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ninbnuyht thwly Juwudwoptlinhg htiynn Yhpwnynn Shghlywlwt Yyepwlwbqbnnuwlwi
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pwunipniuutiph Yhpwndwdp) dwpnnt $hghlwlwu b dwnwynp gnpdwnnyutiph
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Jwénu £ hwlwnwynpnht, ogunwgnpdbing nunpbipu nu danpbipp’ dJwpqualp
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glfup hwwnywdnud (3,6%) [7,8]:
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ntubu Juwudwdpubiph wdbuwgwsép dwywpnwyp' wdbphYwu, GYypnwwlw,
Ywuwnwgh, wunpwiwgh, pppurnwuwgh W enipp dwpghlubph hwdbdwn
[13]: Swpptpnieyntup Ywpnn £ wwjdwuwnpwd |hubp bwb dwpqulwu
thnpéh dwywpnwyny, Jwpwbwnyejwu wuwnhbwuny, $hghlwlwiu wwwn-
puwuwnywdniejwl, wuyunwugnypjwu Ywunuubph wwhwwudwtu huswbu twl
dwpghbutiph pwpdpwlywng (hubiny:

Uju hinwgnunipjwt uwwwnwlu ' nunwuwuppb (Gwy-2h Jupdnieyniuubph

hwdwhph wgnbgniejniup upniupybiquihu hnnh $niuyghnuw| wulwjunieiniu
niutignn pwbipywunnhuwn dwpghyh nhuwdhy hwjwuwpwyznnipjwu W unnpphu

ytiponyputiph Yhubdwnhlwlywu wwpwdbnpbph ypw:
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dhghnptipwwhw: Ybpwlwugunnulwu pnidnidp yhpwhwwnnyeiniuhg htinn
pupwgt t Gpbp thnyny: Unwoht thnyp hhjwunwungwihu opowtt £, npp hpw-
Ywuwgybi £ yhpwhwwnniejniuhg wudhowwbu htiwnn, dhusl hhjwunh yhdwyh
Ywyntuwgnwdp: Wu 2powuntd hpwlwuwgyb) Gu unnphu ybponyph dywuubph
hgndtiwphYy jwpnid, wqwwn hnnbph hwdwp ywupy bW wlwnhy Jupdnyeniuutn,
wpnwpbingbwwhy fupwudwu Jdbpnnubp: Gpypnpn' htwnhhwunwungw)hu
opowunwd $hghywlwu ybipwwugudwu hhduwywu bwywwmwu k inb| upniup-
ytqujhu hnnnud gwpdnudubiph yGpwlwuqunwdp b hnnh Yuyniunigjuu pw-
pGlwyndp: Uyu thnynud dwpghyp hwéwfub) £ ybpwlwuqunnuwu Yaunpnu,
nphg htivnn dwpquywu YyGpwywugudwu hwdwp wpnbu hwéwfub) £ wynidp:

Jdbpwlwuqunnuywu YEunpnunw 8 swpwpeyw dhowdwninijwu dpwaghpp
ubpwnb £ hpduwlywunud wtndGunphy Jupdniggniuubp, swpwpwlwu 2 wugwd'
1 dwd nunnnipjwdp: MiGndGinphYy ywndnieginiuubiph dpwaghpp pwnyugwsd &
tinb| gwwnybiphg' unbiwyny Ywd wnwug npw, dbYy Ywd gnyg ninpny guwwnltiphg:
Wu Jwpdnieiniup Yuwwpyby £ 3 dninbigdwdp, 8 Ypluniejwdp: Mpnwphngbiw-
wnhy qqujuniejut dadwgdwt twywwnwyny dwpghyh wwnlwsd nhppnid, wnwug
nbunnwywu Ytpwhuydwu, Ywwnwpybi b upniupybquihu hnnh wwuhy dwjdwu
nhpeh YpYuniyewdp Jupdnigyniuubip: Upmyniupubipp gpwugyb) bu 2 wuqud'
Uwfupwu hwwnnwy yupdnyeniuutiph Ywwwpnudp b 8 gwpwe hwwnty dpwapny
dwpqybiinig htwnn:

Gppnpn’ dwpquiwu thnynud hhduwlwu tywwnwlyu £ Jepwlwugul) dwp-
ghyh dwpdup Yujniunyenit wwhwwubine niuwynieiniup, husp swithwquiug
Ywpunp £ pwblywunnnt hwpjwdubin hwugubint (hwéwfu dtYy nwnpny) L
wwonwwuybint hwdwn: (w-2h hwdwlwpghg ybpgywd Jwpdnipniuubiph
hwdwihpp Jwpghlp Ywwwpby  pupunipnyu, htuswbu uwle pulybpng hbwn'
uwwphugh ulgpniupny:

Uwngnuiwjht dpwghpp hpwlwtwgyty £ hup wpwedw pupwgpnid” bp-
Ynwwpph, snptippwpreh W nippwe optipht: 3nipwpwuynip Jwndniyentu pwn-
Ywgws k bipbip dwuhg' bwiuwywpdwup, hhduwlwu dwpgnud b Ggpwidhwyhs
nbjwpuwghw: Unwoht swpwpep twjiuwwwwnpwunwlwu £ uywnwywninnjwd
Yypwlywugqunnulwu dwpqiwu punhwunip ulygpniuph b pnjwunwyniyejw
(e dbenn U hhug pw))) jntpugdwup: Uw Gpuwfuwynpnud £, np bwfutwwu
ptiunwynpnuwihg htivin dwpghlyubpp Yywpnnwuwu nppwwbnb) pninp 2wp-
dnwdubiphu W hupuntpnyt Yuwwpb] Jupdnigintuubph wdpnnowwu hwdwihpp:
Lbinwagw 2-hg 8-pn qwpwpubtiph pupwgpnwd wuglwgyb £ pntt dwpgnidwjhu
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Ywjp gpuljup:
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13. Hu (YGUnpnuwywu hwjwuwpwyznnipinitu) unwph) wuguwd:

(Gwy-2h Jwpdnyeniuubiph hhduwlwu dpwghpp Ywpbih £ Yuqdb] Yhpw-
ntiiny ybipp upqwéd qwpdndubiph tnwpptip hwdwnpniegyniutbin:

Uwpghyh hwyjwuwpwyonnigjwu quwhwwnp hpwywuwgytp £ UUL
BTS puytipnyejwu BTracks hwywuwpwyonnigjwt guwhwwndw EjGjunpnuwjhu
hwppwyny: Wu hwppwyp Yhpwndwu hwdwp hwunwndwsd b Udbphlywu
Food and Drug Agency gnpdwlwinigjwt Ynndhg L wwppbp Yihuhluywu
htGwnwgnunyenibutipnid wugh] £ Jwybpwywunygjwu W hnwwjhniyjwu
quwhwuwnnid:

Wu hwdwlwnpgp dbp Ynndhg punpyb) £ dhnnduwynp, pwuh np wju
huwpwynpnieniu £ wwjhu quwhwnbp dwpduh  hwwuwpwYrnnyeniup
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pupwgpnd hwéwfu wugund Gu dJbGYy nwnphg Ujnwhu U upwug hwdwp
wuhpwdtionn b wwhwwub] dwpduh hwjwuwpwyonnieiniup twppbp nhp-
ptipnud* dbYy nwnph, Gpynt nnpbiph ypw huswbu ubwbe Jwpdup phpwd nhppnid:

BTS hwdwlwpgp Uwfu gnyg £ nmwhu dwpduh Yonh pwotujwénipyniup
GpYynt ninpbipp’ nunnuwpwebph Yypw' huswbu we U dwfu, wjuwbu k| wnweohbtnpu
ninnnijwdp: <wpprwyh wwpptp hwndwdubiph ypw dudwt pwofujwdnip)niup
gnyg Lt wnpynd hwdwwwwmwufuwu wnnynuutipnd: Uu pywihu wndbtipubiph
dhongny htwpwynp £ dwpbdwunhlwywu Ywutunpnadwtu dhongny quwhwunt
dwpdup dwupnypjwu YGunpnup:
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E pwg wgplipny tpynt nnpny hwppwyht Ywuquws nhppnwt: Gpypnpn
phuwnp qpuitigynud £ wsptipp thwy huy Gppnpnp wspbinp pwg” hwpewyh Ypw
npywsd uwniugh 2Gpwnh Jpw Ywuquws, huy snppnpn pbunp’ wspbipp thwly
uyntugqwihtu dwytiptup ypw: Wu snpu wmwppbip ptiuntipn quwhwwnynid k,
et huswbu tu wpnwphngbiwghwu, wbunnnyeiniup bW hwjwuwpwyrnnipjuu
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Uwpduh Yuynitinypyut uwhdwutbph pluwnp quwhwwnnid £ $niuyghntwg
htuwpwuwjhu dwybpbup: Wu pbunh gpwugdwt dwdwuwly hGunwagnuynnp
Ywuqunw £ BTS hwppwyh YGunpnunwd b hGppwlwunigjwdp Yuwnwpnd
dwpduh pbpnwiutip wnwye, htw, we W dwfu ninnnieniuttpny: Syjwiubpp
ghwugynw Gu punhwuniyp hydwtu dwybpbup hwdwp, wwyw twb wnglh,
htitnhu, we U dwfu pwnnpnutiph hwdwn:

Lhwn 3. Uwpdup Guynitnyggwt uwhdwbtibph qiwhwgpnd

Visual Overview Overall Result Quadrant Results

p l L 29 | [ 29 |
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@
i
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£
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rl.'fi 3 1 8 Froes Lef Area om*2) Front Right &rea jom*2)
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‘!—‘ Total Area (on'2) 62 | 52 |
C‘I: Back Lo Arva (cm*Z) Back Rightt Area {cmA2y

Mwpwungwiht dwpnmwhpwybpubph pbunp quwhwwnd £ dwpdup
Yuwyntunipyniup, gintfup wwnpptp nhpptipnd ywhbine dwdwuwy: Unynpwpwp
Yhpwnynw G wmwu wnwppbip nhpptip, npnug wpryniupubipp hwdwdwwnynwd
Gu qifup stgnp nhppnd quwhwwnwé wpdtpubtiph htw:

Ulwp 4. Mwpwinguyhti dwpnippwhpwdbpubph pbupp

40
‘E‘35
£ 30

Uwpduh Yujniunyeyniup ywpwungwjhtu dwpunwhpwybpubph nbwpnwd
guwhwwnynw £ dwpdup dwupnyejwu YGunpnuh hphdwu ypw, husp huwnwy
Gpunid £ uwp 5-nud:
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Ulwp 5 Uwnpdup swhpnipywl GGtwpnpnup thnipnfunieiniaipp wwpwbnguwht
«dwpypwhpwbputiny pbuph wpnyniipnid

Cenacal al jLC | J R Cenncal § L Censca
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nwwnwudwu swihp: GGunp Ypyudnw £ Bpyne wuqud jnipupwitgnip nuinph
hwdwn, wjunthtinnl hwoyupyynwd £ wjuwbu Ynsywd «updbitnphwih huntipup»:
Uudp hwdwpynud £ unpdwjh uwhdwuubipnud, Gl wwpptip ninptiph ypw Ywuquwsd
nhppnud gpwugywd wpryntupubipp tnwpptbnynwd Gu ng wyb) pwu 15%-ny:

Llwp 6. Uty nynpp Ypw Guibiqwd pbupph quwhwpnid
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Uwpdup dwupnipjuu Yeuwnpnup gunudnd £ Yuwwnyn fhwup ubpund’
Gnpynt wnwugpubiph hwwndwu YEnnwd:

Upnyniupubpp b npwug putwpyniudp

Upfuwwnwupnid Yhpwnywd dwpgnudwjhu dpwghpp wdpnnontejwdp hhdu-
wd k (Fwy-2h hwdwlwngh Jwpdnipniututiph Yhpwndwt Yypw, husp bywuwnnid
£ upnwpybiquiht hnnh Juwuyqwdéphg htwunn Yhpwnynn ybGpwywugunnuiwu
opwagph n opowund (hwéwhu wujwund Gu twlb dwpqulwu opowt)
unpdwjh hwugut] pwtyjwunnhun dwpghyh hwyjwuwpwyonnieiniup, upw
uinnphu ybponyputiph Yhubidwwnhy nyjwiutph pwpbjwydwt, wjuhuptu twl
nwpwdwdwdwuwwihtu wwpwdbwpbph pwpbuydwu dhongny:

hup swpwp nlwd dwpgnidwihtu dpwagnphg htinn pwpbjwyyb) Gu gptieb
pninp gpwugywd gnigwuhoubipp: Snigwuhoubipny tnpwd pninp wnnuwlubpp
ytipgwd tu BTS hwdwlwpgswihtu dpwgphg:

Ulwpn 8. owupnipywt YGtipppnup puwppudwdnipnit

L/R F/B COPx | COPy MNOTE

1/8/2024 3:20:10 PM 46/54 | 6337 30 4.5 Wk 1 Follow-up

3212024 4:24:24 PM 45/556 | 6337 22 4.5 Wk 4 Follow-up
41172024 22711 PM 48152 | 61/39 1.1 35 Wk 8 Follow-up
41282024 3:37:54 PM 49051 | 58142 0.4 25 Wk 12 Follow-up
5/2/2024 34118 PM S50/50 | 56044 0.0 1.8 Wi 16 Follow-up

Uhwpn 9. Rquyulwt htupbgpughw
V82024 15:20 23 | 14 [39 [ 7 [44 |11 78 [28 | 184 | 12 Wk 1 Follow-up

J22024 16:24 20 |26 |36 |10|40 |15 |70 |41 | 166 | 22 Wk 4 Follow-up
41172024 1427 18 |36 |33 (15|34 |20 [ 6D |62 | 145 | 37 Wk 8 Follow-up
472802024 1537 19 |3 |28 [0 |45 |7] 132 |5 Wk 12 Follow-up
S22024 15:41 19 |31 | 23 (5225 |61 (52 |76 | 119 |66 W 16 Follow-up

Ulwpn 10. Uwpdup Guynianygywt uwhdwbtiGn
AT [ =T T TOTAL

1782024 3:20:10 PM 24 45 20 22 i1 Wk 1 Follow-up

J2024 4:2424 PW 55 25 27 48 155 Wi 4 Follow-up
SF2024 3:41:18 PM a1 35 a0 84 230 Wk 16 Follow-up

Ulhwn 11. Mwpwinguyht Uwpypwhpwybpltn

DATE CF | CE RCRLCR RCT LCT RAC LAC RPC LPC

21172024 347:02 PM 16 | 15 ) 13 | 14 | 15[ 30 (13|23 [13 |13 |13 Initial Visa
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16

Post 4 week intervention

21172024 3:47:02 PM

Ulwp 12. UGY nypph

LA

Ypw qubiqwsd dwpdtup uynibnyeywt guwhwippnid

Initial Visit

1/82024 3:20.10 PM

75 | -32

RIGHT

Wk 1 Follow-up

322024 4:24:24 PM 44 | 61 |40 |53 | -13 [ 28 | NO |RIGHT Wk 4 Follow-up
5/2/2024 3:41:18 PM 44 | 42 | 40 |43 | -3 T | YES Wk 16 Follow-up

Ulwpn 13. Ypwbhuipp unpnygwt pbunh bwpbiwlwi b hbpndwpgnidught

TRIAL NAME

Pl

quwhwpdw

U wpryniiptiinp

1. Upright Standing B [ 03 0.5 !

2. Quarter Squat 5 120 03 13 1.1 0.5
3. Hall Squat 5 15.0 0.9 15 07 0.7
4. Full Squal 5 19.0 0.2 18 1.5 0.9

TRIAL NAME o}

UR

ANG

VEL-max | VEL

RM-AP

1. Upright Standing 5 -10 8.0 01 0.2 0.5 231 0.0
2 Quarter Squat H -16 7.7 23 6 0.2 02 03 0.5 441 0.0
3 Half Squal [ -7 17 L 108.7 0.1 02 0.2 08 0.0 340
4, Full Squat 5 4 1249 7 1209 04 0.2 03 1.0 191 00
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Gqpwlwgniyeyniti

Ugfuwwnwupnud (Gwj-2h dwpgnudwhtu dpwahpp Yhpwnyb) § upniupybiquihu
hnnh Juwuywdp niubgnn pwblwunnhunp Shghlwlwu nbwphihnwghwip
Gppnpn dwpquywu thnynud, npwbu dwpghyh dwpduh hwywuwpwypnnieginiup
Jipwywuqubnt dhong' hwpdwpbgubin  Gwp-2h  hwdwlwpgh Jwpdni-
pintuutipp pwbtyjwunnnw Yhpwnynn 2wpdnudubiph YGuuwdbuwuhyuwywu
wnwuduwhwwynypyniuutippu: Uwpghyh ybpwlywugundp wyu thnynd ik
E hup gwpwpe, nph pupwgpnud Yhpwnyb £ (Gwj-2h nie gupdnid b hhtug puy)
uyqpntupp, hush wpryniupnud pwpbjwyyb) £ BTS ElGYunpnuwihu hwppwyny
quwhwwynn  hwjwuwpwlonnieju  pninp gnigwupoubpp'  dwupniejwu
pwofujwonipjwl, qqwjulwu hunbgpugdwu, dwpduph  Yuyniungjwu
uwhdwuubiph, wwpwungwjht dwpwnwhpwybpubiph, dwpduph dwupniyejwu
ytuwnpnuh thnthnfunyejwu b dbYy nnph Yypw Ywuquwd pliunh wpdtipubpp:
LbEwnwgnuiniejwu wpnyniupubipp gnyg Gu wnybj, np (Gw-2h Jwndnieniuutiph
punpjwd hwdwlygnwip Ywpnn £ pwpbjuwyb) dwpghyubph hwjwuwpw-
Yonniggniup  Jbpwhuybine niuwynipgniup’ wju nupdubing uwle Yhpwnbih
wnopjw dwpgnidubiph pupwgpntd:

([Gwp-2h Jwpdnigyniubbiph  hwdwihpp Ywpnn £ wprynibwybin - [hub
uwl quugnintinwiht hwy Juwudwdpubiphg htivn Yhpwnynn phghyulywu
ybpwlwuqudwu dpwgpbpnid, npnbn hwwnniy dwu £ Yugdnud hwjwuwpw-
Yonnipjwu Ybpwlwugunwdp:

Q-pwl[wtlm[ajmll
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NMPUMEHEHUWE KOMIUIEKCA YNPAXXHEHWIA TAMA-
4Yu B NMPOLLECCE YNYYLIEHUA BAJIAHCUPOBAHUSA
TENIA TASKBAHO,OMCTOB MOCJE TPABMbl HYMHUX
KOHEYHOCTEIA

lpuropuoc-Ucaak [lemupusaHn, Turpan lNetpocax
Meduncmumym EYA

Llenbto nccnepoBaHuna Obino M3yyeHne BAMAHWA KOMMNeKca ynpamHeHunii Taid-
Yn Ha pMHaMMyeckoe paBHOBECUE M KUHEMATUYECKUE MapameTpbl HUKHUX KO-
HEYHocCTeli TX3KBOHAMCTA C (PYHKLMOHANbHOW HeCTabnnbHOCTBHO MONEHOCTOMHOIO
cycTaBa. Micnonb3oBaHHasa B paboTte nporpamma bbina ucnonb3oBaHa Ha TPeTbem
WIN CMOPTUBHOM 3Tare pU3MYECKO peabunutaLmm TXIKBOHAMCTa C TPaBMOI ro-
NIEHOCTOMHOrO CycTaBa, Kak CPefCcTBO BOCCTaHOB/EHWA HanaHca Tena cropTcMeHa
nyTem agantauuu ynpamHeHuit cuctembl Taii-Hu GruomexaHn4eckum ocobeHHOCTAM
LBVKEHWUIA, MPUMEHAEMbIX B TX3KBOHAO. Peabunutauua cnoprcmeHa Ha 3Tom aTa-
ne Anunacb LeBATb Hefenb, B TeYeHWe KOTopbIX Obin npumeHeH npuHumn Taii
Yu, B pesynbrate yero 6binu ynyyileHbl Bce nokasartenu banaHca, oueHVBaeMble
anekTpoHHoi nnatcpopmoii BTS: pacnpepeneHne Beca, ceHcOpHaa WHTerpauus,
TenocnoxeHne (Npepenbl YCTOWYMBOCTM), U3MEHEHUA MONOMKEHUA LLEN, U3MEHe-
HUe LLeHTpa TAMECTU TeNna M TECTOBble 3HAYEHWA CTOAHUA Ha OfHoli Hore. Pe-
3ynbTaTbl UCCNEf0BaHNIi NOKa3blBatoT, YTO BblbOpaHHasA KOMOMHALMA ynpamKHeHWit
MOMET YNyyLUNTb CMOCOOHOCTb CMOPTCMEHOB KOHTponupoBaTb banaHc. Komnnekc
ynpamHeHuii Taii Yun Take moxeT ObiTb adocheKTBEH B Mporpammax pusnyecKoii
peabunuTaumm, NpUMEHAEMbIX NOCNE 3aKPbITbIX YEPENHO-MO3rOBbIX TPaBM, BaHOM
4acTbHO KOTOPbIX ABNAETCA BOCCTAHOBMIEHME PaBHOBECHA.

Knrouesbie cnosa. Taii Yu, YnpamHeHue, TxakBoHgo, TpaBmbl, BanaHc,
Peabunurauua
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THE APPLICATION OF COMPLEX TAI CHI EXERCISES TO
IMPROVE THE BODY BALANCE OF TAEKWONDO ATHLETES
AFTER LOWER EXTREMITY INJURY

Grigorios-Isaak Demirchyan, Tigran Petrosyan
YHU Medical Institute

This study aimed to investigate the effect of a complex of Tai-Chi exercises on
the dynamic balance and kinematic parameters of the lower limbs of a taekwondo
athlete with functional instability of the ankle joint. The Tai Chi (eight techniques
and five steps) training program used in this study was used in the third phase
of the physical rehabilitation of a taekwondo athlete with an ankle joint injury,
as a method of balance improvement by adapting the exercises of the Tai-Chi
system to the biomechanical features of the movements used in taekwondo. The
lenrth of athlete’s rehabilitation at this stage was nine weeks, during which the
principle of Tai Chi’s eight movements and five steps was applied. As a result, all
balance indicators evaluated by the BTS electronic platform were improved: weight
distribution, sensory integration, body stability limits, neck challenges, the body
center of gravity change, and single leg standing test values. Research results show
that a selected combination of Tai Chi exercises can improve athletes’ ability to
control balance, making it applicable to everyday training as well. The complex of
Tai Chi exercises can also be effective in physical rehabilitation programs used after
blunt cranial injuries, where balance recovery is a special part of the treatment.

Keywords. Tai-Chi, Exercise, Taekwondo, Injuries, Balance, Rehabilitation
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tpwnpp ubbinwlunpgh wwhwwunny, uwluyt wyl ninbygynid £ hplywy waugwbywh
bGnlunyptbnny. Uitpghly nbGwlghwtbp, buunyptiught wyippmgttn, <pwngihliGdply
yhbdwluln b wyb:

Muwnqyby £ bwl, np CFH-Shw 1-h pniddwt bwwpwlng Yhpwnynn huunyptiwght
ppwwhwl wdbtwwpnynibwybpt Fubbnwlwpgh U Shghywlwl wliphynipywi hbp
ublyiplin: & Shyy 2-h dwdwbwly Yhpwnynn' hhwyngipibdhqugtinn nbnwdhongtbpp
pnnunmid &b pwguwuwlwt wqnbgnysnitt Jwpnnt opquthqup Ypw, hwugbghting
yuippbip inbuwlh phahninghwlwt wypngbutiiph piwpwpdwip:

<pdbuwpwnbip. nhwpby, hhwbpqipldpw, nnwdpongtin, Ynndtiwlh bplnyptbn

Lbipwénipyni: Swpwpwjht nhwpbn  (juwpu.' diabetes mellitus), ubip-
qwwnhs hhjwunnieiniuutiph funwp t, npnug wnwowgdwu wywwnbwnp Yww-
qwé £ gyniyngh jnipwgdwt juwuqupdwu hbwn, npu k| hp htpehtu hwpw-
pGpwywunpbt Ywd pwgwpdwy duny Ywiudwsd £ huunyhtu hnpdnuh wupw-
Jwpwpnygjwdp, nph wpryniupnd b wnwowunwd £ hhwbpghyGdhw, wy-
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upupt’ wbnh £ nubund wpwu dbe qyniynquih pwuwynipywu Yuyniu
pwndpwgnw: <hwbpghytdhwih qupgugdwu hhduwywu wwwnbwnubtiphg
E Gupwuwnwdnpuwjhu qtindh jwugbphwuujwu Ynquyubph pbunw pohoubiph
Ynndhg huunthuh wpwnwnpniejwu W/Ywd huunihuh wgnbgniejw fjuwugwpnudu
£, ywd b GpYynwup dhwuptu: <hjwunnyjwup punpng £ ppnupywywu pupwgpp,
huswbu twl Ujnipwhnfuwuwyniejwu pninp wmhwbph fuwugupnuubpp' wé
fuwopwyht, uwhwnwyniguihts, Swpwwiht b gpwwnwyhuft]:

Upryntuwybin pniddwt pwgwlwniejwu nbwpnid gwpwpwjhtu nhwpbunp
Ywpnn £ hwugbgub) pwqdwphy pwpnnyeniuttiph, npnughg Gu YGwnnwghnngp,
gbpoudnpwp gbipwnpyniunye)niu, upnwunpwiht hwdwlwpgh fuwugwnpnwiubnp,
huuntuinp, Gphywdwiht hhjwunnyeniuutipp, uinnphu Ytponyph fungbinp, wnb-
unnniRjwu fuwugupnudutpp b wyu, npnup Ywpnn £ wjwpungbi [Gunw Gipny:

Cwdwdéwju Udbphlywu “YYhwpbwningubph Uunghwghwh' ubpluynidu
punniugwsd £ hhywunnigjwu hbnlyw| Ephninghwywu nwuwywpgdwu dup :

Unwght whwh, Gpypnpn nhyh, qbunwghnt (hnpnipjut nhwpkn)
2wpwipwih nhwpbin [2, 3]: Gphypnpn nhwh nhwpbiuing hhywunutiph pwtwyp
nwpbgunwph wénd £ Uuwbu' 2010 pwlywup ndjwiubpny nhwpbnny
hhJwunutiph phyp Ywqdb £ dnwn 285 dju dwpn, huy wpnbu 2013 pwlwupt’
381 Jju: Ywufuwwbuynd k, np 2030 pwlwupu wyu gnigwuphop YypYuw-
wwnbyh [4]: USh pwpdpwgnudp Yuwdws £ nippwuhqughwih, Yauuwlybpwh
thnthnfudwu b wyuwbiu Ynsgqwsd «Upbdnjwu nd-Western Style» nhbunwjh
hwdwwnwpwd ogunwgnpddwl htiw [6]:

L<-h wdpnn9 puwyshipjwu dbg 2wpwpwihu nhwpbnny gpuwugywd hp-
qwunubipp punhwuniyp phyp Ywaqdb) £ 61732, husp 100000 puwysh hwoyny
Ywaqunw £ 2514.7 hhjwun, 0-14 nnwpGlwuubph fudpnd wju phyp Yuqgdnwd £
268 hhywun: hul wpnbu 2014 pwlywuhu <<-nwd gpwugywd 2wpwpwihu
nhwpbwiny hhywunutiph phdp hwuby Ep 71955-p [7]: Gplypnpn. whwh pw-
pwpuwjhtu nhwpbnh puuntwynieiniup Ywpnn £ wywjdwuwynpywsd hub) uwl
huyptwnpu hnpdnuutipp Ynnwynpnn gbitwihtu dninwghwubiph htwn: Oppuwy,
B-pohoubinh pniulyghwih pulgnup qniquihgdnd £ dh gbuh dnunwghuwgh
htinn, npp Ynnwynpnid £ unwdnpuh wpgbjwynn wnhwbiwuwhnwihtu pulw-
hsuiphu (gastric inhibitory polypeptide receptor) [10]: Uwlpnjwuynrywp
pwnnnieiniubbnu wybih phs Gu Yuwywsd gqihytdhwih wunhéwuh htwn: Uphy-
pnwuynijwp pwpnnieiniutbph pYphtu G ywwnlwund nEnpunwywehw,
ubdpnwwehwu, huy dwypnwuyniywnp pwpnnienibubpt wybih Yuwywsd
Gu wpnhnwuyniywp hhjwunnieginiuutiph nhulyh htwn [2]: Cun npnud, dhwju
hhjwunniejwu wnbwlwu pupwgpp (nthwpbunh wnlinnnigintup tiwup tiwph b
wybip) Ywpnn b hwdwpybip hwdwnpdtip yupnhnjwuyniywp hhywunnieniuutiph
nhuyptu [11]: Hhwpbnp wwnbwn £ nwnund bwb Ynquhnhy fuwugqupnidubph
wnwowgdwup: Wu Ywpnn £ hwugbigub) nintinh nh$niq wuinpndhwjh, hhwn-

19



5L GhSUNMUL <ULEU, hwunnp 11, 2024

Ywdwh whunwhwpdwt quiuwqwu wiunwpwuwlwu Gpunypubph: Ywpnn
E qupqwuw| wjuwhuh thnthnfunyeniuutip, npnup Yihuhynpbu udwuynid Gu
Uightijdbph hhywunniejwup [12]:

Cwpwpwjhu nhwpbnp ywwbwn b hwunhuwund bwl unnphu ybp-
onypubtiph qwugpbuwht b wjuwbu Ynsywd nhwpbinhy nntwpweh wnw-
oswgdwup: Unnphu ytipgnyputinh quugptuwt £ wwwbwn £ nwnunwd uwnn-
nhu ytponyputiph wunwdwhwunwutiph [13]: Cwpwpwjhu nhwpbwnh pwp-
nnieyniuutpny £ wwjdwuwynpywd wyu hhjwunnigjwu htn wunguwgywsd hp-
qwunwgnigjwu U dwhwgnigjut pwnép pytipp: Wuwbiu, <<-nd 2wpwnpwjhu
nhwpbinnd wwjdwuwynpwsd dwhwgnieiniup Yuagdnid £ 4.7%" ghobiiny, uppun-
wunpwihu hhjwunniejniutbpht b swpnpwly unpwgnjugnieiniutbiphu [7]:

U<Y-U wnwudtuwgunud £ owpwpwiht nhwpbinh unnpl ubiplujwgywd
htinlyw| wnbuwyubtipp: Ywplnp £ ugk, np nwuwlwpgnwdubph wdpnnonieyniup
ubpwnynud £ whunnpnadwtu Ywnnigywoéph dbe b owwn hwéwfu oqunid k
pwt{wuwhhh 62gnhwn punipwgnti hhywunh yhtwyp [14]:

B-pophotiinh  dniuyghwip qtiubinpy nbdtlyunubp (MODY-nhwpkiw,
dhwnnpnunphw) nhwpbin, unpwduwihu nhwpbiun)

o hbunyphtih wgnbgnipjwu gbiutitnhy fuwuqupnudubp (huunhu pulwihsh
dnunwghwubip, huunyhuh wgnwuowuh thnfuwugdwt hGunpulwihswihu
nEdEYwnubp L wu)

o GUpwuipwdnpuuyhti  qtindh  Eygnyppu  dwuh  hhjwunnieniuutin
(wwuypbwwnhw, Juwuywdp, ninnigp U wyju)

o Lunnypptunwwphwtbn (Ynihugh hwdwhunwuhy, wypndbquihw, $bin-
ppndwghwnndw, hhwtipphpting U wyju)

o Hanwdhongttipny Ywd pniuwphdhwwubpny  hunnygwd nhw-
ptun (quniynynpunpynpnubip,  phwghnuht dhquidninutip, UhUd-h
hwlwnGupnyhpniuwjhtu pnidnid b wyju)

o hudptilighwtbip, nnnup wnwowgunwd U Gupwuwmwdnpuwjhu gtindh pnp-
pnpnud U B-pohoutinh ntiunpniyghw (plwdhu Ywpdpwiuw, fuhntidhy
wwpowhw, ghwnndtquinyhpniu b wyju)

o hdnit dhotinnnywé nhwpbinh hwguntwy hwunhwnn &dubip («stiff-man»
hwdwfunwuhy, huunyhup puush hwunbiy hwywdwpdhuubp b wyu)

o QGubiphly hwdwpypwbhptlin, npnup Ywpnn Gu nintygyt) nhwpbinny
(“twntup hwdwfunwupy, Ywjudbntph  hwdwlunwuhy, Skpubph
hwdwfunwuhy, Mpwntp-ydhih hwdwhunwuhy b wyu)[15]:

Lbupwghnti pwpwpuyhti nhwpbipp wiunwpwuwywu Yhdwy £, npp
punpnaynud £ hhwbipgihytdhwyny, npu wnwewunwd £ npnawyh hnh Ywuwug
opswuntd U hupunipnytu ybpwlwuguynud £ duunwpbpnieiniuhg htinn:

Cuwn U<Y-h Gbunwghnu nhwpbwnp niubund Bu hbnlyw) Gpbp wnhwtip!

1. Unwohtu wnhwh 2wpwpwiht nhwpbin - wnwowunwd £ dhus hnhnieniup,
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2. BpYypnpn wnhwh 2wpwpwihtu nhwpbin - wnwowuntd £ dhus hnhnye)ntup,

3. &nhubiph 2wpwpwjhu nhwpbn - wju wnbpdhuny Jdhwynpynw Gu
hnhnipjwu pupwgpnd gyntyng-nnipwuwnnijwtu guwulugwsd nhwh
fuwuqunpnudubpp [16]:
Wuwhuny whwp £ Ggpwlwgut), np awpwpwjpt nhwpbiup npwtiu |nipg
wfunwpwuwlywu au pwpdpwgunud £ dwpnlwug punhwunip hhjwunwgnigjwu
U dwhwgniejwu gnigwuhoubipp' nwnuwiny pdoyuunghwiwywu hhduwuunhp:

Unynwuwly 1. Cwpwpuyhti nhwpbiyping hhywbnbbinh

ypuwppbipwlihs whigpnpnanud

Cwpwpuyhti nhwpbip Shy 1 Shy 2
Swpwdywdnip)niup 10-15% 85-90%
Swnhp Ubdwdwuwdp pbjuw- | Ukdwdwuwdp dtdwhwuwlubp

ubip bW wwuwwuhubp

Uwpduh quugywdp

Pwlwpwp Yud gudp

Cnipg 90% niuph wybinpn pw?

Erhninghw B-pohoubinh  wnunnp- | dwnwuqulwu wjuwnpjwiubn
dntu nGuwnpniyghw U Swpwywlwnud

Muwpngbiutiq huunyhuh pwgwpdwy | Puuniyhtwnbghunbuwnnie)niu,
wupwywpwpniniu | B-pohoubiph  utiyptivinp - nhu-

dniuyghw

Zhjwunnipjwu Unip ulhgp, hwéwpu' | Ywunwn' hwdwiu  wfunnpny-

ulhgqpp yGwnnwghnngny ynud £ wwwnwhwywu

huunyhup  pwuwlp [Ywunpny howd <pJwunnigjutu  uygpnud® unp-

wnjwu Uty dwy Ywd , htnwguynud® Yupnn

E houby

Uunpwjht pwpnnt-
pInLuutin

Stpwyonnid Gu dwup
wunpubinh whunwhw-
pnwfubipp

Qtipwlyonnid Gu funpnp wunp-
ubiph whuwnwhwpnwubpp

huunyhup ujwwndwdp
gquwiniunipjniu

Muwhwwudwsd &

howd L

Lwlwdwpdpuubp  p-|Unyw Gu Pwgwlwnid Gu

pohgutinh U htunihtip

uywwndwdp

Pnidnid huunyphunpbpwwhw | Yhbwnw, dIShghlulywu  wyunnp-

ynipyniu, hhwnghytidhquglinn
ntinnpwjp, huunihu

Cwpwpwjhtu nhwpbunh pniddwu dGennubkpp
Cwpwpwjhu nhwpbnph pniddwu hhduwywu uygpniupp Unipwthnfuw-
Uwynipjwt unpdwjwgnidu k, npph Yndwbuuwghwih swihwuhpubpu wgpnt-
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Yngnippwtu b wpwu dbe gpyniyngh dwlwpnwyh unpdwjugndu £ opdw
pupwgpntd: Usfuwopwiht thnfuwtwynipjwu swihwuphoubph unpdwjwgdwu
htiwin dGywnbn (wywund U Gwpwwiht, uyhwnwyniguih b wnweopwihu
thnfuwuwyniejniutpp:

Cwpwpwjhtu nhwpbwnh pnidndp hwdwihp £ W pungpynwd £ dh pwuhp
pwnwnphsutip’

1. ulunwywng,

2. nbnnpwjph punniundd,

3. $hghjwlywu dwupwpbnujwdnip)niu,

4. hhjwunh Ynndunpnonud b huptwhuynd,

5. owpwpwjht nhwpbnh nwgwé pwnpnniginiuubiph Ywufuwpgbinud L

pnidni:
Unjnwuwly 2. Cwpwpuyhti nhwpbipph huynnnipywi GGhuwphdhwlwb
swthwuhzubpp
Snigwiih) ulynnnipyniu
wd | pudwpup | dun

Qyniyngniphw (ddny/))
Lwngwé 4,4-6,1 6,2-7,8 7,8 <
Nunbinig htinn 5,5-8 11,1-14,0 14,0 <
HbAlc (N<6%) 6,5 6,5-7,5 7,5<
HbAT1 (N<7,5%) < 8,0 8,0-9,5 9,5<
Cunhwuntp funiunbph |< 5,2 5,2-6,5 6,5 <
(ddny/)
Sphgjhgbppnutpp pwngwéd  |< 1,7 1,7-2,2 2,2 <
yphtwlynd (ddny/p)
Uwnduh quiutgqwsh huntipup
Snwdwpnhy < 25,0 25,0-27,0 27,0 <
Ywuw)p <24.0 24.0-26.0 26.0<

Cwpwpwjhtu nhwpbwnh huynnnigywu YEuuwphdhwlwu  swihwuhoubipp,
npntp wnwownplyyti Gu huunyptlwiujwi nhwpbinh Gypnwwlwt fudph Ynndhg
1993 e-hu, ubipywjwgywsd Gu wnynuwly 2-nwd: Cwpwpwihtu nhwpbinh huynnni-
pjwu YEuuwphdhwywu swihwuhoubpp, npnup wnwowpyyb) Gu huunyhuluifujuwg

nhwptinh GYypnywlwt fudph Ynndhg 1993 p-hu, ubpluwjwgywsd Gu wnjnuwy
2-nud: wpy k ugbp, np wnwynunjw dwdp 2.00-4.00-p wpywu dkg qpyniynquyjh

dwlwpnwlyp npntip htwpwynpnipynit £ nwhu wwppbpwyhs wunmnpnanid
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wugluwgub| Gptip ypbwlubph dhol, npnug punpny £ wnwynwnjw dwdbkphu
pwpap hhybpgihybdhwu pungwé JhGwynd: Hpwup Gu' wyuwbiu Ynsgws,
«huunyhup ppnupuywu gbpnnquynpdwu» hwdwfunwuhp (Undnohh hwdwfu-
nwuhy), «nuwpwgh Yuwd wplwdwgh» hwdwiuwnwuhop b Yupb wgnbignigjudp
huunihup ny pwjwpwp swihwpwdhup' ubpdn6ddwd pupphphg wnwy, Ywd
Bpywpwunle wgnbgnipjwdp huuniyhuh wupwyjwpwp pwuwyp, npph Yauuwpw-
uwlywu wagnbtignieiniup npulinpynid £ ghotipwihtu dwdbpht:

([FJwnyywd hpwyhdbwyubpnud pnidwlwt dhongunnidubpp wpdwwnwwbiu
wmwppbipynud Gu:

Wuwbu' Undnohh hwdwfuwnwuhoh nbwpnid hwpy £ ujugbigut Gpaynjwu
utipdniéynn huunyhuh pwuwyp:

«Lnuwpwgh Yud wpbwdwgh» hwdwfunwuhoh nbwpnid dhohtu wgnbgnt-
Rjwdp huunyhuh ubipdnidnidp hwplwynp b wbnwihnfubip ghotipwihu dwdbiphu
(pubiinig wnwy ¢.22.00 Ywd 23.00):

Gppnpn nbupnud Yuné wqnbignipjuidp huunyhtp® puephphg wnwy ubip-
dnéynn wupwywpwp pwuwyp Ywd ghotipwjhu dwdbiphu dhohtu wgnbgnipjwu
huunyhuh nnqwt wbwp £ wybjwugut] hwdwwywwnwufuwu swihny:

Uuunwlwpqujhtu pnidnid (nhunnpbtpwwhw)

Uulwfu gwpwpwhts nhwpbinh Eehninghwihg, pupwgphg, Juntdnieiniupg
wpryntuwybin pniddwu wudhowlywu wwydwup hwunhuwunwd $hghninghwlywu
utunwlwngp (nhtGww), npp bwjuwwnbujwsd £ opquuhqup pninp Lubipgtunpy
Sdwiuubpp hnquint hwdwp' Ywjuwsd woluwwnwuph punyehg: Uuunwlwpgh
uywwndwdp punhwunyp ywhwugubipu Gu'

1. dpbipputiph phghninghwlw Yuqd,

2. hgnwinppwywu (35-404Yyw(’ 1y4g pnbwjwlywu quugywsdht) wnwohu
nhwh owpwpwjhtu nhwpbunh nbwpnd bW unipluinphwywu (20-254Ywy’
14g pntiwwlwu quuqusht) Gpypnpn inhwh 2wpwpuwht nhwpbinh
ntwpntd,
opjw pupwgpnid utunh punniunwd 4-5 wuqud,
htowniejwdp jnipugynn wétuwonptiph pwgwnnd,
pwnwupwujnieh, rEHhYUEph pwwpwp pwuwynieiniu,
dnwn 40-50 % pnwiwywu dwadwu dwpwtip: <hduwywu pwnwnphsubiph
hwpwpbpwygnieintup  sh wwppbpdnd - wnnne  dwpnnt  hwdwp
uwhdwudwdhg' 60% wdtuwepbin, 24% Gwpwbin, 16% uwyhwnwynigubip:

o ghAWw

Shghljwlwi Swupwpbnujwdénipiniu

Cwpwpuwjht nhwpbinh nbwpnd $hahlwlwl wofuwwnmwuph swihwynpnuip
uwwuwnnud £ gihyGdhwih, Yennuwihu dwpdhuubiph pwuwyh, htunyhup ujwn-
dwdp wwhwuswnyh ujwqgbigdwup: dhghlwywu wofuwwnmwuph nbwpnid
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gqyntyngh Ywunwp dywututiph Ynndhg ddwund £ dnin 20 wugqwd: Ujuwhund,
Phahjwlywu  Swupwpbnujwdnipniup  twywuwnnd £ wpwt  wywgdwynd
quniyngh dwlwpnwyh Ujwgbgdwup, hugwbu phahlulwl wpdwt pupwgpntd,
wjuwbiu k| npwuhg htwnn:

huuni htwpnidnid (htunihtwpbpwwhw)
I’\Uumlhhwrabnwluhwjh uywwwlyu £
gyntynquih b bwpwbph thnfuwuwyniejwu Ywpgwynpnidp,
- dwpdup unpdw| pwoh ywhwwunwp,
- unpdw], wqwu Yeuuwybpwh wwwhnygnwip,
- owpwpwjht nhwpbnh wunpwhtu U UWwpnwht pwpnnyeniuutipp
ujwquagnyuh hwugub)p:
dbipoht wwphubtipht gGuwjhu hudtubiphwh dbpnnny unwunwd Gu dwpnnt
huunihuh pwpép wpryniuwybn ywinpwuwnniyutip: Utipnnh Enuejniut wju £,
np Ful3-h dniGynihg wugwwnynid £ huunyhtuh dwuht hudnpdwghw wywpniuw-
ynn qbup, npu wjunthbinle ubipnpynwd £ wnhpwjhtu gniwyhyh Yula-h dbg: Ujn
gniyhyp pwqdwunw b upupbiqnud £ dwpnnt huunthu:

Pnidnuip wbkpopwy hhyngihyEdhqugunn dhongubtpny
Wu dhongubipp Yppwnynud Gu 2-pn wmpwy TY-u pnidbint hwdwp W unnpw-
pwdwuynwd tu hbwnlyw| fudptipp’
Fhagniwuhnutp,
huypbuinhuubn,
b nghuubp® sglt-2 huhpphunnpubp,
Unydwuh| dhquuynieh wdwugjwiutip,
Shupnubp,
huunyhuh wgnbgnipjwu wnnbughwwnpubp' gihrnwgnuubpp, phwanih-
nhunpnuttipp (ukluhpwqtinutin)
7. Upw-glhynghnwquih huhhphuinpubp b wjju:

ok wnN =

Lhwnwqgnnnipjut tyniep b dkpnnubkpp

LEnwgnunwwu wofuwwmwuph twywwwyhg Gubing dep wnol npdwd
fuunhputipp hpwlwuwgnt) Gup wuybnwynpdwu dEpnnh oqunipjwdp: Uju
dbennp’ huwpwynipiniu £ wiwihu, wdpnnowwbu qunwidwp Yuqdb) hbunw-
qnuynn opjtiywnh Ywd unipjlnh dwuht:

Lbnwgnunignwiuubipp ppwywugyt) Gu << Upwpwwnh dwpgh Uwupu
pwnuwph wnihyhuhyuwnd b Spbwuh Unipwgwuh dwujulywu hwdwuw-
pwuwywu YhuhYuynwd

Uuybwmwynpnudp

Cunniujwsd Gu wuybnwynpdwu hbnlyw subpp’
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- wuduwjhu (hGwmwgnunnh b hGnwgnuynnh wudhowlwu 2thdwdp),

- dhounpnwynpywd (wuybunwubipp pwdwuynwd Gu, huly hwpgynnubipp
wwwnwufuwunw Gu hpbug hwpdwp dwdwuwly),

- wuhwwnwlwu,

- fudpuht,

- hwdwunwpws,

- puwnpnnupwp:

Uuybnwynpdwu dwdwuwy Yupunp Gu hwpgwowph dowynudp b unnwgywsd
wwwwufuwuubiph ybpnwnieiniup: Ubennh wpryniuwybunngeyniup wiujws
hwpgtiph pnquunwynteiniuhg b pungpydwt wunhbwuhg. hwpgbpp wtwp
lhubu wwipg, npnawlh, huinwy, htwnwppphp, qpudhy, ng Gplptunpwupwht,
hwpgynnh db9 ywwnwufuwubnt gwuynipintt wnwowgubu:

Uhuwthwly hwpgbpny wulybivmwynid, h wnwppbpnigniu hwy hwpgbipny
wuybwnwh, pwgh wnwowpyywsd wwwnwuluwuubph wnwppbpwyubphg, Yw
lu [pwgnighs winn, npwnbin hwpgynnp Ywpnn £ wpunwhwynb hp wuduwywu
Ywnpdhpp: tw Yhpwnynwd £ wju nbwptipnud, Gpp hGinwgnuinnp Juinwh sk, np
hwpgynnhtu pwywpwpnud Gu htwpwynp wypunpwupwiht wwnwufuwuubpp:

Ewlwu bpwuwyniejntu niuh wulybunwih bwhutwlwu thnpdwpuunie)niup:
Muwuwwufuwuubiph wpwwpht  hwnwuhgubpp' wypunpwupwhtu  punypep,
«sghinbid», «ndwpwund Gd ywwwuluwubp b uWdwuwwhy hwyhptd ww-
wmwufuwutbph 6§ phyp Yyywynwd Gu, np hwpgbpp hunwy duwybpwyywsd
sk, hwpgywdubipp |hnyht s6U ghnwlygnud hwpgbiph upwuwynieyntup b hbinw-
gnunnnh hwdwp 6hon ywwnwufuwuh Ywpunpniejniup:

Uuybunwynpdwt wnwybinieyniup upw dwwnskjhnipiniut £, uwwju wnlyw
E bwl unipjiyunpy yGpwpbpdniupp: <Gunwgnunnnu wuytinwynpnudp Yhpwnnd
E wju dwdwuwy, tpp wuhpwdbonniginitu Yw pwgwhwjnt) hpbu wudwunp
dadwpwuwl dwpnywug Ywnsdhpp: Uuybnwynpdwt dhon Yhpwndwu nbupnid
Ywpbp £ unwuw] opjlnhy b wpdwuwhwywwn nbntwwnyniyeniu:[17][18].

Lhwnwqnnipyniuuph wpnyniupubpp b npwug puuwpynwdp

Lhwnwgnunnipynibubipp hpwwuwgyb Gu

50-tpbuwlin' dhtisl 18 ywupbljwl whybpuyhti pwpippbpny:

150 hngh- 20 ypwpblwthg pwnpdn dptst 70 pwpbywt wbdwbg walybpught
puwpipbpny:

Cuwn dbp hGunwgnunnigjwu nyjwiubiph dhush 18 wmwpbywu Gpbluwubpp
niubigh| Gu hhduwlwunw Shw 1 Cwpwpwiht nhwptin W pnidnwdu hpwlw-
uwgyty £ huunypuny' wwpwnwnhp vuunwlwpgh ywhwwundny:

Ywluws tpbluwh dnn wnluw TY-h gnigwuhohg hhduwlwund tywuwyt) BU'

o Ywpbwunl wanbignypjwdp-dwpnywihu huunyhuubp (wgnnd Gu 15-30
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pnwb wug, munnniejniup’ 5-8 dwd)- Uywnpwwhn, blGwhu-nbgniywp,
<nudnihu-nbigntyjwn:

o Ugndwu dhoht wnlnnnypjwdp huuniyhuubip- Jwpnyuwipu huunypuubp
/wgnnd Gu 1.5-3 dwd wug, wunnniejnitup 12-16 dwd/ - Ununwnwpn,
huunywuwnwpn, <nwinyhu-NPH:

o Ugndwu dhoht nlinnnigjwdp b Gplupwnl wgnbigniejwdp huunyhuubp
huunyhuh wuwnqubip /wgnnud Gu 2-2,5 dwd wug, wlnnnyejniup' 17-24
dwd/ Huwnpghu, Hwnbdhp

buunihup Ynnduwyh wqnbgnipymiuutpp’

“Hhwywu quwhwnbiiny huunyhuh wnwybnyeyniuutipp, wbwp £ usk), np

wju nwwh dph 2wpp Ynnuiuwyh wanbignipiniuutip, npnughg Gu.

1. Uiipghly nbwlghwubpp

2. bhbunyptiughti  wyippmgtibpp:  Ujnnigubipp  unynpwpwnp  wugund  Gu
hupuwpbpwpwp b hwwnnwy pnidnud s6U wwhwugnid:

3. <hwnqipltdply Yyhdwltubn: huunyphup swhwpwuwyh ng G6hon hwowpy-
dwt /gqtipnnquynpdwi/, wtuwentiph wupwywpwp pwuwyh punniudwu
nbwpnud wudhowwbu ubipwpynwhg htinn Ywd 2-3 dwd wug wpjwu
dto Yuwpnwy ujwgnud £ gqynyngh dwwpnwyp b wnwowunwd £ dwup
Jh6uwl, punhnuy Uhtsl hhungihUtdhl Ynduw:

Lhwnwagnunwlwu ybpndnipniuhg wwpgynud £, np dhusl 18 wn Gpbuwubiph

70%-p pnidynid £ huunyhuny, huy 30%-p utunwywpgh ywhwwudwdp:

Pniddwl dwdwuwly wuwhwnhy hGunwgnunieniuutpp gnyg Gu wndb| dh

ownp pwpnnyentuutip, npnug pYwjhtu tnjuiubpp ppdwsd Gu (uy.1-nwd)

Uy 1
Puunyhuh Ynnuuwyh
waqnbgnientllubpp

= UEnghYy nEwlghwlbn = RLunghUwghl wprnnuglEn
Apwngihlybuhly Uhwibbn = Nihly sh wpuwhwgugsg

1%

10%

20 wmwnpblwuhg pwpép dhusk 70 mwpblwu wudwug dnin hhduwlwunwd
wlunnpnawywd £ bnb| Shwy 2 Grn:
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Lhwnwgnunieiniup hpwywuwgyb| £ u 75 hngh innwdwpnywug b 75 hngh
Ywuwug hwunwpenpwhu wnyjwiutph ypw (LY.2-nwd):

uy.2
Uuybunwynpnud wlgwd wlahe

B Sruwwpnn 7Shwgh
(Snugwlihzubnpp
wiE(h pupdn Bl)

Cun ppwywuwgywsd hbnwgnunieniuubph ybpp upywd fudph wudhp
pdoyh gnignuiny ogunwgnnpdt Bu hbwnlyw) ntinwdhongubipp’
1. Unybwupdhquiuyneh wdwugjwiubn'
o Shywghn ("“Hhwpbinnu 60dq, Fhwdhypnu, Mptinhw)
SFyniptiunpd ($hlyhnnu)
Hhubuhptnhu (Udwphyl-4dg)
. Phgnuwupnhuubph fudph wwwpwuwnnyubp'
Shdnpdpu (Fntyndwd, Ubkrdnpdhu, Ubpdnquiddw)
thdnpdhu-nGunwnn
Ubpdnpdpu-ntunwpn
. Mbpopw| hhwynglhyEdhqugunn nnwdhongutinh htiw gniqwhbn, pdoyp
gnignwiny Shw 2-G+pnidtijnt uywwwyny Yhpwnyt £ uwl huunih:
Lhwnwgnunigjwup Jwutwlgwsd wudwug' pyny 100 hngh pnidyb) Gu'
1. “thwpbwnnu 60dg-opp Uty wugqud
2. Ubipbnpdhu 500dg- opp tipynt wugwd
3. Utunwywpgh Ywpgwynpnid, uwlwju upwug dnwnn gpwugybi £ dh pwpp
Yynnduwyh whunmwpwuwywu tplnyutin (Uy.3)

U3

W e o o N e o

1-bL lunudp- 100 wlia

B0

[T
A0
0%
o | — R

Ljwpnh Unnwidngu-

wnhgwhl UiEnghly Mghly sh

Ul

"_?;E:uga'::':m PInllyghwyh npulLnpncdutEn wipunwihwjndB|
huwlquipnudun

= Seriesi 70% 18% % 5%
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2-pn fudph 35 wud pnidyty GU'

1. Ubednpdhu 1000dg- opp dbly wuqwd, Utipdnpdhu 850ug- opp dby
wugwd

2. buunypht Gpywpwnle wgnbignipjwdp GpGynwu dwdp 22:00-hu opp
JbYy wugqud

3. Uuunwywnpgh Ywpgwynpnid

Wuwnbin unyuwbiu bywwnynwd tu pwqdwehy Ynnduwyh wanbignipniuutp,

punwdbup 27 wnnynuph dnn wiunwpwuwlwu Gplnyubp s6u uywwnyb) (uy.4):

uly.4
2-pn tunwdp - 35 wla
. a—
L . i
gl e — o
Lwpnh  Unnwdngu- Lwipnnuwg Oghlg sh
Prblghwy wahpwyhls  hong wnuwh)
h Pnliyghuy k|

fuwliguinn h
wl huwiliguu. ...

Seriesl 45% 25% 3% 2T%

3-pn fudphg 15 wudwug yweninghwywu Gpunypubpp (uy.5):
uy.5

3-npn lunwdp -15 wla

333&!

Lwpnh | Unwdng | Sbunnne | WiBpghly  Nghlz sh

Prliygh u=- il nbwlgh  wpuwh
wih wnhpugh | owbqup wbbp wieds)
fuwilig... ... [4I1]
W Seriesd AT% 13% 5% B% 2T

Cwpniuwybiin  hbGwmwgnunyenibubipp wwpqbtighup, np <wjwuwnwuntd
hhduwywunwd wdbuwwnwpwdywsd pniddwt dhongp nw Unybwuhdhquuinieh
wéwugjwiu £ (“Hhwpbwnnu MR 60 dg-p):

28



5LL GhSULUL <ULYEU, hwwnnp 11, 2024

Unyniuwly 3.

Thwpbpnt 60dq

Unnduwlh wqnbgniejniuubpp Lywtwldwu hwywgngnifubpp

Tthwpbinpy - Yewnnwghnng,
wnwghnnqwjht  bwfuwyndw
Yndw

<nhnigjwt pninp dwdybinubpnid
U (wywmwghwih 2nowiuntd
Funnnywiht Jphpwhwwnwywu  vh-

= Unpnn b wnwowgub| <hwynghybdhw

= Juwunw k gwpnp, npp wpunwhwjnynid
E dwpyh U wsptiph nbnuntejwdp

£nn, Ywpdpnyentu, gwuwynpnid .
Upjwu dlwynp wnwppbiph ujwgnid
Uwnwdnpu-wnhpwjht mpwywnnid guy | =

(6t wnwl Gu)
Yo-
W

Upwjuwnung, thufunid  nié YJwd| owdwnpjwu dwdwuwly (nwnw-
thnpywwnyp)ntu pbgut] Jdwdwuwywynpwwbu L
= Uju Gplnypubiph sihubiint bwywwnwyny|  wugub huunyhuh)
ntnwdhongp punniund U nunbnif= Upjwu  hpjwunniyeyniutph L
dwdwuwy: wnpuhynwitipghy ypdwyubipp dw-
dwuwy:
Unydpwtphidhquityniph wowbgiuititnhg Yhpwnynd £ bwl Udwppyl-4dg
(HhdbGwppbinht wannn ynyany
Unjnuwl 4.

Udwphpy1-4dg (Y huwyhptnht)

Unntuwlh wqnbgniejniuubkpp Lwtwlydwu hwlwgnignifubpp
(Gt wnuwl Gu)

v Uwpunnuwlwb hwdwlwpghg | = Cwpwpwihu nhwpbwn 1-hu (hu-

upwnfuwnung, thufunid, npnqwjuh guy,
(NS, ywpnh wnpwuuwdhuwqubph wy-
nhynipjwt pwpdpwgnid, funtiunwg,
ntntwfuw, htwwwpwn (dhuge yupnh
wupwywpwpnyejwl qupgugntd):
Upyntbiwuppbnd hwdwljwpghg' ppnd-
pnghnnuwbuhw, |GYnwbtuhw, tphe-
pnwbuhw, gpwuninghnnwtuhw,
quwhm[nghmnq, wwughwunnwbtiuphw,
hGunjhunpYy wubdhw:

SGunnnipywl opquihg inbunnniejwu
wugnnhy fuwugqunpniy:

Uitnghly nbwlghwttp' pnp, tnugw-
gwu, dwoyh quu; hwqyunbiy - 2usw-
nnuejnlt,  wpwu  Gupdwu  wuynid,
wuwdhjwlwhy ony, witipghly Juulyni-
(hwn, $nuinnqquiniuntginiu:

Wu bplnypubiph sihubint bwywwwyny
nnwdhongp punniund U nunbnt
dwdwuwy:

unyhuhg Yuuyws),

YGwnnwghnng,

wpbyndw,

Yndw,

pgwpnh wupwywpwpnientu,
Gphywdwiht  wupwywpwnpnt-
pintu  (ubpwnw| hGdnnhwihgh

hhyuwunutinp),

hnhnipjniu, Ypdpny Ytpwypned,
udpusl 18 wwpblwu Gpbjuwubp
U nbinwhwuubn,
gbipqquyniunieyniu - qihdtiwhph-

nh,
Unudwthidhquugnieh
wdwugjwiubiph hbwn

wjL
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Fhgniwuhnhuubph fudph nbnwdhongutinhg <wjwuwnwunid hhduwywunwd
wdbtwwnwpwdwdubphg Gu* Fhdnpdhup hhduwlywund Ubpdnpdht wulw-
unuwiny wqnnn Unuap-1,1-nhdtieh| phaniwupn hhnpnpinphn ($thdnpdhtp wwip-
pbp nbnwpuwnpnnubph Ynndhg wnwlw £ twlb hbnlyw; wudwunwubpny’
Utipdnpdhu 500,850,1000dq, Utdnpdpu Hauy 500, 850dg Fjntyndpwd 500,
850, 1000dq,, Uhwdnp 500,1000dqg, Utiinwpbn SR 1000 dg ):

Cwpwpwjhtu nhwpbnph pniddwt hwdwp  hwéwfuwyh Yphpwnynd §
Utipdnpdhu nbnwdhongh 500, 850 L 1000 nnqwubpp, npnup unyuwbiu niubu
hptug Ynnduwyh wqnbtgnieniuutipp bW hwlwgnignwubipp (wnynuwy 5)

Unjniuwl 5.

Utppnpuhtu 500,850,1000uq

Unnduwlh wanbkgnieyniuutipp Lawtwlydwu hwlwgnignfubkpp
(et wnwl ku)
v 10000-hg dtyh dnn Ywpnn L wnw-|< UGpghw
owgub Lwywnnwghnng % Ljwpnwjhtu wupwywpwnniejntu
v 10-hg dbyh dnun wnwowund £ Uw-| < Gpblwdubph  $niuyghwih  dwup
wwdnpu-wnhpwiht  nnt fuwbqw-|  wuinhbwuh fuwugupndubip

pnwfubn’ upwfuwnung ufundd, dinp-| < Lwlunnwghnng Yuwd
(nwniejntu,  npnwjuwpu - guwybip,| Ybwnwghnng
wlunpdwyh pwgwlwinieintu % Opquwuhqguh opwgpyiwu nbwpnid
v 100-hg dtyh dnwnn Ywpnn £ wnwowgub| < Unjw &u  Jupwlwhu Swup
hwdh gqqugnnnipjwu fuwuqupnd hhywunntejniuttip
v Upjwu g Yhwnwdhu B-h dwlwpnwyh |« Cunniunid  Gp  pnidnud unip
hotignid upwwjhu wupwywpwpnipjwu
v 1-hg 10000-h dnun dwwihtu nbwy-| hwdwp
ghwubip, pnp , Gnuowgwu % Oquwagnpénid Gu uté

v Lyupnh $niuyghwih juwugqupnd Jud|  pwuwynyejudp wiynhny;
pnppnpntd
Wu Gpunypubph Ywufubint bywwwyny
nnwdhongp punniund GU nunbint dw-
dwuwl Ywd ninbiinig wudhowwbiu htunn:

Wuwhuny vtp Ynndhg hpwywuwgywsd htitmwgnunieniuubpp eny) Gu tniwhu
Ggpwywgubint np &+ Shy 1-h pniddwt bywwnwyny Yhpwnynn huunihuweb-
pwwhwu wdtbwwpryntuwybinu £ utunwywnpgh b $hghlwywt wynphynyejw
htiwn dblywnbn: T Shy 2-h dwdwuwy Yhpwnynn' hhwynghyadhqugunn nbnw-
dhongutipp ennunu tu hpbiug pwgwuwlwu wgnbtignyeniup dwpnnt opgw-
uhqup Ypw, hwugbgutiny wwpptip whuwyh $hahninghwlwt wpngbutitiph
fuwpwpdwup: <Gunbwpwp jnipwpwusginip GHny hhywun wbinp £ huwpwynphu
swihnd wwwhnyh hp phahlwlws whwhynigniup b wwhwwuh uttunwyuwnagp,
hhwpyt pugwnwwbiu pdoyh gnigndny:
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NIEKAPCTBEHHbIE CPEOCTBA, NPUMEHAEMBIE NMPU
JIEYEHUU CAXAPHOIO IUABETA, U CTATUCTUYECKMIA
AHAJIM3 UX NOBOYHbIX 3bdbEKTOB B MEAULMHCKOIA
MPAKTUKE.

'T.B. lacnapsH, 2X.C. MKpTusH

1. Hay4Ho-mexHonoauyeckuli yeHmp opzaHuyeckol ¢papmayesmudeckoli xumuu HAH PA
2. EpesaHckuli yHusepcumem Alibycak

CaxapHblii gnaber no cBoeil pacnpoCTpaHEHHOCTU cyuTaeTca 3abonesaHuem
BEKa, NopamaroLLLMM NpaKTUYeCKn BCe BO3PaCTHbIE rpymnnbl HaceneHmsa, CTaHOBACh
OfHOIA M3 rMaBHbIX Yrpo3 3[0POBbIO HaceneHua nnaxetsbl. 1o gaHHbIM BecemmpHoii
opraHusauum 3gpasooxpaHenuna (2019 r.), okono 46 MUANNOHOB YENOBEK B MUPE
cTpagatot anabetom, n3 Hux 80% npoxmBalOT B CTpaHax C HU3KUM U CPEAHUM
ypoBHeM un3Hu. [lo nporHosam BcemupHoii opraHusauun 3ppaBooxpaHeHus U
MexpyHapopHoii pnabetnyeckoii depepauumn (IDF), B 2040 r. yncno 6onbHbIX
ovabeTom BO BCeM Mupe coCcTaBUT 642 MunnnoHa. YYnTbiBasA BbILLEN3NOMEHHOE,
M3y4yeHO Hanuune noboYHbIX 3hPEeKTOB Yy MpenapaToB, MNPUMEHAEMbIX MpK
caxapHom puabete. C nomoLubio crneumanbHOro, 3apaHee 3amnaaHUpPOBaHHOIO
OnpocHMKa 6binu BblABNEHbI MO6OYHblE 3PPEKTbl y MaLMEHTOB M OMMUCaHbI
BO BKnagblwe. Llenbto uccnegoBaHusa Obino MNOBbICUTb 6GnarococToaHue U
KayecTBO MM3HM ntogeil ¢ gmabetom M ux cemeil NOCPefcTBOM MOBbILLEHUA
OCBEJOMIEHHOCTM, a TaKXKe MCCnefoBaHUA M aHanusa noboyHbIX 3dhekToB
nekapcTe oT puabeta. ViccnegoBanua nokasanu, 4to getn ao 18 nert otHocaTtca K
punabety 1 TunNa v B OCHOBHOM fe4aTcA MHCYNMHOM U 0bA3aTenbHOl AMEeToN, HO
MMEIOT CBOW HemenatenbHble ABNEHWA: annepruyeckue peakuumn, WHCYIMHOBbIE
OTEKU, TUMOrMKeMUYeckne cocToaHUA. Mbl 0BHapyunu, Y4To MHCYIMHOTepanua,
ncnonb3yemas gna nevenna CJ 1 tuna, Hambonee acpdpeKkTBHA HapAay C AUETON
1 pu3nYecKoii akTMBHOCTBIO. [MNornvKkeMmnyeckme npenaparbl, NpUMeHAeMble Npu
caxapHom pguabete 2 Tuna, OKasbIBalOT HEraTMBHOE BO3[ENCTBME Ha OpraHu3m
yenoBeKa, NPUBOAA K HapyLLEHWUIO pasfuyHbIX PU3NONOrNYECKUX NMPOLECCOB.

Knroyesbie cnosa: gnabet, runeprnukemus, nekapcTea, nobouHble apdekTbl,
cTaTucTuKa.
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MEDICINES USED IN THE TREATMENT OF DIABETES
MELLITUS AND STATISTICAL ANALYSIS OF THEIR SIDE
EFFECTS IN MEDICAL PRACTICE

'H.V. Gasparyan, ?H..S. Mkrtchyan

1. Scientific and Technological Center of Organic Pharmaceutical Chemistry of the NAS RA
2. Yerevan Haybusak University

Due to its high prevalence, diabetes mellitus is considered a disease of the
century, affecting almost all age groups of the population, and becoming one of
the main threats to the health of the world population. According to the World
Health Organization (2019), approximately 46 million people worldwide have
diabetes, of which 80% live in low- and middle-income countries. The World
Health Organization and the International Diabetes Federation (IDF) predict that
there will be 642 million people with diabetes worldwide in 2040. Taking into
account the above mentioned the side effects of drugs used for diabetes mellitus
treatment have been studied.

Using a special, pre-planned questionnaire, side effects in patients were
identified and described from the instruction leaflets. The purpose was to improve
the well-being and quality of life of people with diabetes and their families through
increased awareness and research and analysis of the side effects of diabetes
medications. Studies have shown that children under 18 years of age are classified
as type 1 diabetes and are mainly treated with insulin and a mandatory diet, but have
have reported adverse reactions: allergic reactions, insulin edema, hypoglycemic
conditions. etc. We found that insulin therapy used to treat type 1 diabetes is most
effective when combined with diet and physical activity. Hypoglycemic drugs used
for type 2 diabetes mellitus have a negative effect on the human body, leading to
disruption of various physiological processes.

Keywords: Diabetes, hyperglycemia, medications, side effects, statistics.

33



5L GhSUNMUL <ULEU, hwunnp 11, 2024

DOI: 10.61484/29538181-sj.11.24-3

«ENUrhuh vUSrpNUULLUL U1 5000
uu/dp LNRONR3(3-h LU3NKLNRA3UL
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d. ©wqnyuu, U. Gphgnpjuts
Gplwuh <wypnuwly <wdwuwpwb
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(neényph Yuynitniyeyniip ninh gnwtigdwt gnpdptipuwgnid: Wb Guplunpynid £ tpwibing,
np <wywupwbmd wyu nbnwélp pwiwlny wdkbwpwpn gpuigustbnhg £, htppliw-
puin” ptwlsnypyuwt Yynnuhg wdliiwpuy ogyrugnndynnulbiphg, hushg Glubiny wwpqby
Gup, el nn pnyjuilipt &b Yyuynid nbnh npwlyw) hubynt dwupt:

<hduwpwnbp. hbwwpht, buwpphnidwlwl wn, nGnwhwp, npwy, Yuynianyentt

LEpwdnip)niu

Dentph Yujnwnyejwu nwnwduwuhpnieniup fupun Yuplnp £, pwugh
wju huwpwynpnieyniu £ vwihu hwulwuwint nbinh ywhwwudwu dwdybiwnp,
npu £ hp htippht pny| £ niwihu wwpgb ninh wnwgtwht thwetipwynpdw
owwhdw| pwuwyp b Gnwuwyp, huswbu twl wpnwnpnpjwu Swywubpp'
tutinyg 2nlywih wwhwugwnlhg:

LbpYwjnwu  hwyinuph U <bwwphup wwppbp nbnwalbp, npwup Gu'
ubipwpydwu |nwdnyRULpP, wpwnwpht ogunwagnpddwu gbiltpp U punipubipp [1]:
LGwwnhup, npwbu Ywunt sh hwunhwnid ubpphtu punniudwt ninwaubph ntiu-
pny (nEnwhwwnbp, wwpynibubip, ubppht punniudwt (nényubp W wyju), pwup
np wyu sh ubipddynid, hhduwwunwd dnjynip dGé swihubiph bW wnihwuhnuwjhtu
ihgph wwin6wnny [2]:

Dentph Ywyniunigjwu  nwnuuwuhpnieniup nbinh gpwugdwu  hwdwp
wuhpwdbown twuwwwdwu § nwpab; hwdbdwnwpwp ny, Jwutwynpuwbu'
Gpp 1960-1970-wywu pwlwuutphtu wwppbp Gpypubpnud nbntpp dwupu
ontiupubiph rYh Ywpniy wéhu gniquhtin wnwowgwy npwug ubipnwouwytigdwu
wuhpwdtipniniginiu: LEpYwjnwu hwuwubih Gu Unyu nEnwunyep ywpniuwynn
dh ntinh wwppbip nGnwaubip, npnup dhdjwughg twppbpynw Gu huswbu dh
ownp nGnwpwuwlwu, wjuwbu £ npwyulwu hwnwuhoubipny: Yepohuutiphu
wwwbwnny wuhpwdbonnyeniu Yw nwnwduwuhpbp wiwpptp nbinwaéalbph
Ywyntuntginiup wnwudhu-wnwudhu:

Nwnwiuwuppyb £ «<Gwwphup bwnphnidwywu wn 5000 UWU/dp» [nwdnyeh
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Yuyniunigyniup nbinh gpwugdwu gnpdpupwgnid’ hwodh wnubind, np upqwd
nnwalp <wjwunwund  wdbtwowwnu £ gpwugdwd U ognwgnpdynid
puwysnipjwl Ynnuhg:

Unwgywd wpryntupubipp yywynd Gu wju dwuht, np ninh nyjw) nbinw-
dubpp gpwugdwu dwdwuwly Ywyniuniejwu wpryniuputiph wnpwdwnpdwu
punhwunip ophtwswihnyentuutpp hwdpulunid Gu unp nEnGph Ywyniunyejwu
wpryntupubph npwdwnpdwu optiupubiph L npnyputiph htwn: «LGwwnphup
uwwphnidwlwu wn 5000 UU/dp (nwdnyeh hwdwp nnipu Gu pbpygb| punniubh
swithwuhoubip' Glubing bwfuuwlwu pEuwnp wpyniuphg: Wu nbnwdélh wdbphy-
jwu ninwaghppp wwihu £ punniubh ndjuiubph gwuyu hp uwhdwuwihu wp-
dtiputipny:

Pnpétwlwt dwu

Upfuwwnwuph pupwgpnd npwbu hhdp oguwagnpdyti Gu  hbwnlyw
hnnwiubipp'

o https://www.fda.gov/

o https://www.ema.europa.eu/en

o https://ich.or

o http://pharm.am/index.php/am/

Unp nbnwaltph Yuyntunigjwt nuniduwuhpnigjwt punniubh npnypubipp
ubpywywgywsd Gu [3]-nwd, npp wwhwugnud k, np unp nbinwauh gpwugdwu
hwdwp hwpy £ ogwnybi| unyu npnyputiphg, npnup ubpluwjwgynid Gu unp nbinh
hwuwnwwndwu hwdwp, wyuhupt' unp nbinwalbph Yujniunyejwu wwywhnydwu
wpdwuwgnpnyeniuubipp, uyqpniupnpbt, wtiwp £ hwdwwwwnwuluwubu uygpuw-
Ywu wpwnwnpwuph Yuwjniunigjwi nintignygnud wwpniuwyynn wwhwugubippu:
Wunwwdbuwjuhy, ubplujwgdwt wwhht Yuniunygjwu Ypbwnywsd nyjwiutiph
pwqwu (ophtwy’ wpwgqwugyws 6 wdujw ndjuiubp b Gplwpwdwdybn 6
wdujw nyjwiubp pupwghy nwunwWuwuhpniginiuutiphg) Ywpnn £ punniubp
(hutip npnawyh hhduwynpywdnipjuu nbwptipnid:

Nwnuwuwuppyb b «Spwugdwd nbintiph wnbinGlwwniu», npp ubipyuwjwgunid
E <&-nd gpwiugywd nbintph gwuyp [4]: Wuwnbn wpdwés Gu nbinh ppbunwihu b
obubipnhYy wunuubipp, nbinwdalp, nnquynpnudp, wpwnwnpnn Gpyhpp, wpunwnpnn
puytpnueyniup, gpwugdwu Jwybpwlwungjwu dwdwuwwhwwnydwdp, huswtiu
uwb wyu, RE wprynp ndjw| nbinp wbwp £ quyh dhwju nbinwwnnduny, et ny (OTC):

«Lbwwnhup bwnphnwwywu wn 5000 UU/dp nwdnyph [5, 6]-ntd tnpwd
Ure-L Ynnny, wju £' BO1ABO1, wwngb Gup, np <&-nud gpwugwd Gu dhwju
<bwwphup hbnlyw| nbintpp’

o Heparin-Belmed 5000 UU/d|, 5U|-ng wwwljw wdwniwubp, 5 wdwntjw

1 winupp dbg, wpwnwnpnn' Belmedpreparaty, PGjwnniu,
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o Heparin-Indar 5000 UU/J|, S5d|-ng wwwYyjw wdwnywubip, 5 wdwnyw
1 winuhp dbg, wpnwnpnn' INDAR, NWypwhuw,
Lbwwphu uppwpuntp, 100 UU/q + 40 dg/q + 08 dg/q, wjwuwnhy wywnynié,
wpwwnpnn' Nizhpharm CJSC, MNnwuwuwnwu:

Puppdwl wpryniiptlbph ptnhwbnip wwipnlbpp pnpdws £ aly. 1-nud:

ntinh U ety bl
*"F'iuq!\mu.ﬂqm{luﬂmnnﬂ'._-

LY. 1. [4]-md <bwwphth pwppbn nnwdlbbph thupppdwb wpnyniipbbipp:

L-nud gpwugywd L<bwwphuh bpbip nbinwaubiphg Gpynwh Yuwjniuniejwu
wwjdwuubpp hbnwgnuyb) Bu wju woluwnwupnd' |ndnypubph gpwugdwup
wnwownpynn unwunwnpwutnny [4]:

«lbwwphuh ywwnphnwWwlwu wn 5000 UU/dp [ndnyep ntuh hbunbyw)
wnwuduwhwwniyeyniutbipp [4]°

1. Mwhdwu dwdlybun' 2 nwph,

2. Muwhdwu wwydwuubp' 25 °C-hg ns pwnpdp obpdwuwnhbwu:

Lnyu wpryntupubipp wwhu 6wl [5, 6]-p:

UtujwYwihtu sbpdwunmhbwund wwhynn nbintiph Yuwjniunigjwt wwjdwu-
ubpp wmpdwd Gu [7]-nd, npnug nwunwuwuhpnigjwt wpryniupubpp wpwé Gu
wn. 1-nud:

Un. 1: Ublywhuyhti osbpdwuipphdwinid wwhynn nbinbiph gpwbgbwt dwdwbwly
Yuyntanypywti niunidiwuppnipywt wuwydwbbbpp:

Nwnwfuwuppnigintt | NTwhwwudwy | ndjuiubph Lpwgnighs inbinGynieintu
wwjdwuubpp nwuntfuwup-
pniRjwu tjwqu-
gnyu dwdwuwlyp
Bpywpw-dwdybin® |25°C +2°C/60% |12 wihu Culybpnigyniup hupu £ npn-
<hu £ 5% <hu ond' Gplwpwdwdybin Yuyne-
Yy 30°C + unipjwu  nwunfuwuhpnie)nt-
2°C/65% <hu + up Yuunwpby 25°C+ 2°C/60%-
5% <tu Chu#5%<tu ph 30°C+2°C/65
<hu £ 5% <hu wwydwuubpnud:
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Uhowtlyjuw** 30°C £ 2°C/65% |6 wuhu 30°C + 2°C / 65% <tu + 5%
<hu = 5% <hu <hu-h nbwpnd  dhowuljwy
nwuntdu. sh wwnwpynid:
Upwaqugywd 40°C £ 2°C/75% |6 wuhu -
<hu £ 5% <hu

Grb tplwpwdwdybn nuniduwuhpnigniuubpu ppwlwuwgynd Gu 25°C
+ 2°C/60% <tu + 5% <hu wwjdwuubpnud, b nunwdtwuppnigjwt dwdwuwy
thnpdwpydwu 6 wdhuubtiph pupwgpntd wknh £ niubund nplut Ewlwu thnthn-
funieintt, www dhowuljw) nuniduwuhpnipjwu dwdwuwly wbiwp £ hpwyw-
uwgytiu [pwgnighs thnpdwpynwiubp b quwhwwnybu pun bwlwu hinthnfuniyejwu
swithwuhoubiph:

Un 2: «<Gwuwphth bwipphnidwlwt wn 5000 UU/dpy jnidnyph uynibnyeywi

nwunidbiwuppdwt hwdwpunysniin pninp htiwpwynn tintip (nhwyh
thnpdwplyniduph hwdwn:

NhunwWuwuhpnieiniu Nwnuwuhpnyejwu hwéwfuwlwunieiniu
Epywpwdwdybun 0, 3, 6,9, 12, 18, 24-nn. wdhuubphu
Uhowtlyjwy 0, 6, 12, 24-nn. wdhuubiphu

Upwawgywé 0, 3, 6-pn. wdhuubiphu

Upwgwgywd Ywntuntgjwt nuntduwuhpnigjwt hwdwn punniutih Gu kg
wdujw wnydjuiubp, wdbuwphsp Gpbp dwdwuwlwhwwnywsdh hwdwp, npnwd
ubpwnjwd Gu uygpuwlywu L YGpouwywtu dwdwiuwwhwunydwdubph wpn-
jntupubipp (oppuwy' 0, 3, 6-pn wdhuubphu) [7]:

Uhswuljw| Ywynwniygjwu nwnwdtwuhpnygjwt  hwdwp  punniubih Gu
wdbuwphsp snpu dwdwuwwhwwngwsdh wndjwiubp, ubpwnw) uygpuwywu b
Jbpouwywu dwdwuwlywhwuwnywdubpp [7]:

huswbu wpnbu ugdby £ «<bwywpphuh vwnphndwlwu wn 5000 UU/dp»
(nnyeh wywhdwu dwdybivp 2 tnwph  [5,6]:

dbipnugywip hwayh wnubiny, nnipu tu pbipdt) «<Gwwpphup bwnphnidwlwu
wn 5000 UU/dp ndnyph Yuwjntunigjwu nunduwuhpdwu hwéwlunyeniup
pninp huwpwynp Gptip whwh hnpdwpyndubph hwdwp: Uprnyniupubipp tnnpquwd
GU wn. 2-nwd:

Cwonpnhy nwnwuwuhpyt) b «<Gwwphuh bwnppndwlwu wn 5000
Uu/dp  ndnyeh  wdbphlywu nbnwagppwihu  hnndwdp  (USP'/23/), nphg
nnipu Gu pbipgbp |nwdnyehu punpn hwnwuhpubiph uywpwgpnieniutbpp b
uwhdwuubipp: Hpwug Yypw hwodwnlyyby Gu punniubh swhwuhaubipp, npnup
wbwnp £ hwodh wnub] nbnh Yuyniunigjwu nwnidtwuhpdwt dwdwuwy:
Syjwjubipp ubpyuwywgywsd Gu wn. 3-nuwd:

Lpwgnighs wwhwuoubip' wywhdwu wwjdwuubp' |nyuhg wwonwwujwd
qwjpnud, ubujwlywihu sbpdwuwnphtwunid [8]:
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Npwbu ubbywlwihtu obpdwunpbwu pbpdnud Gu 25°C + 2°C/60% <hu
+ 5% <hu Jwd 30°C + 2°C/65% <hu £ 5% <hu wwjdwuubpp' Ywiudwsd,
prE wyjw Gpyppp np wpwdw-o2powuntd k guuynud [9]: Opphuwy' NI W IV
Yihdwwnhy gnuwubipnwd gunuynn Gpypubiph nbwpnd (Upwpwlwu Uhwgjwg
Edhpnypyniuutip, Uptuquwnip b wyu) wbwp £ ubpluywgub] Yuyntuniejwu
njwiubp’ npwbu Gplwpwdwdybn Yuniunypywu wwjdwu pbpbing 30°C +
2°C/65% <hu + 5% <hu wwydwuubpp: Wu nbwpnud dhowulyjw) Yujniuniejw
wnyjwiubiph ubipyuwjwgdwu wuhpwdtiounnyeniu syw:

{-nd nbinh gpwugdwu  hwdwp wbwp L, npwbu  Gplwpwunl
Yuwyniunygywu nunwuwuphpdwt wwydwuubp ubpywjwguty 25°C £ 2°C/60%
<hu £ 5% <hu, huswbiu bwb ubipyujwgub] unwgywd dhowuljw| Ywyntunigjwu
nuntuwuhpnigjw wpryntupubipp [9]:

Un. 3: «<bwwphup bwipppnidwlwi wn 5000 UU/Up» inidnyph ptinnny
hwiplutihptliph bywpwagpni-pynitp, uwhdwbtbpp puypn USP-h ninwgnppuiyht
hnndwdh b uppwgywsé hwpdupluyhti swhwbpotbpp:
Snigwupy Cunniubph swihwupgubp | Cwodwpyqwd swihwuhoubp
Upwnwpht wnbup | (Fwithwughl, wugnyu (Fwithwughl, wugnyt Ywd pwg
Ywd pwg ntinhu qnyup | nbinht gnyuh htinnly

htinnty
Swywy 90-110% 4,5-5,54]
pH 5,0-7,5 5,0-7,5
Lwuwlwlwu | 5000 UU/Y 25000 UU/54d| (90-110%): Unnphu
swithwupoubpp uwhdwu' 22500 UU/54|, ybphu

uwhdwu'27500 UU/54;

Upmyniupubph ptuwpynid

“Ynipu pbpGind  [7]-hg nbntph hwdwp  Ewywu  thnihnfunyeyniutbph
wndtputipp L hwdtidwwbin «<Gwwphuh twwnphnudwywu wn 5000 UU/
dp (ndnyph hhduwlwu  wnwuduwhwwnyngniuubph hbn' unwgyty Gu
«bwwphuh bwwnphnwwlwu wn 5000 UU/dp (nwdnyph swhdwu huwpwynp
wndtipubpp: Upryntupubipp pbipdwd Gu wn. 4-nwd:

Unynuwly 4-hg wwpq b nwnuntd, np «<Gwwphuh bwnppndwywu wn 5000
UuU/dp ndnyph hwdwp Yphunhlulywi Gu pwuwulwu phunh swihwuhoubph
thnihnfuniiniip,  wpwnwpht wbuph,  $hgphdhwlwu  puniewgnptiph U
dniuyghnuwinigywu  swthwuhoubipp  thnthnfunigyniup, huswbu uwl pH-p
swithwhoh thnthnfunieiniup:

Lwuwlwlywu gngwuhoubph  ndyuiubpp hwoydty BU' Gubind  wju
npnypubtiphg, np wju RHuwh swihwuhpubiph hwdwp fwlwu thnthnfunientu
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E hwdwpynwd Uwjutwywu wpryntuphg 5% otinnudp, huy nbnwagppwjhu
hnnqwénid punniubih £ 90%-110% uwhdwup:

Lwuwlwlwu npnadwu punniubh wyjwijutph uwhdwuubpp hwodwnyyb)
Gu hbwnlyw| Yepw' hwoqupydb) b uygpuwlwu pbunh upmyniuph 5%-p, npp
hwuyt| b gnidwnybi £ uygpuwywu pliunh wpnyniuph htiw:

Unwgywd vwhdwup hwdbdwunydb £ nbinugppwihtu hnnwénid pbipdwd
uwhdwuh hbwn:

Wu ntwpnud, Gpp hwoqupyywsd vwhdwup hwdpuyt) Ywd ubpwndwd
E Gnb) nbnw-gppwjhtu hnnwdnud pbpqwé uwhdwuh hbin, wiu gpwugyb &
npwbu punniubih uwhdwu Yuwjniuniygjwu hbunwgw wdhuubph hwdwn:

Wu nbwpnid, Gpp hwoywpyywsd uwhdwup sh hwdpuyt W/Hwd ubpungwd
tint| ntnwagppwihtu hnnjwénw pipdwd uwhdwuh htin, npwtu ytppu W/ywd
unnphu gnigwihy (Ywiujwd Upwuhg, pb np dyp sh hwdpulyby) pbpgt)
ntnwagnppwjht hnnywdnid pinqwé gnigwuhop:

Cwyyh wnubiny [10]-nw pipdwd nwunwuwuhpnipjniutubph hwéwluniejniu-
ubiph npnyputipp npnonw £ Ywjwgyb| punniubih nyjwijutipp ubpyuywgub) wju
hwéwfuniejwdp, npp pipdwd £ wn. 2-nud:

Npwbu pwluwywywu npnadwt 3-pn Ybwn Gplwpwdwdybin nunuw-
uhpnieyntuutph hwdwp puwnpdb) Gu 22510 UU/5d|, 25420 UU/5d; L 26900
UuU/54; gnigwuphgutipp:

Unwgywd wpryniupubinp ubpyuwjwgywsd Gu wn. 5-7-nud:

Uhowuljw| nuniduwuhpnipyniuutiph hwdwp puwnpydb Gu 0, 6, 12, 24 wdhu-
ubipp:

Npwbu gpnjuywu dwdwuwyh wpryniupubip punpdb) Gu 22650 UU/54|,
25530 UU/5d; L 27430 UU/54] pwuwlwlwu gnigwuhaubipp:

Unwgywd wpryniupubipnp ubpyujwgywsd Gu wn. 8-10-nwd:

Upwqwgywd nwuntduwuppniginiuubph hwdwp npnayb £ ubpyuwjwgub snpu
dwdwuwywhwwndws' uygpuwywu, tppnpn L ybgbipnpn wdhuubiph wndjwiubpp:

Npwbu gpnuywtu dwdwuwwhwwndwsdh wpryntupubp puwnpygbp Gu
22590UU/54], 25520 UU/54) L 27360 UU/54| pwuwlwlwu gnigwuhpubipp:

Unwgywd wpryniupubipp tinpywd tu wn. 11-13-nwd:

Lwonpn nwunwuwuhpgwé gnigwuhop pH-u £: Lwuh np pH-h hwdwnp,
npwbu Yppwphluwlwu Y wn. 4-nd gpwd £ punhwunp Yo' «pH-h
swihwuhoh wuhwdwwwwnwufuwunniu», huy pun [11]-h W [12]-h" 2bnnwd &
hwdwnyntd «pH-h swthwuhoh wuhwdwwwwnwufuwunieniur», npwbiu punnutifh
swithwuh2 pninp nbwptph hwdwp nnipu £ pbipdb) wn. 3-nw pipdwé «5,0-7,5»
wpryntupp: dwdwuwlywhwwnywdubph punpniginiup Yuwwnwpytb) £ wjuwbu,
huswbu pwuwywlwu npnadwtu nbwpnid: SYywubpp npdwd Gu wn. 14-22-nwd:

Jdbipohtu nwunwtwuppdwt swihwuhou wpnwpht nbupu £ Un. 3-nwd wju
swithwuhoh hwdwp gpdwsd b punhwunip wwhwuy' «[Fwihwughy, wugnyu Yud

39



5L GhSULUUL <ULDMEU, hwwnnp 11, 2024

pwg nbnhu gnyuh htnniy», huy wn. 4-nwd, npwbu Yphnhhwlywu Yen gpjwd
E' «Upwwphtu wnbuph, $hg-phdhwywu punipwgpbph b $niuyghnuwnipjwu
swithwuhoubpht wuhwdwwwwwufuwunie)nlu (gnyu, dwgbph wnwuduwgnd,
Ywpdpwgnud, Ynugbunpwghwih thnthnfuniejniux:

Un. 4: «bwwphth buwipphnidwlwl wn 5000 UU/Up» (niényph hhdtwlwt
wnwudbwhwipynieyniatilbph U ninkiph hwdwp bwlwb thnthnfunypyniiiph
wndtpttinh hwdGdwpwlwtl paniypwaghp:

Ewlwu dinthnfunipyniuubph wpdbip hwdwdwju | Ywpblfi £ wpnynp swinuwu
[7]-h hpwlwuwgut) «<Gwwnphuh
uwwnppnuwywu wn 5000
uu/dp ndnyeh hwdwp:
Uyn/Ng

Lwuwlwywu pHunh  swihwupgutipp  thnthn- | Un

funipgniu 5% - ny' ulgpuwlwu gnigwupoh hw-
dbdww, huswbu twb YGELuwpwlwywu Ywd
hunittwpwuwlwu pupwgwywpgbph wpnyniuw-
bwnigjwu  swihwuhoubph  wuhwdwwwwnwu-
fuwuni)niu:

Swulwgwsd nwppwinddwu wypngbuh wpryniup, [ Ny
npp gbipwquwugnud £ punnwibih swihwuhop:
Upwnwpht wnbuph, dhaphdhwlwl punypwgntiph | Wn
U $niuyghnuwinipjw swihwuhpubpht wuhwdw-
wwwnwufuwunyeynu  (oppuwy' gnyu, $wqgbph
wnwuduwgnud, Yupdpwgnid, Ynugbunpwghwih
thnipnfunieynit: Wuniwdbuwjupy, wpwgugywd
nwnwuwuppniginiutbph dwdwuwy Ywpbh k
wlulwity Phghlwlwu punipwgpbph npny tn-
thnfunigyniuttip (oppuwy ' dndplyubiph thwihyw-
gnud, puntpubiph hwtigntd):

pH-h swihwuhoh wuhwdwwwwwufuwunienwu: | Wn

Swppwinddwt swhwuhoubph wuhwdwww- Ny
wwufuwunteintu 12 dhwynp nbinwswthh
hwdwn:

«bwwphuh bwwnphnWwlwu wn 5000 UU/dp (ndnyeh Ywyntuntgjwu
punnwubh swihwupgubpp wpunwpht wbuph hwdwp E Gplwpwwnl, RL
dhowuljw U pl wpwqwgywsd nwuntduwuhpnipiniuubph dwdwuwy dhown whnp
E |hup pwithwughl, wugnyu Ywd pwg ntinhu gnyup htnniy:
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Un. 5: «<bwwphup bwipppnidwlwi wn 5000 UU/Up» intdnyph Guynitinyeywib
punnibtyh swhwbpptibpp 22510 UU/5U; uygptiwluwt wprnynitiph nGupnid
Gphwpwdwdlyby nwunidtwuppnigyniatph dwdwbwl:

8nigwiuhy Cunniubih 0 wihu |3 wdhu |6 wdhu |9 wihu (12 wdhu |18 wihu |24 wdhu
swithwuhp

Lwuwlwlywu | 22500 22510 22500- |22500- |22500- |22500- |22500- [22500-

swhwuhubpp | b 27500 UuU/5dp |23635.5 [23635.5 |23635.5 |23635.5 |23635.5 |23635.5
uuy/5d; uuy/sdp  |UU/Sgp [UU/5dp [UU/5dp  [UU/5dp | UU/5d;

Un. 6: «<bwwphoh bwipppnidwlwt wn 5000 UU/dp» (nidnyph Yuynitinyejwt
punniubh swhwbhptnp 25420 UU/5U; ulqpbwluti wprynitiph nbupnid
Gphwpwdwdlybn niunidwuppniniatibpnp dwdwbwl:

Snigwuhy Cunniubh 0 wdhu |3 wdhu |6 wdhu |9 wdhu (12 wdhu |18 wihu |24 wdhu
swithwuhoubip

Pwuwlwlwu |22500 L 25420
swihwuhoubp | 27500UU/54)

uu/sd; 24149-26691 |24149- | 24149- 24149- [ 24149- [24149-
uu/sdg 26691 26691 26691 26691 26691
uu/5dp |UU/5dp  [UU/5d) | UU/5d) | UU/5d;

Un. 7: «<bGwuwphtp bwipppnidwluwt wn 5000 UU/Up (nidnypeh fuynttniewb
pbnnibih swhwbpptibnpn 26900 UU/5U; ulygptiwlwt wpryniiph nbupnid
Gphwpwdwdlyby niunidbwuppnigyniatph dwdwbwl:

Snigwhy Cunniubifh 0 wdhu | 3 wdhu | 6 wdhu | 9 wdhu | 12 wdhu | 18 wdhu | 24 wdhu
swithwtipoubin

Luwtwlw- 22500 L 27500 [ 26900 | 25555- [ 25555- | 25555- | 25555- | 25555- [ 25555-

Ywu swihw- | UU/54) uu/s4dp | 27500 | 27500 | 27500 |27500 | 27500 27500

uhoubipp uu/sdp | WU/sdp | UU/5dp | UU/5d) | UU/sdp | UU/5d;

Un. 8: «<bGwwnhuh bwipppnidwlwl wn 5000 UU/Up» nidnyph Yuynitunieywb
punnibth swhwbpptibpnpn 22650 UU/54) uygptiwlywt wprynitiph nGupnid
dhowbilywy nunidiwuppnyayniaiph dwdwbwl:

8nigwiuhy Cunniubih 0 wdhu 3 wdhu 6 wdhu
swithuwiiholbip

Luwtwlywywu 22500 U 27500 22650 UU/54; | 22500-23782.5 UU/5y; | 22500-23782.5

swithwuhoubipp uu/54; uu/sd;

Un. 9: «<bwwphbh bwipppnidwlwt wn 5000 UU/dp» (nidnyph Yuynitinyejwt
punniubh swhwipptipnpn 25530 UU/5U; ulgpbwluti wprynitiph nbuypnid
dhowbilywy niunidiwuppnygyniaiph dwdwbiwly:

8nigwhy Cunniutiih swihwuhoubp | 0 wdhu 3 wdhu 6 wdhu
Lwuwlywywu 22500 UU/54}-27500 25530 UU/54| | 24253.5-26806.5 | 24253.5-26806.5
swithwupoubipp uu/s4; uu/54; uu/s4;
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Un. 10: «<bwwphup bwipppnidwlwt wn 5000 UU/dp» nidnyph Yuynibanysjwb
punnibbh swhwbpptipp 27430 UU/5d; ulqpbwlywt wpnynitiph nbupnid
dhowbilyuwy niuntdtiwuuppnygynitibnh dwdwbwly:

8nigwuhy Cunniubiih swihwuhpubp | 0 wdhu 3 wdhu 6 wdhu
Puwuwlywlwu | 22500 UU/54-27500 27430 UU/54| | 26058.5-27500 26058.5-27500
swithwuhoubpp | UU/54; uu/s4; uu/s4q;

Un. 11: «LGwwphboh bwipppnidwlwi wn 5000 UU/dp inidnyph Yuynitinisjwt
phnniubh swhwbhptibnpn 22590 UU/54; uygptiwlwt wprnynitiph nbupnid
wpwqugywd niunidbwuppnipiniatibnh dwdwbwl:

Snigwiuhp Cunnwubiih swhwuhoubp | O wdhu 3 wdhu 6 wdhu
LPwuwlwhwu 22500 UU/54-27500 22590UU/5d; [ 22500-23719.5 22500-23719.5
swthwuhoubipp | UU/54; uu/s4g uu/s4q

Un. 12: «<bGwwphbh bwinppnidwlyws wn 5000 UU/dp» iniényph Yuynitnipjwi
pbnniubh swhwbhptinn 25520 UU/5d) uygptiwlwt wprnyniph nbupnid
wpwqugyws nunibwuppnigynibtph dwdwbwl:

8nigwuhy Cunniubifh swihwuhoubp | 0 wdhu 3 wdhu 6 wdhu
Lwuwlwlwu | 22500 UU/54-27500 25520 UU/54d; 24244-26796 24244-26796
swithwuhoubpp | UU/54; uu/s4q; uu/s4q;

Un. 13: «<bwwphup bwipppnidwlwi wn 5000 UU/dp» (nidnyph Yuynitniysjwt
pbnniubh swhwtpptinn 27360 UU/5U; ulqptiwlyut wprynitiph nbupnid
wpwqugyws nunibwuppnignibtph dwdwbwl:

Snigwiuhp Cunnuutiih swihwuhoubp | 0 wdhu 3 wdhu 6 wdhu
Lwuwlywlwu | 22500 UU/54-27500 27360 UU/54) | 25992-27500 25992-27500
swhwuhoubipp | UU/54; uu/sdg uu/sdg

Un. 14: «<Gwwphup bwipppnidwlwt wn 5000 UU/dp» (nidnyph Yuynitniysjwt

punniubih swhwihptbpp pH-p 5.3 uliqpbwlwi wpnynitiph nbupnid Gpliwpwipl
nwunbwuppnyenibiiiph dwdwtiwy:

Snigwuhy | Cunniubih swihwuhy 0 wdhu [ 3 wdhu | 6 wdhu |9 wdhu |12 wdhu | 18 wdhu | 24 widhu
pH 5.0-7.5 5.3 5.0-7.5|5.0-7.5 [5.0-7.5| 5.0-7.5 | 5.0-7.5 | 5.0-7.5

Un. 15: «<bwwphtup bwipphnidwlwt wn 5000 UU/dp» (nidnyph Yuynibnygjuwt

punnibth swhwbpptibpp pH-p 7.4 ulygptiwywt wprynitiph nGwpnid Gplwpugpl
nwunifbwuppnyeinibph dwdwbiwy:

Snigwuhy [ Cunniubijh swithwuhy 0 wdhu [ 3 wdhu |6 wdhu |9 wihu |12 wdhu |18 wihu | 24 wdhu
pH 5.0-7.5 7.4 5.0-7.5 [5.0-7.5 [5.0-7.5 [5.0-7.5 |5.0-7.5 |5.0-7.5
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Un. 16: «<bwuwphtup bwipphnidwlwt wn 5000 UU/Up (nidnyph Yuynibnyput

punnibgp swhwbpptipp pH-p 6.2 ulqpbwlwt wpnynitiph nGupnid Gplupwipl
nwnidbwuppnipniibinh dwdwbiwy:

8nigwuhy | Cunniubih swihwuhy 0 wdhu |3 wdhu [6 wdhu |9 wdhu |12 wdhu |18 wdhu | 24 wdhu

pH 5.0-7.5 6.2 5.0-7.5 [5.0-7.5 |5.0-7.5 [5.0-7.5 [5.0-7.5 [5.0-7.5

Un. 17: «<Gwwpptp bwipppnidwluwt wn 5000 UU/Up (nidnyeh fuynttniewb

punnibih swihwuhpbpp pH-p 6.8 uygptiwljwti wpnyniipp nbwpnid dhowtilywy
nwnidbwuppnienibitph dwdwbiwy:

Snigwhy Cunniubith swihwuhoubip 0 wdhu 3 wdhu 6 wuihu

pH 5.0-7.5 6.8 5.0-7.5 5.0-7.5

Un. 18: «LbGwwphtuph buwpphnidwlwt wn 5000 UU/dp» inidnyph Luynibnyeywi

punniutyp swhwbpptbpp pH-p 5.5 uygptiwlwt wprynitiph nbGupnid dhowiblywy
nwnidbwuppnienibitiiph dwdwtiwy:

Snigwih) Cunniubith swihwuhpubip 0 wdhu 3 wdhu 6 wdhu

pH 5.0-7.5 5.5 5.0-7.5 5.0-7.5

Un. 19: «Lbwwphoh bwipppnidwlwts wn 5000 UU/dp» (nidnyeh Yuynitinyejwt

punnibp swhwbipptibpp pH-p 7.3 ulgpbwlwt wpnynitiph nGupnid dhowibilyuwy
nwunibwuppnygynititiinh dwdwbiw:

Snigwih) Cunniubith swithwuhpubip 0 wdhu 3 wdhu 6 wdhu

pH 5.0-7.5 7.3 5.0-7.5 5.0-7.5

Un. 20: «<Gwwphbh bwippphnidwlwt wn 5000 UU/dp» (nidnyph Yuynitniyeywb

punnibtygh swhwbpptpp pH-p 7.1 ulyqpbiwlywts wipnyniiph nbupnid
wpwquwgywds nuunibwuppnyayniabbph dwdwbwl:

Snigwih) Cunniubiih swithwuhoubin 0 wdhu 3 wdhu 6 wihu

pH 5.0-7.5 7.1 5.0-7.5 5.0-7.5

Un. 21: «Gwwphtp bwipppnidwluwt wn 5000 UU/Up (nidnyph fuyntbnieuwb

punniubih swhwohpubpp pH-h 5.8 uligpbwwt wpnynitiph nbupnid
wpwquwgywds nuunibwuppnyayniatph dwdwbwl:

Snigwuh? Cunniubifh swihwuhoubip 0 wdhu 3 wdhu 6 wihu

pH 5.0-7.5 5.8 5.0-7.5 5.0-7.5

Un. 22: «<Gwwphbp bugpphnidwlwl wn 5000 UU/Up» inidnyph Guynitiniypywt

pbnniuGih swhwbppubpp pH-p 6.4 uygpbwlwt wpnynitiph nGupnid
wpwquwgywd nuntbwuppnyaynibiph dwdwbwly:

Snigwih)

Cunniubith swihwuhoubip

0 wdhu

3 wdhu

6 wdhu

pH

5.0-7.5

6.4

5.0-7.5

5.0-7.5
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AHAJIU3 O AHHbIX CTABUJIIbHOCTU PACTBOPA
«EMNAPUHA HATPUEBAA COJIb 5000 Ef/mn» B NMPOLUECCE
PETUCTPALLUWN JIEKAPCTBEHHOIO MNPENMAPATA

B.lasosH, I.[puropsax
EpesaHckuli yHusepcumem Alibycak

WccnepoBaHne cTabunbHOCTY NEKapCTBEHHOMO CPEACTBa AAET BO3MOMHOCTb
MOHATb CPOKM FOLHOCTM NEKapCTBEHHOro npenapara, 4YTo, B CBOK OYepenp,
ABNAETCA OCHOBOW [J1A MOHWMaHWA OMTUMANbHOIO KonaMyecTBa M cnocoba
NEPBUYHON YNaKoBKWM NPU MPOU3BOLCTBE NEKAPCTBEHHOIO CPEACTBA, a TaKMke
06BbEMOB MPOU3BOACTBA, UCXOAA U3 CMpOCa pbiHKA.

B HacToALLEEe BpeMA N3BECTHbI pasnnyHble NekapCTBEHHble (hOpMbl renapuHa:
pacTBOpbl ANA UHBbEKLMIA, Fenu LNA HaPYKHOro NPUMEHEHNA U Kpembl. [enapuH,
Kak npaBuno, Hefo-CTyneH B BUAE NeKapCTBEHHbIX (POPM ANA BHYTPEHHErO
NPUMeHeHMA (TabneTku, Kancynbl, pacTBOPbI LA BHYTPEHHErO NPUMEHEHUA U Ap.),
MOCKOMNbKY He abcopbupyeTca npu BHYTPEH-HEM NPUMEHEHWU, raBHbIM 0bpa3om,
13-3a 60/1bLIOro pasmepa MOfEKY/bl U MONMAHUOHHOIO 3apAaa.

M3yyeHne paHHbIXx O cTabunbHoCcTW pacTBopa «lemapuHa HaTpuesas conb
5000 E[l/mn» B npouecce peructpauum neKkapcTBEHHOro npenapara akTyalbHO
B CBA3M C TeMm, Y4TO B ApMme-HUM 3Ta NlekapcTBeHHaA dhopma ABnAeTcA Haubonee
PETUCTPUPYEMOIi MO KONUYECTBY, Cnefo-BaTeNbHO, Haubonee WCMonb3yemoii
HaceneHnem, UCXOLA U3 Yero BaHO MOHATb, Kakue faH-Hble CBUAETENbCTBYIOT O
KayecTBe nmpernapara.

KnroueBblie cnosa: renapuH, HaTpueBaA conb, TabneTka, KayecTso,
cTabunbHOCTb

ANALYSIS OF THE STABILITY DATA OF "HEPARIN SODIUM
SALT 5000 IU/ML" SO-LUTION DURING THE REGISTRATION
PROCESS OF THE DRUG

V.Khazoyan, H.Grigpryan

Yerevan Haybusak University

The study of drug stability provides an opportunity to understand the shelf life
of the drug, which is the basis for understanding the optimal amount and method
of primary pack-aging during drug production, as well as production volumes
based on market demand.

45



5L GhSUNMUL <ULEU, hwunnp 11, 2024

Various dosage forms of Heparin are known, such as injection solutions, gels
for exter-nal use, and creams. Heparin, as a rule, is not available in the form of
dosage forms for in-ternal administration (tablets, capsules, solutions for internal
administration, etc.), because it is not absorbed during internal administration,
mainly due to the large size of the molecule and the polyanionic charge.

Studying of stability data of "Heparin sodium salt 5000 [U/ml" solution during
the drug registration process is important because in Armenia this dosage form is
the most registered in quantity and, therefore, the most used by the population,
based on which it is important to understand which data indicate the quality of
the drug.

Keywords: heparin, sodium salt, pill, quality, stability
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OKCUOATUBHOE NOBPEMIEHUE BEJ/IKOB
rMOBY/IMHOBOIA ®PAKLLUN CbIBOPOTKU KPOBU ¥
NMNOAOIMbITHbIX MUBOTHbIX

Acmuk Barpapsax

EpesaHckuli 2ocydapcmserHbili meduyuHckuli yHusepcumem um. M.lepayu
MeduyuHckuli uHcmumym EpesaHckozo yHusepcumema “Alibycak”
lMocmynuna 23.06.24, peuersuposara 05.07, npuHama 17.07

AnHomayus: bbino usyyeHo coomHoweHue yposHeli GHMUOKCUOGHMHbIX U NPOOKCU-
OaHMHBIX MemanionpomeuHos 8 pasfuyHbIX B03PACMHbIX 2pynnax noooNbIMHbIX
MXUBOMHbIX. BbiAsneHo cmewjeHue yposHA 8 CMOPOHY NPOOKCUOGHMHbIX KOHBIO2UPOBAHHbIX
benkos, Ymo AsAemca 00CMOBEPHbIM hoKazamenem oKCuOaHMHO20 nospexoeHus benkos
2nobynuHoBol hpakyuu cbIBOPOMKU KPOBU NPU CMApeHuU.

Knroyesble cnosa: nodonbimHbie MUBOMHbIE memanionpomeuHbl, Yumoxpomsbl,
CynpoJi, cmapeHue.

BeeneHue

CrapeHue, 3T0 nocTeneHHblii, HENpPepbIBHbI MPOLLECC ECTECTBEHHOIO
W3MEHeHWA opraHusma, KOTOpblii HauyMHaeTcA B paHHeM B3pocnom Bo3pacTe. B
paHHeM cpefHeM BO3pacTe MHorme yHKLMW OpraHu3ma HayuMHaroT NMocTeneHHo
cHuatbea. CornacHo cBobopHOpagMKanbHON TEOpUM CTapeHus, WMEEeT MecTo
yCUNEHNE OKCUJAHTHOrO MOBPEMKAEeHNA 6buocucTem axkTUBHbIMKU  chopmamm
KMUcnopopa C COOTBETCTBEHHbIM YCUIEHWEeM MpoLiecca NUNUAHON NepoKcuaaLmum
MembpaH KNeTok Uin sKcTpa/uHTpauenntonapHbix cuctem. [1,2]. C Bo3pactom (a0
65 net) nunuaHas nepoKcMpauua B CbIBOPOTKE KPOBW YCUIMBAETCA, akTUBHOCTb
aHTMOKCUJAHTHbIX cucTem (cynepokeung, aucmytasa, (COJl) rnytatmoHnepokcupasa)
MoHuKaeTca, ypoeeHb LepynonnasmuHa (LIM) Heckonbko noBbilwaeTca, akTMBHOCTb
KaTanasbl CbIBOPOTKM OCTae€TCA HEU3MEHHOW. A cynepoKcuAnpopyuupytoLLas
aKTUBHOCTb HelTpochnnos Bbile y Monoabix ntogeii [4]. C BozpacTom noHukaetca
CO/[l-akTMBHOCTb B 3pUTPOLMUTaX W YBENUYMBAETCA MEPEKUCHOE OKUCNeHne
nunugos (MOJ1) B cbiBopoTKe Kposu [6].

Llenbto  noctaBneHHoOli 3ajayn  ABNANAaCb aHanM3  CABWUIOB  YPOBHeW
METaNNoNpPOTEMHOB aHTU- U MPOOKCUAHTHOIO AENCTBUA B KPOBU KPbIC PasHOro
BO3pacTa.
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Martepunan n metoapi

OnbITbl 6bIMM NpoBeaeHbl Ha becnopoaHbIx 6enbix Kpbicax, NofpasfeneHHbIX
Ha cnegytoLive Bo3pacTHble rpynnbi: 2 mec (16), 7 mec (8) n 14 mec (8). MuBoTHbIX
AeKanuTMpoBanu nog, Nerkum acpupHbIM HapKO30M, 3abupann KpoBb B OTAENbHbIE
npobupkm ¢ HaTpuit-okcanatHbIM Bychepom.

Bbinu BblgeneHbl MeTannonpoTeEUHbl KPOBWM aHTUOKCUAAHTHOTrO [eicTBuA
(Cod, umn wn Td), npookcmpaHTHOro AeicTBuA (CymmapHas ppaKkuusa CbiBOPO-
TOuYHbIX uutoxpomos B | n B Il, sputpountapHbix mMembpaHHbIX LUTOXPOMOB
B,gelll v B.,lV, cynepokemanpogyumpytolero nunonpoTenHa CbiBOPOTKU-CYnpon),
a TaKke umtoxpom B, [3]. MeTannonpoTtenHbl BbIGENANN W OYULLANU METOLOM MOHO-
obmeHHoii xpomaTtorpacuu U3 fArMannu3oBaHHOl CbIBOPOTKM, pacTBOPUMOI (pakLum
apuTpounToB 6e3 mMembpaH, conobUNN30BaHHON U3 3PUTPOLMTapPHbIX MeMbpaH
cppaKLumii reMonpoTeNHOB, Ha OTAENbHbIX KONOHKax C Lenntonosoin [13-52 n KM-
52, (“Whatman”, AHrnua) u cecapekcom [19A3 A-50 (“Pharmacia” Lseuus) c
panbHeiweli renb-cpunbrpaumeii 6enkoBbix cppakumii Ha buorenax P-100 n P-150
(“Reanal”, Benrpus), nomeLleHHbIX B cTeknAaHHble KonoHkM (3x20 n 1,5x70 cm) ¢
cpunbtpamu [S]. B KauecTBe KONMYECTBEHHOrO NoKasaTena NoayyYeHHbIX MeTanno-
NPOTEMHOB MPUHUMANN BENUYMHBI MNOTHOCTEN UX XapaKTepHbIX MakCUMalbHbIX
ONTMYECKUX MornoLLeHnid, kotopble ana LI oueHuBatotca npumepHo B 610HM,
TP-470 Hm, cynpona-430 um, uutoxpoma B.-525HM, umutoxpomos B I-IV- 530
HM. AktusHocTb CO/JL n O’,-npoayumpytoLLyto akTUBHOCTb Cynpona onpeaenany B
peakuuu ¢ Hutpotetpasonmesbim cuHum (HTC), paccumntbiBas NpoueHT MHrMbupo-
BaHuA (B cnyvae COJl) unu yBenuyeHma naoTHOCTU ONTUYECKOTO NornoLeHns dop-
ma3aHa, obpasytoLieroca npw BocctaHoBneHun HTC cynepokcnHbiMU pagukanamm
(B cnyyae cynpona) [7]. KaTanasHyto akTUBHOCTb chpaKLMK ONpefensan METOA0M
nepmMaHraHaToOMeTpUK, paccynTbiBas KONMMYECTBO pacLLennAtoLLelica nepexknucn Bo-
[opofja onpeaeneHHbIM KONMYECTBOM KaTanasa-cogepmaliein dpakumum 3a 1 MuH
npu 20°C. YpenbHble akTMBHOCTM OMNpefenany U3 pacyeta Ha Imn apuTpouuToB
(ana CO/J] n katanasbl) n cbiBOPOTKM (an1A cynpona). OnTuyeckne cnekTpbl norno-
LeHna peructpuposanu Ha cnektpodotomeTpe” Specord M — 407, (fepmanusa) ¢
AAnHoi ontuyeckoro nytu Tem npu 20°C. MonyyeHHble pesynbTaTbl obpabatbiBany
MeTOLlOM BapuauuoHHoi ctatuctukn CtbtogeHTa — Puiiepa.

Pe3ynbratbl n nx obcyxaeHue

B KauecTBe pecpepeHTHOI rpynnbl MCNONb30Banu 7-MecA4HbIX KpbIC, KOTOpbIE,
COrnacHo Knaccuduxaumm, paccMaTpuBatoTCA Kak MONoable, OU3NYECKN KpernKne
0cobu, HaxopALLMeCs B aKTVBHOM PenpoayKkTuBHOM nepuoge. o cpaBHeHUto co
3HaYeHMAMM nokasateneil 7-MeCAYHbIX KPbIC, B KPOBU 2-MeCAYHbIX Obln NOBbILLEH
YPOBEHb METaNNONPOTENHOB, KaK NpPO-, Tak U aHTUOKCUAAHTHOrO AEiCTBMA, 3a
NCKNIoYeHnem LmuToxpoma B, 1 cynpona, KOHLEHTpaLmA KOTopbIx bblla HECKONbKO
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CHUMeHa. Y 14-MecAYHbIX MUBOTHbIX Ha (hOHE MOBbLILLEHNA YPOBHEIl MeTannonpore-
MHOB NPOOKCWAAHTHOrO feiicTBuA (kpome LuToxpomos C) HabntopaeTca noHuxeHne
KOHLLEHTpaLLMN KNHOYEBbIX aHTMOKCMAAHTHbIX MeTannonpotenHos COJl, katanasbl
n Td, xota yposeHb LI[1 ocTaerca Heckonbko nosbliweHHbIM. [1pu aTom cynpon u
uutoxpom B Il Hapaay ¢ KONMYECTBEHHBIMU NPETEPNEBAIOT N KAYECTBEHHbIE 13-
MEHEHWA, KOTopble NPOABNAIOTCA PE3KMUM MOBbILLIEHNEM KUCIOTHOCTU 3TUX 3PUTPO-
LMTapHbIX remonpotenHos. MOMHO KOHCTaTMpOBaTb, YTO B OTIMYME OT 2-MECAYHbIX
HMBOTHbIX, Y KOTOPbIX TaKk}e NPOUCXOAAT ONpeAeneHHble HealekBaTHbIE N3MEHe-
HUA YPOBHEN METanNnpoTEMHOB B KPOBMU, Y 14-MECAYHbIX COOTHOLLEHME YPOBHEN
YTUAN3UPYIOLLMX (aHTMOKCMAAHTHbIX) 1 Npoayuupyrownx (npookcnpantHbix) 0'
METaNNoNpPOTENHOB CMELLLAETCA B CTOPOHY MOCNEAHMX, Y4TO ABMAAETCA OCHOBHbIM
¢haKTOPOM OKCMAAHTHOrO MOBPEMAEHNA KOMMOHEHTOB KPOBU KPbIC MPU CTapeHuu.

B npouecce crapenua opraHmama ypoBHU METaNNONPOTEMHOB B KPOBU (pery-
natopos meTabonusma ADK) nsmeHaroTcA HeapekBaTHbIM obpasom. Kak BugHO
n3 Tabnuubl, y 2- MECAYHbIX KPbIC MOBbIEHHbIM ypoBHAM 0', npoayumpyroLmx
MPOOKCUAAHTHbBIX METaNNONPOTENHOB CbIBOPOTKM U MemMbpaH 3pUTPOLMUTOB (LM-
ToXpombl B, |- IV) cooTBeTCTBYHOT NOBbILLIEHHbIE YPOBHN aHTUPaAMKaIbHOI 3aLLMUT-
HOIi CUCTEMbI B CbIBOPOTKE KPOBU U pacTBopumoii dppakuum sputpoumntos (CO/,
Katanasa, LI n TdP). B 10 e Bpema, y 14-MecAYHbIX HMUBOTHbIX NPOJONKatoLLLeecs
MOBbILLEHNE YPOBHA SHAOrE€HHbIX METaNONPOTENHOB MPOOKCUAAHTHOMO AeiCcTBUA
He CONpPOBOMJAeTCA afeKBaTHbIM MOBbILLEHNEM aKTUBHOCTM aHTUOKCUAAHTHOW Cu-
cTembl, 3a uckntoyeHnem LI, ypoBeHb KOTOpOro npoponkaer pactu.

KonuyecmseHHble usmeHeHUA GHMU- U NPOOKCUOGHMHbIX MemanionpomeuHos 8
KpOBU 08yX U 4embIpHadOUamu MecA4YHbIX XUBOMHbIX.

MetannonpoteunHbl 2mec 14mec
Lintoxpom B, -12,5+1,3 21,7821
CymmapHasa dpakuua uutoxpomos B .l v B__ I 28,7124 -10,941,1
Lintoxpom B, Il 15,3+1,2 23,4419
Lintoxpom B, IV 110,7£0,9 18,5+1,2
Cynpon - 21,4122 12,511
0',_npogyuupytoLlasa akTMBHOCTb cynpona -15,6%1,6 19,742,0
CynepokcupamcmyTtasa 26,1421 -21,311,4
Karanasa 18,3%1,3 -9,1+0,2
TpaHcdeppuH 123,541,9 -9,7:0,4
LlepynonnasmuH 25,120 10,0+0,4

3HaveHus amux nokazameneli y 7MeCAYHbIX KUBOMHbIX npuHAMbI 3a 100%
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Mo-BUAMMOMY, 3TO HECKONbKO KOMMEHCUPYET CHUMEHME YPOBHA OCTaNbHbIX
aHTMOKCUJAHTHbBIX MeTannonpoTenHoB y 14-MecAYHbIX KpbIC, Y KOTOPbIX TONb-
KO ypOBEHb CbIBOPOTOYHbIX LMTOXPOMOB B | 1 B Il cHuKeH. STu umtoxpombl
(ocobenHo B, ll) Hapagy ¢ NADPH-3asucumbim npogyumposarnem 0', npoasnatot
BbICOKYIO PE3UCTEHTHOCTb NPOTUB MepeKncy Bofopoaa; bonee Toro, 3aLumLLatoT
HEKOTOopble BMOCUCTEMbI KPOBM OT 3TOI akTMBHOI hopmMbl Kucnopoga [S], KoTo-
pas aBnAeTcA NpogykTom chepmeHTaTnBHoOro ancmytuposanus 0', [8]. CHukeHHble
ypoBHM B, 1 cynpona y u 2- MECAYHbIX KPbIC U MOBbILLIEHHbIE 3HAYEHNA 3TUX
nokasateneil y 14-mecAuHbIX MOryT ObiTb PE3yNbTaTOM MMMOKUHE3NU MUBOTHbIX,
ConpoBoOMJatoLLielica COOTBETCTBEHHbIM MOBbILLEHNEM noTpebneHna cynpona ana
YAOBNETBOPEHUA IHEPreTudecknx Hyx . Beneacteme nepekncHoro okucnenma goc-
conmnnpHbIx octaTkos cynpona noHwkaetca 0', -npoayuupytoulas akTMBHOCTb
n ctabunbHocTb. [pu atom npoucxogut ObicTpas HeobpaTuMas camoarperawma
W NoTepA pacTBOPUMOCTU B BOAHO-OycbepHbIX cuctemax cynpona. Y 7-MecAuHbIX
HMBOTHBIX NMPOUCXOAAT 0bpaTHbIE N3MEHEHUA, YTO MOMET ObITb CBA3AHO C MOHWU-
HEHMEeM MOABUMHOCTU OpraHusma (rMNOKMHE3NA) N COOTBETCTBEHHBIM CHUMKEHU-
€M pacxof0BaHWA Cyrnpona Ha aHepreTnyeckne Hyxapl. Y 14-mecayHbIX KpbiC B
KPOBU CHUKEH YPOBEHb TONbKO CbIBOPOTOUHbIX LINTOXPOMOB By, a NOBbILLEHHbII
YPOBEHb METaNNoNpoTENHOB, npodyumnpytowmx 0°, 1 cynpona NpuBOAUT K MOBbI
weHunto ypoBHa A®PK, nockonbky umutoxpombl B, |- IV [8] asnatotca NADPH -
3aucumbimn 0') -npoayumpyroLLIMMi cucTeMamu, NogobHo Tem uuToxpomam B,
KOTOpbl€ NOKann3oBaHbl B MeMbpaHax (hOPMEHHbIX INEMEHTOB Mnasmbl, MUTOXOH-
apvax u 1.4. Bugumo, ato, B cBOlO 0Yepefb, CMOCOOCTBYET MOBLILLEHUIO YPOBHA
MOJ1 B cbiBOpOTKE KpOBM NpU cTapeHun [9,10]. B o e Bpema, untoxpom Bl 'y
14-mecAYHbIX KpbIC, B OTNIMYME OT 2- MECAYHbIX, CTAHOBUTCA bonee KUCNbIM. DTOT
LMTOXpOM 3ntoupyetca u3 uennonosbl [13-52 He 0,2monb/n kanuii-dpoccpatHbIm
bychepom (pH 7,4), Kak 3TO UMEET MeCTO y 2- MECAYHbIX ¥MBOTHbIX, a 0,8Monb/n
bycdepom. bonee Toro, npumepHo 20% uutoxpoma B, Il y 14-mecaunbix Kpbic
apcopbupyetca Ha [19-52, He antonpyack n3 Hee. CTabunbHocTb yutoxpoma B, !
Y HUX TaKM¥e CHUKEHa, TaK Kak ycunmBaeTca npouecc HeobpaTumoil camoarperawmum
3TOro remonpoTtenHa. [1pu 3ToM NPOUCXOAAT KONUYECTBEHHbIE U3MEHEHUA, KOTOPbIe
MPOABNAIOTCA PE3KUM MOBbILLEHUEM KUCIOTHOCTU 3TUX 3PUTPOLUTAPHbIX MeMOpaH-
HbIX FEMOMPOTENHOB. YBENNYEHNE NPOOKCUAAHTHOIO AeliCTBIUA METaNONPOTENHOB
NPUBOJMT K COOTBETCTBEHHOMY NOBbIEHIO ypoBHA 0') n ero nponssogHbIX, Ko-
TOpble B U3ObITKE ABNAIOTCA BbICOKOAKTUBHBIMU W TOKCUYECKUMU 1A Buocuctem
coefMHeHVAMM [8] 1 CTaHOBATCA OCHOBHOIi MPUYMHOI OKCMAATMBHOMO CTpecca B
KpoBuW npu ctapeHum [1].
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3akntoueHune

Takum obpasom, Npu CTapeHWM KpbiC HabNOJAETCA OLLYTUMOE HapyLleHue
(pU3MONOrMYecKoro paBHOBECUA MeMAY YPOBHAMU METaNIONPOTEUHOB-PErynATO-
poB meTabonusma ADK. B 1o e BpemsA, HEKOTOpblE METaNNONPOTENHbI NPOOKCH-

AAHTHOrO AeicTBMA (cynpon u umtoxpom B

ss5/ll) NpeTepnesaroT HapAfy ¢ konnye-

CTBEHHbIMU W KaYECTBEHHbIE U3MEHEHUA, Y4TO COMPOBOMAAETCA MOHUMEHNEM UX
CTabunbHOCTN; CyMMapHbIM 3PPEKTOM TUX U3MEHEHWIA ABNAETCA OKCUAATUBHOE
NOBPEMAEHNE KOMMOHEHTOB KPOBU MPU CTapeHuun.
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OXIDATIVE DAMAGE IN GLOBULIN FRACTION OF BLOOD
SERUM PROTEINS IN EXPERIMENTAL ANIMALS

Vahradyan H.G.

Yerevan state medical university after M.Heratsi
Institute of medicine at Yerevan “Haybusak” university

It was studied the correlation of the levels of anti- and prooxidant metalloproteins
in various age groups of experimental animals. A shift in the ratio of antioxidant/
prooxidant metalloproteins was revealed, which appears to be a reliable indicator
of age-related oxidative damage in the globulin fraction of blood serum proteins.

Keywords: experimental animals, metalloproteins, cytochromes, suprol, aging.
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SHEPFETMMECKMIA NEPEXOQ, K 3ENEHON 3KOHOMMKE:
ADAMTUBHDIA KOHTPOJIb - K NIYYLWEMY PE3YNLTATY C
HAUMMEHbLUIUMU NMOTEPAMM.

MapuHe HanbanpsaH

Meduyunckuii urcmumym EpesaHckozo yHusepcumema “Alibycak”
lMocmynuna 22.06.24, peyersuposara 02.07, npuHama 17.07

AHHOmayus: PaccMompeHbl OCHOBHblE HANPABNEHUA pPA3BUMUA JHEpP2emuKu 8
ApMeHuu, MexaHu3Mmbl U ypOBHU hepexoda K 3eneHol SKOHOMUKe. YKa3aHa Heobxooumocms
2apmoHu3ayuu 8cex ¢hopm Kanumana Kak adanmusHozo cnocoba nepecmompa npuopu-
memHbix ¢popm 3aHepeemuku. Ocoboe sHUMAHUE yOeneHO oueHke U mpaHcghopmayuu
NpUpOOH020 U UHMEIIEKMYAIbHO20 KaNUMana 8 yc/oB8UAX NOBLILWEHUA MEeXHOM02UYeCKoU
cocmasnAaroweli skoHomu4eckozo passumus. [lpu amom obcyxOanuch 3KonoUYecKue
pUCKU MpaduyuoHHbIX hopM npou3soocmsa C UCNONb30BAHUEM HEBO300HOBIAEMbIX
pecypcos, nymu mexHOo/I02U4ecKo20 COBEPUWEHCMBOBAHUA NPOU3BOOCMBEHHbIX NPOUECCO8,
npoyedyp KOHMpO/A U ocmpas Heobxooumocmb y4ema mexOyHapOOHbIX cMaHOapmos
kavecmsa. ObocHo8aHa Heobxo0umMocmb nepecMompa u co8epuIeHCMBOo8aHUA Memoodos
OUEHKU 3KON02UYECKO20 U S3KOHOMUYECKO20 yepba 8 pasziudHbIX cucmemax Oa CpABHEHUs
U conocmasneHus 8 MeHAOWUXCA YCIOBUAX SHEpeemu4ecKozo nepexooad.

[pednoxeHbl nymu 6anaHcuposaHus ¢hopmM Kanumana u nooxo0o8 K OUeHKe
UHMeJIIeKmyanbHo20 Kanumana nocpedcmsoM ynpasieHus cmpameeusamu passumus
Hayku u obpa3osaHus.

Knrouesbie cnosa: sHepzemuyeckuli nepexod, ¢hakmopsb! 2apmoHU3ayuu, adanmusHoe
ynpasneHue

BeepeHue

B KoHTEKcTe npopomKatoLLerocA M3MEHeHUA Kaumata M YCUAWIA cTpaH no
CMArYEeHUIO ero BO3AENCTBUA, a TaKKe CTpaTernyeckux pelleHunii no passBuUTUIO
3eneHol IKOHOMUKM, B APMEHWUU NMPOBOAATCA KOMMNEKCHble uccnepobanua. OHu
HanpaBsneHbl Ha pa3paboTKy Hanbonee appeKTUBHOW NOAUTUKU pacnpepeneHuns
3HEpPropecypcos C y4eToM creuuduKn pasBUTHA 1 AONFOCPOYHOIO MiaHMPOBaHUA
3KOHOMMYECKOro nporpecca.

lMpoBefeHHbIil paHee aHanu3 CyLLLECTBYIOLLIMX SHEPreTUYECKUX PECYpCoB, Kak
BO30OHOB/IAEMbIX, TaK W HEBO30OHOBNAEMbIX, N NEPCNEKTUB UX UCMONb30BaHUA C
TOYKM 3PEHNA Nepexofa K HOBbIM YCNOBUAM IKOHOMUYECKOrO pa3BUTUA MO3BOUA
cpenatb cnepytoLive BbIBOAbl. ATOMHaA SHepruA ABAAETCA OfHMM M3 OCHOBHbIX
WCTOYHMKOB 3HEPTUM B CTPaHE M HanpaBneHa Ha ysenunyeHne molHocth. OgHum
13 Havnbonee NepcneKTUBHbIX HanpaBneHWi pa3BUTUA 3eNeHOI IHepPreTUKN ABNA-
€TCA CONHEeYHas.
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Mepexop, K 3eneHOI IKOHOMUKE B CTpaHax Co CxoxuM ¢ ApMeHweli pacnpeaene-
HUEM 3HEPTETUYECKUX PECYPCOB, C YBENUYEHNEM CONHEYHOI N BETPOBOI SHEPIrUH,
MOMeT npoTeKaTb 6onee NnaBHO M C MEHbLUMMU HEraTUBHBIMU MOCNEACTBUAMM, HEM
B CTpaHax C aHepreTukoii yrnesogopogHoro tonnmea (Nalbandyan, 2023). OgHa-
KO, KOHEYHO, BbIBOJ, la/leKo He OfHO3HaueH. [lonuTuyeckasa cuctema U cuctema
9KOHOMMWYECKOrO PasBUTUA TaKKe UMEOT bonblLoe 3HaYeHue.

OueHKka pacnpepenuTenbHbIX NOCNEACTBUIA A1A NEPEXOLHOro nepuopa noka-
3ana HeobXoAMMOCTb PacCMOTPEHUA BO3MOMHOCTEW rapMOHM3aLuW pasfnyHbIX
chopm KanuTana: NPUPOAHOro, MHTENNEKTYaNbHOIO, hU3NYECKOro, (PMHAHCOBOTO,
yenoseyeckoro (Nalbandyan, 2022). MNpuyem cpean oTMEYEHHbIX HEKOTOPbIE NErko
NOAJAIOTCA OLLEHKE U aHanu3y TeHAEHUMIi U3MeHeHUA, a Takue, Kak, Hanpumep,
WHTENNEKTYaNbHbIE, ECTECTBEHHbIE — CNOKHbI.

1. OcHOBHble HanpaBneHUs pa3BUTUA SHEPreTuku ApmeHun

['udposHepzemuka. Mo ctatuctuke, B 2018 rogy Npon3BOACTBO 3NEKTPOIHEPrUU
manbimm 2C coctaBuno okono 1 mnpg kBt/4. Yto KacaeTca npousBepeHHOM
aHeprum B 2019 rogy, To obLLas yctaHoBNEHHaA MOLLHOCTb cocTaBuna okono 370
MBr.

O6wmii peHexHblli obbem nHeectuumii B [9C oueHunBaetca npvmepHo B 1
mnpa gonnapos CLUA.

Tennosas sHepzemuka meeT HebONbLLOI BKNaf B aHeprocuctemy ApmeHuu.

AmomHas 3Hepeemuka. ATOMHaA 3SHEPrua ABNAETCA OQHUM M3 OCHOBHbIX
MCTOYHUKOB 3HEPrun B APMEHUU M UFpaeT peLLatoLLytO pofib B SHEProCcHabMeHUN
cTpaHbl. B HacToAwee BpemAa MmowHOCTb Meuamopckoii  3aneKTpocTaHLum
obecneynsaet 40% anekTposHeprun, notpebnaemoit HaceneHnem ApmeHun.

MouHocTb ogHoro paeiicTytoLlero peaktopa coctaenAet okono 400 MBT, a
MOLLLHOCTb NnaHupyemoii atomHoli aHepretukn B 2026 rogy — 1060 MBr.

BempoasHepzemuyeckue npoekmsi B Pecnybnuke Apmenusa 6binn HayaTbl B
2003 ropy.

B 2003 ropy 6binn paspaboTaHbl KapTbl BETPOIHEPreETUHECKUX PeCypCcoB
ApMeHUM, COrnacHo KOTopbIM 06LLas MOLLHOCTb BETPO3MEKTPOCTaHLUMIA OLeHU-
BaetcAa B 450 MBT ropnoBoii BbipabOTKOW aHEpruu.

Mo coctoAaHuto Ha utonb 2019 roga aneKTPoOIHEPruto NPOU3BOAUIN 2 BETPO-
aneKTpocTaHLuMu, obLLas ycTaHOBIEHHaA MOLLLHOCTb KOTOpbIX cocTaBuna 2,9 MBr,
B CTaAuu CTPOUTENBCTBA HAXOAATCA 2 BETPO3NEKTPOCTAHLLMMU MOLLHOCTbIO 5,3 MBT.

B pamkax npoekta EBpocoto3a 3aBeplueHbl paboTbl MO MOHWUTOPUHIY Ha
nepeeane CemeHoBka CeBaHa W MOLrOTOBNEHO MNpPEABaPUTENbHOE TEXHUKO-
3KOHOMMYECKOoe O0OOCHOBaHME CTPOWUTENLCTBA BETPOINEKTPOCTAHLUMU  06LLElt
ycTaHoBnieHHo mowHocTbio 35 MBT. B nekabpe 2005 ropa B ApmeHun, a Takme
Ha KaBkase, Ha [lylwkuHckoM nepesane Obina BBefeHa B dKCMyaTauuto nepsas
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ceTeBas BETPO3/NEKTPOCTaHLMA obLeli mowHocTbio 2,6 MBT. B ykasaHHOM mecTe
nnaHWpyeTcA MNOCTPOUTbL BETPO3NEKTPOCTaHLMIO obLueli MoLHocTbo fo 50 MBT.
bbinn onpepenerbl ocHOBHbIE NepcnexkTUBHbIE MecTa: nepesan 304U, ropbl basym
- nepeanbl Kapaxay n [MywkuHckuid, nepesan [lxapskyp, paiioH [eramckux rop,
CeBaHckuii nepeBan, AnapaHckuii paiioH, BbIcCOKoropHas 3oHa mexay CucmaHom
n fopucom, MerpuHckuii paitoH.

ConHe4Has 3sHepeemuka. ApmeHus obnapaer 60nbLUMM  MOTEHLMANOM
CONTHEYHOW 3HepreTMkn (CpefHerofoBas BeNMYMHA MOTOKA COMHEYHOI 3Hepruu
Ha ropu3oHTaNbHYylO MOBEPXHOCTb niowanbto 1 M2 coctaBnaet 1720 kBru/m?, a
yeTBepTb TeppuTopuK pecnybnukn obecneyeHa pecypcamn COMHEYHOI 3Heprum
¢ ropoBoit nHTeHcuBHocTblo 1850 kBTu/M?). ConHeuHaa Tennosaa aHepreTuka B
ApMeHWUM cTpeMuTeNnbHO pa3BuBaeTCA.

B HerasudpuumposaHrHbix obwmHax Apmenun B 2017 rogy B aBrycrte ctaptoBana
KpeauTHaa nporpamma “IHeproadceKTMBHOCTL”, B pamKax Kotopoit B 2019 ropy
no coctoaHuto Ha 31 mMaAa bbino yctaHoBneHo 2685 conHeyHbIx BogoHarpesatenei
1 101 conHeyHasa doToaneKTpuyeckaa cuctema.

2. MexaHu3Mbl perynMpoBaHus 3HepreTMyeckoro nepexoaa

lMpoussoocmseHHble. ApmeHWAa nnaHupyeT yBennuuBaTb WHBECTULMOHHOE
rnone, pasBuBaTb MPOMbILLNEHHOCTb, 0CODEHHO NnepepabaTbiBatoLLyHO, Ha OCHOBE
TEXHONOMMYECKNX MOAXOLOB, HanpaBfieHHbIX Ha 3HeprocbepemeHune, Harnpumep,
“CMoNb30BaHNe 3aMKHYTbIX LIVKOB PeCypcoB, B YaCTHOCTU, BOAHbIX, U T.4. Takue
MOAXOAbI yie UCMOoNb3YHTCA.

CoyuaneHsie. CoumnanbHble MeXaHU3Mbl BKTHOYaOT CO3JaHNe HOBbIX pabounx
MECT, CoLManbHble MPOrpammbl MO CTUMYJIMPOBaHWIO HaceneHus B Map3ax,
“Ccrnonb3oBaHWe BO30OHOBNAEMbIX (POPM IHEPrUU B CENbCKOW MECTHOCTW U T.A,.
Takne nporpammbl yxe ctapToBay.

TexHuyeckue. MpUMeHeHNe B MPOMBILLNIEHHOCTH TEXHUYECKUX CpeacTB, obecre-
YMBaloOLLMX CTpaTernto sHeprocbepemeHnsa. PaspaboTka cTaHfapToB U HOPM,
HanpumMep, B akTMBHO pa3BuBatoLLLEMCA B ADMEHUM CTPOUTENBCTBE, He TONbKO NO
3HeprocbepemeHmnto, Ho 1 No pecypcocOepeeHnto, MECTHOMY NPUPOJHOMY MaTe-
puany, C y4eTom 3KOoNornyeckoii 6e3onacHoCcTn oKpymaroLLeid cpepbl, T.e. cbanaHcu-
POBaHHOrO MOAXofa, YTO, K COManeHuto, noka He obecrneyeHo Ha AOCTAaTOYHOM
YPOBHe.

TexHonozuyeckue. TexHONOrMYeCKNe peLLeHNA OXBaTbIBalOT BHEAPEHNE HOBbIX
TEXHONOr M1 B NPOV3BOACTBO CONHEYHOI, BETPOBOI U BOAHOW IHEPreTUKN.

HayuHble. BkntoyatoT HayuHble N METOAMYECKME pa3paboTKM MO UCMONb30BaHMIO
MECTHOrO CbIpbfi B TEXHUYECKMX U TexHomormyeckux paspabotkax. OueHky
¢hopm KanutanoB B CTpaHe C TOYKM 3peHuA cbanaHCHpOBAHHOrO ynpasneHus
C WCMONb30BaHMEM HayYHbIX MeTOHOB, Hay4YHble MOAXOAbl MUHUMM3ALLUK
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HEeraTMBHbIX NOCNEACTBMIA Nepexofa, rapMOHM3aL K coLmanbHbIX, IKOHOMUYECKNX
M 3KONOMMYECKNX PECYPCOB.

3. YpoBHM perynupoBaHus 3HepreTU4ecKkoro nepexoaa
OCHOBHbIMW YPOBHAMM Nnepexopa ABNAKTCA FOPULUYECKUIA, IKOHOMUYECKUIT 1
afiMUHUCTPATUBHbIA.

C uenbto perynupoBaHua HeobxoguMo paccmaTpuBaTb M pedbopMUpoBaThb
HeKoTopble 3aKoHoAaTeNbHble akTbl, [locTaHOBNEHUA, pa3pabaTbiBaTb ¥ BHEAPATb
MeKAyHapOHblE€ KOHBEHLMN.

JKOHOMMWYECKMIA pblyar B YCNOBUAX PbIHOYHbIX OTHOLLEHWI ABNAETCA OLHUM
M3 LEeHTpanbHbIX, HO HEOOXOAMM MOAXOM PacCMOTPEHWUA C YYETOM COXpaHeHuA
MPUPOLHbIX TE03KONOTMYECKUX CUCTEM, MyTeM rapMOHM3aLuUM Mep, MyTem
COBEpLLEHCTBOBAHWA MOMUTUKM IKONOTMYECKMX Hanoroe, nnatexein. B cBasm c
Bo3pacTatoum TpeboBaHnem bonee Hay4HO-0HOCHOBAHHOIO MOAXOAA U OLLEHKU
MPVPOLHbIX PECYPCOB, aKTyalbHbl METOfbl COBEPLLEHCTBOBAHUA OLEHKN SKONOrO-
3KOHOMMYecKoro yuiepba npupope, CpaBHUTENbHbI aHanu3 ypoBHA yluepba B
YCNOBUAX LEWCTBYHOLLEN 1 NepCcrneKTUBHOMN, BHeAPAEMOI nocne nepexopa noauTuku
npoussopacTtsa sHeprum (Hanbanpan, 2021, 2022).

Ha apgMuHucTpaTBHOM ypoBHe obecneunTb paboTy KOMMNEKCHOro nopxopa
yepes COBEPLUEHCTBOBAHWE CUCTEMbI YrpaBieHUA B CTpaHe.

4. dakTOpbl rapMOHU3ALUK

Bce Buabl Kanutana B3aMMmocBA3aHbl, HO 3Ta CBA3b orpaHuyeHa. Ecnu
paccmaTpusaTb NPUPOAHbI KanuTan, To, B OTAMYMe OT Apyrux hopm Kanutana, oH
He BO30OHOBNAETCA MOMHOCTLIO MOCAe pacxofoBaHuA. Hanpumep, aHTponoreHHble
naHpwadpTbl He MoryT ObITb MOAHOCTHIO BOCCTAHOBMEHbI, BO3BpaLLEHbl B
€CTeCTBEHHOe COCTOAHME, a Mpu [obblye MONEe3HbIX MCKOMaemblX YacTb WX
TepAeTCA Kak pecypc, npeBpallafcb B OTXOAbl. Takum obpa3om, Mbl Habntopaem
onpefeneHHble orpaHNYeHUA reodKONOrMYecKoro xapakTepa. Pellenus 3apauu
WHTerpaLum Bcex BULOB KanuTana noka He HaiaeHbl.

MbI ponxHbI OLLEHNUTb BCE BUfbI KanuTana, a 3aTeM CPaBHUTb.

lpupodHsili kanuman. W3BecTHbl Kak BO30OHOBNAEMble, Tak U HEBO300-
HoBnAemble popMbl NPUPOAHbIX pecypcoB. B cnyyae paccmoTpeHus akocucTem,
Kak [OCTYMHbIX ANA BO30OHOBNEHWA, CrnefyeT OLeHMBaTb WX Kak WCTOYHWK
nonyyYyeHnA NpofyKLMN, TaKNX Kak BpeBecuHa, rpubbl, nekapCTBEHHbIE pacTeHus,
OVKUEe ArofAbl, METOAOM OrfpefeNneHns 3KOCUCTEMHbIX YCNYyr CTOYKWM 3peHuA
PErynMpoBaHuA KIMMAaTUYECKUX YCNOBMWIA, BOAHbIX PECYPCOB WM, K NPUMEPY,
onpefeneHns pekpeaLmoHHbIX GyHKLMIA IKocUCTeM, BOJOPETYANPYIOLLMX PyHKLMIA
neca, 60NOTHbIX yrofuii.

WrmennekmyansHbil kanuman. OCHOBHblE Pa3nnynA MeMAY HTeNNeKTyanb-
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HbIM KanuTanom v pU3MYECKUM KamnuTanom 3aKNoYatoTCA B ero HemaTepuanbHoi
MPUPOAE N NPUCYLLIMX emy CBOCTBaxX. [103TOMy €ro CNOMHO OLLEHWTb, HaliTV eAnHULY
“3MepeHus, paspaboTaTb KpUTEPUM OLEHKU ANA LOCTOBEPHOrO OOBEKTUBHOIO
n3mepennsa. OBLEKTVBHO M3MepPUTb OMbIT COTPYAHMKA, €ro 3HaHWA U HaBblKK
A0BO/NbHO npobnematnyHo. Mpuyem, cnepyet UMETb B BUAY, YTO UHTENNEKTYaNbHbIN
KanuTan OLeHMBAETCA Kak B CTOMMOCTHOM, Tak Y HECTOMMOCTHOM BbIPameHUN.

CyLuecTBytoT nNpAMble METOAbI MOACYETa UHTENNEKTYyanbHoro kanutana. OgHum
“3 Hambonee nonynApHbIX ABnAeTcA Meton BpykuHra. Llenbto metopa AsnAetca
MOWCK [EHEKHOrO BbIPaMeHUA CTOMMOCTV WHTENNEeKTyanbHOro Kanmutana u ero
KomroHeHTOB. CyTb METOAA 3aKNoYaeTcA B OLeHKe CTOMMOCTU UHTENNEKTYalbHOro
KanuTtana Ha ocHoBe OTBETOB Ha aHKeTy 13 20 BonNpocoB, KOTOpble XapaKTepU3yroT
yeTblpe OCHOBHbIX ero komnoHeHTa. CyliectByeT 3 moxopa: 3aTpaTHblii Noaxon,
— onpepgeneHne CTOMMOCTM akTMBa Ha OCHOBe MNPAMOro nopcyeta 3aTpar Ha
nposefeHne paboT; PbIHOYHbBIN NoAXoH —

ornpepeneHne CTOMMOCTW aKTUBOB MO LiEHE CLENOK C aHaNOrMYHbIMU akTHBaMM
Ha pbIHKE; LOXOAHbIN NOAX0H — OnpeaeneHne CTOMMOCTV akTUBOB Ha OCHOBaHWUM
MX CMOCOOHOCTU MPUHOCUTL JoXxo4. [penmyLLecTBOM METoAa CYATAETCA TO, YTO
BbIENAETCA CTOMMOCTb WHTENNEKTyaNbHOro kanutana. HepocTtaTtkom MmeTopa
ABNAETCA TO, YTO OObIYHO Monyyaemas B pesy/ibraTe CTOMMOCTb He COBMajaeT C
peanbHOW CTOMMOCTBIO OLLEHMBAEMOrO MHTeNeKTyanbHoro aktnea. CyTb apyroro
MeTofa, 3aK/NYaeTcA B KOMMYECTBEHHOM BbIpPaMEHUM CTOMMOCTM KamoW M3
yacTeli 4enoBeYEeCKOro, CTPYKTYPHOrO, KIMEHTCKOrO KanuTaioB Ha OCHOBE
3KCMEPTHbIX OLLEHOK BKNafa Kaxaoro M3 HUX B UTOrOBYHO CTOMMOCTb KOMMaHUW.
Ho, K comaneHuto, oH ToXe MMeeT BblpameHHble HEAOCTATKU. TaK, aKCMnepTbl He
MOFYT A,OCTaTOYHO TOYHO OLLEHWUTb BKMAL KamOro KOMMNOHEHTA UHTENNEKTYalbHOMrO
KanuTtana, Tak kak obuwiaa cymma npuxHumaetca 3a 100 % u He yuuTbiBaetca To,
YTO HEKOTOPble KOMMOHEHTbI MOrYT ObITb B3aUMOCBA3aHbl U CO3faBaTb CTOMMOCTb
coBMecTHO (Xoponbckan, 2016). Takke cnepyeT uMeTb B BUAY, YTO MHTENNEKT UMEET
M KayeCTBEHHble MoKasaTenu, KoTopble He MeHee BaxHbl. BepoaTHo, Hanbonee
paLVoHanbHblii NOAXOM, 3aK/H0YaeTCA B COMOCTABNEHNMN OLEHKN UHTENNEKTYaNbHOro
KanuTana B KONMYECTBEHHOM U KayecTBEHHOM 3KBUBaneHTe. B kauecTBe aBTOpCKOro
MpenoKeHNA CUMTat0 MOME3HbIM paccMaTpuBaTb NMepuof, B MpoLUnom Hanbonee
BbICOKOrO pesynbTata MWHTENNEKTYalbHOro pocTa KOHKPETHoro obLuecTBa,
Harnpumep, Bblpa)aeMoro B BbICOKMX LOCTUMEHWAX B HayKe U OLEHMBaTb Yepes
couuanbHble hakTopbl. MoKHO paccmoTpeTb onpeaeneHHble Ko3ULUEHTbI AnA
MPOrHO3MPOBaHUA POCTa UHTENNEKTYalIbHOrO KanuTana B HacToALLMX ycnoBuax. B
pacyeTHbIX POpMyfiax MOKHO BK/IOYaTb Takue KO3(P(ULUEHTbI, COMPAMEHHbIE C
dhakTOopamMun 1 nepcneKkTMBaMmn pasBUTUA CoLManbHOro obLyecTsa.

Ecnu cpaBHUTL ero ¢ ¢buHaHco8bIM Kanumanom, TO MOKHO CKasaTb, YTO
VHTEeNNeKkTyanbHblii HanpasneH B Oyayliee, a OMHAHCOBbIN OTOMAECTBAAETCA
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C peAaTenbHocTblo B npownom. OTMeyeHHble pasnnynMa U CBOIWCTBA CO3AatoT
onpepeneHHble TPyAHOCTW ANA NPUBEAEHUA 3TOrO BUAA KanuTana K oueHKe, anA
COMOCTaBMMOCTU U BO3MOMHOCTW CpaBHEHWA, [JIA pauvoHaNbHON MHTerpaumu
B CUCTEMY, HO 3TO HE O3HayaeT, 4TO HEeT CrnocoboB MOWCKA U YTOYHEHMA.
CoBeplLueHcTBOBaHME W MOLEPHM3aLMA YyNpaBNeHNA B COBPEMEHHOM MUPEe MOryT
MCMONb30BaTbCA U UCMONb3YIOTCA Kak 3¢pPeKTUBHbIN MHCTPYMEHT 1A 3TUX Lenei.
CoBpemMeHHble acneKTbl 3KONOrMYECKOW 3KOHOMUKM OTANYAKOTCA MMEHHO
KOMIMEKCHbIM paccMOTpeHMEM Kak rnocodbCkux, Tak U 3TUYECKUX npobnem.

3aknrouyeHune

MpenmyLiecTBa 3eneHoro nepexopa Oo4eBUIHbIl. JTO CHUMKEHME 3arpA3HeHuaA
oKkpysKatoLLieit cpeabl. MHBecTMuMK B 6e3yrnepoaHble sHepreTUYECKNe TEXHONOM K
MOTYT CTaTb [BVYLLEN CUNOI HOBOrO 3Tana TEXHONOMMYECKOrO pa3BUTUA.

TpeboBaHnA nepexopa B TEXHONOTMYECKOM CMbICNle MOTYT CTaTb TOMYKOM
OJIA pa3BUTWA WHTENNEKTYanbHOro KanwuTana apMAH B MUPE U, CO3[aBaemble
npuBneKatenbHble ycnoBua B ApMeHUM, MOryT CrnocobCTBOBaTb MUrpaLuu
YENOBEYECKOro KanuTana B CTpaHy.

C TOo4KM 3peHuna pobblun CbipbA AA NPOU3BOLACTBA BO30OHOBAAEMbIX PECypCcoB,
HarnpaBneHHbIX Ha SHEPreTUKy, B CTpaHe CKNafblBaeTCcA HEOAHO3HaYHaA CUTYyaLmA.
TexHonoruu v ynpasneHve fobblyeil megn n MonubpeHa CErogHA He OTBevaroT
COBPEMEHHbIM TpeboBaHMAM 1 HOpMaM, BOMPOChI BbICOKOTO 3KONOMMYECKOro prcKa
M 3Konoruyeckoro yuiepba no-npexHemMy akTyanbHbl. BbI30Bbl nameHAOLLMXCA
YCNOBWIA CTaBAT YeTKMe 3afayu nepecMoTpa METOJOB M CTaHAApPTOB B AaHHON
cpepe npowussopcTBa. HayyHble [OCTUMMEHMA [OMXHbI KOppenuposaTb C
MPOU3BOACTBEHHbLIMU NPUOPUTETaAMM, COLMaNbHbIM paBHOBECKEM ObLLECTBA.

MpuopuTeTbl TEXHONOrMYECKOTrO Pa3BUTUA CledyeT paccMaTpuBaTb B COBOKYM-
HOCTW C [JONrOCPOYHBIMM MAaHaMU 3KOHOMMYECKOTO PasBUTWA W CTpaTernamu
yBenuyeHua 4Yenopeyeckoro Kanutana. Ocoboe BHMMaHWe Hapo yaenatb
VIHTENNeKTyalbHOMY KanuTany B CBA3M C POCTOM TEXHOMOMMYECKO COCTaBAAOLLEN B
pa3BuUTMK 06LLECTBA, OLLEHNBATb €ro BKNaf, B 3€NEHYH0 SKOHOMMKY, CNOcObCTBOBATb
copa3MepHOMY yBENNYEHWIO BO BCEX CTpaTernyecknx cdepax pasutua obLuecTsa.

Cuctema Haykm u obpa3oBaHWA [OMKHAa COOTBETCTBOBaTb TpeboBaHWAM
pa3BUTKA 3eNEHOIN IKOHOMMKW, afanTaLua MenKoro U cpegHero busHeca B aHHOM
HanpaBneHUy [oMmKHa ObITb HayKOEMKOW, TEXHONMOrMYecKoii U COOTBETCTBOBATb
MeMyHapoLHbIM CTaHAapTaMm.
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ELEMYEShy ULSNRU H6Mh LULURQ SLSEUNRB3NKL
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unrnruSLEMNd LUMUSNR3L UPISNRLLH

Lwpwunywu U.U.
Gplwuh «wypnuwly» hwdwuwpwi

Yhuwpywsd Gu <wyjwunwund Eubipgbnplwih qupqugdwu hhduwywu
ninnnLeyntuutipp, Ywuws nbunbunipjwut wugubiint dGfluwuhqdubpu nu dwlwp-
nwyubpp: Ywwhwwih pninp dubiph ubpnwotwytgdwu wuhpwdtiounnyeniup
upynud £ npwbiu Eubipghwjh wnwouwhbpp aubph YGpwuwydwu hwpdwp-
Yynnwlwtu dwuwwwnph: Unwuduwhwwny npwnpnigintt £ nupdynd ptw-
Ywu L dunwynp Yuwhwwih quwhwndwup b yGpwihnfudwup' nunbuwywu
qupgqwugiwt dwuwwwnphhu wbuuninghwywu pwnwnphsh wéh  hwdw-
nbpunnid: Uhwdwdwuwly puuwpyyty Gu ny yGpwywuguynn nbunipuubpp
ognwagnpddwdp wpunwnpnipjwt wjwunwlwu dubph putwwwhwwuwlwu
nhuytpp, wpunwnpwlwu gnpdpupwgubtiph nbfuuninghwlwu pwpbjwydwu
ninhutipp, Yepwhuynnnipju pupwgwlwnpgbph b npwlh dhowqquiht swihw-
uhoutipp hwoyh wnubiint hpwwnww wuhpwdtonnieniup: <pduwynpywsd L
wmwppbp hwdwlwpgbpnd  ptwwywhwywiwywu b nunbuwlwu Juwuub-
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nh guwhwwdwtu dbennutiph Yybpwuwjdwu b Yunwpbjugnpddwtu wuhpw-
dtounipyniup’ hwdwnpdwu b hwdbdwndwu tywwnwyny Lubpgbnpy wugdwu
thnthnfuynn wwjdwuubpnid:

Unwownyynud Gu Yuwuwhwwih dubiph b dvnwynp Yuwhunwih guwhwwndwu
dninbignidubiph hwjwuwpwypndwu ninhubipp ghnwlwu b Yppwlywu qup-
guwgdwt nwqdwywpnieiniuttph Yuwnwywnpdwu dhongny:

Lhduwpwnbp. Lbhipgtpply wagnid, bapnwpbiwlbgdwt gnpdntiin, hwp-
dwnynnwlwt hulynnnyeinit

ENERGY TRANSITION TO A GREEN ECONOMY: ADAPTIVE
CONTROL - TO THE BEST RESULT WITH THE LEAST LOSSES

Nalbandyan M.A.

Yerevan «Haybusak» University

The article is devoted to the problems of energy transition. The main directions
of energy development in Armenia, mechanisms and levels of transition to a
green economy are considered. The need to harmonize all forms of capital is
noted as an adaptive path to revising priority forms of energy. Particular attention
is paid to the assessment and transformation of natural and intellectual capital
in the context of the growth of the technological component along the path of
economic development. At the same time, issues of managing environmental
risks of traditional forms of production using non-renewable resources, ways
of technological improvement of production processes, and the urgent need to
take into account international standards for control procedures and quality were
discussed. The need to revise and improve methods for assessing environmental
and economic damage in various systems for comparison and comparison in the
changing conditions of the energy transition is substantiated. Ways of balancing
between forms of capital and approaches to assessing intellectual capital through
managing scientific and educational development strategies are proposed.

Keywords: energy transition, harmonization factors, adaptive control
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ON THE HYDROGENIC AND NUCLEAR PROPERTIES LINK
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Abstract. The research aims to link the nucleon’s mass radius and hydrogen’s
ionization energy and determine the mass radii of the nucleons and some leptons. The
nuclear radius of any elementary particle (R ) is linked to atomic properties such as the

ionization energy of hydrogen. It appears R is inversely proportional to the ionization
energy of hydrogen and directly proportional to the rest - mass of the particle.

Keywords: Hydrogenic ions, nucleon and Bohr’s radii, hydrogenic ionization energy.

Introduction

Atomic and nuclear matter physics give that atomic properties are a direct
function of the nuclear properties. For instance, the proton and neutron root
mean square radii is defined as [1]

¥ [+ Nz () dr * 3 i ke
ros 2 B niPIPn(p) N ERT L (1
n{p] - <Tn(P] > - ( _[.—Pnfp}{f-] ar ) R (5 ROD{P’] + s ﬂ.n(P]) ( )

Where, R, py Gpnepy 2nd P, py () are the half-density radius, diffuseness

of the neutron (proton) density distributions, and local proton (neutron) density
respectively.

Besides, Eq. (1) gives the impression that r.m.s. radius and by extension mass
radii of proton and neutron are the same. The issue of mathematical complexity
in almost all theoretical and experimental theses on elementary particle properties
is very much contrary to Bohr’s theory, which had met uncomplimentary remarks
as discussed in the literature [2]. This has led to wave/quantum mechanics, whose
mathematical formalism is too complex and sometimes lacks a stepwise approach
in the derivational process [3].

In this research, a classical model is adopted.

Thus, this part of the introductory section can be described as an overview of
the literature pieces of information about issues connected with nuclear matter,
proton density distribution, and neutron halo or neutron skin thickness [1, 4].
Physical concepts or terms as above including surface nucleons, which are
hardly explained ought to be exhaustively defined. A nonprofessional may give
the impression that the nucleus is an enclosed 3-D space with internal (or intra-)
nuclear nucleons and external or surface nucleons.

Atomic physics and nuclear matter physics are often exclusively treated or
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studied. However, atomic properties are a direct function of the nuclear properties.
For instance, the nuclear charge density is a function of the total number of
protons and the nuclear volume. Thus, the modern definitions of periodic law
such as [5] -

(a) the properties of the elements are a periodic function of their atomic
numbers.

(b) the properties of the elements depend upon their total electron
configuration is the very evidence-based reason why there is a need to link nuclear
matter properties with atomic matter properties.

The stability of the electronic configuration expressed in terms of ionization
energy is a function of the nuclear properties. Incidentally, there seems to be
emerging interest in what is referred to as the density distribution of finite
nuclei as if to imply that infinite nuclei may exist [6]. Any investigation on
the density distribution of the so-called finite nuclei requires according to [1]
accurate information about the root-mean-square (r.m.s.) radii of proton and
neutron density distribution, surface diffuseness, and neutron skin thickness. The
diffuseness parameter is defined as the fall-off of the nuclear potential in the tail
region of the Coulomb barrier [7]. Thus, this research is undertaken to

1) link the nuclear property and mass-radius of the nucleon to the ionization
energy of hydrogen via the derivation of the appropriate equation, and

2) determine the mass radii of the nucleons and some leptons.

The size-ionization energy link

The research [8] has shown that the mass-radius of the nucleons and subatomic
particles whose mass is greater than the mass of the nucleons can be determined.
The greater the mass of the different particles, the longer the lengths of the mass
radii become. The equation is given [8]

:.Rp=

e® mp

(2)

Where, #,, ¢, m,, €, m_, h, and c is the mass-radius of any particle, the charge
of an electron, the mass of the particle, the permittivity in free space, the mass
of an electron, Planck constant, and velocity of light in a vacuum respectively.

The Eq. (1) for c, gives

a
. & = mP
c _——mx 3)
me he, 4nRp

There exists the following equation for the radius of any atom [9],

=R )
dme;meg hec

1 20y ngh?

me \ &, mye*nc?

X

(4)
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Where subscript x denotes any element of an atom, and a, £, n, n,, and
&, are the radius, the ionization energy, the principal quantum number of any
atom other than the hydrogen atom, the magnetic constant, and the ionization
energy of hydrogen atom respectively. If & = &, the usual Bohr’s symbol, a, for
the radius of hydrogen otherwise known as Bohr’s radius for hydrogen applies
and n mustb_=1.

Substitution of Eq. (3) into Eq. (4) gives

z[4E . aT ny h? e 3’2
a,=|tuile Ik (5)
Ex mp y &% T

It is also known [2] that for any hydrogenic and non-hydrogenic elements

nyh 1
== 6
a}{ ']'I:':S me:]j__,;,__ E? ( )
It follows from (5) and (6) that
1 nRp h* e}
= =32 e %
Mg gH mp uZ e'? (7)
From the Eq. (7) the final formula for Rp:
2 10
. mp pg €
Rp = (8)

32 h* &) nmg Ey
For every hydrogenic atom of the form ‘f};)ei"z'ljur where, A and Z are the

mass number and atomic number respectively, n’¢,, /2> (where n =1) as well as
(nxﬁ /ZZis always = &, where Z_ is the effective nuclear charge. The constant in

Eq. (8) is difficult to choose because although H is experimentally and theoretically
determinable, it is nevertheless a constant parameter based on the preceding
analysis. Thus, if all the parameters in Eq. (8) are constant, then the dependent
parameter must be constant as long as the rest mass of the particle is constant.

Results and Discussion

As stated earlier, recent results reported for the length of the radii of nucleons
in the literature [8] are very different from results reported in older literature [9,
10]. Such pieces of information include the observation that “the proton charge
radii in the literature are 0.84 + 0.05 fm [9], 0.856 fm [10], 0.84 + 0.0004 fm
[12-15], 0.84087 fm [16] and finally for this research, 0.831 + 0.012 fm [17]. This
latter figure for the proton charge radius refutes the claim that 0.84 fm may be
the most accurate if lower figures point to more accurate values [8]. Yet, again
the value of 0.831 = 0.012 fm [17] may not be the shortest according to the paper
[18] which showed a value equal to 0.7 fm.

Other reports are those based on an unfamiliar chiral bag model, which views
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the radius of the nucleon to be a bag of radius ~ 0.8 fm [19] and that of [4], which
is also 0.8 fm according to them, the r.m.s radius of the nucleon. According to
the latter authors [4], proton point densities instead of charge densities can be used
to determine the finite size of the proton by the prescription, ’rp: = *r,_-: —T:.E, where
re e and ry (where r, is = 0.8 fm) are the r.m.s radii of proton, charge, and nucleon
density distribution respectively.

The RP values for illustration are determined for the nucleons and muon in
muonic hydrogen only as shown in Table 1. The muon is a lepton whose mass is
~ 207 me, and its negative charge. The muon-proton mass ratio, n according to
[20] is 0.1126095272.

Baryons Symbols Mass/exp (-27) kg Radii / fm
Proton p* 1.672621777© 1.101171175
Neutron n 1.674927351© 1.102689051
Leptons Symbols Mass/exp (-27) kg Radii / fm
Muon iy 0.188427357 0.123979254
Tauon T 3.167790098 2.085515799

In the Table 1 superscript (C) means the CODATA recommended values
[21]. Other mass values use the mass-energy equivalence equation (GeV/c,)
with data in the www.Sciencedirect.com/topics/chemistry/leptons. The ionization
energy of the hydrogen atom was calculated using a, = 5.2917721092-10" m,
e =1.602176565-10"° C, and ¢, = 8.854187817-10"> F/m. The usual equation is
&, = €%/8mga,.

Based on Eq. (8), the radius of any elementary particle is mainly a function
of its mass. Expectedly, the larger particle with higher mass has a longer radius
similar to the report elsewhere [8]. Substitution of the ionization energy of
hydrogen into Eq. (8) how-ever, gave results whose difference from previous
results for the proton and neutron are ~ 0.03406 % of the results in the literature
[8].

In recent literature, elastic electron-proton scattering (e-p) and the spectroscopy
of hydrogen atoms are the two methods traditionally used to determine the proton
charge radius, Rp. Another method, using a muonic hydrogen atom, in which
measurement of Lamp-shift was taken, found a substantial discrepancy compared
with previous results [17]. The shorter length of the proton radius led to the proton
radius puzzle [20]. Howev-er, a greater puzzle ought to be expected if despite
the freely available literature materi-als the scholars did not notice the values of
proton radius shorter than 0.831 fm. The proton radius in question was obtained
by measuring the Lamb shift in the muonic hy-drogen atom.

The term Lamb shift came to reality after the notion of the degeneracy of 2s,,
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and 2p,, states of the hydrogen atom popularized by Dirac’s unfamiliar one-particle
relativistic theory was replaced with the observation that the 2s,, is higher than
2p,,. Nevertheless, the potential energy at the p state should be higher than s.
No extra information in this regard is available in the literature for clarification.
Lamb shift is the shift of atomic energy level given suitable conditions, e.g. the
interaction of the electron with the virtual photon and vacuum electric current
(www.sciencedirect.com/topics/chemistry/lambshift), conditions that may not be
unexpected in the experimental process involving muonic hydro-gen.

It has been explained [8] why the proton’s r.m.s. radius will continue to shorten
based on the implication of the experimental procedure, the unusual electron-
proton scattering (e-p) approach involving particles of opposite charge as against
the positronproton (e*-p) scattering approach. The current approach in this
research has dual characteristics in the sense that, as Eq. (8) shows, %, being the
massradius of any particle whose mass is equal to the mass of any of the nucleon
or larger particles, is inversely proportional to the ionization energy of hydrogen
atom, a parameter, which can be determined experimentally and theoretically.
Besides, the Eq. (8) differs from Eq. (2) due largely to the presence of magnetic
constant, p02, as a nominator while Eq. (2) contains the velocity of light.

Conclusion

Nuclear properties such as the radius of any nucleon (RN) can be mathematically
linked to atomic properties such as the ionization energy of hydrogen via an
equation, which shows that RN is inversely proportional to the ionization energy of
hydrogen and directly proportional to the rest mass of the particle. The chemistry
of any atom is a function of its nuclear property. Thus, a link between hydrogenic
and nuclear properties in furtherance of Bohr’s theory is not out of place and it
is not intended to be restricted to hydrogenic atoms as long as ionization energy
is known.

| express my deep gratitude to Dr. M. Abrahamyan for critical remarks.
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Llenbto uccnepoBaHuA ABNAeTCA yCTaHOBNEHWE CBA3WM MeMJy MacCOBbIM
PafvycoM HYK/IOHa M 3Heprueil MOHU3aLuMn BOJOPOAA U ONpeaeneHne MacCoBbIx
PafivycoB HYKMIOHOB M HEKOTOPbIX NENTOHOB. AAepHblil papuyc noboro HyknoHa
CBA3aH C aTOMHbIMK CBOMCTBAMU, TaKUMN Kak 3HEpPrua MOHM3auuKu BOJOPOAaA, C
nomoLLbio ypaBHeHuA. OKasbiBaeTcA, paguvycbl 3NeMeHTapHbIX YacTul, obpaTHO
MPOMNOPLMUOHaNbHbI SHEPrUM UOHU3ALLMN BOJOPO-AA U NMPAMO NPONOPLMOHaNbHbI
Macce MoKoA HYacTuLL,.
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Abstract: Melanin, a ubiquitous phenolic pigment, is considered a photoprotective
shield that also plays a vital role in many other activities in microbes like contributing
to virulence, surviving in harsh environments, etc. Melanins belong to diverse groups
depending on the precursor and the metabolic pathway in which it is produced. Genes
involved in melanin biosynthesis in bacteria and fungi are not much explored. It is
understood that the primary genes playing a role in melanin biosynthesis include melC,
hppD, and PKS. The regulation of these genes resulted in the production of melanin in
microbes. This review will explore the genes involved in melanin production by bacteria
and fungi.

Keywords: melanin, tyrosinase, polyketide synthase, hppD

Melanin is a pigment found in the cell wall in most species, and the function
of melanin depends upon the adaptability and surrounding environments where
fungi and bacteria live. The diverse biological roles that fungal melanin plays
in morphogenesis, pathogenicity, energy transduction, and storage make them
unique. Melanin improves fungi and bacteria’s ability to withstand adverse
conditions, increasing their chances of survival [1]. These species have unique
structures that are shielded by melanin pigments from stress resistances such as
UV radiation, toxic compounds, heavy metals, and interactions such as biofilm,
mutualism, pathogenesis, and different environmental conditions such as deserts,
cold regions, marine habitats, and polluted areas. It has multiple applications in
pharmacology, cosmetics, and other sectors [2].

Animal tissues are mostly linked to eumelanin, pheomelanin, and neuromelanin,
while microbes and plants are primarily the sources of allomelanin and pyomelanin.
Natural eumelanin has been found in dinosaur fossils, human hair and skin, bird
feathers, squid ink, and lichen. Tyrosine is the first molecule in melanin production,
which is oxidized by a tyrosinase-catalyzed reaction to produce dopaquinone and
then L-DOPA. A marine bacteria Vibrio natriegens produce eumelanin by this
pathway [3]. It was determined that pheomelanin is present in some insects,
fungi, fossilized dinosaurs, fair-skinned people, and bird feathers. It seems that
benzothiazine subunits, which are produced by biosynthesis from cysteine and
L-DOPA, are present in phenol melanin. Pheomelanin comprises repeating units
connected by carbon-carbon bonds, similar to eumelanin [3]. A melanin-producing
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(Mel) mutant of Vibrio cholerae is found to produce pheomelanin by preferentially
incorporating L-tyrosine and L-cysteine [4]. The brown-black polymer pigment
known as neuromelanin is located in the brain’s substantia nigra (SN) and is
typically found inside neural cell bodies as isolated granules. The melanin is
present in hair follicle melanosomes, bovine eyes, human eyes, and Sepia cuttlefish
eyes. Chemical preparation of synthetic neuromelanin mimics using dopamine and
cysteine in an oxidative environment was produced [3].

A wide variety of living things, including fungi, plants, animals, and microbes,
produce melanin, one of the large groups of pigments. The two types of melanin
that bacteria typically produce are homogentisic acid (HGA)-based “pyomelanin”
and o-dihydroxyphenylalanine (DOPA)-based eumelanin. Tyrosine oxidation led
to the formation of eumelanins from DOPA. The synthesis of pyomelanin begins
similarly to that of eumelanins. The least researched about pyomelanin forms when
tyrosine is broken down. The resulting intermediate, 4-hydroxyphenylpyruvate, is
then changed into homogentisic acid (HGA) by the enzyme 4-hydroxyphenylpyruvate
dioxygenase (HPPD) [5].

Melanin in Basidiomycotina cell walls comes from phenolic precursors such as
glutaminyl-3,4-dihydroxybenzene (GDHB) or catechol. Pathogenic basidiomycetous
yeast C. neoformans has been found to synthesize DOPA-melanin in the presence of
o-diphenolic substances in the growth media, such as 3,4-dihydroxyphenylalanine.
To enhance the capacity to produce melanin, this fungus can use a wide variety
of substrates, namely homogentisic acid, D- and L-dopamine, catecholamines,
and other phenolic compounds. Laccase is an enzyme that helps this fungus
synthesize exogenous substances. Melanin pigment, synthesized by Ascomycota
fungus, is frequently synthesized via the pentaketide pathway because the polymer’s
immediate precursor is 1,8-dihydroxy naphthalene (DHN) [6].

Genes involved in melanin biosynthesis

The genetics of melanin production have not been explored much in the case
of microbes, especially bacteria and fungi. One of the most explored bacteria for
melanin production is Streptomyces. Its bicistronic operon melC is well studied
and codes for the enzyme tyrosinase. melC operon consists of 2 genes that code
for melCl and melC2 proteins. MelCl serves as a chaperone for secretion and
copper incorporation into the tyrosinase active site, preventing MelC2 from being
active until it is secreted and activated [7].

Polyketide synthase (PKS) enzyme is responsible for dihydroxy naphthalene
(DHN) melanin production in many fungal species. In Wangiella dermatitidis
polyketide synthase catalyses Malonyl-CoA to 1,3,6,8-tetrahydroxynaphthalene
(1,3,6,8-THN) conversion, a crucial step in DHN melanin synthesis. 1,3,6-THN
then goes via a series of reduction and dehydration processes to yield scytalone,
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1,3,8-trihydroxynaphthalene (THN), and vermelone. After further dehydration,
1,8-dihydroxynaphthalene (DHN), an intermediate, is produced [6]. The gene
WdPKST1, which was successfully cloned, encodes the putative polyketide synthase
of W. dermatitidis. The only open reading frame of the WdPKS1 gene was made
up of three exons divided by two small introns with 2,177 amino acids; the shown
WdPks1p was significant similarities to other polyketide synthases, including those
produced by the Aspergillus nidulans wA gene, the C. lagenarium pks gene,
and the A. fumigatus albl gene. Strains with albino phenotypes were created
when WdAPKST was disrupted, showing that the production of 1,8-DHN melanin
required WdPKST1.The first gene cloned in W. dermatitidis related to the melanin
biosynthesis pathway is WdPKS1. The WAPKS1 gene [8] encodes a polyketide
synthase involved in W. dermatitidis melanin production.

Gene hppD which codes for 4-hydroxyphenylpyruvate dioxygenase (HPPD),
is the main gene involved in the production of pyomelanin in many bacterial
species, including Aeromonas media WS and P. aeruginosa. Mutational studies
in Ralstonia solanacearum revealed the presence of new pyomelanin producing
genes in addition to hppD.. The disruption of regulatory genes rpoS, hrpG, and
oxyR resulted in a decrease in pyomelanin production revealing the importance
of these regulatory genes in pyomelanin production [9]. Another regulatory gene
was identified in Pseudomonas aeruginosa, SawR is a putative transcription factor
belonging to the TetR regulator family. The over-expression of sawR resulted in
the accumulation of brown pigment in the bacteria [10].

Therefore, whether it is melC, hppD, or PKS enzyme, all these genes play
crucial roles in melanin production in bacteria and fungi. Some of the bacteria
have both tyrosinase and hppD gene, but the regulation between DOPA melanin
and pyomelanin is still not understood. Understanding the genetics of melanin
production in bacteria and fungi is still in its nascent stages, which need to be
addressed in the future.
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AHHomayusa: MenaHuH, Be3pecylwinii (PEHONbHBIN MNUIMeHT, cuuTaeTca

¢hOTO3aLLUMTHBIM LLUTOM, KOTOPbIN TaKXe UrpaeT }KU3HEHHO BaMHYIO Poib BO MHO-
TMX APYrvX BUAAxX BEeATeNbHOCTN MUKPODOB, TakUX Kak COLENCTBIE BUPYNEHTHOCTH,
BblXVBaHWE B CypOBbIX YCNOBUAX U T. f. MenaHuHbl NpuHagnexar K pasnmuHbiM
rpynnam B 3aBUCUMOCTY OT MpefLUECTBEHHMKA N MeTabONMYECKOro MyTH, B KOTOPOM
OH npowu3soguTcA. [eHbl, yyacTBytome B brocuHTese MenaHuHa y bakTtepuit un
rpuboB, 13yyYeHbl HeROCTaTOYHO. [TOHATHO, YTO OCHOBHbIE reHbl, UrpatoLLIMe poNb B
6uocuHTese menanuHa, skntoyator melC, hppD u PKS. Perynuposanue 3tvx reHos
npuBeno k obpasoBaHUIO MenaHunHa y MUKpobos. B atom ob63ope bynyT paccmo-
TPeHbl reHbl, YHacTBYyIOLLME B NPOU3BOACTBE MenaHuHa bakTtepuamn u rpubamu.
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nwnhywjutppu: Gpp opqwupqunu fuwfunynd £ wqww nwnhlwubph L
hwlwopuhnwuwnutiph dhole hwywuwpwlyonnpjniup, wju Ywnpnn  hwugbgub
opuhnwwnhy uepbiup wnwowgdwu:

Uwutuwynpwwnu' bpp wquwn nwnhluwip unwund £ fGYyunpnu YU
2newjhg, Juwudnud Yuwd thnfuynud £ onpuwih Yunnigywdpp, wiu Yupnn £
hwugbigub £ dninwghwubiph qupgugdwup, pbiptiin oquwuhquhtu wugwulwih
Gpunypubph [2]: Rdoynypjw Ubg wnwppbtipnd GU opuhnwwnhy upptiuh wnw-
owguwu tunngbu (Ubippht) U Eygngbu (wpwwpht) wwwmbwnubp: Eunngbu
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wwwbwnubphg Ywpnn Gu |hubp hdnibwht hwdwlwnpgh fuwuqupnwfubnp,
quwuywdpubipp, pnppnpnudutipp, hnntiph nLWdwwnhn pnppnpnwdubinp, $hghyw-
Ywt dwupwpbnujwdnipgniup b wyu: buly EYygngbu wwwnbwnubphg Gu' dfubp,
wynhnip, npn2 hwlwphnwnhlutip bW hnpdntuw) nbintn, nywnpwdwunawlwagnyu
dwnwaquwjRutipp L wyu[5] :

Nhuwnh wbwp L Gupwnnb), np opupnwwnhy upptuh unwdwd hwjnuw-
ptpnudp Yupnn £ Ywufub wuwhuh hhdwinnuyegnuubph wnwgwgndp, htuswhuhp
tu' pwnglytnp, hhwybpunnupwu, wpwpwihu nhwpbup b wju:

uwjwé quuwqwu yhinwdhtuwjhu b opquuhquh ubippht hwywopuhnwu-
wnwjhu hwdwlwnpgbph woluwwnwuph wpnniuwybunnywu wbhu uwywuwnnn
nbnnpwiph dGd wnbuwlwunt wnluwjniyejwup’ npwbtiu opuhnwwnhy uppbup
pniddwl dhong, Yytipohuutiphu Ynnduwyh wagntignieiniuutipp uwhdwuwthwynid
GU npwug Yhpwnndp:

Wuwhuny, wuhpwdbiannipinit £ wnwowunwd dowyb) opuhnwwnhy uenb-
uh pniddwt wpryniuwybin Jdhongubip, npnup Yhubu wybh EdGHwnpY L
huwpwynphuu qtind Ynnduwyh wanbignypniuutiphg:

Wn wnnuwiny dwdwuwlywyhg hbunwgnunnieniuubpu ninnywéd tu hwyw-
opuphnwuwnwihu  wqnbgnipjwdp unp phpwfuutph npnudwu, npnughg £
hdhnwgnihuwjhu puluwihsubpp: Wu hpduwynpynwd £ upwuny, np hdhnw-
gnihuwjhu pulwihsubiph hwdwhwynpnubpp gnigwpbipnwd Gu wpnwhwjngwsd
hwlwopuhnwuwwjhtu wywnhynieinitu opuhnwwnpy uppbuh nbwpnud: [1, 2]:

Lwjwinup | vwl, np Yunnygh b wynhynigjuu dhol nwd hwywuwlwu
Ywwh dwupt gpwlwuwlywu ndyuiutpp yywynd Gu, np hdhnwgnihtuwhu
puywihsubiph hbun Ywwynn dhwgniginiuutiph Swpdwyndnp fudpbipu Gu
hwunhuwund" ypnuinuwgywsd wgnunp winndp b wpndwwnply onwyp [13,4]:

LUoJwd pninp fudpbiph wnlwjnigyniup hGinnwgnndwé dhwgniejwiuutinp
Ywnnigywépnid Jywynwd Gu, np nhwdhn pprusjwpeprdh wdwugjwiubpp
unyuwbiu Ywpnn U hwunhuwtw] fununnuuwihg wnpinip unp E$tYnpy
hdhnwgnihuwjhtu puywihsubiph wgnupuwnubiph unbinddwu hwdwp: Ujuwhund,
ghunwlwu gpwlwunypjwu nwnduwuhpnieniuutpp hhdp Gu hwunhuwunid
htilmwqw thnpdwnpynwiubiphg hbinn wnwownybii npwug npwbtiu opuhnwwnhy
upepbiuph pniddwt wpnyniwwybin dhongubip [2]:

Lhwnwqgnuinipjw tynep b dGennubtpp: <Gunwgnwunieiniuutipp uwnwp-
b tu 180-200q pwyny uyhwwly wugbin wnubiwnubph ypw, npnup wwhyb| Gu
unpdw| wwjdwuubipnid, unynpwlwu vbtunwlwpgny: <bGwnwgnunynn nbinw-
unietipp Nyt Gu 1dp enpwd opnud b ubpwpyyt Gu ubpynpnywjuwiphu inw-
uwyny jnipwpwtgnip Yaunwunwu 0,2dg/Yyg nbinwswihny:

24 dwd htiwnn YGunwuhubiphg ytipgyt| Gu hjntujwdph udnipubip hGunwgw
nunwuwuhpnieiniutubph hwdwp: Ljwpnhg wnwuduwgyb) £ 1g hjnwudwép
lhwyhnubph gbpopuhnwgdwu wpngbuubiph hGunwagnundwu hwdwn: Ybpgywd
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hjntujwdpp hndngtuhqugytii £ wiphu-HCl pnidbipnud (pH=7.4): Lhwhnubpp
gbipopupnuwgdwu wuwmhbwup npnayb; £ ns $ipdbunwht’ wuynppwnwiujw
Gnwuwyny, npwbu Ybpouwlwu Gwunie dwinuwihu nhwinthhnh (UH)
pwuwyny, npp phnpwpphwnnipweryh htitn wnwowgunud £ Jupnwagnyu tpwug
niutignn Yndwtpu dhwgnigjwt |nwdnyp: Sniuwynpdwu hunbuuphyniypniup
swithybl E uwbyunpndnuinndbuinphly inwuwyny (A=535 wihph Gplwpnipiniuncd)
nph Yuwudwu wunpbwup hwdwwwwwufuwubtigyb) £ upw pwuwyhu: <wyw-
opuhnwuwnwiht wywnpynigjwu dJwuhtu Ggpwlwgnyeniup wpybp £ UU-h
pwuwyh nnynuwihtu hwpwpbipniejwdp, swthwuh2 ybpgqwsé hjnugwépnid 1q
uwhwnwnigh hwaqwpyny [14]:

Uofuwwnwupubpt  ppwlwuwgybp Gu  thnpdwpwpwlwu  Yunwuhubph
futiwdph b oquiwgnpddwt Ybpwpbipwy Gypnwwlwu funphpnh nhptilunhyh
(2010163IEV) hwdwdwyu [7,8]:

“inyhugh nnduwuhpnieniuutpny unwgyb £ hdhnwqgnihuwihu-2 dnib-
Ynyubph Gnwswih Yunnigwdpp, ybpgwd uwhwmwynigubph wnyjwiubph
pwquwjhg (RCSB protein databank pdb code 2pnc): fhpwfup owwnhdhqugybi
E opwdup wunndubiph wybjwgdwdp, oph dnynyubph htnwgdwdp b nbuqbu-
Ywnnigwdpnwd wnlyw ubpphtu |hquwunubiph htinwgdwdp: Lhqwunh Ywnnig-
wépp dhupdwjwgyti £ Yphpwnbiing AM1 wdhpinnupjwu hwybjywdép Gaussian
09 Spwahpp W wjunthbnle yGpwihnfuytp MOL2 $wytiph: Snipwpwugnip p-
qwunh nnyhugp Ywwnwpyby £ 25 wulywfu hhduwlywu wignphpdutiph (GA)
gnpwugdwdp GOLD (Genetic Optimization for Ligand Docking) 2020.2 dpwagph
version 5.1. lnwpptipwyh Yhpwndwdp: Unwgywd wpryntupubiphg jwjwagnyu
GOLDscore wnyjwjutinny Ynupnpdwghwubinp puwnpyt| Gu b ytpndytip Pymol
[PyMOL Molecular Graphics System, Schrodinger L, NY, USA, 2010.] dpwgpp
oguntejwdp:

UYywnpy YEuwnpnund nbnwlwjywsé wihuwepeywiht duwgnpnubph wwnnd-
ubipp quwhwwnyb) Gu 10.0 wuquunpbd hbnwynpnipjwt 6ownniejwdp:

Unityntwiptu  hGwnwgnunnieniuutipp Ywwwpybp Gu Yppwnbing GOLD
(Genetic Optimization for Ligand Docking) dpwagph 2020 wwppbpwlp, npp
wywnndwwnwgywd nnyhuqwihu dpwaghp £ Wu Yhpwnn | gliubinhluwywu
wignphpeY npnubiint hwdwp' wwhwwubiny |hqwunh Ynubnpdwghnu dyniunt-
pintup U uwhwwynigh dwutwyh dYnwunyeniup: Lhqwunh Ywwnwp quw-
hwwyb| £ 25 wulwlu wignphpdutinny, npnughg jnipwpwugniph hwdwp
wdbuwywwnp 100000 GA gnpdnnnipntuutip GU Yuwnwnyb:

Lwywagnyu Yjwuwnbipwihu nhpptipp W dwpuhdw| dhwynpubipp wwhwwuybi
U yhgniw nwunduwuhnpyby Gu Pymol yhgniwihqughnt dpwagnpny[15]:

Lbinwgnunynn dhwgnipiniuttiph ninwudwu hwwnynyeyniuutph Ywufuw-
wbunwubpp ppwlwuwgyt| Gu ogunwagnpdtiin Marvinsketch 17,13,0 (2017)
Swiss ADME dbtip Yuwypp [15]: Cwpqwnyb) Gu wnwudhu $hghynphdhwlwu

76



5LL GhSULUL <ULYEU, hwwnnp 11, 2024

nGuyphwyunnputp, huswbu twl quwhwwnnyb| £ phdhwlwu Yunniguédpubph
hwdwwwwnwufuwunieiniup Lhyhuuynt Ywunuptu: Npnadb £ uwl WNKRN-ny
pwthwugbhnypjwu hwywuwywunyeyniup in silico inuuwyny[16]:

Lhwnwqgnuinipjwt wpnyniupubpp: <Gwnwagnunnyeniutipp gnyg wnybighu, np
hwjnwplynn dhwgnipniuutipp gnigwptipnud Gu pwpédp hwywopuhnwuwwhu
wlywinhynieiniu, Ywufubny (hwhnubtiph opuhnwgdwu gnpdpupwgp wnubtinubiph
huswbu ywpnwiht, wjwbu k| nintinwiht hjntujwépubipnd, wju Ywd wu swihny
sbgnpwgubiiny opgqwuhqunid qupgugnn wqwun nwnhywjubphu:

Uwutwynpwwbiu htitnwgnunniejniuutipp gnyg wnytight, nn 1.24.45,1.24.46 L
1.24.47 Jdhwgnipjniuttipp npubnpnud GU wpwnwhwjnywsd hwywopuhnwuwnw)htu
wlwhynipniu wnubnubiph ywpnuwhtu hynujwdpnud, Yuqdbjng hwdwwwwnwu-
fuwuwpwn 64,9%, 75,52% W 79,67%, U tU-wjh Ynugbunpwghwu hwugubiny
35.10 %, 24.48% L 20.33% hwlwwwwwufuwluwpwp, husp pwywlwuht ghond
E unnighsh gnigwupubipht (wnynwwy 1):

Wnynwuwly 1 dpwgnypniiibpnh hwlwopupnwbpuyhtl winhynyaywi
gnigwiihptiipp uwhippwly wnbbipptbph yupnught hnwudwdpbbnnid

Uhwgnipinit | Uwinighs dg/q | Pnpdwpwpwlywi | pwgwpdwly % wjhu
uwhwnwynig dg/q uyhwnwynig wmwppbipnt- wmwppbipnt-
(n=10) (n=10) [yNLun pInLup
unnighshg / %/ | uwnighshg
1.24.45 12.05£0.9 4.23+0.6 35.10 % 64.9 %
1.24.46 12.05+0.9 2.95+0.4 24.48% 75.52%
1.24.47 12.0520.9 2.4510.4 20.33% 79.67%

Cwpnibwybiiny hGwnwagnuinieniuupp wwpqytig, np hwjinwpyynn dhw-
gnipjniuutipnp npulinpnid Gu bwb wpunwhwynywsd hwywopuhnwuwnwihu wy-
wnhyniejnit wnubnubph ninbnwihtu hjnujwsépubipnud, Ywqdbing hwdwww-
wnwufuwuwpwn 80.33 % , 81.41%, 85.15%: Unwgywd nyjwjutipp hwuwnw-
wind GU wju hwuwnp, np 1.24.45, 1.24.46 L 1.24.47 Jhwgnipjniuubph wnjw-
Jnipjwt wwjdwuubpnud UM-wjh Ynugbunmpwghwtu dupynd £ hwugubiing
hwdwwwwnwufuwuwpwp 19,67%, 18,59% U 14,85% -h, npu L hp hbpehu
wpgbjwynwd £ wqun nwnhywubiph qupgwgnudp opquuhgqunud (wnjntuwly 2):

Cuwpwynp phpwfuph hwunbiy futwdwygnipntup quwhwunbiint bwywwnwyny
Ywwwpyt Gu bwb nnyphuqwiptu  hGwnwgnunnieniuubp, npwbu  phpwju
uwhwwynig pnpbiny hdhnwgnihtiwght pulyuihsutipp, npnug wgnupuwnutipp
hwiwdwju Yytipoht gpulwuwlwu ndjwiutiph gnigwpbipnid Gu wpunwhwjnyws
hwlwopuhnwuwnwjhu wywnhynieniu:
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Unynwuwly 2 dhwgnieniatiph hwlwopupnwiwpuwhte whiphynygyuwt
gnigwibihptipp uwhyppwly wnbbiptlipnh ninbinuyht hynwuywdptbpnid:

Uhwgntejntt | Unnighs dg/q | Pnpdwpwpw- pwgwnawy % -wjhu
uwhwwyng Ywu dg/q wnwppbipnie)niup | mwppbipnieniup
(n=10) uu,|FmL1uOL|)nLg uwnntghshg /%/ uwnnighshg
n=
1.24.45 12.05+0.9 2.37+0.4 19.67 % 80.33 %
1.24.46 12.05+0.9 2.24+0.4 18.59% 81.41%
1.24.47 12.05+0.9 1.79+0.3 14,85% 85.15%

LGwnwppppwwu £ U2k , np nnyhugqwihtu hGunnwgnunniejniuutipp unywbu
hwuwmwwnd wju thwuwnp, np 1.24.45, 1.24.46 U 1.24.47 Jhwgniejniutbpp
Nt pwpdnp futiwdwygnieni phpwiu dniGynyh (hdhnwgnihtwght' puluwihy
2pnc) ujwwndwdp: Uprynwupubipp ywwnybpjwsd Gu unnple (uy. 1,2,3)

LY. N2 1.24.45 dhwgnipywit thnfuwgnbg

Docking pose
#1
#2
#3

#4

Docking pose
#1
#2
#3

#4

78

Docking score
-9.3
9.2
8.8

-7.4

Docking score

-9.5

93 |

-9.0

-9.0

{

| VISUALIZE POSE |

' I

J
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LY. N4 1.24.47 dhwgnipjuwl thnfuwgnbignygniitilinn phpwfu dniiynyph hbpn

Docking pose Docking score

#1 -10.7 :]
#2 S [F B visuaLizE POSE
# SR vz rose |
#4 S I VISUALIZE POSE |

Upmynwupubph putwpynud: LEpywynwu opuphnwwnhy uepbiup pniddwu
uwwwnwyny npwtiu huwpwynp phpwiu unp hwlwopuhnwuwmwihtu Jhwgnieintu-
ubiph gdwgpdwu hwdwp hbnwulwpwiht ninnniejnwu £ hwunhuwunwd hdhnw-
qnihtuwjhu puywihsubiph pw wannn ntinbiph twiuwgdnudp:

Culwihsubiph Yunnigwdpwihtu nwnwitwuhpniginiubbipp, huwbu uwl
npwug wgnhuhunubph W wuwnmwgnupunubiph htn Yuwnwpjwd nnyhuquwihu
hGwmwgnunyeniuubpp Jywynd Gu, np win puywipsubiph hwunby futwdwy-
gnipjwdp odnywd dhwgnipiniuubipp wbiwp £ Yunnigjwdpnid wywpniuwytu
htnlyw| Swpdwyndpnp fudpbpp.

- Mpnunnuwgywd wgnunh wwnndubp, W

- wpndwwnhl onwlutp,

Nhuwnh ujwwh nwbuwiny uphupbgwsd unp nhdwdhn pprusyweRYh
wdwugjwubph uwnnigwdpwiht wnwuduwhwwnieniutbpp, wju £ wpdw-
Yndnp wuhpwdbign fudpbph wnywjniejniup, hhdp hwunhuwgwu wyn dhw-
gnipjntuutinh hwlwopuhnwuwmwjhtu wlywnhynygjwu nwunwtwupeniuutph W
upwug quwhwwndwu hwdwp:

Nhunwuwuhpnieniuutipp gnyg wnybght np, phpwiutbpp nbnwywyws
tu U Yeuwmpnuwlwu uywpnwihu hwdwlwpgnud, U YEunpnuwlwu Ujwpnuwhu
hwdwwpghg nnipu, nwwnh npwtiu hGnwgnunigjwu in vivo dnnbi| puinpytg
«YGEluwpwuwlywu pwnwurutiph [hwhnwihu gbipopupnwgnidp» dnnbp, npp
Yhwnynud £ dhwgnipniuubiph hwwolyuhnwuwnmwiht wywnpynipjwu npnadw
hwdwp:

Lbwnwgnunigjwt wpryntupubipp gnyg Gu twhu np uyhwnwly wnubnubphu
1.24.45,1.24.46 W 1.24.47 dhwgnipiniuutipp 0,2dg/Yyqg ninwswihny ubpwpytinig
dhwgnpnibutipp Ywufund Gu Yeuuwpwuwlwlu pwnwuputph [hwyhnubph
gbipopuhnwgnudp: Lhwyhnwjhu gtipnpupnugdwtu wpryntupnud npwbu ybipguw-
wpryntup wnwowuntd £ dwinuwjht nhwinthhn, nph pwuwyniejwu wnmwppb-
pnieintup hinwagnnjwd wnubnutiph W unnighy wnubinubiph hynudwépubpnid
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punniuyb Gu dhwgnipjniutbph hwlwopuhnwuwnwiht wywnhynyejwu gnigwuhy-
utip:

Uwutwynpwwbu wnubwnubpphu 1.24.45, 1.24.46 U 1.24.47 ubpwpybing
dbYy op wug ywpnwihtu hjnujwsépubipnd nhundb) £ dwinuwihu nhwinthhnh
Ynugbunmpwghwih qquihnptiu tjwgnd Yuqdbtiind hwdwwwwwufuwuwpwn
35.10 %, 24.48% W 20.33%, hugp hwuwnwwnnid £ hwjinwpyywsd dhwgniginiuttiph
hwlwopuhnwuwmwjhu wywnhyniejwu dwuht (gpwdhy 1):

Uhwgnuznubbbph hwwoeljuhnuwlunwghl
wilpimhdnupgnilip gusprgnod

&0
fail
&0
50
£
0
10
1 ) |

Qpusdhl Ni. Uhsgesnilisn] halpuslpuhnulsughl wlshdngpmln pupsmd (Cfhugeuend 1.24.45; 3
alpugnupraly L 24.80; 17 Whusgrapssnls 1.24.86) :

Unubwnubtiphu 1.24.45, 1.24.46 U 1.24.47 dhwgniejniuubipp ubpwpybinig dky
on wug nintinhg Yytipgqwsd udnipubpnd nhundb) £ hwdwwwwnwuuwuwpwp
19,67%, 18,59% U 14,85% hwlwopuhnwuwmwjht wywnhynipjwu gnigwuhubp
(qnwdhy 2.):

Uhuignuagniilibnh hulywoelpuhypulnw, bl
wilpnhnupncip nunEnnod

B
B
™

bl NI Uhugmpmbisbeh Satclupstussbl wipnfdsmly st (Vdegmpml 13045 7
Wpsgrpr L 3AG; 1 Uissgrapymls 1.24.48)

Lwdbdwwnbiny hwlwopuhnwuwmwihtu wywhynipjwt tinnynuwjht tnyjwiutpp
wnubinubtiph nintinhg U ywpnhg ybpgwsd udnwubipnd, wywpq £ nwnund np
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dhwgnipyniuttipp npulinpnud 5U wybh wpunwhwjnywd hwlwopuhnwuwnw)ht
wlywnhynipiniu nintinnud, wybih phs' ywpnnud:

Cwdwdwju nnyhuquiht hGwnwgnuinieiniuubph wpryniupubiph wnwyb)
futwdwygnipiniu wgbinpfunfhuwihu pulwihsubiph YEunmpnup hwuntw hb-
tnwgnwuynn tiptip dhwgnipniuubinhg gnigwptipt) £ N1-((1-(3,4-nhdtipopuhdtuhy)
ghyinwbuwmhy)  dbeh))-N2-(3-(nphdwnnpdbph)dtuh) opuwwdhn’ -1.24.47
dhwgnip)niup:

Lhwyhuuynt Ywunupht hwdwwwwnwufuwuniginiup qguwhwwbint b ninbn-
wpntuwjhtu ywwnubiony pwthwugbiihniegniup Yuufuwwmbubint hwdwp npnayti
E uwlb dhwgnipyniuubiph nGnwudwu hwwnyniegyniutbpp:

Cwdwdwju unwgywsd hwoqwpywihtu ndwjutinh, dhwgnieyniuutinh $h-
ghynphdpwlwu pninp nGuyphwwnnputipp pwgwnnipjwdp Log P<5 hwdw-
wwwnwufuwunwd Gu Lhwyhuuyne hhugh Yuunuht, npu £ owwnhdwy dniGyniywjhu
quugywd M<500, Log P<5, spwduwlwu Ywwbph nnunp fudpbipp 5-hg phs L
onwoliwlwl Yuwwh wygbiwwnnp fudpbiph pwwyp phy 10-hg, npnup YYuwynud bu,
np htiwwgnunynn Yunnigwdpubipp sbku Yuwpnn pwithwugbip wpjniu-nintnwhu
wwwnubony: <Lbwnmwgnunywd dhwgnieniuutph  Ynndhg  wpjniu-nintinwihu
wwwnubiony pwthwugbint pwgwlwjnieiniup eny| £ wwihu Ggpwywgub), np
dhwgnipniuutiph hwlwopuhnwuwmwiht wywhyniejniup ywpnnd b nintinnwd
wwjdwuwynpyws £ upwug wpniu-ninnuiht ywwnubiony pwihwugbint pugw-
Yuwyniejwdp:

Wuwhuny, punhwupwgubiin yuwnwpywd hbGnwgnunyeniuutipp wbwp &
banwlwgub), np ppRUugywRRUh dh Jwnp wdwugjwiutinh npnup Gu’

N1-((1-(3,4-nhubpopuh$tuh)ghlnwtuwmh)dtiehy)-N2-(4-ppnubuhy)
opuwjwdhnp (1.24.45),

1 24N‘11-é(1l;(3,4-r}hdbraOQUhfbbUhl)ghumwbvmhl)dbrahL)—N2—(p-mnth1)09uwtwdhn’

N1-((1-(3,4-nhubipopuhdtith) ghyinwtuinhy) dtph))-N2-(3-(inph$wnnpdtehy)
$tiuh)) opuwjwdhn’ -1.24.47,

htimwqw wybh funpp  nwnwWuwuppnentuupp Ywpnn  Gu  pbipb
hwlwopuhnwuwwjhu unp nbinwdhongubiph unwgdwup: Lpwup Ywpnn Gu
gty [hwhnutiph gbipopuhnwgdwu wpngbuubipp, Ywufubiny opuhnwinhy
uinpbuh qupgqugnidp opqwuhgunwd, hp pninp wugwulwih hbGwnbwupubipny:
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WCCNEQOBAHUE AHTUOKCUIAHTHbIX CBOICTB
OMAMUOONPOU3BOAHbIX AHTAPHOI KMCNOTbI B
TRAHAX NOJIOBHOIO MO3rA U NEYEHU BEJIbIX KPbIC

H. MaxyraH, O. YHausHn, L. CrenaunsH, . ApxapsH,
I. lacnapsaH, K. HaBosiH

HayuHo-mexHonozuyeckuli yeHmp opearudeckoli papmayesmudyeckoli xumuu HAH, EYA

Ha ocHoBaHuW BbICOKOI1 61ONOrMYECKOil aKTMBHOCTU AMaMUIHbIX MPON3BOAHbIX
AHTapHoi Kucnotbl B HTL, Od®X HaumoHanbHoil akagemun Hayk Pecnybnuku
ApPMEHUN METOAOM BHYTPUMONEKYNAPHON LMKAM3auun Obinn CUHTE3MPOBaHbI
AvammpHble npoussogHble AHTapHoi kucnotbl N1-((1-(3,4-pumeTokcndpenun).
umknonentun)metnn)-N2-(4-6pomcbeHnn))okcanamu, € YCNOBHbIM Ha3BaHWEM
1.24.45, N1-((1-(3,4-pumeTokcndperun) umknoneHTtun)metun)-N2-(n-tonun)okcana-
mng’ 1.24.46, N1-((1-(3,4-pumetokcndpenmnn) uuknonentun)metnn)-N2-(3-(tpudp-
TopmeTun)perun)okcanamng’ -1,24,47, pna wuccnefoBaHWA aHTUOKCUAAHTHOM
aKTMBHOCTM YKasaHHbIX coeauHeHuii. CornacHo monyyeHHbIM pesynbratam, BCe
TPU WCCNEOBaHHbIX COEAMHEHWUA MPOABNAIOT aHTUOKCUMAHTHYIO aKTUBHOCTD,
npuyem BennymnHa abCcoMOTHOrO OTIMYKA OT KOHTPONA Hambonee BblpadeHa [AA
coepynHenua 1.24.47 (20,33% B neyenn n 14,85% B mo3sre). Ha ocHoBaHuu Teopun
chapmaKkopopHbIX rpynn UMUAA30ANHOBbLIX PELENTOPOB MOMHO CAenaTb BbIBOJ,
YTO aHTUOKCUJAHTHAA aKTUBHOCTb coeguHennii 1.24.45,1.24.46 v 1.24.47 moxeT
6bITb 0bycnoBneHa Ux YyBCTBUTENBHOCTbIO K 3TUM peuenTopam. 3atem 6binu
NPOBeAEHbI UCCNEJOBaHUA CTbIKOBKM ANA UAEHTU(UKALMN U OLLEHKN CBA3bIBAHUA C
3TUMK peuentopamu. bbino obHapyxeHo, YTo «NPOM3BOAHbIE AVaMUaa LLaBenesoi
KWUCNOTbI» C YCNOBHbIMU Ha3BaHuAMKM 1.24.45, 1.24.46 v 1.24.47 cBAasbiBaroTCA C
aKTUBHbIM LEEHTPOM MULLIEHW, NPOABNAA BbICOKOE CXOACTBO K MONEKyNe-MULLIEHN.

Pacuetr nekapctBonopobHbIX CBOWCTB COEAMHEHWI MOKa3blBaeT, YTO OHU
COOTBETCTBYtOT npaBuny JIMMUMHCKOro Mo Bcem MyHKTaM, Kpome 3Hauvenua Log
P, n He moryTt npoHukatb yepe3 [EB. Takum obpasom, nonyyeHHble pesynbratbl
ABNAIOTCA OCHOBAHWEM [NA PEKOMEHAALMMN NX B KayecTBe 3PPEKTUBHbIX CPEACTB
NEeYeHNA OKUCIUTENBHOrO CTpecca.

KnroueBbie cnosa: npousBofHble AMamupa AHTapHOW KWUCNOTbI, METOR,
BHYTPYMONEKYNAPHON LIMKNN3aLMWN, aHTUOKCUAAHTHAA aKTUBHOCTb.
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STUDY OF THE ANTIOXIDANT PROPERTIES OF DIAMIDO
DERIVATIVES OF SUCCINIC ACID IN THE BRAIN AND LIVER
TISSUES OF WHITE RATS

H. Hunanyan, N. Pakhutyan, Sh. Stepanyan, G. Adzharyan, H.
Gasparyan, Q.Navoyan

Scientific and Technological Center of Organic Pharmaceutical Chemistry of the NAS RA,
YHU

Based on the high biological activity of diamide derivatives of succinic acid,
diamide derivatives of succinic acid N1-((1-(3,4-dimethoxyphenyl)cyclopentyl)
methyl)-N2-(4-bromophenyl))oxalamide with the conventional name 1.24.45, N1-
((1-(3,4-dimethoxyphenyl) cyclopentyl)methyl)-N2-(p-tolyl)oxalamide’ 1.24.46,N1-
((1-(3,4-dimethoxyphenyl)  cyclopentyl) methyl)-N2-(3-(trifluoromethyl)phenyl)
oxalamide’ -1,24,47 were synthesized at the Scientific and Technical Center of
Physical Chemistry of the National Academy of Sciences of the Republic of Armenia
by the method of intramolecular cyclization to study the antioxidant activity of
these compounds. According to the results obtained, all three studied compounds
exhibit antioxidant activity, and the absolute difference from the control is most
pronounced for compound 1.24.47 (20.33% in the liver and 14.85% in the brain).
Based on the theory of pharmacophore groups of imidazoline receptors, it can be
concluded that the antioxidant activity of compounds 1.24.45, 1.24.46 and 1.24.47
may be due to their sensitivity to these receptors. Docking studies were then
performed to identify and evaluate binding to these receptors. “Oxalic acid diamide
derivatives” with the code names 1.24.45, 1.24.46 and 1.24.47 were found to bind
to the active site of the target, exhibiting high similarity to the target molecule.
Calculation of the drug-like properties of the compounds shows that they comply
with the Lipinski rule in all aspects except the Log P value, and cannot penetrate
the BBB. Thus, the results obtained provide a background for reco

Keywords: derivatives of succinic acid diamide, intramolecular cyclization
method, antioxidant activity.mmending them as effective treatments for oxidative
stress.
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