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1. Leqvinadze
Kako Sulava and Mate Mirianashvili
Abstract

In the work there is discussed Mr. K. Sulavas strive for natural scrences
and mathematics. There are also described his years learning as a post-
graduate student both in Kutaisi pedagogical Institute and M. Lomonosov
University in Moscow, his work on dissertation which gained much approral
from his opponents and his supervisers.

There is described the influence of academician Mate Mirianashvili on
his development as a scientist; Mr. Mirianashvili's role in making K.Sulava
interested in the history of physics and philosophy.

There are given Acad. Mate Mirianashvili's writings of his lectures, his
handwritfen text-books in general and theoretical physics. We describe how
K. Sulava combined his sciertific work with organizational activity as an
assistant, deputy dean and as a dean, and finally, as the head of the department
of general and theoretical physics.
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30U, (1934 §erosh) mgmOormo BoBogol 3smgE@l ybbgdos
1941 §ews8c0g. 53500. 8. 806056583085 MBOOLOL IBogg@LoGIHO
©53905365 1928 §. 1927 §erosb 8ry850d@s ool 3s0gMBY
(35839 3603, 5. EOEIIEd]), 1930-1933 Gergddo batzmaol go-
B0go-Bgb03ol 0BLEBHOGMEL Mmoo yebymgowmgdols (o839
3608, @. @b sB30MBH0s, HMBwol bymBdngsbyrgwgdos
36ma. 8. 3mmelzo (1896-1966) @s 3Oma. . @ibsry (1908-
1968). 1933 8. 306056559300 9OHMDEOMME 06086915 MBoEOLo-
Lol w15039ML0@IBOL Bmgd@o Bob0gol © Jrmsolbol 3golbdo-
&BOL MMM BoBOIOL 9IRGB0 33y

306390 6536MmBo, Gmdgemog 1938 §. mdowolol boggmlo-
333 B6MIPBo, berwm MBtm 3O 1951 §. bagsdoggermt 8/s
68305 1 BHmddo gs8magdzgybs mg. 8. Bom0sbsdgowds, dgolifog-
@05 dOMBOL Bsfowgdols Frmbslifmmrmo 8amdsmgmdowsb by-
Begom 3ZOOIGTIE 3dEbAN 5068(35060-8m3gM-3esbzol 3s6-
BOgdol s3mbsblBols ds@amo Goaol §o3dadol gsmgseolfoby-
Bom. 50539 6596380, 8. 8005658300 0derggs Lsdryswm oG-
GO 5sHOHOL GBIl Bmeryzmgdol dGBzomo dmdGs-
B0l gamgamolifobgdom @s 33(;H30EgdL 850 0EIBAVOMBL >06-
B#5060b (1905) 9gbsdsdol Bamdrmgdmst. 1938 §. 85806 mEgbdo
8. 30603653300 583 PAL ba®3mzBo 1933 §. wafiggdyye 68~
608 390009800 5GHM0L JHMO Z5H0EOIEO s8mEsbols Fglsbgd",
OmBgmBog 5300050588 BHOEMObLOL BgmmEl ©s 3geordol do-
6000500 BaMBsMgmdsl B30Mg 9BgHEOYBOEE LIobErmgEgds. Ls3b-
©OEG™M oLYMHGHGs 39 MgdsbY 856 03> 1938 §. dmlzmgol
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B0g9OLOGHIGOL BoB0oL 0BLEAHOGIGHBO, Las 08 O™ m‘gmo'{éz
e goBYgmz0medsl byeddngsbgrrmdes 3Mng. 0am® ¢sdo, (}189/
1971) (398090, 5350093030 @ BadgEol @ory®gs¢0). gb BIBGH8G
©0G. 8. B060s65830B 8magggybs 1943 Lag. 8/s msddgdo (&) 1V,
Ne3, 23. 2/9 - 226)..

- 00 Logrmgabol dg F8dsdg (1911-1942), Jrmsobol 3gob-
LEHOGIGOL o030l 350gEMBY Imfiggnwo ogm . 8. 3713985~
Jobs (35m9M0l 306390 33839) © M. 8. 3oM0sBdz0ols dogH.
1933-1934 §§. 0go mgmmoveo $obogob 32MLL Jombryewmdl, dgo-
839, 9b0ggBLoGIAHOL (I 379@LoEst) LEEb®o s sL3oMmsbEO
bogds. 39HgOdNMEIO 3OMBILMOOL 0. 0. BHIB3gol byeBdngs-
Bgarmdoor  sLrargdl  8608369@mgsb  3s8m3gerggel mgmGone
53796303530 @5 1941 §. 0gewoliol mgg8o 03ogl Lygsbooa®m @o-
LgHEE0sl 0985%Y: »937LGH03ET0 doMmomsEo 9BGEIHO L 0bs-
BOEMBIMS Fgbsbgd", Gdgewog sMos 3odmgd3gybadeeo.

0. J30530b 80g®, 505 4aMs 1938-1939 fiewgddo Jgborryery-
Beyemo 0ge MO0 33BMIZEI3S HKBIWRNO0 53350900l 3ogMEIwIdOL
Fglobgd" (B30GMBE . 530sLME gHMIE) @ ,FIOOOWMZBo
99dEHOMBOL 3M3305300)wo ggerol Gglsbgd dmEBOL gegddBem-
©065803580". 3063900 E3LIbYWYdIo BsIGMI0 bag. 8/ s35@980-
30U 3. 8583L5bErolmzol FomEanbydom ©sodyFEs bvg. 8/5 gobogol
0BLGHOEMHOL BGMBgdOL IT $-8o (1954 §. ag. 91-113) ,O He koTOPHIX
BOMPOCAX PacTpoCTpaHeHHUs 3Byka B armochepe”, Gbmemq dobo omd-
6553¢mO0bs @5 gamdAOL, LG YIPIZME IVTISLIC ©IZO0 S~
305l 53BMOMBO0.

1937/38 L. §. Bgmmyg (Bsgbeyemols) LgdgbBHdo mgmOOo Bo-
Bogol 3OO, 39M3ME ,BIOEMBONMIOL MINMOS ©d JEIIEHOM-
©0653035"-U J0MbIEmdEs 36, HogEgh doMowmdgl dg beysod-
30qo (1887-1942). Lsgs®onggarmbogol 3 3dodg 3meodogrn®o
©9369b0gdOL 3oGHMBIRBTO JoOmgger BoboMLms FJmeol 3oMggewo
36mxgbmmo ©s 0doEoLol MBogIALoG GOl MIMGONo BoBo-
306 3509M0L ©s8s5MbgdYo 3Mme. M. brygodgowwo Rsdmdmnmg-
drymo ogm 8ol 88md@on® mBoggOloGIAL s Bsovydol Fmms
MLzl Lsb. 390oama0vd 0BLGOGNGE0 0gm 0538985Mgd)-
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@o. 1938 §. Bsgbrydo Mg3MLogdol Gsewol F9HBdOEgdOL™ 8(% /
89630, GmEd> ©EME. 8. 060658300 Gogerobydrywwo oym Qealizeal
30b ¢BoggMLoGIABo @oLYHAEO0L ©3EELB @33.33'606)3600'),
beam 0. F0sdg, Hmpmee mdowolol 1Bogg®loddOL SB30Msb-
B0 339090 0gm 5680580 LYY L58LbYYHOLSMZOL.
360 6. bryaodz0wds grgomeobol 3goblGodanddo Foozombo
BSOHEMBODMBOL MIMG0s: 6. bryaodgowl 390mLo3g35@ 3o8Bo©Y-
dryeo 3gmbod ,)@gddOmEobsdogols ©s BIOEMBONMIOL Mger-
Goob" 3nObo, Bsp®sd 1941 §. spgolGmBo BgmME @535¢H00MgdOL
@AM Bo@sHdIo 3mbgoLydsool gadm, ol mmb 3639w 6536~
8Rosb: 1. ,g@gddOebwo dmgegbydo". 2. J@IddOIWo 9L
53mbgyO®do’, 3. 35960l 9@dOOMEIHOIO@@DS', 4. 930~
- §obs BspBo@n®o Bmngwghgdo” (Hmdgermsy 3OG0S. 3. 3503539 sLobg-
@gdl 3530b §oabdo ,gsOmggmo Bobozmlgdo’, by, odowolo,
1982, 3. 46-47), ©©503560.

1938-1939 o> 1939-1940 U. §.-80 Jrmsoliol 3goBldodadob
BoB0ol 3509HBY MIMHOIEO BobOoL FIBLOL BaFoel Lo~
AOUGHOIANO0 BoBOZs ©5 MYHBMEOBT0I" J0POYWMOES M- B-
Bo@s0s (1912-1989). 3. BoBs0s8 mdogroliols 395ma0H0 0blGo-
&0 (@dowobob wboggMbodgdo 1930 §. 6980637006 8989)
©55905365,1934 §., 1935-38 §. ogm omdogobols 2B0ggOLOGIGHOL
DYOOOTI@O FoBOOL 30Ol (398 1933 frowsb ©mg. @
306©3dg) (1911-1976) sbd3o@sbBo. 1939 §. 03> ©@oLIOGHEOS
8563030 30mg3r)ols 335B@TM-89756037M0 58mEsbS" @ 3obd
30%0gs-0507985¢30308 gBogHdsms 35Brows@e. dolo Lagsbeo-
©G™  ObYOESE00L doM0msEO Brgagdo ©sBYFEs by BGM-
89080 (¢&. 8. a3. 79-90, 1939 §).

65 50060dBM, G Jrmsobols 3gEoBLEHOGTEL ®9eH0-
)0 BoBOIOL 5By 1936-0s6 1939 FargdBo 062086y
35 @5 838gy sL3oMsbHYds© Borgdrirro 0gbgh sbsEysBOs
3IPLBMgOBMEBO: 3s0dg (303m) bryesgs (1913-1962), Bo-
bgow (downgs) amdgx0dgowo (1912-1998), 0gamosby (covghs) X3~
6009 (1914-1990), gawghs 30bFm@sdz0o (1914-1992), HMIYoop9
30639m8s mGds 860dgbgrrmgsbo  Fawowo Bgo@sbgl Jrmsolol

21



#6039ELOGIHT0 MIMOOMO $0B030L 33630msMYdT0. / -

11 9330l sbafgobo grosobols 39063LoEMBHL gm‘hn{gﬂb,
35D9EMBY PINOOLIO 30%030L 3563005MgdOLY, 306)@3306{”&)& .
353806 gdI0s 3530 Lrgewsgsls @d Boargs 3MdX08300l Bmegsfg-
dSLIB.

35096 (3530) bryamsgsl obbmd®Og SL30MBAMMTo Rso-
Gogbs dmbgmgols 1Bogg@LoGIBEL Bobogob oBLBHOG®3o 1938 §.
g Lo 8035 Balifagergdgewds smg Bobgogrol dy 806056593000~
3> 1938 §. 998mqpmdsbg b396oEaG™ @oLgOEHE0S 033 93
©OEL dmligmgol BoggMLoGg®do @ 3 16039MLOGHIBOL 33eg-
300 0BLEOEMEBO BgBscdEBIE Bodmbgbowo 2003l MgG]-
G03mUgdo: 36me. 0. 9. G380 (B7800) ° 350090030, Badgol oy~
69540, 3O0B. ©. dembobaggo (1908-1979) (3gdgy Usg. 5350 §.
3), 360@. 2.5, 3Esbmgo (1908-1975), 3. L. BObmgo (1910-1994) s
Ubggdo. 1941 §. 0gbobol 20-80 gersody® Lrgersgsd mligmgol »bo-
396LoGIHB0 ©s033d Ly3BEOEG™M @©ObgHGE0s MYdsbyg: ,doo-
HO3adYI6 L3gdOONE bsms RopebogHydol MINM0d EOE ©s
83069 L0833M03056 6gRT0", Gmdgerdog 239653000565 58 03By
3abimgols s gELemgol 1936 §. 8gjdbowwo gm0, 59 EOLYH-
35300L 89380 @MG. 3es@0dgH (353) Lrgandgad ao8magdagybo
XX U. 50-056 §argddo, 89608y bHsGoob bsboom Jrmsobols 3g-
©OBLEOENEHOL 3OmBs0s BmBgrwgddo (&. XIL, 1954, 237-246; ¢&.
XII, 247-251). ,@0@EL0333M03056 33bgBB0 MIbmbBlrwo Ldgg-
AOME0 bsBgdol Logsbgms Bgliabgd", 53539 BO@BYBOL XIV @), gobds-
Bergsgdgwo Bhmds pddmaggagbs 856 1956 §., 1958 §. 58s39 0905y
-, L3d3mms B0oB0gmbgdol g38m3zergggdo LdgdeOrw bybms Logoa-
Bggdols Bglabgd (8ol ebdBOMBgey o 0836900dgbmsb  gHM)
36390 6590™30 ysdmadzgybs.

8obgoen (Bsegs) amdgx 08308 1941-43 §. ™880 dmbsffoerg-
Bol s JnBEXBOMRIo  ©EMOMBIRBOL 78I, H30GEBrI-
30 1945 §. BosdsMs oLl 116039MLoGIGOL 0gnGOrIo Bobo-
306 Js0gmsby. 1945-1948 feogdBo ©mE. 8. 80605658300l o
Bogmend  (603s) 3meogzzdg-bogmesdol byeddngsbyermdoon
Bm38bs©s 5 1948 §. 20335 133BEOEG™M ©oLYMGIE0s 0298sBY
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#1390 33Bmbol gHmgmG™Bosbo @sdms", 53 mgao@dgo%
3obo 6596mdo "PazmannoHHbIi pacmaz CKaaspHOro Me3oHa" 5195
©303935 KITA® - 0b 87-10 33830800 8y-2 HmdBo, bidra d5*
DmbBoL 3096 BMBMBOL Jmsbmgds" - LsobEgMglim mymGonwo 653-
™o - gromsobiols 0BLEoEEL 83Gmdgdol XVII ¢mddo 1951 §.

dobgogr (Boangs) amdx0dz0mo 1961 Fgarl, by Bmyswo
B00030L 350IEOOL 0s5s8IOMYE0s, bergre 1965-0096 5. 379830~
6ol 3953m307300 0BLEHOGWGHOL BoBOIOL JsmgEMOL §g3Mo. 0go
3593H0vIM5 066533HMAMBOS 535¢0. 8. BoM0sBs3z0eol dog® Bgd-
860¢ 1FoBSMB0O BMYSWO BIOEMBONMBOL MJMMOOL Ls30MbgdBY,
3ol ALEIHOS JHMMBOZ0 ©d 0BEROZOEISIAO LAs®0g-
30 3. 3060565930¢0U, 3. JoM0sL, 5. 39MHYLYErodol s bbgsms msbs-
533)MOMB00, HxBwgdoz 0d93IdMEs 60-70-056 §urgddo bod. 8/s
8maddgd0,  LsIMMIBOGOLM  gMag0GEoMMo  3mBRgMYBEo0L
(TIpo6remsr pauranun”. T6., 1976). s 153538060 9g-2 3mbxgHY6-
300U (Tesucer 2-i rpas. koud. CCCP, T6. 1965) 8sbsergddo.

ML grms0ldo 60-056 Fargddo m@o ¥Bs@amglio Lslfsgwwgdgaro
©5 FglsdsBolds BoBOIOL MO0 MO sOLGIMIPS, JMmsolols
39000BLbAOGHMBHT0 s Jmsolols 3memodgdbozn® obliGo@®ado.
JOms0bol 3menodgdbogm®o oBLEOGNEHOL BoBOIOL JsmgEmol
39939 05300 (0595) 8gbs89L dg R0 333300 (1930-1990.) MLy 3G~
bs3msgHgd o BoBoIMB-mgNGIBHOIMBO ogm.

1952-1960 §ergddo 0g0 Jrymsobol LrgdEmm303wmo ©s -
@73 bmbrBol 08539 0BLHOEHIBHOL BoBOo 3scgEMOL Faz®o ogm,
bawe 60-0560 Fergdosh Jrmsoliol 3mmodgdbog®o obbdody)-
&ob - obo3zol Jomg®Ol i3m0 ©s 898gy J9JEMOL 338y7. 60-
036 §argdBo 856 FomBs@gdom @s0E3s LsgsbEoEadm ©olyMmEE0s
89560 B560L BoBOol MgMEBOrIm Lszombgdby bam3mzgmo Bobo-
3mUbol 3Gmgs. 8. 35336m30L bgddgzsbgermdom @s @OLIAESEOOL
830092980 ©30893@s Dby 3G@3gdol HmBo 1972 Foenb.

0. Boggs830mn Ms8gb08y 658(M3T0 4s8magdggybs bmyswo
BIOOMB0MMBOL 0gMG033o, Fodsoaobs bsmd®mmm Bs8hmdog
b LEEALYHEEOM LsdamL §obsdy, Bsa®sd EOLMEEOsL Bugwn-
@B 56 BogEs. EME. 0. B30l MEMOMMD FIOEIEZHWIDD
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byo BgryBams 58 EaMBo ol 8gdopmd foblgerab. S /// /

5930 503b608653m, G 70-80-056 fergdBo bogm ngbg@ sdga
@0l 3mo@gdbogn®o oBLBoGTGL R0%bo3ol 3&0)3@(‘)3"03 | eydo-
mdEBIE 0y JNOLEITMIZOIBAIL MIMMIHOINLON XFIBO: B. Qo
G3bggeody @ 1bggdo, Gmlgmmsg Lbgsalbgs dobgbms 3000
Lag®3Bmdo gs3ghs 396 Bmabobyl Jrmsolido »3 M0l gobgo-
®5MH705%Y.

Jomsoliol  3goBlAoGMAOL BoBogol gty 60-0sb0
Fargoosb e 58 0BLHOGNGL JNOLEIBMZOPYXO ®.
9536980dg ( . 1932) 3jmbes asbBGHbrIwo mgmdoriEo 30B0oL
800560wgd0m Foblges. 60-70-056 Fargddo 856 Bgderm ogmo-
a0 obogol LargBoggOboGadm JaOlol smzolgds bs, 3960@aB™
806082930l bsaBgdol BsdMYRd Mdooliol 1BogyBloGIGOL Mmye-
60190 BoBoOL J5MIRMIBY (350. 358Y 935. 3. 8585L5barolio),
5350. 8. B060sB330EOol bywddegsbyermdom s 8j8@gy LGOI a/s
3. @gbgEg30L Lsb. 30b0gn® obuGodddo (PUAH) 535@. 0. &d-
80l ©5 36MG. 3. 0. B0BBIOROL byBdegabyrrmdoo BoBbmdmogo
S3065BEHMOOL s Fg8wgy Bs396EOeGM OLgMHEEOOL 8mdbo-
B> L OINOOTIO ©d B>mgBsBH03NMo BobogoL U39E0SMdOM",
GH@Bol 333> 0798597 - »35OMBIBOL BO3EMBOMO foGAMIIBOL
8@ B0 Fom3mgdBol LEHGOLBHOINMO MgmGooL BmpogHhomo
53000b0", Bgps MYy BoBogol LdgEBogHm-LaalgMBszoe Ldd-
Jmbg 1969 el olg®Gsgosdo ©sdrdsggdreo bs3ombgdo o=
Bmgdggbos G58)b0dY LHAHO® bd3sgdocem (Tlpenpunt ®PUAH, A-
53, M., 1965, "Kparkoe CooGmenue no Qusuxe", PUAHa, Nel, 1972 r,,
Usg. 8/5 805889, (). 43, 1966) @5 MldrR0zn® @ LaoBbAOGNG™M
B36AGBY0 (. 28, 1966, ¢. 32, 1969, ¢&; 34, 1971) s Lbgs 333ma3g3)0d-
do.

70-0560 §emgdosb ©s0fygl ogmeormo gobogol 808stmy)-
@gOOM 3BOBOISF00L HBo@agds 38537 F>0IRMOL boEIBODS
©965086:mBgdds . HMBH3IY8 ©5 ©. MJEMM 398, HMTYcdEE
306390 ©EB39E0sEs 3esb8ol Bobogsdo, barm 8ymey garg-
89635670 Bofoersggdol ©s 3396¢ M0 mgwgbgdol go%ogsdo.
585b06, 535. b. 3063590L byerddegsbyermdom 80-056 fiegddo .
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&MB565990 8158%50> OLIAGIE0S JgdBHOmMbrE 3@asa(>ma€/ /
65030 mgwgbgdol Bglsbgd ©d gb EOLIOESE0 I AHB:
obyy-80, Gdol 8ggao 398m3d3996@s LygOMSTMGOLM, hbgbg’&éf”“
601 ©5 MBI 579MBsrgdTo0.

31939 §6B5GHgdYI0 0gm WdBHME ©. MYEMMsdob badgebog-
G 8mgsFgmds 0l 3HMBILMAOL G. xodIGHOL bgwddngsbywrm-
Bom, B33 350M0bdES LaEOLYMEHFOM BITOMB0L FnFbsEYds30 ™Y~
859 ,5HMBNO BoB03s30 Lsdo ©s FgAo Baffoemsgol sdmEabol 6~
@0B)M0 58mBsLbEO", HMBog o ogbs 1987 §. s 99939~
30 359md399bs LogH@sBmGobm  ("Xumuueckasn Ousuka’, . 6, VI,
1968) GgL3rR@03no grHbiegddo, 0BLEHOGHNAOLS ©s MboggMlo-
BIOOL 3OO gdBO.

s0lisBodBs305, HMB Fobs Lvy3mBol 70-80-90-0s60 Fargdowsb
Jom50L0L 3gEoBLEOEMHT0 FSMIEMOL  MINMYHOIMLMS (MG
®. 93698037, ©OG. 3. AMIM3Y, ©EME. ©. PIEMGIY, SL30MH-
B0 ©DgOYOTIdo, 8. ggeImsdzowo, ©s 8. Lawobsdy...),
X388 89dcmgl gHmMd030 3Megd@ow®o 6536MMIgBOL FcmdBs-
@905 9eg8gBESO BoFos3zms s sBHMBNG-8mg3 ™o 8mg-
36380l Bob03sdo, 3esbdol BoBOsBo ©s BoBool obGm@ools
SO NO 0985303580, HOBgdOE LobBHBsGHOG© yobobowg-
B35 3509M0L bgdobaMgdby.

Jros0bol 53530 Fa®gmmols Lsbgrrdfonm Bogg@lodadol
@5 B0z 3rlibgarodzomols $ydbogrmo wB0ggMboGIBOL 39gHo0s-
Bgds 2008 . 05 5FLr)-Lsdo Jrmsolol brpdEmm3oznwo 1BoggH-
Bo@g@ol 3980m96mgds8 Lsgry'zgemo 89ddbs 30Bogol @gdst®edgh-
®80 FseBmpgbomoygbb Bsdmmgmomo Lsdo ¢bogg®lodgdob
BoBOoL 35mgEGOL MBBBOMBMmdo  Gsdybody Lsdgaboghm —
36 YINHO 0YFsBH03ol 0MR3w0a.

1. 865350 9009dBHMB0sB0  sEHMBBOL ©s FBsgaEsGMIosbo
B 39egdols s3masbsms 3356&MM-89dsbogm®o s8mEsbgdols Fgu-
fogums 303gmbggere grbdaosms dsbobol dosbarmgdsdo” (go®.
3Bm. 893. EMIH™MO0, 9896 3OME. 0. 9BGYI0d), BOBOIOL 535¢.
©OIHMM0, Bobogs-3o0. 8. 396E0sEEHO, MG, 3HMS. ©. MIOMO-
99, BoB0ob 53500. EMIHMO0, BoB. Bso. . 3. LG 3OMG. 3. B>~
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65d: 833935600 — . bawobsdg) 638GMAgBO FaBmg39ybIdLIRO 7
9605806GOLM ©> HYLSREOIO FObsgd30. NEmae

2. b3gebodgBmonmo 3356¢IM0 89dobogol oo @S etiys6-
BBond0sB0 530336900 (BoBOIOL 535. MIGMGO @. 60BB0sG0-
39, EMIGHMOBHO 8. BsOZg0dg). FaBedagybodricros 8603369
@mgsbo Bs8GMIgdo “St ofsewkn” — LsgHos8mGobn gr®bsergddo
SmYIEmdOo BEHsG0s.

3. @edmo  ©obx30gM0  LoBBHmogdo  HYwsdogobBr®o
3356316 8995603580 (BoBOIOL 935@. @MIHNGO, LG, dOMA. o).
b3Bodg) @s8mgdgagbadrios Gs8gbody LGHs@s bygMmsBmmobn
O9U39BE03I6 FOEBEgdB0 @S Fmbep®agos 0bawoliv® 965%g: T.
T. Khachidze, A. A. Khelashvili, Dinamikal Simmetrics of the Kepler
Koulomb Mechanics”, Nova Publ., New York, 2008.

4. 563563030 dngwgbgdo gwaddMOT 3wsdddo (0.
B500. 8. 3. SLeG. 3OOG. 3. HMFoM3Y, 335©- EMIHMG0, MG 3GMB.
3. agebgo0dy), 3sdmdagybadrios LsGogdo Lsghmsdmmolie ©s
O9L3dOINO FrMbocrgddo.

5. 3lBmEMponO0 3IBSOMMYIdOLs ©> 3INBObOZHO Bmg-
@gbgBoL 35380G0L 3OMdEs. (93gH. 3GMB. 0. gBMBodg, BoBOgs
850, 893. EMIGHMEGO, LEMWo 3HME. 0. 5©JOBZ30o, Fobogol
5350- ©EMIHMO0, sLmE. 3OMG. . bggrgwod)) 3sdmg3gybdriros
UHIGHOP0 @5 §opbo ,3mbBmmmyos” (0. 5g0B30eols >3EHMO™-
dom).

6. 335589MHM39 MINOOTIEo BoBOIOL oGO0l 3HmdEg-
8900. 36M@. M. gBm80d), B5mg8>HOIOL 935 MdBHM60, 3o,
8500, 8. 3. sbeg. 36MG. B. J0HMdY, oL 535@. EMIHMMO o.
09306539, BoB0oL 335. EMIAHMOO b. 39RIF3NG0, SbmE. SO™B.
B. BOM05, EMIHMGBGH0 8. ZgOTIEsz0o), 338mgd3gybdros
UHs¢0gd0 @5 8bmp®s30gdo BoBO3ML-0gmGIHOMLmS (335. 8.
8060365330@0b, 36MG. 5. 3. 3ENBOBEIZ0L, 335. 3. brEodzaEal,
Sbmg. 3. bryasgsl) s BsogBadogmbios (Bogm dxlbgerodgowol, s.
G5D35d0U, 3. bagoEosls, 0. 8x3bgsc0dgoemol) Bgbabgd.
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Z. Bartaia, M. Verulashvili, Z. Endeladze

Abstract

In the introduction we discuss the reason of frictional force describe the
experiments of observation, henceforth we establish its qualities.

Frictional force is described both in school books and in high school
textbooks, but they do not give the complete knowledge about it. The goal of the
thesis is to find out more about the frictional force.

In the main part of the thesis there are given the notions of ¢ —point of
friction and @ —point of immobility. There is presented the notion the so called
“Friction Cone”. On the basis of comparison of different angles we ascertain the
conditions of moving on horizontal surface and sliding on the inclined surface. We

_ analyze the task of firmness of objects (systems of objects).
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D. Tedoradze, M. Saginadze
The Investigation of the Ion of The Protium Using Method
of The hupersphericical Functions
Summary
The protiums ion is verstigated by methods of hiperspherical functions.
Approximate analytical expressions of wave functions and energetic levels are
obtained.
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G. Tomaradze, G. Charkhalashvili
Hidrodynamiks of Relativistic Electron Plasmor
Summary

In  hidrodynamik approximation the fiux of relativistic plasraor are
considered in the magnetic field. The dispersive relations are obtained. It is
shown that potential oscillations are generated by relativistic effects, which are
propagated on the transversic direction to the feld and highfrequency
oscillations generated in big olensity plasma flux.
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T. Khachidze
A.Tsereteli Kutaisi State University

HIDDEN SYMMETRIES

1.Relativistic Qiuantum Mechanics ( Dirac Equation)
In 1916 A.Sommerfeld [1] derived the formula for the energy
spectrum of hydrogen atom in relativistic mechanics using his
quasiclassical quantizaticn method. This formula looks like:

(za) B
(n |k + & = (Za) ]

Here M = j-+1/2 . After several years (10-12) Dirac [2] introduced

E=mil+

the correct relativistic equation, in which the spin of electron arises
automatically. Dirac solved this equation himself for hydrogen atom
with the Coulomb potential. His result coincides to the Sommerfeld's
one. This paradox has been solved only after 30-40 years later [3]. The
fact is that the hydrogen atom spectrum is given by Sommerfeld
formula. This formula removes all the degeneracies , which took place
in NR quantum mechanics, but one degeneracy still remains ~ the
spectrum depends only on the eigenvalues of total momentum
J=L+S (or on its eigenvalues ;). Therefore there remains a twofold
degeneracy for k = =(j +1/2), according of which levels E(S,,,) and
E(P,,) must be degenerate, but experimentally small shift was
founded by Lamb [4]. This level shift is named as the Lamb shift. It was
explained in QED [5]. It seems that one of the motivation of creation of
the quantum electrcdvnamics was the aspiration for the explanation of
the Lamb shift [6].

The natural question appears — Is there some symmetry in the
Dirac equation behind the prohibition of the Lamb shift?

Below we shell sze that the answer to this question is affirmative.

Let us consider tae general Dirac Hamiltonian
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H=a p+pm+V(r) \\//%/
where ¥/ (r)is an arbitrary central potential, which is the 4* copepgit
of the Lorentz vector, in accordance with the minimal gauge switching.
This  Hamiltonian commutes with the total ~momentum

= = g = e : ’
operator./:L+EZ, where X =diag(c,6) is the spin matrix of

fermions. It is easy to confirm, that the following operator
K= B(i ‘L4 l) commutes with H. It is named as Dirac operator.

The eigenvalue of this operator is exactly k . mentioned above and
the degeneracy with respect of & remains in the solution of Coulomb
problem.

Let us remark that:

K=j+1/2, whenj=1/+1/2, leading ta levels (S,,,, F,. etc.)
and k=—(j +1/2), when

j=l=12 = (P1/2,D3/p,¢tc).

Therefore the forbidden of the Lamb shift results from & —» —x
symmetry which at the same time means the reflection of the spin
direction with respect to the angular momentum direction. Let us find
the operator which reflects this sign. It's evident that such an operator, |
say O, , if it 2xists, must be anticommuting with I,

{Q.K}=QK +KQ; =0
It is clear that the following operator
Q= e
Jk?
would be anticommuting with K and Q, as well. Moreover the

introduced cperators have equal squares

{Q1.Qa}=0. Q¥ =Q3 =1l
One can now construct new operators
Q:=Q £iQ;

They are nilpotent,
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02 =0and {0,,0 }=2/, [0, H]=0.

These algebraic relations define the structure, whick: is caﬁeﬂ”ﬂé“
Witten's algebra or N=2 superalgebra [7]. (There are anticommutators
together with commutators in superalgebras. Such structures in
mathematics are known as graded Lie algebras).

What happens if we require invariance of Dirac Hamiltonian with
respect to this algebra? Or if we require

[0.41]=0, =12

Thus, we are faced to the following problem: Find (construct) the
operator(s), which anticommutes with the Dirac K operator and
comrautes with the Dirac Hamiltonian, H.

Let us first construct the anticommuting operator. One of such
operator is Dirac's »° matrix. What else? There is a simple Theorem [8]:

If'V is a vector with respect of angular momentum
operator L,ie
IV, |=ie,v,
and  simultaneously it Is perpendicular to it
(L-Vy=(-L)=0,
then the following operator (X-V'), which is scalar
with respect of

itoal  momentum J=L+—X, anticommutes

fe.&7)=o0
In general,

K.0E -7)=o0,
where O is commuting with K.
Armed by this theorem, one can choose physical vectors at hand,
which obey the conditions of this Theorem. They are:

N —

with K:

V =7 - Unit radius-vector,
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and ' = p - linear momentum vector.
There is also the LRL vector. But its inclusion is not:Reededs
because
G- A)=5:F+- K p):
ma

and the relevant operator is expressible via kacwn operators, owing
the relation

R(e-7)=-ig(s- 27 x)-Ex)

Therefore we construct the most general I{-odd operator in the
following form

0 = x, 7 )+ iv, k(S )+ i, Ky £(7)
Now requiring the commutativity with the Harailtonian,

[Q ; H]: (2 . ;){sz’(r)—fo’(r)}Jr 2iﬁKy5{x—' - mf(r)x3} =0,
r
it follows the relations:

sz’(r) = xlf'(r)

X
of(r)=2
Then we find
U=t
x, my

So, we can conclude, that the only central nctential for which the
Dirac Hamiltonian is supersymmetric in the abcve sense, is the
Coulomb one.
2.The Physical Meaning of Constructed Conszrved Operator
To elucidate the physical meaning of derived operator let make
use of obtained relations and rewrite it to more transparent form by
application of Dirac's algebra:



0- i{f" - B Z]—{Zxﬁ]}+#1<f
2ma ) mr
Lippmann and Johnson [9] in 1950 published this form in a brief
abstract, where it is said only, that this operator commutes with the
Dirzc Hamiltonian in Coulomb potential and replaces the LRL vector,
known in NR quantura mechanics. But by unknown reason they never
published the derivation of this operator (very curious fact in the
history of 20 century physics). It was a reason, perhaps, that our article
was published right a way in 2005 [8].
For our aim it is useful to perform non-relativistic limits
B —>1,7° 0. Then it remains
0 > ¥4
where A is the LRI vector, i.e. this operator turns into the spin
projection of the LRL vector.
The Lamb shift is explained in QED by taking into account the
radiative corrections in the photon propagator and photon-electron
vertex, which gives the following additional piece in Hamil:onian [5]:

27 2
A 1nf"—~~--1]5“>(i)+ 2 _[50)
3m*\ u 5 2mm*r

This expression does not commute with our obtaired Johnson-
Lippmann (JL) operator. Therefore when only Coulomb potential is
considered in the Dirac equation as in an one-electron theory, Lamb
shift would be always forbidden.

We see that the hidden symmetry of the Coulomb potential
governs the physical phenomena in a sufficiently wide interval — from

planetary motion to the fine and hyperfine structure of atornic spectra.

3. Calculation of the Hydrogen Atom Spectrum
For this aim let us calculate the square of obtained conserved
operator by analogy of classical mechanics. This gives [8]
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o =1 +(£)2(sz —Ij

All the operators entering here commute with each others.
Therefore ore can replace them by correspondinj eigenvalues and rhen
solve from it for energy. Because of positive definiteness of le as the

square of Hermitian operator, its minimal quantity is zero. This gives for

E,,:m[l—%%zj”

The full spectrum follows from this expression by using the well-
known step procedure [7], which reduces in our case to the following

substitution
[ PERp __)m-#-n—-hfl, a=Za.

Then the Sommerfeld formula follows.
Thus, in case of Dirac equation the spectrum «f the hydrogen atom

the ground s:ate energy

is obtainable from the symmetry considerations a cae.

We see that the supersymmetry requirement appears to be a very
strong constraint in the framework of the Dirac Hamiltonian. While the
supercharge operator, commuting with the Dirac Hamiltonian in case of
pure vector component only is intimately related to the LRI vector, but
unlike the latter one relativistic supercharge participates in
transformations of spin degrees of freedom. In passing to non-relativistic
physics, information concerning to spin—degrees of freedom disappears
and hence LRL vector as a generator of algebra does not transform
anything and symmetry becomes hidden as a relict of relativistic
quantum mechanics.
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T. Khachidze
HIDDEN SYMMETRIES
ABSTRACT

The additional hidden symmetry of the Coulomb-Kepler problem: is

reviewed in clessical as well as in quantum mechanics. The main purpose is to

elucidate the role of this kind of symmetries in the reduction of physical

problems, to show algebraic possibilities of derivation of spectra. The original

results are presented also. They are hidden symmetries in the Dirac equation,

where it is shown that the requirement of invariance o the Dirac Hamiltorian

under some kind of Witten's superalgebra, picks out the Coulomb potential

only. The problem in the arbitrary higher dimensions is also considered. It is

derived that the traditional view on the Coulomb potential is to be changed in
the context of N=2 supersymmetry.
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THREE-DIMENSIONAL SHAPE INVARIANT MODEL WITH
EQUIDISTANT SPECTRUM

M. §. Bardavelidze!, D. N. Nishnianidzet

7 Akald Tuereteli Stare University, 4800 Kutai, Grorgin

A cluss of tarec-dimensicnal models which satisfy supengmmstric intertwin-
ing relatiurs with the simplest - oscillator. liks - variace of stape imvarince
iv ocmetnikvedd. It i proved thee the models are pot amenabk: to soovan-
tional sepairation of varihks for the complex potentials, but thair spectra
are veal and equidistant (like for isotropic harmeesc oscillator). The special
case of such potential with quadratis interacticn is solved complutsly. The
Hamilteainn of the gystem is noo-disgonalizable, and its we functions and
associstid funeticas arc huilt soalytically. The symmatry peoparties of the
modil and degameraey of soergy lovals are studied.

1. Introduction.

The iden of shape iwnsicoee was propeeed (1] in the framework of oo dimensioual Su-

I Quantum Mechanics (2], [3] providing a very elegunt methed of ccaiplote
solution of » class of e dimensicanl quuntam models, Altbough almeet all these models
were slrendy solved, this sppeoach gave o new (purely algebesie) Jook on the clwe of exactly
salvnble models. The Hamiltcnian H%[x;a) depending an a space wiriable £ snd a constant
parameter + is #xd to be shape inwcant i 1) it satisfies supepsyminetrieal intertwining
relsticms:

HY(z;7)q(r) = pnH ™ (7, th
with some i ing of q. and 2] two incn in (1) are redsted as follows:
H® (%) = (5 v + Bl7). (2

where R{7) does oot cepend on coardinate 2, and the prrapeters ¢ and % are related:
¥ Fiy) Eq (2) jut iwesns that intertwined Humiltonians have the same ‘ﬂln.p(' and they
diffier only w httle hit doe to o change of parameter. The general form of « sdhape invariance

wis imvestigated in [, where all shaps nvnant p ials with additive dependence of 5
ey were found.
The method of shap ivariance was g limed also to the twodi | Ectiridingrer

cperstors oot amensble to ccaventional separatian of variables m (31, Bl It wns used in

E-mall: esalidyahoo o
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foenmlnticn of v naw - supersymmetric - wethods of sapamtice of sariakles. !
[3). (8] helped in stady of seven] quasi-exnctly solvable medsls where a part of ,m:e;mmgu
nnd correrponding wave funetions was found analytieslly for arbitrary values of porameters

of the medels, The seocad ore | | provided complete saluticn of thes: models, bt for
specific ilnes of punumeters. The general form of two-dimensican «ystems with adiditive
shipe iovariance wis found in Iu particulnr, the pew shape irmuriant potential {two-
dimensiona] gereralizatica of Sourf 1) wne. bailt, and its wcdmm s constructed (10] by
the method of supersy i ica of wrinbles 1 abowe.

Of specinl interest are the models with the smplest kind of shape imwriance with

F=v R(v)=2M {5

Just this propercy with intertwining operatoes g of first ordec in denvuives 1t satisfied by
enedimensicaal harmonic ascillatar lesding to the well known squidiitant spectrum wich the
spacing 24, Much more interasting mocdels with the same properties 1] bat with higher ocder
intertwining operators wees studied in [11]. It wnx sbown that depencling oo the stmcture
of zera modes of higher order intertwiniog cperstons ¢ nod ¢ the spactrum of the cacdel
coasists of finite cc infinite sequences of equidistant levels with the specing 23, The syrtems
with shape invwriaooe of the fonn -3\ are naturally called cecillatie-like” shape immrin
imes aleo called "ael-inosp I").
In two-dimensional spuce, the oscillstoe-like shape watisoce (3 with fiest ceder ciffer
entinl cperatory g & fulfilled m o nontrivial model with quadratic ncticn with such n

choice of coupling constants that stardard separatica of variabiz=s i impossible (see (123
The Humiltorian of this model is non-Hermitinn snd ize bilis, baat ita sp n
the mfnute aquidistent sequence cf resl anergy levels with the same aplu'lng 24 Mareover, the

o for all wwve ions and ding asmocintedd fu 2 'lm

dmgomlunble Hamiltoninn !) weps obtained. It wws quite upexpectadly that the same
properties of the spectrum are peesent for two-dimensiconl anbnroonic cscillatar of some
upecial form [13] as well.

It 3¢ koown that in Hermitian Supersymmetric Quantum Mecheais with first order su-
percharges, the genernlizarion [14] to bigher dimensicanlity d = 2 leeds [13] to aystems with
separation of varinbles. But the situstion is less restrictive and moce insteresting for :be onse
of complex potentinls - the findt order cp q may i g pcctrivial
nct amenable to separation of wriables, Just this cppartunity was sealiced in [12] ane [13}
for twdimersional modsls mentionsd above.

2. Threadimensional cecillator-like shape invarianoe: general solution.

The intertwining relations for Hamiltoninn with cecillator like shape iovarience and wick
supercharges of fimt crder in dervatives,
HAY = ATH + 23
AT - 0y F)8 + 23

H= -8 +V(F; &=85x5; i=123




e equivalent ta che seotein of differential equations foe the cosfficient functions mﬁ qlf-/_
nad patentiel ViZ|:

+ 9yl F) = 0;

AR + g FIKV () = =2)

where A7 i the three-dimeosicual Laplacian.
teqL ared

g wooanst;  a(T) = =haz,
V[E) = N2 + afoary - aip, c71 = 0333

where summition over reprabsd indices o mplied, and possible constant dia the cha can
b aliminated by a sitatie shift of cosedinates and the initinl Hamiltonian bas the forni:

H o =8 4+ BF tulagr, - 05,05 - ay15y). (8
The form (8) mggest the oppartunity to separate variables in terms of
B o=dga - GiTa, de o= G —0iTn,  J1 = b {3

where & nre constauts, Such transformation of varisbles is possible if the corresponding
Jambian does not vanickc

D = el + byagay + by 40 (o)
Rewriting the Hamniltonisn in termns of g @

H( = = (o} + o), = (af + o3)65, — 85, — Tuaasf, 8y, — Heahy — 435, -

~aby - aibaéh By + X + o, de). 1
o1ue abtaing that seperation is pasaible in the caze of
aghy b

- -— 112y

b2 n - (12

%0 that AJ = 40! Sinos if the constants o are real, the Jacchinn I does not vauish, the
I FTanticn Do ¢ bie to separaticn of varisbles may appesr anly for f = 0, ie.
fer nump[z:( waluss of &, b can oot be chosen vanishing due to (12}, (9)). This is & reason
wiy only the &]!&cms -rdn complex potentiols (of = [ will be considered below (see the
ceview ppers [16], (17
Cine oan check ()ml lnr a,,a(F) deficed above, the intertwinng relation (4) i fulled
sinniftaneously with its partosr relation, ie.:

[H, A%] = £204*, (18
6b



where A% are dedped ns:

A= = al F oz,

fone b to notioes that cperators A= pot necessnrly are Hermitinn ccajugated to each other,

In i cenr from (13) that 4™ incrense nnd decrease the snergy by i

groued seate of the made] [with zero energy | exists, it is defined from fwo squaiticcs:
AW = [0y + Aoz ) W =), (15
H¥p = By E=0 1ty

It cun b shown chae the Hamiltonisn
How ol 3+ a1

with arbitrary function Wiasr — @y, a2y — ayra) has the ground stats:

+ APWE) = 2Ar, 4] - 54 amn

Wy e exp(— AT /2 + Ways, — 2,55, 847, = 0,13 {18

with rero energy. The excited states with energies £, = 220 far the considersd caze af = 0
enn be built by the "crestion” operstce A7:

Vo (AT = (~2A MW (19)
From the deficition [14] one hus:
47 A7) = 20a] =, (20)

and therefore, ot only the ground state wnve function bat nlso al. scxited wive functions
are unnihilated by A~ :

Al -0 {21}

The full analysis of the general medel (17) ssems to be too diffieult s tosk. In partioulat, no
guaractee that the soates (19) exhust the entire net of excited stotes, Env this reascn, in the
next Sectica par:icular cuse of the model will be stndied m more details.

3. The particular case.

Lt 1z consider bere the particalar case of parameters of the model: ay w 0 gy = 1,03 = =i,
and the simple foem of funeticn W which leads to the quadmtic intaractica:

Wiasr, - a2y, 1) = g{xs — izalTy = goiy,
where z = 1, +ir, 2 = 2, — ix; Then, frean (141, (17), (18] cae has:
H o= =8+ 22!+ g% - digen - 84,
A% - 28 F AL
@y = exp(—AF (2 + g151)
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ifor & |gf the wawe functicn s expenentinlly decrensing t infiaty .

Actually, this svstew rescoduoss exnetly ape of the thres-dimensional models of &
paper 18], if in Eq /35 af that paper & = 2.4 = 29 1, = —r, and @« . Thie
ohwervation point: out that the sume Hamilteainn (22} is intertwined by supeccharges @ of
wesvnd arder in derivatives:

101955

[H.Q%] = 007, {25)
where

G-8+Ch+8,.Q =8+ §-5-08+5-80,
iy, O =2(h5y £ ig2a), Gy = 2(=Axs +32) (38)

The intertwining relations (25) also have the forn of cadllator-like shaps invriagee of
Humiltorian &, tat with the double spacing between energy Jevels. The ninimal ensegy
stute correspoads to zero rode of @7, It ean be enly found that the same ground state
#; given in (24} is aonihilated oot anly by A™, but also by @, One can check that ccher
prasitle a1 modes of § 280 net be simultaneously the wave funetions of 4.

It is denr that both [AT)*%; and 7 @y are the wnve functions of the Hamikcaion
with the suwe enengy 43, The mleulation shows that

G0 = =2 Mg+ Ot} = — 231 + 20 — 220 - $ag" (27
ia. there is degensracy st the second excited level 44 with two independent wave functions:
By m (AT~ 2, By = (14 2055 - 2200 (28)

Anbogeusly, higher wave functions of the form G Pn(F] can be caleulnted, wing expeession
(19). which. in aur cnse of oy w1 gy = =i, gy = 0 means ¥, ~ (2", :

QY = (G - 2h = A0 H 1Ty = —2h, - 2O AT, - 2008
- 2020 L4 2A(2] = 22" - BAg*E My, 120}

Therefare, for arbatrary n, {be function

o= [2n 41+ 00(xd - 222" (3
iz the wave funetion of H with energy value 23n + 43, being degensrated with Wy, This =
thor geneml situation: scticn of ap Q lends tod 'y of levels, Dogeperate wive
funetions are:

Ve[ = [ GTHAT s Coe= Vo Ein = 240 4 26), 181



with the multiplicity of level ¥ = & + 1+ [71/2]. [t is pacessiary o menticn duugbeé/J
of "ereation” aperatoes m (31) i irpelewnt due to following commutation relations n

operstees O™ and A=

(47,07 = A7, [A4,Q7] = —4047; 13
A =Ang] -0 39)

One may expect that combiontions A= and G of third order in dermtives will jive
addirnal degeearacy of some levels, mince they lso satinfy cecilintor-like shape ioawrm
intertwinirg relations sbtained from (13) and (23). Howewer, sicitional degeneracy is not
generntad, s

AQU = QA - QA T
ATQ Wy = =AYy,

i.e. action of these thind order operstoes doss not give Aoy new stntes

4. Symmetrirs,

The degeneracy of levels which was described in the peevicas Sevtion indicates the axistencs

of goeme symmetry of Humiltomian, Indeed, the son reltions (15), (25) lend imme.
dintely to the svmmetry of ing with the Hamiltoaisn notaticns will be clear
below
e coap, B Lipgiany e e .
- AA = A R= 200 R 34

These operators are hilinsar in " ereation” atd "wnnibilstion” operstors, nnd they deficicely
de not change the energy of the state. The fimt of these opecators 36 of werond crder in
derivatives, and the others two are of fourth arder, but the arder of Rl can be reduesd by
tw ucdts, sinee:

Ry = —40H + 10g8by + Sghr(ge — Azg) - 120% (35)

Tlow, o meee comvenizot symmetry cpemtar instesd of il; is
By = 20:8 + A%gr - hn). (38
Also, the fourth ceder symmetey R. can be replaced by third urdee sy mmetry operstor which
is pmp-arucm'\l ta the commutater (A, Rg Relnticas [32), (33) lelp to express this cpenar

Ry = 028,07 = W+ G A {7



Cms con eleulate the mtual commutators between the symmetry operators

They are: 101955

1Ry R =0 Ry R =40 (R, Ry = -20R (38

More compliented symimetry operstors consist of the products of A* and g such that
the snergy of state is net changed:

B QAT Re=qriam? 50)

Uting the sxplicit expresions for A, Q* and ceamutation relations (323, [38], one can fnd
that:
Ry — Ry = 2R+ 80 Ry, 40y

3 that only one of tham - for exnmple, By - oan be taken s iodependect. [tz commutators
with 8z, Ry Ay do not give any new indspendent symmetry opemtor. The straightforward
calcalations peove that higher symmetry opemtors of the form (A7 )@, (A~ PG~
ns well wi the peoducts with differant order of A snd @ alwo do not provide tew independent
symmetries.

In the context of scaventional - Hermitian - Cuantum Mecharies, such situation would be
called ns rscmally superioiegmble [19]. Indeed, for three-dimensivoal sysvem ane has two
nuatanlly ing symroitry op Ry, By {complete i ity end, in sdditica,
twe symmetry operstors By, Ry, which do not commute with them. Comzmtators of this
last operatar with palynceials of By, By are not functionally independent on Bp and do oot
provide ndditaanal symaxtries.

Now, it iy instructive to show the iom af sy ies with dege of energy
Lewed s, Using commutation nilations between cperntors A=, @* and definitions of By, R,, K.
one finds the scticn of the symmetry opemtors ante wnve functions Wen, (§1):

BoWen = —AAE e ijimanss (41)
Ry - glﬁ'pck-umx‘i 142y
Billen = AgP(k = )W) ziney — 4ATK(20 + 81V eotjinoa; (43)
Ry, = 1EMR(E = 10 ineay 44

Tt iz evidet that all wave finetions in (4] - (43) correpond to the same lovel with energy
Egr = 24(n+2k). The repented actions of symmetry operatoes span oll wave funetions which
belong ta this degenerata lanel.

L

and non-diagonalizability of Hamiltonian,

5. Maornas, scalar
The Hamiltanian {22} is not Hermitian, bat it obeys the peoperty of peeudo- Henmticity [20]:
Nyt - H' 143)
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with 7 i imvertible Henoitian operntor. In the present oase, s of enitor v, mnhe cl@ue,x; 5
7= F. the imversion 1y = —r,. The theary of onedi |
wis developed during lIast decade (201, the peendo-Hermitian models a two dlmﬂmam wers
stodied in [22], 12, (18], where the basic formulae cun be found, Ly petioulr, Quantum
Mechnpnes for sach svstemns iz built with the new sar product (j-product |, which in the
present onse has the form:

sond {01945

S f 03, 148)
J

instead of the siandard [9°4.
With the sonlar product [46), the norm of ground stace ¥ s

4

The nonue of eccited states ¥, from [19) on be also ealculnted:
Wy Wy o (=1 W | R0 2w =10 By [ By 2 B (48)
I tum, the norm of exvited states Yo, = (G *0 given by 131) can be found s well,
although in a Jinger cnkulations wing that B¥, = 0 @ ¥, = 0 ol the conmutation
relations baowsn @
107, Q7] = =BAH + 84 + 1698, (49)

One can check that required sealar products wre:

2 Wen | W 2w (G W | i o By | (G 1y > vtz Ty | By 2o e B 50

where the coeff cients in the last step are not important. Ansloguely, one can dusck that
for differect val o of indices €, n, the sealar products

ot Wpm | W e Sepbenidie {31)

Thu, all wove funcerns @ of the model, excluding the grouzd state Wy and the states
Dgr, bawe zero nocme and are orthogonal to ench other. The xelf orthogounlity of wave
functions signale that e deal with a pon-disgonslizable Hamiltooians, This stastion was
studied recently in aedimensicoal [21] and two-dimensianal 12) [13] context, where psc.
cnary technioal details can he found. Noo-dingonalizabality mean that each wive fuoction
Fin. n 2 0 with 2e7a norm must be soumpanied with & st of amociated functions which
participste in rescluticn of araty.
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6. Asmociated functions,

101345

Refering back to the papms [11], [12], 18] for details ca the strcture of nan-dingensliz
noo-Hermition Humiltoniens, bicetbogonal busis, sealar products betwoen wave functions
und newocinted funetions aod nontrrvial form of resalution of unity, let us rended the most
impertint relations which must be fulflled.
1, each sell-orthogonal wave function ¥ () with zam noci (below they
Fji et be scoumpanied with & set of pen — 1 nssocinted functions
7 ,;'“ =1, where py, i ealled the dimension of Jordan cell ‘Thix situation
sliould be distingaished from the conveetional degensracy of energy level (bere this degen-
ey also it there). A new notations with additicaw] index of wave function Win = Gen i
weeful, sinee by definiticn “hess functions obey:

(H - B = Pmmet, M=l 2opin= 1 (H = EenlWime =0, (32

where all functicas ate vipposed to be nonmalizabls secording to mitable saluc product.
Thus, each self-ortbogranl egenfunction T s it suppossd to be accompanied by a set of
wiodated fanetions Team, M = 1,2, . pem = 1

With these notations, wovrding to the general formahsm which was given in detail far
senne ciedimensional mwodels [21] and two-dimenoonal models |12, (18], the scalar produsts
st be:

{GengefPed) = f i W X = BBt oot 8 = 6L, o = 1(59)

‘The Humiltanian H is elearly nou-dingonal, but block-disgonal. Ench block - Jordan cell
- biss dimensicanlity py,, vhich will be shown to equal:

Pen=ntl (54)

The slf-orthogenadity of vawe functions - 5, 2 0 - was already demonstrated in (30},
(48). T ounplete the o reruction of the Jordan cell, it is nacesuary to fnd the corresponding
emociated functions with properties (32, (33) above. The procedure is rather similar to that
in {12, 23],

Cme can prove by indu stion that funetion

: 2
Fangm e (AT upl—'x—;’% grn(z - 3 )™ e (AT U m = D L r (55)
antisfies (52]. Alsey this &vpeession lends [by straightforwnrd ealoulations] to the necessnry

sealar products:

(Worm, Vonaw | ~ in-meie I
In turn, the nuiceisted functions By, ., foe & ¢ O satisfy:

=

(H = Exn) Wi = Vinms, En = 2N+ 26).

=



Taking meo scoount that

(7 1H = Eon) = (H = EealiQ7)"
one oal try to identify:
Term = (971 Vonrm. {3
Tt 15 ensy to cheds that

i Urnem | Pamp ovmet o (G Wonm | Vings omme

i Wena | (@10 weei Do | Wong o7~ dume B0

i, o Wenp it orciogonad to all Tenw with m o . In order to sstiady oecesiary xmdiciens
for all sealar products. ope hus to use wn opportunity to wdl solution ey o of the
heategsneous equaticn (52) with arbitrary constant coefficient, Thix freedom is enough to
fulfall the conditons:

< B | Pena 2 fpnrerye (81}

which mean that we deal with Jordun cells of matrix dimensionnlities fan = 5+ 1 Aoulogea:
enloulstions show chat:

ot Wy | Wi 2 rm drti s 82,

completing the prome that the Homikteoinn is blck-dingonal wita Jorclan pells of dimensicn-
ality i, =0+ 1
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M. Kotishadze, N, Alavidze
The use of some physical effects in energy saving technologies
Summary
How much energy of natural gas can we save fo- domestic needs? This
question will become highly topical in the nearest futurz. So, it is necessary to
develop energy saving household utensils, which consumes less power for its
needs, than the current ones.
The article offers energy saving home cupboards dzsign, which is based on
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Diods with the virtual methods
Summary
The paper deals with the classical electron tube diodes objective linear
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M. Berodze Z. Endeladze
Two-Phase System of Liquid - Gas Dynamic Experimental
Investigation in Vibrational Mixing Fegime
Summary

Two-phase system of liquid - gas vibrational mixing dynamics for an
experimental investigation has been assembled experirental equipment, on which
the experiments analysis has been carried out, affords us fo make a conclusion that
the distribution of gas pressure in vessel depends on the layout of the pile of gas
bubbles. Pressure increasing is observed in the area of the vessel, wherz there is
the pile of gas bubbles. Obtained result should be considered in number of
technological processes.
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M. Berodze
Ternperature Factor Impact on Liquid-Gas Resonance
Vibrational Mixing
Summary
Study of ths temperature factor in the vibrational mixing process of liquid -
gas system cynamics and working environment has been researched
experimentally. Analysis of experiments has shown that the ccefficient of restart,
which is necessary for starting of vibrational mixing, at fixed frequency, decreases
in case of temperature increase, which is considered in the techrological processes.
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def  temp=rl6

3300580l sbsfyolo
rgmp Init
Init:
ser temp ; PBO g3mbsgsqros. sbs@Bgbgdio 3o o6

398m04ggbgds. (Ob11111111).
out DDREB,temp s

out DDRD,temp ;PDO. . . PD7 o6 a59moggbgds.
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clr  temp ; B 3mO@ol gagums as0mbsgaco

358mGomos  (0b00000000).

out PortB, temp 3
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sbi  PortB,0 ; BogHomo 3ydampn, s8obmgols PortB-
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T. Gvalia, M. Maisashvili
Some Teaching Computer Problems with using of AVR Microcontroller
Summary

The paper dwells on computer problems, which enable us to study the
functions of AVR microcontroller outputs as well as their use in practice. For this
purpose, there are considered the operating software for two B (8-byte) and D (7-
byte) ports, which is written in an assembly language. There have been carried out
the program assembling and step-by-step verification in AVR-Studio environment,
and by means of the electric circuit composed of virtual light-emitting diodes, the
practical operation of microcontroller AT90S1200 in Proteus software has been
verified. Under this scheme, the virtual light-emitting diodes connected to virtual
microcontroller AT90S1200 are switched on. Switching on the light-emitting
diodes has shown that software is written correctly. The results are illustrated by
appropriate drawings.
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N. Kavtaradze, I. Kalandadze
The Latest Questions of Physics Teaching Methods
Summary
The work deals with the too needed processing of the issues of teaching
methods of Physics, with teaching of the subject at schools on dully level, in
accord to new demands, raising the qualification of teachers and the main
principles of compiling the school manuals of physics.
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K. Svanadze
A. Tsereteli kutaisi State University, Georgia

On the problem of statics of the theory of elastic mixty
finding optimal holes in an elastic square

Absiract. In te present work we consider one inverse problem of siatics in the linear
theory of elastic mixture for a square which is weakened by four unknown equal holes.

Unknown bounderies of the holes are found under the condition that tangential normal
stress takes on them one ard the same constant value.

1° The homogeneous equation of statics of the theory of elastic mixture
in the complex form is written as [1] -
&*U o’U .
L ikSS -0, U=
0z0z oz

u[+iu2] i3

Uy +iu,
where u,, p =14, are components of the displacement vector,

z=x +ix. B O ol et
e 0z o ox, ) 2

-1
ey e & {”’1 m,
= 5 m = 5
€5 € Lmz ms

n, =€, +%ew, k=123,

thee, q= 1.6 are cxpressed in therms of the elastic mixture [1].

In [1] M. Bashe eishvili obtained the representations:
2uU = '7,11(1/, + iy, Uy +iu4)’ = Aq)(z)+ qu;'i )+ Zywi ), (2)

10~ (W’ ""”’] Fl-280e) 55T 20 O

(TU), - ilTU),
where (a:((o,,(pz) and r//:(y/,,y/z) are arbitrary analytic vector-
0 0 0

=y

6[():) (‘x nz?x, = (}7l,nz)/ is an arbitrary unit

functions,

B
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vector of the outer normal, A4 =2um, B = pe

4

(tv),, p= 1,4, are the stress components,

(TU), =rn, +ryny = (a+¢,0")n, —(a,@+cw"n, ~2-

) "’J

8S x
(TU), =1y, +rypny = (a0 +c,0")n, +(a,0'+cw Yn, +2- ( A
B aS(x)!,
. o (m
(TU) =r,n +rn, :(c 9’+b9")n —(ca)'+a a)")n -2~ )[ J
3 ney 2752 0 1 2 3S(X \#Z
(TU), = rymy + 1y = (¢, 056", +(ca'+aa"n, +2 & x) M)(u\]
0'=divu', 0"=divu", w'=rotu', w'"=rotu'".

Here p, 1y, fs.0y,0,,¢,  a=a, +by, b=a, +b,,
¢, =c+d, b,b, and dare elastic constrants [1].

Let us now consider the vectors
a (@

o, @ )
r:(r”,r”)l, T_(rzz’rzzy r=rhT,

o :(T!Z’rm)l: U=77<|]+77(2). EZI](”—””‘)’
(ru )sz ) @

= rcos’a+ rsin’ ¢ +rsinacosa (4)

i i 7) )
oy = (V) ~ )‘n2 — 7 |sinacosa +- ; 77:,0520( =L (5)
( 2

3
I
e
W5
)
S
+ +
SO
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[’31"1 i ’rtz"z]s
o= ! . : =
["21”1 =iy, T =T |S

i) (2)
= rsin’ « + 7 cos’ a —nsinacosa

Here n=(n,,n2)/ :(cosa,sina)',

S=(=nyn) =(- sina,cosa) and a(f) is angle between the outer
normal to the contour L of the point # and ox, axis.

Let us call the vector (6) tangential normal stress vector in the linear
theory of elastic mixture. .

Elementary calculations result in [4]

W @
O, +0,=T=T+7T =2(2E—A—B)Req)’(t), tel, (D

oU .
o, + 2,u(°—6%‘ - + i{as -2 y[a;;" —%ﬂ =20'(c), (8
= 0 0

n

N

160 . ’
where — is the cu-vature of the curve L at the point t,
Po
U “(un+un un+un)’ U*(un~un un—un)
i ! b e Lapr i | R R ok | 1AL 327"
Also when o, and o, (see (4), (5)), are constant we can write

(4= 2E)p(0)+ BtV + 2 () =~(o, +icg)t+q. ¢ =const.(9)
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i Fonnulas%
X2 (), (7) sand:8)
are anatogoliste”
the Kolosov-

Ae Muskhelishvili's
formulas for the

linear theory of

elastic mixtures.
—//\ IR i 25. ‘In the

o/ AN A, X work in the case

%

of the linear
<> theory of elastic
mixtures we study
the problem

analogous to that
solved in [2]. For
the solution of the
problem the use
will be made of
the  generalized

Kolosov-

Fig. 1

Muskhulishvilis formula and the method developed in [2] and [4].

Let an isotropic elastic mixture occupy on the plane z =x, +ix, a
multipy connected domain G, which is square with vertices lying on the
coordinate axes weakened by four unknown ecqual holes. The holes are
intersected by the square diagonals and are symmetric both with respect to
these diagonzls and to the straight lines connecting middle points of the
opposite square sides.

Assume that the vector o is equal to zero on the entire boundary G,
the vector U, =0 on the sides of square, and an unknown part of the body
o, =P . Suppose elso that the body surface are absolutely smooth and
hence the friction forces will be negleted.

The problem is formulated as follows: Find vnknown holes and the
stressed state of the body for the condition that the normal tangential stress

. B 0
on the hole boundaries takes constant value, ie. o, =K,
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K= (KO,KEC )I = const . \
Since the problzm is axisymmetric, we consider the shaded part
square, i.e. the curvilinear pentagon 4,4, 4,4, A4; (Fig 1).
Introduce the notation:
4
Acdiy =T (k=123), T,=A4, T=JT,, the arc 4,4, we
K=1
denote by I and the domain occupied by the curvilinear pentagon by D.
The lenght of the square diagonal we denote by d’.
Using the formulas (2), (7), (8) and (9) our problem is reduced to
finding two analytic vector-functions (p(z) and l//(z) in D by the
boundary conditions:

A T T 0
Reg'(t)= H _2(25 A-B)Y'(P+K°) ’ b

tely. 1g()=0, rel
(A—2E]¢(‘)+,Bt¢_'(;)+2ym=—pt+q, tely, (1

Ree""’(’)(A.pit)-\— Bto'(1)+ 2,um)= 2uU,=0, tel'. (12)
The boundary conditions (10) are the vector form cf the Keldysh-
Sedov problem for the domain D [3]. 4 solution of the problem is

(p'(z) = H". Hence we get
plz)=H2+q,,  q,=const, zeD. (13)
Using (13) the boindary conditions (11)-(12) takes the form

%(P Kt +2up()=a, = QE- A)g, +q. 1T, (14)

Ree””(’)(Ht + Qyi;(;ﬂz —Re(Ae"“(’)qo),t el, H=(4+B)H(15)
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Owing to Re(te”“‘):Re(e"”‘Ak), tel,,

a,=—=7m, a;=a, =§7r, from (15) we find
4 ) 2

&

B i

G
ﬂ“ ﬁs h

Fig2

Rele™™ (1)) = 1 Rele™ 4, )~ mRele ™ g, }
tel,, k=14, #° =%/['H
Thus our problem is reduced to the boundary value problem (15), (16).
By virtue of the formula z= a)(g), ¢=¢&+if,, we map

conformally the domain D onto the semi-circle |g,'|<l, Img >0. By

(16)

5., k=15, we denote preimages the points .4, and assume that
B, =i, P,=-1, B;=1ie. thearc 4,4, transorms into the diameter
G € (—— I;l). We map two points 4, and A; onto the unknown points /3
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and f3, (Fig 2). L //%/

As a result on the maping the boundary conditions (15) and )otake!
the form i -

L

ha)(rr)-%» '”0(0): by = E‘u ‘ao »O € (7 l;l)~W0‘§): ‘//(w(g))~
h=—}zp“(P-K°), an
Re(e“’“‘ 0o, ): K Rele™ 4, )— mRe(e""‘ qo), oey, (18)

where y is the meppinmg of I', ile., is the semi-circle,
Re (e il a)(o‘)): Re(e””‘ Ak), cey, (19)

Consider the vec tore-function

[1(0 —by, lg<t, Img>o0,

wie)= [ W_(_I ls<1,  Img<o.

On the basic of (17)-(19) we conclude that the vector-function W(g) is
holomorphic in the cirzle and satisﬁes the boundary conditions:
Rf(e”““’)li"(a)): Flo)= hRele™ 4o )) ( el O), oey, o
Rf-(«?"""””"(o‘)) = folo)=-h° Re( it ")A(a))— m Re( ”"(")qut., cey,
where y, is the mirror image of y with respect to the diameter (~ I,l).

The boundary conditions (21) are the vector form of the Riemann-
Hilbert problem for a circle. A solution of the problem can be represented
in the form [3] and [2]

(20)

) ia(o)

W'g):N_(g_-) Jﬁ_o'%dg, (22)
27l 5, 06 Ul\(o‘)
where (see (21))

ol flo).  for ey,
Flo)=1 (23
) {fo(ﬂ)a for  oery ;
N(g):e,l.,[ e [sre c+0 2ialo) , ] et - o

dd 5, 0-6 O
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In our case

alo)= % flo)= ghd0 = Re[boe“‘/ ], 5€p, o

a(o‘)z%;z, f(a): ghdD + Im[boe%' " oef, B

(U)*#Imbns U€ﬁ1=ﬁ4 U4 :’ﬂl’

a(o‘):—ﬂ, fo(a) mlmgq,, o-eﬁ,,,ﬂ LBy Bss

7
BN A e
a(a):zn, folo)= —Th"du —mlm[q.)e 4 J cep. b

N

R S S o s

where 2d, is the diagonal of the square.
Taking in formula (24) into account the values a(a') appearing in
formulas (25), after calculations we obtain

NE)- ek

%, 24g—-ﬁzfg—ﬁRJS{;AE}z[g—E]‘g-»E(;—@\f%
€ \E—-ﬁ,kg—ﬂz py ) | Py ey ey R

From (22) - (26) it follows the solution of our problem ie W(g)

vector-function to be bounded at the points ﬂz,ﬁ,}); it is necessary and
sufficient that
& +0 f(o
J’ﬂﬂ G—f—#d 0, J‘ﬂ f(«ﬁacr 0 i,

o-p oS o)

Ux o VUYUO— ﬂl O| 1

Having krown the vector-function W(g), we can define the y/(,(g) and

rUr
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a)(g') by formula (22) and hence the stressed state of the body ‘ar

boundaries of unknown holes.
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Summary
Georgian scheols have special achievements at the elementary
educaticnal level due to the long- lasting creative wors of scientists,

methodologists, psychologists and educators.
The paper deals with the aforementioned achievements.
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R. Khaburdzania
ON THE SURFACE ¥, IN THE EXTENDED

EICLIDEAN SPACE E,
Abstract
The surface F, is considered in the extended Euclidean space

101345

11 =E, v F;, where E; is a non- proper hyperplane carrying the structure of
the elliptizal space .5, .

To the surface V2 we attach a moving semiorthogonal frame
R={4,4,4)(=12a=34) AV, A el (T(4) is the
tangential 2-plane to the surface V, ata point A), 4, € N,(4) (NZ(A) is the
(A)), (‘Mx) 'L(AAA),

orthogonz! complemenet to the tangential plane 7,
(a}cE

Let the net of lines 1/, be given on the surface (w‘,wz). When the point A4
moves along the surface V. in the general case the points A, describe in E; the
2-surfaces ( 4,), on which rets of lines (w‘,mz) arise.

The nets of lines (u ,mz) on the surfaces (A,) are studied when 1) V; is a
2-conjugate system with respect to the net of lines; 2) the net of lines (w"wz) on

V, is anet of curvature lines with respect to the mean normal A,;;x].
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T. Giorgadze
Certain Aspects of Modeling
Summary

The Simulation Method (the method of imitating random processes) is
one of the means of modeling the study of the behaviour of random processes.
The method is also referred to as the Monte Carlo Method.

The paper deals with the origins of this method and its increasing role in
the study of random processes.
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E. Basiladze
Tourist panorama from the Unagiramountain
Rezume

Due to its very interesting location the Unagira mountain is one of the best
places in Imereti region for tourism development. The total area of the panoramic
space is approximately 1800 square kilometer. The territory is rich with natural
and anthropogenic resources, especially with karst caves, ethnographic places and
with monuments of cultural heritage. The development of infrastructure is
essential in order to include all these resources in tourism business. The
fragmented relief in this area greatly contributes construction of ropeways that is
the most important. It can connect several attractive points to visit - the village
Chalastavi with the village Meqwena and with the Khvamli mountain. The old
cableway between the town Tkibuli and mountain  Rustaveli should be

rehabilitated. The network of village-type hotels need to be widened.
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0. Chkheidze, P. Jinjikhadze, S. Chkheidze ™77

Present Relief-developing (Geodynamic) Processes in Imereti
Summary

In Imereti the nature of present geodynamic processes is determined
bygeological and geomorphological conditions, climate, hydronet, soil and plant
blanket, neotectonic movements and anthropegen effect. The paper introduces the
analysis of the types of attenuation of the present relief-developing (Geodynamic )
processes.

The stone-rock stuff developed by selsneotectonic physical attenuation at the
bottom of the southern slopes of Khvamli and Orkhvi-Nakerala create mobile
forms (gravitation fans, alluvial fans,deluvial floats). In this part of the area we
can find gravitation forms presented in the shape of rockavalanche. Chemical
attenuation and generally Tskaltubo cave system, the cave-type relief forms of the
heights of Okriba and Upper Imereti (caves, wells, carst funnels, uvulas, and
poljes, carr lands and others), erosion processes on the background of neotectonic
movements cause deepening the gorges of the rivers in Imereti, denuding the
slopes and waterdividers. Due to accumulation processes alluvial islands and
boskets have been created in the water-bedsof the Rioni- Tskenistskali —kvirila and
other rivers.

Accumulation processes have also caused the huge alluvial fansof Rioni-
Tskenistskali —kvirila. Wavy relief forms of torrential alluvial fansare widely
spread at the bottom of southern declensions of theKhvamli- Racha Range, in the
area of BumbuaKhidigordi, on the southern slope of Libeuri mountain and in
other areas. The avalanche type relief forms are also introduced in Southern
ImeretiMtistsineti and Inner Okriba, on the territory of Okureshi-Ghvedi (the
gorge of Tskenistskali), Chiatura height and etc.

Based on the research we can conclude that the above mentioned relief
forming processes are characterized bycomplexity, variety and dynamic nature
which play a great role in formation of thelmereti relief.
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E. Gordadze Ts. Jhorjholiani;
Adventitious Animals in Georgia
Summary

One way of animals translocation is their random entering into territory. New
elements appeared in Georgian fauna from the ancient times and still do. There are
5 species of coelenterates, 3 species of mollusca, 39 species of insects, 3 species of
fish, 2 species of reptiles, 2 species of birds and 4 species of mammals which are
adventitious for Georgia. Almost all of them have a negative influence on
aboriginal flora and fauna of Georgia.
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Ts. Jhorjholiani, E. Gordadze
Animals Acclimatized and R limatized in Georgia
Summary

Acclimatization or transferring strange species to certain territory may have
negative or positive results. Today 23 species are acclimatized in Georgia: 5
species of insects, 7 species of fish, 5 species of birds and 6 species of mammals.
Acclimatization has had a positive result except two cases (Altai Squirrel and
Raccoon Dog)
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H. Mangaladze, H. Kiladze, T. Cheishvili
The influences of Mn on the morphological characteristics oftJl
vegetable plants
Summary

Microelements is essential in the living organisms for normal metabolic
processes, they are related with vitamins, hormones, enzymes, therefore they play
an important role in the development and growth of organisms. Providing plants
with microelements in the form of micro fertilizers improves it’s growth-
development, increases productivity, but microelements act differently on the
different kind of plants, furthermore the same microelements have different kind
of affects in the different vegetation phases on the same kind of plant’s, that’s why
it is important the establishment of the exact doze of plant’s nessasry
microelements according to the type of soils.

We investigated the influences of Manganese of 0.02% solution on the
morphological Characteristic of the vegetable plant’s(coriander, parsley, pepper,
Tomato) in water cultures.

Mn improves morphological indicators in experimental plants, during seeds
pre-sow cultivation the positive impact is observed, as roots and above-ground
parts, also in case of magnification the number of leaves, although the effects are
different in the different phases of vegetation in different kind of plants.
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