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CwoyGunint  wnwpnud - (2024 p.) ppwlwiwgyb  Gu  hGuwgnunnyenwiubp
thnpdwpwpwlwt U nbuwlwy  $hahbwh, Yhpwnwlwy, dhendjuwght - $hahlush,
wnhbgbpwywu dwnwquw)putiph, wuwnnwdphghywih L Ynudninghwih puwgwywnubpnid
hGunlyw| hhduwlwu ninnnipyniuutinny.

A Punap Futinghwutinh dwutihlubiph $hahyu

V' Swppwlwu dwuuhlyubp b dhontywihu $hghyw,

V'  LJwunwiht ppndnnhuwdhluw,

V' Ltjinphtuwhts $hahluw,

“twownh pjwuwnwihu nGunte)ntl,

A Lwpbiph wbunegniu, dwpbdwwnhyulywu $hghlw U hunbigpynn dnnbjutp,
LJwunwihu $hghyw, yhdwlwgpwlwu hghyw, nnyninghwlwu daynwhsubip, SPT
thnyGip,

LJwunwihu <nih £PdEY, Gnwswih hunbGgpGihnyentu, ny Yphunphjuwu wpbp,
nidtin thnfuwgnbignie)niuutin,

Yhpwnwlwu dwebtidwwnhlyw, YEuuwdbhghyuw,

Upfuwnwupubp' Yuunwpywd LNRE-75 EGYunpnuwihu gdwihu wpwgqwgnigsh pw,
Upfuwwnwupubp' Yuwunwpywd ypnnnuwihu C18/18 ghynunpnup Ypw,
Lhwnwgnunipniuutp CERN dhowqgwyhtu YGuinpnund,

UUSL-COMPASS hwdwgnpdwlgnyp)ntu,

UUSL-Belle Il hwdwgnpdwlgniejniu,

2bptuynwu  nhunwlubph  oqunipywdp  wuwnnwdphghlwywu  wnpnipubiph
niunwduwuhpne-pinu (H.E.S.S. L CTA)

Lhnwgnuinnipyniuubp E$Lpunup wujwu Lwpnpwunnphwip' JLab A, B, C L D
thnpéwpwpwlwu upwhubipnid,

VB upwhnud swpnibwyyti £ RGA W RGB nyjwiubph hwjwpdwt dwdwuwlw-
hwwyjwdubiph pupwgpnud unwgywd E12-12-001, E12-12-001A, E12-11-103B,
E12-07-104A ghwnwthnpatiph wyjw|ubph dowyndp.

V Q2tgnp dwutplubipp  uwblywpndbnph  uwjuwgdh  hbGn Yuwdwsd
w2fuwwnwupubin

™

To To Do To Do Io o Do

™

VvV Qwyybunnt dwdwuwlwopowunid UUSL-Jlab Ynjwpnpwghwih wunwdubipp
dwutwygly Gu D thnpdwpwpwlwu  upwhnd  Yuwwpynn  GlueX
ghunwthnpéh wofuwnwupubippt,

A Uwutwygnipiniu EIC hwdwgnpdwlgnipjwt woluwwnwuputiphu,

A PbWO4 pjniptinutiph punipwanptiph niunwiuwuppnd' EIC-h Ywinphdbwnph uwfuwwnhwh
Ywnnigdwu hwdwn,

A EmCal Ywnphdtwnph bwjuwwhwh Ywnnignud b niunifuwuhpnieyniuutip

A nNbw; W Jphpwnuw Pnnnuubpnyd  dhonyubiph  Ghinpdwu U $pwgibunnwghwih
niuntduwuh-pnijnuutn,



A <bwnwgnunnipyniuubp unipwghwnniejwu ninpunid.

V'  luhnnquuh unp woéwugjwiubph uhtupbq W nwuniWuwuhpnieinlu

V'  Lwunywnnigwdpubiph b uwunujnietiph nuuniduwuppnipiniutbn

A Lwgbpwhu hwdwlywpgbph fudph Ynnihg 2024 p.-h pupwgpnd Ywwwpdt) Gu
hGulyw| woluwwmwupubpp.

V' Cwpniuwyybp Gu LhHUN hwdwlwpgh dhongnd twfuyhund Yuwuwnwpwsd
swihnudubph wjwubph pYwjht Jywlydwt woluwwnmwupubpp, huswbu twl
hwdwwwwwuluwu nduiutph dowlydwu dbennutph qupgugdwu wofuw-
wmwupubipp:

V <wywpyb] b hwdwjwpyb) £ jwqbpwjhtu jwpnpwwnp uwppwynpnud, npp
dhongny hwdwjwnyt £ EiGYunpnuwihtu thuoh nyniuwgunn hwdwlwpgp:

VvV <wywpyb b hwdwjwpyb) £ jwgbipwihu/owyunhyulywu hwdwlywpgp nwppbn
$nunnjwpennubphg $Ednindupywuwiht fiGYwnpnuwht thugbin unwuwint
hw-dwp:  Wu  pwnwgwd L jwqbphg, npp  gbubpwgund L
pEdnnjuplwuwhu’ 166 $Y wlnnnipjwu, 515 ud wihph Gplwpniejwu
owywhwlwu hdwnyuubp® 40 9<g Yplyudwu hwdwfunyejwdp: Awnwquw)eh
wihph GpYwpnipgniup BBO ng qdwihu pyniptinh dhengny thnfuwltipuyynud £
515 ud-hg 257.5 ud-h b nynwwgynd Ininnywpennh Yypw:

V bpwlywuwgyt] Gu nwnwduwuppnieniuubp  wgqbpwiht hdwynyuubph L
punhwunip hwdwlwpgh pwnpap nwnhn-hwéwfunipjwu htiwn
uhufupnuhqugubnt ninnnijwdp, pun wqtiph 2whwagnpddwu &tnuwnyh,
pwgwuwywu wnpryntupny:

A Ywwwpyb £ CsPbBr3 U Zn2Si04 uynuetiph wpnuinuwyhu 15.5 ULY tubipghwyh thugny
Swnwquwjpwhwpdwu dnnbjwynpndp GEANT4 thwptipny:

A twpniuwyyt; Gu wnppwhu gnuhlyh punwuhpht wWwwnlwunn dwupkubph Ypw
gbipywpd EIGYwnpnuwhu thugtiph (CANDLE, AREAL) wqnbgnipjwu
hGunwgnuniegjniuubipp:

A Twpniuwlyt| Bu ginpabipp gbiplwpé GYnpnuwhu thustiph ogqunyejwdp «Uynwpw»
whuwnhghnh (wywnhy pwnunphgp’ phwdbpopuwd) twwndwdp wnwyty ESPEYwnhy
Yauuwwnpwuudnpdwghw hpwagnpdtiine niwwly pwynbphw| dnwwnwunmubph unwgdwu
nnnyRjwudp:

A Uowyyt| b wwwpwuwnyb £ $nnnnhnnh swihdwu hwdwywpg, hhdudws tpythnywihu
pwpdp  wpwgniejwdp  gnpdnn  nidbnuignighsh onpwih  ypw  (nidtinugnud-
pnnniuwynipintu gnpdwyhg' dnin 100 U<g U wybih pwu 100 Y/dyy wpwagnigjwu
qnpdwlhg):

A UUSL-h LNRE-75 hwdwhph gdwihtu wpwgwgnigsh EiGywpnuwihu thush bphu
nbnwnpyb § mwwnwudnn jwph dnupunp® hugh unp ypn$hjwynpdwu hwdwlwpg:

A Cwpwpbpwlwunyejwu  punhwunip  wbunyuu UGS Gounngyudp  unnigiw
wpryniupubipp' LARES-2 wippwujwyh (European Space Agency, ltalian Space Agency)
nyjwiubipny, ubipywjwgyb| u wnusynn tiplunyputinh hbwn dhwupt:



A 8nyg L wpyb, np Gpypwudwu Eygndnnpulyubpnd Gplweh  wwpnuwyngegniuu
wydblh pwpép b, pwu Yupbh b Ywufuwwnbub] hpdudbingd  wpnunndninpuwghu
ujwywnwyubph Yugdnigjwu Ypw, npnugnid npwup duwynpyby Gu:

A Ubjpnuwjpu  gwugtiph  dhongny hbGwnwgnngtp £ S-wuwntph  nhuwdhlywu
SQuwiwywhywih  Yeunpnunw: Uwnwgybp £ dbphu quwhwwnwlwu  dnig Unyeh
wnwybGiuagnyu uGpnpdwu hwdwp:

A <bwwgnindty tu Shtigipph Jwn 2powuntd wnwowgwd gpwyhwwghnu wihputiph
hwwnipyniuttipp:

A NwnuWuwuppyty bGu  Sbpunp wuwnnbph  hwwyneyniuutipp:  Unwowplyyty  bu
uwhdwuwthw-Yndubp npwug wwjpintuh defuwuphgqdutph hwdwp:

A Unp-Wdptipnh W Upwgqwsh ghunnwhbnwgnunwwu Yujwuutpnu hpwlwuwgyb b 24/7
domnwnhwnwnpynd’ hbwnlyw) ninnnyejniuubpny

V'  Shbgbpwlwt dwnwquwjputiph wwppbip wbuwyutiph dwuuhlubph hnuptiph
donwnhnwpynmd'  Yppwnbind  pwpdpwnhp  ghnwlwu  Yujwuubpnd
nbnwnpwd dJwuuhlubph nGinbyunnpubipu nu uwybyunpndtinptpp:

V  Upuninpuwiht wwpwnwiubph gpwugnd bW donwnhunwpynud’ wpwqugnpd
w(thwywpubtiph dhongny:

V Gpyph dwybpbnypeh dnn EGYunpwlwu nwonph swihnd'  EEYupwlwt
nwwnh swihhs uwnptinh guugh dhongny:

V' Gnwuwlwhu wwpwdbiipbph donwnhunwpynut' DAVIS
ontpunipwpwlwlwu Ywjwuh dhongny:

V' Stndwquhuwlwu nwownh danwnhunwnpynid:

V Uwuuplutiph  hnuptiph  donwnhwnwpynd  Upbubywu  Gdpnywh L
bpdwupwih |Enuwququpeubpht’ SEVAN Bypnwwlwu gwugh dhongny:

V Upwquwdh ghwnwlwu Yuwywuubph bGpluph'  AllSky  wnbuwlughYubpp
hwdwlwpgh dhongny danmwnhunwnpynid:

A Upwquwénud nbnunpyb| Gu snpu unp ghnwnpdwpwlwu hwdwlwpgbp: Ywnwnpyb)
GU hGwnlyw| hGwnwgnunyeniuutpp

V  EGYunpnuubpp wpwgwgdwu wwjdwuubiph nunwiuwuhpnieintu
dpuninpuninut’ dhusl 50 UtY Eubipghwlwu whpnype:

VvV Udypnwwiht wdwbpnw «&jwu» b «gpwnwybih» nhwyniubph dbuwynpdwu
dbfuwuhqdubiph htivnwgnunieniu:

V. MOS wpngtiuh hGwnwgnunniginiu GEANT4  dnnbjwynpdwu U Upwqwdh
dwuthlywjhtu uwGyunpndGunptph wnywiutph hhdwu ypw:

V  ElYunpnu-quddw Swnwqujputiph htintnutiph qungqwgdwdp
wwjdwuwynpywd dpuninpunwihu unp wnywidnwubph nunwduwuhpnipyniu:

V Upuninpuwjhu pnulynwiutipp wbuwlubipp W wwjdwuubiph
htwnwgnwniginu, npnup hwulwpdwyh nwnwpbtgund Gu dwuuplubiph
hnupp:



ASNT, SEVAN, CUBE, Nal dwuthlwjhu uwblwpndtwpbph dhongny
tubpgbinply uytlwpubph yepwlywugunud® 300 YEU-100 U4 Lubipghwubph
nhpnypntd:

RREA wpngbuh dnnbjwynpnud® CORSIKA dpwgpny’ nidtin dpuninpuwhu
ElGYunpwlwu nwowntipnid:

GEANT4  hwpqwplubp®  Upwqwdh dwutplubph  nbunblyunpubph L
uwGlunpndGuptph wpdwqwuph $niuyghwubiph guwhwwndwu hwdwp:
SEVAN, STAND1 U STAND3 nbtwnblywnpubph hwoqwplubph hpwlwuwgnid®
ASNT U Nal gwugtiph swithwd Eubipngtunpy uytunpubph hhdwu ypw:
Lbjunpnuwihtu  hnuph  quwhwwnd  UdU-ubph dwdwuwl' SEVAN 010
qnigurnhwntpjwdp:

MAKET  upwhnwd  djninbwghu nbwnbYunnph JGpwgnpdwpynd L
hnphgnuwywu djninuubiph hnuph swihdwu ybpwlwugunid:

«Uyhunwy wnu»  Juwjwuh JGpwlwugund b 2 SEVAN nbwnGYunnpubph
ghpdwpynid:

STAND4 nbwnbYunnph wwwpwuwnnd Unp-Udpbpnnud® nbnbyunnpubph L
ElGYuwnpnupluwih thnpdwpydwu hwdwp:

SEVAN nbliwnbYywunnpp unp nbdhdubph hwdwp dpwgpwiht wwwhnydwu
wpnhwlwuwgnd b unp wwwnwubph dowldwu hpwlwuwgnd® ubpwnw
hwdpulunwiubph  gpwugnuit nu 20-25 ud  hwuwnnpjwdp  wwuwnhy
ughuwinhpywuwnpubiph 4G9 wugwnynn Lubipghwjh swihnudp:

bgnunwubiph  hGnwgnundwu b wprnwnpnyejwtu pwdund  hpwlwuwgybp Gu

hGunwgnuniginiuutin hunlyw ninnnigyniuutinny.

Vv

\Y

Vv

¥mTe  ppdywlwt  nwnhnhgnuinwh  unwgdwl  wbjuuninghwubph
Ywwnwnbjwgnpdnid:
®Ga  ppdywlwu  nwnpnhgnuinwh  unwgdwu  wbluuninghwubph
Ywwwpbijwgnpdnid:
1%4Cu  podywlwl  nwnhnhgnuinwubiph  unwgdwu  wbfuuninghwubph
Ywwnw-pLjwgnnpénid:

Belle Il ghwmwthnpdh wyjwiubph nwunwWuwuppnipniuuGpp owpniuwlyybp Gu Gpbp

hhduwywu Gupwninnnye ntuubpny.

\Y,

V

V

\Y,

ARICH gpwughsh Ywwwpnnnitwynipjwtu quwhwwndwt hbn juwyywsd
dbpnnwywl nwunwWuwuhpniejniuutn:

Pythia8 qGuGpwwnpp  wwpwdbwpbpp  Ywpqwynpbint  uywwnwyny
hnwywuwg-yb b dwdwyw| Ununb Ywnin nwunwduwuhpnigyniuubp:
Belle Il ghinwithnpdh ndjwiutiph hhdwu ypw B-dgnuh tnpnhnwduGpnd Unie
Ujnieh  pGlYuwdnt  hwunhuwgnn  hwlwpwphnuh  npnunwubph  hwdwp
twfuw-nbujwd  wignpppdh  pwpbjwynd, hwdwwwwwuuwu Unuwnb
Ywnn nwunwWuw-uhpnyenibutip:

Swni-|Gywnnuubphtu wnusynn nwnwduwuhpnyeniuutin:



A Cwjwnuwptipyly £ wbpunbpnd pwuwih pwnbph qundwu ESEYnpy ns-ninnpnywd
(unsupervised) dbpnn, npu hp wpryniwwyGunejwdp qqwih gbpwqwugnud £ wnyw
db-pnnubphu:

A 8nyg L wpyb, np wnwphwnuwhu Pngb-Ynuntuuwghwt Ywpbih £ oguwgnpdby
pywu-inwihu pheh (gnipheh) Yunnigdwt hwdwp:

A Uwpbdwwnhywywu yhdwywgpnipjwu opowtwlutipnd wnwewnyyt b wituwhwyw-
uwlwu ywwbwnh Ynugbwwnp b nunwduwuphpyb) Gu upw hwwnynieiniuubpp:

UUSL-h wpfuwwmwyhgutph phyp 2024p.-h ntGywnbdptph 31-h npnipjwdp 339 L, win
pUnW’ ghnwlwu wuduwlwqd - 129, dwpnwpwghnwwnbuuphywlwu wuduwywagd - 79,
qwpswuww-uwpynn  wudtwywqd  (wn  pYnud, pwpdp-lGnuwihu uywuubph W
ElGywnpwywu Gupwywjwu-ubph uwywuwpynw) - 131:  SGhrwlwl wunhbwu niubgnn
wofuwwnwlyhgubiph phyp 103 Lk, npnughg 23 ghwinipjniuubph nnlwnp k£, phuy 80-p'
ghwnieyniuutiph pGYuwdNL: Mpndbunph Yngnwd niuh 9 wofuwwnwyhg:

Cwpybtinnt  dwdwuwlwhwuwndwdénd  UUSL-U  gpwugb] £ 2npwihbh  wpryniupubip
ghnwlwu hwdwgnpdwygnip)niuutiph, huswbu twl pnnupywsd ghnwlwu wpryntuph
wnnwiny: Uu dwupht tu Jyuwynud UWUSL ghwnuwywuubph Ynndhg dhowqquihtu pwpép
wqnbgniejwu gnpdwygny ghunwlywu wwppbpwlwuubpnid, hwoybunnt mwpjw pupwgnd
wyblh pwu 247 ghunwywu hpwwwpwyndubpp (176-n Web of Science pnGdwpwuntd,
2024p. nbywnbdptp  wduny hunbpuwynpdwsd), dhowqgqwiht  ghwwdnnnyubiph
dwutwygnipyniup, Ywgdwybpyywsd ghnwlwu dhongwnnidubipp, wpwwphtu b nluw|
ghnwlwu utidhuwpubpp b wyu (LHwp 1T b Unnwwy 1):

IFOCh,6._ BAO, 24
40 MSRC 2 app, 11
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JNE L2024 .-7_ B " w_ T A s O ", BlMebof Science . " T 8 . 897 7.
Uyuhwywn £, np ghunnwlwu gnpdniubinipjwt wnwoluwnwgdwup dGdwwbiu uywuwnnid Gu
dhowqquwipt b nbnwywu hwdwgnpdwlygniginiuubpp: UUSL-U punhwunip wndwdp niup
70-hg wybh hwdwgnpdwlgnieyniutip, npnug pynwd Gu Jdhowqquih  wnwowwnwnp
hGwnwgnunwywu Yeunpnuubpnd® CERN, JLAB, DESY, KEK, H.E.S.S., INR, BNL L npwug
pwnuwnphs dwu Ywg-dnn hwdwagnpdwlygnipinituubipp:

5K . 2021°. 2022’ 2023’ 2024’

’ c-%-|Cc _-|C-¥¢- |C _-7C-®¢-|C _-|C-¥u]|C  _.-
ce "~ ¥, . 959 25743 982 26300 1020 26800 1407 21400
{tuv3 251 17251 192 17400 220 17600 176 13200

26% 67% 20% 66% 22% 66% 12,5% 61,96
[ . -1®084 -?_ B " w_ T s.AEE O Webrof Science
R A

Cwoybinnnt mwpyw pupwgpnd hpwlwuwgybp tu wybih pwu 110 gnpdninnudubp:
Thwug  twywwwyu £ oGnbp pupwghy  hwdwgnpdwygnipniuutiph  opowtwlyubpnid
hwdwwnbn  woluwwnwupubph  ppwlwuwgndu  nt ghwnwithnpdbph  dwutwlygnieyniup,
nwwunnuGph L Gphurwuwpn dwutwgbnubph YGpuwwwnpwunndp, ghunwdnnndubiphu
dwutwygnieyniup, uwnwdwynpnudp b wyu: 2024p.-hu, UUSL  woluwwnwyhgubipp
gnpdnudwu hpduwlwu pypubpu Bu' UUL, SYbGguphw, Spwuuhw, bunwhw, bupwby,
Qtpdwupw, huywuhw, Swwnuhw, <ni-bwunwt, L wyu:

UUSL  ghuwlwu  gnpdniubnpjwu wywhynipjuu  pwpdp  dwlwpnuyp’
ghnuwywuubph b ghunwlwu fudptiph Ynndhg gqbubpwgywsd unp qunwithwpubph
ounphhy, hwyytGuint wwpjw pupwgpnd 2wpniuwlyyt £ wluwpy dwutwygnyeiniup
nbnwlwu b dhowqquiht npwdwunphwihtu dpwagnbphu:

< YJUUL Pwpédpwgnyu Ypenipjwu b ghnnipjwu Yndhwnbh Ynndhg 2024p.-hu
hwjnmwpwpywd npwdwunphwjht dpgnypubipnd $huwtuwynpdwt Bu Gpwotuwynpyb)
UUSL Ynndhg ubpyuwjwgywsd hbnlyw| uwfuwgdbpp'

AGhunwlwu Yybunpnuubpp dwdwuwlwlhg uwppwynpnwdubpny  Ybpwghubnt

tywwwyny  ghrnwlhwu  vwppbpp/uwppwynpndutiph qudwu  hwjnbpp

puwnpnipjw dpgnype (1 dpwghn)

AShnwywu uinnpwpwdwuntdubiph ujnipwwntifuuhyuywu pwquwih
wpnhwlwuwgdwu hwdwp htwtuwlwu wowlygnipjwu dpgnye (3 dSpwaghn)

A «Uwutwghunwlwu depwwywwnpwuwnnd 2024» dpgnye (1 dpwghn)

A«4pu nblwdwpubph wnwofuwnwgdwuu ninywd Spwghp 2024» dpgnyp (2
dpwighn)

A «<Bnwuwpwht ninnnigynuutipny hbunmwgnunuwywu twfuwagdtp 2024» dpgnype (3
dpwghn)

A «bnwdwp (wpnpwwinnphwubiph hhduwnpdwu dpwaghp 2024» dpgnye (3 dpwghp)

A«luwyphpwuwnubph b Gphowuwpn  hwignpnubph hGwwgnunie)niuubph

wowlgnipjwu dpwghp 2024» dpgnype (2 dpwaghp)




A «lwjwuwnwup Lwupwwbwnniejwu ghunwlwu hwdwjuphu wpubpyph
ghwnuwlwuubph puwnbgpnud 2024/2» dpgnype (1 dpwaghp)

A «lwjwunwup Cwupwwbwnniejwu ghunwlwu Ywqdwlybpwnieniuutipnid
wpwnbpyph ghinuwywuutiph «PostDoc-Armenia 2024/2»» dpgnyp (1 dpwaghn)

A«Fhunwlwu  unnpwpwdwunuiubph  wdpwwundwu  dpwaghp-2024»  dpgnyp (S

dpwaghn)
Lwonnnipntutp  Gu  gpwugyty twlb  wbnwlwu ny  whwnwlwu L dhowqgquihu
npwdwounphubiph tnpwdwnpdwu dpgnypubpnud:
Sphunwuwpn hGunwgnunnnubph pyph wybugnuiu UUSL nwqdwywpnipjuu Yuplnpw-
gnyu bwwuwwlubiphg £ <woybinnt mwpyw pupwgnid wnbinh Gu nibigh| pyuwdniwywu
wwnbuwfununipyniuubph’ pYny Gpbip wwounwwunygyniuubp: UUSL wuwyhpwuwnnipw Gu
nhdt| bW punniuygt) Gpynt wuwhpwuwnubn:
Cwybtinnt dwdwuwwhwundwdnud Yuwgqdwlybpwyb) tu twuwsnnuywu 2powigbp nwnpn-
gwywutbph W niuwunnubiph hwdwn: Pwgh ubppht bW wpunwquw nwuwfununie)niuutiphg,
Ywqdwybpwyb] Gu uwl |pwgnighy nwuwfununyeinuutip, hwupwhu dhongwnnwdubin,
npnup Ypbnt Gu 2wpniuwywywi punype:
Nwquwywpwlwu bpwuwyniyeiniu niuh uwlb ghnwlwu W nGuuninghwlywu Gupww-
nnigwdpubiph - wpnhpwlwuwgnup b qupgugnuip: UUSL-U wyu  ninnnugjwdp bu
fununnuwiuwihg wnwopupwg £ gpwugh;; <wyybnnt dwdwuwwhwwnywdnid dknp Gu
ptipyb| d6d pYny ghinwywu uwpp-uwppwynpnudubin, gpwubuyjwywiht Ywhnyp W wyju:
Gupwywnnigwoépubph  wpnpwywiwgdwu L wbuunnghwywu  Ybpwghudwu
wdblwwyuwnnt  dbnpptpnudubph owppnud U «Unwotwlwnpg  nbwnbywnnputipny
jwpnpwunnphwih» YyGpwghunidp, <wdwwpgswihu YGunpnuh yGpwghunwp b Yphngbu
Ywjwuh wpnhwwuwgnd, husp Yhwugbguh wuynwugnyeiwi, wpryniuwybnnygjwu b
owhw-gnpddwu dwdlbwnubiph gqwih wybjwgdwup:

Uhowqgquwjhu npwdwyunph 103,245,190
Upwwpjniobinwiht uphnupbin 327,209,345
Fwpdpwagnyu Ypenipjwu W ghunnipjwu

Yndphwnb (hGunpnithwywt) 8,390,000
Pwndpwagnyu Yppniejwu b ghnnyejwu

Yndhwnb 440,000

Fwpdpwagnyu Ypenipjwu W ghunnipjwu
Yndpwnt (Gupwywnnigwdph wwhwwuntd

UL qupgugnud (pwquihu)) 956,540,300
Pwndpwagnyu Yppniejwu b ghnnyejwu
yndhwnb (ghunwlywu wuwnmhbwl) 28,947,600

SGhuwlwu unnpwpwdwunidubipp
Ujnipwntifuthjulywu pwquih
wpnhwlwuwgntd 44,500,000

Pwpdpwagnyu Ypenipjwu U ghunnipjwu 3,735,000




Yndphwt (ghnwlwu dhongwnnidubiph
Ywqdwybipwned)

Pwndpwagnyu Yppeniejwu b ghnnyejwu
Yndhwnb (Gdwwnhly npwdwounphubip)

637,859,000

Cunhwtnip

2,110,866,435

Unynuwy 2. <woybnnt mwpw pupwgpnid UWUSL npuwdwlwtu ubphnupbipp
(dpwynpp* ££ ppwd):

Pwquwjht $huwtuwynpdw
dwulwpwdhup
2024p.-h punhwuntp dnunpbiph dbg

45 %

Pwquwiht $huwtuwynpdwu
dwulwpwdhup
2024p.-h Ununpbiph dbe' wnwug
PYSY-h pEdwwnhy npwdwounphwhu
dpwigntiph

69 %

Unjniuwy 3.

UUSL-u npnbgpb) £ ghunnppjwt hwupwjuwgdwup jupwudwu pwnwpwlwunientu b hp
gh-nwlwu gnpéniubinejwu  wnwwynphs  wpryniuputiph 2unphhy, hwoytnnt twpyw
pupwgpnd yunwwbu bink) £ dwdnih npwnpnygjwi Yunpnunwd, hbnlyw; dlwswihbpny’

Uwdnyp dbp dwupt,

< < < <

dwupt,

<

Uunthuttph hpwytp b dwutwygnyeniu,
Cwpgwgpnygutiph hpwytp b dwutwygnipniu,

Lwpwhwudwsd hninuyutip huunhwnnunh ghnwlwu dbnppbipnuidubph

Ywqdwybpwyywd ubdhuwpubipph (PLUwpwunw b wyju:
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U Uwwhtjwuh wbtdwtu mbuwlwu Shghluwih
YGuwpnu

NGhwduwp' $.-d.q.n, v.MN. Uwbdbywt
Cwpytitnnt dwlwuwywhwwnywdnid u
VUwwhtywtuh wtjwtu  wbuwlwu  $hghlugh
YEuwnpnup (nbuwywt $hqhlwjh pwdwudniup)
hGwnwgnuineiniuubph hpw-Ywuwgdwu hhduwlw ninnnieiniuubpu Gu bnb’

1 Pwpap tubpghwubph $Gundbuninghw  (mwppwlywu Jdwuuhyubph L dhonywhu
$hahywih nbunieiniu, Lywuwnwihtu Lpndnnhuwdhyw, LEwphuwhu Shahyw),

T “twownh pwunwiht nbGunyeinwu, jwpbph wnbunyein, yhtwlwgpwwu dhghlw L
huwntigpynn dnntijubip,

1 Lqwunwht $hahluw,

1 Ynunbuuwgywsd dhowywjptiph b dwnwaqwpdwu hghlyw,
Wn ninnnipyniuutinny 2024 p. Ywwnwpyb) Gu wpryniuwybn hGunwgnunnieyniuubip b

unwgyb) Bu hGnlyw) hhduwlwu wpyniupubpp’

l. Pwpép Lubpghwutph $Eundtuninghw [1]-[6]

[1]

Fwdwudniuph  wpfuwwnwlyhg, wnwowwwp ghunwfuwwnn, $.-d.g.n, wpnd.,, <
Uuwwnwuh nbywdwpnigjwdp hpwlywuwgyb) Gu B->Xs gamma wnpnhdwu £L% alphas™2
Ywpgh ninnudubiph - wuwiphwhly  hwpdwplubp ¢ pdupyh  quugywsh  $haghlulywi
wndbpubph hwdwn pninp tiptip onwywuh nhwgpwdubtiph hwdwp, npnup Yuwwyws tu 01,
02 owbpwwnpubph hbw: Oguwgnpdtiny AMFlow U DiffExp dpwgnpbpp' «Jupubiun»
huwnbtgpwiubph nhdtiptughw| hwywuwpnwubpp Nkt hwdwp, uwnwgyb] Gu Gogphwn
pYwihu wpryniuputip z = mc"2 /mb*2-h hwdwp, z=0 hg dhusl z = 1/5: Uwutwynpwwbiu,
unwgytl] Bu pwuwdlbp, npnup pny; GU wwhu nwihu wpryniupubpp WBp{wjwguty
z=mc"2/mb”*2 thnthnjuwlwuh uywwndwdp 2wpph wnbupny z=0 Ybtwh onipg, huswbiu twl
z=1/10 YGwh 2onipe: Uh s2wpp Ywplnp wpryniupubip Gu unwgyb B->Xs gamma gamma
wnpnhdwtu £L% alphas Ywpgh ninnnudubiph hwdwn, huswbu twlb Bs-Bar(Bs) hwdwlwpgh
wpnhnuiubph  wjunyeywu  wwppbpnipjwu o *Nf Jupgh  $bpdhnuwihu ubpnpdwu
hwdwnp:

w). b->s gamma, a.’ Yupgh nipnnuiutipp ¢ pwpyh $hahywlw (ng qpn) quuqywsh
hwdwp:

B->Xs gamma wpnhdwup uyppywd twfunpn wotuwwnmwupubpnd ubpnpdwtu dh
dwup unwgyby £ UGd m-h hwdwp' wuhdywunnply wpunwhwynnggjwu W wpryniupubiph

hunbpuwni-jughwh - dhengny:  Miubuwung - wpryniupubip me-h $hahlwlwt wndtiph
hwdwp, huwpwynp Yihuh bwwunpbu dGdwgub) jwujuwwnbudwt Gonnipntup:
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Cwoybinnnt nmwpyw pupwgpnd wywnpunybp Gu B ->X, gamma wpnhdwu htwn
Juwws LLY a? nuipnnuiubph wju nhwgpwdubph hwodwpyubpp, npunbn gyninuubpp
s&U nnipu quihu b-pjwinyh gdhg: Upmyniupubipp nwywagpywsd tu JHEP wduwgpnd:

Cupwgph dbe Lu duwgwd nhwgpwdubphu YGpwptpnn hwodwplubpp:  Wn
wwwnwyny ognwgnpdynid £ nhpbptiughw| hwjwuwpnwiubiph dbpnnp: Ogunwagnpdtiiny
«Yhpw» Spwghpp, unmwgywd ulwpwp hunbigpwiubpp pbpynid Gu wjuwbu Ynsywd
«Juwpwbw»  huwnbigpwubph L Uupwug hwdwp unwgytp bGu nhdbpbughw|
hwywuwpnudutip: WunthGunl, «Jupwbun»  hunbgpwubpp yGpwédynd Gu pwpph puwn
z=m?/m,? thnhnfuwlwuh dhusl z-h  pwdwlwtwswi pwpdp wunpfwuubp' msting
unwgywd nhdpbiptughw| hwjwuw-pnuubpp: UYbh pwpn nbwpbpng wywjdwuwdnpdws'
wuhpwdbownnieniu £ wnwowunwd  Yhpwnbp hwoywpyh wy dbenn pwtu twiuyhunwd
Yhpwnwd dbpnnubpu Gu: Wn uywwwyny oguwgnpdytii Gu «AMFlow» L «DiffExp»
dpwaptipp: «AMFlow»-h  dhongny 62gphuin hwoywnlyb) b «Jwpwbun»  hunbigpwubph
wndbGpubpp  Ywdwjwlwu  YGwnwd:  bunbgpwiubp  wpdbputpp  hwodbing  hbGwn,
ogquwgnndtiiny «DiffExp» dpwghpp Ywd «AMFlow» dpwgnph «DESolver» thwpbpp' Ywnbih &
Nk nhdpdbiptughw| hwjwuwpnwubpp' swin pupsp Gonnejudp: Uu hwyduplubpp
hwdwp oquwagnpdyb| £ dpwaph 2powuwlubpnd quywd hgnp ubtipdtipp, huswbu uwl
UUSL-nwd gnjnieyniu ntulignn ubipytpp: <wodwpyubpu wwpundtb) Gu hwoytunne mwpyguw
pupwgpnul: Unwohtu wugwd dbup unwgyt) tu O1, 02 owbpwwnputiph alpha? Ywpgh
utipnpnudutbipp ¢ pywnlh quitgwsdh pninp $hahlwlwl wpdbtiputiph hwdwp:

Uwnwgb] Gup pwuwdlbp, npnup peny Gu wwijhu  wnwhu  wpryniupubipp
ubpyuwywgul) z=m2/my? hnihnfuwlwup uywndwdp swpph nbupnd z=0 Ybwph onipy,
huswbu twl z=1/10 Ykwnh onipe: fuunhpp upwunwd k, np z=0 YGuwnh 2nipg owppp wnwihu b
6hown wpryniupubip dhwju thnpp z-h hwdwp, win ywwndwpny wju ogunwgnpdybi b dhusl
z=1/25 wndbipp, huy wybih dt& wpdbpubiph hwdwp owppp ybipgyb) £ z=1/10 Y&wnh onipg:

p). b->s gamma gamma , a, Ywpgh nunmuiupp 02-07 owbtpwwnpubph
huwnbp$tptughwih hwdwp

Lwoybinnnt nwpyw pupwgpnd 2wpniwwlyyb) Gu B->X, gamma gamma wnpnhdw
02-07 owbipwwnnpubiph huntip$tiptiughwjh htin Juwywsd LLY alpha, Ywngh ninnnwiubph
hwoquplubpp:  Unwgwd  hunbgpwiubpp'  «Jupwbin»  hunbgpwiubph pbpbp
pwywlywuht pwpn futnhp £ Wn hwodwplu dh qwpp nhwgpwdutiph hwdwp wjwpunyws
E: LbpYuynudu wuwwmwuputip GU tnwpynwd pnit «Jupwbiuns huinbgpwubph hwadwnyp
ninnipjwdp’ m/m,=0.27,029,0.31; m=400MeV, 500MeV, 600MeV L s1=1/5, s2-h
npnawyh dhowlwpnid ginuynn wpdtipubph hwdwp W s2=1/5, s1-h npnawyh dhowywjpnid
gwnuynn wndbpubph hwdwn: (pb=ps+ql+qg2; sl=(pb-q1)"2; s2=(pb-q2)"2; wjuwnbtin pb b-
pywpyh  hdwynyuu E, ps s-pduplh hdwnuup, boql, g2 ninnuubph hdwnyuubpp):
Cwoytunnt mwpyw pupwgpnid dh 2wpp nhwgpwdubph hwdwp hwoqwplyu wjwpunyb ,
huly djnwubph hwdwp wju 2wpniwwyynd £ <wodwplyubph hwdwp ogunwgnpdyt| Gu
«SecDec», «FIESTAS» L «AMFlow» dpwgnptipp:  «AMFlow»  dpwghpp pnyp £ wwihu
pwwywuht  wpwg  Ywwwpb  hwpdwpyubpp' Gpwfuwydnpbind - wipryniupubp
nhwgpwdubiph d6& dwuph hwdwn:

q). o Nf nipnnuiubp  Bs anti(Bs) fjuwnudwt hwdwp pnyp onwynd  c-pquipyh ng
qpnjuljwt quuqywéh hwdwp
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2tiqnp B-dbgnuubph fuwnudwu dby Ywpunp nbp G fuwnn pwnwdbipdhnuwhu
owbGpwwnpubpp, npnup wnwowunwd Gu dwup dwutuplubiph huwnbgpdwu wprynitupnid,
huswhuhp Gu W -pngnuubipp b t-pjupyp:

2024p.-h pupwgpnud hwoqwpyyb £ R2, R3, UL bar(R2), bar(R3) owbGpwwnpubtph puwn
Lambda(QCD)/m, -h wnwewwnwn wunwdh dbg ubpnpnuwip alpha, Ywpgnid, wdpnnowywu
LLY-nwd: Pwgh wyn, hwdGdwunngniuuGp Gu hpwlywuwgyt  LEF-nwd W
owbtipwwnpubiph dwwphgwihtu wwppbiph b Jwynindwihu ubipnpdwu dnnwynpniejw
(LLVU) Ywuluwwbunwubph dpol’  dbd Nc uwhdwunwd: Uwnwgdbp &, np wju
owbtpwwnpubiph Nc -htu hwdbdwwnwlywu dwubpp unyuwlwu Gu: Lep{uwynudu pupwunwd
GU  woluwwnwupubip bar(R2), bar(R3) owbtpwwnpubph dJdwuwphgwhtu wwppbph
hwoywpyh ypw LLU-nwd' d6d N uwhdwunud:

[2].-[6] Pwdwudniuph wnwowwnwp ghunwfuwwnnn U 4ndhuywup, 2024 pduwlwuhu
pupwgpnd  hpwlwuwgpt]  hbGunwgnungeyniuubp’  ogunwgnpdting  CERN  COMPASS
ghuiwthnpéh indywiutipp, npntp hpwwwpwydt) Gu pwpdp wanbignipjwu gnpdwlhg
niubignn ghnwlwu wwppbpwywuubpnud: U 4ndhuyjwup, npwbu UUSL-h ubpyuwjwgnighs'
hwogtiinnt  wmwpyw pupwgpnd  dwutwyghp nu ubpluwjwgptp £ hp  gpwiunuwywu
qtynygubipp pupwghy vwfuwgdtph yepwpbpw) tnipuwgnud’ JINR dpwgph dwutuplubph
$hahluh funphpnwngwluw Yndhunth Ghunbphu:

Pwdwudniuph wnwowwnwnp ghnwfuwwnnn U hnwuthujwup Ywwnwpb) £ wofuwnwupubip
ubjunphuwihu phghlwih hbn Yuwwywd Epuwbiphdbuwnmw] hwdwagnpdwy-gnipejniuutiph
opowuwyubtipnud (JUNO, DUNE):

Pwdwudniuph wnwowwnwp ghinnwfuwwnnn U hwunyp, wwowmnuwwbiu hwunhuwuwiny
UUSL-h ubpywynighsp dhowqguwihu SPD NICA dpwgpnud, wyinhynpbu dwutwyghb) £ CDR
SPD NICA uwnbnddwu wpngtiuhu: L. bdwunyh dwutwygnigjudp wwwpwuwnygbp b
hwuwnwuinyb| £ Pnjupdpnudwu <niywghp (Memorandum of Understunding) UUSL-h U JINR-
h dhol,, hwdwdwju npph UUSL thnpdwpwpubipp Ydwutwygbiu SPD NICA ghuwthnpah
hwdwp EIGYunpndwquhuwywu YwnphdGwph unbinédwu W nbGnunpdwu
w2fuwnwupubiphu:

Il Twynh pjwuwmwihtt mbunyejnitu, jwptph wbunyenu, Jwpbdwnhluywu
Phahlw L hunbkgpynn dnnbkjutp [7]-[18]

[7] CwyyGnnt  vnwpjw pupwgpnd  nwnuduwuppdbp bW uwnwgdbp Gu hGnlyw)
wpryniuptpp’

w) “nipu b opbpdb Ygwd ubplwdwgdwu snppnpn wuwnphtwup  niuhybpuw
gbpindnigyniup  punn “Ywghdhph  Gupwwnwpwdyubph: Gwnudwsd tu uwl “wghdhpp
ntuhytpuw| wpdtipubipp:

p) Mwwpwuwnnud E nbyYnt “Vogel’s universality and Chern-Simons theory”, dnwin Yhuny swth
wwwnpwuwn L

q) LBYyghwubp: pwdwudniuph wpwowwnwn ghunwfuwwnnn, $.-d.q.n. - UYypwngwup
2024p.hu hwunbu E v¥lv] [Gyghwubpny  «U. Cwhhujwuh wudwu»
Phahywdwpebtdwnpywywu hwwnly nupngnd  (pUny 10 |BYghw, dwpbtdwnhlwlwu
dhahuih dwynynwinhy) htinbyw Spwgpny

1. wpwpbpwywuneywu  hwwnty  nbunyenit, dwdwuwyh dbpbuw, nwuwywu L
nbywunhyhunhly dGfuwuhluw:
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2. Qnpénnnipjwu uyqpniupp, dhghywlywu hwdwlywpgbph nuwuwlwu b pywunwihu
Uywpwgpnipniup:

3. Updbwnphwutip bW ywhwwudwu opbupubip:

n) Pwdwudniuph Gphunwuwpn hGuwgnwnnn $.-d.g.p. U. UYGunhujwup swpniuwyt) £
wofuwwmwupubpp  wdbphywu  gnpdpuytipng’  Lhw  Pbpdwuhp htiw, ANSEF
npwdwunphwjht dpwaph 2powuwyubpned:

[8]. <waybwnnt wnwpjw pupwgpnd hpwlwuwgyb] Gu dwywintu hGwnwgnunnieyniutbp
«Ynp»  mwpwoéneniuutpnd, LJwuwmwiht nwownbph  wnbunyeniuutph, AdSd+1/CFTd
hwdwwwwwufuwunigywu L thnfuwgnnn Pwpdp Uwhuubph (PU)  Stunieniuubipp
ninpunubipnud:

w) 2024p.-h pupwgpntd Yyapwuwyyb| £ Yudwjwlwu swhbpnd judwjwywu wdpnng pyh
uwhuh hnuwuputiph Ynudbnpd Gnwybwmwuh Ynnbywghnu Iniulghwubiph nwuwlwnpgdwu
L hunwy Ywnngdwu fuunhpp: Mwhwwuynn hnuwupubph hwdwp vwhdwuyb) |
wwhwwudwu wwjdwuh hwjwuwpnwip U ninquyhnpbu Ywnnigyb £ (ndnwdubipp pwpép
uwhuubpny nbwph hwdwp' oguwgnpdtin uwfunpnp hwjinuh gwdp uwhuubpny
nGwpbph wwwwupuwuubpp: Wn Swuwwwphn htwpwynp £ unwtw] punhwunip
wwuwwufuwup  wwhwwuynn Gnwlbnwuh  YnnbGywghnu  dniuyghwubph  hwdwn:
Lhwnwgnunnipniuutpp dbwybpwdb Gu npwbu Swywiniu hnnwd L ninwpyybp tu
nuwwgnnLRjw:

p) Oguiwgnnpdtiin Pwpép Uwhuubpny hnuwuputiph Ynudnpd Gnwlybunwup Ynnbywghnu
$niuyghwubiph Yunnigywdph ghwnbjhpubpp unwgywd bwlunpn futunph 2powtwlyubipnid,
pupwgph dJby GU woluwwmwuptbpp hwulwuwint Ynudnpd PU  nbunienitubpp
gpwyhwnwghntu  $nunwd: Uwutwynpwwbiu, nwnwduwuppdnd Gu Ynudnpd  hnuwuph
hGwph wundwjhwtu PFU  wnpwdwswihwhtu nwonbph  $nund:  Wn  wundwihwubpp
hwupwhwjin  Ynudnpd Ywd dbh wundwhwh PU punhwupwgndtu GU wpuwphtu
gpwyhwunwghnu nwownnd U nbin nwnwuwuppdwd sku n's phugnpwjhu unnigwsdph L
n's k| uhugniywpnyejwu hdwuwnny:

q) dYGpnhhojw fuunhpp putwpyyty £ wprnwuwhdwijwu  funphpnwnne ypndbunp
Unbdwu  Buwjubuh  hbwn' Uwpu Mwuyp  wudwu  Spwdhnwghnu - $hghluwip
huuinhwnunhg: Lutwpynwp Yuwjwgb] £ Mnpbu Uwudbywup 06y wduyw  wigh
opswuwlubtipnid: <nnywdp gunuynwd £ dowydwu thnynid, huy hpwnwpwynwip uywuynid
E pwdwudniuph nEywywn, wnwowwmwp ghunwtuwwnnn, $.-d.q.n. M. Uwudbywup’ Uwpu
Mwuy puunphwnnwn hwenpn wighg htinn, npp wwuwynpjws £ 2025p.-hu:

n) Wolfram Mathematica-h thwpbiph dhongny dnnbjwynpyty Gu pninp wju dnundubipp,
npnup pwywpwpnud G Gnwuljwu wuhwjwuwpnuubphu: Lywwwy £ npgt; Wolfram
Mathematica-h dhongny uwnwuw| pninp huwpwynp hwywuwpnwubpp b npwug dhohg
wnwuduwgub) goénpbu wulwfu ndnwdubipp: Ybpohuu wubiint hwdwp, dnnbjuwynpyb &
dpwghp, npp nnpu | pbipnd hwjwuwpnuubpp b upwg ubipyujwgund dwnphguywu
nbupny, wjunthGunl hwaybind hwyjwuwpnuubph hwdwlwpgh nwugp, huwpwynp £
[hunw gwnubip wulwilu |nwdnwdutiph pwuwyp: Ybkpohuhu oqunipjwdp huwpwynp £ nwnabi
Ywdwjwywu uwhuh hwdwp nnipu pbpb] nwhdGpuw] pwuwdél, npp huwywnpniginiu £
nwhu utnwuwint wulwfu nwdnudubiph pwuwyp:

[9]- LJwunwgywsd Rwjptipg-vhptuh Ynph Yppwndwdp gyt b ynupinibun Lnjup
hwjwuwpdwu ndnudp'  hhwybpbpypwswhwlwu $niuyghwubph gwpph wnbupny:  Uju
(ndndp  huwpwynpnigyniu £ wwihu éogpinnpbu hwodbp wwppbip Gquyhnieyniuubipp
wnpusnn Juwwygywdnipjwu gnpdwyhgutipp: Unwgywd wpnyniupubipp ogunwgnpdywd
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U CJwngohiywt ul funnnsh wnlwjniejwdp gpwyhunwghnt wihpubiph nwnwbwuhpdw
Uwywuwnwyny:

[10]. “Hhunwpyyt) £ wpdwwnwiht hwdwlwpgbph  Ehwyuwihu  hhwBpGpypwswihwywu
hunbgpwiuGph npn2 unp uwhdwuubp: | W I whwyh Ehyuwihu pGunw hunbGgpwubph
nbnniyghwhg hbwnn  unwgywd hhwbppnhy hhwbpbpypwswihwlwu  hunbgpwiubiph
hwdwp Yphpwnyt] £ b-u &dgwnud £ i-h uwhdwup upwug pywghwbGpnnubph hwdwnp:
Uwnwgyb; Bu unp Yndybpu pbivnw  hunbgpwiubp' Ubphu-Pwpuup ubplyujwgnigsnid:
Fhuwpynd  Towhwh o Elhwuwihtu - hhytipipypugwihwlwu - hunGgpuiutpp,  npnup
Gupwpyynid Gu ng wnphyhw| uhdbunphy thnfuwybpwnwiubphu, upwug <hGununpnubpp»
pbpdby  Gu Yndwiipu  hhwbpbphpwswihwlwu - $nilghwbiph dwhwpnuyht’
wuwwgnigbing Hepywsny-Uwuwongh Gupwnpnyeniuutipp, ng Yndwwlnn uwhu onpwubiph
nbunigjwu  Jdbe  wnwowgnn  pniuyghwubph hwdwp: Npn2  hhwbppnhy  pGuw
hunbgpw|ubph hwdwp dGup nhwnwpyyl Gu b-u &gwind £ 1-h hwuwnly vwhdwup:
Mwghnuw] Ynwuyghwubph  punbgpwiubph gnWwpubph  hwdwp unwgybp Gu  unp
hhwGpEpypwswihwlwu unyuwlwunypyniuubp:

[11].

“thunwpyyt] Gu wwppbp unyuwlwuwgnwdutp, npnup ppwlwuwgybp Gu hhwGppnihy
hhwbpbpypwswihwywu pniuyghwutipnd b nwnwduwuhpydbp G npwug nbnnwyghwubipp
dhusl YndwGpu hhwGpGplypwswihwywu niuyghwubph dwlwpnwyp: Uwutwynpwwbiu,
gnyg £ wpyb), np nbnnwyghwubtiphg dbyp vwihu £ Yndwbpu tplwunwdubph ptinptdp,
npp  hwdpuyunid £ EGpp  pbuw  hunbGgpwih  YndwGpu  wuwingh  Sniphth
thnfuwybipwydwu hbwn: Uwnwgyb) Gu twl Snippbh thnfuwlybpwydwt pwuwaéup Yndwtipu
gwddw dniuyghwih hwdwp: Wu unwgyb) £ unp wbuwlyh vwhdwuh oqunipjwdp, npp
Yhpwnynud £ hhwbippnihy hhwbptipypwswthwlywu puntigpuiutph pw:

[12] Uwnwgdb| £ unp hwdwswihnipntu bW unp wpunwhwjwnneniu SL(2,C) fudph niuhunwn
hhduwywu ubpywywgnuiutiph 6j-- uhdynjutipp hwdwn: Wu pny|  tnwihu unwuw] Mhgeh
hwdwswihniypjwu wuwngp:

[13] <wodwpyyb) £ N=1 uniybp Lynwdhih nwownh wbunygjwu Lun-Cqwpg hwwnywdnid
day YGwwup wnphy Ynudbnpdw| pinlubph dnnnquwihu duwhnfuniejwtu dwwphgp: Wn
twywwwyny oguwgnpdybi Gu dwwphgwih pwgwhwjn  wpuwhwjnniginiup  npwbu
dhwaénydwt dwuwphgwih npn2 wnwppbph wpunwnpuih hunbGgpwi: Uu  hunbGgpwip
hwoqupyynd £ oguwgnpdtng huwnbigpw) unyuniejniuubph onpwu unwwytipupdbnphy
hhwtppnhy qwddw dniuyghwubph hwdwp, npnup unwgynd Gu Wwpwdpbpdhnuwiphu
Elhwuwhts quddw pniulghwbiph hunbigpuiutiph ninnwyghwhg:

[14].-]16]

Unwownlyb| £ Ruijsenaars-Schneider (RS-) dnnbh wwpq duwybpwnud, npp hhdugwsé k
ninpwd  Mnwwuunuh  thwlwgdtiph pw, npnup unynpwpwp oginwgnpdynd L
wnwmwpht  Jdwquhuwlwu nwonnd  2wpdynn  dwuuhlubpp  ulwpwgpbine  hwdwnp:
Wunthtinl, Glubind wju dLwybipynidhg, wnweownplyb) £ nhuwdhy-GpYswih Mnwulwpbh
hwdwswthnyen  niubignn  hwdwlwpg, npp uwpwagpynd £ uny <wdhpunnujwu W
ninpqwd Mnwwuunuh hwlwgdtinny, npnup hwdwwywwwufuwunid Gu gpbipt Ywdwjwlywu
dwquhuwlwu nwownnud 2wpddwun:

Spyhap & U.dtnnpniyh b E.hjwungh  Ynndhg Jbpotipu  wnwownpywsé N=8
unwGpupdbunphy dfuwuhlwh unp dnnbijh <wdhpunnuywu dbwybpynidp: Snyg £ wnpyt),
nn wju niuh nhuwdhy osp (82) unwwybpynudnpd updbnphw: Cun npnud, hwdwlwngh
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pnqnuwjht dwup wwpqwwbu wqww dwuthy £ nype swhwuph Ynuh dpw, dhugnbn
dGpdhnuwihtu dwup Ywpnn £ d6Yuwpwuytb) npwtiu uyhu-opphwiwy thnfuwgnbignipniu:

[17].-[18]. Nwnuduwuhpyb] GU bwunwuhwppneiniuutph dhongny hwwwunpwnwpddwu
Gpunyputipp:  <hdugtiny  unp  uwhdwiwht  wwpdwuubpnd  wbunpjwu  Ypw
hwjinuwptpgt; Gu gqquih thnthnfungyniuutp hwiGuht b nhdpdng wunpwnwpsdwu
dholu  wju  nbwpnwd, Gpp  wuhwppenieniuutph  dwupnwpp  dhowdwiph  dbe  |nyup
pwhwugdwt funpnypjuwu Ywpgh £ SGuwlwt Ywufuwgniwyndubpp hwunwnyb) Gu
thnpany' Uwunwuhwpenye)niuubpny odnywsd uhjhynuwjhu pwnwuputph nbwpnu 300-
400 [ud] wlhputiph Gpywpnipjwu hwdwp: Nunwuwuhpyb Gu uwl
Uwunwuhwpenenuubph - wnwowgpwd  doniph  (haze) wulniuwhu b pubinwgdwu
Ywhugwonipintuubpp: Snyg k wipygbp np donyp hhduwwunw p-plbinugywsd £ b wuupwu k
Uwunwuhwpeneniuubph nbwpnud, sutwjwd  hwjbwht wunpunwpddwu gnpdwygh
qquih thnppwgdwup:

. LJwuwnwihtu $hghlw,dhtwlugpuiht $hghjw Snyninghwlwu dEYnupsubp,
SPT thnytp, 2wunwihu <nih E$PEYwn, Gnwswih hunbgpbihnyeyniu, Ng-
Yppnphjuwywt  jwptp, nmdbn  hnpuwgnbgnipniuubp,,  Yhpwnwlwu
dwpbtdwwhlyw, Yeuuwphghlw [19]-[35].

[19]-[22]

w) LJwuwmwihu <nih ESGYnnd  vwpwhwpewht wugnwubpp  ufwpwgpnn dnnbnud
qupgwgyb] tu Ypphwhywlwu hunbpuubpp hwodbint unp  wbjuupyw hpdujwd S-
dwwphgubph Jpw: UGpnnp wnwohu wuqwd L Yphpwnyt, wyn nwuh dnnbuGpnud:
Lnywihqughwjh hunbpuh hwoynwip hwuwnwwb) £ bwfunpn, tnpwuudbp dwnphgwih Ypw
hhduqwd hwadwpyubph wpryntuputipp:

p). Ywnngytp bu bGpbp yYhbwlwung Potts-dnnbh  Gnwulniu qwunwyh Jpw
wwounwwuywd $7_3 $ hwdwswihnypiniuubpny wwpwdwquhuubph  pwg tgpwjhu
yhbwyubph <wdhjwnnuwubpp: Nwnuuwuhpdb) B pwg tgptipn dwupwnhunwlwihu
dnnbutGpp, puuwpyyb Gu hwdwwwunwufuwu nwonh Ynudnpdw] nbuniejniuutbpp W
npwug Yaunpnuwlwu |hgptipp:

g). Munwuwuhpyb] 6u <wpphup Wwdwuh Yhpwnbhneniup Gpyswih gpuwyhwnwghwih
wnlwjniejwu wwjdwuubpnid:

Cwoqwnyubpu  ppwywuwgyb] Gu dniybprnwh bW Mwnbpnpuh hwdwjuwpwuubpnud
hwunmwwnud U uwywubihp  wpnnwpubpp,  wjiu £t np <wppphup wwydwup
yGpwiudpwynpdwtu Ywpphp niuh gpwyhnwghwih wplwinyejuu nGwpnid: Ugfuwwmwupt
ninwnpyywsd £ nmwywagpnypjwu:

[23]-[27]

w) MNwnwiuwuhpytp Gu 1D hwlwdbpndwquhuwlwu uwhu-1 Heisenberg XXX dnnbp
wpuwpht Jwquhuwlwu nwonn 6 W Jhwhnupgnuipnwyhw O Ybpowynp onpwubpny:
Npnayb| £ dninwyw W ng dnnnwlw (nquphpdwlwt fubbywdniginiup ON: Atinp pbipJwd
hhduwlwu wprynitupp' 00 -h wuhbunwgnuwu b, huswybu dnunwlw, wjuwybu k| ns dnnwlw
hwplwtu (hwonpn-wdbuwdnn L hwonpn-hwonpn-dninww) wnbnwupubph  hwdwnp
gnnyuywu  obpdwuwnpbwund L gwdp obipdwuwmhbwuh  Jhbwlubpnd:  Ldwu
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wuhbGunwgnudp wnbnh £ niwbund 6 b O Yppwhlwywu wpdbpny: LN-h Jwppwgdh
wpryniupnd unwgywsd  hnywiht nhwgpwdp puuwpyynd £ 6 -O hwppenieniuntd,
Ubpwnyw| pwdwuwpwnp ghdp, npu wywpunynw £ Gnwyh Ytunnyg, npnbn Lubpghwyh
funnipiniup wulwfu £ swihhg: Lepyuwjwgybp b deluwpwuybp Gu 06-h wprynwpubpp
Jbpowynp obipdwuwnptwunwd’ npwtiu 6 U 'O $niuyghw:

p) SGuwlwunptu nwnwuwuhpyby £ jhguwunubph Yuwwnudp nbgbwwnpubph hbwn, wju
nGwpnud, Gpp  wpuwpht  dhowdwiph  $ntyuninuughwutph wgnbgnipjwu wnwy
$inunyniwghwh £ Bupwpyynd  jhgqwunubph  phyp  ndnypnuwd: Uwnwgyb] L
dnywnhwhywwnphy unnfuwunmhy nhdbptughw| hwywuwpnud, npp bywpwgpnd £ |hquun-
nbgtiyunnpwihu  Yndytpuubph  pUh  thnthnfunieniup dwdwuwlyh  pupwgpnud:
wqwnlyby Gu |hquiun-nbgtwwnpuyht Yndwyipututinh dhght phyp U npw nhuwbpupwu:
Uwnwgyti| £ nbgbunnwnputiph htwn |hqwunubph Ywwdwu hgnebpdp: 3nyg £ wpgb, np
dnywnhwhwwnhy wndnyh wnbuwnieiniup pbpnid £ upwt, np nbgbuwunpubph hGun
Ihqwunubph Juwwdwu wypngbup nwnunid £ oGdwht’ |hquunh gwdp Ynugbunpwghwubph
whpnypnd  Ywwdwt  wwpwdbunpGph b dnywphyhywwhy  wndnyh npn2
hwpwpbpwygnyejwu nbwpnud [hquun-nEgbwwnnpwiht Yndwbpuutip 6 wnwowuntd:
Snyg £ wpyb, np [hqwunubph Ynugbunmpwghwih wbdh hGwn [hquun-nGgbGwunpwhu
YndwGpuubiph dhoht pyh nbwpuwghwh dwdwiwyp vwgnd £, huy wndnyp
hunbuupynpjwu wéh hbwn' dGdwund: Lwb gnyg £ wpdb, np wpnwphu wndnyp
huwnbuuhynijwtu thnpp wpdbpubph nbwpnud nhuwbpuhwu ninhn hwdbdwwnwlwu |
wpwnwpht wndniyh hunbuupynigywup b gdwihu wénwd £ wndniyp punbuupyniejwu wéh
hGun:

g) Wu nwnwuwuppnipiniup Yaunpnuwund £ Gndhontyuiht Cg4H75NpNizO5 - 3(CIO,) -
6.5(CsH,NO) L pwnwdhonitywihtu CyHs5CLNgNi,O-h  pywiitnwgh dwquhuwwu
hwwnynyeyniuubph b jubdqwdnigywu Yypw: Uju nwnwduwuhpnieniup  hwdbdwwnnd |
thnpéwpwpwlwu  wndjwubpp  dwguhuwlwu  qguiniunipjwu  G2gphin nbGuwwu
hwodunplubph htwn' npwybu  obpdwuwmhbwuh $niuyghw’ pwgwhwynbing gbipwquiug
hwdwdwjunie)niu: Ubtiup nhwund Gup hwpwpbpwygnyenit dwguhuwgdwu pnhspubiph,
dwquhuwlwu qqununiejwu  quguwpeutph W [(ngqupphpdwywlu  uGgqwwhyniejwu
pwpdpneiniuubph dpolt' b wwwnwufuwu gwdp obipdwumnpbwuubpnid Gnwdhontywhu
pwnwdhoniywihu  Ni hntwjhu  hwdwippubph  wpwnwpht  dwquhuwlwu  nwonbph
thnthnfunyeyniuutiph: Wu  nhnwpynwdubpp wwhwugnd  Gu - hGwwgw  thnpduwlwu
swithnwubp wpnwphtu dwquhuwywu nwonbpnd gwsép stipdwuwnhbwuubipnid:

n) <wlywdbpndwgqupuwywu uwyhu-1 hghug b hghug-Lwjqbupting thnfuwgnbignieiniuutn
niutignn pqwuwnwiht hwdwywpgbpp Ypluwyh pwnwupun onpwutinh ypw dby hnuwhu
wuhgnupnwhwiny Ywpnn Gu gnyg wwp ny unynpuwywiu nwuwlwu U pjwlnwihu
yhéwyutp, npnup wwuwwufuwuwwne Gu gwdép obpdwunpbwuubipnd Jwquhuwgdwu

Ynptiph  wundw)  Jwpph  hwdwp: - Wnwhuh  onpewutiph  hwdwp  gpnjht - Ggunnn
otipdwuwnhbwuh yWwjdwuubipnuw gk Gup gbpyuyniu Yenbp W ghybp:

&) Nwnwuwuppybip Gu dpguygwihu thnfuwqnbigniginiutph wgnbignie)niup hwdwfudpbiph
hwdwpdbpnigjwu Jpw: Yhuwpyb b dhwswih hghug dnnbp' $epndwquphuwlwu dhohu

nwawnh thnfuwgnbignipjniuutipny b Yupéd wgnbignipjudp gnpdwyhgutipny, npp Ywpnn Gu
lhubp  Ywd  dbpndwquhuwywu  Ywd  hwlwdbpndwqupuwlwu:  uuwywd  dnnbih
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hwpwpbpwlwu  wwpgnejwup,  dhypnywunuhy  hwdwfudpnd  hpwlwuwgywd
hwojwplubpp pwgwhwjmnw Gu  hwpnwn  hnywiht nhwgpwd:  <wdGdwunnie)niup
Ywunuhy hwdwfudph hwdwwwwwufuwt thnywht nhwgpwdh hGin gnyg £ wwhu
thnywiht  wugdwu Ytwbph W goébtph  wnywynieyniup, npnup  wwppbp Gu  Gpyne
hwdwfudptipnid: Npwbu ophuwy, thnywjht nhwgpwdh dh hwwndwdnid, npntin Yuwunuhy
hwdwfudpp gnyg £ wwjhu Yphwhjwywu Y& W Yppupluwlwu JYbpouwybin,
dhypnywunupy hwdwfudpu nwh [pwgnighs Yppunpjuywu Yt b bwb Gnwyh Ybw:
Cwdwfudph wlhwdwwwwwufuwunigjwu 2powtutpp unynpwpwp wnbnh Gu nwGunwd
wybh gwdp obpdwuwnphbwuubph W dpgwygnn  thnfjuwgnbgnyeniuubph  wybh  J6Gd
pwgwpdwl wndbpubph nbGwpnud: UnnGinud Gpynt wquun ywpwdbunpbph wnlwynipynitup
RNy £ wiwihu unwuw snppnpn. Yuipgh Ynhnhywlw Yawn, npp Yupbih £ wdpnnonigjudp
puntpwgnt] unwuwny upw Lwunwnt unpdw| dup:

[28].- [30].

w)<bGnwgnunieginiuutin wwpyb) Gu EYnpnighwjh inbuniejwt Jhdwlwgpwlwu Shghlwyh,
U pni-phinp yptwhwgpwywu $hghlwih puwguywnubipnid:

p)<bunwgninyty £ hnun-wwpwghn dantip, tangphin nddty dwpq ntiwp dh - whiyny
$hprUbU Jwunwdwh nbwpnud: Unwgyb| £ np hwdwgnpdwydnipinitu hupwynp £ dnnbih
wwpwdbwpbph nbwpnid:

g)<bwnwgnuingti| £ EYyngnighwih dnnbp ny uhddbuiphy nGyndphuwghwubph gnbiwpnid:
fuunhpp pbpdt £ <wdhpuinnu-Quynphh  hwjwuwpdwu, Gpp <wdhunnuhwup npwbu
wwnwdbwnp Ywjudwsd £ dniuyghwih dwpuhdnwh Yhwnh wndbiphg:

Uwnwgyti| Gu dnywjhu wpdbtipubp nhuwdhlwnd, dagphwn ndytp £ thnywihtu wugdwu
yGuwnp:

n<Gunwagnundb) b Gpynt uwydwsd pniphinubph dnnbp Gpp deyh ypw thnpéd £ wpynid:
Uwnwgyti| tu wuuwhdwt pyny dnywjht wugdwu Yhwnbp, dnyunhdpwyunwinieiniu:

[31].

Stuwywunptu  JGpindd; GBu fGYunpwdwqupuwwtu nwonh  ndbnugdwu
dbfuwuhquubipp, npnup hwugbgunwd Gu R6G dnjbynyh dwybpbuny nidtinugywd Raman
gpdwup (UNRMN3) Ti3C2Tx MXene twppbp alubph W swithbph
uwundwuuhyubpnud:UNKS-h nidbtinugdwu gnpdwlygh (NhS) COMSOL Multiphysics-ny
hwodupytnt bwywwnwyny ubpywungeh dniiynyp dnnbiwynpydb) £ npwtu thnpp gniun’
pubinwgdwu uwtywpnyd, npp hpdujwd £ thnpdwpwpwlywu nduiutph ypw: Unwoht
wugwd gnyg £ wipdwd, np 500 =1000 ud wihph Gpywpniejwu dhowlwjpnid nwdwujwu
wqnwuowuh ndtinugnuip dEdwwbu wwjdwuwynpywd £ punpniyn) dwybpluniypwihu
wwaqunuh wnwwwunwdutipny, npnup wnwowgunud Gu Jdwpuhtwjht wnwynhph nidtin
pubinwgnwd: 8nyg L wpyb, np  wbuwubih-dEpdwlyw  huppwlwpdhp  whpnyend
pywnpniynwiht wjwqunuwihu nbgnuwuuubipp, npnup ndtinugynwd Gu Jdhognuwihu
wugnwiubiph gunphpy, wwwhnynd Gu 105-107 Jupgh NhS wpdbpubp’ hwdwdwju
thnpdwpwpwlwu nduiubph: NRS-h hwdbdwwnwpwp gwdp qquniunyeinitup dwpuhup
uwundwuuhlyubiph dup L swihh Uywwndwdp dYuwpwuyt) £ npwbiu pqunpniwynjwihtu W
dhognunwihu  nbignuwuutbph  pny;  Ywiujwodnipjwu  hGwnbwup  bwundwuuhlubiph
Gpypwswihnyeyniuhg: Uw pwgwhwjnnid £ unp - wnwuduwhwwnynyejnis' NRG-h
wulwunieiniup dwputhtwihu wwynhpubph Gpypwswihniginiuhg, husp enyp £ wwihu
funtuwihti ybipohuubiphu duh L swihh dnuhwninphughg npwug uphupbtgh pupwgpnid:
Wuwhuny, dwpuphup bwundwuuhlubipp Ywpnn Gu dwnwity UNRMNS Yhpwnnipiniuubiph
hwdwp' npwbtu nwupybpuw; tnwynhpubp: Snyg £ wpdb) uwl, np UNRMS wnwybjwgnyu
ElGYunpwiwquhuwlwu dGfuwuhgqiubpny nidbinugnudp ywyjdwuwynpywsd b «Gwnwgwjenn
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Zinrlh» L «r&hd’ l{hu’]h» I:E])IJQmUhnm{:
[32].-nwd
Uwpuhuubpnud |nyuph ny gqdwjht Ywunwp thnpéuwlwunpbit hGunwagnudb) £ ybpohu
wnwphubpht Jdh 2wpp hpwwwpwynwuGpnd b wypu unp 2D ynuebph  Yhpwnndp
lwjuwobipin  gbpwpwg  dninnupluwih  dby  wpnbu gnigwnpyt)  E:Uwutwynpuwbu,
dwpuhuubiph ny qdwjhu  hwwnynigyniuubpp oguwgnpdyti tu pwpdp Yuwniunipjudp
PEdnndupywuwgh pdwynyuubp  gbubpwgubint hwdwp:Swpptp  dwpuhuubipnid
hwjwinuynn owyyinhlwlwu
Ywudwtu hwgbignudp' nbuwubip-dGpdwynp pudpwlwpdhp nppnyend nbuwlwunpbu
dyuwpwuyb| £ Gpydwywpnwly wwnndh dnnbiny:
nn Gu
W Gu

dby wihph Jnw

hGuw:
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