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ɍȾɄ 681.3.07

ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ “ȼɢɥɶɹɦɫ”

Ɂɚɜ. ɪɟɞɚɤɰɢɟɣ ɋ.ɇ. Ɍɪɢɝɭɛ

ɉɟɪɟɜɨɞ ɫ ɚɧɝɥɢɣɫɤɨɝɨ ɤɚɧɞ. ɬɟɯɧ ɧɚɭɤ ɂ.ȼ. Ʉɪɚɫɢɤɨɜɚ, Ƚ.ɂ. ɋɢɧɝɚɟɜɫɤɨɣ

ɉɨɞ ɪɟɞɚɤɰɢɟɣ ɤɚɧɞ. ɬɟɯɧ ɧɚɭɤ ɂ.ȼ. Ʉɪɚɫɢɤɨɜɚ

ɉɨ ɨɛɳɢɦ ɜɨɩɪɨɫɚɦ ɨɛɪɚɳɚɣɬɟɫɶ ɜ ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ “ȼɢɥɶɹɦɫ” ɩɨ ɚɞɪɟɫɭ:
info@williamspublishing.com, http://www.williamspublishing.com

115419, Ɇɨɫɤɜɚ, ɚ/ɹ 783; 03150, Ʉɢɟɜ, ɚ/ɹ 152

ɍɨɪɪɟɧ, Ƚɟɧɪɢ, ɋ.
ɍ64 Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɢɟ ɬɪɸɤɢ ɞɥɹ ɩɪɨɝɪɚɦɦɢɫɬɨɜ. : ɉɟɪ. ɫ ɚɧɝɥ. — Ɇ. : ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ

“ȼɢɥɶɹɦɫ”, 2007. — 288ɫ. : ɢɥ. — ɉɚɪɚɥ. ɬɢɬ. ɚɧɝɥ.

ISBN 978-5-8459-0572-7 (ɪɭɫ.)

ȼ ɷɬɨɣ ɤɧɢɝɟ ɫɥɨɜɭ “ɯɚɤɟɪ” ɜɨɡɜɪɚɳɟɧɨ ɟɝɨ ɩɟɪɜɨɡɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ — ɱɟɥɨɜɟɤɚ ɭɜɥɟɱɟɧ-
ɧɨɝɨ, ɬɚɥɚɧɬɥɢɜɨɝɨ ɩɪɨɝɪɚɦɦɢɫɬɚ, ɫɩɨɫɨɛɧɨɝɨ ɤ ɫɨɡɞɚɧɢɸ ɱɪɟɡɜɵɱɚɣɧɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢ ɷɥɟ-
ɝɚɧɬɧɨɝɨ ɤɨɞɚ. ȼ ɤɧɢɝɟ ɜɨɩɥɨɳɟɧ ɫɨɪɨɤɚɥɟɬɧɢɣ ɫɬɚɠ ɟɟ ɚɜɬɨɪɚ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɢ-
ɥɹɬɨɪɨɜ ɢ ɚɪɯɢɬɟɤɬɭɪɵ ɤɨɦɩɶɸɬɟɪɨɜ. Ɂɞɟɫɶ ɜɵ ɧɚɣɞɟɬɟ ɦɧɨɠɟɫɬɜɨ ɩɪɢɟɦɨɜ ɞɥɹ ɪɚɛɨɬɵ ɫ ɨɬ-
ɞɟɥɶɧɵɦɢ ɛɢɬɚɦɢ, ɛɚɣɬɚɦɢ, ɜɵɱɢɫɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɰɟɥɨɱɢɫɥɟɧɧɵɯ ɮɭɧɤɰɢɣ; ɛɨɥɶɲɟɣ ɱɚɫɬɢ
ɦɚɬɟɪɢɚɥɚ ɫɨɩɭɬɫɬɜɭɟɬ ɫɬɪɨɝɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ. Ʉɚɤɢɦ ɛɵ ɧɟ ɛɵɥ ɜɚɲ ɩɪɨɮɟɫ-
ɫɢɨɧɚɥɢɡɦ — ɜɵ ɨɛɹɡɚɬɟɥɶɧɨ ɧɚɣɞɟɬɟ ɜ ɷɬɨɣ ɤɧɢɝɟ ɧɨɜɨɟ ɞɥɹ ɫɟɛɹ; ɤɪɨɦɟ ɬɨɝɨ, ɤɧɢɝɚ ɡɚɫɬɚ-
ɜɢɬ ɜɚɫ ɩɨɫɦɨɬɪɟɬɶ ɧɚ ɭɠɟ ɡɧɚɤɨɦɵɟ ɜɟɳɢ ɫ ɧɨɜɨɣ ɫɬɨɪɨɧɵ. ɇɟ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɷɬɚ ɤɧɢɝɚ
ɩɪɢɝɨɞɢɬɫɹ ɢ ɧɚɱɢɧɚɸɳɟɦɭ ɩɪɨɝɪɚɦɦɢɫɬɭ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɨɫɬɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɝɨɬɨɜɵ-
ɦɢ ɫɨɜɟɬɚɦɢ ɢɡ ɤɧɢɝɢ, ɩɪɢɦɟɧɹɹ ɢɯ ɜ ɫɜɨɟɣ ɩɨɜɫɟɞɧɟɜɧɨɣ ɩɪɚɤɬɢɤɟ.
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ȼɫɟ ɧɚɡɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɹɜɥɹɸɬɫɹ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɦɢ ɬɨɪɝɨɜɵɦɢ ɦɚɪɤɚɦɢ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɮɢɪɦ.

ɇɢɤɚɤɚɹ ɱɚɫɬɶ ɧɚɫɬɨɹɳɟɝɨ ɢɡɞɚɧɢɹ ɧɢ ɜ ɤɚɤɢɯ ɰɟɥɹɯ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɩɪɨɢɡɜɟɞɟɧɚ ɜ ɤɚɤɨɣ ɛɵ ɬɨ ɧɢ ɛɵɥɨ
ɮɨɪɦɟ ɢ ɤɚɤɢɦɢ ɛɵ ɬɨ ɧɢ ɛɵɥɨ ɫɪɟɞɫɬɜɚɦɢ, ɛɭɞɶ ɬɨ ɷɥɟɤɬɪɨɧɧɵɟ ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɟ, ɜɤɥɸɱɚɹ ɮɨɬɨɤɨɩɢɪɨɜɚ-
ɧɢɟ ɢ ɡɚɩɢɫɶ ɧɚ ɦɚɝɧɢɬɧɵɣ ɧɨɫɢɬɟɥɶ, ɟɫɥɢ ɧɚ ɷɬɨ ɧɟɬ ɩɢɫɶɦɟɧɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ ɢɡɞɚɬɟɥɶɫɬɜɚ Addison-Wesley
Publishing Company, Inc.

Authorized translation from the English language edition published by Addison-Wesley Publishing Company, Inc,
Copyright © 2002

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic
or mechanical, including photocopying, recording or by any information storage retrieval system, without permission
from the Publisher.

Russian language edition published by Williams Publishing House according to the Agreement with R&I Enter-
prises International, Copyright © 2007

ISBN 978-5-8459-0572-7 (ɪɭɫ.) © ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ “ȼɢɥɶɹɦɫ”, 2007
ISBN 0-201-91465-4 (ɚɧɝɥ.) © Addison-Wesley Publishing Company, Inc, 2002
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Ɉɤɨɥɨ 30 ɥɟɬ ɧɚɡɚɞ, ɜɨ ɜɪɟɦɹ ɩɟɪɜɨɣ ɥɟɬɧɟɣ ɩɪɚɤɬɢɤɢ, ɦɧɟ ɩɨɫɱɚɫɬɥɢɜɢɥɨɫɶ ɭɱɚɫɬɜɨ-
ɜɚɬɶ ɜ ɩɪɨɟɤɬɟ MAC ɜ Ɇɚɫɫɚɱɭɫɟɬɫɤɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ. Ɍɨɝɞɚ ɹ ɜɩɟɪɜɵɟ 
ɫɦɨɝ ɩɨɪɚɛɨɬɚɬɶ ɧɚ ɤɨɦɩɶɸɬɟɪɟ DEC PDP-10, ɤɨɬɨɪɵɣ ɜ ɬɨ ɜɪɟɦɹ ɩɪɟɞɨɫɬɚɜɥɹɥ ɛɨɥɟɟ 
ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɧɚ ɚɫɫɟɦɛɥɟɪɟ, ɱɟɦ ɥɸɛɨɣ ɞɪɭɝɨɣ ɤɨɦɩɶ-
ɸɬɟɪ. ɗɬɨɬ ɩɪɨɰɟɫɫɨɪ ɢɦɟɥ ɛɨɥɶɲɨɣ ɧɚɛɨɪ ɤɨɦɚɧɞ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɫ ɨɬɞɟɥɶ-
ɧɵɦɢ ɛɢɬɚɦɢ, ɢɯ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɦɚɫɤɢɪɨɜɚɧɢɹ, ɞɥɹ ɪɚɛɨɬɵ ɫ ɩɨɥɹɦɢ ɢ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ PDP-10 ɞɚɜɧɨ ɫɧɹɬ ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɞɨ ɫɢɯ ɩɨɪ ɟɫɬɶ ɷɧɬɭɡɢɚɫɬɵ, ɪɚɛɨ-
ɬɚɸɳɢɟ ɧɚ ɷɬɢɯ ɦɚɲɢɧɚɯ ɥɢɛɨ ɧɚ ɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɷɦɭɥɹɬɨɪɚɯ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɞɚɠɟ 
ɩɢɲɭɬ ɧɨɜɵɟ ɩɪɢɥɨɠɟɧɢɹ; ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɫɬɶ, ɤɚɤ ɦɢɧɢɦɭɦ, ɨɞɢɧ 
Web-ɭɡɟɥ, ɩɨɞɞɟɪɠɢɜɚɟɦɵɣ ɷɦɭɥɢɪɨɜɚɧɧɵɦ PDP-10. (ɇɟ ɫɦɟɣɬɟɫɶ — ɩɨɞɞɟɪɠɤɚ ɬɚɤɨɝɨ 
ɭɡɥɚ ɧɢ ɜ ɱɟɦ ɧɟ ɭɫɬɭɩɚɟɬ ɩɨɞɞɟɪɠɤɟ ɚɧɬɢɤɜɚɪɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ “ɧɚ ɯɨɞɭ”.) 

Ɍɟɦ ɠɟ ɥɟɬɨɦ 1972 ɝɨɞɚ ɹ ɭɜɥɟɤɫɹ ɱɬɟɧɢɟɦ ɫɟɪɢɢ ɨɬɱɟɬɨɜ ɩɨ ɧɨɜɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, 
ɩɭɛɥɢɤɨɜɚɜɲɢɯɫɹ ɜ ɢɧɫɬɢɬɭɬɟ ɩɨɞ ɨɛɳɢɦ ɧɚɡɜɚɧɢɟɦ HAKMEM — ɞɨɜɨɥɶɧɨ ɫɬɪɚɧɧɵɣ ɢ 
ɷɤɥɟɤɬɢɱɧɵɣ ɫɛɨɪɧɢɤ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɥɨɱɟɣ1. Ɍɟɦɚɬɢɤɚ ɫɬɚɬɟɣ ɦɨɝɥɚ ɛɵɬɶ 
ɥɸɛɨɣ: ɨɬ ɷɥɟɤɬɪɨɧɧɵɯ ɫɯɟɦ ɞɨ ɬɟɨɪɢɢ ɱɢɫɟɥ; ɧɨ ɛɨɥɶɲɟ ɜɫɟɝɨ ɦɟɧɹ ɡɚɢɧɬɪɢɝɨɜɚɥ ɧɟ-
ɛɨɥɶɲɨɣ ɪɚɡɞɟɥ, ɜ ɤɨɬɨɪɨɦ ɩɭɛɥɢɤɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɢɫɬɫɤɢɟ ɯɢɬɪɨɫɬɢ. ɉɪɚɤɬɢɱɟɫɤɢ ɜ 
ɤɚɠɞɨɣ ɫɬɚɬɶɟ ɷɬɨɝɨ ɪɚɡɞɟɥɚ ɫɨɞɟɪɠɚɥɨɫɶ ɨɩɢɫɚɧɢɟ ɧɟɤɨɬɨɪɨɣ (ɡɚɱɚɫɬɭɸ ɧɟɨɛɵɱɧɨɣ) 
ɨɩɟɪɚɰɢɢ ɧɚɞ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ ɢɥɢ ɛɢɬɨɜɵɦɢ ɫɬɪɨɤɚɦɢ (ɧɚɩɪɢɦɟɪ, ɩɨɞɫɱɟɬ ɟɞɢɧɢɱɧɵɯ 
ɛɢɬɨɜ ɜ ɫɥɨɜɟ), ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɛɵɥɨ ɥɟɝɤɨ ɪɟɚɥɢɡɨɜɚɬɶ ɜ ɜɢɞɟ ɞɥɢɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨɫɬɢ ɦɚɲɢɧɧɵɯ ɤɨɦɚɧɞ ɥɢɛɨ ɰɢɤɥɚ, ɚ ɡɚɬɟɦ ɨɛɫɭɠɞɚɥɨɫɶ, ɤɚɤ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɷɬɨ ɠɟ, 
ɢɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ ɱɟɬɵɪɟ, ɬɪɢ ɢɥɢ ɞɜɟ ɬɳɚɬɟɥɶɧɨ ɩɨɞɨɛɪɚɧɧɵɟ ɤɨɦɚɧɞɵ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɫɬɚɧɨɜɢɥɨɫɶ ɨɱɟɜɢɞɧɵɦ ɬɨɥɶɤɨ ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɴɹɫɧɟɧɢɣ 
ɢɥɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ə ɢɡɭɱɚɥ ɷɬɢ ɦɚɥɟɧɶɤɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɫɚɦɨɪɨɞɤɢ ɫ 
ɬɟɦ ɠɟ ɧɚɫɥɚɠɞɟɧɢɟɦ, ɫ ɤɨɬɨɪɵɦ ɞɪɭɝɢɟ ɩɶɸɬ ɩɢɜɨ ɢɥɢ ɟɞɹɬ ɫɥɚɞɨɫɬɢ. ə ɩɪɨɫɬɨ ɧɟ ɦɨɝ 
ɨɫɬɚɧɨɜɢɬɶɫɹ. Ʉɚɠɞɚɹ ɬɚɤɚɹ ɩɪɨɝɪɚɦɦɚ ɨɤɚɡɵɜɚɥɚɫɶ ɞɥɹ ɦɟɧɹ ɧɚɯɨɞɤɨɣ, ɜ ɤɚɠɞɨɣ ɢɡ ɧɢɯ 
ɛɵɥɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ ɝɥɭɛɢɧɚ, ɷɥɟɝɚɧɬɧɨɫɬɶ ɢ ɞɚɠɟ ɫɜɨɟɨɛɪɚɡɧɚɹ ɩɨɷɡɢɹ. 

“ɇɚɜɟɪɧɹɤɚ, — ɞɭɦɚɥ ɹ ɬɨɝɞɚ, — ɬɚɤɢɯ ɩɪɨɝɪɚɦɦ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ. 
Ⱦɨɥɠɧɚ ɠɟ ɝɞɟ-ɬɨ ɛɵɬɶ ɤɧɢɝɚ, ɩɨɫɜɹɳɟɧɧɚɹ ɬɚɤɢɦ ɲɬɭɤɚɦ”. 

Ʉɧɢɝɚ, ɤɨɬɨɪɭɸ ɜɵ ɞɟɪɠɢɬɟ ɜ ɪɭɤɚɯ, ɩɨɬɪɹɫɥɚ ɦɟɧɹ. Ⱥɜɬɨɪ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ, ɧɚ ɩɪɨɬɹɠɟ-
ɧɢɢ ɦɧɨɝɢɯ ɥɟɬ ɫɨɛɢɪɚɥ ɬɚɤɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɟɪɥɵ, ɚ ɬɟɩɟɪɶ ɫɜɟɥ ɢɯ ɜɨɟɞɢɧɨ, ɬɟɦɚɬɢɱɟɫɤɢ 
ɨɪɝɚɧɢɡɨɜɚɥ ɢ ɫɧɚɛɞɢɥ ɤɚɠɞɵɣ ɱɟɬɤɢɦ ɢ ɩɨɞɪɨɛɧɵɦ ɨɩɢɫɚɧɢɟɦ. Ɇɧɨɝɢɟ ɢɡ ɧɢɯ ɦɨɠɧɨ ɡɚ-
ɩɢɫɚɬɶ ɜ ɦɚɲɢɧɧɵɯ ɤɨɦɚɧɞɚɯ, ɧɨ ɤɧɢɝɚ ɩɨɥɟɡɧɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɬɟɯ, ɤɬɨ ɩɢɲɟɬ ɩɪɨɝɪɚɦɦɵ ɧɚ 
ɚɫɫɟɦɛɥɟɪɟ. Ƚɥɚɜɧɚɹ ɬɟɦɚ ɤɧɢɝɢ — ɪɚɫɫɦɨɬɪɟɬɶ ɛɚɡɨɜɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɨɬɧɨɲɟɧɢɹ ɫɪɟɞɢ ɰɟ-
ɥɵɯ ɱɢɫɟɥ ɢ ɛɢɬɨɜɵɯ ɫɬɪɨɤ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɩɪɢɟɦɵ ɪɟɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɣ ɧɚɞ ɧɢɦɢ. Ɋɚɫ-
ɫɦɨɬɪɟɧɧɵɟ ɜ ɤɧɢɝɟ ɦɟɬɨɞɵ ɫɬɨɥɶ ɠɟ ɩɨɥɟɡɧɵ ɢ ɩɪɚɤɬɢɱɧɵ ɩɪɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɧɚ ɹɡɵ-
ɤɚɯ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɧɚɩɪɢɦɟɪ C ɢɥɢ Java, ɤɚɤ ɢ ɧɚ ɹɡɵɤɟ ɚɫɫɟɦɛɥɟɪɚ. 

ȼɨ ɦɧɨɝɢɯ ɤɧɢɝɚɯ ɩɨ ɚɥɝɨɪɢɬɦɚɦ ɢ ɫɬɪɭɤɬɭɪɚɦ ɞɚɧɧɵɯ ɨɩɢɫɚɧɵ ɫɥɨɠɧɵɟ ɦɟɬɨɞɵ 
ɫɨɪɬɢɪɨɜɤɢ ɢ ɩɨɢɫɤɚ, ɩɨɞɞɟɪɠɚɧɢɹ ɯɷɲ-ɬɚɛɥɢɰ ɢ ɞɜɨɢɱɧɵɯ ɞɟɪɟɜɶɟɜ, ɪɚɛɨɬɵ ɫ ɡɚɩɢɫɹɦɢ 
ɢ ɭɤɚɡɚɬɟɥɹɦɢ. Ɂɞɟɫɶ ɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ, ɱɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫ ɨɱɟɧɶ ɤɪɨɲɟɱɧɨɣ ɱɚɫɬɶɸ 

                                                           
1 ɉɨɱɟɦɭ HAKMEM? ɋɨɤɪɚɳɟɧɢɟ ɨɬ hacks memo; ɨɞɧɨ 36-ɛɢɬɨɜɨɟ PDP-10 ɫɥɨɜɨ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ 

ɲɟɫɬɶ 6-ɛɢɬɨɜɵɯ ɫɢɦɜɨɥɨɜ, ɩɨɷɬɨɦɭ ɦɧɨɝɢɟ ɢɦɟɧɚ PDP-10, ɫ ɤɨɬɨɪɵɦɢ ɬɨɝɞɚ ɪɚɛɨɬɚɥɢ ɩɪɨɝɪɚɦɦɢɫɬɵ, 
ɛɵɥɢ ɨɝɪɚɧɢɱɟɧɵ ɲɟɫɬɶɸ ɫɢɦɜɨɥɚɦɢ. Ⱥɛɛɪɟɜɢɚɬɭɪɵ ɢɡ ɲɟɫɬɢ ɫɢɦɜɨɥɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɫɨ-
ɤɪɚɳɟɧɧɵɯ ɧɚɡɜɚɧɢɣ, ɢɧɨɝɞɚ ɢɦɢ ɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɫɬɨ ɞɥɹ ɭɞɨɛɫɬɜɚ. ɉɨɷɬɨɦɭ ɧɚɡɜɚɧɢɟ ɫɛɨɪɧɢɤɚ 
HAKMEM ɢɦɟɥɨ ɹɫɧɵɣ ɫɦɵɫɥ ɞɥɹ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ ɬɨ ɜɪɟɦɹ. 
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ɞɚɧɧɵɯ — ɛɢɬɚɦɢ ɢ ɦɚɫɫɢɜɚɦɢ ɛɢɬɨɜ. ɉɨɪɚɡɢɬɟɥɶɧɨ, ɫɤɨɥɶɤɨ ɜɫɟɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ, ɢɫ-
ɩɨɥɶɡɭɹ ɬɨɥɶɤɨ ɨɩɟɪɚɰɢɢ ɞɜɨɢɱɧɨɝɨ ɫɥɨɠɟɧɢɹ ɢ ɜɵɱɢɬɚɧɢɹ ɜɦɟɫɬɟ ɫ ɧɟɤɨɬɨɪɵɦɢ ɩɨɪɚɡ-
ɪɹɞɧɵɦɢ ɨɩɟɪɚɰɢɹɦɢ. Ɉɩɟɪɚɰɢɢ ɫ ɩɟɪɟɧɨɫɨɦ ɩɨɡɜɨɥɹɸɬ ɨɞɧɨɦɭ ɛɢɬɭ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ 
ɜɫɟ ɛɢɬɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɫɥɟɜɚ ɨɬ ɧɟɝɨ, ɱɬɨ ɞɟɥɚɟɬ ɫɥɨɠɟɧɢɟ ɨɫɨɛɟɧɧɨ ɦɨɳɧɨɣ ɨɩɟɪɚɰɢɟɣ 
ɩɪɢ ɪɚɛɨɬɟ ɫ ɞɚɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, ɧɟ ɩɨɥɭɱɢɜɲɢɦɢ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 

ɋɟɣɱɚɫ ɭ ɜɚɫ ɜ ɪɭɤɚɯ ɤɧɢɝɚ ɢɦɟɧɧɨ ɨ ɬɚɤɢɯ ɦɟɬɨɞɚɯ. ȿɫɥɢ ɜɵ ɪɚɛɨɬɚɟɬɟ ɧɚɞ ɨɩɬɢɦɢɡɢ-
ɪɭɸɳɢɦ ɤɨɦɩɢɥɹɬɨɪɨɦ ɢɥɢ ɩɪɨɫɬɨ ɫɨɡɞɚɟɬɟ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɤɨɞ, ɜɚɦ ɩɪɨɫɬɨ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɱɢɬɚɬɶ ɷɬɭ ɤɧɢɝɭ. ȼɨɡɦɨɠɧɨ, ɜ ɫɜɨɟɣ ɩɨɜɫɟɞɧɟɜɧɨɣ ɪɚɛɨɬɟ ɜɵ ɧɟ ɱɚɫɬɨ 
ɛɭɞɟɬɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɥɨɠɟɧɧɵɟ ɡɞɟɫɶ ɩɪɢɟɦɵ, ɧɨ, ɟɫɥɢ ɜɚɦ ɩɨɬɪɟɛɭɟɬɫɹ ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɰɢɤɥ ɩɨ ɜɫɟɦ ɛɢɬɚɦ ɫɥɨɜɚ, ɭɫɤɨɪɢɬɶ ɪɚɛɨɬɭ ɫ ɨɬɞɟɥɶɧɵɦɢ ɛɢɬɚɦɢ ɜɨ ɜɧɭɬɪɟɧɧɟɦ ɰɢɤɥɟ 
ɢɥɢ ɜɵ ɩɪɨɫɬɨ ɫɬɨɥɤɧɟɬɟɫɶ ɫ ɫɢɬɭɚɰɢɟɣ, ɤɨɝɞɚ ɤɨɞ ɩɨɥɭɱɚɟɬɫɹ ɫɥɢɲɤɨɦ ɫɥɨɠɧɵɦ, ɡɚɝɥɹ-
ɧɢɬɟ ɜ ɷɬɭ ɤɧɢɝɭ — ɹ ɭɜɟɪɟɧ, ɜɵ ɧɚɣɞɟɬɟ ɜ ɧɟɣ ɩɨɦɨɳɶ ɜ ɪɟɲɟɧɢɢ ɫɬɨɹɳɟɣ ɩɟɪɟɞ ɜɚɦɢ 
ɩɪɨɛɥɟɦɵ. ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ ɱɬɟɧɢɟ ɷɬɨɣ ɤɧɢɝɢ ɞɨɫɬɚɜɢɬ ɜɚɦ ɨɝɪɨɦɧɨɟ ɭɞɨɜɨɥɶɫɬɜɢɟ. 

Ƚɚɣ Ʌ. ɋɬɢɥ, ɦɥ. (Guy L. Steele, Jr.) 
Ȼɟɪɥɢɧɝɬɨɧ, Ɇɚɫɫɚɱɭɫɟɬɫ 

Ⱥɩɪɟɥɶ 2002
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Caveat emptor2: ɫɬɨɢɦɨɫɬɶ ɫɨɩɪɨɜɨ-
ɠɞɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɬɜɨɪɱɟ-
ɫɤɢɯ ɫɩɨɫɨɛɧɨɫɬɟɣ ɩɪɨɝɪɚɦɦɢɫɬɚ. 

(ɉɟɪɜɵɣ ɡɚɤɨɧ ɬɜɨɪɱɟɫɤɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 

Ɋɨɛɟɪɬ Ⱦ. Ȼɥɢɫ (Robert D. Bliss), 1992) 

ɉɟɪɟɞ ɜɚɦɢ ɫɛɨɪɧɢɤ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɢɟɦɨɜ, ɤɨɬɨɪɵɟ ɹ ɫɨɛɢɪɚɥ ɦɧɨɝɨ ɥɟɬ. Ȼɨɥɶɲɢɧ-
ɫɬɜɨ ɢɡ ɧɢɯ ɪɚɛɨɬɚɸɬ ɬɨɥɶɤɨ ɧɚ ɤɨɦɩɶɸɬɟɪɚɯ, ɜ ɤɨɬɨɪɵɯ ɰɟɥɵɟ ɱɢɫɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤɨɞɟ. ɏɨɬɹ ɜ ɞɚɧɧɨɣ ɤɧɢɝɟ ɪɟɱɶ ɢɞɟɬ ɨ 32-ɛɢɬɨɜɵɯ ɦɚɲɢɧɚɯ ɫ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɟɣ ɞɥɢɧɨɣ ɪɟɝɢɫɬɪɚ, ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɡɞɟɫɶ ɚɥɝɨɪɢɬɦɨɜ ɥɟɝɤɨ ɩɟ-
ɪɟɧɟɫɬɢ ɧɚ ɦɚɲɢɧɵ ɫ ɞɪɭɝɢɦɢ ɪɚɡɦɟɪɚɦɢ ɪɟɝɢɫɬɪɨɜ. 

ȼ ɷɬɨɣ ɤɧɢɝɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɨɠɧɵɟ ɜɨɩɪɨɫɵ ɧɚɩɨɞɨɛɢɟ ɦɟɬɨɞɨɜ ɫɨɪɬɢɪɨɜɤɢ 
ɢɥɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɢɥɢɪɭɟɦɨɝɨ ɤɨɞɚ. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ ɩɪɢɟɦɚɦ ɪɚɛɨɬɵ ɫ 
ɨɬɞɟɥɶɧɵɦɢ ɦɚɲɢɧɧɵɦɢ ɫɥɨɜɚɦɢ ɢɥɢ ɤɨɦɚɧɞɚɦɢ, ɧɚɩɪɢɦɟɪ ɩɨɞɫɱɟɬɭ ɤɨɥɢɱɟɫɬɜɚ ɟɞɢ-
ɧɢɱɧɵɯ ɛɢɬɨɜ ɜ ɡɚɞɚɧɧɨɦ ɫɥɨɜɟ. ȼ ɩɨɞɨɛɧɵɯ ɩɪɢɟɦɚɯ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɦɟɫɶ ɚɪɢɮɦɟ-
ɬɢɱɟɫɤɢɯ ɢ ɥɨɝɢɱɟɫɤɢɯ ɤɨɦɚɧɞ. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɪɟɪɵɜɚɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɟɪɟɩɨɥɧɟɧɢɟɦ ɰɟɥɵɯ ɱɢɫɟɥ, ɡɚɦɚɫɤɢ-
ɪɨɜɚɧɵ ɢ ɩɪɨɢɡɨɣɬɢ ɧɟ ɦɨɝɭɬ. ɉɪɨɝɪɚɦɦɵ ɧɚ C, Fortran ɢ ɞɚɠɟ Java ɪɚɛɨɬɚɸɬ ɜ ɬɚɤɨɦ ɨɤ-
ɪɭɠɟɧɢɢ, ɧɨ ɩɪɨɝɪɚɦɦɢɫɬɚɦ ɧɚ Pascal ɢ ADA ɫɥɟɞɭɟɬ ɛɵɬɶ ɨɫɬɨɪɨɠɧɵɦɢ! 

ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɜ ɤɧɢɝɟ ɧɟɮɨɪɦɚɥɶɧɨɟ. Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɚ ɩɪɢɜɨɞɹɬɫɹ ɬɨɥɶɤɨ ɜ 
ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɚɥɝɨɪɢɬɦ ɧɟɨɱɟɜɢɞɟɧ, ɚ ɢɧɨɝɞɚ ɧɟ ɩɪɢɜɨɞɹɬɫɹ ɜɨɨɛɳɟ. ȼɫɟ ɦɟɬɨɞɵ ɢɫ-
ɩɨɥɶɡɭɸɬ ɤɨɦɩɶɸɬɟɪɧɭɸ ɚɪɢɮɦɟɬɢɤɭ, ɛɚɡɨɜɵɟ ɮɭɧɤɰɢɢ, ɤɨɦɛɢɧɚɰɢɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɢ 
ɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɢ ɞɪ., ɚ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɟɨɪɟɦ ɜ ɷɬɨɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ ɱɚɫɬɨ 
ɫɥɨɠɧɵ ɢ ɝɪɨɦɨɡɞɤɢ. 

ɑɬɨɛɵ ɫɜɟɫɬɢ ɤ ɦɢɧɢɦɭɦɭ ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɝɪɚɮɫɤɢɯ ɨɲɢɛɨɤ ɢ ɨɩɟɱɚɬɨɤ, ɦɧɨɝɢɟ ɚɥ-
ɝɨɪɢɬɦɵ ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ C. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɶɸ ɢ ɬɟɦ, ɱɬɨ ɨɧ ɩɨɡɜɨɥɹɟɬ ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɨɩɟɪɚɰɢɢ ɫ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ ɢ ɛɢɬɨɜɵɦɢ ɫɬɪɨɤɚɦɢ; ɤɪɨɦɟ 
ɬɨɝɨ, ɤɨɦɩɢɥɹɬɨɪ ɹɡɵɤɚ C ɝɟɧɟɪɢɪɭɟɬ ɨɛɴɟɤɬɧɵɣ ɤɨɞ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ. 

Ɋɹɞ ɚɥɝɨɪɢɬɦɨɜ ɧɚɩɢɫɚɧ ɧɚ ɦɚɲɢɧɧɨɦ ɹɡɵɤɟ. ȼ ɤɧɢɝɟ ɩɪɢɦɟɧɹɟɬɫɹ ɬɪɟɯɚɞɪɟɫɧɵɣ 
ɮɨɪɦɚɬ ɤɨɦɚɧɞ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɭɞɨɛɨɱɢɬɚɟɦɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧ ɹɡɵɤ 
ɚɫɫɟɦɛɥɟɪɚ ɞɥɹ ɧɟɤɨɣ ɚɛɫɬɪɚɤɬɧɨɣ ɦɚɲɢɧɵ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɫɨɜɪɟɦɟɧ-
ɧɵɯ RISC-ɤɨɦɩɶɸɬɟɪɨɜ. 

Ɉɬɫɭɬɫɬɜɢɟ ɜɟɬɜɥɟɧɢɣ ɜ ɩɪɨɝɪɚɦɦɟ ɜɫɹɱɟɫɤɢ ɩɪɢɜɟɬɫɬɜɭɟɬɫɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɧɚ ɦɧɨɝɢɯ ɦɚɲɢɧɚɯ ɧɚɥɢɱɢɟ ɜɟɬɜɥɟɧɢɣ ɡɚɦɟɞɥɹɟɬ ɜɵɛɨɪɤɭ ɤɨɦɚɧɞ ɢ ɛɥɨɤɢɪɭɟɬ ɢɯ ɩɚɪɚɥ-
ɥɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɥɢɱɢɟ ɜɟɬɜɥɟɧɢɣ ɦɨɠɟɬ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɜɵɩɨɥɧɟɧɢɸ 
ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɦɩɢɥɹɬɨɪɨɦ. Ɉɩɬɢɦɢɡɢɪɭɸɳɢɣ ɤɨɦɩɢɥɹɬɨɪ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɟɬ 
ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɛɨɥɶɲɢɦɢ ɛɥɨɤɚɦɢ ɤɨɞɚ, ɱɟɦ ɫ ɦɧɨɠɟɫɬɜɨɦ ɧɟɛɨɥɶɲɢɯ. 

Ʉɪɚɣɧɟ ɠɟɥɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɥɵɟ ɜɟɥɢɱɢɧɵ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɡɚɞɚɧɢɢ ɨɩɟɪɚɧ-
ɞɚ, ɫɪɚɜɧɟɧɢɟ ɫ 0 (ɚ ɧɟ ɫ ɞɪɭɝɢɦɢ ɱɢɫɥɚɦɢ) ɢ ɩɚɪɚɥɥɟɥɢɡɦ ɧɚ ɭɪɨɜɧɟ ɤɨɦɚɧɞ. ɏɨɬɹ ɩɪɨɝɪɚɦɦɭ 

                                                           
2 Caveat emptor (ɥɚɬ.) – ɞɚ ɛɭɞɟɬ ɨɫɦɨɬɪɢɬɟɥɟɧ ɩɨɤɭɩɚɬɟɥɶ. 
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ɱɚɫɬɨ ɦɨɠɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɢɫɤɚ ɜ ɬɚɛɥɢɰɟ, ɷɬɨɬ ɦɟɬɨɞ ɧɟ 
ɫɥɢɲɤɨɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɤɨ-
ɦɚɧɞ ɡɚɝɪɭɡɤɚ ɞɚɧɧɵɯ ɢɡ ɩɚɦɹɬɢ ɡɚɧɢɦɚɟɬ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɚ ɦɟɬɨɞɵ ɩɨɢɫɤɚ ɜ ɬɚɛɥɢ-
ɰɟ ɡɚɱɚɫɬɭɸ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɝɨ ɢɧɬɟɪɟɫɚ (ɯɨɬɹ ɢ ɜɟɫɶɦɚ ɩɪɚɤɬɢɱɧɵ). 

ɇɚɩɨɫɥɟɞɨɤ ɦɧɟ ɯɨɬɟɥɨɫɶ ɛɵ ɧɚɩɨɦɧɢɬɶ ɢɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɫɥɨɜɚ ɯɚɤɟɪ3. ɏɚɤɟɪ — 
ɷɬɨ ɫɬɪɚɫɬɧɵɣ ɥɸɛɢɬɟɥɶ ɤɨɦɩɶɸɬɟɪɨɜ, ɨɧ ɫɨɡɞɚɟɬ ɱɬɨ-ɬɨ ɧɨɜɨɟ, ɩɟɪɟɞɟɥɵɜɚɟɬ ɢɥɢ ɫɨ-
ɜɟɪɲɟɧɫɬɜɭɟɬ ɬɨ, ɱɬɨ ɭɠɟ ɟɫɬɶ. ɏɚɤɟɪ ɨɱɟɧɶ ɯɨɪɨɲɨ ɪɚɡɛɢɪɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɟɥɚɟɬ, ɯɨɬɹ 
ɱɚɫɬɨ ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ ɩɪɨɝɪɚɦɦɢɫɬɨɦ ɢɥɢ ɪɚɡɪɚɛɨɬɱɢɤɨɦ. Ɉɛɵɱɧɨ ɯɚɤɟɪ 
ɩɢɲɟɬ ɩɪɨɝɪɚɦɦɵ ɧɟ ɪɚɞɢ ɜɵɝɨɞɵ, ɚ ɪɚɞɢ ɫɨɛɫɬɜɟɧɧɨɝɨ ɭɞɨɜɨɥɶɫɬɜɢɹ. Ɍɚɤɚɹ ɩɪɨɝɪɚɦɦɚ 
ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɩɨɥɟɡɧɨɣ, ɚ ɦɨɠɟɬ ɨɫɬɚɬɶɫɹ ɜɫɟɝɨ ɥɢɲɶ ɢɝɪɨɣ ɢɧɬɟɥɥɟɤɬɚ. ɇɚɩɪɢɦɟɪ, 
ɯɚɤɟɪ ɦɨɠɟɬ ɧɚɩɢɫɚɬɶ ɩɪɨɝɪɚɦɦɭ, ɤɨɬɨɪɚɹ ɜɨ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ ɜɵɜɨɞɢɬ ɬɨɱɧɭɸ ɤɨɩɢɸ 
ɫɟɛɹ ɫɚɦɨɣ4. Ɍɚɤɢɯ ɥɸɞɟɣ ɧɚɡɵɜɚɸɬ ɯɚɤɟɪɚɦɢ, ɢ ɷɬɚ ɤɧɢɝɚ ɧɚɩɢɫɚɧɚ ɢɦɟɧɧɨ ɞɥɹ ɧɢɯ, ɚ ɧɟ 
ɞɥɹ ɬɟɯ, ɤɬɨ ɯɨɱɟɬ ɩɨɥɭɱɢɬɶ ɫɨɜɟɬ ɨ ɬɨɦ, ɤɚɤ ɜɡɥɨɦɚɬɶ ɱɬɨ-ɥɢɛɨ ɜ ɤɨɦɩɶɸɬɟɪɟ. 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ 
ɉɪɟɠɞɟ ɜɫɟɝɨ ɹ ɯɨɱɭ ɩɨɛɥɚɝɨɞɚɪɢɬɶ Ȼɪɸɫɚ ɒɪɚɣɜɟɪɚ (Bruce Shriver) ɢ Ⱦɟɧɧɢɫɚ Ⱥɥɥɢ-

ɫɨɧɚ (Dennis Allison), ɨɤɚɡɚɜɲɢɯ ɦɧɟ ɩɨɦɨɳɶ ɜ ɨɩɭɛɥɢɤɨɜɚɧɢɢ ɤɧɢɝɢ. ə ɩɪɢɡɧɚɬɟɥɟɧ ɤɨɥɥɟ-
ɝɚɦ ɢɡ IBM, ɦɧɨɝɢɟ ɢɡ ɤɨɬɨɪɵɯ ɭɩɨɦɹɧɭɬɵ ɜ ɛɢɛɥɢɨɝɪɚɮɢɢ. Ɉɫɨɛɨɣ ɛɥɚɝɨɞɚɪɧɨɫɬɢ ɞɨɫɬɨ-
ɢɧ Ɇɚɪɬɢɧ ɏɨɩɤɢɧɫ (Martin E. Hopkins) ɢɡ IBM, ɤɨɬɨɪɨɝɨ ɩɨ ɩɪɚɜɭ ɦɨɠɧɨ ɧɚɡɜɚɬɶ “ɦɢɫɬɟɪ 
Ʉɨɦɩɶɸɬɟɪ”. ɗɬɨɬ ɱɟɥɨɜɟɤ ɧɟɭɞɟɪɠɢɦ ɜ ɫɜɨɟɦ ɫɬɪɟɦɥɟɧɢɢ ɩɨɞɫɱɢɬɚɬɶ ɜ ɩɪɨɝɪɚɦɦɟ ɤɚɠ-
ɞɵɣ ɬɚɤɬ, ɢ ɦɧɨɝɢɟ ɟɝɨ ɢɞɟɢ ɧɚɲɥɢ ɨɬɪɚɠɟɧɢɟ ɜ ɷɬɨɣ ɤɧɢɝɟ. Ȼɥɚɝɨɞɚɪɸ ɬɚɤɠɟ ɨɛɨɡɪɟɜɚɬɟ-
ɥɟɣ ɢɡ Addison-Wesley, ɤɨɬɨɪɵɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɥɢ ɦɨɸ ɤɧɢɝɭ. ɋɨ ɦɧɨɝɢɦɢ ɢɡ ɧɢɯ ɹ ɧɟ 
ɡɧɚɤɨɦ, ɧɨ ɧɟ ɦɨɝɭ ɧɟ ɭɩɨɦɹɧɭɬɶ ɜɵɞɚɸɳɢɣɫɹ 50-ɫɬɪɚɧɢɱɧɵɣ ɨɛɡɨɪ ɨɞɧɨɝɨ ɢɡ ɧɢɯ, Ƚɚɹ     
Ʌ. ɋɬɢɥɚ, ɦɥ. (Guy L. Steele, Jr.), ɝɞɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɡɚɬɪɨɧɭɬɵ ɜɨɩɪɨɫɵ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɛɢ-
ɬɨɜ, ɨɛɨɛɳɟɧɧɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ, ɤɨɬɨɪɵɟ ɨɛɹɡɚɬɟɥɶɧɨ ɜɨɣɞɭɬ ɜɨ ɜɬɨɪɨɟ 
ɢɡɞɚɧɢɟ ɤɧɢɝɢ (-). Ɋɹɞ ɩɪɟɞɥɨɠɟɧɧɵɯ ɢɦ ɚɥɝɨɪɢɬɦɨɜ ɢɫɩɨɥɶɡɨɜɚɧ ɜ ɞɚɧɧɨɣ ɤɧɢɝɟ. ɉɨɦɨɝ-
ɥɚ ɦɧɟ ɢ ɟɝɨ ɩɭɧɤɬɭɚɥɶɧɨɫɬɶ. ɇɚɩɪɢɦɟɪ, ɹ ɨɲɢɛɨɱɧɨ ɧɚɩɢɫɚɥ, ɱɬɨ ɲɟɫɬɧɚɞɰɚɬɟɪɢɱɧɨɟ ɱɢɫ-
ɥɨ 0xAAAAAAAA ɦɨɠɧɨ ɪɚɡɥɨɠɢɬɶ ɧɚ ɦɧɨɠɢɬɟɥɢ 2·3·17·257·65537; Ƚɚɣ ɭɤɚɡɚɥ, ɱɬɨ 3 ɧɟ-
ɨɛɯɨɞɢɦɨ ɡɚɦɟɧɢɬɶ ɧɚ 5. Ɉɧ ɧɟ ɭɩɭɫɬɢɥ ɧɢ ɨɞɧɨɣ ɢɡ ɩɨɞɨɛɧɵɯ ɦɟɥɨɱɟɣ ɢ ɧɚɦɧɨɝɨ ɭɥɭɱɲɢɥ 
ɫɬɢɥɶ ɢɡɥɨɠɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɟɫɶ ɦɚɬɟɪɢɚɥ, ɫɜɹɡɚɧɧɵɣ ɫ ɦɟɬɨɞɨɦ “ɩɚɪɚɥɥɟɥɶ-
ɧɨɝɨ ɩɪɟɮɢɤɫɚ”, ɩɨɹɜɢɥɫɹ ɜ ɤɧɢɝɟ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɛɥɚɝɨɞɚɪɹ Ƚɚɸ. 

Ƚ.ɋ. ɍɨɪɪɟɧ ɦɥ. (H.S. Warren, Jr.) 
Ƀɨɪɤɬɚɭɧ, ɇɶɸ-Ƀɨɪɤ 

Ɏɟɜɪɚɥɶ 2002 

                                                           
3 ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ “ɯɚɤɟɪɚɦɢ” ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɬɟɯ, ɤɬɨ ɩɨɥɭɱɚɟɬ ɧɟɫɚɧɤɰɢɨɧɢɪɨɜɚɧɧɵɣ ɞɨɫ-

ɬɭɩ ɤ ɛɚɧɤɨɜɫɤɢɦ ɫɢɫɬɟɦɚɦ, ɜɡɥɚɦɵɜɚɟɬ Web-ɭɡɥɵ ɢ ɜɟɞɟɬ ɩɪɨɱɭɸ ɪɚɡɪɭɲɢɬɟɥɶɧɭɸ ɞɟɹɬɟɥɶɧɨɫɬɶ 
ɥɢɛɨ ɪɚɞɢ ɩɨɥɭɱɟɧɢɹ ɞɟɧɟɝ, ɥɢɛɨ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɜɫɟɦ ɫɜɨɟɣ “ɤɪɭɬɨɫɬɢ”. Ʉ ɧɚɫɬɨɹɳɢɦ ɯɚɤɟɪɚɦ 
ɬɚɤɨɜɵɟ ɧɟ ɢɦɟɸɬ ɧɢɤɚɤɨɝɨ ɨɬɧɨɲɟɧɢɹ. — ɉɪɢɦ. ɩɟɪɟɜ. 

4 ɋɚɦɚɹ ɤɨɪɨɬɤɚɹ ɬɚɤɚɹ ɩɪɨɝɪɚɦɦɚ ɧɚ C, ɢɡɜɟɫɬɧɚɹ ɚɜɬɨɪɭ, ɧɚɩɢɫɚɧɚ ȼɥɚɞɨɦ Ɍɚɢɪɨɜɵɦ ɢ Ɋɚɲɢ-
ɞɨɦ Ɏɚɯɪɟɟɜɵɦ ɢ ɫɨɞɟɪɠɢɬ ɜɫɟɝɨ 64 ɫɢɦɜɨɥɚ: 

main(a){printf(a,34,a="main(a){printf(a,34,a=%c%s%c,34);}",34);} 
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ȼȼȿȾȿɇɂȿ 

1.1. ɋɢɫɬɟɦɚ ɨɛɨɡɧɚɱɟɧɢɣ 
ɉɨɜɫɸɞɭ ɜ ɤɧɢɝɟ ɩɪɢ ɨɩɢɫɚɧɢɢ ɦɚɲɢɧɧɵɯ ɤɨɦɚɧɞ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɪɚɠɟɧɢɹ, ɨɬɥɢ-

ɱɚɸɳɢɟɫɹ ɨɬ ɨɛɵɱɧɵɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ. ȼ “ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɪɢɮɦɟɬɢɤɟ” ɨɩɟ-
ɪɚɧɞɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɢɬɨɜɵɟ ɫɬɪɨɤɢ (ɢɥɢ ɜɟɤɬɨɪɵ) ɧɟɤɨɬɨɪɨɣ ɮɢɤɫɢɪɨɜɚɧɧɨɣ 
ɞɥɢɧɵ. ȼɵɪɚɠɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɪɢɮɦɟɬɢɤɢ ɩɨɯɨɠɢ ɧɚ ɜɵɪɚɠɟɧɢɹ ɨɛɵɱɧɨɣ ɚɪɢɮɦɟ-
ɬɢɤɢ, ɧɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɟɦɟɧɧɵɟ ɨɛɨɡɧɚɱɚɸɬ ɫɨɞɟɪɠɢɦɨɟ ɪɟɝɢɫɬɪɨɜ ɤɨɦɩɶɸɬɟɪɚ. Ɂɧɚ-
ɱɟɧɢɟ ɜɵɪɚɠɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɪɢɮɦɟɬɢɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɪɨɤɭ ɛɢɬɨɜ ɛɟɡ ɤɚ-
ɤɨɣ-ɥɢɛɨ ɫɩɟɰɢɚɥɶɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ; ɨɩɟɪɚɧɞɵ ɠɟ ɦɨɝɭɬ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶɫɹ ɩɨ-
ɪɚɡɧɨɦɭ. ɇɚɩɪɢɦɟɪ, ɜ ɤɨɦɚɧɞɟ ɫɪɚɜɧɟɧɢɹ ɨɩɟɪɚɧɞɵ ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɥɢɛɨ ɤɚɤ ɞɜɨɢɱ-
ɧɵɟ ɰɟɥɵɟ ɱɢɫɥɚ ɫɨ ɡɧɚɤɨɦ, ɥɢɛɨ ɤɚɤ ɛɟɡɡɧɚɤɨɜɵɟ ɰɟɥɵɟ ɱɢɫɥɚ. ɉɨɷɬɨɦɭ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɬɢɩɚ ɨɩɟɪɚɧɞɨɜ, ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ ɫɢɦɜɨɥɵ. 

Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɦɟɠɞɭ ɨɛɵɱɧɵɦɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɦɢ ɞɟɣɫɬɜɢɹɦɢ ɢ ɤɨɦɩɶɸɬɟɪɧɵɦɢ 
ɫɥɨɠɟɧɢɟɦ, ɜɵɱɢɬɚɧɢɟɦ ɢ ɭɦɧɨɠɟɧɢɟɦ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɪɟɡɭɥɶɬɚɬ ɞɟɣɫɬɜɢɣ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɚɪɢɮɦɟɬɢɤɢ ɩɪɢɜɨɞɢɬɫɹ ɩɨ ɦɨɞɭɥɸ 2n, ɝɞɟ n — ɪɚɡɦɟɪ ɦɚɲɢɧɧɨɝɨ ɫɥɨɜɚ. ȿɳɟ ɨɞɧɨ ɨɬɥɢɱɢɟ 
ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɤɨɦɩɶɸɬɟɪɧɚɹ ɚɪɢɮɦɟɬɢɤɚ ɫɨɞɟɪɠɢɬ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɨɩɟɪɚɰɢɣ. Ʉɪɨɦɟ 
ɨɫɧɨɜɧɵɯ ɱɟɬɵɪɟɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɞɟɣɫɬɜɢɣ, ɦɚɲɢɧɚ ɫɩɨɫɨɛɧɚ ɜɵɩɨɥɧɢɬɶ ɦɧɨɠɟɫɬɜɨ ɞɪɭɝɢɯ 
ɤɨɦɚɧɞ: ɥɨɝɢɱɟɫɤɢɟ ɢ (and), ɢɫɤɥɸɱɚɸɳɟɟ ɢɥɢ, ɫɪɚɜɧɟɧɢɟ, ɫɞɜɢɝ ɜɥɟɜɨ ɢ ɞɪ. 

ȿɫɥɢ ɧɟ ɨɝɨɜɨɪɟɧɨ ɢɧɨɟ, ɜɟɡɞɟ ɜ ɤɧɢɝɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɞɥɢɧɚ ɫɥɨɜɚ ɪɚɜɧɚ 32 ɛɢ-
ɬɚɦ, ɚ ɰɟɥɵɟ ɱɢɫɥɚ ɫɨ ɡɧɚɤɨɦ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɤ 2 ɤɨɞɟ. ȿɫɥɢ ɞɥɢɧɚ 
ɫɥɨɜɚ ɢɧɚɹ, ɬɚɤɢɟ ɫɥɭɱɚɢ ɨɝɨɜɚɪɢɜɚɸɬɫɹ ɨɫɨɛɨ. 

ȼɫɟ ɜɵɪɚɠɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɪɢɮɦɟɬɢɤɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ ɨɛɵɱɧɵɦ 
ɚɪɢɮɦɟɬɢɱɟɫɤɢɦ ɜɵɪɚɠɟɧɢɹɦ, ɫ ɬɟɦ ɨɬɥɢɱɢɟɦ, ɱɬɨ ɩɟɪɟɦɟɧɧɵɟ, ɨɛɨɡɧɚɱɚɸɳɢɟ ɫɨɞɟɪ-
ɠɢɦɨɟ ɪɟɝɢɫɬɪɨɜ ɤɨɦɩɶɸɬɟɪɚ, ɜɵɞɟɥɹɸɬɫɹ ɩɨɥɭɠɢɪɧɵɦ ɲɪɢɮɬɨɦ (ɷɬɨ ɨɛɵɱɧɨɟ ɫɨɝɥɚ-
ɲɟɧɢɟ, ɩɪɢɧɹɬɨɟ ɜ ɜɟɤɬɨɪɧɨɣ ɚɥɝɟɛɪɟ). Ɇɚɲɢɧɧɨɟ ɫɥɨɜɨ ɢɧɬɟɪɩɪɟɬɢɪɭɟɬɫɹ ɤɚɤ ɜɟɤɬɨɪ, 
ɫɨɫɬɨɹɳɢɣ ɢɡ ɨɬɞɟɥɶɧɵɯ ɛɢɬɨɜ. Ʉɨɧɫɬɚɧɬɵ ɬɚɤɠɟ ɜɵɞɟɥɹɸɬɫɹ ɩɨɥɭɠɢɪɧɵɦ ɲɪɢɮɬɨɦ, 
ɟɫɥɢ ɨɛɨɡɧɚɱɚɸɬ ɫɨɞɟɪɠɢɦɨɟ ɪɟɝɢɫɬɪɚ (ɜ ɜɟɤɬɨɪɧɨɣ ɚɥɝɟɛɪɟ ɚɧɚɥɨɝɢɱɧɨɝɨ ɨɛɨɡɧɚɱɟɧɢɹ 
ɧɟɬ, ɬɚɤ ɤɚɤ ɬɚɦ ɞɥɹ ɡɚɩɢɫɢ ɤɨɧɫɬɚɧɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɫɩɨɫɨɛ — ɭɤɚɡɚɧɢɟ ɤɨɦ-
ɩɨɧɟɧɬɨɜ ɜɟɤɬɨɪɚ). ȿɫɥɢ ɤɨɧɫɬɚɧɬɚ ɨɡɧɚɱɚɟɬ ɱɚɫɬɶ ɤɨɦɚɧɞɵ (ɧɚɩɪɢɦɟɪ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɡɧɚɱɟɧɢɟ ɜ ɤɨɦɚɧɞɟ ɫɞɜɢɝɚ), ɬɨ ɨɧɚ ɧɟ ɜɵɞɟɥɹɟɬɫɹ. 

ȿɫɥɢ ɨɩɟɪɚɬɨɪ, ɧɚɩɪɢɦɟɪ “+”, ɫɤɥɚɞɵɜɚɟɬ ɜɵɞɟɥɟɧɧɵɟ ɩɨɥɭɠɢɪɧɵɦ ɲɪɢɮɬɨɦ ɨɩɟ-
ɪɚɧɞɵ, ɬɨ ɨɧ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɦɚɲɢɧɧɭɸ ɨɩɟɪɚɰɢɸ ɫɥɨɠɟɧɢɹ (“ɜɟɤɬɨɪɧɨɟ ɫɥɨɠɟɧɢɟ”). ȿɫ-
ɥɢ ɨɩɟɪɚɧɞɵ ɧɟ ɜɵɞɟɥɟɧɵ, ɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɨɛɵɱɧɨɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɫɥɨɠɟɧɢɟ ɫɤɚ-
ɥɹɪɧɵɯ ɜɟɥɢɱɢɧ (ɫɤɚɥɹɪɧɨɟ ɫɥɨɠɟɧɢɟ). ɉɟɪɟɦɟɧɧɚɹ x ɨɛɨɡɧɚɱɚɟɬ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟ-
ɧɢɟ ɜɵɞɟɥɟɧɧɨɣ ɩɨɥɭɠɢɪɧɵɦ ɲɪɢɮɬɨɦ ɩɟɪɟɦɟɧɧɨɣ x (ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɨɟ ɤɚɤ ɡɧɚɤɨɜɨɟ 
ɢɥɢ ɛɟɡɡɧɚɤɨɜɨɟ, ɱɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɩɨɧɹɬɧɨ ɢɡ ɤɨɧɬɟɤɫɬɚ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ 
x = 0x80000000, ɚ y = 0x80000000, ɬɨ ɩɪɢ ɡɧɚɤɨɜɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ x = y = –231, x + y = –232 ɢ 
x + y = 0. (Ɂɞɟɫɶ 0x80000000 — ɲɟɫɬɧɚɞɰɚɬɟɪɢɱɧɚɹ ɡɚɩɢɫɶ ɫɬɪɨɤɢ ɛɢɬɨɜ, ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɨɞɧɨɝɨ ɟɞɢɧɢɱɧɨɝɨ ɛɢɬɚ ɢ ɫɥɟɞɭɸɳɢɯ ɡɚ ɧɢɦ 31 ɧɭɥɟɜɨɝɨ ɛɢɬɚ.) 

Ȼɢɬɵ ɧɭɦɟɪɭɸɬɫɹ ɫɩɪɚɜɚ ɧɚɥɟɜɨ, ɩɪɢɱɟɦ ɤɪɚɣɧɢɣ ɫɩɪɚɜɚ (ɦɥɚɞɲɢɣ) ɛɢɬ ɢɦɟɟɬ ɧɨɦɟɪ 
0. Ⱦɥɢɧɵ ɛɢɬɚ, ɩɨɥɭɛɚɣɬɚ, ɛɚɣɬɚ, ɩɨɥɭɫɥɨɜɚ, ɫɥɨɜɚ ɢ ɞɜɨɣɧɨɝɨ ɫɥɨɜɚ ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧ-
ɧɨ 1, 4, 8, 16, 32 ɢ 64 ɛɢɬ. 
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16 ȽɅȺȼȺ 1. ȼȼȿȾȿɇɂȿ 

ɇɟɛɨɥɶɲɢɟ ɢ ɩɪɨɫɬɵɟ ɮɪɚɝɦɟɧɬɵ ɤɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɜɵɪɚɠɟ-
ɧɢɣ ɫ ɨɩɟɪɚɬɨɪɨɦ ɩɪɢɫɜɚɢɜɚɧɢɹ (ɫɬɪɟɥɤɚ ɜɥɟɜɨ) ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫ ɨɩɟɪɚɬɨɪɨɦ if. 
Ⱦɥɹ ɬɚɤɢɯ ɡɚɞɚɱ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ, ɱɟɦ ɫɨ-
ɫɬɚɜɥɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ɧɚ ɹɡɵɤɟ ɚɫɫɟɦɛɥɟɪɚ. 

Ȼɨɥɟɟ ɫɥɨɠɧɵɟ ɢ ɝɪɨɦɨɡɞɤɢɟ ɚɥɝɨɪɢɬɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɩɪɨɝɪɚɦɦ ɧɚ ɹɡɵɤɟ C++, 
ɩɪɢɱɟɦ ɫɜɨɣɫɬɜɚ C++ ɤɚɤ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɧɢɝɞɟ ɜ ɤɧɢɝɟ 
ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ. ɉɨ ɫɭɬɢ, ɩɪɨɝɪɚɦɦɵ ɧɚɩɢɫɚɧɵ ɧɚ ISO (ANSI) C, ɧɨ ɫ ɤɨɦɦɟɧɬɚɪɢɹɦɢ ɜ ɫɬɢ-
ɥɟ C++. Ɍɚɦ, ɝɞɟ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ C ɢ C++ ɧɟ ɫɭɳɟɫɬɜɟɧɧɵ, ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɩɪɨɫɬɨ ɹɡɵɤ C.  

ɉɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɹɡɵɤɚ C ɜɵɯɨɞɢɬ ɡɚ ɪɚɦɤɢ ɞɚɧɧɨɣ ɤɧɢɝɢ. Ɉɞɧɚɤɨ ɞɥɹ ɬɟɯ ɱɢɬɚɬɟɥɟɣ, 
ɤɨɬɨɪɵɟ ɧɟ ɡɧɚɤɨɦɵ ɫ C, ɜ ɬɚɛɥ. 1.1 ɩɪɢɜɟɞɟɧɨ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɷɬɨɝɨ ɹɡɵɤɚ [32]. ɗɬɨ ɨɩɢɫɚɧɢɟ ɨɫɨɛɟɧɧɨ ɩɨɥɟɡɧɨ ɞɥɹ ɱɢɬɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɧɟ ɡɧɚɤɨɦɵ ɫ 
C, ɧɨ ɡɧɚɸɬ ɤɚɤɨɣ-ɥɢɛɨ ɢɧɨɣ ɩɪɨɰɟɞɭɪɧɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ȼ ɬɚɛɥɢɰɟ ɩɟɪɟɱɢɫ-
ɥɟɧɵ ɬɚɤɠɟ ɨɩɟɪɚɬɨɪɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɢ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɜɵ-
ɪɚɠɟɧɢɹɯ ɷɬɨɣ ɤɧɢɝɢ. ȼɫɟ ɨɩɟɪɚɬɨɪɵ ɹɡɵɤɚ C ɭɩɨɪɹɞɨɱɟɧɵ ɩɨ ɩɪɢɨɪɢɬɟɬɚɦ: ɜ ɧɚɱɚɥɟ 
ɬɚɛɥɢɰɵ ɪɚɫɩɨɥɨɠɟɧɵ ɨɩɟɪɚɬɨɪɵ, ɢɦɟɸɳɢɟ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɢɣ ɩɪɢɨɪɢɬɟɬ, ɜ ɤɨɧɰɟ — 
ɨɩɟɪɚɬɨɪɵ ɫ ɫɚɦɵɦ ɧɢɡɤɢɦ ɩɪɢɨɪɢɬɟɬɨɦ. Ȼɭɤɜɚ L ɜ ɫɬɨɥɛɰɟ “ɉɪɢɨɪɢɬɟɬ” ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɞɚɧɧɵɣ ɨɩɟɪɚɬɨɪ ɥɟɜɨɚɫɫɨɰɢɚɬɢɜɟɧ, ɚ ɢɦɟɧɧɨ: 

a • b • c = (a • b) • c. 
Ȼɭɤɜɚ R ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɩɟɪɚɬɨɪ ɩɪɚɜɨɚɫɫɨɰɢɚɬɢɜɟɧ. ɉɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ ɢ ɢɫɩɨɥɶ-

ɡɭɟɦɵɟ ɜ ɤɧɢɝɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɨɩɟɪɚɬɨɪɵ ɫɥɟɞɭɸɬ ɩɪɚɜɢɥɚɦ ɚɫɫɨɰɢɚɬɢɜɧɨɫɬɢ ɢ ɩɪɢɨɪɢ-
ɬɟɬɚɦ ɨɩɟɪɚɬɨɪɨɜ ɹɡɵɤɚ ɋ. 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɩɟɪɟɱɢɫɥɟɧɧɨɦɭ ɜ ɬɚɛɥ. 1.1 ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɹɞ ɨɛɨɡɧɚɱɟɧɢɣ ɢɡ ɛɭɥɟɜɨɣ 
ɚɥɝɟɛɪɵ ɢ ɫɬɚɧɞɚɪɬɧɨɣ ɦɚɬɟɦɚɬɢɤɢ (ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɹɫɧɟɧɢɹ ɩɪɢɜɨɞɹɬɫɹ ɩɨ ɦɟɪɟ ɧɟ-
ɨɛɯɨɞɢɦɨɫɬɢ). 

Ɍɚɛɥɢɰɚ 1.1. ɗɥɟɦɟɧɬɵ ɹɡɵɤɚ C ɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɨɩɟɪɚɬɨɪɵ 

ɉɪɢ-
ɨɪɢɬɟɬ 

 
C 

 
Ⱥɥɝɟɛɪɚ 

 
Ɉɩɢɫɚɧɢɟ 

 0x... ,0x 0b! !  ɒɟɫɬɧɚɞɰɚɬɟɪɢɱɧɵɟ, ɞɜɨɢɱɧɵɟ ɤɨɧɫɬɚɧɬɵ 

16 a[k]  ȼɵɛɨɪ k-ɝɨ ɤɨɦɩɨɧɟɧɬɚ 

16  0 1, ,!x x  Ɋɚɡɥɢɱɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢɥɢ ɜɵɛɨɪɤɚ ɛɢɬɨɜ (ɡɚ-
ɜɢɫɢɬ ɨɬ ɤɨɧɬɟɤɫɬɚ) 

16 f(x,...) ( ),f !x  ȼɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ 

16  ( )abs x  Ⱥɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ (ɨɞɧɚɤɨ ( )31 31abs 2 2− = − ) 

16  ( )nabs x  Ɉɬɪɢɰɚɬɟɥɶɧɨɟ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ  

15 x++, x--  ɉɪɢɛɚɜɥɟɧɢɟ, ɜɵɱɢɬɚɧɢɟ ɟɞɢɧɢɰɵ (ɩɨɫɬɮɢɤɫɧɚɹ 
ɮɨɪɦɚ, ɩɨɫɬɢɧɤɪɟɦɟɧɬ, ɩɨɫɬɞɟɤɪɟɦɟɧɬ) 

14 ++x, --x  ɉɪɢɛɚɜɥɟɧɢɟ, ɜɵɱɢɬɚɧɢɟ ɟɞɢɧɢɰɵ (ɩɪɟɮɢɤɫɧɚɹ 
ɮɨɪɦɚ, ɩɪɟɢɧɤɪɟɦɟɧɬ, ɩɪɟɞɟɤɪɟɦɟɧɬ) 

14 (type name) x  ɉɪɢɜɟɞɟɧɢɟ ɬɢɩɚ 

14 R  kx  ɯ ɜ ɫɬɟɩɟɧɢ k 
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1.1. ɋɂɋɌȿɆȺ ɈȻɈɁɇȺɑȿɇɂɃ 17 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 1.1 

ɉɪɢ-
ɨɪɢɬɟɬ 

 
C 

 
Ⱥɥɝɟɛɪɚ 

 
Ɉɩɢɫɚɧɢɟ 

14 ~x ,¬x x  ɉɨɛɢɬɨɜɨɟ ɧɟ (ɩɨɛɢɬɨɜɨɟ ɞɨɩɨɥɧɟɧɢɟ ɞɨ ɟɞɢ-
ɧɢɰɵ) 

14 !x  Ʌɨɝɢɱɟɫɤɨɟ ɨɬɪɢɰɚɧɢɟ (if x = 0 then 1 else 0) 
14 -x −x  Ⱥɪɢɮɦɟɬɢɱɟɫɤɨɟ ɨɬɪɢɰɚɧɢɟ 
13 L x*y ∗x y  ɍɦɧɨɠɟɧɢɟ ɩɨ ɦɨɞɭɥɸ ɪɚɡɦɟɪɚ ɫɥɨɜɚ 
13 L x / y ÷x y  Ɂɧɚɤɨɜɨɟ ɰɟɥɨɱɢɫɥɟɧɧɨɟ ɞɟɥɟɧɢɟ 

13 L x / y u
÷x y  Ȼɟɡɡɧɚɤɨɜɨɟ ɰɟɥɨɱɢɫɥɟɧɧɨɟ ɞɟɥɟɧɢɟ 

13 L x % y ( )rem ,x y  Ɉɫɬɚɬɨɤ (ɦɨɠɟɬ ɛɵɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɦ) ɨɬ ɞɟɥɟɧɢɹ 
( ÷x y ) ɡɧɚɤɨɜɵɯ ɚɪɝɭɦɟɧɬɨɜ 

13 L x % y ( )remu ,x y  Ɉɫɬɚɬɨɤ ɨɬ ɞɟɥɟɧɢɹ ( u
÷x y ) ɛɟɡɡɧɚɤɨɜɵɯ  

ɚɪɝɭɦɟɧɬɨɜ 

  ( )mod ,x y  
ɉɪɢɜɟɞɟɧɢɟ x  ɩɨ ɦɨɞɭɥɸ y  ɤ ɢɧɬɟɪɜɚɥɭ 

( )0, abs 1−ª º¬ ¼y ; ɡɧɚɤɨɜɵɟ ɚɪɝɭɦɟɧɬɵ  

12 L x + y, x - y ,+ −x y x y  ɋɥɨɠɟɧɢɟ, ɜɵɱɢɬɚɧɢɟ 

11 L x << y, x >> y ,
u

� �x y x y  ɋɞɜɢɝ ɜɥɟɜɨ, ɜɩɪɚɜɨ ɫ ɡɚɩɨɥɧɟɧɢɟɦ ɧɭɥɹɦɢ 
(“ɥɨɝɢɱɟɫɤɢɣ” ɫɞɜɢɝ) 

11 L x >> y s
�x y  ɋɞɜɢɝ ɜɩɪɚɜɨ ɫɨ ɡɧɚɤɨɜɵɦ ɡɚɩɨɥɧɟɧɢɟɦ (“ɚɪɢɮɦɟ-

ɬɢɱɟɫɤɢɣ” ɢɥɢ “ɚɥɝɟɛɪɚɢɱɟɫɤɢɣ” ɫɞɜɢɝ) 

11 L  ,
rot rot
� �x y x y  ɐɢɤɥɢɱɟɫɤɢɣ ɫɞɜɢɝ ɜɥɟɜɨ, ɜɩɪɚɜɨ 

10 L 
x < y, x <= y 

x > y, x >= y 

,< ≤x y x y  
,> ≥x y x y  ɋɪɚɜɧɟɧɢɟ ɡɧɚɤɨɜɵɯ ɚɪɝɭɦɟɧɬɨɜ 

10 L 
x < y, x <= y 

x > y, x >= y 

,
u u
< ≤x y x y  

,
u u
> ≥x y x y  

ɋɪɚɜɧɟɧɢɟ ɛɟɡɡɧɚɤɨɜɵɯ ɚɪɝɭɦɟɧɬɨɜ  

9 L x == y, x != y ,= ≠x y x y  Ɋɚɜɧɨ, ɧɟ ɪɚɜɧɨ 

8 L x & y &x y  ɉɨɛɢɬɨɜɨɟ ɢ 

7 L x ^ y ⊕x y  ɉɨɛɢɬɨɜɨɟ ɢɫɤɥɸɱɚɸɳɟɟ ɢɥɢ 

7 L  ≡x y  ɉɨɛɢɬɨɜɚɹ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ( ( )¬ ⊕x y ) 

6 L x | y |x y  ɉɨɛɢɬɨɜɨɟ ɢɥɢ 

5 L x && y &
JJG

x y  Ʌɨɝɢɱɟɫɤɨɟ ɢ (if x = 0 then 0 else if y = 0 
then 0 else 1)  

4 L x || y |
G

x y  
Ʌɨɝɢɱɟɫɤɨɟ ɢɥɢ (if x ≠ 0 then 1 else if y ≠ 0 
then 1 else 0) 

3 L  ||x y  Ʉɨɧɤɚɬɟɧɚɰɢɹ 

2 R x = y ←x y  ɉɪɢɫɜɚɢɜɚɧɢɟ 
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18 ȽɅȺȼȺ 1. ȼȼȿȾȿɇɂȿ 

Ʉɪɨɦɟ ɮɭɧɤɰɢɣ “abs”, “rem” ɢ ɩɪɨɱɢɯ, ɜ ɤɧɢɝɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɞɪɭɝɢɯ ɮɭɧɤ-
ɰɢɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɩɪɟɞɟɥɟɧɵ ɩɨɡɠɟ. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɜɵɪɚɠɟɧɢɹ x < y < z ɜ ɹɡɵɤɟ C ɫɧɚɱɚɥɚ ɜɵɱɢɫɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ 
x < y, (ɪɟɡɭɥɶɬɚɬ ɪɚɜɟɧ 1, ɟɫɥɢ ɜɵɪɚɠɟɧɢɟ ɢɫɬɢɧɧɨ, ɢ 0, ɟɫɥɢ ɜɵɪɚɠɟɧɢɟ ɥɨɠɧɨ), ɡɚɬɟɦ 
ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ z. ȼɵɪɚɠɟɧɢɟ x < y < z ɫ ɨɩɟɪɚɬɨɪɚɦɢ ɫɪɚɜɧɟɧɢɹ “<” 
ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ (x < y)&(y < z). 

ȼ ɹɡɵɤɟ C ɟɫɬɶ ɬɪɢ ɨɩɟɪɚɬɨɪɚ ɰɢɤɥɚ: while, do ɢ for. ɐɢɤɥ while ɢɦɟɟɬ ɜɢɞ: 
while(ɜɵɪɚɠɟɧɢɟ) ɨɩɟɪɚɬɨɪ 
ɉɟɪɟɞ ɜɵɩɨɥɧɟɧɢɟɦ ɰɢɤɥɚ ɜɵɱɢɫɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ. ȿɫɥɢ ɜɵɪɚɠɟɧɢɟ ɢɫɬɢɧɧɨ (ɧɟ 

ɧɭɥɶ), ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɬɨɪ. Ɂɚɬɟɦ ɫɧɨɜɚ ɜɵɱɢɫɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ. ɐɢɤɥ while ɡɚɜɟɪ-
ɲɚɟɬɫɹ, ɤɨɝɞɚ ɜɵɪɚɠɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɥɨɠɧɵɦ (ɪɚɜɧɵɦ ɧɭɥɸ). 

ɐɢɤɥ do ɚɧɚɥɨɝɢɱɟɧ ɰɢɤɥɭ while, ɨɞɧɚɤɨ ɩɪɨɜɟɪɨɱɧɨɟ ɭɫɥɨɜɢɟ ɫɬɨɢɬ ɩɨɫɥɟ ɨɩɟɪɚɬɨ-
ɪɚ ɰɢɤɥɚ, ɚ ɢɦɟɧɧɨ: 

do ɨɩɟɪɚɬɨɪ while(ɜɵɪɚɠɟɧɢɟ) 
ȼ ɷɬɨɦ ɰɢɤɥɟ ɫɧɚɱɚɥɚ ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɬɨɪ, ɡɚɬɟɦ ɜɵɱɢɫɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ. ȿɫɥɢ 

ɜɵɪɚɠɟɧɢɟ ɢɫɬɢɧɧɨ, ɨɩɟɪɚɬɨɪɵ ɰɢɤɥɚ ɜɵɩɨɥɧɹɸɬɫɹ ɟɳɟ ɪɚɡ, ɟɫɥɢ ɜɵɪɚɠɟɧɢɟ ɥɨɠɧɨ, 
ɰɢɤɥ ɡɚɜɟɪɲɚɟɬɫɹ. 

Ɉɩɟɪɚɬɨɪ for ɢɦɟɟɬ ɜɢɞ 
for(e1;e2;e3) ɨɩɟɪɚɬɨɪ 
ɋɧɚɱɚɥɚ ɜɵɱɢɫɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ e1 — ɤɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɨɩɟɪɚɬɨɪ ɩɪɢɫɜɚɢɜɚɧɢɹ (ɚɧɚɥɨɝ 

ɜɵɪɚɠɟɧɢɹ-ɢɧɢɰɢɚɥɢɡɚɰɢɢ). Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɬɫɹ e2 — ɨɩɟɪɚɬɨɪ ɫɪɚɜɧɟɧɢɹ (ɢɥɢ ɭɫɥɨɜɧɨɟ ɜɵ-
ɪɚɠɟɧɢɟ). ȿɫɥɢ ɡɧɚɱɟɧɢɟ ɭɫɥɨɜɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɪɚɜɧɨ ɧɭɥɸ (ɭɫɥɨɜɢɟ ɥɨɠɧɨ), ɰɢɤɥ ɡɚɜɟɪɲɚɟɬ-
ɫɹ, ɟɫɥɢ ɧɟ ɪɚɜɧɨ ɧɭɥɸ (ɭɫɥɨɜɢɟ ɢɫɬɢɧɧɨ), ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɬɨɪ. Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɬɫɹ e3 (ɬɨ-
ɠɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɩɟɪɚɬɨɪ ɩɪɢɫɜɚɢɜɚɧɢɹ), ɢ ɜɧɨɜɶ ɜɵɱɢɫɥɹɟɬɫɹ ɭɫɥɨɜɧɨɟ ɜɵɪɚɠɟɧɢɟ e2. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɡɧɚɤɨɦɵɣ ɜɫɟɦ ɰɢɤɥ “do i = 1 to n” ɡɚɩɢɲɟɬɫɹ ɤɚɤ for(i=1; i<=n; i++) (ɷɬɨ ɨɞɢɧ 
ɢɡ ɤɨɧɬɟɤɫɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɟɪɚɬɨɪɚ ɩɨɫɬɢɧɤɪɟɦɟɧɬɚ). 

1.2. ɋɢɫɬɟɦɚ ɤɨɦɚɧɞ ɢ ɦɨɞɟɥɶ ɨɰɟɧɤɢ ɜɪɟɦɟɧɢ  
ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɚɧɞ 

ɑɬɨɛɵ ɦɨɠɧɨ ɛɵɥɨ ɯɨɬɹ ɛɵ ɝɪɭɛɨ ɫɪɚɜɧɢɜɚɬɶ ɚɥɝɨɪɢɬɦɵ, ɩɪɟɞɫɬɚɜɢɦ, ɱɬɨ ɨɧɢ ɤɨɞɢ-
ɪɭɸɬɫɹ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɦɚɲɢɧɟ ɫ ɧɚɛɨɪɨɦ ɤɨɦɚɧɞ, ɩɨɞɨɛɧɵɯ ɫɨɜɪɟɦɟɧɧɵɦ RISC-
ɤɨɦɩɶɸɬɟɪɚɦ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ (ɬɢɩɚ Compaq Alpha, SGI MIPS ɢ IBM RS/6000). ɗɬɨ 
ɬɪɟɯɚɞɪɟɫɧɚɹ ɦɚɲɢɧɚ, ɢɦɟɸɳɚɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɟɝɢɫɬɪɨɜ ɨɛɳɟɝɨ ɧɚ-
ɡɧɚɱɟɧɢɹ — ɧɟ ɦɟɧɟɟ 16. ȿɫɥɢ ɧɟ ɨɝɨɜɨɪɟɧɨ ɢɧɨɟ, ɜɫɟ ɪɟɝɢɫɬɪɵ 32-ɪɚɡɪɹɞɧɵɟ. Ɋɟɝɢɫɬɪ 
ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ ɧɨɦɟɪɨɦ 0 ɜɫɟɝɞɚ ɫɨɞɟɪɠɢɬ ɧɭɥɢ, ɜɫɟ ɞɪɭɝɢɟ ɪɟɝɢɫɬɪɵ ɪɚɜɧɨɩɪɚɜɧɵ 
ɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɥɸɛɵɯ ɰɟɥɟɣ. 

Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɜ ɤɨɦɩɶɸɬɟɪɟ ɧɟɬ ɪɟɝɢɫɬɪɨɜ “ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚ-
ɱɟɧɢɹ”, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɥɨɜɚ ɫɨɫɬɨɹɧɢɹ ɩɪɨɰɟɫɫɨɪɚ ɢɥɢ ɪɟɝɢɫɬɪɚ ɫ ɛɢɬɚɦɢ ɫɨɫɬɨɹɧɢɣ, ɧɚ-
ɩɪɢɦɟɪ “ɩɟɪɟɩɨɥɧɟɧɢɟ”. ɇɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɚɤɠɟ ɤɨɦɚɧɞɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɱɢɫɥɚɦɢ ɫ 
ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ, ɤɚɤ ɜɵɯɨɞɹɳɢɟ ɡɚ ɪɚɦɤɢ ɬɟɦɚɬɢɤɢ ɞɚɧɧɨɣ ɤɧɢɝɢ. 

ȼ ɤɧɢɝɟ ɨɩɢɫɚɧɵ ɞɜɚ ɬɢɩɚ RISC: “ɛɚɡɨɜɵɣ RISC”, ɤɨɦɚɧɞɵ ɤɨɬɨɪɨɝɨ ɩɟɪɟɱɢɫɥɟɧɵ ɜ 
ɬɚɛɥ. 1.2, ɢ “RISC ɫ ɩɨɥɧɵɦ ɧɚɛɨɪɨɦ ɤɨɦɚɧɞ”, ɜ ɤɨɬɨɪɵɣ ɤɪɨɦɟ ɨɫɧɨɜɧɵɯ RISC-ɤɨɦɚɧɞ 
ɜɯɨɞɹɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɦɚɧɞɵ, ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜ ɬɚɛɥ. 1.3. 
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1.2. ɋɂɋɌȿɆȺ ɄɈɆȺɇȾ ɂ ɆɈȾȿɅɖ ɈɐȿɇɄɂ ȼɊȿɆȿɇɂ ȼɕɉɈɅɇȿɇɂə ɄɈɆȺɇȾ 19 

Ɍɚɛɥɢɰɚ 1.2. Ȼɚɡɨɜɵɣ ɧɚɛɨɪ RISC-ɤɨɦɚɧɞ 

Ɇɧɟɦɨɤɨɞ ɤɨɦɚɧɞɵ  Ɉɩɟɪɚɧɞɵ Ɉɩɢɫɚɧɢɟ ɤɨɦɚɧɞɵ 

add, sub, mul, 
div, divu, rem, 
remu 

RT, RA, RB RT←RA op RB 
Ɂɞɟɫɶ op — ɫɥɨɠɟɧɢɟ (add), ɜɵɱɢɬɚɧɢɟ (sub), ɭɦ-
ɧɨɠɟɧɢɟ (mul), ɡɧɚɤɨɜɨɟ ɞɟɥɟɧɢɟ (div), ɛɟɡɡɧɚɤɨ-
ɜɨɟ ɞɟɥɟɧɢɟ (divu), ɨɫɬɚɬɨɤ ɨɬ ɡɧɚɤɨɜɨɝɨ ɞɟɥɟɧɢɹ 
(rem) ɢɥɢ ɨɫɬɚɬɨɤ ɨɬ ɛɟɡɡɧɚɤɨɜɨɝɨ ɞɟɥɟɧɢɹ(remu) 

addi, muli RT, RA, I RT←RA op I 

Ɂɞɟɫɶ op — ɫɥɨɠɟɧɢɟ (addi) ɢɥɢ ɭɦɧɨɠɟɧɢɟ 
(muli), I — ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɨɟ 16-ɛɢɬɨɜɨɟ 
ɡɧɚɤɨɜɨɟ ɡɧɚɱɟɧɢɟ 

addis RT, RA, I RT←RA+(I || 0x0000) 
and, or, xor RT, RA, RB RT←RA op RB 

Ɂɞɟɫɶ op — ɩɨɛɢɬɨɜɨɟ ɢ (and), ɢɥɢ (or) ɢɥɢ ɢɫ-
ɤɥɸɱɚɸɳɟɟ ɢɥɢ (xor) 

andi, ori, xori RT, RA, Iu Ɍɨ ɠɟ ɫɚɦɨɟ, ɧɨ ɩɨɫɥɟɞɧɢɣ ɨɩɟɪɚɧɞ ɹɜɥɹɟɬɫɹ ɧɟ-
ɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɵɦ 16-ɛɢɬɨɜɵɦ ɛɟɡɡɧɚɤɨ-
ɜɵɦ ɡɧɚɱɟɧɢɟɦ  

beq, bne, blt, 

ble, bgt, bge 
RT, target ɉɟɪɟɯɨɞ ɤ ɦɟɬɤɟ target, ɟɫɥɢ ɜɵɩɨɥɧɟɧɨ ɧɟɤɨ-

ɬɨɪɨɟ ɭɫɥɨɜɢɟ, ɬ.ɟ. ɟɫɥɢ RT=0, RT≠0, RT<0, RT≤0, 
RT>0 ɢɥɢ RT≥0 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (RT — ɰɟɥɨɟ ɡɧɚ-
ɤɨɜɨɟ ɱɢɫɥɨ) 

bt, bf RT, target ɉɟɪɟɯɨɞ ɤ ɦɟɬɤɟ target, ɟɫɥɢ ɜɵɩɨɥɧɟɧɨ ɧɟɤɨ-
ɬɨɪɨɟ ɭɫɥɨɜɢɟ (true/false); ɚɧɚɥɨɝɢɱɧɵ ɤɨɦɚɧ-
ɞɚɦ bne/beq ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

cmpeq, cmpne, 

cmplt, cmple, 

cmpgt, cmpge, 

cmpltu, cmpleu, 

cmpgtu, cmpgeu 

RT, RA, RB RT ɫɨɞɟɪɠɢɬ ɪɟɡɭɥɶɬɚɬ ɫɪɚɜɧɟɧɢɹ RA ɢ RB; RT ɪɚ-
ɜɟɧ 0, ɟɫɥɢ ɭɫɥɨɜɢɟ ɥɨɠɧɨ, ɢ 1, ɟɫɥɢ ɭɫɥɨɜɢɟ ɢɫ-
ɬɢɧɧɨ. Ɇɧɟɦɨɤɨɞɵ ɨɡɧɚɱɚɸɬ: ɫɪɚɜɧɢɬɶ ɧɚ ɪɚɜɟɧ-
ɫɬɜɨ, ɧɟɪɚɜɟɧɫɬɜɨ, ɦɟɧɶɲɟ, ɧɟ ɛɨɥɶɲɟ ɢ ɬ.ɞ, ɤɚɤ ɢ 
ɜ ɤɨɦɚɧɞɚɯ ɭɫɥɨɜɧɨɝɨ ɩɟɪɟɯɨɞɚ. ɋɭɮɮɢɤɫ “u” ɜ 
ɧɚɡɜɚɧɢɢ ɨɛɨɡɧɚɱɚɟɬ ɫɪɚɜɧɟɧɢɟ ɛɟɡɡɧɚɤɨɜɵɯ ɜɟ-
ɥɢɱɢɧ 

cmpieq, cmpine, 

cmpilt, cmpile, 

cmpigt, cmpige 

RT, RA, I Ⱥɧɚɥɨɝɢɱɧɵ ɤɨɦɚɧɞɚɦ ɫɟɪɢɢ cmpeq, ɧɨ ɜɬɨɪɨɣ ɨɩɟ-
ɪɚɧɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɨɟ 
16-ɛɢɬɨɜɨɟ ɡɧɚɤɨɜɨɟ ɡɧɚɱɟɧɢɟ 

cmpiequ, cmpineu, 

cmpiltu, cmpileu, 
cmpigtu, cmpigeu 

RT, RA, Iu Ⱥɧɚɥɨɝɢɱɧɵ ɤɨɦɚɧɞɚɦ ɫɟɪɢɢ cmpltu, ɧɨ ɜɬɨɪɨɣ ɨɩɟ-
ɪɚɧɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɨɟ 
16-ɛɢɬɨɜɨɟ ɛɟɡɡɧɚɤɨɜɨɟ ɡɧɚɱɟɧɢɟ 

ldbu, ldh, ldhu, 
ldw 

RT, d(RA) Ɂɚɝɪɭɡɤɚ ɛɟɡɡɧɚɤɨɜɨɝɨ ɛɚɣɬɚ, ɡɧɚɤɨɜɨɝɨ ɩɨɥɭ-
ɫɥɨɜɚ, ɛɟɡɡɧɚɤɨɜɨɝɨ ɩɨɥɭɫɥɨɜɚ ɢɥɢ ɫɥɨɜɚ ɜ RT 
ɢɡ ɹɱɟɣɤɢ ɩɚɦɹɬɢ ɩɨ ɚɞɪɟɫɭ RA + d, ɝɞɟ d — 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɨɟ ɡɧɚɤɨɜɨɟ 16-ɛɢɬɨɜɨɟ 
ɡɧɚɱɟɧɢɟ 
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20 ȽɅȺȼȺ 1. ȼȼȿȾȿɇɂȿ 

Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 1.2 

Ɇɧɟɦɨɤɨɞ ɤɨɦɚɧɞɵ  Ɉɩɟɪɚɧɞɵ Ɉɩɢɫɚɧɢɟ ɤɨɦɚɧɞɵ 

mulhs, mulhu RT,RA,RB ȼ RT ɩɨɦɟɳɚɸɬɫɹ ɫɬɚɪɲɢɟ 32 ɛɢɬɚ ɪɟɡɭɥɶɬɚɬɚ 
ɭɦɧɨɠɟɧɢɹ RA ɢ RB (ɡɧɚɤɨɜɨɝɨ ɢ ɛɟɡɡɧɚɤɨɜɨɝɨ) 

not RT,RA ȼ RT ɩɨɦɟɳɚɟɬɫɹ ɩɨɛɢɬɨɜɨɟ ɞɨɩɨɥɧɟɧɢɟ RA ɞɨ 
ɟɞɢɧɢɰɵ 

shl, shr, shrs RT, RA, RB ȼ RT ɩɨɦɟɳɚɟɬɫɹ ɡɧɚɱɟɧɢɟ RA, ɫɞɜɢɧɭɬɨɟ ɜɥɟɜɨ 
ɢɥɢ ɜɩɪɚɜɨ; ɜɟɥɢɱɢɧɚ ɫɞɜɢɝɚ ɡɚɞɚɟɬɫɹ ɲɟɫɬɶɸ 
ɦɥɚɞɲɢɦɢ ɛɢɬɚɦɢ ɜɬɨɪɨɝɨ ɨɩɟɪɚɧɞɚ (RB). ɉɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɤɨɦɚɧɞɵ shrs ɨɫɜɨɛɨɞɢɜɲɢɟɫɹ ɛɢɬɵ 
ɡɚɩɨɥɧɹɸɬɫɹ ɫɨɞɟɪɠɢɦɵɦ ɡɧɚɤɨɜɨɝɨ ɪɚɡɪɹɞɚ, ɜ 
ɨɫɬɚɥɶɧɵɯ ɤɨɦɚɧɞɚɯ ɨɫɜɨɛɨɞɢɜɲɢɟɫɹ ɛɢɬɵ ɡɚɩɨɥ-
ɧɹɸɬɫɹ ɧɭɥɹɦɢ. (Ɂɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ ɫɞɜɢɝɚ ɜɵ-
ɱɢɫɥɹɟɬɫɹ ɩɨ ɦɨɞɭɥɸ 64) 

shli,shri,shrsi RT, RA, Iu ȼ RT ɩɨɦɟɳɚɟɬɫɹ ɡɧɚɱɟɧɢɟ RA, ɫɞɜɢɧɭɬɨɟ ɜɥɟɜɨ 
ɢɥɢ ɜɩɪɚɜɨ ɧɚ ɜɟɥɢɱɢɧɭ, ɡɚɞɚɜɚɟɦɭɸ ɩɹɬɶɸ 
ɦɥɚɞɲɢɦɢ ɛɢɬɚɦɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ I 

stb,sth,stw RS, d(RA) ɋɨɯɪɚɧɟɧɢɟ ɛɚɣɬɚ, ɩɨɥɭɫɥɨɜɚ ɢɥɢ ɫɥɨɜɚ ɢɡ ɪɟɝɢ-
ɫɬɪɚ RS ɜ ɹɱɟɣɤɭ ɩɚɦɹɬɢ ɩɨ ɚɞɪɟɫɭ RA + d, ɝɞɟ 
d — ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚɞɚɧɧɨɟ 16-ɛɢɬɨɜɨɟ ɡɧɚɤɨ-
ɜɨɟ ɡɧɚɱɟɧɢɟ 

ȼɟɡɞɟ ɜ ɨɩɢɫɚɧɢɹɯ ɤɨɦɚɧɞ ɢɫɯɨɞɧɵɟ ɨɩɟɪɚɧɞɵ RA ɢ RB ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɞɟɪɠɢ-
ɦɨɟ ɪɟɝɢɫɬɪɨɜ. 

ȼ ɪɟɚɥɶɧɨɣ ɦɚɲɢɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɵ ɛɵɬɶ ɤɨɦɚɧɞɵ ɜɟɬɜɥɟɧɢɹ ɢ ɨɛɪɚɳɟɧɢɹ ɤ 
ɩɨɞɩɪɨɝɪɚɦɦɚɦ, ɤɨɦɚɧɞɵ ɩɟɪɟɯɨɞɚ ɩɨ ɚɞɪɟɫɭ, ɫɨɞɟɪɠɚɳɟɦɭɫɹ ɜ ɪɟɝɢɫɬɪɟ (ɞɥɹ ɜɨɡɜɪɚɬɚ 
ɢɡ ɩɨɞɩɪɨɝɪɚɦɦ ɢ ɨɛɪɚɛɨɬɤɢ ɨɩɟɪɚɬɨɪɚ ɜɵɛɨɪɚ ɚɥɶɬɟɪɧɚɬɢɜɵ ɬɢɩɚ switch), ɚ ɬɚɤɠɟ, 
ɜɨɡɦɨɠɧɨ, ɪɹɞ ɤɨɦɚɧɞ ɞɥɹ ɪɚɛɨɬɵ ɫ ɪɟɝɢɫɬɪɚɦɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ʉɨɧɟɱɧɨ ɠɟ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɜɢɥɟɝɢɪɨɜɚɧɧɵɟ ɤɨɦɚɧɞɵ ɢ ɤɨɦɚɧɞɵ ɜɵɡɨɜɚ ɫɥɭɠɛ ɫɭɩɟɪɜɢɡɨɪɚ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɜɟɪɨɹɬɧɨ ɧɚɥɢɱɢɟ ɤɨɦɚɧɞ ɞɥɹ ɪɚɛɨɬɵ ɫ ɱɢɫɥɚɦɢ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ. 

Ʉɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɦɚɧɞ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɢɦɟɬɶ RISC-
ɤɨɦɩɶɸɬɟɪ, ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ. 1.3. 

Ɍɚɛɥɢɰɚ 1.3. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɦɚɧɞɵ ɩɨɥɧɨɝɨ ɧɚɛɨɪɚ RISC-ɤɨɦɚɧɞ 

Ɇɧɟɦɨɤɨɞ ɤɨɦɚɧɞɵ Ɉɩɟɪɚɧɞɵ Ɉɩɢɫɚɧɢɟ ɤɨɦɚɧɞɵ 

abs, nabs RT, RA RT ɩɨɥɭɱɚɟɬ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ (ɢɥɢ ɨɬɪɢɰɚ-
ɬɟɥɶɧɨɟ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ) RA 

andc, eqv, nand, 

nor, orc 
RT, RA, RB ɉɨɛɢɬɨɜɨɟ ɢ ɫ ɞɨɩɨɥɧɟɧɢɟɦ, ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɶ, 

ɨɬɪɢɰɚɧɢɟ ɢ, ɨɬɪɢɰɚɧɢɟ ɢɥɢ ɢ ɢɥɢ ɫ ɞɨɩɨɥɧɟɧɢɟɦ 

extr RT, RA, I, 
L 

ɂɡɜɥɟɱɟɧɢɟ ɛɢɬɨɜ ɨɬ I ɞɨ I+L-1 ɢɡ RA ɢ ɪɚɡɦɟ-
ɳɟɧɢɟ ɢɯ ɜ ɦɥɚɞɲɢɯ ɛɢɬɚɯ RT; ɨɫɬɚɥɶɧɵɟ ɪɚɡɪɹ-
ɞɵ ɡɚɩɨɥɧɹɸɬɫɹ ɧɭɥɹɦɢ 

extrs RT, RA, I, 
L 

Ⱥɧɚɥɨɝɢɱɧɚ extr, ɧɨ ɫɜɨɛɨɞɧɵɟ ɛɢɬɵ ɡɚɩɨɥɧɹ-
ɸɬɫɹ ɫɨɞɟɪɠɢɦɵɦ ɛɢɬɚ ɡɧɚɤɚ 
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