
ǨȟȰȦȤȔțȖȧȞȢȖȢș ȜȥȥȟșȘȢȖȔȡȜș (Ǩǜǝ) Ȣȕȯȫ-
ȡȢ ȥȫȜȦȔșȦȥȓ ȕșțȢȣȔȥȡȯȠ ȠșȦȢȘȢȠ ȖȜțȧȔȟȜțȔȪȜȜ, 
Ȗ ȫȔȥȦȡȢȥȦȜ, ȢȡȢ ȣȤȢȖȢȘȜȦȥȓ Șȟȓ ȥȞȔȡȜȤȢȖȔȡȜȓ 
ȣȟȢȘȔ ȖȢ ȖȤșȠȓ ȕșȤșȠșȡȡȢȥȦȜ [13]. ǣȘȡȔȞȢ Ȗ 
ȣȢȥȟșȘȡșș ȖȤșȠȓ ȥȦȔȟȜ ȣȢȓȖȟȓȦȰȥȓ ȥȢȢȕȭșȡȜȓ Ȣȕ 
ȜțȠșȡșȡȜȓȩ ȦȞȔȡșȝ Ȝ ȢȤȗȔȡȢȖ ȠȟșȞȢȣȜȦȔȲȭȜȩ 
ȣȢȥȟș ȖȢțȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ Ȗ ȤșȚȜȠș ȠșȘȜ-
ȪȜȡȥȞȢȗȢ ȜȥȥȟșȘȢȖȔȡȜȓ. ǗȯȥȞȔțȯȖȔȲȦȥȓ ȥȢȠȡș-
ȡȜȓ Ȗ ȕșțȢȣȔȥȡȢȥȦȜ ȧȟȰȦȤȔțȖȧȞȔ ȣȤȜ ȠȢȭȡȢȥȦȓȩ, 
ȣȤȜȠșȡȓșȠȯȩ Șȟȓ ȘȜȔȗȡȢȥȦȜȞȜ [7, 14]. Ǘȥș ȫȔȭș 
ȣȤȜțȡȔșȦȥȓ, ȫȦȢ ȧȟȰȦȤȔțȖȧȞ, ȘȔȚș Ȗ ȱȦȜȩ ȥȟȧȫȔȓȩ 
ȥȣȢȥȢȕșȡ ȣȢȖȯȥȜȦȰ ȦșȠȣșȤȔȦȧȤȧ ȦȞȔȡșȝ Ȝ ȦȔȞȜȠ 
ȢȕȤȔțȢȠ ȣȢȖȤșȘȜȦȰ Ȝȩ [10–12]. ǣȥȢȕȧȲ ȢȣȔȥȡȢȥȦȰ 
Ȣȡ ȠȢȚșȦ ȣȤșȘȥȦȔȖȟȓȦȰ Șȟȓ ȱȠȕȤȜȢȡȔȟȰȡȯȩ ȦȞȔȡșȝ 
[10], ȦȞȔȡșȝ ȗȢȟȢȖȡȢȗȢ ȠȢțȗȔ [3, 10], ȗȟȔțȔ [9, 17].

Ǘ 2008 ȗ. ǕȠșȤȜȞȔȡȥȞȜȝ ȜȡȥȦȜȦȧȦ ȜȥȣȢȟȰțȢȖȔ-
ȡȜȓ ȧȟȰȦȤȔțȖȧȞȔ Ȗ ȠșȘȜȪȜȡș (The American Institute 
of Ultrasound in Medicine, ǠȢȤșȟ, ǡȱȤȜȟșȡȘ) Ȣȣȧ-
ȕȟȜȞȢȖȔȟ 130-ȥȦȤȔȡȜȫȡȯȝ ȘȢȞȟȔȘ ȣȢȘ ȡȔțȖȔȡȜșȠ 
«ǣ ȣȢȦșȡȪȜȔȟȰȡȯȩ ȕȜȢȱȨȨșȞȦȔȩ ȘȜȔȗȡȢȥȦȜȫș-
ȥȞȢȗȢ ȧȟȰȦȤȔțȖȧȞȔ», Ȗ ȞȢȦȢȤȢȠ ȧȞȔțȔȡȯ ȖȢțȠȢȚ-
ȡȯș ȤȜȥȞȜ ȣȤȜ ȣȤȢȖșȘșȡȜȜ Ǩǜǝ, ȖȞȟȲȫȔȲȭȜș 

ȦșȣȟȢȖȯș ȱȨȨșȞȦȯ, ȠșȩȔȡȜȫșȥȞȜș ȖȢțȘșȝȥȦȖȜȓ Ȝ 
ȕȜȢȱȨȨșȞȦȯ ȢȦ ȣȤȜȠșȡșȡȜȓ ȞȢȡȦȤȔȥȦȡȯȩ ȥȤșȘȥȦȖ. 
ǙȢȟȗȢȥȤȢȫȡȯș ȱȨȨșȞȦȯ, ȥȖȓțȔȡȡȯș ȥ ȧȟȰȦȤȔ-
țȖȧȞȢȖȯȠ ȖȢțȘșȝȥȦȖȜșȠ ȘȜȔȗȡȢȥȦȜȫșȥȞȢȝ ȜȡȦșȡ-
ȥȜȖȡȢȥȦȜ, ȣȢȞȔ ȡșȜțȖșȥȦȡȯ. ǢșȥȠȢȦȤȓ ȡȔ ȦȢ, ȫȦȢ 
ȥȧȭșȥȦȖȧșȦ ȖșȤȢȓȦȡȢȥȦȰ ȖȯȓȖȟșȡȜȓ Ȗ ȕȧȘȧȭșȠ 
țȡȔȫȜȦșȟȰȡȢȗȢ ȕȜȢȟȢȗȜȫșȥȞȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȡȔ 
ȫșȟȢȖșȞȔ, Ȗ ȡȔȥȦȢȓȭșș ȖȤșȠȓ ȕȢȟȰȬȜȡȥȦȖȢ ȖȤȔȫșȝ 
ȥȫȜȦȔȲȦ, ȫȦȢ ȡȔ ȢȥȡȢȖș ȜȠșȲȭșȝȥȓ ȜȡȨȢȤȠȔȪȜȜ 
ȣȢȟȰțȔ Șȟȓ ȣȔȪȜșȡȦȢȖ ȣșȤșȖșȬȜȖȔșȦ ȤȜȥȞȜ [6].

ǙȖș 15-ȠȜȡȧȦȡȯș ȣȤȢȪșȘȧȤȯ ȖȢțȘșȝȥȦȖȜȓ ȧȟȰ-
ȦȤȔțȖȧȞȢȠ ȠȢȗȧȦ Ȗ ȕȧȘȧȭșȠ ȜȥȣȢȟȰțȢȖȔȦȰȥȓ Ȗ 
ȞȔȫșȥȦȖș ȣȤȢȦȜȖȢțȔȫȔȦȢȫȡȯȩ ȠșȤ Șȟȓ ȠȧȚȫȜȡ. 
ǝȥȥȟșȘȢȖȔȡȜș ȡȔ ȞȤȯȥȔȩ ȣȢȞȔțȔȟȢ, ȫȦȢ ȧȟȰȦȤȔ-
țȖȧȞȢȖȯș ȧȥȦȤȢȝȥȦȖȔ ȠȢȗȧȦ ȖȯțȖȔȦȰ ȘȔȚș ȣȢȟȡȢș 
ȣȢȘȔȖȟșȡȜș ȥȣșȤȠȔȦȢȗșȡșțȔ. ǨȟȰȦȤȔțȖȧȞȢȖȢș ȖȢț-
ȘșȝȥȦȖȜș ȠȢȚșȦ ȣȤȜȠșȡȓȦȰȥȓ Ȝ Șȟȓ ȕșȥȞȢȡȦȔȞȦȡȢȝ 
ȥȦșȤȜȟȜțȔȪȜȜ ȘȢȠȔȬȡȜȩ ȚȜȖȢȦȡȯȩ [18].

ǫșȟȰ ȡȔȥȦȢȓȭșȗȢ ȜȥȥȟșȘȢȖȔȡȜȓ — ȜțȧȫșȡȜș 
ȜțȠșȡșȡȜȝ ȚȜȤȢȖȢȝ ȦȞȔȡȜ ȧ ȞȤȯȥ ȣȢȥȟș ȢȘȡȢ-
ȞȤȔȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢȖȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȤȔțȟȜȫȡȢȝ 
ȘȟȜȦșȟȰȡȢȥȦȜ Ȗ ȘȜȔȗȡȢȥȦȜȫșȥȞȢȠ ȤșȚȜȠș.
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ƥƧƩƭƧƤƧƜơưƞƪƣơƞ ơƠƥƞƦƞƦơƸ ƟơƩƧƛƧƢ ƫƣƙƦơ 
ƨƧƪƤƞ ƧƝƦƧƣƩƙƫƦƧƜƧ ƬƤƵƫƩƙƠƛƬƣƧƛƧƜƧ ƛƧƠƝƞƢƪƫƛơƸ
1 ǫșȡȦȤ ȡȢȖȯȩ ȠșȘȜȪȜȡȥȞȜȩ ȦșȩȡȢȟȢȗȜȝ (țȔȖ. — ȣȤȢȨ. Ǖ. ǝ. ǭșȖșȟȔ), ǝȡȥȦȜȦȧȦ ȩȜȠȜȫșȥȞȢȝ ȕȜȢȟȢȗȜȜ Ȝ ȨȧȡȘȔȠșȡȦȔȟȰȡȢȝ 
ȠșȘȜȪȜȡȯ Ǧǣ ǥǕǢ, ȗ. ǢȢȖȢȥȜȕȜȤȥȞ; 2 ȞȔȨșȘȤȔ ȔȡȔȦȢȠȜȜ ȫșȟȢȖșȞȔ, ȦȢȣȢȗȤȔȨȜȫșȥȞȢȝ ȔȡȔȦȢȠȜȜ Ȝ ȢȣșȤȔȦȜȖȡȢȝ ȩȜȤȧȤȗȜȜ 
(țȔȖ. — ȣȤȢȨ. ǖ. Ǥ. ǘȧȕȔȡȢȖ), ǟȯȤȗȯțȥȞȢ-ǥȢȥȥȜȝȥȞȜȝ ȥȟȔȖȓȡȥȞȜȝ ȧȡȜȖșȤȥȜȦșȦ; 3 ȞȔȨșȘȤȔ ȟȧȫșȖȢȝ ȘȜȔȗȡȢȥȦȜȞȜ 
(țȔȖ. — ȣȤȢȨ. ǥ. ǧ. ǕȤȔȟȕȔșȖ), ǟȯȤȗȯțȥȞȜȝ ȗȢȥȧȘȔȤȥȦȖșȡȡȯȝ ȠșȘȜȪȜȡȥȞȜȝ ȜȡȥȦȜȦȧȦ ȣșȤșȣȢȘȗȢȦȢȖȞȜ Ȝ ȣȢȖȯȬșȡȜȓ ȞȖȔȟȜȨȜ-
ȞȔȪȜȜ, ȗ. ǖȜȬȞșȞ, ǟȯȤȗȯțȥȦȔȡ

ƥƾǋǇƽǇǅ ǊƻƾǋǇƻǇǂ ǅǁǃǉǇǊǃǇǈǁǁ ǁǀǌǐƾǆǔ ǅǇǉǍǇǄǇƼǁǐƾǊǃǁƾ ǁǀǅƾǆƾǆǁǘ ƻ ƿǁǉǇƻǇǂ ǋǃƹǆǁ ǀƹƽǆƾǂ ǈǇƻƾǉǎǆǇǊǋǁ ǃǇǄƾǆǆǇƼǇ 
ǊǌǊǋƹƻƹ ǌ ǃǉǔǊ (n=96) ǐƾǉƾǀ 1, 2, 3, 4 ǁ 5 Ǌǌǋ ǈǇǊǄƾ ǇƽǆǇǃǉƹǋǆǇƼǇ ǌǄǕǋǉƹǀƻǌǃǇƻǇƼǇ ƻǇǀƽƾǂǊǋƻǁǘ ǉƹǀǄǁǐǆǇǂ ǈǉǇƽǇǄƿǁǋƾǄǕ-
ǆǇǊǋǁ (5, 10, 20 ǅǁǆ) ƻ ƽǁƹƼǆǇǊǋǁǐƾǊǃǇǅ ǉƾƿǁǅƾ. ƫƹǃǇƾ ƻǇǀƽƾǂǊǋƻǁƾ ǈǉǁƻǇƽǁǋ ǃ Ƽǁǈƾǉƾǅǁǁ, ǄǁǅǍǇǊǋƹǀǌ ǁ ǌƻƾǄǁǐƾǆǁǗ ǊǇǊǌ-
ƽǁǊǋǇǂ ǈǉǇǆǁǏƹƾǅǇǊǋǁ. ƛǔǉƹƿƾǆǆǇǊǋǕ ǁǀǅƾǆƾǆǁǂ ǆƹǉƹǊǋƹƾǋ ǈǇ ǅƾǉƾ ǌƻƾǄǁǐƾǆǁǘ ƽǄǁǋƾǄǕǆǇǊǋǁ ƻǇǀƽƾǂǊǋƻǁǘ. ƛǊƾ Ǉƺǆƹǉǌ-
ƿƾǆǆǔƾ ǁǀǅƾǆƾǆǁǘ ǘƻǄǘǗǋǊǘ Ǉƺǉƹǋǁǅǔǅǁ, ǁ ƺǇǄǕǑǁǆǊǋƻǇ ǁǀ ǆǁǎ ǁǊǐƾǀƹǗǋ ƻ ǋƾǐƾǆǁƾ 1–2 Ǌǌǋ. ƛ ǈǉƹǃǋǁǐƾǊǃǇǂ ƽƾǘǋƾǄǕǆǇǊǋǁ 
ǊǄƾƽǌƾǋ ǌǐǁǋǔƻƹǋǕ ƻǇǀǅǇƿǆǇǊǋǕ ǉƹǀƻǁǋǁǘ ǈǇƻǉƾƿƽƾǆǁǂ ǃǄƾǋǇǃ ǁ ǋǃƹǆƾǂ ǈǉǁ ǈǉǇƻƾƽƾǆǁǁ ǌǄǕǋǉƹǀƻǌǃǇƻǇƼǇ ǁǊǊǄƾƽǇƻƹǆǁǘ 
(ƬƠơ). ƯƾǄƾǊǇǇƺǉƹǀǆǔ ǉƹǀǉƹƺǇǋǃƹ ǁ ǈǉǁǅƾǆƾǆǁƾ ǅƾǉǇǈǉǁǘǋǁǂ, ǆƹǈǉƹƻǄƾǆǆǔǎ ǆƹ Ǌǆǁƿƾǆǁƾ Ǉǋƾǃƹ ǁ ǊǋƹƺǁǄǁǀƹǏǁǗ ǊǇǊǌƽǁ-
ǊǋǇǂ Ǌǋƾǆǃǁ ǃƹǃ ƻǇ ƻǉƾǅǘ ǊƹǅǇǂ ǈǉǇǏƾƽǌǉǔ ƬƠơ, ǋƹǃ ǁ Ǌǉƹǀǌ ǈǇǊǄƾ ǆƾƾ. ƬƠơ ƽǇǄƿǆǇ ƺǔǋǕ ƻǔǈǇǄǆƾǆǇ ǋǇǄǕǃǇ ǈǉǁ ǆƹǄǁǐǁǁ 
ƽƾǂǊǋƻǁǋƾǄǕǆǔǎ ǅƾƽǁǏǁǆǊǃǁǎ ǈǇǃƹǀƹǆǁǂ, ǈǉǁǐƾǅ ƽǄǘ ǈǇǄǌǐƾǆǁǘ ǆƾǇƺǎǇƽǁǅǇǂ ƽǁƹƼǆǇǊǋǁǐƾǊǃǇǂ ǁǆǍǇǉǅƹǏǁǁ ƽǇǄƿǆƹ ƺǔǋǕ 
ǁǊǈǇǄǕǀǇƻƹǆƹ Ǌƹǅƹǘ ǆǁǀǃƹǘ ǅǇǒǆǇǊǋǕ ƹǈǈƹǉƹǋƹ.

ƣǄǗǐƾƻǔƾ ǊǄǇƻƹ: ƿǁǉǇƻƹǘ ǋǃƹǆǕ, ƻǇǀƽƾǂǊǋƻǁƾ ǌǄǕǋǉƹǀƻǌǃǇǅ, Ƽǁǈƾǉƾǅǁǘ, ǄǁǅǍǇǊǋƹǀ

ƫǇǅ 145. ҇ 2 ƧƩơƜơƦƙƤƵƦƴƞ ơƪƪƤƞƝƧƛƙƦơƸ
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ǘǠøêǣǤǣå÷î ×èǣǤó ǕǠìǡîæ÷îǣÌ÷ð (e-mail: imai@mail.ru), ǘǠøêǣǤǣå÷î ×èǣǤó ×èǣǤǡÌ÷ð, äŕÿāř ÿŗ÷ćŜ þŕùüĂüÿŚŖüŜ āŕŜÿŗýŗøüĀ, 
×ÿŚāüāśā ŜüþüăŕŚŖŗĀ Ďüŗýŗøüü ü čśÿùŔþŕÿāŔýĈÿŗĀ þŕùüĂüÿć őŎ Őňō, 630090, ōŗ÷ŗŚüĎüřŚŖ, Řř. ŔŖŔù. êŔ÷řŕÿāĈŕ÷Ŕ, 8;
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ØćřøćûŚŖŗ-ŐŗŚŚüĀŚŖüĀ ŚýŔ÷ĊÿŚŖüĀ śÿü÷ŕřŚüāŕā, 720000, ØüřøüûüĊ, àüĄŖŕŖ, śý. Øüŕ÷ŚŖŔĊ, 44;

Ø÷í ǝǡǤèǡø ǔîǠæǣìóǡÌ÷ð, ŖŔčŕùřŔ ýśăŕ÷ŗĀ ùüŔøÿŗŚāüŖü, ØćřøćûŚŖüĀ øŗŚśùŔřŚā÷ŕÿÿćĀ þŕùüĂüÿŚŖüĀ üÿŚāüāśā ŘŕřŕŘŗùøŗāŗ÷Ŗü 
ü Řŗ÷ćĄŕÿüĊ Ŗ÷ŔýüčüŖŔĂüü, 720040, ØüřøüûüĊ, àüĄŖŕŖ, śý. àŗŖŗÿĎŔŕ÷Ŕ, 144Ŕ
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ǡȔȦșȤȜ Ȕ ȟ  Ȝ  Ƞș Ȧ Ȣ Șȯ .  ǲȞȥȣșȤȜȠșȡȦȯ ȣȤȢȖșȘșȡȯ ȡȔ 
6-Ƞșȥȓȫȡȯȩ ȥȔȠȪȔȩ ȞȤȯȥ ȜȡȕȤșȘȡȢȝ ȟȜȡȜȜ Wag ȠȔȥȥȢȝ 
180–200 ȗ. Ǘȥș ȠȔȡȜȣȧȟȓȪȜȜ ȥ ȚȜȖȢȦȡȯȠȜ ȢȥȧȭșȥȦȖȟȓȟȜ ȣȢȘ 
ȢȕȭȜȠ ȜȡȗȔȟȓȪȜȢȡȡȯȠ ȱȨȜȤȡȯȠ ȡȔȤȞȢțȢȠ Ȗ ȧȥȟȢȖȜȓȩ ȫȜȥȦȢȝ 
ȢȣșȤȔȪȜȢȡȡȢȝ ȥ ȥȢȕȟȲȘșȡȜșȠ «ǤȤȔȖȜȟ ȣȤȢȖșȘșȡȜȓ ȤȔȕȢȦ ȥ 
ȜȥȣȢȟȰțȢȖȔȡȜșȠ ȱȞȥȣșȤȜȠșȡȦȔȟȰȡȯȩ ȚȜȖȢȦȡȯȩ». Ǚȟȓ ȖȢțȘșȝ-
ȥȦȖȜȓ ȡȔ țȔȘȡȲȲ ȣȢȖșȤȩȡȢȥȦȰ ȞȢȟșȡȡȢȗȢ ȥȧȥȦȔȖȔ ȕȯȟ ȣȤȜȠș-
ȡșȡ ȤșȚȜȠ ȧȟȰȦȤȔțȖȧȞȔ, ȞȢȦȢȤȯȝ ȢȕȯȫȡȢ ȜȥȣȢȟȰțȧȲȦ Ȗ ȠșȘȜ-
ȪȜȡȥȞȜȩ ȞȟȜȡȜȞȔȩ [3, 7] Șȟȓ Ǩǜǝ-ȘȜȔȗȡȢȥȦȜȞȜ B-ȥȣȢȥȢȕȢȠ 
ȥ ȫȔȥȦȢȦȢȝ 6,7 ǡǘȪ Ȗ ȣȧȟȰȥȜȤȧȲȭșȠ ȤșȚȜȠș (ȘȟȜȦșȟȰȡȢȥȦȰ 
0,2 Ƞȥ). ǙȢțȜȠșȦȤȜȫșȥȞȢș ȦșȥȦȜȤȢȖȔȡȜș ȥȜȥȦșȠȯ ȧȟȰȦȤȔ-
țȖȧȞȔ ȣȢȞȔțȔȟȢ ȜȡȦșȡȥȜȖȡȢȥȦȰ ȣȜȞȢȖȧȲ Ȗ ȣȤȢȥȦȤȔȡȥȦȖș, 
ȥȤșȘȡȲȲ ȣȢ ȜȠȣȧȟȰȥȧ 330 ǗȦ/ȥȠ2, Ȝ ȜȡȦșȡȥȜȖȡȢȥȦȰ ȥȤșȘȡȲȲ 
ȣȢ ȖȤșȠșȡȜ, ȣȜȞȢȖȧȲ ȣȢ ȣȤȢȥȦȤȔȡȥȦȖȧ 1,5 ȠǗȦ/ȥȠ2 ȣȤȜ ȜțȠș-
ȤșȡȜȜ Ȗ ȖȢȘȡȢȝ ȥȤșȘș. ǤȤșȘȣȢȟȔȗȔșȠȔȓ ȘȢțȔ Ȗ ȤȔȥȣȢȟȢȚșȡȜȜ 
ȢȕȟȧȫȔșȠȢȝ ȚȜȤȢȖȢȝ ȦȞȔȡȜ ȣȤȜ 5-ȠȜȡȧȦȡȢȝ ȱȞȥȣȢțȜȪȜȜ 
ȥȢȥȦȔȖȜȟȔ 1 ǗȦ/ȥȠ2. ǛȜȤȢȖȔȓ ȦȞȔȡȰ ȡȔ ȠșȥȦș ȢȕȟȧȫșȡȜȓ ȕȯȟȔ 
ȖȯȕȤȔȡȔ ȖȥȟșȘȥȦȖȜș șș ȣȢȥȦȢȓȡȡȢȗȢ ȣȤȜȥȧȦȥȦȖȜȓ Ȗ ȘȔȡȡȢȠ 
ȠșȥȦș, ȢȗȤȔȡȜȫșȡȡȢȗȢ ȡșȕȢȟȰȬȢȗȢ ȢȕȮșȠȔ, ȫȦȢ ȢȕșȥȣșȫȜȖȔȟȢ 
ȫșȦȞȧȲ ȟȢȞȔȟȜțȔȪȜȲ ȖȢțȘșȝȥȦȖȜȓ, ȜțȠșȡșȡȜȝ Ȝ ȜȥȞȟȲȫșȡȜș 
ȣȢȤȔȚșȡȜȓ ȥȠșȚȡȯȩ ȢȕȟȔȥȦșȝ, Ȕ ȦȔȞȚș ȢȦȥȧȦȥȦȖȜș Ȗ ȣȤȢ-
șȞȪȜȜ ȢȕȟȧȫȔșȠȢȝ țȢȡȯ ȤȔțȟȜȫȡȯȩ ȢȤȗȔȡȢȖ. ǟȤȯȥ ȖȯȖȢȘȜȟȜ 
Ȝț ȱȞȥȣșȤȜȠșȡȦȔ ȣșȤșȘȢțȜȤȢȖȞȢȝ ȣȔȤȢȖ ȱȨȜȤȔ ȫșȤșț 1, 2, 3, 4 
Ȝ 5 ȥȧȦ ȣȢȥȟș ȢȘȡȢȞȤȔȦȡȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ ȘȟȜ-
ȦșȟȰȡȢȥȦȰȲ 5, 10 ȜȟȜ 20 ȠȜȡ. ǢȔ ȞȔȚȘȧȲ ȦȢȫȞȧ ȜȥȥȟșȘȢȖȔȡȜȓ 
ȕȯȟȢ ȜȥȣȢȟȰțȢȖȔȡȢ 6 ȞȤȯȥ. ǟȢȡȦȤȢȟșȠ ȥȟȧȚȜȟȜ ȜȡȦȔȞȦ-
ȡȯș ȡșȢȕȟȧȫșȡȡȯș ȚȜȖȢȦȡȯș. ǗȥșȗȢ ȕȯȟȢ ȜȥȣȢȟȰțȢȖȔȡȢ 96 
ȚȜȖȢȦȡȯȩ (90 ȣȢȘȢȣȯȦȡȯȩ Ȝ 6 ȞȢȡȦȤȢȟȰȡȯȩ).
ǡȔȦșȤȜȔȟ ȨȜȞȥȜȤȢȖȔȟȜ Ȗ 4% ȤȔȥȦȖȢȤș ȣȔȤȔȨȢȤȠȔȟȰȘșȗȜȘȔ 

ȡȔ ȨȢȥȨȔȦȡȢȠ ȕȧȨșȤș (ȤǢ 7,4) ȡș Ƞșȡșș 24 ȫ, ȢȕșțȖȢȚȜȖȔȟȜ Ȗ 
ȱȦȔȡȢȟș ȖȢțȤȔȥȦȔȲȭșȝ ȞȢȡȪșȡȦȤȔȪȜȜ, ȣȤȢȥȖșȦȟȓȟȜ Ȗ ȞȥȜȟȢȟș 
Ȝ țȔȞȟȲȫȔȟȜ Ȗ ȣȔȤȔȨȜȡ. ǦȤșțȯ ȦȢȟȭȜȡȢȝ 5–7 ȠȞȠ ȢȞȤȔȬȜȖȔ-
ȟȜ ȗșȠȔȦȢȞȥȜȟȜȡȢȠ — ȱȢțȜȡȢȠ, ȜțȧȫȔȟȜ ȣȢȘ ȥȖșȦȢȖȯȠ ȠȜȞȤȢ-
ȥȞȢȣȢȠ Axioimager M1 (Zeiss, ǘșȤȠȔȡȜȓ) ȣȤȜ ȧȖșȟȜȫșȡȜȜ ȘȢ 
1500 ȤȔț. ǙȜȨȨșȤșȡȪȜȤȢȖȔȡȜș ȞȤȢȖșȡȢȥȡȯȩ Ȝ ȟȜȠȨȔȦȜȫș-
ȥȞȜȩ ȥȢȥȧȘȢȖ ȚȜȤȢȖȢȝ ȦȞȔȡȜ ȞȤȯȥ ȣȤȢȖȢȘȜȟȜ Ȗ ȥȢȢȦȖșȦȥȦȖȜȜ 
ȥ ȤșȞȢȠșȡȘȔȪȜȓȠȜ J. R. Head Ȝ L. L. Seeling [8].

ǥș ț ȧ ȟ Ȱ Ȧ Ȕ Ȧȯ  Ȝ ȥ ȥ ȟ ș Ș Ȣ Ȗ Ȕ ȡ Ȝ ȓ .  Ǩ ȜȡȦȔȞȦ-
ȡȯȩ ȚȜȖȢȦȡȯȩ Ȗ ȚȜȤȢȖȢȝ ȦȞȔȡȜ țȔȘȡșȝ ȣȢȖșȤȩȡȢ-
ȥȦȜ ȞȢȟșȡȡȢȗȢ ȥȧȥȦȔȖȔ ȕȯȟȢ ȤȔȥȣȢȟȢȚșȡȢ ȡșȕȢȟȰ-
ȬȢș ȫȜȥȟȢ ȞȤȢȖșȡȢȥȡȯȩ Ȝ ȟȜȠȨȔȦȜȫșȥȞȜȩ ȥȢȥȧȘȢȖ 
ȥ ȧțȞȜȠ, ȥȣȔȖȬȜȠȥȓ Ȝ ȫȔȥȦȢ ȢȣȦȜȫșȥȞȜ ȣȧȥȦȯȠ 
ȣȤȢȥȖșȦȢȠ. ǡșȚȘȧ ȘȢȟȰȞȔȠȜ ȚȜȤȢȖȢȝ ȦȞȔȡȜ Ȝ Ȗ 
ȥȢșȘȜȡȜȦșȟȰȡȢȦȞȔȡȡȯȩ ȣȤȢȥȟȢȝȞȔȩ ȣȤȜȥȧȦȥȦȖȢ-
ȖȔȟȢ ȢȫșȡȰ ȠȔȟȢ ȟșȝȞȢȪȜȦȢȖ, ȗȟȔȖȡȯȠ ȢȕȤȔțȢȠ, 
ȟȜȠȨȢȪȜȦȢȖ, ȠȔȞȤȢȨȔȗȢȖ Ȝ Ȧȧȫȡȯȩ ȞȟșȦȢȞ (ȤȜȥȧ-
ȡȢȞ, Ȕ).

ǬșȤșț 1 ȥȧȦ ȣȢȥȟș 5-ȠȜȡȧȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢȖȢ-
ȗȢ ȖȢțȘșȝȥȦȖȜȓ țȡȔȫȜȦșȟȰȡȯȩ ȜțȠșȡșȡȜȝ ȣȢ ȥȤȔȖ-
ȡșȡȜȲ ȥ ȞȢȡȦȤȢȟșȠ ȢȦȠșȫșȡȢ ȡș ȕȯȟȢ. ǖȯȟȢ ȢȕȡȔ-
ȤȧȚșȡȢ ȟȜȬȰ ȡșțȡȔȫȜȦșȟȰȡȢș ȤȔȥȬȜȤșȡȜș ȞȤȢȖș-
ȡȢȥȡȯȩ ȞȔȣȜȟȟȓȤȢȖ ȚȜȤȢȖȢȝ ȦȞȔȡȜ. ǢȔ ȡșȞȢȦȢȤȯȩ 
ȧȫȔȥȦȞȔȩ, ȢȫșȡȰ ȢȗȤȔȡȜȫșȡȡȯȩ, ȖȢțȤȢȥȟȔ ȫȜȥȟșȡ-
ȡȢȥȦȰ ȟșȝȞȢȪȜȦȢȖ (ȠȔȞȤȢȨȔȗȢȖ Ȝ ȟȜȠȨȢȪȜȦȢȖ) Ȝ 
ȣȤȜȥȧȦȥȦȖȢȖȔȟȜ ȱȤȜȦȤȢȪȜȦȯ, ȤȔȥȣȢȟȢȚșȡȡȯș ȣȢ -
ȢȘȜȡȢȫȞș, ȖȜȘȜȠȢ ȢȞȔțȔȖȬȜșȥȓ Ȗ ȦȞȔȡȜ Ȗ ȤșțȧȟȰȦȔ-
Ȧș ȘȜȔȣșȘșțȔ. ǗȜȘȜȠȯȩ ȣȢȖȤșȚȘșȡȜȝ ȞȤȢȖșȡȢȥȡȯȩ 
ȥȢȥȧȘȢȖ Ȝ ȗșȠȢȤȤȔȗȜȝ ȡș ȕȯȟȢ (ȥȠ. ȤȜȥȧȡȢȞ, ȕ). 
ǢȔȫȜȡȔȓ ȥȢ 2-ȩ ȥȧȦȢȞ, ȣȢ ȥȤȔȖȡșȡȜȲ ȥ ȜȡȦȔȞȦȡȯȠȜ 
ȚȜȖȢȦȡȯȠȜ, ȜțȠșȡșȡȜȓ ȢȦȥȧȦȥȦȖȢȖȔȟȜ.

Ǘ ȚȜȤȢȖȢȝ ȦȞȔȡȜ, ȥȣȧȥȦȓ 1 ȥȧȦ ȣȢȥȟș 10-ȠȜȡȧȦ-
ȡȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ, ȣȤȢȜȥȩȢȘȜȟȢ ȧȚș 
ȕȢȟșș ȖȯȤȔȚșȡȡȢș ȤȔȥȬȜȤșȡȜș ȞȤȢȖșȡȢȥȡȯȩ Ȝ 
ȟȜȠȨȔȦȜȫșȥȞȜȩ ȥȢȥȧȘȢȖ. ǤȤȢȥȖșȦ ȞȤȢȖșȡȢȥȡȯȩ 
ȥȢȥȧȘȢȖ ȫȔȭș ȖȥșȗȢ ȢȥȦȔȖȔȟȥȓ ȢȣȦȜȫșȥȞȜ ȣȧȥȦȯȠ, 
ȡȢ ȜȡȢȗȘȔ ȠșȟȞȜș ȥȢȥȧȘȯ ȕȯȟȜ ȣșȤșȣȢȟȡșȡȯ ȱȤȜ-
ȦȤȢȪȜȦȔȠȜ. Ǘ ȟȜȠȨȔȦȜȫșȥȞȜȩ ȥȢȥȧȘȔȩ ȣȤȜȥȧȦ-
ȥȦȖȢȖȔȟȢ ȥȢȘșȤȚȜȠȢș, ȢȞȤȔȬȜȖȔȲȭșșȥȓ ȱȢțȜȡȢȠ. 
ǟȤȢȠș ȦȢȗȢ, ȕȯȟȔ ȢȦȠșȫșȡȔ ȘȜȨȨȧțȡȔȓ ȜȡȨȜȟȰ-
ȦȤȔȪȜȓ ȧȫȔȥȦȞȢȖ ȠșȚȘȧ ȘȢȟȰȞȔȠȜ ȚȜȤȢȖȢȝ ȦȞȔȡȜ 
ȱȢțȜȡȢȨȜȟȰȡȢȝ ȚȜȘȞȢȥȦȰȲ, ȫȦȢ, ȥȞȢȤșș ȖȥșȗȢ, 
ȓȖȟȓșȦȥȓ ȣȤȜțȡȔȞȢȠ ȟȜȠȨȔȦȜȫșȥȞȢȗȢ ȢȦșȞȔ, ȟȜȠ-
ȨȢȥȦȔțȔ (ȥȠ. ȤȜȥȧȡȢȞ, Ȗ, ȗ). Ǘȥș ȧȞȔțȔȡȡȯș ȜțȠș-
ȡșȡȜȓ ȡș ȕȯȟȜ ȢȕȡȔȤȧȚșȡȯ Ȗ ȣȢȥȟșȘȧȲȭȜș ȥȤȢȞȜ 
ȜȥȥȟșȘȢȖȔȡȜȓ.

ǬșȤșț 1 ȥȧȦ ȣȢȥȟș 20-ȠȜȡȧȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢ-
ȖȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȣȤȔȞȦȜȫșȥȞȜ Ȗȥș ȞȤȢȖșȡȢȥȡȯș 
ȥȢȥȧȘȯ ȕȯȟȜ ȤȔȥȬȜȤșȡȯ Ȝ ȣșȤșȣȢȟȡșȡȯ ȨȢȤȠșȡ-
ȡȯȠȜ ȱȟșȠșȡȦȔȠȜ ȞȤȢȖȜ, Ȧ. ș. ȜȠșȟȔ ȠșȥȦȢ ȢȦȫșȦ-
ȟȜȖȢ ȖȯȤȔȚșȡȡȔȓ ȖșȡȢțȡȔȓ Ȝ ȔȤȦșȤȜȔȟȰȡȔȓ ȗȜȣș-
ȤșȠȜȓ. Ǘ ȱȦȢȦ ȥȤȢȞ Ȝ ȡȔ ȥȟșȘȧȲȭȜș ȥȧȦȞȜ ȠșȟȞȜș, 
ȥȤșȘȡȜș Ȝ ȞȤȧȣȡȯș ȟȜȠȨȔȦȜȫșȥȞȜș ȥȢȥȧȘȯ ȦȔȞȚș 
ȕȯȟȜ ȤȔȥȬȜȤșȡȯ Ȝ ȜȠșȟȜ ȤȔțȟȜȫȡȯȝ ȢȕȮșȠ ȥȢȘșȤ-
ȚȜȠȢȗȢ, ȜȡȦșȡȥȜȖȡȢ ȢȞȤȔȬșȡȡȢȗȢ ȱȢțȜȡȢȠ (ȥȠ. 
ȤȜȥȧȡȢȞ, Ș). ǘȜȣșȤșȠȜȓ ȜȥȫșțȟȔ ȧȚș ȡȔ 2-ș ȥȧȦȞȜ, 
Ȕ ȣȤȜțȡȔȞȜ ȟȜȠȨȢȥȦȔțȔ — Ȟ 3-Ƞ ȥȧȦȞȔȠ (ȥȠ. ȤȜȥȧ-
ȡȢȞ, ș). ǣȘȡȔȞȢ Ȗ ȱȦȢȦ ȥȤȢȞ ȡșȞȢȦȢȤȯș ȥȢȥȧȘȯ 
ȢȥȦȔȖȔȟȜȥȰ ȤȔȥȬȜȤșȡȡȯȠȜ, Ȗ ȡȜȩ ȣȤȜȥȧȦȥȦȖȢȖȔȟȜ 
ȣȤȜțȡȔȞȜ ȣȢȖȤșȚȘșȡȜȓ ȱȡȘȢȦșȟȜȓ: ȕȯȟȢ ȢȕȡȔȤȧ-
ȚșȡȢ ȞȤȔșȖȢș ȥȦȢȓȡȜș ȟșȝȞȢȪȜȦȢȖ (ȟȜȠȨȢȪȜȦȢȖ) 
Ȝ ȧȖșȟȜȫșȡȢ ȫȜȥȟȢ ȞȟșȦȢȫȡȯȩ ȓȘșȤ ȡȔ șȘȜȡȜȪș 
ȘȟȜȡȯ ȱȡȘȢȦșȟȜȔȟȰȡȢȝ ȖȯȥȦȜȟȞȜ (ȥȠ. ȤȜȥȧȡȢȞ, ș). 
ǟȤȢȠș ȱȦȢȗȢ, ȥ 1-ȩ ȣȢ 3-Ȝ ȥȧȦȞȜ Ȗ ȚȜȤȢȖȢȝ ȦȞȔȡȜ 
ȣȤȢȜțȢȬȟȢ ȧȖșȟȜȫșȡȜș ȥȢȘșȤȚȔȡȜȓ ȟșȝȞȢȪȜȦȢȖ țȔ 
ȥȫșȦ ȟȜȠȨȢȪȜȦȢȖ Ȝ ȠȔȞȤȢȨȔȗȢȖ. ǠșȝȞȢȪȜȦȔȤȡȔȓ 
ȜȡȨȜȟȰȦȤȔȪȜȓ ȕȯȟȔ ȕȢȟșș ȖȯȤȔȚșȡȡȢȝ Ȗ ȢȕȟȔȥȦȜ 
ȜțȠșȡșȡȡȯȩ ȥȢȥȧȘȢȖ (ȥȠ. ȤȜȥȧȡȢȞ, ș). ǦȢȥȦȢȓȡȜș 
ȚȜȤȢȖȢȝ ȦȞȔȡȜ ȡȢȤȠȔȟȜțȢȖȔȟȢȥȰ Ȟ 3–4-Ƞ ȥȧȦȞȔȠ 
ȣȢȥȟș ȢȕȟȧȫșȡȜȓ.

ǣȕ ȥ ȧȚ Ș ș ȡ Ȝ ș  ȣ Ȣ ȟ ȧ ȫ ș ȡ ȡȯ ȩ  Ș Ȕ ȡ ȡȯ ȩ . 
ǤȢ ȠșȤș ȡȔȤȔȥȦȔȡȜȓ ȣȤȢȘȢȟȚȜȦșȟȰȡȢȥȦȜ ȢȘȡȢ-
ȞȤȔȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢȖȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȡȔ ȢȕȟȔȥȦȰ 
ȞȢȟșȡȡȢȗȢ ȥȧȥȦȔȖȔ Ȗ ȚȜȤȢȖȢȝ ȦȞȔȡȜ, ȡȔȩȢȘȓȭșȝȥȓ 
ȡȔ șȗȢ țȔȘȡșȝ ȣȢȖșȤȩȡȢȥȦȜ, ȧȖșȟȜȫȜȖȔșȦȥȓ ȥȦșȣșȡȰ 
ȤȔȥȬȜȤșȡȜȓ ȞȤȢȖșȡȢȥȡȯȩ Ȝ ȟȜȠȨȔȦȜȫșȥȞȜȩ ȥȢȥȧ-
ȘȢȖ. ǤȢȥȟș 5-ȠȜȡȧȦȡȢȗȢ ȢȕȟȧȫșȡȜȓ ȥȡȔȫȔȟȔ ȤȔȥ-
ȬȜȤȓșȦȥȓ ȣȤȢȥȖșȦ ȥȢȥȧȘȢȖ, Ȝ ȣȤȢȜȥȩȢȘȜȦ ȘȜȔȣșȘșț 
șȘȜȡȜȫȡȯȩ ȱȤȜȦȤȢȪȜȦȢȖ. ǤȢȥȟș 10-ȠȜȡȧȦȡȢȗȢ ȖȢț-
ȘșȝȥȦȖȜȓ ȣȤȜȥȢșȘȜȡȓȲȦȥȓ ȣȤȜțȡȔȞȜ ȟȜȠȨȢȥȦȔțȔ 
Ȝ ȗȜȣșȤșȠȜȜ, ȞȢȦȢȤȯș ȜȥȫșțȔȲȦ ȞȢ 2-Ƞ ȥȧȦȞȔȠ. 
ǤȢȥȟș ȣȤȜȠșȡșȡȜȓ ȧȟȰȦȤȔțȖȧȞȔ Ȗ ȦșȫșȡȜș 20 ȠȜȡ 
ȕȯȟȜ ȢȕȡȔȤȧȚșȡȯ ȕȢȟșș ȖȯȤȔȚșȡȡȯș ȓȖȟșȡȜȓ 
ȗȜȣșȤșȠȜȜ Ȝ ȟȜȠȨȢȥȦȔțȔ, Ȕ ȦȔȞȚș ȢȦșȞȔ. ǲȦȜ 
ȜțȠșȡșȡȜȓ ȡȔȕȟȲȘȔȟȜȥȰ Ȗ ȦșȫșȡȜș 2–3 ȥȧȦ.
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ǨȟȰȦȤȔțȖȧȞȢȖȢș ȖȢțȘșȝȥȦȖȜș, ȘȔȚș ȖȯȣȢȟȡșȡ-
ȡȢș Ȗ ȤșȚȜȠș ȘȜȔȗȡȢȥȦȜȫșȥȞȜȩ ȣȤȢȪșȘȧȤ, ȥȢȣȤȢ-
ȖȢȚȘȔșȦȥȓ ȡȔȗȤșȖȔȡȜșȠ Ȣȕȟȧȫșȡȡȯȩ ȦȞȔȡșȝ [12, 
15, 17]. ǤȢȖȯȬșȡȜș ȦșȠȣșȤȔȦȧȤȯ Ȗ ȟȲȕȯȩ ȦȞȔȡȓȩ 
ȥȢȣȤȢȖȢȚȘȔșȦȥȓ ȞȢȠȣșȡȥȔȦȢȤȡȯȠ ȤȔȥȬȜȤșȡȜșȠ 

ȥȢȥȧȘȢȖ, ȧȥȜȟșȡȜșȠ ȞȤȢȖȢȦȢȞȔ Ȝ ȖșȡȢțȡȢȝ ȗȜȣșȤș-
ȠȜșȝ. ǗȜȘȜȠȢ, Ȗ ȤșțȧȟȰȦȔȦș ȦȔȞȢȗȢ ȗȜȣșȤȦșȤȠȜȫș-
ȥȞȢȗȢ ȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȔ ȣȤȢȜȥȩȢȘȜȦ ȢȕȡȔȤȧ-
ȚșȡȡȢș ȤȔȥȬȜȤșȡȜș ȞȤȢȖșȡȢȥȡȯȩ Ȝ ȟȜȠȨȔȦȜȫș-
ȥȞȜȩ ȥȢȥȧȘȢȖ, ȣȢȓȖȟȓȲȦȥȓ ȓȖȟșȡȜȓ ȔȤȦșȤȜȔȟȰȡȢȝ 

ǛȜȤȢȖȔȓ ȦȞȔȡȰ țȔȘȡșȝ ȣȢȖșȤȩȡȢȥȦȜ ȞȢȟșȡȡȢȗȢ ȥȧȥȦȔȖȔ ȧ ȜȡȦȔȞȦȡȯȩ ȞȤȯȥ (Ȕ) Ȝ ȣȢȥȟș ȢȘȡȢȞȤȔȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢȖȢȗȢ ȖȢțȘșȝ-
ȥȦȖȜȓ (ȕ–ș).

Ȕ — ȚȜȤȢȖȔȓ ȦȞȔȡȰ ȥȢȘșȤȚȜȦ ȡșȕȢȟȰȬȢș ȫȜȥȟȢ ȥȢȥȧȘȢȖ ȥ ȧțȞȜȠ, ȫȔȥȦȢ ȢȣȦȜȫșȥȞȜ ȣȧȥȦȯȠ, ȣȤȢȥȖșȦȢȠ; ȕ — ȡșțȡȔȫȜȦșȟȰȡȢș ȤȔȥȬȜȤșȡȜș 
ȣȤȢȥȖșȦȔ ȥȢȥȧȘȢȖ, ȣȢȓȖȟșȡȜș Ȗ ȚȜȤȢȖȢȝ ȦȞȔȡȜ șȘȜȡȜȫȡȯȩ ȱȤȜȦȤȢȪȜȦȢȖ ȫșȤșț 1 ȥȧȦ ȣȢȥȟș 5-ȠȜȡȧȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢȖȢȗȢ ȖȢțȘșȝȥȦȖȜȓ; 
Ȗ — ȡȔȞȢȣȟșȡȜș ȱȢțȜȡȢȨȜȟȰȡȢȝ ȚȜȘȞȢȥȦȜ Ȗ ȚȜȤȢȖȢȝ ȦȞȔȡȜ (ȢȦșȞ) ȥȣȧȥȦȓ 1 ȥȧȦ ȣȢȥȟș 10-ȠȜȡȧȦȡȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ; ȗ — 
ȱȢțȜȡȢȨȜȟȰȡȢș ȥȢȘșȤȚȜȠȢș Ȗ ȤȔȥȬȜȤșȡȡȢȠ ȣȤȢȥȖșȦș ȥȢȥȧȘȔ ȫșȤșț 1 ȥȧȦ ȣȢȥȟș 10-ȠȜȡȧȦȡȢȗȢ ȖȢțȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ; Ș — ȱȢțȜ-
ȡȢȨȜȟȰȡȢș ȥȢȘșȤȚȜȠȢș Ȗ ȤȔȥȬȜȤșȡȡȢȠ ȣȤȢȥȖșȦș ȥȢȥȧȘȔ ȥȣȧȥȦȓ 1 ȥȧȦ ȣȢȥȟș 20-ȠȜȡȧȦȡȢȗȢ ȧȟȰȦȤȔțȖȧȞȢȖȢȗȢ ȖȢțȘșȝȥȦȖȜȓ; ș — ȥȢȥȧȘ Ȗ 
ȚȜȤȢȖȢȝ ȦȞȔȡȜ ȥ ȢȣȦȜȫșȥȞȜ ȣȧȥȦȯȠ, ȡȢ ȤȔȥȬȜȤșȡȡȯȠ ȣȤȢȥȖșȦȢȠ, Ȗ ȱȡȘȢȦșȟȜȔȟȰȡȢȝ ȖȯȥȦȜȟȞș ȧȖșȟȜȫșȡȢ ȞȢȟȜȫșȥȦȖȢ ȞȟșȦȢȫȡȯȩ ȓȘșȤ, 
ȡȔ ȱȡȘȢȦșȟȜȜ ȤȔȥȣȢȟȢȚșȡȯ ȟȜȠȨȢȪȜȦȯ, ȘȜȨȨȧțȡȔȓ ȟșȝȞȢȪȜȦȔȤȡȔȓ ȜȡȨȜȟȰȦȤȔȪȜȓ ȦȞȔȡȜ ȫșȤșț 3 ȥȧȦ ȣȢȥȟș 20-ȠȜȡȧȦȡȢȗȢ ȖȢțȘșȝȥȦȖȜȓ 
ȧȟȰȦȤȔțȖȧȞȢȠ. ǣȞȤȔȥȞȔ ȗșȠȔȦȢȞȥȜȟȜȡȢȠ—ȱȢțȜȡȢȠ
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Ȝ ȖșȡȢțȡȢȝ ȗȜȣșȤșȠȜȜ, ȣșȤșȣȢȟȡșȡȜȓ ȟȜȠȨȔȦȜȫș-
ȥȞȢȗȢ ȤȧȥȟȔ Ȝ ȦȞȔȡșȖȢȗȢ ȢȦșȞȔ.

ǗȠșȥȦș ȥ ȱȦȜȠ, ȧȟȰȦȤȔțȖȧȞ ȖȯțȯȖȔșȦ ȣȢȖȤșȚ-
ȘșȡȜș ȦȞȔȡșȝ [2, 5, 7, 14], Ȗ ȤșțȧȟȰȦȔȦș ȫșȗȢ ȤȔț-
ȖȜȖȔșȦȥȓ, ȣȧȥȦȰ Ȝ ȥȟȔȕȢȖȯȤȔȚșȡȡȔȓ, ȔȥșȣȦȜȫșȥȞȔȓ 
ȖȢȥȣȔȟȜȦșȟȰȡȔȓ ȤșȔȞȪȜȓ, ȕȟȢȞȜȤȧȲȦȥȓ ȖșȡȢțȡȯȝ 
ȞȤȢȖȢȦȢȞ [1] Ȝ ȟȜȠȨȔȦȜȫșȥȞȜȝ ȢȦȦȢȞ [4].

ǖȟȢȞȔȘȔ ȖșȡȢțȡȢȗȢ ȢȦȦȢȞȔ Ȝ ȟȜȠȨȢȦȢȞȔ ȥȣȢ-
ȥȢȕȥȦȖȧșȦ ȧȥȜȟșȡȜȲ ȗȜȣșȤșȠȜȜ, ȢȦșȞȔ Ȝ ȟȜȠ-
ȨȢȥȦȔțȔ. ǧȔȞ ȞȔȞ ȣȤȜ ȧȖșȟȜȫșȡȜȜ ȘȟȜȦșȟȰȡȢȥȦȜ 
ȖȢțȘșȝȥȦȖȜȓ ȡȔȤȔȥȦȔșȦ ȦȓȚșȥȦȰ ȣȢȖȤșȚȘșȡȜȓ Ȝ, 
ȥȢȢȦȖșȦȥȦȖșȡȡȢ, ȖȯȤȔȚșȡȡȢȥȦȰ ȖȢȥȣȔȟȜȦșȟȰȡȢȗȢ 
ȣȤȢȪșȥȥȔ, ȣȤȜ 20-ȠȜȡȧȦȡȢȠ ȢȕȟȧȫșȡȜȜ ȥȦșȣșȡȰ 
ȗȜȣșȤșȠȜȜ, ȢȦșȞȔ Ȝ ȟȜȠȨȢȥȦȔțȔ ȕȢȟșș țȡȔȫȜȦșȟȰȡȔ 
Ȝ ȥȢȩȤȔȡȓșȦȥȓ ȡȔ 1–2 ȥȧȦ ȘȢȟȰȬș, ȫșȠ ȣȤȜ ȕȢȟșș 
ȞȢȤȢȦȞȢȠ ȖȢțȘșȝȥȦȖȜȜ.

ǗȠșȥȦș ȥ ȓȖȟșȡȜȓȠȜ ȗȜȣșȤșȠȜȜ Ȝ ȟȜȠȨȢȥȦȔ-
țȔ Ȗ ȚȜȤȢȖȢȝ ȦȞȔȡȜ ȣȤȜȥȧȦȥȦȖȢȖȔȟȜ ȣȤȜțȡȔȞȜ 
ȣȢȖȤșȚȘșȡȜȓ ȱȡȘȢȦșȟȜȓ, ȦȔȞȜș ȞȔȞ ȔȘȗșțȜȓ ȡȔ 
ȡșȠ ȟșȝȞȢȪȜȦȢȖ Ȝ ȧȖșȟȜȫșȡȜș ȫȜȥȟșȡȡȢȥȦȜ Ȟȟș-
ȦȢȫȡȯȩ ȓȘșȤ ȡȔ șȘȜȡȜȪș ȘȟȜȡȯ ȱȡȘȢȦșȟȜȔȟȰȡȢȝ 
ȖȯȥȦȜȟȞȜ. ǗȢțȠȢȚȡȢ, ȫȦȢ ȡȔȗȤșȖȔȡȜș ȦȞȔȡșȝ ȣȤȜ 
ȧȟȰȦȤȔțȖȧȞȢȖȢȠ ȖȢțȘșȝȥȦȖȜȜ [12, 15, 17], Ȗ ȫȔȥȦ-
ȡȢȥȦȜ ȞȤȢȖȜ Ȝ ȟȜȠȨȯ, ȗȘș ȠȡȢȗȢ ȖȢȘȯ, ȣȤȜȖȢȘȜȦ 
Ȟ ȣȤȓȠȢȠȧ ȜȟȜ ȢȣȢȥȤșȘȢȖȔȡȡȢȠȧ ȣșȤșȗȤșȖȔȡȜȲ Ȝ 
ȣȢȖȤșȚȘșȡȜȲ ȱȡȘȢȦșȟȜȓ (ȣȤȓȠȢș ȘșȝȥȦȖȜș ȧȟȰȦȤȔ-
țȖȧȞȔ ȜȟȜ ȗȢȤȓȫșȝ ȞȤȢȖȜ ȜȟȜ ȟȜȠȨȯ Ȗ ȣȤȢȥȖșȦș). 
ǤȢȖȤșȚȘșȡȜș ȱȡȘȢȦșȟȜȓ Ȗ ȥȢȥȧȘȔȩ ȞȔȣȜȟȟȓȤȡȢȗȢ 
țȖșȡȔ Ȝ ȞȤȢȖșȡȢȥȡȢȗȢ, Ȝ ȟȜȠȨȔȦȜȫșȥȞȢȗȢ ȤȧȥȟȔ 
ȠȢȚșȦ ȣȤȜȖșȥȦȜ Ȟ Ȝȩ ȦȤȢȠȕȢțȧ Ȝ, ȥȢȢȦȖșȦȥȦȖșȡȡȢ, 
Ȟ ȗșȠȢ- ȜȟȜ ȟȜȠȨȢȥȦȔțȧ.

ǤȢ-ȖȜȘȜȠȢȠȧ, ȣȢȖȤșȚȘșȡȜș ȱȡȘȢȦșȟȜȓ ȣȤȜ 
ȧȟȰȦȤȔțȖȧȞȢȖȢȠ ȖȢțȘșȝȥȦȖȜȜ ȓȖȟȓșȦȥȓ ȢȘȡȢȝ Ȝț 
ȢȥȡȢȖȡȯȩ ȣȤȜȫȜȡ ȘȜȔȣșȘșțȔ ȱȤȜȦȤȢȪȜȦȢȖ ȫșȤșț 
ȣȢȖȤșȚȘșȡȡȯș ȠșȠȕȤȔȡȯ. ǘșȠȢȤȤȔȗȜȜ ȣȢȥȟș ȖȢț-
ȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ Ȗ ȘȜȔȗȡȢȥȦȜȫșȥȞȢȠ ȤșȚȜ-
Ƞș ȕȯȟȜ ȢȕȡȔȤȧȚșȡȯ Ȝ ȘȤȧȗȜȠȜ ȜȥȥȟșȘȢȖȔȦșȟȓȠȜ 
[16].

ǙșȥȦȤȧȞȪȜȓ ȥȢȥȧȘȜȥȦȯȩ ȥȦșȡȢȞ ȥȣȢȥȢȕȥȦȖȧșȦ 
ȦȔȞȚș ȧȖșȟȜȫșȡȜȲ ȫȜȥȟșȡȡȢȥȦȜ ȟșȝȞȢȪȜȦȢȖ Ȗ 
ȚȜȤȢȖȢȝ ȦȞȔȡȜ. ǟȤȢȠș ȦȢȗȢ, ȣȢȖȤșȚȘșȡȜȓ ȦȞȔȡșȝ 
Ȗ ȤșțȧȟȰȦȔȦș ȖȢțȘșȝȥȦȖȜȓ ȧȟȰȦȤȔțȖȧȞȢȠ ȔȞȦȜȖȜȤȧ-
ȲȦ ȠȜȗȤȔȪȜȲ ȟșȝȞȢȪȜȦȢȖ Ȟ ȤșȗȜȢȡȔȠ ȥ ȡȔȟȜȫȜșȠ 
ȔȡȦȜȗșȡȡȯȩ ȖșȭșȥȦȖ, ȢȕȤȔțȧȲȭȜȩȥȓ ȞȔȞ Ȗ ȤșțȧȟȰ-
ȦȔȦș ȣȤȓȠȢȗȢ ȖȢțȘșȝȥȦȖȜȓ, ȦȔȞ Ȝ Ȗ ȤșțȧȟȰȦȔȦș ȤȔȥ-
ȥȦȤȢȝȥȦȖ ȠȜȞȤȢȪȜȤȞȧȟȓȪȜȜ, Ȝ ȖȥȟșȘȥȦȖȜș ȔȥșȣȦȜ-
ȫșȥȞȢȗȢ ȖȢȥȣȔȟșȡȜȓ.

ǧȔȞȜȠ ȢȕȤȔțȢȠ, ȡȔ ȢȥȡȢȖȔȡȜȜ ȖȯȬșȜțȟȢȚșȡ-
ȡȢȗȢ, ȠȢȚȡȢ țȔȞȟȲȫȜȦȰ, ȫȦȢ ȢȘȡȢȞȤȔȦȡȢș ȧȟȰȦȤȔ-
țȖȧȞȢȖȢș ȖȢțȘșȝȥȦȖȜș ȡȔ ȚȜȤȢȖȧȲ ȦȞȔȡȰ Ȗ ȢȕȟȔȥȦȜ 
ȞȢȟșȡȡȢȗȢ ȥȧȥȦȔȖȔ ȣȤȜȖȢȘȜȦ Ȟ ȠȜȞȤȢȪȜȤȞȧȟȓȦȢȤ-
ȡȯȠ ȡȔȤȧȬșȡȜȓȠ, țȔȞȟȲȫȔȲȭȜȠȥȓ Ȗ ȗȜȣșȤșȠȜȜ, 
ȟȜȠȨȢȥȦȔțș Ȝ ȧȖșȟȜȫșȡȜȜ ȥȢȥȧȘȜȥȦȢȝ ȣȤȢȡȜȪȔș-
ȠȢȥȦȜ. ǗȯȤȔȚșȡȡȢȥȦȰ ȜțȠșȡșȡȜȝ ȡȔȤȔȥȦȔșȦ ȣȢ 
ȠșȤș ȧȖșȟȜȫșȡȜȓ ȘȟȜȦșȟȰȡȢȥȦȜ ȖȢțȘșȝȥȦȖȜȓ. Ǘȥș 

ȢȕȡȔȤȧȚșȡȡȯș ȜțȠșȡșȡȜȓ ȓȖȟȓȲȦȥȓ ȢȕȤȔȦȜȠȯȠȜ, 
Ȝ ȕȢȟȰȬȜȡȥȦȖȢ Ȝț ȡȜȩ ȜȥȫșțȔȲȦ Ȗ ȦșȫșȡȜș 1–2 ȥȧȦ. 
Ǘ ȥȖȓțȜ ȥ ȦșȠ, ȫȦȢ ȧȟȰȦȤȔțȖȧȞȢȖȢș ȢȕȟȧȫșȡȜș 
ȢȕȟȔȥȦȜ ȞȢȟșȡȡȢȗȢ ȥȧȥȦȔȖȔ ȞȤȯȥ Ȗ ȤșȚȜȠș ȘȜȔȗȡȢ-
ȥȦȜȫșȥȞȜȩ ȣȤȢȪșȘȧȤ ȖȯțȯȖȔșȦ ȜțȠșȡșȡȜȓ ȚȜȤȢ-
ȖȢȝ ȦȞȔȡȜ, Ȗ ȣȤȔȞȦȜȫșȥȞȢȝ ȘșȓȦșȟȰȡȢȥȦȜ ȥȟșȘȧșȦ 
ȧȫȜȦȯȖȔȦȰ ȖȢțȠȢȚȡȢȥȦȰ ȤȔțȖȜȦȜȓ ȣȢȖȤșȚȘșȡȜȝ 
ȞȟșȦȢȞ Ȝ ȦȞȔȡșȝ ȣȤȜ ȣȤȢȖșȘșȡȜȜ Ǩǜǝ. ǧȔȞ ȞȔȞ 
ȧȟȰȦȤȔțȖȧȞȢȖȢș ȖȢțȘșȝȥȦȖȜș ȡȔ ȦȞȔȡȜ ȣȤȜȖȢȘȜȦ 
Ȟ ȠȜȞȤȢȪȜȤȞȧȟȓȦȢȤȡȯȠ ȡȔȤȧȬșȡȜȓȠ, țȔȞȟȲȫȔȲ-
ȭȜȠȥȓ Ȗ ȗȜȣșȤșȠȜȜ, ȟȜȠȨȢȥȦȔțș Ȝ ȧȖșȟȜȫșȡȜȜ 
ȥȢȥȧȘȜȥȦȢȝ ȣȤȢȡȜȪȔșȠȢȥȦȜ, ȪșȟșȥȢȢȕȤȔțȡȯ ȤȔțȤȔ-
ȕȢȦȞȔ Ȝ ȣȤȜȠșȡșȡȜș ȠșȤȢȣȤȜȓȦȜȝ, ȡȔȣȤȔȖȟșȡȡȯȩ 
ȡȔ ȥȡȜȚșȡȜș ȢȦșȞȔ Ȝ ȥȦȔȕȜȟȜțȔȪȜȲ ȥȢȥȧȘȜȥȦȢȝ 
ȥȦșȡȞȜ ȞȔȞ ȖȢ ȖȤșȠȓ ȥȔȠȢȝ ȣȤȢȪșȘȧȤȯ Ǩǜǝ, ȦȔȞ 
Ȝ ȥȤȔțȧ ȣȢȥȟș ȡșș. Ǩǜǝ ȘȢȟȚȡȢ ȖȯȣȢȟȡȓȦȰȥȓ 
ȦȢȟȰȞȢ ȣȤȜ ȡȔȟȜȫȜȜ ȘșȝȥȦȖȜȦșȟȰȡȯȩ ȠșȘȜȪȜȡȥȞȜȩ 
ȣȢȞȔțȔȡȜȝ, ȣȤȜȫșȠ Șȟȓ ȣȢȟȧȫșȡȜȓ ȡșȢȕȩȢȘȜȠȢȝ 
ȘȜȔȗȡȢȥȦȜȫșȥȞȢȝ ȜȡȨȢȤȠȔȪȜȜ ȥȟșȘȧșȦ ȜȥȣȢȟȰ-
țȢȖȔȦȰ ȥȔȠȧȲ ȡȜțȞȧȲ ȠȢȭȡȢȥȦȰ ȧȟȰȦȤȔțȖȧȞȢȖȢȝ 
ȧȥȦȔȡȢȖȞȜ. ǢșȢȕȩȢȘȜȠȢ ȥȟșȘȜȦȰ țȔ ȕșțȢȣȔȥȡȢȥȦȰȲ 
Ȝ ȥȢȩȤȔȡșȡȜșȠ țȘȢȤȢȖȰȓ ȡș ȦȢȟȰȞȢ ȢȕȥȟșȘȧșȠȯȩ 
ȣȔȪȜșȡȦȢȖ, ȡȢ ȦȔȞȚș Ȝ ȣșȤȥȢȡȔȟȔ, ȢȥȧȭșȥȦȖȟȓȲ-
ȭșȗȢ ȣȤȜȠșȡșȡȜș ȧȟȰȦȤȔțȖȧȞȔ.
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MORPHOLOGICAL CHANGES IN THE FATTY 
TISSUE AFTER A SINGLE EXPOSURE 
TO THE ULTRASOUND

I. V. Maiborodin, R. Kh. Suleimanov, S. A. Kim 
and I. I. Maiborodin

The morphological changes in the fatty tissue of the posterior 
surface of knee joint were studied in rats (n=96) using the method 
of light microscopy 1, 2, 3, 4 and 5 days after a single ultrasonic 
exposure of various duration (5, 10, 20 min)) in a diagnostic 
mode. This exposure resulted in hyperemia, lymphostasis and 
increase of vascular permeability. The degree of changes was 
found to increase in proportion to the duration of exposure. All 
the changes detected were reversible, and the majority of them 
disappeared within 1–2 days. During the practical application, 
it is necessary to take into account the possibility the induction 
of cell and tissue damage during the ultrasonographic examina-
tions. Development and application of the measures directed to 
decrease the edema and to stabilize the vascular wall both dur-
ing the ultrasonography and immediately after it are expedient. 
Ultrasonography should be performed only when there are sig-
nificant medical indications, and to receive the required diagnos-
tic information, the lowest power of the device should be used.

Key words: fatty tissue, exposure to the ultrasound, hyper-
emia, lymphostasis
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