
ÑÓÌÓÒÍËÂ ÚÍ‡ÌË ÒÎÛÊ‡Ú ËÒıÓ‰Ì˚Ï Ï‡ÚÂË‡ÎÓÏ ‚
ÔÓËÁ‚Ó‰ÒÚ‚Â ·ËÓÏ‡ÚÂË‡ÎÓ‚, ËÒÔÓÎ¸ÁÛÂÏ˚ı ‰Îfl ‡ÎÎÓ-
„ÂÌÌ˚ı ÔÂÂÒ‡‰ÓÍ. àÁ ÌËı Ì‡Ë·ÓÎÂÂ ¯ËÓÍÓ ËÒÔÓÎ¸ÁÛ-
˛ÚÒfl ÍÓÒÚË, ıfl˘Ë, ‰ÂÏ‡, ÒÛıÓÊËÎËfl, Ù‡ÒˆËË Ë Ú. ‰.
ëÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ ‰ÓÎÊÌ˚ ÔÂ‰˙fl‚ÎflÚ¸Òfl ÒÔÂˆË‡Î¸Ì˚Â
ÚÂ·Ó‚‡ÌËfl Í ·ËÓÎÓ„Ë˜ÂÒÍÓÈ ·ÂÁÓÔ‡ÒÌÓÒÚË ‰ÓÌÓÒÍËı
ÚÍ‡ÌÂÈ, Ú‡Í Í‡Í ÓÌË ËÁ‚ÂÒÚÌ˚ Ò‚ÓÂÈ ÒÔÓÒÓ·ÌÓÒÚ¸˛ ÔÂ-

Â‰‡‚‡Ú¸ ‡ÁÎË˜Ì˚Â ÏËÍÓÓ„‡ÌËÁÏ˚, ‚ËÛÒ˚ [6]. ÑÎfl
‰ÓÒÚËÊÂÌËfl ·ÂÁÓÔ‡ÒÌÓÒÚË ÚÛÔÌ˚ı ÚÍ‡ÌÂÈ ËÒÔÓÎ¸ÁÛ˛Ú
ÏÂÚÓ‰ ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË, ÍÓÚÓ˚È Ò˜ËÚ‡ÂÚ-
Òfl Ò‡Ï˚Ï ˝ÙÙÂÍÚË‚Ì˚Ï [7]. Ö„Ó ‚˚ÒÓÍ‡fl ·‡ÍÚÂËˆË‰-
Ì‡fl ‡ÍÚË‚ÌÓÒÚ¸ Ë ·ÓÎ¸¯‡fl ÔÓÌËÍ‡˛˘‡fl ÒÔÓÒÓ·ÌÓÒÚ¸
‰ÂÎ‡˛Ú ˝ÚÓÚ ÏÂÚÓ‰ Ì‡Ë·ÓÎÂÂ ÔÂÒÔÂÍÚË‚Ì˚Ï ÔÓ Ò‡‚-
ÌÂÌË˛ Ò ‰Û„ËÏË. Ç ÚÓ ÊÂ ‚ÂÏfl, ‡‰Ë‡ˆËÓÌÌ‡fl ÒÚÂË-
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ВЛИЯНИЕ РАДИАЦИОННОЙ СТЕРИЛИЗАЦИИ НА СТРУКТУРУ 
И СВОЙСТВА БИОМАТЕРИАЛОВ
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Цель исследования — изучение структурных изменений соединительнотканных биоматериалов при различных сочетаниях
их радиационной стерилизации, физико-химической обработки и консервации. С помощью комплекса гистологических
методик (поляризационная микроскопия неокрашенных срезов, окраска по ван Гизону, растровая электронная микроско-
пия) был проведен анализ структурных изменений сухожилий и дермы, прошедших различную физико-химическую обра-
ботку и подвергнутых радиационной стерилизации различными видами (гамма-излучение и поток быстрых электронов) и
дозами 1,5, 2,5 и 4 Мрад облучения. Выявлена зависимость структурных изменений в биоматериалах от фиброархитекто-
ники самой ткани, физико-химической обработки, а также вида и дозы радиационного излучения. Сухожилия подвергают-
ся отчетливо выраженным изменениям при всех исследованных режимах и дозах радиации. Дерма обладает наиболее вы-
сокой устойчивостью к радиационному воздействию.

Ключевые слова: трупные ткани, фиброархитектоника, радиационная стерилизация.
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ELECTRON-TOMOGRAPHIC ANALYSIS OF

GOLGI COMPLEX STRUCTURE IN CELLS

GROWING IN CULTURE

G.V. Beznusenko, I.S. Sesorova and V.V. Banin

Study of the Golgi complex (GC) in cultured NRK

cells using improved method of sample preparation for elec-

tron tomography (ET) enabled to detect more fine details of

GC structure. With the application of quantitative ET,  no

numerous vesicles were detected around GC, while most of

stacks constantly contained intercisternal connections. It

was demonstrated that vesicular-tubular clusters, which

serve as the exit sites from endoplasmic reticulum, were

composed of two domains: varicose tubules with sparse

COPII-coated vesicles and a network of smooth  tubules.

The data  obtained argue against the models of transport,

which consider the vesicles as the main or necessary mem-

branous carriers. On the contrary, continuous tubular con-

nections seem to play an important role in traffic joining

secretory pathway regions.

Key words: Golgi complex, intracellular traffic, models of traf-

fic, electron tomography.
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ÎËÁ‡ˆËfl ˜‡ÒÚÓ ÔË‚Ó‰ËÚ Í Ì‡Û¯ÂÌË˛ ÒÚÛÍÚÛ˚ Ë
ÔÓ˜ÌÓÒÚË ·ËÓÏ‡ÚÂË‡ÎÓ‚, ËÁÏÂÌflÂÚ ÓÒÚÂÓËÌ‰ÛÍÚË‚-
Ì˚Â Ò‚ÓÈÒÚ‚‡ ÍÓÒÚÂÈ. èÓ˝ÚÓÏÛ ÔÓ·ÎÂÏ‡ ‡‰Ë‡ˆËÓÌ-
ÌÓÈ ÒÚÂËÎËÁ‡ˆËË ·ËÓÏ‡ÚÂË‡ÎÓ‚ ÓÒÚ‡ÂÚÒfl ‡ÍÚÛ‡Î¸ÌÓÈ
‚ ÒÓ‚ÂÏÂÌÌÓÈ Ú‡ÌÒÔÎ‡ÌÚÓÎÓ„ËË [1, 2, 4]. ÑÓ Ì‡ÒÚÓfl-
˘Â„Ó ‚ÂÏÂÌË ÌÂ ‡Á‡·ÓÚ‡Ì‡ Â‰ËÌ‡fl ÚÂÓËfl ‡‰Ë‡ˆË-
ÓÌÌÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË ·ËÓÏ‡ÚÂË‡ÎÓ‚, ÍÓÚÓ‡fl Û˜ËÚ˚‚‡-
Î‡ ·˚ Ëı ÒÚÛÍÚÛÛ, ıËÏË˜ÂÒÍËÈ ÒÓÒÚ‡‚, ÏÂÚÓ‰ ÍÓÌÒÂ-
‚‡ˆËË Ë ˆÂÎ¸ Ú‡ÌÒÔÎ‡ÌÚ‡ˆËË. èÓ˝ÚÓÏÛ ‚ÂÒ¸Ï‡ ÔÂ-
ÒÔÂÍÚË‚ÌÓÈ ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‡Á‡·ÓÚÍ‡ Ú‡ÍËı ÏÂÚÓ‰Ó‚
‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË, ÍÓÚÓ˚Â, Ò Ó‰ÌÓÈ ÒÚÓÓ-
Ì˚, „‡‡ÌÚËÓ‚‡ÎË ·˚ ÔÓÎÌÛ˛ ÒÚÂËÎ¸ÌÓÒÚ¸ ·ËÓÏ‡ÚÂ-
Ë‡ÎÓ‚, Ò ‰Û„ÓÈ — ̆ ‡‰fl˘Â ‚ÓÁ‰ÂÈÒÚ‚Ó‚‡ÎË ·˚ Ì‡ ·ËÓ-
ÎÓ„Ë˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡ ÚÍ‡ÌÂÈ.

ñÂÎ¸ Ì‡ÒÚÓfl˘Â„Ó ËÒÒÎÂ‰Ó‚‡ÌËfl — ËÁÛ˜ÂÌËÂ ÒÚÛÍ-
ÚÛÌ˚ı ËÁÏÂÌÂÌËÈ ÒÓÂ‰ËÌËÚÂÎ¸ÌÓÚÍ‡ÌÌ˚ı ·ËÓÏ‡ÚÂË‡-
ÎÓ‚ ÔË ‡ÁÎË˜Ì˚ı ÒÓ˜ÂÚ‡ÌËflı Ëı ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂË-
ÎËÁ‡ˆËË, ÙËÁËÍÓ-ıËÏË˜ÂÒÍÓÈ Ó·‡·ÓÚÍÂ Ë ÍÓÌÒÂ‚‡ˆËË.

å ‡ Ú Â  Ë ‡ Î  Ë  Ï Â Ú Ó ‰ ˚ . ÑÎfl ËÒÒÎÂ‰Ó‚‡ÌËfl ÓÚ ÚÛ-
ÔÓ‚ ·˚ÎË ‚ÁflÚ˚ 36 Ó·‡ÁˆÓ‚ ÒÛıÓÊËÎËÈ Ë ‰ÂÏ˚. Ç Á‡‚ËÒË-
ÏÓÒÚË ÓÚ ÙËÁËÍÓ-ıËÏË˜ÂÒÍÓÈ Ó·‡·ÓÚÍË ÚÍ‡ÌË ·˚ÎË ‡Á‰Â-
ÎÂÌ˚ Ì‡ ÒÎÂ‰Û˛˘ËÂ „ÛÔÔ˚: 1-fl — Ì‡ÚË‚Ì˚Â ÚÍ‡ÌË, ÔÓÏÂ-
˘ÂÌÌ˚Â ‚ ˝Ú‡ÌÓÎ; 2-fl — ÎËÓÙËÎËÁËÓ‚‡ÌÌ˚Â ÚÍ‡ÌË Ë 3-fl —
ÚÍ‡ÌË, Ó·‡·ÓÚ‡ÌÌ˚Â ÔÓ ÚÂıÌÓÎÓ„ËË ÄÎÎÓÔÎ‡ÌÚ. Ñ‡ÌÌ‡fl
ÚÂıÌÓÎÓ„Ëfl ‡Á‡·ÓÚ‡Ì‡ ‚Ó ÇÒÂÓÒÒËÈÒÍÓÏ ˆÂÌÚÂ „Î‡ÁÌÓÈ Ë
ÔÎ‡ÒÚË˜ÂÒÍÓÈ ıËÛ„ËË („. ìÙ‡). ñÂÎ¸˛ ÚÂıÌÓÎÓ„ËË ÄÎÎÓ-
ÔÎ‡ÌÚ fl‚Îfl˛ÚÒfl ÏÂÏ·‡ÌÓÎËÁ Ë ˝ÍÒÚ‡ÍˆËfl ÓÚ‰ÂÎ¸Ì˚ı
Ù‡ÍˆËÈ „ÎËÍÓÁ‡ÏËÌÓ„ÎËÍ‡ÌÓ‚ ËÁ ‚ÓÎÓÍÌËÒÚ˚ı ÒÚÛÍÚÛ. Ç
ÂÁÛÎ¸Ú‡ÚÂ ‰‡ÌÌÓÈ Ó·‡·ÓÚÍË ·ËÓÏ‡ÚÂË‡Î˚ ÔËÓ·ÂÚ‡˛Ú
ÌËÁÍËÂ ‡ÌÚË„ÂÌÌ˚Â Ò‚ÓÈÒÚ‚‡ Ë ÒÚËÏÛÎËÛ˛Ú Â„ÂÌÂ‡ˆË˛
ÒÓÂ‰ËÌËÚÂÎ¸ÌÓÈ ÚÍ‡ÌË. ëÚÛÍÚÛ‡ ·ËÓÏ‡ÚÂË‡ÎÓ‚, ËÁ„ÓÚÓ‚-
ÎÂÌÌ˚ı Ì‡ ÓÒÌÓ‚Â ‡ÎÎÓ„ÂÌÌÓÈ ‰ÂÏ˚ Ë ÒÛıÓÊËÎËÈ, ÓÔËÒ‡Ì‡
‚ ÒÔÂˆË‡Î¸ÌÓÈ ÏÓÌÓ„‡ÙËË [3]. ê‡‰Ë‡ˆËÓÌÌÛ˛ ÒÚÂËÎËÁ‡-
ˆË˛ ËÒÒÎÂ‰ÛÂÏ˚ı ÚÍ‡ÌÂÈ ÔÓ‚Ó‰ËÎË Ì‡ ÎËÌÂÈÌÓÏ ÛÒÍÓË-
ÚÂÎÂ ˝ÎÂÍÚÓÌÓ‚ ãì-10-20 ‰‚ÛÏfl ‚Ë‰‡ÏË ËÁÎÛ˜ÂÌËÈ: „‡ÏÏ‡-
(ÚÓÏÓÁÌÓÂ ËÁÎÛ˜ÂÌËÂ) Ë ÔÓÚÓÍÓÏ ·˚ÒÚ˚ı ˝ÎÂÍÚÓÌÓ‚ ‚
‰ÓÁ‡ı 1,5, 2,5 Ë 4 å‡‰ (1 å‡‰=10 ÍÉ). èÓ‰ÓÎÊËÚÂÎ¸-
ÌÓÒÚ¸ ÒÚÂËÎËÁ‡ˆËË Ó·‡ÁˆÓ‚ Á‡‚ËÒÂÎ‡ ÓÚ ‚Ë‰‡ Ë ‰ÓÁ˚ ËÁÎÛ-
˜ÂÌËfl. í‡Í, Ó·ÎÛ˜ÂÌËÂ „‡ÏÏ‡-ÎÛ˜‡ÏË ‰ÓÁÓÈ 1,5 å‡‰ ËÏÂÎÓ
ÔÓ‰ÓÎÊËÚÂÎ¸ÌÓÒÚ¸ 60 ÏËÌ, ‰ÓÁÓÈ 2,5 å‡‰ — 1 ˜ 50 ÏËÌ,
‰ÓÁÓÈ 4 å‡‰ — 3 ˜. é·ÎÛ˜ÂÌËÂ ÔÓÚÓÍÓÏ ·˚ÒÚ˚ı ˝ÎÂÍÚÓ-
ÌÓ‚ ÔÓıÓ‰ËÎÓ ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ: ‰ÓÁÓÈ 1,5 å‡‰ — ‚ ÚÂ-
˜ÂÌËÂ 2 Ò, ‰ÓÁÓÈ 2,5 å‡‰ — 3 Ò, ‰ÓÁÓÈ 4 å‡‰ — 5 Ò. ÇÒÂ Ó·-
‡Áˆ˚ Ó·ÎÛ˜‡ÎË Ó‰ÌÓÍ‡ÚÌÓ. é·‡Áˆ˚ ·ËÓÏ‡ÚÂË‡ÎÓ‚ ‰Ó Ë
ÔÓÒÎÂ ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË ·˚ÎË ËÒÒÎÂ‰Ó‚‡Ì˚ Ò ÔË-

ÏÂÌÂÌËÂÏ ÍÓÏÔÎÂÍÒ‡ „ËÒÚÓÎÓ„Ë˜ÂÒÍËı ÏÂÚÓ‰Ó‚ — ÓÍ‡ÒÍ‡ ÔÓ
‚‡Ì ÉËÁÓÌÛ, ÔÓÎflËÁ‡ˆËÓÌÌ‡fl ÏËÍÓÒÍÓÔËfl ÌÂÓÍ‡¯ÂÌÌ˚ı
ÒÂÁÓ‚, ‡ÒÚÓ‚‡fl ˝ÎÂÍÚÓÌÌ‡fl ÏËÍÓÒÍÓÔËfl. äÓÏÂ ÚÓ„Ó, ‚ÒÂ
ËÒÒÎÂ‰ÛÂÏ˚Â ÚÍ‡ÌË ·˚ÎË ÔÓ‚ÂÂÌ˚ Ì‡ ÒÚÂËÎ¸ÌÓÒÚ¸.

ê Â Á Û Î ¸ Ú ‡ Ú ˚  Ë Ò Ò Î Â ‰ Ó ‚ ‡ Ì Ë fl . ä‡Í ÔÓÍ‡Á‡-
ÎË Ì‡¯Ë ËÒÒÎÂ‰Ó‚‡ÌËfl, ·ËÓÏ‡ÚÂË‡Î˚, ÒÓÒÚÓfl˘ËÂ ËÁ
ÔÎÓÚÌÓ ‡ÒÔÓÎÓÊÂÌÌ˚ı ÔÛ˜ÍÓ‚ ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ
Ò ÔÂËÏÛ˘ÂÒÚ‚ÂÌÌÓ Ó‰ÌÓÌ‡Ô‡‚ÎÂÌÌÓÈ ÓËÂÌÚ‡ˆËÂÈ
(ÒÛıÓÊËÎËfl), ÍÓÌÒÂ‚ËÓ‚‡ÌÌ˚Â ‚ Ì‡ÚË‚ÌÓÏ ‚Ë‰Â,
ÔÓ‰‚Â„‡˛ÚÒfl ‰ÂÒÚÛÍˆËË ‰‡ÊÂ ÔË Ï‡Î˚ı ‰ÓÁ‡ı ‡‰Ë‡-
ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË. Ñ‡ÌÌ˚È Ù‡ÍÚ Ó·ÛÒÎÓ‚ÎÂÌ, 
ÔÓ-‚Ë‰ËÏÓÏÛ, fl‚ÎÂÌËÂÏ ‡ÛÚÓÎËÁ‡ Á‡ Ò˜ÂÚ ÙÂÏÂÌÚÓ‚,
‚˚‰ÂÎfl˛˘ËıÒfl ÔË ‡ÁÛ¯ÂÌËË ÍÎÂÚÓÍ. ì ÎËÓÙËÎË-
ÁËÓ‚‡ÌÌ˚ı ÒÛıÓÊËÎËÈ ÒÚÛÍÚÛ‡ ËÁÏÂÌflÂÚÒfl ÛÊÂ ‚
ÔÓˆÂÒÒÂ ÎËÓÙËÎËÁ‡ˆËË (ËÒ. 1, ‡). éÒÌÓ‚ÌÓÂ ‚Â˘ÂÒÚ-
‚Ó ÏÂÊ‰Û ÔÛ˜Í‡ÏË ËÒ˜ÂÁ‡ÂÚ, Ë ·ËÓÏ‡ÚÂË‡Î ÔËÓ·Â-
Ú‡ÂÚ fl˜ÂËÒÚ˚È ‚Ë‰. èÓÒÎÂ ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡-
ˆËË ‡ıËÚÂÍÚÓÌËÍ‡ ‚ÓÎÓÍÌËÒÚÓ„Ó Í‡Í‡Ò‡ ÒÛıÓÊËÎËÈ
ÁÌ‡˜ËÚÂÎ¸ÌÓ Ì‡Û¯‡ÂÚÒfl (ÒÏ. ËÒ. 1, ·).

ç‡Ë·ÓÎÂÂ ÛÒÚÓÈ˜Ë‚˚ÏË Í Ó·ÎÛ˜ÂÌË˛, ÔÓ Ì‡¯ËÏ Ì‡-
·Î˛‰ÂÌËflÏ, ÓÍ‡Á‡ÎËÒ¸ ÒÛıÓÊËÎËfl, Ó·‡·ÓÚ‡ÌÌ˚Â ÔÓ ÚÂı-
ÌÓÎÓ„ËË ÄÎÎÓÔÎ‡ÌÚ (ËÒ. 2, ‡). èË ÒÚÂËÎËÁ‡ˆËË ÔÓÚÓ-
ÍÓÏ ·˚ÒÚ˚ı ˝ÎÂÍÚÓÌÓ‚ ÌÂ ËÁÏÂÌËÎËÒ¸ ÔÓÒÚ‡ÌÒÚ‚ÂÌ-
Ì‡fl ‡ıËÚÂÍÚÓÌËÍ‡ ÔÛ˜ÍÓ‚ Ë Ëı ÚËÌÍÚÓË‡Î¸Ì˚Â Ò‚ÓÈÒÚ-
‚‡, ˜ÚÓ Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó ÒÓı‡ÌÌÓÒÚË ÓÒÌÓ‚ÌÓÈ ÒÚÛÍ-
ÚÛ˚ ÒÛıÓÊËÎËfl (ÒÏ. ËÒ. 2, ·). ëÚÂËÎËÁ‡ˆËfl „‡ÏÏ‡-ÎÛ-
˜‡ÏË ‚˚fl‚ÎflÂÚ ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚Â ËÁÏÂÌÂÌËfl, Á‡ÍÎ˛˜‡˛-
˘ËÂÒfl ‚ ÒÎ‡·Ó ‚˚‡ÊÂÌÌÓÏ Ì‡·Ûı‡ÌËË ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚Ó-
ÎÓÍÓÌ ‚ ÔÛ˜ÍÂ.

àÁÛ˜‡fl ·ËÓÏ‡ÚÂË‡Î˚ Ò ÚÂıÏÂÌÓÈ ÔÓÒÚ‡ÌÒÚ-
‚ÂÌÌÓÈ ÓËÂÌÚ‡ˆËÂÈ ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ (‰ÂÏ‡),
Ï˚ ÔË¯ÎË Í ÒÎÂ‰Û˛˘ÂÏÛ ‚˚‚Ó‰Û: ÔË ‡‰Ë‡ˆËÓÌÌÓÈ
ÒÚÂËÎËÁ‡ˆËË Ì‡ÚË‚Ì˚ı ·ËÓÏ‡ÚÂË‡ÎÓ‚ ‰ÂÏ˚ ËÁÏÂÌÂ-
ÌËfl Ó·Ì‡ÛÊÂÌ˚ ‚ ‚Ë‰Â ÒÎ‡·Ó ‚˚‡ÊÂÌÌÓ„Ó ÏÛÍÓË‰ÌÓ-
„Ó Ì‡·Ûı‡ÌËfl ÓÚ‰ÂÎ¸Ì˚ı ‚ÓÎÓÍÓÌ, ˜ÚÓ ‚ ˆÂÎÓÏ ÌÂ ‚ÎËfl-
ÂÚ Ì‡ Í‡˜ÂÒÚ‚Ó ·ËÓÏ‡ÚÂË‡Î‡. ç‡Ë·ÓÎÂÂ ÁÌ‡˜ËÚÂÎ¸Ì˚Â
ËÁÏÂÌÂÌËfl Ó·Ì‡ÛÊË‚‡˛ÚÒfl ÔÓÒÎÂ ‡‰Ë‡ˆËÓÌÌÓ„Ó ‚ÓÁ-
‰ÂÈÒÚ‚Ëfl Ì‡ ÎËÓÙËÎËÁËÓ‚‡ÌÌ˚Â Ó·‡Áˆ˚ ‰ÂÏ˚. 
Ç Ó‰ÌÓÏ ÒÎÛ˜‡Â ÓÌË ÔÂ‰ÒÚ‡‚ÎÂÌ˚ ‚ ‚Ë‰Â ÙË·ËÌÓË‰-
ÌÓ„Ó Ì‡·Ûı‡ÌËfl ‰Ó Ó·‡ÁÓ‚‡ÌËfl „Ë‡ÎËÌÓÔÓ‰Ó·ÌÓ„Ó ‚Â-
˘ÂÒÚ‚‡, ‚ ‰Û„ÓÏ — ‚ ‚Ë‰Â ÒËÎ¸ÌÓ ‚˚‡ÊÂÌÌÓ„Ó ‡ÁÂ-
ÊÂÌËfl ÔÛ˜ÍÓ‚ ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ. à ‚ ÚÓÏ, Ë ‚ ‰Û-
„ÓÏ ÒÎÛ˜‡Â ‰ÂÒÚÛÍˆËfl ‚ÓÎÓÍÌËÒÚÓ„Ó Í‡Í‡Ò‡ Ó˜Â‚Ë‰Ì‡.

êËÒ. 1. ëÚÛÍÚÛ‡ ÎËÓÙËÎËÁËÓ‚‡ÌÌÓ„Ó ÒÛıÓÊËÎËfl ‰Ó ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË (‡) Ë ‰ÂÒÚÛÍˆËfl ÎËÓÙËÎËÁËÓ‚‡ÌÌÓ„Ó
ÒÛıÓÊËÎËfl ÔÓÒÎÂ ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË „‡ÏÏ‡-ÎÛ˜‡ÏË ‰ÓÁÓÈ 2,5 å‡‰ (·).

èÓÎflËÁ‡ˆËÓÌÌ‡fl ÏËÍÓÒÍÓÔËfl ÌÂÓÍ‡¯ÂÌÌÓ„Ó ÒÂÁ‡. é·. 20, „ÓÏ‡Î¸ 3.

а б



èÓÒÎÂ ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË ‰ÂÏ˚, Ó·‡-
·ÓÚ‡ÌÌÓÈ ÔÓ ÚÂıÌÓÎÓ„ËË ÄÎÎÓÔÎ‡ÌÚ, Ì‡ ‚ÒÂı ÛÓ‚Ìflı
ÔÓ‚Â‰ÂÌÌÓ„Ó Ì‡ÏË ËÒÒÎÂ‰Ó‚‡ÌËfl ÒÚÛÍÚÛÌ˚ı ËÁÏÂ-
ÌÂÌËÈ ÌÂ Ó·Ì‡ÛÊÂÌÓ (ËÒ. 3, ‡, ·).

é · Ò Û Ê ‰ Â Ì Ë Â  Ô Ó Î Û ˜ Â Ì Ì ˚ ı  ‰ ‡ Ì Ì ˚ ı .
èÓ‚Â‰ÂÌÌ˚Â ÏÓÙÓÎÓ„Ë˜ÂÒÍËÂ ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÁ‚Ó-
Îfl˛Ú ÔÓ‡Ì‡ÎËÁËÓ‚‡Ú¸ Á‡‚ËÒËÏÓÒÚ¸ ÒÚÛÍÚÛÌ˚ı ËÁ-
ÏÂÌÂÌËÈ ‡ÁÎË˜Ì˚ı ‚Ë‰Ó‚ ÒÓÂ‰ËÌËÚÂÎ¸ÌÓÚÍ‡ÌÌ˚ı
·ËÓÏ‡ÚÂË‡ÎÓ‚ ÔË ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË ÓÚ
Ëı ÙË·Ó‡ıËÚÂÍÚÓÌËÍË, ‚Ë‰‡ Ë ‰ÓÁ˚ Ó·ÎÛ˜ÂÌËfl, ‡
Ú‡ÍÊÂ ÒÙÓÏÛÎËÓ‚‡Ú¸ ÍÓÌˆÂÔˆË˛ Ó ‡‰Ë‡ˆËÓÌÌÓÈ
ÛÒÚÓÈ˜Ë‚ÓÒÚË ‚ÓÎÓÍÌËÒÚ˚ı ÒÚÛÍÚÛ. í‡Í, ÒÛıÓÊËÎËfl,
‚ ÒÚÛÍÚÛÂ ÍÓÚÓ˚ı ÔÂÓ·Î‡‰‡˛Ú Ó‰ËÌ‡ÍÓ‚Ó Ì‡Ô‡‚-
ÎÂÌÌ˚Â ÔÛ˜ÍË ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ, ÔÓ‰‚Â„‡˛ÚÒfl
ÓÚ˜ÂÚÎË‚Ó ‚˚‡ÊÂÌÌ˚Ï ÒÚÛÍÚÛÌ˚Ï ËÁÏÂÌÂÌËflÏ
ÔË ‚ÒÂı ËÒÒÎÂ‰Ó‚‡ÌÌ˚ı ÂÊËÏ‡ı Ë ‰ÓÁ‡ı Ó·ÎÛ˜ÂÌËfl.
èË‚Â‰ÂÌÌ˚Â Ì‡ÏË ‰‡ÌÌ˚Â ÒÓ„Î‡ÒÛ˛ÚÒfl Ò ÂÁÛÎ¸Ú‡Ú‡-
ÏË ‰Û„Ëı ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ [8], ÍÓÚÓ˚Â ‚˚fl‚ËÎË ‰ÂÒÚ-
ÛÍˆË˛ ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ ÒÛıÓÊËÎËfl ÔË „‡Ï-
Ï‡-ÒÚÂËÎËÁ‡ˆËË ‰ÓÁ‡ÏË 4, 6, 8 å‡‰. èÓ‚Â‰ÂÌÌ˚Â
Ì‡ÏË ËÒÒÎÂ‰Ó‚‡ÌËfl ÒÚÛÍÚÛ˚ ‰ÂÏ˚ ÔÓÍ‡Á‡ÎË, ˜ÚÓ
ÓÌ‡ ËÏÂÂÚ Ì‡Ë·ÓÎÂÂ ‚˚ÒÓÍÛ˛ ÛÒÚÓÈ˜Ë‚ÓÒÚ¸ Í Ó·ÎÛ˜Â-

ÌË˛. èË „‡ÏÏ‡-ÒÚÂËÎËÁ‡ˆËË ‰ÓÁ‡ÏË 1,5, 2,5 Ë 4
å‡‰ ÒÚÛÍÚÛ‡ ‰ÂÏ˚ ÒÓı‡ÌflÂÚÒfl. èÓ-‚Ë‰ËÏÓÏÛ,
‚˚ÒÓÍËÈ ÔÓÓ„ ‡‰Ë‡ˆËÓÌÌÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‰ÂÏ˚
Ò‚flÁ‡Ì Ò ÚÂÏ, ˜ÚÓ ÓÌ‡ ËÏÂÂÚ ÒÎÓÊÌÓ-ÔÂÂÔÎÂÚÂÌÌ˚È
‚ÓÎÓÍÌËÒÚ˚È ÓÒÚÓ‚. èË ˝ÚÓÏ ÓÚ‰ÂÎ¸Ì˚Â ÔÛ˜ÍË ‚ÓÎÓ-
ÍÓÌ ÔÂÂıÓ‰flÚ ËÁ Ó‰ÌÓ„Ó ÒÎÓfl ‚ ‰Û„ÓÈ, ÙÓÏËÛfl
‡ÁÌÓÌ‡Ô‡‚ÎÂÌÌÛ˛ ÙË·Ó‡ıËÚÂÍÚÓÌËÍÛ. èÎÓÚÌÓ
‡ÒÔÓÎÓÊÂÌÌ˚Â Ë ÔÂÂÔÎÂÚÂÌÌ˚Â ÔÛ˜ÍË ‚ÓÎÓÍÓÌ ‰Â-
Ï˚ ÔÓÁ‚ÓÎfl˛Ú Û‰ÂÊË‚‡Ú¸ ÂÂ ÒÚÛÍÚÛÛ ‰‡ÊÂ ÔË ·Ó-
ÎÂÂ ÊÂÒÚÍÓÏ Ó·ÎÛ˜ÂÌËË ÔÛ˜ÍÓÏ ÛÒÍÓÂÌÌ˚ı ˝ÎÂÍÚÓ-
ÌÓ‚. ä‡Í ÔÓÍ‡Á‡ÎË Ì‡¯Ë Ì‡·Î˛‰ÂÌËfl, ÒÚÛÍÚÛ‡ ‰Â-
Ï˚ ÓÒÚ‡ÂÚÒfl ÌÂËÁÏÂÌÌÓÈ, Í‡Í ÔË Ò‚ÂÚÓÓÔÚË˜ÂÒÍÓÏ,
Ú‡Í Ë ÔË ˝ÎÂÍÚÓÌÌÓ-ÏËÍÓÒÍÓÔË˜ÂÒÍÓÏ ËÒÒÎÂ‰Ó‚‡-
ÌËflı. ä ÒÓÊ‡ÎÂÌË˛, ‚ ÎËÚÂ‡ÚÛÂ Ï˚ ÌÂ Ì‡¯ÎË ‰‡Ì-
Ì˚ı Ó ‡‰Ë‡ˆËÓÌÌÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË ‰ÂÏ˚. çËÁÍËÈ
ÔÓÓ„ ‡‰Ë‡ˆËÓÌÌÓÈ ÛÒÚÓÈ˜Ë‚ÓÒÚË ÒÛıÓÊËÎËÈ Ò‚flÁ‡Ì
Ò Ëı Ó‰ÌÓÌ‡Ô‡‚ÎÂÌÌÓÈ ÔÛ˜ÍÓ‚ÓÈ Ó„‡ÌËÁ‡ˆËÂÈ, ÔË
˝ÚÓÏ ÔÛ˜ÍË ÔÂ‚Ó„Ó Ë ‚ÚÓÓ„Ó ÔÓfl‰Í‡ ÓÔÎÂÚ‡˛ÚÒfl
ÒÂÚ¸˛ ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ Ë ÙË·ËÎÎ, Ó·‡ÁÛfl
‚ÓÈÎÓÍÓÓ·‡ÁÌÓÂ ÒÔÎÂÚÂÌËÂ [5]. èÛ˜ÍË ÔÂ‚Ó„Ó ÔÓ-
fl‰Í‡ ‰Ë‡ÏÂÚÓÏ 2 ÏÍÏ ÓÔÎÂÚ‡˛ÚÒfl Ë Ò‚flÁ˚‚‡˛ÚÒfl
ÏÂÊ‰Û ÒÓ·ÓÈ ÛÍ‡Á‡ÌÌÓÈ ÒÂÚ¸˛. ç‡ÎË˜ËÂ ÓÔËÒ‡ÌÌÓÈ
ÒÂÚË Ë Ò‡ÏË ÔÛ˜ÍË ÔÂ‚Ó„Ó ÔÓfl‰Í‡ Ï˚ ‡ÒÒÏ‡ÚË‚‡-
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êËÒ. 2. ëÚÛÍÚÛ‡ ÒÛıÓÊËÎËfl, Ó·‡·ÓÚ‡ÌÌÓ„Ó ÔÓ ÚÂıÌÓÎÓ„ËË ÄÎÎÓÔÎ‡ÌÚ, ‰Ó ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË (‡) Ë ÔÓÒÎÂ ÒÚÂË-
ÎËÁ‡ˆËË ˝ÎÂÍÚÓÌ‡ÏË ‰ÓÁÓÈ 2,5 å‡‰ (·).

èÓÎflËÁ‡ˆËÓÌÌ‡fl ÏËÍÓÒÍÓÔËfl ÌÂÓÍ‡¯ÂÌÌÓ„Ó ÒÂÁ‡. é·. 20, „ÓÏ‡Î¸ 3.

а б

а б

êËÒ. 3. ëÚÛÍÚÛ‡ ‰ÂÏ˚, Ó·‡·ÓÚ‡ÌÌÓÈ ÔÓ ÚÂıÌÓÎÓ„ËË ÄÎÎÓÔÎ‡ÌÚ, ‰Ó ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË (‡) Ë ÔÓÒÎÂ ÒÚÂËÎËÁ‡-
ˆËË „‡ÏÏ‡-ÎÛ˜‡ÏË, ‰ÓÁÓÈ 2,5 å‡‰ (·).

èÓÎflËÁ‡ˆËÓÌÌ‡fl ÏËÍÓÒÍÓÔËfl ÌÂÓÍ‡¯ÂÌÌÓ„Ó ÒÂÁ‡. é·. 20, „ÓÏ‡Î¸ 3.



ÂÏ Í‡Í 1-È ÛÓ‚ÂÌ¸ ÒÚÛÍÚÛÌÓÈ ÒÚ‡·ËÎËÁ‡ˆËË ÒÓÂ‰Ë-
ÌËÚÂÎ¸ÌÓÚÍ‡ÌÌ˚ı ·ËÓÏ‡ÚÂË‡ÎÓ‚. èÛ˜ÍË ‚ÚÓÓ„Ó ÔÓ-
fl‰Í‡ ‰Ë‡ÏÂÚÓÏ 20 ÏÍÏ Ú‡ÍÊÂ ÓÔÎÂÚ‡˛ÚÒfl ÔÓ‰Ó·ÌÓÈ
ÒÂÚ¸˛, ÍÓÚÓ‡fl ÔÓ‰‰ÂÊË‚‡ÂÚ ÒÚÛÍÚÛÌÛ˛ ˆÂÎÓÒÚ¸
ÔÛ˜ÍÓ‚ Ë Ò‚flÁ˚‚‡ÂÚ Ëı ÏÂÊ‰Û ÒÓ·ÓÈ. ëÓÓÚ‚ÂÚÒÚ‚ÂÌÌÓ
Ì‡ÎË˜ËÂ ÔÛ˜ÍÓ‚ ‚ÚÓÓ„Ó ÔÓfl‰Í‡, Ò ÓÔÎÂÚ‡˛˘ÂÈ Ëı
˚ıÎÓÈ ÒÂÚ¸˛ ÍÓÎÎ‡„ÂÌÓ‚˚ı ‚ÓÎÓÍÓÌ, Ï˚ ‡ÒÒÏ‡ÚË-
‚‡ÂÏ Í‡Í 2-È ÛÓ‚ÂÌ¸ ÒÚ‡·ËÎËÁ‡ˆËË ‚ÓÎÓÍÌËÒÚ˚ı
ÒÚÛÍÚÛ. ÑÎfl ÒÛıÓÊËÎËfl ı‡‡ÍÚÂÌ˚ ‰‚‡ ÔË‚Â‰ÂÌ-
Ì˚ı ÛÓ‚Ìfl ÒÚ‡·ËÎËÁ‡ˆËË. ç‡¯Ë ËÒÒÎÂ‰Ó‚‡ÌËfl ÔÓÍ‡-
Á‡ÎË, ˜ÚÓ ÓÔËÒ‡ÌÌ˚Â 2 ÛÓ‚Ìfl ÒÚ‡·ËÎËÁ‡ˆËË ‚ ËÁÓÎË-
Ó‚‡ÌÌÓÏ ‚Ë‰Â ÌÂ Ó·ÂÒÔÂ˜Ë‚‡˛Ú ‰ÓÒÚ‡ÚÓ˜ÌÓ Ì‡‰ÂÊ-
ÌÛ˛ Á‡˘ËÚÛ ÒÛıÓÊËÎËÈ ÔË ‡‰Ë‡ˆËÓÌÌÓÏ ‚ÓÁ‰ÂÈÒÚ-
‚ËË. í‡ÍËÏ Ó·‡ÁÓÏ, ‚ ÒÛıÓÊËÎËflı ‚˚‡ÊÂÌ˚ ÎË¯¸
ÔÂ‚˚Â 2 ÛÓ‚Ìfl ÒÚ‡·ËÎËÁ‡ˆËË. Ç ‰ÂÏÂ ˝ÚË ÛÓ‚ÌË
‚˚‡ÊÂÌ˚ ÒÎ‡·Ó. Ç ÚÓ ÊÂ ‚ÂÏfl, ÒÎÓÊÌ‡fl ÔÓÒÚ‡Ì-
ÒÚ‚ÂÌÌ‡fl ‡ıËÚÂÍÚÓÌËÍ‡ ‰ÂÏ˚ ÔÓÁ‚ÓÎflÂÚ ‚˚fl‚ËÚ¸ 
3-È ÛÓ‚ÂÌ¸ ÂÂ ÒÚ‡·ËÎËÁ‡ˆËË. Ñ‡ÌÌÓÂ ÒÓ˜ÂÚ‡ÌËÂ ‚ÒÂı
ÚÂı ÛÓ‚ÌÂÈ, ÔË ‚Â‰Û˘ÂÈ ÓÎË 3-„Ó ÛÓ‚Ìfl ÒÚ‡·Ë-
ÎËÁ‡ˆËË, Ó·ÂÒÔÂ˜Ë‚‡ÂÚ ‰ÂÏÂ Ï‡ÍÒËÏ‡Î¸ÌÛ˛ ÛÒÚÓÈ-
˜Ë‚ÓÒÚ¸ Ë ÒÓı‡ÌÂÌËÂ ÙË·Ó‡ıËÚÂÍÚÓÌËÍË ÔË ‚ÓÁ-
‰ÂÈÒÚ‚ËË ‡‰Ë‡ˆËÓÌÌÓ„Ó Ó·ÎÛ˜ÂÌËfl ‚Ó ‚ÒÂı ËÒÒÎÂ‰Û-
ÂÏ˚ı ÂÊËÏ‡ı, ‰ÓÁ‡ı Ë ÌÂÁ‡‚ËÒËÏÓ ÓÚ ‚Ë‰‡ ÍÓÌÒÂ-
‚‡ÌÚÓ‚.

í‡ÍËÏ Ó·‡ÁÓÏ, ÔÓ‚Â‰ÂÌÌ˚Â Ì‡ÏË ËÒÒÎÂ‰Ó‚‡ÌËfl
ÔÓÁ‚ÓÎËÎË Á‡ÍÎ˛˜ËÚ¸, ˜ÚÓ ‚ ·ËÓÏ‡ÚÂË‡Î‡ı, ÔÓ‰‚Â„-
ÌÛÚ˚ı ‡‰Ë‡ˆËÓÌÌÓÈ ÒÚÂËÎËÁ‡ˆËË, ÔÓËÒıÓ‰flÚ ÒÚÛÍ-
ÚÛÌ˚Â ËÁÏÂÌÂÌËfl, ı‡‡ÍÚÂ Ë ‚˚‡ÊÂÌÌÓÒÚ¸ ÍÓÚÓ-
˚ı ÓÔÂ‰ÂÎfl˛ÚÒfl ÒÎÂ‰Û˛˘ËÏË Ù‡ÍÚÓ‡ÏË: 1) ÙË·-
Ó‡ıËÚÂÍÚÓÌËÍÓÈ ÚÍ‡ÌÂÈ; 2) ÒÔÓÒÓ·ÓÏ Ëı ÙËÁËÍÓ-
ıËÏË˜ÂÒÍÓÈ Ó·‡·ÓÚÍË (‚Ë‰ ÍÓÌÒÂ‚‡ÌÚ‡, ÒÚÂÔÂÌ¸ ‰Â-
„Ë‰‡Ú‡ˆËË ÚÍ‡ÌÂÈ); 3) ÚËÔÓÏ Ë ÏÓ˘ÌÓÒÚ¸˛ ËÁÎÛ˜Â-
ÌËfl. ÄÌ‡ÎËÁËÛfl ÛÍ‡Á‡ÌÌ˚Â Ù‡ÍÚÓ˚, ‚ Í‡Ê‰ÓÏ ÍÓÌ-
ÍÂÚÌÓÏ ÒÎÛ˜‡Â ÔÂ‰ÒÚ‡‚ÎflÂÚÒfl ‚ÓÁÏÓÊÌ˚Ï ÔÓ„ÌÓ-
ÁËÓ‚‡Ú¸ ÒÚÛÍÚÛÌ˚Â ËÁÏÂÌÂÌËfl ‚ ‡ÁÎË˜Ì˚ı ·ËÓÏ‡-
ÚÂË‡Î‡ı Ë ÔÓ‰·Ë‡Ú¸ ÓÔÚËÏ‡Î¸ÌÛ˛ ‰ÓÁÛ Ë ‚Ë‰ ‡‰Ë-
‡ˆËÓÌÌÓ„Ó ‚ÓÁ‰ÂÈÒÚ‚Ëfl ‰Îfl ÓÔÂ‰ÂÎÂÌÌÓ„Ó ‚Ë‰‡ 
ÚÍ‡ÌË.
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EFFECT OF RADIATION STERILIZATION ON
BIOMATERIAL STRUCTURE AND PROPERTIES

O.R. Shangina and R.T. Nigmatullin

The purpose of the investigation was the study of structural

changes connective tissue biomaterials after different combina-

tions of their radiation sterilization, physico-chemical treatment

and conservation. Using a complex of histological methods

(polarization microscopy of unstained sections, van Gieson’s

stain, scanning electron microscopy), an analysis was performed

to detect the structural changes in tendons and dermis which

underwent various physico-chemical treatment and subjected to

the radiation sterilization using different types (Á- radiation and

fast-moving electron stream) and doses (1.5, 2.5 and 4 Mrad) of

radiation. The dependence of the structural changes in the bio-

materials on the fibroarchitectonics of the tissue as well as on the

physico-chemical treatment and radiation type and dose was

demonstrated. The tendons underwent clear-cut significant

changes in all regimes and radiation doses studied. Dermis was

found to be most resistant to radiation challenge.

Key words: cadaver tissues, fibroarchitectonics, radiation ster-

ilization.
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