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AZdexq_.gb  jZ[hl_ bkke_~h\Zgh jZkij_"~_e _gb_ ijhkluc

_pbzZevgh]l]h \b”"Z b ihemqg_gh bo dhebqg_kl\ ggh hibkzZgb_ \ c
GZc’\_ngZIthq_dey aZ\bkbfhklv gbkeZz 1Zdbo ijhkluo b mklZg
hklZzlhggh]h qe_gZ khhi\_Ikl\mxsZy deZkkbqg_kdhfm mjh'
ZgZeblbg_kdhc | _hjbb gbk_e
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NZevg_cr__ jZa\blb_ b~ _c¢ k\lyaZgguo k ]bihl_ahc <XLPLQJ
&KDRKXD -LD Ijbf_g_gb_ f_Ih~Z Ijb]lhghf_Iljbg_kdbo kmff B
lh™~_kI\Zz 5 & 9DXJKDQ b f_Ih”h\ ]Zjfhgbq_kdh]h ZgZebaZz
gh\u_  hp_gdb b Ivmlkggbdimjm jZkij_~_ e _gby ijhkluo qgbl}
jZkkfZljb\Z _fhc g_ebg _cghc ihke_"~h\Zl _evghklb

lhemqg_ggu_ j_amevlZlu jZkrbjyxl kms_kl\mxsb_ ij_"kl
jZkij_"~ e _gbb ijhkluo gbk_e b fhlml kem blv hkgh\hc "e
bkke_ "h\Zgbc \ ZgZebhplgb kypke &
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HB> ;:FB >HJB L:K<BJG:FHBB :>:>B KH>: >:J G:FM>B F:OKMK

>Zj kheb Zglhfb hf@abrb gZazZjbyb bg”_dkb gZ\tb FZkeh\ [Z
=Zfbelhgb fzl_fZlbdb gqbgb <XLPLQJ /RQJ gmgbg JpahhbaZhkoihfgb A bdZ |’
bjjZlkbhgZeXa nhkbe&b[_hobj zrZ~b Z*Z*"£hb kh*"Z \mé6m~» NhjZHE db [Z gZ
txJT?Es db ~Zj hg~"Z~b [mIimg Zkl bnh*Z.gBf§lbZREZ gAjhl_fZlbdb qbghb
&KDRKXD -LD IZlengKkmi* < G Qm[Zjbdh\ fZktZezb fmjzZpdjhH Zjb ™M hpbahrl
Zr"ZN"Ehb kh”zZ db UEZ tgEMRIPESAlZk\bj dzjrz f_rZa\MZzg@¢Bhi Z"Z"b £Z™b™bb
bolbzjBa nhkbe&@bzkl nhjfmbezkbfilhlBdznlzZz rz\ZzZ»Zj bg dhjb i_rgb h rm~Zz
Zeeb fZktZzezZzb < G Qm[Zjbdh\ Zkl [Zjhb bolbzjb\Z*"Z"ZhB"bjjjZlIkibhgZelbid
fZojz Zr 9gZ hg 2zZ~Zj Z"Z"b omj™ "b"Z Zg]hfDB "EZKkimI’bZZgAIb Zb Zkhk6 Za mkr
fmhkbjb 1Z ebeb fZI_fZlbdypb\Zgg@2dZhdbb zZz~Z~ hb bklbnh”rZ rm~"ZZkl Za n
[Z hlmahjbb kmffzZ hb I[jblhghf_ljbb B F <bgh]jZz*h\ [h Z~Z"~ hb kh~"Z
1Zjfhgbd6 Zcgbylb J <hg \Z gZazZjbyb kmffzZ hb [jblhghf_Iljbb jZIlkbl
]bjbniZzrm~Z gzZ\ [m"Z ZhgbhigZblgZzjh 1Zzdfbe f_~b Zg® z mfmf6 f_dmgzZg”"

DZeb”M\h'Z H*"Z~b bolbzjbb, hpfriezb Zkbfilhdbd6éb kh&kmkffZb
Ijblhghf_1j6 nhjfmez f_Ih"Dbf bigIrgjBgBebab JZjfhgbd6

HQBKEPIJHKLUQJ?>KL:<BFUGKI?PB:EVGHEB>?

< ]Jh~m ijb bamq_gbb I_hjbb bg”~_dkh\ Ibiz FZkeh\Z 7~ey ]Zfbe
dblZckdbc fZIl_Ydihbrdy Long knhjjfmebjh\Ze ke_~hboxBmxamey ex[h]h
bjjZzpbhgZevgh]h lmbked j\Zré&Z kms_kI\m_| [_kdhg_qgh fgh]lh ijdgkluo gbk_e
ij_"klZ\bfuo \ AWNXJEtxT?Es]*Jp_eh_ gbMKlerh]bihl_am j_rbe dblZckdbc fZIl_fZz
Chaohualia Ijhn_kkhj < G Qm[Zjbdh\ ihklZ\be [he__ keh'gmx azZz”~Zgm "ey d
gbk_e ij_"klZ\bfuda L t\WbLExJT? ]*"M-ijhbalhevgh_ \_s_kI\_ggh_ gbkeh ba bgl_
r&dgZclb Zkbfilhlbg_kdmx Iphjkhzdm_ggZy jZ[hlZ y\ey_Ilky dbr_gbGf az*Zz
Qm[Zjbdh\Zz "ey ijhba\hevguo bjjZpihgzg¥gpbbgqdrekgeo gbk e k g_ hq.
fze_gvdbf agzf_g@b ethfdzazl_evkl\_ hkgh\gh]h j_amevlzlz ijbf_gyxlky
kh\j_f_ggu_ f_lh~u fZl_fZlbq_kdh]lh ZgZebazZ b ZgZebfiblh*kdipc gidhjbb c
Ijblhghf_ljbg_kdbo kmff k ijhklufb gbkezZfb B F <bgh]jz~h\Z f_Ilh”u ]Zjfhg
Ih"~_kIVh J <hgZ |_hjby jZpbhgZevguo Ijb]l]hghf_Iljbg_kdbo kmff <k_ i_j_ql
yleyxlky gh\ufb Hgb mlhqggyx!| beb h[h[sZX] kgtbs klamestZIu

Dexq_\u_ kehWbal\hevgh_ \_ s kI\_gagtkbfgltlhkey kdZy nijpfkieZ

gbéZ Ijblhghf_ljbg_kdZy kmffZ nhjfmeZzZ f_IhfultbglZ]jthihhdgkgh]h ZgZebaZz

ON THE NUMBER OF PRIMES REPRESENTABLE IN A SPECIAL FORM
In 2000, while studying the Masleype index theory for Hamiltonian systems, the Chinese
mathematician Yuiming Long formulated the following hypothesis: for any irrational nuinibethe interval
.1 &;there exist infinitely many prime numbersthat cannot be represented in the fotrh tJ E t X7 ?E
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swhere Jis an integer. This hypothesis was resolved by the Chinese mathematician ChadPnadie¥isor
V.N. Chubarikov posed a more complex problémfind an asymptotic formula for the number ofinp
numbers representable in the formL tJ E % J17?where 1 is an arbitrary real number in the interval
r& a8 KH SUHVHQW ZRUN LV D VROXWLRQ WR 91 &KXEDULMNRYTV SURI
rational numbers with not very small denominatbrgroving the main result, the following modern methods
of mathematical analysis and analytic numberRi¢\ DUH HPSOR\HG 9LQRJUDGRYfV PHW
WULJRQRPHWULF VXPV RYHU SULPHVY PHWKRGVY RI KDUPRQLF DQDO\V
trigonometric sums. All the mentioned results are new; they refine or generalize previagtyresults.

Keywords: arbitrary real number, asymptotic formula, prime numbers, trigonometric sum, formula,
methods of integration, method of harmonic analysis
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"i 517.9
M>HDMGBB KBKL?F:B FMH>BE: HB >BNN?J?GKB:EBB L:J:NB
JHKL:RHG =HEHFHJNS5 ;: <HKBL:B IJH?DLHJ HB O:LL5
Y®2%9(220»Y° § §
"Ya»AEHDYI _ogbdbb Lh bdbklhg [Z ghfb Zzdz”_fbd F K Hkl

Fm ZA"bfXbklbfZmh BelZ *bnn_j gkBZg¢bbDNZjk kzxh b
IJmghlmgb befb 1Z[@ZWDbgphk\Z jbzab \Zk_t bklbnhZ\Zgmjrz f_
DUbrb ZdbZj gZfm~rZgb ZfkWELZkilzdbibbhZ *bhDd nb &b dnigb”Z
[Z fmjzZzddZ[bb fmhr"beEZZ\BH42d®p[b hg f_h\ZjZAZjhlZd _t*"h" Db
9ZqZg~hg abz”b kbkMbkEbEY cjboDIldb bg z mghldmnbabdbjh
|Zk\bj f_dmgZe&rb ZdbnlZ rm~rZZg”

>Zj gZaZjbybefmbMbnn_j ®kpZellhj hb odbl 6" Zj xht

Imzgdzj_ : F Eyimgh\ G G ;h]lhex[h\ X : Fbljh\Zékdbc \Z -
rmArZZgMrlgZkhkbjh f [hazg” 1jh_dftz{hbxo&ijb [Z yxbrb
lhf fmlkEZ" f_dmgzZgxZeeAy ktZehwdb mkim\kileb xZ2g]hfb &btyb
xZeh \ZZkl gZfm~Zgb 1Zjlb[Bhkbflth hfEmeZ2rZ] fZkdhde BElR \Z
kbgl_ab brhjZzdmgbdbklibmfizrez [mjrZ f_rz\zZg”"

F_Ihr h \zZ f_Ih*hebhkdyb hlb fZadmj “hjhb o0Zjzdl_jb gzaz
ZfzZe®hrlZz [Z hf@abr \Z 1Z ebeb kbkl_fZb fmh”beZ hb “bnn_j_
jhklZrhg Jhehfhjn6 \Z m~h dzZj*Zgb Zeeb bg JmgzZ kbkl_f
ijh_dlhj hb ozZll6 jZz\hgZ dzZj*"Z rm”~ZZkl >Zj jZ\Zg”~b 1Z~ b hl
fZzl_fZlbd6 Za mfeZ mkmebZfmZcbkZpg@dg6gZarbddmghgbb 1Z
lZz~[b 1Zj*"b~rZZg”™ db "Zj fZ W4 [ZjmhiZ]mg

GZlb Z hb 1Z b hblZgb ijh_dlhj hb 0zZl16 [Zjhb m~Ahdmgb
kbkl_fZb fmh”~beZ hb "bniXgjgaBHhdbbblZjZnb jhklZrhg ZgZeblb«
lZ\jb \Zk_bmk?Z dzj*Z rm”~ZZkl db ~Zj fbkheb fmrZoozZk imjjz

Fm hdbfzjhg&ZIlb Zzb 1Z b hl bfdhgbyl f_~b zZ~ db [h Dbk
ijh_dlhj hb ozIl6 IZjlb[b fmh~beZ hb kbkl_fzZ izkl dzjrzZ f_rz\Zz
fmh~rbezZ hb kh”ZlZjbgb “bnn_j gkbZe% hdbjr"Zeebz¥ZktZeZjh
hkhglzj f_]Zj"hgz® Bggmgbg ~Zj m~hdmg6 \Z mkim\hjbb
A"bnn_j _gklZe6 gZ rb fm bfjh f_[h&kdrebdtdofazdk imjjzZ rZj
znlzzg”

ZiYaehkh[dmgb hb Ze]lhjblfé ~Zj kh Zb befm |_ogbdZz |
fmh”"beZ hb YbgkbZe6 [h dhwnnblkb_ gl hb “hbf6 Zeh ZfZg”bb
;Zjhb 1Zk"b b Zeeb fZktZzezZb fZzadmj kbkl_fZb fmh~bezZ hb ~bn
Aprz f_[Zjh_f

(1)
1 2®% t» - fzZljblkZb 1Zjlb[b , - AA» ¢ 1IY +va16.°Za¥ A
1Z cbjz[Zg"Z hb YR (A® TA2® °® - “uVe: NI

°3 AVLYaTP®¥% A®UYT @2 ANA ® »2
cN+u¥%¥% AAMBITIT BA%L('CARAREH %I ®@»28P Y% &Y

\Z ~Zj Zfbg kh Z rZjlb Ebirblkjh hg_t f_]Zjrhgz»
(2)

db ~Zj bg -Whbfbb Ebirblk f_[hrz»
hezl hb bfdhgiZabjb kbkh fZbjbrb 1Z b Zjhj f_~b _f

23



| et uY¥a AADYLIAIY °® TYaE®2 YaxkleRA_fZb
gZfm~b a_jbg f_]bjz~"

3)
>Zj bg fZ\jb” kbkl_fZb [h dhwnnbi®B: I By Mabis3» ¢ @I

2AYaA64S [@)ZZeeb fZljblkZ\bb - b (T¢A3°® 2BEZIDb
» Y% %Ya» 2@ EA2® °® E@ﬁ/ﬁﬁ\cﬂfhﬂ%ﬁm»?ﬁlﬁ

(4)
Vs »@URY2YaEAY CAYL2TIRT °® ER®%LAT (T ADKDE C®AY
f dmg f

()
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(")

>Zj Zlhjb |1Z cbjzFBg%ZbZ cbjz[Zg~"Zth\Za gZfm~Z "Zj gZlb Z
Zlhjb kdZeyjbb

-%Yhkbe gZfm~_f db Za gZa”~bdrzZ\bb hg gZa~bdrzZ\bb ZIlhjb
Zfbg 1Zjb®°®¢ ¢ AAT AY4%C°AL®Y °®ECALY

@%Y:eemmgrZf_glZebb fZIjblkZAbDT °A°VAAT®»®1TATY, T
°AY291®% Y%hkbe dmg _f

(8)
Zc™b. ¢Y%%°ABR T° Y%u»TiA °227 db nhjfmezZb Dhrbjh [Zjhb ~be
bfZzl hb Imgh]lmgb wdkihg_gkbze®@x|Zblohihd& fx _f
Zu ER%AYT ®°°®1® T¢ATAY2@ »®°A2® Ze&h Yom RKAKDJRE z[ _f
9)
>Zj gZlb Z [h gZaZj~hrlb gh[Zjh[Zjbb [Zjh[Zjb hb \Z
gZfm”b a_jbg f_]bjz~"

2. 5m~"hdmgbb kbXAVIZIB/@I?TAA3Y3»y T®PYae TA®YYa® A Vs
A®AA Z »A» Yo YVAIAABRKAT %%@%Yafm hdmgbb kbkl_fZb
fZ\jb”b bklbnh~Z Zjhj f_~b f NZja PRAYYIA: @8 ARYLAT T
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TA2® 2V, %% 93, AYi¥h ohkb °37Y, £®2 ,TbT®I hb ohkb
A YLARRY4ain2 @Y T» °®KkWLTZR 1Z\ZkkmlIb JmazZjbrb

(10)
® »®°A21

T ¢.@d%

Y °®%2@ °3E®°®2 Th20¥%°YAY® - "RA%TA(®T 26@®Y»®!?
¢AAAD fZIjblkZbjh \_dlhj hb ohkb fZIjbZkdb232] ®»2A® -2
03 Axn30 qeo3 Ay OU YYaYa3YulYaYa -1 "RA%TAL®Y
LAYV »ATAYR Y BA2@®»®Y T» °@ WK YT 9 2YaYa®»2
® C¢®%pu °3 A»3o 1 2AUMBLYA® AVUBLO®RAXLTA,®RR °Y% °®ELA®
TA2® Yi®»+®EYVa® IR VLR T®YYs ®¥®»2 SOAUTAL®T 1%
- YR TE AR Y RIIT 3 1 ®, TARATL AAA»PR° @ I1BFAAYTAL ®
- CAAAMI» VY @ ARPR T ® (TA®AY ¢AAAM Y°Y%»2®1
SRAYUTAL® - (AAAPDH Y Ys ®,ARAYAAEA UYL ANRR °® H® Y
»PAQI°@UA® %I ®»{BN ¢ T¢A3°®RI%Ys ® »®°A2T °@A%UJAL®T ¢
031,°®3¥®2

(11)

LT 20% Tw» °® - "®RAAYRbARHLUAY ®LEYs» ZA°YWAT®
T®%VYs ®Ya
O3TYEF®»2 Z+x®% °% HUYaiP® 2A °hAYI®

[Z Zg”"haZ h1® [mjbr"Z m~h gZfh_f hg ]h kbkl_fzZb
a_jkbkl _fZ hb Za Zf~b]Zj gh\h[ZKIZ 1Z kbf f_rz\z»

cN+uYaBa¥Vad AMJYs °® - 1 WARAIRT ARIVATUSYLT» Yik»3E
°3 A»®[26-13:
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| ®
®°» YRV ®¢Yel RPaAVE AVEAR®ABA2- @ °® zAuuURLITAS ®Y.

YVo¥u Vs MBY°®  Yag P8, A»30

T 2@0¥% TA%URF+t°RAWLUTAL® °® CA°Y,AG» ® °®
TR®¥%Ya ®¥%®»2 '®% °PARBRMA:@AAAMIR ®UBR M, E13035A
® %Y TRB A2 ¢ AT ®®2®2 ®%Ys GBAZRE 1335 KT YUT°Y»2®
CAAAR K TIAY] YY@CARBR2RAR®AYLTA,®TUAE®2 - ¢ AA AL
O TAYT %Y®MN2®2®% ¢ ARKMT°Y»2@@¥al, EL3035A]
® %Y TR A2, AT ®®2®2 ®@%Ys ®Ws AR ® A ¥ T AI®

°® AU A®» AAAM °® CAAAD - %Ya p®Y »®°A2® Y
»®U® Va2 VyHER[ brb foz[ f

(12
LT 2@% e CAARD ®RAAL®T °® A A Abb
"RANAYL®Y - %Y A®AL 1:12°¢62Y :a nhjfmeZb hkbe f_dmg _f

Zcr f_dmg_f db ~Zj fZljbltkkkbeb azj[b - kzlj hb ihzg6
[Z "beoh \_dlhj kmiIn{@ tkbnj [Zjh[Zj [m*Z iZk b
kmimg h dhf[bgZlkbyb oZllbb \_dlhj ib[hrZzg” :bgh[Z] bg "Z]

fZljblkZb gba kmlmg hyr Za kbnj h b[hjzl f_[hrZg” > @

Zfbg 1Z\j bk[hl dzZj*rZ f_rZAAZV \&dkmImg hb fZljblkZb
Zf Za kbnj h b[hjzlZg”® :a bg h hkbe f_dmg_f

(13

T 2@Y®AAYL®b [ehdbb 1Zjlb[b mfmfbbZIjblkZ hb°®

A3»® , ®EY4»°® T ®¥Ys ®¥ °3 VuA®e®AZ\] nhjfmeZb
m~rhdmgbb kbkl_fZb fmh”"beZ hb "bnjh_jZgkbZehhobe dzZjrZghb
|Z cbjz[Zg~Zb gZ\ bnh”*Z f _dmgzZ”~ GZlb Zb hkberm”Zjh [Zjhb
gNij_dlhjddlle bklbnhcZ f dmg_f

[ ;bJahj ijh_dlhj hb Zcjbkbnjbb - b fZIljblkZbrzjl hb
a_jbgjh hg_tf_]Zj*hgzg”"

®
'®% Zj yd ijh_dlhjbkmIimg hb o0Zllbb gh\h[ZkIZjh bglboh[ gZfm

fZ1jblkZb-b 1Zjlb[b- mfjh 1ZjIlb[ f_Ab _f Hg ]h [h gZaZj~hrlb ]m:
kbkl_fZb [Z kbkl_fzb d\Zab”"bzZ]hgZe6
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h\ZjrZ f_rz\Z~ dbkZ_fZ hb gh\h[ZkIZb 0ZI16 IB-Gbf f_rz\z»

\Z 1ZjIb[b fZljblkZ pd jzg]b ijh_dlhj h&djh[Zj f_[hrZzg® >Zj bg
hezl [Zjhb ~m ij_dlhj hb\BZIlbb gZfm~b b\Zab 1Z cbjz[Zg"Z

/\hJZg/\

LZ cbjz[Zg™"Z hb d@ gZjh [Z |1Z cbjz[Zg”"Z hb gZ\ b\Za f_dmc¢
dhhj*bgZlZ hb -b \_dlhjb-jh [Z kbnZIb |Z cbjz[Zg”"Z hb d@
dhhj*bgZlZ hb \Z - b \_dlhj hb - jh
|1Z cbjz[Zzg~Z hb gzZ\ bglboh[ f_dmg_f 1Zk "*Z® fzZIlj¥%lkZ hb
®»2Yih® °® ¢AAAd kbnjbjh ozl f_azg f db fm\hnb .

"RAXLTAL® °® hkbe rm~ZzZg”~ >Zj gZlb Z b\Zab ]Jmahjbrb 1Z
gZfm~b a_jbg f_]bjz~"
(14)
T 2@0% H»Zg ha@A%TAHP® °® T® ®»2Yu®Y MY ITAR ®
"® %®»+®AEYa» A7 AY [Zjh[Z] f_[hrZg"
:dgmg 1Z cbjz[Zg”~Z hb gZ\jh [Z \hkblZb 1Z cbjz[Zg”Z hb d@
>m 1ZjZnb [Zjh[Zipb [Z ijh_dlhj W azZj[ gZfm~"Z hkbe f_dmg_

T ® g ¥\ Zkkmlb 1Z cjz[Z§ZZ bmh~Z dZjrZ f_rZ\Zg"
:dgmg I1Zjab "b]Zjb bnh”"Zdmgbb I1Z bcjz[Zg”"Z hb gZ\jh 1Z\Zkkn
d@ gz "b~rz f_[Zjh_f db o_eh heb[b *"b 2zl kZIhrizh oZjbb bg
gh\h[ZKIZjasZd3 AY%IJATAY, »®°A2®@ °@AHRMRBAT T
- %Y. ARZYAB[ f_~b _f db jzg]lb fZljpdkZ4Ejh[Z]j [hrZz® Bggmghbg
NZj Zj yd kZljb fzZljblixyZlh yd we f _glb Zcjbkbnj6 fZ\ m” [hr.
jZ Zfb kmlmg h_ db bg we f gljh ~Zj[zj f_]lbjzZg" [Z2 ]z
bglboh[rm~Zb ijh_d[Zjilh[zZz] Zkl ;Z fhgZg™®AZIHA ¢ ® 1Y
A®RYAT T -jh Zfbg ImgZ bglboh[ f_dmg_f db jzg[d fZljblk.

[Zzjh[Z)] f_[hrz™ :a bg h fZljblkZ hb h\Zj*Zrm~Zjh bklbn
[Z\Zkkmlb [1Z cjz[Zg”"Z hb\ZgZ\ 1Z cbjz[Zg™"Z hb d@ gZjh bnh
fZ dmg _f

(15)
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LT 2@% fE3°3%Ab fZIjblkZ hB® °3A®°YWU»®»2 ®u PRhARY
[hrZg3-7-9]

SN¢ %l +® °YU TA®T Y%%bid oA2UB  Z efegbA 3 k®FA Y42 | Heb
Abnn_j_gkbzZebjh m~h dmg_*

Ze3AY2M1@T ARY%® A3%TAT, 1%Y A®RKLAY ™ °329

SAv.2(1®fkberm~Zjh Ze gZfm~Z Dbfzl hb ohkph fZIzhlkZb

'®¥% °®°%T2T %YVl PULLY. ARYAT_P32®3%YY T» AA» o117

~

| %49 % ¢ Ya»

- VY 24 At »@FE*® - jh bkh[ f_dmg_f

:cgZg Zfbg 1Z\] ~"Zj heZl\W f z[ _f

Zfbg 1Z\[PAY%TA,®%Ys + ApBBA® RY¥rYashkbe f_dmg f

cYYad AV, 2AI°%Yib @ ARPL z[ f

Vs »OURL2YAEAT AUKLCAIEBPARAIEFHYT, ° °® hkbe
f_ dmg_f
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e» x¥im\hnbA#B %A\ Zeeb kbkl _fZb fZadmj gZfm~b a_jbg f_]b

'®¥% »®ATfTm\hnA W %A hkbf dmg f

LT CTeA%°®Y 2Y2@ FEA2@ Yt h@ZYBRI Z["be f_"~b Z~7

. e T+u AV AYEBA» ¢TI °® -fZljblkZb I1Zjlb[b °3 YL4/AE®?2
A Y%YaYad ABLYL® -Db fZIljblkZb jh fZ\jbrb bklbnh”~Z Zjhj f_~b _f
db nZahbq_gZdZbjh [Z "m a_jnZaWw hb[h Zg~*haZ Y

[mjbr"Z m~h f_dmgzZg” >Zj bg fzZz\jb~ [h gZaZzZj~hrlb rZjl hb
Zeeb kbkl_fzb fmh”~beZ hb "bnn_j _gZebb gZfm”~b a_jbg

(16)
LT 2®% fi»
\Z

Zfbg 1Zjb e _ffzb zjbjzZkhgjh [_ bk[hl “hobe f_dmg_f
™MIO® e+ U2 Ys ¢ T¢A3°®T °HMBL2HTE _j gkbZebb ki_dljb fzZljbl
~Zj “hobeb ~hbjZbhc]bj [hrZz~ :]1Zj ~Zj khZZtob3 \A¥%¥

AA» ¢ TiT rZjlb
°®
[h gZaZj"bib®% YT %Y °® jh1Zj*Z» hg ]h Zeeb mfmfbb kbk
gZfm”b a_jbg f_]bjz~"
17

RZjl hb zZ\\ZeZjh [Zjhb kbkl_fzZb bklbnh”rz gzZfm~z Zeeb
gZfm~b a_jbg f_]bjz~"
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(18)

"AVaA AT AVa%CAI®AYs A®°®¢ ¢ AAT "3°Yi TA® 62QNATY3» ¢ 131
A®T¥%I1 ®»2®fikbe dZPAPgT» ®¢ A
®-29 '®¥% °®°%UYN2T°CA%UTA;®T ,®»TAYT »®°E| [,A° 2Y43%®2 'G

s A

1» Val@PAY22@ T P3%T» %Y °®@°%T2T T.ABAY2® °3 A»3o >
(19)

ST¢e %ty Zeemfmfbb fmh”beZb “"bnn_j _gkbZebjile[Zd"Zdhbgbrhg
0ZjZd!l_jbklbdbbjh Vhjz"

ZeS®OA%TAL®Y "Y%ATYY. A®IAY ™ ©329

Vs »OUO¥2Y4AEAYT AVu¥%°AI®] @Ih°RASZPA:; ®PR®°A2T u3%T»
03+ (¥ ®2

2+®% TYUE®2 Yis@3HMsT AA» ¢ THAD® _-chimjgdkbyb
~"Zj bgl_j\Zeb Zeeb fZ "m~bfm\hnb f_hy” db 1Z\Zkkml
nhjfmezZb »®°A2Y p3%9» q1+IF¥ ®2

. 5m~Ahdmgbb ki_dljZebb nmgdR&ay bZFjd ZleZ Hypdk Y-

"RA%UTA:;®T A®%UATAY® 2YU¥%%T°3 AY¥bd ohkb °®
bfZl hb ohkb f [hrZB®A%TA:L®T T%HT%LBYLYV2AYJA|L 03 Axnso
1 ¢AABjh \_dlhj hb ohkb |Zrdbe f_~b Zg” ;h gZaZj*hrll
[Zjh[Zjbb ® [Zjhb ijh_dlhj hb [Zjh[Zjbb a_jbgjh 1Zjlb]
f b _f

(20
:h gzZazZj~hrlb Zlhjb ~ZjZ Z]bb [Zjhb nmgdkbydhptgZeblbd

AZjz Z]lbb a_jbgjh 1ZjIb[ f_~b _f

db ~Zj “hobeb ~hbjzZzpza~bdrz\Zzg~Z [m~Z ZfZb bfzZl hb oh
-jh ~Zj[zZj f_]1bjz™ >Zj Zkhkb ohkbyl hb ijh_dlhj hb o
[h gZzazZj~hrlb nhjfmeZ hb \Z nmgdkbyb ZgZeblbd6 Za
a_jbg f_]bjz~
(21)
LT 2@% fi» - fZljblkZb Zg~hazZib [hrZ8®@AAEL®T »TuZfhg
Zg~hazb \_dlhj hb ohkb - b fZljblkZb\Z bfZl hb ohkb
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- jh ~hjz~ NhjfmeZjfh m~rhdmgbb ki_dljZebb nmgdkl
fZljblkZbf_ghfzg»
Fbkheb mAhdmgbb ki_dljZebb nmgdkby jhaffzljbikzb

f°®Ab ohkb °® - %Y ®u °@A%TAR®H: ¢ AAY °AY21®Y u3¥%

03] 730

LT 2®@% Y» ® 3 AVaR Y UFTHPACLAGIYain2

SOA%TA.®D "OA%TRIBH®, ( § %Y A®ATICs2]

SA°Y% AN nhjfmezb Z ijh_dlhj\Zb-jh 1ZjIb[ f_~b _f

c®%YAY T» %¥%hohABY¥D  Z [Z hkhg6 b jh f_]Zjrz»

>Zj gZlb Z nmgdkbyb ZgZeblbdbb gZfm”b a_jbg f_]bjZz

LT YU»¥mAhdmgbb ki_ AlAZePb®p "®AXLTAL®P®»2 Zp °T¢ Yl
Vi°@¥%2®EA2®@ @ELAC +®@%272 |1 WHACHIL@TI ZF AW #KZIjblkZb
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[Zjh[Z] f_[hrZ®% heZlb amkmk6 Z]Z]j Y%AE®2 Yi» htdbe
f dmg _f

OmehkZzZj fZ heZ ijh_dlhj ohkddllighb ZgZeblbdbb hg h gZ
hg h *"Z] 1Z ebeb kbkl_fZb fmh”beZ hb ~bnnj_gkbZe6 \Z m?"
kbkl_fZb fmh”~beZ hb “bnn_j_gkbZe6 1Z ebe ]Zj*b”*Z \Z bfdhgb:
[Zjhb m~h gZfm~Zgb nZah [Z a_jnZah hb bg\ZjbzZgl6 jZ\hg
GIZb Z hb 1Z b hl Z Zfbylb gZazZjby\6 “hrlz ~Zj 1Z b hl hb
gZaZjbyb fmh”beZ hb ~bnn_j gkbZe6 |Z ebeb nmgdkbhgZe6
fZI_fZIbd6 [Z 1Z\jb \Zk_t bklbnh”*Z [mj*Z f_rZ\Zg”® Bg gZlb Z |
Zgb 1Zjb fzktZeZ hb \h[ZkZb fitkbtkkeZ hb “bnn_j_gkbZe6 \Z |Z
hg h ~zZj fzktZeZ hb bef6 fmkhb”~ZIl f_gzZfhyg”"

FmZjjba ghfaz B%hgf
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M>HDMGBBBKL?F:B FMH>BE: HB >BNN?J?GKBLEBBBJHKL:RHG
=HEHFHJNS5 ;: <HKBL:B IJH?DLHJ HB O:LL5
*¥ Y3 AWB4 0ZI16 ~Zj gZaZjbyb kbkl_fZb fmh~beZ hb ~bnn_j gkbZe6

kbkl_fzb fmh~beZ hb ~bnn_j_gkbZe6 \Z nzZj 6 kbkl_fzZb-hBhBbeZ hb ~k
kbkl_fzb fmh”beZ hb "bnn_j_gkbZe6 [h dhwnnblkb_gl hb [|Ztobj kbkl
Abnn_j_gkbAhdBRIY Za iZzjzZf_Iljb omjr \Z ZcjZ gZ rb fm bfjh f_[haZg” db ~Z]
Fbljhihekdbc X : ;hl]Zex[h\ G G <Ze__\ D = Dmj[hgrh_\ K A \Z ~b]z
bklbnh~rZ rm~rzzg”® >Zj fZ hez fZtemfhlb fmrZoozZk ~Zj [hjZbhidmgdllnj hb oz
kbkl_fzb fmh”~beZ hb “bnn_j_gkbZebb 1Zjznb jhklZrhg ]hehfhjn6 1Z\Zkkmlb
nZahb [bkzjg_ggZdZb ozIl6 h\Zj~Z rm”~ZZkl Fh bylb bklbnh”Zb bg mkme Za
fZljblkzb ~Zj “hobeb ~hbjz [mhZ]lbjijh_dlhj hb 0Zll6 nZahb Zeeb mfmfbjt
a_jnZah hb bg\ZjbzZgl6 m”h gZfm~Z 1Z b b mkim\hj6 \Z Zelhjblfb bkh[d
o_eh mezZc f_khazg”" ZcN dzjrzg [hfz\jbr Zkl db bg mkme gZ 1Zg h [Z]
"bnn_j_gkbZebb jEkZAthg ]Jhehfhjn6 kzfzZjzghd [m”*Z [Zed6 ~Zj 1Z b b
fmh~rbeZ hb "bnn_j _gkbZebb \h[ZklZ Za izZjzf_ljb omje z kbkl_fzZb fmh”~be
brhjZzdmgbb hilbfze6 2zf I[Z~"[b b \Zk_t "hjzg”® >Zj bg fzZz\jb" ki_dljb fZljblk

NZj Zf\hjbb dhfie_dk6 hc]bj [m~Z [Zjhb IZ b b mkim\hjbb Zeeb fmh#"
Z b6 [_ gzZazZj*hrlb bkfb fZ\ mf [Z gZaZj ]bjbnlz f_rz\z~ ;Zt» Za m"h
fZadmj [Z \hkblZb ijh_dlhj hb ozIl6 kbkl_fz [Z "m kanpkktktzte brh havblé Zbh b
Za Zf~blzj gh\h[zklZ ~Zj a_jnZah hb o0zIll6 m~h ]Zj~b”Z 1Z b b mkim\hjbb
meZc f_]Zj*hgz~ db [h fbkhe hb fmrZoozZk imjjz rZj znlzzg"

"LV (%3 ANT °RAVMAUBA,®Y FEAZBIkZb d\ZabibZlhgZeb

fZljblkzb Dhrb \_dlhj hb ohk ijh_dlhj hb oZIllI6 nZahb 0zZll6 nZahb ghjfl
[ZgZo6
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SPLITTING A SYSTEM OF DIFFERENTIAL EQUATIONS WITH HOLOMORPHOUS
RIGHT -HAND SIDES USING LINEAR PROJECTORS
Linear projectors play an important role in the theory of systems of differential and difference

equations, the system of differential differential equations, the system of differemtiaiions with delay
coefficients and the system of differential equations depending on small parameters, which played an
important role in the study of works by Mitropolsky Yu.A., Bogolyubov N.N., Valeev K.G., Kurbonshoev
S.Z. and others are widely usedKH DUWLFOH SURYLGHY VSHFLILF LQIRUPDWLRQ D
isolate a system of holomorphic differential equations on the right side using linear projectors in a linear
multidimensional space separating this system by two independenstrbsy The essence of using this
method lies in the fact that the matrix spectrum located within the range, linear projectors share the common
resolution space with two invariant subspaces, which makes stability research and the subsystem calculation
algoiithm extremely convenient. It should be noted that this method is effective not only for holomorphic
systems of differential equations on the right side, but also for studying systems of differential equations
depending on the Hurl parameter or systemdifférential equations with optimal control. In this case, the
spectrum of the regulatory matrix is located in the complex plane, and to study the stability of the solution of
this equation, the true part is taken into account (without taking into acttewuithaginary part). After the
separation of this system using linear projectors, the system is divided into two subsystems of linear
differential equations, independent of each other, in linear subsystems, which allows us to study the stability
of the solition of these equations, which is fully explained by specific examples.

Keywords: matrix spectrum, quadratic matrix, quasagonal matrix, Cauchy matrix, eigenvectors,
linear projectors, linear space, normalized space, Banach space.
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H G?DHLHO KEMQ:YKH>?EVGH=H LJ?0OF?JGH=H

BGL?=J:EVGH=H MJ:.<G?GBY <HEVL?JJ: K =J:GBQGUFB
HKHUFB Y>J:FB DH=>: Q:KLV DHWNNBPB?GLH< MJ:<G?Gl

G? K<YA:GU
Omr\Zolah%z F
LZz""bdkdbc gZpbhgZevguc mgb\_jkbl _|I

1. <\_~ glBBamqg_gbx bgl_]jZevguo mjZ\g_gbc <hevlhjjz i_j\h
jh~rZ bo k\yab k ebg_cgufb h[udgh\_ggufb “bnn_j gpbZevguf
kbg]lmeyjgufb bgl_]jZevgufb mjzZ\g_gbyfb k y”~jZfb Dhrb b =t
fghl]hf_jguo kbg]lmeyjguo bgl_]jZevguo mjZ\g_gF ihk\ys_gu j.
< fhghl]jZnbb > @ jZkkfZljb\Zxlky kbg]meyjgu_ bgl_]jZevc
yNjZfb h[ez”"Zxsbfb hkh[_gghklyfb eh]zZjbnfbqg_kdh]h beb kI _
lZzd" _ jZaebqggufb khg_ |Zgbyfb keZ[uo b kbevguo hkh[_gghkl_c

HIf Ibf qglh bamg_gbx bgl_]jZevguo mysd\gadbrq b edyjZ
ZgZeblbq_kdbo nmgdpbc ihkl\ys _gu ba\_klgmkdhght)#ipbb>G B
N > =Zz&6@ZB G €.dmz >

JZ[hlu > mjzZz V2@ > = >"Zg]b[B@hbZ b mqg_gbdh\ ihk\ys ¢
bamg_gbx |_hjbb ~\mf_jguo bgl_]jZevgdiog_mpgh\g Zkiblc b
h[h[szgguo ZgZeblbqg_kdbo nmgdpbc lzd"_ ™whjggoo k
kbglmeyjguo bgl_]jZevguo mjZ\g_gbc oZBkdkle [DhklEgbkdh]h
kbglmeyjgh]lh bgl _JjZevgh]lh mjzZD&rigbly bkdexkgbl _evghf kemqZ
ithemqg_gbx mkeh\by hikdhj fbghc nhjfmeu ij_"klZ\e_gby j_r_g
ihk\ys gz jzZ[hlzZ : | Ke@Z18XZhbz G ; lezZsb@kdh\ys> gz
| hjbkbg]meyjguo bgl_]JjZevguo mjZ\g_ gb ce ] Ajlom[f bayg rkidlly F b
beb kl_i_ggh]h Ibiz 1Zd _ h*geXjufbgghkkbWhghi{bgghklyfb \
jZaebgguo khg_lZgbyo

lhemq_gbx y\guo j_ r _gbc "*\mf_jguo b g _dhlhjuo fg
bgl ]jZevguo mjzZ\g _gbc IbiZ <hevl_jjZ k nbdkbjh\Zggufb ]JjZghb
kbevdikkh[ufb ebgbyfb beb h[ezZklyfb Z-hEd[uflkkhyX&Zbh gz
i _j\hf @&»jzZgl_ihk\ys _gu 1ZIP13@> < jZ[HHAB@> jZkkfhlj_gu
fhr _evgu_ b g _fh” _evgu_ “\mf_jgu_ bgl _]JjZevgu_ mjZ\g _gby
hkh[ufb ebgbyfb gZ ihehk_

Ke ~m_| hif_Iblv qlh bamqg_gbx fh” _evguo I|j_of _jguo
mjzZ\g_gbc <hievl_jjz k ]jZgbqgufb hkh[4hfloh [uflbe Afle Zklyfb
lZzd" _ k ]jZgbggufb hkhfbkh [ ke ph kbrekigllufb y*jZfb ihk\ys_gu
JZ[h1d6:17;18;199 [~_ bamqgZxlky kemqZb dh]*"Z dhwnnbpb_glu m
f "~m kh[hc

< gZklhys ¢ jZ[hl_ inHgmljchhdhZzab_ j r_gbc ljeof_jgh
fh~r _evghlh bgl _]JjZevgh]h mjzZ\g _gby <hevl _jjZ k ]jZgbggufb h
keZ{lhkh[ufb y~j2fb\b~_ h[h[szggh]h klI_i_ggh]h jy~Zz dh]”z
dhwnnbpb gglhk\yaZgdm kh[hc

2.F _Ih~u bkke_~h\Z2gpZ[hl_ bkikEwan[sb_f Ih~u |_hjbb
"bnn_j _gpbZevguo b bgl_]jZevguo mjZ\g _gbc Z lzd _ f_
bgl_ljZevguo ij_"~klzZz\e_gbc Ijbf_gy_|ky f_Ih” j_r_gby bgl_]jZe
IbiZz<hevl_jkZnbdkbjh\Zgghc kbg]lmeyjghc Ihgdhc Djhf_ Ih]lh |
f Ihujzajz[hlZggu_ \ Ijm~Zo G JzZ~ Z[h\Z b E G JZ~ Z[h\hc

3. lhklZzgh\dZz az”~Zgb b hkgh\gu. Q_jpméhaagZ pblf
<TAAV& Q=0TO»ar Q>0UO0>&#0VO %= ImklkgL <Tds& Q=0
TO»& Q>0UO>4VL 7= Ps L <T&/& Q=0TO» & OVO %aJL >F
P, L<UAV& Q>0UO0>&O0VO2ZaTL»7 EEL<T& Q=0TO»a&JL >a/L
74 B L Ud Q>0UO>&TL =aVvL 74 EE L@ 0OVO%arL =aJL > <
hlezZzkkzkkfhljbf Ij _of _jgh_ bgl _]ljZevgh_ mjzZ\g_gb_
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Dexq_\u_ kehRZ evgh_ mjzZ\g_gb_ ljzof_jgh_ mjzZ\g_gb_ hkh[u_ y*jZ
kl _i_gghc jy~baliprevgZy nmgdpby fghlhh[jZzab_  h[s_]h j_r_gby g_
dhwnnbpb_glh\ Zkbfilhlbg_kdb_ mkeh\by

ON SOME CASES OF THE MODEL THREE-DIMENSIONAL INTEGRAL EQUATION OF
VOLTERRA WITH BOUNDARY SPECIAL KERNELS, WHEN SOME OF THE COEFFICIENTS
OF THE EQUATION A RE UNCONNECTED

This article provides a broad analysis of the problem of finding solutions to-dimemsional
Volterratype integral equations with special kernels. Cases are considered where some coefficients of the
threedimensional integral equationeanot related to each other. As a result, the variety of solutions to this
equation is presented in the form of a generalized power series. It is important to note that, depending on the
signs of the coefficients of the integral equation, the general@olot the threedimensional model Volterra
integral equation may include arbitrary functions. At the same time, a special case is defined in which the
solution of the threglimensional Volterra integral equation with special kernels is unique. Theses @sul
of theoretical and practical importance for the analysis of lir@ensional Volterra integral equations with
special kernels. In addition, a comprehensive analysis and a method for finding the solution of the equation
in the form of a generalizegower series allow for further study of the manifold of solutions of the three
dimensional integral equation in an infinite domain and the study of its asymptotic properties. Asymptotic
conditions are established for all arbitrary functions included iintiegral.

Keywords: model equation, thredimensional equation, special kernels, generalized power series,
arbitrary function, manifold of general solutions, independence of coefficients, asymptotic conditions.
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Fm zr"bfZaZjbyb fmh”beZ hb bgl_]JjZebb gZfm”~b <hel
rhozZ hb Zkhkbb fzZI_fzZlbdzZb fmhkbj [m”~Z VBjbbabab Yimgz276 |
Hf@abrb fmh”"beZ hb bgl_]jZebb k_q_gzZdzZ [Z [bkz] fzZktZeZ
h\zjrz f_jZkhgzZ~ Bg gZ\tb fmh”beZ hb bgl_]jZe6 ~Zj nbabdzZb
fZc"hg gZaZjby#h6wéHXkjib "bgzZfbdzZz f_ozZgbdz \zZ ~b]lzZj bkf hl
fZzl_fZlbd6 I1ZI[b b abz” ~hjzZzg” ;h ~b"Z [ZjhfZ"Zgb fmh”~be
<hel_jjZbgkb ydmf [h m™mBHhlZgZzZb kbff_1j6 [Z fZktZeZ hb nZ
gbk[Z] [Z Ibj kbff_Iljbb gZaZjbyb weXX| b fiZ Mg vk[hl dzj*rZ
rm~"ZZkl db fmh”~beZ hb yd bgkZb gmgbg gZfm~ ~Zj [Zta_
Ze hi2cjbg@e6 ~hrlZz [hrZg™ fZkZeZg fmh”"beZ hb "mqg_gZ
bgl_]jZebb gmgbg gZfm” f_I1Z\hgZg”tjgfRhyzZhbhakyd [@"Zjh
NZEZj 1bjzZzg™ Za Zfbg kZ[Z] fmh”beZ hb yd bgkZb gmgbg gZfm
Ze hb ozZllbb gh\h[ZklZjh ~hrlZ f_|1Z\hgZg”"

FZ kzZz™"b dhjb i_rgb h2nhm2gb Ze hb himdih{bezb fh”_ebb
bgl ]jZebb k _q_gZdZb gzZfm”~b <hel_ jjz diZ gbjfZlg1Z hyd _
kbff_1j6 f_[hrz"

=mahjbrb fZktbddahj kb gbfm~b a_jbgjh ~hrlZ [hrz*

Fm\hnb Zg brRSZ Rb

aHSbgSR \hjb~ f_gzfh_f
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>Zj khZbmh~rbeZb fh~_ebb k_q_gZdZb kbff_Ijbb gZfm~b e
f [Zjh_f

+ + = , (1)

Za bg h, , , , , -"Rbfb Rb bolbzjbb "h*Zrm~Z -
nmgdkbyb "h*Zrm~Z- nmgdkbyb ghfZtemf f_[hrZg”"
Zeeb fmh”bezZb bgl_]jZebb fh”_ebb k_q gz dzh kibghbjbb
nmgdkby hb mkl@ @ f_gzZfh_f ~d&is hklRhZz Rb fZok\kb
[Z kbnj fZce fHd\gDg”"

;b]\aRS ~"ZS f\R”beZb bgl_]jZebb k_¢) dRdvAmn KkiikifHIg b IR
[Dcgb Zf [Z gZfm”™Db Zeh zfzZg” [hrzg”"
>Zj fm\hnb ]\ \hjb” dZj*Zgb nmgdkbyb ghfZtemfb a_jbg
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fmhAbezb bgl_]jZebb(l) fih "gZ tZfm~b a_jbg f_gZ\bk_f

+ + =

©)

N"Zj bg h
12 NZj fmh”~beZb nmgdkbyb

nmgdkbyb fZtemf bkh[b”Z rzZ\Z”» hglh fZktZeZb znlZgb Zeeb
k_q_gZdZb bgl_]jZebb [Z Zeeb fmh”~beZb bgl_]jZebb "mq_

+ + = @

h\zjrz f _rz\z»
>Z) fmh”~beZb nmgdkbyd gihdidterhbbe f_dmg f

+ )
;R gDhaZS”Rrlb fmh”r"beZb gZf\*b aHSbgjh f_]bjz~"
+ , (6)

NZja f_dmg_f dbnmgdkbyb \Z Zg]hfb [h

jznlhjb Zkbfiblhibdbb
, , Zg]lhtb , @)

[Z kbnj fZce dmgzZ”?
Hglh *Zj PkhErefmh”~bezZb fhr _ebie)gidfngZ@zZj~hrlb 7Xjlb
NZj gZfm”~b a_jbg IZk\bj dzjrzZ f_rz\zZ"

= + - ) (8)
db ~Zj bg h -nmgdkbyb bolbzj&h kh Zb
;blmahj \Z nmgdkbyb \Z Zg]hfb [h jZnlhjb
Zkbfiblhlbdbb
: Zglhfb
[Z kbhZce dmgZX
Hglh Zeeb fmh”~beZb bgl_]jZebbhgzjmBhbnhjfmezZzb a_jbg "~h~"
f_rz\zn
= - )
Zfbdz\j*Z] Zk[tkb Zeeb fmhbgkdhZebb g@Bfmdb] heZlb
[mM~Z[h zjbb nhjfmeZb a_jbg ~h~Z f_rz\z"

= + - , (10
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Zeeb [Z

Za bg h -nmgdkbyb bolbzjbbfkhhzZB"
ANZKlI h\Zj~rZb NZj he_ “mjmkl Zkl dpZnkbgdkflzyecke dmgz” [h
jZnlhjb Zkbfiblhlbdbb a_jbg
= : Zglhfb (12)
:a fmh”~beZzZb [Zjf_hy” db rZjlb Zkbfiblhlbdbb NZj h
db nmgdkbyb \Z Zglhfb [h jZnlhjb Zkbfiblhlbdbb a_jbg
= , Zglhfb :
[Z kbnj fZce dmgz”
\Z rz\z~ [h jZnlhjb Zkbfiblhlbdbb a_jbg
= , Zglhfb :
;blmahj [hrz” \Zmgdkbyb NZj\Z 1b [h
jZnlhjBkbfilhIbdiba _jbg
= : Zglhfb :
[Z kbnj fZce dmgZzZ”
Hglh Zeeb fmh”beZb b)) [[WZepdbb nhjfmezZb a_jbg ~h~
f_rz\zn
= - (12
>Zj heZlb , bfZlb nmgdkbyb-jh Za [Zjh[Z]bb [Z
[Zjh[Zjbb ]JmahrlZz hkbe f_dmg_f
= + + -
[Zt

[Zjh[Zjbb hobjhg ]mahrlZz
hkbe f_dmg_f

(13

bfZlbznlZrm~Zhb - jh ~Zj
ydqzg”™ |Z["be™b 6 fmh”~beZb a_jbgjh

>Zj fmh”~bezZb nmgdkbyb ghfZtemfb a_:jbgjh “hobe f_dr
: (14)
NZj gZfm”~b a_jbg

h bklbnh~rZ Za fmh bezZb
(15)

1Zk\bj f_]Zj~z~ db ~Zj bg h
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Zfbg 1Z\] Zeeb fmh”bezZb bgl_]jZejhb gZfnzdeb Zlhjb a_jbg
f @, f
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NZj bg h nmgdkbyb ghfZtendb”Z| khrz”
ZfgmgbwgzZja f _dmg_f db nmgdkbpb [Z Zlhjb gZa”bdrzZ\Zg"Z|
gZfm”~b a_jbg iZ g dZj~*Zg fmfdbg ZKkl

17)
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f z[z"

+ . (18)

bfZlbnmgdkby hb \Z - jh Za nhjfmeZ hb \Z [

[Zjh[Zjbb ]Imahrlz [zt Za ydqZg”™ |Z["be”b 6 fmh”beZb a_
f_dmg_f

- = + (19)
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= + + -
+ , (20)

NZj bg h -nmgdkbyb bolbzjbb.gm IZb
>Zj Zkhkb gZaZjbyb mfmfbb fmh”~beZ hb bgl _]jZebb kbff
"mq_gZdZ \Z k_q_gZdZz Zeeb [Zjh[Z]jbDb NZj hg heZl fz
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b jh ]Zj~z~ Bg rzjl ~Zj gZ\[ZIb om” [Z [Zjh[Zjbb a_jbg
f [hrz~r
+
:Zjhb gZa”bdrzZ\bb bgl_]jZe hb 1ZjZnb qZib [Zjh[Zjbb azjr
= =0 b jh ]zjrz"

>Zj Zkhkb b jh rm~Zgb rZjl hb 1Zez[ dZj*Zrm~Z [Zjh[Zjbb
f 1bjz~

= + - +

:1Z) bfZlb -jh Za [Zjh[Z]jbb [Z nhjfmeZDb ]Jmahj_f hg
fmh~rbezZbxtjh hkbe f_dmg_f
| Zk Za ]Jmahrizghb bfZlb znlZrm~Zb [Z fmh”~beZb

1Zk\bjb bgl_]jZebb a_jbgjh hkbe f_dmg_f

+ . _ (22)

NhjfmezZb ~Zj heZl_ hc “hjz» db nmgdkbyYB Zg]hfb
[h jZnlZjkbfhlhlbdb
= : Zglhfb :

[Z kbnj fdoegZX
>Zj Zkhkb > @ ZgmZ g Zeeb fmh”beZb bgl_]jZebb

nhjfmeZzZb znlz f_rz\z™ 1Zk "mjmkiBp hedmehx "hjz~ db
\Zz ~"Zj\Z Ib [h jZnlhjb Zkbfiblhlbdbb a_jbg
: Zglhfb : 22 [z

kbnj fZce dmgz~”
NhjfmezZb Zkbfibl@2podZh hezl_ hc ~hjz» db NZj\Z |b

[h jZnlhj hb Zkbfiblhlbdbb a_jbg

: Zglhfb 23)

= , Zglhfb
[Z kbnj fZce dmgzg”
ZfbglZjb bnh~Zb - jh Za [Zjh[Zjbb lZnahrlz Zeeb
fmh~bezZbjh hkbe f_dmg_f

(24)

Za bg h
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nmgdkbyb bolbzjbb |I_ Zb

Zfbdz\j fm hdbfzZjhgbb a_jbg hc ~hjz~*

L_hj_ta. ;blmahj ~Zj fmh”bezZb bgl_]jZgbh Za§&fff_|fjbHb
[Zcgb £Zf [Z gZfm”Db

, Zeh™zZizg” [hrZg"™ \Z , . Nmgdkbyb
[hrZANZ hg IZ\kkmlb nhjfmeZb bnh~rz z[z™ db ~Zj bg 6h
NZjp\Z™IDb [h jZnlhjb Zkbfiblhlbdbb
: : : £Zglhfb :

[Z kbnj fZce.dmgz”
Hglhf £Zeeb fmh”bezZb bgl_J]jZebBjkiddelgbe jbg IZk\bj f_JZjrZ"’

\Z £Zeeb mifmfbb hg [h zjbb nhjfmeZb Nhnhz o forz\zZn db
nmgdkbyb bolbzjbb | _«Zb f [hrz™ eZcj Za bg
rZz\z”~ [h jZnlhjb Zkbfib(B3bdbb
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ebgb_c kbff_Iljbggh_ hlighkbl _evgh K_j fAZQHHRZO jbZeu F_""mgZjh~ghc
gZmegighdlbg_kdhc dhgn3Wibgbbfheh]lbq_kdb_ tihgh\Zgbyh]h h[jZah\Zgby
ZdimZevgu_ \hijhku ijh”\b" _gby hhgagZgd¥evgnqg_ [guc<hjihmg_Kkdbc
]Jhkm~ZjklI\_gguc mgb\_jkbl _I- ;hjb-kk]e-36kd

13.2®2°® Y°H[ h~rghf "\mof_jghf bgl_ljZevghf mjZ\g_gbb \heghcjjh\kdh]h
liZgbgghc b h~ghc \gmlj _gg_c¢c kbglm@yjgh¢t 2bgbyKb; AZjdh\jbZeu
g Rdheu fheh”uo mq_guo JhkkbckdhktkKby jZpkdhedZ[j3013- K 5255

14.+®¥% 1% Y. YASY, ¥Mgh]lh deZkkZ “\mf_jgh]lh kbff_ljbggh]h bgl_]jZevgh]t
<hevl_jh\kdh]h IbiZz k h~ghc ]jZgbgghc b h~rghc \gmlj_gg_c kbg]meyjghc eb
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deZkkz g_fh”_evguo bgl_ljZzevguo mjzZ\g_gbc IbizZ <hevl_jjZ k \gmlj_ggbfb |
JzZ~"Z[h\Z < _klgbd LZA" " bdkdh]h GZpbhgZevgh]h Mgb\gdkbd bnkrZdbly kil _k
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<HEL?JJ: ;H KH : HBEGKMKB KBFF?LJ5

>7j fZ hezZz yd kbgnb gzZ\b fmh”~beZ hb bgl_J]jZebb fh"_ebb k_q_gZdZb
gbk[Zl [Z yd_ Za |Z chjz[Zzg”ZyhjkbiHDb_hé *Bjhb kh Zb kbg]lmeyjbb Zc~rdzj"
kzj z"6 \Z kh Zb kbglmeyjbb “~hobe6rm hzkighhhi@adzk_q_gZdZb bgl_]jZe
gZ\tb <hevl_jjZz [h y*jh hb kbg]lmeyj6 ~Zj hezZl h_ hf@olz f_rz\z~» db ~Z
fZ\ m~zZg~ <h[zZklZ [Z ZehfZl hb nmgdkby hb ~Zj y~jh fZ\ m~[m~Z 1Zk\b
IZ\ZkkmIb k_ nmgdkbyb bolkdjpdrz"mMzI1Z2dkl h\zjrzZ f_rz\z» NZj kmijzl

dhwnnbpb_gl hb fmhAbez \h[ZklZ [Z ZehfZlb iZjZZ_IgZWb]Zj Zeh Zfzg~"

[hrzg”™ iZk 1Zk\bjb Imgh]lmgbb Zee h [h zjlbth AmglZkbpjapZgdb iy ~Zkl h\Zj"
f_rz\z~ ;Zjhb gZa”bdrZ\bb bgl_]jZe h rZjl hb Zkbfilhlbd6 gba 1ZeZ[ dZj*Z
fZ\jb™ h Zeeb ylhgZz hkbe dzZj*"Z rm”~ZZkl db bg Za fmghkb[ZIlb [Zcgb dt
\N[ZkIZ]b "hYZ® ABEIRfZ| MhEAATA;T®AROA° YA Y21 ® °3ARPARD2
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AA» (WiTMAAT % @%@ % 1% ®ZcMZjrZg [Z fZ\jbr ZkIdHWjb fZadmj fmh~rbeZb
bgl ]jZzebb k_g_dgZdzZb kbff_Iljbb gzZfm”b <hel_jjZ [h kh Z hb fZokmk *.
dhwnnblkb_gl hb fmh”beZ gh\h[ZklZ \Z bkfb *"b]ZjZr \h[ZklZ [m~"Zg hf@olZ
fmzZcygb iZjzf _Ij h Zeeb hrdhjb fmh”bezZb fZadmj hkbe dZj*Z rm~"ZZkl >
[mMmr"Zgb bkf_Za dhwnnblkb_ gl hb fmh”beZ Ze [Z g@df@bbrZithjipl6mimlifbdZ]
rm~"ZZkl hj fZ h Za j@cb gZlb Z hb [ZzrZklhfzZz*"Z fmjzZIIZ[ dZj*"Z rm~ZZg"

"®192°Y,  ®Kk#Hh~beZ hb bgl_J]jZebbfmégbeZdizb bgl_]jZebb "mq_gZdZ fmh
bgl_]jZzebb k_q_gZdZ kh Z hb kbg]lmeyj6 fmh”beZb kbfEZjljBb fmh~beZ
Zkbfilhlbd6

DL?HJBB H>GH=H DERKK=?B/GHLJ?0OF?JGH=H KBFF?LJBQGH=H
BGL?=J:EVGH=H MJ:<GEGBBYG=MEYJGHC H;E:KLVX

Bamqgg\uc dezZzkk fh~_evguo ljzof_jguo bgl_]jZevguo mjdbdZgbc \hevl
kbff_ljbgguc ih h~rghfm ba i_j_f gguo o y~jh dhlhjh]lh bf__| ]jZgbggm>
nbdkbjh\Zggmx kbglmeyjgmx h[eZklvx Bamgqg_gh lj_of_jgh_ bgl_J]jZevgh_ m]j
k nbdkbjh\Zggufb kbg]lmeyjgufb y*jzZfb nnkedpdliylom &kybz \ y*jZo <
aZ\bkbfhklb hl agZdh\ agZq_gby nmgdpbc ijbkmlkl\mxsbo \ y*jZo ihe
fghlhh[jZzaby j r_gbc qg_j_a Ijb ijhba\hevgu_ nmgdpbb ~\mo i_j f gguc

dhwnnbpb_glu mjzZ\g_gby k\yazZgu f_""m kh[hc LzZazZiblkbfhklb hl, agzdz

ihemq_gh ij_"~klzZz\e_gb_ fgh]hh[jZaby j_r_gbc g_j_a ijhba\hevgé&fnmgdpbb
EAv/ey koh~bfhiglb]jZevghlh ij_ "kIZXS _AbA¢l ®¢ T°%AYUATAZ: 14 Agtvc°ic
g _dhlhjuo kemqgZyo j_r_gb_gZc” _gho \Zyg\mgkf jhleAy_ b]jZz_ | klyav f_""m
dhwnnbpb_glZfb mjzZigaghgkbfhklb hl khhlghr_gby dhwnnbpb_glh\ h[s__
mjzZ\g_gby fh | \dexqZlv g_kdhevdh idpbeihéZggbcnpgdhl_ bkke_ ~m_Iky
kbff_ljbggh_ Ij_m]hevgh_ bgl_]jZevgh_ mjzZ\g_gb_ IbiZ <hevl_jju kh ki_p
kemqgz_ dh]*Z g_dhlhju_ dhwnnbpb_glu mjzZ\g_gby g_aZ\bklkfju Z g_d
hij_~_e_gghlh agzdz izjzf_Iljh\ [ueh jhengdp_gwipiohmjz\g_gby < kemqgzZ_
g_dhlhju_ dhwnnbpb_glu mjzZ\g_gby g_aZ\bkbfu j_r_gb_ [ueh gZc”_gh
Kl _i_gghlh j@ Zi¢»%°3 %YUtAAS»»EA %3uALEA®AY,® AVi%CALT%ATA:T A3Y4¥30

Dexq_\u_ keHtgth jgu bgl_JjZevgu_ mj2\gnfghgu_bgl_]jZevgu_ , mjZ\g_gb)
ljzof_jgh_ bgl_]jZevgh_, kjglomeybaleyZkikbff_ ljbggh_ mjZ\ih"gevgh _
mjzZ\g_gbkpfilhlbg_kdb_.mkeh\by

ABOUT ONE CLASS OF SIMMETRICAL THREE DIMENSIONAL MODEL VOLTERRA TYPE
INTEGRAL EQUATION SINGULAR DOMAINS

In this work, we investigation oneew class of model thredimensional Volterrdaype integral
equations, symmetric with respect to one of the variables x, whose kernel has a boundary and dixéaterior
singular region, is studied. A threlimensional Volterrdype integral equation with fixed singular kernels is
studied in cases where functions are present in the keBetending on the signs of the valugfsthe
functions present in the kerseh representation of the variety of solutions is obtained through three arbitrary
functions of two variablesin the case where the coefficients of the equation are related to each other

depending on the sign of the parameters , a representation of the variety of solutions is obtained

through arbitrary functions of two variableBhe study of the model equation is particularly important.
Convergence of the integral representation reqasgmptotic conditions. In some cases, the solution is found
explicitly and the relationship between the coefficients of the equation plays an importantTiwde.
relationship between the equation’s coefficients plays a keymdles paper, we study a symmetric triangular
integral equation of Volterra type with special fields in the case where some coefficients of the equation are
independent and some ampéndent-or a certain sign of the parameters, an explicit solution to this equation
was obtained. In the case where some of the equation's coefficients are independent, the solution was found
in the form of a generalized power series.
Theorems are forntated based on the results obtained.

Keywords: Onedimensional integral equationgwo-dimensional integral equations, three
dimensional integral equatipsingular domainsymmetric equation, model equatj@symptotic conditions.
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M>D
DHFIVXL?JGU? F?LH>U MIJ:<E?GBY B :<LHF:LBA:PBB
KBKL?F K I?J?DEXQ?GB?F
DZjbfah”zZ F F
LZ""bdkdbc gZpbhgZevguc mgb\_jkbl _|I

<\_"N gbKh\j f ggu_ kbENK§ZIbg_kdh]lh mijZ\e_gby \h fgt
ijbdeZ”~guo azZ"ZqZo oZjzZdl_jbamxlky gZebqgb_f ihjh]l]h\uo wnn
b j_"bfh\ gZkus_gby qglh ijb\h”*bl d baf_g_gbx kljmdImju
\ha”_ckl\by \ azZ\bkbfhklb hl |I_dms_]h khklhygby kbkl_fu IF
hlghkylky d deZkkm kbkl_f k i _j_dexqg_gb_f b rbjhdh ijbf_gyxlk
jh[hlhl_ogbd_ f_oZljhgbd_ [bheh]bb b wdhghfbqg_kdhc "bgZzZfb

K fzl _fzZzlbq_kdhc lhqgdb aj_gby IZdb_ h[t_dlu mijZ\e_gb
g_lezZ~dbfb beb-Ha¥kddbdgh *bgzfbq hkdeffd kj_~b dhlhjuo \Z gh
f _klh aZgbfzZx| delkghgogu  ~“bnn_j gpbZevgu_ mjzZ\g _gby \lhjh]l
ebgb_c i_j_dexq_gby 'gZeba "bgZfbdb ih~h[guo kbklI_f
agZgbl_evgu_ IjmiagbkdZetbagby jZajulh\ ijZ\hc qZklb b g_hJol
dhjj_digh hibkzZgby ih\_~ gby IjZ _dlhjbc gZ ]jZgbp_ i_j _dexqg_¢

< | _hjbb mijzZ\e _gby hkh[uc bgl_j_k ij_"~klzZ\eyxl azZ~Zqb
azZzfdgmluo kbkl_f \hagbdgh\_gby Z\lhdhe_ [Z| _evguo | _"b
iZjZf _ljh\ j_Jmeylhjh\ J r _gb_ wlbo azZ”Zq Y§yZwmkedkpyo i_
kljmdImju Ij _[m_I| ijbf_g_gby dhfivxl_jguo f_Ih*h\ b Kki_pbZ
ijhljzffguo kj_"kI\ h[_ki_gb\Zxsbo Z\IhfZlbaZpbx ZgZebazZ b i

GZklhyszy jzZ[hlZ ihk\ys gZ jZajzZ[hld_ b bkke_ "h\Zgbx
f_Ih~ "h\ mijz\e_ghwfZlIbazZpbb kbkl_f k i_j dexqg_gb_f hkgh\.
gbke_gghf fh~r_ebjh\Zgbb b nZah\hf-edgZ elpauo d'bghdflgd_kdbo
fh" _e_c

Fzl fzlbqg_kdzy fh~_ev kbkl_fu mijzZ\e_gby k i_j_dex
JZKkkfhljbf "bgZfbg_kdmx kbkl_ fm hibku\bdmxgufdmkhe
"bm_j gpbZevguf mjzZ\g_gb_f \lhjh]h ihjy~rdZz

UE Ccua; L, (1)
]/\
=UE >»:UF 2;aDU; Pra )
=UE >:UF %;4 DUAS; Ora

a® _bwaS, L LE:USF N, NP4 NMr b=a>a%*\_s_kl\ _ggu_ §bkeZ
s& a

Nmgdp6ya);, bf | jZaebqguc ZgZeblbg_kdbc \b” \ azZ\bk
iheh” _gby nZah\hc 1Ilhqgdb hlghkbl_evgh ebgbb i_j _dexqg_gt
azZ”r"zZ\zZ _fzZy mjz\yuygbL® hij_~ ey | ]jZgbpm i_j dexqg_gby &
mijZ\e_gby b | _f kZfuf jZa”™_ey_ | nZah\h_ ijihkkjZg&ée\hqglEch[e
kljmdImjhc mijZ\eyxs_]h \ha”_ckl\by Gz ~zZgdhé@S,ebgbb n
j_ZebamxsZy h[jZlgmx k\yav \ azZfdgmlhc kbkl_f_ \ h[s_f ke
jZaju\ qglh ijb\h~bl d baf_g_gbx “bgZfbqg_kdh]lh j_"bfzZz >bn
mjZ\g_gb_ \b”AZ Ihjhf\ mhhgd@hgS; hij ~ ey Iky khhighr_gb f
hilghkblky d &keBkkobebkde _ggbon_j gpbZevguo mjZ\g_gbc >
fh™ | jzkkfzljb\zZIvky dzd fh”~_ev kbkl_fu ZzZ\IhfZlbg_kdh]h
i j_f gghc kljmdImjhc DZd hif_gzZz @kymya[hgZdez~db_ fh”~_eb
_klI_kI\_ggh \hagbdzZxl| ijb ZgZeba_ |j e _cguo j Jmeylhjh\ Kkbkl
Ajm]bo i_j_dexqgZxsboky kbkl_f mijZ\e_gby

>7ZggZy fh” _ev fh™ | [ulv bgl_jij_Ibjh\ZgzZz \' | _jfbgZo |_hjb
dzZzd azfdgmlzZy kbkl_fz zZ\IhfZkebqbkdhlhjmhjahjy*dZ ]~_ nmgd

cuas; L\
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CUS; j Zebam_| azdhg h[jZlghc k\yab |_j dexq_gb_ kljmdl
hkms_kl\ey |ky ZzZ\IhfZlbq_kdb ijb i_j_k_qgq_gbb nzZah\hc IjzZ_
DUAS; L.

| j_oh” d kbkl_f_i_j\h]h ihjyrdzZ \ ijhkljZ¢lkaNhekhlklhyg]l
ij_~klzZ\blv fh"_ev \ \b"_

TL Tgé

HELFCEéEﬂ. (3)
| BLLUT LU Ljz dlhjbb kbkl_fu \ hselz kly o
<T5éT6,é.DT5é.T6,P r=»nb )6'— <T5éT6;éD:T5éT6;Or: hlJ_A_eyXIl(y
j_r_gbyfb ebg_cguo kbkl_f
\~TQLT’5€51 TV

TLFsTgF>x:Ts F %,
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kKhhi\_IkI\_ggh GZ ebgbbTkdp\Egbwyh\_"~_gb_ 1jZ_dlhjbb kbkl_fu

hij_~_ ey |ky ijZ\behf i_j_dexq_gby b aZ\bkbl hl *"bgzZfbdb
ebg cguo ih~kbkl f hibku\Zxsbo j_ "bfu mijZ\e_gby ih jZa
liZgbpu > @

Lzdh_ ij_"~klz\e_gb_ y\ey Iky klzg~Zjlguf \ |_hjbb 2z\I
mijZ\e_gby b ihalhey_| ijbf_gylv f_Ih~u nZah\h]h ZgZebaz
fh~_ebjh\Zgby > @

:gZeba j_"bfh\ mijZz\e_gby b mkikbgZ¥bldd kbkl_fu
mijZ\e_gby kms_kI\_ggh hij_~ ey Iky ih\_~ gb_f 1jZ _dlhjbc
i_j_dexq_glay\kkbfhklb hl izjzf_Ijh\ fh~_eb \hafh 'gu jZaebqgu_
hlkmlkl\b_ dhglzZzdlZ 1jZz_dlhjbc k ebgb_c i_j _dexq_gby dZkZg
liZgbpu qlh khhI\_IklI\m_I baf_g_gbx kljmdImju mijZ\eyxs_]h \

Hkh[h_ agzZq_gb_ bf_ x| Ihgdb ddagliZzdl&dlhpfZahkuebgb c
i_j_dexq_gby 1Zd dzZd bf_ggh \ wlbo lhgdZo ijhbkoh”bl kf_gZ
:gZeba IZdbo |hg_d iha\hey | mklZgh\blv mkeh\by mklhcqgb\
kbkl_fu 2z 1Zzd _ hij_~_eblv o0zZjzdl_j nZah\uo 1jZ_dlhjbc \ jZs
nZahlh ijhkljZgkl0Z >

<gZqZe_ ijh\_"zf ZgZeba ih\_~ gby nZah\uo |jZ_dlhjbc "bi
mjZ\g_gby ke _"mxs_]h \b"Z

TE=T"E>TF? Lréa X
Bf f )
TLTa
\@LFf@FzEan (7)

highkbl _evgh azZ*"ZgdhgdghgbBBETSF N A~ _dlwnnbpb=gbu
m~Ah\e I\hjyxl mkeRWx
ImkIvis:Ralg:P;+j r_gb_ kbkl_fu JZkkfhljbf nZah\mx [jZ _«
ijhoh”"ysmx qgq_j_a gZqZevigmAélzth;gdmkeb |jZ_dlhjby kbkl_fu
ijhoh”rysZy q_j_aThphdm;;, e_"Zsmx gZ hdjmTgéklbr \
wlhc Thqd_ g_ y\ley_ |ky dzZkzZl_evgmcgdhkhmd ZEhz gghs8Shkigh >
]h\hjyl glh hdjm ghklv \ *Zgghc Ilhgd_ g_ bf__I dhglzdlz k 1jZ
< ijhlb\ghf kemqzZz_ _keb |jZ_dlhjby dZkzZ:Tikyadlgdjm ghklb
gZaulZ _|ky IThgdhc dhglzdlZ hdjm ghklb k IjZ_dlhjb_c kbkl_fu
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>eyZgZebaZ h[eZklb nZah\h]h ijhkljZgki\Z \ dhlhjhc hlkm

hdjm ghldmbsalg; Lr k IjZ_dlhjbyfb kbkl_fu \\_~zf \kihfh]zIl_
nmgdpbx ke_"mxs_]h \b”~Z
BIRLDT;:Rals:P; L 2:RETS:RF N (8)

NmgdpbyozZjzdl_jbam _| hldehg:TgB&sIRgdijbgzZz~re_ "Zs _c
ljZ_dlhjbb kbkl_fu hl hdbmsaniklb b |_f kZfuf ihalhey_|I
bkke_"~h\Zlv mkeh\by gZebgby beb hlkmlkl\by dhglzdlz f_""m
i_j_dexq_gby :gZeba agZdZ ~Zgghc nmgdpbb b _z ijhba\h”~gt
mklZgh\blv o0ZzZjzdl_j \azZbfgh]lh jzZkiheh  _gby 1jZ_dlhjbb
G_ihkj_"~kgwufg *bnn_j _gpbjh\zgb_f ih \j_f_gb ihemqzZz_f \ujz _
i_j\hc b \lhjhc ijhbaBhP pBY'P dhlhju_ bf_xI \b~

B'R LtTs:R>sF>T;:R F=Tg:RE>%

B'PR L t:=T;:RE>T:RF 2, =T :RE:>Fs;H:RF>7?
FtTg:PRckF=Ts:PR F > T;:P F 2,0E:>F s;Ts:Pci

lj_~iheh bf qlhPLb bf__Iky IhdgZalg:r;; ~ey dhlhjh;cd r.
Gb®_ gZ jbkmgd_ hljzZz" _gh f_klh jZkiheh ™ _gby wlhc lhqdb

Jbkmght=_hf Ijbg_kdh_ ij_~klZ\e_gb_gZqZevgh]h mket
jZ"bmk¥ZnzZah\hf ijhkljZgkI\ _
ljbf _gbl _evgh d wlhfm kemqzZx fh]lml \hagbdZlv jZaebqg!
qZklghklb kemqgBa; dhpBZr;Lr bf__f
\ Tr;ETS:r; FNLra ©)
tTg:r;3skF>Tgir; F=Tg:r; E>?L ra
E_]dh ijh\_jblv qglhTih@@hr;; L :GNe; m~h\e_I\hjyxl mkeh\byf
kbkl_ fu b ke _~h\zZl _evgh y\eyxlky _z j_ r_gbyfb 1Ihfbfh n
kbkl_fz fh™ | “"himkdzlv b *jm]b:Tjr;@lghby ely*dhlhjuo
Te:r; Mr < aZ\bkbfhklb hl khhlghr_gbc izjzf_Ijh\ kbkl_fu

ke "mxsb_ kemqgZb
KemqgZc Dhwnnbpb_glu kbkl_fu m~h\e _I\hjyXP mkeh\b:

%¥:6EISF>;6 wlh mkeh\b_ wd\b\Ze glgh IhfT@h, bdjih ghklv

\k_o0 lhgdZo aZ bkdexqgFipb;, bf:Nng gl bf__| dhglZdlZ k kbkl_fhc
KemqgZc Dhwnnbpb_glu kbkl_fu m~h\le _I\hjyxD mkeh\b

¥S5E:sF>% |h]*"Z hdjm ' DRdly; L r ihfbfh IhqgFNkr; b :Nx;

f__1 dhglzdl k kbkI\_fhmo |hgdzas; b$s:Ts alg ;.

2
a

6
b
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. KemgZclmklv dhwnnbpb_glu kbkl_fu m”~hle I?hjyxl mkel
—?)¥=6EZSF>;6 lh]*Z hdjm ORkdly; L r ihfbfh |IhgENr; b :Nx;,
bf__1 dhglzdl k kbkl_fhc \ _"bekiWasgghc Ihqgd_

GZ jbkmgd_  ijb\_~ _gu ]_hf_ljbg_kdb_ bgt.jij IZpbb kemqz_\

Jbkmghti<k_ \hafh'gu_ \ZjbZglu lhqdb dhglzdlZz
:gZebabjm_ f kemwylcf kemqgzZ_ HbdiFdN&E;Ib:Nax; hdjm ghklb
yleyxlknwqdzZfbhglzdlZz k |jZ_dlhjb_c kbkl_fu kijzZzZX _bébdgh

ke "mxsZy e ffz

E_ffZ Imklv ?P-f;¥:6E:sF>;6. Lh]~Z \k_ lhgqdb hdjm ghklb

DiTsals; Lr hlebqgu_ hl lietd g_ bf_xI dhglzdlZz k kbkl_fhc
Djhf_ Ih]lh ®jBr (?0r nmgdpbly:Ralg:P; DTs:r;ég:r;; Lr ijb

\hajzklzZdgbbajzklZ_ | m[u\Z_Tg:r;Reb m[u\Z_| \hajzklZz_| _kek
Tg:r; Or.
>Ze__ bkke_~m_f ih\_~ _gb_ 1jZ_dlhjbc kbkGNwy \

hlghkbl _evgh ebgbb iyjDdseskg Lgb Hkh[uc bgl_j k ij_"klZ\eyxl
mkeh\by ijb dhlhjuo nZah\u_ 1jZ_dlhjbb dZkZxlky hdjm ghklb
dhglzdl \lhjh]lh ihjy~rdZ >ey mklZgh\e _gby o0zZjzdl_jz dZzZk:
ijhZgZebabjh\Zlv agZd b \_ebgbgm \EijBt jiztkik&Xh g f
lhgdZo

lhkdhevdm

B1fAr; Lt>Tsir; F22>Fs;Tsir; F>?7

lh \ IhgqdENx; b:Nax; ihemqgzBifr; Mr ijb mkeh\PBMN G_gme_ \h_
agZg_gb_\lhjhc ijhba\h”"ghc mdZau\Z | gZ |lh qglh dZkZgb_ y\e
b ihalhey_| hij_"~_eblv o0zZjzdl_j i_j_k_qgbhy ljZekIhjbh&E"
hlghkbl _evgh ebgbb i _j dexg_gby LzZdbf h[jZahf Kkijz\_"e
mi\_j"~ _gb_ )

E_ffZ Imklv ? PS¥=PE:sF>®, ? MNb :T5:R&l:R; +j_r_gb_

kbkl_ fu m~Ah\e _I\hjy_ |L:Tgrk@R\MixL :Nx; beb:Tg:r;élg:r;; L
FNx;. Lh]*"Z nm@BIpbkij_~ e _ggZy jZ\_gkl\hf mkre\le\ blyfhjy |
Bir;Lr, Bir;Lr b Bfr; Mr.

< jgzfky d ZgZebam |jZ_ dllgbccarhkhlgokl fu < "Zevg_CcCl
[m~_f kgbINMUw b ij _"~ihezZ]zZIlv qlh izZjzZf _lju kbkl_fu m”h\e_|
mé&h\byf=Pr b = Or JZkkfhljbf [he__ ~ |IZevgh 1ih\_~ gb_ n
ljZ_dlhjbc kbkl_fu ijb \uiheg_gbb ~hihegbl_evguo khhlghr_
ijb
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S
2% P—>U§:8E:SF>U;6é EL sda ST,

>hihegbl_evgh ij_~iheh bf qlh iZjZf_lju m”~h\e_I\hjyxl g_
roz0s0% Kh\f_klgh k mkeh\byfb "Zggu_ khhilghr_gby i
ke _"mxs_c kbkl_f_h]jZgbqg_gbc gZ dhwnnbpb_glu fh”_eb

S S
;5§:2E:5F>5;60?505a ?GPI=TJ;§=8E:SF>6;6ésKa 'Ss
6
Ba mklkedh ke "m SF>gF ?; MraEL sa b ke_"h\Zl_evgh
hij_~_e_gh gbkeh
oL = F e 4
>:SF %ksF>:sF %;0 >:SF %;ksF>:sF %;0
E ffZ Imklv \uiheg_gu mkeh\by Lh]%sZ, kkk[ZulhqgdZ

yley |ky g_mklhcgb\uf nU@Omkibfy\eebky mklhcgb\uf nhdmk
_kelP r.

GZ jbkmgd_ ijb\_~ gu nzZah\u_ ihjlj_lu kbkl_fu
N fhgkljbjmxsb_ \hagbdgh\_gb_  mklhcgb\h]h b g_mklhcqgb\
aZ\bkbfhklb hl izjzf Ijh\ glh iheghklvx khhI\ TklI\m | mlI\_j ~

Z mklhcgb\uc nhdm [ g mklhcgb\uc nh

JbkmghdNZah\u_ ihjlj_lu \hagbdgh\ _gb_ mklhcgb\h]h
g_mklhcgb\h]h nhdmkZz

Ba e ffu b mkeh\bc ke “m_KkT;:BHBR:Ror dgdhjh
aZimkdZ Iky ba hdj_klghklb-dak hkh¢t ih gjbdeb Z _Iky d hkh[hc lhc
S& ;.

< jzZfdZo ijh\_"~zggh]h bkke_ "~h\Zgby ihdZazZgh qlh ijb
khhighr_gbyo izjzf _Ijh\ kbkl_fu hkh[Zy IhgqdZ fh  _| y\leylvky |
g_mklhcgb\uf nhdmkhf WIb k\hckI\Z g _ihkj_~kI\_ggh k\yaZg
azZzdhgZ mijzZ\e_gby b bf_ x| \ZjghijhadklmjhdBgbb j ]meylhjh\

‘\lhdhe [Z] _evgu_ j_"bfu b ij_~ evgi”ghobderas dexq _\uo
azZz™"Zq |_hjbb mijz\e_gby yl\ey Iky bkke_~h\Zgb_ Z\lhdhe_][:
\hagbdZxsbo \ aZfdgmluo kbkl _fZo k g_ebg_cghc beb i_j_ dext
k\yavx kkjfZljb\zZ_fhc fh”_eb 1Zdb_ j_"bfu ijhy\eyxlky \ \b~_ i
pbdeh\ gZ nZah\hc iehkdhklb > @

IlhdZzazgh qlh ijb \uiheg_gbb hij_~_ezgguo mkeh\bc kb
mklhcgb\uf ij_~ evguf pbdehf dhlhjuc fh | [ulv bgl_jij_It
mklZgh\b\rbcky jlhohe&\[Zgbc | _

L _hj fZmklv \uiheg_gu mkehU®y. Lh]bdZ kbkl_f&f__|I
ij_~_evguc pbde

K lhgdb aj_gby mijzZ\e_gby ~Zgguc j_"bf ij_~klzZ\ey | bgl_
ijb fh~_ebjh\zZgbb ] _g_jZlhjh\ dhe_[Zgbc b kbkl_ f k kZfh
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Kms_kl\h\Zgb_ ij_~ _evgh]h pbdeZ h[hkgh\u\Z_Ilky k bkihevah\.
f_Ih~h\ | _hjbb "bgZfbg_kdgadakkgkklb N hj_ fu 4 Zg'daikhgZz

lhemq_ggu_ j_amevlZlu khklzZz\e_g \ \bA_ nZah\h]h ihjlj_|I
ke "mxs f jbkmgd

Jbkmghslj ~ evguc pbde

Dhfivxl_jgu_ f_Ih”~u Z\IhfZlbaZpbb>&yZekkeZ "h\Zgby kbkl _f
mijZ\e_gby jkdexq_gb_f jZajZ[hlZg gbke_gguc Ze]lhjblf hkg
f ITh~_ krb\Zgby j r _gbc ba jZaebqguo h[eZkl_c nZah\h]h ijhkl
h[_ki_qgqb\z_| Zz\IhfzZzlbg_kdh_ hij_~ e _gb_ Ihg_d i_j _dexqg_gl
ijh~rhe  _gb_ |jZz_dlhjbc ijb kf_g_ jgblyfZ mijz\e _

JZajzZ[hlZzgguc Zelhjblf j_Zebah\zg \ \b”~_ ijh]jzffgh]
hjb_glbjh\Zggh]h gZ az”~Zgb zZ\lhfZlbaZpbb ZgZebazZ b ijh_
mijZ\e_gby ljh]jzffguc dhfie_dk iha\hey_|I

X gbke_ggh bgl_]jbjh\ZIv "bgZfbqg_kdb_ mjZ\g_gby

x Z\IhfZlbg_kdb h[gZjembhgbkl i_j dexq_gby

X kljhblv nZzah\u_ ihjlj_lu

X bkke_ ~h\zZlv \ebygb_izZjzf |Ijh\ mijz\e _gby gZ "bgZfbdm k

LZdbf h[jZzahf ijh]jzffguc iZzd_| fh™ _| jZkkfZljb\ZIlvky dZd we
Z\IhfzlbazZpbb ijh_dlbjh\Zgby j_]Imeylhjh\ *ey kbkimjh& i_j_f_gc

<uqbkebl _evgu_ wdki_jQfblgduggu_ wdki_jbf_glu ih?I\_j rZ
wnn_dlb\ghklv ij_~eh” _gguo dhfivxl _jguo f_Ih*h\ < j amevlZl
ihemqg_gu nZah\u_ ihjlj_lu AN fhgkljbjmxsb_ kms_klI\h\Zgb_
Z\lhdhe [Zl _evguo j_"bfh\ b feljhybazZzdBbgZzz mijZz\e _gby gZ nh
nZah\uo |IjZ_dlRiBc >

Bkihevah\Zgb_ dhfivxl_jgh]l]h fh” _ebjh\Zgby iha\hey |
jZkrbjblv \hafh ghklb ZgZebaZzZ ih kjZ\g_gbx k gbklh ZgZeblbqg_
h[_ki_qgb\z_| gzZley~gh_ ij_"klzZ\e_gb_ p‘blgkhf\bq\ kkilblol _fjo
mijZ\e_gby k i_j dexq_gb_f

< jZ[hl_ jZajZ[hlZgu b bkke_ ~h\Zgu dhfivxl_jgu_ f_|Ih”u
Z\lhfzZlbazZpbb kbkl_f k i_j dexqZxs_cky kljmdIimjhc [|j_"eh"
ihal\heyxl wnn_dlb\gh ZgZebabjh\Zlv ~bgzZfbg_kdb_ j_ "bfu
Z\lhdhe_[Zgby \ g_lezZ”dbo kbkl_fZo mijz\e_gby
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lhemq_ggu_ j_ameviZlu fh]lml [ulv bkihevah\Zgu ijb ijt
kbkl_f Z\IhfZlbg_kdh]h mijZ\e_gby \ bg  _g_jguo b gZmqguo ijb
\ mg_[guo dmjkzZo ih | _hjbb mijz\e_gby b dhfivhek jghfm 1
"bgZfbg_kdbo kkkl fjZznbgq_kdb_ fZl _jbZeu ijb\_"zggu_ g9Z
ithemqgq_gu \ oh”_ Z\IhfZlbabjh\Zggh]h qbke_gghl]h ZgZebaZz
jZajzZ[hlzgghf ijh]jzffghf dhfie_dk_

JZajzZ[hlZgguc ijh]jzffguc dhfie_dk azZjmkiKighj)k\Zg h\f
ihjyrd_ K\b~_|_evkl\h h Jhkm~ZjkI\_gghc j_]bkljZpbb ijh]jzZffu
hi

AZdexq_.gbjZ[hl_ ijh\_~_gh dhfie_dkgh_ bkke_~h\Zgb_ "b
kbkl _f k i_j_dexqgqZxs_cky kljmdImjhc hibkeBd_ ¢goafbdmkhc
"bnn_j_gpbidv mjz\g_gbyfb \lhjh]h ihjyrdzZz JZkkfzZljb\z_fz
bgl_jij_Ibjh\Zzgz \ | _jfbgZo |_hjbb Z\IhfZlbg_kdh]h mijzZ\e_gb:
kbkl _fz k i_j_f gghc kljmdIimjhc b g _ebg _cghc h[jZlghc k\
dZqg_kI\_gguc ZgZeba ih\_~ _gby nZah\uwq_Kighklltjbebg\lbbh
i_j_dexq_gby mklZzgh\le_gu mkeh\by mklhcgb\hklb hkh[uo Ihq
Z\lhdhe [Zl _evguo j_"bfh\ khhI\_Ikl\mxsbo ij_ "~ evguf pbdeZzf

lj_ “eh g gbke_gguc Ze]hjblf hkgh\Zgguc gZ f_|h”_ krb\
ba jZaebqguo h[eZkl_c hEIGBEYKINZ ij h[_ki_qb\Zxsbc dhjj_dlIl
ijh~rhe  _gb_ 1jZz_dlhjbc ijb kf_g_ j_"bfzZ mijz\e_gby JZajZ[hlZ
j_Zebah\Zg \ \b”~_ijh]jzffgh]lh iZzd_1Z iha\heyxs_ ]h Z\lIhfZlbab
ZgZebazZ \bamZebaZpbb b izZjzZf ljbg_kdh]h b&kje dhihXgby "k
kbkl_ fu

J ameviZlu \uqgbkebl _evguo wdki_jbf _glh\ ih”I\_j*"beb v
ij_"eh  _gguo dhfivxl_jguo f_Ih~h\ b ijh~_fhgkljbjh\Zeb bo ijbf_
ijh_dlbjh\Zgbb b bkke_"~h\Zgbb kbkl_f Z\lIhfZlbqg_kdh]h
i_j_dexq_gbhetmqg_ggu_ \u\h”u fh]ml [ulv bkihevah\Zgu \ ~Z
| hj Ibg_kdbo bkke_ ~h\Zgbyo g _JeZz~dbo ~bgZfbqg_kdbo kb
bg g _jguo ijbeh” _gbyo b h[jZzah\Zl _evghc ijZdlbd_

| _jki_dlb\u NZevg_crbo bkke "~h\Zgbc k\yaZgu k j-
ij_"eh” _ggh]lh ih"hfghlgf jgu_ kbkl_fu Jb[jb~rgu_ fh” _eb b
kbgl _azZ hilbfZevguo j_]Imeylhjhklkmidlmfhgghc

JZ[hlZ \uiheg\g4zfdZo ijh_dlZz gZ | _fm
3DZg_kI\_ggh_ b dhfivxl_jgh_ bkke_~h\Zgb_ g _«
"bnn_j _gpbZevguo mjZ\g _guc aZ\bkysbo hl iZjZ
ith™ ghf_jhf < TJ hl ]h&Zmeggh
bkke_"h\Zl_evkdbc bgklblml LZ*"bdkdh]h gZpbh
mgb\_jkbl_1Z

J p_gaddg”"b”Zl| nbabldhiZlbg_kdbo gZmd
"hp_gl =Znhjh\ : ;

EBL?J:LMJ:

1. :g”~jhgh\ : : L_hjby dhe_J[Zgbc :: :g”™jhgh\ :: <l NKaw OZcc
fZllba -568c.
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11. RZjbnah~zZ A B DZg_kI\_ggh_ bkke_~h\Zgb_ khklhygbc jZ\gh\_k
azZ”r"Zgb bbsg_jl\z A B RZjbnah”z B Q Gmjh\ <_klgbd LzZz~"bdkdh]h
mgb\_jkbk+20Z6. +K  189.
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mjZ\g_gby \lhjh]lh ihjy*rdZ k ebgb_driFj_DEkmWgby Fmozfz~b_\ B > Gmjh\
FZl _jbZeu f_"~“mgZjh~rghc dhigh\jj fgglglm _ f ITh~u | _hjbb nmgdpbc b kf_ °
ijh[e_fut<hjhg -2025.+tK -172.

13.:0f_~h\ > L :gZeba i_jbh~bgq_kdbo j_r_gbc “bgZfbqg_kdhc kbkl_fu
dhe_[Zgb_f > Lh\:oB_2» Gmjh\ F_""mgZjh~gZy gZmqgZy dhgn_j_gpby
ijh[e_fu fZl_fZlbdb b _z ijhemtrZgl2016.+K -8.

14.Dmag_ph\ X : We_ f_glul_hjbb [bnmjdZplFd XN babDzahed®04p h\

F k

15.N_c]bg F B H g_JeZ”dbo otbkgakflodZkdlp [bnmjdZpbyo i_jbh~bqg_Kk
j_r_gbc F B N_c]bg ljbdezZ~gZy fZI|_#I9DAdZLDb ft« Z g KIODHA98.

16.DZjbfh\ F F H ijbf_g_gbb f_Ih~“h\ nmgdpbhgZevgh]h ZgZebaz \ az
[bnmjdZpbc g _ebg _cghc |Ij_of FglhdDkEhlkthfu < kigbd LZ*""bdkdh]h gZpbhgZz
mgb\_jkbl_1Z K_jby _kl_ki2028gu o gKlovd 15.

REFERENCES

1. AndronovaA. N., Theory of vibrations / A. N. Andronov, A. N.A. N. Vodov, St. E. N. Khaikina.
- M. N.: Fiz-matgiz, 1959-568 p.

2. BautinN.N., Methods and Techniques of Qualitative Research of Dynamic Systems on a Plane /
N.N. Bautin, E.A. Leontovich. Moscow: Nauka, 197@96 p.

3. DemidovichB.P, Lectures on Mathematical Theory of Stability. Moscow, 19872 p.

4. Filippov A. F., Differential Equations with Discontinuous RigHand Side / A. F. Filippov.t
Moscow: Nauka, 1985+223 p.

5. Katok A.B., Introduction to the Theory of Dynamical Systems / A.B. Katok, B. Hasselhiatt.
Moscow, 2005.1454 p.

6. lvanov A.P., Investigation of Discontinuous Bifurcations in N&mooth Dynamical Systems.
Nonlinear Dynamics+2012.- Vol. 8.- No. 2.- Pp. 231247.

7. Hartman F.Ordinary Differential Equations / F. HartmarMloscow: Mir, 1970- 720 p.

8. SinajYa. G, Theory of Phase Transitions. Moscow: Nauka, 19307 p.

9. YumagulowM. G., Ordinary Differential Equations. Theory and Applications / M. G. Yumagulov.
- Moscow tlzhevsk, 2008.£178 p.

10. Mukhamadie¥.M., Limit Cycles of Piecewise Linear Seco@ider Differential Equations / E.M.
Mukhamadiev, I.J. Nurov, and M.ShhHlilova // Ufa Mathematical Journat2014. £Vol. 6. +No. 1. +Pp.
84-93.

11. Sharifzoda Z.).Qualitative study of the equilibrium states of the predatey problem / Z.I.
Sharifzoda, 1.Ch. Nurov // Bulletin of the Tajik National Universi#y2016. +Pp. 86 +89.

12. Karimov M.M, Modeling the Emergence of a Limit Cycle of a Sec@rder Differential Equation
with a Switching Line / M.M. Karimov, E.M. Mukhamadiev, and I.D. Nurov // Proceedings of the
International Conference. Modern Methods of Function Theory and Related Proiéorenezh, 2025+
Pp. 168172.

13. Akhmedow.T, Analysis of Periodic Solutions of a Dynamic System with Forced Oscillation / J.T.
Akhmedov, 1.D. Nurov // International Scientific Conference. Modern Problems of Mathematics and Its
Applications. tDushanbe, 2016+Pp. 78.

14. Kuznetsov YUA.(OHPHQWYV Rl %LIXUFDWLRQ 7KHRU\ <X $ . X]QHWVRY
i S

15. FeiginM.l., On NonSmooth Dynamical Systems and Bifurcations of Periodic Solutions / M.I.
Feigin // Applied Mathematics and Mechaniad.974. +Vol.38. +No.2. +Pp.190498.

16. Karimov M.M., On the Application of Functional Analysis Methods inShely of Bifurcations of
a Nonlinear Thre®imensional SystemhM.M. Karimov // Bulletin of the Tajik National University. Series
of Natural Sciences2023.-No.1. +Pj.104115.

65



MKME HB DHFIXL?J5 ;:JHB B>HJ:DMG5 <: :<LHF:LBDMGHGBB
KBKL?F: HB D:GBR>HJ

>7Zj fZ heZ mkme hb dhfixl_jbb brhjZzdmg6 \Z Z\IhfZlbdmghg6 [Zjhb K&
[h kholhjb Imazjbr db [h fmh~beZ hb ~bnmZllgbbZ2bb[bbkiixxg [Z\kbn
f_rz\zg™ [Zjjzke f_lzjrzg™ LzZ\Z @ b fZokmk [Z |1Z ebeb fhZj®Zhb Zcjb
rm~rZZkl db ~Zj hg h hgmgb b”rhjZdmg6 Zg]hfb jZzkb”"Zg [Z oZlb JmaZjb
f_z[z" Kbkl_fZ hb fZ\jb”rb [ZjjZzk6 ~Zj qZ hjg@[Zb gZaZjbyb b~hjZdmgt
kbkl_fZ hb Ze Zb i@rb”~Z [h kholhjb I1Z cbjz[Zg"Z \ZQhdV4tlb f Zr&i\bogzN 16 1 Z 1
LZ ebeb kbnZlbb heZl hb “bgZfbd6 Zg hf "h~"Z rm~Z rZjl hb mkim\hjbb gr
iZcrhbrb heZzl hb Z\lhdhe_[Zlkbhg6 db [Z ~Z\jZ hb fZ "m”~ ~Zj kZl b nZaZ\
dzjrz f_rz\zg”™ ;Zjhb Z\lhfZlbdmghgbbl jZeZigMolfIZB Hhz Zf6 db [Z mkme
iZc\Zkldmgbb Zeeb fZktZeZ h Za fbglZ Z hb Imgh]lmgb nZahb heZl h Zkhl
gZjfznahj 1Z by \zZ 1ZI[b f_1Zzj~zg" LZ jb[Z hb bkh[[Zjh]j6 kzfzZjzg
i_rgb hrrm~zZb dhfixl_jbjh 1Zk*b gZfimMNZI[bfédhlgy hjh ~Zj 1Zj j_a6 \Z 1Z eb
kbkl_fZ hb b2hjZzdmgbb zZ\Ihfzl6 [h ImaZzZjbr gbrhg f_~b Zg® GZIlb Z hb [Z".
NZj 1ZI[b b fm Zg”"bk6 \Z bef6 bggmgbg ~Zj dmjk hb 1Ztebf6 hb” [Z gZs&
fh~r_ekhabb dhfixl_jbb jz\jJZgdhAk fiMbgZfbdbb ZcjbozZIl6 \Z Zcjb Zf\hjb I.
Imgh]lmgb nbabd6 bklbnh~Z rz\zg”"

DZeb”M\h Zkhkl_fZb b hjZdmg6 Z\IhfZlbdmghg6 dhffmlZlkbhg6 fh"_et
Zf\hjbb nzaz ~zZ\jzZzb fZ ~m~ fh”_ekhabb dhfixl_j6 kbkI_fEZDhb IZjjh bb dh

DHFIVXL?JGU? F?LH>U MIJ:<E?GBY B :<LHF:LBA:PBB KBKL?F K
I7J?DEXQ?GB?F

< klzZlv_ jzkkfzljb\zZxlky dhfivxl_jgu_ f_Ih~u mijZ\e_gby b Z\lhfZlbaZp!
kbkl_f k i_j_dexqzZxs_cky kljmdimjhc hibkb9Z cfguof bd mixihggh gpbZevgufb
mjzZ\g_gbwthjh]lh ihjy*dZ Hkh[h_ \gbfZgb_m~_ey |ky ZgZebam g_JezZ”~dbo
baf_g _gb_ azZdhgZ mijZ\e_gby hkms_kl\ey Iky ijb ~hklb™_gbb nZah\hc Ih
i_j_dexq_gby JZkkfzljb\Z_fu_ kbkl_fu bgl_jij_Ibjmxlky \ jzfdZo I|_hjbb
mijZ\e_gby dZd azfdgmlu_ kbkl_fu k i_j_f_gghc kljmdImjhc b g_ebg_cghc h]|
\uiheg_g dzZg_klI\_gguc ZgZeba "bgzZfbq_kdbo j_"bfh\ bkke_"~h\Zgu mkeh\b
lhg_d b \hagbdgh\_gby Z\lhdhe_[Z|_evguo j_"bfh\_d&hdu¥_Ikddexdbgzij_
nZah\hc iehkdhklb >ey Z\lhfZlbaZpbb ijhp_kkZ bkke_~h\Zgby jZajzZ[hlZgu
hkgh\Zggu_ gz f_Ih~_ krb\Zgby j_r_gbc ba jZaebqguo h[eZkl_c nZah\}
j_Zebah\Zgu \ \b”_ ijh]jzffghlh izd_IZz ljh\_ézxggu_ w\dkgbkefliglu
ihA\_j " ~Zxl wnn_dlb\ghklv ij_~eh’_gguo dhfivxl_jguo f_Ilh~h\ b ~_fhgkljbjm
bo ijbf_g_gby ijb ijh_dlbjh\Zgbb b ZgZeba_ kbkl_f Z\IhfZlbg_kdh]h mijzZ\e_
lhemg_ggu_ j_ameviZliu fhliml [ulv bkihjgwahbZgdmgmgo gibeh™ _gbyo Z 1zZd"
mq_[guo dmjkZo ih | _hjbb mijZ\e_gby b dhfivxl kghfgudohfy ebgh\Zgbx b
g_Jez"dbo “"bgzZfbg_kdbo ijhp_kkh\ jZaebqghc nbabqg_kdhc ijbjh”u

Dexqg_\u_ kekbkl_fz mijz\e_gby Z\lhfZlbaZpby hgg@leggcgdby dmk
fhr_ev nzZah\Zy iehkdhklv ij_~_evguc pbde dhfivxl_jgh_ fh”_ebjh\Zgb_ k
ijh_dlbjh\Zgby K:1J

COMPUTER-BASED METHODS FOR CONTROL AND AUTOMATION OF
SWITCHING SYSTEMS

This article examines computaided control and automation methods for dynamic systems with
a switching structure described by secander piecewise linear differential equations. Particular attention is
given to the analysis of nonsmooth models in whiah control law changes when a phase point reaches a
specified switching line. The systems under consideration are interpreted within the framework of automatic
control theory as closeldop systems with a variable structure and nonlinear feedback. #atjualanalysis
of dynamic modes is performed, and the conditions for the stability of singular points and the occurrence of
self-oscillatory modes corresponding to limit cycles on the phase plane are investigated. To automate the
research process, nuntai algorithms based on the method of stitching solutions from different regions of
phase space are developed and implemented as a software package. Computational experiments confirm the
effectiveness of the proposed comptaited methods and demonstrtite possibility of their application in
the design and analysis of automatic control systems with switching. The obtained results can be used in
engineering and scientific applications, as well as in educational courses on control theory and computer
modelng of complex nonlinear and nonsmooth dynamic processes of various physical natures.

Keywords: control system, automation, switching, piecewise linear model, phase plane, limit
cycle, computer modeling, compwtaided design (CAD) systems.
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NBABD:

M > D551.506.1: 556.5
HP?GD: W<:IHLJ:GKIBJ:PBB ;:KK?CG: J?DB FH=BYG>:JVY <
A:<BKBFHKLB HL F?L?HJHEH=BQ?KDBO MKEH<BC
Ghjfzlh\ B R Kh[bjh\ F J KZ[mjah”Z = G Fmfbgh\ :
LZ" " bdkdbc gZpbhgZevguc mgb\_jkbl _|I
LZAr"bdkdbc Jhkm~ZjklI\_gguc i_"*Z]lh]bg_kdbcghgb\_jkbl_|I
:]_glklI\h ih ]b~jhf_I_hjheh]bb Dhfbl_IZ hojZgu hdjm Zxs_c
ljZ\bl_evklI\_ J_kim[ebdb LZ~ " bdbklZg

<\ _ "N gh<k_ ijhp_kku bkizZj gby \ézZ]bdbaqgEZymrjZklbl _evguc
ihdjhb dhebqg_gh_diij_~_e_gb_i_j_ghkzZ \ezZ]b \ ZIfhkh_jm h[t
ithgylb_ w\ZihljzZgkikjBpaxrh09;25c.131@ GZ hkgh\_ h[h[s_gby fgh]
e_| gZ[ex”_gbc b ihemg_gguo j_amevlZlh\ [ue jZajZ[hlZg p_
jZkqgzlz w\ZihljZgkibkcZ3gbHc.56 3,11 1,103 17,c.376 15c.3229
23c.704@ fh”bnbpbjh\Zgb_ dhlhjuo ijb\_eh d jy*m kh\j_f ggl
jZkijhkljZzgzgguo f_Ih~h\ ey jZkqzl|lZ agZq_gbc w\ZihljZgkibjZy
\ZjbZglZo _z ijhy\g.43 B3c.227, 9,¢c.457, 24,c.233.

WZihljZzgkibjZwbwy g_|lhkepMdiEZs gby ZIfhkn _ju \eZ]hc bkiZjz
ba kmrb gh b ijhp_kk dhihjudh*dmelhzezgk dhfihg_glh\ wdhktk
gZ kmr_ azZgbfZxsbc \Z'gh_ a\_gh \ h[f_g_ wg_j]lb_c >
w\ZihljZgkibjZpbb jZkoh”m_Ilky hdheh kheg_qghc jZ*"bZphbl
ih\_joghklved Ijb wihf w\ZihljZgkibjZpby KHkldhegdklbl\Z
gZa_fguo Zlfhkn_jguo h&BT@h\W\ZihljZgkibjZpby y\ey_Iky h~g
hkgh\guo dgfiglh\ ]b~jheh]bqg_kdhleinf fboe Z&kdhc kbkl_fu b aZgbf
"hfbgbjmxs__ iheh _gb_ ijb jZpbhgZevghf bkihevah\Zgbb \h~
fhgblhjbg]_ azZ&t8Pp12c.556 16,c.549 10,c.1039.

W\ZihljzZzgkibjzZpby gZjy"m k kh”_j Zgb_f n2dlbj \ ihqg
ij_"hij_~ eyxsbc iphgmkilly k evkdhohayckl\ _gguey dky ev
lez\guf nzZdlhjhf \ j_r_gbb az”~Zq ijh~h\hevkl\_gghc [_ahiZk
mijZ\e _gbb \h~gufb j kmjkida® > 1ihqg\_gghf ihdjh\_ hkgh\g
kh~ j"Zgb_ \eZ]b gZoh”blky \ \_jogbo kehyo Jembldphc g_
\eZ]hkh” _j Zgb_ ijhnbeb hij_~ eyxl bgl_gkb\ghklv w\ZihljZz
mqgblu\Zy qlh ihg\_ggZy \eZ]Z |_kgh k\yazZzgZ k f_|I_hjheh]b_c
mli\_j " "Zlv glh w\ZihljZgkibjzpby 1zZd _ y\ey |Iky g_hlt_ fe
]brjhf I _hjheh]b.b154.

Hkh[h_ mkdhj_gb_ w\ZihljZgkibjZpbb gZ[ex~Z _|lky \ i_jbh~
ijb\h~bl d agzZgbl_evghfm mf_gvr_gbx kh”~_j Zgby \eZ]b \ ihqg
mf _gvr_gb_ \eZ]b \ ihg\_gghf ihdjh\_ [Zkk_cgZ hljzZz Z Iky
nmgdpbhgbjh\Zgbb \k_o dhkhkl_.gUuh\

LZzdbf h[jZzahf kmffZjguc wnn_dl aZkmob b bgl_gkb\gZy w
ij_"klZz\ey_| m]jham ~ey k_evkdh]h ohaycklI\Z gZjmr_gb_ \h”gh
D kh Ze _gbx kh\f_klguc wnn_dl w\ZihljZgkibjZpbb b aZkmob
rbjhdb_ | _jjblEjjlbhguo j_]Jbhgh\ fbjZz

< mkeh\byo Jeh[Zevgh]h ihl_ig_gbw\Bihm\ZgkidzZpb
mkbe_gby azZkmreb\uammkkR\lmpgh \hajzklzZz_| qzZklhlZz \hagbd
aZkmob mklnigb\Zgb_  h]jhfguo |_YyjbjhjbbgZo k Zjb~gufb
debfZlbqgq_kdbfb mkeh\byfb H[gZjm _gh qglh ijb ih\ur_gbb |_fi_
gZ"K ijhbkoh”~bl m\ _ebqg_gb_ w\ZihljZgkid@pb®Zgy*m k hkh[hc
gm\kli\bl_evghklvx w\ZihljZzgkibjZpbb d debfzZlbq_kdbf dzlzde
ih\ _joghklb kmrb b gZebqgb_ jZklbl _evghklb gZ g _c¢ 1Zd _ hd
\ebygb_ gZ bgl _gkb\ghklv w\ZihljZgkibjZzpbb G _kfhljy gzZ
yley Iky ]JezZ\guf nzZdlhjhf m\_ebq_gby bgl _gkb\ghklb w\Zihlj

b
k
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mdZazZghcs@ ih\ur_gb_ | _fu jgbn kihkh[kI\m_1 m\_ebqg_gt
w\ZihljZgkibjZpbb gz

<h \azZbfhk\yab w\ZihljzgkibjZpbb b f_I_hjheh]bq_kdbo iZj
n _ghf_g 3%izZjZz"hdk bkiZj _gby” ™ hagZqZxsbc mf_gvr_gb_ w\Zi
ith\ur_gb_f I _fi_jZImgB82P@ <j_f _ggu_[fZlbridghr_gb_ kmohklb d
\eZ ghklb f_klghklb y\eyxlky ~hfbgbjmxsbfb nzZdlhjZfb be
bkiZzj _gby < Zjb”guo j_]bhgZo Zlfhkn_jgu_ hkzZ”~db y\eyxlky h
baf_ggb\hklb bkiZ¢l4lhby >

G_h[oh~bfhklv ihke_"h\ZIl_evgh]h b kbklblftglgg Zkdh]h
w\ZihljZgkibjzjpbd_\k_]h h[mkeh\©ehglzglk §_ihkj_"~kl\_ggh \eby
gZ khklhygb_ \h~hh[_ki_q_gghllb KkEkKI\glwgh ijb gZjzZklzgl
bgl_gkb\ghklb w\ZihljZgkibjZpbb agzZqblyevighj_phghkdlgb\z I}
"hihegbl_ewgdhff \u ey hjhr_gby Ke_~h\Zl_evgh w\ZihljZg
yley Iky \Z'ghc khklzZ\eyxsbf ijb jZajZ[hld_ i_jki_dlb\guo kp ¢
ZljZjghlh k_dlhjzZ Xlijghdg]lh mqgzlZ b wnhkihévYah)Z dg'lgy dh
j_kmjkh\ < k\hx h@ajZfwldZ gZmqgghgdybkighi\Bkihkh[e_gguo d
mkeh\byf baf_g gby debfzZlZ iezZgh\ jZa\blby Z]jZjgh]lh k_dlhjZ
hl gZebgby rbjhdh]h [ZgdZ "Zgguo fgh]l]he Igbo bkke_ "~h\Zgbc

H[t_dl bkke_ ~h\d2gd¥ Fh]byg"Zjvy f o Z k r f o Z
"ebghc df eh&Zirvx [Zkk _cgZ[_j_ldgZgZeh ba e_~gbdh\ k_\_j
kdehgzZz =bkkzZjkdh]h oj [IZ b 1 _qzl ih madhZijZhebgbb\bk \
ijbgy\ k\hc djmig_crb¢_idmHRdbg] \iz*Z | \ j_dm A_jZ\rZg

< nhjfjih\Zgb_ klhdZ j_db FHhbygVghezr\d \ghkyl FZjlmahjkdb _
ha jZ rbjhdh ba\_klgu_imwKgidahagh fOZnldme ~ \ "hebgghf m
j_db Rbg] JMagiit"ghc gZklb NZgkdbo ]hj dhlhju_ kgblzZxlky
iZfylgbdhf ijbjh~ru LZ~""bdbklZgZ b h”"gbf ba kZfbg ikdbheyjguo

gZijZ\e_gbc FZjlmahjkdbohhwlky gZ \ukhl_ hl Ah f g
JZagbpZ mjh\g_c¢c f_""m \ _jogbf b gb gbf ha_ jhf f Z jZk
ha_jzfb df

F_lh”u bkke "~h\Zglkc ahggh _ jZkij_"N e _gb_ agzZq.
kj_~g_fghlhe_Ilg_]h klhpy g &bhvly az i29%bh~]] ihdzZaulzZ_1| qlh
50% df \h~gh]h klhdZ j_db nhjfbjm _Ilky e _Ihf hdheh \_kg
hk_gvx b hdheh abfhc 1jb fhgblhjbg]_ ~"bgzZfbdb baf_g_gby

Zlfhkn_jguo hkz~dh\ \ [Zkk_cg_ j_dB FbhhByg~rZjvyl]]a
mqgblu\Zeky\de&Z” \ nhjfbjh\Zgb_ klhdzZ j_db ;ueh mklzgh\
fzdkbfZzevgh_ dhebqg_klI\h Zlfhkn_jguo hkz”~dh\ \uiz”~zZ | \
Fhlbyg”Zjvy \ \_k _ggbc i_jbh~ Z fZdkbfZevguc klhd j_db khh!
k _ahgm GZ ihkegim§ gguo j_ameviZlh\ [ueh mklZgh\e _gh ql
bklhggbdhf nhjfbjh\Zgby klhdZ j_db Fh]byg~Zjvy yl\ey Iky e
ijhl_dzZxsbc g_j_a ha_jZ b \iz"ZRkbckI\ _ggln *Zgghf wlZi_
ijhyley Iky k]l]eZ b\Zxsbc wnn_dl ha_|j

<h”gu_ j_kmjbuFjh]Jbyg”~Zjvy ihqlb p_ebdhf azZ[bjZz Iky gZ
k _evkdhohayckl\_gguo a_f_ev Mgblu\Zy \Z ghklv w\Zihlj.
khklZz\eyxs ¢ debfZlheh]bb b ]Jb”*jheh]bb gzZkbhysihy jERkZZ ihk
w\ZihljZgkibjXpdbdb\bkbfhklb hl f | _hjheh]bg Hdlk& md&2hj\bdb
Fhlbyg”rZjvy

J ameviZlu b bo h[km GZbjbk ij_"klZ\e_gZ "bgZfbc
f I _hjheh]l]bg_kdbo izZzjzf Ijh\ [Zkk _cgZ j_db Fh]lbyg”*4]vy azZ i_
Ba jbk ke _~m_1 qlh kj_~g_Jh~h\u_ agZg_gby I _fi_jZImju b ZI
aZ jZkkjff_ gguc i_jbh” oZzZjzd!l_jbamxlky \hajzZklZxsbfhflj_g~Zfb
| fi \hajzZklzgby | _fiihgllmju ~\zZ jzaz f _gvr_ qg_f | _fi m\_eb
Zlfhkn_jguo hkz~dh\
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Jbk Lj_g” baf_g_gby | _fi_jZIlmju b ZIfhkn_jguo hkz~dh\ \ [Zk
Fhlbyg~zZjvy alzht j - 11
Fig. 1. The temperature and precipitation trends in the Mogiandarya river basin for
the period 19462020

Ke_"m_1| hif_lIblv glh kdhjhklv w\ZijhyXgkilZpypfh
ijhihjpbhgZevgmx azZ\bkbfhklv hl | _fi_jZImju b mf_gvrZ _ Iky
dhebq_kI\Z ZIfhkn_jguo hkz~dh\ H~”gZdh \ [Zkk_cg_ j_db Fh]l
gZ jbk w\ZihljZgkibjzZpby ijbh[j_1Z_ | m[u\Zxsbc Ij_g” ijb m\
g_[hevrhffil_jZImju

Jbk >tZgbdzZ w\ZihljZgkibjZzpbb fi2ljZlmju \ [Zkk_cg_ j_db
Fhlbyg~Zjvy azZ i_jbh™ 1]]
Fig. 2. Dynamics of evapotranspiration (ET) and temperature (T) in the
Mogiyandarya river basin for the period 19462020

>ey \uy\le _gbyZdlhjh\ kihkh[klI\mxsbo m[u\Zgbx lj_
w\ZihljZzgkibjzZzpbb ijb ih\ur_gbb | _fi_jZImju jZkkfZljb\Zeh
dhebqg_ kI\Z ZIfhkn_jguo hkz~dh\ gZ __ ~bgZfbdm j_amevlZl dh
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jbk Ba jbkmgdz klZgh\blky hqg_\b~guf qglmtkpir\gdynzdll
w\ZihljZgkibjZpbb \ [Zkk_cg_ j_db Fh]lbyg~Zjvy g_kfhljy ~Z" _
lj_g™ 1 _fi_jZlmju yleyxlky ZIfhkn_jgu_ hkz~db Hq_\b~gh qlh
ijb\h~yl d kgb  _gbx | _fi_jZIlmju | _ \uklmizZxl dZd hoeZ "z
dhfihg_glh\ gzZ?%oighklvx kmrb b | _f kzZfuf klZgh\blky Kkl _Kkl
[Zjv_jhf d ijhp_kkzZf w\ZihljZ&Ki3&Zpbb

LZdbf h[jZahf fh gh mi\_j ~Zlv glh ijhl_dzZgb_ [
w\ZihljZgkibj¥kedbWuf h[jZahf hij_"~_ey_Iky khhlghr_gb_f |_fi_]j
dhebq_klI\m \uiz”"Zxsbo gZ f_klghklb ZIfhkn_jguo hkzZ”~dh\

Jbk >bgzZfbdzZ kj_"~g_]lh~h\uo ZIfhkn_jgue tmkZ~dh\ J

w\ZihljZgkibjzpbb ?L \ [Zkk_cg_ j_db Fh]byg*ZjvylaZ i_jbh~

Fig. 3. The dynamics of average annual precipitation (Pavg) and
evapotranspiration (ET) in the Mogiyandarya river basin for the period 19402020

GZ kms_kI\_ggmx jhev Zlfhkn_jguo hkbirdifhp\ kikhl _dZg
w\ZihljZgkibjzZflhbb!|l d¥Zazln_"klZ\e _ggZy gdhjjb&ypbhggZy
aZ\bkbfhklv w\ZihljZzgkibjZpbb hl kj_~g_]h~“h\uo agZq_gbc ZIfh
[Zkk _cg_ j_db Fh]lbygnzZjvy DZzZd \b~”gh ba jbk dhwnnbp
w\ZihljZzgkibjZpbb b Zlfhkn_jguo hkz~dh\ o0Zjzdl_jbam_Ilky
agzZq_gb_f

Jbk Dhjj_eypby agZq_gbc w\ZihljZgkibjZpbb b ZlIfhkn_jguo
[Zkk_cgZ j_db Fh]lbyg"Zjvy
Fig. 4. Correlation of evapotranspiration and precipitation in the Mogiyandarya
river basin
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K_ahggh_ jZkij_~ e _gb_ w\ZihljZgkibjZplFth]by@¥Kkjvyg_ |_
ij_~klZz\e_gh gZ |jbk dhlhjuc qillhd ZZ2dkbfiZevgu_ agZg_gb
w\ZihljZgkibjZpbb \ [Zkk_cg_ j_db Fh]lbyg”~Zjvy khhlI\_IklI\m
hk _ gg fm k_ahgm ]J]h"Z

ljhf_"mlhgqgh_ __ agZq_gb_ \ e_lgbc k_ahg mdzZau\Z_1| gZ
\eZ]bijbih\_joghkyl keh_ \ itad®u ntbgoblZ hkz~dh\ Gbadh_ agZzZ
w\ZihljZgkibjZpbb abfhc h[mkeh\e_gh JezZ\guf h[jZzahf | _fi_jZIn
I gbadbfb agzZq_gbyfb kj "k _ahgguo | _fi_jZImj :gZeba
Zlfhkn_jguo hkz~dh\ \ [Zkk_cd'\jyydimd=Zgbydhy | gZ ]h fZdkbfZe
agZg_gb_\ _kghc b hk_gvx

Mgblu\Zy \hafh ghklb \ebygby ZIfhkn_jguo hkzZ~dh\ gZ
bkiZj gby29@ b j_amevlZlu ij_"klZ\e_gguo gZ jbk fh gh ij_"il
\ [Zkk _cg_ j_db Fh]lbyg”Zjvy ijhyley |Iky n_ghf_g 3%iZjZ"hdk bk

Jbk K _ahggh_ jzkij_~_ e _gb_w\ZihljzZgkibjZpbb \ [Zkk _cg

Fhlbyg*Zjvy
Fig.5. Seasonal distribution of evapotranspation in the Mogiyandarya river basin
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KjZ\g_gb_agZg_gbc hbabhgbdkdho i jbh*Zoifh?*klZ\blv
bgnhjfZzpb hkgh\guo nzZdlhjgZobjmxsbo ijhpijkkhurysb_ d
jZaebgbx i_jbh”h\

GZ jbk ij_"klz\e _gh kjz\g_gb_ ~“bgZfbdb baf_g _gby w\Zil
i_jbh”u - 11 b - 11 G_agZgbl_evgh_ m\_ebq_gb- azZ i_jb

11 b m[u\Zxsbc Ij_g” aZ-i_jbR] W\ZihljzZzgkibjZpbb ij_""_
\k_1h  h[mkeh\e_gh MjdAfyp nzZklk _cg j_db Fh]byg~Zjvy ho\Zl
ij_~lhjgu_ 1_jjblhjbb 1~_ 1jZ”b_gl [|_fi_jZImju g_ yl\ey_Ilky
ke_"h\Zl_evgh 1ijb g_[hevrbo agZg_gbyo Zlfhkn_jelO8 hkzZ"dh\
11 w\ZihljZgkibjzpby khojZgy | ihqlb ihklhygooYZ fag@Zqg_gb

kms_ kI\_gguc jhkl ZIfhkn_jguo hkz~dh\ \ [Zkk_cg_ j-adb Fh]by
]Jh~h\ ijhreh]lh \_dZ ijb\h”*bl d mf_gvr_gbx w\ZihljZgkibjZpbb

Jbk >bgzfbdz w\ZihljZgkibjZpbb \ [Zkk _cg_j_db Fh]lbygAh:
i jbhru bt 1]

Fig. 6. Dynamics of evapotranspiration in the Mogiyandgya river basin for the
periods 19404980 and 19812024

GZ jbk ij_"klzZ\e_gZ ~bgzZfbdzZz baf_g_gby Zlfhkn_jguo hk.
j_db Fhlbyg”Zjvy aZ i-jbh™u - 11

DZd ke_"m_1I| ba jbk aZ i_]phZIfhkn_jgu_ hkzZz~db khojZg:
ithglb ihklhyggh_ agZq_gb_ b ijbh[j_IAxlekopsgkl\ aggih {bi~"

1]

Kgblz_f qlh ihemqg_ggu_ j_amevlZlu \Z'gu k lhgdb aj_gby
hjhkbl _evghc \h*u ey k_evkdhohayckl\ _gguo a_f _ev [Zkk_cg
Mf_gvr_gb_ w\ZihljZzgkibjZpbb iha\hey_| khojzg_glZlv. \eZ ghl
klZzgh\blky g _dbf nZdlhjhf d ij_~hl\j]Zs_gbx aZkmob

Jbk >bgzfbdz zZIfhkn_jguo hkz~dh\ \ [Zkk_cg_ j_db Fh]byg
i_jbh”u % b t 11
Fig. 7. Dynamics of precipitationin the Mogiyandvrya river basin for the periods
19404980 and 19812024
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AZdexq_ghZdbf h[jZahf \ j_amevlZl_ ijh\_"*zgguo bkke_ "t
mklZgh\e _gh glh \' mkeh\byo baf g _gby debfzlZz b h[hkl
\h~*hh[_ki_q_gby k_evkdhohayckl\_gguo a_f_ev g_h[oh”
kbkl_fZlbqgq_kdh]lh fhgblhjBg\Z*"Zedlgk ijh\_~_gby khhiI\_Ilkl\mx:
jZkgzlh\ agZg_gbc w\ZihljZzgkibjZpbb b mqzlzZz f_I_hjheh]b
[Zkk _cgh\ j_ d dhlhju_ y\eyxlky dexq_\uf a\_ghf \ hij_ "~ e g
k _evkdhohayckl\_gguo dmevimj b ij_~hl\jZs_gbb ijbjh”~gua
y\e gbc IZdbomkddgb\dghZkmoz Z 1Zd _ jZpbhgZevgh]h bkih
\h~guo j_kmjkh\

KIZlvy \uiheg_gZ \ jZtd Zon ¢ gdn
bkke_"~h\Zl_evkdhc giZ[hldm 3Fhgblhjbg]
f I _hjheh]l]bg_kdbo b Z]jhf_I_hjheh]bqg_kdbo
k_evkdhohayckl\_gguo jZchgh\ j_kim
Lz~ bdbklzg” dZn_"ful_hjheh]bb b
debfZlheh]bb nbabqg_kdh]h hZdhbe\kidhZh
gZpbhgZevghlh mgb\_ pkbl_ _bphf jht
01221G1428

J_p_ga_gl ~hdlhj-dBabf&hibg_kdbo gZmd
ijhn_kkhj :dAh~h\ > F
EBL?J:LMJ:

1. ;hg™"Zjbd G E < kjz\g_gb_ f_Ih~h\ hij_~_e_gby kj_"g_fghlhe_lg_c \_e
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4, ;m~udh F B L_ieh\hc [ZeZgk a_fghc ih\_joghkHb jirf Bl hib&0dh
1956. + k

5. ;m~udh F B DebfZl b "bagym”"BdiE =b~jhf_I|_hbal®Zl + k
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:JA,;BB W<:IHLJ:GKIBJ:LKBY >:J :<A:B >:J,B FH B,G>:J,
<H;:KL: :A R:JHBLB F?L?HJHEH=5

>72j fZ hezZz gZlb Z hb fhgblhjbg]b ~bgzZfbdzZb w\ZihljZzgkibjZlkby \h[Z
f I _hjheh]lbb Z\azb ~Zjzb Fh]bzg”~Zjz i_rgb h® rm~"ZZg2jZzgbagfhbb fZ\kbfl
AZjhafm~”rZlb ~Zjzb Fhlbzg”~Zjz [Zjhb 2Z\jZdbking hb*b Z~ db %) df
ZjZzgb h[b ~Zjz ~Zj Ih[bklhg 1Z jb[Zg ANZj [Z hj [_r Za ANZj Ibjzfh
N"Zj abfbklhg 1ZrZzddme f_z[Zz~ Zg]lhfb filhgdbh]BgdbjhbdZj [hjbrhlb fbzgzZhb
khehgz ~zZj Z\aZb ~Zjzb Fh]lbzg”"Zjz [Zjhb ~"Z\kZbflkheghb ~Zj [ZrZddmeb
ZjZzgb ~Zjz [Z gZaZj ]lbjbnlZ rm” FmZcyg dZj*"Z rm” db fb “hjb fZdkbfZel
A"Zjzb Fhlbzg”Zjz "Zj nZkebhpz{z\&Ej ZANb ZdkZj ZjZzgb *Zjz [Z fZ\kbfb Ih
fm\hnb ZI f_dmgz”* >2Zj Zkhkb gZlb Z hb [Z*Zklhfz~Z fmZcyg dZj~Z rm” dl
fZzkh Z1 hb yo[Zg”"6 fZg[Zb Zkhkbb ZjzZzzgb ~Zjzb Fh]bzg”~zjz f_[hrZz" Fm
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Zjabr hb fbzgzbzlibhehjhjzl \Z [hjbrhl ~Zj ~"Z\jZb khéhhbZzfhxeb Znahbr
IZ\kbn f_rz\Zg” KmjtZlb Znahbrb Zjhjzl gbk[Z]| [Z kmjtZlb Znahbrb [hjbrh
Zkl FmZcyg dzZj*Z rm~ db ~Zj Z\aZb ~Zjzb Fh]bzg”~Zjz [mohjrz\6 [h Znal
Zihz! 1Zfhxeb dh brjh iZc h f_dmgz”~ Hfbeb Zkhkbb dh brb [mohjrz\6 ~
Fhlbzg”~Zjz kZjnb gZazj Za |Zfhxeb Znahbrb ZjhjzIl [hjbrhl Zkl :zg Zkl db
iZkl rm~rzZgb Zjhjzl f_lzj~z~ db Zfgmg hfbeb omgmddm@p6aljhd Zhraet hb |
f_dmgzZ~ \Z [Z bg \ZkbeZ fhg_Zb 1Z[b6 [Zjhb jZ\Zg” hb [mohjrz\6 f_]zjrz"
[Zcgb [mohjrz\6 \zZ [hjbrhlb fbzgzZb khehgz ~zZj Z\aZb "Zjzb Fh]lbzg”Zj:
[hjbrhljh ~Zj jz\Zg™ hb [mohjrz\6 gbrhg ~h”"

DZeb”\h Z mhbzg”~Zjz [mohjrz\6 fZkkzZb Z\h dhjj_eylkby [hjbrhl
IZfhxe d@e h [mohjrz\6

HP?GD: W<:IHLJ:GKIBJ:PBB ;:KK?CG: J?DB FH=BYG>:JVY <
A:<BKBFHKLB HL F?L?HJHEH=BQ?KDBO MKEH<BC

< klzlv_ ij_"klzZ\e_gu j_ameviZlu fhgblhjbg]Z ~"bgbfbddzW\hhhkdgkibjz
hl f | _hjheh]bg_kdbo mkeh\bc [Zkk_cgZ j_db Fh]byg”~Zjvy K _ahggh_ jZ
kj_~g_fgh]lhe_lg_]h klhdZ j_db Fhlbyg~Zjvy]pRZihdppduz_ | qglh 3 df
\h~ghlh klhdZ j_db nhjfbjm_Ilky e_Ihf hdheh \_kghc [he__ hk_gvx |
Fhgblhjbg]l]hf ~bgzZfbdb baf_g _gby kj_"~g_]h”h\uo ZIfhkn_jguo hkz~dh\
Fhlbyg~rzZjvy &h™i_j- ]1] mgblu\Zekdedd \ nhjfbjh\Zgb_ klhdwelj_d
mklZzgh\e_gh glh fzZdkbfzZevgh_ dhebq_klI\h ZIfhkn_jguo hkz~dh\ \uizZ”".
Fhlbyg~Zjvy \' \_k_ggbc i_jbh” Z fzdkbfZevguc klhd j_db khhI\_IklI\m_1I e_1
ihemq_gguo j_amevlZlh\ [ueh mklZgh\e_gh qglh Hhgh\gHabybklhdgbgdhdbnh
Fhlbyg~Zjvy yl\ey_lky e_"gbdh\uc klhd MklZgh\e_gh qlh kj_~g_lh~h\u_ a
Zlfhkn_jguo hkz~dh\ az -i_jbh] o0ZzZjzdl_jbamxlky \hajzZklzZxsbffilj_g~hf
\hajzklzgby |_fi_jEghgu\ ~\Z jZzaz f_gvrfi m\febg_gby ZIfhkn_jguo hkz~d}l

H[gZjm _gh qlh \ [Zkk_cg_ j_db Fhlbyg~Zjvy w\ZihljZgkibjZpby ijbh[j_I1Z_I
m\_ebq_gb_f ohly g [hevrbf | _fi_jZImju Hkgh\guf nZdlhjhf mf_gvr_gby w'
[Zkk_cg_ j_db Fhlbyg~trzZjvyZ g _Wfhljyhatzklzxsbec 1j_g™ |I_fi_jZlmju yley>

Zlfhkn_jgu_ hkz~db Hq_\b”gh qglh h[bevgu_ hkz~db ijb\h~yl d kgb _gb
\ukImiz_1 dZd hoez ~"Z_fuc nzZdlhj dhfihg_glh\ gz~ ih\_joghklvx kmrb b |_1
_klI_kIN_gguf [Zjv_jh\ H®Zfijhw\zkhljZgkibjZpbb < bkke_~h\Zgbb dhjj_ey
aZ\bkbfhklb w\ZihljzgkibjZpbb hl kj_"g_]lh"h\uo agZq_gbc ZIfhkn_jguo hk:
Fhlbyg~zZjvy ihdzZazZzg kms_klI\_gguc \dez”™ Zlfhkn_jguo hkz~dh\ \ ijhl_
w\ZihljzZgkibjZpbb

Dexg_\u keh\ZFh]byg"rZjvy w\ZihljZgkibjZpby \ha“mrgzZy fZkkZz d
ZIfhkn_jgu_ hkz~rdb I1_fi_jzZIlmjz 1j_g~ ha_jZ bkizZj_gb_

ASSESSMENT OF EVAPOTRANSPIRATION IN THE MOGIYANDARYA
RIVER BASIN IN DEPENDENCE OF METEOROLOGICAL CONDITIONS

The article presentthe results of monitoring the dynamics of evapotranspiration depending on the
meteorological conditions of the Mogiyandarya River basin. The seasonal distribution of the average annual
flow of the Mogiyandarya River for the period 192924 shows that 50%0.13 kn¥) of the river's water flow
is formed in summer, about 18% in spring, more than 19% in autumn and about 13% in winter. Monitoring
of changes in average annual precipitation in the Mogiyandarya River basin for the perie2D29260k
into accounits contribution to the formation of river flow. It was established that the maximum amount of
atmospheric precipitation falls in the Mogiyandarya River basin in the spring, and the maximum river flow
corresponds to the summer season. Based on thesrebtdined, it was established that the main source of
the Mogiyandarya River's flow is glacial meltwater. It was found that the average annual temperatures and
precipitation for the period 1942020 show an upward trend. The rate of temperature incieafaast half
that of the rate of increase in atmospheric precipitation. It was found that in the Mogiyandarya River basin,
evapotranspiration is decreasing with an increase (slight) in temperature. The main factor in the decrease in
evapotranspiration ithe Mogiyandarya River basin, despite the increasing temperature trend, is atmospheric
precipitation. It is obvious that heavy precipitation leads to a decrease in temperature, i.e., it acts as a cooling
factor for components above the land surface and ttacomes a natural barrier to evapotranspiration
processes. A study of the correlation between evapotranspiration and average annual atmospheric
precipitation in the Mogiyandarya River basin shows that atmospheric precipitation makes a significant
contribution to evapotranspiration processes.

Keywords: Mogiyandarya, evapotranspiration, air mass, correlation, precipitation, temperature, trend,
lakes, evaporation
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M >1551.506.1
FHGBLHJBG= >BG:FBDB IJHP?KKH< W<:IHLJ:GKIBJ:PBB <
;. KK?CG? J?DB BKN:JU
Gbza D Ghjfzlh\ B R
'Lz~ bdkdbc JThkm~Zjkl\_gguc i_~Z]lh]lbg_kdbc mghb\_jkbl_1 t
2Lz~ bdkdbc gZpbhgZevguc mgb\_jkbl_|I
<\_ " gbdimZevgu_ ijh[e_fu j_]bhgzZ P_gljZebght \:la’bb
b ijhrh\hevklI\_ggzZy [_,aljiZkgheixd] [h\Zgbyj kfhljZ klZjuo
ko f b \g_"j_gby bggh\Zpbhgguo ko _ f ohayckl\h\Zgby \ k _«
HrgZdh ijb ex[hf jZzkdezZ”_ hjhrz_fh_ a_fe_~_eb_ hklzZzlky ~
ijhba\h”~kI\_  k_ewkldhopbghc ijh "mdpbdz\bkbfh zZjblrghklb
debfZlbq_kdke®h\bc j ]bhgzZ D, ih ijhPgham <k_fbjgh]lh [ZgdZ
ihlj _[ghkkv. evkdhohayckl\ _gghjh]tkhgdhjZ gljZevghc :abb \ \h
\hajzklz _1 ~h > @

D kh'Ze gbx gug_rg__  khklhghadyckKk _ewgkdtlihjZz
0ZjZd!l_jbanmhékybfb ihl_jyfb hjhkbNhéwughez g _ kh\ jr _gkI\Z
hjhkbl_evguo kbkl_f hjhr_gby dh]*"Z [he__ \R*u  ijhk:
f ebhjZlb\gabk!| fZohdheh hkz~rdh\ \uiZz”"Zxsbo gZ dhglbg

\ha\jzZzszxlky \ ZIfhkn_jm ihkj_"kI\hf w{ZR¢jp24kibjZpbb

<Zgh_agZq_gb _djm]h\hjhl \h”u hijlky_eyx mqzZklb_f b
kilbfmebjh\Zgdphfbo ijhp_kkh\ \Vdegdifbydm jZa\blby jZklbl_evghl
[bh]_hobfbb m]Je_jh~Z iblZl_evguo \_s_kI\ nhjfbjh\Zgb_ fbdj
gZ f_|I_hjheh]bmkledBby f_kl[gkkilb@ GZjZklZxsbc ~_nbpbl \h”u
fbj_ ij_"klZ\ey_| m]jham 7ey h[_ki_q_gby 9gZk_e_gby ijh:
ijh~h\hevkl\ _gghc [_ahiZkghklb K_evkdh_  ohayckl\h hl
ijhba\h~klI\Z ijh*mdlh\ iblZgby klZgedbkZ djkhgek fhc g_o\zZldb
hjhkb evghc \h*u [eZ]h”Zjy dlhihghcrbjhdb_ iehsZ”b hjhrzZ _ fu
a_f_éw\h”ylky ba k_\hh[hjhlZ

Keh b\rZyky kbimZpby lj _[m_| dZj*"bgZevguo j_r
mkh\_jr_gkl\h\Wjgkbl_evguo kbkl_f b kdhajZfhygdguo f_Ih” h\ ih
kljhl]hfm mqgzlimc d22b'gbjjhkthl _evghc \h”u k IThqgithdj hpghokdhc
dmevimj d \h”_ LhqggZy [gpkbdZ dilhlihg_glh\ wdhWbkl_bHu \
dhebqg_kI\_gguo agZqg_gbc bkiZj gby \h~u I1Zd" _ \Zagunmely ijh]g
bl]b~rjheh]l]bg_kdbo jZzkqgzlh\ ih nkijZ\ev gbib hijbk[5, €85

>ey hjhr_d&kbyvkdhohayckl\ _gguo a_f _ev gZjy*m k ih\_jo
ih~a_fgufb”zZfb hij_~_exdgd¢ [he_hkz~rdhdhkbl i_j _ghkbfzy
w\ZihljZgkibjZpb\ cjoghlglbhjhrz_ fuo iehsz”_dhinjZz[bjZz I
[he__ iheh\bgu \k_c kheg_gghc wg_j]lbb ih]JehszZ _ fhc ih\_|
[6,c.313].

>ey hij_~_e_gby bkiZj_gby \eZ]b ba ihg\_ggh]h kehy \ i
\eZ ghklb \ ZIfhkn_j_\ e _ljghek alhgfyth"hhkgh\Zgguo gz
aZ\bkbfhklb blkyzhl dkizZjy_ fhklb \eZ]b b nmgdpbb \e&].ghklb ihc

K mqgzlhf hkgh\ghc Ijm~ghklb \ur_ i _j gbklkk\yadgygkd Ih”~h\
g_h[oh”bfhklvx agZqdhedwglkd) f gguo Rgy” e _gby nmgdpbb
\eZ ghklb ih\gya[h[8, c15] ij_"eh _g [he__ ijhklhc f_Ih™ \uqgbke_

nmgdpbb \eZ ghklb ihg\u ke_~mxsbf mjZ\g_gb_f

582A" ?55AT>T
Kw) = — (1)

1" i€ b 31 £khhI\_IkI\,_ ggtfu bkizZzj_gby b hkz~dh\ hl ~"Zlu g
jZkdZ \ ~Zgghf I_iehf i_jbh”~_ ~h gZqZrk]h jblgdzjghdE \L_f_gb
PtkmffZ hkz~dh\ aZ jZkqzlguc bgl_j\Ze \j_f_gb
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dhgklzglz ij_"klz\ey | kh[hc ij_~_evgh_ agZqg_gb_ kehy \
fh™ _| bkiZjblvky ba ihg\u azZ ijh*he pblaevigadhj_ fy

ljb m\ _ebq _gbb gZk_e gby]W® niebdhd fbeebZj*hhhg_eh\ _d
NZgguf HH@Gihegbl _evgZy ihl)\ IghKleyijhba\h?kI\Z ijh~mdlh\
iblZzgbyhklb]z | Y~ b h[slinfebqg_klI\hf dfi 1h® M\_ebq_
bkiZzj_gby \ hjhrz_fhf a_fe_» _Jdm dkhklzZ\bl dfai Hh”
"hihegbl_evghc ihlj_[ghigibc\\hj® M\ _ebq_gby\dhebfeklI\Z
ijhba\h~kI\Z ijh~mdlh\jZml\bdbyf hjhrZ_fh]lh b [h]Zjgbbly a_fe
khklzZz\ey | ebrv dfi Th™ ba c3]. dfda Jh" >

Ihl _gpbZevgh_ bkizZj_gbey 1ky g_h[okhblfh\eyx 3 ey
hp_gdb nzZdlbg_kdh]h bRiZAOcgbyy ?L<azZbfhkl\yav nzZdlbqg_kdh
ihl _gpbzZevgh]lh bkizj_gby khhltyhey gbkyf

21z RRL 2)

1" _«Bdhwnnbpb_gl ihk_\Z

AgZqg_fdh bl_a&yz\ _gkl\_1Zd gZau\dhihdinbgbhf ihk_\Z
\h fgh]lhf hij_fMkey\b”*hf khawvkyckl\_gghc dmevimju KI_i_c
m\eZ g_gby ihg\u > @Z[BGlgu jzggh]lhgbke _ggu”ey |h”u
jZkqzlzZ ijhp_kkh\ bkizZj _gby \eZ]b ba \ _jogbo kehz\ eblhk
dhfihg_glh\ wdhkbkl_fu D kh'Ze_ gbx fgh]b_ bboxlwlbo f
hl]jZgbq _ggmxklwnh[apf g gby [ezZzghhIpph~bfhklb bkihevah\zZghb
[hevrbdhebqg_kI\ nbabiZjkdblgh\ ~ey \ugbke_gbc F_I&" | _gfzZ
Fhgl clz g _kfhljy ggb\]lhkZevghkjlbf lgbfhklv \ jZaebqguo
debfZlbg_kdbo miZhXdyojbam_Ilky hij_~_elggaHHf g\ kNyab k
ihlj _[ghklvikbYhdhf gZ[hgjzZf_ |jh\,21964;12,¢.111;13,c. @ >ey
hp _gdZ[hlhkihkh[ghklb jZajz[ZfluhWwhfudhqghklb hij_~ e gby
ihl _gpbZevgh]lh bkizZj _gby jZaRAWbSEZRNEZ[12hc08]v

>ey jZajZ[hidggdhZh[hkgh\Zgghc ko_fu mijZ\e_gby \h~gufb
j_lbhgz \Z gh_ f_klh hi\h”*blky bgpfthjg@ptvgf jibih b \ezZ]b f_"~r
kmr k& ZIfhkn_jhc b ihlp_kglekkdhohayckl\_ggubd”diné&whihf\
ieZg_ \Z\gy\e gihhp _kkhdZau\Zxsdlmyb gZ ]Jb”*jheh]bqg_kdbc pbc
NZdlbqgq_kdh_ bkiZp ghhey 14ky hkgh\guf dhfihg_glhf ]Jb”jheh]bq
pbdeZ b hl _]1h agXiklgbtb”jheh]ppdledpZLkk cgh'.258. >

Ke_"m_| hif_Iblv qlh g_ihkj_~klI\_ngZdl b do akfd i ]jig hpkky Z
k\yvaZgh k [hekrbliljdb aj gby | _ogbq_kdh]h hkms_kl\e _gby |
HAgZdh gug_ jZajZ[hlZzgu fghlh dhk\_gguo f_Ih~h\ dhlhju_
ihemq_gby “hklh\_jguo agZq_gbc nzZdlbag.lGayHph6bkiZj gby >

Mgblu\Zy dMmkh[gm\kl\bl _evghklv Z]jZjgh]lh k_dlhjz d f
baf_g_gbyf f_|I_hjheh]bq_kdbo izjzf_Ijh\ fh gh h ' b~ZIv kms_Kkl
baf_g _gby debfzlZz gz ijh~h\hevkl\_ggmx [_ahiZkghklv b h[h
\h~u \ kljZgZo gbah\vy j d j_]bhgZ P_gljZevghc :abb

AZfdglhklv [Zkk_cgZ j_db BknZju b h[ngkalg\£qlylglevaomlbf
\ebygb_ \g _rgbBdlhjh§Z debfZlbg_kdb_ khlél@Z\ddy g _dhlhjmx
klZ[bevghklv \ “"bgzZfbd_ f_ | _hjheh]b,qgb kdbld fi Z\Z 42 gh\
kji_~g_]h~h\u_ ZlIfhkn_jgu_ hkz~rddb\ Kakaku\Zg | hkh[mx |j_\h]n
\ebygb_ ihl_ie_gby debfzlZglhz ikhsjZzsb he_~_g_gbydb _joh\_\
BknZju <ur_ i_j_gbkegg]lZlb\gu_ nZdlhju g_ fhlml g_ hljz Zz
ijhba\h~kl\_ k_evkdhohayckl\_gguo dmevimj \ [ZkB2;cg_ |_dt
18,¢.128].

F Ih~u bkke "h\ZglgZklhys ¢ jZ[hl_ ij_~klZ\e_gu j_ame
bkke ~"h\Zgbc ~bgzZfbdb w\ZihljZgkibjZpbb nzdlbgq_kdh]h bki
j_db BknZju aZ i_jbhA inJZkqahtwgzZq_gbc w\ZihlpZgkibjZp

ihl _gpbZevgh]h bkiZj gby ijh\h*"bebkv k bkihevah\Zgb_ f Zjob\
bo h[jZ[hldb ijbf_gyebkv klZlbklbgq_kdb_ b dhjj_eypbhggu_ f_
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J _ameviZliu b bo h[kpeh dihpgZjm  _gh qlh k ih ]h™
[Zkk_cg_ j_db BknZju dhebgjgu\dh hKZhkim\ m\_ebgb\Z_Iky
w\ZihljZzgkibjZpby mf_gvrZ_|lky jbk Khl]ezZzkgh gZr_fm ij_"ih
ijb\h~yl d kgb _gbx [I_fi_jZlmju ih\_joghklb kmrb Wb khhl\
dbg_Ibg_kdhc Ihgdbgaj*lglbly Ihaggd kjllbb "ey bkiZj_gby fhe_dme \

Jbkmghd>bgzZfbdzZ Zlfhkn_jguo hkzZ~dh\ b w\ZihljZgkibjZp

[ZKk_cg_ j_db BknZju aZ it jbh?1]
Figure 1. tDynamics of atmospheric precipitation and evapotranspiration in
the Isfara River basin for the period 19322024

;ueh hfgZjm ' IllglaZqg _jbh”t 11 \[Zkk_cg_j_db BknZju Ij_
| _fi_jZlmjkhojZgye ihqglb ihklhyggh_ agZq_gb_ b khhiI\_Ikl\_g
nZdlhjhfebyxsbc gZ ~bgzZfbdm w\ZihljhkdKk\ZjeZtpkvo dhebqg_ kl\h
ZlIfhkn_jguo hkz~dkk_tg_ j_db BknzZju[ whkf k\b”_|_evkl\m_I
koh” klv agZg_gbc dhwnnbpb_glh\ ~ | jfbgZpbb dzZd \ ijhp_
w\Zihljzgkibjzpbb hl ZIfhkn_jguo hkz~dh\ 1Zd b \ aZ\bkbfhkl
jZ\ g urRr?=0.2473.

Jbkmghd >bgzZfbdz |_fi_jZIlnmwj\ZithljZzgkibjZpbb \ [Zkk_cg_

j_db BknZju azZ i_jba~ 11
Figure 2. £ Dynamics of temperature and evapotranspiration in the Isfara
River basin for the period 1932 +2024
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BkiZj _gb_\h”~u ih”jZza”_ey |ky gZ khklzZ\eyxsb_ k ih\_jogl
ihdjulh_ 1jZz\yguf ihdjhahb KRILh\_joghklb kmudz d?luelh mdzZazgh
\ur, "ey hp_gdmgZlg gh¥y gpbZevgh]h bkiZj dbyhlghlr gb _
w\ZihljZgkibjZpbbggbihevghfm bkiZj gbX dHifjwhnéyp gl ihk _\Z
jZkl _gbc Dhwnnbpb_ gl ihk_\Z D k fh™ I bkihevah\ZIlvky
nZdlbg_kdhc iehsZ”b iZrgb k_ghdhkh\ b iZkl[bs \ mkeh\gmx kt
gZ hkgh\Zgbb [Zeeh\ h[s_c hmpgmg&bbnkldi\dtfwnnbpb_ gl ihk_\Z
fh gh bgl_jlpjh\Zlv dZd ihdZaZzZl_ev ihdZau\Zxsbchthelul jjblhj
jZkl_gbyfb

GZ jbk ijb\_"_gzZz ~bgzZfbdzZz baf_g_gby w\ZihljZgkib]j
ihl _gpbzZevgh]lh bkizj _gby [Zkk _cgZ j_db BknZju aZ i_jbh”

JbkmghdLj_ g™ baf_g_gby w\ZihljZgkibjZpbb ?L b ihl_gpbZe
bkiZzj_gbyn AL[Zkk_cg_ j_db BknZju
ad_jbh1932 +20241]
Figure 3. £Trend of change in evapotranspiration (ET) and potential evaporation
(E Lo) in the Isfara River basin for the period 19322024

DZd \b~gh ba jbk aZ \_kv i_jbh” gZ[ex™_gbc Ij_g™ w\:
khojZzgy_| ihklhyggh_ agZq_gb_ Z ihl_gpbZevgh_ bkiZj_gl
\hajzklzZxsbf Ij_g~hf
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Khlezkgh gZr_fm ij_"~iheh _gbx gZ[ex™"Z _fh_ ihklhygg
w\ZihljZgkibjZzpbb az \_kv i_jbh® gZfex”_¢bc klyazZgh k
ihklhygguf | _fi_jzlmjggfhf Z \hajzZklZxsbc 1j_g” ihl_gpbZe
bkizj _gby ?Lh h[mkeh\e _gh bkizZj_gbyfb \eZ]b jZkl _gbyfb aZz
\eZd \ bo dhjg_\hc qzZklIb\biizbgby hkz"~dh\

DZd [ueh mdZaZgh \ur_ nZdlbqg_kdh_ bkiZj dpyfhw\ZihljZ
ijhihjpbhgzZevgh ihl_gpbZevghfmmibghZ] ggddim gZ dhwnnbpb_
ihk_\Z k_evkdhohayckl\_gghc &me¥hmju_egh dhwnnbpb_gl il
yley Iky hij_~ _eyxsbf nzZdlhjhf \ kdhjhklb ijhl_dZgby w\ZihljZg
Bamqg _gb_f dhjj _eyabBhgigib ¢ w\ZihljZgkibjihpbgpbZevgh]h
bkizj glbyjzdl_jbam_fu_ dhwnnbpb_glhf dhjj_eypbb [ebadh]tl

mklZgh\e_gh qglh \ bo \azZbfhk\yab | rZxs__ agZqg_gb_ bf_ |

jbk

JbkmghdDhjj eypbhggu_ aZ\bkbfhklb nadiblg gqgpdhdbavgh]h
bkiZzj _gby \ [Zkk_cg_ j_db BknZju

Figure 4. Hhe actual and potential evaporation correlation in the Isfara River basin

< k\lyab k [hresmlIbfuf \ebyglbhaff gby debfzZlZz gz
"bag_"_yl _evghklv dhwidhlgklpklZ fu ZdimZevgky ikhZght@l
jZajzZ[hldb f_ozfbdaflZpbb >ey j ]bhgZ P _gljZevghc :abb \
k _evkdhohayckl\_ggZy ~ _yl _evghklv y\ey |ky "hfbgbjmxsbf k_
bkke "h\Zgbc baf_g gby ]b”jheh]bg_kdh]h pbddig |IE [ZeZgk:
hkh[mx ZdIimZevghklv 1Zd dzZd iha\lhey_ | \gZklih_ 8 he¢j gbbjh\d
jZpbhgZewkhhevah\Xgbguo j_kmjkh\ \ \h*hzfdbo hljZkeyo wdF
< wlhf ieZg_ bkke_~h\Zgb_ b kjzZ\g_gb_ \Z guo dhfihg_glh\ \h
bkizj_gb_\dihwjzgkibjZzpby ~\mo i_jbh~h\ fh _| ij_"klzZ\blv i
bgnhjfZpbx ey ijkgnibylkl\mxsbo f_j ih memqr_gbx kblmZpbb

J_ameviZlu kjz\g_gbc *"bgZfbdb ihl_gpbZevgh]lh bkiZj_gby

b - ij_~"klZ\e _gu gZ jbk
JbkmghdAgZqg_dghy gpbZevgh]h bkiZj _gby \ [Zkk_cg_ j_db Bkn
i_jbh”~u - b t 11

Figure 5. +Potential evaporation in the Isfara River basin for the periods 1964994
and 19952025
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KjZ\g_gb_f "bgZfbdb ihl_gpbZevghphbkiZj_ gbyih b
k ih ]h*u [ueh mklZgh\e_gh qlh ihlghpbZeMgio bki
i_jbh”~Zo ozjzdlkybdmjZklzZxsbf Ij_g~hf ijbgzf aZ i_jlgh”
hgh ijhl_&dhe  azf Iguf mkdhj_gb_f AZ \ _kv i_jbh” gZ[ex"_

]h~ru ZIfhkn_jgu_ hkzZ~db m\_ebgb\zZxlky b wlh _kl_kI\_
\hajzZzklZxs_fm |[Ij_g”m ihl_gpbZevgh]lh bkizZj_gby ;he__ ag.
dhwnnbpb _glzZz ~ | _jfbgZpbb ihl _gpbZevgh]h bkizZj dby azZ i_j
\_jhylgklyaZzgh k m\_ebq_®gbdbfkiehdjh\zfb jzZzkl_gbc gz I|_jjblh
[Zkk _cgZ j_db BknZju

GZ jbk ij_"klz\e_gzZ "bzljzffz \azbfhaz\bkbfhklb w\Zihl
k ahggufb agZg_gbyfb | _fi_jZImju &aZ i_jph™Mqg_\b”gh qlh k
m\_ebqg_gb_f | _fi_jZImju m\_ebqb\zZbjlkybw\djihd] Hxkb [ueh
mklZgh\le _gh gZ azZ\bkbfhklv fh™ | ih\ebylv dhebq_kl\h ZIfhkn
JbkmghdAgZqg_gbc w\ZihljZgkibjZzpbb k_ahgguo |I_fi_jZIlmj Z

[ [Zkk_cgZ j_db BknZju aZ i_jbh~
1995 +2025]]
Figure 6. tEvapotranspiration, seasonal temperatures (a) and precipitation (b) in
the Isfara River basin for the period 19952025
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Dzd \b”gh ba 4bk e _Igbc k_ahg dh]*z |_fi_jZImjz ~hl
fZdkbfZevguo agZq_gbc w\ZihljZgkibjzZzpby khklZ\ey_| gmlv [h
hk_gvx ijb | _fi_jZImj_ gmIK [WeZXZirhljZgkibjZpby khklZ\ey | [he_
ff ;ezZ]lh”~Zjy fHbagdbg_gbyf |_fi_jZImju \abZhcgby hkz~dh\ \
[hevrbgkKemqgZX I\ _jrhf Z]j 1Zlghf khvk\ByglhbgkibjZpby yley Iky
fbgbfZevghc K_ahggu_ agZq_gby Zlfhkin fjgpdblmjpkZbdh\
w\ZihljZgkibjZpbb gz kbWtk* | _evkl\mxl h Ihf qlh ijhl_dzZgb_ ijf
w\ZihljkdgjzZpltkb *hklZzlhqghc bgl_gkphgkahwbl ijb hilbfZevghf
khg IZzgbb agZq_gbc | _fi_jZImju b ZlIfhkn_jguo hkzZ~dh\

ljhyle_gb_ 1Zdbo azZ\bkbfhkl_c w\ZihljzgkibjZpbb hl f_1_
iZjZf_ljh\ "2 hafh ghklv mijzZ\eylv Kkdhijhklgay b khojZg_gby
g_h[oh”bfhc \eZ ghklb ihqg\u

AZdexqg_.gleh h[gZjm  _gh qlh k ih ]h~u \ [Zkk _c
BknzZju dhebqg_kl\h ZIfhkn_jguo hkz”~dh\ m\_ebgb\Z_Ilky Z v
mf _gvrZ |ky Z 1j_g” | _fi_jZImju khojZgye ilZglbgbihklhyggt
khhi\_IklI\_ggh hkgh\guf nZdlhjhf \ebyxsbc gZ ~bgZfbdm w\Z
hklz\Zehkv dhebqg_klI\h ZIfhkn_jguo hkz~dh\ \ [Zkk_cg_ j_db B

Bamd_d dhjj_eypbhgguo aZ\bkwbihklj£gkibjZpbhb b
ihl _gpbZevgh]lh bbiZjZglbybam_ fu_dhwmindpjgy _eypbb [ebadh]h

[ueh mklZgh\e_gh qlh \ bo \aZbfhk\yab |j_rZxbpb aplZq_gb.
ihk_\zZ Mklzgh\eijoh_dddb_ ijhp_kkh\ w\ZihlkZzgkkdgZipgghc
bgl_gkb\ghkjllvikkoh”~bl ijb hilbfZzevghf khq_lZgbb amgwug bgbc |_f
Zlfhkn_jguo hkz~dh\

ljhyle_gb_ 1Zdbo azZ\bkbfhkl_c w\ZihljzgkibjzZpbb hl f_1_
iZzjzf_ljh\ ~Z 1 \hafh 'ghklv mijzZ\eylv kdhjhklb bkizZj_gby |
g_h[oh”~bfhc \eZ ghklb ihqg\u

KIZIvy \uiheg_gZ \ jZfdZea ggdn
bkke_"h\Zl_evkdhc giZ[hldm 3Fhgblhjbg]
f I _hjheh]l]bg_kdbo b Z]jhf_I_hjheh]bqg_kdbo
k_evkdhohayckl\_gguo jZchgh\ j_kim,
Lz~ bdbklzg” dZn_"ful_hjheh]bb b
debfZlheh]bb nbabqg_kdh]h hZdhbae\kidhZh
gZpbhgZevghlh mgb\_akbl hgZ jhf <
01221G1428

J p_gaddg”b”Zl | _ogbq_kdbo gZmd "hj

Fbjahohgah”zZ K H

85



EBL?J:LMJ:

1. O\Zg ®klzg_fkya \h~u" lhg_fm ~_nbpbl \hagbd ~Z°_ \OD#pluaklzZg_
https://p.dw.com/p/4fj0e

2. Lhibebg : >_fh]jZnbqg_kdbc ihl_gpbZe kljZzg AZdz\dZavy P_gljZevghc
I[jm~rZ KG= Lhibebg https://www.ca-c.org.ru/journal/2000/journal_rus/cac09 2000/
20.Topilin.shtml

3. Dingman S.L. Physical hydrology. Upper Saddle River / S.L. Dingairnentice Hall, Inc2002. +
345p.

4. Zhao M., Réduction de la pradtion primaire nette terrestre mondiale due a la sécheresse entre 2000
et 2009 / M. Zhao$.W. Running // Science 2010.- V.329. +Pj. 940943.

5. GZazZFWOp_gdzZlh~h\ jzkg_I1Z f_kygguo agZq_gbc ihl_gpbZevgh]h bkizj_
debfzl_ F GzZaZQ)Bb&bDAf_ev F =jbkf_j KFF KzZ~_]b :jbAgu_ wdhkb
2020.- L -26.- <« +K -92.

6. TUHQEHUWK . ( (DUWKTV JORénbdtth HJ Hraklilo KB J Bulletin of the
American Meteorological Society2009.- V.90. +Pj. 311-323.

7. ;m~udh F B H[ hij_~ e _gbb bkizZj_gby k ih\_joghklb kmrb F B ;m”*ut
b ]brjheh}bdp5. £« +K 5H8.

8. IlhklgbdhG: F_Ih” hij_~_e_gby bkizZzj_gby k ih\_joghklb kmrb \ e_kghc
kl _ighc ahgZo Jhkkbb az f_kypu |I_iehGhhkldphdEZ\]h*"E_""mgZjh~*guc gZmqgl
bkke "~h\Zl _evkdbe202ijgZe +K -18.

9. Rockstrom J. Linkages among teavapor flows, food production, and terrestrial ecosystem services
/ J.Rockstrom, L. Gordon, C. Folke, M. Falkenmark,Bhgwall // Conservation Ecology1999. V. 3(2).
£j.1- 5.

10.LopezUrreaR. Testing evapotranspiration equations using lysimebservations in a semiarid
climate / R. LépedJrrea F. Martin de Santa Olalla, C. Fabeiro, A. Moratalla // Agricultural Water
Management:2006. V. 85(12). +P[.15-26.

11.Kisi O. Comparison of different empirical methods for estimating daily referencegaappiration
in Mediterranean climate / O. Kisi // J. Irrigation and Drainage ER§13.- V. 140. + Jj.19434774.

12.Tabari H. Comparative analysis of 31 reference evapotranspiration methods under humid conditions
/ H. Tabari, M.E. Grismel$. Trajkovic// Irrigation Science- 2013. - V. 31. +Pj.107-117.

13. Oh”~"b[h_\Z F O Bamq_gb_ ijhp_kkh\ w\ZhhglZogkhbfZgkb\by “hebgguo
\h~hojzZgbebs gZ ijbf_j_ DZzZjZdmfkdh]h \h~hojZgbebsZz F O Oh~"b[h_\Z
Em]fhgh\Z <_klgbd LGM k_j ?k2023\< ggKo g¥3nd

14. Haselow L. Measurement and estimation of evapotranspiratigemiarid grassland during the
summer season in southwest Siberia / L. Haselow, H. Rupp, A.A. Bondarovich, R. Meissner // Eurasian J Soil
Sci. £2019. +V. 8 (3). +Pj. 257 +266.

15.Wohlfahrt G. Insights from Independent Evapotranspiration Estimates for Closing the Energy
Balance: A Grassland Case Study / G. Wohlfahrt, C. Irschick, B. Thalinger, L. Hortnagl, N. Obojes, A.
Hammerle // Vadose Zone Journ&010.- V. 9(4). £Pj. 10251033.

16.0Obeholzer S. Crop water use under Swiss pedoclimatic conditiihgaluation of lysimeter data
covering a sevegear period / S. Oberholzer, V. Prasuhn, A. Hund // Field Crops Reseaftti.-V. 211.
1Pj. 4865.

17.Gbza K D =b~jhobfby j_db BRKnDBjuew]) Zdazigdbetr mb gzZ\ ijbf_gbl_evgh
hjhr_gbx k_evkdhohayckl\_gguo a_f_ev K D GbzZahjfzZHh\ Fmfdghlgbd R
i_~Zlh]bg_kdh]h mgb\_jkbl_1Z k2025.-kl_kI\- i§Z+84

18.GhjfZzlh\ B R IjhkljzZgkVukdddph jZkej gb Zlfhkn_jguo hkzZ~Adh\ \ [Zkk ¢
j_db <Zjah] B R Ghjfzlh\ = G KZ[mjh¥WW EbHahFmfkgtkigbhd LGM k_j
?kl_KI\_gguo-a@&-d +K -136.

REFERENCES

1. Hwang E. Will We Be Left Without Water? Why the Shortage Has Arrived Ev&yrgyzstan / E.
Hwang // https://p.dw.com/p/4fjOe.

2. Topilin A. Demographic Potential of the Countries of Transcaucasia, Central Asia, and the Common
Labor Market of the CIS / A. Topilin. k ku ed&tps://www.cac.org.ru/journal/2000/journal_rus/
cac09_2000/20.Topilin.shtml

3. Dingman S.L. Physical hydrology. Upper Saddle River / S.L. DingmBrentice Hall, Inc2002.
+345p.

4. Zhao M. Réduction de la production primaire nette terrestre mondiale due a la sécheresse entre 2000
et 2009 / M. Zha, S.W. Running // Science2010.- V.329. +Pj. 940943.

5. Nazari M. Evaluation of Methods for Calculating Monthly Potential Evaporation Vatues Arid
Climate / M. Nazari, M.R. Chaichi, H. Kamel, M. Grismer, S.M.M. Sadeghi // Arid ecosyst@0®&). - Vol.

26.- No. 4 (85). Pj. 8492.

86


https://p.dw.com/p/4fj0e
https://www.ca-c.org.ru/journal/2000/journal_rus/cac09_2000/%2020.Topilin.shtml
https://www.ca-c.org.ru/journal/2000/journal_rus/cac09_2000/%2020.Topilin.shtml
https://www.cac.org.ru/journal/2000/journal_rus/%20cac09_2000/20.Topilin.shtml
https://www.cac.org.ru/journal/2000/journal_rus/%20cac09_2000/20.Topilin.shtml

6. TUHQEHUWK . ( (DUWKTVY JOREDO HQHUJ\ EXGJHW . ( 7UHQEHU
American Meteorological Society2009.- V.90. +Pj. 311-323.

7. Budyko M.l. On Determining Evaporation fromethand Surface / M.1. Budyko // Meteorology and
Hydrology.- 1955.- No. 1+Pj. 52-58.

8. Postnikov A.N. Method for Determining Evaporation from the Land Surface in the Forest- Forest
Steppe, and Steppe Zones of Russia for the Warm Months of the Year / dstHikBv // International
Research Journal2021.- No. 4 (106).+Pj. 1418.

9. Rockstrom J. Linkages among water vapor flows, food production, and terrestrial ecosystem services
/ J. Rockstrom, L. Gordon, C. Folke, M. Falkenmark, M. Engwall // ConservBtiology.- 1999. V. 3(2).

Pj.1- 5.

10.LépezUrrea R. Testing evapotranspiration equations using lysimeter observations in a semiarid
climate / R. LopedJrrea, F. Martin de Santa Olalla, C. Fabeiro, A. Moratalla // Agricultural Water
Management2006. V. 85(12). + Pj.15-26.

11.Kisi O. Comparison of different empirical methods for estimating daily reference evapotranspiration
in Mediterranean climate / O. Kisi // J. Irrigation and Drainage EB§13.- V. 140. +Jj.19434774.

12.Tabari H. Comparative afysis of 31 reference evapotranspiration methods under humid conditions
/ H. Tabari, M.E. Grismer, S. Trajkovic // Irrigation Scienc2013. - V. 31. #Pj. 107117.

13.Khodjiboeva M. Kh. Study of evapotranspiration processes in the impact zones ofrea#ieyoirs
using the Kairakkum reservoir as an example / M. Kh. Khodjiboeva, A.O. Muminov, Sh. O. Lugmonova //
Bulletin of TNU, series of Natural Sciencef023.- No. 2. +Pj. 129137.

14. Haselow L. Measurement and estimation of evapotranspiration inag@mjrassland during the
summer season in southwest Siberia / L. Haselow, H. Rupp, A.A. Bondarovich, R. Meissner // Eurasian J Soil
Sci. £2019. 1V. 8 (3). £Pj. 257 +266.

15.Wohlfahrt G. Insights from Independent Evapotranspiration Estimates for Closing the Energy
Balance: A Grassland Case Study / G. Wohlfahrt, C. Irschick, B. Thalinger, L. Hortnagl, N. Obojes, A.
Hammerle // Vadose Zone Journ&010.- V. 9(4). £Pj. 10251033.

16.0Obeholzer S. Crop water use under Swiss pedoclimatic conditiihgaluation of lysimeter data
covering a sevegear period / S. Oberholzer, V. Prasuhn, A. Hund // Field Crops Rese20dl7.-V. 211.
+Pj. 4865.

17.Niyoz S.K. Hydrochemistry of the IsfaRiver and the Chilgazy and Djui nav Canals as Applied to
Irrigation of Agricultural Lands / S.K. Niyoz, A.O. Muminov, |. Sh. Normatov // Bulletin of the Pedagogical
University, Series of Natural Science2025.- No. 3 (27). +Pj. 31-39.

18.Normatov I. Sh. Spatial and altitudinal distribution of atmospheric precipitation in the Varzob River
basin / I. Sh. Normatov, G.N. Saburova, A.O. Muminov, A. Mirzo // Bulletin of TNU, series of Natural
Sciences: 2023.- No. 3. +Pj. 128136.

FHGBLHJB®=>BG:FBD:BW<:IHLJ:GKIBJ:LKB>:J :<A:B
>:J,BBKN:J:

>7Zj fZ heZ gZlb Z hb 1Z b hlb [mohjrZ\bb \h _6 \Z w Ibfhe6 "~Zj Z\a:
[Zjhb ~Z\jZb khe-hb \h[ZKIZ [Z rZjhblb f_I_hjheh]6 i_rgb h" dzZj*"Z rm~ZZk
b ebfb\azb ~Zjzb Bknzjz Za j@b hclbjrzZ\bb m jhn6 b hlZ \Z hjh]jZnby
f_rz\z~ B hlz]6 hclbjrz\bb 2zZ\az [Z \hjb~rZ\bb fZkkZ hb Jmgh]lmgb Z\h fh
gZlb Z rZjhblb mkim\hjb h[m Z\h [Z \m m” f_hy” <mjrehlglh fibkkEjhbgz qZ
Z\hb gzZfghd [Z Z\az [hbkb [hjbrhlb ghgba \Z Znahbrb gzZaZzjjzkb ZjhjZz
[mohjrz\bb h[ f_]zjrz"~ :a bg j@ 1|Z byb IZ\hamgb h[ [Zjhb Z\azZb ~Zjz |
h behgZz \Z bklbnh”"Zb kzZfZjZzghd [Zjhb h[zgpWdmabfhZkh tioXkowgZ dZj~Zghb
fb ~hjb [mohjrzZ\bb h[ Za ohd [Z ZIfhkn_jZ matb aZjmj6 \Z fm bf [Zjhb fmZc
h[ f_[hrZ”~ ;mamj]b h_ db gmgbg jZ\Zg” hjh IZ\kbn f_dmgZg” [mohjrZ\b
f_[hrzg”® FmZcyg dZj*Z rm”~ dbbthlgXZbp@bdhjhZz\bb h[ ~Zj Z\azZb ~Zjzb Bk
[Zjhb ~Z\jZb khe-hb 1Zfhxeb dh brb [mohjrZz\bb h[jh [h Znahbrb [hjbrhl ¢
f_ b z~ Dh brb fmrh b2Zrm”Zb [mohjrz\6 [h Znahbrb [hjbrhljh f_IZ\hg [h n
db fm\hnb b hg [hjbrhl [k dbBk Zjhjzlb azZfbg \Z fmlZghkb[Zg Za gm |
dbg_Ibd6 wg_jlbyb ghdbnhy [Zjhb [mohjrz\bb fhe_dmeZ hb h[ f_]zj~rz~ |
IZfhxeb [mohjrz\6 ~zZj Izfhfb ~zZ\jZzb fmrh b”rZ ~hbf6 [h 6 f_fhgz® ~Zj he._
w Ibfhe6 [h IZfmadlyd@*Z |1Z\kbn f_rzZ\Z® Fm\hnb b nZjabyb fh Zjabrb ~hbfbk
fmrh brZrm~rz ~Zj 1Zfhfb ~Z\jzb fmarh btz I1Zfhxeb "hbfbb Zjhjzl Zeh zZfzg" Z
NZj he_ db IzZfhxeb Znahyg”"Zb [mohjrZ\tZm ymbhjes\bH7gZzf6 db ~Zj oh
gZa”™bj_rzZ]bb jzklzg6 ~Zj ~Z\jZb [hjbrhl aZobjz f_rz\z~ kmjtzl f_]lbjz~*

DZeb”\h Z>Zjzb BknZjZ [mohjrZ\bb \h _6 [mohjrZ\bb w Ibfhe6 w\Zihl]
[hjbrhl ZjhjzZl hjh]jZnby fZkkZ hb Z\h

FHGBLHABG= >BG:FBDB IJHP?KKH< W<:IHLJ:GKIBJ:PBB <
i KK?CG? J?DB BKN:JU
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< klzZlv_ ij_"klZ\e_gu j_amevlZlu bkke_"~h\Zgby nZdlbg_kdh]h b ihl_g
\ [Zkk_cg_ j_db BknZju aZz i_jgh”~\ az\bkbfhklb hl f_I_hjheh]lbg_kdbo mk
DebfZlbg_kdkeh\bykK_cgzZ j_db BknZju hij_khlj&yblg_kdbf jZkiheh _gb_f
azfdgmlhklvx b hkh[hc hjh]jZznb_c AzZfdgmlhklv [Zkk_cgzZ ij_ljz " ~Z_I i
jZaebgqguo \ha“mrguo fZkk [ez]lh~Zjy qgq_fm \ [Zkk_cg_ khojzZgy_lky
ljhgbdgh\_gb [ZKk_cg j_db g _agZgbl_evguo \eZ guo \ha”“mrguo fZkk
g_agzZqbl_evghklb dhebq_kI\Z ZIfhkn_jguo hkz~dh\ b agzZgbl_evghfm m\_
agZqg_gbc I_fi_jZImj b w\ZihlkBEpkibliZipb®gbh~y ba wlh]lh yij I*"kk&A{enx
\Z ghklhkkzZ\e_dh”rgh]h [ZeZgkZ [Zkk_cgZ j_db k p_evx jZpbhgZevghlh |
wnn_dlb\gh]h bkihevah\Zgby ~ey iheb\Z k_evkdhohayckl\_gguo dmevimj
[ZeZzgkZ g_h[oh”~bfuf b \Z guf dhfihg_glhf yley |ky dhebqg_klh*gmdh agZq_d
ihg\u \ ZIfhkn_jm 1Zjzf_ljzZfbhidkihjaxb |Zzdb_ ijhp_kku yleyxlky nZdlbq_k
ihl _gpbZevgu_ bkizZj gby MklZgh\e _gh qlh *bgzZfbdZ ZIfhkn_jguo hkzZ~dh\
[Zkk_cg_ j_db BknZju az ixjbh” ]] dhlhjE¢gZau\Zmu\Zxsbc Ij_g”"
w\ZihljZgkibjZzpbb k m\_ebqg_gb f ZIfhkn_jguo hkzZ~dh\ GZ[ex"Z fuc w
w\ZihljZzgkibjZpbb k m\_ebq_gb_f ZIfhkn_jguo hkz~dh\ fh gh h[tykgblv \ jZ:
glh \uiz~_gb_ hkzrdh\diklgph"bgbx I_fi_jZImjb lgZhkmikl\, ggtbg_Ibg_kdhc
Ilhgdb aj, gbyex”Z _dk9yhklZlhgghklv wg_jlbb ~ey bkizZzj_gby fhe_dme \h~u ;ue
glh az \_kv i_jbh” gZ[ex”_gbc lIj_g” w\ZihljZzgkibjZpbb khojzZzgy_| ihklhyggh
ihl_gpbzZevgh_ bkizZzj_gbbamodk®xdl \hajzZklzZxsbf [j_g~hf KhlezZkgh gZ
ij_~iheh _gbx gZ[ex"Z_fh_ ihklhyggh_ agZg_gb_ w\ZihljZgkibjzpbb az \_}
(1932 = 1] k\yvazgh k ihklhygguf I_fi_jZImjguf 1j_g~hf Z \hajzZklz
ihl_gpbZevgh]lh bkizZj_gbkeh®thgiEfmgbyfb \eZ]b jZklZ gdkoyfb gZdhie_gghc
\eZd \ bo dhjg_\hc gZklIb\uiiz4bbgdy hkz~dh\

Dexgq_\u_ keh\adzZ BknZzjz nZdlbqg_kdh_ bkiZj_gb_ ihl_gpbZevgh_
w\ZihljzZzgkibjZpby hkz~db |_fi_jZImjZz hjh]ljzZznby \ha“mrgu_ fZkku

MONITORING EVAPORATION DYNAMICS IN THE ISFARA
RIVER BASIN

This article presents the results of a study of actual and potential evaporation in the Isfara River basin
for the period 19322024, depending on meteorological conditions. The climatic conditions of the Isfara River
basin are determined by iteeographic location, isolation, and specific orography. The basin's isolation
prevents the penetration of various air masses, resulting in stable weather conditions. The penetration of small,
humid air masses into the basin results in insignificant ptatipn and a significant increase in average
annual temperatures and evapotranspiration, respectively. Therefore, it is particularly important to develop a
water balance for the river basin for the purpose of rational distribution and efficient usepfarigation.
Quantifying water evaporation from the soil into the atmosphere is a necessary and important component of
this water balance. The parameters that describe such processes are actual and potential evaporation. The
dynamics of precipitation anelvapotranspiration in the Isfara River basin for the period &2 were
found to demonstrate a decreasing trend in evapotranspiration with increasing precipitation. The observed
decrease in evapotranspiration with increasing precipitation can be exblain the assumption that
precipitation leads to a decrease in land temperature and, accordingly, from a kinetic perspective, insufficient
energy for the evaporation of water molecules. It was found that the evapotranspiration trend remained
constant ovethe entire observation period, while potential evaporation was characterized by an increasing
trend. According to our hypothesis, the observed constant evapotranspiration value over the entire observation
period (19322024) is associated with a constamhperature trend, while the increasing trend in potential
evaporation (EJ) is due to moisture evaporation by plants due to moisture accumulated in their roots during
periods of precipitation.

Key words: Isfara River, actual evaporation, potahgvaporation, evapotranspiration, precipitation,
temperature, orography, air masses
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M > Db623.44
NBABQ?KDB? |:J:F?LJU :KL?JHB>: J?AMEVL:LU
NHLHF?LJBQ?KDBO G:;EX>?GBC < L:>@BDBKL:G?
KZnZjah”"Z*Kh[& _\ R K OZzZfjh_\ M O :mjbah”Z : F tkh_\
BgklbIml Zkljhn@:abldb
*LZN bdkdglzpbhgranevagb\ _jkbl _|

<\_"N _gidkh[h_ \gbfZgb_ m~_ey_Ilkyhitheédta_ flglhm Zkl_jhb"h\
(HA)Y ba\_klghfm dzd ihl_gpbZevgh hiZzkgu_ Zkl_jhb”~u |IH:
+D]DUGRXV $VWHURLGV 3+$V KhlezZzkgh h[s_#jbwghhlhfm hij
hit _dlu k fbgbfZevguf jZkklhygby fhi[hlk Aq fe 02," 7 zZ
b Z[khexlghc al\za®*ghd\"_ebqgbglhckhhl\_ITkI\m_I *"bZf_Ijm o f_
ijb Ibibgghf Zev[_"h 1z gb_gZ A _fex IZzdh]lh IbizZz g_[_kguo

kh[hc m]jham iezZg _Ighlh fzZkrlzZ[Z kihkh[gm>x nihlg\ kdbf d dz
ihke ~klI\byf \iehlv ~h jZajmr_gby ieZg Ilu |Ih wlhc ijbgbg_
fhgblhjbg] Ihggh_ hij_~ e _gb_ hj[bl Z 1zd _ ~ IZevgh_ bkke _
oZjzdl_jbklbd jzaf_j khklz\ i_jbh”™ \jZs _gby HA: IH: y\ey)>
azZ™"ZqzZfb ijbdekltgbbfAb2]

Dexqg_\uf Zki_dlhf ih~"h[guo bkke_ _"h\Zgbc y\ey Iky fh~"_

h[eZklb w\hexpbb we f_glh\ hj[bl b ihl_gpbZevguo iBke_ ~ki\bc
4] < dzq_kI\f_jgbfh gh ijb\_kib \k_klh§kggbh\Zgby Zkl jhb~h\

>WYhk b OH dhihdexqBgzkqz!l wihexpbb bo hj[bl
9Z i_jbh~ Ah ]h~zZ =eZ\guf \u\h~hf bkke ~h\Zgby klZeh
djZzcg_ gbadhc \ _jhylghklb klhedgh\_gby \ jZkkfzljb\Z fhf

ZdlmZebabjm_ | aZz*"Zgm kh\_jr_gkl\h\Zgilg halthjhh Yo§ibgygh | h

GZ[ex"_gby b h[jZ[hldZ :kEgHhbo (* \oh”ysbc \ ]jmiim
:iheehgZ ij_"klzZ\ey_ | kh[hc hdheha fguc h[t_dl 1(2 h[gZjr
]h”~m ?]h hlebgbl_evgufb hkh[_gghklyfb y\eyxlky djZcg_
kKh[kI\_gghjjbs_gbwh djm] k\hc kkblZ\eyxs gzZkzZ b i_jbh~
h[jZs_ghkdjm] Khegpz \ ]Jhrz > @ JzZaf_ju wlh]lh |_eZ
"bZiZahg_ hl N h df Mkj_"~gzgguc "bzZf_|j hdheh df i

(* d Zkl_jhb"Zf ij_\urzZxsff jilm [Bevrbgkl\h ba\_klguo fZe!
glh h[mkeZzZ\eb\Z_1| _]h klZImk ihl_gpbzZevgh hiZzkgh]h h[t_
Bkke_"h\Zgb_ fZeuoqglghec kdbkd fu gZqgZebkvijhreRQphtZo
klhe_Iby@ \ qZklghklb bamqg_gb_ dhflll. & EKkyaphlx Wwib* [ueb
\uiheg_g@wZ[ex”_gby ihl_gpbZevgh hizkgh]h Zkl_jhb"Z (* \
k[eb _gby k A_fezZ\]mklZ I-f_gjd\hf é_kdhi_ PLOBKK
F_""mgZjh~rgzZy Zkljhghfkgj\RdEppy KZgleho ~"Ze__ \ |_dkl_
[ueb hkms_kl\e _gu nhlbf IglZdekd gby NZgguo \

J_]bkljZpby
bkihevah\zgb-dZzZIfAKu )/, 3UR/LQH ithe_ aj_gby %01 %o

| e

S ibdk_ev \ klzZg~Zjlguo nhihf_IjBYRIK#Albo ihehkZo
LZ[ebpZ @mjgZe gZ[ex”_gbc E&:\ F:HK
Table 1. Log of observations of asteroid (6037) 1988 EG at MAOS
>7Z1Z ([S k 1 Uz_ az _ 1 3 Nbevl
1.01957 | 0.04213 87.636 %95,
1.0108 0.04076 99.646 %95,
1.00207 | 0.041@ 111.899 %95,
< |Z[ebp_ ijb\V2IlZggZ[ex"([Phry] fy wdkihabbkbttmg”Zo

1 +dhebq_kI\h dD2jh\ebhp_gljbgq_kdh_ jZkklhkgbgljbg_kdh
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jZkklhyglkihabpbhgguc m]Jhe KhegpZ hlghkbil taeval \dlkl n hibe* Z
b nbevlju

H[{sbc h[tzf ihemqg_ggh]h gZ[ex"Z|l_evgh]h fZl_jbZeZ khklz
bah[jZ  _gbc k mqgzlhf \k_o bkihevam_fuo nbevljh\ ba dhlhju
ijb]hrgu ~ey h[jZ[hldb J amevlZlu gZ[ex™_gby Zkl_jhb"Z ijb\_
Z gZ jbk ij_"klz\e_gh ijbf_jgh_ bah[jZz _gb_ h[t_dlZ ih
mki_rguc k[hj "Zgguo

P_evx gZklhys _c¢ jZ[hlu y\ey _|ky hij_~ _e_gb_ nhlhf_Iljbqg_k
gZ kms_klbmxsbevljZo b hij_~ e gb_ g _dhlhjuo nbabg_kdbc
Zkl_phZz (* gZ hkgh\_ gZ[ex”_gby \ijm\h™mphgjh~ghc
Zkljhghfbqg_kdhc h[k_j\Zlhjbb KZgleho BgklbImlzZz Zkljhnbabc
Zdz~ _fbb gZmd LZ~"bdbklZgZ

Jbk Bah[jZ _gby Zk98§BB " HEemq_gguZ\lmklZ ]
Fig. 1. Images of asteroid 1988 EG obtained on August 22, 2023.

>ey h[jZ[hldb ihemqg_gguo bah[jZz  _gbc [ue ijbf_gzg ki_pb:
ijh]jzffguc iZzd | 7\FKR 7UDFNHU > @[ >dggBVZijlhpge&tgZ \u_
wlZiu nhlhf_ljbg_kdhc j_"mdpbb dZeb[jh\dm kujuo dZ”jh\ m
iehkdh]h ihey Z\IhfZlbg_kdmx b~ _glbnbdZpbx a\za™ b p_e
bah[jZz  _gbb Z 1zZzd _ Zkljhf_Iljbg_kdmx ijb\yadm k bkihevah

dZlZeh]h\
J amevlZlu bkke . "Higgbye _gb_ \b”*bfhc alza“ghc \_eb
Zkl_jhb~Zz (* \ dz"~hf dzZz”~j_ \uihegyehkv f_Ih~hf Zi_jlmjgh

hlghkbl _evgh al\za” kjzZ\g_gbyeydmhljfbbdigdbhjuo [ueb \aylu ba
\ukhdhlhggh]h dZlZeh]Z $7/$6_>ag@q Kgb¢y \b bfuo alza“guo \_
h[{t _dlZ jzZzkkgblZggu_ih \k_f dz”jzf "ey dZ ~hc nBMRIf Ijbqg_kd
ij_~"klZ\e _gu \ IZ[ebp_

LZ[ebp&b~"bfZy a\_a”~gZy Xkeébjgbgdz . (*
Table 2. Apparent magnitude of asteroid 1988 EG.
>ZI1Z Nhlihf_ljbg_kdb_ nbevlju
gZlex"_g B V R |

22.08.2023 15.55+0.10 14.80+0.06 1440+0.05 13.93+0.06
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23.08.2023 16.21+0.11 1529+0.05 14.93+0.05 14.58+0.05
24.08.2023 15.57+0.12 14.85+0.@ 1442+0.08 1390+0.11

>bgzZfbdZ baf_g _gbyZKle jkdZzZl _§_gb_ i _jbh”"Z gZ[ex™_gb
ij_"klz\eg@Zjbk ]~ _yihlékb_gZ \br"bfZy al\za”ghy \ZeilhgqgbgZ
hkk2 \j fy gZ[ex™_gby \ujZ _ggh_ \ xebZgkdbo ~gyo -'

Jbk AZ\bkbfhklv \brbfhc al\za”ghZkl_ egthd®8B8UEG\ nbevljZo
BVRI hl \j_f _gb

Fig. 2. Variation of the apparent magnitude of asteroid 1988 EG in thBVRI filters
over time

GZ[ex™Z _fZy i_jbh~*bgghklv baf_g_gby [e_kdZ kem~
ih~\_j°~ _gb_f g_ijZ\bevghc m”~ebgzgghc nhjfu Zkl_jhb"Z |
\jZs_gbkZdkbfZevgZy alza”gZy \_ebqgbgZ khhI\_IklI\m_I| Ihfm
gZ[ex™Zl _ev \b”"bl Zkl_jhb” k[hdm k gZb[hevr_c ijh_dpbhgg
gZh[hjhl fbgbfmf yjdhklb gZkimiz_| dh]~Z hg h[jZszg d gZf |
klhjhghc :fieblm~Z dhe_[Zgbo fymah&ED bgdilj hl kl_i_gb hldehg_
nhjfu Zkl_jhb”~Z hl kn_jbg_kdhc

< i_j\mx ghqgv [ue aZnbdkbjh\Zg jhkl yjdhklb qglh h[ty
ih\hjhlhf d gZ[ex™Zl_ex [he__ hljZz "Zxs_c ih\_joghklb eb[h k[e
GZ \lhjmx ghqgv ijhbahreh h[s__ iZjhgbgh[eulkkdZggh_ baf_ g _gb
nZah\h]lh m]eZ beb hjb_glZpbb hkb \jZs_gby >Zggu_ Ij_Iv_c
hfs_c¢c i_jbh”"bqghklvx g _agZgbl _evgu_ dhe_ [Zgby mdZau\Z:
ZfiebImWWadsZl _evghc \ZjbZpbb al\za”“~ghc \_ebgbgu

LZ[ebpZ[khexlgdyZagZy \_ebybghdzazl_ewZpl_jlizb"Z (*
Table 3. Absolute magnitude H and color index of asteroid 1988 EG

| >Z1Z gZ[ex” | 22.08.2023 | 23.08.2023 |  24.08.2023 |
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' x B 1943+0.10 19.64+0.11 19.51+0.12
< S Y 18.65+0.06 | 18.71+0.05 18.73+0.6
; o R 18.25+0.6 18.35+0.05 18.26+0.08
B I 17.78%0.06 17.98+0.05 17.75+0.10
® >N B-V 0.78 0.93 0.78
5% ! [ BR 118 1.29 1.25
c—a V-R 0.40 0.36 0.47
B R-I 047 0.37 0.51
KlZ[bevgh_ khhlghr_gb_ yjdhklb \ jZaguo nkexlBZo gZbf
gZb[hevrZy\ | k\b”r_1_evkl\m_I h Ibibgghf "e$d&Xkkighb"h\
ki_dljzevghf ]jz~b_gl_
< |gebp_ Ij_"klZ\e_gu mkagZorgogpuy Z[khexlghc alza”g
\_ebgbgu zZkl_jhbnrz Z IzZd _ _]h dexq_\By,MuE,ZRatZB;R).b p\_1Z
Ki_"g__ agZkd_9gW_+ nbevlj_ khklZ\bé’h Hij _~ _e_gb_
ki_dljZzevgh]lh dezZkkzZ Zkl_jhb~Z q_ _]h ihekZaydleykly p\_|Z

nmg’\Zf glzevguf f_IhAhf \ Zkl_jhb’\ghc Ki _dljhnhlhf_ljbb WIb
dzZzB¥ bVR dhebqg_kI\_ggh hibku\zZxl JZagbpm \ yjdhklb h[t_dlz
ki_dljZevguo ihehkBo \bkboghnZceWwgld¢gZzkdhc qlh yl\ey_ Iky ijyfuf
ke "~klI\b_f gzZdehgzZdljz hljz " _gby \ \bAbfhf k\_I_  WIhl gZdet
gZ”"z guf bg”"bdzZlhjhf fbg_jZeh]bg_kdh]h khklzZ\zZ j_lheblZ ih\_]j
[15].

J_amevilZluklg\e® gguZ[ebp_ ij_"kilA®dg_gby Z[khexlghc
alza“ghc \ _ebgbgu b ihdZazl jghbf*"Eg\"\i dibhZgZ[exZeba
p\_Ih\uo bg”~_dkh\ iha\hebeh \ugbkeblv gZdehg ki_dljZ
ij_™"\Zjbl _evgmx IZdkhghfbg_kdmx deZkkbnbdzZpbx \ ijhp_kk_
g_h[oh”~bfhklv kdhjj_dlbjh\ZIlv h[s_ijbgylu_ djbl_jbb

k1l _jhb~ ~ fhgkljbjm _| kbevguc ki_dljZevguc ]jZ”*b_gl k
ihdjZzkg_gbx yjdhklv fhghlhggB thla¢hklz _dAd[he__ Ihkdeuc d
ihehk_ gZb[he__ yjdbc WIhl ]jZ~b_gl bkdexqgZ | hlg_k_gb_ I
CtdeZkkZ Mkj_"gzggu_ ihdzZaZl_eb p\_1Z ihemqg_oB&_ aZ Ijb

ViR=0.41.

AgZg ¥R ohjhrh khhi\_IklI\m _ | ]jZgbpzf ~ey Zkl_jhb”~h\ ki_
dezklsz :kl_jhb’SHbiz hl ©OVL@LHDEW#H2ZIguc ba\_klgu k\hbf
hlghkbl_evgh \ukhdbf Zev[_"RKR h[ulggdi_dljZzevgufb ijbagzdzfb
mdZaulZxsbfb gZ ijbkmlkl\b_ kbebdZlguo fbg_jZeh\ heb\bq
\hafh'gh f_IZeebqg_kdh]lh "_e_az

Hrghadkj "g_  agBgVgb _ Kk nemdimZpbyfb ~h yley
ZghfZzevgh \ukhdbf qglh \u\h”bl h[t_dl azZ ij_’‘StdezZlkkbBggh]h i
"\'mof_jghc "bZ]jZff_ Wlh mdZau\zZ | gZ kbevgh iF

kbg ¢ mevljZznbhe _Ih\hc h[eZklb ki_dljz

GZ hkgh\_ A8 b djzkgh\Zlh]lh Kki_dljz Zkl_jhb~"
ij_™M\Zjbl _evgh deZkkbnbpbjm Iky dzZdShdeZklknfeltkadbjhydguf
k"\b]lhf \ klhj@QghezZzkkZ \dexqZxs_]h h[t_dlu k [he__ \ujZz
ihlJehs_gb_f \ kbg_c h[eZklb eb[h dZd $Skbhfhedkkn [t _d

AgZgbl_evgu_ kmlhggu_ nemdImBg#bthl\ ihdz2&azl_e_ijb
highkbl_evgh klzVBEeMvghihezZ]zZxl qlh ih\_joghklv Zkl_jhb~Z y)
p\_Ih\hc ]_I_jh]_gghc WIh hagzZqzZz_I| gqglh ijb \jZs_gbb h[t_d
ihiz"zZxl mgzZkZaktkgqpuf khklZ\hf beb kl_i_gvx dhkfbg_kdh]h \u
6SDFH :HDWKHULQJ qlh ijb\h~bl d baf_g_gbx ki_dljZevgh]h

Hij_~_e_gb_ wnn_dlb\gh]lh 2~bzf_ljz Zkl_jhb"Z (* \
bkihevah\zgb_ f kh\j_f gghc ihemwfibjBgqykdipc g [£ba
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ZKkl_jhbfie)\ >ZggZy f_Ih~bdZ bgl_]Jjbjm_1I| baf_j _ggmx Z[khexlg
\_ebgblgmk izjzf_Ijhf ]_hf_ljbg_kdmlh Zda[ild\hey | ij_h”he_Ilv
hljZzgbq_gby ijyfuo f_Ih~h\ "ey m~"ZezgguophfteyWlh\ €£* ebqgbg
ijbgylz \ "bzizalyg_ qlh khhI\_Ikl\m _| Ibibgguf &glhbgZgbyf "e
Zkl_jhb~h\ b ih”MI\_j"~Z |Iky g_aZ\bkbfufb bkke_~h\Zgbyfb >
\Z ' gZy aZ\bkbfhklv a”_kv h[jZlgh ijhihjpbhgZevgZ [he__ \uk
nbdkbjh\ZgghedZzau\Z_| gZ f_gvrbc ~bzf_I|}] b gZh[hjhl G2Zrl
hkgh\Zggu_ gZ agZg3.@b'b NZe  kj_"gbc "bzf Ij df

lhegZy k\h~rdZzZ izjzf_Ijh\ b j_amevIZlh\ hp_gdb ijb gy h¥_Iljbg_k
"bZiZahgy ijb\_~ gZ \ IZ[ebp_

LZ[ebhohHp gdBEZf |kl _jhRA98BEG
Table4. Estimation of the Diameter of Asteroid 1988 EG
Z\Imkl Hv, D df D df D df
2023 | a\ \ e (pv=0.20) (pv=0.25) (pv=0.30)
22.08.2023 | 1865+0.06 | 0.56+0.0155| 0.50+0.0138 0.46+0.0127
23.08.2023 | 18.71+0.05| 0.54+0.0124 | 0.48+0.0110 0.44+0.0101
24.08.2023 | 18.73+0.06 | 0.53+0.0122 | 0.48+0.01170 0.43+0.0099

Bamg_gb_ \jZsZl _evghc ~bgZfbdb hdheha_fguo Zkl _jhb”"
nmg”"Zf_glZevgmx jhev \ hij_~_ e _gbb bo w\hdXpbkl\b nbal
MklZgh\e _gh qglh “ey [hevrbgklI\Z Zkl_jhb~h\ jZaf_jhf hl g_kdh
b \ur_ kms_kI\m_1I| gb gbc ij_~_e i_jbh~Z \jZs_gby hdheh gzl
bo juoehc ©s _[g _\hc? kljmdIimjhc g _kihkh[ghc ijhlb\hklhylv
Bkdexq_glklzZkéyxl ebrv g _[hevrb_ fhgheblgu_ h[t_dlu *"bzZf_Ijl
f Ijh\ > @ H~rghc ba hkgh\guo ijbgbg baf_g _gby kdhjhklb \]j
YORP-wnn_d# y\e _gb_  ijb dhlhjhf g_jzZ\ghf_jguc gZ]j_\ b hk
ih\_joghklb ih” ~ ckl\b_f kheg_qggh]h hk\jZlZzdjnmn&gb\Zxdgbeb
azZf_"eyxl | _eh > @

< gZr_f bkke_"~h\Zgbb ey hij_~ e gby wlh]h izjzf _1jZz m Z
fu ijbf _gbeb f_Ih~" nhlihf_ljbq_kdhc djb\hc [e_kdZz
ki_pbZebabjh\Zggh_ ijh]jzffgh_ h[_ki_q_gb_ 7\FKR 7UDFNHU
ZgZaB Zkljhf_Iljbg_kdbo b nhlhf_Ijbg_kdbo “Zgguo fu h[jZ[hlZ
gZ[ex™ _gbc \uiheqRmmbpeol)

GZ hkgh\zZgbb ihkljh_gghc nZah\hc djb\hc [e_kdZ jbk
Zkl_jhb~ (* " _fhgkljbjm _I i_jpHh2.7600x 0By q b
Zfieblm”~m baf_g_gbgPFe0ORe?Z OZzZjzdl_j nhjfu djb\hc k "~\mf)
fzdkbfmfzfb b fbgbfmfzZfb mdzZau\lZ | gZ g b~ Zevgh kn_jbq
\ulygmIimx nhjfm | _ezZ ijb wlhf agZgbl_evgZy j_]Imeyjghklv djb\
h klZ[bevghf \jZszZzkh&kvghgbb [_a ijbagzZzdh\ ij_p_kkbb
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JbIs. 1 _jbhAjZs _gbxkl_jhQ6a37) 198EG
Fig. 5. Rotation period of asteroid (6037) 198&EG

Highkbl_evgh r&Zy[heAfieblm~Z baf_g_gby alza“ghc \_e
ij_~ihez]l]Z_ | mf_j ggh_  khhlghr_gb_ hk_c¢c b hlghkbl_evg
jZkij_~ e _gb_ hljz Zl _evghc kihkh[ghklb Zev[_~h ih ih\_jo
lhemqg_ggu_ iZjZf lju khl]eZkmxlky k Ibibggufb o0zZjzZdl_jbklbdz
ihykzZ ZgZeh]bqggh]lh jzaf_ jZz%l ihz2te ghklv hij_~ ezggh]h i_jb
\jZs _gby

< hkgh\m gZklhys c¢ jZ[hlu iheh g f_Ih™ dhlhjuc [ue jZg__
ijh~ _fhgkljbjh\Ze k\hx wnn_dlb\ghklv \ bkke_ ~h\Zgbyo NhjgZz
JRUQDV * HW DO > @ :\lhju k \ukbhehad _litbbdpgh¥jl&s_ gitkky Z g
Zkl _jhbnZ (*

Hkgh\gu_\u\h”u b h[km ™~ _gb _.i< &mjevkEZlh\ ]h”"Z \ F:HK _
[ueb \uiheg_gu fghlhp\_lgu_ nhlhf_Iljbqg_kdib_ bghexdbygby
hdheha_ fgh]hhb2id _ (* ho\zllgbrbihke ~h\Z|l _evgu_
gZ[ex™Zl_evgu_ ghqgb Wilhl dhfie_dkguc th oh? itha\he
hozjzdl _jbah\Zlv dexq_\u_ nbabqg_kdb_ iZjzf Iju h[t_dlZ

% Fgh]lhp\_IgZy nhlhf _Gjbfb [ueb ihemqg_gu lhggu_ baf_j
dZ ms_cky alza“ghc \_ebgbgu Zkl_jhb”Z nhlhdjHpgdhdhkdkqguo
ithehkBoV, R, 1 WIb ~Zggu_ e_]Jeb \ hkgh\m hij_~_e_gby p\_Ih
ih\_joghklb

% :[khexlgzZzy al\zargzy \_@eHEqbggdgh\_nhlhf_Ijbg_kdbo jy~*
[uezZz \uqgbke gZ Z[khexlgZy a\zaPMgZyij\"kbhlegZsZy kh[hc
| _hj Ibg_kdmxvyhdhkdlZ gZ jZzkklhygbb Z _ hl KhegpZ b A_fe
nZah\hf mle_ Apg¥Xy+‘dplzizZzahpg=18.70" “ ijh~_fhgkljbjh\Zeh
klZlbklbg_kdb g_agzZgbfh_ hldehg_gb_ hl ZdilmZledgasgwa f_j
Wlh kem bl \Z 'guf bg”bdzZlhjhf dhjj_dlghklb f_Ih*"bd gZ[ex"_
ANZgguo b dZeb[jh\db
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PHYSICAL PARAMETERS OF ASTEROID (6037) 1988 EG: RESULTS OF
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In August 2023, a series of multiband photometric observations was carried out at the Sanglokh
International Astronomical Observatory (MAOS) aimed at studying the physical properties of tiartbar
asteroid (6037) 1988 EG. The observations, conductedtbvee consecutive nights, provided an extensive
dataset in the standard photometric bamjsV, R, and I, forming a reliable basis for subsequent
FRPSUHKHQVLYH DQDO\WVLVY 2QH RI WKH NH\ UHVXOWY ZDV WKH SU|
magnitude in theV band, which was found to = 18.70" = 0.05. This value shows good agreement with
previously published ephemerides, serving as an independent confirmation of the high accuracy of the
calibration and reduction of the observational dataURMM KHU DQDO\VLV Rl WKH DVWHURLGT
including the indiceB &/, VR, R4, andB R, indicated its probable classification as a member ofSthe
spectral type. This type is characterized by a silicatesurface composition, likely contang minerals such
as olivine and pyroxene, and by a typical geometric albedo of gho& 8VLQJ WKH HVWDEO
relationship between absolute magnitude, albedo, and diameter, the mean diameter of the asteroid was
estimated to be 0.54 + 0.01 km. dddition, a detailed analysis of the light curve, constructed from 142
individual measurements in thefilter, revealed a high rotational velocity. The derived sidereal rotation
period of 2.76 £ 0.000012 hours confidently places asteroid (6037) 1988 &g dime rapidly rotating small
bodies.

Keywords: nearEarth asteroid (NEA), potentially hazardous asteroid, asteroid (6037) 1988 EG,
photometry, light curve, diameter, color index, rotation period, fast rotator, taxonomic classification,
geometric albedgsilicate minerals, MAOS observatory.
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AB-,1,7,2 BKKE?>H<:GB? WE?DLJHGGHC KLJMDLMJU
7-DHHJ>BGBJH<:GGH=H BHG: 0Qjp < KH?>BG?GBYO .w;)|
(X =Nb, Ta)
AZnZjb M
Lz "bdkdbc Jhkm~Zjkl\_gguc i_"*Z]h]l]bg_kdbc mgb\_jkb
bf _gb KzZz*jb~"*bgZ :cgb
<\_" gbBxfbghnhju gZ hkgh\_ bhgh\ i _j oh?gwich f [Zeel
"bgZfbggh jZa\b\ZixseZAily fzZl_jbzZeh\_~_gby Hgb yleyxlky d¢
we f glhf "ey kha”“Zgby wg_jlhwnn_dlb\guo g_"~hjh]l]bo b dZq_
k\_1Z 1zZdbo dzd k\_Ih~"bh”u Z 1Zd _ gZoh”yl ijbf_g_gb_ \
[bhf_"bpbg_b *jm]bo | _&}jheh]byo >
Bhgu i_j al*g_|Zeeh\ gZijbf_j 0Qjp b &UfAp hl[ez"Zxl
aZiheg_gghghe&hqgdhc dhlhjzy Zdlb\gh \azZbfh”~_ckl\m_| k hi
eb]l]zg”~zZfb 1Zdbfb dzd 2dq beb )qg < we_dljbg_kdhf ihe_ el
jZks _ie_gbhj[iclZze _c¢c ih wg_jlbb qlh ijb\bfh\Zgbxhgh\uo
we_dljhgguo mjh\g_c | j_oh”u we_dljhgh\ f_""m wlbfb m
khijh\h " *"Zxlky dhe_ [Zgbyfb djbklZeebq _kdhc j rzldb < j_ame
ihlJehszxl k\_I \ rbjhdhf “bZiZzahg_ ~ebg \heg Z bo ki_dlju b
aZ\bkyl hl iheyhablzgdbf h[jZzahf p\_| k\_q_gby wfbkkby hi
Ibihf eb]Zg~h\ jzZkklhygb_f ~h gbo b kbff_Ijb_c djbklZeebq
dhlhjmx azZgbfzZ | bhg GZijbf_j bhg 0Qjp k we _dljhgghc dh:
hdlzw”~jbg_kdhf hdjm _gbb dh]*"Z hd g dg )g kinkhgb”Zo beb
20q \ hdkb”"Zo \ IZdbo kh_"~bg _gbyo dzd .w6L){ .w7L){ b .w
k\_| a gf WIh k\_qg_gb_ \hagbdz_1I ijb i_j_oh”_ k \ha[m "z
gZ hkgh\ghc mjh\_gv j$B J Klhbl hif_Iblv qlhhyhdl\ew"jlkg_ kdZ
"ey bhgzZ 0Qjp gZb[he__ klZ[bevghc > @
< ihke_"g__ \j_fy djzZzkgh_ k\_qg_gb_ nlhjb”rh\ Zdlb\bjh\
0Qjp bkihevam_lky \ [_euo k\_Ilh*bh~Zo Z/('V \ dzZqg_kI\_
dhfihg _glzZz WIh ihal\hey | memqrblv bo ozZjzhtbhbk\bidly Kbgbc
“zeluf exfbghnhjhf <$* &HAp ~Zzl ©oheh”guc?® [_euc k\_I
djzkghc khklZ\eyxs ¢ >h[Z\e _gb_ djZkgh]h exfbghnhjZ gZ h
k\_| [he__ ©lzieuf2 b _kl_kI\_gguf ih\urzZy bg”_dk p\_lhi_j_"Z¢
p\_Thimx | _fimj&l &&B]. >
< hlebgb_ hl [hevrbgklI\Z kh_~bg_gbc kj_~b hdkb”h\ b nlt
gZoh”~blky \ \ukhdhkbff_Ijbqghf hdlZw”~jbq hkidhf Adilhdbgbb
fZl _jbZeZo dzd .w;)| 0Qjp ; 7D 1E .x=U)| 1Dz=Uw)vx b |
azgbfzlv 14Qwirjbg_kdb_ ihabpgbhhj*bgbjh\Zggh_ hdjm™ _gb_
ij_~klz\eyxsb_ kh[hc kbevgh bkdzZ zgguc hdlZzw”j k gbadhc
lj_~iheZ]zZ |Iky qlh 1zdh_ g _klZg”"Zjlgh_ hdjm  _gb_ h[mkeZ\
exfbg_kp_glgu_ k\hckl\Z hlebgZxsb_kybgl kkdbo&IkbddefZ kixiZ
$w;){ WIh fh _| ijhy\eylvky \ g_h[ugghc nhjf_ ki_dljh\ baf_¢
"bagb \ha[m ™ ~zggh]h khklhygby beb | _fi_jZImjghc klZ[bevghkl
[7;8].
HIf _Ibf qlh gZjy®m k fghl]hgbke_ggufb wdki_jbf_glZevg
] _hf_ljbkdb_ we_dljhggu_ b hilbg_kdb_ k\hckI\Z exfbghnhjh\
hdlzw”jbg_kdhf ihe_ eb]Zg~h\ hlghkbl _evgh ohjhrh bamqg_gLt
nmgdpbhgZeZ iehlghkib @LNH*"gZdh ZgZeba ebl_jZImju ihdZau
k\hckI\Z bhgz 0Qjp \ ]_ilZzwdYjbpybkgdhh\Zgghf hdjm  _gbb \ jZf
LNI bkke "h\Zgu g_ "hkIKAMeagghk wlbf p_evx gZklhys c¢ jZ[hlu vy
bamqg_gb_ ] _hf_Iljbg_kdbo we_dljhgguo b hilbg_kdbo k\hckl
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dhhjr*bgbjh\Zgghf hdjm _gbb \ kljmdIimjZo nlhjb”h\ |IbiZ .w7
f Th~rZfb I _hjbb nmgdpbhgZeZ iehlghklb LNI

F_Th™ jZzkq_1Z

JZkgzl kljmdImjguo we _dljhgguo b hilbg_kdbo k\hckI\ |
jZfdZo | _hjbb nmgdpbhgzZeZz iehlghklb > @ Bkihevah\
dhjj _eypbhgguc nmgdpbhgZe \ ijb[eb  _gbb h[h[szggh]h ]jzZ~"
iZjZf _ljbaZpb_c 3%( > @ M{ZRywfghb | Dhkehk ihfhsvx f _|h~Z
ijh_dpbhgjbkh_"bgzgguo \heg 3%: > @ j_Zebah\Zggh]h \
(ViennaAbLQLWLR 6LPXODWLRQ 3DFNDJH > @ Wg_jlby hlk_o

RIl HQHUJ\ \ jZkgzlZo khklzZ\eyeZ w < HilbfbaZpby
ijh\h~*beZzk Ih~hf khijy zgguo ]jZ*b_glh\ ~h “hklb _gby koh”bfh
w< C
Bgl_]jbjh\Zgb_ ih ahg_ ;jbeexwgZ \uihegyehkv k-bkihevat
lhg_d Fhgdohjikad jzaf _jhf T 7 ~ey gbkluo kh_"bg_gbc .wlE)|
>ey fh”_ebjh\Zgby e_bhjdgZmOWQjp \ kljmdIimjZo .wlE)| b .w7D
ihkljh_gu kmi_jyg_cdb jzaf_jhf 11 kKh™ _j Zsb_ Zlhfh\

ijhljzffu 9(67% >ey mqzlZ dhjj_dpbb -QEk[|BygbygdbhdgZ 0Qjp
ijbf_gyezZzkv fh~_ev **$ 8 1ZjZf_I13-8Meély-h@blZe_c]EZgjpZ
az"zZ\Zeky kh]ezZzkgh f _Ih"m ij_"~eh  _gghfm >m~Zj \uf b kh2z\l
agZq_gb_ - [ueh ijbgylh jzZ\guf kie "\ &l geddigdhys8 ¢ jZ[hl_
agZqg_gb_ 8 [ueh \u[jZgh jZ\guf w< bkoh”y ba gZrbo ij_~u™m
= hf _ljbg_KdHyfbazZpby ”~ey \ha[m ~“zgguo khklhygbc o( b j7\
ijh\h~*bezkv \ jzfdzZo f_+thyvz >06@) Fh”~_ebjh\Zgb_ \ha[m ~zg
khklhygbc 6( b j7w \uihegyehkv \ khhl\_Ikl\bb kh ko\lfhc we ¢
Ij_"klZ\e_gghc gZ jbkmgd_

Jbk Ko _fZlbgbk “"bz]jzffu D hkgh\gh]lh khklhygby j$w E \ha
khklhygby 6( b F \ha[m ~zggh]h khkQhjpgby j7w bhgZ
Fig. 1. Schematic diagrami$ (a) “A2 ground state, (bJE lowest exited state and (&)
exited state o0 Q j p
J amevliZhjkm * _gby

< IZ[ebp_ ijb\_~ gu kljmdImjgu_ iZjZf_lju b “"ebgu k\ya_c
f_Ih~"hf **3%( "ey g_e_]bjh\Zgguo nlhjbrh\ .w7D)| b .wlE)| Z
k\ya _c#)Q bkke_ _"m_fuo h[jZapZo e _]bjh\Zgguo bhgZfb 0Qjp
k\ya _c [ueb ihemqg_gu k ihfhsvx ijh]jZffu 9(67% gZ hkgh\_ hilb
kljmdImj gbkluo b e_]Jbjh\Zgguo kh_~bg_gbc
Ba ihemqg_gguo ~Zgguo \b”gh qlh \ kljmdImjZo .wl7Dh| b .wlE
Ibih\ 3 b &P k\ya_c khhI\_IkI\_ggh Kj_"gyyH) ébgZlK)lyab 1E
khklz\ey | c Z kj_"gyy bgavKkDBy)db 70c < hlebgb_ hl
wlhl]h \ 0Qjp e_]bjh\Zgguo kljmdImjZo .wlE)| 0Qjp b .w7D)| O

Ibih\ k\ywan+# D2Zd \b~rgh ba IZ[ebpu ijb aZzf_s_gbb dZIlbhgh\

bhgu 0Qjp kj_"gyy “ebe¢)ZnkfiygbrdD O ky "h c \ .wlE)| 0Qjp

c\ .w7D)| 0Qjp MdzZazZggh_ mf_gvr_gb_ "ebgu k\yab h[m
bhgguo jZ"bmkZo bhgh\70OW®Rjgas+r AIBKY Ras+= Rups+ = 0.69 A, CN =
7).
LZ[ebpZ
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Hilbfbabjh\Zggu_agZqg_gbWbMeblgtk\ovMmkt) Z 1Zd°_ bo
kKj_™g_agZqg_gblykdhdtg kh_"bg_Koblgle bK272Z7) b exfbghnhjZo
KoNbF:Mn** b 27 ZdMn* ih ~ZgfigGGA-PBEjZkq _Ih\

Table 1.

The GGAPBE optimized values dfb &, Ta# andMn # bond lengths, as well
as their average values in the pedbF; andK.T Z; compounds an#,NbF:Mn** and
K2T F7:Mn* phosphors.

System Lattice  parameter Calc.
and bond length, A

ab c 5.942, 12.853, 8.671
KoNbF Nb £ 1.985, 1.983, 1.979,
1.966, 1.989, 1.948, 2.00
<Nb #£> 1.979
a b c 11.864, 12.955, 9.045
KszF7:Mn4+ Mn 1.815, 1.830, 1.861,
1.857, 1.839, 1.848
Mn £ 1.843
a b c 5.943, 12.877, 8.672
K27 Z7)
7 A& 1.996, 1.973, 1.986,
1.983, 1.992, 2.006, 1.95
7 AF> 1.985
a b c 11.885, 12.966, 9.029
4+
K2 7 ZiMn Mn £ 1.815, 1.847, 1.830
1.836, 1.857, 1.861
<Mn £> 1.841

J amevlZlu jZkqgzlh\ iheghc W'26 b iZjpbZevguo S'2
we_dljhgguo khklhygbc "ey gZghdjbklZeje H\kl#\eD gubg.Av LK) |
b :gZeba iZjpbZevguo iehlghkl_c khklhygbc S'26 Zlhfh\ .
ihdZzau\zZ | qlh khklhygby dZeby \ hkgh\ghf khkj_~hlhg_gu \ a
bo \dezZz” \ \Ze_glgmx ahgm ij_g_[j_"bfh fZe IlehlgBkhb7bhklhyg
dhlhju_ hdZau\Zxlky hq_gv koh 'bfb nhjfbjmxlky ij_bfms_k
we_dljhgzfb b \ghkyl \dez” dzZzd \ ahgm ijh\h~bfhklb 1Zd b \ \
wlhf \ nhjfbjh\Zgbb \Ze glghc ahgu agZgbl_ekpgkkhwgley”™ \gl
Zlhfh\ nlhjZz Madbgeibldbl\ hw< \ iehlghklyo khklhygbc ZIhfh\
h[mkeh\e_g \dezwlef tigh@h\
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Jbk |ZjpbZevgZy iehlghklv we_dljhgguo kh&kkb)ygbc ZIhf
Nb, (cy 7D b -FG h”Z ggf GGA-PBE-jZkq ZI

Fig. 2. Partial electronic density of states fothe (a) K, (b) Nb, (c) Ta, and (d) F
atoms calculated using the GGAPBE method.

Jbk H[sZy iehlghklv we dljhggueKk\bktby gl sTam®
i h~Z gwf GGA-PBE-jZkq ZI

Fig.3 7TRWDO GHQVLW\ RI VWDWHYV 7'26 IRU D .wilE)|
using the GGAPBE method.
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Jbk |ZjpbZevgZy iehlghklv khklhygbc ZiKNbF)bb 0Q \ |
(b)-K2TaF7 i h* Z ggf GGA-PBE-jZkq ZlI

Fig.4 3DUWLDO GHQVLW\ RI VWDWHYV RI WKH ) DQG 0Q
.w7D)| TURP WHmBHE cafchilation

< |Z[ebp_ ijb\]”amevljZlkig_Ih\ rbjbgu aZij_szgghc ahgu
kh_~“bg _gbc .w7D)|| bihemB) ggu_ \ jZfdZo f3¥("ZRb§bgZ
aZij_szgghc ahgu jZkkgblu\Zezkv dzd jZaghklv wg_j]lbc f_"%n
ahgu b g f ahgu ijh\IQ'bkbkiggu  agklgk I ghg pol8 w< ~ey
.Ww7D)| 4679 w< “ey .wlE)] khhi\_1kI\ _ggh Ilgemlmy ggu _
k\bA | _evkl\mxI|l h Ihf qglh "Zggu_ fZl jbZeu y\eyxlky “"bwe _ dl]
aZij_szgghc ahghc

LZ[ebpZAgZq gtthyjbguaZij _szgghc alwgd)| b .wik)|
j_amevlIZtZ$ jZkqghh

Table2. % DQG JDS YDOXHV RI .w7D)| D&culatvhE)| IURP **$

Kbkl fz AZij _szggZy ahgZ | WdKi H

KaoNbF 4.679 4.85
K2TnF 5.518 5.27

D\zZglhfhozZgbq kdbc jZzkqzl we _dljhgghc kljmdIimju kh_"bc¢
.W1E)| e_]bjh\Zgguo hpgzjfio\r0'®eky ihke_ ih\lhjghc hilbfbazZp
djbklZeebqgq_kdbo kljmdImj \ jzZzfdZo f_Ih~rZ **$ 8 <Z gh h
kmi_jyg_cdb .w7D)| b .wlE)| e_]bjh\Zggu_ bhgZfb 0Qjp [ue
hi" evgh “ey hkgh\gh]h b “ey \ha[m ~zgguo khk[ZyedpgkZMqz!|
kbkl _f ijh\h~"beky bkoh”y ba Ih]h qlh gq_lujzo\Ze _glguc bh
iylb\Ze _glgu_ bhgu 7Dkp \ .w7D)| dAEKDgbMIZJHVo ihabpbyo
LZdh_ azf_s_gb_ y\ey_ I|lky wg_j]l_Ibqg_kdbai4_[ehghikllbebbg§ba

JjZ"bmkh\p0Qj c b 7Dkp 1Ekp c >ey dhfi_gkZpbb jZag
ij_~ihezZ]lZehkv h[jZzah\Zgb_ h”"ghc \ZdZgkbb )q jZkiheh _gghc
djbklZeebqg_kdhc j_rzld_  ijbgzf \ZzdzZglghc fh | hdzZazZlvky

dhhj*bgZpbhgguo ihabpbc )ig khg_aQpwldhhj*bgbjm_Iky k r_|
bhgzfb )g h[jZamy kbevgh bkdZ zgguc hdlZzw”j Klhbl hif_Iblv
bkdZ zg hlghkbl_evgh kbff_Iljbb &wY b h[ez~Z_| kbff_Ijb_c Ih
glh ihM\_j"~Z 1ky hlkmlkI\b_f hk_c beb iehWdlhkdms kkI\f_dgkhb
hlebgqz_| ~Zggmx dhgnb]mjZpbx hl jZg__ hibkZgguo kemqgZ
kbff _ljb_c hdjm _gby 0Qjp nd4iplefbe& 2kh_"bg_gbyo IbizZz $w;){
$ /L 1D . 5E &V ; 7L 6L *H =U 6Q Ke_~h\Zl_evgh f
\ xfbg_kp_glguo k\hckl\Zo bhgZ 0Qjp \ kljmdImjZo .w;)| ;
kjZ\g_gbx k kh_~bg_gbyfb IbizZ $w;){

< |Z[ebp_ Ijb\_~ gu j_amevlZlu jZkqgzlhg) gebgyk\ya c
hkgh\gh]lh j$w b \ha[m *zgguo o( b j7w khklhygbc \ exfbght
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.W1E)| 0Qjp >ey h[_bo kbkl_f ozjzdl_jgh gZebgb_#)jg klb Ibih
Kji_"~gb_ ~ebgu k\yaqc\0®kph\ghf khklhygbb khklzZ\eyxl
.W1E)| 0Qjp b ¢c "ey .w7D)| 0Qjp khhI\_IklI\_ggh WIb agZqg_gkt
"ebghc k\lyahdPQijpdlZw*jbg_kdhf hdjm  _gbb \ .w6L){ 0Qjp

ljb i_j_oh”~_ba hkgh\gh]h khklhygby \ \ha[m *zggu_ 0o( k
Ibih\ k\ya ¢ g_ baf_gy |ky BE%gkidbagZpexgby bo kj_"gbo "ebc
themqgq_gguo ~Zgguo \b”gh qglh ijb i_j_oh”~_ ba hkgh\gh]h
\ha[m *zggh_ khklhygb_ 0o( "ethg b &iiygap kQ@jpk _]h gZ e
.W1E)| 0Qjp b gZ "ey .w7D)| 0Qjp < Ih *_\jhyghjbji7rw_oh~
baf g _gb_ khklz\ey | b "ey .Wl1lE)| 0Qjp b .w7D)| 0Qj
[Z[e ljbgbgZ kms_kI\_ggh]h m\_ebqg_gby "ebgu k\yab ijb i_
j7w aZdexqZ _|ky \ baf_g _gbb we_dljhgghc dhgnb]JmjZpbb h”bq
hjblZek8Z hj[blZgv\Hj_amevliZl_g_]h eb]Zg”u bkiulu\zxl [
we_dljhklZlbg_kdh_ hllZzedb\Zgb_ b ©hlh”M\b]zZxlky2 hl p_glj:
ijb\h~bl d m\_ebqg_gbx "“ebgiigk\yab 0Qjp

LZ[ebpZ Hilbfbabjh\Zggu_ agZq_gby*™ehbghk\gymy 0fQ
‘A b \ha[m "zggud*T2 khklhygbyZ 1Zd _ bo kjaggdqg_gby \
exfbghnB&jK2NbFzMn4 b 2TnF7zMn4*ih j _amevIBGAFPBE-jZkq _lh\

Table 3.The GGA-PBE optimized values ofMn4* # bond lengths in the*A:
ground and °E and T2 excited states, as well as their average valuesknNbF7:Mn 4+

bK2TnF7:Mn 4 phosphors.

Kbkl _fZ SebgZ |“As °E T,
k\ya@)
1815 1.830 |1.860, 1.834 | 1.836, 1.826
1861, 1.857 |1.855, 1.827 |1.977,1.896
Mn © 1.839, 1.848 |1.845 1.812 |1.976, 1.857
<MnoO> | 1.842 1.839 1.895
KaNbF7:Mn** 1.820, 1.834 | 1.816, 1.830
Mn © 1.841 1861 |1.837,1.856 |-
1.863,1.850 | 1.861, 1.848
<Mn£> |1.845 1.842
1815 1.847 |1.811, 1.828 | 1.840, 1.826
Mn £ 1.830,1.836 |1.834,1.854 |1.973, 1.900
1.858 1.861 |1.859 1.846 |1.857, 1.977
<Mn£> | 1.841 1.839 1.896
A
K2TnF7:Mn Mn £ 1.820, 1.833 | 1.815, 1.830
1.841 1.859 |1.837,1.857 |-
1.863, 1.852 | 1.861, 1.848
<Mn£> | 1845 1.842
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Jbk H[sZy iehlghklv we _dljhggueKiNbktby gl eTam
e _]bjh\Zggh]h bhgZib"@ZQuf GGA-PBE-jZkq ZI

)LJ 7RWDO GHQVLW\ RI VWDWHV RI D .wlE)| DQG
ions from the GGA-PBE calculation.

GZ jbk ijb\_" B2t*fzkkqgblZggZy h[sZy iehlghklv we d
khklhygb#:NBF, b &;TaFr e _]bjh\Zggh]h bh¥§Zflh &kQZ\g_gbx k
g_e_]bjh\ZggiNid~ b  &y;Talr \ iehlghklb khklhhof:Mn* b
KoTaF: Mn* nhjfbjmxlky gh\u-\\kibgb kigdpa we_ dljhggu_ khklhygby
h[eZklb aZzZij_s _gghc ahgu h[_bo bkfkelZjpbtieov gkbk iehlghklb
khklhygbc ihdZau\lZ_|I qglh wib gh\u_ khklhyghlywrehjdbjhdHEgu aZz
bhgZ “0QIh” \ebygb_ f hdlZw”jbq_kdh]h dhhgyb eddihgyzhtd Q
jZks_ieyxlky gZ ~\_ ]jmiiu we_dljhgguo khklhygbc (dyz, "u \ujh ™
G][ G[\ b "\Z~u \ujh " ~rkgglhygby GYo0 Gho kjZ\g_gbx k
iehlghklvx khklhygby hdlzZM*b\gq_J8idh]h iehlghklb khklhygbc
KoNbFzMn** b ;TaF:Mn** gZ[ex”~Zxlky gh\u-\\ Kidbgb kilgda
kbff _ljbggu_ khklhygby @ogZewguo Zijehlghkl ¢ ihdZau\zZz_ | ql
khklhygby knhjfbjh\Zgu aZ kq_I| \ZdZgkbb ZIhfzZ nlhjz | _\zZdZz
ijbgbfZeb \h \gbfzZgb_ ~ey mq_I|Z [ZeZgkZ aZjy*Z >jm]b_ jZ
khklhygbsMNbF:Mn* b .TaF:Mn* hl 3Sik: Mn* gZ[ex”*Zxlky \
wg_j]l _Ibg_kdhf jZkihylhoe ghibklhyghbK.Sik: Mn** e kibg\_jo
khklhygbc wg_j]_Ibg_kdby\Wib-dghafkhklhygkeNbZ:Mn* b
KoTaF:Mn* gZh[hjWiwibggba khklhygbcg kib9\Hjo khklhygbc K
gZr_c lhgdb aj_gby I1zZdh_ baf_g_gb_ \ wg_j] _Mdekdhf jZKki
khklhygbyo k\Wa#dkelkghc kl\yab dzZd \ur_ fm\nléblpegb_"ebgu
k\yab -@Q]Zg”"Z b bkdZ " btgguo m]eh\MbdebgZg” ijb\h” bl d
hkeZ[ gbx ]b[jb"baMmteib]2ghb [he_ _ \b#Ed*A, wg _j] Ibg_kdbf
i _j_oh~Zf 2ey bgbmgZ O

K bkihevah\zZgb _ f hilbfbabjh\Zgguo kljjhuelmijhlo n Hae h\
jZkgzrRB/ wg_jlbbog$wj7w:j$wmilbg_kdbo i_j_oh~h\ JZkq_lg
agZq_gby =3/ whlgHkgsb kyjdoh*a{:j$w j7w:j$Neyh[_bo
bkke_ "m_fuo kWkE)| 0Qjp b .w7D)| 0Qjp ijb\_» Jakq§zla[ebp_
\uihegyebkv bkihevah\zZgb_f f_Ih3Bk( *B5$ *PBE+U. :gZeba
ihemqgquogj _amevlZlh\ ihdZaul\Z_ | qglh agZq_gby =3/ wg_j]bb
O(:j$wo j7w:j$vey .W1lE)| 0Qjp b .w7D)|[eQampbhdjmgy d ~jm]m
J _amevlighdi_~zggdbZglhfihozZgbg_kdbo jztkkygl\Ih\*"Zxl "Zggu_
wdki_jbf _glZevghc jZ[MMmdZa@\Z dkly ki_dlju nhlhexfbg_ _kp_gpb
.w7D)| 0Qjp b .wlE)| 0Qjp hg_gv ihoh'b

LZ[ebpZ AgZq_gby wg_jlb&\¥E8Zggu?(:k*A2 b “T2: Az
i _j_oh”rZflexXfeghnhjkblbF7zMn** b 2TaFzMn** ih ~"ZofgjZkq |k\
bkihevah\zZgb _ f f_Ih2B%{*®GA-PBE+U.
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Table 4. The GGA-PBE and GGA-PBE+U calculated values oZPL energies
associated with?(: A2 and “T2: %Az transitions in phosphors K2NbF7:Mn4* b
K2TaF7:Mn 4+

Kbkl fz GGA-PBE GGA-PBE+U
KoNbF:Mn** 2E . 4p, 1.485 1.560

To: A 2.132 ]
K,TnF:Mn* 2E . 4p, 1.502 1.559

T,: 4A, 2.123

AZdexq.9lmzZklhys ¢ jZ[hl_ f_Ih*"hf jZkqzlh\ ba i_j\uo ij
\ jZfdZo |_hjbb nmgdpbhgzZezZ iehlghklb bkke_"~h\Zgu we_dl
gbkluo b e _]bjh\Zgguo bhgzfb 0Qjp nlhjb~h\ .wlE)| b .w
ijh\h~"bebkv k bkihevah\zZgb_{3f%lhbh\*$*8 IhgltZza@lh agZq_gby
rbjbgu azZij_szgghc ahgu ihemqg_ggu_\ jZkqgzlZo k ijbf_g_gb _f

3% ( khklzZ\eyxl w< “"ey .wWwlE)| b w< ey .w7D)| JZkk
rbjbgu aZij_szgghc ahgu “ey .wlE)| hdZaZebkv gzZ 2 f gvr_
gZ [hevr_ wdki_jbf_glZevguo ~Zgguo F_Ih”"hf ZgZebaZz

iehlghkl ¢ khklhygbc ihdzZ&aKigklhyglthy bhgZ O0Qjp \ hkgh\g
jZkiheh  _gu \ h[eZklb aZij_szgghc ahgu lh”AI\_j"~_gh jZk:
khklhygbc bhgZ 0QjpklbkKIMg by \ bkdhddgeitfjbg_kdhf hdjm™ _ghbt
\ kljmdImjZo .wlE)| b .w7D)| GZ hkgh\_ hilbfbabjh\Zgguo klj

jZkkgblzZgu o( : j$w b j7w : j$w i_j _oh”u ey .wlE)| 0Qjp b .w"-

Bkke ~h\Zgb_ \uiheg_gh ijb gZklbgqghc ih~""
GZmqggh]lh nhgnzZ =$%,.(1 ijH00@d,w0012, 31008, 31017,
02018, 02115, 02117, 02021, 02022 Mgb\ _jkbl_|I_~ <Zkw"Z
Yihghy

J_p_ga_gl ~hdlhp-riBabf&lbg_kdbo gZmd
ijhn_kKkIFjZokm.B.
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$% ,1,7,2 HF?ABRB KHOLB WE?DLJHGBB BHGB
FQpb -DHHJ>BG:LKBHG5 >:J |:C<:KL:=B HB .w;)| ; 1E 7D
>72j fZ hezZb fZadmj gZlb Z hb bifhjohfbd\Zlyldhkbyl hb ]J_hf_Ij6 we_dlj
\Z hilbdBj kholhKaMNbF \ZK,;TnF; db [h BMnGbbeh\Z dZjrZ rm~r"zZzZg” fZ\jb~b [ZjjZ
Zjhjbjbnlz zZkl GZIb Zb bkh[ h hb” [Z hilbfbaZlkbWaNbEhIK ThEbi ktholhj hb
\Z iZzk Za [h BPhgkbhAB® gZfm~rZg gbrhg ~h~ db [Zjhb Zj~m fZ\h~ Zf bfzZl I
iZg ZjZb djbklZee6 dZehg f_rz\Z~» Bg 1Z cbjhl Za bgdlh ZHgNEHh jZ bmk h
Tn* \ZMn** ~Zj fm bl hb hdlZ _~j6 \hpZKIZhBEkZ~Z*bb fbglZ Zb KRQgR[M"ZDb
KoTnFAZj “hbjzZb ihl_gkb3é&b( {Z$ \Z w< [Zjh[Z] Zkl db [h gZlb,Zfhb Iz
fmkhb~rz\zg~z f_[hrz~ Bfghigbgkhzk8Z[ ebeb 1Z cbjhl ~Zj kholhjb J_hf_Ij6
fhgZg™"b ~Zjhagth obfbMbiFb\ZTn-) ~ZK.NbF bK;TnF \Z 0B ~ Z KoNbF:Mn# \ Z
KoTnFMn**\Z hf@abrb 1Z cbjhlb kholhjb we_dlfbg6z".27 b Zf Zyditd bn '¥Za \Ee h
gZfm~rZgb bAgbk@bnh”rZ_Zm™ hb Img¥gjmyghbjZb gZazZjbyb nmgad By Zeb abq
jZ\hgzZ rm@kZ >Zj gZlb Zb bkh[ hb gZaZjby\6 kholhj hb hilbfbaZlkby rm~Zt
(*PAz \Z ~Zj Zg]_abfENETIKNDF: Mn* \ ZK,TnF:Mn*, [Z ~Zk] h\Zm*ZZg” bfzZl hb
Z"Z"bb wg_jlby hb Imazj’E:h AAb.dAD bkhfizj*Z rm~rZZg~"
DZebM\hXiZnhknhj gZazZjbyb nmgdpbhgZeb abq6 izZjzf_IjbDgtcr*hgb djbl
wg_jlbyb ZndzZgbrhl Jmazjbibdiiz hiZbdfezg@ZmdZgbrhlb exfbg_kk_gk6 gzZazZjb
nmgdkbhgZeb abg6 GNA

AB-,1,7,2 BKKE?>H<:GB? WE?DLJHGGHC KLJMDLMJU
7-DHHJ>BGBJH<:GGH=H BHG: 0Qjp < KH?>BG?GBYO .w;)| ; 1E
< N"Zgghc klzZlv_ ij_"klZ\e_gu j_anievZgiqd gl d \jiz ko _liInh g _kdbo
we_dljhgguo b hilbg_kdbo k\hc#BF kbjmBifj e_]bjh\Zgguo bh4zZfb 0Q
J_amevlZlu jZkghifbazZpbb ]_hfkljjdimj .wilE)| b .w7Q)| “h b ihke_ e_]bjt
bhghf 0Qjp ihdZaZeb glh ~ey h[hbo bkkez}h lfudjdklZé¢ebghkdhec
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j_r_ldim\_ebgb\zZxIkWwlh baf_ d[omikeh\eqlgkhe ggufb agzZq _gbyfb bhgguo jZ” bn
bhgh\ 1Ekp 7Qkp b 0Qjp \ hdlzw"jbgkkdhFZigdjun \gihb[eb  _gbb nmgdpbhg
GGA-PBEagZq_gby rbjbgu aZij_s _gghc ahgu .mikiEX|\elyxlw7Q)| b w <
khhi\_IkI\_glgh ohjhrh khl]ezZkm_lky k wdki_jbf_glZevigluZid *"Zgkaghbgh _
\gbfZgb__ m”_e_gh ZgZebam baf_g _gbc ]_hf_Iljbg_kdhc kljmdImju [Zdbo dZ
Nbt) b &R\ NbF b TnF b 06 \ NbF:Mn* b TnF=Mn* Z 1Zd _ bkke_~h\Zgbx
baf _g_gbc rbjbgu aZzZij_s _gghc ahgu ihke_ *\k_dkighgvdh\gZghd jZaebqguo
f_lh~ h\ \ jZfdZo |I_hjbb nmgdpbhgZeZ iehlghklb < j_amevlZI_ I_hj_Ibqg_
ihemqg_gu hilbfbabjh\Zggu_ kljmdIfpu bhkghapm]h_d@uwdT. khklhygbc
KoNbF:Mn** b ;TnF:Mn**  ;ueb jZkkgblZgu gbke_ggu_ agZq_gby wg_j]lbc hilbg_k
2(: 4A2 b4T2:4A2.

Dexq_\u_ kemhZnhl_hjby nmgdpbhgzZeZiiglZlfghklhbklZeebqg_kdh]h ihey
(10 Dq wg_ jbmayemq _bbyvqg kdb_ i jadhjfuszggZy eetfpgg kp _glgh_ baemqg_gb_
| _hjby nmgdpbhgZeZ iehlghklb LNI

Ab-INITIO STUDY OF THE ELECTRONIC STRUCTURE OF THE 7 -COORDINATED
0Qjp ,1 .w;)| ; 1E 7D &203281'6

This paper presents the results of quantoathanical calculations of tlyzometric, electronic and
optical properties of pure and Kfndoped KNbF; and K TnF. The results of geometric optimization
FDOFXODWLRQV IRU .wl1E)| DQG .w7Q)| VWUXFWXUHYVY EHIRUH DQG DIW
parameters increaseRU ERWK PDWHULDOV 7KLV FKDQJH LV GXH WR WKH QXP
7Qkp DQG 0Qjp LRQV LQ DQ RFWDKHGUDO HQYLURQPHQW 7KH EDQG.
calculated using the GGRBE functional, are 4.679 eV and 5&%#&V, respectively, which is in good
agreement with experimental data ones. The primary focus is on the analysis of changes in the geometric
structure, such as the Nb and T bond lengths in pure KIbF and KTnF and the M bond lengths
in Ko2NbF:Mn# and K.TnF:Mn#*, as well as on investigating the changes in the electronic structures after
the introduction of the MH ion using various methods within the framework of density functional theory
(DFT). As a result of the theoretical calculations, oftéd structures of the grounthg) and excited%E and
4T,) states of KNbF:Mn*" and KTnF:Mn*were obtained. The numerical values of the energies for the
optical transitiong (: “Az and“T,: “A,were calculated for ¥NbF:Mn** and K.TnF:Mn**.,

Key words: phosphors, density functional theory, crystal field parameter (10 Dq), emission energy,
optical ransitions, bandgap energy, luminescence emissansity functional theory (DFT).

SOEA YA 20% YiY%u®T-®A®UTA [ M®IU»TA+Yx] 20°1®ATY %oUp+t¥%u¥
YOT,T¢AYa» ~® »%°T YR2¥%UJLRIOIISLIATUYT BRPR®AZCRAM B YA LI» AT
A® ATAPNLY., DA %EGT340425, £ AE®» CAAXLTY T, T ABYT wu¥P2®, 121,
31 +992005555251E-mail: zafari_umar@mail.ru

Yes235 91 Yam ®@°MABIT N®B2 T.¢.,T % A20%¢A°3»»E- %320+%+TA
A»0°3%¢ TAZA 1°3»7 Y®2%LI2VW»W 2D A TAPRIAR®ATA, TA »®A, T¢%Y%Ul»iiCt
Y Tu®»»¥a¢ AT 2%A3»A® AfuTAz@, %242 A® ALEACA AE®» 3 23;%AT1],®
2T, T¢A®» %¥Yis %3, A 2A2892D05555251E-mail: zafari_umar@mail.ru

Information about author:Zafari Umar nTajik State Pedagogical University named after
Sadriddin Aini, Candidate of Physical and Mathematical Sciences@ssociate professor of the Faculty
of Physics Zddress 7340425, Dushanbe, Republic of Tajikistan Rudaki Avenue, 121. Phone
+992005555251E-mail: zafari_umar@mail.ru

KIZIvy ihkimibeZ \ j_:0Z@dp20g6

HAh[j_gZ ihke_ j_p_gabhil22026y
ljbgylZ d im[ebdZgasR026

125


mailto:zafari_umar@mail.ru
mailto:zafari_umar@mail.ru
mailto:Rudaki %20Avenue
mailto:zafari_umar@mail.ru

OBFBY
| 546.59:541.49

Vs “e 07 @Be—lm +Z—e2V Z'-Am- "@E™ Voo ™M M@paT
() sce -§“ —™M_§_"Zece™
Kznzjfzfz*ah”"Z K F  Fm[hjzd Z*Zfh\ > : :Z jhfb > FZz[Z| Z~Zf

>hgbr]lh b fbeebb Lh bdbklhg

Fm z""bfEfbr"Zahe \Z hkbeZ hb hg ~Zj obfby nZjfZlkby |
obfby\6 \Zk_t bkilbmm\ZfHy”r Ze Zb bfb~Zaheb bkfb IZjdb[bb fhe
ohkbylb fm bffb [bheh]b”hrlZjh IZrdbe f_~b Zg™ db bg [Z |Z
Ze Zb bfb~"Zahe Zeh ZfzZg”™ Zkl LZjdb[b ]Jbklb”bgjh db yd_ =
fm bf ~Zj ImaZjbrb jZ\Zg” hb nbabheh|Br&keé foftBRhe
<h[ZklZ [Z bg bfbrZahe \Z hkbezZ hb hg f_IZ\hgZg” ydqzg”"
nZjfhdheh]bjh fmlZ b~ khazg” ab”~~b[Zd|_jby\6 ab”"b\bjmk6
kbe Zee jl6 bg]b[ZIhj6@Z EZkhZZ hb bfbrZahe db "gj Ze ZZr
nlhj *hjZzg” nZthebylb [ZeZg”b [bheh]bjh ah bj f_gZfhyg”" >

—Ya»q AfLivy LT L Ya» AT AYSE@RA oW SUBL@ 1°3 V4 E®2
AA¢A: RIRIP®+» PA A Ya» 2Ve@u¢ 11ERSTIAZYR] ®1@®»2@BP4®
GICO3AYL®-1 2Y¥%@ZN T OAR3IYOSAY ®@VUYAA»T#® - °®¢ A®+
LYVar AT A% RAQARR ®2®2%%21» ®AE AV, °3 LAE@HMIAT
AT11Y,Y ®RAY%E, °® ° 2O UYMAR3+®U2ERPLFI®OILE® - -°® ¢ AR
VaVaHa2» @A TYar» 1@ 2@ %BR®°TT ®u 2A RI&»BAY, Ap®?2
“Y,0%13 LPEU, ATARY» OBRA®ME® ,LIRATY» ®L, T »3-AI®?
®»TUSVLUEABAE®»ZY»T ATtY% ,,, »T¢; ®A ® (@sAAATLLY,
Tt VAA®YT ™IT¢ ALY @ » 2 R@ W £ G2 »¥4 $X ,,, »® YA G»
1M+@»aT»®%O®°Ya» ®»2HVa¢ AW 31°2@ VB ®ATYY ®L, T Y
1M+@»% % ®@ARUA L@ Ve s DAV YL A@RY%Y @R YLSMAYLYL+3»
R®°AAYR Y, OpMh» ¥ ® - @ FEM2EN°  Var TV T, A»HB® - °® ¢ AR
V4% 13 sHMA»Var ABIB2. > @

e®-°®¢ A®IYLC Y13 o 1T OR-%Y, 2® ¥y A H20-HCI-MeOH
CARIITAY4»T ,%%Y > @ ¢T1»A3u »®°A20@ »TAEY» 2Y%20®»2 | .
Yae T1ERRRT °®¢ A®+TY  YUuY%¥2 »®A¢ TYa» (IAD %, GRUWE > 0R2/

3T F®2 Zpu A@YOARLITAYL» ¢ TRAT®L AT, %°%1i3 11
Y, 9 Y, O3AfIfo2@uYstl S»ufOYAGEHRS LR I12@ uValoUR 3RV,
AEA2RRARARE: 1% , AGTAL] EA®»Y%I(T T»%IWa@>®ALY
EA®YMYW L¥Mo(SCN)e@ 2®¥% A®SYVaLWE Y / TR TIAE®TT
%B® - °® ¢ AMREMCYLLS 1T »®°A2] A°AC (KSENK) O SBR/OZ2® Y | Ya¥a
> @AUPAEM»AT @5 T1°C@u, AR »A +3A3% Y YaYar¥a AL Y2 Vs
2% Y% BN uAATR2Y% @A (2 VaRNE® N ®@AIR» QX  @w92Y2@
EA2R®eh A ALT A®@TLY E23035A°® Y5- °®(AL1%3®, ¢TI
TYRCAR TV, A»TNT2@ uL@2-°3 AL 2® HY4afAUCI s YLAAAGEA2®
»TERY® FA200LA |1 20% WILERABEY 1 QAWNGI:@ °®
[AURMICl 3] Ya¢ PEE®®@»A £ Ya» 2Y42@ AA200®¢ M IAFLDS Y L
TR (AYPLATIRLYY2I»RAZOWE® 1B - A%V AL®YAT!
ER°®EU » WWiBUTER®° ®@»M°Y3 (Y T ERTIN2@ UY®
Yoo 19T Y%a» Y °A®LYY RAVUYHAU®RYL®»2®@ °®Yaf Va TMhAY+
A®R¥OYs YalYu+W T Ve %T°A® ¢ A

S@UE ®2T YN ATAY2E® BMAALRATO NI LIAA®»T A®RY, T
"® (VaAAT %® Vi@ ADERS, 1T ATV -SRI 1Z@pYs?

M-Y38Z — ZAz—e7Z-U

YI»A3py] >BX&O@ °! °®A13 T + +>$XBOWAEA £2-
OIALIO2E@RBL T1%°® »®°A2® 20% Y°3AA®,AyrB @A OB EAMN®
 ®¥%23°0 ALYy (1EAZ@HUBRCYVi°ARYT AYYamw ®AZRY®%YaVa®AT

126



AYVi»BA» b ®°KR° +®E2 ®u AA»A, EAZ®» 2BBR Y40 A OK2 Y4BV

AR+t /FEBA2®» YT AR, ®ANBRN+2YaBA @+ /FEY%YL T AEA2RAY
VoY AEA: ABLAY, ®%2® 20% E, o1 @AY PSORARNE] 2Y4%Ya
»®OA23° «RUVICQMBON VaVs @YV MPOUR®VIN®E T2 %2201
CTI»ARU/EA2® 20% '$¢7 @YK@ ®®2@A €AA® /£ AR56,09%&n

13,70; H n2,02; N n7,95; Cl n R%YiB->>$X O ¢ Y AAB@U N

56,12; C n13,67; H n1,99; N n7,98; Cl n20,23.

YI»A3uT >8XCl. «® ©°1 °®A13 + + X &R MBA Y0
Y03AA®, A% °@TOTH,25042-°3A1T° 2@ AUALAE AR BNV ®A H®YL° ®
»@®°A230 3RV T1AEARHBAYT °L A%YVim»®CA2EI®°YVCA®T
[A2VuB0A®+ EAA2®»TT ¢ ABAA» A,  ®@%20 ABE BEYEARRYA Y
@ Yo, LN YVAN» MEA ¢ A®Y E ¢ 1. @AY °®, ASQIAAE, Ys@*A230
R¥Vio®2T ¢ ANBYVIBY VAR E  RYa2 SY22RT (T»ApEA2®@ 20% 3¢
'SYe ®LER°®®ZA €£AA® /£ Ad9,6830024,26: H n2,99; N n14,16; Cl
n ®%UYaT-83$X%X|Cl ¢ Y /A AG®u nd9,68; Cn2421; H n3,03; N n
14,12; Cl n8,95.

Yﬂ»AﬂJﬂ ->§—X2C|2]C|.2—°3Aﬂ1ﬂ°ﬂ2®|.11/_4]7"(43/4>%$)q&®»i1/4_6@?3741/4_®3/4
TA2®» T V> 2% Y%UOSAA® A2@Y A@»VAA ] »2>$X&0
T® 3@, ¢ Nl 2UAT »®°A23° @R/ T4 § TUEEAZRRYGEYP A 2@,
Y~ °® ¢w%I%A EALA® 20% E, 1,0 R8YYoRATEY LS EVARLS
AR®LE Th2—»%® - °®¢ A @ M AAR@Y ¢ 1 Va AR Y% I3¢Z °®3Y e
»®U ®LP3IER®°.BA® - E A%: Au n42,11; C n20,55; H n2,60; N n11,94; Cl n

®%YaT-8$X%ClIJCl T¢ Y% A AR®Bu nd2,14; Cn20,53; H n2,56; N n
11,98; Cl n22,78.

"®% %L®-°® YAMBANLL, (VI EATICLUIATILIYYYs AR ® ¢ ¢ AAY
2RYPR N YVaYVsBRAP»2 @ %° ®%U2GB OB ¢ 20% T, 1Y%AR®T ¢ ALA
A2, ER®ANTIRIAGT °CA® 1» »®°A23° > @ O@®+AEY%»T AT'%%Ys —
»TA%®AYT AA»A, °® YU § +®%° FA¢A® AAE, »®°A20 ®% ,®L

sTAY%Ya+3» ®% Ya» (ALAAY °® +2%YYPRAB®Y JMHBHe® -
2% ®»®LTU® ARV, WYXRUF 16+ CA®-I»  ®%23° T A3MNE2RI® Yoo
C® ATV ANGUTITA3YCT, 11 |, %O%A3°A° AT Al A1E® ¥{16,17]
A®° ¢ TAEA2® °A®-I» ,®¥230

Y AUR K Y% TR L I»A3uEANR ATA®I®L»2A  AVLO3AYY
A®® w +, EMQGXFWLYLW\ PHWHU. LA [ RIABSLT 123, A
VoYt ®»I®, Ya°% 13 Yo T» A u AR ATAR®IRR ¢ w6 +,0$'=8+
2®% A2A28004000, 2 2@% A£®, '] A® 13A.® Y .%U (® A  ®%2®
Z73»+3» Yo+ WWRIYBD - ®YM Y4°% 13 2O KBIAYL® AVONABM- « (® A
,0%2@ EA2®»2 3% ° CAMBYL@ELR/ARTY A£A2B W V4R

‘e (TEAZORY PAMLY, «¥23 (® A  ®%U2@ EA2®»2

§;i Ae"-872->7 - AZAce

%Y °A®-I» _®¥%20»T (%AAMT BRIIEAR®LT® A®%LUY
Va2 (> @A TTA® MTAVEED?I® Y Wp Va®AYLOR Y, ® R Y@ |
A¢Ar] Y- T¢ATAY2® “Ay,230

'®¥ Y¥§ °Vl3 A1®T 2% ®¢Va®2T (OIS
RN AN ®2TAVLIL®A: WAHTP A®EVNBHY2 31305 ¢ KY->) =
3037,8 ¢ % KY=N) °® &% KY-N) =1273 (@ AY->) = 1201 ¢ %

ALv¥> =875 ¢ @,

127



SA°YUAT°®ELA Y@ TIA TH[AUCI 4 4H22 2®@3% ®¢¥%u°®2

E02Ya Y @Y ¥ 13 Ve P3 Y AEGERAUCH = 142 ¢ % Ms(AuCl) = 169 ¢ °©
1 KAUCI) = 352 ¢ °L; AH20) = 1614 ¢ %; KH20) = 32503350, * [18].

®%YY] ®EIA°Y, APV  ®%2®» 20% Y%¥®T (WRAT L@
Va3 s M @YK W-T °V22@4 @@ °® Va4 ¢
CI»A3 N, ®%2@ L@ U2 AERATACVRAB 2@ TIAR°E Yi° AR Y
[,27+@% LA ®°A2@ 20% %% A®%UT ,%UUS2TUOBLINE® 1T
., °® ,,, AAY:®T AA2UYR IRBBYLCBATROIANLIO12@A®R?
L Va0%13 4 A®Ys, T ® HAUER-3- &QHED, [Au(2-3- 2@ & O  [AG2-
§— 2ClICl ¥%4°®%2® FEA2@®»2

@1 Y¥%3 A%UxYy 1» A%BBARNPI2®OuYt °® | Y%IWAAR(2-
§— & QH@D, 3) [Au(2- 58— 2|Cl, 4)-[Au(2- 3 — 2Cl2|Cl
Fig. 1. Infrared spectra of 1}2-methylimidazole and the complexes 2]JAu(2-
§— & QH@D, 3) [Au(2- 53— 2Cl, 4)-[Au(2-  — 2Cl2|Cl

'®Y ¢ %3 A%T T»>ANBAIATNEEUY! 2@V VRB400°®2 (0
ARZ®%LYL®°OA2 »3;, A®»2 "®WiBROOVO®2L 2A AA®Y 1,3 Yo
ET220A»% 7 ®!®@»2 2@%°® 21%®%3 ¥ AET1220A»Y% 11 °11»®

O UYaxY 3+ @U@ BYGAY ¢ AT UY °®ELA°Y%AYT ®2@ 1A
1@%RITAT *®13»ANT +A%UXT ®f (YA TI®AL 14BABIN I® AVse C
LI@BVLIAYT °®3»A(T 1+ A®®UIAU-IHLHRY— &O@WeVY > $X
$— 2@ & O[AB@-5— :Cl2JCl 3 A®T¥%YAAY 122 20% ® ¢ WRBE25,2 ,

°® G OAYATU®» p¥%xf¥% °3+®@¥%2ORLWAARYZARR ¥
W% ERIMMOEUE AATEBRBOIRE, W-%L® @ MO MVa¥2»®A TYa»
+A°H Yu» @A T »TAVYa+3MB %% Y19%213 AL@YS—- 20%
VaVa¥2»®A ¢ MAERTYH®L A»®2 ¥A»T» AALY%i® @¥%YAPH2®»T ¢
2@13UL9E ¢ %N »ARLT&UDUC KT »Tu REMIAWIALYat3»
+AZN LT%YV RAAE AL RPAR 1°» @ £ ABU®O®? °® 2Yu»Ya¥s AA2®»
»®°3A®°Ys»®2

"®% Yl AIRY R®-W®U »TAVVit3»T HNAMIAE3I»] LT1%T2(»
»TU °@GN2 ®¢A —» @AY ARPMHE LAY, Yi» 14T ARV /£ AZ®: @®
AR Ya» @A Yar» AT11Ys " ®»2Y 2Y» Y| @, TAMBILTSACMAY
SREIA°YAYT ®20 WA ®UAMViNANL®Y-1 AAMIR%UY2®Y 2@%Yau|T
°®°71550 ¢ °® % AVse ®¢A ®%SY— ®¥YaY A-TARN=N)
AAZ®Y%Y2®Ys 2@ %UYapuTIS58®E: 94,1483 ¢ % °® @M “LUAE®2 20%
127362 %®-2Y, °3ER°®»2 -®¥YMN4l3 1 -3$X 0@ 1@ AT
AAZ® % THAYYTKY 1 °@&Y-N) ®¢®° AR %U°EY ®L1®@»2 AR®B
O3ER®°@BT56 % °® 20 —» 2@131q E ¢ Y%33%97°RAAGTY
»OUOHIVIE . A%Yae ®%LITIT T»AYGUANA LEATNO® %Y. E®Y%UA Y Ya»

128



RA%LYLAYT »TAY%Yx3» ([EBRARI®2 Y 9 Y%U¥%U®T 29+@% @AY
»TALYL 3 AN YA FH N2> °Yl3-RAFTTON2@UYal 2@% ,YaYa¥2T»®A "
T%>»1 ATt 2@% %® °@§ABO@e>BEATHRYA»®?2

®% ¥ %L®-COLA®LTT Y% (T ATARTTCNI®uYAt
U VAR T YT 2%%R®%, 1 T USHMERYE% L@ &0 2Y¥%YasA 2039

T ®yVac®2Y

IR VAR ®

13 ARTAYYO®A:; 1941 AREYLI®»2

KN-H) 3134,2 ¢ % KY->) =3037,4 ¢ 4 KY=N) °® ¢ KY-N) =
C® L AY->)=1206¢ % Aun¥> =867¢ % OB»+Vu K Va ¢ FET

0y 13 AL®§— Y V-9 »  U°

23A@Y%TO®A ¢ FRBUTAKN-H); KY->) AY->) @AY > 20% ¢ % IANR4T

§— 2Clo@ & Ol PRV AT » ®°3 [»@OA0&'®% Y- T» |, %owt¥ls e

AAZAAO° Y, ®¢A® 1@ TAEYT °®3»AT®»2IY 1 °® Y-N-7 2-

O3AITOM2@ UVt @ 1,1483 @ °@273¢ 0 ®; ®AR L VRN ®L® »2

CA°YATU®» 2® YA5¥AP A21519 ¢ @ ° @300 ¢ @ °@®285¢ % °AE B CA

—» ZEEL VYT AR VaYaYa2 (> GERRMT @AY

»TA%LYL+3»>H (+AYT2T» T3, ABT2-3—- ® RAXLI®Y%, ®uTY

B °® ¢ MR, 2RK2] ®2

03+ @ Y42 ® » 2

"®Ya®¢ Vae T

IREEUBA¥AAOEKNE & &
»M¢ @A -P®ANLTT2@uYt
LTATT E3 A%Y%U»0 2@0%-83%1SIAE®RD 2%2@ A£A- Y. @AY

»TA%LYL+3»] LI%I29»T@L Y ALY |, °® ,,, ,Y%Y%%2(»®A"

..t ey
AToTic %Y.

Y4B ® 2

%13 5 CA®-I» EA?2 YTORBOAL

SRELAYAT T®2@¢(AU°®¥2®AEA2®Y E, %3O

1 2@0% %3, A%UxYa] %L® @ AxWY Y
»AA»ﬂ» CREIAY,AY ®2® TIA Y2 ®

AYyRr 1 Y T¢ATAV2R, SUAUFIOALTIA® VT L® -°®
2RBAL®LAWR®»2 A Al®YUBT» 2 Au®YYHE®2 T 1

01,2319 % %3» (NS, AV Y@ » £+ Va1 E®°®T Va2 ¢ ¢ VaA ¢ TEMAE®I
R¥%UOTBT A%Y,TG®EL AUYPAVL A»@3BDL@® PRI ¢ UWALT®ATI
CBAR°U» @B °® ¢ (¢ AR A» I PRP%U®TI»+ Au® IUHN YN 2CALUERKLYATAY
CAR»2RVRARCYAIRLYT ®PAR®-I2®@%2®@ AR ®»RAUC@ +Au®FYa» T
YL, LEVLEOIAWM-AT TEER YUAERT ®F A°Y, V@MY Wa Va2

°® ®%U® ®A» U2 ¥C®LAL °Y ® ¢ ARINJAR 2YU¥i®2:®@%Y4q

%® -°®¢ AMREWHCLLLS,: TARY, TVAPYU® U Y®AR®T | Y4¥® 1% Vi

Y AR AR LV@®AAT RARURI»+t AUBABSIVZ®TLLL®POA2Y

E13 A%ViDA®RY®N2T¢ ¢ AL TORSMPRELACYVA (2R A® %@P

'R Vet PPUOPICLO®I»+AuCR VAT %% 13 YR Ty
°® ,,, -BATIT°N2@UY4CPR A ®»Z@E®» T, 1. WYA®IH2® FA2@® ¢ A
YO ® T ®¢ Y M 2RPAA YV @EFZ YVPAAR®»®YU®I»+Ap®BAY» T
%R -°®;AMPBITER°®»2@ +WTF UE@P221®%®1» + A uBART

+ A» Y+ B A % VLA, 1:2,

211 A® Y AA2@®¢ A
®%UPI»+ Ap®%LYa» 11
CI»A3 U, ®%2® £ ARBA 2D Vs WRPE650Y °® YUu» (3 »A%®ATIY °vliy

1/401/213 1/6 1'[ _®O-3 01/41 1

"®2°®1q
Aﬂ111/4ﬂ

°® 20% 'SCRAR®°YUMA2@Y ®2® TITAT

CLL LR O ®KJA | Y°%13

PR¥%Ys ®¥% AB2°RPL°®¥2® F£A20®¢ A

Vi ®(PDBRIF+AU®KLAKTN C®XTALXY [ Y40%13 ;x4
°® [V2-O3ATIT°@UM IR ARV YERIECZ °®
® Y Ys 2B  Yiow ~30Y1 1
Table 1. Dependence of thmolar conductivity of solutions of gold (1) and (llI)
complexes with anethylimidazole on temperature in DMF and temperature range 25

65 & c¥m

o~ 3molll

e® -°®¢ A®at

B A»®»

OR % Ve, W A| 222 0v31
25 | 35 | 45 | 55 | 65

129



[Au(2-§— & O @ce >

<

)¢

'S¢ 545 | 61,7 | 681 | 753 | 80,9
[Au(2- & — 2]CI 'S¢ 7 76,8 | 785 | 805 | 81,8 | 832
[Au(2-§— 2 VAT 'S¢ 7 80,2 | 97,1 | 1154 | 1355 | 157,8

SA°YAY °RELANAR2°®LY »TAYSNERIPUI»+AT® VY4
Va0 1l3 ALY @UYTOME® AT EL3 AVYLIRA TR A B!
R¥%UBT»+ Au®IARYMNTE, ¢ 1 A®YUANPRIE &O0@e2R®¥ECZ 20%
R¥UYYBNT ®U Yar» V@R 2( ®2 [1»%L® @, A®FL A3 s As A
296 e VaA  T®AL T 2@ YRR 1@ VEA2®»@ Y% YV @A®T» +t AI® ¥ »
%R -°®;AREL: AVLYLYMACHL ®@%Y% ®% °3APRTERA(°Y%IA®®
T°OUAER°TYT T%»T Ar1Y%%Y 2VRA @13 AR+ SCZCRBA A2® Y
RLI®»2/ERPRMNUYAKUBATILE:?

®ILBT»+Ap®MA%EY, ARY T TAUR-3— 2@&0 20% '$5CZ 20%
A2A29 ®@%YaWRIRS65Y ~® E13 A%YYMAL CA°YLA®ACS A»@»2
R%UBTI»+ApRFAH%ETTI®, A®i2 ®°TA3 ®° /A RRI%UYD Y A3H®
BYUA>RCAMU T A VaBYK®X® ®CAAXELS ANYLRNA ¢ #P®ALTI
BER°®»2 Y® ® Y u¥%UOARBOTUE2OR®AUA2RG® 1 ®1» HApn P
I» %O °RMABLA T ®@°WHUXSV®Y 2Y%UAT 1B N W»WWB2Y,¥® »2
TEE2®» °Y%13 AR 'SCZ AINIATO® VB> 11+®@»2] YaYt®»T 1%V
(AR 2YeRPLRY.® 2

R%LET»+ ApRA®SOF ARATALS JAN2-5— 2YQD & O 2ph2
® %Y WREE3PY "® E3 AVHURTA®U2T, A2®@ Vi R®!@BREBOR
>35Y T® A®°%Y »®U®YYi® ¢ °®®ARUY A UGEA®, AVVLYA® ° E
12 ®%Ys ®@% °3ARPTR(EYV»>PRULECTILD T ALYi%T 2%ATRI¢ A%
®l A»®82@/4 A£®?2

Vs T¢ATAYL2® ®p °Y GROAB®DEL YDA I V3 + 11T ® AT ®ALTIT
%®°®»2PUI»+tANPLYL® - °®JARMo%L3 , AE O4E TONCEITA.

EONA TAOCARRIMRRA®LY Y%°®@¥%2@EMR®
> TEYRY2EA2 TOALYEO®I%LY%I3 LY, @ AR TR % YA®@A A
Voo A BCRAIY=°"® E»3%+111 ® AT DALCRDIR2°®RIY%°®%2®
AEA2@®»2

7T Ys ®AR®HTROI ®¥%UYsY %L® - Vi@ AARET®
1-[Au(2- 8 — 2 YALCI; 2-[Au(2- - 2|Cl; 3-[Au(2-5— & O @ce >
Figure 2.'"HSHQGHQFH RI OJ | RQ 7 IRU WKH FRPSOH
1-[Au(2- 8, 2 YALI; 2-[Au(2- 8, 2Cl; 3-[Au(2-3, & O @e >
AR2°®2TUT°® ALY W ®,AT° @%UYT HWPATNIY °®
Table 2. Values of tg; E act. for gold (1) and (Ill) complexes

P | +® °®¢;A®MFL°Y%13, | OB A»®»2 tg= “®,Af°
7A 5" 01/41
1 [[Au(2-3— &0 @ce> '$¢7 -815,4 15,59

130



[Au(2- §— J|CI

"§¢Z

-165,9

3,172

2
3 | [Au(2-§— 2 V4TI

'S¢Z

-1389,4

26,59

«»3% 1 ®, ATSAIEAIOH 2T 2%V »3%+t PRI LA®?2]
UV Y%® EATNYY: PPV U®KLITLIZELARAU® AE/BR% L@ MR E V4t
2y EARLAE®»2®Y °®° % N2]%°%13 %Y ® -%TEL A% Y ®@%
29 ¢ VaALT®ALTIT (ALA °® TAATHE M AGIABAIRTNA®A T

T®1® » 2 ABRRIA

E»3%+RLAT @A BB ®»2P%U®I»+t Au®HYU>®AR EL13 A%LYYIA

SEEIA° @, AR %UPI»+ AuCYKLYAVAIM %@ - °®f A®sT 3» A%U®A LTI
Y, R ABRLYL®2.®%WY E3 NULUETFA ° Y ®¢AHIPU
Ya» 3> AVaR¥R ¢ PO Y® AU VAR 2 LRT®-£1, 3Le¢ A°RL2
IR (YA TRAATMBI2AR AR LALE®L2®A °3@®FZ°°Y @%Ya
E13 ALVYMAUCTA» Y A®® -%TA®RANLR® Yu¢3%Ys ,ANO®AY
R¥UB®I»+ AuR®KYIM® ® AR°Y%Y »PUR®YY®, nTi2 °3ER®°®2

CUTETYL @, ALYV I»+ Ap®BMAD I ®Ou ,Y%»(3»A%®A VI
0. YU»TiA °BY 12@%®°® (% TA®Y 27¢ ¢ YAQ TERAMNDEA® -1 »
,®¥%2® AR®°®2Q02BHBY T1°@AMIACLYT ®°T®Y%®T» £ A p@IMULHNT

’1/401/213,]/éﬂAﬂ111/4ﬂ,

°® Afityq

., ® 2B Y, ROAY

L Va» ¢ 3» AV, @AAMLEDASTALY] | V0% 19,14° @ EB2R®® ¢ A

AR2°®1Y + ¥ ®¢, ARtM-®-°® ¢, HBXYT, °® $X ,,,
2@ ¥, ~

°Y T ® ¢ A®

Table 3. Dependence df. of Au(l) and Au(lll) compounds on concentration at 298K

a3 E®Y

T® ,Ya»(3»A%®A

Im ey @0yl
‘ "YU 3» AV®A LTI VRYIALE ¢
®-°®¢ A®g ~ -3 ~ -4 ~ -4 ~ -4 ~-5
[Au(2-3— & O @ce > 545 | 110,9 | 170,8 350,4 590,8
[Au(2- 3 — 2CI 76,8 92,8 108,9 119,6 138,4
[Au(2- 8 — 2 YA 80,2 97,3 108,9 120,2 1425

SA°YAT°REIAYVAATR %2@ E RPBRIY , VaTE(Y%» ¢ 3»AY%®A LTI

1Al [E»3

RAPLTATRNQ¥W®Ys A®°Ys ®AUYTAET®AT

R¥%UBTI»+ Au®RHIIM P%YAPHR® -°® ¢ ARREMOLLL3 AT LN
"® AN UTA%®A M@ @APVEEI» ALY TIACKBI Y
»® A2® 27¢ ¢ VaA¢ TPAYE TR ¢ AMBORA TAT®L, A» @ BPEPRO® » 2

®,A®°YZ 2@

Ya®¢ °9

2ﬂ2®

CER°®?

L0135 WP OAUAAARGAT] A®AMAL®»:?

E13 ALYMA 1®@¢ ¢TA° AT A2®

O3E®°®»2
Va» ¢ 3» AY®A LTI

Yy

. ®

T 2@% Ma»®¥%®1»+ Apu®@%YIVMI PR2® %va» ¢ 3» A ¥ CPART-IIP
- PUBI»+AUCRUATPR UYI®ATTI»AYe3%Ys AR2®, uEAAT3»AT
CATA Y ®; BB TORY, A»®@SE&RYasaMAATYYs RV E®?
ERAAA2®MP° Vs ® ¢ ARTHE A2 ®2, 120 ¥ER®YLYART AA2®
B - “®¢MMPOU, PBAARIAIY, RAR®R° Y PO® V@Y ¢ YA ¢ T EEM2RI
®°AARL A%VIMBY®P A»@»2» AATY IR "A2® @ % VATRY I Y
»OUCY AR VAT T CAR® T1TAYae TV ®LAL ®¢ YUl ACAARLY, A® YL

031/, %, ®?2

131

°1*4_®§2,¥5.(®E@%1/4_®-»ﬂ
Y®°®»2
01/423111_513:@1
® 1 Y¥%®T 29+0®¥% ¥V.C0 JRBE H+ARBFLC Yal®Y
® AY2M1@Y p3%Y» TALR®A °3 A»®?2

= |’ - Z¥Y

a®°Y

A®° ¢ TA



7®i°T Y ®:ACAMIRHAURTIA% LAY OXC. "® ARAMK®2®AL
21, ¥, ® &) -[Au(2- 5 — & O @=23)-[Au(2- 35— 2]Cl; 3) - [Au(2- 5 — 2 YA
Figure 3.'HSHQGHQFH RI PRODU FR QGBS \fér Yol WRAU(R- RQ
1 & O @e2)-[Au(2- 51)2Cl; 3) - [Au(2- 5 1)2 YATI
@Y V%13 SPPURIERO@E>°Y ®;A®+TY E3 A%UTAu®¥
YL | ¥ A®¥® ,SFMAAME AT ®2, 11»20®131] 2A%AER®°T
Yur® W @AAIAPRLINEL AVVYERAR®IALOI Y ER2Y, T¢ATAYZ2® ®u
Y, TR APENEE T OUVPAYTLOKIZ Y 2@FATATSCZ ®°AA»
E13 A%YYMAR® %LO®OAAEI A» AR LOPRT . ¢ %A T&ALAR - I1»  ®3%2®
EA2R2°®3] "®@¥WP®°%ITIM A @®TIHTE LS, A Ya®T#» ® »[AN(2-
§— &0 @E5® 2M+®¥% %@ - YR JABRENTAI®! A»@ABLT @@ »AY%L®
290 ¢ ¢ VaA e TOBYE ®°OPZRAV» ¢ ARZRABA:A L T®A W TATAY2®
®U °3AY2Y CAYa¢ ¢ @I ®@KU2MAY TLOUA® TRT» T1°® Al
2@ V@R ¢ ¢ VaALTRAATE CA®-1» +BHAE2RAY
ER2°®4AUT°®AMPS I’ . 2°RRYUORT¢ ¢ %A I(OA®MWY
Va0 13 AR LI, °® [1R2-C3AfLfON2@uYat
Table 4. Values of tg5 | », Kd and degree of dissociatiors(for gold (I) and ()
complexes with Znethylimidazole

P " A e® °®¢;A®MMLC%LL ¢ | tg= | » " =
1 [Au2-3— &0 @ > 447 | 0,002 108 | 3,1610°6
2 [Au(2-5 - J]CI 137 | 1412] 0,752 0,027
3 [Au(2-3— 2 Y4 -12,05 | 140,2| 0,965 0,031

ZUu »ORV:sPRY®2°®4HT1%2Y°® Y2 AABEZEY2RAC 0 ¢ A
LT %®-C®RARHTELS, (INR-5— &0 @ AVas TIAG-%TELS A%WITA
2, EARP®L® ¢ ¢ u A (ORALE R ®20Y%1L3 3 (20AR®Y, | ®@MYa»
19+ @SBNYaxT Yau¥s? 2Y%®»2 ~® °YpER»23® &G X ® >$ XYL,
»TEY»@p2@Y1»@FN ¢ ¢ Y%A ¢ 1®A% Wi=D,027 n0,031). A°®AT2 °®
= RUYLUEOE:® R AR A2® T»A3+%®i»Yi, FI A LA BN,
2@FZATAT®L , A»®» RE %2 ®2

SEETA° ®¢A |1 27A%®@, ¢TI0, Y®pAzWaTu®°Y»®° T
AR -1» ¢ VaRARLA ¢ RIBYLARYLTT ARIFETVT ®AR (¢ ¥P3%®®2
%, »R°A>BRCTARKIAALALTIA®Y:, ( LY AR » A+ DO TA
°3+®¥%2®2 | ®¥%BIVOL»Ys A» c%E+E A®°®¢¢AAT KA, A»T
AT ®°A®-I»®%POALE®° &Y T°@AT®¢%UA®Y ~®: ¢, ® AY
® YIAWOCALEM2® +@¥%2TAAY, A3 A»R2i Y, U2V /ER®°®2
ROTARH%TI®%, 2TA%R® , AR+ AR WE2®2TN°CALNH-%Ys A®E°Y»
°3»®°%i2 1 VM® AANRT»®MAN2YL ®%LYIJA® - I»» ®°A2®@»
BLRVB®OYVMVAS ®I%LTARATUIR 3 A»®»2 SA® - I»  %UpITh®%®03/

132



[A3. GRPY4YT °®°F T°@ALYG °R/E®I®T »®A®@AEL: ®%LUKLTY
CAY®,,® T® AA°YY °3%B®°®2 Vi ®¢ABEAY  @®RP REATLU®
G ®%YY ¢ MPEABA Y+ YU HRA» VaBaY)B® LJYi2RARIE AR Y
CNARYRI® Y% NY%iYAYVISBI®@ , ARARYIMA U PARY  BIR20®2
> @ %HAURLANRATAVARALPRALAIIY: @¥BABD T1%Ya
A®LUYE» ®OY,|2

®2T LUAFAU®YYa» [2RMNEALB2®»2, Yu°%13 Y5 I»ASuLEA2®
AT11%Y . °®  S93ATANCT?2@uYt 2%%Ya AAGAGTTAR2R 29°12A
AR°®¢ EAAMCA® - I»M3A13 AR TRA®Y2EER 2 ®%2®» NO®YAY ®(A
.7 2@% ®2@0 TIARAX® VMBI ARTIIR® - °® ¢ AB\AN°MY T¢Ya
»®@EA2QBRFH®(AFTAY® AR+ WRW®Y13 RATLIYT , °® ,,, Y
2-93AN1°92@UYat Ya°®%2® AA20®»2  g@HIARL] AMAGSERR, T Ya»
T¢e%>R°A2@» MRV YABIAS. RIEL3»A®RK ALV ALV (Y Yaxn
T¢ATAY.2@ BANTA3» A»JA»121 {0,1-,A» 2@ ®%Y% A®A, ! 2%2®
BLeV®OVMPMAS. ®F E13°35A®YTT ¢ YaAAVBONT I T ¢ B0BA® - [ »
,®%2@ LA

7¢O TAY%® AYU+¥®®Y LATWYUMKBEI®AL] Y»
[Au(CaHeN2 & O @e2- [Au(C4HeN2)2 @ & O - {Au(C4HsN2)2Cl2] Cl
Figure 4.Diffractograms of coordination compounds: 1- [Au(CsHsN2 & O f@e2-
[Au(C4HsN2)2]Cl and 3- [Au(C4HeN2)2Cl2] Cl
'®Y% ®2°@!Y YR YARY AVA AA%LUITRYBOHT:A®LL|Y
L Y0013 YafAU(CaHeN2 & O @2{AU(CsHeN2)2 @ & O ° ®abkelil §2(E2]Cl Y2°® %22 ®
EA2ZR®R®»2
"®2°®1 R%UBOIAYUXYLYT ¢ UAAT %O®»O®%U®YT ,%TA®LILTY] %@
[Au(CsHeN2 & O @e{Au(CsHeN2)2 @ & O ° ®sHlXC&]Cl
Table 4. Crystal lattice structure parameters of the complex compounds
[Au(CsHeN2 & O fe{Au(CsHsN2)2]Cl and [Au(CGiHeN2)2Cl2]Cl

e ®Y4®O3A Y, x|
[A3. ®xV L.
Ersoigmo V| STUZ%Y ~TAT

CYax 2% %B® -9 <TA %3
c® - °®LAXYs | ®% | b, %|c % 20% A + 8° L®.-° % Yo»+
[Au(CsHeN> & O @e-1 12,82 | 10,98 | 8,83 4 2,08 2,11 Yo Ya A Ya YV
[Au(C4H6N 2)2Cl2]Cl 8,85 | 8,66 | 8,01 1 1,95 2,07 ASA¥%R®+Y,
[Au(C4HeN 2)2]Cl 13,97 | 11,92] 7,85 4 2,02 2,07 Yo Y AYa YV

@Y @ Yal TOVRARY VaATC» ALP®; Vo3 AYaVal  YATAR AV A
CYVaAAYVIHNALYS o 2BKEC-%Ye Ve AVuYiCAI®T (AVA AAYTT 3%
»®°A2@® » vo,ﬂ» ®¢ A

133



22@2) | Y%Ya¥2I»@®ALTY» T $X , 20% %® -°®(AY %°®%20@ A
TAZ@VIC3AY AT LI3°AN® T @P YR Y E®?2

2T VaATAEYa» 2%2 1 1°CUEPAMYLT 20% A®¥ T >$X&0
01,13 ALRPIATII°M2@uYs?l »B BB YVATAS. ®EL13°3»ARY
R TE»R®°AZOPYUARTANTARE ¢ HBN® PFBR ¢ U»®2° @1
4).

3%4°U,+ Y% @A T AA2 A3 ASHL AR » @ LTNT2® i, ® ¢ @ AT
2EFLOTOAYL, TECSTAYLEBR - 2@ ¥2RB® oA AL3®1I® ¢ TWBOPR®ECA?
"L ®°®UOWNUMAL® ®%A+A»YVat AJITL °@ATuT-Afefe. "®
EARIY®°®?2

'®¥% V%] > @ °®E'A°YA VY2 @ MGIOEYS AAYAY MPEL® T
X®°Ys Yu°®¥%20® MAR/RAMBNTIN», %°%13[,;, @AW ° @M%Y ®2@ ¥
LR ®R°®P3Yi»2 SA V4N RELA WAA® TITAGUTITA®%°T 2@ %
A2A2(® %Y %18 § 220/C, AuCls A E °Av:271@§CIsVAUCIHCI 2 Vi
AAZ®@VLTMR %LARUIPI AR ®?2

«»2EAA3 AT 2A1° T@%UT > ACQEARBVRLYY®AT

zY Ve ABRIPYa»A1Y %029 ATl @%@ @E@M2AZY

® ¥ Y, y285800' Y AT T°AY%2(1® §2<A&a:|z, ®»Y, 031" ®?2

'Y ®%Yi ®%T 21/4»11(,A/L@PWTPAA'%J[‘MIA@/MB‘HHVMH ®°AA»
°U22@ R RT@® Y Va1, AMA® @ AR V%21 »@ATIMPAY2®
°3/E®°®>$[3>AA»ﬂ2V4>>ﬂ¢A®»‘H KRIACHINT, FT1®»» T AsiyeA
®¢ A

'®% ¥a® O AZ@CYt Y @CBNTINON2@ UYL °® | MM s
Au(l) *@u(lll) ¥4°®%2® AA20®¢ A

@01 -+ @YY+ Y4®@°°@MeM: &AuU(CsHeN2 & O @e->°
[Au(C4H6N2)2 @ & QAUECAH6N2)Clo @ & O ~

134



Figure 5 (ad). 7KHU P RJ U D RHRNI2, ®) [A&(CsHeN2 & O )
[Au(C4HeN2)2]Cl, d) [Au(C4HeN2)2Cl2 @ & O ~
Zu A3%°Yit3®C°® %®°T ® 2712@»-CACTIP°BRAYL T
®¢Yac®» 2M1QO8I (3%YAFYCT T1¥@» Y% RI1®@»2 A»BRL%I®A
3+ Au®¥YVarI®Y %®¢ 0 ® IRHAARA T» %O -°RI2ZA®EA3 AT

E»2YA3URA®» Va  IO@® %YV WRIA °® |Y CAEM®3E®°®2 «A3 AT
E»2% ARV %LYT T10%YLLEONT 3 AG%T 1T °®¢¢® ABOAA®YT 7*
® tA2YAARER®°TY T» We: ARMEE FBYYBAY ®°E®°TT
¢ ®Y T» LEOBRMHAOA®AAR®Y 7* A®/E ! 2wfi@ Wy A®
AT %3@ ., ¢TI 20% %LY%Ui»Y°@®@IZBAEARD A£A®
2CHeN2 e\ zY e9+4NO2 9-6H 20

7O °®»2TIARIAZLOT, 1T |, YO AHCoMeN2 &O 2R Y %®¢ 0
»TAEY» 2Y20 AA2QOYALIELB°1+%E°® 120V A2BINDZ/N 2@ %
,PARAA®S EA3 AY E»2%UARAAW2R°3E®°®2] EAT°UI® V4
AVsVBR® PY13 AL@TT%TcARITURAAB® Y »>NHIH PRVAGBLA®Y
AzA29» C%UYLUWBRYLPARAARY  ®°AE®°TYT °®(e®Y »®BAK®
AR Mt °BY. T Y T°®ATN¢ Y% JOUX%TI®%LYLYT [, °%Uil3 AR®YT >

oA° Y, AR A

@131 29+@%T E. % %T°3»A®ITY 23x2%U@A®ALTIA®°TY
+®¥%°, A»TY Y%» 2@0% /E® Y%YVLARNPR & UAGENC LAER2 %u® @
»TAEY» 2Vi2@AY ZQ (A2 I BAT20MW0zY A®I®AWAYT ACA°YY
¢ ¢ ®Y L VaBAR-%Ys ARE ! 2 PRARAVLYMO®°NITo%i3 Al®Y
Y, @UA®Y, 1. T°%13 CAAY, A A»@20% @%®T+2B® % A%®»+
»B®°A»® ®U ¢ ®A32] LR 2ACAYAAARLABIE2 (AR Y ®®LH: YAG0A |
Y "®°®¢ ¢ BRI %®¢Ya» 2@ MAVMNR® TITEL3» ARYLAUTET
oVe3 ANV THRIPRLAYA R AI2Q VAL LTAARAR LIA® (LY
E 13035 AJA » T » ®W2n62,64%; Cnl15,26%; H n1,90%; N n8,90%; Cl n11,28%.
SAAY TP @®ETACR - @ AR AACR® Y, JAUR-3- &0 @° Vadt ]
O3TYE®2®Ys ¢ %3 ANT T»A%U®:AVAT 20¥% zY *@®@%U°AEA2®
%R -°®;A®:TT. TIAMAEYLITKEe) %13 AL@N AL M2 ®°3+® ¥%2®2
(%@:0)1, 12013 A% YAC MO®A®Y, /%1303 Y A®?2

@BV %3 AYIAY®AYAT L®-°® AT A% BE(3%U@R®A: (I
TEE2Y 23+92%@A®ATI
Figure 6.Infrared spectrum of the complex compound: 1 before dehydration; 2 -
after dehydration
Vs »@OUB Va2V E AW TEAANAR ®@°CAALY @2 20 ARV
[,ACTARUTIY, v4°%13 23+ 2% @ARAL YT YAY2T1®T p3%T» ¢(AY®/
034+ (% ®?2
[AU(CaH6N2)Cl @ zce\ [AU(C4HeN2)Cl @ 2 e
Zu A3%°Y,+%@°°®Y %E@EEIA®: 272@» °A° » ®¢A | @
20+ 912%@A®ALTT AA20» » B @ ARRYLAT A3YVHAYY

135



»®O3ER®*®AY,AR®I® B YRE0AN2® Vs MRAAG ,%o%i3 i ®°A®°TY
®¢(® CHAEMIE®°®? ([CA°®»AZBY® Y Y WEEN0250 Y °®¢ ¢ ®fF
Va0 l3 ., ®° °3FER°®2 'GRMRARRYN ® f» ,®°E®°TY °®¢¢®
EA3 AY E»2Vi3ALPA412 ¥A»(» ARV »® A |1 2B#2Y
® Y Ya WRPR0O250'Y % ®-°®¢AY | UBMEYULCAY2ZII®Y p3%uIpil® A®
A3%°T2AAYY, O3 ER°®?2
2[AU(C4H6N2)CI] + 1702 \ 2AUCI + 4N cg + 8CO2 + 6H20

‘AAA®» ® °®°%T2 ®,A |1 20% A3¥%°YU+%E°RI2®Y L®-°®
A2A2® ¥ Y WEBB0400' Y "Yap [ ®°E®°TT °® ¢ A® AR AGE 2®
3ER°®2 'ABZA2Y BULVLY@®NOAAXN 2% |, EA3 AT E»2Y4A3%0°
R(A RO E®°TY °®¢¢®T ,Yo%k2A2S A% VWO BI0,73% ®@%Ys ® %
TACRRARUTIRN3YOYT, $K& O HZARPA2] ®2

®29 VuATA3%OYs+ % ®@° O3 ATMYTS . cA®Y: . T ®F seblX2CI
%®¢e O ° »(EY» 2Y2Y ] BREHCMHAN, &0 @e» %B®-°®;A 20%
A2A29®@ % Va W@IAM00zY EA3 AY E»2U%HA2%%®2 °® ®°A®°TY °®¢¢
LY4°%13 ¢ » T JAGEY@®CIAE®°®2 —» 2@131 E g AHNYA» RRA |
2% A®%.T T %®-°®,/A®+TY ,%°%13 97 ATL1¥S—-FHY%U2A oyt
VaVaY2»®AL T ,®%2®®:A Y T °HAZ A®2YBRAZ T Y4 »

3%, + % ®° T+ %@ UBIN X O YR H2 1@ ¥ Vs WEPAO0 - 450/C
2AEA3 AB» 2V, A3y, ® 4@ A3 AN A°E» 2% A3 R® %®A®A DDA
2@ Y@ Y Va Y2ROX VO A E W2 @3 AR R Ya» ®1,36 %, ®°E®° YA ¢, 2® ¥
,OARAABGPA°VsAGRS A»@®2» AVuTUR AR TH (® ® - %uYa» £®° T
2A0Y,13 AL@E— 20% A®Y, MOWl3¥Vac A °3Yii2 TV %3®, ¢TI u-
B+tANRIL®?2

2[AU(CaHsN2)7]Cl + 3002 \' 2AUCI + 8N O2 %16C02 F12H0

‘®¥%°  ®@¥%MRUCHHN)2@ &0 2®% /E® YA P A¥IAE %N, T
B 2SN @O ° @%@+t ®@%2GF TA®TLY, 1°71° T»AY: @P8,9%
ATILYBARILY Y @A A®RHU®, VaOELAWUAIA3YO Y+, @O RA Y
AR TIIATONI AR ARATD W2 T2 »° @Y ®ARUTIT %% ¢
CA°YANM3®, (UMBi%LT» 93+ Au®@¥%L®?2

2[AU(C4aH6N2)2]Cl + 3002 \ 2AU + 8N O2 #16CO2 & Clz & 12H20

xUTUHAR ¢ A+ 12T T®D + A 12 YARIA O
2, IR0 2@ BV %@ T x AR % ° VMAE
WO -°®(AXYaNY13 ; THL3°3» A XYM

TH2@x AN ¢ ASOBRIP Y OL°T2® p Ya L X@Y4
X®L A»®»2@x YWY -MU¥%+®@» DA
Vs AAA G AAYu AR Y2 » ®OTAG ¢ TIAT
Et3 A%YAYCTI°OAREYLTIANMY%tiatO
%EU®BOP Z Tjl585® ¢ Y2024 2@ %®u21
—— '8 ( %%®Y%2T20®¢ A

FmEZjjba ghfaz~Bhbelfby
~hik_gl dgzazjh\Z G K

Z2@ (1A
1. Mishra R., Imidazole as an antiepileptic: An overview / R. Mishra, S. Ganguly /Med. Chem.
Res. n2012. nVol. 21. nP 3%39293939.
2. Zhang L., Comprehensive review in current developments of imidazeleased medicinal
chemistry / L. Zhang, X. M. Peng, G. L. Damu, R. X. Geng, C. H. Zhou //Med. Res. Rev.n2014. n
Vol. 34. nP 3%340437.

136



3. Gaba M., Development of drugs based on imidazole ahbenzimidazole bioactive heterocycles:
Recent advances and future directions / M. Gaba, C. Mohan Med. Chem. Res.n2015.n9R O b
2. nP3173210.

4. Recent advances of imidazolkeontaining derivatives as antitubercular agents / Y-L. Fan, X. -
H. Jin, Z.-P. Huang et al //Eur. J. Med. Chem.n2018. nVol. 150. nP 3347r865.

5. Gribble G. W., Fluorinated imidazoles and benzimidazoles / G. W. Gribble, S. Roy, S. Roy //
Fluorine in Heterocyclic Chemistry. n2014. nVol. 1. nP 34323367.

6. Zheng X., Review: Synthesis of imidazolvased medicinal molecules utilizing the van Leusen
imidazole synthesis / X. Zheng, Z. Ma, D. Zhang // J. Pharmaceutical$12020. n9 RO P 31-
19.

7. Synthesis and biological activity of 2(trifluoromethyl) -1H-benzimidazole derivatives against
some protozoa and Trichinella spiralis / FHernandezLuis, A. Hernandez-Campos, R. Castillo et al //

Eur. J. Med. Chem. n2010.n9R O PP 3431353141.

8. Hille U. E., First selective CYP11B1 inhibitors for the treatment of cortisoldependent diseases
/ U. E. Hille, C. Zimmer, C. A. Vock, R. W. Hartmann // ACS Med. Chem. Lett. n2010.n9 R O [
nP 342-6.

9. Novel inhibitors of nitric oxide synthase with antioxidant properties / L. Salerno, M. N.
Modica, G. Romeo // Eur. J. Med. Chem. n2012. nVol. 49. nP 34118126.

10.Daraji D. G., Synthesis and applications of 2substituted imidazole and its derivatives: A review
/ D. G. Daraji, N. P. Prajapati, H. D. Patel // J. Heterocycl. Chem.n2019. n9 RO RP 34,2299
2317.

11.Fluorine in pharmaceutical industry: fluorine-containing drugs introduced to the market in the
last decade (200:2011) / J. Wang, M. SancheRosello, J. L. Acena et al // Chem. Revn2014. nVol.

P nP3% -2506.

12.¢A¢3° Z —  Z»®1TATA3: ®1 Af°Yil pu%l%A® cAg3° 7 —°Yr@®@»Ys° o
W>®A ®e - é

13.Prasad K.M., Molybdenum (lll) complexes with some imidazoles / K.M. Prasad, A.N.
Tripathy, N.M. Thakur // Polyhedron. -1991.-V.10.-b -3% -325.

14.Pitteri B., The replacement of fivemembered Ndonor heterocycles from aminotrichlorogold
(1) com -plexes. A comparison with pyridines. / B. Pitteri, M. Bortoluzzi// Transition Met. Chem.
2006. 31- P 3,1028r1.033. DOI: 10.1007/s1124806-01025.

15.30%YanYa® — Z@®°»Y°3¢ 11 p®O @ »%Mivs WO@22;2 7% 1% 9,2 110
A3»®» AV YRIAUCIY ° °Yu2»Y° %®¢A°Yas — o SU%Ya»Yue ™7 me31y,2 AT
»3Y¥+®» TA3 s %n2001°9 T nb nY  -159.

16.* V41E»3A « ¢  Z»®1TATA3; ®1 AT°Ti @u¥%A® CU4TE»3H o182 oYL 1E»3A
°Y, W>®A ®- - ¢

17.2@A1»¢ ,®1 * ¢ ¢ Z®AT»e ,®1 ¥ £®°U®3°® Z Y VYYU2®A2(»YU°®
Aol ™M@ YUNLEAVIY»ES %® YUAE %Y  @REGN33089:°A ®@»®1TuA

18.+®223A3A 7 E£7°71 pY%UlY%A® 7 <®223APA &M ¢ @r»x1l

19.£%293%3° § £ Z®¢ATA Y13 @AIE»MAVISBWANIMO®® § £ E£w293° £
L ZT2A1y,e > §AtLy,se SEAUT®IE °3 2A»@%YaD, AARHBAEY VoA LT 1R° E
Ve ¥303n Y AuY. N >i CAE®S 41

20.' Y% ®A3Z°® Y o «%®,AT,A° %Y ATuTAse Y- AT Y ¢ ‘%% ®A3°®
§ £ "OUOWBIAEI»A Y "@¥%UAA» B ARIVE  Vil® é

21."A AE  1» = > ETORBL2ABATYa»»EA (Y32 »3» - N3 “AE AAERY»
£, %I® n é

22.ZUu®%Ys° ™  §3AY42 BYYY4/E ® ° Ud»A£3» Yt V®@ARY MOBEHB®YVL® § e
-2 —»1/4<;A-19€11LAn é

23. ™Y Ya» ¢ —»A3%YBYIARAT] BYVaYalE Va®EA ¥ISALVANBERCC CoT™S
$1% n é
 24.-°®AE3»A®° - - EUUTHVaC®»T% (3%3UE | nY%lYA® T A3%CYATOTA
A1Ya%92v° - - —°®AS3»A3° 7z - (°YU»¥%°® A% n»3u%xE@%e nAfoqq
Y -2016.
REFERENCES

1. Mishra R., Imidazole as an antiepileptic: An overview / R. Mishra, S. Ganguly /Med. Chem.
Res. n2012. nVol. 21. nP 3239293939.

2. Zhang L., Comprehensive review in current developments of imidazelmsed medicinal
chemistry / L. Zhang, X. M. Peng, G. L. Damu, R. X. Geng, C. H. Zhou //Med. Res. Rev.n2014. n
Vol. 34. nP 34340437.

3. Gaba M., Development of drugs based on imidazole ahbenzimidazole bioactive heterocycles:
Recent advances and future directions / M. Gaba, C. Mohan Med. Chem. Res.n2015.n9 R O p
2. nP3%,173210.

4. Recent advances of imidazolkeontaining derivatives as antitubercular agents / Y-L. Fan, X. -

H. Jin, Z.-P. Huang et al //Eur. J. Med. Chem.n2018. nVol. 150. nP 34347r865.

137



5. Gribble G. W., Fluorinated imidazoles and benzimidazoles / G. W. Gribble, S. Roy, S. Roy //
Fluorine in Heterocyclic Chemistry. n2014. nVol. 1. nP 34323367.

6. Zheng X., Review:Synthesis of imidazolebased medicinal molecules utilizing the van Leusen
imidazole synthesis / X. Zheng, Z. Ma, D. Zhang // J. Pharmaceutical$12020. n9 RO P 341-
19.

7. Synthesis and biological activity of 2(trifluoromethyl) -1H-benzimidazole deivatives against
some protozoa and Trichinella spiralis / FHernandezLuis, A. HernandezCampos, R. Castillo et al //

Eur. J. Med. Chem. n2010.n9 R O PP 3431353141.

8. Hille U. E., First selective CYP11B1 inhibitors for the treatment of cortisé-dependent diseases
/ U. E. Hille, C. Zimmer, C. A. Vock, R. W. Hartmann // ACS Med. Chem. Lett. n2010.n9 R O [
nP 3.2-6.

9. Novel inhibitors of nitric oxide synthase with antioxidant properties / L. Salerno, M. N.
Modica, G. Romeo // Eur. J. Med. Chem. n2012. nVol. 49. nP 3%4118126.

10.Daraji D. G., Synthesis and applications of 2substituted imidazole and its derivatives: A review
/ D. G. Daraji, N. P. Prajapati, H. D. Patel // J. Heterocycl. Chem.n2019. n9 RO RP 342299
2317.

11.Fluorine in pharmaceutical industry: fluorine-containing drugs introduced to the market in the
last decade (200R011) / J. Wang, M. SancheRosello, J. L. Acena et al // Chem. Revn2014. nVol.

P nP324322506.

12.Busev A. |, Analytical chemistly gold. / A. I. Busev, V. M. lvanov - M.; Izd-vo "Nauka", -
1973.- 264 p.

13.Prasad K.M., Molybdenum (lll) complexes with some imidazoles / K.M. Prasad, A.N.
Tripathy, N.M. Thakur // Polyhedron. -1991.-V.10.-b -3% -325.

14.Pitteri B., The replacement offive-membered Ndonor heterocycles from aminotrichlorogold
(1) com -plexes. A comparison with pyridines. / Pitteri B., Bortoluzzi M.// Transition Met. Chem.
2006.-31. nP %1028r1.033. DOI: 10.1007/s1124806-01025.

15.Mironov |I.V., Substitution ratio of C | i to pyridine, 2,2-dipyridyl, 1,10-phenanthroline in
AuClI4 nin aqueous solution / 1.V. Mironov, L.D. Tsvelodub // Journal of inorganic chemistry.- 2001.
-T.46.-No. 1. nZ ¥%154159.

16.Volynets V. F., Analytical chemistry nitrogen. / V. F. Volynets, M. P. Volynets // M.: 1zd-vo
"Nauka", 1977.- 156 p.

17.Rachinskaya G.F., etc. Analytical chemistry. / G.F. Rachinskaya, G.Ch. Khamzaeva, A.S.
Sodatdinova- Laboratory work on qualitative analysis Dushanbe, 2019- 110 p.

18.Paddefet R., Gold chemistry / R. Paddefet. Per. s EnglishM.: Mir. - 1982.- 264 p.

19.Khodiev M. H., Calculation of the vibrational spectrum of 1,2,4-triazole-5-thiol / M. H.
Khodiev, H. Sh. Abdulov, N. U. Mulloev // Materials of the international conference "Actual problems
of modern physics" TNU, Dushanbe, 2018- 7 ¥39-41.

20.Gorbacheva S. V., Physical and chemical practice / S. V. Gorbacheva, O. A. Burmistrova, M.
H. Karapetyants, G. S. Karetnikov and others.- M.: Vysshaya Shkola,- 1974.- 496 p.

21.Kukushkin Y.N., Chemistry of coordination compounds. - M.: Higher School, - 1985- 559 p.

22.Azarov L., Powder and X-ray method. Per. s English M.: / Azarov L., Burger M. - lzd. itis
lit. -1961 n363 p.

23.Lipson G., Interpretation of powder radiographs. - M.: / G. Lipson, G. Steeple- Mir, 1972. -
384 p.

24.lvashentsev Ya. Il., Chlorination of silver and gold and thermochemical transformations of
chlorides / Ya. I. lvashentsev, R. I. Timonova // Jounal. inorganic chemical- 1989.- T. 12. - vyp.8. -
7 ¥20132016.

Y—> “o o7 @fe—!— oZ—e7Y 7Z'-Ace— "@Ee™“"Y_— _™MM™M@aZ(lll) cce -
g« _TM_§_'Z.03TM

® - °®;AMIVICHINMLATI L C®OATII Y., A®Y%, T PNz & O e >
[Au(C4HeN2)> @ & JAI@4HeN2)Clo @ & O -OFAT11°12@ Yl ¢ T»A3u  ®¥%2® AFAZ@»2 @, 1
CYaAAYAY Y3 E>W2EA2QR® @ AMEEILTAA®EAM@O®ELA WA Afofie
A3¥°Y, 2 %@ J2IAYL® , TP AL ®® 123 A%V YUWA®E 2@ %2BA2@FA® -1 »
®%2EA2 T 2@0VPATAT»3 - A%RPA®E T%ARN®: T1GHMAUCI @ °® +28X&E
°3% ®@WALCT2@UYl Y %BE-2VUOALEMIAYAYE YTA®Y; TAu(CsHeN2 & O @e->
[AU(C4HeN2)2 @ & O ° ®skell ¥oCG8]Cl "¥4-°3% , @ LAY 2@ UYB HER BAP L °3WRI%U ®¢ Y T
SREIAY,RI® AVi°®¥2®EA2®T E ¢ %3 % TR EANEATAMGC EIN-E® ° ®C=N)
2% ¢Y%3 A¥UxYs] %®-°®AXYT | V2BANLP P RUTDA TOAA»» °®ELA°%LAY ®2®
Y2 T® AGUT°AE®°TYT uTANYT EL3, A%YSO»ARBMSYAR 2R @HA2 ~1 ®AYVLOY
»TALYE3»] %T%I2T»I@LE Vo ALY | °® ,,,. C2WHRASEMNTIN2EF @ »2
T°OUAER°TIMYAS%%T 20% A®¥%JT T SEARAI1@FANIT°12@uY%? »B A ®»
BOLEOYMPAS. K133 »ARI®!, T@»R®°A2BORDYURNTABRITARE, PONU® Y Y® ¢
YR, UBAB-I» ®%20 FA2Q@¢A 1 PLEN; BB WY, ®KRWLC Ya0% 13 Y%

138



Aﬂ11.1/4_1/42-°3Aﬂ1ﬂ°ﬂ2®i®-/i@3i3/4®2®Mi®1ﬂiﬂlﬂi®»%2AAl/4°%1l/4|,»2'1/4_®1®»2

/EA2®»®1%1/4%,®|A_®°AA2031/4L2,ﬂ_®E2®®Aﬂlll/c?ﬁA®%lA®lﬂP3/E®°.®2
@27V W £ T AT AU EL® - °® ¢ MO %i0Y 12, GAT1112-03 A0 2@uYit

(',1/23}A3/41/4(',’-"/ztlY'l/zquﬂZOl/zti3/4®°ﬂOA@%ﬂﬁ°®?/ﬂl®%3»Ai3»

KBGL?A B BAMQ?GB? DHFIE?DKGUO KH?>BG?GBC AHEHL: , B ,,, |
F?LBEBFB>:AHEHF
Kbgl_abjh\Zgu dhfie_dkgu_ kh_~bgl_gbp ahehlZ khklZ\Z

[Au(CsHeN2 & O @e-[AU(CsHeN2)> @ & O b HPREL]CI k -f_IbebfbrZahehf [j_"eh _ggu_
khklz\ b kljh_gby ihemqg_gguo kh_~bg_gbc ih™\_j°~ gu NZggufb
| _jfh]jz\Zf_ljbg_kdh]h j_gl]l_ghnZah\h}ki ZdgyhekdZibb BWklZgh\le_gh qglh

g_cljZevghc kj_~_ \aZbfh”_ ckd\hb +»>@®R&0 jdZilhbfbrZahehf ijhl_dz |
kimi_gqzZlh k h[jZzah\Zi b b#hfiiggh dkh\ kHAUELWHAN2 & O @e{Au(CsHsN2) @ & O b
[AU(CsHeN2).C,@ & O GZ hkgh\bb wdki_jbf _glZevguo ~Zgguo ihemqg_gguo h
ihlJehs_gby+ b & 1 \ ki_dHf¥eo_dkguo kh_~bg_gbc ihfkjBedfgbZXahehf
Z1Zd"_ ebl_jZlmjguo ~Zgguo h jZkij_~_ e _gbb we_dljhgghlzeibfiolghkhbZ fhe ¢
mklzZgh\e_ghf_ghebfbrZahe dhhjrbgbjm_Ilky k ahehlhf , b ,,, g_j_a Zlhf Z:
dhevpBkke_ "h\Zgb_ihdZaZeh qlh azZzf_gZ oehjb?guoElglZdhb\ dndd&mie dk_
f_IbebfbrZahezZ hdZau\Z_I| kms_kI\_ggh_ \ebygb_ g_ lhevdh gZ iZjzZf_lju we
gZ nhjfm djbklZeebqg_kdhc j_r_Idb MklzZgh\e_gh lgjhbgZkghgZte])d Q! dbl ZiZ
dhfie_dku aheflilZbkbfb”rZahehf ih”\_j]Zxlky ~_]b”*jZIZpbb beb jZaeh _gbx e
ih\ur_gbb I|_fi_jZIlmju ijhbkoh”~bl h[jZah\Zgb_ $X&O dhlhjuc \ ~Zevg_cr_
f 1Zeebq_kdh_ ahehlh

Dexq \u_ kekbgfyl _a bamdqfigb dkdu_ kh_"bg_ gbyf lbleddibZ2Zahez
BDki_dljhkdzibb |_jfh]jz\zf_ljby j_gll_ghnZah\h]h

SYNTHESIS AND STUDY OF GOLD(l) AND GOLD(llIl) COMPLEX COMPOUNDS WITH 2 -
METHYLIMIDAZOLE

Gold(l) and gold(Ill) complexepAu(CsHeN2 & O @ {Au(CsHsN2)2]Cl, and [Au(GHeN2)2Clo]Cl
with 2-methylimidazole were synthesized. The proposed compositions and structures of the obtained
compounds were confirmed by chemical, thermogravimetrigyXdiffraction, and IR spectroscopy data. It
was established that in @eutral medium, the interaction of H[Aufland H[AuCL@ A Z LW K
mercaptoimidazole occurs stepwise with the formation of mamol biscomplexes of the composition:
[Au(C4HeN2 & O @e{AuU(C4HeN2)2]Cl and [Au(CGHeN2)Clo]Cl. Based orexperimental data obtained on
WKH VKLIWHRIDRQKSH &11 DEVRUSWLRQ EDQGV LQ WKH VSHFWUD RI FF
methylimidazole, as well as literature data on the distribution of electron density iarieehglimidazole
molecule, it wa established that@ethylimidazole coordinates with gold (I) and (Ill) through the nitrogen
atom of the pyridine ring. The study showed that replacing the chloride ligands in the]{Ao@Iplex with
a 2methylimidazole molecule has a significant effaot only on the unit cell parameters but also on the
shape of the crystal latticet. has been established that during the initial stages of thermal treatment, gold
complexes with Znethylimidazole undergo dehydration or ligand decomposition. As the tatape
increases, AuCl forms, which subsequently decomposes to metallic gold.

Keywords: synthesis, study, complex compounds, gold,-&ethylimidazole, IR spectroscopy,
thermogravimetry, X-ray phase
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hdjm™ _gby bhgh\ Zdlb\ZIhjZ b kbezZ " _ekldmxg€@bo<g{Z gmevhzl| _
baf _gyxlky hilbg_kdb_ k\hckl\z
< jZ[hlZo M+ @ ~ey ih”]hlh\db | _jfbg_kdb jZaeZzZ]Z fuo
hkgh\_ khe_c¢ blljby b kf_k_c¢c khe_c blljby b Zexfbgby gZfb
wlbezp 1zl ?]1h ijbf_g_gb_ fbgbfbabjhl\dmle mgvklb ijlibpbe kk _
kbgl _azZ dhfihabpbc Bkihevah\Zgb_IjbnlhjzZp _1ZIh\ f_1Zeeh\ i
\ukhdhdhgp_gljbjh\Zggu _ ] e _h[jZagu_ kbkl_ fu dhh
\azZbfh”_ckl\mxsbo \_s_klI\ [Ijbkmlkl\b_ ZIhfh\ nlhjZz \ dbket
bkdexqZeh g_h[ohtbfhgbw \\ bkoh?gu_ kf_kb nlhjkh” _j"Zsbo j_
dhlhju_ \ [hevrbgkl\_ k\h_f iehoh jZkl\hjyxlky \ hj]Zgbq_kdbo
g_jZ\ghf_jgh jzZzkij_" eyxlky \ j _Zdpbhgghc kbkl _f < azZ\bkb
kbgl_az [ueb ihemqg_gu b bkke_"h\Zgu ibkHbdbklehbpghtksb
nZah\h]h KkhklZ\Z YiPu)Boi YixEw)20s b YixEu)FsAl20s i Vi
EW)203Al;0s Bo dhfihg_glu h[jZah\u\Zeb djbklZeeugjiZaf _@nhf
Wnn_dl fbgbfbazZpbb \ebygby \h*u gZ khklzZ\ Y K\thZdky BB m
kg | h]ljZzgbqg_gghc \azZzbfghc jZklI\hjbfhklk wlikdXp flZIS\H{MZ
bkihevah\Zgbb iheyjguo jZkl\hjbl_e ¢ _]h ijhy\e _gb_ fh ¢
\ul_kg_gb_f fhe_dme \h”u ba dhhj*bgZpbhgghc kn_ju dZlbhgh
dhfie_dk h[jZzah\dbglbibh~*guo jZklI\hjZo Z 1Zd _ aZ kqg_l mkbe_
fhe _dme hjl]Zgbqg_kdh]h jZzkI\hjbl_ey ijb dhgdmj_gpbb k ZIhfzf
dhhj*bgZpbhgghc kn_j_dZlbhgh\
P_ev b ihklZgh\dZ Bkatr’"gp ba wlh]h p_evx ~Zgghc jZ[hlu \
mklZgh\e _gb_  \ebygby jZkl\hjbl_e_c¢ py"Zp_ WibpkeljprelZl
Abf _IbenhjfZzfb” gZ gZqZevghc klZ*"bb nhjfbjh\Zgby ZdIb\ZIlhjc
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ijb]l]hlh\e_gbb bkoh”guo jzZkl\hjh\ b | _jfbg_kdb jZaeZz]zZ _fu
ki_dljZzevaephfbg_ _kp_glgu_  k\hcklI\Z _\jhibckh”™ _j"Zsbo nlhjbj
blljb-Zexfbgb_\uo hdkb”guo dhfihabpbc ihemqg_gguo ijb
dhgp_gljZpbb Phgh\fiXjZImj_ b \j_f gb hl'b]Zz

WDKI?JBF?GL:EVG:Y Q:KLV

Kbgl_a dhfihabpbc ijh\_~ g ih f<hdlEd_kHB_ @bkoh”~guo
ghkbl_e_c dzZlbhgh\ b ZlIhfh\ nlhjZ J[ueb bkihevah\Zgu Iljbnlhj.
_\jhiby Z 1zd _ gbljzl Zexfbgby ©oq? Libnlhjzp_1ZI
ij_"™"\Zjbl_evgh kbgl_abjh\zgu ih f_Ih*bd_ > @ b b~ _glbnbpbjh
ki_dljhkdhibb >@ Hkgh\hc bo \u[hjZ \ dZqg_kI\_ bkoh”~guo \_
\ukhdzy jzZkl\hjbfhklv b hkh[_gghklb ih\_~ _gby \ hjljZgbq_kd
jZaebgghc iheyjghklb > @
< gZklghklb o0zjzdl_jgZy ey ljbnlhjzZp_1ZIlh\ eZglZghb”~h\ ~bf
djbklZeebgf_ kldklhygbb > @ khojZgy_Ilky ihke_ bo jZklI\hj_gby
jZkl\hjbl _eyo > @ Hgb gZklbggh “bkkhpbbjmx| \ iheyjguo jZk

<ul[bjZy W: >FN: b :G bkoh"beb ba nbabq_kdbo o0z
h[ftykgyxsbo bo khev\ZlZpbhggmx Zdlb\ghklv ih hlghr_gbx c
\ s _kI\zf b kihkh[ghklv dhgdmjbjh\zZlv k ZIhfzZfb dbkehjt
lijbnlhjzZp-bhAlgh\ azZ dhhj*bgZpbhggu_ f_klzZ Ibhlgdjmijlgbb d-:
khev\ZIZpbb b dhfie_dkhh[jZah\Zgbb [Z[ebpZ Z 1Zd _ bo kil
>FN: :G beb g_ \ul _kgylv W: fhe _dmeu djbklZeebaZphb
jZkI\hjZo \u[jZgguo khe_c

LZ[ebpZ Nbabg_kdb_ ozZjzdl_jbklbdb jZklI\hjbl_e_c
Table 1. Physical characteristics of solvents

JZkI\hjbl_ev| 7u H | P10 De f :N
wibezp 1ZI 381 | 6,02 6.1 93 171
Abf_IbenhjfzfbA| 438 | 36,7 12,69 16,0 26,6
Zp_lhgbljbe 456 | 3594| 13,09 18,9 141

?2.tmgb\_jkZevguc ihdZazZl_ev iheyjghklb jZkl\hjbl_e_c
Ht"bwe dljbg_kdZy ijhgbpzZ Ph'kdvhkejyg'wc fhf gl
N +Zdp _ilhjgZy kihkbNg¥*kHghjgZy kihkh[ghklv

GZ\_kdm IljbnlhjZpjhlidyw jZkkgblul\Zeb bkoh”y ba kh”_j Zgl
Er*\ dhg_qguo ijh mdliZo jzZ\gh]h b Zl hl kh™ _j Zgby
>Ze\ jZkl\hju ljbnlhjZp_I1ZIh\ blljby b _\jhiby \ghkbeb gbljzIl Z
gZ\_kdm jZkkgblu\Zeb bkoh”y ba ZIhfzZjghf¥ balPhIighAxghpry bhgh
35. 1jb 1zdhf bDofZjghf khhighr_gbb gzZjy®m kh kf_kvx hdkb”h\
Zexfbgby \hafh gh h[jZah\Zgb_ nzZa kf_rZgfanofthglkyp " dlljby
ijb f_"e_gghf gZ]j_\Zgbb bkizZjyeb jZkl\hjbl_ev ~h h[jZah\Zgl]
kbkl_f IThemg_ggu_ kf_kb ijhdZeb\Zeb gb fgZn_ \énag'mco i ijb
| fi_jZIlmjZo "Kb\ | _q_gb_ b g < j_amevlZl_ihemq
djbklZeebq_kdb_ ihjhrdb

J gll]_ghnZah\uc ZgZeba ihjhrdh\ JN: \uiheg_g 9Z j_
Abnjzdlhf_|j_-;5" k bkihevah\Zgb _f [Za "Zgguo 3&&Bfflu,l b ijh]
iheghijhnbevgh]h ZgZebaz 32:'(5 Wé//dljhggu_ nhlh]jZnbb
ih\_joghklb ihjhrdh\ azj_]bkljbjh\Zgu gZ kdZgbjmxs_f we _dljhg
VEGA3 TESCAN Ki_dlju exfbg_kp_gpbb b \ha[m ~ _gby exfbg_
aZj_]bkljbjh\Zgu \ fZdkbfmfZo ihmeemkhgEfklj dig KL PIR@RPR 5)
ih f Ih~"bdzf ijb\_"~ _gguf \ jZ[hlZo > @ < jy»_ kemgzZ_\
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\uy\le_gby kljmdImju ki_dljZevguo ihehk ki_dlju dhfihabpbc j_
jZkdjulbb s_e_c fhghojhfzZlhjh\ ~h gf
HKM@>?GB?AMEVL:LH<

J amevliZlu bkke_ ~h\Zgby d hi emadp pdpgu o | jfbq_kdbf
jZajmr_gb_f kbkl_f gZ hkgh\Y(CHOEZEREWZEZOO) AI(NO3)3 +
W : Y3hAIS* ijb\_~ gu \ jZ[hlZo > @ >ey khihklZ\e _ghb\
ijb\_~ f g_dhlhju_ baegbohdzZazZgh h[jZah\Zgb_ ihjhrdh\ kel
nZah\h]h khklz\Z >M\_eb@ gb_ | _fi_jZImju kbW _BhZ T
ijh"he bl _evghklb ~h g ijb\h*beh d kf_s_gbx jZ\gh\_kby \ jy~
YFz : YOF < Y203 J_ne_dku nZau ]b*jhdkb"zZ _\dhibheight@lbyg Kk
bkq_azZeb gZ j_gl]l_gh]jzffZo ijb m\_ebqg_gbb \j_f _gb kbgl_
| fi_jzZIlmj "K > @ H[jZzah\Zgb_ ]b”jhdkb”~Z _\jhiby ijb [he__ fy
kbgl_az [ueh k\yazZgh k ijbkmlkI\b_f fhe_dme djbklZeebaZpbh
bkoh”"guockiheg kihkh[ghklvx wlbeZp 1ZIZ \ul_kgylv bo ba dht
kn_ju dZlbhgh\ > @ Bkdz _gb_ izjzf_Ijh\ we_f _glZjguo yo
iZjZf_ljh\ ©qgbkluo2 nZa bo azZ\bkbfhklv hl BAgpghgadppb bh
kbff _ljby nBa® i ] ® ih~I\'4Zeb \oh ~_gb EW'hygtkhklZ\
blljb_\uo b b-Zjgxfbgb_ \uo hdkb”guo nZa \ dZq_kI\_ ZdIb\ZIhjh'

< ki_dljZzo \ha[m ~_gby exfbg _kp_gpbb b exfbg_kp_gpbb d
aZj _]bkljbjh\Zgu ihehku khhl\ _Ikl\mkswe idfjjhogi\zZia hkgh\lgh]h
'Fo\ \ha[m '~ _ggu_ b ba f_I1Z®bA[bh&ghhdh_wg_ j] lbg_kdb_ khklt
b hgEW [13, 14 @] _h[ez”"Zgb_ nlhjb”rghc b hdkbnlhjb®rguo nZa
dhfihabpbc kbgl_abjh\Zgguo \ |_q_gb_ qZkh\ Kb | _fi_jZ
ih~A\_j°~ _glkhdhc highkbl_evghc bgl_gkBRgPRIvx ilgehkb
"Fop: °D1 ! gf we_dljhgguo i_j _oh~h\ \ khq_lZgbb k djz
bgl gkb\ghklvx ihehk Kk\yaZgghgkogf i _j ghkhf dhe [Z]l _evghc v
hdkb~ghc fZljbpu gZ \ha[mjH\gdg ibujtb\ i _j ohfpZve dljhgh\
bhght¥ 8z Fhrehj[blZzev gf WIb j _ameviZlu khhI\_IklI\mx| ~Zggu?
b ihalheyxl Jh\hjblv h \ukhdhc ~he_ ZIhfh\ nlIg&"\ kdkmhZ\ gbb bt
Zdlb\Zlhjguo p_gljh\ ij_~r_kI\_ggbdb dhlhjuo knhjfbjh\Zebkv
ljbnlhjzZp-balgh\ \ kj_~ wlbezZp_ 1Z1Z

M\_ebqgq_gb_ fdh&ehjh*kh”_j"Zsbo nZa \ khklz\_ ijh~
aZj_]bkljbjh\Zgh ijb m\_ebqg_gbb I_fi_jZImju kbgl_azZ Hgh k\y:
jZ\gh\_kby \YFy2n¥20z3 ijb \ukhdbo |I_fi_jZImjZo b ih”?I\_j"~ _gh jh
bgl _gkb\ghklb ihehk \ ki_dljZo \ha[m "~ _ghby "eedddgoK\hegpbb ij
gf LZd _ gZ m\_ebqg_gb_ "heb dbkehjh”"kh” j"Zsbo nzZa \ |
kdZau\lZehkv ijh\_~ gb_ | _fi_jZImjghc kiZ~bb kbgl_azZ gZ \ha”i

< ki_dljZzo exfbg_kp_gpbb > @ gZ[ex"Zeb baf_g_gb
khhighr_gby bgl_gkb\ghkl -¢bikA|gh]lph: 'F1  fZdkbfZevgZy
dhfihg_glz gf b k\_jogm\kl\bl_e¢ghiévgw®Em dFh
fZzdkbfZevgZy dhfihg_glZz gf we_dljhgguo i_j_oh”~h\ ijb b
\hegu \ha[m *"Zxs _]h baemq_gby LZd _ baf gyebkv dhglmj
ihehku k\_jogm\klI\biDoe VFphjle dljhggh]lh i_j oh”~Z Djhf_ Ih]h
hif _g_gh hldehg_gb_ khiylglykbdghkb ¢ *Doefrk b °Do: 'F2
we_dljhgguo i_j_oehi @\ ghlhjh_ \ %a0gbpbkoh”y ba |I_hj_Ibqg_kdl
\hafh gh]lh jZkiheh  _gBy" Bhhgk\f glZjghc yq cd_ djbklZeez
khklzZ\eylv > @ ;hevrZy bgl_dhob\Vhkkev oddghgkgh]lh i _j oh~Z
b [ebadZy d fzdkbfZevghc fmevibi*®gldhkivwehdhjlhgguo
i_j_oh”h\ ih~I\_j"~Zeb gbadmx kbff_Iljbx ZdIb\Zlhjguo p_gljh\
bo keh guf ZIhfZjguf khklZ\hf

We _dljhggu_ nhlh]jZnbb ih\_joghklb ihjhibdh¥Wkichhedggoggu
kf k ¢ gZ hkgh\_ W: > @ >FN: b :G ijb\_~ gu gZ jbk
gZlex™Zxlky Zlehf_jbjh\Zggu_ kljmdImju h[jZah\Zggu_ dr
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] _dkZ]l]hgZevgufb qZklbpzZfb k iehoh hnhjfe_ggufb ]jZgyfb
g_kdhevdbo ~_kyldh\ ~dghfkhjlh\g gZ azZ\bkbfhklb hl jZkl\hjbl
gZ[ex"Zxlky hlebgby \ hnhjfe_gbb ]jZg_c b \ miZdh\d_ qZklbp

Jbk We_dljhggu_ nhlh]jZnbb ih\_joghklb ihjhrdh\ kbgl_abjh\Zgguo

kf_k ¢ < &) &ZEU(CF3CO0)3+ 5AI(NO3)3+W : > 3YACF3C00)3£u(CF3CO0)3 +
5AI(NO3)3+>F N : < &) &2 FEu(CF3CO0)35AIINO3)3+ G K (X zl L R&
2 q

Fig. 1. Electron photographs of the surface of powders synthesized from the initial mixtures
3Y(CF3CO0)3#£u(CF3C00)3+ 5AI(NO3)3£EA (1) [32], 3Y(CF3COO)3£u(CF3CO0)3+
5AI(NO3)3 DHMFA system, (2), 3Y(CF3COO0)3£u(CF3CO0)35AI(NO3)3 AN (3), KEu =5 2%, L
=8000C, 2= 8 h.

lhke | _jfbg_kdh]h jZajmr_gby kbkl _f ijblhlh\e_gguo
Abf_IbenhjfZf¥CECOO)EU(CRCOORAINO3)3+>F N: dzd b \ kemqZ_
ijbf_g_gby W: > @ h[jZam_Ilky ihjhrhd keh gh]l]h nZah\h]h |

bkoh”yjbal] _gh]jzffu dhfihabpbb kbgl_abjikzgdhg igb_ g
ZIE®® _]1h hkgh\gufb dhfihg_glZY¥Bs ¥Y¥@sy xkleyw ' guc hdkb”
blljbyexfbgbyAlOs fhghdebgghc kljmdIimju ] _dkZ]hgZevguc z

blljby <$02 1Zd"_ hdkbnlhj¥OFRi3my ] dk \ dhebq_ kK% fZk
ibk Lbi b izjzf lju j_r_Ihd Z 1Zd'_ kh~_j zZgb_ ij_h[e
ijb\_~ gu \ I1Z[ebp_  z¢Hjzah\khdhl fi_jZImjghc ] dkzZ]hgZz

fhrbnbdZpbb ZexfbgzIlzZ blljby Z g_ jZ\gh\_kghc nZau i_jh\kd
"Zgguf > @
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Jbk J_gl]_ghljzffz dhfihabpbb kbgl_abjh\Zgghc |_jfbgq_kdbf jZz

kb k| _fYCFsCOO)s £u(CFsCO0)s AI(NO3)s +>FN: K ZI L 'K 2 q
Fig. 2. X-ray diffraction pattern of the composition synthesized by thermal destruction of
the Y(CF3CO0)3 £u(CF3CO0)3AI(NO3)3 DMFA V\VWHP & (X DW 7 f& 2 K
LZ[ebpZ)_ameviZlu JN: dhfihabpbb kbgl_abjh\Zgghc |I_jfbg_kdbf jZaj
kbkl_fu <3&Q0)sEu(CF:COO)3;AI(NO3)s+>FN: K tZ L K 2 q
Table 2. Results of XRD of the composition synthesized by thermal destruction of the
Y(CF3COO0)s £u(CFsCO0)s AINO3)s+ 0)$  Ku ZI L "K 2h
NZaz Kh~ j Zg 1ZjZf _lju JZaf_j| 'd/id*10°
ii 1 fZkk DEF O| HDJ ¢
kbglhghb . h
YFs3, 59.9 6.419, 6.925, 4.365; 69.94 0.221
3QPD jh 90, 90, 90
Y 4Al 200, 24.6 11.13, 10.50, 7.412 - -
fhghde 90,109, 90
Y 203, 11.1 10.54, 10.54, 10.54; 14.35 3.752
la=  dm] 90, 90, 90
YAIO3 <4 3.685, 3.685, 10.62 - -
3 PPF ] 90, 90, 120

lhke _ m\_ebq_gby | _fi_jZImju"kbgdZdzb~thhgp _gljZpbb bhg
Ew* ~h ZI gZ j_gll_ghl]jzffZo ijh~mdlh\ azZj_]bkljbjh\Zgu j_
hdkbE®ROs b hdkbnlhgEbOZ _\jhiby ZgZeh]bqggh > @ GZijbf_j
1Z[e < dzZq_kI\_ hkgh\guo ijh*mdlh\ h[jZah\pQsZte By0ONnZau <2)
1Z[e | _j_oh~ \ khklZ\_ ijh~mdlh\ hl Ijbnlhjb”Z d hdkbnlh
blljby k\yazZzg k h[jZIbfuf YOF<oWOhijb |_fi_jZImjZo \ h[eZklb

800"K > @ b azf_s_gb_f Zlhfh\ nlhjz ZlhfZfb dbkehjh”Z ijb
\ha“mo _
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Jbk J_gl]_ghljzffz dhfihabpbb kbgl_abjh\Zgghc |_jfbq_kdbf jz

kb kl_fYCF3COO)s £u(CFsCOO)3 Al(NO3)s+>FN: K Zl 1900"K 2 o}
Fig. 3. X-ray diffraction pattern of the composition synthesized by thermal destruction of the
Y(CF3COO0)3 £u(CFsCOO0)3 :AI(NO3)s DMFA system, Gu Dw 7 f& 2 K

LZ[ebpZl_amevlZlu JN: dhfihlbglblabjh\Zgghc |_jfbg_kdbf jZajmr_gb _1
kbkl_fu <3&J90)s£u(CFsCOO)3AI(NO3)s+>FN: K ZI L "K 2 q
Table 3. Results of XRD of the composition synthesized by thermal destruction of the

Y(CF3CO0)s £u(CFsCO0)3 AI(NO 3)3 DMFA system, Gy DW 7 f& 2
NZaZz Kh~ _j Zg 1Zjzf_lju D JZaf_j "d/d*103
ij 1i fZkk 6 . h HDJ g
kbglhghb)
EwOs 94 10.95 10.95 - -
la= dm] 10.95
90, 90, 90
EuOF 3.6 3.910 3.91Q >100 -
R3m ] _dk 19.44
90, 90, 120
YOF 40.8 3.833, 3.833, 12.65 2.800
R3m ]_dk 18.98
90, 90, 120
Y203, 23.2 10.54, 10.54, 30.65 2.558
la= dm] 10.54
90, 90, 90
Y 4Al 209 23.0 11.20, 10.37, 25.74 1.582
fhghde 7.278
90, 108, 90

Khihklz\e_gb_  \b~Z j_gl]_gh]jzff ijhAmdlh\ ihemq_
bkihevah\Zgbb >FN: b W: > @ ~ey ZgZeh]lbqguo khklzZ\h\ &
ihdZaul\Z_| bo \g_rgxx koh _klv Z ke_"~h\Zl_evgh [ebahklv
dhfihg_glh\ \ ijh~mdlZo kbgl_aZz

Wlhl j_amevlzl ~ _fhgkljbjm_1 \hkijhba\h~bfhklv kbgl_aZzZ b
aZ\bkbfhklv hl \b”~zZ jzZkl\hjbl_ey Hg \iheg_ h[tykgbf bko
aZ\_jrzZxs_c | _fi_jZlmjghc klZz~"bb kbgl_aZzZ ijhMAylzidijco gZ \ha”"i
khojZg_gbb h[sbo | _g” gploaokibafljgegbc ijhbahr_~rbo ihk
m\_ebqg_gby | _fi_ jZImju kbgl_az \j_f_gb kbgl_ &b dbgp_gljz
kiZ\g_gbb ki_dljh\ \ha[m ~ _gby exfbg_kp_gpbb b exfbg_ kp_gp
ki_dljzfb ijh~mdlh\ ihemqg_gguo ijb bkihew@h\Vaybdh Wy~ >
hkh[_gghkl_c i_j_jzZkij_~_e_gb_ bgl_gkb\ghkl_c dhfihg_gl ki_
m\_ebqg_gb_ bgl_gkb\ghklb keh ghc ihehku ijb "ebgZo \heg
ki_dljlb2 ljbgbgu m\ _ebq_gby bgl _gkb\ghklb ihehku ijb "ebg
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gf h[km *"ZebkVv(10Z28, 24] NjzZ]f_glu ki_dljh\ ihemg_gguo ba ki
ijb]hlh\e_gguo gZ hkgh\_ Wb2 kb_dFN: ki_@&Ilpa ijb\_"~_gu
gZ \klz\d_ Z bk

Jbk Ki_dlju \ha[m ~_gby exfbhgbXp rgpbdxfbg kp_gplgh
@ b 2 b exfbg_kp_gmphb "ey \ha[m ~Zxs_]h baemqgfgby3 b 4),
dhfihabpbb kbgl_abjh\Zgghc |_jfbg_kdbf jZajmr_s£BD0Oj: £h(CF:E00): £ )

AI(NO3)s+>FN: K ZI L "K 2 g <klz\dz z njz]f_oglhakm dljgby

NE ey dhfihabpbc kbgl_abjh\Zgguo ba bkoh”guolkbd2 k>c @ZbhkBN\_ W:

b4 <klz\dZ [ ki_dlju exfbg_kp_gpbb ijb \ha[m ™~ _gbb baemq_gb _f k “ebg
1 b of & ZI L "K 2 q

Fig. 4. LumiQHVFHQFH H[FLWDWLRQ VSHFWUD; nmPH4&(1) aiR140XPLQHYV
DQG OXPLQHVFHQFH DQG < R): 230 K3) And Q3 (W) PDoBthédddhipRsRion
synthesized by thermal destruction of the Y(CBCOQ)3 £u(CF3COO0)3 Al(NO 3)3 BDMFA system, Ceu
DW 7 f& 2 K ,QVHUW D IUDJPHQWY RI 3/ HIFLWDWLRQ VS
from initial mixtures based on EA (1 and 2) [32] and DMFA (3 and 4). Insert (b): luminescence spectra
upon excitation by radiation with a wavelength of 230 nm (1) and 394 nm (2),6= 5.0 at%, T = 900
f& 2 K

lhke_ m\_ebqg_gby | _fi_jZImju kbgl'"Kazakj ]bRhbjh\Zgu
baf g _gby khhlghr_gbc bgl_gkb\ghkl _c ihehk \ ki_dljZo exfbg
ki_dlj8 b4 b \klz\dz [ d jbk Djhf_ IThl]h gZ[ex”™Z _Ilky [h
ijhy\le_gb_ rlzZzjdh\kdhc kijmdimju ipehk

Ilhke _ m\_ebqg_gby dhopg@EFZpbkhklZ\Zo ba >FN: k mqg_lh
jZaebgbc \ mkeh\byo azZibkb ki_dljh\ aZj ]bkljbjh\Zgh m\ _ebo
ihehk exfbg_kp_gpbb jbkl1l*-4%i_&ljki_dljZo \ha[m ~_gby jbk
ki_dlju-4 ~ey dhfihabpbb kh” _j°Zs c E¥Z])bkohghkiddlj
hif Ibf mf_gvr_gb_ bgl_gkb\ghklb ihehku \ h[eZklb gf ijl
bgl_gkb\ghklb ihehk \ h[eZklb b ! gf WIh dzd b ~e
ijb]hlh\e_gguo gZ hkgh\_ W: > @ k\yaZgh k m\_ebq_gb_f
khklzdlbAZlhjguo p_gljh\ \hagbdZxsbf \ j _amevIZl_ m\ _ebqg_ gk
ljbnlhjzp _1Z1Z _\jhiby \ khklZ\_ bkoh”~guo jZkl\hjh\

M\ _ebq_gb_ bgl _gkb\ghklb ihehk exfbg_ _kp_gpbb \dexqZ)
kh~ j°Zs _1h Zl BEbghhmdzZaulZ | gZ ij_bfms_kI\ _ggh_ jZkij_-
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bhgtEw*\ hdkbnlhjbrguo Zdlb\Zlhjguo p_gljZo Z g_ \ fZljbp_
hdkb”rZ dzZd wlh \_jhylgéh iftkekom\ _ebq_gby dhgEuljZpbb b
\ dhfihabpbyo ba W:

Jbk Ki_dlju \ha[m *_gby exfbg_kp_gphgbl™dy b exfbg _kp_gpbb

ey < gfl* +4* dhfihabpbc kbgl_abjh\Zgguo | _jfbqg_kdbf jZzajmr_gb_f k
Y(CF3COO)3 £u(CF3COO)3 AI(NO3)z+>FN: kh”_j"Zsbo BiWWtgudhgp_gljZpbb ZlI
b1*), 1.0 @ b2*),5.038 b3* b 4 b4* L K 2 g dhghojhfzlhjh\ ki ldlju

1*,2 b2*:3 + gf3,3*,4 b4*:3 + gf
)LJ IXPLQHVFHQFH H[FLWBWhRQzVSBOW® WOXPRQHVFIRFH IRU
nm (1* + 4*) of the compositions synthesized by thermal destruction of the Y(GEOO)s+
Eu(CF3COO)s :AI(NO 3)3 DMFA system containing EU* ions in a concentration, at%: 0 (1 and 1*), 1.0
DQG DQG DQG D QG mondchromatpr&slit spectrid 1, 1*, 2
and 2*: 3 +3 nm, 3, 3*, 4 and 4*: 3+1.5 nm

K mqg_Ilhf jZg__ ithemqg_gguo ~Zgguo ”“ey dhfihabpbc ba W: :
h[tykgblv jZaebqghc kihkh[ghklvx fhe _dme >FN: b W: \ul_kgyl
hdjm™ _gby dZlbhdgmjr*bgZpbhgguo ihebf_jZo h[jZah\Zgguo
bkoh”guo jZkl\hjZo b \ ] e _h[jZaguo khklzZ\Zo ihke_m~"Ze ¢
jZkl\hjbl _ey > @ < >FN: \_jhylgh m\_ebgb\Zehkv \ebygb_ 7
dhhj*bgZpbhgghc kn_j_ dZlbhgh\ b dZgbkehdkbmblhjlkhdup nZa
ih kjz\g_gbx k nzZzazfb nlhjb~rgufb \ khklzZ\_ ijh*mdlh\ ihke_
jZaeh _gby kbkl _f
AZdexq_ghZdbf h[jZzanhfj_ameviZl_ jZ[hlu kbgl_abjh\Zgt
bkke "~h\Zgu ki_dljZevgu_ k\hcklI\Z dhfihabpbc ihemqg_gguo
gZgZevghc klZz~"bb kbgl _azZ >FN: b :G ijh\_~ gh bo kjzZ\g_gb_
ihemq_ggufb jZg_ _ k bkihevah\zgb f W: > @ NGD hkgh\ _
ZgZebaz ki_dljh\ \ha[m ™~ _gby b exfbg_kp_gpbb ihdZaZgh \eby
nhjfbjh\Zgb_ exfbg_kpbjmxsbo p_gljh\ gZ klZ*"bb ih”]Jhlh\dl
jZaeZ]Z _fuo kbkl_f HIf _g_gu h[sb_ | _g”~_gpbb baf_g_gby ki_c
ijb m\_ebqg_gbb dhgphhglgg®dbbh _fi jZImju b \j f gb kbgl_az "e
\hegu \ha[m ~"Zxs_]h baemqg_gby
>7Z99Zy klZlvy ih"lhlh\e _gZ \ jZfdZo gZr

bkke_"h\Zl_evkdhc | _fu dZgzZeépubq_kddixfbb

LZ" " bdkdh]h gZpbhgZevghlh mgb\ _jkbl21Z LG
©Bkke_"h\zZgb_ b jzajz[hldzZz f_Ilh”bd hij_~_e_gby
hft _dlh\ hdjm Zxs_c¢ kj_"u | ogbg_kdbo fZl _jbZe

[bheh]bg _kdbo h[t_dlh\ obfbq_kdbflobdbugb&hdhb
f Ih~rzZfpaghf j Jhkm~Zglghc j ]bkljZpbb < 7-
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INFLUENCE OF COMPOSITION OF THERMALLY DECOMPOSABLE SYSTEMS ON LUMINESCENCE
OF FLUORINATED YTTRIUM -ALUMINUM OXIDE COMPOSITES
The results of luminescence studies of europaamtaining fluorinated yttriuraluminum oxide
compositions obtained under different thermal destruction conditions of systems prepared with ethyl acetate
(EA), acetonitrile AN) and dimethylformamide (DMFA) are presented. Luminescence excitation and
luminescence of the compositions are associated wighedfron transitions of Etiions from ground 7F0 to
excited and from excited 5DO0 to ground electronic states, respeciivedydifferences in the excitation and
luminescence spectra of the compositions are explained on the basis of their phase composition and the
peculiarities of europium activator centers, the formation of which begins in initial solutions and further in
thermally decomposed systems under the influence of multipolar solvAféshave demonstrated the
formation of powders with a complex phase composition. Increasing the synthesis temperature to 900°C and
its duration to 12 hours led to a shift in the equilb® LQ WKH VHULHV RI \WWKUNYXIB.SKDVHV <
The reflections of the europium hydroxide phase almost completely disappeabedaynpatterns with an
increase in the synthesis time to 12 hours at a temperature of 900 °C. The formation of euydpixiden
under milder synthesis conditions was associated with the presence of crystallization water molecules in the
composition of the initial salts and the inability of ethyl acetate to displace them from the coordination sphere
of cations. Distortion othe parameters of elementakHOOV UHODWLYH WR WKH SDUDPHWH!I
their dependence on the concentration of Eu3+ ions, and the low symmetry of the Eu203 phase confirmed
the inclusion of Eu3+ ions in the composition of yttrium and yttralominum oxide phases as activators.
Keywords: solgel technologies, thermally degradable systems, complex yttrium and aluminum
oxides, fluorination, oxyfluorides, lanthanides, europium, luminescence.
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Fig.2.1 nMicrostructure of AlIBe-1 alloy samples with Mg additives at X500
magnification
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Fig. 2.2 - Microstructure of AlIBe-1 alloy samples with Zn additives at x500
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magnification
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INVESTIGATION OF THE MICROSTRUCTURE AND MECHANICAL PROPERTIES OF THE
ALUMINUM SBERYLLIUM ALLOY AlBe -1 ALLOYED WITH Zn, Mg and Cd

The article presents the results of a comprehensive study of the microstructure and mechanical
properties of the aluminumberyllium alloy AlBe-1, alloyed with small additions of magnesium, zinc,
and cadmium. The relevance of the work is determined by theeed to expand the range of competitive
aluminum alloys for the industrial needs of the Republic of Tajikistan and to improve the quality of
metal products in accordance with international standards. Experimental alloy samples were produced
by the casting nethod followed by alloying in a vacuum furnace under an inert argon gas atmosphere.
Microstructural studies were carried out using optical metallography, which made it possible to identify
the features of the phase composition, the nature of the distribwtin of structural components, and the
influence of the concentration of alloying elements on grain size. The mechanical properties of the alloys
were evaluated based on the determination of hardness by the Brinell method with subsequent
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calculation of the utimate strength. It was established that the addition of magnesium, zinc, and
cadmium has a noticeable effect on the formation of the microstructure of the AIB& alloy. Increasing
the content of alloying elements contributes to grain refinement, increasstructural homogeneity, and
enhanced strength characteristics. It was shown that the greatest strengthening effect is achieved by
alloying with magnesium and cadmium. The obtained results confirm the prospects for using these
additions for targeted control of the structure and properties of aluminumberyllium alloys used under
conditions of increased operational loads.

Keywords: aluminum alloys, aluminum-beryllium alloy, AlBe-1; alloying, microstructure,
hardness mechanical propertiesmagnesium zinc, cadmium

SOEAZAY Y4 RRA®LITAWUDYLOY, Y O Y42 2AC@LY Vit TA» T E HZ®° LAY
"®»@U®LOU®YT LTATOTI, @A 2YAYTIRCAL *E®»®TATY A ¥% vB5820, /£
"®@»@%U®OACAYLTT V4T, 9cA%»A®T3®% , ®u25  3L: +992000300140. E-mail:
ismoil_emomov@mail.ru

HAY: Ya» V4 BR 2R, +@°@ - ALYm@ AEMATILINT % T, T¢ AV u®%° Yy
Afeqi2uA¢39A21% @A 2 @RA Y2 ARELTAI°TIYA%LYLD® £ AM»T3
OACAYTY %Y. T¢AY%U»Y%¥lsy %3 AEO®, 17 31:  +992985154233. E-mail:
mukadas_qi75@mail.ru.

H®»T3° —p®AALIY, >OWAPTIEMYAZA>T TR T.T84%>» ® »%°f ®, 6 ®23°7,
Y eo® ®23002Y, AV LIATOTIL%YA3: @AVZYBIA » Vol ViaMic Ag Yaly
ATeTieYA%LYUD® FAAE®y CAA%TYT,T¢A%UBAGY ®23°%, 2® Ya410.
31:+9929355728899E-mail: ganievizatullo48@gmail.com.

Yes235q3 ¥~ @° WHERHMBWBKkfhbe [*mfZebkd\d]iZjbgkdtken*Zjkl\_gguc
mgb\_jkbl_I dzZg”b~Zl obfbgq_kdbo gZmd khbkdzZl_ev dZn_"jd#jhks_c b ZgZe

] >ZglzZjz J_kim[ebdZ LZ” bdbklZg, 25n ebp 29920@PE00 2408 Ipail:
ismoil_emomov@mail.ru.

mj[hgh\Z Fm Z~"Zk AZ\Zda2N\gi@dkdbc gZpbhgZevguc mgb\_jkbl | dZ
obfbg_kdbo gZmd “hp_gl azZ\_"mxsZy dZn_"jhc f_Ih”*pdb ij ih1Z\Zgby ok
>mrZgl[_ J kim[ebdz Lz~ bdbklzg ,ijtrki_#4: 3989298%5154233. E-mail:
mukadas_gi75@mail.ru.

=Zgb_\ BaZlmeeh GZijlovathbiddkdbc | _ogbq_kdbc mgb\_jkbl | bf_gb Zc
F K Hkbf#slz~» fbd ~hdlhj obfbqg_kdbo gZmd ijhn_kKhpgdh2Zh]bpu kalbfddh
ijhba\h”~kij_k ] >mrzZg[_ J_kim[ebdZ m&dBdbkddhg\ JZ~ Z[h\uo
31:+9929355728899E-mail: ganievizatullo48@gmail.com.

Information about the authors: Emomov Ismoil Abdumalikovich +Dangara State University,
Candidate of Chemical Sciences, Department of General and Analytical CherAidtingss: 735320,
Dangara, Republic of Tajikistan, Tsentralnayatreet 25. Phone +992000300140. E-mail:
ismoil_emomov@mail.ru.

Kurbonova Mukadas Zavaidovna £Tajik National University, Candidate of Chemical Sciences,
Associate Professor, Head of the Department of Methods of Teaching CherAritiness: 734025,
Dushanbe, Republic of Tijstan, Rudaki Avenue 17. Phone +992985154233. E-mail:
mukadas_gi75@mail.ru.

Ganiev lzatullo Navruzovich +t7DMLN 7HFKQLFDO 8QLYHUVLW\ QDPHG DIWHU
Academician, Doctor of Chemical Sciences, Professor of the Department of Ch&ethablogical
Production.Address: 734042, Dushanbe, Republic of Tajikistan, Academician Radj&bov10. Phone
+992935572889%F-mail: ganievizatulld8@gmail.com

KIZIvy ihkimibez \ j_:2Z01paDR6
HAh[j_gZ ihke_ | _p_gahy022e26y
ljbgylZ d im[ebdZ408(2026

164


mailto:ismoil_emomov@mail.ru

BKKE?>H<:GEOEHJBJH<:GBY F?L:EEBQ?KDH=H F:=GBY
Q?LUJ?OOEHJBKLUF M=E?JH>HF
‘®2Y43° ¥ L 13%Y° T8 ¢®-pAIYLUuYA2® « ¢ YAIRLTI» 7
®2°7,6.7 »@ATY%U»®LE»E- A»f°3%¢ TA3A
<\_ "N glrey ihemqg_gby oehjb”h\ f IZeeh\ rbjhdh ijbf_gyxl
f ITh~u oehjbjh\Zgby f_|IZeeh\ hdkb”u f_IZeeh\ beb kh_~bg_gt
F _Ih”"u oehjbjh\Zgby gZoh”yl ijbf_g[lyldb Yyewy*gujo dhgp_gljZIlh\
jy*"Z ijhf_"mlhgguo ijh mdlh\ \ f _IZeemj]l]bb p\_Ighc b j_~dh
ijhfure_gghklb 1Ijb i_j \h~_ bkoh”guo \_s_kI\ \ \b”"_ oehjb”h\
mijhsZxlky hi_jZpbb bo ihke_"mxs_c i_j_jZ[hldb jZa™_e_g
ihemqygtb I Zeeh\ Oehjbjh\Zgb_ y\ey Iky hkgh\ghc | _ogheh]bqg
\ijhba\h?*kI\_ f_|Zeebqg_kdh]h IblZzgZ Kms_kI\_ggZy gZklv dhg
]Zngby |1ZglZzezZ b gbh[by Z 1Zd _ j _"dha_f _evguo we_ f_glh\
wlhfm ijhp_kkm <ukddidyZpbZdlb\ghklv oehjzZ h[_ki_qb\zZ_1 ijz
ihegh_ ijhl _dzZgb_j Zdpbc ijb wilhf [he__ bkoh”"guo \_s_ kI
oehjb"uK “jm]hc klhjhgu \ ijh~mdlZo oehjbjh\Zgby kh” _j Zgb
Ajm]lbo f_rZxsbo ijbf_k_c k\h”blky dlhfibighfrgfrhizeh\Z gh_
agZq_gb_ "ey ihemq_gby f_|IZeeh\ \ukhdhc kl_i_gb gbklhlu >

QZklh "ey oehjbjh\Zgby f 1Zeeh\ bkihevamxl| ]Zahh[jZaguc
kheyghc dbkehlu < jyr_ f_I1Zeemj]lbq_kdbo ijhba\h”kI\ ijhp_
hkms_ kl\ey Iky \ jZkieu\ oehjbjmxsbo j_Z] _glh\

ljb oehjbjh\Zgbb f_IZeeh\ ]Zahh[jZaguf oehjhf wnn
oehjbjh\Zgby aZzZ\bkbl hl dhgkljmdpbb mklZgh\db 7~ey hkms_
oehjbjh\Zzgby -mlbdbdhkdbo oZzZjzdl bjlbbkhBbdh]lh fzZl_jbzez b
h[jZamx]hky oehigbtZd _ kl gbgkhlu oehjZz J _Zdpbb oehjbjh\Zgb
ijZ\beh ijhl_dzxl ijb ih\ur_gguo | _fi_jZImjZo b khijh\l
agZqbl_evguf | _ieh\u®_e _gb_f < k\lyab k wlbf ih~h]j_\ j_Z]b
g _h[oh”bf ij _bfms_KklI\ _ggh gZ gZqZevghc "kl d¥hBeylyp ckkZ 1h]
j_Zdpby fh™ | ih~*_j b\ZIvky aZ kq_| \u®_eyxs_Jhky | _iezZ Ijl
mkeh\b _f y\ey |ky jz\ghf_jgZy ih"ZqZ oehjzZz \ j_Zdpbhggmx
kdhjhklvx b \' Ij_[m_fhf dhebqg_kI\_

Oehj dhlhjuc ihemqgzxl \ eZ[hjZlhjgdof nhiddh\d ygb yim
oehjh\h~hjh~rghc dbkehlu ~ ckl\b_f i _jfZglZgzZlZ dZeby
fZjlZgpZ ,9 kh~_j bl fgh]lh dbkehjh”zZ b iZjh\ \h~u Ijb \a
dbkehjh”rZ b \h~u k g_dhlhjufb f_1ZeeZfb ijhbkoh”~bl hdbke
f I1ZeeZ b ihy\ley |ky hdkgdlylheZzy azf ~ey | ijhp_kk oehjbjh\
j_amevlzl_ m\_ebgb\Z_Ilky kh”_j Zgb_ ijmhtlKb békphjh\Xgphy"
Ilhwlhfm hbghhkgh\guo |j _[h\Zgbc “ey ghjfZevgh]h ijh\_" gby
ihemqg_gby [he__ qbkluo oehjb”h\ yl\ey_ Ilkgbkjld?AZkehj&vdly
ijbf _k_ ¢ ~jm]bo \_s _kI\ \eZ]b b dbkehjh~"Z >ey mf_gvr_g
dbkehjh~Z oehj ijhimkazZxdZlg _Imx Ijm[dm gZimegfggmx
j_amevlZl_ h[jZam_|lky hdkb” m]e_jh"*Z ,, dhlhjuc g_ f_r
oehjbjh\Zgbx f_IZeeh\

ljb oehjbjh\Zgbb f IZeeh\ ]Zahh[jZaguf oehjhf ijhp_kk

ijhl_dz | [he__ wnn_dlb\gh ih  kjzZz\g_gbx k oehjbjh\z
oehjh\h~ hjh~hf lhkdhevdm ~Zggu_ j_Zdpbb khijh\h r"Zxlk)
\h~hjh"Zz h[jZamxsb_ky oehjb”u o0ZjzZdl_jbamXlkygyke_ _ g

hdbke gby f 1ZeeZ LZdhc kihkh[ y\ley Iky wnn_dlb\guf ey kb
CrCl, FeCh, SnCh, SbCk Z 1Zd _ ~jm]bo oehjb”h\ Ke_"m_I hilf_Iblv
bkihevah\Zgbb oehjh\h*hjh”~Z ijhp_kk dzZd ijZ\beh [Ij_[m_lI
| fi_jZImj qg_f oehjbjh\Zgb_ ]Zahh[jZag46f. oehjhf > Kk
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QzZklh ey ithemqg_gby oehjb®*guo khe_c f_|Zeeh\ \ dZqg_KklI\
bkihevamx|l hdkb”u f_IZeeh\ < jZ[hl_ > k @ ijb\_"_¢
wdki_jbf _glZevguo bkke "~h\Zgbc | _jfh]paribqg_ kdjdhkbZpZe
jZaebqgguo f_1Zeeh\ Hij_ "~ e _gu | _fi_jZImju gZgZeZ oehjbjh
kbkl_f_ ©I\zjrh]Z&2eh dhlhjhc ]Zahh[jZaguc j_Z] _gl ijhimkdZet
bkke "m_fh]h fZl jbZeZ ;ueZ ijh\_"~ gZ ij_™\Zjbl_evgZy h
f IZeeh\ b ddhijbf_k_c MklZgh\e_gh qglh |_fi_jZImjZ gZqZeZ «
hdkb~Z fZ]gby khklZKey |

FZ]lgbc dzd obfbg_kdb ZdlIb\guc f_IZee hdbkey_Ilky \ \h
ie_gdZ dhlhjzZzy h[jZam_lky \ j_amevlZl_ hdbke _gby ij_"hc
~nZevg_cr_]lh haypkekegb gzZ]j \ZIlv fZ]gbc \ hldjulhB508&"mo_ ~h
f 1Zee k]hjzZz_| \ dbkehjh”_ khklzZ\Z \ha”mozZ bvddjZlgim_| hdkk
gZ]j_\Zgbb fZ]gbc \azZzbfh”_ckl\m_I| k ]Zeh]_gZfb k h[jZah\Zq
Oehjb” fZ]gby h[jZzam_| ]Jb”jZluekdmeZfb \WAhu ; a\h”~guc oehj
hg_gv ]b]ljhkdhibg_g > k @
>pboehjb”™ f2NIg@iy\ h[ugguo mkeh\bgbajb”~gh ih*\_j]Z_Iky >boehj
ithemqgzZxl oehjbjh\ZgbijbRQUAkIMdkey > kK @

MgO + Cl> +C = MgCl> +CO
beb h[_a\h b\MgdAGH “4b\Z_fh]lh ba fhjkdhc \h”u
ljb \azbfh”_ckl\bb fZ]gby k jZa[Z\e _gghc kheyghc dbkehlhc |
fZ]gby b \u”_ey |ky ]Zahh[jZaguc \h~*hjh"
Mg+ 2HCI jZa[ MgClo+H29

Lzd _ fZz]gbc \ hfuqguo mkelh\by@dphbxiK olehjhj Zsbf
\eZ]m Khlezkgh % j EBme®@!1Z|l_ h[jZam fEQgbyehwdhl ijhp kk
fh gh bah[jZablv ke_"mxsbf mjz\g_gb_f j Zdpbb

Mg+ Cl> \eZ g MgCl2

< gZmqgghc ebl_jzZlky_ imfekdZpbb ]~_ mdZazZgh qlh |I_IljZ¢
fh™ I dkimizZlv d&€ldjbjmxsbc j_Z]_ gl 1ljb\h*ylky “"Zggu_ h \azZbfl
f 1Zeebq_kdh]h fZ]Jgby k q_lujzooehjbkluf m]e_jh~rhf dzZd ij
| fi_jZImjzZzo 1Zd b ijb klZzg~Zjlguo mkeh\byo \ Ihf gbke_\ Kk
Zijhlhgguo jZkl\hjbl_e_c

LZzd \ jZ[hl_ > blkke_ @h\Zebkv j Zdpbb iheb]JzZeh] gf IZg
CHCI;, CFCk k izjzfb fZz]gby \ mkeh\byo gbadhl_fi_jZImjlghc khdh
12+ D BkizZj_gb_ fZ]Jgby hkms_kl\eyeb ijb | _fi_jZImj_ “
g_j Z\_Xxs_c klzeb hkgZszgghc \g_rgbf j_abklb\guf g Z
Nhjfbjh\Zgb_ h[jZaph\ ijhbkoh”beh imlzf kh\f_klghc dhg”_gkZj
b g _lujzooehjbklh]h m]e_jhhE hdhrédhe _hoez ~Z_ fhf ~h D
Khhighr_gb_ dhfibg:@dlh\Zjvbjh\Zeb \ ij_~ _eZo hl ~h
Wdki_jbf_glu ijh\h*bebkv \ \Zdmmfbjm _fhf klZevghf djbhklZI _
~nZ\e _gbb ihjy~dfZ jA kI lhemqg_ggu_iezgdb khdhg\@ldlh\ ZgZ
k ijbf_g_gb -kiB@ljhkdhibb

MklZgh\e _gh qglh ihehku bgnjZdjZkgh]h ih]Jehs _gby aZn
ijhA"mdlZo \azbfh”~ _ckl\by fZ]gby k | _IljZoehjf_IZghf ohjhrh
j_amevlzlzZzfb dobgbdhkdbo jZkqgzlh)\ GZ hkgh\Zgbb kh\h
wdki fibglZevguo ~Zgguo b | _hj Ibg_kdh]h fh~_ebjh\Zgby g_
f Ih~"Zfb d\Zglh\hc obfbb "ey j Zdpbb fZ]Jgby k g _lujzooehjbklt
ij_~eh _g \_jhylguc f_ ozZzgbaf \jkexgkksbc h[jZah\Zgb _
ijhf_"mlhqguo fZ]gbchj]Zgbg _kdbo kh_fixgs gbahgfbhk\eZgb
klZ[lvguo ijh~mdlh\ j_Zdpbb
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< jZ[hl_ > Kk @ ijb\_"~_gu j_amevlZlu bkke_~h\Zgby h
gluj_ooehjbkluf m]e_jh~hf \ kj_~_“ibliihgyyouqgZEIli\hjbl e c
<uy\le_ghjfZevdhg Ibg_kdb_ aZdhghf_jghdgukhklBhijdhgeqguo
ijh~mdlh\ hdbke gby fZ]gby | _IjZoehjf_IZghf 1Ijb\_~ gu j_an
wnn_dlb\guo dhgklzZgl jzZ\gh\_kbc b agZq_gbc | _jfh*bgZfbq_
Z "khj[pbb g_lujzooehjbklh]Xd Maebfinb2rohjfZfb”"Z gZ ih\_joghkll
f 1Zeez JZkkghiglglZzdllujikkl _c obfbq_kdhc j_Zdpbb b wg_jlby Z
ijb hdbke_gbb fZ]gby \ kb-kidkbelk&\ ijb D

IlhdZazZgh qlh |_fi_jZImjZ hdZau\l\Z_| kms_klI\_ggh_ \ebygt
kdhjhklb j_Zdpbb hl ~hghjguo k\hckl\ dhhj*blgkejncxsbo |
Bkke_"h\Zgu azZ\bkbfhklb kdhjhklb hdbke_gby fZ]gby q_luj_ooc¢
hl | _fi_jZImju \ kj_~_jzZkl\hjbl_e_c¢ k jZaebqgqgufb “hghjgufb gbl
glh ijb ih\ur_gbb I_fi_jZImju fZdkbfmf kdhjhklb j_Zdpbb kf_sZ
[he _ kbevgh|\lZKhmxs ]h Z] _gPXK fldkbfZevgZy kdhjhklv ijhp_|
gZ[ex"Z lky \ kj_~_ >FN: Z ijb ih\ur_gbb I°Ki fZAlkbjum  h
kf sZ |ky \ klhjhgm ~bf _IbezZp IZfb~ghc kj_"u

lh j_amevlzlzf bkke_~h\Zgby ihdzZazgh qlh \ ijh*mdl.
h[gZjm _gh h[jZah\Zgb_ |_ljZoehjwlbe_gZ Z ijb h[jZ[hld_ j_
A_cl_jbjh\Zgghc \h*hc g_ h[jZam_Ilky ~_cl_jhoehjjmhjf 1h f
ihemqg_ggu_ bfb j_akié¢ldlwevki\mxlhf qglh \ ijhf_"mlhgguo
ijh~mdlZo b \ dhg_qguo ijh*mdlZo \hafh'gh h[jZah\Zgb_ k
CCk0J&O Ilhemqg_ggu_ bfb j_ameviZlu hlebgZ_Ilky hl j_amevlZl
ijb\_~zgguo \ jZ[hl_ > @ :\lhju bamqgzZeb \azZbfh”_ckl\k
g_luj_ooehjbkibud_jhrhb ij D Ih j_amevlIZkZzfdBdlnk kdbo
bkke_"h\Zgbc hgb ihdZazZeb qlh ijb bamqg_gbb gbadhl_fi_jZIn
\azbfh”_ckl\by fZ]Jgby k g _lujzooehjbkluf m]e_jh~rhf hJ[jZa
=jbgvyjZz \lhju mdZau\zxl qlh \ wllZ]igby_\wk "j&Zlhiky \ k\yav
ml]e_jbeéhj qlh khijh\h"~Z |ky nhjfbjh\Zgb_f Ijboehjf_Ibevgh]h
"boehjdzj[_gZ Hgb ih~I\_j ~ZxlI glh gZ[ex"Z_fu_ jZaebc
\hafh ' ghklvx j_dhf[bgZpbb Ijboehjf _Ibevguo jZ*"bdZeh\ \ jZkI\I
mqgZklb_§ _¥dpbyo hljulZz ijhlhgZ hl fhe_dme jZkl\hjbl_ey <
h[jZzam_Iky oehjhnhjf b ] dkZoehjwlZg WIh mdZau\Z | gZ jZ
ijhl_dzZxsbo ij_\jZs_gbc K\h[h”gu_ jZ”"bdZeu kihkh[gu bgbpbtk
j_Zdpbb dzd \ h[tzf_ kbkl_fu olgildkbb gvd bikeyjxs_Jhky f_1ZeeZ

GZ hkgh\Zgbb ihemqg_gguo j_amevlZlh\ wdki_jbf_glZevg
[ueZ ij_~eh” _gh ke_"mxsZy ko _fZ ijhp_kkZ

Mgn+CCI4 MgnC| ¢CI3
Mgh--CI+CCls : 0Jha &O  stRMYOLDL
T & & OF &%:0&2Cls
1&&06+ : &+&&0
=~ASH-ijhlhgguc jZkl\hjbl_ev

F_Ih*u bkke_"h\Zgby oehjbjh\Zgby fZ]gby q_luj_ooehj
m]e_jh~hf bkihevah\Zeb 2zZ\lhdezZ\guc f_Ih” ijb ih\ur_gguo |I_
"Z\e_gbb Kh~™_j'Zgb_ m]e_jh~Z hijjZaheboihf@*hfjZznbb gZz
]ahojhfZlh]jZnibfg GHNOS we _f_gflghg Ze b azddrip MICRO cube
nbjfu Elementar Analysensysteme =_jfZgby¢ ¢132%°®» 13 ,3/4,‘|1g',A®11‘|1A3g,,j
CAYaA AAYIE A°I%2EA Y%YaVa2 A RAM YR SZR MR Kb AL 35 Ya® ¢ Ya-
29A%® AT LUIBUY°®»(3° A»(°33%;@'E»YaxtVs 2TA3L®,AY4°3A
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Yh”~ j"Zgb_ oehjz \ ijh~mdlZo oehjbjh\Zgby fZ]gbkf hij_~_

Zjl_glhf_ljbghkdhljh\Z gty j Zgftz]gby \ ijh~mdlZo oehjbjh\Zgt

hij_~_eyebh~hf ZIRgdhkhj[pbhgghc KilddphgzZ kihfdlj k115
Z3UATEA®AE T¢ot32u®» i

P_ev gZklhys_c¢ jZ[hlu aZdexqZeZkv \ bamqg_gbb mkeh
oehjbjh\Zzgby f IZeebq_kdh]h fZ]Jgby q_luj_ooehjbkluf m]e_jh’
oehjbjh\Zgby h[jZam_Ilky [_a\h”guc oehjb”™ fZ]gby dhlhjuc k m
"ey ihemq _gby f IZeebqg_kdh]h wg]gbhyhebaz jZkie&hgbDHh]h
fZ]gblyeb dZjgZeeblZz

< jZfdZo "Zgghc jZ[hlu [ue \uiheg_g dhfie_dk bkke_ "~h\Zghb
oehjbjh\Zgbx f_IZeebq_kdh]h fZ]Jgby izZjZfb q_lujzooehjbklh]t
h[ugguo mkeh\byo \azZbfh” _ ckl\b_ fadédbplyklkfgmlezjh"hf g_
gZ[ex”"Z_lky ihlltiCh ygdlp_Iky obfbq_kdb bg_jlguf kh_~bg_gb_f
k wibf ~"Zevg_crb_ bkke_~h\Zgby ijhp_kkZ ijh\h~"beb \ ZgZeblt

:gZeblbg_kdb_ Z\lhdezZ\u ij_"klZ\eyxl kh[hc ]_jf_Ibggu_
kbkl_fuihalheyxsb_ hkms_kl\eylv obfbg_kdb_ ij_\jZs_gby ijb
| _fi_jZImjZo b ~Z\e_gbyo IybfdgZyyb _ kzZhkh[klI\m_| khdjZs_g
ijh"he bl _evighijhp_kkZ oehjbjh\Zgby jXkbE"@bhjbjmxs_]h
Z]_glZ b mf_gwo[phk Z] glZ \ hdjmx Eks™m k @

ljb gZ]j_\Zgbb \ azZdjulhc kbkl_f_q_luj_ooehjbkluc m
AN ckl\b_f I iez b "Z\e _gby jZaeZ]Z |ky gZ m]e_jh~ b ]Zahh[j
j_Zdpbb

CClsy, C+ 2Cb

H[jZah\Z\rb\<ckyamevlZl_ jZaeh _gby k\h[h”"guc oehj \iheg_
"ey oehjbjh\Zgby fJEZfieeh\g _luj_ooehjbkluc m]Je_ jh” [ue ijbf ¢
oehjbjh\Zgby f_IZeebq_kdh]h Zexfbgby > kk-162 ],
djbklZeebqg_kdh]h dj_fgby > k -1 @ b f IZeebg_kdh]h dZevy
> A«-97].

Oehjbjh\zgb_ fZ]gby q_luj_ooehjbkluf m]Je_jh~hf bkke
hr"hdzZf _jguo 1Zd b \ *\modZf_jguo Z\lhdezZ\Zo < h”ghdZf_jguo
b oehjbjmxsbc j_Z]_gl ihf_szZxl gZ ~gh j_Zdpbhghhjigulohkm”Zz
Z\lhdezZ\Zo h[jZza_p ihf_rzZxl \ klZzdZggbd dhlhjuc \bkbl \gnm
dzZf_ju Z\IhdeZ oehjbjmxsbc j_Z] @d Cgth\Z_Zdpbhggh]h khkm~*Z
gZ]j_\Zgbb \ "modZf_jguo ZWbkKel&ZABl bkizZj gb_ oFhjbjmxs
j_Z]l_9glz Z azl_f oehjbjh\Zgb_ h[jZzapz \ iZjZo j_Z]_glZ

| j_~ oehjbjh\Zgb f fZ]gby bkke_ "m_fuc h[jZa_p baf_evq.:
kljm db jzaf_ jzZfbif >ey m~Ze gby ih\_joghklguo aZ]jyag _gbc
| _gq_gb_ fbg fZ]gb_\u_ kljm db h[jzKRIhj\Wfekhpdghc dbkehlu
hihezkdb\Zeb ~bklbeebjh\Zgghc \h”hc ijhful\Zeb wlbeh\uf
\ukmrb\Zeb

>ey ijh\_"~_gby oehjbjh\Zgby gZ\_kdm f_IZeebqg_kdh]h fZ
ihke . m~Ze _gby ih\_joghklguo aZ]jyag_gbc i_j \h”beb \
j_Zdpbhggmx jnmdZ Z\lhdezZ\Z b \\h~beb g_h[oh”~bfh_ dh
g lujzooehjbklh]h m]Je_ _jh*rZ Q _luj_ooehjbkluc m]Je_jh” ij_"\Zj
hl ijbf _k _c f_Ih~hf dhg®_gkZpbb oheh”~guo iZjh\ ih f_Ih~bd_ hi
> k-190] J_Zdpbhggmx dzZf_jm ZzZ\lhdgB\aZdjjd\Zleb djurdhc
ihf_sZeb \ f_IZeebg_kdbc dh " mo Z\lhdez\zZ :\lhdezZ\ k kh”"_j I
we _dljhi_qv b gZ]j_\Zeb ijb \u[jZgguo hilbfZevguo mkeh\byo

lh hdhgqzZgbb ijhp_kkzZ Z\lhdeZ\ hoezZ ~Zeb ~“h dhfgZlgh
jZa]l_jf _Ibabjh\Zeb GdphllggghczZzdzZf ju h[jZah\Zeky I\zjruc ij
g_jgh]lh p\_1Z dhlhjuc khklhye b&ZJgbkkb azefhijiotyh]lth mle _jhrZ (
IN\zj~hf hkz~dhf dhg”_gkbjh\Zeb ba[ulhd q_lujzooehjbklh]h m
p\_1Z \ dhlhjhf gzZklbggh jZkl\hjyeky f_ejdh" i Zjkig\iZd ro gy \
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oh”_oehjbjh\Zgby thgmgdl | Zdpbb i_j_\h*beb \ azdju
nlhjhieZklh\uc khkm~ AZzZI_f ijh\h*"beb ZgZeba khklZ\Z ijh~"md]
ljh\_~ _gu jy~ wdki_jf_glh\ ih Z\lhdezZ\ghfm oehjbjh\Zg
g _lujoehjbkluf m]e_ jh~"Bkur_gghfizjZzfb HF GZkus _gb _
g_luj_ooehjbklh]h m]e_jh”~Z ijh\h~*beb ijb dhfgzZlghc |_fi_jZIn
Ag_c \ nlhjhiezklh\hf khkm”_ kh]ezZkgh f_Ih”bd_ ijb\_~_gghc
g_h[oh”bfh méyYe gby hdbkghc ie_gdb ih\_joghklb qgZklbpu
m\ebqg_gby kdhjhklb ijhp_kkzZ Z\lhdezZ\gh]h oehjbjh\Zgby

H[km ~_gb_ j_amevIE|lhdZgbaf oehjbjh\Zgby fZ]lgb

g luj_ooehjbkluf m]J]é¢ueh’hhbkzZg ke "mxs_c ihke_ _"~h\Zl _evghkl|

gZqZevghf wlzi_ |_ljZoehjf_IZzg ih”\_jl]Zz_Iky | _jfbg_kdhfm
h[jZah\Zgb_f m]Je_jh~Z b oehjZz
CCls : CI+C

Mle_jh” dhlhjuc h[jZam_Ilky ijb oehjbjh\Zgbb \aZbfh”_ckl

iezgdhc gZ ih\ bjggtkkbp f [Zeebqg_kdh]h fZ]gby ih ke_"mxsbf j_
MgO+C : Mg €0,
2MgoO+C : Mg €O

M~rZe _gb_ hdkb~ghc ie_gdb ih\_joghklb f_IZeeZ kihkh[kI\]
oehjbjh\Zgbx fZ]gby Oehj dhlhjuc h[jZam_Ilky \ j_amevl.
g_luj_ooehjbkldh]lhhtZ j_Z]lbjm_| k f_IZeebq_kdbf fZ]gb_f k hJj
[_a\h”gh]h oehjb”Z fZ]gby

Mg + Cl> = MgCl>

KmffzZjgzZy j_ZdwiAbfh”™ _ckl\by f_1Zeebq_kdh]h fZ]gb

g _lujzooehjbkluf m]le _jh~rhf fh™ | [ulv ij_"~klZ\e_gZ ke_~mxsbfb
Mg Kls=MgClz K Cl;
2Mg  ICls = 2MgCl> K

< j_amevlZl_ oehjbjh\Zzgby \hafh ' gh qZklbggh_ hdbke_gb_
ml]e_ jhrZeljmhkhf \ha”mozZ ijbkmlkNmaxXsnd \gmljb j_ _Zdpbhgg
dzf_ju zZ\lhdez\Zz

K H KK

Wdki_jbf_glZevgu_ j_amevlZlu ihdZgZéemjZpl hujbKIl_fi_
gZgbgzZz |ky \aZbfh” _ckl\b_ g _lujzooehjbklh]h m]Je _jh"Z k fZ]gkt
| fi_jZImju "RK gZ[ex”Z _lky m\_ebqg_gb_ kdhjhklb j Zdpbb F
| fi_jZImjz j_dhf_g”m_fZy ijb bkihevah\Zgbb ZAKhdekAyzZabkhklZ
k q f "Zevg_crb_ bkke_"h\Zgby ijhp_kkZ oehjbjh\Zgby ijh\h~|
| fi_jZImj_  MklzZgh\e_gh qglh ihegh_ oehjbjh\Zgb_ gzZ\_ kdl
fZlgby fZkkhc f] \ hrghdzZf_jguo Z\lhdez\Zo “hkld4dKh\ky \ | _
lh]~*Z dZd dZimjguo Z\lhdezZ\Zo ijh*he bl_evghklv ijhfl_kkZ khk
gZkh\

Bkke "h\Z\glbygby h[t fZ q_luj_ooehjbklh]h m]e_ _jh"Z g.
oehjbjh\Zgby ihdZzazZzeh qlh ijb b@tLdlgbbdhh[tfézhilbfZevgu_
j_amevlZlu gZ[ex"Zxlkfiye ijgb_gvrbo h[t _fZo "Z\e_gb_ kha”"zZ\Z
\gmljb j_Zdpbhgghc, H@Z juky g_"hklZlhgguf 7ey jZaeh"
g luj_ooehjbklh]h m]Je jh*"Z gZ oehj b m]Je_jh® Z ijb m\_ebqg_
oehjbjh\Zgby baf_gy_ |ky g_dgdhblimé&edhbyo khhighr fgb_ fZkkt
CCls fe ] kf ] &8O fZkk _ f] fAXgkly\ey8d. Ijb
m\_ebqg_gbb fZzkku gzZ\_kdb fZ]gby \hagbdzZ_ | g_h[oh”bfhklv r
oehjbjh\Zgby

J ameviZlu bkke_"~h\Zgbc ihdZazZeb qglh kdhjhklv oehj
ebfblbjm | ijhp_kk m~"Ze gby hdbkghc iezgdb ih\_joghklb qgZlk
[ueh hiIf_g_gh \dklhjzZfb jzZzphl@ ihdZazZgh qlh ijhp_kk oehjbjl
hdkb”rZ fZ]gby gZqbgzZ Iky ijb | _fi %%%Imj_ \ur_
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ljb oehjbjh\Zgbb fZ]gbyoedqjbkjlud m]e jh~ hf gZkus_ ggft

iZjZfHF, \hafh gh ijhl_dZgb_ ke _"mxsbo j_Zdpbc
YYO C+2Clz[; 2)Mg+2HF [ \ MgF2+H2[:
3)2MgO +C \ 2Mg + CO2[; 4)Mg+Cl2[ \ MgClz;
MgO + 2HF [ \ MgF2+ H20

J_ameviZlu bkke_"~h\Zgby ihdZaZeb glh qgq_luj_ooehjl
gZkur_gguc iHFZdgb hdzZzaulzZz | azZf _Igh]h \ebygby gZ kdhjhklv o
fZlgby K h”ghc klhjhgu nhlhjh\h*hjhr"gZy dbkehlZ kihkh[gZ ]
ie_gdm ih\_joghblpufgZgby Z k ~jm]hc klhjghufhtjbckl\bb k
fZlgb_f h[jZam_lky fZehjzZkl\hjbfiMgFkb_ a@Zd¢ ey |Iky kdhjhklv
\azZzbfh” _ckl\by oehjzZz dhlhjuc h[jZam_Ilky ijb jZaeh _gbb q_
mle_jh"Z

" %YYe3235 9] Ud»A£3»YUARUYL YtV ® @ VEVAYARA AWV A
A Ys%N%Y% ®» Tl °®@+»T1 Y% %@®UAICYT3¢1 A°T%2ES ARUE %L ¥%32°®@%
Yae AOA Ys° ABSAEXTIAAY YN AVaxYs A£133,%2@  %Y2°33,2@L] ¢ A
BY —¢¢1%2%°@»Y% | WUTA®LITA3: Vi (A%UA AAYE A°T%2EA Vi
A Ys%N%Y% ®» Tl °®@x»E] CE¥AAI2Y°  33»Ax3»Y°s Y- 2(7A%® ./
Te %YlEuY%°®» 30 A»7°3% ¢ ®LE» Yozt Y, 29A%® , AVEPA#® "7
29A%® , AVt ¥%®° Yo AC3sA°LIL] ° 22N@HAT UYer?Y, RY LAY,
Te ¢ LYUlEPY%°®» MY ©°32» Y% ®»%2® § »7,313°Y%+Y, A(EA%®
LTE»®L® ¢ Yai2A ®F3 DA

Z3PALEAR®AE ¥U3»Ax3»YV4iA®@uUY°YazYs ¢ l32%°®@OEb WMYazA,
ASAE%IAAL Y% AEC Ax133,Y,21,°0 LY, @uELT AAvs ° %3pALE
Y %@®@uA3Asl BALGUMBEL < j_gl] _gh]jzff_ 1Zd _ azZnbdkbjh\Zgu
ijbgZ~e_"Zsb_ qZklbpzZf @QBD)s, OMgEOH)CI(H0)s, Cb GZebqgb_
ke _~BVU2 \hafh 'gh aZ kqzl hdbkghc ie_gdb ih\_joghklb gzZklbp
ihke_ az\_jr_gby ijhp_kkZ oehjbjh\Zgby hdzZ ritkdlzZz\ khk
oehjbjh\Zgby Z ke_"u AZ8)bMgQAROI(H20)s, Clz, ih- \b rbfhfm
h[jZzamxlky \ j ameviZlgbyh)le&$b khklzZz\Z \ha”moZ ijb | _]bk
j_gll_gh]jzZffu

>ey ZgZebaz khklz\z ijh~mdlh\ oehjbjh\Zgby f |Zeebc
f ITh~hf bgnjzdjZzkghc ki_dljhkdhibb -bfdJihldzgththebh[jZapZ
ij_M\Zjbl _evgh \ukmr_gghlh ijb |1-T°KZIGjZ\_kdm IsZl_evgh
jZklbjzeb \ Z]Zlh\hc kImfild[jhikfb~rZ dZeby ki_dljhkdhibg_kdhc qkt
ihke_ qg_]h f_Ih~hf ij_kkjlibZlgWwemhijhajZzggmx 1Z[e_ldm hdhr
J _1bkljZpbx kBDdIjh\ ih]Jehs_gby ijh\h~lke bdgja fB Rafinity-1
(Shimadzu Yihgby ijb \hegh\uo gbkeZo \- bgkifijhjbe gbkehf
kdZgbjh\Zgbc jzZ\ghf -kikdlj ijBDmdlh\ j okdgbjph\Zgby
j_bkljbjh\Zeb highkbl_etadh bBZ]J&lH\e_gguo ba gbklh]h [jhfb"rZ
>ey ih”\_j"~ _gby ~hklh\_jghklb ihemqg _gguo j_amevlZIlh\ iher
kjZ\gb\Zeb kki _RIDhf ih]lJehs_gby h[jZapZ oehjb”zZ fZ]gby
bkihevah\Zeb \ dKlgZdgAXjlgh]lh h[jZzapZ jbk

DZd ke_"m_| ba khihklzZ\e _gby ij_"klZ\e-kgiguwdj ki_dljl
ihlJehs _gby ijh*mdlZ oehjbjh\Zgby f IZeebq_kdh]h fZ]gby i1jZdl
kh\iz~rz | &kiB®ljhf klzg~Zjlgh]lh oehjb”zZ fZ]gby WIh k\b”™_1|_
nhjfbh\Zgbb oehjbnz fZ]lgby \ j_amevlZl_ oehjbjh\Zgl
g _lujzooehjbkluf m]Je_jh~hf Ke_~m_1 hif_Iblv qglh ihemqg_ggu
oZjZdl _jbam _|ky [he__ \ukhdhc kl_i_gvx gbklhlu ih kjZ\g_gb:
h[jZaphf
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Jbk -BiDdlj ih]Jehs_gby ijlehpidhAZgby f_1Zeebqg_kdh]h fZ]ghb
g_luj_ooehjbkluf m]Je_jh”hf

Jbk -BiDdIlj ihlJehs_gby klZzg”~Zjlgh]h h[jZapZ oehjb”~Z fZ
Dhebqg_kI\ _ggh_ kh” _j Zgb_ oehjz \ ijh"mdlZo oehjbjt
hij_ ~ eyeb k bkihevah\zZgb f Zj]Jhgthfh?jddbkjdhzgdy wlih]h
Nzj"mx nZam ijh~mdlZ oehjbjh\Zgby h[jZ[Zlu\Zeb fe "bklbee
ihke qg_]h jzZzklI\hj hi®_eyeb nbevljh\Zgb_f b ih”\_j]Zeb Ibljh\Z
jZkI\hjhf gbljzlzZz k_j_[jZ \ ijbkmlkl\bb ojhfzZlZ dZeby \ dZqg_KkI\_
Hij ~ e _gkh”_j Zgby fZ]Jgby \ ijh"mdlZo oehjbjh\Zgby hk
f_Ih~hf ZIRgdhkhj[pbhgghc ki_dljhkdhibb k ijbf_g_gb_f ki_dljhi
K ijb "ebg_ \hegu gf \ ieZzf{wlz\gyatag |_j_ " ZgZebaht
ijh~mdl oehjbjh\Zgby jZkl\hjyeb \ ghltk\dhe*ebj\Zgey ih\ur_gby
lhqghklb baf_j gbc dhgp_gljZpbx fZ]gby hij_~ _eyeb f_Ih”h
"h[Z\hd J_amevilZlu ZgZebaZ ijh mdIh\ oehjbjh\Zgby f] f_12
k Rfl 1jZzoehjf_1Zghf \ | _qg_gb_ gZkh\ ih kh”™ _j"Zgbx fZ]
ijb\_~gu \ IZ[ebp_
LZ[ebpZ
Kh” j"Zgb_oehjzZz b fZ]gby \ ijh*mdlZo oehjbjh\Zgby fZ
"®2°®1
SP°OA2TIAY A1Y¥% °® °®@+»T: 2@0% °®x¢ Al AlVa¥ulVar | ©
Table 1
Chlorine and magnesium content in magnesium chlorination products

< m(Mg), f] m(Cl), f]
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<" b~dbo < I\_j”ruo < "b~rdbo < I\_jruo

ijh"mdlZg ijhA"mdlZq ijh"mdlzZzq¢ ijh*"mdlZz
2,30 97,3 3,7 284, 2
0,70 99,1 4,9 289,4
0,09 98,9 4,7 283,2

Kh” _j°Zgb_ m]le_jh”Z \ I\zj*uo b "b~dbo ijh*mdlZo oehjbj
ihke ij_"\Zjbl_evgh]lh \ukmrb\Zgby ijb70°Ki_hZjlmj eyeb Kk
bkihevah\zZgb_ f ]ZahojhfZIhCHNOSqgwkdh]glgh]lh ZgzZwli@zZlhjz
MICRO cube n b j fu ElementarAnalysensysteme=_jfZgby >Zggu_ igbkh”_j Z

mle_jh~Z \ ijhmdlBEoZgbljbjf] f IZeebq_kdh]h3fBRKga¥g \ kf
gZkh\ ij_~klZ\e_gu \ IZ[ebp_
) ) S ® 1TA® .
YYa23% ®» (% Ax13%4Y2® ° YL¥%Ya2A A®A A Ya¥¥%Y°®» ] °3A®1LY
"®2°®1q
SOOVA2TIAY . ®% Ya» 2@0% °®@x¢ Al A1Y%¥%Y» ] °®+x» T ©3/
Table2
Carbon content in the chlorination products of metallic magnesium
b m(C), 1]
< "brdbo ijh*mdlZza < I\_j?uo ijh*mdl]
0,0005 0,021
0,0003 0,018
3 0,0009 0,016
Bamqg_ocaZ\bkbfhklb baf_g _gby 2~Z\e _gby hl | _fi_ jZImjt
j_Zdpbhgghc dzZf_ju Z\lhdez\Z ijb oehjbjh\Zgbb 3 f] fz

| ljZoehjf_lZzgZe_ _"Bkxgb_ ijh\h”"beb \ fbdjh\hegh\h® kbkl_f_
ijhba\h~kI\Z nbybla»© KZgdIl 1 _j[mj] JN Baf_j_gbbebijA\h~

| fi_jZImjghf bgl_j\Ze_ hl dhfgzZlgbcrh _fPkjZlimjemqg_ggu_
wdki_jbf_glZevgu_ "Zggu_ ijb\_~ gu \ [Z[ebp_

LZ[ebpZ
AZ\bkbfhklv "Z\e_gby \gmljb j_Zdpbhgghc dZf_ju Z\lhdeZzZ\Z h
oehjbjh\Zgbb Mg \f] f€Cls
"®2°®
Vs ®A®TT ATAEYYT 2%UANLY] ,®°3%®T %3®,¢:T%U»T ®°AY 1@
A11/4~’/41/4»‘|]‘|P1\/Ig 2®@% CCla
Table3
Dependence of the pressure inside the reaction chamber of the autoclave on the
temperature during chlorination of 100 mg Mg in 5 ml CCl4

p 0y 7 ®A° [5) oy 7 ®A°
1 50 11 150 3,5
2 60 12 160 4,9
3 70 1,3 13 170 6,8
4 80 1,5 14 180 7,6
5 90 1,6 15 190 8,9
6 100 1,7 16 200 10,3
7 110 1,9 17 210 11,0
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8 120 2,4 18 220 14,5

9 130 2,8 19 230 15,9

10 140 3,3 20 240 17,1

Dzd \b”gh ba "Zgguo\lh[leeolp\byo wdki_jbf_glZ ijb oehjbjh\
fZ]lgby q_luj_ooehjbkluf m]e_jh~hf ijb PKfi*"ZAlmjgb_ \gmljb
j_Zdpbhgghc dzf_ju zZ\lhdez\Z jZa\b\Z_Ilky ~h ZIf

<u\h”u >hklhbgkl\h ij_"eh  _ggh]h kihkh[Z oehjbjh\Zgby
g_luj_ooehjbklufhfhlfe aizdexgzZ_Iky \ \hafh 'ghklb ihemq_gby [
oehjb”rzZ fZ]Jgby b kms_kI\_gghf mijhs_gbb ijhp_kkZ I h
ljZzZ"bpbhggufb kihkh[Zfb oehjbjh\Zgby j_Zdpbx hkms_kl\eyxl i
| fi_jZImjZo qlh ih\urZ | I _ogheh]bq_kdmx Ww@n Ddhof\ghK]ilv ijhp
bkdexqZ_Iky \_jhylghklv aZ]jyag_gby hdjm Zxs_c kj_"~u izZjzZf
ji_Z]l_glz \ oh”~_ ijh\_~_gby wdki_jbf_glz 1j_"ezZ]Z_fuc kihkl
themq_gb_ [_a\h”gh]lh oehjb”Z fZ]gby \ukhdhc qgbklhlu ih
ijhl_dz_| \ mkelkkmylol\by \eZ]b 1Ijb hoez ~_gbb Z\lhdeZ\Z "h
| _fi_jZIlmju bafulhd q_lujzooehjbklh]l]h m]e_jh”~Z h[jZah\Z\rbc
oehjbjh\Zgby dhg” _gkbjm _Iky k nhjfbjh\Zgb_f “b~dhc n
ij_"~hI\jZsZ | ih]lJehs_gb_ \eZ]b ba \ha”moZgaalhjihipbdl hihemq
Wnn_dlb\ghklv ~Zggh]h kihkh[Zz 1zZd _ hij_"*_ey_Ilky _lh |
ijhklhlhec 1Zd dzZd gZ \k_o klzZz~"byo ijhp_kkZ bkihevam_|lky Il
g _lujzooehjbkluc m]Je_jh~

JZ[hlZ \uiheg_g9Z gZ dZn_"j_ ZgZeblbqg_kdhc
Lz bdkdh]h Wmgpeovgh]lh mgb\_jkbl_1Z ih |_f
30 6132Y,°@» (3% [ Y%®UW® YA ® °3AY2T ® Yilh¥323
Vi E3 AYe® Ya %A ®IC3. ¢%3I2E  A3A»TA3: (A °®/
Tw%tvaxTAz, TA Vi E3 AY° AfeqAse g9 1
AfeTAszs T°9 °3AY,2®@°T =hkm~Zjkl\_gguc
j_]bkljZpbhgguc ghf_j I _TJ432
J p_ga™ldlhj | _ogbg_kdbo gZmd
ijhn_kkhj Jmab_\ > J

EBL?J:LMJ:

1. F_M\_~h\ :LKhjby ]b”*jhf_IZeemjlbg_kdbo ijhp_kkh\ mqg_[gh_ ihkh[b_
? < ;h]Zlup REkd\Z ba”Zl_evkdbc "hf FBKWK

2. >hjhoh\ : < Hkgh\u g_hjl]Zgbg_kdk]h>hlhgbhaZ W < DebHfhiXxz
N=;HM <H FB-JWkkbckdbc I_ogheh]bg_kdbc magb\ Kkbl_|I

3. D_Ih\ : G kWab | _fi_jZImj gZgZeZ oehjbjh\Zgby hdbkeh\ f_IZeeh\ |
|_jfh~bgzZfbq_kdbfb \_ebqBgzDblh\ < < 1_qgdh\kdbc H[sZy b ijbdez"gZz
j_kim[ebdZgkdhc f_"\_~hfkl\_gguc kFibjgkd <wirwcrdZy-itdfeK -8.

4. Lbothg < GgZeblbg_kdZy obfhyx f@]dthy hgh\ GZm d%3.- k

5. :of _Ih\ G K H[sZy b g_hjl]Zgbq_kdZy obflFy \uBrKrd:of:tdmA"- fby"~
2001.- k

6. Eb"bg J: Obfbg_kdb_ k\hckI\Z J: Eb”bg < : Fhehgdh E E
G_hjlZgbq_kdbo ¥Fs_®Bfby - k

7. Jh]lh\ : < Wdki_jbf_glZevgh_ b |I_hj_Ibg_kdh_ bamq_gb_ \azZbfh”_ckl
g_luj_ooehjbkluf mJe_jh~hf : < Jh]h\ K I Fboze_\ :: =jZgh\kdbc <
G_fmobg = ; K<jlklg FhkdZ MKg_j oey.-L -« -K -224

8. Ilzgl_e__\ K Hdbke_gb_ fZ]Jgby q_luj_ooehjbkluf mle_jhrhf \ Zij
jZkI\hjbl _/eo< 1Zgl_e__\ B < Kibjbgz K < H&kke ggtwdhjgdE k[s_c
obfbk2011.-L - <ui -K -1500.

9. Dzjih\ X : Kh\j_f_ggu_ f_Ih”u Z\lIhdeZ\ghc ijh[hih”*]hlh\db \ obfbqg_
\_s_kI\ b fZl_jbZeh\ X : DZzZjih\ < : Hjeh\Zz @ 3AZ\h~kdZy eZ[hjZzl
fZ1_jbZeha007.- < - K -11.

10.R_jh\ D F :\lIhglez\dhgp_gljbjh\zgb_ ijbf_k_c \ ZgZeba_ \ukhdhgbklh]
D F R_jh\ < : Hjeh\Z X : DZjih\ @ <ukhddbklu+KR_s-1839\Z
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g _luj_ooehjbkluf m]eD Fh*Rfjh\ D > Kmyjh\ W N <NEKtgbweeB”*\bdkdh]h
gZpbhgzZevghlhjkbl 1Z GZmqguc " mpgireZgp017. +K155162.

12.R_jh\ D ®ehjbjh\Zgb_ dj_fgby g_luj_ooehjbKIDf FmM]B_jhA*hfK R
Ehez_\ D > Kmyjh\ W N/ MZklgbdehZ\“ bdkdh]h gZplglhdZjgabdhlBE m
GZmqgguc mjgZe>mrZgpR0l7.- K -193.

13.YAI%Ya°® < 3%°Y20»®°7,.®F AlY%¥%Y»2@»T ¢T'TA¢YT- Y% AUNLA1Y%3%92q
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Mkmleb fZtemfb oehjhgixh fkBéhdebklbnh”gb hajrebxhkbedmgbb oehjb”™b
fZ]lgbc \Z j_Zdkbyb fZ]gbc [h ghjoekZhh pxhlZ jihlgl \Zj ~Dj bkdhedmgZg”Z
frxkhdbfz dzjrzZ rm~rZZRb Ki#hdxhb wdki_jbfOdlzey [Z oehjhgbb Z\lhdeZ\bb
fZ]lgbcb f_OIkeghjoehjbrb dZj[hg h\Zj*"Z bpbxZjhkEzxZtkghjoehjb”b dZj[hg
\Z &b oehjd@g jZ\brb j_Zdkbyb [Zcgb fZ]gbc [h hithjAgbb” "Z&OZjhblb
hilbfZebb oebplboh[ dZjr*Z rm~ZZkl Gbrhg "h~"Z rm"ZZ@MZgkBjhZXZly~b oehjl
Za "K [heh kZj rm~Z abfgb [ZgBAgZldhhg®bkmijtZlb ImazZjbrb jz\Zg” f_Znahy
LZghkm[b hilbmfd):m(CChL bglboh[ dzZj*Z rm~ZZkl Gbrhg ~"h*"Z rm~"Z
oehjhgbb imjjzb fZ]Jgbc \h[ZklZ Za gZfm”b dZf_jzZb j_Zdkbhgbb Z\lhdez\ f
xZIbCCly \ZxZjhjzZl fm~2r~ZlbkhzZl ~Z\hf f_dmgz”~ JZ\Zg"b oehjhgbb fZ]gbc [h
dZjlhgb [MHnN +) k_jdzZjr"ZrNzZ hm rzkdIxhbwdki_jbf_glZebabrbf
\h[ZklZ]bb nbrixgjEpZIb ~“hobeb dzf_jzb j_Zdkbhgbb ZzZ\lhdez\ h\Zj*"Z rm~".
fzxkmeb j_Zdkbyb oehjhgbb fZ]gbc [h ghjoehihbdb jd@lj hgb 4 tOn\&Ekan e
ki_dljhkdhibyb bgnj@ki@jommfZZkl Gbrhg "h "AbrmZy ltoehPobehjb”b
fZ]lgbcb [xhKbe f_rz\z~ >Zj 1Zjdb[bxdthfAkokbknf&b j_ ZdkblyjlibfZ]gbc
oehj \Z dzj[hg fmZcyg dZj*"Z rm"ZZkl ;ZIMZibVZ|FZdlidbierdBj~"Zgb oehjb”b
fZlgbcb [Zh_[ gbrhg "h*Z rm~ZZKkl

DZeb” \hxhz f_1Zxhe fZ]gbc oehjb”b fZ]gbc Z\ChdedbebptjihgdZj[hg
dZj[hg xddeb j_gl]_gb niz&EB bHi_dljhk®hizebeb we & mghrhj nlhjb” b
Ib*jh]_g

BKKE?>H<:GB? OEHJBJH<:GBY F?L:EEBQ?KDH=H F:=GBY
Q?LUJ?OOEHJBKLUF M=E?JH>HF

H{km ~_gu kms_klI\mxsb_ f_|Ih”u oehjbjh\Zgby f_|Zeeh\ h[eZklb bo ijb
ihemqg_gby oehjb”rz fZ]gby b j_Zdpbb fZ]gby k q_luj_ooehjbkluf mle_jh~
I_fi_jzZIlmjZzo \ Kkj_"_ jZaebqguo jZklI\hjbl_emeevIigbl_#Mdgui_jjbfa glZevguo
bkke_ _"~h\Zgbc ih Z\lhdeZ\ghfm oehjbjh\Zgbx f _IZeebq_kdh]h fZ]Jgby g_luj_o
Bamqg_gu \ebygb_ | _fi_jZImju h[t_fZ q_luj_ooehjbklh]h m]e_jh”~Z b \j_f
j_Zdpbb fZ]@eh & \u[jZgu hilbfZevgu_ orkgb)byZgby I|hdZazgh qglh ijhp_
oehjbjh\Zgby gZgbgZ_Iky ijb I_fi_jZImK_b\krm\gelbqg_gb_f I_fi_jZKmju ~h
m\_ebqgb\Z_Iky kdhjhklv ijhl_dZgby ijhp_kkzZ <u[jZghmiMghif@CLyHh khhighr.
1:80. lIhdZazgh qglh ihegh_ oehjbjh\Zgb_ fZ]gby \ azZ\bkbfhklb hl Ibiz j_Z
Z\lhdez\z fzZkku gZ\_kdb h@CE &plZ fih[jZlfiZju ijhbkdH_q_gb_ q Bamqg_g
ijhp_kk oehjbjh\zgby fZ]gby dufum]eoé¢im}bk gzZkubZjgdhuF I1jb\_~ gu
j_amevlZlu wdki_jbf_glZevguo bkke_"h\Zgbc az\bkbfhklb ~Z\e_gby hl
j_Zdpbhgghc dzf_ju Z\lhdez\zZ \ ijhp_kk_ oehjbjh\Zgby fZ]lgby Ijh\_~_gu |
ijh~mdlh\ oehjbjh\Zgby fZ]lgby q_luj_ooehjbklbod mlel]ljighmfzah\Wh ZgZebaz
b Bki_dljhkdhibb IhdZazgh qlh \ j_amevIZl_ oehjbjh\Zgby h[jZam_Ilky [_a
ljb\_~ g ZgZeba hkgh\guo dhfihg_glh\ khklzZ\Z ijhmdlh\ oehjbjh\Zgby g.
fZ]lgby oehjZ b mle_jh~rZ I|hdZ29¥gih 1phbfngghkh kihkh[Z “ey ihemqg_gby [_a\
oehjb”zZ fZ]gby

Dexqg_\u keh\Z _[Zeeu fZ]lgbc oehjb™ fZ]gby Z\lhdez\ oehijt
q_luj_ooehjbkluc m]Je_jh~ j_gl]_ghnZatiudljBlgde bladh BDbkke ~h\Zgb _
we_f _glguc ZgZeba ™Mjbeé gbrhjmtz

A STUDY OF THE CHLORINATION OF METALLIC MAGNESIUM WITH CARBON
TETRACHLORIDE

This article discusses existing methods for metal chlorination, their applications, methods for
producing magnesium chloride, and the reactiomafnesium with carbon tetrachloride at low temperatures
in various solvents. The results of experimental studies on the autoclave chlorination of metallic magnesium
with carbon tetrachloride are presented. The effects of temperature, carbon tetrachlonide and time on
the reaction of magnesium with CCl4 are studied, and optimal chlorination conditions are selected. It is shown
that the chlorination process begins at temperatures above 220°C, and the rate increases with increasing
temperature to 240°Clhe optimal ratio selected is m(Mg):m(CCl4) = 1:80. Complete chlorination of
magnesium occurs within 311.0 hours, depending on the type of autoclave reaction vessel, sample weight,
CCl4 volume, and temperature. The chlorination of magnesium with céetrachloride and saturated HF
vapor is studied. The results of experimental studies of the pressoperature relationship within the
autoclave reaction chamber during magnesium chlorination are presented. The composition of the magnesium
chlorination products with carbon tetrachloride is analyzed usingayX diffraction analysis and IR
spectroscopy. It is shown that chlorination results in the formation of anhydrous magnesium chloride. An
analysis of the main components of the chlorination productsh&r magnesium, chlorine, and carbon
content is presented. The advantage of the proposed method for producing anhydrous magnesium chloride is
demonstrated.
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Keywords: metals, magnesium, magnesium chloride, autoclave, chlorination, carbon tetrachloride,
X-ray diffraction analysis, IR spectroscopy, elemental analysis, pressure, hydrogen fluoride.
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M > Db47.728
I JHBA<H>GU? ;?GAHNMJ:G: K LHQDB AJ?GBY
N:JF:P?<LBQ?KDHC B ;BHEH=BQ?KDHC :DLBKEBGEKLB
H;AHJ
FmolhjeE\=DZzZjbfah”~Z F ; ;h[hdZehgh\ L ; Kb”ydh\ K
Lmevkdbc Jhkm~ZjkI\_gguc i_"Z]h]bg_kdbdmegdh]pkbl_ | bf E C
LZ~ " bdkdbc gZpbhgZevguc mgb\_jkbl_|I

<\ _"N gbhjhba\h~gu_ [_gahnmjzZzgZ h[ezZz~Zx| fhsgufb [bheh]
k\hckI\Zfb \dexqZy Zglb]bi_jlebd @bq_lk[dmkheb\Zxsmx > ¢
ijhlib\hiZzjZzablZzjgmx > @ Zglbfbdjh[gmx > @ ijhlb\hhimohe_\n
Zdlb\ghklv dbgza > @ Djhf_ Ih]l]h aZf_s_ggu_ [_gahnmjZgu
gZijbf_j \ dZqgq_kI\_ nemhj_kp_glguo k_gkhjh\ > @ hd
Zglbhdkgth\ hk\_lebl_e_c¢c jZaebqguo e_dZjkl\_gguo ij_izZjzZl
h[eZklyo obfbb b k_evkdh]h ohayckl\Z > @ Djhf_ Ih]h [_gah
[hevrhf dhebg_kI\_ gZlmjZevguo ijh*mdlh\ Fgh]b_ ba ijbjh”~gi
h[ez”"Zx|l nbabheh]bq_kdbfiojbqmZgdbdineb Ihdkbqg_kdbfb k\hckl\
Kms_kl\mxI| ijhba\h*gu_ [_gagamijZeed gu_ ijh mdlu bf_xsb
jh~kI\_ggmx [_gahnmjZgh\mx dhevp_\mx kljmdImjm dhlhju
\u” _e _gu ba ODFKLOXW JOODDXPHME&ERMQ@Y jZkl _gbc ba k_f_ci
Lauraceae Hgb \klj_gZxlky \ mf_j gguo kmJ[ljhibg_kdbo b Ijhib
Dblzy Dhj_b Yihgbb LZc\Zgy Bg~hdblZy Bg”“bckdh]h km[dh
Bgfrhg _abb b Nbebiibg > @

;_gahnmjzgeb ijhba\h*gu_ [_gahnmphgBq_kdbc deZkk
[bpbdebg_kdbo hjl]Zzgbg_kdbo kh_"bg_gbc \ fhe_dmeyjghc
kh™ j"blky dhg”_gkbjmihedZzygbb kbkl_fZ [_gahevgh]h b nmjZ
pbdeh\

ljhba\h~gh_ [_gahnmjZgZ [ueh ihemqg_gh k ihfhsvx mghb
j_Zdpbc k\h[h™gthZzevghc pbdebaZpbb dhlhju_ yleyxlky hlebqg
kbgl_az jy*Z Ijm~gh”hklmiguo ihebpbdebqg_kdbo [_gahnmjZq
>im]Jh_ [ _gahnmjZgh\h_ dhevph h[jZzah\zZ\r__ky \ j_amevlZ
ijhlhgh\ g_ lhevdh \uvau\Z _| f_gvr_ ih[indg @zl Yudkhdd cg\uoh”
glh kihkh[klI\m _| kha”Zgbx keh guo [_gahnmjZgh\uo dhevp_\L
hlfahj_ h[h[s_gu j_amevlZlu g_"Z\gbo bkke_"h\Zgbc jZaebq
[ gahnmjzZzgzZz \dexqZy bo gZebgb_ \ ijbjh~r_  [bheh]bqg_kd
i_jki_dlIb\u ijgofgby \ dzZq_kI\_ e_dzZjklI\_gguo kj_~kI\ zZ lzd _
kbgl _a b \azbfhk\yav f_""m [bheh]bq_kdhc ZdIb\ghklvx b kljmu¢

ljbf_ju ij_iZjzIlh\ kh~_j"Zsbo [_gahnmjzZgh\G&Z m[jlzgf gl
ba\_klgu_ kh_~bg_gby [_gahnmjzZgZ k h[rbjgubmagjfgp_ flbqg_ k
\dexqZx!| Zfbh~Zjhg Zg]_ebpbg [_j]Zil_g gh”_d_g_Ibg dkzgll
dbkehlZz WIlb kh_"bg_gby rbjhdh bkihevamxlky \ Zgl
AN _jfZlheh]bg_kdhc b ijhlb\hjzdh\hc I_jZibb beexkljbjmy p_gg
[ gahnmjZgZ b wagwgbihle gpbZevgu_ \hafh ghklb wlbo kh_~lI
jZajz[hld_ e_dzZjklI\_gguo ij_iZjZlh\ \ [m"ms_f

fbh~Zjhy ZglbzZjblfbq_kdbc ij_izZjzl rbjhdh]lh ki_dljz »_
ij_"klZ\bl_ev [_gahnmjzZgh\hlh ij_izjzlz 1j_izZjzZl fh™ _| bg]b[b]j
ijblhd bhgh\ gz\jbhehdgZzZ ij_~k_j*ghc b fbhdzZj*bZevghc ijh\
azZf_"~eyxl kdhjhklv ijh\h~*bfhklb kgb Zxl Z\lhghfghklv kbgm
hdZaul\Z | ohjhrbc wnn_dl ijb e_g_gbb iZjhdkbafZevghc g
lZobdZj”bb ij_~k_jrghc wdkljzkbklhebb b gBm™hdghfugpguo
khdjZs _gbc < hkgh\ghf bkihevam _ |ky dzZd ZglbZjblfbqg_kt
ZglbzZg]lbgZevguc ij_iZjzl
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Co_fZ 15[5-]b*rjhd¥-~"bf_Ibe(3-f_Ibe[ml_gbe nmjH@ojhf_g
2-be@[_dleBhebh &5-[5-1b M jhdWig3-1b M jhdd8bf _Ibe[mlbrer-
A"bf_lbenmjkixX@ojhf2-ge@[_dlaBhebhe
Schemeél. 1-5-[5-hydroxy-7,7-dimethyl-4-(3-methylbut-2-enyl)furo[2,3-flchromen-2-
yllbenzenel,3-diol2-5-[5-hydroxy-4-(3-hydroxy-3-methylbutyl) -7, 7-
dimethylfuro[2,3-flchromen-2-ylbenzenel,3-diol
IkhjZe 2g wlh kh_"bg_gb_ nmjhdmZatp\gggh_iml_f kebygt
nmjZzgZ k dmfzZjbghf dhlhjuc _klI_kI\_gguf h[jZahf ijbkmlIkI\m
jZkl_gbyo beb kbgl _abjm_Iky LQ YLWUR IlkhjZe g ijbkmlklI\m
JZkl_gbyo \dexqZy eZcfu ebfhgu <Z ghc hkh[_gghklvx
nmjhdmdg@zZz y\ey |Iky bo kihkh[ghklv ijhba\h”blv kbg]e Iguc dbk

'] _ebpbg ; j1Zil_g

Gh~ d_g _lbg DkzZglhlhdkbg

Co _fZz G_dhlhju_ ijhba\h*gu_ [_gahnmjZgZz
Scheme&2. Somederivatives of benzofuran

NmjhdmfzZjbg Zg]_ebpbg h[gZjm _gguc \ ieh”Zo 3VRUD
kljmdImjgh k\yazZg k ikbhaXeklghff obfbg_kdbf nhlhk_gkb[beba:
dhlhjuc bkihevam_|ky "ey e _gq_gby jZaebqguo aZ[he_\Zgbc dh
b \blbeb]h [ez]h~Zjy k\h_fm Zglbijhebn_jZlb\ghfm wnn_
ljhib\hjZdh\h_ bkke_"h\Zgby e_q_gby ihdZaZkly igbhhZglufebphbc¢
kh_~"bg _gb_f dhlhjh_ wnn_dlb\gh bg”mpbjm_| Zihilha \ de I
g _eh\ _d&d6«< qlh mdzZaulZ_| gZ |Ih qglh wilh kh_~bg_gb_ bf__|
wnn_dl \ e _g_gbb jZzdZ g _cjh[ezZzklhfu gq_eh\_dz ; _jlzil_g |
hfugguf nhdhh!|_jZi_\lbq_kdbf ij_izZjzlhf "ey e_q_gby ikhjbzZaz
fh gh khqg_lzZIv k ~jm]bfb nhjfzZfb 1Zj]_lghc obfbhl_jZibb ~e
j_amevlZlh\ e_q_gby jzdz > @

ljb ijhlb\h\hkiZzebl_evghf e_q_gbb [_j]Zil_g fh _I mqZkl\h\
\hkize_gby inAzy&yhldm ijh\hkiZebl_evguo pblhdbgh\

Gh” d g Ibg b dkzZglhlhdkbg wnn_dlb\gu ijhlb\ dh guo
\dexqZy dh gdex Ilhggmx ebfnhfm \blbeb]h Zlhibg_kdbc *_jfZlDb

WDKI?IJBF?GL:EVG:Y Q:KLV
:dib\ghklv ijhlb\ [he_agb :evp]_cfljZa bjhblagh”guo
[ gahnmjZy& agv :evp]_cf_jZ y\ey |ky h~gbf ba gZb[he__ jZKi
g _cjh™_ ] g _jZlb\guo aZ[he _\Zgbc azZgbfz_ | qg_I\_jlh_ f_klh
jZkijhkljZzg _gguo aZ[he_\Zgbc b \Z gZy ijbgbgz kf_jlb kj_"b

178



;he_agv :evpjZcivlih Ibi g_\jheh]bg_kdh]h aZ[he_\Zgby dhlhjh
[hevrh_ \gbfZgb_ \ ihke_~gb_ ]h”u Fghl]b_ nzZjfzZp_\lbqg_Kk
bkihevah\Zeb dezZkkbq_kdb_ f _Ih”u ey ihbkdZ gh\uo e_dZjkl
jZaguo klZ"byo debgbqg_kdbo bkiulZdpgbfy [cehkighlfgklbjh\Zgh
[he__ ™ _kyldZ jZaebqguo ij_iZjZlh\ b hgb g_ihdZaZeb iheh'b
> @ ;_gahnmjZgu b | _ji_ghb”u dZd bg]b[blhju [mIbjbeoheb¢
Zp_lbeohebgwkl_jZau kKWdj Irabhik dj _1Zaug _ijZ\bevgh]h
k\hjZgb\Zgby [ _edZ bb-ZfjhdEpdD $E bf_xI ohjhrb_ wnn_dlu
e_q_gbb ;: pue® kbgl_abjh\Zgu b bkke_"h\Zgu gh\u_ ]b[jb”u
[ gahnmjZgZ Hp_gb\Zeb gZ dexq_\uo fhe_dmeyjguo fbr_gyo [|

ko fz ;bhekk\h Jb[jb~h\ ijhy\leyxl ohjhrmx bg]b[bjmxsmx Zdl
ijhib\ ohebgwkl _jZau b kzZfhZzZ]j_]Zpbb ;: <u[jZggu_ kh_"bg
bg]b[bjh\Zlv q_eh\ _-&_kig bl afhBACE Kh_~bg_gb_ ihdZaZzZe

emqgrmx Zdlb\ghklv dZd ohjhrbc bg]b[bleyjdkhne[gkZ gch fdld \ d mc
g_eh\_qg_kdhc Zp_IlbeohRACHB)K(CHZ &u0,86gf Z]j_]Zpbb Zglbl_e
kZfhbg"mdpby K$&HK( kKhhi\_IkI\_ggh ZdIb\glhkKIs0 K% $ & (
o} fdf > @

YARR YI»A332T»307I
Scheme3. Synthesis of compound 10

Ko fZz Kbgl Ibg_kdbc imlv ihemq _gby Zp_Ibe[_gahnmjZ
Schemet. Synthetic route to obtain acetylbenzofuran 14
Z+HCI,NaNO; kZebpbeh\uc ZNa0OM by f _rb\zd6;
b+OehjzZp |hg EKfgfGhdgleb\Zgb gzZkZz
ktNhjfbeibjZakt®©W, NaOH \ukhdh_~Z\e gb _ gZkZz

<Zahj_ezZdk&glah”"bezZl2lhyuh deZkk j_ezZdkzZglh\ Jez~dbo f
dhlhju_ hdZau\zZxl wnn_dl jZkrbj_gby djh\_ghkguo khkm~”h\
bkihevamxlky "ey e_q_gby \ukhdh]h djh\_ghkgh]h ~Z\e_
g_"hklZzlhqghklb b kl_ghdzZj*bb ;_gahnmjzZgu yibeyxlky i
dzg”rbrzZlzZfdzZblmo ZglbZjblfbg_kdh]h J]bihl_gab\gh]l]h b khkm~h
A _ckl\by < Ih “_ \j_fy fhjnhebgh\uc dzZjdzZk y\ey_Iky mgb\_jkz
b bf__1 fgh _klI\h [bheh]bg_kdbo b nzZjfZzdheh]bg_kdbo zZdlIl
khkm~hjzZkrbjyxs__ kh_ftbglgpulv ihemqg_gh khq_lzZgb _f wlbc
Zdlb\guo kljmdIimj G_kdhevdh Ibih\ kh_~bg _gbc jZajzZ[hlZg
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ZdIb\gh]h fhe_dmeyjgh]lh k[hjZN-ZjhbldeidbghahebgZ ijhy\eyxl
gZb\ukrmx Zdlb\ghklv Z 1Zd _ ibjZahebglbhdzZj[hdkzZfb” b
Zdlb\ghklv J_amevIR{idpZdBelbgZaheglzdZaZeb qlh kh_~bg_agh
Z\( Z,& b Pf bf_ | emgrmx Zdlb\ghklv qgq_f ijZal
\ Ih \j_fy dzd Zdlb\ghklv kh(C39d,495yPf [ueZ khihklZ\bfzZ k
kh_"bg _gb_f ijZalph&Z Pf [ue g_agZqgbl_evgh f_gvr_ q_1
ijZahpbgZz < kemqZ_ ibjZzahebgZ ijhba\hDgh_F&Zj[hdkZzZlbb"Z
0,4158 Pf khhi\_ITkI\_ggh ihdZzaZeb emqgrmx Zdlb\ghklv q._
l[jhba\h”rgibhkmevnzf4y”~4 b(IC50 0,4212, 0,4041b Pf ihdzZaZe
emqgrmx Zdlb\ghklv Z kh (rd5Q 0pBl5 Pf ihdZaZe [he__ gbadm;
Zdlb\ghklv qgq_f ijZzahpbg > @

15a.Ar=CgH4

15][. Ar= p-(OMe)Ph

15\. Ar=3,4-(OMe)Ph

15]. Ar=3,4,5(Me)Ph

154 Ar=4-(OH)-3-(OCHs)CsHs
15 2z~

16 ZX=0, Ar=4-(OCHs)CsHa4

16[. X=S, Ar=CeHs

16\. X=S, Ar=4-(OCHs)CsHa4

16]. X=S, Ar=3,4(0OCHs)>CsH3

16~ X=S, Ar=3,4,5(0OCHz)3CeH>
Z/\

Ko _fz G_dhlhju_ Jb[jb™u [_Majmhejplhdd IbeibjZahebgZ k
\Zah”beZlbjmxs_c¢ ZdIb\ghklvx
Schemeb. Some benzofuranorpholinomethylpyrazoline hybrids with vasodilating
activity

ljhlb\h\hkiZebl_evgu_ h[_a[heb\Zxsb_ b “Zjhihgb Zxsb_ k
AZ ihke_"gb_ g _kdhevdh e_ | [ _gahnmjZgu ijbl\e_deb d k_[_ ac
[ez]lh”~Zjy k\hbf Jem[hdbf nbabheh]bqg_kdbf b obfbhl_jZi_\lbqg_
GZImjZevgu_ b kbgl Ibg_kdb_ ijh mdlugabklf_ pgamsmdmjZgh\mx
gZklv h[ez~Zx| rbjhdbif [bihaijbbg_kdhc ZdlIb\ghklb > @ Y~*zZ\
kbgl _abjh\Zeb gh\u_ ijhba\h”*gu_ [ _gahnmjZgZ b bamqgbeb ijhl
Zdlb\ghklv ihemqg_gguo kh_~bg_gbc k ihfhsvx [bhZgZebaZ hl_
kbgl _abjh\Zggu_ kh_~bg_gby [ueb hp_g gu\tXizZebhF évwmphcjhlb
Zdlb\ghklb k ihfhsvx [bhobfbg_kdh]lh ZgZebaz bg]b[BPfhxZgby P
2 pbdehhdkb]_gzaz b Bkke_"h\Zgb_ ~hdbg]Z [ueh ijh\_
\aZbfh”_ckl\by fhe_dme k Zdlb\guf- mqzkdehhdRb=gZau
Khhlghr_gb_ ,& - RH=3z& PH=PH=PH= k\b”_Il_evkl\m_I| hJ
ba[bjzl_evghklb kh_~bg_gby b ke_"h\Zl_evgh h _]1h \ha”_ckl
kbgl _abjh\Zgguo kh_~bg_gbc jbk ijhy\beb
ijhib\h\hkiZzebl _evgmx Zdlb\ghklv b hilbfZevgmx kihkh[ghkl\
PH=2 (IC50 =4,2nf

Mg_gu_ ihemgbeb p_euc jy” ijhba\h2dgu¢[hdkathond g
ih~jh[gh h[km”~beb bo ijhlb\h\hkiZebl _evgmx h[_a[heb
“Zjhihgb Zxsmx Zdlb\ghklv LQ YLYR ljhlb\h\hkiZebl _evgr
hp_gb\Zeb f_Ih~"hf bg"mpbZibggmyhfdA|jj dZ eZi m djuk ebgbb <
> @ Klzg~zZjlguc ij_izZjzZl "bdehn_gZd gZljby \\h*"beb \ "ha_
glh h[_ki_gb\Zeh bg]b[bjh\Zgb_ \hkiZe _gby gZ \'l_g_gb_
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kbgl_abjh\Zgguo ijhba\h*gu@-dZgehdkZfbgB gkhgF ijhy\beh

agZgbl_evgmx ijhlb\h\hkiZebl _evgmx Zdlb\ghklv bg]b[bjh\Z¢
kjzZ\g_gbx k *jm]bfb ij_izZjzlzfb J_amevlZlu ihdZazZeb qlh f_I
f iheh _gbb [ gahnmjZgh\h]h dhevpz fh | [ulv hi\ _ 1l
ijhlb\h\hkiZebl_ evighghikZd ;hevrbgkl\h kbgl _abjh\Zgguo kh_-
ijhy\beb agzZqgbl_evgmx ZgZev] _abjmxsmx Zdlb\ghklv k m\_eb
134 ihke-qZkh\hc h[jZ[hldb b \'Ih ~_\j fy “Zjhihgb Zxsmx Z

Ko fz ljhib\h\hkiZebl_evgu_ h[_a[heb\Zxsb_ b "Zjhihgb Z
kj_~kI\Z
Schemeb. Anti-inflammatory, analgesic and antipyretic drugs
:glb]bi_jebib™ _fbgq_kdb_ kjbtkjedib” fby yley Iky dexqg_\u
ijbagzdhf f_lZ[hebgbkdpihz b y\ey_ Iky hkgh\ghc ijbgbghc k_
aZlhe \Zgbc bgkmevliZ b kf_jlb \ [hevrbgklI\_ijhfure_ggh jZa\
Ih~*kqblZgh qglh ihqglb m fbeebhgzZ \ajhkeuo Zf_jbdzgp_\
ohe_kl_jbgz \ ku\hjhld_ djh\b khklzZ\ey_1| ba flbteijzhpez"zZ _|I
kK _j»_qglglhkm~bkluc jbkd b \ [m"ms_f wlhl ihdZazZl_ev [m”~_1| jZ
0ZjZdl_jbklbdzfb ]Jbi_jebib”_fbb y\eyxlky \ukhdZy dhgp_gljZpk
L= \ ieZaf_ djh\b gbadZy dhgp_gljZpby ohe_kl_jbgZ ebihi
iehghklb OK EI<I b ih\ur_ggZy dhgp_gljZpby qgZklbp ¢
ebihijhl_b”~h\ gbadhc iehlghklb OK EIGI
>hkimigu_ \ gZklhys_ _ \j fy f Ih~u e_q_gby ]bi_jebib” _f
klZlbgu nb[jZlu gbzZpbg gbdhlbgh\mx dbkehlm b k_d\_kljzgl
> @ < alk\yk fghlhnzdlhjghc ijbjh~hc f_IZ[hebg_kdh]h
ij_~ihez]lZ_lky qlh kh_"~bg_gby h[eZ"Zxsb_ dZd ]bihebib”_
Zglbhdkb”~Zglgufb k\hcklI\Zfb kfh]lml h[_ki_qblv gZb[hevrbc |

wnn_dl ; _gahnmjZg kh” _j Zsbc gZImjZevdlukeHiuj :nhbeb< \u
hlez~Z | fhsgufb Zglbebib”hi_jhdkb~ZIb\gufb k\hckI\Zfb l
njz]f_gqgl kh~_j"Zsbc [_gahnmjZgh\h_ dhevph

Zglb]lbi_jebib”_fbg_kdmx Zdlb\ghklv > @ WIb bkke_"h\Zg!
kh_~"bg_gby kh~ _j"Zsb_ wlh dhevphzlvfihjml_gphZavgh _
]bihebib”® fbqg_kdh_ "~ ckl\b_ Mg_gu_ ijh\_eb kbgl_a jZae
[ gahnmjzZg[babg®heZ b hp_gbeb LQ YLWUR bo Zglbhdk
Zglb”"bkebib™_fbqg_kdmx ZdIb\ghklv m iZpb_glh\ k ]bi_jebib"_
triton WR- IZIlhedApvZIhfbg_kdh_  bkke_"h\Zgb_ ihdZaZeh (
kh_"bg _gby b ko fZ ihdZzazZeb agzZgbl_evgh_ kgb _
ohe_kl _jbgz HO nhknhebib”h\ NE b Ijb]Jebp_jbrh\ L= \
ihke _"mxsbf ih\ur_gb _f ihkl] iZjbgh\hc edbhgbkdh Kdikc Zd
Djhf_ Ih]h kbgl _abjh\Zggu_ kh_"bg_gby b ijhy\b
Zglbhdkb”rZglgu_ k\hckl\z b ih\ukbeb ZdIlb\ghklv
ohe_ Kkl _jbgZpbeljZzgkn_jZau ieZafu [&%$7 dhlhjzZzy bl]jZ_1 de
f 1Z[hebaf_ ebihijhl_bgh\ kKihkh[kI\mmnjhhdur-Blkd \
kul\hjhld_ djh\b Ihemqg_ggu_ j_amevIZlu m[_~bl_evgh k\b”™ _ | _
gh\u_ ]Jb[jb”gu_ ijhlhlbiu k mgbdZevghc obfbg_kdhc kljmdImjh
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ebibrgufb gZjmr_gbyfb fhlml klZlv ihl_gpbZevguf gh\uf kj_"k
"bkebib”_d¢b

Ko_fZljhba\h~gu_ [_gahnmjzZgzZ \ dZq_kI\_ Zglb]bi_jebib”_fbqg
Schemer. Benzofuran derivatives as antihyperlipidemic agents

'glZ]lhgbklu j_p_ilhjh\ wg~hl_e&MgZh!|l (ebg (7 i_ilb™ ba
Zfbghdbkehlu i_j\hgZqgZevgh [ue b”_glbnbpbjh\Zg \ wg”~hl_eb.
fhsgh_ khkm~hkm b\Zxs__ kj_"kl\h WIh g _[hevrhc i_ilbrguc ]

dzd ihez]zxl bljz_|I \Z°gmx jhev \ dhgljhe_ djh\hlhdZ b
Ih\ur_gguc mjh\_gv (7 \ djh\b k\yazZg &k hkm¥bklyd gghhe \Zgbc
[21]. ETs k_ f ckl\h i_ilb”h\ ba Zfbghdbkehlu \ujzZ[ZIL
ij_bfms_kI\ _ggh \ wg”hl_ebb khkm~h\ GZaXzZiyb" dehghbnygbleb
dmevib\bjm_fuo wg”~hl_ebZevguo hegbjldXb imhnfgédpywaulZgby k
f f[jZggufb j_p_ilhjZfb k\yaZgduedhk bHa dhlhjuo J[ueb
br_glbnbpbjh\Zgu *\Z hkgh\gua bhtdb*»Z @(7 Kdjbgbg] ~Zgguo
kh_~"bg _gbc 3DUNHH 'DYLV \uy\be *\Z ijhba\h”~guo [_gahnmjZz
dhlhju_ ijh™ Ifbgik\Zeb \ukhdmx k_e _dlb\ghklv \ higBL_gbb j_ p_
(IC50 %2 11e 3,8nf MdZau\Zehk®_lgehvgZy ]1jmiiZz b dZj[hdkbevgZy ]]
bf xI \Z°'gh_ agZq_gb_ ey ZnnbgghklblhwylamZmlmy gal. \\ _eb
g_dhlhju_ ~jm]b_ azZf_klfblileebh \ gbbzZzdb_ dzZd [he__ ”"ebggl
ZebnZlbgq_kdb_ p_ib azZf_s _ggu_ [_gahevgu_ dhevpZ b [_gah
[ueb nzZjfZdhnhjzZfb g_dhlhjuo ba\_klguo\ZglZuhghbklh\hrg | _
> @ Hgb bkke_"~h\Zeb ZglZ]lhgbklbg_kdbc wnn_dl g_~"Z\g
kh "mpc gZ \ual\ZgghkhdjZs_gb_ dhevpZ ]Jjm~ghc Zhjlu m djuk
p_e \u_ kh_"bg_gby ~ _fhgkljbjh\Zeb agZgbl_evgmx bg]b[bjm
hkh[_ggh kh_"bg_gby [_gahlbZ"bZaheZ b [ _gahdkZ”"bZaheZ
bg]b[bjh\Zgby dhlhjud[ueva®@Z\qur _ g_f m dhgljZklgh]h kh_~bg_
pbdehi_glzZi_ilb”" >Zevg _crbc ZgZeba kjh”klI\Z1b k_e_d

k\yaulZgbx ihdZaZe qlh kh_"bg_gb_ ijhyley | ~“\hcgmx Z
Zdlb\ghklv ih hlghr_gdi&kTedg47gZghfhevghf mjh\g_|h]bjhf
kh_~bg_gb_ [ueh wnn_dlb\guf \ kgb _gbb \ualZgghc ]bih
Zjl _jbZevghc ]bi_jl _gabb
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Ko fZ:glZ]lhgbklu j_p_ilhjh\ wg~hl_ebgZz
SchemeB. Endothelin receptor antagonists
:]hgbklgy_eh\_q_ k@rRI9. KZoZjguc ~“bz[_| -PhirZ wkh
ojhgbq_kdh_ azZ[he_ \Zgb_ o0zZjzZdl_jbamxs__ky ih\ur_gguf mj
djh\b gZ nhg_ j_abkl_glghklb d bgkmebgm b hlghkbl_evgh
bgkmebgZ GZjmr_gby dZd \ujZ[hldb kkdkimebgg@hklbd db gqg fm
ijb\h~yl d ojhgbg_kdhc ihlj_[ghklb \ m\_ebq_gbddéujapfldb bgk
glh \ dhg_qghf blh]_ ijb\h”bl d ihkl_i_gghc \V‘dRl_ljhd nmgd
ih"” _em”~hqghc ~_e_au ih f_j_ ijh]j_kkbjh\Zgby "bZ[_1Z G _kfh
\ gZklhys\j fy f Ih”u e _q_gby dhgljhev Jebd fbb ij_~klzZ\e
agZqbl_evgmx g_m~h\e_I\hj_ggmx f_"~bpbgkdmx ihlj_[ghklv I
m\ _ebqg _gb f gbkezZ iZpb_glh\ 1Zd b g_wnn_dlb\ghklvx
ijhib\h~"bZ[_Ibg_kdbo kj_"kI\ gZ ijhly" _gblgbfghKdyaeZdggaic k *

[ _edhf j_p_ilhj *35 ij_~klz\ey_| kh[hc jh”hikbghih”}
k\yaZgguc *3&5 -grgtpmcotipled receptors} j_p_ilhju khijy zggu_ k *
[ _ edhf dezkkz : dhlhjuc ij_bfms_kI\_ggh Wwdkijlk&djm_ Ik

ihr" _em”~hgghau g eh\_dzZz ]J*_ hg \uihegy_| k_dj_pbx bgkme
de IdZo ~_erdbhrgqglah]lh 1jzZzdlZz ]~_ hg \uihegy_ | \uk\h[h 7~ _ ¢
]JexdzZ]l]hghih”~h[gue i FIb” wgl_jh]lexdZl]ihdglbrguc Jhjfhg ba
k_f _ckl\Z bgdj_Ibgz \ujzZ[Zlu\Z_Ilky \ dbgZqgjbdf ibsb\_ I
:dlb\Zpby *35 m\_ebqgb\zZz_| \gmljbde_Ihggh_ gZdhie_gb_
ZN ghabgfhghnhkriraANZ qh ijb\h~bl d mkbe_gghc ]JexdhahaZz!
k _ dj_pbb bgRmebgdzfb ih* _em”~hqghc ~_e_au b ih\ur_gghfm \
]hjfhgh\ dbr_qgbdzZz d4ddbb63 ]JexdZ]hghih”h[guc i_ilb" *
]Jexdhahaz\bkbfuc bgkmebghljhiguc i_ilb" b 3<< lhebi_
wg*hdjbgguo de _Ihd Wlhl ~\hcghc f_oZgbaf ~_ckl\by fh
[eZ]hijbylgh_ \ha”_ckl\b_ gZ ]hf_hklZa ]Jexdéallhd kglgyZo d&b _
Aim]bfb ihe_agufb wnn_dlZfb [1Zdbfb dzZd kgb _gb_ ihlj_[e_gb
| ez > @ JZaebqgufb eZ[hjZlhjbyfb [ueb him[ebdh\Zgu g
N fhgkljbjmxsb_ kihkh[ghklv g [hevrbo kbgl Ibg_kdbo Z]hg
kgb Zlv mjh\_gv ]Jexdhau \ djh\bhgdZegyaebiglgao > @ Djhf_ Ih
H\_jlhg b ~j khh[sZeb qglh 2($ he_hbewlZghezZfb® wg”~h]_ggu
b 361 kbgl_Ibg_kdbc Z]lhgbkl *35 kgb Zeb fZkkm | _e:
"bjh\hc IdzZgb b ihlj_[e_gb_ ibsb m djuk k h bj_ldke_$ \@a\Zgg
G_kdhevdh nzjfzp_\lbg_kdbo dhfizgbc ijbkimibeb d debgbqg_
gbadhfhe _dmeyjguo Z]hgbklh\ *35 D gbf hlghkylky -RKQV
-1- lzd”_ ba\_kl_g dzd Blh'gbkl j_p_ilhjz *35 dhlhjuc
bamgZeky \ dhfRXgbVRQ -RKQVRQ "ey e-phghyzZzrbz[ |Z
Metabolex/SanofAventis MBX- Zlhgbkl j_p_ilhjz *35 dhlhjuc fh°
bkihevah\Zlvky “ey e g _-dbylRidBKX-2982 " ckl\m _| gZijyfmx gZ

[ _I-”de_Idm m\_ebgb\Zy k_dj_pbx bgkmelbgdh EZ\Ukdh[hktbfgb

bgdj Ibgz-*/18a dbr_qgbdZ *OD[R6PLWK.OLQH *6. gh
Zlhgbkl j_p_ilhjz *35 dhihjh_ bkihevam_Iky ~ey e_q_gby \It
b $VWHOODV 3KDUPD 361 gh\h_ \_s _kI\h jzajzZ[hlZggt

PKDUPD “ey e_q_gby ~bz[_1Z \lhjh]h Tbiz Bf_xsb_ky deb
ijh~"_fhgkljbjh\Zeb kihkh[ghkiv Z]hgbklh\ *35  klbfmebjh\ZIv \
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bgdj _IbgZ b kgb Zlv ihklijZzg®"bZevguc mjh\_gv Jexdhau <k_
k" eZeb *35 ijb\e_dzZl_dMyudoaufdizif "kiI\hf "ey e_q_gby "bZ][_
\hafh"gh h'bj_gby k gbadhc \_jhylghklvx jZa\blby ]bih]ebo
kbgl _abjh\Zeb jZaebqggu_ ijhba\h”"gu_ [ _gahnmjZgZ ko fZ I

bo dzZd Z]hgbklu *35 J amevlZlu ihdZaZeb qdZdkhuéhg_ gb
h[gZjm  _gh h[jez"NZxl| [hevrbgklI\hf oZjzZdl_jbklbd ezl
wnn_dlb\gh]h Z]hgbklz *35 \dexqZy Zdlb\ghklv *35

fbdjhkhfZevgmx klZ[bevghklv i_qg_gb \ukhdmx ijhgbpzZ_fhklv ~
ijhgbdgh\_gby q_j_a bkdmkRbBuggi f[jedgib dhlhjZy kem bl ~
ij_ "kdZaZgby iZzkkb\ghc ijhgbpzZ_fhklb kh_"bg_gby q_j_a wibl
gbadmx ljZzgkzdIlb\Zpbx 3;5 j_p_ilhj ij_lgZgz ; kez[h_ |
&<3 f_oZgbaf nzjfZzdhdbg_Ibg_kdh]h \azbfh”_ckl\by e_dZjkl\_¢
ijb dhlhjhf ij_izjzl kgb zZ_1 zZdlb\ghklv bahn_jf _glh\ &<3 gh
kbevgh]h bg]lb[bjh\Zgby b I ~ GZb[he__ kms_klI\_gghc ijh]
o_fhlbizZz [ueZ iehozZy jZzklI\hjbfhklv \ \h*_ h[uqggh f] fe ijb jG

lj_"iheZ]Zehkv qlh kljZIhMey\Zjhjhee\_dZjkI\ fh | j_rblv wl
ijh[e_fm Ilhke_bamqg_gby g _kdhevdbo iheyjguo nmgdpbhgZevc
2+ DbNH: \ jZaebqguo iheh _gbyo fhe_dmeu [ueh h[gZjm _gh
2+ \ [hdh\hc p_ib kmevnZgbezZfb”Z emqr_ \k_]h ih”oh”bl
Zd|lb\ghik Miro. : g Z e ISAR (Specific Absorption Raté m”_ _evguc dhwnnbpb_ gl
ihl]ehs_gby we_dljhfZ]gblghcewph)\j]po"jhdgkdbekmevnhgzZfb”rzZ \ |
jZaebgguo y*jZo "b]b~jh[_gahnmjZgZ ihdZaZe qglh dzZd i_j\bgq
kKibjlu ZdIb\gu LQ YLWUR k fbgbfZevgufb jZaebaqzyfMebhgunn_dl
[hdh\hc p_ib ;ueh h[gZjm _gh qlh kh_"bg_abZdlbhgakMNZx | \u
ijhlib\ 35 j_p_ilhj dhlhjuc m g_eh\_dZ ij_~klZ\e_g gZ wgl_jhv
b -de_IdZo dbr_qgbddebldZbzZ ih? _em”~hgghc ~_e_au m q_¢e
"hklzZlhgghc f_1Z[hebq_kdhc klZ[bevghklvx dzZd \ fbdjhkhfZo
furb Hqg_\b~glh ]b~jhdkbevgZy ]jmiiz \ fh™ I kem blv ih~
nmgdpbhgZevghklvx "ey g_kdhevdbo jZaebqgguo Ibih\ ijhe_dZjk
b keh'guc wnbj JebpbgZ dhlhju_ fh]lml ih\urzZlv jZklI\hjbfhklv \
nzZjfzdhdbg_Ibqg_kdb_ ozZjzdl_jbklbdb

Ko_fZljhba\h*gu_ [_gahnmjZgZ \ dZqg_kI\_ Z]hgbklh\ *35
Schemed. Benzofuran derivatives as human GPR119 agonists
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'glZ]lhgbkluimjbg_jlbg_kdbxyas 3j_p_ilhjh\:glZ]hgbklu
imjbg_jlbg_kdbo j_p_ilhjh\ g_"Z\gh ijh~_fhgkljbjh\Zeb |_j
ihl _gpbZe "“ey e _gq_gby p_eh]h jy*Z aZ[he_ \Zgbc \dexqgZy
fmdh\bkpb”ha b jZd J3Yipbiffpw]3Zxl dexqg_\mx Hev]Zpbb
ljhf[hpblh\ b h[jZah\Zgbb Ijhf[Z Bglb[bjh\Zgb y\eyp lkhhjzZ 3
ohjhrh azj_dhf_g~h\zZ\r_c k_J[y kljzZI_]b_c zZglbljhf[hlbg_kdhc |
dehib”h]j_ev g_h[jZIbfuc ZglZ]hgkKkil> j_yewhllgy 3kZfuf
ijhrz\z _fuf ij_izZjzZlhtggz Zglbljhf[hpblZjghc |_jZiklB: H”gZdh
yley Iky hlghkbl_evgh gh\hc fbr_gvx dhlhjmx bamqgZxl ey Z¢
| jZibb G _kdhevdh bkke_"h\Zgbc ihdZaZeb qglh bkdexqgbl_e
j_p_ilhjaYi3fh™ I wnn_dlb\gh ij_~hl\jZszZlv ZAf[AEplhXx b
h[jZzah\Zgb_ Ijhf[h\ dZd LQ YLWUR 1Zd b LQ YLYR LZdbf
J_p_ilhjZ2Y13 h[eZ”Zxl [hevrbf ihl_gpbzZzehf '\ dzZqg_kI\_
Zglbljhf[hlbg_kdbo kj_~kI\ Obfbdb b~ _glbnbpbjh\Zeb [_gahni
ZgZeh]lb fhq_\bgu dzd gbku gZgdZihgk)s Jdhlhju_ \ebyxl gZ
ZdIb\Zpbx Ijhf[hpblh\ hihkj_~h\Zgguo :>N <k_ kh_"bg
i_j\hgZqZevgh hp_g_gu k ihfh%v)X , 36 Zeblkdyh8kl\h *ey kgblu\Zgh
nemhjhf _ljbqg_kdbo bahf{jZiedndhbtjfz ~ey \ukhdhijhba\l\h”"bl_evg
kdjgbg]zZz \ [bheh]bb AZI_f [ueb ijh\_~_gu |I_klu dhgdmj_glgh
bkihevah\Zgb f jZ"bhzdlb\gh f_q_gh}hSMe$$33 >NeJ@
ih~AI\_j "~ _gby ki_pbnbqg_kdhc zdIphghkdgki\k kh_~bg_gbc ihdza
memqgr_ggmx Zdlb\ghklv :gZeh]bZz bihdZ&belh agZgbl _evg
bglb[bjh\Zgb_ wdkik_lekhbb®z &' 3-sderie2 3_ehd de_lhqghc
ih\_joghklb highkblky d dezZkkm fhe _dme de_lhgqghc Z~"]_
k_e_dlbgh\ qglh k\b”_I_evkl\m_I| h nmgdpbhgZevghciZdlb\ghk
wlh]l]h dezZkkzZ Bkke_ _"h\Zgby \azZbfhk\yab kljmdImjghc Zdlb\gh
hilbfZevghc Zdlb\ghklb [Ij_[m_Ilky [hevrhc hlghktl _evgh ¢
n _gbevguc aZzZf _klbl _ev \ [_gahnmjZgh\hf dhevp_ ;ueh h
ZedbeaZf_s_ggu_ Zjbevgu_ []jymihulby¥Yewgufb azf klbl_eyfb \
fhg_\bg_

Ko fZ ljhba\h*gu_ [ _gahnmjzZgZ dZd ZglZ]hgbkla¥ymjbg j]b
j_p_ilhjh\
Schemel0. Benzofuran derivatives as purinergic (PY 1) receptor antagonists

:lhgbkly _p_ilhjZ knbglhahgnzZl#1).6<k_ kh\j_f_ggu_ f_lh”*u
e _q_gby jZkk_yggh]h kde _jhaz JK \ hkgh\ghf \ \b”_ bgt_dj
ihlj _[ghklv \ wnn_dlb\ghf i_jhjZevghf kj_ZiN\b\g&deleldd
ebfnhpblu i _jbn_jbg_kdhc kibifimfghio]jZxl dexqg_\mx jhev ijt
jZkk_ygghf kde_jha_ J_]meyphhkkZzbghlbhbpg p_ilhjZ ih~lbiz
(S1P1 k\yaZggh]h[_kdHWf j_ p_ilhjz *3&5 wdkij_kkbjm_fh]h
ebfnhpblZo fh  _I ijb\_klb d kharZgbx gh\h]lh deZkkZ bffmghfh?”
f oZgbafhf »_ckl\by >ey \uoh”~Z ebfnhpblh\ ba ebfnhb®guo Ic
ebibrguc f_"bPlhjdBlhjuc g_h[oh”bf ey wfb]jZpbb ebfnhpblh\ |
b i_j f_s _gby ebfnhpblh\ \h \lhjbggu_ ebfnhb”gu_ hj]l]Zgu > C(
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FTY-720 (1Zzd"_ ba\_kl_g dBdbthbdg Ihjlh\h_ gZaGiegyn) 2
bffmghfh"mebjmxsbc ij_izZjzZl dhlhjuc \ ]JhAm [ue h*h[j_g )"
jZkk _ygghlh kde_jhaz ijb nhknhjbebjh\Zgbb iZdIb\djhuel j_ p_
mki_r_g \ i_j ~“h\uo debgbg_kdbo bkiulZgbyo igkk_ wpddbfibjmx
kde jha_b g_"Z\gh [ue j_dhf_g~h\Zg "ey mlI\_j ~ _gby dhgkme\y
)'$ ijb j_pb2b\bjmxs_f jZkk_ygghf kde_jha_ H~*gZdh wlh g_k_e
j_p_ilhjZ23 6 h[ez"Zxsbc fhsguf kjh” klI\hf d q_luj_f ba iylb i
j_p_ilhjZ3 6 Kqbllky qglh Z]hgmaWfua&du\Z | ojhghljhigu_ ih[hqgu_
wnn_dlu Mq_gufb h[gZjm _gu [_gahnmjZgu gZ hkgh\_ fhsgu
Zlhgbklu j_p_ilbtHiz € -[4-(5-[_gabe[_gahhlmgZglhjn_gbe@
f IbezZza_ |8 Ay [hgh\hc dbkehl_ ko _fz "[geb h[gZ
ihl _gpbZevgu_ bkIHPbd kebe dib\ghklvx ! ih kjfeg_Hdx k 6
ihdZaZe ohjhrbc jARMEcimhtlo dhfie_ _@l[hjZlhjguo bkke_ _"~h\Zgbc
dhlhjuc bamqzZ_| ihlJehs_gb_  jzZkij_~ e _gb_ f _IZ[hebaf b \u
kh_~bg_gbc azZ ijb\uezkpl]zgbafh\ b ij_\hkoh*gmx [bh*hkImigt
i _jhjzZzevghf ijb_f_m jZaguo \b~h\ "b\hlguo | _jhjZevgh_ \\_~_
djukzf f] d] ijb\_eh d klZlbklbqg_kdb agZgbfhfm kgb"  _gbx
Zdlb\ghklb M\ _ebq_gb_ dhebqg_klI\Z ebfdkpbiimkeg A\a® gby =
l1Zzd"_ wnn_dlb\ghklv gz furBEgbB ovihkN_ebf _glZevguc Zmlhbffmgg
wgp_nZehfb2 ebdrbgZy fh”_ev jZkk_yggh]h kde_ jhaz ijb jZ
kde _jha_ H[sbc ijhnbev kh_"bg_gby ihal\hebe gZagZgblv _]l
jZajZlldb \dexqZy ihke_ _~mxsb_ lhdkbdheh]bq_ _kdb_bkke "h\Zc
lZdbo bkke_"h\Zgbc [ueZ \uy\le_gZ ijhlb\hkm~hjh ' gZy Zdlb\gt
fl] d] b \ur_ < oh”_ ~Zevg crbo bkke_"h\Zgbc fh]lml [ulv j_
hilbfbazZpbb dzZjdzZzkh\ iha\hgywdBdbmalhdkbq_kdbo k\hckl\

Ko fZz :]hgbkl j_p_ilhjZ knhpkmaba.) 6
Schemell. Sphingosinel phosphate receptor agonist (1)

J ameviZlu bkke "KWhZIgblkgh ijh\_~ gghfm ZgZebam ebl_j
bklhggbdh\ kbgl_abjh\Zggu_ gZfb kh_"~bg_gby jZg__ [ueb
ij_"eh _ggZy gZfb f _Ih~bdzZ \ jZzfdZo ~"Zgghc bkke_ ~h\zZl_evkd
hlebqz_I|ky [he__ \ukhdbfb \uoh”Zfb p_e_\uo kgiMmbdfh\ fy]d
f gvrbf gbkehf klZ”bc klz~"by ijhlb\  klZ~bc \ bkoh~ghc f_Ih~"
azljzlzfb \j_f _gb gZkh\ ijhlb\ gZkh\ \ bkoh~ghc f_Ilh~bd_
jZajzZ[hlZzgghc gzZfb f_Ih*"bdb y\ey Iky ~hjh]l]h\bagZ ~"Zggh]h k
k\yvaZggZhlhkiihklvx bkoh”rguo fZl_jbZeh\ Kljh_gb_ ihemqg_ggu
mklzZgh\le _gh k ihfhsvx "Zggu&K WFIM\mf_jghc JKfe< b
]_1 _jhy”r _jgh@% & +64&hjj_eypbhgghc YFJ ki_dljhkdhibb Z

"Zggufb we f glgh]lh ZgE ez dighkkkdhib®@ >

2[km ™~ _gb_ j_amedhXIEZ\N b kljh_gb_ ihemqg_gguo kh_"bg_c
mklZgh\le _gu f_Ih*Zfb we f glghMWFI@ZKWB&6Z4 &8B B 0% & &26<
ki_dljhkdhibb <ki_BDO_ h[jZzapZz*bgbljh Ijboehjf_Ibe
Ablb~jh[_gahnmjbddZ |ky rbjhdZy ihehk&A k fzdkbfmfhf ijb

kf g_jZaj_r_ggZy kljmdlmjZz ijbgznre_"Zsbf \z@+glguf dhe
k\yva ¢ ?_ iheh  _gb_ keh guc dhglmj b rbjbgz k\b” | _evkl\mx
f_ "fhe_dmeyjghc \h~hjh~ghc k\yalcky h[kZamxgZklb_f wlbo
nmgdpbhgZevguo ]jmii lhehku kfkfK G nmjZgh\h]h dhevpZ
keZ[Zy ihehkZ KKK ZjhfzZlbqg_kdh]h dhevpZz
h[_jlhgu b khklzZ\gu_ qZklhlu ZjhfZlbq_kdhH]JGBHIGevpZ kf k f
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& & bahebjh\Zggzy \ iylbge_gghf pbDDUKDU kkf VKDU
KD U kf KK\ nmjZgh\hf dhevp_ DV 1Rf kf KD WD U

kf KDWDU kf V 12 kf KHK kf KHK kf/ K
GDuUehkdhklgu_ KkH K KIKDW iehkdhklgu_

kf /KDW\g_iehkdhklgu_ [/ Kx® \g_iehkdhklgu_ aZf_szggl
[ ga dhevpZz K1 kf kf /KDW\g iehkdhklgu_ k f

/| KD@\giehkdhklgh_ k& BD_ h[jZapgbe “bgbljlhgahnmjzZgZz

bf_ _Iky rbjhdZy ihehkzZRF k fZzdkbfmfhf ijb gkjZaj_r_ggZzy

kKljmdlmjZz ijbgzne_ "Zsbf \Ze_ glguwf+dh\eya[Zgbyf iheh  _gb_

keh'guc dhglmj b rbjbgzklkhbxl |h ekvms_ klI\h\Zgbb f_ "fhe_ _dmey

\h~*hjh~ghc k\yab h[jZamxs_cky k mqgZklb_f wilbo nmgdpbhgZe
kf KG nmjZgh\h]lh dhevpzZ keZ[Zy iKe®kZhfzZlbkgf_kdh]h

dhevpZz kG HG kf KK \ nmjZzgh\hf dhevkf DV 12
kf KDWDU kf KDWDU kf VvV 12 kf KHK k f
KHK kff KGDUehkdhklgu _ KH K kff KDY
iehkdhklgu_ | KOW \g_iehkdhklgu_ / KIX# \g_éhkdhklgu_

aZf_szggu_ [_ga dhevpZK1 kf KIK KO kf /KDWY
\g _iehkdhklgu _
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\hkblZ ab~~"bbelb hpgm MZjrghd]Zjfb b ZgWzkblZ lab~”~b]bi_jebib” fbd6
ZglZ]lhgbkjhpbilhj Wig~hl_eplg Z]hgbklig§B6 bgkhdglZlhgbkjhgbilhj hb
imjbg_j]®< Z]lhgbklhgb ilhkmbdlabgnhknz63

I JHBA<H>GU? ;2GAHNMJ:G: K LHQDB AJ?GBY N:JF:P?<LBQ?KDHC B
i BHEH=BQ?KDHC :DLB<GHKLB
(FBGB H;AHJ

>7099Zy 9ZmqgqgZy klzZlvy ihk\ys_gZ h[ahjm [bheh]bg_kdhc ZdIb\ghkll
ijhbal\h”*guo | _jhpbdebq_kdb_ dzZjdZku [_gahnmjzZgZ ijb\e_deb hkh[h_ \¢c
hkh[_gghkl_c kljh_gby 7ey ihalheyxsbo ijbkh_"bgylv jZaebggu_ nZjfZdhnt
ijh_dlbjh\Zgby gh\uo ihl_gpbZevgh ihe_aguo |_jZi.\ljkd_ é&dbo RZdd&ku\
kh~"bg_gby fhlml h[ez~ZIv \ukhdhc [bheh]bgq_kdhc Zdlb\ghklvx gZij
ijhlb\hhimohe_\mx Zdlb\ghklv Z IZzd _ bkihevah\zZIlvky \ dZq_kI\_ nzZjfZdh
khklz\_ jZaebgguo [bheh]bg_kdb Zdlb\guo kh_"bg gbc < wlilkfkly[ahj_ ih?"j
jZaebqgu_ nZzZjfZdheh]lbq_kdb_ Zdlb\ghklb ijhba\h?~guo [_gahnmjZgzZz b g_
dhihju_ mki_rgh ijbf_gyxlky \ debgbg_kdhc ijZzdlbd_ Debgbqg_kdZy nzZjfzdh
wlbo kh_~bg_gbc h[_ki_gb\Z_I gh\mx hkgh\m "ey lei@igZglby ghZeh]h\
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ihl_gpbZevguo kljmdIimjgu® blhjdbdcl mkji _d1j nzjfZzdheh]lbg_kdbo k\hckI\ hl~_
[_gahnmjkghA\_|_evki\m_I R Ihf qglh ihbkd gh\uo [bheh]lbg_kdb ZdIb\guo kh_
jy*m ij_"~klz\ey | g _khfg _gguc bgl_ j k & wlbo ihabpbc kbgl Ibg_kdb_ f
g_hp_gbfmx ihfhsv \ p_e _gZijzZz\e_gghf ihemqg_gbb kljmdimj oZzZjzdl _jbar
nZjfZzdhehlbqg_kdbfb k\hcklI\Zfb G_kfhljy gZ Ih qlh "Zggu_ kh_~bg_gby ohjl
bo "Zevg_cr__ h[h[szggh_ jZkrbj_gb_ b kbkl_fZlbazZpby agZgbc \ "Zgghc I_

Dexq_\u_ kehpfZgahnmjzZgu [_gahnmjZgh\luc njz]f_gl Zdlb\ghklv ijhl
revp]_cf_jz \Zahj_ezdkZglu ijhib\h\hkiZzebl_evgu_ h[_a[heb\Zxsb_ b
kj_~klI\Z Zglb]lbi_jebib”_fbg_kdb_ kj_"kI\Z ZglZ]lhgbkl(u7jZghuolkhdt wg~hl_
g_eh\_qgq_kthgh ZglzZ]hgbklu imjbg_jlB kgbm ilhjh\ ZlhgbkluhjZp
knbglhabmhknz623

%(1=2)85%1 '(5,9%7,9(6 ,1 7(506 2) 3+$50%$&(87,&%/ $1' %,2/2*,&$/
$&7,9,7<
0,1, 5(9,(:

This scientific article is devoted to a review of the biological activity of benzofurans and their
derivatives. The heterocyclic frameworks of benzofuran have attracted particular attention due to
structural features that allow the attachment of various pharmacophores, which is used in the design of
new potentially useful therapeutic agents. In the future, these compods may exhibit high biological
activity, for example, showing antitumor activity, as well as being used as pharmacophore fragments in
various biologically active compounds. This review discusses in detail the various pharmacological
activities of benzofuran derivatives and several compounds that are successfully used in clinical practice.

The clinical pharmacological activity of these compounds provides a new basis for studying benzofuran
analogs and new potential structural frameworks. The wide range of plmacological properties of
individual benzofurans indicates that the search for new biologically active compounds in this series is
of undoubted interest. From this perspective, synthetic methods can be of invaluable help in the targeted
development of stuctures characterized by specific pharmacological properties. Although these
compounds are well studied, further generalized expansion and systematization of knowledge in this
area are required.
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,QIRUPDWLRQ DERXXWNKKR DKW KRINATXODRFWHKVH 3HGDJRJILFDO ¢
QDPHG DIWHU /1 7ROVWR\ 3K' LQ &KHPLVWU\ 5HVHDUFKHU DW W
$GYDQFHG &KHPLRFADBFERGORHVY 7XOD 5XVVLD /HQRKQREMHHQXH
(PDL®XNKURURY ORLN#PDLO UX

.DULP]RGD ODKPDGMNYDMWRERDWLRQDO 8QLYHUVLW\ 'RFWRU R
3URIHVVRU 'HSDUWPHQW RI &KHP I$BIQ BW\R G X KWK B Q EFH FKQRCEROIL F
7DMLNLVWDQ 5XGERQHMYHQXH ( PDLODULPRYP PE#PDLO UX

%RERNDORQRY URWPE®GIKP PGRWILAK IDWLRQDO 8QLYHUVLW\ 3K
$VVRFLDWH 3URIHVVRU +HDG Rl WKH $S@®ONWY F D'G VEKCHPEIN WIH S X B0 U
RI 7DMLNLVWDQ 5X&ERQHS$SYHQXH (PDLWRMLGGLQB #PDLO UX

6HUJH\ $QGUHHYLFRX®WGE\ONRWH 3HGDJRJIJLFDO 8QLYHUVLW\ QD
(QJLQHHU RI WKH &KHPL&GUH V\HSDITOMH QSXVVLD /HQL®DEYHQXH
VHU]K VLG\DNRY #PDLO UX

KIZIvihklmib&g ~"Zdpbx
H h[j_gZ ihke_j _p_gabjh\Zgby
ljbgylZz d im[ebdZpbb
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SYNTHESIS OF GLYCEROL DERIVATIVES CONTAINING
ACETIC ACID RESIDUES
Due to the presence of three hydroxyl groups, glycerol is capable of undergoing a wide range of chemical

reactions, allowing the production of numerous derivatives with pronounced physiological activity. Of
particular interest among these are various mono di-, and triesters. Due to the high reactivity of glycerol
derivatives, a wide range of compounds can be synthesized from them. Some glycerol esters have been proposed
as solvents for injectable drugs. Esters containing long alkyl radicals are used imfpeery and are also used to
improve the weather resistance of diluted varnishes. Mixed glycerol esters, including aliphatic-C48 radicals
or phenyl groups combined with polyethyleneglycol residues, are used in the production of ligbgnsitive
photographic materials. Therefore, we wanted to produce their esters based on glycerol derivatives. Four 1
alkoxy-2,3-propanediols were synthesized by reacting glycerolmonochlorohydrin with various alcohols. Four
2-hydroxy-3-alkoxy-propyloxy acetic acids were ofained by reacting alkoxy-2,3-propanediols with
monochloroacetic acid. Optimal conditions for the synthesis of glycerol derivatives containing acetic acid
residues were developed. The composition and structure of the new compounds were confirmed by aiéshe
analysis, NMR calculations, and IR spectra.

Keywords: temperature, glycerol, epichlorohydrin, monochlorohydrin, glycerol, dichlorohydrin,
dioxane, ether, benzyl alcohol, acetic acid,-alkoxy-2,3-propanediols, synthesis, diesters.
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Zy hg MZtkbjb Ihdkbg h dzflzj hk_[ [b]lbjzg” \Z jz\Zg"b Zihi
m ZcjZ h kmkl f_rz\z»

DbkehlZ hb-~"b]lb"jh&dklmheZg6 bggmgbg *Zj eblhebab kzZg] I
NZj jh hb azZ jz \Z azZ jZz"hg kzZfZjZzghdZg” Hg h ohe_ kil _jbgj
f_rzZ\z”»" \Z bggmgbg bkfzZlb kZg] hb fZ\ m~Zb ohe_kl_jbgjh "Z]j
Ze f_dmgzZg” \Z ohjb rzZ\bb hgjh 1Z\Zkkmlb kZnjh hkhg f
ohe_j _Ibdbb bg dbkehlz h jz\Zg” hb nbabheh]bb [Z"Zgjh 1Z
iZklrZ\bb IZrZzddmedb gkZ\ginmhkhb”*ZI| f_dmgz”

Zcj Za |IZtkbjb eblheblbd6 [1Z b hl h gbrhg f_~b.Zg”" db
"blbNjhdkmhezg6 f |Z\hgZg” ZdkmeZzZfZe hb Zmlhbffmg6 ~"Zj
IZeoZjhgb dzZf dmgzg” Hg h bnh”~Zb -'Z2glbZXZjg hb Zej® hb
oheZglbhdizZfifEb\@ ~"b]Zj m ZcjZ hb Zkkhkjh dzf gZfm~zZ |ZrZdd]
Zkkhkrm~zjh dh br f_~b zZg®~ Bg jz\zZg”™ [hbkb izZklrZ\bb
kblhlhdkbdbb /JO [Z m ZcjZ hb Db]Zj \Z dh br znlZgb bkl_ khetk
f 1Zzj~rz~ db f_1zZ\hgZ~r]lp4dphBzZi 1Z[h[ZIb [_fhjb hb Zmlhbffmgtl
Z Zfbylb dZehg Ahrbz [Rrzn Kk k @

7 Z 1Z\jb mfmf dbkehlZ hb oheZgb- ’\E]bZ‘q;kmM}ZIgeZQG gZ lzZg
qumg fhrrZ hb eblheblbd6 \Z ohe j Ibd6 [Zedb Zfgmg Z]_ g
m ZcjZ hb blzj \Z IZzgabf]zZjb kbkl_fZb bffmg6 gba Zjabr ~hj
]mgh]lmg Z[ Zb [bheh]6 hg hjh Zfgmg fZ\h”b i _jki_dlb\6 [Z]
b ""b]_iZlhlhdkbd6 ab””"bkzZg] hb ohe_kl_jbg \Z Z]_gl hb bffm
fm bf ~Zj 1Z b hlb nzZjfZzdheh]6 \Z Ib[ IZ["bge f_"~b Xg"

k e @

FzZ kz"b dRg kzZ"b Zkhkbb dhj |Z b \Z hy@dBrBfljZkdkbb
dbkehlZb ohezZg [h Ibhoehj*b]jbg h \Z Zjaz[bb ohkbyl hb ab” "k
hkberm~z f_[hrz? Bg 1Z b hl bggmgbg [Z fm hbkZb nZ
iZc\ZklzZ]b hb kbgl_arm”~zZ [h rlZff hb klZg”~Zjlbb hkhjohgZzZ]6 jzZ\
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FZ\h™ \Zmmebk 1Z b jhb kbgl_ab iZc\zZklZ]b hb i{bhe&hjpb"]j
gZ rZb j_Zdkbyb fmZcygrm”~Z bklbnh?Z rm”~ >Zj fZj beZb ZzZ\\.
gzZfzd hb gZzZljbc dhjdzj®» dzj*Z om”~ db ~Zj hg f_oZgbafb |
gmde_hnbeb6 [z ZfZe hz\j*"Z jE\ZHVZ "bfdBgg f_"b zZz~ db |]n
nmgdkbhgZebb Ibhoehj]b”rjbg [Z kholhjb fhe_dmeZ\bb dbkehl:
rz\z" \Z fZ kmehlb mkim\hj hkbe Jzjrz"

>Z\hfghdbb j_Zdkby |Z jbkhgljh [Zrdbe "h~Z ~Zj gZlb Z fZ
hezZlb Z]j_]ZIb eejpkjZz ~Zkl hfz~ hezZlb djbklZee6 gbrhg
iZc\ZklZ]b h mkim\hj [m”~Z [Zjhb |Z ebeb fbg[Zt"Z \Z Rhfmab
obfby\6 fm\hnb Zg”® ;Z Zckb ZedmgzZg”~Z ~Zj j_Zdkby “bhdkZz
Ztfbg gZfm~Zgb Zerz\Zg”~Z]lbbbfh**ZhhlZ2\gb grZjhblb j_Zdkbhg
Zjhjzlb fm zZjzj6 fmkhb~zIl f_gzfhy” Bg hezl bfdhg f_"~b
kzfzjZghdbb [ZeZg™ \Z gZahjZlb om[b rZjhbl h Imazjz® 1Zk Za
kbgl_arm”~Z [h mkme hb ki_dljhkdhibb bgrkjZzKmjobl|KB ijhHadly Z
JFI \2#& JFI \Z ojhfzZlh]jZnbyb ]Zabb fht_]6 1Z ebe dZj*"Z rm~"ZZ
dzjrZgb kholhjb obfby\6 \Z Zjaz[bb nZj*bylb iZc\ZklZ]b h Z ft
mkme h bfdhg f_~b Zg” db fh*"*Z hb hkberm” dkimy\Rdb[b KZI rk
[ZeZg”™b wtlbfh*ghd6 |Z by ]Zj~"b~rZZg"

>ZjZ Zb lhazZ]bb fh””"Z hb kbgl_arm”~Z [h mkméh_ov)jhfAORFZn
[Z 1Z\jb *"Z b fmZcyg dZj*Z rm” ;Zjhb 1Z ebe Zfgqmg Zedm
bklbnh~Z 1Zj*b” db kZl b Zerz\Zg”Z]lbb iZc\ZklZ]b h \Z Zf\hjtk
ojhZlh]jzn6 1Ztfbg dZj*"Z gZlb Z hb 1Z ebejh [hwtlbfh” f_]Zj”*hg.
JZkfb OjhfZInh]jZIfEATAY%Y:%uYaX@3b jhdkbdbkehlZb oheZg

JLIXUHKURPDWRJUDPKROWRSURGSDKQWURDFLG DQG FKRODC
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>Z\hfghdbb 1Z ebe ~Zj ~"Zkl]h b O=F Ih khzl brhfz dzj»
ZjZzgb m”*h \Z fmZcygdmgbb dhfihg_gl hb iZc\ZklZ]6 [h Zkh
rz\z~ Zglhfbbl& fmzZcyg dZj*Z rm” db oZllb Z\\Zebgb ojhfZlh]

iZc h f_rz\z~ db hg [Z ZedmgZg”™Zb f_lZghe fZj[ml| f_[hrZz’
I1Z ebeb bklbnh~Zrm~Zjh gbrhg f_~b zZz~ 1Zk Za hg "Zj "Z b Zb
f_jZkz™ dbh1ZzZb 1Z eberz\Zg"Z Zeh Zfzg”™ f_[hrZ® Gbahfb \Z
[ZeZg”~bb oZlb Zkhk6 [Z fh bfdhg “h” db fb ~hjb fh*"Zb kbgl_:
hg [Z 1Z\jb fmnZkkZe fmZcyg ]Zj~Z~ Beh\Z [Zj bg ojhfZlh
iZc\ZklZ]b h ~Zj ZedklgdgfZ[m"z _ ]ImgZ fZ kmehlb ~_nhj
fZ kmehlb beh\z]6 ~Zj "Z\hfb 1Z ebe [Z \m m”~ gZhfz~"Zkl Bg
mkmeb O=F [Zjhb Zjaz[bb kbnBEgd faZrrkmZA fnZcyg tZyMZ dig n Z
[hwtlbfh™ \Z fmZkkbj fZfbgz1tZ\j gZlb Z hb ojhfzZlh]{Znby® ]z
gbrhg ~h”~zZg”™ db iZc\ZklZ]b hb kbgl_arm”~Z "hjhb *"ZjZ Zb [Z¢
f_1Z\hgZg”™ [Zjhb 1Z b hlb fbg[Zt*"Zb nZjfZdheh]6 \Z Zjaz[bt
Zfgqmg fh**"Zb hkhk6 bklbnh”Z r@\Zgj* kBlgblbdefl6 fm bf Zkl a_j
IZk"b b kbnzZlb kbgl_a \Z wtlbfh*ghdbb mkme hb bkl_ khehl kZ
JZkfb KBEATIAYY:%YY/@}b jhdkbdbkehlZb oheZg
J)LIXUH, HWK\OWRSURGDK\WURD\WLG DQG FKRODQ

LZ\\Zkmlb mkmeb ki_dljhkdhibyb bgnjZkmjo KB fmZcyg
nmgdkbhgZebb iZc\ZklZ]b hb kbgl _arm”Z [Z IZ\jb "Z b \Z fmnZ
gZlb Zb 1Z ebeb ki_dlj hb EB*Zmacygdth fhe_dmeZ “hjhb yd ZI
Zkhkbb nmgdkbhgzZe6 f _[hrz® :a mfeZ ffZ\ m~"beHh Jmj{@d"Bb-
\Zk_b Z[[brb ~Zj fbglZ Zb kfqi IZk*b f_]zj~Z~ db [Z eZjabr hl
iZc\Zg"b+2\h[ZklZ ZKkl :1Zj bg [Z4dZk_tZTkbbgl_gkb\6 [hrZz”~ hg f_
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[Z 1ZrZddmeb iZc\Zg”™ hb ]b”"jh] _g6 brhjz gzZfhy” Zfgmgbg
&22+ [h fZ\ m~bylb [Zg”"b Z\bb Z[[br ~Z] fbglZ Zbkfgijbdbg[Z
eZjabr hb dZrbrbb iZc\Zg”b dZj[hgbe6 2&"2 frhZteggmdzZihyg f rZ
Beh\z [Z]j bg ~Zj fbglZ Zbkfqgil Z[[brb \Zk_t fmrh b~z f_]Zj"Z
eZjabr htH-D Imj@ b dZj[hdkbe6 fZj[ml| Zkl Bg Zehfzl h "Zj fZ f
COOHjh ~Zj kholhjb fhe_dmezZ 1Zk*"b f_dmgzZg” bREGGbgbm ]
[Z\Zkkmlb [Zg”b gbk[ZlZg kmklb Z[[br #Z] ffgliZzfhZzcyg dZj’
f rz\z® db [Z eZjabr hb dZrbrb#r ifAc\ZgdZI6f_dmgzZz~ =ZjqZg”
[Zg~b Z[[br h~ZlzZzg dZfrb~r™ZI Zkl Zffh ~Zj yd hy]6 [h *"b]Zj fZ
f 1Z\hgz™ "Ze_eb fm bfb kholhj6 [Z bkh[ jz\z" Zcj Za bg "z
fZj[ml [Z *"b]Z] Imj@ hb b\Zarz\zZg~"Z Za+ mYBE fbldZZ gMoob &
kfqi & 1Z jb[Zg % kfqgi \Bj& fmrh b"Z gZfm” LZ ebeb fZ f
[Zg™ h bfdhg f_"b Z~» db gZ 1Zg h fZ\ m”~bylb Jmj@ hb nmgd
obfby\6 \Z IZtkbjb fmlZ h[beZb hg h ~Zj "hobeb fhe_dmeZ gba
OZl hb ohk db [Z nemdIlZlkby hb wg_j]lJby ~Zj [Zcgb [Zg”™Db
bfdhg "h*"ZgMmadhjb bg Imj@ hb nmgdkbhgZe6 ~Zj iZc\ZklZ]b hb
mkIim\hj gbl]h ~hrlZ rm~ZzZg™ \Z _ ImgZ 1Z cbjhlb j_ZdIb\bl
ZjZzgb kbgl _a jmo gzZ~"h~zZzZkl FZtemfhlb [Z"ZklhfZ~Z [Zjhb
kholhjb fhe_deZzZ\6 \» olblkabglhtby\6 \Z [bheh]6 Z fbylb dZehg ~hj
[Zjb ki_dljhkdhibyb bgnjZkmjo KB gbrhg ~h” db mkme g
gZfm~Zgb Imj@ hb nmgdkbhgZebb iZc\ZklZ]b hb kbgl _arm~Zz
Zjaz[bb "mjmklbb ZjzZzgb j_»akbpbfkbgl dmgz” LZ ebeb ki_dl
Ah”N db mamjb Imj@ hb ]Jb*jhhdkbe6 dZj[hdkbe6 Ibhe6 \Z 7|
NZj fhe_dmeZ IZk"b dZj*"Z rZ\Z» \Z mkim\hjbb hg h "Zj ZjZzgt

JZkfb JFI EANAY%Y: %Y BDIb jhdkbdbkehlZb oheZg
JLIXUH B50BWK\OWRSURGDK\WURFKRODQLF DFLG

GZIlb Z hb [Zz"Zklhfz~Z Zkhkb befb 2Z\6 [Zjhb fZ] beZb fb
nzZjfZzdheh]6 \zZ [bheh]6 f_[hrZg” Hg h [Z fmZcyg gZfm~Zghb
obfbw\ \Z nZthebyl hb [bheh]6 Za mfeZ ohkbyl hb ab”*”bfb
fmkhbnrzl f _dmgz”~ ;h bklbnh”~Zb bg fZtemfhl f_[Z\hg iZc\Zk
kholhjb hg h db [Zjhb IZ byb "hjm hb kZfZjZghdb ab”"*b[Zdl_jb
fZ kz"ghd bglgoh[ @BrhgZ hb ki_dlj6 db [Z bg Imj@ h Zeh Z
"Z b b hg h\Z fm blb obfby\bb hg hjh gbrhg f_~b Zg~ db [Z]]
mfmf6 \Z fmghkb[ZIb [Zcgb ZIhf h Z fbylb dZehg IWljZb]gZ¢ ki_
NZj fbglZ Z hb ]migohe frbggty f [Z Zc™ ]bjbnlZz rm~rZg”™ db |-
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]mgh]lmgb ijhlhg h fmlh[b ZI f_dmgZg”® FZkZeZg kh]gZefhb ~
h~rzlzg [Z ijhlhg hb ZeldrZH&d@y £H+ |ZZeem "hjzZzg” Kb]gZe
fbglzZz Zb f f_1Z\hgzZghlhg hb [Z ZIhf hb we_dljhgh be [z
hdkb]_g z kmenmj iZc\Zklrm”~Z brhjZz gZfhyg” Ijhlhg2hb Zmj@
Ibhee6+ h~zZlZg Zfgmg kb]JgZe hb \Zk_t \Z [ZtaZg b\Zarz\zZg".
ijhlhgé ~Zj fbglZ ZK fmrh brzMZgZ :1Zj ~"Zj fhe_dmeZ njzZ]f
ZjihfZlbd6 fZ\ m”~ [hrZg”™ ijhlhg hb hg h #Zj fbglalZtbj f_rz\zZg’
Beh\Z [Z] bg [|Z ebeb 1Z kbfrZ\bb -kbjgzZemh*thrkziveg \Z dhgklZ
ZflZtkbj - =p bfdhg "h” db rmfhjzZb iZhligbhb HKtHbyrX\bb hg
fmZcyg dzZj~"Z rzZ\Z» Bg fZtemfhl [Zjhb fmZcyg gZfm"Zagh+¥ c"Z]
&+x z "blZj a_jkholhj h Z Zfbylb fm bf ~"hjz~ Zfbg |Z\] 1Z ebe
1+ \2& JFI bfdhg ~h” db Zj yd I1mj@ b nmgdkhigrde bbb Zl¢2
fmZcygrm”Z |1Zk”*b ]JZj*"b~Z kholhjb i_rgb h*rm~Zb fhe_dmeZ
rz\zn

Zfbg I1Zjb 1Z ebeb JFI gZlZg h IZjdb[b ZlIhfbb fh~Z hjh gb
fmZcyZg gZfm~Zgb omkmkbyl hb kholhjbb fhe_dmeZ \Z wtlbf
gZfm~Z fmkhb~Zl gZfm”~ FZtemfhl hb [Z2"ZklhfZz*"Z Zkhkb befbb
fbg[Zt"Zb nZzZjfZdheh]6 \Z hfmabrb ohkbyl hb [bheh]bb izZc\zZkl
f hjZzg” bggmgbg bfdhgbyl f b Zg” db IZtkbjb Jmj@ hb nm¢
ab~rbfbdjph46lz\jb ~Z b Zjaz[6 ]zZjrzZ"

Z"\Zeb Gbrhg”h” hbobdapdh fh**Z hb kbgl_agzZfm~Zz
Table 1. Physicechemical characteristics of synthesized substances

Nhjfmez ZihjzZlb | ;ZjhfzA jmin
]m~habk % nhjfmeZ

134136 80.2 Kso GsNOsS

135137 83.1 Keg GsNOeS

138140 76.4 Kes GsNOsS

142-143 77.3 Ki1 GeNO7S
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138140 73.4 Kio GsNOeS

134136 76.4 Ki1 GoNO7S

>Zj jZ\Zg”™b 1Z b hl fh rZr hkbeZb gZ\b Ibhoehj]lb”jbgjh |
bklbnh”"Z Za mkme hb fmhkbj IZ ebe [Zjdb[ kholhj \Z ~ZjzZ Zb |
rm” Bg mkme hb IZ ebe6 Za mfeZ ki_dljhkdhibyb bgnjZkmjo
ijhihgB+ JFI \2& JFI ojhfZlh]jZnbyb [ZeZg”™ kmjZI|l \Z ojhfZlh
fh_t]6 O=F bfdhg ~h~zZg”~ db Zj yd iZc\zklZ]bb hkberm#
wtlbfhrghd6 \Z “mjmkl6 1Zk*b dzj*Z rz\z™ GZIlb Z h gbrhg
kbgl arm”~zZ ~"Zjdjtbe&kZZee6 mkim\hj [m”~Z ~ZjzZ Zb lhaZ]lbb hg h
gbrhg”b Zg”Z [Zjhb |IZ b hlb fbg[Zt*"Zb nZjfZdheh]6 \Z [bheh]6
>Zj fZj bezZb fbg[Zt"Z iZzc\ZklZ]lb hb kbgl _arm”Z [Zjhb h
abr"bfbdjh[6 [Z] ab™*b rlIZfZjhtbb khEbjfohgZ]6 bklbnh”~"Z rm~Zg"
nzZjfZzdheh]6 gbrhg ~h~Zg”~ db [Zta_ Za hkbeZ hb Ibhoehj]b"
fmeh bazb ab”"bfbdjh[6 "hjZg”® db bg hg hjh Zfgmg ghfaz” ht
“hjm hb gZ\b ab”"b[ZdI_jby\6 fmZjjbh@®@ d&bdrb§dtgbBd¢ ~h” db jh
[Zcgb kholhjb fhe _dmez\6 \Z nZthebylb [bheh]6 fmZcyg dzZj"Z
\hjb~ dzjrZgb Jmj@ hb Ibhoehj]lb”?jbg6 [Z fZe_dmeZb dbke
nZthebylb ab”**bfbdjh[bjh Znahbr ~b Z~ \Z ijhnbeljZ”oZI|Zfjbgh
IZjb gZlb Z hb [Zz2"ZklhfzZ~"Z gZ IZg h IZk*b dmgZg”"Zb kbgl_ak
gzZ\ f_[hrz™ [Zedb Zkhkb befbb IZ b hlb fbg[Zt*Zjh [Zjhb hfmalk
nZjfZzdheh]6 \Z w Ibfhebylb [ZI[b b hg h ~Zj bkl_ khédb/\6hjm
nzZjh zf f_hjzg"

LZ byb “hjm hb kzZfzZjzghdb ab”?b[zZdl_jby\6 [Zjhb |Z[h[Z
hgb[b fbdjhhj]l]Zgbaf hb iZIlh] _g6 [Z \m m” f_hyg” yd_Za kZfl |
N"Zj obfbyb hjlj]Zzgbd6 obfbyb "hjmkha6 \Z nzZjfZdhehjdybrlz b
fm h\bfzlb fbdjh[ h [Z Zglb[bhlbd hb fZ\ m~Z azZjmjZlb m
iZc\ZklzZ]b hb gzZ\bnbtheehh6[h f_oZgbafb gzZ\b I1Ztkbj [Z fbzg f_
aZfbgz hkbeZ hb dbkehlZb oheZg Za mfeZ iZc\ZklZ]b hb
1Z\Z m b fkbk fm Z b hgjh Ze[ gZfm~ZzZg” ;h fZ kzZ~b Zja
bklbnh”r"zZb zZfZebb gmgbg iZc\zZklzZz]b h [h bklbnh*Z Za fZ f¢
nzZjfZzdheh]6 kdjbgbg]lb nZthebylb [beh]6 \Z ab~*bfbdjh[bb db
Ibhoehjlbsolh@Zg6 [h kholhl]mbg ]pmgazZjhgb”Z rm”~ Bg |Z b hl bf
jh[blZb [Zcgb kholhjb obfby\6 \Z nZthebyl hb [bheh]6 fmZcyg ¢
fh Zkhkzg [Z hf@abrb nZthebylb ab””bfbdjh[bb dbkehlzb |
"b]brjhdkmhezg6 jzZ\hgzZ dzZj*"Z rm~Za&Xk[bb;jhdz1Zj6 \Z bfdhg
bklbnh”~zb fbg[Zt*"Zb bg iZc\ZklZ]6 |Z jb[Z hb Ihdkbdheh]6
aZ jhem”6 \Z "ZjZ Zb 1Z ZfmeiZabj6 ~Zj Zc\hghlb eZ[hjZIhj6 fI
rm~"zZzZg” LZ jb[Z h fmlh[b b 1ZeZ[hlb klzg*Zj*bBZ[bimPlbdZ] Zg
kbekbezb |Z jb[z\6 k_ fZjhlb[Z 1Zdjhj dZj*Z rm”~ |h wtlbfh~gl
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1zj~rz~ GZlb Z hb [zZz~Zklhfz~Z gbrhg ~h”~Zg” db iZc\ZklZ]bb
aZ jhem”~bb gbk[zlZzg izkl f_[hrz~ Z~"b fsbz gz hflZ jfitmYyZprb_/k
fl] d] \z z~~b fZjlh\Zjb wmjprZj IKZI b fl] d] fmZcyg dzZj~"Z r
[Zjh[Zjb bg fb ~hjb fZjlh\Zjb [Z4ezZdZljZjZtVa_ Imj@ hb |1Z jb[Z
fl] d] [Z Zc”™ ]bjbnlZ rm”~ db bg Za "~"ZjzZ Zb [ZeZg”"b |Z Zf
Zc\lnd gbk[ZIl [Z iZc\Zkl|Z]6 rZ h™Z] f_"~b Z"

Zfbg 1Zjb fz f@b gzZlb Z hb 1Z b hilb Ihdkbdheh]6 \Z
"Ze_e hb bef6 bk[hl f_gZfhyg” db dbkehlZ@.-tbhbejhdebdjbgb
oheZg6 “hjhb kzZl b h[beb Z[meb [_oZIhZ6hémyl [Zéxhfthbg [bh
gbrhg f_~b Zz~» LZ ebe hb Ihdkbdheh]6 kh[bl f_khaZg”® db ~Zj d
bg iZc\Zklz]6 1Ztkbjb fZgnbb b~7”6 [Z [hnlZ h \Z ma\ hb Zkhkb]|
db bg yd_ Za |1ZeZ[hlb fm bf [Zjhb \hjb? gZ2¥2d"ggh [Z]fEm b2 AT
fbg[Zt*"Zb 1Z~ b hlb "hjmkha6 [Z bkh[ f_jz\Z®» :a b ZIlb nZj
h[bebylb I1ZtkbjjZkhgbb bglboh[bjh gbk[ZI [Z fbdjhhj]Zgbaf hb
[Z m ZcjZ hb khebfb fba[hg aZjZjb dzf f_jZkhgZ” mkmREByd 2a -
dbkehlZb Ibhoehj]b?jdhb jhdbkwhezg6 f_I1Z\hgz® Zfgqmg iZc\
mf_~[Zor [Zjhb hf@abrb fbg[zt*"Z ~Z] kZflb 1Z byb ~hjm hb ¢
[Zjjzk6 dzjrZ rz\Z™» OmkmkzZg Z Zfbylb hg "*Zj rZjhblb bf
fm h\bfzZIBdl_jby h [Z Zglb[bhlbd hb fZtfme j@ [Z Znahbr ~hjz~"
1Zc\ZklZ]b hb “hjhb f_ozZgbafb gZ\b |IZtkbj f_IZ\hgZg” jh hb Z
[h kbjhyl hjh i_rgb h” gzZfhyg” \Z \h[ZklZ]bjh Za ~hjm hb Zgt
Hf@abrb Zfb |Zjb dfmZaghbkbjb ab~*bfbdjh[bb bg fh**Z Za r
gZfm~Zgb gm |IZ hb Z~Zn ~Zj m ZcjZb [ZdIl_jby\6 |1Ztkbj [Z kh
kZn_~Z h z jZ\Zg”™ hb f_IZ[hebd6 [Zjhb nZ fbrb *Z b b nZtheby
"hjz~ Beh\Z [Z] bg Zjahd®d kzZjfdnh2rge hb Imgh]lmgb [bheh]6 \
bggmgbg IZ b b nZjfZdhdbg_IbdZ \Z nzZjfZzdh”"bgZfbdZ bfdhghb:
bklbnh”r"zZb ZfZebb hg ~Zj Ib[[b debgbd6 \h _t[bghgZ Zjaz[6 dZ
gmgbg I1Z~» b hl h f_1Z\hgzZg” azZfibg@bjhefBphphimazrlizg [Z TZ) b
fbg[Zt"Zb kZg br \Z ~Zj hyg”"Z |Z byb "hjmb gzZ\ [h kZfZjZghdbb

<hjb” gZftm~Zgb fhr"Zb ~Zj a_jb i@klb omd-h@ g\pbgfly {5 )b

] dl \Zagb [Zz~Zg yd gbrhg”b Zg"4dbbfim[kbfbhphboBYZiZc\ZklZ
[Ztfbg gZfm”~ GZ[m~Zgb Zj ImgzZ |Z cbjhl ~Zj jZnlhjb Zc\hghl
\Z ZehfZl hb debgbdbb [_jmgZ gbrhg f_~b zZz~» db fh”A"Z y]t
aZ jhem~dmgZg”"Z gZ”~hjZ®» FmhbgZb fbdjhkdhgbazk fby |t nf zreZg
"hjz~ a_jh bg fZj bez bfdhg f_~b z~ db \Zatb ma\ hb Zkhk6
1zj~rz~ GZ[m~Zgb 1Z cbjhl ~Zj b]zZj bkimjg ]]mj*Z h fmrzZd h
]bj_ hb ebfnz\6 gbrhg f_~b z~ db fhr*Zb ~Zj kZlItb[hnl
aZ jhem~dmgZg”"Zb gZfhzg gbrhg gZz*h~"zZZkl Bg ZfZ ~Ze_e h
iZc\ZklzZ]bb fzZ\jb"b gzZazj ~Zj rZjhblb 1Z jb[Z\6 ~hjhb kzZI b
f_[hrz~ \Z f_lzZ\Zgz~ Zfqmg gZfaZ”"b ZjazZg”™Z [Zjhb 1Z b hlb f
[Z]jjZk6ZkZ™ LZ ebeb bg gbrhg”b Zg~Z h bfdhg f_~b z~ db “b
Z[me \Z fZj bezZb Z\\Zeb ijhnbeb Ihdkbdheh]bb fh**Zjh fmZcyg
klzg~rzjle zfqmg f_lIZ\hgz”™ fZz\ _b fh~r*zZ ~Zj kbkl_fZb Zjaz[bb k.
"Z b lzZj fngZklyaz”

NZthebylb ab~”bfbdjh[bb Ibhoehj}b}pdghdkimhezZgb "Z]j
rZjhblb LQ YLWUR yd_ Za Zg[Z hb dZeb”bb Zjaz[bb nzjfzd
Bklbnh”~Zb mkmeb hf_olZdmgbb iZc ~Zj iZc [Zjhb fmZcyg gZfm
gbk[zZ]l [HEj@ b hj]J]Zgbaf hb iZzlh]_g6 bfdhgbyl f_~b z~ db kZzZfZz
[ZeZg™b |Z jb[z\6 Zjaz[6 ]Zj~Z Bg mkme bfdhgbyl f_~b zZ~*
dhgk_gljZlkby_ db f_IZ\hgzZz”~ Znahbrb fbdjhhj]ljZgbaf hjh [ha”hj
:Zjhb iZc\ZklZ]bp bfg gbmhg”"b Zg~Z h gbk[ZIl [Z yd ZIhj rlZff hb
NZkl hfzrzzg”™ db Za Zc\hghlb ]Jbjbnlhjb [_fhjb hb jh b gz
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Dhgk_gljZlkbyb bg]b[blhj6 ~Zj [Zjh[Zjb 6WDSK\ORFRFFXV

fd] fe [Zjhb 1RFDUGUDfdZjhb &RU\QHEDFWHUILKP\Z [Zjhb
Pastorella 95 fd] fe fmZcyg ]Zj~"b”™ Bg Zjabr h gbrhg f_~b Zg” db
[Z hjl]Zgbafb-FrZkfZzlb 6 WDSK\ORFRFFXV DXUHXV nZthelZj [m~
"blzj dhgk_gljzZlkby hb [ZezZd™M ZdphglZz"

OmehkzZb Fmjbf Zkl 1Ztdb” gZfm”~ db nZthebylb [bheh]bb
f ozZzgbaf_ Zkhk f_z[Z” db hg gZ IZg h jZ\Zg”b Znahbr \Z bgdt
[haf_"hjz™ [Zedb ZfazZzfhg omkmkbyl hb jZ\rZgb [ZdIl_jbkb"6 g
fhr~zZ h”bj Zkl gZ 1Zg h nZthebylb Zzlbb fbdjhhj]Zgbaf hjh f
[Zd]_jbhklZIbd6 [Zedb [hbkb gh[m”rZ\bb fmklZ bfb m ZcjZ hb
omkmkbyl hgjh Za [bkzj iZc\ZklZ]b hb ab~”bfbdjh[bb fZtfme n
nzZjfzeh]bb hgjh [Z 1Z\jb gZaZjjZzk [heh f_[ZjzZz® OmkmkzZg 1Z
hafhbr [h rIZff hb kZ jhbb yd ZIlhj fbdjhhj]Zgbaf hb iZlh]_gbb
dZehg "hjz~» GZlb Z hb IZ*» b hl gbrhg f_~b Zg" @6WDSHKYBRAHRBF
DXUWwYyYymgpglgzfhyg~rZ]lhgb 1IRYKDHLGLD &R U\QBIEDW WikiduiH &PyD
\Z kzfZjZzghdbb [ZeZg” ah bj f_gzZfhy® Bg Imj@ b fbdjhhj]l]Zgba
ZdkzZjzg [Z yd Zlhj Zglb[bhlbd hb fZtfme fm h\bfZlb gZaZzjjz
[Z[h[ZIb kbjhyd htbogB[b hg h [Z \m m~hfz~rZ ~Z] ZfZebyb debgbd¢
w hn f_gZfhy? h[beb abdj zZkl db Zg]lhfb fm hbkzZb nZthel
kzfzjZzghdbb bg iZc\zZzklz]6 [Z "hjmb fZtjmn \Z \@AKHKFP®IBnh"Z|
gZa”"bd f_[h(WXKRQY¥Rgmg Whkblzb Z\bb ab”*bfbdjh[6 "Zj Ib[
f_rz\z" \Z gZa~bd [m*"Zgb nZthebylb iZc\ZklZ]bb fZ\jb*b IZ b
[ZeZg”™b nZjfZdheh]6 [m"Zgb hg [Z rmfhj f_jzZ\zZ~ >Zj [Zta_ |
f_1zj~z~ db 1Ztkbjb [Zd]l_jbkbMklih\Mj2ZBj gZZV"2Zj “hbjzZb \Zk_tl.
f 1Zj~Z~ Fm hbkzZb fmnZkkZeb bg "m fh"*"Z gbrhg f_"b Z~ dt
"blb"jhdklmhezg6 f_IZ\hgzZz” Zfgmg yd ghfaz”b mf_~[Zor [ZjhDb |
abr"bfbdjh[6 [Z]jjZk6 dZ|"Z rZ\EZokBogkdqnelZkZ Zjhblb Znahbrb [f
fm h\bfzZlb fbdjhhj]ljZgbaf h [Z Zglb[bhlbd hb fZzZ\ m~Z Z Zfbylb
Bklbnh~Zb gmgbg iZc\zklz]l6 f_lz\hgz”™ [Z \Zk_t 1Zj*b"~Zghb
ab” " bfbdjh[6 fmkhb"ZI gZfhy” \Z [Zjhb 1Z byl b Hjmhibbk@ZX g b i
[ZeZg”™ \Z f_oZgbafb gzZ\b IZtkbj f_[hrZg” aZfbgZb befbb [hwt

Zfgmgbg "~Zj gZaZzZj "“hrlZzg azZjmj Zkl db nZthebyl \Z
gbrhglmahrlzZb bg iZc\zklZ]b 1Zg h h hab jzZz\Zg”b 1Z b hl f_|
dzj~Zgb ijhnbeb imjjzb nzjfZzdheh]6 \Z Ihdkbdheh]bb hg 1Z b
Zjaz[bb IZtkbjb *"Zjhafm”A"*Z|l nZzZjfZdhdbgg_IbdzZz nzZjfZld@"¥ph¥Ro
N"Zj fhr_e hb [_fhj6 azZjmj f_[hrZg” LZg h [Zt*"b Zg hf “h~Zgb |
omehkdbhigjh ~Zj [hjZb bfdhgb debgbdbb bklbnh”Zb bg iZc\Z
iZc\zZzklz]6 Za hg b zZlI Z Zfbylb fZokmk ~hjz”~ db ~Zj kholhjb
Ahjzn \Z fZz a fZ\ m~bylb Zfbg ZIhf f_1Z\hgZ” gZ rb dZeb”"6 "Z]j
hg [haz”™ llZdbzkb ~hjhb kmenmj ~Zj obfbyb ~hjmkha6 [h h
j_Zdkbhg6 \zZ IZtkbj [Z jzZ\Zg”™ hb [bhobfby\bb m ZcjzZ h fZtjr
f 1Z\hgzZ”~ [h Imj@ hb nmgdkbhgZebb fm bfb kZn_~Z h \Z n_jf_
iZc\Zkl rm”~Z nZthebylb*hgZhjh i[maZ ZcjbnZthe gZfhy”

a gm |IZb gZazZjb fbdjh[beh]by [bkzj aZf[mjm hb izZlh] _g
n_jf_glzlb\é f_[hrZg” db [Zjhb kbgl_ab ~_\hjb m ZcjzZz fm[h"l
kholhjb f_f[jZzgZ azZzjmjzg” 1Zc\ZklZ]b hb kmemgnkbkjl ffZZhhlgZgh
jZkhg”rZ jzZ\Zg™ hb Zzlbb azZf[mjm hjh oZeZe”~hj khazZg” :a b
bg iZc\zklz]6 gZ 1Zg h 1Ztkbjb ab”"*b[Zdl_jby\6 [Zedb nZth
Zglbfbdhlbd6 gba gbrhg b Z™ 1Zk Za |maZjhgbAZgkzbZbrbhinl
beh\Z]bb Ihdkbdheh]6 gmgbg iZc\Zklz]6 f_lZ\hgz® Zfgmg
fm[hjbaz [Z] ab™*b [_fhjb hb aZf[mjm 6 bklbnh”~Z rz\z~» Bg fZ
kbjhyl h_ fm bf Zkl db Za hgb[b aZf[mjm hb fm h\bfZlghd{z »
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f hygn fzZkzZezZg gzZfhyg”"Z]l]hgb bgk hb &DQGLGD $VSHUJLO
IZk~"b b [_ozlzj6 \z kzfzjzghd6 bg fh~r~rzZ f_1Z\hgzZz™ [Z ]t
abrbazf[mjm 6 “hobe |Zj~zZz" \Zz ~"Z] ZfZebyb Ib[[6 Zfgmg \hk
fZ\ _b ¢gm4Zc”h gzZfhy~"
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KBGL?AB DBKEHL:B OHE:G ;H LBHOEIR=B#B@BABRBOHKBYL HB
:GLB;:DL?JB:BBHG H
>ZjfzZU®Zkbgl_ab hkbeZ hb dbkehlZb ohezZg [h bklbnh”Z Za Ibhoehj]b?
Lbhoehj]b”jbg h Zfgmg j_Z]_ gl hb nZthe [Zjhb \hjb” gZfm~Zgb Zlhfb kmenmn
“hjhb nZthebyl bklbnh”zZ JZj*brZg” db f_IZ\hgzZg” [Zdnathbebb liZkcaBYIE]H gt
hkberm~zZ fmkhb~zZIl gZfhyg”r J_Zdkby hb kbgl_a6 ~Zj rZjhblb gZahjzZlrz\Zi
fZ kmeh!l \Z lhazZ]lbb hg h [h mkme hb ojhfZlh]jznbb fm\hnb Zjaz[6 ]Zj~b
iZzc\ZklZ]b hb kbgl_arm”zZ [hmikkibnthb ZXiZzdljhkdhibb bgnjZzkmjo KB \Z j_ahi
Zklz6 i+ \Z iA& JFI 1Z b \Z IZk~b dZj*"Z rm~Zg” GZlb Z hb ki_dljhkdhi6
i_rgb hArm~zZjh [h fZtemfhlb 1Z jb[Z\6 gbrhg "h”"Zg” db ~"Ze_eb fm\jhkhnZ by
fmzZcyg gZfm~Zgb Z Zfbylb ZfZe6 nZthebylb Zglb[ZdlI_jbzZebb iZzc\zZklZ]b hb
rizff hb [Zdl_jby\bbfm{&l \Z }fZfgn6 hf@olZ rm”~» KZg br h gbrhg "h~zg*
hkbeZ hb dbkehlZb ohezZg IZtkbjb [haZ tZjzghBEhbb gbdyrhhgkzZgbaf h ~hjzg” db |
Zfgmg ghfaz” hb mf_~[Zor [Zjhb IZ byb “hjm hb gZ\b Zglb[Zdl_jbZe6 fmZzjjt
gZlb Z hb [Zz~Zklhfz~Z gbrhg f_~b Zg”® db kbgl_ab hkbeZ hb gzZ\b dbkehlZ
kzflb "nfpghj [m~Z hf@abrb fbg[Zt*"Zb ohkbyl hb [bheh]6 \Z f_oZgbafb IZtkb
jmr~b obfbyb “hjmkha6 \Z [bhl_ogheh]by Z Zfbylb fm bf ~hrlZ [hrz~*
DZeb”\h ZdbkehlZzb ohezZg Ibhoehjlb”?jbg ojhfzZlh]jZnbyb ]Zab fh_c]f
ijhihgeb™abfbdjh[6 j_Zdkbyb hcb\Zadmgb gmde_hnbe6 khol ki_dljhkdhiby]

KBGL?A OHE:GH<HC DBKEHLU K LBHOEHJ=B>JBGHF B BAMQ?GB?
:GLB;:DL?JB:EVGUO K<HCKL«<

< ~Zgghc jzZ[hl_ [ue ijh\_~_g kbgl_a ijhbalh"guo ohebgh\hc dbkeh

Ibhoehj]b”rjbgh\ Lbhoehj]b”jbgu bkihevah\Zebkv \ dZq_kI\_ Zdlb\guo j_Z] ¢

b nmgdpbhgZevguo Jjmii h[ez"Zxsbo Zdlb\ghklvx glh ifiharl ghoihkh]
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Zglb[zdl_jbzZzevghc zZdlb\ghklb ihemqgzZ_fuo kh_~bg_gbc J_Zdpbb kbgl_aZzZ i
mkeh\byo Z \uoh” b gbklhlZ ijh*mdlh\ hp_gb\Zebkv khhiI\_lklI\mxsbfb ojhfz
KIjmdIimjzZz b khklZ\ kbgl_abjh\Zgguo ltkkebd hdbgu [bebih I\_j"~ _gu k ihf
bgnjzdjZzkghc ki_dljhkdhibb BD b y~_jghlh fZ]bbRgWFE j_Khgdpkikzdhibg_kdt
j_amevlZlu ihdZaZeb ihegh_ khhI\_IklI\b_ ij_"~eh _gghc kljmdIimju wdki_jl
k\b”_ |1 _evkl\m_I h[ kibkikbgh_aZy hij_~_e_gby ijZzdlbg_kdhc agzZqgbfhklb
Zglb[Zdl_jbzZevgZy Zdlb\ghklv ihemqg_gguo kh_~bg_gbc \ highr_gbb |
liZfhljbpZl _evguo [Zdl_jbZevguo rlZffh\ ljh\_~ ggu_ bkke_"h\Zgby ih
ijhbal\h~gahebgh\hc dbkehlu hdZaulzZxl agZgbl_evgh_ bg]b[bjmxs__ ~ ckl\b
glh ~_ezZ_| bo i_jki_dlb\gufb dzg”"b”zZlzZfb ~ey jZajZ[hldb gh\uo Zglb[Zdl_jt
h[jZzahf ihemqg_ggu_ j_amevliZlu mdZau\lZxl gZ lhm\hfuabghed gdhhhwco digkbh
Ibhoehj]b”rjbgzfb y\ey Iky i_jki_dlb\guf gzZijz\e_gb_f b ~“Zevg_cr__ bamqg_g
b f_ozZgbafz ~_ckl\by fh™_| bf_Iv [hevrh_ agZg_gb_ "ey jZa\blby f_~bpbgkdh

Dexq_\u_ kehWebgh\Ziellltz Ibhoehjlb”jbg “b~dhklgZy ojhfZlh]jZnhby
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