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©9®AL dméol, A=KV, m= |m| =MJV,, K @5 Mg - 89L5d530L Loowgms 1033600399805,
V., :%di - 396@¢®o@®0 853603 M0 LBl dmgmewmds, d, - dsFowoszol "dsadoEHmco
©0539HE0”. 560DBMGHOM300L 9bgMA00L s®LYdMBST Tgodwgds d60d3bgwm3zbs  0dmgdgml
1396356595859 03900L 35b0¢E 1M301939dBYg s Bbmbombols sdogbogdols 3GmEgliby.

MMAMOE 30300, 35653560@MM0  65{ows3gdol "0gemmEo  S0MmOL” ©sdsboG DS,
OIYOE 9O 9J3m 853boGMIMH0 boBMGHMM300l gbgMa0s 39MPs© 500fgMgds sbsg3960L
3b03OHO MYMMHO00):

M = NuL(Bu/KT), )

Losg L(X)=cth Xx—1/ X- @byg93960L gmbBJzoss, N - Bsfomsgzms Hogbgo dmiwyemdol
9609 do, M - BsaboBMEo dmdgbEo, K- dmedsbol dvodogs.

Jomb®0o 360BMGHMM300L gMdgdol dJmbg 656mbsfoerszms Loliggdol sdsabo@gds

39260@MM 3900 o360 MO Bsbmbsfowszol gbgtyos
H(8,y)=Asn’6-Ecos(6-y), E=mB, A>0, (3)

bo@og Y 3Nmbgs sb6oBmG®Mm300L 0gmdls s Fogbo@mo 39mol d0dsMmmegdsls dmeMob.
300390 dgbs3Mgdo o  godmliobogl  sboBmEBH®M300l  gbgMaosl,  bmwm  Fgméy
MOH009HNJI)Jd0L 9bgMR05L BoaboEMM 39els s Foabo@M Imdgb@El dmEmO.

36md0wo0s, HMI Bb3boMzsb 1939M35615053693039080 Foabo@B MO sb0BMEBHOM30s 5O
00d3990L ©35260GJOOL 3Bmi3gLBY (C. M. NybuH, tO. A. Kokwapos, . b. Xomytos u ap., Ycnexu
xummnm 74, 539 (2005)). 53 g5gEHoL sbablbgars B39l gMo-g@o dhmdsdo (A. U. Yrynasa, C. T.
Yxanpase, 3. I. Poctomawsuan, ®MM, 118(4), 352 (2017)) gomgzscrolfjobgdmer odbs, ®mI




10

29BLsboEZggmo LobEBJdoL 969M0s IBMZOEIBNEOS MO FMMbMO 33weEbd) O o . 50
(33150900l 993b3930mMds  29630MMdYOME0s bb3oolbgs fys®mgdom - sbobmEGH®™300l
©9MHAGBOL M330M390 JombryMd0m (3rmbg Y ) s LoMBYMO BB SE0Yd0m (3190by O
). 9059 ©9gMmEbmMdom s  ©sdsaboBgdol  Lsdmowrem  360dgbgmdol  AsdmmzEol
LEobsMEHwwo dgoomeol 398myggbgdom ((0QMMH0(359 960bsfowszmgsbo Qo
96535¢b5(0os3m3560  LBEIGHOLEHO3MMO  06FJaMwgdo, ™ogzobBswo  gbghyos s Lbgo)
9030090 B¥39M356558593H030L BodwseEMm TRBOEJdS

oF,
B
0d90b  ©oli336s, MMI  SBoBMGHOM300lL  MgMIoLs s  FsgbodMo  BmIgbGHoL  dGMB30L

39000b3930m0  bsllosmo  B5305MOLbO  30MHMBsS  0FoLLM30L  GMI  TRBoEJds  BYdMOIL
@5b593960L  0gMEBHO0L  Jobgzom. Fodobosdy, obgg3960L  MgMEmOs  LsdsMmosbos 0d

M =—ZL = NmL(b). 4

990mbgz935d03, O™MEs LobEGgds ggds sb0BMEHMM30MWo  Bsbmbsfows3gdologsb, dogMsd
dbmwnE 00 dgdmbggzsdo, vy BobmGHOM300L  ©gMdgdo  0b56RM69dI6  JomliyOMdsL
5353603900l dgo EMMOL 396393 MdsT0, OMYMOE 535U Y00 593l Bb3bowwMzs6
1396356595859 03900L5M30L. SBYO  "goyobwo” Jombm@mo EAMIsMIMdS BMM30JLIYdS
0903 ™3, MMI b5{oers390L TGOl sGBYOMBL bobmbols dsgrgdo.

B56mbsfogrs3ms LolEgdol sdsgbodgds d9dsbogm®o s6oBm@GHMHM300l Iy ™IsMgmdsdo

053603HwO0 bobmbombol 99gdmbgzgzedo Bsbmbsfoszms LolEgds @M sMOL "a5940obrwo” ©o
65005390 9gdosm 30LMBs© dMB3s. Faromdolds (M. WU. Wanomuc, YOH 112, 3, 427
(1974) 5B3965, H™A L35 dwogH Fogbodwe 39wdo Bsabo@M Bobmbombgdo dgotgds 9.§.
09956039600  960BMEGH®M300lL  dYMIMGMBS, MHMIOL OMUBsE Y39gws bofowrszol mgddo
0005005 390l aolizMog (W =0). s0M0gs Bsbmbombol  ©sdsabo@gdolsl Bbgds
39BLO3MMEOGOMo  LoGvoEos:  dsabo@gdol  @olsfiyolbdo  bsbmbsfowszgdol  wgMdgdo
0005600705 JombMs©, bmwm  ELLLEOMWL 30 obobo  3MWsMmOBIdMWo  9G0b.
360BMGHMM300L ©YMHIJOOL M96IMBMO0MO 3MWsMODOEFO0L Fom3zseoliffobgdss LMo 3
B3960 58m3560L doMHomso Jobsbo.

0 y =0, 35306 3boos, H®™mI 3530EGHMB0sBL 5g3L Laby:
H, (q)=H (q,0)= Asin?’q — Ecosq . (5)

olg39 ™M Hobs 99dmbzg3zsd0 Toabo@gdols dglsbiffogars sJoi3 30949bgdm sTsaboEgdols
bodmoenm  3600369wmdol  49dmmzeol  BEBIOGHME  dgoomEl s dsgbodmGo
35®0bs30oLsmzol P, = M /NmM gegdmammdo:

b, 1 2- shb
2a 2x/5ebD(\/5+b/2\/a)+e'bD(\/a—b/2\/5).

900900 godmbobegdols  sbsroBolomzol  gobgobowmm  Bzdmwo  dgdmbggzgdo.

P (ab)=- (6)

©MMLebol  BMBJso0l  SLOIZBHMGMOO 2530l Asdmygbgdom D (X >> 1) ~ 2i+ G
X
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2090bobEgd0b 309dPMdOo:

1. @B 98396 O osbermgdsdo (dwog®o ggergdo b>>1)
P, (a>>b, b>>1)=1, 7)

653 999L5058905 b0 EHIOOL box gt BEYMTSMGMASL.

2. 350903905 OME dosbermgdsdo (LrbEo 39egdo b<<1)

P (ab<<1)=|- v, 1 b (8)

—+
28 2\/aD(Va)

©> 3. 063> mGIML dgdmbggzedo (a>>1)

P, (a>>1, b)=R,(b)=tanhb. )

58 dmwm  Fggal  odgl  Bv®EH030  FobozMmeo  0bEHIM3OgEHE0s. MmEd  a>>1, 95906
656mbsforszgdo  "893mFowbo” 96056 ™G 3mGHgbo® m®Imdo gbgMaool dobodMdgdols
0obEmdws. AbEgds Bsemyos mOEMB0sL 3356FMO LoLEGYIGOMb, GMIgedo OHMYMO3
36Md0w0s EMbgms alobgdOL Lb3sMds oboLBOIMYdS 3039MHIMEMEO (Bobygbloo.

35360310 BbmLoMbOL MM3I3MA3MOYBE0B0 FmEIwo s ©IBRBOEHJIOL 06EIMH3MESE0MHO
RIS

89956039960 560bMEGHOM300L dMBsMgmdsdo LobEgds dgodwgds ogml FbmEm dwoged
05260@M6 39wdo. 6700Ld0gM0 3900l Fgdmnbgzgzsdo 9odergds ©e3wYdz5m, GMI dsabodwmemo
Lbombg g0 ™Mo Bofoerologsb (MM 09gMHdm©obsdozn® J3gLolEgdobogsb), GmIgEmaysb
90Mm0 990905  Bofloas3gdologsd  Jomliyds  dodsemyro  0gMdgdom, bomeom  dgmeg
Bofos3900L5396, mMH0gbEH0MYdIMo gMAGO0m. 30sMHO0DIE0OL 3OMEgLdo dsgbodmo g3gwol
00Mm36M9 33w0gds 0fi393l  bofowszgool MoEbgzol  33w0wgdsl  J3glolidgdgddo. 390l
9399990 3603369 mdoLsm30L bofios3zms Hmbolfmermwo Gogbzo J39lol@gdgddo doomfgzs
J39L0LGH 9o 35O EF0SMEO 3B I6E0SWIIOL BHMEMIO

My, =Mg, (10)

Lo

oF, oF,
my = , mg =
N, oN,

. Fog=-KTInZ,

Fos - 939b0L3Hgdgdol magobyryzomo g6gMa0ss, Zy s - bEs@oLE0gM®o 0bdgamewgdo, Ng-
Jombm®s BodoGmwemo, bowm Ny - 3945603600 560BmGHOM300L dgmdsmgmdsdo dymgo
Bofoeszgdol ®ogbzo  J3gbobo@dgddo. sdogbo@gds  J3gLolBgdgddo bgds Lbgsalbgs
396mbom. JombMo mM0gbEGH0Mmgdmwo bsfowszgdo gam®mBomgd0sb wsbgg39bol mgmemosl,
bowm 39496039600 560bDmEH®M300L IymIsmgmdsdo Igmzzo bofiows3gdo 30 3saboEgd0sh (6)-
b JgLodsdolo.  Fopbo@mo 390l 33W0WgdIOm  033WYds  Bofowszms  MomMgbmds
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939L0LEHYYVF0, Bog™Med Fomo LygMMM G3MEIbMds o6 oggegds N =Ny +Ng. gmggmogg
B9 07310l 250,350 0lobgdom 6533605 MsbsgoMmMds:
ND,B ZD,B

- . 11
N Zy+ 2z, (n

by by 9399Mmm 0bGHIO3MWHE0OO BMEOIMWS, MHMIYwds3 bs dmy3z3gl ogbodeo
BsbmBombol ©sdsboBMd0L LMo 9wga900 MO39 B®3M e Jgdmbgzgzsdo. 3bsos, OH™A gbs
06 5MOL  3oEolivbs  dMm3obs, BoMed  @ogomzscolijobmm obog, MmA LHimGs  sy90eds
0639630309035 BmOINsd LimeMs Mmbs s0fghml ©sdsgbo@gdol dmgwo 3MmEglo
HM3MOE bsmolbmdM03500d 0by MoEbMdIM0350s3. MM3MI3MbI6EH06 dmgwbHy syHEbmdom
053603H“M0 30500300 LEMZ0L Fgygbow 0dbs sgmo BMEOTMW.:

P (a,b):wL(bHWR(a,b). (12)
Loo3
N; (a,b)=N ()2 (b) ,

z,(a.b)

No (20)=N z,(a)z (b)+2z,(ab)

(13)

3bs00 Loboom BsfgMowo 06@gMO3MEs30Mo BmMIMws (13)-U 49035¢0olobgdom dseosb
9mMbgebgdgwos o o 9O Mol dmygzsbogo. dmz0yzsbo  dbmemm@ ol MOz303L.
09056M900Lsm30L 5939 dmEgdmwos bbgs ©sdsabodgdol IM©gdo, OHMIwgdog bdoMs
33630935 365dEH03od0:

:

B3b.1. BsaBb0H0 3mEsmobogool dhmwgdo B =L(b), P, P, s B, s338vevo (13), (17), (19)
©5 (22) gm@HMEgdol dobgogom dsgbgdoGobsmgol Fe,0, (d, =11nm, a=8.1, b=78B) >
3Mds@@obsmgol Co (d,, =7nm, a=20, b=64B). T =300K .

HMamO3 Bobsbowsb Bsbl, 353693H0G0Ls PIE% @y 3mdo@@ol P& 35%s%g ©s8%s@gdeyemo
35360 MM0  BbmboMbygdol 356Gl dOM@IdO 3GBIMIMDID sbg93960Ls P o
303960dm@MOH0 Gobagblbol B, 3(vwqdl dmmob.
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307900l 356mb0 3560 M™o B3BMBsFows 3gdolsmgzols

BMBAHo  39¢9d0L  dosbermgdsdo (b<<l) (8), (9), (16) @5 (23) @dsdmbobEgdgdOL
LoR3¥)dz9wBY Boffoszms MHoMm©abmdoLsm3z0L 309dEMdo:

Ng(a b<<1)=N,(a, b<<1)=1/2.
05806 0639035309960 BMOTMN0Lb (22) s (18)-sb 3090 ™d™

PF(a,b<<1):1 1 1 1

5 §_£+—2\/5D(\/§) b. (24)

(24)-056  90mEol, GMmI bsbmbombol JowGol  3mBLEBEHOL  (BMmdgeog  9bolsbL3z™9ds

2990L5bgd0s6 M = CCB) Gowml sltmmgdls C = cC, Lswsg
_ N
3kT

(25)
- @Wibg93960L 0gMmEH00lL 30IHOL 3MBLEBES. b

c=--2|=- _— (26)

- m6O3083m696¢) 0560 ol 0bGHIM3MW30mHo  BmOIMWoEb s sbgg3960L
09MMH00©06 JogdMmo 309900l 30bLEHBEJOOL BoMEMdS. MMM (19)- ©sb BsbBL, C-b

3590850 3608369@Mds Joofigzs Mmas a>>1 s MEbGoL C, . =3, bewwm dobodserw®o
AOod  Chin =1. 9060350, 960BMEHOM300L  96gM00L  sOLYIMINL  F0394s35Om 30Ol
30bLEHBEOL (33e0Eqd59©Y.

C  3m98303096¢0L Mmoo  F9godwmgds  godmdgmezbogl 9999y 9Ju39M0dgbEHme
Lo@o30sdo.  ©O3MA35m, MMmI  a35J3L  Bbgbomzsbo  L3gMH36853b693H030,  BIMIOl
59536039053 bgds wsbg93960L MgmGmool Jobgzom, bmwm 3060l 3MBLEBENL od3b (25)
Lobg. 95806 3mgx03096@0 C =C*/C 330839693l v ©599bxgm 0BMH©Ids Bbzbowmzsbo
1396M356595369BH030L 30960l 3Hgd3geo@Ms, GmEs sl 35Lbsdm Lombgl s ol gowswols
353606 bsbmLombygdo.

6. 65bmbsfowszms dogbo@®mo s60bmEG®M300l gbgeyos dgodangds Homdmzoyobmm
LodYBHOOMWIE  JBWIYPIPMWO MO0 3mBHIBEoMO0  MOIML  Lsbom, dsgbo@MMo  3gwols
35MLYIMOOL EOMY, 65003930 MbIOMOI® b0 Yd0E MMIMYdTo s MMOYBEH0MYdMWO
36056 1330M0L30MOM 0N Idom. Bb3bow™3s6 60dmdqddo, deEMm30Mmgd0L FH9JI3gMsGHWIMOL
b930m, Ubgoolbgs m®ImL Boffoerszgdl dmeol bgds 356M0gMoLBYIS Poalizgergdo s
d90dgds  §o6dmodabsl  b3gM3o6035boG M0  8yMAsMgmds, brmem 53 $9d3gMo@ ol
9393000  Bofoozgdo  "dEm30MmgdEo”  56M0sb MmEMmIMgddo ©s 0bsMBMbgdI6  bofogrszgdol
0565056 2065(0egdsl mE®IMgdl  Fmol.  Fopabod®  39wdo  3m@GHbEow®mo  MmMIMgdoL
3MbGHMM900 396095396 LOTYEHMOMEIMBSL. Foobs33gdl MMAMM3 dMOIMOL IEYdIMYIMDS, SBY39
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m®3IMg00L BLIYOO JOHPT6gOL FoTsMmM. dM0YMOL oty 3603 Foboszzwgdolsl,

-

0ombgbs m®Imdo  Bbgds Mooz Mg  39w0ol  Lfobsswdgym®  dodomovEo
Bofoeszgdolomgolsg, MHmAgeoi d903Lgds 53539 MmMIML bsfowszgdom. 899y, dopbo@m®o
3900l Bs®m3s 0§393L 353603 JdMMdOL 89d30Mgdsl. Mo3g Fggbgds Fo0rx39bs MmMIMUL, ol
300030905 s 5do@™a bs{ows39d0 39H0RIM0M0 5099000 2505056 Botrx396s MmOIML
395GH0L396. 53 3Mm3gbl 80394935000 Fotrx39bs MMIML MOMYMBOMO  ©d9603YdIEMdOL
BM©sdy. Bb3zbowmzsbo 603MIgdol  ©sdsgbo@gdol  3MmiEglbol  dglfogwrsd  sB39bs, ™A
0M3060980L (93395 MHoL J39dmom bgds 30Mol 3m9530309b6EHOL IsbwMmgdom 0.66-x96
999306905 3ol B39mwgdmog 36093690 mdsLmsb JgsMgdom, Mmdgeoi Joowgds wobyggzgbols
09nOH00m, bewm 3963565853603 MO 3aMIsMmgmdsdo  gosligzeroll OML  dEPM30MmgdOL
39939650l B9g300m, bgds Jobo sbEIMgd0m 15ddsd0 BEOS.

6. 1153936090 BMOHIgdOL 3)Fomds30 dmbsfjogrgmds

6.1. bsgsonggermdo

9mdblgbgd G990L BoBHIOIOOL
Ne dbbgbgdocof dmbligbgdolb Lomsw®o BOOYIOD G000
dmdblgbgdegdo QOOM O 5QOYFOLO
1 SOBOM Yaman53s Bobmbofiomszgdols 12-15 o9d9635¢00 2018 oo
0505360390 MmdoL olbvy

36O m39LoL 1530193)M9d60 999939 ym39wfion©o

J398mom DML ©o
LodmBgdoLTYBHY39E™

0 30609030L 39a396M9GHMOMOL | LoRs3MWEIBHM 30bx8gMgbEos
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2 Lodmb Absody 35260@160 Babmbombols 3936096909330
5353603900l

06¢ 93530900 BMMOHIMES

60 BsIEMb0sbO sEMIol
BoBo BHm3wo30830¢0 3900503 Mmd0L 0bsdogs
3 B56m3gdsbozmeo
9DMbsGMEOOL by gdom
A. Ugulava, S. Chkhaidze, Interpolation formula of
4 |G. Mchedlishvili, R. magnetic nanofluids 5th International Conference
Abramishvili. magnetization. “Nanotechnologies”

November 19 - 22,
2018, Thilisi, Georgia (Nano —
2018).

1. B3Bmbsfoanszgdol dspbodu@o s6oBbm@G®M300l 9bgyos Jobol bLodgGMmOWESE FbEsRIDWE MO 3mEIBE0MH MGIM.
05360@ M0 390l 5MOLYdMBdOL MML, Bsfowszgdo MsbsdMs bsforgdosh mMImgddo s MMm0YEEHOMgdEo 50056
96000569m0b bofjobssmdgam. 3b3bowm3zsb bogMmgddo, derm30MmIdOL FHJI3gMsGHMMOL BIdmm, b3s@slbls MmMImdo
dgmg bsfoaszgdl dmmol begds doMogmliBgws gosligangdo s dgodwgds Fo@mdmoddbsl Ldgmdspbodmmo
0003 MdsMHgMds, beawm 53 3gd3dgMe@nmol J3gdmo bsfiows3gdo "derm3o®mgdvywo” sM0sb mMImgddo s 0sbsdM© 5M0b
3965f0gdrmo 850d0. 35360¢nG 3980 3m@I6E0NMH0 MMIMIdOL 3M6EHMMIO0 35MR9396 LOTGGHMOMEW MBS -
§5065330gdL HMAMM3 MZ000Mb B5M0YMO, Sbg3g MMIMId0 gMmTsbgmol B0TsMm. d3MmYMOL dstx3b03 Fobsgguwgdolsl
0o3bgbs mdmdo, GmIgerdog B39 gdM03 H30g0s6 390l F0dsMHMNMEgdom MM0gbE0MYdIMWo bsbmbsfowszgdo,
BB Gosg 909 Lfobssmdwgam mMogb@saool Babmbsffoszgdolimgobsg 53539 mMAM@sb. Lsdmemmme dsabo@E®o
390l Botrmzs 0f393L ©s3a60@ g0l 9330MgdL s 5Ms dob BOELL, MmymmE gb B39 gdM03 brgds. dstx396s
@3 (OMIgedog 3gerol sMmIMLYdMBOL EOHML bggd0sh 39wl bsfobsswdogamm mMogb@omgdnwo bsfows3gdo)
300630905 ©5 590GH™M8 656mbsfjows3gd0 39MH0BIH0O 5MO0WE Fo9Y0EIB0E 53 MGIML 3963MoLS396. b
530l dbM0g 0fj3g3L JoMx3965 MOIML bsfoszgdol MsMYMBomo sdsaboEJool HBMHEIL. LadmEwmmE, MMm03] MMIM©O
BB@ds x03M0 ©353603HIVS 3035MHMMo 3geol bsfobss®dgam, ®o3 GMEgsLos 30Ol YYsMHYMBOMO
3MBLEHBEHOL 35Bgbobs.

2 . 35pB0@HMM0 Bsbmbsfios3gdo bolosm®gdosh m®mo 39dBMmmo LoOOm - AsEBOEHIPOL VgMdom s dsgabodMo
900996¢0m. LybBo 390l JosbaMgdsdo sdsgboBHIdoL 3MMEglol LFYoLTo) FsaboB G Bsbmbombol bafowszms
360BMEBHMM300L gHIGOO J0T5MMY0s JombM©, bawm dwogho 39wgdol gdmbggzsdo olobo 3mwsmobgdrwbo 506
0536030 3900l 303500Ygd0m 39956037900 3B0BMEMM305).30639w brgzM M dgdmbggzsdo LolEgds dsabodgds
63193960l IMol dobggom, bmwm dgmeg dgdmbggzsdo sdsabodgdol dMmol 3sblbgsggdvwo gm®ds 5Jgl, Mmdgeos
Sbmbss 3039MdMH 3sbygblimsh. go0Msdazawo d3MHmiglol dglsbffsgmao 58 MG BE3Mvye d9dmgzg3sl Imnmobl, B3gb
399m309969m 06GIM3MO3E0OHO MgMMOos, MMdgeos Mbs 0m35wolfobgdgl Bsbmbsfomszms wgMdgdol dmwmsmobsgool
560505608000 BMHL ©353603gdoL 3MMEgld0.5d 558MGMIOL JOMOMSO 0QYss J3MT35¢ 3HM3EgL0 dYmxRo
3536030 656mbombol Fo@dmygbs Mo dsabo@Emmgmdmobsdo - 3G JgglobBgdsm bsfowszms ggwso Gogbgzom
(6300369630560 Imgaero): 1.) 6s6mbsffoamszms J3gbolBgds Jombymam 303sGMHYo ©gMIgdom ©s 2) J3gbobBgds
060963069900 ©¥gM3gd0m. ©FR60GHIBOL 3Mm3gLTdo bgds 3olZEgdo 300390 J3glolBgdowsb dgmmgdo, S6v
Jomly®o bsfoszgdol Mom@gbmdol dgdoMgds s MmMm0gbEoMmgdrmol gsbMms. J3glolbo@gdgdl dmemol fmbslfmmmdol
30MHMBS® 3o gMo 35360GHMMO 39gdOLIMZOL 0MZWYds 35M(305WIMO 3MmEI6305wgdOL GHMeEMdS. 59 dmEgaol
B3ORIdT0 Fo®YdIM0s 35abo@wIMo Lombol sdsgbo@dol 0bEHIM3MMsE0WMmO BMMIMWs. bahggbgdos, HmI
0639M3m530MH0 MgmMoolL ©sdsgabo@Egdol dMo dgdsMImdL MM 3bmdow IOl dmmol - wsbsgg3z9bol IMMELs ©s
3039600 Gobagbll Immol. 0b@gMm3MmsE0M®mO BMINWom ASTMMZWOo 304IMH0L 3MBLEHBES Tsgbo@mmo
B56mbombobsmzol LoEOom s©YBs@Yds Moz30L BggMEgdMog 3603369 MBS, FodmmzEowl wsbigzgbol MgMGoom.

3. B39b gLfsge™do M0 LedEmBosbo 5GHMBOL (5DMEH0-35356L00L IBGIEHO 5eBLOL FHOLEI0) 35BN @Ol

©OHMdo 93meEosL. gb mMo Ledmbosbo s@MIo gMMBBINMB MOl s393d0MYPIMO MmOLObIoMmosbo

656399603100 HgHBMBEHMOOL L3NS IBOM. IZMNZIWID DS MJoMYMBOMMBS MMYMME 30T MdOL Mo,
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365bgm MM M6 L30BL FnMOL PoIBTMWMDS Y360EOL MBEOWLEEYAL OMTo s Fgodwgds dobo dsbodmmwoMgds
LobEYAol 35659gEBHMJOOL 330 gd0m. OMA0 93merY30Lsl 50O 5J3L FoVTMNMBIOL 39MHOMOIIS®
BobImdsl s 9909y 33e3 90YbsL. 0dolomzol MmA dga35Lfegzws 3396@ MO ©Y3M3gMgbaos B39b
390030949690 0bdsoL 306930300 FbEMEgds 10330030l FoGMOELIM30L. F0vbyszs Sdm3a6ol
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580359399690 65¢w30 MNRAS:
E. Arshilava, M. Gogilashvili, V. Loladze, I. Jokhadze, B. Modrekiladze, N.L Shatashvili, A.G. Tevzadze.
Formation of Hydrodynamic Jets from Protostellar Accretion Disks with Turbulent Viscosity,

Monthly Not. Roy. Ast. Soc. (submitted).
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003Bg0ve05 LEsGH0s 3odmLiag399bgders sbsgbogbaco:

M. Gogilashvili, I. Jokhadze, V. Loladze, N.L Shatashvili, A.G. Tevzadze. 7wo-fluid MHD Description of Jets from

Accretion Disks of YSOs, Phys. Plasmas (to be submitted in 2018).
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Jokhadze, N.L. Shatashvili, A.G. Tevzadze, S.M. Mahajan. Fast Outflow generation in Compact Objects’ Outer Layers
with degenerate relativistic electron-positron plasma. MINRAS (in preparation).
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Brandenburg, A., Kahniashvili, T., Mandal, S., Roper Pol, A., Tevzadze, A., Vachaspati, T., “The dynamo
effect in decaying helical turbulence”, Physical Review Fluids (submitted)

3960059535¢0 (861535 0560)
36099dBHob sbsbgangds 36mgd@do oo 3gMbimbagro
Ne 3936096900l otaoLs s 360x300b ©figgdeb ©> (02000MmgEol GHrenols
L9960 B0dsmrmEgdols ©200536000b fiezgbo 9000mgdom)
9000009000
1.15 2 3 4

3965353500 (3015350 fe0560) 33c93000 30MgJEHoL 2018 ierol gEs30l doM0MIEO MIMOOIWO O
36573030 99009900l Fglisbgd 301390 sbmEoz0s (oMo 965%g)

1.2.
6 s
QLEDRIEIL0 3O0I00 36m9dEHdo Bsdmyemo 396OLmbso
©bobgErgds d936096M9d0L 36099dBHob ©sfggdol s
Ne (02000MgrYEol GHrenols
QR0 o bodgEbogHm 5905360 900b fangdo 3 300)
000mMYIO00
30050900l J0MOMNJOOM 0
95260@MM0 390900
5e9dLsbmg mgzbsd
Lodgo®@do: HomrdmImdy, ©)gbobe®) 93 J
1 9309305 ©5 ©93306390000 2015-2018 (005659mbsfoary
399m3w0bgd900 O560Bs3008 IBGHOWIH,
FR/264/6-350/14 obo)

©3LOHMEGOMEO 330930000 3GM9JEHOL JOM0MIPO MIMOOMIO S 3M5dBH03Mwo FgYgdoL Tglobgd 36390
3bm 309 (JoHmman 9b5%y)
360m9dBHo doBbs 0LobogzEs ©OEALIFNVMZB0 Toabo@BMMo 39¢gdol Fglifogamols Lsdysmmdo. s3mEsbgdo
9035300696 Fs360@MM0 390l g9bgMsEosl s5EMIM Lsdys®Mmdo, 3sabodMEmo 390l g3mezosl Lbgswslbgs
303G 93mgdgddo, Jsm Mol BsHBMMO 9LZEGIOL EEOML, s 396536 gBHO3L, BMEILLE Lsdystm
FoOMMZEIOS  5OVIGHMEMs©. 58 50m36980L  58mloblbgws  dgbfagwomos  ©sdsabodgdmeo
ODOBIIBAHMBOL 93 YE0d SEOIWO badYsOMED EY3BIC ©RYIRY, OMEILIE JopbodHyco Zgwro
05033063905  25t0d@03we  dslidFGe0gdby. bobggbgdos, MMI  GHwMBIMWIbEBHMOOL dowgzs d60d369wmgsbo
3ogdBHmeos  300bIMbMo  FoaboGMmo 3900l 93MeEY300LLL,  MMIOL  sOFIMS  ToMEGHOZ0  5OBIGHMOIO
23985MMMYOOL LTS GIOM 56 SGMOL FoFoMMGOMWO. 2oTMMZEO0s BoaboGwmo 39wol Jgbry39do,
MH™IgdoE 90905 0bgwsEoolal 56 8my30069000 3356BvMH-JOMIM©OBsT0zMMo 56 gergdBHOMbMLEo Fsbweo
2393b3wolsl oBgbow Joabodw® 3gwl. 33 0bBYBdYOOL 30Hs30M0 MHOEL30MO FMPYEOMGIOL LT >EWIdO)
6s3mgbos  BHMOOMWIbG™MdOL  ggmemgool  sbowo  Gggodgdo.  bsBggbgdos,  HMI  sMsL30MIEIME
GO gbGHM™Mdsdo Iglodergdgwos ©s033060390MmEIL gbgegool dgdemnbgdro b3gJBHBOw MO Foo@sbs:
99839930, OHmdgmog B39MmgdMog 00330603905 L30MIWMH ©0b9d9dd0. bsB39bgd0s Bogbgdmagbgbol Mml




23

Lofiyobo 306HmdgdoL 360d3bgwmds: G0l 0¥ s GMMIMEgbGH™Mds Fsgabo@MMo mIoboMgdmwo b6 0w
5033063905 5M56010M3560 306MoEmds. B5h3969d05, MM Fgbsdergdgeros 0bgwsiool gdmdol bsbymdaogmdols

99335L905 L SOLGOMEO MGE0dEM Fogabo@Ew® 39w9dBY 330039000,

2. 8o HMLb939w0ol ghmzbero LsdgEboghm Bmbool 3MbE0m WIxkEbIBLYdMWwO
Lod936096MHM-33w930m0 36OHMgdBHgdo

2.1.
39600509535¢00 (861535 0560)
36M™9dGHoL obabgwgds
3936096900l aRRoLs o 36:00d¢0b @bl ©> 36mggdEdo oo 3gMbimbagro
Ne Lsdg36096MHMm 80O gdOl (0000MgrYEol GHrgnols
domomgdom, ©3003309000 fieogbo 3000mgdom)
360990l byoIbGHOBoIsEOM
30QO0
bEAOYIBIOJOOL BMOHToMYOs ©S
©0©-3s159Bsd0560 39emgd0ls
396965305 ysdmijzgreo dsgboBe- 6565 8907583040 - 36mgdHols
boobgHo 8800 Ls9dgbogMm bgewddwgsbgwo
LGHOMBOBOIYO 3Bl o 3595 B96190560 - 36mgdHol
boombggddo 3006O0bsEGHMO0
1 Lodgbgdobddyggere 5 30B0s®Hm3gl30 - 36mgIHoL
SoaBonaBaBo 19/12/2017 - 18/12/2020 o 600»2033 B Q?(?@)
1.3 go%bogzob dgEbogMgdgdo - (sbogmgebMs dg3bogto)
Lombg 506gd0Ls s 3esbdol 0653600 xmbsdg - 3OmgdEHob
30%B0gs d06H005©0 39OLMbsro
1.3 g30%030L 8933609690900 - (obagnadb®Es 93609©0)
LbEHOMbMA0s (SLEHOMBO0B03Y)
FR17_391

39059535000 (36535 He05b0) 3393000 3HMgdEol 2018 ol 9Es30l JoMH00SEO MIMOOMIO S
365gdBH03vo 89093900l dqlobgd 3039000 sbmEoE0s (JoHmma 965%Y)

36M99G0 89003905 3 oGO0 59 EsboLOsk, HMIgdBE 33¢930LsL Jomfigweros 898 ga0:

1. ©0@-359F200560 3gagdol / LEHMMIEIMJIOL FMMToMJdS BoaboEM-LoMbwMo 337d0m SLEHOMBOBOZMO
396090 gddo.:

1.1 g9bbm™E09wEs 359005690990 MgMGmOOL 53905 MJAYsHVIEX0 AMOASEYHO LEAMYIEHMMIOOL
13MHI0MGO0LIM30L ToaboEMm-LombrMo 83gd0m SLGHMMB0DOIMG 3esBIGdTo. obbmM30gws
50tbBsblbgdoL 53900 MgAMEsMHY0 / WMIsE0HYOMEo bGHMWIGMOIOIOL BMOGToMIOOLIMZ0L S
29539 gd0LsM30L 3esBdgddo.
1.2.959600005690¢00 09mM0o0ob 53905 M990 AOH0IM0 BEGOWJEMMYGOOL FMMIOMGdIOLIMZOL
05360EHMm-LombwGmo 339000 SLEHOHMBODBOIWO LoMbggddo. obbmeM 09w s
LEGHOMBODBO3NOHO ©0bJd0m TM[39WO MJAYSMHVIEO / M350 DIOWWOo bEHMMIEGH-Mgdobsmzol
59mbsbLBJIOL 539ds.
1.3. 653m3605 306H:MBgd0 M35¢0BYOMEo bGONMIEHMOIIOL BMOToMIBOL sTM360LIMZ0L.
296bmM 309w s BsB39bgdYEO ToRoEP0MYBOL 53905 BMOHI0MIOOLS S Po(3BJEGOOLOMZOL - 253ygbadsbo
LGHOMBODHBOIWO MdOYEJdT0.

0690000 0630070990 AM0QOMOOLs S Bowrgdol 83gdol B8m3zegbgdo IMsgow-3m03mbgbE0sb




24

35Hdgddo:

2.1 296bmME0gwEs 5650BMo JoEymdgdol gsbzomsmgds obgdom 3sdm{i3gweo aMogsmdols @
GO0 33900 dmzgwgbgdol dglsbfsgwrs 3635w —-Lombmgsb 3¢rsBagddo. obbmmaogws
05009953 0399600 30AMBJd0L 3563000650 F0LgdME0o F96EMEGdgdOL 5TMboblbgws.

2.2 9cbgMbos gob@magdsms LolGIol s3gds. dmbgMbs 5dmbsblibgdol 3mgbs
2.3 59bsoblibgdol Lodmabgws 899mTs3s FodsMEH0390¢0 J0aMIgdo. 3bbmEM 09w s Lshggbgdgwo
05395 0mgd0L 8myzs65 SLEHMMBOBOIMMO 30HMOJIOLIMZOL.

35Mb33E03mM 2069 MO0l s 5GHTMLGRINHMIGIOL FM635e-FolidEsd05b0 0bsT03s.
3.1 356bmM 309 35MLIWS30s 5GHIMLGBIMMIGIOL 3MMHMBIdOL FG535e0-TolidBHod0sbo s6g-gdol
2335 MHO 0Bs3030L s©fgMolamzol ImEawol dgdwydsgzgds M0 IMO 0BIBOL sSGLYIMBOLSL -
9BJo6gd0Ls s FoEbgagdols s3m396900L5m30L Bo3Mm3zbos 30MMBYBO.  IBbMOMEF0gE©s 5OLIEs30s
5GHIMLGIOMYOOL 3MOMBIBOL FH35¢-BolidEHod0sb0 50 ggdoL EMdsMHO 0653030l SOfgMs
3003500 0b7dOL 5OLYIMBOOLLL OLOBs30YIMO JB39dGHJOOLS s BbZsILBZs ToldESd0BO
LGOI HYOJOOL SbEMTsHEM 5OLYOMBOL QodM.

3.2 56bmME30gw@s glodsdolo dobEMEgdsms LolEBgdolb s3gds. FobbMM 30w sbdsMgdOLS o

29539 gd0L MOPO0IOHMW 3530060930 dmgargbgdols dgLfogas.

3.3 ©o0fym 459mm3egd0 35350 EH0390vo JoEymdgdol dqladdgdws©.  ©fYgdEos JoMmgobldgdOL
2943930L 5Obgdol gmGmIoMmgdOL Tgufogars.

2.2

Ne

LOMEYdYE0 (365350 F0560)
36M™9dGHoL obabgwgds

3936096900l aRRoLs o 36099dBHob ©sfggdol s
L9960 B0dsMmrmEgdol 5305360900l fengdo
3000mgdom, 30:m9dEol

15009bGH0B03530M 3O

36mgd@do oo 3gMbimbagro
(02000MgYEols BHrragnols
domOMGOOm)

2 3 4

QL GIMO 33093000 3OMgdEobL 2018 ferol gEHe3ol JoMOMSO MIJMMOMEI0 s 3MSJEH0IWLO
39092900L dqbobgd 30390 S6MEHSE0S (JoMmmen gbsbY)

3. 7bemo 4M6EHIO00 s80bIBLGdIMmOo Bsdgsbogmm 3Hmgd@gdo

3.1.

23500595350 3OMmgJGHo

Ne

25M0058535¢00 (IM535xfier0sb0o)

36M™9dGHoL sbabggds

9936096900l omyols s

L5393bogM™ JodsGroyegdols

JomomMgdom, 3OHr0gd@Eob

L50YBEH0G03S30M 3O,

059930656Lgdg0
660D305/ LdgEbogHM Bmbo,
d304°6>

36m9dEHdo Bsdmyemo 396OLmbso
(02000MmgYEols BHragnols
3000mgdom)

36099dBHob ©sfggdol s
5305360900l fengdo

2 3 4

39059535000 (36535 He0560) 3393000 3HMgdEol 2018 ol 9Es30l JoMH00SEO MIMOOIO S
365d3H03v9o 89093900l dqlobgd 3039000 sbmBoE0s (JoHmma 965%Y)




3.2. @@L gdmo 3OHmgddo

25

Ne

LEOMEYdYE0 (365350 F0560)
36MH™9dGHoL obabggds

9936096900l otyols s
L539bogM™ Jodsmrovyegdols
3000mgd0m, 36:0m9dEoL
150096G0%035300 3O,
059530656Lgdgo
O560D305/L539(3609MM Bmbo,
3309965

36099dBHob ©sfggdol s
©580536M3d0b {emgdo

36m9dEHdo Bsdmyemo 396OLmboo
(0000MgrYEol BHrenols
3000mgdom)

2

3

4

QILOWWYOMEO 3300930000 309dEHoL 2018 Farol 9Eoe3ol doMH0moO MIMMOMMO s 3MoJGH03WO

39092900L dqLabgd 30390 S6MEHSE0S (JoMmmen gbsbY)

4. 3930M0 30HMEYJ300L 459m3Egas LsgsMmzgwmdo

4.1. dmbmyMsgogdo/fogbgdo

dmbmyMogool/Fogbols
. Lomor®0, LogMMSAMGOLM | Fodm3gdol SPOWo,
Ne 933MM0/53BHMM9d0 bB@BHIO PO 25309350 3396900L Mom©Ibmds
ISBN
1 V.I. Berezhiani, Vortical Structures in Multi- 00930905
N.L. Shatashvili Component Fluids and
Plasmas
30390 5bMES300 (JoOmyen 9bsbyg)
4. 2. Lsbgeddm3z56gmgdo
bobgaddmgzebgarml
Lobgefimgds,
Ne 93GMO0/53BHMMJd0 L5g05TMOHOLM 66123(?}22; gga%?o 3396900l Mom@gbmds
LBobIOEGHMWO 3nEo

ISBN
1
2

303900 5bmBEs30s (JoMmam 965%Y)
4.3. 3090 9do
3M9dmob
Lobgfimegds,
Ne 93GMO0/53BHMMJd0 L59gM5TMOHOLM Bbitgigzl;ggi%?o’ 3396900l Mom@gbmds
UEoboMGHWwo 3nEo

ISBN
1
2




26

3| | | |

30390 5bmES309 (JoOrmyen 96s%g)

4.4. 53530900 OFOGHI MG 550EIBEHOB03EOM 3mEol (DOI) domomgdoom

LEOGO0L Lomo- OBl
w60, 259m39d0L
93¢ ™60/ 3Mgdv9cmols 24390 gdol
Ne QOYOGMOHO 5QA00,
334™M900 Q3bObggds o Gom©9bmds
bs0gbEHOB0ZsGOM 39000399 Mds
Bmdgo/@mdo
3mo DOI
1
2
3
36390 5bm@o30s (JoBrommaer 965%y)
4.5. b3sEogdo ISSN-ols Jomomgdom
JM@Bogool/
Ne 233™MM0o/ LEGHO0L Lyos- 36900l 2);8(0((?38(())1) 239M9d0b
_ 93%M9gd0 6o, ISSN 3Labggds s 3 %2) 6@ ;Y)bo 5m©9bMds
BmdgHo/BHmdo HoOMOGIT
1
2
3
30390 5bMES300 (JoOmen 965%g)
5. 893©MEO0 3OMEYI300L gsdmEgds MEbmgomdo
5.1. dmbmyMsgogdo/fogbgdo
dmbmyMogool/fogbols
. Lomor®0, LogMMSAMGOLM | Fodm3gdol YOO,
Ne 333 MO0/53BHMMm9d0 bEBBHO 30O 25303303 ds 3396900L Mom©Ibmds
ISBN
1
2
30390 5bMES300 (JoOmyen 9bsbyg)
5.2. bobgerddmgsbgermgdo
bobgeddemgebgarml
Lobgefimgds,
Ne 93GMO0/53BHMMJd0 L59gM5TMOHOLM 2)68(:33201) g @2%?0’ 3396900l Mom@gbmds
bBobsOEGHMWO 3nEo BIMEGIT
ISBN
1
2

303900 5bmBEs30s (oM 965%Y)




27

5.3. 3690 9do

36900l Lobgan-
. fm@9ds, bLogOMSdMmMOLM | A58m3900L 50O,
N 933MM0/53BHMM9d0 1B HIO M@0 35003390 3396900L Mom©Ibmds
ISBN
1
2
3
30390 5bmES309 (JoOmyen 96s%g)
5.4. LESEBH09dO
LEBHOG00L Lomsw®o, J9Obseoly/ 33 3980b
Ne 93¢ ™60/ QO0A0GIWOO 3M9gd9cmol $0On OO 24390 gd0l
334™M900 L50IbEHOR0IE0M | ILEbYEIGdS o 58(536 6@ ;nbo Gom©9bmds
300 DOI 56 ISSN |  bm3gMo/@mdo d S
1
2
3
303900 5bmBEs30s (oM 965%Y)
6. Lod93b0gMHM FmMHagdol IMBsmdsdo dmbsfioengmds
6.1. bsgsGonggermdo
dmabligbgdgano/ 30b BoBocmgdols
Ne PRI dmblighgdol Lsmsm®o BOOGOI0L PG00
dcdblgbgdengdo QOOM O 5QOHOLO
1 6565 sm5830¢vo0, ©06700L g9b9M0Mgdol / »bvg 39993L9 ymz9wherowmdo
5egbs6MY B®BagEo oBgo®gdob 89do60bd0 8336008 | LaggazmdrB™ 30689M96G0s
OQBZIOPI ZXOVIZLFM | qyumlyesy o5 LsdemBgdOlidgdyzgem
2LBHIMLGGOMYdTo 860960380
0d0obo, mbvy, 11-12.07.2018
http://conference.ens-
2018.tsu.ge/lecture/view/984

dmbligbgdob sbm@oios (LoFoMms 08 990mbggzsdo, mvg dmblighgds gmEmwdol doloegddo oM gsdmd3zgybgdwmws)

99003635H90Mwo0s  ©0bgdol  39bgMocmgdols  FgdoboBTo  gooa35MgOME  3oOLZZWZMS  5BHIMLBYOMYdTO,
OmEIbsE  9wgdBHOH™bgd0  3ooy35MHJIM0s @S 0mbgdo 30 Rsm3wowos  3wobogMmo®. bsdmzbos, ®mI
LobLEJFsdo 50U 3oGIBGHOMRBS - 5RO 5J3b LGB0 0bgdOL 3gbgMHoMgdsls Jogbo@m-LombmEmo ddgdol godm.
956doo, HMIguanbHgs 90y0wo 5J3b 3608369cM356 sBhJogdsls, 4oBolaBM3MmYds 4653035300l LOIWOYHOMS S
39000339Mgo0l  35M53gBHM0m.  358M33wgIos  Im3gdvyeo  dgdsbo®Bdol  asdmygbgds MgMEO XX JOOL
5BImbggOmbsmzol Qo Bs3mgzbos d9Lsdsdobo 35615993 gool ©0535BMbgdo ©obgdol
396965300L/5BJsMmgd0bsm3ol;  Bohgbgdos  bg-sxzgbm®o  ©obgdol  gabgMogool  dglisdangdermds:  sbglg
50dmBgboos ©0bgdol sBdoMgdols s Bsgbo@nMo 39wol godwogmgdol gMmEOMMEo IglodEgdMdS




28

13930800 LELSDBWIOM  30MHMBIOOLIMZOL;  DBMA0gMHo Fgdmbggzgddo BmbMMHo ObYds Tgbsdwgdgaeros
oBdorogl 100-%96M @ 9B, ML 803435600 BHEMobB0gbEwwo x9@9d0l 3m®mI0Mgds8wy, 35306 Gmgbog
052600 390l 25909 gds bo3ngds© 933900605, dmEgde BodMMddo B39 2563530 3gm [1,2] LGl
3393900 s, LobGgds@meo Mosbgomo 9d39m0dgbGgdol Lsdsswmgdom 3s63969m, MMT  gosy35MgdOL
989JG900  360836g9am3zsb0s  B3goB0MGmO  Jsbol  35MLZ3Es3ms 9336030  SGHTIMLRIOMIIOL/Focg  TMOL
©0b653030L5030L, 356L53MMGd00 Fomdo LEHMWIEHHJdOL BMMIoMYdOL IMZEgbgdolomzol - B3gb 35B396qm,
600 300335JBHO0 Mmd0gdBHJool g3marwyool dglfogarolsl obgdol gi39dEgdol 0abmMomgds o6 Fgodargds,
0obo3 35000  395@LGHOMABMWo  3gbgP0oMgds  BYPIZ0MMB  sberml  Ggbsdergdgwros  0dmBbogls
2968L5BOZMIWO 35M3ZW3005 O BoMO HEIMBRYMMGdOL F90EAMTO 93w 300BMZOL.

@o@gMsdm®s [1] V. L. Berezhiani, N. L. Shatashvili, S. M. Mahajan, Phys. Plasmas 22, 022902 (2015).

[2] N. 1. Shatashvili, S. M. Mahajan, V. I. Berezhiani, Astrophys. Space Sci. 361, 70 (2016).

9mdbligbgdgero/ 3oL BsBscmgdol
Ne HaaaCUCANS dcmblbgbgdol Lomswy®o BOOGAS P00
dmdbligbgdargdo QOOM O 5OHOWO
2 99009356 3MGHMG 3300 3906690 mwo ©obsdml by 399943L9 ym3z9heomeo
99do60Bdo 3835gdBH Mo LEHM©9IBEHMO0 3bggH9bE0s

™d0gJHIOOL 3>R3IMIOIE DML s LodbgdoLIdgEY3gE ™
99JOOMbA@-0mbr® go6g-

093609690903
36980 J3P0JMJOJooo

d0@obo, mbvy, 11-12.07.2018
http://conference.sens-
2018.tsu.ge/page/program/50

dmblgbgdolL sbm@sios (Logo®mms 00 dgdmbggzsdo, mvwy dmblighgds m®m«ydol Jsbloergddo 56 §sdmd39ybgdmens)

B596mdd0 obboEreos Bsgbo@m-LombrMmo ddol EOHML MOLOMbMZSE (o350 JOMWO JEgEHMMBIdOL s
3sbogMMo 0mbxdoL) 3esBdodo Jbzowr-FoldEsd0sbo Lobdsolbs s Bsgbo@m®mo 39agdols
396965305/58gd50gd0l Fglifogzwms 8936 MBIdMEo obsdmlb dgdsbobdom. sdolbmzgol Bzgb hoglighgo dgbsdsdolo
06530100 356G MEgdgd0 [3bEHob T9bobgzs, 603009 gd0L Tgbsbgs, 033mbols Tgbsbgs, dymdstrgmdols
23963 M@gds. BMbME 3MIsMgMdI© gobgobowmgom dgwE®M80-8gMboeol fmbolifim®wmo dymdsmgmdgdo
060 LOMbOLLMZOL Y5350 JOME0 JegdBHOMBIBOm. gl FM356s 2o630b0EIgm 3MT35dEHWIMHO MBdOYJBHOL oMY
d6oLmMZ30L (GO XX oL 5GIMLRIOMLIMZOL), 530M35¢oLHObIM JeSLOZNMO MHIF0E 309, M
23595OHMEGOM0s MIDMO XX 39033w030L 9dmbgzg35d0. 0dob 450Mm, BHMT 3035JGHIMO MdOYIEOLIMZOL
09MbMobs s YW GHMSTOL 30MHMBYDO 2oBlHZ930Gds JeslinzyMo FgBmb3930LsYb LHimMgw oo
10333600300 IMEOBOGOMIOMEO (35053350 JOY0) 9839dGWYMO oboL oM gergdEMMbrymo Lombolomgol
2930035¢0bf0obgom bLod3ZMO0Z30L sMOGMHMY3MM3BAVs. B3RO B3gBHOWO FobBEHmemgdgdo Fgd6wbgdmwo
065330l s ¥gMbmEol 30MMdT0 2530M35woliffobgom gos35Mgool 9i39dB9d0. 5290w dmEIErol
09339Md00 9g30L3wgm 30335JBHIM0 MB0YJHIOOL oMy FMg0 / 5BHIMbBgO™MIo LoBJsMols s Bogabo@meo

39900l 3969Mm0MYd/ 25307 gds. LsBMTIZEME 339385300 GO0 M3 OL s J0VYOO TJEIAJOOL
390056905L H@bsLHmOHM o s65¢oBol 890098900056.

Ne 9madblybgdgo/ BesblsgBigdob LsorsryHo R3O0l Rs@omgdol
dcdblgbgdengdo QOOM O 5QOHOWO
3 60bm 935%5d30¢0 3906 mbgdmemo ©obsdm by 399943L9 ymzgeheom®o
3m335gGHO0 md0gIHgdol BEHM©96EHIO0 3mbggegb30s
30330 J@IIOOMDIL- | demlys) o5 LsdBgBOLAYEYZ




29

3mbo@OH™boe 4otg dMgdo 0936096 9d9dd0
0d0wobo, ®byy, 11-12.07.2018
http://conference.sens-

2018.tsu.ge/page/program/50
dmbligbgdob sbm@sEos (LoFoMms 08 89dmbzgzsdo, mvy Imblighgds gmEmwdol dobogddo oM gsdmdzgybgdwmwns)
0Y) 250053350909  y30e-0mb6H  ©sdbEMe Lombgdo 935d3L  goblbgoggds Mool TobolosmgdOo:
09500mo Fobom 56 IMbEHOm, sbigo dgdmbggz5d0 990dEgds AsBbbgb dMsgsen FolidEsdosbo bEMmvdEmMgdo,
GmIgbsi 36309000 SBEHOHMBOBOZMNE 306MmdJdT0; e-p Lombgdo FoEIR35MJOOL sdm Asbgbowr 989dGHME
0sbol, Fgderos 1306 Lo FoboEML MBOHM OO 306 bEHBIOGHME Tgdmbgzg3qddo, TobdGHsdMS
2396391393900  Md0dygdl Lombgl MBggmm  LEMMIGHMOIOOL BMOIoMmYdOL3INE ©s 0dwgzs by
239Mdabol  sbogy  Lodwoegdsl. Bsdmmddo dgzolffogwrom  sbgmo  LEGHOWIEHMMGOOL 03O M-TolidEedwIHO
39 g00L 9696006 53O M-T5LIEHOMMO 3ggdol 969209050 A5MJdbsls 9gdMHMBdmwo obsdmmo s
239099390M900L  9839JBHJO0L  Jomzsolffobgdom. BofigMowos  sd[gmo  2obEHMmgdgdo  gobbmyswmgdeo
$93609000. 6580mddo 35839690, HMB, MMAMGOE Jxoliog® 9gdmbgqz590, 0lg 53 3505335090 [y30-0mbme
Loombgdo, 9sabo@Mo s LoBJool 39wgdol 2969MG0Mgds JOHMOHMM®WI© bEgds ©s F93o839L9dm 0¥
2390593356M900L s Foabo@m-bombmGmo 33gdom As8mf3gMeEr ©sToGHIOME §930MgdL Mo Hmo gdbgdsm sbgmo
053600-0513350)MH0 39¢g00L 4563000560 9d500.

Ne 9madblgbgdgo/ BesblsgBigdob LsorsryHo RG99l Rs@Bomgdol
dmdbligbgdargdo QOOM O 5OHOLO
4 056050 J530056539 05260@ M0 otyg19d0L mbvg 39993L9 ym3z9eherowndo
393bIX B/ BGHIoO DS LEHMIEGHMOO 3bRIM6E0s
dbob 5GHIMLGBgH@To boffoermdmog Pl s LsdeBydolBgdyzgem
00b60BoMIOWMWO 5000l BaB0gGdgdd0

0L a35m35¢oLHobd
000000 Bo03@OLGOBIL0D | 6, oo, 11-12.07.2018

http://conference.sens-

2018.tsu.ge/page/program/50
dmblgbgdol sbm@sEos (Logo®mms 08 dgdmbggzsdo, mvg dmbligbgds Bm@mydol Jolioergddo o6 sdmd39ybgdwmwns)

B59OMmTTo  gobbormos dBol Bopabo@Mo  Fsygw)gdol  BmEMmBoMmYd/H3bgEgdol  sdmEsbs  bafocrmdmog
00mboBgdmwo  ©obgdgdol  asdmygbgdom.  webwrglo 33060390900l  dom3zswobfiobgdom  dmgedo
05039005 OO MMmEIbmMdOm  BgoGHMmogdol  oMLgdmds  (50M0  LLES®E  0MmboBgdMos).  sbY3g
dmgzsbgmbgm O 0MmboBYdMEo LoGsEool FgEaMgds bofiomdmog 0mbobgdMEmsb, S@Imlggdwwwo
LAHOMIGHOJOOL  BMOI0MYPI/Fo3bgEgdOL  MZoLIBOHOLom.  bsBgzgbgdos  TospboByo  Fotymzgdol
3mOIoMgOoL/o3bgwgdol  Jsboliosmgdgwo  35M59x@HMJBOL  ©TM3I0EIOWYDds  5TBO3MWMO  ORMBoOL
3905093HMDY. 3oblogzmm®mgdom s5©LB0TBZ0s, MMA 3bgwo FmbslfimGmwmmwo Boabo@Mo obymgol gmmIoMgdol
O J30600905 LYbEs 0mbobgdwo bo@wysEogdobsmgzol.

dmabligbgdgano/ 30b BoBocmgdols
Ne PRI dmblighgdol Lsmsm®o BOOGOI0L PG00
dcdblgbgdengdo QOOM O 5QOHOLO
5 30030 99d39¢mosbo fobabfioawo Bsgghowo by 99993b9 ymzgficon®o

LAHOYIGNOIOOL BoOIoOIBs BE¥Y©96EHYIO0 3mbgg@gb30s

8Bob 5 00liggHmdo bofjomdO0Z| qmlys s bsdeBgdOLAYEHYZYE™
0mbobBomgdMmo s0MHob 9936096989530

B0 25035¢rolobad
9893H9BOL Bomgoerolifobgdoo @doeolio, bz, 11-12.07.2018

http://conference.sens-

2018.tsu.ge/page/program/50
dmbligbgdolb sbm@sEos (LoFoMms 08 d9dmbzgzsdo, mvy Imblighgds gmEmwdol dobogddo oM gsdmdzgybgdwmwns)




30

dBob 5330603909035 33083965 MM FBOL 5GHIMLBIOM ObITOMG0S s Tl QooRbos BoGoxo LGMIEHMOs. dbol
3GHIMbygmmdo  3bggdom  MedMmsg  LLobEHIMLM,  oblbgsgzgdo  TdFHBOL  LEOMWIEHWEOOL  dJmby
§0bsbfmGmen/335B0 Fmbsbfm®me mdogd@l, Gmdwmgdos 3odmfggmmbo 506 dbgbg 80dobstyg 3Gm3Eglgdol
399m. B396 gLFogermdm s©bodbme bEWOJBHWOHIOL. oy bowos, GMI LwbGs 0mboboMdwMEw soMol
©0b69093L,  OHMImgdoz  IBYMHowos IBob  bgsdomby, FgMdwosc  89ddbsbh  3mOMbBsdo  s®LYdIMo
LEHOWIHMYOJB0. sOLYOIMO MYMMHOJOOL  IMI3wgbemdol dobggzom 53 LEHWIGHWOIIOL  FobgEgdsls
R3MI0MG0530 3005356 MMl 00O 3mol gi39JGHO O OLO3sE0wIMO 936900, Lo, bs3wgds gboFgdms
96033690mds bofomdmog 0mbobomgdmwo s06MHdo sOLYdWME 53303MmEsMWo OB HBooL 9BgIGL. 0mdEe
gpbrmgbo 9dudgHodPBAHYwo ©s330H30980 ©s 33390l 8900 bdBIIZIWL 33903l ©a3aL33bs,
™I 53303MmWsMHMo oRYYHBool 9i39dEo 960836gmmgsbos 98 smEsbol Fobbogrgolsls s Bzgbo Bsd®M@Aol
000035600 00Bsbog LimMgo 3ol Bgzgbgdss. sbggg B30l 890092908  390Mgd  dggen  JoymIgdls
9Ju39m0096G M Fggagdl.  Hobobfe@mds  33ag3gdds  oB39bs,  OHMI  s3BO3MEGIEO OB HBoOL
239035¢0bfobgdom 0BMHEIds Fmbaolifm®mnmo LEHMMIEGMMYIOOL BobdEHedms FMZ35¢RgMM3bgds s B0WIdINO
09O G909AJ00 BOM M75¢obEBWOL beol dsgbo@m-LombrMmo 3dgdol dmogwl.

Ne 9cdbligbgdgaro/ BeablsgbigBols 1sosygGo 3mOMIoL Bo@oMgdol
Jdmdbligbgdargdo QOOM O 5OHOLO
6 »gmbs ymEomody ©a853b0G OO by 8993369 ymzgelicon®o
360BOGOM3Yo LEAHMIOGHMIO0 3M6BIMIBE0S
LGHOMBODBOINOHO Jogdols Db s bsdrBgdolidgdyggeem
0653035 ©0oLO35300m 83609690880
0d0obo, mbvy, 11-12.07.2018
http://conference.sens-
2018.tsu.ge/page/program/50

dmblgbgdol sbm@sios (Logo®mms 00 dgdmbggzsdo, mvwy dmbligbgds m®m«ydol Jsboergddo o6 §sdmd39ybgdmens)

396boMmos Aobdmgdmwo ©sdsxabo@gdmo sboBmEGHMHMINo SEBHOMBODBO3MOHO ©0bJdIdOL M30LYdIdO
bBHSE0MbsIHO SLGHOMB0DBOIMNMO Jogdol Tgdmbggzsdo, OGMEILsEg FocMgdm gobogol By @oLO3sEosl.
6583969005  3000MHM©O653039M0, 60BN MMToQ0  5QOVBIGOLS s dMFoBLIOL  OoLO3szoM@mo
052603H™300MM©0bs5303MH0  dmEgwol  59mbsblibgdo. bsbg969800 58mMbsblBYdOL  3wsligdo, Lowsg JoMol
393039wgdol 03O gdom s60BMEHMM300L 35M53gBHMm0 9903w gds 0HBMmPIdIMPIL, 96 I30MPYdIMEL.
653969005 ©@OLO3s300L  493¢wabs  BOBMEHGMI00L  3oMIBHMDY. Bobggbgdo  98mMbsbLEYdO  Foazomomgdgb
239B5MMNMYOS00 ©35a60FJOMo ©0bgdgdoL GMIgewo dmEIwgdo 9godEgds sMLYdMIPBIE LESEFOMbomE
69590090  §goOmmEsb oo  dsbdowol  sdmGmgdom, Lsol oLobo 033060390056  SLGHMMBOBOIMG
™309JAHgddo. boB39bgd0s 3565893 MgooL  0bGHIMZowgd0o, Lool 9bobBMEGH®M300L  35M8gBHMo  890dwrgds
0bMHIdMEIL, o3 250Mmof393L  WMZIWMMHO  5MSAPAMIEMBIOOL  gobz0mMeMGdL s  JoMol  LadmEMm™
©OL035305L.

6. 2. vsbmgomdo

9mdbligbgdgero/ 6x990L Bo@omgdol
Ne CORIPIPICO dmbligbgdol Lomswy®o BOOYIOD G000
dcdblgbgdengdo QOOM O 5QOHOWO
6565 Bocsdz0emo - invited Large-Scale Flow and Structure Joint ICTP-IAEA College on
speaker Formation in Stellar Atmospheres — Plasma Physics
1 I 29 October — 9 November 2018
http://indico.ictp.it/event/8335/oth




31

er-view?view=ictptimetable
dmbligbgdob sbm@sios (LoFoMms 08 990mbggzsdo, mvg dmblighgds gmEmwdol doloegddo oM gsdmd3zgybgdwmws)

Outline: Dynamic Multi-scale Solar Atmosphere; Corona - observations and inferences. Heating of the Solar Corona;

Simultaneous Formation and primary heating of the coronal structure; Beltrami-Bernoulli (BB) States — Magneto-
Fluid Coupling - Solar Atmosphere; Acceleration / Generation of flows - incompressible plasma case —
Catastrophe, Reverse Dynamo; Acceleration / Generation of flows - compressible Solar plasma case.

Results: The structures which comprise the solar corona can be created by particle (plasma) flows observed near the
Sun’s surface. The primary heating of these structures is caused by the viscous dissipation of the flow kinetic energy.
It is during trapping and accumulation in closed field regions, that the relatively cold and fast flows thermalize (due to
the dissipation of the short scale flow energy) leading to a bright and hot coronal structure. The formation and
primary heating of a closed coronal structure (loop at the end) are simultaneous. The heating caused by the dissipation
of flow energy may, in addition, be augmented by one or several modes of secondary heating. In our model, the
’secondary heating” may occur to simply sustain (against, say, radiation losses) the hot bright loop. The emerging
scenario, then, is not the filling of some hypothetical virtual loop with hot gas. The loop, in fact, is created by the
interaction of the flow and the ambient field; its formation and heating are simultaneous & ”loop” has no ontological

priority to the flow.

Ne 9cdbligbgdgaro/ BeablsgbigBols Lsos:gGo 3mOHMIoL Bo@oMgdol
dmdbligbgdargdo QOOM O 5OHOLO
Joint ICTP-IAEA College on Plasma
Large-Scale Flow and Structure Physics
2 | B5B5 smsdgoeo - invited speaker | Formation in Stellar Atmospheres —| 29 October — 9 November 2018
II http://indico.ictp.it/event/8335/othe
r-view?view=ictptimetable
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Outline: Compact Astrophysical Objects; New class of Beltrami Bernoulli Equlibria sustained by Electron Degeneracy

Pressure; Stellar Atmospheres with Degenerate Electrons & Positrons & Ion Fractions; Quadruple Beltrami System —
formation of Macro Scale; Triple Beltrami System — formation of Meso Scale; Scale Hierarchy; Illustrative Examples -
White Dwarfs — large-scale flows, solitons, self-guiding.
Results: We showed that: The stable self-trapped solitary 2D structures exist for the arbitrary level of degeneracy.
We have found the critical power for the self-guided propagation. The results of the given study can be applied to
understand:

- the radiation properties of astrophysical gamma-ray sources

- as well as may be useful to design the future laboratory experiments.
The results can be useful to understand the dynamics of x-ray pulses emanating from the compact astrophysical
objects as well as to study the nonlinear interactions of intense laser pulses and dense degenerate plasmas that are

relevant for the next-generation intense laser—solid density plasma experiments.

Ne 9madblybgdgo/ BesblsgBigdob LsorsryHo RO dol Bo@omgdols
Jdmdbligbgdargdo QOOM O SO0
Large Scale Structure Formation in |Joint ICTP-IAEA College on Plasma
06530 }¥mbsdg - contributed Pulsar Degenerate Relativistic Outer Physics
3 talk Layer 29 October — 9 November 2018
http://indico.ictp.it/event/8335/othe
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The relativistic generalized vorticity tensor is constructed for the outer layer of the compact objects.

The possibility of the existence of the double Beltrami-Bernoulli (BB) relaxed states/structures is explored for
the pulsar’s degenerate relativistic outer layer close to the surface.

Theoretical formalism is based on the degenerate relativistic fluid equations taking into account the
gravitational effects — the metric tensor is that of the Schwarzschild.

The BB equilibrium is defined by two relativistic Beltrami conditions for degenerate electron and positron
fluids; as a result Triple Beltrami states are obtained.

For finding the illustrative numerical solutions of large scale flows and magnetic fields the derived equations
are written in spherical coordinates and are expanded using spherical harmonic functions.

Preliminary estimations for large-scale flow formation in the pulsar outer layer close to the surface are

performed.

It is expected that the generated flows in compact object atmosphere will contribute to the matter and the energy of

the large scale jet; then, discovered effect can play an important role in the model of relativistic disk-jet structure

formation around the compact objects like AGN and Pulsar. Constructed model can be applied for the exploration of

observational features of relativistic jets.
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States to Perform Measurements of Excitation Function for e-O2, O* - N2 and K* - H2 Collision Systems”.

The objective of this research is twofold: First, we study and perform precise measurements of
excitation function for the e-0, colliding system and find the optimal conditions for production of
an intensive beam of O* ions in the metastable states O*(?P) and O*(?D). Second, under the finding
condition we are using the intensive beam O* ions in the metastable states O*(?P) and O*(?D) we
study the excitation function for the O*-N, colliding system.
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0bLEoEGMGOL bgdobsmol XXXII
L5GOMSTINOOLM PIRIONMYDIO
LbbMmdgdo
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VIAM TSU,
http://www.viam.science.tsu.ge/enla
rged/2018/
dmbligbgdol sbm@soios (LoFoMms 08 990mbggzsdo, mvg dmblighgds gmEmwdol doloegddo oM gsdmd3zgybgdwmws)
Ne 8madblgbgdgeo/ BeblsgBgdoblssmsGO ROIoLBGHIMYOOL
dcmdblgbgdengdo QOOHMPOOSOYOWO
2 b. BoroB00s, m.boedognsdy Lodo@mzgaml 3gdsbogmbions 2018 ol 11-13 mg@mddgho,
39380000 IX gmggerfieor®o Jr1m50b0, LagsGMzgEm

LogPmsdm®obm 3mbxgmgbios,
https://www.atsu.edu.ge/index.php/

announces/581-sagartvelos-
meqanikosta-kavshiris-ix-

saertashoriso-konferencia

dmblgbgdol sbm@sios (Logo®mms 08 dgdmbggzsdo, mvy Imbligbgds BmMYIoL JoboErgddo o6 §sdmg39ybgdmens)

Ne 9cdbligbgdgeno/ BeabliggBoblbsors®o 5mOHMIoLBE MO0l
dmdbligbgdargdo OOMPOOISOYOWO
3 b. BotroB00, m.bsMdorsdy Lodo®mmggeml domgdo@ozmbos domvydo, 3-7 LgdBHyddgeo
3930060l
IX ymggerfjerogmo

L59OMSINOHOLM 36539096309,
http://www.gmu.ge/Batumi2017/ind
ex_Geo.html

dmbligbgdob sbm@sios (LoFoMms 08 990mbggzsdo, mvg dmblighgds gmEmwdol doloegddo oM gsdmd3zgybgdwmws)

6. 2.3bmgmdo

Ne 8madblgbgdgeo/ BeblsgBgBoblssmsGO ROIoLBGHIMYOOL
dmdbligbgdargdo OOMPOOISOYOWO
1 b. Bo0B0s, m.bsG8osdy, European Planetary Science 16-21 September 2018
- BoddsOEM, Congress V. 12, 2018; Berlin , Germany
Q. 339M53bge05, b.

https://meetingorganizer.copernicus

535b03300,
X8 go% .org/EPSC2018/EPSC2018-4.pdf

J. am0osdgoo.

dmbligbgdol sbm@sEos (LoFoMms 08 990mbggzsdo, vy dmblighgds GmEmwdol Bolioergddo o6 godmd3zgybgdmws)

dmabligbgdgwo/ 3oLRGMYdOL
Ne ERRCACACA dmbligbgdoblomsr@o BOOGIOBHG0900
dmdblgbgdengdo ©OMOOSOYOO
2 b. Botr0B00, m.bsMdosdy Proceedings of The IIER II-APMCANES-13118-13280
Conferences - International Nagoya, Japan , 8th - 9th

Conference on Applied Physics and October. 2018. Conference of
Mathematics (ICAPM) 495th ICAPM -2018

dmbligbgdol sbm@sEos (LoFoMms 08 990mbggzsdo, mvg dmblighgds GmEmwdol Bolioergddo o6 godmd3zgybgdmws)

dmabligbgdgemo/ 990LbsE MO0l
Ne PIEIRIPICO 9mbligbgdoblsmoy®o BOOGIOIRGO900
dmdblgbgdengdo QOOHMPOOISOYOWO

3 Kharshiladze O.A., Rogava J. J. Astrophysics and Aerospace Proc. of 4th Intern. Conf. on
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Belashov V.Yu. Technology, 2018. V. 6. P. 38. Astrophysics and Particle Physics,
Dec. 3-5, 2018, Chi , USA
https://astrophysics.conferenceseries ec. 35, 2018, Chicago, US
.com/#homeCarousel
dmbligbgdol sbm@sEos (LoFoMms 08 990mbgzgzsdo, mvg dmblighgds GmEmwdol Bolioergddo o6 godmd3zgybgdmws)
0madblgbgdgeo/ H130LRE MO0
Ne PR IIPIT0 dmbligbgdoblomsrMo BOOGIOBG0900
dmdblgbgdargdo OOMPOOISOYOWO
4 Kharshiladze O.A. J. Astrophysics and Aerospace Proc. of 4th Intern. Conf. on
Belashov V.V Technology, 2018. V. 6. P. 50. Astrophysics and Particle Physics,
crashov . TH- Dec. 3-5, 2018,
https://astrophysics.conferenceseries
.com/#homeCarousel Chicago, USA.
dmbligbgdob sbm@sios (LoFoMms 08 990mbggzsdo, mvg dmblighgds gmEmwdol doloegddo o gsdmdzgybgdwmws)
8madblgbgdgeo/ 6H990LBSGHIMGOOL
Ne P0G 9mblgbgdol Lomsmeo BOOGIOIRGO900
dmdblgbgdengdo QOOHMPOOSOYOWO
5 b. Bo®rgobos, m.bs®dogrsdy, g. | https://meetingorganizer.copernicus 9363 3eobg@otrme
B0oddOEOM, ©. 335M3HbYE0s, b. .org/EPSC2018/EPSC2018-4.pdf | 893b0gMgdsms 3mbycglo ¢. 12,
X935b603300, 4. amdosdgzoro. 2018; 16-22 bygdHoddgMo,
096 obo, q9Mdsbos, 2018
dmbligbgdol sbm@sEos (LoFoMms 08 dg0mbggzsdo, mvg dmblighgds BmEwdol dsboergddo o6 odmdzgybgdmens)
dmadblgbgdgeo/ 6x990LBSE MO0l
Ne ERRCACACA dmblgbgdoblsmsmmo BOOYIOURIOOH00
dmdblgbgdengdo QOOHMPOOSOYOWO
6 Kharshiladze O.A. Interaction of the Proc. of 4th Intern. Conf. on
Belashov V. Yu. multl'dlmensmn‘al NLS solitons A'strophysu:s and Partlc.Ie
in non-uniform and Physics, Dec. 3-5, 2018, Chicago,
Rogava ] nonstationary medium: USA.
J. Astrophysics and Aerospace
Technology, 2018. V. 6. P. 38.

dmbligbgdolb sbm@sEos (LoFoMms 08 d9dmbggzsdo, mvy dmblighgds gmmwdol doborgddo oM gsdmdzgybgdmwns)
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56290030l gm®ds Ne 2

2018 Fgeols 9Ggmero bsdgbogMm-33eg3000 lsgdosbmdols sbastodo

350 gL0 L5g9635Bs0gdEm sfigligdryegdols Eslsbggds:

03. X 535603830000l LobgEMdOL MdOEIOLOL bsbgwdfoxzm Mbogzgdlo@gdo,

L59g3BogMHm 56 Lslifogum gHogmerols Eslisbgegds
BALE ©d LYdBYdOLTYGYZg™ Bg3b0gHJOMS Bo3NWAHIHO, JYIIBGHIOEO

Bofos3900L 30B030L Lobfogerm sdg3bogMm HdMMSEGHMEMOs

L59g3BogMHm 56 Lslifagurm gHhomgmeols 3gmlimbagrmo 898509bwmds bgerddmgsbgerols

3000m900m

09960 193H5dg- IOMOIGHMEOOO0L dody9

1. b53g360gEMHM 56 LELFsZ3EM 9OHPGMEPOL B0 GOHNMIO35 T YdMEO

Lo393b0gHM-330 930000 3OHM9JEgd0

1.1.

3960050535¢00 (31535 en0sbo)
36M9JGHob obobgwmgds

369dEHdo Badoyemo 396OLmbowo

Ne 9936096900l otyols s 3@(:32201; %’52?)8%601);55 (02000MmgvgE0ol Geagrols
L9 36096MHMm B0dsMr0EgdOl ® 39 <9 30000 O0m)
9000mM700m
1 2 3 4
1.36m9d&ob bgeddwgsbgeo -
099600 1093BsdY, MgdsBHo3ol
396B 935 @5 990093900L 5b5¢0Bo;
0505 9bgMa0mw wC, mn,mp
2.¢0.6bs0dg-94u39M0dgbEGHwwo
AiA:- 5% obgdgdd0
9b5(399900L 5349853905 S
31997 GH0MM0 30m39LgOOL S
+ 365¢00b0;
n-09%mbgdol
3.00.5bMd5d9-3OMYM0MJS ©
IM5z9mbsfograzmgsbo
06830mM3s300L Jomgds;
3D00ME SO0 JNOHYES30900L 2018-2021
Agbsaes 4. .boObgEs®H0-06x3MmO 5300
P23 900905, 59853905 S
0936096903, 3oHo3s (6-200)
™O960Bs30o by30mbydO;
5GHMIBOMMZ0L S

99996 oMo Bafowszgdol
3003d).

5.00.%™M0539-0mbs3999d0L
3boobo;

6.¢0.509Lo 53300 0-
99b3960396@ o dmbsizgdgdol

50 853909.
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390 00350535¢m0 (36335¢fe0s60) 33emgzomo 3MmgBol 2018 fierols gEs3ol doMOmSEO MGMMOEo ©s
30533039900 890093900 Bglisbgd 3B 390 sbmESE0s (JoMorva 9bsBy)

11> 9omoew 9bgMa09dbg ddodg ombgdols oxsbgdgddo dMog5ebofoszmazsbo  3mEMgwsi309d0l
d9LPogeololl sTBYMOWO 3MgdBHoMO FsdmEobgdol 9n9dBo (339) 90IMBBEs 2sbLY3MMMGd0m
936MdbMd0sMY dBOOMIMo BoBgMools 8amdsmgmdol 4sb@mwmgdol (83dy, EOS) (H. Stocker et al.,
Nucl.Phys 1992, v.538, p.53) 00856m, O®Iol EmEbsg 00wg3s 068m®s3osl  IMs35¢00
LGHOMB0BOIMMO  dmzwgbols s  9@MIMo  Bsdgsmmb  g3meE)300L  dglobgd.  dodsMEo
399006905 Mg5d300l LodGMEYJo, 29630MMdJOME0s IXIBYOOLL Ho®dmgdbowo dsmswo (iBggom
(H. Stocker et al., Phys. Rev. Lett 1980, v.44, p.725), bowwm geoglwyy®o 4s9m@obgds — dosmo
3909xMO30L  3bgro  Bmbosd  Fo@ghool  49dmEobgdom  Mgojgool  LodGEYoLsdo
396396003woMmo dods@mmmadoo (H. Stocker et al., Phys.Rev.C 1982, v.25, p.1873). 339-oL
I9UHogze0olsly oRIMIB(305¢ MO 45mE0bgdOL SbsE0bBo (Ys) MMgMIMwo dmpgwoom (B. A. Li, C. M.
Ko and G. Q. Li, Phys. Rev. C 1996, v.55 p.844) 6H9as@030L@«6Mo 30Omm3-000Hm3meo 095d30go0lb
09M60900L  99dmjdgool MBOM  3ge®  Boxgdzgel 0dwrggzs. 9emo s 00539 G030l  gmesE
656053900 FmE0l IM935¢b5{0e 303560 5H0TWEIMEMmO 300609530900 (353) glfogerom Joowgds
0683m6M35:305 O0gOHNJIgId0ol 3OHMEgLOL FobEomMsMYdsbY MMLs s LogMigdo (H. A Gustafsson
et al., Z. Phys. 1985, v.321A, p.389; H. R. Schmidt et al., Nucl. Phys. 1992, A544, p.449; T. C. Awes et al,,
Phys. Lett. 1996, B381, p.29). 3393-0L ©sHmLEHgdol dobbom 3Jag gobLogmmegdom Lsob@ghglms
2393Lgwol  9bgtaool (Ex ~ 4 993/6w3w) sbwmdgdstrg s69do, ULooz bBsbsbos gwoxglmeo
39906900l 60dbol Tg33ws. 999bs, oLvggdo bgds 98 9bgMyogdol Mgaombdo B3z9gbl dogM
900900 3390l 9993900l 5JGHwYoEmds. oo 9byMy0gdHg ddodg 0mbgdols gdudgmodgb@gdol
00053500 d0Bsbo doMMZMwo FoBYHooL M30L9d9d0L 2odm33¢g30LSL sHOL dOoMMIMEo Fo@ Mool
00035 gMmdOL gobBHMmegdol (39dy) ©oIbs, BoBMMO goalgarol (3356GMMO JOMIM©Obsdogs,
3J©) ©580gdLoMYds s 3350M3-3EMbMOO 3esHBAol (3a3) - 6030009MYdOL sbswo FEYMIsMYMdOL
0©963H0B035:309.
99b3960896E Mo Fsbogs JoPYdIMO BOETMOO ©YGHIJHMOGOOL BsdsEgdom, ITDIMOWO 47
39039 3H®0osdo (SKM-200—GIBS dsabo@né L3gd@d®mmdg@mgdo — Mg-Mg (14000, 4.5 Agga/c), C-Cu
(1203, 4.3 Agqg/c)), PBC-500 36>m3560L m®3gE®osbo d9d@mgebo 309965 — (p, d, He, C)-(C. Ta)) 4
19060l dB0MMZO 3303900l A59MM055gdME0 0BLEBHOEEHOL Fowowo 9BgMA0JOOL SBdMMHEMEMO0Y
5 J. 30m@30b6m8o, Joowo gbgeyoqdol 3oHozol obbEBodwdo (n°C- 8671, np-12765 s nn-3986
40 a93/c) . gl 8mbs39dgd0 WILSE SJGHOIMO® J9dM0Ynbgds Abmgeoml Lbgsslbgs bsdgabogm
396@®do sbao 9du396H0d96@EJd0L oYL s J9BBMM30YEgdOL POML s0bodbM gbgMHa0gdbY
9ML9do 3FoMo 06xmMIs300l 3odm. o

5960950, 2018 gl goaMmdqes dqlHogers 998ga0 99m356900U:

1. 3mgddom®o 9539dd9gdol dgufsgers p~-(C, p, n) IxsHYOGdT0 40 g93/c 033MELoL ML P~ s p*
d9Bmbgdolisogols
30@9IHoYM0  3d33mEobgdol 9B9dAId0 (389) Fgbfagwrow ogbs m-(C, p, n) ©oxsbIDIIT0 40 g3/c
00399lol EOML T s 1" dgBmbgdolsmzol 3. sbogwgzoholis s . MmMBogEoL LEBHBIGEMWOo
296030 033lgdol Igom@om (300). 4od—ol dobgzom 3ag goLFsgwrgds Mgsgjzool Lod®MEYoL
90056OHm, OHMIYE0E 50905 Ym39eo bsfowszolimzgol M@mIwol goblsbmaz®sdon 96 dgol m3zo0m gb
Bofoenszo
Q- Y wiPri (1),

boog 1 96G0L Boffoerszol 0bgdbo s wi 5oL ffmbs.  mommgmwo bsffowszol gsbogzo 0d3mwbols
9009690 M959300L LEdGEYGIo sGOL

Py = Yii"wi- (Pri- Prj)/ | Q] (2)
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9.9 »3990m@0bg00l  3565dgBHM0“ F=d<Px> / d(y), 0031wly6o asbsfowgdol ©ob6s bodwmswm
LoLHOsxRgbY. s©LEBOTBSZ05, BMT 9.§. 095300l LOdGMEY)® 50bodbE 330093580 oboLIBOZMs 53539
Bsfoszgdol dgdggmdoo (Phys. J. Al, 299-306, 1998; Physics of Atomic Nuclei, v. 75, N7, pp. 811-817,
2012).

1-(C, p, n) Oxsbgd90d0 F0YdIMEo 39 EH0MM0 9B9JHIOOL Tobslosmgdwgdo Fgsds B39l
9096 50Mg 6300Mb-d0MM3M O BOMMZ-VOMMIM IRIHJOJOT0 FoMdE s AbMGEoMl
05099396 Lsdgaboghm (3963M9dd0 (BEVALAC, GSI/SIS, JINR, AGS s CERN/SPS) domgdme 89093900
5 bofomdmog dglodwgdgaro  aobs  IM035¢bsfows3m3s60  3MEMWs30900L  MOM©YbmdMOZ0
35bsl0smYd GOl BMYSO 396MEDMT0gMHgdoL oYIDs. MMM Fmbowmbgwo oym, sdBgMo
0d65 30mbgdol sbogro GHo30L JMMIs30s. BIBME LogMEgdo Podmygmxuow 0dbs FodoMmErgds
(©9630), OG™Iol ol sOmol IAbgM0Ew 0dbs 30mbgdol 9339 J9MbIGMEO 3MMIESGEO0d.
LHmOgo 90 989dBHgd0L F9dmfdgds BoGoms 306039ws®  Bm3wmb-6.3wmbymo s 630mb-
00MMZM0 IR IHJIFOOLIMZ0L, 969 2oblbzogazme ,,d0MMZM A50MgImdo”. sGBGdME bgsslbgs
99b3960996@ 900l Imbs39d90L ImnMOl 306M39wsE Y3gersbg Awgdmdo LobEgdgdolmgol n—(C, p, n) (40
393/¢) MOHN0gMHNJd9909030 0B 9.§. 398m0bgdol Jobsliosmgdgwo 3s6dgGMol boowy F
5 Bofoamszms 3mMges3ool dmbgds (bsb. 1 s gbMogro 1)

5

v

£ 1E = 10 :_:
< 108 T+ p, A CeVie 2 T -n, 40GcVic < o a0, A GeVie
= = B0 - .
M . " A om
= B [ # - - 1[- %]
= - LA = |- &
" AT y W LT | \+ v &
=] % T
_,'"; an — : | \
42 i ' » #
+ ar L
[ = esmsmaprasn sman =k vae B
a
al FL j
y P } T
e *x / - (b 2
- o NP w
- / =80 — S 21
| | | | (- L__l__I R | | i I
o 1 ¥ H 4 5 - 035 1 185 2 25 3 35 4 45 a1 [1] 3 q 3

¥

Bsb. 1. 7(p, n, C ) oxsbgdgddo (40 AGeV/c) <puy)> —ob y —LobfiMsggby ©sdm30@dMEgds = (o) ©> " (A)
39Bmbgdobsm30l, Fglivdsdolbs@. §OEggdo Fgglsdedgds 9dudgModgb@wmo Bmbs3gdgdol 3oMm3gmwo Mool dmeobmdom
30f9Mm0oL  d99aL LOLHMIBOL goM339 0bGHIM35¢ 0. FgEYagdoL MZ9wbsmogo HoMdmmygbolomzol dmyzsbogros

9939603960 Fmbs399900L dg—4 Mool 3merobmdom smfigmol IGMgdo.

gb®ogo 1. T (p, n, C) oxsbgdgddo T~ s TH-39Bmbgdol 3megd@oncmo gsdmobgdol Jotggmo (F) s dgmey (a2)

090L JobolosmYdWgdO.
Na(p Np_ Np+ F p- F p+ ap— ap+
(MeVic) | (MeVic)
TP 12765 34698 32066 40,0+ 1.2 | 39.2+23 | -0.058+0.009 -0.060+0.010
5706 20446 18273
n 3986 11336 7128 426+24 | 41.8+£4.6 | -0.064+0.012 -0.061+0.024
930 6731 3210
7 C 8671 30350 32751 39.0+1.4 38.6+1.5 | -0.080+0.008 -0.083+0.007
5655 21253 23314
300900 990939008 530U90M909d0B  #odmdobsdy, 1939 Tgufogwrow odbs  Mgsjgool
LodOEYoLoIo  39M39603Wsmo  F0BoMMYGO0m  “QoBMEObYds” by geroglvy®o
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249906905 — 3MOHIWS30900 9539GJd0L FgmMg ool Tobsliosmgdgwro. Joegdwye 0dbs Fglodsdolo
3D03NBHIOHO (J) JMObMMo 496500 gdgdo, Loog J oMol d9dmbggzedo ymggero bofogazol
396030 033Elol doge H9gog300L LodMEBHYLMSD Jgagbowo 3mmby
cosj =Px/P" (3)

©53BgMo 0dbs dsgbodmdo J=90° Imobgbg (Bob. 2) gobbowrre »MHMogHmgdggdgddo, Gog
905603690 LmMgE bsfos3gdol godmlboggda®yg Mgsdiool LodMEHYoLsIo 39039603 sOHWYO
900560091 900m. 5H08BOMHO 3MMbOO (P) 2965H0ogdgd0 500fgMs TgmMg Mool 3w obmdom

dN/dp=a.(1+aicos@+azcosQ) (4)
Q5 Y06 ,9ORLYOO Fodmlbogzgdol“ Lodwog®ol byBmdo a2 35M53gEHEO.

Ll . A5

2 sl

2
Z | - - Z
5 T4p, 40 GeVie 5 am T 4n 40CeVie 5

i 0, 40 GeVie

w Arr‘ﬂi ™ P, mf' p N
il +=-H*WF ,LhM: i i"r}‘

B0 -

uw

{=1 (=1
[
]

4 i 3
wfft g R by ’”“nf"
: 150 L -

F
w0 = iy,

L 4 L | I ™E 1 I i 1 00 1 | i I
1 i 3 1 L] [ ] 1 z 3 4 5 E ] 1 E ] 4 [ [

ead) i (rad) afrad)
Bob. 2. 1 (p, n, C) oxsbgd9dT0 (40 AGeV/c) s03w)BHSMMO 3MDbGO 39bsfogdgdo Mgsd3ool LodMEYoL d0dstm T~ (o) s
nt (A) 99Bmbgdolsmzgol, d9L5dsdoLO. 9@ 9d0 §o63moy9b9b 99b3960096EGHo 9dmbs39dgdol
dN/dp=a,(1+a1c0s@+a2c052¢) >s0fgmob G9w9aqdL.

50603500, P™-(C, p, n) Ixbgdd30 40 393/c 0337LOL ML P~ s P* 8gHMBYBIOLIMZOL JeadEow®o
3990006930L 9839d3900L (339) FgLHsge0Eolsl ©sagbow 0gdbs, Hma:
5) OIBVOMO S YIOYMBOMO 300bBJOOL 206030 A9FMEObYIOL  3oMsdgBHEo (F) «9db0dzbgerm
0(33W9ds 30mbgd0L 60dsbols (33e0wgdoLsl s FEMIoMYOOL BsMRYMGddo ®omddol 9HMBI0MOS
39BMbgd0LsmMZ0L 439w OXSHJOYdT0, 39MIM:
n~—09BmbgdoLbosmgzol: (40.0+1.2) MeV/c (n7p) s (39.0 £1.4) MeV/c (n™C)
" =09bmbgdobsmgol:  (39.2 +2.3) MeV/c (mp) o (38.6 £1.5) MeV/c (nC)
0) 595Lmsb T (p, n, C) oxsbgdgddo 56 FgoE39ws 60dsbo goxgbryMTs 498mE0bydsd. ,gwoxnlvydo
259mUbogqdol“ LodErogHol Labmdo a2z 3sMsdgBHOOL SVLMEYYEHWOO LOPOEY 0BMEYdS LbsdobbOl
dsbmo  Mogbzol  BOEOLLL S MOoMJIoL  GHMBIOMOS  (3MTOGOOL  Bobwrgddo TS T
39D™bgdoLsm30L.
300900 990093900L LORA39wBg FMTBOEES FOMTs, HMIGEOL ooaB3bgds LodsMmzgermls dg3b.
535©. gM®bsdo ,8msddg“: Study of the collective flows of pions in p~ (p, n, C) collisions at
momentum of 40 GeV/c - L. Chkhaidze, T. Djobava and L. Kharkhelauri (TSU, HEPI)
2. (p, d, He, C)-(C, Ta) 900096 J0ge9090d0 ghomo s 00539 G030l dgmeMeo Bsfogms3gdolmgols
(3GmBHMbgd0, 30mbgd0) FM935¢bsFoms3Mazs60 sHOTNEHIMMO 3mMHgEsE0gd0lL Fglfsgus sdobbol
0M53996¢3 9300l s69d0.
p, d, He, C)-(C, Ta) 96H»096H0J99009090d0 dgLfsgerow 0dbs 36m@GH™mbydl dmMol @s 30mbgdl dmMols
96535bsfowszmzobo  sB0dNGHIWMGmO 3006930900  (853) LEBODBBOL  BGRTIBGBIEF00L  sGgdo.
OMAMOE 3bMmdow0s, 353-0L Fgufogeol 9gHm—9gOHmo LoobEghgbm dgmmos C(AP) 3mOgeso0l
a3bdaool dgbfagers LoLHMsxol goduoMgdeo 360d360wwmdom oygmgzow MM Bsbgzs®lggmmdo
390006900 b5foes3zgdol gobogo 0d3mwligdols xs8o6 39dGHMMmgdL JmMol Ap—3mbologsb.q.f.
LP005" (i < <y>) 5 ,93905° (yi = <y>) BobggzsmLggmmgddo gsdmlboggdmmo ghmo s 03539 GHodol
6500¢053900L5030L 2560L5BOZMYdS 26030 0B3MLYdOL K 5FMMO 39dEMGMYdO:

Qs =2yi <yo Pl ©)

!IIIIIL
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Qo
Qr =2yi> yo Pii, (6)
Loog 960b yi<1.33, bowm yo=0.2. 5995053 3MMGH™Mbgd0L LsdoBEOL LOLHEIROL Fobsfowgdgdls
05Jb0dMmA9gd0 530 yo=0.2 (Kampert K.H. et al., Nucl. Phys., A544, 183c (1991) o g9bbs dmlisDM9ds,
md  bLSFODBBOL  ,Bs0gMBdMEO*  FMIMOMIL  LHimMg yo=0.2 LolfiMsxgom. 939 s0Lsb0Tbsg05 ol
99b3960396EMo B5J30E, M LobGsgol 0.1 < yo < 0.3 06@gM35¢do yo—ob 3300w gds 56 SHbL
3600369 m356 493w9bsly 300MHgEs3ool BMbd00lL LoOEYHY. 3MOIWSEO0L BYMBJ30s S3JdOS
9990965065
C(Ag) = AN/d(Ag) ),
Lo
A@ = arccos(Qs - Qr)/(1 Qs - Qrl) (8)
2968563900l 0sbsbds (Gustafsson H.A. et al., Z. Phys., A321, 389, 1985; Schmidt H.R. et al., Nucl.
Phys., A544, 449, 1992) 35655b3539096 ™M 99dmnbggzsl: C(Ap) 0BHYds Ap—bmsb gMms s 180°—by
0093l d5dubod«adl (back-to-back) 0m3wgds MoMymBom 3mMGEs305© s C(AP) 30005 Ap—bmsb
965 s 180°-bg 5093l d0b0dxdL (side-by-side) - oEIOOD JNMHYS(305.
3060860 dgmm©oo Jogdge 0dbs dglsdsdolo yobsforgdgdo p, d, He, C + C, p, d, He, C + Ta
@5 C + Ne, Cu @oxsbgdgddo, GMIgdoE MomIbmdMogo d9i3slgdol doBbom smofgds 1+Ecos(Ag)-
536J000 (Bsb. 3, 4). oYOBS FM35cBsFOEs3M3560 3O H30gdOL JOHM—gMmo IB0dzbgEmgzs60
3sbslosmgdgro ¢=C(0°)/ C(180°) 3mEgs3ool 356539GH6M0 (3bMowo 2.). 53 99nm©oo Jomgdwer 0dbs
0bg3m®35:300 MON0YHNJIYJO0L 3OHMEILOL 2ob30msMgdsBY MHMLS s Log®mEgdo.
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Bob. 3. C(AP)—3mO9g5300L BbJ300L ©sdM 30O gds Ap-Lgob 3OMEH™bYd0Ls s 30MmbYdOLIM 9Ju3gM0dbE e
(o, A )5 dmEgeomgdme (UrQMD) (o, A)(pC, dC, HeC, CC), QGSM (*, *) (CC) @sxsbgdgddo, 8gbsdsdobsg. 86wgdo
0900mo 9696 1+Ecos(A)- 3mBI3000 s0fgMol F9w9agdL.
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bob. 4. C(AP)-3mE9m5300L BMBJ300L ©M300IIMMIds AP-Lgsh 3OMEHMbYdOLS s Jombgdolsm gdbdgMmodgbdme
(o, A)> dm@gomgdye (UrQMD) (o, A) (pTa, (d+He)Ta, CTa), QGSM (*, *) (CCu, CTa) oxsbgdgddo, dgLsdsdols.
9679900990 [o68tmsa3696 1+Ecos(A)- BvmbdE00m s0fgMol 990g90L.

3bGowo 2. 9du3gM0d96EHwo ©s ImEromgdmo (UrQMD and QGSM) 893mbgg3gdo (Nevent) s3mMgamazool
3M9980309630L (§) 86093690 mdgd0 3HMEHMBIBOLI®S 30Mmbgdolsmz0l @a Bofow3900l bLOHMEO IMIZLMBOMMIGIO.
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oL LrdMD 35781 —0161 _ 0011 —D076 L0012 794 _ D06 12.00
QGSM 36495 —074=0.000  —0.080 £ 0.010
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cxp, T30 —0US0=0030  —0.031 £0.015
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LodoBBOL BOMEZGOOL LMo MOEb3xOOLOYRD 3OMEMEJdOLS s Jombgdobosmgol pC, dC, HeC, CC,
pTa, CNe, (dHe)Ta, CCu s CTa @oxsbgdgddo gdudg®modgbdwao ©s dmgeomgdmwo (UrQMD,
QGSM) 3mbs3gdgdobsmgzol (bsb. 5).
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i - T F I X
Hel ™ CCu CTa
Toae oo (- He Ta
oLy L T &

(A, A )"
Bob. 5. [E|-3mOgmagool 3m9503096¢08 ©edm3omgdIEgds (Ar+AT)*—@s83900 @5 LsBOBEOL BoMEZHVOL JslrGo
MH03b3900Ls90 3OHMEMBYBOLS (DY) s 30mbgdolsmzol (J39ws) PC, dC, HeC, CC, pTa, CNe, (dHe)Ta, CCu s CTa
Ox9bg090d0 9Ju3gMH0agBEMEO (e, A )OS Mo gdwo (UrQMD) (o, A), QGSM (*, *) dmbszgdgdolomgol,
d9lod530L5.
5000390, (p, d, He, C)-(C, Ta) "60n0gHhoddgugdgddo ghmo s 03539 GHodol 65fogszgdl dmmols
(3GmBHMBgdL, 30mbgdl) IMsg3ebsfoErs3Mmz360 sD0FMEINMHO  3MMYEsE0gd0L (853) Bgbfegeoolsls
15530BBOL BMRTgBESE00L 5MY80 sEYIBbo 0gbs, HMT:
5) 30mGHMbdOLIMZoL BooEgds MeBymgomo  (bach-to-back) 3m®gmsgogdo.  [El-3mgwszool
3M9803096GHO0L 9dLMmEmEGMGOHo 36033690mds I3060©q0s At-lsdobbol dolwmo MoaEbgzol BOHOLLL
6930 mb-d0MMZM ©sxsbgdgddo (0.302+0.013)-s6 (p+C) (0. 143+0. 027)-00g (p+Ta) 10GeV/c—by;
653 8995905 BOOMZ-VOOMZM IR IBYIOIOL [E] 0930030M39s® FGHB035® 0BO®YDdS (Ar, ATr)—
5933990 @5 L¥FOBLY doOMZ9d0L slMo MHoEbgzgdol BOOLLL (0.296+0.022)-s6 (d+C) (0.150+
0.030)-0¢0g (C+Ne) s 89992 56 033905 (Ar, A1)—g5BOEOOLO;
0) 30mb900LsM30L F00MYdS OLYN03] LISOYMBOMO 3MEMGEs309d0 (back-to-back), Mmams
360G ™bgdoLosm3z0l Amdmd LoliEgdgddo p, (d+He), C + C s C + Ne (Qbwgd¢do bsdobbggdo — C, Ne), bergom
B93M9d0m 8308y, sbodgEHGonw Fyzowqgddo p, d, He, C + Ta @ C+Cu (8d0dg bsdobbygdo - Cu, Ta) —
©5©IPOMO JMOYs309d0 (side-by-side). 3mGHgmwsiool 3mgzosgogb@o (&) »dbodgbymmp oggergds
093290l BEHEOLIL 5 MOoMJIol 56 0EgE9ds (Ar, AT)-33E0@gdoLL: €| = 0.107£0. 019 (p+C) o
00mgdol 03039 O®Bgds (C+Ta)-mgol;
3) 3OMEHMbYdOLIMZOL 3MMmIS300L 3MgBOE0gbEHO MomMJdol s6 o;33egds 50, 100, 130 s 200 dg3/c gsbogo

0839900 Bs3MmFOHOLIL, brrerm 30mbgdoLsMZ0L v9339 5M980HB0IMOO 890098900 J0o0rgds 50 dg3/¢ asbogo
008399boo BsdmFOHOLIL;

©) 50bolby MO®ogOHmJdggdgddo mMogzg dmegero (UrGMD s QGSM) 5053059mBOEGdEISQ
50F9mL 9Ju396H0896G M 890093908 3™T0EGdOL BoMPgdTo.

900900 99093900l LonwmdzgebBg ImdbsEs IOMIs ,Study of Azimuthal Correlations in the Target
Fragmentation Region in p, d, He, C + C, Ta and C+Ne, Cu Collisions at a Momentum of 4.2, 4.5 and 10

1.15 990bfogegds ™C - oxsHgdgddo  fodmddbowo bobGo s Mdowo 3MmEglgdol Lsdrswwm
3069053037960 dsbslosmgdwgdo (30). b5B3969d0s, MMI boliBo 3MMmEglgdol Ho@mdmddbsdo dmsz3s6
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OOl SuOMEId9b 9.§. BwdBH™Mbgdo -Fl, GmIwqdbga 9906930l 99gyo doowgdosh q.§. jet-
d9Bmbgdol  Fogegdo (Lab-LoLEBgdsdo 356 Todxg®mobsgo b -9Dmbgdo).  Fl-geowdEmbgdo
296530009096 00sL, M3 Nev(H) @5 Nev(S) - bol@d s ®doe 30Hm3gbgddo fo®dmddbowo 1
99BmbgdolL 139 9MTsbgNOLORD sOLGdOMO® obLBZ3Y006 .

00000 9696M0930L 30B030L (96, gargdgb@smvaro 65§ows39d0L 3oBoIOL) gHM-gOHMO LoobEHgMglm
00m39bss hA: o AiA: -5QOMB-d0OMZME 5 BOMMZ-OOMMNZ X IHJd9dT0 [o®dmddbowro boliEo
5 M®BOOo 3OHM39LYBIOL FobE3oWgds s of FoMBmddboro FgmMmso Bafos39dol (Ag9b dgdmbgggzsdo
m dgBmbgdol) U3  FgoMgds s sBserobo. gdudgmodgbdmao Tsbows dowgdyeos PBC-500
363560 2-393M0560 3MdBHM3s60 35d9GM0L Lsdmowgdom. PBC-500 9904dbs J.c0w9d6580 doGmngwmao
331939006 459600005690 0bbEHOEHWGHT0 39dLEgMOL S BoEEOLOL LEHYPMBOL WHdMESBHMMOS0
(Dubna,JINR). ©939d@™™0 ©sbbo3gdveo 0dbs 30m@EH30bml dsmowo gbgMyngdol wsdmMsdm®mosdo
005BJo0gdgambg  40GeV/c T 99Bmbgdom.  dgomEmo  Lszombgdo 53538060 GdMYO
99b3960896E M0 dbs3999d0L s3YF53905LMb s bW OBMsb obowgm [1-6].

0Ju3960996 Mo 8mbs3gdgdols sbserobo

3999795 GH0MM0  3OM39L900L  4dmymBs 9353060 YdM0s  Fgdmbggzsdo 9.5 3MBMsGHoMMo
Bofoszol (bggb 9dmbggzedo v - 39BMbgd0L) Fordmddbobmsb. 3dmes@om®os T -99Bmbo mv) ol
d0g3M0bogl Lab-Loli@gdsdo ©9396 (9.0.01>90degr).

36MHMm39Lo 0003w 399G Y] Homdmddbowo FgmOmso  bsfoszgdl FmEmol  sM05b
Bofoas3gdo, Hmdgems 13d-0 o6 9ImMB0gd056 NN-6w30mb-6w30mmbols 3586930l 306985¢3)035.

3999990 BH0MM0 boffoszgool Fomdmdmds (s dgbsdsdols bobEo-Nev(H) 30Hm3glbgdol sGligdmds)
535300609090 LodoBby do®™m3do (396 Fgdmbggzsdo (C-bsbHToMdswo)) FL - germd@mbgdols
§o603mgddbslmsb. FL-061535¢03356030560 Lol@gds [14] §o63m0ddbgds Lodobbgdo bw3anmbadols Lsdrsem
1093360308 WMISOH NZ0NRBWIEIS300L 9IRS, MLz 2 96 FgBHo bwmzwwmbo Mol
do05b 93069 395¢mgdo Jdbols 90056 LobEGHgdsl. sdEgdo Bofoszo (56, doMmM3do Fo®dmddbowo
Bofoers3o) MOH»0gMmddgogdl FL -gwyd@mbmsb (Gmdwol Bmds 139030s=10"3cm)) s 35069300
990990 §9603m04d690056 399G 0MEm0 bsfoers3zgdo - - WsdMOmsEMMome Lobidgdsdo 356
0003606530 30-09DMbyd0, HMIgdoE Jdbosb jet- Fo3agdl (s Tgbodsdolo 300093056 9.§. Nev(H)-
bobGo 3Gm39L900) [7-9].

Nev(H)- bob@o 36:m39L900L Homdmdgdbs s35380690mwos @sdxsbgdgwo mdogd@gdol q -33563900Ls
Q5 g-30mbgdol boli® MMm0gOmddngdslbmsb (9.0. AiFL-sdxsbgdgwo (sd3gdo) bofowrszol o
39dBHMbol oxsbgdslmsb) [7-9]. 90mbgg3s LOIE G sMOL SOEFIOMO 3MTMWSGOWOO Boffoeszo
(Bggb dgdmbggzsdo  m*-09BMb0O)  0m3mgds Mdowrs - Nev(S). ®dow 3Mm3EgLgddo  SGLYdWME
39Bmbgdl 3Hmgdm T (S)- bofoenszgdl.

FL -gard@Bmbgodo - 960535 3356030560 300653034965:30900 Lodobbg domm39ddo (56, 3330030 Lsdobby
Bobms -Dense Quark Bag-DQB) dgodangds §o®mdmoddbsb ™M Ubgsxzolbgs x30Bozwed  36mEgudo.
3063900 »3030° -36m39L0 2396306m39dos LsdoBbY d0MH»M30L Bm3embgdols
030080 JGE00m.  dgmMg  ,3bgwo”  ImEgo - ©5395300609dos  Lsdobby  dodmMZoL
69300mbgdol 99399335856  (doOHMZMo  ToGHgMool 1od3zzM030L  WMsWG  F93dd35Lmab)
593990 M3099dEGH0L 393w9bols godm, Mog 0f393L DQB-0l §o6rdmgdbsl - FL -ganrd@mbols foedmddbe.

56509000m39 FoO3Mm©yq6900L Msbsbdo 3MdsEHom®o bsfowszo (h3gh dgdmbggzsdo  mht-gsd.
LobGgdodo 396 B0dRMOBsg0 AgHBMBYd0) FoMdm0ddbgds sdEgdo bofowszols (bg9b dgdmbgggzsdo -
39Bmbo), 96 do®™M3d0 FoMdmgdbowo bsfowszol (bggb dgdmmbggzsdo mt-d9bmbo) FL -genmd@mbby

2906930L 99009990. 58 2906930l dggao FL -Bg ©0s390v9wo bsforszo mogolbo 0d3wxwliol o
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Bofoeml 306038 (9086935 WO 3MPbgbY, ob. 3bM.) 350536 FgMEOSO YOHCOYHNJI)IdOL ¥bIML
Q5 398mOL bL¥FoBbY BOMMZ0IB S BOMMZOL oMo JIBOD Fogangdl-jet.

(896038365 - 3009005, HMI doOMZA0 bsfos30 IMIbBEOIBL Mo 5M6EOMYI9© YYOP0YMJTgEIO,
3965 Jd99dsL Igologemo 396 F9dgdl, oD oxsbgdOL 9IRS ,3oMROZL™ 39el, MMIol
0999650 ,,509b5L° 96339990 O™ bFoM©Y0dS.)

Bofos39d0l  3M3MmdOmO  ds©Yds  hh-5MM™MB-sMMbmer o hA=-d06m3-d0MHmM329
Qoxobgdg0do  Jgodrgds FoMdmz0p0bmm sbg - %9 Boowgds Lodmomgm dEAMIsMgMds CS-
30835b LolEYs, HMIol I4oliogH AL byl MBw0sb BgMsOo dogrgdo - Colour Forse ... CS -
ol LogMEbwol O™ Bs3doMOLOS Boffoszol FodmbsligErgws© BdBoMM306 WOMOgMHNJdggdol

3°0999).

39065 bsfos3gdl Mol 3mdwas@ow®o bsfowszgdol (bggb d9dmbggzsdo m* dgBmbgd0) oM@
0MLgdMdY6 953G oMo T I)HBmbgdo, HMIgdoz Jogmobsgzgb fob Lab-LolEgdsdo (3bsos,
o0 130 9OBYOOMSE J9BLBZ93YO0D Tb-3MTMWSBHOMO Bfos39d0L FobolosmMgdgdOLOYSE. ob.
3bM.) gb T -09BMbydo, MMIIdoE JoxzMH0bszgb fob Lab-olEgdsdo s60sb g.§. m(ass) - 0s6Ibegdo
d9Bmbgdo g.0., M -09HBMbgdOL MbIbEgdO bofoenszgdo. m(ass) - 196Ibgd0 IgBMbdO 2560300056
b -99BMbgdob, 96 FL- g3ermd@mbgdols 39amol 4o3wgbsb.

53 999bgds (S) - 9BMbYOL (9.0. IgBMbgdL  Nev(S)- 999nbz9398096, olobo o6 4sbozos6 FL -
R39dBHmbgdol 493w gbsl. sd0@™a om0 B3d-0 sOLYdOMIE  bLbZs3wYd0D T (ass)-gdol Ladwyserm
b5 GO GIOLOYD (0b. (3b6.)

I) Nev(H)- bol@ s Nev(S) -Hdoe 30m3glgddo Fsmdmgdbowo m - 1530-0ls 9stgds

B90mm 339 950360869m, GMI bobGo 3OMmEgLYdo Ho®dmoddbgdosb FL- gwrmd@mbgdby doMmgzdo
§om8mgdbocro bafowszgdol (Bggb d9dmbgggzsdo m s T -09Bmbgdol) 4986930l dggyo®, FL- %y
3906930L 9999 ©sd3gdo ™ dgBmbo 3oMs3l 0d3Meliols 3603369 m3s6 Bofowls s goodbgls Lab-
LobEYdsdo M396. 93 3OMEgLL  9himgds Nev(H) bolio 36MmEgbo. 356 godbgme m- dgbmbgdmsb
905 005093056 9.§. Msbdbengdo m*(ass) - IgbBmbgdo, HMIgdog 390306 FL- g3wwyd@Embgdol
(56, - 89BMbgd0L) 390l gogrgbsl, sdo@mad m(ass)- LsdMsErM 083Ylo MBOM J30MYs, 300MY
600 99000b393908d0 5OLYdME0 T(S)-99BMbgd0L Lodwswm 0d3Mwlo (ob. gbMowo No2).

(00 s bolid 30m39U90d0 Fo@dmddbowo T -99BMbgdoL Lsdrswm 3069953 0329M0 Fobsliosmgdwgdo
960356900L596 933900050 A9BLL353G006 (3bM.Ne1> oo Nel?).

396500 bsfors3zqgdol gmom-9ghmo LsobEIMglm Joboloosmgdgeros ne -3MIMWHGHOYOO  (33CVO,
OHMIgois obodsd@BHgds, HmMym®E LodoBboL JobodsErEO by, MMIJWOE 5930WYdY0s 535 0349 0
Bofoenszol [omdmboddbgws. 3bG0Wwgd0sb BsBL, GMI T dgBMbIdol  <ne>  ymzgwmzol MBGOM
39305 3000 T -09BMbgdoL. 03039 d99bgds 9.4

R:<Pl>

(33wo©L, HMIgeoi 990degds Bogm39Mmm 3o GH0IOHMO0L dobolinsmgdws (3b.

<P >

Nel>, Neld, Ne2, Ne3», Ne3p).

™ -399099oGH0OmHo  30-99Bmbgdol <Pr>GeV/c - Lsdosmm 033mwlo, <OL>degr-gsd6930L Lodwyserm
39oby, <ne> -3M3MWOGH0MH0 (33ws©ol bodrswm 360d369wmds s R-0l Lydmsm 3609369 mds
oMob: (0.256+0.014)GeV/c, (118.400+2.200)degr, <nc>=0.430+0.022 o> R=0.840+0.010). (3b6.N3?).
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©59m3000900 [omdmddbowro Baffors3gdol MHoEbzby. slgzg boBysldom Mbs 50360dbmm, Mmd T
C ox9b9d9ddo 40GeV/c-Bg fo6rdmddboero b bodwgsem obsliosmgdwgdo 30Mdowrgdol Bscywgddo
90mb3z935 PA:, AiA-3600EGHMb-306mM32) ©5 d0MHMZ-00MHMI X HJOIOT0 ©d©Ydo b 13-
9:0. 56 5M0L IM30EIOMWO sOF 3900 Bofows3zol BH03DY, 563 9bgMR0sbY s 3 LsBoBBYBY.
9b65¢0b0 2306396900, I boliBo 3MMm39LgdoL Foedmgdbs doMHoMss© 296306MHMBYOME0s 1L5d0BbY

006H™M30L 69930 mbgdol Ld3z3MO30L MZONBWMIEHSE00M-“3030° TMPIEO.  oM3IZII Ml
05859mBL 30639500 96960 (3bM.Ne32,3?).

Mo d99bgds mH(ass) s T (ass)- IgBMOgdOL L3I-L OLOBO SOLYIOMIE 5M0D FMI0IOgdo N(Tv)-
13956 30993006530 33 sE0©HO FgBMbIdOL MoMEIBMBOLLRE (FbM.Ne4>,4%,5>,59).

ol M 3799MWsGO0MMO T -99BMbgdol 13 56 MOl BMINPWIOIYWO sOG Ai -Bg © SOF A-Bg ©
303 30603905 9696M05%Y, 990dwwgds 309N0MYOEIL 035Bg, HMB 5RO 5J3L q-33503900L5 s g-
3Mbgdol  5EMMboBsEosl  gMmosbo  9gdoboBdol  godmazegbsls HOBOWO 455390 gdOL
3039y - hypothesis soft decoloration [10-14].

3b6Moro Nel»
m*-09DMbgdol LydMsEm 3069doE03MMO Bobolosmgdargdo: bobGo (Nev(H),
000 Nev(S)), s 0b3ambonmo (Nev(t)) 3Om3glbgdobsmgzols
m -99%mbgdo
<PL>Gev/c <P1>Gev/c <OL>degr <Yi> R <De>
1. m(t) 3.052+0.021 0.349+0.004 22.160+0.132 2.120+0.015 0.11 0.092+0.002
2. (S) 3.217+0.023 0.355+0.004 17.420+0.120 2.250+0.017 0.11 0.075+0.002
3. | w(H) 2.287+0.045 0.315+0.009 44.01+0.67 1.515+0.027 0.14 0.17+0.003
3bOoo Ne1d
03039 M3 3bOowdo Nel2, membe m* -d9Dmbgdolsmgols
m -99%Bmbgdo
<P1>Gev/c <P, >Gev/c <@.> degr <Yi> R <nc>
1| m(t) 2.324+0.015 0.326+0.004 26.67+0.17 1.845+0.013 | 0.17 | 0.131+0.002
2. | w(S) 2.449+0.018 0.391+0.041 21.90+0.14 1.971+0.015 | 0.16 | 0.110+0.002
3. | m(H) 1.887+0.013 0.369+0.039 43.26+0.546 1.418+0.011 | 0.19 | 0.25+0.002
bGooNe2
*-09DMbgd0ol Lodmsem 3069853H0329H0 Joboliosmgdargdo:
<PL>Gev/c <P1>Gev/c <OL> degr <Yi> <AY> <De> R
1. | m(t) | 3.052+0.021 | 0/349+0.004 | 22.160+0.132 | 2.120+0.015 1.322+0.007 0.092+0.002 0.11
2. | m*(t)| 2.324+0.015 | 0.386+0.004 | 26. 670+0.170 | 1.845+0.013 1.266+0.007 0.131+0.002 0.17
3. | m(S)| 3.217+0.023 | 0.355+0.004 | 17.420+0.120 | 1.210+0.009 1.210+0.009 0.075+0.002 0.11
4. | m*(S)| 2.449+0.018 | 0.391+0.004 | 21.900+0.140 | 1.155+0.010 1.155+0.011 0.110+0.002 0.16
5. |m(ass)| 2.977+0.056 | 0.349+0.011 | 18.791+0.310 | 2.168+0.042 1.214+0.021 0.081+0.005 0.12
6. |m*(ass] 2.336+0.020 | 0.388+0.010 | 22.282+0.300 | 1.940+0.032 1.161+0.015 0.110+0.004 0.17




85

7. | m(b)| 0.256+0.014 | 0.216+0.014 | 118.401+2.180 | -0.405+0.021 0.319+0.010 0.430+0.022 0.84
8. | m*(b)| 0.338+0.017 | 0.294+0.015 | 115.602+2.880 | -0.384+0.018 0.321+0.050 0.534+0.022 0.87
396003605: T (t) 5 TH(t) - MON0gOHJI)90sd0 {o®dmddbogro T -9d0l s T -0l b3d-0
3bOoEoNe3
Tb-09BMb7d0L LsdMswm 306935303900 Tobsliosmgdgdo:
<Pr>Gev/c <P1>Gev/c <O1> degr <AY> R <Dc>
1. IN(m(t) | 0.256+0.014 | 0.216+0.014 | 118.400+2.200 | -0.405+0.021 0.840+0.010 0.430+0.022
2. [N(mv=1) | 0.255:0.016 | 0.212+0.015 | 118.400+2.180 | -0.405+0.020 | 0.840+0.015 0.430+0.022
3. [N(mv=2) | 0.270+£0.020 | 0.229+0.010 | 117.700+2.82 | -0.400+0.017 | 0.850+0.037 0.450+0.020
3bMoEoNe3?
%, -99DMbgd0L Lydmsm 306985¢30329M0 FoboliosmgdgdO:
<PL>Gev/c | <P1>Gev/c <OL>degr <Yi> R <DNe>
1. | N(my(t) | 0.338+0.017 | 0.294+0.015 | 115.600+2.88 | -0.384+0.018 | 0.870£0.010 | 0.534+0.022
2. | N(mp)=1 | 0.341+0.018 | 0.296+0.014 | 115.900+2.150 | -0.388+0.020 | 0.870+0.016 0.540+0.020
3. | N(m",)=2 | 0.328+0.018 | 0.287+0.015 | 114.700+2.180 | -0.360+0.016 | 0.870+0.017 0.520+0.010
4. | N(m)=3 | 0.299+0.020 | 0.278+0.016 | 110.600+3.100 | -0.287+0.020 | 0.930+0.018 0.450+0.012
sbOogoN4
1(ass)-0sbdbergdo  dgbmbgdol Lb3d m, _ Lab -LobEgdsdo w356 TodRMObsgzo  39FMEsEHOMOO
39HMb9gd0L MM Y6MdOLOYD M I0YdIGdOm
N <Pi(m(ass))> | <Pi(m(ass))> <Or>degr <YL> R <ne>
Gev/c Gev/c
1| N(m (1) | 2.977+0.055 0.349+0.011 18.79+0.055 | 2.168+0.042 0.12 0.081+0.005
2| N(m-)=1 | 3.001+0.058 0.349+0.006 18.80+0.320 2.171+0.043 0.12 0.082+0.005
3| N(m~)=2 | 2.618+0. 100 0.346:0.040 18.43+2.15 2.140+0.151 0.13 0.078+0.014
4| N(m)=3 | 1.946+0.150 0.246+0.022 25.01+3.500 1.99+0.200 0.13 0.085+0.020
3bMooN4®
*(ass)-mobdbergdo dgbmbgdol b3d T, 09xMHObZ0 3TN sE0MMmO I9BMBYdOL MomEYbMdOLIYD
050300090900
N <Pu(m*(ass))> | <Pi(m*(ass))> <@r>degr <Yir> R <ne>
Gev/c Gev/c
1] N(m* (1)) | 2.336+0.020 0.388+0.010 22.28+0.300 1.940+0.032 0.12 0.081+0.005
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2| N(m*)=1 | 2.345+0.039 0.387+0.006 22.12+0.92 1.951+0.034 0.12 0.082+0.005

3| N(m*)=2 | 2.271+0.110 0.405+0.033 22.99+1.09 1.867+0.110 0.13 0.078+0.014

4| N(m* )=3 | 2.030+0.300 0.376+0.070 26.38+4.10 1.727+0.200 0.13 0.085+0.020

5| N(* )=4 | 1.878+0.350 0.343+0.080 32.32+5.11 2.155+0.251 0.18 0.124+0.060
3bOOEON5?

n-(ass) 39BmbgdoL B3 396 J0dRMObsz0 () FgHMbIdOL MHOMEIbMBOLOYD sTM30IYdMEgdOm

m(S) 5 m(ass)

N N () <Pr(m)> <Pu(m)> <Or>degr <Yi> R <Dc>
Gev/c Gev/c
1 0 3.294+0.082 0.345+0.010 | 17.36+0.35 2.267 0.10 0.071 m (S)
2 1 2.933+0.071 0.341+0.010 | 18.91+0.40 2.141 0.12 0.078  (ass)
3 2 2.572+0. 081 0.339+0.012 | 19.80+0.60 2.058 0.13 0.082  (ass)
4 3 2.450+0.110 0.357+0.014 | 20.63+0.70 1.972 0.14 0.097  *(ass)
5 4 2.451+0.150 0.365+0.015 | 21.54+0.90 2.027 0.15 0.094  (ass)
6 5 1.344+0.200 0.343+0.020 | 27.03+0.1.10 1.587 0.25 0.122  (ass)
3bMOooNe5?
09039 M3 3bOowdo Ne52, dbmerme 1*(s) s T (ass)-d9BMbgdolsmzol
*(s) Qoo T*(ass)
N| N ~(0) <Pr(m*)> <P.(r)> <Or>degr <Yi> R <ne>
Gev/c Gev/c

1 0 2.616 0.383 20.66 2.04 0.15 0.100 m *(S)
2 1 2.260 0.391 22.81 2.90 0.17 0.111 T *(ass)
3 2 2.046 0.394 25.37 1.77 0.19 0.122 T *(ass)
4 3 1.997 0.421 24.93 1.76 0.21 0.128 T *(ass)
5 4 1.821 0.382 26.75 1.68 0.21 0.190 T *(ass)
6 5 1.774 0.386 27.61 1.65 0.22 0.130 T *(ass)
7 6 1.402 0.331 27.62 1.57 0.24 0.111 T *(ass)

II. 8gmédEo  myt-

3603369@Md0log96

d9bmbgdols  130-0l  EBM3IOEYINMEGDS

<Nc>

-309809@GONO0  33EoEOL

@0BIO5GHMOH0ED  36MmdoE0s, HMI v BodboMgdmo gbgeyool bsfowszo gigds Lsdobbgl,
LsdoBbOL FoLOL BOEILMD gOHPIE 0BMPYds FJMMOO bfoErs3900L IMIZELMBOMMBS, 0DBMHIdS
3906930U (2585360960L) Lsdrmsem 3Mmbg s 30MHYds LsdsEm 083elo [15-16].

39IILHOYO0 33O
9399990 396500 b5Howszol Homdmboddbgws. v ne 0HMdgds bmzarmbols dsliol gHmgmwgddo,

Ne 296005M@Fgds, OMaMEME JobodowMo  Toby, GMIgerog LoFoMms
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05806 ne-ob HBOEILMID ghmo TgMMs0 bsfowszol 13d «bws 033w dMEbIL. s1g3g LoobEIMGLMS
Ne-0b BOEILMID GO OHMEOLOJYJds Mgg0d0b (33es 9.0. MmO d9hygds <PL>GeV/c 899306090,
<@>degr-ol BMES? 939 LoobEBHIOGLMS  n™x - FogboToEMO 3N BHOMMO HoEbzol dJmby
Bofoens3gdol Lodwmogom Bobolosmgdargdol sdm3zogdewrgds ne -U 3603369 MdOLOYD. BAME
09393056 ncmx-0ls Igmbg bofoes3900L Msbdbergdo m(ass)(ncm*)-ob b3a.

9L 990093900 “9bs 93500960  AiA: =(P,d,He,C)(C,Ta) ©oxsH9390d0 03319cbigdols 0b@gmgzsedo (4-
10)GeV/c §o63mgdboro bsfiors3gdol dbgogl 1i3d-b, M ©o350a0bMmm sdoi 5000 5943 vy 5Ms 9.§.
»OBOWO 25RO gdoL 3030 ol - hypotesis of soft decoloration.

99U3960896E Mo Bmby3gdgdo 230R3969096, GMI N-BOHILMD JHme© d3oMEIds TH-3gbMbgdOL
Lsdw9oem 03399lo <PL>GeV/e, 0DM©gds 398ma®gbols Lsdmsem Jmmby <O>degr. Mm3s ne J0owHg3L
96008369 mdsl ~ 0.6-b <Pr>GeV/c 3500L 3wo@dmby s olgg 0fiygdl Ol (3be. N262,6°). 0y039
990dagds  00g35L ne™x-ols dJmbyg 1 (ass)-d9BmbgdoLIM30L. LoobEHgMglms, GmI nc*-ols ddmby n*-
d9Bmbgdol <Pr> 93390060 930600005 @5 <O> 93390005 0DMHEIds ©s JogMoboggb job Lab-
LobBgdsdo (0b.3bM.Ne,7°,7%,8°,8°).

0953 9000 5943L 9.§. ,OBOWO® 2oMRIOHYGdOL 303MmmMgDL.

3bOooN6
T ~C-ox 95999030 50509390 T dgBMbmdoL b3ZT EsTIMI0IOIENYdS N - 39FYWSEOMHO HOEb3OL
96008369 mdolosb
- - 99BMbgdo
N Ne <PL> <P1> <@r>degr <Yr> R
Gev/c Gev/c

1 0-0.1 | 3.810+0.024 0.297+0.010 9.382+0.10 2.267+0.021 | 0.081
2 0.1-0.2 | 1.153+0.025 0.417 38.610+0.12 1.080 0.360
3 0.2-0.3 | 0.804+0. 028 0432 65.340+1.20 0.535 0.540
4 0.3-0.4 | 0.755+0.0.40 0.473 82.010+1.30 0.238 0.620
5 0.4-0.5 | 0.614+0.046 0.467 93.750+2.90 -0.004 0.760
6 0.5-0.6 | 0.714+0.060 0.552 95.161+3.50 -0.058 0.770
7 0.6-0.7 | 0.860+0.100 0.566 101.900+5.80 -0.191 0.660
8 0.7-0.8 | 1.139+0.150 0.555 105.000+6.00 -0.255 0.530
9 0.8-0.9 | 1.043+0.155 0.639 108.800+7.00 -0.363 0.610
10 | 0.9-1.0 | 0.149+0.165 0.983 90.680+7.80 -0.420 0.850
11 1.0-1.1 | 0.129+0.116 1.221 91.950 -0.452 0.940
12 | 1.1-1.2 | 1.656+0.165 1.341 92.730 -0.502 0.810
13 | 1.2-1.3 | 1.792+0.170 1.522 88.380 -0.551 0.850
14 | 1.3-1.4 | 2.026+0.180 1.700 96.600 -0.602 0.840
15 1.4-1.5 | 2644+0.185 2.140 90.850 -0.641 0.800
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3bOOEON6®
09039 053 3b6O0do Ne6> memb " 99Hmbgdolsmgol
N Ne <PL> <P1> <®r>degr <Yir> R
Gev/c Gev/c

1 0-0.1 3.079+0.024 0.297 10.48+0.10 2.490 0.096
2 0.1-0.2 | 1.165+0.021 0.442 36.60+0.81 1.138 0.380
3 0.2-0.3 0.947 0.511 56.70 0.703 0.540
4 0.3-0.4 0.944 0.576 68.34 0.467 0.610
5 0.4-0.5 0.894 0.634 76.71 0.292 0.710
6 0.5-0.6 0.892 0.691 79.26 0.217 0.773
7 0.6-0.7 0.964 0.715 87.04 0.075 0.740
8 0.7-0.8 0.988 0.833 87.40 0.056 0.843
9 0.8-0.9 1.078 0.826 92.37 -0.037 0.766
10 | 0.9-1.0 1.029 0.898 96.45 -0.122 0.870
11 1.0-1.1 1.040 0.858 104.40 -0.243 0.830
12 | 1.1-1.2 1.135 0.972 103.50 -0.266 0.850
13 | 1.2-13 1.268 1.096 100.10 -0.202 0.860
14 | 13-14 1.342 1.184 103.60 -0.268 0.880
15 1.4-15 1.423 1.233 104.40 -0.411 0.870
16 | 1.5-1.6 1.636 1.492 99.50 -0.462 0.910

1.6-1.7 1.173 1.467 105.00 -0.554 0.870

3bOooNe7>

093039 053 3bO0do Ne6® o No6?, m©mb  nc™ - 335G 0v)Ho (3300l dodlodoermMo
36009369 mdolsm3zol 9900393590
nemax - - 8006(‘050?)01)00)301)

N Ne <PL> <P1> <Or>degr <Yr> R
Gev/c Gev/c

1 0-0.1 2.781 0.372 14.53 2.12 0.13
2 0.1-0.2 1.169 0.428 34.47 1.070 0.37
3 0.2-0.3 0.837 0.442 64.95 0.550 0.53
4 0.3-0.4 0.747 0.469 82.16 0.230 0.63
5 0.4-0.5 0.598 0.458 9481 0.022 0.77
6 0.5-0.6 0.727 0.556 95.19 -0.060 0.76
7 |0.6-0.7 0.890 0.619 100.10 -0.160 0.70




89

8 0.7-0.8 1.102 0.698 105.40 -0.263 0.63

9 0.8-0.9 1.140 0.632 109.60 -0.381 0.63

10 | 0.9-1.0 0.992 0.850 98.61 -0.520 0.86

11 1.0-1.1 0.993 0.880 101.70 -0.600 0.88

12 | 1.1-1.2 1.100 0.930 98.20 -0.700 0.90

13 1.2-13 1.116 1.047 99.37 -0.886 0.94

14 | 13-14 1.200 1.080 100.20 -0.930 0.90

15 | 1.4-15 1.302 1.223 99.47 -0.970 0.94

16 | 1.5-1.6 1.345 1.258 104.60 -1.120 0.93

17 1.6-1.7 1.656 1.640 102.73 -2.000 0.98

3bOOEON7?
03039 M3 3bOowdo Ne7> membo
'- 99DmbgdoLsM30L
N Dc <PL> <P1> <OL>degr <Yu> R < e >
Gev/c Gev/c

1 0-0.1 2.242 0.353 15.63 2.00 0.16 0.00
2 0.1-0.2 1.119 0.446 38.00 1.103 0.40 0.15
3 0.2-0.3 0.953 0.514 57.51 0.688 0.54 0.25
4 0.3-0.4 0.943 0.583 69.15 0.455 0.61 0.35
5 0.4-0.5 0.895 0.639 76.77 0.293 0.71 0.45
6 0.5-0.6 0.885 0.702 79.50 0.213 0.79 0.55
7 0.6-0.7 0.979 0.750 87.69 0.065 0.76 0.65
8 0.7-0.8 0.967 0.822 88.04 0.045 0.85 0.75
9 0.8-0.9 0.976 0.836 93.43 -0.064 0.86 0.85
10 | 0.9-1.0 1.046 0.905 96.41 -0.118 0.86 0.95
11 1.0-1.1 1.061 0.871 103.80 -0.257 0.82 1.05
12 1.1-1.2 1.075 0.945 103.80 -0.277 0.88 1.15
13 | 1.2-13 1.278 1.101 100.00 -0.300 0.86 1.25
14 | 13-14 1.391 1.181 101.20 -0.340 0.85 1.35
15 1.4-15 1.371 1.207 102.80 -0.380 0.88 1.45
16 | 1.5-1.6 1.470 1.264 100.20 -0.450 0.86 1.55
17 | 1.6-1.7 1.500 1.305 109.40 -0.500 0.87 1.65
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18 1.7-1.8 1.536 1.256 114.30 -0.568 0.82 1.75
19 1.8-1.9 1.600 1.264 110.50 -0.610 0.79 1.85
20 1.9-2.0 1.620 1.312 114.40 -0.630 0.81 1.90
21 2.1-2.2 1.689 1.397 116.80 -0.700 0.82 2.16
22 | 22-23 2.096 1.480 118.40 -0.863 0.80 2.25
3b6Moo Neg°

1 -09HMbgd0bL 1139-0L M0 YIYGdS N™*-F9dNb3g35d0 FodloToIMO 3MTMESGHOWOO
0oEb30LoYS0

3b6Mogwo Nog?

1 ™ 96003690 mds T 99DMmbgdolsmzols
N N <Pr> <Pi> <Or>degr <Yi> R
Gev/c Gev/c
1 0-0.2 2.070 0.397 25.53 1.653 0.19
2 0.2-0.4 0.863 0.452 71.43 0.428 0.56
3 | 0.4-06 0.803 0.490 94.93 -0.034 0.61
4 0.6-0.8 0.867 0.648 102.100 -0.200 0.75
5 0.8-1.0 1.200 0.960 103.60 -0.265 0.85
6 1.0-1.2 1.358 1.147 95.30 -0.300 0.85
7 |12-14 1.454 1.284 93.87 -0.376 0.88
8 1.4-1.6 1.600 1.328 100.60 -0.400 0.83
9 1.6-1.8 1.990 1.690 90.60 -0.480 0.87
10 | 1.8-2.0 2.000 1.800 95.50 -0.550 0.88
12 | 2.0-2.2 2.204 2.004 90.92 -0.661 0.92
e - oy 0obdbengdo 1 (ass) Igbmbgdol 1530
N ncmax <PL> <P1> <OL>degr <Yr> R
Gev/c Gev/c
1 0-0.2 3.936 0.302 9.35 2.069
2 | 0204 3.088 0.332 17.32 1.976 0.110
3 | 0.4-0.6 2.808 0.340 21.58 1.962 0.120
4 | 0.6-0.8 2519 0.331 24.99 1.976 0.130
5 0.8-1.0 2.450 0.300 21.20 1.962 0.120
6 | 1.0-1.2 2.359 0.288 21.36 2.062 0.120
7 | 1.2-14 2.300 0.311 23.35 1.902 0.130
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8 1.4-1.6 2.250 0.250 25.50 1.872 0.110
9 1.4-1.6 2.015 0.340 30.20 1.867 0.150
10 | 1.6-1.8 1.212 0.236 35.23 1.750 0.120

13365

3999 GH0MM0 30m3gLgdol Ggbfagesd TC @oxsbgdgddo 40GeV/c 033mbom T d9BMbgdOL
bodmoegdom , g30h39bs:

1.

0

© N v e

10.
11.
12.
13.
14,

15.

b -99BMbgd0oL LsdsEgdom Fgodegds 4963539 Mm GMMTobgmOLOAsD Nev(H)- boliEo s Nev(S)-
GOOWo  3OMm3gLgdo. 0 3GMmi3gLgddo - 3gBmbgdol 13T  gHMTBINOLLRSE  F3390MO©
296Ub3530090056;

399999530 M0 T -d9HMbgdol 13D 5O 5MH0D SFMIOWYOMWO BE 30039 96gMYOIDY, SO
593990 Bsfos 3ol s 563 LodoBbOL FoboBy;

FL-ge0md@mbgdob (9.0.16 -99Dmbgdols) Foedmddbsdo 80356 Mgl 095859mdL Lodobbols dobos;

T -09Bmbgdol 13D SMLYdIOMOE OB IBMIOPIOMO  Ne-3MFMNWOBHOOO  MoEb3oL
86083690mds%y. TC @oxsbgdgddo Fo®dmgdbowo - 39Bmbdol s AiAr- BOOMZ-BOOMZME
©ox 9909080 ((083MwLG 0bEYM35¢do (4-10)GeV/c) T~ d9bmbgdols s P-3Gm@mbol 1330-0b
©59M300090905 Ne 3300 MHobzol 3603369wmd0obogsb gOmbso®mos;

900900 99093900056 F90dwgds ©o35L33600, BIMT  T-09BMbgdoLIMZOL  sEYOWO 593L g-
33963900L5 o g-3mbadol sMHMboBs3ool gHmosbo d94s60BTol Asdm3zwgbsl 9.§. ,Mdow0®
23993396930l 303mmgBol - Hypothesis of soft decoloration.
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16. Koutsidi N.K. Yu.Tevzadze, Journal of Nuclear Physics, 1977,v.26,p.326.
dbogds bsdmdo ,3ydyeHune KECTKX M MATKUX IpoueccoB T C —B3aMMOJAENHCTBUAX IIPU
nmnynsce 40 GeV/c  JI. A6ecamamsin, JI.Axob6az3e, 0. Tesanze

1.2.
©3LOMIEGdNMEo 3OHMJGHob
©obobgErgds dg36096M9d0L 3609940l ©afggdolb s 36m)3do Bxdorgero dyPboboeo
Ne (02000MgEols BHrragnols
M0l o bdgabogMm 5305360 900b Fengdo 0o Bo0m)
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HIGH DEFORMATIONS IN LEAD SELENIDE NANOLAYERS
AND RELEVANT NEW PROPERTIES
A Pashaey!, O, Davarashvili®, VUL Enukashvili®, 2.G. Akhvlediani®,
L. Bychkova®, R.G. Gulayey®, M.A. Dingania™and V.1, Zlomanov®
. ! Mational Avintion Academy of Azerbaijon
'E. Andronikashvili Institute of Physics, Georgia
e, Melikishvili Institute of Physical and Organic Chemistry, Georgla

IMLV, Lomonasoy Moscow State University, Russia

Abstract, The article deals with the modified method of “hot=wall™ beam epitaxy for obiaining
the strained lead selenide nanolayers over a wide range of growth rates and controlling their
thickness, With detection of the twossiage growth of the layers, the layers wilh high
deformations-tangential lattice constants, and hence with high “negative™ pressure were formed.
Dbservations of the shift of the optical spectrum in strined layers and the possibility of deep
compensation of the concentration of current carriérs when doping the layers with impurities
with variable valence twmed out to be interesting as well. Under high deformations, the fexture
of a tetragonal phase is formed, thnin.- appears o new level in the conduction band and henee
sdditional absorption in the optical speetrum. The given specific features were first discovered in
the physics and technology of V-V semiconductors, and they open new opportunities of using
these semiconductors in TR optoelectronics.

Key words :nanolayers, , deformations , dislocations, supercriticality, “negative™ pressure.

I. Introduction '

In work [1], new data on the comprehensive research of the sirained layers of IV-VI
semiconductors are presented. In bulk erystals and thick layers, the atomic number — the weight
ol the components of the compound determines the chain of inlerconnected physical propertics
of 1V-VI semiconductors:a narrow band gap leads to small values of effective mass which, in
turn, lead 1o high mobility of current carriess, In thin strained layers, o slight change in the
distance belween the atoms constituting the compound, for example, with tensile strain is
accompanied hy an increase in the lattice constant and the band gap, while the mobility of
current carmiers decreases more significantly than withoul relaxation of straing al the substrate-
luyer interface [2]. As the investigation showed, it is important that, when the strained state is
retnined for two and more years, new opportunities to control smoothly and flexibly the

propertics of the manolayers of TV-VI semiconductors and 1o realize innovative semiconductor
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Analysis of the conditions of deformation’s formation in
lead selenide nanolayers

AM. Pashaey', O.L Davarashvili®, ML Enukashvili®, Z.G. Akhviediani®?,
L.P.Bychkiva’, R.G, Gulyaey?’, M.A. Dzagania®and V.P, Zlomano®
! National Aviation Academy of Azerhaijan
Ty, Javakhishvili Thilisi State University, Georgia
YE. Andronikashvili Institute of Physics, Georgla
AP, Melikishvili Institute of Physical and Organie Chemistry, Georgia

M, Lomonosoy Moscow State University, Russia

E-malf : omardavariyihao.com

Absteaet. The results of reservation of strined state in PhSe layers grown on KC[, BaF;,
NoCl, CaF: substrates during severl vears and revenling of the peculiaritics of bwo-stage
growth of kyers, the ereation of supereritical structures, the study of the broadening of elastic
deformation al layers doping with impurities of varying valence show that it is reasonable 1o
repulate in detail the straing (deformations) i nanolayers.For definite groups of layers witl
the thicknesses in the range af <100 nm amd 100-200 mi, as well as atnot high — | nmds and
high =10 nm/srates ol growth there appear the new means to control the deformations in
*hSe nanolayers.

Key words: supereritical layers, eegulation of deformations, tangential lattice constant, loyer
thickness; growth rate .

L Introduction

For using the supercritical struined PhSe layers al “negative’ pressunes sugpesied earlier fn
[1] at the solution of new technical problems, i.c. the development of high-temperature and
high-sensitive TR photodetectors [2], it is interesting to consider the problems of intercon-
nection of the thickness of layers and the rate of their growth with the deformations taking
place in them |3]. The cholee of the method of molecular epitaxy with a “hot wall™ [4-7)
makes it possible o control the mte of layer growth and to show the importance of this
parameter for obtaining the maximuom deformation also ot the maximum thickness of the
layer. The development of the methed of controlling the growth of lnyers will allow as well to
diefine more exnctly the peculiarities of their growth [8-9] and to investigate in more detail the
propertics of layvers at cach stage. The investigation of just these problems is the subject of the
given work,

1, Experiménial meihods

Far the planmed Tnvestipations the layers of PhSe were obiained by the methed of molecular
cpitaxy  with a *hol wall™. The Mux of melecules w the KCI (100) subsirate 15 formed by
heating of polverystalling PhSe in the range of emperture 450-510°C. KCI substrate was

1599(36096MM BMErmdgddo dmbsfogmgmds
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INNOVATIVE NANOMATERIALS ~-PECULTARITIES OF FORMATION OF
STRAINED LEAD SELENIDE NANOLAYERS
A. M. Pashaey’, O, | Davarashvili?, M. I Enukashwili®, Z.G. Akhvlediani®”,
L. P. Bychkova?, B.GL.Oulyae? | V. P. Zlomanoy?
" Nefional Aviation Academy, Boku, Azerbaijon
* b, Jevarkhishoili Thilisi Stare University, Thilivi, Georgia
LB Androntkastivili Instinite of Physics, Thillsi, Georgia
M Lomonarey Moseaw State University, Moscow, Russia

g-munil = omardpvarvahoo.cam | gairsak@yohoo.com

Al keeping the atruined state in IV-V1 semiconductor nonoloyers during o long  period ol
time, there appears the possibility of flexible wnability of encrgy spectra of current carriers
[1]. At doping these layers by impurities of varable valence, the uniformity of loyers and @
significant compensation of the concentration of current carmiars are revealed additionally at
stabilization of Fermi level deeply in the forbidden gap. The prospects of formation of high-
tempernture twnable Tasers and high-speed and high-sensitive photodetectors in IR spectnim
are opened. The implementation of such innovations s received ol the development of modi-
ficated technology of maleoular epitaxy with ®a kot wall™, At the example of lead selenide the
charecter of strained lnyers growth on KCL. Bab: and NaCl dielectric substrates is analyzed.
Two-stage growth of layers is reveoled at the double influence of dislocations on its cha-
racter. At the frst stage the islonds — nuclel emerged and merged and their surface-tension
enerpy is wansferred o dislocations and al the increase of the number of nuclei and as the
result continuous growth of layers is accelerated. At the second woge of layer-wise growth,
the elostic energy of layers increasing with the growth of thickness is enough For ovigination
and scceleration of dislocations — the relaxation of strains takes place. The study of the inf-
luenee of the velocity of laver's growth on formation of maximum deformations (tangential
lattice constants) in connection with the internction of nonstolchiometrie defects is of interest.
A1 the decregse of the thickness of layers lower than 1 00nm and of the growth velocity down
to 0,1 nmisee, the tangential lattice constant exceeds 6.200 A | and the defor-mation is more
than 0.015. At the mentloned growth velocities, the nonstoichiometrie defeets have thne Lo
annibilate in dislocation’s nuclel and cause the retardation of them. With the increase of
deformation in layers, the texiure of tetragonal phose is appeared in them, I1 |eads o the
appearance of additional narrow absorption band in optical spectrum not observed early in 1V-
V1 semiconductors |2].
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Abrupt Reduction in the Concentration of Current Carriers in Doped V-V
. Semiconduetors under -Negative” Pressure
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Narrow-bandgap [V-V1 semiconductors widely used in IR optoeleetronics. In particular, based on
these semiconductors, tunable lasers and photodetectors are designed. Wilh doping of these
semiconductors with variable-valence mpurities (Cr, In, Yb and others), the conditions for reducing
the concentration of current carriers due to mutual compensation of electrically active
nonstoichiometric defects and impurity states having opposite signs, To observe such an effeet in the
compositions of this kind, including the ones with wider band gaps, it was suggested to use
“negative” pressure when the layers are grown on the substrates with a larger lattice constant. Under
such conditions, the band gap width increases, and this process enhances with manifestation of
varintions in elastic constants. These effects reveal effectively at nanothickness of the layers .

The following heterostriictures were suggested and fabricated: PhSnSe/PbTe, MbSnTe/EuTe and
"hSnTe/BaTe, Under -negative” pressure ~ | Okbar and at 77K, the band gap width was 0.4 &V, and,
when doping with Cr and In, the concentration of current camiers decreased below10"em™ (in the
unstrained luyers it was equal (o 10"em™), The state of the level, in particular, of In is lower than
the conduction band edge and made up ~0.1 ¥, The 1ypical values of the rate of variation in the

impurity level state with changes in the composition were % = 5T meV/ % , the band gap width

and the state of the impurity level were changed with temperature as Eff =4 - 107 eV/K and
E‘% =3 10* eV/K , respectively,

With such significant reduction in the concentration of current carriers in the layers, the dielectric
state 18 formed, and the Fermi level is stabilized in the vicinity of the impurity Jevel. Based on the
materials of this type, high-sensitive photodetectors for the spectrl range of 3-20um are designed,
References
L. AM. Pashaev, OLI, Davarashvili, V.A. Alivev, M., Enukashvili, V.P. Zlomanoy, Regular
connection between simultancous stabilization of the Fermi level and transformation of the
elastic properties of [V-V] semiconductors with their conversion into the dielectric state.
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PECULIARITIES OF GROWTH AND PROPERTIES OF STRAINED
NANOLAYERS OF LEAD SELENIDE
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This research deals with the maodified method of “bat-wall” beam epixy for obtainine the sraised leod

selenide nanolayers over 0 wide mnge of growth mics and confrolling thelr thickness. Wik detection of the

twiestage growtl o the layers, the loyers with high deformuitions-tmagentinl liftice pemmeters, and bence

with high “negative” pressune were Formed, Observations of the shift of the optical spectrum in strained

levers and the poasibility of deep compensation of the concentration o current carriers when doping the

lagers with impurities with varidlle valence lumed out o be intesesting as well, Under high deformations,

the fextuere of o tetrogomil phose is formed, there appears b new level in the conduction bond and Tence

adifitional ahsorption in e optheal spectrum. The given spocific feures ire (st discoversd in e physic:

e technology of 1V-V1 semleonductars, and they open new oppartunilles of using thee semleondacton i
IR optoclectronica.

Hustrative materials: Experimental and Theoretical Hesulis
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Fig, 1 Dependence of the (hickness of epitaxial PhSe layers on the growth e - abservation twossinge of
growih : - “detay® in growtl , nueleation and mergiig of islands - nuclel | 10— rapid bier by layer growth,
“delay™ fime:o -9, h— &0

Fiig. 2 Dependence of the wngential lattice constant on the prowil me o the second stage: @) al the
thicknesy of nyers 100-200nm ; b) of the hickness of layers < 100nm.

Fig, 3 Dependence of the mismatch-deformation on the PhSe lnyver thicknass grown an KO) substrste —
deformation - (0,001 is observed af the thickness ~ 200nm.
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Fig. 4 lmpurity level shilt to the midgap of V-V semiconduclors under effoctive “negative™
pressure, for example @ 1- PhSnSe «Cr (PhSe:Cr s a concrete case) and 11 = PbSnTe : In
teoncantration of current carriers decreases at 5-8 orders for diflerent compositions ),

Fig. 5 Kerny diffraction patterns of #-20 scanning of PbSe layer with thickness ~ Tnm, reflection
from the erystal plane (200) — observation of tetragonal phise ogether with cubic at deformation
£= 0,008 .

Fig. & Resulting absorption a-mg e dependence on photon enargy for layer PbSe with thickness ~
Tinm - observation of two absorptions at 300K ; additional and corresponding to tlic forbidden gap
width of the strained Ph%e laver,
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