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l sug)s(l{xER": If ()| > sHv/P, if s=o
s>

M0 LabMEo. Mv) p = s, 35906 LP* g0mbggzs fmboo wgdgaol LP LogMagl.
f* Loddmwmmo 930b0dbmm, f-ol fmbom sMIBOEIO  Foibsrgergds. 85806, bsfowrmdmog
063 93M9d0m, 9L5degdge0s 990mdgl, Gmad (ob. sbggg [2]):
36



Lago®oggerml $gdbogn®o Mmbogg®lodgdo - L MIbGM®o LsdgEboghm-3MsdBodmwo 3mbggmabaos - 29-30.06.2021

Ifllzps =

1
f s \ary
(2;[ (tpf*(t)) = fiss <o
0
1
ksup {tpf*(t)}, if 5= o0,
>0
53990350 (X, d, 1) 560L 335H009BHM03wo HBmdoo bogMsy, Losz d MOl 335D0dgBHM03s ©s U
Bmds. 339D089GHM03Mwo d 5MmOb Bbzos d : X X X — [0, 00), MemIgeog 03054mi30eadl 8999y 300MmdIdL:
i.  d(x,y) = 005806 s Ibmwm 95306, o x = y;
ii. gmggwo x,y € X, d(x,y) = d(y, x);
iii.  s®LYdMBOL sEgdomo dMEdogo Kk obgmo, M d(x,y) < k(d(x,z) +d(z,y)), ym3gwo x,y,z € X-
Lbongob.
3004350 B(x,7) == {y € X; d(x,y) < 1} d96H0g00 50056 BrBsgd0 1 ©©Id0mo Bmdom ymggwo x €
X-bs s r > 0-Logob.
09 [ 53059MmBOGOL gom®Bo3gd0ol 30HMBL
,u(B(x, Zr)) < D#,u(B(x,r)),
05806 30394300, O™ (X, d, 1) 60l gHmY35MHM3560 GHo3ob LogMag. B3b Bgdmbggzsdo (X, d, 1) ymzgewomzol
096905 963560HM3560 GHodob LogmEY.
dmnggdmewo (X, d,p)  335D039¢6H039wo  Bmdso  bogHEolmgols ©@s  g-bogol,  GmIgwog
030594mB0IBL  30MMdsl 1 < g < o, MmymOg fgbo, LT = L1(X, n)-000 930b0dbsgm w@gdgaol LoghiEgl
LEAHBIOGHWo bmGHIom. ©ogMazem LP(X,u) Mol @mOgbaol boghag sbLabwgmwo (X, d, u)
JOMNY350mMm3560 FHo3oL LogMigbY.
Ko f 0gmb g Bm3s000 f g37bJdgool Gobob 3m@gbioseo dmEgdvwo gm®mdmwom:

K@) = [1(Bo) fOIG), xEX,

X
Losg 0 < a <1, By, = B(x,d(x,y)).

K, m3965&HmMobomzol 035933039, Gmd o1 <p <g< oo sl <a < %80805 MBHOEMDS
”Kaf”Lg(X‘#) < C”f“Lp'l(X,y)
donsd0s 35806 o dbmenme 35306, Memss

1
sup ( | V(x)du(x)> ug) 7 < o,
B
B
Lo@E BNVEGHO DY BYZIMO 50JIM0S Y3ges B 3G mol dodstrod X-do.

dmEmb 5036086530, HMA gl F99J0 Fodmd399badmos bGo@osdo.

15d5BoLM 60g300gMYdgdOL LobmgHBo OsBM- s L3oMM3EgbEH®OLs
099(339¢00 5H5¢0 BMEMIOHMIMo 5sgMomgdols dolssmgds

@IA66D0 0358095 dgbbodzogro, byey,
Jodonmo &76manmannls s d3B>ammMmaznols
3339780 (bgrddegsbywo: 3OmY. @,
30356 0830¢0)
130OHM306M56900 (L3oMMIOHMTYHIB0) MOYBWM BMEHMIOMINW bsghmms 86093bgwmgsbo  3asbos.
obobo  [omdmoaqbab doLEMVOWME  BMEg3MEgdlL, OGMIgEwms3  dgdEros  sOLYIMBs MO MYMIM-
©06530376Mo©  0Mo  9amIsMgmdsdo. LB30MMI0MIBOL  TgMBgMs30  FMEWYIMESs  MEXEGHOI00LGRIOHO
Lobsmol  9mJdggdom  A5IEOL  3Mm3sbade, TgxgMow, JgMmEosbobwe  BMmMIsdo.  QoEIOMIS
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90006 gmMgdo bgds LEGH0IMsEHMMIB0? (Lobsmeg, Lomdm, dgdsbozmMmo LEGMILO, JEgdEOHEo ©s
0960GHOH0 390900 o bbg.) .

LB30OHM30MBOL  FmEg3MEsdo  bbgoslbgs  Bsdbs33wgdeol  dgyzsboo  Tglsdwgdgaros  obgmo
BogMmgdol dogmgds, MMIWIdOE 9030w FoMdmddbol bsbmboffowszgdl — bsbm Bmdol LEGHMWIGHwHIOL
(@biGgMgdo, 3m33¢gdLgdo, 5295300, 3030 s b3Y).

L30MM306M56900  godm0oygbgds JOMOMOIP  BMAEHMIMBGHOMEOMYPISO  TY3NOO  dmfymdo-
@MdJOOL S BOMEMYROMHO Foboergdol dgloddbgmrs. s80E™mI QL 80dE0bsMgMBL 5JEOWGmo dogds sbowo
30909000 (sMLgdIEol TgbsmbMbgd0m) IJmby bogMmgdol dqladdbgwrs s Tglsbiffogwrs.

L50bE IO L3OOM30MBOL  3MIdObsgos  Ubgs  FmEMIOMIN  Boghmgdmsb, oby  OHmI
39656BMbgdmEo 046l mGH0gg Jasbol 360dgbgwrmgsbo ™m30Lgdgdo. 53 JoBbom Bzgbo 330930l MdogdBo©
3953500 gm BobToMmdsOL 656mbsfos3gdmsb dgmmergdmo sbsgo 3036Mm0EEo (5BM s L3oMmMKYMBOL
399339@0) L30OM30MBIOOL (L3oMMIOMIGBId0) Lobmgbo s  33wg3e.

3bMdOw0s, ®MmI  M39bsL3bgr  Fergddo, BMEGHMIOMIM  Fmeng3egdl,  SBMdYEDIbIdL o
U30MM30M5690L  BIOOME  0Ygbgdgb  MOBRIPMB  BMbJ30MbsoBs3o0m  M3BH0IMEsE  ByMdbmdostY
BobmoLogngdol  Folowgdoc. mbogom®o  gwgdBHOmbymo  m30Lgdgdol  dJmbg  65bHToMdsOL
Bobm@GHdEgdols s  sBMdYEBYbgdoL  FggPmgdol oo  FowgdMEo  BMEHM-3MBEHMMEOMmIdO
AOBBoLEHMMGO0, OMPIYdO, JWIIHOMPPO0 ©s  BIMOL-IGHJIBHMOGP0  BIOMME  A9FM0Yghgd0sb
05650900039 G9dbmmyoqddo. sHBMdZ6DIboLs s gMexrgbol gwrgd@HmmEmo bgsdomol Tgmfydol
39009390 J00gdEo FoloErgdo 2o0moMBg3056 Fomowo sddwgmdoom  dgdsbozm@mo Bgfimeol 3oHmdgddo.
BobBoMmdo0L  bobmbsfomszgdolis s sbm b L3oMmyamuol d9d33gmo bsghmgdol FgMiydol B9gas©
000900 300600 BsbmBoliogngdo dqlsbodbsgzs 290Msddbosh Lobsmerols gbgMyosl gwgdE®vew
Loabsengds, M3 Ls8sgdsl 0dargls 890ddbsl 3bdiEomboMgdso dslisergdo dBol gbgMaools Ggbsbgols
Q5 39M5Jabol JoBboom.

59 doBbom, B3960 33230l MB0gJEo© F9MBRIMwo 0dbs OsDM- s B3OMMEI6GHMOL 899(339¢0 sbowo
B0 GHMIOMIMWOo 6590009d0L LobMIBO s BMBJEoMbsEDE0s FMxgbol Bobmbofio3gdmsb.

©05bBM- @5  L3oMOMEIbGHMOL  Tgd33gwro  sboo  FGmEHMIOMIMo  BogHmgdol  Lobomgbobmgol
053059300390 39bbMM 309w gdwo 0gbs LsdsBobm boghmgdol (3-5) dowmgds dm3gdemo bggdob

dobggoom.
e HLC CH, /
- . /
{ ___.-""' e f——
l >T\j v " \.\
e ot - N |I 1__) H 3[: “~ A
e, - - L. .---- _ .(;'__z
1 H-1 5 DI h .;:.-l
3
HNO, H,S0,

= I o

o — N “ o '?\ -
‘ |
o~

. _N
/[.-" ""‘-\-"‘Q[ W, {:'.EN - e I{_ J—
Wy o "\-1':?: N
. .\l : P _ ;{z \[ r \._\‘

-

T
I Zn/CH;0H ™ =
e E
‘:-:ﬂ-‘?;_t__.-"' ‘I’

3

. ,l'l.
>..
_{;\
\N -

05305300390  BogoBoMgom  ggbow3o®msbobol (1)  MOMOgOMJIggds  FgmOWOBMIMHM-
30a39BH™Mbmab  (2) 20%-0560 maoMdgsgzsl  sMgdo 85°C  ($Hgd3gMedMsby  3bgwgdom.  Mgsdzool
500530900l 99909 LoMgod3om BaMgz0 25930390 Yobmerosb Fodsdo s ©sgsdmdsgge 10 M NaOH-
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ol §gocbbo®om pH 9-09. 3odmymzoeo Bgmmgebo dsbs s8m3f3wowgm ©ogmowol gmgMom, gogdgsbgom
Boo@®om®  ©95d3090®Y,  ©9353Mmb3gbGHMomgm 99030 gdye  [bgzoby s  asdmgbsgm  229°C
39939605@ 5%y 5BHBMLBIOHMwo  §bg30l  306MdIdTo.  Asdm3zysgom  83%  odmbsgwrosbmdom  2,3,3-
&®009gm0obomgbobols (3) dmygomswm Bgmolidspazs®o Loomby.

BogMm0 3 BoGHMoMgds Fs35@9M90 Fsbo@MmoMmgdgmo bstgz0m, Hobmzobog baghmo 3 gogbligbom 3mbg.
33000593500  4obmEom  45303900L  30MHMdYdF0 s GBI  TIMMg30L  JoMmMmdgddo, 5-10° C
3993905GMEeDg 35053 gm 39000000 INWMOHO M9bsBIMEMBOL FsboGMmoMgdMwo baMgzo. Mgodiool
©590536M900L d989 LaMYodzom Bs0930 gows303EBYm Yobrmwosb Fodsdo s sgsdwdsgzgor 10 M NaOH-ol
goemblistoom pH 8-00g. godmygmaowo bBosergdo 29053830wGHM90 dn@ol dsdmBy, hogmgsbgo fywom
6goOOo@ a6 H35J3099©) ©s 39358Mm 353717)8DY. 800YdNWO G- 3EMEYIHO B33LIBNZIP LZIGOO
JOMB5GHMAMH800m (8950 Fobs - Si02, garwygb@o - 39Jbsbo/gmowsggdo@o, 8/1). gsdmygmaowo odbs 81%-
0560 259Ms3w0sbMdom - bsgMmo 4 y30mgeo BIMOL 3OHOLEHIWYdOL Lsbom (we.@ 129-130 °C, wod. 130-
131 °C).

1,2-801(2,3,3-&M089000w)©0sbgbo (4) dowgdmwmo odbs 5-bo@G®m-2,3,3-&M0dgomowobomemgbobol (4)
3H9w90000 M»Wmoob 3E39MHmsb dgomo NaOH-0ol 0565md0bols 990sbmemols s698o. HgodEool edmsgzMgdsl
3990099 LaMgodiom bs6930 35093530 EHMI0 b, Modi00l J0dE0bsMgmdolsl fo@dmddboro Na2ZnO2-
oL @5 ©95d30sdo  IgML3wgo  MMYMOoL  39GIWODIGMMOL  ImE3owgdol  dobbom.  BLbsMOLH
29903600LGHs 3o Hoomgwo ggMol 3HoLEBIYdo 62% 4odmbogerosbmdoom.

LobmgHBoMmGBMo BogPmgdobmzgol (3-5) Podods  of, B3O s Tob-b3gJGHMMo  3ZWI3.
Bo®o®g099e0 565¢00BgdolL 1sg3mdzgeBg oR0bs LEbMgHBoMYGdmEo bsgMmgdol LEGHMWEMMgdO.

BMy0gMmo $9gg05000 60309M9OgO0LSY0 ,,dMegIMEIMO
Bog@mgdols” Lobomgbo
@I HH3BHO 35056 05830¢00, Y,
063m685¢5030b5 s Fstr030L boliygdydob

B39 AIA0, F3500905¢90z5 (63aBIM3569@m0
3ma3. 6. Bob®dg)

dbmgmomdo 06¢gblovwdms d000bsMgmdl HmymMi sbowo 1gmdgdeo bogmoghgdgdol 89Jdbo,
31939 om0 FMPOGOIo(300 MZ0LYOJOOL Fordx™MdILYdOL Jobbom. LadsHmzgwmdo ®goLsmzol Tbmermo
9099boemo  3gmdgdoo  503009Mm9d9d0  offo®dmgds, FoMdmgdol Immbmgbs 30  FomowgbgMagE oz
5L gdBY YOOI 0BOHEYds. BJJgdoEo B0gM0gMYddOL doMomoo bsfowo 0d3mMHEHOMIdWMWOoS,
5doBmd oo @olgdo  1Y30om@  BoEoeros.  Fooero  Golgdo  360d3bgwmgbs  BMEOL  sx8gmdqdoL
39J6mma090bg  ©s9M30JIMO  3OHMEYIJE00L  MIOMPOMYPIMIdIL s BIOHHIIL  LodsToEbM
963mgdol gobg0msM9dsl, MMIgaroi Jagybol g3mbmdozol 3608369wm3zs60 Lbgadgb@os.

LsIMYNZgM™  BMJgosO  FoLoegdol  doMomso  Labgmdgdo  dgddbowos  Bo@®mmsmMIs@¥)-ero
BogMmgdol dsBsbg Bgmdgdeo Jodomo bsgMmadol 96 Batmgzqdol Lobom. om0 5650l doErsblo Moy
3900mbg939000 MoMymz00m0s, M3 0f3936 GHMJLOZMMO 50Mgdol OO 3MbEIbEMIE00m [Fodmddbsl s
M5MYMB000 35319656 sbgbl goMgdmby. g3merma0sBYg 303w gbol gdlwydgds gbadergdgeros 3gmdgdeo
6030096 g0980L Jodommo IMmOR035300L HBom s 030 FoMdmoabl Jodommo xoBozol goom-gMHom
1533560 Logoobl.  bo@GMmo®m-do@wo  BogMmgdol  dmEoxzoEo®gdom  Iglsdegdgeos  99ogdbsl
LodMgP39w™  Eob0TBMEgdOL  GIMEMROWMOS© MLIBOMbM s 0053OMMESE  FoMawgbytyg@ozeo
0MH0DBGHMo  Bgmdgdoo  bogmoghmgdgdo, GOmImgdog  GHgdbmmmaool  LOHMEYMBOL  JoHMdYdT0
508mBbYOs B5DMBY 30639096 EMbIM0s60 30TgME0s0BoE00L 3mEIbEoswom.
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BoGOmMsOMmBs@G Mo  bsghmgdol  gotonm  139dBHHmosd  33wgzomo  3mA3MbgbEoL  oygadz0LsL
306005 bdsBOLM 1533193 MB0gIEI® FgoMBs 303M0BOL Tgs35 S BHMHMEHOWO.

23obwo  Bomgmbol  dsbdogby  303600605535L596  ©FboEIdIMEo  Fowombmdom  FmG3z0  ogdbs
2990996909900 bmBEom mIgobs 0v) WM 3sEr)® Lomdst Jnbgwoddgddo.

3036006055356 5MBg3s doMomo@  "Lsddom  B0gm0gMYdLE"  Fob30MHMBYBMwos 0dom, MHmI oyo
5Q30Ws® LObMGHOMmPYds BYI6MEWOLOYsD, bmm ggbmmo ©s dobo Jodow®mo sbogrmygdo  (sbobmero,
3M9BMgd0, HIBMOE060) sMOL 05830 s 58539 OML 60d3bgE™gs60 bgergMwo IMegz5wo LLdMghzgwm
36MmwdGHob LobmMgHoLIMZOL. o0 FMMOLLS 9GRS (36MdOWO BIMJJdso B03mM0gMYdIdO - 30300685530,
090003030530, 590mbomdol 3036M5@0, C0boGMmMEgbmmgdo, 3M9BMmwoE0, bEHogbobol dgs3s. ..

OymO3 36Mmd0w0s, 3593900 3BgdOL 3sdm 30300633 Imddggdl FmM30L JgBEewol 3MMm3MLBY,
M3 9MLILYMZgEo IM3wghss, s30GHMTs3 3030063793000 FMMZ30L ITMbAEHZ0L [ob smEowgdgwos dobo
90538905 55BN oMLdo. 30300685535L 5MOLOLMZIWO Bg53v9M0 dBIBOL LIMYMBOMO JRIJGHOL
d9L59(3060903 s Jg0degds #odmyqbadmwro 0dbsl JodoMHo ImogoEMIdOL dgmmeo: dolo dmeg3wwIMHO
LAHOMIGHOOL  (33e0Egds 649 oo LEGHOMIGHMOMo  sBsemagdol Lobmgbo. LEO®WIEHMGOL  sLgmo
(33W0gds YY) 003wgds bowro BgMJgdoo Bo3m0gHhgdgdol Lobmgbol MowMgbo FoMdo@gdre
dgomEs. dgmeg dbMmog, Boblighgdo 87939MHMdOL JodomEmo s3owgds dgodErgds 3oL 30300675350
05bobg sbseo ggmdgdso Bogm0gMHgdgd0L LEbMYBOL BoliBH0TMWOMIdIWO BoJEHMOO.

33900J905000 6030009090900l goMaoddbols ghm-ghmo Lobgs 9.§. ,,0meg3mwGo bogMmgdol” (0039
»0090gd0  dbEHOL  Qoo@sbom”, ,,Charge Transfer Compounds”)  Lobomgbo. sbgmo mbsto sdgm
303606055356,  99000e30305GL,  59mbomBol  303MBGL,  93MIMN3g  HOMGHOWL,  LBEBH0B60THSZL s
32060GHOHMIOMB5EHIo GHodol M35 b3 60300gMHgdL.

50L5608b5305, MMA Bmg3mesdo 5o Bo@mMmxMBoL SMLYIMDS SVIMOBIOL SOMIdEHWEO dBoOMZOL
909dBHOMbM LobGgdsl s boblighgd bogmogMgdgdl dwogh gergd@®mmbmod3gdGm®m e 0309050
3603Fg0b. G9L50590Ls, dom FMerg39)egdl “IhbEGdsIM Wb Msgz0L390 FowsFomb gargd@EHMmbmmbm®mwwro
99399 gdol  T-9e9dGH®™bgdo. BBgds gangd®H®mbEGeGH03mMo 30BoEEmds, Mol 89993 d00wgds
000093MYH0 53MJA5GJO0 - 9.5 5, Ing3ME©o BogMmgdo”. 30300605535L - GHMEMEW ™Mb, bogrm
AOMGoOoL  OHJHBmOE0600  MOmogMmddgdom  boGoms  ,,0mmg3NEeo  boghmgdol”  Lobomgbo.
LobmgHBoMHGdMO ,,80¢93MWNO0 BogMmgdOL* 5839mMJgd0m, JodoWMmO A3MESJIbOL MBoMol olaygbo
BoBoMs 306390 OdMOOGHMAOMMO 333900,  ©JAH™Mbs3ool  50d3Meby s Fgladerm
005996560560m00L  FgLogobgdws. sx8gMJgdsbg  godmis dmbEs Lsdom  obbGHoEMEGHOL  dofolidzgds
99b3960896-G M@0 Ls58RI0JIOM B5BOL §306MdMs LOLEHYISd0 0bEIAMOMYdME 35996 5T0.

©9A™Mbs300oL  50dzMoL Mbs®ol dgladmfdgdes o0mygbgder 0dbs FMb@E Bl ge® goMLs3ddo
©M3s0HgdrEn 8ymds®gmdsdo 3sdmEol BEGbsMEHwo Bggds, 39Mdm, 3Mmdozo 3MbEJdOL Jobowgds,
L3I0  603m0gMgds  Bso@BZ0MHms  dEBILA0MBSOB0  BmEsol dowdo. dowol ghmo dmrm
©HdMo 0gm 03039 FoLogrol Lsgmdom, bmem Igmeg dBMH0EH (gEHMbsGHMMOL gobmsgligdol s6gdo)
099bGH0  03YmBJOMEs 0030bRew  IEMTsMYMdsdo. Jool 0sdgEHMmol dghbgzs dmbs 30MHMdOMS®,
06MH0DBEM0 Bg0dgdew0o 603009MgdgdOL 2odmEEOOL SBsermaool dobgzoo.

AOOGOOL 0093 YHo  Bogeomol”  5539mdgdsd  4o8mofigos  Bmeneol  dogrol  LByeo
BO5YTI6GHE05, o3 3bILOSMYBIE0s  Tos0  dMODIBGHMEMIOLS s FMTsbsM0sbmdol  dJmby
390905000 603m0gMgdgdoLm30L.

3036006355350 ,00093M@H0 659MH0L 99390908 358mMofi305 Mmool dogrol owobo®wyemo
B9s3060L LodgGHMowmwo GE393s AbobggeHy, Mog TsbILOsMYdGEs Fowswo obsdoznmo §bgzgdom
30w0bEOH o EsbIMwo Logm oL WOGH30MMZ3gdOLMZOL.

300M39wo@ds 93903963 JdTs  sLEHNMS LobmgboMgdmmwo bo3mogmgdgdol  s@gmdgdomo
2390©5gdbol Mbsto. godmEoLal 3gbgMomgdmo 53MLEH03MOO Logbswol 0bEgblogmds d60dzbgwrmgbso
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L FoMdMOS 2obTbMEMdMWO YEHMBsGHMMOL Logbowols, mdis dolo 0bbEHMWIGBEHWMWO EILIdMMGDS 56
239BbmG3090qdmems.

6o 500603bML, G™I Jogdwo TgEIAJo0 306M39MsE0s S BOMWICIYMBOWIO  3ZSWOROB0VIM0
51336900l AsLo3gmgds  Logo®Mms dgdpamdo  33w93900L  BoBeMmgds  ©gGHMbsgool  LoBdoMols s
900aM5MB0L AoBLLLEBPIM®. R)RTO0s 33093900, 3gbOL FJNMPO dOOBIBEHWMBOL s GHMIYEEwOol
Lobx oo 3M85bsH06MBOL LA IB, 53Mgm3g FMbEOL 3BHODBOLKYMO EOsTYGHOMOL bLILIBLIMS.

0oL 459Mm, ®™A ,,00¢937M0 b59M0gd0L” gagdEOMbmEMbmemwmwo 3md3mbgbEgdo 893MoE 055305
999 BHOMBMo393GMOMDY, Fo00 259myggbgdol Ggdmbggzsdo, dgloderms goBbogl 93mbmdozmo gi39d@ol
d00g00L 39ML399E03s.

§0bo-Lofo®mBrmm 99693l dmfymds edgedo
@O0  3m8s  beyxg®dmdsdg, Uy,
0b623006505¢9030b5 @5 Fsogol bobBgdydol

23329¢79930 (bgeddw3zsbgagdo: 3GMy. .
393565dg, 3Om@. m. g35600)

330930L  mgds  gbgds  MmMAB0Bs30gddo  3OMAMTMo M HBMHMB3gEymaol  GgbGHoMmgdolsmzol
330090 Fobs-Lofomdmm 4oMmgdml dmfigmdol 9n39dGHwmo 3bgdol dogdsl; 58 BBy 3md3s609d0L
dmbmzbgdols s 3MMdIWGIOL 25sFMHOL SEEHIMbosGOWwo aBbgdol gOmMIsbgmmsb Fgsmgdol dobboom
99%39d&HwIO0 89000306 990+9853905b.

®965390MM39, ©0bs303MOMO, ULHMSRI© (339 gdso s  LHMsgs@  2obgoma®mgdso  asMgdm
3003560900L5 5 850 O LsALIbMMYdOL TbGIOWIB FMoMBMZL Joe0sh Lo MYog0Mqdsl. LML 0E3WYds
300 35M90m3, MHMIgdos m3gMHoMgdl doBbgLO, glsdsdols LIRS 0(33egds 0l 5dMEDYd0, HMIMgdos
MBS 350503Msls B0BBYLOL Boge LB BoBbYdOL Jobomfgzw, Mg Msz30L FBMOZ Hs®mTMBMBL sboero
0bLEHOMIBEJOOL, 9303530900, F9OHY39GH0W GO0l FgJdbol 59930 MBL.  sboeo  0bliGMmAgb-
3900L/53¢03530900L 99gdboly s 498mYggbhgdols 5930w gdEIMds “YB0dPJOL 3MB356090L M30560 dogbom
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SIMULATION MODEL FOR BLOCKCHAIN SYSTEMS USING QUEUING
THEORY IN DISTRIBUTED ENERGY SYSTEM

PhD student Anri Morchiladze, GTU, Faculty
of Informatics and Management Systems
(Head: Prof. I. Rodonaia)

In recent years, blockchains have obtained so much attention from researchers, engineers, and institutions;
and the implementation of blockchains has started to revive a large number of applications ranging from e-finance,
e-healthcare, smart home, Internet of Things, social security, logistics and so forth. In the literature on
blockchains, it is found that most articles focused on their engineering implementation, while little attention has
been devoted to the exploration of theoretical aspects of the system; however, the existing work is limited to model
the mining process only. In this paper, a queuing theory-based model is proposed for understanding the working
and theoretical aspects of the blockchain.

We validate our proposed model using the actual statistics of two popular cryptocurrencies, Bitcoin and
Ethereum, by running simulations for two months of transactions. The obtained performance measures parameters
such as the Number of Transactions per block, Mining Time of Each Block, System Throughput, Memory pool
count, Waiting Time in Memory pool, Number of Unconfirmed Transactions in the Whole System, Total Number
of Transactions, and Number of Generated Blocks; these values are compared with actual statistics.

It was found that the results gained from our proposed model are in good agreement with actual statistics.
Although the simulation in this paper presents the modeling of blockchain-based cryptocurrencies only, the

proposed model can be used to represent a wide range of blockchain-based systems.

MONITORING THE SELECTION PATTERN OF THYROID-CANCER
ASSOCIATED GENES: AN ANALYSIS ACROSS 20 MAMMALIAN
GENOMES

PhD student Sahar Abd ELmogheth Madani,
GTU, Faculty of Informatics and Management
Systems (Head: Prof. Irine Gotsiridze)

The main cause of cancer is the mutation of two main groups of genes; oncogenes and tumor suppressor
genes (TSGs). People with certain inherited medical conditions have a higher risk of more common forms of
thyroid cancer associated oncogenes and TSGs. the higher rates of thyroid cancer occur among people with
uncommon genetic conditions. Thyroid cancer associated genes are suitable model for studying effects of selection
in thyroid cancer’s different stages. We find that positive selection targets a wide range of different functions in the
Thyroid cancer associated genes, including cell surface protein. Hence, in this work, we perform a detailed
phylogenetics analysis for seven highly mutated genes known to be associated with thyroid cancer, with the
objective of identifying possible patterns of positive selection.

We collected nucleotide sequences for seven genes (BDP1, BRAF, HMCN1, HRAS, NRAS, TG and TTN)
from NCBI, Ref Seq database. The sequences were then aligned using the Muscle software as implemented in the
SEAVEIW package. We selected the best-fit model for nucleotide substitution using JMODELTEST, and then we
constructed the corresponding phylogenetic trees using PAML. CODMEL was used for calculating non-
synonymous to synonymous ratio and for selecting the most plausible evolutionary model for each gene (0, 7, 8
and 8a).

We found three genes have strong signatures for positive selection (BDP1, TG, and TNN) with p-value
(8.49E-18, 0.002 and 1.75E-87) respectively. We are currently working on extending our analysis to the non-
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coding part to increase the evidence of positive selection on those genes. We will try to understand the

evolutionary history of thyroid cancer-related genes, enrich the evidence data for the positively selected site.
Understanding the role of positive selection in amino acid substitution will increase our understanding for

functionalities of these proteins, domains and motifs which could provide a recommendation for drug targeting

sites.

CUCTEMBI AHAJIN3A JAHHBIX

Kowxcraunrna Kyawmpxarmos, acmuparr 1TV,
@arymprer  Hugopmarmkm  mw  Cucrem
Ympapreans  (pykoBogutens: mpod.  O.

Hamuuennisuian)

Ha ¢one pocra 00beMOB HaHHBIX U C mosiBieHueM cucreM Big Data, KOMIBIOTEpHBIE TEXHOIOTHHY, TAKUE KaK
aHaJ M3 NaHHBIX W BU3yaJIM3al¥sl JAHHBIX, 00ECIIeYNBAIOT OTPOMHYIO IIE€PCIIEKTHBY [JIsi HAyYHBIX HUCCIEHOBAHUIA.
3HaHWA B 00JIACTM HCKYCTBEHHOIO WHTE/UIEKTa, B CBOIO OYEpeZb JAIOT BO3MOXXHOCTH IJI pa3pabOTKU HOBBIX
MeTOoZOB st 06paboTKY ¥ aHann3a SaHHBX. COOTBETCTBEHHO, MHOTHE MHCTPYMEHTHI aHAIN3a JAHHBIX CUCTEM OUr
Jara B HACTOsLlee BpeMs IIMPOKO WCIIONB3YIOTCS B OOJACTAX BOEHHOM pasBeIKH, HAYIHO-TEXHUYIECKUX
WCCIeNOBAHUAX & TaKKe B aHAIN3e KOTHUTHUBHBIX IIPOLLECCOB. Bce 3TO MO3BOJAET pa3BUBATH pPaspabOTKy
MHCTPYMEHTOB ¥ CHCTEM aHAIN3a JAHHBIX

B ycmoBusax GeIcTPOro pocra 065eMOB ZaHHBIX HEOOXOLMMbL HOBBIE TEXHOJIOTUU aBTOMATHU3ALMH [IPOLECCOB.
C IOMOIIBIO PA3IMYHBIX TEXHOJOTWM, CPEJCTB aBTOMATU3ALUY U HHCTPYMEHTOB, HEOOXOZUMO MAaKCHMAaIbHO
[IOJTHOCTHIO aHAJIW3UPOBATH JAAHHbBIE M YCTAHOBUTH BCE BO3MOXKHBIE CBA3U MEXAY AAHHBIMU PAa3IMYHOTO THIA, JJISL
TOrO YTOOBI B JajIbHEMNIIeM H30eraTh HelIPaBIJIBHOTO TOJKOBAHYS U IIOHUMAHMWS IOTy4eHHON HH(GOPMALIIH.

Hacrynienue opel GONBIIMX JAaHHBIX [PUHECJO HOBbIE BBI30BBI M BO3MOXKHOCTH B OOJIACTH aHAIN3a
nubopmanuu. B moxsaze aHanM3MpYIOTCS HOBBIE METOIbI MCCIENOBAHUS W aHAIW3a JAHHBIX B Cpefie OWr mara,
TaKWe KaK aHaJIW3 [JaHHBIX, BU3yaJIM3alus, ceMaHTHdYeckas obpaborka ¥ T.A. ByayT paccMoTpeHHBI HeKOTOpSHIE
MHCTPYMEHTHI aHanu3a, Takue kak Weka, Sitespace u 1.5, [ly1 pa3BuTHA HOBBIX METOZOB aHaJM3a WHGOPMALUY U
IpUMEHEHUs MX HAa IPAKTUKE, OYEHb BAKHO WCIIOIB30BATh COBPEMEHHbBIE WHCTPYMEHTHI B 3TOH 00JacTu.
Heo6xozumo Takke HAXOLUTH U IIPUMEHATH HOBbIE MOJEIH AJIs aHAIu3a HHpOpMaLuu.

Paccmorpenst meromst clustering analysis, crowdsourcing, data mining, natural language processing,
network analysis, predictive modeling, regression, visualization u T.n. BOIBIIMHCTBO M3 STHX METOZOB YK€
cywectByor; C pasBuTveM I100anbHON MH(DOPMALWOHHON ceT VIHTepHET M PacTyLUM CIPOCOM Ha aHAIU3
GonpIINX 00EMOB JAHHBIX TeHEPUPYEMbIX B 9TOH CeTH, BO3HMK/IA HEOOXOILMMOCTh UX OOpaGOTKM ¥ aHAIW3a [JIs
IPUHATHS I[OCHEAYIOWU3 peIleHM, II09TOMy HEKOTOphle W3 IE€PeYMCIEHHBIX METOJOB OBUIM CIELUaJbHO
paspaboTaHbBl U ONTHMHU3MPOBAHHBL IJIA 9TOr0. DTH METOABI MOXKHO PasfeINTh HA METOABI XPaHEHUs NaHHBIX,
06paboTky GONBIINX 00BEMOB JAaHHBIX PACIIOJIOKEHHBIX B cCUcTeMax big data, MeToms! aHanu3a GOIBIINX 0GHEMOB
IAHHBIX ¥ BU3yalIU3aliyl pesyibTaToB aHann3a. Cpeay HUX IIepBbIE JBa METOJA SBIAIOTCS OCHOBOM JJIS CO3ZAHIS
MmaccuBoB big data, a mociemEmit Hambosee YAaCTO MCHOIB3yeTCA B OOMACTH MCKYCTBEHHOTO MHTEJJIEKTa, U eMy
clefiyeT yIeiaaTh Haubosbllee BHUMaHWe. AHaIWTHKA JaHHBIX Big data u Busyanusamuu OGOJBIINX DAHHBIX B
OCHOBHOM BKJIIOYAIOT aHANIW3 COOPAaHHBIX IAHHBIX, AHAMUTHUKY, BU3YaJIbHYIO AQHAIUTHKY, IPeICTaBIeHUe
IOy Y€HHBIX Pe3yJIbTATOB a TAKXKe CeMAaHTUIECKU aHAIN3.

PasBurne cucrem Gur para sBISETCS NOIMOMHUTENBFHON BO3MOXKHOCTBIO AJIs1 0OPaGOTKY ¥ aHAIM3a JAHHEIX,
VX OPTaHM3ALWMY, XPAaHEHUS U. DTO HO3BOJIAET IPUCMEHATh HOBBIE METOZbI B O0JIACTH aHAIN3a JAHHBIX, OTKPHIBAET
HOBBIE BO3MOXKHOCTM B OGJIACTSX YIIPaBIe€HUWS, aHaJM3a, WCIIOAB30BaHUSA, O0pabGOTKM U XpaHeHus AaHHBIX. C
HAYaJIOM 9PHI CHCTeM OUT faTa HeOGXOAMMBI HOBbIe MHHOBAI[MOHHBIE METOABI ¥ MHCTPYMEHTHI AJIS UCCIeL0BAHUI

" aHa/In3a JaHHBIX. Hossie HWHCTPYMEHTHI 1 METOABI CO3J,aBa€MbI€ IJII Pa6OTI>I C cUCTeMaMHu Our AdaTa OTKPBLIH KaK
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JOIIOJIHUTEIFHBIE BO3MOXKHOCTH, TaK U IIPOGJIEMBI B 00JIaCTH UCCIeOBAaHUA U aHAIN3a JaHHBIX. MccnemoBaTenaim u
CHeIUaTiCTaM HeoOXOAMMO IIPUMEHATHh HOBblE BO3MOXXHOCTH, aKTUBHO IIPUMEHEHATh HOBblE MHCTPYMEHTHI U
METOZBI JJI WHTETpanyuu, 00paboTKY, OPraHM3aLMY U KCIIOIH30BAHUSA JAHHBIX CHCTKM OWT AaTa. DTO IIO3BOJIUT
YAy4IWIUTh YPOBEHb XpaHEHWs XU  OOCHYXXHBAaHWS [AHHBIX, CIIOCOGCTBOBATH POCTY 3ddeKTa yIpaBlIeHUS U

Pe3yIbTaTOB aHAJIN3a, II0JIy4aTh HOBbI€ 3HAHWA U IIPDMMEHATH HUX.
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PESTS AND DISEASES OF COMMON BEAN (PHASEOLUS VULGARIS L.)

IN GEORGIA
Master Kazarova Svetlana, GTU, Faculty of
Agrarian Sciences and Biosystems Engineering
(Head: Prof. G. Aleksidze)

Georgia historically was known for its many different species of pulse crops many of which is endemic, such

as pea, horse bean, lucerne, sainfoin and clover. Common beans (green and dry) are one of the most popular foods
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in Georgia. Common bean in agriculture play a significance role which determines their wide application as food
stuff for human beings and for the agricultural animals, as well as for raw material in industry.

There are more than 50 species of pests spread in Georgia which are damaging dry bean. Among them are
specific pests and also polyphagous insects which damage also another crops. There are also several polyphagous
insects which are damaging the legume crops, among them most important are wireworms: Agriotes gurgistanus
Fald. A. obscurus L., A. lineatus L., Fulswireworms: Pedinus femoralis L., Blasp halophila Fisch., grashoppers:
Locusta migratoria L., Dociastaurus moroccanus Th., Calliptamus italicus L., Anacridium aegyptum L (Aleksidze,
2001, 2014).

Aphids. On pulse crops there are different kinds of aphis in Georgia, namely: Aphis medicaginis Koch, A.
fabae Scop, Trifidaphis phaseoli Pass, etc. Among them more attention is paid to Aphis medicaginis Koch, which is
characterised with its frequency and harmfulness.

Bean Weevils - Acanthoscelides obtectus Say. This pest causes significant damage to bean fields, as well as to
bean storages.

Diseases of legume crops. Bean Anthracnose - Colletotrichum lindemuthianum Sacc. et Magn. Anthracnose is
major and widespread disease caused by a fungus which has a wide host range on many legume species such as
beans, soybeans, peas, chickpeas, etc. This disease can cause serious losses in bean crops. Leaves, stems and pods of
bean plants are susceptible to infection.

Root rot - Fusarium avenaceum (Fr.) Sacc. This disease is mainly caused by soil borne fungus, so the
symptoms are evident mostly on severely infected plants leaves and stems followed by earlier discoloration of the
plant.

Bean yellow mosaic - The symptoms are bright yellow to green mosaic or mottle appearances of infected
leaves, which becomes most apparent on leaves as they become older. Leaves mostly become chlorotic and narrow,
and plants are severely stunted.

Beans common mosaic. The typical symptoms of Beans common mosaic are a light green or yellow and dark
green mosaic pattern on leaves, usually accompanied by puckering, distortion and rolling of the leaves.

During the work it was used aproven entomological research methods.

Conclusion. Against the pests and diseases it is necessary to use integrated pest management systems

(agrotechnical, physical, selection, biological and chemical methods
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THE IMPLICATION OF ARTIFICIAL INTELLIGENCE IN THE CURRENT
CHALLENGE OF TARGETED MARKETING

Master Lado Bitsadze, GTU, Faculty of
Informatics and Management Systems
(Head: Prof. M.Chkhaidze)

Technological development has reshaped the ways of communication, as well as the means and the
methods. The last decade has been full of drastic changes in the field of marketing. Previously widely accepted and
implemented method of surveys and TV advertising has been shaken by the rise of the smartphones and social
networks. According to the latest calculations, approximately 378.16 billion USD was spent on online marketing in
220 and most probably the number will keep increasing. One of the most used methods of online marketing is
targeted marketing through social media Ads and App store Ads. Growth marketing managers have been spending
millions of dollars every day in order to target users, generate leads, and reach conversions. The latest changes in
iOS 14 created a massive threat for the industry. Due to privacy concerns, Apple will ask for the data tracking
permissions to the users, which will highly affect the efficiency and effectiveness of Facebook advertising. The
following research will first deal with the dilemma of tracking the users and presents the arguments of two sides
over the ethical aspects of the issue. Moreover, the research will delve into the data and will try to figure out if
Artificial Intelligence can fill the gap created by the latest changes, via predicting and projecting the possible
outcome of certain marketing activities.

The upper-mentioned problem derives from the very recent changes, although on the theoretical level, the
ethicality of tracking the users has been a widely disputed topic during the last decade. The research projects the
challenge that the marketing industry is facing right now and will try to answer the question, whether Artificial

neural networks can help in the process of overcoming the challenge.
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Due to the latest iOS update, user tracking can not be performed efficiently on apple devices. In the big
markets, such as the US, apple smartphones constitute around 46% market share, which makes iOS targeted
marketing campaigns one of the focal points for the marketing agencies.

In order to tackle the dilemma over the ethical aspects of user tracking, I will dig into the scholarly articles
about the latter. For testing out the possible implications, data will be provided to the artificial neural networks for
learning and testing. Multiple scenarios will be tested through an artificial neural network and the real-life social
media algorithm, in order to check the accuracy of the artificial neural network.

In conclusion, the research will be interesting not only to the ones who are interested in the ethical aspects
of user tracking but also to the experts in the field of marketing. In case of a successful experiment, the research

can be used widely amongst the marking agencies, in order to avoid biding with the high risk.
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DIFFERENT APPROACHES TO THE TRAVELLING SALESMAN
PROBLEM
Master Nini Ashortia, GTU, Faculty of
Informatics and Management Systems
(Head: Prof. M.Chkhaidze)

e Solving the Traveling Salesman Problem

The Traveling Salesman Problem is one of the most well-known NP-hard problems which is often used as a
benchmark for testing Al based heuristic solutions.

A straight-forward solution of TSP is using brute-force search, which has the time complexity of O(n!),
where n is the number of nodes. Thus, it is only usable for a small number of nodes. The best known complete
algorithm so far is Held—Karp algorithm, which has time complexity of 0 (2" * n?).

Improving this time complexity seems barely possible.
o Ant Colony Optimization

Ant Colony Optimization (ACO) is a probabilistic algorithm for solving NP- hard problems on graphs, it is
especially useful for finding good paths. In the ACO algorithm we have artificial ant agents whose behaviour is
inspired by real ants. Main idea of ACO is to have generations of ants, where the goal for each generation is to
explore the graph and leave some pheromones (traces) on edges. Pheromones indicate goodness of an edge, that
should be considered by an ant from the next generations.

After a generation of ants have done traveling, we need to update the pheromone level of some edges, the
standard way of accomplishing this is called the Ant Colony System (ACS), where all ants from each generation
add some pheromones on their path.

Also, after each generation, pheromones will evaporate/decay, meaning that all pheromone levels will
decrease proportionally. This will decrease pheromone levels on edges that are not good enough.

There are many versions of ACO, we will consider two major updates: Elitist and MaxMin. The core idea of the
algorithm in both updates are the same as the original ACO. In both updates we only change pheromone update
rules.

o Updating Ant Colony Optimization

Analyzing the number of maps (sets of points on Cartesian plane) and the best known solutions gave birth to
the hypothesis, that to minimize total traveled distance we should minimize the number of travels between regions
that are far from each other.

Of course, this is not true for all clusters and nodes. Because of this, instead of forcing ants to stay in clusters,

we use probabilistic approaches to motivate ants to do so.
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Splitting nodes into clusters does not seem enough though, as ants still need to solve almost the same
problem in the cluster itself, but we can approach this with cluster layers.

Let us introduce layers of nodes, where each layer contains each of the nodes, and nodes on each layer are
split into clusters. The number of clusters on each layer is different. As a result, each node is in different clusters.
Let us call node X’s clusters all the clusters where X is included. As bigger clusters may be considered as a union of
smaller clusters, ants must be more motivated to start visiting nodes in smaller clusters first then in bigger clusters.

This hypothesis was inspired by the Divide and Conquer technique.

@04,

Therefore, for splitting sets of nodes into smaller sets we use clustering algorithms. However, instead of
splitting smaller sets into even smaller ones recursively, we use a more generic approach - we split the whole set
into some different number of clusters separately, and name each result of clusterization a layer.

Example with 32 node and 2 layers with 3 and 5 clusters:

To avoid making almost identical layers, numbers of clusters in each layer must not be close numbers. As in
divide and conquer, we want to keep the average ratio of cluster sizes constant between layers. Let us call this ratio
. It is easy to show that the number of clusters should be powers of as. The biggest cluster should be whole set; to
do so, number of clusters in one of the layers should be 1.

N

AverageClusterSize = ————«——
NumberOfClusters

This means that ratio of AverageClusterSizes is ratio of NumberOfClusterss. Where Nis number of nodes in graph.
NumberOfClusters = {1,|a], [a?],|a3], ...}

Difference between Cluster Layer Ant Colony Optimization (CL-ACO) and standard ACO is only the part
where an ant is choosing the next node to visit. To do so, CL-ACO implements a new heuristic function for an ant
to compute up- dated probabilities of choosing the next node. As our goal is to motivate ants staying in smaller
clusters, let us introduce P , probability of ant staying in the smallest cluster. If an ant decides not to stay in the
cluster, it will make the same decision for the bigger cluster, and repeat the same until the ant decides to stay in
one of the clusters or there is no bigger clusters left.

After deciding which cluster to stay in, the ants will choose the next node using normal ACO heuristic
function (only considering cluster nodes).

All the algorithms above use the constant evaporation/decay coefficient, we added functionality to ACO so
that decay between ant generations will depend on pheromone level update. Decay coefficient (p) will be

optimized in order to keep the total pheromone level constant.
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There are many different algorithms to split a set of nodes into clusters. With some observations, we decided
to use three different clustering algorithms for testing and analysis. These are the K-Means clustering, Gaussian
Mixture and Spectral Clustering.
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BODY FAT CALCULATOR

Students: Omar Mahmoud , Mohammed Al
Ashry, George Ibrahim, G7U, Faculty of
Informatics and Management Systems
(Head: Prof. Z.Ghurtskaia)

Problem: Since the start of the COVID-19 pandemic it has gotten a lot harder for patients with obesity and
people with bodyweight issues to go to hospitals and pharmacies to continue their treatment and check their
progress, so we need to find a way to keep the treatment going without forcing the patients outside of their homes
at this time.

Solution: In this project we will be using our knowledge of; object-oriented programming, classes, and
mathematical equations, to create a program that allows patients to measure the level of fat in their body and send
the results directly to the desired hospital, pharmacy, etc.

Method: This project will be done using Visual Studio.
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CARDIOVASCULAR RISKS

Students: Nino Kokoladze, Mohammed Alashry,
GTU, Faculty of Informatics and Management
Systems (Head: Prof. Z.Ghurtskaia)

Using 2016 European guidelines on cardiovascular disease prevention in clinical Practice we created a
software for calculating CVD risks for next 10 years. The 10-year risk of fatal cardiovascular disease was calculated
using a Weibull model in which was used as a measure of exposure time to risk rather than a risk factor. Separate
estimation equations were calculated for coronary heart disease and for non-coronary cardiovascular disease. These
were calculated for high-risk and low-risk regions of Europe. Two parallel estimation models were developed, one
based on total cholesterol and the other on total cholesterol/HDL cholesterol ratio. The risk estimations are
displayed graphically in simple risk charts. Predictive value of the risk charts was examined by applying them to
persons aged 45—-64. Our aim of this project is to make is easier for the cardiovascular disease patients to know the
risks caused by smoking, not controlling and taking care of your BP or cholesterol level. Using this project patients
will have a better understanding of the risks of CVD if healthcare is neglected.

Method:
This project is made in Visual Studio with C#, depending on our knowledge in object-oriented programming

and mathematics.
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AJITOPUTMBI XEIMMMPOBAHUA 1 ITMOPOBAHUA

(RSA/SHA256/HASH)

Crygenr Cangpo Takammswamm, 171V,
Qaxynprer HHPOpDMATHKH H CHCTEM
y1papreHHs (HAy4HBIH PYKOBOAUTEIH:
mpod. P. Kakyb6asa)

Bcem wm3BecTHO, YTO B COBPeMEHHOM MHpe C HAallMMH TeKyUIMMH TEXHOJOTHMAMH MBI BCTpedaeMCH C
0coGeHHOM HYXZO# B nHpopMannonHoi GesomacHocTu. Mudpopmannonsas BesomacHocTs — OQUH K3 BaXKHEHIINX
aCIIeKTOB KaK JI1 KOPIIOpaUMii, Tak M IjIf PU3MIECKUX JIUI, KOO 3TO METOAbI IIpeJOTBPAlleHUI YTeUKH HIU JKe
KpaXy TOH WMJIM MHOM BaXHOH mMHoOpManuu myrTéM mudpoBaHHUg, YTOOb MHpOpMamusa ObIa JIMIIb M3BECTHA
OTIIpaBUTEJEM U IIOIydaresieM. VIMeHHO [ 5TOro ObUIM IPUAYMaHBI QITOPUTMBI MKGPOBaHUA, OT 6AHAIFHOTO
xemupoBaHug 10 RSA/SHA256 u npoyux aHajoOroB, YTO IO3BOJIAJO IIPefOTBPATUTH IIaTyOHbIE IIOCIECTBUA aTaK
Y3 BHEe JJIA NOJIy4YeHUs TOY MIM UHOHM MH(OPMAIIUH.

o Pemenmwe:

Vcmonp3oBaHue CyIeCTBYIONIETO WM JKe CO3/aHue COOCTBEHHOTO ajJrOpuUTMa, KOTOPHIK 3amudpyer
3alaHHYI0 HaM{ HMHGOPMAIUIO B HAG0p HENMOHATHBIX CHMBOJIOB JJIf BHEIIHETO JHUIA U AeludpaTop, KOTOPHII
TIPEBPATUT 3TOT HAGOP CUMBOJIOB B MCXOZHBIM TEKCT, KOTOPHIi ObLI 3anrupoBaH.

CrouT 3aMeTHTB, YTO B KQXX/JOM IIH(PPOBAHUY €CTh OTKPBITHII U 3aKPBITHIN KIIIOY, OMH HY>KHBIH /I 3aIIUGPOBKHY,
a Apyroi Ajd Jemru@poBKY, IOTOMY CO3ZAaHHAsA IIPOrpaMma, OymeT BKIIOYATh B ceOs DIeMEeHThI YCTAaHOBKM DTHUX
KJIIOYell HeIoCpeACTBEHHO CaMHUM II0JIb30BaTejeM C IPOBEPKOI [efiCTBUTEIBHOCTU DTUX KIIOYeH JAJI TOTO WMIU
HMHOTO QJITOPUTMA, & TaK JKe, YTOOBI OHU He GBITH PaBHbI MK COOO.

e Mertoz:

Msoro 6yzer co3maHa mporpamma Ha C# Kotopas 6yeT BKIOYaTh BUSYATbHYIO 000I0YKY U MHT€PAKTUBHBIH
uHTepdelic, Bce aJITOPUTMBL U CIIOCcO0B! mudpoBaHus/gemrdpoBaHud OyAyT 3axrodersl B C++ GUOIHOTEKY, I
6e30IIaCHOCTH U IIPeJOTBPAIeHIss BO3MOXXHOCTH KCIIOIb30BaHUA TeKoMmuiasTopoB Tuma .dotPeek, a Tak ke mims

IIpeJjOCTaBIeHHUA MaKCHMaJIBHOM OBICTPOTHI BBIIIOJHEHNUA BRIYHCICHHUI U pelleHU.

00m9bgMygEH030L 360d369emds s dolo gsbgomsmgdols
396L399#H03900 bogdsMmzgermdo

bdIogbdo  owos 3036539 U,
9696399030b5 ©5 (H9¢93020960,3500b
R3329¢7AIA0, (6983396900 SLOLE).
300G, 9. 20M30¢00dY)
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939996580  sMLgdMo  96gMMOgLELYdOL  FmbIsMgdol  BOHOL  BHgbgbEool  @adSEILbLYdS s
50530MHMMs© 969M9BH03MWo MLsBOHMBMGIOL BMEs Tglodwrgdg-cos Mebsdgmmazg 9bgmymgzsgd@m®o
doamdom. 9bgMymgx3gd@IMmdOL  oBM©s B0odbogl sMLgdoMe 00539 93MmbMTozMo 96 LmEosw Mo
990920L  FJoEgdsl  Bogargdo  gbgMaoom. Mog  doMomso®  doomfgzs  9bgMymdmadbdaMgdgro o
239005999690 dmfymdoEmdols s bl 939J@056MmdOL AsBOHEOm S 969MHE0L IBMYZ0m.
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3M52965bgdso  9bgtyool  [yomgdol (Bsgz-mmdo s Lbgs fFoomobgmwo  Lomdmdo) o0b@gblom®o
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2990996900l 99 9GIMLBY-OGMdo Bobdommegsbyols (C02) sMbsbmwo GomEgbmdom oMMz gdss,

09356090 mBwom Lsbmysmgdol oblszmmemgdwme d9dgmmgdsl of393l.

LodoOmggermdo X9 300093  2oLbvyEo  bovyzmbol  90-056  fenggddo  LomdmMdgbyMAgBHO-3E0
MabMOLYIdOL TbTSMFIOL Ymzgwo gOHmo 3OMm396G0L g3mbmdoom dgodwgdms sHmyowoym 190 dgb.

330 99dBHOMgbacyos, 20 G-Bg 39¢0 30MHMBOMO LsMdMIOL MEIbMdom Bsbdo®mo, 52 0ol EHMbsdwy
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Positron emission tomography is a nuclear imaging technology that enables the visualization of metabolic
processes in the body. The basics of PET are that technology detects pairs of gamma rays injected indirectly by
positron-emitting radionuclide. The tracer is injected into a vein, on a biologically active molecule, usually sugar
that is used for cellular energy. PET systems have sensitive detector panels to capture gamma-ray emissions and use
software to plot the source of emissions, lastly creating 3-D computed tomography images. PET scans show
metabolic changes occurring at the cellular level in an organ or tissue. This is important because the disease often
begins at the cellular level. CT scans and MRIs can’t reveal problems at the cellular level. PET scans can detect very
early changes in your cells while CT scans and MRIs can only detect changes later, as a disease alters the structure
of your organs or tissues. Since PET is widely used there are a lot of technical aspects to consider. Typically, PET
scanner consists of a detector ring inside which the patient is positioned. To investigate the whole body the bed is
moved step-by-step. The detector consists of scintillation detectors with scintillation crystals coupled to
photomultiplier.

A light caused by radiation is converted to electrical signals by a photomultiplier. A detector is linked to the
opposite detector by a coincidence logic: if the radiation hits two of them within a time interval it is assumed that
the radiation comes from the radiotracer molecule located on the line connecting two opposing detectors. During
PET study, which can last from few minutes to three hours, thousands of such coincidence lines can be recorded.
In this war increased or decreased, uptake in a tumor or infected area respectively can be visualized. But lately
combined scanners in the past decade rapidly emerged as important research tools and are proving to be invaluable
for improved diagnostics in routine nuclear medicine. PET/CT and PET/MRI have been around for more than a
decade now and are sources of medical images that evolve into various multimodalities, allowing simultaneous
acquisition of clinical images. But there have been questions as to which patient would benefit most from.
Researches prove that PET/MRI has more abilities and additional advantages. PET/MRI like PET/CT combines
modalities to produce co-registered images. PET/MRI offers significant advantages including excellent contrast and
resolution and decreased ionizing radiation in comparison to well-established PET/CT. The establishment of those
scanners gives us possibilities to use them as research tools and as this technology is developing many types of
research are conducting.

One of them is MRI spectroscopy. The aim of this project is to produce concentration maps of brain
metabolites. Spectroscopy is a very sensitive MRI technique and a large range of artifacts can corrupt the measured
spectrum. Despite this difficulties this technique can provide significant, detailed information related to factors
such as concentration of relevant chemicals in the brain . This information then can be used in diagnosing brain
related diseases and treatment planning. Such maps can be improved but to be able to provide such maps , a
suitable MRI sequence has to be developed. The development of such a sequence is a key part of this work. In
order to investigate diseases such as brain tumors, it is desirable to measure whole brain spectroscopic data sets
with high spatial resolution, while keeping the measurement time low. This is accomplished using the "Echo
planar spectroscopic imaging" sequence. By measuring spatial and spectral information in one

acquisition step, the total measurement time can be reduced to 15 minutes. In conclusion, PET imaging
has been one of the biggest medical tools in recent years, with its combined scanners and many researches. While
further uses of PET/MRI are still being researched, this imaging technology has already proven successful in
various disease areas. If major challenges of cost and reimbursement can be overcome PET will be more widely

used and way more valuable medical technology.
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