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OB OJITHOM METOJMKE MHOI'OKPATHOI'O KOPPEKTUPOBAHWS BA3 JIAHHBIX B
3AJAYAX PACITO3BHABAHUS OBPA30B

Tkemananze H.T., Txuxpamsuiau B.H., Kypuaze M.B., Mamyaamsuiau I'.T".
HNucrutyT kubepuernku uMm. B.B.YUaBuanuase 'py3uHCKOro TeEXHU4ECKOr0 YHUBEPCHUTETA

MHOrokpaTtHoe KOppeKTHpoBaHHE 0a3 JaHHBIX Ha OCHOBE pe3yJbTaTOB pacIO3HABAHUS
peanuzannii 00beKTOB (00pa30B) SBISETCS OJHON M3 BAXKHBIX 3a/1a4, pa3pabOTaHHON HAMH CHCTEMBI
pacrno3HaBaHusl 00pa3oB ¢ oOydennem — CPOO [1]. Peanm3amueit oowvexra [1,2] Ha3piBaeTcs mOC-
JIeIOBATEIbHOCTh 3HAUCHHUH MapaMeTpPOB, XapaKTEPH3YIOMIUX OOBEKT. DTy MOCIEeJ0BATEILHOCTh Ha-
3BIBAIOT TaKXe OmnucaHueM o0bekTa [3,4], nzoopakenuem [S5], M -KOMIIOHEHTHBIM BeKTOpOM [6] (M
— KOJIMYECTBO mapameTpoB). Peannzanuu Tex 0OBEKTOB, ISl KOTOPBIX 3apaHee W3BECTHHI KIACCHI, K
KOTOPBIM OHHU MPUHAJIEKAT, HA3bIBAIOTCS 00YUYAIOIIMMH  PeaTU3alUsIMH.

CPOO coctout u3: 1. Moxmenn mnpeaBapuTENbHON 0OpaOOTKA WCXOAHOW WH(pOpMAINH —
MIIOUU: 2. Obyqatomeit mogenu — OM u 3. Moaenu pacrio3HaBanust — MP.

MHorokpaTtHoe KOppeKTUpoBaHue 0a3 JaHHBIX TMPOBOAUTCS Ha OCHOBE PE3YJIBTATOB PAcIo3-
HaBaHUSl KOHTPOJIbHBIX peau3alii U peannu3aluil HOBBIX OOBEKTOB M3 3aJaHHOTO CIIHCKa KJIACCOB,
KOTJja CUCTEeMa 3aKaHuuBaeT padboTy. OJHOKpaTHOE KOPPEKTUPOBAHUE IPOBOANUTCS HA OCHOBE PE3YIIb-
TaTOB Paclo3HaBaHHs 00yYarOIIUX PAacHO3HABAEMBIX pEaM3alfid, T.e. TAKUX OOyYaroluX peannsa-
umii, kotropeie MP pacrnosnaer B mpouiecce pabotst OM.

MIITOHHU w3 ncxomHBIX 00YYArOMINX peaTn3aiid BEIICISET KOHTPOIBHbIE pealn3alui 00bheK-
TOB C MOMOINBIO CIIydalHbIX ymcen. M3 oOywaromux peaju3anuii, OCTaBIIMXCS IOCIE BBIACICHUS
KOHTPOJBHBIX peanu3anuii, OM ¢ moMouIpi0 cIy4aliHBIX YUCEN BBIAESIET 00yJarolie pacio3HaBa-
eMble peau3alny, KOJIMYECTBO KOTOPHIX 3aBUCHUT OT KOJIMYECTBA HCXOJHBIX O0YYAIOLINX U KOHTPOJIb-
HBIX peann3anuii. Ha ocHoBe Tex oOyuaromux peanu3anuii, KOTOpbIe OCTAINUCH MOCIIE UX BBIACICHUS,
ompenenstoTcs 6a3za 3HaHMA 1 0a3a JaHHBIX.

Takum oOpazom, ompenensiercss oAuH (NEPBbI) BapuaHT OOyYarOIIMX PAclO3HABAEMBIX U
oOyyaromux peanuzauuii. [locie 3Toro yke ¢ MOMOIIBIO CIyYalHBIX YHCEN M MPOLEAYPHl CKOMIb3S-
LIEr0 KOHTPOJISl ONpPENENsAOTCs U Apyrue BapuaHTthbl. [loa 3Toil mpoueaypoi noapasymeBaercs, YTo
MIPU BBIJENIEHUH Ka)KJIOTO TOCIIEIYIOIIEro BapHaHTa B 00ydJalonue peaan3aliyl JOJKHBl BXOJIUTh U
BBIJICJICHHBIE B MPEIbIAYyIIeM BapHaHTe 00yJaroliue paclo3HaBaeMble pealn3aluy, Ipyd 3ToM Tpely-
ercs, 4TroObl Kaxaas HcxoAHas oOywaromiasi peanu3anus Oblla IpeACTaBlIeHAa Kak oOydaromias
pacrno3HaBaeMasi peanu3anusa B JBYX, WIH, TIO0 KpaifHeil mepe, B Tpex BapuaHtax. C y4eTom 3TOro
TpeOOBaHUs ONPEAEISIETCS] KOJIMYECTBO BAPHMAHTOB O0YYAIOIIUX Pealn3aliii, KOTOPOE COOTBETCBYET
KOJINYECTBY BapUaHTOB OOY4YAIOLIMX PpaclO3HaBAEMBIX peanu3almid. Peanuszanum coxpepikar Wb
YHCIIOBbIe 3HaueHHs mapameTpoB (TOT ¢akT obecreunmBaer MITIOUU mnpeobpazoBanueM Kadec-
TBEHHBIX 3HAYCHUH MapaMeTpoB B 4uCIIOBbIe 3HaueHus [1]). MIIOWMU BapuaHThl 00ydYamIux pea-
IM3alMi TepenaeT B OOYyYarollylo MoJeNnb s co3laHus 0a3 3HaHUM M 0a3 JaHHBIX, a HOBBIE,
KOHTPOJIbHBIE U 00yYaloOIIe PacliO3HaBaeMble PEaTN3aIliil — B MOJIENb PACTIO3HABAHUS IS UX Jallb-
Helmero npeoOpa3oBaHus 1 Paclio3HaBaHUSL.

Kpome onpenenenust BapuantoB B MIIOWU pematorcs eme math 3a7a4, 4To 00yCIaBIHBaeT
npecTaBiIeHue NCXOIHON nHpopMauu B Takol ¢opme, KoTopas Heooxoauma aist OM u MP.

OM BxirO4aeT B ce0si METOABI M aJTOPUTMBI PEIIEHHS CEMH 3afad, C MOMOIIbI0 KOTOPBIX
NPOBOJSATCS TaKUe MPeoOpa3oBaHus, KOTOPbIE CONMMKAIOT peann3anuu 00BEKTOB OJHOIO U TOTO K€
KJlacca M YBEIMYHMBAIOT Pa3HUILy MEXIy peann3alusiMi OObEeKTOB pa3HbIX KiaccoB. OM ompenenser
XapaKTEePUCTHUKH KIIACCOB — cO37aeT 0a3y 3HaHWi u 0a3y JaHHBIX U1 KaXJO0ro BapuaHTa HAa OCHOBE
00yJaronmx peaan3aniii 00beKTOB, BXOAAIINX B COOTBETCTBYIOIINN BapHaHT.

baza 3nanuii Bxitoyaer B ceds Bce Te popMynbl — QyHKIMU (TapaMeTpsbl), KOTOPbIE HUCHOIb-
3yIOTCS U TIpeoOpa3oBaHMs paclO3HABAEMbIX peanu3anuil. basel JaHHBIX comep)kaT XapaKTepuc-
TUKH (TIPU3HAKA M UX KOMOHMHAIMH) KaX]IOTO Kilacca, UX Mepbl UHPOPMATHBHOCTH, TIOPOTOBBIE MEPHI
U BCE JIAaHHBIE, KOTOPBIE HCIIOJIB3YIOTCS B KPUTEPHSIX, HA OCHOBE KOTOpbIX MP mpuHuUMaeT pemieHue
0 MPUHAAJICKHOCTH PACMO3HABAEMBIX 00BEKTOB K COOTBETCTBYIOIIUM KJIaccaM.

MP, koTopast COAEPIKUT METOIBI M AITOPUTMBI PEIICHHSI BOCBMH 3a7a4, Ha OCHOBE 0a3 3HaHWI
npeo0pa3yeT pacro3HaBaeMble pealn3aliy, 10 KOTOPBIMU IIOJIPa3yMeBaOTCs Kak o0yuaromue pac-
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MO3HaBaeMble pealn3allii, TaK U KOHTPOJbHBIE M HOBbIE peanu3auuu. MP g ux pacrno3HaBaHUs
MIOJIb3YETCSI KpUTEPHUAMH TPEX TUMOB: 1) B KpUTEPHUSX MEPBOrO THIIA MPUHUMAIOT yYacTUE JIUIIb TaKHe
MPU3HAKK M X KOMOWHAITNH, KOTOPHIE XapaKTePH3YIOT TOIHKO OOBEKTHI OJHOTO M TOTO K€ Kilacca.
Takoi mpu3HaK OyZieM Ha3bIBaTh MaKCUMAalbHO WHPOpMaTuBHEIM mpm3HakoMm, MUIT-om. Ecan MUIIL
XapakTepu3yeT Bce OOBEKTHI STOrO Kilacca, TO ero OyAeM Has3blBaTb MaKCHMAaJIbHBIM MaKCHMAallbHO
nH(pOpMATHBHBIM Mpr3HaKoM, MaxMUII-oMm. B 3TuX ke KpUTEpHsIX TakKe UCIOIB3YETCS KOITUIECTBO
TeX peamu3aliii, B KOTOPHIX [aHBl BBIIIEYKAa3aHHBIE MPHU3HAKH; 2) B KPHUTEPHUAX BTOPOTO THIMA
NPUHUMAIOT y4acTHe HH(OpPMATUBHBIC NPH3HAKU, T.€. TaKUE NMPHU3HAKH, KOTOPHIC XapaKTEPH3YIOT
00BEKTHI Oosiee OMHOrO Kiacca (HO He BCe OOBEKTHI BCEX KIACCOB, T.€ HEMH(POPMATHUBHBIC MPH3HA-
KH), a TaKKe UX Mepbl HHPOPMATUBHOCTH; 3) B KPUTEPHUAX TPETHETO THIA MPUHUMAIOT Y9acTHE BCE
JJaHHBIE, KOTOpBIE YYaCTBYIOT B JIBYX BBIIIEYKa3aHHBIX KPUTEPUSAX, a TaKKe IOPOrOBBIE MEPHI, C
MIOMOIIBIO KOTOPBIX NPUHUMAETCS PellieHNe O MPUHAJICKHOCTH HCCIEAYyeMOro o0beKTa K TOMY MU
WHOMY KJIACCy C OTIPEAETICHHON CTEMEHBIO PUHAIIC)KHOCTH.

Takum o0pazoMm, NMPOBOAWMTCS paclo3HaBaHWE OOYUAIONINX PACMO3HABAEMBIX peaTr3allHii
00BEKTOB € ONpEACTCHHBIMU CTETICHSIMH MPUHAAJICKHOCTH Ha OCHOBE 0a3bl 3HAHUH U 0a3bl NaHHBIX,
OTIpeIeTICHHBIX B COOTCTBEHHOM BapHaHTe. UTO KacaeTcsi HOBBIX M KOHTPOIBHBIX pPeau3aliiii 00beK-
TOB, TO OHHM PAaCIO3HAIOTCSA HA OCHOBE 0a3bl 3HAHWW W 0a3bl NaHHBIX, OMPEIEIICHHBIX B KAXKIOM Ba-
pHaHTE B OTIENBHOCTH, TaK YTO JJIS KaXIOTO O0BEKTa MPUHHMAIOTCS HECKONBKO PEIICHHUH, YHCIIO
KOTOPBIX COOTBETCTBYET KOJIMUYECTBY BapHaHTOB. Ha30BeM WX MEpBUYHBIMH pEIICHHUSMH, HA OCHOBE
STHUX PEUICHUH TPUHUMAETCS OKOHYATENEHOE PEIlIeHHE.

Tak kak 3apaHee U3BECTEH KJacc, K KOTOPOMY NMPUHAIIEKUT KOHTPOJIbHAS pean3alus B Kax-
JIOM BapuaHTte, a oOyuaromas pacrio3HaBacMasi pealin3alysi TOJIbKO B COOTBETCTBYIOIIEM BapHUaHTE,
MO3TOMY HECMOTPS Ha TO, KaKOBBI OYQyT MX CTENEHW MPUHAMJIEKHOCTH, TPOBOTUTCS KOPPEKTH-
pOBaHHE COOTBETCTBYIOIINX 0a3 MaHHBIX. [locime pacmo3HaBaHWS KOHTPOJIBHBIX PEANH3aldi IMPOBO-
JIUTCS. MHOTOKpPAaTHOE KOpPpPEKTUpOBaHWE 0a3 JaHHBIX, a MOCJe Paclo3HaBaHWA OOydYaroluX pac-
M03HABAEMBbIX peann3alunii 0a3a TaHHBIX KOPPEKTUPYETCS TONBKO OJMH pa3 (XOTs LenecooOpas3Ho u ee
MHOTOKPaTHOE KOppeKThpoBaHWe). UTO KacaeTcsi HOBOW pacro3HaBaeMOH peanm3alid, Iocle ee
pacro3HaBaHUs MHOTOKpAaTHOE KOPPEKTHPOBAHHUE MPOBOJIUTCS JIUIIb B TOM CiIydae, KOTJa COOTBETC-
TBYIOIMIA PAacro3HaHHBIH OOBEKT MPUHAIICKHUT K KIACCY CO CTENEHBIO MPHHAIICKHOCTH, PaBHOU
eauanie. llog MHOTOKpAaTHBEIM KOPPEKTHPOBAHWEM TIOJPa3yMEBaeTCs, YTO TOCJe IEepPBOTO KOp-
pekTupoBaHUs 0a3bl JAHHBIX OISITH MPOBOAMTCS PACIIO3HABAHHE HA OCHOBE PE3yJbTaTOB PacIiO3-
HaBaHUS C TIOMOIIBIO KOPPEKTUPOBAHHOW 0a3bl JaHHBIX, 32aT€M OISITH POBOJIUTC KOPPEKTHPOBAHHE
0a3pl MAaHHBIX W T.J. DTOT MPOIECC MPOIOIKAETCS IO TeX MOop, MOKa pe3yiabTaThl PacliO3HABAHWS
KOHTPOJIBHBIX pean3aliii He OKaXyTCsl CTaOWIIBHBIMH, T.€. 0a3bl JAHHBIX YK€ HE OYIyT MEHSTHCS.
MHoOTrOKpaTHOE KOPPEKTUPOBaHKE 00YCIaBIMBaeT U3MEHEHUE CTEIICHEH TIPUHAJJIC)KHOCTH K COOTBET-
CTBYIOIIIMM KJIaccaM, 4TO BBIpaXKaeTcs (Kak Mmokasajia CTaTUCTHKA) B PacliO3HABAaHUM HEPACTIO3HAHHBIX
1 omIMO0OYHO PaCcIO3HAHHBIX 0OBEKTOB.

[MpeanoxkeHHass METOIMKA MHOTOKPAaTHOTO KOPPEKTUPOBaHWS 0a3 JaHHBIX 3HAYUTEIHLHO
noBbIaeT 3)(HEKTUBHOCTh paclio3HaBaHUSI KOHTPOJIBHBIX W HOBBIX pealii3alnii, a OJHOKPATHOE KOP-
PEKTHpOBaHME O0YYaIOLINX PAacllO3HABaMBIX peajlu3aluil B KaKoW-To Mepe HoBbimaeT ee. Koppekru-
POBaHMIO TMOUIEXAT OTACIbHBIE NMPHU3HAKH, MX Iapbl, TPOHKH, a TaKKe CIeUU(PHUUYECKHE TPYIIIbI
NPU3HAKOB, T.e. KOMOWHAIMHM TPU3HAKOB, XapaTepH3YIOMIMX M HEXapaKTepU3YyIOUIMX OOBEKTHl U
KOTOpBIE Ompe/IeTIeHbI c HIOMOIIBIO KOH(HUTypaiuii THIIOB (v,b,k,r,A)u

i [
(v,b,k,r,n;, 4 p'), 1=12[78]
Mero/ika KOPPEKTUPOBaHHs 0a3 JaHHBIX 3aKIFOYACTCS B CIIEAYIOMIEM: IycTh umeercs L
KoimyecTBO kiaccoB S, V=1 L. MuoxectBo mx 6a3 maHHbiXx oGosmaunm uepes D ={d },
v=1L, ] -pif npusnak, Xapakrepusyouwmii v -blif Kiacc, o0o3HauMM uepes (;,, a €ciu OH
sasisiercss MUIT-om, mim maxMUII-om, To ero o6o3Ha4unm 4epes Q;, ; 4epes R, o6o3naunm kou-

YCCTBO peanmaunﬁ B V -TOM KJIacC€, 4EpPE3 n v KOJINYCCTBO TaKHUX peanmaunﬁ, KOTOPBIC BXOAAT

B V -bIil KJACC M BKIIOYAIOT B CeOs J -BIi MMpU3HAK, a 4Cepce3 H . — xomuuecTBO TEX peaﬂmacnﬁ

]
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00BEKTOB BCEX KIIACCOB, KOTOPBIE COACPXKAT | -bIil MPU3HAK.

MeTtoirka KOPPEeKTHPOBaHMS BKJIIOYAeT B ceOs TpH ciydas. B HUX paccMaTpuBaroTcs Te
JIAaHHbIe, KOTOpbhIC MPHHUMAIOT y4YacTHE B BBINICYKA3aHHBIX KPUTEPHSAX, C MOMOIIBI0 KOTOPBIX
pacmo3HalTCs 00BEKTHI.

|. Korzia pacrio3HaHHast peanusanus 00beKTa Kiacca S, COIEpXKUT NPU3HAK q}“v , TOTJ1a:
A) ecn q]fv apiserca MaxMUII-om, TO yBenuuuBaeTcs KOIUMYECTBO peaau3aliii OObEKTOB V -
TOTO KJIacca, T.€. B ero 6a3y naHHeIX BMecto R 3ammcwiBaercs R, +1;
B) ecnn qJ*.V spnsiercss MUII-oM, To yBennumBaeTCs U KOJMYECTBO TeX peann3anuii 00HEKTOB

V -TOTO KJIacca, KOTOpPbIC BIFOYAIOT B CeOs 3TOT MPU3HAK M, COOTBETCTBEHHO, B 0a3y MaHHBIX 3aIlH-
cemBatorest R, +1 u n;, +1.

Il. Kornma pacnio3HaHHasi peann3aiusi 00beKTa Knacca S, BKIOYaeT B ceOsi MHMOPMATHBHBII

IPU3HAK (], , KOTOPBIA BXOAHUT B 6a3y NaHHBIX Kiacca S,,Te. B O, , TO BBIUMCISETCS €ro HOBas

Mepa HHHOPMATUBHOCTH,

¢y, ={l((n;, +DAR, +1)* +((n;, +DI(H; +1)°1/ 2",
KOTOpOIi 3aMeHseTCsl IPebLLyIIas Mepa HHOPMATHBHOCTH | -TOrO IIPU3HAKA, a R, —uepes R, +1
M TaK 3aliCHIBAIOTCS OHM B 0asy mamubix O, . Yro kacaercs 0a3 JaHHBIX OCTAIBHBIX KIIACCOB

S, T#V, TO U1 KOXIOH U3 HUX, T.e. A d

. B KOTOPYIO BXOJMUT IPH3HAK (];, , BEIYHCIIACTCS

e
HOBasi Mepa MH()OPMATUBHOCTH 3TOTO MPU3HAKA
¢, =Ll /R)* +(n;. [(H,; +1)*]/ 2},

Taxum o6pa3oM, ornpe/esieHHbIe Mepbl HHQOPMATHBHOCTH 3aIIHCHIBAIOTCS B 0a3bI JaHHBIX CO-
OTBETCTBYIOIIUX KJIACCOB.

1. Eciu B pacmo3HaHHOI peanu3ali OObEKTa Kilacca S, OK&XKETCS TaKOW MpH3HAK,
KOTOpPBI HEe BXOAWT B 0a3y JaHHBIX 3TOTO Kiacca, HO BXOAWT B 0a3bl (0a3y) JaHHBIX KIacCOB
(kmacca) S_, 7T #V, TOraa ompezensercs Mepa HHPOPMATHBHOCTH

¢, ={IW(R, +1)* + U(H; +D)*1/ 2},

KOTOpasi 3alMChIBaeTca B 0a3sy gaHHeIX O, a 11d Kakaol 6asel JaHHBIX dT, T #V , KoTopas

v

COJACPIKUT 3TOT IIPU3HAK:

*
A) ecriu Ui spnsercs maxMUII-om, To OH mpeBpanaeTcss B WHOOPMATUBHBIA TPU3HAK
Y OIPEAEISIETCSK ero Mepa HHPOPMAaTUBHOCTH

2 1/2
KOTOpasd 3allMChIBacTCsAd B 633}7 JaHHBIX COOTBETCTBYIOIICTO Kj1acca.

Bb) ecm Uj:  sapmsercs mMaxMUIl-om, TO OH TakXke mpeBpamaeTcss B MHPOPMATHBHBIN
MPU3HAK U OTPENIeNsIeTCs ero Mepa HHGpOpPMaTHBHOCTH

2 2 1/2
KOTOpasi TaKKe 3amncBaeTcsi B 0a3y NaHHBIX COOTBETCTBYIOLIETO 7 -T'O Kiacca.
Taxum o0pazom, 06a MUII-a npeobpa3zyrorcsi B ”HGOPMAaHUBHBIE IPU3HAKH;

C) cClin q ir SABIIACTCA I/IH(l)OpMaTI/IBHLIM HpI/IBHaKOM, TO OJIA HETrO BBIYUCIIACTCS HOBasA Mepa
I/IH(bOpMaTI/IBHOCTI/I KOTOpaﬂ TAKIKEC 3aIIMChIBACTCA B 6a3y JAHHBIX COOBeTCTByIOHleFO T -T'O KJIacca.
_ 2 21/ nh
¢;. ={l(n;, /R)" +(n;. /(H; +1)°1/2}?,
Pe3yﬂBTaTBI paCHO3HaBaHI/I$I O6’BCKTOB pa3HI>IX KJIaCCOB IIOKa3aJIM, YTO BKJIFOUCHUC B CPOO

HOBOW METOJUKA MHOTOKPAaTHOTO KOPPEKTHPOBaHMs 0a3bl JaHHBIX Ha OCHOBE PE3YJIBTATOB pac-
MO3HABaHMS 0OBEKTOB 3HAUNTENILHO YIIy4IIaeT Pe3yabTaThl pACIIO3HABAHMA.
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SUMMARY

ON ONE METHOD OF MULTIPLE CORRECTION OF DATABASES IN PATTERN RECOGNITION
OBJECTIVES

Tkemaladze N.T., Jikhvashvili V.N., Kuridze M.V. and Mamulashvili G.G.

V. Chavchanidze Institute of Cybernetics of Georgian Technical University

A new method of multiple correction of data bases on the basis of object recognition results is suggested. The
correction of databases is one of important objectives of the system of pattern recognition with learning (SPRL)
we elaborated. Therefore, the brief information on the SPRL is given. The object recognition results were
significantly improved after including the above-mentioned method in the SPRL

Keywords: multiple correction, pattern recognition, database, measure, feature.
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MNOUCK OFBEKTOB HA IIJIOLIAAA
Haukeous M./I.

HNHCTUTYT BBIYHMCIAUTENbHOH MaTeMaTUKU MM. Huko MycxenumBuin
I'py3uHCKOro TEXHU4ECKOr0 YHMBepCHuTeTa

Teopust moucka npeacTaBisieT cOOOH OAHO W3 HANPABICHUM HCCIENOBaHUS omepauuil. ITo
TEOpHs MOKCKa — OOHAPYKECHUSI KaKOro-TMO0 00beKTa B 00JaCTH €ro BEPOSITHOTO MECTOHAXOKICHHS,
YTOYHEHHE €r0 KOOPAWHAT U BO3MOKHOE JalibHeliee conpoBokaeHue. O0nacTb NpuMeHEHHsI OYEHb
HIMPOKa — OT apXEOJOrMYECKHX PACKOIOK J0 COBPEMEHHBIX MPOOJeM B HayKe, TEXHHKE, BOSCHHOM
Jele U T.J1.

MO>HO BBIICTUTH OOJBIIYIO TPYIITY 33/1a4, B KOTOPBIX TIOUCK OCYIIECTBIISIETCS HA TNIOCKOCTH
WIN B MIPOCTPAHCTBE. DTHU 33/a4l XOPOIIO M3BECTHHI [1], a METoAbI B JanbHEHIIEM ObUTH YCIEITHO
NPUMEHEHBI TIPU UCCIIEIOBAaHUHU OOJIBIIOTO YHMCiia Pa3HbIX 3a/1ad. Bo Bcex 3afayax Mmowcka B MEPBYIO
ouepesb HYKHO OOOCHOBAaTh cTpaTeruto mnoucka. CpeacTBOM [IOCTHIKEHHsI 3TOW WLENH CITYKUT
pelieHue psja 3a1ad, IaBHBIMUA U3 KOTOPBIX ABIsIOTCSA [2]:

- YCTAHOBJIEHUE NPUUNHHO-CIIEJICTBEHHBIX CBA3EH MEXKIY YCIOBUSMH BBIITOJHEHUS MOMCKA U €T0
pe3yapTaTaMy ITyTeM MOCTPOEHUS U aHAIN3a COOTBETCTBYIOLINX MaTEMAaTHUIECKUX MOJIENEH;

- aHanu3 (U3MYECKHX OCHOB TMOWCKA, BKIOYAIONIMN PAacCCMOTPEHHE OOBEKTOB IMOWCKA, CPEIICTB
0oOHapyXeHHUs ¥ Cpelibl IONCKa;

- YCTaHOBJICHHE KHHEMAaTHYECKHUX 3aKOHOMEPHOCTEH B3aMMHBIX IEPEMEIICHUI HaOII0AaTeNs,
BEYIETO MOUCK, U 00BEKTa MOUCKA;

- 000CHOBaHUE ONTUMAJILHBIX CIIOCOOOB MOMCKA M CIIEKEHUS, 00ECTICYMBAIONINX MAaKCUMH3AIIUIO
WJIM MUHUMH3aLUI0 N30paHHBIX KpUTEPHEB 3PPEKTUBHOCTH;

- 000CHOBaHHE ONTUMAJILHOTO pacIpe/ieNIeHHsI TOUCKOBBIX PECYPCOB.
JlaHHBIE O MECTOHAXOXXICHMM OOBEKTa A0 Hayala MOWCKA W B INPOLECCE €ro BBINOJIHEHUS HOCST
BEPOSITHOCTHBINA XapakTep. Takas HEONpenelIeHHOCTh ABJSETCS NPUYMHON NPOBEACHUS MOMCKOBBIX
IEHUCTBUH.

[TycTh MpoIIECC MOMCKA MPOUCXOUT B ONpeaenénnoi obnactu G , Ha3pIBaeMOii POCTPAHCT-
BOM MoucKa. B o0mem cinydae npoctpanctBo G sBiseTCs MOJMHOKECTBOM N -MEPHOTO €BKIIMI0BA

n
MpOCTpaHCTBa R , KOOpJAWMHATaMHU KOTOPOTO MOIYT OBITh MMPOCTPAHCTBCHHBIC W BPCMCHHBIC
KOOpAWHATHI IMOUCKOBBIX CPEACTB, XAPAKTCPUCTUKU HUX pa6OTI>I, napaMeTpbl, XapaKTCPpU3YIOMIUC

¢usnueckue cBorcTBa 00BeKTa (0OOBEKTOB) MOUCKA U JIp. B mpoctpaHcTBe R" ompeneneHa QpyHKIus
f - moTHOCTH pacnpe/ieieHs BEPOATHOCTH MECTOMONONKEHHS 0OBEKTA TTOMCKA.
Nmeercs mouCKoBbIid pecypc M B BUJIE MHOXKECTBA PAa3HOPOJHBIX IIOUCKOBBIX CPEJICTB, pac-
MIOJIOXKCHHBIX B PA3HBIX MYHKTAaX 0a3upOBaHUSI.

KadecTBO TOMCKOBBIX NEHCTBHM, YUACTBYIOIINX B ONEPAIlN TIOUCKOBBIX CPEICTB, OMPEaes-
eTcs 3HaueHneM (hyHKIIMOHAIA

W =P(M, f,u,T), L)

SIBIIAIOMICTOCA KPUTCPUECM B(b(l)eKTI/IBHOCTI/I MMOouCKa mpH 3aJdaHHBIX (byHKLU/II/I IJIOTHOCTH -f,

opraHu3aii paboThl MOUCKOBBIX CPEACTB (HA3MBAEMOW YIpaBICHUEM) -U M TPOAOJKUTEIBHOCTH
nporiecca moucka - T .

Ilpu opraHu3ayy TMOMCKOBOM ONEPaIllMd BaKHBIM (aKTOPOM SIBISETCS YYET HEKOTOPHIX
OrpaHWYEHHH, CBS3aHHBIX C TAKTHKO-TEXHHYCCKUMH BO3MOXKHOCTSIMH ITOMCKOBBIX CPEJICTB, C
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OrpaHUYCHUAMHA Ha COBMECTHOC HCIIOJIB30BAHUC W MAaHECBPUPOBAHUEC ITOMCKOBBIX CPEIACTB B IIPOLIECCE
IIOUCKa 1 ap. Ot OrpaHUYCHHA MOKHO 3aIlIiCaTh B BU/IC

V(u)eQ, (2)
rae Q € R™ (M- uncno orpanudenmuii).

dopmankHO 33/1a49y MMOMCKa 00BEKTa MOXKHO C(HhOPMYIMPOBATh TAKUM 00pa30oM: HAWTH BEKTOP
- ¢pynxkuuro U(M) (ynpaenenue mouckosbiM pecypcom M B mpoctpanctse moucka G ), mocras-

JAOIYI0 SKCTpeMyM QyHkimonany (1) mpu 3amaHHOl muoTHocTH - f, HPOXOKMTENHHOCTH

npoiiecca MOKUCKa - | W YAOBJICTBOPSIOINILYIO OrpaHUdeHUSIM (2).
3amava oucKa U pa3TUIHBIX KpuTepreB 3((EeKTHBHOCTH U OTpaHUYEHUH 00CYKIaeTCsl B HAyYHBIX
HCCIIEIOBAHUAX, B TOM umcie B [1-7] .
Hecmotps Ha pa3zHOOOpasme cuTyanwii MOWCKAa PAacCMATPUBAIOT, B OCHOBHOM, TPH THIIA
TIOWCKA:
1. TTouck Ha miomaau (B paitoHe);
2. Ilouck Ha rpanulle (Ha mopore);
3. Iouck o BbI30BY (¢ HaYabHON MH(GOpPMAaLKEi WK C HaYaIbHOM TOYKH).
B nanHoli paboTe paccMmarpuBaeTcs 3ajada MMOWCKa Ha IUIOMAAW (B paioHe), SBISIOLIAsiCS

N N . 2
4acTHOM 3aj1a4eil, c(OpMyIUPOBAHHON BBIIIE 3aa4d M MOJIydaromascsa B npexnonoxennn G < R°.

ITouckoBblil pecypc 3agaércsi ¢ MOMOILBIO MAaTPHLIBI H ;|| » TAe dIeMeHTBI I -0if CTPOKH SIBIISIFOTCS

XapaKTePUCTHKAMH | — IO TIONCKOBOTO CPEICTBA.

3amada ymnpaBieHHS MOMCKOBBIM PECYpPCOM IPU 3TOM BHIE MOUCKA C YYETOM OrpaHMYMBAIO-

KX (paKTOPOB MO YCIOBUSIM YIIPABICHHUS SBJISETCS KOMIUIEKCOM Psiia B3aMMOCBS3aHHbIX 33/1a4:

- oIpeiesieHre 00IacTH OMCKOBOTO MIPOCTPAHCTBA — BHIOOP paiioHa MOKMCKA;

- oIIpeiesieHHe Hapsia IOUCKOBBIX CPEJICTB;

- pa3zerneHue paiioHa IOMCKa Ha YYacTKH C y4ETOM OTpaHMYEHHUH HAa COBMECTHOE HCIIOJIb30BAHUE U
MaHEBPUPOBAaHUE ITOUCKOBBIX CPEICTB;

- oIIpeJieNieHre BpeMEHH Hadala IOMCKa TOMCKOBBIMH CPECTBAMH B Pa3HBIX YUacTKax paioHa;

- pacnpeziesieHne pecypca B paiioHe oucKa.

Opranu3zanus MoUcKa B pailoHe MpeaIoaraeT pa3JeluTh paiioH Ha YyYaCTKU U paclpeesInTh
nouckoBble cuiael (IIC) mo ywactkam TakuM o0O0pa3oMm, dYTOOBI € YYETOM HX ITOMCKOBBIX
NPOM3BOJAUTENBHOCTEH M MECTOHAXOX/ICHUH HA MOMEHT Hayasa IMOMCKa 00ecleunTb MaKCUMaJIbHYIO
CyMMapHYy10 3¢ (EeKTHBHOCTh, B KaU€CTBE KOTOPOH NPUHMMAEM BEPOSTHOCTb OOHApy>KEHHsS OOBEKTa
noucka. [Ipu 3ToM B3aMMHOE pacIOJIOKEHHE CHUJI 0 y4acTKaM JOJDKHO OBITh TaKHUM, YTOOBI LIEJb
YKJIOHSIACH OT cuibHO mymsimux [1C, nonagana B 30Hy 0OHapyXeHUSI MAIOIIYMSIIUX. Y UUTHIBAs 3TH
TpeOOBaHUsI, PeLIeHUE TOCTaBICHHOH 3a0auun NaéTcs sl ABYX PAa3IUUHBIX CUTYalHAX ITOUCKA:

1) cpenu MOMCKOBBIX CHIJI UMEETCs OJlHA IIyMHasd, a ocTajdbHble — MaionryMusie 11C. B atom ciaydae
JUTSL TOCTIDKEHHs onTuMansHoro pacnpezneneHus: 11C 3amada mpuBOAUTCS K 337a4de ONTHMAIBHOTO
Ha3zHa4yeHwus [6];

2) yknonenue o0bexTa Bo3MoxkHO OT Beex [1C. [Ipu 3Tom mporecc moncka OnMCchIBAETCs ¢ TOMOIIBIO
OOBIKHOBEHHBIX (D (depeHIaIbHbIX ypoBHeHMH [7]. Hammu B yka3aHHOHW MoJenu cjaejaHbl JiBa
CYIIIECTBEHHBIX JIOTIOJIHEHUS] — B MPABOW YacTH BBEJEHO AOIMOJHUTEIHHOE CIaraeMoe, BhIpakaroliee
3 dextT oOHApYKEHUS, W C TOMOIIBIO CIENHATLHBIX (YHKIUHA - MHOXHTENICH B TPABBIX YaCTSIX
cucteMbl U depeHIManbHbIX YPaBHEHHH — YITEHBI CIIBUTH BO BPEMEHH.

B kauecTBe paiioHa moncka pacCMaTpUBAETCS YIaCTOK IPSIMOYTOJIFHOTO THUIIA

G:{(x,y)‘(x,y)eRZ,OSXsa,OSysb}
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JI7s KOHKPETHBIX CUTYallMid TIOMCKA BEPOSITHOCTh OOHAPY)KEHUSI OOBEKTa MOUCKA B KAYECTBE
TJIaBHOTO ToKazarens (kputepus) addextuBrOCTH (TipH 3amaHHOM pactpenenenuu [IC mo ygactkam
paiioHa TIOMCKa) OMPEeNIeTcs CIEAYIONIM 00pazoM:

1) Ilpu
f(x,y)=1/S, (xYy)eG;

U= (X0 Yarky ) oo (X Yo )
(S — myomanp palioHa MOKMCKA; CHTYalMs COOTBETCTBYET T.H. “KOHTPOJBHOMY IOUCKY” B paioHE —
IIOUCKY HIpPU PAaBHOMEPHOM paclpelesieHMH OOBEKTa IIOHCKa; (x iy j) HEHTP | -TO y4acTka,
OTBEIEHHOTO | j -My IIC). BbipaxkeHue wist BepOSTHOCTH OOHApY»KEHHUsI 0OBEKTa MOKCKA B PaifoHE KO

BpPEMEHH | BCEMH IOMCKOBBIMH CPEJCTBAMH, MPOM3BOILIMMH HOMCK HE3aBHCHMO JPYTr OT ApYyra B
OTBEACHHBIX UM Y4acTKaX paiioHa IOKCKa, IIOJIy4aeTcs B CICIYIOLIEM BUE:

N
17k
rae K - Homep yuacTka, OTBEIEHHOTO MIyMHOMY cpeacTBy (1oa Homepom 1); t, | - Bpemst NPUOBITUS

i -ro cpenicTBa B | -it yuactok; IT; - mouckosas npoussomutensHocts i; -ro IC; f, - nnotnocts
J

pacrpejiesieHust BEPOSITHOCTH MECTOIOJDKEHUS] OOBEKTA TIOUCKA B | -M YYaCTKe ¢ YUETOM YKIOHEHHUS]

€ro OT IIYMHOTO CPE/ICTBA

f 4 ij (T _tlk)Hl
f = S;-L.-S

0, ecmu j=k,

, ecau j#k,

|kj - umHa oOuied rpanuubl K -rom  J -ro yuacrkos; L, - mepumerp K -ro yuacrka;

G f, ecmty, 21,
R

jioecau by Stijj

2) Ilpu npon3BOIBHON MIOTHOCTH M BO3MOKHOCTH YKJIIOHEHHUS] OOBEKTa MOUCKA OT BCEX MOMCKOBBIX
CPEACTB MPEUIOKEH METOJl OLEHKU 3(P(GEKTUBHOCTU MOUCKA MYTEM pEIICHUs CIEAYIOIEeH CHCTEMbI
T pepeHInATBEHBIX yPaBHEHUH

dR (t)
dt

:_[712 RaRATY +71N+1+:Bi1]'a1(t)Pl(t)+Z7k1ak (H)R(t),

k1

N
R S (R (1)
dt =
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rne Homep N +1 mnpummceiBaercss obmactu BHe pationa; P; (t) (j =12,.., N) - BEPOSTHOCTH

HaXO0XICHUA HeO6Hapy>KéHHOFO 00BEKTa MOUCKA B J - M Yy4acCTkKe, P (t) - BCPOATHOCTH BBIXOJa

N+1

HeoOHapyXEHHOT0 00BEKTa TTOMCKa U3 palflOHa KO BpeMEHH {;

0, ecmu t <t ;,
a; (t): J j=12,..,N.

1 ecu 2t |,

Otr GYHKIUH BBOAATCS I yU€Ta pa3BEPTHIBAHUS U BpEMEHH MPUOBITHS TIOUCKOBBIX CPEICTB
Ha OTBEAEHHBIE UM yYaCTKH;

i P; (t) - HHTEHCHBHOCTb Tlepexona o0beKTa M3 |- ro ydactka BK - yuacTok B MOMeHT 1}

B F’j (t) - MHTEHCMBHOCTh OOHAPy)KEHUs 00BbEKTA ITOUCKA | j "M CPCIICTBOM B ] -M yuacrtke:
J

I} (1- PH, )1,
Vik = )
Si ’ Li
;i
B, -5

]

II? - npou3BOAMTENBHOCTh OOBEKTA MOUCKA B OTHOLICHAU | j-ro mouckosoro cpexcrsa; PH; -
] ]

BEPOATHOCTH HEYKJIOHEHHUS 00BEKTa MOUCKA OT | j -TO CpesicTBa; S j - IIoImazns J - ro yuactka - G i

Oynkuun P (t) ( 1=12,..,N +1) YIIOBIETBOPSAIOT YCIOBHUIM
P (t,) =[] faxdy; Py.(ty)=1-[[ fdxdy,
G, G

roe t) = min{tijj}.

BeposTHOCTS 00HAPYKEeHHs 00HEKTa TOMCKA KO BPEMEHH | (K 3aaHHOMY CPOKY) paBHA

LN

P-1-Y R(T) @

Takum 00pa3oM, 3aaudl ONTHMAJIBHOTO YIPABJIEHUS! TIOMCKOBBIM PECYpPCcOM (ONTUMAaIbHOTO
pacripeneneHus MOMCKOBOIO pecypca) MpH MOMCKE Ha IJIOMIAAM SIBISIOTCS AUCKPETHBIMH 3afadaMiu
ONTUMM3ALUU CO CIOXKHBIMH LEIEBBIMA (QYHKUMSIMA ¥ OTPaHWYEHHUSIMH, YYWUTHIBAIOIIMMHU
0COOEHHOCTH YNPAaBJICHUS! TIOMCKOBBIM PECYpCOM B pealibHBIX yCIOBUSX Toucka. C 1embio
MIPEOAOJIEHNS TPYIHOCTEH MX YHCIECHHON pealn3alliyl MpeJlaracTcss METOJ PELIeHMs 3ajadyd B JBa
JTamna:

1) onTumu3zaus pacupeneneHus IOUCKOBOTO Pecypca B IIEPBOM MPHOIKEHUH;

2) KOPPEKTUPOBKA MOTYUMBIIETOCS Ha IIEPBOM JTAIle PEIICHHS.

CMBICTT IEPBOTO MPHUOIIKESHHUS 3aKITI0YACTCsl B YMEHBIICHUH YMCIIA BAPUAHTOB pacIipe/ielIeHHs TyTEM
CBEJICHUSI K TOJMHOXECTBY PAIlMOHAIBHBIX DPEUICHWHA 10 TOMY WJIHM WHOMY, OOOCHOBAaHHOMY JIJIS
KOHKPETHOM CHTyallil TIIOMCKa, YacTHOMY KpuTepuio. Ha BTopom JTame ocCyIIecTBIseTCS
KOPPEKTUPOBKA 3TOTO PELICHHS C HENbI0 AOCTIKEHUS MaKCHMaTbHON 3((EeKTUBHOCTH IOHMCKA MPH
COOJIFOICHHUH TOPSIIKA TIEPBOTO pacTIpeleIeHUs] U TpeOOBaHUS OJHOBPEMEHHOTO OKOHYAHUS PaOOTHI
BO BCEX y4acTKax paiioHa IOUCKa.
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B paccmoTpeHHO# BBINIE CHTyallMy MMOMCKA MPHU BO3MOXKHOCTH YKJIOHEHHSI O0OBEKTa IMOMCKA OT BCEX
IIC, Ha mepBOM dTarme pemraercs 3aJav4a HauCKOPEHIIero MPUOBITHS TOUCKOBBIX CPEACTB B YYACTKH

TOUCKA: HANTH HEU3BECTHBIE Z;; (i, i=12,..,N ), KOTOpPbIE MUHUMU3UPYIOT (DYHKIIUIO
y:mzax{tijzij} (5)

1 YAOBJIETBOPAIOT OTPAHUYCHUAM

N

H . H . O H H
> z,=1 j=12,..,N; >z,=1i=12..,N; z;= L bi=L2. N @
i=1 j=1

p=4

B ciyuae “xontponsHoro nmoucka” | f = g MIpY YCJIOBUH, YTO U3 MMOUCKOBBIX CPEACTB OAHO

mrymMHoe (1moj HOMepoMm 1), ocTajabHbIE MaJOIIyMHBIC, pPEIIacTCs 3ajava: HaWTH HEH3BECTHBIC
Z; J.(I, ]=1 2,...,N),K0Topme MaKCHMHU3HUPYIOT BEIPAKECHHE

N

P(Z):Z ii[(T _t1k)H|fJ +(t1k _tij)'IYif}I:|'Zij Z1k

k=t | i=1 j=1

Y YIOBIIETBOPSIIOT OTpaHUICHUSIM (0).
[Tpn HEOOXOJMMOCTH OTIIPABIICHHS TIOMCKOBBIX CPEJICTB HA ITOMCK B Pa3HbIE MOMEHTHI BpeMe-

au t,1,,...,1,, 3a7a4a onTUMaNBHOrO pacipesiesieHus IOMCKOBOIO pecypca B NEPBOM IPHOIMKEHUN
TIPUBOJUTCS K TPEXUHJEKCHOMN 3aja4de 00 ONTUMAILHOM Ha3HAYCHUU: HaWTH
Xii (k =12,..,5i=12,..,nj=12,.., m) , KOTOPbIE MAKCUMU3UPYIOT CYMMY ZZZHWXKU

K i

TIPH YCIIOBHSIX
ZZXKH =1 Zklzxkij =1 ZK:ZXM =1
i j i ]

0

1

rae [1,;; - nokasarenb 53p(EeKTUBHOCTH MOHCKA | -ro cpeacTBa B | -M y4acTKe MPH OTIIPABJICHUU €r0

Xeij = k=12,..,l;1i=12,..,n;, j=12,..m,

U3 IyHKTa 0a3UPOBAHMS B MOMEHT t, .

Ha Bropom arare perieHus 3a1a4u moucka Ha miomanan kaxaomy [1C BeenseTcs yqacTok ¢
IUTOLIAJIbI0 TIPONIOPIMOHAIIBHOM JIOJIM BO3MOXKHOTO OOCIIeIOBaHHMS MM IUIOMIAJAM B paiiOHE ITOMCKA.
Kpome Toro, B citydae BO3MOXXHOCTH HEOJHOKPATHOT'O MEPeKpHITUs (00CIeI0BaHus) pailoHa OUCKA B
TEYCHHE 3a/IAHHOTO BPEMEHH | KOPPEKTHPYETCS BpeMs MOKMCKA MM YMEHBINACTCS Hapsij (COCTaB)
TIOMCKOBBIX CPEJICB, YYaCTBYIOIMX B TIOUCKE.

OKOHUaTeNbHOH MPOIEYPOl BTOPOTO dTana SBJISIETCS ONPEeAeIeHHe BEPOSITHOCTH OOHApYIKe-
HHS 00BEKTa MOUCKA U ONTUMAIBHBIX MAPaMETPOB YIPABICHHS TIOMCKOBBIM PECYPCOM — KOOpPHMHAT
OTBE/IEHHBIX UM y4acTKOB pailoHa MOKCKa.

YucnenHas peanu3anys pa3pabOTaHHBIX MaTEMAaTHYECKHX MOJENCH pPacCMOTPEHHBIX 3a/1ad
peanuzoBaHa B cpene Matlab.
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SUMMARY

SEARCH OF OBJECTS IN THE AREA

Nachkebia M.D.

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical University

The paper deals with the problems of search in the area in different situations of search depending on the
character of information about locations of the object of search, the structure and location of search means,
technical parameters of both search forces, and the required object. In the specific case, the model can be applied
to the problems of search of naval underwater objects

Keywords: search situation, search resource, search space, probability of detection, optimum control of the
resource.
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ON THE ORIGIN OF A STIMULATED DOMAIN-ACOUSTIC ECHO POSSESSING THE
LONG-TERM MEMORY IN MAGNETITE POWDERS

Mamniashvili G.1., Gegechkori T.O., Gavasheli T.A., Sharimanov Yu.G., Gventsadze D.I.,
Daraselia D.M. and Japaridze D.L.

E. Andronikashvili Institute of Physics,
Iv. Javakhishvili Thilisi State University

Abstract. The stimulated domain-acoustic echo (DAE), possessing the long-term acoustic memory, and
magnetoacoustic responses were inductively excited in magnetite using a pulsed NMR technique with recording
inductivly the signals and studing their properties. The comparison of the DAE intensity and magnetization
dependence on the outer magnetic field showed that the long-term memory of DAE is caused by the irreversible
changes of magnetization in the monodomain grains of magnetite powder due to the magnetostriction with the
interaction of the acoustic wave generated by the first RF pulse with the magnetic field of the second RF pulse.
Keywords: stimulated domain-acoustic echo, long-term memory, magnetite powder, magnetoacoustic response,
pulsed NMR.

1. Introduction

After the excitation of a magnetostrictive sample mounted in the RF coil of a conventional pulsed
NMR spectrometer by RF pulses, different magnetoacoustic responses were observed [1,2]. In [1] a
slab-shaped ferrite sample was excited by a train of RF pulses of 0.5 microseconds width and 10 ms
repetition time at 5 MHz frequency; a response signal was observed after each RF pulse. The Fourier
transformation of this signal showed a series of equally spaced peaks with spaces depending on the
geometry of the sample. Using these data for the slab-shaped sample, one could determine the acoustic
wave speed in this material and compare it with similar data obtained by other methods [3]. In [2] the
DAE signals were inductively generated using a pulsed NMR technique after application of three RF
pulses in Cog1MngsCug 18Nig Mo 72F€0604 ferrite, europium garnet and iron borate samples at 20
MHz frequency.

The acoustic signal o;=c10c0s(kx-wt) (o10, ® and k are the amplitude, the angular frequency and
the propagation constant of the wave, respectively) propagating in a ferrite rod in the x-direction after
the application of the first RF pulse was recorded using the second short RF magnetic field pulse
H;=Hj,cos(wt) of the same frequency w. As a result of the simultaneous action of acoustic and
magnetic pulses, due to the nonlinear interaction of these oscillations with the magnetic field of the
second pulse the principal contribution to which apparently comes from the magnetostriction, a
stationary space-periodic magnetic structure is formed in the sample with spatially inhomogeneous
magnetization component AM ~ coskx.

This structure is a magnetic image of the acoustic signal [4,5]. The formation of this structure
could be explained by the irreversible changes in magnetization. The information storage duration is
practically unlimited. The information is read by the third RF or the acoustic pulse 6,=0,0C0S(kx-wt)
as a DAE signal. In the case of DAE, the irreversible change in magnetization could be caused by the
displacement of domain walls (DW) in ferrite grains [4]. In the monodomain nanosized grains, this
change in magnetization is due to the change of domain magnetization caused by magnetostriction
[5]. The DAE phenomenon can be used for development of the DAE processors performing integral
transformations of RF signals, memory devices and delay lines [6].

The main properties of DAE formed in domains of magnetostrictive materials were qualitatively
well accounted for by a simple phenomenological model [5]. Unfortunately, this model cannot be used
for the direct quantitative comparison with the experimental results because of its simplicity. So far,
polycrystalline ferrites with garnet or spinel structures have generally been used for DAE
investigations [7]. The main materials were iron-yttrium garnet YsFesOy, and nickel ferrite NiFe,O,.
Various kinds of these ferrites (Y3F€1.15A|0.85012, Nio_ggCO().ozFezOm Niolg7C00.03Fe and
Nig.e7CuUo03Fe20,) Were used in DAE experiments. It is seen that, in spinels, Fe?* ions are partially
substituted by Co* and Cu?* ions, and, in the garnet, the Fe** ions are partially substituted by AI**
ones. The Co* and Cu® ions in Ni-Co (NiyxCoFe,0,) and Ni-Cu (NiyCu,Fe,04) ferrites,
respectively, increase magnetoelastic interactions in these materials. Small admixtures of other ions
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could also change other physical properties of ferrites for optimization of their use in the DAE
processors. As an example, small aluminum admixtures in nickel ferrites change their saturation
magnetization, and a manganese admixture increases their electrical conductivity, while a copper one
could improve their mechanical properties, etc. As a result, the optimal ferrite composition could
become rather complicated.

Magnetite (Fes0,4), one of iron oxides, is the most magnetic of all naturally occurring minerals on
the Earth. The particles of magnetite are raw materials extensively used for production of magnetic
fluids, microwave absorbers, chemical sensors, and so on.

Due to its topical magnetic and electric properties, magnetite is one of the best filler materials
used in combination with polymers for, for instance, medical applications and in the information
storage media [8].

Additional experimental investigations are necessary to clear out the DAE formation mechanism
in magnetostrictive materials with intensive magnetoacoustic responses.

For this purpose, we have carried out new investigations of DAE and magnetoacoustic responses
in magnetite and a ferrite-piezoelectric (FP) layered composite, and a number of other
megnetostrictive layered composites obtained using a conventional pulsed NMR spectrometer [2] for
excitation of these samples by series of three RF pulses.

The results of previous investigations of the DAE effect in magnetite [9] showed that the
properties of the DAE in magnetite could not be explained by the mechanism proposed in [4 ] for the
domain-acoustic echo in Ni-Cu ferrite when the irreversible change of magnetization under the action
of the second RF magnetic field pulse was caused by the displacement of DWs in ferrite grains.

In this case the magnetic structure which is formed in the sample after the application of the first
pair of pulses is gradually destroyed by an increasing magnetic field and, consequently, the DAE echo
decreases monotonically with the increasing magnetic field up to 50 Oe, Fig.1 [4].

40

=

20

H, Oe
Fig.1. Stimulated domain-acoustic echo signal versus the "erasing" field strength

Similar results were obtained in [2] for europium garnet powder.

In magnetite, a different dependence of DAE on the outer magnetic field was observed when the
intensity of the DAE at first increased until it reached a certain maximum and then gradually
decreased.

In this work we are studying the nature of the DAE in magnetite in more details.
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2. Experimental results and discussions

The experimental setup, Fig.2, used in this work to observe and investigate the DAE and
magnetoacoustic signals comprised a standard Bruker Minispec p20 NMR spectrometer for studying
the proton relaxation in liquids provided with the Kawasaki electronic digital signal averager [2]. It
was capable to produce 20 MHz RF pulses with durations and powers up to, correspondingly, 10 us
and 100 W. The DAE and magnetoacoustic response signals were observed and studied at room
temperature in magnetite samples, consisting of disordered naturally occurring magnetite crystalline
powders with the grain mean diameter ~ 100 p, placed in a cylindrical capsule of about 1 cm® volume.
The magnetite powder was previously thoroughly magnetically treated to remove the non-magnetic
impurities.
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Fig.2. Block-diagram of the experimental installation:
1 — RF generator, 20 MHz; 2 — gate; 3 — pulse generator; 4 — RF power amplifier; 5 — recording coil;
6 — reading coil; 7 — sample; 8 — RF receiver; 9 — storage oscilloscope.

b

1 2

Fig.3. (a) The oscillogram of the DAE signal in magnetite, the time interval between the first two RF
pulses: T1,=5 ps; the RF pulse duration 7=5 ps. The oscillogram was taken at room temperature, external
field 0 and 70 W RF pulse power. The total oscilloscope beam sweep duration is 100 ps,

1 — the third RF “Read-out” pulse position marked as 1, the DAE signal position — 2.

(b) The oscillogram of the magnetoacoustic response in magnetite under excitation by a train of RF pulses with
repetition rate 1 kHz and RF pulse duration t=1.7 ps. The oscilloscope beam sweep duration is 100 ps
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The NMR receiver was locked during the action of a RF pulse and a strong transient response
signal of the RF coil. From this moment any signal was absent for the empty coil and for the coil with
test manganese and lithium ferrite samples. The signals from the samples under study were
sufficiently intensive to provide their direct observation on the oscilloscope without signal averaging.

For the magnetization measurements, the vibration magnetometer VSM was used.

We first studied the DAE and magnetoacoustic responses of the magnetite powder with starting
mean grain size ~ 100 p. The signals of DAE and magnetoacoustic responses of initial powder were as
is shown in Figs. 3a and 3b, respectively.

The optimal RF pulse powers and magnetic fields for observation of these magnetoacoustic
responses coincide with those for DAE signals.

Then the magnetite powder was ball-milled for 1 and 5 hours, and the signals of DAE and
magnetoacoustic responses for these samples were studied
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Fig.4. The signal dependences of the DAE on the RF pulse power P at magnetic field strength H,
(a) and on the outer magnetic field H, at P=70 W (b) in magnetite

It was also established that the signal of DAE was practically unobservable after already 1 hour
of milling and the signals of magnetoacoustic responses also disappeared gradually (Fig.5-7) along
with the increase in the milling time. The magnetization measurements by the vibration magnetometer
(VSM) showed a considerable increase in the coresitivity force of the magnetite powder, which could
be, in our opinion, the reason for the strong reduction of DAE and magnetoacoustic response signals
with milling, Figs. 8-10.
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Fig.5. Magnetoacoustic responses in the magnetite powder without milling

Fig.6. Magnetoacoustic responses in the magnetite powder after 1-hour milling

PI—

Fig.7. Magnetoacoustic responses in the magnetite powder after 5-hour milling
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In Figs. 8-10 are shown the magnetization hysteresis curves of the investigated samples.

15 S
g 104 Fe,O,
) Initial
€ °1 T=293K - B
8 | .
0 - 1 ¥ J m
S H=87G ?[ e
E 0 7 o Tu;}L—H;,
£ I;
O 1 5
d o
& 104 il oA |
(M) = i -0.02 0.00 0.02
-
-15 T T T T T v T ¥ T
-2 -1 0 1 2
Magnetic Field, T
Fig.8. Magnetization hysteresis curve for the initial magnetite sample
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Fig.9. Magnetization hysteresis curve for the one-hour ball-milled magnetite sample
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Fig.10. Magnetization hysteresis curve for the five-hour ball- milled magnetite sample

The basic DAE properties in magnetite are different than those observed in polycrystalline
Nipe7CUo03Fe,03 ferrite [4] and for the europium garnet in [2] and resemble the ones of more
complicated behavior for iron borate [2]. These peculiarities apparently could be accounted for the
peculiarities of domain wall properties and magnetostriction dependent on the outer magnetic field in
this material [1].

It should be noted that the threshold RF power for DAE excitation in magnetite was lower as
compared with other magnetostrictive materials studied by us so far.

The comparison of the DAE intensity dependence on the value of the outer magnetic field with
the similar magnetite magnetization dependence on the magnetic field showed that the magnetic field
corresponding to the intensity (Figs) in magnetite coincided with the one corresponding to the
magnetization saturation field for magnetite. This observation allows us to conclude that the domain-
echo effect in magnetite is caused by the mechanism similar to the one described in works [5] and [10]
when irreversible changes of magnetization under the action of the second RF pulse were caused by
the magnetization change in the monodomain magnetite grains due to magnetization.

3. Conclusion

The long-term acoustic memory and magnetoacoustic effects were studied in the magnetite
powders with their inductive excitation by RF pulses using the pulsed NMR techniques.

The stimulated domain-acoustic echo possessing the long-term acoustic memory was inductively
excited by three RF pulses in magnetite using the pulsed NMR technique with inductive recording of
DAE signals.

The properties of the stimulated domain-acoustic echo (DAE) possessing the long-term acoustic
memory were studied. The comparison of the DAE and magnetization dependences on the outer
magnetic field showed that the long-term memory of DAE was caused by the irreversible changes in
the magnetization of monodomain grains due to the magnetostriction under the action of the second
RF pulse.
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PE3IOME

O IPOUCXOXKIEHNHN CTUMYJUPOBAHHOI'O JOMEH-AKYCTHYECKOI'O 9XA,
OBJAJAIOUIETO JJOJITJIBPEMEHHOM MAMATHIO, B MATHETUTHBIX MOPOIIIKAX
MamvuunamBuiu I'.U., lereuxopu T.O., I'apamean T.A., Hlapumanos FO.I'., 'Bennanze 1.1.,

Hapaceans .M., I:xanapunze J.JI.

HWHeTuTyT uzuku uM. D AHApOHMKamBUIN, ToMAMccKnii rocyiapcTBeHHbI YHUBEPCUTET

um. UB. JlxxaBaxumBuiau

CruMyIHpOBaHHOE JOMEH-aKycTuaeckoe 3xo ([JAD), obanatoee JoNTOBpEMEHHOH NaMSThIO, 1 MarHUTOAKYC-
THYECKHE PEaKIMH BO30YKAAJIHCh MHIYKTHBHO B MarHeTHUTE METOJOM uMmynbcHoro SIMP ¢ mHayKTHBHOMN
3allUCBI0 CHUTHAIOB M M3ydeHHeM ux cBoiicTB. CpaBHeHME WHTEHCUBHOCTH JAD H  3aBHCHMOCTH
HaMarHMYMBaHMUA OT BHENIHEr0 MAarHUTHOTO MOJS IMOKAa3ajo, YTO JOJNTOBpeMeHHas maMmate JIAD BbI3BaHa
HEOOpaTMMbIMM H3MEHEHHSIMHM HaMarHMYMBaHMWS MOHOJOMEHHBIX 3€peH MAarHeTHTHOTO IIOpOINKa W3-3a
MAarHMTOCTPUKIIMY IIPU B3aUMOJEHCTBUM aKyCTHYECKOW BOJIHBI, T€HEpUPOBaHHOU nepBsiM BU nmmpynbcoM, u
MarHuTHbIM noJjieM BToporo BU umpysnsca.

KaioueBble c10Ba: CTUMYJIMPOBAHHOE JOMEH-aKycTHueckoe 3xo ([JAD), monroBpeMeHHas! mamsTh, MarHETUT,
MOPOIIOK, MArHUTOAKYCTUYECKAsl PeaKLHsl, UMPYJIbCHBIA AMP.
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INVESTIGATION OF THE POSSIBILITY OF CHANGING THE ABSORPTION SPECTRA
OF PHOTOCATALYTIC TiO, NANOPOWDERS

Nadareishvili M.M., Gegechkori T.O., Mamniashvili G.1., Zedginidze T.I., Petriashvili T.G.,
Tsakadze S.J. and Ramsden J.J.

E.Andronikashvili Institute of Physics at Thilisi State University
University of Buckingham, UK

Abstract. The possibilities for changing the absorption spectra of the anatase modification of the photocatalytic
TiO, powder were studied with the aim to use more efficiently the energy of UV solar radiation for
photocatalysis and to involve the visible light energy into this process for enhancing the efficiency of the
photocatalytic reaction. It was found that the deposition of Ni-B clusters on the TiO, powder by the unique
technology developed by the authors increases significantly the absorption of energy in the UV region. It was
also revealed that, after deposition of the Ni-B clusters on the TiO, nanopowder, in the result of heat treatment in
vacuum, the absorption spectra of the TiO, nanopowder shifted to longer wavelength, and the absorption in the
visible part of light increased. From the experiments carried out, it follows that the absorption in the visible part
of light can be increased as well by selecting the sizes of nanopowder particles coated with Ni-B clusters. The
investigations performed showed that it is possible to enhance significantly the visible light absorption and the
efficiency of the catalytic reaction.

Keywords: photocatalisator, titanium dioxide, absorption spectrum, hydrogen production

1. Introduction

It is well known that gas and fuel supply on the Earth under the conditions of current
consumption will soon be exhausted [1]. The current fuel consumption intensity is defined by the
industrialization of mankind, and it is not practically possible to slow it down. For this reason the only
way out of this dependence is finding of alternative energy sources: one of the most perspective trends
on this way is the dissociation of water into hydrogen and oxygen using the solar energy and the
utilization of produced hydrogen as fuel, the final product of which under burning is again water.

The nowadays actual problem hindering the wide application of the above-described method
in practice is the low efficiency of the photocatalytic reaction — the reaction of water dissociation into
hydrogen and oxygen with solar radiation energy by using catalysts. Hence the pressing problem many
investigations are devoted to is the enhancement of the efficiency of the photocatalytic reaction.
Considering the importance of the problem, it attracts the attention of many researchers throughout the
world [2-11].

Currently it is believed that the most promising substance for the photocatalysis is titanium
dioxide TiO, [1]. Photocatalysis over a semiconductor oxide such as TiO; is initiated by the absorption
of a photon with energy equal to or greater than the band gap of the semiconductor (3.2 eV for TiO,)
producing the electron - hole (e/h") pairs [11].

hn
TiO, — €74 (TiO,) + hyy' (TiOy) (1)

Consequently, after irradiation, the TiO, particle can act as either an electron donor or as an
acceptor for molecules in the surrounding media. However, the photoinduced charge separation in
bare TiO, particles has a very short lifetime because of charge recombination. Therefore, it is
important to prevent the hole-electron recombination before the above-mentioned chemical reaction
occurs on the TiO, surface.

Having recognized that charge separation is a major problem, numerous techniques were
developed to minimize this effect. One such technique is to scavenge photogenerated charges with
strongly absorbed substances. The increase of the distance of charge separation can be obtained by
adding metal and metal oxide clusters to the surface of the semiconductor particle.
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The electrons produced upon band-gap excitation are injected into the metal particles, and
positively charged holes are injected into the metal oxide. Various substances can be used to capture
either holes or electrons, allowing them to react.

As it was pointed out, a band-gap width for TiO; is 3.2 eV, hence only ultraviolet rays, the
share of which in the solar radiation spectrum is only about 4%, participate in the catalytic reaction.
The energy necessary for water dissociation is 1.23 eV. The photons of corresponding energy are
located in the visible part of the solar spectrum the energy of which is by an order of magnitude
greater than that of the ultraviolet region. Therefore, to improve the catalytic reaction efficiency, it is
important to increase the contribution of the visible part of the light spectrum to the catalytic process.

2. Results and discussion

In this paper we investigated the optical absorbtion spectra of the TiO, nanopowders in order
to study the possibility of the improvement of their photocatalytic properties by increasing the UV
light absorption and the visible light share in the photocatalytic process and hence of the improvement
of photocatalysis reaction efficiency. We performed some investigations in the above-mentioned field,
namely, some methods making it possible to change the optical properties of TiO, powders as desired
were found. First of all, at Andronikashvili Institute of Physics a unique nanotechnology of coating the
nanoparticles with clusters of different sizes from different materials (for example, Ni-B) was
developed [12]. These nanostructures were fabricated using electroless deposition of metals and
alloys. The peculiarity of the method consists in the maintaining of low temperature during the coating
reaction (58-60°C), which preserves the physical — technical properties of the substance to be coated.
The proposed nanotechnology has a number of other advantages: it is simple, low-cost and hence
competitive for production process purposes.

For studying the possibilities of nanotechnology we developed, the experiments were
conducted by the following procedure: the optical absorption spectra of the distillate suspension of the
photocatalyst powder was studied, two crystallographic modifications of the TiO, powder (anatase and
rutile) were used. The light absorption of distilled water over the entire working spectral range was
preliminarily studied. It appeared to be rather low. However, in order to exclude the distortion of
absorption spectra of the powders under study as a result of the distilled water effect, we recorded the
absorption spectra of the powders dissolved in the distilled water in reference to pure distilled water
instead of the air. For this purpose the cell with the solution of the powder under study was placed in
one compartment of the 4-compartment spectrophotometer ¢-46 and an identical cell with pure
distilled water — in other compartment. To check the validity of the used procedure, we prepared
several similar reference aqueous solutions of the same powder. Then their absorption curves were
taken. The obtained spectra coincided very closely with the maximum difference of + 5%.

For testing the efficiency of the developed nanotechnology of deposition of Ni-B clusters on
photocatalytic TiO, nanopowders, we took two modifications of the TiO, powder, anatase and rutile,
with the grains ~ 300nm in size. We prepared their identical suspensions in distilled water and
recorded their absorption spectra over the wavelength range from 300 to 800 nm. The measurements
showed that the absorption spectra of the nanopowders under study were very much alike, without any
particular absorption at any wavelength. Then we deposited Ni-B clusters on the powders under study
and recorded again their absorption spectra over the same wavelength range by the same technique.
The measurements showed that the absorption spectrum of rutile changed only slightly, while that of
anatase altered dramatically: there appeared a clear and wide maximum at the wavelength~ 360nm.
This implies a sharp increase in the absorption of light energy at the given wavelength, which in turn
would enhance the efficiency of photocatalysis in the result of treatment of photocatalytic TiO,
nanopowders by the nanotechnology we developed. Figurel shows the absorption spectra of the
anatase modification of TiO, nanopovders before (curve 2) and after (curve 3) deposition of Ni-B
clusters.



LSISANZIR (I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, A23, 2015 25

1.0+
A AM
0.8 A
° A
P e
3 0.6 1 i
% A
2 04 2 »
(@] A
(2} »
g I
o3 A
0'2_11__ '0..::.‘“‘“
. 1,/--"llll "ty .5.5:‘...:*.“0‘\‘ .‘.IA.l

T T Ll 1
500 600 700 800

wavelength 2. nm

1
300 400

Fig.1. Absorption spectra of the TiO, nanopowders
Curve 1 - absorption spectrum of the TiO, nanopowders of the Rutile modification.
Curve 2 - absorption spectrum of the TiO, nanopowders of the Anatase modification.
Curve 3 - absorption spectrum of the TiO, nanopowders of the Anatase modification after their coating
with Ni-B nanoclusters.

After the investigation of the effect of coating with clusters, the vacuum thermal treatment
effect on the absorption spectra of TiO, photocatalytic nanopowders was studied. The size of powder
particles was again ~ 300 nm.

For heat treatment in vacuum, we used high-temperature and high-vacuum furnace CHBD-
1.31/16M3-YXJ14, which provides heat treatment over the range from room temperature to 1600°C in
10°mm Hg high vacuum. In the beginning the heat treatment effect on the optical absorbtion spectra
of pure TiO, (both anatase and rutile ) nanopowders was studied. Under vacuum heat treatment, the
absorption spectra of these powders practically remained unchanged.

As for coating of these powders with Ni-B clusters, after this procedure, the absorption
spectrum of rutile remained unchanged, while the absorption of anatase in the visible part of spectrum
increased.

In Fig. 2 are shown the absorption spectra before the heat treatment and after it for TiO,
(anatase) coated with Ni-B clusters. Curve 1 corresponds to the optical absorption spectrum of Ni-
B/TiO, (anatase) powder without heat treatment and curve 2 — to the same powder heat- treated in
vacuum at 750°C for 3 hours. As it is seen from the figure, as a result of heat treatment, one could
observe a significant change in the optical absorption spectrum of  Ni-B/TiO, powder, namely, the
absorption of solar energy significantly increased over the range of 400-500 nm. This fact is
particularly important for enhancing the photocatalyst efficiency in the visible range of solar radiation.

Hence, from our experiments, it follows that the heat treatment of TiO, nanopowders does not
change their electron excitation spectrum. However after coating of TiO, with the Ni-B clusters, the
heat treatment results in the change of the electron excitation spectrum of these particles followed by
the increase in the absorption in the visual part of the spectrum.
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Fig.2. Absorption spectra of the TiO, nanopowders coated with the Ni-B clusters before and after
thermal treatment in vacuum
Curve 1 -absorption spectrum of the TiO, (Anatase ) nanopowders before thermal treatment
Curve 2 - absorption spectrum of the TiO, (Anatase ) nanopowders after thermal treatment

The investigation also showed that the photocatalytic TiO, nanopowders with Ni-B clusters
deposited by the unique technology developed at E. Andronikashvili Institute of Physics have the
capacity to increase the light absorption in the visible region of the solar spectrum by selecting the
optimal size of particles. The nanopowders we used for deposition of Ni-B clusters on them are
characterized by definite distribution of particle sizes. We carried out the separation of particles by
their sizes. For this purpose we prepared the Ni-B/TiO, suspension in distilled water. After
preliminary careful mixing, the prepared opaque suspension was placed into a centrifuge. The
centrifugation was performed at the rate of 4000 rev/min for a definite time. During the centrifugation,
smaller particles remained in the suspension, while bigger ones precipitated on the bottom or on the
walls of the vessel. After centrifugation, we poured the suspension into an empty vessel. We poured
distilled water on the remained residual, stirred it thoroughly and placed the obtained suspension into
the centrifuge. This time we performed the centrifugation at a lower rate of 2000 rev/min for the same
time as in the first case. We again poured the obtained suspension into an empty vessel. Then we
recorded the absorption spectra of the obtained suspensions.

If the absorption spectrum of the TiO, nanopowder coated with the Ni-B clusters does not
depend on the particle size, the intensity ratio of the absorption spectra should be a near-horizontal
line. In Fig. 3 is shown the intensity ratio of the absorption spectra of the Ni-B/TiO, suspension
centrifugated at 2000 and 4000 rev/min for the same time. The experimental results showed that this
dependence was characterized by a clear maximum at the wavelength ~ 450 nm, i.e. by selecting the
size of the particles of photocatalytic TiO, powders coated with the Ni-B clusters, it is possible to
increase the absorption of the visible part of solar energy.
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Fig.3. The ratio of absorbtion of TiO, (Anatase ) nanopowders coated with the Ni-B clusters with
two different grain sizes

Finally it can be inferred that there are a few ways of altering the absorption spectra of
photocatalytic TiO, nanopowders. They are the deposition of even smaller clusters on the
nanopowders by simple and efficient nanotechnology, heat treatment in high vacuum and the selection
of nanoparticles by their size. By using optimally these methods, specifically by selecting the materials
and optimal sizes of clusters, establishing the optimal conditions of heat treatment in vacuum and
selecting the optimal sizes of particles, it is possible to increase the absorption of the visible part of
solar energy by these photocatalysts and hence to enhance significantly the efficiency of the
photocatalytic reaction.

The work was supported by Rustaveli foundation grant #AR/126/3-250/14
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PE3IOME

HNCCJIEJOBAHUE BO3MOXHOCTU U3MEHEHUWSA CIIEKTPOB IIOI'JIOLIEHU S
DPOTOKATAIUTUYECKUX HAHOIIOPOUIKOB TiO,

HapapenmBuiau M.M., I'ereukopu T.O., MamuuamBuiau I'.U., 3enruuuze T.U., PerpuamBuiau T.T'.,
Haxkanze C.J., Pamcaen /1.

HHacTuTyT huzukn uM. 3. AHAPOHUKABUHIN, TOMIMCCKHII rOCyAapCTBEHHBINH YHHBEPCUTET HM.

HB. xaBaxumiBuIn

Bykunramckuii ynusepcurer, Besimkoopuranus

Beita m3ydeHa BO3MOXKHOCTh W3MEHCHHS CPEKTPOB MOTJIOIICHHSI (HOTOKATATHTHYCCKUX HaHOPOPOIkoB TiO,
MoJu(UKaIMK aHaTa3a ¢ Lesiblo Oosee A(PQPEKTUBHOrO HCIOIb30BaHUSI SHEPrun YD u3inyueHHs CcojHLIA U
BOBJICUCHHUS B 3TOT IPOIIECC BUIUMOTO CBETa Ul yBeIH4YeHUS 3(P(eKTHBHOCTH (POTOKATATHIECKOW PEaAKIUH.
breuta yraHoBneHo, uto HaHeceHHwe KiactepoB M3 Ni-B Ha moBepxnocts Hanowacty TiO, ¢ momomibio
YHUKAJIbHOH HAaHOTEXHOJIOTUH, pa3pab0TaHHOW aBTOPaMH, CYIIECTBEHHO YBEJINYMBACT MOTJIOLIEHUE COJTHEYHOM
sHeprun B Y® obnactu crmektpa. beimo oOHapyxeHO Takxke, 4TO TepMHUecKas oOpaboTKa B BaKyyMe IIOCIE
HaHeceHus: kiactepoB u3 Ni-B Ha moBepxHocTs HaHomopomkos TiO, caBUraer CHEKTPHI HOIJIOMICHHS STHX
HaHOIIOPOIIKOB B CTOPOHY JMJIMHHBIX BOJH M IOMVIONICHME B BHJIUMON dYacTH CBeTa Bo3pacrtaeT. U3
SKCHEPUMEHTOB CJIEAYyeT, YTO IOIJIONIEHHE B BUAMMONW YacTH MOXKHO YBEJIHYHUTh TAKKE  CEJIEKTHBHBIM
nozxbopoM pasmepos gactul] Ti0, mokpeITeix knactepamu u3 Ni-B. [IpoBeneHHbIe HCcIeIOBaHMS TOKA3BIBAIOT,
YTO CYIIECTBYET BO3MOXKHOCTh 3HAUMTEJIBHOTO YBEJIWYEHUS IOTJIOUICHUS BHUAMMOTO CBETa M CJIEIOBATENIBHO
3¢ GeKTUBHOCTH (HOTOKATATUTUICCKOM PEaKIIHU.

KoaroueBble cioBa: OTOKAaTAIN3ATOP, IBYOKHCH THTaHA, CIIEKTpP MOTJIOMIEHHSI, TI0J[ydYeHNE BOIOPOAA.
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FUNCTIONAL DEPENDENCE OF THE PSYCHIC PHENOMENA
Kadagishvili L.G.

V.V. Chavchanidze Institute of Cybernetics, Georgian Technical University
Georgian Engineering Academy

Abstract. The paper deals with the psychics as a dynamic process and the consciousness as a Gestalt unity. The
principle of unity is a relative process in psychology like the theory of relativity is in physics. There is no
fixation between the conscious, subconscious and unconscious expositions of information, but they complement
each other and are transferred from one phenomenon into other in a normalized manner, like there is no fixed
time or space. Our studies are based on multiple experiments. This means that the casual factors, which we
cannot control, seem to filter gradually according to the law of so-called big numbers, and finally the relative
frequencies (of the exposition of elements) can be determined. Processing the information in this manner, we can
talk about not only the conscious portion of the information, but also the quantitatively exposed subconscious
and unconscious psychic parameters.

Keywords: psychic phenomena, functional dependence, consciousness, subconsciousness.

Psychics is a dynamic process depending on the surroundings on the one hand, and the
demands of the body on the other hand. The combination of these two factors causes an action of the
living creature.

Consciousness is a Gestalt unity [1], and therefore it is impossible to teduce it to the feelings
without some effort exerted (falling to illusion in particular) and distortion of reality. An isolated
feeling is a fiction. It is the product of scientific abstraction. The unity of a structural type is typical of
the world of feelings, and the examination of the peculiarities of its elements must be based on this
concept.

The unity, which is typical of the physical world, is no less typical of the psychic world, as the
Gestalt psychologists contemplate. The concept of the unity of the world turned out to be the basic
principle both, for the theory of relativity in physics and the Gestalt theory in psychology.

Introduction of the second principle of the Einstein’s physical concept to psychology must
have evidenced an indirect link between the reaction and the stimulus. The reason for a reaction to
occur is not an isolated stimulus, but the ratio between the stimuli. An excellent example is the
experiments we accomplished [2] and the analysis of the moment of exposition of pictures
(information) in a short time (with the lack of time). As a result of the short-term picture exposition,
we gained conscious, subconscious and unconscious psychic parameters. The ratio between the time
and space in this instance is of the kind which, according to the Einstein’s theory, does not change in
relation to the movement of bodies. There is no fixation between the conscious, subconscious and
unconscious expositions of information, but they complement each other and are transferred from one
phenomenon into other in a normalized manner, like there is no fixed time or space. These two
principal provisions known as the principle of unity and correlation in physics are worth consideration.

The concept of a functional use in such exact sciences, as for example, physics, always means
the functional equations correlating different physical values. As for physiologists and psychologists,
quite often they use the concept of a function in different senses. When they speak of a function, they
mostly mean designation, and the psychologists consider the functions of various organs in this sense.
For example, the function of the ear is to comprehend sounds, the function of the eye is to sense light,
etc. In this respect, in biology, they differentiate physiology and anatomy: the former studies the
functions, while the latter studies the structure of the system of different organs. It should be noted that
most American psychologists name themselves functionalists because of this fact. They study
functions more than the structure of consciousness.

In mathematics, the function has an absolutely different meaning. Here the function means a
certain link between two variables. It implies that one variable depends on the other, and any change
in one variable changes the other one. This link is shown as follows:

y=1(x)



30 bSISENIILON LSObIN6AH(™) LOSESKI60, GEORGIAN ENGINEERING NEWS, 423, 2015

where f is the characteristic of the function. It shows the right kind of action on X (an independent
variable) to get the right value of y (function). When X definitely determines variable y (i.e. when y

is the definite function of X) and it is possible to fix the unit of measurement for X, then it is clear
that y can also be measured. Most of the categories in physics are measured in such a direct manner.

For example, force is measured by deformation, temperature is measured by the height of a liquid
column, time is measured by the movement of an arrow, and so on.

As for the psychic phenomena, in a similar way, one can determine the functional dependence
annong three phenomena (conscious, subconscious and unconscious psychic), which determine, verify
and characterize each other. It means that one can fairly state that, based on functional
equation y = f (x), we can immediately measure one or another psychological category (indirectly).

If a subconscious process is part of some forgotten conscious information, then, if we are
aware of the conscious information which is forgotten after a certain time, equation y = f (x) can be

used to describe the functional dependence.

A similar dependence can be used to determine quantitatively the unconscious psychic. If we
know the amount of information delivered in the experiment (in our case, it is the number of pictures
shown with short intervals), the number of elements B occurring in the conscious and added later
(after the second interview) determines the functional dependence occurring between the delivered
information and the realized information (elements) of B amount.

y=1(x)

A similar dependence is observed by a certain moment t, to determine the unrealized
elements:

y=f(x +Xx,)

where X, is the unconscious elements and X, is the subconscious elements, which were in the

conscious some time ago, but have been forgotten by the moment t,..

In the light of strict determinism, the existence of ambiguous associations must be unclear at
one glance. However, the case is that quite often some variable cannot be determined accurately by
using only one other variable. Mathematically, this means that it could be a function of not one, but
two, three or more variables (e.g. errors, illusions, fantasy). While in physics it is easier to control
some independent variables, for example, to leave them as they are, it is very difficult in psychology
because of the failure in realizing the phenomenon objectively [3].

Thus, in most cases, the value of variable y cannot be determined accurately only by knowing

the value of variable X. Despite this, y can be dependenton X to a certain degree, e.g. when X = X,
a certain distribution of variable y may be the case (in case of a picture recognition, it is the
association between the levels of information) with a certain mean (arithmetic) value; when X has
value X,, the distribution of variable y may be different with a different mean arithmetic value, etc.
When we talk about some distribution of variable y, we mean the awareness of the probability of

possible prospects and arriving at all its elements. The calculation of this kind of dependence will be
made clear by empirical calculations, and it belongs to the study of statistical dependences, i.e. when
the distribution of variable y depends on variable X, we say that y statistically depends on X. As

the quality of perception of a picture (information) depends on the individual, then, on average, the
state of the information perception ability can be characterized by the statistical treatment of many
experiments.

A phenomenon can be described accurately by considering different abilities of individuals,
and this is why we avoided specifying this number (functional dependence) in advance only by means
of disposition. However, if we repeat the experiments many times, we can be sure that the relative
frequencies of the exposition of some number (elements) tend to a quite definite limit. In other words,
this means that, when performing the experiments many times, the casual factors which we cannot
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control seem to filter gradually according to the law of so-called big numbers, and finally the relative
frequencies (of the exposition of elements) can be determined.

Processing the information in this manner, we can talk about not only the conscious portion of
the information, but also the quantitatively exposed subconscious and unconscious psychic
parameters.
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PE3IOME

®YHKIIAOHAJIBHASA 3ABUCAMOCTH ICUXUYECKHUX SABJEHUAN

Kagparnmsuiau JL.I'.

HucrutyT kubepHeruxu uM. B. YaBuanuase, I'py3uHcKkuii TeXHHYEeCKH YHUBEPCUTET

I'py3duHCKasi HH:KeHePHAs aKaJieMHst

B craree paccmarpuBaercs cuxuKa, Kak exuHoe I'emransra. Kak Teopus OTHOCHTENbHOCTH B (pU3HKE, Tak |
NPUHLMI €AMHOTO B IICUXOJOIMH MpeicTaBisieT co0oi OTHOCHTEeNbHBIH mpouecc. He cymectByer
(uKCHpOBaHUSI MEXIY CO3HATEIBHBIMM, II0JICO3HATENFHBIME ¥ OECCO3HATEIBbHBIMH WH()OPMAMOHHBIMU
MPOABJICHUAMHA, OHU AOIIOJHAIOT APr Apyra U HOPMHUPOBAHO NEPEXOAAT U3 OJHOI'O ABJICHHA B JAPYroc, KaK HE
CYIIECTBYIOT ()MKCHPOBAHHOE BpeMsl M MNpocTpaHCcTBO. Haine uccieqoBaHuMe OMMpaeTcss Ha MHOT'OKPATHBIC
OKCIIEPUMEHTHI. JTO O3HAYaeT, 4YTOo CiydailHble (aKTOpbl, KOTOphIE MBI HE MOXEM KOHTPOJUIMPOBATH,
(I)I/IJ'H)prIOTCSI U B KOHIEC NOJYy4a€TCsA, YTO OTHOCHUTCJIbHAA YacCTOoTa (HpH MPOABJICHUN BHCMCHTOB) BIIOJIHC
omnpezensercs. [Ipu Takoit 06padoTke HHGOPMAUK MBI MOXEM TOBOPUTH HE TOJIBKO O CO3HATENILHBIA YacTH, HO
Y O BBISIBJICHHBIX KOJIMUECTBEHHBIX MTapaMeTpax IOICO3HATEIbHOTO U OECCO3HATEIHFHOTO.

KaroueBble cjIoBa: NCHXWYECKHE SIBICHMSA, (YHKIHMOHAJIbHAs 3aBUCHMOCTH, CO3HATEHHOE, IOJICO3HATEIIHOE,
GeccozHarespHOe.
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TEMPERATURE AND AMPLITUDE DEPENDENCE OF THE INTERNAL FRICTION AND
SHEAR MODULUS FOR 9%CR FERRITIC STEEL P92 OVER THE TEMPERATURE
RANGE 25-750°C

Kutelia E.R., Darsavelidze G.Sh., Kukava T.G., Dzigrashvili T.A., Kurashvili I.R. and
Francisco J. Perez Trujillo

Republican Center of Structural Research, Georgian Technical University
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Abstract: Comparative studies of relaxation processes and mechanical properties of the samples of ferritic steel
P92 in different states were conducted using the temperature- and amplitude dependence of the internal friction
and shear modulus. The measurements of QY(T,e) and G~f*(T,e) spectra were carried out in vacuum (10*torr)
using a relaxometer with the reversed torsion pendulum, at frequencies 1-5Hz, amplitudes of deformation 10°-107
and the rate of heating<>cooling 2-5°C/min over the temperature range 25-750°C. The samples were taken in
three different states: in as-received condition, after additional electric current tempering at 700°C under external
mechanical tension, and after annealing at 950°C/20min. The obtained results clearly demonstrate a
considerable increase (more than ~40%) in strength characteristics at elevated temperatures (550+700°C),
achieved by the additional electric current tempering under mechanical tension.

Keywords: ferritic steel, internal friction, shear modulus, activation energy, relaxation processes, electric
current tempering.

1. Introduction

Higher steam temperatures and pressures in advanced supercritical new-generation power
plants of the near future will require the use of steels with an improved and useful combination of
high-temperature mechanical properties (creep, fatigue, strength) and corrosion/oxidation resistance at
operating temperatures, 650°C and higher. The development of new-generation power plants is
directly related to the results of continuous technological progress of heat- and corrosion-resistant
steels and coatings. In recent years the progress led to the development of a number of modified
~9%Cr steels, such as high-strength ferritic steels P91 and P92 developed to fulfill the new materials’
requirements in respect to creep strength [1]. Further improvment (complete realization of potentials)
of creep strength and corrosion resistance of these steels, they are subjected to optimum alloying and
thermo-mechanical treatments. The ways of realization of the latter have not been studied completely
yet. The development of the means of substructure strengthening of the steels (high-temperature
thermo-mechanical treatment, low-temperature thermo-mechanical treatment, coupled with low- and
high-temperature tempering) designed for operation at elevated temperatures needs a deep
understanding of the mechanisms of substructure formation and stabilization ensuring the required
properties of the material. High-temperature microstructure evolution in steels usually consists of
dynamic recovery, recrystallization, transformation y<>a, precipitation of numerous carbides and
nitrides, coarsening of precipitates and other phenomena caused by the movement of individual and
collectivized dislocations and their interaction with the precipitates. An excellent literature survey of
microstructure formation in the heat-resistant ferritic-martensitic steels P91 and P92, after basic
treatment (normalizing + annealing, “as received” condition) and long-term creeps and oxidation is are
given in [2-6]. The TEM study unambiguously showed that steels P92 and P91 in “as received”
condition are characterized by a microstructure of a lath martensite (and polygonized ferrite) with
numerous precipitates such as Ms;C, M»Cq and MX of diverse morphology and sizes [3,4], which,
together with the dislocations, experience a significant microstructure evolution during the long-term
exposures to elevated temperatures and creep [2-5]. On the other hand, the diffusion of alloying
elements is one of the most fundamental processes governing the creep deformation and
corrosion/oxidation. Therefore, determination of activation energies and corresponding diffusion
coefficients of the considered steels over the temperature range 600-700°C are of considerable
importance. Obviously, the correlation between short-circuit diffusion and creep behavior of practical
alloys, such as multicomponent ferritic steels P92 and P91 under creep condition is not as simple as in
the case of pure metals and binary alloys [7,8] at high temperatures. Therefore, further development
of heat-resistant steels for new-generation power plants makes it necessary to conduct a systematic
investigation of the influence of thermo-mechanical treatments on microstructure-property
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relationships. Because or the complexity of the problem, the enhancement of research efficiency
requires integrated application of other structure-sensitive techniques of solid-state characterization
coupled with the direct methods of identification of phases and microstructure components (TEM,
SEM, EDX). Such a technique is the measurement of the temperature dependence of internal friction
(IF) and shear modulus (G) of the material, so-called “mechanical spectroscopy” [9,10]. This method
is highly sensitive and selective with regard to phase and microstructure changes of the material.

In the case of engineering high-temperature creep-resistance steel, the data derived from
internal friction (IF) measurements (activation energy of the processes, diffusion coefficients,
relaxation time etc.) can be applied to the prediction of dominant mechanisms of the processes taking
place at the beginning of creep under specific stress and temperature conditions [1,9], and to the
understanding of several diffusion-controlled processes during corrosion [11].

From the point of view of the above considerations, the aim of this work is the
characterization of physico-mechanical properties of 9%Cr ferritic steel using low-frequency internal
friction measurements over the temperature range 25-750°C. The limited number of the investigations
in this field encouraged us to take up steel P92 as a subject matter. The aim of the performed research
was to characterize the inelastic properties of steel P92 in three different states: as-received, after
additional electric current tempering at 700°C under mechanical tension and after annealing at 950°C
inside the relaxometer of the IF apparatus.

2. Materials and experimental procedure

The studies on inelastic/elastic properties and dynamic shear modulus vs temperature,
deformation amplitude and vibration frequency (f) were performed using low-frequency internal
friction methods. The samples of ferritic steel P92 were characterized in the as-received condition and
after various thermal and thermo-mechanical treatments. The chemical composition of steel P92 used
in our study is given in Table 1.

Table 1. Chemical composition of steel P92 (wt%o)

C Si Mn P S Cr N Mo Ni Nb V B W

0.12 | 0.21 | 049 | 0.014 | 0.002 | 8.70 | 0.053 | 0.38 | 0.17 | 0.06 | 0.18 | 0.003 | 1.65

Rectangular samples 50x30x4mm in dimensions were machined after cutting them from a bar
and subjected to the basic treatment in the following sequence: normalization at 1060°C/20min —
cooling medium air + annealing at 770°C/60min — cooling medium air. From the prepared
rectangular samples (coupons), with the above basic treatment (as-received condition), the
50x1,2x1,2mm rods were machined and were used as standard specimens for low-frequency internal
friction (IF) measurements. Surface grinding of these specimens was carried out before polishing in
order to obtain plain parallelism with the accuracy better than £5um. Part of these specimens were
machined to a cylindrical shape, having a diameter of 1mm, to avoid possible edge effects during the
IF measurements.

The temperature dependence of the internal friction Q*(T) and dynamic shear modulus
G(T)~f*(T) was measured in vacuum (10 torr) using a relaxometer with the reverse torsion
pendulum [12] at frequencies 1-5Hz with the amplitudes of deformation 10°-10°, and the rate of
heating <> cooling 2-5°C/min over the temperature range 25-750°C. The first cycle of measurements
was conducted with the specimens in the as-received condition. Additional heat treatment was carried
out after the first measurement directly in the relaxometer via annealing at 950°C/20min.
Subsequently, Q™(T) and f*(T) were measured repeatedly at the rate of cooling 2°C/min. The second
cycle of the experiments included a comparative study of the temperature and amplitude dependence
of the internal friction and shear modulus for P92 steel samples in the as-received condition and after
the additional electric current tempering under mechanical tension at elevated temperatures.
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3. Results and discussion

The results of Q™(T) and f%(T) measurements derived from the logarithmic decrement and
vibration frequency of the P92 steel specimen when tested in the as-received condition are shown in
Fig.1, a and b. The measurements were conducted in the heating<>cooling mode at the rate of
2°C/min, keeping the vibration frequency at ~1Hz, and the rate of vibrational deformation ¢ < 2-107.

It is clear that the initial specimen (in the as-received condition) is characterized by a weakly
increasing background up to 450°C, after which its exponential growth is observed with the
superimposed IF peaks at 510-530°C, 570-575°C and 650°C. At higher temperatures (>750°C), the
background decays so quickly that it was practically impossible to measure the IF intensity.
Therefore, in this temperature range, the specimen was only heated up to 950°C/20min and
subsequently cooled at the rate of 2°C/min. Starting from 750°C, the measurements of inelastic
characteristics were recommenced. The obtained Q*(T) curve (curve 2 in Fig.1, a) has many similar
features to that of the initial spectrum (curve 1 in Fig.1, a). A weak hysteresis with the shift to lower
temperatures is observed in the vicinity of the 650°C peak. The increase in the vibration frequency up
to 4Hz caused a shift of the above peaks to higher temperatures by ~15+20°C , which argues for the
reversible relaxational rearrangement of defects at critical temperatures in the field of periodical
external loading (torsional vibrations).

250 ~
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Steel F92 sample:
PF-3.0-27-IF
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Fig.1. The temperature spectra of: a) Internal friction Q™(T) and b) the dynamic share modulus

G(T)~f(T) for steel P92:
1- as-received, initial condition; 2- after annealing at 950°C/20min inside the relaxometer
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The dynamic share modulus temperature spectrum G(T)~f*(T) of the same specimen shows a
step-like change of the modulus, and in the temperature range of the IF peaks a defect of the shear
modulus occurs, which is related to the local weakening of the lattice in the process of the relaxation
rearrangement of defects at critical temperatures. It is also seen that, in the heating and cooling curve,
a slight hysteresis appears at elevated temperatures, 350 - 600°C (see Fig.1,b). At the same time, the
shear modulus of the specimen in the as-received condition remains unchanged up to 200°C, and
decreases at the elevated temperatures by 16% at 500°C, 33% at 600°C, 40% at 650°C and 44% at
700°C.

Figures 2, a and b show the results of measurements of the internal friction and square
frequency of the vibration of the P92 specimen after additional electric current tempering at
700°C/60min, under mechanical tension 2.8kgf/mm2. The conditions of the measurements were
identical to those for P92 in the as-received condition described above. In the Q™(T) curve for the
electrically tempered specimen under mechanical tension, a significant increase of the IF peak is
observed near 650°C, while the peak at 570°C increased negligibly (compare Fig.2, a with Fig.1, a).
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Fig.2. The temperature spectra of: a) the internal friction Q™(T) and b) the dynamic share modulus

G(T)~f*(T) for the sample of steel P92 after additional electric current tempering at 700°C/60min under
mechanical tension of 2.8kgf/mm?
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Similar heating and cooling G(T)~f*(T) curves obtained after the additional electric current
tempering of the initial P92 specimen showed a significant (~45%) decrease in the rate of reduction of
the dynamic shear modulus in comparison to its permanent value over the range of 25 - 200°C.
Particularly, its decrease from the permanent value over the range 25 - 200°C is equal to: 7% at
500°C, 20% at 600°C, 22% at 650°C and 25% at 700°C (Fig. 2, b).

After the additional electric current tempering, an increase in the shear modulus was revealed
in comparison to the initial P92 specimen over the temperature range 500 - 700°C. This indicates
strengthening of the initial microstructure through reinforcement of pinning of the dislocations newly
formed under mechanical tension, segregated by impurity atoms, and the precipitates of disperse
phases additionally nucleated in the specimen during its tempering after heating by electric current up
to 700°C/60min.

The activation energy of the relaxation processes responsible for the respective peaks in the
Q(T) curves of steel P92 was calculated from the experimental values of Ty and frax cOrresponding
to the above-described peaks using the Wert-Marx formula [9]:

H=KT_ -In AL
h-f

max

)

where k is the Boltzmann constant; h —the Plank’s constant, Ty and fmax are the temperature and
vibration frequencies corresponding to the IF peaks, respectively. Then, from the formula

m

27f, -t=1, where 7=1, -exp(K—j is the relaxation time, which is a necessary condition for

appearance of Q. the value of frequency factor was calculated [9,10]:

=24 -exp[%} )

Activation characteristics of the relaxation processes in steel P92, determined over the temperature
range 500 - 700°C, are given in Table 2.

Table 2. Activation characteristics of relaxation processes in steel P92

Condition of the | Tmax OF IF | frax OF IF peaks, Activation energy, H, Frequency factor,
P92 sample peaks, °C sec™ cal/mol o, sec?
" 520 1,6 47900 6:10%
Initial "
as-received” 570 0,98 52700 110
645 0,89 56000 810"
J;??fﬁgt 520 14 48500 8,7-10%
under mechanical 570 1,36 50500 210°
640 1,22 56000 1-10*

tension

The activation characteristics reported here may play an important role in the determination of
the diffusion parameters of the alloying atom for corrosion studies of the investigated ferritic steel
over the temperature range 500 - 750°C, since, at these comparatively low temperatures, the
determination of the diffusion coefficient using a conventional isotopic diffusion method is practically
impossible or very inaccurate [8-11]. The relaxation peak near 520°C, with the activation energy
47,900 cal/mol and the frequency factor 6-10™ sec™, is similar to the grain boundary peak in iron
alloys [9]. We propose that the observed relaxation process near 520°C in steel P92 is caused by the
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movement of unanchored subgrain boundaries in the stress field. The comparison of diffusion
characteristics of substitutional atoms in binary iron alloys available in literature [7,8] to those we
obtained for ferritic steel P92 near 570°C makes it possible to assume that, under the external periodic
stress near 570°C, a reversible diffusion reorientation of the pairs of Cr atoms in the stress field takes
place according to the Zener mechanism [9,10]. The process of amplitude-dependent relaxation of
vibration near 650°C with the activation energy 56,000 cal/mol and the frequency factor 8-10™ sec™ is
close to that of impurity and grain boundary relaxations observed in metallic alloys [10]. Taking into
consideration the physical essence of the first and second critical amplitudes of deformation (¢'c, , €")
[9,13] and the available data on the character of the dislocation structure of ferritic steel P92 [2-4], the
measurements of the amplitude-dependent internal friction in the investigated steel may provide the
valuable information necessary for the selection of remedies for refinement of high-temperature
properties of the material.

Figures 3. a and b show the results of the measurements of the amplitude dependence of the
internal friction for steel P92, obtained in the as-received condition and after the electric current
tempering at 700°C/60min under the mechanical tension of 2.,8kgf/mm” The measurements were
conducted in the range of deformation amplitudes 10° - 10 at the following fixed temperatures: 25,
200, 300, 400,500 and 600°C.
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Sample: PF-3.0-#7-(IF) @

| Sample: PF-3.0-#8-(IF) //6 @

o0& 10 20 30 40 50 € 60 70 80 90
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Fig.3. The amplitude dependence of internal friction Q(¢) for steel P92 at fixed temperatures:
a) for the sample in the as-received condition and b) for the same sample after additional electric current

tempering at 700°C/60min under mechanical tension of 2.8kgf/mm?:
1-25°C; 2-200°C; 3-300°C; 4- 400°C; 5 -500°C; 6 -600°C.
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Figure 3. a shows that, at room temperature, in a wide range of amplitudes of deformation,
steel P92 in the as-received condition is characterized by a single critical amplitude of vibration €'
which divides two permanent and linearly increasing regions of the internal friction curve. The
measurements carried out during continuous reduction of the vibration amplitude showed a practically
complete coincidence of descending and ascending Q™(¢) curves, that indicates the reversibility of
dissipation of the vibration energy up to the deformation rate ~5-10 (Fig.3 a, curve 1). An increase in
the measurement temperature to 200°C and 300°C did not change the type of Q(¢) dependence.
However, the tendency of the first critical amplitude of deformation &', for a decrease of the intensity
of IF for an increase in the whole region of deformation amplitude, is obvious. At the same time, the
slope of the Q(¢) curve at high temperatures testifies that the mechanism of dissipation of the
vibration energy is the same up to 300°C (Fig.3, a, curves 1,2,3). At higher temperatures of
measurements, up to 400°C, the second critical amplitude of deformation of ¢’ and the isolation of
three ranges of the Q(e) curve occur. These ranges show different regularities of IF variations
(Fig.3a, curve 4). In the first range, the background IF is constant up to & < €'¢;. In the second range,
IF increases linearly with a small slope up to some definite value of the second critical amplitude &"’.
In the third range, an abrupt linear increase of Q™(¢) with a higher slope was detected. At the rate of
deformation higher than &, , irreversible changes in Q'(g) begin, which is expressed by a deviation
between the “ascendant” and “descendant” curves in the form of a hysteresis loop in Q*(¢) curve,
during the increase in the temperature up to 500°C and 600°C.

In these cases, in parallel with the increase in the critical amplitudes of deformation &'¢;and &',
opening of the hysteresis loop is observed, which indicates the generation of a microplastic deformation
in the field of external high-amplitude (¢ > ¢'’) periodic stress (curves 5 and 6 in Fig.3, a).

Similar measurements of the amplitude dependence of IF carried out under the same
conditions of the experiment for the P92 sample subjected to additional thermo-mechanical treatment
using electric current tempering showed that the general character of the Q%(g) curves was not
changed for the respective measurement temperatures (compare Fig. 3,a and Fig. 3,b). However, a
noticeable increase was revealed in values ¢'c, and &"' caused by the additional thermo-mechanical
treatment of the initial steel P92 sample. The values of critical amplitudes of deformation at each
temperature of testing (see Table 3) clearly demonstrate the effect of the additional thermo-mechanical
treatment at 700°C of steel P92, which provides the formation of a more stabile structure of the
material persistent at elevated temperatures. The observed increase in & and the appearance of the
hysteresis in the “loading<>unloading” curves of Q™(g) for P92 after the above-mentioned additional
treatment may originate several kinds of microstructure changes at 400°C caused by
dislocation/precipitates interaction in the process of microplastic deformation at amplitudes & > ¢",.

Table 3. The values of the first (¢';) and second (") critical amplitudes of deformation for steel P92

) Sample condition
Testlng_rterrlp():erature, As-received Additional electric current tempering
3 €y 10° ' 10° gy 10 £ 10°
25 6 -- 7 -
200 6 - 7 -
300 4 -- 6 -
400 3 50 4,5 60
500 2,5 45 4 55
600 2 42 3 55
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This interpretation is also supported by the observed increasing (more than by 40%) shear
modulus over the temperature range 500 - 700°C of the initial P92 sample undergone the additional
electric current tempering at 700°C under mechanical tension of 2.8kgf/mm? (compare with Fig.1,b
and Fig.2.b).

4. Conclusion

This research deals with ferritic steel P92 in three different states: as-received, after additional
electric current tempering at 700°C and after annealing at 950°C. The study of the temperature and
amplitude dependence of the internal friction and shear modulus over the temperature range
25-750°C revealed three maxima of internal friction at temperatures 510 - 530°C, 570 - 575°C and
650°C, accompanied by shear modulus defects. The first maximum is determined to be of the
relaxation nature, and is characterized by the activation energy of ~48,000 cal/mol and the relaxation
time constant equal to 6-10"sec™. According to its activation features (H=52,000 cal/mol, t,= 1-10™),
the maximum at 570°C may be attributed to the relaxation rearrangement of chromium atom couples
through the Zener mechanism during diffusion in the a-phase. The vibration amplitude-dependent
relaxation process near 650°C with the activation energy 56,000 cal/mol and the frequency factor
8-10"sec™ is close to that of the impurity and grain boundary relaxation observed in metallic alloys.
The results of the amplitude-dependent internal friction Q*(¢) and shear modulus G(g) measurements
at fixed temperatures over the range 25-750°C can be successfully used for comprehensive
characterization of solution annealing behavior of steel P92. The comparison of the measured values
of the critical amplitude of dislocation breakaway ¢’ (first critical amplitude) wich that of the
initiation of microplastic deformation " (second critical amplitude) determined for steel P92 in
different states clearly demonstrates a noticeable increase in the strength characteristics at elevated
temperatures achieved by additional thermo-mechanical treatment using electric current tempering
coupled with external mechanical tension.
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PE3IOME

TEMIIEPATYPHASI U AMIVIUTYIHASI 3BABUCUMOCTHU BHYTPEHHEI'O TPEHUS U
MOJIYJISI CABUT'A B 9%Cr ®EPPUTHOM CTAJIM P92 B UHTEPBAJIE TEMIIEPATYP 25-750°C
Kyrteaus 3.P., lapcaBeannze I'.I11., Kykapa T.I'., I3urpamBuau T.A., Kypamsuau U.P., Ilepe3
Tpyxuiauno @.X.

PecydmkancKkmii IEHTP CTPYKTYPHBIX HcciieoBaHUil ['py3MHCKOro TeXHHYECKOr0 YHHBEPCUTETA
Yuusepcurer Komnayrence, Maapua, Ucnanus

[IpoBeneHBI CpaBHUTENBHBIC HCCIEAOBAHMS MPOLECCOB pENaKCcallil W MEXaHWYECKHX CBOMCTB (eppHuTHOI
cranu P92 B Tpex pasHBIX COCTOSHHSAX: COCTOSHHE IOCTaBKH, IOCJIE JONOJHUTEILHOTO 3IEKTPOOTIYCKa MPH
700°C m mocme omxura mpu 900°C/20 muH. V3ydeHB TeMmmepaTypHas W aMIDIATyIHAas 3aBHCHMOCTH
BHYTPCHHEr0 TPEHHs M MOy capura. Mamepenus crektpoB Q(T,e) u G~f(T,e) mpoBomwmuch B BaKyyMe
(10™ Topp) ¢ HcTONB30BaHKEM peaKcoMeTpa npu yactote 1-5 ', ammmutye aedpopmamuu 10° - 10° u ckopo-
CTH HarpeBa<«>OXJaXIeHUs 2 - 5 OC/muH B nuamasome Temmepatyp 25 - 750 oc. ITonydeHHbIE pe3yabTAaTHI YET-
KO JEMOHCTPHUPYIOT noBbImeHue (6onee 40%) MPOYHOCTHBIX XapaKTEPUCTHK MPH MOBBIIICHHBIX TEMIIEpaTypax
(550 - 700°C), 06yCIOBICHHBIX TOMOIHUTEIBHBIM IICKTPOOTITYCKOM IT0/I MEXaHUYECKUM HAIPSHKCHUCM.
KoaroueBble cioBa: deppurHas cranb, BHyTpeHHEe TPEHUE, MOAYJb CABHIa, SHEprus akruBauuu, penakCA-
IIOHHBIE TIPOIIECCHI, HIECKTPOOTITYCK.
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3KCIEPUMEHTAJBHOE UCCJEJIOBAHUE NEPEMEIIEHUI 1
TEMIIEPATYPHOI'O IIOJIAA B CTEPKHE IIPU TEPMOMEXAHHUYECKOM
HATI'PYKEHNIHN

BaiicapoBa I'.I'., KuxkBunze O.T'.

Kacnuiickuii rocyiapcTBeHHbI YHUBEPCUTET TEXHOJIO0rMy U MHKkMHUPUHTra uM. lII.Ecenosa,
Akray, Kazaxcran
TI'ocynapcreennslii yuusepeurer Ak.Ilepereau, Kyrancu

CrepxHEBbIE DJIEMEHTHl KOHCTPYKIHMHA B TEPHOA OKCIUTyaTallMd YacTO MCIBITHIBAIOT
OTHOBPEMEHHOE BO3CWCTBHE HEOMHOPOIAHOTO TEMIIEPATypHOTO TONST M MEXaHWYeCKOW Harpy3KH.
CrnemoBaTenbHO, pacyeT HaNPsHKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHHUS W OIEHKY IPOYHOCTH
HEOOXOJMMO BECTH Ha OCHOBE pEUICHHS CBS3aHHON 3aJadd TEIUIONPOBOAHOCTH W MEXaHUKH
nehopMUpPYEMOT0o TBEPIOTO Tea.

B o0r11eit MHOrOMEpHO# OCTAaHOBKE PELICHUE 3TOH 3ajauu IOCTaTOYHO CJI0KHO. Pa3paborka
OTHOCHUTEJILHO TPOCTOM, MPHUKJIATHOW MOJeNd, TpeOyeT BBEIACHHS ONpeAesieHHBIX Turnote3. Jlus
IMPOBECPKU AJOCTOBCPHOCTU IMOIYUYACMBIX TCOPETUYCCKUX PE3YJIbTATOB H€O6XOI[I/IMO IIPOBECTH
SKCIEPUMEHTAIHFHOE MCCIICIOBAaHUE, KOTOPOE 1aeT BO3MOXKHOCTH TaKXKe IPOBEPUTH CIPABEIIUBOCTh
BBOJMMBIX rumote3 [1].

B naGoparopuu CONPOTHBICHHS MAaTEPUAIOB OBLJIO IMPOBEJICHO HCIBITAHHE KOHCOJBHOM
HpI/I3MaTI/I‘ICCKOI\/’I 63JIKI/I IMOCTOAHHOI'O HOPAMOYT'OJIBHOI'0 CCUCHHUA IIPpU TCPMOMEXAHUYCCKOM
HarpyxeHuu. Cxema SKCIIepUMEHTaIBLHOr0 CTeH 1A TTIOKa3aHa Ha puc. 1.

Ly
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Puc.1. Cxema 3KcnIepMMEHTAIBHOIO CTEH1a
1 - koHCONBHAs Oanka; 2 - TepMOMETp; 3 - HAarpeBaTeIbHOE YCTPOICTBO; 4-HHIMKATOPEI YaCOBOTO THIIA; 5- TUPH

XapakrepHsle TreoMmerpuueckue pasmepsl credpa: =700 mm; 1;=350 mm; 1,=190 mm;
15=240 mm; Marepuan 6anku cr. 45 ¢ reoMmerpuueckuMH pasmepamu 12x24x700 mm. Beiio
W3TOTOBIICHO HArpeBaTEIbHOE YCTPOWCTBO C HCITOJIB30BaHUEM crmpaiaud MomHocTeio 200 BT., ¢
MTOMOIIEI0 KOTOPOTO HAarpeBajid 4acTh HIDKHEW moBepxHOCTH Oanku jummHOW 19 cm. Temmeparypy
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M3Mepsiid  TH(PPOBBIM  KOHTAaKTHBEIM —TepMomeTrpoMm TK-5.03. Jlns wu3MepeHHs TepeMemeHuiH
MPUMEHSIIN HHIUKATOPHI YaCOBOTO THIA. MeXaHN4IeCKyI0 Harpy3Ky CO3[aBaId C IIOMOIIBIO THPh 1 KT
1 2 KT.

OnbITH TIPOBOAMIINCH JUIA ABYX CIydaeB HArpyXeHHs: MEpBBIA — Korga Oanka TOJNBKO
HarpeBaeTcsl Ha 4YaCTH HWKHEH MOBEPXHOCTU U BTOPOM — TEpMOMEXaHUYECKoe HarpyxkeHue. lIpu
TEPMOMEXaHWIECKOM Harpy>KeHHH BHaudajie OalKy HarpykKajawm Ha CBOOOJAHOM KOHIIE THPb, a 3aTeM
HarpeBaJIM Ha YacTH HIDKHEHW moBepxHOcTH. banka HarpeBanachk B TedeHue 8 muH. MHTEepBamom 40
CeK. M3MEpSUTH TeMIIepaTypy HarpeBaeMoW YacTH HIDKHEW MOBEPXHOCTH M BEPXHEW MOBEPXHOCTH B
JTAHHOW TOYKE, a TAK)Ke BEPTHKAIBHOE W TOPU30HTAIBHOE MTEPEMEIIeHUS CBOOOHOTO KOHIIA OaJIKH.

DTOT PKCIIEPUMEHT oHOpaKTOpHBIH. HezaBucumbiM pakTopom siBsieTcst BpeMs. beln BeIOpaH
MOCIIeIOBATENbHBIN TUIaH. [[poBOAMIIIICH TOBTOPHBIE M3MEPEHMUS ISl KXKAOTO YPOBHS HE3aBHCHMOTO
¢akropa. s rpaduyueckoro MpenCTaBICHHS JKCIEPUMEHTAIBHBIX JaHHBIX OblIa MPOBEACHA
cTaTHCTUYeCKass 00pabOTKa pe3ylbTaTOB M3MepeHWi. Pe3ko OTKIIOHSIOMMECsS SKCIIepUMEHTaTbHBIE
TOYKH TPOBEPSUTUCH 10 KpuTeputo CmuproBa — ['pedea [2] :

V :yimax_yi m Vv Yi = Yimin m

i max '

imn

o m-1 o m-1

TIE: Vi rax+ Yimin — MAKCHMAJIbHOE M MMHUMAJILHOE 3HAYEHUS M3MEPSIEMOM BEJIMYMHBLI HA JaHHOM

ypOBHE He3aBUCHUMOTo (akTopa, Y,- cpeiHee 3HaYeHHE HAOMIOJaeMbIX BEIMYUH HA JaHHOM ypOBHE

He3aBUCUMOTro (akropa, M- KOJUYECTBO MOBTOPHBIX M3MEPEHUH, O - CpelHee KBaapaTHYHOE
OTKJIOHEHHE.

Eciu V. >V, mwm V,

i imin >V, TO COOTBETCTBYIOIIME OKCICPUMCHTAIbHBIC TOUKH

MCKJIIOHAIOTCS M3 JanmbHeiimero paccmorpenms. Ecmm V., <V, wm V., <V,, 10

imin
COOTBETCTBYIOIIUE 3KCIIEPUMEHTAJIBHBIE TOYKHW OCTArOTCA. Vt :Vt(p’ m) - TCOPETUYCCKOEC 3HAUYCHUEC

napaMerpa M BbIOMpaeTcss W3 TaOmuipl [2,3] B 3aBUCHMOCTH OT JIOBEPUTEIILHOM BEPOSTHOCTH
p (manpumep P =0,9) 1 OT YKcIa NOBTOPHBIX U3MepeHH M .

OmnopomHocTs  aucmepcuid  mpoBepsuin 1o kputepuro  Kokpena  (Koxpena):

n
2 2 . 2
G=0] ! E o, rae N- 4Yuciao ypoBHEH He3aBUCUMOro (aKkTopa, O .. - MaKCHMajbHasd
i=1

2
Aucrepcus, O'i - AUCICPCUH Ha KaAXJIOM YPOBHC. Ecm G <Gt , TO THIIOTEC3a 00 OAHOPOJHOCTHU

nucniepcun He otOpackiBaercs. Benmmunna G, = G,(p, N, m—1) Gepercs u3 Tabuuubl B 3aBUCUMOCTH

OT JOBEPUTENHHON BEPOSATHOCTH, YHUCIA YpOBHEH HE3aBUCHMMOTO ()akTopa M UHMCIIa TOBTOPHBIX
n3MepeHud M.

Jnst KaKAOTO YpPOBHSI HE3aBUCHMOTO (hakTOpa HAaXOAWIM CPEIHUE 3HAUYEHUS M3MEpsSEMBIX
BenuunH. Ha puc. 2 mokasaHbl 3aBUCHMOCTH TEMIIEpaTypbl HarpeBacMOM 4YacTH HUKHEW MOBEpX-
HOCTHU 0alIki M TEMIIEpaTyphl BEpXHEW MOBEPXHOCTH OajKu B n3MepsieMor Touke. Ha prc.3 mokazaHsl
3aBUCHMOCTH BEPTHUKAIHLHOTO W TOPU3OHTAIFHOTO TepeMeIIeHri CBOOOIHOTO KOHIIA OT BPEMEHH HPHU
TEPMOMEXaHUYIECKOM HATrpyKEeHHH OalIKH.

U3 puc. 2 BumHO, YTO TeMmIepaTypa B TOYKE BEpXHEH MOBEPXHOCTH B Tpezenax
pacIoNioxeHnsT HarpeBaTeIbHOTO YCTPOHCTBa MeEHseTcs (DaKTUUECKH JTMHEHHO BO BpPEMEHH, a Ha
HIDKHEH HarpeBaeMoil OBEPXHOCTH TEMIEPATYPA MEHSAETCS HEJIMHENHO U OHAa IPUMEPHO B JIBa pasa
BBIIIIE.
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Puc.2. 3aBucumocThb TeMnepaTypbl HHKHeill Harpesaemoii nosepxHoctu 6auxu (T, ) u BepxuHeit
NOBEPXHOCTHU B u3Mepsiemoii Touke (T;) or Bpemenu

I I
=2
0 200 400 600

t

Puc.3. 3aBucumoctb ropu3oHTaibnoro (W) u BeprukajibHoro (V)nepemeuieHuii cB0O00OIHOT0 KOHIIA
0aJIKH OT BpeMeHH NPH TEPMOMEXAHMYECKOM HAIPYKeHUH

Ha puc. 3 BCPTUKAJIILHOC TICPEMCIICHUEC OT CTaTHYECKON MEXaHHYCCKOU Harpys3ku ropasao
60J'IBH.IC, UM TOPU3OHTAJIBHOC TICPCMCIICHUC. O,I[HaKO, Ioa ,I[eflCTBHCM TEMIICPATypPbl KapTUHA
MCHACTCA, U BCPTUKAIIBHOC IEPEMCIICHUC OCTACTCAH (1)8.KTI/I‘-ICCKI/I MMOCTOSAHHLBIM, T.C. IICPEMCILICHUC OT
HU3MCHCHUSA TEMIICPATYPhI CYHICCTBCHHO MCHBIIIC, UYEM OT HAI'PY3KH, 4 TOPU30HTAJIbHOC MCPEMCIICHUC
YBCINYUBACTCA CYHICCTBCHHO WM B KOHIEC HarpeBa (t = 44OC€K) CTAaHOBUTCA COU3MCPUMBIM C
BCPTHUKAJIbHBIM IICPEMCILICHUCM.
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SUMMARY

EXPERIMENTAL INVESTIGATION OF DISPLACEMENTS AND THE TEMPERATURE FIELD OF
THE BEAM UNDER THERMOMECHANICAL LOADING

Baisarova G.G. and Kikvidze O.G.

Esenov Caspian State University of Technology and Engineering, Aktau, Kazakhstan

Akaki Tsereteli State University, Kutaisi

The paper deals with the experimental investigation of the cantilevered beam. The beam has a rectangular cross-
section. The schematic of the experimental stand is given. The beam was loaded with a concentrated force and a
temperature field. In the experiment, the temperature of top and bottom surfaces of the beam, as well as vertical
and horizontal displacements of the free end of the beam were measured. All measurements were carried out
with 40-s intervals in two modes 1. The beam under the action of a inhomogeneous temperature field, 2. The
beam under the action of a concentrated force and then under the action of the inhomogeneous temperature field.
The experimental graphs of displacements and temperature are presented.

Keywords: displacement, beam, temperature, experiment.
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SUMMARY

HEATING OF THE ITEMS OF SPOT WELDING BY HALF-WORKING ELECTRODES

Sulamanidze A.K. and Kakhishvili G.S.

Georgian Technical University

A technique of heating of the items of spot welding was elaborated. It is shown that the location of the welding
spot determined by the elaborated method depends on the thickness ratio of the items to be welded.

Keywords: spot welding, half-working electrode, heating, welding spot.
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BbIGOP KPUTEPUS OLIEHKHA KAUECTBA DJIEKTPOKOHTAKTHOM CBAPKH
APMATYPbBI )KEJIE30BETOHHOM KOHCTPYKIIUA

OcnanoBa C.M., 3uB3uBan3ze JI.b., lllanam6epunze M.ILI.

TI'ocynapcrBennslii yuupepeurer uM. Akakus Heperenu, Kyraucu

Hnst co3gaHusi CpPencTB aBTOMATHYECKOrO KOHTPOJNS M YNPaBleHHsS KOHTAaKTHOM CBapKH
apMaTypbsl HEO0OXOJUMO pPa3paboTaTh 3KCHEPHUMEHTAbHO-CTATUCTUUECKYI0 MOJENIb IIpollecca,
HPE/ICTABISIONIYI0 COO0I ypaBHEHHS PErpeccHii, CBS3BIBAIOIINX BBIOPAHHBIN IMOKA3aTeNh KadecTBa
CBApHOI0 COCIUHEHMs C IapaMeTpaMu Ipoluecca cBapku. PazpabGoTka Takoil Mojenu, aJeKBaTHO
OMKCHIBAIOMICH MPOIIECC CBApKW, M €€ MPUMEHEHWE AJs KOHTPOJsS BO MHOTOM 3aBHCHUT OT
IPaBUIBHOTO BEIOOpA KPUTEPHEB KaueCcTBA CBAPHBIX COCTMHEHHI.

[Tpn KOHTaKTHOIT cBapKe B KaueCTBE TAKOTO KPUTEPHS YAaCTO HCHOJIB3YIOTCS pa3Mephbl JIUTOTO
anapa [1]. OgHako npu cBapKe METAJUIMYECKOM CeTKH M3 apMaTypHBIX NMPYTKOB, B 3aBUCUMOCTH OT
peXHMa CBapKH, COETUHEHHUS MOTYT 00pa30BaThCs C SAPOM B XKHUIKOH (hase, a Takke B TBepAon (Pase
0e3 oOpa3oBaHMs JHUTOTO sApa. B 3THUX cioydasx 3a KpUTEpUH KadecTBa CBapKd apMaTyphl
1enecoo0pasHo MPUMEHSTh PE3yJbTaThl MEXaHUUECKUX MCITBITAHHUI CBAPHOTO COSTUHEHUSI.

5
o [ >
Ty ! !
N A _._|_._ | N I
| I |
20 | ! B ! 40
o | o :
o™ i <t i
i i
i i
y I y I
fPo P
a) 6)

Puc.1. Cxembl UCNIBITAHUS CBAPHBIX COeAMHEHUI Ha cpe3 (a) M Ha OTPBIB (0)

3]€CHepl/lMEHTaJILHble " pacueTHbIC JaHHbIC IJIfl pacueTa RO3(1)(])[/IIII/ICHT3 KOppeJ’lﬂHHOHHOﬁ CBSI3U MEKIY
CBApPOYHBIM TOKOM (ll, |2) U MEXAaHUICCKHUM HCINBITAHUEM CBAPHOI'O COCIMHCHHUSI HA OTPBIB U HA CpeE3

NeNe Ha cpe3 Ha otpsiB
Pep, Y1, | Pes Y2 X 2 Y1 Xy | Pop Y2, | I, Xy, Y2 X 2 Y2 X
naH Y1, ! ! naH KA 2 2
KA
1 16,6 1,0 275,56 1,0 16,6 13,1 1,1 171,61 1,21 14,41
2 17,5 1,12 | 306,25 | 1,2544 19,6 15,0 1,1 225 1,21 16,5
3 19,2 1,27 | 368,64 | 1,6129 21,384 18,1 1,2 327,61 1,44 21,72
4 19,0 1,25 361,0 1,6625 23,75 18,5 1,2 342,25 1,44 22,2
5 20,0 1,29 400,0 1,6641 25,8 19,2 1,3 368,64 1,69 22,96
6 21,5 1,30 | 462,25 1,69 27,95 20,5 1,3 420,25 1,69 26,65
7 22,0 1,35 484,0 1,8225 29,7 24,6 1,35 605,16 1,8225 33,21
8 19,5 1,26 | 380,25 | 1,5876 24,57 19,0 1,12 361,0 1,2544 21,28
9 24,0 1,45 576,0 2,1025 34,8 23,7 1,45 561,69 2,1025 34,365
10 19,5 1,27 | 380,25 | 1,6129 24,765 19,0 1,3 361 1,69 24,7
> 198,8 | 12,56 | 3994,2 | 15,9024 | 201,919 | 190,7 | 12,42 | 3744,28 | 15,5494 | 239,995
B 254 16,608
r 0,94 0,86
o -12,0224 -0,9796
Y=f(X) P=-12,02+2541 P=-0,98+16,6I
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B cTpouTenpHBIX HEHANPSDKEHHBIX >KeJIe300€TOHHBIX KOHCTPYKIHAX Ha CBAPHOE COCTUHEHHUE
JEHCTBYIOT KaK OTPBIBAIOIIME, TAK W CPE3bIBAIOIIME YCHIIUS BCICACTBHE IMPOTEKAHUS (PU3HKO-
MEXaHUIECKUX BO3ICHCTBHI OcTOoHAa. B CBSI3WM C 3THM, KpUTEpHEM KadecTBa KOHTAKTHOW CBapKH
apMaTypbl MOTYT OBITh PE3yNbTAaThl MEXaHUYECKIX UCIBITAHUI CBapHBIX COCAMHEHUN Ha OTPHIB M Ha
cpes (puc.1). 13 Hux Hanbonee LenecooOpa3Hyl0 cXeMy UCTBITaHUsI BO3MOXKHO BBHIOUPATH, UCXOS 3
ee YyBCTBUTEIHFHOCTH K M3MEHEHHWIO OCHOBHBIX (DaKTOpPOB Tporecca cBapku [2]. B xadecTBe Takoro
¢akTopa TpU CBapKe apMaTypHBIX MPYTKOB HAKPECT BBICTYNAeT CBAapOYHBIM TOK, KaK OJUH U3
OCHOBHBIX TIapaMeTPOB pEXKHUMa CBapKH, CYIIECTBEHHO BIHSIOIMX Ha MPOYHOCTH CBAPHOTO
coeaunenust [3]. CnemoBaTenbHO, YYyBCTBUTEIBHOCTh CXEMBI HCHBITAHUS K M3MEHEHHIO 3TOTO
napaMeTpa J0JKHA OBITh OCHOBHBIM KpHUTEPHEM BBIOOpA IMTOKA3aTels KauecTBa.

JlJis comocTaBJIeHUsT CXeM HCIBITaHU# (puc.l) mpu pa3iIuYHBIX 3HAYCHHUSIX CBapOYHOTO TOKA
obutn cBapeHsl 20 o6pas3noB. CBapka IMpOBOAMIIACH NPH ONTHMATBHBIX M MOCTOSHHBIX OCTalTbHBIX
napaMerpax pexunma u ycnoBusax. [lo 10 06pa3moB u3 kax ol mapTHu OBITH HCIIBITAHBl HA TIPOYHOCTD
10 IByM HCCIIeyeMbIM cxemaM (Tabi.1).

B pesynbrare 3KCIEpHMEHTOB MOIy4eHb! 3aBUCUMOCTH Po,= f(l) 1 Poy= f(l.,). Bmecte ¢ Tem,
JIOITYCKAIA CYIIECTBOBAaHWE JTMHEWHOUN CBS3M MEXIY MPOYHOCTHIO M CBApOYHBIM TOKOM. Ilpm 3Tom
KpUTEpHUEM OIICHKH YYBCTBUTEIBHOCTH CXEM HCIBITaHWS OBUT MPUHAT KOA(PQPHUIMEHT KOPPEISIIUU
MeXly BbIIIEyKa3aHHBIMU MapaMeTpaMu. OrpaHWYMBaJINCh PACCMOTPEHHEM YPaBHEHUS PErpeccHu
nepBoro mopsnka Y=a+pX. Koaddumument koppersimuoHHONH CBs3u I, KOdPPUIMEHTH o u f3
OTIPECIISIIH 10 U3BECTHRIM hopmytaM [3]:

:mZX‘Yi+ZXiZYi. a:ZYi—ﬁZXi. r=p mzxf—(zxi)z

m> x2-(x, ) m m> Y -V

rae o0bem BeIOOpKH M=10.

B

Py, Pop. maH

20 P=-098+ 1661 /

T

18 /
17 A
e /
16 / 7
/ / P=_1202+2541
s :
2 "J/
14 7

13

1,00 1,1 12 13 14 15 I KA

Puc.2. 3aBHCHMOCTH MPOYHOCTH OT CBAPOYHOIr0 TOKA NMPH Pa3HBIX CXeMAaX UCHBITAHUS CBAPHBIX
coeAMHEeHU

PesynbraTel 3KCIEpUMEHTA M pacyeTa MpeICTaBICHBI B Tabuuie. B 00oux ciydasx MCIBITaHUH
oOHapyXeHa BBICOKasg KOPPEISIIHOHHAS CBSI3h MEXKAY TOKOM M YCHIIHMEM OTpbIBa M cpesa. OmHako
HEKOTOpOEe MPEUMYIIECTBO MOXXHO OTJATh HCIIBITAHWIO HA Cpe3, TaK KakK MpH 3TOM Kod(pduimeHT
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KOPPENSIUOHHON CcBsi3u Ooubie (puc.2). DTa cxema UCHbITaHus Oyaer Oojiee YyBCTBUTEIIBHOU K
W3MCHEHUIO TapaMETPOB pPEXHMMa CBapKH, YTO OCOOCHHO BAXKHO IMPH pa3pabOTKe MaTeMaTHUYCCKOM
MOJIEJIH TI0 TapaMeTpaM PeKrMa CBapKH I OTIEHKH MTPOYHOCTH CBAPHBIX COETUHEHHM.

Takum oOpa3om, aisi OLIEHKA MPOYHOCTHBIX I[TOKAa3aTelled KadecTBa AIEKTPOKOHTAKTHBIX
CBapHBIX COCIMHCHMI apMaTyphl IEIeCO00pa3HO HCIIOJIB30BaTh PE3YJIBTAThI UCIBITAHUS CBAPHBIX
COEJIMHEHMI Ha cpe3.
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SUMMARY

CHOICE OF THE QUALITY ASSESSMENT CRITERION OF ELECTRIC CONTACT WELDING OF
STEEL REINFORCEMENT OF CONCRETE ELEMENTS

Ospanova S.M., Zivzivadze L.B. and Shalamberidze M.Sh.

Akaki Tsereteli State University, Kutaisi

The paper dwells on the development and substantiation of the mechanical pattern for assessing the quality of the
electric-contact welding of steel reinforcement of concrete elements. It is shown that the share test is highly
sensitive to the changes in arc-welding current.

Keywords: electric contact welding, quality assessment criterion, arc-welding current, steel reinforcement.
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SUMMARY

FORMATION OF SPHERICAL AND ASPHERICAL SURFACES WITH FOR A CUTTER ACCOUNT
PROFILE

Shalamberidze D.M., Zardiashvili D.G. and Avaliani I.M.

LEPL Institute “OPTICA”

The article deals with a mathematical model of shaping of complex surfaces on CNC machines. In this model the
cutter trajectory is calculated taking into account the profile of the optical part and the cutter profile of any
complexity. This can significantly increase the accuracy of shaping of the part surfaces.

Keywords: optical parts, spherical surfaces, aspherical surfaces, cutter profile.
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SUMMARY

THE INFLUENCE OF SOME PHYSICAL AND MECHANICAL PROPERTIES OF DIAMOND
COMPOSITE MATERIALS ON THE EFFICIENCY OF DIAMOND PROCESSING

Avalishvili Z.A., Tserodze Sh.P., Tserodze M.P., Dzidzishvili I.G. and Loladze N.T.

Georgian Technical University

The paper presents the experimental data showing the dependence of metal bonding materials properties on the
performance and tool life of diamond tools during reinforced concrete drilling. A direct dependence of the
hardness of bonding materials on the tools workability is revealed.

Keywords: diamond composite materials, diamond processing, hardness, efficiency.
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SUMMARY

GREENHOUSE GASES EMISSION REDUCTION POLICY AND THE MITIGATION MEASURES
FOR IMPLEMENTATION

Arabidze G.O. and Pkhaladze |.E.

Georgian Technical University

The Greenhouse Gases (GHG) inventory conducted in the framework of the Third National Communication Plan
revealed the Energy Sector (including the transport sub-sector) as a leading GHG emitter sector in Georgia.
Therefore the main emphasis in planning the GHG emissions reduction activities was made on the Energy
Sector. Markal-Georgia is an integrated energy system model of the national Markal model which was used for
the Energy Sector analysis. The baseline scenario (BAU) was developed and analyzed using the Markal Georgia
model. The 15, 20 and 25% GHG reduction strategies were elaborated against the BAU scenario. By 2030 an
increase in energy consumption by 76.6% is expected, which ultimately will result in the increase in CO,
emissions by 72.3%. The emissions will reach 11 179 th. tones. The expected increase in GHG emissions
revealed the importance of development of a low emissions strategy. Calculations showed that the reduction of
the emissions just by 15% by 2030 would result in the reduction of energy carrier import by 13% and more,
which ultimately will strengthen the energy security of the country. In case of the 20% emission reduction, the
import will be reduced by 18% and, in case of the 25% reduction, the import will be reduced by 23%. The
development of the National Low Emissions Strategy should concentrate on the projects and processes like local
capacity development, development of a local GHG inventory; adaptation issues, GHG reduction, training of
specialists, intense PR company etc.

Keywords: greenhouse gases, emission, reduction, energy, stable development.
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SUMMARY

GEOTHERMAL WATERS WITH REGARD OF ENERGY EFFICIENCY POLICY
Vezirishvili-Nozadze K.O., Pantskhava E.V., Jikhvadze M.J. and Mchedlidze K.G.

Georgian Technical University

The results of the efficient complex use of geothermal waters are discussed. Analytical dependences for
designing of complex geothermal systems were obtained. The advisability of using the geothermal sources for
complex heat-cool supply of agriculture, giving a considerable economy of fuel and improvement of ecologial
conditions of the environment, is substantiated.

Keywords: energy-ecological efficiency, energy saving, municipal economy, agrarian complex, heat supply.
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SUMMARY

THE RESULTS OF MONITORING OF POLLUTION OF THE RIVER KVIRILA AND HIS
VICINITIES WITH HEAVY METALS 2010-2015 THE PERIOD

Bakradze E.M., Kuchava G.P. and Arabidze M.A.

Ministry of Environment and Natural Resources

LEPL National Environmental Agency

This research deals with the degree of pollution of the Kvirila River and the adjacent territory with heavy metals,
especially in the cities of Chiatura and Zestaponi. The concentration measured in reference areas and at
anthropogenic influence points describes the dynamics of changes in the concentration of heavy metals in
2010-2015.

Keywords: anthropogenic influence, heavy metals, degree of pollution.
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SUMMARY

DETERMINATION OF THE EFFECT OF CONTROLLING VARIABLES ON THE EFFICIENCY OF
SEPARATION OF MINERALS OF DIFFERENT DENSITY WITH A DIAPHRAGM JIGGING
MACHINE IN THE PROCESS OF ENRICHMENT OF MANGANESE ORE

Gamtsemlidze M.N., Javakhishvili G.V., Arabidze Z.D., Rukhadze T.A., Tutberidze M.L. and

Tevzadze D.M.

LEPL G.Tsulukidze Mining Institute

Georgian Technical University

The paper deals with the investigation of the gravity concentration of the fine fraction of manganese ore by
jigging, in particular with a diaphragm jigging machine. For effective separation of different-density minerals, a
driver source was developed. It allows changing continuously the amplitude of fundamental vibrations of water
as well as obtaining the low-amplitude vibrations. The dependence of controlling variables (water vibration
amplitude, water consumption and impact force) participating in the process on the manganese content in the
concentrate on the basis of correlation analysis is given. By the dispersion method, a significant impact of
mentioned controlling variables on the manganese content in the concentrate was determined.

Keywords: water vibration amplitude, water consumption, impact force, dispersion ratio.
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INVESTIGATION OF THE STRUCTURAL CHANGES IN POLYPHENYLENE OXIDE IN
THE PROCESS OF ITS PROCESSNG AND FRICTION

Gurgenishvili M.B., Papava G.Sh., Sherozia V.A., Chitrekashvili 1.A., Papava Sh.R. and
Tabukashvili Z.Sh.

P. Melikishvili Institute of Physical and Organic Chemistry, lIv. Javakhishvili Tbilisi State
University

Abstract. Structural changes in polyphenylene oxide in the process of its thermal processing and friction were
studied by mass-spectrometry. It is shown that, during thermal processing at 300°C, destructive-structuring
processes proceed in the polymer. At the same time, the Fries rearrangement resulting in the brunching of
macromolecules and formation of a gel fraction takes place. When studying the tribochemical processes with
friction, it was revealed that the character of tribochemical processes in the polymer was determined by a
complex structure of molded samples containing a brunched cross-linked polymer and a low-molecular fraction.
The complex structure was formed at the interface of rubbing surfaces as a result of friction.

Keywords: polyphenylene oxide, Fries rearrangement, tribodestruction, coefficient of friction.

Of known heterochain polymers, aromatic ether - polyphenylene oxide (PPO) is of interest as
a binder of antifriction plastics. The structure of an elemental ring of polyphenylene oxide,
representing a combination of aromatic phenyl nuclei with hinged oxygen bridges, determines a low
value of the coefficient of friction, quite high heat resistance and the capability of being melt-
processed in blends with other polymers [1].

We chose commercial PPO having molecular weight 56,000 and characteristic viscosity
0.47 dl/g as a subject of investigation. Polyphenylene oxide is synthesized by dehydrocondensation of
2,6-xylenol. The polymer readily dissolves in chloroform. The polymer was processed by compression
molding at 300°C and unit pressure 500 kg/cm?.Under such conditions [2], the initiation of polymer
destruction is probable, which could be followed by changes in the structure and properties of PPO.
Hence it was of interest to study first the thermal properties of PPO.

The heat resistance of initial and molded polyphenylene oxide was studied by mass-
spectrometry. The spectra were recorded over the temperature range from 25°C to 500°C at the 50°C
intervals. The energy of ionizing electrons was equal to 70 eV. The outcomes presented in Fig. 1 show
that the thermodestruction of initial polyphenylene oxide occurred as if in two steps reaching the
maximum of product release at 200°C and 450°C. At 200°Cthe release of xylene (m/z 106) and toluene
(m/z 91) occurred. Toluene is used as a solvent during the synthesis of polyphenylene oxide and is
preserved in small proportion in the finished product, while xylene is present in toluene as an impurity.
The basic destruction of polyphenylene oxide is observed at 450°C, which is followed by release of the
products with m/z equal to 122, 107, 91, 135 and 242.
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Fig. 1. Temperature dependence of the composition of the products of destruction of initial polyphenylene
oxide (A) and polyphenylene oxide molded at 300°C (B)

A comparison between the obtained results and the destruction of model compounds
(dimethylbenzene,2,6- and 3,5-dimethylphenol, diphenylmethane and diphenyl ether) shows that,
under these conditions, there occurs the destruction of the main chain of the polymer with formation of

[3].
H3_i + pH=
CH:z
m/z 122 m/z 107 m/z 91 m/'z 77

The emergence of the product with m/z 135 in the spectrum can be referred to the Fries
rearrangement occurring at high temperature (450-500°C) by the following scheme [4]

@ @@ZN %@@ ~

At the same time, there was not observed the m/z 135 ion in the mass-spectrum with
thermodestruction of pure PPO, which is a testimony to the high heat resistance of the polymer.

Hence the results of investigation of the commercial specimen of PPO showed that, under
thermal processing (450°C), the destruction of the polymer occurred by the main chain (phenyl-o-
phenyl bond broke).
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Besides, under these conditions, the Fries rearrangement is possible (release of m/z 135). The
presence of low-molecular impurities like toluene, xylene, and small proportions of dimers and trimers
decreases the heat resistance of PPO to 200°C and could cause changes in the structure of the polymer
during its processing.

The investigation of molecular-mass characteristics of industrial PPO after its processing by
molding at 300°C showed that, in this case, a decrease in the characteristic viscosity from 0.47 to 0.45
dl/g and an increase in the molecular weight from 56,000 to 65,000 took place. The latter can be
referred to the formation of a brunched structure of the polymer. After molding, the formation of a gel-
fraction in the amount of 4% in the polymer was observed [4].

The formation of cross-linked structures in PPO during its processing may be due to
theoxidation of a side methyl group as well as to the recombination of free macroradicals formed in
the process of thermodestruction.

Therefore, the outcomes of the investigation of the behavior of commercial PPO during its
processing testify that, under the conditions of molding at 300°C, there proceed two competing
reactions, destructive-structuring processes and the Fries rearrangement, causing branching and cross-
linking of macromolecules with formation of the gel-fraction.

HI/IT%4
m/z91
5 -
N
/ N
4
3 -
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Fig. 2. The impact of the friction duration on the release of basic products of tribodestruction of the
sample of commercial polyphenylene oxide (PPO)
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When designing new wear-resistant materials, one of the basic problems is the investigation of
physicochemical processes proceeding on rubbing surfaces and the elucidation of the role of the
polymer binder. This is important, because high temperature of the environment as well as the
increasing temperature on the surface with friction lead to significant changes not only in the
physicomechanical properties of materials, but also in the chemical structure of the polymer [5].

The tribochemical processes in PPO samples were studied by using a unit placed in the mass-
spectrometer chamber in the immediate vicinity of the ionization zone [6] at the rotation rate of the
cylinder V=1m/s and pressure P=0.1 MPa (Fig. 2).

The investigation showed that the maximum release of volatile products occurred in the
process of run-in for the first 5-10 min. As the time of friction increased, the amount of released
products decreased. The basic products of tribodestruction are the following: benzyl radical (Cg
HsCH,, m/z91), phenyl radical (C¢Hs, m/z 77), xylene (C¢H4(CHs);, m/z 106), small amounts of
xylenol (CsH4(CHs),OH, m/z 122), and the products with mass numbers m/z 31(CH,OH) and m/z 45
(COOH), which are likely to emerge in the result of oxidation of side methyl groups.

Comparing the tribodestruction of PPO with its thermodestruction [7], we can see that, during
friction, basically the products characterizing the low-temperature destruction of initial PPO (m/z 106
and 91) occurring at 200°C, as was mentioned above, are released. It is believed that less heat-resistant
products of the low-molecular fraction undergo the tribodestruction first and are released as volatile
products. At the same time, during friction of PPO, in the mass-spectrum appear small amounts of ions
with m/z 122, m/z 107, m/z 45 and m/z 31, which indicates that, along with the tribodestruction of the
low-molecular fraction, during friction there may take place the break-away of side methyl (-CHz)
groups and the destruction in the main chain of the polymer [8].

When studying the process of friction of PPO purified by reprecipitation from the solution in
chloroform with acetone (Fig. 3), it was revealed that, in this case, the run-in period prolonged from 6-
7 min to 12-13 min.
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Fig. 3. The impact of the friction duration on the release of basic products of tribodestruction of the
reprecipitated PPO sample

Unlike the thermodestruction, the basic products of the tribodestruction (Fig. 3) are the
following: m/z 15 (CHs-group), m/z 91 (benzyl radical), m/z 107 (cresol) and small amounts of the
products with m/z 106 and m/z 122. There is no phenyl radical in the spectrum. The obtained results
show that the process of friction of pure PPO is accompanied basically by the break-away of methyl
groups. In this case, the main chain destructs to a lesser degree as compared to the commercial
polymer.

The tribodestruction of pure PPO differs from the thermodestruction of this polymer in that, in
the process of friction, a cresol radical is formed at the expense of removal of the methyl group (m/z
15) and the benzyl radical is released in substantial amounts, while the basic product of
thermodestruction is the xylenol radical (m/z 122). This is likely to be caused by the formation of the
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secondary heat-resistant structure in PPO on the friction surface due to the recombination of free
radicals formed in the result of thermal and mechanical action. The absence of the low-molecular
fraction, which readily participates in tribochemical reactions, retards the process of tribodestruction
of PPO, which eventually decreases the wear.

Based on the obtained data, we can assume that the character of tribochemical processes in
commercial polyphenylene oxide is determined by the complex structure of molded samples
containing the branched cross-linked polymer and the low-molecular fraction. As compared to other
polyheteroarylenes [9], this structure of commercial PPO has a lower coefficient of friction, which
makes it suitable for using as a binder of antifriction plastics.

This work is supported by Shota Rustaveli National Science Foundation (SRNSF) under Grant
Agreement (FR/237/3-121/13).
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PE3IOME

MCCJIEJOBAHUE CTPYKTYPHBIX U3MEHEHHU B MOJTU®EHUJIEHOKCHJIE B ITPOLIECCE
EI'O IEPEPABOTKHA N TPEHUSA

I'yprennmsuiau M.B., Ilanasa I'.111., Illepo3us B.A., YntpekamBuiau U.A., Ilanasa II1.P.,

TadyxamBuiau 3.111.

HWHceTuTyT huzndeckoii u opranmyeckoi xumuu uMm. I1. MeaukumBuian TOWINCCKOro rocy1apcTBeHHOT 0
yHuBepcurtera um. UB. JxaBaxumiBuiIn

MeToioM Macc-CIIeKTPOMETPUH HM3Y4YeHBl CTPYKTYpHBIE H3MEHEHHsS B IIOJU(QEHWICHOKCHIE B TIpoIecce
TEPMUYECKOU mepepaboTKu U TpeHus. [lokazaHo, uTo B ycnoBussx mnepepabotku npu 300°C B monumepe
MPOTEKAIOT JECTPYKTUBHO-CTPYKTYPUPYIOIIME Mpolecchl. BMmecTe ¢ 3THM, HMEET MECTO MHeperpynmupoBKa
@pucca, mpuBOIsNmIas K BETBICHHIO MaKpOMOJIEKYJ M oOpa3oBaHHIO renb-(ppakumu. [Ipm usydenun
TPUOOXUMUYECKUX IPOLECCOB IPH TPEHUH TIOKa3aHO, YTO XapaKTep TPUOOXUMHUYECKUX MPOLECCOB B MOINMEpPE
00ycioBeH 00pa30BaBIICHCS B pe3yNbTaTe TPEHUS Ha TPAHUIIEC TPYIINXCS MOBEPXHOCTEH CIIOKHON CTPYKTYpPOH
MIPECCOBAaHHBIX 00PA3IOB, COAEPIKAIINX BETBICHBIN, CITUTHIH MOJTUMEP M HU3KOMOJIEKYILIPHYIO (DpaKIHIo.
Karouesble cioBa: nomdeHUICHOKCH, ieperpynnuposka Opucca, Tpudopacna.
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TEPMOTPABUMETPUYECKHUE NCCIEJOBAHUS TETPABPOMKYIIPATA (II)
TPUOEHNI-METUJIAPCOHUSA

Kukamumsuiu M.H.
TI'ocynapcrBennblii yausepceurer uM. A. Ileperenu, Kyraucu

Kommnekcnoe coemunenue terpadbpomkympara (II) TpudeHna-MeTunapcoHusl mpencTaBisieT
UMHTEpPEC HE TOJBKO M3-32 XapaKTepHBIX XUMHUYECKHX CBOWCTB, HO W U3-3a HPOSBIAEMOM
(U3NOIOTUYECKONl aKTUBHOCTH. YCJIOBHSI €r0 CHHTE3a, a TAaKKE HEKOTOphIe (UIUKO-XHUMHYECKUE
CBOMCTBa XOpOLIO M3Y4YEHBI; OJHAKO HE CYIIECTBYET MpPAKTUYECKUX JaHHBIX OTHOCUTEIBHO
TEPMUYECKHUX CBOUCTB JAHHOTO coeauuenus [1-3].

B mocnennee BpeMs 3HauMTENBHO BO3POC HMHTEpEC YUYEHBIX B CBSI3U C TBEpHO(a3sHBIMU
npeoOpa3oBaHUAMH KOMIUICKCHBIX coeAuHeHHd. HOBBIM 3Tam B W3yYeHHHM TEPMHUYECKUX IPEB-
pameHnii KOMIUIEKCHBIX COCIUMHEHUI HAaCTyNHMJ C HAdajioM MCIOJIb30BaHUS IU(QepeHInansHOro
tepmuueckoro ananuza (JTA). Jng momydeHHs MOJMHOM KapTHHBI NpPEBpallleHUH M XUMHUYECKHUX
peakuuii mpu TepMUIecKoM aHaiau3e Heooxoaumo Bmecte ¢ T u JITA KpUBBIMH MONYYUTH M KPUBYIO
n3meHeHus maccol TI'. Bee aTu omeparum mo3BosieT caenath Mpuoop, UCTIONB30BaHHBIA HAMU IS
WCCIIEIOBaHUSl CUHTE3UPOBAHHBIX 00pasuoB — aepusarorpad Q-1500D cucremsl [Naynuk-Ilaynnk-
Epneit [4,5]. Otor nepuBarorpad ma€T BO3MOXKHOCTh NMPH HM3YYCHHH OIHOTO B3ATOTO 0Opasia
3ammcaTh OJHOBPEMEHHO YeThIpe KpHBhle — m3MeHeHus Temreparypsl (T), m3menenus maccel (T1), a
Takke cooTBeTcTBytomue auddepenimansubie kpuble HATA u JITI. JletanbHoe omnucaHue u
NPUHLWT JedcTBust mpubopa mpuBeneHsl B [4,5]. TepmorpaBuMerpuueckoe HccleIOBaHUE
npoBoauiock mpu temneparype 10 1000°C u ckopoctu HarpeBanust 10°C/muH. UyBCTBUTENEHOCTD
BecoB — 100 mr / 250 mm, uyBctBuTenbHOCTh JATA ramsBanomerpa — 250 mxB, JITI" — 500 mkB,
sTaNoOHHOE BemiecTBO — 0-Al,O3, THTeIb — MTATHHOBBII, Macca uccieayeMoro oopasia =~ 100 mr.
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Tepmuueckuil ananu3 npeacTaBiseT co00 OAMH U3 BEAYIIUX METOAOB GU3UKO-XUMHUIECKOTO
UCCIIeIOBaHUs coeqUHEeHUH. [Ipu TepMuyeckoM aHann3e, B OCHOBHOM, MPUMEHSIOT Au(depeHInatb-
HbIE KpHBbIE€ HAarpeBaHus, KOTOPBIE IOJIyYarOT C HCIOJIb30BaHUEM AH((depeHIHaNbHbIX TepMonap.
Huddepenunanvias kpuBass HarpeBanus HasbiBaeTcs JITA KpuBOoH, a caM MeTon — METOJOM
JuddepeHInansHOro TepMudeckoro ananusa. uddepenuumansias TepMmomnapa COCTOMT U3 JIBYX
npocThIxX TepMmonap. OfHa U3 TepMoInap IOMEIIAeTCsl B UCCIIEAyeMOe BEIIECTBO, a BTOpast TepMonapa
— B DTAJOHHOE BEIIECTBO. JTAJIOH MPENCTAaBISET COO0 MHEPTHOE BEILECTBO, M MpPU HArPEBaHUU B
3aJaHHOM TEMIICpaTypHOM MHTEpBaje B HEM HE MPOTEKAIOT TEepMHUUYECKHE NpeoOpa3oBaHusl.
TennonpoBOAHOCT 3TATOHHOTO U MCCIELYyEMOI0 BELECTB HACHTHYHA.

[Ipu HarpeBaHNH B MicCIeIyeMOM BEIIECTBE MPOTEKAET XUMUYECKask peakus Wik GU3NIecKoe
npeoOpa3oBaHue, CBSI3aHHOE C BBIJCIICHHEM WM MOTJIOIIEHHEM Terua. Temmeparypsl TepMonap
3TajJOHa U MCCIIELyeMOro BelecTBa OyayT pa3inuyaThes, U B 3TO BPEMs TalbBaHOMETP 3adHUKCUPYET
3nauenue J/]C B uenu.

HuddepeHimanbable KpUBble HarpeBaHUS OTMEUYEHBI IO CHCTEME KOOpAWHAT: alcimcca —
BpeMsi WM TeMIlepaTypa HarpeBaHus; OpJHHATa — pa3HUIA TEMIEpaTyp MeEXKIy O3TaIOHOM U
UCCIIEyeMbIM BEIIECTBOM.

Ha JITA xpuBo#i oTU4€TIMBO TIpenCcTaBIeHB TepMO3(h(EKTHI, a C TOMOIIBIO TeMIepaTypHOU
KPHBOHM, HE3aBUCHMO OT TOTO, YTO IeYb HArpeBaeTcs CTPOTO PaBHOMEPHO, OTMEYaeM HayalbHYIO,
MaKCHUMaJbHYIO U KOHEUHYIO TeMIeparypy TepMuueckoro addekra uccnemyemoro oopasia.

Uccnenoano nmosenenne terpadbpomkympata (II) Tpudennn-MmernnapcoHus mpu HarpeBaHUH.
[IpencraBiena aepuBaTorpaMma MpPOMYKTOB B3aMMOJICHCTBHUS aleTata TpU(EHUI-METHIAPCOHUS U
tetpabpomkymnpara (I[) kamms (pucynok). Kak crmemyer u3 HaHHOW JepHBaTOrpaMMBbl, IPOIEce
TEPMUYECKOTO0 paclafa COEAMHEHHMsS MpOTeKaeT MHorocryneHdato. Ilepsbiii  sHmosddekr,
COTNPOBOXK/IaEMBI YMEHBIIICHHMEM MAacChl, OTMEUaeTcsi B TemmeparypHoMm untepBaie 190-400°C.
ITorepss maccel coctasisier 41,0% (teopernuecku — 39,1%), uro coorBeTcTByeT Macce Opomuna
tpudenmn-metunapconns [(CeHs)sASCH;]Br. OcHoBaHHeM Uit 3TOTO MPEIMOIOKEHHS CIYKUT TOT
(hakT, YTO KaK M3BECTHO, COJM APCOHMS HE SIBJIIOTCS TEPMHUYSCKU CTOMKHUMH COCIMHCHUSMHU [6].
BmecTe ¢ 3TUM crenyeT y4uThIBaTh, 4TO SHeprus cBa3su AS—C,y, MeHblIe SHEPTrHH CBA3H AS—Cpoy.
MOoO>HO HpeAnoIoXHTh, YTO B JTAHHOM TEMIIEPaTypHOM MHTEpBAJIC NPOUCXOAUT OTIEIICHHE HE COJU
apCoHMs, a MPOJYKTOB €ro pachaja:

[(C5H5)3ASCH3]BI' — (C5H5)3AS + CH3Br

B nonp3y Takoro npearnoaokeHus: CBUAETENBCTBYET U TO, YTO MEPBbI 00JbIION 3HT03(deKT
B TeMiepaTypHoM unreppaiie 190-400°C cocTout u3 AByX MaibIx 3HA03()()EKTOB (PUCYHOK), KOTOpPBIE
HENlb3 OTHECTH Ha CY€T OTHeNeHus OT OpoMuaa TPUPECHUI-METHIAPCOHHSI KaKOro-mubo
OMpeIeIEHHOTO COCTaBIIAIOUIETO (hparMeHTa.

Bropoit sanosddexT nHabmomaercs B temneparypHoM uarepBaie 800-1000°C. Ha nannoi
CTYIIEHH TOTepsi Macchl cocTapisier 16,6%. CyOnuManus MbIIIbsKa HaYHMHACTCS TPU TeMIIepaTrype
612°C, a npu temneparype csoinie 800°C mporecc UcapeHusl MPOTEKAET HACTOIBKO WHTEHCUBHO,
YTO €ro MOXKHO HabmronaTh Bu3yasbHo [1]. C 1pyroii cTopoHsl, B JaHHOM TeMIIEpaTypPHOM HHTEpBaJie
npotekaeT pacmnaz opommuna meau (1I):

CuBr, — CuBr + % Br,

MOXHO 3aKIIOYUTh, YTO HA JAHHOM 3Tale MPOUCXOAUT YacTUYHOE OTAelieHne Opoma H
NOJIHOE OTAeNieHHe Mblmbsika. [Ipomecc Tepmuueckoro pasznoxkeHus Tterpadpomkymnpara (II)
TpUPEHUI-METUIIAPCOHNS MOYKHO MPECTABUTH CIETYIOIINM 00pa3oM:

190-400°C 400-800°C 800-1000°C
[(CﬁHs)gASCH;]g[CUBLd — [(CﬁHj}gASCHﬂ [CUBT3] — »AsCuBr, ——— CuBr
(CeH;s):AsCH;|Br -CyHys; -CH3Br -AsBr
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SUMMARY

THERMOGRAVIMETRIC STUDY OF TRIPHENYLMETHYLARSONIUM TETRABROMO-
COPPER (I1)

Kikalishvili M.1.

Akaki Tsereteli State University, Kutaisi

The process of decomposition of arsenic-containing compound [(CeHs)3ASCH3],[CuBry] was studied by
thermogravimetric analysis. It was revealed that first an organic part separated. The final product of the
thermolysis was copper bromide.

Keywords: triphenylmethylarsonium, tetrabromo-copper, thermogravimetric analysis.
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POLYCONDENSATION OF PHENOL AND CARD-TYPE BISPHENOLS WITH
PARAFORM IN THE MELT

Molodinashvili Z.F.

Petre Melikishvili Institutte of Physical and Organic Chemistry, lv. Javakhishvili Thilisi State
University

Abstract. A new continuous method of production of novolac-type oligomers by interaction of phenol and Card-
Type bisphenols with paraform in the melt in the presence of an acid catalyst was developed. To enhance the
heat resistance of the polymers, complex polymers with statistical arrangement of monomers in the
macromolecule were synthesized by simultaneous condensation of phenol and Card-Type bisphenols. The
softening temperature of co-oligomers increased from 70 °C to 90-180°C.

Keywords: copolymers, polycondensation, phenol, Card-Type bisphenols, paraform.

Since the beginning of the XX century, among thermoreactive polymers, phenolic resins have
found wide application in almost all fields of national economy due to their valuable properties. They
were produced synthetically by polycondensation though the reaction of phenol with formaldehyde.
Alongside with phenol, cresols, xylenols, multiatomic phenols, alcylphenols, multinuclear compounds,
e.g. bisphenols, etc. were used as phenolic raw materials [1].

Properties of the complex oligomers based on Card-Type bisphenols, phenol and formaldehyde, and the
conditions of their synthesis in the melt in the presence of an acid catalyst
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1| Phenolphthalein:phenol: formaldehyde 01:09:1 100 30 81 160-180
2 1.1-bis(4-p-oxiphenyl) 01:09:09 | 80 | 10 | 8878 | P | 99100
cyclohexane:phenol:formaldehyde
3 2.2-Dis(4-p-oxiphenyl) 01:09:09 | 80 | 10 | ssss | SOMble | 445490
norborneylidene:phenol:formaldehyde
5.5-bis(4-B-oxiphenyl) hexahydro-4,7- soluble
4 methyleneindane- 0.1:09:09 80 10 93.56 115-120
5ylidene:phenol:formaldehyde
2.2-bis(4-B-oxiphenyl) decahydro-1,4,5,8- soluble
5 dimethylenenaphthyl- 0.1:09:09 80 10 87.28 120-125
idene:phenol:formaldehyde
6 2.2-bis(4-B-oxiphenyl) 01:09:09 | 80 | 10 | 7546 | MOMPIe | 430935
adamantane:phenol:formaldehyde

Catalyst — 15% HCI in relation to phenol
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To enhance the heat resistance of phenol-formaldehyde polymers, we synthesized complex
copolymers by simultaneous polycondensation of phenol and Card-Type bisphenols, which contained
phthalide, cyclohexane, norbornane, indane, naphthene and adamant Card-Type groups. The conditions
of synthesis are given in the Table [2-5].

The introduction of Card-Type bisphenols into the composition of phenol-formaldehyde
oligomers increased the softening temperature of co-oligomers from 70 °C to 90-180°C. The
oligomers containing phthalate Card-Type groups had the highest softening temperature.

If we compare the contributions of the groups with the Card-Type structure to the increase in the
softening temperature, we can arrange them in the following row.

The obtained oligomers dissolve in acetone, cyclohexane, dimethylformamide, tricresol, etc.
They partially dissolve in ethanol, except the oligomers containing cyclohexane and norbornane cyclic
groups, which are characterized by very good solubility in spirit.

Under the action of hexamethylenetetraamide, at 180-200°C the oligomers undergo hardening
and transform into spatially-structured resite.
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PE3IOME

IMOJIMKOHAEHCANIIUA ®EHOJIA 1 BUCPEHOJIOB KAPJOBOI'O TUITA C IIAPA®OPMOM B
PACIIJIABE

Mousoaunamsuin 3.D.

HNHeTutyT dmzuyeckoii u oprannyeckoil xumun um. Il. MeaukumBuian, Tonaucckuii rocyaiapcrBeHHbI
yHuBepcurer uM. UB. JlzkapaxuiuBuimn

Pa3zpaboTaH HOBBI HENPEpHIBHBIH METOJ MOJYYCHHs OJMIOMEpPOB THIIAa HOBOJIAKa ITyTEM B3aHMMOJCHCTBHSA
(enona, 6uceHoI0B KapJOBOTO THIA U NapadopMa B paciulaBe B IPUCYTCTBUH KUCIOTHOTO KaTanusaropa. J{is
MOBBILIEHHS TEPMOCTOHKOCTH ITOJIMMEPOB COBMECTHOI KOHJEHcanueil GeHona 1 OUCEHOIIOB Kapl0BOTO THIIA
ObUTM CHHTE3MPOBAHbI CMELIAHHBIE IIOJIMMEPHl CO CTaTUCTUYECKUM PpACIOJIOKEHHEM MOHOMEPOB B
MakpoMoekyie. Temmeparypa pasMsrdeHns co-oIuromMepos nossicuack ¢ 70 °C o 90-180°C.

KaioueBble cioBa: cornoinMep, MOJMKOHICHCANs, (heHoI, OMc(heHOIIB KapJ0BOTro TUIIa, TapadopM.
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DEVELOPMENT OF A NEW CONTINUOUS METHOD OF PRODUCTION OF THE
NOVOLAC OLIGOMER AND THE STUDY ON ITS KINETICS

Molodinashvili Z.F.

Petre Melikishvili Institutte of Physical and Organic Chemistry, lv. Javakhishvili Thilisi State
University

Abstract. A new continuous method of production of novolac-type oligomers by interaction of phenol with
paraform in the melt in the presence of an acid catalyst was developed. To establish the optimal conditions of the
reaction, some kinetic regularities of the process were investigated. It is shown that the reaction is of the second
order. The optimal conditions for formation of the oligomer are the following: temperature — 100-120°C;
duration of the reaction — 10 min; phenolic component: formaldehyde molar ratio — 1.15:10; amount of the
catalyst — 1 % in relation to the phenolic component.

Keywords: novolac, oligomer, phenol, paraform.

Since the beginning of the XX century, among thermoreactive polymers, phenolic resins have
gained primary importance and wide application in almost all fields of national economy due to their
valuable properties. They were produced synthetically by the reaction of polycondensation. Their
formation was based on the interaction between phenol and aldehydes, mainly formaldehyde.
Alongside with phenol, cresols, xylenols multiatomic phenols, alcylphenols, multinuclear compounds
e.g. bisphenols, etc. were used as phenolic raw materials [1].

Novolac is usually produced by the reaction between phenol and formaldehyde in water
solution, in an acid medium. The process is periodical. Hence it was of interest to develop a
continuous method of production of novolac, because, in this case, we could use novolac immediately,
without performing additional procedures. Besides, we would eliminate the necessity in the treatment
of rinsing water, containing the phenol and formaldehyde that did not enter into the reaction, and
polluting the environment. The treatment of rinsing water for removal of phenol, formaldehyde and
the acid from it is a serious problem at all operating plants. Another serious problem is the removal of
water from obtained novolac, its drying, which is associated with power costs as well [2,3].

For development of the continuous method, we used puraform instead of the water solution of
formaldehyde. The reaction proceeded in the melt, with heating up of the paraform-phenol mixture, in
the presence of an acid catalyst. The phenol:formaldehyde molar ratio was 1.15:1.0; hydrochloric acid
was used as a catalyst (1% in relation to phenol) [4,5].

Under heating paraform undergoes depolymerazation, and formed formaldehyde immediately
reacts with phenol. The reaction of dipolymerization of paraform can be presented in the following
form:

—(CHZOn) —)(CHZO)n_1 +CH, 0> (CHZO)n_2 +CH,0 > —(CHZO)n_3 +CH.,O

Generally the process of condensation in the acid medium can schematically be depicted as
(x +1)CsH,OH + xCH,0 — H[-C,H,(OH)—CH, -], ~C,H,OH +xH,0
where x=4-8.

As there was no information about the character of the course of the reaction between phenol
and paraform in the melt in the literature, as well as for the establishment of optimal conditions of the
synthesis of the novolac-type oligomer in the melt, we studied some kinetic regularities of oligomer
formation.

For production of the novolac oligomer, the reaction in the melt proceeded over the
temperature range from 40 to 120 °C. The phenol:formaldehyde molar ratio was 1.15:1.0.
Hydrochloric acid was used as a catalyst (1% of the phenolic component).

The course of the reaction was controlled by changes in the amount of formaldehyde in the
reaction mixture. Table 1 gives the changes in the amount of formaldehyde in the reaction area with
interaction with phenol at different temperature. When the temperature increased from 40 to 120 °C,
after 10 seconds the amount of free formaldehyde in the reaction area decreased as follows:
95.40>92.76>84.05>76.30>70.23; after 1 min: 75.85>58.99>45.00>34.27>28.38; after 10 min:
55.85>27.70> >21.24>15.45>11,69. When the process was prolonged at 40°C, after 10 s, 1 min and 10
min, the amount of formaldehyde decreased as follows: 95.40>75.85>55.85; at 60°C:
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92.76>58.99>27,70; at 80°C: 84.05>45.00>21.24; at 100°C: 76.30>34.27>15.45; at 120°C: 70.23>
>28.38>11,69%.

Table 1. Chenges in the order of formaldehyde transformation with the reaction between phenol and
paraform in the melt with the reaction proceeding over the temperature range from 40 to 120 °C*

Duration of the Amount of formaldehyde that did not enter into the reaction, %
reaction, s 40°C 60°C 80°C 100°C 120°C
10 95.40 92.76 84.05 76.30 70.23
20 90.55 81.35 70.96 61.41 54.22
30 86.30 74.16 62.14 51.30 44.11
45 80.90 66.30 53.32 41.02 34.56
60 75.85 58.99 45.00 34.27 28.38
90 67.98 48.88 35.17 25.85 20.79
120 61.24 41.80 29.39 20.79 16.41
240 57.31 35.51 26.07 18.54 16.13
600 55.85 27.70 21.24 15.45 11.69

*Phenol:formaldehyde molar ratio is 1.15:1.0

The order of polymerization of the novolac oligomer formed in the melt is 7-8. As is seen, the
amount of formaldehyde that did not enter into the reaction decreases with the increasing duration of
the process, though the intensity of decreasing is higher at the initial stage. For instance, when the
reaction proceeded at 40 °C, after 10 s the amount of formaldehyde that did not enter into the reaction
was 95.40%, after 1 min — 75.85%; after 2 min — 61.24%; after 10 min — 55.85%. At 60°C the amount
of free formaldehyde decreased as follows: 92.7>58.99>41.80>27.70, respectively; at 80°C —
84.05>45.00>29.39>21.24, respectively; at 100°C — 76.30>34.27>20.79>15,45, respectively; at
120°C — 70.23>28.38>16.41>11.,69%, respectively.

The IR spectroscopic analyses showed that, at the first stage of the reaction, phenolic alcohols
were formed, and then they transformed into dioxidiphenylmethane and oligomers.

To control the reaction, we took samples in certain intervals and measured the amount of
formaldehyde that did not enter into the reaction. Figure 1 shows the kinetics curves of the reaction of
phenol with formaldehyde at different temperature. The investigation showed that, over the
temperature range from 40 to 120 °C, the rate constants of the reaction retain their values calculated by
the second-order equation. These data are given in Table 2.

Table 2. Some kinetic parameters of the reaction of phenol with formaldehyde over the temperature range
from 40 to 120 °C; phenol:formaldehyde molar ratio is 1.15:1.0

Duration of the Reaction rate constant K, 10°1-mol’s™

reaction, s 40°C 60°C 80°C 100°C 120°C
10 0.27 0.43 0.94 1.74 2.38

20 0.29 0.65 1.14 1.76 2.37

30 0.29 0.65 1.14 1.77 2.37

45 0.29 0.65 1.09 1.79 2.36

60 0.29 0.65 1.14 1.79 2.36

90 0.29 0.65 1.15 1.79 2.37
120 0.29 0.65 1.12 1.78 2.38
240 0.17 0.42 0.66 1.02 1.16
600 0.07 0.24 0.34 0.51 0.70
1800 - 0.15 0.18 0.20 0.43

Activation energy E=11.4 kcal/mol
Probability factor, A=1.064 1/mol‘s
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Fig. 1. Kinetic curves of the reaction of phenol with formaldehyde in the presence of a catalyst* at
different temperature.
P — transformation order; t — duration of the reaction;*catalyst — 1% HCI in relation to phenol.

The linear dependence of the logarithm of the reaction on the reverse absolute temperature and
that of 1/a-x on the reaction duration also point to the second order of the reaction. The activation
energy of the reaction was equal to 11.4kcal/mol (Figs. 2 and 3).

lgK

0 05 1 15 2 25 3 35
-3
1T10

Fig.2. The dependence of IgK on the reverse absolute temperature during polycondensation of phenol
with paraform at 40-120 °C in the presence of a catalyst (1% HCI in relation to phenol)
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Fig.3. The dependence of 1/a-x on the duration of polycondensation of phenol with paraform at different
temperature in the presence of a catalyst (1% HCI in relation to phenol)
a — initial amount of formaldehyde; x — transformation order of formaldehyde

From the kinetic curves of the reaction of phenol with paraform and the data of Table 1, it is
obvious that both the temperature and the reaction duration have an impact on the course of the
reaction.

From the data given in Table 3, it is seen that the reaction rate increases with the increasing
temperature, though it decreases significantly with the increasing reaction duration. When the duration
of the reaction increased from 10 to 600 seconds at constant temperature, e.g. 40 °C, the reaction rate
decreased from 0.46 to 0.07 g/s, while at 120 °C the transformation order reached a high value after
120 s (Table 1).

When the temperature increased from 40 to 120 OC, the reaction rate constant increased from
0.29 to 2.38:10°I'mol's™. When the reaction proceeds at higher temperature, a major portion of
paraform0 leaves the reaction area. Hence the maximum temperature of the reaction must not be higher
than 120°C.

Table 3. Changes in the reaction rate depending on the temperature and the reaction duration

Duration of the Reaction rate, g/s
reaction, s 40°C 60°C 80°C 100°C 120°C
10 0.46 0.72 1.59 2.37 2.97
20 0.47 0.93 1.45 1.92 2.28
30 0.456 0.86 1.26 1.62 1.66
45 0.424 0.74 1.03 1.31 1.45
60 0.40 0.68 0.91 1.09 1.19
90 3.33 0.56 0.72 0.82 0.88
120 0.32 0.48 0.58 0.66 0.69
240 0.17 0.26 0.30 0.33 0.34
600 0.07 0.12 0.13 0.14 0.14
1800 - 0.04 0.04 0.05 0.05

Therefore, the temperature range from 40 to 120°C is optimal for the reaction in the melt. At
higher temperature, intense depolymerization of paraform takes place, the released formaldehyde has
no chance to react with phenol and gets lost. The optimal duration of the reaction is 10 minutes.
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PE3IOME

PA3PABOTKA HEINPEPBIBHOI'O METOJA IIOJYYEHHUSA OJUIOMEPA HOBOJIAYHOI'O
THIIA, U3YYEHUE KHHETHKH

MoJgoaguHamBuiu 3.D.

HucruryT dusnyeckoil u opranudeckoit xumum um. Il. MeanknmBuiau, Touauccknii rocygapcrBeHHbII
yHuBepcurter uM. UB. JlzkaBpaxuliBujimn

Pa3paboTan HOBBI HENPEPHIBHBIM METOJ MOJYYEHHUS OJIMIOMEPOB HOBOJAYHOTO THUMA B3aUMOJACHCTBHEM
(enona u napagdopma B paciuiaBe B MPUCYTCTBUH KHCIOTHOTO KaTaiau3aTopa. J{Js ycTaHOBIICHHS ONTHMANBHBIX
YCIOBUH peakIy ObUIM HM3y4eHbl HEKOTOphIe KHHETHYECKHE 3aKOHOMEPHOCTH. YCTAaHOBIICHO, YTO PEaKIUs
BTOpOro mnopsiaka. OntuManbHble YCIOBUS (DOPMHPOBAHMS OJMIOMEPOB: TeMIEpaTypa - 40 — 120°C;
JUTATENILHOCTh peakiiu — 10 MuH; MoysspHOe cooTHouieHue (GeHom:popmanbaerua coctapmsier 1,15:1,0.
COOTBETCTBEHHO, KOJMYECTBO Karanu3aropa — 1% CONSHOM KHCIIOTBI B OTHOUICHHMH K (DeHOIbHOMY
KOMIIOHEHTY.

KaroueBble ci10Ba: HOBOJIAK, oromep, heHo, napadopm.
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SUMMARY

THE EFFECT OF THE DURATION OF FERMENTATION ON POMACE ON THE
PHYSICOCHEMICAL CHARACTERISTICS OF THE WINE KEPT IN THE KVEVRI

Meskhidze M.Z., Chkhartishvili N.N., Jakeli K.T., Andriadze G.T. and Khomasuridze M.B.

Georgian Technical University

Caucasus International University

The paper deals with the effect of the duration of keeping the pomace in the wine matured in the kvevri. The
wine was produced from Georgian grape cultivars Aladasturi, Otskhanuri Sapere and Odzhaleshi by the
Kakhetian technology.

Keywords: wine, pomace, fermentation, physicochemical characteristics.
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SUMMARY
STUDY ON THE SAFETY OF DRINKS BY THE EXAMPLE OF CHACHA VODKA
Shilelashvili 1.1., Matiashvili Sh.l. and Buishvili G.T

Jakob Gogebashvili Telavi State University

Stable supply of safe food is one of important governmental objectives which the health of the nation depends
on. Hence in this work we aimed to analyze the quality of Chacha vodka sold on the agricultural market by
farmers. Chacha vodka is distilled from grain pomace. Based on the results of the analysis we worked out some
recommendations on the technology of Chacha vodka:

1. Chaha should be distilled immediately after removal from wine. During the distillation, the first and the last
distilled Chacha should be removed, and the middle distilled Chacha should be kept in barrels.

2. The alcoholic fermentation of sweet Chacha obtained in the result of processing of white grapes should
proceed at 15-18 °C

3. In order to avoid undersired amount of ethyl acetate in Chacha vodka, we must protect it against acetic acid
bacteria and guarantee that the process will proceed under normal conditions.

Keywords: Chacha, vodka, pectin substances, raw alcohol, formaldehyde, deinactivation.
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SUMMARY

THE MAIN MOLECULE OF LIFE - RNA

Jinjolia Sh. R.

Akaki Tsereteli State University, Kutaisi

The paper dwells on the “RNA world”, a hypothetical stage of the origin of life on the Earth, where the genetic
information is stored and the catalysis of chemical reactions is performed by the RNA ensembles. There are
considered the experimental data and assumptions on the role of the main molecule of life — RNA in the origin of
life, which have been obtained by researchers over the period of the last fifteen years.

Keywords: RNA, main molecule of life, origin of life.
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SUMMARY

EVOLUTION OF RIBOSOMES

Jinjolia Sh.R.

Akaki Tsereteli State University, Kutaisi

The paper dwells on the issue of ribosome evolution. There are discussed the results of studying the main
ribosome part 23S-RNA of a bacterium (Escherichia coli) carried out by Canadian biochemists. These results
justify that, during the period of evolution, ribosomes could rapidly develop from protoribosomes. There are
given the M and R, and the results obtained by the Root-Bernsteins through the use of bio-information
technologies, and the assumption that ribosomes and their precursors may represent a buffer stage between the
“RNA world” and cellular life.

Keywords: ribosomes, evolution, protoribosomes.
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