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UBEPU NPAHTUIIBUAJINA U KPU3UC COBPEMEHHOM ®U3UKN

I'epacumoB A.b., BenxBanze M.T., I'opragze K.M.

I'py3uHckmii TeXHHYeCKHIi yHUBepCUTET

O6nanas oOIIMPHBIMU 3HAHUSAMH BO BCeX oONacTsAX Hayku akaneMuk MBepu Ilpanrumsunm
OpUIIENT K BBIBOAY, «4TO OOLIETIPHUHATHIC B aKaJeMHUYECKOW HayKe (HU3MYecKHe MOJETH HE MOTYT
OO0BSICHUTH TOAABIsIIONIee OONBIIMHCTBO TPOLIECCOB, MPOTEKAIOMIMX BO BCEIEHHOI» W BO3HHKIA
«HEO00XOIUMOCTh B «HOBOW (u3uke» W B HOBOH mapagurme ctpoeHue mupay[l]. OcobGeHHo oH
BBIIETSUT BPEJHOCTh IIOCTYJaTa clenuanbHoil Teopun oTHocutenbHocTH (CTO) OiHmTeliHA 0
HEBO3MOKHOCTH JIBM)KEHHSI WM PACIPOCTPAHEHUs 4ero-1nbo ObIcTpee CBEeTa, KOTopas COEep)KHBaa,
[0 €ro MHEHMIO, pa3BUTHE Haykd. M B JAEHCTBUTENBHOCTH, 3a IOCIECTHHE T'OAbI MOSBISIOTCS BCE
Oompire u OompIiie paboT apryMeHTHPOBAaHHO AoKasbBatomux omnooyrocTs CTO. Hampumep, B [2]
YTBEpXKAaeTCs, 4TO MPABIILHOCTH Ha caMoM jere omrbounoit CTO BHeapsiach B CO3HAHHE JIOACH
cwioit u mpomnarannoi. «bmarogapst mpecce, 00 DifHINTelHE U ero paboTax BCKOpE 3aroBOpPUI BECH
MuUp. MomHast mponarasjia 1 NpocToTa HOCTYJIATOB - JIO3YHI'OB PEBOIIOLMH MPEAPELIMIIN €€ ObICTPYIO
noGexy, OTOPOCUB B CTOPOHY TPYAbl KiaccukoBy. O MacmTadax 3TOH MponaraHIuCTCKON KaMIaHuu
MOXKHO CYAHMTh XOTA Obl W3 (akra, uto yxe mepBasg cTarbs no CTO HHUKOMY HEHW3BECTHOTO
naTeHToBeaa u3 bepHa cpasy ke mociie omyOnukoBaHust B 1905 r. mepudepHifHBIM HEMEIKUM
HayYHBIM JKYPHAIIOM ObLiIa MOJHOCTHIO MEPE/IaHa TPAHCATIAHTUYECKUM Tererpadom B rasety «Hbro-
Hopk Taiimey. Tlocnenyromme MHOTOYUCIICHHBIE MyONUKAIlMM B MHUPOBOW Tpecce O TeHHATbHOM
¢u3NKe M ero TeOpUu TaKKe HOCHIM SIBHO 3aKazHOW xapaktep». «Eme B 1934 r. ObLIO HpUHSTO
ITocranosnenue LUK BKII (6) «Ilo guckyccuu o pensiTUBH3ME», O KOTOPOMY 3a KPUTHKY TEOPHH
OTHOCHUTEIILHOCTH OTHPABJIsIM B jareps. Ilociie BoliHbl 310 IlocTaHOBIEHHE CTAIO HApyIIATHCs, U B
1964 r. IIpesuauymy AH CCCP npuniocs u3nate HoBoe IlocTaHOBIEHME, 3alpellalollee CTABUTh
0[] COMHEHHE IIOJIOXKEHUSI TEOPUH OTHOCHUTENBHOCTH». «/lo cux mop Tema o0 ucTouyHHMKE (DUHAH-
CHPOBAHUS ¥ OpPraHU3aTopax 3TOM KOMIAHUU OCTAeTCs 3alPETHOM 1151 HCTOPUKOB HayKU (BCIIOMHHUM,
YTO O TJIaBHOM HMCTOYHHMKE (PMHAHCHPOBAHHSA OOJBILIEBHUCTCKOTO IEPEBOPOTAa COBETCKUE HCTOPUKHU
MOJIYAJIM CEMb JECSTHIICTHI)».

W3 wucTHHHBIX ypaBHEHMI MakcBema clleAyeT, 4YTO OHH NPEANoyaraloT OeCKOHEYHO
0O0JIBLIYIO0 CKOPOCTH NEPEAayy KyJIOHOBCKOTO M MAarHUTHOTO B3aUMOAEHCTBHMA. PeanbHO 3T0 03Havaer,
YTO KYJIOHOBCKass W MarHuTHas CWIBl TIepellaloTcsl B MPOCTpaHCTBE Topa3o ObicTpee
3JIEKTPOMAarHUTHOM BOJHBI. [IpencraBieHne o TOM, YTO KYJIOHOBCKOE W MarHWTHOE B3aWMOJIEHCTBUS
MepeIaloTCs B BAKyyMe CO CKOPOCTBIO CBETA, CIEAYeT U3 YpaBHEHHI MakcBeiia B BOTHOBOH (opme.
Ho oObuHast u BosHOBass GopMbl He AKBUBaNEHTHBI! OMBIT MOKAa3bIBAET, YTO CKOPOCTH IMepeaadu
KYJIOHOBCKOTO ¥ MAarHUTHOIO B3aMMOJCUCTBUI JEUCTBUTENIBHO 3HAYMUTEIBHO BBIIIE CBETOBOM.
Actporom H.A. Ko3bIpeB 3KCIIepUMEHTAIbHO OOHApYKiI [3] MOYTH MIHOBEHHOE PacIpOCTPAHCHHUE
curHana! Ero onsIT cocTosuT B CIEAYIONMEM: N3BECTHO, YTO KOT/Ia MBI BUJTUM HOYBIO 3BE31Y, OHA TaM
HE HaxOJUTCA, IIOCKOJIbKY 32 BpeMs JOCTHM)KEHHS €€ CBeTa J0 HaC OHA CMECTHJIaCh B JAPYroe MECTO B
NPOCTPAHCTBE, KOTOPOE MOXXHO OYEHb TOYHO PACCUMTATh, HO VIS HAIEro B30pa HpPEACTaBIISET
TEMHOTYy. VIMEHHO B 3TO MECTO OH HamlpaBUJ TEJIECKOIl, 3aKPBIThI CBETOHENPOHNIIAEMON MIEHKOH,
(puc.1) 1 momy4ms curHai, KOTOPBIA U3MEHWI IPOBOJUMOCTD PE3UCTOpa. 3HAYUT OT 3BE3/AbI HCXOAMI
CUTHAJI, PacHpOCTpaHsIOMUiCs nouth MraoBeHHo! Takum oOpazom, CTO, oOBsBUBIIAS CKOPOCTH
CBETa MPEJENIbHOM, MPOTUBOPEUNT KaK ypaBHEHMSAM MakcBenna, Tak u oneltaM! OiiHmrelH B CTO
MOCTYJIMPOBAJl  OTCYTCTBHE 3(upa KaKk MHPOBOH Cpelbl, OCHOBBIBASICb HA AKCIEPHUMEHTax
MaiikenbcoHa, B KOTOPBIX CYIIECTBOBAaHHE 3(HUPHOrO BETPa OH IOJYYWJI Ha YPOBHE MOTPELIHOCTU
W3MEPEHH, U ClIeNial BBIBOJ 00 €ro OTCYTCTBHMH, HO B 1929 Tomy, yCOBEpIIEHCTBOBAB almaparypy,
Jlokazan ero cymectBoBanue. [{o atoro B skcriepumentax 1905-1925 rr. 1. K. Mumnnepy yaanoce He
TOJIBKO M3MEPUTH CKOPOCTHh A(UPHOTO BETPA M €r0 rajlakTUIeCcKOe HalpaBJIeHNe, HO U MOKa3aTh, YTO
CKOPOCTh BETpa pacTeT C BBICOTOM Hax ypoBHeM Mops. Kpome Toro, Musmep ycTaHOBWI, HTO
3(UpHBIN BeTep OTCYTCTBYET B YCIOBHSX 3KPaHUPOBKH M3MEPHUTEIHHOTO MPHUOOPa METATUTMYECKUM
KOPITyCOM WJIM CTeHaMHU romMelieHus. PaboTsl Musiiepa o0cykJalich Ha CrIeUaIbHON KOHpEpEeHIIHN
B 1927 r. Cropounuku CTO amemmpoBamu Kk paboram P. J[x. KeHnemu, momyduBiiero HyJIeBOM
pesyapTaT. [loBoasl Mumiepa o TOM, 4YTO SKCHEpUMEHTH! KeHHeaW NpOBOAMINCH B YCIOBHAX
9KPaHUPOBKHU BETpa KOPIyCOM MPHOOpa U HE MOTJIM AATh MOJOKUTENBFHOTO pe3yabTaTa, UMU HEe ObUTN
OPUHATHL B pacuyeT. BaXXHO OTMETHTBH, YTO MOJOABIM YYEHBIM OBLIO TOpaslo Jierde pa3odparbesi B
TIOJIOKCHUSX HOBOH (PM3MKH, OCHOBaHHOM Ha MPOCTHIX IMOCTYJATaX, HEKEIH B CIOKHBIX MTOCTPOCHHSAX
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Makcgemna, Kenbbuna, J[>x. Tomcona, Jlopeniia u apyrux pa3zpabotuukoB 3gupHbIx Teopuii. B 1998r.
yKpauHckoMy pagno¢usuky HO.M. TlamaeBy ¢ momompio paguouHTEp(EpOMETpOB  YAaIoCh
MOATBEPAUTH MPABUIBHOCTh pe3yiabTaToB Muepa u MailkenbcoHa. B HacTosee BpeMss MHOIMMU
WCCIIEIOBATEIISIME CTaBSITCS OMBITHI 110 H3YYSHHIO d(hrpa 1 pa3padbaTeIiBaeTCa HOBast Teopus dQupa.

a

/

® ~
©)

Puc. 1. CxemaTnyeckoe nzodpaxxenue sxcnepumenta KospipeBa

Bce TexHOMOTHN, KOTOPHIE HCIIONB3YIOT U3MEHEHHE MECTOIIOJIOKEHUSI aTOMa B KOHICHCHPO-
BaHHBIX CpellaX, OCHOBBIBAIOTCS Ha MOJEKysipHO-kKuHeTH4Yeckoi Teopun (MKT). C ncrons3oBanuemM
3TUX TEXHOJOTHI CO3JaHbl IOJYIPOBOJHUKOBBIE MPUOOPHI W HWHTETPAIbHBIE CXEMBI, KOTOpHIE
NPU3HAHBI CaMBIM OOJBIINUM JOCTIDKEHHEM [BAALATOrO BeKa. DTH TEXHOJOTHH WTPAIOT OTPOMHYIO
pOJIb TIOYTH BO BCEX OTpacisix mpombiiuieHHOCTH. Ho okaszanock, uto MKT pabGoraer B oGiactu
TEeMIIEpaTyp Ha HECKOJBKO COT IpaJyCoB HMKE TeMIlepaTyphl IJIaBICHUS BellecTBa U Bhimie. Kpome
3TOr0 HENOCTaTKa, OKa3ajloch, 4To 3a mocienHue 40-50 jgeT MosBHIOCH OTPOMHOE KOJIUYECTBO
SKCIIEPUMEHTANbHBIX JAaHHBIX, CBS3aHHBIX C M3MEHEHHWEM MECTOINOJIOKEHHS aToMa B KOHJEHCH-
POBaHHBIX Cpelax, KOTOpble HE MOTYT ObITh OmHO3HayHO oO0BsAcHensl MKT, a ans omucanus
MIPOLIECCOB, MPOTEKAIONIUX MPU HU3KUX TEMIIEpaTypax, OHa COBEPILIEHHO HerpuroaHa! 3a mocienHue
10 7er co3mana MoleKyJsipHO-TIoTeHInansHas Teopus (MIIT) [4,5], onuHaKoBO XOPOIIIO ONMHUCHIBAIO-
masi BCe J0Cele M3BECTHBIE IKCIEPUMEHTAILHBIE JTaHHBIE, CBSA3aHHBIE C M3MEHEHHEM MECTOIIOJIO-
JKEHUS aToMa B KOHACHCHUPOBAaHHBIX CpPelax KakK NMPH BHICOKHX, TaK W NPHU HU3KUX TEMIlEpaTypax, a
MKT saBnsgerca yactHbeiM ciaydyaeM MIIT, copaBeasuBbIM Npu BBICOKUX TeMmiepaTypax. Ilo mexa-
HU3My, ocHoBanHOMy Ha MKT, mis mepexoma aroma W3 OJHOTO MECTOTOJOXEHHS B APYroe
HEOO0XOMMO TIOSIBIIEHHE OKOJIO HETO (PIIYKTYaIlil KHHETHYECKOW SHEPTHH, OCTATOYHOMN IS pa3phiBa
XUMHYECKHUX CBs3eH cocemHMMHU aromamu omnuckiBaeMoit B MKT BeicoTO# moTeHIManHOro 6aprepa
(puc.2,a). Bepostaocts W, 3TOTO TIepexo/ia BeIpaxkaeTcst popmynoit

W, =Bexp(-U /KT) (1),
rie U - BEICOTa MOTEHIMANBHOTO Oaphepa (IHEPrusi XAMUIECKOH CBS3H JAHHOT'O aTOMa C COCETHIMU);
T - remneparypa; K - mocrostnnas bonbenmana; B - koaduiment cnabo 3aBUCAIINN OT TEMIIEPATYPHI.

Puc.2. BBICOTA MOTEHIIMATBLHOTO Gapbepa

&

[lo BTOpOMYy MeXaHW3My HEOOXOAMMO TIOHH)KCHHE BBICOTHI IIOTCHIMATHOTO Oapbepa
(puc.2,6), T.e. TakOe M3MEHECHHE COCTOSIHHM XUMHUYECKUX CBS3€H, KOTOPOE YMEHBIIUT WX DHEPTHIO.
3T0 M3MEHEHHE MOYXHO OCYIECTBUTh KaK TEPMUYECKUM, TaK U HETEPMUUYECKIM BO3JICUCTBHEM (CBET,
JJNIEKTPUYECKHE W MarHUTHBIC TOJIS, JABJICHHE, WHXKEKIUS) M MPOWCXOJHUT CIEIAYIONIMM 00pa3oM.
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DKCIEPUMEHTAIILHO YCTAHOBJICHO [6], YTO JBYXaTOMHBIE MOJIEKYJIBI JICNATCS HAa JBE TPYMIBI IO
W3MCHEHUIO 3HEPTUU CBS3U NPU YJAICHUHU 3JICKTPOHA M3 MX XUMHUYECKOW CBSI3U: y OJHOW H3 HUX
JHEPTUsl XUMUYECKOUW CBSI3M YMEHbBINACTCS, & Y JAPYrod yBeIHUUBaeTcs. TakuM 00pa3oM, 3JIEKTPOHBI,
YYaCTBYIOIIME B CO3JIAaHUHM XUMHUYECKOH CBSI3M, MOTYT HaXOJUTHCS B JIBYX COCTOSIHUSIX, HAXOISICh B
OJTHOM COCTOSIHUM, OHH YKPCIUIAIOT CBSI3b, @ BAPYIOM - ocnabmisioT e€. Ha si3plke KBaHTOBOWM Mexa-
HUKHY TIEpBOE HA3BIBACTCS CBA3BIBAIOIICH OPONUTAIBIO, BTOPOE — aHTHCBSI3BIBAIOIICH OpOUTAIIBIO [6].

AHTUCBA3YIOLLAA 30Ha

A Cansyowan sona
2

I
%‘ 7474

MeTanne

JHeprva

Er

NoAYNpoBoAHUKE!

Puc. 4. O0pa3oBanue ru6puUAM3HPOBAHHBIX 0POUTAJIel NPU COIMKEHNH aTOMOB, E, — mupuna
3alpeleHHON I ICeBI0 3aNPelleHHOM 30HbI

A 3IEKTPOHBI, HAXOAALIMECS HA 3TUX OPOUTANAX, T.€. SHEPreTUYECKUX YPOBHAX, UMEHYIOTCS,
COOTBETCTBEHHO, CBS3BIBAIOIIMMH M AHTHCBS3BIBAIOLIMMHU 3JIEKTPOHAMH, COOTHOLIEHHE KOJIMYECTBA
AIIEKTPOHOB, HAXOJIIMXCS HA STHX SHEPreTUYECKHX YPOBHSIX OKOJIO JaHHOTO aToMa, OMpeJelisieT
SHEPTHIO (CHUITY) XUMHYECKON CBSI3U C COCETHIMH aToMaMu. YeM OoJbliie 371eKTPOHOB Ha CBSI3BIBAIOIINX
SHEPreTHYECKUX YPOBHAX II0 CPaBHEHMIO C HAXOAALIMMHUCA Ha aHTHCBA3BIBAIOIINMX, TEM OOJIbILE
SHEPrUsi XUMHYECKOW cBsi3u. Ecim 3T KonmyecBa paBHBI, TO SHEPTUSl XUMHUYECKOH CBSI3M paBHA HYIIO
(T.e. XMM. CBSI3M HET), MOCKOJBKY BBIMTPHIII SHEPTUH CUCTEMBI, OOYCIIOBJICHHBIN CBS3BIBAIOIMMU
SNEKTPOHAMH (MMHUMYM DSHEPIHH), HHUBEJIUPYETCS AHTUCBA3BIBAIOLIMMH JJICKTPOHAMHU (MaKCHMYyM
sHeprun). B TBEPABIX Tenax (cocTosmux n3 OOJBIIOrO KOJMYECTBA ATOMOB) CBS3BIBAIOIINE U AHTUCBSI-
3BIBAIONINE COCTOSIHUSI TIPEOOPa3yIOTCS B COOTBETCTBYIOIIME 30HBI ONMPENCNEHHONW HSHEPreTUIecKOn
IIMPHHEI [6]. B AnenekTpukax ¥ MOIyNpPOBOIHUKAX ATH 30HBI Pa3esieHbl JHEPTeTUYECKOH IIEeNbI0, TaK
Ha3bIBaCMOH, «3anpeniéHHON 30HON», a B MeTa/ulax OHM HepekpbIThl (prc.3). B pesynbrare nepexosa
9JIEKTPOHA W3 CBS3BIBAIONIEH B AHTHCBS3BIBAIONIYI0 30HY B HEH TOSBISETCS DJIEKTPOH, a B
CBSI3BIBAIOIICH 30HE 00pa3yeTcsi CBOOOIHOE MECTO, TaK Ha3bIBaeMas «IbIpKay. O0€ 3TH KBa3UYaCTHUIIbI
YMEHBIIAIOT YHEPTUI0 XUMHUYHCKON CBSI3M MEXKAY aTOMaMH, OKOJIO KOTOPBIX OHH OKaXXYTCS BO BpeMsi
CBOETO Xa0THYECKOro [BI)KEHHs, IMMO3TOMY WX HMMEHYIOT AHTHCBS3BIBAIOIIMMHU KBa3W4aCTHIIAMHU
(AKY) [4,5]. EctecTBenHo, ueM Ooublie koreHTpaiust AKY, Tem Ooiiee ocnabieHa XUMUYECKas! CBSI3b
B MaTepHaie U TeM Jierde U3MEHEHHEe MECTONONIOKeHUsI aToMoB. [Ipn 3ToM, HEOOXOAMMO OTMETHTH,
yro AKY MOXHO co3/1aBaTh Kak TEPMHUYECKHM, TaK M aTe€PMHUUYECKHM CIIOCOOOM (ZIaBIE€HHUE, CBET,
HHKEKIINS, SJIeKTPUYECKre U MarHuTHbIe moiisi) (puc.4). B ciyuae tBEpaoro tena, ecin AKY co3na-
HBl aTePMUYECKAM CIIOCOOOM, OHO JIOJDKHO pa3MsTyaThCsi M PaCIIUpPATHCS 0e3 HarpeBa (M3 XUMUHU
M3BECTHO MPABHUJIO: C YMEHBIICHUEM 3HEPIHH XUMUYECKOH CBS3U NPOUCXOAUT YBEIUUCHUE €€ INHBI,
T.€. PAcCTOSIHHA MEXJy aTOMaMH), YTO JIOKa3aHO J3KcIepuMeHTaidpHO [7-9]. Oba skcmepuMmeHTa
OJTHO3HAYHO JIOKa3biBatoT cymectBoBanne AKY W uX BiMsSHHE Ha YBEIWYCHHUE BEPOSTHOCTH W o
WU3MEHEHHUsS] MECTOIOJIOKEHUE aToMOB B BemlecTBe. Mcxoas u3 HoOBbIX npenctaBiaeHuidt MIIT nmns
BEPOSTHOCTH W o H3MEHEHHUSI MECTOIIOJIOKEHHUSI aTOMOB B BELIECTBE, MTOJYYEHO BhIPaKEHHE

_ i}
WA - A(nABQP / Na) th (2)
rae A - MOYTH MOCTOSIHHASI BeaWdWHa, N aop ~ KOHIICHTpALus AKUY; Na - KOHIIEHTpAIUsl aTOMOB

(Monexyn) BemecTBa,; P - uncno AKY okono gaHHOTO aroma, HeoOXOAMMOE Il YMEHBIICHHUS BHICOTHI
noreHuMansHoro Gapbepa po Hyns; W, - BEpOATHOCTH MPHUCYTCTBHS (DOHOHOB ONPEIENEHHOH

SHEPruu BOJIM3M JaHHOTO aroma. VI3 nanHoi GopMyiasl BUAHO, YTO W, HE 3aBUCHT OT TEMIIEPATYPHI,
B ommmuuu OoT (1), KOTOpas HMMeeT SKCIOHEHLUAIbHYI0 3aBUCHUMOCTh OT TEMIEpaTypbl. Takum
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o0pa3zomM, SICHO, yTO MexaHu3M DpeHKeNs CpaBeIMB IPH BEICOKUX TEMIIEpPATypax Mo CPaBHEHHUIO CO
BTOPBIM MEXaHU3MOM, KOTOpHI paboTaeT W MpHU HU3KHX TEMIIepaTypax B Cllydyae aTepMHUYECKHX
BO3JelcTBUM Ha ucnbiTyeMblid matepuai. M3 MIIT crnenyer o4yeHb BaKHBIM BBIBOJA: TEXHOJOTHUH,
0OBIYHO BBHITIOIHSIEMBIE TIPH BBICOKUX TEMIEpaTypax, MOXKHO MPOBOIUTH NIPHU HU3KUX TeMmIepaTypax!
OTo 1aéT HEe TOJIBKO OTPOMHBIM BBIMTPBIII B SHEPro3arpare, HO M BO3MOXKHOCTH CO3JaHHsI HOBBIX
TEXHOJIOTHiA!

[Ipu cOommkennn aTroMoB oOpazoBaHue (Ha mpuMepe 4-0i TPYIIIBI CUCTEMBI) THOPHIU3UPO-
BaHHBIX OpOHWTaJed M JanbHEHIIee WX pacIleIUVICHHE Ha CBS3BIBAIOIINE W aHTHCBA3BIBAIOIIUE
opOuTaNM, U3 KOTOPBIX MPH AajbHEHIIEM CONMKEHUH aTOMOB OOpPAa3yrOTCS CBS3BIBAIOIIME M AHTHU-
cBsi3bIBaromKe 30HbI (puc.3). B quasieKTpUKax | MOJYHIPOBOTHHUKAX 3TH 30HBI pa3/eiieHbl YHEPreTH-
YecKOW WIEeNbl0, TaK Ha3blBAEMOM «3alpeIiéHHOM 30HOI», a B MeTajulax OHU HEPEKpBITHI, HO
SHEPreTHYECKOE pacCcTOsIHUE OT YpoBHA DepMU 0 aHTUCBA3BIBAIOIIECH 30HBI Ha3blBacTCAd «KBa3u
3arpenEHHON 30HOW.

hy

[2331111) [y W
144433444 333332833833
1 233233312 1]
;;;;‘;;;;‘;i fHHEEEES
Temneparypa Cser MHmexuma

Puc. 4. Paziaununbie MeToabl co3aanusgs AKY

Axagemuk MBepu [lpaHrumBuiv MpUBOAWT OOJIBIION TepeueHb SIBICHUH, B TOM YHCIIE
ourmansHO OTHOCAIIMXCS K MeTadusuke [1], koTopbie He MOTYT ObITh OOBSCHEHBI CYIIECTBYIOIIUMHU
napagurMaMy ¥ CTaHAAPTHOW (PU3MKOM, MO3TOMY, 1O €ro yOeAeHUI0, Heo0Xoauma «HoBast pu3nka»
W HOBBIE NMapajurMbl. B oTIrunu 0T GONBIIMHCTBA KPYIHBIX TMpeJICTaBUTENeH OQHUIMAILHONW HAYKH,
K YHCITy KOTOPBIX NPHUHAAIEKUT U OH, Akanemuk Mpepu [IpaHrumBunm He OTPUIAET TENENATHIO,
TEJIEKMHE3, TeJNeNopTaltio, CYLIECTBOBAHWE IYIIM, 3arpoOHYIO0 JKW3Hb, HHTYHLHUIO U Jpyrue
napaHOpMalbHbIE SBJICHUS, KOTOPbIE HE MOT'YT OBITh OOBSICHEHBI YE€THIPbMSI IPUHATHIMU CTaHIAPTHOM
(bu3NKON B3aMMOJICHCTBUSAMU. 3HAYUT JOJDKHO CYIIECTBOBATh MHHUMYM €Ille OJIHO, TIOKa HEeU3BeCT-
Hoe B3aumozericTeue. H. BoOpoBsIM 00HApYKEHO HEU3BECTHOE, JUCTAHIIMOHHOE BO3/CHCTBUE HEKU-
Boil MaTepuu Ha xuByI0 [10]. OHn oGnyyanu ceMeHa pacTeHHUH CBETOM, M OHU IPOPACTAIH 3HAYH-
TeIbHO ObIcTpee, yeM HeoOny4dé€HHble. [loToM ceMeHa TOMECTHIM B HENPO3padyHbIM IS CBeTa
KOHTEHHEp W OISATh OCBETHIH. DPPEKT ocTaics MpekHUM. 3HAYHUT, OT UCTOYHHUKA CBETA MCXOAMIIO
HeusBecTHOe Bo3aelicTeue! B KopHennbckom yHuBepcurete (CLLIA) u3ydarotr oOpaTtHOe BO3AEHCTBHE
JKUBOTO HAa HEKMBOE: MBICICHHO 3aCTaBIISIOT OIIMOATHCS KOMIIBIOTED WM HCKPHBISIOT HPSMO-
JUHEWHYIO TPACKTOPHIO AIIEKTPOHHOTO Myd4ka. Kak M3BECTHO, O CYIIECTBOBAHWHU TEJEMATHH IO CHX
1op MAYT cHopbl, HO Ta >xe Tpynna H. boOpoBa co3mana snemMeHT, (haKTHUECKHM WMHUTUPYIOIIUI
MeMOpaHy KIJIETKH, KOTOpas YyBCTBOBaJIa HE TOJBKO BO3/ICHCTBHE TEJIENATOB, HO M OOBIYHBIX JIIOAECH,
Korza oHu O0buTH Bo30yxaeHbl! Teneps o Tenenopranuu. Heckonbko et Hazaz naypear HobeneBckoit
npeMuyd B obOjacTu MeauuuHbl JItok MoHTaHe BMeCTe€ C HMHTEPHAIMOHAJILHON TPYIIONH HCCIemo-
BareJei mpoB&n crnenyrommii sxcepuMert [11]: B omgHO#M npodupke 6butn Monekynsl JTHK, B npyroii
Boa. OHM OBUTH PACIIONIOKEHBI PSIIOM U TOJTHOCTBHIO M30JIMPOBAHBI OT MarHUTHOTO 1o 3emin. Mx
00JIydnII AEKTPOMArHUTHBIMU BOJTHAMHU TakK, 4TO Ha MpoOupKy ¢ mosiekynamu JJHK — wm3nmydyenune
MI0I1a/1aJ10 TIOCHIEe MPOXOKACHUS uepe3 MpOoOHpKY ¢ BOJOW. YK€ uepe3 JIeHb B MPOOHMPKE C BOAOH
nosisuiincek Mosaekynsl JIHK, T.e. mponzomna tenenopranus moiexyn JHK!

Axanemuk Meepm IlpanrumBuim coBmectHO ¢ Iletpom l'apsieBBIM TpoBeny OdYEHb Ba)KHOE
UCCIIEIOBAHNE, KOTOPOE JIETJIO B OCHOBY CO3/IaHMsSI HOBOW I€HETHKH, TaK HA3bIBAEMOM BOJIHOBOW WM
KkBaHTOBOM renetuku. ['pynma I1. ["apsieBa oOnapyxwuma [12], 4To reHbl HCIYCKalOT 3JEKTPOMAarHUTHBIC
M aKyCTHYECKHE BOJHBI M IOIJIONIAIOT MX. B pesymbraTe moiydeHHOH MHGOpMAaKM OHHU COOTBETCT-
BEHHO MEHAIOT CBOIO Iporpammy JeWcTBUs. BbUT MpoOBENEH CIEAYIONIMA 3KCIEPUMEHT: Y 3/I0POBBIX
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KPBIC BBIPE3AIH MOKETYJOUHYIO JKETE3bl U pa3feiiii UX Ha ABe rpymmsl. OfHy U3 HUX B T€UYEHHUE
HECKOJIBKUX JHEeW 00Jydaiau MpeABapUTENbHO 3alMCAHHBIM JIa3epHBIM M3TyYE€HHEM TeHOB 3JI0POBOM
KPBICHI, a BTOpYI0 — HeT. lIpy 3TOM HCTOYHHMK OOJIydEeHUs] HaXOAWICA HAa YNAJICHUH B HECKOJBKO
KuioMeTpoB. Uepe3 HEKOTOpoe BpeMs y KPbIC IEPBOI IPYMIIbI MPOU30LLIIA PEreHepalys JKeJ€3 U OHU
BBI3OpOBeNH. M3 BTOpOi rpynmbl Bce KpbICHI MOruOaM. Beuio Takke OOHapy:KEHO, YTO IOOpHIE U
JIACKOBBIE CJIOBA YJIy4IIAIOT CTPYKTYpPY T€HOB, a 3jble W IpyOble — yXyAlIawooT. Temepb HOHATHO
3HAYEHHE UIMHHBIX, TOOPBIX, XBAJIEOHBIX TOCTOB I'PY3UHCKOTO 3aCTONIbsA!

B cymecrtBoBanne OeccMepTHOW AYIIM YEIOBEKa BEPAT TOJIBKO HMCTHHHBIC BEpYIOIIUE, a
OOJNBIIMHCTBO JIIOJCH M HAayYHBIX paOOTHUKOB HE BEPST, B TOM YHCIIE M HEKOTOPBIC BBLAAIOIIMECS
yuénble. B otnuune ot nmocnenuux, Axazemuk VBepu IIpaHrumBuig He TOJBKO BEpUI B CYILIECT-
BOBaHHWE OECCMEPTHOM MyIIHM, HO W NpPU3bIBaJl K aKTHBHOMY HCCJIEJOBAHUIO 3TOTO BaKHEUIIEro
¢denomena! Bepyromue HayyHble paOOTHUKH J0Ka3aTeIbCTBOM CYLIECTBOBAHUSI OECCMEPTHON TyIIH
CUMTAIOT TO, YTO BCE JIFOAM, MCIIBITABIINE KINHUYECKYIO CMEPTh, CIBILAIN U BUICIN BCE IPOUCXO-
JsiIee BOKPYT MX Oe3AbIXaHHOTo Tena cBepXy. OJHAKO CKENTHKH BO3PaXXKaloT, NPHUIHCHIBAs BCE 3TO
ocobomy cocTosiHHI0 Mo3ra. Ho HeJJaBHO cTaio M3BECTHO OYEHBb Ba)KHOE SIBICHHE: KOT/Ia KOCMOHAB-
TOB TPEHHUPYIOT Ha BBIOEPKKY K OOJBIIUM YCKOPHUTENBHBIM HAarpys3kam, MpH AOCTHXKEHHUHU ONpene-
NEHHBIX CKOPOCTEH KOCMOHABTHl HAYMHAIOT BHJETh CBOW 3arTbulok! OToT (hakT, BMecTe cC
OTKPOBEHUSIMH MHOTMX M3BECTHBIX HCCIIeoBaTeNel YeI0BeUeCKOro MO3ra, B TOM YKCJE BBIJIAIOLIETO
Helpoxupypra arercra [leHpunbaa, 4TO «MO3T 3TO KOMIIBIOTED, a YIPABISAETCS OH M3BHE», HA HAIl
B3IJISAT, SIBJISIETCS] OECCIIOPHBIM JOKA3aTEIbCTBOM CYILIECTBOBAHMS AYILH.

Usepn IlpaHrumBuig akTUBHEWIIMM OOpa3oM 3aHUMAIICS W3yUCHHEM pa3BUTHS oOliecTBa U
HpI/IIHéJ'I K BbIBOAY, 4YTO TeXHUYECKUN mporpecc HEJIb3d OCTAaHOBUTb, HECMOTpSA Ha TO, YTO OH
OTPHLIATENIFHO BIMSET Ha KU3Hb YeJIOBEKA. BbIX0oa OH BHIEN B JyXOBHOM BO3BBILICHUH OOIIECTBA.

Hcxons ToNpKO M3 BBHIMIETIPUBEAEHHOIO MaTepuaa, H3BECTHOTO aBTOpPaM TaHHOTO COOOLIeHuS,
MOXHO YK€ CMECJIO CACIaThb BBIBOA, 4YTO AKaILCMI/IK I/IBepI/I HpaFI/IHIBI/IJII/I ABJIETCA HE TOJIBKO
Hay4YHBIM JCATCIIEM BBICOYAMIIETO KJj1acCa, HO U MOIIHBIM MBICIUTEIICEM COBPEMCHHOCTH.
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SUMMARY

IVERI PRANGISHVILI AND THE CRISIS IN MODERN PHYSICS

Gerasimov A.B., Vepkhvadze M.T. and Gorgadze K.M.

Georgian Technical University

Iveri Prangishvili’s prediction about the necessity in “new physics” and the paradigm about the structure of the
world for the further progress of science is justified. Based even on the available for the author materials about
I. Prangishvili’s diverse research activities up to metaphysics, it is shown that Academician Iveri Prangishvili
was a great thinker of our time.

Keywords: intuition, crisis, science, paradigm, physics.
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ON THE PROBLEM OF SYNTHESIS OF LC-CIRCUITS WITH PREDEFINED
RESONANCE FREQUENCIES

Prangishvili A.l., Milnikov A.A. and Rodonaia 1.D.

Georgian Technical University
LEPL Rafiel Dvali Institute of Machine Mechanics, Georgian Technical University

Abstract. Based on theearlier developed modified intermediate problem method a relationship between the
eigenvalues (proper frequencies) of impedances of separate branches of the circuit and loop impedances is
established. A simple technique of separating the roots of characteristic polynomials was elaborated. A conception
of conservativeness of eigenvalues is introduced: an eigenvalue of the zeroth order is called i-conservative if it is
preserved when the i constraints are imposed and vanishes when the i + 1 constraints are imposed, and an
eigenvalue is called conservative if it is preserved when the n-k constraints are imposed, i.e. it is the eigenvalue of
both a pure loop circuit and a finite k-loopcircuit.The finite steps recurrent process of intermediate problems
methodology was determined. The latter leads to new results concerning the multiplicity of LC-circuit eigenvalues,
and to a new approach to the synthesis of circuits with a given range of eigenfrequenciesby means of simply
choosing the required number of elements (impedances) of the same kind in primitive circuits.

Keywords: eigenvalues, electrical circuit, pure-loop circuit, pure-node circuit, orthogonal circuits, intermediate
problems, roots multiplicity, eigenvalues conservativeness.

1. Introduction and Problem Formulation

We have firstly to state shortly the basic conceptions of the tensor theory of electrical circuits [1]
and some our previous results connected with the theory [3-5].

Four types of circuits (introduced by G. Kron [1]) are used in this paper: pure-loop, pure-node,
orthogonal and primitive. The first one is a circuit that consists only of loops, on the contrary, a pure-
node circuit consists only of node pairs, orthogonal circuits are ordinary circuits with both loops and
node pairs and a primitive circuit is a circuit consisting of disconnected branches, in each of which L
and C elements are connected in series [1].

The pure-loop circuit can be easily obtained from an ordinary, i.e. orthogonal circuit: if we have
a k loop circuit, then we should short-circuit n-k= m-1node pairs. However, in the case of node
analysis leading to pure-node circuits, we are to do a dual operation: to open k loops.

In [3-5] it was shown that, to each circuit, one can assign two pairs of conjugate linear vector

spaces HL", HL, and CL", CL, one of which has a homological origin, while the other one—

cohomological one. Four spaces generate two pairs of conjugate variables e, i and E, 1. In addition,
invariance of input (homological) and output (cohomological) powers was proved. The latter allowed
us to substantiate a tensor model of the multiloop electrical circuit. From this point of view, one can
consider the mesh current method as the tensor form of Ohm’s law written for k-dimensional

homological spaces HL* and HL,, while the node voltage method is the tensor form of Ohm’s law

written for m — 1=n-k-dimensional cohomological spaces CL"*and CL, .. The kinetic (magnetic)

energy of the circuit is a bilinear form to which there corresponds a twice-covariant inductance (mass)
tensor. The potential (electric) energy of the circuit is a bilinear form to which there corresponds a
twice contravariant capacitance (elasticity) tensor [3-5].

Another result important for the following is that, to a given primitive circuit, one can assign the
group G of transformations C (A), which completely describes all possible kinds of pure-loop circuits
(pure-node circuits), can be obtained from the initial primitive circuit.

Hereafter we use the notation for eigenvalues A , which is equal to the second power of angular
frequency A = o” .

The problem associated with the synthesis of multiloop LC-circuits with predefined resonance
frequencies (eigenvalues) is one of the most demanded in developing of different modern digital and
analog communication devices. With this in view, various methods are used, but the majority of them
are complicated and time-consuming. The objective of this paper is to present a new approach to the
problem of synthesis of multiloop LC-circuits with predefined resonance frequencies based on the
Modified Intermediate Problems method [4-5] and G. Kron’s conceptions [1].
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The method under consideration is based on both the tensor model of multiloop electrical
circuits and our previous results of modification of the Weinstein’s method of intermediate problems
for multiloop electrical circuits analysis.

2. Basic Part
2.1. The Weinstein function for electrical oscillatory systems
Let us transform the initial K-loop circuit to a pure-loop circuit by shorting the n- k node pairs.

To this circuit, there corresponds the n-dimensional operator Z . Moreover, we have a primitive
circuit to which there also corresponds the n-dimensional operator Zp, which matrix is diagonal with

the diagonal entries Al —1/c (=1, 2,..., n).
The matrices Z™ and Z are related through
Z™(w)=C"Z,(w)C, (1)
where C is the nxn matrix of transformation of the initial primitive circuit to the connected pure-loop

one.
Similar to (1), one can write down a transformation for pure-node circuits

Y (@)= ATY, (@)A (1)
where A is the covariant tensor connecting the conductance tensor Y, (@) of the primitive circuit with

the tensor Y ™ (@) of the orthogonal pure-node circuit.

It was shown that the tensors A and C were related by [3]

AT =C™. (2)

The latter leads to

Proposition 1.The determinant of the conductance node matrix of an arbitrary k-loop LC-
circuit is the Weinstein function for the loop impendence matrix of this circuit, and vice versa.

In addition, an important result for the subsequence considerations is

Proposition2.All pure-loop circuits contained in the group G, of the initial primitive
circuit possess pairwise equal eigenvalues equal in their turn to the eigenvalues of the primitive
circuit.

Note that these eigenvalues are equal to 4, =1/1,c* i=12,...,n.

The above reasoning was carried out using the terms of the method of loop currents. The same
can also be done in terms of node voltages. We omit the consideration of the case because of lack of
space, but note that in this case the admittance tensor Y " should be used.

Proposition 2 implies that, in the method of intermediate problems, we should consider either a
pure-loop circuit or a pure-node circuitas basic problems, because the eigenvalues are likewise easily
calculated. As the basis operator, we should consider the impedance tensor Z ™ of a pure-loop circuit
(the admittance tensor Y ™ in the case of a pure-node circuit). Consecutive imposing of constraints on
the pure-loop circuit generates a sequence of respective intermediate operators Z "™,z 2 . z® |

Further, we proceed from the fact that the operator Z "™ can be obtained from the operator Z ™
by opening successively the n-k short-circuited node pairs of the pure-loop circuit, which is equivalent
to imposing the n-k constraints.

If one numbers all n loops so that fictitious n-k loops would get the last n-k numbers, then the
opening of the j-th loop obviously leads to the constraint equation

i;=0 3)

To this equation, there corresponds the constraint vector p;=(0; 0; ...; 1; ..., 0), where 1 is in the
jth position. Thus the k-loop circuit is obtained from the corresponding pure-loop circuit by imposing
successively (or simultaneously) the n-k constraints to which there correspond n-k mutually
orthogonal, unit basis constraint vectors p.

From the geometric standpoint, the process of imposing the r constraints corresponds to the

transformation of the operator Z ™to its part Z "™, which is defined on the subspace LH"™" of the
space LH". Now we can obtain the concrete representation of the part of the operator Z ™.
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Proposition 3. The operator Z ™" which is part of the operator Z ™ and defined on the

subspace LH""is represented in the coordinate from as a principal submatrix of order n-r of
the matrix Z ™.

We omit the proof of proposition 2 that can be found in [3].

Thus, when constraints of type (4) are successively imposed on the pure-loop circuit, we obtain
a number of intermediate problems on eigenvalues for a chain of operators

Z(n—l),z(n—Z)’___’Z(k) o)

each of which is, in coordinate terms, a principal submatrix (of one order less) of the preceding
operator.

Let us denote the Weinstein’s function W ®" (1) obtained by imposing simultaneously the r

constraints on the basis oscillatory system and call it a function of the r-th order. In case one constraint
is imposed successively, there arise intermediate Weinstein’s functions for which we use the
notationW "™" (1), which means that one more constraint has been added after imposing the r-1
constraints on the system. At that, the number of degrees of freedom of the oscillatory system (the
number of independent loops or node pairs of the electric circuit) has decreased by one: before and
after imposing the r-th constraint this number is equal to n-(r-1) and n-r, respectively. The relation of
intermediate Weinstein’s functions with the Weinstein’ function of the r-th order is defined by means
of Aronszajn’s equation [6]
WO (1) =W (W2 (1)..W T (1), Q)

that reflects the process of a successive imposition of r constraints.

We know that the determinant of the node conductance matrix is equal to the sum of products of
conductance values of the branches of each tree of the circuit graph [3]. Hence it is obvious that

‘A:_kYD (A)An_k‘ can be represented by such a sum. The number of trees of the graph (the number of

summands into which the determinant ‘AL(YD (A)AH‘ decomposed) is not difficult to define if we

calculate this determinant for all branch conductance values equal to one. The resulting natural
number is equal to the number of graph trees. The number of cofactors of each summand is equal to
the number of node pairs of the considered circuit. The latter conclusion follows from the definition of
the tree as a set of branches connecting all the graph nodes, but not forming any closed loop.

Each summand of the determinant ‘AI_kYD (/I)Ah_k‘ can be represented as the product of the

inverse values to the branch impedances: ii 1 | where m=n-k+1 is the number of circuit node
z, 7; z,

] I2 Im

pairs. Thus we obtain
11 1
—_—.—, (6)

7. 7. Z.

ipdy Ziy Zi, in

‘AI-kYo (A)An—k‘ =

where the sum is taken over all trees of the considered graph.
The common denominator of (6) is obviously the product of impedance values of all trees, i.e.

z,(A)..z,(A4), while the numerator of each summand is the product of k impedance values of
branches not contained in the considered tree, i.e. the product of branches that complement the concrete

tree to make it a graph. This means that the numerator of (6) contains the sum of polynomials of the k-th
order (since each impedance is a polynomial of first order) which gives the polynomial of the k-th

order P¥ (1) the roots of which are equal to the eigenvalues of the considered k-loop circuit. The

polynomial P*(A)is therefore the determinant of the loop conductance matrix Z of this circuit. The
roots of the denominator (which is a polynomial of the n-th order) are both the poles of the Weinstein’s
function and the eigenvalues of the corresponding pure loop circuit, since it is obvious that

2,(A)..2,(A) =|C"Z, (A)C| = 2™ (4)

i.e. the latter production is in its turn the determinant of the loop impedance matrix of the
primitive or the pure loop circuit (the latter two determinants differ from each other only in constant
cofactors that do not affect the root values).
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The above arguments actually prove

Proposition 4. The Weinstein function W " (1) of the r-th order defined for a linear circuit
is the relation of the determinants: 1. of the n-r-loop circuit obtained by imposing r constraints
on the pure-loop circuit and 2. of the basis (primitive) circuit:

winggy - B =D =28, -2) 2
(A7 =2 =2 =2) [Z5(2)
The intermediate Weinstein’s function is equal to
W=D DR -0 0 @
(iiifl) _l)(i(zifl) —i)...(ﬂ(ifl) ) _/1) Z(”’M) (/1)‘

n-(i-!

W i-1,i (i) _

where Z(" (1) is the loop impedance matrix of the n-i-loop circuit, Z™"* (1) is the loop
impedance matrix of the n-i+1 loop circuit.

Using (7), one can easily obtain Aronszajn’s formula (5). Indeed, we can write the product of
intermediate Weinstein functions in the form

(n-1) (n-2) (n~(r-1)
Wo,lul_wrfl,r(ﬂ):\z W] [z [z B @) 270 =2 @ =wOr ().
‘Z(n)(ﬂ)‘ ‘Z(n—l))(i‘ ‘Z(n—(l—Z))(ﬂ‘ ‘Z(nf(m))(/l‘ ‘Z(n)(/l)‘
In the general case, the proof of the Aronszajn relation is rather difficult, while for electric

circuits it is a simple corollary of Proposition 4.
The above reasoning can be paraphrased for the dual (cohomological) model of a circuit.

2.2 Roots separation and multiplicity

It is obvious that, when the i constraints are imposed on the pure loop circuit, we obtain new
eigenvalues, which allows us to introduce
Definition 1.The eigenvalues of the basis oscillatory system are called the eigenvalues of the
zeroth order (they correspond to the operator z™ (1)), while eigenvalues obtained by imposing

the i constraints on the pure loop circuit (they correspond to the operator z®(2)) are called
the eigenvalues of the i-th order.

It is obvious that, in the light of the introduced terminology, the eigenvalues of the considered k-
loop circuit are the eigenvalues of the n-k-th order (they correspond to the operator z* (1) ). Thus, to
each k-loop circuit, there correspond the n-k series of eigenvalues
AW A 20D A0 A0 A0 (the last n-k-th series consisting of eigenvalues in the
conventional sense)

Note that the eigenvalues of the zeroth order A™,..., A™ are in fact the eigenvalues of individual
impedances that make up the k-loop circuit and therefore in the general case the notion of an
eigenvalue of the zeroth order does not coincide with the notion of a partial frequency. However, the
eigenvalues of individual impedances are partial frequencies for the pure loop circuit.

Also note that the presence of multiple eigenvalues of thezeroth order testifies to the existence of
groups of impedances of the same kind in a primitive circuit, the number of elements of each group
being equal to the corresponding multiplicity.

Using Rayleigh’ theorem, one can prove

Proposition 5.The eigenvalues of the operator A (1) separate the eigenvalues of the
operator z® (2).

Indeed, the operator Z (=) (A) is obtained from the operator z® (1) by imposing one constraint

(by opening one fictitious loop). By Rayleigh’s theorem, this means that the eigenvalue of both
operators satisfy the inequalities

—i —i+1 —i
/1(]-” i) Sﬂ,(jn i+1) Sﬂ’(jrlll) (8)
Q.E.D.

From Proposition 5, it follows that the eigenvalues of the k-loop circuit ( theeigenvalues of order

n- k) and eigenvalues of the corresponding pure-loop circuit (eigenvalues of zeroth order) are related
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by the inequalities (this case corresponds to imposing simultaneously or consequently the k
constraints)

A0 < 400 < 400 9)
I | - =
Inequalities (8) and (9) provide a simple technique of separating the roots of characteristic
polynomials of operators z® (1), which enables us to construct a simple effective algorithm of

defining a full range of eigenvalues of an arbitrary LC- circuit with a great number of degrees of
freedom (with a great number of loops) [xxx].

It should be noted that, unlike the traditional approach consisting in attempts to connect
eigenfrequencies and partial ones, inequalities (8), (9) and the expression obtained for the Weinstein
function (Proposition 4) make it possible to connect eigenfrequencies of individual impedances with
those of the k-loop circuit.

A question naturally arises: what happens to eigenvalues in passing from the operator z® (1) to
the operator 79 (1) ?

The answer is provided by the Aronszajn’s lemma: when one constraint is imposed, the
eigenvalue either may be preserved (and even its multiplicity may increase) or vanish (the latter
corresponds to the case when the initial multiplicity equal to one decreases by one) [6].

This reasoning leads to

Definition 2.The eigenvalue of thezeroth order is called i-conservative if it is preserved

whenthe i constraints are imposed and vanishes when the i + 1 constraints are imposed. The

eigenvalue of the zeroth order /1(1-“) is called conservative if it is preserved when the n-k constraints

are imposed, i.e. it is the eigenvalue of both the pure loop circuit and the finite k-loop circuit.

A corollary of the definition 2 is

Proposition 6.Eigenvalues of the zeroth order of the pure loop circuit (of the basis
oscillatory system), the multiplicity r of which is greater than the number of node pairs m=n-k-1
in the k-loop circuit, are conservative.

Indeed, by Aronszajn’s lemma, when the i constraints are imposed, the multiplicity r of the
eigenvalue may decrease by i at most and therefore for i=n-k and r>(n-k), where n-k is the number of
node pairs in the initial k-loop circuit, the corresponding eigenvalue of the zeroth order is preserved a
priori and, at the same time, it is the eigenvalue of the k-loop circuit of interest. The latter implies that
this eigenvalue is conservative, Q.E.D.

Proposition 6, seemingly so simple, proves to be rather effective, since, when the primitive
circuit has a sufficiently great number m of equal impedances (recall that their number is equal to the
multiplicity of the eigenvalue of the zeroth order), there is no need to calculate the corresponding
eigenvalue of the k-loop circuit — it is enough only to verify the fulfillment of a simple inequality r>
(n-k). The latter circumstance can be used in the synthesis of circuits with a given range of
eigenfrequencies by simply choosing the required number of elements (impedances) of the same kind
in the primitive circuit.

3. Example
In the Figure is shown a circuit, and in Table 1 its loop matrix is given.

A Circuit with n=7 branches, k=5 loops and m=3 nodes
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Table 1
1 2 3 4 5 6 7
1 1 1 0 0 0 0 0
2 0 -1 1 0 1 0 0
3 0 0 -1 -1 0 0 0
4 0 0 0 0 -1 1 0
5 0 0 0 0 0 -1 1
Table 2
112|134 |5]|6]7
L; 2|12 |2 |4 |5 |6]|7
1/G; 41 4| 4 (16|25 36 |49
2 =1/l.c’ 212|245 |66
1 1
Table 3
112|3|4|5]|6]|7
L; 2| 2|22 |5 |6]|7
1/C; 41 44 4 25]36]49
1 =1/l¢c 212|122 |5 |66
1 ]
Table 4
Calculated Eigenvalues (Characteristic
Case Roots) of the Circuit (the Figure)
Table 2 2.0 3.0 4.1 5.6
Table 3 2.0 2.0 3.8 5.6

The values of branch inductances and the inverse values of capacitors are given in Tables 2 and
3. One can see that, in the first case (Table 2), there are 3 equal eigenvalues (branches 1 through 3) in

the initial primitive circuit containing 7 disconnected branches, that is the root A, = 2 has multiplicity

r=3, which is bigger than the number of node pairs m=2 of the circuit (the Figure). From Table 4, one
can see that this characteristic root is still present in the final set of roots that is the root is conservative
(Definition 20. Similarly, if we take primitive roots multiplicity equal to 4 (Table 3, branches 1
through 4), the root A, = 2 turns to be also conservative, but now with multiplicity r=2 (Table 4).

Finally, we have to outline that Proposition 6 gives only a sufficient condition for the
conservativeness of eigenvalues. It means that, in special cases, there exist multiple conservative
eigenvalues even when the conditions of proposition 6 are not met. We will discuss it in subsequent
publications.

4. Conclusion

A relationship between the eigenvalues (proper frequencies) of impedances of separate branches
of the circuit and loop impedances is established.

A simple technique of separating the rootsof characteristic polynomials was developed. A
conception of the conservativeness of eigenvalues is introduced: the eigenvalue of the zeroth order is
called i-conservative if it is preserved when the i constraints are imposed and vanishes when the i + 1
constraints are imposed, and the eigenvalue is called conservative if it is preserved when the n-k
constraints are imposed, i.e. it is the eigenvalue of both the pure loop circuit and the finite k-loop
circuit. The finite steps recurrent process of intermediate problems methodology was determined. The
latter leads to the new results concerning the LC-circuit eigenvalues multiplicity, and to a new
approach to the synthesis of circuits with a given range of eigenfrequencies by means of simply
choosing the required number of elements (impedances) of the same kind in primitive circuits.
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PE3IOME

O IMPOBJIEME CUHTE3A LC-CXEM C 3AJAHHBIMHA PESOHAHCHBIMHU YACTOTAMUA
Mpaarumeuau A.U., MeuibauKOB A A., Potonas U.JI.

I'py3uHckunii TeXHMYECKUI YHUBEPCUTET

HucruryT Mexannku Mamud uM. P. /IBanu I'py3uHCKOro TeXHHYECKOT0 YHHBEPCUTETA

Ha ocHoBe panee pa3pabOTaHHOTO MOAUGHUIIMPOBAHHOIO METONA MPOMEKYTOUHBIX MPOOJIEM YCTAHOBJICHO
OTHOILIEHHE MEXIYy COOCTBEHHBIMH 3HAYCHHSMHU (COOCTBEHHBIMH YAcTOTaMH) UMIEIAHCOB OTHAEIBbHBIX BETBEH
CXEMBI U TIOJIHBIM CONPOTHUBIICHHEM KOHTypa. Pa3paboTaH MpocToil Coco0 OTHENCHHS KOPHEH XapaKTEepHOIro
nonuHOMa. BBOIUTCS KOHIENIINS KOHCEPBaTHBHOCTH COOCTBEHHBIX 3HAYCHHUI: COOCTBEHHOE 3HAUCHHE HYJIEBOTO
MOPS/IKA HA3bIBACTCSI I-KOHCEPBATUBHBIM, €CJIM OHO COXPAHSETCS MPU HAJIOKCHUH | OrpaHHYCHHUN U MCYE3aeT NpH
HaJIoKeHUH I+1 orpaHuYeHui, 1 COOCTBEHHOE 3HAYCHHE HYJIEBOTO MOPSAKA HA3bIBACTCS KOHCEPBATHUBHBIM, ECITH
OHO COXPAHSETCsI P HATOKEHUH N-K OrpaHUYeHUIA, T.€. TO COOCTBEHHOE 3HAUCHUE U YUCTO KOHTYPHOU CXEMBI, 1
KOHEYHOW K-KOHTypHOU cxembl. OrmpeeneH peKyppeHTHBIA MPOLECC KOHEYHBIX I[IArOB  METOAOJIOTUH
MIPOMEXKYTOUHBIX 3amad. llocAenHuii BeleT K HOBBIM pe3yjbTaTaM, KacaloUIUXCS MHOMECTBa COOCTBEHHBIX
snaueHuit LC-cxeM, U K HOBOMY MOIXOAY K CHHTE3Y CXEM C 3aJaHHBIM JHANa30HOM COOCTBCHHBIX 3HAYCHHIA
MIPOCTHIM MyTEeM BBIOOpA YKCIIa SIIEMEHTOB (UMIIEIAHCOB) OHOTO BHJIA B DJIEMEHTAPHBIX CXeMaX.

KiawueBble c1oBa: COOCTBEHHBIC 3HAYCHUS, DJICKTPUYECKAs CXEMa, YUCTO KOHTYPHAs CXEMa, YHCTO y3JIOBas
CcXeMa, OpTOTOHAJILHBIE CXEMbI, MHOXXECTBO KOPHEH, KOHCEPBATUBHOCTh COOCTBEHHBIX 3HAUCHUH.
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SUMMARY

ON SIMILAR PROBLEMS FOR A NON-NEWTONIAN CONDUCTING FLUID WITH
CONSIDERATION FOR HEAT TRANSFER

Kekenadze M.G. and Tsitskishvili Z.A.

Georgian Technical University

The paper deals with the movement of a nonconducting plate in the power-law non-Newtonian fluid in the
absence of an electrical field. Similar solutions for the given problem with consideration for the heat transfer and
blowing in the plate were found.

Keywords: non-Newtonian fluid, moving plate, power law, heat transfer.
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QUANTITATIVE EVALUATION MODELS OF THE STRUCTURAL RELIABILITY OF
COMPLEX SYSTEMS

Tsiramua S.G. and Sulkhanishvili S.V.

The University of Georgia

Abstract. The work deals with logical-probabilitymethods of quantitative evaluation of the structural reliability
of complex information-communicational systems. As an example, there is considered a structural scheme of a
computer network, and its performance features are described with a disjunctive normal form of a logical
function. Using the orthogonalization method, the disjunctive normal form is brought to the orthogonal
disjunctive normal form. This orthogonal disjunctive normal form allows us to replace logical elements of the
system with the probabilities of non-vulnerable performance of the elements, and logical operations with
mathematical operations. As a result, we have the polynomial of quantitative evaluation of structural reliability
for the given computer network. By entering the variable values of the probabilities of non-vulnerable
performance of the elements in the polynomial, we analyze the structure of the system. The methods described
in the work give us an opportunity to select the system with a rational structure and high reliability from different
configurations of the system, which is highly important while designing the complex structures of the system
with multiple elements.

Keywords: complex system, structural reliability, quantitative evaluation, disjunctive normal form, orthogonal
disjunctive normal form.

Information-communicational systems belong to the class of complex structural systems. In
the process of the analysis and estimation ofthe efficiency performance features of the system such as
reliability, stability, viability and safety, it is important to develop an adequate mathematical model.
The features listed above depend on the reliability of the constituent elements of the system,
connections among them, the system performance mode, etc.To design a trustworthy system and a
rational structure, it is essential to have the quantitative evaluation of thefeatures like structural
reliability.Since the logical scheme of thecomplex structural systemcannot be represented as a linear,
parallel or linear-parallel scheme, to develop a mathematical model for the estimation of structural
reliability, it is necessary that, at the initial stage, the system capacity conditions were described.

The system capacity conditions can be described in different forms:

e verbal;

e graphical (with a system structural scheme);

o formalized(e.g. with logical or probability functions)

The verbal description of the system capacity is the most common and simple form. However
it is quite labor-consuming, also insufficiently visible and not accurate enough.

The graphical description by means of the system structural scheme is more visible, yet
defective and incomplete.

The formalized description using logical functions is the most complete, comprehensible and
homogeneous form, it was presented in the previous paper.

While researching the reliability of complex structural systems, it is rational to describe the
system capacity condition using all the methods given above, so as to balance and compensate for the
drawback of each method.

Logical-probability functions are used for the formalized description of the system capability,
as they are the most convenient and distinctly describe the system performancemode.

All constituent elements of the system are marked as X; , where:

1 if x  the element is effective
0,if x, the element is non-effective
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According to the given condition, X; marks the effectiveness of the | element, while X, marks
its vulnerability.

Specific definitions of binary variables X, X,,...,X;,...,X_ define the system vector.

X= (Xl, X yee X ,...,Xm). At the same time, it is implied that the system performance depends
determinately on the behavior of the constituent elements of the system.The logical-algebraic function,
which connects the elementstatus to the system status, y(Xl, ) SIS SETTTE o ) = y(x) is called the

system capacity function.Every logical-probability function written through a conjunction or a
disjunction is a monotonous function.

The capacity functions of the monotonously structured system can be written through the
shortest routes of functioning and with the minimal amount of intersections.

The shortest routeto the system functioning is the conjunction of constituent elements, where
none of them can be removed, so that the system functioning condition was not infringed.Such a
conjunction can be written through the logical-probability function:

K] = A Xi
ieHKj

where Kn. is the set of element numbers of the shortest route to the functioning of the system.

In other words,the shortest route to the system functioning describes one of the possible
independent options of tasks given to the system with the help of a minimal amount of effective
elements, which is necessary for the performance of the specific option of the task given to the
system.

Theminimum intersection of system wvulnerability represents such a conjunction of vulnerable
elements where none of the elements can be removed so that the failure condition was not
infringed.Such a conjunction can be written through the logical-probability function:

Ss= A X

iEKsj
where KSj is the set of element numbers of the minimal vulnerability of the system.

In other words,the minimum intersection of the system vulnerability represents one of the
infringements of the system capacitywith a minimal amount of vulnerable elements.
It does not matter how complex the system is, every system has a definite amount of the shortest
routes to functioning and a minimum probability of vulnerability as well. Using the given concepts, it
is possible to describe the system capacity in different ways:
1. through the disjunction of all possible options of the shortest routes to functioning:

Y(le--’xm): I\d_/lnl = \d/|: /\ Xi:|

1=] i€K|
2. through the conjunction of rejection of minimal intersections of all possible vulnerabilities:
3.
n n
X, . X )J=AS = Al Vv X
yx ) ] ek

We can represent the system capacity condition with a structure of parallel routes to functioning
or a linear connection of minimal occurrences of vulnerability.
For example, let us analyze the structural scheme of a computer network (Fig. 1.)
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Fig. 1 Structural scheme of a computer network

The following condition of the system capacity described in the form of a logical-algebraic
matrix looks like

X, Xy X5 X4 Xs
X, X Xg X6 X5
X, Xy X5 Xg Xg
y(xl,,_,, X21) _ X X5 X5 Xg Xg Xq 9 X1 1
X X1o%13%4%s5
X1 X12X13X14X15X16 %17
X X12X13X1g%19

X1X12X13X18X19X20X21

It is obvious that the above-given system is in the full functional mode, when every functional
route is inorder. If any of the routes fails, the system will switch to the partial functioning mode. When
none of the routes is functioning, the system is in the vulnerability mode.

The logical-probability method of orthogonalization is used for the quantitative evaluation of
the structural reliability of the system. The method gives us an opportunity to get the orthogonal
disjunctive normal form:
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X1 Xo X3 Xz Xsg

X1 Xp X3 X4 Xg X7

X1 Xp X3 X4 X5 Xg X7

X1 Xp X3 X4 Xg Xg Xo

X1 Xp X3 X4 Xg X7 Xg X

X1 Xp X3 X4 X5 Xg Xg Xo

X1 Xp X3 X4 X5 Xg X7 Xg Xo

X1 Xlz X12 X13 X4 X5

X1 Xz X3 X2 X13 Xi4 Xi5

X1 Xz X3 X4 Xg Xg X1z X13 X4 X15

X1 Xz X3 X4 Xg Xg Xg X12 X13 X4 X15

X1 Xz X3 X4 Xg X7 Xg X12 X13 X4 X15

X1 Xz X3 X4 Xg X7 Xg Xg X12 X13 X4 X15

X1 X2 X3 Xy X.5 X.6 Xsg XI12 X13 X14 X5

X1 X2 X3 X4 X.5 X X.8 X.9 X12 X13 X14 X5

X1 X2 X3 Xy X.5 X X.7 Xg X'12 X13 X14 X5

X1 X; X3 X4 X5 .X6 X7 Xg Xg X2 X13 X14 X5

X1 X.2 X12 X13 X14 XI18 X19

X1 X2 XI12 X13 Xia >|(15 X1g Xi9

X1 X2 X.3 X12 X3 X14 XIlS X19

X1 X2 X3 XI12 >|(13 ?(14 X15 X18|X19

X1 X2 X3 X.4 X.G X|8 X12 X13 X4 XI18 X19

X1 X2 X3 X.4 XIG Xg XI12 X13 X4 >'(15 X18 X19

X1 X2 X3 X.4 XIG Xg X.9 X12 X13 X14 X'18 X19

X1 Xz X3 X4 Xg Xg Xg X1z X13 X14 X15 X1 X9

X1 X2 X3 X.4 X X.7 XIS X12 X13 X14 X'18 X19

X1 X2 X3 X.4 G X.7 Xg XI12 X13 X4 >'(15 X1g Xig

X1 X2 X3 X.4 X X.7 X X.9 X12 X13 X14 X'18 X19

X1 X2 X3 X4 XIG X.7 X.8 X9 Xi12 X1§ X14 X15 Xi1g Xig
X1 X2 X3 X4 X.5 X.6 XIS X12 X13 X1a X'18 X19

X1 X2 X3 X4 X.5 X.6 Xg XI12 X13 X4 >'(15 X1g Xig
X1 X2 X3 X4 X.5 Xye X Xy9 X12 X13 X14 XI18 X19

X1 X2 X3 X4 Xls X XI8 Xy9 X12 Xi3 X.14 X15 X1 Xig
X1 X2 X3 X4 Xls Xe X.7 Xys X12 X3 X4 XI18 X19

X1 X2 X3 X4 X.5 Xe X.7 Xg X.12 X13 Xia ).(15 X18 Xi9
X1 X2 X3 X4 X.5 Xe X.7 Xg X.9 X12 X13 X14 XI18 X19
X1 X2 X3 X4 X5 Xg X7 Xg X9 Xi2 X1z X1a X15 Xi1g Xig

i

This orthogonal disjunctive normal form gives us an opportunity to replace the probabilities of
logical elements.It means that for the considered system we can calculate the probability of non-
vulnerable performance.
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P{y =1} = R (R,R,R,R, + R,R,Q,R,R; + R,R,R,QRR, + R,R,Q,QsRR, +
+ RZ RS R4Q5Q6 RB RQ + RZ R3Q4 R6Q7 RS R9 + RZ RS R4Q5 RGQ7 RB R9 + QZ R12 R13 R14 R15 +
+ RZQS R12 R13 R14 R15 + RZ R3Q4Q6Q8 R12 R13 R14 R15 + RZ R3 R4Q5Q6Q8 R12 RlS R14 RlS +
+ RZ R3Q4 RG Q7 Q8 R12 R13 Rl4 R15 + R2 R3 R4Q5 R6Q7 Q8 R12 Rl3 Rl4 R15 +

+ RZ R3Q4Q6 R8Q9 R12 R13 Rl4 R15 + RZ R3 R4Q5Q6 R8Q9 R12 Rl3 Rl4 R15 +

+R,R:Q,R.Q ReQu Ry, Ris Ry, Ry + R RaRQIR;Q; Ry QR R R, Ry +

+Q2 RlZ I:213(214 R18 R19 + R2Q3 R12 R13Q14 R18 R19 + R2 R3Q4Q6QS R12 R13(314 R18 R19 +

+ RZ R3 R4Q5Q6Q8 R12 R13Q14 R18 R19 + RZ R3Q4 R6Q7Q8 R12 R13Q14 R18 R19 +

+ R2 R3 R4Q5 R6Q7Q8 R12 R13Q14 R18 R19 + RZ R3Q4Q6 R8Q9 R12 R13Q14 R18 R19 +

+ R2 RS R4Q5Q6 RSQQ R12 R13Q14 R18 R19 + RZ R3Q4 R6Q7 R8Q9 RlZ R13Q14 RlB R19 +

+ R2 RS R4Q5 R6Q7 RSQQ RlZ R13Q14 R18 R19 + QZ RlZ R13 R14Q15 R18 R19 +

+ RZQS R12 R13 R14Q15 R18 R19 + RZ R3Q4Q6Q8 R12 R13 R14Q15 R18 R19 +

+ RZ RS R4Q5Q6Q8 R12 R13 R14Q15 RlB R19 + RZ R3Q4 R6Q7 QB RlZ R13 R14Q15 R18 ng +

+ RZ RS R4Q5 R6Q7 QB RlZ RlS R14Q15 R18 ng + RZ R3Q4Q6 RBQQ R12 R13 R14(315 RlS R19 +

+ RZ RS R4Q5Q6 RBQQ RlZ RlS R14Q15 R18 ng + RZ R3Q4 R6Q7 R8Q9 R12 R13 R14Q15 R18 R19 +
+ RZ R3 R4Q5 R6Q7 RSQQ R12 R13 R14(215 R18 R19 )

In case of the same reliability of all elements, the probability of non-vulnerable performance
will be equal.

P{y=1}=R, =R(R* +R*Q+R°Q+R*Q* + R°Q* + R°Q” + R°Q* + R*Q +
+R°Q+R°Q*+R'Q°+R'Q*+R’Q*+R'Q° +R°Q°* +R°Q°* +R°Q* +
+R'Q*+R°Q*+R°Q*+R'Q* +R'Q* +R’Q* + R'Q* + R?Q* + R°Q"* +
+R°Q*+R°Q?+R'Q*+R?Q* +R?’Q* +R°Q* + R°Q* + R®*Q* + R’°Q* + R®Q") =
=R(R* +2R*"Q + 2R°Q + 2R*Q° + 4R°Q* + 2R°Q* + R°Q°* +3R'Q%* + 3R°Q* +

+RQ*+ R°Q* +4R'Q* + 6R®Q* + 4R°Q* + R™Q*) = R(R* +2R*(1-R) +
+2R*(1-R)+2R*(1-R)* +4R°(1-R)* + 2R°(1-R)* + R*(1-R)* +

+3R7(1-R)* +3R*(1-R)* +R°(1-R)* + R°(1-R)* + 4R"(1-R)* +

+6R?(1-R)* +4R’(1-R)* +R°(1-R)*)

P{y=1}=R =5R*-4R°-5R® +9R" —5R"” + R*

Let us calculate the probabilities of non-vulnerable performance for different reliability values
of the constituent elements of the system.

Table 1

R=0.95 R=0.96 R=0.97 R=0.98 R=0.99

P {Y = 1} 0.9400900987 0.95363711608 0.9664118222 0.97840235345 0.98960014842

Using the given data, we will build a chart for the probability of non-vulnerable performance (see the
table).
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Fig. 2. Chart for the probability of non-vulnerable performance of the system

As is seen from the chart, the system capacity indicator depends on the probability of non-
vulnerable performance of specific elements. It also depends on the system structure. The higher is the
probability, the higher is the system capacity.

The analyzed logical-probability method gives us an opportunity to evaluate and analyze
complex structures, which finally allows us to improve and rationally design the system structure.
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PE3IOME

KOJIMYECTBEHHBIE OIIEHOYHBIE MOJEJUM KOHCTPYKIIMOHHOM HAJEXHOCTH
KOMIIVIEKCHBIX CUCTEM

Hupamya C.I'., Cyaxannmsuiau C.B.

Yuusepcurer I'py3nn

B cratee paccmaTpuBaroTCs JOTMKO-BEPOSTHOCTHBIE MOJENU KOJUYECTBEHHOM OLIEHKM KOHCTPYKIMOHHOU
HaJIe)KHOCTH KOMITJIEKCHBIX MH(OPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX CUCTEM. B KadecTBe npuMepa paccMOTpeHa
CTPYKTypHasi CX€Ma KOMIIBIOTEPHOM CETH U €€ HKCIUIYyTAlMOHHBbIE XapaKTEPUCTUKHU OIMCaHbl C IOMOILBIO
JTU3BIOHKTHBHON HopMmansHOH ¢opmbel (JH®D) normueckoit Qynkimu. Mcmoms3ys MeTox OpPTOTOHATIHM3AILNH,
JH® mnpuomutcs k oproroHanmpHOil [IH®. DOta oproronamsHas JH® mo3BoisieT 3aMEHHTH JIOTHYECKHE
SIIEMEHTHl CHCTEMBI BEPOSTHOCTSAMH HAIEKHOM pabOTHl AIIEMEHTOB CHCTEMBI M JIOTHYECKHE OTeparny
MaTeMaTUYECKMMU  omepauusMud. B pe3yinpraTe NOAy4YWIM  IOJMHOM  KOJMYECTBEHHOH  OLIEHKH
KOHCTPYKLIMOHHOM HAJEXHOCTU JaHHOM KOMIIBIOTEpHOM ceTu.BBOAsI 3HAueHus BEpOATHOCTEH HaleKHOU
paboTHI 3JIEMEHTOB CHCTEMBI B IMOJHMHOM, MBI aHAJIM3UPYEM KOHCTPYKLHIO CHUCTEMbI. MeTOAbl, OIMCaHHbIC B
paboTe, 1al0T BO3MOXKHOCTh BBIOpAaTh CHCTEMY PALlMOHAJILHOW KOHCTPYKIIMHM M BBICOKOH HA/IEKHOCTH U3 CHCTEM
pa3HBIX KOHQWIypanuid, 4TO OYEHb BAXHO IPH KOHCTPYUPOBAHHM CIIOKHBIX KOHCTPYKIMH CHCTEMBI CO
MHOXECTBOM JIEMEHTOB.

KiroueBble cJI0Ba: KOMIUIEKCHAs CHCTEMa, KOHCTPYKIIMOHHAs HAAEKHOCTb, KOJIMUYECTBEHHAs OLIEHKA,
JU3BIOHKTHBHASI HOpManbHast (hopMa, OpTOrOHAIbHAsI AN3BIOHKTHBHASI HOpMasbHas (opMma.
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SUMMARY

MODERN INFORMATION TESHNOLOGIES IN MODELING OF MARKETING PROCESSES
Okhanashvili M.Sh. and Khartishvili M.P.

Georgian Technical University

The functions of marketing in industry, the urgency of implementation of new informational technologies in this
field and the effectiveness of simulation are discussed. The stages of marketing process modeling and software
applications based on UML technology are considered. The problems of management of contract drawing,
product production planning and accounting are underlined. A model of the Marketing system and the simulation
model algorithm were elaborated. Nowadays modern information technologies and the integrated information
systems, created on their basis, become the irreplaceable tool in providing the achievement of the strategic
purposes and steady development of companies and organizations.

Keywords: marketing processes, information technologies, simulation.
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KOHKYPCHBIE MEXAHU3MBbI PACITIPEAEJIEHUA ®PUHAHCOBBIX CPEJICTB
Jxasaxanze I'.C., I'opruaze J.A., Bypaxananze B.O., XaptumBuiau M.IL., Jlomunanze T.H.
I'py3uHckmii TeXHHYeCKHIi yHUBEPCUTET

B oOnactu ynpaBieHHs CIO0XHBIMUA OPTaHU3aLMOHHBIMU CHCTEMaMH, K KOTOPbIM U OTHOCSITCS
BOIMPOCHI pa3padOTKH IKOHOMHUYECKHX MEXaHHW3MOB oOecrieueHHs 0e30MacHOCTH OT MPUPOAHBIX U
TEXHOJIOTHYECKUX KaTacTpod, MPUMEHSIOTCS] UTPOBBIC IKCTIEpUMEHTHI [1,2].

PaccmoTpuMm HrpoByr0 MoIeNnb Ui OPraHU3alMOHHOM CUCTEMBl (LEHTp, MPEANpPHITUS) Ha
npuMepe KOHKYPCHOTO pacrpenenenus: GuHaHcoBbiX cpencts [3]. B yncio nobeautesneli KOHKYpCOB
BXOJST yYaCTHUKH, UMEIOIINE HaOOIbIINE OoKa3aTeu 3(p(eKTHBHOCTH NCHIONb30BaHHs TPeOyeMoro
ypoBHs Oe3omacHocTH. [loOeanTenu KOHKypca IMOMy4arOT ONPEAETICHHBIH IMPUOPUTET IIPU pacIi-
peneneHnn (UHAHCOBBIX cpencTB. Hamo oTMeTHThH, YTO MpH OpraHM3aliy KOHKYpCa MCHOJHHUTEIN
co00IIal0T B HEHTP HE TONBKO 3asBKY Ha 00beM (MHAHCUPOBAHHUS, HO W OXHIAEMYIO BEIHYHHY
s¢dexTa OT BeINOIHEHUS TpeOyeMbIx MeponpusTuil. [lomyyaercs, 4To 1 TOCTHKEHHUS CBOUX Lieseit
OHHU MOT'YT UTPaTh Ha ABYX BUAAX HH(GOPMALIUH.

Iycte (], - ouenka 3¢pdekTuBHOCTH 3PdekTa I-ro ucronHuTesns; W - OLEHKAa OXKHAAEMOro
I

3¢dekTa i-ro HCOTHATENS; S; - 3asiBKA HA (PUHAHCOBBIC CPEACTBA |-TO HCIIOIHUTEIS

Qi:_l’
S.

2@, %) =2 .

pw; — (@i, %)), ecmu, W, — x(a;, %) > 0,% =,
0,ecnu,w, — y(a;,%;) <0

ITonoxuM, 4TO

g; =

rae X; - KOIMYecTBO (DMHAHCOBBIX CPEJCTB, MOJNy4aeMoe |—M MpeAnpusthem; a; - Kodduuuert,
XapakTepu3yomuii  3QPEKTUBHOCTL HCIOIBb30BaHUsA (DUHAHCOBBIX CPEIACTB | -M TIPEANPUITHEM;
x(@,x) - dynkumst sddekra; g, - pyHkuus wrpada 3a He AOCTHXKEHHE Ox)uaaeMoro sddexra
CPEICTB |-M HCHONTHUTEIEM; £ - KoddduienT mrpada.

Oynkms wrpada HalaraeTcs JIMIIb Ha T€ MPEANPHUITHS, KOTOPbIE TOyYHIN 3allpalIiBaeMble
(uHAHCOBBIE CpelcTBa B MOJHOM oObeme. [loJ KOHKYpCHBIMH MeXaHM3MaMH OyaeM MOHHMAaTh
MEXaHU3MBI pacrpeesieHis (GUHAHCOBBIX CPEACTB, B KOTOPOM NpOLEAypa INIaHWPOBAHHS BKIIOYAET
3Tall ONpeAEICHUSI MHOXKECTBA | HCIIOMHHUTENEH-To0eanTeNneil KOHKypca. DTO MHOXKECTBO COAEPIKUT
HOMepa UCTIONHUTENEH ¢ HAanOOIBIIMMHU OlleHKaMu 3P PEeKTUBHOCTH.

ANTOpPUTM OmNpenesleH!s] MHOKECTBA | TPEACTaBISeTCA CIEAYIONMM 00pa3oM. YTIOpSI0unuTh

OLEHKH 3(PEKTUBHOCTU MPEANpUATHH (; 1o yObIBaHHIO. MHOXECTBO HCHOJNHUTENEH-TI00euTenei
KOHKYpCa €CTh

T ={ik :kSm}, 20e m<n.
M - KOJIMYECTBO UCTIOITHUTENECH;

IMpoueaypa pacnpeaeneHus GUHAHCOBBIX CPEJCTB MOCIIE ONpPEIEIEHNUs MHOXKECTBA TO0EUTE-
Jiel UMeeT BUJL:
S, ecau, 1<i <m
m
X= R—Z:Sik —c(n—-m-2), ecau, i, <m+1
k=1

C, ecmu, m+2<i, <n

Ta¢ ¢ - MUHUMAJIBbHOC KOJIMYCCTBO (bl/IHaHCOBI)IX Cp€ACTB, BBIACICHHBIX HUCIIOJHUTCIIAM, HC BOLICI-
X B YHUCIIO HO6C,Z[HTCJ'ICI>1; R - xonmnyectBo (bPIHaHCOBBIX CpCACTB, UMCIOIIUXCA B LICHTPC.
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B 0c000M MMOJI0KEHHH MPH 3TOM HAXOJUTCS HCIOJHHUTEIL ¢ HOMepoM M+1. Ou sBusercs
JYYIINM CPEM MPOUTPABIIMX KOHKYPC U TIOATOMY IOJYYUT (QUHAHCOBBIX CPEACTB HECKOJIBKO OOJIbINe
yeM c¢. B paccmartpuBaemoil Moaenu MpeAyCMOTPEHO Haka3aHHWE 3a HEJOCTIDKCHHE OXKHAaeMOro
s dekra, moaTOMYy 1ieIeBast GYHKIHS | -TO TPEATIPUSITHS KMEET BUJI:

f~i = fi —0;
WA

f(nx)=xa--1)- i =3, ece v =ap >0

2t ¢, ecnu,w, —Jax, <0

)

B urpe Ba)KHBIM MOMEHTOM SIBIISIETCSI IIPOLIEAYpa ompeeneHus nodexureneii koakypca. Oge-
BUHO, YTO B KXJOW MapTUH KOJMYECTBO MOOEenNTeNel MOXKeET ObITh pazHoe. [leficTBUTENBHO, eclu
LHEHTP NEePBOHAYAJILHO ONpelneNseT MUHHMANbHBIA pa3Mep (UHAHCOBBIX CPEACTB ¢ AJS HCHOIN-
HUTEJCH, He BOLIECIIINX B YUCIO MOOCAMTENEH, TO KOJINYECTBO MOOETUTENICH MOYKHO ONPENEUTh B
COOTBETCTBHH CO CIEAyIONIeH npoueaypoit. M3 yrmopsmoueHHbIX 0leHOK (G (GEKTHBHOCTH BBIOMpAETCS
MaKCHUMAaJILHOE YHMCJIO UCIIOJIHUTEIIEH m, JJI KOTOPBIX CIIPABEAJIMBO HEPABCHCTBO

isik <R-c(n—m) )
k=1

M 9TO YHCIIO M ompenenseT KOJIMIeCTBO NoOeguTeNnel B TaHHOH MapTHH UTPHI.

W3 mpouenypsl onpeneneHus modequTeneii B 00IeM cirydae CIeayeT, 9TO BO3MOXEH CIydai,
Koraa nMECTCs JIMIIb OJWH HO6€I[I/IT€HB KOHKYpPCa, HO U OH HEC IMOJYYHUT 3allpalliIiBa€MOro KOJIM4CCTBa
(MHAHCOBBIX CPENCTB, T.€. HEPABEHCTBO (2) UMEET CIEeIyIOIINi BU

R-c(n-1) < S;
B oTOoM ciyuae moOeauTeseM KOHKypca OOBSBIAETCS MCIOIHUTEND MOJ HOMEPOM | j U emy

oIpeseNseTcs BeCh OCTaTOK (PMHAHCOBBIX CPEACTB.
Jns ueneBoit QyHKIMH paBHOBecHs Hemra cyiiecTByeT BHJ CUTyallid PaBHOBECHUS, KOTOPBIH

omnpejensercs BeaMYnHoW kodpdunmenta p B QyHkuum mTpada (,. Bemumuuna u ompenpenser
CHJIBHBIN mTpad I-ro MpeAnpHATHs, €CIU €My HEBBITOJHO OTKIOHSTHCS OT 3asBICHHOW BEIMYHHBI
oxugaemoro spdekra W ,i =1...,n. B ciyyae cnaboro mrpada NpeanpusTie MOKET OTKIOHUTHCS
OT OIICHKH OKUAaeMOro 3QQeKTa U MIPH STOM BBIUTPATh OOJIBIIE, YeM €CIIi Obl OHO MPHJIEPKUBATIOCH
ycimoBuss W; = ./a;X; .

[MapTust Urpbl TPOBOAUTCS B YEThIpE dTana. Ha mepBoMm 3Tare Y4acTHHKH MTPhl COOOINAIOT B
LCHTP CBOM 3asBKH Ha (MHAHCHPOBAHWE S; M OXMIACMbIA dppekr W OT BIIONHEHHs paboT 10

o0ecrieueHn 0 TpeOyeMoro ypoBHs 0€30MacHOCTH.

Bropoii stan — ompeneneHne y4acTHUKOB-TIoOenuTeneld. Ha »ToM 3rame mEeHTp Ha OCHOBE
3asIBOK ONpE/ICIIIeT YYaCTHUKOB—TIO0eIUTEIeH ¢ HanOOIbIIMMU OlleHKaMu 3()(PEeKTHBHOCTH.

Ha atame pacnpenenenus (TpeTuit 3Tam), IIEHTP HA OCHOBE MOJTYYEHHBIX OIEHOK PACCUUTHIBACT
00beM (pUHAHCUPOBAHUS X; AJIsl y4aCTHHKOB UIDBI.

Ha ueTBepTOoM 3Tane y4acTHUKH, NOJTY4HB CBOH 00beM (PMHAHCHUPOBAHMUSI, IOJACYUTHIBAIOT CBOIO
HeNeByto (QyHKIUIO.

Hwmxe mpuBeneHsl B rpauueckoM BHJIE PE3yNbTaThl MPOBEIECHUS WIPHI JUIS YETHIPEX ydacT-
HUKOB. B Hadame Wrpsl B KaXAbIH MApTUW Ba MOOETUTENs] W JBOE IPOUTPABIIMX, 3asABKH Ha
(uHAHCHMpOBaHME TOYTH B IOJITOpPA pa3a MPEBBILAIOT pacrpenesiemMble GpuHaHCOBBIE cpeacTBa. B
KOHIIC WIPhl CUTYyallusi MeHseTcsl. 3asBKM Ha (UHAHCHPOBAHUE COM3MEPUMBI C BEIUYMHOW pacri-
penensieMbIx ((MHAHCOBBIX CPECTB, YUCIIO MOOeauTeNei KOHKypca yBennunBaercs. Ha puc. 1 mpuse-
JeH rpaduK U3MEHEHU 3as1BOK Ha (PMHAHCHPOBAHUE JIESATEIBHOCTU MO JOCTHXECHHUIO U IOACPKAHUIO
TpeOyeMoro ypoBHs 06€30IacCHOCTH, a Ha pUc. 2 n300pakeH rpadMK U3MEHEHHUs OIICHOK OKHAaeMOT0
s¢dekra NCIOTB30BaHMS 3aNPALINBEMbIX (PHHAHCOBBIX CPEICTB.
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Takum 00pa3oM, KOHKYpC IIpU paclpeieleHHH LEHTPAIM30BAHHOTO (HOH/AA IOBBIIIAET
3¢ (eKTUBHOCTD U 00eCTIeUurBaeT MMoTydeHre HanOoee OJIM3KOM K JOCTOBEPHOU WH(MOPMAITHH.
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SUMMARY

COMPETITIVE MECHANISMS OF DISTRIBUTION OF FUNDS

Javakhadze G.S., Gorgidze D.A., Burjanadze V.O., Khartishvili M.P. and Lominadze T.N.

Georgian Technical University

The paper deals with a game model for an organizational system by an example of competitive distribution of
funds. The competition in the distribution of the centralized fund improves the efficiency and allows getting the
closest-to-accurate information.

Keywords: enterprise, target function, competition, distribution of funds.
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SUMMARY

FINANCIAL ANALYSIS AT A COMMERCIAL BANK

Dvalishvili M.T. and Dvalishvili M.(Mikheil)T.

Georgian Technical University

The paper deals with the financial analysis at a commercial bank. Its role and importance is discussed.
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SUMMARY
APOSSIBILITYOFCONSTRUCTINGANEWSYMMETRICTWEAKABLEBLOCKCIPHERANDAMET
HODOF CALCULATION OF PEARSON’S CORRELATION COEFFICIENT

Julakidze L.E., Kochladze Z.1. and Kaishauri T.V.

Georgian Technical University

The paper deals with a new symmetric tweakable block cipher using the modified Hill algorithm. A possibility
of constructing such a cipher and a method of calculation of the Pearson’s correlation coefficient between the
text and the ciphertext are discussed.

Keywords: tweakable block cipher, Hill algorithm, correlation coefficient.



46 LIISANIIR bS06IN6H (™ LOSbSLI6(, GEORGIAN ENGINEERING NEWS, A24, 2015

153356HMBNRAB0560 MB30IIBIBOL 3560@T0L B03380

3535b545Tg0e00 0.4, PSGKRS60S 3.d.

Logotmnggameml &9dbosa600 96ogg@Lodagdo

1. @nsbgegeo Lgsbghgdo

G go@y®0 Lodgo®mb 139bgdowsb 08O Yo Inwyamgdols dowgdols GoGMME Asdm-
496909800 dgmmpo @sbgd e Lgobgtgdl gu3ydbgds s LIDAR-L (Lobsmaools semdmbg-
boli o @oodl) 9fmegdgh. @sbg@ymmo Lgobgdgdo Lgbol Fgd@omgdols Ikowdm s
SO5LAOYJAHYO0Mgde  Loddogergl  Jdboosb  B@osbyygansiool  ob  gosswyomgbdols
@m0l (ToF-ol) dgmmols 39d3gmdom.  goss@yomgbols AMolL biobgmgdo sliboggdgb
Lobosmgools 379@ll s mgeosh @ml, ol dg9gasi ©909Jd™M0 ggensg swodgedl
s ggmog  Lobsmengl.  @G@osbyymmsizools bgobgmgdo sa®gmgg sbboggdgb  Lobsmengls,
dog®5d olobo 353g@ol bgogol s®goedo s®ggeoo Lobsmaol yodmhgbols saoaols
dobgogom bmdoggh dsbdognls Iglodsdol bgosdo®sdwy.

LiDAR 3mbsoigdgdo dgadmggdol spaomgdol dobgogom @ 35@gam@os©  0gmes.
Lobdgangmm LIDAR doowmgds bdgengmbdg dwgmdo dmfymdogmdgdols dogd ©s doGo-
0550  d9bmdgdol  gslools M93mblE@gomgdolmgol  yodmoygbgds. Lodsgdm LIDAR
dmbs39dgd0  Joomgds Jog@osb s doMomsws  dgbmdgdols LogMwgbo bgosdomgdol,
Loby®oggdols o m@bobggo®asbbmdoagdosbo  Loddgbgdenem  dJmgmgdols  sboggdow
2odmoyggbgds [1]. dod@Mopyao dgmmeo m@ogg Lobgmdol dmbogdgol 3dgdl [2,3] w©s
R0EAMLYOs0gobsiz 0ygbgdl.

0HIOsRAMsTdo dmygsbogros gAh g0 0bgm@dsizos badsgdem @msbgdymo bgsbo-
@gd0l Yglobgd [4]. se@(g@omos @sbgdgemo Lgobo@gdol ggmdg@@ogmmo sb3gddgoo ©s
aobbogyaos @sdegbody LobEgds ©s s3eogsios [5]. wobgdygemo Lgsbomgdols Lgg@mm-
o 3m3gams@ygeos dodgaobyxganml [6], 3anslGogm o GmdosbGogol [7] o dsombols
30869 s®Jogol  30mgdBgoo [8]. TgdBogmgsbo Loddmsgamols dodaommggs (PCL)
dmoEogh Idogoam ™m3g@ogosl FgdGommgsb Lod@sgmggdby, dsm dm@ols o goand-
G5300L, Jsbobosmgdemgdols sEagbsl, LgydgbBocosl s gobysmobsiosl (bsb. 1) [9].

bob. 1. (39990 Lodyobbmdogmgdosbo Fg@Gomgdols Loddsgmg (ds@bbog) FaoGomgdols
Lod@sgeol dodmommyggol dgT39md0m gobys@obEgds S3@oG Y0 3>dmbsbymgdols
(356 g60g) Lobom



LSISAN3IR I bS506IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Ned, 2015 47

2. 3330 pg@o a>dmbsbygmgdgdo
S33g0BEY@0 3539900 23mo35bmdlL Mgogy@o Ladys®ml 3gbgdol aowomgdols

domBog dgnmel Loeddobgymo @¥z9d0L gmAdom. olobo 9gem LYGsRs 0wgdgb
3odmlobyemgdgol, gowdyg @sbg@ygmo biobgdgdo s dglodsdobsw, dmd@sgo Logbgdols
3oo@gds3 dgydemosm. dgm@gl db@og, olbobo @gbmenyiool, LobybEobs s aobma-
3500  dobdogools  mgoelob@obom  hodmygedEgdosh @sbg@ g  Lisobgdgdl.  Microsoft
Kinect-oll o3 go6%mdoengdosbo 396900l o080 gdol Yo@glow  g30bmBoydo dg-
0ME0S, MMIgmoE  ©odsFgoom  ggodmggl  0bgm@dsiosl  gg@ols dglobgd  (bosb. 2).
Lo®@dobgygaro o gg@oo asdmbobyamgdols gomo ©s 0yogg bygwomn domgdbyae  jmddo-
boooll RGB-D godmbsbyagds gfmwgds. s33gmodgogo 3sdgdgoo gobmdgol dgmmwools
dobgegom ogmgs gowssaomgdol Mol 3odg@mgdo, LEAGYIH YO0 dge Lobsmeols
bgbbm@AgosE s 3sboy@ LEYOgm godgagdsg.

2o 0agd0l Amol (TOF) 35dgMgdo m@o doGomswo bso@lobgmdols  o@lsg-
dmdl. gOm-gOmo dgonmwo ageolbdmdls dobdognols godmmgmsls Lobsmenols 3y lols
3OO0 b0l EAMol  JoMEsdodo  gobmdgol Igdggmdom. dgmeg dgomeo  dmwey-
oM goygao  bobsom@ol sd3mo@ sl 0ygbgdl s dobdoanls godmbboggdyeo ©s dowg-
b0 Logbogngdols  goby@o  Lbgomdbdol  dobgogom  bmdsgl.  bybRo  Imbsigdgdols
dobowgdo 3omodb@siools Ignmeo omgsmolifobgdls Logbgdols s@gggasmdbol dgogas©
Jogdygm  ©sdobobyxgdol s Lobsmerols Jobspob aodbggol [10]. ToF Lgblme@gdl Lbgs
330 gg® 3599 90msb  gs®gdom  wodsano  LogdEomo  Ggbmenygizos  ogl.
30630930 ToF 35390 9d0bmgol s@lgdbmdl gaEgmo bLEsGoLE0gs Omam® 3 Loe®domo
3obmdggool, olggg  gogod@dsiools  dgmmegdols  dglobgd.  dspomomsw,  sSbgmgdos
SwissRanger SR-2, SR-3000, SR-4000 o Photonic Mixer Device (PMD). LEmosbmgds s
Lbggdds aobsbmmdzogangls Swiss Ranger SR-4000-0l;, Fotonic B70-ol s Microsoft Kinect-ols
Ygstgdomo dggobgos [11].

Lobsmarols  LEHOYJHYO0Ogdbgmo  Lgbbm@gdo  3bmdogro  dodarmbgdols  b3gbsby
3009JHoMgosl obpgbl. @mEglsi LEgbol aowswgds brgds, Dodembol Fg@Gomgdo
e gomobegds s godmbboggdol  seaombg dosmo  ao®esddbol  dobgogom  Igliod-
gdgamo  bpgds FTgdBomgdol Low®dol 360Tgbgermdols  aodmmgans. Microsoft Kinect
049690L 0bg@sFomger 3OMgBmals o 3odg@sl, Gmdgmols Y3o@s@gbmds gobasgm o,
003 LEHOYJH YOO oo Lobosmeng L3gboby gogagbsls o@ obgbls mobdbergdo gg@e-
©0  godg@olmgol. gmdgendsdo [12], Fdolggo ©s Ubggdo [13] ssbsgrobgdgb Microsoft
Kinect-oll ®93mbLE®9Jc00l Igmmel ©s 835730006 06gm®doi300L Lo@®dol aobmdgols
> dgemdgools mogoligdymgdgdols dgbobyd.

3oboy@o LEgOgm godgmgdo Lgboli powomgdsls aodmbisbymgdols m@o b dg@o
Lgbbm@ol  dgdggmdom  obgbl. Low®dol dbodgbgermdgdo  yodmomgmgds  aodmboby-
a9d950l dgbododolo FgaRomgdol G@osbyyamsiool abom. do@lGgobols s bgaolgo
[14] 5935Lgd9b 333003, MG Bs@bhmosh LEgHgm seoam@omndgdl. @gdbBegdols @ Jmby
093006960  ©s  aobdgm@gdseo  LAOYJH D90 Jmbsigdgdol 0@  s@Lgdmbsl b
9byglEmdsl  0f393L, goboowsb aodmbobyargdgdl dm@ol Jglodsdolmdgdols oy gbs
390 bgdbpgods. LEgOgm godg@obs s ToF-Lgblm®gdol yog@mosbgds 93909l Fgogagdl
3359930, g0bsosb olobo gHmMIsbgmols Ig3emdgdls sLFmmgdgb.

35990l bgegdols godmmgaols ©s JmbOogmo Liggbols gmddobod@gdygeo  §go-
Boggdols Lod®sgaols dowgdols dobbom syEomgdgeros IGsgogo sd3o@yoy®o yodm-
Lobyangdols Ggaob@dsEos. o3 30mEgbl SLAM oby g@m@dmygao gomjomobsiEos ©s
3o05@0bs gfmwgds, OmEals MomA0 93bmd aomgdml 033eg3l. 39603 ©s bbggdds
[15] mogeadodggars® Rg@owo godmbsbymgdgdol @s RANSAC-ol SIFT dsbolosmgdengdo
30dm094gbgl o  Aodmlabymgdgdo  osfyzomgl. godomdomo  3mbozool sy gbols
dobbom dgdmbgggomo 3@0biodom sodhs dglodsdolo Lodysbbmdogrgdosbo [gdEoggdo
©> 5bodbymo 3mbozos gdmfdpgds yggas dgbsdsdol FgdGombyg. so@bs 3mbozoe,
OmIgaro 3godegzes 0besog®gdols Yeowgl GomEgbmdsl. domgdygao 3mboiEos wsob-
397> 0@gdozogmo gobammglo Fgd@oggdols (ICP-ob) [16] 39dggmdom, Gmdgamoi §go-
Ao gdol Loddogaggdol gsbarmglio Fgd@omgdol 0@gs@ogmo sbmios@ools dgogyse



48 LIISANIIR bS06IN6 (™ LOSbSI6(, GEORGIAN ENGINEERING NEWS, A24, 2015

F9oHoagbdol Lod®ogmggdols goboggdol osy9dxmdgbgows. [ygomgdom @ga0lE®aigools
3odm  3mboiools sy gbolisl Jomgdbyao Jgamdgdo oxMMmMgs. 53 3OMoe gdolmsb
3odgeaggds  dgbadangdgemos  ,,d5Myygol  @obydgol  dgdggmdom, @mEglsE oMy
0533003909  os@gomls  bgasbans  9egdgh  Lydoml.  sbermdwgds®y  ho@hmgdo
9gO®3obgmols  Jododm  MgaolbBBoMegds, bmeem  @ga0lbE®s300l  Mm3BodobsiEos bgds
TORO-0ls 06030bsi00l ho@bmls [17] dgdgg9mdom.

bsb. 2. 06@g@mog@ol Lzgbol aomswgds Microsoft Kinect-ob 393ggmdom.
350 gb0Esb s03bbog: BgHoEo sdmLobymgds, LoE®ddobygmo odmlsbymgds ©s d@sgsmo
Kinect fo@bmpsh do@gdnmo LsdasbbmBogngdosbo §godomgdol Lod@sgemmg

) ) 5 VE\T

65b. 3. Kinect Fusion: 5) RGB g53mlsbymgds; 3) ©d 3) bo@ddsagdo s> bsdysbbmdommgdosbo

d5g 9000 Low®dobggmo G9goesh; ©) s g) geggmo TSDF-s56 Jowgdymo
1533 56D@Bogngdosbo dmpgeo.

Kinect Fusion s@ol Loli@gds s33mo@d g 309900bg ©o33003900Ls ©s Ggoma@
Amdo 533 o@ Y yao asdmbsbyamgdgbols dg@Fydobmgol (bosb. 3). @gaolB@omgdyao
S33g0REY@0 Aodmbabymgdgdo gmenydgd@me bgsdo®byg 0bFga®otegds dsbdognols
339mogo  g96dzogdol (TSDF) Lsbom. sbogro bgwolbomgol s@Lgdgero Lodysbbmdogng-
b05b0 dmbs(393900L Logydggenbg 04dbgods go@F o y@o 5330 Pegao asdmbsbymgds
@g0olbmobaols 39dg3gmbom. sbogno sd3@o@oygdo godmbsbymgdgdo Fobsbgwol @godsl-
000909 Lo®@dobggen  aodmbobyagdsl  glfmdwgds ICP-ols  3gdggmdom. s3ygo60
doamdol  Jmogo@o  P30@oGglbmds  gobamogm  ol, @™ sbogro  hodhm  g89]B g0 o©
M930bBO0OEgds LOygmo bsdasbbmdoangdosbo dmbsigdgdolbmgol s o6 godmoygbgds
dbmgrmo Fobsbg golfm@gdgemo hos@bhm.



LSISANEIR I bS506IN6(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Ne4, 2015 49

ROBIHOBIBS

1. Vivek Verma, Rakesh Kumar, and Stephen Hsu. 3D Building Detection and Modeling from Aerial LIDAR
Data. In Proceedingsof IEEE Conference on Computer Vision and Pattern Recognition(CVPR), 2006,
pp. 2213-2220.

2. Jan Bohm and Norbert Haala. Efficient integration of aerial and terrestrial laser data for virtual city modeling
using lasermaps. In Proceedings of ISPRS Workshop on Laser Scanning, 2005, pp. 192-197.

3. Norbert Haala, Susanne Becker and Martin Kada. Cell decomposition for the generation of building models at
multiple scales. In Proceedings of IAPRS Symposium on  Photogrammetric ComputerVision, 2006, pp. 19-24.

4. James B Campbell and Randolph H Wynne. Introduction to Remote Sensing. - Guilford Publications, 5th
edition, 2011.

5. Norbert Pfeifer and Christian Briese. Geometrical aspects of airborne laser scanning and terrestrial laser
scanning. In International Archives of Photogrametry, Remote Sensing andSpatial Information Sciences, 2007,
XXXVI(3), pp. 311-319.

6. Marc Levoy, Jeremy Ginsberg, Jonathan Shade, Duane Fulk, Kari Pulli et al. The Digital Michelangelo
Project: 3D Scanning of Large Statues. In SIGGRAPH, 2000, pp. 131-144.

7. Gabriele Guidi, Laura Micoli, Michele Russo, BernardFrischer, Monica De Simone, Alessandro Spinetti,
and Luca Carosso. 3D digitization of a large model of imperial Rome. InProceedings of the International
Conference on 3-D Digital Imaging and Modeling (3DIM), 2005, pp. 565-572.

8. Radu Bogdan Rusu and Steve Cousins. 3D is here: Point Cloud Library (PCL). In Proceedings of IEEE
International Conference on Robotics and Automation, 2011, pp.1-4.

9. Atsuhiko Banno, Tomohito Masuda, Takeshi Oishi, and Katsushi Ikeuchi. Flying Laser Range Sensor for
Large-Scale Site-Modeling and Its Applications in Bayon Digital Archival Project. //International Journal of
Computer Vision, 78(2-3):207-222, 2007.

10. Wilfried Karel, Sajid Ghuffar, and Norbert Pfeifer. Modelling and Compensating Internal Light Scattering in
Time of Flight Range Cameras. //The Photogrammetric Record,June 2012, 27(138), pp. 155-174.

11. Todor Stoyanov, Athanasia Louloudi, Henrik Andreasson, and Achim J Lilienthal. Comparativeevaluation of
range sensor accuracy in indoor environments. In Proceedings of the European Conferenceon Mobile Robots
(ECMR), 2011, pp. 19-24.

12. Noah Snavely, lan Simon, Michael Goesele, Richard Szeliski, and Steven M Seitz. Scene reconstruction and
visualization from community photo collections. In IEEE Proceedings. 2010, 98(8), pp. 1370-1390.

13. Kourosh Khoshelham. Accuracy analysis of kinect depth data. In Proceedings of ISPRS workshop laser
scanning, 2011.

14. Daniel Scharstein, Richard Szeliski, and R. Zabih. A taxonomy and evaluation of dense two-frame stereo
correspondence algorithms.//International Journal of Computer Vision, 2002, 47(1), pp. 7-42.

15. Hao Du, Peter Henry, Xiaofeng Ren, Marvin Cheng, Dan B Goldman, Steven M Seitz, and Dieter Fox.
Interactive 3D Modeling of Indoor Environments with a Consumer DepthCamera. In Proceedings of the
International Conference on Ubiquitous Computing (UbiComp), 2011, pp. 75-84.

16. Szymon Rusinkiewicz and Marc Levoy. Efficient variants of the ICP algorithm. In Proceedings of
InternationalConference on 3-D Digital Imaging and Modeling (3DIM), 2001, pp. 145-152.

17. Giorgio Grisetti, Slawomir Grzonka, Cyrill Stachniss, Patrick Pfaff, and Wolfram Burgard. Efficient
Estimation of Accurate Maximum Likelihood Maps in 3D. In Proceedings of IEEE/RSJInternational Conference
on Intelligent Robots and Systems, 2007, pp. 3472-3478.

SUMMARY

TYPES OF SCANNING OF THREE-DIMENSIONAL OBJECTS

Makasarashvili 1.P. and Darjania M.B.

Georgian Technical University

The paper deals with commonly used methods of obtaining the digital models based on laser scanning. The
issues of aerial scanning and amplitude imaging are discussed. Amplitude cameras suggest a simple method of
taking the imagesof the real worldin the form of depth maps. They take images more rapidly than laser scanners
and hence they can take images of moving objects as well.

Keywords: three-dimensional objects, scanning, digital models, images
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CYBERNETIC MODEL OF PRICING
Kadagishvili L.G.

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

Abstract.In the paper, the process of pricing is considered by using a cybernetic model at the level of statistics
(with experimental observations). In this case, the main thing is the problem of seeking the information, moreover
the initial information, when the most important is to identify the reasons by the time of the study. A classical
moment and deviations from the balance are considered. The pricing process when the demand is met, on the one
hand, and when the demand is not met, on the other hand, is studied. In fact, the parameters are sought.

Keywords: pricing, cybernetic model, supply, consumer, optimal price.

Cybernetic modeling needs a thorough information system. Unless the system is equipped with
initial and current objective information, no complete forecast is possible. The minimum information
needed for the problem solution is to be identified. The main problem is seeking the information,
particularly the primary information (initial information). This is a cybernetic problem, which can be
solved by using the tests, with the main goal of identifying the reasons by the time of the study. The
main thing is to determine if the population is able to pay the contemporary price for the goods. If the
process occurring in time is stochastic, the process gets more complicated, and it will be much useful
to create a model for such a process and to forecast all the parameters for solving the problem. The
state economic management and consumption are to be taken into consideration. In case of a deficit, it
must be decided how we can set and study the problem of increasing the production optimally in the
fixed time.

A pricing plan, which is a classical form, is based on the principle suggesting that as the price
increases, the production increases. This is the first hypothesis. As for another hypothesis, it is based
on the change in demand.

If i is the quantity of specific goods in time t, v(t) is the quantity of goods (in the unit of
measurement), P;i(t) is the price of goods (in the monetary unit) and z;(t) is the real demand for the
goods (in the monetary unit), then the balanced state of meeting the demand is as follows:

o; t)=0
In this case, an optimal price (balanced price) occurs:
. ' Consumption
Consumption curve
\ Production, supply
P
|
i
Supply E
! .

Optimal price Price
5, (1) =v;(t)-Vi () -z, 1)
The optimal price is not the guarantee for meeting the demand. Then, the optimal price:
Z,(t
F)iO (t) — 1 ( )
vi (t)
In case of a crisis, 0; (1) <0, t, <t <t,.
If in the given time period, the real demand for the goods is not met &, (t) < 0 and is proportional

to z,(t) =av(t), then the increased price of the goods in this time period ensuring meeting the

demandis constant.
The increased price will be written as follows:

RM)+51)=a
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which cannot be seen a priori in our case.

50 =%0=10

1

Let us assume adding to v (t) the quantity necessary to get balanced

5, (1) +,(t)=0

z(t)
Vi (£) + v (1)

When seeking the increment of these prices, we will see that:

PM)+P ) =c

Here, an essential thing is that we will insert the phase coordinates. In this case, a consumption

curve and a supply curve are called into question, i.e. the whole law is called into question.

Let us consider a macroeconomic model, when we assume the set of problems and when we
consider the goods which must be calculated in tens when included as models. In abstract terms, the

given goods namedi must bei = iN
When the dynamic processes can be described with a differential equation, such a state is based
on the deficit economy. If condition S, (t) <0, t, <t <t, comes true, the state will face a catastrophe

and the people will be destroyed biologically.
The economists do not consider this issue in time. Our goal is to consider the development of this
issue in time. Let us consider the whole process in dynamics and in time, and make optimization. Let

us do the minimization S;(t) >0 in time t. The time may be fixed, and let us consider the minimum

costs. This is possible when the state has favorable credits. Otherwise, if the financial opportunities are
limited, we will have to meet this system at minimum expenses.

For the market economy, we must consider the structure of this system and must look at the pricing
process. Pricing and turnover of money are formed in the market relations. In case of a crisis, people’s

purchasing ability ¢, (t) and demand S, (t) in monetary units are to be considered in the first place.
The real demand is determined as follows:

20 {si ® 5, <0,
q; (t) Mo, (t) <S; (1)
S, (t), demand for the i"commodity is &, (t) = v, (t)P, (t) — z, (t).
v, (t)P, (t) is the satisfaction index.
The state must care of combining the real demand with the volume of productiond; (t) > 0; in

Then the optimal price is P°(t) =

case of a crisis, S;(t) <0, t, <t <t,. In general, several conclusions can be made.

If the demand for goods in time interval t is not met and z, (t) = v, (t) , then the increased price
of goods in this time period:

P)+R ) =a

meeting the real demand, is constant.

If the demand is not met and does not change: z;(t) =const, t, >t <t,, then the increased price
meeting the demand in the given time interval will be as follows:
P+ R () = R (1) + (1) + Tl Ul g

Vi (to) ‘Vi (t) Vi (to)

This is a mathematical model and cannot be used by everyone. The model must be simpler [1]

and must solve the set problem thoroughly. It is noteworthy that P, (z, (t)), but in fact z, (P, (t)). It

determines the situation basically.

must be studied for a private case. Let us classify the i™ commodity: N., i=1..n. Each may have
two indicators:

P(), N, i=1.nt, <t<t,
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The case of balancing is also included, and the price falls to minimum.
This model considers the correlation between the production and the consumer when
5i (t) =0

The experiments evidence that (1) the coefficient showing the consumption ability reduces as the
price increases; (2) if the product price increases, the volume of production of this product increases.
This works within a certain interval; (3) as the price increases, the consumption decreases (the number
of potential consumers decreases); (4) the intersection point of the consumer and supplier’s curves is
the price; (5) when conditions (2) and (3) are rated, the income is constant.

The elements of the structure are as follows:

1. Consumption — Supply;

2. Price — Consumption;

3. Price — Income;

4. Demand — Income.

Plan of parameters:

Supply

N

. Import
Domestic P

Consumption

N

Rate ofincome Purchasing

ability
If the initial momentis q(z,) =y, P(t) = |5(t), T, —7<t<7,and z(t) = ftro z(s)ds, for
balancing the gained parameters must change after moment 7, andfor the optimal problem

= (@-p)+PO-P-1)

the control class will reach its optimal value.
Let us study P (z;(t)), while in fact z, (P, (t)). We must study it for a private case. Let us

classify the i"commodity: N, I =1..n. Each may have two indicators:

P(), N, i=1.nt, >t<t,
The case of balancing is also included, and the price falls to minimum.
This model considers the correlation between the production and the consumer when &, (t) =0.
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PE3IOME

KUBEPHETHYECKAS MOJEJIb HEHOOBPA30BAHUSA

Kaparnmsuiau JI.I'.

HucTturyT kndepuernku uM. B.B. YaBuanuase I'py3MHCKOro TeXHH4eCKOr0 yHHBEPCUTETA

I'py3unckas HH:KeHepHasl aKaeMHsi

B pabote paccmarpuBaeTcs mporecc IEHOOOpa3oBaHHWS C TMOMOIIbI0 KHOEPHETHYECKOM MOJenn Ha
CTaTUCTHYECKOM ypPOBHE (IKCIEPUMEHTAIBHBIM HAOIIOAEHNEM). 31ech TJIaBHBIM SBIISETCS MpoOiieMa TOHMcKa
nHpOopManuy, 6oee TOro — NepBOHaYaIbHON MH(OpPMAINH, TJe TJIABHOE — YCTAaHOBJICHHE MPUYMH HA MOMEHT
HCCIieToBaHMA. PaccMaTpHBalOTCsl KIIACCHYECKUIT MOMEHT M OTKJIOHEHHS OT cOaJaHCHPOBAHHOTO COCTOSIHHS.
Hccnenyercs mporecce 1ieHO00pa3oBaHMs, KOTAa BO-TIEPBBIX CIIPOC YAOBIETBOPEH, U BO-BTOPHIX KOTJIa CIIPOC HE
ynoBieTBopeH. DakTH4IeCKH, 3TO MOUCK MapaMeTPOB.

KaroueBble ciioBa: ieH000pa3oBaHne, KHOEpHETHYECKAs MOJIeIIb, TOCTABKa, IOTPEOUTEIIb, ONITUMANIbHAS LICHA.
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KJACCHUYECKHUH MOJAXO0J K UCCJIEJOBAHUIO YCTOMYUBOCTH
PEITMOHAJIBHBIX TPUPOJJHO-MTPOMBIIIJIEHHBIX CACTEM

Mpuxoasko C.1O., Kaxuauu M.P.

JoHeukuii HANMOHAJIBHBINA TeXHUYECKUIl YHUBEPCUTET
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

IlocTanoBka mpo0iaemMbl.

s pexxrma HEYCTOHYMBOCTH IIPUPOAHO-IIPOMBIIIJICHHBIX CHCTEM IIPEACTABISIET MHTEpEC
MIPUMEHEHUE HOBBIX TEXHOJIOTMH JUId MOIY4YeHHS U BBOJA AAHHBIX MOHHUTOPHMHIa IPHUPOJHO-
NPOMBIIIGHHOW cpeApl B 0a3y MpPEUEeAeHTOB, CHHTE3 W ONTHUMH3ALUs MOJETH HPUPOIHO-
MPOMBIIIJIEHHON CHCTEMBI, IPOBEPKA €€ aleKBaTHOCTH U UCCIEN0BAaHUE HA YCTOMUMBOCTH [1].

Lenv dannoti pabomer - onpeneieHUe 3HAYCHUH HEKOTOPOTo IOJOXKHUTENIBHOrO mapamerpa [,

KOTOPBI OIpeaenseT AMHAMHUKY B3aMMOJICHCTBHS BHEIIHMX M BHYTPEHHHX CWJI B Oe3pa3MepHOi
MaTeMaTHYECKON MOZIENN TP KOTOPBIX B CUCTEME BO3MOXKHO HapYIIEHUE YHEPreTHYECKOro OaaHca.

Marepuansbl u 00cy:K1eHne padoThl.

HawnbGomnpimeMy aHTpOITIOTEeHHOMY M TEXHOTEHHOMY BO3JIEHCTBHUIO ITOJBEPKEHBI TEPPHUTOPHH,
T7Ie U3MEHSIOTCS BCE B3aMMOCBSI3aHHBIE KOMIIOHEHTHI cHCTeMbl. OIHOBPEMEHHO C aKTHBH3aIHel
MPUPOJHBIX MPOIECCOB HAYMHAIOT Pa3BUBATHCS U HEOIArONPHUATHBIE aHTPOIIOTEHHBIE (TEXHOT'CHHBIE)
MPOLIECCHl:  TPaBUTALMOHHBIE, TE€OTEPMHUYECKHE, THAPOJUTOTCHHbIE, JINTOTCOIMHAMHUYECKHE,
aHTPOTIOTeHHBIN TUTOTCHE3.

B pesynbraTe uccnenoBaHUil BBIAEIEHHBIX TEPPUTOPUH, ITOMUMO MPHUPOJHBIX T'€OIKOJIOTH-
4ecKHX (DaKTOPOB, OMPEACISIONNX YCTOHYMBOCTh CHCTEMBI K TEXHOTCHHBIM BO3ICHUCTBHSIM,
MPUXOJUTCS BBIICNATh CTETEeHb  BO3JCHCTBHN,  BIHAIOIINX HA TMPOTEKaHHE €CTECTBEHHBIX
TEOJIOTHYECKUX B (PU3MUECKUX MPOIECCOB B CUCTEME.

IIporieccsl HapyImIEHHOCTH W pa3pylIeHWH TOJIIM TOPHOTO MAacCHMBa CIIOXHBIX IOPOJ
BapbUPYIOTCS B MMPOKHX Mpenenax. [Iporeccsl pazpyiieHunid 3apokIaloTcs OT MECTa BBIPaOOTKH,
pacipocTpaHsfoTcsi BBepX. HapylIeHHOCThP  HWKHHX CJOEB pacCHpOCTpaHSeTCs M pa3pylIaeTcs
IUTUTaMH, CIUTOIIHBIMU MJIM HECIUIOMIHBIME TTaukaMu minT (puc. 1) [2].

HabnronaeTcs paccioeHre JI0CTaTOYHO MOIIHBIX, MMPOYHBIX, KECTKUX cioéB. [Ipuuém cron
pa3pyIIarTCst CAMOCTOSTENHHO C YIETOM pazIHyatoIeiics )KECTKOCTH (IIPOYHOCTH, OTIIMIHOHN OT CIIOS
K cIlot0). Paccnoenue, xapakTepHasi 0COOCHHOCTh pa3pyIIAIONICHCs TONIH TBEPBIX TOPO/I, SIBISETCS
3aKOHOMEpHOCThIO. Paccrioenne xapakTepu3yercss MPOYHOCTHBIMH CBOWCTBAaMH, B KOTOPHIE BXOIST
JKECTKOCTh, PEaKIis Ha CABHTOBBIE HaIpsDKEHUS. Eciu CHBl CBS3W CIIOEB 1O KOHTAaKTHOM
MTOBEPXHOCTH BEITUKH, TO PACCIIOCHHS HE TIPOUCXOTUT, 00pa3yeTcs enHas TUINTA.

Kak mpu Oonbiioit, Tak u mpu HEOONBIIOW JJTMHE BHIPAOOTKH MPOIECCH pa3pyIICHUS
OTIIUYAIOTCA 00BEMOM.

[Ipn u3ydyeHMH XMMHYECKHX CBOWMCTB yIiIed BBIOPOCOONACHBIX IJIACTOB CJeNlaHa IOMBITKA
KBaIM(UKALIMK  yrjed Mo creneHu (hU3MKO-MexaHudeckod HapymeHHocTd [3]. [IpexcraBieHHbIC
MPOYHOCTHBIC ToOKa3aTenw, cocrapisomme 0,4-0,9 Mlla, Ha TpH-4eTBIpe TMOpPSAKA YCTYIMAOT
MOKa3aTeNIAM TBEPABIX TeN. DTO MO3BOJSAET YTBEP)KJaTh, UTO B HCCIEAYEMBIX IpPOIECCaX TOPHO-
TEOJIOTHYECKUH MacCHUB  IOJBEPraeTcsl CI0KHOMY TEKTOHMYECKOMY BIMSHHUIO, CO3JAOLIEMY
HaOJFOIaeMYI0 HApYIIEHHOCTh. BBIOPOCH TPOSIBISIOTCS B BBIPAOOTaHHBIX (HAJBUTOBBIX) Hapy-
HICHHSIX, IPHYEM YUaCTHE TEKTOHUYECKHX HapyIICHUI B 9THX 30HaX B 2-3 pa3a Bblwe [2].

B pabore [4] nenmaeTcs MPEANONOKEHHWE O NEHCTBHHM IMOTOKA MEXaHWUYECKOW SHEpruu, C
y4€TOM BceX AePEeKTOB, HEOTHOPOIHOCTEH, BXOASIINX B MOJIe TOpHOTO naBieHus. Ciemyer 3aMeTHTh,
YTO JJISl HECIUIOMIHBIX cpefl (OOIMIeTpuHATas TePMOIMHAMIKA, CO3/IaHHAs IS 3aKPBITHIX CHUCTEM, B
peanbHBIX IPUPOAHBIX MPOLEccax TAKMX HE CYLIECTBYET) HE0OX0IUMBI 000CHOBaHMS, OCHOBAaHHBIE Ha
OaylaHCce BTEKAIOIINX U BBITEKAIOIINX TOTOKOB SHEPTHH.

Monenb CHCTEMBI «yTOJIBHBIN MIIACT-BBIPA00TKa» CBOJIUTCS K MCCIEIOBAHHIO Pa3pyIIAOIINX
MIPOLIECCOB TOJA JIEHCTBHEM IOTOKOB JSHEPTHM, MEXaHMYECKOrO BMEIIATENIbCTBA, AABICHHUS Ta3a
(¢punpTpaIMOHHOT0), a TaK)Ke SHEPrHU MepepacnpeAcIEHHOr0 TOPHOTO AABJICHUS OT IPOLIECCOB
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TEKTOHHUYECKOM HapylnIeHHOCTH. 1 xak CJICACTBUC, HC ABJISCTCA JIM 3TOT HNPOLECC HAPYyHIAOIIETO
BJIMSAHUA OIIPEACTIAIOIINM B o0actu HCyCTOfI‘lPIBO-paBHOBGCHOFO COCTOsSHUS I'a30HACBIIIICHHBIX cpeﬂ?

Puc.1. Xapakrep pa3pyuieHusi N0poJ NOKPbIBAIONIEH TOJIIIHN B peKMMe YCTAHOBUBIIEHCH HAPYLWIEHHOCTH

OnBIT 3KONMOTO-TeO(MU3UIECKUX HCCIIEOBAHUN TeooTndeckoi cpeasl JloHOacca MO3BOMSET
caenath pAL NPAKTHYECKMX M METOAOJOTMYECKUX BBIBOAOB, BAaXKHBIX IPH H3YyYEHHH JIOOBIX
TEppUTOpHUH, B TOM umcie ansi TkuOymu-Illaopckoro yrompHoro mecropoxienus. [Ipexne Bcero
CTaHOBHUTCSl OYEBUAHBIM, YTO JOCTATOYHO IIOJIHOE MX OOCIENOBAaHHE MOXET OBITh OCYILECTBIICHO
TOJIKO HAa OCHOBE CHCTEMHOTO ITOAXOAa K M3ydaeMbIM oObekTaM. IIpu 3TOM NOIKHBI MPUMEHSTHCS
pasM4Hble MacITadbl WCCIENOBAaHUS, pa3HOOOpa3HbIe TEOJIOTHYECKHE, TeOQHU3MYecKre |
TEOXMMHUYECKHE METOJbl W TEXHOJOTHH, 3((deKkTuBHBIE CIIOCOOBI KOMIUIEKCHOW 00pabOTKH U
MHTEPIIPETALNH [T0Jy4aeMbIX JaHHbIX. 1 peleHns 3agay ONTUMU3ALNH U YIIPAaBICHUS JUHAMUKON
PErMOHAJIBHON NPUPOJHO-NPOMBIIIIIEHHOW CHCTEMOM  Ipelyiaraercs K pPacCMOTPEHUID  MOJAEIb
MIPUPOTHO-TIPOMBILIUIEHHOW CHUCTEMBI (pHC.2), B KOTOpPOW BBIWIEHSIOTCS CIEAYIOIIME B3aMMOJIO-
MOJHSIONINE KaTerOpUH MPaBUJI: paliOHaJIbHbIE - IIPaBUJIa CBSI3H, IOBECHNUS, LIEIH, KIacCUPHUKALINY;
UppalurOHaNbHBIC - TPaBUJIa BO3MOKHOCTH U MPEJICKa3yeMOCTH.

CHUCTeMHBIH TOAXOJ] MPHU aHaJIM3¢ MHOTOKPUTEPUABHBIX MPOIECCOB PA3IMYHON MPHUPOIBI
3aKJII0YAeTCs B UCCIEOBaHMH O0BEKTOB Kak cucTeM. MccnenoBaHue OpueHTHPYETCS Ha PACKPBITHE
LEJIOCTHOCTH 00BEKTa U 00ECIEUMBAIOLINX €€ MEXaHW3MOB, Ha BBISIBIEHHE MHOTOOOpa3HBIX THUIIOB
CBA3EH CJOXHOTO OOBEKTa M CBEJEHHE HX B EAMHYI0 TEOPeTHYECKYI0 KapTuHy. Maio
3apuKCUpOBaTh HAJMYME B OOBEKTE PA3HOTHUIHBIX CBs3eH, HEOOXOJMMO eIie MPEJCTaBHTh 3TO
MHOroo0paszue B ONEpalUOHAIFHOM BHUAE, T.€. H300pa3uTh Ppas3IMYHbIE CBS3H KakK JIOTWYECKU
OJIHOPOJIHBIE, TOMYCKAIOIINE HETIOCPEACTBEHHOE CPaBHEHNE U comnocTasieHue. LlenTpansHoe MecTo
3aHUMAOT TMPOOJIEMBl OpraHU3aMd U (QYHKIIMOHUPOBAHUS CIIOKHBIX 00beKTOB. CIIOXKHBINH 00BEKT
JIOITyCKaeT HEe OJHO, & HECKOJbKO pacwieHeHWd. IIpu sToM KpuTeprem OOOCHOBaHHOTO BBIOOpa
HanOoJiee aJeKBaTHOTO PACWICHEHHs H3y4aeMOro OOBEKTa MOXKET CIYKHTb TO, HACKOJIBKO B
pe3ynbTaTe yAaeTcs TIOCTPOWUTH ONEPANMOHATBHYIO "eOWHHUITY' aHanmm3a, IMO3BOJIIONIYIO
(UKCHPOBATH IIEIOCTHBIE CBOMCTBA O0BEKTA, €r0 CTPYKTYPY U JIUHAMHKY.

[IpakTrueckn Kaxaplii 00BEKT MOXKET OBITH PacCMOTpeH Kak cucreMa. OCHOBHBIE CUCTEMHBIE
NPUHIMITLL TIETTOCTHOCTh — NMPHHIUIHANIBHAS HECBOJAMMOCTh CBOWCTB CHUCTEMBI K CyMME CBOWCTB
COCTAaBISIONIMX €€ JJIEMEHTOB M HEBHIBOJUMOCTh M3 IOCIEAHHX CBOMCTB IENOTO, 3aBHCHMOCTH
Ka)JIOTO 3JIeMEHTa, CBOICTBA U OTHOILIEHHUS CUCTEMBI OT €ro MecTa, PyHKIUHA U T.[. BHYTPH LIEJIOTO;
CTPYKTYPHOCTb — BO3MO>KHOCTh OIHCAHMSA CHUCTEMBI YEpe3 YCTAHOBICHHE €€ CTPYKTYpBI, T.€. CETH
CBSA3EH M OTHONIEHUH CHCTEMBI, OOYCIIOBICHHOCTh TOBEACHHUS CHCTEMBI MIOBEACHUEM €€ OTAEIbHBIX
3JIEMEHTOB U CBOWCTBAMHU €€ CTPYKTYpbI; B3aUMO3aBUCHMOCTh CHCTEMBI M CPEJbl; HEPAPXUYHOCTD —
KaXIblii KOMIIOHEHT CHUCTEMBI, B CBOIO OUYe€peb, MOXET PAacCMAaTPUBATHCS KaK CHCTEMa, a JaHHAs
cucTeMa IpeACTaBIIseT co00il OJUH U3 KOMIIOHEHTOB OoJiee IMIMPOKOM CHCTEMbI; MHOXKECTBEHHOCTh
OIMCAaHUA — B CHITY IIPUHIUINAIBHON CIIOKHOCTH KaX /10 CUCTEMBI €€ aJleKBaTHOE [I03HaHUE TpeOyeT
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MOCTPOCHUSI MHOXKECTBA PA3IMUHBIX MOJENCH, Kax/1as U3 KOTOPHIX OMUCHIBACT JIMIIb OMPEISICHHBIH
aCIIeKT cUcTeMsl [1].

OBJ-00beKT AaH ¢ OYCBUAHOCTBIO PA3IUIUMOI (DOPMBI B BO3MOXKHOCTBIO B3aMMOACHCTBHUS C
WHBIMH  pa3iumduMbIMH  popmamu; STRS-cTpykTypa 1aHa ¢ OYEBWIHOCTBIO MPEACKa3yeMOro
W3MCHEHUS  B3aWMOCBSI3U  00BEKTOB; SYS-cucreMa ¢ OYECBHIHOCTBIO  IpejacKa3zyeMoit
(YHKIIMOHAILHOCTH TOBeNeHuss CTpykTypbl, HC-HajcucTteMa ¢ OYEBHIHOCTBIO Pa3IMYCHUS
BO3MOXHOU (DYHKIIMOHATIBHOCTH CHCTEM.

noBegeH

Puc.2. Moaeab npupogHO-IPOMBILIJIEHHOW CHCTEMbI

I'maBHBIM KOMITIOHEHTOM HPUPOIHO-TIPOMBIIUICHHON CHCTEMBI, ONPEACISIOIIM B LEIOM €€
JUHAMUKY, SBISIETCS TOPHBIM MaccwB. B paborte [5] paccMoTpena MaTeMaTwyecKas MOJEIb,
OIMUChIBarOIIad MOBEACHHUE IOPHOI'0 MacCuBa IIpH BO3[IeI7]CTBPIH Ha HETro MAacCCOBBIX CHIJI. Haﬁ]leHHaH
3aBUCHMOCTh MEXIy 3HAYCHHEM Ha4albHOM DJHEPIUH CHCTEMbI M [OBEJICHHEM TI'DaJHCHTa
BEPTHKAJIBHOIO CMEIICHMS, a KaK CICACTBHE W CAMOr0 BEPTHKAJIBHOIO CMEIICHHS, [TO3BOJISIET
MOJTy4aTh HHPOPMAIIHIO O TIOBEJICHUH HANPSHKEHUH BHYTPH TOPHOTO MaccuBa. B Tabnuie npuBeneHb!
pesyabTaThl aHanusa sHepretudeckux cocrosHuit monenu. E(h(0)) - navanbHas sHeprus cucTemsi,

2

* 1N1-3 . o o .
E = (ClCOﬁ * ) s ; @ — 0e3pa3MepHbIN MOJOKHUTEIbHBIA apaMeTp XapaKTePU3YIONUH KaueCTBEHHOE

2
MOBE/ICHUE YCKOPEHHs CHITBI TSDKECTH B TOpHOM MaccuBe, (0 < a <1); I|Vh| dX - rpaaueHt perueHus,

1 a
_tgﬂ _ tg f hgo | _tgaasgo hygo | a

CO_Z_’ T h2 2 T 12 ’ﬁ:_-
20" TR 1, a1, —a
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rae t, - xapakTepHOe BpeMs pelakcamuy ropHoro maccuBa (¢); | - xapaxTepHsrii pazmep TopHOTO
0

maccuBa (M); hy- XapakTepHas amIUINTya WHBEPCHOHHOTO mombema (M); f, - xapaxreproe
3HAUECHHE CPEIHEr0 CyMMAPHOTo MOTEHIIMAIA, ONPEeIIoNee reoMHAMKKY MacciBa (M2/C%).

B 1m000if W3 TEOTeKTOHWYECKHWX THUIIOTE3 JOJDKHBI OBITh YETKO OIpEAeTIeHBl CHIIBI,
YYacTBYIOIIKE B TIEPEMEIIECHUSIX WIH PeoOpa3oBaHIsIX Macc B 3€MHOW KOpE, M UCTOYHUK DJHEPTHH,
MOIEPKUBAIOIINNA 3TH CHJIIBI B T€UEHHE OIPEEeICHHOro Ireproia BpeMeHHu [9]. Moxpenu ropHOro
MacCHBa, pacCMaTpPUBAEMble MpPU MPOTHO3UPOBAHUM Ta30IMHAMHUYECKHUX SIBJICHUH, OCHOBaHBI Ha
JETEPMUHUCTHYECKOM TPUIMHHOM onucannd. OJHAKO Takoe ONFCAaHWE HE BCETJa SBISETCS
aneKkBaTHBIM. [ JlaBHasE OpUYMHA HTOTO COCTOMT B TOM, UYTO B MAaKPOCKOIHUYECKHUX CHUCTEMax
CYIIIECTBOBAaHNE MHOTUX CTEICHEH CBOOOBI YacTO MPUBOJUT K BOSHUKHOBEHUIO (urykTyaruii. [locie
BO3HUKHOBCHMSI MAaKPOCKOMUYECKOH (IyKTyaluu CcUCTeMa BeleT ce0f B COOTBETCTBHU C
ompeecHHBIMU (PEHOMEHOJIOTMUSCKUMHU 3aKoHaMu. DIyKTyaruu, XOTsA U SBISIOTCS U3MEPHUMBIMU
BEITMYMHAMH, JOJDKHBI OCTaBaThCS MaJbIMHU IO CPAaBHEHHUIO C MAaKPOCKONMMYECKUMH BEITHYUHAMU.
Manble  (aykTyanuu ~OpU  HAJIWYMM ~ KPUTHYSCKOM  TOYKHM  YCHIIMBAIOTCS,  JIOCTUTAIOT
MaKpOCKOITUYECKOTO YPOBHS U TMEPEBOASIT CHUCTEMY B HOBOE COCTOSIHHE, T.€. TPHUBOISAT K
BO3HUKHOBCHHIO HOBOW (Da3bl B cucreMe. /[ omucaHus KauyeCTBCHHOI'O TMOBEIACHMS aAMIUIHTYIbI
BEPTUKAIBHOTO CMEIICHUsI JIOKAIBHOW 00JacTH 3eMHOW TOBEPXHOCTH HCIOJNB30BAIACH MOJENh
KoJieOaHUs YNpyrodl TOHKOW IIACTUHBI IMOJ JCWCTBUEM BHEIIHUX MACCOBBIX CHII. YUHThIBAs
OTHOCHUTENFHYIO JIOKAIBHOCTh OOJIACTH, B KOTOPOW paccMaTpUBAaeTCsl MOZEb, MOKHO IMpeHeOpeyb

BpalleHreM 3emiHd. B KkauecTBe BHEUIHHMX CHII Vb paccMaTpuBaeTCsl BO3JCHCTBHE Ha 3EMHYIO

MIOBEPXHOCTh KOMIUIEKCA 3K30I€HHBIX NPOLECCOB U 3PO3MOHHBIX BOJH, BIHMSHUE IOJTOBPEMEHHBIX
TEHACHIMHA HM3MEHEHHsT aTMOC(EPHOIo NaBJICHHs, Pe3yJbTaThl I'PaBUTALMOHHOTO B3aMMOJCHCTBHUS
3emnu ¢ ApyrdMU KocMudeckuMmu Teinamu (Hampumep, Coxamem, JlyHoit) m T.m. B kadecTBe

BHYTPCHHUX CHUJI Vi YUYUTBIBACTCA BIIMAHUEC BEPTHUKAIBHBIX TCKTOHUYCCKUX IlBI/I)KeHI/II\/'I, BO3HUKAIOIINUX

KaK BCJICACTBUE  JIBIDKCHHUS] TEKTOHMYECKMX IUIMT, TaK M B pe3yJbTaTe MpPOLEccOB (UIUKO-
XUMUYecKoil nuddepeHunanuy BemecTBa B Heapax 3emwud. llosydeHO MoJenbHOE ypaBHEHHE,
KOTOPOE YUYMTHIBAET 3aBUCUMOCTb AMIUIMTYABl BEPTHKAJIBHOIO CMELICHUS a, CJIeJOBaTeNbHO, U
HaNpsDKEHUH Ha 3eMHOM MOBEPXHOCTH, OT B3aMMOJCHCTBHUS BHEIIHETO M BHYTPEHHEI'O CyMMAapHBIX
NoTeHUUanoB. beuta paccmMoTpeHa Mozpenb ynpyrux zaedopmanuii 3eMHOH KOpBI, KOTOpas HpH
YCIIOBHUM COXpaHEHHsI 00bEMa B HYyTALIMOHHON CHCTEME KOOPIUHAT (HyTallMOHHAsI CHCTEMa KOOPIUHAT
— cucTeMa OTC4€Ta, ONpENeNeHHBIM 00pa3oM CBSI3aHHAs C MHEPLUMAIBHONW CHCTEMOM OTCU€Ta) IS
AMIUTUTY/Ibl BEPTUKAIBHOTO CMEIICHHUS IPHHUMAET CIIeAyoIunii B [6-16]:

2
a—?zﬁAmi (1)
ot p oh

rne h=h(t, X, y) — BeprukansHoe cmerenue, 3aBUcsIee OT BPEMEHH t 1 I€KapTOBBIX KOOPIMHAT X,
y; f=1(h)=V, +V, — cymma Bremmnero (V,) u Bayrpernero (V, ) moreHnunanos, 1eHCTBYOMIX Ha
ropHbIil MaccuB; 4 - napamerp Jlame (I1a); p - mrotHOCTS (Kr/M°); A =0° / x> +0° / dy? - omeparop
Jlannaca.

OCHOBHOM  1IeNbIO0  JaHHOW  paboTBl  SBISETCS  ONpENENCHHE  3HAYEHHI  HEKOTOPOTO

HOJIOXKUTENIBHOTO Tapamerpa /[, KOTOpPBIA OmnpesesseT JUHAMHUKY B3aWMOJCHCTBUS BHEIIHUX M

BHYTPEHHHX CHJI B O€3pa3MEpHON MaTeMaTHUECKOW MOAETH, IPU KOTOPBIX B CHCTEME BO3MOXKHO
HapylIeHNe SHEPreTHIeCKOro Oaaanca.
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PeByJIBTaTI)I AHAJIN3a JHEPTETUIECCKOI0 COCTOSIHUSL CUCTEMbI

2
E(hO) [Ivh[* ax
0<p<1
E(h(0)) < E"<0 KsanuduuuposanHas oLeHKa CBEPXY Ha JI000M (PMKCHPOBAaHHOM BPEMEHHOM
HHTEepBaJIe
E(h(0))=E" i 2
[[vhfdx=(c,coy*
E" <E(h(0)) <0 VHHBepcallbHasl IBYXCTOPOHHSISI OLICHKA CBEPXY U CHU3Y
E(h(0)) >0 YHuBepcabHas OLEHKa CBEPXY
£>1
E(h(0)) >0 KsanudumumpoBanHast OlleHKa CBEPXY JOKAIBHAS 110 BPEMEHH
E(h(0)) <0 YHUBepcanbHas OLEHKA CHU3Y U OLIEHKA CBEPXY JIOKAJIbHAs 110 BPEMEHH
=1
x>0, E(h(0)) <0 KpanmuduumpoBaHHas OLlCHKa CBEpPXY Ha JTF0O0M (GHKCUPOBAaHHOM BPEMEHHOM
HHTEpBAJIC
= 2
7>0, E(h(0)=0 [[vhfax =0
x>0, E(h(0))>0 VHHUBepCANbHAs OlIEHKA CBEPXY
x < 0, E(h(O)) <0 YHuBepcalibHast OIICHKA CHU3Y U KBATU(UIIMPOBAHHAS OIICHKA CBEPXY Ha JIF000M
(UKCHPOBAaHHOM BPEMEHHOM HHTEpPBAJe
7 <0, E(h(0))>0 KBanugpuunpoBaHHas olieHKa CBepXy Ha JII000M (pUKCUPOBaHHOM BPEMEHHOM
HHTEepBaJIe
BrIBOaBI.

Paspabotka 3/[-BapuiaHTa JaHHOW MOJEIH IPEIIOJaracT IOCIOMHOE 3aJaHue KPaceBbIX
YCIOBUH C YYETOM TE€OJOTUYECKUX M TIeO(U3NUYECKUX OCOOEHHOCTEH OTHENBHBIX CJIOEB T'OPHOIO
MaccHBa.

IIpu 3aaHMK COOTBETCTBYIOLINX FEOMETPUUYECKUX MTAPAMETPOB U KPAEBBIX YCIOBHI TaHHYIO
MOJIEJIb MOXKHO HCIIOJIB30BaTh IPH HCCIICAOBAaHWU IMHAMUKM TOPHBIX MAacCHBOB B JIIOOOH obiactu
36MHOTO IIapa.

C mo3unuii CHCTEMHOTO TMOJIX0/1a OCOOBI MHTEpEeC MpeACTaBiIsIeT pa3paboTka KOMIUIEKCHBIX
I'NC-npoektoB B cdepe ymnpaBieHHS pPETHOHAIBHBIM NPHPOJOIOIb30BaHueM. Ilpu npunHsTHH
YOPABIAIOMMX PEIIEHUH YacTO MPHUXOJUTCA BBIOJIHATH IOCIEAOBATENBHBIE WIN MapajuleIbHbIE
BBIUMCIIMTEIbHBIE M aHAIUTHYECKHE OIepalid OJHOBPEMEHHO B HECKOJBKHX OO0NacTix —
MPOM3BOACTBEHHOM, KOHOMHYECKOH, conmaipbHOU. [Ipu 3TOM MH(DOPMAITMOHHBIE TIOTOKH OOBIYHO
NpUBSA3aHBl K KOHKPETHBIM TEPPUTOPUATBHBIM €IUHMIAM. B 3TOM ciydae OHM NPUHUMAIOT QopMy
TEPPUTOPHAIIBHO  3aKPEIJICHHBIX  OaHKOB  JaHHBIX, KOTOpBIE OpraHM3ylOTCi B  BHJE
reonH()OPMAITMOHHBIX CHUCTEM JUISI KaKIO0M KOHKpeTHOW cdepbl aesrenbHOCTH. [logoOHbIE
MH(QOPMAaLMOHHBIE TTOTOKHU, KaK MPaBUIIO, TOJDKHBI [IEPEceKaTbesl U AOMONHATh APYT Apyra, T.e. Jiioboe
YIPABISAIOIIEE PEMIEHUE JOHKHO UMETh KOMIUIEKCHBIA M CUCTEMHBIN Xapaktep. [Ipu 5ToM BO3HHMKaeT
JIOCTaTOYHO CJIOXKHAs 3ajavya, Korja HeoOXommMo pa3pabdoTaTh CTPOTO apryMEHTHPOBAaHHBIA W
ONTHMAIBHBIN aNTOPUTM TPUHATHS YIPABIAIOMNX PEIICHUHA, CHHTE3UPYIOMIHHA BCIO JOCTYITHYIO
MH(QOPMALHIO.
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SUMMARY

CLASSICAL APPROACH TO THE INVESTIGATION OF THE STABILITY OF REGIONAL
NATURAL-INDUSTRIAL SYSTEMS

Prihod’ko S.Y. and Kakhiani M.R.

Donetsk National Technical University, Ukraine

Georgian Technical University

The paper deals with the concept of development of the theory of stability of regional natural-industrial systems.
The concept is based on the systems approach to the consideration of the issue and the use of modern
technologies for creating a regional database.

Keywords: regional natural-industrial systems, massif, mathematical model, energy of the system.
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SUMMARY

EXPERIMENTAL STUDY ON THE NONSTATIONARY PROCESS BY AN EXAMPLE OF THE
WATER SUPPLY SYSTEM IN KUTAISI

Namgaladze D.P. and Mandaria G.G.

Georgian Technical University

The paper deals with the determination of the hydraulic resistance coefficient in the nonstationary process of the
pipeline by the member function. The design of differencial pressure of the nonstationary process is considered
according to the member function in time and lengthwise. In the process of developing the design algorithm for
a short term and short length, it is possible to define the assessment of a quasi-stationary hydraulic factor. For the
experimental results, simple iteration was obtained, and the process gradually attenuated.

Keywords: water supply system, nonstationary process, hydraulic coefficient.
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SUMMARY

METHOD OF DETERMINATION OF THE DYNAMICS OF THE GAS DISTRIBUTION NETWORK
FAILURE RISK IN TIME BY AN EXAMPLE OF KAZTRANSGAZ-TBILISI, LTD

Namgaladze D.P. and Sanikidze G.M.

Georgian Technical University

The management of the exploitation of the gas distribution network is defined by reliability and durability, while
an important index of the network is the risk of failure. The paper discusses the failure of the dynamic system
and the restoration time in the coordinate phase space. As a result there was obtained the density of the
probability distribution mixture of the gas distribution network element based on which it is possible to define
any parameter of the process and to manage the process of reliability.

Keywords: gas distribution network, failure, probability distribution, reliability.
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SUMMARY

THE ANALYSIS OF THE INTERNATIONAL PRACTICE FOR THE SOLUTION OF ELECTRIC
POWER QUALITY PROBLEMS IN ELECTRIC SUPPLY SYSTEMS

Mtvarelishvili G.M.

Georgian Technical University

The analysis of the international practice for the solution of electric power quality problems in electric supple
systems shows that electric power quality problems in the EU are solved by the EU legislative measures. In
European electric supply systems the owner of the electricity network has right to determine the permissible
limits of power harmonics emission for each powerful electric customer based on Distribution Network Code.
The customer is obliged to take the organizational - technical measures for the limitation of power harmonics
emission.

Keywords: electric supply system, distribution network, power harmonics.
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SUMMARY

THE POSSIBILITY OF WORK OF UNREINFORCED MASONRY ON ECCENTRIC COMPRESSION
Bakanidze Sh.T. and Zambakhidze L.I.

Georgian Technical University

A possibility of work of the unreinforced walls of masonry buildings on the load of crossbar constructions of the
ceiling is considered. It was established that, at small load and span, it is possible to use unreinforced masonry
by choosing the appropriate geometric design of the ceiling.

Keywords: unreinforced masonry, eccentric compression, crossbar load, ceiling, geometric design.
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ISO 4354:2012 — Wind actions on structure

ISO 10137 Bases for design of structures - Serviceability of buildings and walkways against vibrations
Eurocode 1: Actions on structure. Part 1-4:General actions — Wind actions

Eurocode 0 - Basis of structural design.
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SUMMARY

DYNAMIC COMFORTABILITY OF THE BUILDING UNDER THE WIND EFFECT

Urushadze L.V.

Georgian Technical University

The paper deals with the dynamic comfortability of the building under the wind effect. It was established that it
is essential to perform modeling of wind load for the building of any type in order to check it for the Il limit
state. It is recommended to take into consideration the requirements of ISO 10137 and SNIP (Building
Regulations) 2.01.07-85.

Keywords: buildings, wind load, dynamic effect, dynamic comfortability, aerodynamically complex shape.
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ONBITHOE UCCJIEJOBAHUE IPOLIECCA HAT'PEBA ITPU DJIEKTPOKOHTAKTHOM
CBAPKE INEPEKPEIABAIOIIAXCS KPYTJIBIX CTEP)KHEM

OcnanoBa C.M., XBagarnanu A.U., lllamamoéepuaze M.I1I.

I'ocynapcrBennblii yuusepceurer Axakus Lepereau, Kyraucu

TeopeTnueckoe UCCIEOBaHUE IIpollecca HarpeBa TMpH  3JIEKTPOKOHTAKTHOW  CBapke
MEPEKPEIIMBAIONINXCS. KPYTJIBIX CTEp)KHEW KpailHe 3arpynHeHo. I1loaromy uccrienoBaHue Temiepa-
TYpHOTO TIOJIi B 30HE CBAPHOIO KOHTAKTa OCYLIECTBISAIOT ONBITHBIM IyTeM. KpaiiHe HemocTaTouHO
OTIBITHBIX MCCIIEOBAHUM, KaCAIOIINXCS AJIEKTPOKOHTAKTHON CBAPKH MEPEKPEIINBAIOIINXCS KPYTIIBIX
cTepkHEeH wMasioro muamerpa (mo 15 wmwm). JlaHHBIE TakoOro HWCCIEAOBAaHUS HEOOXOIUMBI IS
MIPEJICTABJICHUS O TPOIIeccaX, MPOTEKAIINX TP CBapKe, a TakKe Il pacueTa MmapaMeTpoB pexuma
CBapKH.

Jus pacuera CBapOYHOrO TOKa TPU DIIEKTPOKOHTAKTHOW CBapKe MEPEeKpPENIHBAIOIINXCS
KPYTJIBIX CTepKHEW HeoOXOAWMO TPEICTaBUTh OOIIYI0 KapTHHY mporecca HarpeBa. C 3TOW IeNbio
ObUIM TIOCTaBJICHBI OMBITHI, B pPE3yJbTare KOTOPBIX YCTAaHOBHJIM HM3MCHEHHE TeMIepaTypsl B
Pa3IMYHBIX TOYKaX CBAPHOIO COEIMHEHUS U OCaJIKy B MECTE COIIPUKOCHOBEHHMSI CTEPKHEH.

OnBITH MPOBOJMIIN HA CTEPIKHIX AUaMeTpoM S5+10 MM, U3TOTOBIEHHBIX M3 MAIOYTIIEPOTHON
CTaJIH.

OO6pa3ipl cBapuBajId HA MalllMHE TOYEYHON CBAPKH HA JIBYX PEKUMAaX:

® MATKHH pexuM: cBapouHbIid TOK — |, =2100 a;
MIPOAOIKUTENIEHOCTh CBapKH — 1., = 8 cek;
ycunue Ha snekrpogax — 300 maH;

® KECTKHUI pexHM: CBapOUYHBIH TOK - |, = 2500 a;

MIPOJIOJDKUATEIHFHOCTE CBapKh — L, = 3,5 cexk;
ycuiue Ha anekrpogax — 300 naH.

TemnepaTypy B CTEPKHAX U3MEPSUTH XPOMEIb-aFOMUHEBBIMH TEPMOIIAPaMU C JHAMETPOM
npoBoiokd 0,2 MM. TepMO3JIEKTPOABIDKYIIME CHJIBI TEpPMONAp 3alvChIBAIM Ha 1UIeH(OBOM
ocusuiorpade.

Temnepatypy u3mepsiau B Tpex Toukax (puc.l). J[Be w3 HUX OBLIM PACIIOIIOKEHBI OKOJIO
KOHTAKTa CO CTOPOHBI KaXKJIOTO CBAPUBAEMOTO CTEPIKHS, & TPEThSI TOYKA HAXOAMIACH OKOJIO HIKHETO
anekTpoaa. TepMonapsl IPUBAPUBAIU K 00pa3iiaM KOHICHCATOPHON CBapKOH.

2+

2

Puc.1. PacnoJsio:kenne ToUek U3MepeHUs TeMIEPATYpPhbl IPU CBapKe

Benmnunny ycunmus Ha 3JEKTPOJaX H3MEPSUIH JHHAMOMETPOM C TIOMOIIBIO CIIENHUAILHOTO
MIPHUCIIOCOOIEHUSI.

Pe3ynbrarhl ONBITOB P CBapKe 00pa3IoB Ha MSTKOM PEXHME MPEICTaBICHBI HA PUC. 2.

HauGonpimas ckopocTh HarpeBa B Havaje Ipoliecca HaOI0aeTCs B TOUKAX, PACTIONOXKEHHBIX
B 00J1aCTH CBApOYHOr0 KOHTaKTa (TOukH 1 u 2).

B Ttouke, maxomsmieiics BOMM3M 3MeKTpoAa (TOUka 3) HA TIOBEPXHOCTH MAaJIOTO CTEPXKHS,
CKOPOCTh HarpeBa HECKOJIbKO MEHBIIIE.
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XapaKTepHbIM Il JAHHOTO OMBITAa SBJISIETCS OOpa3oBaHHE IUIOMIAJKK MOYTH MOCTOSHHBIX
TEeMIepaTyp Ha KPHUBBIX TEPMHUYECKOrO IMKJIA TEX TOYEK, KOTOpBIE HAaxXoAATCS B 00JIacTu
HanOoJBIIIeTO pazorpea Touek 1, 2. OYeBHIHO, YTO HA OMPEICICHHON CTAaauHU IpoIecca CBapKHU B
oOmacTy, mpuieraromeil K KOHTAKTy, HACTYNaeT TEIUIOBOE PAaBHOBECHE, MPU KOTOPOM BBIAEICHUE
TEINIOTHl ~ BCIECACTBHE Pa0OTHl TOKa ypPaBHOBEIIMBAETCS OTBOJOM  TEMJIOTHI  BCIIEACTBUE
TEIUIONPOBOIHOCTH. TeMnepaTypa To4ek 3T0i 001acTH B AajbHEHIIEM ITOYTH HE ITOBBIIIACTCS.

[Ipu npaBunbHO BBHIOpAHHBIX MApaMeTpax PEeKUMa B COUETAHWHU C YCHIIMEM Ha 3JIEKTPOJax
YCTaHOBUBIIIEECA TEIJIOBOE COCTOSHHUE JOJDKHO COOTBETCTBOBAaTh HArpeBy TOYEK KOHTAaKTa [0
TeMIeparypsl IuiaBieHus. UpeamepHo OoiplIoe yCHIIME Ha SJIEKTPOAax MPH HEAOCTATOYHOM TOKE
CHU3UT IUIOTHOCTh TOKa B CBAPOYHOM KOHTAaKTE€ M COCTOSHHE PABHOBECHS HACTYNHT IPEXKAE, YeM
OyzeT AOCTHTHYTa HeoOXonuMmas TeMmIleparypa B 30HE CBapKH, YTO MPHUBENET K HEmpoBapy. Takum
o0pa3oM, YpOBEHb IUIOUIAJKHA PABHOBECHS HA KPHUBBIX TEPMHUYECKOIO LHMKJIA PETYIUPYETCs
WU3MEHEHHUEM JJIEKTPUYECKUX ITApaMETPOB B COUETAaHUH C YCUIVIEM BIABIMBAHHS.

Temnepatypa Touek 1, 2 Ha 2-5-if cexyHue mocturaer 1200-1400 °C u octaercs mouth
IIOCTOSIHHOM J0 MOMEHTAa BBIKIIOYEHUS ToOKa. JlanpHeiliee BBIACICHUE TEIUIOBOM 3HEPrUU
pacxonyeTcs Ha MpOTpeB YNAJICHHBIX OT MecTa CBapkh ToueK. K MOMEHTYy BBIKIIFOUEHHS TOKa
TeMreparypa B Touke 3 ycmeBaeT moBbIcuThCs 10 1100-1150 °C. Ilporecc HarpeBa TO4YeKk BOIU3N
3JIEKTPO/IOB TaKke CTPEMHUTCA K CTallMOHApHOMY cocTosiHMI0. OHAKO, TeMIlepaTrypa B 3TUX TOUKax
cocrasisieT nuib 500-600 °C npu MakcHMMaibHOW YCTaHOBHBIIEHCS TEMIIEpaType B TOUKe 1, paBHOH
1300 °C. ITosToMy TeMmmepaTypa B TOUKE 3, HECKOIBKO 3aMEUIHB CKOPOCTh, MIPOAOIDKAET HAPACTATh,
JIOCTUTAsl K MOMEHTY BBIKIItOueHHs Toka 950 °C.

Kax BHIHO, MPOJOIKUTENBHOCT CBAPKH COCTABIIAET § CEKYHJI U MPU JAHHOM TOKE M YCUINH
CHABJIMBAaHUS PUBOJNT K CHIIBHOMY IEPErPEBY METalIa CTEP’KHS MaJIOr0 JuaMeTpa.

Ilocrme BBIKITIOYEHMS TOKA HACTYMAET MEPHOA OXIAKIACHHWS W BBIPABHMBAHHA TEMIIEPATyp.
Pasznuyarot nBe cTaauu 3TOro nepuoza: 1) BelpaBHUBAHUE TEMIIEPATyp MPH 3aMKHYTHIX JIEKTPoJaxX U
2) cB0OOAHOE BEIpaBHUBAHUE TEMIIEPATYP U OXJIAXKICHHE PH PA30MKHYTHIX IEKTPOAAX.

Pe3ynbTaThl ONBITOB NpH CBapKe 00pa3LOB Ha KECTKOM PEKUME IPEeACTaBIEHbl HA pPUC. 3.

f = ~ 7

| SSEEEE
Hr L[S
/

Puc. 2. Tepmuyeckuii UK/ pa3INYHBIX TOYEK CBAPHOr0 00pa3na (MATKUI PeXIM CBapKH)
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Puc. 3. TepMuyeckuii HUKJI Pa3IMIHBIX TOYEK CBAPHOr0 00pa3na (AKeCTKHil pe;KMM CBapKH)
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Puc. 4. 3aBUcCHMMOCTB 0CAIKM OT JVINTEIbHOCTH CBAPKHU (IIPH MATKOM pe:KHMMe CBapKH)

Touku, OMU3KKE K CBAPOYHOMY KOHTAKTY TOYEK 1, 2, HArpeBarOTCsA MPUMEPHO C TaKOW JKe
CKOPOCTBIO, KaK U MPU CBAPKE HA MATKOM PEXUME. ITO MOKHO OOBSICHUTH TeM, YTO OoJice BhICOKAS
HavajbHas IJIOTHOCTh TOKAa B OOJACTH CBAPOYHOTO KOHTAKTA BBI3Baja OBICTPBIA POCT OCAIKH B
Hayaje Mpollecca HarpeBa M, COOTBETCTBEHHO, OBICTPOE CHIKEHHE IUIOTHOCTH TOKA B CBApOYHOM
KoHTakTe (puc. 4 u 5).
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“ /

4 =
Puc. 5. 3aBucuMocTh 0CaKu OT AJTUTEIbHOCTH CBAPKHM (IPH KECTKOM pe:KrMMe CBaAPKH)

Takum 00pa3oM, OKOJOKOHTAKTHas 00JAacTb OKa3ajlach HArpeToil MpHUMEpHO 10 TOH ke
TEeMIIEpaTyphl MPeNeIbHOI0 COCTOSIHUA, YTO M NPH CBapke Ha MSTKOM pexume. Ocajika Hpu 3TOi
TeMIlepaType Mpu cBapke Ha MsTKoMm pexume B 1,4 - 1,6 pa3 mpeBbimmana (puc. 5) ocaaky B MEPBOM
cinydae (puc. 4). IlodToMy HEOOXOAMMBINM Al TONy4YeHHsT TpeOyeMoll OCagKd TMPOrpeB TOUEK,
yAaJeHHBIX OT KOHTAKTa, JOCTUraeTcs B TeueHue 1 - 2 ceKyH], a Ipu CBapKe Ha MATKOM PEXUME Ta
K€ BENMYMHA OCAIKH JOCTUTaeTcs depe3 6 - 6,5 cekyHa. B pesymprare cokpamieHus oOImei
JUINTEIbHOCTH HAarpeBa IO CPAaBHEHWIO C IEPBBIM ONBITOM MAaKCHUMalbHAasl TeMIlepaTypa Majioro
CTEpIXKHS, YAAJICHHOTO OT CBAPOYHOT0 KOHTAaKTa, OKa3ajiach 3HAYUTEIILHO HUYKE BO BTOPOM OIIBITE.

[Iporiecc BbIpaBHHBAaHUS TEMIIEPATyp MOXKHO CUWTATh 3aKOHYEHHBIM depe3 1,5-2 MUHYTHI
1ocJie Hayasa rpouecca cBapku. [1o ncTeyeHnu 3Toro BpeMeHu, TeMIepaTypa BceX ToOUeK OO0JIbIIoro U
MaJIOTO CTEepIKHEH yKiaapiBaercs: Mexy 150-200 °C.

JIMTEPATYPA
1. H.H. Peixanus. PacdeTs! TEMIOBBIX MpolieccoB mpu cBapke. -M.: Maml 3., 1951, 370 c.
2. Teopernueckue ocHoBbI cBapku/Ilon pen. B.B. dposnosa. -M.: Bricinast mikouna, 1970, 592 c.

SUMMARY

TEST STUDY OF THE HEATING PROCESS DURING ELECTRIC-CONTACT WELDING OF
INTERSECTING ROUND RODS

Ospanova S.M., Khvadagiani A.l. and Shalamberidze M.Sh.

Akaki Tsereteli State University, Kutaisi

The heating rate in the welded contact zone during electric-contact welding of intersecting round rods is identical
under both hard and soft welding conditions. During the welding of rods of different diameters, the heating
temperature of rod with a larger diameter is lower than the limit heating temperature of the rod with a smaller
diameter.

Keywords: electric-contact welding, intersecting round rods, heating rate.
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SUMMARY

THE EFFECT OF MAIN PARAMETERS ON THE TEMPERATURE DURING RESISTANCE
WELDING OF THE PARTS OF DIFFERENT THICKNESS

Kakhishvili G.S., Neverov A.P., Metreveli A.B. and Sulamanidze A.K.

Georgian Technical University

The effect of the basic parameters of contact welding of parts having different thickness on the spot displacement
is discussed. It was revealed that there was no opportunity to obtain a desirable result by varying them.
Keywords: spot welding, half-working electrode, heating, welding spot.
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DETERMINATION OF THE TEMPERATURE OF MAGNETIC PHASE TRANSITIONS OF
SYSTEMS Y 1.Gd(Co1,Al),

Gamishidze Z.M.

Shota Rustaveli State University, Batumi

Abstract.The paper deals with the effect of the f - d exchange interaction on the ground state of zonal magnetics
Y (Coy,Aly), and Lu(Coy.4Aly), and the determination of the temperature of their magnetic phase transitions. The
investigation showed that, at low temperature, the magnetic properties of the systems under study depended on
the content of aluminum. Specifically, it was determined that the temperature of magnetic phase transitions
increased with the increasing content of gadolinium. At the same time, the higher was the content of aluminum,
the faster increased the temperature. At high concentrations of aluminum (x=0.07, 0.085 and 0.105), transitions
from a weak ferrimagnetic state to a paramagnetic one took place at low concentrations of gadolinium t, while, at
high concentrations of gadolinium t, there occurred transitions from a strong ferrimagnetic state to a
paramagnetic one. At low concentrations of aluminum (x=0.00 and x=0.05), transitions to the spin glass state
took placeas the temperature decreased, while, with the increasing concentration of gadolinium, transitions to the
strong ferrimagnetic state occurred.

Keywords: magnetics, phase transition, temperature, paramagnetic state, ferrimagnetic state, spin glass.

In the investigation of the specific features of magnetism in metals and alloys, currently there
has been increased interest in the phenomena associated with the magnetic instability of the subsystem
of zonal d-electrons. One of typical manifestations of such instability is, in particular, zonal
magnetism: the field-induced first-kind phase transition from the paramagnetic state to the
ferromagnetic one. This phenomenon is related to a specific form of the energy dependence of the
density of states of d-electrons in the vicinity of the Fermi level, which promotes an increase in N(g)

when a magnetic field is applied: at H<H,, I (& )<1 andat H>H , I (&;)>1 [1].

A metamagnetic transition takes place in that paramagnetic system and that critical field H,,
where the Stoner criterion of ferromagnetism begins to be fulfilled [2]. Currently there are knownfew
objects where zonal magnetism can be observed experimentally. Hence the phenomenon of zonal
magnetism has been poorly studied. Intermetallic compounds YCo, and LuCo, having a cubic
structure of the MgCu, type (Laves phase) are zonal magnetics [3]. The action of the f - d exchange
interaction on zonal magnetics is an efficient technique for studying their properties, because under
certain conditions it makes possible to reduce the critical field of the phase transition [4].

The objective of this work was to investigate the effect of the f - d exchange interaction on the
behavior of zonal magnetics YCo, and LuCo, and to determine the temperature of their magnetic
phase transitions. For optimization of the experiment conditions, Al-substituted compounds YCo, and
LuCo, with relatively small values of Hpwere used [3]. Hence polycrystalline systems
Y1:Gay(CoyAly), were synthesized. The theoretical discussion of the basic magnetic properties of
compounds under study Y,:Ga,(Co1.,Aly), can be performed in the mean-field model. Let us consider
the zonal d-subsystem of these compounds in the Wohlfahrt model of weak ferromagnetism. Then,
with consideration for f - d exchange interaction, the equation for the state of the zonal subsystem
looks like

aMd —l—ﬁl\ﬁg—k}/l\ﬂj:ﬁb&f 1)
Here Md is the magnetization of the d-subsystem; I:Ib;’ff is the effective field affecting this
subsystem

Hbe, = H + A,tM )

where H¢

mol = H +/1fdtl\ﬁf is the molecular field affecting the d-subsystem; A, is the coefficient
of the molecular field of the f - d exchange interaction.
Depending on the characteristics of the d-subsystem, the transition from a magnetically

ordered state to a paramagnetic one can be as the first-kind transition, so the second-kind one. If the



88 bddSHNIILN LSObIN6H(™) 0SS I60, GEORGIAN ENGINEERING NEWS, A24, 2015

d-subsystem in the ground state is in the paramagnetic phase (Hﬂo, <H,,), the transition at the Curie

point for the f-d magnetic system under consideration is the second-kind phase transition, and its
temperature is determined by the following equation

09I+ 44

T, * t( A+ ) @)

A similar situation takes place when the d-subsystem in the ground state is ferromagnetic
>H ), though the metamagnetic transition at Curie temperature is blurred.

We investigated the effect of the f - d exchange interaction on the ground state of zonal
magnetics Y(Coy,Aly), and Lu(CoyAly), by partial substitution of Y and Lu for gadolinium. For
investigation we chose the compositions that, without gadolinium, were zonal metamagnetics. The
measurements showed that the low-temperature properties of these systems strongly depended on the
content of aluminum. The systems under study can be divided into two groups: with a low content of
aluminum (x=0.00 and x=0.05) and a high content of aluminum (x=0.07, 0.085 and 0.105).

The measurements showed that, when small amounts of gadolinium were used for substitution
(t<0.12), there was no spontaneous magnetization. The increase in the content of gadolinium led to the
increase in susceptibility in weak fields, and the magnetization curves became nonlinear and tended to
saturation in strong fields. The analyses showed that these compositions were cluster spin glasses [5].
In the temperature dependences of initial magnetic susceptibility of the majority of investigated
compounds, at low temperature there are observed characteristic anomalies which allow identifying
easily the temperature of magnetic phase transitions. For the compositions in which the existence of
spin glass is assumed, these anomalies represent the “maximum” of susceptibility characteristic of the
freezing point of spin glass. The nonlinearity of magnetization curves of the systems with x=0.05,
which at low temperature are in the spin glass state, decreases as the temperature increases, and the
magnetization curves become linear at the temperature above the freezing point of spin glass.The
processing of magnetization curves of these compounds by the Arot method showed their behavior
characteristic of the spin glass state: M? dependences of H/M were nonlinear and the spontaneous
magnetization was equal to zero over the entire temperature range of measurements. For the
magnetically ordered compounds, the Curie temperature determined by the Arot method was close to
the Curie temperature determined by the measurements of magnetic susceptibility in weak alternating
fields.
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The figure shows the dependences of temperature of magnetic phase transitions on the content
of gadolinium t for the systems with different concentration of aluminum.
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O - transition to the strong ferrimagneticphase; A — transition to the weak ferrimagnetic phase;

o — transition to the spin glass state.Solid lines — theoretical calculations.
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It is evident that the temperature of transitions increases with increasing t, and, the more is the
content of aluminum, the faster increases the temperature. At the same time, in the compositions with
high concentration of aluminum, there occur transitions from the weak ferrimagnetic state to the
paramagnetic one at low t, and from the strong ferrimagnetic state to the paramagnetic one at high t. In
the compositions with low concentration of aluminum, there are observed transitions to the spin glass
state with decreasing temperature, while, in the system with x=0.05, the transition - to the strong
ferrimagnetic state with the increasing content of gadolinium. The transitions ofstrong ferrimagnetic
specimens from the magnetically ordered state to the paramagnetic one can be as the first-kind, so the
second-kind. If the transition is of the first kind, the paramagnetic and magnetically ordered phases
can co-exist in the transition area, as it takes place in system Lu(Co;.xAly),. The Curie temperature of
systems Y1,Gdi(Co..4Aly), was calculated by formula (3) for the second-kind transitions using the data
for the temperature dependence of susceptibility of the d-subsystem from work [3] and the value
Mt =136 kOe/ug from work [6]. These data are given in the figure. The lines in the figure show the
theoretical dependences of Curie temperature on the concentration of gadolinium calculated in the
molecular field approximation. It is obvious that the calculated and experimental dependences T(t)
correlate semiquantitatively at large values of t. The discrepancy between the experimental and
theoretical dependences of the temperature of phase transitions on the concentration of gadolinium is
larger at the low content of gadolinium, especially in the case of the spin glass state when the systems
are significantly heterogeneous, and a rough mean-field approximation cannot be used.. Besides, for
accurate calculation of the Curie temperature, it is necessary to take into consideration spin
fluctuations in the d-subsystem which largely determine the behavior of zonal magnetics [7].
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PE3IOME

ONPEAEJEHUE TEMIIEPATYP MATHUTHBIX ®A30BbIX IIEPEXO/J10B

CUCTEM Y 1,Gd(Coy.,Aly),

TF'amummnaze 3.M.

I'ocynapcrBennsblii yuusepcurer uM. Illora Pycrasesan, barymun

B cratbe paccMmarpuBaercs BiusiHHMEe f-d OOMEHHOro B3aMMOZAEHCTBHS Ha OCHOBHOE COCTOSIHHE 30HHBIX
marHeTukoB Y (C01,AlL), u Lu(Coy,Aly), 1 u3MepeHue TemrepaTypbl MX MarHMTHOro (ha3oBOro mepexoja.
W3mepenns mokasajim, 9TO MarHUTHBIE CBOMCTBA MCCIICIOBAHHBIX CUCTEM TIPH HU3KOW TEMIIEPaType 3aBUCST OT
COJIeprKaHus aIIOMHUHUS. B 4acTHOCTH, OBUIO OIpezeseHo, YTo TeMIeparypa MarHUTHOTO (a3oBOro nepexoja
BO3pacTaeT NMpH yBEIMYEHHH KOHIICHTPAIMK TaJoJIMHUI. B To ke Bpems, TemIepaTypa pacTeT TeM ObIcTpee,
4yeM BBIIIE€ KOHIEHTpAIKs aJloMHUHKS. B ciiydae BBHICOKON KoHIEeHTpauuu agroMmuaus (x=0,07; 0,085 u 0,105),
IIPY HU3KOH KOHIEHTPAIMH TaJOJIMHUS HMEEeT MECTO Iepexon M3 ciaboro (eppruMarHUTHOTO COCTOSIHHSA B
MapaMarHUTHOE, a MPU BBICOKOW KOHIIEHTPAIMH TaJOJUHHUS — U3 CHJIBHOTO ()epPHUMAarHUTHOTO COCTOSHHUS B
napamarautHoe. [1pu Hu3ko# koHneHTpaun amomuans (x=0,00 n 0,05), npu NOHMKEHUH TEMIIEpaTypbIMMEeT
MECTO TIE€pEeX0Jl B COCTOSHHE CHMHOBOTO CTEKJIa, a NPH YBEIMYECHUH COJEPXAHUS TaJ0JHHUS — IEpPexXoj B
CHIIbHOE (heppUMarHUTHOE COCTOSTHHE.

KaioueBble cioBa: MarHeTuky, (asoBbIi Iepexoj, TeMieparypa, NapaMarHWTHOE COCTOsSHHE, (eppumar-
HUTHOE COCTOSIHHE, CITUHOBOE CTEKIIO.
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BEMJEJJINT BEHTOHUTOBBIX I''TUH OKPUBLI
I'ocynapcrBennblii yuusepceurer Axakus Leperean, Kyraucu
Maxapanze A.H.

beitnennuT npeacTaBisieT IUCTOBBINA CUIMKAT MOHTMOPWJIOHUTOBOM rpymmbl. B otnuune ot
MOHTMOPHWJJIOHUTA B TeTpadApax OeHIe/uinTa 4acTh CHIMLMS H30MOPGHO 3aMelleHa aTIOMHUHHUEM.
bBelinennuroBele OCHTOHMUTOBBIE T[JIMHBI IO CPaBHEHWUI0 MOHTMOPHJUIOHUTOBBIMH  HMEIOT
OTPaHUYEHHOE PaCIPOCTPAaHEHHE.

W3 MHOTOYHCIICHHBIX MECTOPOXKIEHHUI M MPOSBICHUI OCHTOHUTOBBIX MHMH ['py3uu, TONBKO
OxpubeHoe npeacTaBieHo OelaeunToM, a Bece octanbhble (I'ymOpu, briHomka, Ackana, Axannuxe,
CBUTA MTapapH U p.) MOHTMOPHWIJIOHUTOBOTI'O COCTABA.

[Ipunzyuenun Oxpubckoro Oelinenmra HaMU MPUMEHSIIUCH ONTHYECKUH,
3JIEKTPOHOMUKPOCKOIIMYECKUM,  PEHTTEHOBCKMM,  TEPMUYECKMH U XUMUYECKUH  METOABI
MHUHEPAJIOTHYECKUX HCCIETOBAHNM.

B cBure nucroBbix cnaHineB O0ara OKpuObI cpeau YEpHBIX aprHUIMTOB, aJEBPOJIMTOB U
MIECUAaHUKOB CBOEH CBETJION OKPacKOW YeTKO BBLICISIOTCS CIOM TUIACTHYHBIX TiHH. OHHM Oemoro,
KPEMOBOTO M CBETJIO-CEPOro I[BETOB, YacTO C MpUMa3KaM{ THJIPOOKHUCIIOB jkKeje3a. OTH TJIHHBI
NPEACTABISIIOT MPOAYKTHI CyO3paIbHOTO BBIBETPUBAHUS aHIIE3UTOBBIX JTUTO-KPHUCTAIIO-BUTPUUECKUX
TyQoB OT MENIUTOBOW [0 TNCUMMHUTOBOHM, peIKO TNCHUTOBOH CTPYKTYpHl. [JIMHBI COCTOSAT U3
OelifeIuinTa 1 MUHEPAJIOB KAOJMHUTOBOM TPYMITEl (KAOJWHHUT, METaraulya3ur, rajlyas3uT, auiodaHn).
Penko, B camoii BepxHel dacTu Tpouisl KOPbl BEIBETPUBAHUS MOSBIsieTcs TnOOcut. bemenmur u
MHUHEpaJIbl KAOJIMHUTOBOM TPYIIBI 00Pa3yIOT KaK CaMOCTOSITEIIbHBIE CJIOU, TAK M HAXOASTCS B TECHOM
acCOLIMaIIH.

MuHepanbHBIH COCTaB INIMH KOHTPOJHUPYETCS CTPYKTypol MarepuHckux mopon. Ilo tydam
NICAMMUTOBOW M NCE(PHUTOBON CTPYKTYPHI Pa3BUThI MUHEPAJIbl KAOJMHUTOBOM IPYIIIbL, 110 TETUTOBBIM
BUTpoOKJIacTHYeCKUM — Oeiinennut. [To Tydam pazHO0O0IOMOYHOTO CTpOEHHS CPOPMUPOBAHBI TIIUHBI
CMEIIaHHOTO COCTaBa, KOTOPBIE TOJB3YIOTCS HAaWOOJBIIMM PACIpOCTPAaHEHHEM U HMEIOT
HauOOJBIIYI0 MOIIHOCTE — 10 1,5 — 2 M. MoOHOMUHEpaJbHbIE OCHIEIIIMTOBBIE TIIMHBI BCTPEUYAIOTCS
PEAKO M MX MOLTHOCTh HE MPEBBIIIAIOT HECKOJIBKHX CAaHTUMETPOB.

[Ton monsipu3allMOHHBIM MHKPOCKONIOM OEHAEIUIMT BOASHO NMPO3pavyHbIi. XapaKTepusyercs
pasHooOpa3ueM TeKCTyp M CTPYKTyp. Cpeau TeKCTYpHBIX THIIOB BBLACISIIOTCS OPHEHTHPOBaHHAs,
HEOPHEHTHPOBAHHO - BOMJIOKOOOpa3Has, KJIOYKOBas, ISTHHUCTas, XJIOMbBUAHAS M IIeTeNbyaTas
pasHoBuaHOCTH. Cpeny CTPYKTYPHBIX THUIIOB PacHpOCTPAHEHBI JICTITONEINTOBBIE, METAIEIUTOBBIE,
KaMy(aupoBaHHBIE BHUTPOKJIACTUUECKHE TMeruioBble. [lokazarenn mpenomiieHust Oeierinura

N, =N, =1515; N, =1493.

[lox >7eKTPOHHBIM MHKPOCKOIIOM B CYCIIEH3MOHHBIX Ipenaparax Oelae/uInT MpeacTaBiicH B
Buje OOJAaKOBUAHOW MAacChl COCTOSIIAs W3 CKOIJICHHH MEJKUX MOJXYNpPO3PAauyHBbIX YETYeK.
Berpedarores Takke HEMpO3padHble CKOIUIEHUS C Pa3MBITUMHU OYEPTAHUSMHU 3aKPYUCHHBIMH KpasMu
Y IIHATTOBUIHBIMH BBICTYPaMHU.

Oxpubckuii  OeimeIMT MO JaHHBIM PEHTICHOBCKOIO aHaju3a HJICHTUYEH 3TAJIOHHOTO
Oeinennuta u3 pynauka brek Jxek CLHA (1). OcHOBHBIE TapaMeTphl KPUCTAIUTHIECKONH CTPYKTYPHI
OxpubHoro GeiinemmmTa coctaBiseT Ooo=4,42A; dog=1,493A; ,a*“ =5,185A; ,b* =8,955A. Onmu
COBNAJIAIOT TAKOBBIMHU-XKe TMapameTpam Oeinerumra pyanuka biek Jhxek. [lpu Hackimenun
riunepuroM Ooo; Geiinenuta Bospactaer 1o 17,6242A, a npu mpoxanusanmu Ha 600 °C B Teuenue
OJIHOTO HYaca yMeHbImaeTcs 10 9,6A.

Tepmuueckuii ananu3 sBisiercsi 3QQPEKTUBHBIM METOJIOM JTUAarHOCTHKH Oeinernra. Ha
TepMorpamme OKpHOCKOro GeiieITnTa BhIIENSETCS TPU SHAOTepMHUUYecKoro mukos 140, 725, 950 °C
v omuH osKk3orepmuueckuii Ha 105 °C (pucynox). Ortmeuaercs Takke mneperu6 npu 180°C
YKa3bIBAOIIMIT HA MPUCYTCTBHH B OOMEHHOM KOMIUIEKCE JBYXBAJICHTHEIX KatnoHoB (Ca®*, Mg?"). TTo
STUM JaHHBIM TOXe, KpuBas HarpeBanus Okpubckoro Oeizennra HWASHTHYHA KPUBOM HarpeBaHUs
stasioHHoro  Oeiimeruta [1]. IlepBBiii SHAOTEPMUYECKHUIA ITHK (1400C) COOTBETCTBYET IIOTEPE
MEKCIIOCBOIT BOBL. BBICOKOE 3HAYCHHE BTOPOrO SHIOTepMHdecKkoro muka (725°C) ykassiBaeT Ha



LSISAN3IR I bS5S06IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, Me4, 2015 91

0
OomnbIIOe  COACpKAHHME ATIOMHHHS B CTpyKType MuHepana. [luk 950°C pe3ynabTar IOJHOTO
pa3pylIeHUs KPUCTAUNIMYECKON pemieTku. M3-3a 00IbIIOTro coepKkaHus alOMUHMS B 00pa30BaBIIeM
amop(HoM Bemectse, Ha 1050°C (hopMupyeTCs MIIIUHET.

140°

JuddepenunanbHasi KpuBas HArpeBaHMA OeiiesuTa

Opaxrws <0,001mm Getinenmura coctout (%): Baara — 15,47; n.n.n. — 7,8; Si0O, — 43,93; SiO,
o6 — 12; TIO, — 0,58; Al,O3 — 19,89; Fe,O; — 3,16; FeO — 0,14; MgO — 1,37; Cu,0O — 1,18; Na,0 —
0,20; K,0 -0,25.

OoOmas eMkocTh mornoineHuss Qpakiuuu <0,001MM OeiiIeIMTOBOM TJMHBI COCTaBIseT 78
Mmr/3kB Ha 100 r BemecTBa u MpecTaBiIeH Ca’'=8,5; Mg2+:2,3; Na"=60; K'=7.

OrneynopHocts OelpemutoBoid TiamHbl OxpuObl coctaBiusier 1450. Takas BbIcoKas
OTHEYTIOPHOCTh MHHEpalla MOHTMOPHJIJIOHMTOBOM TPYMIIBI PE3YyJibTaT BBICOKOTO  COJEpPKaHHA
QTIOMUHHSL.

Takum oOpazom, Oeipennmur OxpuObl 1O pe3ynbTaTaM IMPOBEICHHBIX KOMILJIEKCOB
WCCIIeIOBaHNH aHAIOTUYEH dTalloOHHOMY Oeieruty pynauka brnex xek CLLIA.

B rnmHax mpuyporeHHbIX K CBHUTE JIMCTOBATHIX cliaHmeB 0ata OkpuObl 0coOblii MHTEpec
NPEACTaBISIET TECHAs accoluanys OelaenTa 1 MUHEpaJlOB KAaOJIMHUTOBOW TPYIIIBI, TaK KaK AJIsl UX
oOpa3oBaHus TpeOYyeTCsl cpe/ia Pa3IMYHON KUCIOTHOCTU. beitneut oOpasyercs B IIENOYHOM cpee,
a MUHEpaJIbl KAOJIMHUTOBOU IPYIIIIBI B KUCIIOM.

BanosHbie Boabl, HUPKYIUPYIOLINE CPEIU JIMCTOBATHIX ciaHleB O6ata OKpHObI, SBISIOLIHECS
TJIaBHBIMM ar€HTaMH IIPOIIECCOB KOPHI BBIBETPUBAHMS HMEIOT KHCIBIA cocTaB. OTMedeHHOe
00yCIIOBIIEHO CEPHOW M OPTraHMYECKHMH KHCIOTaMH OOpa30BaBIIMMHUCS B PE3yNbTaTe OKHCIIECHUS
MUPUTA W OPTraHUYECKOTO BEHIECTBA COJEpXKAIIUXCid B OOJBIIEM KOJHMYECTBE B TOPOJAaX CBHTHI
JIUCTOBATBIX CIAHIIEB.

[Ipu dhopmMupoBaHUU KOPHI BHIBETPUBAHHWSA, KaK ObLIO OTMEYEHO, OOJBIIOE 3HAYEHHE UMEET
MPOHUIIAEMOCTh MOPOI M WHTEHCHBHOCTh WX BBIIIENAYMBAHMA. OTH MapaMeTpbl  OMPEAETSIOTCS
CTPYKTYpOW MaTepUHCKUX MOpoA TIuH. 11oposl KpyIHOOOIOMOYHONH CTPYKTYpPBI XapaKTepU3ylTCs
XOpOILIEeH MPOHUIAEMOCTHIO U 0CBOOOIMBIIKECS MPH pa3pyLIEHUH MUHEPAIOB KATHOHBI U3 HUX JIETKO
BBIHOCATCS. B mopozie momepkuBaeTcs Kucias cpeia, OnaronpusTHas Juisi 00pa3oBaHUsl MHHEPAIOB
KaoJMMHUTOBON Tpynnsl. Ilpu ciaboil mpoHMIAEMOCTH, YeM XapaKTEpHU3YIOTCS BHUTPUYECKHE TY(]bI
BBICBOOO/IMBIINECS] KATUOHBI HE BBIHOCSATCA, OHU AaKKyMYyJHPYIOTCS Ha MOBEPXHOCTH TOHKOTO
BUTPUYECKOr0 IIEIja, KOTOPbIE MMEIOT OOJIBLIYI0 OOBEMHYIO MOBEpXHOCThb. llpum 3TOM cozmaercs
11eJI04Has cpesia, OylaronpusTHas Ui 00pa3oBaHUs MUHEPAJIOB MOHTMOPUIZIOHUTOBOM I'PYIIIIBI.



92 bSISEOIIL I bSO6IN6H(D bLOSbLI60, GEORGIAN ENGINEERING NEWS, N4, 2015

Tak kak BYJKaHOKJIIACTUYECKHE TIOPOABI IO pa3MepaM OOJIOMKOB, B OCHOBHOM, CJIa0o
g depeHIIMPOBaHbI, IPU BHIBETPUBAHUU B HUX CO3/aCTCs Pa3HbIE CPE/bl KUCIOTHOCTH. [Ipu 3TOoM, B
OJTHOM W TOW >K€ MOpOJIe COBMECTHO MOTYT 00pa30BaThCS MUHEPAIBI CPedbl Pa3HON KHUCIOTHOCTH —
MOHTMOPWJUIOHUTOBOW ¥ KAOJWHUTOBOW T'PYMIIBI, KaK 3TO UMEET MECTO B TIIMHAX COJEPIKAIIUXCS B
CBUTE JINCTOBATHIX claHIeB 0aTta OKpUOBL.

JIMTEPATYPA
1. Weir A.N., Geen-Kelly P.B. Beidellite the American Mineral ogist, Vol. 47, No. 1-2, 1962.

SUMMARY

BEIDELLITE OF THE OKRIBA BENTONITE CLAY

Makharadze A.l.

Akaki Tsereteli State University, Kutaisi

The beidellite clay associated with the Okriba formation of sheet slates is the product of subaerial weathering of
andesite tuffs.In its basic parameters, this beidelliteis similar to the reference one from the Black Jack Mine,
Idaho,USA.

Keywords: beidellite, kaolinite, montmorillonite, structure, tuffs, clay.
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ECOLOGICAL PROBLEMS OF THE BLACK SEA BY THE EXAMPLE OF THE
TERRITORIAL WATERS OF GEORGIA

Diakonidze R.V., Shengelia E.G., Gavardashvili G.V., Chakhaia G.G., Tsulukidze L.N.,
Supatashvili T.L. and Varazashvili Z.N.

Tsotne Mirtskhulava Water Management Institute of Georgian Technical University

Abstract. The paper deals with the evaluation of the ecological state of the Black Sea, which is recognized as an
international problem, within the boundaries of the territorial waters of Georgia. At the first stage of the
research, the background pollution of the Black Sea was evaluated. The depth distribution of hydrogen sulfide
was determined at 3 miles from the coast.

Keywords: the Black Sea, hydrogen sulfide, ecological disaster, water quality.

The Black Sea with its exclusive characteristics draws huge attention of the world scientists.

Among many ecological problems of the Black Sea, especially noteworthy is the presence of
hydrogen sulfide in its water, which is unequally dispersed as in the depth, so on the water surface. In
the zone of hydrogen sulfide, the existence of living organisms is limited, and only some species of
bacteria live there. At present the condition of the Black Sea is recognized as an international
ecological problem. Therefore, the research of this problem is topical. In 1996, in Istanbul, Turkey, the
governments of the six Black Sea countries, namely Bulgaria, Georgia, Romania, The Russian
Federation, Turkey, and Ukraine adopted the Strategic Action Plan for the Environmental Protection
and Rehabilitation of the Black Sea. The signature day of the document October 31 was proclaimed
the International Black Sea Day.

The Black Sea has been given many names over the centuries, changing its boundaries as well
[1, 2]. One of the popular hypotheses on the origin of the name Black Sea refers to the phenomenon
that any metallic object submerged deep in the Black Sea becomes absolutely black.

The Black Sea is an open sea, but, due to its specific geomorphometric parameters basically
manifested in that it is connected to the World Ocean through the shallow Bosporus Strait, the drain of
water massif into the Mediterranean Sea is restricted strongly enough.Therefore, the above-mentioned
water polluted with hydrogen sulfide adds the pollutants from the Mediterranean Sea because of the
limited water massif exchange between the two seas. In this case, the Black Sea is in the sedimentation
role, and its ecological condition gets worth. There are different views about an increase in the water
level in the Black Sea.

According to one of the sources [blacksea-education.ru], for the last 100 years the level of the
Black Sea has rised by 12 cm. According to the observation data received from a satellite, its level
increased by 20cm, with relative cautious description this indicator is equal to 3-4 ¢cm in ten years.
Among various reasons, many scientists connect this increase of the ocean level to accelerated melting
of polar ice due to global warming. According to the international data, the increase in the sea level
totals 2.5 mm per year. As for the sea-level rise in the coastal zone of Georgia, this rate is a relative
value, it varies in different places. In the last century, this rate increased by 78-80 cm in the territory
ofPoti, and by 16-17 cm in the Ajara coastal zone.In Georgian scientists’ opinion, such a difference is
caused by the processes proceeding on the Colchis lowland, particularly, by the lowland gradual
submergence.

In 2013 we took part in grant projects competition announced by Shota Rustaveli National
Science Foundation and our project which dealt with ecological problems of the Black Sea such as
abrasion of the coastal zone, hydrogen sulfide and water pollution, became a winner.

Currently, in the scope of the Grant Project, the research for general baseline evaluation of the
water quality of the Black Sea and for determination of the depth distribution of hydrogen sulfide in
the Black Sea continues. For evaluation of the sea water quality and its pollution, the data of scientific,
field and laboratory investigations and also national and European normative documents are used, and
for the evaluation of the water class, the recommendations of the European Economic Relations Board
are used [3-5].

As seems from the research results (one-year research, the Project duration is 3 years), the sea
water is polluted with some heavy metals and their amounts exceed the maximum allowable
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concentrations: zinc- 15.2 times; copper — 5.62 times; nickel — 11.6 times; arsenic -3.1 times; lead —
3.09 times; phenols — 10 times.

We found scientific material about the presence and distribution of hydrogen sulfide in the
Black Sea [cyclowiki.org/wiki;blacksea-education.ru]. According to the analysis of this source,
hydrogen sulfide was discovered in 1890 by Russian oceanographic explorers. By their information,
90 % of the sea water volume contained large amounts of hydrogen sulfide. In the central part of the
sea, the hydrogen sulfide layer was revealed at about 100 m depth and near the coast at 200-300 m
depth. According to the research of 1990, the depth distribution of hydrogen sulfide is
disadvantageous and the dynamics of its distribution increases by the forecast for 1990-2020. As
estimated, by 2010 in the central part of sea the hydrogen sulfide layer will have been at only 15 meter
depth. Unfortunately, we could not examine it at the site (because of the lack of funds).

In general, it is recognized that the depth distribution of hydrogen sulfide in the Black Sea is
150-200 m from the surface.There are two versions about the existence of the hydrogen sulfide in the
Black Sea:

eReduction of sulfate by sea bacteria during the disintegration of organic residues.

e Emission of the gas from the cracks of the Black Sea seabed.

Despite the fact that a valid version about the origin of hydrogen sulfide in the Black Sea has
not been accepted yet, we assume that the version about the emission of the gas from the cracks in the
seabed is correct. This view was reinforced by the fact that, in geological studies performed in the
Georgian area adjacent to the Black Sea, hydrogen sulfide minerals were found. There are known
several occurrences of the release of hydrogen sulfide from the Black Sea into the atmosphere (in 1927
in the Crimea during the earthquake; in 2007in New Athos, Georgia, and in 2010 in the resort of
Koblevo, Nikolaev Region, Ukraine). The society is concerned that hydrogen sulfide can explode, but
scientists refute this probability [www.google.com].

Huw
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>2000 0 1 2 3 4 5 H$ mgl

Changes in the content of hydrogen sulfide in the depth of the sea (H,, — the sea depth from the
surface, in meters; H,S — the content of hydrogen sulfide, mg/l)

In the scope of the Project plan and within our ability, on 5 July, 2015, in the territorial waters
of Georgia, about 3 miles from Poti, Coordinates: X = 715709.75; Y = 4667877.46, the diffusion
layer of hydrogen sulfide was studied, which gave us the following results: the content of hydrogen
sulfide at the 200 m depth from the surface — 5.2 mg/l; 195 m — 5.1 mg/l; 190 m — 4.47 mg/l;
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185 — 4.2 mg/l (see the figure). It seems that the margin of hydrogen sulfide distribution is at the 180
m depth, which is basically the same as the recognized figure for today.

Conclusion

eThe Black Sea water is polluted with heavy metals, however, generally, due to the ecological state,
according to the recommendations of the European Economic Relations Board, the sea water quality is
satisfactory and mostly placed in class I-11.

eHydrogen sulfide distribution in the Black Sea is the same as the recognized figure, and, in the
territorial waters of Georgia, its margin is at the 180 m depth.

TheProject is financially supported by ShotaRustaveliNational ScienceFoundation (Grant Project #FR/115/9-
180/13). Any opinion expressed by the authors of this publication may not reflect the viewpoints of
ShotaRustaveliNational ScienceFoundation.
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PE3IOME

9KOJIOI'MYECKHUE IMPOBJIEMbBI YEPHOI'O MOPS

JAunaxkonunze P.B., lllenreaus E.I'., F'aBapapamsuiau I'.B., Yaxasa I'.I'., yaykunaze JI.H.,

Cynaramsuiu T.JI., Bapazamsuau 3.H.

HMHeTuTyT BoAHOrO X03aiicTBa TOMIMCCKOro TeXHH4YecKkoro yuusepcurera uM. Illorns Mupuxynasa
CraThsl TIOCBSIICHA MPHU3HAHHONW MEXIYHAPOJHOW MPOOIEMON OICHKE KOJOTHYECKOTO COCTOSHHUS UepHOro
MOpsl B TpaHHUIIAX TePPUTOPHANBHBIX BOJ ['py3un. Ha mepBoM sTarme omneHuBaeTcs (POHOBOE 3arpsi3HEHHE BOJ
Yeproro mops. OmpeneneHo pacipocTpaHeHHe CepoBOIOpO/Ia Ha TITyOHHE B TPEX MIJISIX OT Oepera.

Karwuesblie c1oBa: UepHOe MOpe, CEpOBOIOPO/I, SKOJIOTHYECKAs KaTacTpoda, Ka4eCTBO BOJEI.
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SUMMARY

PRODUCTION OF SPHERICAL LENSES FROM ORGANIC MATERIALS FOR OPTICAL
INSTRUMENTATION

Dolidze S.V., Zardiashvili D.G., Avaliani I.M. and Kordzakhia I.1.

LEPL Institute “Optica”

The paper deals with designing and production of polymer optical components for optical instrumentation at
LEPL Institute “Optica”.

Keywords: optics, lenses, polymer materials, polishing.
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O KHHETUKE BUMOJIEKYJSIPHOU XUMHNYECKOMN PEAKIIUH
Housupu b.M., Coxanze I'.A., Tkemamanse I'.111., MaxamBuau K. A.

Tonaucckuii rocynapcrBeHHblii ynuepeurer um. UB. J[zkaBaxuimBuim
I'py3unckuii TeXHMYECKUH YHUBEPCUTET

1. OcHoBHas 4yacTb

Kunernka XMMHYECKHMX peakuuil (XuMHUYEcKas KHHETHKA) H3Y4aeT CKOPOCTh pEaKIHH.
MartemaTrueckas TeOpHUs XUMHUUECKOW KMHETUKU 3aHMMAeTCs IMOCTPOCHUEM IETEPMUHUCTUUECKUX U
BEPOATHOCTHBIX MOJIENEH, OMMCHIBAIOIIMX XHWMHUYecKHe mpouecchl. C MOMOIIBI0 3THX MojeeH
UCCIIEAyeTCsl MMEHHO XHMHUYECKas KUHeTHKa. [lpudeM [Uii TOCTPOCHHUS JAETEPMUHHUCTHYECKHX
MoOJIeIe MCIIONB3YIoTCs AuddepeHansabie (MHTeTpaabHble) YPaBHEHHS W XUMHYECKHHA IPOIECC
OTHCHIBACTCS C TIIOMOIIBIO JEHCTBUTENBHBIX HEMpephiBHBIX (yHKIuA Bpemenn [1,2,]. B
BEPOSITHOCTHBIX MOJEISIX XMUMHYECKOM KHUHETHKH YHCIO MOJIEKYJI pearcHra (MpOayKTa) SBISETCS
ciay4yaiiHOM BenMuuHOU. B 3TOM cilyyae OCHOBHOH 3ajayeil sIBISETCS HAXOXKACHUE pacHpeleieHus] U
YHUCIIOBBIX XapaKTePUCTHK 3TOH cirydaitHOW BenwuuHH [3,4]. CiiegyeT OTMETHTh, YTO B MTOCTPOSHUHU
BEPOSITHOCTHBIX MOJENEH XUMHYECKHX, a TaKKe OHMOJIOTHUECKHX IPOIECCOB CYIIECTBEHHYIO POIb
UTPAIOT METOJbl CIyYalHBIX MPOIECCOB, 0COOEHHO METOJBl MapKOBCKUX MporeccoB. [locTpoeHsl,
HampuMep, MOZEIM pocTa MOMyJSUWHd, JSHUAEMHH, YacTOT TEeHOB, YHUMOJEKYJSPHBIX,
OUMOJIEKYISIPHBIX, MOHOMOJICKYJISIPHBIX IIEMHBIX peakiuii u apyrue [3].

B Hacrosimieit paboTe UIsi OAHOTO Kiacca XMMHYECKHMX PEAKIHMHA IMOCTPOSHHUE  MOJCIH
OMMOJIEKYJISIPHON peakMy CBEACHO K MOCTPOSHHIO MOAEIH OINPEAETICHHOIO BUJIa YHUMOJICKYIAPHOI
peakuuu. IlomydeHsl SBHBIC BBIPRXKEHHUS TPACKTOPUH MNPOIYKTa, CKOPOCTH PEAKLUH, a TaKKe
MaTEMAaTUYCCKUX O)KI/II[aHI/Iﬁ u nncnepcnﬁ 9TUX BCINYUH.

PaccmoTpuM Bkpatiie IeTepMUHUCTUYECKHE MOJIEIN YHUMOJIEKYISIPHBIX U OUMOJIEKYISAPHBIX

peakuuit [2,3]. Tlycth paccMmarpuBaeTcs peakims a——»x , rae K>0 sBiasercs KOHCTaHTOi CKOPOCTH
peakiuu. OG03HAYMM KOHIIEHTpPAIIMH PEAreHTa @ W MPOyKTa X B MOMEHT BpeMeHH t >0 depes alt) u
x(t). Hpuuem, a(O) >0 u x(0)=0. CorylacHO OCHOBHOI aKCHOME JETEPMUHHUCTHYECKOH Teopuu

XUMHUYECKON KHUHETHKH, CKOPOCTh PEAKIMHU (CKOPOCTh KOHIICHTPAIIUU MPOAYKTa) MPOTOPIIMOHATEHA
JIEHUCTBYIOMIEH Macce, 4TO 3aMUCHIBAETCS C MTOMOIIIBIO CIIEIYIONIETO YPaBHEHUS

v 0)= 20 - a(0) ()= ) &
OTCI-O,Z[a HUHTCTPUPOBAHUEM Ha BPEMCHHOM HHTCPBAJIC [O,t] JICTKO MOJy4YaceM CJICAYHOIIHEC
COOTHOLICHUA:
a(t)=a(0)e™, )
x(t)= a(O)(l— e ™ ) (3)

C nomortsio cootHomeHuit (2) u (3) mis 1r000ro MOMEHTa BpeMeHH t >0 JIeTKO IMOJIy4uM
SIBHBIC AHAJIMTUYECKHE BBIPAKEHUS JUISI CKOPOCTEH mpeoOpa3oBaHMs pearcHTa a W 00pa3oBaHUs
npojaykra x. B camom nene, nmeem

vo(0)= 80— a(or, @
v, (1) = dz—(tt) _ka(0)e ", ©

OTKy/Ia [Ulsl HAYaIbHbIX cKopocTeit Gynem nmets V,(0)=—ka(0) u V, (O) = +ka(0) :
PaccMOTpUM Terepb TakoW Kiacc OWMOJIEKYJISAPHBIX peakiuuil BHIa & +a, —> X, Koriaa

CTAJIKMBAETCSA Tapa MOJIEKYJ JBYX pEareHTOB, B pe3yjibTare 4ero oOpa3yercss OJHAa MOJIEKyna
npoaykra. O003HAYMM KOHIIEHTPAIMK (YHCIIa MOJIEKYJI) PEareHTOB M MPOJYKTa B MOMEHT BPEMECHH

t>0 uepes a(t) a,(t) u x(t), npuuem @ (0)>0, a,(0)>0, x(0)=0. B srom ciyuae anasor

ypaBHeHus (1) uMeeT crenyronuii BUa
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(1)

v,0)="Vok[@o-x)@0-xv)]  ©

OTKYJIa HHTEIPHPOBAHHEM Ha BpeMeHHOM HHTepBaie [0,t] merko momydaem, 4to

o¥i(a:(0)-a,(0) _4
2,0 =0 4 (0)

OTkyna JIETKO MOJyYUTh BEIPAXKEHUE CKOPOCTH PEAKIMH I TI000Tr0 MOMEHTA BpEMEHH t > 0.
Cnenyer OTMETHUTB, YTO, €CJIM KOHLEHTPAlMA PEareHTOB & M a, PaBHBI, al(t): az(t), t>0,

X(t)=a,(0)a, (0) (7

0
TO JIETKO BUJETH, 4TO U3 (7) MoydaeM HEONpeAeIeHHOCTh BUAA o Kpome 3toro B ciyuae yxe Tpex

pCarecHToB M3 aHaJiora ypaBHCHUSA (6) IMOJIY4YCHUC SABHOI'O0 BBIPAXKCHUA IJIA NPOAYKTaA X('[) SBIIACTCA

BEChbMa TPYAHOM MaTEMaTUYECKOM 3aJja4eil 1, B IPUHIIMIIE, HEPEIIAeMa aHAJTUTUYECKH.

2. OCHOBHBIE Pe3yNbTaThI

IToctapaemcst Tenepb MOCTPOUTH MOJEIb OMMOJEKYISIPHOM peakluy, UCHONb3ys Ul 3TOH
[eTIM He ypaBHEHHE (6), a HHOW MOIXO0/ ISl HAXOXKJICHUS SBHOTO BBIPAKEHHS TPACKTOPUH MPOIYKTA
x(t).

0O0603HaYNM
3, (0)-x(t)=a(t),
2, (0)-x(t) =2, (1)

MBp1 npenmnonaraeM, 4To OfHA MOJIEKYJIa MPOAYKTa 00pa3yeTcs TOJIBKO MOCIe COyIapeHus 10

OJHOU MOJIEKYJI€ PEarcHTOB.
Nmeem

(8)

2(0)+2,(0)-2x(t) = & (t)+a,(t). ©)
[lepenumem cootHomienue (9) B cienyromeM BHAE, CHPaBEUIMBOCTh KOTOPOTO JIETKO

IpOBepsIeTCS:
2

2min(a,(0),a, (O))+Z|:ai (0)-min(a,(0).a, (0))]—2x(t) =
i=1
(10)
2
=2min(a,(t).a, (t))+Z[ai (t)—min(a(t),a, (t))}
rje min(x, y) 0603HaYaeT MUHUMAILHOE CPEIM YMCEN X H Y.
3ameruM Temepb, uto B coorHomeHun (10) s so6oro MomeHta BpeMeHH t>0

BBITIOJIHACTCA PAaBEHCTBO
2

2
2 [ai(0)~min(ay (0).a, (0))]= D [a(t) - minay (t). a, )] (11)
i=1 i=1

ChopmynupyeM elie pa3 HalllK NPEINOI0KEHUS] U OCHOBHOW Pe3yJIbTar.

Hpeanosoxenne 1. Oxaa MoneKyna MpoayKTa X 00pa3yeTcsi TOILKO IMOCIIEe COyIapeHus Mo
OJIHOM MOJIEKYJIE PEareHTOB a; U a, .

peanosnoxenne 2. B kauecTBe NeHCTBYIOLIEH MACChl, BMECTO MPOU3BEICHUS KOHLIEHTpaIUil
(meWcTBYIOIUX Macc) PEeareHToB &, M a,, Mbl NMPHHMMAaeM CyMMY YHCJIa MOJIEKYJl PEearcHTOB
ay(t)+a,(t) t>0.

peanonoxenne 3. Mbl ONpuHHMaeM OCHOBHYIO aKCHOMY JETEPMHUHUCTHYECKOW TEOPUU
XUMHUYECKON KWHETHUKH, COTJIACHO KOTOPOHM CKOPOCTh OOpa3oBaHWs MPOIYKTa IMPOTOPIIHOHATBHA
JefcTByIOMIEl Macce. DTO T.H. 3aKOH JISHCTBYIOLINX Macc.

CdopmupyeM OCHOBHOM Pe3yibTaT B BUE CICIYIOIIETO PEIOI0KCHHS.

Hpennoxenne 1. Ilycts BeIMONHEHB! npeamoiiokenwmst 1-3. Torma mns OUMOIEKypHOH
PEaxIuy ¢ y9acTHEM PEareHTOB &, M &, CIPaBEUINBHI CIEAYIOIINE COOTHOIICHHUS:

min(a, (0).a,(0))— x(t) = min(a, t).a,(t)) (12)
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v, )= 20— fminfe, 0)2,(0) - 0] (13)

Takum 00pa3oM, H3ydeHUE KHMHETHUKH OMMOJIEKYIAPHON peakuuu IJii PEareHTOB a; U a,
CBeJleHa K M3yUeHUI0 KHHETHKM YHUMOJIEKYJAPHOH peakiuy s pearenta min(a,, a, ). Uto kacaeTcs

cootHomeHus (12), To OHO HEMOCPEACTBEHHO MONTyyaeTcsi cornacHo cootHomeHui (10) u (11).
Jns mocTpoeHusT BEPOSTHOCTHOM MOJENHM YHHMOJEKYJSIPHOM peakluu min(al, a, ) — X

MIPUBEIEM €IIle OHO MpeAnookeHue u3 [3].
Ipenmosioxenue 4. PeareHThl ¢y U a; CTATHCTUYCCKH HE3aBUCUMBI M BEPOSTHOCTH 0OPaTHOM

peakunn X —> Min(a,,a, ) pasHa Hyito.

Vcnons3yst ypasHenue (8.6) u3 [3] amst BeposTHOCTH P(t):P{min(al(t),a2 (t)):a},
a=0,1...,min(a,(0),a,(0)) nonyaun seHLIC BHIpAKEHMT IS MATEMATHHECKHX OXHIAHMH 1
nweniepenii Bemmans Min (3, (t),a, (t)) u x().

IIpensoxenue 2. Ilycts paccMmarpuBaeTcs peaknus BUAa min(al,az)%x U BBIIIOJIHEHBI
npennoiioxkenus 1-4. Toraa cpaBeyIMBLI CIICIYIOINAE COOTHOIICHUS:
E(min(ay (t) a,(t))) = min(a, (0),2, (0)le ™ = min(ay (t),a, (t)) (14)
E(x(t)) = min(a, (0), a, (0)fL— e ™ ) = x(t) (15)
D(min(ay 1) & (t)) = D(x(t)) = min(a; (0).a,(0)e ™ - ) (16)
U3 (14), (15) mb1 BuaumM, ato min(ay (t),a,(t)) — min(a; (0),a,(0)), x(t) - x(0)=0, mpu t >0, a
min(ay (t), a,(t)) — 0, x(t) — x(cc) =min(a; (0),a,(0)), mpu t —> 0. C momompsio cootromrenuit (14) u (15)
Mbl MOXKEM HaiiTh B 1000 MOMEHT BpeMeHH t>0 CKOPOCTH MpeoOpasoBaHUs pearcHTa
min(ay (t),a,(t)) u npomykra x(t). Umeem

Viin(a0.a(0) (1) = m (a1(§: L2 (a.(0),a,(0))e™ (17)

v (t)=dxd—(tt)=+kmin(a1(0),a2(0))ekt (18)

OTKy,I[a 1 HadaJlbHBIX CKOpOCTefI B MOMCHT BpPCEMCHH t=0 nojy4yacM COOTBCTCTBCHHO

—kmin(a;(0),a,(0)e™, kmin(a,(0),a,(0)e™ .
3ameruM, uTo BeipakeHust (14) u (15) MbI MOIJIM MOYYHUTH C TIOMOLIBIO aHAJIOTa YPaBHEHUSI

(1) mrs BenwuuH min(ai(t),az (t)) " x(t). OnHako cienyeT OTMETUTh, 4YTO IOCTPOCHHBIE

BeposTHOCTHEIE Mojnenu (14) u (15) maroT BO3MOXKHOCTH BhIMHCIeHHS Aucriepcuid (16), xoTopble
SIBJIIFOTCSL OUEHb BOXKHBIMH XapaKTEPUCTUKAMU TPU aHATN3E XUMUUYECKONH KHHETHUKH.

Uro kacaercs mapameTpa MojeeH XMMHUECKUX PEaKIMi — KOHCTAHThI CKOPOCTH PEaKIUH K,
TO JUIsl €€ OLIEHKH MOKHO HCIIOJIb30BaTh COOTHOIIIEHUE

1 n min(al(o), az(o))
K infas0) 2,(0) - x(0) 19)

I[ef/iCTBI/ITeJ'IBHO, €CJIn HUMCCTCAd BO3MOXHOCTHL IIPOBCACHUA ISKCICPHUMCHTA W IOJTYUCHUA

SMIHMPUYECKUX  JaHHBIX, TO JUIS  MOMEHTOB t,.ot, y Hac Oymer  BhIOOpKa
(X,k):(x(ti), kl),...,(x(tm), km). C mnoMmompl0 3TOW BBIOOPKH, HUCHONB3YS CTATUCTHYECKUE

METO/BI, MOKHO TOJYYUTh pa3jIM4HbIE TOUYECUHBIE (MHTEPBAJIbHBIE) OIIEHKH KOHCTAHTHI CKOPOCTH
peaxkuuu K, a Takke MPOBECTH PErPECCUOHHBIN aHAIN3.

WnuTepecHo 3aMeTuTh, 9TO ¢ mMOMOIIbI0 cooTHomeHur (15), (16) u (18) MOXXKHO BBIYMCIHTH
MaTEeMATHYECKOE 0XKM/IAHHIE U JIUCTIEPCHIO CKOpOCTH peakiuu V, (t). B camoM jsiere, umeem
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VX(t):kmin(ai(o),az(o))e‘“:k[min( (0),a,(0))e™ —min(a, (0),a,(0))+min(a,(0),a, (O))]z
=—kx(t)+kmin(a,(0),a,(0)), (20)
E(V, (t))=—kmin (a,( (0))(1-e*)+kmin(a,(0),a,(0))=kmin(a, (0),a,(0))e™.

( (1) =K? min(ay 0)., (0))e™ {1-¢ ™) (21)
Taxkum 00pa3zoM, eciu y Hac UMeeTCs OLIEHKA KOHCTaHThl CKOPOCTH PeaKLMu K, TO IS JI000ro
MOMEHTA BpeMeHH t>0 Mbl MOKEM BBIYMCIMTh MAaTEMaTHYECKUE OXKHMIAHUS (CpPEIHUE 3HAYEHMS) U
nucnepcun (OTKJIOHeHHUst oT cpennux 3uadennit) E(x(t)), D(x(t)), B(V,(t)) u D(V,(t)) semuuun x(t) u
V,(t), KOTOpblE ABISIOTCS BEChMAa BaXKHBIMH YHMCIOBBIMHM XapaKTEPUCTHKAMH LIS JKCIEPUMEHTa-
TOPOB.
CymMupyeM Terepb OCHOBHBIE PE3YJIbTAThl paOOTHI:

1. BUMOJNEKYISApHYI0 peakimio Buia a(t)+a,(t)——>x(t) mms pearentoB a, m a, MOKHO
OmKcaTh YHUMOJIEKYJIAPHOM peakiueil Buaa min(ai(t),a2(t))_k>x(t) JUISL OJHOTO pPearcHTa
min(a;,a,) ¢ nomombio Mozenu (15).

2. Jlys 1106010 MOMEHTA BpeMeHH t >0 TOJIydYeHbl SIBHBIE AHAMTHIECCKUE BBIPAKEHHS CPEIHUX
snauennit u mucnepcuit: E(x(t)), E(V,(t)), D(x(t)), D(V,(t)) mns npomykra x(t) m ckopocT peakiuu

Vi ()
3. Ecnu HayanbpHbIe yrcaa MOJIEKYJ (HadyalbHble KOHIIEHTPAIMN) PEarcHToB &, U a, COBMANaroT
a,(0)=a,(0), To MOsIENE YHUMOJIEKYIAPHOMN PEaKIMU U B 3TOM clyyae umeet Bu (15).
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SUMMARY

ON THE KINETICS OF A BIMOLECULAR CHEMICAL REACTION

Dochviri B.M., Sokhadze G.A., Tkemaladze G.Sh. and Makhashvili K.A.

lv. Javakhishvili Thilisi State University

Georgian Technical University

For one class of chemical reactions, the problems of kinetics of a bimolecular reaction are reduced to the
problems of unimolecular reaction kinetics. Explicit analytical expressions were derived for product trajectories
and the reaction rate, as well as for mathematical expectations and dispersions of these values.

Keywords: reagent, product, reaction rate, kinetics, model.
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SUMMARY

ELABORATION OF THE TECHNOLOGY OF QUARRY WATER TREATMENT BY

APILOT PLANT

Chkhubianishvili N.G., Kavtaradze M.L., Mchedlishvili G.S. and Kristesashvili L.V.

Georgian Technical University

The paper deals with the elaboration of the technology of quarry water treatment by a pilot plant. The
technological parameters of electrodialysis are determined.

Keywords: water treatment, pilot plant, electrodialysis, technological parameters.
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3bGogo 1. CaCl, blbsGol godmiws

do®oendgd;3g9e0mds (TDS) %Zggg[;:?;:,b((‘;:;)
Ne | QOO | egbob @) 203093 b '
(Fo) | dogns, (o) 003 13 3Mb396@ M@0, 9OIIIGHO 30930,
(/) Vaoso, | )
(&/e)

1 0 0,6 31 2,56 3,22 1,060 —
2 5 0,4 31 3,08 _ 0,567 46,51
3 10 0,2 31 3,33 - 0,294 48,15
4 15 0,2 31 3,56 - 0,140 52,38
5 20 0,1 31 3,64 - 0,0707 49,50
6 25 0,1 31 3,65 - 0,0357 49,50
7 30 0,1 31 3,67 - 0,0208 41,74
8 35 0,1 31 3,69 2,99 0,0150 27,88

gb®ogno  1-0l dmbozgdgdol  sbogrobo  g30hg9bgol, @A™ Fyeols god@3bo@gds
bgos mobsd@s dmgemo 3Gm3gLol aobdoganmdsdo. 30 Fo-dpg 3mb3gb@@sEos ymggen
5Fm-30 dzodgds momddols 50%-0m, dog@sd Gm@Es blbs@ols do@oandgd(339e0mds dowols
35,7 y/em 25(39bpol O™ doMEgds momddol bobgg@sdwg — 27 %-dwog 5 Fo aobdog-
gomdsdo. CaCly blbodmol Lofgolo gmbigb@d®dscos ogm 1060 dy/en  gangd@@meosgnobols
‘d9dgy blbo@ols 3mbigb@®siGos dgdodws 15 dp/w-dwy.

3gb®ogoo 2. MgSO, bLbsdol aodm3ps

doMoendgd;3g9emds (TDS) %3282;%?:’()8255
Ne | O0s | gbob @) - 5365
(Fo) | dogns, (o) 3o 13 3Mb3gb@@Ms@o, 920G DO 30930,
(o/e) Vgoszo, (o/s2)

(/&)
1 0 0,6 31 2,04 3,63 1,070 -
2 5 04 31 2,70 — 0,665 37,85
3 10 0.3 31 2,99 - 0.364 4526
4 15 0.2 31 3,17 - 0,181 50,27
5 20 0,1 31 3,28 - 0,092 49,28
6 25 0,1 31 3,30 - 0,0535 41,72
7 30 0,1 31 341 - 0,033 38,32
8 35 0,1 31 342 3,44 0,0206 37,58
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MgSO, bLbs@ols gergdd®mwosgobols godmaeols dggagdol sbogrobo (b@. 2)
330039690,  ®m3  aogmxzol  wobsfyoldo s  dmenmTo  ogo  goGasgl  doGoarols
ssbamgdomn 40%-, bomeoem 10 Fo-ol dgdogy Lohfodg 0bOEgds s blbs®o jomyogls
50% MgSO4-I5, 530l dgdwgy 25dF3boMgdols wmbyg ggensg IJ30MWYds. 23R boMgds @hgds
SOomabado®o. dgwgao - 20,6 /.

3bdogro 3. Na,SOa blbs@ols gsdmes

™mb396@®o3000L

. - doMoendgd;3g9e0mds (TDS) ('}3338?)6)(?]60,()(%)

Ne | 8OO Koo dsdgo, (3) 3993 bo
(Vo) | dogns, (o) ¢ ¢ 3Mb39b@®Ms@o0, . 30mey]do,
(/) Voo, (p/)
(&/e)

1 0 0,5 31 2,35 3,04 1,090 -
2 5 0,5 31 2,78 - 0,702 35,60
3 10 0,3 31 3,13 - 0.444 36,75
4 15 0.2 31 335 - 0,280 36,94
5 20 0,1 31 347 - 0,170 39,29
6 25 0,1 31 3,56 - 0,103 3941
7 30 0,1 31 3,58 - 0,066 35,73
8 35 0,1 31 3,61 2,77 0,042 36,56

gb®ogo 3-0i 3mbs39dgbol gobboangolols s@dmhbs, G®I do@oaols dmGoggds
05bsdo®0s g gdBOmos@mobols  Jmgao  3GmEglol  gobdsgmmdsdo. ymggan  5Fm-do
Lodgomme  3odaogl 36% Na,SO4 blbodo gog(dobpgm 42,0 dp/eo  30bi39bGH® 30530y
3500 gobdogenmdsdo.

3

3

3

e N 2L

diMomdqgdgggmmds, /e
o
8

400 - il C 12
200 - Mgs04
0 - e 22504
o 0,1 0,2 03 0.4 0,5 0.6
@0Bols sy, 5

bob. 1. Lbgseslbgs 3s@omgdols 30b3gb@®s300l ©gbol domsby o8mgowgdymgds

bob.l-by dmgdygeos Lbgowslbgs do@ogngdols (NaCl, CaCl,, MgSO, s Na,SO,)
3063963300l ©gbol dogrsby ©odmgoegdymgbol a®o3030, Loowsbsz hobl, @md
LobEgdsdo ©gbol dogns gigds  gmbgbd®mscool dgdzodgdom. CaClyrol Gyl o3l
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dgliggbgds - 0.2 o 3mbi3gbd®oEos 294 3p/@-ob ©ogis 140 /e 3mbi9bB® o305y
s> 0,1 o bogdya 3mb3gbd®siosdwyg 70,7 dy/co Jmgano asdmEeol aobdsganmdsdo. gls
50bodbogl, dmd CaCl, 100 /e 3mbgbdGsE00lol ©gbl 5s@oMgol 9zgmglow gowey
Lbgs  3mb3gbd®siGosby. MgSOs s NaCl 3dygwgdo  os®osh  gohmygsmmgsbo  0mbgdo
d998@bols  aogeom  FMSbL3MGOE0OYdosh  ghmosogogg  LohJo@om. sbsgmyoy@sw
‘dgodangds  aog539mmm  ©oligghs, @mI gl s3egdodgdyeos  0dslmob @mId  do@ogno
Jo®dmJdbognos g@magodmmgobo sbombgdols ©s gomombgdoliogsb. NaySO4 blibosdo bgans
0{30bwgds.  Lbgowolbgs  blbo®ol  gergd@@mwosgobols  dgogagdol  aoblibgsggods
25dm(399@os 0dom, GmI Cl-ombgdo Imd@smdl SO4-0mb90bg LY@ogs s gomombgdo
9990920 05630330 mdom: Ca®*> Mg”™> Na*,

1200
B |
S,
=)
[1m]
-
[-=]
E
£ i | ST
==}
g —— CaCl2
4=y == Mg504
1]
E,r Na2504
'3
L)
=

6sb. 2. NaCl, CaCl,, MgSO,4 s NaSO,43s@oggdols gengd@Oemosgobols Lobdsag

NaCl, CaCl,, MgSO, wo Na,SO; docogngdol @mol dobgogom 3mb3gbdGsE00L
330 gdols dOgpgdol  sbogmobo  (bsb2) gg30hg9b9dL, ®@md NaCl ws CaCl, Ihygwgdo
9dmbgggs, @o53 b0dbogl, G®I g gddOmosmoboll WML 2533 bsMgdols  3MmmEgLo
30300bs®gmdls ghmowsngogg Lobds@om. Na,SO, 3@ gm0 0dgmeggds yggmroby dowens gls
s0blibgds  0dom, O®MI  gOMOEsS0y039 300MdgbTo  gH!MoS0R039  3gMomedo  blbs@ols
3oV39bwols bodolbo ool gx6m 33zodg. MgSO, 36 gwo dmmsglgdygemos Lbgs IO yogdls
‘do@ol Igbododobse dobo Lobfodg s@oli Lodygsam Lbgs godmggangyger oo gdmsb
Ygotgdom. ygggas  Yglfogamogno  doGoagdoesh IgBoe  989]Bg@os CaCl, blbs@ols
3oV3gbes s mAxgd godglios Na,SO, blbodols gofdgbws.

dJogdygeo  Jggagdol  sbomobby  oydbmbom  dmgsbwobgm  dogo  bwgols
Tyeol  gangdBOmeos@mobom 03¢ 3bs®gools 3GmEglbol  ggarggs. dogo bwgol Fyarols
Lodgomm  do@odgdiggermoss 15-16 a/an, Jbmgganom m3gebggdols — 35 a/an, boam
doem@Bools bwgol (yaol — 577 a/an. dogo brgols Tyoemo gobgoboggm 3@ gbsdo Fyamom
577 /e 30b39bB®o(30530g. dogo bwgols Fyaol gangd@@mwosgmobomn gsod@ 365 9d0ls
30migbol dgegagdo Inzgdyeos bGoado 4.
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JJOoOmosgrobo yagenaby  9gdHGos Body  odogdgggmmdol  dybyod-
@030 (yegdols  golod@gbodgdmse.  sdo@dmd  sgomgm  dogn@dool  bpgol  (yanols

9930g°22gbH M0 BodomBgdggemdol Fysmo, o8 Fymolb 5080gbodgds g8addacos wo
o0 dJmombmgl o gbgdaosl. gmggenr 15 (o-do blbodo jomaogl 558 % dodmoangdl.

30migbols  Fo@mdodmgol  gobdogermdsdo (45 (o)  (yoemo  d@gbodogds 512 dg/eo
3063gbAMs(300dg o dgodangds  aodmyggbgdgmo  0dbsl  @mam®E  Lofo®dmm
(39d6059%0) Fgomo b Logmygscbmgdgdm dobbgdolomgol. dglid g gdyands  gosbys-
00dgd983> g30hg9bs, MM o3 ML Jgddb@msbgdols Lgangdzoyg®mds s@ol 99,11 %.

ab®ogro 4. Tsgo begol Fymol gdodmapol Jgogagdo (aobbsggdymos 5,7y/m-8wg)

doMoendgd;zggenmds (TDS) ‘%3322[;:2:):,(’(((2;)
Ne e, egbob dodgs, (3) 3099 bo 7
(Fo) | dogms, (o) 3Mb3gb@@s@o0, 300930,
(o/s) Vgoso, (o/s2)
(&/e)

1 0 2,15 31 6,58 3,86 5,77 -

2 15 1,2 31 8,26 - 2,94 49,05

3 30 0,4 31 9,36 - 0,457 84,46

4 45 0,1 31 13,1 3,30 0,0512 88,80

hogo@®o®gm mbisbol Fyarols gegd@@mposgmobon gs(dgbws, GmImol dgwoggdo
demgdgaos 3bGoando 5.

3bBomo 5. 0b3gdobol Fymol godmieol grgygoo

doMoandgdzggenmds (TDS) %WBGE]BQK)OGZOB
99300905, (%)
Ne S gbob dod3g0, (3) 3odMgibo
(Fo) | dogns, (o) 3Mb3gb@@s@o0, Pyo )0 300930,
(/a) Jo20 (/a)
O ) ¥R
1 0 0,5 31 5,96 2,03 0,254 -
2 15 0,1 31 6,12 - 0,0882 65,28
3 30 0,1 31 6,27 1,96 0,0242 72,56

Vyomo segdgemmo obs mbisbowsb dobgdsmobsizoom — 254 da/eo ogo  ogdoym-
oo gdls  Fgomdmdo@oggdol LAsbEo®@L, dog@sd o6 25dmEagds MdMB03ISE0YA0  ©S
bma0g0mo Lofo®dmem dobbom. gangdB@mwos@mobom sdydoggdol dgdwgy (30 Fm-ol)
dobgdoobsizos  ogas 242 dy/eo. Slgmo  Fyoao  dolowgdos  3mygbg@sioolmgols.
30@ggeo 15 For gobdoganmdsdo aodmbsggarggo blbodo godgogl goblibogro do@oargdols
65 %, dgdgy 15 Fo-bg dgdo ©@mol aobdsgmmdsdo blbs®o go®aogl 73 % do@oagdl.
doanosbo  asdmaeol 30  gobdoganmdsdo  dm@Eoagdygao  ombgdols  Gomgbmds
‘dgoagbl 9165 %. aodmaeol dgogagdol bogydggebg dgodangds ©ogsliggbom, @mad
am@as Fyodo aoblboamos dbmerme  do@ogols gomo  Lobgmds  gargdd@mwosgobols
30m39Lo 303obo®gmdl guem bgms gowdg Lbgswslibgs dodoagdols dgdmbgggsdo.

bsdndsem  FgbdGaargdagmos @Gabmsggemol  gBemgbaaro  bsdyibogdm  gmbpols g@sbdo Ne3U71
20b56byG0  JbsBsdgdom. [obsdpgdsdy Iudaogscosdo  godmaggbgdamo  bydobdog@bo S0
Jdamgbol sgB0@93b s Fgbsdarms 5@ sbobsgrgh Tmms Gabmsggerol gdegbamo bsdyzbog@e

gebool dgbgeaargdgdl.
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SUMMARY

TEST DATA ON THE PROCESS OF SEPARATION OF VARIOUS SALT SOLUTIONS HAVING THE
SAME CONCENTRATION BY ELECTRODIALYSIS

Rukhadze Sh.Sh., Aptsiauri A.Z., Apridonidze M.D. and Shotadze A.G.

Akaki Tsereteli State University, Kutaisi

The paper dwells on the results of experimental studies of the electrodialysis processes under conditions of
simultaneous action of gravitational and forced convection in a desalination chamber of the water purification
electro-membrane system. The experiments were carried out with CaCl,, MgSO,and Na,SO, aqueous solutions
for a wide range of parameters such as an initial concentration, electric current density and a jump in the
electrical potential in the separation channel. Also, the seawater desalination and tap water purification processes
were studied. Based on the test data obtained, we can conclude that, after desalination by electrodialysis, the
seawater can be used for both industrial (technical) and domestic purposes. If only one type of salt is dissolved in
the water, the electrodialysis process proceeds more slowly than in the cases with different salts.

Keywords: electrodialysis, ion-exchange membranes, gravitational convection, forced convection.
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IRIIBAIR0SRDDBOL 30MGILOL IFL3IH03I6B SR IGO0 33RI3Id0L FIRIdIB0

Ogbsdg 3.9., 38305900 5%, s8@oEMb0dg d.0., Fmnsdy o,
53530 T9dgmamol Lobgedfoge 9bogg@lodgdo, Jnomsolo

hggbls dog® dgJdboano 0dbs gangdB®mEos@obol @sdm@s@mmogmo sbswysmo
(bob.1), OmIganoi @obodbymos 20d@3botgdol, blbo®gdol 3mb3gbd®omgdol, sbogro
bogmog®gdgdols Lobmgbol, pH gmagddo®gool, odobmdgsggdols aogmaol, dgbsdsdolo
dodoagdol blbo®gdosb dgoggdols s Gy@ggool dowgdol, m@ysbyao blibs@gdowasb
SO>M@yobygano dgbog@mmgdols Jmzomgdol 30m3gLgdol dgbslifogemsw [1-5].

l |
A
—
5,
-
i 7
—E
b
=

bob.l. gg)HBHmmosmobols @sdmBs@@mBogmo ©sbsEys®o

©boasMo sdbowgdymos ggeeol bEYbwol (1) Loboom, AMIgerbgosi3 aobaos-
3900 IMYJ0PYOS© s oIMbEOgYOIYmos: blbs®gdols dgdobogy®o  Gog@de-
300l danmgo (2), gergdB®mposemobols Jgddb@sbyamo s3s@sdo (3), G9ddmgdols deomgo
(4) ge2gdHOamo 33900l Fgodmgdom (5), dopGogmozgo 3gmbo GO@IYHGgd0m (6),
dobmdgddgdom (7), o@gamo®gdgamo mbisbgdom (8), Lobyxol sbswgdo mbgsbgdom (9)
> 3350530l gagdBOygmo 33900l Tysdm (10). Igds  Fggoemdgdo (11), s5dmddggdo
mb3gobgdom. I9ds  Fggoemdgbol  bgws  bofomdo  gomgsgolifobgdyaos  dgdsgoeo
bobg®gBgoo dy9ds  blbsdgdol dsd@om  holbolbdgmrs. gangd@Omeosgobols  s3s@s@0
0o3bpgos I9ds doq0sbyg Ly@osmby dmygebogo gobesggdols sbognmyoy@ds.

(0bodgdodg Lodydom@o ho@o@mgdgeos, bs@®oydol Jem@owpol 20, 10 ©s 1 %
(3b®. 1,2,3) blbogdol gargJ®Omwosgobol 30mi3gLgdol jgerggs. dmge @ blibomow
3094969d00m Lbgowsbbgs  3mbigb@®siools NaCl blbomdl; d9wodogo ©gboll {ysdme —
3oddo®mggerls HY3005C, @mdganoi bodygomgdsl agodanggos dogggmm ©gbol Lodggdogg
15 35/L9-3g0y.
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gboogo 1. NaCl Lsfgobo gmbsgbd®sgos =20 g/e

doMoendgd;3g9e0mds (TDS) ‘}éggg?f;:?;:;(’((&z;)
N | RO | egbob g n ) 253G 9360
(Vo) | dogns, (o) 4o 13 3Mb39b@®Ms@o0, 6%, 03(';) 30930,
(&) Gy | @)

1 0 20,3 130 21,15 7,15 20,85 —
2 5 20,4 132 25,0 — 17,25 17,27
3 10 20,4 136 26,75 — 13,0 24,64
4 15 20,4 144 28,5 — 9,25 28,85
5 20 20,3 163 29,5 — 4,20 54,59
6 25 19,0 326 30,5 — 1,08 74,29
7 30 9,9 444 30,8 — 0,250 76,85
8 35 7,0 458 31,0 7,10 0,126 49,60

gb®oao 1 Ygegygd0l sbogrobosb hsbls @md, @m@Es NaCl ds@ogols Lofyolo
30b6339bd®>30s  Gmgos 20,85 o/an, ol Jugamgmmdol ©@OML Jodggeo 15 Fo NaCl
blboto gomysgl 20% NaCl, 20 (ool gobdsgermdsdo blbs@o ofggdl gxem Lidsgsw
2ol nmsggdsl, jo®asgl 70% NaCl. 9356sL369an 5 Fymdo 0d@3boMgds ggensg bganwoy-
b5 blbomo gomgogl dbmegme 5% ds@oel. ©gbo momJdol dygwdogos, doa@sd demyg-
gmEbgmse  0fygol dgdEodgdsl gl begds 0do@md, @md sdbsgro  3mbgb@GsiE00l
9 9JBOm@oBo @oMmodos gomg dowogno 3mb3gb@®sEool. dmenmdo  3mbi3gbBMs@ols
oMo dgd339emds dgoeagbl 310 o/an, @Goi sbamlss NaCl ds@oemols aoblibols bogs®-
0ob. gl bodbogl, GMI 3GmEgbo a@Mdgangds 3mbigbG®s@ol aobboggdol ao®mgdy ©o
dodogools  blbo®do  dgodangds  aodmogml  g@obEoggdo s oMol gbsdargdamds
dogo@mo m@o 3Gmyd@o: NaCl ds@ogo s Fysao.

3boogno 2. NaCl bsfgobo gembi3gbd@s@os =10 g/en

doMoendgd;zg9enmds (TDS) dmggafi@):}og(;ob

e 9601 999300930, (%)
Ne | 89O K dod3g0, (3) 30dMgibo

(Vo) | dogns, (o) 3Mb3gb@@s@o, 300930,

(&/a) Ve, (&/a)
(&)

1 0 20,2 168 10,55 8.3 9,75 -
2 5 20,3 182 14,8 - 4,50 53,85
3 10 19,1 311 16,0 — 1,55 65,56
4 15 84 450 17,6 - 0,27 82,58
5 20 4.8 468 17,8 8,22 0,091 66,30

gbOogo 2 Ygogagool  osbsgmobowsb  hsbl, @md  @Gm@s NaCl  Lsf{gobo
306396305 ogm 9,75a/an, JoMggee ©s dmgem Sfm 3mb3gbd®sios dgotwgds 50%,
AabBolL 10-sb 15 Fymsdweyg 3mb3gbd®siEos dgdodws 80%-0m. dJmeosbop gangd@®m-
©os@0bol 3@mEglido blbs®ol 3mbi3gb@@sios dgdgodws 9,75 a/@-sb 0,091 o/en-dg.
‘dgodamgds  sa®gmgg o@gbodbmm, @md ygzgmoby dowsmo gofdgbwol  bodolbo o@ols
OmEo gmb3gbB®Msioss 1 y/.
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25
20 1
15
% i W 5T 20.85
g 10 a'e
= M &C1 9.7 5
5 3o
U 1 T T 1
0 5 10 15 20 25

6ob2. NaCl 3m063g6@®s5300 ©gbol dogmobsgsh ©odmgowgdamgdom

bob. 2-bg dm3gdygmos NaCl 30639605300l sdmowgdymgds gbol doasby
Lboowobsz  hobl, @md  dOgogdo  momJdol  ogbdydos. gl soblbgds  o0dom, @3
3oLosbasaobgdgano  blibo®gool Jodog@o dgds@agbamds  g@mbsoos. g.0. gO®mbso®oE

>G>0l gargdHOHmEbL.

aboogo 3. NaCl LsFgolo gmb3gb@dsgos =1 g/en

do®oendgd;3g9e0mds (TDS) %mg(gafi(f)@og(;ob
990G 90, (%)
Ne | RO0s | egbob @) 369360
(o) | dogos, (5) 3o 13 3Mb39b@ M@0, 0omIGo 3009 ]d0,
(/) Voo, (p/s)
(/)

1 0 0,5 31 2,16 3,30 1,090 -
2 5 0,3 31 2,64 - 0,596 45,32
3 10 0,2 31 3,04 - 0.303 49,16
4 15 0,1 31 322 - 0,147 51,49
5 20 0,1 31 3,24 - 0,0731 50,27
6 25 0,1 31 3,30 - 0,0388 46,92
7 30 0,1 31 333 - 0,0231 40,46
8 35 0,1 31 348 3,13 0,0146 36,80

db0dgbgenmgboe d300g 3mb3gbR®oiool blbs®ol dgdmbgggsdo Gm@Es blbosdol
do@oadgd(339e0mds Hmaos 1,09 a/an (3bGoao 3) ©s ymgger 5§m-3o Lsdygsame 50%-
00 9399s. 9093900l Logygge by dgodangds gndgsm, @md ¢y blbos®mdo do@ogrols NaCl
Lofgobo 3mb3gbd®sicos o®ol 1 a/ar, odobomgol, @md ogshds®mmn 3@miEglo 9bos
3°dm3049bmm  bogmgdse  Lgangdiog®o 3930@M0bgdo, aogbodmm dsdgs b dogowmm

bbgs sbogno @gdbmmmaoygo aowsTyzgdomgds.
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75
) t\\
% 15 =N aC| 20.85 B/
- 10 == aCla 75 T
NaCl1.09 afeo
5
qg +—— —, ' e e
0 10 20 30 a0
T, Gm

6sb. 3. NaCl gangd@demosgobol Lobjsmg

bob. 3-bg dmgdgeos Lbgowolbbgs 3mbgbdmsiool NaCl-ol gang@d®dmosgobols
Lobdsdy. hggh gbgoogm, @md @mas NaCl-ol Lofgyolbo 3mbigbddsaos 9,75 o/an blibsdo
bodgoamo 0fd0bwgds. 3 dJmdgbGobmgol 3o@gge  Bgl@do (boFyobo 3mbEgb@@s0s
20¢/e0) NaCl 3mbigbd®sios blbosddo o@fg3l 10 a/eo. 39bsdy HgbBol IGYLols gob-
bogngs ohggbgdl, @m@Es Lafgolo 3mbigb@@s@os Gmmos L09 a/an as3@3bsdgds bpgds
05b5dG5E, IgBoe Lidoge begds @Ggmomgds asdmygmgoe ©@mTo. sfgosh godmd-
©obotyg dgodangds 353539000 ©@oligghs, @m3 dgdd@sbs s@ol dg@oe 989JH YO0 dM@ES
NaCl-ol 3mbigb@@sEoss 10a/@-©sb 1a/en-dwy.

bob. 3 (o@mdmpagboaro 3G9ogdol dgoomgds a30hg9bgoL, @M  9Jl3g@Mm0dgb@ols
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SUMMARY

THE RESULTS OF EXPERIMENTAL STUDIES ON ELECTRODIALYSIS PROCESSES

Rukhadze Sh.Sh., Aptsiauri A.Z., Apridonidze M.D. and Shotadze A.G.

Akaki Tsereteli State University, Kutaisi

The paper dwells on the results of experimental studies on the electrodialysis processes under conditions of
simultaneous action of gravitational and forced convection in a desalination chamber of the water purification
electromembrane system. The experiments were carried out with NaCl aqueous solutions of various
concentrations for a wide range of parameters such as an initial concentration, electric current density and a
jump in the electrical potential in the separation channel. It was been established that the membrane was highly
effective at NaCl concentration from 10 g/l to 1 g/l.

Keywords: electrodialysis, ion-exchange membranes, gravitational convection, forced convection.
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CTALIMOHAPHBIN KATAJIM3ATOP JIUIS THAPOTEHU3ALIMA XJIOIKOBOI'O
MACJIA

Cupanze M.I'., Hemapuasze H.C., I'okcanze U.b., Uxaunze E.T., Auorunze O.111.

I'py3unckuii TeXHMYECKUH YHUBEPCUTET
TI'ocynapcrBennass Mopckasa Axkagemusi, bBarymu

JU1st  THAPHpOBaHMS PACTHTENBHBIX Macel M JKHPOB PEKOMEHIOBAaHBI  Pa3iIMYHbIC
cTauMoHapHble KaTanu3atopel [1]. OmHako Bompoc moadoOpa CTalMOHAPHOTO KaTaau3aTopa s
MOJTY4YEHUs TUIAPUPOBAHHBIX )KUPOB IMHIIEBOTO HA3HAUYEHHS 0 CHX IIOP OCTAETCS aKTyaTbHBIM.

Mpbl wnccnenoBaNM  MOBEACHHE CIDIABHOTO CTAllMOHAPHOTO HHKEIb-MeIb-aTIOMHHUEBOTO
KaTaJM3aToOpa, IPOMOTHPOBAHHOTO OJIOBOM, B IIPOIIECCE THAPUPOBAHMS XJIOIKOBOTO Macia. Brioop
HUKCJIb-MCAb-aJIIOMUHUEBOI'O CIlJIaBa HE 6])1.]1 CJ'Iy‘-IafIHBIM, TaK KaK CTallMOHAPHBIC KaTaJlnu3aTOpPhbI M3
3TOTO CIIIaBa MO3BOJISIOT MOJMYYaTh HA OCHOBE XJIOIKOBOI'O Maciia IHUILIEBBIE THAPUPOBAHHbIEC YKHUPBI
[2]. Ilpu moxbope ONMTHMAIBFHOTO COCTaBa KaTaau3aTopa W3MEHSUIM TOJBKO COOTHOIICHHE MEXKIY
MeZbI0 ¥ IPOMOTOPOM (0JIOBOM) B CILJIABE.

HenpepsiBHOMY TuApHpOBaHUIO TOABEprajii pa@UHUPOBAHHOE XJIOMKOBOE MAacio CO
CIEeMyIOIUMHA TIOKazarensmu: nomHoe umucimo — 108,6% ioma, kucmorHoe wwmcmo — 0,3 mr KOH,
COJIepIKaHue HACBIIIEHHBIX KHCIIOT — 27%, onenHoBoi — 19,9%, nunoneroii — 53,1%.

HOHy‘-ICHH])Ie THAPOrCHU3aThl aHAJIM3UPOBAJIM Ha ﬁOI{HOG YHnCJIO, TEMIICPATYPY IUIABJICHUA U
TBepaocTh [3]. T'mapupyromylo akTHUBHOCTh KaTalu3aTopa ONPEessUTH IMyTeM CHIDKSHUS HOIHOTO
gucna [2].

Omnertel ipoBoguy nipu 180°C, nasnennu 300 klla n 06beMHOI CKOPOCTH MOJAYM BOAOPOJA
60 u™. CKOpOCTb MTOJA4H FHAPHPYEMOTO ChIPbS OICPKUBATH Ha ypoBHE 1,5 u™.

B Tabn.l mnpuBemeHbl AKTHBHOCTh MCCIEIOBAaHHOTO CTAllMOHAPHOTO KaTraau3aropa H
MOKAa3aTeNy TOIyYeHHBIX CaJlOMacoB B 3aBHCUMOCTH OT COZIEPIKaHHsI 0JIOBA B CILJIaBe.

Taoauna 1
CooTHolIeHHE
AKTHUBHOCTh Poct Temneparypa CeneKTUBHOCTh
KOMIIOHEHTOB Tsepnocts, | LIBeTHOCTS,
B CILIARe KaTajqn3aTopa, | aKTUBHOCTH, | ILIABICHUS, et wr J, THIPUPOBAHUS,
AU, 9./mn - 4 % J, °C %
OsoBo | Mens
bes nobasxn 0,520 - 313 180 4 76,5
0JI0Ba
1 16 0,580 0,060 32,5 200 3 80,3
1 8 0,601 0,081 33,1 240 2 85,0
1 4 0,640 0,120 33,8 280 2 96,4
1 2 0,664 0,144 33,9 280 2 91,3
1 1 0,668 0,148 34,3 300 2 84,2

Hanbosnee BBICOKHE 3HAYEHHS AKTUBHOCTH M CEJIIEKTHBHOCTH KaTajiu3aTopa OTMCUCHBI IIpU
COOTHOILECHUH MEXIy O0JIOBOM M Meabio 1:4. [lanbHeliliee N3MEHEHHE COOTHOIICHHUSI KOMIIOHEHTOB B
CIUIaB€ HE3HAUYMTENHbHO BIHMSET HAa aKTHBHOCTh KaTaluu3aTropa, M Hake HaOJIIofaeTcs CHIKECHUE
CEJIeKTUBHOCTH ITPOIIecca.

[Ipn omeHke cTaMOHAPHOrO KaTaiu3aropa OOJNBIIOE 3HAYCHHE MNPHUOOPETaeT ero
NPOU3BOJHUTENBHOCTh, BBIPAKEHHAS CKOPOCTBHIO IOJA4M CHIpbsi B peakTop. IIponsBoauTenbHOCTH
CTallMOHAPHBIX Katanm3aTopoB ucciepoBanu npu 180 m 200°C, nmasmenun 300 k[la u oObeMHOMH
CKOPOCTH T01auH Bogoposa 60 u™. Mi3sMeHeHue IPOM3BOIUTEIHHOCTH CTAIHOHAPHOTO KATAIN3aTOPA B
3aBHCUMOCTH OT COOTHOLICHHUS] MEX/Iy OJIOBOM M MEJIbIO B CIUIaBE MIOKa3aHO Ha PUCYHKE.
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Coomnowenue mexdy onobom u medvro

H3MeHeHne MPOU3BOIUTEIHHOCTH CTAIIMOHAPHOT0 KATAJIHW3aTOPA MPH TeMIlepaType rUAPUPOBAHUS
180°C (1) u 200°C (2) B 3aBHCHMMOCTH OT COOTHOIIIEHHSI KOMIIOHEHTOB B CILIaBe

Kak BUIHO 13 pUCYHKa, C YBETMUEHHEM COJIEPKAHUS 0JI0BA U CHI)KEHUEM COJEpKaHUS MEAU
B CIUIaBe NPOU3BOAUTENBHOCTh CTAl[HOHAPHOTO KaTalW3aTopa MOBBINIAETCS. VIHTEHCHBHBIH POCT
MPOM3BOAUTENBHOCTH HAOJIOJACTCSl IPU COOTHOLICHUH MEXAYy KOMIOHeHTaMu 1:4 (karanusarop
Ned). lanbHeiiee yBeludeHHE COACPKaHUS OJIOBA HE3HAYUTEIBHO BIUSET HAa MIPOM3BOJUTEIBHOCTD
KaTaJln3aTopa.

Jnst monydeHHsT THAPOTEHU3aTOB MHUIIEBOTO HAa3HAYCHUS OMBITHI 10 THUAPHUPOBAHHUIO
XJIOTIKOBOT'O Macja MPOBOAMIM C MCIOJIb30BAHMEM CTALMOHAPHOTO Karanuzaropa Ned4 mpu agaBieHUn
300 ITa i 0GBEMHOI CKOPOCTH Mojaun Bogopoaa 60 4™, moanepKuBas 006BEMHYIO CKOPOCTh TOAUH
macma Ha yposHe 1,5 u'. TemmepaTypy THApHpOBaHHS H3MeHsuid B mpegenax 180-200°C s
noJ/iep>KaHus HOAHOTO YMclia THIPOTeHn3ara B Mpeeax craHnapra. XapakTepUCTUKU MTOTyYEHHBIX
THIPOTeHU3aTOB IPUBEACHBI B Ta0I. 2.

Taoauna 2
Wonroe uncnio | JKupuokucnoTHsiii coctas, % | CenexrusHocts | Temmepatypa | Teepmocts, | LleTHOCTS,
casomaca, % HACKI- oJIeu- JIMHO- THIPUPOBAHMS, | IUIABICHUS, r/cM Mr J;
J2 IIEHHbIE | HOBas neBas % °C
66,5 33,0 49,2 17,8 86,1 33,0 240 2
67,0 331 50,4 16,5 88,2 33,1 220 2
68,6 29,4 63,6 7,0 94,8 33,8 240 2
72,1 28,4 63,6 8,0 96,9 32,6 220 3

Kak BwaHO U3 JaHHBIX TaOl. 2, TWIPOTCHU3aThl COOTBETCTBYIOT TpeOOBAaHUSIM,
PEABSBIISIEMBIM K IHIIEBBIM CAJIOMACAM.

Takum 00pa3oMm, moAOOpOM COOTHOLIEHHS MEXIY OJIOBOM W MEIbI0 B HHKEIb-MEIb-
ATIOMHUHHEBOM  CTAI[MIOHAPHOM KaTaluu3arope MOXXHO 00eCledYnTh BBICOKYIO CKOpPOCTh H
CEJIEKTUBHOCTD IIPOLECCa THAPOrE€HU3ALUH XJIOIIKOBOTO Maca.
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SUMMARY

STATIONARY CATALYZER FOR COTTON OIL HYDROGENATION

Siradze M.G., Neparidze N.S., Goksadze 1.B., Chkhaidze E.T. and Diogidze O.Sh.

Georgian Technical University

Batumi State Maritime Academy

The research performed in the work and the selection of the catalyzer showed that the hydrogenate obtained in
the result of cotton oil hydrogenation satisfied the demands for dietary fats and oils.

Thus, by varying the copper:tin ratio in the nickel-copper-aluminum stationary catalyzer, we can provide high
speed and selectivity of the process of cotton oil hydrogenation.

Keywords: stationary catalyzer, cotton oil hydrogenetation, nickel-copper-aluminium alloy.
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PROSPECTIVITY OF ENRICHED WITH PHENOLIC COMPOUNDS RED DESSERT
WINES PRODUCTION IN GEORGIA

Kekelidze I.A., Ebelashvili N.V. and Japaridze M.Sh.

Institute of Viticulture and Oenology, Agricultural University of Georgia

Abstract. The paper deals with the significance of production of the red dessert wines enriched with phenolic
compounds, technological capabilities and prospects. To increase the levels of the antioxidant components in red
wines is an important issue in terms of the growing demand for antioxidant-rich food, including wines, globally.
The objects of the study were prepared from Saperavi grape cultivar: 5 dessert (1 control and 4 test) and 1 dry
wine samples. The control dessert wine sample was prepared by the standard technology. For preparing the test
samples, for the first time we used, separately and in combination, the technological techniques of wine
enrichment with phenolic compounds: fermentation on the must till dryness, removal of part of the juice from
the must before alcoholic fermentation, storage on the fortified must. Phenolic compounds of the objects under
study were studied by the method of High Performance Liquid Chromatography. The analysis of the obtained
results showed the advantages and prospects of one of the test dessert wine samples (test I1) in terms of the
high content of the components having the antioxidant activity and antibacterial effect (catechins; caftaric,
caffeic, syringic and ellagic acids; quercetin-3-p-D-glucoside) as compared with the other test (tests I, 11, IVV) and
dry wine samples.

Keywords: phenolic compounds, red dessert wines, antioxidant activity.

Wine represents a product with a rich composition. It is known scientifically that it contains
more than 1,000 compounds. Among biologically active substances, phenolic compounds take part in
the formation of taste, color, transparency and stability of wine; they play an important role in the
formation of antioxidant activity [1-3]. The intensive investigations of red wines in the scientific
circles of biochemistry and medicine have started since 1991 when it became known about the French
Paradox. According to this phenomenon, in France, where regular and moderate consumption of red
wines is traditional, in spite of cholesterol-rich food intake, the percentage of cardiovascular diseases
is low and the duration of life is high. Numerous studies have proven that regular and moderate
consumers of red wines are at 20-30% less predisposed to the cardiovascular disease [4-6]. The dose
of red wine consumption is 400 ml per day for men and 200 ml per day for women [7].

Nowadays the growing demand for red wine in the world market is explained by their high
antioxidant activity. At the same time, every red wine does not have an antioxidant effect. There is a
positive correlation between the antioxidant effect and the amounts of phenolic compounds. Hence
only those red wines have the antioxidant effect whose phenolic concentrations are high.The amount
of phenolic compounds depends on the grape variety, vine growth place, and wine production
technology [8,9].

The antioxidant activity of young red wines is higher than of aged ones [10-11]. Accordingly,
in case of young red wine with a much higher content of phenolic compounds (than in the standard
one), it is capable of preserving a higher amount of phenolics whilst aging. To increase the content of
antioxidant compounds in red wines is an important task from the point of view of the growing
demand for antioxidant-rich products (including wines) globally [12].

During the production of red dry wines by standard technology, the grape phenolic compounds
extract into the wine in percentage of 20-40. Their most part remains in the must [13]. There are
studied technological techniques for increasing the concentrations of phenolic compounds in dry red
wines, which are thermovinification; removal of the part of the must before fermentation; post-
fermentative maceration [14-16]. Among the phenolic compounds of red wines with high antioxidant
activity, there are outlined: (+)-catechin, (-)-epicatechin; caffeic, chlorogenic, protocatechic, syringic
and ferulic acids; kaempferol, quercetin, and myricetin [17,18].

According to Goldberg et al., in Italian, Californian, Canadian, French dry red wines from the
grape varieties: Cabernet Sauvignon, Merlot, Medoc, the sum of catechins is within 66-112 mg/l [19].
According to N. Ebelashvili et al., in dry red wines from the same Saperavi grape, but from 4 different
Kakhetian regions (Kvareli, Gurjaani, Telavi, Sagarejo), the sum of catechins is within 257-288 mg/I
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[20]. The results of the reviewed studies definitely emphasize that the wine made from the Saperavi
grape is much richer in composition than its foreign analogs.

The aim of the study is to elaborate the innovative technology with the use of the improvement
of the technological techniques of fermentative maceration for the production of red dessert wines
enriched with phenolics of high antioxidant activity. The technology of red dessert wines enriched
with phenolic compounds is an innovation not only for Georgia, but also globally. Dessert wines —is a
popular special type of wines produced in the world (Portugal, Italy, Hungary, Spain, France,
Argentina, Germany, Moldova, Bulgaria, Russia, etc.) [21], but not scientifically studied yet.

Table 1.Wine production (excluding juice and musts)

Unit: 1000 hl 2010 2011 2012 2013 | 2014 Provisional | 2015 Forecast
Italy* 48525 | 42772 | 45616 | 54029 44 229 48 800
France* 44381 | 50757 | 41548 | 42134 46 804 47 373
Spain* 35353 | 33397 | 31123 | 45308 38 211 36 600
USA 20887 | 19140 | 21650 | 23590 22 020 22 140
Argentina* 16250 | 15473 | 11778 | 14984 15197 13 358
Chile 8844 | 10464 | 12554 | 12820 10 500 12 870
Australia 11420 | 11180 | 12259 | 12310 12 020 12 000
South Africa 9 327 9725 10569 | 10982 11 316 11 310
China 13000 | 13200 | 13511 11780 11178 11178
Germany* 6 906 9132 9012 8 409 9202 8 788
Portugal* 7148 5622 6 327 6 231 6 195 6 703
Russia* 7 640 6 980 6 220 5290 4 880 4 880
Romania 3287 4 058 3311 5113 3750 4 069
Hungary* 1762 2 750 1818 2618 2 555 2873
Brazil 2 459 3460 2 967 2710 2732 2732
Greece 2 950 2750 3115 3343 2900 2 650
Austria 1737 2814 2125 2 392 1999 2 350
New Zealand 1900 2 350 1940 2 484 3204 2350
Serbia 2382 2244 2175 2 306 2332 2332
Bulgaria* 1224 1237 1442 1755 747 1538
Moldova* 840 1520 1470 2570 1630 1630
Georgia 1034 1108 830 997 1134 1134
OIV World Total | 264 188 | 267 803 | 258 211 | 292 218 270 234 275 665

*Dessert wine producing countries

The production of dessert wines in Soviet Georgia [22] was intensive (“Kvareli No. 29” and
others), nowadays — their production is stopped, but has the potential of recovery.

Our research is of bilateral importance: the study of a functionally important product which
has not been studied worldwide yet and its improvement.

With the aim to increase the concentration of phenolic compounds in dessert red wine test
samples, for the first time we have used the following technological techniques separately and in
combination: fermentation of the must till dryness; removal of part of the juice from the must before
alcoholic fermentation; storage on the fortified must.

The objects of the study were 5 dessert (1 control and 4 test) and 1 dry (for comparison) red
wine samples; grape variety — Saperavi.

The control dessert wine sample was prepared by standard technological scheme: the
destemmed crushed must of the technically ripe grape (sugar content about 23%) was heated up to 70
°C; after cooling to 25 °C, commercial dry yeast was added, and alcoholic fermentation started. The
alcoholic fermentation was interrupted by adding the rectified alcohol when, in the fermenting must,
the residual sugar reached the amount giving the content of 16 % in the resulting blend. Finally, the
wine with the following indices was produced: residual sugar content 16% and alcohol content 16 %
vol [23,24]. The test dessert wine samples (4 various test samples) were prepared in the same manner
as the control one, but with technological varieties described as the novelty. The dry red wine sample
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was prepared by standard European technology: alcoholic fermentation of destemmed crushed must
till dryness [25].

By means of the HPLC analysis, we determined the amount of phenolics using the apparatus
Infinity 1200, Agilent Technologies, USA, with a UV-VIS detector. The separation of components
was performed using a chromatographic column with reversed-phase sorbent Microsorb 100-S C18
(250mm x 4.6 mm x 5.0 mm). The elution was performed in a gradient mode at the rate of the mobile
phase feed equal to 1 ml/min. The following solutions were used: Solution A — water/phosphoric acid
(in the 99.5/0.5 ratio); solution B — acetonitrile/water/phosphoric acid (in the 50/49.5/0.5 ratio). The
wine samples were diluted five times with methanol and filtered through a membrane filter (pore
diameter 0.22 pm). The solvents and commercial standards used during the analysis were purchased
from Sigma-Aldrich (Germany). The detection was performed at wavelengths: 280 nm (catechins,
phenolcarbonic acids, phenolaldehydes), 360 nm (flavonols and ellagic acid); 310 nm (resveratrol).
Identification was conducted by comparison of the retention time of standard substances and defined
components as well as by using the method of standard substances addition known in special literature
[26]. The investigation of phenolic compounds in the wine samples was carried out in triplicate.

Table 2.The results of investigation of phenolic compounds in the objects of the study by HPLC

Phenolic

compound Control test | test 1 test 1 test IV Dry
(mg/1)

Caftaric acid | 20.983£0.325 | 39.957+2.465 | 43.833+0.843 | 55.608+0.643 | 48.450+0.624 | 41.643+0.301

(+)-catechin

25.167+0.225

35.217+1.581

31.167£0.419

35.108+1.438

36.757+0.449

66.183+0.693

Caffeicacid | 2.753+0.134 | 8.58122.672 | 10.978+0.075 | 14.648+0.915 | 12.743+0.090 | 8.567+0.144
Syringicacid | 7.600£1.126 | 8.975+1.664 | 10.867+0.058 | 12.575+1.170 | 11.550+0.304 | 7.623%0.155
(-)-epicatechin | 11.417£0.967 | 17.648+2.087 | 42.800+1.645 | 61.650+4.621 | 49.367+1.537 | 22.683=0.076
Ellagicacid | 1.483+0.076 | 1.984+0.164 | 2.533£0.076 | 6.721£0.085 | 4.613£0.096 | 2.300+0.100
Quercetin-3-B- | 5 33, 161 | 18.750+0.444 | 20.050+0.050 | 31.008£0.251 | 21.983=0.231 | 17.850+0.173

D-glucoside

From phenolic acids, caftaric acid was presented most of all in our research objects. According
to the literary sources, this acid is characterized by a high antioxidant effect [27,28]. It should be noted
that we were the first to identify caftaric acid in red wines from Saperavi.

The results of the primary study showed that one of the dessert test samples (test 111) prepared
by using the innovative technology is distinguished by an obvious advantage and is promising in the
point of high antioxidant activity and antibacterial effect phenolic profile (catechins; caftaric, caffeic,
syringic, ellagic acids; quercetin-3-B-D-glucoside) in comparison with the test dessert (tests I, Il and
IV) and dry wine samples.

As for now, the study continues, the accumulation of data is in process.
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PE3IOME

HNEPCHEKTUBHOCTDB MPON3BOACTBA OBOT'AIIEHHBIX ®EHOJbHBIMU BEHIECTBAMU
KPACHBIX JECEPTHBIX BUH B I'PY3UHN

Kexenunze U.A., D0enamBuin H.B., [:kanapunze M.III.

HMHCcTHTYT BHHOTPAAapCcTBAa H BUHOAEINSA, ATpapHbIid yHuBepcuteT ['py3nn

B nmanHOW cTaTthe pacCMOTpPEHBI 3HAUCHHE MPOM3BOIACTBA OOOTAIIEHHBIX ()EHOJIHHBIMH BEIIECTBAMH KPACHBIX
JIECEPTHBIX BUH, TEXHOJIIOTHICCKHAE BO3MOXXHOCTH Y MIEPCHEKTHBEI. [IOBBIIICHNE COMepKaHNI aHTHOKCHIAHTHBIX
KOMIIOHCHTOB KPAaCHBIX BHH MPEACTaBIICT COOOH BaXKHBIH BOIPOC C TOYKH 3PEHHUS TOrO, YTO B MHPOBOM
MacmTabe pacTéT cmpoc Ha OoraTble AHTHOKCHIAHTaMH MPOAYKTH, B ToM umcie BHHA. OObBeKTaMu
WCCIICIOBaHMS SBIISIOTCS 00pa3lbl KpacHBIX BHH, W3TOTOBICHHBIE W3 copta CamepaBu: 5 mecepTHBIX (1 KOHT-
ponbHBIAH ¥ 4 onbITHBIX) U 1 cyxoe. KoHTposbHBIH 00pasell JeCepTHOrO BHHA H3TOTOBJICH COOTBETCTBEHHO
CYIICCTBYIOIIECH CTaAHIAPTHON TEXHOJIOTHHU; /I M3TOTOBJICHHUS OIBITHBIX 00Pa3llOB BIIEPBbIC HAMH MPHUMEHECHBI,
OTJENPHO U KOMOWHHPOBAHHO, TEXHOJOTHMYECKHE METOIBI IJIsi OOOTalleHus BHH ()EHOJIHHBIMH BEIIECTBAMHU:
OpoMOKeHHE Ha Me3re JIocyXa; OTheM YacTH BHHOTPAJHOTO Cyclia Mepel ajKOTOJIBHBIM OpOXOKEHUEM;
BBIICP)KUBAHUE HA 3aCIUPTOBaHHOW Me3re. DEHONbHBIC BEHIECTBA OOBEKTOB HCCIICAOBAHUS M3YYCHBI C
MOMOIIIEI0 METOAa BBICOKOI((EKTUBHOW XUAKOCTHOH XpomaTorpaduu. B pesympTare aHanm3a MOTyYSHHBIX
JMAHHBIX CIIEAYeT, YTO WHHOBAIIMOHHAS TEXHOJOTHWA OJHOTO W3 OMBITHBIX aecepTHHIX BuH (III ombiTHOE)
BBIJICJICTCS. 3HAYMMBIM TPEUMYIIECTBOM U MEPCHCKTHBHOCTHIO (10 OTHOIICHHIO K OCTAJIBHBIM OIBITHBIM
(1, ", 1V), a takke u cyxomy oOpasnam), HCXOJs H3 BBICOKOTO COJEPXKaHHS KOMIIOHEHTOB C BBICOKUMH
AHTHOKCHJIAHTHOM AaKTHBHOCTBIO W aHTHOaKTepHalbHBIM 3(pdekroMm (KaTeXWHBI;, KapTapoBas, KodeiiHas,
CHpEHeBasl, dJUIaroBast KUCJI0ThI; KBepLeTHH-3-B-D-rnoko3un).

KuaroueBble ciioBa: eHONbHBIE BEIIECTBA, KPACHOE JIECEPTHOE BUHO, aHTHOKCH/IAHTHASI aKTHBHOCTb.
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SUMMARY

PHENOLS AND THEIR ANTIOXIDANT ACTIVITY IN GRAPE

SEEDS OF DIFFERENT CULTIVARS

Ugrekhelidze G.D., Burdiashvili R.G., Vepkhiashvili N.G. and Javakhishvili M.L.

Jakob Gogebashvili State University, Telavi

Both the total content of phenols and their antioxidant activity are different in the grape seeds of different
cultivars. The analyses showed that not all grape cultivars can be used for production of wine by Kakheti
technology (for example, Pink Rkatsiteli). The investigation results suggest that the fundamental research of not
only the seeds of different grape cultivars, but of all hard parts of the bunches of grapes of different cultivars will
allow defining the scope of their application.

Keywords: grape seeds, antioxidant activity, phenolic compounds.
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SUMMARY

THE IMPACT OF SULFUR DIOXIDE, TITANIUM AND ASCORBIC ACID ON THE
PHYSICOCHEMICAL PARAMETERS AND ORGANOLEPTIC PROPERTIES OF OXIDIZED WINE
Chkuaseli L.M., Geliashvili Z.E., Khomasuridze M.B. and Jijiashvili V.E.

Georgian Technical University

Oxidation of wine is still a rather topical problem in modern winemaking. Hence various auxiliary materials
(potassium metabisulfite, tannin and ascorbic acid) for wine were used in the investigation to find solutions to
the problem and its prevention. The combined use of potassium metabisulfite and tannin is efficient for
prevention of wine oxidation, while the combined use of ascorbic acid and potassium metabisulfite is efficient
for improving the already oxidized wine. For usefulness of the results, physicochemical analyses of test wine
materials were performed, and the organoleptic properties of wine were tested by a tasting commission.
Keywords: wine, oxidation, wine materials, physicochemical parameters, organolepticproperties.
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IKOJOI'MYECKUE ®AKTOPBI, BIUAIOIINE HA PACITPOCTPAHEHUE
ITATOT'EHOB B APEAJIE BO3JEJIBIBAHUSA KYJIBTYPbI

Kanuagean LI.C.
HayuHo-nccnenoBateabcknii neHTp MUHHCTEPCTBA ceJibCKOro xo3siiictBa I'py3un

Bhemnel cpenoil a4 NAaTOrEHOB PpACTEHUM SIBISETCS 3apaKCHHOE PACTEHHE, HO Yy
OOJNBIIMHCTBA MATOTCHOB YacTh XM3HEHHOTO IHKJIA MPOXOJUT BHE PACTEHHUS, U B 3TO BpEMsl OHH
MOJBEPKEHBI BIMSIHUIO a0MOTHYECKUX YCJIOBHH Cpenbl, B YACTHOCTH, BIMSHMIO Horoasl. Hexoropsie
MATOTeHBl COXPAHAIOTCA BHE PACTEHMsI B BHUJE CTOMKHX NEPe3NMOBBIBAIOIIMX CTPYKTYp. [losTomy
MOrojla OKa3blBae€T Ha IAaTOTEHBl JABOMCTBEHHOE BIMSAHHUE. C OJHOM CTOPOHBI, OHA BJIMAET HAa HX
pacnpocTpaHeHHe, a C APYrodl — Ha HMX BBDKHBAaHWE B INEPHUOA MEXAY ABYMs BEreTAlIHOHHBIMHU
cezoHamu. Kpome Ttoro, morojma 4acto IeicTByeT Ha MATOreHbl KOCBEHHBIM O0pa3oM, H3MEHSS
YCTOMYHBOCTh PACTEHHH — XO035€B, MIOYBEHHBIE YCIOBHS, KOJIMYECTBO M AKTUBHOCTH IIEPEHOCUMKOB
MIATOTEHOB, COXPAHEHUE 3apaKEHHBIX PACTUTENBHBIX OCTaTKOB M PACTEHHI CaMOCEBa, BEDKHBAEMOCTb
3apaXXCHHBIX PpPAaCTEHUN JIaHHOM CEIbCKOXO3SUCTBEHHOM KyJIbTYpPhl, a TaKXKe 3apaKCHHbBIX
JOIOJTHUTENBHBIX WM MPOMEXYTOUYHBIX XO35€B IAaTOreHa. TakuM o0pa3oM, BIMSHHE BHELIHHX
YCIIOBHII Ha CKOpPOCTh paclpoCTpaHEHHs W Ha apeaj MaTOreHOB HOCHUT JOCTAaTOYHO CIOXHBIN
xapaktep. Haubosee BIusiomnmMy Ha pa3BUTUE U PACIPOCTPOHEHHE MATOT€HOB (PaKTOPaMH SIBIISIFOTCS
BIQ)KHOCTh BO3/lyXa W HAJIMYME KaleIbHO-KHUIKON BIaru, TEMIEPAaTypa U OCBEIEHHOCTh. 3MeHeHMs
aTMOC(i)CpHOFO JaBJICHUA B OOBIYHBIX npeaeiax, Mno-BMAMMOMY, B JaHHOM CJliyda€ HE HMCIOT
Oompmoro 3HaueHus. OHAKO, pe3KOoe IOBBILIEHHE OapoOMETPUYECKOTO JaBJICHUS HHOIIa
yBEJIMYMBACT YCTOMYMBOCTh (aconu k Pseudomanas medicaginis, Tabaka k P.tabaci u xaprodens
Erwinia carotowora.

Jus GompmmHCTBa TPHOOB WM OaKTepwid, MOPAXKAOIIUX TMOOETW pacTeHHW, OJaronpusTHA
BlIaKHast moroja. VckimodeHHe COCTaBISIFOT BO3OYAMTENM MYYHHCTOW POCHL. BaXHOCTH MOKET
BJIMATh HA PaclpOCTpaHEHHE NAaTOTCHOB HECKOJbKMMH criocobamu. Bo-nepBeIX, OT Hee WHOrzAa
3aBUCHT criopoHomenne. Hanpumep, Uit 00pa3oBaHusi CIIOpaHTHEB JIOKHO MYYHHUCTOPOCHBIX IPHOOB
HE00XO0MMa BBICOKAs BIAXKHOCTh. BO-BTOPBIX, OHA MOKET BJIMATH HA OCBOOOKAECHUE U pacCEMBaHUE
CIIOp, TOCKOJIBKY CHOPBI HEKOTOPBIX NMAaTOICHOB PAaCHpPOCTPAHSIOTCA C JIOKAEBbIMU Opblsramu. Poca
BPS/I JIM MOXKET B 3TOM CMBICII€ 3aMEHUTH JIOXKIb, HO €CJIM OHA I0CTaTOYHO OOMIIbHA, TO KaIlji BOJIBI,
CKaTBIBAsICh C BEPXHUX JIMCTHEB Ha 3apakKCHHbIE HIKHHE JIHCThS W Pa3OpbI3TUBAsCh, TOXE
paccerBalOT CrOpbl. BO3MOXHO Takke M HEOIArompusITHOS KOCBEHHOE BIHUsHHME. TakK, CUIbHBIN
JIOKJIb MOYKET Pa3pylIUTh CIIOPOHOCHBIE CTPYKTYPBI, CMBITh CIIOpPBI C JIMUCTHEB MM CIIOCOOCTBOBATH
Pa3BUTHUIO TUIEPNAPA3ZUTOB, OTPAaHUUYMBAIOLINX CIIOPOHOLIEHHE MATOT€HOB. B-TpeThhX, BIaXXHOCTH
MOJKET TIOBJIUATH Ha CaM MpOIlecC 3apakeHHs, OCKOIbKY Ul MIPOpacTaHUs CIIOP MHOTHUX TPHOOB U
OakTepuil W i1 UX BHEIOPEHHS B PAacTCHUE HEOOXOAMMO, YTOOBI MOBEPXHOCTb pacTeHHs Oblia
IMOKpPbITa TOHKOM TJIGHKOM BJIard. I[J]SI PAHCBBIX MapasUuTOB W JIA MATOTC€HOB, BHCAPAIONIUXCA B
pacTUTENbHbIE TKAaHW TMPH TOMOIIM TEPEHOCYHKOB, 3TO HE HMEET TaKOro OOJBIIOro 3HAYCHHSI.
KanenpHo-XMIKasg Biara, O4E€BHJHO, BpEIHA Uil NPOPACTaHHUA CIOP MHOTHX MYYHHUCTOPOCHBIX
rpuOOB, MO3TOMY OHA CHIDKAET 3apaKaeMOCTh PACTEHHUH.

CoxpaHeHue BOJABI Ha MOBEPXHOCTH PACTCHUN HMEET, BO3MOXKHO, OOJjbllee 3HaYCHUE IS
3apakeHus, 4eM oOIlas BIXHOCTh BO3JIyXa. B CBS3M C 3TUM (aKTOpbI, CIIOCOOCTBYIOIIHE
YACPKAHUIO BOJIbI Ha PaCTCHUAX, YCKOPAIOT UX 3apaXKC€HUC U PACIIPOCTPAHCHUEC MHOTHX IIaTOI'CHOB.
[Ipu OnaronmpusATHBIX YCIIOBHAX HEKOTOPBIE IMATOr€HBl OCYIICCTBIISIOT 3apakeHHE 3a HECKOJIBKO
4acoB, JpyruM Tpedyercs mis 3Toro 12 wminu 6osee 4acoB, MPUYEM Ha MPOTSHKEHHH BCETO 3TOTO
nepuoja Heooxonuma Biara. CoxpaHEHHIO BJlard Ha MOBEPXHOCTH PACTEHHUI CIIOCOOCTBYIOT BBICOKAs
BIQXXHOCTh BO3/yXa, OTCYCTBHE BETpa, BJIAXKHAsl NMOYBAa M HAJIWYME TEHH, T.€. YCIOBHA, KOTOpHIE
MpeobIaAaroT MO TYCTHIM OKPOBOM JIHCThEB. Mopocsiue qoxau 0ojiee BEPOSITHBI B MPUMOPCKUX
paiioHax ¥ psAoM ¢ OOJIBIIMMH BOJOEMaMHM, TYMaHbI )K€ 4YacTO BO3HUKAIOT M B pallOHaX, OTAAJICHHBIX
oT Mopsi. lHTepecHO neicTBHE cMora Ha pa3BUTHE M paclpocTpaHeHHe matoreHoB. CMor, 04eBHIHO,
BpPENEH HE TOJBKO PACTEHHAM, HO M MAaTOre€HaM, CEpPHHUCTBIM ra3 IMOJABISET POCT HEKOTOPBIX
(uTONAaTOreHHBIX TPHOOB, B YaCHOCTH BO30YIMTENS YepHO IsiTHICTOCTH po3 Diplocarpon rosae.

B pacnpocTpoHeHHM HEKOTOPBIX IIATOTCHOB YacTOTa BBINAJCHHS OCAIKOB HUrpaer Oojee
BOXHYIO POJIb, YeM UX 00miHe. OTO 0COOEHHO CIPaBEIJMBO B OTHOLICHWH TEX MAaTOTEHOB, CIOPHI
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KOTOPBIX PACIPOCTPAHSIOTCS C JIOXKACBBIMH OpbI3raMu. B Takux ciiydasx CKOPOCTb pacnpOCTpaHCHUsI
NaTOreHOB MPOIOPIMOHATBHA YHCITY JOXK/UIUBBIX JHEH, a He 00LIeMy KOJIHYECTBY 0caakoB [1].

Bta)XHOCTB TIOUBBI CKa3bIBACTCS HAa Pa3BUTHH KOPHEBBIX ITATOTCHOB, IIOCKOJIBKY OHA BIMSIET HA
POCT KOpHEH, Ha MOYBEHHYI0 MUKPO(IIOpY U Ha caM MaTOreH, HaXoAIIniics B moyBe. Bee aTu BIUsIHUS
CIOXHBI M Majlo u3ydeHsl. Xopomo wu3BecTHo, uro Plasmodiophora brassicae mmpoko
pacIpacTpoHseTCsT BO BIXHOW IMOYBE, Ui BO30YQHUTENsS AKTWHOMUKO3HON mapiiy KapTogemns
(Steptomyces scabies) GnaromnpusiTHa cyxas 1Mo4Ba, a 3apaKCHUE MPOPOCTKOB MHOTMMHU TOJIOBHEBBIMHU
rprOaMH, COXPAHSIIONIMMCS B MOYBE WIM B CEMEHAX, JIy4Ille BCETO IMPOUCXOAUT B YMEPEHHO BIIAKHOM
HOYBE.

Temmeparypa, XOTS ¥ B MEHbBLICH CTENEHH, YeM BIAXHOCTh, TAKKE BAKHA JUIA Pa3sBUTHSA H
paccelieHus] MAaTOreHOB. TeMmepaTypoil OT4acTH OmpenesseTcss reorpaduueckoe pacripocTpaHeHUE
NaTOreHOB. MHOTHE MaTOreHbI JOBOJILHO BBIHOCIMBBI K HEOIAronpsATHOM Temmeparype. OTKIOHSHHS OT
ONTHUMAIBHOM TeMIepaTypsl - J0 TeX MOp IOKA OHM HE BBIXOAAT 3a HM3BECTHBIC IIPEAENBI - HE
NPEIOTBPAIAIOT  PACIPOCTPAHCHHWE MATOreHOB, a JIMIIb  3aJCPXKUBAIOT  €ro,  YBEJIMYMBas
NPOJOJDKUTENIBHOCTD  MEPHUOZOB  3apaXEHHSI M CHOPOHOIICHUS. MaKCHMaJbHOE pa3BUTHE H
pacrpocTpaHeHHe TAKUX IMATOTEHOB MPOUCXOMUT HE NMPU KaKOW-TO OINPEAENCHHON TeMIepaTrype, a B
OTHOCHUTEIILHO IIMPOKOM HHTEpBajle TeMIepaTyp. BHe 3Toro MHTEpBajia pachnpocTpaHeHHe IprOa
3aMeIIsIeTCs, TPHYEM HIDKHUH M BEPXHUI TEMITEpaTypHBIN ITPeIeITbl BEIPaKEHBI OTHOCUTEIIFHO YETKO.

Takue maTtoreHbl, Kak BO30ymUTenW Kyp4yaBocTh JucTheB mepcuka (Taphrina deformans),
HOPONIKCTON mapmii Kaptodens (Spongospora subterranea) u jkenTodl p)KaBYMHBI TIICHHIBI H
stamenst (Puccinia striformis), xoporo pa3BuBaroTCsi PH JOBOJILHO HU3KOM Temneparype. Hampotus,
TaKHe MAaTOrCHbI, KaK BO30YIHUTEIN FOXKHOM CKJICPOLMaIbHOW THUIM MHOrMX pactenuid (Corticium
rolfsi), 6ypoii ramn (Pseudomonas solanacearum) u HEKOTOPbBIE APYrHe, XapaKTePHbI IS TETUIBIX
paiionoB. Temmeparypa MOXET TakKe KOCBEHHO BIMSTH HAa PAclpOCTPOHEHHE MATOTCHOB: OT Hee
3aBUCHT BBDKMBAHHE HHOKYJIOMA, pAaclpOCTPaHEHHOCTh IIEPEHOCYMKOB M THUIEPIIapa3uToB,
YCTOHYMBOCTH PACTEHHH W IIOYBCHHBIC YCIOBHA. [locienHee 0coOSHHO BaXKHO Ui MATOTCHOB,
HOPaXKAOIINX KOPHU U TIPOPOCTKHU.

O BIMSHHUU CBETa HA PaclpOCTPaHEHUE MATOTCHOB M3BECTHO CPABHHUTEIBHO MaJlO, XOTS €CTh
COOOILIEHUST O TOM, YTO WHTEHCUBHOCTb M KaueCTBO CBETA BJIMSIOT HA CIIOPOHOIICHHE U, BO3MOXKHO,
Ha MPOPOCTaHWE CHOp W Tpouecc 3apaxeHus. [lo TyCTBIM IIOKPOBOM JIMCTHEB CHIDKACTCS
MHTECHCUBHOCTB CBETA, H BEPOSTHO, U3MEHSETCS €r0 KauecTBO.

DTO MOXET BIMATh Ha 3apaXEHHE M CIOPOHOICHHE, a, CIeA0BaTeNIbHO, M Ha
pacnpocTpaHeHre. Ha mpssMOM COJHEYHOM CBETy B O€3BETPEHHYIO IMOTOAY JIUCThSI HArpeBarOTCs, W
9TO, BO3MOXKHO, TAaKXKE CKA3bIBACTCS Ha 3apaX€HHH W CropoHolieHHH. CBET MOXKET BIUITh Ha
pacnpocTpaHeHHe IaTOreHOB M KOCBEHHO, BO3JICHCTBYS Ha MEPEHOCYMKOB, Ha ECTECTBEHHYIO
AMUQIIOPY PACTEHHUS WIN Ha OTKPBIBAHHUE YCTHHII.

Emre omHMM MeTeoposorndeckuM (HakTopoM, BIHSIOINIMM Ha PaclpoCTPaHCHHE MaTOTCHOB,
SIBJIIETCS BETEP: OH YYacTBYeT B PACCEMBAHMH CIIOP M CHOCOOCTBYET PAaCCENCHUIO TMEePEHOCYHKOB
naroreHoB. [lepeMeHUNBbBIC BO3AYIIHbIC TeUEHHS B OOJIbIICH Mepe CIIOCOOCTBYIOT PACIPOCTPAHEHHIO
NaTOTCHOB BO BCEX HAIPABJICHUSX, YE€M CHJbHBIC YCTOWYMBBIC BETPHI, JYIOUIME BCEr/ia B OJIHOM
HaIpaBJICHHH.

W3 BCcero Cka3aHHOTO OYEBHIHO, YTO BJIMSHHE TOTOJbI HA PACHPOCTPAHEHHE MATOTCHOB
PACTeHUI JOBOJILHO CJIOXKHO. J[JIi MHOTMX NMAaTOr€HOB ONTHUMAJbHBIC MOTOIHBIC YCIOBHS H3BECTHBI
JIOCTaTO4HO, HampuMmep: Bo3Oymaurens ¢utopTopoza kaprodens Phytophthora infestans
PacIpOCTPaAHSETCs OT OTACIbHBIX OOJBHBIX PACTEHHIA, BRIPOCIINX M3 3apaKeHHbIX KiyOHe#. JIis Hero
OnaronpusTHA BIAXHAs MOTroJia C XOJIOJHBIMA HOYaMH U TEIUIBIMU THSMHU. CIOpaHTUH JIydIle BCEro
npopacrator mpu 10-13°C, a MakcHManbHOE CIOPOHOIICHHE HAOIIORaeTes mpuMepHo mpu 18-24°C. B
ONAroNpPUATHBIX KIMMAaTHYECKUX YCIIOBUSX CIIOPOHOIICHHE MOXKET HAuaThCs yxkKe uepe3 4 JHs mocie
3apakeHus. Ha TKaHsX, TONBKO YTO 3aCEJICHHBIX MTATOI€HOM, CIIOPAHTUU Pa3BHUBAIOTCS JIy4Ile, YeM Ha
y’Ke YOUTBIX TKaHIX, H PACIPOCTPAHEHHE TPHOA MPOUCXOJUT OYeHb OBICTPO. OCHOBHBIM HCTOYHHKOM
MHOKYJIIOMa  Bo3Oymutens mapmu  sonons  (Venturia  inaequalis)  cmyxat — ackocmopsl,
OCBOOOXKIAIONIMECS U3 TIEPETEINEB, MEPE3MMOBBIBAIOIINX HA MEPTBBIX JUCThAX. Jlyisi pa3BUTHS
00JIe3HH JTydIlle BCETO, YTOOBI BECCHHAsI XOJIOIHAS MOr0/1a CMEHSIACh BIQKHOW M BETEPHOM MOTO0M,
CIIOCOGCTBYIOMIEH PACCEMBAHMIO KAaHUIHIL. ACKOCIIOPHI X0polo mpopactaiot mnpu 11 — 22 °C, Ho s
TOTO, YTOOBI 3aTE€M MPOM3OLUIO 3apaKEHHE, MOBEPXHOCTH JINCTHEB 110 KpaliHel Mepe B TeueHue 9 4.
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JOJDKHA OCTaBaTbcs BiIaXHOH. TakuM 00pa3oM, AJHWTENbHOE COXpaHEHWE BIAKHOCTH Oolee
ONaronpusITHO AJIs 3apakeHHsI, YeM IIEPHOANIECKOE YBIaKEHHE.

Wzydens [2] BAUSHUS TOTOABI, TIIABHBIM 00pa3oM, TeMIIEpaTypsl 1 aTMOC(HEPHO BIIaXXHOCTH,
Ha pacnpocTpaHeHHE BO30OYAMTENs JIOKHOW MydHHCTOH pockl Bremia lactucae m Bo3OyauTens
Hacrosmeit MywHucToi pockl Erysiphe cichoracearum wna naryke B Kamudopuun. Bremia
BCTpeYaeTcsl B paliOHaX ¢ HU3KOM CpPEelHEH TeMIlepaTypoi (130C) U BBICOKON CPEIHEU BIIAKHOCTBIO
(88%); pasBuTHE STOro maroreHa B paBHOM Mepe 3aBUCUT OT oOoux (akropos. [dns Erysiphe
ONTUMAJIBHBIMM SIBIIIIOTCSI TEMIIEpATypa 17-19°C n BmaxuocTh 77%, IIpUYEM TeMIeparypa UMeEeT
Oonplice 3HaYeHHE. B omHUX paifoHax BCTpedaroTcs 00a MaToreHa, XOTs U B Pa3HbIX COOTHOLICHUSX,
B IPYTHX NIPUCYCTBYET TOJIBKO KaKOW-HUOYAb OJIUH U3 HUX.

Hamu n3ydeHsl ycinoBust 71 pa3BUTHA U PACIPOCTPaHEHUsI BO30YAUTEIIS JTIOXKHOM MyUHHCTON
pocsl Bunorpaga Plasmopara viticola. YcranosneHo, 9To CIIOpOHOIIEHHE 3TOTO TPHOA MPOUCXOIUT
nyume Beero npu 22-26 °C u Bbicokoii, 90-100%-Hoii BIaKHOCTH B HOYHbIE YAChl. B 3THX yCIOBHAX
NepUo] CIOPOHOIIEHHsI rpuda cocTaBiIsieT Bcero 4 OHs;, NPU CHIKCHUU TEMIEepaTypbl U (WiIH)
BJIQXKHOCTH TIPOJOJDKUTENBHOCTh €ro yBenanunBaercs. [Ipum oTHocurenbHOM BiaxkHocTH HIke 60%
obpasyeTcsi BOOOIIE Mano CIIOPOHTHEB. BbICOKas BiaxHOCTE H  Temmeparypa (18-24°C)
OaronpHATHBI TAKKE Ul POPACTAHUS CIIOP U 3apakeHUs, U 00a 3TH MPOoLEcca MOTYT 3aBEPLIMTHCS
10 paccBeTa. boje3Hb MOXeT CTaTh OYEHb OMACHOM, €CTM HOYM TEIUIble W BIAXKHBIC, ¢ OOMIBLHOMN
pOCOW MM NOXKASAMH, OCOOCHHO €CIM JHEM COXPaHSAEeTCs MacMypHas HOroAa W JIMCThSl AOJITO HE
MPOCHIXAIOT.

BnusiHne moroapl Ha pa3BuTHE OOJE3HHM CKa3bIBACTCS HE TOJNBKO Ha OONBIIMX IIOMIAJIX;
MECTHBIE M3MEHEHHUS KJIMMaTa MOTYT BBI3BATh JIOKAIM30BaHHBIEC BCIIBILIIKK OOJIE3HH WM, HA000pOT,
npeAoTBpaTuTh ux passutue. [3] [lo-BugeMoMy, 3TO XapakTepHO B OCHOBHOM JJIsI AKCTpEMaJbHBIX
YCIIOBUH, KOrza Aake HeOONbLIOoe M3MEHEHHE XOTs Obl OJHOTO M3 METEPEOJIOTHUECKUX (haKTOPOB
MOYKET UMETh pelIaioliee 3HaueHHe, OCOOCHHO €CIIM MEXIy MaTOreHOM M pacTeHHEeM CYIICCTBYET
OUYCHb TOHKO cOaJaHCHPOBAHHOE PAaBHOBECHE.

W3BecTHO, 4YTO HEKOTOpBIE TMATOT€HHBIE T'PUOBI MOPAKAIOT BCXOAbl XBOMHBIX IIOPO,
HaXOJISIINXCS MO/ TOJICTHIM CJIOEM CHEra. JTO, OYEBHHO, CBSI3aHO C YCHJICHHBIM POCTOM rpuda B
yCIOBHsX Gollee BBHICOKOM TeMIIepaTyphl Ha IIyOHHe, T/ie OHA NPAaKTHUeCKH He omyckaercs Hike 0°C
[4]. Cronartium ribicola (Bo30ymuTens my3pIpyaTol pIKaBUMHBI) OMACEH UIS COCEH, PAacTYIHMX B
0oJiee XOJOMHBIX U CHIPBIX MECTaX, HAllpUMEP Y OCHOBaHUS CKJIOHOB, B MaJICHBKUX Y3KHX JIOKOWHaxX
M Ha HEOONbUIMX JIECHBIX MOJSHAaX. MOXXHO NPUBECTH W JApPYTHe TPHUMEpPbI, KOTAa MECTHbIE
OTKJIOHEHHSI OT CpEIHUX MOTOJHBIX YCIOBHUH YCKOPSIOT pa3BHTHE IaToreHa. Pe3kue MecTHBIE
M3MEHEHHUS! TOTrOAbl MOTYT HApyLIUTh HOPMAJIbHBIA PUTM HMH(QEKIHMOHHOTO LMKJA, W IMOBIUATH Ha
pacrmpocTpaHeHue O0JIe3HH.

Takum 00pa3oM, 3aBUCHMOCTh Pa3BUTHSI NATOTEHOB OT IOTOJbI M3yYeHAa TOJIBKO B CaMbIX
00mmuX yepTax, T.e. yCTAHOBJIEHA CBA3b MEX.Y OIIPEeICHHBIMU IOIOAHBIMU YCIIOBHSMU U Pa3BUTHEM
TOW WM MHOW OoJe3HW. B 3TOM OTHOIIEHMHM MOTJIHM OBl OKa3aThCs IMOJIE3HBIMU IKCIIEPHMEHTHI B
YCIIOBUSIX UCKYCCTBEHHOT'O KJIMMaTa B JJa0OpaTOPHsIX U OpaHKepesix.
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SUMMARY

ECOLOGICAL FACTORS AFFECTING THE SPREAD OF PATHOGEN SPREAD IN THE AREA OF
CROP CULTIVATION

Kanchaveli Sh.S.

Scientific Research Centre of the Georgian Ministry of Agriculture

Ecological factors (temperature, humidity, light and wind) affect the scale and spread of pathogens in the area of
crop cultivation. They affect not only the formation and spread pathogens or preservation of inocula in the
successive sowing period of receptive culture, but also the process of plant infection.

Keywords: plant protection, pathogens, ecology, weather conditions.
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NEPEKPECTHAS 3AIIIUTA PACTEHUI
Kanuvasenu II.C.
HayuHo-nccnenoBarteabcknii neHTp MUHHCTEPCTBA ceJibCKOro xo3siiictBa I'py3un

AHTaroHu3M NaTOTEHOB pACIPOCTPAHEH IIHpe, YeM CHHEepru3M. M3ydamm ero riaBHBIM
o0pa3zom y BupycoB. YacTo, XOTsl U HE BCETJa, aHTarOHU3M OOHAPYKMBAETCSI MEXKIY POJICTBEHHBIMHU
Bupycamu. [IpuunHOil ero MokeT OBITh KOHKYPEHIHS 33 PELeNTOPhl MM HapylleHHEe HOPMalbHOTO
X0/1a pa3MHOXKeHHsI BUpPycoB. OIMH BHPYC MOXET MOJHOCTBIO IONABHThH Apyrod. Tak, aKTHBHBIA
BUpPYC TPaBUPOBKU Tabaka MpEMSATCTBYET pa3MHOKEHHIO Y - BUpyca KapTodens u BUpyca MO3aUuKH
OeNeHbl U JTaKe BBITECHSET UX U3 PACTECHUIL, T1IE 9TH BUPYCHI YK€ 000CHOBANICH.

CymecTBylOT JApyrue ciaydaw, KOT/la 3apakeHHe OJHHM OOJIC3HETBOPHBIM AareHTOM
nperoxpasieT pacTeHHe OT JPYTHX MAaTOreHOB. MEeXaHU3M 3TOTO SBJICHUS TOJBKO B PEIKUX CIydasx
OBUT HcCIeqoBaH JOCTaTOYHO MoApoOHO. OOBIMHO B pa0oTax cOOOMIAIOT O pe3ylbTaTax OIBITOB, B
KOTOPBIX MPOBOJIWIN OJHOBPEMEHHYIO WM IIOCIEIOBATEIBHYI0 HHOKYJSIUIO BOCIPHUMYUBBIX
pacTeHWil IByMs MaToreHamMH. B3ammopeiicTBHe MaTOreHOB MOXKET HNPHHATH pasHylo (Gopmy, H 3TO
BRXHO 3HaTh, €CJIM KYJNbTypa MOpa)kaeTcsl HECKOJILKMMH TaToreHaMu. BiammopeiicTBOBaTh MOTYT
pas3IUYHBIC pachl MATOTEHA, pa3HbIe BULI OJHOTO POJa, Pa3HBIC POJIBI MK Pa3HbIC TUIIHL. [1]

CymiecTByIOT JaHHBIE [2] O 3amIuTe pacTeHWl MEHee arpecCHBHBIMHU WIIM aBUPYJICHTHBIMU
mrtamamu. Hamu Toke ycraHoBieHO, uTo cinabo BupyneHtHblid mramm Verticillium dahliae Kleb.
3alIMIIall pacTeHHe CIUBa OT OoJiee arpecCUBHOTO INTaMMa rpuba. AHAaJIOTHYHBIC SBICHUS OMHCAHBI
JUTst PUTONIATOTeHHBIX OakTepuid [3]. ABTOpHI Tpyaa Ha3zBaiu ux "mpemynureToM". IIpemyHHTET - 3TO
Hecnennpuyecknii  MPHOOPETeHHBII ~ MMMYHHUTET, KOTOPBIH  MpOSIBISIETCS B PAacTEHHSX,
npeaBapuUTeIbHO 00paOOTaHHBIX  (MHOKYJIMPOBAaHHBIX) OJHHUM BHIOM OakTepuii, KOTOpHIE
"UMMYHH3UPYIOT", WIH 3alUIIAI0T, PacTeHHs OT 3apa)KCHUs APYTUMU OakTepHsiMH. JTO MeHee
crierduyHast, 6osiee MeIUIEHHAS M CIIA00BBIPaKCHHAS PEAKIHS, YeM CBEPXUYBCTBUTEIBHOCTD, HO OHA
MOXeT OBITh Ba)KHA MU 3allUTe pacTeHWH oT OakTepwii. [I[peMyHUTET MOXKHO BBI3BaTh HE TOJILKO
npeJBapUTEIbHON 00paboTKOI pacTeHuil aBUPYJIEHTHBIMH IITAMMaMH OaKTEpPHiA, HO TakKe YOUTHIMU
NaTOTeHHBIMH OaKTepHsIMH, PUOOHYKIICa30i W IPyrUMHU areHTamMu. B pa3BUTHM NpeMyHHTETa MOTYT
UrpaTh POJIb N3MEHEHHS B YPOBHE PEIIPECCHU I'CHOB YCTOHYMBOCTH PACTCHUSL.

CymiecTByeT TMepeKkpecTHasl 3alluTa MeXIy pa3iIMdHbIMH BHJAMH OJHOrO poja. Tak,
Fusarium solani (Bo3Oymutenb THWIM KOpHEH) MpeaoxpaHser OaraT OT BO30YIUTENs YBSIaHUSA
F.oxporium; Takue jx¢ B3aMMOOTHOLICHHS] BOSHHKAIOT Y IITAMMOB 3THX JIBYX BHIOB IPH 3apaXCHUH
UMK ropoxa. B 3THUX JByX mpuMepax JBa IaTOreHa BBI3BIBAIOT pa3Hble OOJIE3HH - COCYAUCTOE
yBsimanue (Bo30yauTens - F.0XySporum) w rHHIB KopHe#t (Bo3Oyaumrtens - F.solani) F.solani,
BEPOSTHO, IEPBBIM IIPOHUKAET B PACTEHHE U 3aMeJIsIeT 3aceleHne KopHei F.oxysporum.

[epekpectHast 3amuTa HAOMIOJACTCS TaKKe MEXIY pasIHYHBIMH POJaMH TATOTEHOB.
Wnokynsust mmennipl cmecbio Ustilago nuda (Bo3Oymurens mbutbHOW royoBHu) W Tilletia tritici
(Bo30yauTENb TBEPAOH TOJIOBHM) INPHBOAMWIA Y HEKOTOPHIX COPTOB MIUEHHIBI K TOJABJICHUIO
crioponourenus T.tritici Y npyrux coptoB oba rpuba oOpa3oBBIBaJHM CIIOPHl HAa OJHUX TEX XKD
KOJIOChSIX, TIpudeM cropoHomrenus Telletia obsraHO pacmomaragmck OIMKE K BEPXYIIKE KOJIOCA.
Uromyces phaseoli (Bo30yauTenb pkaBuMHBI (acoim), HE CHOCOOHBIN IMOpa)XkaTh IOJCOIHEYHUK,
3ammmaer ero ot Puccinia helianthi (Bo3Oymutens pikaBUMHBI TNOACOTHEYHWKA), W HAOOOPOT.
Awnraronnsm mexay Erysiphe graminis f.sp.tritici u Puccinia triticina na0irogaercss Ha HEKOTOPBIX
COpTax MIICHUIIBI.

[lepexpecTHast 3amuTa OMMCAaHA TAKXKE JAJISl CUCTEMAaTH4YeCKHd OYeHb JalleKuX BO30yAuTesel
Oomesneit. [lpeaBapurenbHas WHOKYJSIINS pacTeHHU Tabaka BO3OYAWTEISAMH MEPEHOCIIOPO3a
Peronospora tabacina sammuimaer ux OT 3apakeHHS BUPYCOM Ta0ayHOH MO3aWKH, a ITOT BHPYC
sammmaer Qacone ot Uromyces phaseoli. Ilpensapurensroe 3apaxkenue ¢acomu U.phaseoli u
3apakeHHe TojacoiHeuyHuKa Puccinia helanthi npenoxpanser ux oT MOBpEXAEHHH, BBI3BIBAEMBIX
cMoroM. JIOTHYHO 3aKITFOYHTh, YTO MATOTEH, IMPOHUKAIONINK B PaCTEHHE MEPBBIM TaK M3MEHSET ero
TKaHH, YTO OHM KaKMM-TO HEU3BECTHBIM ITyTEM CTAHOBATCS MEHEE BOCHPUHMYHBBIMU K BO30OYAUTEIIO
BTOPO# 00JI€3HH, HO IPUPOJA STHX U3MEHEHUI HESACHA.



136 bSISANZIL (I bSO6IN6H(D bLOSELI6(, GEORGIAN ENGINEERING NEWS, N4, 2015

B3auMoneiicTBue MmaToreHoB, MO-BUAWMOMY, MOXXHO HEPEIKO HaOII0AaTh W B TOJEBBIX
ycnoBusix. Tak, Ha pacTeHHUs, 3apaKCHHbIE MMaTOTCHOM A, HE HamajaeT MaTOreH B WiIW OHU HE Tak
CHJIHO TIOPXAIOTCSl UM B CPAaBHEHUM C PAaCTEHUSIMH, HE 3apakeHHbIMH natoreHoM A. Hecmotps Ha
OUYEBHIHOE NTOTEHIMATBHOE 3HAYCHUE TAaKOH MEPEKPECTHON 3alIUThI, TOAPOOHO OMUCAHO OYEHb MO
cinydyaeB. Bo3MokHO, yTO B 0OphOe € 0C000 BpPEJOHOCHBIMH IATOrEHAMH MOXHO OBUIO OBl
UCIIOJIb30BaTh HCKYCCTBEHHOE 3apaXK€HHE IIaTOICHAMH, BbI3BIBAIOIIMMHU JIMIIb  HeOOoJbIINe
HOBPEKICHUS.

CymecTBYIOT pa3fUuHBblE MEXaHHU3MbI MEPEeKPECTHOM 3amuThl. [laToreH MoKeT BBI3BIBATH
CTPYKTypHBIE W (MJIH) MeTabolnvecKkue W3MEHEHHUS B 3apakeHHOM pACTCHUH, MPEMATCTBYIOLINE
Pa3BUTHIO BTOPOrO maToreHa. Bo3Oymurenb KopHeBOi TrHuiu ropoxa Fusarium solani f.sp.pisi
3aceisieT SMUACPMUC M KOPY KOpPHEW ropoxa ropa3fo ObicTpee M MHTEHCHBHEE, YeM BO30yIUTENb
COCYIUCTOro yBsimaHusi F.0XySpOrum K LeHTpaJbHOMY LMJIMHAPY KOPHS U TEeM CaMbiM YMEHBIIAIOT
BEPOSITHOCTh 3a00JI€BaHUS PACTEHUI COCYIUCTHIM YBSIaHUEM.

MoryT UMeTh MECTO U JIOKAJM30BaHHbIE aHTArOHUCTHUYECKHE 3((PEKThI, TP KOTOPHIX OIUH
MaTOT€H YMCEHBIIAET BO3MOXHOCTH 3apa)KCHHUsl IpyruM. Tak, WHOKYJSIHS HNPOPOCTKOB IMIICHUIIBI
ypemocriopamu Puccinia coronata (Bo30yauresib KOPOHUATOM PIKABUYMHBI) YMEHbIIIAIA YUCIIO MyCTYJI,
o0pa3yromuxcs Ha JHUCTBIX NPH IOCIEAYIOIIEH WHOKYJSLMHM IPOPOCTKOB BO30yAuTeneM Oypoi
prkaBuMHBI mireHuIB P.recondita, u oOpa3oBaBiuecs mycTysIbl IPUHAUICKAIN K APYTOMY TUITY. DTO
SBJICHHE MOXXET OBITh CBA3aHO C 00pa3oBaHMEM IPU WHOKYISLUK MPOPOCTKOB MiIeHUIb! P.coronata
BelecTB, MHruoupyromux P.recondita.

Hexotopsie uccrnenoBatenu [4] cuuTaroT, YTO MPU MEPEKPECTHOM 3alllUTe HUTPAIOT POJh
¢uroanexcuabl. OHH TOCTABUIM OCTPOYMHBIE OMBITHI, B KOTOPHIX (PUTOAJIEKCHH, 00Pa30BaBIIMICS B
MHQULUPOBAHHBIX YCTOHUYMBBIX pPAacTEHHAX COHM, IO MarepyaroMy QUTWIIO MEepexonusa Ha
BOCIIPUUMYEBBIC PACTEHUsI M MOPEIOXpoHsuT HX OT ¢urodhToposa, BbI3bIBacMoro Phytophthora
megasperma var.sojae. B npyrux onbITax KOHUUKH QUTHIICH, COIepIKAIIUX (UTOATICKCHH, TIOMEIIAIN
BMeECTe ¢ TPHOOM B PaHKU Ha TUIOKOTWIIMSAX BOCIIPUUMYMBBIX PACTEHUH; 9TO TAKXKE MPEAOTBPAILAIO
urpexipo. VMHoKymaus TuctheB Peperomia aBupynentHbiMu mtamMmamu Phytophthora nicotiniae
var.parasitica mpuBoaMIIa K TOSBJICHUIO MMOPAXCHUH, XapaKTePHBIX Ui PEaKIUH CBEPXYyBCTBHU-
TEJIFHOCTH, ¥ Ha HUX YK€ HE MOT TOCEIUThCS BHUPYJICHTHBIM ImTamMM. Takoe 3allUTHOE BIUSHHE
PacIpoCTPaHsIOCh U HA HEMOBPEXKACHHBIE TKAaHHU, HEMOCPEACTBEHHO MIPUMBIKAIOLINE K MTOPAKECHUSIM.
XoTs OOBIYHO CUHUTAIOT, YTO (PHUTOATIEKCHHBI COCPEAOTOYMBAIOTCS TIJIaBHBIM 00pa3oM B MecTe
BHEJIDCHUSI MATOI'€Ha, BO3MOXHO, YTO KaKOE-TO WX KOJUIMYECTBO IepeMelIaeTcsi MO PacTeHHIO,
npuaaBas yCTOMYMBOCTb APYTMM €ro 4acTsM. M3BecTHO, HampuMep, YTO MpPHU WHOKYJISILMHU cTebieit
tabaka Peronospora tabacina Bo3pacTtaer ycTOHYMBOCTB JIMCTBEB K ITOMY IMAaTOreHy. 3aMaHYHBO
NPEOJIOKUTh, YTO 3TO OOYCIOBIMBAaeTCS MMEHHO TaKUM IepeMelleHHeM (HUTOAIEKCHHOB W3
WHOKYJIUPOBAHHBIX cTeONel B MUCThs. [leiCTBUTENBHO, SKCTPAKT U3 YCTOHUMBBIX JIMUCTHEB MOABIISIT
npopacranue koHuauii P.tabacina. HakamnuBaercsi Bce Goubliie JaHHBIX, TOKa €Ile B OCHOBHOM
KOCBEHHBIX, B TIOJIb3Y MEPEBIKEHHS (PUTOATICKCUHOB B pacTeHUsX. OJJHAKO JJOCTOBEPHO 3TO eIle He
JIOKa3aHO, W MaJlo YTO M3BECTHO O criocobe Takoro mnepensrkeHus. CylecTBYIOT, BEpOSTHO,APyTHe
MEXaHU3MBI, MPU IMOMOIIM KOTOPBIX MPUCYCTBHE OJHOIO MATOreHAa MOXKET MNpPEIOTBPATUTh WU
YMEHBIINTh 3apaXCHWE PACTUTEIBHOM TKaHW IPYyrUM NaToreHoM. B kadecTBe mprMmepa MOKHO
Ha3BaTh BBIJIEJICHUE TOKCHHOB, KOHKYPEHIMIO 32 IMUTATEJbHBIC BEIECTBA WM - Ui NATOTEHOB,
MIPOHUKAIOUINX Yepe3 YCThUIIA, - "3aXBaT" yCTbHILIA OJHUM U3 MATOT€HOB. J[eHCTBUTENBEHO, MHOTHE U3
OIMCAHHBIX BBIIIE 3alIMTHBIX PEaKIHi, BEI3BIBAEMBIX B PACTEHUU MAaTOITC€HAMH, MOT'YT y4acTBOBATH B
MIEPEKPECTHON 3alLUTE.

WuTepecHo, 4TO THIT B3aMMOJICHCTBHUS JIBYX MATOI'CHOB WHOT/IA 3aBHCUT OT COPTa PACTEHHS -
xo3s1Ha. Tak, Py OJHOBPEMEHHOM 3apa’KeHUM IIATH COPTOB HIIeHUIbl Erysiphe graminis tritici u
Puccinia triticina pa3BuTre p)kaBYMHBI Ha JByX COPTaX YCHJIMBAJIOCh, HA OJJHOM YMEHBINIAIOCH, a HA
JIBYX JIPYTHX OBUIO TaKWM K€, KaK W MPH 3apaXKEHUH OJHUM TOJBKO PrKaBUYMHHBIM rpuboM. Bee msath
coproB ObUIH "TONTyycTOHYMBBI" K MCIONBb30BaHHOW pace P.triticina (paca 66) 1 BOCIpUUMYMBEI K
UCIIONIb30BaHHOMY ImTamMmy Erysiphe. KakoB Obl HM Ob1 MEXaHHM3M OIMCAHHOTO SIBJICHHS,
COBEpIIEHHO OYEBUJIHO, YTO HA XapaKTep B3aMMOJICHCTBHUS MMATOTCHOB MOBIIUSUI TEHOTHUI PACTEHHS.

3HayuTeNbHAs 4acTh HMCCJIECIOBAaHUIl IO B3aMMOJEHCTBUIO IIATOT€HOB OblIa INPOBEACHA C
OONMHUraTHBIMH WM  BBICOKOCHECHHMAIN3UPOBAHHBIMU Iapa3sUTaMH, TaKHUMH, KaK BO30YyAMUTEIN
PPKaBUMHBl WM MYYHHCTOH POCBHI, KOTOPBIE, BEPOSTHO, M3MEHSIOT METAa00JIM3M IOPaXKEHHBIX (U
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COCEIHUX) TKaHel, HO He cpa3dy yOuBarOT MX. MeHee CHeNHMaTU3UpOBAaHHBIC MAPa3UThl YacTo
JIOCTaTOYHO OBICTPO YOMBAIOT TOPaKEHHBIC TKAaHW, U C ITHM, IO-BUIUMOMY, CBS3aH MEXaHH3M
MEPEKPECTHON 3alllUThI, HANpUMeEp, OOJHMIraTHBIC MApa3suThl HE IOCEINSIOTCS HAa TKAaHAX, YOHTBIX
Hekporpodhamu. OgHAKO 3TO, KOHEYHO, HE HCUEPIBIBACT MPOOJIEMYy MOIHOCTHIO, M TMEPEeKpecTHAS
3alIUTa CPEIU HECTICIIUAIM3UPOBAHHBIX APA3UTOB HYKJIACTCsI B TAIILHEHIIIEM UCCIICOBaHUH.
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SUMMARY

CROSS PROTECTION OF PLANTS

Kanchaveli Sh.S.

Scientific Research Centre of the Georgian Ministry of Agriculture

It is possible to protect plants against more aggressive pathogen strains by means of their preliminary infection
by less aggressive or avirulent ones. It was revealed established that a weakly virulent stram Verticillium dahlia
Kleb protected plum plants from a more aggressive strain of fungus. It was established that there is cross
protection between different types of pathogens of the same kind. Cross protection of plants is also observed
with differentkinds of pathogens. There are different mechanisms of cross protection of plants in the process of
which phytoalecsins and tocsins play an important role.

Keywords: plant protection, cross protection, avirulent strains, immunity.
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SUMMARY

THE EFFECT OF MEDICAL TISSSUES IMPREGNATED WITH SOFTENERS ON THE
PROPERTIES OF THE BIOCOMPOSITION MEDIUM

Pailodze N.O. and Buadze E.P.

Akaki Tsereteli State University, Kutaisi

The paper deals with the effect of softeners on the properties of the biocomposition medium. As expected, the
addition of softeners to the biocomposition changed the medium towards a decrease in the pH value till a weak
alkaline medium. It was established that, when determining the optimal composition of the biocomposition,
among main characteristics (softnesss, hygienic and consumer properties, etc.), the pH value of the medium is
one of the most important parameters of the biocomposition.

Keywords: biocomposition, softeners, pH value, medical tissues.
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