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< jZ[hl_ jZkkfhlj_gZ dbg_lbdZ ijhp_kkZ \aZbfh^_ckl\by ihjhrdh\ b

Zwjhahe_c gbljb^h\ mjZgZ b iemlhgby k dbkehjh^hf b \eZ]hc \ha^moZ

ihf_s_gbc ih ba]hlh\e_gbx kf_rZggh]h gbljb^gh]h mjZg iemlhgb_\h]h

(KGMI) lhieb\Z, mklZgh\e_gu lbiu h[jZamxsboky ijb hdbke_gbb

obfbq_kdbo kh_^bg_gbc, Z lZd`_ ijb\_^_gZ  hp_gdZ lbiZ obfbq_kdh]h

kh_^bg_gby ijb bg]Zeypbb. Ihjhrdb ^ey bkke_^h\Zgbc hl[bjZeb gZ

wdki_jbf_glZevghf mqZkld_ ih ba]hlh\e_gbx KGMI-lhieb\Z \ ijhp_kk_ _]h

jZ[hlu. < j_amevlZl_ ijh\_^_gguo bkke_^h\Zgbc mklZgh\e_gh, qlh

j_Zdpbhggu_ k\hckl\Z l\_j^uo qZklbp gbljb^h\ mjZgZ, iemlhgby b bo

kf_k_c aZ\bkyl hl fgh]bo nZdlhjh\: jZaf_jh\ qZklbp; kj_^u, \ dhlhjhc

gZoh^ylky qZklbpu; \eZ`ghklb Zlfhkn_ju; obfbq_kdh]h khklZ\Z

ijh^mdlh\ b fgh]bo ^jm]bo nZdlhjh\. K ihfhsvx fZkk-

ki_dljhf_ljbq_kdh]h b j_gl]_ghkljmdlmjgh]h ZgZebah\ ihdZaZgh, qlh gZ

ih\_joghklb qZklbp KGMI jZaf_jZfb 100-500 fdf, Z lZd`_ qZklbp f_g__

10 fdf, gh bahebjh\Zgguo hl Zlfhkn_ju \ha^moZ iZjZfb l_ljZoehjb^Z

m]e_jh^Z, h[jZam_lky mklhcqb\Zy ijhqgZy ie_gdZ ba ^bhdkb^h\ mjZgZ b

iemlhgby, dhlhjZy lhjfhabl ^Zevg_cr__  hdbke_gb_ KGMI ihjhrdh\.

QZklbpu `_ KGMI ihjhrdZ jZaf_jZfb f_g__ 10 fdf, g_ aZsbs_ggu_ hl

Zlfhkn_ju \ha^moZ, fhf_glZevgh hdbkeyxlky ^h ^bhdkb^h\ mjZgZ b iemlhgby,

Z lZd`_ U3O8. J_amevlZlu bkke_^h\Zgbc lbiZ kh_^bg_gby ijb bg]Zeypbb

jZ^bhZdlb\guo Zwjhahe_c f_lh^hf ^bZebaZ \ jZkl\hj_ Jbg]_jZ ihdZaZeb,

qlh hlghkbl_evgh_ kh^_j`Zgb_ \ kf_kb obfbq_kdbo kh_^bg_gbc

jZ^bhgmdeb^h\, ijbgZ^e_`Zsbo d lbim kh_^bg_gby ijb bg]Zeypbb F

(f_^e_ggh-jZkl\hjbfu_ kh_^bg_gby), khklZ\ey_l 76-86%.

Dexq_\u_ keh\Z: kf_rZggh_ gbljb^gh_ mjZg-iemlhgb_\h_ lhieb\h, l_ljZoehjb^ m]e_jh^Z,
l\_j^u_ fbdjhqZklbpu, Zwjhaheb, lbi kh_^bg_gby ijb bg]Zeypbb.
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The paper examines the kinetics of the interaction process between powders and

aerosols of uranium and plutonium nitrides with oxygen and moisture in the air of

production facilities for manufacturing dense mixed nitride fuel. It identifies the

types of chemical compounds formed during oxidation and provides an assessment

of the chemical compound type during inhalation. The powders for the research

were collected from the experimental section of the SNUP (Mixed Nitride Fuel)

production process during its operation. The conducted studies reveal that the

reactive properties of solid particles of uranium, plutonium, and their mixtures

depend on various factors, including particle size, the surrounding environment,

atmospheric humidity, chemical composition of products, and other factors. Mass

spectrometric and X-ray structural analyses demonstrate that stable and strong

films of uranium and plutonium dioxides form on the surface of SNUP particles

with sizes ranging from 100 to 500 �m, as well as on particles smaller than 10 �m,

but isolated from the air atmosphere by carbon tetrachloride vapors. These films

impede further oxidation of SNUP powders. On the other hand, SNUP particles

with sizes smaller than 10 �m, not protected from the air atmosphere, undergo

instantaneous oxidation to uranium and plutonium dioxides, as well as U3O8.

According to the results of the inhalation study on the type of compounds of

radioactive aerosols using the dialysis method in Ringer's solution, it is shown that

the relative content of the chemical compounds of radionuclides belonging to the

type of slowly-soluble compounds (M type) is 76 - 86% in the compound mixture.

Keywords: mixed nitride uranium-plutonium fuel, MNUP, carbon tetrachloride, aerosol, lung
absorption type.

<\_^_gb_

Kf_rZgguc gbljb^ mjZgZ b iemlhgby (KGMI) jZkkfZljb\Z_lky \ dZq_kl\_
i_jki_dlb\gh]h lhieb\Z ^ey j_Zdlhjh\ gZ [ukljuo g_cljhgZo [1]. JZ[hlZ gZ
wdki_jbf_glZevghf mqZkld_ ih ba]hlh\e_gbx KGMI-ihjhrdh\ k\yaZgZ k hiZkghklvx
aZ]jyag_gby jZ^bhZdlb\gufb \_s_kl\Zfb \ha^mrghc kj_^u jZ[hq_c ahgu,
h[hjm^h\Zgby, iheh\, ki_ph^_`^u b dh`guo ihdjh\h\. D hkgh\guf ijbqbgZf,
ijb\h^ysbf d aZ]jyag_gbx, hlghkylky:
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– ^_n_dlu dZf_jguo i_jqZlhd;
– jhkkuiv jZ^bhZdlb\guo \_s_kl\;
– ijh\_^_gb_ j_fhglguo b ijhnbeZdlbq_kdbo jZ[hl, k\yaZgguo kh \kdjulb_f

aZ]jyag_ggh]h h[hjm^h\Zgby;
– g_]_jf_lbqghklv [hdkh\ b ^j.
K\hckl\Z b ih\_^_gb_ KGMI kh_^bg_gbc ijb ihiZ^Zgbb \ \ha^mo jZ[hq_c ahgu,

ijb bg]Zeypbhgghf ihklmie_gbb \ hj]Zgbaf, ijb dhglZdl_ k dh`_c i_jkhgZeZ gZ
^Zgguc fhf_gl g_^hklZlhqgh bamq_gu.

D hkgh\guf nbabdh-obfbq_kdbf oZjZdl_jbklbdZf jZ^bhZdlb\guo fbdjhqZklbp b
Zwjhahe_c, hij_^_eyxsbo h`b^Z_fmx wnn_dlb\gmx ^ham \gmlj_gg_]h h[emq_gby ijb
bg]Zeypbhgghf ihklmie_gbb hlghkylky: gmdeb^guc khklZ\, ^bki_jkghklv, lbi
kh_^bg_gby ijb bg]Zeypbb.

Hij_^_e_gb_ jZ^bhgmdeb^gh]h khklZ\Z \ aZ\bkbfhklb hl lbiZ jZ^bhgmdeb^Z b
j_rZ_fuo aZ^Zq fh`_l ijh\h^blvky k ihfhsvx ]ZffZ-ki_dljhf_ljbb, ZevnZ-
ki_dljhf_ljbb (k ij_^\Zjbl_evghc jZ^bhobfbq_kdhc ijh[hih^]hlh\dhc), `b^dh-
kpbglbeeypbhgghc ki_dljhf_ljbb, Z lZd`_ fZkk-ki_dljhf_ljbb.

Bkke_^h\Zgb_ ^bki_jkgh]h khklZ\Z jZ^bhZdlb\guo Zwjhahe_c, dZd ijZ\beh,
ijh\h^yl k ihfhsvx bfiZdlhjh\. JZ[hlZ ^Zgguo mkljhckl\ hkgh\ZgZ gZ ijbgpbi_
bg_jpbhggh]h hkZ`^_gby. Baf_jyy Zdlb\ghklv Zwjhahevguo qZklbp, hkZ`^_gguo gZ
ih^eh`dZo bfiZdlhjZ, kljhyl ]bklh]jZffu jZkij_^_e_gby Zdlb\ghklb jZ^bhgmdeb^h\
ih Zwjh^bgZfbq_kdbf ^bZf_ljZf (:>) b hij_^_eyxl iZjZf_lju wlh]h jZkij_^_e_gby –
f_^bZgguc ih Zdlb\ghklb Zwjh^bgZfbq_kdbc ^bZf_lj (:F:>) b klZg^Zjlgh_
]_hf_ljbq_kdh_ hldehg_gb_.

Hij_^_e_gb_ lbiZ kh_^bg_gby ijb bg]Zeypbb ijh\h^yl f_lh^hf ^bZebaZ q_j_a
f_f[jZggu_ nbevlju \ bfblZlhj_ e_]hqghc `b^dhklb (gZijbf_j jZkl\hj Jbg]_jZ)
[2, 3], Z ijb ba\_klghf obfbq_kdhf khklZ\_ Zwjhahevguo qZklbp - \ khhl\_lkl\bb
k ijbeh`_gb_f 3 d GJ;-99/2009 [4].

P_evx jZ[hlu y\eyehkv hij_^_e_gb_ \j_f_gb b dbg_lbdb ijhp_kkZ

\aZbfh^_ckl\by ihjhrdh\ gbljb^h\ mjZgZ b iemlhgby k dbkehjh^hf b \eZ]hc \ha^moZ
ihf_s_gbc ih ba]hlh\e_gbx iehlgh]h kf_rZggh]h gbljb^gh]h  lhieb\Z b
mklZgh\e_gb_ lbiZ h[jZamxsboky ijb hdbke_gbb obfbq_kdbo kh_^bg_gbc, Z lZd`_
hp_gdZ lbiZ obfbq_kdh]h kh_^bg_gby ijb bg]Zeypbb.

MjZg h[jZam_l ljb gbljb^Z: fhghgbljb^ UN, ihemlhjguc gbljb^ U2N3 b

^bgbljb^ UN2. Hlf_q_gh, qlh gbljb^u e_]dh hdbkeyxlky: gZ \ha^mo_ ijb 150-200 °K
\hkieZf_gyxlky b k]hjZxl k h[jZah\Zgb_f UH3 beb U3H8. Gbljb^u f_^e_ggh
hdbkeyxlky dhgp_gljbjh\Zgghc GNO3, g_ \aZbfh^_ckl\mxl k ]hjyqbfb beb oheh^gufb
HCl, H2SO4, jZaeZ]Zxlky jZkieZ\Zfb s_ehq_c [5, 6]. < lhgdhbaf_evq_gghf \b^_
(jZaf_j qZklbp f_g__ 10 fdf) UN ibjhnhj_g ijb dhfgZlghc l_fi_jZlmj_ [7]. < jZ[hl_
[8] lZd`_ hlf_q_gh, qlh ihjhrhd UN k qZklbpZfb djmighklvx 2-12 fdf kihkh[_g
kZfhijhba\hevgh \ha]hjZlvky gZ \ha^mo_.
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K Zahlhf iemlhgbc h[jZam_l h^gh kh_^bg_gb_ – fhghgbljb^ JuN, dhlhjuc
ij_^klZ\ey_l kh[hc q_jgh_ ojmidh_ \_s_kl\h. Ihjhrdhh[jZaguc PuN j_Z]bjm_l k
dbkehjh^hf ijb 200 °K b \hkieZf_gy_lky ijb 280-300 °K k h[jZah\Zgb_f PuO2. <h
\eZ`ghf O2 kdhjhklv hdbke_gby m\_ebqb\Z_lky: \ ijbkmlkl\bb \h^ygh]h iZjZ 500
qZkl_c gZ fbeebhg ijb 279 °K ijhp_kk ijhl_dZ_l \ 3 jZaZ [uklj__ [9].

Kf_rZggu_ gbljb^u khklZ\Z (U0,7Pu0,3)N, ihemq_ggu_ ]hjyqbf ij_kkh\Zgb_f ijb
l_fi_jZlmjZo hdheh 1500 °C, agZqbl_evgh [he__ mklhcqb\u, q_f qbkluc PuN, ijb
\ha^_ckl\bb Zlfhkn_jghc \eZ]b. Hlf_q_gh, qlh kf_rZgguc gbljb^ (U,Pu)N f_g__

dhjjhabhgghklh_d, q_f UN. Khijhlb\e_gb_ dhjjhabb mf_gvrZ_lky k m\_ebq_gb_f
kh^_j`Zgby Pu [10].

>ey gbljb^Z iemlhgby hlf_q_gh, qlh ihjhrdhh[jZaguc PuN k jZaf_jhf qZklbp
80 f_r (hdheh 180-190 fdf) ijb dhfgZlghc l_fi_jZlmj_ e_]dh hdbkey_lky gZ \ha^mo_,
iheghklvx ij_\jZsZykv \ hdkb^ q_j_a 1-3 kmlhd. K\_`_ijb]hlh\e_gguc lhgdbc
ihjhrhd PuN k qZklbpZfb djmighklvx 1 fdf kZfhijhba\hevgh \ha]hjZ_lky gZ \ha^mo_.

FZl_jbZeu b f_lh^u bkke_^h\Zgbc

>ey bkke_^h\Zgbc bkihevah\Zeb ljb h[jZapZ KGMI lhieb\Z ihke_ hi_jZpbb
dZj[hl_jfbq_kdh]h kbgl_aZ: KGMI-1: baf_evq_gguc \ klmid_ ihjhrhd k jZaf_jZfb
qZklbp f_g__ 500 fdf; KGMI-2 b KGMI-3: baf_evq_gguc \ ZiiZjZl_ \boj_\h]h kehy
(:<K) ihjhrhd k jZaf_jZfb qZklbp f_g__ 10 fdf. Ijbq_f ijh[m KGMI-2 ojZgbeb \
kj_^_ `b^dh]h l_ljZoehjb^Z m]e_jh^Z (CCl4). <u[hj l_ljZoehjb^Z m]e_jh^Z ^ey ijh[u
KGMI-2 h[mkeh\e_g l_f, qlh iehlghklv _]h iZjh\ ijb bkiZj_gbb \ 5,5 jZaZ \ur_
iehlghklb \ha^moZ, qlh h[_ki_qb\Z_l baheypbx ijh[ hl dhglZdlZ k \ha^mohf.

>ey bkke_^h\Zgbc ba dZ`^hc ijh[u KGMI hl[bjZeb \ [xdku b \a\_rb\Zeb ih 2
ijh[u ihjhrdh\ \ dhebq_kl\_ ih 5,0 ]. I_j\Zy ijh[Z – ^ey ijh\_^_gby
j_gl]_ghkljmdlmjgh]h ZgZebaZ; \lhjZy ijh[Z – ^ey bkke_^h\Zgbc fhjnheh]bb qZklbp
ihjhrdh\.

J_gl]_ghkljmdlmjguc ZgZeba ijh\h^beb gZ j_gl]_gh\kdhf ^bnjZdlhf_lj_
«Shimadzu XRD-7000». Bkke_^h\Zgby fhjnheh]bb qZklbp ihjhrdh\ b we_f_glgh]h
khklZ\Z ZahlZ b dbkehjh^Z \ aZ\bkbfhklb hl \j_f_gb ijh\h^beb k ihfhsvx jZkljh\h]h
we_dljhggh]h fbdjhkdhiZ (JWF) Quanta Inspect S k wg_j]h^bki_jkbhgguf ^_l_dlhjhf
EDAX. :gZeba ih hij_^_e_gbx fZkkh\hc ^heb ZahlZ b dbkehjh^Z ijh\h^beb gZ
ZgZebaZlhj_ LECO; baf_j_gb_ kh^_j`Zgby mjZgZ b iemlhgby – gZ fZkk-ki_dljhf_lj_
«TRITON+»; q_j_a 2, 6, 24, 48 b 96 qZkh\ ijh\h^beb ih\lhjguc ZgZeba. Hp_gdm lbiZ
kh_^bg_gby ijb bg]Zeypbb ijh\h^beb f_lh^hf ^bZebaZ q_j_a f_f[jZggu_ nbevlju
\ bfblZlhj_ e_]hqghc `b^dhklb.
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J_amevlZlu b h[km`^_gb_

J_gl]_ghnZah\uc b kljmdlmjguc ZgZeba. P_evx bkke_^h\Zgby y\eyehkv

hij_^_e_gb_ baf_g_gby nZah\h]h b kljmdlmjgh]h khklZ\Z jZaebqguo h[jZaph\ KGMI
lhieb\Z \ ijhp_kk_ bo ojZg_gby. >bnjZdlhf_lj j_gl]_gh\kdbc «Shimadzu XRD-7000»
ij_^gZagZq_g ^ey baf_j_gby m]eh\hc aZ\bkbfhklb bgl_gkb\ghklb hljZ`zggh]h hl
\_s_kl\Z baemq_gby ^ey ihke_^mxs_]h \uqbke_gby agZq_gbc iZjZf_ljh\

djbklZeebq_kdhc j_r_ldb b hp_gdb dZq_kl\_ggh]h nZah\h]h khklZ\Z

k bkihevah\Zgb_f [Za djbklZeeh]jZnbq_kdbo ^Zgguo [11, 12].
Ih^]hlh\dm ijh[ ^ey ijh\_^_gby j_gl]_ghkljmdlmjgh]h ZgZebaZ (JK:) ijh\h^beb

\ ke_^mxs_f ihjy^d_: ijh[u �1 (KGMI-1), �2 (KGMI-2), gZoh^ysb_ky \
]_jf_lbqghc lZj_, aZ]jm`Zeb \ aZsblguc [hdk k \ha^mrghc Zlfhkn_jhc jZajy`_gb_f
20 ff \h^. kl. b ijhba\h^beb \kdjulb_ lZju. >ey bkdexq_gby hdbke_gby KGMI-
ihjhrdZ ijh[u aZeb\Zeb CCl4 b ijhba\h^beb aZ]jmadm ihjhrdZ \ dx\_lm ^ey JK:,
ihke_ q_]h dx\_lm k ijh[hc mklZgZ\eb\Zeb \ ^_j`Zl_ev ^bnjZdlhf_ljZ. Ihke_
bkiZj_gby CCl4 ijhba\h^beb kt_fdm j_gl]_gh]jZff. Q_j_a hij_^_e_ggu_ ijhf_`mldb
\j_f_gb ijhba\h^beb ih\lhjgu_ kt_fdb [_a ba\e_q_gby ZgZebabjm_fhc ijh[u ba
aZsblgh]h [hdkZ ^bnjZdlhf_ljZ.

F_lh^bdZ ijh\_^_gby jZ[hlu: kt_fdm j_gl]_gh]jZff ijh\h^beb gZ

^bnjZdlhf_lj_ Shimadzu XRD-7000 \ K. baemq_gby f_^b, dhlhjh_ ij_^klZ\ey_l
kh[hc ^m[e_l .1-.2 k ^ebgZfb \heg 1,54051 Å b 1,54433 Å. Kdhjhklv kt_fdb

mklZgZ\eb\Zeb 1q 24/fbg b ijh\h^beb \ m]eZo hl 10q ^h 80q 24 ^ey hij_^_e_gby
nZah\h]h khklZ\Z. >ey h[jZ[hldb j_gl]_gh]jZff bkihevah\Zeb ijh]jZffu

Cristallographica k dZjlhl_dhc PDF-2 – ^ey ZgZebaZ nZah\h]h khklZ\Z b iZd_l
ijbdeZ^guo ijh]jZff PDWin – ^ey hij_^_e_gby iheh`_gby b bgl_gkb\ghkl_c
^bnjZdpbhgguo K.1 ibdh\. Ijb ijh\_^_gbb kt_fdb j_gl]_gh]jZff nZdlbq_kdZy

ih]j_rghklv khklZ\eyeZ 0,02…0,01q 24, dhlhjmx hij_^_eyeb k ihfhsvx wlZehgZ,
\ dZq_kl\_ dhlhjh]h bkihevah\Zeb ihjhrhd dj_fgby.

JK: ijh[u �1 ijh\h^beb hl bkoh^gh]h khklhygby b ihke_ ojZg_gby \ l_q_gb_ 2,
6, 24 b 96 qZkh\. GZ j_gl]_gh]jZffZo hl bkoh^gh]h khklhygby (jbk. 1, Z) b ojZg_gby
\ l_q_gb_ 24 q (jbk. 1, [) gZ[ex^Zebkv bgl_gkb\gu_ ^bnjZdpbhggu_ ibdb hl
]jZg_p_gljbjh\Zgghc dm[bq_kdhc (=PD) j_r_ldb (U, Pu)N, lZd`_ hlf_q_gh gZebqb_
^bnjZdpbhggh]h ibdZ keZ[hc bgl_gkb\ghklb, iheh`_gb_ dhlhjh]h khhl\_lkl\m_l ebgbb
(111) UO2. Ihke_ ojZg_gby \ l_q_gb_ 96 q gZ j_gl]_gh]jZff_ hlf_q_g agZqbl_evguc
jhkl ^bnjZdpbhgguo ibdh\, ijbgZ^e_`Zsbo UO2 (jbk. 1, \).

GZ j_gl]_gh]jZffZo ijh[u �2, kgyluo hl bkoh^gh]h khklhygby b ihke_
ojZg_gby \ l_q_gb_ 2 qZkh\, ijbkmlkl\h\Zeb bgl_gkb\gu_ ^bnjZdpbhggu_ ibdb hl
=PD j_r_ldb (U, Pu)N. >hihegbl_evgh gZ[ex^Zxlky ^bnjZdpbhggu_ ibdb keZ[hc
bgl_gkb\ghklb, dhlhju_ fh`gh hlg_klb d ebgbyf (111) UO2 b (200) U2N3 (jbk. 2, Z, [).
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:gZeba j_gl]_gh]jZffu ijh[u �2 ihke_ ojZg_gby \ l_q_gb_

96 q ihdZau\Z_l, qlh ihfbfh bgl_gkb\guo ^bnjZdpbhgguo hljZ`_gbc,
ijbgZ^e_`Zsbo (U, Pu)N, ijbkmlkl\mxl ibdb UO2, bgl_gkb\ghklv dhlhjuo
agZqbl_evgh \hajhkeZ (jbk. 2, \).

GZ jbk. 2, ] ihdZaZgZ aZ\bkbfhklv bgl_gkb\ghklb ^bnjZdpbhgguo hljZ`_gbc
UO2 hl \j_f_gb \u^_j`db ihjhrdZ ijh[u �2. Ba jbkmgdZ \b^gh, qlh
bgl_gkb\ghklv ^bnjZdpbhgguo hljZ`_gbc UO2 \ ijh[_ KGMI-2 aZ 96 qZkh\
\hajhkeZ \ 10 jZa.

Ijb ih^]hlh\d_ ihjhrdZ ijh[u �3 (KGMI-3) ([_a bkihevah\Zgby CCl4)
ijhbahreh bgl_gkb\gh_ hdbke_gb_. JK: ihdZaZe, qlh ijh^mdlZfb wlh]h ijhp_kkZ
y\beZkv kf_kv ^bhdkb^h\ mjZgZ b iemlhgby (U, Pu)O2, Z lZd`_ U3O8 (jbk. 1, ]).

Fbdjhj_gl]_ghki_dljZevguc ZgZeba. P_evx bkke_^h\Zgby y\eyehkv hij_^_e_gb_
fbdjhkljmdlmju b obfbq_kdh]h khklZ\Z jZaebqguo h[jZaph\ KGMI \ ijhp_kk_ bo
ojZg_gby. Fbdjhj_gl]_ghki_dljZevguc ZgZeba (FJK:) ijh\h^beb gZ JWF Quanta
Inspect S k wg_j]h^bki_jkbhgguf ^_l_dlhjhf EDAX [13]. Ihemq_gb_ b h[jZ[hldm
^Zgguo FJK: ijh\h^beb k ihfhsvx ki_pbZebabjh\Zggh]h ijbdeZ^gh]h b

ebp_gabjh\Zggh]h ijh]jZffgh]h h[_ki_q_gby. Ijh[u ^ey ZgZebaZ gZ we_dljhgghf
fbdjhkdhi_ ih^]hlZ\eb\Zeb hl khhl\_lkl\mxsbo ihjhrdh\, dhlhju_ bkihevah\Zeb ^ey
JK:. >ey ih^]hlh\db ijh[ ihjhrhd gZghkbeb gZ qbklmx ihebjh\Zggmx ih\_joghklv, ihke_
q_]h ihjhrhd i_j_ghkbeb gZ ih\_joghklv ijh\h^ys_]h m]e_jh^gh]h kdhlqZ, aZjZg__
ijbde__ggh]h d i_j_ghkghfm klhebdm. >Ze__ klhebd mklZgZ\eb\Zeb \ dZf_jm we_dljhggh]h
fbdjhkdhiZ. Mkeh\by ijh\_^_gby ZgZebaZ:

– jZa]hggh_ gZijy`_gb_ imqdZ we_dljhgh\ – 20 d<;

– hklZlhqgh_ ^Z\e_gb_ \ dZf_j_ we_dljhggh]h fbdjhkdhiZ – 2…3�10-3IZ.
Ihke_ ijh\_^_gby ZgZebaZ klhebd k ijh[hc ba\e_dZeb ba dZf_ju we_dljhggh]h

fbdjhkdhiZ b hklZ\eyeb \ aZsblghf [hdk_ ^ey ihke_^mxs_]h bamq_gby q_j_a aZ^Zggu_
ijhf_`mldb \j_f_gb.

Fhjnheh]by qZklbp ihjhrdZ hl ijh[ ��1, 2 b 3 ijb jZaebqguo m\_ebq_gbyo
ij_^klZ\e_gZ gZ jbk. 3, ba q_]h ke_^m_l, qlh hkgh\gZy fZkkZ ihjhrdZ ijh[u �1
ij_^klZ\e_gZ qZklbpZfb jZaf_jhf hl 100 ^h 500 fdf, b \ g_[hevrhf dhebq_kl\_
gZ[ex^Zxlky qZklbpu jZaf_jhf hl 5 ^h 100 fdf (jbk 3, Z.). Ijb [hevr_f m\_ebq_gbb
\b^gh, qlh gZ ih\_joghklb djmiguo qZklbp gZoh^ylky njZ]f_glu jZaf_jhf f_g__
5 fdf (jbk. 3, [).
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Jbk. 1. J_gl]_gh]jZffZ qZklbp ihjhrdZ ijh[u �1 (Z-\) b ijh[u �3 (]):

Z, ] – bkoh^gh_ khklhygb_;  [ – ihke_ \u^_j`db \ l_q_gb_ 24 q.;  \ – 96 q
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Jbk. 2. J_gl]_gh]jZffZ qZklbp ihjhrdZ ijh[u �2 (Z-\) b aZ\bkbfhklv bgl_gkb\ghklb

^bnjZdpbhgguo hljZ`_gbc UO2 hl \j_f_gb (]):

Z – bkoh^gh_ khklhygb_;  [ – ihke_ \u^_j`db \ l_q_gb_ 2 q.; \ – 96 q.
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QZklbpu ihjhrdZ ijh[ ��2, 3 bf_xl jZaf_j hl 3 ^h 7 fdf, lZd`_ ijbkmlkl\mxl
qZklbpu jZaf_jZfb f_g__ 3 fdf (jbk. 3, \-]).

Jbk. 3.Fhjnheh]by qZklbp ihjhrdZ ijh[: Z – ijh[u � 1, m\_ebq_gb_ 100 o; [ – m\_ebq_gb_

2000 o; \ – ijh[_ �2, �3: m\_ebq_gb_  1000 o; ] – m\_ebq_gb_  5000 o

FJK: hl ihjhrdZ ijh[u �1 ijh\h^beb hl bkoh^gh]h khklhygby ihke_ ojZg_gby
\ l_q_gb_ 2, 6, 24, 96 b 192 qZkh\. >bgZfbdZ hdbke_gby ihjhrdZ ijh[u �1
gZ[ex^ZeZkv gZ qZklbpZo jZaf_jhf f_g__ 5 fdf, jZkiheh`_gguo gZ ih\_joghklb
agZqbl_evgh [he__ djmighc qZklbpu (g_ f_g__ 100 fdf). J_amevlZlu dZjlbjh\Zgby
ih\_joghklb bkoh^gh]h fZl_jbZeZ ij_^klZ\e_gu gZ jbk. 4,(Z-^). Ihke_ _]h ojZg_gby \
l_q_gb_ 24 q h[gZjm`_gu g_agZqbl_evgu_ baf_g_gby ih gZebqbx dbkehjh^Z (jbk. 4, _),
Z ihke_ ojZg_gby fZl_jbZeZ KGMI \ l_q_gb_ 96 b 192 q dZjlbjh\Zgb_ \
oZjZdl_jbklbq_kdhf baemq_gbb dbkehjh^Z ihdZaZeh gZebqb_ djmiguo hdbke_gguo
qZklbp (jbk. 4, `-a).

FJK: hl ihjhrdZ ijh[u �2 g_ m^Zehkv ijh\_klb, lZd dZd \ khklZ\ de_ys_c
hkgh\u m]e_jh^gh]h ijh\h^ys_]h kdhlqZ \oh^bl dbkehjh^, bgl_gkb\ghklv

oZjZdl_jbklbq_kdh]h baemq_gby dhlhjh]h i_j_dju\Z_l bgl_gkb\ghklv baemq_gby
dbkehjh^Z, gZoh^ys_]hky gZ fbdjhjZaf_jguo qZklbpZo ihjhrdZ.

< oh^_ ih^]hlh\db ihjhrdZ ijh[u �3 ^ey FJK: ijhbahreh ihegh_

hdbke_gb_ gbljb^h\ mjZgZ b iemlhgby ^h bo ^bhdkb^h\ b hdlZhdkb^Z ljbmjZgZ.
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Jbk. 4. DZjlbjh\Zgb_ ih\_joghklb qZklbp ijh[u �1: Z – bkke_^m_fZy ih\_joghklv;

[ – oZjZdl_jbklbq_kdh_ baemq_gb_ Pu; \ – oZjZdl_jbklbq_kdh_ baemq_gb_ U;

] – oZjZdl_jbklbq_kdh_ baemq_gb_ N; ^ – oZjZdl_jbklbq_kdh_ baemq_gb_ O:  _ - ihke_ ojZg_gby

\ l_q_gb_ 24 q;` – 96 q.; ^ – 192 q
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FZkk-ki_dljhf_ljbq_kdbc ZgZeba. :gZebau ih hij_^_e_gbx fZkkh\hc ^heb
ZahlZ b dbkehjh^Z \ ijh[Zo ijh\h^beb gZ ZgZebaZlhj_ LECO [14], ih hij_^_e_gbx
kh^_j`Zgby mjZgZ b iemlhgby – gZ fZkk-ki_dljhf_lj_ «TRITON+». J_amevlZlu
ij_^klZ\e_gu \ lZ[e. 1 b 2.

LZ[ebpZ 1
J_amevlZlu bkke_^h\Zgbc fZkkh\hc ^heb ZahlZ b dbkehjh^Z \ ijh[Zo

Ijh^he`bl_evghklv

\u^_j`db ijh[u,
qZk

Ijh[Z �1
(KGMI-1), % fZk.

Ijh[Z �2
(KGMI-2), % fZk.

Ijh[Z �3
(KGMI-3), % fZk.

:ahl Dbkehjh^ :ahl Dbkehjh^ :ahl Dbkehjh^

0
2
6
24
48
96

5,6±0,6
5,5±0,6
5,5±0,6
5,4±0,6
5,4±0,6
5,3±0,6

0,03
0,04
0,05
0,06
0,07
0,09

5,6±0,6
5,6±0,6
5,5±0,6
5,4±0,6
5,3±0,6
4,8±0,5

0,03
0,11
0,17
0,30
0,37
0,37

0
0
-
-
-
0

13,9
13,8

-
-
-

14,0

LZ[ebpZ 2
J_amevlZlu bkke_^h\Zgbc fZkkh\hc ^heb mjZgZ b iemlhgby \ ijh[Zo

Ijh^he`bl_evghklv

\u^_j`db ijh[u,
qZk

Ijh[Z �1
(KGMI-1), % fZk.

Ijh[Z �2
(KGMI-2), % fZk.

Ijh[Z �3
(KGMI-3), % fZk.

MjZg Iemlhgbc MjZg Iemlhgbc MjZg Iemlhgbc

0
2
6
24
48
96

82,5
82,2
80,1
81,9
81,9
81,9

13,68
13,64
13,30
13,47
13,56
13,49

82,7
82,4
82,4
81,9
82,0
81,7

13,69
13,64
13,60
13,46
13,54
13,51

74,7 12,44

Ijbf_qZgb_. :[khexlgZy ih]j_rghklv ijb hij_^_e_gbb mjZgZ khklZ\ey_l (±0,7%),
Z iemlhgby ( ±0,16%).

Ba ^Zgguo, ijb\_^_gguo \ lZ[e. 1 b 2, ke_^m_l, qlh i_j\Zy ijh[Z (KGMI-1)
k jZaf_jZfb qZklbp 100-500 fdf ijZdlbq_kdb g_ hdbkey_lky, b aZ 96 qZkh\ kh^_j`Zgb_
dbkehjh^Z ^hklb]Z_l lhevdh agZq_gby 0,09%, l._. kh^_j`Zgb_ dbkehjh^Z gZoh^blky
\ ij_^_eZo ih]j_rghklb baf_j_gbc.

Ijh[Z �2, khklhysZy ba qZklbp f_g__ 10 fdf, gh bahebjh\ZggZy hl Zlfhkn_ju
\ha^moZ iZjZfb l_ljZoehjb^Z m]e_jh^Z, \gZqZe_ hdbkey_lky k [hevr_c kdhjhklvx b aZ
48 qZkh\ \uoh^bl gZ ieZlh. <b^bfh, \ i_j\hf b \lhjhf kemqZyo gZ ih\_joghklb qZklbp
h[jZam_lky mklhcqb\Zy ijhqgZy ie_gdZ ba ^bhdkb^h\ mjZgZ b iemlhgby, dhlhjZy
lhjfhabl ^Zevg_cr__ bo hdbke_gb_.
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Ijh[Z �3 fhf_glZevgh b iheghklvx hdbkebeZkv \ oh^_ ih^]hlh\db ihjhrdZ
d ZgZebam. QZklbpu KGMI ihjhrdZ jZaf_jZfb f_g__ 10 fdf, g_ aZsbs_ggu_
hl Zlfhkn_ju \ha^moZ, fhf_glZevgh hdbkeyxlky ^h ^bhdkb^h\ mjZgZ b iemlhgby,
Z lZd`_ U3O8.

J_amevlZlu ZgZebah\ ^hdZau\Zxl, qlh gZ ih\_joghklb qZklbp KGMI jZaf_jZfb
[he__ 100 fdf, Z lZd`_ qZklbp f_g__ 10 fdf, gh bahebjh\Zgguo hl Zlfhkn_ju \ha^moZ
iZjZfb l_ljZoehjb^Z m]e_jh^Z, h[jZam_lky mklhcqb\Zy ijhqgZy ie_gdZ ba ^bhdkb^h\
mjZgZ b iemlhgby, dhlhjZy lhjfhabl ^Zevg_cr__ bo hdbke_gb_. J_amevlZlu ZgZebah\
iheghklvx kh]eZkmxlky k ^Zggufb j_gl]_ghkljmdlmjguo bkke_^h\Zgbc.

J_amevlZlu bkke_^h\Zgby lbiZ kh_^bg_gby ijb bg]Zeypbb

Lbi kh_^bg_gby ijb bg]Zeypbb (hdkb^h\ beb KGMI) – oZjZdl_jbklbdZ

^bki_jkghc nZau jZ^bhZdlb\gh]h Zwjhahey \ deZkkbnbdZpbb ih kdhjhklb i_j_oh^Z
jZ^bhgmdeb^Z ba e_]dbo \ djh\v, mklZgh\e_gghc \ ^habf_ljbq_kdhc fh^_eb hj]Zgh\
^uoZgby FDJA [15]:
– lbi «F» (f_^e_ggh jZkl\hjbfu_ kh_^bg_gby): ijb jZkl\hj_gbb \ e_]dbo \_s_kl\,
hlg_k_gguo d wlhfm lbim, gZ[ex^Z_lky dhfihg_glZ Zdlb\ghklb jZ^bhgmdeb^Z,
ihklmiZxsZy \ djh\v kh kdhjhklvx 0,0001 kml-1;
– lbi «I» (kh_^bg_gby, jZkl\hjbfu_ k ijhf_`mlhqghc kdhjhklvx): ijb jZkl\hj_gbb
\ e_]dbo \_s_kl\, hlg_k_gguo d wlhfm lbim, hkgh\gZy Zdlb\ghklv jZ^bhgmdeb^Z
ihklmiZ_l \ djh\v kh kdhjhklvx 0,005 kml-1;
– lbi «;» ([ukljhjZkl\hjbfu_ kh_^bg_gby): ijb jZkl\hj_gbb \ e_]dbo \_s_kl\,
hlg_k_gguo d wlhfm lbim, hkgh\gZy Zdlb\ghklv jZ^bhgmdeb^Z ihklmiZ_l \ djh\v kh
kdhjhklvx 100 kml-1.

< jZ[hl_ [16] ijhp_kku Z[khj[pbb b f_oZgbq_kdh]h i_j_f_s_gby Zwjhahevguo
qZklbp jZkkfZljb\Zxlky jZa^_evgh. K mq_lhf wlh]h \hafh`gh ijbf_gblv kihkh[
khhlg_k_gby bkke_^m_fh]h \_s_kl\Z d h^ghfm ba lj_o lbih\ obfbq_kdh]h
kh_^bg_gby ijb bg]Zeypbb. >ey wlhc p_eb ^himklbfh bkihevah\Zgb_ mijhs_gghc
f_lh^bdb in vitro [17]. < wlhf kemqZ_ hp_gb\Z_lky kdhjhklv ^bZebaZ jZ^bhZdlb\guo
Zwjhahe_c \ fh^_evghc kj_^_. >Zgguc f_lh^ aZdexqZ_lky \ i_jbh^bq_kdhf
baf_j_gbb ^heb bkke_^m_fh]h \_s_kl\Z, i_j_r_^r_]h \ bfblZlhj e_]hqghc
`b^dhklb (BE@) q_j_a f_f[jZgm.

< oh^_ ZgZebaZ ijh[m k bkke_^m_fuf Zwjhahe_f (\uj_aZggZy ba nbevljZ
:N:-JKI-20 hdjm`ghklv ^bZf_ljhf ~20 ff) ihf_sZeb \ yq_cdm, h[jZah\Zggmx
^\mfy l_nehgh\ufb dhevpZfb b ^\mfy f_f[jZgZfb, ijhimkdZxsbfb lhevdh
h[t_dlu fhe_dmeyjguo jZaf_jh\. < ^Zgghc jZ[hl_ ijbf_gyeb f_f[jZggu_ nbevlju
<eZ^bihj fZjdb FN:K-F:-2 k ^bZf_ljhf ihj 0,25 fdf. >ZggZy yq_cdZ
ihf_sZ_lky \ BE@ (jZkl\hj Jbg]_jZ) h[t_fhf 100 fe.

>ey bfblZpbb l_fi_jZlmju q_eh\_q_kdh]h l_eZ (37 hK) klZdZgu k ^bZebagufb
yq_cdZfb mklZgZ\eb\Zeb \ debfZlbq_kdmx dZf_jm Binder KBF 115. >bgZfbdm i_j_oh^Z
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Jbk. 6. Dbg_lbdZ ^bZebaZ ijh[ Zwjhahe_c \ BE@ gZ mqZkld_ ijhba\h^kl\Z KGMI-lhieb\Z

LZ[ebpZ 3
OZjZdl_jbklbdb jZkl\hj_gby ijh[ jZ^bhZdlb\guo Zwjhahe_c gZ  wdki_jbf_glZevghf

mqZkld_ ijhba\h^kl\Z KGMI lhieb\Z

AhgZ >hey njZdpbc ih
jZkl\hjbfhklb

Kdhjhklb jZkl\hj_gby

; I F k1 k2 k3

Hi_j.ahgZ 9% 5% 86% 17,82 0,067 1,99·10-4

J_fahgZ 12% 12% 76% 11,12 0,058 7,43·10-5

Ba ^Zgguo, ijb\_^_gguo \ lZ[e. 3, \b^gh, qlh \ hi_jZlhjkdhc b j_fhglghc
ahgZo hiulgh]h mqZkldZ ij_h[eZ^Zxl f_^e_gghjZkl\hjbfu_ kh_^bg_gby hdkb^h\
mjZgZ b iemlhgby k \deZ^hf 76-86%. GZebqb_ [ukljhjZkl\hjbfuo kh_^bg_gbc
(9-12%) fh`_l [ulv h[mkeh\e_gh ijbkmlkl\b_f mevljZ^bki_jkghc njZdpbb

jZ^bhZdlb\guo Zwjhahe_c. =bklh]jZffu jZkij_^_e_gby Zdlb\ghklb jZ^bhgmdeb^h\ ih
Zwjh^bgZfbq_kdbf ^bZf_ljZf (:>) b iZjZf_lju wlh]h jZkij_^_e_gby – f_^bZgguc ih
Zdlb\ghklb Zwjh^bgZfbq_kdbc ^bZf_lj (:F:>) b klZg^Zjlgh_ ]_hf_ljbq_kdh_
hldehg_gb_ – \ jZagu_ ^gb m we_dljhi_qb kbgl_aZ b ki_dZgby (mqZklhd ijhba\h^kl\Z
KGMI-lhieb\Z) ij_^klZ\e_gu gZ jbk. 7.

Z) 29.09 – 4.10.2021 [) 4 – 5.10.2021

Jbk. 7. Ijbf_ju jZkij_^_e_gbc Zdlb\ghklb 239Pu ih :> Zwjhahevguo qZklbp \ jZagu_ ^gb

(:BI-2) m we_dljhi_qb kbgl_aZ (Z), ki_dZgby ([, mqZklhd ijhba\h^kl\Z KGMI-lhieb\Z)
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<u\h^u

1. >ey bkke_^h\Zgbc j_Zdpbhgguo k\hckl\ KGMI lhieb\Z \ \ha^mrghc kj_^_
[ueb ih^]hlh\e_gu:

– baf_evq_gguc \ klmid_ ihke_ hi_jZpbb dZj[hl_jfbq_kdh]h kbgl_aZ kf_rZgguc
gbljb^guc ihjhrhd (KGMI-1) k jZaf_jZfb qZklbp 100-500 fdf;

– baf_evq_gguc \ ZiiZjZl_ \boj_\h]h kehy (:<K-150) ihke_ hi_jZpbb
dZj[hl_jfbq_kdh]h kbgl_aZ kf_rZgguc gbljb^guc ihjhrhd (KGMI-2), ihf_s_gguc \
`b^dbc CCl4, b ihjhrhd KGMI-3 ([_a CCl4) k jZaf_jZfb qZklbp f_g__ 10 fdf. <u[hj
`b^dh]h CCl4 h[mkeh\e_g l_f, qlh iehlghklv _]h iZjh\ ijb bkiZj_gbb \ 5,5 jZaZ \ur_
iehlghklb \ha^moZ, qlh ij_^hl\jZsZ_l dhglZdl ijh[ ihjhrdh\ k \ha^mohf \ ijhp_kk_
ih^]hlh\db ijh[u.

2. < j_amevlZl_ j_gl]_ghkljmdlmjgh]h ZgZebaZ ihjhrdh\ ijh[ �1 b �2 gZ
j_gl]_gh]jZffZo hl bkoh^gh]h khklhygby b ojZg_gby \ l_q_gb_ 2-24 q gZ[ex^Zebkv
bgl_gkb\gu_ ^bnjZdpbhggu_ ibdb hl =PD j_r_ldb (U, Pu)N, hlf_q_gh gZebqb_
^bnjZdpbhgguo ibdh\ keZ[hc bgl_gkb\ghklb, khhl\_lkl\mxsbo ebgbyf UO2. GZ
j_gl]_gh]jZffZo ihke_ ojZg_gby \ l_q_gb_ 96 q bgl_gkb\ghklb ibdh\ UO2 \hajhkeb \
10 jZa. < oh^_ ih^]hlh\db ihjhrdZ ijh[u �3 ^ey JK: ijhbahreh bgl_gkb\gh_
hdbke_gb_ h[jZapZ; ijh^mdlZfb wlh]h ijhp_kkZ y\bebkv kf_kv ^bhdkb^h\ mjZgZ b
iemlhgby (U, Pu)O2, Z lZd`_ U3O8.

3. Fbdjhj_gl]_ghki_dljZevguc ZgZeba: j_amevlZlu dZjlbjh\Zgby ih\_joghklb
qZklbp ihjhrdZ ijh[u �1 hl bkoh^gh]h khklhygby b ojZg_gby \ l_q_gb_ 2-24 q
ihdZaZeb g_agZqbl_evgu_ baf_g_gby ih gZebqbx dbkehjh^Z, Z ihke_ ojZg_gby
fZl_jbZeZ \ l_q_gb_ 96 b 192 q ihdZaZeb gZebqb_ djmiguo hdbke_gguo qZklbp. FJK:
hl ihjhrdZ ijh[u �2 g_ m^Zehkv ijh\_klb, lZd dZd \ khklZ\ de_ys_c hkgh\u
m]e_jh^gh]h ijh\h^ys_]h kdhlqZ \oh^bl dbkehjh^, bgl_gkb\ghklv oZjZdl_jbklbq_kdh]h
baemq_gby dhlhjh]h i_j_dju\Z_l bgl_gkb\ghklv baemq_gby dbkehjh^Z, gZoh^ys_]hky gZ
fbdjhjZaf_jguo qZklbpZo ihjhrdZ. < oh^_ ih^]hlh\db ihjhrdZ ijh[u �3 ^ey FJK:
ijhbahreh _]h ihegh_ hdbke_gb_.

4. :gZebau ih hij_^_e_gbx fZkkh\hc ^heb ZahlZ b dbkehjh^Z \ ijh[Zo ijh\h^beb gZ
ZgZebaZlhj_ LECO, hij_^_e_gb_ kh^_j`Zgby mjZgZ b iemlhgby – gZ fZkk-ki_dljhf_lj_
«TRITON+». J_amevlZlu ZgZebah\ ihdZau\Zxl, qlh gZ ih\_joghklb qZklbp KGMI
jZaf_jZfb 100-500 fdf, Z lZd`_ qZklbp f_g__ 10 fdf, gh bahebjh\Zgguo hl Zlfhkn_ju
\ha^moZ iZjZfb CCl4, h[jZam_lky mklhcqb\Zy ijhqgZy ie_gdZ ba ^bhdkb^h\ mjZgZ b
iemlhgby, dhlhjZy lhjfhabl ^Zevg_cr__ hdbke_gb_ KGMI ihjhrdh\. QZklbpu KGMI
ihjhrdZ jZaf_jZfb f_g__ 10 fdf, g_ aZsbs_ggu_ hl Zlfhkn_ju \ha^moZ, fhf_glZevgh
hdbkeyxlky ^h ^bhdkb^h\ mjZgZ b iemlhgby, Z lZd`_ U3O8. J_amevlZlu ZgZebah\ ih
hij_^_e_gbx ZahlZ, dbkehjh^Z, mjZgZ b iemlhgby \ ijh[Zo KGMI-1, 2 b 3 iheghklvx
kh]eZkmxlky k ^Zggufb j_gl]_ghkljmdlmjguo bkke_^h\Zgbc wlbo \_s_kl\.
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5. Ih j_amevlZlZf bkke_^h\Zgbc lbiZ kh_^bg_gby ijb bg]Zeypbb jZ^bhZdlb\guo
Zwjhahe_c f_lh^hf ^bZebaZ \ jZkl\hj_ Jbg]_jZ hlghkbl_evgh_ kh^_j`Zgb_ \ kf_kb
obfbq_kdbo kh_^bg_gbc jZ^bhgmdeb^h\, ijbgZ^e_`Zsbo d lbim kh_^bg_gby

ijb bg]Zeypbb F (f_^e_gghjZkl\hjbfu_ kh_^bg_gby – hdkb^u f_lZeeh\), khklZ\beh
76-86%.

6. J_amevlZlu ijh\_^_gguo bkke_^h\Zgbc ihdZau\Zxl, qlh j_Zdpbhggu_ k\hckl\Z
l\_j^uo qZklbp gbljb^h\ mjZgZ, iemlhgby b bo kf_k_c aZ\bkyl hl fgh]bo nZdlhjh\:
jZaf_jh\ qZklbp; kj_^u, \ dhlhjhc gZoh^ylky qZklbpu; \eZ`ghklb Zlfhkn_ju;
obfbq_kdh]h khklZ\Z ijh^mdlh\ b fgh]bo ^jm]bo nZdlhjh\.
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