳש  ʙײʨʳʰʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɹײʣ ʪʽʢʪᴇʨʪʙײʨʳʰʪʳש ʙײʨʳʰʪʘʨʳʥʳש ʙʽʨ ʙʽʨʽʥʝ ץʘʪʳʩʪʳ ʦʨʥʳʥ 

ʘʥʳץʪʘʡʳץ. ʉʦʜʘʥ, ʪᴇʤʝʥʜʝʛʽ ʝʨʝʞʝʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʢʽʨʽʩ ʤᴅʪʽʥʽʥʽש 

ʩʠʤʚʦʣʜʘʨ ʞײʙʳʥ ʰʠʬʨʣʝʡʤʽʟ: 

 1. ɽʛʝʨ ʙʠʛʨʘʤʤʘʥʳש ʝʢʽ ʩʠʤʚʦʣʳ ʩᴅʡʢʝʩ ʢʝʣʩʝ, ʙʽʨʽʥʰʽ ʩʠʤʚʦʣʜʘʥ 

ʢʝʡʽʥ ʭ ʞʘʣסʘʥ ʩʠʤʚʦʣʳʥ ץʦʩʘʤʳʟ, ʩʠʤʚʦʣʜʘʨʜʳש ʞʘשʘ ʞײʙʳʥ 

ʰʠʬʨʣʝʡʤʽʟ ʞᴅʥʝ ʞʘʣסʘʩʪʳʨʘʤʳʟ. ʇʣʝʡʬʝʨ ʰʠʬʨʳʥʳש ʢʝʡʙʽʨ 

ʥײʩץʘʣʘʨʳʥʜʘ x ʩʠʤʚʦʣʳʥʳש ʦʨʥʳʥʘ q ʥʝʤʝʩʝ _ ʩʠʤʚʦʣʳ ץʦʣʜʘʥʳʣʘʜʳ.  

 2. ɽʛʝʨ ʢʽʨʽʩ ʤᴅʪʽʥʥʽש ʙʠʛʨʘʤʤʘʩʳʥʳש ʩʠʤʚʦʣʜʘʨʳ ʙʽʨ ʞʦʣʜʘ ʢʝʟʜʝʩʩʝ, 

ʦʥʜʘ ʙײʣ ʩʠʤʚʦʣʜʘʨ ʩᴅʡʢʝʩ ʩʠʤʚʦʣʜʳש ʩʦʣ ʞʘסʳʥʜʘ ʞʘץʳʥ ʙʘסʘʥʜʘ 

ʦʨʥʘʣʘʩץʘʥ ʩʠʤʚʦʣʜʘʨʤʝʥ ʘʫʳʩʪʳʨʳʣʘʜʳ. ɽʛʝʨ ʩʠʤʚʦʣ ʞʦʣʜʳש ʩʦשʳʥʜʘ 

ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʦʩʳ ʞʦʣʜʳש ʙʽʨʽʥʰʽ ʩʠʤʚʦʣʳʤʝʥ ʘʫʳʩʪʳʨʳʣʘʜʳ.   

 3. ɽʛʝʨ ʢʽʨʽʩ ʤᴅʪʽʥʥʽש ʙʠʛʨʘʤʤʘʩʳʥʳש ʩʠʤʚʦʣʜʘʨʳ ʙʽʨ ʙʘסʘʥʜʘ 

ʢʝʟʜʝʩʩʝ, ʦʥʜʘ ʦʣʘʨ ʪʽʢʝʣʝʡ ʩʦʣʘʨʜʳש ʘʩʪʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʩʦʣ ʙʘסʘʥʥʳש 

ʩʠʤʚʦʣʳʥʘ ʘʡʥʘʣʘʜʳ. ɽʛʝʨ ʩʠʤʚʦʣ ʙʘסʘʥʥʳש ʪᴇʤʝʥʛʽ ʞʘסʳʥʜʘ ʦʨʥʘʣʘʩʩʘ, 

ʦʥʜʘ ʦʣ ʦʩʳ ʙʘסʘʥʥʳש ʙʽʨʽʥʰʽ ʩʠʤʚʦʣʳʥʘ ʘʣʤʘʩʪʳʨʳʣʘʜʳ.  

 4. ɽʛʝʨ ʢʽʨʽʩ ʤᴅʪʽʥʥʽש ʙʠʛʨʘʤʤʘʩʳʥʳש ʩʠʤʚʦʣʜʘʨʳ ᴅʨ ʪװʨʣʽ ʙʘסʘʥʜʘʨ 

ʤʝʥ ʞʦʣʜʘʨʜʘ ʦʨʥʘʣʘʩץʘʥ ʙʦʣʩʘ, ʦʥʜʘ ʦʣʘʨ ʩʦʣ ʞʦʣʜʘʨʜʘ ʦʨʥʘʣʘʩʘʜʳ, 
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ʙʽʨʘץ ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʜʘ ʪʽʢʪᴇʨʪʙײʨʳʰʪʳש ʙʘʩץʘ ʙײʨʳʰʪʘʨʳʥʘ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ.  

 ʐʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʜʝʥ ʘʣʫ װʰʽʥ ʭ (ʥʝʤʝʩʝ q) ʩʠʤʚʦʣʳʥ 

ʘʣʳʧ ʪʘʩʪʘʧ, ʝʛʝʨ ʦʣʘʨʜʳש ʢʽʨʽʩ ʭʘʙʘʨʣʘʤʘʩʳʥʜʘ  ʤʘסʳʥʘʩʳ ʙʦʣʤʘʩʘ, ʦʩʳ 

ʪᴇʨʪ ʝʨʝʞʝʥʽש ʠʥʚʝʨʩʠʷʩʳʥ ץʦʣʜʘʥʫ ץʘʞʝʪ.  

 ʇʣʝʡʬʝʝʨ ʰʠʬʨʳ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʝʨʛʝ ʘʨʥʘʣסʘʥ ʢʨʠʪʝʨʠʡʣʝʨʛʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʇʣʝʡʬʝʝʨ ʰʠʬʨʳʥʜʘ ʢʽʣʪʪʝʨ ʘסʳʥʳ ʤʝʥ ʰʠʬʨʣʝʨ ʘסʳʥʳ 

ʙʽʨʜʝʡ. ɹײʣ ʜʝʛʝʥʽʤʽʟ ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʝʨʝʞʝʣʝʨʜʽ ʢʽʣʪʪʝʨ ʘסʳʥʳʥ ײץʨʫ 

ʝʨʝʞʝʣʝʨʽ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʫסʘ ʙʦʣʘʪʳʥʜʳסʳʥ ʙʽʣʜʽʨʝʜʽ. ʐʠʬʨʣʝʫ 

ʘʣʛʦʨʠʪʤʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʝʥ ʩʠʤʚʦʣʜʘʨ ʞײʙʳʥ ʘʣʘʜʳ ʞᴅʥʝ ʞʦסʘʨʳʜʘ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʝʨʝʞʝʣʝʨʛʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʽʰʢʽ ʢʽʣʪʪʝʨ ʞײʙʳʥ ײץʨʘʜʳ. 

ʂʽʣʪʪʝʨ ʘסʳʥʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ ʩʠʤʚʦʣʜʘʨʜʳש ʧʦʟʠʮʠʷʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ. ʇʦʟʠʮʠʷסʘ ʪᴅʫʝʣʜʽʣʽʢ ʤײʥʜʘ ʪװʨʣʽʰʝ ʪװʩʽʥʜʽʨʽʣʝʜʽ: ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʥʽש ᴅʨ ʩʠʤʚʦʣʳʥʘ ʘʨʥʘʣסʘʥ ʽʰʢʽ ʢʽʣʪ ʢʝʣʝʩʽ ʥʝʤʝʩʝ ʘʣʜʳסשʳסʘ ʪᴅʫʝʣʜʽ 

ʙʦʣʘʜʳ. ʇʣʝʡʬʝʝʨ ʰʠʬʨʳʥ ʦʩʳʣʘʡ ץʘʨʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ 

ï ʙײʣ ʢʽʣʪʪʝʨʜʽש ʥʘץʪʳ ʘסʳʥʳ ʜʝʧ ʘʡʪʫʳʤʳʟסʘ ʙʦʣʘʜʳ.  

 ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: ʄ = m1, m2, m3, éʙʦʣʩʳʥ ʜʝʣʽʢ. ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ: C 

= c1, c2, c3, é. ʂʽʣʪ: K = [(k1,k2), (k3,k4), é ]. 

 ʇʣʝʡʬʝʝʨ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽʢ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ ʪᴇʤʝʥʜʝʛʽ 

ᴇʨʥʝʢ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ:  

  

ci = ki, (2.9) 

  

ɸʣ ʰʠʬʨʜʝʥ ʘʣʫ: 

 

mi = ki. (2.10) 

 

 2.15-ʤʳʩʘʣ. playfair example ʢʽʣʪʪʽʢ ʩᴇʟʽ ʙʘʨ ʇʣʝʡʬʝʨ ʰʠʬʨʳ 

ʢᴇʤʝʛʽʤʝʥ hello world (ʇʨʠʚʝʪ ʤʠʨ) ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʽʥ ʰʠʬʨʣʘʫ. ɹײʣ 

ʞʘסʜʘʡʜʘ ײץʧʠʷʣʘʫ ʤʘʪʨʠʮʘʩʳ (ʥʝʤʝʩʝ ʞʘʩʳʨʳʥ ʢʽʣʪ) 2.8-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʢװʡʛʝ ʝʥʝʜʽ. 

 

ɾʘʩʳʨʳʥ ʢʽʣʪ =  

P L A Y F 

I R E X M 

B C D G H 

I/J K N O S 

T U V W Z 

 

2.8-ʩʫʨʝʪ. ʇʣʝʡʬʝʨ ʰʠʬʨʳʥʳש ʞʘʩʳʨʳʥ ʢʽʣʪʽʥʝ ʤʳʩʘʣ 

 

 ʐʝʰʫʽ. ᴄʨʽʧʪʝʨʜʽ ʞײʧ-ʞײʙʳʤʝʥ ʪʦʧʪʘʩʪʳʨסʘʥ ʢʝʟʜʝ, ʦʥʜʘ ʤʳʥʘʥʳ 

ʘʣʘʤʳʟ: he ly lo wo rl d. ʉʦסשʳ ʩʠʤʚʦʣʜʳ ʞײʧʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʭ 
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ʩʠʤʚʦʣʳʥ ʫ ʩʠʤʚʦʣʳʥʘʥ ʢʝʡʽʥ ץʦʩʫ ʢʝʨʝʢ, ʦʜʘʥ ʢʝʡʽʥ ʤʳʥʘʥʳ ʘʣʘʤʳʟ: he 

ly lo wo rl dy. ʂʽʨʽʩ ʤᴅʪʽʥʽʥ ʢʝʩʪʝ ʢᴇʤʝʛʽʤʝʥ ʪװʨʣʝʥʜʽʨʽʧ ʤʳʘʥʳ ʘʣʘʤʳʟ:  

 1. he ʙʠʛʨʘʤʤʘʩʳ ʪʽʢʪᴇʨʪʙײʨʳʰʪʳ ײץʨʘʜʳ, ʦʥʳ DM-סʘ ʘʫʳʩʪʳʨʘʤʳʟ.  

 2. ly ʙʠʛʨʘʤʤʘʩʳ ʪʽʢʪᴇʨʪʙײʨʳʰʪʳ ײץʨʘʜʳ, ʦʥʳ AF-ץʘ ʘʫʳʩʪʳʨʘʤʳʟ. 

 3. lo ʙʠʛʨʘʤʤʘʩʳ ʙʽʨ ʙʘסʘʥʜʘ ʦʨʥʘʣʘʩץʘʥ, ʦʥʳ YK-ʢʝ ʘʫʳʩʪʳʨʘʤʳʟ. 

 4. wo ʙʠʛʨʘʤʤʘʩʳ ʙʽʨ ʙʘסʘʥʜʘ ʦʨʥʘʣʘʩץʘʥ, ʦʥʳ WY-ץʘ ʘʫʳʩʪʳʨʘʤʳʟ. 

 5. rl  ʙʠʛʨʘʤʤʘʩʳ ʪʽʢʪᴇʨʪʙײʨʳʰʪʳ ײץʨʘʜʳ, ʦʥʳ CR-ʛʝ ʘʫʳʩʪʳʨʘʤʳʟ. 

 6.  dy ʙʠʛʨʘʤʤʘʩʳ ʙʽʨ ʙʘסʘʥʜʘ ʦʨʥʘʣʘʩץʘʥ, ʦʥʳ GA-סʘ ʘʫʳʩʪʳʨʘʤʳʟ. 

 ʉʦʥʳʤʝʥ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʤʳʥʘ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ:  

 

DM AF YK WY CR GA. 

 

 ɹײʣ ʤʳʩʘʣ ʇʣʝʡʬʝʨ ʰʠʬʨʳ ï ʰʳʥ ʤᴅʥʽʥʜʝ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ: ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʥʽש  l (ʵʣʴ) ʩʠʤʚʦʣʳʥʳװ שʰ  ʨʝʪ ʢʝʟʜʝʩʫʽ ʩᴅʡʢʝʩʽʥʰʝ A, Y ʞᴅʥʝ R 

ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥʽʥ; ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש  o ʩʠʤʚʦʣʳʥʳש ʝʢʽ ʨʝʪ ʢʝʟʜʝʩʫʽ 

ʩᴅʡʢʝʩʽʥʰʝ K ʞᴅʥʝ Y ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ.  

 ʂʠʨʠʣ ʘʣʬʘʚʠʪʽʥ ץʦʣʜʘʥʫ װʰʽʥ ʤʘʪʨʠʮʘ ᴇʣʰʝʤʽʥ 6Ĭ6-סʘ ʜʝʡʽʥ ʢᴇʙʝʡʪʫ 

ʢʝʨʝʢ. ɸʣʬʘʚʠʪʪʽ32 ש ᴅʨʧʽ ʤʝʥ ץʦʩʳʤʰʘ ʪᴇʨʪ ʩʠʤʚʦʣ: . (ʥװʢʪʝ); , (װʪʽʨ);  

(ʪʠʨʝ); _ (ʘʩʪʳסשʳ ʩʳʟʳץ) ץʦʣʜʘʥʳʣʘʜʳ. ʈʝʩʝʡ ʘʣʬʘʚʠʪʽ (ʢʽʣʪʪʽʢ ʩᴇʟʜʽ 

  .ʧʠʷʣʘʫ ʤʘʪʨʠʮʘʩʳʥʘ ʤʳʩʘʣ 2.9-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥײץ  ʰʽʥװ (ʦʣʜʘʥʙʘʡץ

 

ɸ ʍ ɹ ʄ ʎ ɺ 

ʏ ɻ ʅ ʐ ɼ ʆ 

ɽ ʑ , ɾ ʋ ʇ 

. ɿ ʒ ʈ ʀ ʁ 

ʉ ʔ ʂ ʕ ʊ ʃ 

ʖ ʗ _ ʓ ʌ ï 

 

2.9-ʩʫʨʝʪ. ʆʨʳʩ ʘʣʬʘʚʠʪʽ װʰʽʥ ײץʧʠʷʣʘʫ ʤʘʪʨʠʮʘʩʳʥʳש ʤʳʩʘʣʳ  

 _ (ʘʩʪʳסשʳ ʩʳʟʳץ) ʩʠʤʚʦʣʳ ʙʠʛʨʘʤʤʘʜʘ ʙʽʨʜʝʡ ʩʠʤʚʦʣʜʘʨ ʧʘʡʜʘ 

ʙʦʣסʘʥ ʢʝʟʜʝ ʥʝʤʝʩʝ ʩʦסשʳ ʩʠʤʚʦʣʜʳ ʞײʧʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

   .ʦʣʜʘʥʳʣʘʜʳץ

 ɹʘʡץʘסʘʥʳʤʳʟʜʘʡ, ʇʣʝʡʬʝʝʨ ʰʠʬʨʳʥʳש  çᴇʨʝʩʢʝʣ ʢװʰè ʰʘʙʫʳʣʳ ᴇʪʝ 

 ʘ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥץʜʘʥ ʙʘʩײʠʳʥ. ɼʦʤʝʥ ᴇʣʰʝʤʽ  n! (n ʬʘʢʪʦʨʠʘʣ). ɹץ

ʞʝʢʝ ᴅʨʽʧʪʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʞʘʩʳʨʘʜʳ.  

 ɼʝʛʝʥʤʝʥ ʝʢʽ ᴅʨʽʧʪʽʢ ʢʦʤʙʠʥʘʮʠʷ (ʙʠʛʨʘʤʤʘ) ʞʠʽʣʽʛʽ ʪʦʣʳץʪʳʨסʳʰʪʳ 

ʝʥʛʽʟʫ ʩʘʣʜʘʨʳʥʘʥ ʢʝʡʙʽʨ ʜᴅʨʝʞʝʜʝ ʩʘץʪʘʣʘʜʳ, ʩʦʣ ʩʝʙʝʧʪʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʥʘʣʠʪʠʢ ʢʽʣʪʪʽ ʪʘʙʫ װʰʽʥ ʰʘʙʫʳʣʜʳ ʪʝʢ ץʘʥʘ ʙʠʛʨʘʤʤʘ 

ʞʠʽʣʽʛʽʥʽש ʩʳʥʘסʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʛʝ סʘʥʘ ץʦʣʜʘʥʘ ʘʣʘʜʳ.  
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ɺʠʞʝʥʝʨ ϨʦʡʳʣʳʤʳʥʳϬ ʰʠʬʨʳ 

 

 ʨʽ ʦʥװʪʳ ʪץʳʟʳץ ʳ ʙʽʨסʪʘ שʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʳʥʳ שʦʡʣʳʤʥʳפ 

ʘʣʪʳʥʰʳ ʞװʟ ʞʳʣʜʳץʪʳש ʬʨʘʥʮʫʟ ʤʘʪʝʤʘʪʠʛʽ ɹʣʝʟ ʜʝ ɺʠʞʝʥʝʨ  ײץʨסʘʥ 

ɺʠʞʝʥʝʨ ʰʠʬʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [5, 32]. ɺʠʞʝʥʝʨ ʰʠʬʨʳ ʢʽʣʪʪʝʨ ʘסʳʥʳʥ 

 ʪʳץʟʳʥʜʳײ ʦʣʜʘʥʘʜʳ.  ʂʽʣʪʪʝʨ ʘϤʳʥʳ  mץ ʨʣʽ ʩʪʨʘʪʝʛʠʷʩʳʥװʪ שʨʫʜʳײץ

 ʨʜʝװʘʡʪʘʣʘʥʫʳ. ʐʠʬʨ ʤʳʥʘ ʪץ שʳʥʳʥʳסʳ ʘץʙʘʩʪʘʧ שʧʠʷʣʘʫ ʢʽʣʪʽʥʽײץ

ʩʠʧʘʪʪʘʣʫʳ ʤװʤʢʽʥ: (k1, k2, é, kn )  ʞʽʙʝʨʫʰʽʤʝʥ ʞᴅʥʝ ץʘʙʳʣʜʘʫʰʳʤʝʥ 

ʢʝʣʽʩʽʣʛʝʥ ײץʧʠʷʣʘʫʜʳש ʙʘʩʪʘʧץʳ ʢʽʣʪʽ.   

 ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ: ʄ = m1, m2, m3, éʙʦʣʩʳʥ ʜʝʣʽʢ. ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ: C 

= c1, c2, c3, é. ʂʽʣʪʪʝʨ ʘסʳʥʳ: K = k1, k2, k3, é . 

 ɺʠʞʝʥʝʨ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽʢ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ ʪᴇʤʝʥʜʝʛʽ 

ᴇʨʥʝʢ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ:   

 

ci = (mi + ki ) mod n, (2.11) 

  

ɸʣ ʰʠʬʨʜʝʥ ʘʣʫ: 

 

mi = (ci ï ki ) mod n. (2.12) 

 

 ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳ ʰʠʬʨʳ ʤʝʥ ץʘʨʘʩʪʳʨʳʣסʘʥ ץʦʡʳʣʳʤʥʳש ʙʘʩץʘ 

ʝʢʽ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ʘʡʳʨʤʘʰʳʣʳץ: 

ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳ ʰʠʬʨʳʥʳש ʢʽʣʪʪʝʨ ʘסʳʥʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ 

ʩʠʤʚʦʣʜʘʨʳʥʘ ʪᴅʫʝʣʩʽʟ; ʦʣ ʪʝʢ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ ʩʠʤʚʦʣʜʳש 

ʧʦʟʠʮʠʷʩʳʥʘ סʘʥʘ ʪᴅʫʝʣʜʽ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʢʽʣʪʪʝʨ ʘסʳʥʳ ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥ ʤʘסʳʥʘʩʳʥ ʙʽʣʤʝʡ ʘײץ ץʨʳʣʘʜʳ.  

 2.16-ʤʳʩʘʣ. PASCAL ʢʽʣʪʪʽʢ ʩᴇʟʽʥʽ6 ש ʩʠʤʚʦʣʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ  She 

is listening (ʆʥʘ ʩʣʫʰʘʝʪ) ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʣʝʫ.  

 ʐʝʰʫʽ. ʂʽʣʪʪʝʨʜʽש ʙʘʩʪʘʧץʳ ʘסʳʥʳ   ʙײʣ (15, 0, 18, 2, 0, 11). ʂʽʣʪʪʝʨ 

ʘסʳʥʳ  ʢʽʣʪʪʝʨʜʽש ʦʩʳ ʙʘʩʪʘʧץʳ ʘסʳʥʳʥʳץ שʘʡʪʘʣʘʥʫʳ (ץʘʥʰʘ ץʘʞʝʪ 

ʙʦʣʩʘ, ʩʦʥʰʘ ʨʝʪ). ʐʠʬʨʣʝʫ ʧʨʦʮʝʩʽ 2.4-ʢʝʩʪʝʩʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

2.4-ʢʝʩʪʝ 

2.16-ʤʳʩʘʣ װʰʽʥ ʰʠʬʨʣʝʫ ʧʨʦʮʝʩʽ 

 

ɹʘʩʪʘʧϨʳ ʤϸʪʽʥ s h e i s l i s t e n i n g 

ʄ ʤϸʥʽ 18 07 04 08 18 11 08 18 19 04 13 08 13 06 

ʂʽʣʪʪʝʨ ʘϤʳʥʳ 15 00 18 02 00 11 15 00 18 02 00 11 15 00 

C ʤϸʥʽ 07 07 22 10 18 22 23 18 11 6 13 19 02 06 

ʐʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ H H W K S W X S L G N T C G 
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 ʆʩʳʣʘʡʰʘ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʤʳʥʘ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ: 

HHWKSWXSLGNTCG. 

 ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳʥʳש ʠhʬʨr ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʝʨ ʢʦʤʙʠʥʘʮʠʷʩʳ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  2.10-ʩʫʨʝʪʪʝ ʘʣʜʳסשʳ ʤʳʩʘʣ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ 

ᴅʨץʘʡʩʳʩʳʥʜʘ ʘʣʪʳ ʵʣʝʤʝʥʪʽ ʙʘʨ (ʙʽʨʝʫʽʥʜʝ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʙʽʨ ᴅʨʧʽ 

ʞʝʪʧʝʩʝ ʜʝ), ʘʣ ᴅʨ ʵʣʝʤʝʥʪʽ ʞʝʢʝ ʰʠʬʨʣʝʥʛʝʥ ʙʽʨʥʝʰʝ ʙᴇʣʽʢʪʝʨʜʝʥ 

ʪײʨʘʪʳʥʜʘʡ ץʘʨʘʩʪʳʨʳʣסʘʥʜʳסʳʥ  ʢᴇʨʩʝʪʝʜʽ.  

 

 
 

2.10-ʩʫʨʝʪ. ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳʥʳש ʰʠʬʨʳ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʣʝʨ ʢʦʤʙʠʥʘ-

ʮʠʷʩʳ ʨʝʪʽʥʜʝ  

 

 ʉʫʨʝʪ ʢʝʡʽʥʽʨʝʢ ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳ ʰʠʬʨʳʥʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫʳʥ ʪװʩʽʥʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש n ʙᴇʣ̔ʢʪʝʨʽ ʙʘʨ, 

ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ m ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʫ װʰʽʥ ʪװʨʣʽ 

ʢʽʣʪʪʝʨʤʝʥ ʰʠʬʨʣʝʥʛʝʥ.   

 ɸʜʜʠʪʠʚʪʽ ʰʠʬʨ  m = 1 ʙʦʣסʘʥʜʘסʳ ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳ ʰʠʬʨʳʥʳש 

ʞʝʢʝ ʞʘסʜʘʡʳ.   

 ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳʥ ץʘʨʘʩʪʳʨʫʜʳש ʙʘʩץʘ ʪᴅʩʽʣʽ ï 2.5-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ ɺʠʞʝʥʝʨ (Vigenere tableau) ʪʽʟʽʤʽ ʥʝʤʝʩʝ ʢʝʩʪʝʩʽ ʢᴇʤʝʛʽʤʝʥ. 

 ɹʽʨʽʥʰʽ ʞʦʣ ʰʠʬʨʣʝʥʝʪʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʩʠʤʚʦʣʜʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʽʨʽʥʰʽ ʙʘסʘʥ ʢʽʣʪʧʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʩʠʤʚʦʣʜʘʨ ʙʘסʘʥʳʥ ײץʨʘʜʳ. ʂʝʩʪʝʥʽש 

ʙʘʩץʘ ʙᴇʣʽʛʽ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʩʠʤʚʦʣʜʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ. PASCAL ʩᴇʟʽʥ ʢʽʣʪ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, she listening ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʽ װʰʽʥ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʜʽ ʪʘʙʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש s ʩʠʤʚʦʣʳʥ ʙʽʨʽʥʰʽ ʞʦʣʜʘ ʪʘʙʫסʘ 

ʙʦʣʘʜʳ, ʢʽʣʪʪʽʢ ʩᴇʟʜʽש  P ʩʠʤʚʦʣʳʥ ʙʽʨʽʥʰʽ ʙʘסʘʥʜʘ ʞᴅʥʝ ʞʦʣʜʘʨ ʤʝʥ 

ʙʘסʘʥʜʘʨ ץʠʳʣʳʩʳʥʜʘ ï ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש H ʩʠʤʚʦʣʳ. ɹʽʨʽʥʰʽ ʞʦʣʜʘ h 

ʞᴅʥʝ ʙʽʨʽʥʰʽ ʙʘסʘʥʜʘ A ʪʘʙʘʤʳʟ,  ʞʦʣʜʘʨ ʤʝʥ ʙʘסʘʥʜʘʨ ץʠʳʣʳʩʳʥʜʘ ï 
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ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʝʥ H ʩʠʤʚʦʣʳʥ ʪʘʙʘʤʳʟ.   ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש 

ʙʘʨʣʳץ ʩʠʤʚʦʣʜʘʨʳ ʪʘʙʳʣʤʘʡʳʥʰʘ, ʦʩʳ ᴅʨʝʢʝʪʪʝʨʜʽ ץʘʡʪʘʣʘʡʤʳʟ.  

 

2.5-ʢʝʩʪʝ 

ɺʠʞʝʥʝʨ ʪʽʟʽʤʽ 

 

 a b c d e f g h i j k l m n o p q r s t u v w x y z 

A A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 

B B C D E F G H I J K L M N O P Q R S T U V W X Y Z A 

C C D E F G H I J K L M N O P Q R S T U V W X Y Z A B 

D D E F G H I J K L M N O P Q R S T U V W X Y Z A B C 

E E F G H I J K L M N O P Q R S T U V W X Y Z A B C D 

F F G H I J K L M N O P Q R S T U V W X Y Z A B C D E 

G G H I J K L M N O P Q R S T U V W X Y Z A B C D E F 

H H I J K L M N O P Q R S T U V W X Y Z A B C D E F G 

I I J K L M N O P Q R S T U V W X Y Z A B C D E F G H 

J J K L M N O P Q R S T U V W X Y Z A B C D E F G H I 

K K L M N O P Q R S T U V W X Y Z A B C D E F G H I J 

L L M N O P Q R S T U V W X Y Z A B C D E F G H I J K 

M M N O P Q R S T U V W X Y Z A B C D E F G H I J K L 

N N O P Q R S T U V W X Y Z A B C D E F G H I J K L M 

O O P Q R S T U V W X Y Z A B C D E F G H I J K L M N 

P P Q R S T U V W X Y Z A B C D E F G H I J K L M N O 

Q Q R S T U V W X Y Z A B C D E F G H I J K L M N O P 

R R S T U V W X Y Z A B C D E F G H I J K L M N O P Q 

S S T U V W X Y Z A B C D E F G H I J K L M N O P Q R 

T T U V W X Y Z A B C D E F G H I J K L M N O P Q R S 

U U V W X Y Z A B C D E F G H I J K L M N O P Q R S T 

V V W X Y Z A B C D E F G H I J K L M N O P Q R S T U 

W W X Y Z A B C D E F G H I J K L M N O P Q R S T U V 

X X Y Z A B C D E F G H I J K L M N O P Q R S T U V W 

Y Y Z A B C D E F G H I J K L M N O P Q R S T U V W X 

Z Z A B C D E F G H I J K L M N O P Q R S T U V W X Y 

 

 PASCAL ʩᴇʟʽʥ ʢʽʣʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʧ, HHWKSWXSLGNTCG ʰʠʬʨʣʝʥ-

ʛʝʥ  ʤᴅʪʽʥʽʥʝ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʪʘʙʫ װʰʽʥ ʢʽʣʪʪʽʢ ʩᴇʟʜʝʥ ʙʽʨʽʥʰʽ ʙʘסʘʥʜʘ P 

ʩʠʤʚʦʣʳʥ ʪʘʙʫ ʢʝʨʝʢ; ʩʦʜʘʥ ʢʝʡʽʥ, ʞʦʣ ʙʦʡʳʥʰʘ ʦסשʘ ʞʳʣʞʳʧ, 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש H ʩʠʤʚʦʣʳʥ ʪʘʙʘʤʳʟ; ʅ ʩʠʤʚʦʣʳ  ʦʨʥʘʣʘʩץʘʥ ʙʘסʘʥ 

ʤʝʥ ʙʽʨʽʥʰʽ ʞʦʣʜʳץ שʠʳʣʳʩʳʥʜʘ ï ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש s ʩʠʤʚʦʣʳʥ 

ʪʘʙʘʤʳʟ. ɹʽʨʽʥʰʽ ʙʘסʘʥʜʘ ʢʽʣʪʪʽʢ ʩᴇʟʜʽש  A ʩʠʤʚʦʣʳʥ; ʩʦʜʘʥ ʢʝʡʽʥ, ʞʦʣ 
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ʙʦʡʳʥʰʘ ʦסשʘ ʞʳʣʞʳʧ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש  H ʩʠʤʚʦʣʳʥ ʪʘʙʘʤʳʟ;  H 

ʩʠʤʚʦʣʳ ʦʨʥʘʣʘʩץʘʥ ʙʘסʘʥ ʤʝʥ ʙʽʨʽʥʰʽ ʞʦʣ ץʠʳʣʳʩʳʥʜʘ ï ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʥʽש h ʩʠʤʚʦʣʳʥ ʪʘʙʘʤʳʟ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʙʘʨʣʳץ ʩʠʤʚʦʣʜʘʨʳ 

ʪʘʙʳʣʤʘʡʳʥʰʘ, ʦʩʳ ᴅʨʝʢʝʪʪʝʨʜʽ ץʘʡʪʘʣʘʡʤʳʟ.  

 ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤ ʰʠʬʨʳ ʙʘʨʣʳץ ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʝʨ ʩʠʷץʪʳ 

ʠʩʤʚʦʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʩʘץʪʘʤʘʡʜʳ. ɼʝʛʝʥʤʝʥ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ 

 ʰʽʥ ʢʝʡʙʽʨ ᴅʜʽʩʪʝʨʜʽװ ʘʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʰʠʬʨʜʝʥ ʘʣʫסʩʪʘʣײ

 ʪʘʣʜʘʫ ʝʢʽ ʙᴇʣʽʤʥʝʥ ץʜʘʡʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳסʤʢʽʥ.  ʆʩʳ ʞʘװʦʣʜʘʥʫʳ ʤץ

ʪײʨʘʜʳ: ʢʽʣʪʪʽײ שʟʳʥʜʳסʳʥ ʪʘʙʘʜʳ ʞᴅʥʝ ʩʦʩʳʥ ʪʽʢʝʣʝʡ ʢʽʣʪʪʽ ʪʘʙʘʜʳ.   

 1. ʂʽʣʪʪʽײ שʟʳʥʜʳסʳʥ ʪʘʙʫ װʰʽʥ ʙʽʨʥʝʰʝ ᴅʜʽʩʪʝʨ ʪʘʙʳʣʜʳ. ɹʽʨ ᴅʜʽʩʪʽ 

 ʪʘʣʜʘʫʰʳ ץʂʘʩʠʩʢʠʡ (Kasiski) ʪʝʩʪʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳ .ץʘʨʘʩʪʳʨʘʡʳץ

(ʘʥʘʣʠʪʠʢ) ʠhʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝ װʰ ʩʠʤʚʦʣ ʙʦʡʳʥʰʘ ץʘʡʪʘʣʘʥʘʪʳʥ 

ʩʝʛʤʝʥʪʪʝʨʜʽ ʪʘʙʘʜʳ [20, 32]. ɽʢʽ ʩʝʛʤʝʥʪ ʪʘʙʳʣʜʳ ʜʝʧ ʦʡʣʘʧ, ʦʣʘʨʜʳש 

ʘʨʘʩʳʥʜʘסʳ ʘʨʘ-ץʘʰʳץʪʳץ ï d ʙʦʣʩʳʥ ʜʝʣʽʢ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ 

(ʘʥʘʣʠʪʠʢ) d|m ʙʦʣʘʪʳʥʜʳסʳʥ ʙʦʣʞʘʡʜʳ, ʤײʥʜʘסʳ m ⱷ ʢʽʣʪʪʽײ שʟʳʥʜʳסʳ. 

ɽʛʝʨ d1, d2, é., dn ʘʨʘ-ץʘʰʳץʪʳסʳʤʝʥ ץʘʡʪʘʣʘʥʙʘʣʳ ʩʝʛʤʝʥʪʪʝʨʜʽ ʪʘʙʘʪʳʥ 

ʙʦʣʩʘץ, ʦʥʜʘ  gcd (d1, d2, é., dm....)/m ʙʦʣʘʜʳ (ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ᴅʜʝʙʠʝʪʪʝʨʜʝ 

ʝש ʢᴇʧ  ʞʘʣʧʳ ʙᴇʣʛʽʰ װʰʽʥ gcd ʙʝʣʛʽʣʝʥʫʽ ץʦʣʜʘʥʳʣʘʜʳ ï greatest common 

divisor ʘסʳʣʰʳʥ ʩᴇʟʽʥʝʥï ʝϬ ʢϺʧ ʞʘʣʧʳ ʙϺʣʛʽʰ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ). ɹײʣ 

ʙʦʣʞʘʤ ʢᴇשʽʣʛʝ ץʦʥʳʤʜʳ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ʝʛʝʨ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ 

ʝʨʝʢʰʝʣʝʥʛʝʥ ʝʢʽ ʩʠʤʚʦʣ k
 
Ĭ

 
m (k = 1, 2, ...) ʩʠʤʚʦʣʜʘʨʳ ʙʽʨʜʝʡ ʙʦʣʩʘ, ʦʥʜʘ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝ ʝʨʝʢʰʝʣʝʥʛʝʥ k
 
Ĭ

 
m ʩʠʤʚʦʣʜʘʨʳ ʜʘ ʙʽʨʜʝʡ. 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ (ʘʥʘʣʠʪʠʢ) ʩʠʤʚʦʣʜʘʨʜʳש ʙʽʨ סʘʥʘ ʢʽʣʪʽ 

ʙʦʣʘʪʳʥ ʞʘסʜʘʡʣʘʨʜʘʥ ץʘʰʫ װʰʽʥ װʰ ʩʠʤʚʦʣʜʘʥ ʪײʨʘʪʳʥ ʩʝʛʤʝʥʪʪʝʨʜʽ 

  .ʦʣʜʘʥʘʜʳץ

 2. ʂʽʣʪʪʽײ שʟʳʥʜʳסʳ ʪʘʙʳʣסʘʥʥʘʥ ʢʝʡʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ 

(ʘʥʘʣʠʪʠʢ) ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ ï m
 
=

 
1 ʙʦʣʘʪʳʥ ɺʠʞʝʥʝʨ ץʦʡʳʣʳʤʳ 

ʰʠʬʨʳʥʳש ʞʝʢʝ ʞʘסʜʘʡʳʥ ץʦʣʜʘʥʘʜʳ. ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ m ʪװʨʣʽ 

ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʽʥʝʜʽ ʞᴅʥʝ ʩʠʤʚʦʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥʽש 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʰʘʙʫʳʣʳʥ ץʦʩʘ ʦʪʳʨʳʧ ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש ᴅʨ m ʙᴇʣʽʛʽ ʙװʪʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ײץʨʫ װʰʽʥ  ʙʘʩץʘ m 

ʙᴇʣʽʢʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʞᴅʥʝ ʰʠʬʨʜʘʥ ʘʣʳʥʘʜʳ.  ɹʘʨʣʳץ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʞʝʢʝ ᴅʨʽʧʪʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʩʘץʪʘʤʘʡʜʳ, 

ʙʽʨʘץ ᴅʨ ʙᴇʣʽʢ ʙײʥʳ ʦʨʳʥʜʘʡʜʳ.  

 2.17-ʤʳʩʘʣ ʙײʣ ʧʽʢʽʨʣʝʨʜʽ ʪװʩʽʥʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ.  

 2.17-ʤʳʩʘʣ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʪᴇʤʝʥʜʝʛʽ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ײʩʪʘʧ ʘʣʜʳ 

ʜʝʣʽʢ:  

 

LIOMWGFEGGDVWGHHCQUCRHRWAGWIOWQLKGZETK ï 

KMEVLWPCZVG'TH VTSGXQOVGCSVETQLTJSUMVWVEU ï 

VLXEWSLGFZMVVWLGYHCUSWXQHKVGSHEEVFLCFDGV ï 

SUMPHKIRZDMPHHBVWVWJWIXGFWLTSHGJOUEEHHVUC ï 
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FVGOWICQLIJSUXGLW. 

 

 ɿʠʷʥ ʢʝʣʪʽʨʫʰʽʛʝ ʦʩʳ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʜʝʰʠʬʨʣʝʫ (ʰʠʬʨʜʽ ʞʘʡ 

ʞʘʟʫסʘ ʘʡʥʘʣʜʳʨʫ) ʢʝʨʝʢ.  

 ʐʝʰʫʽ. hת  ʩʠʤʚʦʣʜʳ ʩʝʛʤʝʥʪʪʽץ שʘʡʪʘʣʘʥʫʳʥʘ ʞװʨʛʽʟʽʣʝʪʽʥ ʂʘʩʠʩʢʠʡ 

ʪʝʩʪʽ 2.6-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ  ʥᴅʪʠʞʝʣʝʨʛʝ ʘʢʝʣʝʜʽ. 

 

2.6-ʢʝʩʪʝ 

2.17-ʤʳʩʘʣ װʰʽʥ ʂʘʩʠʩʢʦʠʡ ʪʝʩʪʽ  

ʂʦʤʙʠʥʘʮʠʷ 
ɹʽʨʽʥʰʽ ʘʨʘ-

ϨʘʰʳϨʪʳϨ 

ʝʢʽʥʰʽ ʘʨʘ-

ϨʘʰʳϨʪʳϨ 
ɸʡʳʨʤʘ 

JSU 68 168 100 

SUM 69 117 48 

VWV 72 132 60 

MPH 119 127 8 

 

 ɽש ʢᴇʧ ʞʘʣʧʳ ʙᴇʣʛʽʰ  4, ʪᴇʨʪʢʝ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʢʽʣʪʪʽײ שʟʳʥʜʳסʳʥ 

ʙʽʣʜʽʨʝʜʽ. ɸʣʜʳʤʝʥ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ m = 4 ʙʘʡץʘʧ ʢᴇʨʝʜʽ.  ʐʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʜʽ ʪᴇʨʪ ʙᴇʣʽʢʢʝ ʙᴇʣʝʜʽ. c1 ʙᴇʣʽʛʽ 1, 5, 9, ... ʩʠʤʚʦʣʜʘʨʳʥʘʥ ʪײʨʘʜʳ; c2 

ʙᴇʣʽʛʽ 2, 6, 10, ... ʩʠʤʚʦʣʜʘʨʳʥʘʥ ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʣʘʨʳ.  ʆʣ 2.7-ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʙװʪʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʘʣʫ װʰʽʥ ʰʠʬʨʜʘʥ ʘʣʳʥʘʪʳʥ 

ʙᴇʣʽʢʪʝʨʜʽ ʙʽʨ ʩʠʤʚʦʣʳ ʙʦʡʳʥʰʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʰʦʣʳʧ ʰʳסʘʜʳ.  

 ɽʛʝʨ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʤʘסʳʥʘʩʳ ʙʦʣʤʘʩʘ, ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ ʙʘʩץʘ m-ʜ ̔

ʙʘʡץʘʧ ʢᴇʨʝʜʽ. פʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʞʘסʜʘʡʜʘ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʤʳʥʘʜʘʡ 

ʤʘסʳʥʘʥʳ ʙʽʣʜʽʨʝʜʽ  (ʙʘסʘʥ ʙʦʡʳʥʰʘ ʦץʠʤʳʟ): 

Julius Caesar used a cryptosystem in his wars, which is now referred to as 

Caesar chipper. It is an additive chipper with the key set to three. Each charac-

ter in the plaintext is shift three characters to create ciphertext. 

 ɹײʣ ʤᴅʪʽʥ ʘʫʜʘʨʤʘʩʳ: 

 ʖʣʠʡ ʎʝʟʘʨʴ ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʩʚʦʠʭ ʚʦʡʥʘʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʫʶ ʩʠʩʪʝ-

ʤʫ, ʢʦʪʦʨʘʷ ʫʧʦʤʠʥʘʝʪʩʷ ʪʝʧʝʨʴ ʢʘʢ ʰʠʬʨ ʎʝʟʘʨʷ. ʕʪʦ ʘʜʜʠʪʠʚʥʳʡ 

ʰʠʬʨ ʩ ʢʣʶʯʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʪʨʠ. ʂʘʞʜʳʡ ʩʠʤʚʦʣ ʚ ʠʩʭʦʜʥʦʤ ʪʝʢ-

ʩʪʝ ʩʜʚʠʥʫʪ ʥʘ ʪʨʠ ʩʠʤʚʦʣʘ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ. 

 

2.7-ʢʝʩʪʝ 

2.17-ʤʳʩʘʣʳ װʰʽʥ ʂʘʩʠʩʢʠʡ ʪʝʩʪʽ ʢᴇʤʝʛʽʤʝʥ  

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʜʝʰʠʬʨʣʝʫ ʧʨʦʮʝʩʽ  

 

ʩ1 LWGW CRAO KTEP GTQC TJVU EGVG 

m1 jueu apym ircn eroa rhts thin 

ʩ1 UQGE CVPR PVJG TJEU GCJG  
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m1 ytra hcie ixst hcar rehe  

c2 IGGG QHGW GKVC TSOS QSWV WFVY 

m2 usss ctsl swho feae ceih cete 

c2 SHSV FSHZ HWWF SOHC OQSL  

m2 soec atnp nkhe rhck esex  

c3 OFDN URWQ ZKLZ HGVV LUVL SZWH 

m3 lcae rotn whiw edss irsi irh 

c3 WKHF DUKD HVIW HUHF WLUW  

m3 eteh retl tiid eatr airt  

c4 MEVN CWIL EMWV VXGE TMEX LMLC 

m4 iard yseh aisr rtca piaf pwte 

c4 XVEL GMIM BWHL GEVV ITX  

m4 thec arha esft erec tpt  

 

 ʆʨʳʩ ʘʣʬʘʚʠʪʽʥ ץʦʣʜʘʥʳʧ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ ʤʝʥ ʰʠʬʨʜʝʥ ʘʣʫʜʳ 

 .ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʰʽʥ 2.8-ʢʝʩʪʝʥʽװ ʦʣʜʘʥʫץ

  

ʍʠʣʣʘ ʰʠʬʨr 

 

 ʂᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʜʳש ʪʘסʳ ʙʽʨ ץʳʟʳץʪʳ ʤʳʩʘʣʳ ʃʝʩʪʝʨʦʤ ʉ. ʍʠʣʣ 

ʦʡʣʘʧ ʪʘʧץʘʥ ʍʠʣʣ ʰʠʬʨʳ. ʆʩʳסʘʥ ʜʝʡʽʥ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʘʩץʘ ʢᴇʧ 

ʘʣʬʘʚʠʪʪʽ ʰʠʬʨʣʘʨʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ ʤײʥʜʘ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʪʝש ᴇʣʰʝʤʜʽ 

ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʽʥʛʝʥ. ɹʣʦʢʪʘʨ ʙʣʦʢʪʘסʳ ᴅʨ ʩʠʤʚʦʣ ʙʘʩץʘ ʩʠʤʚʦʣʜʘʨʜʳ 

ʰʠʬʨʣʝʫʜʝ װʣʝʩʽʥ ץʦʩʘʪʳʥ ʦʩʳʥʜʘʡ ʙʽʨ ᴅʜʽʩʧʝʥ ʰʠʬʨʣʝʥʛʝʥ. ʆʩʳ 

ʩʝʙʝʧʧʝʥ ʍʠʣʣʘ ʰʠʬʨʳ ʙʣʦʢʪʳϨ ʰʠʬʨʣʝʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʰʠʬʨʣʝʨ 

ʢʘʪʝʛʦʨʠʷʩʳʥʘ ʞʘʪʘʜʳ.  
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 ʘ ʰʠʬʨʣʝʨ ʰʠʬʨʣʝʨץʘʥ ʙʘʩסʘʨʘʩʪʳʨʳʣפ 

ʘϤʳʥʳ ʜʝʧ ʘʪʘʣʘʪʳʥ ʢʘʪʝʛʦʨʠʷסʘ ʞʘʪʘʜʳ. 

ɹʣʦʢʪʘʨ ʤʝʥ ʘסʳʥʥʳש ʰʠʬʨʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳ3 ץ ʞᴅʥʝ 4 ʙᴇʣʽʤʜʝʨʜʝ 

   .ʘʨʘʩʪʳʨʳʣʘʜʳץ

 ʍʠʣʣ ʰʠʬʨʽʥʜʝ ʢʽʣʪ  n ʙʣʦʢʪʳש ᴇʣʰʝʤʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ n Ĭ n ᴇʣʰʝʤʜʽ ʢʚʘʜʨʘʪʪʳץ 

ʤʘʪʨʠʮʘ. ɽʛʝʨ K ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʩʳ 

ʰʘץʳʨʳʣʩʘ, ʦʥʜʘ ki,j ᴅʨʙʽʨ ʵʣʝʤʝʥʪʽ 2.11-

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʘʪʨʠʮʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

 ʐʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש ʙʽʨ ʙʣʦʛʳ ץʘʣʘʡ 

ʘʣʳʥʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʡʽʢ. ɽʛʝʨ  m1, m2, ..., mg ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש 

ʙʣʦʢʪʘʨʳʥʳש ʩʠʤʚʦʣʜʘʨʳʥ n ʜʝʧ ʙʝʣʛʽʣʝʩʝʢ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש 

ʙʣʦʢʪʘʨʳʥʜʘסʳ ʩᴅʡʢʝʩ ʩʠʤʚʦʣʜʘʨ c1, c2, ..., cg ʙʦʣʘʜʳ. ʉʦʣ ʢʝʟʜʝ ʤʳʥʘʥʳ 

ʘʣʘʤʳʟ:  

 

c1 = m1Āk11 +  m2Āk21 + é + mgĀkg1 ; 

 

c2 = m1Āk12 +  m2Āk22 + é + mgĀkg2 ; 

ééééééééééééééé.. 

  cg = m1Āk1g + m2Āk2g + é + mgĀkgg . 

 

 ʊʝשʜʝʫ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש c1 ʩʠʷץʪʳ ᴅʨ ʩʠʤʚʦʣʳ (m1, m2, ..., mg) 

ʙʣʦʛʳʥʜʘסʳ ʙʘʨʣʳץ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʩʠʤʚʦʣʜʘʨʳʥʘ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ  

ʢᴇʨʩʝʪʝʜʽ. ɼʝʛʝʥʤʝʥ ʙʘʨʣʳץ ʢʚʘʜʨʘʪʪʳץ ʤʘʪʨʠʮʘʣʘʨʜʳש ʙʘʨʣʳסʳʥʜʘ Zg-

ʜʘסʳ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ ʙʦʣʤʘʡʪʳʥʳʥ ʙʽʣʫ ץʘʞʝʪ, ʩʦʥʜʳץʪʘʥ 

ʞʽʙʝʨʫʰʽ ʤʝʥ ץʘʙʳʣʜʘʫʰʳ ʢʽʣʪʪʽ ʪʘשʜʘʫʜʘ ʙʘʡץʘʫ ץʘʞʝʪ. ɽʛʝʨ ʤʘʪʨʠʮʘʜʘ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷ ʙʦʣʤʘʩʘ, ץʘʙʳʣʜʘʫʰʳ ʞʽʙʝʨʫʰʽʜʝʥ ʘʣסʘʥ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʰʠʬʨʜʝʥ ʘʣʘ ʘʣʤʘʡʜʳ. ʍʠʣʣ ʰʠʬʨʽʥʜʝ ʢʽʣʪʪʽʢ 

ʤʘʪʨʠʮʘʥʳϬ  ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ ʙʦʣʫ Ϩʘʞʝʪ.  

 ʄʘʪʨʠʮʘʥʳץ שʦʣʜʘʥʳʣʫʳ ʞʽʙʝʨʫʰʽʛʝ ʙʘʨʣʳץ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ 

ʰʠʬʨʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ï l ʙʣʦʢ ʥʦʤʝʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ l
 
Ĭ

 
g ʤʘʪʨʠʮʘʩʳ. ʍʠʣʣ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʤᴅʪʽʥʜʽʢ 

ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ ʪᴇʤʝʥʜʝʛʽ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ:   

 

ʉ(l
 
Ĭ

 
g) = M(l

 
Ĭ

 
g) Ĭ K(g

 
Ĭ

 
g) mod n, (2.13) 

 

ɸʣ ʰʠʬʨʜʝʥ ʘʣʫ: 

 

M(l
 
Ĭ

 
g) = C(l

 
Ĭ

 
g) Ĭ K

-1
(g

 
Ĭ

 
g) mod n. (2.14) 

 

 2.18-ʤʳʩʘʣ. code is ready (ʢʦʜ ʛʦʪʦʚ) ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʽʥ ʰʠʬʨʣʝʫ 

 ʘʞʝʪ, ʘʣ ʩʦʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ  ʍʠʣʣ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ Kץ
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ʈʠʩ. 2.11. ʂʣʶʯ 

 ʚ ʰʠʬʨʝ ʍʠʣʣʘ 
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(GYBNQKURP ᴅʨʽʧʪʽʢ ʪװʨʜʝ) ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʩʳʥ ץʦʣʜʘʥʳʧ ʰʠʬʨʜʝʥ ʘʣʫ 

  :ʘʞʝʪ ʜʝʣʽʢץ

 

.

151720

101613

012406

K
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

=

 
 

 ʐʝʰʫʽ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ ʩʦסשʳ ʙʣʦʢץʘ z ץʦʩʳʤʰʘ ʞʘʣסʘʥ ʩʠʤʚʦʣʳʥ 

 ʦʩʫ ʞᴅʥʝ ʙʦʩ ʦʨʳʥʜʘʨʜʳ ᴇʰʽʨʫ  ʢʝʟʽʥʜʝ 4Ĭ3 ᴇʣʰʝʤʜʽ ʤʘʪʨʠʮʘ ʨʝʪʽʥʜʝץ

ʢᴇʨʩʝʪʽʣʫʽ ʤװʤʢʽʥ. ɹײʥʜʘʡ ʞʘʡסʜʘʡʜʘ ʰʠʬʨʣʝʫ װʰʽʥ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ 

ʤʳʥʘʜʘʡ ʙʦʣʘʜʳ: codeisreadyz. ɹײʣ ʭʘʙʘʨʣʘʤʘʥʳש ʩʘʥʜʳץ ʵʢʚʠʚʘʣʝʥʪʽ 

ʤʳʥʘʜʘʡ ʪװʨʜʝ ʙʝʡʥʝʣʝʥʝʜʽ: 02, 14, 03, 04, 08, 18, 17, 00, 03, 24, 25. 

 ʍʠʣʣ hʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ 2.12-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ.   
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2.12-ʩʫʨʝʪ. 2.18-ʤʳʩʘʣʳ װʰʽʥ ʍʠʣʣ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨ-

ʣʝʫ  

 

 ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʰʠʬʨʣʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʤʳʥʘ ʰʠʬʨʣʝʥʛʝʥ ʭʘ-

ʙʘʨʣʘʤʘʥʳ ʘʣʘʤʳʟ:  20, 11, 05, 20, 10, 16, 24, 04, 05, 24, 23, 20. ɹײʣ ʰʠʬʨ-

ʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘ ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽʥ ץʦʣʜʘʥסʘʥ ULFUKQYEFYXU ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ. 

ʘʙʳʣʜʘʫʰʳ (KĬKפ 
ï1

) mod n = I, ʤײʥʜʘסʳ I ï ʙʽʨʣʽʢ ʤʘʪʨʠʮʘ ʙʦʣʘʪʳʥ, 

K
ï1

 ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʪʽʢ (ʢʝʨʽ) ʤʘʪʨʠʮʘ-ʢʽʣʪʽʥ ץʦʣʜʘʥʳʧ ʭʘʙʘʨʣʘ-

ʤʘʥʳ ʰʠʬʨʜʘʥ ʘʰʳʧ ʘʣʘʜʳ. ɹʽʟʜʽש ʤʳʩʘʣʳʤʳʟ װʰʽʥ K ʤʘʪʨʠʮʘ-ʢʽʣʪʽʥ K
ï1

 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʪʽʢ (ʢʝʨʽ) ʤʘʪʨʠʮʘ-ʢʽʣʪʽʥʝ ʢᴇʙʝʡʪʫ ʤʳʥʘסʘʥ ʪʝש 

ʙʦʣʘʜʳ:  
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 2.18-ʤʳʩʘʣʳʥʜʘ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʍʠʣʣ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ 

ʰʠʬʨʜʝʥ ʘʣʫ 2.13-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.   
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2.13-ʩʫʨʝʪ. 2.18-ʤʳʩʘʣʳ װʰʽʥ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʍʠʣʣ ʰʠʬʨʳ 

ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʜʝʥ ʘʣʫ 

 

 2.13-ʩʫʨʝʪʪʝʥ ʰʠʬʨʜʝʥ ʘʣʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽʥ ץʦʣʜʘʥʳʧ 

codeisreadyz ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʤʳʥʘʜʘʡ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʘʣʳʥʜʳ: 2, 14, 03, 04, 

08, 18, 17, 04, 00, 03, 24, 25. ʉʦסשʳ ʩʠʤʚʦʣʜʳ ʘʣʳʧ ʪʘʩʪʘʧ, ʥᴅʪʠʞʝ ʨʝʪʽʥʜʝ 

ʢʽʨʽʩ ʤᴅʪʽʥʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ  codeisready ʤᴅʪʽʥʽʥ ʘʣʘʤʳʟ.  

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʪʝʢ ʤᴅʪʽʥʥʽש ʰʠʬʨʣʝʥʛʝʥ ʍʠʣʣ ʰʠʬʨʳ װʰʽʥ 

 ʰè ʰʘʙʫʳʣʳװʦʣʜʘʥʫ ʢʝʟʽʥʜʝ çᴇʨʝʩʢʝʣ ʢץ ʠʳʥ. ɹʽʨʽʥʰʽʜʝʥ, ʍʠʣʣ ʰʠʬʨʳʥץ

ᴇʪʝ ʢװʨʜʝʣʽ, ʩʝʙʝʙʽ ʤʘʪʨʠʮʘ-ʢʽʣʪ ï gĬg. ᴄʨ ʢʽʨʽʩʪʝ n ʤᴅʥʥʽש ʙʽʨʝʫʽ ʙʦʣʫʳ 

ʤװʤʢʽʥ. ɹײʣ ʢʽʣʪ ᴇʣʰʝʤʽ  n
g Ĭ g

 ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ɼʝʛʝʥʤʝʥ, ʙʘʨʣʳץ 

ʤʘʪʨʠʮʘʣʘʨʜʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʢʝʨʽ ʤʘʪʨʠʮʘ-ʢʽʣʪ ʙʦʣʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ 

ʢʽʣʪʪʽש ʙʦʣʫ ʦʙʣʳʩʳ ᴇʪʝ ʦʨʘʩʘʥ ʝʤʝʩ.  

 ɽʢʽʥʰʽʜʝʥ, ʍʠʣʣ ʰʠʬʨʳ ץʘʨʘʧʘʡʳʤ ʤᴅʪʽʥ ʩʪʘʪʠʩʪʠʢʘʩʳʥ ʩʘץʪʘʤʘʡʜʳ. 

ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʝʢʽ ʥʝʤʝʩʝ װʰ ᴅʨʽʧʪʝʥ ʪײʨʘʪʳʥ ʞʝʢʝ ᴅʨʽʧʪʽש ʧʘʡʜʘ ʙʦʣʫ 

ʞʠʽʣʽʛʽʥʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʰʘʙʫʳʣ ʞװʨʛʽʟʝ ʘʣʤʘʡʜʳ.  g ᴇʣʰʝʤʜʽ ʩᴇʟ ʞʠʽʣʽʛʽʥ 

ʪʘʣʜʘʫ ʞװʨʫʽ ʤװʤʢʽʥ, ʙʽʨʘץ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝ g ᴇʣʰʝʤʜʽ ʢᴇʧ ʞʝʢʝ 

ʞʦʣʜʘʨʜʳש ʙʦʣʫʳ ᴇʪʝ ʩʠʨʝʢ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʙʽʣʫ ᴅʜʽʩʽʥ 

 ʤʢʽʥ, ʝʛʝʨ ʜʝ ʦʣ g ʤᴅʥʽʥ ʙʽʣʩʝ ʞᴅʥʝװʘ ʰʘʙʫʳʣ ʞʘʩʘʫʳ ʤסʦʣʜʘʥʳʧ, ʰʠʬʨץ

ʞʦץ ʜʝʛʝʥʜʝ m ʙʣʦʢʪʘʨ ʙʦʡʳʥʰʘ ʙʘʩʪʘʧϨʳ ʤϸʪʽʥ/ʰʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ 

ʞײʙʳʥ ʙʽʣʩʝ. ɹʣʦʢʪʘʨ ʩʦʣ ʭʘʙʘʨʣʘʤʘסʘ ʥʝʤʝʩʝ ʪװʨʣʽ ʭʘʙʘʨʣʘʤʘʣʘʨסʘ ʪʠʽʩʪʽ 

ʙʦʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʪװʨʣʽʰʝ ʙʦʣʫ ʢʝʨʝʢ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ ʝʢʽ  gĬg ʤʘʪʨʠʮʘ 

 ʨʘʜʳ, ʦʣʘʨ ʩᴅʡʢʝʩ ʞʦʣʜʘʨʳ  ʙʘʩʪʘʧϨʳ ʤϸʪʽʥ/ʰʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ ʙʝʣʛʽʣʽײץ

ʞײʙʳʥ ʢᴇʨʩʝʪʝʪʽʥ M (ʙʘʩʪʘʧϨʳ ʤϸʪʽʥ) ʞᴅʥʝ C (ʰʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ). 

C
 
=

 
M

 
Ĭ

 
K ʙʦʣסʘʥʜʳץʪʘʥ, ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ ʝʛʝʨ ʄ ץʘʡʪʳʤʜʳ ʙʦʣʳʧ ʪʘʙʳʣʩʘ, 

ʢʽʣʪʪʽ ʪʘʙʫ װʰʽʥ, K
 
=

 
M

 - 1
Ĭ

 
C ץʘʪʳʥʘʩʳʥ ץʦʣʜʘʥʘʜʳ. ɽʛʝʨ M ץʘʡʪʳʤʜʳ 

ʙʦʣʤʘʩʘ, ʦʥʜʘ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ ʙʘʩʪʘʧϨʳ ʤϸʪʽʥ/ʰʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ 

ʞײʙʳʥʳש  g ʪװʨʣʽ ʞʠʳʥʳʥ ʽʩʢʝ ץʦʩʘʜʳ.   

 ɽʛʝʨ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ g ʤᴅʥʽʥ ʙʽʣʤʝʩʝ,  m ᴇʪʝ װʣʢʝʥ ʙʦʣʤʘʡʪʳʥ ʰʘʨʪʪʘ 

ʦʣ ʪװʨʣʽ ʤᴅʥʜʝʨʜʽ ʙʘʡץʘʡ ʘʣʘʜʳ.  

 2.19-ʤʳʩʘʣ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ g =   =  3 ʝʢʝʥʽʥ ʙʽʣʝʜʽ ʜʝʣʽʢ. ʆʣ 2.14-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ  ʙʘʩʪʘʧϨʳ ʤϸʪʽʥ/ʰʠʬʨʣʝʥʛʝʥ ʤϸʪʽʥ ʙʣʦʛʳʥʳװ שʰ ʞײʙʳʥ 

  .(ᴇʟʽʥʝʥ ʙʦʣʫʳ ʤʽʥʜʝʪʪʽ ʝʤʝʩ שʩʦʣ ʭʘʙʘʨʣʘʤʘʥʳ) ʩʪʘʧ ʘʣʜʳײ
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2.14-ʩʫʨʝʪ. 2.19-ʤʳʩʘʣ װʰʽʥ ʍʠʣʣ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ 

 ʘʣʳʧʪʘʩʪʳʨʫץ

  

 ʐʝʰʫʽ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ 2.12-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʞײʧʪʘʨʜʘʥ M ʞᴅʥʝ 

C ʤʘʪʨʠʮʘʣʘʨʳʥ ײץʨʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ M ʤʘʪʨʠʮʘʩʳ ץʘʡʪʳʤʜʳ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ ʙײʣ ʤʘʪʨʠʮʘʥʳ ʠʥʚʝʨʪʪʝʡʜʽ (ʪᴇשʢʝʨʝʜʽ) ʞᴅʥʝ ʦʥʳ C-סʘ 

ʢᴇʙʝʡʪʝʜʽ, ʙײʣ 2.15-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʤʘʪʨʠʮʘסʘ K ʢʽʣʪʽʥ ʙʝʨʝʜʽ.  

 ɽʥʜʽ ʦʥʳש ʢʽʣʪʽ ʙʘʨ ʞᴅʥʝ ʙײʣ ʢʽʣʪ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʝʟ ʢʝʣʛʝʥ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʙײʟʘ ʘʣʘʜʳ.  
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 2.15-ʩʫʨʝʪ. 2.19-ʤʳʩʘʣʳ װʰʽʥ ʍʠʣʣ ʰʠʬʨʳʥʳש ʤʘʪʨʠʮʘ-ʢʽʣʪʽʥ ʘʣʫ  

 

ʐʠʬʨʣʝʫʜʽϬ ʙʽʨ ʨʝʪʪʽʢ ʞϮʡʝʩʽ  

 

 ʂʨʠʧʪʦʛʨʘʬʠʷʥʳש ʤʘץʩʘʪʪʘʨʳʥʳש ʙʽʨʽ ï ʤʽʥʩʽʟ ײץʧʠʷʣʳʣʳץ.  

ʇʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʰʠʬʨʣʘʨʜʳש ʙʘʨʣʳסʳ ʜʝʨʣʽʢ ʦʣʘʨ ʰʝʢʪʝʣʤʝʛʝʥ 

ʝʩʝʧʪʝʫʽʰ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʘʨ ʢʝʟʽʥʜʝ ʘʰʳʣʘ ʘʣʘʪʳʥʜʳץʪʘʥ ʰʘʨʪʪʳ 

ʩʝʥʽʤʜʽ ʙʦʣʳʧ ʩʠʧʘʪʪʘʣʘʜʳ. Ϲʪʝ ʩʝʥʽʤʜʽ ʰʠʬʨʣʝʨʜʽ ʪʽʧʪʽ  ʰʝʢʪʝʣʤʝʛʝʥ 

ʝʩʝʧʪʝʫʽʰ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʙײʟʫסʘ ʙʦʣʤʘʡʜʳ.  

 1917 ʞʳʣʳ ʘʤʝʨʠʢʘʥʜʳץ ɻ. ɺʝʨʥʘʤ ʤʝʥ ɼ. ʄʦʙʦʨʥ [3, 9]  ʦʡʣʘʧ ʪʘʧץʘʥ  

ʞᴅʥʝ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʳʣסʘʥ ʞʘʣסʳʟ ʰʠʬʨ ʙʘʨ ï ʙʽʨ ʨʝʪʪʽʢ ʙʣʦʢʥʦʪ. 

ʄײʥʜʘʡ ʰʠʬʨסʘ ʪᴅʥ ʝʨʝʢʰʝʣʽʢ ʢʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢʪʽש ʙʽʨ ʨʝʪʪʽʢ ץʦʣʜʘʥʳʣʫʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʜʝʙʠʝʪʪʝʨʜʝ ʰʠʬʨʣʝʫʜʽש ʙײʣ ʞװʡʝʩʽʥ ɺʝʨʥʘʤ ʰʠʬʨʳ 

ʜʝʧ ʘʪʘʡʜʳ. ɹײʣ ʰʠʬʨʜʽש ʢʽʣʪʽʥʽײ שʟʳʥʜʳסʳ ʢʽʨʽʩ ʤᴅʪʽʥʜʽʢʽʥʜʝʡ, ʞᴅʥʝ 

ʤװʣʜʝ ʢʝʟʜʝʡʩʦץ ʩʘʡʣʘʥʘʜʳ.   

 1949 ʞʳʣʳ  ɺʝʨʥʘʤ ʰʠʬʨʳʥʳϬ ʘʙʩʦʣʶʪʪʽ ʪײʨʘץʪʳʣʳסʳʥ ʜᴅʣʝʣʜʝʡʪʽʥ 

ʂ. ʐʝʥʥʦʥʥʳϬ ʞײʤʳʩʳ ʞʘʨʳץ ʢᴇʨʜʽ. ʐʝʥʥʦʥ ʞײʤʳʩʳ  ʦʩʳʥʜʘʡ 

 ʣ ʤʳʥʘʜʘʡײʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹ ץʞʦ שʘ ʰʠʬʨʣʘʨʜʳץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʙʘʩץ

ʪײʞʳʨʳʤʥʳש ʰʳסʫʳʥʘ ᴅʢʝʣʜʽ: ɺʝʨʥʘʤ ʰʠʬʨʳ  ʙʘʨʣʳסʳʥʳש ʽʰʽʥʜʝ ʝש 

  .ʡʝװʞ ץʘʫʽʧʩʽʟ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ
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 ʂ. ʐʝʥʥʦʥ ʟʝʨʪʪʝʫʣʝʨʽ ʤʽʥʩʽʟ ײץʧʠʷʣʳʣʳץץʘ ʪᴇʤʝʥʜʝʛʽ ʝʨʝʞʝʣʝʨʜʽש 

ʦʨʳʥʜʘʣʫʳ ʢʝʟʽʥʜʝ ץʦʣ ʞʝʪʢʽʟʫʽʤʽʟʛʝ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʪʽ:  

 - ʰʠʬʨʣʝʫʛʝ ʘʨʥʘʣסʘʥ ʢʽʣʪ ʢʝʟʜʝʡʩʦץ ʪʘשʜʘʣʘʜʳ;  

 - ʢʽʣʪʪʽײ שʟʳʥʜʳסʳ ʰʠʬʨʣʝʥʝʪʽʥ ʤᴅʪʽʥ ײʟʳʥʜʳסʳʥʘ ʪʝש ʙʦʣʫ ʢʝʨʝʢ; 

 - ʢʽʣʪ ʪʝʢ ʙʽʨ ʨʝʪ ץʘʥʘ ץʦʣʜʘʥʳʣʫ ʢʝʨʝʢ.  

 ɽʛʝʨ ʙʽʨ ʢʽʣʪʪʽ ץʦʣʜʘʥʩʘ, ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ ʦשʘʡ ʙײʟʫסʘ ʙʦʣʘʪʳʥʜʳסʳ 

ʙʝʣʛʽʣʽ. ɹʽʨʘץ ʙײʣ ʰʠʬʨʜʳש ᴇʟʽ ʜʝ ʠʜʝʘʣʜʳ ʙʦʣʫʳ ʤװʤʢʽʥ, ʝʛʝʨ ʜʝ ᴅʨ 

ʩʠʤʚʦʣʜʳ ʰʠʬʨʣʝʫ װʰʽʥ  (00, 01, 02, ..., n-1) ʢʽʣʪʪʝʨ ʞʠʳʥʳʥʘʥ ʢʝʟʜʝʡʩʦץ 

ʪʘשʜʘʣʘʪʳʥ ʢʽʣʪ ץʦʣʜʘʥʳʣʩʘ: ʝʛʝʨ ʙʽʨʽʥʰʽ ʩʠʤʚʦʣ 04 ʢʽʣʪʽ ʢᴇʤʝʛʽʤʝʥ 

ʰʠʬʨʣʝʥʩʝ, ʝʢʽʥʰʽ ï 02 ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ, װʰʽʥʰʽ ï 21 ʢʽʣʪ ʞᴅʥʝ ʩʦʣ ʩʠʷץʪʳ. 

ʉʦʣ ʢʝʟʜʝ ʪʝʢ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʛʝ ʰʘʙʫʳʣ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣʘʜʳ. ɽʛʝʨ 

ʞʽʙʝʨʫʰʽ ᴅʨ ʢʝʟʜʝ ʙװʪʽʥ ʩʘʥʥʳש ʙʘʩץʘ ʢʝʟ ʢʝʣʛʝʥ ʨʝʪʪʽʣʽʛʽʥ ץʦʣʜʘʥʳʧ ʢʽʣʪʪʽ 

ᴇʟʛʝʨʪʢʝʥ ʞʘסʜʘʡʜʘ, ʦʥʜʘ ʰʘʙʫʳʣʜʳש ʙʘʩץʘ ʜʘ ʪװʨʣʝʨʽ ʤװʤʢʽʥ ʝʤʝʩ 

ʙʦʣʘʜʳ.  

 ʰʽʥ ʢʝʡʜʝ ʙʽʨʨʝʪʪʽʢ ʙʣʦʢʥʦʪװ ʡʝʩʽʥ ʙʝʨʫװʥʜʘʡ ʞײʤ שʦʡʳʣʳʤʥʳפ 

 ʩʘʥʜʘʨʳ (ʢʽʣʪʪʝʨʽ) ץʘʡʩʳʩʳʥʘ ki ʢʝʟʜʝʡʩʦץʣ ʙʣʦʢʥʦʪ ᴅʨײʦʣʜʘʥʳʣʘʜʳ. ɹץ

ʙʘʨ ʢʝʩʪʝ ʙʘʩʳʣסʘʥ װʟʽʣʤʝʣʽ ʧʘʨʘץʪʘʨʜʘʥ ʪײʨʘʜʳ. ɹʣʦʢʥʦʪ ʝʢʽ ʵʢʟʝʤʧʣʷʨʜʘ 

ʦʨʳʥʜʘʣʘʜʳ: ʙʽʨʝʫʽ ʞʽʙʝʨʫʰʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ, ʘʣ ʙʘʩץʘʩʳ ï 

 ʰʽʥ ki ᴇʟ ʢʽʣʪʽʥ ʢʝʩʪʝʜʝʥװ mi ᴅʨ ʩʠʤʚʦʣʳ שʘʙʳʣʜʘʫʰʳʤʝʥ.  ʍʘʙʘʨʣʘʤʘʥʳץ

ʪʝʢ ʙʽʨ ʨʝʪ ץʦʣʜʘʥʘʜʳ. ʂʝʩʪʝ ץʦʣʜʘʥʳʣסʘʥʥʘʥ ʢʝʡʽʥ, ʦʣ ʙʣʦʢʥʦʪʪʘʥ 

ᴇʰʽʨʽʣʽʧ ʞʦʡʳʣʫʳ ʢʝʨʝʢ.  ɾʘשʘ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ ʞʘשʘ ʧʘʨʘץʪʘʥ 

ʙʘʩʪʘʣʘʜʳ.  

 ɹײʣ ʰʠʬʨ ʝʛʝʨ K ʢʽʣʪʪʝʨ ʞʠʳʥʳ ʰʳʥ ʤᴅʥʽʥʜʝ ʢʝʟʜʝʡʩʦץ ʞᴅʥʝ ʙʦʣʞʘʧ 

ʙʦʣʤʘʡʪʳʥ ʙʦʣʩʘ, ʘʙʩʦʣʶʪʪʽ ʩʝʥʽʤʜʽ ʙʦʣʘʜʳ. ɽʛʝʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʥʘʣʠʪʠʢ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʢʽʣʪʪʝʨʜʽש ʙʘʨʣʳץ ʤװʤʢʽʥ 

ʞʠʳʥʳʥ ץʦʣʜʘʥʫסʘ ʪʳʨʳʩʩʘ ʞᴅʥʝ ʢʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʥײʩץʘʣʘʨʳʥ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʩʝ, ʦʥʜʘ ʦʣʘʨ ʪʝש ʳץʪʠʤʘʣʜʳ ʙʦʣʘʜʳ. ʗסʥʠ ʞʦʣʜʘʥסʘʥ ʢʽʨʽʩ 

ʤᴅʣʽʤʝʪʪʝʨʽʥ ʪʘשʜʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʞʦץ.   

 ʆʩʳʥʜʘʡ ʞʝʪʽʩʪʽʢʪʝʨʛʝ ʦʨʘʡ ʙʽʨ ʨʝʪʪʽʢ ʞװʡʝʣʝʨ ʘʙʩʦʣʶʪʪʽ ʘץʧʘʨʘʪʪʳץ 

 .ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʜʘʡʣʘʨʜʘסʞʘ ץʘʫʽʧʩʽʟʜʽʢʪʽ ʪʘʣʘʧ ʝʪʝʪʽʥ ʙʘʨʣʳץ

ɼʝʛʝʥʤʝʥ ʙʽʨ ʨʝʪʪʽʢ ʞװʡʝʣʝʨʜʽ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʧʨʘʢʪʠʢʘʣʳץ 

ʘʩʧʝʢʪʽʣʝʨʤʝʥ ʰʝʢʪʝʣʛʝʥ. ʂʝʟʜʝʡʩʦץ ʢʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢʪʽ ʙʽʨ ʨʝʪʪʽʢ ץʦʣʜʘʥʫ 

ʪʘʣʘʙʳ ʪʽʥ ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʍʘʙʘʨʣʘʤʘʥʳײ שʟʳʥʜʳסʳʥʘʥ 

 ʘסʘʙʳʣʜʘʫʰʳץ ʪʳ ʢʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢ ʭʘʙʘʨʣʘʤʘʥʳץʟʳʥʜʳײ ʘ ʝʤʝʩץʳʩץ

ʘʣʜʳʥ ʘʣʘ ʥʝʤʝʩʝ ʢʝʡʙʽʨ ʞʘʙʳץ ʢʘʥʘʣʜʘʨ ʙʦʡʳʥʰʘ ʞʝʢʝ ʞʽʙʝʨʽʣʫʽ ץʘʞʝʪ.  

ɹײʣ ʪʘʣʘʧ ʰʳʥ ʤᴅʥʽʥʜʝ ʤʘשʳʟʜʳ ʙʽʨʨʝʪʪʽ ʭʘʙʘʨʣʘʤʘʥʳ ʞʽʙʝʨʫ װʰʽʥ ᴇʪʝ 

 ʘʥ ʩʠʤʚʦʣʜʘʨʜʳסʥʜʘʡ ʪʘʣʘʧ ʢᴇʧ ʤʠʣʣʠʦʥʜʘײʠʳʥ ʝʤʝʩ. ɼʝʛʝʥʤʝʥ ʤץ

ʰʠʬʨʣʝʫʜʽ ʪʘʣʘʧ ʝʪʝʪʽʥ ʘץʧʘʨʘʪʪʘʨʜʳ ᴇשʜʝʫʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʞװʡʝʩʽ 

   .ʳʤʝʥ ʦʨʳʥʜʘʣʤʘʡʜʳסʰʽʥ ʪʦʣʳװ

 ɹʽʨ ʨʝʪʪʽʢ ʙʣʦʢʥʦʪʪʘʨʜʳש ʢʝʡʙʽʨ ʥײʩץʘʣʘʨʳʥʜʘ ʢʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢ 

 שʩʝʥʽʤʜʽʣʽʛʽʥʽ שʣ ʰʠʬʨʜʳײʙ ץʡʝʥʝʜʽ, ʙʽʨʘװʘ ʩסʘʨʫץʘʨʘʧʘʡʳʤ ʙʘʩץ

ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ. ʄʳʩʘʣʳ, ʢʽʣʪ ʭʘʙʘʨʣʘʤʘʥʳ ʞʽʙʝʨʫʰʽ ʤʝʥ 

 ʪʘʣʘʜʳ. ʂʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢץʘʙʳʣʜʘʫʰʳʥʳ ʢʽʪʘʧʪʘ ʦʨʥʳʥ ʙʝʣʛʽʣʝʫʤʝʥ ʘʥʳץ
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ʙײʣ ʢʽʪʘʧʪʳש ʙʝʣʛʽʣʝʥʛʝʥ ʦʨʥʳʤʝʥ ʙʘʩʪʘʣʘʜʳ ʞᴅʥʝ ɺʠʞʝʥʝʨ 

ʞװʡʝʩʽʥʜʝʛʽʜʝʡ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʡʜʝ ʤײʥʜʘʡ  ʰʠʬʨ ʞϮʛʽʨʪʧʝʣʽ ʢʽʣʪʽ ʙʘʨ 

ʰʠʬʨ ʜʝʧ ʪʝ ʘʪʘʣʘʜʳ. ʐʠʬʨʜʳש ʤײʥʜʘʡ ʥײʩץʘʩʳʥʜʘ ʢʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢʪʽ 

ʙʘʩץʘʨʫ ᴅʣʜʝץʘʡʜʘ ʞʝשʽʣ, ʩʝʙʝʙʽ ײʟʘץ ʢʽʣʪʪʽʢ ʙʽʨʽʟʜʽʣʽʢ ʰʘסʳʥ ʬʦʨʤʘʜʘ 

ʙʝʨʽʣʝ ʘʣʘʜʳ. ɹʽʨʘץ ʙʘʩץʘ ʞʘסʳʥʘʥ ʘʣסʘʥʜʘ, ʙײʣ ʢʽʣʪʪʝʨ ʢʝʟʜʝʡʩʦץ ʝʤʝʩ. 

ʉʦʥʜʳץʪʘʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʜʘ ʢʽʨʽʩ ʪʘʙʠסʠ ʪʽʣʽ 

ʩʠʤʚʦʣʜʘʨʳʥʳש ʞʠʽʣʽʛʽ ʞᴇʥʽʥʜʝ ʘץʧʘʨʘʪʪʳ ץʦʣʜʘʥʫ ʤʝʥ ʩᴅʡʢʝʩ ʰʘʙʫʳʣʜʳ 

ʙʝʨʫ ʤװʤʢʽʥʜʽʛʽ ʧʘʡʜʘ ʙʦʣʘʜʳ.  

 ɺʝʨʥʘʤ ʰʠʬʨʣʝʫ ʞװʡʝʩʽ ʰʳʥ ʤᴅʥʽʥʜʝ,  ʤʦʜʫʣʴ ʤᴅʥʽ n = 2 ʙʦʣʘʪʳʥ 

ɺʠʞʝʥʝʨ ʰʠʬʨʣʝʫ ʞװʡʝʩʽʥʽש ʞʝʢʝ ʞʘסʜʘʡʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 1926 ʞʳʣʳ 

AT&T (ɸפʐ) ʬʠʨʤʘʩʳʥʳץ שʳʟʤʝʪʢʝʨʽ ɻ. ɺʝʨʥʘʤ ײʩʳʥסʘʥ ʦʩʳ ʰʠʬʨʜʳש 

ʥʘץʪʳ ʚʝʨʩʠʷʩʳ  ʢʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨʽ ʩʠʤʚʦʣʜʘʨʳʥʳש ʝʢʽʣʽʢ ʙʝʡʥʝʣʝʥʫʽʥ 

  .ʦʣʜʘʥʘʜʳץ

 ɸʣʪʳ ץʦʩʳʤʰʘ ʩʠʤʚʦʣʜʘʨʤʝʥ (ʙʦʩ ʦʨʳʥ, ץʘʡʪʘʨʫ ʧʝʨʥʝʩʽ ʞᴅʥʝ ʪʘסʳ 

ʙʘʩץʘ) ʢʝשʝʡʪʽʣʛʝʥ ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽʥʝʥ {ɸ, ɺ, ʉ, D, ... , Z} ʢʽʨʽʩʪʽʢ ʘʰʳץ 

ʤᴅʪʽʥʽʥʽש ᴅʨ ʩʠʤʚʦʣʳ ʘʣʜʳʤʝʥ ɹʦʜ ʪʝʣʝʛʨʘʬʪʳϨ ʢʦʜʳʥʳϬ ʙʝʩ ʙʠʪʪʽʢ 

ʙʣʦʛʳʥʜʘ (b0, b1, b2, b3, b4) ʢʦʜʪʘʣʜʳ. 

 {
 
k0, k1, k2, ... } ʝʢʽʣʽʢ ʙʝʩ ʙʠʪʪʽʢ ʢʽʣʪʪʝʨʜʽש ʢʝʟʜʝʡʩʦץ ʙʽʨʽʟʜʽʣʽʛʽ ʘʣʜʳʥ 

ʘʣʘ ץʘסʘʟ ʣʝʥʪʘʜʘ ʞʘʟʳʣʜʳ.  

 ɺʝʨʥʘʤ ᴅʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫʜʽ ץʦʣʜʘʥʳʧ ʭʘʙʘʨʣʘʤʘ ʞʽʙʝʨʫ ʩʳʟʙʘʩʳ 2.16-

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

  
 

2.16-ʩʫʨʝʪ. ɺʝʨʥʘʤ ᴅʜʽʩʽʤʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ  ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ 

ʩʳʟʙʘʩʳ 

 

 ɸʣʜʳʥ ʘʣʘ n ʝʢʽʣʽʢ ʩʠʤʚʦʣʳʥʳש ʙʽʨʽʟʜʽʣʽʛʽʥʝ ʪװʨʣʝʥʜʽʨʽʣʛʝʥ ʢʽʨʽʩʪʽʢ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ ʰʠʬʨʣʝʫ k ʢʽʣʪʽʥʽש ʙʽʨʽʟʜʽʣʽʛʽʤʝʥ n-ʥʽש ʝʢʽ ʩʠʤʚʦʣʳʥʳש 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʞʦʣʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʐʠʬʨʣʝʥʛʝʥ 

ʤᴅʣʽʤʝʪʪʝʨ ʩʠʤʚʦʣʜʘʨʳ ʤʳʥʘʜʘʡ ʪװʨʜʝ ʪװʨʣʝʥʝʜʽ:  

 

ci = mi Ä ki , i = 1, 2, 3,é, n. (2.15) 
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 ʐʠʬʨʜʝʥ ʘʣʫ ci ʰʠʬʨʣʝʥʛʝʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ2 ש ʩʠʤʚʦʣʳʥʳש ʩʦʣ ki ʢʽʣʪ 

ʙʽʨʽʟʜʽʣʽʛʽʥʝ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʽʣʫʽʥʝʥ ʘʣʳʥʘʜʳ:  

 

mi = ci Ä ki = mi Ä ki Ä ki = mi , i = 1, 2, 3,é, n. (2.16) 

 

 ɹסײʘʥ ץʦʩʘ ʰʠʬʨʣʝʫ ʤʝʥ ʰʠʬʨʜʝʥ ʘʣʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʽʣʪʪʝʨ 

ʙʽʨʽʟʜʽʣʽʛʽ ʙʽʨ ʙʽʨʽʥ ʪʦʣʳץʪʳʨʘʜʳ (2 ʤʦʜʫʣʴ ʙʦʡʳʥʰʘ ץʦʩץʘʥ ʢʝʟʜʝ) ʞᴅʥʝ  

ʦʩʳʥʳש ʩʘʣʜʘʨʳʥʘʥ mi ʢʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨʽʥʽש ʩʠʤʚʦʣʜʘʨʳ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʽʣʝʜʽ. 

 ɺʝʨʥʘʤ ᴇʟ ʞװʡʝʩʽʥ ᴇשʜʝʡ ʦʪʳʨʳʧ ʦʥʳ ʽʣʪʪʝʨʜʽש ʩʦʣ ʙʽʨʽʟʜʽʣʽʛʽʥ 

 ʘʥסʪʘʨʤʝʥ ʦʨʥʘʪʳʣץʘʙʳʣʜʘʥʘʪʳʥ ʞʘץ ʰʽʥ ʞʽʙʝʨʽʣʝʪʽʥ ʞᴅʥʝװ ʦʣʜʘʥʫץ

ʰʳסʳʨʰʳץʪʘʣסʘʥ ʣʝʥʪʘʣʘʨ ʢᴇʤʝʛʽʤʝʥ ʪʝʢʩʝʨʜʽ (2.17-ʩʫʨʝʪ). 

 ʅʘץʪʳ ʞװʡʝʣʝʨʜʝ ʙʘʩʳʥʘʥ ʙʘʩʪʘʧ ʢʽʣʪʪʽש ʢʝʟʜʝʡʩʦץ ʮʠʬʨʣʘʨʳ ʙʘʨ ʝʢʽ 

ʙʽʨʜʝʡ ʣʝʥʪʘʣʘʨʜʳ ʜʘʡʳʥʜʘʡʜʳ. ɹʽʨʝʫʽ ʞʽʙʝʨʫʰʽʜʝ, ʘʣ ʙʘʩץʘʩʳ -  ϰʩʪʘʧ 

ʘʣʘ ʘʣʤʘʡʪʳʥ ᴅʜʽʩʧʝʥ, ʤʳʩʘʣʳ, ʢװʟʝʪʽ ʙʘʨ ʢʫʨʴʝʨʤʝʥ, ʟʘשʜʳ 

 ,ʘʙʳʣʜʘʫʰʳʤʝʥ ʞʽʙʝʨʽʣʝʜʽ.  ɾʽʙʝʨʫʰʽ ʭʘʙʘʨʣʘʤʘ ʞʽʙʝʨʛʽʩʽ ʢʝʣʛʝʥ ʢʝʟʜʝץ

ʦʣ ʙʘʩʪʘʧץʳʜʘ ʦʥʳ ʝʢʽʣʽʢ ʬʦʨʤʘסʘ ʘʡʥʘʣʜʳʨʘʜʳ ʞᴅʥʝ ײץʨʳʣסʳסʘ ʦʨʥʘʣʘ-

ʩʪʳʨʘʜʳ, ʢʽʣʪʪʽʢ ʣʝʥʪʘʜʘ ʘʥʳץʪʘʣסʘʥ ʭʘʙʘʨʣʘʤʘʥʳש ᴅʨ ʩʘʥʳʥʘ 2 ʩʘʥʳʥʳש 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʘʜʳ.  

 

 
 

2.17-ʩʫʨʝʪ. ʐʳסʳʨʰʳץʪʘʣסʘʥ ʣʝʥʪʘʣʘʨ ץʦʣʜʘʥʘʪʳʥ ɺʝʨʥʘʤ ʰʠʬʨʣʝʫ 

ʞװʡʝʩʽ  

 

 ʪʘ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘ ʰʠʬʨʣʝʫʛʝץʘʙʳʣʜʘʥʘʪʳʥ ʞʘפ 

 ʣײʩʘʡʪʳʥ ʤʘʰʠʥʘʜʘʥ ᴇʪʝʜʽ ʞᴅʥʝ ʞʘʟʣrʘʜʳ. ɹץײ ʘסʳסʨʳʣײץ ʦʣʜʘʥʳʣʘʪʳʥץ

-ʘʥ 2 ʩʘʥסʪʘʣץᴅʨ ʝʢʽʣʽʢ ʩʘʥʳʥʘ ʢʽʣʪʪʽʢ ʣʝʥʪʘʜʘ ʘʥʳ שʳ ʭʘʙʘʨʣʘʤʘʥʳסʨʳʣײץ

ʜʳ ʤʦʜʫʣʴ ʙʦʡʳʥʰʘ ץʦʩʘʜʳ, ʦʩʳʣʘʡʰʘ ʘʰʳץ ʤᴅʪʽʥ ʘʣʘʜʳ.  ʉʦʥʳʤʝʥ ʙʽʨʛʝ 

ʢʽʣʪʪʽʢ ʣʝʥʪʘ ʰʠʬʨʣʝʫʛʝ ץʦʣʜʘʥʳʣʘʪʳʥ ᴇʟʽʥʽש ʢᴇʰʽʨʤʝʩʽʥ  ʩʠʥʭʨʦʥʜʳ ʜʘ-

ʤʳʪʫ ʢʝʨʝʢ.  

 ɹײʣ ʞװʡʝʥʽש ʤʘשʳʟʜʳ ʢʝʤʰʽʣʽʛʽ ʞʽʙʝʨʽʣʛʝʥ ʘץʧʘʨʘʪʪʳש ᴅʨ ʙʠʪʽ װʰʽʥ 

ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪʪʳש ʙʠʪʽ ʘʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʣʫ ץʘʞʝʪ, ʞᴅʥʝ ʜʝ ʦʣ ʙʠʪʪʝʨ 
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ʢʝʟʜʝʡʩʦץ ʙʦʣʫʳ ץʘʞʝʪ.  ʄᴅʣʽʤʝʪʪʝʨʜʽװ שʢʝʥ ʢᴇʣʝʤʽʥ ʰʠʬʨʣʝʫ ʤʘשʳʟʜʳ 

ʰʝʢʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʙײʣ ʞװʡʝ ʪʝʢ ץʘʥʘ ʝש ʞʦסʘʨסʳ 

  .ʦʣʜʘʥʳʣʘʜʳץ ʧʠʷʣʳ ʭʘʙʘʨʣʘʤʘʣʘʨʜʳ ʞʽʙʝʨʫʛʝײץ

 ʧʨʦʙʣʝʤʘʩʳʥ שʳ ʞʽʙʝʨʽʣʫʽʥʽסשʘʣʜʳ שʧʠʷ ʢʽʣʪʽʥʽײץ שʣʢʝʥ ʢᴇʣʝʤʥʽת 

ʘʡʥʘʣʳʧ ᴇʪʫ װʰʽʥ ʠʥʞʝʥʝʨʣʝʨ ʤʝʥ ᴇʥʝʨʪʘʧץʳʰʪʘʨ ʢʝʡʙʽʨ ʘʣʛʦʨʠʪʤʜʝʨʛʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʽʨʥʝʰʝ ץʳʩץʘ ʘסʳʥʜʘʨʜʘʥ ʪײʨʘʪʳʥ ʧʩʝʚʜʦ ʢʝʟʜʝʡʩʦץ 

ʩʘʥʜʘʨʜʳש ᴇʪʝ ײʟʘץ ʘסʳʥʜʘʨ ʛʝʥʝʨʘʮʠʷʩʳʥʳש ʢᴇʧ ʩʳʟʙʘʣʘʨʳʥ ʦʡʣʘʧ ʪʘʧ-

ʪʳ. ʐʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʘʣʫʰʳʥʳ ʪʫʨʘ ʞʽʙʝʨʫʰʽʜʝʛʽʜʝʡ ʛʝʥʝʨʘʪʦʨ-

ʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʨʝʢ. ɹʽʨʘץ ʤײʥʜʘʡʡ ʘʣʛʦʨʠʪʤʜʝʨ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʛʝ ʞװʡʝʣʽʣʽʢ ץʦʩʘʜʳ, ʦʥʳש ʘʥʳץʪʘʣʫʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳסʘ 

ʭʘʙʘʨʣʘʤʘʥʳ ʜʝʰʠʬʨʣʝʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. ʆʩʳʥʜʘʡ ʛʝʥʝʨʘʪʦʨʣʘʨʜʳש 

 ʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʘʨʘʣʘʩסʪʘʣץʙʽʨʽ ʘʥʳ שʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽʥʽ שʨʳʣʫʳʥʳײץ

ʘסʳʥʜʘʨʜʳ ʘʣʫ װʰʽʥ ʞʠʥʘץʪʘʣʘʪʳʥ ʝʢʽ ʥʝ ʦʜʘʥ ʢᴇʧ ʙʠʪʪʽʢ ʣʝʥʪʘʣʘʨʜʳ 

 .ʨʛʽʟʽʣʝʜʽ (2.18-ʩʫʨʝʪ)װʦʣʜʘʥʫʜʘ ʞץ

 

 
 

2.18-ʩʫʨʝʪ. ɸʨʘʣʘʩ ʘסʳʥʜʳ ץʦʣʜʘʥʘʪʳʥ ɺʝʨʥʘʤ ʰʠʬʨʣʝʫ ʞװʡʝʩʽ 

 

 ɺʝʨʥʘʤ ᴅʜʽʩʽ ʢʽʣʪʪʽש ʙʽʨʽʟʜʽʣʽʛʽʥʽײ שʟʳʥʜʳסʳʥʘ ʪᴅʫʝʣʜʽ ʝʤʝʩ, ʢʽʣʪʪʝʨʜʽש 

ʢʝʟʜʝʡʩʦץ ʙʽʨʽʟʜʽʣʽʛʽʥ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʜʽʛʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʜײʨʳʩ. 

ɼʝʛʝʥʤʝʥ  ɺʝʨʥʘʤ ᴅʜʽʩʽ ʙʝʨʛʝʥ ʢʝʟʜʝ ץʘʙʳʣʜʘʫʰʳסʘ ʪʫʨʘ 

ʞʽʙʝʨʫʰʽʜʝʛʽʜʝʡ ʢʽʣʪʪʝʨ ʙʽʨʽʟʜʽʣʽʛʽʥ ʞʝʪʢʽʟʫ ץʘʞʝʪʪʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, 

ʥʝʤʝʩʝ ʞʽʙʝʨʫʰʽʜʝ ʜʝ, ץʘʙʳʣʜʘʫʰʳʜʘ ʜʘ ʢʽʣʪʪʝʨʜʽש ʩᴅʡʢʝʩ ʙʽʨʽʟʜʽʣʽʛʽʥ 

 ʘʞʝʪʪʽʣʽʛʽʤʝʥ ʘʫʳʨ ʧʨʦʙʣʝʤʘʣʘʨ ʪʫʳʥʜʘʡʜʳ. ɺʝʨʥʘʤץ ʪʘʫץʘʫʧʩʽʟ ʩʘץ

ʰʠʬʨʣʝʫ ʞװʡʝʩʽʥʽש ʙײʣ ʢʝʤʰʽʣʽʢʪʝʨʽ ʰʠʬʨʣʝʫʜʽ ʛʘʤʤʘʣʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ 

ʢʝʟʽʥʜʝ ʞʦʡʳʣʘʜʳ.    

 

ɻʘʤʤʘʣʘʫ ϸʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫ 

 

 ɻʘʤʤʘʣʘʫ ϸʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫʜʽϬ ʤᴅʥʽ ʰʠʬʨʣʝʥʝʪʽʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש 

ʩʠʤʚʦʣʜʘʨʳ ʛʘʤʤʘ ʜʝʧ ʘʪʘʣʘʪʳʥ ʢʝʡʙʽʨ ʘʨʥʘʡʳ ʙʽʨʽʟʜʽʣʽʢʪʽש 

ʩʠʤʚʦʣʜʘʨʳʤʝʥ ץʦʩʳʣʘʜʳ ʝʢʝʥʜʽʛʽʥʜʝ. ʂʝʡʜʝ ʤײʥʜʘʡ ᴅʜʽʩ ʢʽʨʽʩ 
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ʤᴅʣʽʤʝʪʪʝʨʽʥʝ ʛʘʤʤʘʣʘʨʜʳ ʩʘʣʫʜʳ ʢᴇʨʩʝʪʝʜʽ, ʦʩʳʜʘʥ çʛʘʤʤʘʣʘʫè ʘʪʘʫʳ 

ʙʝʨʽʣʛʝʥ.  

 ʂʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨʽʥʝ ʛʘʤʤʘʣʘʨʜʳ ʩʘʣʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ʝʢʽ ʪᴅʩʽʣʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ.  

 ɹʽʨʽʥʰʽ ʪᴅʩʽʣʜʝ ʢʽʨʽʩ ʤᴅʪʽʥʽʥʽש ʩʠʤʚʦʣʜʘʨʳ ʤʝʥ ʛʘʤʤʘʣʘʨ ʩʘʥʜʳץ ʵʢʚʠ-

ʚʘʣʝʥʪʪʝʨʤʝʥ ʘʣʤʘʩʘʜʳ ʩʦʜʘʥ ʢʝʡʽʥ n ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ, ʤײʥʜʘסʳ  

n  ʘʣʬʘʚʠʪʪʝʛʽ ʩʠʤʚʦʣʜʘʨ ʩʘʥʳ, ʷסʥʠ:  

 

ci = (mi + gi ) mod n,   i = 1, 2, 3,é, n, (2.17) 

 

ʤײʥʜʘסʳ ci, mi, gi  ʰʠʬʨʣʝʥʝʪʽʥ ʤᴅʪʽʥ, ʢʽʨʽʩ ʤᴅʪʽʥʽ ʞᴅʥʝ ʛʘʤʤʘʣʘʨʳʥʳש 

ʩᴅʡʢʝʩ ʩʠʤʚʦʣʜʘʨʳ.   

 2.20-ʤʳʩʘʣ. ɻʘʤʙʠʪ ʘʰʳץ ʤᴅʪʽʥʽ ʙʦʣʩʳʥ, ʩʘʥʜʳץ ʵʢʚʠʚʘʣʝʥʪ 2.8 ʢʝʩʪʝ 

ʙʦʡʳʥʰʘ ʤʳʥʘʜʘʡ ʞʘʫʘʧ ʙʝʨʜʽ: 03 00 12 01 08 18. ɻʘʤʤʘ: ʄʦʜʝʣʴ - 12 14 

04 05 11 28. ʆʨʳʩ ʘʣʬʘʚʠʪʽ װʰʽʥ n = 32. 

 ʐʝʰʫʽ: ʘʰʳץ ʤᴅʪʽʥʜʽ ʰʠʬʨʣʝʫ װʰʽʥ 2.17 ᴇʟʘʨʘ ץʘʪʳʥʘʩʳʥ ץʦʣʜʘʥʳʧ 

ʪᴇʤʝʥʜʝʛʽʛʝ ץʦʣ ʞʝʪʢʽʟʝʤʽʟ:  

 

ʩ1 = (03 + 12 ) mod 32 = 15;   ʩ2 = (00 + 14 ) mod 32 = 14; 

 

ʩ3 = (12 + 04 ) mod 32 = 16;   ʩ4 = (01 + 05 ) mod 32 = 06; 

 

ʩ5 = (08 + 11 ) mod 32 = 19;   ʩ6 = (18 + 28 ) mod 32 = 14. 

 

 ʉʦʥʳʤʝʥ, ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʽ ʘʣʳʥʜʳ: 15 14 16 06 19 14, 2.2-ʩʫʨʝʪ 

ʝʩʝʙʽʥʝʥ ʤʳʥʘ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ: ʇʦʨʞʫʦ. 

 ɽʢʽʥʰʽ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʢʽʨʽʩ ʤᴅʪʽʥʽʥʽש ʩʠʤʚʦʣʜʘʨʳ ʤʝʥ ʛʘʤʤʘ-

ʣʘʨʳ ʝʢʽʣʽʢ ʢʦʜ ʪװʨʽʥʜʝ ʢᴇʨʤʝʪʽʣʝʜʽ, ʘʣ ʩʦʜʘʥ ʢʝʡʽʥ ʩᴅʡʢʝʩ ʨʘʟʨʷʜʪʘʨ 2 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʦʨʥʘʣʘʩʘʜʳ:  

 

cij = mij Ä gij,   i = 1, 2, 3,é, n;   j = 0, 1, é, l, (2.18) 

 

ʤײʥʜʘסʳ Ä   2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʩʦʤʘʣʘʫ ʘʤʘʣʳ; cij, mij ʞᴅʥʝ gij  

ʰʠʬʨʣʝʥʝʪʽʥ ʤᴅʪʽʥ, ʢʽʨʽʩ ʤᴅʪʽʥʽ ʞᴅʥʝ ʛʘʤʤʘʣʘʨʳʥʳש ʩᴅʡʢʝʩ ʝʢʽʣʽʢ ʩʠʤʚʦʣ-

ʜʘʨʳ; n  ʰʠʬʨʣʝʥʝʪʽʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʩʠʤʚʦʣʜʘʨ ʩʘʥʳ (ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʣʽʤʝʪʪʝʨʜʽש ʩʠʤʚʦʣʜʘʨʳʥʳש ʩʘʥʳ; ʛʘʤʤʘʣʘʨ ʩʠʤʚʦʣʳʥʳש ʩʘʥʳ); l  

ʢʽʨʽʩ ʩʠʤʚʦʣʜʘʨʳʥʳש, ʛʘʤʤʘʣʘʨʜʳש ʞᴅʥʝ ʰʠʬʨʣʝʥʝʪʽʥ  ʩʠʤʚʦʣʜʘʨʜʳש 

ʝʢʽʣʽʢ ʙʠʪʪʝʨʽʥʽש ʩʘʥʳ. 

 2.21-ʤʳʩʘʣ. ɸʰʳץ ʤᴅʪʽʥ ʤʝʥ ʛʘʤʤʘ ʞʦʭסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʤʳʩʘʣʜʘסʳʜʘʡ ʙʦʣʩʳʥ ʜʝʣʽʢ.  

 ʐʝʰʫʽ: ʐʠʬʨʣʝʫ װʰʽʥ 2.18 ᴇʟʘʨʘ ץʘʪʳʥʘʩʳʥ ץʦʣʜʘʥʘʤʳʟ: 

 



 71 

 03 00 12 01 08 18 

Ä 

00011 00000 01100 00001 01000 10010 

      

01100 01110 00100 00101 01011 11100 

 
01111 01110 01000 00100 00011 01110 

15 14 08 04 03 14 

 

 ʇʦʠʜʛʦ-סʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 15 14 08 03 04 14 ʠhʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʩʳʥ 

ʘʣʘʤʳʟ.  

 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫʜʳש ʦʨʥʳʥʘ ʛʘʤʤʘʣʘʫ ʢʝʟʽʥʜʝ ʙʘʩץʘ ʣʦʛʠʢʘʣʳץ 

ʘʤʘʣʜʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ, ʤʳʩʘʣʳ, ʣʦʛʠʢʘʣʳץ ʵʢʚʠʚʘʣʝʥʪʪʽʣʽʢ ʥʝʤʝʩʝ 

ʣʦʛʠʢʘʣʳץ ʵʢʚʠʚʘʣʝʥʪʩʽʟʜʽʢ. ʄײʥʜʘʡ ʘʫʩrʪʳʨʫ ʢʽʨʽʩ ʤᴅʪʽʥʽ ʤʝʥ ʛʘʤʤʘʣʘʨ 

ʩʠʤʚʦʣʜʘʨʳʥʘʥ ʪײʨʘʪʳʥ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘ ʩʠʤʚʦʣʜʘʨʳʥ 

 שʳ ʙʽʨ ʢʽʣʪʪʽסʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪʘשʘʣʳʧʪʘʩʪʳʨʫ ʝʨʝʞʝʩʽʥ ʪʘץ

ʝʥʛʽʟʽʣʫʽʤʝʥ ʰʘʤʘʣʘʩ.   

 ɻʘʤʤʘʣʘʫ ᴅʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫ ʪײʨʘץʪʳʣʳסʳ, ʝש ʙʘʩʪʳ, ʛʘʤʤʘʣʘʨʜʳש 

 ʙʽʨ שʘʩʠʝʪʪʝʨʽʥʽץ ץʳ ʤʝʥ ʩʘʪʠʩʪʠʢʘʣʳסʪʳץʟʘײ שʘʩʠʝʪʪʝʨʽʤʝʥ ï ʢʝʟʝץ

ʢʝʣʽʢʪʽʣʽʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʉʦסשʳ ץʘʩʠʝʪʽ ʢʝʟʝש ʽʰʽʥʜʝ ʪװʨʣʽ 

ʩʠʤʚʦʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʢʝʟʽʥʜʝʛʽ ʟʘשʜʳʣʳץʪʘʨʜʳש ʞʦץʪʳסʳʥ 

   .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 ʐʠʬʨʜʝʥ ʘʣʫ ʢʝʨʽ ʘʤʘʣʜʳש ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʽ ʤʝʥ ʛʘʤʤʘʩʳ ʩʠʤʚʦʣ-

ʜʘʨʳʥʘ ץʦʣʜʘʥʫ ʞʦʣʳʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ: 

 

ci = (mi ï gi ) mod n,   i = 1, 2, 3,é, l. 

 

ʥʝʤʝʩʝ 

 

cij = mij Ä gij,   i = 1, 2, 3,é, n;   j = 0, 1, é, l, 

 

 2.22-ʤʳʩʘʣ. ɸʣʜʳסשʳ ʤʳʩʘʣʜʘʥ (2.21-ʤʳʩʘʣ) ʝʢʽ ᴅʜʽʩ ʙʦʡʳʥʰʘ ʰʠʬʨ-

ʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʰʠʬʨʜʝʥ ʘʣʘʤʳʟ.  

 ʐʝʰʫʽ: ɹʽʨʽʥʰʽ ᴅʜʽʩ ʙʦʡʳʥʰʘ: 

 

m1 = (15 ï 12 ) mod 32 = 03;   m2 = (14 ï 14 ) mod 32 = 00; 

m3 = (16 ï 04 ) mod 32 = 12;   m4 = (06 ï 05 ) mod 32 = 01; 

m5 = (19 ï 11 ) mod 32 = 08;   m6 = (14 ï 28 ) mod 32 = 18. 

 

 ʉʦʥʳʤʝʥ, ɻʘʤʙʠʪ-ʢʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 03 00 12 01 08 18 ʘʰʳץ ʤᴅʪʽʥʽ 

ʘʣʳʥʜʳ.  

 ɽʢʽʥʰʽ ᴅʜʽʩ ʙʦʡʳʥʰʘ: 
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 15 14 08 04 03 14 

Ä 

01111 01110 01000 00100 00011 01110 

      

01100 01110 00100 00101 01011 11100 

 
00011 00000 01100 00001 01000 10010 

03 00 12 01 08 18 

 

 ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʪʘסʳ ʜʘ ɻʘʤʙʠʪ ʘʰʳץ ʤᴅʪʽʥʽʥʝ ʞʘʫʘʧ ʙʝʨʝʪʽʥ 

03 00 12 01 08 18 ʘʰʳץ ʤᴅʪʽʥʽ ʘʣʳʥʜʳ.  

 ɻʘʤʤʘʣʘʫ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʰʠʬʨʣʝʫ ʞװʡʝʩʽʥʽש ʪײʨʘץʪʳʣʳסʳ 

ʛʘʤʤʘʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ï ʦʥʳײ שʟʳʥʜʳסʳʥʘ ʞᴅʥʝ ʛʘʤʤʘ ʙʝʣʛʽʣʝʨʽʥʽש ʧʘʡʜʘ 

ʙʦʣʫ ʳץʪʠʤʘʣʜʳסʳʥʳש ʪʘʨʘʪʳʣʫ  ʙʽʨʢʝʣʢʽʣʽʛʽʥʝ ʪᴅʫʝʣʜʽ.  

 ɻʘʤʤʘʣʘʫ ᴅʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫʜʽש ʝʢʽ ʪװʨʽ ʙʘʨ ï ʰʝʢʪʽ ʞᴅʥʝ ʰʝʝʢʩʽʟ ʛʘʤ-

ʤʘʤʝʥ. ɻʘʤʤʘʥʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʜʝ ʰʠʬʨʣʝʫ ײץʨʘץʪʳʣʳסʳ ʪʝʢ 

ʢʝʟʝשʥʽײ שʟʳʥʜʳסʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ɹסײʘʥ ץʦʩʘ ʝʛʝʨ ʛʘʤʤʘ ʢʝʟʝשʽʥʽש 

 ʥʜʘʡ ʰʠʬʨײʳʥʘʥ ʘʩʳʧ ʢʝʪʩʝ, ʦʥʜʘ ʤסʟʳʥʜʳײ ʳ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥסʟʳʥʜʳײ

ʪʝʦʨʠʷʣʳץ ʪײʨסʳʜʘʥ ʘʙʩʦʣʶʪʪʽ ʪײʨʘץʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʙײʣ 

ʜʝʰʠʬʨʣʝʫ ʪʽʧʪʽ ʤװʤʢʽʥ ʝʤʝʩ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʤʝʡʜʽ: ʢʝʡʙʽʨ ץʦʩʳʤʰʘ 

ʘץʧʘʨʘʪʪʳ ʙʝʨʫ ʢʝʟʽʥʜʝ ʢʽʨʽʩʪʽʢ ʤᴅʪʽʥ ʰʝʢʩʽʟ ʛʘʤʤʘʥʳ ץʦʣʜʘʥסʘʥ ʢʝʟʜʽש 

ᴇʟʽʥʜʝ ʞʘʨʪʳʣʘʡ ʥʝʤʝʩʝ ʪʦʣʳסʳʤʝʥ ץʘʣʳʧץʘ ʢʝʣʪʽʨʽʣʛʝʥ ʙʦʣʘ ʘʣʘʜʳ. 

 ʐʝʢʩʽʟ ʛʘʤʤʘ ʨʝʪʽʥʜʝ ʢʝʟʜʝʡʩʦץ ʩʠʤʚʦʣʜʘʨʜʳש ʢʝʟ ʢʝʣʛʝʥ ʨʝʪʪʽʣʽʛʽ 

-ʮʠʬʨʣʘʨ ʨʝʪʪʽʣʽʛʽ. ʕʣʝʢ שʦʣʜʘʥʳʣʘ ʘʣʘʜʳ, ʤʳʩʘʣʳ, p ʥʝʤʝʩʝ ʝ ʩʘʥʳʥʳץ

ʪʨʦʥʜʳ-ʝʩʝʧʪʝʫʽʰ ʤʘʰʠʥʘʤʝʥ ʰʠʬʨʣʝʫ ʢʝʟʽʥʜʝ ʛʘʤʤʘ ʨʝʪʪʽʣʽʛʽ 

ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʜʘʪʯʠʛʽ ʢᴇʤʝʛʽʤʝʥ ץʘʣʳʧʪʘʩʘʜʳ. פʘʟʽʨʛʽ ʪʘשʜʘ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʦʩʳʥʜʘʡ ʜʘʪʯʠʢʪʝʨץ ʘʩʠʝʪʪʝʨʽʥץ ʘʪʪʘʥʜʳʨʳʣʘʪʳʥסʘʥʘץ

ʞײʤʳʩʳʥʳש ʘʣʛʦʨʠʪʤʜʝʨʽ ᴇשʜʝʣʛʝʥ [32]. 

 

ϧʦʡʳʣʳʤʥʳϬ ʨʦʪʦʨʣʳ hʠʬʨr 

 

 ɹʽʨ ʨʝʪʪʽʢ ʙʣʦʢʥʦʪ ʰʠʬʨʳ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʳʣʤʘʩʘ ʜʘ, ʦʜʘʥ ʝש 

 ʘʜʘʤ ï ʦʣ  ϨʦʡʳʣʳʤʥʳϬ ʨʦʪʦʨʣʳ ʰʠʬʨʳ. ʆʣ ʤʦʥʦץ ʘ ʙʽʨסʘʥ ʰʠʬʨסʘʣסʦʨץ

ʘʣʬʘʚʠʪʪʽ ץʦʡʳʣʳʤ ʠʜʝʷʩʳʥʘ ץʘʡʪʘ ʢʝʣʝʜʽ, ʙʽʨʘץ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʦʥʳש 

ᴅʨ ʩʠʤʚʦʣʳ װʰʽʥ  ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש ʩʠʤʚʦʣʳʥʘ ʙʝʡʥʝʣʝʥʫ ʧʨʠʥʮʠʧʽʥ 

ᴇʟʛʝʨʪʝʜʽ. 2.19-ʩʫʨʝʪ ʨʦʪʦʨʣʳ ʰʠʬʨʜʳץ שʳʩץʘʨʪʳʣסʘʥ ʤʳʩʘʣʳʥ ʢᴇʨʩʝʪʝʜʽ.  
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2.19-ʩʫʨʝʪ. פʦʡʳʣʳʤʥʳש ʨʦʪʦʨʣʳ ʰʠʬʨʳ 

 

 2.19-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʨʦʪʦʨ ʪʝʢ 6 ᴅʨʽʧʢʝ ץʦʣʜʘʥʳʣסʘʥ, ʙʽʨʘץ ʥʘץʪʳ 

ʨʦʪʦʨʣʘʨ ʘסʳʣʰʳʥ ʘʣʬʘʚʠʪʽʥʽ26 ש ᴅʨʧʽʥ ץʦʣʜʘʥʘʜʳ. ʈʦʪʦʨ ʙʘʩʪʘʧץʳ ʞᴅʥʝ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʨ ʩʠʤʚʦʣʜʘʨʳʥ װʥʝʤʽ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ, ʙʽʨʘץ ץʦʩʳʣʫ 

ʱʝʪʢʘ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʅʘʟʘʨ ʘʫʜʘʨʳשʳʟʜʘʨ,  ʙʘʩʪʘʧץʳ ʞᴅʥʝ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʨ ʩʠʤʚʦʣʜʘʨʳʥʳץ שʦʩʳʣʫʳ, ʝʛʝʨ ʨʦʪʦʨ ʤᴇʣʜʽʨ ʞᴅʥʝ 

ʽʰʢʽ ʙᴇʣʽʛʽʥ ʢᴇʨʝ ʘʣʫסʘ ʙʦʣʘʪʳʥʜʘʡ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 ʈʦʪʦʨʜʳש ʙʘʩʪʘʧץʳ ʦʨʥʘʪʳʣʫʳ (ʧʦʟʠʷʮʠʷʩʳ) ï ʞʽʙʝʨʫʰʽ ʤʝʥ 

 שʳ ʤᴅʪʽʥʥʽץʣ ʙʘʩʪʘʧײʧʠʷʣʘʫ ʢʽʣʪʽ ï ʙײץ ʘʙʳʣʜʘʫʰʳ ʘʨʘʩʳʥʜʘץ

ʰʠʬʨʣʝʥʛʝʥ ʙʽʨʽʥʰʽ ʩʠʤʚʦʣʳ. ɹʘʩʪʘʧץʳ ʦʨʥʘʪʫʜʳ ץʦʣʜʘʥʳʧ, ʝʢʽʥʰʽ 

ʩʠʤʚʦʣ ʙʽʨʽʥʰʽ ʘʡʥʘʣʳʤ ʞװʨʛʽʟʽʣʛʝʥʥʝʥ ʢʝʡʽʥ ʰʠʬʨʣʝʥʜʽ (2.19-ʩʫʨʝʪʪʝ ï 

ʙײʣ ʜᴇשʛʝʣʝʢʪʽ1/6 ש-ʥʝ ʙײʨʳʣʳʩ, ʥʘץʪʳ ʦʨʥʘʪʫʜʘ ï 1/26-ʛʝ ʙײʨʳʣʳʩ) ʞᴅʥʝ 

ʪ.ʙ.  

 bee ʩʝʢʽʣʜʽ װʰ ᴅʨʽʧʪʽ ʩᴇʟ BAA ʨʝʪʽʥʜʝ ʰʠʬʨʣʝʥʝʜʽ, ʝʛʝʨ ʨʦʪʦʨ 

 ʝʛʝʨ ʦʣ ץʙʦʣʩʘ, ʙʽʨʘ (ʤʦʥʦ ʘʣʬʘʚʠʪʪʽʢ ʰʠʬʨ שʦʡʳʣʳʤʥʳץ) ʘʥסʘʣʤʘסʦʟץ

 ʣײʦʣ BCA ʙʦʣʳʧ ʰʠʬʨʣʝʥʝʜʽ. ɹ ,(ʨʦʪʦʨʣʳ ʰʠʬʨʳ שʦʡʳʣʳʤʥʳץ) ʘʡʪʩʘץ

 ʳץʨʦʪʦʨʣʳ ʰʠʬʨʳ ï ʢᴇʧ ʘʣʬʘʚʠʪʪʽ ʰʠʬʨ, ᴇʡʪʢʝʥʽ ʙʘʩʪʘʧ שʦʡʳʣʳʤʥʳץ

ʤᴅʪʽʥ ʩʦʣ ʩʠʤʚʦʣʳʥʳש ʝʢʽ ʨʝʪ ʧʘʡʜʘ ʙʦʣʫʳ ʪװʨʣʽ ʩʠʤʚʦʣʜʘʨ ʨʝʪʽʥʜʝ 

ʰʠʬʨʣʝʥʛʝʥ. 

 ʰèװʪʳ çᴇʨʝʩʢʝʣ ʢץʩʠʷ שʦʡʳʣʳʤʥʳץ ʨʦʪʦʨʣʳ ʰʠʬʨʳ שʦʡʳʣʳʤʥʳפ 

ʰʘʙʫʳʣʳʥʘ ʪײʨʘץʪʳ, ᴇʡʪʢʝʥʽ ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ ʤװʤʢʽʥ n! (n ʬʘʢʪʦʨʠʘʣ)-ʜʘʨ 

ʘʨʘʩʳʥʜʘ ʙʝʡʥʝʣʝʥʫʽʥʽש ʙʽʨʽʥʰʽ ʞʠʳʥʳʥ ʪʘʙʫ ʢʝʨʝʢ. פʦʡʳʣʳʤʥʳש 

ʨʦʪʦʨʣʳ ʰʠʬʨʳ ʤʦʥʦ ʘʣʬʘʚʠʪʪʽʢ ʰʠʬʨʳʥʘ ץʘʨʘסʘʥʜʘ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʰʘʙʫʳʣסʘ ʥʝײסʨʣʳʤ ʪײʨʘץʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʝʙʝʙʽ ʦʥʜʘ ʘʣʬʘʚʠʪʪʽש 

ᴅʨʧʽʥ ץʦʣʜʘʥʫ ʞʠʽʣʽʛʽ ʩʘץʪʘʣʤʘʡʜʳ.  

 ñʕʥʠʛʤʘò ץʦʡʳʣʳʤʥʳש ʨʦʪʦʨʣʳ ʤʘʰʠʥʘʩʳ ʙʘʩʪʘʧץʳʜʘ ʉʝʨʙʠʷʜʘ 

ʦʡʣʘʧ ʪʘʙʳʣʜʳ, ʙʽʨʘץ ʥʝʤʽʩ ᴅʩʢʝʨʽʥʽש ʤʘʤʘʥʜʘʨʳ ʦʥʳ ᴇʟʛʝʨʪʪʽ ʞᴅʥʝ ɽʢʽʥʰʽ 

ʜװʥʠʝ ʞװʟʽʣʽʢ ʩʦסʳʩʳ ʢʝʟʽʥʜʝ ץʘʨץʳʥʜʳ ץʦʣʜʘʥʜʳ [2, 32]. ʄʘʰʠʥʘ 
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ʨʦʪʦʨʣʳ ʰʠʬʨʣʘʨ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ. 2.20-ʩʫʨʝʪ ñʕʥʠʛʤʘò 

  .ʘʥ ʩʳʟʙʘʩʳʥ ʢᴇʨʩʝʪʝʜʽסʘʨʪʳʣץʳʩץ שʨʫʜʳײץ ʤʘʰʠʥʘʩʳʥ שʦʡʳʣʳʤʳʥʳץ

 

 
 

2.20-ʩʫʨʝʪ. ñʕʥʛʠʤʘò ץʦʡʳʣʳʤʳʥʳש ʤʘʰʠʥʘʩʳʥʳײץ שʨʳʣʫʳ   

 

 ʊᴇʤʝʥʜʝ ʤʘʰʠʥʘʥʳש ʙʘʩʪʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʘʪʘʧ ʢᴇʨʩʝʪʽʣʛʝʥ:   

 1. 26 ʢʽʣʪʽ ʙʘʨ ʢʣʘʚʠʘʪʫʨʘ, ʰʠʬʨʣʝʫ ʢʝʟʽʥʜʝ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʝʥʛʽʟʫ 

ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ ʢʝʟʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʝʥʛʽʟʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ.  

 2. 26 ʣʘʤʧʘʩʳ ʙʘʨ ʣʘʤʧʘʣʳץ ʧʘʥʝʣʴ, ʰʠʬʨʣʝʫ ʢʝʟʽʥʜʝ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥ ʩʠʤʚʦʣʜʘʨʳʥ ʞᴅʥʝ ʰʠʬʨʜʝʥ ʘʣʫ ʢʝʟʽʥʜʝ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʩʠʤʚʦʣʜʘ-

ʨʳʥ ʢᴇʨʩʝʪʝʜʽ.  

 3. ʦʥ װʰ ᴇʪʢʽʟʛʽʰʢʝ ץʦʣʤʝʥ ʞʘʣסʘʥסʘʥ 26 ʰʪʝʧʩʝʣʽ ʙʘʨ ʢʦʤʤʫʪʘʮʠʷʣʳץ 

ʧʘʥʝʣʴ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʢװʥʜʝ ʪװʨʣʽ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝʥʽ ץʘʤʪʘʤʘʩʳ ʝʪʫ װʰʽʥ 

ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ.   

 4. ʘʣʜʳסשʳ ʩʝʢʮʠʷʣʘʨʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥʜʘʡ װʰ ײץʨʘʩʪʳʨʳʣסʘʥ ʨʦʪʦʨ-

ʣʘʨ. ɹײʣ װʰ ʨʦʪʦʨʣʘʨ ʢװʥʜʝʣʽʢʪʽ ʙʝʩ ץʦʣʞʝʪʽʤʜʽ ʨʦʪʦʨʣʘʨʜʘʥ ʪʘשʜʘʣʘʜʳ. 

ʊʝʟ ʨʦʪʦʨ ʢʣʘʚʠʘʪʫʨʘ ʘʨץʳʣʳ ʝʥʛʽʟʽʣʛʝʥ ᴅʨ ʩʠʤʚʦʣ ʢʝʟʽʥʜʝ 1/26 ʙײʨʳʣʳʩ 

ʘʡʥʘʣʘʜʳ. ʆʨʪʘʰʘ ʨʦʪʦʨ ʪʝʟ ʨʦʪʦʨʜʳש ᴅʨ ʪʦʣʳץ ʘʡʥʘʣʳʩʳʥʜʘ 1/26 

ʙײʨʳʣʳʩ ʞʘʩʘʡʜʳ. ɾʘʡ ʨʦʪʦʨ ʦʨʪʘʰʘ ʨʦʪʦʨʜʳש ᴅʨ ʘʷץʪʘʣסʘʥ ʙײʨʳʣʳʩʳ 

  .ʨʳʣʳʩ ʞʘʩʘʡʜʳײʰʽʥ 1/26 ʙװ

   .ʘʰסʳʣʜʳʨסʘʥ ʰʘסʨʘʩʪʳʨʳʣײץ ʥʝʤʽ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘװ .5 

 çʕʥʠʛʤʘè ץʦʡʳʣʳʤ ʤʘʰʠʥʘʩʳʥ ץʦʣʜʘʥʫ װʰʽʥ ʢʦʜʪʳץ ʢʽʪʘʧ 

ʰʳסʘʨʳʣʜʳ, ʙײʣ ʢʽʪʘʧ ᴅʨ ʢװʥ ʽʰʽʥʜʝ ʪᴇʤʝʥʜʝʛʽʣʝʨʜʽ ץʦʩʘ ʦʪʳʨʳʧ, 

ʙʘʧʪʘʫʜʳש ʙʽʨʥʝʰʝ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʝʨʝʜʽ: 
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 a) ʙʝʩ ץʦʣ ʞʝʪʽʤʜʽʣʝʨʽʥʝʥ ʪʘשʜʘʣʘʪʳʥ װʰ ʨʦʪʦʨ; 

 ʙ) ʦʩʳ ʨʦʪʦʨʣʘʨ ʦʨʥʘʪʳʣʘʪʳʥ ʪᴅʨʪʽʧ; 

 ʚ) ʢʦʤʤʫʪʘʮʠʷʣʳץ ʧʘʥʝʣʴ װʰʽʥ ʦʨʥʘʪʫ ʧʘʨʘʤʝʪʨʣʝʨʽ; 

 ʛ) ʢװʥʥʽװ שʰ ᴅʨʧʽ ʙʘʨ ʢʦʜʳ. 

 ʍʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ װʰʽʥ ʦʧʝʨʘʪʦʨ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ 

  :ʘʞʝʪץ ʘʜʘʤʜʘʨʜʳ ʙʽʨʽʟʜʽʣʽʢʧʝʥ ʦʨʳʥʜʘʫʳץ

 1. ʢװʥ ʢʦʜʳʥʘ ʩᴅʡʢʝʩ ʨʦʪʦʨʣʘʨʜʳש ʙʘʩʪʘʧץʳ ʧʦʟʠʮʠʷʩʳʥ ʦʨʥʘʪʫ. ʄʳ-

ʩʘʣʳ, ʝʛʝʨ ʢʦʜ HUA ʙʦʣʩʘ, ʨʦʪʦʨʣʘʨ  ʩᴅʡʢʝʩʽʥʰʝ H, U ʞᴅʥʝ A-סʘ 

ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʥסʘʥ ʙʦʣʫʳ ץʘʞʝʪ.  

װ .2   h ᴅʨʧʽ ʙʘʨ ʢʝʟʜʝʡʩʦץ ʢʦʜʪʳ ʪʘשʜʘʫ, ʤʳʩʘʣʳ ACF. 1 ץʘʜʘʤʥʳש 

ʨʦʪʦʨʳʥʳש ʙʘʩʪʘʧץʳ ʦʨʥʘʪʳʣʫʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ACFACF 

 ʤᴅʪʽʥʽʥ ʰʠʬʨʣʝʫ. ʄʳʩʘʣʳ, ʰʠʬʨʣʝʥʝʪʽʥ ʢʦʜ ï (ʘʡʪʘʣʘʥʙʘʣʳ ʢʦʜץ)

OPNABT ʜʝʧ ʘʣʘʡʳץ.  

 3. OPN-סʘ (ʰʠʬʨʣʝʥʝʪʽʥ ʢʦʜʪʳש ʞʘʨʪʳʩʳ) ʨʦʪʦʨʜʳש ʙʘʩʪʘʧץʳ ʧʦʟʠ-

ʮʠʷʩʳʥ ʦʨʥʘʪʫ. 

 ʳץʘʥ ʰʠʬʨʣʝʥʛʝʥ ʘʣʪʳ ᴅʨʽʧʪʽ (OPNABT) ʙʘʩʪʘʧסʘʜʘʤʜʘ ʘʣʳʥץ 2 .4 

ʭʘʙʘʨʣʘʤʘʥʳש ʘʷסʳʥʘ ץʦʩʫ.  

 5. ʘʣʪʳ ᴅʨʧʽ ʙʘʨ ʢʦʜʪʳ ץʦʩʘ, ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ. ʐʠʬʨʣʝʥʛʝʥ ʭʘ-

ʙʘʨʣʘʤʘʥʳ ʞʽʙʝʨʫ.  

 ʍʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʜʝʥ ʘʣʫ װʰʽʥ ʦʧʝʨʘʪʦʨ ʪᴇʤʝʥʜʝʛʽ ץʘʜʘʤʜʘʨʜʳ 

ʦʨʳʥʜʘʫ ץʘʞʝʪ:  

1. ʭʘʙʘʨʣʘʤʘʥʳ ʘʣʫ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʘʣʪʳ ᴅʨʽʧʪʽ ʙᴇʣʝʢ ʰʳסʘʨʫ.  

2. ʂװʥ ʢʦʜʳʥʘ ʩᴅʬʢʝʩ ʨʦʪʦʨʣʘʨʜʳש ʙʘʩʪʘʧץʳ ʧʦʟʠʮʠʷʩʳʥ ʦʨʥʘʪʫ. 

 שʦʣʜʘʥʳʧ ʭʘʙʘʨʣʘʤʘʥʳץ ʳ ʦʨʥʘʪʳʣʫʳʥץʙʘʩʪʘʧ שʘʜʘʤʥʳץ 2 .3
ʙʘʩʪʘʧץʳ ʘʣʪʳ ᴅʨʧʽʥ ʰʠʬʨʜʝʥ ʘʣʫ. 

4. ʐʠʬʨʜʝʥ ʘʣʳʥסʘʥ ʢʦʜʪʳש ʙʽʨʽʥʰʽ ʞʘʨʪʳʩʳʥʘ ʨʦʪʦʨʜʳש ʧʦʟʠʮʠʷ-

ʩʳʥ ʦʨʥʘʪʫ.  

5. ʍʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʜʝʥ ʘʣʫ (ʙʘʩʪʘʧץʳ ʘʣʪʳ ᴅʨʧʽʥʩʽʟ). 

 çʕʥʠʛʤʘè ץʦʡʳʣʳʤ ʤʘʰʠʥʘʩʳ ʩʦסʳʩ ʢʝʟʽʥʜʝ ʙײʟʳʣʜʳ, ʜʝʛʝʥʤʝʥ 

ʩʦסʳʩʪʘʥ ʢʝʡʽʥ ʙʽʨʥʝʰʝ ʦʥʞʳʣʜʳץʪʘ ʥʝʤʽʩ ᴅʩʢʝʨʽ ʤʝʥ ʜװʥʠʝ ʞװʟʽʥʽש ʙʘʩץʘ 

ʙᴇʣʽʛʽ ʙײʣ ʬʘʢʪʪʽ ʙʽʣʤʝʜʽ [6]. ʅʝʤʽʩ ʪʽʣʽ ᴇʪʝ ʢװʨʜʝʣʽ ʙʦʣʩʘ ʜʘ, ʦʜʘץʪʘʩʪʘʨ 

ʤʘʰʠʥʘʥʳש ʙʽʨʥʝʰʝ ʢᴇʰʝʨʤʝʣʝʨʽʥ ʘʣʜʳ. ʂʝʣʝʩʽ ץʘʜʘʤ ʽʨ ʭʘʙʘʨʣʘʤʘסʘ 

ʨʦʪʦʨʣʘʨ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ װʰʽʥ ʙʝʨʽʣʝʪʽʥ ʢʦʜ ʧʝʥ ᴅʨ ʢװʥ ʽʰʽʥʜʝ ʦʨʥʘʪʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʽʟʜʝʫ ʙʦʣʜʳ. ɹʽʨʽʥʰʽ ʢʦʤʧʴʶʪʝʨʜʽ ʦʡʣʘʧ ʪʘʙʫ ʦʜʘץʪʘʩʪʘʨʜʳ 

ʦʩʳ ץʠʳʥʜʳץʪʘʨʜʳ ʞʝשʫʛʝ ʢᴇʤʝʢʪʝʩʪʽ.   

 

ʈʶʢʟʘʢϨʘ ʩʘʣʫ ʪʫʨʘʣʳ ʝʩʝʧʪʽ ʰʝʰʫ ϸʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫ  

 

 ɸʰʳץ ʢʽʣʪʪʽ ʞʠʥʘץʪʘʫ ʰʠʬʨʣʝʫʽʥʽש ʙʽʨʽʥʰʽ ʘʣʛʦʨʠʤʽ ʈʘʣʴʬ ʄʝʨʢʝʣ 

ʤʝʥ ʄʘʨʪʠʥ ʍʝʣʣʤʘʥ ᴇשʜʝʛʝʥ ʟʶʢʟʘʢ ʘʣʛʦʨʠʪʤʽ ʙʦʣʜʳ [5, 32]. ʈʶʢʟʘʢ 

ʘʣʛʦʨʠʪʤʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʨʶʢʟʘʢ ʤᴅʩʝʣʝʩʽʥʝ ʩװʡʝʥʝʜʽ. ʈʶʢʟʘʢ ʤᴅʩʝʣʝʩʽ 

ʢװʨʜʝʣʽ ʝʤʝʩ. ʊװʨʣʽ ʤʘʩʩʘʜʘסʳ ʟʘʪʪʘʨ ʞʠʳʥʳ ʙʝʨʽʣʛʝʥ. ʆʩʳ ʟʘʪʪʘʨʜʳש 

ʢʝʡʙʽʨʝʫʣʝʨʽʥ ʨʶʢʟʘʢ ʤʘʩʩʘʩʳ ʙʝʨʽʣʛʝʥ ʤᴅʥʛʝ ʪʝש ʙʦʣʘʪʳʥʜʘʡ ʨʶʢʟʘʢץʘ 
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ʩʘʣʫסʘ ʙʦʣʘʜʳ. ʅʝʤʝʩʝ ʨʝʩʤʠ ʪװʨʜʝ, m1, m2, ..., mn ʤᴅʥʜʝʨ ʞʠʳʥʳ ʞᴅʥʝ C 

ʩʦʤʘʩʳ ʙʝʨʽʣʛʝʥ. bi ʤᴅʥʽʥ ʝʩʝʧʪʝʫ ץʘʞʝʪ:  

 

C = b1Ām1 +  b2Ām2 + é + bnĀmn, 

 

ʤײʥʜʘסʳ bi ʥᴇʣ ʥʝʤʝʩʝ ʙʽʨ ʙʦʣʘ ʘʣʘʜʳ. ɹʽʨ ʟʘʪ ʨʶʢʟʘʢץʘ ʩʘʣʳʥסʘʥʳʥ, ʘʣ 

ʥᴇʣ ï ʩʘʣʳʥʙʘסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ.  

 ʄʳʩʘʣʳ, ʟʘʪʪʘʨ ʤʘʩʩʘʩʳ 1, 5, 6, 11, 14 ʞᴅʥʝ 20 ʤᴅʥʜʝʨʽʥʝ ʠʝ ʙʦʣʘʜʳ. 

ʈʶʢʟʘʢʪʳ ʦʥʳש ʤʘʩʩʘʩʳ 22-ʛʝ ʪʝש ʙʦʣʘʪʳʥʜʘʡ ʦʨʘʫסʘ ʙʦʣʘʜʳ.  ɹײʥʳ 5, 6 

ʞᴅʥʝ 11 ʤʘʩʩʘʣʘʨʳʥ ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʦʨʳʥʜʘʫסʘ ʙʦʣʘʜʳ. ʈʶʢʟʘʢʪʳ ʦʥʳש 

ʤʘʩʩʘʩʳ 24-ʢʝ ʪʝש ʙʦʣʘʪʳʥʜʘʡ ʦʨʘʫ ʤװʤʢʽʥ ʝʤʝʩ. ɾʘʣʧʳ ʘʣסʘʥʜʘ  ʦʩʳ 

ʤᴅʩʝʣʝʥʽ ʰʝʰʫʛʝ ץʘʞʝʪʪʽ ʫʘץʳʪ ʞʠʳʥʜʘסʳ ʟʘʪʪʘʨʜʳש ʩʘʥʳʥʳש ᴇʩʫʽʥʝ ʵʢʩ-

ʧʦʥʝʥʮʠʘʣʴʜʳ ʙʦʣʘʜʳ.  

 ʌʦʢʫʩ ʨʶʢʟʘʢʪʳש ʝʢʽ ʪװʨʣʽ ʤᴅʩʝʣʝʩʽ ʙʦʣʘʪʳʥʜʳסʳʥʜʘ, ʙʽʨʝʫ ʩʳʟʳץʪʳץ 

ʫʘץʳʪʧʝʥ ʰʝʰʽʣʝʜʽ, ʘʣ ʙʘʩץʘʩʳ, ʦʣʘʡ ʝʤʝʩ. ɾʝשʽʣ ʤᴅʩʝʣʝʥʽ ץʠʳʥʜʘʪʫסʘ 

ʙʦʣʘʜʳ. ɸʰʳץ ʢʽʣʪ ʰʠʬʨʣʝʫ װʰʽʥ ʞʝשʽʣ ץʦʣʜʘʥʳʣʘʪʳʥ, ʙʽʨʘץ ʭʘʙʘʨʣʘʤʘ-

ʥʳ ʜʝʰʠʬʨʣʝʫ װʰʽʥ ʤװʤʢʽʥ ʝʤʝʩ ײʠʳʥ ʧʨʦʙʣʝʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘʙʳץ 

ʢʽʣʪ ʭʘʙʘʨʣʘʤʘʥʳ ʜʝʰʠʬʨʣʝʫʛʝ ץʘʨʘʧʘʡʳʤ ᴅʜʽʩ ʙʝʨʝ ʦʪʳʨʳʧ ʞʝשʽʣ ʧʨʦ-

ʙʣʝʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘʙʳץ ʢʽʣʪʪʽ ʙʽʣʤʝʡʪʽʥʜʝʨʛʝ ʨʶʢʟʘʢʪʳץ שʠʳʥ 

ʤᴅʩʝʣʝʩʽʥ ʰʝʰʫʛʝ ʪʳʨʳʩʫסʘ ʪʫʨʘ ʢʝʣʝʜʽ.   

 ʄʝʨʢʝʣ-ʍʝʣʣʤʘʥ ʨʶʢʟʘʛʳ ʘʣʛʦʨʠʪʤʽʥʽש ʥʝʛʽʟʽʥʜʝ ʨʶʢʟʘʢ ʤᴅʩʝʣʝʩʽʥʽש 

ʞʠʳʥʳʥʳש ʰʝʰʽʤʽ ʨʝʪʽʥʜʝ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʝʫ ʠʜʝʷʩʳ ʞʘʪʳʨ. 

ɿʘʪʪʘʨʜʳש ʩʘʥʳʥʘ ʪʝײ שʟʳʥʜʳס rʙʦʡʳʥʰʘ (ʘʰʳץ ʤᴅʪʽʥ ʙʠʪʪʝʨʽ b ʤᴅʥʽʥʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ) ʞʠʳʥʥʘʥ ʟʘʪʪʘʨ ʘʰʳץ ʤᴅʪʽʥʥʽש ʙʣʦʛʳ ʢᴇʤʝʛʽʤʝʥ ʪʘשʜʘʣʘʜʳ,  

ʘʣ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʘʣʳʥסʘʥ ʩʦʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

 ʈʶʢʟʘʢץʘ ʩʘʣʫ ʪʫʨʘʣʳ ʝʩʝʧʪʝʨ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʪװʨʜʝ ץʘʣʳʧʪʘʩʘʜʳ:  

 ɺʝʢʪʦʨ ʙʝʨʽʣʛʝʥ: 

121ʢʢ ʝ,ʝ,...,ʝ,ʝE -= , 

 

ɹײʣ ʚʝʢʪʦʨ ʘʣʜʘסʳ ʫʘץʳʪʪʘ ʢʽʣʪ ʨʦʣʽʥ ʘʪץʘʨʘʜʳ. ɽʨʝʞʝʛʝ ʩʘʡ, ʙײʣ 

ʚʝʢʪʦʨʜʳש ʵʣʝʤʝʥʪʪʝʨʽ ʞʘʡ ʩʘʥʜʘʨ. ɹʽʨ ʤʘסʳʥʘʜʘ ʰʠʬʨʣʝʥʫ ʤʝʥ ʰʠʬʨʜʝʥ 

ʘʣʳʥʫ װʰʽʥ ɽ ʚʝʢʪʦʨʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ʪʘשʜʘʣʘʜʳ [13, 15] 

k...,,3,2i,ee
1i

1j
ji ä =>

-

=

. 

 

 ɸʰʳץ ʭʘʙʘʨʣʘʤʘʥʳש ʞʽʙʝʨʽʣʝʪʽʥ ᴅʨ ʩʠʤʚʦʣʳ mi k ʙʠʪʪʝʨʜʽש ʨʝʝʪʪʽʣʽʛʽʥ 

ʙʝʨʝʜʽ:  

{ }

n....,2,1,ik,...,2,1,j

,0,1m,p,...,m,mm ji,

T

i,11ki,ki,i

==

= -  
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 ɸʰʳץ ʭʘʙʘʨʣʘʤʘʥʳש ʥᴅʪʠʞʝʩʽ ʤʘʪʨʠʮʘʥʳ ʙʝʨʝʜʽ 

 

1,n1,21,1

1k,n1k,21k,1

k,nk,2k,1

m...mm

............

m...mm

m...mm

M
---

= , 

 

ʤײʥʜʘסʳ n  ʘʰʳץ ʭʘʙʘʨʣʘʤʘ ײʭʟʳʥʜʳסʳ. 

 C ʰʠʬʨʣʝʥʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʩʠʤʚʦʣʜʘʨʳ E ʤʘʪʨʠʮʘʩʳ ʤʝʥ M ʚʝʢʪʦʨ-

ʙʘסʘʥʳʥʳש ʢᴇʙʝʡʪʽʥʜʽʩʽʥʝʥ ʰʳסʘʜʳ: 

 

C = E Ĭ M. (2.19) 

 

 2.23-ʤʳʩʘʣ. ʊᴇʤʝʥʜʝʛʽ ʢʽʣʪʪʽ ץʦʣʜʘʥʳʧ, ʆʙʛʦʥ (14, 01, 03, 14, 13) ʘʰʳץ 

ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʣʝʫ: 

 

2371329E= . 

 

 ɺʝʢʪʦʨ-ʞʦʣ ʵʣʝʤʝʥʪʪʝʨʽ ʞʘʡ ʩʘʥʜʘʨ.  

 ʐʝʰʫʽ: ʘʰʳץ ʭʘʙʘʨʣʘʤʘ ʩʠʤʚʦʣʜʘʨʳʥ ʙʝʩ ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʢʦʜ ʪװʨʽʥʜʝ 

ʞʘʟʘʤʳʟ:  

 

ʆ ʙ ʛ ʦ ʥ 

14 01 03 14 13 

01110 00001 00011 01110 01101 

 

 M ʭʘʙʘʨʣʘʤʘʩʳʥʳש ʤʘʪʨʠʮʘʩʳʥ ײץʨʘʡʳץ: 

 

.

10110

01101

11001

11001

00000

M =  

 

 ʉᴅʡʢʝʩ ʘʤʘʣʜʘʨʜʳ ʦʨʳʥʜʘʡʳ(2.19) ץ: 
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=Ö=

10110

01101

11001

11001

00000

2371329C .2223050223  

 

 ʉʦʥʳʤʝʥ, ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘ ʤʳʥʘ ʪװʨʛʝ ʠʝ: 23, 02, 05, 23, 22 

(ʏɺɽʏʎ). 

 2.24-ʤʳʩʘʣ. ʆʩʳ ʰʠʬʨʣʝʥʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʜʝʥ ʘʣʘʤʳʟ.  

 ʐʝʰʫʽ: ɸʰʳץ ʭʘʙʘʨʣʘʤʘʥʳש ʙʝʩʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʩʘʥʳ ʤʘʪʨʠʮʘʣʳץ 

ʪʝשʜʝʫʜʝʥ ʰʳסʘʜʳ (2.19). 

 ɸʰʳץ ʭʘʙʘʨʣʘʤʘʥʳ ʘʣʪʳ ʪʝשʜʝʫʜʽ ʰʳסʘʨʳʧ ʤʳʥʘʥʳ ʘʣʘʤʳʟ:  

 

=Ö=

1,51,41,31,21,1

2,52,42,32,22,1

3,53,43,33,23,1

4,54,44,34,24,1

5,55,45,35,25,1

mmmmm

mmmmm

mmmmm

mmmmm

mmmmm

0203071329ʉ  

 

.

22

23

05

02

23

m2m3m7m13m29

m2m3m7m13m29

m2m3m7m13m29

m2m3m7m13m29

m2m3m7m13m29

1,52,53,54,55,5

1,42,43,44,45,4

1,32,33,34,35,3

1,22,23,24,25,2

1,12,13,14,15,1

=

Ö+Ö+Ö+Ö+Ö

Ö+Ö+Ö+Ö+Ö

Ö+Ö+Ö+Ö+Ö

Ö+Ö+Ö+Ö+Ö

Ö+Ö+Ö+Ö+Ö

=  

 

 ɹʽʨʽʥʰʽ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫʜʽ ʰʝʰʽʧ, ʭʘʙʘʨʣʘʤʘʥʳש ʙʽʨʽʥʰʽ ʵʣʝʤʝʥʪʽʥ 

(ʙʝʩʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʩʘʥ) ʘʣʘʤʳʟ.  

 ɹʽʨʽʥʰʽ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ: 

 

29Ām1,5 + 13Ām1,4 + 7Ām1,3 + 3Ām1,2 + 2Ām1,1 = 23. 

 

 ɹײʣ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ ʝʛʝʨ m1,5 = 0, m1,4 = 1, m1,3 = 1, m1,2 = 1  ̔m1,1 = 0 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ᴅʜʽʣ ʙʦʣʘʜʳ. 

 ɹײʣ ʝʢʽʣʽʢ ʢʦʜ  1410 = 011102. 

 ɹʽʨʽʥʰʽ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ: 

 

29Ām2,5 + 13Ām2,4 + 7Ām2,3 + 3Ām2,2 + 2Ām2,1 = 02. 
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 ɹײʣ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ ʝʛʝʨ m2,5 = 0, m2,4 = 0, m2,3 = 0, m2,2 = 0  ̔m2,1 = 1 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ᴅʜʽʣ ʙʦʣʘʜʳ. 

 ɹײʣ ʝʢʽʣʽʢ ʢʦʜ  0110 = 000012. 

 :ʜʝʫשʰʽʥʰʽ ʩʢʘʣʷʨʣʳ ʪʝת 

 

29Ām3,5 + 13Ām3,4 + 7Ām3,3 + 3Ām3,2 + 2Ām3,1 = 05. 

 

 ɹײʣ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ ʝʛʝʨ m3,5 = 0, m3,4 = 0, m3,3 = 0, m3,2 = 1 ʽ m3,1 = 1 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ᴅʜʽʣ ʙʦʣʘʜʳ.  

 ɹײʣ ʝʢʽʣʽʢ ʢʦʜ  0310 = 000112. 

 ʊᴇʨʪʽʥʰʽ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ: 

 

29Ām4,5 + 13Ām4,4 + 7Ām4,3 + 3Ām4,2 + 2Ām4,1 = 23. 

 

 ʄײʥʜʘʡ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ ʝʛʝʨ m4,5 = 0, m4,4 = 1, m4,3 = 1, m4,2 = 1 ʽ m4,1 

= 0 ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ᴅʜʽʣ ʙʦʣʘʜʳ. 

 ɹײʣ ʝʢʽʣʽʢ ʢʦʜ  1410 = 011102. 

 ɹʝʩʽʥʰʽ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ: 

 

29Ām5,5 + 13Ām5,4 + 7Ām5,3 + 3Ām5,2 + 2Ām5,1 = 22. 

 

 ʄײʥʜʘʡ ʩʢʘʣʷʨʣʳ ʪʝשʜʝʫ ʝʛʝʨ m5,5 = 0, m5,4 = 1, m5,3 = 1, m5,2 = 0 ʽ m5,1 

= 1 ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ᴅʜʽʣ ʙʦʣʘʜʳ. 

 ɹײʣ ʝʢʽʣʽʢ ʢʦʜ  1310 = 011012. 

 ʉʦʥʳʤʝʥ, ʤʳʥʘ ʘʰʳץ ʭʘʙʘʨʣʘʤʘʥʳ ʘʣʘʤʳʟ: 

 

01110 00001 00101 01110 01101 

14 01 05 14 13 

ʆ ʙ ʛ ʦ ʥ 

 

 ɸʣʳʥסʘʥʥʘʥ ʆʙʛʦʥ ʘʰʳץ ʭʘʙʘʨʣʘʤʘʩʳ ʰʳסʘʜʳ. 

 ɹײʣ ʘʣʛʦʨʠʪʤʥʽש ʙʝʨʽʣʫ ʥײʩץʘʩʳʥʳװ שʣʢʝʥ  ʩʘʥʳ ײʩʳʥʳʣʜʳ, ʙʽʨʘץ 

ʙʘʨʣʳסʳ ʜʝʨʣʽʢ ʙײʟʳʣʜʳ. פʘʣסʘʥʜʘʨʳ ʘʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש 

ʢʝʡʙʽʨ ʙʘʩץʘ ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ ץʘʨʘסʘʥʜʘ ʙײʟʫ װʰʽʥ ʘʟ ʢװʰ ʪʘʣʘʧ ʝʪʝʜʽ.  

 

 ʆʁʓʃʓʄ ʐʀʌʈʃɸʈʓפ .2.2

 

 ϧʦʡʳʣʳʤʥʳϬ ʰʠʬʨʣʘʨʳ ʙʽʨ ʩʠʤʚʦʣʜʳ ʙʘʩץʘʩʳʤʝʥ ʘʫʳʩʪʳʨʤʘʡʜʳ, 

ʦʥʳש ʦʨʥʳʥʘ ʦʣ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝʛʽ ʩʠʤʚʦʣʜʘʨʜʳש ʦʨʥʘʣʘʩץʘʥ ʦʨʥʳʥ 

ᴇʟʛʝʨʪʝʜʽ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʙʽʨʽʥʰʽ ʧʦʟʠʮʠʷʩʳʥʜʘסʳ ʩʠʤʚʦʣ ʰʠʬʨʣʝʥʛʝʥ 

ʤᴅʪʽʥʥʽש ʦʥʳʥʰʳ ʧʦʟʠʮʠʷʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש 

ʩʝʛʽʟʽʥʰʽ ʧʦʟʠʮʠʷʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʩʠʤʚʦʣ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש ʙʽʨʽʥʰʽ 
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ʧʦʟʠʮʠʷʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘ ʘʣʘʜʳ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ, ץʦʡʳʣʳʤ ʰʠʬʨʳ 

ʩʠʤʚʦʣʜʘʨʜʳ ʙʘʩץʘ ʪᴅʨʪʽʧʧʝʥ ʦʨʥʘʣʘʩʪʳʨʘʜʳ.  

 

2.2.1. ʂʽʣʪʪʽ ץʦʣʜʘʥʙʘʡ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ 

 

 ɹײʨʳʥ ץʦʣʜʘʥʳʣסʘʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳϬ Ϩʘʨʘʧʘʡʳʤ ʰʠʬʨʣʘʨʳ ʢʽʣʪ 

 ʝʢʽ ᴅʜʽʩʽ ʙʘʨ.   ɹʽʨʽʥʰʽ שʦʨʥʳʥ ʘʫʳʩʪʳʨʫʜʳ שʦʣʜʘʥʙʘʜʳ. ʉʠʤʚʦʣʜʘʨʜʳץ

ᴅʜʽʩʪʝ ʤᴅʪʽʥ ʢʝʩʪʝʜʝ ʙʘסʘʥʥʘʥ ʙʘסʘʥסʘ ʞʘʟʳʣʘʜʳ ʞᴅʥʝ ʩʦʩʳʥ ʞʦʣʜʘʥ ʞʦʣסʘ 

ʙʝʨʽʣʝʜʽ. ɽʢʽʥʰʽ ᴅʜʽʩʪʝ ʤᴅʪʽʥ ʢʝʩʪʝʜʝ ʞʦʣʜʘʥ ʞʦʣסʘ ʞʘʟʳʣʘʜʳ, ʩʦʩʳʥ 

ʙʘסʘʥʥʘʥ ʙʘסʘʥסʘ ʙʝʨʽʣʝʜʽ.  

 2.25-ʤʳʩʘʣ. ʂʽʣʪʪʽ ץʦʣʜʘʥʙʘʡʪʳʥ ʰʠʬʨʛʝ ʤʳʩʘʣ - ʍʦʨʦʰʠʡ ʧʨʠʤʝʨ 

ʰʠʬʨʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʘ Ϩʦʨʰʘʫ ʰʠʬʨʳ  (rail fence cipher). 

ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ʙײʣ ʰʠʬʨʳʥʜʘ ʤᴅʪʽʥ ʟʠʛʟʘʛ ʙʝʡʥʝʣʽ ʰʘʙʣʦʥ ʨʝʪʽʥʜʝ ʝʢʽ 

ʩʳʟʳץץʘ ʦʨʥʘʣʘʩץʘʥ (ʙײʣ ʝʢʽ ʞʦʣʳ ʙʘʨ ʢʝʩʪʝʥʽש ʙʘסʘʥʥʘʥ ʙʘסʘʥסʘ ʩʠʷץʪʳ 

 ʫ ʢʝʟʽʥʜʝץʘ ʦסʘʨʘʩʪʳʨʳʣʘʜʳ); ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥ ʰʘʙʣʦʥʜʳ ʞʦʣʜʘʥ ʞʦʣץ

  ʨʳʣʘʜʳ. ʄʳʩʘʣʳ,  Meet me at the park (ʤʝʥʽ ʩʘʷʙʘϨʪʘ ʢϮʪ)ײץ

ʭʘʙʘʨʣʘʤʘʩʳʥ ʞʽʙʝʨʫ װʰʽʥ ʞʽʙʝʨʫʰʽ ʘʣʫʰʳסʘ ʤʳʥʘʥʳ ʞʘʟʘʜʳ (2.21-

ʩʫʨʝʪ). 

 

 
 

2.21-ʩʫʨʝʪ. פʦʨʰʘʫ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ Meet me at the park ʭʘʙʘʨʣʘʤʘʩʳʥ 

ʰʠʬʨʣʝʫ ʤʳʩʘʣʳ  

 

 ɾʽʙʝʨʫʰʽ ʝʢʽʥʰʽ ʞʦʣʤʝʥ ʩװʡʝʤʝʣʜʝʥʝʪʽʥ ʙʽʨʽʥʰʽ ʞʦʣʜʳ ʞʽʙʝʨʽʧ 

MEMATEAKETET HPR ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʽʥ ײץʨʘʜʳ.  פʘʙʳʣʜʘʫʰʳ ʰʠʬʨ-

ʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʘʣʘʜʳ ʞᴅʥʝ ʦʥ ʝʢʽʛʝ ʙᴇʣʝʜʽ (ʤײʥʜʘʡ ʞʘסʜʘʡʜʘ ʝʢʽʥʰʽ ʞʘʨ-

ʪʳʩʳ ʙʽʨ ʩʠʤʚʦʣסʘ ʢʝʤ ʙʦʣʘʜʳ). ʌʦʨʤʘʥʳש ʙʽʨʽʥʰʽ ʞʘʨʪʳʩʳ ï ʙʽʨʽʥʰʽ 

ʞʦʣ, ʝʢʽʥʰʽ ʞʘʨʪʳʩʳ ï ʝʢʽʥʰʽ ʞʦʣ. פʘʙʳʣʜʘʫʰʳ ʥᴅʪʠʞʝʥʽ ʟʠʛʟʘʢ ʙʦʡʳʥʰʘ 

ʦץʠʜʳ. ɽʰץʘʥʜʘʡ ʢʽʣʪ ʙʦʣʤʘסʘʥʜʳץʪʘʥ ʞᴅʥʝ ʞʦʣ ʥʦʤʝʨʽ 

ʦʨʥʘʪʳʣסʘʥʜʳץʪʘʥ (2), ʟʠʷʥ ʢʝʣʪʽʨʫʰʽ װʰʽʥ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʥʽש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʳ ᴇʪʝ ʞʝשʽʣ ʙʦʣʘʨ ʝʜʽ.  ʆʥʳש ʙʘʨ ʙʽʣʫ ʢʝʨʝʢʪʽʛʽ ï 

ʙײʣ ץʦʨʰʘʫ ʰʠʬʨʳ ץʦʣʜʘʥʳʣʘʪʳʥʜʳסʳ.  

 2.26-ʤʳʩʘʣ. ɾʽʙʝʨʫʰʽ ʤʝʥ 

 ʘʥʜʘʨ ʩʘʥʳ ʪʫʨʘʣʳסʘʙʳʣʜʘʫʰʳ ʙʘץ

ʢʝʣʽʩʽʧ ʘʣʘʜʳ ʞᴅʥʝ ʝʢʽʥʰʽ ᴅʜʽʩʪʽ 

 ʳץʦʣʜʘʥʘʜʳ. ɾʽʙʝʨʫʰʽ ʩʦʣ ʙʽʨ ʙʘʩʪʘʧץ

ʤᴅʪʽʥʜʽ, ʞʦʣʜʘʥ ʞʦʣסʘ, ʪᴇʨʪ ʙʘסʘʥʥʘʥ 

ʪײʨʘʪʳʥ ʢʝʩʪʝʛʝ ʞʘʟʘʜʳ (2.22-ʩʫʨʝʪ). 

2.22-ʩʫʨʝʪ. ʂʝʩʪʝ ʢᴇʤʝʛʽʤʝʥ 

Meet me at the park ʭʘʙʘʨʣʘʤʘ-

ʩʳʥ ʰʠʬʨʣʝʫ ʤʳʩʘʣʳ  
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 ɾʽʙʝʨʫʰʽ ʩʠʤʚʦʣʜʘʨʜʳ ʙʘסʘʥʥʘʥ ʙʘסʘʥסʘ ʞʽʙʝʨʽʧ, 

MMTAEEHREAEKTTP ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʽʥ ײץʨʘʜʳ. פʘʙʳʣʜʘʫʰʳ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʘʣʘʜʳ ʞᴅʥʝ ʢʝʨʽ ʧʨʦʮʝʩʪʽ ץʦʣʜʘʥʘʜʳ.  ʆʣ ʘʣʳʥסʘʥ 

ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʙʘסʘʥʥʘʥ ʙʘסʘʥסʘ ʞʘʟʘʜʳ ʞᴅʥʝ ʦʥʳ ʞʦʣʜʘʥ ʞʦʣסʘ 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʨʝʪʽʥʜʝ ʦץʠʜʳ. ɿʠʷʥ ʢʝʣʪʽʨʫʰʽ  ʦʥʳש ʙʘסʘʥʜʘʨ ʩʘʥʳʥ ʙʽʣʩʝ, 

ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʜʝʥ ʦשʘʡ ʘʣʘ ʘʣʘʜʳ.  

 2.23-ʤʳʩʘʣʳʥʜʘסʳ ʰʠʬʨ ï ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳש ʥʘץʪʳ ʰʠʬʨʳ. ʉʦʜʘʥ 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽש ᴅʨ ᴅʨʧʽʥʽש ʦʨʳʥ ʘʫʳʩʪʳʨʫʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʧʦʟʠʮʠʷʩʳʥʳש ʥʦʤʝʨʽʥ ʥʝʛʽʟʜʝʡ ʦʪʳʨʳʧ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʽ ʢᴇʨʩʝʪʝʤʽʟ:  

 

 
 

 ɹʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ ʝʢʽʥʰʽ ʩʠʤʚʦʣ ʰʠʬʨʣʝʥʛʝʥ ʤᴅʪʽʥʜʝ ʙʝʩʽʥʰʽ 

ʧʦʟʠʮʠʷסʘ ʘʫʳʩʪʳ; װʰʽʥʰʽ ʩʠʤʚʦʣ ʪʳסʳʟʳʥʰʳ ʧʦʟʠʮʠʷסʘ ʞʳʣʞʳʜʳ ʞᴅʥʝ 

ʪʘסʳ ʩʦʣ ʩʠʷʪʳ. ʉʠʤʚʦʣʜʘʨʜʳש ʦʨʥʳ ʘʫʳʩץʘʥʳʤʝʥ, ʦʣʘʨ ᴇʟʜʝʨʽ ʰʘʙʣʦʥ 

ʙʦʣʘ ʘʣʘʜʳ: (01, 05, 09, 13), (02, 06, 10, 14), (03, 07, 11, 15) ʞᴅʥʝ (04, 08, 

12). ᴄʨ ʩʝʢʮʠʷʜʘ ʝʢʽ ʢᴇʨʰʽʣʝʩ ʥʦʤʝʨʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘ ï4. 

 

2.2.2. ʂʽʣʪʪʽ ץʦʣʜʘʥʳʩʪʳ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ 

 

 ʂʣ̔ʪʪʽ ץʦʣʜʘʥʳʩʪʳ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʩʠʤʚʦʣʜʘʨʜʳש ʦʨʥʳʥ 

ʘʫʳʩʪʳʨʘʜʳ, ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʞʘʟʫʳʥ ʙʽʨ ᴅʜʽʩʧʝʥ ץʦʣʜʘʥʘʜʳ (ʤʳʩʘʣʳ, 

 ʘ ʨʝʪʧʝʥ ʞʽʙʝʨʝʜʽץʘʪʘʨ ʙʦʡʳʥʰʘ) ʞᴅʥʝ ʦʩʳ ʤᴅʪʽʥʜʽ ʙʘʩץ ʘʪʘʨʜʘʥ ʢʝʡʽʥץ

(ʤʳʩʘʣʳ, ʙʘסʘʥʥʘʥ ʢʝʡʽʥ ʙʘסʘʥ ʙʦʡʳʥʰʘ). ɹʘʨʣʳסʳ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ 

 ʘץʳ ʙʘʩסʳ ʤᴅʪʽʥʛʝ ʞʘʩʘʣʘʜʳ. ʊʘץʙʘʩʪʘʧ ץʰʽʥ, ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʙʘʨʣʳװ ʨʫײץ

ᴅʜʽʩ ʤʳʥʘ ʰʘʨʪʪʘʨʜʘʥ ʪײʨʘʜʳ, ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʙʣʦʢ ʜʝʧ ʘʪʘʣʘʪʳʥ, ʘʣʜʳʥ 

ʘʣʘ  ᴇʣʰʝʤʽ ʙʝʣʛʽʣʽ ʪʦʧʪʘʨסʘ ʙᴇʣʝʜʽ, ʩʦʜʘʥ ʩʦש ᴅʨʙʽʨ ʙʣʦʢ װʰʽʥ ʢʽʣʪʪʽ 

  .ʦʨʥʳʥ ʘʫʳʩʪʳʨʘʜʳ שʦʣʜʘʥʳʧ, ʩʠʤʚʦʣʜʘʨʜʳץ

 2.27-ʤʳʩʘʣ. ɾʽʙʝʨʫʰʽ ץʘʙʳʣʜʘʫʰʳסʘ Enemy attacks tonight (ɺʨʘʞʝʩʢʠʝ 

ʘʪʘʢʠ ʩʝʛʦʜʥʷ ʚʝʯʝʨʦʤ) ʜʝʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ ʞʽʙʝʨʫʽ ץʘʞʝʪ. ɾʽʙʝʨʫʰʽ ʤʝʥ 

 שʳ ʩʠʤʚʦʣʜʘʨʜʳסʘ ʙᴇʣʽʧ, ᴅʨʙʽʨ ʪʦʧʪʘץʘʙʳʣʜʘʫʰʳ ʤᴅʪʽʥʜʽ ʙʝʩ ᴅʨʽʧʪʝʥ ʪʦʧץ

ʦʨʥʳʥ ʘʫʳʩʪʳʨʫסʘ ʢʝʣʽʩʪʽ. ʊᴇʤʝʥʜʝ ʩʦשʳʥʘ ʞʘʣסʘʥ ʩʠʤʚʦʣ ץʦʩʳʣסʘʥ ʪʦʧ 

ʢᴇʨʩʝʪʽʣʛʝʥ, ʦʣ ʙʘʩץʘ ʪʦʧʪʘʨʤʝʥ ᴇʣʰʝʤʽʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ װʰʽʥ 

    .ʦʣʜʘʥʳʣʘʜʳ: Enemy attacks tonightzץ

 ʐʠʬʨʣʘʫ ʤʝʥ ʰʠʬʨʜʽ ʰʝʰʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʢʽʣʪ ï ʦʨʳʥ 

ʘʫʳʩʪʳʨʫ ʢʽʣʪʽ, ʦʣ ʩʠʤʚʦʣʜʘʨʜʳ ץʘʣʘʡ ʘʫʳʩʪʳʨʫ ʢʝʨʝʢʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ  

ʭʘʙʘʨʣʘʤʘ װʰʽʥ, ʞʽʙʝʨʫʰʽ ʤʝʥ ץʘʳʣʜʘʫʰʳ ʢʝʣʝʩʽ ʢʽʣʪʪʽ ץʦʣʜʘʥʜʳ ʜʝʧ 

  :ץʘʨʘʩʪʳʨʘʡʳץ
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 ɹʘʩʪʘʧץʳ ʙʣʦʢʪʘסʳ װʰʽʥʰʽ ʩʠʤʚʦʣ ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢʪʳש ʙʽʨʽʥʰʽ 

ʩʠʤʚʦʣʳ ʙʦʣʘʜʳ,  ʘʣ ʙʘʩʪʘʧץʳ ʙʣʦʢʪʘסʳ ʙʽʨʽʥʰʽ ʩʠʤʚʦʣ ʩʠʤʚʦʣ 

ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢʪʳש ʝʢʽʥʰʽ ʩʠʤʚʦʣʳ ʙʦʣʘʜʳ ʞᴅʥʝ  ʪ.ʩ.ʩ. ʆʨʳʥ ʘʫʳʩʪʳʨʫ 

ʥᴅʪʠʞʝʩʽ: EEMYN TAACT TKONS HITZG 

 ɾʽʙʝʨʫʰʽ  ץʘʙʳʣʜʘʫʰʳסʘ ʰʠʬʨʣʘʥסʘʥ EEMYN TAACT TKONS HITZG 

ʤᴅʪʽʥʜʽ ʞʠʙʝʨʝʜʽ, ʘʣ ץʘʙʳʣʜʘʫʰʳ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʙʝʩ ʩʠʤʚʦʣʜʘʥ 

ʪײʨʘʪʳʥ ʪʦʧʪʘʨסʘ ʙᴇʣʽʧ, ʢʽʣʪʪʽ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʳʧ, ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ 

ʪʘʙʘʜʳ.  

 

ʂʽʣʪʪʽ Ϩʦʣʜʘʥʳʧ ʙʘϤʘʥʜʘʨʜʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ 

 

 ɿʘʤʘʥʘʫʠ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ, ʞʘץʩʳ ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʣʝʨʽʥʝ 

ʞʝʪʫ װʰʽʥ, ʝʢʽ  ᴅʜʽʩʪʽ ʙʽʨʽʢʪʽʨʝʜʽ. ʐʠʬʨʣʝʫ ʞᴅʥʝ ʜʝh ʠʬʨʣʝʫ װʰ ʢʝʟʝשʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

 ɹʽʨʽʥʰʽ Ϩʘʜʘʤ: ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ץʘʪʘʨʜʘʥ ʢʝʡʽʥ ץʘʪʘʨ ʜʝʛʝʥ ʨʝʪʧʝʥ ʢʝʩ-

ʪʝʛʝ ʞʘʟʳʣʘʜʳ.  

 ɽʢʽʥʰʽ  Ϩʘʜʘʤ: ʙʘסʘʥʜʘʨʜʳש ʨʝʪʽʥ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ʘʫʳʩʪʳʨʫʣʘʨ 

ʞװʨʛʽʟʽʣʝʜʽ (ʙʝʨʽʣʛʝʥ ʢʽʣʪ ʙʦʡʳʥʰʘ ʢʝʩʪʝʥʽש ʙʘסʘʥʜʘʨʳ ʘʫʳʩʪʳʨʣrʘʜʳ).  

 ϭʰʽʥʰʽ  Ϩʘʜʘʤ: ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʞʘשʘ ʢʝʩʪʝʜʝʥ ʙʘסʘʥʥʘʥ ʢʝʡʽʥ ʙʘסʘʥ 

ʜʝʛʝʥ ʨʝʪʧʝʥ ʦץʳʣʘʜʳ.  

 ɹʽʨʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ץʘʜʘʤʜʘʨ ʢʽʣʪʩʽʟ סʘʣʘʤʜʳץ ʨʝʪʪʽ ᴇʟʛʝʨʪʫʜʽ 

 ʢʽʣʪʪʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳ ץʘʜʘʤ ʙʣʦʢʪʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʘʣ ʝʢʽʥʰʽץ

ʙʝʨʝʜʽ. ɹײʣ ʰʠʬʨʣʘʫ ʪʠʧʪʝʨʽ ᴅʜʝʪʪʝ ʢʽʣʪʪʽ ץʦʣʜʘʥʳʧ ʙʘסʘʥʜʘʨʜʳ ʘʫʳʩʪʳʨʫ 

ʰʠʬʨʳʥ ʝʩʢʝ ʪװʩʽʨʝʜʽ.  

 2.28-ʤʳʩʘʣ. ɸʡʪʘʣʳץ ʞʽʙʝʨʫʰʽ Enemy attacks tonight ʭʘʙʘʨʣʘʤʘʩʳʥ 

ʙʽʨʽʢʪʽʨʽʣʛʝʥ ᴅʜʽʩ ץʦʣʜʘʥʳʧ ʞʽʙʝʨʩʽʥ. ʐʠʬʨʣʝʫ  ʞᴅʝ ʰʠʬʨʜʳ ʘʰʫ 

ʪᴇʤʝʥʜʝʛʽ 2.23-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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2.23-ʩʫʨʝʪ. ʂʽʣʪʪʽ ץʦʣʜʘʥʳʧ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳ ʰʠʬʨʣʝʫ ʞᴅʥʝ ʰʠʬʨʜʽ ʦץʫ 

ʤʳʩʘʣʳ. 

 

 ɹʽʨʽʥʰʽ ʢʝʩʪʝ, ץʘʪʘʨ ʙʦʡʳʥʰʘ ʞʘʟʳʣסʘʥ,  ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʝʥ ʪײʨʘʪʳʥ, 

ʞʽʙʝʨʫʰʽ ײץʨסʘʥ ʢʝʩʪʝ. ɹʘסʘʥʜʘʨ ʘʣʜʳʥʜʘסʳ ʤʳʩʘʣʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʽʣʪʪʽ 

 ʘʥʥʘʥ ʢʝʡʽʥסʘʥ ʤᴅʪʽʥ ʙʘסʘʥ.  ʐʠʬʨʣʘʥסʳʣʳ ʦʨʳʥ ʘʫʳʩʪʳʨʳʣץʦʣʜʘʥʫ ʘʨץ

ʙʘסʘʥʜʳ ʦץʫ ʘʨץʳʣʳ ʝʢʽʥʰʽ ʢʝʩʪʝʜʝʛʽ ʩʠʤʚʦʣʜʘʨʜʳ ʦץʫ ʘʨץʳʣʳ ײץʨʳʣסʘʥ. 

 ʢʝʨʽ ʨʝʪʧʝʥ. ʆʣ ץʘʜʘʤʜʳ ʜʘ ʞʘʩʘʡʜʳ, ʙʽʨʘץ ʰװ ʘʙʳʣʜʘʫʰʳ ʦʩʳפ

ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ ʙʘסʘʥ ʙʦʡʳʥʰʘ ʙʽʨʽʥʰʽ ʢʝʩʪʝʛʝ ʞʘʟʘʜʳ, ʦʩʳ ʢʝʩʪʝʥʽש 

ʙʘסʘʥʜʘʨʳʥ ʘʫʳʩʪʳʨʘʜʳ, ʩʦʜʘʥ ʩʦץ שʘʪʘʨ ʙʦʡʳʥʰʘ ʝʢʽʥʰʽ ʢʝʩʪʝʜʝʥ 

ʩʠʤʚʦʣʜʘʨʜʳ ʦץʠʜʳ.  

 2.28-ʤʳʩʘʣʳʥʜʘ ʞʘʣסʳʟ ʢʽʣʪ ʝʢʽ ʙʘסʳʪʪʘ ץʦʣʜʘʥʳʣʜʳ, ʦʣʘʨ ʪᴇʤʝʥ 

 ʘʨʘʡ ïץ ʘʨʳסʰʽʥ, ʞʦװ ʨʝʪʽʥ ʘʫʳʩʪʳʨʫ שʘʥʜʘʨʜʳסʥʠ ʙʘסʘʨʘʡ ï ʰʠʬʨʣʘʫ, ʷץ

ʰʠʬʨʜʳ ʰʝʰʫ װʰʽʥ. ᴄʜʝʪʪʝ ʛʨʘʬʠʢʘʣʳץ ʙʝʡʥʝʣʝʫ װʰʽʥ ʝʢʽ ʢʽʣʪ ײץʨʫ 

 .ʰʽʥװ ʰʽʥ, ʝʢʽʥʰʽʩʽ ʰʠʬʨʜʳ ʰʝʰʫװ ʘʥ: ʙʽʨʽʥʰʽʩʽ ʰʠʬʨʣʘʫסʘʙʳʣʜʘʥץ

ʂʽʣʪʪʝʨ ᴅʨʙʽʨ ʙʘסʘʥ װʰʽʥ ʙʽʨ סʘʥʘ ʤʝʢʝʥ-ʞʘʡʳ (ʝʥʫ) ʙʘʨ ʢʝʩʪʝʜʝ ʞʠʥʘʣʘʜʳ. 

ɽʥʫ ʙʘסʘʥʥʳש ʘʣסʘʰץʳ ʥʦʤʝʨʽʥʝʥ ʪײʨʘʜʳ ï ʞʝʪʢʽʟʫ ʙʘסʘʥʳʥʳש ʥʦʤʝʨʽ, ʝʥʫ 

ʥʦʤʝʨʽʥʽש ʞʘסʜʘʡʳʥ ʢᴇʨʩʝʪʝʜʽ. 2.24-ʩʫʨʝʪʪʝ ʢʽʣʪʪʽ ʛʨʘʬʠʢʘʣʳץ ʙʝʡʥʝʣʝʫ 

ʢᴇʤʝʛʽʤʝʥ ʝʢʽ ʢʝʩʪʝʥʽײץ שʨʳʣʫʳ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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2.24-ʩʫʨʝʪ. ɽʢʽ ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥ 

 ʰʠʬʨʣʝʫ / ʰʠʬʨʜʳ ʰʝʰʫ.  

 

ʐʠʬʨʣʘʫ ʢʽʣʪʽ  (3 1 4 5 2). ɹʽʨʽʥʰʽ ʝʥʫ, ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʝʛʽ 3 ʙʘסʘʥ 

(ʤʘʟʤײʥʳ) ʞʝʪʢʽʟʽʣʝʪʽʥ ʦʨʳʥʜʘ 1 ʙʘסʘʥסʘ (ʞʘסʜʘʡ ʥʝʤʝʩʝ ʝʥʫ ʠʥʜʝʢʩʽ) 

ʘʡʥʘʣʘʜʳ.   ʐʠʬʨʜʳ ʰʝʰʫ ʢʽʣʪʽ  (2 5 1 3 4). ɹʽʨʽʥʰʽ ʝʥʫ, ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʜʝʛʽ 2 ʙʘסʘʥ ʞʝʪʢʽʟʽʣʝʪʽʥ ʦʨʳʥʜʘ 1 ʘʡʥʘʣʘʜʳ.     

 ɽʛʝʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽ ʙʝʨʽʣʩʝ, ʰʠʬʨʜʳ ʰʝʰʫ ʢʽʣʪʽʥ ץʘʣʘʡ ʪʘʙʫסʘ ʙʦʣʘʜʳ 

ʞᴅʥʝ ʢʝʨʽ ץʘʨʘʡ ʰʠʬʨʜʳ ʰʝʰʫ ʢʽʣʪʽ ʙʝʨʽʣʩʝ, ʰʠʬʨʣʘʫ ʢʽʣʪʽʥ ץʘʣʘʡ ʪʘʙʫסʘ 

ʙʦʣʘʜʳ?  ʆʣ װʜʝʨʽʩʪʽ 2.25-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ץʦʣʤʝʥ ʙʽʨʥʝʰʝ 

  .ʘ ʙʦʣʘʜʳסʳʣʳ ʦʨʳʥʜʘʫץʘʜʘʤ ʘʨץ

 

 
 

2.25-ʩʫʨʝʪ. ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʜʘסʳ ʢʽʣʪʪʽ ʠʥʚʝʨʩʠʷʣʘʫ װʜʝʨʽʩʽʥʽש 

ʪװʩʽʥʽʢʪʝʤʝʩʽ.  

 

 ɸʣʜʳʤʝʥ ʠʥʜʝʢʩʪʝʨʜʽ ʪʘʙʣʠʮʘʣʘʨ ʢʽʣʪʽʥʝ ץʦʩʘʤʳʟ, ʩʦʜʘʥ ʩʦש ʩᴅʡʢʝʩʪʽ 

ʘʣʳʥסʘʥ ʢʽʣʪʧʝʥ ʙʽʨʛʝ ʞʳʣʞʳʪʫ ʞʘʩʘʡʤʳʟ ʞᴅʥʝ ʩʦשʳʥʜʘ ʞײʧʪʘʨʜʳ ʠʥʜʝʢ-

ʩʪʝʨʛʝ ʩᴅʡʢʝʩ ʩʦʨʪʪʘʡʤʳʟ.  

 ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ װʰʽʥ ʰʠʬʨʣʘʫ / ʰʠʬʨʜʳ ʰʝʰʫ װʜʝʨʽʩʽʥ 

ʢᴇʨʩʝʪʫ װʰʽʥ ʤʘʪʨʠʮʘʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ.  M(l
 
Ĭ

 
g)ʙʘʩʪʘʧϨʳ ʤϸʪʽʥʽ 

ʞϸʥʝ ʉ(l
 
Ĭ

 
g )ʰʠʬʨʣʘʥϤʘʥ ʤϸʪʽʥʽ - l

 
Ĭ

 
g ϺʣʰʝʤʜʽʩʠʤʚʦʣʜʘʨʜʳϬ ʩʘʥʜʳϨ 

ʤϸʥʽʥ ʢϺʨʩʝʪʝʪʽʥ ʤʘʪʨʠʮʘ;  K(g
 
Ĭ

 
g) ʢʽʣʪʪʝʨʽ - g

 
Ĭ

 
g Ϻʣʰʝʤʜʽ ʦʨʳʥ 

ʘʫʳʩʪʳʨʫʜʳϬ ʢʚʘʜʨʘʪʪʳ ʤʘʪʨʠʮʘʣʘʨʳ.  

 ɹײʣ ʞʘסʜʘʡʜʘ ʙʝʨʽʣʛʝʥʜʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʤʳʥʘ ʪװʨʜʝ 

ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ: 
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ʉ(l
 
Ĭ

 
g) = M(l

 
Ĭ

 
g) Ĭ Kʐ(g

 
Ĭ

 
g), (2.20) 

 

ɸʣ ʰʠʬʨʜʝʥ ʘʣʫ 

 

M(l
 
Ĭ

 
g) = C(l

 
Ĭ

 
g) Ĭ Kʈ(g

 
Ĭ

 
g), (2.21) 

 

ʤײʥʜʘסʳ Kʐ(g
 
Ĭ

 
g) ʞᴅʥʝ Kʈ(g

 
Ĭ

 
g)  ʩᴅʡʢʝʩʪʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʰʠʬʨʜʳ ʰʝʰʫ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʣʘʨ. ʂʽʣʪʪʽʢ ʤʘʪʨʠʮʘʣʘʨ ʢʝʨʽ ʤʘʪʨʠʮʘץ ʰʽʥװ

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʷסʥʠ: 

 

) ³ ( = ) ³ - ggg (gK 1
ʐʈ K   ʞᴅʥʝ  ) ³ ( = ) ³ - ggg (gK 1

ʈʐ K . 

 

 ɹʝʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤʜʝ (2.20) ʞᴅʥʝ (2.21) ʙʘסʘʥʜʘʨʜʳש ʦʨʥʳʥ ʘʫʳʩʪʳʨʫ 

 ʪʘʥʥ ʦʣʘʨʜʳ ʦʨʳʥץʜʝʨʽʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʣʘʨ, ʩʦʥʜʳװ

ʘʫʳʩʪʳʨʫ ʤʘʪʨʠʮʘʣʘʨʳ ʜʝʧ ʘʪʘʡʜʳ.  

 ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʤʘʪʨʠʮʘʣʘʨʳʥʜʘ ᴅʨʙʽʨ ץʘʪʘʨ ʥʝʤʝʩʝ ʙʘסʘʥʜʘ ʪʝʢ ץʘʥʘ 

ʙʽʨ ʙʽʨʣʽʢ (1) ʙʦʣʘʜʳ, ʞᴅʥʝ ץʘʣסʘʥ ʤᴅʥʜʝʨʽ ʥʦʣʴʛʝ (0) ʪʝש ʙʦʣʘʜʳ. 

ʐʠʬʨʣʘʫ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʤʘʪʨʠʮʘʩʳʥ ʰʠʬʨʣʘʫʜʳש ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʩʳʥʘ 

(ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳש ʪװʟʫ ʤʘʪʨʠʮʘʩʳ) ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʜʳ, 

ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʤʘʪʨʠʮʘʩʳ ʘʣʳʥʘʜʳ; ʰʠʬʨʣʘʫʜʳ ʰʝʰʫ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʜʽ ʰʠʬʨʣʘʫʜʳ ʰʝʰʫʜʽש ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʩʳʥʘ (ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳש 

ʠʥʚʝʨʩʪʽ ʤʘʪʨʠʮʘʩʳ) ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʜʳ, ʩʦשʳʥʜʘ ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʜʽ ʘʣʘʤʳʟ. פʳʟʳץʪʳ ʞʘסʜʘʡ, ʙײʣ ʞʘסʜʘʡʜʘ ʞᴅʥʝ ᴅʨץʘʰʘʥ ʰʠʬʨʜʳ 

ʰʝʰʫ ʤʘʪʨʠʮʘʩʳ ʰʠʬʨʣʘʫʜʳש ʠʥʚʝʨʩʪʽ ʤʘʪʨʠʮʘʩʳ. ɹʽʨʘץ ʪʘ ʰʠʬʨʣʘʫ 

ʤʘʪʨʠʮʘʩʳʥ ʠʥʚʝʨʪʪʝʫʜʽש ʝʰ ץʘʞʝʪʽ ʞʦץ, ʩʝʙʝʙʽ ʰʠʬʨʣʘʫʜʳש ʢʽʣʪʪʽʢ 

ʤʘʪʨʠʮʘʩʳʥ ʘʣʫ װʰʽʥ, ʙʘסʘʥʜʘʨ ʤʝʥ ץʘʪʘʨʣʘʨʜʳש  ʞʳʣʞʳʪʫ ʘʨץʳʣʳ ʦʨʥʳʥ 

ʘʫʳʩʪʳʨʩʘ ʙʦʣסʘʥʳ.   

 2.29-ʤʳʩʘʣ. ʞʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨʣʘʤʘ Enemy attacks tonight. ʐʠʬʨʣʘʫ 

ʢʽʣʪʽ: 3, 1, 4, 5, 3. ʐʠʬʨʣʘʫ ʢʽʣʪʽ 3, 1, 4, 5, 3 ʙʦʣʘʪʳʥ ʙʘʩʪʘʧץʳ ʙʝʨʽʣʛʝʥʜʝʨ 

ʤʘʪʨʠʮʘʩʳʥʳש ʙʘסʘʥʜʘʨʳʥ ʘʫʳʩʪʳʨʫ ʘʨץʳʣʳ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʘʫ 

  .ʘʞʝʪץ

 ʐʝʰʫʽ: Enemy attacks tonight ʭʘʙʘʨʣʘʤʘʩʳ ʩʘʥʜʳץ ʩᴅʡʢʝʩʪʽʢʪʝ 04, 13, 

04, 12, 24, 00, 19, 19, 00, 02, 10, 18, 19, 14, 13, 08, 06, 07, 19, 25 ʤʳʥʘ ʪװʨʜʝ 

ʙʦʣʘʜʳ. 2.26 ʩʫʨʝʪʪʝ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʘʫ װʜʝʨʽʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ ʤʘʪʨʠʮʘʩʳʥ M(4
 
Ĭ

 
5) ʰʠʬʨʣʘʥסʘʥ ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘסʘ 

Kʐ(5
 
Ĭ

 
5) ʢᴇʙʝʡʪʫ ʰʠʬʨʣʘʥסʘʥ ʉ(4Ĭ5) ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʤʘʪʨʠʮʘʩʳʥ 

ʙʝʨʝʜʽ. 2.29 ʤʳʩʘʣʳʥʜʘסʳ ʤʘʪʨʠʮʘʣʳץ ʙʘʩץʘʨʫ ʩʠʤʚʦʣʜʘʨʜʳ ʩʘʥʜʳץ 

ʤᴅʥʜʝʨʛʝ ᴇʟʛʝʨʫʽʥ ץʘʞʝʪ ʝʪʝʜʽ (00 ʜʝʥ 25 ʢʝ ʜʝʡʽʥ). ʅʘʟʘʨ ʘʫʜʘʨʳשʳʟ, 

ʤʘʪʨʠʮʘʣʳץ ʢᴇʙʝʡʪʫ ʙʘסʘʥʜʘʨʜʳס ʦʨʳʥ ʘʫʳʩʪʳʨʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

ʤʘʪʨʠʮʘʥʳ ʞʘʟʫ ʞᴅʥʝ ʦץʫʜʳ ʘʣʛʦʨʠʪʤʥʽש ʙʘʩץʘ ʙᴇʣʽʢʪʝʨʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ץʘʞʝʪ. 
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ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ ʆʨʳʥ ʘʫʳʩʪʳʨʫ 

ʤʘʪʠʮʘʩʳ 

 

2.26-ʩʫʨʝʪ. 2.29 ʤʳʩʘʣʳ װʰʽʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʙʝʨʽʣʛʝʥʜʝʨʜʽ ʰʠʬʨʣʘʫ װʜʝʨʽʩʽʥ ʪװʩʽʥʜʽʨʫ.  

 

 ʉʦʥʳʤʝʥ, ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʤʘ ʤʳʥʘ ʪװʨʛʝ ʢʝʣʝʜʽ 04, 04, 12, 24, 13, 

19, 00, 00, 02, 19, 19, 10, 14, 13, 18, 07, 08, 19, 25, 06, ʦʥʳש ʞʘʫʘʙʳ: 

EEMYNTAACTTKONSHITZG. 

 ʄʳʩʘʣ 2.30. 2.29 ʤʳʩʘʣʳʥʜʘסʳ ʙʘʩʪʘʧץʳ ʙʝʨʽʣʛʝʥʜʝʨ ʤʘʪʨʠʮʘʩʳʥʳש 

ʙʘסʘʥʜʘʨʳʥʳש ʦʨʥʳʥ ʘʫʳʩʪʳʨʫ 2, 5, 4, 1, 3 ʢʽʣʪʽʤʝʥ ץʦʣʜʘʥʳʣסʘʥ, 

ʰʠʬʨʣʘʫʜʳש ʠʥʚʝʨʩʪʽ ʤʘʪʨʠʮʘʩʳʥʘʥ ʘʣʳʥסʘʥ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʤʘʥʳ 

ʰʠʬʨʣʘʧ ʰʝʰʫ ץʘʞʝʪ. (2.29 ʤʳʩʘʣʳʥ ץʘʨʘשʳʟ) 

 ʐʝʰʫʽ: ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ʤʘʪʨʠʮʘʩʳʥ C(4
 
Ĭ

 
5) ʰʠʬʨʣʘʫʜʳש ʢʽʣʪʪʽʢ 

ʤʘʪʨʠʮʘʩʳʥʘ Kʈ(5
 
Ĭ

 
5) ʢᴇʙʝʡʪʫ M(4

 
Ĭ

 
5) ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʤʘʪʨʠʮʘʩʳʥ 

ʙʝʨʝʜʽ.   

 2.27-ʩʫʨʝʪʽ ʭʘʙʘʨʣʘʤʘʥʳ ʰʠʬʨʣʘʧ ʰʝʰʫ װʜʝʨʽʩʽʥ ʢᴇʨʩʝʪʝʜʽ.  
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ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ɹʘʩʪʘʧץʳ ʤᴅʪʽʥ         ʆʨʳʥ ʘʫʳʩʪʳʨʫ 

ʤʘʪʨʠʮʘʩʳ 

 

2.27-ʩʫʨʝʪ.   2.30 ʤʳʩʘʣʳ װʰʽʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʙʝʨʽʣʛʝʥʜʝʨʜʽ ʰʠʬʨʣʘʫ װʜʝʨʽʩʽʥ ʪװʩʽʥʜʽʨʫ 
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 ʉʦʥʳʤʝʥ, ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʰʠʬʨʣʘʫʜʳ ʰʝʰʫ ʢʝʟʽʥʜʝ ʤʳʥʘ ʪװʨʛʝ ʢʝʣʝʜʽ 

04, 13, 04, 12, 24, 00, 19, 19, 00, 02, 10, 18, 19, 14, 13, 08, 06, 07, 19, 25, ʦʥʳש 

ʞʘʫʘʙʳ: Enemy attacks tonightz. 

 

ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪʘʣʜʘʫ 

 

 ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʪʝʢ ץʘʥʘ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʝʨʛʝ ʰʘʙʫʳʣʜʳש 

ʙʽʨʥʝʰʝ ʪװʨʣʝʨʽʥʝ ʦʩʘʣ.  

 

ʉʪʘʪʠʩʪʠʢʘʣʳϨ ʰʘʙʫʳʣ 

 

 ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʝ ᴅʨʽʧʪʝʨʜʽש ʞʠʽʣʽʛʽʥ 

ʘʫʳʩʪʳʨʤʘʡʜʳ; ʦʣ ʪʝʢ ץʘʥʘ ᴅʨʽʧʪʝʨʜʽ ʘʫʳʩʪʳʨʘʜʳ. ʉʦʥʜʳץʪʘʥ, ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʪʳʥ, ʙʽʨʽʥʰʽ ʰʘʙʫʳʣ ï ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʝʛʽ ʙᴇʣʝʢ ᴅʨʽʧʪʝʨʜʝ ʧʘʡʜʘ 

ʙʦʣʘʪʳʥ ʞʠʽʣʽʢʢʝ ʪʘʣʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɽʛʝʨ ʰʠʬʨʣʘʥʘʪʳʥ ʤᴅʪʽʥʥʽש 

 ʥʜʘʡײʣ ᴅʜʽʩ ʧʘʡʜʘʣʳ ʙʦʣʘʜʳ. ʄײʣʢʝʥ ʙʦʣʘʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ ʙװ ʳסʟʳʥʜʳײ

ʰʘʙʫʳʣסʘ ʤʳʩʘʣ ʘʣʜʳʥʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʦʣʘʪʳʥ. ɹʽʨʘץ ʪʘ ʦʨʳʥ 

ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʪʨʠʛʨʘʤʤ ʤʝʥ ʞײʧʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ 

ʩʘץʪʘʤʘʡʜʳ.  ɹײʣ ʰʘʙʫʳʣʰʳ ʤײʥʜʘʡ ײץʨʘʣ ʞʘʙʜʳץʪʘʨʳʥ ץʦʣʜʘʥʘ 

ʘʣʤʘʡʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. ʅʘץʪʳ ʘʣʘʪʳʥ ʙʦʣʩʘץ, ʝʛʝʨ ʰʠʬʨ ʪʨʠʛʨʘʤʤ ʤʝʥ 

ʞײʧʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʩʘץʪʘʤʘʡʪʳʥ ʙʦʣʩʘ, ʙʽʨʘץ ʞʝʢʝ ᴅʨʽʧʪʝʨʜʽש 

ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ʩʘץʪʘʡʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʙʦʣʧ 

ʪʘʙʳʣʘʜʳ.  

 ʐʘʙʫʳʣʰʳ ʭʘʙʘʨʣʘʤʘʥʳ ʦץʫ װʰʽʥ ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥʫʳ 

ʤװʤʢʽʥ. ɹʽʨʘץ ʪʘ ʢʽʣʪʪʝʨʜʽש ʩʘʥʳ ʢᴇʧ ʙʦʣʫʳ ʤװʤʢʽʥ 1! + 2! + 3! + é + L!, 

ʤײʥʜʘסʳ L  ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ ײʟʳʥʜʳסʳ. ɽש ʪʠʽʤʜʽ ᴅʜʽʩʽ, ʙʘסʘʥʜʘʨʜʳס 

ʩʘʥʳʥ ʪʘʙʫ. ʐʘʙʫʳʣʰʳ ʙʘסʘʥʜʘʨʜʳש ʩʘʥʳ g סʘ ʙᴇʣʽʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש 

ʝʪʽʥʽʥ ʙʽʣʝʜʽ. ʄʳʩʘʣʳ, ʝʛʝʨ ʰʠʬʨ ײʟʳʥʜʳסʳ ï 20 ʩʠʤʚʦʣ ʙʦʣʘʪʳʥ ʙʦʣʩʘ, 

ʦʥʜʘ 20 = 1Ĭ2Ĭ2Ĭ5. ɹײʣ ʙʘסʘʥʜʘʨʜʳש ʥʦʤʝʨʽ ʤʳʥʘ (1, 2, 4, 5, 10, 20) 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʢʦʤʙʠʥʘʮʠʷʩʳ ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ɹʽʨʘץ ʪʘ 

ʪʝʢ ץʘʥʘ ʙʽʨ ʙʘסʘʥ ʞᴅʥʝ ʙʽʨ ץʘʪʘʨ ï ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʥײʩץʘʣʘʨʳ  [8, 32]. 

 2.31-ʤʳʩʘʣ. ɸʡʪʘʣʳץ, ʰʘʙʫʳʣʰʳ 2.29 ʤʳʩʘʣʳʥʜʘ ʦʨʳʥʜʘʣʳʧ 

ʘʣʳʥסʘʥ, ʰʠʬʨʣʘʥϤʘʥ ʤϸʪʽʥ ʭʘʙʘʨʣʘʤʘʩʳʥ EEMYNTAACTTKONSHITZG  

  .ʩʪʘʧ ʘʣʩʳʥײ

 ʐʝʰʫʽ: ʭʘʙʘʨʣʘʤʘ ײʟʳʥʜʳסʳ L = 20, ʙʘסʘʥʜʘʨʜʳש ʩʘʥʳ 1, 2, 4, 5, 10 

ʥʝʤʝʩʝ 20 ʙʦʣʫʳ ʤϮʤʢʽʥ. ʐʘʙʫʳʣʰʳ, ʙʽʨʽʥʰʽ ʤϸʥʜʽ Ϩʘʙʳʣʜʘʤʘʡʜʳ, ʩʝʙʝʙʽ 

ʙϰʣ ʪʝʢ Ϩʘʥʘ ʙʽʨ ʙʘϤʘʥ ʞϸʥʝ ʦʥʳϬ ʤϮʤʢʽʥʜʽʛʽ ʘʟ ʜʝʛʝʥʜʽ ʙʝʨʝʜʽ.  

  1. ɽʛʝʨ ʙʘסʘʥ ʩʘʥʳ ï 2 ʙʦʣʩʘ, ʦʥʜʘ ʝʢʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ (1, 2) ʞᴅʥʝ  

(2, 1) ʙʦʣʘʜʳ. ɹʽʨʽʥʰʽʩʽ, ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʙʦʣסʘʥ ʞʦץ ʜʝʛʝʥ ʤʘסʳʥʘʥʳʥ 

ʙʝʨʝʜʽ. ʐʘʙʫʳʣʰʳ ʝʢʽʥʰʽ ʢʦʤʙʠʥʘʮʠʷʥʳ ץʘʨʘʩʪʳʨʘʜʳ. ʆʣ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʜʽ ʤʦʜʫʣʴ ʙʦʡʳʥʰʘ ʝʢʽ ʩʠʤʚʦʣʜʘʥ ʙᴇʣʝʜʽ: EE MY NT AA CT TK ON 

SH IT ZG. ʉʦʜʘʥ ʩʦש ʦʣ ᴅʨʙʽʨ ʤʦʜʫʣʴʜʽ ʦʨʥʳʥʘ ץʦʡʳʧ ʢᴇʨʽʧ,  ee ym nt aa tc 

kt no hs ti gz,  ʝʰץʘʥʜʘʡ ʤʘסʳʥʘʩʳ ʞʦץ ʤᴅʪʽʥʽʥ ʘʣʘʜʳ.  
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 2. ɽʛʝʨ ʙʘסʘʥʜʘʨ ʥʦʤʝʨʽ  4 ʙʦʣʩʘ, ʦʥʜʘ ʤװʤʢʽʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫ  4! = 24 

ʢʝ ʪʝש. ɹʽʨʽʥʰʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ  (1 2 3 4) ʝʰץʘʥʜʘʡ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʙʦʣסʘʥ 

ʞʦץ ʜʝʛʝʥ ʤʘסʳʥʘ ʙʝʨʝʜʽ.  ʐʘʙʫʳʣʰʳ ץʘʣסʘʥ ʤװʤʢʽʥ ʞʘסʜʘʡʣʘʨʜʳ 

 ʤʢʽʥʜʽʢʪʝʨʜʽ ʪʝʢʩʝʨʽʧ, ʰʘʙʫʳʣʰʳװʘʥ 23 ʤסʘʣפ .ʘʞʝʪץ ʘʨʘʩʪʳʨʫʳץ

ʝʰץʘʥʜʘʡ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ ʤײʥʜʘʡ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʘ ʤʘסʳʥʘʩʳ 

ʙʦʣʤʘʡʪʳʥʜʳסʳʥ ʪʘʙʘʜʳ.  

 3. ɽʛʝʨ ʙʘסʘʥʜʘʨ ʥʦʤʝʨʽ  5 ʙʦʣʩʘ, ʦʥʜʘ ʤװʤʢʽʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫ  5! = 

120. ɹʽʨʽʥʰʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ  (1 2 3 4 5) ʝʰץʘʥʜʘʡ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʙʦʣסʘʥ 

ʞʦץ ʜʝʛʝʥ ʤʘסʳʥʘ ʙʝʨʝʜʽ. ʐʘʙʫʳʣʰʳ ץʘʣסʘʥ ʤװʤʢʽʥ ʞʘסʜʘʡʣʘʨʜʳ 

  ʘʞʝʪ. (2 5 1 3 4) ʦʨʳʥ ʘʫʳʩʪʳʨʫʳ ᴇʟ ʥᴅʪʠʞʝʩʽʥ ʙʝʨʝʜʽץ ʘʨʘʩʪʳʨʫʳץ

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥ enemyattackstonightz, ʩʦשʳʥʜʘסʳ z ϸʨʧʽ ʤʝʥ ʙʦʩ ʦʨʳʥʜʘʨʜʳ 

ʦʨʥʳʥʘ Ϩʦʷʪʳʥ ʙʦʣʩʘϨ, Ϻʟ ʤʘϤʳʥʘʩʳʥ ʙʝʨʝʜʽ (Enemy attacks tonight). 

 

ϭʣʛʽ ʙʦʡʳʥʰʘ ʰʘʙʫʳʣ 

 

 ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʙʘʩץʘʰʘ װʣʛʽ ʙʦʡʳʥʰʘ ʰʘʙʫʳʣ ʜʝʧ ʘʪʘʫסʘ 

ʙʦʣʘʜʳ. ʆʨʳʥ ʘʫʳʩʪʳʨʫʜʳש ʢʽʣʪʪʽʢ ʰʠʬʨʳ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ 

ʘʡʪʘʣʘʥʘʪʳʥ ʤrץ ʩʘʣʜʘʨʜʘʥ ʪײʨʘʜʳ.  ʂʝʣʝʩʽ ʤʳʩʘʣ 2.31-ʤʳʩʘʣʳʥʜʘסʳ 

ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽש ᴅʨʙʽʨ ʩʠʤʚʦʣʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʝʥ ʙʝʣʛʽʣʽ ʙʽʨ ץʘסʠʜʘ 

ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ:: 

 

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 

03 08 13 18 01 06 11 16 04 09 14 19 05 10 15 20 02 07 12 17 

 

 ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽ1 ש-ʰʽ ʩʠʤʚʦʣʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽ3 ש-ʰʽ 

ʩʠʤʚʦʣʳʥʘʥ ʘʣʳʥʘʜʳ. ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽ2 ש-ʰʽ ʩʠʤʚʦʣʳ ʙʘʩʪʘʧץʳ 

ʤᴅʪʽʥʥʽ8 ש-ʰʽ ʩʠʤʚʦʣʳʥʘʥ ʘʣʳʥʘʜʳ. ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽ20 ש-ʰʳ 

ʩʠʤʚʦʣʳ ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʥʽ17 ש-ʰʽ ʩʠʤʚʦʣʳʥʘʥ ʘʣʳʥʘʜʳ ʞᴅʥʝ ʪ.ʩ.  

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʪʽʟʽʤʜʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ װʣʛʽʣʝʨʜʽש ʙʝʩ ʪʦʙʳʥ 

ʘʣʘʤʳʟ: (3, 8, 13, 18), (1, 6, 11, 16), (4, 9, 14, 19), (5, 10, 15, 20) ʠ (2, 7, 12, 

17). ɹʘʨʣʳץ ʪʦʧʪʘʨʜʘ ʝʢʽ ʢᴇʨʰʽʣʝʩ ʩʘʥʜʘʨʜʳש ʘʡʳʨʳʤʳ ï 5 ʢʝ ʪʝש. ɹײʣ 

ʞʠʽʣʽʢʪʽ ʰʠʬʨʜʳ ʙײʟʫ װʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ץʦʣʜʘʥʫʳ ʤװʤʢʽʥ. 

ɽʛʝʨ ʰʘʙʫʳʣʰʳ ʙʘסʘʥʜʘʨʜʳש ʩʘʥʳʥ ʙʽʣʝʪʽʥ ʙʦʣʩʘ ʥʝʤʝʩʝ ʪʘʙʘ ʘʣʘʪʳʥ 

ʙʦʣʩʘ, (ʙʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ ʦʣ 5 ʢʝ ʪʝש), ʦʥʜʘ ʦʣ ʪʦʧʪʘסʳ ʰʠʬʨʣʘʥסʘʥ 

ʤᴅʪʽʥʜʽ ʪᴇʨʪ ʩʠʤʚʦʣ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. ʊʦʧʪʘסʳ ʦʨʳʥ ʘʫʳʩʪʳʨʫ 

ʙʘʩʪʘʧץʳ ʤᴅʪʽʥʜʽ ʪʘʙʫסʘ ʘʨʥʘʣסʘʥ ʢʽʣʪʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.  

 

ɽʢʽ ʝʩʝʣʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ 

 

 ɽʢʽ ʝʩʝʣʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʥʳש 

ʞײʤʳʩʳʥ ץʠʳʥʜʘʪʘʜʳ. ʄײʥʜʘʡ ʰʠʬʨסʘ ʤʳʩʘʣ ʨʝʪʽʥʜʝ 2.28-ʤʳʩʘʣʳʥʜʘ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʘʣʛʦʨʠʪʤʜʽץ ʦʣʜʘʥʳʣʘʪʳʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʰʠʬʨʜʳ ʰʝʰʫʛʝץ
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ʝʢʽ ʨʝʪ ץʘʡʪʘʣʘʫ ʙʦʣʘ ʘʣʘʜʳ. ᴅʨʙʽʨ ץʘʜʘʤʳʥʜʘ ᴅʨʪװʨʣʽ ʢʽʣʪ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ, ʙʽʨʘץ ᴅʜʝʪʪʝ ʙʽʨ סʘʥʘ ʢʽʣʪ ץʦʣʜʘʥʳʣʘʜʳ.   

 2.32-ʤʳʩʘʣ. ɽʢʽ ʝʩʝʣʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ץʦʣʜʘʥʳʣסʘʥ 2.28-ʤʳʩʘʣʳʥ 

 .ʜʝʨʽʩʪʽ ʢᴇʨʩʝʪʝʜʽװ ʩʫʨʝʪʽ-2.28 .ץʘʡʪʘʣʘʡʳץ

 

 
 

2.28-ʩʫʨʝʪ. ɽʢʽ ʝʩʝʣʽ ʢʽʣʪʪʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ ʞʦʣʳʤʝʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʰʠʬʨʜʳ ʰʝʰʫ ʤʳʩʘʣʳ 

 

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ  ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʛʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʰʘʙʫʳʣ ʞʘʩʘʫ װʰʽʥ ʙᴇʣʝʢ ʩʠʤʚʦʣʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʠʽʣʽʛʽʥ ץʦʣʜʘʥʘ 

ʘʣʘʜʳ, ʝʥʜʽ  װʣʛʽ ʙʦʡʳʥʰʘ ʰʘʙʫʳʣ ץʠʳʥʜʘʪʳʣʜʳ: 

 

13  16  05  07  03  06  10  20  18  04 

 

10  12  01  09  15  17  08  11  19  02. 

 

 ʂʝʣʪʽʨʽʣʛʝʥ ʥᴅʪʠʞʝ ʤʝʥ 2.29-ʤʳʩʘʣʳʥʜʘסʳ ʥᴅʪʠʞʝʥʽ ʩʘʣʳʩʪʳʨʘ ʦʪʳ-

ʨʳʧ, ץʘʡʪʘʣʘʥʘʪʳʥ װʣʛʽʥʽש ʞʦץ ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ. ɽʢʽ ʝʩʝʣʽ ʦʨʳʥ ʘʫʳʩʪʳʨʫ 

ʘʣʜʳʥʜʘ ʙʦʣסʘʥ ʞʠʽʣʽʢʪʽ ʞʦʡʜʳ.  
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ɹʘϨʳʣʘʫ ʩϰʨʘϨʪʘʨʳ ʞϸʥʝ ʪʘʧʩʳʨʤʘʣʘʨ 

 

 1. ʉʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫʜʳש ʞʘʣʧʳ ʩʳʟʙʘʩʳʥ ʪװʩʽʥʜʽʨʽשʽʟ. ɹʘʨʣʳץ 

ʞʘʙʳץ ʢʽʣʪʪʽ ʰʠʬʨʣʘʫ ᴅʜʽʩʪʝʨʽʥʝ ʦʨʪʘץ ʥʝ ʙʘʨ? 

 2. ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʘ ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ. ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ 

ᴅʜʽʩʽ װʰʽʥ ʦʨʪʘץ ʧʨʠʥʮʠʧʪʽ ʢʝʣʪʽʨʽשʽʟ. 

 3. ʄʦʥʦʘʣʬʘʚʠʪʪʽ (ʙʽʨʘʣʬʘʙʠʪʪʽ) ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ 

ʪװʩʽʥʜʽʨʽשʽʟ. 

 4. ʂᴇʧʘʣʬʘʙʠʪʪʽ ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ. 

 5. ɸʜʜʠʪʠʚʪʽ ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ. 

 6. ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ.  

 7. ɸʬʬʠʥʜʽʢ ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ.  

 8. ɸʚʪʦʢʽʣʪʪʽʢ ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ. 

 9.ʇʣʝʡʬʝʨ ʦʨʳʥʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ.  

 10. ɺʠʞʝʥʝʨ ʦʨʳʥ ʘʫʳʩʪʳʨʫ  ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ.  

 11. ɺʠʞʝʥʝʨ ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʘʪʳʥ ᴅʜʽʩ ʞʘʙʳץ ʢʽʣʪʪʽ ʰʠʬʨʣʝʫ ᴅʜʽʩʪʝʨʽ 

ʪʦʙʳʥʳץ שʘʡʩʳʩʳʥʘ ʞʘʪʘʜʳ? ɹײʣ ᴅʜʽʩʪʝ ʰʠʬʨʣʝʫ ʤʝʥ ʰʠʬʨ ʜʝʥ ʘʣʫʜʳש 

  ?ʘʥʜʘʡ ʘʣʛʦʨʠʪʤʜʝʨʽ ʙʘʨץ

 12. ʍʠʣʣ ʰʠʬʨʳʥʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨ. 

 13. ʐʠʬʨʣʝʫʜʽש ʙʽʨ ʨʝʪʪʽʢ ʞװʡʝʩʽʥʽש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨ. 

 14. ɻʘʤʤʘʣʘʫ ᴅʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫʜʽש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨ. 

 15. ʈʶʢʟʘʢץʘ ʩʘʣʫ ʪʫʨʘʣʳ ʝʩʝʧʪʝʨ ʰʝʰʫ ᴅʜʽʩʽʤʝʥ ʰʠʬʨʣʝʫʜʽש ʤᴅʥʽʥ 

ʪװʩʽʥʜʽʨ. 

 16. ʆʨʳʥ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥʘ ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ. 

 17. ʂʽʣʪʪʽʢ ʞᴅʥʝ ʢʽʣʪʪʽʢ ʝʤʝʩ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳש ʤᴅʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ. 

 18. ʆʨʳʩ ʪʽʣʽʥʜʝ ñʢʦʤʥʘʪʘò (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ʜʝʛʝʥ ʭʘʙʘʨʣʘʤʘʥʳ  

(K = 3) ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ ץʦʣʜʘʥʳʧ ʰʠʬʨʣʘשʳʟ. 

 19. ʆʨʳʩ ʪʽʣʽʥʜʝ ñʋɻʌʍʀʈʃʀò (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ʜʝʛʝʥ ʭʘʙʘʨʣʘ-

ʤʘʥʳ  (K = 5) ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʜʳ ץʦʣʜʘʥʳʧ ʰʠʬʨʣʘשʳʟ. 

 20. ɽʛʝʨ ʦʨʳʩ ʪʽʣʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ʞᴅʥʝ ʘʰʳץ 

ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʽ ʙʝʣʛʽʣʽ ʙʦʣʩʘ: ñʘʧʝʣʴʩʠʥò  ñɿʎʄʊɻʐ ʇʌò, ʦʥʜʘ 

ʭʘʙʘʨʣʘʤʘʥʳש ʘʜʜʠʪʠʚʪʽ ʰʠʬʨʳʥʳש ʢʽʣʪʽʥ ʪʘʙʳשʳʟ. 

 21. K = 5 ʢʽʣʪʪʽ ʦʨʳʩ ʪʽʣʽʥʜʝʛʽ ʦʪʝʯʝʩʪʚʦ ʭʘʙʘʨʣʘʤʘʩʳʥ ʦʨʳʥ ʘʫʳʩʪʳ-

ʨʫʜʳש ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳʥ ץʦʣʜʘʥʳʧ ʰʠʬʨʣʘשʳʟ. (2.2-ʩʫʨʝʪʪʽ 

 (ʳʟשʘʨʘץ

 22. ʐʠʬʨʣʘʥסʘʥ ñɾʈʐʁʖʍʈɸʄʐʑò ʤᴅʪʽʥʽʥ K = 7 ʢʽʣʪʪʽ ʞᴅʥʝ 

ʦʨʳʩ ʪʽʣʽʥ ץʦʣʜʘʥʳʧ, ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʰʠʬʨʳʤʝʥ ʢᴇʤʝʛʽʤʝʥ ʰʝh ʽשʽʟ.  

(2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). 

 23. ɸʬʠʥʜʽʢ ʰʠʬʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʦʨʳʩ ʪʽʣʽʥʜʝʛʽ ñʘʨʛʫʤʝʥʪò  

ʩᴇʟʽʥ ʰʠʬʨʣʘשʳʟ. (ʄײʥʜʘסʳ k1 = 7 ʠ k2 = 5) (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). 

 24. ʐʠʬʨʣʘʥסʘʥ ñʃɿʔʑɿɸɽʋɻò ʤᴅʪʽʥʽʥ ʘʬʠʥʜʽʢ ʰʠʬʨʜʳ ʞᴅʥʝ ʦʨʳʩ 

ʪʽʣʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʰʠʬʨʜʳ ʰʝʰʽשʽʟ. (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). 
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 25. ɸʚʪʦʢʽʣʪʪʽʢ ʰʠʬʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʦʨʳʩ ʪʽʣʽʥʜʝʛʽ ñʛʦʨʜʦʩʪʴò   

ʩᴇʟʽʥ ʰʠʬʨʣʘשʳʟ. (ʄײʥʜʘסʳ k1 = 13) (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). 

 26. ʐʠʬʨʣʘʥסʘʥ ñʑʗɻɸʖʖʌʋʓʗɻʆò ʤᴅʪʽʥʽʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜr  ש

ʘʚʪʦʢʽʣʪʪʽʢ ʰʠʬʨʜʳ ʞᴅʥʝ ʦʨʳʩ ʪʽʣʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʰʠʬʨʜʳ ʰʝh ʽשʽʟ. (k1 

= 11) (2.2-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). 

 27. ʇʣʝʡʬʝʨ ʰʠʬʨʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʦʨʳʩ ʪʽʣʽʥʜʝʛʽ ñʢʨʠʧʪʦʛʨʘʬʠʷò 

ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʣʘשʳʟ (2.9 ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ).. 

 28. ʐʠʬʨʣʘʥסʘʥ ñɸʇʁʐʌʔʐʏʔʃʂʗò ʤᴅʪʽʥʽʥ ʦʨʳʥ ʘʫʳʩʪʨrʫʜʳש 

ʇʣʝʡʬʝʨ ʰʠʬʨʨʳʥ ʞᴅʥʝ ʦʨʳʩ ʪʽʣʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʰʠʬʨʜʳ ʰʝh ʽשʽʟ. 

(2.9-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). 

 29. ɺʠʞʝʨ ʰʠʬʨʳ ʞᴅʥʝ  ñʢʠʣʦʤʝʪʨò ʢʽʣʪʪʽʢ ʩᴇʟʽʥ ץʦʣʜʘʥʘ ʦʪʨrʳʧ, 

ʦʨʳʩ ʪʽʣʽʥʜʝʛʽ ñʢʦʤʥʘʪʘò ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨʣʘשʳʟ. (2.8-ʢʝʩʪʝʩʽʥ 

 .(ʳʟשʘʨʘץ

 30. ɺʠʞʝʨ ʰʠʬʨʳ ʞᴅʥʝ  ñʨʦʟʘò ʢʽʣʪʪʽʢ ʩᴇʟʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʦʨʳʩ 

ʪʽʣʽʥʜʝʛʽ ʰʠʬʨʣʘʥסʘʥ  ñɸʆʗʀɼʖʍɺʈʓʇɽò ʭʘʙʘʨʣʘʤʘʩʳʥʳש ʰʠʬʨʳʥ 

ʰʝʰʽשʽʟ. (2.8-ʢʝʩʪʝʩʽʥ ץʘʨʘשʳʟ). 

 31. ʍʠʣʣ ʰʠʬʨʳ ʞᴅʥʝ 2.18-ʤʳʩʘʣʳʥʜʘסʳ ʂ ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʩʳʥ 

-ʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ñperpendicularò ʭʘʙʘʨʣʘʤʘʩʳʥ ʰʠʬʨסʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʘץ

ʣʘשʳʟ. (2.3-ʢʝʩʪʝʩʽʥ ץʘʨʘשʳʟ). 

 32. ʍʠʣʣ ʰʠʬʨʳ ʞᴅʥʝ 2.18-ʤʳʩʘʣʳʥʜʘסʳ K
 -1

  ʢʽʣʪʪʽʢ ʤʘʪʨʠʮʘʩʳʥ 

-ʘʥ ñCVJRKDXAHIBSò ʭʘʙʘסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʰʠʬʨʣʘʥסʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʘץ

ʨʣʘʤʘʩʳʥʳש ʰʠʬʨʳʥ ʰʝʰʽשʽʟ. (2.1-ʩʫʨʝʪʽʥ ץʘʨʘשʳʟ). 
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3 ʪʘʨʘʫ 

 

ɿɸʄɸʅɸʋʀ ʉʀʄʄɽʊʈʅʀʗʃʓפ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ 

ɾתʁɽʃɽʈɼɯ ױפʈɸʉʊʓʈʋ 

ʇʈʀʅʎʀʇʊɽʈɯ 

 

 ɾʦסʘʨʳʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʽʣʪʽ ʙʘʨ ʜᴅʩʪװʨʣʽ ʰʠʬʨʣʘʨ 

ʩʠʤʚʦʣʜʘʨסʘ ʙʘסʳʪʪʘʣʘʜʳ. ʂʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ 

ʙʠʪʪʝʨʛʝ ʙʘסʳʪʪʘʣסʘʥ ʰʠʬʨʣʘʨ ץʘʞʝʪ ʙʦʣʜʳ, ʩʝʙʝʙʽ ʰʠʬʨʣʘʥסʘʥ ʘץʧʘʨʘʪ 

ʪʝʢ ʤᴅʪʽʥʥʝʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʩʘʥʜʘʨʜʘʥ, ʩʳʟʙʘʣʘʨʜʘʥ, ʘʫʜʠʦ- 

ʞᴅʥʝ ʙʝʡʥʝ- ʜʝʨʝʢʪʝʨʜʝʥ ʪʫʨʘ ʘʣʘʜʳ. ʐʠʬʨʣʘʫ װʰʽʥ ʙײʣ ʜʝʨʝʢʪʝʨ ʪʠʧʽʥ 

ʙʠʪʪʝʨ ʘסʳʥʳʥʘ ʘʫʳʩʪʳʨʫ ץʘʞʝʪ ʞᴅʥʝ ʩʦʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʽ 

ʞʽʙʝʨʫ ץʘʞʝʪ. ʆʩʳסʘʥ ץʦʩʘ, ʤᴅʪʽʥ ʨʘʟʨʷʜ ʜʝשʛʝʡʽʥʜʝ ᴇשʜʝʣʩʝ, ᴅʨ ʩʠʤʚʦʣ 8 

(ʥʝʤʝʩʝ 16) ʙʠʪʢʝ ʘʫʳʩʪʳʨʳʣʘʜʳ, ʘʣ ʙײʣ ʜʝʛʝʥ ʩʠʤʚʦʣʜʘʨ ʩʘʥʳ 8 (ʥʝʤʝʩʝ 

16) ʨʝʪ ʢᴇʙʝʡʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʠʤʚʦʣʜʘʨʜʳש ʢᴇʧ ʩʘʥʳʥ ʘʨʘʣʘʩʪʳʨʫ 

 .ʘʨʣʘʪʘʜʳ [6, 18]סʘʫʽʧʩʽʟʜʽʢʪʽ ʞʦץ

 

3.1. ɿɸʄɸʅɸʋʀ ɹʃʆʂʊʓ ʐʀʌʈʃɸʈ 

 

 ʉʠʤʤʝʪʨʠʷʣʳץ ʢʽʣʪʽ ʙʘʨ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ n-ʙʠʪʪʽʢ ʘʰʳץ 

ʤᴅʪʽʥ ʙʣʦʛʳʥ ʰʠʬʨʣʘʡʜʳ ʥʝʤʝʩʝ ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽש n-ʙʠʪʪʽʢ ʙʣʦʛʳʥ 

ʢʝʨʽʰʠʬʨʣʘʡʜʳ. ʐʠʬʨʣʘʫ ʥʝʤʝʩʝ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʳ k-ʙʠʪʪʽʢ ʢʽʣʪʪʽ 

ʧʘʡʜʘʣʘʥʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש ʠʥʚʝʨʩʠʷʩʳ 

ʙʦʣʫ ʢʝʨʝʢ, ʞʽʙʝʨʫʰʽ ʞʽʙʝʨʛʝʥ ʭʘʙʘʨʜʳ ץʘʙʳʣʜʘʫʰʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

 ʦʣʜʘʥʘʜʳ. 3.1 ʩʫʨʝʪ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳץ ʤʳʩʪʘ ʙʽʨ ʢʽʣʪʪʽײʰʽʥ ʝʢʝʫʽʜʝ ʞװ

ʰʠʬʨʜʘ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʞʘʣʧʳ ʠʜʝʷʩʳʥ ʢᴇʨʩʝʪʝʜʽ.  
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3.1 ʩʫʨʝʪ ï ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨ 

 

 ɽʛʝʨ ʭʘʙʘʨʜʳש ᴇʣʰʝʤʽ n ʙʠʪʪʝʥ ʪᴇʤʝʥ ʙʦʣʩʘ, n-ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʳ ײץʨʫ 

 ʟʳʥײ ʳ n ʙʠʪʪʝʥסʟʳʥʜʳײ שʘʞʝʪ; ʝʛʝʨ ʭʘʙʘʨʜʳץ ʦʩʫץ ʪʳʨʫץʰʽʥ ʪʦʣʳװ

ʙʦʣʩʘ, ʦʣ  n-ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʘʨסʘ ʙᴇʣʽʥʫ ץʘʞʝʪ, ʞᴅʥʝ ʝʛʝʨ ץʘʞʝʪ ʙʦʣʩʘ ʩʦסשʳ 

ʙʣʦʢץʘ ʩᴅʡʢʝʩ ʪʦʣʳץʪʳʨʫ ץʦʩʫ ץʘʞʝʪ.  ɾʘʣʧʳ ʤᴅʥʜʝʨ n װʰʽʥ ᴅʜʝʪʪʝ 64, 

128, 256 ʥʝʤʝʩʝ 512 ʙʠʪ [12]. 

 3.1 ʤʳʩʘʣ. ɽʛʝʨ ʰʠʬʨ ʙʣʦʢ ײʟʳʥʜʳסʳʥ 64 ʙʠʪ ץʘʙʳʣʜʘʩʘ ʞᴅʥʝ ʢʦʜʪʘʫ 

 ʘסʨʘʪʳʥ ʭʘʙʘʨײʦʣʜʘʥʩʘ, 100 ʩʠʤʚʦʣʜʘʥ ʪץ ʰʽʥ 8 ʙʠʪ ʙʦʡʳʥʰʘ ASCII ʢʦʜװ

   .ʪʘʫץʦʩʫ ʢʝʨʝʢ ʝʢʝʥʽʥ ʘʥʳץ ʦʩʳʤʰʘ ʙʠʪץ ʘʥʰʘץ

 ʐʝʰʽʤ. 100 ʩʠʤʚʦʣʜʳ ʢʦʜʪʘʫ װʰʽʥ 8 ʙʠʪ ʙʦʡʳʥʰʘ ASCII ʢʦʜʪʘʨ 

 ʳ ʜʝʨʝʢʪʝʨ 64ץʘʰסʳ 800 ʙʠʪ ʙʦʣʘʜʳ. ɸʣסʟʳʥʜʳײ ʦʣʜʘʥʳʣʘʜʳ, ʦʥʜʘ ʭʘʙʘʨץ

 ʳ ʞᴅʥʝסʟʳʥʜʳײ ʘʞʝʪ. ɽʛʝʨ |M| ʞᴅʥʝ |Pad|  ʭʘʙʘʨץ ʩʳʟ ʙᴇʣʽʥʫץʘʣʜʳץ

ʪʦʣʳץʪʳʨʫ ײʟʳʥʜʳסʳ ʙʦʣʩʘ, ʦʥʜʘ 

 

( | M | + |  Pad | ) mod 64 = 0. 

 

 ɹײʣ ʞʝʨʜʝʥ  

 

| Pad | = ⱷ| M | mod 64 = ⱷ800 mod 128 = ⱷ32 mod 64 = 32. 

 

 ʆʣ ʜʝʛʝʥ ʭʘʙʘʨסʘ 32 ʙʠʪ ʪʦʣʳץʪʳʨʫʜʳ (ʤʳʩʘʣʳ, ʥᴇʣʜʝʨʜʽ) ץʦʩʫ ץʘʞʝʪ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʦʥʜʘ 832 ʙʠʪʪʝʨʜʝʥ ʥʝʤʝʩʝ ʦʥ װʰ 64-

ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʘʨʜʘʥ ʪײʨʘʜʳ. ʊʝʢ ʩʦסשʳ ʙʣʦʢʪʘ ʪʦʣʳץʪʳʨʫ ʙʦʣʘʜʳ. ʆʥ װʰ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ײץʨʫ װʰʽʥ ʰʠʬʨʘʪʦʨ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʦʥ 

װ  hʨʝʪ ץʦʣʜʘʥʘʜʳ.  

 

3.1.1. ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʣʘʨʳ 

 

 ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʥʝʤʝʩʝ ʪʨʘʥʩʧʦʟʠʮʠʷ 

(ʘʣʤʘʩʪʳʨʫ) ʰʠʬʨʳ ʩʠʷץʪʳ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ ʞʦʙʘʣʘʥʫ ʤװʤʢʽʥ. ɹײʥʜʘʡ 

ʠʜʝʷ ʜᴅʩʪװʨʣʽ ʰʠʬʨʣʘʨʜʘ ʜʘ ץʦʣʜʘʥʳʣʘʜʳ, ʪʝʢ ʘʡʳʨʤʘʰʳʣʳסʳ 
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ʘʫʳʩʪʳʨʳʣʘʪʳʥ ʥʝʤʝʩʝ ʘʣʤʘʩʪʳʨʳʣʘʪʳʥ ʩʠʤʚʦʣʜʘʨʜʘ ʩʠʤʚʦʣʜʳש 

ʦʨʥʳʥʜʘ ʙʠʪʪʝʨ ʙʦʣʘʜʳ.  

 ɽʛʝʨ ʰʠʬʨ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʩʠʷץʪʳ ʞʦʙʘʣʘʥʩʘ, ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ 1 

ʥʝʤʝʩʝ 0 ʙʠʪʪʝʨ ʤᴅʥʽ 0 ʥʝʤʝʩʝ 1 ʘʫʳʩʪʳʨʳʣʫ ʤװʤʢʽʥ. ɹײʣ ʘʣסʘʰץʳ ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ᴅʨʪװʨʣʽ ʙʽʨʣʝʨ ʩʘʥʳ ʙʦʣʫ ʤװʤʢʽʥ ʙʦʣʫʳʥ 

ʙʽʣʜʽʨʝʜʽ. ʄʳʩʘʣʳ, 64 ʙʠʪʪʽʢ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʜʘ 12 ʥᴇʣ ʞᴅʥʝ 52 

ʙʽʨ ʙʦʣʩʳʥ, ʰʠʬʣʘʥסʘʥ ʪװʨʜʝ ʙײʣ ʙʣʦʢʪʘ 34 ʥᴇʣ ʞᴅʥʝ 30 ʙʽʨ ʙʦʣʫ ʤװʤʢʽʥ. 

ɽʛʝʨ ʰʠʬʨ ʘʣʤʘʩʪʳʨʫ (ʪʨʘʥʩʧʦʟʠʮʠʷ) ʰʠʬʨʳ ʩʠʷץʪʳ ʞʦʙʘʣʘʥʩʘ, ʦʥʜʘ 

ʙʠʪʪʝʨ ʪʝʢ ʢʝʟʜʝʩʫ ʨʝʪʽʥ סʘʥʘ ᴇʟʛʝʨʪʝʜʽ, ʩʠʤʚʦʣʜʘʨ ʢᴇʣʝʤʽ ᴇʟʛʝʨʤʝʡʜʽ. ʂʝʟ 

ʢʝʣʛʝʥ ʞʘסʜʘʡʜʘ, ʤװʤʢʽʥ n-ʙʠʪʪʳץ ʘʣסʘʰץʳ ʥʝʤʝʩʝ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽש ʩʘʥʳ 2
Ān 
ʪʝש, ʩʝʙʝʙʽ ʙʣʦʢʪʘ ץʦʣʜʘʥʳʣסʘʥ n ʙʠʪʪʽש ᴅʨץʘʡʩʳʩʳ 0 

ʥʝʤʝʩʝ 1 ʤᴅʥʽʥʝ ʪʝש ʙʦʣʫ ʤװʤʢʽʥ.  

 ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ʩʠʷץʪʳ ʞʦʙʘʣʘʥסʘʥ, 

ʩʝʙʝʙʽ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʤʳʩʘʣʜʘʨʜʘסʳʜʘʡ ʪʨʘʥʩʧʦʟʠʮʠʷ ץʘʩʠʝʪʪʝʨʽ 

(ʥᴇʣ ʞᴅʥʝ ʙʽʨ ʩʘʥʜʘʨʳʥʳש ʩʘץʪʘʣʘʫʳ) ʰʠʬʨʜʳ ʪʦʣʳץ ʽʟʜʝʫ ʰʘʙʫʳʣʳʥʘ 

ʦʩʘʣ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ.   

 3.2 ʤʳʩʘʣ. n = 64 ʪʝש ʙʣʦʢʪʳ ʰʠʬʨ ʙʦʣʩʳʥ. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ 

10 ʙʽʨ ʙʦʣʩʳʥ, ʘʣ ץʘʣסʘʥ ʜʝʨʝʢʪʝʨ - ʥᴇʣʜʝʨ (54 ʥᴇʣ). ʐʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽ ʞʦʣʘʡ ײʩʪʘʫ ʞʦʣʳʤʝʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ װʰʽʥ ץʘʨʩʳʣʘʩ 

 ʪʳ ʩʳʥʘʫʣʘʨʜʳ ʞʘʩʘʫ ʢʝʨʝʢ ᴅʨ ʢʝʣʝʩʽץʘʥʰʘ çʩʳʥʘʫ ʞϸʥʝ Ϩʘʪʝè ʩʠʷץ

ʞʘסʜʘʡסʘ:  

 ʘ) ʰʠʬʨ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʩʠʷץʪʳ ʞʦʙʘʣʘʥסʘʥ; 

 ʙ) ʰʠʬʨ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʳ ʩʠʷץʪʳ ʞʦʙʘʣʘʥסʘʥ.  

 ʐʝʰʽʤ. ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘ (ʘʫʳʩʪʳʨʫ) ץʘʨʩʳʣʘʩ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ 

 ʰʽʥ ʦʣ 64װ ʘʥʰʘ ʙʽʨ ʙʘʨ ʝʢʝʥʽʥ ʙʽʣʤʝʡʜʽ. ʉʦʥʜʘ ʙʽʨ, ʤᴅʥʽ ʙʘʨ ʙʣʦʢʪʳ ʪʘʙʫץ

ʙʠʪʪʝʥ ʙʘʨʣʳץ ʤװʤʢʽʥ 2
64

 ʙʣʦʢʪʳ ʩʳʥʘʫ ʢʝʨʝʢ. ɽʛʝʨ ץʘʨʩʳʣʘʩʪʘ ʩʝʢʫʥʜʳʥʘ 

1 ʤʠʣʣʠʘʨʜ ʙʣʦʢʪʳ ʩʳʥʘʫסʘ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʩʘ, ʦʥʜʘ ʞײʤʳʩʳ ʩᴅʪʪʽ ʙʽʪʫ 

  .ʟʜʝʛʝʥ ʞʳʣ ʢʝʨʝʢ ʙʦʣʘʜʳװʘʥ ʞסʰʽʥ ʦװ

 ɽʢʽʥʰʽ ʞʘסʜʘʡʜʘ (ʘʣʤʘʩʪʳʨʫ) ץʘʨʩʳʣʘʩ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ 10 ʙʽʨ ʙʘʨ 

ʝʢʝʥʽʥ ʥʘץʪʳ ʙʽʣʝʜʽ, ʩʝʙʝʙʽ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʪʨʘʥʩʧʦʟʠʮʠʷ ʙʽʨʣʝʨ 

(ʥʝʤʝʩʝ ʥᴇʣʜʝʨ) ʩʘʥʳʥ ᴇʟʛʝʨʪʧʝʡʜʽ.  פʘʨʩʳʣʘʩ ʪʦʣʳץ ʽʟʜʝʫ ʰʘʙʫʳʣʳʥ ʪʝʢ 

10 ʙʽʨʽ ʙʘʨ 64-ʙʠʪʪʽʢ ʙʣʦʢʪʘʨʳʥ ץʦʣʜʘʥʳʧ ʙʘʩʪʘʫ ʤװʤʢʽʥ. 64 ʙʠʪʪʝʥ 2
64

 

ʩᴇʟʜʝʨʜʝ ʪʝʢ  
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 (3.1) 

 

ʥʘץʪʳ 10 ʙʽʨʽ ʙʘʨ.  

 (3.1) ᴇʨʥʝʛʽʥʜʽ m1 ï ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʙʽʨʣʝʨ ʩʘʥʳ. 

 ɽʛʝʨ ץʘʨʩʳʣʘʩ ʩʝʢʫʥʜʳʥʘ 1 ʤʠʣʣʠʘʨʜ ʩʳʥʘʫ ʦʨʳʥʜʘʫ ʤװʤʢʽʥ ʙʦʣʩʘ, 

ʦʥʜʘ ʦʣʘʨʜʳ 3 ʤʠʥʫʪʪʘʥ ʘʟ ʫʘץʳʪʪʘ ʪʝʢʩʝʨʫʛʝ ʙʦʣʘʜʳ.  

 ʉʦʥʜʳץʪʘʥ, ʪʦʣʳץ ʽʟʜʝʫ ʰʘʙʫʳʣʳʥʘ ʙʝʨʽʢ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨ 

ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ ʩʠʷץʪʳ ʞʦʙʘʣʘʥʫ ʢʝʨʝʢ.  
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3.1.2. ʊʦʧʪʳץ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʣʤʘʩʪʳʨʫ ʩʠʷץʪʳ 

ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ 

 

 ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʦʧ ʙʦʣʘʪʳʥʳʥ ʘʥʳץʪʘʫ ץʘʞʝʪ. 

ɸʣʜʳʤʝʥ, ʢʝʟ ʢʝʣʛʝʥ ʤװʤʢʽʥʜʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ װʰʽʥ ʙʣʦʢʪʳ 

ʰʠʬʨʜʳש ʢʽʣʪʽʥʽײ שʟʳʥʜʳסʳ ʞʝʪʢʽʣʽʢʪʽ ʜʝʡʽʢ. ɹײʥʜʘʡ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ 

ʪʦʣʳϨϺʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʰʠʬʨʣʘʨ ʜʝʧ ʘʪʘʣʘʜʳ. ʊᴅʞʽʨʠʙʝʣʽʢ ʪװʨʜʝ ʢʽʣʪ 

ʢʽʰʽʨʝʢ; ײʟʳʥ ʢʽʣʪʪʽ ʪʝʢ ʢʝʡʙʽʨ ʰʠʬʨʣʘʫʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ɾʽʙʝʨʫʰʽ ʞᴅʥʝ ץʘʙʳʣʜʘʫʰʳ ʘʨʘʩʳʥʜʘ ʘʣʤʘʩʫ ʢʝʟʽʥʜʝ ʙʣʦʢʪʳ ʰʠʬʨʜʘ 

 ʧʠʷ ʢʽʣʪ ʙʦʣʫ ʢʝʨʝʢ ʙʦʣʩʘ ʜʘ, ʰʠʬʨʜʘ ʢʽʣʪʪʝʥ ʪᴅʫʝʣʩʽʟ ʢʦʤʧʦʥʝʥʪʪʝʨײץ

 .ʦʣʜʘʥʳʣʘʜʳ [15, 16]ץ

 

ʊʦʣʳϨϺʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʰʠʬʨʣʘʨ 

 

 ʊʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʰʠʬʨʣʘʨ ʪᴅʞʽʨʠʙʝʜʝ ץʦʣʜʘʥʙʘʩʘ ʜʘ, ʙᴇʣʰʝʢʪʽ 

ᴇʣʰʝʤʜʽ ʢʽʣʪʪʽ ʰʠʬʨʣʘʨ ʪװʩʽʥʽʢʪʽ ʙʦʣʫ װʰʽʥ ʘʣʜʳʤʝʥ ʩʦʣʘʨʜʳ 

  .ʘʨʘʩʪʳʨʘʤʳʟץ

 ʊʦʣʳϨϺʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʙʣʦʢʪʳ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʳ ʤᴅʥʜʝʨʽʥ 

ᴇʟʛʝʨʪʧʝʡ ʙʠʪʪʝʨʜʽ ʘʣʤʘʩʪʳʨʘʜʳ, ʩʦʥʜʳץʪʘʥ ʦʣ n! ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʣʝʨ 

ʢᴇʧʪʽʛʽ ʙʘʨ ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʳ ʩʠʷץʪʳ ʤʦʜʝʣʴʜʝʥʛʝʥ ʙʦʣʫ ʤװʤʢʽʥ. ɹײʣ 

ʞʝʨʜʝ ʞʽʙʝʨʫʰʽ ʞᴅʥʝ ץʘʙʳʣʜʘʫʰʳ ץʘʡ ʢʝʩʪʝʥʽ ץʦʣʜʘʥʘʪʳʥʳʥ ʢʽʣʪ 

ʘʥʳץʪʘʡʜʳ. ʆʣ װʰʽʥ n! ʤװʤʢʽʥʜʽ ʢʽʣʪ ʙʦʣʫ ʢʝʨʝʢ, ʘʣ ʦʥʳײ שʟʳʥʜʳסʳ 

[  log2 n! ]  ʙʠʪ ʙʦʣʫ ʢʝʨʝʢ.  

 3.3 ʤʳʩʘʣ. ɹʣʦʢʪʳ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʳ װʰʽʥ װʣʛʽʥʽ ʞᴅʥʝ 3 ʙʠʪʢʝ 

ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʣʝʨ ʢᴇʧʪʽʛʽʥ ײץʨʫ, ʙײʣ ʞʝʨʜʝ ʙʣʦʢ ᴇʣʰʝʤʽ   n = 3 ʙʠʪ 

 ʐʝʰʽʤ. ɸʣʤʘʩʪʳʨʫ ʢʝʩʪʝʣʝʨ ʢᴇʧʪʽʛʽ 3.2 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ n! = 

3! = 6 ʵʣʝʤʝʥʪʪʝʥ ʪײʨʘʜʳ.  

 

 
 

3.2 ʩʫʨʝʪ ï ɹʣʦʢʪʳ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʳ ʘʣʤʘʩʪʳʨʫ ʪװʨʽʥʜʝ 

 

 ʂʽʣʪʪʽײ שʟʳʥʜʳסʳ [  log2 n! ]  = 3 ʙʠʪ ʙʦʣʫ ʢʝʨʝʢ. ʂʽʣʪ 3 ʙʠʪ ʙʦʣʩʘ ʜʘ, ʦʣ 

2
3
 = 8 ᴅʨʪװʨʣʽ ʙʝʡʥʝʥʽ ʪʘשʜʘʫ ʤװʤʢʽʥ, ʦʣʘʨʜʳש ʽʰʽʥʝʥ 6 ץʦʣʜʘʥʘʤʳʟ.  
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 ʊʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʙʣʦʢʪʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ʙʽʨ ץʘʨʘסʘʥʜʘ, 

ʘʣʤʘʩʪʳʨʫ ʨʝʪʽʥʜʽ ʤʦʜʝʣʴʜʝʥʙʝʫ ʤװʤʢʽʥ ʩʠʷץʪʳ. ɹʽʨʘץ, ʝʛʝʨ ʢʽʨʽʩ 

ʘץʧʘʨʘʪʪʳ ʢʝʨʽʢʦʜʪʘʧ ʞᴅʥʝ ʰʳסʳʩ ʘץʧʘʨʘʪʪʳ ʢʦʜʪʘʩʘ, ʦʥʜʘ ʘʫʳʩʪʳʨʫ 

ʰʠʬʨʳ װʰʽʥ ʜʝ ʘʣʤʘʩʪʳʨʫ װʣʛʽʩʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʂʝʨʽʢʦʜʪʘʫ ʙײʣ 

ʞʝʨʜʝ ʦʣ n-ʨʘʟʨʷʜʪʳ ʪײʪʘʩ ʩʘʥʜʳ ʙʽʨ ʙʽʨʽ ʞᴅʥʝ 2
n
-1 ʥᴇʣʽ ʙʘʨ 2

n
-ʙʠʪʪʽʢ 

ʞʦʣסʘ ʪװʨʣʝʥʜʽʨʫ [4, 32]. ɹʽʨ ʙʽʨʜʽש ʧʦʟʠʮʠʷʩʳ 0 ʜʝʥ 2
n
-1 ʜʝʡʽʥʛʽ ʨʝʪʪʝʣʛʝʥ 

ʧʦʟʠʮʠʷʣʘʨ ʪʽʟʙʝʛʽʥʜʝ ʪײʪʘʩ ʩʘʥʥʳש ʤᴅʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɾʘשʘ ʢʽʨʽʩ ʘץʧʘʨʘʪʪʘ 

ᴅʨʜʘʡʳʤ ʙʽʨ ʙʽʨ ʙʦʣסʘʥʜʳץʪʘʥ, ʰʠʬʨʜʳ 2
n
! ʦʙʲʝʢʪʪʝʨ ʘʣʤʘʩʪʳʨʫʳ ʨʝʪʽʥʜʝ 

ʤʦʜʝʣʴʜʝʫʛʝ ʙʦʣʘʜʳ.   

 3.4 ʤʳʩʘʣ. ɹʣʦʢʪʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ װʰʽʥ 3 ʙʠʪʢʝ װʣʛʽ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ 

ʢʝʩʪʝʣʝʨ ʢᴇʧʪʽʛʽʥ ײץʨʫ.  

 ʐʝʰʽʤ. ת  h ʘʣסʘʰץʳ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ 0 ʜʝʥ 7 ʜʝʡʽʥ ʪײʪʘʩ 

ʩʘʥʜʘʨʤʝʥ ʙʝʣʛʽʣʝʥʫ ʤװʤʢʽʥ. ʆʣʘʨʜʳ ʙʽʨ ʙʽʨʽ ʙʘʨ 8 ʙʠʪʪʽʢ ʞʦʣ ʨʝʪʽʥʜʝ 

ʢʦʜʪʘʫסʘ ʙʦʣʘʜʳ.  ʄʳʩʘʣʳ, 000 ʢʦʤʙʠʥʘʮʠʷʩʳ 00000001 (ʦש ʞʘץʪʘʥ 

ʙʽʨʽʥʰʽ ʙʽʨ) ʨʝʪʽʥʜʝ ʢʦʜʪʘʣʫ ʤװʤʢʽʥ; 101 ʢʦʤʙʠʥʘʮʠʷʩʳ 00100000 (ʦש 

ʞʘץʪʘʥ ʘʣʪʳʥʰʳ ʙʽʨ) ʨʝʪʽʥʜʝ. תʣʛʽʥʽ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʣʝʨ ʢᴇʧʪʽʛʽʥ 3.3 

ʩʫʨʝʪ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

3.3 ʩʫʨʝʪ ï ɹʣʦʢʪʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳʥ ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʳ ʨʝʪʽʥʜʝ 

ʤʦʜʝʣʴʜʝʫ 

 

 ʂʦʜʪʘʣסʘʥ ʢᴇʧʪʽʢʪʝ ʵʣʝʤʝʥʪʪʝʨ ʩʘʥʳ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʳʥʜʘסʳ 

ʵʣʝʤʝʥʪʪʝʨ ʩʘʥʳʥʘʥ (8! = =  40 320) ᴇʪʝ ʢᴇʧ. ʂʽʣʪ ײʟʳʥʜʳסʳ ʜʘ װʣʢʝʥʨʝʢ 

[log2 40 320] = 16 ʙʠʪ. 16 ʙʠʪʪʽʢ ʢʽʣʪ 65 536 ᴅʨʪװʨʣʽ ʙʝʡʥʝʣʝʨʜʽ ʘʥʳץʪʘʫ 

ʤװʤʢʽʥ ʙʦʣʩʘ ʜʘ ʪʝʢ 40 320 ץʦʣʜʘʥʳʣʘʜʳ.  

 ʊʦʣʳϨϺʣʰʝʤʜʽ ʢʽʣʪ   ʙײʣ n-ʨʘʟʨʷʜʪʳ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨr ʥʝʤʝʩʝ 

ʙʣʦʢʪʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ. ʆʣ ʘʣʤʘʩʪʳʨʫ ʰʠʬʨʳ ʩʠʷץʪʳ ʤʦʜʝʣʴʜʝʥʫ 

ʤװʤʢʽʥ, ʙʽʨʘץ ʦʣʘʨʜʳש ʢʽʣʪ ʢᴇʣʝʤʜʝʨʽ ᴅʨʪװʨʣʽ: ʪʨʘʥʧʦʟʠʮʠʷ ʰʠʬʨʳ װʰʽʥ - 

[log2 n!] , ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ װʰʽʥ - [log2 (2n)!] . 
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 ʊʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʪʨʘʥʩʧʦʟʠʮʠʷ ʥʝʤʝʩʝ ʘʫʳʩʪʳʨʫ/ʘʣʤʘʩʪʳʨʫ 

ʰʠʬʨʳ ʢʝʣʝʩʽʥʽ ʢᴇʨʩʝʪʝʜʽ: ʝʛʝʨ ʰʠʬʨʣʘʫ ʥʝʤʝʩʝ ʢʝʨʽʰʠʬʨʣʘʫ ʦʩʳ 

ʰʠʬʨʣʘʨʜʳש ʢʝʟ ʢʝʣʛʝʥ ʢʦʤʙʠʥʘʮʠʷʩʳʥʳש ʙʽʨʜʝʥ ʢᴇʙʽʥ ץʦʣʜʘʥʩʘ, ʦʥʜʘ 

ʥᴅʪʠʞʝ ʪʦʧʪʳץ ʘʣʤʘʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳʥʘ ʵʢʚʠʚʘʣʝʥʪʪʽ ʙʦʣʘʜʳ.  ɽʢʽ ʥʝʤʝʩʝ 

ʦʜʘʥ ʢᴇʧ ʢʘʩʢʘʜʪʳ ʘʣʤʘʩʪʳʨʫ ʙʽʨ ʘʣʤʘʩʪʳʨʫʤʝʥ ʘʫʳʩʪʳʨʳʣʫ ʤװʤʢʽʥ ʝʢʝʥʽ 

ʙʝʣʛʽʣʽ [43]. ɹײʣ ʜʝʛʝʥ ʪʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʰʠʬʨʣʘʨʜʳש ʙʽʨ ʢʘʩʢʘʜʳʥʘʥ 

ʢᴇʧ ץʦʣʜʘʥʫ ʪʠʽʤʩʽʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ʩʝʙʝʙʽ ʦʣ ʙʽʨ ץʘʜʘʤ ʩʠʷץʪʳ ᴅʩʝʨ 

  .ʘʣʜʳʨʘʜʳץ

 

ɹϺʣʰʝʢϺʣʰʝʤʜʽ ʰʠʬʨ ʢʽʣʪʪʝʨʽ 

 

 ʐʳʥ ʤᴅʥʜʝ ʰʠʬʨʣʘʨ ʪʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ, 

ʩʝʙʝʙʽ ʢʽʣʪ ᴇʣʰʝʤʽ ᴇʪʝ װʣʢʝʥ ʙʦʣʘʜʳ, ᴅʩʽʨʝʩʝ ʙʣʦʢʪʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ 

 ʰʽʥ. ʄʳʩʘʣʳ, DES ʞʘʣʧʳ ʘʫʳʩʪʳʨʫ ʰʠʬʨʳ 64-ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʳ ʰʠʬʨʜʳװ

 ʦʣʜʘʥʩʘ, ʦʣץ ᴇʣʰʝʤʜʽ ʢʽʣʪʪʽץʦʣʜʘʥʘʜʳ. ɽʛʝʨ DES ʞʦʙʘʣʘʫʰʳʣʘʨʳ ʪʦʣʳץ

log2(2
64

!) = 
7022  ʙʠʪ ʙʦʣʘʪʳʥ ʝʜʽ. ʊᴅʞʽʨʠʙʝʜʝ DES װʰʽʥ ʢʽʣʪ ʪʝʢ 56 ʙʠʪ, 

ʙײʣ ʪʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽש ᴇʪʝ ץʳʩץʘ װʟʽʥʜʽʩʽ. ɹײʣ DES 
7022  ʤװʤʢʽʥ 

ʙʝʡʥʝʣʝʨʜʝʥ ʪʝʢ 2
56

  .ʦʣʜʘʥʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽץ 

 ᴆʟʽʤʽʟʛʝ ʩײʨʘץ ץʦʷʡʳץ: ʙᴇʣʰʝʢʪʽ ʢʽʣʪʽ ʙʘʨ ʢᴇʧץʘʜʘʤʜʳ ʪʨʘʥʩʧʦʟʠʮʠʷ 

ʥʝʤʝʩʝ ʘʫʳʩʪʳʨʫ ʙײʣ ʦʧʝʨʘʮʠʷʣʘʨ ʢʦʤʧʦʟʠʮʠʷʩʳ ʙʘʨ ʘʣʤʘʩʪʳʨʫ ʪʦʙʳ 

ʝʢʝʥʽʥ ʘʡʪʫסʘ ʙʦʣʘʤʘ? ɹײʣ ʩײʨʘץץʘ ʞʘʫʘʧ ᴇʪʝ ʤʘשʳʟʜʳ, ʩʝʙʝʙʽ ʦʣ ʙᴇʣʰʝʢʪʽ 

ʢʽʣʪʧʝʥ ʢᴇʧץʘʜʘʤʜʳ ʥײʩץʘ ʰʠʬʨ ʩʠʷץʪʳ ʰʠʬʨʣʘʫ ײץʨʘʣʳ ʙʦʣʫ ʤװʤʢʽʥʽʥ 

ʘʥʳץʪʘʡʜʳ. ɹײʣ ʬʘʢʪ ץʘʫʽʧʩʽʟʜʽʢʪʽװ שʣʢʝʥʨʝʢ ʜʝשʛʝʡʽʥʝ ʞʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [19]. 

 ɹϺʣʰʝʢʪʽ ʢʽʣʪʪʽ ʰʠʬʨ ï ʙײʣ ʰʠʬʨʜʳש ʩᴅʡʢʝʩ ʢʽʣʪ ᴇʣʰʝʤʽʥʽש  

(ʪʦʣʳץᴇʣʰʝʤʜʽ) ʽʰʢʽ ʪʦʙʳ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʛʝʨ ʪʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽʢ ʰʠʬʨ 

ï ʪʦʧ G = <Q, O> ʙʦʣʩʘ, ʙײʣ ʞʝʨʜʝ Q  ʙʝʡʥʝʣʝʨ ʢᴇʧʪʽʛʽ ʞᴅʥʝ O  

ʦʧʝʨʘʮʠʷʣʘʨ ʢʦʤʧʦʟʠʮʠʷʩʳ, ʦʥʜʘ ʙᴇʣʰʝʢʪʽ ᴇʣʰʝʤʜʽ ʢʽʣʪʽ ʙʘʨ ʰʠʬʨ ʽʰʢʽ 

ʪʦʧ H = =  <U, O> ʙʦʣʘʜʳ, ʙײʣ ʞʝʨʜʝ U  ʩʦʣ ʦʧʝʨʘʮʠʷʣʘʨʳ ʙʘʨ Q 

ʽʰʢʽʢᴇʧʪʽʛʽ. 

 ʄʳʩʘʣʳ, 56-ʙʠʪʪʽʢ ʢʽʣʪʽ ʙʘʨ ʢᴇʧץʘʜʘʤʜʳ DES ʪʦʧ ʙʦʣʤʘʡʪʳʥʳ 

ʜᴅʣʝʣʜʝʥʛʝʥ, ʩʝʙʝʙʽ 2
56

 ʙʝʡʥʝʩʽ ʙʘʨ ʽʰʢʽ ʪʦʧ 2
64

! ʙʝʡʥʝʩʽ ʙʘʨ ʪʦʧʪʘʥ ץʫʨʳʣʫ 

ʤװʤʢʽʥ ʝʤʝʩ.  

 ɽʛʝʨ ʦʣ ʩᴅʡʢʝʩ ʪʦʣʳץᴇʣʰʝʤʜʽ ʢʽʣʪʪʽ ʰʠʬʨʜʳש ʽʰʢʽ ʪʦʙʳ ʙʦʣʩʘ, ʦʥʜʘ 

ʙϺʣʰʝʢʪʽ ʢʽʣʪʪʽ ʰʠʬʨ ʦʧʝʨʘʮʠʷʣʘʨ ʞʠʥʘסʳ ʙʘʨ ʪʦʧ ʙʦʣʘʜʳ.  

 

ʂʽʣʪʩʽʟ ʰʠʬʨ 

 

 ʐʠʬʨʜʳ ʢʽʣʪʩʽʟ ʙᴇʣʝʢ ץʦʣʜʘʥʫ ʪʠʽʤʩʽʟ, ʦʣʘʨʜʳ ʪʝʢ ʢʽʣʪʪʽʢ ʰʠʬʨʣʘʨ 

ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥ.  

 ʂʽʣʪʩʽʟ ʪʨʘʥʩʧʦʟʮʠʷ ʰʠʬʨʳʥ (ʥʝʤʝʩʝ ʪʽʨʢʝʣʛʝʥ ʢʽʣʪʧʝʥ) ʘʧʧʘʨʘʪʪʳץ 

 ʘסʘʨʘʩʪʳʨʫץ ʘʥ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʳ ʨʝʪʽʥʜʝסʟʝʛʝ ʘʩʳʨʳʣװʨʘʣʜʘʨʤʝʥ ʞײץ
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ʙʦʣʘʜʳ. ʊʽʨʢʝʣʛʝʥ ʢʽʣʪ (ʘʫʳʩʪʳʨʫʜʳש ʞʘʣסʳʟ ʝʨʝʞʝʩʽ) ʙʘסʜʘʨʣʘʤʘʣʳץ 

 ʤʢʽʥ. ɸʨʳװʜʘʡʜʘ ʢʝʩʪʝ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʫʽ ʤסʘʥ ʞʘסʟʝʛʝ ʘʩʳʨװʘʤʪʘʤʘʜʘ ʞץ

 ʘʨʘʡ ʘʣʤʘʩʪʳʨʫʜʳϬ P-ʙʣʦʢʪʘʨʳ ʜʝʧ ʘʪʘʣʘʪʳʥ ʢʽʣʪʩʽʟ ʪʨʘʥʩʧʦʟʠʮʠʷץ

ʰʠʬʨʣʘʨʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʦʣʘʨ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʳש 

ʩʪʘʥʜʘʨʪʪʳ ʙʣʦʢʪʘʨʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

 ʂʽʣʪʩʽʟ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳʥ (ʥʝʤʝʩʝ ʪʽʨʢʝʣʛʝʥ ʢʽʣʪʪʽ) ʢʽʨʽʩ ʘץʧʘʨʘʪʪʳ 

ʰʳסʳʩץʘ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʣסʘʥ ʙʝʡʥʝʣʝʫ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ɹʝʡʥʝʣʝʫ ʢʝʩʪʝ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʬʫʥʢʮʠʷ ʞᴅʥʝ ʙʘʩץʘ ʪᴅʩʽʣʜʝʨʽʤʝʥ 

ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥ. ɸʨʳ ץʘʨʘʡ ʘʫʳʩʪʳʨʫʜʳϬ S-ʙʣʦʢʪʘʨʳ ʜʝʧ ʘʪʘʣʘʪʳʥ 

ʢʽʣʪʩʽʟ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʦʣʘʨ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ 

ʰʠʬʨʣʘʨʜʳש ʩʪʘʥʜʘʨʪʪʳ ʙʣʦʢʪʘʨʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

 

3.1.3. ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʜʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽ 

 

 ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ᴅʜʝʪʪʝ ʘʫʳʩʪʳʨʫʜʳש ʢʽʣʪʪʽ ʰʠʬʨʣʘʨʳ 

ʙʦʣʘʜʳ, ʦʣʘʨʜʘ ʢʽʣʪ ʪʝʢ ʤװʤʢʽʥ ʢʽʨʽʩ ʘץʧʘʨʘʪʪʳ ʰʳסʳʩ ʘץʧʘʨʘʪץʘ ʙᴇʣʰʝʢʪʽ 

ʙʝʡʥʝʣʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʽʨʘץ ʙײʣ ʰʠʬʨʣʘʨ ʙʽʨ ʤʦʜʫʣʴ ʨʝʪʽʥʜʝ 

ʞʦʙʘʣʘʥʙʘʡʜʳ. ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʜʳש ʘץʧʘʨʘʪʪʳ ʰʘʰʳʨʘʪʫ ʞᴅʥʝ 

ʘʣʘʨʘʩʪʳʨʫ ʩʠʷץʪʳ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʘʩʠʝʪʪʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ, ʙײʣ 

ʰʠʬʨ ʪʨʘʥʩʧʦʟʠʮʠʷ (ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʢʪʘʨʳ ʜʝʧ ʘʪʘʣʘʪʳʥ) ʤʦʜʫʣʴʜʝʨʽ 

ʤʝʥ ʘʫʳʩʪʳʨʫ (ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʢʪʘʨʳ ʜʝʧ ʘʪʘʣʘʪʳʥ) ʤʦʜʫʣʴʜʝʨʽ  ʞᴅʥʝ 

ʢʝʡʙʽʨ ʙʘʩץʘ ʤʦʜʫʣʴʜʝʨʽʥʽש ʢʦʤʙʠʥʘʮʠʷʩʳ ʨʝʪʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ.  

 ɸʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʛʳ ʩʠʤʚʦʜʘʨʜʳ ʪʨʘʥʩʧʦʟʠʮʠʷʣʘʫʜʳש ʜᴅʩʪװʨʣʽ 

ʰʠʬʨʳʥʘ ץײʩʘʩ. ʆʣ ʙʠʪʪʝʨʜʽ ʘʣʤʘʩʪʳʨʘʜʳ. ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʘ 

ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʢʪʘʨʳʥʳװ שʰ ʪʠʧʳʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ: ʪװʟʫ P-ʙʣʦʢʪʘʨʳ; 

ʢʝשʝʡʪʫ P-ʙʣʦʢʪʘʨʳ ʞᴅʥʝ ץʳʩʫ P-ʙʣʦʢʪʘʨʳ, ʙײʣ 3.4 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 
 

3.4 ʩʫʨʝʪ - P-ʙʣʦʢʪʘʨʜʳװ שʰ ʪʠʧʽ: ʘ) ʪװʟʫ P-ʙʣʦʢ; 

ʙ) ץʳʩʫ P-ʙʣʦʛ;r ʚ) ʢʝשʝʡʪʫ P-ʙʣʦʛ r

 

 3.4 ʩʫʨʝʪ ʢᴇʨʩʝʪʝʜʽ ʪװʟʫ P-ʙʣʦʢ 5Ĭ5 (3.4, ʘ ʩʫʨʝʪ), ץʳʩʫ P-ʙʣʦʛ r5Ĭ3 

(3.4, ʙ ʩʫʨʝʪ) ʞᴅʥʝ ʢʝשʝʡʪʫ P-ʙʣʦʛʳ 3Ĭ5 (3.4, ʚ ʩʫʨʝʪ). ᴄʨץʘʡʩʳʩʳʥ ʪʝ-

ʨʝשʨʝʢ ץʘʨʘʩʪʳʨʘʤʳʟ.  
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ʊϮʟʫ P-ʙʣʦʢʪʘʨ 

 

 n ʢʽʨʽʩʽ ʞᴅʥʝ n ʰʳסʳʩʳ ʙʘʨ ʪϮʟʫ P-ʙʣʦʢ ï ʙײʣ n! ʤװʤʢʽʥʜʽ ʙʝʡʥʝʩʽ ʙʘʨ 

ʘʣʤʘʩʪʳʨʫ. 

 3.5 ʤʳʩʘʣ. 3.5 ʩʫʨʝʪ 3³3 ʪװʟʫ P-ʙʣʦʢʪʳש ʙʘʨʣʳץ ʘʣʪʳ ʤװʤʢʽʥʜʽ 

ʙʝʡʥʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

3.5 ʩʫʨʝʪ - 3³3 ʪװʟʫ P-ʙʣʦʢʪʳש ʤװʤʢʽʥʜʽ ʙʝʡʥʝʩʽ 

 

 ʊװʟʫ P-ʙʣʦʢ n! ʙʝʡʥʝʥʽש ʙʽʨʝʫʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʢʽʣʪʪʽ ץʦʣʜʘʥʫ ʤװʤʢʽʥ, 

ᴅʜʝʪʪʝ ʪװʟʫ P-ʙʣʦʢʪʘʨ ï ʢʽʣʪʪʽ ץʦʣʜʘʥʫʩʳʟ, ʷסʥʠ ʙʝʡʥʝ ʘʣʜʳʥ ʘʣʘ ʙʝʣʛʽʣʽ. 

ɽʛʝʨ ʪװʟʫ P-ʙʣʦʢ ʘʣʜʳʥ ʘʣʘ ʙʝʨʽʣʛʝʥ ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳ ײץʨʘʣʜʘʨʤʝʥ ʞװʟʝʛʝ 

ʘʩʳʨʳʣסʘʥ ʙʦʣʩʘ, ʥʝʤʝʩʝ ʝʛʝʨ ʦʣ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʤʝʥ ʞװʟʝʛʝ ʘʩʳ-

ʨʳʣʩʘ, ʦʥʜʘ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʣʝʨʽ ʙʝʡʥʝʣʝʫ ʝʨʝʞʝʩʽʥ ʘʥʳץʪʘʡʜʳ. ɽʢʽʥʰʽ 

ʞʘסʜʘʡʜʘ ʢʝʩʪʝ ʢʽʨʽʩʪʝʨʽ ʰʳסʳʩ ʧʦʟʠʮʠʷʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ ʧʦʟʠʮʠʷʣʘʨסʘ 

ʢᴇʨʩʝʪʝʜʽ. 3.1 ʢʝʩʪʝ n=32 ʞʘסʜʘʡʜʘ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥʽש ʤʳʩʘʣʳʥ ʙʝʨʝʜʽ.  

 3.1 ʢʝʩʪʝʜʝ 32 ʢʝʩʪʝʣʽʢ ʢʽʨʽʩ ʙʘʨ, ʦʣʘʨ 32 ʘץʧʘʨʘʪʪʳץ ʢʽʨʽʩʢʝ 

ʩᴅʡʢʝʩʪʽʢʪʽ ʪʽʨʢʝʡʜʽ. ʂʽʨʽʩ ʧʦʟʠʮʠʷʩʳ (ʠʥʜʝʢʩ) ʰʳסʳʩץʘ ʩᴅʡʢʝʩ. ʄʳʩʘʣʳ, 

ʙʽʨʽʥʰʽ ʢʝʩʪʝʣʽʢ ʢʽʨʽʩʪʝ 26 ʥᴇʤʽʨʽ ʙʘʨ. ɹײʣ ʙʽʨʽʥʰʽ ʰʳסʳʩ 26-ʰʳ ʢʽʨʽʩʢʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥסʳ ʢʝʩʪʝʣʽʢ ʢʽʨʽʩ ï 7 ʜʝʛʝʥ 32-ʰʽ ʰʳסʳʩ 

ʞʝʪʽʥʰʽ ʘץʧʘʨʘʪʪʳץ ʢʽʨʽʩʢʝ ʩᴅʡʢʝʩ ʙʦʣʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ, ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ.  

 

3.1 ʢʝʩʪʝ 

 

ʊװʟʫ P-ʙʣʦʢ װʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝ ʤʳʩʘʣʳ  

 

 ɹʠʪʪʝʨ ʥϺʤʽʨʣʝʨʽ 

ʂʽʨʽʩ 26 18 10 02 28 20 12 04 30 22 14 06 32 24 16 08 

ʐʳϤʳʩ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

                 

ʂʽʨʽʩ 25 17 09 01 27 19 11 03 29 21 13 05 31 23 15 07 

ʐʳϤʳʩ 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

  

 ʊװʟʫ P-ʙʣʦʢ ץʘʡʪʳʤʜʳ ʙʦʣʘʜʳ. ɹײʣ ʪװʟʫ P-ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ װʰʽʥ ʞᴅʥʝ 

ʩʦʜʘʥ ʢʝʡʽʥ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɸʣʤʘʩʪʳʨʫ 

ʢʝʩʪʝʣʝʨʽ ʙʽʨ ʙʽʨʽʥʝ ץʘʪʳʩʪʳ ץʘʡʪʳʤʜʳ ʙʦʣʫ ʢʝʨʝʢ.  
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 3.6 ʤʳʩʘʣ. ʂʽʨʽʩ ʩᴇʟʜʽש ʝʢʽ ʦʨʪʘʰʘ ʙʠʪʳʥ (4 ʞᴅʥʝ 5 ʙʠʪʪʝʨ) ʰʳסʳʩ 

ʩᴇʟʽʥʽש ʰʝʪʢʽ ʙʠʪʪʝʨʽʥʝ (1 ʞᴅʥʝ 8 ʙʠʪʪʝʨ) ʞʳʣʞʳʪʘʪʳʥ 8³8 ʪװʟʽ  P-ʙʣʦʢ 

 ʞʘʥʘʤʘ שʘ ʙʠʪʪʝʨʽʥʽץʘʞʝʪ. ɹʘʩץ ʨʫײץ ʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥװ

ʧʦʟʠʮʠʷʣʘʨʳ ᴇʟʛʝʨʤʝʡʜʽ.  

 ʐʝʰʽʤ. ʊװʟʫ P-ʙʣʦʢʪʳ [4, 1, 2, 3, 6, 7, 8, 5] ʢʝʩʪʝʤʝʥ ײץʨʫ ץʘʞʝʪ. 1, 2, 

3, 6, 7 ʞᴅʥʝ 8 ʙʠʪʪʝʨʜʽש ʞʘʥʘʤʘ ʧʦʟʠʮʠʷʣʘʨʳ ᴇʟʛʝʨʤʝʡʜʽ, ʙʽʨʘץ ʙʽʨʽʥʰʽ 

ʘץʧʘʨʘʪʪʳץ ʰʳסʳʩ ʪᴇʨʪʽʥʰʽ ʘץʧʘʨʘʪʪʳץ ʢʽʨʽʩʧʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʩʝʛʽʟʽʥʰʽ 

ʘץʧʘʨʘʪʪʳץ ʰʳסʳʩ - ʙʝʩʽʥʰʽ ʘץʧʘʨʘʪʪʳץ ʢʽʨʽʩʧʝʥ. ʆʩʳʥʜʘʡ ʪװʟʫ P-ʙʣʦʢ 

  .ʰʽʥ ʘʣʤʘʩʪʳʨʫ 3.2 ʢʝʩʪʝʩʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥװ

 

3.2 ʢʝʩʪʝ 

 

3.6 ʤʳʩʘʣ װʰʽʥ ʪװʟʫ P-ʙʣʦʢ װʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽ 

 

 ɹʠʪʪʝʨ ʥϺʤʽʨʽ 

ʂʽʨʽʩ 04 01 02 03 06 07 08 05 

ʐʳϤʳʩ 01 02 03 04 05 06 07 08 

 

ϧʳʩʫʜʳϬ P-ʙʣʦʢʪʘʨʳ 

 

ʳʩʳ ʙʘʨ ʞᴅʥʝ mסP-ʙʣʦʛʳ ʜʝʛʝʥ n ʢʽʨʽʩʽ, m ʰʳ שʳʩʫʜʳפ 
 
<

 
n  P-ʙʣʦʛʳ. 

ɸץʧʘʨʘʪʪʳץ ʢʽʨʽʩʪʝʨʜʽש ʢʝʡʙʽʨʝʫʽ ʙסײʘʪʪʘʣסʘʥ ʞᴅʥʝ ʰʳסʳʩʧʝʥ 

ʙʘʡʣʘʥʳʩʧʘסʘʥ (3.4, ʙ ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʘסʳ 

 P-ʙʣʦʢʪʘʨʳ ᴅʜʝʪʪʝ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽ ʙʠʪʪʝʨʜʽ ʘʣʤʘʩʪʳʨʫ שʳʩʫʜʳץ

ʝʨʝʞʝʣʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʢʽʣʪʩʽʟ ʙʦʣʘʜʳ. פʳʩʫʜʳש P-ʙʣʦʛʳ װʰʽʥ ʘʣʤʘʩʪʳʨʫ 

ʢʝʩʪʝʩʽʥʜʝ 1 ʜʝʥ n-סʘ ʜʝʡʽʥ n ʢʝʩʪʝʣʽʢ ʢʽʨʽʩʽ ʙʦʣʘʜʳ, ʙʽʨʘץ ᴅʨ ʢʝʩʪʝʣʽʢ 

ʰʳסʳʩ ʤʘʟʤײʥʳʥʜʘ ʢʝʡʙʽʨʝʫʽ ʙʦʣʤʘʫ ʤװʤʢʽʥ (ʙסײʘʪʪʘʣסʘʥ ʘץʧʘʨʘʪʪʳץ 

ʢʽʨʽʩʪʝʨ) ʩʦʥʳ ʝʩʢʝʨʫ ץʘʞʝʪ. 3.3 ʢʝʩʪʝʩʽ 32³24 ץʳʩʫʜʳש P-ʙʣʦʛʳ װʰʽʥ 7, 8, 

9, 16, 23, 24 ʞᴅʥʝ 25 ʢʽʨʽʩʪʝʨʽ ʙסײʘʪʪʘʣסʘʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝ ʤʳʩʘʣʳʥ 

ʢᴇʨʩʝʪʝʜʽ.  

 ʳʪʪʘ ʢʝʣʝʩʽץP-ʙʣʦʢʪʘʨʳ ʙʠʪʪʝʨʜʽ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʩʦʣ ʫʘ שʳʩʫʜʳפ 

ʢʝʟʝװ שʰʽʥ ʙʠʪ ʩʘʥʜʘʨʳʥ ʘʟʘʡʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ.  

 P-ʙʣʦʢʪʘʨʳʥʜʘ ʙᴇʣʝʢ שʳʩʫʜʳפ .ʘʡʪʳʤʜʳ ʝʤʝʩץ P-ʙʣʦʢʪʘʨʳ שʳʩʫʜʳפ 

ʢʽʨʽʩʪʝʨ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʘʣʳʧ ʪʘʩʪʘʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʢʝʨʽʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʜʝ ʘʣʳʧ ʪʘʩʪʘʣסʘʥ ʙʠʪʪʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ װʰʽʥ ʢʽʣʪʽ ʞʦץ.  
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3.3 ʢʝʩʪʝ 

 

 ʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝ ʤʳʩʘʣʳװ ʳʩʫ P-ʙʣʦʛʳץ 32³24

 

 ɹʠʪʪʝʨ ʥϺʤʽʨʽ 

ʂʽʨʽʩ 01 02 03 21 22 26 27 28 29 13 14 17 

ʐʳϤʳʩ 01 02 03 04 05 06 07 08 09 10 11 12 

             

ʂʽʨʽʩ 18 19 20 04 05 06 10 11 12 30 31 32 

ʐʳϤʳʩ 13 14 15 16 17 18 19 20 21 22 23 24 

 

 3.6 ʩʫʨʝʪ ץʳʩʫʜʳש P-ʙʣʦʛʳʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ 

 .ʜʘʡʳʥ ʢᴇʨʩʝʪʝʜʽסʦʣʜʘʥʫ ʞʘץ

 

 
3.6 ʩʫʨʝʪ ï פʘʡʪʳʤʜʳ ʝʤʝʩ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ץʳʩʫʜʳש P-ʙʣʦʛ r

 

ʂʝϬʝʡʪʫʜʽϬ P-ʙʣʦʛ r

 

 ʂʝϬʝʡʪʫʜʽϬ P-ʙʣʦʛʳ ʜʝʛʝʥ n ʢʽʨʽʩʽ, m ʰʳסʳʩʳ ʙʘʨ ʞᴅʥʝ m
 
<

 
n  P-

ʙʣʦʛʳ. ʂʝʡʙʽʨ ʢʽʨʽʩʪʝʨ ʙʽʨ ʜʝʥ ʢᴇʧ ʰʳסʳʩʧʝʥ ʙʘʡʣʘʥʳʩץʘʥ (3.4, ʚ ʩʫʨʝʪʽʥ 

 ʝʡʪʫ P-ʙʣʦʢʪʘʨʳשʦʣʜʘʥʘʪʳʥ ʢʝץ ʳʟ). ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʘשʘʨʘץ

ᴅʜʝʪʪʝ ʢʽʣʪʩʽʟ. ɹʠʪʪʝʨʜʽ ʘʣʤʘʩʪʳʨʫ ʝʨʝʞʝʣʝʨʽ ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ. 

ʂʝשʝʡʪʫʜʽש P ʙʣʦʛʳ װʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥʜʝ ʪ ʢʝʩʪʝʣʽʢ ʰʳסʳʩ ʙʦʣʘʜʳ, 

ʙʽʨʘץ mⱷn ʢʽʨʽʩ (ʙʽʨʜʝʥ ʢᴇʧ ʘץʧʘʨʘʪʪʳץ ʰʳסʳʩʧʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʢʽʨʽʩʪʝʨ) 

ʙʦʣʘʜʳ. 3.4 ʢʝʩʪʝʜʝ 12³16 ʢʝשʝʡʪʫʜʽש P ʙʣʦʛʳ װʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥʽש 

ʤʳʩʘʣʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ᴄʨ 1, 3, 9 ʞᴅʥʝ 12 ʢʽʨʽʩ ʝʢʽ ʰʳסʳʩʧʝʥ 

ʙʘʡʣʘʥʳʩץʘʥʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ.  

 ʂʝשʝʡʪʫʜʽש P ʙʣʦʢʪʘʨʳ ʙʠʪʪʝʨʜʽש ʦʨʥʳʥ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʩʦʣ ʫʘץʳʪʪʘ 

ʰʠʬʨʣʘʫʜʳש ʢʝʣʝʩʽ ʢʘʩʢʘʜʳ װʰʽʥ ʙʠʪʪʝʨ ʩʘʥʳʥ װʣʢʝʡʪʫ װʰʽʥ 

  .ʦʣʜʘʥʳʣʘʜʳץ
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3.4 ʢʝʩʪʝ 

 

12³16 ʢʝשʝʡʪʫ P-ʙʣʦʛʳ װʰʽʥ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥʽש ʤʳʩʘʣʳ  

 

 ɹʠʪ ʥϺʤʽʨʣʝʨʽ 

ʂʽʨʽʩ 01 09 10 11 12 01 02 03 03 04 05 06 07 08 09 12 

ʐʳϤʳʩ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

 

 3.7 ʤʳʩʘʣ. 3.7 ʩʫʨʝʪʽ ʙʽʨᴇʣʰʝʤʜʽ ʢʝʩʪʝ ʞʘסʜʘʡʳʥʜʘ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥ 

  .ʘʣʘʡ ᴇʟʛʝʨʪʫ ʢʝʨʝʢ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽץ

 

 
 

3.7 ʩʫʨʝʪ ï ɸʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʥ ᴇʟʛʝʨʪʫ 

 

 ʂʝשʝʡʪʫʜʽש P-ʙʣʦʢʪʘʨʳ ʜʘ ץʘʡʪʳʤʜʳ ʝʤʝʩ. ʂʝשʝʡʪʫʜʽש P-ʙʣʦʛʳʥʜʘ 

ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʢʝʡʙʽʨ ʢʽʨʽʩʪʝʨ ʙʽʨʜʝʥ ʢᴇʧ ʰʳסʳʩץʘ ʙʝʡʥʝʣʝʥʫ 

ʤװʤʢʽʥ, ʙʽʨʘץ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʜʝ ʢʽʣʪ ʞʦץ ʞᴅʥʝ ʦʣ ᴇʟʽ ץʘʡ ʢʽʨʽʩʪʝʨ 

ʙʝʨʽʣʛʝʥ ʰʳסʳʩʪʘ ʙʝʡʥʝʣʝʥʛʝʥʽʥ ʘʥʳץʪʘʡ ʘʣʤʘʡʜʳ. 3.8 ʩʫʨʝʪ ʢʝשʝʡʪʫʜʽש 

P-ʙʣʦʛʳʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫ ʞʘסʜʘʡʳʥ ʢᴇʨʩʝʪʝʜʽ.  

 

 
 

3.8 ʩʫʨʝʪ ï ʂʝשʝʡʪʫʜʽש P-ʙʣʦʛʳ ץʘʡʪʳʤʜʳ ʝʤʝʩ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ 
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 3.6 ʩʫʨʝʪ ʞᴅʥʝ 3.8 ʩʫʨʝʪ ץʳʩʫʜʳש P-ʙʣʦʛʳ ʢʝשʝʡʪʫʜʽש P-ʙʣʦʛʳʥʘ 

 ʣ ʜʝʛʝʥ, ʝʛʝʨײʘʡʪʳʤʜʳ ʙʦʣʤʘʡʪʳʥʳʥ ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝʥʽ ʢᴇʨʩʝʪʝʜʽ. ɹץ

 P-ʙʣʦʛʳʥ שʝʡʪʫʜʽשʦʣʜʘʥʩʘ, ʦʥʜʘ ʢʝץ ʰʽʥװ P-ʙʣʦʛʳʥ ʰʠʬʨʣʘʫ שʳʩʫʜʳץ

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʤʘʡʪʳʥʳʥ ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝʥʽ ʙʽʣʜʽʨʝʜʽ. 

ɹʽʨʘץ, ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʝʪʽʥʜʝʡ, ʰʠʬʨʣʘʫ װʰʽʥ ץʳʩʫ ʥʝʤʝʩʝ ʢʝשʝʡʪʫ P-

ʙʣʦʢʪʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ ʰʠʬʨʣʘʨ ʙʘʨ; ʙʽʨʘץ ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽ ʙʘʩץʘ 

ʪᴅʩʽʣʜʝʨʛʝ ץʘʨʘסʘʥʜʘ ʥʘʰʘʨʣʘʫ.  

 

ɸʫʳʩʪʳʨʫʜʳϬ S-ʙʣʦʢʪʘʨʳ 

 

 ɸʫʳʩʪʳʨʫʜʳϬ S-ʙʣʦʛʳʥ ʘʫʳʩʪʳʨʫʜʳש ʢʽʰʢʝʥʪʘʡ ʰʠʬʨʳ ʨʝʪʽʥʜʝ 

 ʨʣʽ ʙʦʣʫװʳʩ ʩʘʥʜʘʨʳ ᴅʨʪסʣ ʙʣʦʢʪʘ ʢʽʨʽʩ ʞᴅʥʝ ʰʳײʘ ʙʦʣʘʜʳ. ɹסʘʨʘʩʪʳʨʫץ

ʤװʤʢʽʥ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʘ ʢʽʨʽʩ n-ʙʠʪʪʽ ʩᴇʟ ʙʦʣʫ 

ʤװʤʢʽʥ, ʘʣ ʰʳסʳʩ m ʨʘʟʨʷʜʪʳ ʩᴇʟ ʙʦʣʫ ʤװʤʢʽʥ, ʙײʣ ʞʝʨʜʝ m ʞᴅʥʝ n ʙʽʨʜʝʡ 

ʙʦʣʫʳ ʤʽʥʜʝʪʪʽ ʝʤʝʩ. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ ʢʽʣʪʪʽ ʥʝʤʝʩʝ ʢʽʣʪʩʽʟ ʙʦʣʫ 

ʤװʤʢʽʥ. ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ᴅʜʝʪʪʝ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥ ʢʽʣʪʩʽʟ 

 ץʧʘʨʘʪʪʳץʢʽʨʽʩʪʝʨʜʝʥ ʙʝʡʥʝʣʝʫ ʘ ץʧʘʨʘʪʪʳץʣ ʞʝʨʜʝ ʘײʦʣʜʘʥʘʜʳ, ʙץ

ʰʳסʳʩʪʘʨסʘ ʘʣʜʳʥʘʣʘ ʘʥʳץʪʘʣסʘʥ.  

 ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ  m³n ʘʫʳʩʪʳʨʫ ʤʦʜʫʣʽ, ʙײʣ ʞʝʨʜʝ m ʞᴅʥʝ n 

ʙʽʨʜʝʡ ʙʦʣʫ ʤʽʥʜʝʪʪʽ ʝʤʝʩ. 

 ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʜʘ n ʢʽʨʽʩʽ ʞᴅʥʝ m ʰʳסʳʩʳ ʙʘʨ, ʢʽʨʽʩʪʝʨʜʽ x1, 

x2,é., xn ʜʝʧ ʞᴅʥʝ ʰʳסʳʩʪʘʨʜʳ y1, y2,..., ym ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ. ʂʽʨʽʩʧʝʥ 

ʰʳסʳʩ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥ  

 

y1 = f1 (x1,x2,é,xn); 

 

y2 = f2 (x1,x2,é,xn); 

é 

ym = fm (x1,x2,é,xn). 

 

 ɸʫʳʩʪʳʨʫʜʳש ʩʳʟʳץʪʳ S-ʙʣʦʛʳʥʜʘ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ 

ʘʨʘץʘʪʳʥʘʩʪʘʨ ʢʝʣʝʩʽʜʝʡ ʙʦʣʫ ʤװʤʢʽʥ: 

 

y1 = a1,1Āx1 Ä a1,2Āx2 Ä ... Ä a1,nĀxn; 

 

y2 = a2,1Āx1 Ä a2,2Āx2 Ä ... Ä a2,nĀxn; 

... 

ym = am,1Āx1 Ä am,2Āx2 Ä ... Ä am,nĀxn. 

 

 ɸʫʳʩʪʳʨʫʜʳש ʩʳʟʳץʪʳ ʝʤʝʩ S-ʙʣʦʛʳʥʜʘ ᴅʨ ʰʳסʳʩ װʰʽʥ ʞʦסʘʨʳʜʘ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʘʨʘץʘʪʳʥʘʩʪʘʨʜʳ ᴅʨץʘʰʘʥ ʙʝʨʫʛʝ ʙʦʣʘʜʳ.   
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 3.8 ʤʳʩʘʣ. ת  hʢʽʨʽʩʽ ʞᴅʥʝ ʝʢʽ ʰʳסʳʩʳ ʙʘʨ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʜʘ 

ʢʝʣʝʩʽ ʙʦʣʩʳʥ 

 

y1 = x1 Ä x2 Ä x2 Ä x3;     y2 = x1. 

 

 ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ ʩʳʟʳץʪʳ, ʩʝʙʝʙʽ  

 

a1,1 = a1,2 = a1,3 = a2,1 = 1   i   a2,2 = a2,3 = 0. 

 

 ɹײʣ ʘʨʘץʘʪʳʥʘʩʪʘʨ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʤʘʪʨʠʮʘʣʘʨʤʝʥ ʙʝʨʽʣʫ 

ʤװʤʢʽʥ:  

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

³öö
÷

õ
ææ
ç

å
=öö
÷

õ
ææ
ç

å

3

2

1

2

1

x

x

x

100

111

y

y
. 

 

 3.9 ʤʳʩʘʣ. ת  hʢʽʨʽʩʽ ʞᴅʥʝ ʝʢʽ ʰʳסʳʩʳ ʙʘʨ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʜʘ 

ʙʦʣʩʳʥ 

y1 = (x1)
3
 + x2; 

 

y2 = (x1)
2
 + x1Āx2 + x3, 

 

ʙײʣ ʞʝʨʜʝ ʢᴇʙʝʡʙʫ ʞᴅʥʝ ץʦʩʫ ɻʘʣʫʘ GF(2) ᴇʨʽʩʽʥʜʝ ʞװʨʛʽʟʽʣʝʜʽ. 

ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ ʩʳʟʳץʪʳ ʝʤʝʩ, ʩʝʙʝʙʽ ʢʽʨʽʩʪʝʨ ʞᴅʥʝ ʰʳסʳʩʪʘʨ 

ʘʨʘʩʳʥʜʘ ʩʳʟʳץʪʳ ʘʨʘץʘʪʳʥʘʩʪʘʨ ʞʦץ.  

 3.10 ʤʳʩʘʣ. ʂʝʣʝʩʽ ʢʝʩʪʝ (3.9 ʩʫʨʝʪʢʝ ץʘʨʘשʳʟ) 3³2 ʢᴇʣʝʤʜʽ ʘʫʳʩʪʳʨʫ 

S-ʙʣʦʛʳ װʰʽʥ ʢʽʨʽʩʪʝʨ/ʰʳסʳʩʪʘʨ ʘʨʘʩʳʥʜʘ ץʘʪʳʥʘʩʪʘʨʜʳ ʘʥʳץʪʘʡʜʳ. 

ʂʽʨʽʩʪʽש ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ ʙʠʪʳ ʞʦʣʜʳ ʘʥʳץʪʘʡʜʳ; ʢʽʨʽʩʪʽש ʝש ʦש ʞʘץʪʘסʳ 

ʝʢʽ ʙʠʪʳ ʙʘסʘʥʜʳ ʘ ʥʳץʪʘʡʜʳ. ʐʳסʳʩʪʳש ʝʢʽ ʙʠʪʳ ï ʪʘשʜʘʣסʘʥ ʞʦʣ ʞᴅʥʝ 

ʙʘסʘʥ ץʠʳʣʳʩʳʥʜʘסʳ ʤᴅʥ.  

 ɸʫʳʩʪʳʨʫʜʳϬ S-ʙʣʦʛʳ ï 

ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʘʨʘʩʳʥʜʘסʳ 

 ʘʪʳʥʘʩʪʘʨʳ ʢʝʩʪʝʤʝʥ ʥʝʤʝʩʝץ

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʨʘץʘʪʳʥʘʩʧʝʥ 

ʘʥʳץʪʘʣʘʪʳʥ ʘʫʳʩʪʳʨʫ 

ʰʠʬʨʣʘʨʳ. S-ʙʣʦʛʳ ץʘʡʪʳʤʜʳ 

ʙʦʣʫ ʥʝʤʝʩʝ ʙʦʣʤʘʫ ʤװʤʢʽʥ. 

 ʘʡʪʳʤʜʳ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʜʘפ

ʢʽʨʽʩ ʙʠʪʪʝʨ ʩʘʥʳ ʰʳסʳʩ ʙʠʪʪʝʨ 

ʩʘʥʳʥʘ ʪʝש ʙʦʣʫ ץʘʞʝʪ.  
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 3.11 ʤʳʩʘʣ. 3.10 ʩʫʨʝʪ ץʘʡʪʳʤʜʳ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʤʳʩʘʣʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʂʝʩʪʝʥʽש ʙʽʨʝʫʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ; ʝʢʽʥʰʽʩʽ ï 

ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʜʝ.  

 

 
 

3.10 ʩʫʨʝʪ ï 3.11 ʤʳʩʘʣ װʰʽʥ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʢʝʩʪʝʣʝʨʽ 

 

 ᴄʨ ʢʝʩʪʝʜʝ ʢʽʨʽʩʪʽש ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ ʙʠʪʳ ʞʦʣʜʳ ʘʥʳץʪʘʡʜʳ; ʢʝʣʝʩʽ 

ʝʢʽ ʙʠʪ ʙʘסʘʥʜʳ ʘʥʳץʪʘʡʜʳ. ʐʳסʳʩ ï ʢʝʩʪʝʥʽש ʞʦʣ ʞᴅʥʝ ʙʘסʘʥ 

  .ʳ ʤᴅʥסʳʡʳʣʳʩʳʥʜʘץ

 ʄʳʩʘʣʳ, ʝʛʝʨ ʩʦʣ ʞʘץʪʘסʳ ʙʣʦʢץʘ ʢʽʨʽʩ ï 001, ʦʥʜʘ ʰʳסʳʩ ï 101. ʆש 

ʞʘץʪʘסʳ ʢʝʩʪʝʜʝʛʽ ʢʽʨʽʩ 101 ʰʳסʳʩʪʘ 001 ʙʝʨʝʜʽ. ɹײʣ ʝʢʽ ʢʝʩʪʝ ʙʽʨ ʙʽʨʽʥʝ 

  .ʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽװʘ ʤסʘʡʪʳʤʜʳ ʥᴅʪʠʞʝ ʘʣʫץ ʘʪʳʩʪʳץ

 

ɸʣʘʩʪʘʤʘʣʳ ʅɽʄɽʉɽ 

 

 ʐʠʬʨʣʘʫ ʙʣʦʢʪʘʨʳʥʳש ʢᴇʙʽʩʽʥʜʝ ʤʘשʳʟʜʳ ʢʦʤʧʦʥʝʥʪ - ʘʣʘʩʪʘʤʘʣʳ 

ʥʝʤʝʩʝ (xor). ɻʘʣʫʘ GF(2
n
) ᴇʨʽʩʽʥʜʝ ץʦʩʫ ʞᴅʥʝ ʘʣʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ʙʽʨ 

ʦʧʝʨʘʮʠʷʤʝʥ ʦʨʳʥʜʘʣʘʜʳ ʘʣʘʩʪʘʤʘʣʳ ʥʝʤʝʩʝ (xor) ʜʝʧ ʘʪʘʣʘʪʳʥ.  

 ɻʘʣʫʘ GF(2
n
) ᴇʨʽʩʽʥʜʝ xor ʦʧʝʨʘʮʠʷʥʳש ʙʝʩ ץʘʩʠʝʪʽ ʙײʣ ʦʧʝʨʘʮʠʷʥʳ 

ʙʣʦʢʪʳ ʰʠʬʨʜʘ ץʦʣʜʘʥʫʳʥ ᴇʪʝ ʳסשʘʡʣʳ ץʳʣʘʜʳ:  

 1. ʊϰʡʳϨʪʳϨ. ɹײʣ ץʘʩʠʝʪ ʦʩʳ ʦʧʝʨʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʝʢʽ n-ʙʠʪʪʽʢ ʩᴇʟ 

ʙʘʩץʘ n-ʙʠʪʪʽʢ ʩᴇʟʜʽ ʙʝʨʝʪʽʥʽʥ ʢʝʧʽʣʜʝʡʜʽ. 

 2. ɸʩʩʦʮʠʘʪʠʚʪʽʢ. ɹײʣ ץʘʩʠʝʪ ʙʽʨʜʝʥ ʢᴇʧ xor ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ, ʦʣʘʨʜʳ ʢʝʟ ʢʝʣʛʝʥ ʨʝʪʧʝʥ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ.  

 

x Ä (y Ä z) ź (x Ä y) Ä z. 

 

 3. ʂʦʤʤʫʪʘʪʠʚʪʽʢ. ɹײʣ ץʘʩʠʝʪ ʥᴅʪʠʞʝʥʽ (ʰʳסʳʩ ʘץʧʘʨʘʪʪʳ) 

ᴇʟʛʝʨʪʧʝʡ, ʦʧʝʨʘʪʦʨʣʘʨʜʳ (ʢʽʨʽʩ ʘץʧʘʨʘʪʪʳ) ʦʨʳʥʜʘʨʤʝʥ ʘʫʳʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 

x Ä y ź y Ä x. 
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 4. ʅϺʣʜʽʢ (ϰϨʩʘʩ) ʵʣʝʤʝʥʪʪʽϬ ʙʘʨ ʙʦʣʫʳ. ʍor ʦʧʝʨʘʮʠʷʩʳ װʰʽʥ ʥᴇʣʜʽʢ 

ʵʣʝʤʝʥʪ ï ʙʘʨʣʳץ ʥᴇʣʜʝʨʜʝʥ ʪײʨʘʪʳʥ ʩᴇʟ ʥʝʤʝʩʝ (00...0). ɹײʥʳ ʙʝʡʪʘʨʘʧ 

ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʩᴇʟ ʙʘʨ ʝʢʝʥʽʥ ʪװʩʽʥʝʜʽ, ʦʣ ʦʧʝʨʘʮʠʷʥʳ ʦʨʳʥʜʘʫ ʢʝʟʜʝ 

ʩᴇʟʜʽ ᴇʟʛʝʨʪʧʝʡʜʽ.  

 

x Ä (00é00) = x. 

 

 ɹײʣ ץʘʩʠʝʪ ʌʝʡʩʪʝʣʴ h ʠʬʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ, ʦʥʳ ʘʨʳץʘʨʘʡ 

  .ʘʨʘʩʪʳʨʘʤʳʟץ

 5. ʀʥʚʝʨʩʠʷʥʳϬ ʙʦʣʫʳ. ɻʘʣʫʘ GF(2
n
) ᴇʨʽʩʽʥʜʝ ᴅʨ ʩᴇʟ ᴇʟʽʥʽש ʘʜʜʠʪʠʚʪʽ 

ʠʥʚʝʨʩʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʩᴇʟʜʽש ᴇʟʽʤʝʥ ᴇʟʽʥ xor  ʦʧʝʨʘʮʠʷʩʳʥ 

ʦʨʳʥʜʘʫ ʥᴇʣʜʽʢ ʵʣʝʤʝʥʪʢʝ ʘʣʳʧ ʢʝʣʝʜʽ: 

  

x Ä x = (00...00). 

 

 ɹײʣ ץʘʩʠʝʪʪʽ ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥʜʘ ץʦʣʜʘʥʘʤʳʟ, ʦʥʳ ʘʨʳץʘʨʘʡ 

 .ʘʨʘʩʪʳʨʘʤʳʟץ

 6. ʊʦʣʳϨʪʳʨʫ. ʊʦʣʳץʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳ ï ʙʽʨʦʨʳʥʜʳ ʦʧʝʨʘʮʠʷ (ʙʽʨ 

ʘץʧʘʨʘʪʪʳץ ʢʽʨʽʩ ʞᴅʥʝ ʙʽʨ ʘץʧʘʨʘʪʪʳץ ʰʳסʳʩ), ʦʣ ʩᴇʟʜʽש ᴅʨ ʙʠʪʳʥ 

ʠʥʚʝʨʩʠʷʣʘʡʜʳ. ʅᴇʣʜʽʢ ʙʠʪ ʙʽʨʣʽʢ ʙʠʪʢʝ ᴇʟʛʝʨʝʜʽ, ʘʣ ʙʽʨʣʽʢ ʙʠʪ ï ʥᴇʣʜʽʢ 

ʙʠʪʢʝ. 

 ʐʠʬʨʣʘʫ ʢʝʟʽʥʜʝ xor  ʦʧʝʨʘʮʠʷʩʳʥʘ ʞʘʥʘʤʘ ʪʦʣʳץʪʳʨʫʳ ʙʘʨ 

ʦʧʝʨʘʮʠʷʣʘʨ ץʳʟʳסʫʰʳʣʳץʪʳ ʪײʜʳʨʘʜʳ. ɽʛʝʨ x   x ʪʦʣʳץʪʳʨʫʳ ʙʦʣʩʘ, 

ʦʥʜʘ ʢʝʣʝʩʽ ʝʢʽ ʘʨʘץʘʪʳʥʘʩʪʘʨ ʜײʨʳʩ ʙʦʣʘʜʳ:  

 

x Ä x  = (11é11)   ʠ   x Ä (11é11) = x . 

 

 ɹײʣ ץʘʩʠʝʪʪʽ ʢʝʡʙʽʨ ʰʠʬʨʣʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʨʘʩʪʳʨסʘʥ ʢʝʟʜʝ 

  .ʦʣʜʘʥʘʤʳʟץ

 7. ʀʥʚʝʨʩʠʷ. ɽʛʝʨ ʢʦʤʧʦʥʝʥʪ ʙʽʨʦʨʳʥʜʳ ʦʧʝʨʘʮʠʷ ʙʦʣʩʘ (ʙʽʨ ʢʽʨʽʩ 

ʞᴅʥʝ ʙʽʨ ʰʳסʳʩ), ʦʥʜʘ ʰʠʬʨʜʘ ʢʦʤʧʦʥʝʥʪ ʠʥʚʝʨʩʠʷʩʳʥʳש ʤʘסʳʥʘʩʳ ʙʘʨ. 

ʄʳʩʘʣʳ, ʢʽʣʪʩʽʟ P-ʙʣʦʢ ʥʝʤʝʩʝ ʢʽʣʪʩʽʟ S-ʙʣʦʢ ץʘʡʪʳʤʜʳ ʙʦʣʫ ʤװʤʢʽʥ, 

ʩʦʥʜʳץʪʘʥ ʦʣʘʨʜʘ ʙʽʨ ʢʽʨʽʩ ʞᴅʥʝ ʙʽʨ ʰʳסʳʩ ʙʦʣʘʜʳ (3.11 ʩʫʨʝʪ). 

 

 
 

3.11 ʩʫʨʝʪ ï ʍor ʦʧʝʨʘʮʠʷʩʳʥʳץ שʘʡʪʳʤʜʳסʳ 
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 ɽʨʝʢʰʝʣʝʡʪʽʥ ʥʝʤʝʩʝ (xor) ʦʧʝʨʘʮʠʷʩʳ ï ʙʠʥʘʨʣʳץ ʦʧʝʨʘʮʠʷ. ʍor 

ʦʧʝʨʘʮʠʷʥʳש ʠʥʚʝʨʩʠʷʩʳ ʤʘסʳʥʘʣʳ ʙʦʣʘʜʳ ʪʝʢ ʝʛʝʨ ʢʽʨʽʩʪʽש ʙʽʨʝʫʽ 

ʪʽʨʢʝʣʛʝʥ ʙʦʣʩʘ (ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʤʝʡʪʽʥ). 

ʄʳʩʘʣʳ, ʝʛʝʨ ʢʽʨʽʩʪʽש ʙʽʨʝʫʽ ᴅʜʝʪʪʝ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 

ᴇʟʛʝʨʤʝʡʪʽʥ ʢʽʣʪ ʙʦʣʩʘ, ʦʥʜʘ  xor ʦʧʝʨʘʮʠʷʩʳ, 3.11 ʩʫʨʝʪʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ץʘʡʪʳʤʜʳ ʙʦʣʘʜʳ.  

 3.11 ʩʫʨʝʪʽʥʜʝ ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʨʩʠʷ ץʘʩʠʝʪʽ ʢʝʣʝʩʽʥʽ ʪװʩʽʥʝʜʽ  

 

y = x Ä k   ʠ   x = k Ä y. 

 

 ɹײʣ ץʘʩʠʝʪʪʽ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʳײץ שʨʳʣʳʤʳʥ ץʘʨʘʩʪʳʨסʘʥ ʢʝʟʜʝ 

 .ʦʣʜʘʥʘʤʳʟץ

  

ʎʠʢʣʜʳ ʞʳʣʞʳʪʫ 

 

 ʂʝʡʙʽʨ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʘʪʳʥ ʢʝʣʝʩʽ ʢʦʤʧʦʥʝʥʪ ï 

ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʩʳ. ɾʳʣʞʳʪʫ ʩʦʣ ʞʘץʘ ʞᴅʥʝ ʦש ʞʘץʘ ʙʦʣʫ 

ʤװʤʢʽʥ. ʉʦʣ ʞʘץʪʳש ʘʡʥʘʣʤʘ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʩʳ n-ʙʠʪʪʽʢ ʩᴇʟʜʝ ᴅʨ 

ʙʠʪʪʳ k ʧʦʟʠʮʠʷסʘ ʩʦʣסʘ ʞʳʣʞʳʪʘʜʳ; ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ k-ʙʠʪʪʝʨ ʩʦʣ 

ʞʘץʪʘʥ ʞʦʡʳʣʘʜʳ ʞᴅʥʝ ʦש ʞʘץʘ ʞʘʟʳʣʘʜʳ. ʆש ʞʘץʪʳש ʘʡʥʘʣʤʘ ʞʳʣʞʳʪʫ 

ʦʧʝʨʘʮʠʷʩʳ n-ʙʠʪʪʽʢ ʩᴇʟʜʝ ᴅʨ ʙʠʪʪʳ k ʧʦʟʠʮʠʷסʘ ʦסשʘ ʞʳʣʞʳʪʘʜʳ; ʰʝʪʢʽ 

ʦש ʞʘץʪʘסʳ k-ʙʠʪʪʝʨ ʦש ʞʘץʪʘʥ ʞʦʡʳʣʘʜʳ ʞᴅʥʝ ʩʦʣ ʞʘץʘ ʞʘʟʳʣʘʜʳ. 3.12 

ʩʫʨʝʪ    n = 8 ʞᴅʥʝ k = 3 ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʦש ʞʘץʪʳ ʞᴅʥʝ ʩʦʣ ʞʘץʪʳ 

ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ.  

 

 
 

3.12 ʩʫʨʝʪ ï 8 ʙʠʪʪʽʢ ʩᴇʟʜʽ ʩʦʣסʘ ʥʝʤʝʩʝ ʦסשʘ ʮʠʢʣʜʳ  

ʞʳʣʞʳʪʫ ʤʳʩʘʣʳ 

 

 ɾʳʣʞʳʪʫʜʳש ʮʠʢʣʜʳ ʦʧʝʨʘʮʠʷʩʳ ʩᴇʟʜʝ ʙʠʪʪʝʨʜʽ ʘʨʘʣʘʩʪʳʨʘʜʳ ʞᴅʥʝ 

ʘʣסʘʰץʳ ʩᴇʟʜʝ װʣʛʽʣʝʨʜʽ ʞʘʩʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ɹʠʪʪʝʨ ʞʳʣʞʳʡʪʳʥ 

ʧʦʟʠʮʠʷʣʘʨ ʩʘʥʳ ʢʽʣʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ ʙʦʣʩʘ ʜʘ, ʞʳʣʞʳʪʫʜʳש 

ʮʠʢʣʜʳ ʦʧʝʨʘʮʠʷʩʳ ᴅʜʝʪʪʝ ʢʽʣʪʩʽʟ; k ʤᴅʥʽ ʘʣʜʳʥʘʣʘ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ 

ʦʨʥʘʪʳʣʘʜʳ.  
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 ʉʦʣ ʞʘץʪʳ ʞʳʣʞʳʪʫʜʳש ʮʠʢʣʜʳ ʦʧʝʨʘʮʠʷʩʳ ï ʦש ʞʘץʪʘסʳ ʞʳʣʞʳʪʫ 

ʦʧʝʨʘʮʠʷʥʳש ʠʥʚʝʨʩʠʷʩʳ, ʷסʥʠ ץʘʡʪʳʤʜʳ ʙʦʣʘʜʳ. ɽʛʝʨ ʦʣʘʨʜʳש ʙʽʨʝʫʽ 

ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʩʘ, ʦʥʜʘ ʝʢʽʥʰʽʩʽ ʢʝʨʽʰʠʬʨʣʘʫסʘ ץʦʣʜʘʥʳʣʫ 

ʤװʤʢʽʥ.  

 ʎʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʩʳʥʜʘ ʝʢʽ ץʘʩʠʝʪ ʙʘʨ.  

 ɹʽʨʽʥʰʽ - n ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʞʳʣʞʳʪʫ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʛʝʨ k
 
=

 
0 ʥʝʤʝʩʝ 

k
 
=

 
n ʙʦʣʩʘ, ʝʰץʘʥʜʘʡ ʞʳʣʞʫ ʙʦʣʤʘʡʜʳ. ɽʛʝʨ k>n  ʙʦʣʩʘ, ʦʥʜʘ ʢʽʨʽʩ 

ʘץʧʘʨʘʪ k mod n ʙʠʪʢʝ ʞʳʣʞʳʡʜʳ.   

 ɽʢʽʥʰʽ ץʘʩʠʝʪ ï ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʞʘʣסʘʫסʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ 

ʦʧʝʨʘʮʠʷʩʳ ï ʪʦʧ ʙʦʣʘʜʳ. ɹײʣ, ʝʛʝʨ ʞʳʣʞʳʪʫ ʙʽʨʥʝʰʝ ʨʝʪ ʞװʨʛʽʟʽʣʩʝ, ʦʥʜʘ 

ʙʽʨ ʤᴅʥ ʙʽʨʥʝʰʝ ʨʝʪ ʰʳסʫ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ.  

 

ɸʫʳʩʪʳʨʫ 

 

 ɸʫʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳ ï ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʩʳʥʳש ʘʨʥʘʡʳ 

ʞʘסʜʘʡʳ. ɹײʣ ʞʝʨʜʝ k = n/2 ʦʧʝʨʘʮʠʷ ʤװʤʢʽʥ ʪʝʢ ʝʛʝʨ n  ʞײʧ ʥᴇʤʽʨ 

ʙʦʣסʘʥʜʘ. ʉʦʣ ʞʘץʘ n/2  ʞʳʣʞʳʪʫ ʦש ʞʘץʘ n/2 ʞʳʣʞʳʪʫʤʝʥ ʙʽʨʜʝʡ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʙײʣ ʦʧʝʨʘʮʠʷ ץʘʡʪʳʤʜʳ ʙʦʣʘʜʳ. ʐʠʬʨʣʘʫ װʰʽʥ ʘʫʳʩʪʳʨʫ 

ʦʧʝʨʘʮʠʷʩʳ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽ ʘʫʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳʤʝʥ ʪʦʣʳץ ʘʰʳʣʫ 

ʤװʤʢʽʥ. 3.13 ʩʫʨʝʪʽ 8 ʙʠʪʪʝʥ ʪײʨʘʪʳʥ ʩᴇʟ װʰʽʥ ʘʫʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

 

 
3.13 ʩʫʨʝʪ -  8 ʙʠʪʪʽʢ ʩᴇʟʜʝ ʘʫʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳ 

 

ɹϺʣʫ ʞϸʥʝ ʙʽʨʽʢʪʽʨʫ 

 

 ʂʝʡʙʽʨ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʦʧʝʨʘʮʠʷʣʘʨ ï ʙϺʣʫ ʞᴅʥʝ 

ʙʽʨʽʢʪʽʨʫ. ɹᴇʣʫ ᴅʜʝʪʪʝ n-ʙʠʪʪʽʢ ʩᴇʟʜʽ ʦʨʪʘʩʳʥʘʥ ʙᴇʣʝʜʽ, ʙʽʨʜʝʡ ײʟʳʥʜʳסʳ 

ʙʘʨ ʝʢʽ ʩᴇʟʜʽ ײץʨʳʧ. ɹʽʨʽʢʪʽʨʫ n-ʙʠʪʪʽʢ ʩᴇʟʜʽ ײץʨʫ װʰʽʥ ײʟʳʥʜʳסʳ ʙʽʨʜʝʡ 

ʝʢʽ ʩᴇʟʜʽ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ. ɹײʣ ʝʢʽ ʦʧʝʨʘʮʠʷ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ ʞᴅʥʝ ʙʽʨ 

ʙʽʨʽʥ ʪʝשʝʩʪʽʨʫ װʰʽʥ ʞײʧ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. ɽʛʝʨ ʙʽʨʝʫʽ ʰʠʬʨʣʘʫ 

 ʣ ʝʢʽײʰʽʥ. 3.14 ʩʫʨʝʪ ʙװ ʦʣʜʘʥʳʣʩʘ, ʦʥʜʘ ʝʢʽʥʰʽʩʽ ï ʢʝʨʽʰʠʬʨʣʘʫץ ʰʽʥװ

ʦʧʝʨʘʮʠʷʥʳ n = 8 ʞʘסʜʘʡ װʰʽʥ ʢᴇʨʩʝʪʝʜʽ.  
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3.14 ʩʫʨʝʪ - 8-ʙʠʪʪʽʢ ʩᴇʟ װʰʽʥ ʙᴇʣʫ ʞᴅʥʝ ʙʽʨʽʢʪʽʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳ 

 

 ʈɸʄɼɸʉ ʐʀʌʈʃɸʈױפ .3.2

  

 ʐʝʥʥʦʥ ײץʨʘʤʜʘʩ ʰʠʬʨʣʘʨ ʪװʩʽʥʽʛʽʥ ʝʥʛʽʟʜʽ. ϧϰʨʘʤʜʘʩ ʰʠʬʨ ï 

ʘʫʳʩʪʨʫʜʳ, ʘʣʤʘʩʪʳʨʫʜʳ ʞᴅʥʝ ʞʦסʘʨʳʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʘʩץʘ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʙʽʨʽʢʪʽʨʝʪʽʥ ʢʝʰʝʥ.  

 

3.2.1. ʐʘʰʳʨʘʪʫ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫ 

 

 ʘסʩʳʥʫʜʘ ʐʝʥʥʦʥʥʳϬ ʠʜʝʷʩʳ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨײ ʨʘʤʜʘʩ ʰʠʬʨʜʳײפ 

ʢʝʣʝʩʽ ʝʢʽ ʤʘשʳʟʜʳ ץʘʩʠʝʪʢʝ ʠʝ ʙʦʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʫ: ʰʘʰʳʨʘʪʫ ʞᴅʥʝ 

ʘʨʘʣʘʩʪʳʨʫ.   

 ʐʘʰʳʨʘʪʫ ʘʣסʘʰץʳ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʘʨʘʩʳʥʜʘ 

 ʰʽʥװ ʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘʙʫץʘʰסʣ ʘʣײʘʪʳʥʘʩʪʘʨʜʳ ʞʘʩʳʨʫ ʢʝʨʝʢ. ɹץ

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʩʪʘʪʠʩʪʠʢʘʩʳʥ ץʦʣʜʘʥʘʪʳʥ ץʘʩץʦʡʜʳ çʝʩʽʥʝʥ 

ʞʘϬʳʣʜʳʨʘʜʳè. ʐʘʰʳʨʘʪʫ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ᴅʨ ʙʠʪ (ʩʠʤʚʦʣ) 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ ʙʽʨ ʥʝʤʝʩʝ ʙʘʨʣʳץ ʙʠʪʪʝʨʜʝʥ (ʩʠʤʚʦʣʜʘʨʜʘʥ) ʪᴅʫʝʣʜʽ 

ʙʦʣʘʪʳʥʳʥ ʪװʩʽʥʝʜʽ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʛʝʨ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ ʙʽʨ ʙʠʪ 

ᴇʟʛʝʨʩʝ, ʦʥʜʘ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʙʽʨʥʝʰʝ ʥʝʤʝʩʝ ʙʘʨʣʳץ ʙʠʪʪʝʨ 

ᴇʟʛʝʨʝʜʽ.  

 ɸʨʘʣʘʩʪʳʨʫʜʳϬ ʠʜʝʷʩʳ ʢʝʣʝʩʽʜʝ: ʦʣ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʢʽʣʪ 

ʘʨʘʩʳʥʜʘ ʪᴅʫʝʣʜʽʢʪʽ ʞʘʩʳʨʫ. ɹײʣ ʜʘ ʢʽʣʪʪʽ ʪʘʙʫ װʰʽʥ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽ ץʦʣʜʘʥʫʜʳ ʪʳʨʳʩʘʪʳʥ ץʘʩץʦʡʜʳ çʝʩʽʥʝʥ ʞʘϬʳʣʜʳʨʘʜʳè. ɹʘʩץʘ 

ʩᴇʟʙʝʥ, ʝʛʝʨ ʢʽʣʪʪʝ ʙʽʨ ʙʠʪ ᴇʟʛʝʨʩʝ, ʦʥʜʘ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʙʘʨʣʳץ 

ʙʠʪʪʝʨ ᴇʟʛʝʨʝʜʽ.  

 

3.2.2. ʈʘʫʥʜʪʘʨ 

 

 ʐʘʰʳʨʘʪʫ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫסʘ ײץʨʘʤʜʘʩ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʞʝʪʫʛʝ ʙʦʣʘʜʳ, ʙײʣ ʞʝʨʜʝ ᴅʨ ʠʪʝʨʘʮʠʷ ʜʝʛʝʥ  S-ʙʣʦʢʪʘʨ, P-ʙʣʦʢʪʘʨ ʞᴅʥʝ 

ʙʘʩץʘ ʢʦʤʧʦʥʝʥʪʪʝʨ ʢʦʤʧʠʥʘʮʠʷʩʳ. ᴄʨ ʠʪʝʨʘʮʠʷ ʨʘʫʥʜ ʜʝʧ ʘʪʘʣʘʜʳ. 

ɹʣʦʢʪʳ ʰʠʬʨ ʰʠʬʨ ʢʽʣʪʽʥʝʥ ᴅʨ ʨʘʫʥʜ װʰʽʥ ᴅʨʪװʨʣʽ ʢʽʣʪʪʝʨʜʽ ײץʨʘʪʳʥ 

ʢʽʣʪʪʽʢ ʪʽʟʙʝʢʪʽ ʥʝʤʝʩʝ ʢʽʣʪʪʝʨ ʛʝʥʝʨʘʪʦʨʳʥ ץʦʣʜʘʥʘʜʳ. N-ʨʘʫʥʜʪʳץ 

ʰʠʬʨʜʘ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ײץʨʫ װʰʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ N ʨʝʪ 

ʰʠʬʨʣʘʥʘʜʳ; ʩᴅʡʢʝʩ, ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ N ʨʝʪ ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ. 
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ɸʨʘʣʳץ ʜʝשʛʝʡʜʝ (ʝʢʽ ʨʘʫʥʜ ʦʨʪʘʩʳʥʜʘ) ײץʨʳʣסʘʥ ʜʝʨʝʢʪʝʨ ʦʨʪʘʰʘ 

ʜʝʨʝʢʪʝʨ ʜʝʧ ʘʪʘʣʘʜʳ. 3.15 ʩʫʨʝʪ ʝʢʽ ʨʘʫʥʜʳ ʙʘʨ ץʘʨʘʧʘʡʳʤ ײץʨʘʤʜʘʩ 

ʰʠʬʨʜʳ ʢᴇʨʩʝʪʝʜʽ.  

 

 
3.15 ʩʫʨʝʪ ï ɽʢʽ ʨʘʫʥʜʳ ʙʘʨ ײץʨʘʤʜʘʩ ʰʠʬʨ 

 

 ʊᴅʞʽʨʠʙʝʜʝ ײץʨʘʤʜʘʩ ʰʠʬʨʣʘʨʜʘ ʝʢʽʜʝʥ ʢᴇʧ ʨʘʫʥʜ ʙʘʨ. 3.15 ʩʫʨʝʪʽʥʜʝ 

ᴅʨ ʨʘʫʥʜʪʘ װʰ ʪװʨʣʝʥʜʽʨʫ ᴇʪʢʽʟʽʣʝʜʽ:  

 1. ɼʝʨʝʢʪʝʨʜʽש ʙʠʪʪʝʨʽ ʪʝשʳץʪʠʤʘʣʜʳץʪʳ ʙʦʣʫ װʰʽʥ  8-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ 

ʨʘʫʥʜʪʳץ ʢʽʣʪʧʝʥ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ (ʢʽʣʪʪʽ ץʦʣʜʘʥʳʧ, ʙʠʪʪʝʨʜʽ ʞʘʩʳʨʫ) ï 

ʜʝʨʝʢʪʝʨ çʘϤʘʨʪʳʣʘʜʳè (whiting). ɹײʣ ᴅʜʝʪʪʝ 8 ʙʠʪʪʽʢ ʩᴇʟʜʽ 8 ʙʠʪʪʽʢ 

ʨʘʫʥʜʪʳ ʢʽʣʪʪʽ xor ʦʧʝʨʘʮʠʷ ʢᴇʤʝʛʽʤʝʥ ᴇשʜʝʫ ʘʨץʳʣʳ ʞʘʩʘʣʘʜʳ.  

 2. çɸϤʘʨʪʫʰʳè ʰʳסʳʩʪʘʨʳʥʘʥ ʜʝʨʝʢʪʝʨ 2 ʙʠʪʪʽʢ ʪᴇʨʪ ʪʦʧץʘ ʙᴇʣʽʥʝʜʽ 

ʞᴅʥʝ ʪᴇʨʪ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʘ ʞʽʙʝʨʽʣʝʜʽ. ɹʠʪʪʝʨ ʤᴅʥʜʝʨʽ ʙײʣ 

ʪװʨʣʝʥʜʽʨʫʜʝ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥ ײץʨʫʳʥʘ ʩᴅʡʢʝʩ ᴇʟʛʝʨʝʜʽ.  

 3. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʳש ʰʳסʳʩʪʘʨʳʥʘʥ ʜʝʨʝʢʪʝʨ ʘʣʤʘʩʪʳʨʫʜʳש 

P-ʙʣʦʛʳʥʘ ʢʽʨʝʜʽ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʙʠʪʪʝʨ ʢʝʣʝʩʽ ʰʘʨʪʧʝʥ ʘʣʤʘʩʫ ʢʝʨʝʢ: 

ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ ᴅʨ ʙʣʦʢ ʰʳסʳʩʳʥʘʥ ʥᴅʪʠʞʝ ᴅʨʪװʨʣʽ ʢʽʨʽʩʪʝʨʛʝ ʢʽʨʫ ץʘʞʝʪ.  

 3.15 ʩʫʨʝʪʽʥʜʝ ʩײʣʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ ʞʝשʽʣʜʝʪʽʣʛʝʥ ײץʨʘʤʜʘʩ ʰʠʬʨ 

ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʛʳ ʢʦʤʙʠʥʘʮʠʷʩʳʥ 

   .ʦʣʜʘʥʳʧ ʰʘʰʳʨʘʪʫʜʳ ʢʝʧʽʣʜʝʡʜʽץ

 ɹʽʨʽʥʰʽ ʨʘʫʥʜʪʘ, k1ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽש ʩᴅʡʢʝʩ ʙʠʪʪʝʨʽʤʝʥ xor  

ʦʧʝʨʘʮʠʷʩʳʥ ᴇʪʢʽʟʛʝʥʥʝש ʢʝʡʽʥ, S-ʙʣʦʢ 4 ʘʨץʳʣʳ ʝʢʽ ʙʠʪ ᴇʟʛʝʨʝʜʽ (7 ʞᴅʥʝ 8 

ʙʠʪʪʝʨ).  7 ʙʠʪ ʦʨʳʥ ʘʫʳʩʪʳʨʳʧ 2 ʙʠʪ ʙʦʣʘʜʳ; 8 ʙʠʪ ʦʨʳʥ ʘʫʳʩʪʳʨʳʧ 4  
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ʙʠʪ ʙʦʣʘʜʳ. ɹʽʨʽʥʰʽ ʨʘʫʥʜʪʘʥ ʢʝʡʽʥ 8 ʙʠʪ 2 ʞᴅʥʝ 4 ʙʠʪʪʝʨʜʽ ᴇʟʛʝʨʪʝʜʽ. 

ɽʢʽʥʰʽ ʨʘʫʥʜʪʘ, k2 ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽש ʩᴅʡʢʝʩ ʙʠʪʪʝʨʽʤʝʥ xor  ʦʧʝʨʘʮʠʷʩʳʥ 

ᴇʪʢʽʟʛʝʥʥʝש ʢʝʡʽʥ, S-ʙʣʦʢ 1 ʘʨץʳʣʳ ʝʢʽ ʙʠʪ ᴇʟʛʝʨʝʜʽ (1 ʞᴅʥʝ 2 ʙʠʪʪʝʨ). 1 

ʙʠʪ ʦʨʳʥ ʘʫʳʩʪʳʨʳʧ 6 ʙʠʪ ʙʦʣʘʜʳ; 2 ʙʠʪ ʦʨʳʥ ʘʫʳʩʪʳʨʳʧ 1 ʙʠʪ ʙʦʣʘʜʳ. 

k2 ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽש ʩᴅʡʢʝʩ ʙʠʪʪʝʨʽʤʝʥ xor  ʦʧʝʨʘʮʠʷʩʳʥ ᴇʪʢʽʟʛʝʥʥʝש ʢʝʡʽʥ, 

4 ʙʠʪ 3 ʞᴅʥʝ 4 ʙʠʪʪʝʨʜʽ ᴇʟʛʝʨʪʝʜʽ. 3 ʙʠʪ ץʘʣʘʜʳ, 4 ʙʠʪ ʦʨʳʥ ʘʫʳʩʪʳʨʳʧ 7 

ʙʠʪ ʙʦʣʘʜʳ. ɽʢʽʥʰʽ ʨʘʫʥʜʪʘʥ ʢʝʡʽʥ 8 ʙʠʪʪʝʥ 1, 3, 6 ʞᴅʥʝ 7 ʙʠʪʪʝʨʽ ᴇʟʛʝʨʝʜʽ.  

 ɹײʣ ץʘʜʘʤʜʘʨʜʳ ʙʘʩץʘ ʙʘסʳʪʪʘ ʦʨʳʥʜʘʫ (ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʥ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʛʝ ʜʝʡʽʥ) ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ᴅʨ ʙʠʪ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽ ʙʽʨʥʝʰʝ ʙʠʪʪʝʨʛʝ ᴇʟʛʝʨʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ.  

 3.16 ʩʫʨʝʪʽʥʜʝ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ ʞʘʣסʳʟ ʙʽʨ ʙʠʪʪʽ ᴇʟʛʝʨʪʫʽ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʢᴇʧʪʝʛʝʥ ʙʠʪʪʝʨʜʽ ᴇʟʛʝʨʪʫʜʽ ʰʘץʳʨʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ.  

 3.16 ʩʫʨʝʪ ʘʨʘʣʘʩʪʳʨʫ ץʘʩʠʝʪʽʥʝ ײץʨʘʤʜʘʩ ʰʠʬʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʞʝʪʫʛʝ 

ʙʦʣʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʪᴇʨʪ ʙʠʪʳ (1, 3, 6 ʞᴅʥʝ 7 

ʙʠʪʪʝʨ) ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʝ װʰ ʙʠʪ ʢᴇʤʝʛʽʤʝʥ ʪװʨʣʝʥʜʽʨʽʣʛʝʥ (k1 - 8 ʙʠʪ 

ʞᴅʥʝ k2 - 2 ʞᴅʥʝ 4 ʙʠʪʪʝʨ). פʘʡʪʘ ʙʘסʳʪʪʘ ʞװʨʫ ᴅʨ ʨʘʫʥʜʪʘ ʨʘʫʥʜʪʳץ 

ʢʽʣʪʪʽש ᴅʨ ʙʠʪʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʥʝʰʝ ʙʠʪʳʥ ץʦʟסʘʣʪʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʠʪʪʝʨʽ ʞᴅʥʝ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʙʠʪʪʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨ ʢᴇʣʝʥʢʝʣʝʥʛʝʥ ʪʽʢʙײʨʳʰʪʘʨʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
3.16 ʩʫʨʝʪ ï ɹʣʦʢʪʳ ʰʠʬʨʜʘ ʰʘʰʳʨʘʪʫ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫ 

 

 ʐʘʰʳʨʘʪʫ ʤʝʥ ʘʨʘʣʘʩʪʳʨʫʜʳ ʞʘץʩʘʨʪʫ װʰʽʥ ʪᴅʞʨʽʙʝʣʽʢ ʰʠʬʨʣʘʨ 

ʜʝʨʝʢʪʝʨʜʽש ʽʨʽ ʙʣʦʢʪʘʨʳʥ, ʢᴇʙʽʨʝʢ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʢʪʘʨʳʥ ʞᴅʥʝ 
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ʢᴇʙʽʨʝʢ ʨʘʫʥʜʪʘʨʜʳ ץʦʣʜʘʥʘʜʳ. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʢʪʘʨʳʥʳװ שʣʢʝʥ 

ʩʘʥʳʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʨʘʫʥʜʪʘʨ ʩʘʥʳʥ ʢʝʡʙʽʨ װʣʢʝʡʪʫ ʞʘץʩʳʨʘץ ʰʠʬʨʜʳ 

-n ץʘʥ ʜʝʨʝʢʪʝʨ ʢʝʟʜʝʡʩʦסʽʰʽʥʜʝ ʰʠʬʨʣʘʥ שʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʥʳװʘ ʤסʨʫײץ

ʙʠʪʪʽʢ ʩᴇʟ ʩʠʷץʪʳ ʢᴇʨʽʥʝʜʽ.  ʉʦʥʳʤʝʥ, ʰʠʬʨʣʘʥסʘʥ ʞᴅʥʝ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨ ʪʦʣʳץ ʞʘʩʳʨʳʣʘʜʳ (ʰʘʰʳʨʘʪʳʣʘʜʳ). ʈʘʫʥʜʪʘʨ 

ʩʘʥʳʥ װʣʢʝʡʪʫ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʩʘʥʳʥ װʣʢʝʡʪʝʜʽ, ʙײʣ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʢʽʣʪ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨʜʳ ʞʘʩʳʨʘʜʳ.  

 

 ʝʢʽ ʢʣʘʩʳ שʨʘʤʜʘʩ ʰʠʬʨʣʘʨʜʳײפ .3.2.3

 

 ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ï ʙᴅʨʽ ײץʨʘʤʜʘʩ, ʙʽʨʘץ ʦʣʘʨ ʝʢʽ ʢʣʘʩץʘ 

ʙᴇʣʽʥʝʜʽ. ɹʽʨʽʰʥʰʽ ʢʣʘʩʪʳϬ ʰʠʬʨʣʘʨʳ ץʘʡʪʳʤʜʳ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʝʤʝʩ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʘʜʳ. ɹײʣ ʰʠʬʨʣʘʨ ᴅʜʝʪʪʝ ʌʝʡʩʪʝʣʴ ʰʠʬʨʣʘʨʳ ʜʝʧ 

ʘʪʘʣʘʜʳ. ɽʢʽʥʰʽ ʢʣʘʩʪʘϤʳ ʰʠʬʨʣʘʨ ʪʝʢ ץʘʡʪʳʤʜʳ ʢʦʤʧʦʥʝʥʪʝʨʜʽ 

 ʘ ʘʪʘʫץʣ ʰʠʬʨʣʘʨ ʌʝʡʩʪʝʣʴʜʽʢʽ-ʝʤʝʩ ʜʝʧ ʘʪʘʣʘʜʳ (ʙʘʩײʦʣʜʘʥʘʜʳ. ɹץ

ʙʦʣʤʘסʘʥʜʳץʪʘʥ).  

 ʌʝʡʩʪʝʣʴ ᴇʪʝ ʟʠʷʪʢʝʨʣʽʢ ʞᴅʥʝ ץʳʟʳץ ʰʠʬʨʜʳ ײץʨʜʳ, ʦʣ ʢᴇʧʪʝʛʝʥ 

ʞʳʣʜʘʨʳ ץʦʣʜʘʥʜʳ. ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥʜʘ װʰ ʪװʨʣʽ ʢʦʤʧʦʥʝʥʪ ʙʦʣʫ 

ʤװʤʢʽʥ: ϺʟʽϨʘʡʪʳʤʜʳ, Ϩʘʡʪʳʤʜʳ ʞᴅʥʝ Ϩʘʡʪʳʤʜʳ ʝʤʝʩ.  

 ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥʜʘ ʙʣʦʢʪʘʨʜʘ ʙʘʨʣʳץ ץʘʡʪʳʤʜʳ ʝʤʝʩ ʵʣʝʤʝʥʪʪʝʨ 

ʙʘʨ ʞᴅʥʝ ʦʣ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʜʝ ʙʽʨ ʤʦʜʫʣʴʜʽ 

 ʘʡʪʳʤʜʳץ ʢʝʣʝʩʽʜʝ: ʝʛʝʨ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʘ ץʨʘײʦʣʜʘʥʘʜʳ. ʉץ

ʝʤʝʩ ʤʦʜʫʣʴʜʝʨ ʙʦʣʩʘ, ʦʣʘʨ ץʘʣʘʡ ʘʰʳץ ʞᴅʥʝ ʞʘʙʳץ ʜʝʨʝʢʪʝʨʜʽ ʙʽʨ ʙʽʨʽʥʝ 

ʠʥʚʝʨʪʘʮʠʷʣʘʡʜʳ. ʌʝʡʩʪʝʣʴ ʦʣʘʨ װʡʣʝʩʪʽʨʽʣʛʝʥ ʙʦʣʫ ʤװʤʢʽʥ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ [8, 27]. 

 ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥ ʞʘץʩʳʨʘץ ʪװʩʽʥʫ װʰʽʥ ʙʽʨ ץʘʡʪʳʤʜʳ ʝʤʝʩ 

ʢʦʤʧʦʥʝʥʪʪʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʜʝ ץʘʣʘʡ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʪʳʥʳʥ ץʘʨʘʩʪʳʨʘʡʳץ. ɽʛʝʨ 3.17 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ xor 

ʦʧʝʨʘʮʠʷʩʳʥ ץʦʣʜʘʥʩʘ, ʦʥʜʘ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʛʽ ץʘʡʪʳʤʜʳ ʝʤʝʩ 

ʢʦʤʧʦʥʝʥʪ ʵʬʬʝʢʪʽʩʽ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʜʝ ʙʦʣʤʘʫ ʤװʤʢʽʥ.  

 

 
3.17 ʩʫʨʝʪ ï ʌʝʡʩʪʝʣʴʜʽש ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ  

ʘʣʛʦʨʠʪʤʜʝʨʽʥʜʝ ץʘʡʪʳʤʜʳ ʝʤʝʩ ʢʦʤʧʦʥʝʥʪʪʽ ץʦʣʜʘʥʫ  



 113 

 ʐʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʽʣʪ f(K) ץʘʡʪʳʤʜʳ ʝʤʝʩ ʬʫʥʢʮʠʷ ʢʽʨʽʩʽʥʝ ʙʘʨʘʜʳ, ʦʣ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʽʤʝʥ xor ʦʧʝʨʘʪʦʨʳʥʳש ʙʽʨ ץʦʩʳʣסʳʰʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʣʘʜʳ. f(K) ʬʫʥʢʮʠʷ ʤʝʥ xor 

ʦʧʝʨʘʮʠʷʥʳש ʢʦʤʙʠʥʘʮʠʷʩʳʥ ï Ϩʦʩʧʘʣʘʫʳʰ ʜʝʧ ʘʪʘʡʤʳʟ (ʙʘʩץʘ ʘʪ 

ʙʦʣʤʘסʘʥʜʳץʪʘʥ). פʦʩʧʘʣʘʫʳʰ ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥʳש ʞʘשʘ ʥײʩץʘʣʘʨʳʥʜʘ 

ʤʘשʳʟʜʳ ʨᴇʣʜʽ ʘʪץʘʨʘʜʳ.   

 ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʽʣʪ ʙʽʨ ʙʦʣסʘʥʜʳץʪʘʥ, ʝʢʽ 

ʘʣʛʦʨʠʪʤ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʛʝʨ 

C2 = C1 (ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʢʝʟ ʢʝʣʛʝʥ ᴇʟʛʝʨʽʩ), ʦʥʜʘ 

M2 = M1.  

 ʐʠʬʨʣʘʫ: 

 

C1 = M1 Ä f(K). 

 

 ʂʝʨʽʰʠʬʨʣʘʫ: 

 

M2 = C2 Ä f(K) = C1 Ä f(K) = M1 Ä f(K) Ä f(K) = 

 

= M1 Ä (00...0) = M1. 

 

 ɽʩʝʧʪʝʫ װʰʽʥ xor ʦʧʝʨʘʮʠʷʥʳש ʝʢʽ ץʘʩʠʝʪʽ ץʦʣʜʘʥסʘʥʳʥʘ ʥʘʟʘʨ 

ʘʫʜʘʨʳשʳʟ (ʠʥʚʝʨʩʠʷʥʳש ʙʦʣʫʳ ʞᴅʥʝ ʥᴇʣʜʽʢ ʢʦʜ ʙʦʣʫʳ).  

 ɾʦסʘʨʳʜʘ ץʦʨʩʝʪʽʣʛʝʥ ʪʝשʜʝʫʣʝʨ ץʦʩʧʘʣʘʫʳʰʪʘ ʘʡʳʨʙʘʩʪʘʣʳʤʜʳ 

ʵʣʝʤʝʥʪ ʙʘʨ ʙʦʣʩʘʜʘ, ץʦʩʧʘʣʘʫʳʰʪʳש ᴇʟʽ ᴇʟʘʡʳʨʙʘʩʪʘʣʳʤʜʳ ʙʦʣʘʪʳʥʳʥ 

ʜᴅʣʝʣʜʝʡʜʽ.  

 3.12 ʤʳʩʘʣ. ױʟʳʥʜʳסʳ 4 ʙʠʪʪʝʥ ʘʣסʘʰץʳ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ 

ʞᴅʥʝ 3 ʙʠʪʪʽʢ ʢʽʣʪ ʙʘʨ ʙʦʣʩʳʥ. f(K) ʬʫʥʢʮʠʷʩʳ ʙʽʨʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʙʠʪʪʝ-

ʨʜʽ ʘʣʳʧ ʦʥʜʳץ ʥʦʤʽʨ ʨʝʪʽʥʜʝ ʪװʩʽʥʽʧ, ʦʥʳש ʝʢʽ ʜᴅʨʝʞʝʩʽʥ ʪʘʙʘʜʳ ʞᴅʥʝ 

ʥᴅʪʠʞʝʥʽ 4-ʙʠʪʪʽʢ ʝʢʽʣʽʢ ʪʽʟʙʝʢ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʡʜʳ. ɽʛʝʨ ʘʣסʘʰץʳ ʜʝʨʝʢ-

ʪʝʨ  0111, ʞᴅʥʝ ʢʽʣʪ  101 ʙʦʣʩʘ, ʜʝʨʝʢʪʝʨʜʽש ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʢᴇʨʩʝʪʫ ץʘʞʝʪ.  

 ʐʝʰʽʤ. f(K) ʬʫʥʢʮʠʷʩʳ ʢʽʣʪʪʽש ʙʽʨʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʙʠʪʳʥ ʘʣʘʜʳ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʝʢʽʣʽʢ ʪװʨʜʝ 11 ʥʝʤʝʩʝ ʦʥʜʳץ ʙʝʡʥʝʜʝ 3 ʙʦʣʘʜʳ. ɽʢʽʣʽʢ 

ʜᴅʨʝʞʝʛʝ ʰʳסʘʨʫ ʥᴅʪʠʞʝʩʽ  9, ʝʢʽʣʽʢ ʙʝʡʥʝʜʝ 1001. 

 ʐʠʬʨʣʘʫ: C = M Ä f(K) = 0111 Ä 1001 = 1110. 

 ʂʝʨʽʰʠʬʨʣʘʫ: M = C Ä f(K) = 1110 Ä 1001 = 0111. 

 ʂᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ ʢʝʨʽʰʠʬʨʣʘʫ ʥʽʪʠʞʝʩʽ M ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʽʤʝʥ ʪʝש.  

 f(101) = 1001 ʬʫʥʢʮʠʷʩʳ ʘʡʳʨʙʘʩʪʘʣʤʘʡʪʳʥ, ʙʽʨʘץ xor ʦʧʝʨʘʮʠʷʩʳ 

f(K) ʬʫʥʢʮʠʷʩʳʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʜʝ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʘʩץʘ ʩᴇʟʙʝʥ, f(K) ʬʫʥʢʮʠʷʩʳ ʘʡʳʨʙʘʩʪʘʣʤʘʡʪʳʥ, ʙʽʨʘץ 

  .ʦʩʧʘʣʘʫʳʰ ᴇʟʽʘʡʳʨʙʘʩʪʳʣʳʤʜʳ ʙʦʣʘʜʳץ
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 ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥʘ ʞʘץʳʥʜʘʫ װʰʽʥ 3.17 ʩʫʨʝʪʽʥʜʝʛʽ ʰʠʬʨʜʳ 

ʞʝʪʽʣʜʽʨʫ ץʘʞʝʪ. ʆʣ װʰʽʥ ʘʡʳʨʙʘʩʪʘʣʤʘʡʪʳʥ ʵʣʝʤʝʥʪʪʽש (ʬʫʥʢʮʠʷʥʳש) 

ʢʽʨʽʩʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ ʝʢʝʥʽ ʙʝʣʛʽʣʽ, ʙʽʨʘץ ʙװʣ ʞʝʨʜʝ ʢʽʣʪ ʞᴅʥʝ ʪʘסʳ 

ʙʘʩץʘʥʳ ץʦʣʜʘʥʫ ץʘʞʝʪ. f(K) ʬʫʥʢʮʠʷʥʳש ʢʽʨʽʩʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙᴇʣʽʛʽʥ 

ʰʠʬʨʣʘʫ װʰʽʥ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙᴇʣʽʛʽʥ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ 

 ʤʢʽʥ. ʆʩʳװʦʣʜʘʥʫ ʤץ ʝʢʽʥʰʽ ʢʽʨʽʩʽ ʨʝʪʽʥʜʝ שʂʽʣʪ ʬʫʥʢʮʠʷʥʳ .ץʦʣʜʘʥʘʡʳץ

ʪᴅʩʽʣ ʘʨץʘʩʳʥʜʘ f(K) ʬʫʥʢʮʠʷʩʳ ʢʝʡʙʽʨ ʢʽʣʪʪʽʢ ʝʤʝʩ ʞᴅʥʝ ʢʽʣʪʪʽʢ 

ʵʣʝʤʝʥʪʪʝʨʽ ʙʘʨ ʢװʨʜʝʣʽ ʵʣʝʤʝʥʪ ʙʦʣʘʜʳ. ʄʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ, ʘʣסʘʰץʳ 

ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ײʟʳʥʜʳסʳ ʙʽʨʜʝʡ ʝʢʽ ʙʣʦʢץʘ ʙᴇʣʝʤʽʟ ï ʩʦʣ 

ʞʘץʪʳ (L) ʞᴅʥʝ ʦש ʞʘץʪʳ (R). ʆש ʞʘץʪʘסʳ ʙʣʦʢ f(K) ʬʫʥʢʮʠʷʩʳʥʘ ʝʥʛʽʟʽʣʝ-

ʜʽ ʞᴅʥʝ f(R1,K) ʙʦʣʘʜʳ, ʘʣ ʩʦʣ ʞʘץʪʘסʳ ʙʣʦʢ xor ʦʧʝʨʘʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ 

f(R1,K) ʬʫʥʢʮʠʷʩʳʥʳש ʰʳסʳʩʳʤʝʥ ץʦʩʳʣʘʜʳ. ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨ-

ʣʘʫ ʢʝʟʽʥʜʝ f(R1,K) ʬʫʥʢʮʠʷʩʳʥʘ ʢʝʣʝʪʽʥ ʰʳסʳʩʪʘʨ ʥʘץʪʳ ʩᴅʡʢʝʩ ʙʦʣʫ ʢʝ-

ʨʝʢʪʽʛʽʥ ʝʩʢʝ ʩʘץʪʘʫ ץʘʞʝʪ. ɹײʣ ʜʝʛʝʥ, ʰʠʬʨʣʘʫʜʳש ʘʣʜʳʥʜʘ ʘʣסʘʰץʳ ʜʝ-

ʨʝʢʪʝʨʜʽש R1 ʦש ʞʘץ ʩʝʢʮʠʷʩʳ ʞᴅʥʝ ʰʠʬʨʣʘʫʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽש R1 ʦש ʞʘץ ʩʝʢʮʠʷʩʳ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. ɹʘʩץʘ ʩᴇʟʙʝʥ, 

R1 ʩʝʢʮʠ̫ ʩʳ ᴇʟʛʝʨʫʩʽʟ ʰʠʬʨʣʘʫסʘ ʢʽʨʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʘʥ ʰʳסʫ ʢʝʨʝʢ. 

3.18 ʩʫʨʝʪʽ ʙײʣ ʠʜʝʷʥʳ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

3.18 ʩʫʨʝʪ ï ʌʝʡʩʪʝʣʴʜʽϬ ʘʣʜʳʥסʳ ʩײʣʙʘʩʳʥ ʞʝʪʽʣʜʽʨʫ 

 

 ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ. L3 = L2 

ʞᴅʥʝ R3 = R2 (ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣסʘʥ 

ʞʦץ) ʜʝʡʽʢ. ʆʥʜʘ 

 

R4 = R3 = R2 = R1, 

 

L4 = L3 Ä f(R3,K) = L2 Ä f(R2,K) = L1 Ä f(R1,K) Ä f(R1,K) = L1. 

 

 ʐʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʜʝ ץʦʣʜʘʥʘʪʳʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ï ʙײʣ 

ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʤʝʥ ʜײʨʳʩ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨ.  
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 ɸʣʜʳʥסʳ ʞʝʪʽʣʜʽʨʫʜʝ ʙʽʨ ʢʝʤʰʽʣʽʢ ʙʘʨ: ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʦש ʞʘסʳ 

ʝʰץʘʰʘʥ ᴇʟʛʝʨʤʝʡʜʽ. פʘʩץʦʡ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʙᴇʣʽʢʪʝʨʛʝ ʙᴇʣʽʧ, 

ʦʥʳש ʦש ʞʘסʳʥ ʘʰʳʧ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʦש ʞʘסʳʥ ʜʝʨʝʫ ʪʘʙʘ ʘʣʘʜʳ. 

ɾʦʙʘ ʘʨʳ ץʘʨʘʡ ʞʝʪʽʣʜʽʨʫ ץʘʜʘʤʜʘʨʜʳ ʪʘʣʘʧ ʝʪʝʜʽ: ʙʽʨʽʥʰʽʜʝʥ, ʨʘʫʥʜʘʨ 

ʩʘʥʳʥ ʢᴇʙʝʡʪʫ ץʘʞʝʪ; ʝʢʽʥʰʽʜʝʥ, ᴅʨ ʨʘʫʥʜץʘ ʞʘשʘ ʵʣʝʤʝʥʪ ץʦʩʫ ץʘʞʝʪ ï 

ʘʫʳʩʪʳʨʫ ϨϰʨʳʣϤʳʩʳʥ. ʐʠʬʨʣʘʫ ʨʘʫʥʜʳʥʜʘ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳʥʳש 

ᴅʩʝʨʽ ʢʝʨʽʰʠʬʨʣʘʫ ʨʘʫʥʜʳʥʜʘ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳʥʳש ᴅʩʝʨʽʤʝʥ ʦʨʳʥ 

ʪʦʣʪʳʨʘʜʳ. ɹײʣ ᴅʨ ʨʘʫʥʜʪʘ ʦש ʞᴅʥʝ ʩʦʣ ʞʘץʪʘʨʳʥ ʦʨʥʳʤʝʥ ʘʫʳʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 3.19 ʩʫʨʝʪ ʝʢʽ ʨʘʫʥʜʳ ʙʘʨ ʌʝʡʩʪʝʣʴ hʠʬʨʳʥʳש 

ʥײʩץʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

                         ɿʘʰʠʬʨʦʚʘʥʠʝ                               ʈʘʩʰʠʬʨʦʚʘʥʠʝ 

 

3.19 ʩʫʨʝʪ ï ɽʢʽ ʨʘʥʜʳ ʙʘʨ ʌʝʡʩʪʝʣʴ hʠʬʨʳʥʳש ʩʦʥסʳ ʥײʩץʘʩʳ 

 

 ʈʘʫʥʜʪʘʨʜʳש ʝʢʽ ʢʽʣʪʽ k1 ʞᴅʥʝ k2 ʙʘʨ ʝʢʝʥʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ. ʂʽʣʪʪʝʨ 

ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʘʜʳ.  

 ʳʣʘʨʳ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳסʨʳʣײץ ʦʩʧʘʣʘʫʳʰ ʞᴅʥʝ ʘʫʳʩʪʳʨʫפ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʘ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ ʙʦʣʘʜʳ. 

ɹײʣ ʬʘʢʪʳʥʳ ᴅʨ ʰʠʬʨʜʘ ʦש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʩʝʢʮʠʷʣʘʨ ʘʨʘʩʳʥʜʘסʳ 

 ʘ ʩᴇʟʙʝʥ, ʝʛʝʨ L6 = L1ץʦʣʜʘʥʫʤʝʥ ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ. ɹʘʩץ ʘʪʳʥʘʩʪʘʨʜʳץ

ʞᴅʥʝ R6 = R1 ʙʦʣʩʘ, ʦʥʜʘ L4 = L3 ʞᴅʥʝ R4 = R3 (ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨ ᴇʟʛʝʨʤʝʡʜʽ) ʜʝʧ ʙʦʣʞʘʡʳץ. ɸʣʜʳʤʝʥ ʙײʥʳ ʘʨʘʣʳץ ʜʝʨʝʢʪʝʨ װʰʽʥ 

ʜᴅʣʝʣʜʝʡʽʢ: 
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L5 = R4 Ä f(L4, K2) = R3 Ä f(R2, K2) = 

 

= L2 Ä f(R2, K2) Ä f(R2, K2) = L2, 

 

R5 = L4 = L3 = R2. 

 

 ʆʥʜʘ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽ ʙʣʦʛʳ װʰʽʥ ʪʝשʜʽʢʪʽ ʜᴅʣʝʣʜʝʫ ʦשʘʡ: 

 

L6 = R5 Ä f(L5,K1) = R2 Ä f(L2,K1) = 

 

= L1 Ä f(R1,K1) Ä f(R1,K1) = L1, 

 

R6 = L5 = L2 = R1. 

 

 ʌʝʡʩʪʝʣʴʜʽʢʽ-ʝʤʝʩ ʰʠʬʨʣʘʨ ʪʝʢ ץʘʡʪʳʤʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ 

 ʳ ʜʝʨʝʢʪʝʨʜʝʛʽ ʢʦʤʧʦʥʝʥʪʪʝ ʰʠʬʨʜʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥץʘʰסʦʣʜʘʥʘʜʳ. ɸʣץ

ʢʦʤʧʦʥʝʥʪʽ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʩᴅʡʢʝʩ (ץʘʡʪʳʤʜʳ) ʙʦʣʫ װʰʽʥ ʘʫʳʩʪʳʨʫʜʳש 

S-ʙʣʦʢʪʘʨʳʥʜʘ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩʪʘʨ ʩʘʥʳ ʙʽʨʜʝʡ ʙʦʣʫ ʢʝʨʝʢ. 

ʌʝʡʩʪʝʣʴʜʽʢʽ-ʝʤʝʩ ʰʠʬʨʣʘʨʜʘ P-ʙʣʦʢʪʘʨʜʳ ʝʰץʘʥʜʘʡ ץʳʩʫ ʥʝʤʝʩʝ 

ʢʝשʝʡʪʫ ʙʦʣʤʘʫ ʢʝʨʝʢ, ʩʝʙʝʙʽ ʦʣʘʨ ץʘʡʪʳʤʜʳ ʝʤʝʩ ʙʦʣʳʧ ץʘʣʘʜʳ. 

ʌʝʡʩʪʝʣʴʜʽʢʽ-ʝʤʝʩ ʰʠʬʨʣʘʨʜʘ ʘʰʳץ ʤᴅʪʽʥʜʽ ʝʢʽ ʞʘʨʪʳסʘ ʙᴇʣʫ ץʘʞʝʪʪʽʣʽʛʽ 

ʞʦץ.  

 3.19 ʩʫʨʝʪʽʥ ʌʝʡʩʪʝʣʴʜʽʢʽ-ʝʤʝʩ ʰʠʬʨʣʘʨ ʞײʤʳʩʳʥʳש ʧʨʠʥʮʠʧʽʥ 

ʛʨʘʬʠʢʘʣʳץ ʢᴇʨʩʝʪʫ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ᴅʨ ʨʘʫʥʜʪʘ ʙʽʨʣʽʢ 

ʢʦʤʧʦʥʝʪʪʝʨ ï ᴇʟץʘʡʪʳʤʜʳ xor ʦʧʝʨʘʮʠʷʣʘʨʳ, ץʘʡʪʳʤʜʳ ʙʦʣʘʪʳʥʜʘʡ 

ʞʘʩʘʣʫ ʤװʤʢʽʥ 2³2 S-ʙʣʦʢʪʘʨʳ ʞᴅʥʝ ʝʛʝʨ ʩᴅʡʢʝʩ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽ 

 ʘʡʪʳʤʜʳץ ʟʫ P-ʙʣʦʢʪʘʨ. ᴄʨ ʢʦʤʧʦʥʝʥʪװʘʡʪʳʤʜʳ ʙʦʣʘʪʳʥ ʪץ ʦʣʜʘʥʩʘץ

ʙʦʣסʘʥʜʳץʪʘʥ, ᴅʨ ʨʘʫʥʜ ץʘʡʪʳʤʜʳ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. ʆʣ װʰʽʥ 

ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʫ ץʘʞʝʪ. ʐʠʬʨʣʘʫ k1 ʞᴅʥʝ k2 ʨʘʫʥʜ 

ʢʽʣʪʪʝʨʽʥ ץʦʣʜʘʥʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ k2 ʞᴅʥʝ k1 ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥ 

  .ʘʞʝʪץ ʦʣʜʘʥʫץ

 

3.3. ɹʃʆʂʊʓ ʐʀʌʈʃɸʈנɸ ʐɸɹʋʓʃɼɸʈ 

 

 ɼᴅʩʪװʨʣʽ ʰʠʬʨʣʘʨ ʰʘʙʫʳʣʜʘʨʳʥ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨסʘ ʜʘ 

 ʢᴇʙʽʥʝ שʛʽʥʛʽ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʰʘʙʫʳʣʜʘʨʜʳװʙ ץʘ ʙʦʣʘʜʳ, ʙʽʨʘסʦʣʜʘʥʫץ

 ʰè ʰʘʙʫʳʣʳ ʝʨʝʞʝװʳʣ ʢץʘʪץç שʨʘ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʢʽʣʪʪʽײʘʨʩʳ ʪץ

ʙʦʡʳʥʰʘ, ʞװʟʝʛʝ ʘʩʳʨʳʤʜʳ ʝʤʝʩ, ʩʝʙʝʙʽ ᴅʜʝʪʪʝ ʢʽʣʪʪʝʨ ᴇʪʝ ײʟʳʥ. ɹʽʨʘץ 

ʞʘrץʥʜʘ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʰʘʙʫʳʣʜʘʨʳʥʳש ʞʘשʘ ʪװʨʣʝʨʽ ʰʳץʪʳ, ʦʣʘʨ 

ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ײץʨʳʣʳʤʜʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɹײʣ ʰʘʙʫʳʣʜʘʨ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʞᴅʥʝ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʘʜʳ.  
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3.3.1. ɼʠʬʬʝʨʝʥʮʠʘʣʜr  ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

 

 ɼʠʬʬʝʨʝʥʮʠʘʣʜʳϨ ʢʨʠʧʪʦʛʨʘʠʷʣʳϨ ʪʘʣʜʘʫϤʘ ץʘʪʳʩʪʳ ʠʜʝʷʥʳ ʕʣʠ 

ɹʠʭʘʤ ʞᴅʥʝ ɸʜʠ ʐʘʤʠʨ ײʩʳʥʜʳ. ɹײʣ ï ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘשʜʘʫʤʝʥ 

ʰʘʙʫʳʣ. פʘʩץʦʡ ʢʝʡʙʽʨ ʪᴅʩʽʣʤʝʥ ʞʽʙʝʨʫʰʽ ʢʦʤʧʴʶʪʝʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʧ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙᴇʣʽʛʽʥ ʞᴅʥʝ ʦʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʽʥ ʘʣʫ ʤװʤʢʽʥ. ʄʘץʩʘʪ ʞʽʙʝʨʫʰʽ ʰʠʬʨʳʥʳש ʢʽʣʪʽʥ ʪʘʙʫʜʘ.  

 ʊʘʣʜʘʫ ʘʣʛʦʨʠʪʤʽ. פʘʩץʦʡ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘשʜʘʫʤʝʥ ʰʘʙʫʳʣʜʳ 

 ʘʥ ʜʝʨʝʢʪʝʨסʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʰʠʬʨʣʘʥץʘʰסʘʣʜʳʥʜʘ, ʦʣ ʘʣ שʦʣʜʘʥʘʨʜʳץ

ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ ʪʫʨʘʣʳ ʢʝʡʙʽʨ ʘץʧʘʨʘʪʪʳ ʞʠʥʘʫ װʰʽʥ ʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʽʥ ʪʘʣʜʘʫ ץʘʞʝʪ. פʘʩץʦʡ ʰʠʬʨ ʢʽʣʪʽʥ ʙʽʣʤʝʡʪʽʥʽ ʘʡץʳʥ. ɹʽʨʘץ 

ʢʝʡʙʽʨ ʰʠʬʨʣʘʨʜʳײץ שʨʳʣʳʤʳʥʜʘ ᴅʣʩʽʟʜʽʢʪʝʨ ʙʦʣʘʜʳ, ʦʣʘʨ ץʘʩץʦʡסʘ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʘʨʘʩʳʥʜʘ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳʥ ʪʘʙʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝ ʘʣʘʜʳ.  

 3.13 ʤʳʩʘʣ. 3.20 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʰʠʬʨ 

ʪʝʢ ʙʽʨ xor ʦʧʝʨʘʮʠʷʩʳʥʘʥ ʪײʨʩʳʥ ʜʝʡʽʢ.  

 ʂʽʣʪ ʤᴅʥʽʥ ʙʽʣʤʝʡ, ץʘʩץʦʡ ʘʣסʘʰץʳ ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʘʡʳʨʳʤʳ ʘʨʘʩʳʥʜʘסʳ 

  .ʘʡ ʪʘʙʘ ʘʣʘʜʳשʘʪʳʥʘʩʪʘʨʜʳ ʦץ

 ɽʛʝʨ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʘʡʳʨʳʤʳʥ M1
 Ä 

M2 ʜʝʧ 

ʙʝʣʛʽʣʝʩʝʢ, ʘʣ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʘʡʳʨʳʤʳʥ 

C1
 Ä  

C2 ʜʝʧ ʙʝʣʛʽʣʝʩʝʢ, ʦʥʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʢʝʣʝʩʽ 

ʪװʨʣʝʥʜʽʨʫʣʝʨ ʢʝʣʝʩʽʥʽ ʜᴅʣʝʣʜʝʡʜʽ C1
 Ä 

C2 = M1
 Ä 

M2: 

 
3.20 ʩʫʨʝʪ ï 3.13 

ʤʳʩʘʣ װʰʽʥ ʜʠʘ-

ʛʨʘʤʤʘ  

 

C1 = M1 Ä K;  C2 = M2 Ä K; 

 

 ɸʣʘʡʜʘ ʙײʣ ʤʳʩʘʣ ʨʝʘʣʜʳ ʝʤʝʩ; ʤʦʜʝʤʜʽ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ 

ʩʦʥʰʘʣʳץʪʳ ץʘʨʘʧʘʡʳʤ ʝʤʝʩ. 

 3.14 ʤʳʩʘʣ. 3.21 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ 3.13 ʤʳʩʘʣʳʥʘ ʙʽʨ 

ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥ ץʦʩʫ ץʘʞʝʪ.  

 

 
 

3.21 ʩʫʨʝʪ ï 3.14 ʤʳʩʘʣʳ װʰʽʥ ʜʠʘʛʨʘʤʤʘ  
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 ɽʢʽ ʍ ʞᴅʥʝ ʝʢʽ P
 
(X1

 Ä  
X2

 
=

 
M1

 Ä  
M2) ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʳʤʜʳ 

 שʘʥ ʢʝʟʜʝ ʢʽʣʪʧʝʥ ʰʠʬʨʣʘʫ ᴅʩʝʨʽ ʙʦʣʤʘʩʘ ʜʘ, ʘʫʳʩʪʳʨʫ  S-ʙʣʦʛʳʥʳסʦʣʜʘʥץ

ʙʘʨ ʙʦʣʫʳ ץʘʩץʦʡסʘ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʘʡʳʨʳʤʳ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨ ʘʡʳʨʳʤʳ ʘʨʘʩʳʥʜʘסʳ ʘʥʳץʪʘʣסʘʥ ץʘʪʳʥʘʩʪʘʨʜʳ ʪʘʙʫסʘ ʢʝʜʝʨʛʽ 

ʞʘʩʘʡʜʳ. ɹʽʨʘץ ʳץʪʠʤʘʣʜʳץ ץʘʪʳʥʘʩʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ.  

 ʘʥ ʜʝʨʝʢʪʝʨסʘʥʰʘ ʰʠʬʨʣʘʥץ ʰʽʥװ ʳ ʜʝʨʝʢʪʝʨ ʘʡʳʨʳʤʳץʘʰסʦʡ ʘʣץʘʩפ 

ʘʡʳʨʳʤʜʘʨʳʥ ײץʨʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʢʝʩʪʝʥʽ ײץʨʘʩʪʳʨʫ ʤװʤʢʽʥ (3.5 

ʢʝʩʪʝʥʽ ץʘʨʘשʳʟ) ï ʰʠʬʨ.  

 

  3.5ʢʝʩʪʝ - 3.14 ʤʳʩʘʣʳʥʜʘסʳ ʰʠʬʨ װʰʽʥ ʢʽʨʫ ʞᴅʥʝ ʰʳסʫʣʘʨʜʳש 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʝʩʪʝʩʽ 

 C1 Ä C2 

M1 Ä M2 

 00 01 10 11 

000 8    

001 2 2  4 

010 2 2 4  

011  4 2 2 

100 2 2 4  

101  4 2 2 

110 4  2 2 

111   2 6 

 

 ʂʝʩʪʝ 3.21 ʩʫʨʝʪ ʙʦʡʳʥʰʘ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʢʽʨʽʩ-ʰʳסʳʩ ʢʝʩʪʝʩʽʥ 

ʝʩʝʧʢʝ ʘʣʳʧ ײץʨʳʣסʘʥ ʘץʧʘʨʘʪ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ, 

ʩʝʙʝʙʽ M1
 Ä 

M2 = X1
 Ä 

X2.  

 ʂʽʣʪ ʢᴇʣʝʤʽ ï 3 ʙʠʪ ʙʦʣסʘʥʜʳץʪʘʥ, ʝʥʛʽʟʫʜʽש ᴅʨ ʘʡʳʨʳʤʳ װʰʽʥ ʩʝʛʽʟ 

ʢװʡ ʙʦʣʫ ʤװʤʢʽʥ. ʂʝʩʪʝ ʝʛʝʨ ʢʽʨʽʩ ʘʣʫ ʥᴅʪʠʞʝʩʽ  (000)2, ʰʳסʳʩ ʘʣʫ 

ʥᴅʪʠʞʝʩʽ ï װʥʝʤʽ (00)2 ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘʩץʘ ʞʘץʪʘʥ, ʝʛʝʨ ʢʽʨʽʩ 

ʘʡʳʨʳʤʳ  (100)2, ʦʥʜʘ (00)2 ʝʢʽ ʰʳסʳʩ ʘʡʳʨʳʤʜʘʨ ʢװʡʣʝʨʽ, (01)2  ʝʢʽ 

ʰʳסʳʩ ʘʡʳʨʳʤʜʘʨ ʢװʡʣʝʨʽ ʞᴅʥʝ (10)2 ʪᴇʨʪ ʰʳסʳʩ ʘʡʳʨʳʤʜʘʨ ʢװʡʣʝʨʽ 

ʙʦʣʘʪʳʥʳʥ ʢʝʩʪʝ ʢᴇʨʩʝʪʝʜʽ.  

 3.15 ʤʳʩʘʣ. 3.14 ʤʳʩʘʣʜʳש ʵʚʨʠʩʪʠʢʘʣʳץ ʥᴅʪʠʞʝʩʽ 3.6 ʢʝʩʪʝʩʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ץʘʩץʦʡ װʰʽʥ ʳץʪʠʤʘʣʜʳץ ʘץʧʘʨʘʪʪʳ ײץʨʫ ʤװʤʢʽʥ. ʂʝʩʪʝʥʽש 

ʢʽʨʽʩʪʝʨʽ ʧʘʡʜʘ ʙʦʣʫ ʳץʪʠʤʘʣʜʳסʳʥʘ ʩᴅʡʢʝʩ. ʅᴇʣʜʽʢ ʳץʪʠʤʘʣʜʳסʳ ʙʘʨ 

ʘʡʳʨʳʤʜʘʨ ʝʰץʘʰʘʥ ʙʦʣʤʘʡʜʳ.  

 ʂʝʰʽʨʝʢ ʙʝʣʛʽʣʝʥʝʪʽʥʜʝʡ, ץʘʩץʦʡʜʘ ʰʘʙʫʳʣʜʳ ʙʘʩʪʘʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ 

ʘץʧʘʨʘʪ ʙʘʨ. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʳײץ שʨʳʣʳʤʳʥʜʘ ᴅʣʩʽʟʜʽʢ ʙʘʨ 

ʙʦʣסʘʥʜʳץʪʘʥ ʳץʪʠʤʘʣʜʳץʪʘʨ ᴅʨʪʝʢʪʽ ʙᴇʣʽʥʛʝʥʽʥ 3.6 ʢʝʩʪʝʩʽ ʢᴇʨʩʝʪʝʜʽ.   3.6 

ʢʝʩʪʝʩʽ ʢʝʡ ʢʝʟʜʝ ʪʘʨʘʪʫʜʳש ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʝʩʪʝʩʽ ʥʝʤʝʩʝ xor ʧʨʦʬʘʡʳ 

ʜʝʧ ʘʪʘʣʘʜʳ. 
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 ʊʘϬʜʘʣϤʘʥ ʘʣϤʘʰϨʳ ʜʝʨʝʢʪʝʨ 

ʰʘʙʫʳʣʳʥ ʽʩʢʝ Ϩʦʩʫ. ʕʚʨʠʩʪʠʢʘʣʳץ 

ʪʘʣʜʘʫ ʙʽʨ ʨʝʪ ʞʘʩʘʣסʘʥʥʘש ʢʝʡʽʥ, ʦʣ 

ʰʠʬʨ ײץʨʳʣʳʤʳ ᴇʟʛʝʨʛʝʥʰʝ ʙʦʣʘʰʘץ 

 ʦʡץʘʩפ .ʤʢʽʥװʪʘʣʫ ʤץʰʽʥ ʩʘװ ʦʣʜʘʥʫץ

ʰʘʙʫʳʣʜʘʨ װʰʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘשʜʘʫ ʤװʤʢʽʥ. ʓʪʠʤʘʣʜʳץʪʳ 

ʪʘʨʘʪʫʜʳש ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʝʩʪʝʩʽ 

(3.6 ʢʝʩʪʝ) ץʘʩץʦʡסʘ ʦʣʘʨʜʳ ʪʘשʜʘʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ ï ʦʣ ʢʝʩʪʝʜʝ ʝש ʞʦסʘʨʳ 

ʳץʪʠʤʘʣʜʳסʳ ʙʘʨʣʘʨʜʳ ʘʣʘʜʳ.  

 ʂʽʣʪ ʤϸʥʽʥ ʙʦʣʞʘʫ. ɸʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽ ʩᴅʡʢʝʩ ʪʘשʜʘʫʤʝʥ ʢʝʡʙʽʨ 

ʰʘʙʫʳʣʜʘʨʜʳ ʽʩʢʝ ץʦʩץʘʥʥʘש ʢʝʡʽʥ 

 ʳץʘʰסʦʡ ʢʝʡʙʽʨ çʘʣץʘʩץ

ʜʝʨʝʢʪʝʨ/ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨè ʞײʙʳʥ ʪʘʙʫ ʤװʤʢʽʥ, ʦʣ ʢʽʣʪʪʽש ʢʝʡʙʽʨ 

ʤᴅʥʽʥ ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʇʨʦʮʝʩʩ C ʙʘʩʪʘʣʘʜʳ ʞᴅʥʝ M  ץʘʨʘʡ 

ʞʳʣʞʳʡʜʳ.  

 3.16 ʤʳʩʘʣ. 3.6 ʢʝʩʪʝʥʽ ץʘʨʘʩʪʳʨʳʧ, ץʘʩץʦʡ ʙʽʣʝʜʽ, ʝʛʝʨ M1
 Ä 

M2 = 

001, ʦʥʜʘ 0,5 r ʳʤʝʥ C1סʪʠʤʘʣʜʳץ
 Ä 

C2= 11. ʆʣ C1 = 00 ʘʣʳʧ ʢᴇʨʝʜʽ ʞᴅʥʝ 

M1 = 010 ʘʣʘʜʳ (ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘשʜʘʫʤʝʥ ʰʘʙʫʳʣ). ʆʣ ʪʘסʳ C2 = 

11 ʙʘʡץʘʡʜʳ ʞᴅʥʝ M2 = 011 ʘʣʘʜʳ (ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘשʜʘʫʤʝʥ 

ʙʘʩץʘ ʰʘʙʫʳʣ). ɽʥʜʽ ץʘʩץʦʡ M1 ʞᴅʥʝ C1 ʙʽʨʽʥʰʽ ʞײʧʪʘ ʥʝʛʽʟʜʝʣʛʝʥ ʪʘʣʜʘʫסʘ 

 :(ʳʟשʘʨʘץ 3.21 ʩʫʨʝʪʪʽ) ʘʡʪʳʧ ʢʝʣʫʜʽ ʢᴇʨʝʜʽץ

 

ʉ1 = 00 Ÿ X1= 001 ʥʝʤʝʩʝ X1 = 111. 

 

 ɽʛʝʨ X1= 001, ʦʥʜʘ K = X1 Ä M1 =011. 

 ɽʛʝʨ X1 = 111, ʦʥʜʘ K = X1 Ä M1 = 101. 

 M2 ʞᴅʥʝ C2 ʞײʙʳʥ ץʦʣʜʘʥʳʧ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ 

 

ʉ2 = 11 Ÿ X2 = 000  ᴇʡʪʢʝʥʽ  X1 = 110. 

 

 ɽʛʝʨ X2 = 000, ʦʥʜʘ K = X2 Ä M2 = 011. 

 ɽʛʝʨ X2 = 110, ʦʥʜʘ K = X2 Ä M2 = 101. 

 ɽʢʽ ʩʳʥʘʫ K = 011 ʥʝʤʝʩʝ K =101 ʢᴇʨʩʝʪʝʜʽ. פʘʩץʦʡ ʢʽʣʪʪʽש ʥʘץʪʳ ʤᴅʥʽ 

 ʳ ʙʠʪ ï 1 (ʝʢʽ ʤᴅʥסʪʘץʞʘ שʦ שʘʥʜʘʡ ʝʢʝʥʽʥʝ ʩʝʥʽʤʜʽ ʙʦʣʤʘʩʘʜʘ, ʦʣ ʝץ

ʘʨʘʩʳʥʜʘסʳ ʞʘʣʧʳ ʙʠʪ) ʝʢʝʥʽʥ ʙʽʣʝʜʽ. ʐʘʙʫʳʣʜʳ ʞʘʣסʘʩʪʳʨʳʧ ʝש ʦש 

ʞʘץʪʘסʳ ʙʠʪ ï 1 ʝʩʝʧʢʝ ʘʣʫסʘ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ, ʙײʣ ʢʽʣʪʪʽש ʙʘʩץʘ ʙʠʪʪʝʨʽʥ 

ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ.  

3.6 ʢʝʩʪʝ ï 3.14 ʤʳʩʘʣʜʘ ʰʠʬʨ 

 שʳʩʪʘʨʜʳסʰʽʥ ʢʽʨʽʩ ʞᴅʥʝ ʰʳװ

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʝʩʪʝʩʽ 

 

 00 01 10 11 

000 1 0 0 0 

001 0,25 0,25 0 0,50 

010 0,25 0,25 0,50 0 

011 0 0,50 0,25 0,25 

100 0,25 0,25 0,50 0 

101 0 0,50 0,25 0,25 

110 0,50 0 0,25 0,25 

111 0 0 0,25 0,75 
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 ɾʘʣʧʳ ʧʨʦʮʝʜʫʨʘ. ɿʘʤʘʥʘʫʠ ʰʠʬʨʣʘʨʜʳץ שʠʳʥʜʳסʳ ʙײʣ ʪʘʨʘʫʜʘ 

 ʨʣʽ ʨʘʫʥʜʪʘʨ ʩʘʥʳװʦʩʘ, ʦʣʘʨʜʘ ᴅʨʪץ ʘʨʳ. ʆʩʳʤʝʥסʘʥʥʘʥ ʞʦסʘʨʘʩʪʳʨʳʣץ

ʙʦʣʫ ʤװʤʢʽʥ. פʘʩץʦʡ ʢʝʣʝʩʽ ʩʪʨʘʪʝʛʠʷʥʳ ץʦʣʜʘʥʫ ʤװʤʢʽʥ.  

 1. ᴄʨ ʨʘʫʥʜʪʘ ʙʽʨʜʝʡ ʦʧʝʨʘʮʠʷʣʘʨ ʙʦʣסʘʥʜʳץʪʘʥ, ץʘʩץʦʡ ᴅʨ ʨʘʫʥʜץʘ 

ʪʘʨʘʪʫʜʳ ײץʨʫ װʰʽʥ, ᴅʨ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳ װʰʽʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʘʨʘʪʫ 

ʢʝʩʪʝʩʽʥ (xor ʧʨʦʬʘʡʣʳʥ) ײץʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʢʦʤʙʠʥʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʘʣʘʜʳ.  

 2. ᴄʨ ʨʘʫʥʜ ʪᴅʫʝʣʩʽʟ (ᴅʜʽʣ ʙʦʣʞʘʤ) ʜʝʧ ʙʦʣʞʘʡʳפ .ץʘʩץʦʡ ʩᴅʡʢʝʩ 

ʳץʪʠʤʘʣʜʳץʪʘʨʜʳ ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʙװʢʽʣ ʰʠʬʨ װʰʽʥ ʪʘʨʘʪʫ ʢʝʩʪʝʩʽʥ 

  .ʤʢʽʥʜʽʢ ʘʣʘʜʳװʘ ʤסʨʫײץ

 3. ɽʥʜʽ ץʘʩץʦʡ ʰʘʙʫʳʣ װʰʽʥ ʝʢʽʥʰʽ ץʘʜʘʤʜʘ ײץʨʳʣסʘʥ ʪʘʨʘʪʫ 

ʢʝʩʪʝʩʽʥʜʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʝ ʘʣʘʜʳ. ɽʢʽʥʰʽ ץʘʜʘʤʜʳ 

ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ײץʨʳʣסʘʥ ʢʝʩʪʝ ץʘʩץʦʡסʘ çʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ/ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨè ʞײʧʪʘʨʳʥʳש ʪʝʢ ʘʟ ʩʘʥʳʥ ʪʘשʜʘʫסʘ ʢᴇʤʝʢʪʝʩʝʪʽʥʽʥ ʝʩʢʝ ʩʘʣʘʡʳץ.  

 ʜʘʡʜʳ ʞᴅʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥשʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘסʦʡ ʰʠʬʨʣʘʥץʘʩפ .4 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘʙʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʦʣ ʢʽʣʪʪʽש ʢʝʡ ʙʽʨ ʙʠʪʪʝʨʽʥ ʪʘʙʫ 

  .ʰʽʥ ʥᴅʪʠʞʝʥʽ ʪʘʣʜʘʡʜʳװ

 5. ʂᴇʙʽʨʝʢ ʢʽʣʪʪʽש ʙʠʪʪʝʨʽʥ ʪʘʙʫ װʰʽʥ ץʘʩץʦʡ 4 ץʘʜʘʤʥʳש ᴅʨʝʢʝʪʽʥ 

  .ʘʡʪʘʣʘʡʜʳץ

 6. ʂʽʣʪʪʽש ʞʝʪʢʽʣʽʢʪʽ ʙʠʪʪʝʨ ʩʘʥʳʥ ʪʘʧץʘʥʥʘש ʢʝʡʽʥ ʪʦʣʳץ ʢʽʣʪʪʽ ʪʘʙʫ 

   .ʤʢʽʥװʦʣʜʘʥʫ ʤץ ʦʡ ñϨʘʪϨʳʣ ʢϮòh ʰʘʙʫʳʣʳʥץʘʩץ ʰʽʥװ

 ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʙʣʦʢʪʳ ʰʠʬʨʜʘ ʘʫʳʩʪʳʨʫ 

S-ʙʣʦʢʪʘʨʜʳש ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʘʨʘʪʫʣʘʨ ʢʝʩʪʝʩʽʥʜʝ 

ʙʘʟʘʣʘʥʘʜʳ.  

 ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʪʦʣʳסʳʨʘ5 ץ ʪʘʨʘʫʜʘ 

ʢʝʣʪʽʨʽʣʝʜʽ.  

 

3.3.2. ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

 

 ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳ 1993 ʞʳʣʳ ʄʠʪʮʫʨʠ ʄʘʮʫʠ 

(Mitsuru Matsui) ײʩʳʥʜʳ. ʊʘʣʜʘʫ ʙʝʣʛʽʣʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʛʝ ʰʘʙʫʳʣʜʘʨʜʳ 

 ʘʥסʜʘʣשʪʘʣʜʘʫʜʘ ʪʘ ץʦʣʜʘʥʘʜʳ (ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ). ɹײʣ ʰʘʙʫʳʣʜʳש ʪʦʣʳץ ץʘʨʘʩʪʳʨʳʣʫʳ 

ʳץʪʠʤʘʣʜʳץ ʪʝʦʨʠʷʥʳש ʢʝʡʙʽʨ ʪװʩʽʥʽʢʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʝʜʽ. ɹײʣ ʰʘʙʫʳʣʜʳש 

ʙʘʩʪʳ ʠʜʝʷʩʳʥ ץʘʨʘʩʪʳʨʫ װʰʽʥ, ʰʠʬʨ 3.22 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʙʽʨ 

ʨʘʫʥʜʪʘʥ ʪײʨʩʳʥ, c0, ʩ1 ʞᴅʥʝ c2 ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʰʳסʳʩʳʥʜʘסʳ װʰ 

ʙʠʪ, ʘʣ x0, x1 ʞᴅʥʝ x2 ï ʢʽʨʽʩʽʥʜʝʛʽ װʰ ʙʠʪ.  
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3.22 ʩʫʨʝʪ ï ɸʫʳʩʪʳʨʫʜʳש ʩʳʟʳץʪʳ S-ʙʣʦʛʳʤʝʥ ץʘʨʘʧʘʡʳʤ ʰʠʬʨ  

 

 ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛ rï ʩʳʟʳץʪʳ ʪװʨʣʝʥʜʽʨʫ, ʦʥʳש ʽʰʽʥʜʝ ʞʦסʘʨʳʜʘ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ᴅʨ ʰʳסʳʩ ʢʽʨʽʩʪʽש ʩʳʟʳץʪʳ ʬʫʥʢʮʠʷʩʳ. ʆʩʳ ʩʳʟʳץʪʳ 

ʢʦʤʧʦʥʝʥʪʧʝʥ, ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʠʪʪʝʨʽ ʘʨʘʩʳʥʜʘ װʰ ʩʳʟʳץʪʳ ʪʝשʜʝʫʜʽ ײץʨʫסʘ 

ʙʦʣʜʳ:  

 

c0 = m0 Ä k0 Ä m1 Ä k1; 

 

c1 = m0 Ä k0 Ä m1 Ä k1 Ä m2 Ä k2; 

 

c2 = m1 Ä k1 Ä m2 Ä k2. 

 

ת   hʙʝʣʛʽʩʽʟ װʰʽʥ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʽʧ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ 

 

k1 = (m1) Ä (c0 Ä c1 Ä c2); 

 

k2 = (m2) Ä (c0 Ä c1); 

 

k0 = (m0) Ä (c1 Ä c2). 

 

 ɹײʣ, ʙʝʣʛʽʣʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʛʝ װʰ ʰʘʙʫʳʣ k1 ʞᴅʥʝ k2 ʪʘʙʫסʘ 

ʤװʤʢʽʥʜʽʢ ʘʣʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ. ɹʽʨʘץ ʨʝʘʣʜʳ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʩʦʥʰʘʣʳץʪʳ 

-S שʘʨʘʧʘʡʳʤ ʝʤʝʩ; ʦʣʘʨʜʘ ʢʦʤʧʦʥʝʥʪʪʝʨ ʢᴇʙʽʨʝʢ, ʞᴅʥʝ ʘʫʳʩʪʳʨʫʜʳץ

ʙʣʦʢʪʘʨʳ ʩʳʟʳץʪʳ ʝʤʝʩ.  

 ʉʳʟʳϨʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʷ. ʂʝʡʙʽʨ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʘ ʢʝʡʙʽʨ 

ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʢʪʘʨʳ ʪʦʣʳץ ʩʳʟʳץʪʳ ʝʤʝʩ ʙʦʣʫ ʤװʤʢʽʥ; ʦʥʜʘ ʦʣʘʨ 

ʳץʪʠʤʘʣʜʳץ ʤʘסʳʥʘʩʳʥʜʘ ʢʝʡʙʽʨ ʩʳʟʳץʪʳ ʬʫʥʢʮʠʷʣʘʨʳʤʝʥ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷʣʘʥסʘʥ ʙʦʣʫ ʤװʤʢʽʥ. ɾʘʣʧʳ, ʘʣסʘʰץʳ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ 
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ʜʝʨʝʢʪʝʨʜʽ n ʙʠʪʧʝʥ ʞᴅʥʝ ʢʽʣʪʪʽ m ʙʠʪʧʝʥ ʙʝʨʫ ʢʝʣʝʩʽ ʪװʨʽ ʙʘʨ ʢʝʡʙʽʨ 

ʪʝשʜʝʫʣʝʨ ʽʟʜʝʣʽʥʝʜʽ.  

 

 (k0 Ä k1 Ä ... Ä kx) = (m0 Ä m1 Ä ... Ä my) Ä 

 

Ä (c0 Ä c1 Ä ... Ä cz). 

 

ɹʘϨʳʣʘʫ ʩϰʨʘϨʪʘʨʳ ʞϸʥʝ ʪʘʧʩʳʨʤʘʣʘʨʳ 

 

 1. ɿʘʤʘʥʘʫʠ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʽʣʪʽ ʙʘʨ ʰʠʬʨʣʘʨ ʘʨʘʩʳʥ-

ʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʢᴇʨʩʝʪʽʥʽשʽʟ. 

 2. ʅʝʛʝ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʪʨʘʥʩʧʦʟʠʮʠʷ ʰʠʬʨʣʘʨʳʥ 

 ʘʥʳʥסʪʳ ʞʦʙʘʣʘʥץʦʨʥʳʥʘ ʘʫʳʩʪʳʨʫ ʰʠʬʨʣʘʨʳ ʩʠʷ שʦʣʜʘʥʫʜʳץ

ʪװʩʽʥʜʽʨʽשʽʟ.  

 3. ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʘʡʪʳשʳʟ.  

 4. P-ʙʣʦʢʪʳ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ʦʥʳװ שʰ ʥײʩץʘʩʳʥ ʘʡʪʳשʳʟ. פʘʡ ʥײʩץʘ 

  ?ʘʡʪʳʤʜʳ ʙʦʣʘʜʳץ

 5. S-ʙʣʦʢʪʳ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ץʘʡʪʳʤʜʳ S-ʙʣʦʢʪʘʨʜʳץ שʘʞʝʪʪʽ ʰʘʨʪʳʥ 

ʢᴇʨʩʝʪʽשʽʟ.  

 ʝʢʽ ʢʣʘʩʳʥ שʨʘʤʜʘʩ ʰʠʬʨʣʘʨʜʳײץ ʳʟ ʞᴅʥʝשʪʘץʨʘʤʜʘʩ ʰʠʬʨʜʳ ʘʥʳײפ .6 

ʘʡʪʳשʳʟ.  

 7. ʐʘʰʳʨʘʪʫ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫ ʘʨʘʩʳʥʜʘסʳ ʘʡʳʨʤʘʰʳʣʳץʪʳ 

ʪװʩʽʥʜʽʨʽשʽʟ.  

 8. ʌʝʡʩʪʝʣʴ ʞᴅʥʝ ʌʝʡʩʪʝʣʴ ʝʤʝʩ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץʪʳ ʪװʩʽʥʜʽʨʽשʽʟ.  

 9. ʉʳʟʳץʪʳ ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʣʘʨ ʘʨʘ-

ʩʳʥʜʘ ץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳץ ʙʘʨ? פʘʡ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʪʘשʜʘʣסʘʥ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʛʝ ʰʘʙʫʳʣʜʳ ץʦʣʜʘʥʘʜʳ, ʘʣ ץʘʡʩʳʩʳ ï ʙʝʣʛʽʣʽ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʛʝ?  

 10. ʍʘʙʘʨʜʘ 1500 ʩʠʤʚʦʣ ʙʘʨ, ʦʣʘʨʜʳ ʙʝʡʥʝʣʝʫ װʰʽʥ ASCII ʢʦʜʪʘʨ 

 ʳ ʙʘʨ ʙʣʦʢʪʳ ʰʠʬʨʤʝʥסʟʳʥʜʳײ ʣ ʭʘʙʘʨ 64 ʙʠʪײʦʣʜʘʥʳʣʘʜʳ. ɹץ

ʰʠʬʨʣʘʥʘʜʳ. ʊʦʣʳץʪʘʫʳʰ ʢᴇʣʝʤʽʥ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢʪʘʨ ʩʘʥʳʥ 

ʪʘʙʳשʳʟ. 

 11. ʊʨʘʥʩʧʦʟʠʮʠʷ ʙʣʦʛʳʥʜʘ 4 ʢʽʨʽʩ ʞᴅʥʝ 4 ʰʳסʳʩ ʙʘʨ. ɸʣʤʘʩʪʳʨʫ 

ʪʦʙʳʥʳש ʨʝʪʽ ʞᴅʥʝ ʙʠʪʪʝʨʤʝʥ ʙʝʨʽʣʛʝʥ ʢʽʣʪʪʽʢ ʪʽʟʙʝʢ ʢᴇʣʝʤʽ ץʘʥʜʘʡ? 

 12. ɸʫʳʩʪʳʨʫ ʙʣʦʛʳʥʜʘ 4 ʢʽʨʽʩ ʞᴅʥʝ 4 ʰʳסʳʩ ʙʘʨ. ɸʣʤʘʩʪʳʨʫ 

ʪʦʙʳʥʳש ʨʝʪʽ ʞᴅʥʝ ʙʠʪʪʝʨʤʝʥ ʙʝʨʽʣʛʝʥ ʢʽʣʪʪʽʢ ʪʽʟʙʝʢ ʢᴇʣʝʤʽ ץʘʥʜʘʡ? 

 13. 100110112 ʩᴇʟʽʥ ץʦʣʜʘʥʳʧ, 3 ʙʠʪʢʝ ʩʦʣסʘ ʮʠʢʣʜʳץ ʞʳʣʞʫʜʳש 

ʥᴅʪʠʞʝʩʽʥ ʢᴇʨʩʝʪʽשʽʟ.  

 14. 100110112 ʩᴇʟʽʥ ץʦʣʜʘʥʳʧ, 3 ʙʠʪʢʝ ʦסשʘ ʮʠʢʣʜʳץ ʞʳʣʞʫʜʳש 

ʥᴅʪʠʞʝʩʽʥ ʢᴇʨʩʝʪʽשʽʟ. 

 15. ʂʝʣʝʩʽ ʦʧʝʨʘʮʠʷʣʘʨ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʙʳשʳʟ: 



 123 

 ʘ) (01001101)2 Ä (01001101)2; ʙ) (01001101)2 Ä (10110010)2; 

 ʚ) (01001101)2 Ä (00000000)2; ʛ) (01001101)2 Ä (11111111)2. 

 16. 3.4 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʪװʟʫ P-ʙʣʦʢ װʰʽʥ, ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʜʝ 

(10110)2 ʙʦʣʩʘ, ʙʠʪʪʝʨ ʘʣʤʘʩʪʳʨʫʳʥ ʦʨʳʥʜʘשʳʟ.  

 17. 3.4 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ץʳʩʫ P-ʙʣʦʢ װʰʽʥ, ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʜʝ 

(10110)2 ʙʦʣʩʘ, ʙʠʪʪʝʨ ʘʣʤʘʩʪʳʨʫʳʥ ʦʨʳʥʜʘשʳʟ.  

 18. 3.4 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʝשʝʡʪʫ P-ʙʣʦʢ װʰʽʥ, ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʜʝ 

(101)2 ʙʦʣʩʘ, ʙʠʪʪʝʨ ʘʣʤʘʩʪʳʨʫʳʥ ʦʨʳʥʜʘשʳʟ.  

 19. ʂʝʣʝʩʽ ʢʝʩʪʝʤʝʥ ʘʥʳץʪʘʣסʘʥ P-ʙʣʦʢʪʳ ʢᴇʨʩʝʪʽשʽʟ: 

 

8 1 2 3 4 5 6 7 

 

 ʂᴇʨʩʝʪʽʣʛʝʥ P-ʙʣʦʢ ץʘʥʜʘʡ ʙʣʦʢʪʘʨ ʪʠʧʽʥʝ ʞʘʪʘʜʳ: ʪװʟʫ; ץʳʩʫ ʥʝʤʝʩʝ 

ʢʝשʝʡʪʫ?  

 20. ʂʝʣʝʩʽ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽ ʙʘʨ P-ʙʣʦʢ: 

 

1 1 2 3 4 4 

 

ʪװʟʫ P-ʙʣʦʢ, ץʳʩʫ P-ʙʣʦʢ ʥʝʤʝʩʝ ʢʝשʝʡʪʫ P-ʙʣʦʢץʘ ʞʘʪʘʪʳʥʳʥ ʘʥʳץʪʘשʳʟ. 

 21. ʂʝʣʝʩʽ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽ ʙʘʨ P-ʙʣʦʢ: 

 

1 3 5 6 7 

 

ʪװʟʫ P-ʙʣʦʢ, ץʳʩʫ P-ʙʣʦʢ ʥʝʤʝʩʝ ʢʝשʝʡʪʫ P-ʙʣʦʢץʘ ʞʘʪʘʪʳʥʳʥ ʘʥʳץʪʘשʳʟ. 

 22. ʂʝʣʝʩʽ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽ ʙʘʨ P-ʙʣʦʢ: 

 

7 3 1 4 8 5 2 6 

 

ʪװʟʫ P-ʙʣʦʢ, ץʳʩʫ P-ʙʣʦʢ ʥʝʤʝʩʝ ʢʝשʝʡʪʫ P-ʙʣʦʢץʘ ʞʘʪʘʪʳʥʳʥ ʘʥʳץʪʘשʳʟ. 

 23. 2Ĭ2 S-ʙʣʦʢʪʳש ʢʽʨʽʩ-ʰʳסʳʩ ץʘʪʳʥʘʩʪʘʨʳ ʢʝʣʝʩʽ ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ:  

 
 

 ʀʥʚʝʨʩʪʳ ʙʣʦʢ װʰʽʥ ʢʝʩʪʝʥʽ ʢᴇʨʩʝʪʽשʽʟ.  

 24. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ ʰʳסʳʩʪʳש ʩʦʣ ʞʘץ ʙʠʪʳʥ ʘʣʫ װʰʽʥ ʪʘץ ʙʠʪ-

ʪʝʨʤʝʥ xor ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘʡʜʳ, ʰʳסʳʩʪʳש ʦש ʞʘץ ʙʠʪʳʥ ʘʣʫ װʰʽʥ 

ʞײʧ ʙʠʪʪʝʨʤʝʥ xor ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘʡʜʳ. ɽʛʝʨ ʢʽʨʽʩ  (110010)2, ʦʥʜʘ 

ʰʳסʳʩ ץʘʥʜʘʡ ʙʦʣʘʜʳ? ɽʛʝʨ ʢʽʨʽʩ  (101101)2, ʦʥʜʘ ʰʳסʳʩ ץʘʥʜʘʡ ʙʦʣʘʜʳ? 



 124 

 25. 4³3 ʢᴇʣʝʤʽ ʙʘʨ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʳש ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ ʙʠʪʳ 

ʙʘʩץʘ װʰ ʙʠʪʪʽש ʞʳʣʞʫʳʥ ʘʥʳץʪʘʡʜʳ. ɽʛʝʨ ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ ʙʠʪ 0 ʪʝש 

ʙʦʣʩʘ, ʦʥʜʘ ʙʘʩץʘ װʰ ʙʠʪ ʙʽʨ ʙʠʪʢʝ ʦש ʞʘץʘ ʞʳʣʞʳʡʜʳ. ɽʛʝʨ ʰʝʪʢʽ ʩʦʣ 

ʞʘץʪʘסʳ ʙʠʪ 1 ʪʝש ʙʦʣʩʘ, ʦʥʜʘ ʙʘʩץʘ װʰ ʙʠʪ ʩʦʣ ʞʘץʘ ʙʽʨ ʙʠʪʢʝ 

ʞʳʣʞʳʡʜʳ. ɽʛʝʨ ʢʽʨʽʩ  1011, ʦʥʜʘ ʰʳסʳʩʪʘ ץʘʥʜʘʡ ʥᴅʪʠʞʝ ʙʦʣʘʜʳ? ɽʛʝʨ 

ʢʽʨʽʩ  0110, ʦʥʜʘ ʰʳסʳʩʪʘ ץʘʥʜʘʡ ʥᴅʪʠʞʝ ʙʦʣʘʜʳ? 
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4 ʪʘʨʘʫ 

 

ɸנʓʅɼʓ ʐʀʌʈʃɸʈ ɾᴄʅɽ ʇʉɽɺɼʆʂɽɿɼɽʁʉʆפ ʉɸʅɼɸʈ ɻɽ-

ʅɽʈɸʊʆʈʃɸʈʓ 

 

4.1. ɸנʓʅɼʓ ʐʀʌʈʃɸʈ ʊʋʈɸʃʓ ɾɸʃʇʓ ʄᴄʃɯʄɽʊʊɽʈ 

 

ɹʣʦʢʪʳ ʘʣʛʦʨʠʪʤ ʘʥʳץʪʘʣסʘʥ ײʟʳʥʜʳסʳ ʙʘʨ ʙʣʦʢʪʘʨʜʳ ʰʠʬʨʣʘʫ װʰʽʥ 

ʘʨʥʘʣסʘʥ. ɹʽʨʘץ ʜʝʨʝʢʪʝʨʜʽ ʙʣʦʢʪʘʨʤʝʥ ʝʤʝʩ ʩʠʤʚʦʣʜʘʨʤʝʥ ʰʠʬʨʣʘʫסʘ 

 ʳʥʜʳ ʰʠʬʨ (streamסʘ ʩᴅʡʢʝʩ ʘסʥʜʘʡ ʪʘʣʘʧʪʘʨײʤʢʽʥ. ɹװʘʞʝʪʪʽʣʽʢ ʙʦʣʫ ʤץ

cipher), ʦʣ ʢʽʨʽʩ ʭʘʙʘʨʜʳ ʦʧʝʨʘʮʠʷʜʘ ʙʽʨ ʙʠʪʧʝʥ (ʥʝʤʝʩʝ ʙʘʡʪʧʝʥ) 

ʪװʨʣʝʥʜʽʨʫʜʽ ʦʨʳʥʜʘʡʜʳ. ɸסʳʥʜʳ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʭʘʙʘʨʜʳ ʞʝʪʢʽʣʽʢʪʽ 

 ,ʪʘʥץʪʘʩ ʩʘʥʜʘʨ ʙʣʦʢʪʘʨʳʥʘ ʙᴇʣʫʜʽ ʪʘʣʘʧ ʝʪʧʝʡʜʽ, ʩʦʥʜʳײʳ ʙʘʨ ʪסʟʳʥʜʳװ

ʦʣ ʨʝʘʣʜʳ ʫʘץʳʪʪʘ ʞײʤʳʩ ʽʩʪʝʡ ʘʣʘʜʳ. ʉʦʥʳʤʝʥ, ʝʛʝʨ ʩʠʤʚʦʣʜʘʨ ʘסʳʥʳ 

ʞʽʙʝʨʽʣʩʝ, ʦʥʜʘ ᴅʨ ʩʠʤʚʦʣ ʰʠʬʨʣʘʥʘʜʳ ʜʘ ʞʠʙʝʨʽʣʝʜʽ.  

 ʊʠʧʪʽʢ ʘסʳʥʜʳ ʰʠʬʨʜʳש ʞײʤʳʩʳ 4.1 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

4.1 ʩʫʨʝʪ -  ɸסʳʥʜʳ ʰʠʬʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ 

 

ʂʽʣʪʪʝʨ ʛʝʥʝʨʘʪʦʨʳ ki ʙʠʪʪʝʨ ʘסʳʥʳʥ ʙʝʨʝʜʽ, ʦʣʘʨ ʛʘʤʤʘ ʨʝʪʽʥʜʝ 

 ʤᴅʪʽʥ ʙʠʪʪʝʨʽʥ ʛʝʥʝʨʘʮʠʷʣʘʡʜʳ, ʦʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʍʘʙʘʨ ʢᴇʟʽ mi  ʘʰʳץ

ʛʘʤʤʘʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ci ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥ 

ʩʠʤʚʦʣʜʘʨʳ ʰʳסʘʜʳ:  

 

ci = mi Ä ki,  i = 1, 2, é , n. 
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ʐʠʬʨʣʘʥסʘʥ c1, c2, ..., cn ʭʘʙʘʨʳʥʘʥ m1, m2, ..., mn ʭʘʙʘʨʜʳ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫ װʰʽʥ ʰʠʬʨʣʘʥסʘʥ ʢʝʟʜʝ ץʦʣʜʘʥסʘʥ k1, kk, ..., kn ʢʽʣʪʪʽʢ ʪʽʟʙʝʢʪʽ 

ʛʝʥʝʨʘʮʠʷʣʘʫ ץʘʞʝʪ ʞᴅʥʝ ʢʝʨʽ ʰʠʬʨʣʘʫ װʰʽʥ ᴇʨʥʝʢʪʽ ץʦʣʜʘʥʫ ץʘʞʝʪ  

 

mi = ci Ä ki, i = 1, 2, é , n, 

 

ʦʡʪʢʝʥʽ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʨʘʟʨʷʜʪʘʨʜʳ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳʥʜʘ ץʘʡʪʳʤʜʳʣʳץ 

  .ʘʩʠʝʪʽ ʙʘʨץ

ᴄʜʝʪʪʝ ʘʣסʘʰץʳ ʭʘʙʘʨ ʞᴅʥʝ ʢʽʣʪʪʽʢ ʪʽʟʙʝʢ ʪᴅʫʝʣʩʽʟ ʙʠʪʪʝʨ ʘסʳʥʳ ʙʦʣʘ-

ʜʳ. ʉʦʥʳʤʝʥ, ʙʘʨʣʳץ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ װʰʽʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ 

ʪװʨʣʝʥʜʽʨʫʣʝʨʽ ʙʽʨʜʝʡ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣʘʨ ʪʝʢ ʢʽʣʪʪʝʨ ʛʝʥʝʨʘʪʦʨʣʘʨʳʥ 

 ʳʥʳסʘʫʽʧʩʽʟʜʽʛʽ ʢʽʣʪʪʝʨ ʘץ שʡʝʥʽװʘʥʘ ʘʡʳʨʳʣʘʜʳ. ɾס ʨʫ ʪᴅʩʽʣʽʤʝʥײץ

ʛʝʥʝʨʘʪʦʨʳʥʳץ שʘʩʠʝʪʽʥʝʥ ʪʦʣʳץ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ. ɽʛʝʨ ʢʽʣʪʪʝʨ ʘסʳʥʳ ʛʝ-

ʥʝʨʘʪʦʨʳ ʪʝʢ ʥᴇʣʜʝʨʜʝʥ (ʥʝʤʝʩʝ ʙʽʨʣʝʨʜʝʥ) ʪײʨʘʪʳʥ ʪʽʟʙʝʢʪʽ ʙʝʨʩʝ, ʦʥʜʘ 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʘʣסʘʰץʳ ʙʠʪʪʝʨ ʘסʳʥʳ ʩʠʷץʪʳ ʙʦʣʘʜʳ (ʙʽʨʣʝʨʜʝʥ 

ʪײʨʘʪʳʥ ʢʽʣʪʪʝʨ ʞʘסʜʘʡʜʘ ʭʘʙʘʨ ʘʣסʘʰץʳʥʳש ʠʥʚʝʨʩʠʷʩʳ ʙʦʣʘʜʳ). ɽʛʝʨ 

ʛʘʤʤʘ ʨʝʪʽʥʜʝ ʙʽʨ ʩʠʤʚʦʣ ץʦʣʜʘʥʩʘ, ʤʳʩʘʣʳ, ʩʝʛʽʟ ʙʠʪʪʝʥ ʪײʨʘʪʳʥ, ʦʥʜʘ 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʘʣסʘʰץʳʤʝʥ ʙʽʨʜʝʡ ʙʦʣʤʘʩʘʜʘ ʞװʡʝ ץʘʫʽʧʩʽʟʜʽʛʽ ʪᴇʤʝʥ 

ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ï ʙװʢʽʣ ʭʘʙʘʨ ײʟʳʥʜʳסʳʥʘ ʢʽʣʪ ʢʦʜʳʥʳש ʢᴇʧ ʨʝʪ 

 ʥʳײʜʳʨʘʜʳ. ɹײʘʫʽʧ ʪץ ʘסᴅʜʽʩʧʝʥ ʘʰʫ ץʘʥʳ ʦʥʳ ʩʪʘʪʠʩʪʠʢʘʣʳסʘʡʪʘʣʘʥץ

 ʦʣʜʘʥʳʧ ʛʘʤʤʘץ ʘ ʝʢʽʣʽʢ ʢʦʜʪʳ ʢʽʣʪʪʽץʳʩץ ʘʨʘʧʘʡʳʤ ʝʢʽʣʽʢ ʭʘʙʘʨʜʳץ

ᴅʜʽʩʽʤʝʥ ʰʠʬʨʣʘʫ ʤʳʩʘʣʳʥʜʘ ʪװʩʽʥʜʽʨʝʤʽʟ.   

4.1 ʤʳʩʘʣ. ɸʣסʘʰץʳ ʭʘʙʘʨ ʝʢʽʣʽʢ-ʦʥʜʳץ ʩʘʥ ʙʦʣʩʳʥ, ʷסʥʠ ʩʘʥʥʳש ᴅʨ 

ʪʝʪʨʘʜʘʩʳ (ʪᴇʨʪ ʙʠʪʳ) ʦʥʜʳץ ʩʘʥʜʳ 0...9 ʝʢʽʣʽʢ ʪװʨʛʝ ʘʫʳʩʪʳʨʫʤʝʥ 

ʘʣʳʥסʘʥ. ʐʠʬʨʣʘʥסʘʥ M ʭʘʙʘʨʜʳ24 ש ʙʠʪʳ ʞʦʣʘʡ ײʩʪʘʣʩʳʥ, ʷסʥʠ ʘʣʪʳ 

ʪʝʪʨʘʜʘ m1, m2, m3, m4, m5 ʞᴅʥʝ m6, ʥʘץʪʳʨʘץ C = 1100 1101 1110 1111 

0000 0001 ʤᴅʥʽ. ʐʠʬʨʣʘʫ ʢʽʣʪʽ ʪᴇʨʪ ʙʠʪʪʝʥ ʪײʨʘʪʳʥʳ ʙʝʣʛʽʣʽ, ʦʣʘʨʜʘ 

ʙʽʨʤᴅʥʜʽ ʦʥʜʳץ ʩʘʥ, ʷסʥʠ ʙʽʨ ʤᴅʥ 0 Ò K Ò 9 ʘʣסʘʰץʳ ʭʘʙʘʨʜʳש ᴅʨ ʪᴇʨʪ ʙʠ-

ʪʳʥ ʰʠʬʨʣʘʫסʘ ץʦʣʜʘʥʳʣʜʳ. ʉʦʥʳʤʝʥ, K  ʢʽʣʪʽʤʝʥ ʰʠʬʨʣʘʥסʘʥ ʩʘʥʜʘʨʜʳ 

m1, m2, m3, m4, m5 ʞᴅʥʝ m6 ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʤʝʥ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ:  

 

m1 Ä K = 1100;    m2 Ä K = 1101;    m3 Ä K = 1110; 

 

m4 Ä K = 1111;    m5 Ä K = 0000;    m6 Ä K = 0001. 

 

mi 0 ʜʝʥ 9 ʜʝʡʽʥ ʦʥʜʳץ ʤᴅʥʜʝʨʜʽ ץʘʙʳʣʜʘʡʪʳʥ ʰʘʨʪʪʘʥ, ʙʝʣʛʽʩʽʟ  K  ʪʘ-

ʙʫ װʰʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʥʜʳʩʳ 1100 ʥᴅʪʠʞʝʛʝ ʘʣʳʧ ʢʝʣʝʪʽʥ ʙʘʨʣʳץ 

ʤװʤʢʽʥʜʽ mǋ1 ʞᴅʥʝ K ʤᴅʥʜʝʨʽʥ ʪʘʙʘʤʳʟ:  

 

 

 

Ä K = 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 . 



 127 

c1 = 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 

 ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 

 mǋ1= 1100 1101 1110 1111 1000 1001 1010 1011 0100 0101 

 

ɸʣסʘʰץʳ ʭʘʙʘʨ 0 ʜʝʥ 9 ʜʝʡʽʥ ʩʘʥʜʘʨʜʘʥ ʪסײʘʥʜʳץʪʘʥ, ץʘʨʘʩʪʳʨʫʜʘʥ 

0000, 0001, 0010, 0011, 0110, 0111 ʢʽʣʪ ʤᴅʥʜʝʨʽʥ ʘʣʳʧ ʪʘʩʪʘʫסʘ ʙʦʣʘʜʳ, 

ʦʣʘʨʤʝʥ ץʦʩʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʜʳץ ʵʢʚʠʚʘʣʝʥʪʪʝ 9 װʣʢʝʥ ʩʘʥʜʘʨ ʰʳסʘʜʳ. 

ɹײʥʜʘʡ ʤᴅʥʜʝʨ ʘʰʳץ ʭʘʙʘʨʜʘ ʙʦʣʫ ʤװʤʢʽʥ ʝʤʝʩ. ʉʦʥʳʤʝʥ, ʪʘʣʜʘʫʜʳש 

ʙʽʨʽʥʰʽ ʢʝʟʝשʽ ʤװʤʢʽʥʜʽ ʢʽʣʪʪʝʨ ʩʘʥʳʥ ʦʥʥʘʥ ʪᴇʨʪʢʝ ʜʝʡʽʥ ץʳʩץʘʨʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ.  

ɹʝʣʛʽʩʽʟ K ʘʨʳ ץʘʨʘʡ ʽʟʜʝʫ װʰʽʥ m2ǋ ʞᴅʥʝ ץʘʣסʘʥ ʢʽʣʪ ʚʘʨʠʘʥʪʪʘʨʳʥʳש 

ʙʘʨʣʳץ ʤװʤʢʽʥʜʽ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʡʤʳʟ, ʦʣʘʨʜʳ2 ש ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

 :ʘʞʝʪץ ʦʩʳʥʜʳʩʳ c2 = 1101 ʥᴅʪʠʞʝʩʽʥʝ ʘʣʳʧ ʢʝʣʫץ

 

Ä 
K = 0100 0101 1000 1001 

. 

c2 = 1101 1101 1101 1101 

 ïïïïïïïïïïïïïïïïïïïïïïïïïï

ïïïïïïï 

 mǋ2 = 1001 1000 0101 0100 

 

ɹײʣ ʢʝʟʝץ שʘʣסʘʥ ʢʽʣʪʪʝʨ ʚʘʨʠʘʥʪʪʘʨʳʥʳש ʙʽʨʝʫʽʥʜʝ ʘʣʳʧ ʪʘʩʪʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʛʝʥʽ ʢᴇʨʽʥʽʧ ʪײʨ. ɹײʥʳ c3=1110 ץʦʣʜʘʥʳʧ ʦʨʳʥʜʘʫסʘ ʪʳ-

ʨʳʩʘʤʳʟ: 

 

Ä 
K = 0100 0101 1000 1001 

. 
C3 = 1110 1110 1110 1110 

 ïïïïïïïïïïïïïïïïïïïïïïïïïïïï 

 mǋ3= 1010 1011 0110 0111 

 

ɹײʣ ʢʝʟʝשʜʽ ᴇʪʢʽʟʛʝʥ ʩʦש ʢʽʣʪ ʙʦʣʳʧ 0100 ʞᴅʥʝ 0101 ʤᴅʥʜʝʨʽ ʙʦʣʤʘʡʪʳ-

ʥʳ ʙʝʣʛʽʣʽ ʙʦʣʜʳ. ʂʽʣʪʪʽש ʝʢʽ ʤװʤʢʽʥʜʽ ʤᴅʥʽ ץʘʣʜʳ: 1000(2)=8(10) ʠ 

1001(2)=9(10). 

ɹʝʨʽʣʛʝʥ ᴅʜʽʩʪʝʤʝ ʙʦʡʳʥʰʘ ʘʨʳץʘʨʘʡ ʪʘʣʜʘʫ ᴇʢʽʥʽʰʢʝ ʦʨʘʡ ץʘʣסʘʥ 

ʢʽʣʪʪʽץ שʘʡʩʳʩʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥסʘʥʳ ʪʫʨʘʣʳ ʙʽʨʤᴅʥʜʽ ʘʡʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ɹʽʨʘץ ʢʽʣʪ ʢʝשʽʩʪʽʛʽ ʦʥʥʘʥ ʝʢʽʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʛʝʥʽ 

ʞʝʪʽʩʪʽʢ ʜʝʧ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. ɽʥʜʽ ʝʢʽ ʪʘʙʳʣסʘʥ ʢʽʣʪʪʽ ʭʘʙʘʨʜʳ 

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʧ, ʘʰʳʣסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʤᴅʥʽʥ ʪʘʣʜʘʫ ץʘʞʝʪ.  

ʈʝʘʣʜʳ ʞʘסʜʘʡʣʘʨʜʘ, ʘʣסʘʰץʳ ʤᴅʪʽʥ ʪʝʢ ʩʘʥʜʘʨʜʘʥ ʝʤʝʩ, ʙʘʩץʘ ʩʠʤʚʦʣ-

ʜʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ ײץʨʳʣסʘʥ ʙʦʣʩʘ, ײץʧʠʷ ʜʝʨʝʢʪʝʨʜʽ ʞʘʙץʘʥ ץʳʩץʘ ʢʽʣʪʪʽ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʪʝʟ ʞᴅʥʝ ʥʘץʪʳ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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4.2. ɸנʓʅɼʓ ʐʀʌʈʃɸʋ ʂɽɿɯʅɼɽ ʇʉɽɺɼʆʂɽɿɼɽʁʉʆפ ʉɸʅ-

ɼɸʈ ɻɽʅɽʈɸʊʆʈʃɸʈʓʅ ʂʆʃɼɸʅʋ ʇʈʀʅʎʀʇʊɽʈɯ 

 

ɿʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʘʥʫ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳ ᴅʨ ʪװʨʣʽ 

 ʩʪʘʪʠʩʪʠʢʘ ʞᴅʥʝ ץʦʣʜʘʥʘʜʳ ï ʤʘʪʝʤʘʪʠʢʘʣʳץ שʦʩʳʤʰʘʣʘʨʜʘ ʢʝץ

ʠʤʠʪʘʮʠʷʣʳץ ʤʦʜʝʣʜʝʫ ᴅʜʽʩʪʝʨʽʥʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷסʘ ʜʝʡʽʥ. ɹײʣ ʞʝʨʜʝ 

 ʩʘʧʘʩʳʥʘʥ (ʇʂʉɻ) שʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨʳʥʳ ץʦʣʜʘʥʘʪʳʥ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ

ʘʣʳʥʘʪʳʥ ʥᴅʪʠʞʝʣʝʨ ʩʘʧʘʩʳ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ.   

ʇʂʉɻ ʘסʳʥʜʳ ʰʠʬʨʣʘʨʜʘ ʢʽʣʪʪʝʨ ʛʝʥʝʨʘʪʦʨʣʘʨʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥ. ʇʂʉɻ  ץʦʣʜʘʥʫ ʤʘץʩʘʪʳ ʢʽʣʪʪʽש ᴇʟʽʥʽץ שʳʩץʳ ײʟʳʥʜʳסʳʤʝʥ 

çʰʝʢʩʽʟè ʢʽʣʪʪʽʢ ʩᴇʟʜʽ ʘʣʫ. ʇʂʉɻ ʢʝʟʜʝʡʩʦץץʘ ץײʩʘʩ ʙʠʪʪʝʨ ʪʽʟʙʝʛʽʥ 

 ʘʥ ʝʨʝʞʝʣʝʨ ʙʦʡʳʥʰʘסʪʘʣץʥʜʘʡ ʪʽʟʙʝʢʪʝʨ ʘʥʳײʨʘʜʳ. ʐʳʥʳʥʜʘ, ʙײץ

ʝʩʝʧʪʝʣʝʜʽ ʞᴅʥʝ ʢʝʟʜʝʡʩʦץ ʙʦʣʤʘʡʜʳ, ʩʦʥʜʳץʪʘʥ ʦʣʘʨ ʞʽʙʝʨʝʪʽʥ ʞᴅʥʝ 

 ʤʢʽʥ. ʐʠʬʨʣʘʫ ʢʝʟʽʥʜʝװʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʫ ʤץ ʪʳץʪʘ ʥʘץʘʙʳʣʜʘʡʪʳʥ ʞʘץ

-ʘʥʘ ʙʦʣʤʘʫ ʢʝס ʟʳʥײ ʦʣʜʘʥʘʪʳʥ ʢʽʣʪʪʽʢ ʩʠʤʚʦʣʜʘʨ ʪʽʟʙʝʛʽ ʪʝʢ ʞʝʪʢʽʣʽʢʪʽץ

ʨʝʢ. ɽʛʝʨ ʢʽʣʪʪʝʨ ʛʝʥʝʨʘʪʦʨʳ ᴅʨ ץʦʩʳʣסʘʥ ʩʘʡʳʥ ʙʽʨ ʪʽʟʙʝʢʪʽ ʙʝʨʩʝ, ʦʥʜʘ 

ʦʩʳʥʜʘʡ ʞװʡʝʥʽ ʙײʟʫ ʤװʤʢʽʥ ʙʦʣʘʜʳ. ɼʝʤʝʢ, ʢʽʣʪʪʝʨ ʘסʳʥʳʥʳש 

ʛʝʥʝʨʘʪʦʨʳʥʳש ʰʳסʳʩʳ ʢʽʣʪʪʽש ʬʫʥʢʮʠʷʩʳ ʙʦʣʫ ץʘʞʝʪ. ɹײʣ ʞʘסʜʘʡʜʘ ʭʘ-

ʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʫ ʞᴅʥʝ ʦץʫ ʪʝʢ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥסʘʥ ʢʽʣʪʪʽש 

  .ʦʣʜʘʥʫʳʤʝʥ ʙʦʣʘʜʳץ

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʤʘץʩʘʪʪʘʨסʘ ʇʂʉɻ ץʦʣʜʘʥʫ װʰʽʥ ʦʥʳש ʢʝʣʝʩʽ 

  :ʘʞʝʪץ ʘʩʠʝʪʪʝʨʽ ʙʦʣʫץ

- ʪʽʟʙʝʢʪʽש ʧʝʨʠʦʜʳ ᴇʪʝ װʣʢʝʥ ʙʦʣʫ ʢʝʨʝʢ;  

- ʪײʳʥʜʘʣʘʪʳʥ ʪʽʟʙʝʢ ʨʘʩʳʥʜʘ ʢʝʟʜʝʡʩʦץʪʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ çʞʦץ 

ʜʝʨʣʽʢè ʙʦʣʫ ʢʝʨʝʢ; 

- ᴅʨ ʪװʨʣʽ ʤᴅʥʜʝʨʜʽש ʧʘʡʜʘ ʙʦʣʫ (ʪײʳʥʜʘʫ) ʳץʪʠʤʘʣʜʳץʪʘʨʳ ʥʘץʪʳ ʪʝש 

ʙʦʣʫ ץʘʞʝʪ;  

- ʟʘשʜʳ ʧʘʡʜʘʣʘʥʫʰʳ ʭʘʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ, ki ʢʽʣʪʪʽʢ ʙʠʪʪʝʨ 

ʘסʳʥʳʥ ʘʣסʘʥ ʢʝʟʜʝ ʢʝʡʙʽʨ ײץʧʠʷ ʢʽʣʪʪʽ ץʦʣʜʘʥʫ ʞᴅʥʝ ʝʩʝʧʢʝ ʘʣʫ ץʘʞʝʪ, 

ʞᴅʥʝ ʜʝ ki+1 ʩʘʥʳʥ ki ʪʽʟʙʝʛʽʥʽש ʙʝʣʛʽʣʽ ʘʣʜʳʥסʳ ʵʣʝʤʝʥʪʪʝʨ ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʫ ʢʽʣʪʪʽ ʙʽʣʤʝʩʝ ץʳʡʳʥ ʝʩʝʧ ʙʦʣʫ ʢʝʨʝʢ.  

ʂᴇʨʩʝʪʽʣʛʝʥ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ ʢʝʟʜʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʪʽʟʙʝʢʪʝʨʽ 

ʘסʳʥʜʳ ʰʠʬʨʣʘʨʜʘ ץʦʣʜʘʥʫ ʤװʤʢʽʥ.  

 

4.2.1. ʉʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ 

ʛʝʥʝʨʘʪʦʨʳ 

 

ʇʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨʣʘʨʳ ᴅʨʪװʨʣʽ ʘʣʛʦʨʠʪʤʜʝʨ ʙʦʡʳʥʰʘ 

ʽʩʪʝʫ ʤװʤʢʽʥ. פʘʨʘʧʘʡʳʤ ʛʝʥʝʨʘʪʦʨʣʘʨʳʥʳש ʙʽʨʽ ʩʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ 

ʛʝʥʝʨʘʪʦʨ, ʦʣ ʢʝʟʝʢʪʽ ki ʩʘʥʳʥ ʝʩʝʧʪʝʫ װʰʽʥ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ץʦʣʜʘʥʘʜʳ:  

 

ki = (a*ki-1+b) mod c, 
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ʙײʣ ʞʝʨʜʝ ʘ, b, ʩ  ʢʝʡʙʽʨ ʪײʨʘץʪʳʣʘʨ, aʣ ki-1  ʘʣʜʳʥסʳ 

ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥ. 

k1 ʩʘʥʳʥ ʪʘʙʫ װʰʽʥ ʘʣסʘʰץʳ ʤᴅʥ k0 ʙʝʨʽʣʝʜʽ. ʄʳʩʘʣ ʨʝʪʽʥʜʝ a = 5, b = 

3, c = 11 ʞᴅʥʝ k0 = 1 ʘʣʘʤʳʟ. ɹײʣ ʞʘסʜʘʡʜʘ ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ᴇʨʥʝʢ 

ʙʦʡʳʥʰʘ 0 ʜʝʥ 10 ʜʝʡʽʥ (ʩ = 11 ʙʦʣסʘʥʜʳץʪʘʥ) ʤᴅʥʜʝʨʜʽ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʊʽʟʙʝʢʪʽש ʙʽʨʥʝʰʝ ʵʣʝʤʝʥʪʽʥ ʝʩʝʧʪʝʡʤʽʟ: 

 

k1 = (5 * 1 + 3) mod 11 = 8;   k2 = (5 * 8 + 3) mod 11 = 10; 

 

k3 = (5 * 10 + 3) mod 11 = 9;   k4 = (5 * 9 + 3) mod 11 = 4; 

 

k5 = (5 * 4 + 3) mod 11 = 1. 

 

ɸʣʳʥסʘʥ ʤᴅʥʜʝʨ (8, 10, 9, 4, 1) ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨסʘ ץײʩʘʩ ʢᴇʨʽʥʝʜʽ. 

ɸʣʘʡʜʘ ʢʝʣʝʩʽ ʤᴅʥ k6 ץʘʡʪʘʜʘʥ 8 ʪʝש ʙʦʣʘʜʳ: 

 

k6 = (5 * 1 + 3) mod 11 = 8, 

 

ʘʣ  k7 ʞᴅʥʝ k8 ʤᴅʥʜʝʨʽ ʩᴅʡʢʝʩ 10 ʞᴅʥʝ 9 ʪʝש ʙʦʣʘʜʳ: 

 

k7 = (5 * 8 + 3) mod 11 = 10;   k8 = (5 * 10 + 3) mod 11 = 9. 

 

ʇʂʉɻ ץʘʡʪʘʣʘʥʘʪʳʥ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ, 8, 10, 9, 4, 1 ʩʘʥ-

ʜʘʨʜʳ ʧʝʨʠʦʜʪʳ ʪװʨʜʝ ʪײʳʥʜʘʪʳʧ. ᴆʢʽʥʽʰʢʝ ʦʨʘʡ, ʙײʣ ץʘʩʠʝʪ ʙʘʨʣʳץ 

ʩʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ ʛʝʥʝʨʘʪʦʨʣʘʨʜʘ ʙʘʨ. ʅʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨʣʝʨ a, b ʞᴅʥʝ c 

ʤᴅʥʜʝʨʽʥ ᴇʟʛʝʨʪʽʧ, ʧʝʨʠʦʜ ײʟʳʥʜʳסʳʥʘ ʞᴅʥʝ ʪײʳʥʜʘʡʪʳʥ ʤᴅʥʜʝʨ ki ᴅʩʝʨ 

ʝʪʫʛʝ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʩ ʩʘʥʳʥ װʣʢʝʡʪʫ ʧʝʨʠʦʜʪʳ װʣʢʝʡʪʫʛʝ ʘʣʳʧ ʢʝʣʝʜʽ. 

ɽʛʝʨ a, b ʞᴅʥʝ c ʧʘʨʘʤʝʪʨʣʝʨʽ ʜײʨʳʩ ʪʘשʜʘʣʩʘ, ʦʥʜʘ ʛʝʥʝʨʘʪʦʨ ʤʘʢʩʠʤʘʣʜʳ 

ʧʝʨʠʦʜʳ c ʪʝש ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳ ʪײʳʥʜʘʪʘʜʳ. ɹʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ 

ʘʩʳʨʫ ʢʝʟʽʥʜʝ c ᴅʜʝʪʪʝ 2b-1 ʥʝʤʝʩʝ 2b ʪʝש ʙʦʣʳʧ ʦʨʥʘʪʳʣʘʜʳ, ʙײʣ ʞʝʨʜʝ b 

 ʵʣʝʢʪʨʦʥʜʳ ʝʩʝʧʪʝʫ ʤʘʰʠʥʘʥʳש (ʕɽʄ) ʥʝʤʝʩʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

ʞװʡʝʥʽש (ɸɾ) ʙʠʪʧʝʥ ʙʝʨʽʣʛʝʥ ʩᴇʟ ײʟʳʥʜʳסʳ.  

ʉʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ ʇʂʉɻ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ï ʦʣʘʨʜʳש 

 ʘʨʳסʞʦ שʤᴅʥʜʝʨʜʽ ʘʣʫʜʳ ץʳ ʞᴅʥʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦסʘʨʘʧʘʡʳʤʜʳʣʳץ

ʞʳʣʜʘʤʜʳסʳ. ʉʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ ʛʝʥʝʨʘʪʦʨʣʘʨ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʪʘʪʠʩʪʠʢʘ ʝʩʝʧʪʝʨʽʥ ʰʝʰʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʤʘץʩʘʪʪʘʨʜʘ ʦʣʘʨʜʳ ץʦʣʜʘʥʫʜʳ ײʩʫʥʳסʘ ʙʦʣʤʘʡʜʳ, 

ᴇʡʪʢʝʥʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʙʦʡʳʥʰʘ ʤʘʤʘʥʜʘʨ ʙʽʨʥʝʰʝ ʤᴅʥʜʝʨ 

ʙʦʡʳʥʰʘ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳש (ʇʂʉ) ʙʘʨʣʳץ ʪʽʟʙʝʛʽʥ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫʜʽ װʡʨʝʥʜʽ. ʄʳʩʘʣʳ, ץʘʩץʦʡ k0, k1, k2, k3  ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʡ ʘʣʘʜʳ 

ʜʝʡʽʢ. ʉʦʥʜʘ: 

 

k1 = (a*k0+b) mod c;   k2 = (a*k1+b) mod c;   k3 = (a*k2+b) mod c. 
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ת  hʪʝשʜʝʫʜʝʥ ʪײʨʘʪʳʥ ʞװʡʝʥʽ ʰʝʰʽʧ, a, b ʞᴅʥʝ c ʪʘʙʫסʘ ʙʦʣʘʜʳ.  

ʇʂʉ ʘʣʫ װʰʽʥ ʢʚʘʜʨʘʜʪʪʳ ʞᴅʥʝ ʢʫʙʪʳ ʛʝʥʝʨʘʪʦʨʣʘʨʜʳ ץʦʣʜʘʥʫ 

  :ʘʥסʩʳʥʳʣײ

 

ki = (a12*ki-1+a2*ki-1+b) mod c; 

 

ki = (a13*ki-1+a22*ki-1+a3*ki-1+b) mod c. 

 

ɹʽʨʘץ ʙײʥʜʘʡ ʛʝʥʝʨʘʪʦʨʣʘʨʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʤʘץʩʘʪʪʘʨסʘ ʪײʨʘ ʩʦʣ 

çʙʦʣʞʘʤʜʳè ʩʝʙʝʙʽʤʝʥ ʞʘʨʘʤʩʳʟ ʙʦʣʳʧ ץʘʣʜʳ.  . 

 

4.2.2. ʂʝʰʽʛʫʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽ ʥʝʛʽʟʽʥʜʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ 

ʛʝʥʝʨʘʪʦʨʳ 

 

ʂʝʰʽʛʫʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽ (Lagged Fibonacci Generator) - ʇʂʉ ʩʘʥʜʘ-

ʨʳʥ ʛʝʥʝʨʘʮʠʷʣʘʫʜʳש ᴅʜʽʩʽʥʽש ʙʽʨʽ. ʆʣ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳש 

ʞʦסʘʨʳʨʘץ çʩʘʧʘʩʳʥè ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʌʠʙʦʥʘʯʯʠ ʜʘʪʯʠʢʪʝʨʽʥʽש ʞʦסʘʨʳ ᴅʡʛʽʣʽʣʽʛʽ ʙװʪʽʥ ʝʤʝʩ ʩʘʥʜʘʨʤʝʥ 

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ ʞʳʣʜʘʤʜʳסʳ ʙװʪʽʥ ʩʘʥʜʳץ 

ʘʨʠʬʤʝʪʠʢʘ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʪʝשʝʩʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʘʣ ʌʠʙʦʥʘʯʯʠ 

ʜʘʪʯʠʢʪʝʨʽ ʙװʪʽʥ ʝʤʝʩ ʘʨʠʬʤʝʪʠʢʘʜʘ ʪʘʙʠסʠ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  

ʂʝʰʽʛʫʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫʜʳש ᴅʨʪװʨʣʽ ʩײʣʙʘʣʘʨʳ ʙʝʣʛʽʣʽ. 

ʂʝש ʪʘʨʘסʘʥ ʌʠʙʦʥʘʯʯʠ ʜʘʪʯʠʢʪʝʨʽʥʽש ʙʽʨʽ ʢʝʣʝʩʽ ʨʝʢʫʨʝʥʪʪʽ ᴇʨʥʝʢʪʝ 

ʥʝʛʽʟʜʝʣʛʝʥ: 
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ʙײʣ ʞʝʨʜʝ ki  [0,1] ʜʠʘʧʘʟʦʥʳʥʘʥ ʙװʪʽʥ ʝʤʝʩ ʩʘʥʜʘʨ, a, b  ʙײʪʽʥ ʦש ʩʘʥ-

ʜʘʨ, ʛʝʥʝʨʘʪʦʨ ʧʘʨʘʤʝʪʨʣʝʨʽ. 

ʌʠʙʦʥʘʯʯʠ ʜʠʪʯʠʛʽʥʝ ʞײʤʳʩ װʰʽʥ max {a,b} ʘʣʜʳʥסʳ ʛʝʥʝʨʘʮʠʷʣʘʥסʘʥ 

ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳ ʙʽʣʫ ץʘʞʝʪ. ɹʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫ ʢʝʟʜʝ 

ʛʝʥʝʨʘʮʠʷʣʘʥסʘʥ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳ ʩʘץʪʘʫ װʰʽʥ ʢʝʡʙʽʨ a ʞᴅʥʝ b 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ ʞʘʜʳ ʢᴇʣʝʤʽ ץʘʞʝʪ.  

4.2 ʤʳʩʘʣ. ʂʝʣʝʩʽ ʰʳסʳʩ ʜʝʨʝʢʪʝʨʽ ʙʘʨ:  a = 4, b = 1, k0 = 0,1; k1 = 0,7; 

k2 = 0,3; k3 = 0,9; k4 = 0,5 k5 ʙʘʩʪʘʧ ʢʝʰʽʛʫʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽʤʝʥ ʛʝʥʝ-

ʨʘʮʠʷʣʘʥʘʪʳʥ ʙʽʨʽʥʰʽ ʦʥ ʩʘʥʥʘʥ ʪײʨʘʪʳʥ ʪʽʟʙʝʢʪʽ ʝʩʝʧʪʝʡʤʽʟ: 

 

k5 = k1 ï k4 = 0,7 ï 0,5 = 0,2; 

 

k6 = k2 ï k5 = 0,3 ï 0,2 = 0,1; 
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k7 = k3 ï k6 = 0,9 ï 0,1 = 0,8; 

 

k8 = k4 ï k7 + 1 = 0,5 ï 0,8 + 1 = 0,7; 

 

k9 = k5 ï k8 + 1 = 0,2 ï 0,7 + 1 = 0,5; 

 

k10 = k6 ï k9 + 1 =0,1 ï 0,5 + 1 = 0,6; 

 

k11 = k7 ï k10 = 0,8 ï 0,6 = 0,2; 

 

k12 = k8 ï k11 = 0,7 ï 0,2 = 0,5; 

 

k13 = k9 ï k12 + 1 = 0,5 ï 0,5 + 1 = 1; 

 

k14 = k10 ï k13 + 1 =0,6 ï 1 + 1 = 0,6, 

 

ɻʝʥʝʨʘʮʠʷʣʘʥסʘʥ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽ ʩʳʨʪʪʘʡ ʢʝʟʜʝʡʩʦץץʘ ץײʩʘʩ ʝʢʝʥʽʥ 

ʢᴇʨʝʤʽʟ. ʈʘʩʳʥʜʘ, ʘʣʳʥʘʪʳʥ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʘ ʞʘץʩʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

  .ʘʩʠʝʪʪʝʨʽ ʙʘʨ ʝʢʝʥʽʥ ʟʝʨʪʪʝʫʣʝʨ ʨʘʩʪʘʡʜʳץ

ʂʝʰʫʛʽʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʛʝʥʝʨʘʪʦʨʣʘʨ װʰʽʥ ײʩʳʥʳʣʘʪʳʥ a 

ʞᴅʥʝ b ʧʘʨʘʤʝʪʨʣʝʨ ̔ʙʘʨ, ʦʣʘʨ ʩʘʧʘסʘ ʪʝʩʪʽʣʝʥʛʝʥ ʜʝʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ. ʄʳ-

ʩʘʣʳ, ʟʝʨʪʪʝʫʰʽʣʝʨ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʜʽ ײʩʳʥʘʜʳ: (a, b) = (55, 24), (17, 5) ʥʝʤʝ-

ʩʝ (97, 33). ɸʣʳʥʘʪʳʥ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳש ʩʘʧʘʩʳ a ʪײʨʘץʪʳ ʤᴅʥʽʥʝʥ 

ʪᴅʫʝʣʜʽ: ʦʣ װʣʢʝʡʛʝʥ ʩʘʡʳʥ, ʘʣʳʥסʘʥ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʘʥ ײץʨʳʣʘʪʳʥ 

ʢʝʟʜʝʡʩʦץ ʚʝʢʪʦʨʣʘʨʜʳש ʙʽʨʢʝʣʢʽʣʽʛʽ ʩʘץʪʘʣʘʪʳʥ ʢʝשʽʩʪʽʢ ᴇʣʰʝʤʽ ʞʦסʘʨʳ 

ʙʦʣʘʜʳ. ʉʦʣ ʫʘץʳʪʪʘ a ʪײʨʘץʪʳʥʳש ʤᴅʥʽ װʣʢʝʡʛʝʥ ʩʘʡʳʥ ʘʣʛʦʨʠʪʤ 

  .ʘʨʣʘʡʜʳסʦʣʜʘʥʘʪʳʥ ʞʘʜʳ ʢᴇʣʝʤʽ ʜʝ ʞʦץ

ʅᴅʪʠʞʝʩʽʥʜʝ (a, b) = (17, 5) ʤᴅʥʜʝʨʽ ץʘʨʘʧʘʡʳʤ ץʦʩʳʤʰʘʣʘʨ װʰʽʥ 

 ץʘʪʘʣ ʢᴇʧʪʝʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩʘʥʜʘʨ ʩʘʧʘʩʳʥʘ ץʩʳʥʳʣʘʜʳ. ʂʝʟʜʝʡʩʦײ

ʘʣʛʦʨʠʪʤʜʝʨʛʝ (a, b) = (55, 24) ʤᴅʥʜʝʨʽ ץʘʥʘסʘʪʪʘʥʜʳʨʣʳץ ʩʘʥʜʘʨʜʳ ʘʣʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴆʪʝ ʞʦסʘʨʳ ʩʘʧʘʩʳ ʙʘʨ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳ ʘʣʫסʘ (a, b) = 

(97, 33) ʤᴅʥʜʝʨʽ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʣʘʨʜʳ ʞʦסʘʨʳ ʤᴇʨʰʝʨʣʽ ʢʝʟʜʝʡʩʦץ 

ʚʝʢʪʦʨʣʘʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʘʣʛʦʨʠʪʤʜʝʨʜʝ ץʦʣʜʘʥʘʜʳ [32]. 

ʂʝʰʽʛʫʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽʥʜʝ ʥʝʛʽʟʜʝʣʛʝʥ ʇʂʉɻ ʢʨʠʧʪʦʛʨʘʬʠʷ 

ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ץʦʣʜʘʥסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʣʘʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʝ, ʢʝʟʜʝʡʩʦץ ʧʨʦʮʝʩʩʪʝʨʜʽ ʤʦʜʝʣʴʜʝʫʜʝ  

 שʘʥ ʇʂʉɻ ʢʝסʦʣʜʘʥʳʣʘʜʳ. ʂʝʰʽʛʫʤʝʥ ʌʠʙʦʥʘʯʯʠ ᴅʜʽʩʽ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣץ

ʪʘʨʘסʘʥ Matlab ʞװʡʝʩʽʥʜʝ ץʦʣʜʘʥʳʣʜʳ. 
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4.2.3. BBS ʘʣʛʦʨʠʪʤ ʥʝʛʽʟʽʥʜʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ 

ʛʝʥʝʨʘʪʦʨʳ 

 

ʂʝש ʪʘʨʘʫʜʳ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʢʪʝʨʜʽ (ʇʂʊ) ʛʝʥʝʨʘʮʠʷʣʘʡʪʳʥ BBS 

ʘʣʛʦʨʠʪʤ (ʘʚʪʦʨʣʘʨ ʪʝʛʽʥʝʥ   L. Blum, M. Blum, M. Shub) ʜʝʧ ʥʝʤʝʩʝ ʢʚʘʜ-

ʨʘʪʪʳ ץʘʣʜʳסʳʤʝʥ ʛʝʥʝʨʘʪʦʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʣʛʦʨʠʪʤ ʘʣʜʳ. ʂʨʠʧʪʦʛʨʘʬʠʷ 

ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ʙײʣ ᴅʜʽʩ 1986 ʞʳʣʳ ײʩʳʥʳʣʜʳ  [3, 32]. 

ɸʣʛʦʨʠʪʤʥʽש ʤʘשʳʟʳ ʢʝʣʝʩʽʜʝ. ɸʣʜʳʤʝʥ p ʞᴅʥʝ q ʝʢʽ װʣʢʝʥ ʞʘʡ ʩʘʥ 

ʪʘשʜʘʣʘʜʳ. ɹײʣ ʩʘʥʜʘʨ  p ʞᴅʥʝ q 4 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 3 ʩʘʣʳʩʪʳʨʤʘʣʳ ʙʦʣʫ 

 ʘʨʘʡץʘʞʝʪ. ɸʨʳץ ʙʦʣʫ 3 ץʘʣʜʳץ ʥʠ p ʞᴅʥʝ q 4 ʙᴇʣʛʝʥ ʢʝʟʜʝ ʙʽʨʜʝʡסʘʞʝʪ, ʷץ

M = p Ŀ q ʩʘʥʳ ʝʩʝʧʪʝʣʝʜʽ, ʦʣ ɹʣʶʤʥʳש ʙװʪʽʥ ʩʘʥʳ ʜʝʧ ʘʪʘʣʘʜʳ. ʉʦʜʘʥ 

ʢʝʡʽʥ ʙʘʩץʘ ʢʝʟʜʝʡʩʦץ ʙװʪʽʥ ʩʘʥ ʪʘשʜʘʣʘʜʳ, ʦʣ ʄ ᴇʟʘʨʘ ʞʘʡ ʩʘʥ (ʙʽʨʜʝʥ 

ʙʘʩץʘ ʦʨʪʘץ ʙᴇʣʛʽʰʪʝʨʽ ʙʦʣʤʘʡʪʳʥ) ʙʦʣʘʜʳ. ʭ0 = ʭ2 mod M ʝʩʝʧʪʝʣʝʜʽ, ʙײʣ 

ʞʝʨʜʝ ʭ0 ʛʝʥʝʨʘʪʦʨʜʳש ʩᴇʨʝʣʽʢ ʩʘʥʳ ʜʝʧ ʘʪʘʣʘʜʳ.  

ɻʝʥʝʨʘʪʦʨ ʞײʤʳʩʳʥʳש ᴅʨ n ץʘʜʘʤʳʥʜʘ ʝʩʝʧʪʝʣʝʜʽ 

 

ʭn+1 = ʭn2 mod M. 

 

ʆʨʳʥʜʘʫʜʳש n-ʰʽ ץʘʜʘʤ ʥᴅʪʠʞʝʩʽ ʭn+1 ʩʘʥʥʳש ʙʽʨ (ᴅʜʝʪʪʝ ʢʽʰʽ) ʙʠʪʳ. 

ʂʝʡʙʽʨ ʢʝʟʜʝ ʥᴅʪʠʞʝ ʨʝʪʽʥʜʝ ʞײʧʪʳץ ʙʠʪʳʥ ץʘʙʳʣʜʘʡʜʳ, ʷסʥʠ ʵʣʝʤʝʥʪʪʽש 

ʝʢʽʣʽʢ ʪװʨʽʥʜʝʛʽ ʙʽʨʣʽʢʪʝʨ ʩʘʥʳ. ɽʛʝʨ ʩʘʥʥʳש ʞʘʟʫʳʥʜʘ ʙʽʨʣʽʢʪʝʨ ʩʘʥʳ ʞײʧ 

ʙʦʩʘ ï ʞײʧʪʳץ ʙʠʪʳ 0 ʜʝʧ ץʘʙʳʣʜʘʥʘʜʳ, ʝʛʝʨ ʪʘץ ʙʦʣʩʘ ï ʞײʧʪʳץ ʙʠʪʳ 1 

ʜʝʧ ץʘʙʳʣʜʘʥʘʜʳ.  

4.2 ʤʳʩʘʣ.  p = 11, q = 19 ʙʦʣʩʳʥ (11 mod 4 = 3, 19 mod 4 = 3 

ʪʝʢʩʝʨʝʤʽʟ). ʆʥʜʘ M = p Ŀ q = 11 Ŀ 19 = 209. ʍ-ʪʳ ʄ ᴇʟʘʨʘ ʞʘʡ ʩʘʥ ʜʝʧ 

 :ʩᴇʨʝʣʽʢ ʩʘʥʳʥ ʝʩʝʧʪʝʡʤʽʟ ʭ0 שʘʙʳʣʜʘʡʤʳʟ: ʭ = 3 ʙʦʣʩʳʥ. ɻʝʥʝʨʘʪʦʨʜʳץ

 

ʭ0 = ʭ2 mod M = 32 mod 209 = 9 mod 209 = 9. 

 

BBS ʘʣʛʦʨʠʪʤʳ ʙʦʡʳʥʰʘ ʙʽʨʽʥʰʽ ʦʥ ʩʘʥʜʳ ʝʩʝʧʪʝʡʤʽʟ ʭi. ʂʝʟʜʝʡʩʦץ 

ʙʠʪʪʝʨ ʨʝʪʽʥʜʝ ʭi ʝʢʽʣʽʢ ʪװʨʽʥʜʝʛʽ ʢʽʰʽ ʙʠʪʳʥ ʘʣʘʤʳʟ: 

 

ʭ1 = 92 mod 209= 81 mod 209= 81  ʢʽʰʽ ʙʠʪ: 1; 

ʭ2 = 812 mod 209= 6561 mod 209= 82  ʢʽʰʽ ʙʠʪ: 0; 

ʭ3 = 822 mod 209= 6724 mod 209= 36  ʢʽʰʽ ʙʠʪ: 0; 

ʭ4 = 362 mod 209= 1296 mod 209= 42  ʢʽʰʽ ʙʠʪ: 0; 

ʭ5 = 422 mod 209= 1764 mod 209= 92  ʢʽʰʽ ʙʠʪ: 0; 

ʭ6=922 mod 209= 8464 mod 209= 104  ʢʽʰʽ ʙʠʪ: 0; 

ʭ7=1042 mod 209= 10816 mod 209= 157  ʢʽʰʽ ʙʠʪ: 1; 
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ʭ8 = 1572 mod 209= 24649 mod 209= 196  ʢʽʰʽ ʙʠʪ: 0; 

ʭ9 = 1962 mod 209= 38416 mod 209= 169  ʢʽʰʽ ʙʠʪ: 1; 

ʭ10 = 1692 mod 209= 28561 mod 209= 137  ʢʽʰʽ ʙʠʪ: 1. 

 

ɹײʣ ᴅʜʽʩʪʽש ʪᴅʞʽʨʠʙʝʣʽʢ ʤʘץʩʘʪʪʘʨ װʰʽʥ ʝץ שʳʟʳץʪʳ ץʘʩʠʝʪʽ ʪʽʟʙʝʢʪʽש n-

ʰʽ ʩʘʥʳʥ ʪʘʙʫ װʰʽʥ ʭi ʘʣʜʳʥסʳ n ʩʘʥʳʥ ʝʩʝʧʪʝʫ ץʘʞʝʪ ʝʤʝʩ. ʭn ʪʽʢʝʣʝʡ 

ᴇʨʥʝʢ ʘʨץʳʣʳ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ ʝʢʝʥ  

 

Mmodxx
))1q)(1p((modn2

0n

--

=
. 

 

ʄʳʩʘʣʳ, ʅʘʧʨʠʤʝʨ, ʭ0 ï ʜʝʥ  ʭ10 ʝʩʝʧʪʝʡʽʢ: 

 

.137209mod9209modxx 180mod10242
010

))119)(111((mod10

===
--

 
 

ʅᴅʪʠʞʝʩʽʥʜʝ ʨʝʪʪʽʢ ʝʩʝʧʪʝʫʤʝʥ ʘʣʳʥסʘʥ ʤᴅʥʛʝ ʪʝש ʤᴅʥʜʽ ʘʣʜʳ137  ,ץ. 

ɽʩʝʧʪʝʫʣʝʨ ץʳʡʳʥ ʩʠʷץʪʳ ʢᴇʨʽʥʝʜʽ, ʙʽʨʘץ ʦʣʘʨʜʳ ʢʝʡʙʽʨ ʧʨʦʮʝʜʫʨʘ ʥʝʤʝʩʝ 

ʙʘסʜʘʨʣʘʤʘ ʨʝʪʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʳʧ ץʘʞʝʪ ʞʘסʜʘʡʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

çʊʽʢʝʣʝʡè ʭn ʘʣʫ ʤװʤʢʽʥʜʽʛʽ BBS ʘʣʛʦʨʠʪʤʽʥ ʘסʳʥʜʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 

 ʦʣ ʞʝʪʢʽʟʫʽץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤʳʩʘʣʳ, ʧʨʦʠʟʚʦʣʴʥʳʤ ʜʦʩʪʫʧʦʤװʘ ʤסʦʣʜʘʥʫץ

ʙʘʨ ʬʘʡʣʜʘʨ ʥʝʤʝʩʝ ʜʝʨʝʢץʦʨ ʞʘʟʙʘʣʘʨʳ ʙʘʨ ʬʘʡʣ װʟʽʥʜʽʣʝʨʽ װʰʽʥ.  

BBS ʘʣʛʦʨʠʪʤʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ װʣʢʝʥ ʄ ʩʘʥʳʥ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʙᴇʣʫ 

 ʧʠʷײץ ʣʢʝʥ ʙʦʣʩʘ, ʦʥʳװ ʳʥʜʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɽʛʝʨ ʄ ʞʝʪʢʽʣʽʢʪʽסʳʡʳʥʜʳץ

ʩʘץʪʘʫ ץʘʞʝʪ ʝʤʝʩ ʜʝʧ ʘʡʪʳʣʘʜʳ; ʄ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʙᴇʣʤʝʛʝʥʰʝ ʇʂʉɻ  

ʰʳסʳʩʳʥ ʝʰʢʽʤ ʙʦʣʞʘʡ ʘʣʤʘʡʜʳ. ɹײʣ n = pĿq (ʨ ʞᴅʥʝ q  ʞʘʡ ʩʘʥʜʘʨ) ʩʘʥ-

ʜʘʨʳʥ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʙᴇʣʫ ʝʩʝʙʽ ᴇʪʝ ץʳʡʳʥ ʙʦʣסʘʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʝʛʝʨ 

ʪʝʢ n  ʙʝʣʛʽʣʽ ʙʦʣʩʘ, ʘʣ ʨ ʞᴅʥʝ q ï ʙʽʨʥʝʰʝ ʦʥʜʳץ ʥʝʤʝʩʝ ʞװʟʜʽʢ ʙʠʪʪʝʨʜʝʥ 

ʪײʨʘʪʳʥ װʣʢʝʥ ʩʘʥ ʙʦʣʩʘ (ʙײʣ ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ʝʩʝʙʽ ʜʝʧ ʘʪʘʣʘʜʳ). 

ʆʩʳסʘʥ ץʦʩʘ, ץʘʩץʦʡ BBS ʛʝʥʝʨʘʪʦʨʳʤʝʥ ʛʝʥʝʨʘʮʠʷʣʘʥסʘʥ ʢʝʡʙʽʨ 

ʪʽʟʙʝʢʪʽ ʙʽʣʩʝ, ʘʣʜʳʥסʳ ʞᴅʥʝ ʢʝʣʝʩʽ ʙʠʪʪʝʨʜʽ ʘʥʳץʪʘʡ ʘʣʤʘʡʪʳʥʳʥ 

ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ. BBS ʛʝʥʝʨʘʪʦʨʳ ʦש ʞᴅʥʝ ʩʦʣ ʞʘץ ʙʘסʳʪʪʘ ʙʦʣʞʘʤʜʳ 

ʝʤʝʩ. ɹײʣ ץʘʩʠʝʪ ʢʨʠʧʪʦʛʨʘʬʠʷ ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ᴇʪʝ ץʘʞʝʪʪʽ ʞᴅʥʝ ʦʣ ʄ 

ʩʘʥʳʥ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʙᴇʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ.  

BBS ʘʣʛʦʨʠʪʤʽʥʽש ʝװ שʣʢʝʥ ʢʝʤʰʽʣʽʛʽ ï ʦʣ ץʘʞʝʪʪʽ ʜʝשʛʝʡʜʝ ʞʳʣʜʘʤ 

ʝʤʝʩ, ʙײʣ ʦʥʳ ʢᴇʧʪʝʛʝʥ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʤʘʡʪʳʥʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ, 

ʤʳʩʘʣʳ, ʨʝʘʣʜʳ ʫʘץʳʪʪʘ ʝʩʝʧʪʝʫʣʝʨʜʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘסʳʥʜʳ ʰʠʬʨʣʘʫʜʘ.  

ɸʣʘʡʜʘ ʙײʣ ʘʣʛʦʨʠʪʤ װʣʢʝʥ ʧʝʨʠʦʜʳ (ʘʣסʘʰץʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩᴅʡʢʝʩ 

ʪʘשʜʘʫʜʘ) ʙʘʨ ʞʘץʩʳ ʇʂʊ ʙʝʨʝʜʽ. ɹײʣ ʦʥʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʤʘץʩʘʪʪʘʨʜʘ 

ʰʠʬʨʣʘʫ װʰʽʥ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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4.2.4. ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ 

ʥʝʛʽʟʽʥʜʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨʳ 

 

ʂʦʜʪʘʫ ʪʝʦʨʠʷʩʳʥʜʘ ʞᴅʥʝ ʢʨʠʧʪʦʛʨʘʬʠʷʜʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣ-

ʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʢʝץ שʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨ ʰʠʬʨʣʘʫ ʘʧʧʘʨʘʪʪʘʨʳʥʜʘ 

ʕɽʄ ʞᴅʥʝ ʟʘʤʘʥʘʫ ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳץʪʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʰʠʬʨʣʘʫʳʰʪʘʨ 

ʢʝץ שʦʣʜʘʥʫʜʳש ʘʣʜʳʥʜʘ ץʦʣʜʘʥʳʣʜʳ.  

ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʙʠʪʪʝʨ 

ʘסʳʥʳʥ ʘʣʫ װʰʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝ-

ʛʠʩʪʨ ʝʢʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ: n-ʙʠʪʪʽʢ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʝʥ ʞᴅʥʝ ʢʝʨʽ 

ʙʘʡʣʘʥʳʩ ײץʨʳʣסʳʩʳʥʘʥ (4.2 ʩʫʨʝʪ). 

 

 
 

4.2 ʩʫʨʝʪ ï ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ 

 

ʈʝʛʠʩʪʨʜʝʥ ʙʠʪʪʝʨʜʽ ʪʝʢ ʙʽʨ ʙʽʨʜʝʥ (ʨʝʪʧʝʥ) ʘʣʫסʘ ʙʦʣʘʜʳ. ɽʛʝʨ ʢʝʣʝʩʽ 

ʙʠʪʪʽ ʘʣʫ ʢʝʨʝʢ ʙʦʣʩʘ, ʦʥʜʘ ʨʝʛʠʩʪʨʜʽש ʙʘʨʣʳץ ʙʠʪʪʝʨʽ ʙʽʨ ʨʘʟʨʷʜץʘ ʦש 

ʞʘץʘ ʞʳʣʞʳʡʜʳ. ʈʝʛʠʩʪʨʜʽש ʢʽʨʽʩʽʥʝ ʩʦʣ ʞʘץʪʘʥ ʞʘשʘ ʙʠʪ ʢʽʨʝʜʽ, ʦʣ ʢʝʨʽ 

ʙʘʡʣʘʥʳʩ ײץʨʳʣסʳʩʳʤʝʥ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʞʳʣʞʳʤʘʣʳ 

ʨʝʛʠʩʪʨʜʽש ʙʘʨʣʳץ ץʘʣסʘʥ ʙʠʪʪʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ. ʆʩʳʥʳש ʝʩʝʙʽʥʝʥ ʨʝʛʠʩʪʨʜʽש 

ʙʠʪʪʝʨʽ ʘʥʳץʪʘʣסʘʥ ʟʘש ʙʦʡʳʥʰʘ ᴇʟʛʝʨʝʜʽ, ʦʣ ʇʂʊ ʘʣʫ ʩײʣʙʘʩʳʥ 

ʘʥʳץʪʘʡʜʳ. ʈʝʛʠʩʪʨ ʞײʤʳʩʳʥʳש ʪʘʢʪʪʘʨʳʥʳש ʢʝʡʙʽʨ ʩʘʥʳʥʘש ʢʝʡʽʥ ʙʠʪ-

ʪʝʨ ʪʽʟʙʝʛʽ ץʘʡʪʘʣʘʥʳʧ ʙʘʩʪʘʡʪʳʥʳ ʪװʩʽʥʽʢʪʽ. פʘʡʪʘʣʘʥʫʜʳש ʘʣʜʳʥʜʘסʳ 

ʘʣʳʥʘʪʳʥ ʪʽʟʙʝʢ ײʟʳʥʜʳסʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽש ʧʝʨʠʦʜʳ ʜʝʧ ʘʪʘʣʘʜʳ.  

ɾʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʽʥ ץʦʣʜʘʥʫʤʝʥ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ ʪᴅʞʽʨʠʙʝʜʝ 

 ʟʝʛʝװʩʳ ʞץʘʧʧʘʨʘʪʫʨʘ ʢᴇʤʝʛʽʤʝʥ ᴇʪʝ ʞʘ ץʣ ʦʣʘʨ ʮʠʬʨʣʳײʦʣʜʘʥʜʳ. ɹץ ץʟʘײ

ʘʩʘʪʳʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ.  

ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽץ שʘʨʘʘʡʳʤ ʪװʨʽ ʢʝʨʽ ʙʘʡʣʘ-

ʥʳʩʳ ʙʘʨ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʨ (ʂɹʉɾʈ) (linear feedback shift 

register ï LFSR).  ɹײʣ ײץʨʳʣסʳʥʳש ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʨʝʛʠʩʪʨʜʽש ʙʘʨʣʳץ (ʥʝ-

ʤʝʩʝ ʢʝʡʙʽʨ) ʙʠʪʪʝʨʽʥʽ2 ש ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʥʜʳʩʳ ʨʝʪʽʥʜʝ ʞװʟʝʛʝ ʘʩʘ-

ʜʳ. ʂʝʨʽ ʙʘʡʣʘʥʳʩץʘ ץʘʪʳʩʘʪʳʥ ʙʠʪʪʝʨ ʦʪʚʦʜʪʳץ ʪʽʟʙʝʢʪʽ ײץʨʘʡʜʳ. ʂʝʨʽ 

ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ʤʦʜʠ-

ʬʠʢʘʮʠʷʣʘʨʳ ʢʨʠʧʪʦʛʨʘʬʠʷʜʘ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ.  
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ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘ-

ʣʳ ʨʝʛʠʩʪʨ ʞײʤʳʩʳ ʪװʩʽʥʽʢʪʽ ʙʦʣʫ 

 ʰʽʥ, 4.3 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥװ

ʙʽʨʽʥʰʽ ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ʨʘʟʨʷʜʪʘʨʜʘʥ 

ʦʪʚʦʜʳ ʙʘʨ 4-ʙʠʪʪʽʢ LFSR 

  .ץʘʨʘʩʪʳʨʘʡʳץ

4.3 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʨʝʛʠ-

ʩʪʨʛʝ 1011 ï ʘʣסʘʰץʳ ʤᴅʥʜʽ ʞʘʟʘ-

ʤʳʟ. ʈʝʛʠʩʪʨʜʽש ʽʰʢʽ ʢװʡʣʝʨ 

ʪʽʟʙʝʛʽʥ ʝʩʝʧʪʝʫ 4.1 ʢʝʩʪʝʜʝ  

4.3 ʩʫʨʝʪ - 4-ʨʘʟʨʷʜʪʳץ ʩʳʟʳץʪʳ 

ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʤʳʩʘʣʳ 

 

ʢᴇʨʩʝʪʽʣʛʝʥ ʢʝʩʪʝ ʢᴇʤʝʛʽʤʝʥ ʳסשʘʡʣʳ. ʂʝʩʪʝʜʝ ʨʝʛʠʩʪʨʜʽש ʙʽʨʽʥʰʽ ʪʦסʳʟ 

ʢװʡʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ᴄʨ ץʘʜʘʤʜʘ ʨʝʛʠʩʨʜʝʛʽ ʙʘʨʣʳץ ʩʘʥʜʘʨ ʦש ʞʘץʘ ʙʽʨ ʨʘʟʨʷʜץʘ ʞʳʣʞʳʡʜʳ. 

ʅᴅʪʠʞʝ ʨʝʪʽʥʜʝ ʙʽʨ ʙʠʪʪʽ ʘʣʫסʘ ʙʦʣʘʜʳ. ʉʦʣ ʞʘץʪʘ ʙʦʩʘסʘʥ ʦʨʳʥסʘ ʢʝʨʽ 

ʙʘʡʣʘʥʳʩ ʬʫʥʢʮʠʷʩʳʥ 41 bbf Ä=
 ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽʥʝ ʪʝש ʙʠʪ ʢʽʨʝʜʽ. 

ʇʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʙʠʪʪʝʨ ʛʝʥʝʨʘʪʦʨʳʥʳש ʰʳסʳʩ ʪʽʟʙʝʛʽʥ ʢʝʩʪʝʥʽש ʩʦסשʳ 

ʙʘסʘʥʳ (ʰʳסʘʪʳʥ ʙʠʪ) ײץʨʘʡʜʳ.  

ʂᴇʣʝʤʽ n ʙʠʪ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ 2n 1 ʢװʡʣʝʨʽʥʽש ʙʽʨʝʫʽʥʜʝ 

ʙʦʣʫ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ ʪʝʦʨʠʷʣʳץ ʪװʨʜʝ ʙײʥʜʘʡ ʨʝʛʠʩʪʨ ʛʝʥʝʨʘʮʠʷʣʘʡ-

ʪʳʥ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʛʽʥʽש ʤʘʢʩʠʤʘʣʜʳ ʧʝʨʠʦʜʳ 2n 1.  

 

4.1 ʢʝʩʪʝ 

 

ʉʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽש ʞײʤʳʩ ʨʝʪʽ 

 

ʂװʡ 

ʥᴇʤʽʨʽ 

ʈʝʛʠʩʪʨʜʽש ʽʰʢʽ ʢװʡʽ 

b4, b3, b2, b1 

ʂʝʨʽ ʙʘʡʣʘʥʳʩ ʬʫʥʢʮʠʷ-

ʩʳʥ ʝʩʝʧʪʝʫ 

ʥᴅʪʠʞʝʩʽ 41 bbf Ä=
 

ʐʳסʘʪʳʥ ʙʠʪ 

(b1) 

0 1 0 1 1 0 1 

1 0 1 0 1 1 1 

2 1 0 1 0 1 0 

3 1 1 0 1 0 1 

4 0 1 1 0 0 0 

5 0 0 1 1 1 1 

6 1 0 0 1 0 1 

7 0 1 0 0 0 0 

8 0 0 1 0 0 0 

 

ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʤʘʢʩʠʤʘʣʜʳ ʧʝʨʠʦ-

ʜʳ ʙʘʨ ʙʠʪʪʝʨ ʮʠʢʣʜʳץ ʪʽʟʙʝʛʽʥ ʪʝʢ ʦʪʚʦʜʪʳץ ʪʽʟʙʝʢ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣסʘʥ 

ʙʠʪʪʝʨʜʽ ʪʘשʜʘʩʘ סʘʥʘ ʛʝʥʝʨʘʮʠʷʣʘʡʜʳ. ʆʪʚʦʜʪʳץ ʪʽʟʙʝʢ ʙʠʪʪʝʨʽ װʰʽʥ 
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-ʪʝʦ ץʤʢʽʥʜʽʛʽʥ ʙʝʨʝʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳװʜʘʫ ʤשʘʞʝʪʪʽ ʨʘʟʨʷʜʪʘʨ ʥᴇʤʽʨʽʥ ʪʘץ

ʨʠʷ ײץʨʳʣסʘʥ [3, 8, 9]. 

ʂʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʜʝʨʝʢʪʝʨ ʘסʳʥʳʥ 

ʰʠʬʨʣʘʫ װʰʽʥ ʞʠʽ ץʦʣʜʘʥʳʣʜʳ ʞᴅʥʝ ʢᴅʟʽʨʛʝ ʜʝʡʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʆʩʳʥʜʘʡ 

ʰʠʬʨʣʘʫ ײץʨʳʣסʳʣʘʨʳʥʜʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽ ʞʦסʘʨʣʘʪʫ װʰʽʥ 

ʙʽʨʥʝʰʝ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʢʦʤʙʠʥʘʮʠʷ-

ʩʳʥ ץʦʣʜʘʥʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʦʩʳʤʰʘ ʘʨʘʣʘʩʪʳʨʫ ʦʧʝʨʘʮʠʷʣʘʨ 

ʝʥʛʽʟʽʣʝʜʽ. ʆʩʳʥʜʘʡ ʵʣʝʢʪʨʦʥʜʳ ʩײʣʙʘʣʘʨ ɽʢʽʥʰʽ ᴅʣʝʤʜʽʢ ʩʦסʳʩ ʘʣʜʳʥʜʘ 

 ʘʥ ʢʝʡʙʽʨסʨʳʣײץ ʳʥʜʘשʩʦ שʘʩʳʨʜʳס ʘʥ. ʍʍסʘʨʳʣסʘʥ ʞᴅʥʝ ʰʳסʩʳʥʳʣײ

ʘסʳʥʜʳ ʰʠʬʨʣʘʨסʘ ץײʩʘʩ ʧʨʠʥʮʠʧʪʝʨ ʩʘʣʳʥסʘʥ, ʤʳʩʘʣʳ, GSM  ʩʪʘʥʜʘʨʪʪʳ 

 ʘʥ ɸ5סʦʣʜʘʥץ ʰʽʥ ɽʫʨʦʧʘʜʘװ ʘʨʥʘʣʘʨʳʥ ʰʠʬʨʣʘʫ ץʷʣʳ ʮʠʬʨʣʳײ

ʘʣʛʦʨʠʪʤʽʥʝ. ʂʝʡʙʽʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʣʘʨ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ 

ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʘסʳʥʜʳ ʰʠʬʨʣʘʨʜʳש 

ʩʝʥʽʤʜʽʣʽʛʽʥʝ ʩʝʥʽʤʩʽʟʜʽʢ ʙʽʣʜʽʨʛʝʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨ ʢᴅʟʽʨʛʽ ʫʘץʳʪץʘ 

ʜʝʡʽʥ ץʦʣʜʘʥʘʪʳʥ ᴅʨʪװʨʣʽ ᴅʩʢʝʨʠ ʞᴅʥʝ ʘʟʘʤʘʪʪʳץ ʙʘʡʣʘʥʳʩ 

 .ʘʥ [32]סʤʳʩ ʽʩʪʝʫ ʥʝʛʽʟʽʥʝ ʦʨʥʘʪʳʣײʞ שʳʣʘʨʳʥʳסʨʳʣײץ

ʉʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʥʝʛʽʟʽʥʜʝ ʇʂʉɻ ʥʝʛʽʟʛʽ ʢʝʤʰʽʣʽʛʽ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫʜʳץ שʳʡʳʥʜʳסʳ. ɾʳʣʞʳʪʫʣʘʨ ʞᴅʥʝ ʙʠʪʪʽʢ 

ʦʧʝʨʘʮʠʷʣʘʨ ʵʣʝʢʪʨʦʥʜʳ ʘʧʧʘʨʘʪʫʨʘʜʘ ʪʝʟ ᴅʨʽ ʦשʘʡ ʦʨʳʥʜʘʣʘʜʳ, 

ʩʦʥʜʳץʪʘʥ ᴅʨʪװʨʣʽ ʤʝʤʣʝʢʝʪʪʝʨʜʝ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʜʞʳʤʘʣʳ 

ʨʝʛʠʩʪʨʣʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨ ʥʝʛʽʟʽʥʜʝ ʘסʳʥʜʳ ʰʠʬʨʣʘʫ װʰʽʥ 

  .ʘʨʳʣʘʜʳסʣʙʘʣʘʨ ʰʳײʳʥʩסʳʣʘʨ ʞᴅʥʝ ʰʘסʨʳʣײץ

 

4.3. ɸנʓʅɼʓ ʐʀʌʈʃɸʈʓʅ ɾɯʂʊɽʋ 

 

ʄʳʩʘʣʳ, ʘסʳʥʜʳ ʰʠʬʨʣʘʨ װʰʽʥ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳ 

ʙʦʡʳʥʰʘ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʘ ʙʽʨ ʙʝʣʛʽʜʝ ץʘʪʝ ʢʝʪʩʽʥ. ɹײʣ 

ʞʘסʜʘʡʜʘ ץʘʪʝʩʽʟ ץʘʙʳʣʜʘʥסʘʥ ʙʘʨʣʳץ ʙʝʣʛʽʣʝʨ ʜײʨʳʩ ʢʝʨʽʰʠʬʨʣʘʥʘʪʳʥʳ 

ʘʡץʳʥ. ʍʘʙʘʨʜʳש ʪʝʢ ʙʽʨ ʙʝʣʛʽʩʽʥ ʞʦסʘʣʪʫ ʙʦʣʘʜʳ. ɸʣ ʝʥʜʽ ʙʘʡʣʘʥʳʩ ʘʨʥʘ-

ʩʳ ʙʦʡʳʥʰʘ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʙʝʣʛʽʣʝʨʽʥʽש ʙʽʨʝʫʽ 

ʞʦסʘʣʩʳʥ ʜʝʡʽʢ. ɹײʣ, ʞʦסʘʣסʘʥ ʙʝʣʛʽʜʝʥ ʢʝʡʽʥ ʙʘʨʣʳץ ʭʘʙʘʨʜʳש ʜײʨʳʩ 

ʝʤʝʩ ʢʝʨʽʰʠʬʨʣʘʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. ɸסʳʥʜʳ ʰʠʬʨʣʘʫ ʞװʡʝʣʝʨʽ װʰʽʥ 

ʙʘʨʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʘʨʥʘʣʘʨʳʥʜʘ ʙᴇʛʝʪʪʝʨ (ʧʦʤʝʭʠ) ʙʦʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʘץʧʘʨʘʪʪʳ ʞʦסʘʣʪʧʘʫ װʰʽʥ ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʫʳʥ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫʳʥ ʩʠʥʭʨʦʥʜʘʫ ʧʨʦʙʣʝʤʘʩʳʥ ʰʝʰʝʜʽ. ɹײʣ ʧʨʦʙʣʝʤʘʥʳ ʰʝʰʫ 

ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ ʩʠʥʭʨʦʥʜʳ ʞװʡʝʣʝʨ ʞᴅʥʝ 

ᴇʟʽʩʠʥʭʨʦʥʜʘʣʘʪʳʥ ʞװʡʝʣʝʨʛʝ ʙᴇʣʝʜʽ.  

 

4.3.1. ʉʠʥʭʨʦʥʜʳ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ 

 

ʉʠʥʭʨʦʥʜʳ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ (ʉɸʐ) ï ʙײʣ ʰʠʬʨʣʘʨʜʘ ʢʽʣʪʪʝʨ ʘסʳʥʳ 

ʘʰʳץ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨסʘ ʪᴅʫʝʣʩʽʟ ʛʝʥʝʨʘʮʠʷʣʘʥʘʜʳ.  
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ʐʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʽʣʪʪʝʨ ʘסʳʥʳʥʳש ʛʝʥʝʨʘʪʦʨʳ ʢʽʣʪʪʝʨ ʘסʳʥʳʥʳש 

ʙʠʪʪʝʨʽʥ ʙʝʨʝʜʽ, ʦʣʘʨ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽ ʢʽʣʪʪʝʨ ʘסʳʥʳʥʳש ʙʠʪʪʝʨʽʥʝ 

ʪʝש. ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʙʝʣʛʽʩʽʥʽש ʞʦסʘʣʫʳ ʦʩʳ ʝʢʽ ʛʝʥʝʨʘʪʦʨʳʥʳש 

ʘʨʘʩʳʥʜʘ ʩʠʥʭʨʦʥʜʘʣʫʳʥʳש ʙײʟʳʣʫʳʥʘ ʞᴅʥʝ ץʘʣסʘʥ ʭʘʙʘʨʜʳ 

ʢʝʨʽʰʠʬʨʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʞʽʙʝʨʫʰʽ 

ʞᴅʥʝ ץʘʙʳʣʜʘʫʰʳ ʞײʤʳʩʪʳ ʞʘʣסʘʩʪʳʨʫ װʰʽʥ ץʘʡʪʘʜʘʥ ʩʠʥʭʨʦʥʜʘʣʫ 

  .ʘʞʝʪץ

ᴄʜʝʪʪʝ ʩʠʥʭʨʦʥʜʘʫ ʞʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨסʘ ʘʨʥʘʡʳ ʤʘʨʢʝʨʣʝʨʜʽ ʝʥʛʽʟʫʤʝʥ 

ʞʘʩʘʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʪװʩʽʧ ץʘʣסʘʥ ʙʝʣʛʽ ʤʘʨʢʝʨʜʽש ʙʽʨʝʫʽ 

  .ʘ ʘʣʳʧ ʢʝʣʝʜʽסʨʳʩ ʝʤʝʩ ʢʝʨʽʰʠʬʨʣʘʫײʘʥʰʘ ʜסʘʙʳʣʜʘʥץ

ʉʠʥʭʨʦʥʜʘʫ ʢʽʣʪ ʘסʳʥʳʥʳש ʙʽʨ ʜʝ ʙʽʨ ʙᴇʣʽʛʽ ץʘʡʪʘʣʘʥʙʘʫ ʰʘʨʪʳʤʝʥ 

ᴇʪʢʽʟʽʣʫ ʢʝʨʝʢ. ʉʦʥʜʳץʪʘʥ ʛʝʥʝʨʘʪʦʨʜʳ ʘʣʜʳʥסʳ ʢװʡʛʝ ʘʫʳʩʪʳʨʫʜʳש 

ʤʘשʳʟʳ ʞʦץ.  

ʉɸʐ ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ:  

 ʨʳʩ ʝʤʝʩײʘʪʝʩʽ ʙʘʨ ʙʠʪ ʜץ ʘʪʝʣʝʨʜʽ ʪʘʨʘʪʫ ʙʦʣʤʘʫ (ʪʝʢץ -

ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ);  

- ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ ʢʝʟ ʢʝʣʛʝʥ ʝʥʜʽʨʫ ʤʝʥ ʞʦʶʜʘʥ ץʦʨסʘʡʜʳ, ʦʣʘʨ 

ʩʠʥʭʨʦʥʜʘʫʜʳש ʞʦסʘʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ ʞᴅʥʝ ʢᴇʨʽʥʽʧ ץʘʣʘʜʳ.  

ʉɸʐ ʢʝʤʰʽʣʽʢʪʝʨʽ: ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʙᴇʣʝʢ ʙʠʪʪʝʨʽʥ ᴇʟʛʝʨʪʫʽʥʝ 

 ʭʘʙʘʨ ʙʝʣʛʽʣʽ ʙʦʣʩʘ, ʦʣ ʙʠʪʪʝʨʜʽ ץʘ ʘʰʳסʦʡץʘʩץ ʨʘ ʘʣʤʘʡʜʳ. ɽʛʝʨײʘʨʩʳ ʪץ

ᴇʟʽʥʝ ʢʝʨʝʢ ʪװʨʜʝ ʢʝʨʽʰʠʬʨʣʘʥʘʪʳʥʜʘʡ ץʳʣʳʧ ᴇʟʛʝʨʪʫ ʤװʤʢʽʥ.  

 

4.3.2. ᴆʟʽʩʠʥʭʨʦʥʜʘʣʘʪʳʥ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ 

 

ᴆʟʽʩʠʥʭʨʦʥʜʘʣʘʪʳʥ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ (ʘʩʠʥʭʨʦʥʜʳ ʘסʳʥʜʳ ʰʠʬʨʣʘʨ 

(ɸɸʐ)) ï ʙײʣ ʰʠʬʨʣʘʨʜʘ ʢʽʣʪ ʘסʳʥʳ ʢʽʣʪ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש 

ʙʝʣʛʽʣʝʥʛʝʥ ʪʽʨʢʝʣʛʝʥ ʩʘʥʳ ʬʫʥʢʮʠʷʩʳʤʝʥ  ײץʨʳʣʘʜʳ.  

ʉʦʥʳʤʝʥ, ʢʽʣʪ ʘסʳʥʳ ʛʝʥʝʨʘʪʦʨʳʥʳש ʽʰʢʽ ʢװʡʽ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש 

ʘʣʜʳʥסʳ n ʙʠʪ ʬʫʥʢʮʠʷʩʳ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ  n ʙʠʪʪʽ ץʘʙʳʣʜʘʧ, 

ʢʝʨʽʰʠʬʨʣʘʫʜʳ ʦʨʳʥʜʘʡʪʳʥ ʢʽʣʪʪʝʨ ʘסʳʥʳ ʛʝʥʝʨʘʪʦʨʳ ʰʠʬʨʣʘʫʜʳ ʦʨʳʥ-

ʜʘʡʪʳʥ ʢʽʣʪʪʝʨ ʘסʳʥʳ ʛʝʥʝʨʘʪʦʨʳʤʝʥ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʩʠʥʭʨʦʥʜʘʣʘʜʳ.  

ɹײʣ ʨʝʞʠʤʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʢʝʣʝʩʽ ʨʝʪʧʝʥ ʞʘʩʘʣʘʜʳ: ᴅʨ ʭʘʙʘʨ n ʙʠʪ 

-ʘʪʘʫʤʝʥ (ʟʘʛʦʣʦʚʦʢ) ʙʘʩʪʘʣʘʜʳ; ʘʪʘʫ ʰʠʬʨʣʘʥʘ ץʳ ʙʘʨ ʢʝʟʜʝʡʩʦסʟʳʥʜʳײ

ʜʳ, ʞʽʙʝʨʽʣʝʜʽ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ; ʢʝʨʽʰʠʬʨʣʘʫ ʜײʨʳʩ ʝʤʝʩ ʙʦʣʘʜʳ, 

ʙʽʨʘץ ʩʦʜʘʥ ʢʝʡʽʥ ʝʢʽ ʛʝʥʝʨʘʪʦʨ ʜʘ ʩʠʥʭʨʦʥʜʘʣסʘʥ ʙʦʣʘʜʳ.  

ɸɸʐ ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ʘʰʳץ ʭʘʙʘʨʜʳש ʩʪʘʪʠʩʪʠʢʘʩʳʥ ʘʨʘʣʘʩʪʳʨʫ 

ʙʦʣʘʜʳ. ɸʰʳץ ʭʘʙʘʨʜʳש ᴅʨ ʙʝʣʛʽʩʽ ʢʝʣʝʩʽ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨסʘ ᴅʩʝʨ 

ʝʪʢʝʥʜʽʢʪʝʥ, ʘʰʳץ ʭʘʙʘʨʜʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ʙʘʨʣʳץ 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨסʘ ʪʘʨʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, ɸɸʐ ʉɸʐ-ץʘ ץʘʨʘסʘʥʜʘ ʘʰʳץ 

ʤᴅʪʽʥ ʘʨʪʳץʪʳסʳ ʥʝʛʽʟʽʥʜʝʛʽ ʰʘʙʫʳʣʜʘʨסʘ ʙʝʨʽʢʪʽʨʝʢ ʙʦʣʘʜʳ.  

ɸɸʐ ʢʝʤʰʽʣʽʢʪʝʨʽ: 

-ʭʘ ץʨʳʩ ʝʤʝʩ ʙʠʪʽʥʝ ʘʰʳײᴅʨ ʜ שʘʥ ʭʘʙʘʨʜʳסʘʪʝ ʪʘʨʘʣʘʫʳ (ʰʠʬʨʣʘʥץ -

ʙʘʨʜʘ n ʙʠʪ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ); 
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 .ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳסʘʡʪʘ ʞʽʙʝʨʫʤʝʥ ʘʰʫץ -

 

4.4. A5 ɸנʓʅɼʓ ʐʀʌʈ 

 

4.4.1. A5 ʘסʳʥʜʳ ʰʠʬʨʳʥ ײץʨʫ ʪʘʨʠʭʳ 

 

ɸ5 ʜʝʛʝʥ GSM (Group Special Mobile) ʝʫʨʦʧʘʣʳץ ʤʦʙʠʣʴʜʳ ʮʠʬʨʣʳץ 

ʙʘʡʣʘʥʳʩʳʥʜʘ ʪʝʣʝʬʦʥ ʞᴅʥʝ ʙʘʟʘʣʳץ ʙʝʢʝʪ ʘʨʘʩʳʥʜʘ ʞʽʙʝʨʽʣʝʪʽʥ 

ʜʝʨʝʢʪʝʨʽʥʽש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ץʦʣʜʘʥʘʪʳʥ ʘסʳʥʜʳ 

ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ.  

ʐʠʬʨ ʰʠʬʨʣʘʥʘʪʳʥ ʘץʧʘʨʘʪʪʳ ʞᴅʥʝ ʛʝʥʝʨʘʮʠʷʣʘʥʘʪʳʥ 

ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʢʪʽ ʙʠʪʪʝʨ ʙʦʡʳʥʰʘ 2 ʤʦʜʫʣʽʤʝʥ (xor ʙʫʣʴ ʦʧʝʨʘʮʠʷ-

ʩʳ) ץʦʩʫʜʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɸ5 ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʢ װʰ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ 

ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʈʝʛʠʩʪʨʣʝʨʜʽש ʨʘʟʨʷʜʪʘʨ ʩʘʥʳ (ײʟʳʥʜʳסʳ)  19, 22 ʞᴅʥʝ 23 ʙʠʪ ʩᴅʡʢʝʩ. ᴄʨ 

-ʡʳʤʜʘʩʪʳʨʘʪʳʥ ʘʨײ ʞʳʣʞʳʫʳʥ שʘʜʘʤ ʩʘʡʳʥ ʢʝʤ ʜʝʛʝʥʜʝ ʝʢʽ ʨʝʛʠʩʪʨʜʽץ

ʥʘʡʳ ʩײʣʙʘ ʙʘʩץʘʨʘʜʳ. ɹײʣ ʦʣ ʪʽʟʙʝʢʪʝʨ ʤʘʟʤײʥʳʥ ʪʝשᴇʣʰʝʤʜʽ ʝʤʝʩ ʞʳʣ-

ʞʳʫʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. ʊʽʟʙʝʢ ʨʝʛʠʩʪʨʣʝʨʜʽש ʰʳסʳʩ ʙʠʪʪʝʨʽʥʝ xor ʦʧʝʨʘʮʠʷʥʳ 

  .ʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳץ ʦʣʜʘʥʫʤʝʥץ

ɸʣʜʳʥʜʘ ʬʨʘʥʮʫʟʜʳץ ᴅʩʢʝʨʽ ʢʨʠʧʪʦʛʨʘʬ-ʤʘʤʘʥʜʘʨʳ ʘסʳʥʜʳ ʰʠʬʨʜʳ 

ʪʝʢ ᴅʩʢʝʨʽ ʤʘץʩʘʪʪʘʨʳʥʜʘ ץʦʣʜʘʥʫ װʰʽʥ ײץʨʜʳ. ʍʍ סʘʩʳʨʜʳ80 ש-ʰʽ 

ʞʳʣʜʘʨʳʥʳש ʘʷסʳʥʜʘ GSM  ʩʪʘʥʜʘʨʪʳ װʰʽʥ ʞʘשʘ, ʟʘʤʘʥʘʫʠ ץʘʫʽʧʩʽʟʜʽʢ 

ʞװʡʝʩʽʥ ײץʨʫ ʪʘʣʘʧ ʝʪʽʣʜʽ. ʆʥʳש ʥʝʛʽʟʽʥʝ װʰ ײץʧʠʷ ʘʣʛʦʨʠʪʤ ʞʘʪʪʳ: ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʷ  A3; ʘסʳʥʜʳ ʰʠʬʨʣʘʫ  A5, ʩʝʘʥʩ ʢʽʣʪʽʥ ʛʝʥʝʨʘʮʠʷʣʘʫ  ɸ8. 

A5 ʘʣʛʦʨʠʪʤ ʨʝʪʽʥʜʝ ʬʨʘʥʮʫʟʜʳץ ʞװʟʝʛʝ ʘʩʳʨʳʣʳʫ ץʘʙʳʣʜʘʥʜʳ. ɹײʣ 

ʰʠʬʨ ʘסʳʥʥʳץ שʦʨסʘʣסʘʥʜʳסʳʥ ʞʝʪʢʽʣʽʢʪʽ ʞʘץʩʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ, ʦʣ ʜʝ-

ʛʝʥ ʩᴇʡʣʝʩʫʜʽש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ɸʣʜʳʥʜʘ ɽʫʨʦʧʘʜʘʥ 

ʩʪʘʥʜʘʨʪʪʳ ʵʢʩʧʦʨʪʪʘʫ ʦʡʜʘ ʙʦʣʤʘסʘʥ, ʙʽʨʘץ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʦʜʘ ץʘʞʝʪʪʽʣʽʢ 

ʪʫʳʥʜʘʜʳ. ʉʦʥʜʳץʪʘʥ, A5 ʘʪʳʥ ɸ5/1 ʘʫʳʩʪʳʨʜʳ ʞᴅʥʝ ɽʫʨʦʧʘ ʞᴅʥʝ ɸפʐ 

ʪʘʨʘʪʫ ʙʘʩʪʘʣʜʳ. ɹʘʩץʘ ʤʝʤʣʝʢʝʪʪʝʨ װʰʽʥ ʘʣʛʦʨʠʪʤ ᴇʟʛʝʨʪʽʣʜʽ, ʦʥʳש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʪʽ. ɸ5/2 ɽʫʨʦʧʘʣʳץ ʦʜʘץץʘ 

ʢʽʨʤʝʡʪʽʥ ʤʝʤʣʝʢʝʪʪʝʨ װʰʽʥ ʵʢʩʧʦʨʪʪʳ ʥײʩץʘ ʨʝʪʽʥʜʝ ʘʨʥʘʡʳ ײץʨʳʣסʘʥ.  

ɸ5/0 ʰʠʬʨʣʘʫ ʤװʣʜʝʤ ʞʦץ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʂʘʩʫʤʠ ʘʣʛʦʨʠʪʤʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ɸ5/3 ʘʣʛʦʨʠʪʤ ײץʨʳʣסʘʥ ʞᴅʥʝ 3G  ʞʝʣʽʩʽʥʜʝ ץʦʣʜʘʥʫסʘ 

ʙʝʢʽʪʽʣʛʝʥ. ɹײʣ ᴇʟʛʝʨʪʫʣʝʨʜʽ A5/x ʜʝʧ ʙʝʣʛʽʣʝʡʜʽ. 

ʈʝʩʤʽ ʪװʨʜʝ ʙʝʨʽʣʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩײʣʙʘ ʞʘʨʠʷʣʘʥʳʤסʘ ʰʳץʧʘסʘʥ 

ʞᴅʥʝ ʦʥʳײץ שʨʳʣʳʤʳ ʞʘʨʠʷʣʳץץʘ ʰʳסʘʨʳʣʤʘסʘʥ. ɹײʣ ײץʨʫʰʳʣʘʨ 

ʙʝʣʛʽʩʽʟʜʽʢ ʝʩʝʙʽʥʜʝ ץʘʫʽʧʩʽʟʜʽʢʢʝ ʩװʡʝʥʛʝʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʷסʥʠ ʝʛʝʨ ʘʣʛʦ-

ʨʠʪʤʜʝʨ ʞʘʨʠʷʣʳץץʘ ʰʳץʧʘʩʘ ʦʣʘʨʜʳ ʙײʟʫ ץʳʡʳʥ. ɼʝʨʝʢʪʝʨ GSM  ʦʧʝʨʘ-

ʪʦʨʣʘʨʳʥʘ ʪʝʢ ץʘʞʝʪʪʽʣʽʢ ʙʦʣסʘʥʜʘ סʘʥʘ ʙʝʨʽʣʜʽ. ʆʩʳסʘʥ ץʘʨʘʤʘʩʪʘʥ, 1994 

ʞʳʣסʘ ɸ5 ʘʣʛʦʨʠʪʤʽʥʽש ʙʘʨʣʳץ ʜʝʪʘʣʴʜʘʨʳ ʙʝʣʛʽʣʽ ʙʦʣʜʳ: ʙʨʠʪʘʥʜʳץ 

ʪʝʣʝʬʦʥʜʳץ ʢʦʤʧʘʥʠʷ (British Telecom) ʩʪʘʥʜʘʨʪץʘ ʪʠʝʩʽʣʽ ʙʘʨʣʳץ 

-ʫʥʠʚʝʨʩʠ ץʧʘʨʘʪʪʳ ʞʘʨʠʷʣʘʤʘʫ ʢʝʣʽʤʽʩʽ ʩʽʟ ɹʨʵʜʬʦʨʜʪʳץʞʘʪʪʘʤʘʥʳ ʘײץ
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ʪʝʪʢʝ ʪʘʣʜʘʫ װʰʽʥ ʙʝʨʜʽ. ʆʩʳסʘʥ ץʦʩʘ, ʩʪʘʥʜʘʨʪ ʪʫʨʘʣʳ ʤʘʪʝʨʠʘʣʜʘʨ 

 שʙʽʨ ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ, ʦʥʳ שʳʪʘʡʜʳפ

ʩײʣʙʘʩʳ ʙʽʨʪʝ-ʙʽʨʪʝ ʢʝש ʰʝשʙʝʨʛʝ ʪʘʨʘʣʜʳ. ʉʦʣ ʞʳʣʳ ʢʝʤʙʨʠʜʞʜʽʢ 

 ʘʣʳʤʜʘʨ ʈʦʩʩ ɸʥʜʝʨʩʦʥ (Ross Anderson) ʞᴅʥʝ ʄʘʡʢʣ ʈʦʝ (Michael Roe)ס

ʩʦʣ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩײʣʙʘʥʳ 

ʞʘʨʠʷʣʘʧ, ʦʥʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽʥʝ ʙʘסʘ ʙʝʨʜʽ. ɸץʳʨʳ ʘʣʛʦ-

ʨʠʪʤ ʁʦʚʘʥ ɻʦʣʠʯ ʞײʤʳʩʳʥʜʘ Eurocryptô97 ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʜʘ ײʩʳʥʳʣʜʳ 

[3, 7]. 

 

4.4.2. A5 ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʘסʳʥʜʳ ʰʠʬʨʣʘʫ 

 

ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ A5 ʘʣʛʦʨʠʪʤʽ ï ʰʠʬʨʣʘʨʜʳש ʪײʪʘʩ ʪץײʳʤʜʘʩʳ. 

 .ʙʘʩʳ ʨʝʪʽʥʜʝ ʘʣʘʤʳʟ שʳʤʥʳץײʰʽʥ ɸ5/1 (4.4 ʩʫʨʝʪ) ʦʩʳ ʪװ ʘʨʘʩʪʳʨʫפ

ɸʣʛʦʨʠʪʤʥʽש ʙʘʩץʘ ʥײʩץʘʣʘʨʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʙᴇʣʝʢ ʢᴇʨʩʝʪʝʤʽʟ.  

 

 
 

4.4 ʩʫʨʝʪ - ɸ5/1 ʘסʳʥʜʳ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ײץʨʫ ʧʨʠʥʮʠʧʽ 

 

A5/1 ɸʫץʳʤʜʳ ʤʦʙʠʣʴʜʽ ʙʘʡʣʘʥʳʩ ʞװʡʝʩʽʥʜʝ (GSM) ץʦʣʜʘʥʳʣʘʜʳ. 

GSM ʪʝʣʝʬʦʥʜʳץ ʙʘʡʣʘʥʳʩ 228 ʙʠʪʢʝ ʢʘʜʨʣʘʨ ʪʽʟʙʝʛʽ ʨʝʪʽʥʜʝ ʞװʟʝʛʝ ʘʩʳ-

ʨʳʣʘʜʳ, ᴅʨ ʢʘʜʨ ʢʘʜʨ  4,6 ʤʠʣʣʠʩʝʢʫʥʜ. A5/1 64 ʙʠʪʪʽʢ ʢʽʣʪʢʝ ʥʝʛʽʟʜʝʣʽʧ 

ʙʠʪ ʘסʳʥʳʥ ײץʨʘʜʳ. ʈʘʟʨʷʜʪʳ ʘסʳʥʜʘʨ 228 ʙʠʪ ʙʦʡʳʥʰʘ ʙʫʬʝʨʣʝʨʛʝ ʞʠ-

ʥʘʣʘʜʳ, ʦʣʘʨʜʳ 4.4 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ 228 ʙʠʪʪʽʢ ʢʘʜʨʤʝʥ 2 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ץʦʩʫ װʰʽʥ.   

4.4 ʩʫʨʝʪʽʥʜʝ ʝʢʽ ʞʘץʘ ץʘʨʘסʘʥ ʪʽʣʜʝʨ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʘʰʳץ ʜʝʨʝʢʪʝʨ 

 ʦʩʫʜʘʥ ʢʝʡʽʥץ ʳʥʳʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘסʘʙʳʣʜʘʥʘʪʳʥʳʥ, ʘʣ ʢʽʣʪ ʘץ

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʰʳסʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ; ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʘʜʳ, ʘʣ ʢʽʣʪ ʘסʳʥʳ ʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

  .ʘʜʳסʜʝʨʝʢʪʝʨ ʰʳ ץʦʩʫʜʘʥ ʢʝʡʽʥ ʘʰʳץ

ɹײʣ ʘʣʛʦʨʠʪʤʜʝ ᴅʨ ʘʰʳץ ʢʽʣʪ ʩʠʤʚʦʣʳʥʘ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʩʠʤʚʦʣʳ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʍʘʙʘʨ ʙʣʦʢʪʘʨסʘ ʙᴇʣʽʥʙʝʡʜʽ (ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽʜʝʡ) 

ʞᴅʥʝ ʢᴇʣʝʤʽ ᴇʟʛʝʨʤʝʡʜʽ. ɸʧʧʘʨʘʪʪʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ʞʝשʽʣʜʝʪʫ װʰʽʥ, ʩʦ-

ʥʳʤʝʥ ץʘʪʘʨ ʞʳʣʜʘʤʜʳסʳʥ ʞʦסʘʨʣʘʪʫ װʰʽʥ ʪʝʢ ץʘʨʘʧʘʡʳʤ ʦʧʝʨʘʮʠʷʣʘʨ 
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ʦʨʳʥʜʘʣʘʜʳ: 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ  (xor)  ʞᴅʥʝ ʨʝʛʠʩʪʨ ʙʠʪʪʝʨʽʥ ʞʳʣ-

ʞʳʪʫ.  

ʐʳסʳʩ ʪʽʟʙʝʢʪʽ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʣסʘʰץʳ ʭʘʙʘʨ ʘסʳʥʳʥ ʛʝʥʝʨʘʮʠʷʣʘʥʘ-

ʪʳʥ ʪʽʟʙʝʢʧʝʥ (ʛʘʤʤʘʤʝʥ) ץʦʩʫ ʞʦʣʳʤʝʥ ᴇʪʝʜʽ. ʍor ʦʧʝʨʘʮʠʷʥʳש 

ʝʨʝʢʰʝʣʽʛʽ ʢʝʣʝʩʽʜʝ: ʝʛʝʨ ʦʥʳ ʞײʧ ʩʘסשʘ ʪʝש ʨʝʪ ץʦʣʜʘʥʩʘ, ʦʣ ʘʣסʘʰץʳ 

ʤᴅʥʛʝ ʘʣʳʧ ʢʝʣʝʜʽ. ʆʩʳʜʘʥ, ʢʝʨʽʰʠʬʨʣʘʫ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ ʙʝʣʛʽʣʽ 

ʪʽʟʙʝʢʧʝʥ (ʛʘʤʤʘʤʝʥ) ץʦʩʫ ʞʦʣʳʤʝʥ ᴇʪʝʜʽ.  

ʉʦʥʳʤʝʥ, A5 ʰʠʬʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʽʟʙʝʢ ץʘʩʠʝʪʪʝʨʽʥʝʥ ʪʦʣʳץ ʪᴅʫʝʣʜʽ.  

ʀʜʝʘʣʜʳ ʞʘסʜʘʡʜʘ ʛʘʤʤʘʥʳש ᴅʨ ʙʠʪʳ ï ʪᴅʫʝʣʩʽʟ ʢʝʟʜʝʡʩʦץ ʰʘʤʘ, ʘʣ 

ʪʽʟʙʝʢʪʽש ᴇʟʽ ʢʝʟʜʝʡʩʦץ ʙʦʣʘʜʳ. ʆʩʳʥʜʘʡ ʩײʣʙʘʥʳ 1917 ʞʳʣʳ ɺʝʨʥʘʤ ʦʡ-

ʣʘʧ ʪʘʧʪʳ ʞᴅʥʝ ʩʦʥʳש ʘʪʳʤʝʥ ʘʪʘʣʜʳ. 1949 ʞʳʣʳ ʂʣʦʜ ʐʝʥʥʦʥ 

ʜᴅʣʝʣʜʝʛʝʥʜʝʡ ʙײʣ ʘʙʩʦʣʶʪʪʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ɹʽʨʘץ ʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʢʪʽ ץʦʣʜʘʥʫ ʦʥʳש ʢᴇʣʝʤʽ ʘʰʳץ ʤᴅʪʽʥʛʝ ʪʝש ʙʦ-

ʣʘʪʳʥʳʥ ʞᴅʥʝ ץʦʨסʘʣסʘʥ ʘʨʥʘʤʝʥ ʞʽʙʝʨʫ ʢʝʨʝʢʪʽʛʽʥ ʙʽʣʜʽʨʝʜʽ, ʦʣ ʜʝʛʝʥ 

ʝʩʝʧʪʽ ץʘʪʪʳ ץʳʡʳʥʜʘʪʘʜʳ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʪװʨʜʝ ʝʰ ʞʝʨʜʝ 

  .ʦʣʜʘʥʳʣʤʘʡʜʳץ

ʈʝʘʣʜʳ ʞװʡʝʣʝʨʜʝ ʙʝʨʽʣʛʝʥ ᴇʣʰʝʤʜʽ ʢʽʣʪ ײץʨʳʣʘʜʳ, ʦʣ ץʳʡʳʥʜʳץʩʳʟ 

ʞʘʙʳץ ʘʨʥʘʤʝʥ ʞʽʙʝʨʽʣʝʜʽ. ʆʥʳש ʥʝʛʽʟʽʥʜʝ ʪʽʟʙʝʢ ʛʝʥʝʨʘʮʠʷʣʘʥʘʜʳ ʞᴅʥʝ 

ʦʣ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʙʦʣʘʜʳ. ɸסʳʥʜʳ ʰʠʬʨʣʘʨʜʳװ שʣʢʝʥ ʢʣʘʩʳʥ (ʩʦʥʳש 

ʽʰʽʥʜʝ A5) ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʢ ʛʝʥʝʨʘʪʦʨʳ ʩʳʟʳץʪʳ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ 

ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʜʝ (LFSR) ʥʝʛʽʟʜʝʣʛʝʥ ʰʠʬʨʣʘʨ ײץʨʘʜʳ.  

LFSR ʨʝʛʠʩʪʨʜʝʥ (ʙʝʨʽʣʛʝʥ ײʟʳʥʜʳסʳʤʝʥ ʙʠʪʪʝʨ ʪʽʟʙʝʛʽ) ʞᴅʥʝ ʢʝʨʽ ʙʘʡ-

ʣʘʥʳʩʳʥʘʥ ʪײʨʘʜʳ (4.5 ʩʫʨʝʪ).  

 

 
 

4.5 ʩʫʨʝʪ ï ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳש ʢᴇʧʤװʰʝʩʽʤʝʥ ʭ32+ʭ29+ʭ25+ʭ5+1 LFSR 

 

ᴄʨ ʪʘʢʪʘ ʢʝʣʝʩʽ ᴅʨʝʢʝʪʪʝʨ ᴇʪʢʽʟʽʣʝʜʽ: ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ ʙʠʪ (ʞʦסʘʨסʳ 

ʙʠʪ) ʘʣʳʥʘʜʳ, ʨʝʛʠʩʪʨʜʝʛʽ ʪʽʟʙʝʢ ʩʦʣ ʞʘץʘ ʞʳʣʞʳʡʜʳ ʞᴅʥʝ ʙʦʩʘסʘʥ ʦש 

ʞʘץʪʘסʳ ײʷʰʳץץʘ (ʢʽʰʽ ʙʠʪ) ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʬʫʥʢʮʠʷʥʳש ʥᴅʪʠʞʝʩʽ ʞʘʟʳʣʘ-

ʜʳ. ɹײʣ ʬʫʥʢʮʠʷ ʨʝʛʠʩʪʨʣʝʨʜʽש ʘʥʳץʪʘʣסʘʥ ʙʠʪʪʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

 ʰʝ ʨʝʪʽʥʜʝ ʞʘʟʳʣʘʜʳ, ʜᴅʨʝʞʝ ʙʠʪ ʥᴇʤʽʨʽʥװʦʩʫ ʙʦʣʘʜʳ ʞᴅʥʝ ʦʣ ʢᴇʧʤץ

ʢᴇʨʩʝʪʝʜʽ. ɸʣʳʥסʘʥ ʙʠʪʪʝʨ ʰʳסʳʩ ʪʽʟʙʝʢʪʽ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ.  

LFSR װʰʽʥ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʪʽʟʙʝʛʽʥʽש ʧʝʨʠʦʜʳ. ɽʛʝʨ 

ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʬʫʥʢʮʠʷʩʳʥʳש ʢᴇʧʤװʰʝʩʽ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʘʨʘʧʘʡʳʤ 

ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʤʘʢʩʠʤʘʣʜʳ ʙʦʣʘʜʳ (ʞᴅʥʝ 2nī1 ʪʝש). ɹײʣ ʞʘסʜʘʡʜʘ ʰʳסʳʩ 

ʪʽʟʙʝʛʽ ʄ-ʪʽʟʙʝʛʽ ʜʝʧ ʘʪʘʣʘʜʳ (ʤʘʢʩʠʤʘʣʜʳ ʤװʤʢʽʥʜʽ ץʘʡʪʘʣʘʥʙʘʡʪʳʥ 

 .(ʪʳ ʪʽʟʙʝʢץʟʳʥʜʳײ
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ʂɹʉɾʈ  ᴇʟʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ʦשʘʡ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ ʰʠʬʨʣʘʫʜʘ 

 ʦʣʜʘʥʫʜʘ ʘʡʥʤrʘʣʳץ ʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʩʝʥʽʤʜʽ ʝʤʝʩ. ʊᴅʞʽʨʠʙʝʣʽʢװ ʦʣʜʘʥʫץ

ʪʘʢʪʽʣʝʫ ʨʝʛʠʩʪʨʣʝʨ ʞװʡʝʣʝʨʽ, ʦʣʘʨʜʘ ᴅʨ ʪװʨʣʽ ײʟʳʥʜʳץʪʘʨʳ ʞᴅʥʝ ʢʝʨʽ ʙʘʡ-

ʣʘʥʳʩ ʬʫʥʢʮʠʷʣʘʨʳ ʙʘʨ.  

ɸ5 ʘסʳʥʜʳ ʰʠʬʨ ʩײʣʙʘʩʳʥʘ ʢʽʨʝʜʽ (4.6 ʩʫʨʝʪ): 

- 19, 22 ʞᴅʥʝ 23 ʨʘʟʨʷʜ ײʟʳʥʜʳץʪʘʨʳ ʙʘʨ װʰ ʨʝʛʠʩʪʨ, ʦʣʘʨ װʰʽʥ ʢʝʨʽ 

ʙʘʡʣʘʥʳʩ ʢᴇʧʤװʰʝʣʝʨʽ: 

- R1 װʰʽʥ  x19 + x18 + x17 + x14 + 1; 

- R2 װʰʽʥ  x22 + x21 + 1; 

- R3 װʰʽʥ  x23 + x22 + x21 + x8 + 1; 

- ʪʘʢʪʽʣʝʫʜʽ ʙʘʩץʘʨʫ ʩײʣʙʘʩʳ. 

 

 
 

4.6 ʩʫʨʝʪ - ɸ5/1 ʘʣʛʦʨʠʪʤʽʥʜʝ ʨʝʛʠʩʪʨ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

 

ʊʘʢʪʽʣʝʫʜʽ ʙʘʩץʘʨʫ װʰʽʥ ᴅʨ ʨʝʛʠʩʪʨʜʝ ʩʠʥʭʨʦʥʜʘʫ ʙʠʪʪʝʨʽ ʙʘʨ: 8 (R1), 

10 (R2), 10 (R3). ʆʩʳ ʙʠʪʪʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʢʝʣʝʩʽ ʬʫʥʢʮʠʷ ʝʩʝʧʪʝʣʝʜʽ: 

 

f = x & y | x & z | y & z, 

 

ʙײʣ ʞʝʨʜʝ &  ʙʫʣʜʽʢ and; |  ʙʫʣʜʽʢ or; x, y ʞᴅʥʝ z  R1, R2 ʞᴅʥʝ R3 ʩʠʥ-

ʭʨʦʥʜʘʫ ʙʠʪʪʝʨʽ. 

ʌʫʥʢʮʠʷ f  ʝʩʝʧʪʝʛʝʥʥʝʥ ʢʝʡʽʥ ʪʝʢ ʩʠʥʭʨʦʥʜʘʫ ʙʠʪʳ f  ʪʝש 

ʨʝʛʠʩʪʨʣʝʨʜʽס שʘʥʘ ʨʘʟʨʷʜʪʘʨʳ ʞʳʣʞʳʡʜʳ. ʐʳʥʳʥʜʘ, ʩʠʥʭʨʦʙʠʪʪʝʨʽ 

ʢᴇʙʽʩʽʥʝ ʞʘʪʘʪʳʥ ʨʝʛʠʩʪʨʣʝʨʜʽס שʘʥʘ ʙʠʪʪʝʨʽ ʞʳʣʞʳʡʜʳ.  

ɾװʡʝʥʽש ʰʳסʳʩ ʙʠʪʳ ʨʝʛʠʩʪʨʣʝʨʜʽש ʰʳסʳʩ ʙʠʪʪʝʨʽʥʝ xor ʦʧʝʨʘʮʠʷʥʳש 

ʥᴅʪʠʞʝʩʽ.  
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ɹʝʣʛʽʣʽ ʩײʣʙʘ ʥʝʛʽʟʽʥʜʝ (4.6 ʩʫʨʝʪ) ʘʣʛʦʨʠʪʤ ʞײʤʳʩʳʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ɼʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ײץʨʳʣʳʤʜʘʩʪʳʨʳʣסʘʥ 

ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʘʜʳ ï ʢʘʜʨʣʘʨסʘ ʙᴇʣʫʤʝʥ (114 ʙʠʪ). ʀʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫʜʳש 

ʘʣʜʳʥʜʘ ʨʝʛʠʩʪʨʣʝʨ ʥᴇʣʜʝʥʝʜʽ, ʘʣʛʦʨʠʪʤ ʢʽʨʽʩʽʥʝ ʢʝʣʝʜʽ: ɸ8 ʘʣʛʦʨʠʪʤʽʤʝʥ 

 .ʘʥ ʩʝʘʥʩ ʢʽʣʪʽ (K  64 ʙʠʪ) ʞᴅʥʝ ʢʘʜʨ ʥᴇʤʽʨʽ (Fn  22 ʙʠʪ)סʘʣʳʧʪʘʩʪʳʨʳʣץ

ɸʨʳ ץʘʨʘʡ  ʢʝʣʝʩʽ ᴅʨʝʢʝʪʪʝʨ ʨʝʪʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ: ʰʠʬʨʣʘʫ ʥʝʤʝʩʝ 

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ ʙʽʨʙʠʪʪʽʢ ʰʳסʳʩ ʪʘʢʪʽʣʽʢ ʠʤʧʫʣʴʩʪʘʨʤʝʥ 

228 ʙʠʪʪʽʢ ʙʫʬʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ.   

ʀʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ. ʀʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ ʰʠʬʨʣʘʫ ʥʝʤʝʩʝ 

ʢʝʨʽʰʠʬʨʣʘʫʜʳש ᴅʨ ʢʘʜʳʨʳʥʘ ʦʨʳʥʜʘʣʘʜʳ, 64 ʙʠʪʪʽʢ ʢʽʣʪ ʞᴅʥʝ ʩᴅʡʢʝʩ 

ʢʘʜʨ ʥᴇʤʽʨʽʥʽ22 ש ʙʠʪʽ ץʦʣʜʘʥʘʜʳ. ʀʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ 

  :ʘʜʘʤʜʘʨ ʦʨʳʥʜʘʣʘʜʳץ

1. ɸʣʜʳʤʝʥ װʰ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʽʥʽש ʙʘʨʣʳץ ʙʠʪʪʝʨʽʥʝ 

0 ʞʘʟʳʣʘʜʳ (ʥᴇʣʜʝʥʝʜʽ).  

2. 64 ʙʠʪʪʽʢ ʢʽʣʪ ʨʝʛʠʩʪʨ ʤᴅʥʽʤʝʥ ʢʝʣʝʩʽ ʧʩʝʚʜʦʢʦʜץʘ ʩᴅʡʢʝʩ ʘʨʘʣʘʩʪʳ-

ʨʳʣʘʜʳ (ᴅʨ ʩʳʟʳץʪʳ ʨʝʛʠʩʪʨ ʙʽʨ ץʘʜʘʤסʘ ʞʳʣʞʳʡʜʳ, ʷסʥʠ ʩʠʥʭʨʦʥʜʘʫ 

 :(ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽץ

 

 for (i = 0 to 63) 

 {  

  K[i] ʢʽʣʪʽʥ ʙʘʨʣʳװ ץʰ ʨʝʛʠʩʪʨʽʥʽש ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ  

  ʙʠʪʪʝʨʽʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ. 

  ɹʘʨʣʳװ ץʰ ʩʳʟʳץʪʳ ʞʳʣʞʫ ʨʝʛʠʩʪʨʣʝʨʽʥ ʩʠʥʭʨʦʥʜʘʫʳ 

 }  

 

3. ɸʣʜʳʥסʳ ʧʨʦʮʝʩʩʪʽ ץʘʡʪʘʣʘʫ, ʙʽʨʘץ ʧʩʝʚʜʦʢʦʜץʘ ʩᴅʡʢʝʩ 22-ʙʠʪʪʽʢ 

ʢʘʜʨʜʳ ץʦʣʜʘʥʫ: 

 

 for (i = 0 to 21) 

 {  

 ʂʘʜʨ ʥᴇʤʽʨʽʥ (i)  ʙʘʨʣʳװ ץʰ ʨʝʛʠʩʪʨʽʥʽש ʰʝʪʢʽ ʩʦʣ ʞʘץʪʘסʳ  

  ʙʠʪʪʝʨʽʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ. 

  ɹʘʨʣʳװ ץʰ ʩʳʟʳץʪʳ ʞʳʣʞʫ ʨʝʛʠʩʪʨʣʝʨʽʥ ʩʠʥʭʨʦʥʜʘʫʳ 

  }  

 

4. 100 ʮʠʢʣʜʘ ʦʩʳ ʧʩʝʚʜʦʢʦʜץʘ ʩᴅʡʢʝʩ ʙʘʨʣʳץ ʛʝʥʝʨʘʪʦʨ ʩʠʥʭʨʦʥʜʘʣʘ-

ʜʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ץʘʡ ʩʳʟʳץʪʳ ʞʳʣʞʫ ʨʝʛʠʩʪʨʽ ʩʠʥʭʨʦʥʜʘʣʘʪʳʥʳʥ 

ʘʥʳץʪʘʫ װʰʽʥ ʤʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷ ץʦʣʜʘʥʳʣʘʜʳ.  

 

 for (i = 0 to 99) 

 {  

  ʄʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷ ʥʝʛʽʟʽʥʜʝ ʙʘʨʣʳץ ʛʝʥʝʨʘʪʦʨʜʳ  

  ʩʠʥʭʨʦʥʜʘʫ 
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 }  

 

ʂʝʡ ʢʝʟʜʝ ʙײʣ ʞʝʨʜʝ ʩʠʥʭʨʦʥʜʘʫ ʝʢʽ ʥʝʤʝʩʝ ʙʘʨʣʳװ ץʰ ʩʳʟʳץʪʳ ʞʳʣʞʫ 

ʨʝʛʠʩʪʨʽ ʞʳʣʞʳʡʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ.  

ʄʘʞʦʨʠʪʘʨʣʳץ  ʬʫʥʢʮʠʷ. ɽʛʝʨ ʙʠʪʪʝʨʜʽש ʢᴇʙʽʩʽʥʽש ʤᴅʥʜʝʨʽ 1 ʪʝש ʙʦʣʩʘ, 

ʦʥʜʘ (x, y, z) ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ʤʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷ (f) ʤᴅʥʽ 1 ʪʝש ʙʦʣʘ-

ʜʳ; ʝʛʝʨ ʙײʣ ï 0, ʦʥʜʘ 0 ʙʦʣʘʜʳ. ʄʳʩʘʣʳ,  f(1,0,1) = 1, ʙʽʨʘץ f(0,0,1) = 0. 

ʄʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷʥʳש ʤᴅʥʽ ʪʘʢʪʽʣʽʢ ʠʤʧʫʣʴʩʪʽש ʢʝʣʫ ʘʣʜʳʥʜʘ 

ʦʥʳץʪʘʣʘʜʳ; װʰ ʢʽʨʽʩ ʙʠʪ ʩʠʥʭʨʦʥʜʘʡʪʳʥ ʙʠʪʪʝʨ ʜʝʧ ʘʪʘʣʘʜʳ: ʝʛʝʨ ʦש 

ʞʘץʪʘסʳ ʰʝʪʢʽ ʙʠʪ ʥᴇʣʛʝ ʪʝש ʙʦʣʩʘ, ʦʥʜʘ ʦʣʘʨ ʩʳʟʳץʪʳ ʨʝʛʠʩʪʨʣʝʨ R1[10], 

R2[11] ʞᴅʥʝ R3[11] ʙʠʪʪʝʨʽ. ᴄʜʝʙʠʝʪʪʝ ʙײʣ ʙʠʪʪʝʨ R1[8], R2[10] ʞᴅʥʝ 

R3[10] ʩʦʣ ʞʘץʪʘʥ ʩʘʥʘʣʘʪʳʥʳʥʘ (4.6 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ) ʥʘʟʘʨ ʘʫ-

ʜʘʨʫ ץʘʞʝʪ. ʉʳʟʳץʪʳ ʨʝʛʠʩʪʨʣʝʨ R1[10], R2[11] ʞᴅʥʝ R3[11] ʙʠʪʪʝʨʽʥ ʦש 

ʞʘץʪʘʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ɹײʣ ʰʘʨʪ ʙʠʪʪʽש ʩʠʧʘʪʪʘʤʘʣʳץ ʧʦʣʠʥʦʤʜʘסʳ ʦʨʥʳ-

ʥʘ ʩᴅʡʢʝʩ.  

ɸסʳʥʥʳש ʢʽʣʪʪʽʢ ʙʠʪʪʝʨʽ. ʂʽʣʪ ʛʝʥʝʨʘʪʦʨʳ ᴅʨ ʪʘʢʪʽʣʽʢ ʠʤʧʫʣʴʩ ʙʦʡʳʥ-

ʰʘ ʙʽʨ ʙʠʪʪʽʢ ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ײץʨʘʜʳ. ʂʽʣʪʪʽ ײץʨʫ ʘʣʜʳʥʜʘ ʤʘʞʦʨʠʪʘʨʣʳץ 

ʬʫʥʢʮʠʷ ʝʩʝʧʪʝʣʝʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ ʝʛʝʨ ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽש 

ʩʠʥʭʨʦʥʜʘʫ ʙʠʪʳ ʤʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʝ ʩᴅʡʢʝʩ ʙʦʣʩʘ, ʦʥʜʘ 

ᴅʨ ʨʝʛʠʩʪʨ ʩʠʥʭʨʦʥʜʘʣʘʜʳ; ʙʘʩץʘ ʫʘץʳʪʪʘ ʩʠʥʭʨʦʥʜʘʣʤʘʡʜʳ.  

4.4 ʤʳʩʘʣ. ʂʝʡʙʽʨ ʫʘץʳʪ ʩᴅʪʽʥʜʝ R1[10], R2[11] ʞᴅʥʝ R3[11] ʩʠʥʭʨʦʥʜʘʫ 

ʙʠʪʪʝʨʽ 1, 0 ʞᴅʥʝ 1 ʪʝש. ɾʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ ʤʘʟʤײʥʳ ץʘʥʜʘʡ ʙʦʣʫ 

ʢʝʨʝʢ?  

ʐʝʰʽʤ: ʄʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷ ʥᴅʪʠʞʝʩʽ: f(1,0,1) = 1. ʉʦʥʜʳץʪʘʥ, R1 

ʞᴅʥʝ R3 ʨʝʛʠʩʪʨʣʝʨʜʽש ʤʘʟʤײʥʳ ʞʳʣʞʳʡʜʳ, ʘʣ  R2 ï ʞʦץ.  

ʐʠʬʨʣʘʫ/ʢʝʨʽʰʠʬʨʣʘʫ. ʂʽʣʪʪʝʨ ʛʝʥʝʨʘʪʦʨʳʤʝʥ ײץʨʳʣסʘʥ ʨʘʟʨʷʜʪʪʳ 

ʘסʳʥʜʘʨ ʘʨʳ ץʘʨʘʡ 228 ʙʠʪʪʽʢ ʢʽʣʪʪʽ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʙʫʬʝʨʛʝ ʞʘʟʳʣʘ-

ʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʢʘʜʨʳʥ ײץʨʫ װʰʽʥ ʢʽʣʪ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨ ʢʘʜʨʳʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ ʙʽʨ ʢʘʜ-

ʨʜʳ ʰʠʬʨʣʘʫ/ʢʝʨʽʰʠʬʨʣʘʫ ʦʨʳʥʜʘʣʘʜʳ.  

ɸ5/2 ʘʣʛʦʨʠʪʤʽʥʝ ʪʘסʳ ʙʽʨ 17 ʙʠʪʪʽʢ (R4) ʨʝʛʠʩʪʨ ץʦʩʳʣסʘʥ, ʦʣ 

ʙʘʩץʘʣʘʨʜʳש ʞʳʣʞʳʫʳʥ (ʪʘʢʪʽʣʝʫʽʥ) ʙʘʩץʘʨʘʜʳ (4.7 ʩʫʨʝʪ).  

  :ᴇʟʛʝʨʫʣʝʨʽ ʢʝʣʝʩʽ שʨʳʣʳʤʥʳײפ

- 17 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳש ʢᴇʧʤװʰʝʩʽ R4 װʰʽʥ  x17 + 

x10 + 1 ʪʝש R4 ʨʝʛʠʩʪʨʽ ץʦʩʳʣסʳʥ;  

- ʪʘʢʪʽʣʝʫʜʽ ʙʘʩץʘʨʘʪʳʥ R4 ʨʝʛʠʩʪʨʽ, ʦʣ װʰʽʥ 3, 7, 10 ʙʠʪʪʝʨʽ ï ʩʠʥʭʨʦʥ-

ʜʘʫ ʙʠʪʪʝʨʽ;  

- ʝʩʝʧʪʝʣʝʪʽʥ ʤʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷ 

 

f = x & y | x & z | y & z, 

 

ʙײʣ ʞʝʨʜʝ &  ʙʫʣʜʽʢ and; | - ʙʫʣʜʽʢ or; x, y ʞᴅʥʝ z  ʩʠʥʭʨʦʥʜʘʫ ʙʠʪʪʝʨʽ R4 

(3-ʰʽ ʙʠʪ), R4 (7-ʰʽ ʙʠʪ) ʠ R4 (10-ʰʽ ʙʠʪ). 
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4.7 ʩʫʨʝʪ - ɸ5/2 ʘʣʛʦʨʠʪʤʽʥʜʝ ʨʝʛʠʩʪʨʣʝʨ ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳ 

 

ʈʝʛʠʩʪʨʜʝʛʽ ʙʠʪʪʝʨ ʞʳʣʞʳʫʳ ʢʝʣʝʩʽ ʞʘסʜʘʡʜʘ ʦʨʳʥʜʘʣʘʜʳ:  

- ʝʛʝʨ R4 (10) = f, ʦʥʜʘ R1 ʨʝʛʠʩʪʨʽʥʽש ʙʠʪʪʝʨʽ ʞʳʣʞʳʡʜʳ;  

- ʝʛʝʨ R4 (3) = f, ʦʥʜʘ R2  ʨʝʛʠʩʪʨʽʥʽש ʙʠʪʪʝʨʽ ʞʳʣʞʳʡʜʳ;  

- ʝʛʝʨ R4 (7) = f, ʦʥʜʘ  R3 ʨʝʛʠʩʪʨʽʥʽש ʙʠʪʪʝʨʽ ʞʳʣʞʳʡʜʳ.  

ʐʳʥʳʥʜʘ, ʪʝʢ ʩʠʥʭʨʦʙʠʪʳ ʢᴇʧʰʽʣʽʢʢʝ ʞʘʪʘʪʳʥ ʨʝʛʠʩʪʨʣʝʨʜʽש ʙʠʪʪʝʨʽ 

ʞʳʣʞʳʡʜʳ.  

ɾװʡʝʥʽש ʰʳסʳʩ ʙʠʪʳ ʨʝʛʠʩʪʨʣʝʨʜʽש ʞʦסʘʨסʳ ʙʠʪʪʝʨʽ ʤʝʥ 

ʨʝʛʠʩʪʨʣʝʨʜʽש ʘʥʳץʪʘʣסʘʥ ʙʠʪʪʝʨʽʥʝʥ ʤʘʞʦʨʠʪʘʨʣʳץ ʬʫʥʢʮʠʷʣʘʨʜʳש xor 

ʦʧʝʨʘʮʠʷʥʳש ʥᴅʪʠʞʝʩʽ ʙʦʣʘʜʳ:  

- R1 ʨʝʛʠʩʪʨʽ  12, 14 ʞᴅʥʝ 15 ʙʠʪʪʝʨʽ; 

- R2 ʨʝʛʠʩʪʨʽ  9, 13 ʞᴅʥʝ 16 ʙʠʪʪʝʨʽ; 

- R3 ʨʝʛʠʩʪʨʽ  13, 16 ʞᴅʥʝ 18 ʙʠʪʪʝʨʽ. 

ɾײʤʳʩ ʞʘʩʘʫʜʘ ᴇʟʛʝʨʽʩʪʝʨ ʤᴅʥʜʽ ʝʤʝʩ ʞᴅʥʝ ʪʝʢ ʠʥʠʮʠʘʣʠʟʘʮʠʷסʘ 

  :ʘʪʳʩʪʳץ

- 64 + 22 ʪʘʢʪ ʩʝʘʥʩʪʳץ ʢʽʣʪʧʝʥ ʞᴅʥʝ ʢʘʜʨ ʥᴇʤʽʨʽʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ ʩʦ-

ʣʘʡ R4; 
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- ʙʽʨ ʪʘʢʪ: R4(3), R4(7) ʞᴅʥʝ R4(10) ʙʽʨʣʝʨʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ;  

- 99 ʪʘʢʪ ʨʝʛʠʩʪʨʣʝʨ ʞʳʣʞʳʫʥ ʙʘʩץʘʨʫʤʝʥ, ʙʽʨʘץ ʪʽʟʙʝʢʪʽ ʛʝʥʝʨʘʮʠʷ-

ʣʘʫʩʳʟ.  

ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʩʦʥʜʘʡ ʫʘץʳʪ ʘʣʘʪʳʥʳ ʢᴇʨʽʥʽʧ ʪײʨ (100 ʪʘʢʪ ʛʝʥʝʨʘ-

ʮʠʷʣʘʫ ʩʳʟ ʝʢʽ ʙᴇʣʽʢʢʝ ʙᴇʣʽʥʛʝʥ).  

ɸ5/3 ʘʣʛʦʨʠʪʤʽ 2001 ʞʳʣʳ ײץʨʳʣסʘʥ ʞᴅʥʝ ʤʦʙʠʣʴʜʽ ʞװʡʝʣʝʨʜʽש 

-ʰʽʥʰʽ ʙʫʳʥʳʥʜʘ A5/1 ʦʨʥʳʥ ʙʘʩʫ ʢʝʨʝʢ. ʆʣ ʂʘʩʫʤʠ ʘʣʛʦʨʠʪʤʽ ʜʝʧ ʘʪʘʣʘװ

ʜʳ. ʆʥʳ ײץʨʫ ʢʝʟʽʥʜʝ ʥʝʛʽʟ ʨʝʪʽʥʜʝ Mitsubishi ʢʦʨʧʦʨʘʮʠʷʥʳש MISTY  

ʰʠʬʨʳ ʘʣʳʥסʘʥ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ A5/3 ʪʘʣʘʧ ʝʪʽʣʛʝʥ ʙʝʨʽʢʪʽʣʽʢʪʽ 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽץ

A5/0 ʘʣʛʦʨʠʪʤʽʥʜʝ ʰʠʬʨʣʘʫ ʞʦץ.  

 

4.4.3. A5 ʘסʳʥʜʳ ʰʠʬʨʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽ 

 

GSM ʩʪʘʥʜʘʨʪʳʥ ײץʨʫ ʙײʟʫסʘ ʙʝʡʽʤʜʝʣʤʝʛʝʥ (ᴅʩʽʨʝʩʝ ʨʝʘʣʜʳ ʫʘץʳʪʪʘ) 

ʰʠʬʨʣʘʫʜʳײץ שʘʪʪʳ ʘʧʧʘʨʘʪʳʥ ʪװʩʽʥʝʪʽʥ. פʦʣʜʘʥʘʪʳʥ ʟʝʨʪʪʝʤʝʣʝʨ 

 ʩʘʧʘʣʳ ʰʠʬʨʣʘʫʳʥ שʟʝʛʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ʞʽʙʝʨʽʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽװʘʞʝʪʪʽ ʞץ

-ʧʘʨʘʪʪʳ ʦʩʳ ʩʪʘʥʜʘʨʪʪʳ ʪʘʨʘʪʘʪʳʥ ʢʦʤʧʘץʘʤʪʘʤʘʩʳʟ ʝʪʢʝʥ. ʆʩʳʥʜʘʡ ʘץ

ʥʠʷʣʘʨʜʘʥ ʘʣʫסʘ ʙʦʣʘʜʳ. ɹʽʨʘץ ʤʘשʳʟʜʳ ʥʶʘʥʩʪʳ ʙʝʣʛʽʣʝʫ ץʘʞʝʪ: 

ʩᴇʡʣʝʩʫʣʝʨʜʽ ʪʳשʜʘʫ ï ʘʨʥʘʡʳ ץʘʟʤʝʪʪʝʨʤʝʥ ץʦʣʜʘʥʘʪʳʥ ʘʞʳʨʘʤʘʩ ʘʪʨʠ-

ʙʫʪʳ. ʆʣʘʨ ᴇʟ ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ʪʝʣʝʬʦʥʜʳ ʩᴇʡʣʝʩʫʣʝʨʜʽ ʪʳשʜʘʫ 

ʤװʤʢʽʥʜʽʛʽʥʜʝ ץʳʟʳסʫʰʳʣʳץ ʙʽʣʜʽʨʛʝʥ. ʉʦʥʜʳץʪʘʥ ʘʣʛʦʨʠʪʤʛʝ ץʦʣʘʡʣʳ 

ʫʘץʳʪʪʘ ʙײʟʫ ʤװʤʢʽʥʜʽʛʽʥ ʙʝʨʝʪʽʥ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʽʣʜʽ. ʉʦʥʳʤʝʥ ץʦʩʘ, ʵʢʩ-

ʧʦʨʪ װʰʽʥ A5-ʪʽ A5/2 ʪװʨʣʝʥʜʽʨʜʽ. MoU-ʜʘ  (Memorandum of Understand 

Group Special Mobile standard) A5/2 ײץʨʫ ʤʘץʩʘʪʳ ʰʠʬʨʣʘʫʜʳש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʫ ʝʢʝʥʽʥ ʤʦʡʳʥʜʘʡʜʳ, ʙʽʨʘץ ʨʝʩʤʽ 

ʪʝʩʪʽʣʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʜʝ ʘʣʛʦʨʠʪʤʥʽש ʢʝʤʰʽʣʽʢʪʝʨʽ ʪʫʨʘʣʳ ʙʝʣʛʽʩʽʟ ʜʝʧ ʘʡ-

ʪʳʣʘʜʳ [32]. 

A5 ʩʪʘʥʜʘʨʪʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ, ʘʣʛʦʨʠʪʤʜʽ ʙײʟʫ 

ᴅʨʝʢʝʪʪʝʨ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ᴅʣʩʽʟʜʽʢʪʝʨʜʽ ʽʟʜʝʫ ʙʘʩʪʘʣʜʳ. תʣʢʝʥ ʨᴇʣʜʽ 

  :ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʝʨʜʽ, ʦʣʘʨ שʳʣ ᴅʣʩʽʟʜʝʥʜʽʨʝʪʽʥ ʩʪʘʥʜʘʨʪʪʳסײʘʫʜʳ ʰסʦʨץ

- ʢʽʣʪʪʽ10 ש ʙʠʪʳ ʳץʪʠʷʨʩʳʟ ʥᴇʣʜʝʥʛʝʥ;   

- ʨʝʛʠʩʪʨʣʝʨ ʘʨʘʩʳʥʜʘ ʘʡץʘʩץʘʥ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʙʦʣʤʘʫʳ (ʞʳʣʞʫʜʳ 

ʙʘʩץʘʨʫʜʘʥ ʙʘʩץʘ);  

- ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳסʘ ʙʝʣʛʽʣʽ ʰʠʬʨʣʘʥʘʪʳʥ ץʳʟʤʝʪʪʽʢ 

ʘץʧʘʨʘʪʪʳש ʘʨʪʳץ ʘʨʪʳץʰʳʣʳסʳ;   

- ʢʽʣʪʪʽ40% ש ʘʩʪʘʤʳ ʛʝʥʝʨʘʮʠʷʣʘʡʪʳʥ ʪʽʟʙʝʢ ʧʝʨʠʦʜʳʥʳש ʤʠʥʠʤʘʣʜʳ 

  ;ʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ, ʦʣ ʜʝʛʝʥ (223ï1)Ŀ3/4 [32]סʟʳʥʜʳײ

- ʩʝʘʥʩʪʳש ʙʘʩʳʥʜʘ ʥᴇʣʜʽʢ ʭʘʙʘʨʣʘʨʤʝʥ (ʙʽʨ ʢʘʜʨʜʘʥ) ʘʣʤʘʩʫ 

ʞװʨʛʽʟʽʣʝʜʽ;  

- A5/2 ʞʳʣʞʫ 10 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʙᴇʣʝʢ ʨʝʛʠʩʪʨʤʝʥ ʦʨʳʥʜʘʣʘʜʳ.  

ɸʣʛʦʨʠʪʤʜʝ ʦʩʳ çʪʝʩʽʢʪʝʨè ʥʝʛʽʟʽʥʜʝ ʙײʟʫ ʩײʣʙʘʣʘʨʳ ײץʨʳʣסʘʥ.  
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ʂʽʣʪ ʙʦʣʳʧ 64 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʩʝʩʩʠʷʣʳץ ʢʽʣʪ ʝʩʝʧʪʝʣʝʜʽ, ʢʘʜʨ 

ʥᴇʤʽʨʽ ʙʝʣʛʽʣʽ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ʉʦʥʳʤʝʥ, ʪװʟʫ ʪʝʢʩʝʨʫʛʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʰʘʙʫʳʣʜʳץ שʳʡʳʥʜʳסʳ 264 ʪʝש.  

ʐʠʬʨʜʳש ʙʽʨʽʥʰʽ ʰʦʣʫʣʘʨʳ (ʈʦʩʩ ɸʥʜʝʨʩʦʥ ʞײʤʳʩʳ) ʘʣʛʦʨʠʪʤʥʽש 

ᴅʣʩʽʟʜʽʛʽʥ ʙʨ̔ʜʝʥ ʢᴇʨʩʝʪʪʽ ï ʢʽʣʪʪʽש ʪʠʽʤʜʽ ײʟʳʥʜʳסʳʥ ʢʽʰʽʨʝʡʪʫʛʝ (10 ʙʠʪʪʽ 

ʥᴇʣʜʝʫ) ʙʘʡʣʘʥʳʩʪʳ ץʳʡʳʥʜʳ245 ץ (ʙʽʨʜʝʥ 6 ʜʝשʛʝʡʛʝ) ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ. 

ɸʥʜʝʨʩʦʥ ʰʘʙʫʳʣʳ ץʳʩץʘ ʨʝʛʠʩʪʨʣʝʨʜʽש ʘʣסʘʰץʳ ʪʦʣʪʳʨʫ ʪʫʨʘʣʳ 

ʙʦʣʞʘʤסʘ ʞᴅʥʝ ʰʳסʫ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ װʰʽʥʰʽ ʪʦʣʪʳʨʫʜʳ ʘʣʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ.  

1997 ʞʳʣʳ ʁʦʚʘʥ ɻʦʣʠʯ ɸ4 ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʞʘʨʠʷʣʘʜʳ. ʆʣ 

ʨʝʛʠʩʪʨʣʝʨʜʽש ʘʣסʘʰץʳ ʪʦʣʪʳʨʫʣʘʨʳʥ ʙʝʣʛʽʣʽ 64 ʙʠʪʪʽʢ ʛʘʤʤʘ ʢʝʩʽʥʜʽʩʽ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʫ ʪᴅʩʽʣʽʥ ײʩʳʥʜʳ.  ɹײʣ ʢʝʩʽʥʜʽʥʽ ʥᴇʣʜʽʢ ʭʘʙʘʨʣʘʨʜʘʥ ʘʣʘ-

ʜʳ. ʐʘʙʫʳʣʜʳש ʦʨʪʘʰʘ ץʳʡʳʥʜʳסʳ 240 [32]. 

1999 ʞʳʣʳ ɺʘʛʥʝʨ ʞᴅʥʝ ɻʦʣʜʙʝʨʛ ʞװʡʝʥʽ ʘʰʫ װʰʽʥ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʪʝʢ 

R4 ʘʣסʘʰץʳ ʪʦʣʪʳʨʫʳʥ ʘʥʳץʪʘʫ ʢʝʨʝʢʪʽʛʽʥ ץʳʡʳʥʜʳץʩʳʟ ʢᴇʨʩʝʪʪʽ. ʊʝʢʩʝ-

ʨʫ ʥᴇʣʜʽʢ ʢʘʜʨʣʘʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ɹײʣ ʰʘʙʫʳʣʜʳץ שʳʡʳʥʜʳסʳ 

217ʪʝש, ʩʦʥʳʤʝʥ, ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʜʝ ʰʠʬʨʜʳ ʘʰʫ ʙʽʨʥʝʰʝ ʩʝʢʫʥʜʪʘ 

ʦʨʳʥʜʘʣʘʜʳ.  

1999 ʞʳʣʜʳש ʞʝʣʪʦץʩʘʥʳʥʜʘ ʠʟʨʘʠʣʴʜʽʢ סʘʣʳʤʜʘʨ ʪʦʙʳ (ɸʜʠ ʐʘʤʠʨ, 

ɸʣʝʢʩ ɹʠʨʶʢʦʚ, ʘʣ ʩʦʜʘʥ ʢʝʡʽʥ ʘʤʝʨʠʢʘʣʳץ ɼʵʚʠʜ ɺʘʛʥʝʨ (ʘסʳʣ.)) ᴇʪʝ ʦשʘʡ 

ʝʤʝʩ, ʙʽʨʘץ ʪʝʦʨʠʷʣʳץ ᴇʪʝ ʪʠʽʤʜʽ A5/1 ʘʰʫ ʘʣʛʦʨʠʪʤʽʥ ʞʘʨʠʷʣʘʜʳ.  

 

4.5. RC4 ɸנʓʅɼʓ ʐʀʌʈ 

 

4.5.1. RC4 ʰʠʬʨʜʳ ײץʨʫ ʪʘʨʠʭʳ 

 

RC4 ʘʣʛʦʨʠʪʤʽ 1987 ʞʳʣʳ ʈ. ʈʠʚʝʩʪʧʝʥ ʘʨʥʘʡʳ ʘʡʥʳʤʘʣʳ ײʟʳʥʜʳץʪʳ 

ʢʽʣʪʽʤʝʥ ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪ ʘסʳʥʳ ʛʝʥʝʨʘʪʦʨʳ ʨʝʪʽʥʜʝ ײץʨʳʣסʘʥ. ʈʝʩʤʠ 

 שʘʨʪʳʫʳ   Rivest Cipher 4 ʙʦʣʩʘ ʜʘ, ʦʥʳ ʞʠʽ Ron's Code ʜʝʛʝʥʥʽץʳʩץ

 .ʘʨʪʫʳ ʜʝʧ ʝʩʝʧʪʝʡʜʽ [3, 19]ץʳʩץ

ʐʠʬʨ ʢʦʤʤʝʨʮʠʷʣʳײץ ץʧʠʷ ʙʦʣסʘʥ, ʙʽʨʘ1994 ץ ʞʳʣʜʳץ שʳʨʢװʡʝʛʽʥʜʝ 

ʦʥʳש ʩʠʧʘʪʪʘʤʘʩʳ Cypherpunks ʪʘʨʘʪʫʳʥʘ ʙʝʣʛʽʩʽʟ ʘʜʘʤʤʝʥ ʞʽʙʝʨʽʣʛʝʥ 

[3, 19]. ʂᴇʧ ʢʝʰʽʢʧʝʡ RC4 ʩʠʧʘʪʪʘʤʘʩʳ sci.crypt ʥʴʶʩ-ʪʦʙʳʥʜʘ ʞʘʨʠʷʣʘʥ-

ʜʳ. ʉʦʣ ʞʘץʪʘʥ ʢʽʨʽʩ ʢʦʜʳ ʀʥʪʝʨʥʝʪ ʞʝʣʽʩʽʥʽש ʢᴇʧʪʝʛʝʥ ʩʘʡʪʪʘʨʳʥʘ 

ʰʳץʪʳ. ɾʘʨʠʷʣʘʥסʘʥ ʰʠʬʨ ʰʳסʳʩʪʘ ʰʳʥʘʡʳ RC4 ʙʝʨʝʪʽʥ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʜʽ. ɹײʣ ʜʝʨʝʢʪʝʨ ʦʨʳʥʜʘʫ ʢʦʜʪʘʨʳʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʘʣʳʥסʘʥ ʰʳסʘʨ. ɾʘʨʠʷʣʘʥסʘʥ ʰʠʬʨ RC4 ץʦʣʜʘʥʘʪʳʥ ʪװʣʽʢʪʝʨʤʝʥ 

-ʘʡ שʘʪʳʩʫʰʳʣʘʨʳ, ʦʣʘʨʜʳץ ʢʝʡʙʽʨ שʡʣʝʩʽʤʜʽ, ʘʣ ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʷʥʳװ

ʪʫʳʥʰʘ RC4 ʢʽʨʽʩ ʢʦʜʳʥʘ ץײץʳץʪʘʨʳ ʙʘʨ, ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʙʝʣʛʽʣʝʨʽ ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘ ײץʨʳʣʳʤʳʥʜʘ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦʣʩʘʜʘ ʩᴅʡʢʝʩʪʽʛʽʥ ʨʘʩʪʘʜʳ.  

ɹײʣ ʘʣʛʦʨʠʪʤ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ ʘʨʳ ץʘʨʘʡ ʢʦʤʤʝʨʮʠʷʣʳײץ ץʧʠʷ 

ʙʦʣʤʘʡʜʳ. ɹʽʨʘץ, RC4 ʘʪʳ RSA ʢʦʤʧʘʥʠʷʩʳʥʳש ʩʘʫʜʘ ʤʘʨʢʘʩʳ. 

ʉʦʥʜʳץʪʘʥ ʢʝʡ ʢʝʟʜʝ ʩʘʫʜʘ ʤʘʨʢʘʩʳʥʳש ʠʝʤʜʝʥʫʰʽʩʽ ʞʘסʳʥʘʥ ʥʘʟʘʨʣʳץ 
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ʙʦʣʤʘʫ װʰʽʥ, ʰʠʬʨʜʳ ARCFOUR ʥʝʤʝʩʝ ARC4 (RSA ʨʝʩʤʠ ʪװʨʜʝ 

ʘʣʛʦʨʠʪʤʜʽ ʞʘʨʠʷʣʘʤʘסʘʥ ʩʦש Alleged RC4  ʙʦʣʞʘʤʜʳ RC4) ʜʝʧ ʘʪʘʡʜʳ.  

RC4 ʢʝץ שʦʣʜʘʥʫסʘ ʠʝ ʙʦʣסʘʥʥʳש ʙʘʩʪʳ ʬʘʢʪʦʨʣʘʨʳ ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʝʢʽ 

ʞʘסʜʘʡʜʘ ʜʘ ʘʣʛʦʨʠʪʤʥʽש ʞʦסʘʨʳ ʞײʤʳʩ ʽʩʪʝʫ ʞʳʣʜʘʤʜʳסʳ.  

ɸפʐ-ʪʘ ʤʝʤʣʝʢʝʪ ʽʰʽʥʜʝ ץʦʣʜʘʥʫ װʰʽʥ ʢʽʣʪ ײʟʳʥʜʳסʳ 128 ʙʠʪ ʪʝש 

ʙʦʣʳʧ ײʩʳʥʳʣʘʜʳ, ʙʽʨʘץ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘ ʙʘʩʧʘʰʳ ʘʩʩʘʮʠʘʮʠʷ 

(Software Publishers Association  SPA) ʞᴅʥʝ ɸפʐ װʢʽʤʝʪʽ ʘʨʘʩʳʥʜʘסʳ 

ʙʝʢʽʪʽʣʛʝʥ ʢʝʣʽʩʽʤ ʙʦʡʳʥʰʘ RC4 ʘʨʥʘʡʳ ʩʪʘʪʫʩ ʙʝʨʝʜʽ. ʆʣ ʜʝʛʝʥ ʪʝʢ 40 

ʙʠʪץʘ ʜʝʡʽʥ ʢʽʣʪ ײʟʳʥʜʳסʳ ʙʘʨ ʰʠʬʨʣʘʨʜʳ ʵʢʩʧʦʨʪʪʘʫסʘ ʨץײʩʘʪ ʝʪʽʣʛʝʥʽʥ 

ʙʽʣʜʽʨʝʜʽ. 56-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨʜʽ ʘʤʝʨʠʢʘʣʳץ ʢʦʤʧʘʥʠʷʣʘʨʜʳש ʰʝʢʘʨʘʥʳש 

ʩʳʨʪʳʥʜʘסʳ ʙᴇʣʽʤʜʝʨʽʥʝ ץʦʣʜʘʥʫסʘ ʨץײʩʘʪ.  

 

4.5.2. RC4 ʘʣʛʦʨʠʪʤʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳ 

 

RC4 ʢװʡʣʝʨ ʤʘʪʨʠʮʘʣʘʨʳ ʪװʩʽʥʽʛʽʥʝ ʙʘʟʘʣʘʥʘʜʳ. ᴄʨ ʩᴅʪʪʝ ʢװʡʣʝʨ ʤʘʪ-

ʨʠʮʘʩʳ (256 ʙʘʡʪ) ʘʢʪʠʚʪʝʥʜʽʨʽʣʝʜʽ, ʦʜʘʥ ʢʝʟʜʝʡʩʦץ ʙʽʨ ʙʘʡʪ ʪʘשʜʘʣʘʜʳ, ʦʣ 

ʰʠʬʨʣʘʫ װʰʽʥ ʢʽʣʪ ʙʦʣʘʜʳ. ʀʜʝʷ ʙʘʡʪʪʘʨ ʤʘʩʩʠʚ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥ: 

 

S[0], S[1], S[2], é, S[254], S[255]. 

 

ʕʣʝʤʝʥʪʪʝʨ ʜʠʘʧʘʟʦʥʥʳש ʠʥʜʝʢʩʪʝʨʽ  0 ʞᴅʥʝ 255ʘʨʘʣʳסʳʥʜʘ. ᴄʨ 

ʵʣʝʤʝʥʪʪʽש ʤʘʟʤײʥʳ  - ʙʘʡʪ (8 ʙʠʪ), ʦʣ 0 ʜʝʥ 255 ʜʝʡʽʥ ʙװʪʽʥ ʩʘʥ ʨʝʪʽʥʜʝ 

  .ʤʢʽʥװʘʨʘʩʪʳʨʳʣʫ ʤץ

4.8 ʩʫʨʝʪ RC4 ʘסʳʥʜʳ ʰʠʬʨʜʳ ײץʨʘʩʪʳʨʫ ʧʨʠʥʮʠʧʽʥ ʢᴇʨʩʝʪʝʜʽ. 
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4.8 ʩʫʨʝʪ - RC4 ʘסʳʥʜʳ ʰʠʬʨʜʳ ײץʨʘʩʪʳʨʫ ʧʨʠʥʮʠʧʽ 

 

ɹʽʨʽʥʰʽ ʝʢʽ ʙʣʦʢ ʪʝʢ ʙʽʨ ʨʝʪ ʦʨʳʥʜʘʣʘʜʳ (ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ); ʘסʳʥ 

ʢʽʣʪʽʥ ײץʨʫ װʰʽʥ ʘʣʤʘʩʪʳʨʫʣʘʨ ʰʠʬʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨ ʙʘʡʪʪʘ-

ʨʳ  ʙʦʣסʘʥʰʘ ץʘʡʪʘʣʘʥʘʜʳ.  

RC4 ʘʣʛʦʨʠʪʤʽʥʜʝ ʝʢʽ ʢʝʟʝש ʙʘʨ. ɹʽʨʽʥʰʽ, ʜʘʡʳʥʜʘʫ, ʢʝʟʝשʽʥʜʝ ʘʫʳʩʪʳʨʫ 

ʢʝʩʪʝʩʽʥʽש S (ʢװʡ ʤʘʪʨʠʮʘʣʘʨʳ), ʢʽʣʪ ʤʘʪʨʠʮʘʥʳש K ʠʥʠʮʠʘʣʠʟʘʮʠʷʩʳ 

ʦʨʳʥʜʘʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ K[i] ʙʘʡʪʪʘʨ ʤᴅʥʜʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʢװʡ 

ʤʘʪʨʠʮʘʥʳש ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʳ ʦʨʳʥʜʘʣʘʜʳ. ɽʢʽʥʰʽ, ʥʝʛʽʟʛʽ, ʢʝʟʝשʜʝ k  

ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʳ ʝʩʝʧʪʝʣʝʜʽ.  

 

ʂװʡ ʤʘʪʨʠʮʘ ʞᴅʥʝ ʢʽʣʪ ʤʘʩʩʠʚʽʥʽש ʠʥʠʮʠʘʣʠʟʘʮʠʷʩʳ 

 

RC4 ʢʽʣʪ ʝʨʽʢʪʽ ײʟʳʥʜʳסʳ ʙʘʨ ʙʘʡʪʪʘʨ ʪʽʟʙʝʛʽ, ʦʥʳש ʥʝʛʽʟʽʥʜʝ ʰʠʬʨʜʳש 

ʘʣסʘʰץʳ ʢװʡʽ S ײץʨʳʣʘʜʳ ï ʙʘʨʣʳ256 ץ ʙʘʡʪʪʘʨʳʥʳש ʘʣʤʘʩʫʳ.   

RC4 ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ ʘʣʛʦʨʠʪʤʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʽʣʪʪʽʢ ʢʝʩʪʝ 

ʘʣʛʦʨʠʪʤʽ ʜʝʧ ʘʪʘʣʘʪʳʥ  (ʘסʳʣ. Key-Scheduling Algorithm or KSA) 4.9 

ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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4.9 ʩʫʨʝʪ ï ʂװʡ ʤʘʪʨʠʮʘʩʳ S  ʞᴅʥʝ ʢʽʣʪ ʤʘʩʩʠʚʽ K ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ 

ʩײʣʙʘʩʳ 

 

ɹײʣ ʘʣʛʦʨʠʪʤ Key ʩʘץʪʘʣסʘʥ ʢʽʣʪʪʽ  ץʦʣʜʘʥʘʜʳ ʞᴅʥʝ ײʟʳʥʜʳסʳ L ʙʘʡʪ. 

ʀʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ S ʤʘʩʩʠʚʽʥ ʪʦʣʪʳʨʫʜʘʥ ʙʘʩʪʘʣʘʜʳ, ʘʨʳ ץʘʨʘʡ ʙײʣ ʤʘʩ-

ʩʠʚ ʢʽʣʪʧʝʥ ʘʥʳץʪʘʣסʘʥ ʘʣʤʘʩʪʳʨʫʣʘʨ ʘʨץʳʣʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ɹʽʨ ᴅʨʝʢʝʪ 

S ʦʨʳʥʜʘʣסʘʥʜʳץʪʘʥ ʢʝʣʝʩʽ ʧʽʢʽʨ ʦʨʳʥʜʘʣʫ ʢʝʨʝʢ: S-ʪʘ ᴅʨץʘʰʘʥ ʢʦʜʪʳץ 

ʩᴇʟʜʽש ʙʘʨʣʳץ ʤᴅʥʜʝʨʽ ʙʦʣʘʜʳ.  

ʂװʡ ʤʘʪʨʠʮʘʩʳ 0, 1, 2, ..., 254, 255 ʤᴅʥʜʝʨʽ װʰʽʥ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʥʘʜʳ. 

ʂʽʣʪʪʝʨ ʤʘʩʩʠʚʽ K[0], K[1], K[2], é, K[254], K[255] ײץʨʳʣʘʜʳ. ɽʛʝʨ ʰʠʬʨ-

ʣʘʫ ʢʽʣʪʽʥʜʝ ʥʘץʪʳ 256 ʙʘʡʪ ʙʦʣʩʘ, ʙʘʡʪʪʘʨ ʤʘʩʩʠʚʢʝ ʢᴇʰʽʨʽʣʝʜʽ; ʙʦʣʤʘʩʘ ï 

ʙʘʡʪʪʘʨ K ʤʘʩʩʠʚʽ ʪʦʣסʘʥʰʘ ץʘʡʪʘʣʘʥʘʜʳ.  

ɸʣʜʳʤʝʥ S ʢװʡ ʤʘʪʨʠʮʘʩʳ 0 ʜʝʥ 255 ʜʝʡʽʥ ʪʽʟʙʝʢʪʽ ʤᴅʥʜʝʨʤʝʥ ʪʦʣʪʳ-

ʨʳʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ S ʢʝʟʝʢʪʽ ʵʣʝʤʝʥʪʽ K ʢʽʣʪ ʵʣʝʤʝʥʪʽʤʝʥ ʘʥʳץʪʘʣסʘʥ 

ʵʣʝʤʝʥʪʧʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʘʜʳ, ʵʣʝʤʝʥʪʪʽש ᴇʟʽʤʝʥ ʞᴅʥʝ ʘʣʜʳʥסʳ ʠʪʝʨʘʮʠʷ-

ʣʘʨʜʘ ʦʨʳʥ ʘʫʳʩʪʳʨסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʥᴇʤʽʨʣʝʨ  ץʦʩʳʥʜʳʩʳʤʝʥ. 

ʉʘʥʘסʳʰʪʘʨ i ʞᴅʥʝ j ʤᴅʥʜʝʨʽ ʘʣʜʳʤʝʥ 0 ʪʝש.  

ʊᴇʤʝʥʜʝ S ʢװʡʣʝʨ ʤʘʪʨʠʮʘʩʳʥ ʞᴅʥʝ K ʢʽʣʪʪʝʨ ʤʘʩʩʠʚʽʥ ʠʥʠʮʠʘʣʠʟʘ-

ʮʠʷʣʘʡʪʳʥ, ʧʩʝʚʜʦʢʦʜʪʘ ʞʘʟʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘ ʢᴇʨʩʝʪʽʣʛʝʥ:  

 

 for ( i = 0 to 255 ) 

 {  

  S[i] Ŷ i 

  K[i] Ŷ Key[ i mod LengthKey ] 
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 }  

 

ɸʨ rץʘʨʘʡ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʩʳʥʜʘ K[i] ʙʘʡʪʪʘʨ ʤᴅʥʜʝʨʽʥʜʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʘʣʤʘʩʪʳʨʫ (ʵʣʝʤʝʥʪʪʝʨʜʽ ʩʢʨʝʤʙʣʝʨʣʝʫ) ᴇʪʢʽʟʽʣʝʜʽ. ʂʽʣʪʪʽʢ ʙʘʡʪ ʪʝʢ ʦʩʳ 

 ʘʥʘס ʰʽʥװ ʪʘʫץʘʥʜʘʡ ʵʣʝʤʝʥʪʪʝʨʜʽ ʘʫʳʩʪʳʨʫʜʳ ʘʥʳץ ʘʜʘʤʜʘץ

ʦʣʜʘʥʳʣʘʜʳ. ʆʩ rץ  ץʢʝʡʽʥ ʤʘʪʨʠʮʘ ʙʘʡʪʪʘʨʳ ʪʦʣʳ שʘʜʘʤʥʘץ

ʘʨʘʣʘʩʪʳʨʳʣסʘʥ ʙʦʣʘʜʳ.  

ʊᴇʤʝʥʜʝ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʥʳש ʙʘʡʪʪʘʨʳʥ ʘʣʤʘʩʪʳʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ 

ʧʩʝʚʜʦʢʦʜʪʘ ʞʘʟʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 j Ŷ 0 

 for ( i = 0 to 255 ) 

 {  

  j Ŷ ( j + S[i] + K[i] ) mod 256 

  swap ( S[i], S[j] ) 

 }  

 

ʂװʡ ʤʘʪʨʠʮʘʥʳ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʽʣʪʪʽʢ ʘסʳʥʜʳ 

ʛʝʥʝʨʘʮʠʷʣʘʫ 

 

ʂʽʣʪʪʽʢ ʘסʳʥʜʘ k ʢʽʣʪʪʝʨ ʙʽʨʽʥʽש ʘʨʪʳʥʘʥ ʙʽʨʽ ʛʝʥʝʨʘʮʠʷʣʘʥʘʜʳ. ɸʣʜr-

ʤʝʥ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʥʳש ʵʣʝʤʝʥʪʪʝʨʽ ᴇʟ ʵʣʝʤʝʥʪʪʝʨ ʤᴅʥʽ ʞᴅʥʝ ʝʢʽ ʞʝʢʝ ʘʡ-

ʥʳʤʘʣʳ i ʞᴅʥʝ j ʤᴅʥʜʝʨʽ ʥʝʛʽʟʽʥʜʝ ʘʣʤʘʩʪʳʨʳʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʢװʡʣʝʨ 

ʤʘʪʨʠʮʘʥʳש i ʞᴅʥʝ j ʧʦʟʠʮʠʷʣʘʨʳʥʜʘ ʝʢʽ ʵʣʝʤʝʥʪʪʝʨʜʽש ʤᴅʥʜʝʨʽ k ʢʽʣʪ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘʪʳʥ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʥʳש ʠʥʜʝʢʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ 

 ʰʽʥװ ᴅʨ ʙʘʡʪʳ שʳ ʜʝʨʝʢʪʝʨʜʽץʘʰסʘʣ שʦʣʜʘʥʘʜʳ. ʂʝʣʝʩʽ ʢʦʜ ʤᴅʪʽʥʥʽץ

ʢʽʣʪʪʽʢ ʘסʳʥʜʘ ʞʘשʘ ʢʽʣʪʪʽʢ ʵʣʝʤʝʥʪʪʽ ײץʨʫ װʰʽʥ ץʘʡʪʘʣʘʥʘʜʳ.  

 ɸʣʛʦʨʠʪʤ ᴇʟʝʛʽ ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ʛʝʥʝʨʘʮʠʷʣʘʫ ʬʫʥʢʮʠʷʩʳʥʘʥ 

ʪײʨʘʜʳ (4.10 ʩʫʨʝʪ).  

 
 

4.10 ʩʫʨʝʪ - RC4 ʘʣʛʦʨʠʪʤʥʽש ᴇʟʝʛʽ 

 

ɸʫʳʩʪʳʨʫ ʢʝʩʪʝʩʽ (S ʢװʡʣʝʨ ʤʘʪʨʠʮʘʩʳ) ץʦʣʜʘʥʫ ʫʘץʳʪʳʥʜʘ ʙʘʷʫ 

ᴇʟʛʝʨʝʜʽ, i ʩʘʥʘסʳʰʳ (i ʘʡʥʳʤʘʣʘʩʳ) ʢʝʩʪʝʥʽש ᴅʨ ʵʣʝʤʝʥʪʽʥʽש ᴇʟʛʝʨʫʽʥ 
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 שʳʰʳ (j ʘʡʥʳʤʘʣʳʩʳ) ʢʝʩʪʝ ʵʣʝʤʝʥʪʪʝʨʽʥʽסʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʘʣ j ʩʘʥʘץ

ʢʝʟʜʝʡʩʦץ ᴇʟʛʝʨʝʪʽʥʽʥ ʢʝʧʽʣʜʝʡʜʽ.  

ɹʽʨʽʥʰʽ ʠʪʝʨʘʮʠʷʥʳש ʘʣʜʳʥʜʘ i ʞᴅʥʝ j ʘʡʥʳʤʘʣʳʣʘʨʳ 0 

ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʥʘʜʳ, ʙʽʨʘץ ʤᴅʥ ʙʽʨ ʠʪʝʨʘʮʠʷʜʘʥ ʝʢʽʥʰʽʛʝ ʢᴇʰʽʨʽʣʝʜʽ.  

ʊᴇʤʝʥʜʝ S[i] ʢװʡʣʝʨ ʤʘʪʨʠʮʘʥʳש ʙʘʡʪʘʨʳʥ ʘʣʤʘʩʪʳʨʘʪʳʥ ʞᴅʥʝ k 

ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ʛʝʥʝʨʘʮʠʷʣʘʡʪʳʥ ʧʩʝʚʜʦʢʦʜʪʘ ʞʘʟʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘ 

ʢᴇʨʩʝʪʽʣʛʝʥ:  

 

 i Ŷ 0; j Ŷ 0 

 i Ŷ ( i + 1 ) mod 256 

 j Ŷ ( j + S[i] ) mod 256 

 swap ( S[i], S[j] ) 

 k Ŷ S[ (S[i] + S[j]) mod 256 ] 

 

ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ (ʢʝʨʽʰʠʬʨʣʘʫ) 

 

ʂʽʣʪʪʽʢ ʘסʳʥ k ײץʨʳʣסʘʥʥʘש ʢʝʡʽʥ,ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʘʡʪʳʥ ײץʨʫ 

 ʜʝʨʝʢʪʝʨ ʙʘʡʪʳ k ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʘʥʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʨʽ ץʰʽʥ ʘʰʳװ

ʧʨʦʮʝʩʩ ʙʦʣʘʜʳ.  

ʊᴇʤʝʥʜʝ RC4 װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʧʩʝʚʜʦ-

ʢʦʜʪʘ ʞʘʟʳʣסʘʥ ʙʘסʜʘʨʣʘʤʘ ʢᴇʨʩʝʪʽʣʛʝʥ:  

 

 RC4_Encryption ( Key ) 

 {  

  // ɸʣסʘʰץʳ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʩʳʥ  

  // ʞᴅʥʝ ʢʽʣʪʪʽʢ ʙʘʡʪʪʘʨʜʳ ײץʨʫ 

  for ( i = 0 to 255 ) 

  {  

   S[i] Ŷ i; K[i] Ŷ Key[ i mod LengthKey ] 

  }  

  // ʂʽʣʪ ʙʘʡʪʳ ʥʝʛʽʟʽʥʜʝ  

  // ʢװʡ ʤʘʪʨʠʮʘʩʳʥʳש ʙʘʡʪʪʘʨʳʥ ʘʣʤʘʩʪʳʨʫ 

  j Ŷ 0 

  for ( i = 0 to 255 ) 

  {  

   j Ŷ ( j + S[i] + K[i] ) mod 256; swap ( S[i], S[j] ) 

  }  

  // ʂװʡʣʝʨ ʤʘʪʨʠʮʘʩʳʥʳש ʙʘʡʪʪʘʨʳʥ װʟʜʽʢʩʽʟ ʘʣʤʘʩʪʳʨʫ, 

  // ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ʛʝʥʝʨʘʮʠʷʣʘʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

  i Ŷ 0; j Ŷ 0 

  while (ʰʠʬʨʣʘʫ װʰʽʥ ʜʝʨʝʢʪʝʨ ʙʘʨ ʙʦʣסʘʥʰʘ) 

  {  

   i Ŷ ( i + 1 ) mod 256; j Ŷ ( j + S[i] ) mod 256 
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   swap ( S[i], S[j] ); k Ŷ S[ (S[i] + S[j]) mod 

256 ] 

   // ʂʽʣʪ ʜʘʡʳʥ, ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

   input M 

   C Ŷ M Ä k 

   output C 

  } }  

  

ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʣʝʩʽʜʝ: ʢʽʣʪʪʽʢ ʘסʳʥʜʳ (k)  ʨʝʛʝʥʝʨʘʮʠʷʣʘʫ 

ʞᴅʥʝ ʦʥʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ (C) 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ. 2 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ץʦʩʫ ץʘʩʠʝʪʪʝʨʽ ʘʨץʘʩʳʥʜʘ ʰʳסʳʩʪʘ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ (M) 

ʘʣʘʤʳʟ.  

4.5 ʤʳʩʘʣ. ɸסʳʥ ʢʽʣʪʽʥʽש ʢʝʟʜʝʡʩʦץʪʳסʳʥ ʢᴇʨʩʝʪʫ װʰʽʥ, ʙʘʨʣʳץ ʥᴇʣʜʽʢ 

ʙʘʡʪʪʘʨʤʝʥ ײץʧʠʷʣʘʫ ʢʽʣʪʽʥ ץʦʣʜʘʥʘʤʳʟ. ɹײʣ ʞʘסʜʘʡʜʘ 20 ʤᴅʥ װʰʽʥ ʢʽʣʪʪʽʢ 

ʘסʳʥ ʪʝש ʙʦʣʘʜʳ: 129, 163, 68, 228, 89, 71, 76, 51, 165, 213, 200, 18, 6, 239, 

229, 236, 63, 52, 170, 117. 

4.6 ʤʳʩʘʣ. 4.5 ʤʳʩʘʣʳʥ ץʘʡʪʘʣʘʡʤʳʟ, ʙʽʨʘײץ ץʧʠʷʣʘʫ ʢʽʣʪʽ ʙʝʩ ʙʘʡʪ (15, 

202, 33, 6, 8) ʙʦʣʩʳʥ. ʂʽʣʪʪʽʢ ʘסʳʥ: 154, 188, 65, 159, 144, 167, 200, 166, 

202, 243, 119, 75, 104, 161, 206, 24, 34, 216, 114, 89. ʂʽʣʪʪʽʢ ʘסʳʥʜʘסʳ 

ʢʝʟʜʝʡʩʦץʪʳץ ʩʽʨᴅ.  

 

RC4 ʘʣʛʦʨʠʪʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʪװʨʣʝʥʜʽʨʫ 

ʧʨʦʮʝʩʩʪʝʨʽʥ ʪʘʣʜʘʫ 

 

RC4  ʙʣʦʢ ʥʝʤʝʩʝ ʩᴇʟʙʝʥ  n ʧʘʨʘʤʝʪʨʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥ ʘʣʛʦʨʠʪʤʜʝʨ 

ʢʣʘʩʩʳʥʘ ʞʘʪʘʜʳ. ᴄʜʝʪʪʝ n = 8, ʙʽʨʘץ ʙʘʩץʘ ʜʘ ʤᴅʥʜʝʨʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ɸʣʛʦʨʠʪʤʜʽ ʪʘʣʜʘʫʜʳ ʞʝשʽʣʜʝʪʫ װʰʽʥ n = 4 ʜʝʧ ץʘʙʳʣʜʘʡʤʳʟ. RC4 ʽʰʢʽ 

ʢװʡʽ 2Ŀn ʩᴇʟʜʝʨ ʤʘʩʩʠʚʽʥʝʥ ʞᴅʥʝ ᴅʨץʘʡʩʳʥʳש ʙʽʨ ʩᴇʟ ʢᴇʣʝʤʽ ʙʘʨ ʝʢʽ 

ʩʘʥʘסʳʰʪʘʥ ʪײʨʘʜʳ. ɽʢʽ ʩʘʥʘסʳʰ, ʝʢʝʫʽʜʝ 4-ʙʠʪʪʽʢ (n = 4 ʪʝש ʢʝʟʜʝ). ʆʣʘʨ-

ʜ  r i ʞᴅʥʝ j ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ. ɹʘʨʣʳץ ʝʩʝʧʪʝʫʣʝʨ 2Ŀn ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ᴇʪʢʽʟʽʣʝʜʽ. 

4.7 ʤʳʩʘʣ. ʂʽʣʪʪʽש ʘʣסʘʰץʳ ʤᴅʥʽ Key = {  12, 2, 3, 8} ʙʦʣʩʳʥ. ʂװʡʣʝʨ 

ʤʘʪʨʠʮʘʩʳʥʳש ʞᴅʥʝ ʢʽʣʪʪʝʨ ʤʘʩʩʠʚʽʥʽש ʠʥʠʮʠʘʣʠʟʘʮʠʷʩʳʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʢװʡʣʝʨ ʤʘʪʨʠʮʘʩʳʥʳש ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʳʥ ʢᴇʨʩʝʪʫ ץʘʞʝʪ.  

ʐʝʰʽʤ. 4.11 ʩʫʨʝʪʽʥʜʝ 4-ʨʘʟʨʷʜʪʳ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʩʳʥʳש ʞᴅʥʝ ʢʽʣʪʪʝʨ 

ʤʘʩʩʠʚʽʥʽש ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʞᴅʥʝ ʢװʡʣʝʨ ʤʘʪʨʠʮʘʥʳש ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫ  

(16-ʜʘʥ 9 ʪʘʢʪ) ʤʳʩʘʣʳ ʢᴇʨʩʝʪʽʣʛʝʥ.  

4.8 ʤʳʩʘʣ. RC4 4-ʨʘʟʨʷʜʪʳ ʇʂʉ ʛʝʥʝʨʘʪʦʨʳ ʞײʤʳʩʳʥ i ʞᴅʥʝ j ʙʝʨʽʣʛʝʥ 

ʤᴅʥʜʝʨʽ ʞᴅʥʝ 4-ʨʘʟʨʷʜʪʳ S ʘʫʳʩʪʳʨʫ ʢʝʩʪʝʥʽש  ʙʝʨʽʣʛʝʥ ʪʦʣʪʳʨʫʳʤʝʥ 

ʢᴇʨʩʝʪʫ.   

ʐʝʰʽʤ. RC4 4-ʨʘʟʨʷʜʪʳ ʇʂʉ ʛʝʥʝʨʘʪʦʨʳ ʞײʤʳʩʳʥʳש ʤʳʩʘʣʳ 4.12 

ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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4.12 ʩʫʨʝʪ -  RC4 4-ʨʘʟʨʷʜʪʳ ʇʂʉ ʛʝʥʝʨʘʪʦʨʳ ʞײʤʳʩʳʥʳש ʤʳʩʘʣʳ 
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RC4 ʇʂʉ ʛʝʥʝʨʘʪʦʨʳ ʰʳסʳʩʳʥʜʘ 4-ʨʘʟʨʷʜʪʳ ʪʽʟʙʝʢ 

 . ʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ: 4, 5, 2, 0, 13, 5, 8, 4, 1, éץ

-ʙʦ שʢᴇʣʝʤʽ n ʪᴇʨʪʢʝ ʪʝ שʥʝʤʝʩʝ ʙʣʦʢʪʳ שʘʥ ʤʳʩʘʣʜʘ ʩᴇʟʜʽסʘʨʘʩʪʳʨʳʣפ

ʣʳʧ ʘʣʳʥʜʳ. ɹײʣ ʤᴅʥʜʽ ʙʘʩץʘ ץʳʣʳʧ ʘʣʫסʘ ʙʦʣʘʜʳ, ʤʳʩʘʣʳ, 8 ʥʝʤʝʩʝ 16. 

ɽʛʝʨ n = 8 ץʦʣʜʘʥʩʘ, ʦʥʜʘ S ʘʫʳʩʪʳʨʫ ʢʝʩʪʝʩʽ 28 = 256 ʤᴅʥʜʝʨʜʝʥ ʪײʨʫ ʢʝ-

ʨʝʢ, ʘʣ ʘʫʳʩʪʳʨʫ ʢʝʩʪʝ ʵʣʝʤʝʥʪʪʝʨʽ 0 ʜʝʥ 255 ʜʝʡʽʥ ʩʘʥʜʘʨ ʙʦʣʫ ʢʝʨʝʢ. 

ʉʘʥʘסʳʰʪʘʨʜʳש i ʞᴅʥʝ j ʢᴇʣʝʤʜʝʨʽʥʜʝ ʩʝʛʽʟ ʙʠʪʢʝ ʜʝʡʽʥ ᴇʟʛʝʨʪʫ ץʘʞʝʪ 

(ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥ ï 255). 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, n = 8 ʞʘסʜʘʡʜʘ ʙʘʨʣʳץ ʝʩʝʧʪʝʫʣʝʨ 256 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʦʨʳʥʜʘʫ ץʘʞʝʪ. ʆʩʳʥʜʘʡ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʘʣʛʦʨʠʪʤʜʝ n ʧʘʨʘʤʝʪʨʽʥʽש ʙʘʩץʘ ʜʘ 

ʤᴅʥʜʝʨʽ װʰʽʥ ʦʨʳʥʜʘʫ ץʘʞʝʪ.  

 

4.5.3. RC4 ʘסʳʥʜʳ ʰʠʬʨʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽ 

 

RC4 ʘʣʛʦʨʠʪʤʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʣʘʨʤʝʥ ᴇʪʝ ʪʝʨʝש ʟʝʨʪʪʝʣʜʽ. 

ʆʥʳש ʽʰʽʥʜʝ ʝʰץʘʥʜʘʡ ᴅʣʩʽʟ ʦʨʳʥʜʘʨ ʪʘʙʳʣʤʘʜʳ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫסʘ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʣʽʢʪʝʥ ʙʘʩץʘ ʙײʣ ʘʣʛʦʨʠʪʤ ᴇʪʝ ʞʳʣʜʘʤ ʞᴅʥʝ 

ʘסʳʥʜʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʽʣʪʪʽʢ ʪʽʟʙʝʢʪʽ ʛʝʥʝʨʘʮʠʷʣʘʫ װʰʽʥ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥ.  

ɸסʳʥʜʳ ʰʠʬʨʣʘʨʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʙʘʨʣʳץ ᴅʜʽʩʪʝʨʽʥ װʰ 

ʢʣʘʩʩץʘ ʙᴇʣʝʜʽ:   

1. ʂװʰʪʽʢ (ñץʘʪץʳʣ ʢװʰò ʰʘʙʫʳʣʳ). ʊʦʣʳץ ʪʘʣʜʘʫ ʞʦʣʳʤʝʥ ʰʘʙʫʳʣ-

ʜʘʨ (ʙʘʨʣʳץ ʤװʤʢʽʥ ʥײʩץʘʣʘʨʜʳ ʪʘʣʜʘʫ). ʊʦʣʳץ ʪʘʣʜʘʫ ץʳʡʳʥʜʳסʳ ʝʩʝʧʪʽש 

ʙʘʨʣʳץ ʤװʤʢʽʥ ʰʝʰʽʤʜʝʨ ʩʘʥʳʥʘʥ ʪᴅʫʝʣʜʽ (ʢʽʣʪ ʢʝשʽʩʪʽʛʽʥʽש ʥʝʤʝʩʝ ʘʰʳץ 

ʜʝʨʝʢʪʝʨ ʢʝשʽʩʪʽʛʽʥʽש ʢᴇʣʝʤʽʥʝʥ). ɹײʣ ʰʘʙʫʳʣ ʪװʨʽʥ ʘסʳʥʜʳ ʰʠʬʨʣʘʫ 

ʞװʡʝʣʝʨʽʥʽש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʐʠʬʨʣʘʫ ʞװʡʝʣʝʨʽʥ 

-ʣ ʰʘײʘʥʜʘ ʙסʟʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨײʘ ʙץʨʫʰʳʣʘʨ ʙʘʩײץ ʨʫ ʢʝʟʽʥʜʝײץ

ʙʫʳʣ ʪװʨʽ ʝש ʪʠʽʤʜʽ ʝʤʝʩ ʙʦʣסʘʥʜʳסʳʥʘ ʘʣʳʧ ʢʝʣʫʛʝ ʪʳʨʳʩʘʜʳ.  

2. ʉʪʘʪʠʩʪʠʢʘʣʳץ. ɽʢʽ ʙʘסʳʥץʳ ʢʣʘʩʩץʘ ʙᴇʣʽʥʝʜʽ: 

- ʰʠʬʨʣʘʫʰʳ ʛʘʤʤʘʥʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʽ: ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʘʣסʘʰץʳ 

ʪʽʟʙʝʛʽʥ ʟʝʨʪʪʝʫʛʝ ʙʘסʳʪʪʘʣסʘʥ (ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʪʽʟʙʝʢʪʽש 

ʢʝʣʝʩʽ ʙʠʪʳʥ ᴅʨʪװʨʣʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʝʩʪʝʨ ʢᴇʤʝʛʽʤʝʥ ʢʝʟʜʝʡʩʦץ 

ʪʘשʜʘʫʜʳש ʳץʪʠʤʘʣʜʳסʳʥʘʥ ʞʦסʘʨʳ ʳץʪʠʤʘʣʜʳץʧʝʥ ʘʥʳץʪʘʫסʘ ʪʘʣʧʳʥʘ-

ʜʳ);  

- ʪʽʟʙʝʢʪʽץ שʳʡʳʥʜʳסʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʽ: 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʛʘʤʤʘסʘ ץײʩʘʩ, ʙʽʨʘץ ʞװʟʝʛʝ ʦשʘʡʨʘץ ʘʩʳʨʳʣʘ-

ʪʳʥ ʪᴅʩʽʣʤʝʥ ʪʽʟʙʝʢʪʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ʪᴅʩʽʣʽʥ ʪʘʙʫסʘ ʪʘʣʧʳʥʘʜʳ.. 

ɽʢʽ ᴅʜʽʩʪʝ ʩʳʟʳץʪʳ ץʳʡʳʥʜʳץ ʧʨʠʥʮʠʧʳʥ ץʦʣʜʘʥʘʜʳ.  

3. ɸʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ. ɹײʣ ʰʘʙʫʳʣ ʪװʨʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫʰʳסʘ ʛʝʥʝʨʘʪʦʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳ, ʘʰʳץ ʞᴅʥʝ ʩᴅʡʢʝʩ ʞʘʙʳץ ʜʝʨʝʢ-

ʪʝʨ ʙʝʣʛʽʣʽ ʜʝʛʝʥ ʙʦʣʞʘʤʤʝʥ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ 
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ʪʘʣʜʘʫʰʳʥʳש ʤʘץʩʘʪʳ ï ץʦʣʜʘʥʘʪʳʥ ʢʽʣʪʪʽ ʘʥʳץʪʘʫ (ʨʝʛʠʩʪʨʣʝʨʜʽש 

ʘʣסʘʰץʳ ʤᴅʥʜʝʨʽʥ).  

 

ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨ 

 

1. ɸסʳʥʜʳ ʰʠʬʨʜʳש ʙʣʦʢʪʳʜʘʥ ץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʨ?  

2. ɸʡʥʳʤʘʣʳ ײʟʳʥʜʳסʳ ʙʘʨ ʜʝʨʝʢʪʝʨ ʘסʳʥʳʥ ʰʠʬʨʣʘʫ ץʘʣʘʡ 

  ?ʡʳʤʜʘʩʪʳʨʳʣʘʜʳײ

  ?ʜʝʧ ʘʪʘʣʘʜʳ ץʘʥʜʘʡ ʩʘʥʜʘʨ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦפ .3

4. ɹʝʣʛʽʣʽ ʇʂʉɻ ʘʪʘשʳʟ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʤʘץʩʘʪʧʝʥ ץʦʣʜʘʥʫ װʰʽʥ 

ʇʂʉɻ ץʘʥʜʘʡ ץʘʩʠʝʪʪʝʨʽ ʙʦʣʫ ʢʝʨʝʢ?  

 ,ʰʽʥ ʥʝʛʽʟʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥװ ʘʡʩʳʩʳץ ʘʥ ʇʂʉɻ ᴅʨסʘʨʘʩʪʳʨʳʣפ .5

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥ ʘʪʘשʳʟ.  

6. ʇʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳ ʘʣʫ װʰʽʥ ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʞʳʣʞʳʤʘ-

ʣʳ ʨʝʛʠʩʪʨʣʝʨ ץʘʣʘʡ ץʦʣʜʘʥʫ ʤװʤʢʽʥ? ʆʣʘʨʜʳש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʪʝʨʽʥ 

ʪװʩʽʥʜʽʨʽשʽʟ.  

7. ʂʝʟʜʝʡʩʦץ ʞᴅʥʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨʣʘʨʳ ʘʨʘʩʳʥʜʘ 

  ?ʪʘʨ ʙʘʨץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳץ

8. ɸסʳʥʜʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʛʘʤʤʘʥʳ ʘʣʫ װʰʽʥ ʰʳʥ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ 

ʛʝʥʝʨʘʪʦʨʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘ ʤɸ?  

-ʩʘʥʜʘʨ ʛʝʥʝʨʘ ץʩʘʪʧʝʥ ʰʳʥ ʢʝʟʜʝʡʩʦץʤʘ ץʘʥʜʘʡ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳפ .9

ʪʦʨʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ?  

10. ᴄʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʣʝʨ װʰʽʥ ʘ, b ʞᴅʥʝ c (k0  0 ʪʝש ʜʝʧ ץʘʙʳʣʜʘʫ) 

ʩʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ ʇʂʉɻ ʙʽʨʽʥʰʽ ʦʥ ʩʘʥʜʘʨʜʘʥ ʪײʨʘʪʳʥ ʪʽʟʙʝʢʛʽʥ ʞᴅʥʝ 

ʧʝʨʠʦʜʳʥ ʘʥʳץʪʘשʳʟ: 

ʘ) ʘ = 5, b = 7, c = 17; 

ʙ) ʘ = 6, b = 3 ʞᴅʥʝ ʩ = 23. 

11. ʂʝʣʝʩʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ װʰʽʥ kʘ ʙʘʩʪʘʧ ʢʝʰʽʛʫʽ ʙʘʨ ʌʠʙʦʥʘʯʯʠ 

ᴅʜʽʩʽʤʝʥ ʛʝʥʝʨʘʮʠʷʣʘʥʘʪʳʥ ʦʥ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽʥ ʘʥʳץʪʘשʳʟ:  

ʘ) a = 3, b = 1, k0 =0,6; k1 =0,3; k2 =0,5; 

ʙ) a = 4, b = 2, k0 =0,9; k1 =0,3; k2 =0,5; k3 =0,9. 

12. ʉʳʟʳץʪʳ ʢʦʥʛʨʫʵʥʪʪʳ ʛʝʥʝʨʘʪʦʨ ʢᴇʤʝʛʽʤʝʥ ʘʣʳʥסʘʥ k0, k1, k2, k3 

ʤᴅʥʜʝʨ ̔k0 = 1, k1 = 8, k2 = 10, k3 = 9 ʪʝש. ʇʂʉɻ  a, b ʞᴅʥʝ c ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʘʥʳץʪʘשʳʟ.  

13. ʇʂʉ BBS ᴅʜʽʩʽ ʙʦʡʳʥʰʘ  ʭ11 ʝʩʝʧʪʝʫ, ʝʛʝʨ: ʘ) p = 19, q = 23, ʭ = 3; 

ʙ) p = 23, q = 31, ʭ = 3. 

14. ʇʂʉ BBS ᴅʜʽʩʽ ʙʦʡʳʥʰʘ 12 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ 

ʝʢʽʣʽʢ ʪʽʟʙʝʢʪʽ ʝʩʝʧʪʝʫ, ʝʛʝʨ: ʘ) p = 19, q = 23, ʭ = 3; ʙ) p = 23, q = 31, ʭ = 3. 

ʂʝʟʜʝʡʩʦץ ʙʠʪʪʝʨ ʨʝʪʽʥʜʝ ʩʘʥʥʳש ʝʢʽʣʽʢ ʞʘʟʙʘʩʳʥʜʘ x0 ʙʘʩʪʘʧ ʢʽʰʽ ʙʠʪʪʽ 

ʘʣʫ.  

15. ʇʂʉ BBS ʛʝʥʝʨʘʮʠʷʣʘʫ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ x1  ʭ8 ʤᴅʥʜʝʨʽʥ ʝʩʝʧʪʝʫ, 

ʝʛʝʨ: ʘ) p = 19, q = 23, ʭ = 3; ʙ) p = 23, q = 31, ʭ = 3. 
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16. ɸסʳʥʜʳ ʘʣʛʦʨʠʪʤ RC4 װʰʽʥ ʝʛʝʨ ʩʝʘʥʩ ʢʽʣʪʽ 1, 2, 3, 4, 5, 6 ʞᴅʥʝ 7 

ʤᴅʥʜʝʨʽ ʙʘʨ 7 ʙʘʡʪ ʙʦʣʩʘ, ʢʽʣʪʪʽʢ ʘסʳʥʥʳש ʙʽʨʽʥʰʽ 20 ʵʣʝʤʝʥʪʽʥ ʢᴇʨʩʝʪʫ.  

17. ʉʠʧʘʪʪʘʤʘʣʳץ ʧʦʣʠʥʦʤʳ x5 + x2 + + 1 װʰʽʥ LFSR ʢᴇʨʩʝʪʽʥʽʟ. 

ɹʝʨʽʣʛʝʥ  LFSR  ץʘʥʜʘʡ ʤʘʢʩʠʤʘʣʜʳ ʪʽʟʙʝʢ ʧʝʨʠʦʜʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ?  

18. ɹʝʨʽʣʛʝʥ LFSR ʩʠʧʘʪʪʘʤʘʣʳץ ʧʦʣʠʥʦʤʳʥ ʘʥʳץʪʘשʳʟ:  

 
 

ɹʝʨʽʣʛʝʥ  LFSR  ץʘʥʜʘʡ ʤʘʢʩʠʤʘʣʜʳ ʪʽʟʙʝʢ ʧʝʨʠʦʜʳ 

 ?ʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳץ

19. ɽʛʝʨ ʪʽʟʙʝʢʪʽש ʘʣסʘʰץʳ ʤᴅʥʽ (1110)2 ʙʦʣʩʘ, ʦʥʜʘ ʙʝʨʽʣʛʝʥ LFSR ʛʝ-

ʥʝʨʘʮʠʷʣʘʡʪʳʥ 20 ʙʠʪʢʝ ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ʘʥʳץʪʘשʳʟ:  

 

 
 

20. LFSR ʤʘʢʩʠʤʘʣʜʳ ʧʝʨʠʦʜ ײʟʳʥʜʳסʳ ï 32 ʨʘʟʨʷʜ. ɾʳʣʞʳʤʘʣʳ ʨʝ-

ʛʠʩʪʨ LFSR ץʘʥʰʘ ʨʷʟʨʷʜ ʙʘʨ?  

21. A5/1 ʘסʳʥʜʳ ʘʣʛʦʨʠʪʤ װʰʽʥ ᴅʨ ʩʳʟʳץʪʳ ʞʳʣʞʫ ʨʝʛʠʩʪʨʳ װʰʽʥ 

ʝʢʽʣʽʢ ʪʽʟʙʝʢʪʽש ʤʘʢʩʠʤʘʣʜʳ ʧʝʨʠʦʜʳʥ ʪʘʙʳשʳʟ.  

22. A5/1 ʘסʳʥʜʳ ʘʣʛʦʨʠʪʤ װʰʽʥ ʬʫʥʢʮʠʷ ʤᴅʥʜʝʨʽʥ ʪʘʙʳשʳʟ: ʘ) f(x, y, z) 

= f(1, 0, 0); ʙ) f(x, y, z) = f(0, 1, 1); ʚ) f(x, y, z) = f(0, 0, 0); ʛ) f(x, y, z) = f(1, 1, 

1). ᴄʨ ʞʘסʜʘʡ װʰʽʥ ץʘʥʰʘ ʞʳʣʞʫ ʨʝʛʠʩʪʨʣʝʨʽ ʩʠʥʭʨʦʥʜʘʣʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʽשʽʟ.  

 

 

 

 

 

 

 

 

 

 

 



 157 

 

5 ʪʘʨʘʫ 

 

ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋɼʓר ɹʃʆʂʊʓ 

ʉʀʄʄɽʊʈʀʗʃʓפ ʉʊɸʅɼɸʈʊʓ DATA  ENCRIPTION  

STANDARD 

 

5.1. DES ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ ɸʃɻʆʈʀʊʄɯʅ ױפʈʋ ʊɸʈʀʍʓ 

 

ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ  (Data Encryption Standard  DES)  ʩʠ-

ʤʤʝʪʨʠʷʣʳץ ʢʽʣʪʪʝʨʽ ʙʘʨ ʙʣʦʢʪʳ ʰʠʬʨ, ױʣʪʪʳץ ʉʪʘʥʜʘʨʪʪʘʨ ʞᴅʥʝ ʊʝʭʥʦ-

ʣʦʛʠʷʣʘʨ ʀʥʩʪʠʪʫʪʳʤʝʥ ײץʨʳʣסʘʥ (National Institute of Standards and 

Technology ï NIST) [4, 29, 43]. 

1973 ʞʳʣʳ NIST  ʩʠʤʤʝʪʨʠʷʣʳץ ʢʽʣʪʪʝʨʽ ʙʘʨ ײʣʪʪʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝ ײʩʳʥʳʩʳʥ ײץʨʫ װʰʽʥ ʩײʨʘʥʳʩ ʞʘʨʠʷʣʘʜʳ.  

IBM ײʩʳʥʳʣסʘʥ ñʃʶʮʠʬʝʨò (Lucifer) ʜʝʧ ʘʪʘʣʘʪʳʥ ʞʦʙʘʥʳש ʪװʨʽ DES 

ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʥʜʳ. DES ʵʩʢʠʟʜʽʢ ʪװʨʜʝ ɸץʧʘʨʘʪʪʳ ᴆשʜʝʫʜʽש ʌʝʜʝʨʘʣʜʳ 

ʉʪʘʥʜʘʨʪʳ (Federal Information Processing Standard  FIPS) ʨʝʪʽʥʜʝ ʌʝʜʝʨʘ-

ʣʜʳ ʈʝʛʠʩʪʨʜʝ 1975 ʞʳʣʳ ʞʘʨʠʷʣʘʥʜʳ [4, 29, 43].   

ɾʘʨʘʷʣʘʫʜʘʥ ʢʝʡʽʥ ʵʩʢʠʟ ץʘʪʘש ʢʨʠʪʠʢʘסʘ ײʰʳʨʘʜʳ ʝʢʽ ʩʝʙʝʙʧʝʥ: ʙʽʨʽ-

ʥʰʽ ï ʢʽʣʪʪʽץ שʳʩץʘ ײʟʳʥʜʳסʳ (ʪʝʢ 56 ʙʠʪ), ʦʣ çʜᴇʨʝʢʽ ʢװʰè ʰʘʙʫʳʣʥrʘ 

ʰʠʬʨʜʳ ᴅʣʩʽʟʜʝʥʜʽʨʫ ʤװʤʢʽʥ; ʝʢʽʥʰʽ ʩʝʙʝʧ ï ʢʨʠʪʠʢʘ ʙʝʨʫʰʽʣʝʨ DES ʽʰʢʽ 

 ʨʳʣʫʳʥʘ ʩʝʥʽʤʩʽʟʜʽʢ ʙʽʣʜʽʨʜʽ. ʆʣʘʨײץ ʘʥסʢʝʡʙʽʨ ʞʘʩʳʨʳʣ שʨʳʣʳʤʳʥʳײץ

 ʞʘʩʳʨʳʥ çʞʦʣè (S-ʙʣʦʢʪʘʨʳ שʘʫʳʩʪʳʨʫʜʳ) ʢʝʡʙʽʨ ʙᴇʣʽʛʽʥʜʝ שʨʳʣʳʤʥʳײץ

ʙʦʣʫ ʤװʤʢʽʥ, ʦʣ ʭʘʙʘʨʜʳ ʢʽʣʪʩʽʟ ʢʝʨʽʰʠʬʨʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʜʝʧ ʦʡ-

ʣʘʜʳ. ʂʝʡʙʽʨ ʫʘץʳʪʪʘש ʢʝʡʽʥ IBM ʞʦʙʘʣʘʫʰʳʣʘʨʳ ʽʰʢʽ ײץʨʳʣʳʤ ʢʨʠʧʪʦ-

ʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ץʘʡʪʘ ʞʘʩʘʣʜʳ ʜʝʧ ʭʘʙʘʨʣʘʜ .r  

1977 ʞʳʣʳʥʳש ʘץʧʘʥʳʥʜʘ DES ʌʝʜʝʨʘʣʜʳץ ʈʝʛʠʩʪʨʜʝ FIPS 46 ʨʝʪʽʥʜʝ 

ʙʘʩʧʘסʘ ʰʳץʪʳ. ɹʽʨʘץ FIPS DESïʪʽ ʨʝʩʤʠ ʝʤʝʩ ץʦʩʳʤʰʘʣʘʨʜʘ ץʦʣʜʘʥʘʪʳʥ 

ʩʪʘʥʜʘʨʪ ʜʝʧ ʭʘʙʘʨʣʘʜʳ.  

ʉʪʘʥʜʘʨʪ ʥʝʛʽʟʽʥʝ ץʦʡʳʣסʘʥ ʘʣʛʦʨʠʪʤ ʞʝʪʢʽʣʽʢʪʽ ʪʝʟ ʪʘʨʘʣʜʳ ʞᴅʥʝ 1980 

ʞʳʣʳ ɸפʐ NIST ץʘʙʳʣʜʘʥʜʳ. ʉʦʣ ʩᴅʪʪʝʥ DES ʩʪʘʥʜʘʨʪ ʪʝʢ ʘʪʳʤʝʥ (Data 

Encryption Standard) סʘʥʘ ʝʤʝʩ, ʥʘץʪʳ ʪװʨʜʝ ʙʦʣʜʳ. ɸץʧʘʨʘʪʪʳ ʜʝʨʝʢʪʝʨʜʽ 

ʪʘʨʘʪʫ ʞʝʣʽʣʝʨʽʥʜʝ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 

   .ʳʥ-ʕɽʄ ʧʘʡʜʘ ʙʦʣʜʳסʘʤʪʘʤʘ ʞᴅʥʝ ʘʨʥʘʡʳ ʰʘץ
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DES  ɸץʧʘʨʘʪʪʳ ᴆשʜʝʫʜʽש ʌʝʜʝʨʘʣʜʳ ʉʪʘʥʜʘʨʪʳʥʳש ʘʪʳ  (FIPS 46-3), 

ʦʣ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʩʠʧʘʪʪʘʡʜʳ (Data Encryption Algorithm 

 DEA). ANSI ʪʝʨʤʠʥʜʝʨʽʥʜʝ DEA ʩʪʘʥʜʘʨʪ X9.32 ʜʝʧ ʘʥʳץʪʘʣסʘʥ.  

NIST  ײץʞʘʪʪʘʨʳʥʜʘ DES ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨ-

ʣʘʫ ʘʣʛʦʨʠʪʤʽ (DEA) ʜʝʧ ʘʪʘʣʘʜʳ, ʘʣ ʩʪʘʥʜʘʨʪʪʘʫ ʙʦʡʳʥʰʘ ʭʘʣʳץʘʨʘʣʳץ 

 ,ʦʣʜʘʥʘʜʳ [4ץ ʡʳʤ DES ʰʠʬʨʳʥʘ ʩʽʣʪʝʤʝ ʞʘʩʘʧ, DEA-1 ʘʙʙʨʝʚʠʘʪʫʨʘʩʳʥײ

29, 43].  

ɹײʣ ʘʣʛʦʨʠʪʤ ʞʠʳʨʤʘ ʞʳʣʜʘʥ ʘʩʪʘʤ ʫʘץʳʪʪʘ ᴅʣʝʤʜʽʢ ʩʪʘʥʜʘʨʪ ʙʦʣʜʳ 

ʞᴅʥʝ ʙʘʨʣʳץ ʪʽʣʝʫʰʽʣʝʨʛʝ ץʦʣʞʝʪʽʤʜʽ ʨʝʩʤʠ ʩʪʘʥʜʘʨʪ ʨʝʪʽʥʜʝ ʙʝʢʽʪʽʣʜʽ. 

ʉʦʥʜʳץʪʘʥ ʦʥʳ ᴅʩʢʝʨʽ ץʦʣʜʘʥʫʜʘʥ ʢʝשʤʘʩʰʪʘʙʪʳ ץʦʣʜʘʥʫסʘ ʜʝʡʽʥʛʽ ʢʨʠʧ-

ʪʦʛʨʘʬʠʷ ʞʦʣʳʥʜʘ ʤʘשʳʟʜʳ ץʘʜʘʤ ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʝʫʛʝ ʙʦʣʘʜʳ.  

DES ʦʥʳ ʞʘʨʠʷʣʘʫʜʘʥ ʙʘʩʪʘʧ ʝש ʢʝץ שʦʣʜʘʥʳʩʪʘ ʙʦʣסʘʥ ʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʽʣʪʪʝʨʽ ʙʘʨ ʙʣʦʢʪʳ ʘʣʛʦʨʠʪʤ ʙʦʣʜʳ. ʋʘץʳʪ ᴇʪʢʝʥʥʝש ʢʝʡʽʥ NIST ʞʘשʘ 

ʩʪʘʥʜʘʨʪʪʳ ײʩʳʥʜʳ  FIPS 46-3, ʦʣ ʙʦʣʘʰʘץ ץʦʩʳʤʰʘʣʘʨ װʰʽʥ װʰʝʩʝʣʽ 

DES (װʰ ʨʝʪ ץʘʡʪʘʣʘʥסʘʥ DES ʰʠʬʨʳ) ץʦʣʜʘʥʫʜʳ ײʩʳʥʜʳ.  

DES ʘʣʛʦʨʠʪʤʽʥ ײץʨʘʩʪʳʨʫʰʳʣʘʨʳʥʘ ץʦʡʳʣסʘʥ ʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨ ʢʝʣʝʩʽ:  

- ʘʣʛʦʨʠʪʤ ץʘʫʽʧʩʽʟʜʽʢʪʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤ ʪʦʣʳץ ʘʥʳץʪʘʣסʘʥ ʞᴅʥʝ ʪװʩʽʥʛʝʥʛʝ ʞʝשʽʣ ʙʦʣʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʢʽʣʪʢʝ ʥʝʛʽʟʜʝʣʝʥʫ ʢʝʨʝʢ ʞᴅʥʝ ʘʣʛʦʨʠʪʤʥʽש 

ᴇʟʽʥ ײץʧʠʷ ʩʘץʪʘʫסʘ ʪᴅʫʝʣʜʽ ʙʦʣʤʘʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤ ʙʘʨʣʳץ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ץʦʣʞʝʪʽʤʜʽ ʙʦʣʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤʜʽ ᴅʨʪװʨʣʽ ץʦʣʜʘʥʫʣʘʨסʘ ʘʜʘʧʪʘʮʠʷ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʫ ʢʝ-

ʨʝʢ;  

- ʘʣʛʦʨʠʪʤʜʽ ʵʣʝʢʪʨʦʥʜʳ ʘʩʧʘʧ ʪװʨʽʥʜʝ ʪʠʽʤʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʛʽ 

ʙʦʣʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤ ץʦʣʜʘʥʫʜʘ ʪʠʽʤʜʽ ʙʦʣʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤ ʪʝʢʩʝʨʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʙʝʨʫ ʢʝʨʝʢ;  

- ʘʣʛʦʨʠʪʤ ʵʢʩʧʦʨʪ װʰʽʥ ʨץײʩʘʪʪʘʣʫ ʢʝʨʝʢ.  

DES ʘʣʛʦʨʠʪʤʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳץʪʘʨʳ: 

 ʙʠʪ (ʳʣʘʫ ʨʘʟʨʷʜʪʘʨʳץʳ ʞᴅʥʝ 8 ʙʘסʟʳʥʜʳײ 56 ʙʠʪ ʢʽʣʪ) ʳ 64סʟʳʥʜʳײ -

ʪʝʢ ʙʽʨ ʢʽʣʪ ץʦʣʜʘʥʳʣʘʜʳ;  

- ʭʘʙʘʨʜʳ ʙʽʨ ʙʘסʜʘʨʣʘʤʘ ʧʘʢʝʪʽʤʝʥ ʰʠʬʨʣʘʧ, ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ DES 

ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʘʩץʘ ʢʝʟ ʢʝʣʛʝʥ ʙʘסʜʘʨʣʘʤʘ ʧʘʢʝʪʪʝʨʽʥ 

  ;ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ

- ʘʣʛʦʨʠʪʤʥʽץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳ ᴇשʜʝʫʜʽש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳʥ 

  ;ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

- ʘʣʛʦʨʠʪʤʥʽש ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʣʽʛʽ. 

ɸʣʜʳʤʝʥ DES ʩʪʘʥʜʘʨʪʳ ʥʝʛʽʟʽʥʜʝ ʞʘʪץʘʥ ᴅʜʽʩ, IBM ʬʠʨʤʘʩʳʤʝʥ ᴇʟ 

ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ײץʨʳʣסʘʥ ʞᴅʥʝ ñʃʶʮʠʬʝʨò ʞװʡʝʩʽ ʪװʨʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣסʘʥ. ñʃʶʮʠʬʝʨò ʞװʡʝʩʽ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ ᴅʜʽʩʪʝʨʽʥ 

 ʨʘʤʜʘʩʪʳʨʫʜʘ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʦʣ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫײץ

ʙʣʦʢʪʘʨʳʥʳש ʢʝʟʝʢʪʝʩʢʝʥ ʪʽʟʙʝʢʪʝʥ ʪײʨʘʜʳ.  ʆʥʳש ʽʰʽʥʜʝ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ 

ʘʣʤʘʩʪʳʨʫ ʙʣʦʢʪʘʨʳʥ ʙʘʩץʘʨʘʪʳʥ 128 ʙʠʪʪʽʢ ʢʽʣʪ ץʦʣʜʘʥʜʳ. ñʃʶʮʠʬʝʨò 
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ʞװʡʝʩʽ ʰʠʬʨʣʘʫʜʳש ʢʽʰʢʝʥʪʘʡ ʞʳʣʜʘʤʜʳסʳ (2190 ʙʘʡʪ/ʩ  

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫ ʞᴅʥʝ 96970 ʙʘʡʪ/ʩ  ʘʧʧʘʨʘʪʪʳץ ʞװʟʝʛʝ ʘʩʳ-

ʨʫ) װʰʽʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ᴇʪʝ ץʳʡʳʥ ʙʦʣʜʳ.  

 

5.2. DES ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ ɸʃɻʆʈʀʊʄɯʅ ױפʈʋ 

ʇʈʀʅʎʀʇʊɽʈɯ 

 

5.1 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, DES ï ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ.  

 

 
 

5.1 ʩʫʨʝʪ - DES ʩʪʘʥʜʘʨʪʳʥ ץʦʣʜʘʥʫʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫ 

 

ʐʠʬʨʣʘʫ ʞʘסʳʥʜʘ DES 64-ʙʠʪʪʽʢ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ 

  ;ʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʞʘʩʘʡʜʳסʘʙʳʣʜʘʡʜʳ ʞᴅʥʝ 64-ʙʠʪʪʽʢ ʰʠʬʨʣʘʥץ

ʂʝʨʽʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ DES 64-ʙʠʪʪʽʢ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ 

 ʘʨʘʜʳ.  ɽʢʽסʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʰʳץʘʰסʘʙʳʣʜʘʡʜʳ ʞᴅʥʝ 64-ʙʠʪʪʽʢ ʘʣץ

ʞʘץʪʘʜʘ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʙʽʨ 64-ʙʠʪʪʽʢ ʢʽʣʪ ץʦʣʜʘʥʳʣʘʜʳ.   

DES ʘʣʛʦʨʠʪʤʽ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥ 

 ʦʣʜʘʥʘʜʳ. DES 64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ 64-ʙʠʪʪʽʢ ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥץ

ʰʠʬʨʣʘʡʜʳ. ʂʽʣʪʪʝ ʤᴅʥʜʽ ʙʦʣʳʧ 56 ʙʠʪ ʝʩʝʧʪʝʣʝʜʽ (ᴅʨ ʩʝʛʽʟʽʥʰʽ ʙʠʪ ʢʽʣʪʪʽש 

 ʦʣʜʘʥʳʣʘʜʳ) [12].  DESץ ʰʽʥװ ʳʣʘʫץʳʥ ʙʘסʧʪʳײʞ שʘʥ ʙʠʪʪʝʨʽʥʽסʘʣץ

ʢʝʨʽʰʠʬʨʣʘʫ ʦʧʝʨʘʮʠʷʩʳ ʰʠʬʨʣʘʫ ʦʧʝʨʘʮʠʷʩʳʥʳש ʢʝʨʽ ʦʧʝʨʘʮʠʷʩʳ ʙʦʣʘ-

ʜʳ, ʞᴅʥʝ ʰʠʬʨʣʘʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥ ץʘʡʪʘ ʨʝʪʽʤʝʥ ץʘʡʪʘʣʘʫ ʞʦʣʳʤʝʥ ʦʨʳʥ-

ʜʘʣʘʜʳ.  

 

5.3. DES ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ ɸʃɻʆʈʀʊʄɯʅɯױפ רʈʓʃʓʄʓ 

 

DES ʘʣʛʦʨʠʪʽʤʽʥʜʝ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש ʞʘʣʧʳʣʘʤʘ ʩײʣʙʘʩʳ 5.2 

ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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5.2 ʩʫʨʝʪ -  DES ʘʣʛʦʨʠʪʽʤʽʥʜʝ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש 

ʞʘʣʧʳʣʘʤʘ ʩײʣʙʘʩʳ 

 

ʐʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ  64-ʙʠʪʪʽʢ ʙʣʦʢʪʳש ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʳ, 

ʰʠʬʨʣʘʫʜʳש ʦʥ ʘʣʪʳ ʨʘʫʥʜʳ ʞᴅʥʝ ʩʦסש rʘʣʤʘʩʪʳʨʫʳ ʦʨʳʥʜʘʣʘʜʳ.   

ʐʠʬʨʣʘʫʜʳש ʦʥ ʘʣʪʳ ʨʘʫʥʜʳʥ ץʦʣʜʘʥʫסʘ ʢʝʣʝʩʽ ʩʝʙʝʧʪʝʨ ʙʘʨ:  

- ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʨסʘʫʜʳש ʢʝʨʝʢʪʽ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ʤʠʥʠʤʘʣʜʳ ץʘʞʝʪʪʽ ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʦʥ ʝʢʽ;  

- ʘʧʧʘʨʘʪʪʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ ʦʥ ʘʣʪʳ ʨʘʫʥʜʪʳ ץʦʣʜʘʥʫ ʢʝʣʝʩʽ 

ʪװʨʣʝʥʜʽʨʫʣʝʨ װʰʽʥ ʪװʨʣʝʥʜʽʨʽʣʛʝʥ ʢʽʣʪʪʽ ʘʣסʘʰץʳ ʢװʡʛʝ ץʘʡʪʘʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ;  

- ʙʝʨʽʣʛʝʥ ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʩʦʥʳʤʝʥ ץʘʪʘʨ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ 

ʝʢʽ ʞʘץʪʘʥ ʰʘʙʫʳʣ ʞʘʩʘʫʜʳ ʘʣʘʩʪʘʪʫ װʰʽʥ ץʘʞʝʪ.  

ᴄʨ ʨʘʫʥʜ ᴅʨʪװʨʣʽ (ʦʥ ʘʣʪʳ) ʛʝʥʝʨʘʮʠʷʣʘʥסʘʥ 48-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨʜʽ 

   .ʦʣʜʘʥʘʜʳץ

DES ʢʝʡʙʽʨ ʞװʟʝʛʝ ʘʩʳʨʫʣʘʨʳʥʜʘ ʘʰʳץ ʤᴅʪʽʥ ʙʣʦʢʪʘʨʳ ʰʠʬʨʣʘʫ 

-ʳ ʘʣʤʘʩʪʳʨʫ ʧʨʦʮʝץʘʰסʢʪʝʫ ʘʣʜʳʥʜʘ ʘʣװʨʝʛʠʩʪʨʣʝʨʽʥʝ ʞ שʳʩʳʥʳסʨʳʣײץ

ʜʫʨʘʩʳʥ ᴇʪʝʜʽ. ɹײʣ ʧʨʦʮʝʜʫʨʘʥʳ ʭʘʙʘʨʜʳש ʩʪʘʪʠʩʪʠʢʘʣʳײץ ץʨʳʣʳʤʳʥ 

ʘʣסʘʰץʳ ʰʘʰʳʨʘʪʫʳʥ ᴇʪʢʽʟʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ [12, 29].  

ɸʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʜʳ ץʦʣʜʘʥʫ ʞʘסʜʘʡʜʘ (Initial Permutation ï IP), ʦʥ 

ʘʣʪʳ ʨʘʫʥʜʪʳ ʦʨʳʥʜʘסʘʥʥʘש ʢʝʡʽʥ ʘʣʳʥסʘʥ ʙʣʦʢץʘ ʢʝʨʽ ʘʣʤʘʩʪʳʨʫ 

  .ʦʣʜʘʥʳʣʘʜʳ (IP - 1)ץ
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IP ʜʝʨʝʢʪʝʨ ʙʠʪʪʝʨʽʥ ʘʣʤʘʩʪʳʨʫ IP ï 1 ʠʥʚʝʨʩʠʷʩʳ ʙʘʨ ʩʳʤ ʢʦʤʤʫʪʘʮʠʷ 

ʜʝʧ ʘʪʘʣʘʜʳ, ʷסʥʠ ʩʦסשʳ ʘʣʤʘʩʪʳʨʫ ʘʣסʘʰץʳʩʳʥʘ ʢʝʨʽ ʙʦʣʘʜʳ. 

 ʘʥʜʘʡ ʤᴅʥʽץDES ʢʨʠʧʪʦʛʨʘʬʠʷʩʳʥʘ ʝʰ שʦʣʜʘʥʳʣʘʪʳʥ ʝʢʽ ʘʣʤʘʩʪʳʨʫʜʳפ

ʞʦץ. ɽʢʽ ʘʣʤʘʩʪʳʨʫ ʢʽʣʪʩʽʟ ʞᴅʥʝ ʘʣʜʳʥʘʣʳ ʙʝʣʛʽʣʽ. ɹײʣ ʧʨʦʮʝʩʩʪʽש ʝʢʽ 

ʞʘסʳʥʘ ʜʘ ʙʽʨ ʙʘסʜʘʨʣʘʤʘʣʳץ ʥʝʤʝʩʝ ʘʧʧʘʨʘʪʪʳץ ץʘʤʪʘʤʘʥʳ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ. 5.3 ʩʫʨʝʪʽ ʘʣסʘʰץʳ 

ʞᴅʥʝ ʩʦסשʳ ʘʣʤʘʩʪʳʨʫʜʳ ʢᴇʨʩʝʪʝʜʽ.  

ᴄʨ ʘʣʤʘʩʪʳʨʫ  64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ ץʘʙʳʣʜʘʡʜʳ ʞᴅʥʝ ʦʥʳש 

ʵʣʝʤʝʥʪʪʝʨʽʥ ʙʝʨʽʣʛʝʥ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ʘʫʳʩʪʳʨʘʜʳ. 5.3 ʩʫʨʝʪʽʥʜʝ ʢʽʨʽʩ 

ʞᴅʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʳסʳʩ ʧʦʨʪʪʘʨʳʥʳש ʢʝʡʙʽʨʝʫʣʝʨʽ סʘʥʘ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɹײʣ ʘʣʤʘʩʪʳʨʫʣʘʨ ï ʢʽʣʪʩʽʟ ʪװʟʫ ʘʣʤʘʩʪʳʨʫʣʘʨ, ʦʣʘʨ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ. 

ʄʳʩʘʣʳ, ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʜʘ (IP) ʢʽʨʽʩʪʝ 58-ʰʽ ʙʠʪ ʰʳסʳʩʪʘ ʙʽʨʽʥʰʽ 

ʙʠʪʢʝ ʘʫʳʩʘʜʳ. ʊײʨʘ ʩʦʣʘʡ, ʩʦסשʳ ʘʣʤʘʩʪʳʨʫʜʘ (IP ï 1) ʙʽʨʽʥʰʽ ʢʽʨʽʩ ʙʠʪʳ 

ʰʳסʳʩʪʘ 58-ʰʽ ʙʠʪʢʝ ʘʫʳʩʘʜʳ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʛʝʨ ʦʩʳ ʝʢʽ ʘʣʤʘʩʪʳʨʫ ʘʨʘ-

ʩʳʥʜʘ ʨʘʫʥʜ ʙʦʣʤʘʩʘ, ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫ ײץʨʳʣסʳʩʳʥʳש ʢʽʨʽʩʽʥʝ ʢʝʣʛʝ 

58-ʰʽ ʙʠʪ ʩʦסשʳ ʘʣʤʘʩʪʳʨʫʜʳ58 ש-ʰʽ ʰʳסʳʩʳʥʘ ʞʽʙʝʨʽʣʝʜʽ.  

 

 
 

5.3 ʩʫʨʝʪ ï DES ʘʣʤʘʩʪʳʨʫʜʳש ʘʣסʘʰץʳ ʞᴅʥʝ ʩʦסשʳ ץʘʜʘʤʜʘʨʳ 

 

64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ װʰʽʥ ʘʣסʘʰץʳ IP ʞᴅʥʝ ʩʦסשʳ  IP ï 1 ʘʣʤʘʩʪʳ-

ʨʫ ʝʨʝʞʝʣʝʨʽ 5.1 ʞᴅʥʝ 5.2 ʢʝʩʪʝʣʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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5.1 ʢʝʩʪʝ 

 

ɸʣסʘʰץʳ IP ʘʣʤʘʩʪʳʨʫ ʝʨʝʞʝʣʝʨʽ 

 

 ɹʠʪ ʥᴇʤʽʨʣʝʨʽ 

ʂʽʨʽʩ 58 50 42 34 26 18 10 02 60 52 44 36 28 20 12 04 

ʐʳסʳʩ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

                 

ʂʽʨʽʩ 62 54 46 38 30 22 14 06 64 56 48 40 32 24 16 08 

ʐʳסʳʩ 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

                 

ʂʽʨʽʩ 57 49 41 33 25 17 09 01 59 51 43 35 27 19 11 03 

ʐʳסʳʩ 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

                 

ʂʽʨʽʩ 61 53 45 37 29 21 13 05 63 55 47 39 31 23 15 07 

ʐʳסʳʩ 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 

 

ɹײʣ ʘʫʳʩʪʳʨʫ (IP ʞᴅʥʝ IP - 1) ʰʠʬʨʜʳש ʙʝʨʽʢʪʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʧʝʡʜʽ ʞᴅʥʝ 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʦʥʳ ʦʨʳʥʜʘʫ ץʘʞʝʪ ʧʘ ʜʝʧ ʩײʨʘץ ץʦʷʜʳ. DES ײץʨסʘʥ 

ʰʳסʘʨʤʘʰʳʣʳײ ץʞʳʤʥʳש ʤװʰʝʩʽʥʽש ʙʽʨʽ ʦʣʘʨ ʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥ 

ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ʞʝשʽʣʜʝʪʝʜʽ ʜʝʧ ʘʡʪʪʳ  [27, 29, 41].  

 

5.2 ʢʝʩʪʝ 

ʂʝʨʽ ʘʣʤʘʩʪʳʨʫ IP ï 1 ʝʨʝʞʝʣʝʨʽ 

 

 ɹʠʪ ʥᴇʤʽʨʣʝʨʽ 

ʂʽʨʽʩ 40 08 48 16 56 24 64 32 39 07 47 15 55 23 63 31 

ʐʳסʳʩ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

                 

ʂʽʨʽʩ 38 06 46 14 54 22 62 30 37 05 45 13 53 21 61 29 

ʐʳסʳʩ 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

                 

ʂʽʨʽʩ 36 04 44 12 52 20 60 28 35 03 43 11 51 19 59 27 

ʐʳסʳʩ 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

                 

ʂʽʨʽʩ 34 02 42 10 50 18 58 26 33 01 41 09 49 17 57 25 

ʐʳסʳʩ 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 

 

ʂʝʩʪʝʣʝʨʜʝʛʽ ʙʘʨʣʳץ ʘʣʤʘʩʪʳʨʫʣʘʨ ʞᴅʥʝ ʢʦʜʪʘʨ ʢʽʣʪʪʽ ʽʨʽʢʪʝʫ ʞʦʣʳʤʝʥ 

ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥ ʤʘʢʩʠʤʘʣʜʳ ץʳʡʳʥʜʘʪʫ װʰʽʥ ײץʨʫʰʳʣʘʨʤʝʥ ʘʨ-

ʥʘʡʳ ʪʘשʜʘʣסʘʥ.  
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ɹʘʨʣʳץ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʝʩʪʝʣʝʨ ʩʪʘʥʜʘʨʪʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ DES 

ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ᴇʟʛʝʨʪʫʣʝʨʩʽʟ ץʦʩʳʣʫ ʢʝʨʝʢ ʝʢʝʥʽʥ ʘʡʪʘ ʢʝʪʫ 

  .ʘʞʝʪץ

5.1 ʤʳʩʘʣ. ɸʣʤʘʩʪʳʨʫʜʳש ʘʣסʘʰץʳ ʙʣʦʢ ʰʳסʳʩʳʥʜʘסʳ ʥᴅʪʠʞʝʩʽʥ 

ʘʥʳץʪʘʫ ץʘʞʝʪ ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʝ ʢʝʣʝʩʽʜʝʡ ʦʥ ʘʣʪʳʣʳץ ʪʽʟʙʝʢ ʢʽʨʩʝ: 

 

0002 0000 0000 000116. 

 

ʐʝʰʽʤ. ʂʽʨʽʩʪʝ ʪʝʢ ʝʢʽ ʙʽʨ ʙʦʣʘʜʳ (15 ʙʠʪ ʞᴅʥʝ 64 ʙʠʪ); ʪװʟʫ ʘʣʤʘʩʪʳʨʫ 

 ,ʦʣʜʘʥʳʧץ ʳʩʪʘʜʘ ʪʝʢ ʝʢʽ ʙʽʨ ʙʦʣʫ ʢʝʨʝʢ. 5.1 ʢʝʩʪʝʥʽסʪʘʥ ʰʳץʘʥʜʳסʦʣʜʘʥץ

ʦʩʳ ʝʢʽ ʙʠʪʧʝʥ ʙʘʡʣʘʥʳʩʪʳ ʰʳסʳʩʪʳ ʪʘʙʫסʘ ʙʦʣʘʜʳ. ʂʽʨʽʩʪʝ 15 ʙʠʪ 

ʰʳסʳʩʪʘ 63 ʙʠʪ ʙʦʣʘʜʳ. ʂʽʨʽʩʪʝ 64 ʙʠʪ ʰʳסʳʩʪʘ 25 ʙʠʪ ʙʦʣʘʜʳ. ʐʳסʳʩʪʘ 

ʪʝʢ ʝʢʽ ʙʽʨ ʙʦʣʘʜʳ - 25 ʙʠʪ ʞᴅʥʝ 63 ʙʠʪ. 

ʉʦʥʜʳץʪʘʥ, ʦʥ ʘʣʪʳʣʳץ ʩʘʥʘץ ʞװʡʝʩʽʥʜʝ ʥᴅʪʠʞʝ ʢʝʣʝʩʽ ʙʦʣʘʜʳ:  

 

0000 0080 0000 000216. 

 

5.2 ʤʳʩʘʣ. 5.1 ʤʳʩʘʣʳʥʜʘ ʘʣʳʥסʘʥ ʘʣסʘʰץʳ ʞᴅʥʝ ʩʦסשʳ ʘʣʤʘʩʪʨrʫʣʘʨ 

ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʫ.  

ʐʝʰʽʤ. ɸʣʳʥסʘʥ ʰʳסʳʩ ʪʽʟʙʝʢʪʽ 0000 0080 0000 000216 ʢʽʨʽʩʢʝ 

ʪװʨʣʝʥʜʽʨʝʤʽʟ. ɹʽʨʣʽʢ ʙʠʪʪʝʨ   25 ʞᴅʥʝ 63, ʙʘʩץʘ ʙʠʪʪʝʨ ʥᴇʣʛʝ ʪʝש. ʉʦסשʳ 

ʘʣʤʘʩʪʳʨʫʜʘ 25-ʰʽ ʙʠʪ 64-ʰʽʛʝ ʘʫʳʩʘʜʳ, ʘʣ  63-ʰʽ  15-ʰʽʛʝ. ʅᴅʪʠʞʝ: 

 

000200000000000116. 

 

ʅᴅʪʠʞʝʜʝʥ ʢᴇʨʽʥʝʪʽʥʜʝʡ ʘʣסʘʰץʳ ʞᴅʥʝ ʩʦסשʳ ʘʣʤʘʩʪʳʨʫʣʘʨ ï ʙײʣ 

ʘʣʤʘʩʪʳʨʫʜʳש ʪװʟʫ ʙʣʦʢʪʘʨʳ, ʦʣʘʨ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ.  

 

5.4. DES ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ תʐɯʅ ʈɸʋʅɼʊʓפ ʂɯʃʊʊɽʈɼɯ 

ɻɽʅɽʈɸʎʀʗʃɸʋ 

 

ʂʽʣʪ ʛʝʥʝʨʘʪʦʨʳ 56 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʰʠʬʨ ʢʽʣʪʽʥʝʥ ʦʥ ʘʣʪʳ 48 ʙʠʪʪʽʢ 

ʢʽʣʪʪʝʨʜʽ ײץʨʘʜʳ. ɹʽʨʘץ ʰʠʬʨ ʢʽʣʪʽ ᴅʜʝʪʪʝ 64 ʙʠʪʪʽʢ ʢʽʣʪ ʨʝʪʽʥʜʝ ʙʝʨʽʣʝʜʽ, 

ʦʥʳש ʽʰʽʥʜʝ 8 ץʦʩʳʤʰʘ ʙʠʪʪʝʨ ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽ. ʆʣʘʨ ʨʘʫʥʜʳץ ʢʽʣʪʪʝʨʜʽ 

ʛʝʥʝʨʘʮʠʷʣʘʫ ʧʨʦʮʝʩʩʽ (5.4 ʩʫʨʝʪ) ʘʣʜʳʥʜʘ ʘʣʳʥʳʧ ʪʘʩʪʘʣʘʜʳ.  
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5.4 ʩʫʨʝʪ ï ʈʘʫʥʜʳץ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫʜʳײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 

 

5.4.1. ʐʠʬʨʜʳש ʢʽʣʪʪʽ ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽʥ ᴇʰʽʨʫ 

 

ʂʽʣʪʪʝʨʜʽ ʢʝשʝʡʪʫ ʘʣʜʳʥʜʘסʳ ʧʨʦʮʝʩʩ ï ץʳʩʫʜʳ ʘʣʤʘʩʪʳʨʫ, ʦʥʳ ʰʠʬʨ 

ʢʽʣʪʽʥʽש ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽʥ ʞʦʶ ʜʝʧ ʘʪʘʡʜʳ. ʆʣ 64-ʙʠʪʪʽʢ ʢʽʣʪʪʝʥ ʞײʧʪʳץ 

ʙʠʪʪʝʨʽʥ  (08, 16, 24, 32, 40, 48, 56, 64 ʙʠʪʪʝʨʽ) ʞʦʷʜʳ. ɹײʣ ʙʠʪʪʝʨ 

ʰʠʬʨʣʘʫסʘ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ʂʽʣʪʪʽש ʢᴇʨʩʝʪʽʣʛʝʥ ʙʠʪʪʝʨʽ ʢʽʣʪʪʽש ᴅʨ ʙʘʡʪʳʥʜʘ 

ʙʽʨʣʝʨ ʪʘץ ʙʦʣסʘʥʳʥʘ ʞʘʫʘʧ ʙʝʨʝʜʽ.    

ʉʦʥʳʤʝʥ, ʰʠʬʨ ʢʽʣʪʽ ʥʘץʪʳ 56- ʙʠʪ. ɹʘץʳʣʘʫ ʙʠʪʪʝʨʽʥ ʞʦʶ װʰʽʥ ʞᴅʥʝ 

ʢʽʣʪʪʽ ʞײʤʳʩץʘ ʜʘʡʳʥʜʘʫ װʰʽʥ G ʬʫʥʢʮʠʷʩʳ ץʦʣʜʘʥʳʣʘʜʳ. G ʬʫʥʢʮʠʷʩʳ 

ï ʢʽʣʪʪʽ ʘʣסʘʰץʳ ʜʘʡʳʥʜʘʫ ʬʫʥʢʮʠʷʩʳ (5.3 ʢʝʩʪʝ). G ʬʫʥʢʮʠʷʩʳʥ ʦʨʳʥʜʘʫ 

ʥᴅʪʠʞʝʩʽ ʘʣʤʘʩʪʳʨʫ ʙʦʣʘʜʳ, ʦʣ ᴅʜʝʙʠʝʪʪʝ  PC-1 ʜʝʧ ʘʪʘʣʘʜʳ [12, 29].  
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5.3ʢʝʩʪʝ 

 

ʂʽʣʪʪʽ ʘʣסʘʰץʳ ʜʘʡʳʥʜʘʫʜʳש G ʬʫʥʢʮʠʷʩʳ 

 

 ɹʠʪ ʥᴇʤʽʨʣʝʨʽ 

K ʢʽʨʽʩ 57 49 41 33 25 17 09 01 58 50 42 34 26 18 

ʐʳסʳʩ 01 02 03 04 05 06 07 08 09 10 11 12 13 14 

               

K ʢʽʨʽʩ 10 02 59 51 43 35 27 19 11 03 60 52 44 36 

ʐʳסʳʩ 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

               

K ʢʽʨʽʩ 63 55 47 39 31 23 15 07 62 54 46 38 30 22 

ʐʳסʳʩ 29 30 31 32 33 34 35 36 37 38 39 40 41 42 

               

K ʢʽʨʽʩ 14 06 61 53 45 37 29 21 13 05 28 20 12 04 

ʐʳסʳʩ 43 44 45 46 47 48 49 50 51 52 53 54 55 56 

 

5.3. ʢʝʩʪʝ ʝʢʽ ʙᴇʣʽʤʛʝ ʙᴇʣʽʥʝʜʽ. ʊװʨʣʝʥʜʽʨʫ ʥᴅʪʠʞʝʩʽ G(K) ᴅʨ ץʘʡʩʳʩʳ 

28 ʙʠʪʪʝʥ ʪײʨʘʪʳʥ ʝʢʽ ʙᴇʣʽʤʛʝ C0 ʞᴅʥʝ D0 ʙᴇʣʽʥʝʜʽ. 5.3 ʢʝʩʪʝʥʽש ʙʽʨʽʥʰʽ 

ʝʢʽ ʞʦʣʳ C0 ʪʽʟʙʝʛʽʥʽש ʙʠʪʪʝʨʽ ץʘʣʘʡ ʪʘשʜʘʣʘʪʳʥʳʥ ʘʥʳץʪʘʡʜʳ (C0 ʙʽʨʽʥʰʽ 

ʙʠʪʳ ï ʰʠʬʨ ʢʽʣʪʽʥʽ57 ש-ʰʽ ʙʠʪʳ, ʩʦʜʘʥ ʢʝʡʽʥ 49-ʰʽ ʙʠʪ ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ, 

ʘʣ ʩʦʥסʳ ʙʠʪʪʝʨ ï ʢʽʣʪʪʽ44  ש-ʰʽ ʞᴅʥʝ 36-ʰʽ ʙʠʪʪʝʨʽ). 5.3 ʢʝʩʪʝʥʽש ʢʝʣʝʩʽ 

ʝʢʽ ʞʦʣʳ D0 ʪʽʟʙʝʛʽʥʽש ʙʠʪʪʝʨʽ ץʘʣʘʡ ʪʘשʜʘʣʘʪʳʥʳʥ ʘʥʳץʪʘʡʜʳ (ʷסʥʠ D0 

ʪʽʟʙʝʛʽ ʰʠʬʨ ʢʽʣʪʽʥʽ47 ,55 ,63 ש, é , 12, 04 ʙʠʪʪʝʨʽʥʝʥ ʪײʨʘʜʳ).  

5.3 ʤʳʩʘʣ. ʂʽʣʪʪʽ ʜʘʡʳʥʜʘʫ ʬʫʥʢʮʠʷʥʳש G ʰʳסʳʩʳʥʜʘ ʙʦʣʘʪʳʥ 

ʥᴅʪʠʞʝʥʽ ʘʥʳץʪʘʫ ץʘʞʝʪ, ʝʛʝʨ ʰʠʬʨ ʢʽʣʪʽ  

 

K = abab19283746cdcd16. 

 

ʈʝʰʝʥʠʝ. ʐʠʬʨ ʢʽʣʪʽʥʽש ʤᴅʥʜʝʨʽʥ ʝʢʽʣʽʢʢʝ ʘʫʳʩʪʳʨʳʧ  

 

1010 1011 1010 1011 0001 1001 0010 10002 

0011 0111 0100 0110 1100 1101 1100 11012 

 

ʞᴅʥʝ ʢʽʣʪʪʽ ʜʘʡʳʥʜʘʫ ʬʫʥʢʮʠʷʩʳʥ G ץʦʣʜʘʥʳʧ (5.3 ʢʝʩʪʝ) ʢʝʣʝʩʽ 

ʪʽʟʙʝʢʪʝʨʜʽ ʘʣʘʤʳʟ:  

 

C0 = 1100 0011 1100 0000 0011 0011 10102 = c3c033a16; 

 

D0 = 0011 0011 1111 0000 1100 1111 10102 = 33f0cfa16. 

 

5.4.2. Ci ʞᴅʥʝ Di ʪʽʟʙʝʢʪʝʨʽʥ ʩʦʣ ʞʘץʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ 
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ʊװʟʫ ʘʣʤʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥ ʢʽʣʪ 28 ʙʠʪʪʝʥ ʝʢʽ ʙᴇʣʽʢʢʝ ʙᴇʣʽʥʛʝʥ.  C0 ʞᴅʥʝ 

D0 ʪʽʟʙʝʢʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥ 16 ʨʘʫʥʜʪʳש ᴅʨ ץʘʡʩʳʩʳʥʘ (i = 

1,2,é,16) Ci ʞᴅʥʝ Di ʪʽʟʙʝʢʪʝʨʽ ʨʝʢʫʨʩʠʚʪʽ ʘʥʳץʪʘʣʘʜʳ. ʆʣ װʰʽʥ ʨʘʫʥʜʪʳש 

ʥᴇʤʽʨʽʥʝ ʪᴅʫʝʣʜʽ, 5.4 ʢʝʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʙʽʨ ʥʝʤʝʩʝ ʝʢʽ ʙʠʪʪʢʝ ʩʦʣסʘ 

ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ.  

 

5.4 ʢʝʩʪʝ 

 

Ci ʠ Di ʪʽʟʙʝʢʪʝʨʜʽ ʩʦʣסʘ ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫʜʳש ʙʠʪʪʝʨ ʩʘʥʳ 

 

ʈʘʫʥʜʪʘʨ ʥᴇʤʽʨʣʝʨʽ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 1 2 2 2 2 2 2 1 2 2 2 2 2 2 1 

ʉʦʣסʘ ʞʳʣʞʳʪʫʜʳש ʙʠʪʪʝʨ ʩʘʥʳ 

 

ʉʦʣסʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳ Ci ʞᴅʥʝ Di ʪʽʟʙʝʢʪʝʨʽ װʰʽʥ 

ʪᴅʫʝʣʩʽʟ ʦʨʳʥʜʘʣʘʜʳ. ʄʳʩʘʣʳ, C3 ʪʽʟʙʝʛʽʥ ʘʣʫ װʰʽʥ C2 ʪʽʟʙʝʛʽʥ ʝʢʽ 

ʧʦʟʠʮʠʷסʘ ʩʦʣסʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʘʜʳ, ʘʣ D3 ʪʽʟʙʝʛʽʥ ʘʣʫ װʰʽʥ D2 ʪʽʟʙʝʛʽʥ 

ʝʢʽ ʧʦʟʠʮʠʷסʘ ʩʦʣסʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʘʜʳ. C16 ʞᴅʥʝ D16 ʪʽʟʙʝʢʪʝʨʽʥ ʘʣʫ 

-ʘ ʮʠʢʣʜʳ ʞʳʣסʘ ʩʦʣסʰʽʥ ʩᴅʡʢʝʩ C15 ʞᴅʥʝ D15 ʪʽʟʙʝʢʪʝʨʽʥ ʙʽʨ ʧʦʟʠʮʠʷװ

ʞʳʪʘʜʳ.  

ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫʜʳש ʩײʣʙʘʩʳʥʜʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫʜʳש 

ʞʘʣʧʳ ʩʘʥʳ (Ci ʞᴅʥʝ Di  ʪʽʟʙʝʢʪʝʨʽʥʽש ʞʘʣʧʳ ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫʳ 28 ʙʠʪ) 

ʘʨʥʘʡʳ ʢʝʣʝʩʽ װʰʽʥ ʪʘשʜʘʣסʘʥ: ʩʦסשʳ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ ץʘʣʳʧʪʘʩʪʳʨסʘʥʥʘש 

ʢʝʡʽʥ C16 ʞᴅʥʝ D16 ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ C0 ʠ D0 ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽʥʝ 

ʪʝש ʙʦʣʫ װʰʽʥ.  

5.4 ʤʳʩʘʣ. C0 ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽʥ ʩʦʣסʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʜʘʥ 

ʢʝʡʽʥ ʥᴅʪʠʞʝʥʽ ʝʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ k2 ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʘʥʳץʪʘʫ 

  :שʘʞʝʪ, ʝʛʝʨ C0 ʞᴅʥʝ D0 ʤᴅʥʜʝʨʽ ʢʝʣʝʩʽʛʝ ʪʝץ

 

C0 = 1100 0011 1100 0000 0011 0011 10102 = c3c033a16; 

 

D0 = 0011 0011 1111 0000 1100 1111 10102 = 33f0cfa16. 

 

ʐʝʰʽʤ. ɽʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ k2 ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ 5.4 ʢʝʩʪʝʛʝ 

ʩᴅʡʢʝʩ C0 ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽ ʝʢʽ ʨʘʟʨʷʜץʘ ʩʦʣ ʞʘץʘ ʮʠʢʣʜʳ ʞʳʣʞʫ ץʘʞʝʪ. 

C0 ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽʥ ʝʢʽ ʨʘʟʨʷʜץʘ ʩʦʣ ʞʘץʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʘʤʳʟ:  

 

C2 = 0000 1111 0000 0000 1100 1110 10112 = 0f00ceb16; 

 

D2 = 1100 1111 1100 0011 0011 1110 10002 = cfc33e816. 



 167 

 

5.4.3. Ci ʞᴅʥʝ Di ʪʽʟʙʝʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʫ, ʦʣʘʨʜʳ ʘʣʤʘʩʪʳʨʫ 

ʞᴅʥʝ ץʳʩʫ 

 

Ci ʞᴅʥʝ Di ʪʽʟʙʝʢʪʝʨʽʥ ʩʦʣ ʞʘץʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫʜʘʥ ʢʝʡʽʥ ʦʣʘʨ 56 

ʙʠʪʪʽʢ ʙʣʦʢʪʳ ײץʨʫ װʰʽʥ ʙʽʨʽʢʪʽʨʽʣʝʜʽ, ʷסʥʠ  Ci||Di ʪʽʟʙʝʛʽ ʙʦʣʘʜʳ, ʙײʣ ʞʝʨ-

ʜʝ ||  ʤʘʪʝʤʘʪʠʢʘʣʳץ ʢʦʥʢʘʪʝʥʘʮʠʷ (ʙʽʨʽʢʪʽʨʫ) ʦʧʝʨʘʮʠʷʩʳʥʳש ʙʝʣʛʽʩʽ.  

ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ (H-ʬʫʥʢʮʠʷ) Ci||Di 56 ʙʠʪʳʥ ki 48 ʙʠʪʳʥʘ 

ᴇʟʛʝʨʪʝʜʽ, ʦʣʘʨ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. Ci||Di ʪʽʟʙʝʢʪʽ ʘʣ-

ʤʘʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ 5.5 ʢʝʩʪʝʩʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ  

 

5.5 ʢʝʩʪʝ 

 

ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ᴇשʜʝʫʜʽש ʩʦסשʳ ʬʫʥʢʮʠʷʩʳ H 

 

ʂʽʨʽʩ 14 17 11 24 01 05 03 28 15 06 21 10 23 19 12 04 

ʐʳסʳʩ ki 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

                 

ʂʽʨʽʩ 26 08 16 07 27 20 13 02 41 52 31 37 47 55 30 40 

ʐʳסʳʩ ki 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

                 

ʂʽʨʽʩ 51 45 33 48 44 49 39 56 34 53 46 42 50 36 29 32 

ʐʳסʳʩ ki 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

 

ʀʪʝʨʘʮʠʷʥʳש ᴅʨ ץʘʜʘʤʳʥʜʘ ʘʥʳץʪʘʣʘʪʳʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ki ʜʝʛʝʥ 

Ci||Di 56-ʙʠʪʪʽʢ ʪʽʟʙʝʛʽʥʝʥ ʥʘץʪʳ ʙʠʪʪʝʨʜʽ ʪʘשʜʘʫ, ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ 

ʥᴅʪʠʞʝʩʽ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʨʘʫʥʜʪʳץ ʢʽʣʪ  

 

ki = H(Ci||Di), (5.1) 

 

ʙײʣ ʞʝʨʜʝ H  48 ʙʠʪʪʽʢ ײʟʳʥʜʳסʳ ʙʘʨ ʢʽʣʪʪʽ ᴇשʜʝʫʜʽ ʙʽʪʽʨʝʪʽʥ ʬʫʥʢ-

ʮʠʷ, 5.5 ʢʝʩʪʝʤʝʥ ʘʥʳץʪʘʣʘʜʳ. H ʬʫʥʢʮʠʷʩʳʥ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʩʽ ᴅʜʝʙʠʝʪʪʝ 

PC-2 ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʣʤʘʩʪʳʨʫ ʙʦʣʘʜʳ [12, 29]. 

5.5 ʢʝʩʪʝʩʽʥʝʥ ʢʽʣʪʪʽש ki ʙʽʨʽʥʰʽ ʙʠʪʳ Ci||Di ʪʽʟʙʝʛʽʥʽ14 ש-ʰʽ ʙʠʪʽ ʙʦʣʘ-

ʜʳ, ʝʢʽʥʰʽ - 17-ʰʽ ʙʠʪ, ʢʽʣʪʪʽש ki 47-ʰʽ ʙʠʪʽ Ci||Di ʪʽʟʙʝʛʽʥʽ29 ש-ʰʽ ʙʠʪʽ, ʘʣ  

48-ʰʽ ʙʠʪ - Ci||Di 32-ʰʽ ʙʠʪʳ.  

H ʬʫʥʢʮʠʷʩʳʥʳש ʢʽʨʽʩʽʥʜʝ 56 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ Ci||Di ʪʽʟʙʝʛʽ ʙʦʣʜʳ, ʘʣ 

ʦʥʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ki ʨʘʫʥʜʪʳץ ʢʽʣʪ ײʟʳʥʜʳס r48 ʙʠʪ ʙʦʣʜʳ. פʳʩʫ 

H ʬʫʥʢʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ ʘʣʤʘʩʪʳʨʫʜʘ 9, 18, 22, 25, 35, 38, 43 ʠ 54 (5.5 

ʢʝʩʪʝʥʽ ץʘʨʘשʳʟ) ʥᴇʤʽʨʣʝʨʽ ʙʘʨ ʩʝʛʽʟ ʙʠʪ ץʘʪʳʩʧʘʫ ʩʝʙʝʙʽʤʝʥ ʙʦʣʜʳ.  
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5.5 ʤʳʩʘʣ. ɸʨʳ ץʘʨʘʡ ʝʢʽʥʰʽ ʨʘʫʥʜʳץ ʢʽʣʪ k2 ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ C2 

ʞᴅʥʝ D2 ʪʽʟʙʝʢʪʝʨʜʽ ʙʽʨʽʢʪʽʨʫ ʦʧʝʨʘʮʠʷʩʳʥʳש ʥᴅʪʠʞʝʩʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ, 

ʝʛʝʨ C2 ʞᴅʥʝ D2 ʤᴅʥʜʝʨʽ ʪʝש  

 

C2 = 0f00ceb16;   D2 = cfc33e816. 

 

ʐʝʰʽʤ. C2 ʞᴅʥʝ D2 ʪʽʟʙʝʢʪʝʨʽʥ ʙʽʨʽʢʪʽʨʫ ʢʝʣʝʩʽ ʙʦʣʘʜʳ: 

 

C2||D2 = 0f00ceb16||cfc33e816 = 0f00cebcfc33e816. 

 

5.6 ʤʳʩʘʣ. ɽʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ k2 ʛʝʥʝʨʘʮʠʷʣʘʫ ץʘʞʝʪ, ʷסʥʠ 

ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ʩʦסשʳ ᴇשʜʝʫ ʬʫʥʢʮʠʷʩʳʥʳש H ʥᴅʪʠʞʝʩʽʥ ʘʥʳץʪʘʫ 

 :ʨʽ ʢʝʣʝʩʽ ʙʦʣʩʘװʙʽʨʽʢʪʽʨʛʝʥ ʪ שʘʞʝʪ. ɽʛʝʨ ʢʽʨʽʩʪʝ C2 ʞᴅʥʝ D2 ʪʽʟʙʝʢʪʝʨʽʥʽץ

C2||D2 = 0f00cebcfc33e816. 

ʐʝʰʽʤ. C2||D2 ʝʢʽʣʽʢ ʤᴅʥʜʝʨʽʥ ץʦʣʜʘʥʳʧ   

 

C2||D2 = 0f00cebcfc33e816 = 

 

= 0000 1111 0000 0000 1100 1110 1011 

 

1100 1111 1100 0011 0011 1110 10002 

 

ʞᴅʥʝ 5.5 ʢʝʩʪʝʩʽ ʢᴇʤʝʛʽʤʝʥ ʘʫʳʩʪʳʨʫʜʳ ʦʨʳʥʜʘʧ, ʝʢʽʥʰʽ ʨʘʫʥʜʪʳץ 

ʢʽʣʪʪʽ k2 ʘʣʘʤʳʟ  

 

k2 = 0100 0101 0110 1000 0101 1000 0001 1010 

 

1011 1100 1100 11102 = 4568581abcce16. 

 

5.4.4. ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ʘʣʛʦʨʠʪʤʽ 

 

ɽʥʜʽ ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽ ʙʘʨ ʰʠʬʨ ʢʽʣʪʽʥʝʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ײץʨʫ װʰʽʥ, 

ʘʣʛʦʨʠʪʤʥʽש ʙʽʨʥʝʰʝ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ, ץʘʨʘʧʘʡʳʤ ʘʣʛʦʨʠʪʤʜʽ 

ʢᴇʨʩʝʪʝʤʽʟ:  

 

 Key_Generator (key[64], RoundKeys[16, 48]. SinfTable[16]) 

 {  

  permute (64, 56, key, cipherKey, ParityDropTable) 

  spilt (56, 28, cipherKey, leftKey, rightKey) 

  for (round = 1 to 16)  

  {  

   shiftLeft (leftKey, ShiftTable[round]) 

   shiftLeft (rightKey, ShiftTable[round]) 
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   combine (28, 56, leftKey, rightKey, preRoundKey) 

   permute (56, 48, preRoundKey, RoundKeys[round], 

   KevCompressionTable) 

  }  

 }  

 shiftLeft (block[28], NumOfShifts) 

 {  

  for (i = 1 to numShifts) 

  {  

   T Ŷ block[1] 

   for (j = 2 to 28) { block [j-1] Ŷ block [j] } 

   block[28] Ŷ T 

  }  

 }  

 

ɹײʣ ʞʝʨʜʝ ShiftLeft ʩʦʣ ʞʘץʘ ʞʳʣʞʳʪʫ ʧʨʦʮʝʜʫʨʘʩʳ. T  ʫʘץʳʪʰʘ ʙʣʦʢ 

ʝʢʝʥʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ.  

 

5.5. DES ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ 

 

ɸʣʜʳʤʝʥ DES ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʢʝʨʽʰʠʬʨʣʘʫʜʳ 

  .ʘʨʘʩʪʳʨʘʤʳʟץ

ɼʝʨʝʢʪʝʨʜʽש ʢʽʨʽʩ ʙʣʦʛʳʥʘ x ʘʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʜʳ IP ʦʨʳʥʜʘʫʜʘʥ 

ʢʝʡʽʥ, ʘʣʳʥסʘʥ 64-ʙʠʪʪʽʢ ʪʽʟʙʝʢ x0 = = IP(x) ʢʝʣʝʩʽ ʪװʨʜʝ ʙʦʣʘʜʳ:   

 

x0 = L0 || R0, 

 

ʙײʣ ʞʝʨʜʝ L0  ʩʦʣ ʞʘץ (left) ʞᴅʥʝ R0  ʦש ʞʘץ (right) ʙʠʪʪʝʨ ʪʽʟʙʝʢʪʝʨʽ, 

ʦʣʘʨʜʳײ שʟʳʥʜʳץʪʘʨʳ ʙʽʨʜʝʡ 32 ʙʠʪʪʝʥ.   

DES ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽ ʦʥ ʘʣʪʳ ʨʘʫʥʜʪʘʥ ʪʫʨʘʜʳ, ʩʦʥʜʳץʪʘʥ ʜʝʨʝʢʪʝʨ 

ʙʣʦʛʳ x0 = L0 || R0 ʦʥ ʘʣʪʳ ʨʝʪ ʌʝʡʩʪʝʣʴ ʩײʣʙʘʩʳ ʜʝʧ ʘʪʘʣʘʪʳʥ ʩײʣʙʘ 

ʙʦʡʳʥʰʘ ʪװʨʣʝʥʜʽʨʽʣʝʜʽ. DES ᴅʨ ʨʘʫʥʜʳ ʌʝʡʩʪʝʣʴ ʩײʣʙʘʩʳʥ 5.5 ʩʫʨʝʪʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ץʦʣʜʘʥʘʜʳ.  
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5.5 ʩʫʨʝʪ - DES ʰʠʬʨʣʘʫʜʳש ʙʽʨ ʨʘʫʥʜʳ 

 

ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥ ʦʥ ʘʣʪʳ ʨʘʫʥʜʪʳ ץʦʣʜʘʥʳʧ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪװʨʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ:  

 

Li = Ri; 

Ri = Li-1 Ä F( Riï1, ki ), i = 1,2,.,16, 
(5.2) 

 

ʙײʣ ʞʝʨʜʝ F(ǒ)  ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ; k i  ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ; Ä  

ʜʝʨʝʢʪʝʨʜʽ ʙʠʪʪʝʨʤʝʥ 2 (xor) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳ.  

ʐʠʬʨʣʘʫʜʳש ʦʥ ʘʣʪʳ ʨʘʫʥʜʳʥ ʦʨʳʥʜʘסʘʥʥʘש ʢʝʡʽʥ x16 = L16 || R16 

ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ IP ï 1 ʢʝʨʽ ʘʣʤʘʩʪʳʨʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ 64-ʙʠʪʪʽʢ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ  y ʰʳסʘʜʳ  

 

y = IP ï1 ( x16 ) = IP ï1 (L16||R16 ). (5.3) 

 

ᴄʨ ʘסʳʤʜʘסʳ ʨʘʫʥʜ Li-1 ʞᴅʥʝ Ri-1 ʘʣʜʳʥסʳ ʨʘʫʥʜʪʘʥ (ʥʝʤʝʩʝ 

ʘʣʤʘʩʪʳʨʫʜʳש ʘʣסʘʰץʳ ʙʣʦʛʳʥʘʥ) ʘʣʘʜʳ ʞᴅʥʝ ʢʝʣʝʩʽ ʨʘʫʥʜ װʰʽʥ Li ʞᴅʥʝ 

Ri ײץʨʘʜʳ, ʦʣʘʨ ʢʝʣʝʩʽ ʨʘʫʥʜץʘ ʙʘʨʘʜʳ (ʥʝʤʝʩʝ ʩʦסשʳ ʘʣʤʘʩʪʳʨʫ ʙʣʦʛʳʥʘ). 

ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ᴅʨ ʨʘʫʥʜʪʘ ʝʢʽ ʰʠʬʨ ʵʣʝʤʝʥʪʽ ʙʘʨ ʝʢʝʥʽʥ 

 ʳʩʳ. ʆʩʳסʨʳʣײץ ʳʰ ʞᴅʥʝ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ: ʘʨʘʣʘʩʪʳʨסʘʙʳʣʜʘʫץ

ʵʣʝʤʝʥʪʪʽש ᴅʨ ץʘʡʩʳʩʳ ץʘʡʪʳʤʜʳ. ɸʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ï ץʘʡʪʳʤʜʳ, ʦʣ 

ʜʝʨʝʢʪʝʨʜʽש ʩʦʣ ʞʘץʪʘסʳ ʞʘʨʪʳʩʳʥ ʦש ʞʘץʪʘסʳ ʞʘʨʪʳʩʳʤʝʥ ʦʨʥʳʥ ʘʫʳ-

ʩʪʳʨʘʜʳ. ʍor ʦʧʝʨʘʮʠʷʩʳ ץʘʡʪʳʤʜʳ ʙʦʣסʘʥʜʳץʪʘʥ ʘʨʘʣʘʩʪʳʨסʳʰʪʘ 

 ) ʘʡʪʳʤʜʳ ʝʤʝʩ ʵʣʝʤʝʥʪʪʝʨ ʌʝʡʩʪʝʣʴ ʬʫʥʢʮʠʷʩʳʥʜʘ Fץ ץʘʡʪʳʤʜʳ. ɹʘʨʣʳץ

Ri ï 1, k i ) ʦʨʥʘʣʘʩץʘʥ.  
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5.5.1. DES ʘʨʘʣʘʩʪʳʨסʳʰʳʥʳש F ʬʫʥʢʮʠʷʩʳ 

 

DES ʌʝʡʩʪʝʣʴ ʩײʣʙʘʩʳʥʳש ʥʝʛʽʟʽ 

F ʬʫʥʢʮʠʷʩʳ. F ʬʫʥʢʮʠʷʩʳ 48-

ʙʠʪʪʽʢ ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ 32 ʝש ʦש 

ʞʘץʪʘסʳ ʙʠʪʪʝʨʜʽ (Riï1) 32-ʙʠʪʪʽʢ 

ʩᴇʟʜʽ ʘʣʫ װʰʽʥ ʰʠʬʨʣʘʡʜʳ. ɹײʣ 

ʬʫʥʢʮʠʷʜʘ, 5.6 ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʪᴇʨʪ ʦʧʝʨʘʮʠʷ ʙʘʨ: 

ʘʣʤʘʩʪʳʨʫʜʳש ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-

ʙʣʦʛʳ; 2 (Ä) ʤʦʜʫʣʶ ʙʦʡʳʥʰʘ ʨʘʟ-

ʨʷʜ ʙʦʡʳʥʰʘ ץʦʩʫ; ʘʫʳʩʪʳʨʫʜʳש 

ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨ ʪʦʙʳ; ʪװʟʫ 

ʘʫʳʩʪʳʨʫʜʳש P-ʙʣʦʛʳ. 

 
5.6 ʩʫʨʝʪ - DES F ʬʫʥʢʮʠʷʩʳ 

 

F ʬʫʥʢʮʠʷʥʳש ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ ʦʧʝʨʘʮʠʷʩʳ 

Ri-1 ʢʽʨʽʩʽʥʜʝ 32 ʙʠʪ, ʘʣ ʢʽʣʪ  ki ײʟʳʥʜʳסʳ 48 ʙʠʪ ʙʦʣסʘʥʜʳץʪʘʥ, ʘʣʜʳ-

ʤʝʥ Ri-1 48 ʙʠʪʢʝ ʜʝʡʽʥ ʢʝשʝʡʪʫ ץʘʞʝʪ. ʆʣ װʰʽʥ ʘʣʜʳʤʝʥ Ri-1 4 ʙʠʪʪʝʥ 

ʩʝʛʽʟ ʩʝʢʮʠʷסʘ ʙᴇʣʽʥʝʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ 4 ʙʠʪʪʽʢ ᴅʨ ʩʝʢʮʠʷ 6 ʙʠʪʢʝ ʜʝʡʽʥ 

ʢʝשʝʡʪʽʣʝʜʽ. ɹײʣ ʢʝשʝʡʪʫʽ ʙʘʨ ʘʣʤʘʩʪʳʨʫ ʘʣʜʳʥ ʘʣʘ ʙʝʨʽʣʛʝʥ ʝʨʝʞʝ 

ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ. ʉʝʢʮʠʷʣʘʨ װʰʽʥ ʢʽʨʽʩ ʙʠʪʪʝʨ 1, 2, 3 ʞᴅʥʝ 4 ʰʳסʳʩʪʘ 

ʩᴅʡʢʝʩ 2, 3, 4 ʞᴅʥʝ 5 ʙʠʪʪʝʨʽʥʝ ʤʝʥʰʽʢʪʝʣʝʜʽ. ʐʳסʳʩ ʙʠʪ 1 ʘʣʜʳʥסʳ ʩʝʢ-

ʮʠʷʜʘʥ ʢʽʨʽʩ ʙʠʪ 4 ʥʝʛʽʟʽʥʜʝ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ; ʰʳסʳʩ ʙʠʪ 6 ʢʝʣʝʩʽ ʩʝʢ-

ʮʠʷʜʘ 1 ʙʠʪʽʥʝʥ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. ɽʛʝʨ 1 ʞᴅʥʝ 8 ʩʝʢʮʠʷʣʘʨʜʳ ʢᴇʨʰʽ 

ʩʝʢʮʠʷ ʜʝʧ ץʘʨʘʩʪʳʨʩʘ, ʦʥʜʘ ʩʦʣ ʝʨʝʞʝʣʝʨ 1 ʞᴅʥʝ 32 ʙʠʪʪʝʨʽʥʝ 

  .ʦʣʜʘʥʳʣʘʜʳץ

ʉʦʥʳʤʝʥ, ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʛʳʥʘש ʢʝʡʽʥ 
E
1-iR

 ʪʽʟʙʝʛʽʥ 

ʘʣʘʤʳʟ  

 
E
1-iR
 = E( Ri-1 ). (5.4) 

 

5.7 ʩʫʨʝʪ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʛʳʥʳש ʢʽʨʽʩ ʞᴅʥʝ 

ʰʳסʳʩʪʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ.  

ʂʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪװʨʜʝ 

ʘʥʳץʪʘʣʫ ʤװʤʢʽʥ ʙʦʣʩʘ ʜʘ, ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʛʳʥ 5.6 

ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʳʧ ʘʥʳץʪʘʫ ʦשʘʡ.  
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5.7 ʩʫʨʝʪ ï ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ E-ʙʣʦʢ ʧʨʦʮʝʩʩʪʝʨʽʥ ʪװʩʽʥʜʽʨʫ 

 

5.6 ʢʝʩʪʝ 

 

ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ E-ʙʣʦʢ ʝʨʝʞʝʣʝʨʽ 

 

ʂʽʨʽʩ 32 01 02 03 04 05 04 05 06 07 08 09 08 09 10 11 

ʐʳסʳʩ
E
1-iR
 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

                 

ʂʽʨʽʩ 12 13 12 13 14 15 16 17 16 17 18 19 20 21 20 21 

ʐʳסʳʩ
E
1-iR
 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

                 

ʂʽʨʽʩ 22 23 24 25 24 25 26 27 28 29 28 29 31 31 32 01 

ʐʳסʳʩ
E
1-iR
 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

 

ʐʳסʳʩ ʩʘʥʳ 48, ʘʣ ʢʽʨʽʩ ʩʘʥʳ 32 ʝʢʝʥʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ. ʂʝʡʙʽʨ 

ʢʽʨʽʩʪʝʨ ʙʽʨʜʝʥ ʢᴇʧ ʰʳסʳʩץʘ ʙʘʨʘʜʳ. ʄʳʩʘʣʳ, ʢʽʨʽʩ ʙʠʪ ʤᴅʥʽ 5 ʰʳסʳʩʪʳש 

6 ʞᴅʥʝ 8 ʙʠʪʪʝʨʽʥʽש ʤᴅʥʽ ʙʦʣʘʜʳ.  

5.7 ʤʳʩʘʣ. ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʛʳʥʳש ʰʳסʳʩʳʥʜʘסʳ 
E
0R
ʪʽʟʙʝʛʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ, ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʝ R0 = 18ca18ad16 ʪʽʟʙʝʛʽ 

ʢʽʨʩʝ.  

ʐʝʰʽʤ. R0 ʝʢʽʣʽʢ ʤᴅʥʽʥ ץʦʣʜʘʥʳʧ  

 

R0 = 18ca18ad16 = 0001 1000 1100 1010 0001 1000 1010 11012 

 

ʞᴅʥʝ 5.6 ʢʝʩʪʝʩʽ ʢᴇʤʝʛʽʤʝʥ ʘʫʳʩʪʳʨʫʜʳ ʞʘʩʘʧ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ: 

 
E
0R

 = 1000 1111 0001 0110 0101 0100 0000 1111 

 

0001 0101 0101 10102 = 8f16540f15516. 

 

F ʬʫʥʢʮʠʷʥʳש ʨʘʟʨʷʜ ʙʦʡʳʥʰʘ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳ 
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ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʛʳʥ ץʦʣʜʘʥʫʤʝʥ 32 ʙʠʪ ײʟʳʥʜʳסʳ 

ʙʘʨ Ri-1 ʪʽʟʙʝʛʽʥ 48 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ 
E
1-iR

 ʪʽʟʙʝʛʽʥʝ ʜʝʡʽʥ ʢʝשʝʡʪʫʜʝʥ 

ʢʝʡʽʥ ʦש ʞʘץ ʩʝʢʮʠʷʥʳש ʢʝשʝʡʪʽʣʛʝʥ ʙᴇʣʽʛʽʥʝ 
E
1-iR
 ʞᴅʥʝ ʨʘʫʥʜ ʢʽʣʪʽʥʝ ki xor 

ʦʧʝʨʘʮʠʷʩʳʥ ץʦʣʜʘʥʘʜʳ. ʆש ʞʘץ ʩʝʢʮʠʷʥʳש 
E
1-iR

 ʞᴅʥʝ ʢʽʣʪʽʥʽש ki 

  .ʦʣʜʘʥʘʜʳץ ʳ 48 ʙʠʪ. ʈʘʫʥʜ ʢʽʣʪʽ ʪʝʢ ʦʩʳ ʦʧʝʨʘʮʠʷʥʳסʟʳʥʜʳײ

ʉʦʥʤrʝʥ xor ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘסʘʥʥʘש ʢʝʡʽʥ 48 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ 
Ä
1-iR
 ʪʽʟʙʝʛʽʥ ʘʣʘʤʳʟ: 

 
Ä
1-iR
 = 

E
1-iR
 Ä ki. (5.5) 

 

5.8 ʤʳʩʘʣ. 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩץʳʰ ʰʳסʳʩʳʥʜʘ 
Ä
0R

 ʪʽʟʙʝʛʽʥ ʘʥʳץʪʘʫ 

 ʢʽʨʽʩʽʥʝ שʘʞʝʪ, ʝʛʝʨ ʦʥʳץ
E
0R

 = 8f16540f15516 ʞᴅʥʝ ʨʘʫʥʜʪʳץ ʢʽʣʪ k1 = 

194cd072de8c16 ʢʝʣʩʝ. 

ʐʝʰʽʤ. 
E
0R

 ʞᴅʥʝ k1 ʤᴅʥʜʝʨʽʥ ʝʢʽʣʽʢ ʢʦʜץʘ ʘʫʳʩʪʳʨʳʧ ʞᴅʥʝ 2 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨʜʽ ʨʘʟʨʷʜʪʘʨʤʝʥ ץʦʩʫʜʳ ץʦʣʜʘʥʳʧ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ:   

 

Ä 

E
0R

 
1000111100010110010101000000111100010101010110102 

k1 0001100101001100110100000111001011011110100011002 

 Ä
0R

 
1001011001011010100001000111110111001011110101102 

 
Ä
0R
ʤᴅʥʽʥ ʦʥ ʘʣʪʳʣʳץ ʪװʨʛʝ ʪװʨʣʝʥʜʽʨʫ ʪװʨʽ 

Ä
0R

= 965a847dcbd616. 

 

F ʬʫʥʢʮʠʷʥʳש ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ ʦʧʝʨʘʮʠʷʩʳ 

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳ ʘץʧʘʨʘʪʪʳ ʘʨʘʣʘʩʪʳʨʘʜʳ (ʘʨʘʣʘ-

ʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳ). DES ᴅʨ ץʘʡʩʳʩʳʥʜʘ 6 ʢʽʨʽʩ ʙʠʪʳ ʞᴅʥʝ 4 ʰʳסʳʩ ʙʠʪʳ 

ʙʘʨ S-ʙʣʦʢʪʘʨʳʥ ץʦʣʜʘʥʘʜʳ (5.8 ʩʫʨʝʪ).  

 

 
5.8 ʩʫʨʝʪ ï ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S - ʙʣʦʢʪʘʨʳ 
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48 ʙʠʪʪʝʥ ʪʫʨʘʪʳʥ 
Ä
1-iR
 ʪʽʟʙʝʛʽ F  ʬʫʥʢʮʠʷʩʳʥʳש ʝʢʽʥʰʽ ʦʧʝʨʘʮʠʩ̫ʳʥʘʥ 

ʢʝʡʽʥ 6 ʙʠʪʪʝʥ ʩʝʛʽʟ ʩʝʢʮʠʷסʘ ʙᴇʣʽʥʝʜʽ, ʞᴅʥʝ ᴅʨ ʩʝʢʮʠʷ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ 

 S-ʙʣʦʢ שʳʩʫʜʳץ ʩᴅʡʢʝʩ S-ʙʣʦʛʳʥʘ ʢʽʨʝʜʽ. ᴄʨ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ שʳʩʫʜʳץ

ʥᴅʪʠʞʝʩʽ ï 4 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʜʝʨʝʢʪʝʨ; ʦʣʘʨ ʙʽʨʽʢʢʝʥ ʢʝʟʜʝ ʥᴅʪʠʞʝʩʽ 32 

ʙʠʪʪʽʢ 
S
1-iR
 ʪʽʟʙʝʢʧʝʥ ʢᴇʨʩʝʪʽʣʝʜʽ: 

)(RS R 1-i
S
1-i

Ä=
. (5.6) 

 
S
1-iR
 ʤᴅʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʝʩʝʧʪʝʣʛʝʥ ץʦʩʳʥʜʳ 

Ä
1-iR
 ʩʝʛʽʟ 6-ʙʠʪʪʽʢ ʩᴇʟʜʽש 

ʢʦʥʢʘʪʝʥʘʮʠʷʩʳ ʪװʨʽʥʜʝ ʞʘʟʳʣʘʜʳ:  

 

876543211-i B||B||B||B||B||B||B||BR =Ä
. (5.7) 

 

ʆʩʳ ʢʝʟʝשʜʝ ᴅʨ ʩᴇʟ Bj ʩᴅʡʢʝʩ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʛʳʥʘ 

ʢʽʨʝʜʽ. S-ʙʣʦʢʪʘʨʜʳש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ 48-ʙʠʪʪʽʢ ʚʝʢʪʦʨʜʳ 32-ʙʠʪʪʽʢʝ 

ʪװʨʣʝʥʜʽʨʫ. DES ʞʘʣʧʳ ʩʝʛʽʟ 6-ʙʠʪʪʽʢ ʢʽʨʽʩʽ ʞᴅʥʝ  4-ʙʠʪʪʽʢ ʰʳסʳʩʳ ʙʘʨ S-

ʙʣʦʢ ץʦʣʜʘʥʳʣʘʜʳ. Sj-ʙʣʦʢ  ʜʝʛʝʥ 4³16 ʢᴇʣʝʤʽ ʙʘʨ ʤʘʪʨʠʮʘ, ʦʣʘʨסʘ 0 ʜʝʥ 
15 ʜʝʡʽʥʛʽ ʙװʪʽʥ ʵʣʝʤʝʥʪʪʝʨ ʢʽʨʝʜʽ.  

ᴄʨ ʩᴇʟ Bj ʢʝʣʝʩʽ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ: 

 

)) ()) '&('&

ʥʦʤʽʨʽ
ɹʘʛʘʥ

ʥʦʤʽʨʽ
ɾʦʣ

bbbbbbB 543261j ||||||||||=

. 

(5.8) 

 

Bj ʩᴇʟʜʽש ʙʽʨʽʥʰʽ ʞᴅʥʝ ʘʣʪʳʥʰʳ ʙʠʪʪʝʨʽ, ʝʛʝʨ ʦʣʘʨʜʳ ʩʘʥʳש ʝʢʽʣʽʢ ʞʘʟ-

ʙʘʩʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʩʘץ, Sj-ʙʣʦʢ ʤʘʪʨʠʮʘʩʳʥʳש ʞʦʣ ʥᴇʤʽʨʽʥ ʘʥʳץʪʘʡʜʳ, 

ʘʣ ץʘʣסʘʥ ʪᴇʨʪ ʙʠʪ ʙʘסʘʥ ʥᴇʤʽʨʽʥ ʘʥʳץʪʘʡʜʳ. ɹʝʨʽʣʛʝʥ Sj-ʙʣʦʢʪʳש ʞʦʣ 

ʞᴅʥʝ ʙʘסʘʥ ʥᴇʤʽʨʣʝʨ ץʳʡʳʣʳʩʳʥʜʘ ʤʘʪʨʠʮʘ ʵʝʜʝʤʝʥʪʽ ʙʦʣʘʜʳ. ʆʥʳש 

ʝʢʽʣʽʢ ʞʘʟʙʘʩʳ ʰʳסʳʩ ʙʦʣʘʜʳ. 

6-ʙʠʪʪʽʢ ʙʣʦʢʪʘʨ ʞʠʥʘסʳ (5.7) ᴅʨ ʙʣʦʢʪʘ 4-ʙʠʪʪʽʢ ʵʣʝʤʝʥʪʪʽ ʪʘשʜʘʫʜʳ 

 :ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 

87654321 S,S,S,S,S,S,S,SS=
. (5.9) 

 

ʅᴅʪʠʞʝʩʽʥʜʝ ʘʣʘʤʳʟ: 

 
S
1-iR
 = S1(B1)||S2(B2)||S3(B3)||S4(B4)||S5(B5)||S6(B6)||S7(B7)||S8(B8)||. 
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ᴄʨ Sj-ʙʣʦʢ װʰʽʥ ᴇʟʽʥʽש 

ʢʝʩʪʝʩʽ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʩʝʛʽʟ ʢʝʩʪʝ ץʘʞʝʪ, ʤʳʩʘʣʳ, 

5.7-5.14 ʢʝʩʪʝʣʝʨʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ.  ʂʽʨʽʩ 

ʤᴅʥʽ (ʞʦʣ ʥᴇʤʽʨʽ ʞᴅʥʝ 

ʙʘסʘʥ ʥᴇʤʽʨʽ) ʞᴅʥʝ ʰʳסʳʩ 

ʤᴅʥʜʝʨʽ ʙʝʪʪʝ ʦʨʳʥ 

ʪʠʽʤʜʝʫ װʰʽʥ ʦʥʜʳש 

ʥᴇʤʽʨʣʝʨ ʨʝʪʽʥʜʝ ʙʝʨʽʣʝʜʽ.  

ʆʣʘʨ ʝʢʽʣʽʢ ʩʘʥʜʘʨʤʝʥ 

ʘʫʳʩʪʳʨʳʣʫ ʤװʤʢʽʥ. 

 
 

5.9 ʩʫʨʝʪ. ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ S-ʙʣʦʢ װʰʽʥ 

ʝʨʝʞʝʣʝʨ 

 

5.7 ʢʝʩʪʝ 

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S1-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 14 04 13 01 02 15 11 08 03 10 06 12 05 09 00 07 

01 00 15 07 04 14 02 13 01 10 06 12 11 09 05 03 08 

02 04 01 14 08 13 06 02 11 15 12 09 07 03 10 05 00 

03 15 12 08 02 04 09 01 07 05 11 03 14 10 00 06 13 

 

5.8 ʢʝʩʪʝ 

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S2-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 15 01 08 14 06 11 03 04 09 07 02 13 12 00 05 10 

01 03 13 04 07 15 02 08 14 12 00 01 10 06 09 11 05 

02 00 14 07 11 10 04 13 01 05 08 12 06 09 03 02 15 

03 13 08 10 01 03 15 04 02 11 06 07 12 00 05 14 09 
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 5.9 ʢʝʩʪʝ 

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S3-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 10 00 09 14 06 03 15 05 01 13 12 07 11 04 02 08 

01 13 07 00 09 03 04 06 10 02 08 05 14 12 11 15 01 

02 13 06 04 09 08 15 03 00 11 01 02 12 05 10 14 07 

03 01 10 13 00 06 09 08 07 04 15 14 03 11 05 02 12 

 

5.10 ʢʝʩʪʝ  

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S4-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 07 13 14 03 00 06 09 10 01 02 08 05 11 12 04 15 

01 13 08 11 05 06 15 00 03 04 07 02 12 01 10 14 09 

02 10 06 09 00 12 11 07 13 15 01 03 14 05 02 08 04 

03 03 15 00 06 10 01 13 08 09 04 05 11 12 07 02 14 

 

5.11 ʢʝʩʪʝ 

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S5-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 02 12 04 01 07 10 11 06 08 05 03 15 13 00 14 09 

01 14 11 02 12 04 07 13 01 05 00 15 10 03 09 08 06 

02 04 02 01 11 10 13 07 08 15 09 12 05 06 03 00 14 

03 11 08 12 07 01 14 02 13 06 15 00 09 10 04 05 03 
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5.12 ʢʝʩʪʝ 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S6-ʙʣʦʛʳ 

 
 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 12 01 10 15 09 02 06 08 00 13 03 04 14 07 05 11 

01 10 15 04 02 07 12 09 05 06 01 13 14 00 11 03 08 

02 09 14 15 05 02 08 12 03 07 00 04 10 01 13 11 06 

03 04 03 02 12 09 05 15 10 11 14 01 07 06 00 08 13 

 

5.13 ʢʝʩʪʝ 

 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S7-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 04 11 02 14 15 00 08 13 03 12 09 07 05 10 06 01 

01 13 00 11 07 04 09 01 10 14 03 05 12 02 15 08 06 

02 01 04 11 13 12 03 07 14 10 15 06 08 00 05 09 02 

03 06 11 13 08 01 04 10 07 09 05 00 15 14 02 03 12 

 

5.14 ʢʝʩʪʝ 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S8-ʙʣʦʛʳ 

 

 

ɹʘסʘʥ ʥᴇʤʽʨʣʝʨʽ 

 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 

ɾ
ʦ
ʣ
 

ʥ
ᴇ
ʤ
ʽ
ʨ
ʣ
ʝ
ʨ
ʽ

 

00 13 02 08 04 06 15 11 01 10 09 03 14 05 00 12 07 

01 01 15 13 08 10 03 07 04 12 05 06 11 00 14 09 02 

02 07 11 04 01 09 12 14 02 00 06 10 13 15 03 05 08 

03 02 01 14 07 04 10 08 13 15 12 09 00 03 05 06 11 

 

DES ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʘʥʘʣʠʪʠʢʘʣʳץ ץʳʡʳʥʜʳסʳ ʘʫʳʩʪʳʨʫ S-

ʙʣʦʛʳʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ, ʦʣʘʨʜʳש ʽʰʽʥʜʝ ʩʳʟʳץʪʳ 

ʝʤʝʩ ʪװʨʣʝʥʜʽʨʫʣʝʨ ʦʨʳʥʜʘʣʘʪʳʥʜʳץʪʘʥ.  

ɹײʣ ʘʣʛʦʨʠʪʤʜʝʛʽ ʙʘʨʣʳץ ץʘʣסʘʥ ʦʧʝʨʘʮʠʷʣʘʨ ʩʳʟʳץʪʳ. 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ װʰʽʥ ʩʳʟʳץʪʳ ʪװʨʣʝʥʜʽʨʫʜʽ ʘʥʘʣʠʪʠʢʘʣʳץ 

ʝʩʝʧʪʝʫ ץʳʡʳʥʜʳץ ʪײʜʳʨʤʘʡʜʳ.  
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DES ʦʨʳʥʜʘʣʘʪʳʥ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽש ʩʳʟʳץʪʳ ʝʤʝʩʪʽʛʽ ʪʝʢ ʘʫʳʩʪʳʨʫ 

ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʆʣʘʨʜʳ ʪʘשʜʘʫʜʳץ שʘʞʝʪʪʽ 

ʥʝʛʽʟʜʝʫʽ ʞʦץ. ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳʥʜʘ ʰʠʬʨʣʘʥסʘʥ ʞʘʟ-

ʙʘʣʘʨʜʳ ʙʘץʳʣʘʫ װʰʽʥ ʢʝʡʙʽʨ çʪʝʩʽʢè ʙʘʨ ʜʝʛʝʥ ʦʡʣʘʨ ʘʡʪʳʣʜʳ.  

ʈʝʩʤʠ ʥײʩץʘ ʢʝʣʝʩʽ: 1976 ʞʳʣʳ ɸפʐ ʉʪʘʥʜʘʨʪʪʘʨʜʳײ שʣʪʪʳץ ʙʨʁʦʩʳ 

ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳʥ ʪʘשʜʘʫ ʢʝʣʝʩʽ ʪʘʣʘʧʪʘʨʳʤʝʥ 

ʘʥʳץʪʘʣʫ ץʘʞʝʪ ʝʢʝʥʽʥ ʘʡʪʪʳ  [18, 29, 40]:  

- ᴅʨ ʢʝʩʪʝʤʝʥ ʙʝʨʽʣʛʝʥ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʛʳʥʳש ᴅʨ ʞʦʣʳ 

{0,1, ... , 15} ʢᴇʧʪʽʛʽʥʽש ʘʣʤʘʩʪʳʨʳʫʳ ʙʦʣʫ ץʘʞʝʪ;  

- ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳ ᴇʟ ʢʽʨʽʩʪʝʨʽʥʽש ʩʳʟʳץʪʳ ʥʝʤʝʩʝ 

ʘʬʬʠʥʜʳ ʬʫʥʢʮʠʷʣʘʨʳ ʙʦʣʤʘʫ ץʘʞʝʪ;  

- ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʛʳʥʳש ʙʽʨ ʢʽʨʽʩ ʙʠʪʳʥ ᴇʟʛʝʨʪʫ 

ʰʳסʳʩʪʳש ʢʝʤʽʥʜʝ ʝʢʽ ʙʠʪʳʥ ᴇʟʛʝʨʪʫʛʝ ʘʣʳʧ ʢʝʣʫ ץʘʞʝʪ;  

- ᴅʨ ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʛʳ ʞᴅʥʝ ʢʝʟ ʢʝʣʛʝʥ ʢʽʨʽʩ x װʰʽʥ S(x) 

ʞᴅʥʝ 
))0,0,1,1,0,0(x(S Ä
ʤᴅʥʜʝʨʽ ʢʝʤʽʥʜʝ ʝʢʽ ʙʠʪʧʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦ-

ʣʫ ץʘʞʝʪ;   

S-ʙʣʦʢʪʘʨ ʢᴇʤʝʛʽʤʝʥ ʘʫʳʩʪʳʨʫ ʧʨʦʮʝʩʩʪʝʨʽʥ ʤʳʩʘʣʜʘʨ ʥʝʛʽʟʽʥʜʝ 

ʪװʩʽʥʜʽʨʝʤʽʟ.  

5.9 ʤʳʩʘʣ. ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S1-ʙʣʦʛʳʥʳש ʢʽʨʽʩ ʪʽʟʙʝʛʽ 

1 0 1 1 1 0 ʪʝש. S ïʙʣʦʢ ʰʳסʳʩʳʥʜʘסʳ ʪʽʟʙʝʢʪʽ ʘʥʳץʪʘʫ.  

ʐʝʰʽʤ. ɽʛʝʨ ʙʽʨʽʥʰʽ ʞᴅʥʝ ʘʣʪʳʥʰʳ ʙʠʪʪʝʨʜʽ ʙʽʨʛʝ ʞʘʟʩʘץ, ʦʥʜʘ ʝʢʽʣʽʢ 

ʞװʡʝʩʽʥʜʝ 102 ʘʣʘʤʳʟ, ʦʣ ʦʥʜʳץ ʞװʡʝʩʽʥʜʝ 210  ʪʝש ʙʦʣʘʜʳ. פʘʣסʘʥ ʙʠʪʪʝʨ 

ʝʢʽʣʽʢ ʞװʡʝʩʽʥʜʝ 01112 ʦʥʜʳץ ʞװʡʝʩʽʥʜʝ 710 ʙʦʣʘʜʳ.  

5.7 ʢʝʩʪʝʩʽʥʜʝ 2 ʞʦʣ ʞᴅʥʝ 7 ʙʘסʘʥ ץʳʡʳʣʳʩʳʥʜʘ (ʘʫʳʩʪʳʨʫ ʞᴅʥʝ 

 ʡʝʜʝ ʞᴅʥʝ 10112 ʝʢʽʣʽʢװʞ ץS1-ʙʣʦʛʳ) ʥᴅʪʠʞʝ ʤᴅʥʽ  1110 ʦʥʜʳ שʳʩʫʜʳץ

ʞװʡʝʜʝ. ʆʥʜʘ ʢʽʨʽʩ 1011102 10112 ʰʳסʳʩʪʳ ʙʝʨʝʜʽ. 

5.10 ʤʳʩʘʣ. ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S8-ʙʣʦʛʳʥʳש ʢʽʨʽʩ ʪʽʟʙʝʛʽ 

0 0 0 0 0 0 ʪʝש. S8 ïʙʣʦʢ ʰʳסʳʩʳʥʜʘסʳ ʪʽʟʙʝʢʪʽ ʘʥʳץʪʘʫ.  

ʐʝʰʽʤ. ɽʛʝʨ ʙʽʨʽʥʰʽ ʞᴅʥʝ ʘʣʪʳʥʰʳ ʙʠʪʪʝʨʜʽ ʙʽʨʛʝ ʞʘʟʩʘץ, ʦʥʜʘ ʝʢʽʣʽʢ 

ʞװʡʝʩʽʥʜʝ 002 ʘʣʘʤʳʟ, ʦʣ ʦʥʜʳץ ʞװʡʝʩʽʥʜʝ 010  ʪʝש ʙʦʣʘʜʳ. פʘʣסʘʥ ʙʠʪʪʝʨ 

ʝʢʽʣʽʢ ʞװʡʝʩʽʥʜʝ 00002 ʦʥʜʳץ ʞװʡʝʩʽʥʜʝ 010 ʙʦʣʘʜʳ.  

5.14 ʢʝʩʪʝʩʽʥʜʝ 0 ʞʦʣ ʞᴅʥʝ 0 ʙʘסʘʥ ץʳʡʳʣʳʩʳʥʜʘ (ʘʫʳʩʪʳʨʫ ʞᴅʥʝ 

 ʡʝʜʝ ʞᴅʥʝ 11012 ʝʢʽʣʽʢװʞ ץS8-ʙʣʦʛʳ) ʥᴅʪʠʞʝ ʤᴅʥʽ  1310 ʦʥʜʳ שʳʩʫʜʳץ

ʞװʡʝʜʝ. ʆʥʜʘ ʢʽʨʽʩ 0000002 11012 ʰʳסʳʩʪʳ ʙʝʨʝʜʽ. 

 

F ʬʫʥʢʮʠʷʥʳש ʪװʟʫ ʘʣʤʘʩʪʳʨʫ ʦʧʝʨʘʮʠʷʩʳ 

 

ʊװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʛʳ -  F ʬʫʥʢʮʠʷʜʘסʳ ʩʦסשʳ ʦʧʝʨʘʮʠʷ - 32 ʙʠʪ 

ʢʽʨʽʩʽ ʞᴅʥʝ 32 ʙʠʪ ʰʳסʳʩʳ ʙʘʨ ʪװʟʫ ʘʣʤʘʩʪʳʨʫ:  

 

)(RP R S
1-i

P
1-i = . (5.10) 
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ɹײʣ ʦʧʝʨʘʮʠʷ װʰʽʥ çʢʽʨʽʩ-ʰʳסʳʩè ץʘʪʳʥʘʩʪʘʨʳ 5.15 ʢʝʩʪʝʩʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʆʣʘʨ ʘʣʜʳʥסʳ ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʣʝʨʽ ʩʠʷץʪʳ ʞʘʣʧʳ ʝʨʝʞʝʣʝʨʛʝ 

ʩʘʡ. ʄʳʩʘʣʳ, ʢʽʨʽʩʪʽש ʞʝʪʽʥʰʽ ʙʠʪʳ ʰʳסʳʩʪʳש ʝʢʽʥʰʽ ʙʠʪʳ ʙʦʣʘʜʳ.  

 

 5.15 ʢʝʩʪʝ 

 

ʊװʟʫ ʘʣʤʘʩʪʳʨʫ P-ʙʣʦʢ ʝʨʝʞʝʣʝʨʽ 

 

ʂʽʨʽʩ 
S
1-iR
 16 07 20 21 29 12 28 17 01 15 23 26 05 18 31 10 

ʐʳסʳʩ 
P
1-iR
 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 

                 

ʂʽʨʽʩ 
S
1-iR
 02 08 24 14 32 27 03 09 19 13 30 06 22 11 04 25 

ʐʳסʳʩ 
P
1-iR
 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

5.11 ʤʳʩʘʣ. ʊװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʛʳʥʳש ʢʽʨʽʩ ʪʽʟʙʝʛʽ 
S
0R

 = 

ec5965b516. ʊװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʛʳʥʳש ʰʳסʳʩʳʥʜʘ ץʘʥʜʘʡ ʪʽʟʙʝʢ 

ʙʦʣʘʪʳʥʳʥ ʘʥʳץʪʘʫ. 

ʐʝʰʽʤ. 
S
0R
ʝʢʽʣʽʢ ʤᴅʥʽʥ ץʦʣʜʘʥʳʧ: 

 
S
0R

 = ec5965b516 = 1110 1100 0101 1001 0110 0101 1011 01012 

 

ʞᴅʥʝ 5.15 ʢʝʩʪʝʩʽ ʢᴇʤʝʛʽʤʝʥ ʘʫʳʩʪʳʨʫʜʳ ʞװʨʛʽʟʽʧ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ: 

 
P
0R

 = 1000 0110 1000 1101 1010 1110 1111 10012 = 868daef916. 

 

5.5.2. DES ʨʘʫʳʥʜʳʥʜʘ ʨʘʟʨʷʜ ʙʦʡʳʥʰʘ ץʦʩʫ 

 

ʊװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʛʳ ʢᴇʤʝʛʽʤʝʥ ʪװʨʣʝʥʜʽʨʫ ʥᴅʪʠʞʝʩʽ 2 ʤʦʜʫʣʽ 

(xor ʦʧʝʨʘʮʠʷʥʳש ʥᴅʪʠʞʝʩʽ) ʙʦʡʳʥʰʘ 32-ʙʠʪʪʽʢ Li-1 ʪʽʟʙʝʛʽʤʝʥ ץʦʩʳʣʘʜʳ 

ʞᴅʥʝ 32-ʙʠʪʪʽʢ 
L
1-iR
 ʥᴅʪʠʞʝ ʘʣʳʥʘʜʳ (5.6 ʩʫʨʝʪʢʝ ץʘʨʘשʳʟ):   

 

1i
P
1-i

L
1-i LRR -Ä=

. (5.11) 

 



 180 

5.12 ʤʳʩʘʣ. DES  ʨʘʫʥʜʳʥʳ2 ש ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩץʳʰ ʰʳסʳʩʳʥʜʘ 
L
0R

 ʪʽʟʙʝʛʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ, ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʝ 
P
0R

 = 868daef916 ʞᴅʥʝ L0 = 

acf014a716 ʪʽʟʙʝʢʪʝʨʽ ʢʽʨʩʝ.  

ʐʝʰʽʤ. 
P
0R

 ʞᴅʥʝ L0 ʤᴅʥʜʝʨʽʥ ʝʢʽʣʽʢ ʪװʨʜʝ ʢᴇʨʩʝʪʽʧ ʞᴅʥʝ 2 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ʜʝʨʝʢʪʝʨʜʽ ץʦʩʫ ʝʨʝʞʝʩʽʥ ץʦʣʜʘʥʳʧ, ʘʣʘʤʳʟ:  

 

Ä
 

P
0R

 
100001101000110110101110111110012 

L0 101011001111000000010100101001112 

 L
0R

 
001010100111110110111010010111102 

L
1-iR
 ʦʥ ʘʣʪʳʣʳץ ʤᴅʥʛʝ ʪװʨʣʝʥʜʽʨʫ ʪװʨʽ 

L
1-iR
 = 2a7dba5e16. 

 

5.5.3. DES ʨʘʫʥʜ ʩʝʢʮʠʷʣʘʨʳʥ ʘʫʳʩʪʳʨʫ ײץʨʘʣʳ 

 

ʉʝʢʮʠʷʣʘʨʜʳ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ DES ʙʽʨ ʨʘʫʥʜ ʦʧʝʨʘʮʠʷʣʘʨʳʥ 

ʘʷץʪʘʫ װʰʽʥ ʘʨʥʘʣסʘʥ, ʷסʥʠ ʦʣ ʢʝʣʝʩʽ ʨʘʫʥʜ װʰʽʥ Li ʞᴅʥʝ Ri ʪʽʟʙʝʢʪʝʨʽʥʽש 

ʤᴅʥʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. (5.2) ʞᴅʥʝ (5.11) ʩᴅʡʢʝʩ Li ʞᴅʥʝ Ri ʪʽʟʙʝʢʪʝʨʽ 

ʢʝʣʝʩʽ ʨʝʪʧʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 

L i = R i-1; 

 

R i = 
L
1-iR
;  i = 1,2,é,16. 

(5.12) 

 

5.13 ʤʳʩʘʣ. L1 ʞᴅʥʝ R1 ʪʽʟʙʝʢʪʝʨʽʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʝʢʽʥʰʽ ʨʘ-

ʫʥʜʳ װʰʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ, ʝʛʝʨ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳʥʳש ʢʽʨʽʩʽʥʝ R0 = 

305a18ca16 ʞᴅʥʝ 
L
0R

 = 2a7dba5e16 ʪʽʟʙʝʢʪʝʨʽ ʙʝʨʽʣʩʝ.  

ʐʝʰʽʤ. R0 ʞᴅʥʝ 
L
0R

 ʤᴅʥʜʝʨʽʥ ʞᴅʥʝ (5.12) ᴇʨʥʝʢʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʘʣʘʤʳʟ: 

L1 = R0 = 305a18ca16;   R1 = 
L
0R

 = 2a7dba5e16. 

 

5.5.4. DES ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ 

 

ɸʨʘʣʘʩʪʳʨסʳʰʪʳ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳʥ ץʦʣʜʘʥʳʧ 16 ʨʘʫʥʜʪʳש 

ᴅʨץʘʡʩʳʩʳ װʰʽʥ ʪװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʰʠʬʨʜʳ ײץʨʫסʘ ʙʦʣʘʜʳ. ʊװʟʫ ʰʠʬʨ 

ʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ; ץʘʡʪʳʤʜʳ ʰʠʬʨ ï ʢʝʨʽʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ.  

(5.2)é(5.6) ʞᴅʥʝ (5.10)é(5.12) ᴇʨʥʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʽ 

ʢʝʣʝʩʽ ʪװʨʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ[21, 22]:  
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C = IP(L0,R0)Ĭ F(L0,R0Äk1)Ĭ 

 

ĬF(L1,R1Äk2)Ĭ éĬF(L15,R15Äk16)Ĭ IP-1(R16,L16). 

(5.13) 

 

(5.13) ʰʳסʘʪʳʥʜʘʡ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʪʽʟʙʝʢʪʽ ʪװʨʜʝ IP, 

F(ǒ) ʞᴅʥʝ IP-1 ʪװʨʣʝʥʜʽʨʫʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ.  

ʌʝʡʩʪʝʣʴʜʽש ᴅʨ ʪװʨʣʝʥʜʽʨʫʽ F(ǒ) ʝʢʽ ʪװʨʣʝʥʜʽʨʫʜʽש ʢʦʤʧʦʟʠʮʠʷʩʳ ʙʦʣʘ-

ʜʳ. 

ɹʽʨʽʥʰʽʩʽ ï Li ʞᴅʥʝ Ri ʪʨʘʥʩʧʦʟʠʮʠʷʩʳ (ʘʣʤʘʩʪʳʨʫ) [21, 22]: 

 

T(Li,Ri) = (Li,Ri),  

 

ʙײʣ ʞʝʨʜʝ T  ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ʩʦʣ ʞʘץ Li ʞᴅʥʝ ʦש ʞʘץ Ri ʞʘʨʪʳʣʘ-

ʨʳʥ ʦʨʥʳʤʝʥ ʘʫʳʩʪʳʨʫ ʙʦʡʳʥʰʘ ʦʧʝʨʘʮʠʷ (ʪʨʘʥʩʧʦʟʠʮʠʷ ʦʧʝʨʘʮʠʷʩʳ).  

ɽʢʽʥʰʽʩʽ ï ʥʘץʪʳ ʪװʨʜʝ 32-ʙʠʪʪʽʢ ʩᴇʟʜʝʨʜʽ ɺʝʨʥʘʤ ʪװʨʣʝʥʜʽʨʫʽ ʙʦʣʘʜʳ, 

ʷסʥʠ [21, 22]:  

 

V(Li,Ri) = (Li,RiÄC), 

 

ʙײʣ ʞʝʨʜʝ V  ɺʝʨʥʘʤ ʪװʨʣʝʥʜʽʨʫʽ; C  ʨʘʫʥʜʪʳץ ʢʽʣʪ ki ʞᴅʥʝ ʦש ʞʘץ 

ʩʝʢʮʠʷ Li ʪᴅʫʝʣʜʽ ʪʽʟʙʝʢ;  

ʉʦʥʳʤʝʥ, ʢʝʟ ʢʝʣʛʝʥ ʨʘʫʥʜ װʰʽʥ 

 

Fi(ǒ) = Ti(ǒ)³Vi(ǒ). 

 

ʆʜʘʥ ʙʘʩץʘ [21, 22]: 

 

V2i(ǒ) ſ T2i(ǒ) 

 

ʪʝשʜʽʢ ʪװʨʣʝʥʜʽʨʫ ʝʢʝʥʽʥʝ ʦשʘʡ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ʆʩʳʥʜʘʡ 

ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ (ʪʦʧ ʵʣʝʤʝʥʪʪʝʨʽ) ʠʥʚʦʣʶʮʠʷʣʘʨ ʜʝʧ ʘʪʘʡʜʳ. ʆʣʘʨ װʰʽʥ 

ʢʝʣʝʩʽ ʦʨʳʥʜʘʣʘʜʳ: 

 

)(T)(T),(V)(V i
1

ii
1

i ¶=¶¶=¶ --

. 

 

ɸʙʝʣʴʝʤʝʩ ʪʦʧ ʵʣʝʤʝʥʪʪʝʨ ʢᴇʙʝʡʪʽʥʜʽʩʽʥ ʪװʨʣʝʥʜʽʨʫ ʝʨʝʞʝʩʽ ʙʦʡʳʥʰʘ  

 

M = C -1 = IP -1(L0,R0)³V(L0ÄF(R0Äk1))³T ³ 

 

³V(L1,F(R1Äk2))³T ³é³V(L15,F(R15)Äk16))³T ³ 

(5.14) 
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³T ³IP(R16,L16). 

 

(5.14) ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ʞװʟʝʛʝ ʘʩʳʨʳʧ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʽʥ ʘʣʘʤʳʟ 

 

M = IP(R16,L16)³F(R15ÄF(L15Äk16))³ 

 

³F(R14,F(L14Äk15))³é³F(R1,F(L1)Äk1))³ IP -

1(L0,R0). 

(5.15) 

 

ɹײʣ ʜʝʛʝʥ ʢʝʨʽʰʠʬʨʣʘʫ ʩʦʣ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʤʝʥ (5.13) ʞᴅʥʝ ʨʘʫʥʜ 

ʢʽʣʪʪʝʨʽʤʝʥ ʞװʟʝʛʝ ʘʩʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ, ʙʽʨʘץ ʨʘʫʥʜ ʢʽʣʪʪʝʨ ʢʝʩʪʝʩʽʥʝ (ʨʘ-

ʫʥʜʪʘʨʜʘ ץʦʣʜʘʥʫ ʨʝʪʽʥʝ) ʢʝʡʙʽʨ ᴇʟʛʝʨʽʩ ʝʥʛʽʟʫ ץʘʞʝʪ: ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥ ʛʝ-

ʥʝʨʘʮʠʷʣʘʫ ʨʝʪʽʥ ʢʝʨʽʩʽʥʝ ʘʫʳʩʪʳʨʫ ץʘʞʝʪ, ʷסʥʠ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʨʘ-

ʫʥʜ ʢʽʣʪʪʝʨʽʥ ʪʘשʜʘʫ ʢʝʨʽ ʙʦʣʘʜʳ:  

 

k16, k15, k14, k13, k12, k11, k10, k9, k8, k7, k6, k5, k4, k3, k2, k1, 

 

ʝʛʝʨ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥ ʪʘשʜʘʫ ʨʝʪʽ ʢʝʣʝʩʽ ʙʦʣʩʘ 

 

k1, k2, k3, k4, k5, k6, k7, k8, k9, k10, k11, k12, k13, k14, k15, k16. 

 

 שʰʽʥ ᴅʜʽʩʪʝʨʜʽװ ʘ (ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ) ʞʝʪʫץʩʘʪץʘʥ ʤʘסʦʡʳʣפ

ʙʽʨʽ ʢʝʣʝʩʽʜʝ: ʩʦסשʳ ʨʘʫʥʜʪʘ ʙʘʩץʘʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʘʡʳʨʤʘʰʳʣʳץ ʝʥʛʽʟʫʜʝ; 

ʦʜʘ 5.10 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʘʨʘʣʘʩʪʳʨסʳʰ סʘʥʘ ʙʦʣʘʜʳ ʞᴅʥʝ ʘʫr-

ʩʪʳʨʫ ײץʨʳʣסʳʩʳ ʙʦʣʤʘʡʜʳ.  

3 ʪʘʨʘʫʜʘ ʘʨʘʣʘʩʪʳʨסʳʰ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ᴇʟʘʨʘʠʥʚʝʨʩʪʳ 

ʝʢʝʥʽ ʜᴅʣʝʣʜʝʥʛʝʥ. ɸʣסʘʰץʳ ʞᴅʥʝ ʩʦסשʳ ʘʣʤʘʩʪʳʨʫʣʘʨʳ ʜʘ ʙʽʨ ʙʽʨʽʥʝ ʠʥ-

ʚʝʨʩʪʳ. ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʩʦʣ ʞʘץ ʩʝʢʮʠʷʩʳ ʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ ʰʠʬʨ-

ʣʘʥʘʜʳ: L0 - L16 ʩʠʷץʪʳ, ʘʣ L16 ʢʝʨʽʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ L0 

ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ. ʊײʨʘ ʩʦʥʜʘʡ ᴅʨʝʢʝʪʪʝʨ  R0 ʞᴅʥʝ R16 ʦʨʳʥʜʘʣʘʜʳ. 

ɹʽʨʽʥʰʽ ᴅʜʽʩʪʝ ʩʦסשʳ ʨʘʫʥʜʪʘ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ʞʦץ.  

5.14 ʤʳʩʘʣ. DES ʪװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʰʠʬʨ װʰʽʥ ʧʩʝʚʜʦʢʦʜʪʘʨ. 

ʐʠʬʨʣʘʫ װʰʽʥ ʧʩʝʚʜʦʢʦʜʪʘ ʤʳʩʘʣ ʢʝʣʪʽʨʽʣʛʝʥ ʞᴅʥʝ ʙʽʨʽʥʰʽ ᴅʜʽʩʪʽש ʪᴇʨʪ 

 ʫ ʨʝʪʽʥʜʝ ʞʘʩʘʣʫסʰʽʥ ʢʦʜʪʘʨ ʞʘʪʪʳװ ʘʥʜʘʨʳסʦʣפ .ʘʜʘʤʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽץ

ʤװʤʢʽʥ.  
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5.10 ʩʫʨʝʪ - DES ʙʽʨʽʥʰʽ ʪᴅʩʽʣ װʰʽʥ ʪװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʰʠʬʨ 

 

 Cipher (plainBlock[64], Round Keys[16,48]) 

 {  

  pemute (64,64, plainBlock, inBlock, IntialPermutationTable) 

  spilt (64, 32, inBlock, leftBlock, right Block) 

  for (round = 1 to 16) 

  {  

   mixer (leftBlock, right Block, RoundKey[round]) 

   if (round!=16) swapper(leftBlock, right Block) 

  }  

  combine (32, 64, leftBlock, right Block, outBlock) 

  pemute (64,64, outBlock, cipherBlock, FinalPermutationTa-

ble) 

  mixer (leftBlock[48], right Block[48], RoundKey[48]) 
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  {  

   copy (32, rightBlock, T1) 

   function (T1, RoundKey,T2) 

   exclusive Or (32, leftBlock, T2,T3) 

   copy (32, rightBlock, T1) 

  }  

  swapper (leftBlock[32], right Block[32]) 

  {  

   copy (32, leftBlock, T) 

   copy (32, rightBlock, leftBlock) 

   copy (32, T, rightBlock) 

  }  

  Substitute (in block[32], outblock[48], Substitute-

Tables[8,4,16]) 

  {  

   for(I = 1 to 8) 

   {  

    row Ŷ 2 Ĭ inBlock[i Ĭ 6+1] + inBlock[i Ĭ 

6+6] 

    col Ŷ 8 Ĭ inBlock[i Ĭ 6+2] + 4 Ĭ inBlock[i 

Ĭ 

    Ĭ 6+3]+2 Ĭ inBlock[i Ĭ 6+4] + inBlock[i Ĭ 

6+5] 

    value = SubstituteTables[i][row][col] 

    outBlock[i Ĭ 4+1] Ŷ value/ 8 

    value Ŷ value mod 8 

    outBlock[i Ĭ 4+2] Ŷ value/ 4 

    value Ŷ value mod 4 

    outBlock[i Ĭ 4+3] Ŷ value/ 2 

    value Ŷ value mod 8 

    outBlock[i Ĭ 4+4] value 

   }  

  }  

 }  

 

ɹʽʨʽʥʰʽ ʪᴅʩʽʣʜʝ 16 ʨʘʫʥʜʪʘ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ץʦʣʜʘʥʳʣʤʘʡʜʳ, ʩʦ-

ʥʳʤʝʥ ʦʣ ʙʘʩץʘ ʨʘʫʥʜʪʘʨסʘ ץײʩʘʤʘʡʜʳ. ɹײʣ ʰʠʬʨʜʘ ʩʦסשʳ ʞᴅʥʝ ʙʽʨʽʥʰʽ 

ʘʨʘʣʘʩʪʳʨסʳʰʪʘʨʜʳ ʙʽʨʜʝʡ ʞʘʩʘʫ װʰʽʥ ץʘʞʝʪ.  

ɽʢʽʥʰʽ ʪᴅʩʽʣʜʝ ʙʘʨʣʳ16 ץ ʨʘʫʥʜʪʳ ʙʽʨʜʝʡ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ, 16-ʰ ̔

ʨʘʫʥʜץʘ ץʦʩʳʤʰʘ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳʥ (ʝʢʽ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʣʘʨʳ ʙʽʨ 

ʙʽʨʽʥ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʘʜʳ) ץʦʩʫ ʘʨץʳʣʳ. ɹʝʨʽʣʛʝʥ ʪװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ 

ʰʠʬʨ ʩײʣʙʘʩʳ 5.11 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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5.11 ʩʫʨʝʪ - DES ʝʢʽʥʰʽ ʪᴅʩʽʣ װʰʽʥ ʪװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʰʠʬʨ 

 

5.6. DES ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ ʄʓʉɸʃɼɸʈʓ 

 

DES ʪʘʣʜʘʫ ʘʣʜʳʥʜʘ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ᴅʨ ʨʘʫʥʜʪʘ ʙʠʪʪʝʨ 

ʤᴅʥʽʥ ץʘʣʘʡ ᴇʟʛʝʨʪʝʪʽʥʽʥ ʪװʩʽʥʽ װʰʽʥ ʙʽʨʥʝʰʝ ʤʳʩʘʣ ץʘʨʘʩʪʳʨʘʤʳʟ.  

5.15 ʤʳʩʘʣ. ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʢʝʟʜʝʡʩʦץ ʙʣʦʛʳʥ ʞᴅʥʝ ʰʠʬʨʜʳש 

ʢʝʟʜʝʡʩʦץ ʢʽʣʪʽʥ ʪʘשʜʘʡʤʳʟ ʞᴅʥʝ ʝʢʽʥʰʽ ʰʠʬʨʣʘʫ ʪᴅʩʽʣʽʥ (ʙʘʨʣʳץ ʩʘʥʜʘʨ 

ʦʥ ʘʣʪʳʣʳץ ʞװʡʝʜʝ ʙʝʨʽʣʛʝʥ) ץʦʣʜʘʥסʘʥ ʢʝʟʜʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ 

  :ʪʘʡʤʳʟץʘʥʜʘʡ ʙʦʣʘʪʳʥʳʥ ʘʥʳץ

- ʢʽʨʽʩ ʜʝʨʝʢʪʝʨ: 123456abcd13253616; 

- ʰʠʬʨ ʢʽʣʪʽ: abba08192637cddc16. 

5.16 ʢʝʩʪʝ ᴅʨ ʨʘʫʥʜ ʥᴅʪʠʞʝʩʽʥ ʞᴅʥʝ ʨʘʫʥʜ ʘʣʜʳʥʜʘ ʞᴅʥʝ ʩʦשʳʥʜʘ 

 .ʳʥ ʜʝʨʝʢʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽסʨrʣײץ
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5.16 ʢʝʩʪʝ 

 

5.16 ʤʳʩʘʣʳʥʜʘ ʜʝʨʝʢʪʝʨ ʪʨʘʩʩʠʨʦʚʢʘʩʳ 

 

ʈʘʫʥʜʪʘʨ 
ʉʦʣ ʞʘץ ʩʝʢʮʠʷ-

ʣʘʨʳ Li 

ʆש ʞʘץ ʩʝʢʮʠʷʣʘʨʳ 

Ri 

ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ 

ki 

1 18ca18ad16 5a78e39416 194cd072de8c16 

2 5a78e39416 4a1210f616 4568581abcce16 

3 4a1210f616 b808959116 06eda4acf5b516 

4 b808959116 236779c216 da2d032b6ee316 

5 236779c216 a15a4b8716 69a629fec91316 

6 a15a4b8716 2e8f9c6516 c1948e87475e16 

7 2e8f9c6516 a9fc20a316 708ad2ddb3c016 

8 a9fc20a316 308bee9716 34f822f0c66d16 

9 308bee9716 10af9d3716 84bb4473dccc16 

10 10af9d3716 6ca6cb2016 02765708b5bf16 

11 6ca6cb2016 ff3c485f16 6d5560af7ca516 

12 ff3c485f16 22a5963b16 c2c1e96a4bf316 

13 22a5963b16 387ccdaa16 99c31397c91f16 

14 387ccdaa16 bd2dd2ab16 251b8bc717d016 

15 bd2dd2ab16 cf26b47216 3330c5d9a36d16 

16 cf26b47216 19ba921216 181c5d75c66d16 

 

ʂʝʩʪʝ 16 ʨʘʫʥʜ ʥᴅʪʠʞʝʣʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ, ʦʣʘʨסʘ ʘʨʘʣʘʩʪʳʨסʳʰ ʞᴅʥʝ ʘʫʳ-

ʩʪʳʨʫ (ʩʦסשʳ ʨʘʫʥʜʪʳ ʝʩʝʧʪʝʤʝʛʝʥʜʝ) ʢʽʨʝʜʽ.  

ɸʣסʘʰץʳ (ʘʰʳץ) ʜʝʨʝʢʪʝʨ ï ᴅʨ ʪװʨʣʽ 64 ʙʠʪʪʽ ʘʣʫ װʰʽʥ ʘʣסʘʰץʳ ʘʣʤʘ-

ʩʪʳʨʫʜʘʥ ᴇʪʢʝʥ (16 ʦʥ ʘʣʪʳʣʳץ ʩʘʥʜʘʨ): 14a7d67818ca18ad16. 

ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʩʝʢʮʠʷʣʘʨסʘ ʙᴇʣʫʜʝʥ ʢʝʡʽʥ: L0 = 14a7d67816 ʞᴅʥʝ 

R0 = 18ca18ad16. 

16 ʨʘʫʥʜ ʞᴅʥʝ ʙʽʨʽʢʪʽʨʫʜʝʥ ʢʝʡʽʥ: L16||R16 = cf26b47219ba921216. 

ʉʦʥסʳ ʘʣʤʘʩʪʳʨʫʜʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʘ-

ʤʳʟ:  

 

ʉ = c0b7a8d05f3a829c16. 

 

ʂʝʡʙʽʨ ʝʨʝʞʝʣʝʨʜʽ ʙʝʣʛʽʣʝʧ ʢʝʪʫ ץʘʞʝʪ. ᴄʨ ʨʘʫʥʜʪʳש ʦש ʞʘץ ʩʝʢʮʠʷʩʳ 

ʢʝʣʝʩʽ ʨʘʫʥʜʪʳש ʩʦʣ ʞʘץ ʩʝʢʮʠʷʩʳʤʝʥ ʪʝש. ʉʝʙʝʙʽ ʢʝʣʝʩʽʜʝ: ʦש ʞʘץ ʩʝʢʮʠʷ 

ʘʨʘʣʘʩʪʳʨסʳʰʪʘʥ ᴇʟʛʝʨʫʩʽʟ ᴇʪʝʜʽ, ʘʣ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ʦʥʳ ʩʦʣ ʞʘץ 

ʩʝʢʮʠʷʩʳʥʘ ʘʫʳʩʪʳʨʘʜʳ. ʄʳʩʘʣʳ, R1 ʝʢʽʥʰʽ ʨʘʫʥʜ ʘʨʘʣʘʩʪʳʨסʳʰʳʥʘʥ 

ᴇʟʛʝʨʪʫʩʽʟ ʞʽʙʝʨʽʣʝʜʽ, ʙʽʨʘץ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳʥ ᴇʪʢʝʥʝʥ ʢʝʡʽʥ ʦʣ L2 

ʙʦʣʳʧ ץʘʣʘʜʳ.  
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5.16 ʤʳʩʘʣ. ʊʘסʘʡʳʥʜʘʫ ʥװʢʪʝʩʽʥʜʝ ץʘʙʳʣʜʘʫʰʳ ʞʽʙʝʨʫʰʽʜʝʥ ʘʣʳʥסʘʥ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʢʽʣʪ ʘʨץʳʣʳ ץʘʣʘʡ ʢʝʨʽʰʠʬʨʣʘʡ 

ʘʣʘʪʳʥʳʥ ץʘʨʘʩʪʳʨʘʡʳ5.17 .ץ ʢʝʩʪʝʩʽ ʨʘʫʥʜ ʘʣʜʳʥʜʘ ʞᴅʥʝ ʩʦשʳʥʜʘ 

  .ʘʥ ᴅʨ ʨʘʫʥʜ ʥᴅʪʠʞʝʩʽʥ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽסʨʳʣײץ

 

5.17 ʢʝʩʪʝ 

 

5.17 ʤʳʩʘʣʳʥʜʘ ʜʝʨʝʢʪʝʨ ʪʨʘʩʩʠʨʦʚʢʘʩʳ 

 

ʈʘʫʥʜʪʘʨ 
ʉʦʣ ʞʘץ ʩʝʢʮʠʷ-

ʣʘʨʳ Li 

ʆש ʞʘץ ʩʝʢʮʠʷʣʘ-

ʨʳ Ri 
ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ki 

1 cf26b47216 bd2dd2ab16 181c5d75c66d16 

2 bd2dd2ab16 387ccdaa16 3330c5d9a36d16 

3 387ccdaa16 22a5063b16 251b8bc717d016 

4 22a5063b16 ff3c485f16 99c31397c91f16 

5 ff3c485f16 6ca6cb2016 c2c1e96a4bf316 

6 6ca6cb2016 10af9d3716 6d5560af7ca516 

7 10af9d3716 308bee9716 02765708b5bf16 

8 308bee9716 a9fc20a316 84bb4473dccc16 

9 a9fc20a316 2e8f9c6516 34f822f0c66d16 

10 2e8f9c6516 a15a4b8716 708ad2ddb3c016 

11 a15a4b8716 236779c216 c1948e87475e16 

12 236779c216 b808959116 69a629fec91316 

13 b808959116 4a1210f616 da2d032b6ee316 

14 4a1210f616 5a78e39416 06eda4acf5b516 

15 5a78e39416 18ca18ad16 4568581abcce16 

16 18ca18ad16 14a7d67816 194cd072de8c16 

 

ɹʽʨʽʥʰʽ ʝʨʝʞʝ: ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʫ ʢʝʨʝʢ. 5.16 ʢʝʩʪʝʩʽʥ 

ʞᴅʥʝ 5.17 ʢʝʩʪʝʩʽʥ ʩʘʣʳʩʪʳʨʳשʳʟ. 1 ʨʘʫʥʜ ʢʽʣʪʽ 16 ʨʘʫʥʜ ʢʽʣʪʽʤʝʥ ʙʽʨʜʝʡ. 

ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ L0 ʞᴅʥʝ R0 ʤᴅʥʜʝʨʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽ R16 ʞᴅʥʝ L16 

ʤᴅʥʜʝʨʽʥʝ ʪʝש. ʆʩʳʥʜʘʡ ʩᴅʡʢʝʩʪʽʢʪʝʨ ʙʘʩץʘ ʜʘ ʨʘʫʥʜʪʘʨʜʘ ʙʦʣʘʜʳ. ɹײʣ 

ʪװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʰʠʬʨʣʘʨ ʠʥʚʝʨʩʪʳ ʝʢʝʥʽʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʤrʝʥ ץʘʪʘʨ 

ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ᴅʨ ʨʘʫʥʜʪʳש ʢʝʨʽ ʨʝʪʧʝʥ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽ ʩᴅʡʢʝʩ 

ʨʘʫʥʜʳ ʙʦʣʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ʅᴅʪʠʞʝ ʘʣסʘʰץʳ ʞᴅʥʝ ʩʦʥסʳ ʘʣʤʘʩʪʳʨʫ-

ʣʘʨ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ ʝʢʝʥʽʥ ʢʫᴅʣʘʥʜʳʨʘʜʳ.  

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ: ʉ = c0b7a8d05f3a829c16. 

ɸʣסʘʰץʳ ʘʣʤʘʩʪʳʨʫʜʘʥ ʢʝʡʽʥ: 19ba9212cf26b47216. 

ʉʦʣ ʞᴅʥʝ ʦש ʩʝʢʮʠʷʣʘʨסʘ ʙᴇʣʛʝʥʥʝש ʢʝʡʽʥ: L0 = 19ba921216 ʞᴅʥʝ R0 = 

cf26b47216. 

ɹʽʨʽʢʪʽʨʫʜʝʥ ʢʝʡʽʥ: L16||R16 = 18ca18ad14a7d67816. 
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ʉʦסשʳ ʘʣʤʘʩʪʳʨʫʜʳ ʦʨʳʥʜʘʫʜʘʥ ʢʝʡʽʥ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ 

ʘʣʘʤʳʟ: 

 

L16||R16 = 18ca18ad14a7d67816. 

 

5.7. DES ɸʃɻʆʈʀʊʄɯʅ ʊɸʃɼɸʋ 

 

DES ʙʣʦʢʪʳ ʰʠʬʨʜʘ ʢʝʡʙʽʨ ץʘʞʝʪʪʽ ץʘʩʠʝʪʪʝʨʜʽץ שʘʨץʳʥʜʳʣʳסʳʥ 

ᴇʣʰʝʫ װʰʽʥ ץʘʪʘש ʪʘʣʜʘʣʜʳ. DES ʵʣʝʤʝʥʪʪʝʨʽ ʢʝʡʙʽʨ ʢʨʠʪʝʨʠʡʣʝʨʛʝ 

ʩᴅʡʢʝʩʪʽʢʢʝ ʟʝʨʪʪʝʫʜʝʥ ᴇʪʪʽ.  

 

5.7.1. DES ʪʘʩץʳʥ ʵʬʬʝʢʪʽʩʽ ʞᴅʥʝ ʪʦʣʳץʪʳץ ʵʬʬʝʢʪʽʩʽ 

 

ɹʣʦʢʪʳ ʰʠʬʨʜʳש ʝʢʽ ץʘʞʝʪʪʽ ץʘʩʠʝʪʪʝʨʽ ï ʪʘʩץʳʥ ʵʬʬʝʢʪʽʩʽ ʞᴅʥʝ 

ʘʷץʪʘʣסʘʥʜʳץ (ʪʦʣʳץʪʳץ ʵʬʬʝʢʪʽʩʽ). 

ʊʘʩץʳʥ ʵʬʬʝʢʪʽʩʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʝ (ʥʝʤʝʩʝ ʰʠʬʨ ʢʽʣʪʽʥʜʝ) װʣʢʝʥ 

ʝʤʝʩ ᴇʟʛʝʨʽʩʪʝʨ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʤᴅʥʜʽ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʘʣʳʧ ʢʝʣʫ 

ʤװʤʢʽʥ. DES ʦʩʳ ץʘʩʠʝʪʪʽש ʙʘʨʣʳץ ʧʨʠʟʥʘʢʪʘʨʳ ʙʘʨ ʝʢʝʥʽ ʜᴅʣʝʣʜʝʥʜʽ 

[20, 37, 40]. 

5.17 ʤʳʩʘʣ. DES ʪʘʩץʳʥ ʵʬʬʝʢʪʽʩʽʥ ʪʝʢʩʝʨʫ װʰʽʥ ʙʽʨ ʙʠʪʢʝ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʨ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽ ʙʣʦʛʳʥ ʙʽʨ ʢʽʣʪʧʝʥ ʰʠʬʨ-

ʣʘʡʤʳʟ ʞᴅʥʝ ᴅʨ ʨʘʫʥʜʪʘ ץʘʥʰʘ ʙʠʪʪʝ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʨ ʝʢʝʥʽʥ 

ʘʥʳץʪʘʡʤʳʟ.  

ɹʽʨʽʥʰʽ ʞʘסʜʘʡ: 

- ʘʰʳץ ʜʝʨʝʢʪʝʨ: 000000000000000016; 

- ʰʠʬʨ ʢʽʣʪʽ: 23234513987aba2316; 

- ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ: 4789fd476e82a5f116. 

ɽʢʽʥʰʽ ʞʘסʜʘʡ: 

- ʘʰʳץ ʜʝʨʝʢʪʝʨ: 000000000000000116; 

- ʰʠʬʨ ʢʽʣʪʽ: 23234513987aba2316; 

- ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ: 0a4ed5c15a63fea316. 

ɸʰʳץ ʤᴅʪʽʥʥʽש ʝʢʽ ʙʣʦʛʳʥʜʘ ʪʝʢ ʝש ʙʽʨʽʥʰʽ ʙʠʪʢʝ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦʣ-

ʩʘ ʜʘ, ʰʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʜʝʨ ʙʣʦʢʪʘʨʜʳ29 ש ʙʠʪʢʝ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʘʨ. 

ɹײʣ ʜʝʛʝʥ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʝ å1,5 %  ᴇʟʛʝʨʽʩʪʝʨ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ 

å45 % ᴇʟʛʝʨʫʽʥʝ ʘʣʳʧ ʢʝʣʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ.  

5.18 ʢʝʩʪʝ ʝʢʽ ʙʝʨʽʣʛʝʥ ʞʘסʜʘʡʜʘ Li ʞᴅʥʝ Ri ʩʘʣʳʩʪʳʨʫ ʙʦʡʳʥʰʘ ᴅʨ ʨʘ-

ʫʥʜʪʘ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʢᴇʨʩʝʪʝʜʽ. ʄᴅʥʜʽ ᴇʟʛʝʨʽʩʪʝʨ װʰʽʥʰʽ ʨʘʫʥʜʪʘ ʧʘʡʜʘ ʙʦʣʘ-

ʪʳʥʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ.  
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5.18 ʢʝʩʪʝ 

 

5.17 ʤʳʩʘʣʳʥʜʘ ᴅʨʪװʨʣʽ ʙʠʪʪʝʨ ʩʘʥʳ 

 

ʈʘʫʥʜ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ɹʠʪʪʝʨʜʝ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨ 
1 6 20 29 30 33 32 29 32 39 33 28 30 31 30 29 

 

ʊʦʣʳץʪʳץ ʵʬʬʝʢʪʽʩʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʠʪʳ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽש ʢᴇʧʪʝʛʝʥ ʙʠʪʪʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ ʙʦʣʫ ʢʝʨʝʢ. DES ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ 

ʢʝשʝʡʪʫ ɽ-ʙʣʦʢʪʘʨʳʤʝʥ, ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳʤʝʥ ʞᴅʥʝ 

ʪװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʢʪʘʨʳʤʝʥ ʞʘʩʘʣʘʪʳʥ ʘʨʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʰʘʰʳʨʘʪʫ 

ᴇʪʝ ʢװʰʪʽ ʪʦʣʳץʪʳץ ʵʬʬʝʢʪʽʩʽʥ ʢᴇʨʩʝʪʝʜʽ.  

  

5.7.2. DES ײץʨʫ ʢʨʠʪʝʨʠʷʣʘʨʳ 

 

DES ʢᴇʧʪʝʛʝʥ ʩʳʥʘʫʣʘʨʳ ʦʣ ʙʝʨʽʣʛʝʥ ʢʨʠʪʝʨʠʡʣʝʨʜʽש ʢʝʡʙʽʨʝʫʣʝʨʽʥʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ʊᴇʤʝʥʜʝ DES ײץʨʫʜʳש ʢʝʡʙʽʨ ʧʨʦʙʣʝʤʘʣʘʨʳ 

  .ʘʥסʘʨʘʩʪʳʨʳʣץ

 

S-ʙʣʦʢʪʘʨʳʥ ײץʨʫ ʧʨʦʙʣʝʤʘʣʘʨʳ 

 

3 ʪʘʨʘʫʜʘ S-ʙʣʦʢʪʘʨʜʳ ײץʨʫʜʳש ʞʘʣʧʳ ʢʨʠʪʝʨʠʡʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ 

ʙʦʣʘʪʳʥ. DES װʰʽʥ ʪʘשʜʘʣסʘʥ ʢʨʠʪʝʨʠʡʣʝʨʜʽ ץʘʨʘʩʪʳʨʘʡʳץ. ɹʣʦʢʪʘʨʜʳש 

 ʨʳʣʳʤʳ ᴅʨ ʨʘʫʥʜʪʘʥ ʢʝʣʝʩʽʛʝʜʝʡʽʥ ʘʨʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʰʘʰʳʨʘʪʫʜʳײץ

 ʘ ʩᴅʡʢʝʩ, ʘʫʳʩʪʳʨʫסʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʩʳ ʝʨʝʞʝʛʝ ʞᴅʥʝ ʢʝʡʙʽʨ ʪʘʣʜʘʫץ

ʞᴅʥʝ ץʳʩʫ S-ʙʣʦʢʪʘʨʳʥʳש ʙʽʨʥʝʰʝ ץʘʩʠʝʪʪʝʨʽʥ ʘʡʪʳʧ ʢʝʪʫʛʝ ʙʦʣʘʜʳ.  

1. ᴄʨ ʞʦʣʜʳש ʰʳסʳʩʳ 0 ʞᴅʥʝ 15 ʘʨʘʣʳסʳʥʜʘסʳ ʤᴅʥʜʝʨʜʽש ʘʣʤʘʩʫʳ.  

2. S-ʙʣʦʢʪʘʨ ʩʳʟʳץʪʳ ʝʤʝʩ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʰʳסʳʩ ï ʘʬʬʠʥʜʳ ʪװʨʣʝʥʜʽʨʫ 

ʝʤʝʩ.  

3. ɽʛʝʨ ʢʽʨʽʩʪʝ ʙʽʨ ʙʠʪʪʳ ᴇʟʛʝʨʪʩʝ, ʰʳסʳʩʪʘ ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʢᴇʧ ʙʠʪ 

ᴇʟʛʝʨʝʜʽ.  

4. ɽʛʝʨ S-ʙʣʦʢʪʳש ʝʢʽ ʢʽʨʽʩʽʥʜʝ ʪʝʢ ʝʢʽ ʦʨʪʘʰʘ ʙʠʪʪʝʨʜʝ (3 ʞᴅʥʝ 4 ʙʠʪ-

ʪʝʨ) ʘʡʳʨʤʘʰʳʣʳץ ʙʦʣʩʘ, ʦʥʜʘ ʰʳסʳʩ ʘץʧʘʨʘʪʪʘ ʢʝʤʽʥʜʝ ʝʢʽ ʙʠʪʪʝʨʜʝ 

ʘʡʳʨʤʘʰʳʣʳץ ʙʦʣʫ ץʘʞʝʪ. ɹʘʩץʘ ʩᴇʟʙʝʥ, S(x) ʞᴅʥʝ S(xÄ001100) ʢʝʤʽʥʜʝ 
ʝʢʽ ʙʠʪʪʝʨʜʝ ʘʡʳʨʤʘʰʳʣʳץ ʙʦʣʫ ץʘʞʝʪ, ʙײʣ ʞʝʨʜʝ x  ʢʽʨʽʩ ʞᴅʥʝ S(x)  

ʰʳסʳʩ.  

5. ɽʛʝʨ S-ʙʣʦʢץʘ ʝʢʽ ʢʽʨʽʩʪʝ ʙʽʨʽʥʰʽ ʝʢʽ ʙʠʪʪʝ (1 ʞᴅʥʝ 2 ʙʠʪʪʝʨ) ʞᴅʥʝ ʝʢʽ 

ʩʦסשʳ ʙʠʪʪʝ (5 ʞᴅʥʝ 6) ʘʡʳʨʤʘʰʳʣʳץ ʙʦʣʩʘ, ʦʥʜʘ ʝʢʽ ʰʳסʳʩ ᴅʨʪװʨʣʽ ʙʦʣʫ 

 ʘʞʝʪ: S(x) Íץ ʘʪʳʥʘʩ ʙʦʣʫץ ʘ ʩᴇʟʙʝʥ, ʙʽʟʜʝ ʢʝʣʝʩʽץʘʞʝʪ. ɹʘʩץ

S(xÄ0011bc00), ʙײʣ ʞʝʨʜʝ b ʞᴅʥʝ ʩ  ʢʝʟ ʢʝʣʛʝʥ ʙʠʪʪʝʨ. 
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6. ʍi Ä xj Í 0000002 ʙʦʣʘʪʳʥ ʪʝʢ 32 ʘʣʪʳʙʠʪʪʳ çʢʽʨʽʩ-ʰʳסʳʩè (xi ʞᴅʥʝ 

xj) ʞײʧʪʘʨʳ ʙʘʨ. ɹײʣ 32 ʢʽʨʽʩ ʞײʧ ʰʳסʳʩʪʳ4 ש ʙʠʪʪʝʥ 32 ʞײʧ ʩᴇʟʜʝʨʽʥ 

 ʨʩʘ dײץ ץʧʪʘʨʳ ʘʨʘʩʳʥʜʘ ʢʝʟ ʢʝʣʛʝʥ ʘʡʳʨʤʘʰʳʣʳײʨʘʜʳ. ɽʛʝʨ 32 ʢʽʨʽʩ ʞײץ

= yi Ä yj, ʦʥʜʘ ʦʩʳ d ʽʰʽʥʜʝ 8 ʞײʧʪʘʥ ʢᴇʧ ʝʤʝʩʽ ʙʽʨʜʝʡ ʙʦʣʫ ץʘʞʝʪ.  

7. ɸʣʪʳʥʰʳ ʧʫʥʢʪʪʘסʳʜʘʡ ʢʨʠʪʝʨʠʡ װʰ S-ʙʣʦʢץʘ ץʦʣʜʘʥʳʣʘʜʳ.  

8. ʂʝʟ ʢʝʣʛʝʥ S-ʙʣʦʢʪʘ, ʝʛʝʨ ʞʘʣסʳʟ ʢʽʨʽʩ ʙʠʪʳ ʪײʨʘץʪʳ ʰʘʤʘ (0 ʥʝʤʝʩʝ 

1) ʨʝʪʽʥʜʝ ʩʘץʪʘʣʩʘ, ʦʥʜʘ ʙʘʩץʘ ʙʠʪʪʝʨ ʥᴇʣ ʞᴅʥʝ ʙʽʨ ʩʘʥʳ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץ ʤʠʥʠʤʘʣʜʳ ʙʦʣʘʪʳʥʜʘʡ ᴇʟʛʝʨʝʜʽ.  

 

E-ʙʣʦʢʪʘʨʜʳ ʞᴅʥʝ P-ʙʣʦʢʪʘʨʜʳ ײץʨʫ ʧʨʦʙʣʝʤʘʣʘʨʳ 

 

S-ʙʣʦʢʪʘʨʜʳץ שʘʪʘʨʣʘʨ ʘʨʘʩʳʥʜʘ (ʝʢʽ ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ), ʙʽʨ  ʘʣʤʘʩʪʳʨʫ 

ʞᴅʥʝ ʢʝשʝʡʪʫ (32-ʥ ̔48-ʛʝ) E-ʙʣʦʛʳ ʞᴅʥʝ ʙʽʨ ʪװʟʫ ʘʣʤʘʩʪʳʨʫ (32-ʥʽ 32-ʛʝ) 

P-ʙʣʦʛʳ ʙʘʨ. ɹײʣ ʝʢʽ ʙʣʦʢ ʙʽʨʛʝ ʙʠʪʪʝʨʜʽש ʰʘʰʳʨʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸʫʳʩʪʳʨʫ ʙʣʦʛʳʥ ײץʨʫʜʳש ʞʘʣʧʳ ʧʨʠʥʮʠʧʪʝʨʽ ʪʫʨʘʣʳ 3 ʪʘʨʘʫʜʘ 

ʘʡʪʳʣסʘʥ. ʊʝʢ DES ץʦʣʜʘʥʘʪʳʥ ץʦʣʜʘʥʙʘʣʳ ʙʣʦʢʪʘʨʜʳ ץʘʨʘʩʪʳʨʘʤʳʟ. 

DES ʙʣʦʢʪʘʨʳʥʳײץ שʨʳʣʳʤʳʥʜʘ ʢʝʣʝʩʽ ʢʨʠʪʝʨʠʡʣʝʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ:  

1. S-ʙʣʦʢʪʳש ᴅʨ ʢʽʨʽʩʽ ʙʘʩץʘ S-ʙʣʦʢʪʳש ʰʳסʳʩʳʥʘ ʞʘʣסʘʥʘʜʳ (ʘʣʜʳʥסʳ 

ʨʘʫʥʜʪʘ).  

2. ɹʝʨʽʣʛʝʥ S-ʙʣʦʢʪʳש ʙʽʨʜʝ ʙʽʨ ʢʽʨʽʩʽ ʩʦʣ ʙʣʦʢʪʳש ʰʳסʳʩʳʥʘ 

ʞʘʣסʘʥʙʘʡʜʳ (ʘʣʜʳʥסʳ ʨʘʫʥʜʪʘ).  

3. ᴄʨ S-ʙʣʦʢʪʘʥ ʪᴇʨʪ ʙʠʪ ʘʣʪʳ ᴅʨʪװʨʣʽ S-ʙʣʦʢץʘ ʙʘʨʘʜʳ (ʢʝʣʝʩʽ ʨʘʫʥʜ-

ʪʘ).  

4. S-ʙʣʦʢ ʰʳסʳʩʳʥʳש ʝʢʽ ʙʠʪʪʳש ʙʽʨʝʫʽʜʝ ʩʦʣ S-ʙʣʦʢץʘ ʙʘʨʤʘʡʜʳ 

(ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ).  

5. ɸʫʳʩʪʳʨʫ Sj-2-ʙʣʦʢ ʰʳסʳʩʳ ʘʫʳʩʪʳʨʫ Sj-ʙʣʦʛʳʥʳש ʙʽʨʽʥʰʽ ʝʢʽ 

ʙʠʪʳʥʳש ʙʽʨʝʫʽʥʝ ʙʘʨʘʜʳ (ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ). 

6. ɸʫʳʪʳʨʫ Sj-1-ʙʣʦʛʳʥʘʥ ʰʳסʳʩ ʙʠʪʳ ʘʫʳʩʪʳʨʫ Sj-ʙʣʦʢʪʳש ʩʦסשʳ ʝʢʽ 

ʙʠʪʳʥʳש ʙʽʨʝʫʽʥʝ ʙʘʨʘʜʳ (ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ).  

7. ɸʫʳʩʪʳʨʫʜʳש Sj+1-ʙʣʦʢ ʰʳסʳʩʳ ʘʫʳʩʪʳʨʫ Sj-ʙʣʦʢʪʳש ʦʨʪʘʰʘ 

ʙʠʪʪʝʨʽʥʽש ʙʽʨʝʫʽʥʝ ʙʘʨʘʜʳ (ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ). 

8. ᴄʨ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ װʰʽʥ ʰʳסʳʩʪʳש ʝʢʽ ʙʠʪʳ ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ 

ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʙʽʨʽʥʰʽ ʥʝʤʝʩʝ ʩʦסשʳ ʝʢʽ ʙʠʪʳʥʘ ʙʘʨʘʜʳ. 

ʐʳסʳʩʪʳש ʙʘʩץʘ ʝʢʽ ʙʠʪʳ ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʦʨʪʘʰʘ 

ʙʠʪʪʝʨʽʥʝ ʙʘʨʘʜʳ. 

9. ɽʛʝʨ ʘʫʳʩʪʳʨʫ Sj ïʙʣʦʢ ʰʳסʳʩʳ ʘʫʳʩʪʳʨʫ Sk ïʙʣʦʛʳʥʳש ʦʨʪʘʰʘ 

ʙʠʪʪʝʨʽʥʽש ʙʽʨʝʫʽʥʝ ʙʘʨʩʘ (ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ), ʦʥʜʘ ʘʫʳʩʪʳʨʫ Sk-ʙʣʦʛʳʥʘʥ 

ʰʳסʳʩ ʘʫʳʩʪʳʨʫʜʳש Sj-ʙʣʦʛʳʥʳש ʦʨʪʘʰʘ ʙʠʪʽʥʝ ʙʘʨʘ ʘʣʤʘʡʜʳ. ɽʛʝʨ j = k 

ʜʝʩʝʢ, ʦʥʜʘ ʘʫʳʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʦʨʪʘʰʘ ʙʠʪʪʝʨʽ ʢʝʣʝʩʽ ʨʘʫʥʜʪʘ ʩʦʣ ʘʫʳ-

ʩʪʳʨʫ S-ʙʣʦʛʳʥʳש ʦʨʪʘʰʘ ʙʠʪʪʝʨʽʥʝ ʙʘʨʘ ʘʣʤʘʡʜʳ.  
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ʈʘʫʥʜʪʘʨ ʩʘʥʳ 

 

DES ʌʝʡʩʪʝʣʴ ʰʠʬʨʳʥʳש ʦʥ ʘʣʪʳ ʨʘʫʥʜʳʥ ץʦʣʜʘʥʘʜʳ. ɸʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʣʦʛʳ ʩʝʛʽʟ ʨʘʫʥʜʧʝʥ ʰʠʬʨʣʘʥסʘʥ ʩʦש, ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʠʪʳ ï ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ᴅʨ ʙʠʪʳʥʳש ʞᴅʥʝ ᴅʨ 

ʢʽʣʪʪʽʢ ʙʠʪʪʳש ʬʫʥʢʮʠʷʩʳ ʝʢʝʥʽ ʜᴅʣʝʣʜʝʥʛʝʥ [20, 37, 40].  ʐʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨ ï ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʢʽʣʪʪʽש ʪʦʣʳץ ʢʝʟʜʝʡʩʦץ ʬʫʥʢʮʠʷʩʳ. 

ʆʩʳʜʘʥ ʞʘץʩʳ ʰʠʬʨʣʘʫ װʰʽʥ ʩʝʛʽʟ ʨʘʫʥʜ ʞʝʪʢʽʣʽʢʪʽ ʝʢʝʥʽ ʰʳסʘʜʳ. ɹʽʨʘץ, 

ʩʳʥʘʫʣʘʨ ʢᴇʨʩʝʪʝʜʽ, DES ʦʥ ʘʣʪʳ ʨʘʫʥʜʪʘʥ ʘʟ ʥײʩץʘʣʘʨʳ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘʙʫʳʣʜʘʨʳʥʘ ʙʝʨʽʢʪʽʣʽʛʽ çץʘʪץʳʣ ʢװʰè ʰʘʙʫʳʣʳʥʘʥ 

ʪᴇʤʝʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. çפʘʪץʳʣ ʢװʰè ʰʘʙʫʳʣʳ ʦʥ ʘʣʪʳ ʨʘʫʥʜʪʳ 

  .ʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽץ

 

5.7.3. DES  ᴅʣʩʽʟ ʞʝʨʣʝʨ 

 

ᴆʪʢʝʥ ʢᴇʧ ʞʳʣʜʘʨ ʽʰʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʣʘʨ DES ʢʝʡʙʽʨ 

ᴅʣʩʽʟ (ʦʩʘʣ) ʞʝʨʣʝʨʽ ʪʘʙʳʣʜʳ. ʐʠʬʨ ײץʨʳʣʳʤʳʥʜʘ ʪʘʙʳʣסʘʥ ʢʝʡʙʽʨ ᴅʣʩʽʟ 

ʞʝʨʣʝʨʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. 

ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫʜʳש S-ʙʣʦʢʪʘʨʳ. ᴄʜʝʙʠʝʪʪʝ S-ʙʣʦʢʪʘʨʜʳש ʢʝʤ ʜʝ-

ʛʝʥʜʝ װʰ ʙʣʦʛʳ ʢᴇʨʩʝʪʽʣʝʜʽ:  

1. S4ïʙʣʦʛʳʥʜʘ ʰʳסʳʩʪʳװ שʰ ʙʠʪʳ ʰʳסʳʩʪʳש ʙʽʨʽʥʰʽ ʙʠʪʳ ʘʣʥrʘʪʳʥ 

ʪᴅʩʽʣʤʝʥ ʘʣʳʥʫ ʤװʤʢʽʥ: ʢʽʨʽʩ ʙʠʪʪʳש ʢʝʡʙʽʨʝʫʽʥ ʪʦʣʳץʪʳʨʫʤʝʥ.  

2. Sïʙʣʦʢ ʤʘʩʩʠʚʽʥʝ ʝʢʽ ʘʨʥʘʡʳ ʪʘשʜʘʣסʘʥ ʢʽʨʽʩ ʪײʨʘ ʩʦʣ ʰʳסʳʩʪʳ ײץʨʫ 

ʤװʤʢʽʥ.  

ת .3  hʢᴇʨʰʽ S-ʙʣʦʢʪʘʨʜʘ ʙʠʪʪʝʨʜʽ ᴇʟʛʝʨʪʝ ʦʪʳʨʳʧ, ʙʽʨ ʞʘʣסʳʟ ʨʘʫʥʜʪʘ 

ʩʦʣ ʰʳסʳʩʪʳ ʘʣʫסʘ ʙʦʣʘʜʳ.  

ɸʣסʘʰץʳ IP ʞᴅʥʝ ʩʦʥסʳ IP-1 ʘʣʤʘʩʪʳʨʫ ʙʣʦʢʪʘʨʳ. ʆʩʳ ʙʣʦʢʪʘʨ 

 ʳץʘʰסʪʘʙʳʣʜʳ. ʅʝʛʝ DES ʞʦʙʘʣʘʫʰʳʣʘʨʳ ʘʣ ץʤʙʘײʨʳʣʳʤʳʥʜʘ ʙʽʨ ʞײץ

ʞᴅʥʝ ʩʦʥסʳ ʘʣʤʘʩʪʳʨʫʣʘʨʳʥ ץʦʣʜʘʥסʘʥʳ ʙʝʣʛʽʩʽʟ. ɹײʣ ʘʣʤʘʩʪʳʨʫʣʘʨ 

  .ʘʩʠʝʪʪʝʨʜʽ ʝʥʛʽʟʙʝʡʜʽץ ʘשʘʥʜʘʡ ʞʘץʘʨʘʩʳʥʘʥ ʝʰץ ʘʫʽʧʩʽʟʜʽʢ ʢᴇʟץ

ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʢʪʘʨʳ. ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫ 

ʙʣʦʢʪʘʨʳʥʜʘ ʪʽʟʙʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ʙʠʪʪʝʨʽ 4 ʙʠʪʢʝ 

  .ʘʡʪʘʣʘʥʘʜʳץ

 

5.7.4. DES ʰʠʬʨʳʥʳש ʢʽʣʪʪʝʛʽ ᴅʣʩʽʟʜʽʢ 

 

DES ʰʠʬʨʳʥʳש ʢʽʣʪ ʢᴇʣʝʤʽ 

 

ʉʳʥʰʳʣʘʨ DES ʝש ʘʫʳʨ ᴅʣʩʽʟʜʽʛʽ ï ʢʽʣʪ ʢᴇʣʝʤʽ (56 ʙʠʪ) ʜʝʧ ʩʝʥʜʽʨʝʜʽ. 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ çץʘʪץʳʣ ʢװʰè ʰʘʙʫʳʣʳʥ ץʦʣʜʘʥʫ װʰʽʥ, 

  :ʦʡ 256 ʢʽʣʪʪʝʨʜʽ ʪʝʢʩʝʨʫ ʢʝʨʝʢץʘʩץ

1. ɹװʛʽʥʛʽ ʢװʥʽ ץʦʣʞʝʪʢʽʟʽʣʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʳʧ, ʩʝʢʫʥʜʥrʘ ʙʽʨ 

ʤʠʣʣʠʦʥ ʢʽʣʪʪʽ ʪʝʢʩʝʨʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʜʝʛʝʥ ʙʽʨ ʧʨʦʮʝʩʩʦʨʳ ʙʘʨ 
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ʢʦʤʧʴʶʪʝʨʜʽ ץʦʣʜʘʥʳʧ, DES ʰʠʬʨʳʥʘ çץʘʪץʳʣ ʢװʰè ʰʘʙʫʳʣʳʥ ʦʨʳʥʜʘʫ 

  .ʳʪ ʢʝʨʝʢ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽץʞʳʣʜʘʥ ʘʩʘ ʫʘ שʰʽʥ ʝʢʽ ʤʳװ

2. ɽʛʝʨ ʙʽʨ ʤʠʣʣʠʦʥ ʧʨʦʮʝʩʩʦʨ ʯʠʧʪʝʨʽ (ץʘʪʘʨʣʘʩ ᴇשʜʝʫ) ʙʘʨ 

ʢʦʤʧʴʶʪʝʨʜʽ ʞʘʩʘʫסʘ ʙʦʣʘʪʳʥ ʙʦʣʩʘ, ʦʥʜʘ ʙʘʨʣʳץ ʢʽʣʪʪʝʨ ʢᴇʧʪʽʛʽʥ ʰʘʤʘ-

ʤʝʥ 20 ʩʘסʘʪʪʘ ʪʝʢʩʝʨʫʛʝ ʙʦʣʘʜʳ. DES ʝʥʜʽʨʛʝʥ ʢʝʟʜʝ ʩʦʥʜʘʡ ʢʦʤʧʴʶʪʝʨʜʽש 

ʙʘסʘʩʳ ʙʽʨʥʝʰʝ ʤʠʣʣʠʦʥ ʜʦʣʣʘʨ ʙʦʣʘʪʳʥ, ʙʽʨʘץ ʦʣ ʪʝʟ ʪᴇʤʝʥʜʝʜʽ. ɸʨʥʘʡʳ 

ʢʦʤʧʴʶʪʝʨ 1998 ʞʳʣʳ ʞʘʩʘʣʜʳ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʢʽʣʪ 112 ʩʘסʘʪʪʘ ʪʘʙʳʣ-

ʜʳ.  

3. ʂʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨ ץʘʪʘʨʣʘʩ ᴇשʜʝʫʜʽ ʤʦʜʝʣʴʜʝʫ ʤװʤʢʽʥ. 1977 

ʞʳʣʳ ʟʝʨʪʪʝʫʰʽʣʝʨ ʪʦʙʳ 3500 Internet-ʢʝ ץʦʩʳʣסʘʥ ʢʦʤʧʴʪʝʨʜʽ DES ʢʽʣʪʽʥ 

120 ʢװʥʜʝ ʪʘʙʫ װʰʽʥ ץʦʣʜʘʥʜʳ. ʂʽʣʪʪʝʨ ʢᴇʧʪʽʛʽ ʦʩʳ ʢʦʤʧʴʶʪʝʨʣʝʨ ʘʨʘʩʥr-

ʜʘ ʙᴇʣʽʥʜʽ, ʞᴅʥʝ ᴅʨ ʢʦʤʧʴʶʪʝʨ DES ʜʦʤʝʥʽʥʽש ʙᴇʣʽʛʽʥ ʪʝʢʩʝʨʫʛʝ ʞʘʫʘʧʪʳ 

ʙʦʣʜʳ. ɽʛʝʨ 3500 ʞʝʣʽʛʝ ʙʘʡʣʘʥʳʩץʘʥ ʢʦʤʧʴʶʪʝʨ ʢʽʣʪʪʽ 120 ʢװʥʜʝ ʪʘʧʩʘ, 

ʦʥʜʘ 42000 ʤװʰʝʜʝʥ ʪײʨʘʪʳʥ ץʦסʘʤ ʢʽʣʪʪʽ 10 ʢװʥʜʝ ʪʘʙʘ ʘʣʘʜʳ.  

ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ, 56 ʙʠʪ ʰʠʬʨ ʢʽʣʪʽ ʙʘʨ DES ʞʝʪʢʽʣʽʢʪʽ 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽץ ʘʫʽʧʩʽʟʜʽʢʪʽץ

 

DES ʰʠʬʨʳʥʳש ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽ 

 

256 ʤװʤʢʽʥʜʽ ʢʽʣʪʪʝʨ ʽʰʽʥʝʥ ʪᴇʨʪʝʫʽ ᴅʣʩʽʟ ʜʝʧ ʘʪʘʣʘʜʳ. ᴄʣʩʽʟ ʢʽʣʪʪʝʨ ï 

ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽʥ (5.1 ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʳʧ) ʘʣʳʧ ʪʘʩʪʘʫ ʦʧʝʨʘʮʠʜ̫ʘʥ ʢʝʡʽʥ 

ʙʘʨʣʳץ ʥᴇʣʜʝʨʜʝʥ ʥʝʤʝʩʝ ʙʽʨʣʝʨʜʽʥ ʥʝʤʝʩʝ ʞʘʨʪʳʩʳ ʥᴇʣʜʝʨʜʝʥ ʞᴅʥʝ ʞʘʨ-

ʪʳʩʳ ʙʽʨʣʝʨʜʝʥ ʪײʨʘʪʳʥ ʢʽʣʪʪʝʨ. ʆʩʳʥʜʘʡ ʢʽʣʪʪʝʨ 5.19 ʢʝʩʪʝʩʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ.  

  

5.19 ʢʝʩʪʝ 

 

DES ʰʠʬʨʳʥʳש ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽ 

 

ʊʝʢʩʝʨʫ ʙʠʪʪʝʨʽʥ ʞʦʶ ʞᴅʥʝ ʘʣʤʘʩʪʳʨʫ 

ʘʣʜʳʥʜʘסʳ ʢʽʣʪʪʝʨ (64 ʙʠʪ) 

 ʦʣʜʘʥʳʣʘʪʳʥ ʢʽʣʪʪʝʨפ

(56 ʙʠʪ) 

0101 0101 0101 010116 0000 000 0000 000016 

1f1f 1f1f 1f1f 1f1f16 0000 000 ffff ffff16 

e0e0 e0e0 e0e0 e0e016 ffff ffff 0000 000016 

fefe fefe fefe fefe16 ffff ffff ffff ffff16  

 

ʆʩʳ ᴅʣʩʽʟ ʢʽʣʪʪʝʨʜʽש ʢʝʟ ʢʝʣʛʝʥʽʥʝʥ ײץʨʳʣʘʪʳʥ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ, - ʰʠʬʨ 

ʢʽʣʪʽ ʩʠʷץʪʳ ʞᴅʥʝ ʩʦʣ ʪʠʧʪʽ. ʄʳʩʘʣʳ, ʨʘʫʥʜʪʳש ʩʦʣ ʦʥ ʘʣʪʳ ʢʽʣʪʪʝʨʽ 

ʙʽʨʽʥʰʽ ʢʽʣʪʪʽ ײץʨʘʜʳ, ʦʣ ʙʘʨʣʳץ ʥᴇʣʜʝʨʜʝʥ ʥʝʤʝʩʝ ʙʘʨʣʳץ ʙʽʨʣʝʨʜʝʥ ʥʝ-

ʤʝʩʝ ʞʘʨʪʳʣʘʡ ʥᴇʣʜʝʨʜʝʥ ʞᴅʥʝ ʙʽʨʣʝʨʜʝʥ ʪײʨʘʜʳ.  

ɹײʣ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ʘʣʛʦʨʠʪʤʽ ʰʠʬʨ ʢʽʣʪʽʥ ʘʣʜʳʤʝʥ ʝʢʽ 

ʞʘʨʪʳסʘ ʙᴇʣʫ ʩʝʙʝʙʽʤʝʥ ʙʦʣʘʜʳ. ɹʣʦʢʪʳ ʘʨʘʣʘʩʪʳʨʫ ʥʝʤʝʩʝ ʘʣʤʘʩʪʳʨʫ 
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ʙʣʦʢʪʳ ᴇʟʛʝʨʪʧʝʡʜʽ, ʝʛʝʨ ʦʣ ʙʘʨʣʳץ ʥᴇʣʜʝʨʜʝʥ, ʥʝʤʝʩʝ ʙʘʨʣʳץ ʙʽʨʣʝʨʜʝʥ, 

ʥʝʤʝʩʝ ʞʘʨʪʳʣʘʡ ʥᴇʣʜʝʨ ʤʝʥ ʙʽʨʣʝʨʜʝʥ ʪײʨʩʘ.  

ᴄʣʩʽʟ ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥʫ ץʘʫʽʧʪʽʛʽ ʥʝʜʝ? ɽʛʝʨ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ᴅʣʩʽʟ 

ʢʽʣʪʧʝʥ ʰʠʬʨʣʘʧ ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥ ʩʦʣ ᴅʣʩʽʟ ʢʽʣʪʧʝʥ ץʘʡʪʘ ʰʠʬʨʣʘʩʘץ, ʦʥʜʘ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦסʳ ʰʳסʘʜʳ. ɽʛʝʨ ʝʢʽ ʨʝʪ ʢʝʨʽʰʠʬʨʣʘʩʘץ, ʦʥʜʘ ʙʽʨ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ײץʨʘʜʳ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ᴅʨ ᴅʣʩʽʟ ʢʽʣʪ ᴇʟʽʥʝ ᴇʟʽ ʠʥ-

ʚʝʨʩʠʷ ʙʦʣʘʜʳ:  

 

Ek (Ek (M)) = M, 

 

5.12 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ 

  

ᴄʣʩʽʟ ʢʽʣʪʪʝʨʜʝʥ ץʘʰʫ ʢʝʨʝʢ, ʩʝʙʝʙʽ ץʘʨʩʳʣʘʩ ʦʣʘʨʜʳ ʞʦʣʘʡ ײʩʪʘʣסʘʥ 

ʰʠʬʨʜʘ ʪʘʥʫ ʤװʤʢʽʥ. ɽʛʝʨ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʝʢʽ ʢʝʟʝשʽʥʝש ʢʝʡʽʥ ʥᴅʪʠʞʝ 

ʪײʨʘ ʩʦʥʜʘʡ ʙʦʣʩʘ, ץʘʨʩʳʣʘʩ ʢʽʣʪʪʽ ʪʘʧʪʳʤ ʜʝʧ ʘʥʳץʪʘʡʜʳ.  

5.18 ʤʳʩʘʣ. ɼʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʝʢʽ ʨʝʪ ʰʠʬʨʣʘʫ װʰʽʥ 5.19 ʢʝʩʪʝʜʝʥ 

ʙʽʨʽʥʰʽ ᴅʣʩʽʟ ʢʽʣʪʪʽ ץʦʣʜʘʥʳʧ ʢᴇʨʝʤʽʟ. ʉʦʣ ʢʽʣʪʧʝʥ ʝʢʽ ʰʠʬʨʣʘʫʜʳ 

ᴇʪʢʽʟʛʝʥʥʝש ʢʝʡʽʥ, ʥᴅʪʠʞʝʩʽʥʜʝ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʘʣʘʤʳʟ. ɹײʣ ʞʝʨʜʝ 

ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ץʦʣʜʘʥסʘʥ ʞʦץ, ʪʝʢ ʝʢʽ ʨʝʪ ʰʠʬʨʣʘʫ ʦʨʳʥʜʘʣʜʳ, 

ʩʦסʘʥ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ.  

 

 
 

5.12 ʩʫʨʝʪ - ᴄʣʩʽʟ ʢʽʣʪʧʝʥ ʝʢʽʨʝʪ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ 

 

ʂʽʣʪ: 010101010101010116. 

ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ: 123456788765432116. 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ: 814fe938589154f716. 

ʐʠʬʨ ʢʽʣʪʽ: 010101010101010116. 

ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ: 814fe938589154f716. 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ: 123456788765432116. 
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DES ʰʠʬʨʳʥʳש ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽ 

 

ɾʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝʨ ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʣʪʳ ʢʽʣʪʪʽʢ ʞײʧ ʙʘʨ. ʆʩʳ ʘʣʪʳ 

ʞײʧ 5.20 ʢʝʩʪʝʩʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ (ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽʥ ʞʦʶ ʘʣʜʳʥʜʘ 64 ʙʠʪʪʽʢ 

ʬʦʨʤʘʪ). 

 

5.20 ʢʝʩʪʝ 

 

DES ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽ 

 

ɾײʧʪʘסʳ ʙʽʨʽʥʰʽ ʢʽʣʪ ɾײʧʪʘסʳ ʝʢʽʥʰʽ ʢʽʣʪ 

01fe 01fe 01fe 01fe16 fe01 fe01 fe01 fe0116 

1fe0 1fe0 0ef1 0ef116 e01f e01f f10e f10e16 

01e0 01e1 01f1 01f116 e001 e001 f101 f10116 

1ffe 1ffe 0efe oefe16 fe1f fe1f feoe fe0e16 

011f 011f 010e 010e16 1f01 1f01 0e01 0e0116 

e0fe e0fe f1fe f1fe16 fee0 fee0 fef1 fefl16 

 

ɾʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝʨ ʝʢʽ ʪװʨʣʽ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥ ײץʨʘʜʳ ʞᴅʥʝ ʩʦʜʘʥ 

ʢʝʡʽʥ ʦʣʘʨʜʳ ʩʝʛʽʟ ʨʝʪ ץʘʡʪʘʣʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨ ʞײʧʪʘʥ ײץʨʳʣסʘʥ 

ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʙʽʨʜʝʡ, ʙʽʨʘץ ᴅʨ ʪװʨʣʽ ʨʝʪʧʝʥ ʢʝʣʝʜʽ.  

ʀʜʝʷʥʳ ʢᴇʨʩʝʪʫ װʰʽʥ, ʙʽʨʽʥʰʽ ʞײʧʪʘʥ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥ ײץʨʘʤʳʟ, 5.21 

ʢʝʩʪʝʩʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ.  

 

5.21 ʢʝʩʪʝ 

 

DES ʰʠʬʨʳʥʳש ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽ װʰʽʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ 

 

ʈʘʫʥʜʪʘʨ 
ɾײʧʪʘסʳ ʙʽʨʽʥʰʽ ʢʽʣʪ  

 ʢʽʣʪʪʝʨ ץʰʽʥ ʨʘʫʥʜʪʳװ

ɾײʧʪʘסʳ ʝʢʽʥʰʽ ʢʽʣʪ װʰʽʥ 

ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ 

1 9153e54319bd16 6eac1abce64216 

2 6eac1abce64216 9153e54319bd16 

3 6eac1abce64216 9153e54319bd16 

4 6eac1abce64216 9153e54319bd16 

5 6eac1abce64216 9153e54319bd16 

6 6eac1abce64216 9153e54319bd16 

7 6eac1abce64216 9153e54319bd16 

8 6eac1abce64216 9153e54319bd16 

9 9153e54319bd16 6eac1abce64216 

10 9153e54319bd16 6eac1abce64216 

11 9153e54319bd16 6eac1abce64216 

12 9153e54319bd16 6eac1abce64216 
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13 9153e54319bd16 6eac1abce64216 

14 9153e54319bd16 6eac1abce64216 

15 9153e54319bd16 6eac1abce64216 

16 6eac1abce64216 9153e54319bd16 

 

5.21 ʢʝʩʪʝʥʽ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ᴅʨ ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝ ʩʝʛʽʟ ʙʽʨʜʝʡ 

ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʙʘʨ. ʆʩʳʜʘʥ ʙʘʩץʘ, ʙʽʨʽʥʰʽ ʢᴇʧʪʽʢʪʝ 1 ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʝʢʽʥʰʽ 

ʢᴇʧʪʽʢʪʽ16 ש ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥʝ ʪʝש; ʙʽʨʽʥʰʽʜʝ 2 ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ, ʝʢʽʥʰʽʜʝ  15 

ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥʝ ʪʝש, ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ. ɹײʣ ʢʽʣʪʪʝʨ ʙʽʨ ʙʽʨʽʥʝ ʠʥʚʝʨʩʪʳ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ:  

M))M(E(E
12 kk =

, 

 

5.13 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ. 

 

 
 

5.13 ʩʫʨʝʪ - ɾʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʧʝʥ ʜʝʨʝʢʪʝʨʜʽ ʝʢʽ ʨʝʪ ʰʠʬʨʣʘʫ 

 

DES ʰʠʬʨʳʥʳש ʤװʤʢʽʥʜʽ ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽ 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʤװʤʢʽʥʜʽ ᴅʣʩʽʟ ʢʽʣʪʪʝʨ ʜʝʧ ʘʪʘʣʘʪʳʥ 48 ʢʽʣʪ ʙʘʨ. 

ʄװʤʢʽʥʜʽ ᴅʣʩʽʟ ʢʽʣʪ ʨʘʫʥʜʪʳש ʪʝʢ ʪᴇʨʪ ᴅʨʪװʨʣʽ ʢʽʣʪʽʥ ײץʨʘʜʳ; ʙʘʩץʘ ʩᴇʟʙʝʥ, 

ʨʘʫʥʜʪʘʨʜʳש ʦʥ ʘʣʪʳ ʢʽʣʪʽ ʪᴇʨʪ ʪʦʧץʘ ʙᴇʣʽʥʛʝʥ, ʞᴅʥʝ ᴅʨ ʪʦʧ ʪᴇʨʪ ʙʽʨʜʝʡ 

ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥʝʥ ʪײʨʘʜʳ.  

5.19 ʤʳʩʘʣ. ᴄʣʩʽʟ, ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʥʝʤʝʩʝ ʤװʤʢʽʥʜʽ ᴅʣʩʽʟ ʢʽʣʪʪʽ 

ʢʝʟʜʝʡʩʦץ ʪʘשʜʘʫ ʳץʪʠʤʘʣʜʳסʳ ץʘʥʜʘʡ?  

ʐʝʰʽʤ. DES ʢʽʣʪ ʢᴇʧʪʽʛʽ 256 ʪʝש. ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʽʣʪʪʝʨʜʽש 

ʞʘʣʧʳ ʩʘʥʳ ï 64: 4 + 12 + 48. ʉʦʥʜʘʡ ʢʽʣʪʪʝʨʜʽש ʙʽʨʝʫʽʥ ʪʘשʜʘʫ 

ʳץʪʠʤʘʣʜʳסʳ 8,8Ā10-16, ʷסʥʠ ʘʣʘʩʪʘʤʘʣʳ ʘʟ. 
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DES ʢʽʣʪʪʽʢ ʪʦʣʳץʪʳʨʫʰʳʩʳ 

 

ʂʽʣʪʪʝʨ ʢᴇʧʪʽʛʽ ʽʰʽʥʜʝ (256) ʢʝʡʙʽʨ ʢʽʣʪʪʝʨ ʢʽʣʪʪʝʛʽ ᴅʨ ʙʠʪʳʥʳש ʠʥʚʝʨ-

ʩʠʷʩʳʤʝʥ (0-ʜʽ  1-ʛʝ  ʥʝʤʝʩʝ 1-ʜʽ  0-ʛʝ) ʘʣʳʥʫ ʤװʤʢʽʥ.  ʂʽʣʪʪʽʢ 

ʪʦʣʳץʪʳʨʫʰʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʧʨʦʮʝʩʩʽʥ ץʘʨʘʧʘʡʳʤʜʘʪʘʜʳ. 

 ʪʝʢ (256) שʤʢʽʥ ʢʽʣʪʪʝʨʜʽװʰʽʥ ʤװ ʰ" ʰʘʙʫʳʣʳʥ ʦʨʳʥʜʘʫװʳʣ ʢץʘʪץ" ʦʡץʘʩפ

ʞʘʨʪʳʩʳʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ, ʩʝʙʝʙʽ: 

 

M Ä Mɼ = ffffffffffffffff16,    K Ä Kɼ = ffffffffffffffff16 

 

ʞᴅʥʝ 

 

C Ä Cɼ = ffffffffffffffff16. 

 

ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʛʝʨ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ʪʦʣʳץʪʳʨʫʰʳʩʳʥ ʢʽʣʪ 

ʪʦʣʳץʪʳʨʫʰʳʩʳʤʝʥ ʰʠʬʨʣʘʩʘ, ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʪʦʣʳץʪʳʨʫ 

ʙʦʣʘʜʳ. פʘʩץʦʡ ʙʘʨʣʳ256 ץ ʤװʤʢʽʥʜʽ ʢʽʣʪʪʝʨʜʽ ʪʝʢʩʝʨʤʝʫ ץʘʞʝʪ, ʦʣ ʪʝʢ 

ʞʘʨʪʳʩʳʥ ʪʝʢʩʝʨʽʥ ʥᴅʪʠʞʝʥʽ ʪʦʣʳץʪʳʨʘ ʘʣʘʜʳ.  

5.20 ʤʳʩʘʣ. ʂʽʣʪʪʽʢ ʪʦʣʳץʪʳʨʫ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʪʝʢʩʝʨʝʤʽʟ. ʂʝʟ 

ʢʝʣʛʝʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʞᴅʥʝ ʢʽʣʪʪʽ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʪʘʙʫ 

 ʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳץʘʰסʪʳʨʫ ʞᴅʥʝ ʘʣץʦʣʜʘʥʘʤʳʟ. ɽʛʝʨ ʢʽʣʪʪʽʢ ʪʦʣʳץ ʰʽʥװ

ʙʘʨ ʙʦʣʩʘ, ʦʥʜʘ ʘʣʜʳʥסʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʪʦʣʳץʪʳʨʫʜʳ ʘʣʘ-

ʤʳʟ (5.22 ʢʝʩʪʝʩʽ).  

 

5.22 ʢʝʩʪʝ 

 

5.20 ʤʳʩʘʣʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 

 

 ʂʽʣʪ ʪװʧʥײʩץʘʩʳ ʂʽʣʪʪʽʢ ʪʦʣʳץʪʳʨʫ 

ʂʽʣʪ 123412341234123416 edcbedcbedcbedcb16 

ɼʝʨʝʢʪʝʨʜʽש ʘʣסʘʰץʳ 

ʙʣʦʛʳ 
12345678abcdef1216 edcba987543210ed16 

ɼʝʨʝʢʪʝʨʜʽש ʰʠʬʨʣʘʥסʘʥ 

ʙʣʦʛʳ 
e112be1defc7a36716 1eed41e210385c9816 

 

DES ʰʠʬʨʳʥʳש ʢʣʘʩʪʝʨʣʽʢ ʢʽʣʪʽ 

 

ʂʣʘʩʪʝʨʣʽʢ ʢʽʣʪ ʰʠʬʨʜʳש ʝʢʽ ʥʝʤʝʩʝ ʦʜʘʥ ʢᴇʧ ᴅʨʪװʨʣʽ ʢʽʣʪʽ ʙʽʨ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘʥ ʙʽʨʜʝʡ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ײץʨʘʪʳʥ 

ʞʘסʜʘʡʣʘʨʜʳ ץʘʨʘʩʪʳʨʘʜʳ. ᴄʨ ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʢʽʣʪʪʝʨ ʞײʙʳ ï ʢʽʣʪʪʽʢ ʢʣʘ-

ʩʪʝʨ ʝʢʝʥʽ ʘʡץʳʥ. ɹʽʨʘץ ʙʘʩץʘ ʢʣʘʩʪʝʨʣʝʨ ʪʘʙʳʣסʘʥ ʞʦץ.  
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5.8. DES ʂᴆʇɽʉɽʃɯ פʆʃɼɸʅʋ 

 

ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, DES ʥʝʛʽʟʛʽ ʩʳʥʳ ʰʠʬʨ ʢʽʣʪʽʥʽש 

 ʘʪʘʨʣʘʩץ ʤʢʽʥʜʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʞᴅʥʝװʘʥ. ʄסʳʪʪʘʣסʳʥʘ ʙʘסʟʳʥʜʳײ

ʧʨʦʮʝʩʩʦʨʣʘʨʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽ çץʘʪץʘʣ ʢװʰè ʰʘʙʫʳʣʳʥ ʨʝʘʣʜʳ ץʳʣʘʜʳ.  

 ʙʽʨʽ - DES ʙʘʩ ʪʘʨʪʫ ʞᴅʥʝ שʰʝʰʽʤʜʝʨʽʥʽ שʩʘʨʪʫʜʳץʘʫʽʧʩʽʟʜʽʢʪʽ ʞʘפ

ʞʘשʘ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ײץʨʫ. ɹʽʨʽʥʰʽ ʰʝʰʽʤ  - Advanced Encryption 

Standard (AES) ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫ. 8 ʪʘʨʘʫʜʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ.  

ɽʢʽʥʰʽ ʰʝʰʽʤ  DES ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ᴅʨʪװʨʣʽ ʢʽʣʪʪʝʨʤʝʥ ʢᴇʧʝʩʝʣʽ 

(ʢʘʩץʘʜʪʳ) ץʦʣʜʘʥʫ. ɹײʣ ʰʝʰʽʤʜʽ ʢʝʡʙʽʨ ʫʘץʳʪ ץʦʣʜʘʥʜʳ, װʣʢʝʥ ץʘʨʞʳʥʳ 

ʞᴅʥʝ ʘʧʧʘʨʘʪʪʳײץ ץʨʘʣʜʘʨʜʳ ʪʘʣʘʧ ʝʪʧʝʜʽ. ʆʩʳʥʜʘʡ ʰʝʰʽʤʜʽ 

  .ץʘʨʘʩʪʳʨʘʡʳץ

3 ʪʘʨʘʫʜʘʥ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʘʡ, ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʽʨʽʩʪʝʨʜʽ ʙʘʨʣʳץ ʤװʤʢʽʥ 

ʰʳסʳʩʪʘʨסʘ ʦʨʥʘʣʘʩʪʳʨʘʪʳʥ ʘʫʳʩʪʳʨʫ ʢᴇʧʪʽʢ ʵʣʝʤʝʥʪʪʝʨʽʥ ʙʝʡʥʝʣʝʫʤʝʥ 

ʞᴅʥʝ ʦʧʝʨʘʮʠʷʣʘʨ ʞʠʥʘסʳʤʝʥ ʪʦʧ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʝʢʽ ʪʽʟʙʝʢʪʽ 

ʙʝʡʥʝʣʝʫʜʽ ץʦʣʜʘʥʫ ʧʘʡʜʘʩʳʟ, ʩʝʙʝʙʽ ʘʨץʘʰʘʥʜʘ ʦʩʳ ʝʢʝʫʽʥʽש ʢʦʤʧʦʟʠʮʠʷ-

ʩʳʥʘ (ʪװʡʳץʪʳץ ץʘʩʠʝʪʽ) ʪʝש ʙʦʣʘʪʳʥ װʰʽʥʰʰʽ ʙʝʡʥʝʣʝʫʜʽ ʪʘʙʫסʘ ʙʦʣʘʜʳ. 

ɹײʣ ʜʝʛʝʥ, ʝʛʝʨ DES ï ʪʦʧ ʙʦʣʩʘ, ʦʥʜʘ k3 ʢʽʣʪʽ ʙʘʨ ʙʽʨʝʩʝʣʽ DES ʩʦʥʳ 

ʦʨʳʥʜʘʡʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ (5.14 ʩʫʨʝʪʽʥʝ ץʘʨʘשʳʟ).  

 

 
 

5.14 ʩʫʨʝʪ ï ɹʝʡʥʝʣʝʫʣʝʨ ʢʦʤʧʦʟʠʮʠʷʩʳ 

 

DES ʪʦʧ ʝʤʝʩ. ʆʣ ʢʝʣʝʩʽ ʝʢʽ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʥʝʛʽʟʜʝʣʝʜʽ: 

1. DES ʤװʤʢʽʥʜʽ ʢʽʨʽʩ ʥʝʤʝʩʝ ʰʳסʳʩ ʥᴇʤʽʨʽ   N = 264. ɹײʣ N!= (264!) = 

10 347 380 000 000 000 000 000 ʙʝʡʥʝʣʝʫʣʝʨ ʙʽʣʜʽʨʝʜʽ. DES ʪʦʧ ʞʘʩʘʡʪʳʥ 

ʪᴅʩʽʣʜʝʨʽʥʽש ʙʽʨʽ ï ʙײʣ ʦʩʳ ʙʘʨʣʳץ ʙʝʡʥʝʣʝʫʣʝʨʜʽ log2 (264!) å 270 ʙʠʪ ʢʽʣʪ 

ʢᴇʣʝʤʽʤʝʥ ץʦʣʜʘʫ. DES ʰʠʬʨʜʳש ʢʽʣʪ ײʟʳʥʜʳסʳ 56 ʙʠʪ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʦʥʜʘ ʙײʣ ץʘʞʝʪʪʽ װʣʢʝʥ ʢʽʣʪʪʽש ʢʽʰʢʝʥʝ ʙᴇʣʰʝʛʽ.  
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2. DES ʪʦʧ ʞʘʩʘʫʜʳש ʙʘʩץʘ ʪᴅʩʽʣʽ ï ʙʝʡʥʝʣʝʫʣʝʨʜʽש ʢᴇʧʪʽʛʽ ʙʽʨʽʥʰʽ ʧʘ-

ʨʘʤʝʪʨʛʝ ʪᴅʫʝʣʜʽʢ ʤᴅʥʽʥʜʝ ʢᴇʧʪʽʢʪʽש ʽʰʢʽ ʢᴇʧʪʽʛʽ ʙʦʣʫ ʢʝʨʝʢ. ɹʽʨʽʥʰʽ ʧʘʨʘ-

ʤʝʪʨ ʢᴇʤʝʛʽʤʝʥ ʪʦʧʪʘʥ ײץʨʳʣסʘʥ ʪʦʧʪʘʨʜʘ ʢʽʣʪʪʽʢ ᴇʣʰʝʤ 56 ʙʠʪ ʙʦʣʘʪʳʥʳ 

ʜᴅʣʝʣʜʝʥʛʝʥ [20, 21, 22].  

ɽʛʝʨ DES ʪʦʧ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʢʝʣʝʩʽ ʰʘʨʪ ʦʨʳʥʜʘʣʫ װʰʽʥ k3 ʢʽʣʪʽʥ ʪʘʙʫ 

ʘʟʳץʪʠʤʘʣʜʳ:  

 

)M(E))M(E(E
312 KKK =

. 

 

ɹײʣ ʜʝʛʝʥ ʢʽʣʪ ײʟʳʥʜʳסʳʥ װʣʢʝʡʪʫ װʰʽʥ ʝʢʽʝʩʝʣʽ ʥʝʤʝʩʝ װʰʝʩʝʣʽ DES 

  .ʤʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽװʦʣʜʘʥʫʜʳ ʤץ

 

5.8.1. ɽʢʽʝʩʝʣʽ DES 

 

ɹʽʨʽʥʰʽ ʪᴅʩʽʣ ʝʢʽʝʩʝʣʽ DES (Double DES) ץʦʣʜʘʥʫʜʘ. ɹײʣ ʪᴅʩʽʣʜʝ ʰʠʬʨ-

ʣʘʫ װʰʽʥ ʪװʟʫ DES ʰʠʬʨʜʳש ʝʢʽ ʪʠʧʳ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʢʝʨʽ 

ʰʠʬʨʜʳש ʝʢʽ ʪʠʧʳ ץʦʣʜʘʥʳʣʘʜʳ. ᴄʨ ʪʠʧ ᴅʨʪװʨʣʽ ʰʠʬʨ ʢʽʣʪʽʥ ץʦʣʜʘʥʘʜʳ, 

ʙײʣ ʢʽʣʪ ײʟʳʥʜʳסʳ ʝʢʽʛʝ ʢᴇʙʝʡʝʪʽʥʽʥ (112 ʙʠʪ ʙʦʣʘʪʳʥʳʥ) ʙʽʣʜʽʨʝʜʽ. ɹʽʨʘץ 

ʝʢʽʝʩʝʣʽ DES ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘʙʫʳʣʳʥʘ ʦʩʘʣ.  

ɹʽʨʽʥʰʽ ʢᴇʟ ץʘʨʘʩץʘ ʝʢʽʝʩʝʣʽ DES ʢʽʣʪʪʽ ʪʘʙʫ װʰʽʥ ʩʳʥʘʫ ʩʘʥʳʥ ʝʢʽʛʝ 

ʢᴇʙʝʡʪʝʜʽ 256 (ʙʽʨʝʩʝʣʽ DES) ʜʝʥ 2112 (ʝʢʽʝʩʝʣʽ DES) ʜʝʡʽʥ. ɹʽʨʘץ, çʦʨʪʘ-

ʩʳʥʜʘ ʢʝʟʜʝʩʫè ʰʘʙʫʳʣ ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘʙʫʳʣʳʥ 

 ʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʝʢʽʝʩʝʣʽ DES ʙʝʨʽʢʪʽʣʽʢʪʽ (ʩʳʥʘʫ ʙʦʡʳʥʰʘ ʪʝʢ 257 ʜʝʡʽʥ)ץ

ʞʘץʩʘʨʪʘʜʳ, ʙʽʨʘץ ʢᴇʧʢʝ ʝʤʝʩ (ʢ 2112) ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ.  

5.15 ʩʫʨʝʪ ʝʢʽʝʩʝʣʽ DES װʰʽʥ ʜʠʘʛʨʘʤʤʘʥʳ ʢᴇʨʩʝʪʝʜʽ. 

 

 
 

5.15 ʩʫʨʝʪ - ɽʢʽʝʩʝʣʽ DES çʦʨʪʘʩʳʥʜʘ ʢʝʟʜʝʩʫè ʰʘʙʫʳʣʳ 
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ɾʽʙʝʨʫʰʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ M ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ 

C ʰʠʬʨʣʘʫ װʰʽʥ ʝʢʽ ʰʠʬʨ ʢʽʣʪʽʥ k1 ʞᴅʥʝ k2 ץʦʣʜʘʥʘʜʳ; ץʘʙʳʣʜʘʫʰʳ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ C ʞᴅʥʝ ʝʢʽ ʰʠʬʨ ʢʽʣʪʽʥ k1 ʞᴅʥʝ k2 ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ M ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ.  

ʆʨʪʘʰʘ ʥװʢʪʝʜʝ C' ï ʙʽʨʽʥʰʽ ʰʠʬʨʣʘʫ ʥʝʤʝʩʝ ʙʽʨʽʥʰʽ ʢʝʨʽʰʠʬʨʣʘʫʤʝʥ 

-ʰʽʥ ʦʣ ʰʠʬʨװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʤʳʩʪʳײʨʳʩ ʞײʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ. ɼסʨʳʣײץ

ʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʙʽʨʜʝʡ ʙʦʣʫ ץʘʞʝʪ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʢʽ ץʘʪʳʥʘʩ 

ʙʘʨ: 

 

)M(E'ʉ
1K=

  ʠ  
)C(E'ʉ

2K=
. 

 

 ʙʳʥײʞ (ʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘʙʫʳʣʳץʘʰסʘʣ) ʳ M ʞᴅʥʝ Cסʦʡ ʘʣʜʳʥץʘʩפ

ʞʦʣʘʡ ײʩʪʘʜʳ ʜʝʡʽʢ. ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʙʽʨʽʥʰʽ ץʘʪʳʥʘʩץʘ ʥʝʛʽʟʜʝʥʽʧ 

 ʦʣʜʘʥʳʧ M ʰʠʬʨʣʘʡʜʳץ ʤʢʽʥʜʽ ʤᴅʥʜʝʨʽʥ (256)װʤ ץʙʘʨʣʳ שʦʡ k1 ʢʽʣʪʪʽץʘʩץ

ʞᴅʥʝ C' װʰʽʥ ʘʣʳʥסʘʥ ʙʘʨʣʳץ ʤᴅʥʜʝʨʜʽ ʞʘʟʳʧ ʘʣʘʜʳ. ɾʦסʘʨʳʜʘ 

ʢᴇʨʩʝʪʽʣʛʝʥ ץʘʪʳʥʘʩʪʘʨʳʥʳש ʝʢʽʥʰʽʩʽʥʝ ʥʝʛʽʟʜʝʣʽʧ ץʘʩץʦʡ k2 ʢʽʣʪʪʽש 

ʙʘʨʣʳץ ʤװʤʢʽʥ ʤᴅʥʜʝʨʽʥ ץʦʣʜʘʥʳʧ C' ʢʝʨʽʰʠʬʨʣʘʡʜʳ. C' װʰʽʥ ʘʣʳʥסʘʥ 

ʙʘʨʣʳץ ʤᴅʥʜʝʨʜʽ ʞʘʟʳʧ ʘʣʘʜʳ. ɸʨʳ ץʘʨʘʡ ץʘʩץʦʡ C' ʤᴅʥʜʝʨʽʥʝ ʩᴅʡʢʝʩ 

ʩײʨʳʧʪʘʣסʘʥ ʝʢʽ ʢʝʩʪʝ ײץʨʘʜʳ. ʆʣ C' ʤᴅʥʜʝʨʽʥ ʩʘʣʳʩʪʳʨʳʧ k1 ʞᴅʥʝ k2 

ʞײʧʪʘʨʳʥ ʪʘʙʘʜʳ, ʦʣʘʨ װʰʽʥ C' ʤᴅʥʽ ʝʢʽ ʢʝʩʪʝʜʝ ʙʽʨʜʝʡ ʙʦʣʫ ʢʝʨʝʢ (5.16 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ). 

ʂʝʤ ʜʝʛʝʥʜʝ ʙʽʨ ʞײʧ ʙʦʣʫ ʢʝʨʝʢ 

ʝʢʝʥʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ, ʩʝʙʝʙʽ ʦʣ 

ʝʢʽ ʢʽʣʪ ʢʦʤʙʠʥʘʮʠʷʩʳʥʳש ʪʦʣʳץ 

ʽʟʜʝʫʽʥ ᴇʪʢʽʟʝʜʽ:  

1. ɽʛʝʨ ʪʝʢ ʙʽʨ ʩᴅʡʢʝʩʪʽʢ ʙʦʣʩʘ. 

-ʦʡ ʝʢʽ ʢʽʣʪʪʽ (k1 ʞᴅʥʝ k2) ʪʘʧץʘʩפ

ʪʳ. ɽʛʝʨ ʙʽʨʜʝʥ ʢᴇʧ װʤʽʪʢʝʨ ʙʦʣʩʘ, 

  .ʘ ʙʘʨʘʜʳסʘʜʘʤץ ʦʡ ʢʝʣʝʩʽץʘʩץ

 ʘʥסʩʪʘʣײ ʘ ʞʦʣʘʡץʦʡ ʙʘʩץʘʩפ .2

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʞײʙʳʥ 

ʘʣʘʜʳʜʘ ᴅʨ װʤʽʪʢʝʨʜʽ ʢʽʣʪʪʝʨ ʞײʙʳʥ 

ʪʘʙʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. 

 
 

5.16 ʩʫʨʝʪ -  çʆʨʪʘʩʳʥʜʘ ʢʝʟʜʝ-

ʩʫè ʰʘʙʫʳʣʳ װʰʽʥ ʢʝʩʪʝʣʝʨ 

ɽʛʝʨ ʢʽʣʪʪʝʨ ʞײʙʳ ʨʝʪʽʥʜʝ ʦʣ ʙʽʨʥʝʰʝ װʤʽʪʢʝʨʜʽ ʪʘʧʩʘ, ʦʣ ʙʽʨʝʛʝʡ 

ʞײʧʪʳ ʪʘʧץʘʥʰʘ 2 ץʘʜʘʤʜʳ ץʘʡʪʘʣʘʡʜʳ.  

ɽʢʽʥʰʽ ץʘʜʘʤʜʳ ʙʽʨʥʝʰʝ ʞʦʣʘʡ ײʩʪʘʣסʘʥ çʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ-

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨè ʞײʧʪʘʨʳʥʘ ץʦʣʜʘʥסʘʥʥʘש ʢʝʡʽʥ ʢʽʣʪʪʝʨ ʪʘʙʳʣסʘʥʳ 

ʜᴅʣʝʣʜʝʥʛʝʥ [20, 21, 22]. ɹײʣ ʜʝʛʝʥ, 2112 ʩʳʥʘʫ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨ ʢʽʣʪʪʝʨʽʥ 

ʽʟʜʝʫʜʽש ʦʨʥʳʥʘ, ץʘʩץʦʡ 256 ʢʽʣʪʪʽ ʽʟʜʝʫ ʩʳʥʘʫʣʘʨʳʥ ᴇʪʢʽʟʝʜʽ ʞᴅʥʝ ʝʢʽ ʨʝʪ 

ʪʝʢʩʝʨʝʜʽ (ʝʛʝʨ ʙʽʨʽʥʰʽ ץʘʜʘʤʜʘ ʙʽʨ װʤʽʪʢʝʨ ʪʘʙʳʣʤʘʩʘ, ʢᴇʙʽʨʝʢ ʩʳʥʘʫʣʘʨ 
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 ʘ ʩᴇʟʙʝʥ, ʙʽʨʝʩʝʣʽ DES ʝʢʽʝʩʝʣʽ DES ʜʝʡʽʥ ʞʳʣʞʫץʘʞʝʪ ʙʦʣʘʜʳ). ɹʘʩץ

ʢʝʟʽʥʜʝ ʩʳʥʘʫʣʘʨ ʢᴇʣʝʤʽ 256 ʜʘʥ 257ʜʝʡʽʥ ʢᴇʙʝʡʝʜʽ (2112 ʜʝʡʽʥ ʝʤʝʩ).  

 

 ʰʝʩʝʣʽ DESת .5.8.2

 

DES ץʘʫʽʧʩʽʟʜʽʛʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ װʰʝʩʝʣʽ DES (Triple DES) ײʩʳʥʳʣʜʳ. 

ʆʣ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ DES װʰ ʢʘʩʢʘʜʳʥ ץʦʣʜʘʥʘʜʳ. ɹװʛʽʥʛʽ 

ʢװʥʽ װʰʝʩʝʣʽ DES ʝʢʽ ʥײʩץʘʩʳ ץʦʣʜʘʥʳʣʘʜʳ: ʰʠʬʨʜʳש ʝʢʽ ʢʽʣʪʽ ʙʘʨ 

  .ʰʝʩʝʣʽ DESװ ʰ ʢʽʣʪʽ ʙʘʨװ שʰʝʩʝʣʽ DES ʞᴅʥʝ ʰʠʬʨʜʳװ

 

ʐʠʬʨʜʳש ʝʢʽ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ DES 

 

ʐʠʬʨʜʳש ʝʢʽ ʙʘʨ װʰʝʩʝʣʽ DES ʰʠʬʨʜʳש ʪʝʢ ʝʢʽ ʢʽʣʪʽ ʙʘʨ: k1 ʞᴅʥʝ k2. 

ɹʽʨʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʢʘʩʢʘʜʪʘʨ k1 ץʦʣʜʘʥʘʜʳ; ʝʢʽʥʰʽ ʢʘʩʢʘʜ k2 ץʦʣʜʘʥʘʜʳ. 

 ʳ ʢʘʩʢʘʜ ʰʠʬʨʣʘʫסʰʽʥ, ʦʨʪʘʥװ ʡʣʝʩʽʤʜʽ ʞʘʩʘʫװ ʰʝʩʝʣʽ DES-ʪʽ DES-ʧʝʥת

ʞʘסʳʥʜʘ ʢʝʨʽʰʠʬʨʣʘʫʜʳ (ʢʝʨʽ ʰʠʬʨʜʳ) ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ 

ʰʠʬʨʣʘʫʜʳ (ʪװʟʫ ʰʠʬʨ) ץʦʣʜʘʥʘʜʳ. ʆʩʳ ʪᴅʩʽʣʤʝʥ, ʰʠʬʨ ʢʽʣʪʽ k DES 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ, ʝʛʝʨ k1 = k2 = k, ʦʥʜʘ װʰʝʩʝʣʽ DES ʢʝʨʽʰʠʬʨʣʘʥʫ 

ʤװʤʢʽʥ. תʰʝʩʝʣʽ DES çʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫè ʰʘʙʫʳʣʳʥʘ ʦʩʘʣ ʙʦʣʩʘ 

ʜʘ, ʦʣ ʝʢʽ ʝʩʝʣʽ DES ץʘʨʘסʘʥʜʘ ʙʝʨʽʢʪʽʨʝʢ. ʆʣ ᴇʟ ʫʘץʳʪʳʥʜʘ ʙʘʥʢʪʘʨ װʰʽʥ 

  .ʘʥסʘʙʳʣʜʘʥץ

5.17 ʩʫʨʝʪ ʰʠʬʨʜʳש ʝʢʽ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ DES ʢᴇʨʩʝʪʝʜʽ.  

 

 

 
 

5.17 ʩʫʨʝʪ ï ʐʠʬʨʜʳש ʝʢʽ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ  DES 

 

ʐʠʬʨʜʳװ שʰ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ  DES  
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ʐʠʬʨʜʳש ʝʢʽ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ DES çʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫè ʰʘ-

ʙʫʳʣʳ ʙʦʣʫ ʤװʤʢʽʥʜʽʛʽ ʢʝʡʙʽʨ ץʦʩʳʤʰʘʣʘʨʜʳ װʰ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ DES 

 שʟʫ ʰʠʬʨʳʥʳװʳʥʜʘ DES ʪסʨʣʝʜʽ. ɸʣʛʦʨʠʪʤ ʰʠʬʨʣʘʫ ʞʘװʦʣʜʘʥʫʜʳ ʤᴅʞʙץ

װ  h ʢʘʩʢʘʜʳʥ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʞʘסʳʥʜʘ ʢʝʨʽ ʰʠʬʨʜʳװ שʰ ʢʘʩʢʘʜʳʥ 

 .ʤʢʽʥ (5.18 ʩʫʨʝʪ)װʦʣʜʘʥʫ ʤץ

 

 
 

5.18 ʩʫʨʝʪ - ʐʠʬʨʜʳװ שʰ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ  DES 

 

ɹʽʨʝʩʝʣʽ DES װʡʣʝʩʽʤʜʽʢ װʰʽʥ ʰʠʬʨʣʘʫ ʞʘסʳ EDE ץʦʣʜʘʥʘʜʳ, ʘʣ 

ʢʝʨʽʰʠʬʨʣʘʫ ʞʘסʳ ï DED. E (encryption) ï ʰʠʬʨʣʘʫ ʢʘʩʢʘʜʳ, D 

(decryption) ï ʢʝʨʽʰʠʬʨʣʘʫ ʢʘʩʢʘʜʳ. 

ʐʠʬʨʜʳש ʢʽʣʪʽʥʽש ʞʘʣʧʳ ײʟʳʥʜʳסʳ ʙײʣ ᴅʜʽʩʪʝ װʣʢʝʡʝʜʽ (112 + 

+ 56=168 ʙʠʪ). 

ɹʽʨʝʩʝʣʽ DED װʡʣʝʩʽʤʜʽʢ k1 = k ʞᴅʥʝ ץʘʙʳʣʜʘʫʰʳ ʪʘשʜʘסʘʥ ʙʽʨ ʢʝʟ ʢʝʣ-

ʛʝʥ ʢʽʣʪʢʝ k2 ʞᴅʥʝ k3 ʦʨʥʘʣʘʩʪʳʨʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʐʠʬʨʜʳװ שʰ 

ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ DES ʢᴇʧʪʝʛʝʥ ץʦʩʳʤʰʘʣʘʨʤʝʥ ץʦʣʜʘʥʳʣʘʜʳ, ʤʳʩʘʣʳ 

PGP (Pretty Good Privacy ï çʞʝʪʢʽʣʽʢʪʽè ʞʘץʩʳ ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץ), ʩʝʙʝʙʽ 

ʘץʧʘʨʘʪʪʳץ שʘʩʠʝʪʽʥʽש ʞʦסʘʨʳ ץʦʨסʘʣסʘʥʜʳסʳʥ ï ʢʦʥʬʠʜʝʥʮʠʘʣʜʳץʪʳ 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

-ʘʥ  ʘʣʪʝʨʥʘʪʠʚʘסʽʥʝʥ ʪʘʨʘשʘʨʘʧʘʡʳʤ DES ʞʝʪʢʽʣʽʢʪʽ ʢʝץ ʰʝʩʝʣʽ DESת

ʩʳ ʞᴅʥʝ ʦʣ ANSI X9.17, ISO 8732 ʞᴅʥʝ ISO 8732 ʩʪʘʥʜʘʨʪʪʘʨʳʥʜʘ 

ʢʽʣʪʪʝʨʜʽ ʙʘʩץʘʨʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʡʙʽʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ-

ʰʳʣʘʨ ʦʜʘʥʜʘ ʩʝʥʽʤʜʽ ʰʠʬʨʣʘʫ װʰʽʥ װʰ ʥʝʤʝʩʝ ʙʝʩ ʢʽʣʪʽ ʙʘʨ DES 

  .ʩʳʥʘʜʳײ ʦʣʜʘʥʫʜʳץ
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5.9. DES פɸʋɯʇʉɯɿɼɯɻɯ 

 

DES, װʣʢʝʥ ʤʘשʳʟʳ ʙʘʨ, ʙʽʨʽʥʰʽ ʙʣʦʢʪʳ ʰʠʬʨ ʨʝʪʽʥʜʝ, ץʘʫʽʧʩʽʟʜʽʢʢʝ 

ʢᴇʧ ʩʳʥʘʫʣʘʨʜʘʥ ᴇʪʪʽ. פʦʣʜʘʥסʘʥ ʰʘʙʫʳʣʜʘʨ ʽʰʽʥʜʝ ʪʝʢ װʰʝʫʽ 

 ʰè ʰʘʙʫʳʣʳ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞᴅʥʝװʳʣ ʢץʘʪץʜʳʨʘʜʳ: çײʪ ץʫʰʳʣʳסʳʟʳץ

ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʣʘʨ.  

 

5.9.1. DES ñɼᴇʨʝʢʽ ʢװʰò ʰʘʙʫʳʣʳ 

 

ʐʠʬʨʜʳץ שʳʩץʘ ʢʽʣʪʽ ʙʘʨ DES ᴅʣʩʽʟʜʽʛʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ʐʠʬʨ ʢʽʣʪʽʥʽש 

ᴅʣʩʽʟʜʽʛʽ ʙʘʩץʘ ץʘʨʘʩʪʳʨʳʣסʘʥ ʢʝʤʰʽʣʽʢʪʝʨʤʝʥ ʙʽʨʛʝ, DES 255 ʩʥrʘʫʣʘʨ-

ʤʝʥ ʙײʟʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɹʽʨʘץ ʙװʛʽʥʛʽ ʢװʥʽ ʢᴇʧʪʝʛʝʥ ץʦʩʳʤʰʘʣʘʨ 

ʥʝʤʝʩʝ ʝʢʽ ʰʠʬʨ ʢʽʣʪʽ ʙʘʨ Double DES (ʢʽʣʪ ײʟʳʥʜʳסʳ 2112), ʥʝʤʝʩʝ װʰ 

ʰʠʬʨ ʢʽʣʪʽ ʙʘʨ Triple DES (ʢʽʣʪ ײʟʳʥʜʳסʳ 2168) ץʦʣʜʘʥʘʜʳ. ʆʩʳ ʝʢʽ DES 

ʢᴇʧʝʩʝʣʽ ʥײʩץʘʣʘʨʳ çץʘʪץʳʣ ʢװʰè ʰʘʙʫʳʣʜʘʨʳʥʘ ʞʘץʩʳ ʙʝʨʽʢʪʽʣʽʢʪʽ 

ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 

5.9.2. DES ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

 

3 ʪʘʨʘʫʜʘ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʳ װʰʽʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʤʝʩʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʆʩʳʥʜʘʡ ʰʘʙʫʳʣ 

ʪװʨʽʥʝ DES ʙʝʨʽʢ ʝʤʝʩ. ɹʽʨʘץ DES ײץʨʘʩʪʳʨʫʰʳʣʘʨʳ ʙײʣ ʰʘʙʫʳʣ ʪװʨʽʥ 

ʙʽʣʛʝʥʽʥʝ ʞᴅʥʝ DES ʦʩʳ ʰʘʙʫʳʣ ʪװʨʽʥʝ ʙʝʨʽʢ ʞʘʩʘʫ װʰʽʥ S-ʙʣʦʢʪʘʨʜʳ 

ʞʦʙʘʣʘסʘʥʳʥʘ ʞᴅʥʝ ʨʘʫʥʜʪʘʨ ʩʘʥʳʥ ʘʨʥʘʡʳ ʪʘשʜʘסʘʥʳʥʘ ʢᴇʙʽ ʢᴇʨʩʝʪʝʜʽ. 

ɽʛʝʨ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ247 ש ʪʘשʜʘʫʳ ʥʝʤʝʩʝ 255 ʙʝʣʛʽʣʽ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʽ ʙʘʨ ʙʦʣʩʘ, ʦʥʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳ 

-ʰè ʰʘʙʫʳװʳʣ ʢץʘʪפʘ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ. çסʟʫײʳʣʳ DES ʙץʦʣʜʘʥʫ ʘʨץ

ʣʳʥʘ ץʘʨʘסʘʥʜʘ ʙײʣ ʪʠʽʤʜʽʨʝʢ ʢᴇʨʽʥʩʝʜʝ, ʙʽʨʝʫ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ247 ש 

ʪʘשʜʘʫʳʥ ʥʝʤʝʩʝ 255 ʙʝʣʛʽʣʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʽʥ ʙʽʣʫ ʤװʤʢʽʥ ʝʤʝʩ. 

ʉʦʥʜʳץʪʘʥ, DES ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ʙʝʨʽʢ ʜʝʧ 

ʘʡʪʫסʘ ʙʦʣʘʜʳ. ʆʩʳסʘʥ ץʦʩʘ ʨʘʫʥʜʪʘʨ ʩʘʥʳʥ 20 ʜʝʡʽʥ ʢᴇʙʝʡʪʫ ʰʘʙʫʳʣ 

 .ʳ ʜʝʨʝʢʪʝʨ ʩʘʥʳʥ 264 ʜʘ ʢᴇʙʝʡʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʛʝʥץʘʰסʰʽʥ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ʘʣװ

ɹײʥʜʘʡ ʢᴇʙʝʡʫ ʤװʤʢʽʥ ʝʤʝʩ, ʩʝʙʝʙʽ DES ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ʩʘʥʳ 

ʪʝʢ 264.  

DES װʰʽʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ɹʠʭʘʤʤʝʥ 

(Biham) ʞᴅʥʝ ʐʘʤʠʨʤʝʥ (Shamir) ײץʨʳʣסʘʥ. ɹײʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣ-

ʜʘʫʜʘ ץʘʩץʦʡ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘשʜʘʫʤʝʥ ʰʘʙʫʳʣʜʘʨסʘ ʢᴇשʽʣ ʙᴇʣʝʜʽ. 

ʊʘʣʜʘʫ ᴅʨʪװʨʣʽ ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʜʳש ʰʠʬʨʣʘʫ ײץʨʳʣסʳʩʳ ʥʝʤʝʩʝ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʘʥ ᴇʪʫ ʘʡʳʨʤʘʰʳʣʳסʳʥ ץʦʣʜʘʥʘʜʳ. çɸʡʳʨʤʘʰʳʣʳץè 

ʪװʩʽʥʽʛʽ ʙײʣ ʞʝʨʜʝ xor ʦʧʝʨʘʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ ʝʢʽ ᴅʨʪװʨʣʽ ʢʽʨʽʩ ʭʘʙʘʨʜʳש 

(ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש) ʙʽʨʜʝʡ ʙʦʣʤʘʫʳʥ ץʘʨʘʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. ɹʘʩץʘ 
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ʩᴇʟʙʝʥ, ץʘʩץʦʡ M Ä M' ᴅʨ ʨʘʫʥʜ ᴇשʜʝʫʽʥʜʝ ץʘʣʘʡ ʘʡʳʨʳʣʘʪʳʥʳʥ ʪʘʣʜʘʡ-

ʜʳ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʠʜʝʷʩʳ ʢʽʨʽʩ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʞᴅʥʝ ʰʳסʳʩ ʘʡʳʨʤʘʰʳʣʳסʳ ʘʨʘʩʳʥʜʘסʳ ʳץʪʠʤʘʣʜʳ 

 ץʫʰʳʣʳסʳʟʳץ ʘʪʳʥʘʩץ ʘʪʳʥʘʩʪʘʨʳʥʜʘ ʥʝʛʽʟʜʝʣʝʜʽ. ʊʘʣʜʘʫʜʘ ʝʢʽץ

ʪײʜʳʨʘʜʳ: 5.19 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʧʨʦʬʘʡʣ ʞᴅʥʝ 

ʨʘʫʥʜ ʩʠʧʘʪʪʘʤʘʩʳ.  

 

 
                                 ʘ)                                                          ʙ) 

 

5.19 ʩʫʨʝʪ ï DES  ʜʠʬʝʨʝʥʮʠʘʣʜʳ ʧʨʦʬʘʡʣ (ʘ) ʞᴅʥʝ ʨʘʫʥʜ ʩʠʧʘʪʪʘʤʘʩʳ 

(ʙ) 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʧʨʦʬʘʡʣ (xor ʧʨʦʬʘʡʣʳ) S-ʙʣʦʢʪʳש ʢʽʨʽʩ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʞᴅʥʝ ʰʳסʳʩ ʘʡʳʨʤʘʰʳʣʳסʳ ʘʨʘʩʳʥʜʘ ʳץʪʠʤʘʣʜʳ 

 שʘʪʳʥʘʩʪʳ ʢᴇʨʩʝʪʝʜʽ. ʆʩʳʥʜʘʡ ʧʨʦʬʘʡʣʜʘʨ DES ʩʝʛʽʟ S-ʙʣʦʢʪʳץ

ᴅʨץʘʡʩʳʩʳʥʘ ײץʨʳʣʫ ʤװʤʢʽʥ.  

ʈʘʫʥʜ ʩʠʧʘʪʪʘʤʘʩʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʧʨʦʬʘʡʣסʘ ץײʩʘʩ, ʙʽʨʘץ ʪײʪʘʩ ʨʘ-

ʫʥʜ װʰʽʥ ʝʩʝʧʪʝʣʝʜʽ. ʆʣ ʢʽʨʽʩʪʽש ʙʽʨ ʘʡʳʨʤʘʰʳʣʳסʳ ʘʥʳץʪʘʣסʘʥ ʰʳסʳʩ 

ʘʡʳʨʤʘʰʳʣʳסʳʥ ץʘʥʜʘʡ ʳץʪʠʤʘʣʜʳץʧʝʥ ײץʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ᴄʨ ʨʘʫʥʜ 

 ץʳʟ, ʩʝʙʝʙʽ ʘʡʳʨʤʘʰʳʣʳשʰʽʥ ʩʠʧʘʪʪʘʤʘ ʙʽʨʜʝʡ ʝʢʝʥʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʳװ

ʢʽʨʝʪʽʥ ʢʝʟ ʢʝʣʛʝʥ ץʘʪʳʥʘʩ ʨʘʫʥʜ ʢʽʣʪʽʥʝʥ ʪᴅʫʝʣʜʽ ʝʤʝʩ. 5.20 ʩʫʨʝʪ 

ʨʘʫʥʜʪʳש ᴅʨʪװʨʣʽ ʪᴇʨʪ ʩʠʧʘʪʪʘʤʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ.  
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5.20 ʩʫʨʝʪ ï ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ 

ʨʘʫʥʜʪʳש ʢʝʡʙʽʨ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

ʈʘʫʥʜ װʰʽʥ ʢᴇʧʪʝʛʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨ ʙʦʣʩʘ ʜʘ 5.20 ʩʫʨʝʪ ʦʣʘʨʜʳש ʽʰʽʥʝʥ 

ʪᴇʨʪʝʫʽʥ ʢᴇʨʩʝʪʝʜʽ. ᴄʨ ʩʠʧʘʪʪʘʤʘʜʘ ʢʽʨʽʩ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʞᴅʥʝ ʰʳסʳʩ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʦש ʞᴅʥʝ ʩʦʣ ʩʘʢʮʠʷʣʘʨסʘ ʙᴇʣʽʥʛʝʥ. ᴄʨ ʩʦʣ ʥʝʤʝʩʝ ʦש 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ 32 ʙʠʪʪʝʥ ʥʝʤʝʩʝ ʩʝʛʽʟ ʦʥ ʘʣʪʳ ʩʘʥʥʘʥ ʪײʨʘʜʳ.  

ʆʩʳ ʙʘʨʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ DES ʨʘʫʥʜʳʥʜʘ çʢʽʨʽʩ-ʰʳסʳʩè 

 ʜʘʨʣʘʤʘʣʘʨ ʪʘʙʘ ʘʣʘʜʳ. 5.20 ʘ ʩʫʨʝʪ ʢʽʨʽʩסʘʪʳʥʘʩʪʳʨʘʥ ʪʘʙʘʪʳʥ ʙʘץ

ʘʡʳʨʤʘʰʳʣʳסʳ (x, 0000000016) ʰʳסʳʩʪʘ (x, 0000000016) 

ʘʡʳʨʤʘʰʳʣʳסʳʥ 1 ʳץʪʠʤʘʣʜʳסʳʤʝʥ ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 5.20 ʙ ʩʫʨʝʪʽ 

5.20 ʘ ʩʫʨʝʪʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳʥʜʘʡ ʩʠʧʘʪʪʘʤʘ ʢᴇʨʩʝʪʝʜʽ, ʪʝʢ ʩʦʣ ʞᴅʥʝ ʦש 

ʢʽʨʽʩ ʧʝʥ ʰʳסʳʩʪʘʨʳ ʦʨʥʳʤʝʥ ʘʫʳʩʪʳ; ʳץʪʠʤʘʣʜʳץ ץʘʪʪʳ ᴇʟʛʝʨʝʜʽ. 5.20 ʚ 

ʩʫʨʝʪ ʢʽʨʽʩ ʘʡʳʨʤʘʰʳʣʳסʳ (4008000016, 0400000016) ʰʳסʳʩ 

ʘʡʳʨʤʘʰʳʣʳסʳʥ (0000000016, 040000016) 1/4 ʳץʪʠʤʘʣʜʳסʳʤʝʥ ʙʝʨʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ.  

ɾᴅʥʝ, 5.20 ʛ ʩʫʨʝʪʽ ʢʽʨʽʩ ʘʡʳʨʤʘʰʳʣʳסʳ (0000000016, 6000000016) 

ʰʳסʳʩ ʘʡʳʨʤʘʰʳʣʳסʳʥ (0080820016, 600000016) 14/64 ʳץʪʠʤʘʣʜʳסʳʤʝʥ 

ʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ.  

ɹʽʨʨʘʫʥʜʪʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ײץʨסʘʥ ʞᴅʥʝ ʩʘץʪʘסʘʥʥʘש ʢʝʡʽʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳ ʨʘʫʥʜʳש ʢᴇʧʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ײץʨʫ װʰʽʥ 

ʨʘʫʥʜʪʳש ᴅʨʪװʨʣʽ ʩʘʥʳʥ ʘʨʘʣʘʩʪʳʨʘ ʘʣʘʜʳ. 5.21 ʩʫʨʝʪ װʰʝʩʝʣʽ DES 

ʞʘסʜʘʡʳʥ ʢᴇʨʩʝʪʝʜʽ.  
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5.21 ʩʫʨʝʪ ï ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ 

 ʩʠʧʘʪʪʘʤʘ ץʰʨʘʫʥʜʪʳװ

 

5.21 ʩʫʨʝʪʪʝ װʰ ʘʨʘʣʘʩʪʳʨסʳʰ ʞᴅʥʝ ʪʝʢ ʝʢʽ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ 

 ʳʩʳסʨʳʣײץ ʘʥʜʘʡ ʘʫʳʩʪʳʨʫץʰʽʥ ʝʰװ ʳ ʨʘʫʥʜסשʦʣʜʘʥʳʣʘʜʳ, ʩʝʙʝʙʽ ʩʦץ

 ʳʰʪʘʨʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥסʰʽʥʰʽ ʨʘʫʥʜ ʘʨʘʣʘʩʪʳʨװ ʘʞʝʪ ʝʤʝʩ. ɹʽʨʽʥʰʽ ʞᴅʥʝץ

ʩʠʧʘʪʪʘʤʘʣʘʨ 5.20 ʙ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʨʤʝʥ ʙʽʨʜʝʡ. ɽʢʽʥʰʽ ʨʘʫʥʜʪʘסʳ 

ʘʨʘʣʘʩʪʳʨסʳʰ ʩʠʧʘʪʪʘʤʘʩʳ ï 5.20 ʘ ʩʫʨʝʪʽʥʜʝʛʽʜʝʡ. ʆʩʳ ʥʘץʪʳ ʞʘסʜʘʡʜʘ, 

ᴇʪʝ ץʳʟʳץʪʳ ʥᴅʨʩʝ, ʥװʢʪʝʣʝʨ, çʢʽʨʽʩ-ʰʳסʳʩè ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ï ʪײʨʘ 

ʩʦʥʜʘʡ (ȹL3 = ȹL0 ʞᴅʥʝ ȹR3 = ȹR0).  

ʆʥ ʘʣʪʳ ʨʘʫʥʜʳ ʙʘʨ ʰʠʬʨ װʰʽʥ ʢᴇʧ ᴅʨʪװʨʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ 

ʢʦʤʧʠʣʷʮʠʷʣʘʫסʘ ʙʦʣʘʜʳ. 5.22 ʩʫʨʝʪ ʤʳʩʘʣʜʳ ʢᴇʨʩʝʪʝʜʽ.  
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5.22 ʩʫʨʝʪ ï ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ ʦʥ 

ʘʣʪʳʨʘʫʥʜʪʳץ ʩʠʧʘʪʪʘʤʘ 

 

5.22 ʩʫʨʝʪʽʥʜʝ DES ʝʢʽ ʨʘʫʥʜʳ ʙʘʨ ʩʝʛʽʟ ʩʝʢʮʠʷʜʘʥ ʪײʨʘʜʳ. ᴄʨ ʩʝʢʮʠʷ 

5.20 ʘ ʞᴅʥʝ 5.20 ʙ ʩʫʨʝʪʽʥʜʝʛʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʘʜʳ. ɽʛʝʨ ʩʦסשʳ ʨʘ-

ʫʥʜʪʘʨʜʘ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ʞʦץ ʙʦʣʩʘ, ʦʥʜʘ ʢʽʨʽʩ (x, 0) (1/234)8 

ʳץʪʠʤʘʣʜʳץʧʝʥ ʰʳסʳʩʪʳ (0, x) ײץʨʘʪʳʥʳ ʪװʩʽʥʽʢʪʽ.  

ʄʳʩʘʣ װʰʽʥ, ʦʥ ʘʣʪʳ ʨʘʫʥʜʳ ʙʘʨ DES ʰʘʙʫʳʣʜʳ ײץʨʫ װʰʽʥ ץʘʩץʦʡ 

5.21 ʩʫʨʝʪʽ ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʤʘʥʳ ץʦʣʜʘʥʘʜʳ ʜʝʧ ʝʩʝʧʪʝʡʽʢ. פʘʩץʦʡ ʢᴇʧ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ (x, 0) ʪװʨʜʝ ʰʠʬʨʣʘʫ װʰʽʥ, ʢʝʡʙʽʨ ʪᴅʩʽʣʤʝʥ ʞʽʙʝʨʫʰʽʥʽ 

ʠʪʝʨʤʝʣʝʡʜʽ, ʙײʣ ʞʝʨʜʝ ʩʦʣ ʙᴇʣʽʛʽ ï x (ᴅʨʪװʨʣʽ ʤᴅʥʜʝʨ) ʞᴅʥʝ ʦש ʞʘסʳ ï 0. 

ʉʦʜʘʥ ʢʝʡʽʥ ץʘʩץʦʡ ʞʽʙʝʨʫʰʽʜʝʥ ʘʣסʘʥ ʙʘʨʣʳץ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ (0, 

x) ʪװʨʜʝ ʩʘץʪʘʡʜʳ. ɹײʣ ʞʝʨʜʝ 0 ʜʝʛʝʥ 0000000016 ʝʢʝʥʽʥʝ ʥʘʟʘʨ 

ʘʫʜʘʨʳשʳʟ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʘ ץʘʩץʦʡʜʳש ʩʦסשʳ 

ʤʘץʩʘʪʳ ʰʠʬʨ ʢʽʣʪʽʥ ʪʘʙʫʜʘ. ʆʣ װʰʽʥ ʙʘʩʳʥʘʥ ʩʦשʳʥʘʜʝʡʽʥ ᴅʨ ʨʘʫʥʜʪʳש 

ʢʣ̔ʪʪʝʨʽʥ (k16 é k1 )ʪʘʙʫ ץʘʞʝʪ. 

ɽʛʝʨ ץʘʩץʦʡʜʘ ʞʝʪʢʽʣʽʢʪʽ ʢᴇʧ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ/ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ 

ʞײʧʪʘʨʳ (ᴅʨץʘʡʩʳʩʳ x ᴅʨʪװʨʣʽ ʤᴅʥʜʝʨʽʤʝʥ) ʙʘʨ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʩʦסשʳ ʨʘ-
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ʫʥʜʪʘ ץʘʪʳʥʘʩʪʘʨʜʳ ץʦʣʜʘʥʫ 0 = F(k16,x) ʞᴅʥʝ k16 ʢʝʡʙʽʨ ʙʠʪʪʝʨʜʽ ʪʘʙʫ 

ʤװʤʢʽʥ. ɹײʥʳ ʝש ʳץʪʠʤʘʣʜʳ ʤᴅʥʜʝʨʜʽ ʪʘשʜʘʧ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

ɹʘʩץʘ ʨʘʫʥʜʪʘʨ װʰʽʥ ʢʽʣʪʪʝʨʜʽ ʙʘʩץʘ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʥʝʤʝʩʝ çץʘʪץʳʣ 

ʢװʰè ʰʘʙʫʳʣʳʥ ץʦʣʜʘʥʳʧ ʪʘʙʫסʘ ʙʦʣʘʜʳ.  

16 ʨʘʫʥʜʳ ʙʘʨ DES ʰʘʙʫʳʣʜʳ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢ-

ʪʝʨ/ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʞײʧʪʘʨʳʥʳש ʩʘʥʳ  247 ʙʦʣʫ ץʘʞʝʪ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. 

ʈʝʘʣʜʳ ᴇʤʽʨ ʞʘסʜʘʡʜʘ ʦʩʳʥʜʘʡ ʢᴇʧ ʪʘשʜʘʫʣʘʨʜʳ ʪʘʙʫ ᴇʪʝ ץʳʡʳʥ. ɹײʣ, DES 

ʦʩʳ ʰʘʙʫʳʣ ʪװʨʽʥʝ ʦʩʘʣ ʝʤʝʩ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ.  

 

5.9.3. DES ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

 

ɿʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ װʰʽʥ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ᴅʜʽʩʪʝʤʝʩʽ 3 ʪʘʨʘʫʜʘ ץʘʨʘʩʪʳʨʳʣסʳʥ. ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ï 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ץʘʨʘסʘʥʜʘ ʞʘשʘ ᴅʜʽʩʪʝʤʝ. 

DES ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ץʘʨʘסʘʥʜʘ ʩʳʟʳץʪʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳ ץʦʣʜʘʥʫסʘ ᴅʣʩʽʟʜʝʫ, ʩʝʙʝʙʽ ʢʝʣʝʩʽʜʝ ʙʦʣʫ 

ʳץʪʠʤʘʣ: ʙײʣ ʰʘʙʫʳʣ ʪװʨʣʝʨʽ DES ʞʦʙʘʣʘʫʰʳʣʘʨʳʥʘ ʙʝʣʛʽʩʽʟ ʙʦʣʜʳ ʞᴅʥʝ 

S-ʙʣʦʢʪʘʨ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ʩʦʥʰʘʣʳץʪʳ ʙʝʨʽʢ ʝʤʝʩ. 

DES ʙʝʣʛʽʣʽ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ243 ש ʞײʙʳʥ ץʦʣʜʘʥʫʤʝʥ ʙײʟʳʣʫ ʤװʤʢʽʥ 

ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʽʨʘץ ʪᴅʞʽʨʠʙʝʣʽʢ ʪװʨʜʝ ʦʩʳʥʜʘʡ ʞײʧʪʘʨ ʩʘʥʳʥ ʞʦʣʘʡ 

  .ʪʠʤʘʣʜʳץʩʪʘʫ ʘʟ ʳײ

DES װʰʽʥ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʄʘʪʮʫʠʤʝʥ ײץʨʳʣסʘʥ 

[7, 20]. ɹײʣ ï ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘʙʫʳʣʳ.  ʊʘʣʜʘʫ ʥʘץʪʳ ʙʠʪʪʝʨ 

ʞʠʥʘסʳʥ ʰʠʬʨʣʘʫ ײץʨʳʣסʳʩʳ ʘʨץʳʣʳ ʪʘʨʘʫʜʳ ץʦʣʜʘʥʘʜʳ.  

ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʩʳʟʳץʪʳץ ץʘʪʳʥʘʩʪʘʨʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʙײʣ ʪʠʧʽʥʜʝ ʝʢʽ ץʘʪʳʥʘʩʪʘʨ ʪװʨʽ 

-ʪʳ ʧʨʦץʜʳʨʘʜʳ: 5.23 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʩʳʟʳײʪʳ ʪץʫʰʳʣʳסʳʟʳץ

ʬʘʡʣʜʘʨ ʞᴅʥʝ ʨʘʫʥʜ ʩʠʧʘʪʪʘʤʘʣʘʨʳ.  

ʉʳʟʳץʪʳ ʧʨʦʬʘʡʣ S-ʙʣʦʢʪʳש ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʘʨʘʩʳʥʜʘ ʩʳʟʳץʪʳץ 

ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ. S-ʙʣʦʢʪʘ ʰʳסʳʩʪʳש ᴅʨ ʙʠʪʳ ï ʙʘʨʣʳץ ʢʽʨʽʩ ʙʠʪʪʝʨʜʽש 

ʬʫʥʢʮʠʷʩʳ. S-ʙʣʦʢʪʘ ʪʽʣʝʢʪʽ ץʘʩʠʝʪʽ ʦʨʳʥʜʘʣʘʜʳ, ʝʛʝʨ ʰʳסʳʩʪʳש ᴅʨ ʙʠʪʳ 

ï ʙʘʨʣʳץ ʢʽʨʽʩ ʙʠʪʪʝʨʽʥʽש ʩʳʟʳץʪʳ ʝʤʝʩ ʬʫʥʢʮʠʷʩʳ ʙʦʣʩʘ.  
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5.23 ʩʫʨʝʪ - DES ʩʳʟʳץʪʳ ʧʨʦʬʘʡʣ ʞᴅʥʝ ʨʘʫʥʜ ʩʠʧʘʪʪʘʤʘʩʳ 

 

ᴆʢʽʥʽʰʢʝ ʦʨʘʡ, DES ʙײʣ ʠʜʝʘʣʜʳ ʞʘסʜʘʡ ʞʦץ; ʰʳסʳʩʪʳש ʢʝʡʙʽʨ 

ʙʠʪʪʝʨʽ ï ʢʝʡʙʽʨ ʢʽʨʽʩ ʙʠʪʪʝʨ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʳש ʩʳʟʳץʪʳ ʬʫʥʢʮʠʷʩʳ. 

ɹʘʩץʘ ʩᴇʟʙʝʥ, ʢʝʡʙʽʨ çʢʽʨʽʩ-ʰʳסʳʩè ʙʠʪʪʝʨ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳ ʙʽʨ ʙʽʨʽ ʘʨʘ-

ʩʳʥʜʘ ʩʳʟʳץʪʳ ʬʫʥʢʮʠʷʥʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʝʡʥʝʣʝʥʫ ʤװʤʢʽʥ. ʉʳʟʳץʪʳ 

ʧʨʦʬʘʡʣ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʘʨʘʩʳʥʜʘ ʩʳʟʳץʪʳץ (ʥʝʤʝʩʝ ʩʳʟʳץʪʳץ ʝʤʝʩ) 

ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ S-ʙʣʦʢʪʳש ᴅʨץʘʡʩʳʩʳ װʰʽʥ 

ʢʝʩʪʝ ײץʨʫ ʤװʤʢʽʥ, ʞʘʣʧʳ ʩʝʛʽʟ ᴅʨʪװʨʣʽ ʢʝʩʪʝʥʽ. ʆʥʳש ʽʰʽʥʜʝ ʙʽʨʽʥʰʽ ʙʘסʘʥ 

ʘʣʪʳ ʙʠʪʪʝʥ ʤװʤʢʽʥʜʽ ʢʽʨʽʩ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ 0016 ʜʝʥ 3F16 

ʜʝʡʽʥ. ɹʽʨʽʥʰʽ ʞʦʣ ʪᴇʨʪ ʙʠʪʪʝʥ ʤװʤʢʽʥʜʽ ʰʳסʳʩ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥ 

ʢᴇʨʩʝʪʝʜʽ 0016 ʜʝʥ F16 ʜʝʡʽʥ. ʂʽʨʽʩʪʝʨ ʙʝʨʽʣʛʝʥ ʞʦʙʘʥʳש ʩʳʟʳץʪʳץ (ʥʝʤʝ-

ʩʝ ʩʳʟʳץʪʳץ ʝʤʝʩ) ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʳʟʳץʪʳץ ʜʝשʛʝʡʽʥ ᴇʣʰʝʫ ץʘʣʘʡ 

ʦʨʳʥʜʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʧʝʡʤʽʟ, ʙʽʨʘץ ʩʳʟʳץʪʳץʪʘʥ ʞʦסʘʨʳ ʜʝשʛʝʡʽ ʙʘʨ 

ʢʽʨʽʩʪʝʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ ץʳʟʳץʪʳ.  

ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʘ ʨʘʫʥʜ ʩʠʧʘʪʪʘʤʘʩʳ ʢʽʨʽʩ 

ʙʠʪʪʝʨʽʥʽש, ʨʘʫʥʜ ʢʽʣʪʪʝʨ ʙʠʪʪʝʨʽʥʽש ʞᴅʥʝ ʰʳסʳʩ ʙʠʪʪʝʨʽʥʽש ʢʦʤʙʠʥʘʮʠʷ-

ʣʘʨʳʥ ʩʳʟʳץʪʳץ ץʘʪʳʥʘʩʪʳ ʘʥʳץʪʘʫ װʰʽʥ ʢᴇʨʩʝʪʝʜʽ. 5.24 ʩʫʨʝʪʽ ʨʘʫʥʜʪʳש 

ʝʢʽ ᴅʨʪװʨʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʢᴇʨʩʝʪʝʜʽ.  
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5.24 ʩʫʨʝʪ ï ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ 

ʨʘʫʥʜʪʳש ʢʝʡʙʽʨ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

ᴄʨ ʞʘסʜʘʡ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ ʙʝʣʛʽʣʝʨ ʞװʡʝʩʽ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

 ʪʘʡʜʳ. ʄʳʩʘʣʳ, O(7, 8, 24, 29) ʬʫʥʢʮʠʷʜʘʥץʦʩʳʣʘʪʳʥ ʙʠʪʪʝʨʜʽ ʘʥʳץ

ʰʳסʘʪʳʥ 7, 8, 24 ʞᴅʥʝ 29 ʙʠʪʪʝʨʽʥʽש xor ʦʧʝʨʘʮʠʷʩʳʥ ʙʝʣʛʽʣʝʡʜʽ; k(22) 

ʨʘʫʥʜ ʢʽʣʪʪʽʥʜʝʛʽ 22-ʰʽ ʙʠʪʪʽ ʙʝʣʛʽʣʝʡʜʽ; I(15) ʬʫʥʢʮʠʷסʘ ʢʽʨʝʪʽʥ 15-ʰʽ 

ʙʠʪʪʽ ʙʝʣʛʽʣʝʡʜʽ.  

ʊᴇʤʝʥʜʝ 5.24 ʘ ʞᴅʥʝ 5.24 ʙ ʩʫʨʝʪʪʝʨʽʥʽש ʙᴇʣʽʢʪʝʨʽ װʰʽʥ ʞʝʢʝ ʙʠʪʪʝʨʜʽ 

  :ʘʪʳʥʘʩʪʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥץ ʦʣʜʘʥʘʪʳʥץ

- a ʙᴇʣʽʛʽ: ʆ(7) Ä ʆ(8) Ä ʆ(24) Ä ʆ(29) = I(15) Ä k(22); 

- ʙ ʙᴇʣʽʛʽ: F(15) = I(29) Ä k(42) Ä k(43) Ä k(45) Ä k(46). 

ɹʽʨʨʘʫʥʜʪʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ײץʨʫ ʞᴅʥʝ ʩʘץʪʘסʘʥʥʘש ʢʝʡʽʥ ʪʘʣʜʘʫʰʳ 

ʨʘʫʥʜʪʳש ʢᴇʧʪʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥ ײץʨʫ װʰʽʥ ᴅʨʪװʨʣʽ ʨʘʫʥʜʪʘʨʜʳ ʘʨʘʣʘʪʳʨʫ 

ʤװʤʢʽʥ. 5.25 ʩʫʨʝʪ װʰʨʘʫʥʜʪʳץ DES ʞʘסʜʘʡʳʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ʞʝʨʜʝ 1 

ʞᴅʥʝ 3 ʨʘʫʥʜʪʘʨ 5.24 ʘ ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʙʽʨ ʩʠʧʘʪʪʘʤʘʥʳ 

  .ʘʥסʦʣʜʘʥʳʣץ ʦʣʜʘʥʘʜʳ, ʘʣ 2 ʨʘʫʥʜʪʘ ʢʝʟ ʝʣʛʝʥ ʩʠʧʘʪʪʘʤʘץ

ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʤʘץʩʘʪʳ çʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ï 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨè ʞײʙʳʥʳש ʢʝʡʙʽʨ ʙʠʪʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʩʳʟʳץʪʳץ 

 ʘʪʳʥʘʩʪʳ 5.25 ʩʫʨʝʪʪʝץ ʘʪʳʥʘʩʪʳ ʞᴅʥʝ ʢʽʣʪʪʽ ʪʘʙʫʜʘ. ʆʩʳʥʜʘʡץ

ʢᴇʨʩʝʪʽʣʛʝʥ װ  hʨʘʫʥʜʳ ʙʘʨ DES װʰʽʥ ʦʨʥʘʪʫסʘ ʙʦʣʘʤʘ ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ.  

ʈʘʫʥʜ 1: R1(7, 8, 24, 29) = L0(7, 8, 24, 29) Ä R0(15) Ä k1(22). 

ʈʘʫʥʜ 3: L3(7, 8, 24, 29) = L2(7, 8,24, 29) Ä R2(15) Ä k3(22). 

ɹʽʨʘץ L2 ʩᴅʡʢʝʩ R1, R2 ʩᴅʡʢʝʩ ʞᴅʥʝ R3. L2-ʥ ̔R1-ʛʝ ʞᴅʥʝ R2-ʥ ̔R3-ʢʝ 

ʘʫʳʩʪʳʨסʘʥʥʘש ʢʝʡʽʥ ʝʢʽʥʰʽ ץʘʪʳʥʘʩʪʘ ʘʣʘʤʳʟ:  

 

L3(7, 8, 24, 29) = R1(7, 8, 24, 29) Ä R3(15) Ä k3(22). 
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5.25 ʩʫʨʝʪ ï ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ 

 ʩʠʧʘʪʪʘʤʘʣʘʨ ץʰʨʘʫʥʜʪʳװ

 

R1 ʦʥʳ1 ש ʨʘʫʥʜʪʘסʳ ʵʢʚʠʚʘʣʝʥʪʪʽ ʤᴅʥʽʥʝ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ, 

ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ:  

 

L3(7, 8, 24, 29) = L0(7, 8, 24, 29) Ä R0(15) Ä 

 

Ä k1(22) Ä R3(15) Ä k3(22). 

 

ɹײʣ ץʘʪʳʥʘʩʪʘʨ ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʙʠʪʪʝʨ ʘʨʘʩʳʥʜʘ ʪװʨʣʝʥʜʽʨʫʜʝʥ ʢʝʡʽʥ 

װ  hʨʘʫʥʜʪʘʥ ʪײʨʘʪʳʥ ʙʘʨʣʳץ ʞװʡʝ װʰʽʥ:  

 

L3(7, 8, 24, 29) Ä R3(15) = L0(7, 8, 24, 29) Ä 

 

Ä R0(15) Ä k1(22) Ä k3(22). 
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ɹʘʩץʘ ʩᴇʟʙʝʥ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ: 

 

C(7, 8, 15, 24, 29) = M(7, 8, 15, 24, 29) Ä k1(22) Ä k3(22). 

 

ɹʽʨ ץʳʟʳץ ʩײʨʘװ :ץʰʨʘʫʥʜʪʳ (ʥʝʤʝʩʝ n-ʨʘʫʥʜʪʳ) DES ʳץʪʠʤʘʣʜʳסʳʥ 

 ʪʳץʪʠʤʘʣʜʳץʳ ʳסʜʘʡʜʘסʘ ʙʦʣʘʜʳ. ʄʘʪʮʫʠ (Matsui) ʦʩʳ ʞʘסʘʣʘʡ ʪʘʙʫץ

ʢᴇʨʩʝʪʪʽ [7, 32] 

 

2n(5,0P +=
ï
Ô
i

ip(1)
ï

)5,0
, 

 

ʙײʣ ʞʝʨʜʝ n  ʨʘʫʥʜʪʘʨ ʩʘʥʳ; pi  ʨʘʫʥʜʪʳש ᴅʨ ʩʠʧʘʪʪʘʤʘʩʳʥʳש 

ʳץʪʠʤʘʣʜʳסʳ; P  ʪʦʣʳץ ʳץʪʠʤʘʣʜʳץ. 

ʄʳʩʘʣʳ, 5.24 ʩʫʨʝʪʽʥʜʝʛʽ װʰʨʘʫʥʜʪʳץ ʪʘʣʜʘʫ װʰʽʥ ʪʦʣʳץ ʳץʪʠʤʘʣʜʳץ  

 

P = 0,5 + (2 3 ï1) [(52/64 ï 0,5) Ĭ (1 ï 0,5) Ĭ (52/64 ï 0,5)] = 0,695. 

 

ʆʥ ʘʣʪʳ ʨʘʫʥʜʪʳץ ʩʠʧʘʪʪʘʤʘ ʜʘ ʢʦʤʧʠʣʷʮʠʷʣʘʥʫ ʤװʤʢʽʥ, ʢʽʨʽʩ 

ʙʠʪʪʝʨʽʥʽש ʢʝʡʙʽʨ ʙʠʪʪʝʨ, ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʢʝʡʙʽʨ ʙʠʪʪʝʨ ʞᴅʥʝ ʨʘ-

ʫʥʜ ʢʽʣʪʪʝʨʽʥʽש ʢʝʡʙʽʨ ʙʠʪʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʩʳʟʳץʪʳ ץʘʪʳʥʘʩʪʘʨʜʳ 

  :ʰʽʥװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

 

C(ʢʝʡʙʽʨ ʙʠʪʪʝʨ) = M(ʢʝʡʙʽʨ ʙʠʪʪʝʨ) Ä 

Ä k1(ʢʝʡʙʽʨ ʙʠʪʪʝʨ) Ä é Ä k(ʢʝʡʙʽʨ ʙʠʪʪʝʨ). 

 

ɸʰʳץ ʜʝʨʝʢʪʝʨʜʽʥ ʢʝʡʙʽʨ ʙʠʪʪʝʨ, ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʠʪʪʝʨʽ ʞᴅʥʝ 

ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʙʠʪʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʢᴇʧʪʝʛʝʥ ץʘʪʳʥʘʩʪʘʨʜʳ ʪʘʙʫ ʞᴅʥʝ 

ʩʘץʪʘʫ ʜʘʥ ʢʝʡʽʥ ץʘʩץʦʡ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥʜʝ ʙʠʪʪʝʨʜʽ ʪʘʙʫ װʰʽʥ ʢʝʡʙʽʨ 

çʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ-ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨè (ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘ-

ʙʫʳʣʳ) ʞײʧʪʘʨʳʥʘ ʞװʛʽʥʫ ʞᴅʥʝ ʩʘץʪʘʣסʘʥ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳש ʩᴅʡʢʝʩ 

ʙʠʪʪʝʨʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ.  

16-ʨʘʫʥʜʪʳץ DES ʰʘʙʫʳʣ ײץʨʫ װʰʽʥ 243 ʙʝʣʛʽʣʽ çʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ-

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨè ʞײʧʪʘʨʳ ʙʦʣʫ ץʘʞʝʪ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ʉʳʟʳץʪʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ 

 ʘʜʘʤ ʩʘʥʳץ שʢᴇʨʽʥʝʜʽ ʝʢʽ ʩʝʙʝʙʧʝʥ: ʙʽʨʽʥʰʽ ï ʦʥʳ ץʪʠʤʘʣʜʳʨʘץʘʥʜʘ ʳסʘʨʘץ

ʘʟʳʨʘץ; ʝʢʽʥʰʽ ï ʦʣ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘשʜʘʫ ʰʘʙʫʳʣʳʥʘ ץʘʨʘסʘʥʜʘ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʽʣʫ ʰʘʙʫʳʣʳʥʘ ץʘʨʘʧʘʡʳʤʜʘʫ. ɹʽʨʘץ ʦʩʳʥʜʘʡ ʜʘ ʰʘ-

ʙʫʳʣ DES ʞײʤʳʩ ʽʩʪʝʡʪʽʥʜʝʨʛʝ ץʘʫʽʧ ʪײʜʳʨʫʜʘʥ ʘʣʳʩ.  
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ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨʳ 

 

1. DES ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש, ʰʠʬʨ ʢʽʣʪʽʥʽש ʞᴅʥʝ ʨʘʫʥʜ ʢʽʣʪʽʥʽש ʢᴇʣʝʤʽ 

  ?ʘʥʜʘʡץ

2. DES ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʥʝʰʝ?  

3. ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʪᴅʩʽʣʽʥʜʝ ץʘʥʰʘ 

ʘʨʘʣʘʩʪʳʨסʳʰ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ײץʨʳʣסʳʩʳ ץʦʣʜʘʥʳʣʘʜʳ? ɽʢʽʥʰʽ ʪᴅʩʽʣʽʥʜʝ 

 ?ʦʣʜʘʥʳʣʘʜʳץ ʘʥʰʘʩʳץ

4. DES ʰʠʬʨ ʘʣʛʦʨʠʪʤʽʥʜʝ ץʘʥʰʘ ʘʣʤʘʩʪʳʨʫ ץʦʣʜʘʥʳʣʘʜʳ?  

5. DES ץʘʥʰʘ xor ʦʧʝʨʘʮʠʷʩʳ ץʦʣʜʘʥʳʣʘʜʳ? 

6. DES ʢʝשʝʡʪʫʤʝʥ ʘʣʤʘʩʪʳʨʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʦʧʝʨʘʮʠʷ ʥʝʛʝ 

   ?ʘʞʝʪץ

7. ʅʝʛʝ DES ʨʘʫʥʜ ʢʽʣʪʪʝʨʽʥʽש ʛʝʥʝʨʘʪʦʨʳ ʪʝʢʩʝʨʫ ʙʠʪʪʝʨʽʥ ʘʣʳʧ ʪʘʩ-

ʪʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ?  

8. DES ʰʠʬʨʳʥʳש ᴅʣʩʽʟ, ʞʘʨʪʳʣʘʡ ᴅʣʩʽʟ ʞᴅʥʝ ʤװʤʢʽʥʜʽ ᴅʣʩʽʟ ʢʽʣʪ ʘʨʘ-

ʩʳʥʜʘ ץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳץ ʙʘʨ?  

9. ɽʢʽʝʩʝʣʽ DES ʜʝʛʝʥ ʥʝ? ɽʢʽʝʩʝʣʽ DES ץʘʥʜʘʡ ʰʘʙʫʳʣʳ ʦʥʳ ʧʘʡʜʘʩʳʟ 

ʝʪʪʽ?  

 ?ʰʝʩʝʣʽ DES ʜʝʛʝʥ ʥʝװ ʰʝʩʝʣʽ DES ʜʝʛʝʥ ʥʝ? ɽʢʽ ʰʠʬʨ ʢʽʣʪʽ ʙʘʨת .10

ת  hʰʠʬʨ ʢʽʣʪʽ ʙʘʨ װʰʝʩʝʣʽ DES ʜʝʛʝʥ ʥʝ? 

11. DES ʢʽʨʽʩ ʜʝʨʝʢʪʝʨ ʪʽʟʙʝʛʽʥʽש ʤᴅʥʽ: 1234567890abcdef16. IP-

ʘʣʤʘʩʪʳʨʫ ʙʣʦʛʳ ʰʳסʳʩʳʥʜʘסʳ ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘשʳʟ.  

12. DES-ʪʘ R0 ʪʽʟʙʝʛʽʥʽש ʤᴅʥʽ: R0= f0aae8a516. ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ 

ʢʝשʝʡʪʫʜʽש E-ʙʣʦʢ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘʫ.  

13. DES-ʪʘ R1 ʪʽʟʙʝʛʽʥʽש ʤᴅʥʽ: R1 = 116ba13316. ɸʣʤʘʩʪʳʨʫ ʞᴅʥʝ 

ʢʝשʝʡʪʫʜʽש E-ʙʣʦʢ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘʫ.  

14. DES-ʪʘ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʢ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽ: 
E
1R

 = 8a2b57d029a616. ʈʘʫʥʜ ʢʽʣʪʽʥʽש ʤᴅʥʽ: k1 = 4568581abcce16. 

ʌʝʡʩʪʝʣʜʽש ʘʨʘʣʘʩʪʳʨסʳʰ ʬʫʥʢʮʠʷʩʳʥʳש xor ʦʧʝʨʘʮʠʷʩʳ ʰʳסʳʩʳʥʜʘ 

ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘʫ.  

15. DES-ʪʘ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʢʝשʝʡʪʫʜʽש E-ʙʣʦʢ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽ: 
E
12R

 = 9f3ca2bffea616. ʈʘʫʥʜ ʢʽʣʪʽʥʽש ʤᴅʥʽ: k12 = c2c1e96a4bf316. 

ʌʝʡʩʪʝʣʜʽש ʘʨʘʣʘʩʪʳʨסʳʰ ʬʫʥʢʮʠʷʩʳʥʳש xor ʦʧʝʨʘʮʠʷʩʳ ʰʳסʳʩʳʥʜʘ 

ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘʫ. 

16. DES-ʪʘ ʘʨʘʣʘʩʪʳʨסʳʰʪʳש xor ʦʧʝʨʘʮʠʷʩʳ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽ: 
Ä
12R

 = 5dfd4bd5b55516. ɸʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ ʙʣʦʢʪʘʨ ʰʳסʳʩʳʥʜʘסʳ 

ʤᴅʥʜʝʨʜʽ ʘʥʳץʪʘʫ: ʘ) S2; ʙ) S3; ʚ) S4; ʛ) S5. 

17. DES-ʪʘ ʘʨʘʣʘʩʪʳʨסʳʰʪʳש xor ʦʧʝʨʘʮʠʷʩʳ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽ: 
Ä
13R

 = e884876816. ɸʨʘʣʘʩʪʳʨסʳʰʪʳש ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ S-ʙʣʦʢʪʘʨ 

ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘʫ.  
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18. DES-ʪʘ ʘʨʘʣʘʩʪʳʨסʳʰʪʳש ʘʫʳʩʪʳʨʫ ʞᴅʥʝ ץʳʩʫ S-ʙʣʦʢʪʘʨ 

ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʽ: 
S
2R

 = d5b8091516. ɸʨʘʣʘʩʪʳʨסʳʰʪʳש ʪװʟʫ 

ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʢ ʰʳסʳʩʳʥʜʘסʳ ʪʽʟʙʝʢ ʤᴅʥʽʥ ʘʥʳץʪʘʫ.  

19. DES-ʪʘ ʘʨʘʣʘʩʪʳʨסʳʰʪʳש ʪװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-ʙʣʦʢ 

ʰʳסʳʩʳʥʜʘסʳ ʪʽʟʙʝʢ ʤᴅʥʽ: 
P
3R

 = 07d0a03c16. ʊʽʟʙʝʢ ʤᴅʥʽ: L3 = 

4f73c3b316. ɸʨʘʣʘʩʪʳʨסʳʰʪʳש xor ʬʫʥʢʮʠʷʩʳʥʳש ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ 

ʤᴅʥʽʥ ʘʥʳץʪʘʫ. 

20. DES-ʪʘ ʰʠʬʨʣʘʫʜʳש ʙʝʩʽʥʰʽ ʨʘʫʥʜ ʢʽʨʽʩʽʥʜʝ ʪʽʟʙʝʢ ʤᴅʥʜʝʨʽ: L4 = 

07eb484516, R4 = 48a3638f16. ɸʨʘʣʘʩʪʳʨסʳʰʪʳש ʪװʟʫ ʘʣʤʘʩʪʳʨʫʜʳש P-

ʙʣʦʢ ʰʳסʳʩʳʥʜʘסʳ ʪʽʟʙʝʢ ʤᴅʥʽ: 
P
4R

 = 46932b6e16. DES ʰʠʬʨʣʘʫʜʳש 

ʙʝʩʽʥʰʽ ʨʘʫʥʜ ʰʳסʳʩʳʥʜʘסʳ L ʞᴅʥʝ R ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ. 

21. DES-ʪʘ ʰʠʬʨʣʘʫʜʳש ʘʣʪʳʥʰʳ ʨʘʫʥʜ ʢʽʨʽʩʽʥʜʝ ʪʽʟʙʝʢ ʤᴅʥʜʝʨʽ: L5 = 

48a3638f16, R5 = 4178632b16. ʈʘʫʥʜʪʳץ ʢʽʣʪ ʤᴅʥʽ k6 = c1948e87475e16. 

DES ʰʠʬʨʣʘʫʜʳש ʘʣʪʳʥʰʳ ʨʘʫʥʜ ʰʳסʳʩʳʥʜʘסʳ L6 ʞᴅʥʝ R6 ʪʽʟʙʝʢʪʝʨʽʥʽש 

ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ.  

22. DES ʰʠʬʨʳʥʳש ʢʽʣʪ ʪʽʟʙʝʛʽʥʽש ʤᴅʥʽ: K = = abba08192637cddc16. C0 

ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ. 

23. DES ʰʠʬʨʳʥʳש C0 ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ: C0 = c3c033a16 

ʞᴅʥʝ D0 = 33f0cfa16. ʊʽʟʙʝʢʪʝʨ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ: ʘ) C2 ʞᴅʥʝ D2; ʙ) C3 

ʞᴅʥʝ D3; ʚ) C7 ʞᴅʥʝ D7; ʛ) C12 ʞᴅʥʝ D12. 

24. DES ʰʠʬʨʳʥʳש C0 ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ: C0 = c3c033a16 

ʞᴅʥʝ D0 = 33f0cfa16. ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ k2 ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ. 

25. DES ʰʠʬʨʳʥʳש C0 ʞᴅʥʝ D0 ʪʽʟʙʝʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ: C0 = c3c033a16 

ʞᴅʥʝ D0 = 33f0cfa16. ʂʽʣʪʪʝʨ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ: 

ʘ) ʪᴇʨʪʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʽʥʽש; 

ʙ) ʪʦסʳʟʳʥʰʳ ʨʘʫʥʜʪʳץ ʢʽʣʪʽʥʽש; 

ʚ) ʦʥ װʰʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʽʥʽש; 

ʛ) ʦʥ ʘʣʪʳʥʰʳ ʨʘʫʥʜʪʳץ ʢʽʣʪʽʥʽש; 

26. DES ʰʠʬʨʣʘʫʜʳש ʦʥ ʘʣʪʳʥʰʳ ʨʘʫʥʜ ʰʳסʳʩʳʥʜʘ ʪʽʟʙʝʢ ʤᴅʥʜʝʨʽ: 

L16 = c95320e216, R16 = 9b7b360216. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʤᴅʥʜʝʨʽʥ 

ʘʥʳץʪʘʫ. 
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6 ʪʘʨʘʫ 

 

ɼɽʈɽʂʊɽʈɼɯ ɹʃʆʂʊʓ ʉʀʄʄɽʊʈʀʗʃʓפ 

ʐʀʌʈʃɸʋɼʓר ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ɸʃɻʆʈʀʊʄɼɽʈɯʅ ʆʈʓ-

ʅɼɸʋ ʈɽɾʀʄɼɽʈɯ 

 

DES ʘʟ ʫʘץʳʪʪʘש ʢʝʡʽʥ ɸפʐ ʪʘסʳ ʙʽʨ ʬʝʜʝʨʘʣʜʳ ʩʪʘʥʜʘʨʪ ץʘʙʳʣʜʘʥʜʳ, 

ʦʣ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ װʰʽʥ DES ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫʜʳש (ʦʨʳʥʜʘʫʜʳש) 

ʪᴇʨʪ ʪᴅʩʽʣʽʥ ײʩʳʥʜʳ. ʉʦʣ ʫʘץʳʪʪʘʥ ʙײʣ ʨʝʞʠʤʜʝʨ ʞʘʣʧʳץʘʙʳʣʜʘʥ ʙʦʣʳʧ 

ʢʝʟ ʢʝʣʛʝʥ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʤʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʰʽʨʝʢ ʪʘסʳ ʙʽʨ ʨʝʞʠʤ 

  .ʦʩʳʣʜʳץ

ʂʝʟ ʢʝʣʛʝʥ ʩʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ װʰʽʥ ʦʣʘʨʜʳ 

ʦʨʳʥʜʘʫʜʳש ʙʝʩ ʨʝʞʠʤʽ ʘʥʳץʪʘʣסʘʥ: 

1. ʕʣʝʢʪʨʦʥʜʳ ʢʦʜʪʳ ʢʽʪʘʧ ʨʝʞʠʤʽ (Electronic Code Book - ECB). ɹײʣ 

ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʥʙʘסʘʥ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʣʦʛʳ ʰʠʬʨʣʘʫʜʳש ʙʽʨ 

ʢʽʣʪʽʥ ץʦʣʜʘʥʳʧ ʙʘʩץʘ ʙʣʦʢʪʘʨסʘ ʪᴅʫʝʣʩʽʟ ʰʠʬʨʣʘʥʘʜʳ. ʊʠʧʪʽʢ ץʦʣʜʘʥʫʣʘʨ 

ï ʙʽʨʣʽʢ ʤᴅʥʜʝʨʜʽ ץʘʫʽʧʩʽʟ ʞʽʙʝʨʫ (ʤʳʩʘʣʳ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʢʽʣʪʪʽ).  

2. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʣʦʢʪʘʨʳʥ ʞʘʣסʘʫ ʨʝʞʠʤʽ (Cipher Block 

Chaining - CBC). ɹײʣ ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʥʽש 

ʢʽʨʽʩʽ ʰʠʬʨʣʘʥʙʘסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʢʝʣʝʩʽ ʙʣʦʛʳʥʘ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢ-

ʪʝʨʜʽש ʘʣʜʳʥסʳ ʙʣʦʛʳʥʘ xor ʦʧʝʨʘʮʠʷʩʳʥ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽ. ʊʠʧʪʽʢ 

 .ʘʥ ʞʽʙʝʨʫ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷסʳʪʪʘʣסʦʣʜʘʥʫʣʘʨ ï ʞʘʣʧʳ ʙʣʦʢʪʳ-ʙʘץ

3. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤʽ (Cipher 

Feedback - CFB). ɹײʣ ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʜʝ ʘʣʛʦʨʠʪʤʜʽ ᴅʨ ʰʘץʳʨסʘʥ ʩʘʡʳʥ 

ʢʽʨʽʩ ʤᴅʥʥʽש l ʙʠʪʳ ᴇשʜʝʣʝʜʽ. ɸʣʜʳʥסʳ ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢ ʘʣʛʦʨʠʪʤʛʝ ʢʽʨʽʩ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ; ʘʣʛʦʨʠʪʤ ʰʳסʳʩʳʥʳש l ʙʠʪʽʥʝ ʞᴅʥʝ l ʙʠʪʪʝʥ 

ʪײʨʘʪʳʥ ʢʝʣʝʩʽ ʰʠʬʨʣʘʥʙʘסʘʥ ʙʣʦʢץʘ  xor ʦʧʝʨʘʮʠʷʩʳ ץʦʣʜʘʥʳʣʘʜʳ, ʦʥʳש 

ʥᴅʪʠʞʝʩʽ l ʙʠʪʪʝʥ ʪײʨʘʪʳʥ ʢʝʣʝʩʽ ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢ. ʊʠʧʪʽʢ ץʦʣʜʘʥʫʣʘʨ ï 

ʘסʳʥסʘʙʘסʳʪʪʘʣסʘʥ ʞʽʙʝʨʫ, ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ. 

4. ʐʳסʳʩ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤʽ (Output Feed back - OFB). 

ɹײʣ ʦʨʳʥʜʘʫ ʨʝʞʠʤʽ CFB ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʝ ץײʩʘʩ, ʢʝʣʝʩʽʜʝʥ ʙʘʩץʘ: ʢʝʣʝʩʽ 

ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʘʣʜʳʥסʳ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽ ʘʣʛʦʨʠʪʤ 

ʢʽʨʽʩʽʥʝ ʙʝʨʽʣʝʜʽ; ʪʝʢ ʦʩʳʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʘʥʙʘסʘʥ ʜʝʨʝʢʪʝʨʜʽש  ʢʝʟʝʢʪʽ l 
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ʙʠʪʪʝʨʽʤʝʥ xor ʦʧʝʨʘʮʠʷʩʳ ʦʨʳʥʜʘʣʘʜʳ. ʊʠʧʪʽʢ ץʦʣʜʘʥʫʣʘʨ ï ʰʫʳ ʙʘʨ 

ʘʨʥʘʤʝʥ ʘסʳʥסʘʙʘסʳʪʪʘʣסʘʥ ʞʽʙʝʨʫ (ʤʳʩʘʣʳ, ʩʧʫʪʥʠʢʪʽʢ ʙʘʡʣʘʥʳʩ).  

5. ʉʘʥʘסʳʰ ʨʝʞʠʤʽ (Counter Mode - CTR). ɹײʣ ʦʨʳʥʜʘʫ ʨʝʞʠʤʽ OFB 

ʨʝʞʠʤʽʥʝ ᴇʪʝ ץײʩʘʩ, ʙʽʨʘץ ʢʽʣʪʪʽʢ ʘסʳʥ ʤᴅʥʜʝʨʽʥ ʛʝʥʝʨʘʮʠʷʣʘʫ װʰʽʥ ʠʥʠ-

ʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʳʥʳש ʙʽʨʝʛʝʡ ʢʝʟʜʝʡʩʦץ ʤᴅʥʜʝʨʽʥ ץʦʣʜʘʥʫʜʳש ʦʨʥʳʥʘ 

ʙײʣ ʨʝʞʠʤ ʩʘʥʘסʳʰʪʳ ץʦʣʜʘʥʘʜʳ. ʆʥʳש ʤᴅʥʽ ʰʠʬʨʣʘʥʘʪʳʥ ᴅʨ ʘʰʳץ ʜʝ-

ʨʝʢʪʝʨ ʙʣʦʛʳʥʘ ץʦʩʳʣʘʜʳ. ʉʘʥʘסʳʰʪʳש ʙʽʨʝʛʝʡ ʤᴅʥʽ ᴅʨ ʙʣʦʢ ʢʽʣʪʪʽʢ 

ʘסʳʥʥʳש ʙʽʨʝʛʝʡ ʤᴅʥʽʤʝʥ ʙʽʨʽʢʪʽʨʽʣʝʪʽʥʽʥ ʢʝʧʽʣʜʝʡʜʽ.  

 

6.1. ñʕʃɽʂʊʈʆʅɼʓ ʂʆɼʊʓ ʂɯʊɸʇò ʆʈʓʅɼɸʋ ʈɽɾʀʄɯ 

 

ʕʣʝʢʪʨʦʥʜʳ ʢʦʜʪʳ ʢʽʪʘʧ ʨʝʞʠʤʽ ECB ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש 

ʩʪʘʥʜʘʨʪʪʳ ʪᴅʩʽʣʜʝʨ ʘʨʘʩʳʥʜʘ ʝץ שʘʨʘʧʘʡʳʤ (6.1 ʩʫʨʝʪ). 

 

 
 

6.1 ʩʫʨʝʪ ï çʕʣʝʢʪʨʦʥʜʳ ʢʦʜʪʳ ʢʽʪʘʧè ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʽײץ שʨʳʣʳʤʳ 

 

ʐʠʬʨʣʘʥʘʪʳʥ ʜʝʨʝʢʪʝʨ M, ʙʝʨʽʣʛʝʥ ײʟʳʥʜʳסʳ ʙʘʨ mi ʙʣʦʢʪʘʨסʘ 

ʙᴇʣʽʥʝʜʽ. ʉʦסשʳʩʳʥ ץʘʞʝʪʪʽʣʽʢ ʙʦʣʩʘ, ʪʦʣʳץʪʳʨʘʜʳ. ɹʣʦʢʪʳʥ ᴅʨץʘʡʩʳʩʳ 

ʙʽʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥ ץʦʣʜʘʥʳʧ ʪᴅʫʝʣʩʽʟ ʰʠʬʨʣʘʥʘʜʳ  

 

ci = EK (mi), (6.1) 

 

ʙײʣ ʞʝʨʜʝ ci ï ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ; E ï ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷ-

ʩʳ; K ï ʰʠʬʨ ʢʽʣʪʽ. 

ʂʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽ ï ʘʣʜʳסשʳ ʦʧʝʨʘʮʠʷʥʳץ שʘʡʪʳʤʜʳ ʦʧʝʨʘʮʠʷʩʳ 

(6.1) 

 

mi = DK (ci), (6.2) 

 

ʙײʣ ʞʝʨʜʝ D ï ʢʝʨʽʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ. 

ɹʝʨʽʣʛʝʥ ʨʝʞʠʤʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ   ʞװʟʝʛʝ ʘʩʳʨʫ 

 ʘʪʘʨ ʧʨʦʙʣʝʤʘץ ECB ʨʝʞʠʤʽʤʝʥ ʙʽʨ ץʳ. ɹʽʨʘסʘʨʘʧʘʡʳʤʜʳʣʳץ

ʙʘʡʣʘʥʳʩץʘʥ.  
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ɹʽʨʽʥʰʽ ʧʨʦʙʣʝʤʘʜʘ  mi = mj ʙʦʣסʘʥ ʢʝʟʜʝ ci = cj ʙʽʨʜʝʡ ʙʣʦʢʪʘʨʳ ʙʦʣʘ-

ʜʳ, ʷסʥʠ ʢʽʨʽʩʪʝʛʽ ʙʽʨʜʝʡ ʙʣʦʢʪʘʨ ʰʳסʳʩʪʘ ʙʽʨʜʝʡ ʙʣʦʢʪʘʨסʘ ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ʘʣʳʧ ʢʝʣʝʜʽ. ɹײʣ ʰʳʥʳʥʜʘ ʧʨʦʙʣʝʤʘ, ʩʝʙʝʙʽ ʭʘʙʘʨʜʳש ʰʘʙʣʦʥʜʳ ʙʘʩʳ ʤʝʥ 

ʩʦשʳ ʙʽʨʜʝʡ ʙʦʣʘʜʳ, ʙײʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳסʘ ʭʘʙʘʨ ʤʘʟʤײʥʳ 

ʪʫʨʘʣʳ ʢʝʡʙʽʨ ʘץʧʘʨʘʪʪʳ ʙʝʨʝʜʽ.  

ɽʢʽʥʰʽ ʧʨʦʙʣʝʤʘ ʢʝʣʝʩʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ: ʝʛʝʨ ʭʘʙʘʨʜʘʥ ʢʝʡʙʽʨ ʙʣʦʢʪʳ 

ʘʣʳʧ ʪʘʩʪʘʩʘ, ʦʣ ʝʰץʘʥʜʘʡ ʽʟ ץʦʣʪʳʨʤʘʡʜʳ, ʩʦʥʜʘ ʰʘʙʫʳʣ ʞʘʩʘʡʪʳʥ ʘʜʘʤ 

ʦʥʳ ʧʘʡʜʘʣʘʥʳʧ ʞʽʙʝʨʽʣʝʪʽʥ ʘץʧʘʨʘʪʪʳ ʙײʨʤʘʣʘʫ ʤװʤʢʽʥ.  

 ʘ ʭʘʙʘʨʣʘʨʜʘʥ ʙʣʦʢʪʘʨʜʳ ʝʥʜʽʨʫʤʝʥץʙʘʩ ץʩʘʩ, ʙʽʨʘץײ ʰʽʥʰʽ ʝʢʽʥʰʽʛʝת

ʙʘʡʣʘʥʳʩʪʳ 

ɹײʣ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʢᴇʨʩʝʪʫ װʰʽʥ, ʰʠʬʨʣʜʳץ שʘʨʘʧʘʡʳʤ ʤʦʜʝʣʽʥ 

ʘʣʘʡʳץ, ʦʥʳש ʽʰʽʥʜʝ ʙʣʦʢ ʩᴇʟʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʘʰʳץ ʤᴅʪʽʥ ʢʝʣʝʩʽ:  

 

ñʇʣʘʪʠ ɸʣʠʩʝ ʩʪʦ ʬʫʥʪʦʚ, ʥʝ ʧʣʘʪʠ ɹʦʙʫ ʜʚʝʩʪʠ ʬʫʥʪʦʚò 

 

ʰʠʬʨʣʘʥסʘʥ ʪװʨʽ ʢʝʣʝʩʽ: 

 

ñʋ ʢʦʰʢʠ ʯʝʪʳʨʝ ʥʦʛʠ, ʘ ʫ ʯʝʣʦʚʝʢʘ ʜʚʝ ʥʦʛʠò. 

 

ɽʥʜʽ ץʘʙʳʣʜʘʫʰʳʥʳ ɸʣʠʩʘסʘ ʝʢʽ ʞװʟ ʬʫʥʪ ʪᴇʣʝʪʫʛʝ ʙʦʣʘʜʳ, ʙʽʨ ʞװʟʜʽש 

ʦʨʥʳʥʘ, ʦסʘʥ ʢʝʣʝʩʽ ʭʘʙʘʨʜʳ ʞʽʙʝʨʽʧ  

 

ñʋ ʢʦʰʢʠ ʜʚʝ ʥʦʛʠò, 

 

ʙײʣ ʭʘʙʘʨʜʳ ʙʽʨʽʥʰʽ ʭʘʙʘʨʜʘ ʝʢʽʥʰʽ ʭʘʙʘʨʜʘסʳ ʙʽʨ ʙʣʦʛʳʥ ʘʫʳʩʪʳʨʫ-

ʤʝʥ ʘʣʳʥסʘʥ. ʆʩʳסʘʥ ץʦʩʘ, ɸʣʠʩʘסʘ ʪᴇʣʝʤʜʝʨʜʽ ʪʦץʪʘʪʫסʘ ʙʦʣʘʜʳ, ʦʣ װʰʽʥ 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ɸ ʙʣʦʛʳʥ ʙʽʨʽʥʰʽ ʭʘʙʘʨʜʳש ʙʘʩʳʥʘ ץʦʶ ץʘʞʝʪ. ɸ ï 

ʘʰʳץ ʭʘʙʘʨʜʳש ʥʝ ʩᴇʟʽʥʽש ʰʠʬʨʣʘʥסʘʥ ʥײʩץʘʩʳ. ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ 

ʘʣʫʰʳʥʳ ɹʦʙץʘ ʝʢʽ ʞװʟ ʬʫʥʪ ʪᴇʣʝʪʫʛʝ ʙʦʣʘʜʳ, ʝʛʝʨ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʘʥ 

ɸ ʙʣʦʛʳʥ ʘʣʳʧ ʪʘʩʪʘʩʘ.  

ɹײʥʜʘʡ ʰʘʙʫʳʣʜʘʨסʘ ץʘʨʩʳ ʪײʨʫסʘ ʙʦʣʘʜʳ, ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʥʝʰʝ 

ʙʣʦʢʪʘʨʳʥʳש ʙʘץʳʣʘʫ ʩʦʤʤʘʣʘʨʳʥ ʢʦʩʳʧ ʥʝʤʝʩʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש 

ᴅʨ ʙʣʦʛʳʥʘ ñʢʦʥʪʝʢʩʪʽ ʠʜʝʥʪʠʬʠʢʘʪʦʨò ץʦʩʳʣʘʪʳʥ ʨʝʞʠʤʜʽ ץʦʣʜʘʥʳʧ.  

ECB ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʭʘʙʘʨʜʳ ʞʽʙʝʨʫ ʢʝʟʝשʽʥʜʝ ʧʘʡʜʘ 

ʙʦʣסʘʥ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨ ʙʠʪʽʥʜʝʛʽ ץʘʪʝ, ץʘʪʝ ʞʽʙʝʨʽʣʛʝʥ ʙװʢʽʣ 

ʙʣʦʢץʘ ʪʘʨʘʡʜʳ ʞᴅʥʝ ʦʣ ʜײʨʳʩ ʢʝʨʽʰʠʬʨʣʘʥʙʘʡʜʳ, ʙʽʨʘץ ʙײʣ ʙʘʩץʘ 

ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʙʣʦʢʪʘʨסʘ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ɹʽʨʘץ, ʝʛʝʨ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ 

ʙʠʪʽ ʞʦסʘʣʳʧ ץʘʣʩʘ ʥʝʤʝʩʝ ʙʽʨʝʫʽ ץʦʩʳʣʩʘ, ʦʥʜʘ ʘʨʳ ץʘʨʘʡ ʙʘʨʣʳץ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʜײʨʳʩ ʝʤʝʩ ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ, ʝʛʝʨ ʙʣʦʢ ʰʝʢʘʨʘʣʘ-

ʨʳʥ ʢʝʡʙʽʨ ײץʨʳʣʳʤʜʳ ץʦʣʜʘʥʳʧ ʙʝʣʛʽʣʝʥʙʝʩʝ.  

ʍʘʙʘʨʜʳש ʢᴇʙʽʩʽ ʰʠʬʨʣʘʫ װʰʽʥ 64-ʙʠʪʪʽʢ (ʥʝʤʝʩʝ, ʢʝʟ ʢʝʣʛʝʥ ʙʘʩץʘ 

 ʳʥʜʘ ᴅʜʝʪʪʝשʪʳ ʙᴇʣʽʥʙʝʡʜʽ, ʩʦץʘ ʥʘסʪʳ, ʤʳʩʘʣʳ 128 ʙʠʪ) ʙʣʦʢʪʘʨץʟʳʥʜʳײ

 ʦʣʜʘʥʘʜʳ.  ECB ʨʝʞʠʤʽ 64-ʙʠʪʪʽʢ ʙʣʦʢʪʘʨʜʳץ ʘʥ ʙʣʦʢʪʳסʘʨʪʳʣץʳʩץ
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 ʣ ʧʨʦʙʣʝʤʘʥʳ ʰʝʰʫ ʪᴅʩʽʣʽ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥײʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɹץ

ʙʝʨʽʣʛʝʥ ײʟʳʥʜʳץץʘ ʜʝʡʽʥ ʪʦʣʳץʪʳʨʫ.  

ʉʦסשʳ ʙʣʦʢ ʢʝʡʙʽʨ ʪײʨʘץʪʳ װʣʛʽʤʝʥ ʪʦʣʳץ ʙʣʦʢʪʳ ʘʣסʘʥʰʘ 

ʪʦʣʳץʪʳʨʳʣʘʜʳ: ʥᴇʣʜʝʨʤʝʥ, ʙʽʨʣʝʨʤʝʥ, ʢʝʟʝʢʪʝʣʛʝʥ ʥᴇʣ ʤʝʥ ʙʽʨʣʝʨʤʝʥ. 

ʂʝʨʽʰʠʬʨʣʘʫʜʘʥ ʢʝʡʽʥ ʪʦʣʳץʪʳʨסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʳʧ ʪʘʩʪʘʫ װʰʽʥ ʩʦסשʳ 

ʙʣʦʢʪʳש ʩʦסשʳ ʙʘʡʪʳʥʘ ʙʘʡʪʪʘʨ (ʙʠʪʪʝʨ) ʩʘʥʳ ʞʘʟʳʣʘʜʳ. ʄʳʩʘʣʳ, ʙʣʦʢ 

  .ʨʩʳʥ (24 ʙʠʪ)ײʰ ʙʘʡʪʪʘʥ ʪװ ʳ ʙʣʦʢסשʳ ï 64 ʙʠʪ ʙʦʣʩʳʥ ʞᴅʥʝ ʩʦסʟʳʥʜʳײ

ɹʣʦʢʪʳ 64 ʙʠʪʢʝ ʜʝʡʽʥ ʪʦʣʳץʪʳʨʫ װʰʽʥ ʙʝʩ ʙʘʡʪ ץʘʞʝʪ. ʉʦʥʜʳץʪʘʥ ʪᴇʨʪ 

ʙʘʡʪʪʳ ʪʦʣʳץʪʳʨʫ ץʘʞʝʪ (ʤʳʩʘʣʳ, ʥᴇʣʜʝʨʤʝʥ) ʞᴅʥʝ ʙʽʨ ʙʘʡʪץʘ 

ʪʦʣʳץʪʳʨʫʜʳײ שʟʳʥʜʳסʳ ʞʘʟʳʣʘʜʳ ï 5. ʂʝʨʽʰʠʬʨʣʘʫʜʘʥ ʢʝʡʽʥ ʩʦסשʳ 

ʙʣʦʢʪʳש ʩʦסשʳ ʙʘʡʪʳʥ ʘʣʳʧ ʪʦʣʳץʪʳʨʫ ײʟʳʥʜʳסʳʥ ʘʥʳץʪʘʫ ץʘʞʝʪ, ʩʦʜʘʥ 

ʢʝʡʽʥ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʩʦסשʳ ʙʣʦʛʳʥʘʥ ʙʝʩ ʙʘʡʪʪʳ ʞʦʶ ץʘʞʝʪ. 

ɹײʣ ᴅʜʽʩ ʜײʨʳʩ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ, ᴅʨ ʭʘʙʘʨ ʪʦʣʳץʪʳʨʳʣʫ ץʘʞʝʪ, ʦʥʳש 

 ʜʘʡʜʘסʣ ʞʘײʨʘʪʳʥ ʙʦʣʩʘ ʜʘ.  ɹײʪʘʩ ʙʣʦʢʪʘʨ ʩʘʥʳʥʘʥ ʪײʳ ʪסʟʳʥʜʳײ

ʪʦʣʳץʪʳʨʫʜʳʥ ʪײʨʘʪʳʥ ʙʽʨ ʪʦʣʳץ ʙʣʦʢʪʳ ץʦʩʫ ץʘʞʝʪ ʙʦʣʘʜʳ, ʦʣ ʙʣʦʢʪʘ 

ʞʝʪʽ ʙʘʡʪ ʪʦʣʳץʪʳʨʫʜʘʥ ʪײʨʘʜʳ ʞᴅʥʝ ʩʝʛʽʟʽʥʰʽ ʙʘʡʪʪʘ ʪʦʣʳץʪʳʨʫ 

  .ʳ ʙʦʣʘʜʳסʟʳʥʜʳײ

 

6.2. ñʐʀʌʈʃɸʅנɸʅ ɼɽʈɽʂʊɽʈɼɯר ɹʃʆʂʊɸʈʓʅ ɾɸʃנɸʋò 

ʆʈʓʅɼɸʋ ʈɽɾʀʄɯ 

 

ECB ʨʝʞʠʤʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ʙʦʣʘʪʳʥ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʘʡʥʘʣʳʧ ᴇʪʫ 

ʞʦʣʳʥʳש ʙʽʨʽ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ çʞʘʣסʘʫʜʘè, ʷסʥʠ 

ʜʝʨʝʢʪʝʨʜʽש ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢʪʘʨʳʥʳש ᴅʨ ץʘʡʩʳʩʳʥʘ ʢʦʥʪʝʢʩʪʽ ʠʜʝʥʪʠʬʠ-

ʢʘʪʦʨʜʳ ץʦʩʫʜʘ.  ʆʥʳ ʞʘʩʘʫʜʳש ʝץ שʘʨʘʧʘʡʳʤ ʪᴅʩʽʣʽ ï çʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽש ʙʣʦʢʪʘʨʳʥ ʞʘʣסʘʫè ʥʝʤʝʩʝ CBC ʨʝʞʠʤʽʥ ץʦʣʜʘʥʫ (6.2 ʩʫʨʝʪ).  

 

 
 

6.2 ʩʫʨʝʪ - çʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʣʦʢʪʘʨʳʥ ʞʘʣסʘʫè ʦʨʳʥʜʘʫ 

ʨʝʞʠʤʽʥʽײץ שʨʳʣʳʤʳ 

 

ɹײʣ ʨʝʞʠʤʜʝ ʰʠʬʨʣʘʫ װʰʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ, ᴅʜʝʪʪʝʛʽʜʝʡ, ʙʣʦʢ ʪʘʨ 

ʩʝʨʠʷʩʳʥʘ ʙᴇʣʽʥʝʜʽ  
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q321 m,...,m,m,m
, 

 

ʙײʣ ʞʝʨʜʝ q ï ʰʠʬʨʣʘʫ װʰʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʙʣʦʢʪʘʨ ʩʘʥʳ 

(ʪʦʣʳץʪʳʨʫʤʝʥ ʙʽʨʛʝ). 

ɸʣʜʳʥסʳ ʨʝʞʠʤʜʝʛʽʜʝʡ, ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ײʟʳʥʜʳסʳ ʙʣʦʢ ײʟʳʥʜʳסʳʥʘ 

ʝʩʝʣʽ ʙʦʣʫ װʰʽʥ ʩʦסשʳ ʙʣʦʢץʘ ʪʦʣʳץʪʳʨʫ ץʘʞʝʪ ʙʦʣʫ ʤװʤʢʽʥ.  

ʐʠʬʨʣʘʫ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ ʦʨʳʥʜʘʣʘʜʳ: 

 

c1 = EK(m1ÄIV),   ci = EK(miÄciï1),   i=2,3,é,q. (6.3) 

 

ɹʽʨʽʥʰʽ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫסʘ ʘʣסʘʰץʳ ʰʘʤʘ IV (initialization vector ï

ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʳ) ץʘʪʳʩʘʜʳ, ʦʥʳ ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳʥ ʙʝʨʫʛʝ 

ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. ʐʠʬʨʣʘʫסʘ IV ʰʘʤʘʥʳ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʜʝʡ 

ʙᴇʣʽʢʪʝʨʽ ʰʠʬʨʣʘʥסʘʥ ʢʝʟʜʝ ᴅʨʪװʨʣʽ ʙʦʣʫ װʰʽʥ ץʦʩʘʜʳ.  

IV ʰʘʤʘʩʳ ʢʝʨʽʰʠʬʨʣʘʫʜʘ ʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ʢʝʣʝʩʽ ʪװʨʜʝ 

ʢᴇʨʩʝʪʽʣʝʜʽ: 

 

m1 = DK(c1)ÄIV,   mi = DK(ci)Äciï1,   i=2,3,é,q. (6.4) 

 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʩʦסשʳ 64-ʙʠʪʪʽʢ ʙʣʦʛʳ ײץʧʠʷ ʢʽʣʪ K, ʘʣסʘʰץʳ 

ʤᴅʥ IV ʞᴅʥʝ ײʟʳʥʜʳץץʘ ʪᴅʫʝʣʩʽʟ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʠʪʳʥʳש ʬʫʥʢ-

ʮʠʷʩʳ ʙʦʣʘʪʳʥʳ ʘʡץʳʥ. ɹײʣ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʭʘʙʘʨʜʳ ʘʫʪʝʥ-

ʪʠʬʠʢʘʮʠʷʣʘʫ ʢʦʜʳ (message authentication code  MAC) ʜʝʧ ʘʪʘʣʘʜʳ.  

MAC ײץʧʠʷ ʢʽʣʪʽ K ʞᴅʥʝ ʘʣסʘʰץʳ ʤᴅʥ IV ʙʘʨ ʞʽʙʝʨʫʰʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ 

ʢʝʨʽʰʠʬʨʣʘסʘʥʥʘש ʢʝʡʽʥ ʦשʘʡ ʪʝʢʩʝʨʽʣʫ ʤװʤʢʽʥ. ʆʣ װʰʽʥ ʞʽʙʝʨʫʰʽ 

ʦʨʳʥʜʘסʘʥ ʧʨʦʮʝʜʫʨʘʥʳ ץʘʡʪʘʣʘʫ ץʘʞʝʪ. ɹᴇʪʝʥ ʘʜʘʤ ץʘʙʳʣʜʘʫʰʳ ʰʳʥʘʡʳ 

ʜʝʧ ץʘʙʳʣʜʘʡʪʳʥ MAC-ʪʳ,  ʦʥʳ ʞʘʣסʘʥ ʭʘʙʘʨסʘ ץʦʩʫ װʰʽʥ ʥʝʤʝʩʝ MAC 

ʰʳʥʘʡʳ ʭʘʙʘʨʜʘʥ ʙᴇʣʽʧ ʘʣʳʧ ᴇʟʛʝʨʪʽʣʛʝʥ ʥʝʤʝʩʝ ʞʘʣסʘʥ ʭʘʙʘʨʤʝʥ ץʦʣʜʘʥʫ 

  .ʰʽʥ, ʛʝʥʝʨʘʮʠʷ ʞʘʩʘʡ ʘʣʤʘʡʜʳװ

ɹʝʨʽʣʛʝʥ ʨʝʞʠʤʥʽש ʘʨʪʳץʰʳʣʳסʳ, ʦʣ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ץʘʪʝʣʝʨʜʽש ʞʠʥʘ-

ʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. (6.4) ʩᴅʡʢʝʩ mi ʙʣʦʛʳ ʢʝʨʽʰʠʬʨʣʘʫʜʘʥ ʢʝʡʽʥ ci-

1 ʞᴅʥʝ ci ʬʫʥʢʮʠʷʩʳ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝʛʽ ץʘʪʝ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽש mi-1 ʞᴅʥʝ mi ʝʢʽ ʙʣʦʛʳʥ ʞʦסʘʣʪʫסʘ ʘʣʳʧ ʢʝʣʝʜʽ, ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳ ʪʦʣʳסʳʤʝʥ ʞʦסʘʣʩʘ, ʝʢʽʥʰʽ ʙʣʦʢʪʘ ʪʝʢ ʙʽʨ ʙʠʪ 

ᴇʟʛʝʨʝʜʽ, ʦʣ ʙʠʪ ᴇʟʛʝʨʛʝʥ ʙʠʪʪʽש ʥᴇʤʽʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʠʪ.  

6.2 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ װʰʽʥ ʙʽʨ ʢʝʟʜʝʡʩʦץ 

ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ IV ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʙʣʦʢʪʳש ʝʰץʘʥʜʘʡ ʤʘשʳʟʜʳ ʤᴅʥʽ 

ʞʦץ, ʦʣ ᴅʨ ʭʘʙʘʨʜʳ ʙʽʨʝʛʝʡ ʞʘʩʘʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. ɾʘץʩʳ IV ʨʝʪʽʥʜʝ 

ʫʘץʳʪ ʙʝʣʛʝʩʝʥ ʥʝʤʝʩʝ ʢʝʟʜʝʡʩʦץ ʙʠʪʪʝʨ ʪʽʟʙʝʛʽʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ.  
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ɹʽʨʜʝʡ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʤʝʥ ʭʘʙʘʨʣʘʨ IV ץʦʣʜʘʥסʘʥʜʘ ʰʠʬʨʣʘʫ  

ʢʝʟʽʥʜʝ ᴅʨʪװʨʣʽ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʤʝʥ ʭʘʙʘʨʣʘʨסʘ ʪװʨʣʝʥʜʽʨʽʣʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ץʘʩץʦʡ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʘʫʳʩʪʳʨʫסʘ ʥʝʤʝʩʝ 

ʝʥʜʽʨʫʛʝ (ʞʦʶסʘ) ʤװʤʢʽʥʜʽʢ ʘʣʤʘʡʜʳ.  

ᴄʨ ʞʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨ װʰʽʥ IV ʙʽʨʝʛʝʡʣʽʢ ʪʘʣʘʙʳ ʤʽʥʜʝʪʪʽ ʝʤʝʩ. ʉʦʥʳ-

ʤʝʥ ץʘʪʘʨ IV ײץʧʠʷ ʩʘץʪʘʣʤʘʡʜʳ, ʦʣ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʤʝʥ ʘʰʳץ 

ʞʽʙʝʨʽʣʫ ʤװʤʢʽʥ. ɾʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨ ʙʽʨʥʝʰʝ ʙʣʦʢʪʘʨʜʘʥ ʪײʨʩʳʥ m1, m2, é 

, mq. m1 IV ʰʠʬʨʣʘʥʘʜʳ. m2 IV ʨʦʣʽʥʜʝ m1 ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ 

 ʘʥ ʜʝʨʝʢʪʝʨʜʽסʦʣʜʘʥʫʤʝʥ ʰʠʬʨʣʘʥʘʜʳ. m3 IV ʨʦʣʽʥʜʝ m2 ʰʠʬʨʣʘʥץ

 ʘʨʘʡ. ʉʦʥʳʤʝʥ, ʝʛʝʨ ʜʝʨʝʢʪʝʨץ ʦʣʜʘʥʫʤʝʥ ʰʠʬʨʣʘʥʘʜʳ, ʞᴅʥʝ ʘʨʳץ

ʙʣʦʛʳʥʳש ʩʘʥʳ q ʪʝש ʙʦʣʩʘ, ʦʥʜʘ ʝʛʝʨ ʘʣסʘʰץʳ IV ײץʧʠʷ ʩʘץʪʘʣʩʘ ʜʘ, q - 1 

çʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʣʘʨʳè ʘʰʳץ. ʉʦʥʜʳץʪʘʥ IV  ײץʧʠʷ ʩʘץʪʘʫסʘ ʩʝʙʝʧ-

ʪʝʨ ʞʦץ, IV ï ʙʽʪʝʫʽʰ ʙʣʦʛʳ, ʦʥʳ ʥᴇʣʜʽʢ ʞʘʣסʘʫ ʙʣʦʛʳ m0 ʜʝʧ ʝʩʝʧʪʝʫʛʝ 

ʙʦʣʘʜʳ.  

ʊʦʣʳץʪʳʨʫ ECB ʨʝʞʠʤʽʥʜʝʛʽʜʝʡ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ ʢʝʡʙʽʨ 

 ʳ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽʤʝʥץʘʰסʘʥ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽ ʘʣסʦʩʳʤʰʘʣʘʨʜʘ ʰʠʬʨʣʘʥץ

ʥʘץʪʳ ʩᴅʡʢʝʩ ʢʝʣʫ ʢʝʨʝʢ. ʄʳʩʘʣʳ, ʰʠʬʨʣʘʥסʘʥ ʬʘʡʣ ʞʘʜʳʜʘ ʘʰʳץ ʜʝʨʝʢ-

ʪʝʨ ʬʘʡʣʳʤʝʥ ʙʽʨʜʝʡ ʢᴇʣʝʤ ʘʣʫ ʢʝʨʝʢ. ɹײʣ ʞʘסʜʘʡʜʘ ʩʦסשʳ ץʳʩץʘ ʙʣʦʢʪʳ 

ʙʘʩץʘʰʘ ʰʠʬʨʣʘʫסʘ ʪײʨʘ ʢʝʣʝʜʽ. ʉʦסשʳ ʪʦʣʳץ ʝʤʝʩ ʙʣʦʢ l ʙʠʪʪʝʥ ʪײʨʩʳʥ. 

ʉʦסשʳ ʪʦʣʳץ ʙʣʦʢʪʳ ʰʠʬʨʣʘʧ ʘʣʳʧ (6.3 ʩʫʨʝʪ) ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש q-

1ïh ʽ ʙʣʦʛʳʥ ץʘʡʪʘ ʰʠʬʨʣʘʫ ץʘʞʝʪ. ʉʦʜʘʥ ʢʝʡʽʥ, ʘʣʳʥסʘʥ ʰʠʬʨʣʘʥסʘʥ ʜʝ-

ʨʝʢʪʝʨ ʙʣʦʛʳʥʘʥ װʣʢʝʥ (ʩʦʣ ʞʘץʪʘסʳ) l ʙʠʪʪʳ ʪʘשʜʘʧ, ʩʦʣʘʨ װʰʽʥ ʞᴅʥʝ 

 ʘʥ ʜʝʨʝʢʪʝʨʜʽסʳ ʰʠʬʨʣʘʥסשʰʽʥ xor ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘʧ, ʩʦװ ʘ ʙʣʦʢץʳʩץ

ʘʣʘʤʳʟ.  

 
 

6.3 ʩʫʨʝʪ - CBC ʨʝʞʠʤʽʥʜʝ ʩʦסשʳ ץʳʩץʘ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ 

 

6.3. ñʂɽʈɯ ɹɸʁʃɸʅʓʉò ʆʈʓʅɼɸʋ ʈɽɾʀʄɯ 

 

ECB ʞᴅʥʝ CBC ʨʝʞʠʤʜʝʨʽ ʭʘʙʘʨ ʙʣʦʢʪʘʨʳʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʘʨʥʘʣסʘʥ. ECB ʞᴅʥʝ CBC ʨʝʞʠʤʜʝʨʽʥʜʝ ʝʛʝʨ 

ʜʝʨʝʢʪʝʨʜʽש ʪײʪʘʩ ʙʣʦʛʳ ʙʦʣʤʘʩʘ, ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʙʘʩʪʘʣʤʘʡʜʳ. ɹײʣ 

ʢʝʡʙʽʨ ʞʝʣʽʣʽʢ ץʦʩʳʤʰʘʣʘʨ װʰʽʥ ʧʨʦʙʣʝʤʘʣʘʜʳ ʪסײʳʟʘʜʳ. ʄʳʩʘʣʳ, 

 ʘʫʽʧʩʽʟ ʞʝʣʽʣʽʢ ʦʨʪʘʜʘ ʪʝʨʤʠʥʘʣ (ʢʣʠʝʥʪ) ʙʘʩʪʳ  ʢʦʤʧʴʪʁʝʨʛʝ (ʩʝʨʚʝʨʛʝ)ץ
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ʩʠʤʚʦʣʜʳ ʝʥʛʽʟʛʝʥʥʝש ʢʝʡʽʥ װʟʜʽʢʩʽʟ ʞʽʙʝʨʫ ץʘʞʝʪ. ɽʛʝʨ ʜʝʨʝʢʪʝʨʜʽ ʙʘʡʪ-

ʪʘʨʤʝʥ ᴇשʜʝʫ ץʘʞʝʪ ʙʦʣʩʘ, ʦʥʜʘ ECB ʞᴅʥʝ CBC ʨʝʞʠʤʜʝʨʽ ʪʘʣʘʧʪʘʨסʘ 

ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ.  

 

6.3.1. ñʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩò 

ʦʨʳʥʜʘʫ ʨʝʞʠʤʽ 

 

ʐʝʰʽʤ ʩʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʥʝʤʝʩʝ 

ʙʘʩץʘʣʘʨʳʥ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤʽʥʜʝ 

(CFB) ץʦʣʜʘʥʫʜʘ. ɹײʣ ʨʝʞʠʤʜʝ ʙʣʦʢ ײʟʳʥʜʳסʳ n, ʙʽʨʘץ ʘʣסʘʰץʳ ʥʝʤʝʩʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳײ שʟʳʥʜʳסʳ  l, ʙײʣ ʞʝʨʜʝ l < n.  

ʀʜʝʷ ʢʝʣʝʩʽʜʝ: ʩʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʥʝʤʝʩʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ 

 ʥʳʥ ʰʠʬʨʣʘʫײʳ ʙʘʨ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʤʘʟʤסʟʳʥʜʳײ ʦʣʜʘʥʙʘʫ, ʦʥʳ nץ

ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫ. ʐʠʬʨʣʘʫ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש l-ʙʠʪʪʽʢ 

ʙʣʦʛʳʥʘ ʞᴅʥʝ l-ʙʠʪʪʽʢ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʛʝ xor ʦʧʝʨʘʮʠʷʩʳʥ 

  .ʘʥ (6.4 ʩʫʨʝʪ)סʦʣʜʘʥʫʤʝʥ ʞʘʩʘʣץ

 

 
 

6.4 ʩʫʨʝʪ ï çʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩè ʦʨʳʥʜʘʫ 

ʨʝʞʠʤʽʥʽײץ שʨʳʣʳʤʳ 

 

ʂʽʨʽʩ ʙʣʦʛʳʥʜʘ (ʩʦʣסʘ ʞʳʣʞʳʪʫ ʨʝʛʠʩʪʨʳ) ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʘʣʜʳʤʝʥ 

ʦש ʞʘץʧʝʥ ʪʝשʝʩʪʽʨʛʝʥ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʳ ʙʦʣʘʜʳ.  

ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʙʣʦʢʪʘʨסʘ ʙᴇʣʫ ʥᴅʪʠʞʝʩʽʥʜʝ l ʙʠʪʪʝʥ ʪײʨʘʪʳʥ q 

ʙʣʦʢ ʘʣʳʥʜʳ ʜʝʡʽʢ. ʉʦʥʜʘ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ i-ʰʽ ʙʣʦʛʳ 

ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ:   

 

ci = miÄgiï1,   i=1,2,é,q, (6.5) 

 

ʙײʣ ʞʝʨʜʝ gi-1 ï ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʘʣʜʳʥסʳ ʰʳסʳʩ ʙʣʦʛʳʥʳש l 

ʞʦסʘʨסʳ ʙʠʪʳʥ ʙʝʣʛʽʣʝʡʜʽ.  
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ɾʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽ (ʢʽʨʽʩ ʙʣʦʢʪʳ) ʞʘשʘʨʪʫ ʦʥʳש ʜʝʨʝʢʪʝʨʽʥ ʩʦʣ 

ʞʘץץʘ l ʙʠʪʢʝ ʞʳʣʞʳʪʫ ʞᴅʥʝ l ʢʽʰʽ (ʦש ʞʘץʪʘסʳ) ʨʘʟʨʷʜʪʘʨ ʦʨʥʳʥʘ ci ʞʘʟʫ 

ʘʨץʳʣʳ ᴇʪʢʽʟʽʣʝʜʽ.  

ʂʝʨʽʰʠʬʨʣʘʫ l-ʙʠʪʪʽʢ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ ʞᴅʥʝ l-ʙʠʪʪʽʢ 

ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʛʝ xor ʦʧʝʨʘʮʠʷʩʳʥ ץʦʣʜʘʥʫʤʝʥ ʞʘʩʘʣסʘʥ. ʂʽʨʽʩ ʙʣʦ-

ʛʳʥʜʘ (ʩʦʣסʘ ʞʳʣʞʳʪʫ ʨʝʛʠʩʪʨʳ) ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʘʣʜʳʤʝʥ ʦש ʞʘץʧʝʥ 

ʪʝשʝʩʪʽʨʛʝʥ ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʚʝʢʪʦʨʳ ʙʦʣʘʜʳ. ɹʽʨʽʥʰʽ ʙʣʦʢ װʰʽʥ ʞʳʣʞʳʤʘ-

ʣʳ ʨʝʛʠʩʪʨ ʤʘʟʤײʥʳ - IV ï ʞʳʣʞʳʤʘʡʪʳʥʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ.  

ʉʦʥʜʘ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ (ʘʣסʘʰץʳ) ʜʝʨʝʢʪʝʨʜʽש ᴅʨ i-ʰʽ ʙʣʦʛʳ ʢʝʣʝʩʽ ʨʝʪ-

ʧʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 

mi = ciÄgiï1,   i=1,2,é,q, (6.6) 

 

ʙײʣ ʞʝʨʜʝ giï1 ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʘʣʜʳʥסʳ ʰʳסʳʩ ʙʣʦʛʳʥʳש 

ʞʦסʘʨסʳ l ʙʠʪʳʥ ʙʝʣʛʽʣʝʡʜʽ.  

ᴄʨ ʙʣʦʢ װʰʽʥ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʤʘʟʤײʥʳʥ (ʘʣʜʳʥסʳ ʞʳʣʞʤrʘʣʳ 

ʨʝʛʠʩʪʨ) l ʙʠʪʢʝ ʩʦʣ ʞʘץʘ ʞʳʣʞʳʪʫʜʳ ʦʨʳʥʜʘʡʜʳ, ci-1 ʽʰʽʥʝʥ ʝש ʦש 

ʞʘץʪʘסʳ l ʙʠʪʪʳ ʪʦʣʪʳʨʘʜʳ. ɾʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʤʘʟʤײʥʳ ʰʠʬʨʣʘʥʘʜʳ 

ʞᴅʥʝ ʪʝʢ ʝש ʩʦʣ ʞʘץʪʘסʳ l ʙʠʪ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʤʝʥ ʙʽʨʛʝ xor 

ʢᴇʤʝʛʽʤʝʥ ᴇשʜʝʣʝʜʽ ci ʙʣʦʛʳʥʘʥ mi ʘʣʳʧ ʦʪʳʨʳʧ. ɹʽʨʽʥʰʽ ʙʣʦʢ װʰʽʥ ʞʳʣ-

ʞʳʤʘʣʳ ʨʝʛʠʩʪʨ ʤʘʟʤײʥʳ - IV ï ʞʳʣʞʳʤʘʡʪʳʥʳʥʘ ʥʘʟʘʨ ʘʫʜʘʨʳשʳʟ. 

ɹײʣ ʨʝʞʠʤʜʝ ʙʣʦʢʪʘʨʜʳ ʪʦʣʳץʪʳʨʫ ʪʘʣʘʧ ʝʪʽʣʤʝʡʪʽʥʽ ץʳʟʳץʪʳ, ʩʝʙʝʙʽ 

ʙʣʦʢ ײʟʳʥʜʳסʳ, l, ᴅʜʝʪʪʝ ʰʠʬʨʣʘʫ װʰʽʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ʢᴇʣʝʤʽʥʝ (ʤʳ-

ʩʘʣʳ, ʩʠʤʚʦʣ) ʩᴅʡʢʝʩ ʪʘשʜʘʣʘʜʳ. ɹʘʩץʘ ʜʘ ץʳʟʳץʪʳ ï ʰʠʬʨʣʘʫʜʳ ʙʘʩʪʘʫ 

 ʪʫ ʤʽʥʜʝʪʪʽװʣʢʝʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ (64 ʙʠʪ ʥʝʤʝʩʝ 128 ʙʠʪʪʽ) ʢװ ʡʝװʰʽʥ ʞװ

ʝʤʝʩ. ʐʠʬʨʣʘʫ װʨʜʽʩʽ ʢʽʰʢʝʥʝ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ (ʩʠʤʚʦʣ ʩʠʷץʪʳ) ʦʨʳʥʜʘ-

ʣʘʜʳ. ɹײʣ ʝʢʽ ʘʨʪʳץʰʳʣʳץ ʝʢʽ ʢʝʤʰʽʣʽʢʢʝ ʘʣʳʧ ʢʝʣʝʜʽ. CFB ʨʝʞʠʤʽʥʽש 

ECB ʥʝʤʝʩʝ CBC ץʘʨʘסʘʥʜʘ ʪʠʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ, ʩʝʙʝʙʽ ʦʣ ʥʝʛʽʟʛʽ ʙʣʦʢʪʳ 

ʰʠʬʨʤʝʥ l ʢᴇʣʝʤʽ ʙʘʨ ʢʽʰʢʝʥʝ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫʜʳ ʦʨʳʥʜʘʡʜʳ.  

CBC ʨʝʞʠʤʽ ʩʠʷץʪʳ CFB ʨʝʞʠʤʽ, ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʘʨʣʳץ 

ʘʣʜʳʥסʳ ʜʝʨʝʢʪʝʨʜʝʥ ʪᴅʫʝʣʜʽ ʙʦʣʫ װʰʽʥ, ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʩʠʤʚʦʣʜʘʨʳʥ 

ʙʽʨʛʝ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ.  

CBC ʨʝʞʠʤʽʥʜʝ ʩʠʷץʪʳ IV ʙʽʨʝʛʝʡ ʙʦʣʫ ʢʝʨʝʢ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, IV ᴅʨ 

ʭʘʙʘʨ װʰʽʥ ᴇʟʛʝʨʫ ʢʝʨʝʢ.  

CFB ʨʝʞʠʤʽʥʜʝ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʝʛʽ ץʘʪʝ ʙʘʨʣʳץ ʢʝʣʝʩʽ ʰʠʬʨʣʘʥסʘʥ ʜʝ-

ʨʝʢʪʝʨʛʝ ᴅʩʝʨ ʝʪʝʜʽ, ʙʽʨʘץ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ץʘסʘʞʫʣʘʥʘʜʳ. 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʛʽ ץʘʪʝ ץʳʟʳץʪʳʨʘץ. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʛʽ 

ʙʠʪʪʽץ שʘʪʝʩʽʥʽש ʙʽʨʽʥʰʽ ᴅʩʝʨʽ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʙʽʨ ʙʠʪʪʝʛʽ ץʘʪʝ 

ʙʦʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ץʘʪʝ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʛʝ ʙʘʨʘʜʳ, ʞᴅʥʝ ץʘʪʝ ʙʠʪ 

ʨʝʛʠʩʪʨʜʝʥ ʰʳץץʘʥʰʘ ʜײʨʳʩ ʝʤʝʩ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ 

  .ʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳץ
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6.3.2. ñʐʳסʳʩ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩò ʦʨʳʥʜʘʫ ʨʝʞʠʤʽ 

 

OFB ʦʨʳʥʜʘʫ ʨʝʞʠʤʽ ʜʝ ʘʡʥʳʤʘʣʳ ʙʣʦʢ ʢᴇʣʝʤʽʥ ʞᴅʥʝ CFB ʨʝʞʠʤʽʥʜʝ 

ʩʠʷץʪʳ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʥʘʪʳʥʜʘʡ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽ ץʦʣʜʘʥʘʜʳ, 

ʜᴅʣʽʨʝʢ ï ʢʽʨʽʩ ʙʣʦʛʳʥʜʘ ʘʣʜʳʤʝʥ ʦש ʞʘץʧʝʥ ʪʝשʝʩʪʽʨʽʣʛʝʥ IV ʘʣסʘʰץʳ 

ʤᴅʥʽ ʙʦʣʘʜʳ (6.5 ʩʫʨʝʪ).  

 

 
 

6.5 ʩʫʨʝʪ ï çʐʳסʳʩ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩè ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʽש 

 ʨʳʣʳʤʳײץ

 

ɹײʣ ʞʝʨʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ᴅʨ ʩʝʘʥʩʳ װʰʽʥ ʨʝʛʠʩʪʨ ʢװʡʽʥʽש 

ʞʘשʘ ʘʣסʘʰץʳ ʤᴅʥʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ, ʦʣ ʘʨʥʘ ʙʦʡʳʥʰʘ ʘʰʳץ ʜʝʨʝʢʪʝʨʤʝʥ 

ʙʽʨʛʝ ʞʽʙʝʨʽʣʫ ʢʝʨʝʢ.  

ɸʰʳץ ʭʘʙʘʨ ʙʣʦʢʪʘʨ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ ʜʝʡʽʢ  

 

m1, m2, ..., mq. 

 

ᴄʨ i = 1,2,3,é,q װʰʽʥ 

 

ci = miÄgiï1. (6.7) 

 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤʽʥʝʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʜʽ ʞʘשʘʨʪʫ ᴅʜʽʩʽʥʜʝ. ɹײʣ ʞʦסʘʨסʳ l 

ʙʠʪʪʽ ʣʘץʪʳʨʳʧ ʪʘʩʪʘʧ ʦש ʞʘץʘ gi ʞʘʟʫ ʞʦʣʳʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ.  

OFB ʨʝʞʠʤʽʥʽש ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ʢʝʣʝʩʽʜʝ: ʝʛʝʨ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ץʘʪʝ 

ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʢʝʣʝʩʽ ʰʠʬʨʣʘʥסʘʥ ʙʣʦʢʪʘʨסʘ ᴅʩʝʨ ʝʪʧʝʡʜʽ ʞᴅʥʝ ʢʝʣʝʩʽ 

ʙʣʦʢʪʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʩʘץʪʘʣʘʜʳ. ʄʳʩʘʣʳ, ʝʛʝʨ ץʘʪʝ ʙʠʪ ci 

ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʪʝʢ ʩʦʣ ʙʣʦʢʪʳ ʢʝʨʽʰʠʬʨʣʘʤʘʫ ʞᴅʥʝ mi ʘʣʤʘʫ ʤװʤʢʽʥʜʽʛʽʥʝ 

ʘʣʳʧ ʢʝʣʝʜʽ. ʂʝʣʝʩʽ ʙʣʦʢʪʘʨ ʜײʨʳʩ ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ.  

OFB ʢʝʤʰʽʣʽʛʽ, CFB ץʘʨʘסʘʥʜʘ ʦʣ ʭʘʙʘʨ ʘסʳʥʳʥ ʪװʨʣʝʥʜʽʨʫ ʰʘʙʫʳʣʜʘ-

ʨʳʥʘ ʦʩʘʣʜʘʫ.  
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6.4. ñʉɸʅɸנʓʐò ʆʈʓʅɼɸʋ ʈɽɾʀʄɯ 

 

ʉʘʥʘסʳ h ʨʝʞʠʤʽʥʜʝ (CTR) ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʘץʧʘʨʘʪʳ ʞʦץ. 

ʇʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʢʽʣʪʪʽʢ ʘסʳʥ ʩʘʥʘסʳʰ ʢᴇʤʝʛʽʤʝʥ ʞʘʩʘʣʘʜʳ. N ʙʠʪʢʝ 

ʩʘʥʘסʳʰ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʣסʘʥ ʤᴅʥʛʝ (IV) ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʥʘʜʳ ʞᴅʥʝ 

ʥʝʛʽʟʛʽ ʞᴅʥʝ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʣסʘʥ ʝʨʝʞʝ (mod 2n) ʙʦʡʳʥʰʘ ײʣסʘʡʘʜʳ. 

ʂʝʟʜʝʡʩʦץʪʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ײʣסʘʡʶ ʢᴇʣʝʤʽ ʙʣʦʢ ʥᴇʤʽʨʽʥʝʥ 

ʪᴅʫʝʣʜʽ ʙʦʣʫ ʤװʤʢʽʥ. ɸʣסʘʰץʳ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʥʝʛʽʟʛʽ ʰʠʬʨ 

ʩʠʷץʪʳ ʙʽʨʜʝʡ ʙʣʦʢ ʢᴇʣʝʤʽ ʙʦʣʘʜʳ. ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש n ʢᴇʣʝʤʽ ʙʘʨ 

ʙʣʦʢʪʘʨʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʣʦʢ ʢᴇʣʝʤʽ n ʙʦʣʘʪʳʥʜʘʡ ʰʠʬʨʣʘʥʘ-

ʜ.r 6.6 ʩʫʨʝʪʽʥʜʝ ʩʘʥʘסʳʰ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

6.6 ʩʫʨʝʪ ï çʉʘʥʘסʳʰè ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 ʨʳʣʳʤʳײץ

 

ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

  .ʘʪʳʥʘʩ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥץ

ʐʠʬʨʣʘʫ: 

 

)n(Emc iKii i
Ä=

, 

 

ʙײʣ ʞʝʨʜʝ ni ï ʩʘʥʘסʳʰʪʳש n-ʙʠʪʪʽʢ ʤᴅʥʽ. 

ʂʝʨʽʰʠʬʨʣʘʫ (6.7 ʩʫʨʝʪ): 

 

)n(Ecm iKii i
Ä=

. 
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6.7 ʩʫʨʝʪ ï çʉʘʥʘסʳʰè ʦʨʳʥʜʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

 ʨʳʣʳʤʳײץ

 

CTR ʨʝʞʠʤʽ ʥʝʛʽʟʛʽ ʙʣʦʢʪʳ ʰʠʬʨʜʳש ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳʥ (EK) 

ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. ɸʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ mi 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʥ ci ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʫ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʞʝשʽʣ 

ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ.  

CTR ʨʝʞʠʤʽʥ OFB ʞᴅʥʝ ECB ʨʝʞʠʤʜʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ʊʦʣʳסʳʨʘץ OFB, CTR ʘʣʜʳʥסʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘʥ ʪᴅʫʝʣʩʽʟ 

ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ײץʨʘʜʳ, ʙʽʨʘץ CTR ʢʝʨʽʙʘʡʣʘʥʳʩ ʘץʧʘʨʘʪʳʥ ץʦʣʜʘʥʙʘʡʜʳ. 

ECB, CTR ʩʠʷץʪʳ, ʙʣʦʢʪʘʨʳ ʙʽʨ ʙʽʨʽʥʝʥ ʪᴅʫʝʣʩʽʟ, n-ʙʠʪʪʽʢ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽ ײץʨʘʜʳ ï ʦʣʘʨ ʪʝʢ ʩʘʥʘסʳʰ ʤᴅʥʜʝʨʽʥʝʥ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ.  ɹײʣ 

-ʳʪ ʤʘʩץʪʳ ʨʝʘʣʜʳ ʫʘץʢʝʤ ʞʝʨʽ CTR ʨʝʞʠʤʽ ECB ʨʝʞʠʤʽ ʩʠʷ שʘʩʠʝʪʪʽץ

ʰʪʘʙʳʥʜʘ ᴇשʜʝʫ װʰʽʥ ץʦʣʜʘʥʘʣʤʘʡʜʳ. ʐʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʰʠʬʨʣʘʫ ʘʣ-

ʜʳʥʜʘ ʘʷץʪʘʣסʘʥ n-ʨʘʟʨʷʜʪʳ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʢװʪʝʜʽ. ɹײʣ ץʘʩʠʝʪʪʽש 

ʘʨʪʳץʰʳʣʳסʳ CTR ʨʝʞʠʤʽ ECB ʨʝʞʠʤʽ ʩʠʷץʪʳ ʝʨʽʢʪʽ ץʦʣ ʞʝʪʢʽʟʫ ʬʘʡʣ-

ʜʘʨʜʳ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ, ʞᴅʥʝ ʩʘʥʘסʳʰ 

ʤᴅʥʽ ʬʘʡʣʜʘסʳ ʞʘʟʙʘ ʥᴇʤʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩʫ ʤװʤʢʽʥ.  

CTR ʨʝʞʠʤʽ װʰʽʥ ץʘʫʽʧʩʽʟʜʽʢ ʧʨʦʙʣʝʤʘʣʘʨʳ OFB ʨʝʞʠʤʜʘסʳʜʘʡ. 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʛʽ ʙʽʨ ץʘʪʝ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʪʝʢ ʩᴅʡʢʝʩ 

ʙʠʪʢʝ ץʘʪʳʩʪʳ.  

 

6.5. ʐʀʌʈʃɸʋɼʓר ɹɸʉפɸ ʈɽɾʀʄɼɽʈɯ 

 

ɹʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʢᴇʤʝʛʽʤʝʥ 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʙʽʨ ץʘʪʘʨ ץʦʩʳʤʰʘ ʨʝʞʠʤʜʝʨʽ ʙʘʨ [23]:  

- ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥʳש ʪʘʨʘʪʳʣסʘʥ ʪʽʨʢʝʣʫ ʨʝʞʠʤʽ 

(Propagating Cipher Block Chaining  PCBC); 

- ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ ʙʘץʳʣʘʫ ʩʦʤʘʤʝʥ ʪʽʨʢʝʣʫ ʨʝʞʠʤʽ 

(Cipher Block Chaining with Checksum  CBCC); 

- ʩʳʟʳץʪʳ ʝʤʝʩ ʬʫʥʢʮʠʷʤʝʥ ʰʳסʳʩ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤʽ 

(Output Feedback With a Nonlinear Function  OFBNLF); 

- ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤʽ (PFB); 

- ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥʳש ʪʽʨʢʝʣʫ ʨʝʞʠʤʽ  (PBC) ʞᴅʥʝ ʪ.ʙ. 



 225 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥʳש ʪʘʨʘʪʳʣסʘʥ ʪʽʨʢʝʣʫ ʨʝʞʠʤʽ. CBC 

ʨʝʞʠʤʽʥʽש ʧʪʝʥʮʠʘʣʜʳ ʧʨʦʙʣʝʤʘʣʘʨʳʥʳש ʙʽʨʽ ʢʝʣʝʩʽ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ 

ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ ʙʘץʳʣʘʥʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʝʥʛʽʟʫ ʤװʤʢʽʥʜʽʛʽ. ʄʳ-

ʩʘʣʳ, ʝʛʝʨ ץʘʩץʦʡ ʙʣʦʢʪʘ ʙʽʨ ʙʠʪʪʽ ᴇʟʛʝʨʪʩʝ, ʦʥʜʘ ʙʘʨʣʳץ ʙʣʦʢ ʜײʨʳʩ ʝʤʝʩ 

ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ, ʙʽʨʘץ ʢʝʣʝʩʽ ʙʣʦʢʪʘ ʩᴅʡʢʝʩ ʧʦʟʠʮʠʷʜʘ ץʘʪʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. 

ɹײʣ ײʥʘʤʩʳʟ ʙʦʣʘʪʳʥ ʞʘסʜʘʡʣʘʨ ʙʦʣʘʜʳ. ɹײʣ ץʘʫʽʧʢʝ ץʘʨʩʳ ʪײʨʫ װʰʽʥ 

ʘʰʳץ ʜʝʨʝʢʪʝʨʜʝ ʘʥʳץʪʘʣסʘʥ ʘʨʪʳץʪʳץ ʙʦʣʫ ץʘʞʝʪ.  

PCBC ʨʝʞʠʤʽ CBC ʨʝʞʠʤʽʥʝ ץײʩʘʩ, ʢʝʣʝʩʽʛʝ ץʘʨʘʤʘסʘʥʜʘ: ʘʣʜʳʥסʳ 

ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʩʠʷץʪʳ, ʘʣʜʳʥסʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ 

ʰʠʬʨʣʘʫ ʘʣʜʳʥʜʘ (6.8, ʘ ʩʫʨʝʪ) ʥʝʤʝʩʝ ʢʝʨʽʰʠʬʨʣʘסʘʥʥʘʥ ʢʝʡʽʥ (6.8, ʙ ʩʫ-

ʨʝʪ) ʘסʳʤʜʘסʳ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʤʝʥ  xor ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘʡʜʳ.  

 

 
ʘ)                                                  ʙ) 

6.8 ʩʫʨʝʪ - PCBC ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ײץʨʳʣʳʤʳ: 

ʘ) ʰʠʬʨʣʘʫ; ʙ) ʢʝʨʽʰʠʬʨʣʘʫ 

 

ɹײʣ ʞʘסʜʘʡʜʘ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʝʨʜʽ 

 :ʦʣʜʘʥʫʤʝʥ ʦʨʳʥʜʘʣʘʜʳץ

 

ci = Ek (mi Ä ciī1 Ä miī1), i=1,2,é,q, c0=IV; 

 

mi = ciī1 Ä miī1 Ä Dk (ci), i=1,2,é,q, c0=IV. 

 

PCBC ʨʝʞʠʤʽ Kerberos ʭʘʪʪʘʤʘʩʳʥʜʘ ʙʽʨ ᴇʪʢʝʥʜʝ ʰʠʬʨʣʘʫʜʳ ʞᴅʥʝ 

ʜʝʨʝʢʪʝʨʜʽש ʪײʪʘʩʪʳסʳʥ ʪʝʢʩʝʨʫʜʽ ʦʨʳʥʜʘʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ.  PCBC 

ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʛʽ ץʘʪʝ ʢʝʣʝʩʽ ʙʘʨʣʳץ ʙʣʦʢʪʘʨʜʳ ʜײʨʳʩ 

ʝʤʝʩ ʢʝʨʽʰʠʬʨʣʘʫסʘ ʘʣʳʧ ʢʝʣʝʜʽ.  

ɹײʣ, ʭʘʙʘʨʜʳש ʩʦשʳʥʜʘסʳ ʩʪʘʥʜʘʨʪʪʳ ʙʣʦʢʪʳ ʪʝʢʩʝʨʫ ʭʘʙʘʨʜʳש 

ʪײʪʘʩʪʳסʳʥ ʪʝʢʩʝʨʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥʳʥ ʙʽʣʜʽʨʝʜʽ.  

ɹײʣ ʨʝʞʠʤʥʽש ʢʝʤʰʽʣʽʛʽ ʢʝʣʝʩʽʜʝ: ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽ ʙʣʦʛʳʥ 

ʘʣʤʘʩʪʳʨʫ ʝʢʽ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ ץʘʪʝ 

ʢʝʨʽʰʠʬʨʣʘʫסʘ ʘʣʳʧ ʢʝʣʝʜʽ. ɹʽʨʘץ ʘʰʳץ ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʛʝ xor 

ʦʧʝʨʘʮʠʷʩʳʥʳש ʪʘʙʠסʘʪʳ ʘʨץʘʩʳʥʜʘ ʙʦʣʘʰʘץ ץʘʪʝʣʝʨ ʦʨʥʳʥ ʪʦʣʪʳʨʘʜʳ. 
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ʉʦʥʜʳץʪʘʥ ʝʛʝʨ ʪײʪʘʩʪʳץʪʳ ʪʝʢʩʝʨʫ ʪʝʢ ʙʽʨʥʝʰʝ ʩʦʥסʳ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ 

(ʘʰʳץ) ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥʘ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ ʙᴇʣʰʝʢʪʽ ץʘʪʝ ʭʘʙʘʨʜʳ ʘʣʫסʘ 

ʙʦʣʘʜʳ.  

ɹײʣ ʢװʤᴅʥʜʽ ץʘʩʠʝʪ ײץʨʘʩʪʳʨʫʰʳʣʘʨʜʳ Kerberos ʭʘʪʪʘʤʘʩʳʥʳש ʢʝʣʝʩʽ 

ʥײʩץʘʩʳʥʜʘ ʙײʣ ʨʝʞʠʤʥʝʥ ʙʘʩ ʪʘʨʪʳʧ ʉɺʉ ʨʝʞʠʤʽʥ ץʦʣʜʘʥʫסʘ ʢװʰʪʝʜʽ.  

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ ʙʘץʳʣʘʫ ʩʦʤʘʤʝʥ ʪʽʨʢʝʣʫ ʨʝʞʠʤʽ 

ʉɺʉ ʨʝʞʠʤʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ ʪʝʢ ʢʝʣʝʩʽʜʝ: ʰʠʬʨʣʘʫʜʳש ʘʣʜʳʥʜʘ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʩʦסשʳ ʙʣʦʛʳʥʘ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʙʘʨʣʳץ 

ʘʣʜʳʥסʳ ʙʣʦʢʪʘʨʳ װʰʽʥ ʩʦʤʤʘʩʳ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ (6.9 ʩʫʨʝʪ). 

 

  
ʘ) ʙ) 

 

6.9 ʩʫʨʝʪ ï ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ ʙʘץʳʣʘʫ ʩʦʤʘʩʳʤʝʥ 

ʪʽʨʢʝʣʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ײץʨʳʣʳʤʳ: 

ʘ) ʰʠʬʨʣʘʫ; ʙ) ʢʝʨʽʰʠʬʨʣʘʫ 

 

ɹײʣ ʞʽʙʝʨʽʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʽש ʪײʪʘʩʪʳסʳʥ װʣʢʝʥ ʝʤʝʩ װʩʪʝʤʝ 

ʰʳסʳʥʜʘʨʤʝʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɹײʣ ʞʘסʜʘʡʜʘ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʝʨʽ 

 :ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʦʣʜʘʥʫʤʝʥ ʞץ

 

s = (m1 Ä mi+1 Ä ... Ä mq-1 ); 

 

ci = Ek (mi Ä ciī1 ), i=1,2,é,q-1, c0=IV; 

 

cq = Ek (mq Ä s Ä cqī1 ), 

 

ʘʣ ʢʝʨʽʰʠʬʨʣʘʫ  ᴇʨʥʝʢʪʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ: 

 

mi = Dk (ci ) Ä ciī1, i=1,2,é,q-1, c0=IV; 
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s = (m1 Ä mi+1 Ä ... Ä mq-1 ); 

 

mq = Ek (cq ) Ä cqī1 Ä s ). 

 

ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝʛʽ ʙʽʨ ץʘʪʝ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʪʝʢ ʙʽʨ ʙʣʦʛʳʥʘ 

ʪʘʨʘʣʘʜʳ, ʙʽʨʘץ ʩʠʥʭʨʦʥʜʘʫʜʳ ץʦʣʜʘʫ ץʘʞʝʪ.  

ɸץʧʘʨʘʪʪʳ ᴇשʜʝʫ ʞʳʣʜʘʤʜʳסʳ ʙʘʟʘʣʳץ ʘʣʛʦʨʠʪʤʤʝʥ ʰʠʬʨʣʘʫ 

ʞʳʣʜʘʤʜʳסʳʤʝʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʽʣʪʽש ʘסʳʤʜʘסʳ ʤᴅʥʽʥ ʞʘשʘʨʪʫ 

ʞʳʜʘʤʜʳסʳʤʝʥ ʘʥʳץʪʘʣʘʜʳ.  

ɸʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥʳש ʪʽʨʢʝʣʫ ʨʝʞʠʤʽ  (Plaintext Block Chaining 

- PBC) CBC ץײʩʘʩ, ʪʝʢ xor ʦʧʝʨʘʮʠʷʩʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ ʝʤʝʩ, 

ʘסʳʤʜʘסʳ ʞᴅʥʝ ʘʣʜʳʥʜʘסʳ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ ʦʨʳʥʜʘʣʘʜʳ.  

ɸʰʳץ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩ ʨʝʞʠʤ ̔ (Plaintext Feedback  

PFB) CFB ʨʝʞʠʤʽʥʝ ץײʩʘʩ, ʙʽʨʘץ ʢʝʨʽ ʙʘʡʣʘʥʳʩ װʰʽʥ ʰʠʬʨʣʘʥסʘʥ ʝʤʝʩ, 

ʘʰʳץ ʜʝʨʝʢʪʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ɽʢʽ ʨʝʞʠʤʜʝ ʘʨʥʘʡʳ ʪʘשʜʘʣסʘʥ ʘʰʳץ 

ʜʝʨʝʢʪʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʙײʟʫסʘ ʦʩʘʣ. ɹײʟʫסʘ ʙʝʨʽʢʪʽʣʽʢʪʽ ʞʦסʘʨʣʘʪʫ 

ʤʘץʩʘʪʳʤʝʥ ʝʢʽ ʨʝʞʠʤʜʝ ʘʰʳץ ʤᴅʪʽʥʜʝʨʜʽ ץʦʣʜʘʥʫסʘ ʨץײʩʘʪ ʙʝʨʝʜʽ.  

 

ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨ 

 

1. ɽʛʝʨ ʰʠʬʨʣʘʫ װʰʽʥ ʟʘʤʘʥʘʫʠ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ץʦʣʜʘʥʩʘ ʞײʤʳʩ ʽʩʪʝʫ 

ʨʝʞʠʤʜʝʨʽ ʥʝ װʰʽʥ ʢʝʨʝʢ ʝʢʝʥʽʥ ʪװʩʽʥʜʽʨʽשʽʟ.  

2. ʉʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ʞײʤʳʩ ʽʩʪʝʫ ʨʝʞʠʤʜʝʨʽʥ 

ʢʝʣʪʽʨʽשʽʟ.  

3. ECB ʨʝʞʠʤʽʥ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ.  

4. CBC ʨʝʞʠʤʽʥ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ. 

5. CFB ʨʝʞʠʤʽʥ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ. 

6. OFB ʨʝʞʠʤʽʥ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ. 

7. CTR ʨʝʞʠʤʽʥ ʘʥʳץʪʘשʳʟ ʞᴅʥʝ ʦʥʳש ʘʨʪʳץʰʳʣʳץʪʘʨʳʤʝʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ. 

8. ʅʝʛʽʟʛʽ ʞײʤʳʩ ʽʩʪʝʫ ʨʝʞʠʤʜʝʨʽʥ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽשʽʟ: ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʣʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ ï ʥʝʛʽʟʛ ̔ ʰʠʬʨʣʘʨ (ʤʳʩʘʣʳ, 

DES),  ʞᴅʥʝ ʪʝʢ ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʣʘʨʳʥ ץʦʣʜʘʥʘʪʳʥ.  

9. ʅʝʛʽʟʛʽ ʞײʤʳʩ ʽʩʪʝʫ ʨʝʞʠʤʜʝʨʽʥ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽשʽʟ: ץʦʩʳʤʰʘ 

ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʘʧ ʝʪʝʪʽʥ, ʞᴅʥʝ ʪʘʣʘʧ ʝʪʧʝʡʪʽʥ.  

10. ʅʝʛʽʟʛʽ ʞײʤʳʩ ʽʩʪʝʫ ʨʝʞʠʤʜʝʨʽʥ ʝʢʽ ʪʦʧץʘ ʙᴇʣʽשʽʟ: ʩʦʣ ʢʽʣʪʪʽ ʙʘʨʣʳץ 

ʙʣʦʢʪʘʨʜʳ ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ, ʞᴅʥʝ ʢʽʣʪʪʽʢ ʘסʳʥʜʳ ʙʣʦʢʪʘʨʜʳ 

ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʘʪʳʥ.  
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ʨʝʞʠʤʜʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ.  

12. ɽʨʽʢʪʽ ץʦʣ ʞʝʪʢʽʟʫ ʬʘʡʣʜʘʨʳʥ ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽ 

ʙʘʨ ʞײʤʳʩ ʽʩʪʝʫ ʨʝʞʠʤʜʝʨʽʥ ʢʝʣʪʽʨʽשʽʟ.  

13. ʅʝʛʝ CFB ʨʝʞʠʤʽ ʩʠʥʭʨʦʥʜʳ ʝʤʝʩ ʘסʳʥ ʰʠʬʨʳʥ, ʘʣ OFB ï ʩʠʥ-

ʭʨʦʥʜʳʩʳʥ ײץʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʽשʽʟ.   

14. CFB ʨʝʞʠʤʽʥʜʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ץʘʪʝʥʽש ʙʽʨ ʙʠʪʳ ץʘʥʰʘ ʙʣʦʢץʘ ᴅʩʝʨ 

ʝʪʝʜʽ?  

15. ECB ʨʝʞʠʤʽʥʜʝ (n = 64) h ʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʜʘ 

ʙʽʨ ʙʠʪ (5-ʰ)̔ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʛʝʥ. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ 

ʤװʤʢʽʥʜʽ ʙʠʪʪʝʨ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘשʳʟ.  

16. CBC ʨʝʞʠʤʽʥʜʝ (n = 64) ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʜʘ 

ʙʽʨ ʙʠʪ (5-ʰʽ) ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ᴇʟʛʝʨʛʝʥ. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ 

ʤװʤʢʽʥʜʽ ʙʠʪʪʝʨ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘשʳʟ. 

17. CFB ʨʝʞʠʤʽʥʜʝ (l = 8, n = 64) ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʳש 

ʝʢʽʥʰʽ ʙʠʪʳ ᴇʟʛʝʨʛʝʥ. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʤװʤʢʽʥʜʽ ʙʠʪʪʝʨ 

ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘשʳʟ. 

18. CFB ʨʝʞʠʤʽʥʜʝ (l = 8, n = 64) ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʳש 

ʝʢʽʥʰʽ ʙʠʪʳ ᴇʟʛʝʨʛʝʥ. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʤװʤʢʽʥʜʽ ʙʠʪʪʝʨ 

ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘשʳʟ. 

19. OFB ʨʝʞʠʤʽʥʜʝ (l = 8, n = 64) ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʳש 

ʝʢʽʥʰʽ ʙʠʪʳ ᴇʟʛʝʨʛʝʥ. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʤװʤʢʽʥʜʽ ʙʠʪʪʝʨ 

ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘשʳʟ. 

20. CTR ʨʝʞʠʤʽʥʜʝ (n = 64) ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽʥʰʽ ʙʣʦʛʳʥʳש 

ʝʢʽʥʰʽ ʙʠʪʳ ᴇʟʛʝʨʛʝʥ. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʝ ʤװʤʢʽʥʜʽ ʙʠʪʪʝʨ 

ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘשʳʟ. 

21. ɾʽʙʝʨʫʰʽʤʝʥ ץʦʣʜʘʥʘʪʳʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ CFB  ʨʝʞʠʤʽʥʜʝ 

  .ʽʟשʤʢʽʥ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝװʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʫ ʤץ ʘʙʳʣʜʘʫʰʳʤʝʥץ

22. ɾʽʙʝʨʫʰʽʤʝʥ ץʦʣʜʘʥʘʪʳʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ OFB  ʨʝʞʠʤʽʥʜʝ 

  .ʽʟשʤʢʽʥ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝװʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʫ ʤץ ʘʙʳʣʜʘʫʰʳʤʝʥץ

23.  ɾʽʙʝʨʫʰʽʤʝʥ ץʦʣʜʘʥʘʪʳʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ CTR  ʨʝʞʠʤʽʥʜʝ 

 .ʽʟשʤʢʽʥ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝװʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʫ ʤץ ʘʙʳʣʜʘʫʰʳʤʝʥץ
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ɻʆʉʊ 28147-89 ɼɽʈɽʂʊɽʈɼɯ 

ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ʊתʈʃɽʅɼɯʈʋ ʉʊɸʅɼɸʈʊʓ 
 

7.1. ɻʆʉʊ 28147-89 ʉʊɸʅɼɸʈʊʓʅ ױפʈʋ ʊɸʈʀʍʓ 

 

 ɸץʧʘʨʘʪʪʳץ ʞװʡʝʣʝʨʜʝ ʘץʧʘʨʘʪʪʳש ʢʝʧʽʣʜʝʥʛʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 ץʩʪʘʥʜʘʨʪʪʳ שʩʘʪʳ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳץʳʟʜʳ ʤʘשʤʘ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽץ

ʘʣʛʦʨʠʪʤʜʝʨʽʥ ײץʨʫ ʞᴅʥʝ ץʦʣʜʘʥʫ. ʆʩʳʥʜʘʡ ʩʪʘʥʜʘʨʪʪʘʨʜʳש ʽʰʽʥʜʝ 

ʙʽʨʽʥʰʽ ʙʦʣסʘʥ, 5 ʪʘʨʘʫʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʫʳʩʪʳʨʫʣʘʨʜʳ ʞᴅʥʝ 

ʘʣʤʘʩʪʳʨʫʣʘʨʜʳ ʪʽʟʙʝʢʪʽ ץʦʣʜʘʥʘʪʳʥ,  ʘʤʝʨʠʢʘʣʳץ DES ʩʪʘʥʜʘʨʪʳ. ʂᴅʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʞʠʽ DES װʣʢʝʥ ץʳʡʳʥʜʳסʳ ʞᴅʥʝ ʪᴇʤʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʙʝʨʽʢʪʽʣʽʛʽ ʪʫʨʘʣʳ ʘʡʪʘʜʳ. ʊᴅʞʽʨʠʙʝʜʝ ʦʥʳש ʪװʨʣʝʥʜʽʨʫʣʝʨʽʥ ץʦʣʜʘʥʫסʘ 

ʤᴅʞʙװʨ.  

 ʊʠʽʤʜʽʨʝʢ ʙʦʣʘʪʳʥ ʦʪʘʥʜʳץ ʜʝʨʝʢʪʝʨʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ 

ʩʪʘʥʜʘʨʪʳ ɻʆʉʊ 28147-89 [12, 29 36]. 

 ʆʣ ʝʢʽʣʽʢ ʢʦʜ ʪװʨʽʥʜʝ ʙʝʨʽʣʛʝʥ ʢʝʟ ʢʝʣʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ץʦʨסʘʫ װʰʽʥ 

 ʘʥ. ɹʝʨʽʣʛʝʥסʘ ʜʘ ʰʠʬʨʣʘʫ ᴅʜʽʩʪʝʨʽ ʘʣʘʩʪʘʣʤʘץʘʥ, ʜʝʛʝʥ ʤʝʥ ʙʘʩסʩʳʥʳʣײ

ʩʪʘʥʜʘʨʪ ᴅʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʥʽ ʝʩʝʧʢʝ ʘʣʳʧ ץʘʣʳʧʪʘʩʪʳʨʳʣסʘʥ, ʩʦʥʳש ʽʰʽʥʜʝ 

DES ʘʣʛʦʨʠʪʤʽʥʽש ʢʝʤʰʽʣʽʢʪʝʨʽ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʤʘסʘʥ ʤװʤʢʽʥʜʽʢʪʝʨʽ 

 ʥʘʤʜʳ. ɸʣʛʦʨʠʪʤײ ʦʣʜʘʥʫץ ʪʘʥ ɻʆʉʊ ʩʪʘʥʜʘʨʪʳʥץʘʥ, ʩʦʥʜʳסʘʨʘʩʪʳʨʳʣץ

ʞʝʪʢʽʜʽʢʪʽ ץʳʡʳʥ ʞᴅʥʝ ʪᴇʤʝʥʜʝ ʢᴇʙʽʥʝʩʝ ʦʥʳש ʢʦʥʮʝʧʮʠʷʩʳ 

  .ʘʨʘʩʪʳʨʳʣʘʜʳץ

 ɹײʣ ʩʪʘʥʜʘʨʪ ɻʆʉʊ 28147-89 ʜʝʧ ʙʝʢʽʪʽʣʛʝʥ, ʦʥʳש ʘʪʳʥʘʥ ʢᴇʨʽʥʽʧ 

ʪײʨסʘʥʜʘʡ 1989 ʞʳʣʳ ʂʉʈʆ-ʜʘ ץʘʙʳʣʜʘʥסʘʥ ʞᴅʥʝ 1990 ʞʳʣʜʳש ʙʽʨʽʥʰʽ 

ʰʽʣʜʝʩʽʥʜʝ ʽʩʢʝ ץʦʩʳʣסʘʥ [36]. ɹʽʨʘץ, ʙײʣ ʰʠʬʨʜʳש ʪʘʨʠʭʳ ʦʜʘʥʜʘ ʪʝʨʝש. 

ʉʪʘʥʜʘʨʪ ʙʦʣʞʘʫʤʝʥ ʂʉʈʆ ʄפʂ ʩʝʛʽʟʽʥʰʽ ʙʘʩ ʙʘʩץʘʨʫʳʥʜʘ, ץʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ  ʌɸʇʉʀ-ʛʝ (ʈʌ ʇʨʝʟʠʜʝʥʪ ʞʘʥʳʥʜʘϤʳ Ϯʢʽʤʝʥʪʪʽʢ ʙʘʡʣʘʥʳʩ 

ʞϸʥʝ ʘϨʧʘʨʘʪʪʳϬ ʬʝʜʝʨʘʣʜʳ ʘʛʝʥʪʪʽʛʽ) ʪװʨʣʝʥʜʽʨʽʣʛʝʥ, ᴇʤʽʨʛʝ ʢʝʣʛʝʥ. 

XX סʘʩʳʨʜʳ70 ש-ʰʽ ʞʳʣʜʘʨʳ ʩʪʘʥʜʘʨʪʪʘ "ʊʦʣʳϨ ʢϰʧʠʷ" ʛʨʠʬʽ ʪʫʨסʘʥ, 

ʫʘץʳʪ ᴇʪʝ ʛʨʠʬ "Ϩϰʧʠʷ" ʜʝʛʝʥʛʝ ᴇʟʛʝʨʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʥʳ ʘʣʳʧ ʪʘʩʪʘʜʳ. 

ᴆʢʽʥʽʰʢʝ ʦʨʘʡ, ʩʪʘʥʜʘʨʪʪʳײץ שʨʫ ʪʘʨʠʭʳ ʞᴅʥʝ ʰʠʬʨʜʳ ʞʦʙʘʣʘʫ 
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ʢʨʠʪʝʨʠʡʣʝʨʽ, ʩʪʘʥʜʘʨʪʪʳש ᴇʟʽʥʝ ץʘʨʘסʘʥʜʘ, ʢᴅʟʽʨʛʝ ʜʝʡʽʥ "ʞʝʪʽ ʤϺʨ 

ʘʩʪʳʥʜʘϤʳ Ϩϰʧʠʷ" ʙʦʣʳʧ ʪײʨ [2]. 

 ɻʆʉʊ 28147-89 ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳʥʳש ʩʠʧʘʪʪʘʤʘʩʳ "ɸϨʧʘʨʘʪʪʳ 

ϺϬʜʝʫ ʞϮʡʝʣʝʨʽ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ϨʦʨϤʘʫ. ɻʆʉʊ 28147-89 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪϮʨʣʝʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽ" ʜʝʧ ʘʪʘʣʘʪʳʥ ᴇʪʝ ץʳʟʳץʪʳ 

 ʦʨʥʳʥʜʘ שʘʪʳʥʜʘ ñʰʠʬʨʣʘʫò ʪʝʨʤʠʥʠʥʽ שʞʘʪʪʘ ʢʝʣʪʽʨʽʣʛʝʥ [36]. ʆʥʳײץ

ñʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪϮʨʣʝʥʜʽʨʫò ʞʘʣʧʳ ʪװʩʽʥʽʛʽ ʪײʨסʘʥʳ ʢʝʟʜʝʡʩʦץ ʝʤʝʩ. 

ɹʽʨ ʙʽʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ ʙʽʨʥʝʰʝ ʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʣʘʨʜʘʥ ʙʘʩץʘ, 

 ʘʥ ʠʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫסʞʘʪʪʘ ʦʣʘʨʤʝʥ ʙʽʨ ʧʨʠʥʮʠʧ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣײץ

ʘʣʛʦʨʠʪʤʽ ʩʠʧʘʪʪʘʣסʘʥ. ʆʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʘץʳʣʘʫ ʢʦʤʙʠʥʘʮʠʷʩʳ, ʷסʥʠ 

ʠʤʠʪʦϨʦʨϤʘʫ ʥʝʤʝʩʝ ʨץײʩʘʪʩʳʟ ᴇʟʛʝʨʽʩʪʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ץʦʨסʘʫ ʤʘץʩʘʪʳ 

 ʳ ʜʝʨʝʢʪʝʨʜʝʥ ᴇʥʜʽʨʽʣʝʪʽʥ ʢʦʜץʘʰסʦʣʜʘʥʫʤʝʥ ʘʣץ ʧʠʷ ʢʽʣʪʪʽײץ ʰʽʥװ

ʙʦʣʘʜʳ.  

 ɻʆʉʊ 28147-89 ʜʝʨʝʢʪʝʨʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ʩʪʘʥʜʘʨʪʳ 64 

ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʜʝʨʝʢʪʝʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨ̔h ʠʬʨʣʘʫ 32 ʥʝʤʝʩʝ 16 ʨʘʫʥʜ (ʮʠʢʣ) ץʦʣʜʘʥʫʳʤʝʥ ʞװʟʝʛʝ ʘʩʘʜʳ. ʐʠʬʨ 

ʢʽʣʪʽ 256 ʙʠʪ, ʦʜʘʥ 32 ʙʠʪʪʽʢ ʩʝʛʽʟ ʽʰʢʽ ʢʽʣʪ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ (ʦʩʳ ʩʝʛʽʟ 

ʽʰʢʽ ʢʽʣʪʪʝʥ 32 (16) ʨʘʫʥʜʪʳץ (ʮʠʢʣʜʳץ) ʢʽʣʪʪʝʨ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ).  

 ʉʪʘʥʜʘʨʪʪʘ ʪᴇʨʪ ʞײʤʳʩ ʨʝʞʠʤʽ ץʘʨʘʩʪʳʨʳʣסʘʥ: 

 ;ʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫץ - 

 - ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ; 

 - ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ; 

 - ʠʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʤʘץʩʘʪʳʥʜʘ ʰʠʬʨʣʘʫ. 

 

7.2. ɻʆʉʊ 28147-89 ʄɸʊɽʄɸʊʀʂɸʃʓפ ɸʃנʓʐɸʈʊʊɸʈʓ 

 

 ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʽש ᴅʨʪװʨʣʽ ץʘʜʘʤʜʘʨʳʥʜʘ ʦʣ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

ʜʝʨʝʢʪʝʨ ᴅʨ ʪװʨʣʽ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʪʝʨʽ 

ʪᴅʫʝʣʩʽʟ ʙʠʪʪʝʨ ʤʘʩʩʠʚʪʝʨʽ ʨʝʪʽʥʜʝ ᴇʥʜʝʣʝʜʽ, ʙʘʩץʘ ʞʘסʜʘʡʣʘʨʜʘ - ʙʝʣʛʽ ʩʽʟ 

ʙװʪʽʥ ʩʘʥ ʨʝʪʽʥʜʝ, װʰʽʥʰʽʜʝ - ʙʽʨʥʝʰʝ ץʘʨʘʧʘʡʳʤ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ 

 ʰʽʥװ ʪʘʥ ʰʘʪʘʩʧʘʩץʨʜʝʣʽ ʵʣʝʤʝʥʪ ʨʝʪʽʥʜʝ. ʉʦʥʜʳװʨʳʣʳʤʳ ʙʘʨ ʢײץ

  .ʘʞʝʪץ ʦʣʜʘʥʘʪʳʥ ʙʝʣʛʽʣʝʨ ʪʫʨʘʣʳ ʘʣʜʳʥ ʘʣʘ ʢʝʣʽʩʫץ

 ɼʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʪʝʨʽ ʢᴇʣʙʝʫʽ ʙʘʨ װʣʢʝʥ ʣʘʪʳʥ ᴅʨʽʧʪʝʨʽʤʝʥ (ʤʳʩʘʣʳ, 

X) ʙʝʣʛʽʣʝʥʝʜʽ. |X| ʙʠʪʧʝʥ ʙʝʨʽʣʛʝʥ X ʵʣʝʤʝʥʪʽʥʽש ʢᴇʣʝʤʽ ʙʝʣʛʽʣʝʥʝʜʽ. 

ʉʦʥʳʤʝʥ, ʝʛʝʨ X ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʽʥ ʙװʪʽʥ ʪʝʨʽʩ ʝʤʝʩ ʩʘʥ ʨʝʪʽʥʜʝ 

ʘ ʙʦʣʘʜʳ: 0 Ò X Ò 2סʩʽʟʜʽʢʪʽ ʞʘʟʫשʘʨʘʩʪʳʨʩʘ, ʦʥʜʘ ʢʝʣʝʩʽ ʪʝץ
|X|

.  

 ɽʛʝʨ ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʽ ʢʽʰʽ ʢᴇʣʝʤʽ ʙʘʨ ʙʽʨʥʝʰʝ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʩʘ, 

ʦʥʜʘ ʙײʣ ʬʘʢʪ ʢʝʣʝʩʽʜʝʡ ʙʝʣʛʽʣʝʥʝʜʽ: 

 

X = (X0, X1,é,Xn-1) = X0 || X1 ||é|| Xn-1 . 
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 ɹʽʨʥʝʰʝ ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʪʝʨʽʥ ʙʽʨʝʫʛʝ ʙʽʨʽʢʪʽʨʫ ʧʨʦʮʝʜʫʨʘʩʳ 

ʢʦʥʢʘʪʝʥʘʮʠʷ ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ ñ||ò ʩʠʤʚʦʣʳʤʝʥ ʙʝʣʛʽʣʝʥʝʜʽ. ɼʝʨʝʢʪʝʨ 

ʵʣʝʤʝʥʪʪʝʨ ʢᴇʣʝʤʜʝʨʽ װʰʽʥ ʢʝʣʝʩʽ ץʘʪʳʥʘʩ ʦʨʳʥʜʘʣʫ ʢʝʨʝʢ: 

 

| X |= |  X0 | + |  X1 | + é + | Xn-1 |. 

 

 ɼʝʨʝʢʪʝʨʜʽש ʢװʨʜʝʣʽ ʵʣʝʤʝʥʪʪʝʨʽʥ ײץʨʫ ʞᴅʥʝ ʢʦʥʢʘʪʝʥʘʮʠʷ 

ʦʧʝʨʘʮʠʷʩʳ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʪʝʨʽ ᴇʩʫ ʨʝʪʽʤʝʥ ʙʝʨʽʣʝʜʽ. ɹʘʩץʘ 

ʩᴇʟʙʝʥ, ʝʛʝʨ ʢװʨʜʝʣʽ ʵʣʝʤʝʥʪʪʽ ʞᴅʥʝ ʦʥʳש ʽʰʽʥʝ ʢʽʨʝʪʽʥ ʜʝʨʝʢʪʝʨ 

ʵʣʝʤʝʥʪʪʝʨʽʥ ʙʝʣʛʽ ʩʽʟ ʙװʪʽʥ ʩʘʥʜʘʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʩʘ, ʦʥʜʘ ʢʝʣʝʩʽ 

ʪʝשʜʽʢʪʽ ʞʘʟʫסʘ ʙʦʣʘʜʳ:  

 

X = (X0, X1,é,Xn-1) = X0 || X1 ||é|| Xn-1 = 

 

= X0 + 2
|X0|
Ā(X1 + 2

|X1|
Ā(X2 + 2

|X2|
Ā(é2

|Xn-2|
Ā Xn-1)é)). 

 

 ɸʣʛʦʨʠʪʤʜʝ ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʽ ʙᴇʣʝʢ ʙʠʪʪʝʨ ʤʘʩʩʠʚʽ ʨʝʪʽʥʜʝ 

 ʜʘʡʜʘ ʙʠʪʪʝʨ ʤʘʩʩʠʚ ʙʝʣʛʽʣʝʥʛʝʥ ᴅʨʽʧʧʝʥסʣ ʞʘײʤʢʽʥ. ɹװʘʨʘʩʪʳʨʳʣʫ ʤץ

ʙʝʣʛʽʣʝʥʝʜʽ, ʙʽʨʘץ ʞʦʣ ʥײʩץʘʩʳʤʝʥ, ʢʝʣʝʩʽ ʤʳʩʘʣʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ:  

 

X = (x0, x1, é , xn-1) = x0Ā2
0
 + x1Ā2

1
 + é xn-1Ā2

n-1
. 

 

 ʉʦʥʳʤʝʥ, ɻʆʉʊ װʰʽʥ ñlittle-endianò ʜʝʧ ʘʪʘʣʘʪʳʥ ʨʘʟʨʷʜʪʘʨʜʳ 

ʥᴇʤʽʨʣʝʫ ץʘʙʳʣʜʘʥסʘʥ, ʷסʥʠ ʢᴇʧʨʘʟʨʷʜʪʳ ʩᴇʟʜʝʨ ʜʝʨʝʢʪʝʨʽ ʽʰʽʥʜʝ ʙᴇʣʝʢ 

ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʘʨ ʞᴅʥʝ ʢʽʰʽ ʥᴇʤʽʨʣʝʨʽ ʙʘʨ ʦʣʘʨʜʳש ʪʦʧʪʘʨʳʥʳש 

ʤʘשʳʟʜʳʣʳסʳ ʢʽʰʽʨʝʢ. ɹײʣ ʪʫʨʘʣʳ ʪײʨʘ ʘʡʪʳʣסʘʥ: "ɽʢʽʣʽʢ ʚʝʢʪʦʨʣʘʨʜʳ 

ʞʦϤʘʨʳ ʨʘʟʨʷʜʪʘʨʤʝʥ Ϩʦʩʫ ʞϸʥʝ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʢʝʟʽʥʜʝ Ϯʣʢʝʥ 

ʥϺʤʽʨʣʝʨʽ ʙʘʨ ʞʠʥʘϨʪʘʫʰʳʣʘʨʜʳϬ ʨʘʟʨʷʜʪʘʨʳ ʝʩʝʧʪʝʣʝʜʽ" [36]. ɻʆʉʊ 

28147-89 ʘʣʛʦʨʠʪʤʽ ʚʠʨʪʫʘʣʜʳ ʰʠʬʨʣʘʫ ײץʨʳʣסʳʩʳʥʳש ʞʠʥʘץʪʘʫʰʳ-

ʨʝʛʠʩʪʨʣʝʨʽʥ ʜʝʨʝʢʪʝʨʤʝʥ ʪʦʣʳץʪʳʨʫʜʳ ʢʽʰʽ ʨʘʟʨʷʜʪʘʨʜʘʥ ʙʘʩʪʘʫʜʳ 

 ʨʘ ʦʩʳʥʜʘʡ ʥᴇʤʽʨʣʝʫײʳ ʪᴇʤʝʥ ʨʘʟʨʷʜʪʘʨʜʘʥ. ʊסʳʟʜʳʣʳשʥʠ ʤʘסʩʳʥʘʜʳ, ʷײ

ʨʝʪʽ Intel x86 ʰʳסʘʥʧʨʦʮʝʩʩʦʨʣʳץ ʩᴅʫʣʝʪʽʥʜʝ ץʘʙʳʣʜʘʥסʘʥ, ʩʦʥʜʳץʪʘʥ 

ʙʝʨʽʣʛʝʥ ʩᴅʫʣʝʪʪʝ ʰʠʬʨʜʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ʜʝʨʝʢʪʝʨ 

ʩᴇʟʜʝʨʽ ʽʰʽʥʜʝ ʝʰץʘʥʜʘʡ ץʦʩʳʤʰʘ ʨʘʟʨʷʜʪʘʨʜʳ ʘʫʳʩʪʳʨʫ ʪʘʣʘʧ ʝʪʽʣʤʝʡʜʽ.  

 ɽʛʝʨ ʜʝʨʝʢʪʝʨ ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʣʦʛʠʢʘʣʳץ ʤᴅʥʽ ʙʘʨ ʢʝʡʙʽʨ ʦʧʝʨʘʮʠʷ 

ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ ʦʩʳ ʦʧʝʨʘʮʠʷ ʵʣʝʤʝʥʪʪʝʨʜʽש ʩᴅʡʢʝʩ ʙʠʪʪʝʨʽʥʝ 

ʦʨʳʥʜʘʣʘʜʳ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɹʘʩץʘ ʩᴇʟʙʝʥ,  

 

AǒB = (a0ǒb0, a1ǒb1, an-1ǒbn-1), 

 

ʙײʣ ʞʝʨʜʝ n = |  A | = |  B |, ʘʣ ñ¶ò ʩʠʤʚʦʣʳʤʝʥ ʢʝʟ ʢʝʣʛʝʥ ʙʠʥʘʨʣʳץ 
ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷ ʙʝʣʛʽʣʝʥʝʜʽ; ʝʨʝʞʝ ʨʝʪʽʥʜʝ, xor ʦʧʝʨʘʮʠʷʩʳ, ʙʘʩץʘʰʘ 

ʘʡʪץʘʥʜʘ - 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳ: 
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a Ä b = (  a + b ) mod 2. 

 

 ʉʦʥʳʤʝʥ ץʦʩʘ, ʘʣʛʦʨʠʪʤʜʝ ʝʢʽ 32-ʨʘʟʨʷʜʪʳ ʙװʪʽʥ ʦש ʩʘʥʜʘʨʜʳ  2
32

 ( 

ʜʝʧ ʙʝʣʛʽʣʝʥʝʜʽ) ʞᴅʥʝ 2
32

-1 ( ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳ 

  .ʦʣʜʘʥʘʜʳץ

 ɽʢʽ ʩʘʥ ʘ ʞᴅʥʝ b, ʙײʣ ʞʝʨʜʝ 0 Ò ʘ < 2
32

, 0 Ò b < 2
32

: 

 

ʘ = (ʘ32, ʘ31, ..., ʘ2, ʘ1)   ̔    b = (b32, b31, ..., b2, b1), 

 

ʝʢʽʣʽʢ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʷסʥʠ 

 

ʘ = ʘ32Ā2
31

 + ʘ31Ā2
30

 +...+ ʘ2Ā2
1
 + ʘ1Ā2

0
; 

 

b = b32Ā2
31

 + b31Ā2
30

+...+ b2Ā2
1
 + b1Ā2

0
, 

 

2
32

 (ʦʧʝʨʘʮʠʷ ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ: 

 

a  b = a + b,  ʝʛʝʨ  a + b < 2
32

; 

 

a  b = a + b - 2
32

,  ʝʛʝʨ  a + b Ó 2
32

. 

 

 ɽʢʽ ʙװʪʽʥ ʩʘʥ ʘ ʞᴅʥʝ b, ʙײʣ ʞʝʨʜʝ 0 Ò ʘ < 2
32

-1, 0 Ò b < 2
32

1, ʩʦʣ ʪװʨʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ, ʢʝʣʝʩʽ ʝʨʝʞʝ ʙʦʡʳʥʰʘ 2
32

 (ʦʧʝʨʘʮʠʷ ) ʤʦʜʫʣʽʤʝʥ ץʦʩʳʣʘʜʳ: 

 

a  b = a + b, ʝʛʝʨ a + b < 2
32

-1, 

 

a  b = a + b ï (2
32

-1), ʝʛʝʨ a + b Ó 2
32

-1. 

 

 

7.3. ɻʆʉʊ 28147-89 פɸʈɸʇɸʁʓʄ ɸʋʓʉʊʓʈʋ ʈɽɾʀʄɯʅɼɽ 

ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ 

 

7.3.1. ɻʆʉʊ 28147-89 ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳ 

 

 ϧʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ (ץײʩʘʩ ʨʝʞʠʤ - "ʕʣʝʢʪʨʦʥʜʳ ʢʦʜʪʳ ʢʽʪʘʧ") 

ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʞʘʣʧʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʪʝʢ ʙᴇʣʽʢʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ (7.1 ʩʫʨʝʪ).  
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7.1 ʩʫʨʝʪ - ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʳʥʳץ שʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ  

ʨʝʞʠʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ײץʨʳʣʳʤʳ 

 

 ʉײʣʙʘ ʙʦʡʳʥʰʘ ʙʝʣʛʽʣʝʨ: 

 - N1 ʞᴅʥʝ N2 - 32-ʨʘʟʨʷʜʪʳ ʞʠʥʘץʪʘʫʰʪʳʨ (ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨ); 

 - CM1 - 32-ʨʘʟʨʷʜʪʳ 2
32

 ( ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʩʫʤʤʘʪʦʨ; 

 - CM2 - 32-ʨʘʟʨʷʜʪr  2 (Ä) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʩʫʤʤʘʪʦʨ; 

 - R  32-ʨʘʟʨʷʜʪʳ ʜʝʨʝʢʪʝʨʜʽ 11 ʨʘʟʨʷʜץʘ ʩʦʣסʘ (ʞʦסʘʨʳ ʨʘʟʨʷʜʪʘʨ 

ʞʘסʳʥʘ) ʞʳʣʞʳʪʘʪʳʥ ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫ ʨʝʛʠʩʪʨʽ;   

 - ʂʉϧ  256 ʙʠʪʪʽʢ ʢʽʣʪʪʽ ʩʘץʪʘʫ ײץʨʳʣסʳʩʳ, ʩʝʛʽʟ  32-ʨʘʟʨʷʜʪʳ 

ʞʠʥʘץʪʘʫʰʪʘʨʜʘʥ k0, k1, k2, k3, k4, k5, k6, k7 ʪʫʨʘʜʳ; 

 - ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛ,r ʩʝʛʽʟ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽʥʝʥ ʪʫʨʘʜʳ: S0, S1, S2, S3, 

S4, S5, S6, S7 . 

 

7.3.2. ɻʆʉʊ 28147-89 ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 

 ʐʠʬʨʣʘʥʘʪʳʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ 64-ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʘʨסʘ ʙᴇʣʽʥʝʜʽ. ʊʆ 64-

ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʳ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳ  

32 ʮʠʢʣʜʘʥ (ʨʘʫʥʜʪʘʥ) ʪʫʨʘʜʳ. ʂʽʣʪʪʽ ʩʘϨʪʘʫ ϨϰʨʳʣϤʳʩʳʥʘ (ʂʉפ) ʰʠʬʨ 

ʢʽʣʪʽʥʽש K 256 ʙʠʪʽʥ ʩʝʛʽʟ 32-ʨʘʟʨʷʜʪʳ ʽʰʢʽ ʢʽʣʪʪʝʨ (ʩʘʥʜʘʨ)  ki ʪװʨʽʥʜʝ 

ʝʥʛʽʟʝʜʽ:  

 

K = (k0, k1, k2, k3, k4, k5, k6, k7). 

 

 ɹʣʦʢ ʙʠʪʳʥʳש ʪʽʟʙʝʛʽʥ  
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ʊʆ =  (ʘ1(0), ʘ2(0), é , ʘ32(0), b1(0), b2(0), é , b32(0)) 

 

32 ʙʠʪʪʝʥ ʝʢʽ ʪʽʟʙʝʢʢʝ ʙᴇʣʝʜʽ (ʢʝʨʽ ʨʝʪʧʝʥ ʘʣʳʧ): 

 

b(0) = b32(0), b31(0), é , b1(0)  ʠ  a(0) = ʘ32(0), ʘ33(0), é , ʘ1(0), 

 

ʙײʣ ʞʝʨʜʝ b(0)  ʩʦʣ ʞʘץ ʥʝʤʝʩʝ װʣʢʝʥ, ʘʣ a(0)  ʦש ʞʘץ ʥʝʤʝʩʝ ʢʽʰʽ ʙʠʪ-

ʪʝʨ. 

 ʊʽʟʙʝʢʪʝʨʜʽ b(0) ʞᴅʥʝ a(0) ʙʝʣʛʽʣʝʫ ʢʝʟʽʥʜʝ ʪᴇʤʝʥʛʽ ʞʘסʳʥʜʘסʳ ʠʥʜʝʢʩ 

ʙʠʪ ʥᴇʤʽʨʽʥ ʘʥʳץʪʘʡʜʳ.  

 ʐʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʮʠʢʣ ʘʣʜʳʥʜʘ ʙײʣ ʪʽʟʙʝʢʪʝʨʜʽ N1 ʞᴅʥʝ N2 

ʞʠʥʘץʪʘʫʰʪʘʨסʘ ʝʥʛʽʟʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ N1 ʞʠʥʘץʪʘʫʰʪʳש ʘʣסʘʰץʳ 

ʤʘʟʤײʥʳ  

 

N1 = a(0) = (ʘ32(0), ʘ31(0), é , ʘ1(0)), 

 

N2 ʞʠʥʘץʪʘʫʰʪʳש ʘʣסʘʰץʳ ʤʘʟʤײʥʳ  

 

N2 = b(0) = (b32(0), b31(0), é , b1(0)). 

 

 ɸʰʳץ ʜʝʨʝʢʪʝʨʜʽ64 ש-ʨʘʟʨʷʜʪʳ ʙʣʦʛʳʥʳש ʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥʳש 

ʙʽʨʽʥʰʽ ʮʠʢʣʳʥ ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʤʝʥ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ: 

 

a(1) = f(a(0)  k0 ) Ä b(0); 

 

                                    b(1) = a(0), 

 

ʙײʣ ʞʝʨʜʝ a(1)  N1 ʙʽʨʽʥʰʽ ʰʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʮʠʢʣʳʥʘש ʢʝʡʽʥ ʤʘʟʤײʥʳ; 

b(1)  N2 ʙʽʨʽʥʰʽ ʰʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʮʠʢʣʳʥʘש ʢʝʡʽʥ ʤʘʟʤײʥʳ; f(ǒ)  

ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ. 

 f(ǒ) ʬʫʥʢʮʠʷʩʳʥʳש ʘʨʛʫʤʝʥʪʽ a(0) (N1 ʞʠʥʘץʪʘʫʰʪʳש ʘʣסʘʰץʳ 

ʤʘʟʤײʥʳ) ʩʘʥʳʥ ʞᴅʥʝ k0 (ʂʉפ ʞʠʥʘץʪʘʫʳʰʳʥʘʥ ʦץʳʣʘʪʳʥ ʽʰʢʽ ʢʽʣʪ) 

ʩʘʥʳʥ 2
32

 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʥᴅʪʠʞʝʩʽ. ᴄʨ ʩʘʥ 32 ʙʠʪʢʝ ʪʝש. 

 ʄʳʩʘʣʳ, a(0) = 1010 0100 0100 1101 1100 1011 0001 01012, ʘʣ k0 = 

1001 0100 1000 1001 1000 0101 0010 10012. 

 2
32 
ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘסʘʥʥʘש ʢʝʡʽʥ CM1 

ʩʫʤʤʘʪʦʨ ʰʳסʳʩʳʥʜʘסʳ ʥᴅʪʠʞʝ  

 

a(0)  k0 = 0011 1000 1101 0111 0101 0000 0011 11102. 

 

 f(ǒ) ʬʫʥʢʮʠʷʩʳʥʘ ʘʣʳʥסʘʥ 32-ʨʘʟʨʷʜʪʳ ץʦʩʳʥʜʳסʳסʘ a(0)  k0  ʝʢʽ 

ʦʧʝʨʘʮʠʷʩʳ ʙʘʨ.  
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 ɹ̔ ʨʽʥʰʽ ʦʧʝʨʘʮʠʷ ʘʫʳʩʪʳʨʫ ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ ʘʫʳʩʪʳʨʫʜʳש S-

ʙʣʦʛʳʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ, ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, 

ʩʝʛʽʟ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽʥʝʥ ʪʫʨʘʜʳ ᴅʨ ץʘʡʩʳʩʳʥʳש ʞʘʜʳ ʢᴇʣʝʤʽ 64 ʙʠʪ. CM1 

ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳʥʘ ʙʘʨʘʪʳʥ 32-ʨʘʟʨʷʜʪʳ ʚʝʢʪʦʨʜʳ ʩʝʛʽʟ ʨʝʪʧʝʥ 

ʢʝʣʝʪʽʥ  4-ʨʘʟʨʷʜʪʳ ʚʝʢʪʦʨסʘ ʙᴇʣʝʜʽ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʩᴅʡʢʝʩ ʘʫʳʩʪʳʨʫ 

ʪװʡʽʥʽʤʝʥ ʪᴇʨʪʨʘʟʨʷʜʪʳ ʚʝʢʪʦʨסʘ ʪװʨʣʝʥʜʽʨʽʣʝʜʽ.  

 ɸʫʳʩʪʳʨʫʜʳש ᴅʨ ʪװʡʽʥʽʥ ʦʥ ʘʣʪʳ ʪᴇʨʪʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʩʘʥʜʘʨʜʳ 

ʘʣʤʘʩʪʳʨʫ ʢʝʩʪʝʩʽʤʝʥ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. ɽʢʽʣʽʢ ʩʘʥʜʘʨʜʳש ʜʠʘʧʘʟʦʥʳ: 

0000, 0001,é, 11112. ʂʽʨʽʩ ʚʝʢʪʦʨ ʢʝʩʪʝʜʝʛʽ ʞʦʣ ʘʜʨʝʩʽʥ ʢᴇʨʩʝʪʝʜʽ, ʘʣ 

ʞʦʣʜʘסʳ ʩʘʥ ʰʳסʳʩ ʚʝʪʦʨʳ ʙʦʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʪᴇʨʪʨʘʟʨʷʜʪʳ 

ʚʝʢʪʦʨʣʘʨʜʳ ʨʝʪʧʝʥ 32-ʨʘʟʨʷʜʪʳ ʚʝʢʪʦʨסʘ ʙʽʨʽʢʪʽʨʝʜʽ. ɸʫʳʩʪʳʨʫ ʪװʡʽʥʜʝʨʽ 

(ʘʫʳʩʪʳʨʫ ʢʝʩʪʝʣʝʨʽ) ʢʽʣʪʪʽʢ ʵʣʝʤʝʥʪʪʝʨʽ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ, ʦʣʘʨ ʕɽʄ ʞʝʣʽʩʽ 

 ʧʠʷײץ ʡʽʥʜʝʨʽװʣ ʘʫʳʩʪʳʨʫ ʪײʰʽʥ ʞʘʣʧʳ ʙʦʣʘʜʳ ʞᴅʥʝ ʩʠʨʝʢ ᴇʟʛʝʨʝʜʽ. ɹװ

ʩʘץʪʘʣʫ ʢʝʨʝʢ. ɸʫʳʩʪʳʨʫ ʪװʡʽʥʜʝʨʽ RFC 4357 ײץʞʘʪʧʝʥ ʘʥʳץʪʘʣסʘʥ. 7.1 

ʢʝʩʪʝʜʝ S-ʙʣʦʢ ʢᴇʤʝʛʽʤʝʥ ʘʫʳʩʪʳʨʫ ʪװʡʽʥ ʤʳʩʘʣʳ ʢʝʣʪʽʨʽʣʛʝʥ. ɹײʣ 

ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽ ɻʆʉʊ ʈ 34.11-94 ʪʝʩʪʽʣʝʫ ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ʘʥʳץʪʘʣסʘʥ.  

 ʄʳʩʘʣʳ, ʝʛʝʨ 2
32

 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʦʧʝʨʘʮʠʷʩʳʥ ʦʨʳʥʜʘסʘʥʥʘש 

ʢʝʡʽʥ CM1 ʩʫʤʤʘʪʦʨʳ ʰʳסʳʩʳʥʜʘסʳ ʥᴅʪʠʞʝ  

 

a(0)  k0 = 0000 0001 0010 0011 0100 0101 0110 01112, 

 

ʦʥʜʘ 7.1 ʢʝʩʪʝʥʽ ʝʩʝʧʢʝ ʘʣʳʧ ʢʝʣʝʩʽ ʤᴅʥ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ  

 

S(a(0)  k0 ) = 0100 1011 0001 0001 0101 0010 0101 11102. 

 

7.1 ʢʝʩʪʝ 

 

S-ʙʣʦʢʪʘʨ ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʘʫʳʩʪʳʨʫ 

 

 ʊϺʨʪʨʘʟʨʷʜʪʳ ʩϺʟʜʝʨ ʤʽʥʜʝʨʽ 
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 ɽʢʽʥʰʽ ʦʧʝʨʘʮʠʷ - ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʢ ʰʳסʳʩʳʥʘʥ ʘʣʳʥסʘʥ 32-

ʨʘʟʨʷʜʪʳ ʚʝʢʪʦʨʜʳ ʩʦʣ ʞʘץץʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ (11 ʨʘʟʨʷʜץʘ). ʎʠʢʣʜʳ 

ʞʳʣʞʳʪʫ R ʞʳʣʞʳʪʫ ʨʝʛʠʩʪʨʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ.  

 ɸʨʳ ץʘʨʘʡ f(ǒ) ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳʥʳש ʞײʤʳʩ ʥᴅʪʠʞʝʩʽʥ ʩʫʤʤʘʪʦʨ 

CM2  2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ  N2 ʞʠʥʘץʪʘʫʳʰʪʳש ʘʣסʘʰץʳ 

ʤʘʟʤײʥʳʤʝʥ b(0) ʨʘʟʨʷʜ ʙʦʡʳʥʰʘ ץʦʩʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ N1 ʤᴅʥʽʥ N2 

ʞʠʥʘץʪʘʫʳʰץʘ ʞʘʟʘʜʳ (b(1) = a(0)), ʘʣ CM2 h ʳסʳʩʳʥʜʘ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʥʽ  

(a(1) = f(a(0)  k0 ) Ä  b(0) N1 ʞʠʥʘץʪʘʫʳʰץʘ ʞʘʟʘʜʳ. ʆʩʳʜʘʥ ʢʝʡʽʥ 

ʙʽʨʽʥʰʽ ʮʠʢʣ ʘʷץʪʘʣʘʜʳ.  

 ʂʝʣʝʩʽ ʮʠʢʣʜʘʨ ʦʩʳ ʩʠʷץʪʳ ʦʨʳʥʜʘʣʘʜʳ, ʝʢʽʥʰʽ ʮʠʢʣʜʘ ʂʉפ-ʥʘʥ k1 

ʽʰʢʽ ʢʽʣʪʪʽ ʦץʠʜʳ, װʰʽʥʰʽ ʮʠʢʣʜʘ k2, ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ, ʩʝʛʽʟʽʥʰʽ ʮʠʢʣʜʘ - k7.  

9-ʰʽ ʮʠʢʣʜʘʥ 16-ʰʽ סʘ ʜʝʡʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 17-ʰ ̔ʜʝʥ 24-ʰʽ ʛʝ ʜʝʡʽʥ ʂʉפ 

ʽʰʢʽ ʢʽʣʪʪʝʨ ʩʦʣ ʨʝʪʧʝʥ ʦץʳʣʘʜʳ:  

 

k0, k1, k2, k3, k4, k5, k6, k7 . 

 

 ʉʦʥסʳ ʩʝʛʽʟ ʮʠʢʣʜʘ (25-ʰ ̔ʜʝʥ 32-ʰʽʛʝ ʜʝʡʽʥ) ʂʉפ ʽʰʢʽ ʢʽʣʪʪʝʨʜʽ ʦץʫ 

ʨʝʪʽ ʢʝʨʽʩʽʥʰʝ: k7, k6, k5, k4, k3, k2, k1, k0 . 

 ʉʦʥʳʤʝʥ, 32 ʮʠʢʣʜʘ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʂʉפ ʽʰʢʽ ʢʽʣʪʪʝʨʜʽ ʪʘשʜʘʫ ʨʝʪʽ 

ʢʝʣʝʩʽ: 

 

k0, k1, k2, k3, k4, k5, k6, k7, k0, k1, k2, k3, k4, k5, k6, k7, 

 

k0, k1, k2, k3, k4, k5, k6, k7, k7, k6, k5, k4, k3, k2, k1, k0 . 

 

 32-ʰʽ ʮʠʢʣʜʳ ʘʷץʪʘסʘʥʘש ʢʝʡʽʥ CM2 ʩʫʤʤʘʪʦʨʳʥʘʥ ʥᴅʪʠʞʝ N2 

ʞʠʥʘץʪʘʫʳʰʳʥʘ ʝʥʛʽʟʽʣʝʜʽ, ʘʣ N1 ʞʠʥʘץʪʘʫʳʰʳʥʜʘ ʙײʨʳʥסʘ ʤᴅʥ 

ʩʘץʪʘʣʘʜʳ. ʐʠʬʨʣʘʫʜʳ32 ש-ʰʽ ʮʠʢʣʳʥʘש ʢʝʡʽʥ ʘʣʳʥסʘʥ N2 ʞᴅʥʝ N1 

ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʤʘʟʤײʥʜʘʨʳ ʊʆ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʊʐ ʙʦʣʘʜʳ.   

 :ʜʽʢʪʝʨʽשʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʪʝפ 

 

a(j) = f(a(j ï 1)  k(j ï 1) mod 8 ) Ä b(j ï 1),  j = 1, 2,é, 24; 

 

b(j) = a(j  ï 1),  j = 1, 2,é, 24, 

(7.1) 

 

a(j) = f(a(j ï 1)  k32 ï j ) Ä b(j ï 1),  j = 25, 26,é, 31; 

 

b(j) = a(j ï 1),  j = 25, 26,é, 31, 

(7.2) 

  

b(j) = f(a(j ï 1)  k32 ï j ) Ä b(j ï 1),  j = 32; 

 
(7.3) 
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a(j) = a(j ï 1),  j = 32, 

 

ʙײʣ ʞʝʨʜʝ a(j) = (ʘ32(j), ʘ31(j), é , ʘ1(j)) ï ʰʠʬʨʣʘʫʜʳש j-ʰʽ ʮʠʢʣʳʥʘש ʢʝʡʽʥ 

N1 ʤʘʟʤײʥʳ; b(j) = (b32(j), b31(j), é , b1(j))  ʰʠʬʨʣʘʫʜʳש j-ʰʽ ʮʠʢʣʳʥʘש 

ʢʝʡʽʥ N2 ʤʘʟʤײʥʳ, j = 1,2, é , 32. 

 ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʊʐ (64 ʨʘʟʨʷʜ) N2 ʞᴅʥʝ N1 

ʞʠʥʘץʪʘʫʳʰʪʘʨʜʘʥ ʢʝʣʝʩʽ ʨʝʪʧʝʥ ʰʳסʘʨʳʣʘʜʳ: N1 ʞʠʥʘץʪʘʫʳʰʳʥʘʥ 1...32 

ʨʘʟʨʷʜʪʘʥ, ʩʦʜʘʥ ʢʝʡʽʥ N2 ʞʠʥʘץʪʘʫʳʰʳʥʘʥ 1...32 ʨʘʟʨʷʜʪʘʥ, ʷסʥʠ ʢʽʰʽ 

ʨʘʟʨʷʜʪʘʨʜʘʥ ʙʘʩʪʘʧ:  

 

ʊʐ =  (ʘ1(32), ʘ2(32), é , ʘ32(32), b1(32), b2(32), é , b32(32)). 

 

 ɸʰʳץ ʜʝʨʝʢʪʝʨʜʽץ שʘʣסʘʥ ʙʣʦʢʪʘʨʳ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ 

ʙʝʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤʤʝʥ ʰʠʬʨʣʘʥʘʜʳ.  

 שʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽפ 

 ʣʙʘʩʳ 7.2 ʩʫʨʝʪʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 7.2 ʩʫʨʝʪʽʥʜʝ ʦʥ ʙʽʨײʩ ץʨʳʣʳʤʜʳײץ

ʨʘʟʨʷʜץʘ ʩʦʣ ʞʘץʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʩʳ 
«
11R  ʙʝʣʛʽʣʝʥʛʝʥ. 

 ʉʪʘʥʜʘʨʪʪʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ ץʘʜʘʤʳʥʳש 

  .ʣʙʘʩʳ (N = ϧʘʜʘʤ(N,kj)) 7.3 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥײʩ שʨʳʣʳʤʜʳײץ

 

 

 
ʘ) ʙ) 

 

7.2 ʩʫʨʝʪ - פʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ: ʘ) 32 ʮʠʢʣʜʽʢʽ; ʙ) ʙʽʨ ʮʠʢʣʜʽʢʽ 
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7.3 ʩʫʨʝʪ - ʉʪʘʥʜʘʨʪʪʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ 

 ʣʙʘʩʳײʩ שʨʳʣʳʤʜʳײץ שʘʜʘʤʳʥʳץ

 

7.3.3.  ɻʆʉʊ 28147-89 ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ 

ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

 

 ʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥפ 

ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩײʣʙʘʥʳש ʪװʨʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽʜʝʡ 

(7.1 ʩʫʨʝʪʽʥ ץʘʨʘשʳʟ).  

 ʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫפ 

ʰʠʬʨʣʘʫʜʳש ʘʣʛʦʨʠʪʤʽ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ, ʪʝʢ ʢʝʣʝʩʽ ᴇʟʛʝʨʽʩʧʝʥ: 

ʞʠʥʘץʪʘʫʳʰʪʳש ʤʘʟʤײʥʜʘʨʳ ʂʉפ-ʜʘʥ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ʨʝʪʧʝʥ 

ʦץʳʣʘʜʳ (ʰʠʬʨʣʘʫסʘ ץʘʨʩʳ ʨʝʪʧʝʥ) 

 

k0, k1, k2, k3, k4, k5, k6, k7, k7, k6, k5, k4, k3, k2, k1, k0, 

 

k7, k6, k5, k4, k3, k2, k1, k0, k7, k6, k5, k4, k3, k2, k1, k0 . 

 

 ʆʩʳסʘʥ ʩᴅʡʢʝʩ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 ʨʜʝ ʢᴇʨʩʝʪʽʣʫװʰʽʥ ʢʝʣʝʩʽ ʪװ ʜʽʢʪʝʨʽ ʢʝʨʽʰʠʬʨʣʘʫשʰʽʥ (7.1)é(7.3) ʪʝװ

ʤװʤʢʽʥ: 

 

a(32ïj) = f(a(33ïj)  k(j ï 1) ) Ä b(33ïj),  j = 1, 2,é, 8; 

 

b(32ïj) = a(33ïj),  j = 1, 2,é, 8, 

(7.4) 

 

       a(32ïj) = f(a(33ïj)  k(32ïj) mod 8 ) Ä b(33ïj),  j = 9, 10,é, 31; (7.5) 
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    b(32ïj) = a(33ïj),  j = 9, 10,é, 31, 

 

b(32ïj) = f(a(33ïj)  k32 ï j ) Ä b(33ïj),  j = 32; 

 

a(32ïj) = a(33ïj),  j = 32. 

(7.6) 

 

 ɾײʤʳʩʪʳ32 ש ʮʠʢʣʜʘʥ ʢʝʡʽʥ N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש 

ʤʘʟʤײʥʜʘʨʳ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ (ʘʰʳץ) ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ײץʨʘʜʳ  

 

ʊʆ =  (ʘ1(0), ʘ2(0), é , ʘ32(0), b1(0), b2(0), é , b32(0)). 

 

 ɹײʣ ʞʝʨʜʝ N1 ʞʠʥʘץʪʘʫʳʰʪʳש ʢװʡʽ: 

 

N1 = a(0) = (ʘ32(0), ʘ31(0), é , ʘ1(0)), 

 

ʘʣ N2 ʞʠʥʘץʪʘʫʳʰʪʳש ʢװʡʽ 

 

N2 = b(0) = (b32(0), b31(0), é , b1(0)). 

 

 ʊײʨʘ ʦʩʳʣʘʡ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽץ שʘʣסʘʥ ʙʣʦʢʪʘʨʳ 

ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ.  

 ɽʛʝʨ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ 64-ʙʠʪʪʽʢ ʊʆ ʙʣʦʛ ʜʝʨʝʢʪʝʨʽʥ 

ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ A ʘʨץʳʣʳ ʙʝʣʛʽʣʝʩʝʢ, ʦʥʜʘ  

 

A(ʊʆ) = A(a(0),b(0)) = (ʘ(32), b(32)) = ʊʐ , (7.7) 

ʘʣ 

A
-1
(ʊʐ) = A

-1
(a(32),b(32)) = (ʘ(0), b(0)) = ʊʆ . (7.8) 

 

 ʰʽʥ ʪʝʢװ ʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫפ 

ʰʝʢʪʝʣʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʫ ץʘʞʝʪ ʝʢʝʥʽʥ ʝʩʪʝ ʩʘץʪʘʫ ʢʝʨʝʢ ï ʰʠʬʨ 

ʢʽʣʪʽʥ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʞᴅʥʝ ʦʥʳ ʠʤʠʪʦץʦʨסʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʤʝʥ 

ʰʠʬʨʣʘʧ ʙʘʡʣʘʥʳʩ ʘʨʥʘʤʝʥ ʞʽʙʝʨʫ ʥʝʤʝʩʝ ʕɽʄ ʞʘʜʳʩʳʥʜʘ ʩʘץʪʘʫ װʰʽʥ.  

 ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫʜʳ ñʎʠʢʣ 32-ɿò (ʎ32-ɿ) ʞᴅʥʝ ñʎʠʢʣ 32-ʈò (ʎ32-ʈ) ʜʝʧ ʙʝʣʛʽʣʝʡ-

ʜʽ.  
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7.4. ɻʆʉʊ 28147-89 ɻɸʄʄɸʃɸʋ ʈɽɾʀʄɯʅɼɽ ɼɽʈɽʂʊɽʈɼɯ 

ʐʀʌʈʃɸʋ 
 

7.4.1. ɻʆʉʊ 28147-89 ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳ 

 

 ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ 

 ʦʣʜʘʥʘʜʳ (7.4ץ ʙʣʦʢʪʘʨʳʥ ץʙʘʨʣʳ שʡʝʥʽװʞ ץʰʽʥ ʞʘʣʧʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳװ

ʩʫʨʝʪ). 

 ʉײʣʙʘ ʙʦʡʳʥʰʘ ʙʝʣʛʽʣʝʨ: 

 - N1ïN6  32-ʨʘʟʨʷʜʪʳ ʞʠʥʘץʪʘʫʳʰʪʘʨ; 

 - CM1 ʞᴅʥʝ CM3  2
32

 ( ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ ʩʫʤʤʘʪʦʨʣʘʨ; 

 - CM2 ʞᴅʥʝ CM5  2 (Ä) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ ʩʫʤʤʘʪʦʨʣʘʨ; 

 - CM4  2
32
ï1 ( ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ ʩʫʤʤʘʪʦʨ; 

 - R  32-ʨʘʟʨʷʜʪʳ ʜʝʨʝʢʪʝʨʜʽ 11 ʨʘʟʨʷʜץʘ ʩʦʣסʘ (ʞʦסʘʨʳ ʨʘʟʨʷʜʪʘʨ 

ʞʘסʳʥʘ) ʞʳʣʞʳʪʘʪʳʥ ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫ ʨʝʛʠʩʪʨʽ;   

 - ʂʉϧ  256 ʙʠʪʪʽʢ ʢʽʣʪʪʽ ʩʘץʪʘʫ ײץʨʳʣסʳʩʳ, ʩʝʛʽʟ  32-ʨʘʟʨʷʜʪʳ 

ʞʠʥʘץʪʘʫʰʪʘʨʜʘʥ k0, k1, k2, k3, k4, k5, k6, k7 ʪʫʨʘʜʳ; 

 - ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛr, ʩʝʛʽʟ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽʥʝʥ ʪʫʨʘʜʳ: S0, S1, S2, S3, 

S4, S5, S6, S7 . 

  

  
 

7.4 ʩʫʨʝʪ ï ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ײץʨʳʣʳʤʳ  
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 ɼʝʨʝʢʪʝʨʜʽ ʰʠʨʣʘʫʜʳײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 7.5 ʩʫʨʝʪʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

7.5 ʩʫʨʝʪ ï ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ 

 

7.4.2. ɻʆʉʊ 28147-89 ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 

 ɸʰʳץ ʜʝʨʝʢʪʝʨ 64-ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʘʨסʘ ʙᴇʣʽʥʝʜʽ 

 

)T,,...T,T(ʊ )q(
O

)2(
O

)1(
Oʆ= , 

 

ʙײʣ ʞʝʨʜʝ 
)i(

OT   i-ʰʽ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽ64 ש-ʨʘʟʨʷʜʪʳ ʙʣʦʛʳ (i = 1, 2, é, q, 

ʘʣ q ʰʠʬʨʣʘʥʘʪʳʥ ʜʝʨʝʢʪʝʨʜʽש ʢᴇʣʝʤʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ). 

 ɹײʣ ʙʣʦʢʪʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʨʝʪʧʝʥ ʰʠʬʨʣʘʥʘʜʳ CM5 

ʩʫʤʤʘʪʦʨʳʥʜʘ ʐɻ ʰʠʬʨ ʛʘʤʤʘʩʳʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʞʦʣʳʤʝʥ. 

ʐʠʬʨ ʛʘʤʤʘʩʳ 64 ʙʠʪʪʽʢ ʙʣʦʢʪʘʨʤʝʥ ᴇʥʜʽʨʽʣʝʜʽ, ʷסʥʠ 

)ɻ,,...ɻ,ɻ(ɻ )q(
ʐ

)2(
ʐ

)1(
ʐʐ = , 

 

ʙײʣ ʞʝʨʜʝ 
)i(

ʐɻ   i-ʰ ̔64-ʨʘʟʨʷʜʪʳ ʛʘʤʤʘʥʳש ʙʣʦʛʳ (i = 1, 2, é, q, ʘʣ q 

ʰʠʬʨʣʘʥʘʪʳʥ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ). 
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)q(

ʆʊ ʙʣʦʛʳʥʜʘסʳ ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʘʨ ʩʘʥʳ 64 ʢʽʰʽ ʙʦʣʫ ʤװʤʢʽʥ, ʩʦʥʜʘ 

ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʙʘסʘʥ 
)q(

ʐɻ  ʙʣʦʛʳʥʘʥ ʰʠʬʨ ʛʘʤʤʘʥʳש ʙᴇʣʽʛʽʥ 

ʣʘץʪʳʨʳʧ ʪʘʩʪʘʡʜʳ.  

 ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʪʝשʜʽʛʽʥʽש ʪװʨʽ  
)i(

ʐ
)i(

ʆ
)i(

ʐ ɻʊʊ Ä=
, 

 

ʙײʣ ʞʝʨʜʝ =)i(
ʐɻ  A(Yi-1  C2, Zi-1  C1), i = 1,2,é,q; 

)i(
ʐʊ   i-ʰ ̔ 64-

ʨʘʟʨʷʜʪʳץ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ; A(ǒ)  ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ 

ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ; ʉ1 ʞᴅʥʝ ʉ2  32-ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ 

ʪײʨʘץʪʳʣʘʨ; Yi ʞᴅʥʝ Zi  32-ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʪʽʟʙʝʢʪʝʨ, ʦʣʘʨ 
)i(

ʐɻ  ʛʘʤʤʘ 

 .ʪʘʣʘʜʳץʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʫ ʙʦʡʳʥʰʘ ʠʪʝʨʘʮʠʷʣʳץ

 ɸʣʜʳʤʝʥ Yi ʞᴅʥʝ Zi ʘʣסʘʰץʳ ʤᴅʥʜʝʨʽ ʢʝʣʝʩʽʜʝʡ ץʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ: 

(Y0, Z0) = A( S
~

), 

 

ʙײʣ ʞʝʨʜʝ S
~

  64-ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʪʽʟʙʝʢ (ʩʠʥʭʨʦʧʦʩʳʣʢʘ). 

 ʉʦʜʘʥ ʢʝʡʽʥ ʠʪʝʨʘʮʠʷ ʙʦʡʳʥʰʘ 

 

(Yi, Zi) = (Yi-1  C2, Zi-1  C1), i = 1, 2,é, q. 

 

 ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ץʘʨʘʩʪʳʨʘʡʳץ. N6 ʞᴅʥʝ 

N5 ʞʠʥʘץʪʘʫʳʰʪʘʨʳʥʘ ʘʣʜʳʥ ʘʣʘ ʉ1 ʞᴅʥʝ ʉ2 32-ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ 

ʪײʨʘץʪʳʣʘʨ ʞʘʟʳʣʘʜʳ, ʦʣʘʨʜʳש ʤᴅʥʜʝʨʽ (ʦʥ ʘʣʪʳʣʳץ ʞᴅʥʝ ʝʢʽʣʽʢ ʪװʨʜʝ):  

 

C1 = 0101010116 = 0000 0001 0000 0001 0000 0001 0000 00012; 

 

C2 = 0101010416 = 0000 0001 0000 0001 0000 0001 0000 01002. 

 

 ʂʉϧ ʢʽʣʪʪʽ256 ש ʙʠʪʳ ʝʥʛʽʟʽʣʝʜʽ; N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨסʘ - 64-

ʨʘʟʨʷʜʪʳ ʝʢʽʣʽʢ ʪʽʟʙʝʢ (ʩʠʥʭʨʦʧʦʩʳʣʢʘ) 

 

S
~

 = (S1, S2, é, S64), 

 

ʙײʣ ʞʝʨʜʝ Si ï ʩʠʥʭʨʦʧʦʩʳʣʢʘʥʳש i-ʰ ̔ʝʢʽʣʽʢ ʨʘʟʨʷʜʳ. 

 ʉʠʥʭʨʦʧʦʩʳʣʢʘ S
~

 N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʘʣסʘʰץʳ ʤʘʟʤײʥʳ 

ʙʦʣʘʜʳ, ʦʥʳ ʰʠʬʨ ʛʘʤʤʘʥʳש q ʙʣʦʢʪʘʨʳʥ ᴇʥʜʽʨʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. N1 

ʞʠʥʘץʪʘʫʳʰʪʳש ʘʣסʘʰץʳ ʤʘʟʤײʥʳ: N1 = (S32, S31, é, S1), ʘʣ N2 

ʞʠʥʘץʪʘʫʳʰʪʳש ʘʣסʘʰץʳ ʤʘʟʤײʥʳ: N2 = (S64, S63, é, S33). 
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 N4 ʞʠʥʘץʪʘʫʳʰʪʳש ʤʘʟʤײʥʳ CM4 ʩʫʤʤʘʪʦʨʳʥʜʘ 2
32

-1 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ N6 ʞʠʥʘץʪʘʫʳʰʪʘסʳ 32-ʨʘʟʨʷʜʪʳ C1 ʪײʨʘץʪʳʩʳʤʝʥ ץʦʩʳʣʘʜʳ. 

ʅᴅʪʠʞʝ N4 ʞʘʟʳʣʘʜʳ. N3 ʞʠʥʘץʪʘʫʳʰʪʳש ʤʘʟʤײʥʳ CM3 ʩʫʤʤʘʪʦʨʳʥʜʘ 2
32 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ N5 ʞʠʥʘץʪʘʫʳʰʪʘסʳ 32-ʨʘʟʨʷʜʪʳ C2 ʪײʨʘץʪʳʩʳʤʝʥ 

ʦʩʳʣʘʜʳ. 2ץ
32
ï1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ץʦʩʫ ʥᴅʪʠʞʝʩʽʥʽש ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʩʪʳ 

ʬʫʥʢʮʠʷʩʳ. ʅᴅʪʠʞʝ N3 ʞʘʟrʣʘʜʳ. N3 ʤʘʟʤײʥʳ N1 ʢᴇʰʽʨʽʣʝʜʽ, ʘʣ N4 - N2, 

ʙʽʨʘץ  N3 ʞᴅʥʝ N4 ʤʘʟʤײʥʜʘʨʳ ʩʘץʪʘʣʘʜʳ. N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש 

ʤʘʟʤײʥʜʘʨʳ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʥʘʜʳ.  

 N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʤʘʟʤײʥʳʥ ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽ ʰʠʬʨ 

ʛʘʤʤʘʩʳʥʳש ʙʽʨʽʥʰʽ 64-ʨʘʟʨʷʜʪ rʙʣʦʛʳʥ ײץʨʘʜʳ  

 

),...,,,,(ɻ )1(
64

)1(
63

)1(
3

)1(
2

)1(
1

)1(
ʐ ggggg= , 

 

ʙײʣ ʞʝʨʜʝ 
1
ig, i = 1, 2, é, 64  ʛʘʤʤʘ ʪʽʟʙʝʛʽʥʽש ʝʢʽʣʽʢ ʨʘʟʨʷʜ.r 

 ɹײʣ ʛʘʤʤʘ ʙʣʦʛʳʥ (
)1(

ʐɻ ) ʨʘʟʨʷʜʪʘʨ ʙʦʡʳʥʰʘ CM5 ʩʫʤʤʘʪʦʨʳʥʜʘ 

ʙʽʨʽʥʰʽ 64-ʨʘʟʨʷʜʪʳ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

  ʦʩʳʣʘʜʳץ

 

)t,t...,,t,t,t(ʊ )1(
64

)1(
63

)1(
3

)1(
2

)1(
1

)1(
ʆ = , 

ʙײʣ ʞʝʨʜʝ 
1
it , i = 1, 2, é, 64  ʙʽʨʽʥʰʽ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ʝʢʽʣʽʢ ʨʘʟ-

ʨʷʜr. 

 
)1(

ʆʊ  ʞᴅʥʝ 
)1(

ʐɻ  ʤᴅʥʜʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʽʨʽʥʰʽ 

64-ʨʘʟʨʷʜʪʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʘʣʘʜʳ:  

 

),...,,,,(ɻʊʊ )1(
64

)1(
63

)1(
3

)1(
2

)1(
1

)1(
ʐ

)1(
ʆ

)1(
ʐ ttttt=Ä=  

 

ʙײʣ ʞʝʨʜʝ 
)1(

i
)1(

i
)1(

i t gt Ä= , i = 1, 2, é, 64  ʙʽʨʽʥʰʽ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ 

ʙʣʦʛʳʥʳש ʝʢʽʣʽʢ ʨʘʟʨʷʜʳ.  

 ʂʝʣʝʩʽ 64-ʨʘʟʨʷʜʪʳ ʰʠʬʨ ʛʘʤʤʘʥʳש ʙʣʦʛʳʥ 
)2(

ʐɻ ʘʣʫ װʰʽʥ  N4 

ʤʘʟʤײʥʳ CM4 ʩʫʤʤʘʪʦʨʳʥʜʘ N6 ʞʠʥʘץʪʘʫʳʰʪʘסʳ C1 ʪײʨʘץʪʳʩʳʤʝʥ 2
32

-1 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ. ʅᴅʪʠʞʝ N4 ʞʘʟʳʣʘʜʳ. N3 ʤʘʟʤײʥʳ CM3 

ʩʫʤʤʘʪʦʨʳʥʜʘ N5 ʞʠʥʘץʪʘʫʳʰʪʘסʳ C2 ʪײʨʘץʪʳʩʳʤʝʥ 2
32

 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

 ʘשʥʳ N1 ʢᴇʰʽʨʽʣʝʜʽ, N4 ʞʘײʘ ʤʘʟʤשʦʩʳʣʘʜʳ. ʅᴅʪʠʞʝ N3 ʞʘʟʳʣʘʜʳ. N3 ʞʘץ

ʤʘʟʤײʥʳ - N2, ʘʣ N3 ʞᴅʥʝ N4 ʤʘʟʤײʥʜʘʨʳ ʩʘץʪʘʣʘʜʳ. N1 ʞᴅʥʝ N2 

ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ 

ʰʠʬʨʣʘʥʘʜʳ.  
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 ʐʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʘʪʳʥ N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש 

ʤʘʟʤײʥʜʘʨʳ ʰʠʬʨ ʛʘʤʤʘʥʳש 
)2(

ʐɻ ʝʢʽʥʰʽ 64-ʨʘʟʨʷʜʪr  ʙʣʦʛʳʥ ײץʨʘʜʳ, ʦʣ 

CM5 ʩʫʤʤʘʪʦʨʳʥʜʘ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽʥʰʽ ʙʣʦʛʳʤʝʥ ʨʘʟʨʷʜʪʘʨʤʝʥ 
)2(

ʆʊ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʳʣʘʜʳ:  

 

),...,,,,(ɻʊʊ )2(
64

)2(
63

)2(
3

)2(
2

)2(
1

)2(
ʐ

)2(
ʆ

)2(
ʐ ttttt=Ä= . 

 

 ʊײʨʘ ʦʩʳʣʘʡ ʰʠʬʨ ʛʘʤʤʘʥʳש ʙʣʦʢʪʘʨʳ ײץʨʳʣʘʜʳ 

 
)q(

ʐ
)4(

ʐ
)3(

ʐ ɻ,...,ɻ,ɻ  

 

ʞᴅʥʝ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ 
)q(

ʆ
)4(

ʆ
)3(

ʆ ʊ,...,ʊ,ʊ ʰʠʬʨʣʘʥʘʜʳ. 

 ɹʘʡʣʘʥʳʩ ʘʨʥʘʩʳʥʘ ʥʝʤʝʩʝ ɸɽʄ ʞʘʜʳʩʳʥʘ ʩʠʥʭʨʦʧʦʩʳʣʢʘ S
~
ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ 
)q(

ʐ
)2(

ʐ
)1(

ʐ ʊ,...,ʊ,ʊ ʞʽʙʝʨʽʣʝʜʽ.  

 

7.4.3. ɻʆʉʊ 28147-89 ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ 

ʢʝʨʽʰʠʬʨʣʘʫ 

 

 ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩײʣʙʘʥʳש ʪװʨʽ 

ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽʜʝʡ ʙʦʣʘʜʳ (7.4 ʩʫʨʝʪʽʥ ץʘʨʘשʳʟ), ʘʣ ʜʝʨʝʢʪʝʨʜʽ 

ʢʝʨʽʰʠʬʨʣʘʫʜʳײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 7.6 ʩʫʨʝʪʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.  

 



 245 

 
 

7.6 ʩʫʨʝʪ - ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ 

 

 ʂʝʨʽʰʠʬʨʣʘʫ ʪʝשʜʽʛʽ: 

 

Ä=Ä= )i(
ʐ

)i(
ʐ

)i(
ʐ

)i(
ʆ ʊɻʊʊ A(Yiï1  C2, Ziï1  C1), i = 1, 2,é, q. 

 

 ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʪʝʢ ʩʠʥʭʨʦʧʦʩʳʣʢʘ ʙʘʨ ʢʝʟʜʝ ʤװʤʢʽʥ ʝʢʝʥʽʥ 

ʘʡʪʘ ʢʝʪʫ ץʘʞʝʪ, ʦʣ ʰʠʬʨʜʳײץ שʧʠʷ ʵʣʝʤʝʥʪʽ ʝʤʝʩ ʞᴅʥʝ ɸɽʄ ʞʘʜʳʩʳʥʜʘ 

ʩʘץʪʘʣʫ ʥʝʤʝʩʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʤʝʥ ʙʽʨʛʝ ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳʤʝʥ 

ʞʠʙʝʨʽʣʫ ʤװʤʢʽʥ.  

 ʂʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ץʘʨʘʩʪʳʨʘʤʳʟ. ʂʉϧ 

ʢʽʣʪʪʽ256 ש ʙʠʪ̔ʥ ʝʥʛʽʟʝʜʽ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽש  
)q(

O
)2(

O
)1(

O T,,...T,T ʰʠʬʨʣʘʫʳ ʦʨʳʥʜʘʣʘʜʳ. N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨסʘ 

ʩʠʥʭʨʦʧʦʩʳʣʢʘ ʝʥʛʽʟʽʣʝʜʽ, ʞᴅʥʝ ʰʠʬʨ ʛʘʤʤʘʩʳʥʳש q ʙʣʦʢʪʘʨʳʥ ᴇʥʜʽʨʫ 

ʧʨʦʮʝʩʩʽ ʦʨʳʥʜʘʣʘʜʳ  

 
)q(

ʐ
)2(

ʐ
)1(

ʐ ɻ,...,ɻ,ɻ . 

 

 ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ 
)q(

ʐ
)2(

ʐ
)1(

ʐ ʊ,...,ʊ,ʊ  ʩʫʤʤʘʪʦʨ CM5 

ʨʘʟʨʷʜʪʘʨʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʰʠʬʨ ʛʘʤʤʘʩʳʤʝʥ 
)q(

ʐ
)2(

ʐ
)1(

ʐ ɻ,...,ɻ,ɻ  
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 ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ ץʦʩʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʰʳץ

)T,,...T,T(ʊ )q(
O

)2(
O

)1(
Oʆ=  ʘʣʳʥʘʜʳ, ʙײʣ ʞʝʨʜʝ 

)q(
OT  ʤʘʟʤײʥʳʥʜʘ 64 

ʨʘʟʨʷʜʪʘʥ ʘʟ ʨʘʟʨʷʜ ʙʦʣʫ ʤװʤʢʽʥ.  

 

7.5. ɻʆʉʊ 28147-89 ʂɽʈɯ ɹɸʁʃɸʅʓʉʓ ɹɸʈ ɻɸʄʄɸʃɸʋ  

ʈɽɾʀʄɯʅɼɽ ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋ 

 

7.5.1. ɻʆʉʊ 28147-89 ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ 

ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝʩʽʥʽײץ שʨʳʣʳʤʳ 

 

 ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʞʘʣʧʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʪʝʢ ʙᴇʣʝʢ 

ʙʣʦʢʪʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ (7.7 ʩʫʨʝʪ). 

 

 
 

7.7 ʩʫʨʝʪ - ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʩײʣʙʘʩʳ 

  

 ʉײʣʙʘ ʙʦʡʳʥʰʘ ʙʝʣʛʽʣʝʨ: 

 - N1, N2  32-ʨʘʟʨʷʜʪʳ ʞʠʥʘץʪʘʫʳʰʪʘʨ; 

 - CM1   2
32

 ( ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ ʩʫʤʤʘʪʦʨʣʘʨ; 

 - CM2 ʞᴅʥʝ CM5  2 (Ä) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ ʩʫʤʤʘʪʦʨʣʘʨ; 

 - CM4  2
32
ï1 ( ) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 32-ʨʘʟʨʷʜʪʳ ʩʫʤʤʘʪʦʨ; 

 - R  32-ʨʘʟʨʷʜʪʳ ʜʝʨʝʢʪʝʨʜʽ 11 ʨʘʟʨʷʜץʘ ʩʦʣסʘ (ʞʦסʘʨʳ ʨʘʟʨʷʜʪʘʨ 

ʞʘסʳʥʘ) ʞʳʣʞʳʪʘʪʳʥ ʮʠʢʣʜʳץ ʞʳʣʞʳʪʫ ʨʝʛʠʩʪʨʽ;   
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 - ʂʉϧ  256 ʙʠʪʪʽʢ ʢʽʣʪʪʽ ʩʘץʪʘʫ ײץʨʳʣסʳʩʳ, ʩʝʛʽʟ  32-ʨʘʟʨʷʜʪʳ 

ʞʠʥʘץʪʘʫʰʪʘʨʜʘʥ k0, k1, k2, k3, k4, k5, k6, k7 ʪʫʨʘʜʳ; 

 - ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛ,r ʩʝʛʽʟ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽʥʝʥ ʪʫʨʘʜʳ: S0, S1, S2, S3, 

S4, S5, S6, S7 . 

 

7.5.2. ɻʆʉʊ 28147-89 ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ 

ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 

 ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ 

ʘʩʳʨʘʪʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩײʣʙʘ 7.7 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣ ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʜʳש ʩײʣʙʘʩʳ 7.8 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

7.8 ʩʫʨʝʪ - ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ  

ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ 

 

 64-ʨʘʟʨʷʜʪʳ ʙʣʦʢʪʘʨסʘ ʙᴇʣʽʥʛʝʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ  

)T,,...T,T(ʊ )q(
O

)2(
O

)1(
Oʆ=  ʢʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ 2 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʨʘʟʨʷʜʪʘʨʤʝʥ ʰʠʬʨ ʛʘʤʤʘʩʳʤʝʥ ʐɻ  ʦʩʫ ʞʦʣʤʝʥץ

ʰʠʬʨʣʘʥʘʜʳ. ɻʘʤʤʘ ʐɻ 64 ʙʠʪʪʽʢ ʙʣʦʢʪʘʨʤʝʥ ᴇʥʜʽʨʽʣʝʜʽ   

 

)ɻ,,...ɻ,ɻ(ɻ )q(
ʐ

)2(
ʐ

)1(
ʐʐ = . 
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)q(

ʆʊ ʙʣʦʛʳʥʜʘ ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʘʨ ʩʘʥʳ 64 ʘʟ ʙʦʣʫ ʤװʤʢʽʥ, ʰʠʬʨ 

ʛʘʤʤʘʩʳ ʙʣʦʛʳʥʜʘסʳ 
q)(
ʐɻ ʰʠʬʨʣʘʫ װʰʽʥ ץʦʣʜʘʥʙʘסʘʥ ʙᴇʣʽʛʽʥ ʣʘץʪʳʨʳʧ 

ʪʘʩʪʘʡʜʳ.  

 ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʪʝשʜʽʛʽ ʢʝʣʝʩʽ:  

 
)1(

ʆ
)1(

ʆ
)1(

ʐ
)1(

ʐ T)S
~

(ATɻʊ Ä=Ä= ; 

 

,T)T(AT )i(
ʆ

)1i(
ʐ

)i(
ʐ Ä= -

 i = 2, 3, 4,é, q, 

 

ʙײʣ ʞʝʨʜʝ 
)i(

ʐʊ   hʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש i-ʰ ̔64-ʨʘʟʨʷʜʪʳץ ʙʣʦʛʳ; A(ǒ)  

  .ʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳץ

 ʀʥʪʝʨʘʢʪʠʚʪʽ ʘʣʛʦʨʠʪʤʥʽש ʙʽʨʽʥʰʽ ץʘʜʘʤʳʥʜʘ A(ǒ) ʬʫʥʢʮʠʷʩʳʥʳש 

ʘʨʛʫʤʝʥʪʽ 64-ʨʘʟʨʷʜʪʳ ʩʠʥʭʨʦʧʦʩʳʣʢʘ S
~

,  ʘʣ ʢʝʣʝʩʽ ץʘʜʘʤʜʘʨʜʘ - 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʘʣסʘʰץʳ ʙʣʦʛʳ 
)1i(

ʐʊ
-

.  

 ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʜʫʨʘʩʳ ʢʝʣʝʩʽʜʝʡ ʞװʟʝʛʝ ʘʩʘʜʳ. ʂʉϧ ʢʽʣʪʪʽ256 ש ʙʠʪʽ ʝʥʛʽʟʽʣʝʜʽ. N1 

ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʳʥʘ 64 ʙʠʪʪʝʥ ʪʫʨʘʪʳʥ ʩʠʥʭʨʦʧʦʩʳʣʢʘ 

)S,...,S,S(S
~

6421=  ʝʥʛʽʟʽʣʝʜʽ.  

 N1 ʞᴅʥʝ N2 ʘʣסʘʰץʳ ʤʘʟʤײʥʳ (ʩʠʥʭʨʦʧʦʩʳʣʢʘ) ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ 

ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʥʘʜʳ. N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʳʥʳש ʤʘʟʤײʥʳʥ 

ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ 64-ʨʘʟʨʷʜʪʳ ʙʣʦʢ ʰʠʬʨ ʛʘʤʤʘʩʳʥ ײץʨʘʜʳ 

 

)S
~

(Aɻ )1(
ʐ = , 

 

ʦʣ CM5 ʩʫʤʤʘʪʦʨʳʥʜʘ ʨʘʟʨʷʜʪʘʨʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש 

ʙʽʨʽʥʰʽ 64-ʨʘʟʨʷʜʪʳ ʙʣʦʛʳʤʝʥ ץʦʩʳʣʘʜʳ   

 

)t,t...,,t,t,t(ʊ )1(
64

)1(
63

)1(
3

)1(
2

)1(
1

)1(
ʆ = . 

 

 ʅᴅʪʠʞʝʩʽʥʜʝ ʙʽʨʽʥʰʽ 64-ʨʘʟʨʷʜʪʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʘʣʘʜ :r 

 

),...,,,,(ɻʊʊ )1(
64

)1(
63

)1(
3

)1(
2

)1(
1

)1(
ʐ

)1(
ʆ

)1(
ʐ ttttt=Ä= . 

 

 ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ 
)1(

ʐʊ  ʙʽʨʫʘץʳʪʪʘ ʰʠʬʨ ʛʘʤʤʘʥʳש 
)2(

ʐɻ  

ʝʢʽʥʰʽ ʙʣʦʛʳʥ ᴇʥʜʽʨʫ װʰʽʥ N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʘʣסʘʰץʳ ʢװʡʽ 
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ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʢʝʨʽʙʘʡʣʘʥʳʩ ʙʦʡʳʥʰʘ 
)1(

ʐʊ ʢᴇʨʩʝʪʽʣʛʝʥ N1 

ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʳʥʘ ʞʘʟʳʣʘʜʳ.  

 N1 ʞʠʥʘץʪʘʫʳʰʪʳש ʤʘʟʤײʥʳ: 

 

),...,,,,(N )1(
2

)1(
1

)1(
30

)1(
31

)1(
321 ttttt= , 

 

ʘʣ N2 ʞʠʥʘץʪʘʫʳʰʪʳש ʤʘʟʤײʥʳ: 

 

),...,,,,(N )1(
33

)1(
34

)1(
62

)1(
63

)1(
642 ttttt= . 

 

 N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʤʘʟʤײʥʳ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ 

ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʥʘʜʳ. N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʤʘʟʤײʥʳʥ 

ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ 64-ʭ ʨʘʟʨʷʜʪʳ ʙʣʦʢ ʰʠʬʨ ʛʘʤʤʘʩʳ 
)2(

ʐɻ , 

ʦʣ ʩʫʤʤʘʪʦʨ CM5 ʨʘʟʨʷʜʪʘʨʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש 

ʝʢʽʥʰʽ ʙʣʦʛʳʤʝʥ 
)2(

ʆʊ   ʦʩʳʣʘʜʳץ

 

)ʊ)T(Aɻʊʊ )2(
ʆ

)1(
ʐ

)2(
ʐ

)2(
ʆ

)2(
ʐ Ä=Ä= . 

 

 ʐʠʬʨ ʛʘʤʤʘʥʳש 
)i(

ʐɻ  ʢʝʣʝʩʽ ʙʣʦʢʪʘʨʳʥʳץ שʘʣʳʧʪʘʩʳʨʳʣʫʳ ʞᴅʥʝ 

ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש 
)i(

OT  ʩᴅʡʢʝʩ ʙʣʦʢʪʘʨʳʥ ʰʠʬʨʣʘʫ ʘʣʜʳʥסʳʜʘʡ 

ʦʨʳʥʜʘʣʘʜʳ.  

 ɽʛʝʨ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש 
)q(

OT ʩʦʥסʳ q-ʰʽ ʙʣʦʛʳʥʳײ שʟʳʥʜʘסʳ 64-

ʨʘʟʨʷʜʪʘʥ ʢʽʰʽ ʙʦʣʩʘ, ʦʥʜʘ ʰʠʬʨ ʛʘʤʤʘʥʳש  
)i(

ʐɻ  ʪʝʢ ʩᴅʡʢʝʩ ʨʘʟʨʷʜʪʘʨ 

  .ʪʳʨʳʧ ʪʘʩʪʘʡʜʳץʘʥʜʘʨʳʥ ʣʘסʘʣץ ,ʦʣʜʘʥʳʣʘʜʳץ

 ɹʘʡʣʘʥʳʩ ʘʨʥʘʩʳʥʘ ʥʝʤʝʩʝ ɸɽʄ ʞʘʜʳʩʳʥʘ ʩʠʥʭʨʦʧʦʩʳʣʢʘ S
~
ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ ʞʽʙʝʨʽʣʝʜʽ  

 

)ʊ,ʊ...,,ʊ,ʊ,ʊ(ʊ )q(
ʐ

)1q(
ʐ

)3(
ʐ

)2(
ʐ

)1(
ʐʐ

-= . 

 

7.5.3. ɻʆʉʊ 28147-89 ʢʝʨʽ ʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ 

ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

 

 ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

ʢʝʟʽʥʜʝ ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩײʣʙʘʩʳ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽʥʜʝʡ 

ʙʦʣʘʜʳ (7.7.ʩʫʨʝʪʽʥʝ ץʘʨʘשʳʟ). ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש 

  .ʣʙʘʩʳ 7.9 ʩʫʨʝʪʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥײʩ ץʨʳʣʳʤʜʳײץ
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7.9 ʩʫʨʝʪ - ʂʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ 

ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ 

 

 ʂʝʨʽʰʠʬʨʣʘʫ ʪʝשʜʽʛʽ: 

 
)1(

ʐ
)1(

ʐ
)1(

ʐ
)1(

ʆ ʊɻT)S
~

(Aʊ Ä=Ä= ; 

 
)i(

ʐ
)i(

ʐ
)i(

ʐ
)1i(

ʐ
)i(

ʆ ʊɻT)T(AT Ä=Ä= -
, i = 2, 3, é, q. 

 

 ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ץʘʪʳʥʘʩʪʘʨʜʘʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʪʝʢ 

ʩʠʥʭʨʦʧʦʩʳʣʢʘ ʙʘʨ ʢʝʟʜʝ ʤװʤʢʽʥ ʝʢʝʥʽ ʢᴇʨʽʥʽʧ ʪײʨ, ʦʣ ʰʠʬʨʜʳײץ שʧʠʷ 

ʵʣʝʤʝʥʪʽ ʝʤʝʩ ʞᴅʥʝ ɸɽʄ ʞʘʜʳʩʳʥʜʘ ʩʘץʪʘʣʫ ʥʝʤʝʩʝ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʤʝʥ ʙʽʨʛʝ ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳʤʝʥ ʞʠʙʝʨʽʣʫ ʤװʤʢʽʥ. 

 ʂʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ץʘʨʘʩʪʳʨʘʤʳʟ. ʂʉϧ 

ʢʽʣʪʪʽ256 ש ʙʠʪ̔ ʝʥʛʽʟʽʣʝʜʽ, ʦʥʳץ ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ 
)q(

O
)2(

O
)1(

O T,,...T,T ʰʠʬʨʣʘʫ ʦʨʳʥʜʘʣʘʜʳ. N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨסʘ 

ʩʠʥʭʨʦʧʦʩʳʣʢʘ S
~
ʝʥʛʽʟʽʣʝʜʽ. N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʘʣסʘʰץʳ 

ʤʘʟʤײʥʳ (ʩʠʥʭʨʦʧʦʩʳʣʢʘ S
~

 ʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝץ (

ʰʠʬʨʣʘʥʘʜʳ. 

 ʐʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ N1 ʞᴅʥʝ N2 ʤʘʟʤײʥʳ ʰʠʬʨ ʛʘʤʤʘʥʳש 

ʙʽʨʽʥʰʽ ʙʣʦʛʳʥ ײץʨʘʜʳ 
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)S
~

(Aɻ )1(
ʐ = , 

 

ʦʣ ʩʫʤʤʘʪʦʨ CM5  ʨʘʟʨʷʜʪʘʨʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ 

ʙʣʦʛʳʤʝʥ 
)1(

ʐʊ  ʙʽʨʽʥʰʽ ʙʣʦʛʳʥ שʜʝʨʝʢʪʝʨʜʽ ץʦʩʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʰʳץ

ʘʣʘʤʳʟ 

 
)1(

ʐ
)1(

ʐ
)1(

ʆ ʊɻʊ Ä= . 

 

 ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ 
)1(

ʐʊ ʰʠʬʨ ʛʘʤʤʘʩʳʥʳש 
)2(

ʐɻ ʝʢʽʥʰʽ 

ʙʣʦʛʳʥ ᴇʥʜʽʨʫ װʰʽʥ N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʳʥʳש ʘʣסʘʰץʳ ʤʘʟʤײʥʳ 

ʙʦʣʘʜʳ 

)T(Aɻ )1(
ʐ

)2(
ʐ = . 

 

 N1 ʞᴅʥʝ N2 ʞʠʥʘץʪʘʫʳʰʪʘʨʜʳש ʘʣʳʥסʘʥ ʤʘʟʤײʥʳ ץʘʨʘʧʘʡʳʤ 

ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʥʘʜʳ. ʐʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʙʣʦʢ 
)2(

ʐɻ ʩʫʤʤʘʪʦʨ CM5 ʨʘʟʨʷʜʪʘʨʤʝʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽש ʝʢʽʥʰʽ ʙʣʦʛʳʤʝʥ 
)2(

ʐʊ  ץʦʩʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʰʳץ

ʜʝʨʝʢʪʝʨʜʽש ʝʢʽʥʰʽ ʙʣʦʛʳʥ ʘʣʘʜʳ 
)2(

Oʊ . ʊײʨʘ ʩʦʣʘʡ N1 ʞᴅʥʝ N2 ʪʽʟʙʝʢʪʽ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ ʞʘʟʘʜʳ  

 
)q(

ʐ
)1q(

ʐ
)4(

ʐ
)3(

ʐ
)2(

ʐ ʊ,ʊ...,,ʊ,ʊ,ʊ -
, 

 

ʦʣʘʨʜʘʥ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨ ʛʘʤʤʘʥʳש ʙʣʦʢʪʘʨʳ 
)q(

ʐ
)4(

ʐ
)3(

ʐ ɻ,,...ɻ,ɻ  ᴇʥʜʽʨʽʣʝʜʽ. 

 ʐʠʬʨ ʛʘʤʤʘʥʳש ʙʣʦʢʪʘʨʳ CM5 ʩʫʤʤʘʪʦʨʳʥʜʘ ʨʘʟʨʷʜʪʘʨʤʝʥ 2 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʤʝʥ ץʦʩʳʣʘʜʳ  

 
)q(

ʐ
)1q(

ʐ
)4(

ʐ
)3(

ʐ ʊ,ʊ...,,ʊ,ʊ -
. 

 

 ʅᴅʪʠʞʝʩʽʥʜʝ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥ 
)3(

OT , 
)4(

OT ,é, 
)q(

OT ʘʣʘʜʳ, 

ʞᴅʥʝ ʜʝ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʩʦסשʳ ʙʣʦʛʳʥʜʘ 
)q(

ʆʊ  64 ʨʘʟʨʷʜʪʘʨʜʘʥ ʘʟ ʙʦʣʫ 

ʤװʤʢʽʥ.  
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7.6. ɻʆʉʊ 28147-89 ʀʄʀʊʆɽʅɼɯʈʄɽʅɯ ױפʈʋ ʈɽɾʀʄɯʅɼɽ 

ɼɽʈɽʂʊɽʈɼɯ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ʊתʈʃɽʅɼɯʈʋ 

 

 ʀʤʠʪʦʝʥʜʽʨʤʝ   L ʙʠʪʪʝʥ ʪײʨʘʪʳʥ ʙʣʦʢ, ʘʣ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʝʥ ʢʽʣʪʪʽ 

 ʘʥסʦʣʜʘʥʳʧ ʘʨʥʘʡʳ ʝʨʝʞʝʤʝʥ ᴇʥʜʽʨʽʣʝʜʽ ʞᴅʥʝ ʩʦʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʘʥץ

ʜʝʨʝʢʪʝʨʛʝ ץʦʩʳʣʘʜʳ ʦʣʘʨʜʳש ʠʤʠʪʦϨʦʨϤʘʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ.  

 ʀʤʠʪʦϨʦʨϤʘʫ  ʙײʣ ʰʠʬʨʣʘʥסʘʥ ʙʘʡʣʘʥʳʩʪ ʞװʡʝʩʽʥ ʞʘʣסʘʥ ʜʝʨʝʢʪʝʨʜʽ 

ʪr   .ʘʫסʦʨץ ʧʘʣʘʫʜʘʥץ

 ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʳʥʜʘ ʠʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʧʨʦʮʝʩʩʽ 

ʘʥʳץʪʘʣʘʜʳ, ʦʣ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʢʝʟ ʢʝʣʛʝʥ ʨʝʞʠʤʽ װʰʽʥ ʙʽʨʜʝʡ. 

ʀʤʠʪʦʝʥʜʽʨʤʝ ʀL ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘʥ ʙʘʨʣʳץ ʭʘʙʘʨʜʳ ʰʠʬʨʣʘʫʜʳש 

ʘʣʜʳʥʜʘ ʥʝʤʝʩʝ ʙʣʦʢʪʘʨʤʝʥ ʰʠʬʨʣʘʫʤʝʥ ץʘʪʘʨ ᴇʥʜʽʨʽʣʝʜʽ. 

ʀʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫʛʝ ץʘʪʳʩʘʪʳʥ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ 

ʙʣʦʢʪʘʨʳʥʜʘ ץʳʟʤʝʪʪʽ ʘץʧʘʨʘʪ ʙʦʣʫ ʤװʤʢʽʥ (ʤʳʩʘʣʳ, ʤʝʢʝʥʞʘʡʣʳץ ʙᴇʣʽʤ, 

ʫʘץʳʪ, ʩʠʥʭʨʦʧʦʩʳʣʢʘ) ʞᴅʥʝ ʦʣʘʨ ʰʠʬʨʣʘʥʙʘʫ ʤװʤʢʽʥ.  

 L ʧʘʨʘʤʝʪʨʽʥʽש ʤᴅʥʽ (ʠʤʠʪʦʝʥʜʽʨʤʝʜʝ ʝʢʽʣʽʢ ʨʘʟʨʷʜʪʘʨ ʩʘʥʳ) ʞʘʣסʘʥ 

ʢʝʜʝʨʛʽʣʝʨʜʽ ʪʳץʧʘʣʘʫ ʳץʪʠʤʘʣʜʳסʳ Pʃʇ = 2
ⱷL

 ʪʝש ʝʢʝʥʽʥ ʝʩʝʧʢʝ ʘʣʳʧ, 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʘʜʳ.  

 ʀʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʨʝʞʠʤʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ 

ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʞʘʣʧʳ ʢʨʠʧʪʦʞװʡʝ ʙʣʦʢʪʘʨʳʥʳש ʪʝʢ 

ʙᴇʣʽʢʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ (7.10 ʩʫʨʝʪ). 

 

 
7.10 ʩʫʨʝʪ - ʀʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʨʝʞʠʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʩײʣʙʘʩʳ 

 

 ɹײʣ ʨʝʞʠʤ ʞʘʣʧʳץʘʙʳʣʜʘʥסʘʥ ʤʘסʳʥʘʜʘ ʰʠʬʨʣʘʫ ʨʝʞʠʤʽ ʙʦʣʤʘʡʜʳ. 

ʀʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʨʝʞʠʤʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʫʜʝ ʙʘʨʣʳץ ʘʰʳץ ʞᴅʥʝ 

ʢʽʣʪʪʽʢ ʜʝʨʝʢʪʝʨʜʝʥ ʪᴅʫʝʣʜʽ ʢʝʡʙʽʨ ץʦʩʳʤʰʘ ʙʣʦʢ ײץʨʳʣʘʜʳ. ɹʝʨʽʣʛʝʥ ʙʣʦʢ 
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ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʟʜʝʡʩʦץ ʥʝʤʝʩʝ ᴅʪʝʡʽ ᴇʟʛʝʨʪʽʣʤʝʛʝʥʽʥ ʪʝʢʩʝʨʫ 

 ʰʽʥ ʝʨʝʢʰʝװ ʣ ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫײʦʣʜʘʥʳʣʘʜʳ. ɹץ ʰʽʥװ

ʤʘשʳʟʜʳ, ʩʝʙʝʙʽ ץʘʩץʦʡ ʢʽʣʪʪʽ ʙʽʣʤʝʡ ʥʘץʪʳ ʙʠʪʪʝʨʜʽ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ; ʙʽʨʘץ 

ʝʛʝʨ ʞʽʙʝʨʽʣʝʪʽʥ ʜʝʨʝʢʪʝʨʜʝ ʘʨʪʳץ ʘץʧʘʨʘʪ ʙʦʣʤʘʩʘ ʙʘʩץʘ ʨʝʞʠʤʜʝʨʜʝ 

ʳץʪʠʤʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʘʥʳץʪʘʫסʘ ʙʦʣʤʘʡʜʳ.  

 ʀʤʠʪʦʝʥʜʽʨʤʝ ʪʝʢ ʝʛʝʨ 64 ʙʠʪʪʝʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ ʝʢʽʜʝʥ ʘʟ 

ʙʦʣʤʘʩʘ סʘʥʘ ᴇʥʜʽʨʽʣʝʜʽ.  

 ɻʆʉʊ 28147-89 ʠʤʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 7.11 

ʩʫʨʝʪʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 
 

7.11 ʩʫʨʝʪ - ɻʆʉʊ 28147-89 ʠʤʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʨʝʞʠʤʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 

 

 ʀʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ װʰʽʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ 64-ʨʘʟʨʷʜʪ r ʙʣʦʢʪʘʨ 

ʪʽʟʙʝʛʽ ʪװʨʽʥʜʝ ʙʝʨʽʣʝʜʽ 
)i(

OT , i = 1,2,é,q. 

 ʂʽʣʪʪʽʢ ʩʘץʪʘʫ ײץʨʳʣסʳʩʳʥʘ (ʂʉϧ) ʢʽʣʪʪʽש ʂ 256 ʙʠʪʳʥ ʝʥʛʽʟʝʜʽ.  

 ɸʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳ 
)1(

OT  N1 ʞᴅʥʝ N2 ʨʝʛʠʩʪʨʣʝʨʽʥʝ 

ʞʘʟʳʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ  ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫʜʳש 

ʙʽʨʽʥʰʽ 16 ʮʠʢʣʳʥʘ ʩᴅʡʢʝʩ )(A
~
¶ʪװʨʣʝʥʜʽʨʫʽ ʦʨʳʥʜʘʣʘʜʳ.  
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 16 ʮʠʢʣʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ 64-ʨʘʟʨʷʜʪʳ ʩʘʥ )T(A
~ )1(

ʆ  2 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽʥʰʽ ʙʣʦʛʳʤʝʥ 
)2(

OT  ʦʩʫפ .ʦʩʳʣʘʜʳץ

ʥᴅʪʠʞʝʩʽ (
)2(

ʆ
)1(

ʆ ʊ)T(A
~

Ä ʘʡʪʘʜʘʥ )(Aץ (
~
¶ʪװʨʣʝʥʜʽʨʽʣʝʜʽ. 

 ɸʣʳʥסʘʥ 64-ʨʘʟʨʷʜʪʳ ʩʘʥʜʳ ))ʊ)T(A
~

(A
~ )2(

ʆ
)1(

ʆ Ä  2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽװ שʰʽʥʰʽ ʙʣʦʛʳʤʝʥ 
)3(

OT ʘʡʪʘʜʘʥ )(Aץ ʦʩʘʜʳ ʞᴅʥʝץ
~
¶ 

ʪװʨʣʝʥʜʽʨʽʧ, 64-ʨʘʟʨʷʜʪʳʩʘʥʜʳ 

 

)T)ʊ)T(A
~

(A
~

(A
~ )3(

ʆ
)2(

ʆ
)1(

ʆ ÄÄ , 

 

ʘʣʘʜʳ ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ. 

 ʉʦʥסʳ ʙʣʦʢ 
)q(

OT  ʘ ʜʝʡʽʥץʨʘʟʨʷʜʪʳ ʙʣʦʢ-64 ץʘʞʝʪ ʙʦʣʩʘ ʪʦʣʳץ)

ʥᴇʣʜʝʨʤʝʥ ʪʦʣʳץʪʳʨסʘʥ) 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ qⱷ1 ץʘʜʘʤʳʥʜʘ ʦʨʳʥʜʘʣסʘʥ 

ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽʤʝʥ ץʦʩʳʣʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ץʘʨʘʧʘʡʳʤ ʘʫʳʩʪʳʨʫ 

ʨʝʞʠʤʽʥʜʝ )(A
~
¶ʪװʨʣʝʥʜʽʨʫʽʥ ץʦʣʜʘʥʳʧ ʰʠʬʨʣʘʥʘʜʳ.  

 ɸʣʳʥסʘʥ 64-ʨʘʟʨʷʜʪʳ ʩʘʥʥʘʥ ײʟʳʥʜʳסʳ L װʣʢʝʥ (ʩʦʣ ʞʘץ) ʙʠʪ (ʙʽʨʜʝʥ 

ʘʟ ʝʤʝʩ ʞᴅʥʝ 64 ʙʠʪʪʝʥ װʣʢʝʥ ʝʤʝʩ) װʟʜʽʢʩʽʟ ʀL (ʠʤʠʪʦʝʥʜʽʨʤʝʥʽ) ʢʝʩʽʥʜʽʩʽʥ 

ʪʘשʜʘʡʜʳ  

 

))16(a),...,16(a),16(ʘ(ʀ )q(
32

)q(
2L32

)q(
1L32L +-+-= , 

 

ʙײʣ ʞʝʨʜʝ )16(ʘ )q(
i   )(A

~
¶ ʪװʨʣʝʥʜʽʨʫʜʽש ʦʥ ʘʣʪʳʥʰʳ ʩʦסשʳ ʮʠʢʣʳʥʘש 

ʢʝʡʽʥ ʘʣʳʥסʘʥ 64- ʨʘʟʨʷʜʪʳ ʩʘʥʥʳש i-ʰ ̔ʙʠʪ̔ 32ïL+1 Ò i Ò 32. 

 ʀʤʠʪʦʝʥʜʽʨʤʝ ʀP ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳʥʜʘ ʥʝʤʝʩʝ ɸɽʄ ʞʘʜʳʩʳʥʘ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʩʦשʳʥʜʘ ʞʽʙʝʨʽʣʝʜʽ, ʷסʥʠ  

 

L
)q(

ʐ
)1q(

ʐ
)3(

ʐ
)2(

ʐ
)1(

ʐ ʀ,ʊ,ʊ...,,ʊ,ʊ,ʊ -
. 

 

  ʘʥ ʜʝʨʝʢʪʝʨסʘ ʢʝʣʛʝʥ ʰʠʬʨʣʘʥסʘʙʳʣʜʘʫʰʳפ 

 
)q(

ʐ
)1q(

ʐ
)3(

ʐ
)2(

ʐ
)1(

ʐ ʊ,ʊ...,,ʊ,ʊ,ʊ -
 

 

ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ, ʞᴅʥʝ ʘʣʳʥסʘʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʥʘʥ 
)q(

ʆ
)1q(

ʆ
)3(

ʆ
)2(

ʆ
)1(

ʆ ʊ,ʊ...,,ʊ,ʊ,ʊ -
 ʪײʨʘ ʩʦʣʘʡ ʠʤʠʪʦʝʥʜʽʨʤʝ ʀ*L ᴇʥʜʽʨʽʣʝʜʽ. 

ɹײʣ ʠʤʠʪʦʝʥʜʽʨʤʝ ʀ*L ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳʥʘʥ ʥʝʤʝʩʝ ɸɽʄ ʞʘʜʳʩʳʥʘʥ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʤʝʥ ʙʽʨʛʝ ʘʣʳʥסʘʥ ʠʤʠʪʦʝʥʜʽʨʤʝʤʝʥ ʀL 
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ʩʘʣʳʩʪʳʨʳʣʘʜʳ. ɽʛʝʨ ʠʤʠʪʦʝʥʜʽʨʤʝʣʝʨ ʩᴅʡʢʝʩ ʢʝʣʤʝʩʝ, ʦʥʜʘ 

ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʢʝʟʜʝ ʘʣʳʥסʘʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ 
)q(

ʆ
)1q(

ʆ
)3(

ʆ
)2(

ʆ
)1(

ʆ ʊ,ʊ...,,ʊ,ʊ,ʊ -
 ʞʘʣסʘʥ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. 

 ʀʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʞײʤʳʩ ʽʩʪʝʫ 

ʨʝʞʠʤʜʝʨʽʥ ץʦʣʜʘʥʫʤʝʥ ʰʠʬʨʣʘʫסʘ ץʘʪʘʨ ʦʨʳʥʜʘʣʫ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʝʩʪʝ 

ʩʘץʪʘʫ ץʘʞʝʪ.  

 

7.7. ɻʆʉʊ 28147-89 פɸʋɯʇʉɯɿɼɯɻɯ 

 

7.7.1. ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽ 

 

 ʅʘץʪʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ ץʦʣʜʘʥʫ װʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʽ 

ʪʘשʜʘʫʜʳש ʘʥʳץʪʘʫ ʬʘʢʪʦʨʳʥʳש ʙʽʨʽ ʦʥʳש ʙʝʨʽʢʪʽʣʽʛʽ, ʷסʥʠ ץʘʩץʦʡʜʳש 

ʦʥʳ ʘʰʫסʘ ץʘʨʩʳ ʪײʨʫ ʙʝʨʽʢʪʽʣʽʛʽ. ʐʠʬʨʜʳש ʙʝʨʽʢʪʽʣʽʛʽ ʪײʨʘʣʳ ʩײʨʘץ ʦʥʳ 

ʞʘץʳʥ ץʘʨʘʩʪʳʨסʘʥʜʘ ʝʢʽ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ ʩײʨʘץʪʘʨסʘ ʘʣʳʧ ʢʝʣʝʜʽ:  

 - ʙʝʨʽʣʛʝʥ ʰʠʬʨʜʳ ʞʘʣʧʳ ʘʰʫסʘ ʙʦʣʘʤʘ; 

 - ʝʛʝʨ ʙʦʣʩʘ, ʪᴅʞʽʨʠʙʝʣʽʢ ʪװʨʜʝ ץʘʥʰʘʣʳץʪʳ ץʳʡʳʥ ʙʦʣʘʜʳ.  

 ɾʘʣʧʳ ʘʰʫסʘ ʤװʤʢʽʥʜʽʛʽ ʞʦץ ʰʠʬʨʣʘʨ ʘʙʩʦʣʶʪʪʽ ʥʝʤʝʩʝ ʪʝʦʨʠʷʣʳϨ 

ʙʝʨʽʢ ʜʝʧ ʘʪʘʣʘʜʳ. ɹײʥʜʘʡ ʰʠʬʨʣʘʨʜʳש ʙʦʣʫʳ ʐʝʥʥʦʥ ʪʝʦʨʝʤʘʩʳʤʝʥ 

ʜᴅʣʝʣʜʝʥʛʝʥ [45], ʙʽʨʘץ ʙײʣ ʙʝʨʽʢʪʽʣʽʢʪʽש ʙʘסʘʩʳ ᴅʨ ʰʠʬʨʣʘʥʘʪʳʥ ʭʘʙʘʨ 

 ʘʪʘʨץʜʘʡʣʘʨʜʘ, ʙʽʨסʞʘ ץʦʣʜʘʥʫ. ɹʘʨʣʳץ ʰʽʥ ʭʘʙʘʨʜʘʥ ʢʽʰʽ ʝʤʝʩ ʢʽʣʪʪʽװ

ʝʨʝʢʰʝ ʞʘסʜʘʡʣʘʨʜʘʥ ʙʘʩץʘ, ʙײʣ ʙʘסʘ ʰʘʤʘʜʘʥ ʪʳʩ, ʩʦʥʜʳץʪʘʥ ʪᴅʞʽʨʠʙʝʜʝ 

ʙʝʨʽʢʪʽʣʽʛʽ ʘʙʩʦʣʶʪʪʽ ʝʤʝʩ ʰʠʬʨʣʘʨʜʳ ץʦʣʜʘʥʘʜʳ. ʉʦʥʳʤʝʥ, ʞʠʽ 

 ʘʡʩʳʩʳץᴅʨ ,ץʪʳʨʘץʳʪ, ʥʘץʣʙʘʣʘʨʳʥ ʰʝʛʽ ʙʘʨ ʫʘײʦʣʜʘʥʘʪʳʥ ʰʠʬʨʣʘʫ ʩץ

ʩʘʥʜʘʨסʘ ʦʨʳʥʜʘʣʘʪʳʥ ʢʝʡʙʽʨ ʦʧʝʨʘʮʠʷ ʙʦʣʘʪʳʥ, ʰʝʛʽ ʙʘʨ ץʘʜʘʤ  ʽʰʽʥʜʝ 

ʘʰʳʣʫ ʤװʤʢʽʥ. ʆʣʘʨ װʰʽʥ ʝש ʤʘשʳʟʜʳ ʤᴅʥʽ ʙʘʨ ʪװʩʽʥʽʢ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʙʝʨʽʢʪʽʣʽʢ, ʦʣʘʨʜʳ ʘʰʫʜʳש ʪᴅʞʨʽʙʝʣʽʢ ץʳʡʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʪʽʥ. ɹײʣ 

 ʘʨʘʧʘʡʳʤץ ʰʽʥ ʦʨʳʥʜʘʣʘʪʳʥװ ᴇʣʰʝʤʽ ʰʠʬʨʜʳ ʘʰʫ ץʩʘʥʜʳ שʪʳץʳʡʳʥʜʳץ

ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ ʙʦʣʫ ʤװʤʢʽʥ, ʷסʥʠ 

ʙʝʨʽʣʛʝʥ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ װʰʽʥ ʙʝʨʽʣʛʝʥ ʰʘʤʘʜʘʥ ʢʽʰʽ ʝʤʝʩ 

ʳץʪʠʤʘʣʜʳץʧʝʥ ʩᴅʡʢʝʩ ʘʰʳץ ʤᴅʪʽʥʜʽ ʘʥʳץʪʘʫ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʰʳʜʘ ʢʝʨʽʰʠʬʨʣʘʥʘʪʳʥ ʤʘʩʩʠʚʢʝ ץʦʩʘ ʘʰʳץ 

ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ ʞᴅʥʝ ʦʣʘʨסʘ ʩᴅʡʢʝʩ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʦʣʫ ʤװʤʢʽʥ 

ʥʝʤʝʩʝ ʦʣ ʪʘשʜʘסʘʥ ʢʝʟ ʢʝʣʛʝʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ װʰʽʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ʙʦʣʫ ʤװʤʢʽʥ. ɾʦסʘʨʳʜʘ 

ʢʝʣʪʽʨʽʣʛʝʥ ʞᴅʥʝ ʙʘʩץʘ ʢᴇʧʪʝʛʝʥ ʰʘʨʪʪʘʨסʘ ʪᴅʫʝʣʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫʜʳש ʙᴇʣʝʢ ʪװʨʣʝʨʽ ʙʘʨ.  

 ɹʘʨʣʳץ ʟʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨ ʂʝʨʢʛʦʬʬʩ ʧʨʠʥʮʠʧʽ 

ʙʦʡʳʥʰʘ ײץʨʳʣסʘʥ, ʷסʥʠ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽײץ שʧʠʷʣʳסʳ ʢʽʣʪʪʽש 

 ץʣ ʢʝʣʝʩʽʥʽ ʙʽʣʜʽʨʝʜʽ: ʝʛʝʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳײʪʘʣʘʜʳ. ɹץʳʤʝʥ ʘʥʳסʧʠʷʣʳײץ

ʪʘʣʜʘʫʰʳסʘ ʘʣʛʦʨʠʪʤʥʽש ᴇʟʽ ʙʝʣʛʽʣʽ ʙʦʣʩʘ ʜʘ, ʦʣ ʭʘʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʡ 

ʘʣʤʘʡʜʳ ʝʛʝʨ ʦʥʳש ʩᴅʡʢʝʩ ʢʽʣʪʽ ʙʦʣʤʘʩʘ. ɽʛʝʨ ʰʠʬʨʜʳ ʘʰʫʜʳש ʙʘʨʣʳץ 
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ʢʽʣʪʪʝʨʜʽש ʢʝשʽʩʪʽʛʽ ʙʦʡʳʥʰʘ ʪʦʣʳץ ʪʘʣʜʘʫ ʪᴅʩʽʣʽʥʝʥ ʙʘʩץʘ ʪʠʽʤʜʽ ʪᴅʩʽʣʽ 

ʙʦʣʤʘʩʘ, ʦʥʜʘ ʰʠʬʨ ʞʘץʩʳ ʞʦʙʘʣʘʥסʘʥ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɻʆʉʊ 28147-89 ʙײʣ 

ʧʨʠʥʮʠʧʢʝ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʳץʪʠʤʘʣʜʳ, ʩʝʙʝʙʽ ʞʳʣʜʘʨ ʙʦʡʳʥʰʘ ʠʥʪʝʥʩʠʚʪʽ 

ʟʝʨʪʪʝʫʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʙʽʨ ʜʝ ʙʽʨ 

ʥᴅʪʠʞʝʣʽ ʪᴅʩʽʣʽ ײʩʳʥʳʣסʘʥ ʞʦץ. ɹʝʨʽʢʪʽʣʽʢ ʙʦʡʳʥʰʘ ʦʣ ʰʠʬʨʣʘʫʜʳש 

ʘʤʝʨʠʢʘʣʳץ ʩʪʘʥʜʘʨʪ DES ʢᴇʧʪʝʛʝʥ ʜᴅʨʝʞʝʛʝ ʞʦסʘʨʳ.  

 ɻʆʉʊ 28147-89 256-ʙʠʪʪʽʢ ʢʽʣʪ ץʦʣʜʘʥʳʣʘʜʳ ʞᴅʥʝ ʢʽʣʪʪʽʢ ʢʝשʽʩʪʽʢ 

ʢᴇʣʝʤʽ  2
256

. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʙʘʨ ʥʝʤʝʩʝ ʘʣʳʩ ʝʤʝʩ ʙʦʣʘʰʘץʪʘסʳ ʫʘץʳʪʪʘ 

ʝʰʙʽʨ ʵʣʝʢʪʨʦʥʜʳ ײץʨʳʣסʳʜʘ ʢᴇʧʪʝʛʝʥ ʞװʟ ʞʳʣʜʘʨʳʥʘʥ ʘʟ ʫʘץʳʪʪʘ ʢʽʣʪʪʽ 

ʘʥʳץʪʘʫסʘ ʙʦʣʤʘʡʜʳ. ɹװʛʽʥʛʽ ʢװʥʜʝʨʽ ʙײʣ ʢʽʣʪ ײʟʳʥʜʳסʳ ʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ װʰʽʥ ʩʪʘʥʜʘʨʪ ʙʦʣʳʧ ץʘʣʜʳ, ʩʦʥʜʳץʪʘʥ 

ɸϧʐ ʞʘשʘ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ ʜʘ ʦʥʳ ץʦʣʜʘʡʜʳ. ɿʘʤʘʥʘʫʠ ʝʩʝʧʪʝʫ 

 ʩʪʘʥʜʘʨʪ DES ץʳ ʘʤʝʨʠʢʘʣʳסʘʨʘʡ ʘʣʜʳʥץ ʤʢʽʥʜʽʢʪʝʨʽʥʝװʤ שʨʘʣʜʘʨʳʥʳײץ

56 ʙʠʪʪʽʢ ʢʽʣʪ ʢᴇʣʝʤʽʤʝʥ ʞᴅʥʝ ʢʽʣʪʪʽʢ ʢʝשʽʩʪʽʛʽ 2
56

 ʞʝʪʢʽʣʽʢʪʽ ʙʝʨʽʢ ʝʤʝʩ. 

ɹײʣ XX סʘʩʳʨʜʳ90 ש-ʰʳ ʞʳʣʜʘʨʳ DES ʪʦʣʳץ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʙʽʨʥʝʰʝ ʨʝʪ 

ʘʰʫʤʝʥ ʜᴅʣʝʣʜʝʥʛʝʥ ʙʦʣʘʪʳʥ. ʆʩʳסʘʥ ץʦʩʘ, DES ʘʨʥʘʡʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫ ʪᴅʩʽʣʜʝʨʽʥʝ ʦʩʘʣ ʙʦʣʳʧʪʳ, ʤʳʩʘʣʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞᴅʥʝ ʩʳʟʳץʪʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ DES ʪᴅʞʽʨʠʙʝʣʽʢ ʝʤʝʩ ʟʝʨʪʪʝʫ ʥʝʤʝʩʝ סʳʣʳʤʠ 

 ᴅʣʩʽʟʜʽʛʽ ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ שʜʳʨʘʜʳ. 1998 ʞʳʣʳ ʦʥʳײʪʳ ʪץʫʰʳʣʳסʳʟʳץ

ʨʝʩʤʠ ʪװʨʜʝ ʤʦʡʳʥʜʘʣʜʳ: ɸϧʐ ױʣʪʪʳץ ʩʪʘʥʜʘʨʪʪʘʨ ʠʥʩʪʠʪʫʪʳ DES 

ʙʦʡʳʥʰʘ װʰʝʩʝʣʽ ʰʠʬʨʣʘʫʜʳ ץʦʣʜʘʥʫʜʳ ײʩʳʥʜʳ. ɸʣ 2001 ʞʳʣʳʥʳש 

ʩʦשʳʥʜʘ ɸϧʐ ʞʘשʘ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ AES ʨʝʩʤʠ ʙʝʢʽʪʽʣʜʽ, ʦʣ ʙʘʩץʘ 

ʧʨʠʥʮʠʧʪʝʨ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ ʞᴅʥʝ ʘʣʜʳʥסʳ ʰʠʬʨʜʳש ʢʝʤʰʽʣʽʢʪʝʨʽʥʝʥ 

ʙʦʩ  [38]. 

 

7.7.2. ɻʆʉʊ 28147-89 ʩᴅʫʣʝʪʽ ʙʦʡʳʥʰʘ ʝʩʢʝʨʪʫʣʝʨ 

 

 ɻʆʉʊ 28147-89 ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ ʙʽʨ ʧʨʠʥʮʠʧʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ 

ʰʠʬʨʣʘʨ ʞʘʥײʷʩʳʥʳש ʤװʰʝʩʽ ʝʢʝʥʽ ʞʘʣʧʳ ʙʝʣʛʽʣʽ. ɽש ʙʝʣʛʽʣʽ ʦʥʳש 

"ʪʫʳʩʳ" ʘʤʝʨʠʢʘʣʳץ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ DES. ʆʩʳ ʙʘʨʣʳץ ʰʠʬʨʣʘʨ 

ɻʆʉʊ 28147-89 ʩʠʷץʪʳ װʰ ʜʝשʛʝʡʣʽ ʘʣʛʦʨʠʪʤʜʝʨʛʝ ʞʘʪʘʜʳ. ʅʝʛʽʟʽʥʜʝ 

ʘʨץʘʰʘʥ ʢʝʡʙʽʨ "ʥʝʛʽʟʛʽ Ϩʘʜʘʤ" ʞʘʪʘʜʳ, ʦʥʳש ʥʝʛʽʟʽʥʜʝ "ʙʘʟʘʣʳϨ ʮʠʢʣʜʘʨ" 

-ʥʝʛʽʟʽʥʜʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʠʤʠ שʨʳʣʘʜʳ, ʞᴅʥʝ ʦʣʘʨʜʳײץ ʩʘʩץײ

ʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳ ײץʨʳʣʘʜʳ. ʉʦʥʳʤʝʥ, ʙײʣ ʞʘʥײʷ ʰʠʬʨ-

ʣʘʨʳʥʳש ʩʧʝʮʠʬʠʢʘʩʳ ʦʥʳש "ʥʝʛʽʟʛʽ Ϩʘʜʘʤʳʥʜʘ", ʜᴅʣʽʨʝʢ ʘʡʪץʘʥʜʘ ʦʥʳש 

ʙᴇʣʽʛʽʥʜʝ.  

 ɻʆʉʊ 28147-89 ץײʩʘʩ ʰʠʬʨʣʘʨ װʰʽʥ "ʢʨʠʧʪʦʪϮʨʣʝʥʜʽʨʫʜʽϬ ʥʝʛʽʟʛʽ 

Ϩʘʜʘʤʜʘʨʳ" ʘʣʛʦʨʠʪʤʜʝʨʽ ʙʽʨʜʝʡ ײץʨʳʣסʘʥ, ʞᴅʥʝ ʙײʣ ʩᴅʫʣʝʪ ʦʥʳ ʙʽʨʽʥʰʽ 

 ʘʪʳʤʝʥ ʌʝʡʩʪʝʣʴʜʽϬ ʪʝϬʛʝʨʽʤʜʽʣʽʥʛʝʥ ʞʝʣʽʩʽ (Balanced שʘʥ ʘʜʘʤʥʳסʩʳʥײ

Feistel Network) ʜʝʧ ʘʪʘʣʘʜʳ [4, 29]. ɼʝʨʝʢʪʝʨʜʽ ʙʽʨ ʮʠʢʣʜʘ ʥʝʤʝʩʝ, ʦʥʳ 

ʘʪʘʫסʘ ץʘʙʳʣʜʘʥסʘʥ, ʨʘʫʥʜʪʘ ʪװʨʣʝʥʜʽʨʫ ʩײʣʙʘʩʳ 7.3 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 ʅʝʛʽʟʛʽ ץʘʜʘʤ ʢʽʨʽʩʽʥʝ ʞײʧ ʢᴇʣʝʤʽ ʙʘʨ ʙʣʦʢ ʙʝʨʽʣʝʜʽ, ʦʥʳװ שʣʢʝʥ ʞᴅʥʝ 

ʢʽʰʽ ʞʘʨʪʳʣʘʨʳ ʙʽʨ ʙʽʨʽʥʝʥ ʶᴇʣʝʢ ᴇשʜʝʣʝʜʽ. ʊװʨʣʝʥʜʽʨʫ ʙʘʨʳʩʳʥʜʘ ʢʽʰʽ 
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ʞʘʨʪʳʩʳ װʣʢʝʥ ʞʘʨʪʳʩʳʥʳש ʦʨʥʳʥʘ ʞʽʙʝʨʽʣʝʜʽ, ʘʣ װʣʢʝʥʽ ʙʠʪʪʽʢ xor 

ʦʧʝʨʘʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ ʢʝʡʙʽʨ ʬʫʥʢʮʠʷʥʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʩʽʤʝʥ 

 ʦʨʥʳʥʘ ʞʽʙʝʨʽʣʝʜʽ. ɸʨʛʫʤʝʥʪ ʨʝʪʽʥʜʝ שʨʘʤʜʳʩʪʳʨʳʣʳʧ ʢʽʰʽ ʞʘʨʪʳʩʳʥʳײץ

ʙʣʦʢʪʳש ʢʽʰʽ ʞʘʨʪʳʩʳʥ ʞᴅʥʝ ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪ ʵʣʝʤʝʥʪʽʥ (X) ץʘʙʳʣʜʘʡʪʳʥ 

ʙײʣ ʬʫʥʢʮʠʷ ʰʠʬʨʜʳש ʤʘʟʤײʥʜʳץ ʙᴇʣʽʛʽ ʙʦʣʘʜʳ ʞᴅʥʝ h ʠʬʨʣʘʫ 

ʬʫʥʢʮʠʷʩʳ ʜʝʧ ʘʪʘʣʘʜʳ. ᴄʨ ʪװʨʣʽ ʦʡʣʘʨʤʝʥ ʰʠʬʨʣʘʥʘʪʳʥ ʙʣʦʢʪʳ ʝʢʽ ʪʝש 

ʞʘʨʪʳסʘ ʙᴇʣʫ ʪʠʽʤʜʽ ʙʦʣʳʧ ʰʳץʪʳ: |N1| = |N2| ï ʦʩʳ ʬʘʢʪ ʩᴅʫʣʝʪ ʘʪʳʥʜʘ 

"ʪʝϬʛʝʨʽʤʜʽʣʽʥʛʝʥ" ʩᴇʟʽʥ ʙʝʡʥʝʣʝʡʜʽ. ʐʠʬʨʣʘʡʪʳʥ ʪʝשʛʝʨʽʤʜʽʣʽʥʙʝʛʝʥ 

ʞʝʣʽʣʝʨʜʽ ʜʝ ץʦʣʜʘʥʘʜʳ, ʙʽʨʘץ ʪʝשʛʝʨʽʤʜʽʣʽʥʛʝʥʛʝ ץʘʨʘסʘʥʜʘ ᴇʪʝ ʩʠʨʝʢ. 

ʆʩʳסʘʥ ץʦʩʘ, ʰʠʬʨʜʳש ʙʝʨʽʢʪʽʣʽʛʽ ʦʡʳʤʝʥ, ʢʽʣʪʪʽʢ ʵʣʝʤʝʥʪ ʢᴇʣʝʤʽ ʙʣʦʢʪʳש 

ʞʘʨʪʳ ʢᴇʣʝʤʽʥʝʥ ʢʽʰʽ ʙʦʣʤʘʫ ʢʝʨʝʢʪʽʛʽʥ ʪʘʣʘʧ ʝʪʝʜʽ: |Ni| Ò |X| ɻʆʉʊ 28147-

89 ʙʘʨʣʳװ ץʰ ʢᴇʣʝʤ 32 ʙʠʪʢʝ ʪʝש. 

 ɽʛʝʨ ʙʘʨʣʳץ ʘʡʪץʘʥʜʳ ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʽש ʥʝʛʽʟʛʽ ץʘʜʘʤ 

ʩײʣʙʘʩʳʥʘ ץʦʣʜʘʥʩʘ, ʦʥʜʘ ʘʣʛʦʨʠʤʥʽ3 ,2 ,1 ש ʙʣʦʢʪʘʨʳ (7.2, ʙ ʩʫʨʝʪʽʥ 

 ʪʘʡʪʳʥʳ, ʘʣ 4 ʞᴅʥʝ 5ץʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳʥ ʝʩʝʧʪʝʫʜʽ ʘʥʳ שʳʟ) ʦʥʳשʘʨʘץ

ʙʣʦʢʪʘʨʳ ʢʽʨʽʩ ʙʣʦʛʳʥʳש ʤʘʟʤײʥʳʥʘ ʞᴅʥʝ ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ ʤᴅʥʽʥʝ 

 ʪʘʡʪʳʥʳץʘʣʳʧʪʘʩʪʳʨʫʳʥ ʘʥʳץ ʳʩ ʙʣʦʛʳʥסʰʳ שʘʜʘʤʥʳץ ʘʨʘʧ ʥʝʛʽʟʛʽץ

ʘʡץʳʥ ʙʦʣʘʜʳ.  

 ɸʣʜʳʥʜʘ DES ʞᴅʥʝ ɻʆʉʊ 28147-89 ʙʝʨʽʢʪʽʣʽʢ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʫ 

ᴇʪʢʽʟʽʣʜʽ, ʝʥʜʽ ʦʣʘʨʜʳ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʘʟʤײʥʳ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʫ 

ʳסשʘʡʣʳסʳ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʘʤʳʟ. ɻʆʉʊ 28147-89 ʰʠʬʨʣʘʫ 

ʮʠʢʣʜʘʨʳʥʜʘ ʥʝʛʽʟʛʽ ץʘʜʘʤ 32 ʨʝʪ ץʘʡʪʘʣʘʥʘʜʳ, DES 16 ʨʝʪ. ɹʽʨʘץ ɻʆʉʊ 

28147-89 ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳʥʳש ᴇʟʽ DES ץʘʨʘסʘʥʜʘ ץʘʨʘʧʘʡʳʤ, DES ᴇʪʝ 

ʢᴇʧ ʞװʡʝʩʽʟ ʘʣʤʘʩʪʳʨʫʣʘʨ ʙʘʨ. ɹײʣ ʦʧʝʨʘʮʠʷʣʘʨ ʟʘʤʘʥʘʫʳ 

ʤʘʤʘʥʜʳʨʳʣʤʘסʘʥ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ᴇʪʝ ʪʠʽʤʩʽʟ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɻʆʉʊ 

28147-89 ʦʥʜʘʡ ʦʧʝʨʘʮʠʷʣʘʨ ʞʦץ, ʩʦʥʜʳץʪʘʥ ʦʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ 

ʘʩʳʨʫ װʰʽʥ ʳסשʘʡʣʳ.  

 Intel x86 ʧʣʘʪʬʦʨʤʘʩʳ װʰʽʥ DES ʙʽʨ ʜʝ ʙʽʨ ʞװʟʝʛʝ ʘʩʳʨʫʳ ɻʆʉʊ 

28147-89 ʞװʟʝʛʝ ʘʩʳʨʫʳʥʳש ᴇʥʽʤʜʽʣʽʛʽʥʽש ʞʘʨʪʳʩʳʥʘ ʜʘ ʞʝʪʧʝʡʜʽ, ʮʠʢʣʳ 

ʝʢʽ ʝʩʝ ץʳʩץʘ ʙʦʣʩʘʜʘ. ɾʦסʘʨʳʜʘ ʘʡʪץʘʥʥʳש ʙᴅʨʽ ɻʆʉʊ 28147-89  

 ,ʘʥʳʥסʪʘʨʳʥ ʝʩʝʧʢʝ ʘʣץʰʳʣʳץʨʫʰʳʣʘʨʳ DES ʢʝʤʰʽʣʽʢʪʝʨʽ ʤʝʥ ʘʨʪʳײץ

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʘסʳʤʜʘסʳ ʞᴅʥʝ ʙʦʣʘʰʘץ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʙʘסʘʣʘסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ.  ʐʠʬʨʣʘʨʜʳש ʞװʟʝʛʝ 

ʘʩʳʨʫʣʘʨʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʩʘʣʳʩʪʳʨʫ ʢʝʟʽʥʜʝ DES ʥʝʛʽʟ ʨʝʪʽʥʜʝ ʘʣʫ 

ʘʢʪʫʘʣʜʳ ʝʤʝʩ. ɸϧʐ ʞʘשʘ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳʥʳש ʪʠʽʤʜʽʣʽʛʽ ʙʦʡʳʥʰʘ 

ʞʘסʜʘʡʳ ʞʘץʩʳ: AES ʰʠʬʨʳʥʜʘ ɻʆʉʊ 28147-89 ʢʽʣʪ ʢᴇʣʝʤʽ 256 ʙʠʪ ʙʨ̔ʜʝʡ 

ʙʦʣʩʘ ʜʘ, ʦʣ ʰʘʤʘʤʝʥ 14% ʞʳʣʜʘʤʳʨʘץ ʞײʤʳʩ ʽʩʪʝʡʜʽ - ʝʛʝʨ 

ʵʣʝʤʝʥʪʘʨʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳʤʝʥ ʩʘʣʳʩʪʳʨʩʘ. ʆʩʳסʘʥ ץʦʩʘ, ɻʆʉʊ 

 ʤʢʽʥʜʽʢʪʝʨ ʢᴇʧ. ʂʝʡʙʽʨװʘ ʙʦʣʤʘʡʜʳ, ʘʣ AES ʦʥʜʘʡ ʤסʘʪʘʨʣʘʫץ 28147-89

ʩᴅʫʣʝʪʪʝʨʜʝ AES ʙײʣ ʘʨʪʳץʰʳʣʳסʳ ʘʟ ʙʦʣʫ ʤװʤʢʽʥ, ʙʘʩץʘʣʘʨʜʘ ï ʢᴇʧ. 

ʄʳʩʘʣʳ, Intel Pentium ʧʨʦʮʝʩʩʦʨʽʥʜʝ ʦʣ  28% ʜʝʡʽʥ ʞʝʪʝʜʽ. ʊʦʣʳסʳʨʘ1] ץ, 

7, 13, 38, 47] ʪʘʙʫסʘ ʙʦʣʘʜʳ. 
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7.7.3. ɻʆʉʊ 28147-89 ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪ ʩʘʧʘʩʳʥʘ ץʦʡʳʣʘʪʳʥ  

ʪʘʣʘʧʪʘʨ ʞᴅʥʝ ʢʽʣʪ ʢᴇʟʜʝʨʽ 

 

 ʐʠʬʨ ʢʽʣʪʪʝʨʽ ʞᴅʥʝ ʘʫʳʩʪʳʨʫ ʢʝʩʪʝʣʝʨʽʥʽש ʙʘʨʣʳסʳ ʝʤʝʩ ʰʠʬʨʜʳש 

ʤʘʢʩʠʤʘʣʜʳ ʙʝʨʽʢʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ. ᴄʨ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ װʰʽʥ 

ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪʪʳ ʙʘסʘʣʘʫʜʳש ᴇʟʽʥʽש ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, DES 

ʘʣʛʦʨʠʪʤʽʥʜʝ ϸʣʩʽʟ ʢʽʣʪʪʝʨ ʙʘʨ ʝʢʝʥʽ ʙʝʣʛʽʣʽ, ʦʣʘʨʜʳ ץʦʣʜʘʥʫ ʢʝʽʥʜʝ ʘʰʳץ 

ʞᴅʥʝ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʞʝʪʢʽʣʽʢʪʽ 

  .ʘ ʙʦʣʘʜʳסʘʡ ʘʰʫשʘʣʘʥʙʘʡʜʳ, ʞᴅʥʝ ʰʠʬʨʜʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʦץʘʣץ

 ɻʆʉʊ 28147-89 ʢʽʣʪʪʝʨ ʞᴅʥʝ ʢʝʩʪʝʣʝʨ ʩʘʧʘʩʳ ʪʫʨʘʣʳ ʢʨʠʪʝʨʠʡʣʝʨ ʩʫ-

ʨʘסʳʥʘ ʪʦʣʳץ ʞʘʫʘʧʪʳ ʝʛʝʨ ʘʣʫסʘ ʙʦʣʩʘ ʜʘ, ʦʣ ʪʝʢ ʘʣʛʦʨʠʪʤʤ 

 ,ץʘʥ. ɹʽʨʘסʘʨʳʣʤʘסʘ ʰʳסʙʘʩʳʣʳʤ ץʨʫʰʳʣʘʨʜʘʥ. ʉᴅʡʢʝʩ ʜʝʨʝʢʪʝʨ ʘʰʳײץ

ʦʨʥʘʪʳʣסʘʥ ʝʨʝʞʝ ʙʦʡʳʥʰʘ ʛʨʠʬʳ ʙʘʨ ʘץʧʘʨʘʪʪʳ ʰʠʬʨʣʘʫ װʰʽʥ, ʫᴅʢʽʣʝʪʪʽ 

 ʣ ʢʽʣʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽײʘʞʝʪ. ɹץ ʦʣʜʘʥʫץ ʘʥ ʢʽʣʪʪʽʢ ʜʝʨʝʢʪʝʨסʡʳʤʥʘʥ ʘʣʳʥײ

çϸʣʩʽʟʜʽʢʢʝè ʪʝʢʩʝʨʝʪʽʥ ᴅʜʽʩʪʝʤʝʣʝʨʜʽש ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ɽʛʝʨ ɻʆʉʊ 

28147-89 ᴅʣʩʽʟ ʢʽʣʪʪʝʨʜʽש ʙʘʨ ʙʦʣʫʳ ï ʩʫʨʘץ ʙʦʣʩʘ, ʦʥʜʘ ᴅʣʩʽʟ ʘʫʳʩʪʳʨʫ 

ʙײʳʥʜʘʨʳ ʙʘʨ ʙʦʣסʘʥʳ ʢװʤᴅʥ ʪײʜʳʨʤʘʡʜʳ. çʊʘʧʪʘʫʨʳʥè ʘʫʳʩʪʳʨʫ 

ʢʝʩʪʝʩʽ, ʦʥʳ ץʦʣʜʘʥסʘʥʜʘ ʢʝʟ ʢʝʣʛʝʥ ʤᴅʥ ᴇʟʽʥʝ ʘʫʳʩʘʪʳʥ ʙʦʣʩʘ, ᴇʪʝ ᴅʣʩʽʟ 

ʙʦʣʘʪʳʥʳ ʘʡץʳʥ. ʆʥʳ ץʦʣʜʘʥʩʘ, ʢʽʣʪ ץʘʥʜʘʡ ʙʦʣʩʘ ʜʘ ʰʠʬʨʜʳ ʪʝʟ ʙײʟʫסʘ 

ʙʦʣʘʜʳ.  

 ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪʪʳ ʙʘסʘʣʘʫʜʳש ʢʨʠʪʝʨʠʡʣʝʨʽ 

 ʘסʦʣʘʨ ʪʫʨʘʣʳ ʢʝʡʙʽʨ ʞʘʣʧʳ ʦʡʣʘʨʜʳ ʘʡʪʫ ץʦʣʞʝʪʢʽʟʽʣʽʤʜʽ ʝʤʝʩ, ʙʽʨʘץ

ʙʦʣʘʜʳ.  

 

ʂʽʣʪ 

 

 ʂʽʣʪ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪᴅʫʝʣʩʽʟ, 0 ʞᴅʥʝ 1 ʤᴅʥʜʝʨʽʥ ʪʝש ʳץʪʠʤʘʣʜʳץʧʝʥ 

 ʪʳץʢʝʡʙʽʨ ʥʘ שʣ ʢʝʟʜʝ ʢʽʣʪʪʽײʘʙʳʣʜʘʡʪʳʥ ʙʠʪʪʝʨ ʤʘʩʩʠʚʽ ʙʦʣʫ ʢʝʨʝʢ. ɹץ

ʤᴅʥʜʝʨʽ ϸʣʩʽʟ ʙʦʣʘʪʳʥʳʥ ʘʣʘʩʪʘʪʫסʘ ʙʦʣʤʘʡʜʳ, ʷסʥʠ ʦʣʘʨʜʳ ץʦʣʜʘʥʫ 

ʢʝʟʽʥʜʝ ʰʠʬʨ ʙʝʨʽʣʛʝʥ ʙʝʨʽʢʪʽʣʽʢ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʫ ʤװʤʢʽʥ. ɹʽʨʘץ, 

ʙʘʨʣʳץ ʤװʤʢʥ ʢʽʣʪʪʝʨ ʘʨʘʩʳʥʜʘ ʩʦʥʜʘʡ ʤᴅʥʜʝʨʜʽש ʢᴇʣʝʤʽ ᴇʪʝ ʘʟ. ʐʠʬʨʜʳש 

ʠʥʪʝʥʩʠʚʪʽ ʟʝʨʪʪʝʫʣʝʨʽ ʙʝʣʛʽʣʽ (ʷסʥʠ ʌɸʇʉʀ ײʩʳʥסʘʥ) ʘʫʳʩʪʳʨʫ ʢʝʩʪʝʣʝʨʽ 

 ʪʘʥ, ʢʝʡʙʽʨ ʰʳʥʳʥʜʘץʘʥ ʝʤʝʩ. ʉʦʥʜʳץʰʽʥ ʙʽʨ ʜʝ ʙʽʨ ʩʦʥʜʘʡ ʢʽʣʪʪʽ ʪʘʧװ

ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʜʘʪʯʠʛʽ ʢᴇʤʝʛʽʤʝʥ ᴇʥʜʽʨʽʣʛʝʥ ʢʽʣʪʪʝʨ, ʩʘʧʘʣʳ ʙʦʣʘʜʳ, 

ʦʣʘʨʜʳש ʳץʪʠʤʘʣʜʳסʳ ʙʽʨʜʝʥ ᴇʪʝ ʘʟ ʰʘʤʘסʘ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦʣʘʜʳ.  ɽʛʝʨ 

ʢʽʣʪʪʝʨ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʛʝʥʝʨʘʪʦʨʳʤʝʥ ᴇʥʜʽʨʽʣʩʝ, ʦʥʜʘ 

 ץʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʩʪʘʪʠʩʪʠʢʘʣʳסʦʣʜʘʥʘʪʳʥ ʛʝʥʝʨʘʪʦʨ ʞʦץ

ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʝʨʝʢ, ʞᴅʥʝ ʩʦסʘʥ ץʦʩʘ, ʞʦסʘʨʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽ ʙʦʣʫ ʢʝʨʝʢ - ɻʆʉʊ 28147-89 ᴇʟʽʥʝʥ ʪᴇʤʝʥ 

ʝʤʝʩ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʛʝʥʝʨʘʪʦʨ ᴇʥʜʽʨʝʪʽʥ ʪʽʟʙʝʢ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʞʦץ 

ʤװʰʝʣʝʨʽʥ ʘʥʳץʪʘʫ ʝʩʝʙʽʥʽץ שʳʡʳʥʜʳסʳ ʰʠʬʨʜʳ ʘʰʫʜʘʥ ʪᴇʤʝʥ ʙʦʣʤʘʫ 

ʢʝʨʝʢ. ʆʩʳסʘʥ ץʦʩʘ, ʞʘʤʘʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʢʽʣʪʪʝʨʜʽ 

ʘʥʳץʪʘʫ װʰʽʥ ᴅʨʪװʨʣʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʢʨʠʪʝʨʠʡʣʝʨ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. 
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ʊᴅʞʽʨʠʙʝʜʝ ʝʢʽ ʢʨʠʪʝʨʠʡ ʞʝʪʢʽʣʽʢʪʽ: 0 ʞᴅʥʝ 1 ʤᴅʥʜʝʨʽ ʘʨʘʩʳʥʜʘ ʢʽʣʪ 

ʙʠʪʪʝʨʽʥʽש ʪʝשʳץʪʠʤʘʣʜʳ ʪʘʨʘʫʳʥ ʪʝʢʩʝʨʫ װʰʽʥ ʇʠʨʩʦʥ ʢʨʠʪʝʨʠʡʽ (ñʭʠ 

ʢʚʘʜʨʘʪò), ʘʣ ʢʽʣʪ ʙʠʪʪʝʨʽʥʽש ʪᴅʫʝʣʩʽʟʜʽʛʽʥ ʪʝʢʩʝʨʫ װʰʽʥ ï ʩʝʨʠʷʣʘʨ 

ʢʨʠʪʝʨʠʡʽ ץʦʣʜʘʥʳʣʘʜʳ.  

 ʂʽʣʪʪʝʨʜʽ ᴇʥʜʽʨʫ װʰʽʥ ʝש ʞʘץʩʳʩʳ ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨʜʳש ʘʧʧʘʨʘʪʪʳ 

ʜʘʪʯʠʢʪʝʨʽʥ ץʦʣʜʘʥʫ ʙʦʣʘʜʳ, ʙʽʨʘץ ʙײʣ ʵʢʦʥʦʤʠʢʘʣʳץ ʦʡʣʘʨ ʙʦʡʳʥʰʘ 

ʢʝʡʙʽʨ ʢʝʟʜʝ ץʦʣʘʡʩʳʟ. ʂᴇʣʝʤʽ װʣʢʝʥ ʝʤʝʩ ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪʪʳ ʛʝʥʝʨʘʮʠʷʣʘʫ 

ʢʝʟʽʥʜʝ ʦʩʳʥʜʘʡ ʜʘʪʯʠʢ ʦʨʥʳʥʘ ʪᴅʞʽʨʠʙʝʜʝ ʢʝץ שʦʣʜʘʥʘʪʳʥʳ çʵʣʝʢʪʨʦʥʜʳ 

ʨʫʣʝʪʢʘè ϸʜʽʩʽ , ʙײʣ ʞʝʨʜʝ ʢʝʟʜʝʡʩʦץ ʙʠʪʪʝʨʜʽש ʢʝʟʝʢʪʽ ʪʽʟʙʝʛʽʥ ᴇʥʜʽʨʫ 

ʦʧʝʨʘʪʦʨʜʳש ʢʦʤʧʴʶʪʝʨ ʧʝʨʥʝʪʘץʪʘʩʳʥʜʘ ʧʝʨʥʝʥʽ ʙʘʩʫ ʫʘץʳʪʳʥʘʥ ʪᴅʫʝʣʜʽ 

ʙʦʣʘʜʳ. ɹײʣ ʩײʣʙʘʜʘ ʢʝʟʜʝʡʩʦץ ʜʝʨʝʢʪʝʨ ʢᴇʟʽ ʢʦʤʧʴʶʪʝʨ ʧʘʡʜʘʣʘʥʫʰʳʩʳ, 

ʥʘץʪʳʨʘץ ï ʦʥʳש ʨʝʘʢʮʠʷʩʳʥʳש ʫʘץʳʪʪʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ. ɹʝʨʥʝʥʽ ʙʽʨ 

ʙʘʩʫʜʘ ʢʝʟʜʝʡʩʦץ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʥʝʰʝ ʙʠʪʪʝʨʽ ᴇʥʜʽʨʽʣʫ ʤװʤʢʽʥ, ʩʦʥʜʳץʪʘʥ 

ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪʪʳ ᴇʥʜʽʨʫʜʽש ʞʘʣʧʳ ʞʳʣʜʘʤʜʳסʳ ï ʩʝʢʫʥʜʳʥʘ ʙʽʨʥʝʰʝ ʙʠʪ. 

ɹײʣ ᴅʜʽʩ ʢʽʣʪʪʝʨʜʽװ שʣʢʝʥ ʤʘʩʩʠʚʪʝʨʽʥ ʘʣʫ װʰʽʥ ʞʘʨʘʤʘʡʜʳ.  

 ɽʛʝʨ ʢᴇʣʝʤʽ װʣʢʝʥ ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪ ʤʘʩʩʠʚʽʥ ᴇʥʜʽʨʫ ץʘʞʝʪ ʙʦʣʩʘ, ʦʥʜʘ 

ᴅʨʪװʨʣʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ ʜʘʪʯʠʢʪʝʨʽʥ ץʦʣʜʘʥʫ ʢʝש 

ʪʘʨʘסʘʥ. ʆʩʳʥʜʘʡ ʜʘʪʯʠʢʪʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽש ʞʦסʘʨʳ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʪʘʣʘʧ ʝʪʽʣʛʝʥʥʝש ʢʝʡʽʥ, ʦʥʳש ʨʝʪʽʥʜʝ ʰʠʬʨʜʳש ᴇʟʽʥʽש ʛʘʤʤʘ 

ʛʝʥʝʨʘʪʦʨʳʥ ץʦʣʜʘʥʫ ץʘʨʘʩʪʳʨʳʣסʘʥ ï ʰʠʬʨʤʝʥ ᴇʥʜʽʨʽʣʛʝʥ ʛʘʤʤʘʥʳ 

 ʰʽʥ ï 32װ ʘʞʝʪʪʽ ʢᴇʣʝʤʽ ʙʘʨ çʙϺʣʽʢʪʝʨʛʝ ʢʝʩʝʤʽʟè -  ɻʆʉʊ 28147-89ץ

ʙʘʡʪʪʘʥ. ɹײʥʜʘʡ ʪᴅʩʽʣ װʰʽʥ ʙʽʟʛʝ ʤʘʩʪʝʨ-ʢʽʣʪ ץʘʞʝʪ, ʦʥʳ ʞʦסʘʨʳʜʘ 

ʢᴇʨʩʝʪʽʣʛʝʥ çʵʣʝʢʪʨʦʥʜʳ ʨʫʣʝʪʢʘè ᴅʜʽʩʽʤʝʥ ʘʣʫסʘ ʙʦʣʘʜʳ, ʘʣ ʦʥʳש 

ʢᴇʤʝʛʽʤʝʥ, ʰʠʬʨʜʳ ʛʘʤʤʘ ʛʝʥʝʨʘʪʦʨʳ ʨʝʞʠʤʽʥʜʝ ץʦʣʜʘʥʳʧ, ץʘʞʝʪʪʽ 

ʢᴇʣʝʤʜʽ ʢʽʣʪʪʽʢ ʘץʧʘʨʘʪ ʤʘʩʩʠʚʽʥ ʘʣʘʤʳʟ. ɹײʣ ʢʽʣʪʪʽ ᴇʥʜʽʨʫʜʽש ʝʢʽ ʪᴅʩʽʣʽ ï 

ʘʣʛʦʨʠʪʤʜʽʢ ʞᴅʥʝ Ϩʦʣʤʝʥ ʞʘʩʘʣϤʘʥ, - ʙʽʨ ʙʽʨʽʥ ʪʦʣʳץʪʳʨʳʧ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ. ɸץʧʘʨʘʪʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʨסʘʫʜʳש ʘʟʙʶʜʞʝʪʪʽʢ 

ʞװʡʝʣʝʨʽʥʜʝ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ʩײʣʙʘʣʘʨʳ ʞʠʽ ʦʩʳ ʧʨʠʥʮʠʧ ʙʦʡʳʥʰʘ 

  .ʨʳʣʘʜʳײץ

 

ɸʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʩʽ 

 

 ɸʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʩʽ ײʟʘץʫʘץʳʪʪʳ ʢʽʣʪʪʽʢ ʵʣʝʤʝʥʪ, ʷסʥʠ ʙϺʣʝʢ 

(ʩʝʘʥʩʪʳϨ) ʢʽʣʪʪʢʝ ץʘʨʘסʘʥʜʘ ײʟʘץ ʫʘץʳʪ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʆʣ ʙʽʨ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʨסʘʫ ʞװʡʝʩʽ ʽʰʽʥʜʝ ʙʘʨʣʳץ ʰʠʬʨʣʘʫ ʪװʡʽʥʜʝʨʽ װʰʽʥ 

ʞʘʣʧʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʩʽʥʽש ʢʦʥʬʠʜʝʥʮʠʘʣʜʳסʳ 

ʙײʟʳʣסʘʥ ʞʘסʜʘʡʜʘ ʜʘ ʰʠʬʨ ʙʝʨʽʢʪʽʣʽʛʽ ᴇʪʝ ʞʦסʘʨʳ ʙʦʣʘʜʳ ʞᴅʥʝ 

 ʞʘʡʣʘʨʜʘ ʢʝʩʪʝʥʽסʪʘʥ ʞʝʢʝ ʞʘץʘʨʳʥʜʳ ʰʝʢʪʝʥ ʪᴇʤʝʥʜʝʤʝʡʜʽ. ʉʦʥʜʳסʡײ

 ʞᴅʥʝ ɻʆʉʊ 28147-89 ʢᴇʧʪʝʛʝʥ ,ץʘʞʝʪʪʽʣʽʛʽ ʞʦץ שʪʘʫʜʳץʧʠʷ ʩʘײץ

ʢʦʤʤʝʨʮʠʷʣʳץ ץʦʣʜʘʥʫʣʘʨʜʘʩʦʣʘʡ ʽʩʪʝʣʝʜʽ. ɹʘʩץʘ ʞʘץʪʘʥ, ʘʫʳʩʪʳʨʫʣʘʨ 

ʢʝʩʪʝʩʽ ʙʘʨʣʳץ ʰʠʬʨʜʳש ʙʝʨʽʢʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʩʳʥʜʳ 

ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪ. ʃʘʡʳץʩʳʟ ʢʝʩʪʝʥʽ ʪʘשʜʘʫ ʰʠʬʨʜʳ ʙʝʣʛʽʣʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʘʰʫסʘ ʘʣʳʧ ʢʝʣʫ ʤװʤʢʽʥ. ɸʫʳʩʪʳʨʫ 
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ʪװʡʽʥʜʝʨʽʥ ᴇʥʜʽʨʫ ʢʨʠʪʝʨʠʡʣʝʨʽ - ʞʝʪʽ ʤϺʨ ʘʩʪʳʥʜʘϤʳ Ϩϰʧʠʷ ʞᴅʥʝ 

ʌɸʇʉʀ ʞʘץʳʥ ʙʦʣʘʰʘץʪʘ ʦʥʳʤʝʥ ʙᴇʣʽʩʧʝʡʪʽʥʽ ʘʥʳץ. ʉʦʥסʳ ץʦʨʳʪʳʥʜʘ, 

ʙʝʨʽʣʛʝʥ ʥʘץʪʳ ʘʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʩʽ ʞʘץʩʳ ʥʝʤʝʩʝ ʞʘʤʘʥ ʝʢʝʥʽʥ ʘʡʪʫ װʰʽʥ 

 -ʘʜʘʤ- ʞᴅʥʝ ʤʘʰʠʥʝ שʘʞʝʪ - ʢᴇʧʪʝʛʝʥ ʤʳץ ʨʛʽʟʫװʤʳʩ ʢᴇʣʝʤʽʥ ʞײʣʢʝʥ ʞװ

ʩʘסʘʪ.  ɹʽʨ ʨʝʪ ʪʘשʜʘʣסʘʥ ʞᴅʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʝʩʪʝ ʪʝʢ, ʝʛʝʨ ʦʥʳ 

 ʨʽʥʝ ʦʩʘʣ ʙʦʣʩʘװʢʝʡʙʽʨ ʪ שʪʘʣʜʘʫʜʳ ץʦʣʜʘʥʫʤʝʥ ʰʠʬʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ

 ʩʳץʞʘ שʰʽʥ ʝװ ʘʨʘʧʘʡʳʤ ʧʘʡʜʘʣʘʥʫʰʳץ ,ʪʘʥץʘʥʘ ʘʫʳʩʪʳʨʳʣʘʜʳ. ʉʦʥʜʳס

ʪʘשʜʘʫ ʙʝʣʛʽʣʽ ʙʦʣסʘʥ ʢʝʩʪʝʥʽש ʙʽʨʝʫʽʥ ʘʣʫ. ʄʳʩʘʣʳ, ʭʵʰ-ʬʫʥʢʮʠʷסʘ 

ʩʪʘʥʜʘʨʪʪʘʥ, ʦʣ "ʦʨʪʘʣʳϨʙʘʥʢʪʽʢ" ʜʝʧ ʘʪʘʣʘʜʳ (ʘʫʳʩʪʳʨʫ ʪװʡʽʥʜʝʨʽ RFC 

 ץʣ ʢʝʩʪʝʣʝʨ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʰʳײʘʥ). ɹסʪʘʣץʞʘʪʳʤʝʥ ʘʥʳײץ 4357

ʙʘʩʳʣʳʤʜʘ ʞᴅʥʝ ʠʥʪʝʨʥʝʪʪʝʥ ʜʝ ʘʣʫסʘ ʙʦʣʘʜʳ.  

 ɾʝשʽʣ ʞʦʣʜʘʨʤʝʥ ʞװʨʤʝʡʪʽʥʜʝʨʛʝ, ʪᴇʤʝʥʜʝ ʩʘʧʘʣʳ ʢʝʩʪʝʣʝʨʜʽ ʘʣʫʜʳש 

ʞʘʣʧʳ ʩײʣʙʘʩʳ ʢʝʣʪʽʨʽʣʛʝʥ:  

 1. ʂʝʡʙʽʨ ᴅʜʽʩʪʝʤʝ ʢᴇʤʝʛʽʤʝʥ ʢʝʧʽʣʜʝʥʛʝʥ ʩʳʟʳץʪʳץ ʝʤʝʩ 

ʩʠʧʘʪʪʘʤʘʣʘʨʤʝʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳש ʩʝʛʽʟ ʪװʡʽʥʽʥʝʥ ʪײʨʘʪʳʥ ʢʦʤʣʝʢʪ 

-ʙʽʨʽ - ʙʝʥʪ שʙʽʨʥʝʰʝʩʽ ʙʘʨ, ʦʣʘʨʜʳ שʥʜʘʡ ᴅʜʽʩʪʝʤʝʥʽײʘʣʳʧʪʘʩʪʳʨʫ. ɹץ

ʬʫʥʢʮʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ [44, 47]. 

 ʘʨʘʧʘʡʳʤ ʩʘʧʘ ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʦʨʳʥʜʘʣʫʳʥ ʪʝʢʩʝʨʫ, ʤʳʩʘʣʳ, DESפ .2 

ʘʫʳʩʪʳʨʫ ʪװʡʽʥʜʝʨʽ װʰʽʥ ʞʘʨʠʷʣʘʥסʘʥ. ʆʩʳ ʪʫʨʘʣʳ ʪʘסʳ ʙʽʨʥʝʰʝ ʦʡʣʘʨ: ᴅʨ 

ʪװʡʽʥ ʪᴇʨʪ ʣʦʛʠʢʘʣʳץ ʘʨʛʫʤʝʥʪʪʝʥ ʪᴇʨʪ ʣʦʛʠʢʘʣʳץ ʬʫʥʢʮʠʷʤʝʥ ʩʠʧʘʪʪʘʣʫ 

ʤװʤʢʽʥ. ɽʛʝʨ ʤʠʥʠʤʘʣʜʳ ʧʽʰʽʥʜʝ (ʷסʥʠ ᴇʨʥʝʢʪʽש ʤװʤʢʽʥʜʽ ʤʠʥʠʤʘʣʜʳ 

 ,ʳʡʳʥ ʝʤʝʩ ʙʦʣʩʘץ ʣ ʬʫʥʢʮʠʷʣʘʨ ʞʝʪʢʽʣʽʢʪʽײʘʥ ʙסʳʤʝʥ) ʞʘʟʳʣסʟʳʥʜʳײ

ʦʥʜʘ ʙײʥʜʘʡ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽʥ ץʦʣʜʘʥʙʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʫʳʩʪʳʨʫʣʘʨ 

ʢʝʩʪʝʩʽ ʽʰʽʥʜʝ ʙᴇʣʝʢ ʬʫʥʢʮʠʷʣʘʨ ʙʽʨ ʙʽʨʽʥʝʥ ʞʝʪʢʽʣʽʢʪʽ ʜᴅʨʝʞʝʜʝ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʙʦʣʫ ץʘʞʝʪ. ɹײʣ ʢʝʟʝשʜʝ ʢᴇʧʪʝʛʝʥ ʩʘʧʘʩʳʟ ʢʝʩʪʝʣʝʨ ʝʣʝʧ 

ʘʣʳʧ ʪʘʩʪʘʣʘʜʳ.  

 3. ʊʘשʜʘʣסʘʥ ʢʝʩʪʝʣʝʨʤʝʥ ʰʠʬʨ װʰʽʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש 

ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ, ᴅʨʪװʨʣʽ ʨʘʫʥʜ װʣʛʽʣʝʨʽʥ ײץʨʫ ץʘʞʝʪ, ʞᴅʥʝ 

ʩᴅʡʢʝʩ ʙʝʡʽʥʜʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ᴇʣʰʝʫ ץʘʞʝʪ. ʄʳʩʘʣʳ, ʩʳʟʳץʪʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ ʰʠʬʨʣʘʫ ʨʘʫʳʥʜʳʥʳש ʩʳʟʳץʪʳ 

ʩʪʘʪʠʩʪʠʢʘʣʳץ ʘʥʘʣʦʛʳ ײץʨʳʣʘʜʳ ʞᴅʥʝ ʙʝʡʽʥʜʽ ʩʠʧʘʪʪʘʤʘ ʝʩʝʧʪʝʣʝʜʽ - 

ʩʳʟʳץʪʳץ ʝʤʝʩ ʢᴇʨʩʝʪʢʽʰʽ. ɽʛʝʨ ʦʣ ʞʝʪʢʽʣʽʢʪʽ ʝʤʝʩ ʙʦʣʩʘ, ʘʫʳʩʪʳʨʫʣʘʨ 

ʢʝʩʪʝʩʽʥ ץʘʙʳʣʜʘʤʘʡʜʳ.  

 4. ʉʦשʳʥʜʘ, ʘʣʜʳʥסʳ ʪʘʨʤʘץ ʥᴅʪʠʞʝʣʝʨʽʥ ץʦʣʜʘʥʳʧ, ʪʘשʜʘʣסʘʥ 

ʢʝʩʪʝʤʝʥ ʰʠʬʨʜʳ ʤץײʠʷʪ ʟʝʨʪʪʝʫ ץʘʞʝʪ (ʙʘʨʣʳץ ʙʝʣʛʽʣʽ ᴅʜʽʩʪʝʨʽʤʝʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ᴅʨʝʢʝʪʪʝʨʽʤʝʥ). ʆʩʳ ʢʝʟʝש ʝץ שʳʡʳʥ ʞᴅʥʝ 

ʢᴇʣʝʤʜʽ ʙʦʣʘʜʳ. ɹʽʨʘץ, ʝʛʝʨ ʦʣ ʩʘʧʘʣʳ ʞʘʩʘʣʩʘ, ʦʥʜʘ ʳץʪʠʤʘʣʜʳץʪʳש 

ʞʦסʘʨʳ ʜʝשʛʝʡʽʤʝʥ ʪʘשʜʘʣסʘʥ ʢʝʩʪʝʣʝʨʤʝʥ ʰʠʬʨ ʘʨʥʘʡʳ ץʘʟʤʝʪʪʝʨʤʝʥ ʜʝ 

ʘʰʳʣʤʘʡʪʳʥʳʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ.  

 ɹʽʨʘץ, ʦשʘʡʨʘץ ʽʩʪʝʫʛʝ ʙʦʣʘʜʳ. ʐʠʬʨʜʘ ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʢᴇʧ ʙʦʣסʘʥ 

ʩʘʡʳʥ, ʙʽʨ ʨʘʫʥʜ ʙʝʨʽʢʪʽʣʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʙʘʨʣʳץ ʰʠʬʨʜʳש 

ʙʝʨʽʢʪʽʣʽʛʽʥʝ ᴅʩʝʨʽ ʘʟʘʡʘʜʳ.  ɻʆʉʊ 28147-89  32 ʨʘʫʥʜ, ʙײʣ ʦʩʳʥʜʘʡ 

ʩᴅʫʣʝʪʽ ʙʘʨ ʙʘʨʣʳץ ʰʠʬʨʣʘʨסʘ ץʘʨʘסʘʥʜʘ ʢᴇʧ. ʉʦʥʜʳץʪʘʥ ʪײʨʤʳʩʪʳץ ʞᴅʥʝ 
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ʢʦʤʤʝʨʮʠʷʣʳץ ץʦʣʜʘʥʫʣʘʨʜʳש ʢᴇʙʽ װʰʽʥ 0 ʜʝʥ 15-ʢʝ ʜʝʡʽʥ ʩʘʥʜʘʨʜʳש 

ʪᴅʫʝʣʩʽʟ ʢʝʟʜʝʡ ʩʦץ ʩʠʷץʪʳ ʘʫʳʩʪʳʨʫʣʘʨ ʪװʡʽʥʜʝʨʽʥ ʘʣʫ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʘʜʳ. 

ɹײʣ ʪᴅʞʽʨʠʙʝʣʽʢ ʪװʨʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫ ʤװʤʢʽʥ, ʤʳʩʘʣʳ, ʙʝʨʽʣʛʝʥ 

ʜʠʘʧʘʟʦʥʥʘʥ ʤᴅʥʥʽש ʙʽʨʝʫʽ ᴅʨ ʢʘʨʪʘסʘ ʙʝʢʽʪʽʣʛʝʥ ʢʘʨʪʘʣʘʨʜʳ ʘʨʘʣʘʩʪʳʨʫ 

ʘʨץʳʣʳ.  

 ɸʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʣʝʨʽ ʪʫʨʘʣʳ ʪʘסʳ ʙʽʨ ץʳʟʳץʪʳ ʬʘʢʪʽʥʽ ʘʡʪʘ ʢʝʪʫ 

 ʘʡʪʳʤʜʳץ שʘʞʝʪ. ʐʠʬʨʣʘʫ ñ32-ɿò ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ñ32-ʈò ʮʠʢʣʜʘʨʳʥʳץ

ʙʦʣʫ װʰʽʥ ʘʫʳʩʪʳʨʫʣʘʨ ʪװʽʥʜʝʨʽ 0 ʜʝʥ 15-ʢʝ ʜʝʡʽʥ ʩʘʥʜʘʨʜʳש 

ʘʣʤʘʩʪʳʨʫʣʘʨʳ ʙʦʣסʘʥʜʳסʳʥ ʪʘʣʘʧ ʝʪʧʝʡʜʽ. ɽʛʝʨ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʽʥʜʝ 

 ,ʪʘʣʘʪʳʥץʡʽʥʤʝʥ ʘʥʳװʘʡʪʘʣʘʥʘʪʳʥ ʵʝʣʝʤʝʥʪʪʝʨ ʙʦʣʩʘ ʞᴅʥʝ ʩʦʥʜʘʡ ʪץ

ʘʫʳʩʪʳʨʫ ץʘʡʪʳʤʜʳ ʝʤʝʩ ʙʦʣʩʘ ʜʘ, ʙʘʨʣʳסʳ ʞײʤʳʩ ʽʩʪʝʡʜʽ - ʙʽʨʘץ ʙײʣ 

ʞʘסʜʘʡʜʘ ʰʠʬʨ ʙʝʨʽʢʪʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽ. ʆʣ װʰʽʥ, ʪװʡʽʥʜʝʨʽʥʜʝ 

 ʘʡʪʘʣʘʥʘʪʳʥ ʤᴅʥʜʝʨʽ ʙʘʨ ʩʦʥʜʘʡ "ʪʦʣʳʤʩʳʟ" ʘʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʩʽʥץ

 ʦʣʜʘʥʫʤʝʥ, ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥ ʘʣʜʳʤʝʥ ʰʠʬʨʣʘʫ, ʩʦʜʘʥ ʢʝʡʽʥ ʢʝʨʽʰʠʬʨʣʘʫץ

ʞʝʪʢʽʣʽʢʪʽ.  

 

ɻʆʉʊ 28147-89 Ϩʦʣʜʘʥʫ 

 

 ᴆʪʝ ʞʠʽ ʜʝʨʝʢʪʝʨʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʨסʘʫ ʞװʡʝʣʝʨʽʥʜʝ ץʦʣʜʘʥʫ 

-ʣʢʝʥ ʞᴅʥʝ ʢʨʠʧװ ʳʥʘʥסʞʳʣʜʘʤʜʳ שʟʝʛʝ ʘʩʳʨʫʜʳװʰʽʥ ɻʆʉʊ 28147-89 ʞװ

ʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽ ʩʦʥʰʘʣʳץʪʳ ʞʦסʘʨʳ ʝʤʝʩ ʘʣʛʦʨʠʪʤ ʪʘʣʘʧ ʝʪʽʣʝʜʽ. 

ʆʩʳʥʜʘʡ ʝʩʝʧʪʝʨʜʽש ʪʠʧʪʽʢ ʤʳʩʘʣʳ ᴅʨʪװʨʜʽ ʵʣʝʢʪʨʦʥʜʳ ʙʠʨʞʘʣʳץ ʩʘʫʜʘ 

ʞװʡʝʣʝʨʽ, ʦʣʘʨ ʨʝʘʣʜʳ ʫʘץʳʪʪʘ ʩʘʫʜʘ ʩʝʩʩʠʷʣʘʨʳʥ ʙʘʩץʘʨʘʜʳ. ɹײʣ ʞʝʨʜʝ 

 ʞʝʜʝʣ ʜʝʨʝʢʪʝʨʽʥ ʩʝʩʩʠʷ שʡʝʥʽװʘʥ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʜʝʥ ʞסʦʣʜʘʥʳʣץ

ʙʘʨʳʩʳʥʜʘ (ʙʝʨʽʣʛʝʥ ײʩʳʥʳʤʜʘʨ, ץʦʣ ץʦʡʳʣסʘʥ ʢʝʣʽʩʽʤ-ʰʘʨʪʪʘʨ ʪʫʨʘʣʳ 

ʜʝʨʝʢʪʝʨ) ʢʝʨʽʰʠʬʨʣʘʫ ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽ ʪʘʣʘʧ ʝʪʽʣʝʜʽ, ʦʣ ʘʷץʪʘʣסʘʥʥʘש 

ʢʝʡʽʥ ץʘʩץʦʡ װʰʽʥ ʙײʣ ʜʝʨʝʢʪʝʨ ʧʘʡʜʘʩʳʟ. ɹʘʩץʘ ʩᴇʟʙʝʥ, ʢʝʧʽʣʜʝʥʛʝʥ ʙʝʨʽʢ-

ʪʽʣʽʢ ʪʝʢ ʙʽʨʥʝʰʝ ʩʘסʘʪץʘ ץʘʞʝʪ - ʩʘʫʜʘ ʩʝʩʩʠʷʥʳש ʪʠʧʪʽʢ ʫʘץʳʪʳ ʩʦʥʜʘʡ. 

ʊʦʣʳץ ɻʆʉʊ 28147-89 ʙײʣ ʞʘסʜʘʡʜʘ ץʦʣʜʘʥʫ ʞᴇʥʩʽʟ ʝʢʝʥʽ ʪװʩʽʥʽʢʪʽ.  

 ɹײʣ ʞᴅʥʝ ʦʩʳסʘʥ ץײʩʘʩ ʞʘסʜʘʡʣʘʨʜʘ ʰʠʬʨʣʘʫʜʳש ʞʳʣʜʘʤʜʳסʳʥ 

ʞʦסʘʨʣʘʪʫ װʰʽʥ ʥʝ ʽʩʪʝʫ ץʘʞʝʪ? ɾʘʫʘʧ װʩʪʽʥʜʝ ʞʘʪʳʨ - ʙʘʟʘʣʳץ ʮʠʢʣʜʘʨʜʘ 

ʥʝʛʽʟʛʽ ץʘʜʘʤʜʘʨʜʳש (ʨʘʫʥʜʪʘʨʜʳש) ʢᴇʣʝʤʽ ʘʟ ʰʠʬʨʜʳש ʪװʨʽʥ ץʦʣʜʘʥʫ.  

ʐʠʬʨʣʘʫ ʨʘʫʥʜʪʘʨʳʥ ץʘʥʰʘסʘ ʘʟʘʡʪʘʤʳʟ, ʩʦʥʰʘסʘ ʞʳʣʜʘʤʜʳסʳ 

ʞʦסʘʨʣʘʡʜʳ. ʂᴇʨʩʝʪʽʣʛʝʥ ᴇʟʛʝʨʽʩʪʽ ʝʢʽ ʞʦʣʤʝʥ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ: ʢʽʣʪ 

 .ʘʨʪʫʤʝʥץʘʩץ Ϩʘʨʘʫ ʮʠʢʣʜʘʨ" ʩʘʥʳʥ" שʘʨʪʫ ʞᴅʥʝ ʢʽʣʪʪʽץʳʩץ ʳʥסʟʳʥʜʳײ

ʐʠʬʨʣʘʫʜʳש ʙʘʟʘʣʳץ ʮʠʢʣʜʘʨʳʥʜʘ ʥʝʛʽʟʛʽ ץʘʜʘʤ ʩʘʥʳ N
 
=

 
nĀm ʪʝש, ʙײʣ 

ʞʝʨʜʝ n ïʢʽʣʪʪʝ 32-ʙʠʪʪʽʢ ʵʣʝʤʝʥʪʪʝʨ ʩʘʥʳ, m ï ʢʽʣʪʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ 

 ʢʝʟ ʢʝʣʛʝʥʽʥ שʮʠʢʣ ʩʘʥʳ, ʩʪʘʥʜʘʨʪʪʘ n = 8, m = 4.  ʆʩʳ ʩʘʥʥʳ שʦʣʜʘʥʫʜʳץ

 ʳʥ, ʦʥʳסʟʳʥʜʳײ שʘʩʳ - ʢʽʣʪʪʽץʩײʘʨʘʧʘʡʳʤ ʥץ ץʘ ʙʦʣʘʜʳ, ʙʽʨʘסʘʨʪʫץʳʩץ

  .ʘʨʪʫץʳʩץ ʣʙʘʩʳʥʘ ʪʠʽʩʧʝʡײʦʣʜʘʥʫ ʩץ

 ɾײʤʳʩ ʞʳʣʜʘʤʜʳסʳʥ ʞʳʣʜʘʤʜʘʪʫ װʰʽʥ ʪᴇʣʝʤ ʰʠʬʨʜʳש 

ʙʝʨʽʢʪʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ. ʅʝʛʽʟʛʽ ץʳʡʳʥʜʳץ ʢʝʣʝʩʽʜʝ: ʦʩʳ ʪᴇʤʝʥʜʝʫʜʽש 

ʰʘʤʘʩʳʥ ʥʘץʪʳ ʙʘסʘʣʘʫ ʞʝʪʢʽʣʽʢʪʽ ץʳʡʳʥ. ʆʥʳ ʞʘʩʘʫʜʳש ʞʘʣסʳʟ 
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ʤװʤʢʽʥʜʽ ʪᴅʩʽʣʽ - ʢʝʤʽʪʽʣʛʽʥ ʮʠʢʣʜʘʨʳʤʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫʜʽש 

ʰʠʬʨ ʥײʩץʘʣʘʨʳʥ "ʪʦʣʳϨ ʙʘϤʜʘʨʣʘʤʘ ʙʦʡʳʥʰʘ" ʟʝʨʪʪʝʫ. ɹײʣ ʙʽʨʽʥʰʽʜʝʥ, 

ɻʆʉʊ 28147-89 ײץʨʫʰʳʣʘʨʳ ʙʽʣʝʪʽʥ ʞʘʙʳץ ʘץʧʘʨʘʪʪʳ ץʦʣʜʘʥʫʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ, ʞᴅʥʝ ʝʢʽʥʰʽʜʝʥ, ᴇʪʝ ʞײʤʳʩ ʢᴇʣʝʤʜʽ ʝʢʝʥʽ ʪװʩʽʥʽʢʪʽ. ʉʦʥʜʳץʪʘʥ 

ʙʘסʘʥʳ ʪʝʢ ʞʘʣʧʳ ʟʘשʜʳʣʳץץʘ ץʘʨʘʧ ʙʝʨʽʧ ʢᴇʨʝʡʽʢ.  

 ʐʠʬʨʜʳש "ϨʘʨϨʳʥʜʳ" ʙײʟʫ ᴅʜʽʩʪʝʨʽʥʝ ʙʝʨʽʢʪʽʣʽʛʽʥʝ ʢʝʣʩʝʢ, ʷסʥʠ 

"ϨʘʪϨʳʣ ʢϮʰ" ʰʘʙʫʳʣʳʥʘ, ʦʥʜʘ ʙײʣ ʞʝʨʜʝ ʙᴅʨʠ ʪװʩʽʥʽʢʪʽ: 64 ʙʠʪʪʽʢ ʢʽʣʪ 

ʙײʣ ʰʘʙʫʳʣ ʪװʨʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʽʤʜʽ ʰʝʛʽʥʜʝ ʪײʨ, 96 ʙʠʪ ʞᴅʥʝ ʦʜʘʥ ײʟʳʥ 

ʢʽʣʪʽ ʙʘʨ ʰʠʬʨ (ʢʽʣʪʪʝ 32-ʙʠʪʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪײʪʘʩ ʩʘʥʳ ʙʦʣʫ ץʘʞʝʪ) 

ʦסʘʥ ץʘʨʩʳ ʪײʨʘ ʘʣʘʜʳ. ɹʽʨʥʝʰʝ ʞʳʣ ʙײʨʳʥ ɸϧʐ hʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ DES 

ʢʽʣʪʪʽ ʪʘʣʜʘʫ ʞʦʣʳʤʝʥ ʙʽʨʥʝʰʝ ʨʝʪ ʙײʟʳʣסʘʥ ʙʦʣʘʪʳʥ: ʘʣʜʳʤʝʥ ʦʥʳ 

ʀʥʪʝʨʥʝʪ ʞʘᴃʘʥʜʳץ ʞʝʣʽʩʽ ʥʝʛʽʟʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ ʝʩʝʧʪʝʫ ʞʝʣʽʩʽ 

ʙײʟʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ - ʤʘʤʘʥʜʳʨʳʣסʘʥ, ʷסʥʠ ʩʦסʘʥ ʘʨʥʳʡʳ ײץʨʳʣסʘʥ ʝʩʝʧʪʝʫ 

ʤʘʰʠʥʘʩʳ ʙײʟʜʳ. ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʳ ʥײʩץʘʩʳ ʟʘʤʘʥʘʫʠ 

ʧʨʦʮʝʩʩʦʨʜʘ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ DES ʪᴇʨʪ ʝʩʝ ʞʳʣʜʘʤ ʞײʤʳʩ 

ʽʩʪʝʡʜʽ ʜʝʧ ץʘʙʳʣʜʘʡʳץ. ʆʥʜʘ 8-ʨʘʫʥʜʪʳ "ʢʝʤʽʪʽʣʛʝʥ ɻʆʉʊ" DES 16 ʝʩʝ 

ʞʳʣʜʘʤ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, DES ʙײʟʫ ʫʘץʳʪʳʥʘʥ ʝʩʝʧʪʝʫ 

ʪʝʭʥʠʢʘ ᴇʥʽʤʜʽʣʽʛʽ ʄʫʨ ʟʘϬʳʥʘ ʩᴅʡʢʝʩ ʪᴇʨʪ ʝʩʝ ᴇʩʢʝʥʽʥ ץʘʙʘʣʜʘʡʳץ. 

 "ʦʨʳʪʳʥʳʥʜʘ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ: ʢᴅʟʽʨ ʩʝʛʽʟ ʮʠʢʣʳ ʙʘʨ "ʢʝʤʽʪʽʣʛʝʥ ɻʆʉʊפ

 ʰʽʥ ʙʽʨ 64-ʙʠʪʪʽʢ ʢʽʣʪʪʽ ʪʝʢʩʝʨʫ,  ʢʝʟʽʥʜʝ DES ʙʽʨ ʢʽʣʪʽʥ ʪʝʢʩʝʨʫʜʝʥ 64 ʝʩʝװ

ʞʳʣʜʘʤ ʦʨʳʥʜʘʣʘʜʳ.  ʉʦʥʳʤʝʥ, "ϨʘʪϨʳʣ ʢϮʰ" ʰʘʙʫʳʣʳʥʳש ʞײʤʳʩ 

ʢᴇʣʝʤʜʽʛʽ ʙʦʡʳʥʰʘ  ɻʆʉʊ 28147-89 ʩʦʥʜʘʡ ʥײʩץʘʩʳʥʳש DES ʘʣʜʳʥʜʘסʳ 

ʘʨʪʳץʰʳʣʳסʳ 2
64ï56

 = 2
8
 = 256 ʜʝʥ 256/64 = 4 ʨʝʪʢʝ ʜʝʡʽʥ ץʳʩץʘʨʘʜʳ. ɹײʣ 

ᴇʪʝ ʙײʣʜʳʨ ʘʡʳʨʤʘʰʳʣʳץ, ʞʦץ ʜʝʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ.  

 ɻʆʉʊ 28147-89 ᴅʣʩʽʟʜʝʥʛʝʥ ʪװʨʣʝʨʽʥʽש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש 

ϨʘʨϨʳʥʜʳ ʪᴅʩʽʣʜʝʨʽʥʝ ʙʝʨʽʢʪʽʣʽʛʽʥ ʙʘסʘʣʘʫ ץʳʡʳʥ. ɹʽʨʘץ ʞʘʣʧʳ 

ʟʘשʜʳʣʳץʪʳ ʙײʣ ʞʝʨʜʝʜʝ ʪʘʙʫסʘ ʙʦʣʘʜʳ. ɹװʛʽʥʛʽ ʢװʥʥʽש ʝש ʢװʰʪʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʪװʨʣʝʨʽʥʽש "ʙʝʡʽʥʜʽ" ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʰʠʬʨʣʘʫʜʳש 

ʨʘʫʥʜʪʘʨ ʩʘʥʳʥʘʥ ʵʢʩʧʦʥʝʥʪʪʽ ʪᴅʫʝʣʜʽ. ʉʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ʩʠʧʘʪʪʘʤʘʩʳ L ʙʦʣʘʜ ץʪʳץʣ ʩʳʟʳײʰʽʥ ʙװ :r 

 

L = CĀe
-ŬĀr

, 

 

ʙײʣ ʞʝʨʜʝ C ʞᴅʥʝ Ŭ ï ʪײʨʘץʪʳʣʘʨ; r ï ʨʘʫʥʜʪʘʨ ʩʘʥʳ. 

 ʆʩʳʥʜʘʡ ʪᴅʫʝʣʜʽʢ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥʜʝ 

ʙʘʨ. ᴆʟʽʥʽש ʬʠʟʠʢʘʣʳϨ ʤϸʥʽ ʙʦʡʳʥʰʘ ʙײʥʜʘʡ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳש ʙᴅʨʽ - 

ʳץʪʠʤʘʣʜʳץ. ᴄʜʝʪʪʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽ ʞᴅʥʝ ʞײʤʳʩ ʢᴇʣʝʤʜʽʛʽ ʩʦʥʜʘʡ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ץʘʡʪʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ. ɹײʣ ʞʝʨʜʝʥ ʞײʤʳʩ ʢᴇʣʝʤʜʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʰʠʬʨʣʘʫʜʳש 

ʥʝʛʽʟʛʽ ץʘʜʘʤ ʩʘʥʳʥʳש ᴇʩʫʤʝʥ ʙʽʨʛʝ ʵʢʩʧʦʥʝʪʪʽ ᴇʩʝʪʽʥʽ ʰʳסʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʨʘʫʥʜʪʘʨ ʩʘʥʳʥʳש ʙʽʨʥʝʰʝ ʝʩʝ ʪᴇʤʝʥʜʝʫ ʢʝʟʽʥʜʝ ʝש ʙʝʣʛʽʣʽ ʪʘʣʜʘʫ 

ʪװʨʣʝʨʽʥʽש ʞײʤʳʩ ʢᴇʣʝʤʜʽʣʽʛʽ ʘʣסʘʰץʳ ʢᴇʣʝʤʥʝʥ ʙײʣ ʜᴅʨʝʞʝʥʽש ʪװʙʽʨʽ 

ʩʠʷץʪʳ ᴇʟʛʝʨʝʜʽ (ʰʘʤʘʤʝʥ). ɹײʣ ʙʝʨʽʢʪʽʣʽʢʪʽש ᴇʪʝ װʣʢʝʥ ʪᴇʤʝʥʜʝʫʽ.  
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 ɹʘʩץʘ ʞʘץʪʘʥ, ɻʆʉʊ 28147-89 ʪᴇʟʝʤʜʽʣʽʢʪʽװ שʣʢʝʥ ץʦʨʳʤʝʥ ʞʦʙʘ-

ʣʘʥסʘʥ ʞᴅʥʝ ʙװʛʽʥʛʽ ʢװʥʛʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʙʘʨʣʳץ ʙʝʣʛʽʣʽ 

ʪװʨʽʥʝ ʙʝʨʽʢ, ʩʦʥʳש ʽʰʽʥʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞᴅʥʝ ʩʳʟʳץʪʳ. ʉʳʟʳץʪʳ ʢʨʠ-

ʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ץʦʣʜʘʥʩʘ ʙײʣ ʦʥʳ ʩᴅʪʪʽ ᴇʪʢʽʟʫ װʰʽʥ ʤװʤʢʽʥ ʙʦʣʘ-

ʪʳʥʥʘʥ ʢᴇʧ "ʘʰʳϨ ʙʣʦʢ - ʰʠʬʨʣʘʥϤʘʥ ʙʣʦʢ" ʞײʧʪʘʨʳʥ ʪʘʣʘʧ ʝʪʝʜʽ, ʷסʥʠ  

2
64 
ʢᴇʧ.  ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʳ ʝʩʝʧʢʝ ʘʣʳʧ, 16-ʨʘʫʥʜʪʳץ  ɻʆʉʊ 28147-89 

ʩᴅʪʪʽ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ 
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ʙʘʡʪ ʥʝʤʝʩʝ 32 ɻʙʘʡʪʪʘʥ ʘʟ ʝʤʝʩ ʜʝʨʝʢʪʝʨ ץʘʞʝʪ, ʘʣ 8-ʨʘʫʥʜʪʳװ ץʰʽʥ -  
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 ʙʘʡʪ ʥʝʤʝʩʝ 0,5 ʄʙʘʡʪʪʘʥ ʘʟ ʝʤʝʩ.  

 ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʥʳש ʙᴅʨʽʥʝʥ, ɻʆʉʊ 28147-89 ʢʝʤʽʪʽʣʛʝʥ 

ʥײʩץʘʣʘʨʳʥʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘʣʧʳʣʘʡʪʳʥ ץʦʨʪʳʥʜʳʣʘʨ 7.2 ʢʝʩʪʝʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ.  

 ʉʦʥסʳ ʝʢʽ ʥײʩץʘ 12 ʞᴅʥʝ 8 ʨʘʫʥʜʪʘʨʤʝʥ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʰʝʢʪʝʣʛʝʥ 

 שʘʣʘʪʳʥ ʜʝʨʝʢʪʝʨʜʽסʦʨץ ʦʣʜʘʥʫ ʪʝʢץ ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʣʘʨʜʳץ ʘʫʜʳסʦʨץ

rץ ʩץʘʫʘץʳʪʪʳ (ʰʘʤʘʤʝʥ ʙʽʨʥʝʰʝ ʩʘסʘʪ) ײץʧʠʷʣʳסʳ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ 

ʞʝʨʣʝʨʜʝ ʘץʪʘʣʘʜʳ. ɹײʣ ᴅʣʩʽʟ ʰʠʬʨʣʘʨ ʥײʩץʘʣʘʨʳʥ ץʦʣʜʘʥʫʜʳש ʤװʤʢʽʥʜʽ 

ʘʡʤʘסʳ - ʵʣʝʢʪʨʦʥʜʳ ʙʠʨʞʘʣʳץ ʩʘʫʜʘ ʞװʡʝʣʝʨʽʥʽש UDP-ʪʨʘʬʠʛʳʥ ʞʘʙʫ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʧʘʢʝʪʽ (datagram, UDP ʘʙʙʨʝʚʠʘʪʫʨʘʩʳʥʘʥ 

ʦʨʪʘʥסʳ D) ʙᴇʣʝʢ 64-ʙʠʪʪʽʢ ʢʽʣʪʪʝ ʰʠʬʨʣʘʥʘʜʳ, ʘʣ ʢʽʣʪʪʽש ᴇʟʽ ʩʝʘʥʩʪʳץ 

ʢʽʣʪʪʝ (ʦʥʳש ʞײʤʳʩ ʘʡʤʘסʳ - ʝʢʽ ʢʦʤʧʴʶʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʽʨ ʙʘʡʣʘʥʳʩ 

ʩʝʘʥʩʳ) ʰʠʬʨʣʘʥʘʜʳ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʤʝʥ ʙʽʨʛʝ ʞʽʙʝʨʽʣʝʜʽ. 

 ɽʩʢʝʨʪʫ. ʂʽʣʪʪʽש ʢᴇʣʝʤʽ, ʦʥʳ ץʦʣʜʘʥʫʜʳש ʩײʣʙʘʩʳʥ ᴇʟʛʝʨʪʧʝʛʝʥ ʢʝʟʜʝ, 

ʢʽʣʪʪʽ ʘʣʜʳʤʝʥ 3 ʨʝʪ ʪװʟʫ ʙʘסʳʪʪʘ, ʩʦʜʘʥ ʢʝʡʽʥ ץʘʡʪʘ ʙʘסʳʪʪʘ ץʘʨʘʫʜʳ 

 ʘסʘץʩײʥ ץʠʥʜʝʢʩʽ ʩʪʘʥʜʘʨʪʪʳ 32-ʨʘʫʥʜʪʳ ץʘʨʘʩʪʳʨʘʜʳ. ɾʳʣʜʘʤʜʳץ

 ʘʨʣʘʡʪʳʥʳʥסʘʥʰʘ ʝʩʝʛʝ ʞʦץ ʳסʞʳʣʜʘʤʜʳ שʘʥʜʘ ʰʠʬʨʣʘʫʜʳסʘʨʘץ

ʢᴇʨʩʝʪʝʜʽ.   

 

  7.2 ʢʝʩʪʝ 

 

ɻʆʉʊ 28147-89 ʢʝʤʽʪʽʣʛʝʥ ʥײʩץʘʣʘʨʳʥʳש ʞʘʣʧʳʣʘʤʘ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 

ʈʘʫʥʜʪʘʨ 

ʩʘʥʳ 

ʂʽʣʪ 

ʢϺʣʝʤʽ, 

ʙʠʪ 

ɾʳʣʜʘʤʜʳϨ 

ʠʥʜʝʢʩʽ 

ʐʠʬʨʜʳϬ ʳϨʪʠʤʘʣʜʳ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ(Ϻʪʝ Ϻʨʝʩʢʝʣ ʙʘϤʘ) 

24 192 1,33 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪʘʣʜʘʫʜʳϬ ʢϺʧ 

ʪϮʨʽʥʝ ʙʝʨʽʢ, ʥʝʤʝʩʝ ʙʝʨʽʢʪʽʢ 

ʰʝʛʽʥʜʝ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ 

ʪʘʣʜʘʫʜʳϬ ʪϸʞʽʨʠʙʝʣʽʢ ʞϮʟʝʛʝ 

ʘʩʳʨʫʳ ʘʣϤʘʰϨʳ ʜʝʨʝʢʪʝʨʛʝ ʞϸʥʝ 

ʞϰʤʳʩ ʢϺʣʝʤʽʥʝ ʞʦϤʘʨʳ 

ʪʘʣʘʧʪʘʨϤʘ ʙʘʡʣʘʥʳʩʪʳ ʤϮʤʢʽʥ 
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ʝʤʝʩ.  

16 128 2 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪʘʣʜʘʫʜʳϬ 

ʢʝʡʙʽʨ ʪϮʨʽʥʝ ʪʝʦʨʠʷʣʳϨ ʪϮʨʜʝ 

ʙʝʨʽʢ ʝʤʝʩ, ʪϸʞʽʨʠʙʝʣʽʢ ʞϮʟʝʛʝ 

ʘʩʳʨʫʳ ʢϺʧʪʝʛʝʥ ʞʘϤʜʘʡʣʘʨʜʘ 

ʘʣϤʘʰϨʳ ʜʝʨʝʢʪʝʨʛʝ ʞϸʥʝ ʞϰʤʳʩ 

ʢϺʣʝʤʽʥʝ ʞʦϤʘʨʳ ʪʘʣʘʧʪʘʨϤʘ 

ʙʘʡʣʘʥʳʩʪʳ ϨʳʡʳʥʜʘʪʳʣϤʘʥ.  

12 95 2,67 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪʘʣʜʘʫʜʳϬ 

ʢʝʡʙʽʨ ʪϮʨʽʥʝ ʪϮʨʜʝ ʙʝʨʽʢ ʝʤʝʩ, 

ʙʽʨʘϨ ϨʳʩϨʘ ʫʘϨʳʪϨʘ Ϯʣʢʝʥ ʝʤʝʩ 

ʜʝʨʝʢʪʝʨ ʢϺʣʝʤʜʝʨʽʥʽϬ (ʦʥʜʘϤʘʥ-

ʞϮʟʜʝʛʝʥ ʂʙʘʡʪϨʘ ʜʝʡʽʥ) 

ϨϰʧʠʷʣʳϤʳʥ Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ 

ʞʘʨʘʡʜʳ.  

8 64 4 

ʂʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʪʘʣʜʘʫʜʳϬ 

ʢʝʡʙʽʨ ʪϮʨʽʥʝ ʪϮʨʜʝ ʙʝʨʽʢ ʝʤʝʩ, 

ʙʽʨʘϨ ϨʳʩϨʘ ʫʘϨʳʪϨʘ Ϯʣʢʝʥ ʝʤʝʩ 

ʜʝʨʝʢʪʝʨ ʢϺʣʝʤʜʝʨʽʥʽϬ (ʦʥʜʘϤʘʥ 

ʂʙʘʡʪϨʘ ʜʝʡʽʥ) ϨϰʧʠʷʣʳϤʳʥ 

Ϩʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʞʘʨʘʡʜʳ. 

 

 ʘʡʪʘ ʙʝʪʽ ʜʝ ʙʘʨ. ɽʛʝʨ ʰʠʬʨʣʘʫץ שʪʳץʨʘײʘʨʘʩʪʳʨʳʣʘʪʳʥ ʩפ 

ʞʳʣʜʘʤʜʳסʳ ʩʳʥʜʳ ʝʤʝʩ, ʘʣ ʙʝʨʽʢʪʽʣʽʢʢʝ ʪʘʣʘʧʪʘʨ ץʘʪʘש ʙʦʣʩʘ ʥʝ ʙʦʣʘʜʳ? 

ɻʆʉʊ 28147-89 ʙʝʨʽʢʪʽʣʽʛʽʥ ʝʢʽ ʞʦʣʤʝʥ ʞʦסʘʨʣʘʪʫסʘ ʙʦʣʘʜʳ: ʦʣʘʨʜʳ 

"ʵʢʩʪʝʥʩʠʚʪʽ" ʞᴅʥʝ "ϨʘʨϨʳʥʜʳ" ʜʝʧ ʘʪʘʡʤʳʟ.  

 ɹʽʨʽʥʰʽʩʽ - ʰʠʬʨʣʘʫ ʨʘʫʥʜʘʪʘʨ ʩʘʥʳʥ ץʘʨʘʧʘʡʳʤ װʣʢʝʡʪʫ. ɹʽʨʘץ ɻʆʉʊ 

28147-89 ʩʪʘʥʜʘʨʪʳ ʙײʣʩʳʟʜʘ ץʘʞʝʪʪʽ ʙʝʨʽʢʪʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʞʦʣ ʰʠʬʨʜʳש ʙʝʨʽʢʪʽʣʽʛʽʥ ʨʝʘʣʜʳ ʞʦסʘʨʣʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝ-

ʨʝʜʽ: ʝʛʝʨ ʙײʨʳʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ץʘʨʘʧʘʡʳʤ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣʩʘ, 

ʦʥʜʘ ʝʥʜʽ ʦʣ ʤװʣʜʝʤ ʤװʤʢʽʥ ʝʤʝʩ.  

 ʐʠʬʨʣʘʫʜʳש ʥʝʛʽʟʛʽ ץʘʜʘʤʜʘʨ ײץʨʳʣʳʤʳʥ ʞᴅʥʝ ʩʘʥʳʥ ᴇʟʛʝʨʪʧʝʡ 

ʠhʬʨʜʳש ʙʝʨʽʢʪʽʣʽʛʽʥ ʞʦסʘʨʣʘʪʫסʘ ʙʦʣʘ ʤʘ ʜʝʛʝʥ ʩײʨʘץ ᴇʪʝ ץʳʟʳץ. ɹײʣ 

ʩײʨʘץʪʳש ʞʘʫʘʙʳ ʦשʜʳ. ɻʆʉʊ 28147-89 ʪװʨʣʝʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ ץʘʜʘʤʳʥʜʘ 4 

ʪʽ 4 ʙʠʪʢʝ ʘʫʳʩʪʳʨʫʜʳ ʦʨʳʥʜʘʫ ץʘʨʘʩʪʳʨʳʣסʘʥ, ʘʣ ʪᴅʞʽʨʠʙʝʜʝ ʙʘʨʣʳץ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫʣʘʨ ʘʫʳʩʪʳʨʫʜʳ ʙʘʡʪʪʘʨ ʙʦʡʳʥʰʘ 

ʦʨʳʥʜʘʡʜʳ, ʷסʥʠ  8 ʜʽ 8 ʙʠʪʢʝ - ʪʠʽʤʜʽʣʽʢ ʦʡʳʤʝʥ ʞʘʩʘʣʘʜʳ. ɽʛʝʨ ʦʩʳʥʜʘʡ 

ʘʫʳʩʪʳʨʫʜʳ 8-ʙʠʪʪʽʢ ʩʠʷץʪʳסʳ ʨʝʪʽʥʜʝ ʞʦʙʘʣʘʩʘ, ʦʥʜʘ ʙʽʨ ʙʽʨ ʨʘʫʳʥʜʪʳש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʘʤʳʟ.  

 ɹʽʨʽʥʰʽʜʝʥ, ñʜʠʬʬʫʟʜʳϨò ʩʠʧʘʪʪʘʤʘ ʞʦסʘʨʣʘʡʜʳ ʥʝʤʝʩʝ "ʪʘʩϨʳʥʜʳϨ" 

ʢᴇʨʩʝʪʢʽʰʽ - ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ ʞᴅʥʝ/ʥʝʤʝʩʝ ʢʽʣʪʪʽש ʙʽʨ ʙʠʪʳ ʥᴅʪʠʞʝʥʽש 

ʢᴇʧ ʙʠʪʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ.  
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 ɽʢʽʥʰʽʜʝʥ, ʢᴇʣʝʤʽ ʙʦʡʳʥʰʘ װʣʢʝʥ ʘʫʳʩʪʳʨʫ ʪװʡʽʥʜʝʨʽ װʰʽʥ ʪᴇʤʝʥʽʨʝʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞᴅʥʝ ʩʳʟʳץʪʳ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʘʣʫסʘ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ 

ʰʠʬʨʜʳש ʩʦʥʜʘʡ ʘʪʪʘʨʳ ʙʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʪװʨʣʝʨʽʥ ʞװʨʛʽʟʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʪᴇʤʝʥʜʝʪʽʧ. ɹײʣ ᴅʩʽʨʝʩʝ ɻʆʉʊ 28147-89 ʢʝʤʽʪʽʣʛʝʥ 

ʮʠʢʣʜʘʨʳ װʰʽʥ ʘʢʪʫʘʣʜʳ, ʘʣ 8- ʞᴅʥʝ 12-ʨʘʫʥʜʪʳץ ʥײʩץʘʣʘʨ װʰʽʥ ץʘʞʝʪ. 

ʈʘʫʥʜʘʨ ʩʘʥʳʥ ʘʟʘʡʪʫʜʘʥ ʙʝʨʽʢʪʽʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʫʜʝʥ ʝʩʝʩʽʥ ץʘʡʪʘʨʘʜʳ. ɹײʣ 

ᴅʜʽʩʪʽ ץʦʣʜʘʥʫʜʳ ץʳʡʳʥʜʘʪʘʪʳʥ - ʦʩʳʥʜʘʡ Ϯʣʢʝʡʪʽʣʛʝʥ ʘʫʳʩʪʳʨʫ 

ʪװʡʽʥʜʝʨʽʥ ײץʨʘʩʪʳʨʫ. ɯʨʽ ʪװʡʽʥʜʝʨʜʽ ʢʽʰʢʝʥʪʘʡʣʘʨסʘ ץʘʨʘסʘʥʜʘ ײץʨʘʩʪʳʨʫ 

ᴇʪʝ ץʳʡʳʥ.  

 

7.7.4. ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʪʳ ʝʤʝʩ Ϩʦʣʜʘʥʫ 
 

 ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʥʝʛʽʟʛʽ ʪʘסʘʡʳʥʳ - 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʠʤʠʪʦץʦʨסʘʫ ʝʢʝʥʽ ʰʘʨʪʩʳʟ. ɹʽʨʘץ ʦʣʘʨסʘ 

ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʘʩץʘ ʜʘ ץʦʣʜʘʥʫʣʘʨʜʳ ʪʘʙʫסʘ ʙʦʣʘʜʳ. 

  :ʘʰʘ ʦʣʘʨ ʪʫʨʘʣʳ ʘʡʪʳʧ ʢʝʪʝʡʽʢץʳʩפ

 1. ɻʘʤʤʘʣʘʫ ʨʝʞʠʤʽʥʜʝ ʰʠʬʨʣʘʫ װʰʽʥ ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʛʨʘʬʠʷ-

ʣʳץ ʛʘʤʤʘʥʳ ᴇʥʜʽʨʫʜʽ ץʘʨʘʩʪʳʨʘʜʳ - ʞʘץʩʳ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘ-

ʨʳ, ʞʦסʘʨʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽ ʙʘʨ ʙʠʪʪʝʨ ʪʽʟʙʝʛʽ. ɸʨʳ ץʘʨʘʡ ʙײʣ 

ʛʘʤʤʘ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽ ʪװʨʣʝʥʜʽʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʰʠʬʨ-

ʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʳʥʘʜʳ. ɹʽʨʘץ, ʙײʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʛʘʤʤʘʥʳש 

-ʩʳ ʩʠץʤʢʽʥʛʽ ʝʤʝʩ. ʆʥʳ ᴇʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽ - ᴇʪʝ ʞʘװʳʟ ʤסʞʘʣ שʦʣʜʘʥʫʜʳץ

ʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦϨ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽʥʽϬ ʛʝʥʝʨʘʪʦʨʳ. ᴄʨʠʥʝ, 

ʦʩʳʥʜʘʡ ʇʂʉʊɻ ᴇʥʜʽʨʽʣʝʪʽʥ ʪʽʟʙʝʢʪʽש ʪʝʢ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʘʣʫ, ʘʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢ ץʘʞʝʪ ʝʤʝʩ ʞʝʨʣʝʨʜʝ ץʦʣʜʘʥʫ ʜײʨʳʩ 

ʝʤʝʩ - ʦʥʜʘʡ ʞʘסʜʘʡʣʘʨסʘ ʪʠʽʤʜʽʨʝʢ ʛʝʥʝʨʘʪʦʨʣʘʨʳ ʙʘʨ. ɹʽʨʘץ, ʘץʧʘʨʘʪʪʳ 

-ʘʞʝʪʪʽ ʙʦץ ʥʜʘʡ ʢᴇʟײʰʽʥ ʙװ ʦʣʜʘʥʫʣʘʨץ ʨʣʽװʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ᴅʨ ʪסʦʨץ

ʣʘʜʳ.  

 ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʛʘʤʤʘʥʳ ʢʽʣʪʪʝʨʜʽ ᴇʥʜʽʨʫ װʰʽʥ "ʰʠʢʽʟʘʪ" 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʆʣ װʰʽʥ ץʘʞʝʪʪʽ ײʟʳʥʜʳסʳ ʙʘʨ ʛʘʤʤʘ ʢʝʩʽʥʜʽʩʽʥ 

ʘʣʫ ץʘʞʝʪ - 32 ʙʘʡʪ. ɹײʥʜʘʡ ʪᴅʩʽʣʤʝʥ ʢʽʣʪʪʝʨʜʽ ץʘʞʝʪ ʙʦʣסʘʥʜʘ ײץʨʫסʘ 

ʙʦʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʩʘץʪʘʫ ץʘʞʝʪ ʝʤʝʩ - ʝʛʝʨ ʦʥʜʘʡ ʢʽʣʪ ץʘʡʪʘ ץʘʞʝʪ ʙʦʣʩʘ 

ʦʥʳ ʦשʘʡ ץʘʡʪʘ ᴇʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. ʆʣ װʰʽʥ ʪʝʢ ʦʣ ץʘʥʜʘʡ ʢʽʣʪʪʝ 

ᴇʥʜʽʨʽʣʛʝʥʽʥ, ץʘʥʜʘʡ ʩʠʥʭʨʦʧʦʩʳʣʢʘ ץʦʣʜʘʥʳʣʜʳ ʞᴅʥʝ ᴇʥʜʽʨʽʣʛʝʥ 

ʛʘʤʤʘʥʳץ שʘʡ ʙʘʡʪʳʥʘʥ ʙʘʩʪʘʣסʘʥʳʥ ʝʩʢʝ ʪװʩʽʨʫ ץʘʞʝʪ. פʦʣʜʘʥʳʣסʘʥ 

ʢʽʪʪʝʥ ʙʘʩץʘ ʘץʧʘʨʘʪ ײץʧʠʷ ʝʤʝʩ. ʆʩʳʥʜʘʡ ʪᴅʩʽʣ ץʳʡʳʥ ʞᴅʥʝ ʙײʪʘץʪʘʣסʘʥ 

ʢʽʣʪʪʝʨ ʞװʡʝʩʽʥ ʪʝʢ ʙʽʨ ʤʘʩʪʝʨ-ʢʽʣʪʪʽ ץʦʣʜʘʥʳʧ ʦשʘʡ ʙʘץʳʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 ɸʣʜʳʥסʳʤʝʥ ʙʽʨʜʝʡ, ʛʘʤʤʘʥʳ ʘʣסʘʰץʳ "ʰʠʢʽʟʘʪ" ʨʝʪʽʥʜʝ 

 ʪʫʳʥʜʘʫ ץʨʘײʣ ʞʝʨʜʝ ʩײʘ ʙʦʣʘʜʳ. ɹסʦʣʜʘʥʫץ ʧʠʷʩᴇʟʜʝʨʜʽ ᴇʥʜʽʨʫʛʝײץ

ʤװʤʢʽʥ: ʦʣʘʨʜʳ ʥʝ װʰʽʥ ʛʝʥʝʨʘʮʠʷʣʘʫ ץʘʞʝʪ, ץʘʞʝʪ ʢʝʟʜʝ ʦʣʘʨʜʳ ʞʝשʽʣ 

ʦʡʣʘʧ ʪʘʙʫסʘ ʙʦʣʘʜʳ. ɹײʥʜʘʡ ʪᴅʩʽʣʜʝʤʝʥʽש ʭʘʣʩʽʟʜʽʛʽ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʞʝʣʽʣʝʨʜʝ ʙʦʣסʘʥ ʠʥʮʠʜʝʥʪʪʝʨ ʩʝʨʠʷʩʳʤʝʥ ʢᴇʨʩʝʪʽʣʛʝʥ, ʝש ʽʨʽʩʽ 1988 
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ʞʳʣʜʳץ שʘʨʘʰʘʩʳʥʜʘ ʙʽʨ ʪᴅʫʣʽʢʢʝ ʠʥʪʝʨʥʝʪʪʽ ʽʩʪʝʥ ʰʳסʘʨסʘʥ "ʄʦʨʨʠʩ 

Ϩϰʨʪʳ" ʜʝʧ ʘʪʘʣʜʳ. ʂʦʤʧʴʶʪʝʨʛʝ ץʘʩʢװʥʝʤʜʽʢ ʙʘסʜʘʨʣʘʤʘʥʳש ʢʽʨʫʜʽש 

ʪᴅʩʽʣʽʥʽש ʙʽʨʽ ײץʧʠʷʩᴇʟʜʽ ʽʨʽʢʪʝʫ ʙʦʣʜʳ: ʙʘסʜʘʨʣʘʤʘ ʞװʡʝʛʝ ʢʽʨʫ װʰʽʥ ᴇʟʽʥʽש 

ʽʰʢʽ ʙʽʨʥʝʰʝ ʞװʟʜʝʥ ʪʫʨʘʪʳʥ ʪʽʟʽʤʽʥʝʥ ײץʧʠʷʩᴇʟʜʝʨʜʽ ʪʽʟʙʝʢʪʽ ץʦʣʜʘʥʳʧ 

ᴅʨʝʢʝʪʪʝʨ ʞʘʩʘʜʳ, ʢᴇʧʪʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʙײʣ ʦʨʳʥ ʘʣʜʳ. ɸʜʘʤʥʳש 

 ,ʪʘʥץʪʳ. ʉʦʥʜʳץʳʷʣʳ ʢʝʜʝʡ ʙʦʣʳʧ ʰʳץ ʧʠʷʩᴇʟʜʝʨʜʽ ʦʡʣʘʧ ʪʘʙʫײץ

 ʘʫʽʧʩʽʟʜʽʢץ ʧʠʷʩᴇʟʜʝʨʜʽײץ ,ʡʳʤʜʘʨʜʘײ ʘʫʽʧʩʽʟʜʽʢʢʝ ʪʠʽʩʪʽ ʥʘʟʘʨ ʘʫʜʘʨʘʪʳʥץ

ʙʦʡrʥʰʘ ᴅʢʽʤʰʽ ʛʝʥʝʨʘʮʠʷʣʘʡʜʳ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʪʘʨʘʪʘʜʳ. 

ʂʽʣʪʪʝʨʜʽ ᴇʥʜʽʨʫʛʝ ץʘʨʘסʘʥʜʘ, ײץʧʠʷʩᴇʟʜʝʨʜʽ ᴇʥʜʽʨʫ ץʳʡʳʥʨʘץ, ʩʝʙʝʙʽ 

"ʰʠʢʽ" ʝʢʽʣʽʢ ʛʘʤʤʘʥʳ ץʘʨʘʧʘʡʳʤ ʙᴇʣʰʝʢʪʝʨʛʝ "ʢʝʩʫʤʝʥ" ʙʽʨʛʝ ʩʠʤʚʦʣʜʳץ 

ʪװʨʛʝ ʪװʨʣʝʥʜʽʨʫ ץʘʞʝʪ. ʉʦʥʳʤʝʥ ץʦʩʘ, ײץʧʠʷʩᴇʟʜʝ ʘʣʬʘʚʠʪʪʽש ʙʘʨʣʳץ 

ʩʠʤʚʦʣʜʘʨʳʥʳש ʪʝש ʳץʪʠʤʘʣʜʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ, ʤװʤʢʽʥ, ʢʝʡʙʽʨ 

ʙᴇʣʝʢ ʤᴅʥʜʝʨʜʽ, ʘʣʳʧ ʪʘʩʪʘʫסʘ ץʘʞʝʪ ʙʦʣʘʜʳ.  

 ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʛʘʤʤʘʥʳ ץʦʣʜʘʥʫʜʳש ʪʘסʳ ʙʽʨ ʪᴅʩʽʣʽ - ʤʘʛʥʠʪʪʽ 

ʪʘʩʳʤʘʣʜʘʫʳʰʪʘʨʜʘ ʜʝʨʝʢʪʝʨʜʽ ʢʝʧʽʣʜʽ ᴇʰʽʨʫ. פʘʡʪʘ ʞʘʟʫ ʢʝʟʽʥʜʝ 

ʤʘʛʥʠʪʪʽʢ ʪʘʩʳʤʘʣʜʘʫʳʰʪʘ ʘʣʜʳʥסʳ ʜʝʨʝʢʪʝʨʜʽש ʽʟʜʝʨʽ ץʘʣʘʜʳ, ʦʣʘʨʜʳ 

ʩᴅʡʢʝʩ ʩʘʨʘʧʪʘʤʘ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʝ ʘʣʘʜʳ. ʉʦʣ ʽʟʜʝʨʜʽ ʞʦʶ װʰʽʥ ץʘʡʪʘ 

ʞʘʟʫʜʳ ʢᴇʧ ʨʝʪ ʦʨʳʥʜʘʫ ץʘʞʝʪ. ɽʛʝʨ ʦʥʜʘʡ ʧʨʦʮʝʜʫʨʘ ʢʝʟʽʥʜʝ ʢʝʟʜʝʡʩʦץ 

ʥʝʤʝʩʝ ʧʩʝʚʜʦʢʝʟʜʝʡʩʦץ ʜʝʨʝʢʪʝʨʜʽ ץʦʣʜʘʥʩʘ, ʦʥʜʘ ᴇʰʽʨʽʣʛʝʥ ʘץʧʘʨʘʪʪʳ 

 ʪʘʥץʘ ʦʣ ʙʝʣʛʽʩʽʟ ʙʦʣʘʜʳ, ʩʦʥʜʳסʘʣʧʳʥʘ ʢʝʣʪʽʨʝʪʽʥ ʩʘʨʘʧʰʳʣʘʨץ

ʘץʧʘʨʘʪʪʳ ʪʘʩʳʤʘʣʜʘʫʳʰץʘ ʘʟ ʨʝʪ ץʘʡʪʘ ʞʘʟʫ ץʘʞʝʪ ʙʦʣʘʜʳ. ɹײʣ ʞʝʨʜʝ 

ʰʠʬʨ ʛʘʤʤʘʩʳ ʦʨʳʥʜʳ ʙʦʣʘʜʳ.  

 2. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʛʘʤʤʘ ʞᴅʥʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ʜʝ 

ʰʠʬʨʣʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ ץʘʞʝʪʪʽʣʽʢʪʝʨʛʝ ץʦʣʜʘʥʫʳ ʤװʤʢʽʥ.  

 ɻʆʉʊʪ  rץʦʣʜʘʥʫʜʳש ʥײʩץʘʣʘʨʳʥʳש ʙʽʨʽ - ʜʝʨʝʢʪʝʨ ʤʘʩʩʠʚʪʝʨʽ װʰʽʥ 

ʠʤʠʪʦʝʥʜʽʨʤʝʥʽ ᴇʥʜʽʨʫ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ɹʽʨʘץ ʢʝʟ ʢʝʣʛʝʥ ʙʣʦʢʪʳ ʰʠʬʨ 

ʥʝʛʽʟʽʥʜʝ, ʩʦʥʳש ʽʰʽʥʜʝ ɻʆʉʊ ʥʝʛʽʟʽʥʜʝ, ʙʽʨʞʘץʪʳ ʭʵʰ-ʬʫʥʢʮʠʷʥʳ ʝʩʝʧʪʝʫ 

ʩײʣʙʘʩʳʥ ײץʨʫ ʞʝʪʢʽʣʽʢʪʽ ʦשʘʡ, ʦʥʳ ᴅʜʝʙʠʝʪʪʝ MDC ʜʝʧ ʘʪʘʡʜʳ. ᴄʨ ʪװʨʣʽ 

ʢᴇʟʜʝʨʜʝ MDC Ϻʟʛʝʨʽʩʪʝʨʜʽ/ϸʨʝʢʝʪʪʝʨʜʽ ʪʘʙʫ ʢʦʜʳ 

(Modification/Manipulation Detection Code) ʥʝʤʝʩʝ ʭʘʙʘʨ ʜʘʡʜʞʝʩʪʳ 

(Message Digest Code) ʜʝʧ ʪװʩʽʥʝʜʽ.  

 MDC ײץʧʠʷ ʢʽʣʪʪʝʥ ʪᴅʫʝʣʜʽ ʝʤʝʩ ʠʤʠʪʦʝʥʜʽʨʤʝʥʽש ʘʥʘʣʦʛʳ ʨʝʪʽʥʜʝ 

ʠʤʠʪʦץʦʨסʘʫ ʞװʡʝʣʝʨʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥ.  ʉʦʥʳʤʝʥ ץʘʪʘʨ, MDC 

ʵʣʝʢʪʨʦʥʜʳ ʮʠʬʨʣʳϨ ϨʦʣʪʘϬʙʘ (ʕʎʇ) ʩײʣʙʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʘʜʳ. 

ʓסשʘʡʣʳװ ץʰʽʥ ʙײʥʜʘʡ ʩײʣʙʘʣʘʨʳʥʳש ʢᴇʙʽ ʪʽʨʢʝʣʛʝʥ ʢᴇʣʝʤʽ ʙʘʨ ʜʝʨʝʢʪʝʨ 

ʙʣʦʛʳʥʘ ץʦʣ ץʦʶ װʰʽʥ ײץʨʘʩʪʳʨʳʣסʘʥ. ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʳ ʥʝʛʽʟʽʥʜʝ 

ʈʝʩʡ ʌʝʜʝʨʘʮʠʷʩʳʥʳש ʙʽʨʞʘץʪʳ ʭʵʰ-ʬʫʥʢʮʠʷʥʳ ɻʆʉʊ ʈ 34.11-94 ʝʩʝʧʪʝʫ 

ʙʦʡʳʥʰʘ ʩʪʘʥʜʘʨʪ ײץʨʳʣסʘʥ.  

 

ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨ 

 

 1. ɻʆʉʊ 28147-89 ʜʝʨʝʢʪʝʨʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽʥ 

  ?ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʘסʩʘʪʪʘʨץʘʥʜʘʡ ʤʘץ
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 2. ɻʆʉʊ 28147-89 ʩʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש ʥʝʛʽʟʛʽ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ץʘʥʜʘʡ?  

 3. ɻʆʉʊ 28147-89 ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʜʝ ץʘʥʜʘʡ ʦʧʝʨʘʮʠʷʣʘʨ 

  ?ʦʣʜʘʥʳʣʘʜʳץ

 4. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʩʦʥסʳ ʮʠʢʣʳʥʳש 

(32-ʰʽ) ʙʘʩץʘʣʘʨʜʘʥ ץʘʥʜʘʡ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʨ?  

 5. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʜʝ ʘʫʳʩʪʳʨʫʣʘʨ ʢʝʩʪʝʩʽ ʥʝ װʰʽʥ 

  ?ʦʣʜʘʥʳʣʘʜʳץ

 6. ɻʆʉʊ 28147-89 ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש DES ʘʣʛʦʨʠʪʤʽʥʝʥ ʥʝʛʽʟʛʽ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ץʘʥʜʘʡ?  

 7. ɻʆʉʊ 28147-89 ʩʪʘʥʜʘʨʪʪʳ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʦʣʜʘʥʫ ʰʘʨʪʳʥʜʘ ײץʧʠʷ 

ʢʽʣʪʪʝʥ ʙʘʩץʘ ʭʘʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ץʘʥʜʘʡ ʘץʧʘʨʘʪ ʢʝʨʝʢ?  

 8. ɻʆʉʊ 28147-89 ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪװʨʣʝʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ 

ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ץʘʥʜʘʡ ʨʝʞʠʤʜʝ ʦʨʳʥʜʘʣʫ ʤװʤʢʽʥ?  

 9. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʜʝ ʛʘʤʤʘʣʘʫ ʞᴅʥʝ ʢʝʨʽʙʘʡʣʘʥʳʩʳ ʙʘʨ 

ʛʘʤʤʘʣʘʫ ʨʝʞʠʤʜʝʨʽʥʽש ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ץʘʥʜʘʡ?  

 10. ʀʤʠʪʦʝʥʜʽʨʤʝ ʜʝʛʝʥ ʥʝ? ʀʤʠʪʦʝʥʜʽʨʤʝ ץʘʥʜʘʡ ʤʘץʩʘʪʧʝʥ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥ?  

 11. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʽש N1 ʨʝʛʠʩʪʨʽʥʜʝ ʜʝʨʝʢʪʝʨ ʙʘʨ, ʦʣʘʨʜʳש 

ʦʥ ʘʣʪʳʣʳץ ʩʘʥʘץ ʞװʡʝʩʽʥʜʝʛʝ ʪװʨʽ: N1  191a2ab8, ʘʣ N2  434665b2. 

ʐʠʬʨʣʘʫ װʰʽʥ ʢʽʣʪʪʽש ʦʥ ʘʣʪʳʣʳץ ʞװʡʝʜʝʛʽ ʪװʨʽ: eb8a7159 7ce5d63d 

4ac1d6e0 bafe4731 a3deb025 8bb389ac 10d3b61a e9ac340f. ʐʠʬʨʣʘʫ ʮʠʢʣʳ 

 25. ʎʠʢʣʜʳ ʘʷץʪʘסʘʥ ʩʦש N1 ʞᴅʥʝ N2 ʥʝ ʙʦʣʘʜʳ? ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ ʨʝʪʽʥʜʝ 

7.1 ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ.  

 12. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʽש N1 ʨʝʛʠʩʪʨʽʥʜʝ ʜʝʨʝʢʪʝʨ ʙʘʨ, ʦʣʘʨʜʳש 

ʦʥ ʘʣʪʳʣʳץ ʩʘʥʘץ ʞװʡʝʩʽʥʜʝʛʝ ʪװʨʽ: N1  434665b2, ʘ N2  191a2ab8. 

ʐʠʬʨʣʘʫ װʰʽʥ ʢʽʣʪʪʽש ʦʥ ʘʣʪʳʣʳץ ʞװʡʝʜʝʛʽ ʪװʨʽ: 7ce5d63d 4ac1d6e0 

bafe4731 a3deb025 8bb389ac 9ea2923b 9a62e045 e9ac340f. ʐʠʬʨʣʘʫ ʮʠʢʣʳ 

 9. ʎʠʢʣʜʳ ʘʷץʪʘסʘʥ ʩʦש N1 ʞᴅʥʝ N2 ʥʝ ʙʦʣʘʜʳ? ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ ʨʝʪʽʥʜʝ 

7.1 ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ. 

 13. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʽש N1 ʨʝʛʠʩʪʨʽʥʜʝ ʜʝʨʝʢʪʝʨ ʙʘʨ, ʦʣʘʨʜʳש 

ʦʥ ʘʣʪʳʣʳץ ʩʘʥʘץ ʞװʡʝʩʽʥʜʝʛʝ ʪװʨʽ: N1  10d3b61a, ʘ N2 ð eb8a7159. 

ʐʠʬʨʣʘʫ װʰʽʥ ʢʽʣʪʪʽש ʦʥ ʘʣʪʳʣʳץ ʞװʡʝʜʝʛʽ ʪװʨʽ: e9ac340f a3deb025 

8bb389ac 9ea2923b 9a62e045 bafe4731 7ce5d63d 4ac1d6e0. ʐʠʬʨʣʘʫ ʮʠʢʣʳ 

 32. ʎʠʢʣʜʳ ʘʷץʪʘסʘʥ ʩʦש N1 ʞᴅʥʝ N2 ʥʝ ʙʦʣʘʜʳ? ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ ʨʝʪʽʥʜʝ 

7.1 ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ. 

 14. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʽש N1 ʨʝʛʠʩʪʨʽʥʜʝ ʜʝʨʝʢʪʝʨ ʙʘʨ, ʦʣʘʨʜʳש 

ʦʥ ʘʣʪʳʣʳץ ʩʘʥʘץ ʞװʡʝʩʽʥʜʝʛʝ ʪװʨʽ: N1  0d3b61a5, ʘ N2 ð eb8a7159. 

ʐʠʬʨʣʘʫ װʰʽʥ ʢʽʣʪʪʽש ʦʥ ʘʣʪʳʣʳץ ʞװʡʝʜʝʛʽ ʪװʨʽ: e9ac340f 9a62e045 

10d3b61a 8bb389ac 9ea2923b 7ce5d63d eb8a7159 bafe4731. ʐʠʬʨʣʘʫ ʮʠʢʣʳ 

 32. ʎʠʢʣʜʳ ʘʷץʪʘסʘʥ ʩʦש N1 ʞᴅʥʝ N2 ʥʝ ʙʦʣʘʜʳ? ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ ʨʝʪʽʥʜʝ 

7.1 ʢʝʩʪʝʩʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ. 
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 15. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʜʝ ʞʘʣסʘʥ ʢʝʜʝʨʛʽʣʝʨʜʽ ʪʳץʧʘʣʘʫ 

ʳץʪʠʤʘʣʜʳסʳ Pʃʇ = 2,4Ā10
ⱷ10 
ʪᴇʤʝʥ ʙʦʣʤʘʫ ʢʝʨʝʢ. ʀʤʠʪʦʝʥʜʽʨʤʝʥʽש 

  .ʳʟשʪʘץʳʥ ʙʠʪʪʝʨʤʝʥ ʘʥʳסʟʳʥʜʳײ

 16. ɻʆʉʊ 28147-89 ʘʣʛʦʨʠʪʤʽʥʜʝ 24 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʠʤʠʪʦʝʥʜʽʨʤʝ 

 ʳʥסʪʠʤʘʣʜʳץʧʘʣʘʫ ʳץʘʥ ʢʝʜʝʨʛʽʣʝʨʜʽ ʪʳסʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳ. ɾʘʣץ

ʘʥʳץʪʘשʳʟ.  
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9 ʪʘʨʘʫ 

 

ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋɼʓר ɽʋʈʆʇɸʃʓפ ʉʊɸʅɼɸʈʊʊɸʈʓ 

 

9.1. ɽʋʈʆʇɸʃʓפ ʉʊɸʅɼɸʈʊʊɸʈɼʓ ױפʈʋ ʊɸʈʀʍʓ 

 

 ɾʘץʳʥʜʘ ᴇʪʢʝʥ ʟʘʤʘʥסʘ ʜʝʡʽʥ ʢʦʤʤʝʨʮʠʷʣʳץ ʞᴅʥʝ ץʘʨʞʳʣʳץ 

ʤʝʢʝʤʝʣʝʨʜʝ ʥʝʛʽʟʛʽ ץʦʣʜʘʥʳʩʪʘ ʙʦʣסʘʥ ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤ DES ʙʦʣʜʳ. ɹʽʨʘץ ʝʩʝʧʪʝʫ ץʫʘʪʪʳסʳʥʳש 

ʞʦסʘʨʣʘʫʳ ʞᴅʥʝ ʙʽʨ ץʘʪʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʳש ʦʟʳץ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳ DES ץʘʫʽʧʩʽʟʜʽʢʪʽש ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ 

ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹʽʨʽʥʰʽ ץʘʪʘʨʜʘ ʙײʣ ʢʽʣʪʪʽש ʞᴅʥʝ 

ʙʣʦʢʪʳץ שʳʩץʘ ײʟʳʥʜʳסʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʦʣ ʞʝʪʢʽʣʽʢʪʽ ץʳʩץʘ ʫʘץʳʪʪʘ 

ʘʨʥʘʡʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʧʨʦʮʝʩʩʦʨʣʘʨʜʘ ץʘʨʘʧʘʡʳʤ ʪʘʣʜʘʫʜʳ ʞװʨʛʽʟʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɽʩʢʽʨʛʝʥ DES װʰʽʥ ʣʘʡʳץʪʳ ʘʫʳʩʪʳʨʫʜʳ ʪʘʙʫ ץʘʞʝʪ 

ʙʦʣʜʳ. ɹײʣ ʧʨʦʙʣʝʤʘʥʳ ʙʽʨʽʥʰʽ ʘʤʝʨʠʢʘʥʜʳץʪʘʨ ʰʝʰʪʽ, ʦʣʘʨ 1998 ʞʳʣʳ 

ʞʘשʘ ʘʤʝʨʠʢʘʣʳץ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳʥʘ AES ʙʘʡץʘʫʳʥ ײʡʳʤʜʘʩʪʳʨʜʳ. 

ɹʽʨʥʝʰʝ ʢʝʟʝש ʙʘʨʳʩʳʥʜʘ XX סʘʩʳʨʜʳש ʩʪʘʥʜʘʨʪʳ Rijndael ʪʘשʜʘʣʜʳ, ʦʣ 

ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ װʰʽʥ ʞʘʨʠʷʩʳʟ ʞʘשʘ 

ʩʪʘʥʜʘʨʪʪʳ ʙʝʨʜʽ. ɹײʣ 128 ʙʠʪʪʝʥ ʢʝʤ ʝʤʝʩ ʙʣʦʢ ײʟʳʥʜʳסʳʥ ʞᴅʥʝ 128 

ʙʠʪʪʝʥ ʢʝʤ ʝʤʝʩ ʢʽʣʪʪʝʨ ײʟʳʥʜʳסʳʥ ץʦʣʜʘʥʫ.  

 2000-2002 ʞʳʣʜʘʨʳ ɽʫʨʦʧʘʜʘ ץײʩʘʩ ʙʘʡץʘʫ ᴇʪʢʽʟʽʣʜʽ NESSIE (New 

European Schemes for Signatures, Integrity and Encryption ï ϧʦʣ Ϩʦʶ Ϯʰʽʥ, 

ʪϰʪʘʩʪʳϨϨʘ ʞϸʥʝ ʰʠʬʨʣʘʫϤʘ ʞʘϬʘ ʝʫʨʦʧʘʣʳϨ ʩϰʣʙʘʣʘʨ), ʦʥʳש ʤʘץʩʘʪʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʝʫʨʦʧʘʣʳץ ʩʪʘʥʜʘʨʪʪʳ ʪʘשʜʘʫ [29]. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʥʘʣʠʪʠʢʘʣʳץ ʰʘʙʫʳʣʜʘʨ ᴅʜʽʩʪʝʨʽʥʽש ʞʘץʩʘʨʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

 ʘʫʽʧʩʽʟʜʽʢ ʢʣʘʩʩʳץ ʰת .ʦʡʳʣʜʳץ ʘʥ ʪʘʣʘʧʪʘʨסʘʨʣʘʪʳʣסʤʽʪʢʝʨʣʝʨʛʝ ʞʦװ

 ʳ 128 ʞᴅʥʝ ʢʽʣʪסʟʳʥʜʳײ ʘ, ʙʣʦʢסʳסʘʨסʞʦ שʘʨʘʩʪʳʨʳʣʜʳ. ɹʽʨʽʥʰʽʛʝ, ʝץ

 ;ʘʣʛʦʨʠʪʤʜʝʨ ʞʘʪʘʜʳ ץʳ 256 ʙʠʪʪʝʥ ʢʝʤ ʝʤʝʩ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳסʟʳʥʜʳײ

ʦʨʪʘʥסʳʩʳʥʘ - ʙʣʦʢ ײʟʳʥʜʳסʳ 128 ʞᴅʥʝ ʢʽʣʪ ײʟʳʥʜʳסʳ 128 ʙʠʪʪʝʥ ʢʝʤ 

ʝʤʝʩ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʞʘʪʘʜʳ; װʰʽʥʰʽʩʽʥʝ, ʞʘʨʘʪʳʤʜʳסʘ - 

ʙʣʦʢ ײʟʳʥʜʳסʳ 64 ʞᴅʥʝ ʢʽʣʪ ײʟʳʥʜʳסʳ 128 ʙʠʪ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʣʛʦʨʠʪʤʜʝʨ ʞʘʪʘʜʳ.  



 270 

 ɯʨʽʢʪʝʫ ʢʝʟʽʥʜʝ AES ץʘʪʳʩץʘʥ ʘʣʛʦʨʠʪʤʜʝʨʛʝ ץʦʡʳʣסʘʥ ʪʘʣʘʧʪʘʨסʘ 

 ʩʳʥʳʩʪʘʨʜʳ ʝʩʝʧʢʝ ʘʣʫʤʝʥײ ʘשʘʣʘʥʜʳ: ʞʘסʩʘʩ ʪʘʣʘʧʪʘʨ ʜʘ ʙʘץײ

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʥʘʣʠʪʠʢʘʣʳץ ʰʘʙʫʳʣʜʘʨʜʘʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽש 

 ;ʘʫʽʧʩʽʟʽʜʽʛʽץ ץʩʪʘʪʠʩʪʠʢʘʣʳ שʳ; ʘʣʛʦʨʠʪʤʜʝʨʜʽסʘʥʜʳסʘʣסʦʨץ

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʘʟʘʩʳʥʳש ʩʝʥʽʤʜʽʣʽʛʽ; ʰʠʬʨʣʘʫʜʳש/ʢʝʨʽʰʠʬʨʣʘʫʜʳש 

ʝʩʝʧʪʝʫ ץʳʡʳʥʜʳסʳ (ʞʳʣʜʘʤʜʳסʳ); ʙʘסʜʘʨʣʘʤʘʣʳץ, ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʳץ-ʘʧʧʘʨʘʪʪʳץ ʞװʟʝʛʝ ʘʩʳʨʫʜʳץ שʳʡʳʥʜʳסʳ.  

 ɹʘʡʢʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʽʨʽʢʪʝʣʜʽ [29]: 

 - ʞʘʨʘʪʳʤʜʳ ץʘʫʽʧʩʽʟʜʽʢ ʢʣʘʩʩʳ: IDEA (ʐʚʝʡʮʘʨʠʷ); Khazad (ɹʨʘʟʠʣʠʷ 

ʞᴅʥʝ ɹʝʣʴʛʠʷ); MISTY1 (ɾʘʧʦʥʠʷ); SAFER++64 (ʐʚʝʡʮʘʨʠʷ); 

 - ʦʨʪʘʰʘ ץʘʫʽʧʩʽʟʽʜʽʢ ʢʣʘʩʩʳ: Camellia (ɾʘʧʦʥʠʷ); SAFER++128 

(ɾʘʧʦʥʠʷ) ʞᴅʥʝ RC6 (ʐʚʝʮʠʷ ʞᴅʥʝ ɸϧʐ); 

 - ʞʦסʘʨסʳ ץʘʫʽʧʩʽʟʜʽʢ ʢʣʘʩʩʳ: Shacal (ʌʨʘʥʮʠʷ). 

 ʉʘʨʘʧʰʳʣʘʨ ʦʣʘʨʤʝʥ ʙʽʨʛʝ ʬʠʥʘʣʠʩʪʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ɸϧʐ AES ʞᴅʥʝ 

Triple DES ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʪʘʨʳʥ ץʘʨʘʩʪʳʨʜʳ, ʦʣʘʨ NESSIE ʙʘʡץʘʫʳʥʘ 

  .ʘʪʳʩʧʘʩʘʜʘץ

 AES ʘʣʛʦʨʠʪʤʽ ɸϧʐ ʞʘשʘ ʩʪʘʥʜʘʨʪʳ ʙʦʣʜʳ ʞᴅʥʝ ʜʝ-ʬʘʪʦ ï ʙװʢʽʣʛʝ 

ʞʫʳץ ᴅʣʝʤ װʰʽʥ ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʩʪʘʥʜʘʨʪʳ.  

 ɽʫʨʦʧʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨʤʝʥ ʥʘʰʘʨʳʨʘץ: ɸϧʐ-ʪʘ  AES ʽʨʽʢʪʝʫʤʝʥ 

ʫᴅʢʽʣʝʪʪʽ ʤʝʤʣʝʢʝʪʪʽʢ ʠʥʩʪʠʪʫʪ NIST ʘʡʣʘʥʳʩʪʳ, ʘʣ ɽʫʨʦʧʘʜʘ ï סʳʣʳʤʠ 

 (ʫʥʠʚʝʨʩʠʪʝʪ, ʃʶʚʝʥ Ϩʘʣʘʩʳ, ɹʝʣʴʛʠʷ ץʤʳʩʘʣʳ, ʂʘʪʦʣʠʢʘʣʳ) ʡʳʤʜʘʨײ

ʞᴅʥʝ ʽʨʽ ʢʦʨʧʦʨʘʮʠʷʣʘʨ (ʤʳʩʘʣʳ, Siemens), ʞᴅʥʝ ʜʝ ʩʘʨʘʧʰʳʣʘʨʜʳש 

ʪײʞʳʨʳʤʜʘʨʳ ײʩʳʥʫ ʩʠʧʘʪʪʘʤʘʩʳʤʝʥ ʙʦʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, NESSIE 

ʙʘʡץʘʫʳ ᴇʪʝ ʢʝש ʙʦʣʜʳ ï ʦʥʳ װʰ ʞʳʣ ᴇʪʢʽʟʫ ʙʘʨʳʩʳʥʜʘ ʩʘʨʘʧʰʳʣʘʨ װʣʢʝʥ 

ʩʘʥ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ʞʝʪʝ ʟʝʨʪʪʝʫʛʝ ʫʘץʳʪʪʘʨʳ ʞʝʪʧʝʜʽ ʜʝʛʝʥ ʦʡ ʪײʜʳʨʘʜʳ.  

 NESSIE ʙʘʡץʘʫʳʥʳ2003 ש ʞʳʣʜʳש ʘץʧʘʥʳʥʜʘ ʙʽʪʢʝʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ 

ʞʘʣʧʳʝʫʨʦʧʘʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʩʪʘʥʜʘʨʪʪʘʨ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ ʞʦץ.  

 ɯʨʽʢʪʝʣʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʽʰʽʥʜʝ ײץʨʫ ʢᴇʟ ץʘʨʘʩʳʥʘʥ 

ʝץ שʳʟʳץʪʳ: IDEA ʞᴅʥʝ Camellia. ɹײʣ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʪʦʣʳסʳʨʘץ 

 .ץʘʨʘʩʪʳʨʘʡʳץ

 

9.2. IDEA ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋɼʓר ɹʃʆʂʊʓ  

ɸʃɻʆʈʀʊʄɯ 

 

9.2.1. IDEA ʘʣʛʦʨʠʪʤʽʥ ײץʨʫ ʪʘʨʠʭʳ 

 

 IDEA ʘʣʛʦʨʠʪʤʽ ʰʚʝʡʮʘʨʠʷʣʳץ Ascom ʬʠʨʤʘʩʳʤʝʥ ʧʘʪʝʥʪʪʝʣʛʝʥ 

ʩʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨ.  

 IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʙʽʨʽʥʰʽ ʥײʩץʘʩʳ 1990 ʞʳʣʳ DES ʦʨʥʳʥʘ ײʩʳʥʳʣסʘʥ, ʦʥʳש 

ʘʚʪʦʨʣʘʨʳ  ʐʚʝʡʮʘʨʠʷʣʳץ ETH Z¿rich (Hasler Foundation ʢʦʥʪʨʘʢʪ 

ʙʦʡʳʥʰʘ, ʩʦʜʘʥ ʢʝʡʽʥ Ascom ⱷ Tech AG ץʦʩʳʣʜʳ) ʠʥʩʪʠʪʫʪʳʥʘʥ ʉʶʵʮʟʷ 

ʃʘʡ (Xuejia Lai) ʞᴅʥʝ ɼʞʝʡʤʩ ʄʵʩʩʠ (James Massey), ʰʠʬʨʜʳ PES (ʘסʳʣ. 

Proposed Encryption Standard  ϰʩʳʥʳʣϤʘʥ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ) ʜʝʧ 

http://ru.wikipedia.org/w/index.php?title=ETH_Z%C3%BCrich&action=edit&redlink=1
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ʘʪʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ, PES ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ʙʦʡʳʥʰʘ ɹʠʭʘʤ ʞᴅʥʝ ʐʘʤʠʨʜʽϬ ʞײʤʳʩʪʘʨʳʥ ʞʘʨʠʷʣʘסʘʥʥʘש ʢʝʡʽʥ, 

ʘʣʛʦʨʠʪʤ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʢʪʽ ʥʳסʘʡʪʫ װʰʽʥ ʞʘץʩʘʨʪʳʣסʘʥ ʞᴅʥʝ  

IPES (ʘסʳʣ. Improved Proposed Encryption Standard  ʞʘϨʩʘʨʪʳʣϤʘʥ 

ϰʩʳʥʳʣϤʘʥ ʰʠʬʨʣʘʫ ʩʪʘʥʜʘʨʪʳ) ʜʝʧ ʘʪʘʣסʘʥ. ɹʽʨ ʞʳʣʜʘʥ ʢʝʡʽʥ ʦʥʳש 

ʘʪʳʥ IDEA ʜʝʧ ʘʫʳʩʪʳʨʜʳ. 

 ɸʣʛʦʨʠʪʤʥʽץ שʘʡʪʘ ץʘʨʘʩʪʳʨʳʣסʘʥ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʰʘʙʫʳʣʜʘʨסʘ ץʘʨʩʳ ץʦʨסʘʫ ײץʨʘʣʜʘʨʳʤʝʥ ʥʳסʘʡʪʳʣסʘʥ 

ʥײʩץʘʩʳ 1991 ʞʳʣʳ ʢᴇʨʩʝʪʽʣʛʝʥ ʞᴅʥʝ 1992 ʞʳʣʳ ʪʦʣʳץ ʩʠʧʘʪʪʘʣסʘʥ.  

 ɸʣסʘʰʳʥʜʘ DES ʘʫʳʩʪʳʨʘʪʳʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʽʰʽʥʜʝʛʽ ʩʠʤʤʝʪʨʠʷʣʳץ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʙʽʨʽ IDEA.  

 

9.2.2. IDEA ʘʣʛʦʨʠʪʤʽʥ ײץʨʫ ʧʨʠʥʮʠʧʪʝʨʽ 

 

 ʂᴇʧʪʝʛʝʥ ʙʘʩץʘ ʙʣʦʢʪʳ ʰʠʬʨʣʘʨ ʩʠʷץʪʳ IDEA ʘʣʛʦʨʠʪʤʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 

ʘʨʘʣʘʩʪʳʨʫ ʞᴅʥʝ ʰʘʰʳʨʘʪʫ ʧʨʦʮʝʩʩʪʝʨʽʥ ץʦʣʜʘʥʘʜʳ, ʙʘʨʣʳץ ʧʨʦʮʝʩʩʪʝʨ 

ʘʧʧʘʨʘʪʪʳץ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʳʤʝʥ ʞʝשʽʣ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  

 IDEA 64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ. IDEA ʘʣʛʦʨʠʪʤʽʥʽש 

ʢװʤᴅʥʩʽʟ ʘʨʪʳץʰʳʣʳסʳ - ʦʥʳש ʢʽʣʪʽʥʽײ שʟʳʥʜʳסʳ 128 ʙʠʪ. ʐʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʙʽʨ ʘʣʛʦʨʠʪʤ ץʦʣʜʘʥʳʣʘʜʳ.  

 IDEA ײץʨʘʩʪʳʨʫ ʤʘץʩʘʪʳ ʞʝʪʢʽʣʽʢʪʽ ץʘʨʘʧʘʡʳʤ ʞװʟʝʛʝ ʘʩʳʨʫʤʝʥ ʞᴅʥʝ 

ʙʝʨʽʢʪʽʣʽʛʽʤʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʽ ײץʨʫ.  

 IDEA ʢʝʣʝʩʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʦʥʳש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽʥ 

ʩʠʧʘʪʪʘʡʜʳ: 

 ɹʣʦʢ ϰʟʳʥʜʳϤʳ: ʘʣסʘʰץʳ ʤᴅʪʽʥʥʽש ʙʘʨʣʳץ ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘʩʳʨʘʪʳʥʜʘʡ ʙʦʣʘʪʳʥ ʙʣʦʢ ײʟʳʥʜʳסʳ ʙʦʣʫ ץʘʞʝʪ. ɹʘʩץʘ 

ʞʘץʪʘʥ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʬʫʥʢʮʠʷʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ ץʳʡʳʥʜʳסʳ ʙʣʦʢ 

ʢᴇʣʝʤʽʥʝ ʩᴅʡʢʝʩ ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ᴇʩʝʜʽ. ʂᴇʣʝʤʽ 64 ʙʠʪ ʙʣʦʢʪʳ ץʦʣʜʘʥʫ 90-

ʰʳ ʞʳʣʜʘʨʳ ʞʝʪʢʽʣʽʢʪʽ ʢװʰʪʽ ʙʽʣʜʽʨʛʝʥ. ʆʩʳסʳʥ ץʦʩʘ, ʉɺʉ ʰʠʬʨʣʘʫ 

ʨʝʞʠʤʽʥ ץʦʣʜʘʥʫ ʘʣʛʦʨʠʪʤʥʽש ʙײʣ ʘʩʧʝʢʪʽʩʽʥ ʘʨʳ ץʘʨʘʡ ʥʳסʘʡʪʫ ʪʫʨʘʣʳ 

ʘʡʪʘʜʳ.  

 ʂʽʣʪ ϰʟʳʥʜʳϤʳ: ʢʽʣʪʪʽײ שʟʳʥʜʳסʳ ʞʝʪʢʽʣʽʢʪʽ ײʟʳʥ ʙʦʣʫ ץʘʞʝʪ, ʢʽʣʪʪʽ 

 ʳ 128סʟʳʥʜʳײ ʤʢʽʥʜʽʛʽʥ ʙʦʣʜʳʨʤʘʡʪʳʥʜʘʡ. ʂʽʣʪװʘʨʘʧʘʡʳʤ ʪʘʣʜʘʫ ʤץ

ʙʠʪʧʝʥ IDEA ʞʝʪʢʽʣʽʢʪʽ ץʘʫʽʧʩʽʟ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ.  

 ʂʦʥʬʫʟʠʷ: ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʢʽʣʪʪʝʥ ץʳʡʳʥ ʞᴅʥʝ ʰʘʪʘʩץʘʥ 

ʪᴅʩʽʣʤʝʥ ʪᴅʫʝʣʜʽ ʙʦʣʫ ץʘʞʝʪ.  

 ɼʠʬʬʫʟʠʷ: ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʠʪʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ 

ʙʠʪʽʥʝ ᴅʩʝʨ ʝʪʫ ץʘʞʝʪ. ɹʽʨ ʰʠʬʨʣʘʥʙʘסʘʥ ʙʠʪʪʽש ʢᴇʧʪʝʛʝʥ ʰʠʬʨʣʘʥסʘʥ 

ʙʠʪʪʝʨʛʝ ʪʘʨʘʣʫʳ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳײץ ץʨʳʣʳʤʳʥ 

ʞʘʩʳʨʘʜʳ. ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘʥ ץʘʣʘʡ ʪᴅʫʝʣʜʽ 

ʙʦʣʘʪʳʥʳʥ ʘʥʳץʪʘʫ ץʘʨʘʧʘʡʳʤ ʙʦʣʤʘʫ ʢʝʨʝʢ. ɹײʣ ʢᴇʟ ץʘʨʘʩʪʘʥ IDEA ᴇʪʝ 

ʪʠʽʤʜʽ ʘʣʛʦʨʠʪʤ.  
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 IDEA ʩʦʥסʳ ʝʢʽ ʪʘʨʤʘװ ץʰ ʦʧʝʨʘʮʠʷ ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. ɹײʣ ʦʥʳש 

DES ʘʡʳʨʤʘʰʳʣʳסʳ. DES xor ʦʧʝʨʘʮʠʷ ʥʝʛʽʟʽʥʜʝ ʞᴅʥʝ ʢʽʰʢʝʥʪʘʡ ʩʳʟʳץ 

ʝʤʝʩ ʘʫʳʩʪʳʨʫʜʳש S-ʙʣʦʢʪʘʨʳʥʜʘ ײץʨʳʣסʘʥ.  

 ᴄʨ ʦʧʝʨʘʮʠʷ ʝʢʽ 16-ʙʠʪʪʽʢ ʢʽʨʽʩʢʝ ʦʨʳʥʜʘʣʘʜʳ ʞᴅʥʝ ʙʽʨ 16-ʙʠʪʪʽʢ 

ʰʳסʳʩʪʳ ײץʨʘʜʳ. ɹײʣ ʦʧʝʨʘʮʠʷʣʘʨ: 

 1. ɹʠʪʪʽʢ xor, Äʜʝʧ ʙʝʣʛʽʣʝʥʝʜʽ. 

 2. 2
16

 (65536) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʙװʪʽʥ ʩʘʥʜʘʨ ץʦʩʳʥʜʳʩʳ, ʙײʣ ʞʝʨʜʝ 

ʢʽʨʽʩʪʝʨ ʞᴅʥʝ ʰʳסʳʩʪʘʨ ʙʝʣʛʽʣʝʨʽ ʞʦ16 ץ-ʙʠʪʪʽʢ ʙװʪʽʥʜʝʨ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. 

ɹײʣ ʦʧʝʨʘʮʠʷʥʳ   ʜʝʧ ʙʝʣʛʽʣʝʡʜʽ. 

 3. 2
16

 + 1 (65537) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʙװʪʽʥ ʩʘʥʜʘʨʜʳ ʢᴇʙʝʡʪʫ, ʙײʣ ʞʝʨʜʝ 

ʢʽʨʽʩʪʝʨ ʞᴅʥʝ ʰʳסʳʩʪʘʨ ʙʝʣʛʽʣʝʨʽ ʞʦ16 ץ-ʙʠʪʪʽʢ ʙװʪʽʥʜʝʨ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. 

ʊʝʢ ʥᴇʣʜʝʨʜʝʥ ʪײʨʘʪʳʥ ʙʣʦʢʪʳ  2
17 
ʜʝʧ ʝʩʝʧʪʝʡʜʽ. ɹײʣ ʦʧʝʨʘʮʠʷʥʳ Ãʜʝʧ 

ʙʝʣʛʽʣʝʡʜʽ. 

 ɹײʣ װʰ ʦʧʝʨʘʮʠʷ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʜʝ װʡʣʝʩʧʝʡʜʽ:  

 1. ɼʠʩʪʨʠʙʫʪʠʚʪʽ ʟʘסשʘ ʞʘʨʘʪʳʤʜʳ װʰ ʦʧʝʨʘʮʠʷʜʘʥ ʞײʧ ʙʦʣʤʘʡʜʳ. 

ʄʳʩʘʣʳ 

 

a Ã ( b  c ) Í a Ã b  a Ã c. 

 

 2. ɸʩʩʦʮʠʘʪʠʚʪʽ ʟʘסשʘ ʞʘʨʘʪʳʤʜʳ װʰ ʦʧʝʨʘʮʠʷʜʘʥ ʞײʧ ʙʦʣʤʘʡʜʳ. 

ʄʳʩʘʣʳ 

 

a  ( b Ä c ) Í (a  b ) Ä c. 

 

 ʆʩʳ װʰ ʦʧʝʨʘʮʠʷʜʘʥ ץʠʳʩʪʳʨʫʜʳ ץʦʣʜʘʥʫ ʢʽʨʽʩʪʽש ʢʝʰʝʥʜʽ ᴇʟʛʝʨʫʽʥ 

 ʳʡʳʥʜʘʪʘʜʳ ʪʝʢ xorץ ʪʘʣʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ

ʦʧʝʨʘʮʠʷʩʳʥʜʘ ʥʝʛʽʟʜʝʣʛʝʥ DES ʘʣʛʦʨʠʪʤʽʥʝ ץʘʨʘסʘʥʜʘ.  

 

9.2.3. IDEA ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʳ 

 

 IDEA ʰʠʬʨʣʘʫʜʳש ʞʘʣʧʳ ʩײʣʙʘʩʳʥ ץʘʨʘʩʪʳʨʘʤʳʟ (9.1 ʩʫʨʝʪ). ʂʝʟ 

ʢʝʣʛʝʥ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʩʠʷץʪʳ, ʙײʣ ʞʝʨʜʝ ʜʝ ʝʢʽ ʢʽʨʽʩ ʙʘʨ: 

ʰʠʬʨʣʘʥʙʘסʘʥ ʙʣʦʢ ʞᴅʥʝ ʢʽʣʪ. ɹײʣ ʞʘסʜʘʡʜʘ ʰʠʬʨʣʘʥʙʘסʘʥ ʙʣʦʢʪʳש 

  .ʳ  128 ʙʠʪסʟʳʥʜʳײ ʳ 64 ʙʠʪ, ʘʣ ʢʽʣʪסʟʳʥʜʳײ

 IDEA ʘʣʛʦʨʠʪʤʽ ʩʝʛʽʟ ʨʘʫʥʜʪʘʥ ʪʫʨʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʩʦסשʳ ʪװʣʜʝʥʜʽʨʫ 

ʙʦʣʘʜʳ. ɸʣʛʦʨʠʪʤ ʙʣʦʢʪʳ ʪᴇʨʪ 16-ʙʠʪʪʽʢ ʽʰʢʽ ʙʣʦʢʪʘʨסʘ ʙᴇʣʝʜʽ. ᴄʨ ʨʘʫʥʜ 

ʢʽʨʽʩʢʝ ʪᴇʨʪ 16-ʙʠʪʪʽʢ ʽʰʢʽ ʙʣʦʢʪʳ ʘʣʘʜʳ ʞᴅʥʝ ʰʳסʳʩʪʘ ʪᴇʨʪ 16-ʙʠʪʪʽʢ 

ʽʰʢʽ ʙʣʦʢʪʳ ײץʨʘʜʳ. 
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 ʉʦסשʳ ʪװʨʣʝʥʜʽʨʫʜʝ ʢʽʨʽʩʢʝ 

ʪᴇʨʪ 16-ʙʠʪʪʽʢ ʽʰʢʽ ʙʣʦʢʪʳ 

ʘʣʘʜʳ ʞᴅʥʝ ʰʳסʳʩʪʘ ʪᴇʨʪ 16-

ʙʠʪʪʽʢ ʽʰʢʽ ʙʣʦʢʪʳ ײץʨʘʜʳ. 

 ᴄʨ ʨʘʫʥʜ ʘʣʪʳ 16-ʙʠʪʪʽʢ 

ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ ץʦʣʜʘʥʘʜʳ, 

ʩʦסשʳ ʪװʨʣʝʥʜʽʨʫ ʪᴇʨʪ ʽʰʢʽ 

ʢʽʣʪʪʽ ץʦʣʜʘʥʘʜʳ, ʷסʥʠ 

ʘʣʛʦʨʠʪʤʜʝ ʞʘʣʧʳ 52 ʽʰʢʽ ʢʽʣʪ 

  .ʦʣʜʘʥʳʣʘʜʳץ

 ɼʠʬʬʫʟʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥ ʘʣʛʦʨʠʪʤʥʽש ʥʝʛʽʟʛʽ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʽʨʽ ʄɸ 

(ʢᴇʙʝʡʪʫ/ץʦʩʫ) ʜʝʧ ʘʪʘʣʘʪʳʥ 

  .ʨʳʣʳʤײץ

       ʄɸ (ʢᴇʙʝʡʪʫ/ץʦʩʫ) 

 ʨʳʣʳʤʳ 9.2ײץ שʳʥʳסʨʳʣײץ

ʩʫʨʝʪʠʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  
 

9.1 ʩʫʨʝʪ ï IDEA ʘʣʛʦʨʠʪʤʽʥʽש 

 ʨʳʣʳʤʳײץ

 

  
 

 ɹײʣ ײץʨʳʣʳʤʥʳש ʢʽʨʽʩʽʥʝ ʝʢʽ 16-ʙʠʪʪʽʢ 

ʤᴅʥʜʝʨ (
(i)

1f  ʞᴅʥʝ 
(i)
2f ) ʞᴅʥʝ ʝʢʽ 16-ʙʠʪʪʽʢ 

ʨʘʫʥʜʪʳץ ʢ̔ ʣʪ (
(i)
1k  ʞᴅʥʝ 

(i)
2k ) ʙʝʨʽʣʝʜʽ, 

ʰʳסʳʩʪʘ ʝʢʽ 16-ʙʠʪʪʽʢ ʤᴅʥ (
(i)
1y  ʞᴅʥʝ 

(i)
2y ) 

  .ʨʳʣʘʜʳײץ

 ʊʦʣʳץ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʢʩʝʨʫ ʙײʣ 

 ᴅʨ ʙʠʪʳ שʳʩʳʥʳסʰʳ שʨʳʣʳʤʥʳײץ

ʰʠʬʨʣʘʥʙʘסʘʥ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʳש ᴅʨ ʢʽʨʽʩ 

ʙʠʪʽʥʝʥ ʞᴅʥʝ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽש ᴅʨ ʙʠʪʽʥʝʥ 

ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹײʣ ײץʨʳʣʳʤ 

ʘʣʛʦʨʠʪʤʜʝ ʩʝʛʽʟ ʨʝʪ ץʘʡʪʘʣʘʥʘʜʳ ʞᴅʥʝ 

ʞʦסʘʨʳʪʠʽʤʜʽ ʜʠʬʬʫʟʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ.  

9.2 ʩʫʨʝʪ - ʄɸ ײץʨʳʣסʳʥʳש 

 ʨʳʣʳʤʳײץ

 

 ɹᴇʣʝʢ ʨʘʫʥʜ ʪװʨʣʝʥʜʽʨʫ ʨʝʪʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ.  

 ʈʘʫʥʜ 16 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʜʝʨʝʢʪʝʨʜʽש ʪᴇʨʪ ʢʽʨʽʩ ʽʰʢʽ ʙʣʦʛʳʥ: 
(i)
1D , 

(i)
2D , 

(i)
3D  ʞᴅʥʝ 

(i)
4D  16 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʪᴇʨʪ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʤʝʥ: 

(i)
1k , 

(i)
2k , 

(i)
3k  ʞᴅʥʝ 

(i)
4k  ʦʣʜʘʥʳʧץ ʦʩʫ ʞᴅʥʝ ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳʥץ 

  .(ʳʟשʘʨʘץ 9.3 ʩʫʨʝʪʢʝ) ʨʣʝʥʜʽʨʫʜʝʥ ʙʘʩʪʘʣʘʜʳװʨʘʤʜʘʩʪʳʨʘʪʳʥ ʪײץ
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9.3 ʩʫʨʝʪ - IDEA ʜʝʨʝʢʪʝʨʜʽש ʙʽʨ ʨʘʫʥʜ ʪװʨʣʝʥʜʽʨʫʽ 

  

 ɹײʣ ʪװʨʣʝʥʜʽʨʫʜʽש ʪᴇʨʪ ʰʳסʳʩ ʙʣʦʛʳ ʄɸ ײץʨʳʣʳʤʳʥʳש ʢʽʨʽʩʽ 

ʙʦʣʘʪʳʥ ʝʢʽ 16-ʙʠʪʪʽʢ ʽʰʢʽ ʙʣʦʢʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ xor ʦʧʝʨʘʮʠʷʩʳʥ 

 ʢʽʨʽʩʽʥʜʝ שʨʳʣʳʤʳʥʳײץ ʦʩʘ, ʄɸץ ʨʘʤʜʘʩʪʳʨʘʜʳ.  ʉʦʥʳʤʝʥײץ ʦʣʜʘʥʳʧץ

ʝʢʽ ʨʘʫʥʜʪʳץ ʢʽʣʪ ʙʘʨ ʞᴅʥʝ ʰʳסʳʩʪʘ ʦʣ ʝʢʽ 16-ʙʠʪʪʽʢ ʰʳסʳʩ ʽʰʢʽ 

ʙʣʦʢʪʘʨʳʥ ײץʨʘʜʳ.  

 ʉʦשʳʥʜʘ ʙʽʨʽʥʰʽ ʪװʨʣʝʥʜʽʨʫʜʽש ʪᴇʨʪ ʰʳסʳʩ ʽʰʢʽ ʙʣʦʛʳ ʄɸ 

 ʪᴇʨʪ שʳʩ ʽʰʢʽ ʙʣʦʛʳʤʝʥ ʙʝʨʽʣʛʝʥ ʠʪʝʨʘʮʠʷʥʳסʝʢʽ ʰʳ שʨʳʣʳʤʳʥʳײץ

ʰʳסʳʩ ʽʰʢʽ ʙʣʦʛʳʥ ײץʨʫ װʰʽʥ xor ץʦʣʜʘʥʫ ʘʨץʳʣʳ ײץʨʘʤʜʘʩʪʳʨʳʣʘʜʳ. 

ɹᴇʣʰʝʢʪʽ ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʢʽʨʽʩʧʝʥ ײץʨʳʣʘʪʳʥ ʝʢʽ ʰʳסʳʩ ʝʢʽʥʰʽ ʞᴅʥʝ 

) ʳʩʪʳסʰʽʥʰʽ ʰʳװ
(i)
2D  ʞᴅʥʝ 

(i)
3D  ʣײʰʽʥ ʦʨʳʥʜʘʨʳʥ ʘʫʳʩʪʳʨʘʜʳ. ɹװ ʨʫײץ (

ʙʠʪʪʝʨʜʽ ʘʨʘʣʘʩʪʳʨʫʜʳ ʞʦסʘʨʣʘʪʘʜʳ ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ ʘʣʛʦʨʠʪʤʥʽש ʙʝʨʽʢʪʽʣʽʛʽʥ ʞʦסʘʨʣʘʪʘʜʳ.  

 ʉʦסשʳ ʪװʨʣʝʥʜʽʨʫ ʜʝʧ ʙʝʣʛʽʣʝʥʛʝʥ ʘʣʛʦʨʠʪʤʥʽש ʪʦסʳʟʳʥʰʳ ʨʘʫʥʜʳʥ 

  .(ʳʟשʘʨʘץ 9.4 ʩʫʨʝʪʪʽ) ʘʨʘʩʪʳʨʘʤʳʟץ
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9.4 ʩʫʨʝʪ - IDEA ʩʦסשʳ ʪװʨʣʝʥʜʽʨʫ (9 ʨʘʫʥʜ) 

 

 ɹײʣ ײץʨʳʣʳʤ ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ. ɹʽʨ ʘʡʳʨʤʘʰʳʣʳץ: ʝʢʽʥʰʽ ʞᴅʥʝ 

 ʨʳʣʳʤʳײץ שʣ ʢʝʨʽʰʠʬʨʣʘʫʜʳײʰʽʥʰʽ ʢʽʨʽʩ ʦʨʳʥʜʘʨʳʤʝʥ ʘʫʳʩʘʜʳ. ɹװ

ʰʠʬʨʣʘʫʤʝʥ ʙʽʨʜʝʡ ʙʦʣʫ װʰʽʥ ʞʘʩʘʣסʘʥ. ʊʦסʳʟʳʥʰʳ ʨʘʫʥʜ (ʩʦסשʳ 

ʪװʨʣʝʥʜʽʨʫ) ʪʝʢ ʪᴇʨʪ ʢʽʨʽʩ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ ʪʘʣʘʧ ʝʪʝʜʽ, ʘʣ ʙʽʨʽʥʰʽ ʩʝʛʽʟ 

ʨʘʫʥʜʪʳש ᴅʨץʘʡʩʳʩʳ װʰʽʥ ʘʣʪʳ ʢʽʨʽʩ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ץʘʞʝʪ ʝʢʝʥʽʥ 

ʙʘʡץʘʡʳץ.  

 

9.2.4. IDEA ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ װʰʽʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ 

ʛʝʥʝʨʘʮʠʷʣʘʫ 

 

IDEA ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ Ϯʰʽʥ ʨʘʫʥʜʪʳϨ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ 

 

 ʂʽʣʪʪʽ ʢʝשʝʡʪʫ ʘʣʛʦʨʠʪʤʽ ʘʣסʘʰץʳ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥʝʥ K ʨʘʫʥʜʪʳץ 

ʢʽʣʪʪʝʨʜʽ ʘʣʫ ʨʝʪʽʥ ʘʥʳץʪʘʡʜʳ. ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥʝʥ 

ʢʽʣʪʪʝʨʜʽ ᴇʥʜʽʨʫ ʘʣʛʦʨʠʪʤʽ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ. ʆʣ ʝʢʽ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪʫʨʘʜʳ:  

 - ʰʠʬʨʣʘʫ ʢʽʣʪʽʥ K ʢʝשʝʡʪʫ; 

 - ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ʪʘשʜʘʫ. 

 ɸʣʛʦʨʠʪʤʥʽש ʥʝʛʽʟײץʨʘʪʳʥ ʧʨʠʥʮʠʧʪʝʨʽ ʢʝʣʝʩʽ: 

 - ʰʠʬʨʣʘʫ ʢʽʣʪʽ K ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʢʝ KP ʢʝשʝʡʪʽʣʝʜʽ;  

 - ᴅʨ ʨʘʫʥʜ ʢʽʣʪʽʥʽש ʙʠʪ ʩʘʥʳ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ ʙʣʦʢ ײʟʳʥʜʳסʳʥʘ ʪʝש;  

 - ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʩʘʥʳ ʢʝʣʝʩʽ ʝʩʝʧʧʝʥ ʘʥʳץʪʘʣʘʜʳ: ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ᴅʨ ʨʘʫʥʜʳ װʰʽʥ ʘʣʪʳ ʢʽʣʪ (16 ʙʠʪ 

 ʰʽʥ ʪᴇʨʪ ʢʽʣʪװ ʨʣʝʥʜʽʨʫװʳ ʪסשʩʦ שʳ ʙʘʨ 48 ʢʽʣʪ) ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽסʟʳʥʜʳײ

(ᴅʨץʘʡʩʳʩʳʥʳײ שʟʳʥʜʳסʳ 16 ʙʠʪ).  

 ɹʘʨʣʳסʳ ʝʣʫ ʝʢʽ 16-ʙʠʪʪʽʢ ʨʘʫʥʜʪʳץ ʢʽʣʪ ʛʝʥʝʨʘʮʠʷʣʘʥʫ ץʘʞʝʪ.  

 ʐʠʬʨʣʘʫ ʢʽʣʪʽʥ K ʢʝשʝʡʪʫ ʢʝʣʝʩʽ ʨʝʪʧʝʥ ʦʨʳʥʜʘʣʘʜʳ. ʐʠʬʨʣʘʫ ʢʽʣʪʽ 

K ᴅʨץʘʡʩʳʩʳ 16 ʙʠʪʢʝ ʪʝש ʩʝʛʽʟ ʙᴇʣʽʢʢʝ ʙᴇʣʽʥʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ װʰʽʥ ʙʽʨʽʥʰʽ ʩʝʛʽʟ ʢʽʣʪ ʘʣʳʥʘʜʳ, ʦʣʘʨʜʳ k1, k2, ..., k8 ʜʝʧ 

ʙʝʣʛʽʣʝʡʤʽʟ, k1 ʢʽʣʪʽ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥʽש K ʙʽʨʽʥʰʽ 16 ʙʠʪʽʥʝ ʪʝש, k2 ʰʠʬʨʣʘʫ 

ʢʽʣʪʽʥʽש K ʢʝʣʝʩʽ  16 ʙʠʪʽʥʝ ʪʝש ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ. ʉʦʜʘʥ ʢʝʡʽʥ ʰʠʬʨʣʘʫ ʢʽʣʪʽ 
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K ʩʦʣ ʞʘץʘ 25 ʙʠʪʢʝ ʮʠʢʣʜʳ ʞʳʣʞʳʡʜʳ. ɸʣʳʥסʘʥ 128-ʨʘʟʨʷʜʪʳ ʪʽʟʙʝʢ 16 

ʙʠʪʪʝʥ ʩʝʛʽʟ ʙᴇʣʽʢʢʝ ʙᴇʣʽʥʝʜʽ.  ʅᴅʪʠʞʝʩʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ װʰʽʥ 

ʢʝʣʝʩʽ ʩʝʛʽʟ ʢʽʣʪ ʘʣʳʥʘʜʳ, ʦʣʘʨ k8, k9, ..., k17 ʜʝʧ ʙʝʣʛʽʣʝʥʝʜʽ. ɹײʣ 

ʧʨʦʮʝʜʫʨʘʥʳ 56 ʢʽʣʪʪʽ ʘʣסʘʥסʘ ʜʝʡʽʥ ץʘʡʪʘʣʘʡʜʳ. ʉʦʥסʳ ʪᴇʨʪ ʢʽʣʪ (k53, k54, 

k55 ʞᴅʥʝ k56)  IDEA ʰʠʬʨʳʥʜʘ ץʦʣʜʘʥʳʣʤʘʡʜʳ ʞᴅʥʝ ʣʘץʪʳʨʳʣʳʧ 

ʪʘʩʪʘʣʘʜʳ.  

 ʐʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʝʥ KP ʪʘשʜʘʫ ʢʝʣʝʩʽ 

ʨʝʪʧʝʥ ʦʨʳʥʜʘʣʘʜʳ: ʙʽʨʽʥʰʽ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʨʝʪʽʥʜʝ 
(1)
1k , 

(1)
2k , 

(1)
3k , 

(1)
4k , 

(1)
5k  ʞᴅʥʝ 

(1)
6k  ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽש KP ʙʽʨʽʥʰʽ ʘʣʪʳ ʢʽʣʪʽ ʘʣʳʥʘʜʳ - k1, k2, 

k3, k4, k5 ʞᴅʥʝ k6; ʝʢʽʥʰʽ ʨʘʫʥʜ ʢʽʣʪʪʝʨʽ ʨʝʪʽʥʜʝ 
(2)
1k , 

(2)
2k , 

(2)
3k , 

(2)
4k , 

(2)
5k  

ʞᴅʥʝ 
(2)
6k  ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽש KP ʢʝʣʝʩʽ ʘʣʪʳ ʢʽʣʪʽ ʘʣʳʥʘʜʳ - k7, k8, k9, k10, 

k11 ʞᴅʥʝ k12 ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ. ʉʦסשʳ ʪװʨʣʝʥʜʽʨʫ (ʪʦסʳʟʳʥʰʳ ʨʘʫʥʜ) ʢʽʣʪʪʝʨʽ 

ʨʝʪʽʥʜʝ 
(9)
1k , 

(9)
2k , 

(9)
3k  ʞᴅʥʝ 

(9)
4k  ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽש KP ʩʦסשʳ ʪᴇʨʪ ʢʽʣʪʽ 

k49, k50, k51 ʞᴅʥʝ k52 ʘʣʳʥʘʜʳ.   

 ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʝʥ K ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽ KP ʘʣʫ ʧʨʦʮʝʩʩʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ʪʘשʜʘʫ 9.5 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʞᴅʥʝ 9.1 ʢʝʩʪʝʛʝ 

ʞʠʥʘʣסʘʥ.  

 

 
 

9.5 ʩʫʨʝʪ ï ʐʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ ʘʣʫ ʧʨʦʮʝʩʩʽ 

 

 9.1 ʢʝʩʪʝ 

 



 277 

IDEA ᴅʨ ʰʠʬʨʣʘʫ ʨʘʫʥʜʳ װʰʽʥ ʢʽʣʪʪʝʨ 

 

ʈʘʫʥʜ ʥϺʤʽʨʽ 
ʈʘʫʥʜʪʘ ʢʽʣʪ ʥϺʤʽʨʽ 

1 2 3 4 5 6 

1 (1)
1k  

(1)
2k  

(1)
3k  

(1)
4k  

(1)
5k  

(1)
6k  

2 (2)
1k

 
(2)
2k

 
(2)
3k

 
(2)
4k

 
(2)
5k

 
(2)
6k

 

3 (3)
1k

 
(3)
2k

 
(3)
3k

 
(3)
4k

 
(3)
5k

 
(3)
6k

 

4 (4)
1k

 
(4)
2k

 
(4)
3k

 
(4)
4k

 
(4)
5k

 
(4)
6k

 

5 (5)
1k

 
(5)
2k

 
(5)
3k

 
(5)
4k

 
(5)
5k

 
(5)
6k

 

6 (6)
1k

 
(6)
2k

 
(6)
3k

 
(6)
4k

 
(6)
5k

 
(6)
6k

 

7 (7)
1k

 
(7)
2k

 
(7)
3k

 
(7)
4k

 
(7)
5k

 
(7)
6k

 

8 (8)
1k

 
(8)
2k

 
(8)
3k

 
(8)
4k

 
(8)
5k

 
(8)
6k

 
ʉʦסשʳ ʪװʨʣʝʥʜʽʨʫ 

(9 ʨʘʫʥʜ) 
(9)
1k

 
(9)
2k

 
(9)
3k

 
(9)
4k

 
  

 

 ʈʘʫʥʜʪʳש ᴅʨ ʙʽʨʽʥʰʽ ʢʽʣʪʽ ʢʽʣʪʪʽש K ᴇʟ ʽʰʢʽ ʢᴇʧʪʽʢ ʙʠʪʪʝʨʽʥʝʥ 

ʘʣʳʥʘʪʳʥʳʥ ʘʡʪʳʧ ʢʝʪʝʡʽʢ. ɽʛʝʨ ʙװʢʽʣ ʢʽʣʪʪʽ K[1..128] ʜʝʧ ʙʝʣʛʽʣʝʩʝʢ, 

ʦʥʜʘ ʩʝʛʽʟ ʨʘʫʥʜʪʘ ʙʽʨʽʥʰʽ ʢʽʣʪʪʝʨʛʝ K ʢʽʣʪʽʥʽש ʽʰʢʽ ʢᴇʧʪʽʢ ʙʠʪʪʝʨʽ ʢʽʨʝʜʽ 

(9.2 ʢʝʩʪʝʥʽ ץʘʨʘשʳʟ).  

9.2 ʢʝʩʪʝ 

 

IDEA ᴅʨ ʰʠʬʨʣʘʫ ʨʘʫʥʜʳ װʰʽʥ ʙʽʨʽʥʰʽ ʢʽʣʪʪʝʨ ʤᴅʥʜʝʨʽ 

 

ʈʘʫʥʜ 

ʥϺʤʽʨʽ 

ʂʝϬʝʡʪʽʣʛʝʥ 

ʢʽʣʪʪʽϬ ʢʽʣʪʪʝʨʽ 

KP 

ʈʘʫʥʜ ʢʽʣʪʽ 
ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽϬ 

ʙʠʪʪʝʨʽ K 

1 k1 
)1(

1k
 

K[1...16] 

2 k7 
)2(

1k
 

K[97...112] 

3 k13 
)3(

1k
 

K[90...105] 

4 k19 
)4(

1k
 

K[83...98] 

5 k25 
)5(

1k
 

K[77...91] 

6 k31 
)6(

1k
 

K[44...59] 
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7 k37 
)7(

1k
 

K[37...52] 

8 k43 
)8(

1k
 

K[30...45] 

9 k49 
)9(

1k
 

K[23...38] 

 

 ɹʽʨʽʥʰʽ ʞᴅʥʝ ʩʝʛʽʟʽʥʰʽʜʝʥ ʙʘʩץʘ ᴅʨ ʨʘʫʥʜʪʘ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥʽש K ʪʝʢ 96 

ʙʠʪʳ ץʦʣʜʘʥʩʘ ʜʘ, ʦʣ ʢʽʣʪʪʽש ʙʠʪʪʝʨ ʢᴇʧʪʽʛʽ ᴅʨ ʠʪʝʨʘʮʠʷʜʘ ץʠʳʣʳʩʧʘʡʜʳ, 

ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʨʘʫʥʜʪʳש ʢʽʣʪʪʝʨ ʘʨʘʩʳʥʜʘ ץʘʨʘʧʘʡʳʤ ʞʳʣʞʫ ץʘʪʳʥʘʩʳ 

ʞʦץ. ɹײʣ ʢʝʣʝʩʽ ʩʝʙʝʧʧʝʥ ʦʨʳʥʜʘʣʘʜʳ: ᴅʨ ʨʘʫʥʜʪʘ ʪʝʢ ʘʣʪʳ ʨʘʫʥʜʪʳץ ʢʽʣʪ 

 KP ʩʝʛʽʟ ʢʽʣʪʽ שʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽשᴅʨ ʘʡʥʘʣʳʤʳʥʜʘ ʢʝ שʦʣʜʘʥʳʣʘʜʳ, ʘʣ ʢʽʣʪʪʽץ

ʘʣʳʥʘʜʳ.  

 9.1 ʤʳʩʘʣ. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K ʢʝʣʝʩʽʛʝ ʪʝש ʙʦʣʩʳʥ:  

K = 0001 0002 0003 0004 0005 0006 0007 000816. 

 

 ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ.  

 ʐʝʰ̔ʤ. ʂʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽש KP ʢʽʣʪʪʝʨʽʥ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥ K ʩʝʛʽʟ 

ʙᴇʣʽʤʛʝ ʙᴇʣʫ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʽʣʪʽʥʽש K ʙʠʪʪʝʨʽʥ ʮʠʢʣʜʳץ 

ʞʳʣʞʳʪʫ ʞʦʣʳʤʝʥ ʘʥʳץʪʘʡʤʳʟ. ɼʝʨʝʢʪʝʨʜʽ 9.3 ʢʝʩʪʝʛʝ ʞʠʥʘʡʤʳʟ.  

 

9.3 ʢʝʩʪʝ 

 

IDEA ʰʠʬʨʣʘʫʜʳש ᴅʨ ʨʘʫʥʜʳ װʰʽʥ ʢʽʣʪ ʤʳʩʘʣʜʘʨʳ 

 

ʈʘʫʥʜ (i)
1k

 
(i)
2k

 
(i)
3k

 
(i)
4k

 
(i)
5k

 
(i)
6k

 
1 0001 0002 0003 0004 0005 0006 

2 0007 0008 0400 0600 0800 0a00 

3 0c00 0e00 1000 0200 0010 0014 

4 0018 001c 0020 0004 0008 000c 

5 2800 3000 3800 4000 0800 1000 

6 1800 2000 0070 0080 0010 0020 

7 0030 0040 0050 0060 0000 2000 

8 4000 6000 8000 a000 c000 e001 

9 0080 00c0 0100 0140 - - 

 

IDEA ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ Ϯʰʽʥ ʨʘʫʥʜʪʳϨ ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ 

 

 ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝʛʽʜʝʡ. ʊʝʢ 

ʙʽʨ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʨ, ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ʙʘʩץʘ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ 

 ʢʽʣʪʪʝʨ ʰʠʬʨʣʘʫ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ ʨʘʫʥʜʪʳץ

ʧʨʦʮʝʩʩʽʥʝ ץʘʨʘסʘʥʜʘ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʫ ʢʝʨʝʢ.  
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 ʂʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʘʣʜʳʤʝʥ 

ʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ.  

 ʂʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ ײץʨʫ ʧʨʦʮʝʩʩʽ ʢʝʣʝʩʽʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫʜʳש i-ʰʽ ʨʘʫʥʜʳʥʳש ʙʽʨʽʥʰʽ ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ 

ʢʽʣʪʪʝʨʽ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʤʝʥ ʰʠʬʨʣʘʫʜʳש (10-i)-ʰʽ ʨʘʫʥʜʳʥʳש 

ʙʽʨʽʥʰʽ ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ʢʽʣʪʪʝʨʽʥʝʥ ʞʘʩʘʣʘʜʳ.  1-ʰʽ ʞᴅʥʝ 9-ʰʽ ʨʘʫʥʜʪʘʨ 

 ʰʽʥʰʽ ʢʽʣʪʪʝʨʽ ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʨʩʠʷװ ʝʢʽʥʰʽ ʞᴅʥʝ שʰʽʥ ʢʝʨʽʰʠʬʨʣʘʫʜʳװ

ʘʨץʳʣʳ ʰʠʬʨʣʘʫʜʳ9  ש-ʰʽ ʞᴅʥʝ 1-ʰʽ ʨʘʫʥʜʪʳש ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ 

ʢʽʣʪʪʝʨʽʥʝʥ ʞʘʩʘʣʘʜʳ. 2-ʰʽ ʨʘʫʥʜʪʘʥ 8-ʰʽ ʨʘʫʥʜץʘ ʜʝʡʽʥ ʢʝʨʽʰʠʬʨʣʘʫʜʳש 

ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʢʽʣʪʪʝʨʽ ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʨʩʠʷʤʝʥ ʰʠʬʨʣʘʫʜʳ8 ש-ʰʽ 

ʨʘʫʥʜʪʘʥ 2-ʰʽ ʨʘʫʥʜץʘ ʜʝʡʽʥʛʽ ʨʘʫʥʜʘʨʜʳש ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʢʽʣʪʪʝʨʽʥʝʥ 

ʞʘʩʘʣʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫʜʳש i-ʰʽ ʨʘʫʥʜʳʥʳש ʩʦסשʳ ʝʢʽ ʢʽʣʪʽ ʰʠʬʨʣʘʫʜʳש 

(9-i)-ʰʽ ʨʘʫʥʜʪʳש ʩʦסשʳ ʝʢʽ ʢʽʣʪʽʥʝ ʪʝש.  

 ʈʘʫʥʜʪʳץ ʢʽʣʪ k ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳʥ  

k
ï1

 = 
k

1
 

ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ ʞᴅʥʝ ʩʦʥʜʘ  

 

k

1
Āk mod (2

16
 + 1) = 1. (9.1) 

 

 2
16

 + 1 ï ʞʘʡ ʩʘʥ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ ᴅʨ ʙװʪʽʥ ʥᴇʣʛʝ ʪʝש ʝʤʝʩ k  2
16

+ 

+ 1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʙʽʨʝʛʝʡ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ ʙʦʣʘʜʳ.  

 ʈʘʫʥʜʪʳץ ʢʽʣʪʪʽש k ʘʜʜʠʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳʥ k ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ ʞᴅʥʝ 

ʩʦʥʜʘ  

 

 (ïk +Āk) mod (2
16

 + 1) = 0. (9.2) 

 

 IDEA ʘʣʛʦʨʠʪʤʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʙʦʣʞʘʤ ץʘʙʳʣʜʘʥʜʳ: ʥᴇʣʜʽʢ 

ʩʫʙʙʣʦʢ 2
16

 = ⱷ1 ʪʝש, ʘʣ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʢʝʨʽ ʰʘʤʘ 0 ʪʝש ʙʦʣʘʜʳ 0 [7, 29]. 

ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʢʝʨʽ ʰʘʤʘʣʘʨ ʤᴅʥʜʝʨʽʥ ʝʩʝʧʪʝʫ ʢʝʡʙʽʨ ʰʳסʳʥʜʘʨʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ, ʙʽʨʘץ ʦʥʳ ʪʝʢ ʙʽʨ ʨʝʪ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ᴅʨ ʢʽʣʪʽʥʝ ʦʨʳʥʜʘʡʜʳ.  

 ʂᴇʨʩʝʪʽʣʛʝʥʛʝ ʙʘʡʣʘʥʳʩʪʳ ʢʝʨʽʰʠʬʨʣʘʫ ʢʽʣʪʪʝʨʽ ᴅʨʪװʨʣʽ ʨʘʫʥʜʪʘʨ 

  .ʰʽʥ 9.4 ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥװ
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 9.4 ʢʝʩʪʝ 

 

IDEA ʢʝʨʽʰʠʬʨʣʘʫʜʳש ᴅʨ ʨʘʫʥʜʳ װʰʽʥ ʢʽʣʪʪʝʨ 

 

ʈʘʫʥʜ ʥϺʤʽʨʽ 
ʈʘʫʥʜʪʘ ʢʽʣʪ ʥϺʤʽʨʽ 

1 2 3 4 5 6 

1 (9)
11/k

 
(9)
2k-

 
(9)
3k-

 
(9)
41/k

 
(8)
5k

 
(8)
6k

 

2 (8)
11/k

 
(8)
3k-

 
(8)
2k-

 
(8)
41/k

 
(7)
5k

 
(7)
6k

 

3 (7)
11/k

 
(7)
3k-

 
(7)
2k-

 
(7)
41/k

 
(6)
5k

 
(6)
6k

 

4 (6)
11/k

 
(6)
3k-

 
(6)
2k-

 
(6)
41/k

 
(5)
5k

 
(5)
6k

 

5 (5)
11/k

 
(5)
3k-

 
(5)
2k-

 
(5)
41/k

 
(4)
5k

 
(4)
6k

 

6 (4)
11/k

 
(4)
3k-

 
(4)
2k-

 
(4)
41/k

 
(3)
5k

 
(3)
6k

 

7 (3)
11/k

 
(3)
3k-

 
(3)
2k-

 
(3)
41/k

 
(2)
5k

 
(2)
6k

 

8 (2)
11/k

 
(2)
3k-

 
(2)
2k-

 
(2)
41/k

 
(1)
5k

 
(1)
6k

 

9 (1)
11/k

 
(1)
2k-

 
(1)
3k-

 
(1)
41/k

 
  

 

 9.2 ʤʳʩʘʣ. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K ʢʝʣʝʩʽ ʙʦʣʩʳʥ 

 

K = 0001 0002 0003 0004 0005 0006 0007 000816. 

 

 ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ 

  .ʘʞʝʪץ

 ʐʝʰ̔ʤ. 9.1 ʤʳʩʘʣʳʥʜʘ ʘʥʳץʪʘʣסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ 

ʢʽʣʪʪʝʨʽʥʽש ʤᴅʥʜʝʨʽʥ ץʦʣʜʘʥʘʤʳʟ. ʆʣʘʨ 9.3 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. ɼʝʨʝʢʪʝʨʜʽ 

ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʤᴅʥʜʝʨʽʥ 9.4 ʢʝʩʪʝ ʞᴅʥʝ (9.1) ʞᴅʥʝ (9.2) 

ᴇʨʥʝʢʪʝʨʽ ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʡʤʳʟ. ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʘʥʳץʪʘʣסʘʥ 

ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʤᴅʥʜʝʨʽʥ 9.5 ʢʝʪʝʩʽʥʝ ʞʠʥʘʡʤʳʟ.  

 9.5 ʢʝʩʪʝ 

 

IDEA ʰʠʬʨʣʘʫʜʳש ᴅʨ ʨʘʫʥʜʳ װʰʽʥ ʢʽʣʪ ʤʳʩʘʣʜʘʨʳ 

 

ʈʘʫʥʜ (i)
1k

 
(i)
2k

 
(i)
3k

 
(i)
4k

 
(i)
5k

 
(i)
6k

 
1 fe01 ff40 ff00 659a c000 e001 

2 fffd 8000 a000 cccc 0000 2000 

3 a556 ffb0 ffc0 52ab 0010 0020 
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4 554b ff90 e000 fe01 0800 1000 

 9.5 ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

ʈʘʫʥʜ (i)
1k

 
(i)
2k

 
(i)
3k

 
(i)
4k

 
(i)
5k

 
(i)
6k

 
5 332d c800 d000 fffd 0008 000c 

6 4aab ffe0 ffe4 c001 0010 0014 

7 aa96 f000 f200 ff81 0800 0a00 

8 4925 fc00 fff8 552b 0005 0006 

9 0001 fffe fffd c001 ï ï 

 

9.2.5. IDEA ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 

 IDEA ʩʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨ ʞᴅʥʝ ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, 

ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽ ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʤʝʥ ʙʽʨʜʝʡ. IDEA ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ (ʢʝʨʽʰʠʬʨʣʘʫ) ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 9.1 - 9.4 

ʩʫʨʝʪʪʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ (ʢʝʨʽʰʠʬʨʣʘʫ) ʧʨʦʮʝʩʩʽ ʜʝʛʝʥ ʩʝʛʽʟ ʙʽʨʜʝʡ ʨʘʫʥʜ, 

ʘʣ ʪʦסʳʟʳʥʰʳ - ʰʳסʳʩ ʪװʨʣʝʥʜʽʨʫ.  

 IDEA ʰʠʬʨʣʘʫʜʳש 

(ʢʝʨʽʰʠʬʨʣʘʫʜʳש) ʞʘʣʧʳ ʩײʣʙʘʩʳʥ 

  .ʘʨʘʩʪʳʨʘʤʳʟ (9.6 ʩʫʨʝʪ)ץ

 ʂʝʟ ʢʝʣʛʝʥ ʘʣʛʦʨʠʪʤʜʝ ʩʠʷץʪʳ 

ʙײʣ ʞʝʨʜʝ ʝʢʽ ʢʽʨʽʩ ʙʘʨ: ʘʣסʘʰץʳ 

ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʞᴅʥʝ ʨʘʫʥʜʪʳץ 

ʢʽʣʪʪʝʨ.  

 ᴆʟʛʝʨʪʫ ʜʝʛʝʥ 9.7 ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ ʙʽʨ ץʘʪʘʨ ʦʧʝʨʘʮʠʷʣʘʨ, ʘʣ 

ʰʠʬʨʣʘʫ 9.8 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʙʽʨ 

  .ʘʪʘʨ ʦʧʝʨʘʮʠʷʣʘʨץ

 64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʙʣʦʛʳ ʪᴇʨʪ 16-

ʙʠʪʪʽʢ ʽʰʢʽ ʙʣʦʢץʘ ʙᴇʣʽʥʝʜʽ (9.3 

ʩʫʨʝʪʽʥʝ ץʘʨʘשʳʟ):  

 
(0)
1D , 

(0)
2D , 

(0)
3D , 

(0)
4D . 

 

      ɹײʣ ʪᴇʨʪ ʽʰʢʽ ʙʣʦʢ ʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʽʥʽש ʙʽʨʽʥʰʽ ʨʘʫʥʜʳʥʳש 

ʢʽʨʽʩʽ ʙʦʣʘʜʳ. ɹʘʨʣʳסʳ ʩʝʛʽʟ ʨʘʫʥʜ 

ʦʨʳʥʜʘʣʘʜʳ.  

 
 

 9.6 ʩʫʨʝʪ -  IDEA ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש 

 ʣʙʘʩʳײʩ ץʨʳʣʳʤʜʳײץ
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 ʈʘʫʥʜʪʘʨ ʘʨʘʩʳʥʜʘ ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʽʰʢʽ ʙʣʦʢʪʘʨ ʦʨʳʥ 

ʘʫʳʩʪʳʨʘʜʳ (9.3 ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ).  

 

 
 

9.7 ʩʫʨʝʪ - IDEA ʰʠʬʨʳʥʳש ʨʘʫʥʜʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ᴇʟʛʝʨʪʫ 

 ʧʨʦʮʝʩʩʽʥʽײץ שʨʳʣʳʤʳ 

 

 
 

9.8 ʩʫʨʝʪ - IDEA ʰʠʬʨʳʥʳש ʨʘʫʥʜʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 ʧʨʦʮʝʩʩʽʥʽײץ שʨʳʣʳʤʳ  

 

 

 ᴄʨ ʨʘʫʥʜʪʘ (ʪʦסʳʟʳʥʰʳʜʘʥ ʙʘʩץʘ) ʢʝʣʝʩʽ ʦʧʝʨʘʮʠʷʣʘʨ ʪʽʟʙʝʛʽ ʦʨʳʥ 

ʘʣʘʜʳ (9.8 ʩʫʨʝʪʪʢʝ ץʘʨʘשʳʟ):  

 1. ɯʰʢʽ ʙʣʦʢ 
1)-(i

1D ʞᴅʥʝ ʙʽʨʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 
(i)
1k  2

16
 + 1 (65537) 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ:  

 
)i(

1
)1i(

1
(i)
1 kDX Ã= -

. 
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 2. ɯʰʢʽ ʙʣʦʢ 
1)-(i

2D  ʞᴅʥʝ ʝʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 
(i)
2k

 2
16

 (65536) ʤʦʜʫʣʽ 

ʙʦʡʥʰʘ ץʦʩʫ:  
)1i(

2
)i(

2 DX -=   
)i(

2k . 

 

 3. ɯʰʢʽ ʙʣʦʢ 
1)-(i

3D  ʞᴅʥʝ װʰʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 
(i)
3k  2

16
 (65536) ʤʦʜʫʣʽ 

ʙʦʡʥʰʘ ץʦʩʫ:   

 
)1i(

3
)i(

3 DX -=   
)i(

3k . 

 

 4. ɯʰʢʽ ʙʣʦʢ 
1)-(i

4D ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 
(i)
4k  2

16
 + 1 (65537) 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ:  

 
)i(

4
)1i(

4
(i)
4 kDX Ã= -

. 

 

 5. (1) ʞᴅʥʝ (3) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ:  

 
(i)
3

(i)
1

)i( XXA Ä= . 

 

 6. (2) ʞᴅʥʝ (4) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ: 

 
(i)
4

(i)
2

)i( XXB Ä= . 

 

 ʢʽʣʪʪʽ ץʥᴅʪʠʞʝʩʽʥ ʞᴅʥʝ ʙʝʩʽʥʰʽ ʨʘʫʥʜʪʳ שʘʜʘʤʥʳץ (5) .7 
(i)
5k  2

16
 + 1 

(65537) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ: 

 
)i(

5
(i)(i) kAC Ã= . 

 

 8. (6) ʞᴅʥʝ (7) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2
16

 (65536) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

 :ʦʩʫץ

 
)i((i) BE =   

)i(C . 

 

 ʢʽʣʪʪʽ ץʥᴅʪʠʞʝʩʽʥ ʞᴅʥʝ ʘʣʪʳʥʰʳ ʨʘʫʥʜʪʳ שʘʜʘʤʥʳץ (8) .9 
(i)

6k  2
16

 + 1 

(65537) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ (9.2 ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ):   
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)i(
6

(i)(i) kEF Ã= . 

 

 10. (7) ʞᴅʥʝ (9) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2
16

 (65536) ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

  :ʦʩʫץ

 
)i((i) CG =   

)i(F . 

 

 11. (1) ʞᴅʥʝ (9) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ:  

 
)i()i(

1
)i(

1 FXD Ä= . 

 

 12. (3) ʞᴅʥʝ (9) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ:  

 
)i()i(

3
)i(

2 FXD Ä= . 

 

 13. (2) ʞᴅʥʝ (10) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ:  
)i()i(

2
)i(

3 GXD Ä= . 

 

 14. (4) ʞᴅʥʝ (10) ץʘʜʘʤʜʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ 2 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫ:  

 
)i()i(

4
)i(

4 GXD Ä= . 

 

 ʈʘʫʥʜʪʳש ʰʳסʳʩʳ 11ï14 ץʘʜʘʤʜʘʨʜʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʨʝʪʽʥʜʝ 

ʘʣʳʥʘʪʳʥ ʪᴇʨʪ ʽʰʢʽ ʙʣʦʢ ʙʦʣʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ ʨʘʫʥʜ װʰʽʥ ʢʽʨʽʩ 

  .ʘʣʳʧʪʘʩʪʳʨʳʣʘʜʳץ

 ʉʝʛʽʟʽʥʰʽ ʨʘʫʥʜʪʘʥ ʢʝʡʽʥ ʩʦסשʘ ʪװʨʣʝʥʜʽʨʫ ʦʨʳʥʜʘʣʘʜʳ (9.7 ʩʫʨʝʪʽʥ 

  :(ʳʟשʘʨʘץ

 1. ɯʰʢʽ ʙʣʦʢ 
(8)
1D  ʞᴅʥʝ ʙʽʨʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 

(9)
1k  2

16
 + 1 (65537) 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ:  

 
)8(

1
(9)
1 DD = Ã )9(

1k . (9.3) 

 

 2. ɯʰʢʽ ʙʣʦʢ 
(8)
3D  ʞᴅʥʝ ʝʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 

(9)
2k  2

16
 (65536) ʤʦʜʫʣʽ 

ʙʦʡʥʰʘ ץʦʩʫ:  

 
)8(

3
)9(

2 DD =
)9(

2k . (9.4) 
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 3. ɯʰʢʽ ʙʣʦʢ 
(8)
2D  ʞᴅʥʝ ʝʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 

(9)
3k  2

16
 (65536) ʤʦʜʫʣʽ 

ʙʦʡʥʰʘ ץʦʩʫ:  

 
)8(

2
)9(

3 DD =   
)9(

3k . (9.5) 

 

 4. ɯʰʢʽ ʙʣʦʢ 
(8)
4D  ʞᴅʥʝ ʙʽʨʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʽ 

(9)
4k  2

16
 + 1 (65537) 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ:  

 
)8(

4
(9)
4 DD = Ã )9(

4k . (9.6) 

 

 ʉʦסשʘ ʪװʨʣʝʥʜʽʨʫʜʝʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ ʙײʣ ʥᴅʪʠʞʝʣʽ ʽʰʢʽ ʙʣʦʢʪʘʨ 

ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʘʣʫ װʰʽʥ ʙʽʨʽʢʪʽʨʽʣʝʜʽ   
(9)
1DC= ||

(9)
2D ||

(9)
3D ||

(9)
4D . 

 

 ʉʦʜʘʥ ʢʝʡʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ʢʝʣʝʩʽ 64-ʙʠʪʪʽʢ ʙʣʦʛʳ ʘʣʳʥʘʜʳ ʜʘ 

ʞᴅʥʝ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ץʘʡʪʘʣʘʥʘʜʳ. ɹײʣ ʘʰʳץ ʜʝʨʝʢʪʝʨʜʽש ʙʘʨʣʳ64 ץ-

ʙʠʪʪʽʢ ʙʣʦʢʪʘʨʳ ʰʠʬʨʣʘʥסʘʥסʘ ʜʝʡʽʥ ʦʨʳʥʜʘʣʘʜʳ.  

 9.3 ʤʳʩʘʣ. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʽʣʪʽ ʂ ʢʝʣʝʩʽʛʝ ʪʝש ʙʦʣʩʳʥ 

 

K = 0001 0002 0003 0004 0005 0006 0007 000816. 

 

 ʐʠʬʨʣʘʫ װʰʽʥ ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨ  

 

M = 0000 0001 0002 000316. 

 

 ɹʝʨʽʣʛʝʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥ ʘʣʫ ץʘʞʝʪ. 

 ʐʝʰ̔ʤ. IDEA ʘʣʛʦʨʠʪʤʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽ 9.6 ʢʝʩʪʝ 

ʢᴇʤʝʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ  

9.6 ʢʝʩʪʝ 

 

ʐʠʬʨʣʘʫʜʳש ᴅʨ ʨʘʫʥʜʳ װʰʽʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ 

ʙʣʦʢʪʘʨʳ  

 

ʈʘʫʥʜ 

ʈʘʫʥʜʪʳϨ ʢʽʣʪʪʝʨ 
ɼʝʨʝʢʪʝʨ ʽʰʢʽ 

ʙʣʦʢʪʘʨʳʥʳϬ ʤϸʥʜʝʨʽ 
(i)
1k

 
(i)
2k

 
(i)
3k

 
(i)
4k

 
(i)
5k

 
(i)
6k

 
(0)
1D

 
(0)
2D

 
(0)
3D

 
(0)
4D

 
      0000 0001 0002 0003 

1 0001 0002 0003 0004 0005 0006 00f0 00f5 010a 0105 

2 0007 0008 0400 0600 0800 0a00 222f 21b5 f45e e959 
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3 0c00 0e00 1000 0200 0010 0014 0f86 39be 8ee8 1173 

4 0018 001c 0020 0004 0008 000c 57df ac58 c65b ba4d 

5 2800 3000 3800 4000 0800 1000 8e81 ba9c f77f 3a4a 

6 1800 2000 0070 0080 0010 0020 6942 9409 e21b 1c64 

7 0030 0040 0050 0060 0000 2000 99d0 c7f6 5331 620e 

8 4000 6000 8000 a000 c000 e001 0a24 0098 ec6b 4925 

9 0080 00c0 0100 0140 - - 11fb ed2b 0198 6de5 

 

 ʉʦʥʳʤʝʥ, ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽ ʢʝʣʝʩʽʛʝ ʪʝש ʙʦʣʘʜʳ:  

C = 11fb ed2b 0198 6de516. 

 

IDEA ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

 

 IDEA  ʩʠʤʤʝʪʨʠʷʣʳץ ʙʣʦʢʪʳ ʰʠʬʨ ʞᴅʥʝ ʘʣʜʳʥʜʘ ʘʡʪʳʣסʘʥʜʘʡ, 

ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʤʝʥ ʙʽʨʜʝʡ, ʩʦʥʜʳץʪʘʥ IDEA 

ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ ʰʠʬʨʣʘʫ 

ʘʣʛʦʨʠʪʤʽʥʽש ʩײʣʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ (9.6 ʩʫʨʝʪ).  

 ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ IDEA ʩʦʣ ײץʨʳʣʳʤʳʥʘ ʢʽʨʽʩ ʨʝʪʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽ, ʙʽʨʘץ ʰʠʬʨʣʘʫסʘ ץʘʨʘסʘʥʜʘ ʙʘʩץʘ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʞʠʥʘסʳʤʝʥ 

  .ʦʣʜʘʥʘʜʳץ

 ʉᴅʡʢʝʩ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʤʝʥ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʜײʨʳʩ ʥᴅʪʠʞʝ 

ʙʝʨʝʪʽʥʽʥ ʜᴅʣʝʣʜʝʫ װʰʽʥ ʰʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʪʝʨʽʥ ʙʽʨ 

ʫʘץʳʪʪʘ ץʘʨʘʩʪʳʨʘʡʳץ. ʉʝʛʽʟ ʨʘʫʥʜʪʳש ᴅʨץʘʡʩʳʩʳ, 9.6, 9.7 ʞᴅʥʝ 9.8 

ʩʫʨʝʪʪʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʝʢʽ ʪװʨʣʝʥʜʽʨʫ ʢʝʟʝשʽʥʝ ʙᴇʣʽʥʛʝʥ, ʙʽʨʽʥʰʽʩʽ - 

ᴇʟʛʝʨʪʫ ʜʝʧ ʘʪʘʣʘʜʳ, ʘʣ ʝʢʽʥʰʽʩʽ - ʰʠʬʨʣʘʫ.  

 9.7 ʩʫʨʝʪʽʥʽש ʪʽʢʙײʨʳʰʪʘʨʳʥʜʘ ʦʨʳʥʜʘʣʘʪʳʥ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ 

 ʘʪʳʥʘʩʪʘʨץʳʩʳʥʜʘ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʢʝʣʝʩʽ ʘʨʘסʘʨʘʩʪʳʨʘʤʳʟ. ᴆʟʛʝʨʪʫ ʰʳץ

(9.3)é(9.6) ץʦʣʜʘʥʳʣʘʜʳ.  

 ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ, 9.6 ʩʫʨʝʪʽʥʜʝ ʙʝʨʽʣʛʝʥ ʞװʡʝʥʽש 

ʢʽʨʽʩʽʥʝ ʢʝʣʝʩʽ ʜʝʨʝʢʪʝʨʜʽ ʙʝʨʫ ץʘʞʝʪ: 

 
)9(

1
(0)
1 DD = , 

)9(
2

(0)
2 DD = , 

)9(
3

(0)
3 DD = , 

)9(
4

(0)
4 DD = . 

 

 9.6 ʩʫʨʝʪʽʥʜʝ ʙʝʨʽʣʛʝʥ ʢʝʨʽʰʠʬʨʣʘʫ ʩײʣʙʘʩʳʥʳש ʙʽʨʽʥʰʽ ʨʘʫʥʜʳʥʳש 

ʙʽʨʽʥʰʽ ʩʘʪʳʩʳ ʢʝʣʝʩʽ ʘʨʘץʘʪʳʥʘʩʪʘʨʜʳ ץʦʣʜʘʡʜʳ:  

 
)9(

1
(1)
1 DX = Ã )9(

1k/1 ;   
)9(

2
(1)
2 DX =   

)9(
2k/1 ; 

 
)9(

3
(1)
3 DX =  

)9(
3k/1 ;   

)9(
4

(1)
4 DX = Ã )9(

4k/1 . 

(9.7) 
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 (9.3), (9.4), (9.5) ʞᴅʥʝ (9.6) ʩᴅʡʢʝʩ ʤᴅʥʜʝʨʽʥ (9.7) ץʦʡʳʧ, ʢʝʣʝʩʽʥʽ 

ʘʣʘʤʳʟ:  

 
)8(

1
(1)
1 DX = Ã )9(

1k/1 Ã ()8
1

)9(
1 Dk = ; 

 
)8(

3
(1)
2 DX = )k( )9(

2-
(8)
3

)9(
2 Dk = ; 

 
)8(

2
(1)
3 DX = )k( )9(

3-
(8)
2

)9(
3 Dk = ; 

 
)8(

4
(1)
4 DX = Ã )9(

4k/1 Ã ()8
4

)9(
4 Dk = . 

(9.8) 

 

 ʉʦʥʳʤʝʥ, ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש ʙʽʨʽʥʰʽ ʩʘʪʳʩʳʥʳש ʰʳסʳʩʳ 

ʝʢʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʙʣʦʢʪʘʨʳʥʳש ʢʝʟʝʢʪʝʩʫʽʥ ʘʣʘʩʪʘʤʘʫʤʝʥ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʩʩʽʥʽש ʩʦסשʳ ʩʘʪʳʩʳʥʳש ʢʽʨʽʩʽʥʝ ʵʢʚʠʚʘʣʝʥʪʪʽ.  

 ʉʝʛʽʟʽʥʰʽ ʨʘʫʥʜʪʳש ʰʳסʳʩʳʥʜʘ ʽʰʢʽ ʙʣʦʢʪʘʨʳʥʳש ʤᴅʥʜʝʨʽ 9.3 ʞᴅʥʝ 

9.6 ʩʫʨʝʪʪʝʨʽʥʽש ʩײʣʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʩʽ ʘʨʘץʘʪʳʥʘʩʪʘʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 

)XX,XX(MAXD )8(
4

)8(
2

)8(
3

(8)
1R

(8)
1

(8)
1 ÄÄÄ= ; 

 

)XX,XX(MAXD )8(
4

)8(
2

)8(
3

(8)
1R

(8)
3

(8)
2 ÄÄÄ= ; 

 

)XX,XX(MAXD )8(
4

)8(
2

)8(
3

(8)
1L

(8)
2

(8)
3 ÄÄÄ= ; 

 

)XX,XX(MAXD )8(
4

)8(
2

)8(
3

(8)
1L

(8)
4

(8)
4 ÄÄÄ= , 

(9.9) 

 

ʙײʣ ʞʝʨʜʝ MAR(X,Y)  X ʞᴅʥʝ Y ʢʽʨʽʩʪʝʨʽ ʙʘʨ MA ײץʨʳʣʳʤʳʥʳש ʦש 

ʞʘץʪʘסʳ ʢʽʨʽʩʽ; MAL(X,Y)  X ʞᴅʥʝ Y ʢʽʨʽʩʪʝʨʽ ʙʘʨ MA ײץʨʳʣʳʤʳʥʳש ʩʦʣ 

ʞʘץʪʘסʳ ʰʳסʳʩʳ. 

 ɹʽʨʽʥʰʽ ʨʘʫʥʜʪʳש ʰʳסʳʩʳʥʜʘ 9.3 ʞᴅʥʝ 9.6 ʩʫʨʝʪʪʝʨʽʥʽש ʩײʣʙʘʩʳʥʘ 

ʩᴅʡʢʝʩ ʽʰʢʽ ʙʣʦʢ 
(1)
1D  ʤᴅʥʽ ʢʝʣʝʩʽʛʝ ʪʝש ʙʦʣʘʜʳ:  

 

=ÄÄÄ= )XX,XX(MAXD )1(
4

)1(
3

)1(
2

(1)
1R

(1)
1

(1)
1  

 

)DD,DD(MAD )8(
4

)8(
3

)8(
2

(8)
1R

(8)
1 ÄÄÄ= . 

(9.10) 

 

 (9.9) ʤᴅʥʜʝʨʽʥ (9.10) ץʦʡʳʧ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ 
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)).XX,XX(MAX

)XX,XX(MAX

),XX,XX(MAX

)XX,XX(MAX(MA

)XX,XX(MAXD

)8(
4

)8(
2

)8(
3

(8)
1L

(8)
4

)8(
4

)8(
2

)8(
3

(8)
1L

(8)
2

)8(
4

)8(
2

)8(
3

(8)
1R

(8)
3

)8(
4

)8(
2

)8(
3

(8)
1R

(8)
1R

)8(
4

)8(
2

)8(
3

(8)
1R

(8)
1

(1)
1

ÄÄÄÄ

ÄÄÄÄ

ÄÄÄÄ

ÄÄÄÄÄ

ÄÄÄÄ=

 (9.11) 

 

 (9.11) ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ʦʨʳʥʜʘʧ ץʦʨʪʳʥʳʥʜʘ ʘʣʘʤʳʟ 

 
(8)
1

(1)
1 XD = . 

 

 ʊײʨʘ ʦʩʳʣʘʡ ʙʽʨʽʥʰʽ ʨʘʫʥʜ ʰʳסʳʩʳʥʜʘסʳ ʽʰʢʽ ʙʣʦʢʪʘʨʳʥʳש ʙʘʩץʘ 

ʤᴅʥʜʝʨʽʥ ʘʣʫסʘ ʙʦʣʘʜʳ:  

 
(8)
3

(1)
2 XD = ,   

(8)
2

(1)
3 XD = ,   

(8)
4

(1)
4 XD = . 

 

 ʉʦʥʳʤʝʥ, ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש ʝʢʽʥʰʽ ʩʘʪʳʩʳʥʳש ʰʳסʳʩʳ ʝʢʽʥʰʽ 

ʞᴅʥʝ װʰʽʥʰʽ ʙʣʦʢʪʘʨʳʥʳש ʢʝʟʝʢʪʝʩʫʽʥ ʘʣʘʩʪʘʤʘʫʤʝʥ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש 

ʩʦסשʳʜʘʥ ʙײʨʳʥסʳ ʩʘʪʳʩʳʥʳש ʢʽʨʽʩʽʥʝ ʵʢʚʠʚʘʣʝʥʪʪʽ.  

 ʊײʨʘ ʦʩʳʣʘʡ ʢʝʣʝʩʽʥʽ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ 

 
(1)
1

(8)
1 XD = ,   

(1)
3

(8)
2 XD = ,   

(1)
2

(8)
3 XD = ,   

(1)
4

(8)
4 XD = . 

 

 ɸץʳʨʳʥʜʘ, ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש ᴇʟʛʝʨʪʫ ʰʳסʳʩʳ ʝʢʽʥʰʽ ʞᴅʥʝ 

 שʢʝʟʝʢʪʝʩʫʽʥ ʘʣʘʩʪʘʤʘʫʤʝʥ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽ שʰʽʥʰʽ ʙʣʦʢʪʘʨʳʥʳװ

ʙʽʨʽʥʰʽ ʩʘʪʳʩʳʥʘ ʵʢʚʠʚʘʣʝʪʪʽ ʙʦʣסʘʥʜʳץʪʘʥ, ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʙʘʨʣʳץ 

ʧʨʦʮʝʩʩʽʥʽש ʰʳסʳʩʳ ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʽש ʢʽʨʽʩʽʥʝ ʵʢʚʠʚʘʣʝʥʪʪʽ ʙʦʣʘʜʳ. 

ɹʘʩץʘ ʩᴇʟʙʝʥ, ʝʢʽ ʰʝʢʪʝʩ (ʞײʧʪʳ ʞᴅʥʝ ʪʘץ) ʨʘʫʥʜʪʘʨʜʘ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ 

ʙʣʦʢʪʘʨʳʥʳש ʘʣʤʘʩʳʫ ʝʢʽ ʨʝʪ ʦʨʳʥʜʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʩʝʛʽʟʽʥʰʽ ʨʘʫʥʜ 

ʰʳסʳʩʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ ʙʣʦʢ ʤᴅʥʜʝʨʽ ʦʨʥʳץʪʳ ʨʝʪʢʝ ʢʝʣʝʜʽ. 

ʊʦסʳʟʳʥʰʳ ʨʘʫʥʜʪʘ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ ʙʣʦʢʪʘʨʜʳש ʞװʨʫ ʨʝʪʽ ʝʢʽ ʨʝʪ 

ᴇʟʛʝʨʝʜʽ ʞᴅʥʝ ʩʦʥʜʳץʪʘʥ ʨʘʫʥʜ ʰʳסʳʩʳʥʜʘ ʞװʨʫ ʨʝʪʽ ʦʨʥʳץʪʳ ʙʦʣʘʜʳ.  

 ʉʦʥʳʤʝʥ, ʩᴅʡʢʝʩ ʢʽʣʪʪʝʨʽ ʙʘʨ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש ʥᴅʪʠʞʝʩʽ 

ʜײʨʳʩ ʙʦʣʘʪʳʥʳ ʜᴅʣʝʣʜʝʥʜʽ.  

 9.4 ʤʳʩʘʣ. ɼʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K ʢʝʣʝʩʽʛʝ ʪʝש ʙʦʣʩʳʥ:  

 

K = 0001 0002 0003 0004 0005 0006 0007 000816. 

 

 ʐʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʪʝש:  
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C = 11fbed2b01986de516. 

 

 ʂʝʨʽʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥ ʘʣʫ ץʘʞʝʪ. 

 ʐʝʰ̔ʤ. IDEA ʘʣʛʦʨʠʪʤʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽ 9.7 

ʢʝʩʪʝ ʢᴇʤʝʛʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

9.7 ʢʝʩʪʝ 

 

ʐʠʬʨʣʘʫʜʳש ᴅʨ ʨʘʫʥʜʳ װʰʽʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ 

ʙʣʦʢʪʘʨʳ  

 

ʈ
ʘ
ʫ
ʥ
ʜ

 

ʈʘʫʥʜʪʳϨ ʢʽʣʪʪʝʨ 
ɼʝʨʝʢʪʝʨʜʽϬ ʽʰʢʽ ʙʣʦʢ 

ʤϸʥʜʝʨʽ 
(i)
1k

 
(i)
2k

 
(i)
3k

 
(i)
4k

 
(i)
5k

 
(i)
6k

 
(0)
1D

 
(0)
2D

 
(0)
3D

 
(0)
4D

 
      11fb ed2b 0198 6de5 

1 fe01 ff40 ff00 659a c000 e001 d98d d331 27f6 82b8 

2 fffd 8000 a000 cccc 0000 2000 bc4d e26b 9449 a576 

3 a556 ffb0 ffc0 52ab 0010 0020 0aa4 f7ef da9c 24e3 

4 554b ff90 e000 fe01 0800 1000 ca46 fe5b dc58 116d 

5 332d c800 d000 fffd 0008 000c 748f 8f08 39da 45cc 

6 4aab ffe0 ffe4 c001 0010 0014 3266 045e 2fb5 b02e 

7 aa96 f000 f200 ff81 0800 0a00 0690 050a 00fd 1dfa 

8 4925 fc00 fff8 552b 0005 0006 0000 0005 0003 000c 

9 0001 fffe fffd c001 - - 0000 0001 0002 0003 

  

 ʉʦʥʳʤʝʥ, ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽ ʢʝʣʝʩʽʛʝ ʪʝש 

ʙʦʣʘʜʳ:  

 

M = 0000 0001 0002 000316. 

 

 ɸʣʳʥסʳʥ ʥᴅʪʠʞʝʜʝʥ ʞᴅʥʝ 9.3 ʤʳʩʘʣ ʥᴅʪʠʞʝʩʽʥʝʥ ʢʝʨʽʰʠʬʨʣʘʫ ʜײʨʳʩ 

ʦʨʳʥʜʘʣסʘʥʳ ʢᴇʨʽʥʽʧ ʪײʨ.  

 

9.2.6. IDEA  ʘʫʽʧʩʽʟʜʽʛʽץ 

 

 IDEA ʘʣʛʦʨʠʪʤʽʥ ʪʘʣʜʘʫ 

 

 IDEA ʘʣʛʦʨʠʪʤʽ PES ʘʣʛʦʨʠʪʤʽʥ ʰʘʤʘʣʳ ᴇʟʛʝʨʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ 

ʙʦʣʜʳ. 9.9 ʩʫʨʝʪʽʥʜʝ PES ʘʣʛʦʨʠʪʤʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫʜʳש ʩʝʛʽʟ 

ʨʘʫʥʜʪʳש ʙʽʨʝʫʽʥʽײץ שʨʳʣʳʤʳ ʢʝʣʪʽʨʽʣʛʝʥ, ʘʣ 9.10 ʩʫʨʝʪʽʥʜʝ - ʩʦסשʳ 

ʪװʨʣʝʥʜʽʨʫʜʽש. 
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 9.9 ʩʫʨʝʪ - PES ʜʝʨʝʢʪʝʨʜʽ 

ʪװʨʣʝʥʜʽʨʫʜʽש ʙʽʨ ʨʘʫʥʜʳ  

9.10 ʩʫʨʝʪ -  PES ʩʦסשʳ ʪװʨʣʝʥʜʽʨʫ 

(9 ʨʘʫʥʜ)   

 

 9.4 ʞᴅʥʝ 9.9 ʩʫʨʝʪʪʝʨʽʥʜʝ, 9.4 ʞᴅʥʝ 9.10 ʩʫʨʝʪʪʝʨʽʥʜʝ ײץʨʳʣʳʤʜʘʨʜʳ 

ʩʘʣʳʩʪʳʨʫʣʘʨʜʘʥ ᴇʟʛʝʨʽʩʪʝʨ ᴇʪʝ ʢᴇʧ ʝʤʝʩ ʝʢʝʥʽ ʢᴇʨʽʥʽʧ ʪײʨ.  

 PES ʘʣʛʦʨʠʪʤʽʥʝ ץʘʨʘסʘʥʜʘ IDEA ʘʣʛʦʨʠʪʤʽʥʜʝ ʢʝʣʝʩʽ ᴇʟʛʝʨʽʩʪʝʨ 

ʦʨʳʥʜʘʣסʘʥ (ʙʘʨʣʳץ ʨʘʫʥʜʪʘʨʜʘ, ʩʦʥʳש ʽʰʽʥʜʝ ʪʦסʳʟʳʥʰʳʜʘ ʜʘ):  

 - ʽʰʢʽ ʙʣʦʢʪʳ 
(i)
2D  ʝʢʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʧʝʥ 

)i(
2k  2

16 
ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʢᴇʙʝʡʪʫ ʦʣʘʨʜʳ 2
16

+1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ץʦʩʫʤʝʥ ʘʫʳʩʪʳʨʳʣסʘʥ;   

 - ʽʰʢʽ ʙʣʦʢʪʳ 
(i)
4D  ʪᴇʨʪʽʥʰʽ ʨʘʫʥʜʪʳץ ʢʽʣʪʧʝʥ 

)i(
4k  2

16
 + 1 ʤʦʜʫʣʽ 

ʙʦʡʳʥʰʘ ץʦʩʫ ʦʣʘʨʜʳ 2
17 
ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫʤʝʥ ʘʫʳʩʪʳʨʳʣסʘʥ.  

 ʆʩrʤʝʥ ץʦʩʘ, PES ʘʣʛʦʨʠʪʤʽʥʝ ץʘʨʘסʘʥʜʘ IDEA ʘʣʛʦʨʠʪʤʽʥʜʝ ʨʘʫʥʜ 

ʩʦשʳʥʜʘ (ʪʝʢ ʙʽʨʽʥʰʽ ʩʝʛʽʟ ʨʘʫʥʜʪʘ) ʜʝʨʝʢʪʝʨ ʽʰʢʽ ʙʣʦʢʪʘʨʳʥʳש ʞʳʣʞʳʫʳ 

ᴇʟʛʝʨʛʝʥ.  

 ʉʦʥʳʤʝʥ ץʘʪʘʨ, PES ʘʣʛʦʨʠʪʤʽʥʝ ץʘʨʘסʘʥʜʘ IDEA ʘʣʛʦʨʠʪʤʽʥʜʝ ʩʦסשʳ 

ʪװʨʣʝʥʜʽʨʫʜʽש ʙʘʩʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽש ʽʰʢʽ ʙʣʦʢʪʘʨʳʥ ʞʳʣʞʳʪʫ ᴇʟʛʝʨʪʽʣʛʝʥ.  

 ᴄʣʝʤʜʝ ʙʝʣʛʽʣʽ ʢʨʠʪʦʣʦʛʪʘʨʳʥʳש ʙʽʨʽ ɹ. ʐʥʘʡʝʨ ᴇʟʽʥʽש ñʇʨʠʢʣʘʜʥʘʷ 

ʢʨʠʧʪʦʛʨʘʬʠʷò ʢʽʪʘʙʽʥʜʝ: "...ʦʩʳʥʜʘʡ ʰʘʤʘʣʳ Ϻʟʛʝʨʽʩʪʝʨ Ϩʘʣʘʡ ʩʦʥʜʘʡ 

Ϯʣʢʝʥ ʘʡʳʨʤʘʰʳʣʳϨʪʘʨϤʘ ϸʢʝʣʫ ʤϮʤʢʽʥ, Ϥʘʞʘʧ" ʜʝʧ ʞʘʟʜʳ [47]. 

 1996 ʞʳʣʳ ʰʳץץʘʥ ʩʦʣ ʢʽʪʘʧʪʘ ɹ. ʐʥʘʡʝʨ IDEA ʪʫʨʘʣʳ ʢʝʣʝʩʽʥʽ 

ʞʘʟʜʳ: "ʄʝʥʽϬ ʦʡʳʤʰʘ, ʙϰʣ ʦʩʳ ʢʝʟʛʝ ʜʝʡʽʥ ʞʘʨʠʷʣʘʥϤʘʥ ʝϬ ʞʘϨʩʳ ʞϸʥʝ 

ʩʝʥʽʤʜʽ ʙʣʦʢʪʳ ʰʠʬʨ".  

 IDEA ʘʣʛʦʨʠʪʤʽʥʜʝ 64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʙʣʦʢʪʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ɸʣסʘʰץʳ ʭʘʙʘʨʜʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘʩʳʨʫ װʰʽʥ ʙʣʦʢ 

 ʣʢʝʡʪʫʤʝʥװ ʙʣʦʢ ʢᴇʣʝʤʽʥ ץʘʞʝʪ. ɹʽʨʘץ ʳ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʫסʟʳʥʜʳײ

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʽ ʞװʟʝʛʝ ʘʩʳʨʫ ץʳʡʳʥʜʳסʳ ʵʢʩʧʦʥʝʥʪʪʽ 

ʞʦסʘʨʣʘʡʜʳ.  
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IDEA ʘʣʛʦʨʠʪʤʽʥʜʝ ϸʣʩʽʟ ʢʽʣʪʪʝʨ ʞϸʥʝ ʢʽʣʪʪʝʨʜʝʛʽ ϸʣʩʽʟʜʽʢ 

 

 IDEA ʘʣʛʦʨʠʪʤʽʥʜʝ 128-ʙʠʪʪʽʢ ʢʽʣʪ ץʦʣʜʘʥʳʣʘʜʳ. ʂʽʣʪʪʽ ʪʘʣʜʘʫ 

ʤװʤʢʽʥʜʽʛʽʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ʢʽʣʪ ײʟʳʥʜʳסʳ ʞʝʪʢʽʣʽʢʪʽ װʣʢʝʥ ʙʦʣʫ ץʘʞʝʪ. 

ɸʰʳץ ʞᴅʥʝ ʦʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʙʝʣʛʽʣʽ ʰʘʨʪʳʤʝʥ, 

128-ʙʠʪʪʽʢ ʢʽʣʪʪʽ, ʢʽʣʪʪʝʨʜʽ ʪʦʣʳץ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʘʰʫ װʰʽʥ 2
128

 (ʰʘʤʘʤʝʥ 

10
38
) ʰʠʬʨʣʘʫ ץʘʞʝʪ ʙʦʣʘʜʳ. ɹײʥʜʘʡ ʢʽʣʪ ײʟʳʥʜʳסʳʤʝʥ IDEA ʞʝʪʢʽʣʽʢʪʽ 

 ʙʝʨʽʢʪʽʣʽʛʽ ץʘʨʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳסʘʫʽʧʩʽʟ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. IDEA ʞʦץ

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʣʝʩʽ ʩʠʧʘʪʪʘʤʘʣʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ:  

 - ʰʘʪʘʩʪʳʨʫ  ʰʠʬʨʣʘʫ ʢʽʣʪʪʝʥ ץʳʡʳʥ ʞᴅʥʝ ʰʘʪʘʩץʘʥ ʪװʨʤʝʥ 

ʪᴅʫʝʣʜʽ;  

 - ʰʘʰʳʨʘʪʫ   ʘʣסʘʰץʳ ʜʝʨʝʢʪʝʨʜʽש ᴅʨ ʙʠʪʳ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש 

ᴅʨ ʙʠʪʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ.  

 ʉʶʵʮʟʷ ʃʘʡ (Xuejia Lai) ʞᴅʥʝ ɼʞʝʡʤʩ ʄʵʩʩʠ (James Massey) IDEA 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʙʝʨʽʢʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʦסʘʥ ʤץײʠʷʪ ʪʘʣʜʘʫʜʳ ᴇʪʢʽʟʜʽ. ʆʣ װʰʽʥ 

ʦʣʘʨ ʤʘʨʢʪʽʢ ʰʠʬʨ ʪװʩʽʥʽʛʽʥ ʝʥʛʽʟʜʽ ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ʙʝʨʽʢʪʽʣʽʢ ʤʦʜʝʣʴʜʝʥʫ ʞᴅʥʝ ʩʘʥʜʳ ʙʘסʘʣʘʥʫ 

ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. IDEA ʩʳʟʳץʪʳ ʥʝʤʝʩʝ ʘʣʛʝʙʨʘʣʳץ ᴅʣʩʽʟʜʽʢʪʝʨ 

ʪʘʙʳʣʤʘʜʳ. ɹʠʭʘʤ (Biham) ᴇʪʢʽʟʛʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʢʽʣʪʪʝʨʤʝʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ ʢᴇʤʝʛʽʤʝʥ ʘʰʫ ʪʘʣʧʳʥʳʩ ʪʘ ʥᴅʪʠʞʝ ʙʝʨʤʝʜʽ [20, 

26, 44]. 

 ɸʟ ʨʘʫʥʜʪʘʨ ʩʘʥʳ (ʪʦʣʳץ IDEA 8 ʪʦʣʳץ ʞᴅʥʝ ʙʽʨ ʪʦʣʳץ ʝʤʝʩ ʨʘʫʥʜ) 

ʙʘʨ IDEA ץʦʣʜʘʥʘʪʳʥ ʩᴅʪʪʽ ʰʘʙʫʳʣʜʘʨ ʙʘʨ. ɽʛʝʨ ʰʘʙʫʳʣ ʢᴇʤʝʛʽʤʝʥ 

ʰʠʬʨʜʳ ʘʰʫʜʳש ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ ʢʽʣʪʪʝʨʜʽ ʪʦʣʳץ ʪʘʣʜʘʫ ʢʝʟʽʥʜʝʛʽ 

ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳʥʘʥ ʘʟ ʙʦʣʩʘ, ʦʥʜʘ ʦʣ ʩᴅʪʪʽ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ. ɺʠʣʣʠ 

ʄʘʡʝʨʜʽϬ (Willi Meier) ʘʰʫ ᴅʜʽʩʽ ʢʽʣʪʪʝʨʜʽ ʪʦʣʳץ ʪʘʣʜʘʫ ᴅʜʽʩʽʥʝʥ ʪʝʢ ʝʢʽ 

ʨʘʫʥʜʳ ʙʘʨ IDEA װʰʽʥ ʪʠʽʤʜʽʨʝʢ ʙʦʣʜʳ. "ʆʨʪʘʜʘ ʢʝʟʜʝʩʫ" ᴅʜʽʩʽʤʝʥ 4,5 

ʨʘʫʥʜʳ ʙʘʨ IDEA ʘʰʳʣʜʳ. ʆʣ װʰʽʥ ʢʦʜʪʘʨ ʩᴇʟʜʽʛʽʥʝʥ ʙʘʨʣʳ2 ץ
64

 

ʙʣʦʢʪʘʨʜʳ ʙʽʣʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ ʞᴅʥʝ ʪʘʣʜʘʫ ץʳʡʳʥʜʳסʳ 2
112

 ʦʧʝʨʘʮʠʷʥʳ 

 ʢʽʣʪʪʝʨʛʝ ʧʘʡʣʘʥʳʤʜʳ ץʩʳ ʰʘʙʫʳʣ ʙʘʨʣʳץʞʘ שʘ ʝסʨʘʡʜʳ.  2007 ʞʳʣײץ

ʞᴅʥʝ 6 ʨʘʫʥʜʳ ʙʘʨ IDEA ʙײʟʘ ʘʣʘʜʳ [7, 29]. 

 IDEA ᴅʣʩʽʟ ʢʽʣʪʪʝʨʽʥʽװ שʣʢʝʥ ʢʣʘʩʩʪʘʨʳ ʙʘʨ. ʆʣʘʨ ᴅʣʩʽʟ ʢʝʣʝʩʽ ʤᴅʥʜʝ: 

ʢʽʣʪ ʦʩʳ ʢʣʘʩʩץʘ ʞʘʪʘʪʳʥʳʥ ʞᴅʥʝ ʩʦʜʘʥ ʢʝʡʽʥ, ʢʽʣʪʪʽש ᴇʟʽʥ ʘʥʳץʪʘʡʪʳʥ 

ʧʨʦʮʝʜʫʨʘʣʘʨ ʙʘʨ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʢʝʣʝʩʽ ʙʝʣʛʽʣʽ:  

 1. 2
23

 + 2
35

 + 2
51

 ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ᴅʣʩʽʟ 

ʢʽʣʪʪʝʨ. ɯʨʽʢʪʝʣʛʝʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʢᴇʤʝʛʽʤʝʥ 2
12

 ʦʧʝʨʘʮʠʷʤʝʥ  2
51

 ʢʣʘʩʩʳʥʘ 

ʢʽʨʝʪʽʥʽʥ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. ɹʝʨʽʣʛʝʥ ʰʘʙʫʳʣʜʳש ʘʚʪʦʨʣʘʨʳ IDEA 

ʘʣʛʦʨʠʪʤʽʥʽש ᴇʟʛʝʨʪʫʽʥ ײʩʳʥʜʘ. ɹײʣ ᴇʟʛʝʨʪʫ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ 
(i)
jk  

ʩᴅʡʢʝʩʪʝʨʛʝ ʘʫʳʩʪʳʨʫʜʘ 
)i(

j
)i('

j kak Ä= , 
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ʙײʣ ʞʝʨʜʝ i ⱷ ʰʠʬʨʣʘʫ ʨʘʫʥʜ ʥᴇʤ̔ʨ̔; j ï ʨʘʫʥʜʪʳץ ʢʽʣʪ ʥᴇʤʽʨʽ. 

 ɸ ʥʘץʪʳ ʤᴅʥʽ ʤʘשʳʟʜʳ ʝʤʝʩ. ʄʳʩʘʣʳ, a = 0dae16 (ʦʥ ʘʣʪʳʣʳץ ʩʘʥʘץ 

ʞװʡʝʩʽʥʜʝ) ʢʝʟʜʝ ʙʝʨʽʣʛʝʥ ᴅʣʩʽʟ ʢʽʣʪʪʝʨ ʘʣʘʩʪʘʪʳʣʘʜʳ.  

 2. 2
63

 ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ᴅʣʩʽʟ ʢʽʣʪʪʝʨ. ɹײʣ ʢʣʘʩʩץʘ 

ʞʘʪʘʪʳʥʜʳסʳ ʙʘʡʣʘʥʳʩץʘʥ ʢʽʣʪʪʝʨʜʝ ʪʝʩʪ ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ.  

 3. 2
53

 + 2
56

 + 2
64

 ᴅʣʩʽʟ ʢʽʣʪʪʝʨ ɼʵʚʠʜ ɺʘʛʥʝʨ (David Wagner) ײʩʳʥסʘʥ 

ʙʫʤʝʨʘʥʛ ϸʜʽʩʽ (ʘסʳʣ. boomerang attack) ʢᴇʤʝʛʽʤʝʥ ʪʘʙʳʣסʘʥ. ɹײʣ ʢʣʘʩʩץʘ 

ʞʘʪʘʪʳʥʜʳץʪʳ ʘʥʳץʪʘʡʪʳʥ ʪʝʩʪ 2
16

 ʦʧʝʨʘʮʠʷʜʘ ʦʨʳʥʜʘʣʘʜʳ ʞᴅʥʝ 2
16

 ʞʘʜʳ 

ʫʷʰʳסʳʥ ʪʘʣʘʧ ʝʪʝʜʽ.  

 ᴄʣʩʽʟ ʢʽʣʪʪʝʨʜʽש ʦʩʳʥʜʘʡ װʣʢʝʥ ʢʣʘʩʩʪʘʨʳʥʳש ʙʦʣʫʳ IDEA 

ʘʣʛʦʨʠʪʤʽʥʽש ʪᴅʞʽʨʠʙʝʣʽʢ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽʥʝ ᴅʩʝʨ ʝʪʧʝʡʜʽ, 

ʩʝʙʝʙʽ ʙʘʨʣʳץ ʤװʤʢʽʥ ʢʽʣʪʪʝʨ ʩʘʥʳ 2
128 
ʪʝש.  

 

9.2.7. IDEA ץʦʣʜʘʥʫ 

 

 IDEA ʘʣʛʦʨʠʪʤʽ ʩʘʫʜʘ ʤʘʨʢʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʣ ɸʚʩʪʨʠʷʜʘ, 

ʌʨʘʥʮʠʷʜʘ, ɻʝʨʤʘʥʠʷʜʘ, ʀʪʘʣʠʷʜʘ, ʅʠʜʝʨʣʘʥʜʪʘʨʜʘ, ʀʩʧʘʥʠʷʜʘ, 

ʐʚʝʮʠʷʜʘ, ʐʚʝʡʮʘʨʠʷʜʘ, ɸʥʛʣʠʷʜʘ, ɸפʐ ʞᴅʥʝ ɾʘʧʦʥʠ̫ʜʘ ʧʘʪʝʥʪʪʝʣʛʝʥ. 

ɹװʛʽʥʛʽ ʢװʥʛʝ ʣʠʮʝʥʟʠʷ MediaCrypt ʢʦʤʧʘʥʠʷʩʳʥʜʘ ʞᴅʥʝ ʦʣ ʘʣʛʦʨʠʪʤʜʽ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʝʤʝʩ ץʦʩʳʤʰʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

MediaCrypt 2005 ʞʳʣʜʳש ʤʘʤʳʨ ʘʡʳʥʜʘ ʨʝʩʤʠ ʪװʨʜʝ ʞʘשʘ IDEA NXT 

(ʘʣסʘʰץʳ ʘʪʳ FOX) ʰʠʬʨʜʳ ʢᴇʨʩʝʪʪʽ, IDEA ʤʦʡʳʥʜʘʣסʘʥ ʘʫʳʩʪʳʨסʳʰʳ. 

IDEA ʪʠʧʪʽ ץʦʣʜʘʥʫ ʘʡʤʘץʪʘʨʳ: 

 - ʢʘʙʝʣʴʜʽʢ ʪʝʣʝʜʠʜʘʨ, ʙʝʡʥʝʢʦʥʬʝʨʝʥʮʠʷʣʘʨ, ץʘʰʳץʪʳץʪʘʥ ʦץʳʪʫ 

ʞᴅʥʝ ʙʘʩץʘ װʰʽʥ ʘʫʜʠʦ- ʞᴅʥʝ ʙʝʡʥʝ- ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ; 

 - ʢʦʥʴʶʢʪʫʨʣʳ ʪʝʨʙʝʣʽʩʪʝʨʜʽ ʙʝʡʥʝʣʝʡʪʽʥ ץʘʨʞʳʣʳץ ʞᴅʥʝ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫ;  

 - ʤʦʜʝʤ, ʨʦʫʪʝʨ ʥʝʤʝʩʝ ɸʊʄ (Asynchronous Transfer Mode  

ʪʘʩʳʤʘʣʜʘʫʜʳש ʘʩʠʥʭʨʦʥʜʳ ᴅʜʽʩʽ) ʩʳʟʳסʳ, GSM ʪʝʭʥʦʣʦʛʠʷ ʘʨץʳʣʳ 

ʙʘʡʣʘʥʳʩ ʩʳʟʳץʪʘʨʳ;  

 - ʩʤʘʨʪ-ʢʘʨʪʘʣʘʨ; 

 - OpenPGP-ʜʝ (ʦʧʮʠʦʥʘʣʜʳ) ʞᴅʥʝ PGP v2.0 ʣɻʝʢʪʨʦʥʜʳ ʧʦʰʪʘʥʳש 

ʢʦʥʬʠʜʝʥʮʠʘʣʜʳ ʥײʩץʘʩʳʥʳש ʞʘʣʧʳץʦʣʞʝʪʽʤʜʽ ʧʘʢʝʪʽ. 

 IDEA ʘʣʛʦʨʠʪʤʽ ʨʘʫʥʜʪʳש ʠʥʚʘʨʠʘʥʪʳʤʝʥ ʞʘʣʧʳ ʪʠʧʳ ʙʘʨ 

ʰʠʬʨʣʘʡʪʳʥ SP-ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʘʜʳ. ʈʘʫʥʜʪʳש ʠʥʚʘʨʠʘʥʪʳ 

ʰʠʬʨʣʘʥʘʪʳʥ ʙʣʦʢʪʳװ שʣʢʝʥ ʞᴅʥʝ ʢʽʰʽ ʙᴇʣʽʤʜʝʨʽʥʽ2 ש ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʙʠʪʪʽʢ ץʦʩʳʥʜʳʩʳ. ɹײʣ ʘʣʛʦʨʠʪʤʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ:  

 - ʩʘʥʳ ʘʟ ʙʦʣʩʘ ʜʘ ʨʘʫʥʜʪʳץ שʳʡʳʥʜʳסʳ (ʩʝʛʽʟ ʪʦʣʳץ ʨʘʫʥʜ ʞᴅʥʝ 

ʩʦסשʳ ʪװʨʣʝʥʜʽʨʫ); 

 - ʘʜʜʠʪʠʚʪʽ ʞᴅʥʝ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ 

ʰʠʬʨʣʘʫ ʬʫʥʢʮʠʷʩʳ; 
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 - ʢʽʣʪʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ ʨʘʫʥʜʪʘʨ ʘʨʘʩʳʥʜʘ ʰʠʬʨʣʘʥʘʪʳʥ 

ʙʣʦʢʪʳ ʪװʟʫ ᴇʟʛʝʨʪʫ;  

 - ʰʠʨʝʢ ʙʣʦʢʪʘʨʤʝʥ (ʙװʪʽʥ 16-ʙʠʪʪʽʢ) ʞײʤʳʩ ʽʩʪʝʫ; 

 - ʙʠʪʪʽʢ ʘʣʤʘʩʪʳʨʫ ʤʝʥ ʢʝʩʪʝʣʽʢ ʘʫʳʩʪʳʨʫʣʘʨʜʳש ʙʦʣʤʘʫʳ.  

 ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʨʛʝ ʩᴅʡʢʝʩ IDEA ʘʣʛʦʨʠʪʤʽ ʪײʪʘʩ 

"ʘʨʠʬʤʝʪʠʢʘʣʳϨ" ʘʣʛʦʨʠʪʤ. IDEA ʘʣʛʦʨʠʪʤʽ ʞʳʣʜʘʤ ʢᴇʙʝʡʪʫ 

ʢʦʤʘʥʜʘʩʳʤʝʥ 16-ʨʘʟʨʷʜʪʳץ ʧʨʦʮʝʩʩʦʨʣʘʨסʘ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ.  

ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʝʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ᴇʥʜʽʨʫʜʽש ᴇʪʝ ץʘʨʘʧʘʡʳʤ ʩײʣʙʘʩʳ.  

 IDEA ʘʣʛʦʨʠʪʤʽ ʢװʰʪʽ ʘʣʤʘʩʪʳʨʫ ʵʬʬʝʢʪʽʩʽ ʙʘʨ 2
16

+1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷʩʳʥ ץʦʣʜʘʥʫ ʘʨץʘʩʳʥʜʘ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫסʘ ץʘʨʩʳ ʞʝʪʢʽʣʽʢʪʽ ʙʝʨʽʢ. ɹײʣ ʘʣʛʦʨʠʪʤʥʽש ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʪʘʣʜʘʫʜʳש ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ᴅʜʽʩʽʥʝ ʙʝʨʽʢʪʽʣʽʛʽ ʘʡץʳʥ ʝʤʝʩ.  

 IDEA ʝʥʜʽʨʽʣʛʝʥ ʘʧʧʘʨʘʪʪʳ ʢᴇʙʝʡʪʢʽʰʽʥ ץʦʣʜʘʥʫʤʝʥ ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʥʝʤʝʩʝ ʘʧʧʘʨʘʪʪʳץ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹʽʨʘץ, ʙײʣ ʞʘסʜʘʡʜʘ ʜʘ 

2
16

+1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢᴇʙʝʡʪʫ ʙʘסʜʘʨʣʘʤʘʣʳץ ʪװʨʜʝ ץʦʩʫסʘ ץʘʨʘסʘʥʜʘ 

ʙʘʷʫʨʘץ ʦʨʳʥʜʘʣʘʜʳ. ɹײʣ 16-ʙʠʪʪʽʢ ʩʘʥʜʘʨʜʳ ʢᴇʙʝʡʪʫʜʝʥ ʙʘʩץʘ ץʦʩʳʤʰʘ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽʤʝʥ ʰʘʨʪʪʘʥʘʜʳ.  ɸʨʥʘʡʳ ʰʘʨʘʣʘʨʜʳש 

ʞʦץ ʢʝʟʜʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫʜʘ IDEA ʰʠʬʨʣʘʫ װʰʽʥ ʤʘʰʠʥʘʣʳץ 

ʪʘʢʪʪʘʨ ʩʘʥʳ ʢʽʣʪ ʞᴅʥʝ ʰʠʬʨʣʘʥʘʪʳʥ ʜʝʨʝʢʪʝʨ ʪװʨʽʥʝʥ ʪᴅʫʝʣʜʽ. ʉʦʥʜʳץʪʘʥ 

ᴅʨ ʙʣʦʢʪʳ ʰʠʬʨʣʘʫ ʫʘץʳʪʳʥ ʥʘץʪʳ ᴇʣʰʝʫ ʢʽʣʪ ʪʫʨʘʣʳ ץʦʩʳʤʰʘ 

ʘץʧʘʨʘʪʪʳ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʞʘסʜʘʡ IDEA ʙʝʨʽʢʪʽʣʽʛʽʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʪʫ ʤװʤʢʽʥ. ʆʩʳסʘʥ ץʦʩʘ, ʙײʣ ʘʣʛʦʨʠʪʤ װʰʽʥ ᴅʣʩʽʟ 

ʢʽʣʪʪʝʨ ʢʣʘʩʩʳ ʙʘʨ.  

 

9.3. CAMELLIA  ɼɽʈɽʂʊɽʈɼɯ ʐʀʌʈʃɸʋɼʓר ɹʃʆʂʊʓ  

ɸʃɻʆʈʀʊʄɯ 

 

9.3.1. Camellia ʘʣʛʦʨʠʪʤʽʥ ײץʨʫ ʪʘʨʠʭʳ 

 

 Camellia ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ Mitsubishi Electric 

ʢʦʤʧʘʥʠʷʩʳʤʝʥ ʪʘסʳ ʙʽʨ ʙʝʣʛʽʣʽ ʞʘʧʦʥʜʳץ ʢʦʨʧʦʨʘʮʠʷʤʝʥ  - Nippon 

Telegraph and Telephone (NTT) ʳʥʪʳʤʘץʪʘʩʪʳץʧʝʥ ײץʨʳʣסʘʥ. ʉʦסשʳʩʳ 

 ʙʽʨʽʥʰʽ שʘʪʳʩʫʜʳץ ʘסʘʫʣʘʨץʙʘʡ ץʢʨʠʧʪʦʛʨʘʬʠʷʣʳ ץʘʨʘʣʳץʣ ʭʘʣʳײʰʽʥ ʙװ

ʪᴅʞʽʨʠʙʝʩʽ ʝʤʝʩ - AES ʙʘʡץʘʫʳʥʘ NTT ʢʦʨʧʦʨʘʮʠʷʩʳ  E2 ʘʣʛʦʨʠʪʤʽʥ 

 .ʬʠʥʘʣʳʥʘ ᴇʪʧʝʜʽ [38] שʘʫʜʳץʩʳʥʜʳ, ʦʣ ʙʘʡײ

 Camellia ײץʨʘʩʪʳʨʫʰʳʣʘʨʳʥʳש ʽʰʽʥʜʝ Kanda M. ï ɽ2 ʙʣʦʢʪʳ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʫʰʳʩʳ. Matsui M. ï DES ʙʣʦʢʪʳ 

ʩʠʤʤʝʪʨʠʷʣʳץ ʘʣʛʦʨʠʪʤʽʥʽש ʙʝʨʽʢʪʽʣʽʛʽʥʝ ʘʨʥʘʣסʘʥ ʙʽʨץʘʪʘʨ 

ʞײʤʳʩʪʘʨʳʥʳש ʘʚʪʦʨʳ ʞᴅʥʝ Aoki ʂ. - Misty1 ʙʣʦʢʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʣʛʦʨʠʪʤʽʥʽש ʘʚʪʦʨʳ. ʉʦʥʜʳץʪʘʥ Camellia  ɽ2 ʞᴅʥʝ Misty1 ʩʘʣʳʩʪʳʨʫ 

ʢʝʟʽʥʜʝ ʢᴇʧ ץײʩʘʩʪʳץʪʳ ʪʘʙʫסʘ ʙʦʣʘʜʳ. ײפʨʘʩʪʳʨʫʰʳʣʘʨ ʙײʣ 

ʘʣʛʦʨʠʪʤʜʝʨʜʝʥ ʝש ʞʘץʩʳʣʘʨʜʳ ʘʣʜʳ ʞᴅʥʝ ʩʦʣ ײץʨʳʣʳʤʜʳץ ʰʝʰʽʤʜʝʨ 

ʥʝʛʽʟʽʥʜʝ ʞʘשʘ ʰʠʬʨʜʳ ײץʨʜʳ.  
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9.3.2. Camellia ʘʣʛʦʨʠʪʤʽʥʽײץ שʨʳʣʳʤʳ 

 

 Camellia ï ʙײʣ 128-ʙʠʪʪʢ̔ ʙʣʦʢʪʳ ʩʠʤʤʝʪʨʠʷʣʳץ ʘʣʛʦʨʠʪʤ, ʰʠʬʨʣʘʫ 

ʢʽʣʪʪʽײ שʟʳʥʜʳסʳ 128, 192  ʞᴅʥʝ 256 ʙʠʪ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤ 

ʥʝʛʽʟʽʥʜʝ ʞʳʣʜʘʨʤʝʥ ʧʘʡʜʘʣʘʥסʘʥ,  DES ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʽʥʜʝ 

ᴇʟʽʥ ʞʘץʩʳ ʢᴇʨʩʝʪʢʝʥ ʌʝʩʪʝʣʴ ʞʝʣʽʩʽ ʞʘʪʳʨ [29]. ʌʝʩʪʝʣʴ ʞʝʣʽʩʽʥ 

 ʘʪʝʣʝʨʜʽץ ʟʝʛʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝװʨʫ ʞᴅʥʝ ʞײץ ʦʣʜʘʥʫ ʘʣʛʦʨʠʪʤʜʽץ

ʙʦʣʜʳʨʤʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʦʥʳש Rijndael ʘʣʛʦʨʠʪʤʽʥʝʥ ʩʘʧʘʣʳץ 

ʘʨʪʳץʰʳʣʳסʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʩʳʥʜʘʡ ײץʨʳʣʳʤʜʳ ץʦʣʜʘʥʫ ʰʠʬʨʣʘʫʜʳ 

ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳ ʙʠʝʢʪʠʚʪʽ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ 

ʘʡʳʨʤʘʰʳʣʳץ ʪʝʢ ʢʽʣʪʪʝʨʜʽ ʢʝʨʽ ʨʝʪʧʝʥ ʙʝʨʫʜʝ ʙʦʣʘʜʳ.  

 

 ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽש ʢᴇʣʝʤʽʥʝ ʪᴅʫʝʣʜʽ 

Camellia ʘʣʛʦʨʠʪʤʽʥʜʝ ᴅʨ ʪװʨʣʽ ʨʘʫʥʜ ʩʘʥʳ R 

 :ʘʥ [29]סʘʨʘʩʪʳʨʳʣץ

 - 18  128-ʙʠʪʪʽʢ ʰʠʬʨʣʘʫ ʢʽʣʪʽ װʰʽʥ; 

 - 24  hʠʬʨʣʘʫ ʢʽʣʪʽʥʽש ʙʘʩץʘ ʢᴇʣʝʤʜʝʨʽ 

 .ʰʽʥװ

 ʐʠʬʨʣʘʫʜʳ128 ש-ʙʠʪʪʽʢ ʢʽʣʪʽ ʙʘʨ 

ʥײʩץʘʩʳ װʰʽʥ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש 

   .ʨʳʣʳʤʳ 9.11 ʩʫʨʝʪʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥײץ

 ʐʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʨʘʫʥʜ ʘʣʜʳʥʜʘ 

ʜʝʨʝʢʪʝʨʜʽש ʢʽʨʽʩ ʘסʘʨʪʫʳ ʦʨʳʥʜʘʣʘʜʳ - ʘʰʳץ 

ʜʝʨʝʢʪʝʨ ʙʣʦʛʳʥʘ xor ʦʧʝʨʘʮʠʷʩʳʤʝʥ 

ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽ128  ש-ʙʠʪʪʽʢ ʢʝʩʽʥʜʽʩʽ kw1 

 ʦʡʳʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ 128-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨץ

ʙʣʦʛʳ 64-ʙʠʪʪʽʢ ʝʢʽ ʩʫʙʙʣʦʢץʘ ʙᴇʣʽʥʝʜʽ, ʩʦʜʘʥ 

ʢʝʡʽʥ ʩʫʙʙʣʦʢʪʘʨ ʰʠʬʨʣʘʫ ʨʘʫʥʜʪʘʨʳʥʘʥ 

ᴇʪʝʜʽ. ᴄʨ ʘʣʪʳ ʨʘʫʥʜ ʘʨʘʩʳʥʜʘ ʩʦʣ ʞʘץʪʘסʳ 

ʩʫʙʙʣʦʢ FL ʬʫʥʢʮʠʷʩʳʤʝʥ ᴇשʜʝʣʝʜʽ, ʘʣ ʦש 

ʞʘץʪʘסʳ ʩʫʙʙʣʦʢ - FLI ʬʫʥʢʮʠʷʩʳʤʝʥ (ʙײʣ 

ʬʫʥʢʮʠʷʣʘʨ ʘʨʳ ץʘʨʘʡ ʪʦʣʳץ ʪʘʣץʳʣʘʥʘʜʳ).  

      ʉʦסשʘ ʨʘʫʥʜʪʳ ʦʨʳʥʜʘסʘʥʥʘש ʢʝʡʽʥ 

ʩʫʙʙʣʦʢʪʘʨ ʦʨʳʥʜʘʨʳʤʝʥ ʘʫʳʩʘʜʳ.   

9.11 ʩʫʨʝʪ - Camellia 

ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש 

 ʨʳʣʳʤʳײץ

 ʉʦʜʘʥ ʢʝʡʽʥ ʜʝʨʝʢʪʝʨʜʽש ʰʳסʳʩ ʘסʘʨʪʫʳ ʦʨʳʥʜʘʣʘʜʳ; ʙײʣ ʞʝʨʜʝ 

  .ʦʣʜʘʥʳʣʘʜʳץ ʳ ʙʽʨ 128-ʙʠʪʪʽʢ ʢʝʩʽʥʜʽʩʽ kw2סʪʘ שʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽשʝץ

 ɼʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ץʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽ128 ש-ʙʠʪʪʽʢ 

ʢʝʩʽʥʜʽʜʝʨʽ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 
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 ᴄʨ ʨʘʫʥʜʪʘ ʩʦʣ ʞʘץʪʘסʳ ʩʫʙʙʣʦʢ ki (i  

ʨʘʫʥʜ ʥᴇʤʽʨʽ) ʢʽʣʪʽʥʽ64 ש-ʙʠʪʪʽʢ ʢʝʩʽʥʜʽʩʽʥ 

 ʜʝʣʝʜʽ ʞᴅʥʝשʦʣʜʘʥʘʪʳʥ F ʬʫʥʢʮʠʷʩʳʤʝʥ ᴇץ

xor ʦʧʝʨʘʮʠʷʩʳʤʝʥ ʦש ʞʘץ ʩʫʙʙʣʦʢץʘ 

 ʈʘʫʥʜ .(ʳʟשʘʨʘץ 9.12 ʩʫʨʝʪʽʥ) ʦʡʳʣʘʜʳץ

ʘʷסʳʥʜʘ ʩʫʙʙʣʦʢʪʘʨ ʦʨʳʥʜʘʨʳʤʝʥ ʘʫʳʩʘʜʳ.  

 Camellia ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש F 

ʬʫʥʢʮʠʷʩʳʥʳײץ שʨʳʣʳʤʳ 9.13 ʩʫʨʝʪʽʥʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ.  
9.12 ʩʫʨʝʪ - Camellia 

ʰʠʬʨʣʘʫʜʳש ʙʽʨ ʨʘʫʥʜ 

 ʨʳʣʳʤʳײץ

9.13 ʩʫʨʝʪʽʥʜʝ Si ʜʝʛʝʥ ʘʫʳʩʪʳʨʫ ʙʣʦʢʪʘʨʳ. 

 

 
 

9.13 ʩʫʨʝʪ - Camellia ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥʽש F ʬʫʥʢʮʠʷʩʳ 

 

 F ʬʫʥʢʮʠʷʥʳש ᴅʨʝʢʝʪʪʝʨʽʥ ʪʽʟʙʝʢʪʝʡʤʽʟ:  

 1. ɽש ʘʣʜʳʤʝʥ ᴇשʜʝʣʝʪʽʥ ʜʝʨʝʢʪʝʨ ʩʫʙʙʣʦʛʳʥʘ xor ʦʧʝʨʘʮʠʷʩʳʤʝʥ ʢʽʣʪ 

ʢʝʩʽʥʜʽʩʽʥ ki ץʦʡʶ ʦʨʳʥʜʘʣʘʜʳ.  

 2. ʉʦʜʘʥ ʢʝʡʽʥ ʘʣʜʳʥסʳ ʦʧʝʨʘʮʠʷʥʳ64 ש-ʙʠʪʪʽʢ ʥᴅʪʠʞʝʩʽ 8 ʙʠʪʪʝʥ 8 

-S שʘʡʩʳʩʳ ʢʝʩʪʝʣʽʢ ʘʫʳʩʪʳʨʫʜʘʥ (ʘʫʳʩʪʳʨʫʜʳץᴅʨ שʟʽʥʜʽʛʝ ʙᴇʣʽʥʝʜʽ, ʦʥʳװ

ʙʣʦʢʪʘʨʳ) ᴇʪʝʜʽ.  ɹײʣ ʦʧʝʨʘʮʠʷ ʘʨʳ ץʘʨʘʡ ʪʦʣʳץ ʢᴇʨʩʝʪʽʣʝʜʽ. 

 3. ʉʦʜʘʥ ʢʝʡʽʥ ʙʘʡʪʪʳװ ץʟʽʥʜʽʣʝʨʜʽש xor ʦʧʝʨʘʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ ʙʽʨ 

ʙʽʨʽʥʝ ץʦʶʳ ʢʝʣʝʩʽ ʝʨʝʞʝʤʝʥ ʦʨʳʥʜʘʣʘʜʳ:  

 

8764311 xxxxxxy ÄÄÄÄÄ= ; 

 

8754212 xxxxxxy ÄÄÄÄÄ= ; 

 

8653213 xxxxxxy ÄÄÄÄÄ= ; 
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7654324 xxxxxxy ÄÄÄÄÄ= ; 

 

876215 xxxxxy ÄÄÄÄ= ; 

 

875326 xxxxxy ÄÄÄÄ= ; 

 

865437 xxxxxy ÄÄÄÄ= ; 

 

765418 xxxxxy ÄÄÄÄ= ; 

 

ʙײʣ ʞʝʨʜʝ x1éx8 ʞᴅʥʝ y1éy8  ᴇשʜʝʣʝʪʽʥ װʟʽʥʜʣʝʨʽʥʽש ʩᴅʡʢʝʩ ʢʽʨʽʩ ʞᴅʥʝ 

ʰʳסʳʩ ʤᴅʥʜʝʨʽ. 

 4. ʉʦשʳʥʜʘ װʟʽʥʜʽʣʝʨʜʽ ץʘʨʘʧʘʡʳʤ ʘʣʤʘʩʪʳʨʫ ʦʨʳʥʜʘʣʘʜʳ: 1...4 ʙʘʡʪ-

ʪʘʨʳ 5...8 ʙʘʡʪʪʘʨʳʤʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʘʜʳ (9.13 ʩʫʨʝʪʽʥʝ ץʘʨʘשʳʟ), ʩʦʜʘʥ 

ʢʝʡʽʥ ʥᴅʪʠʞʝ ץʘʡʪʘʜʘʥ 64-ʙʠʪʪʽʢ ʜʝʨʝʢʪʝʨ ʩʫʙʙʣʦʛʳʥʘ ʙʽʨʽʢʪʽʨʽʣʝʜʽ.   

 F ʬʫʥʢʮʠʷ ʞײʤʳʩʳʥʳש ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʧʩʝʚʜʦʢʦʜʳ ʪᴇʤʝʥʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ.  

 

 x  = F_IN ^ KE; 

 t1 =  x >> 56; 

 t2 = (x >> 48) & MASK8; 

 t3 = (x >> 40) & MASK8; 

 t4 = (x >> 32) & MASK8; 

 t5 = (x >> 24) & MASK8; 

 t6 = (x >> 16) & MASK8; 

 t7 = (x >>  8) & MASK8; 

 t8 =  x & MASK8; 

 t1 = S1[t1];  

 t2 = S2[t2];  

 t3 = S3[t3];  

 t4 = S4[t4];  

 t5 = S2[t5];  

 t6 = S3[t6];  

 t7 = S4[t7];  

 t8 = S1[t8];  

 y1 = t1 ^ t3 ^ t4 ^ t6 ^ t7 ^ t8; 

 y2 = t1 ^ t2 ^ t4 ^ t5 ^ t7 ^ t8; 

 y3 = t1 ^ t2 ^ t3 ^ t5 ^ t6 ^ t8; 

 y4 = t2 ^ t3 ^ t4 ^ t5 ^ t6 ^ t7; 

 y5 = t1 ^ t2 ^ t6 ^ t7 ^ t8; 

 y6 = t2 ^ t3 ^ t5 ^ t7 ^ t8; 



 297 

 y7 = t3 ^ t4 ^ t5 ^ t6 ^ t8; 

 y8 = t1 ^ t4 ^ t5 ^ t6 ^ t7; 

 F_OUT = (y1<<56)|(y2<<48)|(y3<<40)|(y4<<32)|(y5<<24)|(y6<<16)| 

 (y7 <<8)|y8. 

 

 ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʙʘסʜʘʨʣʘʤʘʥʳש ʧʩʝʚʜʦʢʦʜʳʥʜʘ ^ ʩʠʤʚʦʣʳʤʝʥ 

ʙʽʪʪʽʢ ʘʣʘʩʪʘʤʘʣʳ ʥʝʤʝʩʝ (xor) ʦʧʝʨʘʮʠʷʩʳ ʙʝʣʛʽʣʝʥʛʝʥ. S1, S2, S3 ʞᴅʥʝ S4  

ʘʫʳʩʪʳʨʫ ʙʣʦʢʪʘʨʳ, ʦʣʘʨ ʪᴇʤʝʥʜʝ ʩʠʧʘʪʪʘʣʘʜʳ. 

 MASK8, MASK32, MASK64 ʞᴅʥʝ MASK128 ʪײʨʘץʪʳʣʘʨʳ 9.8 ʢʝʩʪʝʩʽʥʜʝ 

ʢʝʣʪʽʨʽʣʛʝʥ (ʦʥ ʘʣʪʳʣʳץ ʤᴅʥʜʝʨ ʙʝʨʽʣʛʝʥ).  

9.8 ʢʝʩʪʝ 

 

MASK8, MASK32, MASK64 ʞϸʥʝ MASK128 ʪϰʨʘϨʪʳʣʘʨʜʳϬ ʤϸʥʜʝʨʽ 

 

ʊϰʨʘϨʪʳ ʄϸʥʜʝʨ 

MASK8 0xff 

MASK32 0xffffffff 

MASK64 0xffffffffffffffff 

MASK128 0xffffffffffffffffffffffffffffffff 

 

9.3.3. Camellia ʢʽʣʪʪʽ ʢʝשʝʡʪʫ ʧʨʦʮʝʜʫʨʘʩʳ 

 

 ʂʽʣʪʪʽ ʢʝשʝʡʪʫ ʤʘץʩʘʪʳ 128-, 192- ʥʝʤʝʩʝ 256-ʙʠʪʪʽʢ ʘʣסʘʰץʳ ʰʠʬʨʣʘʫ 

ʢʽʣʪʽʥʝʥ K  ʝʡʪʽʣʛʝʥ ʢʽʣʪʪʝʨשʘʞʝʪʪʽ ʩʘʥʳ ʙʘʨ ʢʝץ 

 (ʰʽʥװ ʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʦʧʝʨʘʮʠʷʣʘʨסʞʦ) ʟʽʥʜʽʣʝʨʽʥװ

 ʘʣʳʧʪʘʩʪʳʨʫʜʘ. ɹʝʨʽʣʛʝʥ ʧʨʦʮʝʜʫʨʘ ʙʽʨʥʝʰʝץ

ʢʝʟʝשʜʝʨʜʝʥ ʪʫʨʘʜʳ.  

 ɽש ʘʣʜʳʤʝʥ K L  ʞᴅʥʝ K R  ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʠʥʠʮʠʘʣʠʟʘʮʠʷʩʳ 

ʢʝʣʝʩʽʜʝʡ ʦʨʳʥʜʘʣʘʜʳ:  

 - 128-ʙʠʪʪʽʢ ʢʽʣʪ װʰʽʥ K L  =  K , K R  = 0; 

 - 192-ʙʠʪʪʽʢ ʢʽʣʪ K  64 ʙʠʪʪʝʥ װʰ װʟʽʥʜʽʛʝ ʙᴇʣʽʥʝʜʽ, ʦʣʘʨʜʳש ʙʽʨʽʥʰʽ 

ʝʢʝʫʽ K L  ʙʠʪʪʽʢ ʢʦʤʧʣʝʤʝʥʪʽ שʟʽʥʜʽ ʞᴅʥʝ ʦʥʳװ ʰʽʥʰʽװ ;ʘʣʳʧʪʘʩʪʳʨʘʜʳץ 

K R   ;ʘʣʳʧʪʘʩʪʳʨʘʜʳץ 

 - 256-ʙʠʪʪʽʢ ʢʽʣʪ K  ʝʢʽʛʝ ʙᴇʣʽʥʝʜʽ: K L  ʞᴅʥʝ K R .  

 9.5 ʤʳʩʘʣ. 128 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K: 

0123456789abcdeffedcba987654321016. K L  ʞᴅʥʝ K R  ʘʡʥʳʤʘʣʳʣʘʨʜʳ 

ʘʥʳץʪʘʫ ץʘʞʝʪ.  

 ʐʝʰʽʤ. ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽש K  ʪʘʥץʘʥʜʳסʳ 128 ʙʠʪ ʙʦʣסʟʳʥʜʳײ 

 

K L  = K = 0123456789abcdeffedcba987654321016, 

ʘʣ 

K R  =  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 6 . 
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 9.6 ʤʳʩʘʣ. 256 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K: 

0123456789abcdeffedcba9876543210abcdef0123456789fedcba98765421016. 

K L  ʞᴅʥʝ K R  ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʘʥʳץʪʘʫ ץʘʞʝʪ.  

 ʐʝʰʽʤ. ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽש K ײʟʳʥʜʳסʳ 256 ʙʠʪ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ ʝʢʽʛʝ 

ʙᴇʣʽʥʝʜʽ (ʩʦʣ ʞʘץ Kʃ ʞᴅʥʝ ʦש ʞʘץ Kʇ): Kʃ = 0123456789ab 

cdeffedcba987654321016; Kʇ = abcdef0123456789fedcba987654321016. K L  

ʘʡʥʳʤʘʣʳʩʳ ʢʝʣʝʩʽ ʤᴅʥʜʽ ʘʣʘʜʳ:  

 

K L  = Kʃ = 0123456789abcdeffedcba987654321016, 

 

ʘʣ K R  ʘʡʥʳʤʘʣʳʩʳ:  

 

K R  =  Kʇ = abcdef0123456789fedcba98765432101 6 . 

 

 9.7 ʤʳʩʘʣ. 192 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K:  

0123456789abcdeffedcba9876543210abcdef012345678916. K L  ʞᴅʥʝ K R  ʘʡ-

ʥʳʤʘʣʳʣʘʨʜʳ ʘʥʳץʪʘʫ ץʘʞʝʪ.  

 ʐʝʰʽʤ. ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽש K ײʟʳʥʜʳסʳ 192 ʙʠʪ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʣ װʰʢʝ 

ʙᴇʣʽʥʝʜʽ (ʩʦʣ ʞʘץ Kʃ, ʦʨʪʘʩʳ Kʉ ʞᴅʥʝ ʦש ʞʘץ Kʇ): Kʃ = 

= 0123456789abcdef16; Kʉ = fedcba987654321016; Kʇ = abcdef012345 678916. 

K L  ʘʡʥʳʤʘʣʳʩʳ ʢʝʣʝʩʽ ʤᴅʥʜʽ ʘʣʘʜʳ:  

 

K L  = Kʃ || Kʉ = 0123456789abcdeffedcba987654321016, 

 

ʘʣ K R  ʘʡʥʳʤʘʣʳʩʳ:  

 

K L  = Kʇ || âKʇ = abcdef0123456789543210fedcba987616, 

 

ʙײʣ ʞʝʨʜʝ â  ʩʘʥʥʳש ʠʥʚʝʨʩʠʷʩʳ ʦʧʝʨʘʮʠʷʩʳ. 

 K L  ʞᴅʥʝ K R  ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʘʥʳץʪʘסʘʥʥʘש ʢʝʡʽʥ ʝʢʽ 128-ʙʠʪʪʽʢ 

ʢʽʣʪʪʽʢ ʘʡʥʳʤʘʣʳʣʘʨ K A  ʞᴅʥʝ K B  ʝʩʝʧʪʝʣʝʜʽ  ɹײʣ ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ F 

ʬʫʥʢʮʠʷʩʳʥ ץʦʣʜʘʥʫʤʝʥ ʦʨʳʥʜʘʣʘʜʳ (9.14 ʩʫʨʝʪ):  

 1. K L ÄK R  ʦʧʝʨʘʮʠʷʥʳש ʥᴅʪʠʞʝʩʽ F  ʬʫʥʢʮʠʷʩʳʤʝʥ ʝʢʽ ʨʝʪ ᴇשʜʝʣʝʜʽ 

(9.16 ʩʫʨʝʪ), ʦʥʳש ʢʽʣʪ װʟʽʥʜʽʣʝʨʽ ʨʝʪʽʥʜʝ ʉ1 ʞᴅʥʝ ʉ2 ʪײʨʘץʪʳʣʘʨʳ 

  .ʦʣʜʘʥʳʣʘʜʳץ

 2. ɸʣʜʳʥסʳ ʦʧʝʨʘʮʠʷʥʳש ʥᴅʪʠʞʝʩʽʥʝ xor ʦʧʝʨʘʮʠʷʩʳʤʝʥ K L  

  .ʦʡʳʣʘʜʳץ

 3. ʂʽʣʪ װʟʽʥʜʽʣʝʨʽ ʨʝʪʽʥʜʝ ʉ3 ʞᴅʥʝ ʉ4 ʪײʨʘץʪʳʣʘʨʜʳ ץʦʣʜʘʥʫʤʝʥ F  

ʬʫʥʢʮʠʷʩʳ ʪʘסʳ ʝʢʽ ʨʝʪ ץʦʣʜʘʥʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ K A  ʘʡʥʳʤʘʣʳʩʳʥ ʘʣʘ-

ʜʳ.  
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 4. ɽʛʝʨ 192- ʥʝʤʝʩʝ 256-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥʩʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ K B  

ʘʡʥʳʤʘʣʳʩʳʥ ʝʩʝʧʪʝʫ ץʘʞʝʪ. ʆʣ װʰʽʥ K A  xor ʦʧʝʨʘʮʠʷʩʳ ʢᴇʤʝʛʽʤʝʥ K R  

ʦʣʜʘʥʫʤʝʥ ʝʢʽ ʨʝʪ Fץ ʪʳʣʘʨʜʳץʨʘײʦʡʳʣʘʜʳ, ʥᴅʪʠʞʝʩʽ ʉ5 ʞᴅʥʝ ʉ6 ʪץ  ʬʫʥʢ-

ʮʠʷʩʳʤʝʥ ᴇשʜʝʣʝʜʽ.  

 
 

9.14 ʩʫʨʝʪ - Camellia ʘʣʛʦʨʠʪʤʽʥʽש ʢʽʣʪ ʢʝשʝʡʪʫ ʧʨʦʮʝʜʫʨʘʩʳʥʳש ʢʝʟʝשʽ  

 

 ʉ1...ʉ6 ʪײʨʘץʪʳʣʘʨʳ 9.9 ʢʝʩʪʝʩʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ (ʦʥ ʘʣʪʳʣʳץ ʤᴅʥʜʝʨ 

ʢᴇʨʩʝʪʽʣʛʝʥ).  

9.9 ʢʝʩʪʝ 

ʉ1...ʉ6 ʪϰʨʘϨʪʳʣʘʨʜʳϬ ʤϸʥʜʝʨʽ 

 

ʊײʨʘץʪʳ ʄᴅʥ ʊײʨʘץʪʳ ʄᴅʥ 

ʉ1 a09e667f3bcc908b16 ʉ4 54ff53a5f1d36f1c16 

ʉ2 ʚ67ʘʝ8584ʩʘʘ73ʚ216 ʉ5 10e527fade682d1d16 

ʉ3 c6ef372fe94f82be16 ʉ6 b05688c2b3e6c1fd16 

 

 ʂʽʣʪʪʝʨ ʢʝϬʝʡʪʫʜʽϬ ʙʘʩʪʘʧϨʳ ʢʝʟʝϬʽ ʙʘϤʜʘʨʣʘʤʘʩʳʥʳϬ ʧʩʝʚʜʦʢʦʜʳ 

ʪϺʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 D1 = (KL ^ KR) >> 64; 

 D2 = (KL ^ KR) & MASK64; 

 D2 = D2 ^ F(D 1, C1); 
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 D1 = D1 ^ F(D 2, C2); 

 D1 = D1 ^ (KL >> 64); 

 D2 = D2 ^ (KL & MASK64); 

 D2 = D2 ^ F(D 1, C3); 

 D1 = D1 ^ F(D 2, C4); 

 KA = (D1 << 64) | D2; 

 D1 = (KA ^ KR) >> 64; 

 D2 = (KA ^ KR) & MASK64; 

 D2 = D2 ^ F(D 1, C5); 

 D1 = D1 ^ F(D 2, C6); 

 KB = (D1 << 64) | D2; 

 

 ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ʝʩʝʧʪʝʣʝʜʽ: ʢᴇʤʝʢʰʽ 128-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨ  kw1 ʞᴅʥʝ kw2; 

ʰʠʬʨʣʘʫ ʢʽʣʪʽʥʽש ʢᴇʣʝʤʽʥʝ ʪᴅʫʝʣʜʽ ʢᴇʤʝʢʰʽ 64-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨ  ke1, ..., ke6  

ʞᴅʥʝ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ k1, ..., k24. ʂʽʣʪʪʽ ʢʝשʝʡʪʫ ʙʘסʜʘʨʣʘʤʘʥʳש 

ʧʩʝʚʜʦʢʦʜʪʘʨʳ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

128 ʙʠʪ 

 

 kw1 = KL; 

 k1  = (KA <<<   0) >>> 64; 

 k2  = (KA <<<   0) & MASK64; 

 k3  = (KL <<<  15) >> 64; 

 k4  = (KL <<<  15) & MASK64; 

 k5  = (KA <<<  15) >> 64; 

 k6  = (KA <<<  15) & MASK64; 

 ke1 = (KA <<<  30) >> 64; 

 ke2 = (KA <<<  30) & MASK64; 

 k7  = (KL <<<  45) >> 64; 

 k8  = (KL <<<  45) & MASK64; 

 k9  = (KA <<<  45) >> 64; 

 k10 = (KL <<<  60) & MASK64; 

 k11 = (KA <<<  60) >> 64; 

 k12 = (KA <<<  60) & MASK64; 

 ke3 = (KL <<<  77) >> 64; 

 ke4 = (KL <<<  77) & MASK64; 

 k13 = (KL <<<  94) >> 64; 

 k14 = (KL <<<  94) & MASK64; 

 k15 = (KA <<<  94) >> 64; 

 k16 = (KA <<<  94) & MASK64; 

 k17 = (KL <<< 111) >> 64; 

 k18 = (KL <<< 111) & MASK64; 

 kw2 = (KA <<< 111). 
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 ʂᴇʤʝʢʰʽ 128-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨ ʰʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʨʘʫʥʜ ʘʣʜʳʥʜʘ 

ʜʝʨʝʢʪʝʨʜʽ ʘסʘʨʪʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ  kw1, ʘʣ kw2 - ʰʠʬʨʣʘʫʜʘʥ ʢʝʡʽʥ. 

ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʳʣʘʜʳ.  

 64-ʙʠʪʪʽʢ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ k1, ..., k18 ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʨʘʫʥʜʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨ ʢʝʨʽ ʨʝʪʧʝʥ 

  .ʦʣʜʘʥʳʣʘʜʳץ

 ʐʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 64-ʙʠʪʪʽʢ ʢᴇʤʝʢʰʽ ʢʽʣʪʪʝʨ  ke1 ʞᴅʥʝ ke3 FL 

ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ke2 ʞᴅʥʝ ke4  FLI ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ. 

ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 64-ʙʠʪʪʽʢ ʢᴇʤʝʢʰʽ ʢʽʣʪʪʝʨ  ke4 ʞᴅʥʝ ke2 FL 

ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ke3 ʞᴅʥʝ ke1  FLI ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ.  

 

192 ʞϸʥʝ 256 ʙʠʪ 

 

 kw1 = KL; 

 k1  = (KB <<<   0) >> 64; 

 k2  = (KB <<<   0) & MASK64; 

 k3  = (KR <<<  15) >> 64; 

 k4  = (KR <<<  15) & MASK64; 

 k5  = (KA <<<  15) >> 64; 

 k6  = (KA <<<  15) & MASK64; 

 ke1 = (KR <<<  30) >> 64; 

 ke2 = (KR <<<  30) & MASK64; 

 k7  = (KB <<<  30) >> 64; 

 k8  = (KB <<<  30) & MASK64; 

 k9  = (KL <<<  45) >> 64; 

 k10 = (KL <<<  45) & MASK64; 

 k11 = (KA <<<  45) >> 64; 

 k12 = (KA <<<  45) & MASK64; 

 ke3 = (KL <<<  60) >> 64; 

 ke4 = (KL <<<  60) & MASK64; 

 k13 = (KR <<<  60) >> 64; 

 k14 = (KR <<<  60) & MASK64; 

 k15 = (KB <<<  60) >> 64; 

 k16 = (KB <<<  60) & MASK64; 

 k17 = (KL <<<  77) >> 64; 

 k18 = (KL <<<  77) & MASK64; 

 ke5 = (KA <<<  77) >> 64; 

 ke6 = (KA <<<  77) & MASK64; 

 k19 = (KR <<<  94) >> 64; 

 k20 = (KR <<<  94) & MASK64; 

 k21 = (KA <<<  94) >> 64; 

 k22 = (KA <<<  94) & MASK64; 
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 k23 = (KL <<< 111) >> 64; 

 k24 = (KL <<< 111) & MASK64; 

 kw2 = (KB <<< 111). 

 

 ʂᴇʤʝʢʰʽ 128-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨ ʰʠʬʨʣʘʫʜʳש ʙʽʨʽʥʰʽ ʨʘʫʥʜ ʘʣʜʳʥʜʘ 

ʜʝʨʝʢʪʝʨʜʽ ʘסʘʨʪʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ  kw1, ʘʣ kw2 - ʰʠʬʨʣʘʫʜʘʥ ʢʝʡʽʥ. 

ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʳʣʘʜʳ.  

 64-ʙʠʪʪʽʢ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ k1, ..., k18 ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʨʘʫʥʜʪʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨ ʢʝʨʽ ʨʝʪʧʝʥ 

  .ʦʣʜʘʥʳʣʘʜʳץ

 ʐʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 64-ʙʠʪʪʽʢ ʢᴇʤʝʢʰʽ ʢʽʣʪʪʝʨ  ke1, ke3 ʞᴅʥʝ ke5 FL 

ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ke2, ke4 ʞᴅʥʝ ke6  FLI ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ. 

ʂʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ 64-ʙʠʪʪʽʢ ʢᴇʤʝʢʰʽ ʢʽʣʪʪʝʨ  ke6, ke4 ʞᴅʥʝ ke2 FL 

ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ke5, ke3 ʞᴅʥʝ ke1  FLI ʬʫʥʢʮʠʷʣʘʨʳʥʜʘ. 

 ʐʠʬʨʣʘʫ ʧʨʦʮʝʩʩʽʥʜʝ K L ,  KR, Kɸ ʞʽʥʝ K B  ʘʡʥʳʤʘʣʳʣʘʨ ʢʝשʝʡʪʽʣʛʝʥ 

ʢʽʣʪ װʟʽʥʜʽʣʝʨʽ ʨʝʪʽʥʜʝ ʘʨʳ ץʘʨʘʡ ʢʝʣʪʽʨʽʣʛʝʥ ʢʝʩʪʝʣʝʨ ʙʦʡʳʥʰʘ 

  .ʦʣʜʘʥʳʣʘʜʳץ (ʦʣʜʘʥʫ ʨʝʪʽʤʝʥץ ʟʽʥʜʽʣʝʨʜʽװ)

 128-ʙʠʪʪʽʢ ʢʽʣʪ װʰʽʥ  9.10 ʢʝʩʪʝʩʽʥ ץʘʨʘשʳʟ, ʘʣ ʢʽʣʪʪʽש ʙʘʩץʘ 

ʢᴇʣʝʤʜʝʨʽ װʰʽʥ  9.11 ʢʝʩʪʝʥʽ. 

9.10 ʢʝʩʪʝ 

 

128-ʙʠʪʪʽʢ ʰʠʬʨʣʘʫ ʢʽʣʪʽ Ϯʰʽʥ  K L ,  K R, K ɸ ʞϸʥʝ K B  

ʘʡʥʳʤʘʣʳʣʘʨʳʥ ʢʝʥʝʡʪʽʣʛʝʥ ʢʽʣʪ Ϯʟʽʥʜʽʣʝʨʽ ʨʝʪʽʥʜʝ 

Ϩʦʣʜʘʥʫ 

 

kW1 KL 

k1 ʞᴅʥʝ k2 KA ʦש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ 

k3 ʞᴅʥʝ k4 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<15 ) 

k5 ʞᴅʥʝ k6 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<15 ) 

ke1 ʞᴅʥʝ ke2 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<30 ) 

k7 ʞᴅʥʝ k8 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<45 ) 

k9 ʉʦʣ ʞʘץ ʞʘʨʪʳʩʳ (KA<<<45 ) 

k10 ʆש ʞʘץ ʞʘʨʪʳʩʳ (KL<<<60 ) 

k11 ʞᴅʥʝ k12 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<60 ) 

ke3 ʞᴅʥʝ ke4 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<77 ) 

k13 ʞᴅʥʝ k14 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<94 ) 

k15 ʞᴅʥʝ k16 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<94 ) 

k17 ʞᴅʥʝ k18 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<111 ) 

kW2 KA<<<111  
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 9.11 ʢʝʩʪʝ 

 

192- ʞϸʥʝ 256-ʙʠʪʪʽʢ ʰʠʬʨʣʘʫ ʢʽʣʪʝʨʽʽ Ϯʰʽʥ  K L ,  K R, K ɸ ʞϸʥʝ K B  

ʘʡʥʳʤʘʣʳʣʘʨʳʥ ʢʝʥʝʡʪʽʣʛʝʥ ʢʽʣʪ Ϯʟʽʥʜʽʣʝʨʽ ʨʝʪʽʥʜʝ 

Ϩʦʣʜʘʥʫ   

 

kW1 KL 

k1 ʞᴅʥʝ k2 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ KB 

k3 ʞᴅʥʝ k4 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KR<<<15 ) 

k5 ʞᴅʥʝ k6 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<15 ) 

ke1 ʞᴅʥʝ ke2 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KR<<<30 ) 

k7 ʞᴅʥʝ k8 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KB<<<30 ) 

k9 ʞᴅʥʝ k10 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<45 ) 

k11 ʞᴅʥʝ k12 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<45 ) 

ke3 ʞᴅʥʝ ke4 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<60 ) 

k13 ʞᴅʥʝ k14 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KR<<<60 ) 

k15 ʞᴅʥʝ k16 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KB<<<60 ) 

k17 ʞᴅʥʝ k18 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<77 ) 

ke5 ʞᴅʥʝ ke6 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<77 ) 

k19 ʞᴅʥʝ k20 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KR<<<94 ) 

k21 ʞᴅʥʝ k22 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KA<<<94 ) 

k23 ʞᴅʥʝ k24 ʆש ʞʘץ ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳʣʘʨʳ (KL<<<111 ) 

kW2 KA<<<111  

 

9.3.4. Camellia ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

 

Camellia ʘʣʛʦʨʠʪʤʽʥʽϬ FL ʬʫʥʢʮʠʷʩʳ 

 

 ᴄʨ 6 ʨʘʫʥʜʪʘʥ ʢʝʡʽʥ ʦʨʳʥʜʘʣʘʪʳʥ FL ʬʫʥʢʮʠʷʩʳ ʢʝʣʝʩʽ ᴅʨʝʢʝʪʪʝʨʜʽ 

ʦʨʳʥʜʘʡʜʳ (9.15 ʩʫʨʝʪ):  

 

)1)ke&L((R'R L <<<Ä= ; )ke|'R(L'L RÄ= , 
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ʙײʣ ʞʝʨʜʝ  L  ʞᴅʥʝ R  ᴇשʜʝʣʝʪʽʥ 

ʩʫʙʙʣʦʢʪʳש ʢʽʨʽʩ ʤᴅʥʽʥʽש ʩʦʣ ʞʘץ 

ʞᴅʥʝ ʦש ʞʘץ ʙᴇʣʽʤʜʝʨʽ 

(ᴅʨץʘʡʩʳʩʳʥʳײ שʟʳʥʜʳסʳ 32 ʙʠʪ); L ' 

ʞᴅʥʝ R'  ʰʳסʳʩ ʤᴅʥʽʥʽש ʩʦʣ ʞʘץ 

ʞᴅʥʝ ʦש ʞʘץ ʙᴇʣʽʤʜʝʨʽ 

(ᴅʨץʘʡʩʳʩʳʥʳײ שʟʳʥʜʳסʳ 32 ʙʠʪ); 

k eL  ʞᴅʥʝ k eR   F L  ʬʫʥʢʮʠʷʩʳ װʰʽʥ 

64-ʨʘʟʨʷʜʪʳ ʢʽʣʪʪʽש k ei  ʩʦʣ ʞʘץ ʞᴅʥʝ 

ʦש ʞʘץ ʙᴇʣʽʤʜʝʨʽ (ʨʘʫʥʜ ʩʘʥʳʥʘ 

ʪᴅʫʝʣʜʽ i = 1, 3 ʞᴅʥʝ 5);   9.15 ʩʫʨʝʪ - Camellia ʘʣʛʦʨʠʪʤʽʥʽש 

FL ʬʫʥʢʮʠʷʩʳ 

<<< 1     ʩʦʣ ʞʘץץʘ ʙʽʨ ʙʠʪʢʝ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʷʩʳ; & ʞᴅʥʝ |  

ñʞϸʥʝò (and  ʢᴇʙʝʡʪʫ) ʞᴅʥʝ ñʥʝʤʝʩʝò (or  ץʦʩʫ) ʙʠʪʪʽʢ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘ-

ʮʠʷʣʘʨ.  

 FL ʬʫʥʢʮʠʷʩʳʥʳש ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʧʩʝʚʜʦʢʦʜʳ ʪᴇʤʝʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 var x1, x2 as 32-bit unsigned integer; 

 var k1, k2 as 32-bit unsigned integer; 

 x1 = FL_IN >> 32; 

 x2 = FL_IN & MASK 32; 

 k1 = keL; 

 k2 = keR; 

 x2 = x2 ^ ((x1 & k1) <<< 1); 

 x1 = x1 ^ (x2 | k2); 

 FL_OUT = (x1 << 32) | x2. 

 

Camellia ʘʣʛʦʨʠʪʤʽʥʽϬ FLI  ʬʫʥʢʮʠʷʩʳ   

 

 F L I  ʬʫʥʢʮʠʷʩʳ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣסʘʥ (9.16 ʩʫʨʝʪ): 

 

)ke|'R(L'L LÄ= ; )1)ke&L((R'R R <<<Ä= , 
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ʙײʣ ʞʝʨʜʝ  L  ʞᴅʥʝ R  ᴇשʜʝʣʝʪʽʥ 

ʩʫʙʙʣʦʢʪʳש ʢʽʨʽʩ ʤᴅʥʽʥʽש ʩʦʣ ʞʘץ 

ʞᴅʥʝ ʦש ʞʘץ ʙᴇʣʽʤʜʝʨʽ 

(ᴅʨץʘʡʩʳʩʳʥʳײ שʟʳʥʜʳסʳ 32 ʙʠʪ); 

L ' ʞᴅʥʝ R'  ʰʳסʳʩ ʤᴅʥʽʥʽש ʩʦʣ ʞʘץ 

ʞᴅʥʝ ʦש ʞʘץ ʙᴇʣʽʤʜʝʨʽ 

(ᴅʨץʘʡʩʳʩʳʥʳײ שʟʳʥʜʳסʳ 32 ʙʠʪ); 

k eL  ʞᴅʥʝ k eR   F L I  ʬʫʥʢʮʠʷʩʳ 

k שʰʽʥ 64-ʨʘʟʨʷʜʪʳ ʢʽʣʪʪʽװ ei  ʩʦʣ 

ʞʘץ ʞᴅʥʝ ʦש ʞʘץ ʙᴇʣʽʤʜʝʨʽ (ʨʘʫʥʜ 

ʩʘʥʳʥʘ ʪᴅʫʝʣʜʽ i = 2, 4 ʞᴅʥʝ 6).  
9.16 ʩʫʨʝʪ - Camellia ʘʣʛʦʨʠʪʤʽʥʽש 

FLI  ʬʫʥʢʮʠʷʩʳ  

 

 F L I  ʬʫʥʢʮʠʷʩʳʥʳש ʞײʤʳʩ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʧʩʝʚʜʦʢʦʜʳ ʪᴇʤʝʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 var y1, y2 as 32-bit unsigned integer; 

 var k1, k2 as 32-bit unsigned integer; 

 y1 = FLI_IN >> 32;  

 y2 = FLI_IN & MASK 32; 

 k1 = keL; 

 k2 = keR; 

 y1 = y1 ^ (y2 | k2); 

 y2 = y2 ^ ((y1 & k1) <<< 1); 

 FLI_OUT = (y1 << 32) | y2. 

 

Camellia ʘʣʛʦʨʠʪʤʽʥʽϬ ʘʫʳʩʪʳʨʫ ʙʣʦʢʪʘʨʳ 

 

 ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ ʨʝʪʽʥʜʝ (9.13 ʩʫʨʝʪ) ɻʘʣʫʘ (GF(2
8
)) ᴇʨʽʩʽʥʜʝ 

ʘʡʪʳʤʜʳ ʵʣʝʤʝʥʪʪʽ ʝʩʝʧʪʝʫ ʬʫʥʢʮʠʷʩʳʥʘ ʘʬʠʥʜץ -rʵʢʚʠʚʘʣʝʥʪʪʽ 

ʬʫʥʢʮʠʷʣʘʨʳ ʘʣʳʥסʘʥ. GF(2
8
) ʬʫʥʢʮʠʷʣʘʨʜʳש ʤʘʢʩʠʤʘʣʜʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞᴅʥʝ ʩʳʟʳץʪʳ ʳץʪʠʤʘʣʜʳץʪʘʨʳ װʰʽʥ ʪʝʢʩʝʨʽʣʛʝʥ 

ʤʠʥʠʤʫʤ ï 2
-6
 ʝʢʝʥʽ ʞʘץʩʳ ʙʝʣʛʽʣʽ [29]. ɸʫʳʩʪʳʨʫʜʳש S-ʙʣʦʛʳ װʰʽʥ 

ʘʚʪʦʨʣʘʨ ʬʫʥʢʮʠʷʥʳש ʦʩʳ ʪʠʧʳʥ ʪʘשʜʘʜʳ. ʆʩʳסʘʥ ץʦʩʘ, ʘʫʳʩʪʳʨʫʜʳש S-

ʙʣʦʛʳʥʘʥ ᴅʨ ʰʳסʳʩ ʙʠʪʪʳש ʙʫʣʴ ʧʦʥʠʥʦʤʜʘʨʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽ 

ʞʦסʘʨʳ ʜᴅʨʝʞʝʩʽ ʙʘʨ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʨʤʝʥ ʰʘʙʫʳʣʜʳ ʦʨʳʥʜʘʫʜʳ 

 ʙʫʣʴ שʳʩ ʙʠʪʳʥʳסᴅʨ ʰʳ שʳʡʳʥʜʘʪʘʜʳ. ʆʩʳ S-ʙʣʦʢʪʘʨʳʥʳץ

ʧʦʣʠʥʦʤʜʘʨʳʥʳש ʜᴅʨʝʞʝʩʽ ʰʳʥʘʡʳ 7 ʪʝש ʜʝʧ ʘʚʪʦʨʣʘʨ ʘʡʪʘʜʳ. 

ʀʥʪʝʨʧʦʣʷʮʠʷʣʳץ ʰʘʙʫʳʣʜʳ ץʳʡʳʥʜʘʪʫ װʰʽʥ S-ʙʣʦʪʘʨʜʳש ʢʽʨʽʩʽʥʜʝ ʞᴅʥʝ 

ʰʳסʳʩʳʥʜʘ ץʦʩʳʤʰʘ ʪʘסʳ ʝʢʽ ʘʬʬʠʥʜʳ ʬʫʥʢʮʠʷʥʳ ץʦʣʜʘʥʘʜʳ, ʙײʣ 

GF(2
8
) ʽʰʽʥʜʝ S-ʙʣʦʢʪʘʨʳʥʳש ᴇʟʽʥ ʪʘʙʫʜʳ ץʳʡʳʥʜʘʪʘʜʳ.  
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 ɸʣʛʦʨʠʪʤʜʝ ʪᴇʨʪ ʘʫʳʩʪʳʨʫ ʙʣʦʛʳ ץʦʣʜʘʥʳʣʘʜʳ: S1  . . .  S4. ɹײʣ 

ʙʣʦʢʪʘʨʜʳש ʙʽʨ ʙʽʨʽʥʝʥ ʰʘʤʘʣʳ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʨ, ʦʣʘʨ ʥʝʛʽʟʛʽ S-

ʙʣʦʢʪʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪװʨʣʝʥʜʽʨʫ ʘʨץʳʣʳ ʘʣʳʥʘʜʳ, ʙײʣ ʂʘʤʝʣʠʷ 

ʢʨʠʧʪʦʨʛʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʽʥ ʩʤʘʨʪ-ʢʘʨʪʘʣʘʨʜʘ ʞװʟʝʛʝ ʘʩʳʨʫ ʢʝʟʽʥʜʝ 

ʞʘʜʳʥʳ װʥʝʤʜʝʡʜʽ. ʊᴇʨʪ S-ʙʣʦʢʪʳ ץʦʣʜʘʥʫ ץʳʩץʘʨʪʳʣסʘʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫסʘ ץʘʨʩʳ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

ʞʦסʘʨʣʘʪʘʜʳ.  

 ɸʫʳʩʪʳʨʫ ʙʣʦʢʪʘʨ ʭ1  . . .  ʭ8  ʙʘʡʪʪʳװ ץʟʽʥʜʽʣʝʨʽʥ ʢʝʣʝʩʽ ʨʝʪʧʝʥ 

ᴇשʜʝʡʜʽ:  

 - S1  ʘʫʳʩʪʳʨʫ ʙʣʦʛʳ ʭ1  ʞᴅʥʝ ʭ8  װʟʽʥʜʽʣʝʨʽʥ ᴇשʜʝʡʜʽ;  

 -  S2  ʘʫʳʩʪʳʨʫ ʙʣʦʛʳ ʭ4  ʠ ʭ7 ᴇשʜʝʡʜʽ; 

 -  S3  ʘʫʳʩʪʳʨʫ ʙʣʦʛʳ ʭ3  ʠ ʭ6 ᴇשʜʝʡʜʽ; 

 -  S4  ʘʫʳʩʪʳʨʫ ʙʣʦʛʳ ʭ2  ʠ ʭ5 ᴇשʜʝʡʜʽ. 

 Camellia ʘʣʛʦʨʠʪʤʽʥʜʝ ʘʫʳʩʪʳʨʫ ʙʣʦʢʪʘʨʳ (ʰʠʬʨʣʘʪʦʨʜʳ ʞװʟʝʛʝ 

ʘʩʳʨʫסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨʳʥʘ ʪᴅʫʝʣʜʽ) ʪʽʢʝʣʝʡ ʢʝʩʪʝ ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʫ ʤװʤʢʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʣʝʩʽ ʝʩʝʧʪʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʫ 

ʤװʤʢʽʥ:  

 - ʘʫʳʩʪʳʨʫ ʙʣʦʛʳʥʳש S1  ʢʝʩʪʝʩʽ:  

 

e6)))x5c(f(g(hy ÄÄ= , (9.12) 

 

ʙײʣ ʞʝʨʜʝ ʩ5 ʞᴅʥʝ 6ʝ  ʦʥ ʘʣʪʳʣʳץ ʪײʨʘץʪʳʣʘʨ; ʭ ʞϸʥʝ ʫ  ʢʽʨʽʩ ʞᴅʥʝ 

ʰʳסʳʩ ʤᴅʥʜʝʨʽ;  f, g ʞᴅʥʝ h ʘʨʳ ץʘʨʘʡ ʞʘʟʙʘʣʘʥʘʜʳ; 

 - ʘʫʳʩʪʳʨʫ ʙʣʦʛʳʥʳש S2  ʢʝʩʪʝʩʽ:  

 

1)x(Sy 1 <<<= ; (9.13) 

 

 - ʘʫʳʩʪʳʨʫ ʙʣʦʛʳʥʳש S3  ʢʝʩʪʝʩʽ:  

 

1)x(Sy 1 >>>= ; (9.14) 

 

ʙײʣ ʞʝʨʜʝ >>>1  ʙʽʨ ʙʠʪʢʝ ʦש ʞʘץץʘ ʮʠʢʣʜʳ ʞʳʣʞʳʪʫ ʦʧʝʨʘʮʠʩ̫ʳ; 

 - ʘʫʳʩʪʳʨʫ ʙʣʦʛʳʥʳש S4  ʢʝʩʪʝʩʽ:  

 

)1x(Sy 1 <<<= . (9.15) 

 

 ʌʫʥʢʮʠʷ f ʜʝʨʝʢʪʝʨ ʙʘʡʪʳʥ ʢʝʣʝʩʽʜʝʡ ʪװʨʣʝʥʜʽʨʝʜʽ: 

 

261 aab Ä= ;    172 aab Ä= ;    3583 aaab ÄÄ= ;    384 aab Ä= ; 
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475 aab Ä= ;    256 aab Ä= ;    187 aab Ä= ;    468 aab Ä= , 

 

ʙײʣ ʞʝʨʜʝ a1  é a8 ʞᴅʥʝ b1  é b8  ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʤᴅʥʜʝʨʽʥʽש ʙʠʪʪʝʨʽ. 

 ʌʫʥʢʮʠʷ g ʰʳrסʩ ʤᴅʥʥʽש ʙʠʪʪʝʨʽʥ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʡʜʳ: 

 

=+++++++ baaaaaa )bbbb()bbbb( 3
1

2
234

3
5

2
678  

 

baaaaaa )aaaa()aaaa(

1
3

1
2

234
3

5
2

678 +++++++
= .  

 

 ɸʫʳʩʪʳʨʫ ʙʣʦʢʪʘʨʳ S1, S2, S3 ʞᴅʥʝ S4 GF(2
8
) ʽʰʽʥʜʝ ʠʥʚʝʨʩʠʷ 

ʬʫʥʢʮʠʷʩʳʥʘ ʘʬʬʠʥʜʳ ʵʢʚʠʚʘʣʝʥʪʪʽ. ɽʩʝʧʪʝʫʣʝʨ ʰʝʛʽ ʙʘʨ GF(2
8
) ᴇʨʽʩʽʥʜʝ 

ʦʨʳʥʜʘʣʘʜʳ, 0 ץʘʡʪʳʤʜʳ ʤᴅʥʽ 0 ʙʦʣʘʜʳ, ɓ  ʢʝʣʝʩʽ ʰʘʨʪץʘ 

ʘʪʪʘʥʜʳʨʳʣʘʪʳʥ ʰʝʛʽ ʙʘʨ GF(2סʘʥʘץ
8
) ᴇʨʽʩʪʽש ʵʣʝʤʝʥʪʽ:  

 

013568 =++++ bbbb , 

ʘʣ 
2356238 bbbbba +++==  

 

a4
 + a + 1 = 0 ʪʝשʜʽʢʢʝ ץʘʥʘסʘʪʪʘʥʜʳʨʳʣʘʪʳʥ ʵʣʝʤʝʥʪ GF(2

4
) ᴇʨʽʩʽʥʜʝʛʽ 

ʵʣʝʤʝʥʪ. 

 ʌʫʥʢʮʠʷ h ʢʝʣʝʩʽ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ʦʨʳʥʜʘʡʜʳ:  

 

2651 aaab ÄÄ= ;    262 aab Ä= ;    473 aab Ä= ;    284 aab Ä= ; 

 

375 aab Ä= ;    186 aab Ä= ;    157 aab Ä= ;    168 aab Ä= . 

 

 S1  ʘʫʳʩʪʳʨʫ ʙʣʦʢʛʳʥʳש ʤᴅʥʜʝʨʽʥ x 0 ʜʝʥ 255 ʜʝʡʽʥ ʙʦʣסʘʥ ʢʝʟʜʝ 

ᴇʨʥʝʢʧʝʥ (9.12) ʝʩʝʧʪʝʧ, 9.12 ʢʝʩʪʝʩʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ 256 ʤᴅʥʜʽ ʘʣʫסʘ 

ʙʦʣʘʜʳ [29]. 

 9.12 ʢʝʩʪʝ 

ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ S1  ʤᴅʥʜʝʨʽ 

 

 0 1 2 3 4 5 6 7 8 9 a b c d e f 

0 70 82 2c ec b3 27 c0 e5 e4 85 57 35 ea 0c ae 41 

1 21 ef 6b 93 45 19 a5 21 ed 0e 4f 4e 1d 65 92 bd 

2 86 b8 af 8f 7c eb 1f ce 3e 30 dc 5f 5e c5 0b 1a 
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3 a6 e1 39 ca d5 47 5d 3d d9 01 5a d6 51 56 6c 4d 

4 8b 0d 9a 66 fb cc b0 2d 74 12 2b 20 f0 b1 84 99 

5 d9 4c cb c2 34 7e 76 05 6d b7 a9 31 d1 17 04 d7 

6 14 58 3a 61 de 1b 11 1c 32 0f 9c 16 53 18 f2 22 

7 fe 44 cf b2 c3 b5 7a 91 24 08 e8 a8 60 fc 69 50 

8 aa d0 a0 7d a1 89 62 97 54 5b 1e 95 e0 ff  64 d2 

9 10 c4 00 48 a3 f7 75 db 8a 03 e6 da 09 3f dd 94 

a 87 5c 83 02 cd 4a 90 33 73 67 f6 f3 9d 7f bf e2 

b 52 9b d8 26 c8 37 c6 3b 81 96 6f 4b 13 be 63 2e 

c e9 79 a7 8c 9f 6e bc 8e 29 f5 f9 b6 2f fd b4 59 

d 78 98 06 6a e7 46 71 ba d4 25 ab 42 88 a2 8d fa 

e 72 07 b9 55 f8 ee ac 0a 36 49 2a 68 3c 38 f1 a4 

f 40 28 d3 7b bb c9 43 c1 15 e3 ad f4 77 c7 80 9e 

 

 9.12 ʢʝʩʪʝʥʽ ʢʝʣʝʩʽʜʝʡ ʪװʩʽʥʝʜʽ: 0016 ʢʽʨʽʩ ʤᴅʥʽ 7016 ʘʫʳʩʪʳʨʳʣʘʜʳ, 0116 

ï e616 ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ ʰʳסʳʩ ʤᴅʥʽ ff16 ʙʦʣסʘʥʰʘ, ʦʣ 9e6 ʘʫʳʩʪʳʨʳʣʘʜʳ.  

 S2  ʘʫʳʩʪʳʨʫ ʙʣʦʛʳʥʳש ʤᴅʥʜʝʨʽʥ (9.13) ᴇʨʥʝʛʽʤʝʥ, S3  (9.14) 

ᴇʨʥʝʛʽʤʝʥ ʞᴅʥʝ S4  (9.15) ᴇʨʥʝʛʽʤʝʥ x ʤᴅʥʽ 0016 ʜʝʥ ff16 ʜʝʡʽʥ ʙʦʣסʘʥʜʘ 

ʝʩʝʧʪʝʧ, ʘʫʳʩʪʳʨʫ ʢʝʩʪʝʣʝʨʽʥ ʘʣʫסʘ ʙʦʣʘʜʳ (9.13é9.15 ʢʝʩʪʝʣʝʨʽ).  

 

9.13 ʢʝʩʪʝ 

ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ S2  ʤᴅʥʜʝʨʽ 

 

 0 1 2 3 4 5 6 7 8 9 a b c d e f 

0 e0 05 58 d9 67 4e 81 cb c9 0b ae 6a d5 18 5d 82 

1 46 df d6 27 8a 32 4b 42 db 1c 9e 9c 3a ca 25 7b 

2 0d 71 5f 1f f8 d7 3e 9d 7c 60 b9 be bc 8b 16 34 

3 4d c3 72 95 ab 8e ba 7a b3 02 b4 ad a2 ac d8 9a 

4 17 1a 35 cc f7 99 61 5a e8 24 56 40 e1 63 09 33 

5 bf 98 97 85 68 fc ec 0a da 6f 53 62 a3 2e 08 af 

6 28 b0 74 c2 bd 36 22 38 64 1e 39 2c a6 30 e5 44 

7 fd 88 9f 65 87 6b f4 23 48 10 d1 51 c0 f9 d2 a0 

8 55 a1 41 fa 43 13 c4 2f a8 b6 3c 2b c1 ff  c8 a5 

9 20 89 00 90 47 ef ea b7 15 06 cd b5 12 7e bb 29 

a 0f b8 07 04 9b 94 21 66 e6 ce ed e7 3b fe 7f c5 
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b a4 37 b1 4c 91 6e 8d 76 03 2d de 96 26 7d c6 5c 

c d3 f2 4f 19 3f dc 79 1d 52 eb f3 6d 5e fb 69 b2 

d f0 31 0c d4 cf 8c e2 75 a9 4 57 84 11 45 1b f5 

e e4 0e 73 aa f1 dd 59 14 6c 92 54 d0 78 70 e3 49 

f 80 50 a7 f6 77 93 86 83 2a c7 5b e9 ee 8f 01 3d 

 

9.14 ʢʝʩʪʝ 

ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ S3  ʤᴅʥʜʝʨʽ 

 

 0 1 2 3 4 5 6 7 8 9 a b c d e f 

0 38 41 16 76 d9 93 60 f2 72 c2 ab 9a 75 06 57 a0 

1 91 f7 b5 c9 a2 8c d2 90 f6 07 a7 27 8e b2 49 de 

2 43 5c d7 c7 3e f5 8f 67 1f 18 6e af 2f e2 85 0d 

3 53 f0 9c 65 ea a3 ae 9e ec 80 2d 6b a8 2b 36 a6 

4 c5 86 4d 33 fd 66 58 96 3a 09 95 10 78 d8 42 cc 

5 ef 26 e5 61 1a 3f 3b 82 b6 db d4 98 e8 8b 02 eb 

6 0a 2c 1d b0 6f 8d 88 0e 19 87 4e 0b a9 0c 79 11 

7 7f 22 e7 59 e1 da 3d c8 12 04 74 54 30 7e b4 28 

8 55 68 50 be d0 c4 31 cb 2a ad 0f ca 70 ff  32 69 

9 08 62 00 24 d1 fb ba ed 45 81 73 6d 84 9f ee 4a 

 

 9.14 ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

 0 1 2 3 4 5 6 7 8 9 a b c d e f 

a c3 2e c1 01 e6 25 48 99 b9 b3 7b f9 ce bf df 71 

b 29 cd 6c 13 64 9b 63 9d c0 4b b7 a5 89 5f b1 17 

c f4 bc d3 46 cf 37 5e 47 94 fa fc 5b 97 fe 5a ac 

d 3c 4c 03 35 f3 23 b8 5d 6a 92 d5 21 44 51 c6 7d 

e 39 83 dc aa 7c 77 56 05 1b a4 15 34 1e 1c f8 52 

f 20 14 e9 bd dd e4 a1 e0 8a f1 d6 7a bb e3 40 4f 

 

9.15 ʢʝʩʪʝ 

ɸʫʳʩʪʳʨʫ ʙʣʦʛʳ S4  ʤᴅʥʜʝʨʽ 

 

 0 1 2 3 4 5 6 7 8 9 a b c d e f 
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0 70 2c b3 c0 e4 57 ea ae 23 6b 45 a5 ed 4f 1d 92 

1 86 af 7c 1f 3e dc 5e 0b a6 39 d5 5d d9 5a 51 6c 

2 8b 9a fb b0 74 2b f0 84 df cb 34 76 6d a9 d1 04 

3 14 3a de 11 32 9c 53 f2 fe cf c3 7a 24 e8 60 69 

4 aa a0 a1 62 54 1e e0 64 10 00 a3 75 8a e6 09 dd 

5 87 83 cd 90 73 f6 9d bf 52 d8 c8 c6 81 6f 13 63 

6 e9 a7 9f bc 29 f9 2f b4 78 06 e7 71 d4 ab 88 8d 

7 72 b9 f8 ac 36 2a 3c f1 40 d3 bb 43 15 ad 77 80 

8 82 ec 27 e5 85 35 0c 41 ef 93 19 21 0e 4e 65 bd 

9 b8 8f eb ce 30 5f c5 1a e1 ca 47 3d 01 d6 56 4d 

a 0d 66 cc 2d 12 20 b1 99 4c c2 7e 05 b7 31 17 d7 

b 58 61 1b 1c 0f 16 18 22 44 b2 b5 91 08 a8 fc 50 

c d0 7d 89 97 5b 95 ff  d2 c4 48 f7 db 03 da 3f 94 

d 5c 02 4a 33 67 f3 7f e2 9b 26 37 3b 96 4b be 2e 

e 79 8c 6e 8e f5 b6 fd 59 98 6a 46 ba 25 42 a2 fa 

f 07 55 ee 0a 49 68 38 a4 28 7b c9 c1 e3 f4 c7 9e 

 

 ʐʠʬʨʣʘʫ ʌʝʡʩʪʝʣʴ ʩײʣʙʘʩʳʤʝʥ 128-ʙʠʪʪʽʢ ʢʽʣʪ װʰʽʥ 18 ʨʘʫʥʜʧʝʥ, 

192- ʞᴅʥʝ 256-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨ װʰʽʥ 24 ʨʘʫʥʜʧʝʥ ʦʨʳʥʜʘʣʘʜʳ.  ᴄʨ 6 ʨʘʫʥʜ 

ʩʘʡʳʥ FL ʞᴅʥʝ FLI ʬʫʥʢʮʠʷʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. 

 128-, 192- ʞᴅʥʝ 256-ʙʠʪʪʽʢ ʢʽʣʪʪʝʨ װʰʽʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʧʩʝʚʜʦʢʦʜʪʘʨʳ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ.  

 

128 ʙʠʪ 

 

 D1 = M >> 64;  // ʐʠʬʨʣʘʥʘʪʳϬ ʭʘʙʘʨ ʝʢʽʛʝ ʙϺʣʽʥʝʜʽ 

 D2 = M & MASK64; 

 D1 = D1 ^ kw1;           // ɸʣʜʳʥϤʳ ʘϤʘʨʪʫ 

 D2 = D2 ^ kw2; 

 D2 = D2 ^ F(D 1, k1); 

 D1 = D1 ^ F(D 2, k2); 

 D2 = D2 ^ F(D 1, k3); 

 D1 = D1 ^ F(D 2, k4); 

 D2 = D2 ^ F(D 1, k5); 

 D1 = D1 ^ F(D 2, k6); 

 D1 = FL(D1, ke1);     // FL 

 D2 = FLI(D 2, ke2);     // FLI 

 D2 = D2 ^ F(D 1, k7); 
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 D1 = D1 ^ F(D 2, k8); 

 D2 = D2 ^ F(D 1, k9); 

 D1 = D1 ^ F(D 2, k10); 

 D2 = D2 ^ F(D 1, k11); 

 D1 = D1 ^ F(D 2, k12); 

 D1 = FL(D1, ke3);     // FL 

 D2 = FLI( D2, ke4);     // FLI 

 D2 = D2 ^ F(D 1, k13); 

 D1 = D1 ^ F(D 2, k14); 

 D2 = D2 ^ F(D 1, k15); 

 D1 = D1 ^ F(D 2, k16); 

 D2 = D2 ^ F(D 1, k17); 

 D1 = D1 ^ F(D 2, k18); 

 D2 = D2 ^ kw3;           // ʉʦϬϤʳ ʘϤʘʨʪʫ 

 D1 = D1 ^ kw4; 

 C = (D2 << 64) | D1. 

 

192 ʞϸʥʝ 256 ʙʠʪ 

 

 D1 = M >> 64;  // ʐʠʬʨʣʘʥʘʪʳϬ ʭʘʙʘʨ ʝʢʽʛʝ ʙϺʣʽʥʝʜʽ 

 D2 = M & MASK64; 

 D1 = D1 ^ kw1;           // ɸʣʜʳʥϤʳ ʘϤʘʨʪʫ 

 D2 = D2 ^ kw2; 

 D2 = D2 ^ F(D 1, k1); 

 D1 = D1 ^ F(D 2, k2); 

 D2 = D2 ^ F(D 1, k3); 

 D1 = D1 ^ F(D 2, k4); 

 D2 = D2 ^ F(D 1, k5); 

 D1 = D1 ^ F(D 2, k6); 

 D1 = FL(D1, ke1);     // FL 

 D2 = FLI(D 2, ke2);     // FLI 

 D2 = D2 ^ F(D 1, k7); 

 D1 = D1 ^ F(D 2, k8); 

 D2 = D2 ^ F(D 1, k9); 

 D1 = D1 ^ F(D 2, k10); 

 D2 = D2 ^ F(D 1, k11); 

 D1 = D1 ^ F(D 2, k12); 

 D1 = FL(D1, ke3);     // FL 

 D2 = FLI(D 2, ke4);     // FLI 

 D2 = D2 ^ F(D 1, k13); 

 D1 = D1 ^ F(D 2, k14); 

 D2 = D2 ^ F(D 1, k15); 

 D1 = D1 ^ F(D 2, k16); 
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 D2 = D2 ^ F(D 1, k17); 

 D1 = D1 ^ F(D 2, k18); 

 D1 = FL(D1, ke5);     // FL 

 D2 = FLI(D 2, ke6);     // FLI 

 D2 = D2 ^ F(D 1, k19); 

 D1 = D1 ^ F(D 2, k20); 

 D2 = D2 ^ F(D 1, k21); 

 D1 = D1 ^ F(D 2, k22); 

 D2 = D2 ^ F(D 1, k23); 

 D1 = D1 ^ F(D 2, k24); 

 D2 = D2 ^ kw3;           // ʉʦϬϤʳ ʘϤʘʨʪʫ 

 D1 = D1 ^ kw4; 

 C = (D2 << 64) | D1. 

 

 9.8 ʤʳʩʘʣ. 128 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʰʠʬʨʣʘʫ ʢʽʣʪʽ K: 

0123456789abcdeffedcba987654321016. ʐʠʬʨʣʘʥʘʪʳʥ ʭʘʙʘʨ: M =  

0123456789abcdeffedcba987654321016. ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ʞᴅʥʝ 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ ʘʥʳץʪʘʫ. 

 ʐʝʰ̔ʤ: ʈʘʫʥʜʪʳץ ʢʽʣʪʪʝʨ: 

 k1 =ae71c3d55ba6bf1d16; k2 =169240a795f8925616; 

 k3 = a2b3c4d5e6f7ff6e16; k4 = 5d4c3b2a1908009116; 

 k5 = e1eaadd35f8e8b4916; k6 =2053cafc492b573816; 

 k7 = 79bdffdb97530eca16; k8 = 8642002468acf13516; 

 k9 = d7e3a2d24814f2bf16; k10 = 00123456789abcde16; 

 k11 = d169240a795f83df516; k12 = 6ae71c3d55ba6bf116; 

 k13 = 1d950c840048d15916; k14 = e26af37bffb72ea616; 

 k15 = e57e2495ab9c70f516; k16 = 56e9afc745a4902916; 

 kw1 = 0123456789abcdef16; kw2 = fedcba987654321016; 

 kw3 = 492b5738e1eaadd316; kw4 = 5f8e8b492053cafc16; 

 ke1 = 56e9afc745a4902916; ke2 = e57e2495ab9c70f516; 

 ke3 = 97530eca8642002416; ke4 = 68acf13579bdffdb16. 

 ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ: C = 67673138549669730857065648 eabe4316. 

 

9.3.5. Camellia ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ 

 

 Camellia ʘʣʛʦʨʠʪʤʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʰʠʬʨʣʘʫʤʝʥ ʙʽʨʜʝʡ 

ʦʨʳʥʜʘʣʘʜʳ, ʙʽʨʘץ ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪ ʢʝʩʽʥʜʽʣʝʨʽʥ ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʫʤʝʥ, 

ʷסʥʠ:  

 - kw2 ʽʰʢʽ ʢʽʣʪʽ ʜʝʨʝʢʪʝʨʜʽ ʢʽʨʽʩ ʘסʘʨʪʫʜʘ ץʦʣʜʘʥʘʜʳ, ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝ 

kw1  ̔ ʰʢʽ ʢʽʣʪʽ ʜʝʨʝʢʪʝʨʜʽ ʩʦסשʳ ʘסʘʨʪʫʜʘ ץʦʣʜʘʥʳʣʘʜʳ;  

 - ʰʠʬʨʣʘʫ ʨʘʫʥʜʪʘʨʳʥʜʘ ʢʽʣʪʪʝʨ ki  ʢʝʨʽ ʨʝʪʧʝʥ ץʦʣʜʘʥʳʣʘʜʳ: kN -  k1; 
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 - F L  ʞᴅʥʝ F L I  ʦʧʝʨʘʮʠʷʣʘʨʳʥʜʘ ʢʝשʝʡʪʽʣʛʝʥ ʢʽʣʪʪʽש ʞײʧ װʟʽʥʜʽʣʝʨʽ 

ʩʦʣ ʞʘץ ʩʫʙʙʣʦʢʪʳ ᴇשʜʝʫʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʘʣ ʪʘװ ץʟʽʥʜʽʣʝʨ - ʦש ʞʘץ; 

ʝʢʝʫʽʜʝ ʰʠʬʨʣʘʫסʘ ץʘʨʘסʘʥʜʘ ʢʝʨʽ ʨʝʪʧʝʥ ʘʣʳʥʘʜ ;r  

 ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʨʘʫʥʜʪʳץ ʞᴅʥʝ ʢᴇʤʝʢʰʽ ʢʽʣʪʪʝʨʜʽ 

  .ʪʘʨ 9.16 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥץʳ ʘʡʳʨʤʘʰʳʣʳסʦʣʜʘʥʫʜʘץ

 

 9.16 ʢʝʩʪʝ 

 

ʐʠʬʨʣʘʫ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʨʘʫʥʜʪʳץ ʞᴅʥʝ ʢᴇʤʝʢʰʽ ʢʽʣʪʪʝʨʜʽ 

 ʪʘʨץʳ ʘʡʳʨʤʘʰʳʣʳסʦʣʜʘʥʫʜʘץ

 

ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽϬ ʢϺʣʝʤʽ 

128 ʙʠʪ 192 ʥʝʤʝʩʝ 256 ʙʠʪ 

ʐʠʬʨʣʘʫ ʂʝʨʽʰʠʬʨʣʘʫ ʐʠʬʨʣʘʫ ʂʝʨʽʰʠʬʨʣʘʫ 

kw1 kw2 kw1 kw2 

kw2 kw1 kw2 kw1 

k1 k18 k1 k24 

k2 k17 k2 k23 

k3 k16 k3 k22 

k4 k15 k4 k21 

k5 k14 k5 k20 

k6 k13 k6 k19 

 9.16 ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

ʐʠʬʨʣʘʫ ʢʽʣʪʽʥʽϬ ʢϺʣʝʤʽ 

128 ʙʠʪ 128 ʙʠʪ 

ʐʠʬʨʣʘʫ ʐʠʬʨʣʘʫ ʐʠʬʨʣʘʫ ʐʠʬʨʣʘʫ 

k7 k12 k7 k18 

k8 k11 k8 k17 

k9 k10 k9 k16 

k10 k9 k10 k15 

k11 k8 k11 k14 

k12 k7 k12 k13 

k13 k6 k13 k12 

k14 k5 k14 k11 

k15 k4 k15 k10 

k16 k3 k16 k9 

k17 k2 k17 k8 

k18 k1 k18 k7 

  k19 k6 

  k20 k5 
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  k21 k4 

  k22 k3 

  k23 k2 

  k24 k1 

ke1 ke3 ke1 ke6 

ke2 ke4 ke2 ke5 

  ke3 Ke4 

 

9.3.6. Camellia ץʘʫʽʧʩʽʟʜʽʛʽ 

 

 Camellia ʘʣʛʦʨʠʤʽʥʽש ʙʘʩʪʘʧץʳ ʪʘʣʜʘʫʳ ʦʥʳײץ שʨʫʰʳʣʘʨʳʤʝʥ 

ʦʨʳʥʜʘʣסʘʥ. ɸʣʛʦʨʠʪʤʥʽש ʩʳʟʳץʪʳ ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʢʨʠʪʦʪʘʣʜʘʫʳ-

ʥʘ ʙʝʨʽʢʪʽʣʽʢ [20] ʢᴇʨʩʝʪʽʣʛʝʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʳʩץʘʨʪʳʣסʘʥ ʞᴅʥʝ ʤװʤʢʽʥʜʽ 

ʝʤʝʩ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʨʜʳ ץʦʣʜʘʥʫסʘ, ʙʫʤʝʨʘʥʛ ᴅʜʽʩʽʥʽ, ʠʥʪʝʨʧʦʣʷʮʠʷ 

ᴅʜʽʩʽʥʝ, ʞʳʣʞʫ ʰʘʙʫʳʣʜʘʨʳʥʘ ʞᴅʥʝ ʙʽʨ ץʘʪʘʨ ʙʘʩץʘ ʰʘʙʫʳʣʜʘʨסʘ.  

 Camellia ʘʣʛʦʨʠʪʤʽ ʪʫʨʘʣʳ ʙʝʣʛʽʣʽ ʩʘʨʘʧʰʳʣʘʨʜʳש ʧʽʢʽʨʣʝʨʽ ʦשʪʘʡʣʳ 

ʙʦʣʜʳ. ᴄʨ ʪװʨʣʽ ʞײʤʳʩʪʘʨʜʘ Camellia ʞʦסʘʨʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʙʝʨʽʢʪʽʣʽʛʽ ʙʝʣʛʽʣʝʥʝʜʽ. ʃapc ʂʥʫʜʩʝʥ ʢʝʣʝʩʽʥʽ ʙʝʢʽʪʝʜʽ: 

 - Camellia ʢʝʟ ʢʝʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʰʘʙʫʳʣʜʘʨ ʪʝʢ 

ʢʨʠʧʪʦʪʘʣʜʘʫ ʘʡʤʘסʳʥʜʘסʳ ʪװʙʝʛʝʡʣʽ ʘʣסʘ ʞʳʣʞʫʜʘʥ ʢʝʡʽʥ ʤװʤʢʽʥ ʙʦʣʘ-

ʜʳ;  

 - Camellia  ʝש ʙʝʨʽʢ ʟʘʤʘʥʘʫʠ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʙʽʨʽ.  

 Camellia ʘʣʛʦʨʠʪʤʽʥʽש ʨʝʩʫʨʩʢᴇʣʝʤʜʽʛʽʥ ʞᴅʥʝ ʞʳʣʜʘʤʜʳסʳʥ ʙʘסʘʣʘʫʜʘ 

ʩʘʨʘʧʰʳʣʘʨ ʙʽʨ ʧʽʢʽʨʜʝ ʙʦʣʤʘʜʳ:  

 - Camellia ʞʳʣʜʘʤʜʳץʪʘ Rijndael ʘʣʛʦʨʠʪʤʽʥʝʥ ʞʝשʽʣʝʪʽʥʽ ʙʝʨʛʽʣʝʥʝʜʽ;  

 - Camellia ʞʝʜʝʣ ʞᴅʥʝ ʵʥʝʨʛʦʪᴅʫʝʣʜʽ ʞʘʜʳסʘ ʞʝʪʢʽʣʽʢʪʽ ʞʦסʘʨʳ ʪʘʣʘʧ-

ʪʘʨʜʳ ץʦʷʜʳ.  

 ʂᴇʧ ʟʝʨʪʪʝʫʣʝʨ Camellia ʘʣʛʦʨʠʪʤʽʥʽש ᴅʣʩʽʟʜʝʥʛʝʥ ʥײʩץʘʩʳʥʘ 

ʞװʨʛʽʟʽʣʜʽ - ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʘʟ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʢʽʨʽʩ/ʰʳסʳʩ ʘסʘʨʪʫʣʘʨʩʳʟ 

ʞᴅʥʝ FL/FLI ʦʧʝʨʘʮʠʷʣʘʨʳʩʳʟ. ʂʝʣʝʩʽ ʞײʤʳʩʪʘʨʜʳ ʘʡʪʳʧ ʢʝʪʫ ץʘʞʝʪ:  

 - Camellia 9-ʨʘʫʥʜʪʳץ ʥײʩץʘʩʳʥʘ ʰʘʙʫʳʣ ʞʘʟʙʘʣʘʥסʘʥ, ʦʣ 2
105

 

ʪʘשʜʘʣסʘʥ ʘʰʳץ ʤᴅʪʽʥʜʝʨ ʙʦʣʩʘ 2
64

 ʰʠʬʨʣʘʫ ʦʧʝʨʘʮʠʷʣʘʨʳʤʝʥ ʦʨʳʥʜʘʣʘ-

ʜʳ; ʩʦʣ ʞʝʨʜʝ ʘʣʛʦʨʠʪʤʜʽ ʘʰʫ װʰʽʥ ʩʳʟʳץʪʳ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫ 

ʞʘʨʘʤʜʳ ʝʤʝʩ ʝʢʝʥʽ ʙʝʣʛʽʣʝʥʝʜʽ;  

 - 9-ʨʘʫʥʜʪʳ ץʳʩץʘʨʪʳʣסʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣ ʪʘʙʳʣסʘʥ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ  

Camellia 11-ʨʘʫʥʜʪʳץ ʥײʩץʘʩʳʥʘ ʰʘʙʫʳʣ ʤװʤʢʽʥ; 

 - Camellia 9-ʨʘʫʥʜʪʳץ ʥײʩץʘʩʳʥʘ ʢʦʣʣʠʟʠʷʣʘʨʜʳ ʽʟʜʝʫ ᴅʜʽʩʽ 

ʰʽʥ 2װ ʘʥ, ʦʣסʩʳʥʳʣײ
113,6

 ʪʘשʜʘʣסʘʥ ʘʰʳץ ʤᴅʪʽʥʜʝʨ ʞᴅʥʝ 2
121 
ʰʠʬʨʣʘʫ ʦʧʝ-

ʨʘʮʠʷʣʘʨʳ (128-ʙʠʪʪʽʢ ʢʽʣʪ) ץʘʞʝʪ ʥʝʤʝʩʝ 2
13  
ʪʘשʜʘʣסʘʥ ʘʰʳץ ʤᴅʪʽʥʜʝʨ 

ʞᴅʥʝ 2
175,6

 ʰʠʬʨʣʘʫ ʦʧʝʨʘʮʠʷʣʘʨʳ (192-ʙʠʪʪʽʢ ʢʽʣʪ) ץʘʞʝʪ;  ʩʦʣ ʞʝʨʜʝ 256-

ʙʠʪʪʽʢ ʢʽʣʪ ʙʘʨ 10-ʨʘʫʥʜʪʳץ ʥײʩץʘʩʳʥʘ ʰʘʙʫʳʣ ײʩʳʥʳʣʜʳ, ʦʣ װʰʽʥ  2
14

 

ʪʘשʜʘʣסʘʥ ʘʰʳץ ʤᴅʪʽʥ ʞᴅʥʝ 2
239,9

 ʦʧʝʨʘʮʠʷ ץʘʞʝʪ;  
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 - ʤװʤʢʽʥ ʝʤʝʩ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʨ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣסʘʥ, 8-ʨʘʫʥʜʪʳץ  

ʤװʤʢʽʥ ʝʤʝʩ ʜʠʬʬʝʨʝʥʮʠʘʣ ʪʘʙʳʣסʘʥ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ 12-ʨʘʫʥʜʪʳץ 

ʥײʩץʘסʘ ʰʘʙʫʳʣ ʞʘʩʘʣʜʳ; ʰʘʙʫʳʣ װʰʽʥ 2
120

 ʘʰʳץ ʤᴅʪʽʥ ʞᴅʥʝ 2
181 
ʦʧʝʨʘʮʠʷ 

  .ʘʞʝʪץ

 Camellia ʘʣסʘʰץʳ ʥײʩץʘʩʳʥʘ ʞʘץʳʥ ʥײʩץʘʣʘʨʜʳ ʪʘʣʜʘʡʪʳʥ ʞײʤʳʩʪʘʨ 

ʩʠʨʝʢ ʢʝʟʜʝʩʝʜʽ. Camellia  9-ʨʘʫʥʜʪʳץ  ʘʣʛʦʨʠʪʤʽʥ (ʘʣʪʳʥʰʳ ʨʘʫʥʜʪʘʥ 

ʢʝʡʽʥ FL/FLI ʦʧʝʨʘʮʠʷʣʘʨʳʤʝʥ ʙʽʨʛʝ, ʙʽʨʘϨ ʘʣϤʘʰϨʳ ʞϸʥʝ ʩʦϬϤʳ 

ʘϤʘʨʪʫʩʳʟ) ʘʰʘʪʳʥ Square-ʰʘʙʫʳʣʳ ץʦʣʜʘʥʳʣסʘʥ ʞײʤʳʩ ʝʩʪʝ ץʘʣʘʜʳ, ʦʣ 

ʰʽʥ 2װ
60,5
ʘʰʳץ ʤᴅʪʽʥ ʞᴅʥʝ 2

202,2
 ʰʠʬʨʣʘʫ ʦʧʝʨʘʮʠʷ ץʘʞʝʪ.  

 Camellia ʘʣʛʦʨʠʪʤʽ ʞʘʥʘʤʘ ʘʨʥʘʣʘʨʤʝʥ ʘץʧʘʨʘʪʪʳ ʘסʫʜʳ ץʦʣʜʘʥʘʪʳʥ 

ʰʘʙʫʳʣʜʘʨ ʢᴇʟ ץʘʨʘʩʳʥʘʥ ʜʘ ʟʝʨʪʪʝʣʜʽ. ɹײʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʢʝʣʝʩʽ 

ʞײʤʳʩʪʘʨ ʙʝʣʛʽʣʽ:  

 - Camellia ʧʘʡʜʘʣʘʥʘʪʳʥ ײץʘʪʪʳʣʳץ ʙʦʡʳʥʰʘ ʰʘʙʫʳʣʜʘʨʜʘʥ 

 ʝʢʽʥʰʽ ʨʘʫʥʜʳʥʜʘ שʘʫʳʥʳץʘʨʘʩʳʥʘʥ NESSIE ʙʘʡץ ʢᴇʟ ץʘʥʜʳסʘʣסʦʨץ

 שʤʳʩʪʘʨʳʥʳײʙʽʨʽ ʜʝʧ ʞ שʩʳʣʘʨʜʳץʞʘ שʘʥ ʘʣʛʦʨʠʪʤʜʝʨ ʽʰʽʥʜʝ ʝסʩʳʥʳʣײ

ʙʽʨʽʥʽש ʘʚʪʦʨʣʘʨʳ ʘʡʪʘʜʳ;  

 - Camellia ʘʣʛʦʨʠʪʤʽʥʽש ʢʽʣʪ ʢʝשʝʡʪʫ ʧʨʦʮʝʜʫʨʘʣʘʩʳʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ץʦʣʜʘʥʘʪʳʥ ʧʘʡʜʘʣʘʥʘʪʳʥ ײץʘʪʪʳʣʳץ ʙʦʡʳʥʰʘ ʘhʙʫʳʣ 

 .ʩʳʥʳʣʜʳײ

 Camellia  NESSIE ʙʘʡץʘʫʳʥʳש ʞʝשʽʤʧʘʟ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʙʽʨʽ. NESSIE 

ʙʘʡץʘʫʳ ʢʝʟʽʥʜʝ ᴇʪʢʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʙʘʨʳʩʳʥʜʘ ʙʝʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤʥʽש 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʙʝʨʽʢʪʽʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʰץʘʥʜʘʡ ʧʨʦʙʣʝʤʘʣʘʨ 

ʘʥʳץʪʘʣסʘʥ ʞʦץ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ Camellia ʘʣʛʦʨʠʪʤʽʥʜʝ ʘʫʳʨ ʦʩʘʣʜʳץʪʘʨ 

ʪʘʙʳʣסʘʥ ʞʦץ, ʙʽʨʘץ ʙײʣ ʘʣʛʦʨʠʪʤʥʽש ʙʝʣʩʝʥʜʽ ʪʘʣʜʘʫʳ ʘʨʳ ץʘʨʘʡ 

ʞʘʣסʘʩʘʪʳʥʳ ʙʝʣʛʽʣʽ.  

 

ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨ 

 

 1. IDEA ᴇשʜʝʣʝʪʽʥ ʙʣʦʢ ʢᴇʣʝʤʽ, ʰʠʬʨ ʢʽʣʪʽʥʽש ʢᴇʣʝʤʽ ʞᴅʥʝ ʨʘʫʥʜ 

ʢʽʣʪʪʝʨʽʥʽש ʢᴇʣʝʤʽ ץʘʥʜʘʡ?  

 2. IDEA ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʥʝʰʝ? 

 3. IDEA ʨʘʫʥʜʪʘʨʳʥʜʘ ץʘʥʜʘʡ ץʘʨʘʧʘʡʳʤ ʦʧʝʨʘʮʠʷʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ?  

 4. IDEA ʨʘʫʥʜʪʘʨʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ᴇʟʛʝʨʪʫ ʢʝʟʝשʽʥʜʝ ץʘʥʜʘʡ ץʘʨʘʧʘʡʳʤ 

ʦʧʝʨʘʮʠʷʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ?  

 5. IDEA ʨʘʫʥʜʪʘʨʳʥʜʘ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʝʟʝשʽʥʜʝ ץʘʥʜʘʡ 

  ?ʦʣʜʘʥʳʣʘʜʳץ ʘʨʘʧʘʡʳʤ ʦʧʝʨʘʮʠʷʣʘʨץ

 6. IDEA ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʘʣʛʦʨʠʪʤʽʥ ʪװʩʽʥʜʽʨʽשʽʟ.  

 7. IDEA ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ 

 .ʽʟשʩʽʥʜʽʨʽװʘʣʳʧʪʘʩʪʳʨʫ ʘʣʛʦʨʠʪʤʽʥ ʪץ

 8. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʘʣסʘʰץʳ (ʩʝʘʥʩʪʳץ) ʢʽʣʪʽ - 128 ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ 

ʪʽʟʙʝʢ, ʦʣ ʪʝש K = 3f424cdc105ca00d7b 3dbe8c96a2978e16. ʐʠʬʨʣʘʫʜʳש 

ʝʢʽʥʰʽ ʨʘʫʥʜʳ װʰʽʥ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ.  
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 9. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ 
)i(

2k  (i = 

1...9) ʘʥʳץʪʘʫ, ʝʛʝʨ ʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 
)1(

2k  = 4cdc16, 

)2(
2k

 = 97be16, 
)3(

2k
 = 452f16, 

)4(
2k

 = 5a8a16, 
)5(

2k
 = 64b516, 

)6(
2k  = 6bd916, 

)7(
2k  = 00d716, 

)8(
2k  = 940116, 

)9(
2k  = 172816, 

)1(
3k  = 105c16, 

)2(
3k  = b82016, 

)3(
3k  = 1c7e16, 

)4(
3k  = 5e3816, 

)5(

3k = 14bc16, 
)6(

3k  = 6a2916, 
)7(

3k  = b3db16, 

)8(
3k  = af6716, 

)9(
3k  = 035e16. 

 10. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ 
)i(

3k  (i = 

1...9) ʘʥʳץʪʘʫ, ʝʛʝʨ ʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 
)1(

2k  = 4cdc16, 

)2(
2k  = 97be16, 

)3(
2k  = 452f16, 

)4(
2k  = 5a8a16, 

)5(
2k  = 64b516, 

)6(
2k  = 6bd916, 

)7(
2k  = 00d716, 

)8(
2k  = 940116, 

)9(
2k  = 172816, 

)1(
3k  = 105c16, 

)2(
3k  = b82016, 

)3(
3k  = 1c7e16, 

)4(
3k  = 5e3816, 

)5(
3k  = 14bc16, 

)6(
3k  = 6a2916, 

)7(
3k  = b3db16, 

)8(
3k  = af6716, 

)9(
3k  = 035e16. 

 11. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ 
)i(

5k  (i = 

1...9) ʘʥʳץʪʘʫ, ʝʛʝʨ ʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 
)1(

5k  = 7b3d16, 

)2(
5k  = 1af616, 

)3(
5k  = 803516, 

)4(
5k  = 337016, 

)5(
5k  = =  126616, 

)6(
5k  = 

f42416, 
)7(

5k  = c7e816, 
)8(

5k  = 92d416. 

 12. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʢʝʨʽʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽʥ 
)i(

1k  (i = 

1...9) ʘʥʳץʪʘʫ, ʝʛʝʨ ʰʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 
)1(

1k  = 3f4216, 

)2(
1k  = 96a216, 

)3(
1k  = 192d16, 

)4(
1k  = fa3216, 

)5(
1k  = edf416, 

)6(
1k  = e50016, 

)7(
1k  = 05ca16, 

)8(
1k  = 820b16, 

)9(
1k  = 370416. 

 13. ɽʛʝʨ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨ M = 3d550f51d71ee0aa16  ʪʝש ʙʦʣʩʘ, IDEA 

ʘʣʛʦʨʠʪʤʽʤʝʥ ʙʽʨʽʥʰʽ ʰʠʬʨʣʘʫ ʨʘʫʥʜʳʥʳש ʘʣʤʘʩʪʳʨʫ (ᴇʟʛʝʨʪʫ) ʢʝʟʝשʽʥʽש 

ʥᴅʪʠʞʝʩʽʥ ʘʥʳץʪʘʫ. ʐʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 
)1(

1k  
=

 
3f4216, 

)1(
2k  

=
 
4cdc16, 

)1(
3k  

=
 
105c16, 

 )1(
4k  

= =
 
a00d16. 

 14. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʙʽʨʽʥʰʽ ʨʘʫʥʜʳʥʳש MA ײץʨʳʣסʳʩʳʥʳש 

ʥᴅʪʠʞʝʩʽʥ ʘʥʳץʪʘʫ, ʝʛʝʨ ʦʥʳש ʢʽʨʽʩʽʥʜʝʛʽ ʜʝʨʝʢʪʝʨ ʪʝש: 
)1(

1f  = 4cb916, 

)1(
2f  = =  400016. ʐʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 

)1(
5k  = 7b3d16, 

)1(
6k  

= be8c16. 
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 15. IDEA ʘʣʛʦʨʠʪʤʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʥᴅʪʠʞʝʩʽʥ ʘʥʳץʪʘʫ, ʝʛʝʨ 8-

ʰʽ ʨʘʫʥʜʪʘש ʢʝʡʽʥ ʥᴅʪʠʞʝ ʪʝש: 
)8(

1D  = e2fb16, 
)8(

2D  = cd9d16, 
)8(

3D  = 

cb1016, 
)8(

4D  = 993616. ʐʠʬʨʣʘʫʜʳש ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʽ ʪʝש: 
)9(

1k  = 370416, 

)9(
2k  = 172816, 

)9(
3k  = 035e16, 

)9(
4k  = cf6f16. 

 16. IDEA ʘʣʛʦʨʠʪʤʽʥʽש ʰʠʬʨʣʘʫ ʢʝʟʝשʽʥʽש ʝʢʽʥʰʽ ʨʘʫʥʜʳʥʳש MA 

 שʪʘʫ, ʝʛʝʨ ʙʝʨʽʣʛʝʥ ʨʘʫʥʜʪʳץʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽʥ ʘʥʳ שʳʩʳʥʳסʨrʣײץ

ʘʣʤʘʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʝש: 
)1(

1X  = abc316, 
)1(

2X  = 5c2d16, 
)1(

3X  = e77a16, 

)1(
4X  = 1c2d16. 

 17. Camellia ᴇשʜʝʣʝʪʽʥ ʙʣʦʢ ʢᴇʣʝʤʽ, ʰʠʬʨ ʢʽʣʪʽʥʽש ʢᴇʣʝʤʽ ʞᴅʥʝ ʨʘʫʥʜ 

ʢʽʣʪʪʝʨʽʥʽש ʢᴇʣʝʤʽ ץʘʥʜʘʡ?  

 18. Camellia ʨʘʫʥʜʪʘʨ ʩʘʥʳ ʥʝʰʝ? 

 19. Camellia ʨʘʫʥʜʪʘʨʳʥʜʘ ץʘʥʜʘʡ ʦʧʝʨʘʮʠʷʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ? 

 20. Camellia ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʢʝʟʽʥʜʝ ʨʘʫʥʜʪʳץ ʢʽʣʪʪʝʨʜʽ 

  .ʽʟשʩʽʥʜʽʨʽװʘʣʳʧʪʘʩʪʳʨʫ ʘʣʛʦʨʠʪʤʽʥ ʪץ

 21. Camellia ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ ʪװʩʽʥʜʽʨʽשʽʟ. 

 22. Camellia ʢᴇʤʝʛʽʤʝʥ ʜʝʨʝʢʪʝʨʜʽ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽʥ 

ʪװʩʽʥʜʽʨʽשʽʟ. 
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10 ʪʘʨʘʫ 

 

ɸʉʀʄʄɽʊʈʀʗʃʓפ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ 

ʐʀʌʈʃɸʋ ɾתʁɽʃɽʈɯ 

 

10.1. ʊɸʈʀʍʓ ɾᴄʅɽ ʅɽɻɯɿɻɯ ʀɼɽʗʃɸʈ 

 

 ɸʰʳץ ʢʽʣʪʽ ʙʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש (ʘʩʠʤʤʝʪʨʠʷʣʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝʣʝʨ) ʠʜʝʷʣʘʨʳʥ ʞᴅʥʝ ᴅʜʽʩʪʝʨʽʥ ʞʘץʩʳ ʪװʩʽʥʫʛʝ ʢᴇʤʝʢʪʝʩʝʪʽʥ װʰ 

ʝʩʝʧʪʽש ʰʝʰʽʤʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʆʩʳ ʝʩʝʧʪʝʨʜʽש ʙʘʨʣʳסʳʥʳש ʤʳשʳʟʜʳ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʤᴅʥʽ ʙʘʨ.  

 ɹʽʨʽʥʰʽ ʝʩʝʧ - ײץʧʠʷʩᴇʟʜʝʨʜʽ ʢʦʤʧʴʶʪʝʨʜʝ ʩʘץʪʘʫ [10]. ɾʝʣʽʜʝʛʽ ᴅʨ 

ʧʘʡʜʘʣʘʥʫʰʳʥʳש ᴇʟʽʥʽײץ שʧʠʷʩᴇʟʽ ʙʘʨ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ɾʝʣʽʛʝ ʢʽʨʫ ʢʝʟʽʥʜʝ 

ʧʘʡʜʘʣʘʥʫʰʳ ᴇʟʽʥʽש ʝʩʽʤʽʥ (ײץʧʠʷ ʝʤʝʩ) ʢᴇʨʩʝʪʝʜʽ ʞᴅʥʝ ʩʦʜʘʥ ʢʝʡʽʥ 

 שʧʠʷʩᴇʟʜʽ ʢʦʤʧʴʶʪʝʨʜʽײץ ʧʠʷʩᴇʟ ʝʥʛʽʟʝʜʽ. ʇʨʦʙʣʝʤʘ ʢʝʣʝʩʽʜʝ: ʝʛʝʨײץ

ʜʠʩʢʽʥʜʝ ʩʘץʪʘʩʘ, ʦʥʜʘ ץʘʩץʦʡ ʦʥʳ ʦץʫ, ʘʣ ʩʦʜʘʥ ʢʝʡʽʥ ʨץײʩʘʪʩʳʟ ץʘʪʳʥʘʩ 

 ,ʘʨʩʘץʤʳʩ ʘʪײʡʝʣʽʢ ᴅʢʽʤʰʽʩʽ ʙʦʣʳʧ ʞװʞ שʦʡ ʩʦʣ ʞʝʣʽʥʽץʘʩץ ʨʫ (ʝʛʝʨײץ

ʦʥʜʘ ʦʥʳ ᴇʪʝ ʦשʘʡ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ) װʰʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ 

ʢʦʤʧʴʶʪʝʨʜʝ ײץʧʠʷʩᴇʟʜʝʨʜʽ ʩʘץʪʘʫʜʳ ʦʥʳ ʦʥʘʡ "ʙϰʟʫ" ʤװʤʢʽʥ 

ʙʦʣʤʘʡʪʳʥʜʘʡ ײʡʳʤʜʘʩʪʳʨʫ ץʘʞʝʪ.  

 ɽʢʽʥʰʽ ʝʩʝʧ ϸʫʝ ʰʘʙʫʳʣʳʥʘ Ϩʘʨʩʳ ϨʦʨϤʘʥʳʩ (ᴄפפ) ʞװʡʝʣʝʩʽʥʽש ʞᴅʥʝ 

ʨʘʜʠʦʣʦʢʘʪʦʨʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʤʝʥ ʧʘʡʜʘ ʙʦʣʜʳ. ױʰʘץ ʰʝʢʘʨʘʥʳ 

 ʧʠʷʩᴇʟײץ ʨʘʡʜʳ. ɽʛʝʨײʧʠʷʩᴇʟʜʽ ʩײץ ʳʡʳʧ ᴇʪʢʝʥ ʢʝʟʜʝ ʨʘʜʠʦʣʦʢʘʪʦʨץ

ʜײʨʳʩ ʙʦʣʩʘ, ʦʥʜʘ ײʰʳץ "Ϻʟʽʥʽʢʽ", ʙʘʩץʘ ʞʘסʜʘʡʜʘ - "ʙϺʪʝʥ". ɹײʣ ʞʝʨʜʝ 

ʢʝʣʝʩʽ ʧʨʦʙʣʝʤʘ ʧʘʡʜʘ ʙʦʣʘʜʳ: ײץʧʠʷʩᴇʟ ʘʰʳץ ʘʨʥʘʤʝʥ (ᴅʫʝ ʦʨʪʘ) 

ʞʽʙʝʨʽʣʝʪʽʥ ʙʦʣסʘʥʜʳץʪʘʥ, ץʘʩץʦʡ ʙʘʨʣʳץ ʩᴇʡʣʝʩʫʣʝʨʜʽ ʪʳʥʜʘʧ ʜײʨʳʩ 

 ʨʘʥʳʩ ʢʝʟʽʥʜʝײʩ ץʰʘײ "ʧʠʷʩᴇʟʜʽ ʙʽʣʝ ʘʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ "ʙϺʪʝʥײץ

ʘʣʜʳʥʜʘ ʞʦʣʘʡ ײʩʪʘסʘʥ "ʜϰʨʳʩ" ײץʧʠʷʩᴇʟʜʽ ʣʦʢʘʪʦʨסʘ ʞʘʫʘʧ ʨʝʪʽʥʜʝ 

  .ʘʡʪʘʣʘʧ ʞʽʙʝʨʽʣʝʜʽץ

 ϭʰʽʥʰʽ ʝʩʝʧ ʘʣʜʳʥסʳסʘ ץײʩʘʩ ʞᴅʥʝ ץʘʰʳץʪʳץ ץʘʪʳʥʘʩ ײץʨʫʳ ʙʘʨ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʤʳʩʘʣʳ, ʙʘʥʢ ʞᴅʥʝ ʢʣʠʝʥʪ ץʘʪʳʥʘʩ 

 ʨʘʡʜʳ, ʘʣײʨʫ ʢʝʟʽʥʜʝ. ᴄʜʝʪʪʝ ʩʝʘʥʩ ʘʣʜʳʥʜʘ ʙʘʥʢ ʢʣʠʝʥʪʪʝʥ ʝʩʽʤʽʥ ʩײץ

ʩʦʜʘʥ ʢʝʡʽʥ ײץʧʠʷʩᴇʟʜʽ, ʙʽʨʘץ ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳ ʘʰʳץ ʙʦʣסʘʥʜʳץʪʘʥ, 

  .ʧʠʷʩᴇʟʜʽ ʙʽʣʝ ʘʣʘʜʳײץ ʦʡץʘʩץ
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 ɹװʛʽʥʛʽ ʢװʥʽ ʙʘʨʣʳץ ʦʩʳ ʧʨʦʙʣʝʤʘʣʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ᴅʜʽʩʪʝʨʜʽ 

 ʩʽʥʽʢ ʙʽʨʞʘϨʪʳװʳʟʜʳ ʪשʰʝʰʽʤʽ ʤʘ שʦʣʜʘʥʫʤʝʥ ʰʝʰʽʣʝʜʽ. ʆʩʳ ʝʩʝʧʪʝʨʜʽץ

ʬʫʥʢʮʠʷʜʘ  (one-way function) ʥʝʛʽʟʜʝʣʛʝʥ.  

 10.1 ʘʥʳϨʪʘʤʘ. X (ʭ Í X) h ʝʢʪʽ ʢᴇʧʪʽʢʪʝ ʘʥʳץʪʘʣסʘʥ ʬʫʥʢʮʠʷ ʙʝʨʽʣʩʽʥ  

 

y = f(x), (10.1) 

 

ʦʣ װʰʽʥ ץʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷ ʙʘʨ  

 

x = f
- -1

(y). (10.2) 

 

 ʌʫʥʢʮʠʷ ʙʽʨʞʘϨʪʳ ʜʝʧ ʘʪʘʣʘʜʳ, ʝʛʝʨ (10.1) ᴇʨʥʝʢ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫ ï 

 ʣʢʝʥ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʜʳװ ʘʨʘʧʘʡʳʤ ʝʩʝʧ, ʘʣ (10.2) ʙʦʡʳʥʰʘ ïץ

 שʫʘʪʪʳ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʜʽץ ,ʨʜʝʣʽ ʝʩʝʧ, ʤʳʩʘʣʳװʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʪʽʥ ʢץ

10
6
ⱷ10

10
 ʞײʤʳʩ ʽʩʪʝʫ ʞʳʣʳʥ.  

 ɹʝʨʽʣʛʝʥ ʘʥʳץʪʘʤʘ ʬʦʨʤʘʣʜʳ ʝʤʝʩ. ɹʽʨʞʘץʪʳ ʬʫʥʢʮʠʷʥʳץ שʘʪʘש 

ʘʥʳץʪʘʤʘʩʳʥ [10, 18, 26] ʪʘʙʫʥʘ ʙʦʣʘʜʳ, ʙʽʨʘץ ʙʽʟʜʽש ʤʘץʩʘʪʳʤʳʟ װʰʽʥ 

ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥʽ ʞʝʪʢʽʣʽʢʪʽ.  

 ɹʽʨʞʘץʪʳ ʬʫʥʢʮʠʷ ʤʳʩʘʣʳ ʨʝʪʽʥʜʝ ʢʝʣʝʩʽʥʽ ץʘʨʘʩʪʳʨʘʤʳʟ:  

 

y = a
x
 mod p, (10.3) 

 

ʙײʣ ʞʝʨʜʝ ʨ  ʢʝʡʙʽʨ ʞʘʡ ʩʘʥ (ʷסʥʠ ץʘʣʜʳץʩʳʟ ʪʝʢ ᴇʟʽʥʝ ʞᴅʥʝ ʙʽʨʛʝ 

ʙᴇʣʽʥʝʪʽʥ); x  { 1,2,... pⱷ1 } ʢᴇʧʪʽʛʽʥʝʥ ʙװʪʽʥ ʩʘʥ. 

  ʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷפ 

 

ʭ = loga ʫ mod ʨ (10.4) 

 

ʙʝʣʛʽʣʝʥʝʜʽ ʞᴅʥʝ ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤ ʜʝʧ ʘʪʘʣʘʜʳ.  

 ɽש ʞʘץʩʳ ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʣʝʨʜʽ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ (10.4) ʙʦʡʳʥʰʘ 

ʝʩʝʧʪʝʫʜʽ ץʳʡʳʥʜʘʪʫ װʰʽʥ, ʢᴅʟʽʨʛʽ ʫʘץʳʪʪʘ 512 ʙʠʪʪʝʥ ʘʩʪʘʤ ʢᴇʣʝʤʽ ʙʘʨ 

ʩʘʥʜʘʨ ץʦʣʜʘʥʳʣʘʜʳ.  ʊᴅʞʽʨʠʙʝʜʝ ʞʠʽ ʙʘʩץʘʜʘ ʙʽʞʘץʪʳ ʬʫʥʢʮʠʷʣʘʨʜʳ 

 ʦʣʜʘʥʘʜʳ, ʤʳʩʘʣʳ, ʭʵʰ-ʬʫʥʢʮʠʷʣʘʨʜʳ, ʦʣʘʨ 128ⱷ512 ʙʠʪ ʢᴇʣʝʤʽʥʜʝʛʽץ

  .ʤʳʩ ʽʩʪʝʡʜʽײʘ ʩʘʥʜʘʨʤʝʥ ʞץʳʩץ

 ɸʣʜʳʤʝʥ (10.3) ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫ ʞʝʪʢʽʣʽʢʪʽ ʪʝʟ ʦʨʳʥʜʘʣʫ ʤװʤʢʽʥ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʤʽʟ. a
16

 mod p ʩʘʥʳʥ ʝʩʝʧʪʝʫ ʤʳʩʘʣʳʥʘʥ ʙʘʩʪʘʡʤʳʟ. ɾʘʟʫסʘ 

ʙʦʣʘʜʳ: 

 

a
16

 mod p = (((a
2
)
2
)
2
)
2
 mod p, 

 

ʷסʥʠ ʙʝʨʽʣʛʝʥ ʬʫʥʢʮʠʷʥʳש ʤᴅʥʽ çʘϬϨʘʫè ʥײʩץʘʜʘסʳ ʦʥ ʙʝʩ ʘĀʘĀ...Āʘ 

ʦʧʝʨʘʮʠʷʥʳש ʦʨʥʳʥʘ ʪᴇʨʪ ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷʩʳʤʝʥ ʝʩʝʧʪʝʣʝʜʽ. ʆʩʳʜʘ 

ʞʘʣʧʳ ʘʣʛʦʨʠʪʤ ʥʝʛʽʟʜʝʣʛʝʥ.  
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 ɸʣʛʦʨʠʪʤʜʽ ʩʠʧʘʪʪʘʫ װʰʽʥ t = [log2 ʭ]  ʰʘʤʘʩʳʥ ʝʥʛʽʟʝʤʽʟ - log2 ʭ (ʘʨʳ 

 ʪʘʥ ʣʦʛʘʨʠʬ ʥʝʛʽʟʽʥ 2ץʣʦʛʘʨʠʬʤʜʝʨ ʝʢʽʣʽʢ ʙʦʣʘʜʳ, ʩʦʥʜʳ ץʘʨʘʡ ʙʘʨʣʳץ

ʢᴇʨʩʝʪʧʝʡʤʽʟ) ʙװʪʽʥ ʙᴇʣʽʤʽʥ. ʉʘʥʜʘʨ ץʘʪʘʨʳʥ ʝʩʝʧʪʝʡʤʽʟ: 

 

)p(moda,...,a,a,a,a
t2842

. (10.5) 

 

 ʳ ʩʘʥʜʳ ᴇʟʽʥʝ ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘסʘʪʘʨʜʘ (10.5) ᴅʨ ʩʘʥ ʘʣʜʳʥפ 

ʢᴇʙʝʡʪʫʤʝʥ ʘʣʳʥʘʜʳ. ɼᴅʨʝʞʝʥʽש ʭ  ʢᴇʨʩʝʪʢʽʰʽʥ ʝʢʽʣʽʢ ʩʘʥʘץ ʞװʡʝʩʽʥʜʝ 

ʞʘʟʘʤʳʟ:  

 

x = (xt xt-1éx1 xo)2. 

 

 ʉʦʥʜʘ ʫ = ʘ
ʭ
 mod p ʩʘʥʳ ʢʝʣʝʩʽʜʝʡ ʝʩʝʧʪʝʣʫ ʤװʤʢʽʥ 

 

pmoday
t

0i

2x i
i̬

=

Ö
= . (10.6) 

 

 ɹʘʨʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ.  

 10.1 ʤʳʩʘʣ. 3
100

 mod 7 ʝʩʝʧʪʝʫ ץʘʞʝʪ ʙʦʣʩʳʥ.  

 t = [ log 100 ] = 6 ʙʘʨ. פʘʪʘʨ (10.5) ʩʘʥʜʘʨʳʥ ʝʩʝʧʪʝʡʤʽʟ: 

 

 a a
2
 a

4
 a

8
 a

16
 a

32
 a

64
  

(10.7) 
 3 2 4 2 4 2 4  

 

 ɾʘʣʧʳ ʞʘסʜʘʡʜʘ ʢʝʣʝʩʽ ᴅʜʽʣ.  

 10.1 ʤʘϨϰʣʜʘʫ ((10.3) ʝʩʝʧʪʝʫʣʝʨʜʽץ שʳʡʳʥʜʳסʳ ʪʫʨʘʣʳ). ʉʠʧʘʪʪʘʣסʘʥ 

ᴅʜʽʩ ʙʦʡʳʥʰʘ (10.3) ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ 2Ālog x 

ʘʩʧʘʡʜʳ.  

 ɼϸʣʝʣʜʝʫ. (10.5) ץʘʪʘʨ ʩʘʥʜʘʨʳʥ ʝʩʝʧʪʝʫ װʰʽʥ t ʢᴇʙʝʡʪʫ ץʘʞʝʪ, (10.6) 

ʙʦʡʳʥʰʘ ʫ ʝʩʝʧʪʝʫ װʰʽʥ t ʢᴇʙʝʡʪʫʜʝʥ ʢᴇʧ ʝʤʝʩ (10.1 ʤʳʩʘʣʳʥ ץʘʨʘשʳʟ). t 

= [ log x ]  ʰʘʨʪʳʥʘʥ, [ log x ] Ò log x ʝʢʝʥʽʥ ʝʩʝʧʢʝ ʘʣʳʧ, ʜᴅʣʝʣʜʝʥʝʪʽʥ 

ʤʘײץʣʜʘʫ ᴅʜʽʣ ʝʢʝʥʽ ʪʫʨʘʣʳ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʡʤʳʟ.  

 ɽʩʢʝʨʪʫ. ɸʨʳ ץʘʨʘʡ ʢᴇʨʩʝʪʽʣʝʪʽʥʜʝʡ, ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʜᴅʨʝʞʝ 

ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʪʝʢ ʭ < ʨ ʪʝʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ץʦʣʜʘʥʫʜʳש ʤᴅʥʽ ʙʘʨ. ɹײʣ 

ʞʘסʜʘʡʜʘ (10.3) ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʩʘʥʳ  2Ālog p 

ʘʩʧʘʡʪʳʥʳʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ.  

 ʦʩʳʥʜʘʡ ʪʠʽʤʜʽ ʘʣʛʦʨʠʪʤʜʝʨʽ שʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷʥʳ (10.4) ʝʩʝʧʪʝʫʜʽפ 

ʙʝʣʛʽʩʽʟ ʝʢʝʥʽʥ ʘʡʪʳʧ ʢʝʪʫ ᴇʪʝ ʤʘשʳʟʜʳ. (10.4) ʝʩʝʧʪʝʫʜʽש çʩϸʙʽ Ϩʘʜʘʤʳ, 

ʜϸʫ Ϩʘʜʘʤʳè ʜʝʧ ʘʪʘʣʘʪʳʥ ᴅʜʽʩʪʝʨʽʥʽש ʙʽʨʽ 10.2 ʪʘʨʘʫʜʘ ʪʦʣʳץ 

ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʰʘʤʘʤʝʥ p2  ʦʧʝʨʘʮʠʷʥʳ  ʪʘʣʘʧ ʝʪʝʜʽ.  
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 ʪʳ ʝʢʝʥʽʥץʣʢʝʥ ʨ ʢʝʟʽʥʜʝ (10.3) ʬʫʥʢʮʠʷʩʳ ʨʘʩʳʥʜʘ ʙʽʨʞʘת 

ʢᴇʨʩʝʪʝʤʽʟ, ʝʛʝʨ ץʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷʥʳ ʝʩʝʧʪʝʫ װʰʽʥ çʩϸʙʽ Ϩʘʜʘʤʳ, ʜϸʫ 

Ϩʘʜʘʤʳè ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʩʘ. ʂʝʣʝʩʽ ʥᴅʪʠʝʥʽ ʘʣʘʤʳʟ (10.1 ʢʝʩʪʝ).  

 

10.1 ʢʝʩʪʝ 

 

ʊװʟʫ ʞᴅʥʝ ץʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷʥʳ ʝʩʝʧʪʝʫ װʰʽʥ ʢᴇʙʝʡʪʫ ʩʘʥʳ 

 

ʨ ʞʘʟʫʳʥʜʘ ʦʥʜʳץ 

ʙʝʣʛʽ ʩʘʥʳ 

(10.3) ʝʩʝʧʪʝʫ(2Ālog p 

ʢᴇʙʝʡʪʫ) 
(10.4) ʝʩʝʧʪʝʫ( p2Ö  

ʢᴇʙʝʡʪʫ) 

12 2Ā40 = 80 2Ā10
6
 

60 2Ā200 = 400 2Ā10
30

 

90 2Ā300 = 600 2Ā10
45

 

 

 10.1 ʢʝʩʪʝʩʽʥʝʥ ʢᴇʨʽʥʽʧ ʪײʨ, ʝʛʝʨ 50ⱷ100 ʦʥʜʳץ ʩʘʥʜʘʨʜʘʥ ʪײʨʘʪʳʥ 

ʤʦʜʫʣʴʜʝʨʜʽ ץʦʣʜʘʥʩʘ, ʦʥʜʘ çʪϮʟʫè ʬʫʥʢʮʠʷʩʳ ʪʝʟ ʝʩʝʧʪʝʣʝʜʽ, ʘʣ 

ʘʡʪʳʤʜʳ ï ʝʩʝʧʪʝʣʤʝʡʜʽ. ʄʳʩʘʣʳ, ʝʢʽ 90-ʙʝʣʛʽʣʽʢ ʩʘʥʜʳ 10ץ
 ⱷ14

 ʩʝʢʫʥʜʪʘ 

ʢᴇʙʝʡʪʝʪʽʥ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʜʽ ץʘʨʘʩʪʳʨʘʤʳʟ (ʟʘʤʘʥʘʫʠ ʢʦʤʧʴʶʪʝʨʣʝʨ 

 :ʰʽʥװ ʣ ʞʝʪʢʽʟʽʣʽʤʜʽ ʝʤʝʩ). ʉʦʥʜʘʡ ʢʦʤʧʴʶʪʝʨʛʝ (10.3) ʝʩʝʧʪʝʫײʰʽʥ ʙװ

 

ʊɺʓʏ.ʇʈ. = 600Ā10
 - 14

 = 6Ā10
 - 12

 ʩʝʢ., 

 

 ʰʽʥװ ʘʞʝʪ, ʘʣ (10.4) ʝʩʝʧʪʝʫץ

 

ʊɺʓʏ.ʆɹʈ. = 10
 45
Ā10

 - 14
 = 10

 31
 ʩʝʢ., 

 

ʷסʥʠ 10
 22

 ʞʳʣʜʘʥ ʘʩʪʘʤ. 

 ɹײʜʘʥ ʰʳסʘʜʳ, ץʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷʣʘʨʜʳ ʩʘʥʜʘʨʜʳײ שʟʳʥʜʳסʳ 

ʰʘʤʘʤʝʥ 90 ʦʥʜʳץ ʩʘʥ ʙʦʣʩʘ ʤװʤʢʽʥ ʝʤʝʩ, ʞᴅʥʝ ץʘʪʘʨʣʘʩ ʝʩʝʧʪʝʫʣʝʨʜʽ 

ʞᴅʥʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞʝʣʽʣʝʨʜʽ ץʦʣʜʘʥʫ ʞʘסʜʘʡʜʳ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʪʧʝʡʜʽ. 

ʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷp2Öץ ʘʥ ʤʳʩʘʣʜʘסʘʨʘʩʪʨפ ʦʧʝʨʘʮʠʷʤʝʥ ʝʩʝʧʪʝʣʝʜʽ 

ʜʝʧ ʦʡʣʘʥסʘʥ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʝʨʜʽ ʦʜʘʥʜʘ çʞʳʣʜʘʤè 

ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽ ʙʝʣʛʽʣʽ, ʙʽʨʘץ ʞʘʣʧʳ ʞʘסʜʘʡ ᴇʟʛʝʨʤʝʛʝʥ ï ʦʣʘʨ ʪʘʣʘʧ ʝʪʽʪʽʥ 

ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ 2Ālog ʨ ʢᴇʧ װʣʢʝʥ. ʉʦʥʳʤʝʥ, (10.3) ʬʫʥʢʮʠʷʩʳ ʰʳʥʳʤʝʥ 

ʙʽʨʞʘץʪʳ ʝʢʝʥʽʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ, ʙʽʨʘץ ʝʩʢʝʨʪʫʤʝʥ. פʘʡʪʳʤʜʳ ʬʫʥʢʮʠʷ 

(10.4) çʪϮʟʫè ʩʠʷץʪʳ ʪʝʟ ʝʩʝʧʪʝʣʤʝʡʪʽʥʽ ʝʰʢʽʤʤʝʥ ʜᴅʣʝʣʜʝʥʙʝʛʝʥ.  

 ʆʩʳ ʪʘʨʘʫʜʳש ʙʘʩʳʥʜʘ ʩʠʧʘʪʪʘʣסʘʥ ʙʘʨʣʳװ ץʰ ʝʩʝʧʪʽ ʰʝʰʫ װʰʽʥ 

(10.3) ʙʽʨʞʘץʪʳ ʬʫʥʢʮʠʷʩʳʥ ץʦʣʜʘʥʘʤʳʟ, ʙʽʨʘץ ʪײʨʘ ʦʩʳʣʘʡ ʢʝʟ ʢʝʣʛʝʥ 

ʙʘʩץʘ ʙʽʨʞʘץʪʳ ʬʫʥʢʮʠʷʥʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ ײʤʳʪʫסʘ ʙʦʣʤʘʡʜʳ.  

 ʂʦʤʧʴʶʪʝʨ ʞʘʜʳʩʳʥʜʘ ײץʧʠʷʩᴇʟʜʝʨʜʽ ʩʘץʪʘʫʜʘʥ ʙʘʩʪʘʡʤʳʟ. ɽʩʝʧʪʽש 

ʰʝʰʽʤʽ ײץʧʠʷʩᴇʟʜʝʨ ʤװʣʜʝʤ ʩʘץʪʘʣʤʘʡʪʳʥʜʘ ʥʝʛʽʟʜʝʣʛʝʥ! ʅʘץʪʳʨʘץ, 
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ʞʝʣʽʜʝ ʪʽʨʢʝʣʛʝʥ ʢʝʟʜʝ ʧʘʡʜʘʣʘʥʫʰʳ ᴇʟʽʥʽש ʝʩʽʤʽ ʤʝʥ ײץʧʠʷʩᴇʟʜʽ ʪʝʨʝʜʽ: 

ʤʳʩʘʣʳ, ʦʥʳש ʝʩʽʤʽ "ʞʝʤʽʩ", ʘʣ ײץʧʠʷʩᴇʟʽ - "Ϻʨʽʢ". ʂʦʤʧʴʶʪʝʨ "Ϻʨʽʢ" ʩᴇʟʽʥ 

ʭ ʩʘʥʥʳש ʝʢʽʣʽʢ ʞʘʟʙʘʩʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʘʜʳ ʞᴅʥʝ (10.3) ʝʩʝʧʪʝʡʜʽ, ʙײʣ 

ʞʝʨʜʝ ʘ ʞᴅʥʝ ʨ - ʝʢʽ ײץʧʠʷ ʝʤʝʩ ʩʘʥ, ʦʣʘʨ ʙᴅʨʽʥʝ ʙʝʣʛʽʣʽ ʙʦʣʫ ʤװʤʢʽʥ. 

ʉʦʜʘʥ ʢʝʡʽʥ ʢʦʤʧʴʶʪʝʨ ʞʘʜʳʩʳʥʜʘ (ʝʩʽʤ, ʫ) ʞײʧ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʙײʣ ʞʝʨʜʝ 

ʭ=  ϨϰʧʠʷʩϺʟ ʙʦʣסʘʥ ʢʝʟʜʝ ʫ (10.3) ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʛʝʥ. ʇʘʡʜʘʣʘʥʫʰʳʥʳש 

ʙʘʨʣʳץ ʙʦʣʘʰʘץ ʢʽʨʽʩʪʝʨʽ ʢʝʟʜʝ ("ʞʝʤʽʩ" - "Ϻʨʽʢ") ʞײʙʳʥ ʝʥʛʽʟʛʝʥ ʩʦש, 

ʢʦʤʧʴʶʪʝʨ ʭ="Ϻʨʽʢ" ʧʝʥ (10.3) ʙʦʡʳʥʰʘ ʫʅʆɺ ʞʘשʘ ʤᴅʥʽʥ ʝʩʝʧʪʝʡʜʽ ʞᴅʥʝ 

ʘʣʜʳʥʜʘ ʝʩʝʧʪʝʣʛʝʥ ʢʦʤʧʴʶʪʝʨ ʞʘʜʳʩʳʥʜʘ ʩʘץʪʘʣסʘʥ ʫ ʩʘʣʳʩʪʳʨʘʜʳ. ɽʛʝʨ 

ʫʅʆɺ ʦʩʳ ʝʩʽʤʛʝ ʩᴅʡʢʝʩ ʞʘʜʳʜʘ ʩʘץʪʘʣסʘʥ ʫ ʪʝש ʙʦʣʩʘ, ʦʥʜʘ ʙײʣ ʟʘשʜʳ 

ʧʘʡʜʘʣʘʥʫʰʳ. ɹʘʩץʘ ʞʘסʜʘʡʜʘ ʙײʣ ץʘʩץʦʡ. 

 ʙʝʣʛʽʩʽ ʙʘʨ ʩʘʥʜʘʨ-90 ץʤʢʽʥ. ɹʽʨʘװʦʡ ʫ ʙʦʡʳʥʰʘ ʭ ̔ʟʜʝʧ ʢᴇʨʫ ʤץʘʩפ 
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 ʘʩʪʘʤ ʞʳʣ ץʘʞʝʪ.  

 ʉʦʥʳʤʝʥ, ʢᴇʨʩʝʪʽʣʛʝʥ ײץʧʠʷʩᴇʟʜʽ ʩʘץʪʘʫ ʞװʡʝʩʽ ᴇʪʝ ʩʝʥʽʤʜʽ ʞᴅʥʝ 

ʢᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʢᴇʧʪʝʛʝʥ ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ.  

 ɽʢʽʥʰʽ ʝʩʝʧʪʽʥ ʰʝʰʽʤʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ (ᴄפפ ʞᴅʥʝ ײʰʘץ). ʂʝʣʝʩʽ ᴅʜʽʩʪʽ 

 פפʧʠʷ ʝʩʽʤ ʤʝʥʰʽʢʪʝʣʝʜʽ, ʪʝʢ ᴄײץ ʳʥʘסʰʘײ "ʘ ʙʦʣʘʜʳ. ᴄʨ "Ϻʟסʦʣʜʘʥʫץ

ʞᴅʥʝ ײʰʘץʪʳש ʙʦʨʪ ʢʦʤʧʴʶʪʝʨʽʥʝ ʙʝʣʛʽʣʽ. ʄʳʩʘʣʳ, ײʰʘץʪʳש ʙʽʨʽʥʝ 

ʉϯϫϧɸʈ ײץʧʠʷ ʝʩʽʤʽ ʤʝʥʰʽʢʪʝʣʩʽʥ, ʞᴅʥʝ ʙײʣ ײʰʘץ ʰʝʢʘʨʘסʘ 2014 ʞʳʣʜʳϬ 

1 ʘϨʧʘʥʥʳϬ 12 ʩʘϤʘʪ 45 ʤʠʥʫʪʳʥʜʘ ʞʘץʳʥʜʘʩʳʥ. ʆʥʜʘ ʰʝʢʘʨʘסʘ 

ʞʘץʳʥʜʘʫʜʳש ʘʣʜʳʥʜʘ ײʰʘץʪʳש ʙʦʨʪ ʢʦʤʧʴʶʪʝʨʽ ʩᴇʟʜʽ ᴇʘʣʳʧʪʘʩʪʳʨʘʜʳ:  

 

ʉϯϫϧɸʈ 2014 02 01 12 45 

ʝʩʽʤ ʞʳʣ ʘʡ ʢϮʥ ʩʘϤʘʪ ʤʠʥʫʪ 

 

 ɹʘʩץʘ ʩᴇʟʙʝʥ, ײʰʘץʪʘסʳ ʢʦʤʧʴʶʪʝʨ ʞᴅʥʝ Ϸϧϧ ʙʝʢʝʪʽ ײץʧʠʷ ʩᴇʟʛʝ 

ʘסʳʤʜʘסʳ ʫʘץʳʪ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ץʦʩʘʜʳ ʞᴅʥʝ, ʘʣʳʥסʘʥ ʩᴇʟʜʽ ʭ ʩʘʥʳ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʧ, ʫ = ʘ
ʭ
 mod ʨ ʝʩʝʧʪʝʡʜʽ, ʙײʣ ʞʝʨʜʝ ʘ ʞᴅʥʝ ʨ ײץʧʠʷ 

ʝʤʝʩ. ʉʦʜʘʥ ʢʝʡʽʥ ײʰʘץ ʫ ʩʘʥʳʥ ᴄפפ ʙʝʢʝʪʽʥʝ ʭʘʙʘʨʣʘʡʜʳ. ɹʝʢʝʪ ᴇʟʽ 

ʝʩʝʧʪʝʛʝʥ ʫ ײʰʘץʪʘʥ ʘʣʳʥסʘʥʤʝʥ ʩʘʣʳʩʪʳʨʘʜʳ. ɽʛʝʨ ʝʩʝʧʪʝʣʛʝʥ ʞᴅʥʝ 

ʘʣʳʥסʘʥ ʤᴅʥʜʝʨ ʪʝש ʙʦʣʩʘ, ʦʥʜʘ ײʰʘץ "Ϻʟʽʥʽʢʽ" ʜʝʧ ʪʘʥʳʣʘʜʳ.  

 ʳʥʘʥ, ʦʣ ʉϯʅϧɸʈסʟʘ ʘʣʤʘʡʜʳ. ʐʳʥʳʥʜʘ, ʙʽʨ ʞʘײʡʝʥʽ ʙװʣ ʞײʦʡ ʙץʘʩפ 

 ʧʠʷʩᴇʟʽʥ ʙʽʣʤʝʡʜʽ ʞᴅʥʝ ʦʥʳ ʫ ʙʦʡʳʥʰʘ ʪʘʙʘ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ ʭ ʤᴅʥʽʥ  ʫײץ
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 ʞʳʣʜʳ ʘʣʘʜʳ ʜʝʧ ʘʡʪʘʡʳץ. ɹʘʩץʘ ʞʘסʳʥʘʥ, ʦʣ ʞʘʡ ʫ 

ʢᴇʰʽʨʽʧ ʞᴅʥʝ ʦʥʳ ʙʦʣʘʰʘץʪʘ ʞʘʫʘʧ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ 

ʰʝʢʘʨʘʥʳ ᴇʪʫ ʫʘץʳʪʳ ʝʰץʘʰʘʥ ץʘʡʪʘʣʘʥʙʘʡʜʳ ʞᴅʥʝ ʫ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʽʥʽש 

ʙʽʨʽʥʰʽʜʝʥ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʦʣʘʜʳ.  

 Ϸϧϧ ʝʩʝʙʽʥʽץ שʘʨʘʩʪʳʨʳʣסʘʥ ʰʝʰʫ ʥײʩץʘʩʳ  ײʰʘץʪʘ ʞᴅʥʝ ʣʦʢʘʪʦʨʜʘ 

ʩʘסʘʪʪʳ ʥʘץʪʳ ʩʠʥʭʨʦʥʜʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ɹײʣ ʧʨʦʙʣʝʤʘ ʞʝʪʢʽʣʽʢʪʽ ʞʝשʽʣ 

ʰʝʰʽʣʝʜʽ. ʄʳʩʘʣʳ, ʥʘʚʠʛʘʮʠʷ ץʳʟʤʝʪʽ װʥʝʤʽ ʫʘץʳʪ ʙʝʣʛʽʣʝʨʽʥ ʘʰʳץ ʪװʨʜʝ 

(ʫʘץʳʪ ײץʧʠʷ ʝʤʝʩ) ʞʽʙʝʨʝʜʽ, ʞᴅʥʝ ʙʘʨʣʳײ ץʰʘץʪʘʨ ʤʝʥ ʣʦʢʘʪʦʨʣʘʨ ʙײʣ 

ʙʝʣʛʽʣʝʨʜʽ ᴇʟ ʩʘסʘʪʪʘʨʳʥ ʩʠʥʭʨʦʥʜʘʫ װʰʽʥ ץʦʣʜʘʥʘʜʳ. ɹʽʨʘץ ʦʜʘʥ ʞʽשʽʰʢʝ 
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ʧʨʦʙʣʝʤʝʣʘʨ ʙʘʨ. ʋʘץʳʪ ʙʝʣʛʽʩʽ ʭ ʩᴇʟʽʥʝ ʫ ʙʘʨʣʳץ ʝʩʝʧʪʝʣʝʪʽʥ ʤᴅʥʜʝʨʽ 

ᴅʨʪװʨʣʽ ʙʦʣʫ װʰʽʥ ʞᴅʥʝ ץʘʩץʦʡ ʦʣʘʨʜʳ ץʘʡʪʘ ץʦʣʜʘʥʙʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʤʝʫ װʰʽʥ ץʦʩʳʣʘʜʳ. ɹʽʨʘץ ץʘʩץʦʡ ʫ ʩʦʣ ʩᴅʪʪʝ ʪʝʟ ʩʦʣ ʤʠʥʫʪ ʽʰʽʥʜʝ 

 ʣ ʙʽʨʽʥʰʽײʘ ʙʦʣʘʜʳ? ɹסʘʣʘʡ ʙʦʣʜʳʨʤʘʫץ ʤʢʽʥʜʽʢʪʽװʣ ʤײʤʢʽʥ. ɹװʘʡʪʘʣʘʫ ʤץ

ʩײʨʘץ. ɹʘʩץʘ ץʳʡʳʥʜʳײ ץʰʳץ ʫ ʩʘʥʳʥ 45-ʰʽ ʤʠʥʫʪʪʳש ʩʦשʳʥʜʘ ʞʽʙʝʨʛʝʥ, 

ʘʣ ʣʦʢʘʪʦʨ ʦʥʳ 46-ʰʽ ʤʠʥʫʪʪʳש ʙʘʩʳʥʜʘ ץʘʙʳʣʜʘסʘʥ ʞʘסʜʘʡʜʘ ʙʦʣʘʜʳ. 

ɹײʣ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫʜʽ ʦץʳʨʤʘʥʥʳש ᴇʟʜʝʨʽʥʝ ץʘʣʪʳʨʘʤʳʟ.  

 "Ϸϧϧ ʝʩʝʙʽʥ" ʰʝʰʫʜʽש ʙʘʩץʘ ʪᴅʩʽʣʽ ʤװʤʢʽʥ, ʝʛʝʨ ײʰʘץʪʘʥ ʣʦʢʘʪʦʨסʘ 

ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫʜʽץ שʦʩʳʤʰʘ ʘʰʳץ ʘʨʥʘʩʳʥ ץʦʣʜʘʥʩʘ. ɾʦסʘʨʳʜʘʡ, ᴅʨ 

"ϺʟʽʤʽʟʜʽϬ" ײʰʘסʳʤʳʟ ʞᴅʥʝ ʣʦʢʘʪʦʨ ʘʫʳʩʪʳʨʳʣʤʘʡʪʳʥ ײץʧʠʷ ʩᴇʟʜʽ 

(ʉϯϫϧɸʈ ʩʠʷץʪʳ) ʙʽʣʝʜʽ. ʄʘץʩʘʪʪʳ ʪʘʫʳʧ, ʣʦʢʘʪʦʨ ʦסʘʥ ʢʝʟʜʝʡʩʦץ 

ʛʝʥʝʨʘʮʠʷʣʘʥסʘʥ ʩʘʥʜʳ ʘ ("ʰʘϨʳʨʫ") ʞʽʙʝʨʝʜʽ. ױʰʘץ ʫ = a
x
 mod p 

ʝʩʝʧʪʝʡʜʽ, ʞᴅʥʝ ʫ ʩʘʥʳʥ ʣʦʢʘʪʦʨסʘ ʭʘʙʘʨʣʘʡʜʳ, ʙײʣ ʞʝʨʜʝ ʭ  ײץʧʠʷʩᴇʟ 

(ʉϯʅϧɸʈ). ʃʦʢʘʪʦʨ ʩʦʣ ʝʩʝʧʪʝʨʜʽ ʦʨʳʥʜʘʡʜʳ ʞᴅʥʝ ʝʩʝʧʪʝʣʛʝʥ ʫ 

 ʘʞʝʪץ ʘʪʪʘʨʜʳ ʩʠʥʭʨʦʥʜʘʫסʣʙʘʜʘ ʩʘײʣ ʩײʘʥʤʝʥ ʩʘʣʳʩʪʳʨʘʜʳ. ɹסʘʙʳʣʜʘʥץ

ʝʤʝʩ, ʙʽʨʘץ, ʙײʨʳʥסʳʜʘʡ ץʘʩץʦʡ ʫ ʩʘʥʳʥ ץʘʡʪʘʣʘ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ ʣʦʢʘʪʦʨ 

ᴅʨʪװʨʣʽ ʰʘץʳʨʫʣʘʨʜʳ (ʘ) ʞʽʙʝʨʝʜʽ. פʳʟʳסʳ, ʙײʣ ʝʩʝʧ ʙʽʨʞʘץʪʳ ʬʫʥʢʮʠʷʥʳ 

  .ʦʣʜʘʥʫʤʝʥ ʪʘʨʠʭʠ ʙʽʨʽʥʰʽ ʙʦʣʜʳץ

 ʧʠʷʩᴇʟʜʽײץ ʘʥסʘʨʘʩʪʳʨʳʣץ ʨʳ ʦʩʳʣʘʡ ʰʝʰʽʣʝʜʽ, ʞᴅʥʝײʰʽʥʰʽ ʝʩʝʧ ʪת 

 .ʦʣʜʘʥʳʣʘʜʳץ ʝʢʽ ᴅʜʽʩʽʜʝ ʨʝʘʣʜʳ ʞʝʣʽʣʽʢ ʭʘʪʪʘʤʘʣʘʨʜʘ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

 

10.2. ɸʐʓפ ʂɯʃʊʇɽʅ ɹɯʈɯʅʐɯ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ɾתʁɽ ï 

ɼʀʌʌʀ-ʍɽʃʃʄɸʅ ɾתʁɽʉɯ 

 

 ɹײʣ ʢʨʠʧʪʦʞװʡʝ 70-ʰʽ ʞʳʣʜʘʨʜʳש ʦʨʪʘʩʳʥʜʘ ʋ. ɼʠʬʬʠ (Whitfield 

Diffie) ʞᴅʥʝ ʄ. ʍʝʣʣʤʘʥ (Martin Hellman) ʘʤʝʨʠʢʘʣʳס ץʘʣʳʤʜʘʨʳʤʝʥ 

ʘʰʳʣʜʳ ʞᴅʥʝ ʢʨʠʧʪʦʨʘʬʠʷ ʤʝʥ ʦʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ ץʦʣʜʘʥʫʣʘʨʳʥʜʘ ʢᴅʜʽʤʛʽ 

ʪᴇשʢʝʨʽʩʢʝ ʘʣʳʧ ʢʝʣʜʽ. ɹײʣ ץʦʨסʘʣסʘʥ ʘʨʥʘʣʘʨʤʝʥ ʞʽʙʝʨʽʣʝʪʽʥ ײץʧʠʷ 

ʢʽʣʪʪʝʨʜʽ ץʦʣʜʘʥʫʩʳʟ ʘץʧʘʨʘʪʪʳ ץʦʨסʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʛʝʥ ʙʽʨʽʥʰʽ ʞװʡʝ. 

ʆʩʳʥʜʘʡ ʞװʡʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʩײʣʙʘʣʘʨʳʥʳש ʙʽʨʽʥ ʢᴇʨʩʝʪʫ װʰʽʥ N 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩ ʞʝʣʽʩʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ, ʙײʣ ʞʝʨʜʝ N ï װʣʢʝʥ 

ʩʘʥ. ʆʣʘʨʜʳש ᴅʨ ʞײʙʳ װʰʽʥ ײץʧʠʷ ʙʘʡʣʘʥʳʩʳʥ ײʡʳʤʜʘʩʪʳʨʫ ץʘʞʝʪ. ɽʛʝʨ 

 ʦʥʜʘ ᴅʨ ʘʙʦʥʝʥʪʪʝʨ ,ץʦʣʜʘʥʩʘץ ʡʝʩʽʥװᴅʜʝʪʪʝʛʽ ʞ שʧʠʷ ʢʽʣʪʪʝʨʜʽ ʪʘʨʘʪʫʜʳײץ

ʞײʙʳʥʜʘ ᴇʟʽʥʽײץ שʧʠʷ ʢʽʣʪʽ ʙʦʣʫ ץʘʞʝʪ, ʷסʥʠ ʙʘʨʣʳסʳ  
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ʢʽʣʪ ץʘʞʝʪ. 

 ɽʛʝʨ 100 ʘʙʦʥʝʥʪ ʙʦʣʩʘ, ʦʥʜʘ 5000 ʢʽʣʪ ץʘʞʝʪ, ʝʛʝʨ ʘʙʦʥʝʪʪʝʨ ʩʘʥʳ 10
 4 

ʙʦʣʩʘ, ʦʥʜʘ 5Ā10
 7 
ʢʽʣʪ ץʘʞʝʪ. ɸʙʦʥʝʥʪʪʝʨ ʩʘʥʳ װʣʢʝʥ ʙʦʣסʘʥ ʢʝʟʜʝ, ʦʣʘʨʜʳ 
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 ʳʤʙʘʪ ʙʦʣʘʪʳʥʳץ ʣʢʝʥ ʞᴅʥʝװ ʡʝʩʽ ᴇʪʝװʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞץ ʧʠʷ ʢʽʣʪʪʝʨʤʝʥײץ

ʢᴇʨʽʥʽʧ ʪײʨ.  

 ɼʠʬʬʠ ʞᴅʥʝ ʍʝʣʣʤʘʥ ʙײʣ ʧʨʦʙʣʝʤʘʥʳ ʢʽʣʪʪʝʨʜʽ ʘʰʳץ ʪʘʨʘʪʫ ʞᴅʥʝ 

ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʰʝʰʪʽ.  

 A, ɺ, ʉ, ... ʘʙʦʥʝʥʪʪʝʨʽ װʰʽʥ ʙʘʡʣʘʥʳʩ ʞװʡʝʩʽ ײץʨʳʣʩʳʥ. ᴄʨ ʘʙʦʥʝʥʪʪʝ 

ᴇʟʽʥʽײץ שʧʠʷ ʞᴅʥʝ ʘʰʳץ ʘץʧʘʨʘʪʳ ʙʘʨ. ɹײʣ ʞװʡʝʥʽ ײʡʳʤʜʘʩʪʳʨʫ װʰʽʥ 

 ʜʘʣʘʜʳ, {1,2,..., ʨï1}שʣʢʝʥ ʞʘʡ ʩʘʥ ʨ ʞᴅʥʝ ʢʝʡʙʽʨ ʩʘʥ g (1<g<ʨï1) ʪʘװ

ʢᴇʧʪʽʛʽʥʝʥ ʙʘʨʣʳץ ʩʘʥʜʘʨ g mod ʨ (ʩʦʥʜʘʡ g ʩʘʥʜʘʨʳʥ ʪʘʙʫʜʳש ᴅʨ ʪװʨʣʽ 

ᴅʜʽʩʪʝʨʽ ʙʝʣʛʽʣʽ, ʦʣʘʨʜʳש ʙʽʨʽ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ) ᴅʨ ʪװʨʣʽ ʜʝשʛʝʡʣʝʨʽ 

ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥ.  

 ɸʙʦʥʝʥʪʪʝʨ dA, dB, dC װʣʢʝʥ ʩʘʥʜʘʨʳʥ ʪʘשʜʘʡʜʳ, ʦʣʘʨʜʳ ײץʧʠʷ 

ʩʘץʪʘʡʜʳ (ᴅʜʝʪʪʝ ʙײʥʜʘʡ ʪʘשʜʘʫʜʳ ʢʝʟʜʝʡʩʦץ, ʢʝʟʜʝʡʩʦץ ʩʘʥʜʘʨ 

ʜʘʪʯʠʢʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞʘʩʘʫʜʳ ײʩʳʥʘʜʳ). ᴄʨ ʘʙʦʥʝʥʪ ʩᴅʡʢʝʩ y 

ʩʘʥʳʥ ʝʩʝʧʪʝʡʜʽ, ʦʣ ʙʘʩץʘ ʘʙʦʥʝʥʪʪʝʨʛʝ ʘʰʳץ ʞʽʙʝʨʽʣʝʜʽ, 

î
í

î
ì

ë

=

=

=

.pmodge

,pmodge

,pmodge

C

B

A

d
C

d
B

d
A

 (10.9) 

 

 ʅᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ ʢʝʩʪʝʥʽ ʘʣʘʤʳʟ. 

10.2 ʢʝʩʪʝ 

 

ɼʠʬʬʠ ʍʝʣʣʤʘʥ ʞװʡʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʢʽʣʪʪʝʨʽ 

 

ɸʙʦʥʝʥʪ ײפʧʠʷ ʢʽʣʪ ɸʰʳץ ʢʽʣʪ 

A dA eA 

B dB eB 

C dC eC 

 

 ɸ ʘʙʦʥʝʥʪʽ ɺ ʙʘʡʣʘʥʳʩ ʩʝʘʥʩʳʥ ײץʨʘʤʳʥ ʜʝʧ ʰʝʰʩʽʥ, ʝʢʽ ʘʙʦʥʝʥʪʪʝʨʛʝ 

ʜʝ 10.2 ʢʝʩʪʝʩʽʥʝʥ ʘʰʳץ ʘץʧʘʨʘʪ ץʦʣ ʞʝʪʽʤʜʽ. ɸ ʘʙʦʥʝʥʪʽ ɺ ʘʰʳץ ʘʨʥʘʤʝʥ 

ʦסʘʥ ʭʘʙʘʨ ʞʽʙʝʨʫ ʪʫʨʘʣʳ ʭʘʙʘʨʣʘʡʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ɸ ʘʙʦʥʝʥʪʽ ʢʝʣʝʩʽ 

ʰʘʤʘʥʳ ʝʩʝʧʪʝʡʜʽ: 

 

pmod)e(K Ad
BAB= . (10.10) 

 

 ɸ ʙʘʩץʘ ʝʰʢʽʤ ʙײʥʳ ʞʘʩʘʡ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ xA ʩʘʥʳ ײץʧʠʷ.  

 ᴆʟ ʨʝʪʽʤʝʥ ɺ ʘʙʦʥʝʥʪʽ ʢʝʣʝʩʽ ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ: 

 

pmod)e(K Bd
ABA= . (10.11) 
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 ɼʠʬʬʠⱷʍʝʣʣʤʘʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ ʩײʣʙʘʩʳ 10.1 ʩʫʨʝʪʽʥʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 
 

10.1 ʩʫʨʝʪ - ɼʠʬʬʠⱷʍʝʣʣʤʘʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ ʩײʣʙʘʩʳ 

 

 10.2 ʤʘϨϰʣʜʘʫ. KAB = KBA. 

 ɼϸʣʝʣʜʝʫ. ʐʳʥʳʥʜʘ, 

 

.K)e(pmodg

pmod)g(pmod)e(K

BA
d

A
dd

ddd
BAB

BBA

ABA

===

===
 

 

 ɹײʣ ʞʝʨʜʝ ʙʽʨʽʥʰʽ ʪʝשʜʽʢ (10.10), ʝʢʽʥʰʽ ʞᴅʥʝ ʪᴇʨʪʽʥʰʽ ï (10.9), 

ʩʦסשʳʩʳ ï (10.11) ʰʳסʘʜʳ.  

 ɾװʡʝʥʽש ʙʘʩʪʳ ץʘʩʠʝʪʪʝʨʽ: 

 1) ɸ ʞᴅʥʝ ɺ ʘʙʦʥʝʥʪʪʝʨʽ ʘʰʳץ ʙʘʡʣʘʥʳʩ ʩʳʟʳסʳ ʘʨץʳʣʳ ʞʽʙʝʨʽʣʤʝʛʝʥ 

ʙʽʨ ʩʘʥʜʳ ʘʣʜʳ K = KAB = KBA; 

 ʪʘʥ KAB ʥʝʤʝʩʝץʧʠʷ ʩʘʥʜʘʨʳʥ ʙʽʣʤʝʡʜʽ, ʩʦʥʜʳײץ ʦʡ dɸ ʞᴅʥʝ dɺץʘʩץ (2 

KBA  ʩʘʥʳʥ ʝʩʝʧʪʝʡ ʘʣʤʘʡʜʳ (ʦʣ eA ʙʦʡʳʥʰʘ dɸ ײץʧʠʷ ʩʘʥʳʥ ʪʘʙʫסʘ ײʤʪʳʣʫ 

ʤװʤʢʽʥ ((10.9) ץʘʨʘשʳʟ), ʙʽʨʘװ ץʣʢʝʥ ʨ ʙʦʣסʘʥ ʢʝʟʜʝ ʙײʣ ʤװʤʢʽʥ ʝʤʝʩ 

(ʤʠʣʣʠʦʥʜʘסʘʥ ʞʳʣʜʘʨ ץʘʞʝʪ)).  

 ɸ ʞᴅʥʝ ɺ ʘʙʦʥʝʥʪʪʝʨʽ K = KAB = KBA ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ ʞᴅʥʝ 

ʢʝʨʽʰʠʬʨʣʘʫ װʰʽʥ ײץʧʠʷ ʢʽʣʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥ. ʊײʨʘ ʩʦʣʘʡ 

ʘʙʦʥʝʥʪʪʝʨʜʽש ʢʝʟ ʢʝʣʛʝʥ ʞײʙʳ ʪʝʢ ʩʦʣʘʨסʘ ʙʝʣʛʽʣʽ ײץʧʠʷ ʢʽʣʪʪʽ ʝʩʝʧʪʝʫ 

ʤװʤʢʽʥ.  

 ɽʥʜʽ ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ g ʩʘʥʳʥ ʪʘשʜʘʫ ʝʩʝʙʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʂʝʟ 

ʢʝʣʛʝʥ ʙʝʨʽʣʛʝʥ ʨ ʢʝʟʜʝ ʦʣ ʨï1 ʩʘʥʳʥ ʞʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʞʽʢʪʝʫʤʝʥ ʙʘʡ-

ʣʘʥʳʩʪʳ ץʳʡʳʥ ʝʩʝʧ ʙʦʣʫ ʤװʤʢʽʥ. פʘʨʘʩʪʳʨʳʣסʘʥ ʞװʡʝʥʽש ʞʦסʘʨʳ ʙʝʨʽʢ-
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ʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʨï1 ʩʘʥʳʥʜʘ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʞʘʡ װʣʢʝʥ 

ʢᴇʙʝʡʪʢʽʰ ʙʦʣʫ ץʘʞʝʪ (ץʘʨʩʳ ʞʘסʜʘʡʜʘ, ʤʳʩʘʣʳ, [7, 14, 20] ʩʠʧʘʪʪʘʣסʘʥ 

ʇʦʣʠʛ-ʍʝʣʣʤʘʥ ʘʣʛʦʨʠʪʤʽ ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʳ ʪʝʟ ʝʩʝʧʪʝʡʜʽ). 

ʉʦʥʜʳץʪʘʥ ʞʠʽ ʢʝʣʝʩʽ ᴅʜʽʩʪʽ ץʦʣʜʘʥʫʜʳ ײʩʳʥʳʣʘʜʳ. ɾʘʡ ʩʘʥ ʨ ʢʝʣʝʩʽ 

ʪʝשʜʽʢ ʦʨʳʥʜʘʣʘʪʳʥʜʘʡ ʪʘשʜʘʣʘʜʳ 

 

ʨ = 2Āq + 1, 

 

ʙײʣ ʞʝʨʜʝ q  ʞʘʡ ʩʘʥ, 

ʦʥʜʘ g ʨʝʪʽʥʜʝ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʝʨ ʦʨʳʥʜʘʣʘʪʳʥ ʢʝʟ ʢʝʣʛʝʥ ʩʘʥʜʳ ʘʣʫסʘ 

ʙʦʣʘʜʳ  

 

1 < g < ʨ ï 1   ʞᴅʥʝ   g
q
 mod ʨ Í 1. 

 

 10.2 ʤʳʩʘʣ. ʂʝʣʝʩʽ ʙʦʣʩʳʥ 

 

ʨ = 23 = 2Ā11 + 1   (q = 11). 

 

 ʇʘʨʘʤʝʪʨ g ʪʘשʜʘʡʤʳʟ. ɸʣʘʤʳʟ g = 3. ʊʝʢʩʝʨʝʤʽʟ: 

 

g
q
 mod ʨ = 3

11
 mod 23 = 1, 

 

ʞᴅʥʝ ʙײʣ ʦʩʳʥʜʘʡ g ʢʝʣʤʝʡʪʽʥʽʥ ʢᴇʨʩʝʪʝʜ.̔ ɸʣʘʤʳʟ g = 5. ʊʝʢʩʝʨʝʤʽʟ: 

 

g
q
 mod ʨ = 5

11
 mod 23 = 22 Í 1. 

 

 ʉʦʥʳʤʝʥ, ʙʽʟ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʘʙʳʣʜʘʜʳץ ʨ = 23, g = 5. 

 ɽʥʜʽ ᴅʨ ʘʙʦʥʝʥʪ ײץʧʠʷ ʩʘʥʜʳ ʪʘשʜʘʡʜʳ ʞᴅʥʝ ʦסʘʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʘʰʳץ 

ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ. dɸ = 7, dɺ = 13 ʪʘשʜʘʣʩʳʥ. ɽʩʝʧʪʝʡʤʽʟ 

 

eA = Ad
g  mod p = 5

7
 mod 23 = 17; 

 

eB = Bd
g  mod p = 5

13
 mod 23 = 21. 

 

 ɸ ʞᴅʥʝ ɺ ʞʘʣʧʳ ײץʧʠʷ ʢʽʣʪʪʽ ץʘʣʳʧʪʘʩʪʳʨסʘʩʳ ʢʝʣʩʽʥ. ʆʣ װʰʽʥ ɸ 

ʝʩʝʧʪʝʡʜʽ 

pmod)e(K Ad
BAB=  = 21

7
 mod 23 = 10, 

 

ʘʣ ɺ ʝʩʝʧʪʝʡʜʽ 
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pmod)e(K Bd
ABA=  = 17

13
 mod 23 = 10. 

 

 ɽʥʜʽ ʦʣʘʨʜʘ ʘʨʥʘʤʝʥ ʞʽʙʝʨʽʣʤʝʛʝʥ ʞʘʣʧʳ ʢʽʣʪʽ ʙʘʨ K = KAB = KBA = 10. 

 

10.3. ʉɸʅɼɸʈ ʊɽʆʈʀʗʉʓʅʓר ʕʃɽʄɽʅʊʊɽʈɯ 

 

 ʂᴇʧʪʝʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʢʣʘʩʩʠʢʘʣʳץ ʩʘʥʜʘʨ ʪʝʦʨʠʷ-

ʩʳʥʘ ʥʝʛʽʟʜʝʣʝʜʽ. ɹײʣ ʪʝʦʨʠʷʜʘʥ ץʘʞʝʪʪʽ ʤʠʥʠʤʫʤʜʳ ץʘʨʘʩʪʳʨʘʤʳʟ. ʉʘʥ-

ʜʘʨ ʪʝʦʨʠʷʩʳʥʘʥ ʢʣʘʩʩʠʢʘʣʳץ ʌʝʨʤʘ, ʕʡʣʝʨ ʪʝʦʨʝʤʘʣʘʨʳ ʞᴅʥʝ ʙʽʨ ץʘʪʘʨ 

ʙʘʩץʘ ʥᴅʪʠʞʝʣʝʨ ʜᴅʣʝʣʜʝʫʣʝʨʩʽʟ ʙʝʨʽʣʝʜʽ, ʦʣʘʨʜʳ ʩʘʥʜʘʨ ʪʝʦʨʠʷʩʳ 

ʙʦʡʳʥʰʘ ʢʝʟ ʢʝʣʛʝʥ ʦץʫʣʳץʪʘʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ (ʤʳʩʘʣʳ, [14]).  

 10.2 ʘʥʳϨʪʘʤʘ. ɹװʪʽʥ ʦש ʩʘʥ ʞʘʡ ʜʝʧ ʘʪʘʣʘʜʳ, ʝʛʝʨ ʦʣ ᴇʟʽʥʝ ʞᴅʥʝ 

ʙʽʨʛʝ סʘʥʘ ʙᴇʣʽʥʩʝ.  

 10.3 ʤʳʩʘʣ. 11 ʞᴅʥʝ 23 ʩʘʥʜʘʨʳ - ʞʘʡ ʩʘʥʜʘʨ; 27 ʞᴅʥʝ 33  ʞʽʢʪʽ 

ʩʘʥʜʘʨ (27 ʩʘʥʳ 3 ʞᴅʥʝ 9 ʙᴇʣʽʥʝʜʽ, 33 ʩʘʥʳ 3 ʞᴅʥʝ 11 ʙᴇʣʽʥʝʜʽ). 

 10.3 ʪʝʦʨʝʤʘ (ʘʨʠʬʤʝʪʠʢʘʥʳש ʥʝʛʽʟʛʽ ʪʝʦʨʝʤʘʩʳ). ʂʝʟ ʢʝʣʛʝʥ ʙװʪʽʥ ʦש 

ʩʘʥ ʞʘʡ ʩʘʥʜʘʨ ʢᴇʙʝʡʪʽʥʜʽʩʽ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥ, ʪʝʢ ʙʽʨ ʪװʨʜʝ.  

 10.4 ʤʳʩʘʣ. 27 = 3Ā3Ā3, 33 = 3Ā11. 

 10.3 ʘʥʳϨʪʘʤʘ. ɽʢʽ ʩʘʥ Ϻʟʘʨʘ ʞʘʡ ʩʘʥ ʜʝʧ ʘʪʘʣʘʜʳ, ʝʛʝʨ ʦʣʘʨʜʳש 

ʙʽʨʜʝʥ ʙʘʩץʘ ʦʨʪʘץ ʙᴇʣʛʽʰʪʝʨʽ ʙʦʣʤʘʩʘ.  

 10.5 ʤʳʩʘʣ. 27 ʞᴅʥʝ 28 ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ (ʦʣʘʨʜʘ ʙʽʨʜʝʥ ʙʘʩץʘ ʦʨʪʘץ 

ʙᴇʣʛʽʰʪʝʨʽ ʞʦ27 ,(ץ ʞᴅʥʝ 33 ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ ʝʤʝʩ (ʦʣʘʨʜʘ ʦʨʪʘץ ʙᴇʣʛʽʰ 

ʙʘʨ 3).  

 10.4ʘʥʳϨʪʘʤʘ (ʕʡʣʝʨ ʬʫʥʢʮʠʷʩʳ). n Ó 1 ʙװʪʽʥ ʩʘʥ ʙʝʨʽʣʩʽʥ. ʕʡʣʝʨ 

ʬʫʥʢʮʠʷʩʳʥʳש ʤᴅʥʽ ű(n) 1, 2, 3, ... , nⱷ1 ץʘʪʘʨʳʥʜʘסʳ n ᴇʟʘʨʘ ʞʘʡ ʙʦʣʘʪʳʥ 

ʩʘʥʜʘʨ ʩʘʥʳʥʘ ʪʝש.  

 10.6 ʤʳʩʘʣ. 

 

ű(10) ű(12) 

  

1, 2, 3, 4, 5, 6, 7, 8, 9 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 

  

ű(10) = 4 ű(12) = 4 

 

 ɹײʣ ʞʝʨʜʝ ʝʢʽ ʩʳʟʳץʧʝʥ n ᴇʟʘʨʘ ʞʘʡ ʩʘʥ ʙʦʣʤʘʡʪʳʥ ʩʘʥʜʘʨ 

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 10.3 ʤʘϨϰʣʜʘʤʘ. ɽʛʝʨ ʨ  ʞʘʡ ʩʘʥ ʙʦʣʩʘ, ʦʥʜʘ ű(ʨ) = ʨ1. 

 ɼϸʣʝʣʜʝʫ. 1, 2, 3, ... , ʨ1  ץʘʪʘʨʳʥʜʘ ʙʘʨʣʳץ ʩʘʥʜʘʨ ʨ ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ, 

ʩʝʙʝʙʽ ʨ - ʞʘʡ ʩʘʥ ʞᴅʥʝ ʘʥʳץʪʘʤʘ ʙʦʡʳʥʰʘ ʙʘʩץʘ ʩʘʥʜʘʨסʘ ʙᴇʣʽʥʙʝʡʜʽ.  

 10.4 ʤʘϨϰʣʜʘʤʘ. ʨ ʞᴅʥʝ q  ʝʢʽ ᴅʨ ʪװʨʣʽ ʞʘʡ ʩʘʥ ʙʦʣʩʳʥ (ʨ Í q). ʆʥʜʘ 

 

ű(pĀq) = (ʨï1)Ā(qï1). 
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 ɼϸʣʝʣʜʝʫ. 1, 2, ... , pĀgï1 ץʘʪʘʨʳʥʜʘ pĀq ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ ʙʦʣʤʘʡʪʳʥ 

ʢʝʣʝʩʽ ʩʘʥʜʘʨ  

 

ʨ, 2Āʨ, 3Āʨ,é, (qï1)Āʨ   ʠ   q, 2Āq, 3Āq,é, (pï1)Āq. 

 

 ɹײʥʜʘʡ ʩʘʥʜʘʨʜʳש ʙʘʨʣʳסʳ (qï1)+(pï1) ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, pĀq  ᴇʟʘʨʘ 

ʞʘʡ ʩʘʥʜʘʨʜʳש ʩʘʥʳ ʢʝʣʝʩʽ ʙʦʣʘʜʳ [14] 

 

pĀq ï 1 ï (pï1)ï(qï1) = pĀq ï q ï p +1 = (pï1)Ā(qï1). 

 

 10.6 ʪʝʦʨʝʤʘ ( ʌʝʨʤʘ ʪʝʦʨʝʤʘʩʳ). ʨ  ʞʘʡ ʩʘʥ ʙʦʣʩʳʥ ʞᴅʥʝ 0<ʘ<ʨ. 

ʆʥʜʘ 

 

a
 pï1

 mod ʨ = 1. 

 

 10.7 ʤʳʩʘʣʜʘʨ. 

 

ʨ = 13, ʘ = 2; 

 

2
12

 mod 13 = (2
2
)
2
Ā((2

2
)
2
)
2
 mod 13 = 3Ā9 mod 13 = 1, 

 

ʨ = 11, ʘ = 10; 

 

10
10

 mod 11 = 10
2
Ā((10

2
)
2
)
2
 mod 11 = 1Ā1 mod 11 = 1. 

 

ʨ = 10, ʘ = 10; 

 

10
9
 mod 11 = 10Ā((10

2
)
2
)
2
 mod 11 = 10Ā1 mod 11 = 10 Í 1. 

 

 10.7 ʪʝʦʨʝʤʘ (ʕʡʣʝʨ ʪʝʦʨʝʤʘʩʳ). ʘ ʞᴅʥʝ b  ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ ʙʦʣʩʳʥ. 

ʆʥʜʘ 

 

a
 ű(b)

 mod b = 1. 

 

 ʌʝʨʤʘ ʪʝʦʨʝʤʘʩʳ b  ʞʘʡ ʩʘʥ ʙʦʣסʘʥ ʢʝʟʜʝ ʕʡʣʝʨ ʪʝʦʨʝʤʘʩʳʥʳש ʜʘʨʘ 

ʦץʠסʘʩʳ ʙʦʣʘʜʳ. 

 10.8 ʤʳʩʘʣ. 

 a = 5 ʞᴅʥʝ b = 12 ʙʦʣʩʳʥ. ɸʣʜʳʥʜʘ (10.6 ʤʳʩʘʣʳʥʜʘ) ʢʝʣʝʩʽ 

ʘʥʳץʪʘʣסʘʥ ʙʦʣʘʪʳʥ 

 

ű(b) = ű(12) = 4. 

 

 ʆʥʜʘ 
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a
 ű(b)

 mod b = 5
4
 mod 12 = (5

2
)
2
 mod 12 = (ï1)

2
 mod 12 = 1. 

 

 a = 2 ʞᴅʥʝ b = 21 ʙʦʣʩʳʥ. ű(b) ʝʩʝʧʪʝʧ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ 

 

ű(b) = ű(21) = 12, 

 

a
 ű(b)

 mod b = 2
12

 mod 21 = 2
4
Ā(2

4
)
2
 mod 21 = 16Ā4 mod 21 = 1. 

 

 ɹʽʟʛʝ ʕʡʣʝʨ ʪʝʦʨʝʤʘʩʳʥʘ ʞʘץʳʥ ʪʘסʳ ʙʽʨ ʪʝʦʨʝʤʘ ץʘʞʝʪ ʙʦʣʘʜʳ.  

 10.8 ʪʝʦʨʝʤʘ. ɽʛʝʨ ʨ ʞᴅʥʝ q  ʞʘʡ ʩʘʥʜʘʨ, ʨ Í q ʞᴅʥʝ k  ʢʝʟ ʢʝʣʛʝʥ 

ʙװʪʽʥ ʩʘʥ ʙʦʣʩʘ, ʦʥʜʘ 

 

a
 kĀű(pĀq)+1

 mod (pĀq) = a. (10.12) 

 

 10.9 ʤʳʩʘʣ. ʨ = 5, q = 7 ʜʝʧ ʘʣʘʤʳʟ. ʆʥʜʘ pĀq = 35, ʘʣ ʕʡʣʝʨ 

ʬʫʥʢʮʠʷʩʳ  ű(35) = 4Ā6 = 24. ʂʝʣʝʩʽ ʞʘסʜʘʡʜʳ ץʘʨʘʩʪʳʨʘʤʳʟ k = 2, ʷסʥʠ 

ʩʘʥʜʘʨʜʳש ʜᴅʨʝʞʝʣʝʨʽʥ ʘʣʘʤʳʟ kĀű(pĀq)+1 = 2Ā24 + 1 = 49. 

  a = 9 ʙʦʣʩʳʥ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʣʘʤʳʟ 

 

a
 kĀű(pĀq)+1

 mod (pĀq) = 9
49

 mod 35 = 9. 

 

 a = 23 ʙʦʣʩʳʥ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʣʘʤʳʟ 

 

a
 kĀű(pĀq)+1

 mod (pĀq) = 23
49

 mod 35 = 23. 

 

 ɹײʣ סʘʞʘʧ ʝʤʝʩ, ʩʝʙʝʙʽ 9 ʞᴅʥʝ 23 ʩʘʥʜʘʨʳʥʳש ᴅʨץʘʡʩʳʩʳ 35 ʤʦʜʫʣʽʤʝʥ 

ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ, ʞᴅʥʝ ʕʡʣʝʨ ʪʝʦʨʝʤʘʩʳ ʙʦʡʳʥʰʘ 9
24

 mod 35 = 1, 23
24

 mod 

35 = 1. ɹʽʨʘ10.8 ץ ʪʝʦʨʝʤʘʩʳ ʢʝʣʝʩʽ ʩʘʥʜʘʨ װʰʽʥ ʜʝ ʜײʨʳʩ ʙʦʣʳʧ ץʘʣʘʜʳ: 

 

10
49

 mod 35 = 10,   28
49

 mod 35 = 28, 

 

ʩʦʣ ʫʘץʳʪʪʘ ʕʡʣʝʨ ʪʝʦʨʝʤʘʩʳ ʦʣʘʨ װʰʽʥ ץʦʣʜʘʥʳʤʩʳʟ (10 ʞᴅʥʝ 28 

ʩʘʥʜʘʨʜʳש ᴅʨץʘʡʩʳʩʳ 35 ʤʦʜʫʣʽʤʝʥ ᴇʟʘʨʘ ʞʘʡ ʩʘʥ ʝʤʝʩ ʞᴅʥʝ 10
24

 mod 35 = 

15, 28
24

 mod 35 = 21). 

 10.5 ʘʥʳϨʪʘʤʘ. ʘ ʞᴅʥʝ b  ʝʢʽ ʙװʪʽʥ ʦש ʩʘʥ ʙʦʣʩʳʥ. ʘ ʞᴅʥʝ b 

ʩʘʥʜʘʨʳʥʳש ʝϬ Ϯʣʢʝʥ ʦʨʪʘϨ ʙϺʣʛʽʰʽ ʘ ʞᴅʥʝ b ʙᴇʣʝʪʽʥ ʝװ שʣʢʝʥ ʩʘʥ ʩ:  

 

ʩ = gcd(ʘ, b). 

 

 ɽװ שʣʢʝʥ ʦʨʪʘץ ʙᴇʣʛʽʰ װʰʽʥ gcd ʙʝʣʛʽʣʝʫ greatest common divisor 

ʘסʳʣʰʳʥ ʩᴇʟʜʝʨʽʥʝʥ ʰʳץץʘʥ ʞᴅʥʝ ʟʘʤʘʥʘʫʠ ᴅʜʝʙʠʝʪʪʝ ץʘʙʳʣʜʘʥסʘʥ.  

 10.10 ʤʳʩʘʣ. 
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gcd(10,15) = 5;    gcd(8,28) = 4. 

 

 ɹײʣ ʤʳʩʘʣʜʘ a ʩʘʥʳʥʳש ʤᴅʥʽ 10 (8), b ʩʘʥʳʥʳש ï 15 (28), ʘʣ ʩ ʩʘʥʳʥʳש 

ï 5 (4). 

 ɽװ שʣʢʝʥ ʦʨʪʘץ ʙᴇʣʛʽʰʪʽ ʪʘʙʫ װʰʽʥ ʢʝʣʝʩʽ ʘʣʛʦʨʠʪʤʜʽ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʜʳ - ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽ ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ.  

 10.1 ʘʣʛʦʨʠʪʤ. ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤ ̔(ʧʩʝʚʜʦʢʦʜ ץʦʣʜʘʥʳʣʘʜʳ): 

 

 ʂɯʈɯʉ: ɹװʪʽʥ ʦש ʩʘʥʜʘʨ ʘ, b, ʘ Ó b. 

 1. while ( b != 0 ) 

 2.  { 

   r = a mod b; ʘ = b; b = r;  

 3. } 

 ʐʓϣʓʉ: ɽװ שʣʢʝʥ ʦʨʪʘץ ʙᴇʣʛʽʰ c = gcd(ʘ, b). 

 

 10.11 ʤʳʩʘʣ. ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ gcd(28,8) ץʘʣʘʡ ʝʩʝʧʪʝʣʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʤʽʟ:  

 

a: 28 8 4 

b: 8 4 0 

r:  4 0  

 

 ɹײʣ ʞʝʨʜʝ ᴅʨ ʙʘסʘʥ ʘʣʛʦʨʠʪʤʥʽש ʢʝʟʝʢʪʽ ʪװʩʽʥʜʽʨʫʽ. ʇʨʦʮʝʩʩ b ʥᴇʣʛʝ 

ʪʝש ʙʦʣסʘʥʰʘ ץʘʡʪʘʣʘʥʘʜʳ. ʉʦʥʜʘ ʘ ʘʡʥʳʤʘʣʳʩʳʥʳש ʤᴅʥʽʥʜʝ ʞʘʫʘʧ 

ʙʦʣʘʜʳ (4). 

 ʂᴇʧʪʝʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨ װʰʽʥ ʞʘʣʧʳʣʘʤʘ ɽʚʢʣʠʜ 

ʘʣʛʦʨʠʪʤʽ ʘʢʪʫʘʣʜʳ, ʦʥʳʤʝʥ ʢʝʣʝʩʽ ʪʝʦʨʝʤʘ ʙʘʡʣʘʥʳʩʪʳ. 

 10.9 ʪʝʦʨʝʤʘ. a ʞᴅʥʝ b  ʝʢʽ ʙװʪʽʥ ʦש ʩʘʥ ʙʦʣʩʳʥ. ʆʥʜʘ ʭ ʞᴅʥʝ ʫ ʙװʪʽʥ 

(ʦש ʙʦʣʫ ʤʽʥʜʝʪʪʽ ʝʤʝʩ) ʩʘʥʜʘʨ ʙʘʨ, ʦʣʘʨ װʰʽʥ 

 

aĀx + bĀy = gcd(a, b). (10.13) 

 

 ɾʘʣʧʳʣʘʤʘ ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽ gcd(a,b) ʞᴅʥʝ (10.13) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ x, ʫ 

ʪʘʙʫ װʰʽʥ ץʳʟʤʝʪ ʝʪʝʜʽ. תʰ ʞʦʣ ʝʥʛʽʟʝʤʽʟ U = (u1, u2, u3), V = (v1, v2, v3) 

ʞᴅʥʝ T = (t1, t2, t3). 

 ʆʥʜʘ ʘʣʛʦʨʠʪʤ ʢʝʣʝʩʽʜʝʡ ʞʘʟʳʣʘʜʳ. 

 10.2 ʘʣʛʦʨʠʪʤ. ɽʚʢʣʠʜʪʳϬ ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ (ʧʩʝʚʜʦʢʦʜ 

 :(ʦʣʜʘʥʳʣʘʜʳץ

 

 ʂɯʈɯʉ: ɹװʪʽʥ ʦש ʩʘʥʜʘʨ ʘ, b, ʘ Ó b. 

 1. U = { a, 1, 0 };  V = { b, 0, 1 }. 

 2. while ( v1 != 0 ) 

 3.  { 
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   q = u1 div v1; 

   T = { u1 div v1; u2 - qĀv2 ; u3 - qĀv3 };  

   U = V; V = T; 

 4. } 

 5. U = { gcd(ʘ, b); x; y } 

 ʐʓϣʓʉ: (10.13) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ gcd(ʘ, b); x; y. 

 

 ʅᴅʪʠʞʝ U ʞʦʣʳʥʜʘ. 

 ɸʣʛʦʨʠʪʤʜʝʛʽ div ʦʧʝʨʘʮʠʷʩʳ   ʙײʣ ʙװʪʽʥʩʘʥʜʳ ʙᴇʣʫ 

 

a div b = [  ʘ / b ]. 

 

 10.2 ʘʣʛʦʨʠʪʤʥʽש ʜײʨʳʩʪʳסʳʥ ʜᴅʣʝʣʜʝʫʜʽ [2, 14] ʪʘʙʫסʘ ʙʦʣʘʜʳ.  

 10.12 ʤʳʩʘʣ. a = 28, b = 19 ʙʦʣʩʳʥ. (10.13) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ  ʭ ʞᴅʥʝ ʫ 

ʩʘʥʜʘʨʳʥ ʪʘʙʘʤʳʟ. 

 

 

U    28 1 0  

V U   19 0 1  

T V U  9 1 ï1 q = 1 

 T V U 1 ï2 3 q = 2 

  T V 0 19 ï28 q = 9 

 

 ɹʝʨʽʣʛʝʥ ʩײʣʙʘʥʳ ʪװʩʽʥʜʽʨʝʤʽʟ. ɸʣʜʳʤʝʥ U ʞʦʣʳʥʘ (28,1,0) ʩʘʥʜʘʨʳ 

ʞʘʟʳʣʘʜʳ, ʘʣ V ʞʦʣʳʥʘ - (19,0,1) ʩʘʥʜʘʨʳ (ʙײʣ ʩײʣʙʘʜʘסʳ ʙʽʨʽʥʰʽ ʝʢʽ ʞʦʣ). 

ʊ ʞʦʣʳ ʝʩʝʧʪʝʣʝʜʽ (ʩײʣʙʘʜʘסʳ װʰʽʥʰʽ ʞʦʣ). ʉʦʜʘʥ ʢʝʡʽʥ U ʞʦʣr ʨʝʪʽʥʜʝ 

ʩײʣʙʘʜʘסʳ ʝʢʽʥʰʽ ʞʦʣ ʘʣʳʥʘʜʳ, ʘʣ V ʨʝʪʽʥʜʝ - װʰʽʥʰʽ ʞʦʣ, ʞᴅʥʝ ץʘʡʪʘʜʘʥ 

ʊ ʞʦʣʳ ʝʩʝʧʪʝʣʝʜʽ (ʩײʣʙʘʜʘסʳ ʪᴇʨʪʽʥʰʽ ʞʦʣ). ɹײʣ ʧʨʦʮʝʩʩ V ʞʦʣʳʥʳש 

ʙʽʨʽʥʰʽ ʵʣʝʤʝʥʪʽ ʥᴇʣʛʝ ʪʝש ʙʦʣסʘʥʰʘ ץʘʡʪʘʣʘʥʘʜʳ. ʉʦʥʜʘ ʩײʣʙʘʥʳש 

ʩʦשʳʥʳש ʘʣʜʳʥʜʘסʳ ʞʦʣʜʘ ʞʘʫʘʧ ʙʦʣʘʜʳ. ɹʽʟʜʽש ʞʘסʜʘʡʜʘ gcd(28,19)
 
=

 
1, 

ʭ =
 
ⱷ2, ʫ

 
=

 
3. ʊʝʢʩʝʨʫʜʽ ʦʨʳʥʜʘʡʤʳʟ: 28Ā(ⱷ2) + 19Ā3 = 1. 

 ɾʘʣʧʳʣʘʤʘ ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽʥʽש ʪʘסʳ ʙʽʨ ʤʘשʳʟʜʳ ץʦʣʜʘʥʫʳʥ 

 ʢᴇʧʪʝʛʝʥ ʝʩʝʧʪʝʨʽʥʜʝ ʙʝʨʽʣʛʝʥ ʩ ʞᴅʥʝ m שʘʨʘʩʪʳʨʘʤʳʟ. ʂʨʠʧʪʦʛʨʘʬʠʷʥʳץ

ʩʘʥʜʘʨʳ װʰʽʥ d
 
<

 
m ʩʘʥʳʥ ʪʘʙʫ ץʘʞʝʪ ʙʦʣʘʜʳ, ʢʝʣʝʩʽ ʦʨʳʥʜʘʣʘʪʳʥ  

 

cĀd mod m = 1. (10.14) 

 

 ʆʩʳʥʜʘʡ d
 
 ʙʘʨ ʙʦʣʘʜʳ ʪʝʢ ʝʛʝʨ ʩ ʞᴅʥʝ m ʩʘʥʜʘʨʳ ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ 

ʙʦʣʩʘ.  

 10.6 ʘʥʳϨʪʘʤʘ. (10.14) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ d ʩʘʥʳ, ʩ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ 

ʠʥʚʝʨʩʠʷʩʳ ʙʦʣʘʜʳ m  ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʞᴅʥʝ ʞʠʽ ʩ
ï1

 mod m ʜʝʧ 

ʙʝʣʛʽʣʝʥʝʜʽ.  
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 ɹʝʨʽʣʛʝʥ ʙʝʣʛʽʣʝʫ ʠʥʚʝʨʩʠʷ װʰʽʥ ʪʘʙʠסʠ, ʩʝʙʝʙʽ ʝʥʜʽ ʙʽʟ (10.14) ʢʝʣʝʩʽ 

ʪװʛʝ ץʘʡʪʘ ʞʘʟʫʳʤʳʟסʘ ʙʦʣʘʜʳ  

 

ʩĀʩ
ï1

 mod m = 1. 

 

 ʄʦʜʫʣʴ m ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʣʝʨʜʝ ʩ
ï1

 ʢᴇʙʝʡʪʫ ʩ ʙᴇʣʫʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʆʩʳʣʘʡ m ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʣʝʨʜʝ ʢʝʟ ʢʝʣʛʝʥ ʪʝʨʽʩ ʜᴅʨʝʞʝʣʝʨʜʽ 

ʝʥʛʽʟʫʛʝ ʙʦʣʘʜʳ:  

 

ʩ
ïʝ

 mod m = (ʩ
 ʝ
)
ï1

 mod m = (ʩ
ï1

)
 e
 (mod m). 

 

  10.13 ʤʳʩʘʣ. 3Ā4 mod 11 = 1, ʩʦʥʜʳץʪʘʥ 4 ʩʘʥʳ  ʙײʣ 3 ʩʘʥʳʥʳ11 ש 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʠʥʚʝʨʩʠʷʩʳ. 3
 ï1 

mod
 
11

 
=

 
4 ʞʘʟʫסʘ 

ʙʦʣʘʜʳ. 5
 ï2

 mod 11 ʝʢʽ ʪᴅʩʽʣʤʝʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ: 

 

5
 ï2

 mod 11 = (5
 2
 mod 11)

 ï1
 mod 11 = 3

 ï1
 mod 11 = 4, 

 

5
 ï2

 mod 11 = (5
 ï1

 mod 11)
 2
 mod 11 = 9

 2
 mod 11 = 4. 

 

 ɽʢʽʥʰʽ ʪᴅʩʽʣʤʝʥ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʙʽʨ 5
 - 1

 mod 11 = 9 ץʦʣʜʘʥʜʳץ. 

ʐʳʥʳʤʝʥʜʝ, 5Ā9 mod 11 = 45 mod 11 = 1. 

 ɽʚʢʣʠʜʪʽϬ ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ ʠʥʚʝʨʩʠʷʥʳ ץʘʣʘʡ 

ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʤʽʟ. (10.14) ʪʝשʜʽʢ ʢʝʡʙʽʨ ʙװʪʽʥ k װʰʽʥ  

 

cĀd ï kĀm = 1. (10.15) 

 

 ʩ ʞᴅʥʝ m ᴇʟʘʨʘ ʞʘʡ ʩʘʥ ʝʢʝʥʽʥ ʝʩʝʧʪʢʝ ʘʣʳʧ, (10.15) ʢʝʣʝʩʽ ʪװʨʜʝ 

ʞʘʟʘʤʳʟ 

 

mĀ(ïk) + cĀd = gcd(m, c) = 1, (10.16) 

 

ʙײʣ ʪʦʣʳ(10.13) ץ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʪʝʢ ʘʡʥʳʤʘʣʳʣʘʨ ʙʘʩץʘʰʘ ʙʝʣʛʽʣʝʥʛʝʥ. 

ʉʦʥʜʳץʪʘʥ, ʩ
 ï1

 mod m ʝʩʝʧʪʝʫ װʰʽʥ, ʷסʥʠ d ʪʘʙʫ װʰʽʥ, (10.16) ʪʝשʜʽʢʪʽ 

ʰʝʰʫ װʰʽʥ ʞʘʣʧʳʣʘʤʘ ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ. ɹʽʟʜʽ k 

ʘʡʥʳʤʘʣʳʥʳש ʤᴅʥʜʝʨʽ ץʳʟʳץʪʳʨʤʘʡʜʳ, ʩʦʥʜʳץʪʘʥ  U, V, ʊ ʞʦʣʜʘʨʳʥʳש 

ʝʢʽʥʰʽ ʵʣʝʤʝʥʪʪʝʨʽʥ ʝʩʝʧʪʝʤʝʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʛʝʨ d ʩʘʥʳ ʪʝʨʽʩ 

ʙʦʣʩʘ, ʦʥʜʘ ʦסʘʥ m ץʦʩʫ ץʘʞʝʪ, ʩʝʙʝʙʽ ʘʥʳץʪʘʤʘ ʙʦʡʳʥʰʘ  a mod m ʩʘʥʳ 

{0,1, ..., mï1} ʢᴇʧʪʽʛʽʥʝʥ ʘʣʳʥʘʜʳ.  

 10.14 ʤʳʩʘʣ. 7
 ï1

 mod 11 ʝʩʝʧʪʝʡʤʽʟ. 10.12 ʤʳʩʘʣʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ 

ʝʩʝʧʪʝʫʣʝʨʜʽ ʞʘʟʫ ʩײʣʙʘʩʳʥ ץʦʣʜʘʥʘʤʳʟ: 

 

U     11 0  

V U    7 1  
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T V U   4 -1 q = 1 

 T V U  3 2 q = 1 

  T V U 1 -3 q = 1 

   T V 0 11 q = 3 

 

 d
 
=

 
ï3 ʞᴅʥʝ d

 
mod

 
11

 
=

 
(11

 
ï

 
3)

 
mod

 
11

 
=

 
8 ʘʣʘʜʳ, ʷסʥʠ 7

 ï1 
mod

 
11

 
=

 
8. 

ʅᴅʪʠʞʝʥʽ ʪʝʢʩʝʨʝʤʽʟ: (7Ā8) mod 11 = 56 mod 11 = 1. 

 ɸʰʳץ ʢʽʣʪʪʽ ʢʨʠʧʪʦʛʨʘʬʠʷʜʘ ʤʘשʳʟʜʳ ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʙʽʨʽ ʤʦʜʫʣʴ 

ʙʦʡʳʥʰʘ ʜᴅʨʝʞʝʩʽʥ ʰʳסʘʨʫ. ɼᴅʨʝʞʝʩʽʥ ʰʳסʘʨʫʜʳש ʪʠʽʤʜʽ ʘʣʛʦʨʠʪʤʜʽ 

 .ʨʫ ʠʜʝʷʩʳ ʘʣʜʳʥʜʘ (10.5) ʞᴅʥʝ (10.6) ʢᴇʨʩʝʪʽʣʛʝʥ ʙʦʣʘʪʳʥײץ

 ʪʘʤʘʫץʘʪʘʨʳʥ (10.5) ʩʘץ ʘʥ ʘʣʛʦʨʠʪʤʜʽ ʞʘʜʳʜʘ ʩʘʥʜʘʨסʘʨʘʩʪʳʨʳʣפ

ʘʨץʳʣʳ ʜʘ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. ɹײʣ ʘʣʛʦʨʠʪʤʥʽש ʩʠʧʘʪʪʘʤʘʩʳʥ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʞʘʨʘʡʪʳʥ ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʝʤʽʟ. ɸʣʛʦʨʠʪʤʥʽש 

ʘʪʳʥʜʘ ʢʝʣʝʩʽ ʬʘʢʪ ʢᴇʨʩʝʪʽʣʛʝʥ: ʜᴅʨʝʞʝ ʢᴇʨʩʝʪʢʽʰʪʽש ʙʠʪʪʝʨʽ ʦש ʞʘץʪʘʥ 

ʩʦʣ ʞʘץʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʷסʥʠ ʢʽʰʽʜʝʥ װʣʢʝʥʛʝ ʜʝʡʽʥ.  

 10.3 ʘʣʛʦʨʠʪʤ. ɼᴅʨʝʞʝʩʽʥ ʰʳסʘʨʫ (ʦש ʞʘץʪʘʥ ʩʦʣ ʞʘץʘ) 

 

 ʂɯʈɯʉ: ɹװʪʽʥ ʩʘʥʜʘʨ ʘ, ʭ = (xtxt-1, ..., x0)2, p. 

 ʐʓϣʓʉ: ʉʘʥ ʫ = ʘ
ʭ
 mod ʨ. 

 1. ʫ Ŷ 1; s Ŷ ʘ 

 2. FOR i = 0,1,...,t DO 

 3.  IF ʭi = 1 THEN ʫ Ŷ ʫĀs mod ʨ; 

 4.  s Ŷ sĀs mod ʨ 

 5. RETURN ʫ 

 

 ɹʝʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤ ʙʦʡʳʥʰʘ (10.6) ʰʳʥʳʤʝʥ ʫ ʝʩʝʧʪʝʣʽʥʝʪʽʥʽʥ ʢᴇʨʩʝʪʫ 

 ᴅʨ ʠʪʝʨʘʮʠʷʩʳʥʘʥ ʢʝʡʽʥ ʘʡʥʳʤʘʣʳʣʘʨ ʜᴅʨʝʞʝʣʝʨʽʥ שʰʽʥ ʮʠʢʣʜʳװ

ʞʘʟʘʤʳʟ. 10.1 ʤʳʩʘʣʳʥʜʘסʳʜʘʡ ʭ = 100 = (1100100)2 ʙʦʣʩʳʥ, ʦʥʜʘ: 

 

i: 0 1 2 3 4 5 6 

ʭi: 0 0 1 0 0 1 1 

y: 1 1 ʘ
4
 ʘ

4
 ʘ

4
 ʘ

36
 ʘ

100
 

s: ʘ
2
 ʘ

4
 ʘ

8
 ʘ

16
 ʘ

32
 ʘ

64
 ʘ

128
. 

 

 ʂʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʢʝʣʝʩʽ ʘʣʛʦʨʠʪʤ ʪʠʽʤʜʽʨʝʢ ʙʦʣʘʜʳ, ʦʜʘ ʜᴅʨʝʞʝ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʙʠʪʪʝʨʽ ʩʦʣ ʞʘץʪʘʥ ʦש ʞʘץʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʷסʥʠ 

  .ʣʢʝʥʥʝʥ ʢʽʰʽʛʝʜʝʡʽʥװ

 10.4 ʘʣʛʦʨʠʪʤ. ʄʦʜʫʣʴ ʙʦʡʳʥʰʘ ʜᴅʨʝʞʝʩʽʥ ʰʳסʘʨʫ (ʩʦʣ ʞʘץʪʘʥ ʦש 

ʞʘץʘ): 

 

 ʂɯʈɯʉ: ɹװʪʽʥ ʩʘʥʜʘʨ ʘ, ʭ = (xtxt-1, ..., x0)2, p. 

 ɺʓʍʆɼ: ʉʘʥ ʫ = ʘ
ʭ
 mod ʨ. 

 1. ʫ Ŷ 1; 
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 2. FOR i = t,t-1,...,0 DO 

 3.  y Ŷ yĀy mod ʨ; 

 4.  IF ʭi = 1 THEN ʫ Ŷ ʫĀa mod ʨ; 

 5. RETURN ʫ. 

 

 10.4 ʘʣʛʦʨʠʪʤʽ 10.3 ʘʣʛʦʨʠʪʤʥʽש ʝʩʝʧʪʝʛʝʥʽʥ ʝʩʝʧʪʝʡʪʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫ 

 שʰʽʥ ᴅʨ ʮʠʢʣ ʠʪʝʨʘʮʠʷʜʘʥ ʢʝʡʽʥ ʫ ʘʡʥʳʤʘʣʳʣʘʨʜʳװ ʰʽʥ, ʭ = 100װ

ʜᴅʨʝʞʝʣʝʨʽʥ ʞʘʟʘʤʳʟ: 

 

i: 6 5 4 3 2 1 0 

ʭi: 1 1 0 0 1 0 0 

y: ʘ ʘ
3
 ʘ

6
 ʘ

12
 ʘ

25
 ʘ

50
 ʘ

100
. 

 

 ʆʩʳ ʪʘʨʘʫʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʩʘʥʜʘʨ ʪʝʦʨʠʷʩʳʥʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʛʽ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʞᴅʥʝ ᴅʜʽʩʪʝʨʜʽ ʩʠʧʘʪʪʘʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ.  

 

10.4. ʐɸʄʀʈɼʓר ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ɾתʁɽʉɯ 

 

 ɸ. ʐʘʤʠʨʦʤ (Adi Shamir) ײʩʳʥʳʣסʘʥ ʙײʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ 

ʝʰץʘʥʜʘʡ ץʦʨסʘʣסʘʥ ʘʨʥʘʣʘʨʳ ʞᴅʥʝ ײץʧʠʷ ʢʽʣʪʪʝʨʽ ʞʦץ ʞᴅʥʝ ʤװʤʢʽʥ ʙʽʨ 

ʙʽʨʽʥ ʢᴇʨʤʝʛʝʥ ʘʜʘʤʜʘʨ װʰʽʥ ʘʰʳץ ʙʘʡʣʘʥʳʩ ʩʳʟʳסʳʤʝʥ ײץʧʠʷ 

ʭʘʙʘʨʣʘʨʤʝʥ ʘʣʤʘʩʫʜʳ ײʡʳʤʜʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʙʽʨʽʥʰʽ ʞװʡʝ 

ʙʦʣʜʳ.  ɼʠʬʬʠ-ʍʝʣʣʤʘʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ ʪʝʢ ײץʧʠʷ ʩᴇʟʜʽ 

 ʣ ʩᴇʟ ʢʽʣʪ ʨʝʪʽʥʜʝײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣ ʭʘʙʘʨʜʳ ʞʽʙʝʨʫ ʙװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ

  .ʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽץ ʡʝʥʽװʦʣʜʘʥʘʪʳʥ ʢʝʡʙʽʨ ʢʨʠʧʪʦʞץ

 ɾװʡʝʥʽ ʩʠʧʘʪʪʘʡʤʳʟ. ɽʢʽ ʘʙʦʥʝʥʪ ɸ ʞᴅʥʝ ɺ ʙʘʡʣʘʥʳʩ ʩʳʟʳסʳʤʝʥ 

ʞʘʣסʘʥʩʳʥ. ɸ ʘʙʦʥʝʥʪʽ ʄ ʭʘʙʘʨʳʥ ɺ ʘʙʦʥʝʥʪʽʥʝ ʦʥʳש ʤʘʟʤײʥʳʥ ʝʰʢʽʤ 

ʙʽʣʤʝʡʪʽʥʜʝʡ ʞʽʙʝʨʛʽʩʽ ʢʝʣʝʜʽ. ɸ ʢʝʟʜʝʡʩʦװ ץʣʢʝʥ ʞʘʡ ʩʘʥ ʨ ʪʘשʜʘʡʜʳ ʞᴅʥʝ 

ʦʥʳ ʘʰʳץ ɺ ʞʽʙʝʨʝʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ ɸ ʝʢʽ ʩʘʥʜʳ eɸ ʞᴅʥʝ dA ʪʘשʜʘʡʜʳ, ʦʣʘʨ 

ʢʝʣʝʩʽʜʝʡ ʙʦʣʫ ץʘʞʝʪ 

 

eAĀdA mod (ʨï1) = 1. (10.17) 

 

 ɹײʣ ʩʘʥʜʘʨʜʳ ɸ ײץʧʠʷʜʘ ʩʘץʪʘʡʜʳ ʞᴅʥʝ ʞʽʙʝʨʤʝʡʜʽ. ɺ ʜʘ ʝʢʽ ʩʘʥʜʳ eB 

ʞᴅʥʝ dB ʪʘשʜʘʡʜʳ, ʦʣʘʨ ʢʝʣʝʩʽʜʝʡ ʙʦʣʫ ץʘʞʝʪ 

 

eBĀdB mod (ʨï1) = 1, (10.18) 

 

ʞᴅʥʝ ʦʣʘʨʜʳ ײץʧʠʷʜʘ ʩʘץʪʘʡʜʳ. 

 ʉʦʜʘʥ ʢʝʡʽʥ ɸ ᴇʟʽʥʽץ שʳʩץʘ ʭʘʙʘʨʳʥ M װʰץʘʜʘʤʜʳ ʭʘʪʪʘʤʘʥʳ 

ʦʣʜʘʥʳʧ ʞʽʙʝʨʝʜʽ. ɽʛʝʨ Mץ
 
<

 
ʨ (M ʩʘʥ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ), ʦʥʜʘ M 

ʭʘʙʘʨʳ ʙʽʨʜʝʥ ʞʽʙʝʨʽʣʝʜʽ, ʝʛʝʨ M
 
>

 
ʨ, ʦʥʜʘ ʭʘʙʘʨ m1, m2, é, mt ʪװʨʽʥʝ 

ʘʫʜʘʨʳʣʘʜʳ, ʙײʣ ʞʝʨʜʝ ʙʘʨʣʳץ mi
 
<

 
ʨ, ʞᴅʥʝ ʩʦʜʘʥ ʢʝʡʽʥ ʨʝʪʧʝʥ ʞʽʙʝʨʽʣʝʜʽ 
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m1, m2, é, mt. ɹײʣ ʞʝʨʜʝ ᴅʨ mi ʰʠʬʨʣʘʫ װʰʽʥ ʢʝʟʜʝʡʩʦץ ʞʘשʘ (eɸ,dɸ) ʞᴅʥʝ 

(eɺ,dɺ) ʞײʧʪʘʨʳʥ ʪʘשʜʘסʘʥ ʞᴇʥ - ץʘʨʩʳ ʞʘסʜʘʡʜʘ ʞװʡʝʥʽש ʩʝʥʽʤʜʽʣʽʛʽ 

ʪᴇʤʝʥʜʝʡʜʽ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʦʩʳʥʜʘʡ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ, ʝʨʝʞʝ 

ʩʠʷץʪʳ, ʩʘʥʜʘʨʜʳ ʞʽʙʝʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ, ʤʳʩʘʣʳ, ʤᴅʥʜʝʨʽ ʨ ʪᴇʤʝʥ 

> ʰʽʥ. ʉʦʥʳʤʝʥ, ʙʽʟ ʪʝʢ Mװ ʧʠʷ ʢʽʣʪʪʝʨʜʽ ʞʽʙʝʨʫײץ  ʨ ʞʘסʜʘʡʜʳ 

  .ʩʠʧʘʪʪʘʤʘʩʳʥ ʙʝʨʝʤʽʟ שʘʨʘʩʪʳʨʘʤʳʟ. ʍʘʪʪʘʤʘʥʳץ

 1 Ϩʘʜʘʤ. ɸ ʢʝʣʝʩʽ ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ 

 

pmodMʩ Ae
1= , (10.19) 

 

ʙײʣ ʞʝʨʜʝ M  ʘʣסʘʰץʳ ʤᴅʪʽʥ, 

ʞᴅʥʝ c1 ɺ ʞʽʙʝʨʝʜʽ. 

 2 Ϩʘʜʘʤ. ɺ, c1 ʘʣʳʧ, ʢʝʣʝʩʽ ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ 

 

pmodʩʩ Be

12=  (10.20) 

 

ʞᴅʥʝ c2 ɸ ʞʽʙʝʨʝʜʽ. 

 3 Ϩʘʜʘʤ. ɸ ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ 

 

pmodʩʩ Ad

23=  (10.21) 

 

ʞᴅʥʝ ʦʥʳ ɺ ʞʽʙʝʨʝʜʽ. 

  4 Ϩʘʜʘʤ. ɺ, cʟ ʘʣʳʧ, ʢʝʣʝʩʽ ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ 

 

pmodʩʩ Bd

34= . (10.22) 

 

 A ʘʙʦʥʝʥʪʽʥʝʥ  B ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʐʘʤʠʨʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

10.2 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 



 336 

 
 

10.2 ʩʫʨʝʪ - ʐʘʤʠʨʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

 

 B ʘʙʦʥʝʥʪʽʥʝʥ  A ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʐʘʤʠʨʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

ʘʣʜʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʪʝʢ ʙײʣ ʞʘסʜʘʡʜʘ ʭʘʙʘʨʜʳ ʞʠʙʝʨʫʜʽש ʠʥʠʮʠʘʪʦʨʳ 

ɺ ʘʙʦʥʝʥʪʽ ʙʦʣʘʜʳ.  

 10.5ʤʘϨϰʣʜʘʫ. (ʐʘʤʠʨʘ ʭʘʪʪʘʤʘʩʳʥʳץ שʘʩʠʝʪʪʝʨʽ): 

 1) c4 = M, ʷסʥʠ ʭʘʪʪʘʤʘʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ɸ ʜʘʥ ɺ 

ʰʳʥʳʤʝʥʜʝ ʘʣסʘʰץʳ ʭʘʙʘʨ ʞʽʙʝʨʽʣʝʜʽ; 

  .ʘʥʜʘʡ ʭʘʙʘʨ ʞʽʙʝʨʽʣʛʝʥʽʥ ʙʽʣʝ ʘʣʤʘʡʜʳץ ʦʡץʘʩץ (2 

 ɼϸʣʝʣʜʝʫ. ɸʣʜʳʤʝʥ, ʢʝʟ ʢʝʣʛʝʥ ʙװʪʽʥ ʩʘʥʜʳ n
 
Ó

 
0 ʢʝʣʝʩʽ ʪװʨʜʝ ʢᴇʨʩʝʪʽʣʫ 

ʤװʤʢʽʥ ʝʢʝʥʽʥ ʘʡʪʘ ʢʝʪʝʤʽʟ  

 

n = kĀ(pï1) + r, 

ʙײʣ ʞʝʨʜʝ r = n mod (ʨï1). 

 ʉʦʥʜʳץʪʘʥ ʌʝʨʤʘ ʪʝʦʨʝʤʘʩʳ ʥʝʛʽʟʽʥʜʝ (x
 pï1

 mod p = 1) 

 

x
n
 mod p = x

kĀ(pï1)+r
 mod p = (1

k
Āx

r
) mod p = 

 

= x
n mod (pï1)

 mod p. 

(10.23) 
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 ʄʘײץʣʜʘʫʜʳש ʙʽʨʽʥʰʽ ʪʘʨʤʘסʳʥʳש ʜײʨʳʩʪʳסʳ ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʜʝʥ 

ʰʳסʘʜʳ: 

 

====
Ö

pmod)ʩ(pmod)ʩ(pmodʩʩ BABBAB dde
1

dd
2

d
34  

 

===
ÖÖÖÖÖ

pmodMpmod)M( BABABABA ddeeddee
 

 

.MpmodM
)1p(mod)ddee( BABA ==

-ÖÖÖ
 

 

 ʉʦשʳʥʳש ʘʣʜʳʥʜʘסʳ ʪʝשʜʽʢ (10.23) ʰʳסʘʜʳ, ʘʣ ʩʦסשʳʩʳ ʦʨʳʥʜʘʣʘʜʳ 

ʢʝʣʝʩʽ (10.17) ʞᴅʥʝ (10.18) ʘʨץʘʩʳʥʜʘ. 

 ɽʢʽʥʰʽ ʪʘʨʤʘץʪʳש ʜᴅʣʝʣʜʝʫʽ ʢʝʣʝʩʽ ʦʡʜʘ ʥʝʛʽʟʜʝʣʛʝʥ: ʄ ʘʥʳץʪʘסʳʩʳ 

ʢʝʣʝʪʽʥ ץʘʩץʦʡ װʰʽʥ ʢʝʣʝʩʽ ʩʪʨʘʪʝʛʠʷʜʘʥ ʪʠʽʤʜʽʨʝʢ ʩʪʨʘʪʝʛʠʷ ʞʦץ. 

ɸʣʜʳʤʝʥ ʦʣ (10.20) eB ʝʩʝʧʪʝʡʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ dB ʪʘʙʘʜʳ, ʞᴅʥʝ (10.22) 

ʙʦʡʳʥʰʘ c4 =  M ʝʩʝʧʪʝʡʜʽ. ɹʽʨʘץ ʙײʣ ʩʪʨʘʪʝʛʠʷʥʳ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ 

 ʣʢʝʥ ʨװ ʘʞʝʪ, ʘʣ ʦʣץ ʦʡ ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʝʫ (10.20) ʝʩʝʙʽʥ ʰʝʰʫץʘʩץ

ʢʝʟʜʝ ʤװʤʢʽʥ ʝʤʝʩ.  

 (10.17) ʞᴅʥʝ (10.18) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ eA, dA ʞᴅʥʝ eB, dB ʞײʧʪʘʨʳʥ ʪʘʙʫ 

ᴅʜʽʩʽʥ ʩʠʧʘʪʪʘʡʤʳʟ. ʊʝʢ ɸ ʘʙʦʥʝʥʪʽ װʰʽʥ ᴅʨʝʢʝʪʪʝʨʜʽ ʩʠʧʘʪʪʘʫ ʞʝʪʢʽʣʽʢʪʽ, 

ʩʝʙʝʙʽ ɺ װʰʽʥ ᴅʨʝʢʝʪʪʝʨ ʪײʨʘ ʩʦʥʜʘʡ. ʉʘʥʜʳ eA ʢʝʟʜʝʡʩʦץ, ʨï1 (ʨï1 ʞײʧ ʩʘʥ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʪʘץ ʩʘʥʜʘʨ ʽʰʽʥʝʥ ʽʟʜʝʫ ʜײʨʳʩ) ᴇʟʘʨʘʞʘʡ ʩʘʥ ʙʦʣʘʪʳʥʜʘʡ 

ʪʘשʜʘʡʤʳʟ. ʉʦʜʘʥ ʢʝʡʽʥ ɽʚʢʣʠʜʪʳש ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ dA 

ʝʩʝʧʪʝʡʤʽʟ.  

 10.15 ʤʳʩʘʣ.  ɸ ʘʙʦʥʝʥʪʽ ɺ M =  10 ʭʘʙʘʨʳʥ ʞʽʙʝʨʛʽʩʽ ʢʝʣʝʜʽ. ɸ ʨ = 23, 

eɸ = 7 (gcd(7, 22) = 1) ʪʘשʜʘʡʜʳ ʞᴅʥʝ  dA = 19 ʝʩʝʧʪʝʡʜʽ. ʊײʨʘ ʩʦʣʘʡ, ɺ eɺ = 

5 (22 ᴇʟʘʨʘʞʘʡ ʩʘʥ) ʞᴅʥʝ dB =9 ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʪʘשʜʘʡʜʳ. ʐʘʤʠʨ 

ʭʘʪʪʘʤʘʩʳʥʘ ʢᴇʰʝʤʽʟ. 

 1 Ϩʘʜʘʤ. c1 (10.19) ʩᴅʡʢʝʩ c1 = 10
7
 mod 23 = 14. 

 2 Ϩʘʜʘʤ. c2 (10.20) ʩᴅʡʢʝʩ c2 = 14
5
 mod 23 = 15. 

 3 Ϩʘʜʘʤ. c3 (10.21) ʩᴅʡʢʝʩ c3 = 15
19

 mod 23 = 19. 

 4 Ϩʘʜʘʤ. c4 (10.22) ʩᴅʡʢʝʩ c4 = 19
9
 mod 23 = 10. 

 ʉʦʥʳʤʝʥ, ɺ ʞʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨʜʳ ʘʣʘʜʳ M = 10. 

 

10.5. ʕʃʔ-ɻɸʄɸʃʔ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ɾתʁɽʉɯ 

 

 ɸ, ɺ, ʉ, ..., ʘʙʦʥʝʥʪʪʝʨʽ ʙʘʨ ʙʦʣʩʳʥ, ʦʣʘʨ ʝʰץʘʥʜʘʡ ץʦʨסʘʣסʘʥ 

ʘʨʥʘʣʘʨʜʳ ץʦʣʜʘʥʙʘʡ ʙʽʨ ʙʽʨʽʥʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʨʜʳ ʞʽʙʝʨʛʽʩʽ ʢʝʣʝʜʽ. 

ɹײʣ ʽʰʢʽʪʘʨʘʫʜʘ ʙײʣ ʝʩʝʧʪʽ ʰʝʰʝʪʽʥ ʕʣʴ-ɻʘʤʘʣ ɹ(Taher ElGamal) ײʩʳʥסʘʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽ ץʘʨʘʩʪʳʨʘʤʳʟ, ʐʘʤʠʨʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝʩʽʥʝ ץʘʨʘסʘʥʜʘ ʦʣ ʭʘʙʘʨʜʳ ʪʝʢ ʙʽʨ ʞʽʙʝʨʫʽʥ ץʦʣʜʘʥʘʜʳ. ʐʳʥʳʥʜʘ ʙײʣ 

ʞʝʨʜʝ ʙʽʨ ʙʽʨʽʥʝ ʭʘʙʘʨ ʞʽʙʝʨʝʪʽʥ ʝʢʽ ʘʙʦʥʝʥʪ װʰʽʥ ʞʘʣʧʳ ײץʧʠʷ ʢʽʣʪʪʽ 
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 ʦʣʜʘʥʳʣʘʜʳ, ʞᴅʥʝ ʩʦʜʘʥץ ʣʙʘʩʳײʰʽʥ ɼʠʬʬʠ-ʍʝʣʣʤʘʥ ʩװ ʘʣʳʧʪʘʩʪʳʨʫץ

ʢʝʡʽʥ ʭʘʙʘʨ ʦʥʳ ʦʩʳ ʢʽʣʪʢʝ ʢᴇʙʝʡʪʫ ʘʨץʳʣʳ ʰʠʬʨʣʘʥʘʜʳ. ᴄʨ ʢʝʣʝʩʽ ʭʘʙʘʨ 

 ʪʳץʥʘ שʡʝʥʽװʞ ץʘʡʪʘʜʘʥ ʝʩʝʧʪʝʣʝʜʽ. ʂʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʧʠʷ ʢʽʣʪײץ ʰʽʥװ

ʩʠʧʘʪʘʤʘʩʳʥʘ ʢᴇʰʝʤʽʟ.  

 ɸʙʦʥʝʥʪʪʝʨ ʪʦʙʳ װʰʽʥ ʢʝʡʙʽʨ װʣʢʝʥ ʞʘʡ ʩʘʥ ʨ ʞᴅʥʝ g ʩʘʥʳ ʪʘשʜʘʣʘʜʳ, 

g ᴅʨ ʪװʨʣʽ ʜᴅʨʝʞʝʣʝʨʽ - ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ᴅʨ ʪװʨʣʽ ʩʘʥʜʘʨ (10.2 ʽʰʢʽ 

ʪʘʨʘʫʜʳ ץʘʨʘשʳʟ). ʉʘʥʜʘʨ ʨ ʞᴅʥʝ g ʘʙʦʥʝʥʪʪʝʨʛʝ ʘʰʳץ ʪװʨʜʝ ʞʽʙʝʨʽʣʝʜʽ 

(ʦʣʘʨʜʳ ʞʝʣʽʥʽש ʙʘʨʣʳץ ʘʙʦʥʝʥʪʪʝʨʽ ץʦʣʜʘʥʘ ʘʣʘʜʳ).  

 ʉʦʜʘʥ ʢʝʡʽʥ ʪʦʧʪʳש ᴅʨ ʘʙʦʥʝʥʪʽ ᴇʟʽʥʽײץ שʧʠʷ ʩʘʥʳʥ di ʪʘשʜʘʡʜʳ, ʦʣ 

ʢʝʣʝʩʽ ʪʘʣʘʧץʘ ʩᴅʡʢʝʩ ʙʦʣʫ ʢʝʨʝʢ 

 

1 < di < ʨï1 

 

ʞᴅʥʝ ʦסʘʥ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʘʰʳץ ʩʘʥʜʳ ei ʝʩʝʧʪʝʡʜʽ 

 

.pmodge id
i =  (10.24) 

 

 ʅᴅʠʞʝʩʽʥʜʝ 10.3 ʢʝʩʪʝʩʽʥ ʘʣʘʤʳʟ. 

10.3 ʢʝʩʪʝ 

ʕʣʴ-ɻʘʤʘʣʴ ʞװʡʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨ ʢʽʣʪʪʝʨʽ 

 

ɸʙʦʥʝʥʪ ײפʧʠʷ ʢʽʣʪ ɸʰʳץ ʢʽʣʪ 

A dA eɸ 

ɺ dB eɺ 

ʉ dC eʉ 

 

 ɽʥʜʽ ץʘʣʘʡ ɸ ʘʙʦʥʝʥʪʽ M ʭʘʙʘʨʳʥ ɺ ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʤʽʟ. 

ʐʘʤʠʨʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥ ʩʠʧʘʪʪʘסʘʥ ʢʝʟʜʝʛʽʜʝʡ ʭʘʙʘʨ ʩʘʥ 

ʪװʨʽʥʜʝ M
 
<

 
ʨ ʙʝʨʽʣʜʽ ʜʝʧ ʝʩʝʧʪʝʡʤʽʟ.  

 1 Ϩʘʜʘʤ. ɸ ʢʝʟʜʝʡʩʦץ ʩʘʥ k ץʘʣʳʧʪʘʩʪʳʨʘʜʳ, 1
 
<

 
k

 
<

 
ʨⱷ2, ʩʘʥʜʘʨʜʳ 

ʝʩʝʧʪʝʡʜʽ 

;pmodgr k=  (10.25) 

 

pmod)eM(c
k

BÖ=  (10.26) 

 

ʞᴅʥʝ (r, c) ʩʘʥʜʘʨ ʞײʙʳʥ ɺ ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʝʜʽ. 

 2 Ϩʘʜʘʤ. ɺ, (r, c) ʘʣʳʧ, ʝʩʝʧʪʝʡʜʽ 

 

.pmod)rc('M Bd1p --
Ö=  (10.27) 
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 A ʘʙʦʥʝʥʪʽʥʝʥ B ʘʙʦʥʝʥʪʽʥʝ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳ 

ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʕʣʴ-ɻʘʤʘʣʴ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש 

ʩײʣʙʘʩʳ 10.3 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

10.3 ʩʫʨʝʪ - ʕʣʴ-ɻʘʤʘʣʴ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

 

 B ʘʙʦʥʝʥʪʽʥʝʥ  A ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʕʣʴ-ɻʘʤʘʣʴʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש 

ʩײʣʙʘʩʳ ʘʣʜʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʪʝʢ ʙײʣ ʞʘסʜʘʡʜʘ ʭʘʙʘʨʜʳ ʞʠʙʝʨʫʜʽש 

ʠʥʠʮʠʘʪʦʨʳ ɺ ʘʙʦʥʝʥʪʽ ʙʦʣʘʜʳ. 

 10.6 ʤʘϨϰʣʜʘʫ (ʕʣʴ-ɻʘʤʘʣʴ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽץ שʘʩʠʝʪʪʝʨʽ): 

 1) ɺ ʘʙʦʥʝʥʪʽ ʭʘʙʘʨʜʳ ʘʣʜʳ, ̫  ;ʥʠ M' = Mס

 .ʦʡ, ʨ, g, eB, r ʞᴅʥʝ c ʙʽʣʽʧ, M ʝʩʝʧʪʝʡ ʘʣʤʘʡʜʳץʘʩץ (2 

 ɼϸʣʝʣʜʝʫ. (10.27) ᴇʨʥʝʛʽʥʝ (10.26) ʰʳץץʘʥ c ʤᴅʥʽʥ ץʦʷʤʳʟ: 

 

.pmod)reM('M Bd1pk

B
--

ÖÖ=  

 

 ɽʥʜʽ r ʦʨʥʳʥʘ (10.25) ץʦʷʤʳʟ, ʘʣ eB ʦʨʥʳʥʳ  (10.24): 

 

==
-

pmod))g()g(M('M BB d1-pkkd
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.pmod)gM(pmod)gM( 1)p(kdk)1p(kkd BB -ÖÖ--Ö+Ö
Ö=Ö=  

 

 ʌʝʨʤʘ ʪʝʦʨʝʤʘʩʳ ʙʦʡʳʥʰʘ 

 

g
kĀ(pï1)

 mod p = 1
k
 mod p = 1, 

 

ʞᴅʥʝ, ʦʩʳʣʘʡ, ʤʘײץʣʜʘʫʜʳש ʙʽʨʽʥʰʽ ʙᴇʣʽʤʽʥ ʘʣʘʤʳʟ. 

 ɽʢʽʥʰʽ ʙᴇʣʽʤʜʽ ʜᴅʣʝʣʜʝʫ װʰʽʥ ץʘʩץʦʡ (10.25) ʪʝשʜʽʢʪʝ k ʝʩʝʧʪʝʡ 

ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ ʙײʣ ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʝʫ ʝʩʝʙʽ. ʉʦʥʜʳץʪʘʥ, ʦʣ (10.26) 

ʪʝשʜʽʛʽʥʜʝ M ʝʩʝʧʪʝʡ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ M ʦסʘʥ ʙʝʣʛʽʩʽʟ ʩʘʥסʘ ʢᴇʙʝʡʪʽʣʛʝʥ 

ʙʦʣʘʪʳʥ. פʘʩץʦʡ ʭʘʙʘʨʜʳש ʟʘשʜʳ ץʘʙʳʣʜʘʫʰʳʩʳʥʳש ᴅʨʝʢʝʪʪʝʨʽʥ ʜʝ 

 ʧʠʷ ʩʘʥʳ ʜʘײץ ʘʥ dɺסʩʝʙʝʙʽ ʦ ,(שɺ ʘʙʦʥʝʥʪʽʥʽ) ʘʣʧʳʥʘ ʢʝʣʪʽʨʝ ʘʣʤʘʡʜʳץ

ʙʝʣʛʽʩʽʟ (dɺ ʩʘʥʳʥ (10.24) ʥʝʛʽʟʽʥʜʝ ʝʩʝʧʪʝʫ ï ʜʠʩʢʨʝʪʪʽ ʣʦʛʨʘʬʤʜʝʫ ʝʩʝʙʽ).  

 10.16 ʤʳʩʘʣ. M
 
=

 
15 ʭʘʙʘʨʳʥ ɸ ʘʙʦʥʝʥʪʽʥʝʥ ɺ ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʝʤʽʟ. 

10.2 ʤʳʩʘʣʳʥʜʘ ʞʘʩʘʣסʘʥסʘ ץײʩʘʩ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʪʘשʜʘʡʤʳʟ. ɸʣʘʤʳʟ ʨ = 

23, g = 5. ɺ ʘʙʦʥʝʥʪʽ ᴇʟʽ װʰʽʥ ײץʧʠʷ ʩʘʥʜʳ dɺ = 13 ʪʘשʜʘʜʳ ʞᴅʥʝ (10.24) 

ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʜʽ 

 

pmodge Bd
B=  = 5

13
 mod 23 = 21. 

 

 ɸ ʘʙʦʥʝʥʪʽ k ʢʝʟʜʝʡʩʦץ ʩʘʥʳʥ ʪʘשʜʘʡʜʳ, ʤʳʩʘʣʳ k = 7, ʞᴅʥʝ (10.25), 

(10.26) ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʡʜʽ: 

 

pmodgr k=  = 5
7
 mod 23 = 17, 

 

pmod)eM(c
k

BÖ=  = (15Ā21
7
) mod 23 = (15Ā10) mod 23 = 12. 

 ɽʥʜʽ ɸ ʘʙʦʥʝʥʪʽ ɺ ʘʙʦʥʝʥʪʽʥʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ (r, c) = (17, 12) ʩʘ-

ʥʜʘʨ ʞײʙʳ ʪװʨʽʥʜʝ ʞʽʙʝʨʝʜʽ.  

 ɺ ʘʙʦʥʝʥʪʽ (10.27) ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʡʜʽ 

 

pmod)rʩ('M Bd1p --
Ö=  = (12Ā17

 23ï1ï13
) mod 23 = 

 

= (12Ā17
 9
) mod 23 = (12Ā7) mod 23 = 15. 

 

 ɹײʜʘʥ, ɺ ʞʽʙʝʨʽʣʛʝʥ ʭʘʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘסʘʥʳ ʢᴇʨʽʥʽʧ ʪײʨ.  

 ɹײʥʜʘʡ ʩײʣʙʘ ʘʨץʳʣʳ ʞʝʣʽʜʝʛʽ ʙʘʨʣʳץ ʘʙʦʥʝʥʪʪʝʨ ʭʘʙʘʨʜʳ ʞʽʙʝʨʝ 

ʘʣʘʪʳʥʳ ʪװʩʽʥʽʢʪʽ. ɺ ʘʙʦʥʝʥʪʽʥʽש ʘʰʳץ ʢʽʣʪʽʥ ʙʽʣʝʪʽʥ ʢʝʟ ʢʝʣʛʝʥ ʘʙʦʥʝʥʪ eB 

ʘʰʳץ ʢʽʣʪ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʨʜʳ ʦסʘʥ ʞʽʙʝʨʝ ʘʣʘʜʳ. ɹʽʨʘץ, 

ʪʝʢ B ʘʙʦʥʝʥʪʽ ʪʝʢ ʦסʘʥ ʙʝʣʛʽʣʽ ײץʧʠʷ ʢʽʣʪʪʽ dɺ ץʦʣʜʘʥʳʧ ʩʦʣ ʭʘʙʘʨʣʘʨʜʳ 

ʢʝʨʽʰʠʬʨʣʘʡ ʘʣʘʜʳ. ʐʠʬʨʣʘʥסʘʥ ʤᴅʪʽʥʥʽש ʢᴇʣʝʤʽ ʭʘʙʘʨʜʳש ʢᴇʣʝʤʽʥʝʥ ʝʢʽ 
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ʝʩʝ װʣʢʝʥ, ʙʽʨʘץ ʪʝʢ ʙʽʨ ʞʽʙʝʨʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ (ʪʝʢ ʝʛʝʨ ʘʰʳץ ʢʽʣʪʪʝʨʽ ʙʘʨ 

ʢʝʩʪʝ ʘʣʜʳʥ ʘʣʘ ʙʘʨʣʳץ ʘʙʦʥʝʥʪʪʝʨʛʝ ʙʝʣʛʽʣʽ ʙʦʣʩʘ).  

 

10.6. RSA ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ɾתʁɽʉɯ 

 

 RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ ʦʥʳ ײץʨʫʰʳʣʘʨʜʳש ʘʪʳʤʝʥ ʘʪʘʣסʘʥ 

ʈʠʚʝʩʪ, ʐʘʤʠʨ ʞᴅʥʝ ɸʜʣʝʤʘʥ. ɹײʣ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝ ʢᴅʟʽʨʛʝ ʜʝʡʽʥ 

ʝש ʢʝץ שʦʣʜʘʥʳʩʪʘסʳ ʞװʡʝʣʝʨʜʽש ʙʽʨʽ [17, 18, 24, 35]. 

 ɾʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʐʘʤʠʨʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ 

ʘʙʦʥʝʥʪʪʝʨ ʪʝʢ ʘʰʳץ ʙʘʡʣʘʥʳʩ ʘʨʥʘʣʘʨʳʥ ʢʦʣʜʘʥʘʪʳʥ ʞʘסʜʘʡʜʘ ʦץʫסʘ 

ʞʘʙʳץ ʭʘʙʘʨʣʘʨʤʝʥ ʘʣʤʘʩʫ ʝʩʝʙʽʥ ʪʦʣʳץ ʰʝʰʝʜʽ. ɹʽʨʘץ ʭʘʙʘʨ ʙʽʨ 

ʘʙʦʥʝʥʪʪʝʥ ʝʢʽʥʰʽʛʝ װʰ ʨʝʪ ʞʽʙʝʨʽʣʝʜʽ, ʙײʣ ʢʝʤʰʽʣʽʢ ʙʦʣʘʜʳ. ʕʣʴ-

ɻʘʤʘʣʴʜʽϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ ʩʦʣ ʝʩʝʧʪʽ ʜʝʨʝʢʪʝʨʜʽ ʙʽʨ ʨʝʪ ʞʽʙʝʨʫ 

ʘʨץʳʣʳ ʰʝʰʝʜʽ, ʙʽʨʘץ ʞʽʙʝʨʽʣʝʪʽʥ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽ 

ʞʽʙʝʨʽʣʝʪʽʥ ʘʰʳץ ʜʝʨʝʢʪʝʨ ʢᴇʣʝʤʽʥʝʥ ʝʢʽ ʝʩʝ װʣʢʝʥ. RSA ʞװʡʝʩʽʥʜʝ ʙײʥʜʘʡ 

ʢʝʤʰʽʣʽʢʪʝʨ ʞʦץ. ʆʣ ʙʘʩץʘ ʙʽʨʞʘץʪʳ ʬʫʥʢʮʠʷסʘ ʥʝʛʽʟʜʝʣʛʝʥʽ ץʳʟʳץʪʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʜʝ ʟʘʤʘʥʘʫʠ 

ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש ᴇʥʝʨʪʘʙʳʩʳ ʧʘʡʜʘ ʙʦʣʘʜʳ ï çϨϰʳʩʳè ʙʘʨ ʙʽʨʞʘϨʪʳ 

ʬʫʥʢʮʠʷ (trapdoor function). 

 ɹײʣ ʞװʡʝ ʩʘʥʜʘʨ ʪʝʦʨʠʷʩʳʥʳש ʢʝʣʝʩʽ ʝʢʽ ʬʘʢʪʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ:  

 - ʩʘʥʜʳ ʞʘʡʣʳץץʘ ʪʝʢʩʝʨʫ ʝʩʝʙʽ ʞʝשʽʣ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ;  

 - n = pĀq (ʨ ʞᴅʥʝ q  ʞʘʡ ʩʘʥʜʘʨ) ʪװʨʽ ʙʘʨ ʩʘʥʜʘʨʜʳ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ 

ʙᴇʣʫ ʝʩʝʙʽ ᴇʪʝ ץʳʡʳʥ, ʝʛʝʨ ʙʽʟ ʪʝʢ n ʙʽʣʩʝʢ, ʘʣ ʨ ʞᴅʥʝ q  װʣʢʝʥ ʩʘʥʜʘʨ 

ʙʦʣʩʘ (ʙײʣ ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ʝʩʝʙʽ ʜʝʧ ʘʪʘʣʘʜʳ). 

 RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʜʝ ɸ, ɺ, ʉ, ... ʘʙʦʥʝʥʪʪʝʨʽ ʙʦʣʩʳʥ. ᴄʨ 

ʘʙʦʥʝʥʪ ʢʝʟʜʝʡʩʦץ ʝʢʽ װʣʢʝʥ ʞʘʡ ʩʘʥ p ʞᴅʥʝ q ʪʘשʜʘʡʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ʦʣ 

ʢʝʣʝʩʽ ʩʘʥʜʳ ʝʩʝʧʪʝʡʜʽ 

 

n = pĀq. (10.28) 

 

 ɹײʣ ʩʘʥ n ʘʰʳץ ʘץʧʘʨʘʪ ʙʦʣʘʜʳ, ʦʣ ʙʘʨʣʳץ ʘʙʦʥʝʥʪʪʝʨ װʰʽʥ 

 .ʦʣʞʝʪʽʤʜʽץ

 ʉʦʜʘʥ ʢʝʡʽʥ ʘʙʦʥʝʥʪ ű(n) = (pï1)Ā(qï1) ʩʘʥʳʥ ʝʩʝʧʪʝʡʜʽ ʞᴅʥʝ ʢʝʡʙʽʨ 

ʩʘʥʜʳ ʪʘשʜʘʡʜʳ e < ű(n), ʦʣ ű(n) ᴇʟʘʨʘ ʞʘʡ ʩʘʥ ʙʦʣʫ ץʘʞʝʪ, ʞᴅʥʝ 

ɽʚʢʣʠʜʪʳϬ ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ ʙʦʡʳʥʰʘ d ʩʘʥʳʥ ʪʘʙʘʜʳ, ʦʣ  

 

eĀd mod ű(n) = 1. (10.29) 

 

 ɸʙʦʥʝʥʪʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʰʳץ ʞᴅʥʝ ײץʧʠʷ ʢʽʣʪʪʝʨ 

ʙʦʣʘʪʳʥ ʙʘʨʣʳץ ʘץʧʘʨʘʪ 10.4 ʢʝʩʪʝʩʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ.  

 RSA ʭʘʪʪʘʤʘʩʳʥ ʩʠʧʘʪʪʘʡʤʳʟ. ɸ ʘʙʦʥʝʥʪʽ M ʭʘʙʘʨʳʥ B ʘʙʦʥʝʥʪʽʥʝ 

ʞʽʙʝʨʛʽʩʽ ʢʝʣʩʽʥ, M ʭʘʙʘʨʳ M
 
<

 
nB ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʩʘʥ ʨʝʪʽʥʜʝ 
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 ʘʨʘʡ ɺ ʠʥʜʝʢʩʽ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨ ɺץ ʘʨʘʩʪʳʨʳʣʘʜʳ (ʘʨʳץ

ʘʙʦʥʝʥʪʽʥʝ ץʘʪʳʩʪʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ).  

 

 10.4 ʢʝʩʪʝ 

RSA ʞװʡʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ʢʽʣʪʪʝʨʽ 

 

ɸʙʦʥʝʥʪ ɸʰʳץ ʢʽʣʪ ײפʧʠʷ ʢʽʣʪ 

A eA, nA dɸ 

ɺ eB, nB dɺ 

ʉ eC, nC dʉ 

 

  1 Ϩʘʜʘʤ. ɸ  ʘʙʦʥʝʥʪʽ B ʘʙʦʥʝʥʪʽʥʽש ʘʰʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ץʦʣʜʘʥʳʧ, 

ʭʘʙʘʨʜʳ ʢʝʣʝʩʽ ᴇʨʥʝʢ ʙʦʡʳʥʰʘ ʰʠʬʨʣʘʡʜʳ 

 

B
e

nmod)M(C B= , (10.30) 

 

ʞᴅʥʝ ʝ ʘʰʳץ ʘʨʥʘʤʝʥ ʞʽʙʝʨʝʜʽ. 

 2 Ϩʘʜʘʤ. ʐʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ ʘʣסʘʥ B ʘʙʦʥʝʥʪʽ ʝʩʝʧʪʝʡʜʽ 

 

B
d

nmod)C(M' B= . (10.31) 

 

 A ʘʙʦʥʝʥʪʽʥʝʥ B ʘʙʦʥʝʥʪʽʥʝ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳ 

ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש 

ʩײʣʙʘʩʳ 10.4 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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10.4 ʩʫʨʝʪ - RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

 

 B ʘʙʦʥʝʥʪʽʥʝʥ  A ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

ʘʣʜʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʪʝʢ ʙײʣ ʞʘסʜʘʡʜʘ ʭʘʙʘʨʜʳ ʞʠʙʝʨʫʜʽש ʠʥʠʮʠʘʪʦʨʳ 

ɺ ʘʙʦʥʝʥʪʽ ʙʦʣʘʜʳ. 

 10.7 ʤʘϨϰʣʜʘʫ. ʉʠʧʘʪʪʘʣסʘʥ ʭʘʪʪʘʤʘ װʰʽʥ M' = M, ʷסʥʠ ɺ ʘʙʦʥʝʥʪʽ ɸ 

ʘʙʦʥʝʥʪʽʥʝʥ ʰʳץץʘʥ ʭʘʙʘʨʜʳ ʘʣʘʜʳ.  

 ɼϸʣʝʣʜʝʫ. ʍʘʪʪʘʤʘʥʳ ײץʨʫ ʙʦʡʳʥʰʘ 

 

B
de

B
d

nmod)M(nmod)C(M' BBB Ö
== . 

 (10.29) ʪʝשʜʽʛʽ ʙʽʣʜʽʨʝʜʽ ʢʝʡʙʽʨ k װʰʽʥ  

 

eBĀdB = kĀűB + 1. 

 

 10.5 ʤʘײץʣʜʘʫסʘ ʩᴅʡʢʝʩ 

 

űB = (pɺ ï 1)Ā(qɺ ï 1) = ű(nB), 
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ʙײʣ ʞʝʨʜʝ ű(nB)  ʕʡʣʝʨ ʬʫʥʢʮʠʷʩʳ. 

 ʆʩʳʜʘʥ ʞᴅʥʝ 10.8 ʪʝʦʨʝʤʘʩʳʥʘʥ ʰʳסʘʜʳ 

 

Mnmod)M(nmod)M(M' B
1)(nk

B
de BBB ===

+ÖÖ f
. 

 

 10.8 ʤʘϨϰʣʜʘʫ (RSA ʭʘʪʪʘʤʘʥʳץ שʘʩʠʝʪʪʝʨʽ). 

 1) ʭʘʪʪʘʤʘ ʘץʧʘʨʘʪʪʳ ʜײʨʳʩ ʰʠʬʨʣʘʫʜʳ ʞᴅʥʝ ʢʝʨʽʰʠʬʨʣʘʫʜʳ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 2) ʙʘʨʣʳץ ʘʰʳץ ʭʘʙʘʨʜʳ ʙʽʣʝʪʽʥ ʞᴅʥʝ ʙʘʨʣʳץ ʭʘʙʘʨʜʳ ʞʦʣʘʡ 

  .ʳ ʭʘʙʘʨʜʳ ʪʘʙʘ ʘʣʤʘʡʜʳץʘʰסʣʢʝʥ p ʞᴅʥʝ q ʢʝʟʽʥʜʝ ʘʣװ ʦʡץʘʩץ ʩʪʘʡʪʳʥײ

 ɼϸʣʝʣʜʝʫ. ʍʘʪʪʘʤʘʥʳש ʙʽʨʽʥʰʽ ץʘʩʠʝʪʽ 10.8 ʤʘײץʣʜʘʫʜʘʥ ʰʳסʘʜʳ. 

ɽʢʽʥʰʽ ץʘʩʠʝʪʪʽ ʜᴅʣʝʣʜʝʫ װʰʽʥ, ץʘʩץʦʡ ʪʝʢ ʘʰʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ n ʞᴅʥʝ e 

ʙʽʣʝʪʽʥʽʥ ʝʩʢʝ ʩʘץʪʘʡʤʳʟ. d ʪʘʙʫ װʰʽʥ ʦʣ ű(n) = (pï1)Ā(qï1) ʙʽʣʫ ʢʝʨʝʢ, ʘʣ 

ʦʣ װʰʽʥ ʦסʘʥ p ʞᴅʥʝ q ʙʽʣʫ ץʘʞʝʪ. ɾʘʣʧʳ ʘʡʪץʘʥʜʘ, ʦʣ p ʞᴅʥʝ q ʪʘʙʘ ʘʣʘʜʳ, 

ʦʣ װʰʽʥ n ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʙᴇʣʫ ץʘʞʝʪ, ʙʽʨʘץ ʙײʣ ץʳʡʳʥ ʝʩʝʧ (10.2 ʽʰʢʽ 

ʪʘʨʘʫʜʳ ץʘʨʘשʳʟ). תʣʢʝʥ ʢʝʟʜʝʡʩʦץ p ʞᴅʥʝ q ץʘʞʝʪʪʽ ʫʘץʳʪʪʘ ʪʘʙʫ ʤװʤʢʽʥ, 

ʩʝʙʝʙʽ 1 ʪʘʨʤʘץ ᴅʜʽʣʝʪ.  

 RSA ʞװʡʝʩʽʥʜʝ ץʦʣʜʘʥʘʪʳʥ, ʙʽʨʞʘץʪʳ ʬʫʥʢʮʠʷʩʳʥʜʘ ʫ = x
d
 mod n, ʝʛʝʨ 

n ʞʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʙᴇʣʫ ʙʝʣʛʽʣʽ ʙʦʣʩʘ, ʢʝʨʽ ʬʫʥʢʮʠʷʥʳnmodyx d Ö=  

ʞʝשʽʣ ʝʩʝʧʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ çϨϰrʩʳè ʙʘʨ.   ʐʳʥʳʥʜʘ, ű(n) = (pï

1)Ā(qï1), ʘʣ ʩʦʜʘʥ ʢʝʡʽʥ d = e
 ï1

 mod ű(n) ʝʩʝʧʪʝʫ ʞʝשʽʣ. ɽʛʝʨ p ʞᴅʥʝ q 

ʙʝʣʛʽʩʽʟ ʙʦʣʩʘ, ʦʥʜʘ ʢʝʨʽ ʬʫʥʢʮʠʷ ʤᴅʥʽʥ ʝʩʝʧʪʝʫ ʤװʤʢʽʥ ʝʤʝʩ, ʘʣ n 

ʙʦʡʳʥʰʘ p ʞᴅʥʝ q ʪʘʙʫ ᴇʪʝ ץʳʡʳʥ, ʷסʥʠ p ʞᴅʥʝ q ʪʘʙʫ ï çϨϰʳʩè ʥʝʤʝʩʝ 

çϨϰʧʠʷ ʞʦʣè. ʆʩʳʥʜʘʡ ײץʳʩʳ ʙʘʨ ʙʽʨʞʘץʪʳ ʬʫʥʢʮʠʷʣʘʨ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש 

ʙʘʩץʘ ʪʘʨʘʫʣʘʨʳʥʜʘ ʜʘ ץʦʣʜʘʥʳʩ ʪʘʙʘʜʳ.  

 RSA ʩײʣʙʘʩʳ װʰʽʥ ʢʝʣʝʩʽ ᴇʪʝ ʤʘשʳʟʜʳ: ᴅʨ ʘʙʦʥʝʥʪ ʞʝʢʝ p ʞᴅʥʝ q ʞʘʡ 

ʩʘʥʜʘʨ ʞײʙʳʥ ʪʘשʜʘʫ ʢʝʨʝʢ, ʷסʥʠ ʙʘʨʣʳץ ʤʦʜʫʣʜʝʨ nA, nB, nC, é ᴅʨ ʪװʨʣʽ 

ʙʦʣʫ ץʘʞʝʪ (ץʘʨʩʳ ʞʘסʜʘʡʜʘ ʙʽʨ ʘʙʦʥʝʥʪ ʙʘʩץʘ ʘʙʦʥʝʥʪʢʝ ʘʨʥʘʣסʘʥ 

ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʨʜʳ ʦץʫסʘ ʤװʤʢʥʜʽʢ ʘʣʘʪʳʥ ʝʜʽ). ɹײʣ ʝʢʽʥʰʽ ʘʰʳץ 

ʧʘʨʘʤʝʪʨ e ʪʘʣʘʧ ʝʪʽʣʤʝʡʜʽ. ʇʘʨʘʤʝʪʨ e  ʙʘʨʣʳץ ʘʙʦʥʝʥʪʪʝʨʜʝ ʙʽʨʜʝʡ ʙʦʣʫ 

ʤװʤʢʽʥ. ɾʠʽ e = 3 ʪʘשʜʘʫʜʳ ײʩʳʥʳʣʘʜʳ (p ʞᴅʥʝ q ʩᴅʡʢʝʩ ʪʘשʜʘʫʳʥʜʘ, 

 ʳ ʝʢʽסʳʟ). ʉʦʥʜʘ ʰʠʬʨʣʘʫ ʤʘʢʩʠʤʘʣʜʳ ʪʝʟ ʦʨʳʥʜʘʣʘʜʳ, ʙʘʨʣʳשʘʨʘץ [17 ,7]

ʢᴇʙʝʡʪʫʤʝʥ.  

 9.17 ʤʳʩʘʣ. ɸ ʘʙʦʥʝʥʪʽ B ʘʙʦʥʝʥʪʽʥʝ M = 15 ʭʘʙʘʨʜʳ ʞʽʙʝʨʛʽʩʽ ʢʝʣʩʽʥ. 

B ʘʙʦʥʝʥʪʽ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʪʘשʜʘʩʳʥ: 

 

pB = 3, qB = 11, nB = 33, eB = 3, 

 

eB ᴇʟʘʨʘʞʘʡ ʩʘʥ ű(33) = 20. 

 ɽʚʢʣʠʜʪʽϬ ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ dB ʪʘʙʘʤʳʟ: 
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 B ʘʙʦʥʝʥʪʽʥʽײץ שʧʠʷ ʢʽʣʪʽ ï ɽʚʢʣʠʜʪʽש ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ 

dB = 7 ʙʦʣʘʜʳ. 

 ʊʝʢʩʝʨʝʤʽʟ: eBĀdB mod ű(n) = 3Ā7 mod 20 = 1. 

 M (10.30) ᴇʨʥʝʛʽ ʙʦʡʳʥʰʘ ʰʠʬʨʣʘʡʤʳʟ: 

 

B
e

nmodMʉ B=  = 15
3
 mod 33 = 15

2
Ā15 mod 33 = 

 

= 27Ā15 mod 33 = 9. 

 

 ɸ ʘʙʦʥʝʥʪʽ ʉ =  9 ʩʘʥʳʥ B ʘʙʦʥʝʥʪʽʥʝ ʘʰʳץ ʙʘʡʣʘʥʳʩ ʘʨʥʘʩʳʤʝʥ 

ʞʽʙʝʨʝʜʽ. ʊʝʢ B ʘʙʦʥʝʥʪʽ dB = 7 ʙʽʣʝʜʽ, ʩʦʥʜʳץʪʘʥ ʦʣ ץʘʙʳʣʜʘʥסʘʥ ʭʘʙʘʨʜʳ 

 :ʦʣʜʘʥʳʧ, ʢʝʨʽʰʠʬʨʣʘʡʜʳץ (10.31)

 

B
d

nmodʉM' B=  = 9
7
 mod 33 = (9

2
)
2
Ā9

2
Ā9 mod 33 = 

 

= 15
2
Ā15Ā9 mod 33 = 15. 

 

 ʉʦʥʳʤʝʥ, B ʘʙʦʥʝʥʪʽ A ʘʙʦʥʝʥʪʪʽש ʭʘʙʘʨʳʥ ʢʝʨʽʰʠʬʨʣʘʜʳ.  

 שʦʥʳ ץʰʽʥ ʘʰʳʣʤʘʡʜʳ, ʙʽʨʘװ ʣʢʝʥ p ʞᴅʥʝ qװ ʣʙʘײʘʥ ʩסʘʨʘʩʪʳʨʳʣפ 

ʢʝʣʝʩʽ ʢʝʤʰʽʣʽʛʽ ʙʘʨ: ɸ ʘʙʦʥʝʥʪʽ ɺ ʘʙʦʥʝʥʪʽʥʝ ʭʘʙʘʨʜʳ ɺ ʘʙʦʥʝʥʪʽʥʽש ʘʰʳץ 

ʘץʧʘʨʘʪʳʥ (nB ʞᴅʥʝ cB ʩʘʥʜʘʨʳʥ) ץʦʣʜʘʥʳʧ ʞʽʙʝʨʝʜʽ. פʘʩץʦʡ ɺ ʘʨʥʘʣסʘʥ 

ʭʘʙʘʨʣʘʨʜʳ ʦץʳʡ ʘʣʤʘʡʜʳ, ʙʽʨʘץ ʦʣ ɸ ʘʪʳʥʘʥ ɺ ʭʘʙʘʨ ʞʽʙʝʨʫ ʤװʤʢʽʥ. 

ɹײʥʳ ʢװʨʜʝʣʽʨʝʢ ʭʘʪʪʘʤʘʣʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙʦʣʜʳʨʤʘʫסʘ ʙʦʣʘʜʳ, 

ʤʳʩʘʣʳ, ʢʝʣʝʩʽʥʽ.  

 ɸ ʘʙʦʥʝʥʪʽ ɺ ʘʙʦʥʝʥʪʽʥʝ M ʭʘʙʘʨʳʥ ʞʽʙʝʨʛʽʩʽ ʢʝʣʝʜʽ. ɸʣʜʳʤʝʥ ɸ 

ʘʙʦʥʝʥʪʽ A
d

nmodMC A= ʩʘʥʳʥ ʝʩʝʧʪʝʡʜʽ. פʘʩץʦʡ ʦʥʳ ʞʘʩʘʡ ʘʣʤʘʡʜʳ, 

ʩʝʙʝʙʽ dA ײץʧʠʷ. ʉʦʜʘʥ ʢʝʡʽʥ ɸ B
e

nmodCF B=  ʩʘʥʳʥ ʝʩʝʧʪʝʡʜʽ ʞᴅʥʝ ɺ 

ʞʽʙʝʨʝʜʽ. ɺ F ץʘʙʳʣʜʘʡʜʳ ʞᴅʥʝ ʨʝʪʽʤʝʥ ʩʘʥʜʘʨʜʳ ʝʩʝʧʪʝʡʜʽ 

 

B
d

nmodFU B=   ʞᴅʥʝ  A
e

nmodUW A= . 

 

 ʅᴅʪʠʞʝʩʽʥʜʝ ɺ ʘʙʦʥʝʥʪʽ W ʭʘʙʘʨʳʥ ʘʣʘʜʳ. RSA ʘʣסʘʰץʳ 

ʩײʣʙʘʩʳʥʜʘסʳʜʘʡ, ץʘʩץʦʡ ʞʽʙʝʨʽʣʛʝʥ ʭʘʙʘʨʜʳ ʦץʳʡ ʘʣʤʘʡʜʳ, ʙʽʨʘץ ʙײʣ 

ʞʝʨʜʝ ʦʣ ɸ ʘʪʳʥʘʥ ʭʘʙʘʨ ʞʽʙʝʨʝ ʘʣʤʘʡʜʳ (ʩʝʙʝʙʽ ײץʧʠʷ dɸ ʙʽʣʤʝʡʜʽ).  

 ɹײʣ ʞʝʨʜʝ ʞʘשʘ ʞʘסʜʘʡ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɺ ʭʘʙʘʨ ɸ ʢʝʣʛʝʥʽʥ ʙʽʣʝʜʽ, ʷסʥʠ 

ɸ ʭʘʙʘʨʜʳ ᴇʟ ײץʧʠʷ dɸ ʰʠʬʨʣʘʧ, çϨʦʣ ϨʦʡϤʘʥè ʩʠʷץʪʳ ʙʦʣʘʜʳ. ɹײʣ 

ʵʣʝʢʪʨʦʥʜʳ ʥʝʤʝʩʝ ʮʠʬʨʣʳץ ץʦʣʪʘשʙʘ ʜʝʧ ʘʪʘʣʘʪʳʥʥʳש ʤʳʩʘʣʳ. ɹײʣ ï 

ʟʘʤʘʥʘʫʠ ʢʨʠʧʪʦʛʨʘʬʠʷʥʳש ʪᴅʞʽʨʠʙʝʜʝ ʢʝץ שʦʣʜʘʥʘʪʳʥ ᴇʥʝʨʪʘʙʳʩʪʘʨʜʳש 

ʙʽʨʝʫʽ.  
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10.7. ʈɸɹʀʅ ʂʈʀʇʊʆɻʈɸʌʀʗʃʓפ ɾתʁɽʉɯ 

 

 ʈʘʙʠʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳϨ ʞϮʡʝʩʽʥʽϬ ץʘʫʽʧʩʽʟʜʽʛʽ ײץʨʘʤʜʳ ʩʘʥʥʳש 

ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʰʘʨʰʳ ʪװʙʽʨʜʽ ʪʘʙʫʜʳץ שʳʡʳʥʜʳסʳʥʘ ʩװʡʝʥʝʜʽ. ʉʘʥʜʘʨ 

ʪʝʦʨʠʷʩʳ ʧʦʟʠʮʠʷʩʳʥʘʥ ï ʙײʣ ʝʩʝʧ ʤʦʜʫʣʴʜʽ ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ʝʩʝʙʽʥʝ 

 ʘʨʘʩʪʳʨʘʤʳʟ. ɸ ʞᴅʥʝ Bץ ʙʽʨʝʫʽʥ שʟʝʛʝ ʘʩʳʨʫʜʳװʞ שʡʝʥʽװʩʘʩ. ɾץײ

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ ʙʽʨ ʙʽʨʽʤʝʥ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʣʘʨʤʝʥ ʘʣʤʘʩץʳʩʳ ʢʝʣʜʽ. 

ʆʥʜʘ ʈʘʙʠʥ ʩײʣʙʘʩʳ ʙʦʡʳʥʰʘ:  

 1. ɸ ʞᴅʥʝ B ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ ᴇʟʜʝʨʽ װʰʽʥ ʘʰʳץ ʞᴅʥʝ ʞʘʙʳץ ʢʽʣʪʪʝʨʜʽ 

ʛʝʥʝʨʘʮʠʷʣʘʡʜʳ, ʦʣ װʰʽʥ:  

 - ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʝʢʽ װʣʢʝʥ ʞʘʡ ʩʘʥʜʳ ʪʘשʜʘʡʜʳ  pA 

(pB) ʞᴅʥʝ qA (qB) (ʘʨʳ ץʘʨʘʡ ʢʝʨʽʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʽ ʝʨʝʢʰʝ ʦשʘʡ ʙʦʣʘʜʳ, 

ʝʛʝʨ ʦʩʳ ʩʘʥʜʘʨ 3 ʩʘʥʳʤʝʥ 4 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʙʦʣʩʘ, ʷסʥʠ  

pA mod 4 = 3, qA mod 4 = 3, pB mod 4 = 3 ʞᴅʥʝ qB mod 4 = 3). ʉʘʥʜʘʨ pA (pB) 

ʞᴅʥʝ qA (qB) ʞװʡʝʥʽש ʞʘʙʳץ ʢʽʣʪʪʝʨʽ ʙʦʣʘʜʳ (ɸ ʞᴅʥʝ B 

ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש); 

 - ᴅʨ ʧʘʡʜʘʣʘʥʫʰʳ ᴇʟʽʥʽש ʘʰʳץ ʢʽʣʪʪʝʨʽʥ ʘʥʳץʪʘʡʜʳ: nA = pAĀqA ʞᴅʥʝ nB 

= pBĀqB; 

 - ɸ ʞᴅʥʝ B ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʳ ʘʰʳץ ʢʽʣʪʪʝʨʤʝʥ ʘʣʤʘʩʘʜʳ. 

 2. ʍʘʙʘʨʣʘʨʜʳ ʰʠʬʨʣʘʫʜʳש ʘʣʜʳʥʜʘ ʘʙʦʥʝʥʪʪʝʨ ʦʣʘʨʜʳ mi 

ʙʣʦʢʪʘʨʳʥʘ ʙᴇʣʝʜʽ, ʦʣʘʨʜʳײ שʟʳʥʜʳץʪʘʨʳ ʘʰʳץ ʢʽʣʪʪʝʥ nA (ʝʛʝʨ ʭʘʙʘʨ B 

ʧʘʡʜʘʣʘʥʫʰʳʩʳʥʘʥ A ʧʘʡʜʘʣʘʥʫʰʳʩʳʥʘ ʞʽʙʝʨʽʣʩʝ) ʥʝʤʝʩʝ nB (ʝʛʝʨ ʭʘʙʘʨ 

A ʧʘʡʜʘʣʘʥʫʰʳʩʳʥʘʥ B ʧʘʡʜʘʣʘʥʫʰʳʩʳʥʘ ʞʽʙʝʨʽʣʩʝ) ʢʽʰʽ ʙʦʣʫ ץʘʞʝʪ. M 

< nA ʥʝʤʝʩʝ M < nB ʜʝʧ ץʘʙʳʣʜʘʡʤʳʟ. 

 3. ʍʘʙʘʨʣʘʨʜʳ ʰʠʬʨʣʘʫ װʰʽʥ A ʥʝʤʝʩʝ B ʘʙʦʥʝʥʪʪʝʨʽ ʜʝʨʝʢʪʝʨʜʽ 

ʰʠʬʨʣʘʫ ʪʝשʜʽʛʽʥʝ ʩᴅʡʢʝʩ ʪװʨʣʝʥʜʽʨʝʜʽ 

 

C = En(M) = M
 2
 mod n (10.32) 

 

ʞᴅʥʝ ʩʦʜʘʥ ʢʝʡʽʥ C ʙʘʩץʘ ʘʙʦʥʝʥʪʪʢʝ A ʥʝʤʝʩʝ B ʞʽʙʝʨʝʜʽ. 

 4. (10.32) ᴇʨʥʝʛʽʥʝʥ ʰʳסʘʜʳ ʄ  ʉ ʩʘʥʳʥʘʥ n ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʰʘʨʰʳ 

ʪװʙʽʨ ʝʢʝʥʽ. ɽʛʝʨ gcd(ʉ,n) = 1 (ʉ ʞᴅʥʝ n ʩʘʥʜʘʨʳ ᴇʟʘʨʘ ʞʘʡ ʩʘʥʜʘʨ), ʦʥʜʘ 

ᴅʨ ʰʘʨʰʳʣʳץ ץʘʣʜʳץʪʘ ץʘʣʜʳץʪʘʨʜʳש ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʪʽ ʪʦʙʳʥʜʘ 
*
nZ  

ʪײʨʘ ʪʦʨʪ ᴅʨ ʪװʨʣʽ ʪװʙʽʨʽ ʙʦʣʘʜʳ [7, 24]. פʘʙʳʣʜʘʫʰʳ n ʩʘʥʥʳש 

ʢᴇʙʝʡʪʢʽʰʪʝʨʽʥ p ʞᴅʥʝ q ʙʽʣʛʝʥʜʽʢʪʝʥ, ʦʣ ʝʢʽ ʩʘʣʳʩʪʳʨʫʜʳ ʰʝʰʝʜʽ. ɽש 

ʘʣʜʳʤʝʥ ʦʣ ʝʩʝʧʪʝʡʜʽ 

 

r1 = C 
(p + 1)/4

 mod p;  r2 = ïC 
(p + 1)/4

 mod p; 

 

r3 = C 
(q + 1)/4

 mod q;  r4 = ïC 
(q + 1)/4

 mod q; 

(10.33) 

 

ʘ = qĀ(q
ï1

 mod p);  b = pĀ(p
ï1

 mod q). (10.34) 
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 ʉ ʩʘʥʳʥʘʥ n ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʪᴇʨʪ ʤװʤʢʽʥ ʪװʙʽʨ ï ʙײʣʘʨ  

 

M1 = (ʘĀr1 + bĀr3) mod n;  M2 = (ʘĀr2 + bĀr4) mod n; 

 

M3 = (ʘĀr1 + bĀr4) mod n;  M4 = (ʘĀr2 + bĀr3) mod n. 

(10.35) 

 

 A ʘʙʦʥʝʥʪʽʥʝʥ B ʘʙʦʥʝʥʪʽʥʝ ʜʝʨʝʢʪʝʨʜʽ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳ 

ʰʠʬʨʣʘʫ ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʈʘʙʠʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש 

ʩײʣʙʘʩʳ 10.5 ʩʫʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

10.5 ʩʫʨʝʪ ï ʈʘʙʠʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

 

 A ʘʙʦʥʝʥʪʽʥʝʥ  B ʘʙʦʥʝʥʪʽʥʝ ʞʽʙʝʨʫ ʢʝʟʽʥʜʝ ʜʝʨʝʢʪʝʨʜʽ ʰʠʬʨʣʘʫ 

ʧʨʦʮʝʩʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ RSA ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʽש ʩײʣʙʘʩʳ 

ʘʣʜʳʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʪʝʢ ʙײʣ ʞʘסʜʘʡʜʘ ʭʘʙʘʨʜʳ ʞʠʙʝʨʫʜʽש ʠʥʠʮʠʘʪʦʨʳ 

A ʘʙʦʥʝʥʪʽ ʙʦʣʘʜʳ. 
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 ʈʘʙʠʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥʜʝ ʰʠʬʨʣʘʡʪʳʥ ʘʡץʳʥʜʘʫ 

ʠʥʲʝʢʪʠʚʪʽ ʝʤʝʩ (ᴇʟʘʨʘ ʙʽʨʤᴅʥʜʽ ʝʤʝʩ) ʝʢʝʥʽ ʢᴇʨʽʥʽʧ ʪײʨ. ɹʘʨʣʳץ ʪᴇʨʪ 

ʪװʙʽʨʜʽ ʝʩʝʧʪʝʛʝʥʥʝʥ ʢʝʡʽʥ ʦʣʘʨʜʳש ʽʰʽʥʝʥ ʞʽʙʝʨʽʣʝʪʽʥ ʭʘʙʘʨʜʳש ʩʘʥʜʳץ 

ʵʢʚʠʚʘʣʝʥʪʽ ʙʦʣʘʪʳʥ ʩʘʥ ʪʘשʜʘʣʘʜʳ. ɽʛʝʨ ʭʘʙʘʨ ᴅʜʝʪʪʝʛʽ ʪʽʣʤʝʥ ʞʘʟʳʣʩʘ, 

ʦʥʜʘ ʜײʨʳʩ M ʪʘשʜʘʫ ץʳʡʳʥ ʝʤʝʩ. ɽʛʝʨ ʢʝʟʜʝʡʩʦץ ʙʠʪʪʝʨ ʞʠʥʘסʳ 

ʰʠʬʨʣʘʥʩʘ, ʦʥʜʘ ʜײʨʳʩ M  ʘʥʳץʪʘʫ ʪᴅʩʽʣʽ ʞʦץ.  

 10.18 ʤʳʩʘʣ. B ʧʘʡʜʘʣʘʥʫʰʳʜʘʥ A ʧʘʡʜʘʣʘʥʫʰʳסʘ ʞʽʙʝʨʫ װʰʽʥ 

ʢʽʣʪʪʝʨʜʽ ʛʝʥʝʨʘʮʠʷʣʘʫ ʞᴅʥʝ ñʧʨʦʪʦʢʦʣò ʭʘʙʘʨʳʥ ʈʘʙʠʥʥʳϬ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ ʢᴇʤʝʛʽʤʝʥ ʰʠʬʨʣʘʫ.  

 ʐʝʰ̔ʤ. A ʧʘʡʜʘʣʘʥʫʰʳʥʳש ʞʘʙʳץ ʢʽʣʪʪʝʨʽʥ ʨA = 79 ʞᴅʥʝ qA = 83 ʞʘʡ 

ʩʘʥʜʘʨ ʞײʙʳ ײץʨʩʳʥ, ʦʥʜʘ ʘʰʳץ ʢʽʣʪ - nA = ʨAĀqA = 6557 ʩʘʥʳ. ɸʰʳץ 

ʭʘʙʘʨʜʳש ᴅʨ ᴅʨʽʧʽʥ ʦʥʳש ʦʨʳʩ ʘʣʬʘʚʠʪʽʥʜʝʛʽ ʥᴇʤʽʨʤʝʥ ʘʫʳʩʪʳʨʘʤʳʟ  

 

ñʧʨʦʪʦʢʦʣò  =>  15  16  14  18  14  10  14  11. 

 

 ʂʝʣʪʽʨʽʣʛʝʥ ʩʘʥʜʳץ ʪʽʟʙʝʢ ï ʮʠʬʨʣʳץ ʪװʨʜʝ ʞʘʟʳʣסʘʥ ʘʰʳץ ʭʘʙʘʨ. 

ʊʽʟʙʝʢʪʽ ʪᴇʨʪ ʙʣʦʢץʘ mi ʙᴇʣʝʤʽʟ, ʦʥʳש ᴅʨץʘʡʩʳʩʳ ï ʢʝʡʙʽʨ ʥʘʪʫʨʘʣʜʳ ʩʘʥ, 

ʦʣ nA = 6557 ʩʘʥʳʥʘʥ ʢʽʰʽ ʙʦʣʫ ץʘʞʝʪ: 

 

M  =>  1516 ⱷ 1418 ⱷ 1410 ⱷ 1411. 

 

 ɸʰʳץ ʤᴅʪʽʥ M  (10.32) ᴇʨʥʝʛʽ ʙʦʡʳʥʰʘ ʰʠʬʨʣʘʡʤʳʟ:  

 

C1 = )m(E 1nA
 mod nA = 1516

2
 mod 6557 = 3306; 

 

C2 = )m(E 2nA
 mod nA = 1418

2
 mod 6557 = 4282; 

 

C3 = )m(E 3nA
 mod nA = 1410

2
 mod 6557 = 1329; 

C4 = )m(E 4nA
 mod nA = 1411

2
 mod 6557 = 4150. 

 

 ʅᴅʪʠʞʝʩʽʥʜʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ ʘʣʘʤʳʟ 

 

C  =>  3306 ï 4282 ï 1329 ï 4150. 

 

 10.19 ʤʳʩʘʣ. A ʧʘʡʜʘʣʘʥʫʰʳʩʳ ʈʘʙʠʥʥʳϬ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʞװʡʝʩʽʥʜʝ ᴇʟʽʥʽש ʢʽʣʪʪʝʨ ʞײʙʳʥ ʛʝʥʝʨʘʮʠʷʣʘʜʳ: ʞʘʙʳץ ʢʽʣʪ - ʨA = 59 ʞᴅʥʝ 

qA = 67 ʞʘʡ ʩʘʥʜʘʨ, ʦʣʘʨʜʳ ײץʧʠʷʜʘ ʩʘץʪʘʡʜʳ, ʞᴅʥʝ ʘʰʳץ ʢʽʣʪ ï ʞʘʣʧʳ 

 ʘʥ C  =>  1108סʦʣʞʝʪʽʤʜʽ ʩʘʥ nA = pAĀqA = 3953. B ʧʘʡʜʘʣʘʥʫʰʳʩʳʥʘʥ ʘʣץ

ï 1756 ʭʘʙʘʨʳʥ ʢʝʨʽʰʠʬʨʣʘʫ.  
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 ʐʝʰ̔ʤ. ʂʝʨʽʰʠʬʨʣʘʫ ï ʤʦʜʫʣʴ nA = 3953 ʙʦʡʳʥʰʘ ʉ1 = 1108 ʞᴅʥʝ ʉ2 

= 1756 ʩʘʥʜʘʨʜʘʥ ʰʘʨʰʳ ʪװʙʽʨʜʽ ʘʣʫ. ʆʣ װʰʽʥ ʞʘʡ ʤʦʜʫʣʴʜʝʨʤʝʥ ʨA = 59 

ʞᴅʥʝ qA = 67 ʪװʙʽʨʣʝʨʜʽ ʘʣʫ ץʘʞʝʪ.  

 ɽʩʝʧʪʝʡʤʽʟ 

 

2059mod1108pmodCr 4/)159(
A

4/)1p(
11

A === ++
; 

 

3979mod2059mod1108pmodCr 4/)159(
A

4/)1p(
12

A =-=-=-= ++
; 

 

667mod1108qmodCr 4/)167(
A

4/)1q(
13

A === ++
; 

 

6179mod667mod1108qmodCr 4/)167(
A

4/)1q(
14

A =-=-=-= ++
. 

 

 ɸʣʳʥסʘʥ ʰʝʰʽʤʜʝʨʜʽ ᴇʟʘʨʘ ʞװʡʝʛʝ ײץʨʘʤʜʘʩʪʳʨʘʤʳʟ ʞᴅʥʝ ץʘʣʜʳץʪʘʨ 

ʪʫʨʘʣʳ ץʳʪʘʡ ʪʝʦʨʝʤʘʩʳ ʙʦʡʳʥʰʘ ʰʘʨʰʳ ʪװʙʽʨʣʝʨ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʡʤʳʟ.  

gcd(pA,qA) = 1 ʞᴅʥʝ ɽʚʢʣʠʜʪʳϬ ʢʝשʝʡʪʽʣʛʝʥ ʪʝʦʨʝʤʘʩʳ ʙʦʡʳʥʰʘ: 

 

1 = 37Ā67 + 25Ā59, 

 

ʷסʥʠ (
1

Aq-ĀqA) mod pA = 1, ʙײʣ ʞʝʨʜʝʥ 
1

Aq-  = 37; (
1

Ap-ĀpA) mod qA = 1, ʦʜʘʥ 

1
Ap-  = 25. 

 qA, 
1

Aq- , pA ʞᴅʥʝ 
1

Ap-  ʤᴅʥʜʝʨʽʥʝ ʩᴅʡʢʝʩ: 

 

24793767)pmodq(qa A
1

AA =Ö== -
; 

 

14752559)qmodp(pb A
1

AA =Ö== -
. 

 

 ʄ ʙʽʨʽʥʰʽ ʪװʙʽʨʽʥ (10.33), (10.34) ʞᴅʥʝ (10.35) ʪʘʙʘʤʳʟ. ʆʜʘʥ ʰʳסʘʜʳ: 

 

M1 = (ʘĀr1 + bĀr3) mod nA = 3088. 

 

 ɽʢʽʥʰʽ ʪװʙʽʨ ʪʘʙʳʣסʘʥ ʙʽʨʽʥʰʽ ʪװʙʽʨʛʝ ץʘʨʩʳ ʄ1 = 3088, ʦʥʳ (10.33), 

(10.34) ʞᴅʥʝ (10.35) ʪʘʙʘʤʳʟ. ʆʜʘʥ ʰʳסʘʜʳ: 

 

M2 = (ʘĀr2 + bĀr4) mod nA = 0865. 

 

 ʄ1 ʞᴅʥʝ M2 ʪװʙʽʨʣʝʨʽ ץʘʨʩʳ ʝʢʝʥʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ, ʷסʥʠ 

(M1 + M2) mod nA = 0: 
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(M1 + M2) mod nA = (3088 + 0865) mod 3953 = 3953 mod 3953 = 0. 

 

 :ʘʜʳסʙʽʨʜʽ ʄ (10.33) ʞᴅʥʝ (10.34) ʪʘʙʘʤʳʟ. ʆʜʘʥ ʰʳװʰʽʥʰʽ ʪת 

 

M3 = (ʘĀr1 + bĀr4) mod nA = 1200. 

 

 ʊᴇʨʪʽʥʰʽ ʪװʙʽʨ ʪʘʙʳʣסʘʥ װʰʽʥʰʽ ʪװʙʽʨʛʝ ץʘʨʩʳ ʄ3 = 1200, ʦʥʳ (10.33) 

ʞᴅʥʝ (10.34) ʪʘʙʘʤʳʟ. ʆʜʘʥ ʰʳסʘʜʳ: 

 

M4 = (ʘĀr2 + bĀr3) mod nA = 2753. 

 

 ʄ3 ʞᴅʥʝ M4 ʪװʙʽʨʣʝʨʽ ץʘʨʩʳ ʝʢʝʥʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ, ʷסʥʠ 

(M3 + M4) mod nA = 0: 

 

(M3 + M4) mod nA = (1200 + 2753) mod 3953 = 3953 mod 3953 = 0. 

 

 ʉ1 = 1108 ʩʘʥʳʥʘʥ 3953 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʪᴇʨʪ ʪװʙʽʨ ʘʣʳʥʜʳ: 3088, 

0865, 1200 ʞᴅʥʝ 2753. ʊײʨʘ ʩʦʣʘʡ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʝʢʽʥʰʽ ʩʘʥʥʘʥ ʉ2 

= 1756 ʪᴇʨʪ ʪװʙʽʨʜʽ ʘʣʘʤʳʟ. ʆʣʘʨ: 1215, 2738, 2336, 1617. ɹײʣ ʞʘסʜʘʡʜʘ 

1200, 1215 ʞᴅʥʝ 1617 ʪװʙʽʨʣʝʨʽ ï 32 ᴅʨʽʧʽ ʙʘʨ ʦʨʳʩ ʘʣʬʘʚʠʪʪʘסʳ ʭʘʙʘʨʜʳש 

ʩʘʥʜʳץ ʵʢʚʠʚʘʣʝʥʪʪʝʨʽ.  

 ʆʨʳʩ ʘʣʬʘʚʠʪʪʳ12 ש ʩʘʥrʥʘ ñʤò ᴅʨʽʧʽ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʽʢʪʝʥ, 00  ñʘò, 

15  ñʧò, 16  ñʨò, 17  ñʩò, ʦʥʜʘ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʙʽʨʽʥʰʽ ʝʢʽ 

ᴅʨʽʧʽ ñʤʘò, ʘʣ ʝʢʽʥʰʽ ʝʢʽ ᴅʨʽʧʽ ʤʧò, ʥʝʤʝʩʝ ñʨʩò ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ ʥʝʤʝʩʝ ñʤʘʤʧò, ʥʝʤʝʩʝ ñʤʘʨʩò ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʆʨʳʩ 

ʪʣ̔ʽʥʜʝ ʤᴅʥʽ ʙʘʨ ʪʝʢ ñʤʘʨʩò ʩᴇʟʽʥʜʝ.  

 

10.8. ɼʀʉʂʈɽʊʊɯʂ ʃʆɻɸʈʀʌʄɼɽʋɻɽ ʅɽɻɯɿɼɽʃɻɽʅ ʂʈʀʇ-

ʊʆɻʈɸʌʀʗʃʓפ ɾתʁɽʃɽʈɼɯ ɹױɿʋ ᴄɼɯʉʊɽʈɯ 

 

10.8.1. ɽʩʝʧʪʽ ץʦʶ 

 

 ʉʝʥʽʤʜʽ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽ ײץʨʫ װʰʽʥ ץʘʩץʦʡ ץʦʣʜʘʥʘ ʘʣʘʪʳʥ 

ʙײʟʫ ᴅʜʽʩʪʝʨʽʥ ʥʘʟʘʨסʘ ʘʣʫ ʢʝʨʝʢ ʞᴅʥʝ ʙײʣ ᴅʜʽʩʪʝʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʤʘʡʪʳʥ 

ʙʦʣʘʪʳʥʜʘʡ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ (ʤʳʩʘʣʳ, ʩʘʥʜʘʨ 

ʢᴇʣʝʤʽ) ʪʘשʜʘʫ ץʘʞʝʪ. ɹʝʨʽʣʛʝʥ ʪʘʨʘʫʜʘ ʩʦʥʜʘʡ ʝʢʽ ᴅʜʽʩʪʽ ץʘʨʘʩʪʳʨʘʤʳʟ.  

 ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʡ, ʢᴇʧʪʝʛʝʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨ ʙʽʨʞʘץʪʳ 

ʬʫʥʢʮʠʷסʘ ʥʝʛʽʟʜʝʣʝʜʽ  

 

y = ʘ
ʭ
 mod ʨ. (10.36) 
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 ɽʛʝʨ ʘ, ʭ ʞᴅʥʝ p ʙʝʨʽʣʩʝ , 2Ālog x ʦʧʝʨʘʮʠʷ ʽʰʽʥʜʝ (10.1 ʤʘײץʣʜʘʫ) y 

ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. ɹʽʨʘץ ʙʝʣʛʽʣʽ ʘ, ʫ ʞᴅʥʝ p ʙʦʡʳʥʰʘ ʭ ʪʘʙʫ, ʷסʥʠ ʜʠʩʢʨʝʪʪʽ 

ʣʦʛʘʨʠʬʤʜʳ ʝʩʝʧʪʝʫ, - ᴇʪʝ ץʳʡʳʥ ʝʩʝʧ.  

 ʐʘʤʠʨʜʳϬ ʢʨʠʧʪʦʞװʡʝʩʽʥ ץʘʨʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ((10.23) 

 ʘʨʘʧʘʡʳʤ ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘץ ʳʟ), ʌʝʨʤʘ ʪʝʦʨʝʤʘʩʳ ʥʝʛʽʟʽʥʜʝשʘʨʘץ

ʜᴅʨʝʞʝʥʽ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ʜᴅʨʝʞʝ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʨï1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʢʝʣʪʽʨʽʣʝʜʽ. ʉʦʥʜʳץʪʘʥ ʪʝʢ 0 Ò ʭ Ò ʨï1 ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ x ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

  .ʘʨʘʩʪʳʨʫ ʞʝʪʢʽʣʽʢʪʽץ

 (10.1) ʘ, ʭ ʞᴅʥʝ p ʙʦʡʳʥʰʘ ʫ ʝʩʝʧʪʝʫ װʰʽʥ ץʘʞʝʪʪʽ ʢᴇʙʝʡʪʫ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʩʘʥʳʥ ty ʜʝʧ ʙʝʣʛʽʣʝʡʤʽʟ ʞᴅʥʝ ץʘʩץʘʣʳװ ץʰʽʥ ty ʝʩʝʧʪʝʫ 

ʫʘץʳʪʳ ʜʝʧ ʘʪʘʡʤʳʟ. 10.1 ʪʘʨʘʫʜʘסʳ ʘʣʛʦʨʠʪʤʜʝʨ ʙʦʡʳʥʰʘ ʜᴅʨʝʞʝʛʝ 

ʰʳסʘʨʫ ʫʘץʳʪʳ 2Ālog x ʢᴇʧ ʝʤʝʩ, ʙײʣ ʞʝʨʜʝ ʭ < ʨ. ʆʩʳʜʘʥ 

 

ty Ò 2Ālog x (10.37) 

 

ʭ ʜᴅʨʝʞʝʥʽש ʢʝʟ ʢʝʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʽʥʜʝ.  

 ɽʥʜʽ ʙʝʨʽʣʛʝʥ ʘ, ʫ ʞᴅʥʝ p ʙʦʡʳʥʰʘ (10.36) ʭ ʪʘʙʫ ʝʩʝʙʽʥʝ ʢᴇʰʝʤʽʟ. 

ɸʣʜʳʤʝʥ ʪװʟʫ ʪʘʣʜʘʫ ץʳʡʳʥʜʳסʳʥ ʙʘסʘʣʘʡʤʳʟ. ʆʣ װʰʽʥ ʘʣʜʳʤʝʥ ʘ
1
 

ʝʩʝʧʪʝʧ ʞᴅʥʝ ʘ
1
 mod p = ʫ ʜײʨʳʩʪʳסʳʥ ʪʝʢʩʝʨʝʤʽʟ. ɽʛʝʨ ʞʦץ ʙʦʣʩʘ, ʦʥʜʘ 

ʘ
2
 mod p = ʫ ʪʝʢʩʝʨʝʤʽʟ, ʝʛʝʨ ʞʦʢ ʙʦʣʩʘ, ʦʥʜʘ ʘ

3
 mod p = ʫ ʪʝʢʩʝʨʝʤʽʟ ʞᴅʥʝ 

ʘʨʳ ץʘʨʘʡ ʘ
 ʨ-1

 mod p = ʫ ʜʝʡʽʥ. ʆʨʪʘʰʘ ʝʩʝʧʧʝʥ (ʨ-1)/2 ʨʝʪ ʘ ʢᴇʙʝʡʪʫ ʞᴅʥʝ 

ʪʝשʜʽʢʪʽ ʪʝʢʩʝʨʫ ץʘʞʝʪ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ, ʪװʟʫ ʪʘʣʜʘʫ ʫʘץʳʪʳ  

tʧ.ʧ. å ʨ/2. 

 

 ʊᴇʤʝʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ çʩϸʙʠ Ϩʘʜʘʤʳ, ʜϸʫ Ϩʘʜʘʤʳè ᴅʜʽʩʽʥʜʝ ʭ ʪʘʙʫ 

ʫʘץʳʪʳ ʰʘʤʘʤʝʥ ʘʟʳʨʘץ  

 

tʰ.ʤ ʰ.ʚ. å 2Āp , 

 

ʘʣ ʜᴅʨʝʞʝʥʽ ʰʳסʘʨʫ ᴅʜʽʩʽʥʜʝ ʙײʣ ʫʘץʳʪ ʦʜʘʥʜʘ ʘʟ:  

 

tʠ.ʧ. å c1Ā
p)log(logplogʩ22

Ö
, 

 

ʙײʣ ʞʝʨʜʝ ʩ1, ʩ2  ʢʝʡʙʽʨ ʦש ʪײʨʘץʪʳʣʘʨ.  

 ʉʘʣʳʩʪʳʨʫʜʳ ʢᴇʨʥʝʢʪʽʨʝʢ ʞʘʩʘʫ װʰʽʥ ʝʩʝʧʪʝʫ ʫʘץʳʪʳʥ (10.36) ʨ 

ʩʘʥʳʥʳײ שʟʳʥʜʳסʳ ʘʨץʳʣʳ ʢᴇʨʩʝʪʝʤʽʟ. ɹײʣ ײʟʳʥʜʳץʪʳ ʙʠʪʪʝʨʤʝʥ n ʜʝʧ 

ʙʝʣʛʽʣʝʡʤʽʟ. ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʣʝʨʜʝ n å log ʨ ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ 

ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʝשʙʝʢʢᴇʣʝʤʜʽʣʽʛʽ (ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ ʤᴅʥʽʥʜʝ) ʢʝʣʝʩʽ 

ʙʦʣʘʜʳ:  

 

ty å n,    tʧ.ʧ. å 2
n-1

,    tʰ.ʤ ʰ.ʚ. å 2
n/2

,    tʠ.ʧ. å 
nlognʩ22

Ö
, 
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ʙײʣ ʞʝʨʜʝ  å  ñʧʨʦʧʦʨʮʠʦʥʘʣʜ òr ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. 

 ʂᴇʨʠʧ ʦʪʳʨסʘʥʜʘʡ, ʜᴅʨʝʞʝʛʝ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ʦʧʝʨʘʮʠʷʣʘʨ ʩʘʥʳ n 

ʩʘʥʳʥʳײ שʟʳʥʜʳסʳʤʝʥ ʩʳʟʳץʪʳ ᴇʩʝʜʽ, ʘʣ ץʘʡʪʳʤʜʳ ʝʩʝʧʪʽ ᴅʨ ʪװʨʣʽ 

ᴅʜʽʩʪʝʨʤʝʥ ʰʝʰʫ ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʥʝʤʝʩʝ ʩʫʙʵʢʩʧʦʥʝʥʮʠʘʣʜʳ (ʜᴅʨʝʞʝʥʽ 

ʩʘʥʘʫ ᴅʜʽʩʽ װʰʽʥ.) ᴇʩʝʜʽ. ɼʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʝʨʜʽ ʝʩʝʧʪʝʫ, ʞᴅʥʝ ʜʝ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʜʘ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʙʘʩץʘ ץʘʡʪʳʤʜʳ ʝʩʝʧʪʝʨʜʽ 

ʰʳסʘʨʫʜʳש ʞʳʣʜʘʤ ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʙʘʨ ʙʦʣʫʳ ʪʫʨʘʣʳ ʩײʨʘץ ʘʰʳץ ץʘʣʜʳ.  

 

10.8.2. ñʉᴅʙʠ ץʘʜʘʤʳ, ʜᴅʫ ץʘʜʘʤʳò ᴅʜʽʩʽ 

 

 ɸʰʳץ ᴅʜʝʙʠʝʪʪʝ ʙײʣ ᴅʜʽʩ ʙʽʨʽʥʰʽ ʨʝʪ ɼ. ʐʝʥʢʧʝʥ (Daniel Shanks) 

ʩʠʧʘʪʪʘʣסʘʥ; ʦסʘʥ ʜʝʛʝʥ ʩʽʣʪʝʤʝʣʝʨ 1973 ʞʳʣʜʘʥ ʙʝʣʛʽʣʽ [20]. ɹײʣ ᴅʜʽʩ 

ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʳ ʝʩʝʧʪʝʫ ʝʩʝʙʽ ʪʘʣʜʘʫ ᴅʜʽʩʽʥʝ ץʘʨʘסʘʥʜʘ ʪʝʟ ʰʝʰʽʣʫ 

ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʢʝʥ ʙʽʨʽʥʰʽ ᴅʜʽʩʪʝʨʜʽש ʙʽʨʽ. (10.36) ʭ ʪʘʙʫʜʳש ʦʩʳ 

ᴅʜʽʩʽʥ ʩʠʧʘʪʪʘʡʤʳʟ.  

 1 Ϩʘʜʘʤ. ɸʣʜʳʤʝʥ ʢʝʣʝʩʽ ᴇʨʥʝʢ ʦʨʳʥʜʘʣʘʪʳʥ ʝʢʽ ʙװʪʽʥ ʩʘʥʜʳ m ʞᴅʥʝ k 

ʘʣʘʤʳʟ  

 

mĀk >  p. (10.38) 

 

 2 Ϩʘʜʘʤ. ɽʢʽ ʩʘʥʜʘʨ ץʘʪʘʨʳʥ ʝʩʝʧʪʝʡʤʽʟ 

 

y, aĀy, a
 2
Āy, é, a

 mï1
Āy mod p; (10.39) 

 

a
 m

, a
 2Ām
, é, a

 kĀm
 mod p. (10.40) 

 

 ɹʘʨʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʨ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ.  

 3 Ϩʘʜʘʤ. ʂʝʣʝʩʽ ʪʝשʜʽʢ ʦʨʳʥʜʘʣʘʪʳʥ i ʞᴅʥʝ j ʪʘʙʘʤʳʟ 

 

a
 iĀm

 = a
 j
Āy. (10.41) 

 

 10.9 ʤʘϨʫʣʜʘʫ. ʉʘʥ 

 

x = iĀm ï j (10.42) 

 

(10.36) ʪʝשʜʽʛʽʥʽש ʰʝʰʽʤʽ ʙʦʣʘʜʳ. ʆʩʳסʘʥ ץʦʩʘ, (10.41) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

ʙװʪʽʥ ʩʘʥʜʘʨ i ʞᴅʥʝ j ʙʘʨ.  

 ɼϸʣʝʣʜʝʫ. (10.42) ᴅʜʽʣʝʪʪʽʛʽ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʪʝשʜʝʫʣʝʨ ʪʽʟʽʤʽʥʝʥ 

ʰʳסʘʜʳ, ʙײʣ ʞʝʨʜʝ ʙʘʨʣʳץ ʝʩʝʧʪʝʫʣʝʨ ʨ ʤʦʜʫʣʽʤʝʥ ʙʝʨʽʣʛʝʥ, ʘʣ ʙᴇʣʫ 

  :ʘʡʪʳʤʜʳ ʵʣʝʤʝʥʪʢʝ ʢᴇʙʝʡʪʫʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽץ
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y
a

ya

ya

ya

a

a
aa

mi

mi

j

mi

j

mi
j-mix ===== . 

 

 ɽʥʜʽ (10.41) ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ i ʞᴅʥʝ j ʩʘʥʜʘʨʳ ʙʘʨ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʤʽʟ. 

ʆʣ װʰʽʥ (10.42) ʪװʨʽ ʙʘʨ ʙʘʨʣʳץ ʩʘʥʜʘʨʜʳ 10.5 ʢʝʩʪʝʩʽʥʝ ʞʘʟʘʤʳʟ.  

 ʂʝʩʪʝʜʝ 1 ʜʝʥ kĀm ʜʝʡʽʥ ʙʘʨʣʳץ ʩʘʥʜʘʨ ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ. ʉʦʥʜʳץʪʘʥ, 

(10.42) ʢʝʩʪʝʜʝ 1 ʜʝʥ ʨ ʜʝʡʽʥ ʙʘʨʣʳץ ʩʘʥʜʘʨ ʙʦʣʘʪʳʥʳ ʰʳסʘʜʳ. ʉʦʥʳʤʝʥ, 

ʜᴅʨʝʞʝʥʽש ʢʝʟ ʢʝʣʛʝʥ ʢᴇʨʩʝʪʢʽʰʽ ʭ < ʨ ʢʝʩʪʝʜʝ ʙʦʣʘʜʳ, ʷסʥʠ (10.36) ʩᴅʡʢʝʩ 

ʢʝʣʝʪʽʥ x ʩʘʥʳ (10.42) ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʫ ʤװʤʢʽʥ ʞᴅʥʝ ʢʝʩʪʝʜʝ ᴅʨץʘʰʘʥ 

ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ (10.41) ʪʝשʜʽʛʽʥʜʝ ᴅʨץʘʰʘʥ ʰʝʰʽʤ ʙʦʣʘʜʳ.  

 

10.5 ʢʝʩʪʝ 

iĀm - j ʪװʨʽ ʙʘʨ ʩʘʥʜʘʨʜʳ ʪʘʨʘʪʫ  

 

 j = 0 j = 1 j = 2 é j = m ï 1 

i = 1 m m ï 1 m ï 2 é 1 

i = 2 2Ām 2Ām ï 1 2Ām ï 2 é m + 1 

é é é é é é 

i = k kĀm kĀm ï 1 kĀm ï 2 é (kĀï 1)Ām + 1 

 

 10.20 ʤʳʩʘʣ. "ʉϸʙʠ Ϩʘʜʘʤʳ, ʜϸʫ Ϩʘʜʘʤʳ" ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʧ, 2
ʭ
 mod 23 = 

9 ʪʝשʜʽʢʪʽʥ ʰʝʰʽʤʽʥ ʪʘʙʘʤʳʟ.  

 m ʞᴅʥʝ k ʪʘשʜʘʡʤʳʟ. m = 6 ʞᴅʥʝ k = 4 ʙʦʣʩʳʥ. (10.38) ʦʨʳʥʜʘʣʘʪʳʥʳʥ 

ʢᴇʨʽʧ ʪײʨʤʳʟ. (10.39) ʞᴅʥʝ (10.40) ʩʘʥʜʘʨʳʥ ʝʩʝʧʪʝʡʤʽʟ.  

 

9, 18, 13, 3, 6, 12;  

18. 

 

 ᴄʨʽ ץʘʨʘʡ ʝʩʝʧʪʝʫʜʽ ʞװʨʛʽʟʙʝʡʤʽʟ, ʩʝʙʝʙʽ i = 1, j = 1 ʢʝʟʽʥʜʝ (10.39) 

ʞᴅʥʝ (10.40) ʙʽʨʜʝʡ ʩʘʥʜʘʨ ʪʘʙʳʣʜʳ.  (10.42) ʙʦʡʳʥʰʘ ʘʣʘʤʳʟ 

x = iĀm ï j = 1Ā6 ï 1 = 5. 

 

 ʊʝʢʩʝʨʝʤʽʟ: 2
5
 mod 23 = 9. ʐʳʥʳʤʝʥʜʝ, ʭ = 5 ʰʝʰʽʤ ʙʦʣʘʜʳ. 

 .ʩʽʥʜʽʨʝʤʽʟװʧʘʡʜʘ ʙʦʣʫʳʥ ʪ שʘʪʳʥʳ שʘʥ ᴅʜʽʩʪʽסʘʨʘʩʪʳʨפ 

ʂʨʠʧʪʦʛʨʘʬʠʷʜʘ ʨ  װʣʢʝʥ ʞʘʡ ʩʘʥ ʝʢʝʥʽ ʙʝʣʛʽʣʽ, ʩʦʥʜʳץʪʘʥ m ʞᴅʥʝ k 

 ʘʣ (10.40) ,(ʘʜʘʤʳץ ʩᴅʙʽ) ʣʢʝʡʝʜʽװ ʘʪʘʨʳʥʜʘ ʜᴅʨʝʞʝ 1ץ ʣʢʝʥ. (10.39)װ

 ʳʥסʳʡʳʥʜʳץ שʣ ᴅʜʽʩʪʽײɹ .(ʘʜʘʤʳץ ʜᴅʫ) ʣʢʝʡʝʜʽװ ʘʪʘʨʳʥʜʘ ʜᴅʨʝʞʝ mץ

ʙʘסʘʣʘʡʤʳʟ.  

 10.10 ʤʘϨϰʣʜʘʫ. ɹʝʨʽʣʛʝʥ ᴅʜʽʩ ʙʦʡʳʥʰʘ װʣʢʝʥ ʨ ʢʝʟʽʥʜʝ ʝʩʝʧʪʝʫʣʝʨ 

ʫʘץʳʪʳ ʢʝʣʝʩʽʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [34] 
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plogpconstt 2
ʰ.ʤ.ʰ.ʚ. ÖÖ¢ . (10.43) 

 

 ɹײʣ ʞʝʨʜʝ ʪʦʣʳץ ʝʩʝʧʪʝʫ ʫʘץʳʪʳ, ʢᴇʙʝʡʪʫ ʩʘʥʳ ʝʤʝʩ.  

 ɼϸʣʝʣʜʝʫ. ɸʣʫסʘ ʙʦʣʘʜʳ 

 

1pmk +== , (10.44) 

 

ʩʦʥʜʘ (10.38) ʦʨʳʥʜʘʣʘʜʳ. ʆʥʜʘ (10.39) ʞᴅʥʝ (10.40) p2Ö ʢᴇʧ ʝʤʝʩ 

ʢᴇʙʝʡʪʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ץʘʞʝʪ ʙʦʣʘʜʳ. Ϸʜʝʪʪʽ (ʤʝʢʪʝʧʪʝʛʽ) ʢᴇʙʝʡʪʫ ʞᴅʥʝ 

ʙᴇʣʫ ᴅʜʽʩʪʝʨʽ װʰʽʥ ʝʢʽ r-ʙʝʣʛʽʩʽ ʙʘʨ ʩʘʥ װʰʽʥ ʥᴅʪʠʞʝʥʽ ʝʩʝʧʪʝʫ ʫʘץʳʪʳ r
2 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ɹʽʟʜʝ ʙʘʨʣʳץ ʩʘʥʜʘʨ { 1, ... ,ʨ } ʢᴇʧʪʽʛʽʥʝʥ 

ʘʣʳʥʘʜʳ, ʜʝʤʝʢ, r < log ʨ, ʞᴅʥʝ ʝʩʝʧʪʝʫ ʫʘץʳʪʳ log
2 
ʨ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ. 

ʆʩʳʜʘʥ (10.39) ʞᴅʥʝ (10.40) ץʘʪʘʨʣʘʨʳʥ ʝʩʝʧʪʝʫʛʝ ʢʝʪʢʝʥ ʫʘץʳʪʪʳ ʘʣʘʤʳʟ. 

ɹʽʨʘץ ʘʣʛʦʨʠʪʤʥʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽ ʞᴅʥʝ ʦʩʳ ץʘʪʘʨʣʘʨʜʘ ʙʽʨʜʝʡ ʩʘʥʜʘʨʜʳ 

ʰʝʰʫ װʰʽʥ ץʘʞʝʪʪʽ ʫʘץʳʪ ʝʩʝʧʢʝ ʘʣʳʥʙʘסʘʥ. תʣʢʝʥ k ʞᴅʥʝ m װʰʽʥ ʙײʣ ʝʩʝʧ 

ʦשʘʡ ʝʤʝʩ. ʆʣ ʢʝʣʝʩʽʜʝʡ ʰʝʰʽʣʫ ʤװʤʢʽʥ: ʘʣʜʳʤʝʥ ᴅʨ ʩʘʥסʘ ץʘʪʘʨʜʘסʳ 

ʥᴇʤʽʨʽʥ ʙʝʨʝʤʽʟ ʞᴅʥʝ ʪʘסʳ ʙʽʨ ʙʠʪʪʳ, ʦסʘʥ ʦʣ ץʘʡ ץʘʪʘʨסʘ ʞʘʪץʘʥʳʥ 

ʞʘʟʘʤʳʟ (10.39) ʥʝʤʝʩʝ (10.40), ʩʦʜʘʥ ʢʝʡʽʥ ʝʢʽ ʪʽʟʙʝʢʪʽ ʪʽʟʽʤʛʝ 

ʪװʨʣʝʥʜʽʨʝʤʽʟ ʞᴅʥʝ ʩײʨʳʧʪʘʡʤʳʟ (ʰʘʤʘ ʙʦʡʳʥʰʘ ʨʝʪʪʝʡʤʽʟ). ɾʘʣʧʳ 

ʳ k + m å 2pÖסʟʳʥʜʳײ שʘʪʘʨʜʳץ . ɽש ʞʘץʩʳ ʩײʨʳʧʪʘʫ ᴅʜʽʩʪʝʨʽ װʰʽʥ SĀlog 

S ʩʘʣʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ץʘʞʝʪ, ʙײʣ ʞʝʨʜʝ S  ʪʽʟʽʤʜʝʛʽ ʵʣʝʤʝʥʪʪʝʨ ʩʘʥʳ 

(ʤʳʩʘʣʳ, [34] ץʘʨʘשʳʟ). ɹʽʟʜʽש ʞʘסʜʘʡʜʘ S = 2Āp  ʞᴅʥʝ 

 

plogp)p2log(p2 ÖÖÖ ̵  

 

ʩʘʣʳʩʪʳʨʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ץʘʞʝʪ log p ʙʠʪ ײʟʳʥʜʳסʳ ʙʘʨ ʩᴇʟʜʝʨ װʰʽʥ, ʷסʥʠ 

ʙʘʨʣʳסʳ ʰʘʤʘʤʝʥ plogp 2Ö  ʦʧʝʨʘʮʠʷ ץʘʞʝʪ. ɹʽʨʽʢʪʽʨʽʣʛʝʥ ץʘʪʘʨʜʳ 

ʩײʨʳʧʪʘʫʜʘʥ ʢʝʡʽʥ ᴅʨ ʪװʨʣʽ ץʘʪʘʨʣʘʨʜʘʥ (10.39), (10.40) ʙʠʪʪʽʢ ʙʝʣʛʽʥʽ 

-ʜʝʨʜʝ ʝʩʝʧשʢʝʟʝ ץʘʞʝʪ. ʉʦʥʳʤʝʥ, ʙʘʨʣʳץ ʦʣʜʘʥʳʧ ʝʢʽ ʙʽʨʜʝʡ ʩʘʥʜʳ ʪʘʙʫץ

ʪʝʫ ʫʘץʳʪʳʥ ץʦʩʳʧ, (10.43) ʘʣʘʤʳʟ.  

 

10.8.3. ɼᴅʨʝʞʝʥʽ ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤ ̔

 

 ɼϸʨʝʞʝʥʽ ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽʥʽϬ (index-calculus algorithm) ʥʝʛʽʟʛʽ 

ʠʜʝʷʣʘʨʳ ʩʘʥʜʘʨ ʪʝʦʨʠʷʩʳʥʜʘ ʍʍ סʘʩʳʨʜʳ20 ש-ʰʽ ʞʳʣʜʘʨʳʥʘʥ ʙʝʨʽ 

ʙʝʣʛʽʣʽ. ɹʽʨʘץ, RSA ײץʨʫʰʳʣʘʨʜʳש ʙʽʨʽ, ɸʜʣʝʤʘʥ ʪʝʢ 1979 ʞʳʣʳ ʦʩʳ 

ʘʣʛʦʨʠʪʤʛʝ (10.36) ʰʝʰʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʪʽ ʞᴅʥʝ ʦʥʳש 

ʞײʤʳʩʢᴇʣʝʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʜʽ. ʂᴅʟʽʨʛʽ ʫʘץʳʪʪʘ ʜᴅʨʝʞʝʥʽ ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽ 
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ʞᴅʥʝ ʦʥʳש ʞʘץʩʘʨʪʳʣסʘʥ ʥײʩץʘʣʘʨʳ (10.36) ʩʠʷץʪʳ ʪʝשʜʽʢʪʝʨʜʝ ʜʠʩʢʨʝʪʪʽ 

ʣʦʛʘʨʠʬʤʜʝʨʜʽ ʝʩʝʧʪʝʫʜʽש ʝש ʪʝʟ ʪᴅʩʽʣʽʥ ʙʝʨʝʜʽ.  

 ɸʣʛʦʨʠʪʤʜʽ ʩʠʧʘʪʪʘʫ װʰʽʥ ʢʝʣʝʩʽ ʪװʩʽʥʽʢʪʽ ʝʥʛʽʟʝʤʽʟ.  

 10.7 ʘʥʳϨʪʘʤʘ. ʉʘʥ n ʨ-ʪʝʛʽʩ ʜʝʧ ʘʪʘʣʘʜʳ, ʝʛʝʨ ʦʣ ʪʝʢ ʨ ʪʝש ʥʝʤʝʩʝ 

ʢʽʰʽ ʞʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʞʽʢʪʝʣʩʝ.  

 10.21 ʤʳʩʘʣ. 15, 36, 45, 270, 2025 ʩʘʥʜʘʨʳ 5-ʪʝʛʽʩ (ʦʣʘʨʜʳ ʞʽʢʪʝʫʜʝ ʪʝʢ 

2, 3 ʞᴅʥʝ 5 ʢᴇʙʝʡʪʢʽʰʪʝʨʽ ʙʘʨ) ʜʝʧ ʘʪʘʣʘʜʳ. 

 ɽʥʜʽ ʪʽʢʝʣʝʡ ʘʣʛʦʨʠʪʤʜʽ ʩʠʧʘʪʪʘʫסʘ ʢᴇʰʝʤʽʟ.  

 1 Ϩʘʜʘʤ. ɹʽʨʽʥʰʽ t ʞʘʡ ʩʘʥʜʘʨʜʘʥ ʪײʨʘʪʳʥ ʙʘʟʘʣʳץ ʢᴇʙʝʡʪʢʽʰʪʝʨ 

ʢᴇʧʪʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʤʳʟ  

 

S = { p1, p2, é, pt }, 

 

(t ʤᴅʥʽʥ ʪʘשʜʘʫ ʪʫʨʘʣʳ ʝʩʢʝʨʪʫ ʪᴇʤʝʥʜʝ ʢʽʣʪʽʨʽʣʝʜʽ). 

 2 Ϩʘʜʘʤ. ʊʽʟʙʝʢʪʽ ʪװʨʜʝ k = 1,2,3,..., ʤᴅʥʜʝʨʽʥ ʙʝʨʽʧ, a
k
 mod ʨ ʪװʨʽ ʙʘʨ 

t
 
+

 
Ů (Ů  װʣʢʝʥ ʝʤʝʩ ʙװʪʽʥ ʩʘʥ, ʪᴇʤʝʥʜʝ ץʘʨʘשʳʟ) p

 t
-ʪʝʛʽʩ ʩʘʥʜʘʨʳʥ ʪʘʙʘ-

ʤʳʟ, ʪʝʛʽʩʪʽʢʪʽ S ʢᴇʧʪʽʛʽʥʽש ʵʣʝʤʝʥʪʪʝʨʽʥʝ ʙᴇʣʫ ʞʦʣʳʤʝʥ ʪʝʢʩʝʨʝʤʽʟ. 

ʊʘʙʳʣסʘʥ p
 t
-ʪʝʛʽʩ ʩʘʥʜʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʙʘʟʘʣʳץ ʢᴇʙʝʡʪʢʽʰʪʝʨʜʽ ʢᴇʙʝʡʪʫ 

ʘʨץʳʣʳ ʞʘʟʳʣʘʜʳ:  

 

̬
t

1i

c
i

k ippmoda
=

= ,    ci Ó 0. (10.45) 

 

 ᴄʨ k ʤᴅʥʽ װʰʽʥ ᴇʟ ʩi ʩʘʥʜʘʨ ʞʠʥʘסʳʥ ʘʣʘʤʳʟ.  

 3 Ϩʘʜʘʤ. 2 ץʘʜʘʤʜʘ ʪʘʙʳʣסʘʥ ᴅʨ p
 t
-ʪʝʛʽʩ ʩʘʥ װʰʽʥ (10.45) ʣʦʛʘʨʠʬʤʝʨʛʝ 

ʢᴇʰʝʤʽʟ: 

 
t

1i
iai plogck

=

Ö= . (10.46) 

 

(10.46) ʪװʨʽ ʙʘʨ t ʙʝʣʛʽʩʽʟʜʽʛʽ ʙʘʨ t+Ů ʪʝשʜʽʢʪʝʥ ʪײʨʘʪʳʥ ʞװʡʝ ʘʣʳʥʜʳ. 

ɹʝʣʛʽʩʽʟ ʨʝʪʽʥʜʝ loga ʨi ʰʘʤʘʣʘʨʳ ʙʦʣʘʜʳ, ʪʝשʜʽʢʪʝʨ ʩʘʥʳ ʙʝʣʛʽʩʽʟʜʽʢ 

ʩʘʥʳʥʘʥ Ů װʣʢʝʥ, ʙײʣ ʝʛʝʨ ʪʝשʜʽʢʪʝʨʜʽש ʢʝʡʙʽʨʝʫʽ ʩʳʟʳץʪʳ ʪᴅʫʝʣʜʽ ʙʦʣסʘʥ 

ʞʘסʜʘʡʜʘ, ʞװʡʝʥʽ ʰʝʰʫ ʳץʪʠʤʘʣʜʳסʳ ʞʦסʘʨʣʘʡʜʳ. ɹʘʨʣʳץ ʝʩʝʧʪʝʫʣʝʨʜʽ 

ʨⱷ1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʧ ʞװʡʝʥʽ ʩʳʟʳץʪʳ ʘʣʛʝʙʨʘ ᴅʜʽʩʪʝʨʽʤʝʥ 

ʰʝʰʝʤʽʟ (ʜᴅʨʝʞʝ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞᴅʥʝ ʣʦʛʘʨʠʬʤʜʝʨ ʨⱷ1 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ 

ʢʝʣʪʽʨʽʣʝʪʽʥʽʥ ʝʩʢʝ ʩʘʣʘʤʳʟ). ʅᴅʪʠʞʝʩʽʥʜʝ S ʢᴇʧʪʽʛʽʥʝʥ ʩʘʥʜʘʨʜʳש 

ʣʦʛʘʨʠʬʤʜʝʨ ʤᴅʥʜʝʨʽʥ ʘʣʘʤʳʟ: loga p1, loga p2, ..., loga pt. 

 4 Ϩʘʜʘʤ. ʂʝʟʜʝʡʩʦץ ʪװʨʜʝ r ʪʘשʜʘʧ, (ʫĀʘ
 r 
) ʪװʨʽ ʙʘʨ p

 t
-ʪʝʛʽʩ ʩʘʥʜʳ ʪʘʙʘ-

ʤʳʟ: 
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̬
t

1i
i

r ippmodaʫ
=

=Ö
e

,    Ůi Ó 0. (10.47) 

 

 5 Ϩʘʜʘʤ. (10.47) ʣʦʛʘʨʠʬʤʜʝʧ, ʩʦסשʳ ʥᴅʪʠʞʝʥʽ ʘʣʘʤʳʟ 

 

)1p(modrplogeʫlogx
t

1i
iaia -ö
÷

õ
æ
ç

å
-==

=

, (10.48) 

 

r ʰʘʤʘʩʳ ʙʘʨʣʳץ ץʦʩʳʥʜʳʜʘʥ ʘʣʳʥʘʜʳ. 

 ʉʠʧʘʪʪʘʣסʘʥ ᴅʜʽʩʪʽש ᴅʜʽʣʜʽʛʽ ʘʣʛʦʨʠʪʤʽ ײץʨʘʩʪʳʨʫʜʘʥ ʢᴇʨʽʥʝʜʽ, ʘʣ ʦʥʳש 

ʪʠʽʤʜʽʣʽʛʽ ʢʝʣʝʩʽ ʙʘץʳʣʘʫʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɽʛʝʨ ʢʝʟʜʝʡʩʦץ ʪװʨʜʝ ʰʝʢʩʽʟ 

ʙװʪʽʥ ʩʘʥʜʘʨ ʢᴇʧʪʽʛʽʥʝʥ ʩʘʥʜʳ ʪʘשʜʘʩʘ, ʦʥʜʘ 1/2 ʳץʪʠʤʘʣʜʳסʳʤʝʥ ʦʣ 2 

ʙᴇʣʽʥʝʜʽ, 1/3 ʳץʪʠʤʘʣʜʳסʳʤʝʥ ï 3, 1/5 ʳץʪʠʤʘʣʜʳסʳʤʝʥ ï 5 ʞᴅʥʝ ʘʨʳ 

 ʪʘ S ʢᴇʧʪʽʛʽʥʝʥ ʪʝʢץʪʳץʘʰʳץʪʘʥ, 1 ʜʝʥ ʨ1 ʜʝʡʽʥ ʘʨʘץʘʨʘʡ. ʉʦʥʜʳץ

ʢʽʰʢʝʥʪʘʡ ʞʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨ ץʘʪʳʩʘʪʳʥ ʞʽʢʪʝʫʣʝʨʽ ʙʘʨ ʞʝʪʢʽʣʽʢʪʽ ʢᴇʧ ʩʘʥ 

ʙʘʨ. ʆʩʳ ʩʘʥʜʘʨ ʘʣʛʦʨʠʪʤʥʽ2 ש ʞᴅʥʝ 4 ץʘʜʘʤʜʘʨʳʥʜʘ ʽʟʜʝʣʝʜʽ. ʉʘʥ t ʢᴇʧ 

ʙʦʣסʘʥ ʩʘʡʳʥ, ʷסʥʠ S ʞʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨ ʩʘʥʳ, 2 ʞᴅʥʝ 4 ץʘʜʘʤʜʘʨʜʘ ʪʝʛʽʩ 

ʩʘʥʜʘʨʜʳ ʽʟʜʝʫ ʢʝʟʽʥʜʝ ʩᴅʪʩʽʟʜʽʢʪʝʨ ʘʟ ʙʦʣʘʜʳ, ʷסʥʠ ʙײʣ ץʘʜʘʤʜʘʨ ʪʝʟʽʨʝʢ 

ʦʨʳʥʜʘʣʘʜʳ. ɹʽʨʘװ ץʣʢʝʥ t ʢʝʟʽʥʜʝ 3 ץʘʜʘʤʥʳש ʞײʤʳʩʢᴇʣʝʤʜʽʣʽʛʽ ʰסײʳʣ 

ʞʦסʘʨʣʘʡʜʳ, t+Ů ʪʝשʜʽʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʞװʡʝʥʽ ʰʝʰʫ ʢʝʟʽʥʜʝ. ʄʠʥʠʤʘʣʜʳ 

ʞʘʣʧʳ ʝʩʝʧʪʝʫ ʫʘץʳʪʳʥ ʙʝʨʝʪʽʥ ʤᴅʥʜʽ ʪʘʙʫ ᴅʜʝʪʪʝ ʩʘʥʜʳץ ᴅʜʽʩʪʝʨʜʽ 

 ᴇʨʥʝʢʪʝʨʜʽ ʪʘʙʫ ʞʝʪʢʽʣʽʢʪʽ ץʤʢʽʥ. ɸʥʘʣʠʪʠʢʘʣʳװʦʣʜʘʥʫʤʝʥ ʦʨʳʥʜʘʣʫ ʤץ

 ʳʥסʪʠʤʘʣʜʳץʙʦʣʫ ʳ שʰʝʰʽʤʽʥʽ שʡʝʩʽʥʽװʜʽʢʪʝʨ ʞשʘʜʘʤʜʘ ʪʝץ ʳʡʳʥ. 3ץ

ʞʦסʘʨʣʘʪʫ װʰʽʥ Ů ʧʘʨʘʤʝʪʨʽ װʣʢʝʥ ʝʤʝʩ ʙװʪʽʥ ʩʘʥסʘ ʪʝש ʙʦʣʳʧ 

 ʤʢʽʥװʜʽʢʪʝʨ ʙʦʣʫ ʤשʪʳ ʪᴅʫʝʣʜʽ ʪʝץʡʝʜʝ ʩʳʟʳװʘʥ ʞסʘʙʳʣʜʘʥʘʜʳ. ɸʣʳʥץ

(ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʝʪʽʥ ʤʳʩʘʣʜʘסʳʜʘʡ). תʣʢʝʥ ʨ ʢʝʟʽʥʜʝ Ů ʤᴅʥʽ 10 ʞʦסʘʨʳ 

ʳץʪʠʤʘʣʜʳץʧʝʥ ʞװʡʝʥʽש ʞʘʣסʳʟ ʰʝʰʽʤʽ ʙʦʣʘʪʳʥʳʥ ʢʝʧʽʣʜʝʡʜʽ ([7, 34] 

  .(ʳʟשʘʨʘץ

 ɽʛʝʨ ʘʣʳʥסʘʥ ʞװʡʝʜʝ ʰʝʢʩʽʟ ʢᴇʧ ʰʝʰʽʤ ʙʦʣʩʘ, ʦʥʜʘ 2 ץʘʜʘʤסʘ ץʘʡʪʳʧ 

ʢʝʣʽʧ k ʙʘʩץʘ ʤᴅʥʜʝʨʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ.  

 ɸʜʣʝʤʘʥ ʢᴇʨʩʝʪʪʽ, t ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽ ʢʝʟʽʥʜʝ ʘʣʛʦʨʠʪʤʥʽש 

ʞײʤʳʩʢᴇʣʝʤʜʽʛʽ װʰʽʥ  

 

,2ct
)plog(logplog))1(oc(

1ʠ.ʧ.
2 ÖÖ+

Ö<  

 

ʙײʣ ʞʝʨʜʝ ʩ1, c2  ʢʝʡʙʽʨ ʦש ʪײʨʘץʪʳʣʘʨ. 

 10.22 ʰʝʰʽʤ. ɼᴅʨʝʞʝʥʽ ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ ʪʝשʜʽʢʪʽ ʰʝʰʝʤʽʟ  

 

37 = 10
 x
 mod 47. (10.49) 
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 ɹʝʨʽʣʛʝʥʽ ʫ = 37, a = 10, ʨ = 47. ɹʘʟʘʣʳץ ʢᴇʙʝʡʪʢʽʰʪʝʨ ʢᴇʧʪʽʛʽʥ ʘʣʘʤʳʟ 

S = { 2, 3, 5 }, t = 3, ʞᴅʥʝ Ů = 1 ʜʝʧ ץʘʙʳʣʜʘʡʤʳʟ, ʷסʥʠ ʪᴇʨʪ ʪʝשʜʽʢʪʝʥ 

ʪײʨʘʪʳʥ ʞװʡʝʥʽ ײץʨʘʤʳʟ. S ʩʘʥʜʘʨʜʳש ʣʦʛʘʨʠʬʤʜʝʨʽʥ u1, u2 ʞᴅʥʝ u3 ʜʝʧ 

ʙʝʣʛʽʣʝʡʤʽʟ, ʤʳʩʘʣʳ, u3 = log105 mod 47. ɸʣʛʦʨʠʪʤʥʽש ʙʽʨʽʥʰʽ ץʘʜʘʤʳ 

ʦʨʳʥʜʘʣʜʳ, ʝʢʽʥʰʽʛʝ ʢᴇʰʝʤʽʟ. 

 ɽʥʜʽ ʪᴇʨʪ 5-ʪʝʛʽʩ ʩʘʥʜʘʨʳʥ ʪʘʙʘʤʳʟ: 

 

10
1
 mod 47 = 10 = 2Ā5,  ̾

10
2
 mod 47 = 6 = 2Ā3,  ̾

10
3
 mod 47 = 13 = 13,  

10
4
 mod 47 = 36 = 2Ā2Ā3Ā3,  ̾

10
5
 mod 47 = 31 = 31,  

10
6
 mod 47 = 28 = 2Ā2Ā7,  

10
7
 mod 47 = 45 = 3Ā3Ā5.  ̾

 

 ʊᴇʨʪ 5-ʪʝʛʽʩ ʩʘʥ ʪʘʙʳʣʜʳ, ʦʣʘʨ 1, 2, 4 ʞᴅʥʝ 7 ʜᴅʨʝʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ.  

 ɸʣʛʦʨʠʪʤʥʽװ שʰʽʥʰʽ ץʘʜʘʤʳʥ ʙʘʩʪʘʡʤʳʟ. ʃʦʛʘʨʠʬʤʜʝʨʛʝ ʢᴇʰʝʤʽʟ 

ʞᴅʥʝ ʘʣʜʳʥסʳ ץʘʜʘʤʜʘ  ̾ ʩʠʤʚʦʣʳʤʝʥ ʙʝʣʛʽʣʝʥʛʝʥ ʪʝשʜʽʢʪʝʨʜʝʥ ʞװʡʝ 

  :ʨʘʤʳʟײץ

 

1 = u1 + u3, (10.50) 

 

2 = u1 + u2, (10.51) 

 

4 = 2Āu1 + 2Āu2, (10.52) 

 

7 = 2Āu2 + u3. (10.53) 

 

 ɸʣʳʥסʘʥ ʞװʡʝʜʝ (10.51) ʞᴅʥʝ (10.52) ʪʝשʜʽʢʪʝʨʽ ʩʳʟʳץʪʳ ʪᴅʫʝʣʜʽ ʝʢʝʥʽ 

ʢᴇʨʽʥʽʧ ʪײʨ, ʩʦʥʳʤʝʥ ʙʽʨ ʪᴇʨʪʽʥʰʽ ʪʝʛʽʩ ʩʘʥʜʳ ʪʘʧץʘʥʳʤʳʟ ʙʝʢʝʨ ʝʤʝʩ. 

ɾװʡʝʥʽ ʰʝʰʫ װʰʽʥ, (10.51) ʘʣʘʤʳʟ (10.50). ʅᴅʪʠʞʝʜʝ ʘʣʘʤʳʟ 

 

1 = u2 ï u3. (10.54) 

 

 ʦʩʘʤʳʟ (10.53). ʅᴅʪʠʞʝʩʽʥʜʝ ʘʣʘʤʳʟץ (10.54) 

 

8 = 3Āu2 ï u3. (10.55) 

  

 (10.50) ʪʽʢʝʣʝʡ u2 ʪʘʙʘʤʳʟ: 

 

u2 = (8/3) mod 46 = 8Ā3
ï1

 mod 46 = 8Ā31 mod 46 = 18. 
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 ʊʝʢʩʝʨʫʛʝ ʙʦʣʘʜʳ, 10
18

 mod 47 = 3 ʝʩʝʧʪʝʧ, ʩʦʥʳʤʝʥ, u2  3 ʩʘʥʳʥʳש 

ʣʦʛʘʨʠʬʤʳ. ɽʥʜʽ (10.54) u3 ʪʘʙʘʤʳʟ: 

u3 =  u2 ï 1 = 18 ï 1 = 17. 

 

 ʊʝʢʩʝʨʝʤʽʟ 10
17

 mod 47 = 5. 

 (10.51) u1 ʪʘʙʘʤʳʟ:  

 

u1 = 2 ï u2 = (2 ï 18) mod 46 = ï16 mod 46 = 30,  10
30

 mod 47 = 2. 

 

 ɽʥʜʽ S ʩʘʥʜʘʨʜʳש ʣʦʛʘʨʠʬʤʜʝʨʽ ʙʝʣʛʽʣʽ. ɸʣʛʦʨʠʪʤʥʽש ʝש 

ʞײʤʳʩʢᴇʣʝʤʜʽ ʢʝʟʝשʽ ʘʨʪʪʘ. ʊᴇʨʪʽʥʰʽ ץʘʜʘʤסʘ ʢᴇʰʝʤʽʟ. k = 3 ʙʘʩʪʘʡʤʳʟ: 

 

37Ā10
3
 mod 47 = 37Ā13 mod 47 = 11,   

37Ā10
4
 mod 47 = 37Ā36 mod 47 = 16 = 2Ā2Ā2Ā2.  ̾

 

 ʉʦסשʳ ʪʝשʜʽʢʪʝ ʣʦʛʘʨʠʬʤʛʝ ʢᴇʰʝʤʽʟ (ʙײʣ ʙʝʩʽʥʰʽ ץʘʜʘʤ) ʞᴅʥʝ ʩʦסשʳ 

ʥᴅʪʠʞʝʥʽ ʘʣʘʤʳʟ:  

 

log10 37 = 4 log10 2 ï 4 = (4Ā30 ï 4) mod 46 = 24. 

 

 ʉʦʥʳʤʝʥ (10.49) ʪʝשʜʽʢʪʽש ʰʝʰʽʤʽ ʪʘʙʣʜʳ ʭ = 24. ʊʝʢʩʝʨʫʛʝ ʙʦʣʘʜʳ: 

10
24

 mod 47 = 37. 

 ɹʝʨʽʣʛʝʥ ʫʘץʳʪץʘ ʝש ʞʳʣʜʘʤ ʜʝʧ ץʘʨʘʩʪʳʨʳʣסʘʥ ʜᴅʨʝʞʝʥʽ ʝʩʝʧʪʝʫ 

ʘʣʛʦʨʠʪʤʥʽש ʥײʩץʘʩʳ ʝʩʝʧʪʝʣʝʜʽ, ʦʣ Number Field Sieve ʜʝʧ ʘʪʘʣʘʜʳ. 

Number Field Sieve (NFS ï ʩʘʥʜʳץ ᴇʨʽʩʪʽש ʰʝʰʫʜʽש ʞʘʣʧʳ ᴅʜʽʩʽ ð ʙװʪʽʥ 

ʩʘʥʜʘʨʜʳ ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ᴅʜʽʩʽ). ɹײʣ ᴅʜʽʩ ʞץײʘ ʘʣʛʝʙʨʘʣʳץ 

 שʳʡʳʥ. ʆʥʳץ ʘ ʞʝʪʢʽʣʽʢʪʽסʦʣʜʘʥʘʜʳ ʞᴅʥʝ ʩʠʧʘʪʪʘʫץ ʨʳʣʳʤʜʘʨʜʳײץ

ʞײʤʳʩʢᴇʣʝʤʜʽʛʽ ʢʝʣʝʩʽ ʙʘסʘʤʝʥ ʙʝʨʽʣʝʜʽ 

 

3 2
2 p)log(loglogp))1(oc(

1ʠ.ʧ. 2ct
ÖÖ+

Ö< , (10.56) 

 

ʙײʣ ʞʝʨʜʝ ʩ1 ʞᴅʥʝ c2 ï ʢʝʡʙʽʨ ʦש ʪײʨʘץʪʳʣʘʨ. 

 ʆʩʳ ᴅʜʽʩ ʙװʛʽʥʛʽ ʢװʥʽ ʙʝʨʽʢʪʽʣʽʛʽ ʜʠʩʢʨʝʪʪʽ ʣʦʛʘʨʠʬʤʜʝʨʜʽ (ɼʠʬʬʠ-

ʍʝʣʣʤʘʥ, ʐʘʤʠʨ ʞᴅʥʝ ʕʣʴ-ɻʘʤʘʣʴ ʞװʡʝʣʝʨʽ) ʝʩʝʧʪʝʫ ץʳʡʳʥʜʳסʳʥʜʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʢʨʠʧʪʦʞװʡʝʣʝʨʜʽש ʤʦʜʫʣʴʜʝʨ ײʟʳʥʜʳסʳʥ ʪʘשʜʘʫ װʰʽʥ 

ʰʘʨʪʪʘʨʜʳ ʤᴅʞʙװʨʣʝʡʜʽ. ɹײʣ ʢʨʠʧʪʦʞװʡʝʣʝʨʜʽש ʢᴇʧʫʘץʳʪʪʳ ʙʝʨʽʢʪʽʣʽʛʽʥʝ 

ʞʝʪʫ װʰʽʥ ʤʦʜʫʣʴʜʝʨʜʽײ שʟʳʥʜʳסʳʥ 1024 ʙʠʪʪʝʥ ʞʦסʘʨʳ ʘʣʫ ײʩʳʥʳʣʘʜʳ  

[7, 20, 43]. 

 ʆץʫ ײץʨʘʣʳʥʜʘ ʩʘʥʜʘʨʜʳ ʬʘʢʪʦʨʠʟʘʮʠʷʣʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʣʝʨʜʽ (RSA ʩʠʷץʪʳ) ʙײʟʫ ᴅʜʽʩʪʝʨʽ 

-ʥʛʝ [7, 34] ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʩʘʥʜʘʨʜʳ ʞʽʢʪʝʫװʛʽʥʛʽ ʢװʘʨʘʩʪʳʨʳʣʤʘʡʜʳ. ɹץ
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ʜʽש ʝש ʞʳʣʜʘʤ ᴅʜʽʩʪʝʨʽ (10.56) ᴇʨʥʝʛʽ ʙʝʨʝʪʽʥ ʫʘץʳʪ ʙʘסʘʩʳʤʝʥ ʩʠʧʘʪʪʘʣʘ-

ʜʳ. RSA ʞװʡʝʩʽʥʽש ʙʝʨʽʢʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʤʦʜʫʣʴ ײʟʳʥʜʳסʳ 

1024 ʙʠʪʪʝʥ ʘʟ ʙʦʣʤʘʫ ʢʝʨʝʢ (ʷסʥʠ RSA ʤʦʜʫʣʽʥ ʙʝʨʝʪʽʥ ʞʘʡ ʩʘʥʜʘʨ ʝש 

ʢʝʤʽʥʜʝ 512 ʙʠʪʪʝʥ ʙʦʣʫ ʢʝʨʝʢ).  

 

ɹʘץʳʣʘʫ ʩײʨʘץʪʘʨʳ ʞᴅʥʝ ʪʘʧʩʳʨʤʘʣʘʨʳ 

 

 1. ɾʘʡ ʞᴅʥʝ ײץʨʘʤʜʳ ʩʘʥʥʳש ʘʥʳץʪʘʤʘʩʳʥ ʙʝʨʽשʽʟ. ʆʣʘʨסʘ װʰ 

ʤʳʩʘʣʜʘʥ ʢʝʣʪʽʨʽשʽʟ.  

 2. "Ϲʟʘʨʘʞʘʡ ʩʘʥ" ʪװʩʽʥʽʛʽʥʝ ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ. ᴆʟʘʨʘʞʘʡ ʩʘʥʜʘʨסʘ 

ʞᴅʥʝ ᴇʟʘʨʘʞʘʡ ʝʤʝʩ ʩʘʥʜʘʨסʘ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʽשʽʟ. ʄʦʜʫʣʴ  n ʙʦʡʳʥʰʘ 

ʠʥʚʝʨʩʠʷ ʜʝʛʝʥ ʥʝ?  

 3. ʌʘʢʪʦʨʠʟʘʮʠʷʣʘʫ ʝʩʝʙʽ ʜʝʛʝʥ ʥʝ? ɽװ שʣʢʝʥ ʞʘʣʧʳ ʙᴇʣʛʽʰʢʝ 

ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ.  

 4. RSA ʘʣʛʦʨʠʪʤʽ ץʘʥʜʘʡ ʤʘץʩʘʪʪʘʨסʘ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥ?  

 5. RSA ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫʤʝʥ ʰʠʬʨʣʘʫ װʨʜʽʩʽʥ ʩʠʧʘʪʪʘשʳʟ.  

 6. ɼʠʬʬʠ-ʍʝʣʣʤʘʥ ʘʣʛʦʨʠʪʤʽ ʥʝ װʰʽʥ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥ? 

 7. ɼʠʬʬʠ-ʍʝʣʣʤʘʥ ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ᴅʨʝʢʝʪʪʝʨ ʨʝʪʽʥ 

ʩʠʧʘʪʪʘשʳʟ.  

 8. ʕʣʴ-ɻʘʤʘʣʴ ʘʣʛʦʨʠʪʤʽ ץʘʥʜʘʡ ʤʘץʩʘʪʪʘʨסʘ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥ? 

 9. ʕʣʴ-ɻʘʤʘʣ ɹʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ᴅʨʝʢʝʪʪʝʨ ʨʝʪʽʥ ʩʠʧʘʪʪʘשʳʟ.  

 10. ʈʘʙʠʥ ʘʣʛʦʨʠʪʤʽ ץʘʥʜʘʡ ʤʘץʩʘʪʪʘʨסʘ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥ? 

 11. ʈʘʙʠʥ ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ᴅʨʝʢʝʪʪʝʨ ʨʝʪʽʥ ʩʠʧʘʪʪʘשʳʟ. 

 12. ɸʰʳץ ʢʽʣʪʽ ʙʘʨ ʰʠʬʨʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ ץʘʥʜʘʡ 

ʰʘʙʫʳʣʜʘʨ ʙʦʣʫ ʤװʤʢʽʥ?  

 13. ʂʝʣʝʩʽ ᴇʨʥʝʢʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥ ʰʳסʘʨʫ 5, 16, 27, ï4, ï13, 3 + 8, 3 ï 

8, 3Ā8  ̔3Ā8Ā5: ʘ) 10 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ; ʙ) 11 ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ. 

 14. ɼᴅʨʝʞʝʥʽ ʰʳסʘʨʫʜʳש ʞʳʣʜʘʤ ʘʣʛʦʨʠʪʤʜʝʨʽʥ ץʦʣʜʘʥʳʧ, ʝʩʝʧʪʝʫ: 

2
 8
 mod 10, 2

 7
 mod 10, 7

 19
 mod 100 ʠ 7

 57
 mod 100. 

 15. ɾʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨʛʝ ʢʝʣʝʩʽ ʩʘʥʜʘʨʜʳ ʞʽʢʪʝʫ: 108, 77, 65, 30 ʞᴅʥʝ 

159. 

 16. ʂʝʣʝʩʽ ʩʘʥʜʘʨ ʞײʧʪʘʨʳʥʘʥ (25,12), (25,15), (13,39) ʞᴅʥʝ (40,27) 

ᴇʟʘʨʘʞʘʡʣʘʨʳʥ ʪʘʙʳשʳʟ.  

 17. ʕʡʣʝʨ ʬʫʥʢʮʠʷʩʳʥʳש ʤᴅʥʽʥ ʪʘʙʳשʳʟ ű(14) ʞᴅʥʝ ű(15). 

 18. ʕʡʣʝʨ ʬʫʥʢʮʠʷʣʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ץʦʣʜʘʥʳʧ, ʝʩʝʧʪʝשʽʟ ű(53), 

ű(21) ʞᴅʥʝ ű(159). 

 19. ʌʝʨʤʘ ʪʝʦʨʝʤʘʩʳʥ ץʦʣʜʘʥʳʧ 3
13

 mod 13, 5
22

 mod 11 ʞᴅʥʝ 3
17

 mod 5 

ʝʩʝʧʪʝשʽʟ. 

 20. ʕʡʣʝʨ ʪʝʦʨʝʤʘʩʳʥ ץʦʣʜʘʥʳʧ 3
9
 mod 20, 2

14
 mod 21 ʞᴅʥʝ 2

107
 mod 

159 ʝʩʝʧʪʝשʽʟ. 

 21. ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ gcd(21,12), gcd(30,12), gcd(24,40) ʞᴅʥʝ 

gcd(33,16) ʪʘʙʳשʳʟ. 
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 22. ɾʘʣʧʳʣʘʤʘ ɽʚʢʣʠʜ ʘʣʛʦʨʠʪʤʽ ʢᴇʤʝʛʽʤʝʥ ʭ ʞᴅʥʝ y ʤᴅʥʜʝʨʽʥ ʢʝʣʝʩʽ 

ʪʝשʜʽʢʪʝʨʜʝ ʪʘʙʳשʳʟ: 

 ʘ) 21Āʭ + 12Āy = gcd(21,12); ʙ) 30Āʭ + 12Āʫ = gcd(30,12); 

 ʚ) 24Āʭ + 40Āʫ = gcd(24,40); ʛ) 33Āʭ + 16Āʫ = gcd(33,16). 

 23. 3
-1
 mod 7, 5

-1
 mod 8, 3

-1
 mod 53 ʞᴅʥʝ 10

-1
 mod 53 ʝʩʝʧʪʝʫ. 

 24. 100 ʢʽʰʽ ʙʘʨʣʳץ ʞʘʡ ʩʘʥʜʘʨʜʳ ʞʘʟʳשʳʟ. ʆʣʘʨʜʳץ שʘʡʩʳʩʳ ʨ = 2Āq 

+ 1 ʪװʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ ʞʝʨʜʝ q ʞʘʡ ʩʘʥ? 

 25. ɼʠʬʬʠ-ʍʝʣʣʤʘʥ ʞװʡʝʩʽʥʜʝ ʨ = 11 ʙʦʣסʘʥʜʘ g ʧʘʨʘʤʝʪʨʽʥ 

ʪʘשʜʘʫʜʳש ʙʘʨʣʳץ ʤװʤʢʽʥ ʥײʩץʘʣʘʨʳʥ ʪʘʙʫ. 

 26. ʂʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ɼʠʬʬʠ-ʍʝʣʣʤʘʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ 

 :ʢʽʣʪʪʝʨʜʽ eA, eB ʞᴅʥʝ ʞʘʣʧʳ ʢʽʣʪʪʽ KAB ʪʘʙʫ ץʰʽʥ ʘʰʳװ

 ʘ) ʨ = 23, g = 5, dA= 5, dɺ = 7; 

 ʙ) ʨ=19, g = 2, dA = 5, dɺ = 7; 

 ʚ) ʨ = 23, g = 7, dA = 3, dɺ =4; 

 ʛ) ʨ=17, g = 3, dA = 10, ʭɺ = 5; 

 ʜ) ʨ=19, g = 10, dA =4, dɺ = 8. 

 27. ʐʘʤʠʨ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ װʰʽʥ ʙʝʨʽʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ p, 

eɸ ʞᴅʥʝ dA ʞʝʪʧʝʡʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʪʘʙʫ ʞᴅʥʝ M ʭʘʙʘʨʳʥ ɸ ʜʘʥ ɺ ʞʽʙʝʨʫ 

 :ʨʜʽʩʽʥ ʩʠʧʘʪʪʘʫװ

 ʘ) ʨ = 19, eA = 5, eB = 7, M = 4; 

 ʙ) ʨ = 23, eA = 15, eB = 7, M = 6; 

 ʚ) ʨ = 19, eA = 11, eB = 5, M = 10; 

 ʛ) ʨ = 23, eA = 9, eB = 3, M = 17; 

 ʜ) ʨ = 17, eA = 3, eB = 13, M = 9. 

 28. ʕʣʴ-ɻʘʤʘʣʴ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ װʰʽʥ ʙʝʨʽʣʛʝʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʨ, g, dɺ ʞᴅʥʝ k ʞʝʪʧʝʡʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʪʘʙʫ ʞᴅʥʝ M 

ʭʘʙʘʨʳʥ ɺ ʞʽʙʝʨʫ װʨʜʽʩʽʥ ʩʠʧʘʪʪʘʫ:  

 ʘ) ʨ = 19, g = 2, dB = 5, k = 7, M = 5; 

 ʙ) ʨ = 23, g = 5, dB = 8, k = 10, M = 10; 

 ʚ) ʨ = 19, g = 2, dB = 11, k = 4, M = 10; 

 ʛ) ʨ = 23, g = 7, dB =3, k = 15, M = 5; 

 ʜ) ʨ = 17, g = 3, dB = 10, k = 5, M = 10. 

 29. RSA ʞװʡʝʩʽʥʜʝ ʙʝʨʽʣʛʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʨɸ, qɸ ʞᴅʥʝ eɸ ʞʝʪʧʝʡʪʽʥ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʪʘʙʫ ʞᴅʥʝ M ʭʘʙʘʨʳʥ ɸ ʞʽʙʝʨʫ װʨʜʽʩʽʥ ʩʠʧʘʪʪʘʫ:  

 ʘ) ʨɸ = 5, qɸ = 11, eɸ = 3, M = 12; 

 ʙ) ʨɸ = 5, qɸ = 13, eɸ = 5, M = 20; 

 ʚ) ʨɸ = 7, qɸ = 11, eɸ = 7, M = 17; 

 ʛ) ʨɸ = 7, qɸ = 13, eɸ = 5, M = 30; 

 ʜ) ʨɸ = 3, qɸ = 11, eɸ = 3, M = 15. 

 30. nA = 187 ʽ eA = 3 ʧʘʨʘʤʝʪʨʣʝʜʽ ʙʘʨ RSA ʞװʡʝʩʽʥʽש A ʧʘʡʜʘʣʘʥʫʰʳ-

ʩʳʥʘ C = 100 ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʳ ʞʽʙʝʨʽʣʜʽ. פʘʩץʦʡ ʦʥʳ ʞʦʣʘʡ ײʩʪʘʜʳ. 

ɹʝʨʽʣʛʝʥ RSA ʞװʡʝʩʽʥ ʙײʟʫ װʨʜʽʩʽʥ ʪװʩʽʥʜʽʨʫ ʞᴅʥʝ A ʧʘʡʜʘʣʘʥʫʰʳʩʳʥʘ 

ʞʽʙʝʨʽʣʛʝʥ ʘʰʳץ ʤᴅʪʽʥʜʽ ʘʥʳץʪʘʫ. 
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 31. ʈʘʙʠʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽʥ ץʦʣʜʘʥʳʧ, ʘʰʳץ ʢʽʣʪʪʽ 

ʛʝʥʝʨʘʮʠʷʣʘʧ, ʘʰʳץ ʤᴅʪʽʥʰʽ ʰʠʬʨʣʘʫ: ñʢʨʠʧʪʦʛʨʘʬʠʷò, ʨA = 53, qA = 71. 

ʄᴅʪʽʥʜʽ ʩʘʥʜʳץ ʪװʨʜʝ ʞʘʟסʘʥ ʢʝʟʜʝ ᴅʨ ᴅʨʽʧʪʽ ʦʨʳʩ ʘʣʬʘʚʠʪʽʥʜʝʛʽ ʝʢʽʩʘʥʜʳץ 

ʥᴇʤʽʨʽʥʝ (ʥᴇʤʽʨʣʝʫʜʽ 00 ʙʘʩʪʘʥʳʟ, ʙʦʩ ʦʨʳʥʜʳ 33 ʩʘʥʳʤʝʥ ʘʫʳʩʪʳʨʳשʳʟ) 

ʘʫʳʩʪʳʨʫ ץʘʞʝʪ ʞᴅʥʝ ʤᴅʪʽʥʜʽ ʪᴇʨʪ ʩʘʥʥʘʥ ʙʣʦʢʪʘʨסʘ ʙᴇʣʫ.  

 32. A ʧʘʡʜʘʣʘʥʫʰʳʩʳ ʘʰʳץ ʢʽʣʪʪʽ nA = 4189 ʛʝʥʝʨʘʮʠʷʣʘʜʳ ʞᴅʥʝ ʈʘ-

ʙʠʥ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ʞװʡʝʩʽ ʢᴇʤʝʛʽʤʝʥ ᴇʟ ʤʝʢʝʥʽʥʝ ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳ 

ʘʣʜʳ: C =  4076 2375 1903. ɾʘʙʳץ ʢʽʣʪʪʝʨʜʽ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞᴅʥʝ ʰʠʬʨ-

ʣʘʥסʘʥ ʭʘʙʘʨʜʳ ʢʝʨʽʰʠʬʨʣʘʫ (ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨʜʳש ʮʠʬʨʣʳץ ʞʘʟʙʘ-

ʩʳʥʜʘ ᴅʨ ʝʢʽʩʘʥʜʳץ ʦʥʜʳץ ʩʘʥ ʦʨʳʩ ʘʣʬʘʚʠʪʳʥʳש ʩᴅʡʢʝʩ ᴅʨʽʧʽʥʽש ʥᴇʤʽʨʽ 

ʙʦʣʘʜʳ, ʥᴇʤʽʨʣʝʫ 00 ʙʘʩʪʘʣʘʜʳ ʞᴅʥʝ 31 ʙʽʪʝʜʽ).  

 33. çʉϸʙʽ Ϩʘʜʘʤʳ, ʜϸʫ Ϩʘʜʘʤʳè ᴅʜʽʩʽʥ ץʦʣʜʘʥʳʧ, ʢʝʣʝʩʽ ʪʝשʜʽʢʪʝʨʜʽ 

ʰʝʰʫ: 

 ʘ) 2
 ʭ
 mod 29 = 21;     ʙ) 3

 ʭ
 mod 31 =25;   ʚ) 2

 ʭ
 mod 37 = 12; 

 ʛ) 6
 ʭ
 mod 41 = 21;     ʜ) 3

 ʭ
 mod 43 = 11. 

 34. ɼᴅʨʝʞʝʥʽ ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʥʳʧ, ʢʝʣʝʩʽ ʪʝשʜʽʢʪʝʨʜʽ ʰʝʰʫ: 

 ʘ) 2
 ʭ
 mod 53 = 24; é.ʙ) 2

 ʭ
 mod 59 = 13;   ʚ) 2

 ʭ
 mod 61 =45; 

 ʛ) 2
 ʭ
 mod 67 = 41; é.ʜ) 7

 ʭ
 mod 71 = 41. 
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ʀ 
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ʂ 

ʂʣʦʜ ʕӢʣʚʫʜ ʐʝӢʥʥʦʥ (ʘסʳʣ. Claude Elwood Shannon), 12, 23, 31, 32, 39, 76, 

122, 156 

 

ʃ 
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ʉ 
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ʊ 
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ʋ 
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ʨʘ, 2005. ï 528 ʩ.: ʠʣ. 
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ʄ.: ʄʠʨ, 2006. ï 471 ʩ.: ʠʣ. 
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 42. ʌʦʤʠʯʝʚ ɺ.ʄ. ɼʠʩʢʨʝʪʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ ʢʨʠʧʪʦʣʦʛʠʷ / ʌʦʤʠʯʝʚ 

ɺ.ʄ. ï ʄ.: ɼʠʘʣʦʛ-ʄʀʌʀ, 2003. ï 400 ʩ.: ʠʣ. 

 43. ʌʦʨʦʫʟʘʥ ɹ.ɸ. ʂʨʠʧʪʦʛʨʘʬʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʪʝʡ: ʋʯʝʙʥʦʝ ʧʦʩʦ-

ʙʠʝ / ɹ.ɸ. ʌʦʨʦʫʟʘʥ; ʧʝʨ. ʩ ʘʥʛʣ. ʇʦʜ ʨʝʜ. ɸ.ʅ. ɹʝʨʣʠʥʘ. ï ʄ.: ʀʥʪʝʨʥʝʪ-
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ʥʠʡ, 2010. ï 784 ʩ.: ʠʣ. 

 44. ʏʝʨʝʤʫʰʢʠʥ ɸ.ɺ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʪʦʢʦʣʳ. ʆʩʥʦʚʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʠ ʫʷʟʚʠʤʦʩʪʠ : ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜ. ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰ. ʧʨʦʬ. ʦʙʨʘ-
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2 ʪʘʨʘʫ 
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 18. ñʅʉʇʈɻʍɻò. 

 19. ñʨʘʩʪʝʥʠʝò. 

 20. K = 7. 

 21. ñɾʒʑʋʑʍʒʂɾò. 

 22. ñʢʨʠʧʪʦʛʨʘʬʠʷò. 

 23. ñɿʏʎɾɻɸʀɹò. 

 24. ñʢʦʩʤʦʥʘʚʪò. 

 25. ñʈʉʖʌʊʗɻʆò. 

 26. ñʦʩʪʦʨʦʞʥʦʩʪʴò. 

 27. ñʕʒʁʋʃɼʐɿʎʖɿʌò. 

 28. ñʚʝʨʦʷʪʥʦʩʪʴ_ò. 

 29. ñʌʎʏʓʄʏʉʒò. 

 30. ñʟʘʰʠʬʨʦʚʘʥʠʝò. 

 31. ñOLYMVQGAJDGARò. 

 32. ñWANT TO TRAVELò. 

 

3 ʪʘʨʘʫ 

 

 10. ʘ) 32 ʙʠʪ; ʙ) 188 ʙʣʦʢ. 

 11. ʘ) 24; ʙ) 5 ʙʠʪ. 

 12. ʘ) 20 922 789 888 000; ʙ) 43 ʙʠʪ. 

 13. (11011100)2. 

 14. (11111010)2. 

 15. ʘ) (00000000)2; ʙ) (11111111)2; ʚ) (01001101)2; ʛ) (10110010)2. 

 16. (00111)2. 

 17. (011)2. 

 18. (11110)2. 

 19. ʊװʟʫ P-ʙʣʦʛʳʤʝʥ. 

 20. ʂʝשʝʡʪʫ P-ʙʣʦʛʳʤʝʥ. 

 .ʳʩʫ P-ʙʣʦʛʳʤʝʥפ .21 

 22. ʊװʟʫ P-ʙʣʦʛʳʤʝʥ. 
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 23. 

 
 24. ʘ) 10; ʙ) 00. 

 25. ʘ) 110; ʙ) 011. 

 

4 ʪʘʨʘʫ 

 

 10. ʘ) 7; 8; 13; 4; 10; 6; 3; 5; 15; 14; ʙ) 3; 21; 14; 18; 19; 2; 15; 1; 9; 11. 

 11. ʘ) k3 = 0,1; k4 = 0,2; k5 = 0,3; k6 = 0,8; k7 = 0,4; k8 = 0,9; k9 = 0,9; k10 

= 0,5; k11 = 0,4; k12 = 0,5; ʙ) k4 = 0,4; k5 = 0,4; k6 = 0,1; k7 = 0,5; k8 = 0,3; k9 = 

0,9; k10 = 0,8; k11 = 0,6; k12 = 0,5; k12 = 0,3. 

 12. a = 5; b = 3; c = 11. 

 13. ʘ) x11 = 35; ʙ) x11 = 679. 

 14. ʘ) (110001011001)2; ʙ) (110111100011)2. 

 15. ʘ) x1 = 81; x2 = 6; x3 = 36; x4 = 422; x5 = 225; x6 = 370; x7 = 119; x8 = 

177; ʙ) x1 = 81; x2 = 144; x3 = 59; x4 = 629; x5 = 639; x6 = 485; x7 = 648; x8 = 

660. 

 16. 18, 4, 232, 61, 37, 201, 252, 166, 151, 162, 244, 66, 137, 130, 28, 248, 

127, 77, 205, 226. 

 17. ʘ) 

 
 ʙ) 31 ʙʠʪ. 

 18. ʘ) x
4
 + x

3
 + x

2
 + 1; ʙ) 15 ʙʽʪ. 

 19. (11110001000101111000)2. 

 20. 5 ʨʘʟʨʷʜ. 

 21. ʉʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʜʽש ʝʢʽʣʽʢ ʪʽʟʙʝʛʽʥʽש ʤʘʢʩʠʤʘʣʜʳ 

ʧʝʨʠʦʜʳ: R1  524287 ʙʠʪ; R2  4194303 ʙʠʪ; R3  8388607 ʙʠʪ. 

 4.22. ʘ) f(x, y, z) = f(1, 0, 0) = 0; ʙ) f(x, y, z) = f(0, 1, 1) = 1; R2 ʞᴅʥʝ R3 

ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ ʨʝʛʠʩʪʨʣʝʨʽ ʩʠʥʭʨʦʥʜʘʣʘʜʳ; ʚ) f(x, y, z) = f(0, 0, 0) = 

0; ʛ) f(x, y, z) = f(1, 1, 1) = 1; R1, R2 ʞᴅʥʝ R3 ʩʳʟʳץʪʳ ʞʳʣʞʳʤʘʣʳ 

ʨʝʛʠʩʪʨʣʝʨʽ ʩʠʥʭʨʦʥʜʘʣʘʜʳ. 

 

5 ʪʘʨʘʫ 

 

 11. L0||R0 =  cc1fc6e0f0aae8a516. 
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 12. 
E
0R  = fa155575150b16. 

 13. 
E
1R  = 8a2b57d029a616. 

 14. 
Ä
1R  = cf430fca956816. 

 15. 
Ä
12R  = 5dfd4bd5b55516. 

 16. ʘ) 516; ʙ) e16; ʚ) f16 ʞᴅʥʝ ʛ) 016. 

 17. 
S
13R  = 75140940eb5116. 

 18. 
P
2R  = 1680e97616. 

 19. 
L
3R  = 48a3638f16. 

 20. L5 = 48a3638f16 ʞᴅʥʝ R5 = 4178632b16. 

 21. L6 = 4178632b16 ʞᴅʥʝ R6 = 48a9b32916. 

 22. C0 = c3c033a16 ʞᴅʥʝ D0 = 33f0cfa16. 

 23. ʘ) C2 = 0f00ceb16 ʞᴅʥʝ D2 = cfc33e816; ʙ) C3 = 3c033ac16 ʞᴅʥʝ D3 = 

= 3f0cfa316; ʚ) C7 = 033ac3c16 ʞᴅʥʝ D7 = 0cfa33f16; ʛ) C12 = 758780616 ʞᴅʥʝ 

D12 = f467e1916. 

 24. k2 = 4568581abcce16. 

 25. ʘ) k4 = da2d032b6ee316; ʙ) k9 = 84bb4473dccc16; ʚ) k13 = 

99c31397c91f16; ʛ) k16 = 181c5d75c66d16. 

 26. f07704d0741eb2c216. 

 

 6 ʪʘʨʘʫ 

 

 14. ɹ̔ ʨʽʥʰʽ ᴅʩʝʨ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʣʦʛʳʥʳש ʙʽʨʳשʛʘʡ ʙʠʪʳ 

ʙײʟʳʣʘʜʳ. ɽʢʽʥʰʽ ᴅʩʝʨ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʢʝʣʝʩʽ n/l ʙʣʦʛʳ 

ʙײʟʳʣʘʜʳ.  

 15. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʜʘ ʰʘʤʘʤʝʥ ʞʘʨʪʳ ʙʠʪ-

ʪʝʨ ʙײʟʳʣʘʜʳ.  

 16. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʜʘ ʰʘʤʘʤʝʥ ʞʘʨʪʳ ʙʠʪ-

ʪʝʨ ʙײʟʳʣʘʜʳ; ʝʢʽʥʰʽʜʝ ï ʙʽʨ (5) ʙʠʪ. 

 17. ɸʰʳץ ʜʝʨʝʢʪʝʨʜʝʛʽ ץʘʪʝ ʙʘʨʣʳץ ʢʝʣʝʩʽ ʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʛʝ ᴅʩʝʨ 

ʝʪʶʜʽ, ʙʽʨʘץ ʢʝʨʽʰʠʬʨʣʘʫ ʙʘʨʳʩʳʥʜʘ ᴇʟʽʥʝʥ ᴇʟʽ ʞʦʡʳʣʘʜʳ.  

 18. ɹʽʨʽʥʰʽ ᴅʩʝʨ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʳש ʝʢʽʥʰʽ 

ʙʠʪʳʥʳש ʙײʟʳʣʫʳ. ɽʢʽʥʰʽ ᴅʩʝʨ ʢʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʝʢʽʥʰʽʜʝʥ 

ʪʦסʳʟʳʥʰʳסʘ ʜʝʡʽʥ ʙʣʦʢʪʘʨʳʥʳש ʙײʟʳʣʫʳ.  

 19. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʙʽʨʽʥʰʽ ʙʣʦʛʳʥʳש ʝʢʽʥʰʽ ʙʠʪʳʥʳש 

ʙײʟʳʣʫʳ ʙʦʣʘʜʳ. ɹʣʦʢʪʘʨʜʳש ʢʝʣʝʩʽ ʪʽʟʙʝʢʪʝʨʽ ʜײʨʳʩ ʢʝʨʽʰʠʬʨʣʘʥʘʜʳ.  

 20. ʂʝʨʽʰʠʬʨʣʘʥסʘʥ ʜʝʨʝʢʪʝʨʜʽש ʪʝʢ ʝʢʽʥʰʽ ʙʣʦʛʳʥʳש ʝʢʽʥʰʽ ʙʠʪʳʥʳש 

ʙײʟʳʣʫʳ ʙʦʣʘʜʳ.  

 

7 ʪʘʨʘʫ 
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 11. N1 ⱷ 0cbd479116, N2 ⱷ 191a2ab816. 

 12. N1 ⱷ cc29563b16, N2 ⱷ 434665b216. 

 13. N1 ⱷ 10d3b61a16, N2 ⱷ 02af83f616. 

 14. N1 ⱷ 0d3b61a516, N2 ⱷ 3153698e16. 

 15. ʀʤʠʪʦʝʥʜʽʨʤʝʥʽײ שʟʳʥʜʳסʳ 32 ʙʠʪʪʝʥ ʢʝʤ ʙʦʣʤʘʫ ʢʝʨʝʢ.  

 16. ɾʘʣסʘʥ ʢʝʜʝʨʛʽʣʝʨʜʽ ʪʳץʧʘʣʘʫ ʳץʪʠʤʘʣʜʳסʳ Pʃʇ å 5,96Ā10
ⱷ10

. 

 

8 ʪʘʨʘʫ 

 

 11. x
7
 + x

6
 + x

2
 + x. 

 12. ɹᴇʣʫʜʝʥ ʙᴇʣʰʝʢ: x
7
 + x

5
 + x

4
 + x

2
 + 1. ɹᴇʣʫʜʝʥ ץʘʣʜʳץ: x

5
 + + x

3
 + 

x. 

 13. { f2 }Āx
7
 + {  1b }Āx

5
 + {  03 }Āx

3
 + {  17 }Āx + {  1d }. 

 14. { 06 }Āx
6
 + {  05 }Āx

5
 + {  19 }Āx

4
 + {  15 }Āx

3
 + {  1d }Āx

2
 + {  13 }Āx + {  04 }. 

 15. {  19 }Āx
3
 + {  11 }Āx

2
 + {  1c }Āx + {  0a }. 

 16. x
7
 + x

6
 + x

3
 + x

2
 + x. 

 17. x
5
 + x

2
 + 1. 

 18. x
7
 + x

6
 + x

5
 + x + 1. 

 19. 49ded28945db96f17f39871a7702533b16. 

 20. 2b359f6849506a2f27f9ca443ea5b6b16. 

 21. 2b359f6849506a2f27f9ca443ea5b6b16. 

 22. f187de773b9639498953db7f1ad224516. 

 23. 584dcaf11b4b5aacdbe7caa81b6bb0e516. 

 24. 72dbe546102a2bf01ad3ef5836ab483d16. 

 25. aa8f5f0361dde3ef82d24ad26832469a16. 

 26. d014f9a8c9ee2589e13f0cc8b6630ca616. 

 27. w[6] = 5846f2f916; w[7] = 5c43f4fe16; w[8] = 544afef516; w[9]  = 

= 5847f0fa16; w[10] = 4856e2e916; w[11]  = 5c43f4fe16. 

 28. w[8] = a573c29f16; w[9] = a176c49816; w[10] = a97fce9316; w[11]  = 

= a572c09c16; w[12] = 1651a8cd16; w[13]  = 0244beda16; w[14]  = 1a5da4c116; 

w[15]  = 0640bade16. 

 

9 ʪʘʨʘʫ 

 

 8. 
)1(

2k  = 96a216, 
)2(

2k  = 978e16, 
)3(

2k  = b82016, 
)4(

2k  = b94016, 
)5(

2k  =  

= 1af616, 
)6(

2k  = 7b7d16. 

 9. 
)1(

2k  = e8d816, 
)2(

2k  = 509916, 
)3(

2k  = 4c2516, 
)4(

2k  = 95d716, 
)5(

2k  =  

 = eb4316, 
)6(

2k  = a10816, 
)7(

2k  = 838216, 
)8(

2k  = 47e016, 
)9(

2k  = b32416. 



 380 

 10. 
)1(

3k  = fca216, 
)2(

3k  = 6bff16, 
)3(

3k  = ff2916, 
)4(

3k  = 942716, 
)5(

3k  =  

 = 9b4b16, 
)6(

3k  = a57616, 
)7(

3k  = bad116, 
)8(

3k  = 684216, 
)9(

3k  = efa416. 

 11. 
)1(

5k  = 92d416, 
)2(

5k  = c7e816, 
)3(

5k  = f42416, 
)4(

5k  = 126616, 
)5(

5k  =  

= 337016, 
)6(

5k  = 803516, 
)7(

5k  = 1af616, 
)8(

5k  = 7b3d16. 

 12. 
)1(

1k  = 577316, 
)2(

1k  = 7f2516, 
)3(

1k  = ab3016, 
)4(

1k  = e2ef16, 
)5(

1k  = 

529a16, 
)6(

1k  = 20e216, 
)7(

1k  = c77b16, 
)8(

1k  = 9a7016, 
)9(

1k  = 7bcc16. 

 13. 
)1(

1X  = abc316, 
)1(

2X  = 5c2d16, 
)1(

3X  = e77a16, 
)1(

4X  = 1c2d16. 

 14. 
)1(

1y  = 5c9216, 
)1(

2y  = 62b816. 

 15. C = 4825e238d0fb9c4616. 

 16. 
)1(

1f  = 4cb916, 
)1(

2f  = 400016. 

 

10 ʪʘʨʘʫ 

 

 13. ʘ) 5 mod 10 = 5, 16 mod 10 = 6, 27 mod 10 = 7, -4 mod 10 = 6, -13 

mod 10 = -3 mod 10 = 7, (3 + 8) mod 10 = 1, (3 ï 8) mod 10 = 5, (3Ā8) mod 10 

= 4, (3Ā8Ā5) mod 10 = (4Ā5) mod 10= 0. ʙ) 5 mod 11 = 5, 16 mod 11 = 5, 27 

mod 11 = 5, -4 mod 11 = 7, -13 mod 11 = -2 mod 11 = 9, (3 + 8) mod 11 = 0, 

(3 ï 8) mod 11 = 6, (3Ā8) mod 11 = 2, (3Ā8Ā5) mod 11= (2Ā5) mod 11= 10. 

 14. 2
8
 mod 10 = 6, 2

7
 mod 10 = 7, 7

19
 mod 100 = 43, 7

57
 mod 100 = 7. 

 15. 108 = 2Ā2Ā3Ā3Ā3, 77 = 7Ā11, 65 = 5Ā13, 30 = 3Ā3Ā5, 159 = 3Ā53. 

 16. (25,12) ʞᴅʥʝ (40,27) ʞײʧʪʘʨʳ ᴇʟʘʨʘʞʘʡ ʩʘʥʜʘʨ, ץʘʣסʘʥʜʘʨʳ ï ʞʦץ 

((25,15) ʩʘʥʜʳʨʳ 5 ʙᴇʣʽʥʝʜʽ, (13,39) ʩʘʥʜʘʨʳ 13 ʙᴇʣʽʥʝʜʽ). 

 17. ű(14) = 6, ű(15) = 8. 

 18. ű(53) = 52, ű(21) = ű(7)Āű(3) = 6Ā2 = 12, ű(159) = ű(3)Āű(53) = 2Ā52 = 

104. 

 19. 3
13

 mod 13 = 3Ā3
12

 mod 13 = 3, 5
22

 mod 11 = 5
2
Ā5

10
Ā5

10
 mod 11 = 25 

mod 11 = 3, 3
17

 mod 5 = 3. 

 20. 3
9
 mod 20 = 3Ā3

8
 mod 20 = 3, 2

14
 mod 21 = 2

2
Ā2

12
 mod 21 = 4, 2

107
 mod 

159 = 2
3
Ā2

104
 mod 159 = 8. 

 21. gcd(21,12) = 3, gcd(30,12) = 6, gcd(24,40) = gcd(40,24) = 8, 

gcd(33,16) = 1. 

 22. a) x = -1, ʫ = 2. ʙ) x = 1, ʫ = -2. ʚ) x = 2, ʫ = -1. ʛ) x = 1, ʫ = -2. 

 23. 3
-1
 mod 7 = 5, 5

-1
 mod 8 = 5, 3

-1
 mod 53 = 18, 10

-1
 mod 53 = 16. 

 24. 100 ʢʽʰʽ ʞʘʡ ʩʘʥʜʘʨ: 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 

47, 53, 59, 61, 67, 73, 79, 83, 89, 97. ʆʣʘʨʜʳש ʽʰʽʥʝʥ 5, 7, 11, 23, 47, 59 ʞᴅʥʝ 

83 ʩʘʥʜʘʨʳ ʨ = 2Āq + 1 ʪװʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

 25. ʨ = 11 ʢʝʟʜʝ g ʧʘʨʘʤʝʪʨʽ ʨʝʪʽʥʜʝ 2, 6, 7 ʞᴅʥʝ 8 ʩʘʥʜʘʨʳ ʪʘשʜʘʣʫ 

ʤװʤʢʽʥ. 
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 26. ʘ) eɸ = 20, eB = 17, KAB = 21; ʙ) eɸ = 13, eB = 14, KAB = 10; ʚ) eɸ = 21, 

eB = 9, KAB = 16; ʛ) eɸ = 8, eB = 5, KAB = 9; ʜ) eɸ = 6, eB = 17, KAB = 16. 

 27. ʘ) dɸ = 11, dB = 13, x1 = 17, x2 = 5, x3 = 6, x4 = 4; ʙ) dɸ = 3, dB = 19, 

x1 = 8, x2 = 12, x3 = 3, x4 = 6; ʚ) dɸ = 5, dB = 11, x1 = 14, x2 = 10, x3 = 3, x4 = 

=10; ʛ) dɸ = 5, dB = 15, x1 = 7, x2 = 21, x3 = 14, x4 = 17; ʜ) dɸ = 11, dB = 5, 

x1 = 15, x2 = 2, x3 = 8, x4 = 9. 

 28. ʘ) eB = 13, r = 14, s = 12, M' = 5; ʙ) eB = 16, r = 9, s = 15, M' = 10; 

ʚ) eB = 15, r = 16, s = 14, M' = 10; ʛ) eB = 21, r = 14, s = 12, M' = 5; ʜ) eB = 8, 

r = 5, s = 12, M' = 10. 

 29. ʘ) nA = 55, ű(nA) = 40, dA = 27, C = 23, M' = 12; ʙ) nA = 65, ű(nA) = 

= 48, dA = 29, C = 50, M' = 20; ʚ) nA = 77, ű(nA) = 60, dA = 43, C = 52, M' = 

= 17; ʛ) nA = 91, ű(nA) = 72, dA = 29, C = 88, M' = 30; ʜ) nA = 33, ű(nA) = 20, 

dA = 7, C = 9, M' = 18. 

 30. M = 111. 

 31. ɸʰʳץ ʢʽʣʪ nA = 3763, ʰʠʬʨʣʘʥסʘʥ ʭʘʙʘʨ C =  1194 1937 1734 2018 

0400 1932 0831. 

 32. ʨA = 59, qA = 71; ñʟʘʱʠʪʘò. 

 33. ʘ) x = 17; ʙ) ʭ = 10; ʚ) ʭ = 28; ʛ) x = 14; ʜ) ʭ = 30. 

 34. ʘ) ʭ = 10000; ʙ) ʭ = 20000; ʚ) ʭ = 1000; ʛ) ʭ = 12345; ʜ) ʭ = 25000. 
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ʆץʫʣʳץ     ʙʘʩʳʣʳʤ  

 

 

ɸʭʤʝʪʦʚ ɹʘʭʳʪʞʘʥ ʉʨʘʞʘʪʜʠʥʦʚʠʯ 

ʂʦʨʯʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ 

ʉʠʜʝʥʢʦ ɺʣʘʜʠʤʠʨ ʇʘʚʣʦʚʠʯ 

ɼʨʝʡʩ ʖʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɸʣʠʤʩʝʠʪʦʚʘ ɾʫʣʜʳʟ ʂʝʥʝʩʭʘʥʦʚʥʘ 

 

 

 

 

 :ʆʃɼɸʅɹɸʃʓ ʂʈʀʇʊʆʃʆɻʀʗפ

 

ʰʠʬʨʣʘʫ ϸʜʽʩʪʝʨʽ 

 

 

 

ʆץʫ ײץʨʘʣʳ 

 

 

 

 

 

 

 

 

ɹʘʩʫסʘ ץʦʣ ץʦʡʳʣʜʳ _________ 

ʊʘʨʘʣʳʤʳ 100 ʜʘʥʘ. ʇʽʰʽʤʽ 60ʭ84/16. ˉ1 ʙʘʩʧʘʭʘʥʘʣʳץ ץʘסʘʟ.  

ɹʘסʘʩʳ ʢʝʣʽʩʽʤʜʽ. 

 

 


