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JZkkfhlj_gu g_dhlhju_ «ZghfZevgu_» k\hckl\Z iemlhgby.

>ey h[tykg_gby wlbo k\hckl\ ijbf_g_g l_jfh^bgZfbq_kdbc ih^oh^,

hkgh\Zgguc gZ wg_j]_lbq_kdhf \ebygbb dhgnb]mjZpbhgghc wgljhibb gZ

f_`Zlhfgmx k\yav b we_dljhggh_ khklhygb_ iemlhgby, \dexqZxsbc

jZkkfhlj_gb_ _]h dZd fgh]hdhfihg_glgh]h kieZ\Z, ]^_ dhfihg_glZfb

kem`bl lhl `_ iemlhgbc \ jZaebqghf we_dljhgghf b nhghgghf

khklhygbyo. < j_amevlZl_ \hajZklZ_l \deZ^ wgljhibb kf_r_gby \ ijhp_kku

nZah\uo ij_\jZs_gbc b k\hckl\ iemlhgby, qlh ijb\h^bl d mkbe_gbx

f_`Zlhfguo k\ya_c b, ke_^h\Zl_evgh, k mf_gvr_gb_f \_ebqbgu

kj_^g_d\Z^jZlbqguo kf_s_gbc Zlhfh\ (KDK:) ijb m\_ebq_gbb

l_fi_jZlmju. JZkkfhlj_gu \hijhku k`Zlby j_r_ldb ^_evlZ- nZau

iemlhgby ijb gZ]j_\_, klZ[bevghklb __ ijb fZehf e_]bjh\Zgbb b gZebqbb

^\hcghc K-djb\hc jZkiZ^Z __ gZ \j_fy-l_fi_jZlmjZ-ij_\jZs_gb_ (LLL)

^bZ]jZff_.

Dexq_\u_ keh\Z: iemlhgbc, l_jfh^bgZfbdZ, k\h[h^gZy wg_j]by, wgljhiby, wgljhiby kf_r_gby,

dhgnb]mjZpbhggZy wgljhiby.

RELATIONSHIP BETWEEN ANOMALIES IN THE BEHAVIOR OF PLUTONIUM

AND CHANGES IN CONFIGURATIONAL ENTROPY
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Some «anomalous» properties of plutonium are considered. To explain these

properties, a thermodynamic approach is used based on the energy influence of

configurational entropy on the interatomic bond and the electronic state of

plutonium, including its consideration as a multicomponent alloy, where the

components are the same plutonium in different electronic and phonon states. As a

result, the contribution of the entropy of mixing to the processes of phase

transformations and the properties of plutonium increases, which leads to an

increase in interatomic bonds and, consequently, to a decrease in the value of the

root-mean-square displacements of atoms with increasing temperature. The issues

of lattice compression of the delta phase of plutonium during heating, its stability

with low alloying and the presence of a double C-curve of its decay on the time-

temperature-transformation (TTT) diagram are considered
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<\_^_gb_

=jmiiZ Zdlbgb^h\ (Th, U, Pu, Np, Am b ^j.) hlghkblky d gZb[he__ ljm^guf ^ey

bkke_^h\Zgby f_lZeeZf, \ lhf qbke_ ba-aZ keh`gh]h we_dljhggh]h kljh_gby, b \ lh `_

\j_fy bo bkihevah\Zgb_ g_h[oh^bfh ^ey mki_rgh]h jZa\blby y^_jghc wg_j]_lbdb ijb

bkihevah\Zgbb \ dZq_kl\_ y^_jgh]h lhieb\Z b aZfudZgby lhieb\gh]h pbdeZ [1].

<hl ebrv g_[hevrhc i_j_q_gv g_h[uqguo k\hckl\ h^gh]h ba Zdlbgb^h\ –

iemlhgby:

1. Hq_gv gbadZy l_fi_jZlmjZ ieZ\e_gby.

2. Mf_gvr_gb_ h[t_fZ ijb ieZ\e_gbb.

3. ;hevrb_ dhwnnbpb_glu Zgbahljhigh]h l_jfbq_kdh]h jZkrbj_gby.

4. R_klv nZah\uo i_j_oh^h\ \ l\_j^hf khklhygbb.

5. GZbf_gvrZy iehlghklv gZb[he__ iehlghmiZdh\Zgghc nZau.

6. :ghfZevgh \ukhdZy l_ieh_fdhklv iemlhgby ijb l_fi_jZlmjZo, [ebadbo d

Z[khexlghfm gmex b l. ^. [1].

Wlb b ^jm]b_ g_h[uqgu_ k\hckl\Z iemlhgby qZklbqgh ij_^klZ\e_gu gZ jbk. 1,

\aylhf ba h[ahjZ A. O_dd_jZ [1].

GZb[hevrbc bgl_j_k, dZd k ijbdeZ^ghc lhqdb aj_gby, lZd b ih k\hbf k\hckl\Zf,

ij_^klZ\ey_l kh[hc ^_evlZ-nZaZ iemlhgby k dm[bq_kdhc =PD j_r_ldhc. JZkkfhljbf

ebrv g_dhlhju_ «kljZgghklb» ih\_^_gby ^_evlZ-nZau iemlhgby:

– klZ[bebaZpby djbklZeebq_kdhc j_r_ldb ebrv g_[hevrbf dhebq_kl\hf

e_]bjmxsbo we_f_glh\ (1-3 % Zl) dZd k f_gvrbf, lZd b k [hevrbf Zlhfguf h[t_fhf;

– ZghfZevgh gbadZy iehlghklv;

m\_ebq_gb_ iehlghklb ^_evlZ-nZau k ih\ur_gb_f l_fi_jZlmju (jbk. 1) b l.^. [2].

<Z`ghklv ihgbfZgby wlbo g_h[uqguo k\hckl\ iemlhgby ^ey bkihevah\Zgby _]h,

ij_`^_ \k_]h dZd y^_jgh]h lhieb\Z, aZklZ\ey_l jZajZ[Zlu\Zlv gh\u_ ih^oh^u,

aZljZ]b\Zxsb_ nmg^Zf_glZevgu_ hkgh\u f_lZeeh\_^_gby. < ^Zgghc klZlv_ fu

ij_^eZ]Z_f jZkkfhlj_lv ijbjh^m _]h g_h[uqguo k\hckl\ k bkihevah\Zgb_f

l_jfh^bgZfbq_kdbo f_lh^h\.
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Jbk. 1. Nbabq_kdb_ k\hckl\Z iemlhgby

DjZldbc h[ahj ba\_klguo ih^oh^h\ d hibkZgbx ZghfZebc \ ih\_^_gbb iemlhgby

>he]h_ \j_fy kljZggh_ ih\_^_gb_ dZd kZfh]h iemlhgby, lZd b ^_evlZ-nZau

iemlhgby hklZ\Zehkv gZmqgh g_h[tykgbfuf. Iha^g__ [ue gZc^_g ih^oh^ d ihgbfZgbx

g_h[uqguo k\hckl\ iemlhgby, k\yaZgguc k _]h we_dljhgghc kljmdlmjhc.

Keh`gZy we_dljhggZy kljmdlmjZ iemlhgby ijhy\ey_lky, ij_`^_ \k_]h, \ r_klb

ihebfhjnguo ij_\jZs_gbyo \ bgl_j\Ze_ l_fi_jZlmj 300-950 D. H^ghc ba ijbqbg wlh]h

y\ey_lky gbqlh`gh fZeZy jZaghklv wg_j]bc f_`^m kljmdlmjZfb. Ba-aZ keh`ghc

we_dljhgghc kljmdlmju b kbevghc aZ\bkbfhklb hl fZeuo baf_g_gbc wg_j]bb gZebqb_

g_[hevrh]h dhebq_kl\Z e_]bjmxsbo we_f_glh\, ijbf_k_c beb ^_n_dlh\

djbklZeebq_kdhc kljmdlmju fh`_l hdZau\Zlv kms_kl\_ggh_ \ebygb_ gZ nZah\mx

klZ[bevghklv, Z lZd`_ gZ l_jfh^bgZfbq_kdb_ b f_oZgbq_kdb_ k\hckl\Z.

:lhfu iemlhgby e_]dh baf_gyxl k\hb we_dljhggu_ dhgnb]mjZpbb b jZaf_j ijb

baf_g_gbb hdjm`_gby \ j_r_ld_. GZijbf_j, wg_j]_lbq_kdb_ mjh\gb 6d b 5f hj[blZe_c

[ebadb b we_dljhggu_ dhgnb]mjZpbb 5f67s2 b 5f56d7s2 y\eyxlky dhgdmjbjmxsbfb.

Ihwlhfm fgh]b_ nmg^Zf_glZevgu_ k\hckl\Z iemlhgby aZ\bkyl hl k\hckl\ 5f

we_dljhgh\, \ qZklghklb, hl lh]h, y\eyxlky eb wlb we_dljhgu ehdZebah\Zggufb beb g_l,

b g_h[uqgu_ k\hckl\Z iemlhgby k\yaZgu, ij_`^_ \k_]h, k i_j_oh^hf 5f we_dljhgh\ hl

[em`^Zgby d ehdZebaZpbb.

H^gZdh ihq_fm wlh ijhbkoh^bl, qlh y\ey_lky ijbqbghc wlbo i_j_oh^h\, ihdZ g_

kh\k_f ykgh.

Kms_kl\m_l fgh]h jZaguo ihemwfibjbq_kdbo ih^oh^h\, iulZxsboky gZclb

h[smx aZdhghf_jghklv \ ih\_^_gbb iemlhgby b ijh]ghabjh\Zlv _]h k\hckl\Z.
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Ih gZr_fm fg_gbx, gZb[he__ ijZ\bevgh_ gZijZ\e_gb_ gZsmiZe Dmi_j [3],

bglmblb\gh ihqm\kl\h\Z\, qlh \k_ jZaghh[jZab_ nbabq_kdbo k\hckl\ iemlhgby fh`gh

ijb\yaZlv d wgljhibb kf_r_gby. Ohly k\hc ih^oh^ hg \ [hevr_c kl_i_gb k\yau\Ze g_ k

l_jfh^bgZfbdhc, Z k hkh[_gghklyfb we_dljhggh]h kljh_gby iemlhgby. Wlhl ih^oh^ hg

ijbf_gbe d bkke_^h\Zgbx klZ[bevghklb ^_evlZ-nZau iemlhgby.

< ljZdlh\d_ Dmi_jZ ijhp_kkZ ehdZebaZpbb bkihevam_lky g_mihjy^hq_ggZy kbkl_fZ

^\mo \b^h\ Zlhfh\ iemlhgby \ maeZo =PD j_r_ldb, \ k\yab k q_f gZjmrZ_lky

ljZgkeypbhggZy kbff_ljby djbklZeeZ. Maeu, dhlhju_ aZgbfZ_l iemlhgbc, ^\mo \b^h\ -

nemdlmbjmxsb_ iZjZ-maeu b ehdZebah\Zggu_ hjlh-maeu. Bf_ggh wgljhiby

kf_rb\Zgby wlbo ^\mo lbih\ maeh\ hij_^_ey_l ihkl_i_gguc l_jfbq_kdbc i_j_oh^ hl .-

nZau d /-nZa_ .

LZd dZd \ iemlhgbb \ aZ\bkbfhklb hl \g_rgbo mkeh\bc ijhbkoh^yl i_j_oh^u

ehdZebaZpby – ^_ehdZebaZpby, lh iemlhgbc b _]h kieZ\u djZcg_ qm\kl\bl_evgu d

\hafms_gbyf, hkh[_ggh [_kihjy^dm. Ihwlhfm kl_i_gv [_kihjy^dZ \ kieZ\Zo iemlhgby

\eby_l gZ k\hckl\Z 5f we_dljhgh\. Ohly Dmi_j \k_-lZdb ihf_klbe gZ i_j\h_ f_klh

\ebygb_ gZ nZah\u_ ij_\jZs_gby iemlhgby i_j_oh^ hl ehdZebaZpbb d ^_ehdZebaZpbb,

l_f g_ f_g__, hg lZd`_ hlf_lbe, qlh b  wgljhiby kf_r_gby bf__l ijyfh_ hlghr_gb_ d

klZ[bevghklb ^_evlZ-nZau iemlhgby.

D kh`Ze_gbx, Dmi_j ^Ze__ g_ klZe jZkrbjylv l_jfh^bgZfbq_kdbc ih^oh^,

hkgh\Zgguc gZ \ebygbb wgljhibcgh]h nZdlhjZ kf_r_gby ^\mo we_dljhgguo khklhygbc

iemlhgby.

Kh \j_f_gb h[gZjm`_gby bahkljmdlmjgh]h i_j_oh^Z \ p_jbb kqblZ_lky, ih

ij_^iheh`_gbx W. N_jfb, qlh jZaebqby \ k\hckl\Zo nZa \hagbdZxl \ j_amevlZl_

jZaebqghc we_dljhgghc kljmdlmju Zlhfh\ l\_j^h]h l_eZ ijb khojZg_gbb

djbklZeebq_kdhc kljmdlmju, lh _klv d jZagbp_ \ iZjZf_ljZo djbklZeebq_kdhc j_r_ldb

ijb\h^bl lh, qlh hgb khklhyl ba Zlhfh\ ^\mo lbih\, lh _klv Zlhfh\, aZgbfZxsbo

jZaebqguc m^_evguc h[t_f.

Kms_kl\m_l g_kdhevdh fh^_e_c, h[tykgyxsbo ZghfZevgu_ k\hckl\Z ^_evlZ-

nZaguo kieZ\h\ gZ hkgh\_ lh]h, qlh djbklZeebq_kdZy j_rzldZ kieZ\h\ khklhbl ba

Zlhfh\ ^\mo \b^h\. Wlh, ij_`^_ \k_]h, fh^_ev :il_dZjy-Ihgylh\kdh]h [4],

jZkkfZljb\ZxsZy kbkl_fm jZaghjh^guo Zlhfh\ dZd l\_j^uc jZkl\hj aZf_s_gby,

khhlghr_gb_ dhfihg_glh\ dhlhjh]h f_gy_lky \ aZ\bkbfhklb hl l_fi_jZlmju b

^Z\e_gby. Ij_^_evgu_ dhgp_gljZpbb dhfihg_glh\ khhl\_lkl\mxl khklhygbx \_s_kl\Z

\ khk_^gbo ihebfhjnguo fh^bnbdZpbyo.

< jZ[hlZo [5-7] gZ hkgh\_ ZgZebaZ kh[kl\_gguo b ebl_jZlmjguo wdki_jbf_glZevguo

^Zgguo ih \_ebqbgZf l_ieh\uo Zlhfguo kf_s_gbc ihdZaZgh, qlh ihebfhjnbaf Zdlbgb^h\

k h[jZah\Zgb_f fgh]hqbke_gguo nZa, lZd `_ dZd b ieZ\e_gb_, hdZau\Z_lky l_kgh

k\yaZgguf k \_ebqbghc b g_h[uqghc l_fi_jZlmjghc aZ\bkbfhklvx l_fi_jZlmju >_[Zy ^ey

wlbo kbkl_f. Kms_kl\h\Zgb_ lZdhc l_fi_jZlmjghc aZ\bkbfhklb fh`_l [ulv h[mkeh\e_gh

Zg]Zjfhgbafhf b (beb), \hafh`gh, g_^_[Z_\kdbf oZjZdl_jhf ki_dljZ.
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NeZkk [1] lZd`_ aZf_lbe qm\kl\bl_evghklv iemlhgby d \hafms_gbyf, hkh[_ggh d

[_kihjy^dm, dhlhjuc fu gZijyfmx fh`_f k\yaZlv k m\_ebq_gb_f wgljhibb kf_r_gby.

Wlh ijhy\eyehkv \ ihy\e_gbb fZ]gblguo fhf_glh\ ijb kZfhih\j_`^_gbb hl .-jZkiZ^Z

iemlhgby. KZfh_ bgl_j_kgh_, qlh hgb ijhiZ^Zeb ijb l_jfbq_kdhf hl`b]_ [8]. Ih

gZr_fm fg_gbx, wlh mdZau\Z_l g_ lhevdh gZ aZe_qb\Zgb_ ih\j_`^_gbc ijb hl`b]_, gh

b gZ jZagmx kl_i_gv [_kihjy^dZ ijb jZaguo l_fi_jZlmjZo \ dhgdj_lghc nZa_, lh _klv gZ

\hafh`ghklv baf_g_gby wgljhibb kf_r_gby ijb baf_g_gbb l_fi_jZlmju. WlZ

hkh[_gghklv ijZdlbq_kdb gbdh]^Z g_ \klj_qZ_lky \ ^jm]bo fZl_jbZeZo.

Ijbf_g_gb_ l_jfh^bgZfbq_kdbo f_lh^h\ d jZkkfhlj_gbx

ZghfZevguo k\hckl\ iemlhgby

IhklZjZ_fky l_i_jv h[tykgblv hkh[_gghklb ih\_^_gby iemlhgby, \ay\ aZ hkgh\m

l_jfh^bgZfbq_kdbc ih^oh^, baeh`_gguc [1], jZkrbjb\ _]h ljZdlh\dm wg_j]_lbq_kdbf

kfukehf dhgnb]mjZpbhgghc wgljhibb [9-12].

NZah\Zy mklhcqb\hklv ex[h]h kieZ\Z aZ\bkbl hl k\h[h^ghc wg_j]bb, dhlhjZy _klv

kmffZ \gmlj_gg_c wg_j]bb b wgljhibcgh]h qe_gZ. Ij_`^_ \k_]h, \_jg_fky d

deZkkbq_kdhfm hij_^_e_gbx ;hevpfZgZ «wgljhibb» dZd \_jhylghklb khklhygbc

kbkl_fu, g_aZ\bkbfh hl lh]h, q_f hij_^_eyxlky wlb khklhygby: jZaghbf_ggufb

ZlhfZfb, dZd h[uqgh jZkkfZljb\Z_lky ljZ^bpbhgghc l_jfh^bgZfbdhc, beb ^jm]bfb

nZdlhjZfb. GZijbf_j, Dhlj_ee jZkkfZljb\Ze wgljhibx we_dljhgguo khklhygbc dZd

\b^ dhgnb]mjZpbhgghc wgljhibb [13]. Ihwlhfm gZr ih^oh^ d ihgbfZgbx ZghfZevguo

k\hckl\ iemlhgby fh`gh ihklmebjh\Zlv dZd ke_^mxsbc:

1. Iemlhgbc ke_^m_l jZkkfZljb\Zlv g_ dZd hl^_evguc we_f_gl, Z dZd

fgh]hdhfihg_glguc kieZ\, ]^_ dhfihg_glZfb kem`bl lhl `_ iemlhgbc \ jZaebqghf

we_dljhgghf b nhghgghf khklhygbyo. < j_amevlZl_ \hajZklZ_l \deZ^ wgljhibb

kf_r_gby \ ijhp_kku nZah\uo ij_\jZs_gbc b k\hckl\ iemlhgby. B a^_kv, \ hlebqb_ hl

fh^_eb :il_dZjy-Ihgylh\kdh]h, fu jZkkfhljbf k\yav wgljhibb kf_r_gby k mkbe_gb_f

f_`Zlhfguo k\ya_c b, ke_^h\Zl_evgh, k mf_gvr_gb_f \_ebqbgu kj_^g_d\Z^jZlbqguo

kf_s_gbc Zlhfh\ (KDK:).

2. < hlebqb_ hl h[uqguo kieZ\h\, \ iemlhgbb wgljhibcguc nZdlhj (wgljhiby

kf_r_gby) baf_gy_lky k l_fi_jZlmjhc, dZd b dhjj_ebjmxsZy k gbf l_fi_jZlmjZ >_[Zy,

qlh ijb\h^bl, gZijbf_j, d k`Zlbx djbklZeebq_kdhc j_r_ldb ^_evlZ-nZau ijb gZ]j_\_.

Wlh ijhbkoh^bl aZ kq_l m\_ebq_gby wg_j]bb wgljhibb kf_r_gby, qlh \uau\Z_l

mkbe_gb_ f_`Zlhfguo k\ya_c [10-12].

JZkkfhljbf ih ihjy^dm wlb ^\Z hij_^_eyxsbo l_jfh^bgZfbq_kdbo nZdlhjZ.
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Iemlhgbc dZd ik_\^h-dhfihg_glguc kieZ\

JZkkfhljbf kh\hdmighklv \k_o nZdlhjh\, fbdjhkljmdlmjguo, we_dljhgguo

dhgnb]mjZpbc, l_fi_jZlmjguo, ^Z\e_gby, wg_j]_lbq_kdbo khklhygbc Zlhfh\ b

we_dljhgh\, l. _. Zlhfh\ k jZagufb k\hckl\Zfb, dhlhju_ fh]ml ijb\_klb iemlhgbc \

khklhygb_ ik_\^h - fgh]hdhfihg_glghc kf_kb, mklhcqb\hklv nZah\h]h khklhygby

dhlhjhc [m^_l hij_^_eylvky \h fgh]hf [hevrbf wgljhibcguf qe_ghf mjZ\g_gby

k\h[h^ghc wg_j]bb.

1. Hjlh- b iZjZ- maeu iemlhgby \ jZaebqghf khhlghr_gbb, jZkkfhlj_ggu_

Dmi_jhf [3].

2. Fgh`_kl\_gghklv we_dljhgguo khklhygbc k [ebadhc wg_j]b_c –

^hihegbl_evgh_ jZkrbj_gb_ mjh\g_c \Ze_glguo we_dljhgh\.

3. Dhe_[Zl_evgZy wgljhiby. M iemlhgby ij_h[eZ^Zxl gbadhqZklhlgu_ dhe_[Zgby,

dhlhju_ ih^jZamf_\Zxl gZebqb_ [hevrh]h qbkeZ nhghgh\ gZ h^gm fh^m b,

ke_^h\Zl_evgh, [hevrmx wgljhibx [14].

4. JZks_ie_gb_ \ujh`^_gguo mjh\g_c \Ze_glguo we_dljhgh\, \ j_amevlZl_

wg_j]by m g_dhlhjuo ba gbo ihgb`Z_lky, Z m g_dhlhjuo  ih\urZ_lky, qlh baf_gy_l kbem

k\yab f_`^m ZlhfZfb b \ghkbl ^hihegbl_evguc \deZ^ \ kl_i_gv [_kihjy^dZ b

wgljhibx.

5. JZagu_ (]Zjfhgbqgu_ b Zg]Zjfhgbqgu_) dhe_[Zgby fh^u.

6. =b[jb^baZpby k\ya_c b ijhqb_ nemdlmZpbb.

LZdbf h[jZahf, m Zlhfh\ iemlhgby gZ[ex^Z_lky [hevrh_ dhebq_kl\h \hafh`guo

khklhygbc, \ebyxsbo gZ wgljhibx. < dZdhc-lh kl_i_gb _]h fh`gh ^Z`_ mkeh\gh

hlg_klb d \ukhdhwgljhibcguf kieZ\Zf [15], \ dhlhjuo \deZ^ wgljhibcgh]h qe_gZ

\_ebd.

>hihegbl_evguf ^hdZaZl_evkl\hf \ukhdhwgljhibcgh]h khklhygby iemlhgby

y\ey_lky _]h hq_gv [hevrZy we_dljhggZy l_ieh_fdhklv [14, 16], ijbq_f m ^_evlZ-nZau

hgZ agZqbl_evgh [hevr_.

< jZ[hlZo [9-11] fu ih^jh[gh jZkkfZljb\Zeb wg_j]_lbq_kdb_ ijhp_kku,

ijhbkoh^ysb_ ijb kf_r_gbb. ?keb djZldh: wgljhiby kf_r_gby fh`_l ihl_gpbZevgh

kh\_jrZlv jZ[hlm b, ke_^h\Zl_evgh, bf_lv lZd`_ wg_j]_lbq_kdmx kmsghklv, Z g_ lhevdh

klZlbklbq_kdmx, qlh, \ qZklghklb, ih^l\_j`^Z_lky hkfbq_kdbfb ijhp_kkZfb b

\hagbdgh\_gb_f hkfbq_kdh]h ^Z\e_gby, dhlhjh_ fh`_l ijhba\h^blv jZ[hlm.

>ey ijbf_jZ jZkkfhljbf h[jZah\Zgb_ b^_Zevgh]h jZkl\hjZ, \ dhlhjhf k\yab A-B,

<-< b :-: g_jZaebqbfu, b ihwlhfm fu g_ gZ[ex^Z_f l_ieh\uo wnn_dlh\ ijb

kf_r_gbb. H^gZdh j_Zevgh 2 kdjuluo (eZl_glguo) ijhp_kkZ ijhl_dZxl h^gh\j_f_ggh

b dhfi_gkbjmxl ^jm] ^jm]Z:

1. M\_ebq_gb_ kj_^g_c l_ieh_fdhklb, qlh lj_[m_l ih]ehs_gby wg_j]bb ^ey

h[_ki_q_gby ihklhygghc l_fi_jZlmju (GZ ]jZnbd_ aZ\bkbfhklb m^_evghc

l_ieh_fdhklb hl l_fi_jZlmju djb\Zy l_ieh_fdhklb kf_sZ_lky \e_\h aZ kq_l
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mf_gvr_gby l_fi_jZlmju >_[Zy – jbk 3, Z iehsZ^v ih^ g_c dZd jZa b oZjZdl_jbam_l \_

ebqbgm l_iehkh^_j`Zgby – \gmlj_gg_c wg_j]bb.).

2. B h^gh\j_f_ggh, kdjulh_ \u^_e_gb_ l_ieZ, ˆQ CT ' , ^jm]bfb keh\Zfb,

kdjulh_ m\_ebq_gb_ wglZevibb b \gmlj_gg_c wg_j]bb aZ kq_l mkbe_gby f_`Zlhfguo

k\ya_c.

<lhjhc ijhp_kk g_h[oh^bf, ij_`^_ \k_]h, ^ey kh[ex^_gby i_j\h]h aZdhgZ

l_jfh^bgZfbdb beb aZdhgZ khojZg_gby wg_j]bb. Ijhba\h^blky jZ[hlZ, b^msZy gZ

m\_ebq_gbb kj_^g_c l_ieh_fdhklb, l._. wg_j]bb dhe_[Zgbc Zlhfh\, Z \gmlj_ggyy

wg_j]by g_ f_gy_lky, b g_l gbdZdbo \b^bfuo l_ieh\uo wnn_dlh\.

Wlbf dZd jZa b h[tykgy_lky \ukhdb_ f_oZgbq_kdb_ k\hckl\Z \ukhdhwgljhibcguo

kieZ\h\ aZ kq_l mkbe_gby f_`Zlhfguo k\ya_c \ ijhp_kk_ kf_r_gby b h[jZah\Zgby

l\_j^h]h jZkl\hjZ.

Dhgnb]mjZpbhggZy wgljhiby \ jZaghc kl_i_gb ijbkmlkl\m_l \h \k_o

fh^bnbdZpbyo iemlhgby b q_j_a f_`Zlhfgmx k\yav \eby_l gZ _]h nZah\u_

ij_\jZs_gby b nbabq_kdb_ k\hckl\Z. FZeh lh]h, hgZ fh`_l f_gylvky ijb gZ]j_\_ ^Z`_

\ ij_^_eZo h^ghc nZau, dZd \ kemqZ_ ^_evlZ-nZau, qlh ijb\h^bl d ZghfZevguf k

h[uqghc lhqdb aj_gby k\hckl\Zf iemlhgby.

H^gZdh a^_kv fu bf__f g_ kf_kv Zlhfh\ \ qbklhf \b^_, Z ik_\^hkf_kv

jZaghjh^guo we_f_glh\, d dhlhjuf fh`gh ijbf_gylv wgljhibcguc djbl_jbc

[_kihjy^dZ ;hevpfZgZ lnS k W b hij_^_eylv _]h wg_j]_lbq_kdbc \deZ^ k

bkihevah\Zgb_f \lhjh]h aZdhgZ l_jfh^bgZfbdb. IjZ\^Z, ke_^m_l mqblu\Zlv, qlh f_jm

[_kihjy^dZ g_evay [jZlv gZijyfmx, dZd \ nhjfme_ wgljhibb kf_r_gby ^ey g_kdhevdbo

Zlhfh\ lni i

i

S R X X ¦ . Wlh g_evay ^_eZlv, lZd dZd ^h kbo ihj wdki_jbf_glZevgh

g_ba\_klgh, gZkdhevdh wg_j]_lbq_kdb hlebqZ_lky ba\_klguc [_kihjy^hd, kha^Zgguc

e_]bjh\Zggufb ZlhfZfb, b gh\uc, g_ mqblu\Z_fuc jZg__ [_kihjy^hd, \g_k_gguc

hklZevgufb nZdlhjZfb, \ qZklghklb we_dljhgguf kljh_gb_f. D lhfm `_ \ ihke_^g_f

kemqZ_ g_ \k_ f_klZ maeh\ k jZaguf we_dljhgguf khklhygb_f iemlhgby [m^ml

jZ\ghp_ggu. Iexk \hafh`gZ g_dhlhjZy deZkl_jghklv. < j_amevlZl_ \_ebqbgZ

dhgnb]mjZpbhgghc wgljhibb [m^_l agZqbl_evgh f_gvr_. Ihwlhfm \ nhjfmem gm`gh

\\h^blv dZdhc - lh ihijZ\hqguc dhwnnbpb_gl v, dhlhjuc aZ\bkbl hl wg_j]_lbq_kdh]h

\deZ^Z dZ`^hc khklZ\eyxs_c b \k_]^Z [m^_l f_gvr_ _^bgbpu.

ln lni i

i

S vk W vR X X  ¦ ,

]^_ S – wgljhiby kf_r_gby;

W – \_jhylghklv khklhygbc;

k – ihklhyggZy ;hevpfZgZ;

R – mgb\_jkZevgZy ]Zah\Zy ihklhyggZy;

iX – ^hey kf_rb\Z_fh]h dhfihg_glZ;

v – ihijZ\hqguc dhwnnbpb_gl.
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Baf_g_gb_ dhgnb]mjZpbhgghc wgljhibb \ iemlhgbb

\ aZ\bkbfhklb hl l_fi_jZlmju

Dhgnb]mjZpbhggZy wgljhiby dZd khklZ\eyxsZy h[s_c wgljhibb [9-12, 17] lZd`_

fh`_l [ulv \ujZ`_gZ q_j_a wg_j]bx dhe_[Zgbc Zlhfh\, b, ke_^h\Zl_evgh,

l_ieh_fdhklv. H[uqguc ]jZnbd baf_g_gby l_ieh_fdhklb hl l_fi_jZlmju ijb\_^_g gZ

jbk. 2. DZd \b^gh, \ ij_^_eZo h^ghc nZau g_l jZaju\h\ agZq_gbc l_ieh_fdhklb, gh,

]eZ\gh_, l_fi_jZlmjZ >_[Zy ^ey ^Zgghc nZau ihklhyggZ b g_ f_gy_lky hl l_fi_jZlmju.
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Jbk. 2. AZ\bkbfhklv l_ieh_fdhklb ( )vC T , jZkkqblZggZy \ jZfdZo fh^_eb >_[Zy

Ih hkb Z[kpbkk hleh`_gZ ijb\_^_ggZy l_fi_jZlmjZ
D

T

4

H^gZdh _keb m gZk ijhbkoh^bl kf_r_gb_ dhfihg_glh\, lh l_fi_jZlmjZ >_[Zy

kf_sZ_lky \e_\h (jbk. 3) [9-12, 17], b hgZ mf_gvrZ_lky \ aZ\bkbfhklb hl baf_g_gby

wgljhibb kf_r_gby, lh _klv kl_i_gb [_kihjy^dZ.

Ijb ex[hf kf_r_gbb, \ lhf qbke_ b \ kemqZ_ k iemlhgb_f, dZd \b^gh ba jbk. 3,

\hajZklZ_l kj_^gyy l_ieh_fdhklv, l_iehkh^_j`Zgb_ beb \gmlj_ggyy wg_j]by.

Baf_g_gb_ __ \_ebqbgu \u^_e_gh aZrljboh\Zgghc h[eZklvx b dhjj_ebjm_l k

baf_g_gb_f l_fi_jZlmju >_[Zy. B wlh h[eZklv fh`_l dZd \hajZklZlv, lZd b

mf_gvrZlvky ijb m\_ebq_gbb l_fi_jZlmju.

TT

T

C

L\_j^uc jZkl\hj beb
nZau \ w\l_dlbd_

Bahebjh\Zggu_ nZau

TTeut

Jbk. 3. Baf_g_gb_ m^_evghc l_ieh_fdhklb ijb b^_Zevghf kf_r_gbb, kiehrgZy djb\Zy –

bkoh^gu_ bahebjh\Zggu_ nZau (kj_^gb_ ijb\_^_ggu_ \_ebqbgu), imgdlbjgZy djb\Zy – l\_j^uc

jZkl\hj
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Ih^h[guc ijhp_kk b ijhbkoh^bl m iemlhgby dZd \ ZevnZ nZa_, lZd, qlh hkh[_ggh

\Z`gh, \ ^_evlZ-nZa_. Ijhbkoh^bl mf_gvr_gb_ l_fi_jZlmju >_[Zy ijb gZ]j_\_ [18],

qlh mklZgh\e_gh ih kfy]q_gbx mijm]hc fh^u dhe_[Zgbc.

Wlh fh`gh h[tykgblv lhevdh _^bgkl\_gguf h[jZahf, qlh ijb gZ]j_\_, g_kfhljy

gZ ijbkmlkl\b_ \ kljmdlmj_ lhevdh Zlhfh\ iemlhgby, baf_gy_lky wgljhiby kf_r_gby, b,

dZd ke_^kl\b_, _]h nbabq_kdb_ k\hckl\Z. Lh _klv ihy\ey_lky dZd [u ik_\^h - kf_kv

Zlhfh\  iemlhgby, lhqg__, fgh`_kl\_gghklv _]h khklhygbc, hibkZgguo \ur_,

ijb\h^ysZy d m\_ebq_gbx dhgnb]mjZpbhgghc wgljhibb \ ijhp_kk_ gZ]j_\Z. Wlh fh`_l

ijb\_klb d ZghfZevghfm baf_g_gbx k\hckl\ ^_evlZ nZau ijb gZ]j_\_, qlh b [m^_l

jZkkfhlj_gh gb`_.

L_i_jv jZkkfhljbf, dZd k wlbo ihabpbc fh`gh h[tykgblv g_dhlhju_ g_h[uqgu_

k\hckl\Z, ijbkmsb_ gZb[he__ l_ogheh]bqghc \ bkihevah\Zgbb  ^_evlZ-nZa_ iemlhgby.

1. K`Zlb_ j_r_ldb ^_evlZ nZau ijb gZ]j_\_.

2. >he]h\j_f_ggZy klZ[bevghklv wlhc nZau, dhlhjZy fh`_l [ulv khojZg_gZ ijb

dhfgZlghc l_fi_jZlmj_ \\_^_gb_f \ iemlhgbc \k_]h ebrv g_kdhevdbo Zlhfguo

ijhp_glh\ ]Zeeby beb Zexfbgby.

3. GZebqb_ ^\hcghc K-djb\hc jZkiZ^Z ^_evlZ nZau iemlhgby gZ LLL ^bZ]jZff_.

1. M \k_o kieZ\h\ l_ieh\h_ jZkrbj_gb_ \k_]^Z dhjj_ebjm_l k m\_ebq_gb_f

m^_evghc l_ieh_fdhklb. IjbqbgZ wlh]h ijhklZ. Ijb gZ]j_\Zgbb \k_]^Z m\_ebqb\Z_lky

wg_j]by, Z k g_c b Zfieblm^Z dhe_[Zgbc Zlhfh\. : wlh, \ k\hx hq_j_^v, m\_ebqb\Z_l

m^_evgmx l_ieh_fdhklv, Z lZd`_ jZa^\b]Z_l djbklZeebq_kdmx j_r_ldm b lZdbf h[jZahf

m\_ebqb\Z_lky dhwnnbpb_gl l_jfbq_kdh]h jZkrbj_gby. M iemlhgby `_ \ ^_evlZ-nZa_

\k_ g_ lZd. Ijb gZ]j_\_, _kl_kl\_ggh, m\_ebqb\Z_lky m^_evgZy l_ieh_fdhklv, gh

djbklZeebq_kdZy j_r_ldZ ijb wlhf k`bfZ_lky, qlh ih^jh[gh bkke_^h\Zehkv \h fgh]bo

jZ[hlZo, \ qZklghklb lZd`_ b f_lh^hf KDK: [5-7]. Lh _klv wg_j]by dhe_[Zgbc

m\_ebqb\Z_lky, Z dhwnnbpb_gl ebg_cgh]h jZkrbj_gby mf_gvrZ_lky. GZebph wnn_dl g_

hkeZ[e_gby f_`Zlhfghc k\yab, dZd ke_^m_l h`b^Zlv ijb m\_ebq_gbb l_fi_jZlmju, Z,

gZh[hjhl, mkbe_gb_.

Mkbe_gb_ f_`Zlhfguo k\ya_c ijhbkoh^bl, dZd b \ kemqZ_ \ukhdhwgljhibcguo

kieZ\h\, ijb m\_ebq_gbb wgljhibb kf_r_gby. Ijhbkoh^bl eb m gZk m\_ebq_gb_

wgljhibb kf_r_gby \ ^Zgghf kemqZ_?

Djbl_jb_f m\_ebq_gby wgljhibb kf_r_gby kem`bl mf_gvr_gb_ l_fi_jZlmju

>_[Zy. DZd jZa wlh b ijhbkoh^bl k ^_evlZ-nZahc, qlh wdki_jbf_glZevgh mklZgh\e_gh. Lh

_klv nZdlbq_kdb, m\_ebq_gb_ kj_^g_c l_ieh_fdhklb b, dZd ke_^kl\b_, mkbe_gb_

f_`Zlhfghc k\yab. < j_amevlZl_ iZjZf_lj j_r_ldb ^_evlZ-nZau mf_gvrZ_lky b

m\_ebqb\Z_lky __ iehlghklv ijb gZ]j_\_.

2. IhdZ g_l iheghc ykghklb \ ihgbfZgbb ]jZg_p_gljbjh\Zgghc dm[bq_kdhc (]pd)

/-nZau iemlhgby. Ihwlhfm hklZxlky \hijhku ih ^he]h\j_f_gghc klZ[bevghklb wlhc

nZau, dhlhjZy fh`_l [ulv khojZg_gZ ijb dhfgZlghc l_fi_jZlmj_ \\_^_gb_f \

iemlhgbc \k_]h ebrv g_kdhevdbo Zlhfguo ijhp_glh\ (Zl. %) ]Zeeby beb Zexfbgby. [1].
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Ij_^iheZ]Z_lky, qlh kemqZcguf h[jZahf jZkiheh`_ggu_ Zlhfu ]Zeeby h[_ki_qb\Zxl

^hklZlhqgh kbevgh_ jZkk_ygb_ (Z, ke_^h\Zl_evgh, b mf_gvr_gb_ ]b[jb^baZpbb), qlh[u

l_fi_jZlmjZ i_j_oh^Z [ueZ gb`_ dhfgZlghc [19].

H^gZdh, dZd gZfb m`_ [ueh ihdZaZgh, Zlhfu iemlhgby gZ^h jZkkfZljb\Zlv g_ dZd

h^ghjh^gu_ Zlhfu, Z dZd ik_\^hkf_kv jZaghjh^guo we_f_glh\, d dhlhjuf fh`gh

ijbf_gylv wgljhibcguc djbl_jbc [_kihjy^dZ ;hevpfZgZ S=klnW b hij_^_eylv _]h

wg_j]_lbq_kdbc \deZ^ k bkihevah\Zgb_f \lhjh]h aZdhgZ l_jfh^bgZfbdb. Lh]^Z ^Z`_

g_[hevrhc wgljhibcguc \deZ^ e_]bjmxsbo we_f_glh\, g_aZ\bkbfh hl bo Zlhfgh]h

jZ^bmkZ, fh`_l agZqbl_evgh m\_ebqblv [_kihjy^hd \ we_dljhgguo kljmdlmjZo, b

wgljhiby kf_r_gby ih\urZ_lky. I_j_oh^ d ^_evlZ nZa_ ijhbkoh^bl aZ kq_l

^hihegbl_evghc wgljhibb kf_rb\Zgby hjlh- b iZjZ- maeh\ f we_dljhgh\.

3. Bahl_jfbq_kdh_ nZah\h_ ij_\jZs_gb_ /:.’, \ hlebqb_ hl h[uqgh]h lbiZ

ij_\jZs_gbc, fh`_l bf_lv dbg_lbdm, hibku\Z_fmx «^\hcghc k-djb\hc» gZ ^bZ]jZff_

\j_fy-l_fi_jZlmjZ-ij_\jZs_gb_ (LLL), dZd ihdZaZgh gZ jbk. 4 [19]. Wlh hagZqZ_l, qlh

/:. ij_\jZs_gb_ bf__l ^\_ l_fi_jZlmju, ijb dhlhjuo kdhjhklv ij_\jZs_gby

fZdkbfZevgZ, \ lh \j_fy dZd ^ey [hevrbgkl\Z fZjl_gkblguo ij_\jZs_gbc bf__lky

lhevdh h^gZ lZdZy l_fi_jZlmjZ.

H^gZdh, dZd fu m`_ hlf_qZeb, ^_evlZ- nZam iemlhgby fh`gh jZkkfZljb\Zlv dZd

l\_j^uc jZkl\hj ba kf_kb g_kdhevdbo «ik_\^h» dhfihg_glh\ k jZaghc we_dljhgghc

kljmdlmjhc, dhlhjZy _s_ f_gy_lky \ aZ\bkbfhklb hl l_fi_jZlmju. Lh]^Z jZkiZ^

l\_j^h]h jZkl\hjZ h^gh]h khklZ\Z fh`gh jZkkfZljb\Zlv dZd kf_kv ^\mo l\_j^uo

jZkl\hjh\ k jZaghc wgljhib_c kf_r_gby b, ke_^h\Zl_evgh, k jZaghc klZ[bevghklvx.

?kl_kl\_ggh, hgb [m^ml jZkiZ^Zlvky ijb jZaguo l_fi_jZlmjZo.

Jbk. 4. LLL ]jZnbdb /:. ij_\jZs_gby \ kieZ\Zo iemlhgby k 1,4 b 1.9 Zl. % Ga.

WlZ ^bZ]jZffZ ihdZau\Z_l g_h[uqgmx dbg_lbdm, hibku\Z_fmx ^\hcghc K-djb\hc, k ^\mfy

l_fi_jZlmjZfb (-132 °K b -155 °K) k fZdkbfZevghc kdhjhklvx ij_\jZs_gby
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<u\h^u

JZkkfhlj_gu g_dhlhju_ ZghfZevgu_ k\hckl\Z iemlhgby.

>ey h[tykg_gby wlbo k\hckl\ ijbf_g_g l_jfh^bgZfbq_kdbc ih^oh^, hkgh\Zgguc

gZ wg_j]_lbq_kdhf \ebygbb dhgnb]mjZpbhgghc wgljhibb gZ f_`Zlhfgmx k\yav b

we_dljhggh_ khklhygb_ iemlhgby.

Ihklmebjm_lky ke_^mxsbc ih^oh^ d ihgbfZgbx ZghfZevguo k\hckl\ iemlhgby:

1. Iemlhgbc ke_^m_l jZkkfZljb\Zlv g_ dZd hl^_evguc we_f_gl, Z dZd

fgh]hdhfihg_glguc kieZ\, ]^_ dhfihg_glZfb y\ey_lky lhl `_ iemlhgbc \ jZaebqghf

we_dljhgghf b nhghgghf khklhygbyo. < j_amevlZl_ \hajZklZ_l \deZ^ wgljhibb

kf_r_gby \ ijhp_kku nZah\uo ij_\jZs_gbc b k\hckl\ iemlhgby. B a^_kv, kh]eZkgh

ijh\_^_gguf bkke_^h\Zgbyf gZebqby m wgljhibb kf_r_gby wg_j]_lbq_kdhc

khklZ\eyxs_c, ijhke_`b\Z_lky k\yav wgljhibb kf_r_gby k mkbe_gb_f f_`Zlhfguo

k\ya_c b, ke_^h\Zl_evgh, k mf_gvr_gb_f \_ebqbgu kj_^g_d\Z^jZlbqguo kf_s_gbc

Zlhfh\ (KDK:)

2. < hlebqb_ hl h[uqguo kieZ\h\, \ iemlhgbb wgljhibcguc nZdlhj (wgljhiby

kf_r_gby) baf_gy_lky k l_fi_jZlmjhc, dZd b dhjj_ebjmxsZy k gbf l_fi_jZlmjZ >_[Zy,

qlh ijb\h^bl, gZijbf_j, d k`Zlbx djbklZeebq_kdhc j_r_ldb ^_evlZ-nZau ijb gZ]j_\_.

K wlbo ihabpbc k^_eZgZ ihiuldZ h[tykg_gby g_dhlhjuo ZghfZevguo k\hckl\

^_evlZ-nZau iemlhgby:

1. K`Zlb_ j_r_ldb ^_evlZ-nZau ijb gZ]j_\_.

2. >he]h\j_f_ggZy klZ[bevghklv wlhc nZau, dhlhjZy fh`_l [ulv khojZg_gZ ijb

dhfgZlghc l_fi_jZlmj_ \\_^_gb_f \ iemlhgbc \k_]h ebrv g_kdhevdbo Zlhfguo

ijhp_glh\ ]Zeeby beb Zexfbgby.

3. GZebqb_ ^\hcghc K-djb\hc jZkiZ^Z ^_evlZ nZau iemlhgby gZ LLL ^bZ]jZff_.
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