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Lwyybuinnt dwdwuwlywhwwnywdnd (2025p.) hpwlwuwgyb] Gu ghunwhbnwgnunwywu
woluwwnwupubp  thnpdwpwpwywu b nbuwlwu Shghlwih, Yhpwnwlywu W Jdhontywihu
$hahywjh, wnpbgbpwlwu dwnwqwputph, wunnwdhghywih b Ynudninghwih ninpunubpnid’
hGunlyw| hhduwlwu ninnnipyniuutipny.

A Pwndp tubpghuwutinh dwuuhbutiph $hahlus’

V' Swppwlwu dwuthlubp b dhontywihu $hghlw,

V'  LJwuinwihu ppndnnhuwdhluw,

V' Ubjunnhuwiht $hahluw,

Twoinh pjwuwnwihu wnbunteiniu,

Lwpbph nbunipyniu, dwebdwwnhyuwywu Shghyw U hunbtigpynn dnnbijutp,

LJwunwihu phghlw, ypbwlhwgpwlywu dIhghlw, wnwninghwlwu dbynwpsubp, SPT
thnuin,

LJwuwnwihu Lnith £y, Gnwswih punbigpbihnigyniu, ny Yphnhywlywu jwpbp, ndbin
thnfuwqntignipyniuutp,

Yhpwnwlwu dwetdwwnhyw, YEuuwdbhghYuw,

Uofuwwnwupubp' uunwpdwsd LNRE-75 EGlunpnuwihtu gdwjht wpwqugnigsh pw,
Uofuwwnwupubp' uunwpdwsd wypnnuwhu C18/18 ghynupnuh Ypw,
LGwnwgnunipniututp CERN dhowqguwyhtu YGuwnpnund,

UUSL-COMPASS hwdwgnpdwlgnip)ntu,

UUSL-Belle Il hwdwgnpdwlgnieniu,

2bptuynywu nhwwlyubiph oqunipjudp wunmnwdphghlwlwu wnpinipubph nnwWuwuhpnt-
pjniu (H.E.S.S. L CTA)

Lhmwagnuiniegniuttp bSLpunup  wudwu  Lwpnpwwnphwip' JLab A, B, C L D
thnpéwpwpwlwu upwhubipnid,

V' B upwhnud wpnibwyytp £ RGA L RGB wyjwjutph hwyjwpdwtu dwdwuwlw-
hwwndwdubiph pupwgpnd unwgywd E12-12-001, E12-12-001A, E12-11-103B, E12-07-
104A ghwnwithnpabph indyuwiutiph dowynudp.

V  2hgnp dwuuhlubph uwytlupndbunph twjuwgdh htin Yuwywd wotuwnwupubp

VvV Cwyytitnnt  dwdwuwwopowund  UUSL-Jlab hwdwgnpdwygnipjwu  wunwdubipp
dwutwlyghy Gu D thnpéwpwpwlwu upwhnd  Yuuwpynn  GlueX ghwwihnpéh
w2fuwwnwupubiphu,

Uwutwygnipintu EIC hwdwgnpdwygnipjwt wofuwwnmwupubipph,

PbWO4 pjnipbinubph punipwgpbph nwnwuwuppnud® EIC-h Ywnphdbunph uwjuwwnhwh

Ywnnigdwu hwdwp,

A EmcCal Ywnphdtwnph bwjuwwhwh Ywnnignud b niunifuwuhpnieyniuutip

A Nbw W yppwiniw $nnnuutipny dhonyutiph inpdwt U $pwgdbiunwghwih nwunwuwup-
pnipjniuutin,

To o I
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A hwnwgnnnigniuutip unipwaghwnuyejw ninpunnud.
V' hluhninquuhp unp wéwugjwiubph uhtupbq W nwunwWuwuhpnie)nlu
V' Lwunwnnigwdpubiph b bwunuynuetiph nwnuduwuhpnyeniuttn



A Lwgbipwhtu hwdwywpgbph fudph Yynndhg 2025 pywlwuh pupwgpnd hpwlwuwgyt) tu
hGwnlyw| wofuwwnwupubnp.

V Qwywpyty b hwdwipyb) £ wgbpwihtu jwpnpwwnp uwppwynpnwip, nph dhongny
Ywwnwnbwagnpdyb k EiGYunpnuwjhu thugh $nynuwgdw hwdwlwpgp::

V <wdwpyty U hwdwpdbp £ jwgbpwihu/oywnpyuwlwu  hwdwlwpg'  wnwppbp
$nuinwpnnubphg  pdnnduipywuwhu  EGYunpnuwhu thugbp  unwwint
uywuwwyny: <wdwlwpgp ubGpwnnd £ jwqgbp, npp gbGubpwgunud £ 166 3y
wmbnnnipjwdp, 515 ud wihph Gpwpnigjuwdp $Ednnduypyuuwhtu owywmhwywu
hdwnyuubp' 40 9<g Ypyudwu hwlwlunypjwdp: Swnwquwph wihph Gplwpnieginiup
BBO ny qdéwjhu pjniptinh dhongny thnfuwlybpwynud £ 515 ud-hg 257.5 ud-h, nphg
hGun wju $nynwwgynud £ nnnuennh ypw:

V' bpwlwuwgyti| Gu nwnwWuwuhpnieniuubp jwqbpwjht hdwnyuubph W punhwunip
hwdwlwnpgh pwpép nwnhn-hwéwfunigjwu hGwn uhbfupnupqugubiint ninnnERjwdp,
puwn [wqgbiph 2whwgnpddwu dtnuwpyh:

A GEANT4 thwpbph dhongny Yuwwwpyb £ CsPbBrs L Zn,SiOs ujnipbiph wpnuninuwjhu
Swnwguwjpwhwpdwu dnnbwynpnd’ 15.5 UEY Eubipghwih thugh Yhpwndwdp:

A Twpniwwyybi GU wnhpwiht gnuyhyh punwuppht Wwwnwunn Jwuptubiph ypw gbplung
ElGyunpnuwhtu thugtiph (CANDLE, AREAL) wqnbgnipjwu hGunwgnunyesniuubipp:

A Qbpywpéd EEGupnuwghu thugiph Yhpwndwdp swpniuwlyt) Gu hGnwgnunnyeniuutipp,
npnup ninwd G «Uynwpw» - whunhghnh - (wywhy  pwnwnphs’ phwdbpopuwd)
ywwndwdp  pwpdp  wpryniwybunnipjudp  YEuuwwnpwuupnpdwghw  hpwlwuwgunn
pwlwnbGphw| dnitnwunubph unwgdwup:

A Uywyyt] b wwwpwuwndty £ $nnnnhnnh swihdwu hwdwlwpg, hhdugwsd tpythnygwhu
pwpép wpwgniyjwdp gnpdnn nidbinugnighsh onpwih Yypw (nidbinugnid-pnnniuwynipintu
gnpédwlhg' dnn 100 U<g b wybjh pwu 100 Y/dyy wpwgniejwu gnpdwyhg):

A UUSL-h LNhRE75 hwdwhph gdwhu  wpwguwgnigsh bGYwpnuwihu  thugh  Giphu
nbnwnpyb| § mwwnwudnn jwph dnupunp® hugh unp ypn$hwynpdwu hwdwlwpg:

A Cwpwpbpwlwunipjwu punhwunip wnbunyejwu dbd Gonnuyejwdp unnigdwl wpryniupubipp'
LARES-2 wppwujwyh (European Space Agency, ltalian Space Agency) wyjwjutpny,
ubplwjwgyb) Gu wnusgynn Gplnyputiph htGwn dhwuht:

A Ubjpnuwihtu gwugtiph dhongny htitnwgnungty £ S-wuwnbiph nhuwdhywu Swwywnhlwih
yauwnpnunwi: Unwgyt) £ 4bphtu quwhwwwlwu dnie Unyeh wnwybjwgnyu ubpnpdwu
hwdwp:

A bwwgnindty tu Shtigtipph Jwn 2opowunud  wnwowgwd gpwyhinwghnt  wihpubiph
hwwnipjntuttpp:

A Nwnwiuwuhpyb) Bu YEpunp wunntiph hwnyngeyniuutipp: Unwownplyyb) bu uwhdwuwthw-
Ynwiubp npwug ywypinituh dbjuwuhqdutph hwdwp:

A Unp-Udptipnh U Upwgqwsh ghnwhbunwgnunwlwu Yuywuubpnd hpwlwuwgyt b 24/7
dornwnhwnwpynd’ hbwnlyw) ninnnejniuubpny

V Sphhgbpwywu dwnwqwjpubtph  wwpptp  wbuwlubph  dwuuhlubph  hnupbipp
danwnhwnwpynd’ Yppwnbind pwpdpwnhp ghnwlwu ujwuubpnd wnbnunpywsd
dwuuhyutiph nGuntlywnnputpu nu uwGlyunpndGunptpp:



< <

\Y,

Upuninpuwiht - wwpwnwiubph  gpwugnd b dyunwnhunwpynud  wpwgqugnpd
w|hwywpubiph dhongny:

Gnlnh dwytiplinyeh dnin Eiihnpwlwl nwawnh swhnuwd' EjlEhnpuwlywt nwawnh swihhs
uwnptiph gwugh dhgngny:

Gnwuwlwiht  wwpwdbnptph  donwnhunwpynd®  DAVIS  onbplinipwpwuwywu
Ywjwuh dhongny:

SGEndwqUhuwlwu nwownh danwnhwnwpynid:

Uwuuhlutph hnuptpp  donnwnhnwpynd Upbubgwu Sdpnwywih b SGpdwupwih
|ltnuwququputipht' SEVAN Gypnwywlwu gwugh dhongny:

Upwqwdh ghwnwlwu Ywywuubph Gplupp' AllSky wbuwfughyubph hwdwlwpgh
dhongny dpinwnhwwpyned:

A Upwqwsdnuw ntinwnpyt tu snpu unp ghunwthnpdwpwlwu hwdwwpgbip: Ywwnwpyt) Gu
hGwnlyw| hGnwgnwnyeniuutpp

\Y,

\Y,

< <

ElGYwpnuubph wpwqugdwu wwjdwuubph nunwuwuhpnieiniu dguninpuind’ dhusl
50 UkY EuGpghwywu wnhpnyp:

Wdwypnwwihu  wdwbpnud  «&jwu» b «gpwnwybih»  nhynubph  duwydnpdwu
dbfjuwuhqdubiph hwwgnuniejniu:

MOS wpngbtiuh htitnwgnunieiniu GEANT4 dnnbjwynpdwu b Upwqwdh dwuthlywjhu
uwGlyunpndGunptph wndwijutph hhdwu Yypw:

ElGYwpnu-quwddw  dwnwqwjpubph  htntnubtph  qupgqwgdwdp  wWwjdwuwynpywd
dRun|npuwiht unp wnlwydnudubiph nwunwduwuppnieniu:

Upuninpuwihu pnuynwiutph wnmbuwyubph b wwjdwuubph hGunwgnunipnu, npnup
hwulwpdwyh nwnwpbtgunu Gu dJwuuhlyubph hnupp:

ASNT, SEVAN, CUBE, Nal dwuUplwjhtu uwblwpndtwptph dhongny tubipngtunhy
uwbyupubpp yepwywugunad' 300 YE4-100 Ukd Eubpghwubiph wnhpnypnud:

RREA  wpngbuph  dnnbjuygnpnid®  CORSIKA  dpwgpny'  nidbin  dpuninpunwghu
ElGYunpwywu nwownbpnd:

GEANT4 hwaoJwplyubp' Upwgwsdh dwuuhlubph nbnbtyunnpubph W uwtyupndbunpbph
wndwgwuph $niuyghwubtiph guwhwwndwu hwdwn:

SEVAN, STAND1 L STAND3 nbunblwunpubph hwydwplubph hpwlwuwgnd® ASNT L
Nal gwugbiph swihwd Lubipgbinhy uwblyunputph hhdwu pw:

Lbjwpnuwihu hnuph  quwhwwnmd  UdU-ubpp  dwdwuwly'  SEVAN 010
qniquinhuynijwdp:

MAKET upwhnd djninuwihu  nbnGlywnph  Jbpwgnpdwpynd b hnphgnuwywu
djninuutiph hnuph swihdwt YGpuwlwugunid:

«Uwhwnwl wnintu» Yuwjwuh dbpwywugunud b 2 SEVAN nbinbGywnnpubph gnpdwpynd:
STAND4  nbwblyunph  wwuwpwuwnnd  Unp-Udpbpnnud® nbwnbyunpubpph L
ElGYywnpnuplwih thnpdwpydwu hwdwp:

SEVAN  nbLwbYwnpp  unp  nbdphdubph  hwdwp  Spwgpwhu  wwwhnydwu
wpnhwlwuwgnd b unp wwwwubph  dowydwu  ppwluwuwgnd’  ubpwnwg
hwdpuyunwiubph  gpwugndu nu 20-25 ud  hwuwnnejudp  wjwuwmhy
ughuwnhpywuwnputiph dG9 wugwwnynn Lutinghwjh swihnudp:



A bgnuinwubph  hGwwgnundwu U wpnwnpnejwu  pwdund  phpwlwuwgyl;  Gu
hGwnwgnwnigyniuutip hGunlyw) ninnniyntuttpny.

vV #"Te ppdyulwu nwnhnhgnunnwh unwgdwu nbluuninghwubph Ywwnwpbjwgnpdnid:

V %Ga ppdywlwu nwnhnhgnunnwh unwgdwu nbfuuninghwubph Yuwwnwpbjwgnpdnud:

vV %*Cu  padywlwu nwnhnhgnuinwubph  unwgdwu  wbluuninghwubph  Yuwnw-
pbjwgnpdntd:

A Belle Il ghwwthnpsh wyjwiubph  nwnwWuwuppnieiniuubpp owpniuwyyl] Gu bpbp
hhduwlwu Gupwninnnyenluutipny.

V ARICH gpwughsh Ywwwpnnniuwynipjwtu quwhwwndwtu hbn Juwywsd dbEpnnwlywu
nwnwduwuhpnyeniuubn:

V Pythia8 gtiuipwwnph wwpwdbwpbpp Yuwpgqwynpbint twywwwyny hpwlwuwgyb tu

dwoéwyw| Unuwnb Ywnn nwunwduwuhpnipniuutin:

V Belle Il ghnwthnpah ngywiutiph hpdwu ypw B-dtignuph wtnpnhnwdubpnud Unie Ujniesh
ptyuwoént  hwunhuwgnn hwlwpwphnup npnundutipp hwdwp  bwfuwnbudwd
wignphpedh pwptjwynud, hwdwwwwmwujuwu Ununb “Ywnn nunwuw-uhpnipniuutin:

V' Swni-Gywnnuubpht wnusynn nuntduwuhpnigyniuubip:

A Qwjnuwptpyt) £ wbpunbpnd  pwuwih  pwnbph  qudwu  E$GYnpy  ns-ninnpnywd
(unsupervised) dGpnn, npu hp wpryniuwybGuiniejwdp qqwih gbpwqwugnd £ wnlw JG-
pnnutphu:

A 8nyg t wpyb), np wnwphwnnuwihu Pngb-Ynuntituwghwt Yupbh £ oguwgnpdt) pwu-
wnwjht pheh (pintpheh) Junnigdwt hwdwp:

A Uwpbdwwnhyuwywu Jhdwlwgpnipjwt spowtwlubpnd wnwownpyyty £ wikuwhwyw-
wlwu wwwbwnh Ynugbwwunp b nunwduwuhpyb) GU upw hwnynie)niuutipp:

UUSL-h wotuwwnmwlhgubph phyp 2025p.-h ntlwbdptph 31-h npnygjudp 341 E, wyn pynud’
ghunwywtu wuduwlwgd - 130, SGwpunwpwghnwwnbjuuhlwlywu wuduwywgd - 80,
qupswuww-uwpynn wuduwywgd (wn pynw, pwpép-lGnuwihu Juwjwuubph b EGYunpwywu
Gupwlywjwu-ubph uwywuwnpynw) - 131:  Ghunwlwlu wunhbwu niubgnn w2luwwmwyhgubiph
phUp 112 &, npnughg 23 ghwinyejniuubph nnlwninp &, huy 89-p' ghungyniuubiph pbluwdnt:
Mpndbtiunph Yngnid niuh 9 woluwnwyhg:

Cwoybtinnnt dwdwuwwhwwndwdnud UUSL-U gpwugb) £ onowihbih wpryntupubip ghnwwu
hwdwgnpdwlgnie)niuutiph, puswybu twl pnnuplwd ghnwywu wpryniuph wnnwing: Uju
dwuhtu &GU Jlywnud UUSL ghwntwlwuubph Ynndhg pwpdp wgnbgnipjwu  gnpdwygny
dhowggwiht ghnwlwu ywpptpwywuutpnud, hwoytGunnt tmwpjw pupwgnd wytih pwu 350
ghunwlwu hpwwwpwynuubpp (270-n Web of Science sintidwpwunid, 2025p. ntlyunbdptn
wduny huntpuwynpywsd), dhowgguihu ghinwdnnnubph dwutwygneyniup, juqiwybpwyywsd
ghnwlwu dhongwnnudubipp, wpunwpht b njw] ghnwywu ubdpuwpubpp b wyu (Glwp 1 W
Unynuwl 1):
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Armenia - 2022 (982) Armenia - 2023 (1020)
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Uyuhwywin £, np ghunnwlwu gnpdniubinyejwt wnwofuwnwgdwup dtdwwbu bwwuwnnd Gu dp-
owqgujhtu b wmbnulwu hwdwgnpdwygnipyniuutipp: UUSL-u punhwunip wndwdp niuh 70-hg
wybh hwdwgnpdwygnip)niuubip, npnug pYnd Gu dhowqquiht wnwowwmwn hbnwgnunwlwu
yGuwnpnuubpnd® CERN, JLAB, DESY, KEK, H.E.S.S., INR, BNL U npwug pwnwnphs dwu
Ywqgunn hwdwgnpdwlgnyeniuubipp:

55 . ? 2022 . 2023’ 2024° 2025°
’ c-¢-|C _.-|C-¥%- |C _-7Cc-¥.|C  _-|lC-¥-|C _.-
ce ¥, . 982 26300 1020 26800 1407 21400 1604 42808
{tv3 192 17400 220 17600 176 13200 270 19143
20% 66% 22% 66% 125% | 61,5% | 169% 44,6%
[T -1~ L, LT, wE "L 0T
c oo B Webrof Sclence . " T B - 9t 7

Lwybinnt nmwpyw pupwgpnid hpwlwuwgyb| Gu wybh pwu 140 gnpdninnwiutip: “Hhwg
twywuwwlu E tnb| pupwghy hwdwgnpdwygnipintuutiph 2powtwlutipnid hwdwwnbin wofuw-
nwupubiph hpwywuwgndu ni ghinwthnpdbph dwutwygnipniup, nwwunnutiph bW Gphunw-
uwpn dwutwgbuubph ypwwwunpwuwnnudp, ghunwdnnnyubpht dwutwygnyeniup, unwdw-
dnpnudp W wyju: 2025p.-hu, UUSL woluwwnwyhgubph gnpdnindwu hhduwywu Gpypubpu Gu'



UUL, cytjgwpphw, dpwuupw, hunwhw, hupwt), SEpdwihw, huywuhw, Swwnuhw, <ni-
Uwuwnwt, ML owu:

UUSL ghrnwlwu gnpdniubinigjw pwpdp wywnpyniejwl, huswybu twl ghnuwywuubph b
ghwwlwu fudpbiph Ynndhg gbubipwgywd unp qunwthwputiph 2unphhy hwoybitnnt tnwpyw
pupwgpnud  swpniuwyyty £ wlwhy dwutwlygniejniup wbnuiywu L dhowqquihu
npwdwounphwjhu dpwapbippu:

<& Y]UUL Pwpdpwgnyu Ypenpjwu b ghnnpjwu Yndhnbh  Ynndhg 2025p.-hu
hwjnwpwpywd npwdwounphwihtu dpgnyputinnd $puwtvwynpdw Gu Gpwofuwynpyb UUSL
Ynnuhg ubpyuwjwgywsd hbnlyw| bwuwagdbpp’

A «Fhunwlwu wpryniuwybunnigju fupwudwu npwdwounphwihu dpwaghp 2025» dpgnype

(2 dpwghn)

A«Gplwyp vywuwynigjwu ghunwlwu vwluwgdtip 2025» dpgnype (1 Spwghp)

A «Jwutwghunwlwu ytpwwwunpwuwnnd 2025» dpgnype (2 dpwghn)

A«Mbwnnpuwu wwhwuswpyh Ypw hhdujwsé (demand driven) ghuwhbunwgnunwywu
Uwfuwgdtip - 2025» dpgnype (1 dSpwghp)

A«Pnpéwpwpwywu  dowynwubph  uwjuwgdbp (Experimental Development Projects)
2025» dpgnye (2 dpwaghn)

A «Uuwhpwuwnubph W Gphunwuwnpn hwignpnubiph hGnwgnuingeniuubph wowlygnipjwu

dpwghp 2025» dpgnype (2 dpwghn)
A«LL ghnwlwu hwdwjupht wpwbpyph ghnuwywuubph hunbgpdwut wowlygnipjwu

Sdnpwghp - 2025» dpgnyp (1 dpwahp)

A«lwjwunwup <wupwwbwnyejwu ghnwlwu Yuqdwlbpwynyeniuubpnd  wpwbpyph

ghwnuwlwuubph «PostDoc-Armenia 2025»» dpgnype (1 dpwaghp)

Stnwywu ny wbuwnwlwu L dhowqquiht npwdwunphutiph  dpgnyputipnd  unyuwbu
gpwugyt] Gu tpwuwlwih hwonnniejniuubip:

Gphnwuwpn hGunwgnunnutph pyp  purgqwjundp  swpniiwynmd £ duwp UUSL
nwqiwjwpwwtu  wnwouwhbippnieiniuutphg  dGyp:  <wpybnnt  vnwpjw  pupwgpnud
Ywwwnpyb| Gu bpbp pGluwdnwywu wwnbuwfununienitubph  wwounwwunieiniuubip, huy
UUSL, wuwhpwuwnnipw punnwuyb Gu snpu unp wuwhpwuwnubin:

Lwoybtinnnt dwdwuwlywhwunydwdnd Juqdwybpwyb) Gu dwuwsnnwlwu 2powigbp nwpn-
gwlwuutph L nwwunnutGph hwdwp: Pwgh tGppht b wpunwqlw nwuwfununyenuutiphg,
Ywqdwybpwyb) Gu bwl jpwgnighs nwuwlununieniuutin, hwupwihu dhongwnnudubin, npnup
YpGint GU 2wpniiwlwlwu punype:

Nwquwywpwlwu  vpwuwynyeniu niuh twb  ghunwlwu L wGfuuninghwlwu
Gupwlywnnigywdpubiph wpnhwlwuwgnuip b qupgugnudp: <woybivnne tnwpjw pupwgpnd
UUSL-U wju ninnnipjwdp unyuwbu wpdwuwgpb] £ uywitwlwh wnwopupwg: Lwoybunnt
dwdwuwlywhwwnywdénd &bnp Gu pbpdb; dGé pYnd ghuwlwu uvwpp-uwppwynpnidubin,
gpwubujwlwihu Ywhnyp U wyu:

Bupwywnnigwdépubph  wpnhwywuwgdwt U wbuunnghwlywu  Jbpwghudwu
dGnppGpnuduGph pwppnud  Gu «Unwotwlwpg  nGunGlyunpubpnd  jwpnpwwnnphwgh»
ytpwghunudp b <wdwlwpgswiphu  YGunpnuh  ybpwghunwp, husp - Yhwugbiguh
wuywnwugnypjwu, wpryniuwybinnygjw U pwhwgnpddwt dwdybnubiph qqwih wybjwgdwup:

Uhowqgquwjhu npwdwyunph 15,180,560
Upwwpjnigbiinwiht uiphnupbip 173,809,180




Pwpdpwagnyu Ypenipjwu U ghunnipjwu

Yndhwnt hGwnpnthwywu Yppniypntu 5,918,513
Fwpdpwagnyu Ypenipjwu W ghunntepjwu
Yyndhwnb 312,000

Pwndpwagnyu Yppeniejwu b ghnnyejwu
Yndhwnt Gupwywnnigwdph wwhw L

quingquwgnty 1,031,865,300
Pwpdpwagnyu Ypenipjwu W ghunniepjwu

Yndhwnb ghunnw wunphbwuh hwyGwybwn 28,864,000
PYS Uhg.ghnwwnbu.onbd. ubpwnwd
hpwwwpwynip.wowlgnie)ntu 548,829

PYS Ghun unnpwd. Ujnipwwnbiu.pwquih
wnnhwwuwgnud 39,600,000
Pwndpwagnyu Yppeniejwu b ghnnyejwu
Yndhwnt ghnwywu dhongundwu

Ywqdwybipwnud 16,300,000

Pwndpwagnyu Yppeniejwu b ghunnyejwu

Yndhwnt pGdwwnhy 803,798,600
Cunhwunip 2,116,196,982

Unynwuwl 2. <wpybunnt mwpjw pupwgpnd UUSL npwdwlwu ubiphnuptbpp
(dhwynpp® << npwd):

Pwquwihtu Shuwtuuwynpdwu
dwutwpwdhup 2025p.-h punhwuntp
dnunpbiph dbg 49 %
Pwquwihu Shuwuuwynpdwu
dwutwpwdhup 2025p.-h dnwnpbph
dbg' wnwug PYY-h phdwwnpy
npwdwounphwjhu dpwagnptiph 85 %

Unjniuwy 3.

UUSL-u, npnbgpwd ghunpjuwt hwupwjuwgdwy  fupwudwlt pwnwpwlwunipjwu W hp
ghnwlwu gnpdniutinipjwu  wnwwynphs wpryniupubiph 2unphhy, Jwpnibwywpwp tGnbp E
dwdnih npwnpnuejwu Yeuwnpnunwd, hbnlyw) dLwswihbpny'

VvV Uunihuubipp hpwybip bW dwuuwygnieniu,
Lwnpgwgnnygubph hpwybip bW dwutwygnip)niy,
Uwdnyp dbp dwuht,
Ljwpwhwugwd hninquyubp huunpwunnunh ghnwywu dtnpptipnidutiph dwuht,
Ywqdwybpwywsd ubdhuwnpubiph (nUwpwunw b wyju:

< < <<



U Uwwhtjwuh wujwu mbuwlywu $Shahluwih
YLuwmpnu

NGhwdwp' $.-d.q.n, .M. Uwbybywt

Cwyytinnnt dwdwuwwhwnjwdnd U Uwwhujwuhp
wujwt mbuwlwu $hghlwjh YEunmpnup (nbuwlw
$hqhywjh pwdwudnip) htinwgnuiniginiuutiph hpw-Ywuwgdwu hhduwlwu ninnnigyniuttinu
tu bint’
1 Puwnpép Lubpghwubph $Gundtuninghw (nwppwlwu dwutuhlyubph b dhontywihu $hghlwyh
nbunip)ntl, LJwuwnwihtu Lpndnnhuwdhlw, LEjnphuwiht $hghyw),
T “twownh pywuwmwihu  wbunieyntu, (wpbph  wbunyeynu, yptwlwgpwywu dhghyw W
huwntignynn dnntijubip,
1 Lqwunwht $hahluw,
1 Ynunbuuwgywd dhowywjptiph b dwnwaqwpdwu dhghlyw,
Wn ninnnipyniuutinny 2024 p. Ywwnwpyb) Gu wpryniuwybn hGunwgnunnieyniuubip b
unwgyb) Bu hGnlyw) hhduwlwu wpyniupubpp’

l. Pwpap kubpghwubph $Eundbuninghw [1]-[6]

[1]- nud
Ubtp hpttwjwu uwwwwlu £ hwodwpyty  LLY ninpnnuiubpp for B- X9 U B- Xg |
unpnhnudutiph, puswbu uwl B, - ES upuwnbdph juwnudwt wwpwdGunptph hwdwp: UbGup

uinwunw  bup  pwpbwydywd Ywufuwwmbunwubp  bhghywlywu  dEdniypeiniuubph hwdwp
thnpéwpwpwlwu  nduiubph  hGn  hwdbdwwbint  hwdwp:  UpryntuptGpp - Ywpnn  Gu
ogwnwgnnpdyt| unp dhghywih ypw vwhdwuwhwynidubip unwuwnt hwdwn:

Upryntupubipp  unwgytp  Gu  qwju  dphowqquiht  hwdwgnpdwygnipgjwu  2unphhd,
dwutwynpwuwbiu, ypnd. Spniph, huswybiu bwl ypnd Lhbpuwnbh hbw:

B- Xg: asz ninnnudutipp ¢ pywplh $hghljwlwi (ns gpn) quuqyuéh hwdwp:
Lwodwpyubpt wwpunywsd Gu b thwunnpbt wnwoht wuqwd dbup uwnwgk tup O1, 02
owbipwwnpubiph alphas®2 Yupgh ubipnpnudutpp ¢ pdwplyph quugywsh  pninp dhghlwlw
wpdtipubph hwdwnp: Uybih Yynuypbivn, dbup unwgb) Gup pwuwdlbp, npnup ey Gu nwhu
nwihu wpryniupubipp uGplwjwgut] z=mc*2/mb"2 thnihnjuwlwup tywwmdwdp 2wpph nGupny
z=0 Ybwnh 2nipg, huswbtiu uwle z=1/10 Yhwh onipg:

b->s gamma gamma, alphas Ywpgh nipnmudubpp 02-07  owbkpwwinpubph
huwnbp$tptughwih hwdwp

Utup owpniuwynd bGup B->Xs gamma gamma wpnhdwu 02-07 owbpwwnpubph
huntpdbiptughwjh htinn Juwywd LLY alphas Ywpgh ninnnudutiph htinn hwodwpyubpp:  Uju
wnpnhdwt nGwpnud unwgynn huwnbigpwiubph pbipbp Jupwbn punbigpwubph pwjwlywuhu
pwpn fuunhp k£, dh 2wpp nhwgpwdubph hwdwp hwodwpyp wdhuubp £ nbnd: “pw hwdwp
dbup ogunwgnpdtii Gup huuwmhwnunnd gnpniejniu niubignn ubipdbipp, huswbu twb pGdwih
opswuwlubipnid quywd unp hgnp ubpytipp: Wdd pninp nhwagpwdubph hwdwp win hwadwpyu
wywpwnydws £, b deup wugk| Gup pntt uwpwbun hunbgpwiutph hwagwpypt:
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Uuhpwdbown £ upt), np s-pdwpyph hwdwp dbup gbipgund Gup ny qpnuiwu wpdbip, wybih
Yntuyptin dbup  hwpdupynd  Gup  Jwpwbin - punbgpuiupp - s-pdunlh,  c-pdupyh
quugywdutiph hunlyw| wpdtpubph hwdwn (pb, ps, q1, g2 b-pywpyh, s-pywnyh, $ninnuutiph
pwnuwswih hdwniuubinu Gu):

pb=ps+ql+q2; s1=(pb-q1)"2, s2=(pb-q2)"2

mc/mb=0.27,0.29,0.31; ms/mb=0.4/4.8, 0.5/4.8, 0.6/4.8; (sl1+s2)/mb"2<1.

Wdd dtup uyub Gup Yhpwnb| twl hwojwplyubph unp dGenn, ogunwgnpdbiny nhdtiptiughw|
hwwuwpnuubpp  si/mb™2 L s2/mb"2  thnihnjuwywuubph  ujwwndwdp: dwpwbin
hunbgpw|utpp yGpwdynid Gu owpph puwn wyn thnthnfuwlwuubiph dhusl s1/mb*2 U s2/mb™2 -h
pwywlwuwswih pwnpdp wunhdwuubp b ndynwd Gu nhdbpbughw| hwjwuwpnwubpp: YHpw
hwdwp ogunwgnpdnid Gup AMFlow U DiffExp dpwaptipp: AMFlow-h dhongny Ywpnnwunid Gup
gnbet 6Gogphwn hwoybti Jwpwbin hunbgpwiubph wpdbpubpp Yuwdwjwywu Yewnd: Fw
hwyybinig htwn ogquwgnpdtiing DiffExp dpwaghpp Ywd AMFlow dpwgph DESolver thwpbpep'
wpblh £ ndbp nh$dbpbughw| hwywuwpndubpp' owwn pwpsdp  Gonnpyudp: Uyu
hwoqwplubph hwdwp oguwgnpdyt| Gu dpwagph 2powuwlubpnd qujwd hgnp ubpybipp,
huswtiu uwl huunhunnunnud gnynueyntu nlutignn ukpybtipp:

Uwnwgywsé Gu wpryntupubip thwuwnptbu pninp nhwagpwdubph hwdwp: <nnwdn
wwwnpwuwndwu thnynud :

|AB|=2 pwnw$btpdhnuwiht oybipwwnnpubph yEpwunpdwynpiwu hwumwwnniuubpp:

Ubtup hwodywnyb Gupl Yuwpgnw |AB|=2 pwnwdbpdhnuwiht’Y, YUY, Y owbtipwwnnpubiph
ytpwunpdwynpdwu  hwuwnwwnwubpp: Wn owbpwwnpubpp wnwowund Gu puwn dwup
pywpnpwihtu ybipindnipjwu hwonpnp wnwowwnwnph ujwndwdp Yuwpgnud, b niubu hGnlyw
wnbupp

Y — @O r bOi aadr o,

'y aiwo 001 &0k

npmknd p [ ;O T MO Y, i L j gnuwpu hunbpuubp Gu: Snyuny
JEpwnwuwynpwd 'Y owbpwuinnpubipp unwgyndbu'Y owbpwwnnpubphg' hnfuwuwybindi L
i : Pwgh wyn, dbup unwgt| Gup htnlyw| wnusnieniuutipp jnipwpwusinip $pdhnuwihu gdh
Jpw Gpynt b Gpbp Hhpwyh dwnphgubph hwdwp'

rrro
Frod

0 a

rrrd T Q9 &r o h
P &

(0]
0 © ¢ wd O

— Q

ro
ad h

npintn a b b hwuwnwwnwutpp Shpuynd G hwdwwywwnwufuwt owGpwwnnpubph Shpgh
suwihnfunieniuuph ujwwdwdp  hudwphwunngut  wwhwughg: &8 M-u  Hhpwyh
hunbpuuGpu Gu:Y YwdY  owbpwuwnputph  Shpgh  &Uwihnfunieyniuubph  ujwwndwdp
hujwphwuwniejniupguinwgtip Gup a=12 b b=4, dhusntin Y Ywd Y owbipwwnpubph $hpgh
duwihnfuniejnitutph Wywuwdwdp  pujwphwuwnnipjniuhgunnwgynd £ b=10:a L b
gnhpdwyhgubiph  puwnpneiniup - wwwhngnwd £, np dbpwunpdwjwgwsé  dhonwlwuh
dwwnphgwywu wwppp pwdwpwph $hpgh  updbnphwihu, wjuptupt' wju  Jwunphgulwu
wmwnpbipp hwdwuwnp Gu Y, Y owybtipwwnnpubph dwwnphgwlwu wwppbpptu, npnup utnwgyb
GUY )Y -hg Shpgh duwithnfuniejniuutiph dhongny.
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Llwp: Y 5 LY fowybGpwwnnpubiph ubpnpnwiutpny nhwgpwdubph ophuwlyubp:

b Ls nwwnbtph ypw gnpdnn wowugjwiubpp hwdwwwwnwufuwu goétiph Yypw trpdwsd Gu
yGwnbpny:

<nnywoép ywwnpwundwt thneyned E:

[2-nd 6 6 hwdwlwpgh qwugywoéh ubthwlwu Jhbwlubph dhol 33  |wjunipjwu
nwppbipnypjwu G2gphin swithnwp wwhwugnd £ hwdwwwwwufjuwt  wnipnhdwt  dwwnphgh
| ¥& Yuwpgh hwoywply: Swup pwppwihtu ybpndnieniund upgny dupdwéd wunwdubph
pywdwnw-ppndnnhuwdhlywyw ninnnwiubpp - UGpwnnd BU 7-swdhnnulwuniejwu
pwnwpywppwjht owGpwwnpubph YGpwunpdwynpnd, npnug hwdwp nbGnlu punhwunep
dGennwpwunyeintt hwuwubh sk 0 Y upubdwinud  7-swthnnulwunigjwu  owpwwnnpubiph
dwwphgwlwu wnwppbph dGy-onwlwup ninnnuiubpp fuwfunnud Gu Ywpgh hwadwplyp, pwig
dGup gwb| Gup, np Wwwwujuwuwwnt wunwdubpp hudpwlywpdhp-yGpowynp Gu b gnyg Gup
nwihu, np npwup Ywpnn bGu Yuudb, dGpowynp  hwlywwunwdubph dbg, npnup
hwdbdwunwywu Gu 6-swihnnulwuniejwu owyGpwwnnpubphu: UGup hwoqwnyt) Gup wyn pninp
hwwwunwdubpp b twl uwnngbp dep  wpryniupubph hwdwwwwnwufuwunie)niup
hwnpnuwhu dwinphgwlwu wnwpptph hGwn, npnup hwojwpyty Gup dGd pUny O -gnyubipp
uwhdwunw: Bhounn  Jwpgh hwodwpyh wwjdwup Gupwnpnw £ uwhdwuwthwyndubp
Evanescent owtGpwuwnputiph huwpwynp vwhdwunwiuGph Jpw:

[3].-[6]-nid W Ynghyjwup 2025 pwlwuhu hhduwywund ubpgpwyywsd Ep CERN-nwd
COMPASS  thnpsh  wyjjwjubph  Jbpndnigjudp: Lwb  dwutwyglp £ Ybpndnygjw
wpryntuputiph - hhdwu  Jpw  hnndwéubp  gpbniu: - U YUnghywup  Npwbtiu  AANL-h
ubpYuwjwgnighs' dwutwlygnd ne ubpyuywgund £ pp dpgwdwpwlwu gbynygubpp pupwghy
uwfuwgdtiph Ytpwpbipuwy JINR dpwagph dwuuhyubiph $hahluwh funphpnwngwywu Yndhinth
Uhuwnbipht “nptwynid

Stuwywu Pwdwudnwph wn qw U bnwuthuyjwup Jwwwnpb) £ woluwwnwupubp W npwbu
nbuwpwu nwbkghb| £ ubpnpnud ubpunppuwhu $pghlwih hbn Yuwuwywsd GpuwbphdGunwg
hwdwgnpdwygnie)niunwd (JUNO, DUNE):

Stuwlwu Pwdwudniuph wn qw UL hJwunyp wwowmnuwwtu hwunhuwund Gd Gpdh-h
ubpywynighsp dhowqquihu SPD NICA dpwgpnud: Uynpy dwutwlyglp Gd CDR SPD NICA
uinbinddwu wpngbiunid: Mwunpwuwnb| t Unwnpnipyniuubph <wdwdwjuwghp (Memorandum of
Understunding) 6pdbh-h L JINR-h dhol,, punn npp dbp EYuwbphdGunwwnnpubpp Ydwutuwygbu
EiGYwnpndwquhuwywu Ywinppdbwnph unbnddwu b nbnunpdwu wypngbuutpnud SPD NICA
ghwnwthnpédh hwdwn: Ynndbpp unnpwgnt) GU wju <wdwédwjuwghpp 2022 p. <ntuhu wduhu:

1. Twynh  pjwuwmwihtt  wbunipyniu, pwpkph wbunpynit, Jwpbtdwwnhyulwu
$hahlw U huntigpynn dnnbjutp [7]-32]

[7]-nud ubpyuwywgwsé Gu tipyne hhthnptiq niupybpuw| dnyunpwybnutph dwupu: Unwehup
Ywjwunud £ upwunwd, np su b so fudptiph hwdwp hpwug 3niugh nhwgpwddwubipp uwwuywsd
Gu yGpnhyw| gnidwph pwuwaduny: 3nitug nhwapwddwubiph yGpunplw) gnidwpp uwhdwuywsd
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E wédu wofuwunwupind b nunuduwuhpywd Gu upw hwwnynipyniuubpp: Ygywd ubipyujwgdwu k
wuwinhbwuh  spbipynn  ubplujugnuiubph Sniugh nhwgpwddwubpp Ywpbh o b
wwpwdbwnphqugub] Gpynt N-hg sqwiujwd nhwgpwddwubpny: bpbug ybGpunphyw gndwpp
nwihu £ dnywunpytinh so wunwdh nhwgpwddwu: Uju hhthnebiqp unnigwd £ pninp hwywnup
nGwpbph hwdwp' Ygwsd ubpyuwywddwu GpYnwhg snppnpn wunmphbwuubph hwdwp, W dp
pwuh wuybting ubiplwjwgnidutiph 2wpptiph hwdwp:  Wu hhthnptighg htitmunw £ niuhybpuwg
YwghdhpuGph  hwoybint wywpq pwuwdl, npp hwjnuph  nGwpbpnd wwhu £ 6hon
wwuwnwufuwuubp: Uu pwuwduny hwoqwsd £ Ygywsd ubplwjwgdwu hhugbipnpn wuwnhéwuh
Ywghdhp ubhwlwu wpdbpubpp nwhybpuw] wnbupiny, htsp hwunwnnd £ hwjnup
hhthnptiqp wyu dwutwynp ntiwpnid: Gplpnpn hhihnpbqp Ytpwpbpdnu £ gGpunhlyw) gnudwph
uwhdwudwup, b Ywwnd £ wu Innhugh ywwnlbpdwu hGwn, wybh 6hon, upw nnuwg
wmwppbpwyh hbw:

[8], U [9] woluwwmwupubpnd nhunwpyynwd bGu  ubipluywgniudubp, wnwowgnju Ygywd
ubpyuwjwgdwtu  wuwnpbwuubph  YGpnwdneniund: - Uwywgnigywd £ N->N  plinpbd - win
ubpywywgnuwiubph  hwdwp: Snudwd £ Ywghdhp owbpwwinph punhwunip wnbulyp, upw
hwwnipjntutbpp N->N  dLwithnfunigjwtu  uywwdwdp, huswybu twb  nwwhyGpuwniyeiwu
hwwynyeyniuubpp: Luuwpyywsd Gu wyn wdbuh hbGwnbwupubpp ybpuodwd dbppndniejwu
hwdwp:

[10]-nud bywpwgpyGnt £ unu-niuhyGpuwinigjwu Swlynnph wdbuwpunhwunyp nbGulp:

Luwl'

w) Mwuwpwuwnnud £ phynt “Vogel’s universality and Chern-Simons theory”, dnwn Yhuny swih
wwwpwuwn E:

q) Lyghwutip: N Uypwngwup

Ywpnuwgt £ 10 |GBYghw <wp-Nnwuwlwu hwdwuwpwuh nupngnud hGunlyw| dpwgpny’

“Law of the large numbers, action principle, symmetries and conservation laws” :

n) U. Ugbwhuwup bwb wouwwnnd £ wdbphywu gnpdpuytipns Lhw PGpdwup  htiunn ANSEF
gpwuwinh 2powuwyubipnid:

[11]-nwWd dGUp wnwowplyb) Gup unp Yunnignnulwu dninbignd’ Oupnpu-Mbwnynt shwybpydwu
opowuwlubpnd  Gpbp  YGwnwung  Ynudnpd  Ynpbywghnu  Iniuyghwh  wwhwwudwu
wwjdwuubph |nddwu hwdwp, npp punhwupwgyb| £ dbp Ynndhg pwpép uwyhuubiph hwdwp:
Unyu uwhu nwubignn Ynubnpd  hnuwupubph  Ynpbywghnu  dniuyghwibph hwdwp  dbup
wnwownynwd Gup punhwunyp hhwynpbg, pun npp' Oupnpu-Mbwnynt  Yunnigwdpuwjhu
wnbugnpp, npp pwywpwpnd b hwdwwwnwuluwu  updBnphwh wwypdwuubphu, Ywpnn E
unwgyb| uwyhtu 1 U 2 Yunnigywdpwihu wnbugnputiph hhduwlywu wunwdutph Yndphuwghwihg,
pwpépwgywsd hwdwwwwwuluwt uwyht s-hu hwdwwwwnwufuwu wunhbwuh: Ukup unnigb
Gup wju hhwynprbgp uwyhu 3 U 4 nGwptph hwdwp W gnyg wnytG;, np Wwhwwuynn Gpbp YGwnwhu
$niuyghwih Ywnnigndp Yupnn b dbpwddb; wigbppwpy fuunpp' Yunngwsd wunwdubph
nhytipgbughwubiph we YnndtGpp Ypdwwnbine dhongny: Fwgh wyn, wju nhunwpynidhg hGunlnwd
E, np uwyht 3 U 4 nbiwyptph hwdwp dbp ndndubipp Yupnn Gu deluwpwuyb npwtu CFT-nnuwg
dty swihny wybkih AdS nwpwdnipjwu dby funpwuwpnwihtu thnfuwgnbignyejwu

[12]-nud nwunwduwuppyby £ dbY wy wnwybngegniu wyju nhunwnpldwu’

pwpép uwyhubpp Ynudnpd wundwihwih Ywnnigwdph nwnwtwuhpniginiup, npp dwgnwd k
tpbp YGwnwhu Ynpbigwghnu $niuyghwih upugniywp Juppwadhg d = 4 swihnd: Pwpédp uwyhu
niutignn Ynpbywwnnpubiph hwdwp wju 62gppin junnignnuywu dnuinbigndp ubpyuwywund
npwbu wdbtuwhwpdwp dbpenn’ Yynptiywghnu $niuyghwyh uhugntywpniRjwu
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nwunwuwuppnigjwu hwdwp' pwgbing ninp htwnph wundwipwih Yunnigwdph pugwhwjndwu
hwdwp pwpdp uwyhubiph nGwpnu: Uu wuwblup Yinwwpwudh wnwohlw hpwwwpwlydwu
dbg :

[13] -nwd dGUp unwund Gup unp hwdwswihnyentt b unp wpunwhwynnentu SL(2,C) fudph
niupinwp hhduwlwu ubipyujwgnidutiph 6j-- uphdynubph hwdwp: Uw dtq pny| nybg upwug
hwdwp unwuw| MHheb-h hwdwswihniejwu wuwngp:

[14]-nwd dGup nhunwpynwd Gup b Y i uwhdwund wnwywgnn hhwGppnihy MnyuGuwpup
dnnbh Yndwbpu nwghnuw| nbnniyghwtu b dwupwdwut nwnwuwuhpnd Gup Gpynt dwutuhyh
nbwpp:  <wdwwywunwufuwt  whpwht  $niuyghwubpp  ujwpwgpynid  Gu - Yndwtpu
hhwbpbpypwswihwywu pniuyghwubipny UL hu-Pwpuuh ubiplujwgnwind: Uwhdwuynd  Gu
npwug nniw| hunbgpw) uGplujwgnudp b wunpunwpddwu hwdwswihnig)niup Juwwygdwu
hwuwmwuwniund: Pwgh wyn, nhuwpynd £ hhwbppnihy Pwpuwnbph  Q-owbpwuwnnpubph
Yndw|pu uvwhdwup: <hwGppnihy MnyuGuwpuph dnnbGh J6Y wy YndwGpu nGnniyghw
unwgynud ' dbpgubind b Y 1 hwwnny uwhdwu: Pwgh wyn, uqupwgpynd Bu Ynduytipu
Ywngbpn-Uwqgbpjwunh wmhwh dnnGutph Gpynt unp nbnniyghwubn:

[15] -nud Ubup wnwownpynwd Gup Mnyubuwpuph wihpwihtu $niuyghwubiph uniwybipuhdbunphy
punhwupwgnud, npwug hwdwp gpnwd Gup hwdwwywwnwufuwtu nmwppbpniejwiu hwywuwpnudp
b pwgwuwpnud, pb huswbiu Gu npwup N=1 unwybtipuhdbwnphy Lhnwhth nwownh nbunigjwu dby
hwjinuynwd  npwbu  dnnnyup  duwihnfunigjwu  dhwybuwiht S-dwwphg: UGup  twl
dayuwpwunid Gup npwug Juuwp T[SUR2)] Gnwswih N=2 unwybtipuhdbunphy wnpwdwswihwihu
nbunipjwu  pwiupdwu  $niuyghwih hbn' Z_2 gnpdnnnipjwdp  dnnhbhlyugdwsd  ubndduwd
Gnwqunh Yypw:

[16] -nud Rwnwswih nwpwdwdwdwuwynwd nwnwduwuppb) Gup 'O wnhwh Upohpbiu-"tnwguup
nbGuniginiup  o-pnunwd: W bwywwwyny  Ywnnighp Gup Lhndhh 3/2 nwugh wulwunu
ghéwyp: Uwnwgwd  wpryniupubipp  hwdbdwwnbp Gup punhwupwgywd hnindnpbwjhu
wundwihwjh dninbtgdwu htwn, npu wwwhnynd £ wypbwnwnbughwih  Jbpnwdnyeynitup pun  a-
$nup X wwpwdbnpbph: Lwb putwpybp Gup LEYpwund-Cwwnwodhint uwhdwup' X 1
uinwglb] Gup pywuwnwihu Ruwjptipg-vhwbuph Ynpp, npp hwunhuwund £ wypuinpwupwihu
gnpdhp' ybapnuojw| wnbunieyniup nwnwduwuhpbne hwdwp:

[17] -nud Unwghi| Gup pwuwdlbn, npnup pny) Gu vwihu dhwynpb; npnawyp npwd Yupgny
wuuwhdwtu swppp’ Mnun-Uhuyndulywu (hnpp gpwyphinwghnt Juwh hwunwwnni) Yud
Mnuw-Ljnunnujwu (thnpp wpwgniejniuutiph) nipnnudutpny: Uju nipnnudubptu wnugynd Gu
gpwyhwnwghnt wihpubph dupu, npnup wnwpynd Bu Jwpdhuubph gwpddwu wpryniupnd®
cqwngohinh Gpypwswihnypjwu Jdbe' punhwunp (hwly Ywd pwg) hbunwgdtpny swpddwu
nbwpnud :

Unuypbun' opowuwdl nintdpbph nbwpnwd, hwydwplyb| Gup wihph wbupp U fubpgbnpy hnupp
dhusle 30PN Ywpgp U hwdbdwunnb] npwup wnlw gpulwuniygjwtu wpryntupubiph htwn: Ubp
wpryntuputipp hpdudwd Gu <njup (W npw Ynupnibun) hwjwuwpdwt  ndnidubph unp

hhwbtpbpypwswihwywu uEpyuwjwgdwu Ypw:

[18], [19] -nud dbup 2ww dwupwdwul nunwWtwuhpnu Gup Ywunuwynp Ynudpnpd pinytiph
utnwgdwu ntynipuhy dninbignudutin: Udbh 6ogphwn nwunwduwuppnid Gup wjuwbu Ynsywd BPZ
Gpynnpn Ywpgh nh$tiptiughw) hwywuwpnudp , nphtt pwdwpwpnud £ Gpypnpn. dwlwpnwih
wjjwubpqwd nwowh ubpnpdwdp  Ynudnpd pinyp : Lwfpu, ubplwjwgund Gup  wyn
hwywuwpdwu [nwnp YpYuwyh 2wpph wbupny, npp USS nnuwniejwtu inbuwulyjniuhg
hwdwwwwwufuwunid £ huunnwunnuwihu pwpphu: UjunthtGnl gnyg Gup wwihu, np 2wpph
wunwdubiph gnpdwyhgutipp dhwpdtip YGpwnd npnpynd Bu  nbynipbiun wnusnyejwdp:
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Ogunytiiny T QGuwnunh bW 3npg  (dtigubph  Ynndhg wnwowpyywsd dnwnbignidhg,
dwutuwyhnpbu gnwdwpnud Gup 2wppp W gnyg wnwihu, np wpryntupp unbh £ glinbtighy auny
wpunwhwnt] daYy hhwbpbpypwswihwywu $niwwyghwind b npw woéwugyuing: Wu unp
ubpywywgnudip qquihnpbu hbowwgund £ rwppbp wupdwywnnhy whpnyputiph dholt Ywwh
nwnwuwuppnudp: Npubu hwybyw] wpryniup' deup unwund Gup dhwygdwu (fusion) L
hjnudwu (braiding) gnpdwyhgutiph wwpq wpunwdénw: Uwupwdwut ujwpwagpnd Gup twb
wju unipp pupwgwlwngp, nph dhengny wjjwutindud nwawnp dhwynpynid £ Gpwjht yhwyh
hGwn' wpryniup unwuwny punhwuny pwnwybn Ynu$npd pny:

[20] -nud Ybpnwdyt £ Stpupyth hwdwlwngh Ybpobipu wnweownlyywsd nwuwlwu/pjwunwihu
dGjuwuphuywu dGYuwpwunieiniup, hwunwnyb £ npw hwdwpdbpniginiup upbpwih Yud
wulinnudpbipwih  (Lnpwsbuynt hwppeniypjwu) ypw guuynn <hquh oughjwwnph htiwn: 3nyg
wnpybg, np nwuwywu 8btpuhlybh hwdphwnnujwuph ny hpwlywunyeniup Ytnd wnpwdwswihh
wutowu wpnbdwyn £ L Ywpnn £ dbpwgybp wunuhy suwihnfuniyejwu dhongny: Uju
Ywunuphy sLwihnfunipjwtu pwunwiht hwdwndbpp tdwunypjwu duwthnfunieniut £, npp
unyuwgunwd | hwdwlwpgp pywunwihu <hquh oughjwinnph hbwn' o,f wywpwdbnpbphg
Ywhujwé hunbgpdwu swihwupony: Gpp a=2, unwgynd £ <Gpdhnjwu hwdhpnnuywu, npp
uywpwagpnu £ (Ynd)ninpih ypw guuynn wquwwnn dwuthly, dhusnbin wju Ybinhg otinnwdp
hwugbgunud £ yulnnhGpdhunjwu hwdwlwpgh:

[21] -nud wnwowpyyb] E bGpYswih N=2 unwybpynudnpd dbfuwupluwih wwnpg dnnb] uyhu-
ninGop thnfuwgnbignyeiwu wunwdny, gnyg £ wipdb), np wju dwnwugnwd £ ulgpuwyuwu wquin
dwuupyh SQuwihjwu updbwnphwu:  WunthbGnl wnwownlyytp £ wju  hwdwlwnpgh
pywwnbpupnuwjhu  hwdwndbpp, npp tlwpwgpnud £ pwnwswih  N=4  unwybpynudnpd
dafuwuplwu D(1,2|a): <wdhjnnujwuh pngnuwjht dwup ufwpwgpnud £ Yynuh dpw gunuynn
wquww dwuthyp, dhusnbin Epdhnuwihu dwup ywpwwnhp Yepwny ubipwnnd £ uwyhu-nintGénp
thnfuwqnbgniejwt wunwdp:

[22]-nwd ubpYuwjwgybtu N=7 unwybpynudpnpd dbfuwupluwh Gpyne nnwppbpwy' wyuhwn so(7)
b su(2)xsu(2) R-updbinphwubipny, npnup nwbu pwgwnhy G(3) nhuwdhy uhdbnphw: Wu G(3)
nbGunieiniuutpp Ywnngbint hwdwp dowyyb) £ pwgwnhly g(2) hwupwhwodh Ynjwphwwn
ubpnpdwu tpyne unp wnwppbpwy so(7) hwupwhwoynid, www so(7)-h ubkipnpdwu so(8)-nid:
Upryniupnud, dhwwnwpp duny Yunnigyb) Gu Gpyne N=8 utwytipynu$npd dbfuwupyw’ OSp(8|2) L
F(4) gtipynubnpdw| hwupwhwoyutipny b N=7,G(3) gtipynudpnpd uhdbinphwubpny:

[23]-nud Ywnnigh] Eu gbplhgpbp bW <wdhpunnujwuubp gGpynudnpdw) dGjuwuhlwih pninp
nwppbpwyubph  hwdwp, npnup Yuwdwsd Bu  osp(8|2), F(4), osp(4W4) UL su(1,1]4)-
uniwbphwupwhwoywplyubph htwn: dGpdhnuwhu bW pngnuwjht nwowbpp nwuwynpywsd btu
gliupwwnnpubph dby, npnup pungpynd Gu hwdwwwwmwufuwu so(8),s0(7),s0(5)$ su(2) L
su(4)$ u(unwwytpynudbnpd  hwupwhwrywpyubpp  R-uhdGunphwih  hnuwupubpp: Wu R-
uhdtwphwih gbubpwwnpubph pngnuwht bW $bpdhnuwht dwubpp  wnwudhu-wnwudhu
uwhdwunw Gu 2wpddwtu hunbGgnwutpp b Yuqdnw Gu unyu hwupwhwowpyubpp:

[24]-nd ubpyuywgywé £ CN-Udnpnnhuuyp-dhuntipuhgh U npw Ynpwgwsd hwdwnpdtip CPM-
Mnunfuwwnhnwp dnnbjubph wluwpy' YEunpnuwuwing npwug ywhwwuynn dadniginiuubiph,
uhdtitnphwih hwupwhwoyh b pywunwgdwu ypw:

[25]-nWd  LJwuwmwiht  nwonh  wnbunyeniup wmbinwjuwgywsé unjhnnuubph  wnlwjniejwu
nbwpnwd wybh pwpn k, pwt Jwyninwdwiht ublunph pjwunwiht nwownh wnbuniejniup,
hhduwlwunid unjhnnup gpnuiwu nbGdhdubph wpryniupnud: Wu - wojuwwmwupnd  dGup
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thnpédnwd  Gup hwulwuw|, pt nppwuny £ wpu ppwdhbwyp wwpwdynid punuwjuwd
unthinnuubph Jpw: Wn twywwwyny dbup hunmwynpbu unnignd Gup nndbGuwjhtu wywwnhp
lwphtu Yuwd pwnwueht hwdwwywwnwufuwunn pjuwunwihu Jhdwyp' npwnhp nhunwpyting
gnnyuywu ntdhdubpp: Uw wpynd £ huswybu Yndwywln, wjuwbu b wudbpe puryquiugwsd
unjhinnuutiph hwdwp: NpwGu Yhpwnnieiniu, dGup hwadwpynwd Gup nndGuwihtu ywwh jwph
nbnwthnfudwu ntidhdh nhpbiptughw| hwywuwlwuniginiup, wpywd hdwniuny, dnuinpwihu
dwnwaqwjpdwu dtYy pjwuwnny gpgnytint hwdwp:

[26]-nid Ubup hwoqwpynd Gup whpnyph wwuinh unthnnup dhonwly jwpywdnipniup a4
YpYuwyph hnpwwwugph dnnbnud: UGp wpryniupp hwdpuyund £ twobuh, <wujwfubph b
Llubh (1974) 1+1d-nud b Quiydniuguwyh, UbdGundh b Rwpbdpnip

(1999) 2+1d-nud unnwgywd twfunpn wpryntupubiph htwn: Lpwgnighs 25 nmwpw pundhonwiphg
htwinn JdGup uwnwgl) Gup 0.0410959 43 dhonwly (wpywdnigjwu nipnnud 3+1d-nwd: Uyu
nGwpnw, h  wwppbpnggntt gwoép  swihnnwywu  nbGwpbph,  unyupul  unpdwg
nwuwynpnipintuhg htitnn wu nywmpwdwunpwlwgnyu nhytpgtughwubn, npnup wwhwugnd
Gu huswbu qwugqwdh, wjuwbu § Yuwwwygdwu hwuwnwunniuh YGpwunpdwjwgnwd: Ubkup
ytpwunpdwjwgpt) Gup Juwwygnudp wjuwbu, np wpryniwwybivn yninbughwinw Gnwybunwihu
thnfuwgnbignipyniup wpdnwd £ npw dwnh  dwlwpnwyh wpdbpnd' gpnjulwt wpunwphu
hdwntuubph nbiwpnd:

[27]-nwW Cunhwunip (2+1)-swhwlwu ujupwp dnnbnud dGup nhunwpynd Gup dwnwaquw)pdwu
dty pywuwnh gpnudp whpnypwiht wwwh wphg, npp gpgnnud Ywd wuwwgnpgnnud £ wwnh
ubpphu &uph ntdhdp: UGup wyu Gpynt gnpdpupwgubpp wudwunwd Gup Uwnnpuh b hwlw-
Uwnnpup gpnud:  Utup  hwodwpynd Gup wju gnpdpupwgubph  hwjwluwlwunigjwu
funnigniuubpp  pywuwnwiht nwownph  wbunejwu  wnwohtu  Ywpgnd' npwbu  dnunpwihu
hdwnuuubiph b wuynwubph $niuyghw: Ubup Ubpwnnd Gup huswbu wju nbwpp, Gpp
dhowntwuwihtu dwuuhyp thnfuwugynud £, wjuwtu £ wju nGwpp, Gpp wju hGu E guwwnynd: UGp
wpryntuputipp npywd Gu npwbu unpdw nEdhdubph W mwppwywu dniuyghwubipnh Yyepowynp-
swihwlwu hunbgpuwiubp, huy pywiht wpyniipubipp ubplujwgdws Gu a4 Ypluwyh ophnph
dnnbifh dwutuwynp

nbwpnu:

[28]-nd Ybipotipu dbup wunb| Gup, np 3+1 swithwuh a4 Ypluwyh hnpwuh dnnbind wnhpnyeh
wwup Ywpnn £ unnigytip npwbu ubnddwsd, Ynhtptiun ypéwy, b np dGYy onwynd wyju niup
Jopowynp  qwpqwdnigniu’  wpdwd  punhwun,  pwyg  stondwd  Jbpwunpdwjwugdwu
wuwjdwuubpnd: Wu gpwndwu dby dbup hhduwynpnd Gup wyu wunnuwp' gnyg wwiny, np
qnpunniyp Ytipgwynp £, U hudpwlwpdhp nhytipgtiughwutipp Gagnunnptiu signpugynud G
Ubtup twl nwnhp Gup wunpwnwnund unpdw| Yuwpguwynpywd quugyudwihu dwurmwph
ytipwunpdwjwgdwup:

bwnbup U YnpGwyphup pungoét] Gu, np  nyunpwdwunwywagnyu  nhytpgbughwubpp
sbgnpwgynid Gu unjhuninuwihu hwwndwénud, Geb npwup sEgnpwgynid U Jwyninwdwihu
hwwndwdnid, Gpp hwdwwywwmwujuwu hwowplubpp unyuwywu Gu
niwpwdwunpwlwgnyunid:  <Ginbwpwp, dbup Jbpwunpdwjwgund  Gup  Jwyninwwyhu
hwwndwsh nhytipgtiughwubinp’ oguwgnpdtind Spynnhigbiph wwwnybinh nbnwwndup, npp
ubipinnpbu wpwnwgnnud £ whpnyph ywwnh hwnygwénid udwuwunhwy

hwaywplutipp:

[29]-nwd 1+1 swihnudubipnwd hwywnup E, np unjhnnuubpht hwdwwwwnwufuwunn pwuwnwihu
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yhéwyubpp jwy uywpwgpynud Gu YnhtGptuwn ghéwlubipnd: bp 1975 pwlywuph Ephubh
nwuwfununipniububpnd LniGdwup uywwbp £, np wju unnignwp sh nmwpwdynd wytith
pwpap swihnwiubph Jpw, pwup np Ynhbpbun  Jpdwlubpu nubu wudbpe  tutipghwh
funnieynit: Lw Jwpunwhpwybp | ubinb] nuwunnubpht Ywnnigb] wybih pwpép swhnwdubpnud
gwnuynn unjhnnuuphtu hwdwwwunwufuwunn pjwuwnwihu yhdwyubipp, dh fuunhp, npu wjuon
El dunwd £ ognddwsd: Wunwwdbuwjuhy, unyupuy 1+1 swihnudubpnd éhon pjwunwhu
ypbwyubpp ppwlwunwd  wpynd Gu  YnhbGpGun  Jphdwyubph nbGbnpdwghwubpny:  3+1
swihnwwihu a4 YpYuwyh thnupyny dnnbind dbup gnyg Gup wwihu, np wnwowwwp
ntdnpdwghwt, npp Wwpqwuwtu utindnud £, wpnbu sGgnpwguntd £ winhpnyph wwunh unthnnup
Futinghwyh fuinnigyw dtly onwyh nhytipgbughuw:

[30]-hg [32]-nud Cwlwwunpwnwpdnnuywunientup Ywpunp £ wplwjht dwpnyngubph
wnryniuwybunnipniup owywmhdwwgubint hwdwn: Pwpdp pGlydwu gnighy niubignn ujnyetinny
wpryniuwybn  hwwwunpwnwpddwu  hwuubp dwpnwhpwydbp £ npwug punpny pwpdp
wunpwnwpaniuwynipjwu wwwnbwnny, huswbu uyupwgpwsd £ dptutih hwjwuwpnwiubpny:
Jdbpohu hGwnwgnunigyniutpp nwnwitwuppb) G bwunwuhwpe dwybpunyputiph utipnidp,
npnbtin wuhwppenipjwt wwpwdbnptbpp 2wwnm wydGih thnpp Gu, pwu pulunn [(nyuh wihph
Bpywpnueniup: Wu nwnpnieiniup thnfudb) | dwdwuwlwyhg nbuwywu dninbignwdubph h
hwjin quwint htitn dGYywnkin, npnup ubipwnnd Gu thnihnjujwsd vwhdwuwhu wwydwuubp: Ubp
nunwduwuhpnueniup hbitmwgnunud | pny| wuhwppe wupwthwug dwybpunyputp W gnyg |
nwhu gndwu gnpdwlhgubiph Ywufuwwnmbunwiubph qqwih mwppbpnipniuutp’ hwdbdwnwd
hhu wnbunteyniuubiph htinn: Wu wpryniupubpp hwuwmwnynwd Gu bwunwuhwpe uhthghnwwhu
pwnwuputph ypw 300-400 ud wihph Gpywpnieniuutipnd Yuunwpywd thnpdwpwpwlwu
wpryntuputipny: UwbYunph wju hwndwdnd wdnpwnwpéndp qquihnpbu uquqnud £, hugp
unp  huwpwynpnuygyniuutp £ pwgnd  wpliwght dwpnyngubph wbluuninghwh  hwdwp'
uwybywnph bwjuyphund wuhwuwubh opowtutinhg Fubipghwu oquwgnpdbint hwdwn:
“huwwpyytp £ ojhgpwynpdwd  dwutuhyph  dwnwquwjenwip, npp hwwnd £ ouwhyubpph
htippwgw)nn Ynywnp owyunhjwlywu nhpnypnid: Nwnuwuhpyb) Bu huswbu wulwng, wjuwbu
£l wwppbGpwywu Ynywnbpp: 3nyg L wpyb, np hGppwgwinn wulwpg b wwppGpwlwu
Ynyunbpp hwwiny wnbuwyh hwdwp dSwnwqupdwu fuunhpp Ywpnn £ nwdybp Gogppn
Ppjnwwnbph nhuwpldwu  wulniuubph hwdwp' hbn U wnwe: BSwnwgu)pdwl
huwnbuuhynipjwtu uwihyubph pwuwyhg N2-h ndbin Ywfujwdnieniup ybpwhwunmwwnyb)
wulwpg Ynyunh hwwny nGwpnud: Uw hwugbgunud £ Ppjnwuntph - wulyniuuGph ndtin
nipnnpnywdnipjwt’ Ywd wnwy, Ywd hbn' Yuiujwd Ynynh ywunwhwwunyejwu nbuwlhg:
Muwppbpwlwu $nuninuwihtu pjniptinh npnawyh wGuwyh nbwpnd Ppjnunbph wuljwu wnwy
nhunwpyynn dwnwquwjpdwu hunbuuhynipjwu hwdwnp nbywwnhyhunwlywu dwuthyubph dnn
hwjinuwptpynud £ E4

b

$nninuwyhu
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