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Me:xnyHapoaHasi MH:KeHepHas akajaemusi, Mn:kenepHas akanemus I'pysun,
Penaknus :xypnana ,,Georgian Engineering News®,
I'py3uHcKkHMii TeEXHUYECKHI YHMBEPCUTET

HO3APABJIAIOT BOPUCA BJA/IMMUPOBHUYA I'YCEBA

¢ 80-1eTuem co THA POKICHUSA
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b.B.I'YCEB

UzBecTHOMY Yy4YeHOMY, Telarory, TrOCyJapCTBEHHOMY M OOLIECTBEHHOMY JESATEINIO,
npodeccopy, akagemuky bopucy Bramnmepuuy ['yceBy mcmomamiock 80 ner.

B.B. I'yceB omuH w3 ocHoBareneil u mepBblii mpe3ugeHT WmxeHepHou akamemun CCCP
(1990 r.), mnpeobOpazoBanHO¥W BmocmencTsum B Poccwiickyto u MeXAyHapOAHYIO HWH)KEHEPHBIE
akagemu (1991 r1.), mNpe3auaeHTOM KOTOPHIX OH SIBISETCS CO JHS MX OCHOBAHMA, MPE3UIEHT
Poccuiickoro Coro3a 00IIeCTBEHHBIX aKaJeMUi HAYK.

B.B. T'yceB pommiacs 13 mas 1936 roma. OxoHumn TBIPHOBCKYIO CEMHJIETHIOIO IIKOJTY,
Psa3anckuil TeXHHMKYM (HBIHE KOJUIEIDK) JKEJIE3HOAOPOKHOro TpaHcmopra. Ilocie oxkoHuaHus IBYX
KypcoB MOCKOBCKOTO HHCTUTYTa HHXKCHEPOB IKEJIE3HOJOPOKHOTO TPAHCIOPTA HAmpaBlieH B
Bapurapckuil NOJTUTEXHUYECKUN HHCTUTYT, KOTOPBIA OKOHUMI B1961 T.

TpynoByto pgesrenbHOCT, Hauan B 1961 rogy B TamkeHTCKOM WHCTHTYTE€ HHXKEHEPOB
JKENe3HOJOPOXKHOro TpaHcnopta, ¢ 1964 mo 1973 rox pabortan B JIHEMpONeTpOBCKOM HHCTHTYTE
MH)XEHEPOB Jkene3HogopoxHoro Tpancnopra. C 1973 mo 1979 roa sBnsics 3aMecTUTeNeM AUPEKTOpa
KOHCTPYKTOPCKO-TE€XHOJIoTHYecKoro Orwopo «Mocoprerpoiimarepuans». B 1978 romy mpucBoena
yu€Has CTeNeHb NOKTopa TexHuueckux Hayk. C 1979 nmo 1990 rog nmocnenoBaTenbHO 3aHUMAN MTOCTHI
3aBeIyIOLIero jJabopaTopued W 3amecTuTensl Aupekropa HaydHo-mcciaenoBaTenbCKOr0 HHCTUTYTA
oetona u xene3oberona HUMOKB. B 1981 roay npucBoeHo yuénoe 3Banue npodeccopa. C 1990 rona
M0 HACTOsIIee BpeMmsi - mpe3uaeHT Poccuiickoit umkeHepHoit akamemuu. C 1991 roma - dmieH-
koppecnonzieHT PAH. C 2004 rona - mHOCTpaHHBIN wieH YepHOropcKoit akaieMruu HayK U HCKYCCTB.

b.B. I'yceB mupoKo HCHONb3yeT MaTeMaTHYECKHE METOAbI MPH H3yYeHHH HpolieM
JOJrOBEYHOCTH M KOPPO3MOHHBIX mporeccoB. MM pa3paboTaHbl OCHOBBI IOCTPOSHHS PAa3BHTHIX
(GU3NKO-XUMHUECKUX 1 MATEMAaTHYECKHX MOJENEH U BBIIIOJHEHA UX CTPYKTYpHAs HICHTH(OUKALMSL.

B nacrosmmee Bpemst b.B. I'yceB 3aHnmaercsi pa3paboTKOH OCHOBBI HAHOCTPYKTYpPHUPOBAHUS
[IEMEHTHBIX CHUCTEM I TOBBIINICHHS MpPOYHOCTH OeToHa (B 2-3 pa3a) M CO3AaHUSA CYCIEH3UN U
3MYJIBCHI BBICOKOW OAHOPOAHOCTH M HEpAcCIauBaeMOCTH NP MOTYUYEHUH Pa3IMYHBIX MaTepHaloB, B
TOM YHCJIE AJIS1 CO3AaHUS 3aLIUTHBIX HAHOIUIEHOK.

[HupokomaciuTaOHast HayyHas U MPOCBETUTENbCKAsA AesTenbHocTh b.B. I'yceBa u3BecTHa BO
MHOTHX cTpaHax. OH sBnsercs aBropoM Oosee 500 HayuHbIX myOnuKanmid, 25 mMoHorpaduil u
yueOHbIX TocoOmid, 150 m3oOperenuii u marentoB. b.B. ['yceB sBnsiercss ocHOBaTeneM HaydyHOH
IIKOJIBI, TIO/] €T0 PYKOBOJICTBOM TOJTOTOBIEHO 85 AOKTOPOB M KaHAWJATOB HayK BO MHOTHX CTpaHax
mupa. ['yceB B.B. Beaer mmpokomacmtabHy0 W aKTHBHYIO pabOTy 1O pa3BUTHIO MEXIyHapOIHBIX
HaYYHO-TEXHHMUECKUX CBA3€H Kak OpPraHu3aTop MHOTMX HAyYHO-TEXHHYECKHX KOHIPECCOB,
KOH(epeHLnH, CAMIIO3UYMOB U BBICTABOK.

3a aKTHBHYIO [JESTEIbHOCTH [0 Pa3sBUTHIO MEXIYHapOAHOTO HAYYHO-TEXHHYECKOIO
cotpyaamdectBa B 1998 r. MexmyHapo HOU SHITUKIIONENNnYeCKol opranm3arueit (1. Jlonmgon) ['yces
B.B. npusnan «YenoBeKOM rojiay, B TOM Xke rofy HarpaxaéH opaeroM Iocios (r. Hero-Hopk).

bonemas oOmecTtBeHHas aesTenbHOCTH, ['yceBa b.B. mposBuiace B paboTe HaydHO-
TEXHMUYECKUX COBETOB Poccuiickoi akageMHM Hayk, B OKCHEPTHBIX coBeTax npu I[IpaButenbcTBe
P® u Bricmieit arrectanimonHoit komuiccun MuHoOpazoBanus P®, pykoBoauTenst TUCCEPTAMOHHBIX
CoBeToB 1 4sieHa Hay4yHO-TeXHH4YeckuX COBETOB psiia MUHUCTEPCTB U BeZJOMCTB Poccun.

bopuc Bnammmuposud ['yceB HarpakieH: 3010TBIM 3HaKOM Cor03a TMOJIBCKUX CTYIICHTOB,
3ornoroit menanpio bemopycckoit, YkpanHckoil, I'pysmHckoi, Kasaxckoil WH)XEHEPHBIX aKaaeMHii
W IpYTUMH MeJasIMA W MOYETHBIMH 3BaHUSMHU CTpaH Mmmupa, Jlaypeat l'ocymapcTBeHHON mpeMun
CCCP, umeer Mepane «3a TpynoBoe oTiauuuey». Ssngercs IloueTHsiM mokTtopom I'py3uHCKOrO
TEXHUYECKOTO0 yHHBepcuTeTa, IloyeTHBIM uileHOM HMHXEHEpHBIX akaaemuu ['pys3un, KazaxcraHa,
VYkpausnsl, benopyccnn, 1eHCTBUTENBHBIM YWIEHOM AKaJeMHH TBOPUYECTBA.
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POCCHUICKASI UHXKEHEPHASI AKAJIEMMUSI — MOIIHBIN JIBUTATEJb
UHTETPALIMYU UH)KEHEPHOI'O COOBILLIECTBA

I'yces B.B.

Mexnynapoanas UHxkeHepHass AxkaaeMust

Bormpoc o co3garnn UmxenepHoit akagemun CCCP, ¢ KOTOPBIM BBICTYIIVIN BHTHBIE COBETCKIE
yueHble: akageMukn Akanemun Hayk CCCP A 1O. Mmnunckuid, I'.A. Hukonaes, U.A. T'ne6oB u K.B.
®posnoB, HEOAHOKPATHO OOCykgaics B KoHLe 80-X TOIOB MPOLUIOrO CTONETHS B LEHTPAIBHBIX
MapTUHHBIX WU BBICHIMX TOCYAAPCTBEHHBIX OpraHax cTpaHbl. OAHAaKO pelleHHe IO OpraHu3aluu
akageMuH He ObLIO IPUHSATO.

Bmecte ¢ Tem, HaydHO-TeXHHYECKas OOLIECTBEHHOCTh, NOHUMAs aKTyaJbHOCTh U Ba)KHOCTb
CO3JIaHMsI €IMHOTO OpraHa, KOHCOMUIUPYIOIIETO HHXEHEPHOE COOOIIECTBO CTPAHBI, HaYalla aKTUBHBIN
MpoIIecC Mo 00pPa30BaHUI0 TAKOW CTPYKTYPHI TOA APYTUMHU Pa3TMYHBIMU HA3BAHHAMHU.

B pesynmeTaTe cepbe3HON MOATOTOBUTENHHOW pabOTHI, MPEXIe BCETO CPEeau OpraHU3allHi
Coroza HayuHo-texHmdecknx ob0mectB CCCP u psima KpymHEHIINX HAayYHO-HCCIEI0BATENECKAX
uactutyToB (HMI), Ob11a oOprannzoBana ®@enepauus un:xenepos CCCP.

B pamkax ®enepanuu ObUT CO31aH OPTKOMUTET TO (OPMUPOBaHUIO VH)KEHEpHOW aKageMun
CCCP (upencenmatens — Bure-tipesuneHT @enepannn wmkeHepoB CCCP b.B.I'yceB), xoTOpbIi B
tederne 1989-1990 romOB mTpoBeN AaKTHBHYI0 W IUIOJIOTBOPHYIO paboTy IO MOATOTOBKE
o0Im1ecTBeHHOT0 MHEHUS Ha Beel Teppuropuu ObiBiiero CCCP. B utore Ha nepsom O01iemM codpanun
NmxenepnHoit akagemun CCCP (mpotokxon Ne 1 ot 24 mapra 1990 r.) Obu1 ipuHAT YCTaB, BRIOpaHBI
nepBbie 25 nedcTBuTenbHBIX wieHoB MmkenepHoit akagemun CCCP, u u30paH mepBblii pe3uaeHT
akanemuu — b.B. I'yces.

Pemennem Hcnonkoma Tumupszesckoro pailonHoro CoBera HapOJHBIX AEMyTaToB oT 13 mas
1990 rona ObLIa MPOBEICHA TIepBast perucTpaius MHKeHepHOM akaIeMuH.

[ToHumasi, Kak CJIOXHO OyAeT TONyYuTh MpH3HAHUE O0€3 TMOAIEPKKUTOCYIapCTBEHHBIX
cTpykTyp, llpe3uaunym akajgeMuud Hadajl aKTUBHBIM IPOIECC YTBEPXKACHUS YCTaBa akaJeMUu B
munucrepctBax U BemomcTBax CCCP u PCOCP. Vxke 21 mas 1990 roma Ycra HMmxenepHoit
akagemMun Obul  yTBepkzaeH B MunBy3ze PCOCP, 3arem, coorBeTrcTBeHHO: 29 wmas —
Mumnasrocensxo3zmamt CCCP u I'ockomnec CCCP, 1 urons — Munanekrponpom CCCP, 7 uroHs —
Munnedrerazctpoi  CCCP u  Coroscrpoiimarepuansl, 13 wutonss — Munsaepro CCCP u
Munypancuberpoit PCOCP, 15 urons — Munmeanpom CCCP, 16 urons — Muntpanccrpoit CCCP u
Mumnces3anctpoit PCOCP, 19 nrons — MunamonTaxcnerncrpoin CCCP u MunBoctokcrpoit PCOCP, 24
ntons — Muscynnpom CCCP, a 3aTeM U B IpyrX MUHHCTEPCTBAX U BEJOMCTBAX.

YcraB  yTBEpAWIM MHHHUCTPHL  (PYKOBOOWTENIM BEIOMCTB) WM 3aMECTHTENIM MHHUCTPOB
(pyxoBoguteneii BegomctB): O.I. Andmmos, FO.II. bBaramun, Bb.H. benoycoB, W.H. Bykpees,
B.M. Bemnuko, B.H. 3abennn, C.B. Kommakos, E.b. JleBuue, A.M. Maxkapenko, FO.JI. Hazapos,
N.®. Obpasuos, H.A. [Tannues, D.K. [Nepeoimn, [1.A. Tonan-3ane, B.M. Pemerunos, I'.b. CtporaHos,
B.U. Cyxux, E.B. ®unumnmos, B.C. Yepromsipaus, B.I". Hupckos, M.C. lIka6apmus, M.U. 1llagoB u np.

Bonprryto mopnepkKy B CTaHOBIEHWH WM pa3BuTUU Mmkenepnoin akagemun CCCP okazamm:
I'ocynapcteennsrii komurer CCCP mo Hayke u texHonmormsam (axkamemuk H.II. JlaBepoB), Axamemust
Hayk CCCP (akamemuk I'.M. Mapuyk), IIpesunuym Coroza Hay4HbIX ¥ HMHXKeHepHbIX o0mects8 CCCP
(akagemuk A.}O. Nuumnckuit) u [pasnenne Hayuno-npomsiiniennoro coroza CCCP (A.W. Bonbckwuii).

Becomplil BKJIag B OpraHU3alMIO JESTENbHOCTH aKaJIEMHUU OKa3aldM aKaJeMUKH AKaJeMUHM HayK
(AH) CCCP A.1O. Nuumnckuii, B.E. [1aron, K.B. ®ponos u CoBeT cTapelInH, KOTOPbIA COCTOSIT U3
akanemukoBAH CCCP. Compexncenatensmu CoBeta cTapeHIIMH akageMuUd Obuld  M30paHbI
AYO. Numackuii, M.A. I'neboB, a wienamu Coseta — C.B. Boncosckuii, JI.I. JXumepus,
B.II. XKykos, H.H. KoBanes, K.C. Konecuukos, .M. Konotsipkun, C.B. Konnakos, B.A. KorenbHUKOB,
H.J. Ky3nenos, b.H. Jlackopun, I'.®. Hukonaes, b.E Ilaron, I'.Il. Cumes, K.C. Cunus.

Bonpuryro nenty B CTaHOBIIEHHE aKaJeMHH BHECIH KPYIIHBIE TOCYJapCTBEHHBIE AEATEIH WU
OpraHM3aTOpbl TPOW3BOJICTBA, BBIAAIOIIMECS Y4YeHble W WHXeHepbl-ipakTuku: C.A. AOnpanmos,
B.H. Anuudepos, 10.I1. baranun, B.M. bounapenko, b.B. Bynsynsk, 1.H. Bykpees, C.H. Bynrakos,
AN. Bacumee, !0.C. Bacunbes, JIL.M. Boakos, MW.M. Boposuuy, V.A. JIxongacOekos,
B.T. Xymarynos, B.K. Kao6ynos, B.A. Kapemun, W.II. KceneBuu, I'.E. Jlo3uno-Jlo3uHckui,
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A.®. MextueB, W.B. [lpaurumsunu, b.C. Caxun, FO.I1. Camapun, A.H. Cemenos, A.1. ®enotos,
I0.E. Xomxamupsia, FO.A. Amwun.

Ipumepom 2ocyoapcmeennozo npusnanus cmano npunamue 22 aszycma 1991 200a Ilocmarnoeén-
enust T'ocyoapcmeennozo xomumema CCCP no nayke u mexuonocusim, NOONUCAHHOE 3aMecmumenem
Ipeoceoamens Cosema munucmpos CCCP, npedcedamenem I KHT, axademuxom AH CCCP

H.II Jlaseposvim «O6 Hnorceneproti akademuu CCCPy. Omum I[locmanognenuem noo HayuHo-
Memoouueckoe pyKkosoocmeo axademuu Oviio nepedano 6onee 100 HayuHO-nPoOU3B00CMEEHHbIX
obvedunenuti, HUH u koncmpyxkmopckux 6ropo (Kb).

K xommy 1991 roma Opmia 3ajmokeHa TIpOYHAs OCHOBAa akajgemMun — u30paHel 338
JICHCTBUTEIBHBIX WICHOB W WiICHOB-KoppecnoHaeHToB u3 10 pecnyonuk CCCP. Cpenu wieHOB
aKaJeMUM — BEAYIIME YYCHBIC W TIEAArorH, KpPYIHBIC OPraHU3aTOphl HAyKH, OOpa3oBaHUs H

MPOM3BOJICTBA, BHECHINE OOJIBIION BKJIAJ B HAYYHOE M WHXKEHEPHOE Pa3BUTHE PAa3IMYHBIX OTpaciei
HapOJHOTO XO3HCTBa CTPaHBI.

B 1990-1991 rr. HaunmHaeTcsi aKTHBHBIM TIpollecC IO CO3JAHHIO TEPBBIX (PHUIHATIOB
UNwnxenepnoit akagemun CCCP. Iloctanonenmsimu Ilpesumuyma Umxenepnoit axagemuu CCCP
ObUIM co3manbl (unmanbl: Jlenunrpanckuii — ot 18 utons 1990 r., HOxHo-Ykpaunckuit — ot 30
aBrycra 1990 r., Ypansckuit — ot 30 oxtsa6ps 1990 r., Typkmenckuit — ot 12 HOsOps 1990 .,
Anraiicknii u [lpumaenpoBckuit — ot 17 saBaps 1991 r., Tomckuii, Camapckwuii, Kysbacckui,
Owmcknit, ['omensckuii, [lepmckuit — ot 14 mapra 1991 1. C ampens 1991 roga gopmupyrorcss HOBEBIE
PETHOHAIBHBIE OTAENEHUS, U MPOUCXOOUT YKPYIIHEHHE ACHCTBYIOIIMX (UIHaloB akajgemuu. bouin
co3manbl JlemmHrpaackoe, Cubupckoe, VYpanbckoe, YkpamHckoe, Kazaxckoe, VY30ekckoe,
Tamxukckoe, TypkMmeHnckoe, Kuprusckoe u apyrue oTaeaeHus akaJeMuu.

WNuxenepnas axagemusi CCCP ¢ camoro Hayana CcBOEH JCSTENBHOCTH pa3BepHysa
LIeJICHANPABICHHYIO Pa0OTy MO YCHWJIGHHIO CBS3M HAayKM M IPOU3BOACTBA, IO PELICHHUIO NPOOJieM
WCIIOJIb30BaHMs PE3yIbTaTOB (YHAaMEHTAIBHBIX HCCIENOBAHWN W YCKOPEHHOH WX aJanTaiud B
MpOMBINUICHHOCTH. B cBsasu ¢ paspaiom CCCP Ha 0a3e akamemMuu MUHUCTEPCTBOM FOCTHUIUH
Poccuiickoit ®enepanmn 24 nexabps 1991 roma Obula 3apermcTpupoBaHa oOIIEpOCCHUCKAs
obmrecTBeHHas: opranuzanus «Poccuiickas nmkeHepHas akagemus» (PUA), a 10 despans 1992 rona
MOJIy4rJia peructpanuio MexayHaponHas umxkeHepHas akagemusi (MUA). Ilpesumentom PUA u
MMUA 6511 u36pan b.B. I'yces.

B 1993 romy PHMA nmonyunna xoncyneTaTuBHBIN cTtaryc B IOHUJIO (OOH 1o
NPOMBIIIJIEHHOMY pa3BUTHIO), a B 1997 rogy Obuia Bxmouena B FOHECKO B umcno 3kcmepTHBIX
OopraHu3alMi 1o HOBBIM TexHoJoruaMm B LlenTpanbnoit u Bocrounoid Espone. B 2001 u B 2004 romax
PUA ycneniHo npoiia rocyJapcTBEHHYIO akkpeauTanuio B PO.

B nacrosimee Bpemsi B coctaB PUABxomut Gomnee 1350 nelCTBUTENBHBIX WIEHOB W YJICHOB-
KOPPECIIOHACHTOB — BHJHBIX POCCHICKHX YYEHBIX, WH)XXEHEPOB M OpPraHMW3aTOPOB IPOM3BOACTBA,
cBbimie 200 KOJUIEKTUBHBIX WICHOB, SIBJISIIOLIUXCS KPYHNHEHIIMMH POCCUHCKUMHM HAy4HO-
TEXHUYECKUMH OpraHu3alMsaMHu, a Takke Oonee 40 pervoHalbHBIX HHXEHEPHO-TEXHUUECKUX
CTPYKTyp — otaenenuit PUA.

PUA npoBoauT Goinbliyio paboTy HO Pa3BUTHIO HAYYHO-TEXHHUUECKUX HANpaBIICHUH B HayKe,
CO3JIaHMI0 00pa3llOB HOBOW TEXHWKH M TEXHOJOTHWH, opraHuzanuud 3()(EKTUBHON JesaTeNbHOCTH
POCCHHCKOTO HHXEHEPHOTO COOOIIECTRA.

3a JBaANATHISITHICTHUN Tiepuoj paboThl OBLIO paspaboTraHo okoio 4,5 THIC. HOBBIX
TEXHOJIOTHH, OmyONuKoBaHO Ooniee 6,5 ThIC. MOHOTrpaduii, TOJIYYEHO CBBIINIC YETHIPEX THICSIY
MATEHTOB; OIyOJIMKOBAaHO 3HAYMTENLHOE KOJIMYECTBO cTaTel, HEKOTOphble W3 HHUX — B 00JacTu
MIPUMEHEHUS] HAHOTEXHOJIOTMIA 1 HaHOMaTepuanoB [1-26]. Jlaypeatamu ['ocyiapcTBEHHBIX peMUil U
npemuit [IpaBurensctBa CCCP u PO cranu coorBercrBeHHO 209 u 376 unenoB PUA. Exeroansiit
00BbEM Hay4HO-HCCIIEIOBATENbCKUX, MPOCKTHBIX M APYTrHMX BUAOB paboT B 00JIACTH WH)KEHEPHOMH
nesitenbHocTd PUA cocrasisier ot 0,5 mo 1 mupp pyOneii.

B uucne npuopuTeTHBIX HanpasiaeHU aestensHocTH PUA:

e pHpopMaTH3alMs OOIIECTBA HA OCHOBE MHCIOJIb30BAaHHMA COBPEMEHHBIX HH(OPMAIIOHHBIX
TEeXHOJIOTHA; ABTOMOOWIBHAas pa3Bsi3ka B MockBe, mnepecedeHne MOCKOBCKOW — KOJBIIEBOM
aBTOMOOMIIBHOM oporu (mateHT PUA)

® pa3paboTKa CHCTEMBI KOHTPOJIS TEXHHYECKOTO COCTOSHHS KOMIUIEKCOB M CHCTEM pPa3IMYHOTrO
Ha3HAYEHUS;

® UCHOJb30BaHME W3JACIUA M TEXHOJOTMM JBOWHOrO Ha3HAYEHWs IIpH CO3JaHUH BBICOKO-
TEXHOJIOTMYHOH NPOAYKIUH U TUBepcUHUKaLU 000POHHO-IIPOMBIIIIEHHOI'O0 KOMIUIEKCA;
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e [pPUMEHEHHE B IPOMBIIUICHHOCTH HAHOTEXHOJOTMH M HaHOMaTepualoB. Brie3nHoe 3acenanue
IIpesuanyma PUA B 1. OMcKe

Ho, HecoMHEHHO, I1aBHBIM HampaBlieHHEM JearenbHocTH PUA, mo xoTopoMy peanu3yroTcs
KpPYIIHBIE TPOEKTHI, SBISIETCS MAIIMHOCTPOCHHWE. 3HAYNMBIE HAYYHO-TPAKTUYECKHE MCCIIeIOBAHUS
MPOBOAWJINCh UWICHAMH aKaJeMHH B OOJAaCTH CYAOCTPOCHHS, B IIEPBYI0 odepenb, Ha 0aze
OPEANpHUITUS «AIMHUpaNTEHCKUE BEpI»: CO31aHbl HOBBIE KJIACCHl aPKTUYECKUX CYIOB, B TOM YHCIIE
CYXOTpY3bl C BO3MOXKHOCTBIO BBIMOJIHEHHUS (PYHKIHI JIETOKOIOB BO JIbJax TOJIIUHOMN 10 2 MeTpoB. B
MapTHEPCTBE C KOMMAHUAMHU BEAYLIMX HMHIYCTPHAJIbHBIX CTpaH akaJeMHsl aKTHBHO YYacTBYET B
CO3JIaHMH CIIOXKHBIX MOPCKHAX HH(OPMAIMOHHBIX M POOOTH3MPOBAHHBIX MOABOAHBIX KOMIUIEKCOB-
po6otoB. CyTh NpoOeKTa 3aKJI0YaeTcsi B MOJEPHHU3AIMU IOJBOJHOIO TEXHHYECKOIO CEpBHCA Ha
KOHTHHEHTAIBHOM Ilenb(de, B MOpPTax, 03epax 1 BOAHBIX MyTSX.

Poccuiickas wHXeHepHas akajeMHuss OPOBOAMT INMPOKHHA  KOMIUIEKC paboT 1o
MaTepuanoBeAeHn0. Peus, mpexae Bcero, WAeT O CO3MAaHWH HOBBIX TEXHOJIOTHH W MaTepHaliOB B
Pa3IMYHBIX 00JIACTSAX MPOMBIIUICHHOCTH:
® KOCMHYECKOH W aBHAIMOHHOW 0OJACTSIX — 3TO BBICOKOHAMEKHBIE 3JIEMEHTHl KOHCTPYKIMI Ha
OCHOBE HIMPOKOHM T'aMMBbI YTJIEPOAHBIX, apaMUAHBIX U APYTMX BHIIOB BOJOKOH (BBICOKOMOAYJILHBIE
apMHUPOBAHHBIC KOMITO3HTHI);
® IS MAIIMHOCTPOEHUS — HOBBIE BU/IbI CTAJIEH U JIETKUX CIJIaBOB;
® IS CTPOWUTENHCTBA — pAa3JMYHBIE BUABI CTaled W OETOHOB, CTOWKHX B YCIOBHSX HH3KHX
TEMIIEpaTyp U MPH Pa3INIHBIX BUIAX arpecCHH.

Hampumep, ucmonp30BaHre 3alOIUTHBIX TOKPBHITHH s OETOHOB M METaJUIOB CYIIIECTBEHHO
MOBBIIIAET MX MPOYHOCTb, a JOJTOBEYHOCTh MOXKHO yBeNW4YUTh B 3...7 pa3. Pe3synbrarsl
UCCJIEIOBAaHNN OBIIM IIMPOKO HCIIONB30BAaHBl HAa IPAKTUKE, B TOM YHCIE IpPU CTPOUTEIHCTBE
ONUMITUACKUX 00beKkTOB B Coul.

AKTUBHO pa3pabaThIBAIOTCS HOBBIE KOHCTPYKTHBHBIC PEIICHUS B OOJIACTH CTPOUTENLCTBA, B
TOM YHCJIC MPU PabOTe KOHCTPYKIMHA B YCIOBHUAX CEHCMHMKH M BEUYHOW MEp3oThl. [[yisi mOBBIIIEHUS
JKUBYUYECTH 3JIaHUI U COOpY>KEHUH INpeasaraeTcsi JOMOJHUTENBHOE MpeIHANpsKeHHE C YCHICHUEM
3/IaHUS] KaHaTaMH B TIOCTPOEYHBIX YCHOBHSX. JIJIi OIEHKH COCTOSIHHMSI HaJeXHOCTH 3JaHUM U
COOpYXeHHH (TUIOTHH, SHEPTEeTHUECKUX YCTAaHOBOK W JIp.), OIIEHKH CIIa0BIX 30H U MECT, KOTOpEIE
MPH CEHCMUYECKUX BO3JEHCTBUSIX Ha KOH CTPYKIMIO MOTYT OKa3aThCsl B HEOIArONMpHUSITHOM
COCTOSTHUH, TIPEJUIOKEHBI HOBBIE TeXHOJIOTHH 3D m3mepeHuii.

B o0macti sHepreTMKH ¥ pecypcocOepekeHUs TMpeIararoTcsl pelIeHds 10 pa3paboTke
SHEPreTHYECKUX YCTAHOBOK C KO PHUIIMEHTOM II0JIE3HOTO jaericTBus 6omee 70%, a TEIUI00OMEHHHUKOB
— Boie 90%, a Taxoke nepexon ot 20-netue Poccuiickoil MHXXKEHEPHOH akaleMHuu (B MEPBOM PALY —
MUHHUCTPBI-YUPETUTENN) [EHTPAIH30BaHHBIX K MOOWJIBHBIM CHUCTEMaM TeIJIOCHAOKeHUS. AKTUBHO
BEIyTCS pa3pabOTKH 1O HETPAJUIIMOHHOW HHEPreTHKe: WCIIONb30BaHUE BETPOTEHEPATOPOB,
KaBUTALMOHHBIX HarpeBaTesel /Ui TEIUIOBBIX ceTel U Jp.

B akagemun MMPOKO H3y4yaArOTCS BOJHOBBIE TEXHOJOTHH, KOTOpBIE IO3BOJIAIOT CO3/1aBaTh
pa3in4HbIe PEKHUMBI, B TOM YHUCIE OMOPE30HAHCHBIE B OMYIJLCHSIX M CYCIICH3USX, U OOECIICYHTH
MOJTy4eHUEe MaTepHaliOB BLICOKOH CTereHn ToMoreHHOCTH. OcoOEeHHO cephe3HOe BHUMAHHUE YACISIeTCS
WCITIOJIb30BAaHHUI0 BOJIHOBBIX TEXHOJIOTWH Ui MoauduKanuyd OeH3WHAa W JW3ENBHOTO TOIUIMBA.
Ilomydensl HepacciamBaeMble AMYJIBCHHM THIIA «TOILIMBO-BO/AA» HA BOJHOBBIX TE€HEPATOpax, YTO
MO3BOJISIET TIOBHIMIATh OKTAHOBOE YHCIIO TOTUIMBA C OJJHOBPEMEHHBIM CHM)KEHHUEM BPEIHBIX BHIOPOCOB
B aTtMocdepy OKUCH yriepoia u a3oTa. PazpabaTbIBaroTcs TEXHOJOrMH AJIsi CHHTe3a Ouorasa B
peakTopax HOBOH KOHCTPYKLMH: IepepadoTka OMOMAacchl B pPEaKTOpe KaTaTUTHYECKOTO THAPO-
KPEKHHIa, YTO MO3BOJIMUT HKOJOTMYECKH Oe30macHbIM IyTeM 3()()EeKTHBHO HCIONb30BaTh €CTECT-
BEHHbIE OMOJIOTHYECKUe CyOCTaHIIUH ISl POM3BOICTBA TOPIOYMX Ta30B, TEIJIa U 3JIEKTPOIHEPTUH.

CylecTBeHHO paciuipwiach «reorpadus» HaydHo-TipakTHdeckoil aestensHoctH PHUA. Tak,
3HAYUTEJILHBIA TEOPETHUECKUH M TMPaKTHYECKUH HHTEpEC MPeACTaBIAIOT padoThl OOJBIIMHCTBA
pPETHOHANBHBIX CTPYKTYp. Cpenn HUX:
® TIPOEKTHPOBAHUE BOJIOKOHHO-ONTHYECKHX yCTpoicTB (bamkoprocranckoe oTaeieHne);
® WCIOJB30BAaHHE B PA3IWYHBIX OTPACISAX IMPOU3BOJCTBA, TEXHWKH M TEXHOJOTHI WH)KEHEPHBIX
pa3paboTok 000POHHO-TIPOMBIIIIICHHOTO KoMITIekca (MOCKOBCKOe 00JIaCTHOE OTACIICHHE);

e CO3JaHMe HOPMAaTHBOB IO OLIEHKE OCTaTOYHOrO pecypca 000pyaoBaHUs, padOTaIOMIEro IOA
6ompmuM gaBieaneM (MpKyTckoe OTaeneHne);
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e pa3zpaboTka METOAOB CHHTE3a aJaNTHUBHBIX M CAMOHACTPAWBAIOMIMXCA CHUCTEM YMpaBlICHHS
MHOT'OCBSI3HBIX HEIMHEHHBIX IUHAMHYECKUX CUCTEM B YCIOBHUSIX HEONPEACICHHOCTH U IIEPEMEHHOCTH
ux mapameTpoB ([IpuMopckoe oTneneHue);

e MHKpPO- W HaHOTpUOONOIWs, CO3JaHHE HaHo3IeKTpomexaHuueckux cucreM (IIckoBckoe
OT/ICJICHUE);

® TIOCTPOCHHE MHTEJUICKTYalbHBIX CHCTEM aBTOMATH3allMU TEXHOJOrH4yeckux mpoueccoB (Tomckoe
OT/IETICHNE);

e TmepepaboTKa TEXHOTEHHBIX OTXO00B, HakomuBImuxcs 3a 300 et paboThl IPOMBIIIICHHOCTH Y paia
(CBepasioBckoe OTIENEHHE);

e pa3paboTka reopHU3MIECKOro KOMIUIEKCa, IIO3BOJISIOIETO HE TOJIBKO OTCIEKHUBATH CYIIECTBYIOIIEE
PacIioNoKeHne TPYHTOB OCHOBAaHMM 3l1aHUH M COOPY)KEHHUI, HO M JaBaTh IPOTHO3bI HAIPaBJICHUS
TEOKPHOJIOTUIECKUX MporieccoB (SIKyTckoe oTaeneHue) u mp.

PUA BbicTymana u BBICTYHA€T AaKTHBHBIM OpPraHM3aTOPOM KPYIHBIX MEKIYHAPOIOHBIX H
Bcepoccuiickux (opymos. Cpenn Hux: [ u II Cpe3npr nmkenepoB Poccnn u cyobekToB Poccuiickoit
Oenepanin,  Beepoccuiickass ~ HayyHO-TexHW4Yeckas  KoH(pepeHmms  «Pe3epBBl  yCKOpeHUs
SKOHOMHUYECKOTro pocta u yasoenus BBIl», Obmepoccuiickuii popym «lcmonap3oBaHHEe KOCMOCA B
MHUPHBIX LEIX», MEXAYHApOAHbIE M Bcepoccuiickue koHdepeHmnn — «llepcriekTuBHBIE 3amauu
MHXXEHEPHOU HayKn», « Teopus 1 mpakTHKa TEXHOJIOTMHA TPOU3BOACTBA U3JEIUN U3 KOMIIO3ULIMOHHBIX
MaTepuaroB M HOBBIX METAIMYECKUX CIUIaBOB», «Mamas W HETpaJuLMOHHAs DSHEPreTHKa,
sHeproapdekTuBHOCTEY, «beToH W xKenezo0eToH — B3I B Oyaymiee», HaydHo-mpakTudeckas
online-xkoH¢epenus «[IpuMeHeHre HAHOTEXHOJOTUH B CTPOUTEILCTBE», CICIHATH3NPOBAHHBIC
BBICTaBKH W KOH(epeHInu «M3menuss W TEXHOIOTHH ABOMHOrO HasHauyeHus, «luBepcuduranms
OIIK» u gpyrme. C yuactuem PUA wuznatorcs «MmxeHepHas raszera», MmexotpacllemeraTsl u
yuactHuku I Cowe3na umkenepoB Poccum B bombmiom kpemiieBckom 3ane [Ipesumuym I Cwnesna
nmkenepoB Poccun llepemonus Bpydenust Ilpemun Tan B ceHTsiope 2014 roma (cieBa-HampaBo B
nepBoM psay: mpesugeHt TainBans Ma Uu-1[3ro (Ma Ying-Jeou), ocHoBarens Ilpemun moxTop
Camysn Mu (Samuel Yin), HeiHemHMA npe3uneHT Akamemun noktop Ym-Xysit Borr (Chi-Huey
Wong), pykoBoaurens @onna npemun Tan J[xenH-Uyan YepH (Jenn-chuan Chern) neBoii ampmaHax
«enoBas cnaBa Poccum», snexkTpoHHOoe u3gaHue «HaHOTEXHONOTMH B CTPOMTENBCTBE: HAy4YHBIN
MHTEPHET-XKYpHAI», a Takke Oojiee 20 HAyYHO-TEXHUYECKUX KYPHAIIOB.

K 25-nernemy 1o0umeto Poccuiickoli WHXEHEpHOW aKaJleMWH TPUYpPOUYEH  BEIMYCK
WHGOPMAIMOHHO-CIIPABOYHOI0 M3JaHUs «HIUKIIONEUs PocCCUiCKOil MHKEHepHOUW akaaeMuny. B
SHIMKJIONEAMH IPEICTABICHbl TBOpUYeckue Ouorpaduu Oosiee 1750 nEHCTBUTENBHBIX UICHOB U
YJIEHOB-KOPpECoHIeHTOB PMIA — KpYIHBIX YYEHBIX, 3aCiy>KEHHBIX WH)XEHEPOB M OpPIraHH3aTOPOB
MIPOMBIIIIJIGHHOTO TPOU3BOJICTBA, M30paHHBIX B aKaJeMHI0O C MOMEHTa cO3AaHus. B sHIMKIONEnuu
npuBeieHa WHPOpPMaIus O IOAsMX, KTo Ha pyOeke XX—XXI BEKOB akTHBHO CIOCOOCTBOBAI
COXPAHEHUIO W PAa3BUTHIO HMHTEJUIEKTyaJIbHOTO TIOTEHIIMajda HAyKH U TEXHUKH [0 OCHOBHBIM
WH)KEHEPHBIM HaIpaBJiIeHUsIM IyTeM 3(Q(eKTUBHON peanu3aluy JOCTHKEHUH (yHIaMEeHTaIbHON
HAYK{ B MPOW3BOJICTBEHHOW cdepe. DTO, MPEKIIe BCEro, MOYETHBIE NMPE3HICHTHI U MOYETHBIE YJICHBI
PUA, unens! akaieMut, 0 KOTOPBIX IpeAcTaBIeHa Heo0Xxoaumast HHPOpMaIHs.

B u3panum npezacraBieHbl TakKe M MHOCTpaHHbIE WwieHbl PUA, KoTOpble CBOMMHU Hay4YHBIMU U
NPOU3BOJACTBEHHBIMH  JIOCTM)KEHUSIMH ~ CIIOCOOCTBYIOT — TOBBILIEHHIO — TpecTika Poccuiickoit
WH)XKCHEPHOH aKaJieMHUH Ha MEXIyHapOJIHOU apeHe.

OpHOM W3 aKTyaslbHBIX 33Jad JHUUKIONEIUM SBISETCS (OPMUPOBAHHME IIHMPOKOTO U
YCTOMYMBOIO OOILIECTBEHHOTO HHTEpeca K HayKe M TEXHHUKE, MOBBILICHHIO NPOQEecCHOHATBEHOTO
MHTEpeca HayYHBIX pPaOOTHHKOB, HHXEHEPHBIX KaJpoB M CTYIACHYECKOH MOJIOJEKH, a TaKKe
npodecCHOHAILHON OPHEHTAIINH ITKOJIHHUKOB Ha OCO3HAHHBIHN BEIOOp Mpodeccun MHKEeHepa.

AKTHBHYIO OOIIECTBEHHYIO Mo3unuio PMIA 3aHMMaeT He TONBKO B BOMPOCAX TEXHOIOTUIECKOTO
pasBuTHus cTpanbl. Ha stame pedopmupoBaHus BeICIIeH Mpo¢deCCHOHAIBHON IKOIBI ObUTIa pa3BepHyTa
cepbe3Has paboTa IO COXPaHSHHI0 MHXKEHEpPHOro oOpaszoBanus B Poccum (Gosee 1/3 uinenos PUA
HEMOCPEACTBEHHO paboTaoT B chepe nmpodeCcCHOHATBHOT0 00pa3oBaHus). BOMpOCk! OLIEHKH COCTOSIHUS
U BbIOOpa OCHOBHBIX HaIpaBICHUH pa3BHTHS NPO(PEcCHOHAILHOTO 00pa3oBaHMsl HAILIH CBOE
OTpa’KE€HHE TIPU MOATOTOBKE MpeaioxkeHuit st Komuccuu no moaepuusaiuu npu [Ipesunente PO.

HecomHeHHO, B LIENSIX MCNONB30BAHNS MHTEIUIEKTYAIBHOTO MOTEHIMAIA HAyYHO-UHKEHEPHBIX
CTPYKTYp npHOpUTETHOH 3amaueit PUA ocraercs obecnieueHre KOHCTPYKTHBHOTO B3aUMOAEHUCTBHS C
(benepalbHBIMU M PErHOHANBHBIMU OpraHaMH 3aKOHOAATENIbHON U MCIIONTHUTENBHON BIIACTH, a TaKXKe
BhICTpanBaHue 3()(EKTUBHBIX MEXaHW3MOB B3aUMOJACHCTBHA OOIecTBa, OM3HECAa W TOCYIapCTBa,
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HANPAaBJICHHBIX Ha KOOPIUHAIIMIO COBMECTHBIX YCWJINN MPH BHIPA0OTKE M MPOBEICHUN HAIIMOHAILHOM
COIMATLHO-3KOHOMHYECKOM MOJIUTHKHY.

Poccmiickass WH)XeHEpHas akajJeMusi — MOIIHBIA JABUTaTeNb WHTETPAIlMN HHXXEHEPHOTO
coobmrecTBa He TObKO B Poccum, HO U B cTpanax bmmxaero u [lanpaero 3apyOexns. AxageMus —
CBOEOOpa3HbIl TeHepaTop CBEXHUX HAEH, COACHUCTBYIOIINX pPAa3BUTHIO HE TOJBKO WHIKEHEPHBIX
HaIpaBIEHUH PeaTbHOTO CEKTOpa IKOHOMHUKH CTPAHBbI, HO M COIHAIHHO-DKOHOMHYECKOTO Pa3BUTHS
obmectBa. Pomp PMA B pemeHnn akTyalbHBIX BOIPOCOB IO Pa3pabOTKE TEOPETHUECKHX U
MPAKTHYECKUX OCHOB CO3/IaHUS MPUHIUITHAIBHO HOBOTO TEXHOJIOTHYECKOTO YKIIaJa, OCHOBAaHHOTO Ha
SKOHOMHUKE 3HAHWHA M KOHKYPEHTOCIIOCOOHOCTH BO BCEX OTPACIISIX COBPEMEHHOTO TMPOMBIIUIEHHOTO U
arpapHoro nMpou3BOJICTBA, MPOJOIIKAET PACTH.

Poccuiickas wHXEHepHasl akajeMHs OTKDBITA JUISl IIMPOKOTO COTPYJAHUYECTBA CO BCEMH
TBOPYECKUMU OPTraHU3AIUSAMU U OTJCIIbHBIMH JTHIIAMHU.
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SUMMARY

RUSSIAN ACADEMY OF ENGINEERING - A POWERFUL ENGINE OF INTEGRATION OF THE
ENGINEERING COMMUNITY

Gusev B.V.

International Engineering Academy

The Russian Academy of Engineering is the successor of the Engineering Academy of the USSR established on
the 13" of May, 1990. From the very beginning, the Engineering Academy launched targeted efforts to
strengthen the links between science and industry, to resolve the problems associated with the application of the
results of fundamental research and their accelerated adaptation to industry. The Engineering Academy
contributed and contributes to the preservation and development of the intellectual potential of science and
engineering by effective implementation of the fundamental achievements of science in the industrial sector.
Keywords: Russian Academy of Engineering, engineering activity, fundamental research, new technology.
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MesxkayHapoaHasi HHXKeHepHasi akajgemusi, Unkenepnas akagemus I'py3un,
Penakums xypnaia ,,Georgian Engineering News®,
I'py3uHCcKHi TEXHMYECKHII YHHBEPCHTET

HO3APABJIAIOT APUYNJIA UBEPUEBHUYA ITPAHTI'MIIIBUJIN

¢ u3dpanuem Buue-npe3nienToM MexXI1yHapoHOH MHKEHEPHOH aKkageMHuH
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A. U. IPAHTHIIIBHIIH

Apuun UBepueBny IlpanrumBunu - pekTop I'py3MHCKOro TEXHMYECKOIO YHHBEPCHUTETA,
npe3ueHT ['py3MHCKOW HMH)KEHEPHOM akaJeMuu, BHLE-NPE3UACHT MexXAyHapOoIHON HHKEHEPHOH
aKkaJeMuH, JOKTOp TexHuueckux Hayk (1992), mpodeccop (1995), akagemuk HanumonambHOI
akagemun HaykK ['py3un (2013) u npyrux MexIyHapOAHBIX U 3apYOEKHBIX aKaJIeMHUH.

A. N. Tlpaarumeumm pomwics 13 ampens 1961 roma B rop. Toumucu. B 1983 r. oxoH"mI
(baxyabTeT aBTOMAaTHKU M BEIYUCIUTEIBHON TEXHUKH [ py3HHCKOTO MOTUTEXHUYECKOTO HHCTHTYTA TI0
CHENUANTBHOCTH «HHXEHEP-CUCTEMOTEXHUK». B TOT e rofi OH MOCTYNHJ B aclUpaHTypy Kadeapbl
BBIYUCIIUTEIBHON TEXHUKH ['pYy3MHCKOrO MOIUTEXHUYECKOTO HHCTUTYTAa, a B 1987 r. 3ammrun
JUCCEPTALIMI0 HA COUCKAaHHWE YYEHOW CTENEHU KaHAMIAaTa TEXHUYECKUX HayK B MOCKOBCKOMU
WH)XCHEPHO-(PU3NIeCKOM MHCTUTyTe. Ilocie 3amuThl KaHauaaTckoi aucceprauuu 1987-1988 rr. —
CTapmimii HaydHBIA coTpydgHHK lIpoOnemuoit maboparopum ['py3WHCKOTO  TEXHHYECKOTO
YHHUBEPCUTETa, JOLUEHT Kadenpbl BBYUCIUTENBHOW TEXHUKH ['PYy3MHCKOTO TEXHHUYECKOI'O
YHHUBEpPCUTETA.

B 1992 r. 3ammuTiin JOKTOPCKYIO JUCCEPTALUIO 1O TEXHUYECKUM HaykaM. B1992-2003 rr. —
3aMecTuTeNb JupekTopa MHcTuTyTa MHGOpPMATUKH, CHCTEM YHPABICHUS M TEIEKOMMYHHKaLUN
I'py3uHcKkoro TexHuyeckoro yHuBepcuteTa, 1992-2005 rr. — HayuHblii pykoBoauTens Haydno-
UCCIIEIOBATENbCKON Tab0opaTopuu KOMIBIOTEPHBIX W MH(MOPMAIMOHHBIX TEXHOJIOTHH [py3HHCKOTO
TexHuueckoro ynusepcurera, 2002-2005 rr. — ype3BblYaiHbIN YIOJTHOMOYEHHBIN npe3uneHTa [ py3uun
B cdepe nHepretuku, ¢ 2009 T TO CETOAHANIHWHA JCHh — PEKTOp ['PY3MHCKOTO TEXHHYECKOTO
YHHBEpPCHUTETA.

C 2013 r. — Ynen VYmpasnsiomero coBeta MexIyHapoIHOro OJaroTBOpUTENbHOrO (GoHxa
BO3PO’KICHUS U Pa3BUTHUS TyXOBHOCTH, KyIbTypbl 1 Hayku Kartomukoca-Ilatpuapxa Bees ['py3un,

C 2011 r. Mo ceromHsIIHUIA AEHb — MPEJICTaBUTENs [py3un B (PUHAHCOBOM KOMHUTETE
MexnayHapoaHoir opranmzauuu  «LleHTp spepHbBIX wuccienoBaHmit» (r. [yOma, Poccuiickas
Denepanns),

C 2011 r. — npencraButens [pysun B CoBeTe IO Pa3BUTHIO HAHOTEXHOJIOTHA B CTpaHax
I'YAM-a ¢ 2010 r. — pyKOBOAMTENb TPYIIIHI IO U3YYEHHIO MTPOOIEeM HAHOTEXHOIOTHU HarmonansHOH
akageMuu Hayk ['py3un.

Harpaxnén opnenom Yectn. A. W. [lpanrumsunu  aeaxasr (1990r u 2012r) mpucBoeHa
HauunonanbHas npemus ['py3uu.

Ilox ero Hay4HBIM PyKOBOJCTBOM 3aIluIeHO 20 KaHAUJATCKUAX U TOKTOPCKUX JUCCEPTALMM.

SAsnserca aBropom Oonee 200 HayyHBIX paboT, B ToM uncie 20 MmoHorpaduii, 11 yueOHUKOB 1
20 maTeHToB.
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NHXEHEPHASI AKAJEMUA I'PY3UU - ©YHIAMEHTAJIBHBIE ITPUHIUIIBI
YHPABJIEHUSA 1 OPTAHU3AIIMU B IIVTAHE CUCTEMHBIX 3AKOHOMEPHOCTEHU

HpanrumBuian A.HA.
IIpe3unent UnxenepHoii akanemuu I'pyzun

OxoHomMmeTpuueckue peannn XXI Beka, emie pa3, MOAKPEILIAIOT MHEHUE O TOM, YTO HEJIOCTaTKa
CBOOOIHBIX JIEHET HET - €CTh HEJIOCTATOK XOPOIIO IOATOTOBICHHBIX U 000CHOBAaHHBIX OM3HEC-UACH U
TOTOBBIX K peaju3alii, CACTEMHO KOHCTPYHPOBAHHBIX, IPOEKTOB.

Bunennem HmxkenepHoit akagemun ['py3nn HaydHas AEATEIBHOCTh 3TO CHCTEMOOOpa3yIoIIHe
aKTHBaIUsl, CBSI3aHHAS C MPOBEICHUEM HAyUYHBIX HCCJICIOBaHUMA, BKIOYAsS (DyHIAaMEHTAIBHBIC C
BBISIBJIECHUEM 3aKOHOMEPHOCTEH M MEXaHU3MOB MPOLECCOB U SBJICHUWA U NPHUKIAIHBIE - U3Yy4arolue
BO3MOKHOCTEHN U3BJIEUEHUS TPAKTUUECKOM BBITOJIbI U3 MOJTYYECHHBIX 3HAHUH.

PesynbraToM yka3zaHHOW NEATENBHOCTH, HEPEAKO, SBISICTCS pa3pa00TKa MIeH MHHOBAIIMOHHOW
MPOAYKIIMY B BUJIE COBOKYITHOCTH 3HAHHI 00 OCHOBHBIX €€ CBOWCTBaX W MPHHIIMIIAX CO3JaHMsI, UYTO B
CBOIO OYepe/lb TOMOJIOTU3UPYET CICIYIOIINE KOHTSHTHI: (DOPMYJIMPOBKA MMOHITHH, CO3/IaHUE TEOPUH,
IKCIICPUMEHTUPOBAHUE, KIIACCU(PUKAIUSA M O00OINEHHE IONYYCHHBIX pPE3yJbTaToOB, 00pabOTKa u
YCBOGHHE MOIYYeHHOH nH(opManuu.

C npyroit ctpoHsl Mbl B WHxkeHepHOW akagemMuu ['py3um cumTaeMm, 4TO HWH)KEHEpHas
JICATEIIbHOCTh - 3TO HMHTEJICKTYyaM3allks, CBSI3aHHAS C MPOBEICHUEM TEXHUYECKHX pa3pabOTOK Ha
OCHOBE MCIOJb30BaHHS HAYYHBIX 3HAaHUW, BKIIOYas MPOEKTUPOBAHHUE, T.€. KOHCTPYKTHBHAS
pa3paboTka HICH W BapUAHTOB MPOIYKIMHM, KOHCTPYHPOBAHUE - pa3pabOTKa KOHCTPYKIUH
MPOAYKIIMHU, JU3aiH - pa3pa0d0TKa BHEITHETO BUAA MPOIYKIIMHM M TEXHOJOTHYECKYIO pa3paboTKy - T.e.
pa3paboTKa TEXHOJOTWH H3TOTOBIEHHUS MPOAYKIMA WA METOAOJOTHH OOCTy)XKMBaHUA. BakHBIM
pe3yJabTaTOM TaKOH JEATEILHOCTH, KaK OOBIUHO, SIBJIAETCS CO3JaHHE HOBIICCTB B BHJIC OIBITHBIX
00pa3oB MHHOBAIIMOHHOU PO TYKITHH.

YacTo [OBOJIBHO TPYIHO MPOBECTH YETKYI0 TPAHUILY MEXKIYy HAYYHOM U HHXEHEpPHOU
JICATEIIbHOCTBIO: OOBIYHO MMEET MECTO TECHOE MEPEIICTCHUE TOW W APYroM, YTO B UTOTE MPUBOIUT
KaK K pa3pa00TKe MHHOBAIIMOHHBIX HJCH, TaK M K CO3JIaHUIO HOBIIECTB. B 3TOH CBS3M NPUHATO
TOBOPUTH O HAYYHO-TEXHUYECKOU NEATEIbHOCTH, HAPABIECHHON Ha pElIEHNE KOMIUIEKCHBIX Hay4HO-
TEXHMYECKUX MpodsieM, obecrieueHre (DYHKIMOHMPOBAHUS HAYKH, TEXHUKH W MPOU3BOJACTBA Kak
€IMHON CUCTEMBI.

Hayuno-TexHndeckas nestensHOCTh B MHKeHepHOW akanemun ['py3un mpencTaBisieT coboit
CUHEPIHI0 HAy4YHOW, HWH)XXECHEPHOM M OpraHU3aTOPCKOM JESATENBHOCTH, YTO B CBOK O4Yepedb
MOAPAa3yMEBAET HAYUYHO-UCCIIEOBATENBCKUE, OMBITHO-KOHCTPYKTOPCKUE U OMBITHO-TEXHOJIOTHYECKUE
paboThI, KOTOPHIE BKIIOYAIOT HAYYHBIC MCCIEOBAHUS U TEXHUYECKHE Pa3pabOTKH, 3aBepIIAIOIIUECs
W3rOTOBJICHUEM M UCIIBITAHUEM OIBITHBIX 00Pa3IiOB MPOTYKIUH.

B NnxenepHoii akanemun [ py3un kK HAy9HO-TEXHUYECKOU JESITETHHOCTH OTHOCATCS paOOTHI 1O
HAYyYHO-METOAMYECKOMY, OPTaHU3al[MOHHO-TEXHHYECKOMY H  IPOrPaMMHOMY  OOECIICUCHHIO
HEMTOCPEICTBCHHOTO TIPOBEJCHUS HAYYHBIX HCCIICIOBAaHUN M TEXHHYECKUX pPa3paboOTOK, a TakkKe
PacpoCTpaHEHUIO U MPUMEHEHHUIO UX PE3YIbTaTOB. APXUBAXKHO, YTO MPEACTABUTENN KAXKION HAYKH,
JIOCTUTLIEH OMPENEICHHOIO YPOBHSI THOCEOJIOTMUYECKOM U KOTHUTUYECKOHN 3PENOCTH, OCYUIECTBIISIOT
peduexcuro, GhopMynHupysi O0IIMe 3aKOHBI W 3aKOHOMEPHOCTH JIaHHOM OTpaciy 3HaHHSA, TO €CTh
CO3/aI0T COOTBETCTBYIONIYI0 MeTaHayKy. C Apyroil CTOpOHBI, Jito0asi 3penas Hayka CTaHOBHUTCS
npenMeToM  QrIOcO(CKUX  UCCIEAOBAaHWUH, YTO B CBOIO OYepeAb SBISETCA IPEAMETOM
MHTENEKTyalIbHOTO TOouCKa B MHxeHepHOW akaaemuu ['py3um c 1enpio pa3paboTKH METOIOIOTHH
YIPABICHUS] UHKEHEPHBIX OTPaCei.

Wuxenepnas akageMus ['py3unm o0coboe BHUMaHHE YJENSI€T HAYYHO-TEXHOJIOTHYECKOMY
Pa3BUTUI0 HWHHOBALMOHHON (uinocodun, B (GOPMUPOBAHUK KOTOPOM MPOCICIKUBAETCS HECKOJIBKO
atanoB: 1-it atan (40-Beie 1 50-¢ Toasl XX CTONETHS) - 3pa HHCTUTYIIUOHATIM3AIMA WHHOBAIIMOHHOMN
¢unocopun,  XapaKTepU3YIOIIMKCA  CO3JaHUEM B  CHUCTEME  TOCYNapCTBEHHOW  BIACTH
CIEIMATU3MPOBAHHBIX OPraHOB, OTBEYAIOMINMX 3a pa3pabOTKy M OCYIIECTBICHHE HHHOBAI[MOHHOW
MOJMUTUKH. 2-i dTan (50-bie U 70-bIe TOMBI MPOIILIOTO CTOJICTHS) - ATO0Xa PE3KOr0 POCTa MAacIITa0oB
WHBECTUPOBAHMS HAYYHO-TEXHOJOTHYECKOM cephl U, KaK CIEACTBHE, OYpHOTO pa3BUTHUSI CAMOW 3TOM
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coepsl. 3-ii atan (70-e u 80-e romer 20-ro Beka) - 3Tan (HOPMUPOBAHHUS B3BEIICHHBIX MOAXOAOB K

pereHnto npobaeM Hay4IHO-TEXHOJIOTMYECKOTO Pa3BUTHS, UIsl KOTOPOTO XapakTepHa cTabuin3anusi, a

B psizie CTpaH JaXke CHIDKEHHE 00beMOB MHBECTULMI B cepy HaAyUHO MCCIENOBATENbCKUX U OIBITHO-

koHcTpykTOpckux pabotT (HUOKP) u onbitHO-TexHONOrHYeckux padot (OTP). Bmecte ¢ Tem uzper

nouck Haubonee 3dpdexkruBHbIX Popm oprannzanuun HUOKP u OTP. Ins storo srtama xapakrepeH

MEPEXO0] K CENEKTHUBHOM CTPAaTETUH HAYYHO-TEXHOJIOTHYECKOTO Pa3BUTHSA, TO €CTh K MHBECTUPOBAHHIO

OTPaHMYEHHOT0 Kpyra IMpPHOPUTETHBIX HANpaBIEHUH OTOro pa3BUTUSA. B  pa3BUTBIX CTpaHax

MOOIPSIETCSl  KOOTEpaTUBHBIE HUCCIENOBaHUS W pa3pabOTKH, OCYIIECTBIsIEMble COBMECTHO

YHHUBEPCUTETAMH, TOCYAAPCTBEHHBIMHU HAYYHBIMU YUIPEKICHUAMHU U YaCTHBIMU (PUPMaMH.

C mnosiBIEHHEM HOBBIX HAYKOEMKHX IPOM3BOJCTBEHHBIX OTpaciedl NPOMCXOJUT CTHpaHHE
TpaHUI] MeXy GyHIaMEHTAIbHOW W MPHUKIIATHON Haykou. 4-i stan (70-¢ u 80-¢ roapl XX cToneTus)
- JTall UHTCHCHBHOTO WHHOBALIMOHHOTO Pa3BHTHA PETHOHOB. ['ocymapcTBa, OCYIIECTBIIAs LEHTpa-
mu3oBanHoe ympaBinenne HHWOKP wu OTP, akTuBHee mpuBIEKalOT K 3TOMY YIPaBICHUIO
pervoHaNIbHBIE BJIACTH, KOHIEHTPHUPYS HAyKy M HAYKOEMKYI TPOMBIIIJIEHHOCTh B OTAENBHBIX
peruoHax. JTOT 3Tal XapaKTEPHU3yeTCsl MHTEHCUBHBIM Pa3BUTHEM MHHOBAILIMOHHOW MH(PACTPYKTYPHL,
B MEPBYIO OYEpeab CO3JaHHEM CEeTH TEXHOMApKOB M TEXHOMOJHMCOB. B 3To ke BpeMms Ooiblioe
BHUMAaHHUE YJIENSETCS Pa3BUTHIO MAJIOTO BBICOKOTEXHOJOTHYHOTO OWM3HEca, 4YeMy TakKe B HeMaJoi
CTETICHH CIOCOOCTBYIOT TEXHOMAPKH W TEXHOIONHCHL. 5-i 3tam (cepeanHa 1980-x rr. mo HacTodiee
BpeMs1) - 3M0Xa AajJbHEUIIEro COBEPIICHCTBOBAHHMS WHHOBAIIMOHHOHM MONUTHKU, KOTOpas oOpeTaeT
BCCOOBEMITIOLINI XapaKTep, OXBAaThIBACT BCE CTaJUM MHHOBALIMOHHBIX IIPOLIECCOB, BKIIOYAsl BBIXOJ
HOBBIX BHJIOB TEXHOJOTMH M MPOIXYKIIUH HA PHIHKAX.

OcHOBHBIE 0COOEHHOCTH COBPEMEHHON WHHOBAIIMOHHOM MOJIMTUKHU CBS3aHBI C N3MEHEHUSIMH B
XapakTepe Hay4YHO-TEXHOJIOTHYECKOTO Ppa3BUTHA, KOTOpPBIE IPOUCXOAAT B IOCIEOHEE BpeMs, a
UMEHHO:

e (CTpeMHUTENbHO IMOBBIIAIOTCS TEMIBl HAYYHO-TEXHOJIOTHUECKOTO Pa3BUTHS, YTO HAXOIUT CBOE
OTpaXeHUE B COKpAIEHUU JUIMTEIHHOCTH MHHOBAIlMOHHBIX LUKIOB. Kak crencteue, TpeOyercs
MOBBILIEHNE HWHHOBAIIMOHHOM BOCIPUMMYUBOCTH W WHHOBALIMOHHON aKTUBHOCTH CO CTOPOHBI
rocyapcTBa.

e UeTKko BBIPHCOBBIBACTCA Ps KIIOYEBBIX HANpaBiICHUH HAYYHO-TEXHOJOTHYECKOIO Pa3BUTHS,
KOTOpBIe OyJIyT OMpEeNeNiaTh OCHOBHOE COJepKaHHE€ HWHHOBAIIMOHHBIX MPOIIECCOB B MHMPOBOMN
SKOHOMMKE Ha OMKaillline OecsTUIETHs, M0 3TOH NpPUYMHE Ba)KHO BHIOpAaTh M3 HHUX TaKHE
HampaBJICHUs, KOTOpbIE o0ecreyar peajibHble TEXHOJIOIHYECKHE MTPOPHIBBI € YUETOM MMEIOIINXCS
y HETO MOTEHIIHAIbHBIX BO3MOXKHOCTEH.

e Ilo BceM HampaBIeHHMSIM HayYHO-TEXHOJIOTHMYECKOTO Pa3BUTHUSI CTAHOBUTCS XapaKTEPHBIM PE3KOE
MOBBILIEHNE YPOBHS HAyKOEMKOCTH. OTO O3HAYacT, YTO B WHHOBAI[MOHHOM [JEATENBHOCTH
00BsI3aTENBHO JITIACTCS CTaBKa HA CO3JJaHNE BHICOKOMHTEIUIEKTYaIbHBIX TIPOU3BOJICTB.

e Hay4HO-TeXHOJOTHYeCcKOoe pa3BUTHE WJET MO MYTH Bce OOJbIIEH OpPUEHTAIMH Ha MOTPEOHOCTH
9KOHOMUKH. CrnenoBaTenbHO, HeoOXxoquMo  oOecrieunBaTh  Oosee 3 deKkTuBHYIO
KOMMEPLHMAIN3ALHUI0 PE3YJITATOB HAYYHBIX MCCIIEIOBAHUI M TEXHOJIOTMYECKUX Pa3padOTOK, X
IIMPOKOE PACTIPOCTPAHEHHE B PA3ITMYHBIX IPOU3BOJICTBEHHBIX OTPACIIAX.

e Hay4HO-TeXHONOTHYECKOE pa3BHTHE TNPHOOPETAET KOMIUICKCHBIA, CHCTEMHBIH XapakTep,
OXBaThIBasi Bce OOJblee YHCIO CyOBbEKTOB MHHOBAI[MOHHOM JEATEILHOCTH, BHEIPSSICH BO BCE
cdepsl ATOH JESITENbHOCTH: HAay4YHYI0, WH)XXEHEPHYIO, IMPOM3BOACTBEHHYIO, KOMMEpUecKylo. B
CBS3M C OTHM BaXHO OPraHMW30BaTh ONTHMAJbHOE B3aHMMOJEICTBHE BCEX YYAaCTHHUKOB
WHHOBAIIMOHHBIX MTPOIIECCOB.

e Hay4yHo - TEXHOJIIOTMYECKOE PA3BUTHE CTAaHOBHUTCS HMHTEPHALIMOHAIBHBIM MIPOLIECCOM,
MPOTEKAIOLINM B YCIOBHUSX TII00aIM3alMi MUPOBOM SKOHOMHUYECKOH cucteMsl. [loaToMy I0MKHO
YAENATCS TIOBBIIIIEHHOE BHUMAaHHME MEXIYHAapOAHOMY COTPYAHHYECTBY B OOJACTH HWHHOBAIIHM,
o0ecrieunBasi NPy 3TOM 3aILUTY CBOMX HALIMOHAIBHBIX HHTEPECOB.

B pamkax pacmpocTpaHeHHs IJIOJOTBOPHOIO YIPaBJIEHYECKOIO ONbITA WHHOBALMSAMU Ba)KHO
MOJUEPKHYTh, 4YTO OOJNBIIMHCTBE WHAYCTPHAIBHO PAa3BUTHIX CTPaH OJHHM W3 BaKHEHIIHX
HalpaBJI€HUM TOCYJapCTBEHHON WMHHOBAIMOHHOW TOJUTHKH SBISETCA MOJNIEpAKKA MaJloro
MHHOBAIIMOHHOTO OW3Heca. PeleHneM COOTBETCTBYIOIIMX BOMPOCOB 3aHMMAIOTCS, KakK IPaBHIIO,
crenuaibHble rocynapcrseHHble opransl. B CIIA - 3To AxMuHMCTpanys 1o fejaMm Majaoro 0usHeca,
Hanuonaneueiii Hayunsiii ¢pona, HACA, oTpacieBble MHUHHCTEPCTBA; ATEHTCTBO MHH. OOOPOHBI
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CIOA st mepemoBBIX OOOPOHHBIX HccienoBaTenbckux mHpoektoB - DARPA ( Defense Advanced
Research Projects Agency); B I'epmanuu - MUHUCTEPCTBO SKOHOMHUKH, MUHHCTEPCTBO HAyUHBIX
UCCIIEOBAaHNN W TexHosorni, denepanus MPOMBIIUICHHBIX HCCIIENOBAaTENbCKUX aCCOLMALUM; BO
®paniuu - MHMHHCTEPCTBO SKOHOMHUKM, HanmoHanpHOE areHTCTBO MO BHEAPEHUIO PE3yJIbTaTOB
uccnenoBannii, Hayuno-rexandyeckuii ¢onn; B Snonun - Kopmopanus ¢uHaHCHpOBaHHS MEIKOTO
ousHeca, Haponnas dmHaHcoBas xopropamus, L{eHTp prcKOBOro MpeanpruHAMAaTeNbCTBa; B UTammm -
@OoHJ TEXHOJOTMYECKMX HWHHOBaUMH. B 3TUX cTpaHaX ToOCyZlapCTBEHHOE pEryJIUpOBaHUE
JESITeIbHOCTH MaJlbIX WHHOBAIIMOHHBIX (PUPM OCYIIECTBIISICTCS KaK MPSIMBIMH, TaK U KOCBEHHBIMHU
MeromaMu. Pasnuuarorcst nBe (OpMBI peanu3anudd  OPSMBIX METOJOB: aIMHHHCTPAaTHBHO-Be-
JIOMCTBEHHAs, KOTOpasi MpOSIBISICTCS B BHIE JOTAIlMOHHOTO (MHAHCHPOBaHHUS Maioro OusHeca, U
pOrpaMMHO-1IeJIeBast, KOTopasi mpernonaraeT (GUHAHCUPOBAHUE Maloro OM3HEeca B paMKax ILIENEBBhIX
MHHOBAIIMOHHBIX IIPOIPaMM.

HeoOxomumMocTh  TOCyAapcTBEHHOH  MOJACPKKA  MaJOro  MHHOBALIMOHHOTO  Om3Heca
oOycrnoBiena psimoM npudrH. C OJZHOM CTOPOHBI, B TaKOH MOJJACPKKE 3aWHTEPECOBAHBI Mallble
WHHOBALIMOHHBIE (PUPMBI, KOTOPBIE, HY)KJAIOTCS HE TOJBKO B (PMHAHCOBOW MOIJEPIKKE, HO TAKXKE B
TIOMOIIM TP PEIICHUH Pa3IMYHBIX MpoOeM, 0COOEHHO B Hadaue CBOEU AEATENIbHOCTH, BBI3BAHHBIX
OTCYTCTBHEM HEOOXOIMMBIX 3HAHWH B MapKeTUHTe, (PMHAHCUPOBAHNH, OYXTAITEPCKOM y4eTe, a TaKKe
TPYAHOCTSIMH TIOWCKA TOTpeOUTENe M YCTaHOBJICHHS C HUMH JEJOBBIX KOHTAakTOB. C Apyroi
CTOpOHBI, B TakoW MOJJEp)KKE 3aMHTEPECOBAHO TOCYAApPCTBO, MOCKOJIBKY Mablii MHHOBAIlMOHHBIN
OmM3HEC UTpaeT BECOMYIO POJbh B HaydHO-TeXHONorndeckoe pazpurue. K npumepy B CIIA mansie uH-
HOBAIMOHHBIE (PUPMBI CO3AIOT B 2,5 pa3a OOJbIlIe HHHOBAIMA Ha KaXKIBIH BIOKEHHBIN OJUIap, YeM
KpYITHBIE KOMIIAHWH, U OBICTpEE M C MEHBIIUMHU 3aTpaTaMU BHEIPSIOT UX B POU3BOJICTBO.

Crpyxrypa rocynapcreHHblx nHBecTHIHid B HUOKP 1 OTP B 0CHOBHOM HOCHUT OTpaciieBOM
xapakrep. Tak, B CIIA B o0macTsx, OTBEYAIONMX BaXHEHIINM TOCYIAapCTBEHHBIM HHTEpecam
(obopoHa, KocMUYeCKHe uccliefoBaHus u T.1.), pacxoasl Ha HUOKP u OTP monHocThio Oeper Ha
cebs rocymapctBo. B oOnacTsax, oTBedarOmMX OOIIErOCYAApCTBEHHBIM HWHTEpPECAM pPa3BUTHS
SKOHOMHMKH B L1eNIoM ((yHIaMeHTalbHbIE HCCIIEIOBAaHNS, 3PaBOOXPAHEHHE, SKOJIOTHA, CeiCMUYEcKas
06e30macHOCTh, CETLCKOE XO3SHCTBO | T. 11.) TIaBHas oTBeTCTBeHHOCTH 32 HUOKP 1 OTP noxwurcs Ha
rocyJapcTBO, NPH O3TOM Mepa OTBETCTBEHHOCTHM HETOCYAAPCTBEHHOI'O CEKTOpa 37eCh MEHee
3HAaYMTEJIbHA BBHJY HEJOCTaTOYHBIX CTHUMYJIOB BJIOXKEGHHS YAacTHBIX CpeAcTB. B  obmacrsx,
OTBEUAIOUINX B OIpENENeHHOM Mepe UWHTepecaM M TOCyNapcTBa, W YAaCTHBIX KOMIIAHHMA
(HeTpagULUMOHHBIE BUABI SHEPrUH, HOBEHIINE KOHCTPYKUMOHHbIE Marepuasnsl s BBC wu
rpaXJaHCKOH aBHallM, aBTOINPOMA U T. J.) TOCYAAapCcTBO, C OJHOW CTOPOHBI, HECET 3HAYUTEIbHYIO
JIOJIF0 OTBETCTBEHHOCTH, C IPYTON - aKTUBHO CTUMYJIMPYET YCHIINS HETOCYAapCTBEHHOI'O CEKTOpa.

OnsIT MHAYCTPHAIBHO Pa3BUTHIX CTpaH MOKa3bIBaeT, 4To MeTo bl nHBecTHpoBanus HUOKP n
OTP HenpepblBHO MEHSIOTCS B 3aBUCHMOCTH OT MHOTMX (DaKTOpPOB: HPHUOPHUTETHOCTH,
(GYHKIMOHAIEHOW CTPYKTYPBI HCCIE0BAaHHMA, HAIpUMep, 101 (QyHIaMEHTaIbHBIX HAYK, 8 B paMKax
NPUKJIAIHBIX - OT YAENBHOTO Beca JOJITOBPEMEHHBIX HCCIIEI0BATENbCKUX padoT, pEIIalonmnx
npoOJeMbl IIMPOKOT0, YacTo OOLIEHAIMOHABHOTO MaciTadba. D¢pdekT MeToqoB (UHAHCUPOBAHUS
HEOJIMHAKOB Ha Pa3HBIX CTATUSAX OT pa3pabOTKH HIEH IO MPOM3BOJICTBEHHOTO OocBoeHus. Ecmu mus
(byHAaMEHTaJIbHBIX M JIOJATOCPOYHBIX IMPHKIAIHBIX HCCIECIOBaHUHN OOJIbIIE BCErO ONpaBAajlo ceds
rocOrkeTHOEe (PMHAHCHUPOBAHHUE, TO AJIsl CTAJAWU MPOU3BOJICTBEHHOTO OCBOCHUSI MHHOBALMH, KOT/a,
KaK TMpaBWIIO, YXYAIIAIOTCA IKOHOMHUYECKHE [TOKA3aTeld, Jalle BCETO MPEIOCTABIISIOTCS BPEMEHHBIE
JBrOTHI, OCOOCHHO Ha NPUOPHUTETHHIX HampaBleHUsX. Bce Oojiee pacmpoCTpaHEHHBIM METOJO0M
(MHAHCOBOM MOAJEPKKM CTAHOBHUTCS KpPEAWUT, BO3BPATHOCTb KOTOPOro OOECHeuMBaeTCs 3a CHET
a¢dekra, momygaeMoro mocie OCBOEHHS HOBBIX TEXHOJOTHA, TO €CTh B KOHEYHOM HTOT€ 3a CUEeT
pactymiei 3 PeKTHBHOCTH HAYYHO-TEXHOJIOTHUECKOTO PA3BUTHSL.

Heobxomumocts TocynapctBeHHoro wuHBecTupoBanus HHWOKP w OTP Bri3Bana camum
XapakTepoM HayKd, pacTyiledl poiiblo  (yHJIaMEHTAJIbHBIX W JOJTOCPOYHBIX  MPHUKIAJTHBIX
uccnenoBanuil. IlocTeneHHO BO3ZHHUKIO CBOEOOpasHOE pas3jeleHHe Tpylla MEXIy T'OCYAapCTBOM M
KOPIOpAaMsAMHU:  JOPOTOCTOALIME WM OPUEHTHUPOBAHHBIE HA  JUIMTEIBHYIO  IEPCIEKTUBY
GbyHIaMEHTaJIbHBIE W MPUKIAIHBIC HCCISIOBaHUS OepeT Ha ce0s ToCyaapCcTBO, a MCCIICIOBAHMS H
Pa3paboTKN C MEHBIIUM PHUCKOM M OOJbIIEH ONMpeAeeHHOCThI0 (DMHAHCUPYIOT Kopropanuu. Takoe
pasfienieHue TpyJa CIOKWIOCh IOCTENEHHO, MO0 MEpPE OCO3HAHUS WCKIIOUUTENBHOM Ba)KHOCTHU
paButHa  (QyHOaMeHTanbHOH  Hayku. broketHoe — (uHaHCHpoBaHHME — (YHIAMEHTAIBHBIX
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HCCJIEIOBAHNH JAaeT KOPHOpalusiM BO3MOYKHOCTh MPOBOJIUTH MPUKIIAJAHbIE M3BICKAHUS HAa MPOYHOU
TEOPETUYECKOI OCHOBE, IKOHOMSI BpEMs U CPECTBA.

B OonbmmHCTBE WHAYCTPUATBHO PA3BUTHIX CTpPaH OKOJO 1/5 OIOMKETHBIX aCCHTHOBAHHWW Ha
HayKy TNpeAHazHadaeTca Uil (QyHIAMEHTAIBHBIX MCCIeJOBaHMA. TakuMm 00pa3oM MOKpHIBAETCS
neBuHas gons (B CLHA, x mpumepy 2/3) Bcex HalMOHAJbHBIX 3aTpaT Ha (yHIaMEHTaIbHBIC
uccnenoBanuss. OOHUM U3 TJIaBHBIX KOMIIOHEHTOB WMHHOBalMoHHOW monuTuku CIIIA crtanoButcs
noaxon K (uHaHcHpOBaHHMIO (yHIAMEHTAIBHOW HAyKd KaK K HaKOMHUTEIbHO-PE3EpPBUPYIOIIEMY
nporeccy, TpeOymomeMy CTa0HIBHOTO PpECYpCHOrO oOecredeHusl, IIOCKOJIbKY HEraTUBHBIE
MOCJIEACTBUSL PHIHOYHBIX KOJUIM3MM HA OJHOM 3Tale HEBO3MOXKHO KOMIICHCHPOBATh JAXE PE3KUM
YBEJIMYEHHEM aCCUTHOBAHUH Ha MOCIEIYIOIUX dTanax.

TeHaeHIMAMH poCTa XapaKTEepU3YyIOTCS TOCYJAapCTBEHHbIE MHBECTHLUM B IPHUKIAJHBIC
UCCJIEZIOBaHUs, YTO 00YCIIOBICHO UX BO3PACTAIOIIEH CTOMMOCTBIO, KOMIUIEKCHOCTBIO M JUIUTEIBHOCTHIO.
Crano OTYETJIMBO MPOSIBISITBCS CTPEMIICHHE TOCYAapCTBa CHATH ¢ abopaTtopuil (UpM 4acThb 3aTpaT 1o
NPUKJIQJTHON TEMaTHKE 3a CYET MEPeKIIoYcHUs ee (PUHAHCHPOBaHHS HA TOCOIOIDKET, KaK 3TO YKe
NpOU30LUIO ¢ (yHIAaMEHTAIbHON HayKoW. Bemyime mHAycTpuaabHbIE CTPaHbl CTPEMATCS 00ECIEUUTh
HaykoemkocTh BBII Ha yposae 3 % (SImonus - 2,99 %, CLIA - 2,7 %, ctpanst EC - 1,95 %).

B crparerun ¢unancupoBanus HHMOKP u OTP Bce Oonblie yaenseTcs BHUMAaHHS K
COLMANIbHBIM Ipo0ieMaM. XapaKkTepHOU 4epPTOl COBPEMEHHbBIX HHHOBAIIMOHHBIX IPOLIECCOB SIBISIETCS
BO3pacTaHue poii (POHAOBOTO pHIHKA KaK HMHCTPYMEHTa WHHOBAIIMOHHOTO WHBECTUPOBAHHSI.
IlosiBnenne Ha (OHOOBBIX PBIHKAX AaKIWH, CBS3aHHBIX C HOBBIMH TEXHOJOTHSMH, PAaCILIHUPUIIO
JIUana3oH IOUCKAa KpUTepHeB 3(PQPEKTHBHOCTH WHBECTUPOBAHHUS M BMECT€ C TeM H3MEHUIIO
3KOHOMUYECKOE COJIEpKaHNEe KOHKYPEHIIUH.

B coBpeMeHHBIX YCIIOBHAX MHTEHCH(PHMKALUK HAYYHO-TEXHOJIOIMYECKOTO Pa3BUTHSI OCHOBHOM
JBIDKYIIEH CHJION KOHKYPEHIMH CTAaHOBHUTCS CKOPOCTh peanu3aluyd HWHHOBauud. s yckopeHus
WHHOBAIIMOHHBIX MPOLIECCOB KOPIOPALUK BBIHYK/JCHBI YBEIUUNBATh MacIiTaObl MHBECTUIIHMMN, YTO, B
CBOIO OYEpenb, CHIXKACT JAOXONHOCTh HUX akiui. Takas Koppemsiuuss Mexay AUHAMUKON
WHHOBAIIMOHHOTO DPa3BUTUSI (UPM M CTOMMOCTBIO aKUUK TpedyeT OT (OHAOBOrO pBIHKA YydeTa
JIOJITOCPOYHBIX KOMMEpPYECKMX MepCIeKTHB. Hepeaxo cTOMIo KOMITaHUSM JIMIIb 3asBUTh O HOBBIX
JOPOTOCTOSIIIMX HAayYHBIX MPOEKTAX, PE3yJbTaThl KOTOPBIX OyIyT M3BECTHBHI B BECbMa OTHAJIEHHOM
Oyxaymiem, Kak (OHIOOBBIM PBIHOK TYT )K€ pearupoBasl Ha 3Ty MHPOPMALUIO, U KypChl aKLUH 3THX
KOMITaHUH 3a CYMTaHHBIE JIHU BBIPACTAIHM B HECKOJILKO pas3, [0 3TOH MpUYHHE, POJb (POHIOBOTO PHIHKA
Kak MeXaHM3Ma YydeTa JOJTOCPOYHBIX MEPCHEKTUB LMKIMYECKH MEHSETCs, IOHIKasICh JMOO
noBbImasicb. HecMOTpst HAa TO YTO PBIHOK LIEHHBIX aKIUH A0 CHX MOp ocTaercst chepoil TOproBiu
pPUCKaMU U OXXUAAHUSIMH, MIPU pa3pabOTKe JOITOCPOYHON CTpaTeTHH MHBECTOP, KaK MpPaBWIIO, Y4H-
TBIBAET CBSI3b MEXIY pe3yJibTaTaMH MICSTENbHOCTH M KypcoOM akKUuil (QUpPMBI Kak MoKa3aTens,
BBISBJISIIOIIETO  YOBITOYHOCTh MM PEHTA0EIbHOCTh (UPMBI B MEPCHEKTHBE. B NPOMBIIIIEHHO
Pa3BUTHIX CTpaHaX PHIHOK IEHHBIX OyMmar JaeT OCHOBHYIO YacTh BCEX ()MHAHCOBBIX WHBECTHIIHIA,
KOTOpbIE 3HAYMTENIFHO MPEBOCXOAAT peaIbHble MHBECTHLMH - B OCHOBHOW M OOOpPOTHBIN KamWTall,
3eMJII0 U HEABMKHUMOCTh. bosiee Toro, 000poT neHHbIX Oymar SIBJISIEeTCS CYLIECTBEHHBIM NCTOUHHKOM
MOBBIIIIEHUA OOIIEro YypPOBHS JOXOJOB BCE paCIIMpPSIOMIErocs Kpyra akuuoHepos. [loatomy
NIPUBJIEKATEIBHOCT JAHHOTO BUAAa MHBECTUIMI CIIOCOOCTBYET pacIiiMpeHHI0 (POHAOBBIX PHIHKOB.

Pa3BuTHe WHHOBAIIMOHHOHM [JEsTEIBHOCTU oOmpenensercs (OPMUPOBAHHEM HHHOBALMOHHOW
UHQPACTPYKTYpBl: HHHOBAI[MOHHBIX OW3HEC-WHKY0AaTOPOB, HHHOBAIIMOHHBIX IIEHTPOB (B TOM YHCIIE,
LEHTPOB TpaHchepa TEXHOJIOTHIT), TEXHOIAPKOB U TEXHOIIOJIMCOB.

®opMHUpOBaHHUE FOCYJAPCTBEHHOI0 CEKTOPA HAYKH paHbIlIe APYTUX CTPaH HAYaJIo MPOUCXOAUTH
B CIIIA, rme mepBoit u HambOosiee mpoctoit opranmsanuoHHoi ¢opmoit HUOKP u OTP cramm
roCyJapCTBEHHBIE J1IA00paTOpUH, (QUHAHCHPOBAHHE KOTOPBHIX OCYIIECTBIISIOCH IO HMHCTHTYLHO-
HaJIbHOMY IIPUHLUILY, @ YIPaBJIEHHE BO3Iarajloch Ha aAMUHHUCTPALINIO TOCYIaPCTBEHHBIX BEAOMCTB.

Bonpiioe 3HaueHmne 1151 TOCYAapCTBEHHOT'O HAYYHOTO CEKTOpPa ChIrpajia pa3paboTka 1 MIHPOKOe
pacnpocTpaHeHHE  NPOTrPaMMHO-LIEIEBBIX ~ METOJOB  OpraHM3allMd  Haykd.  BxirodeHue
rOCyJapCTBEHHBIX JTA0OPATOPHHA B YHCIO COMCIOIHUTENEH MHOTOOTPACIIEBHIX OOIICHAIIMOHAIBHBIX U
BEJJOMCTBEHHBIX NPOTPaMM a0 BO3MOXKHOCTb B pAJE CIy4aeB JHUKBHIUPOBATH MEIKOTEMbBE
Hay4HBIX paboT, TeCHEe YBSA3aTh OCHOBHBIC HAIIPaBIICHUS M IJIaHBI HWCCIIEAOBAHMUHN JIaOOpaTOpHH C
MPUOPUTETaMH, TPOBO3MVIAIIEHHBIMU B KadeCTBE IEPBOOYEPENHBIX I aMEPHKAaHCKOW HayKH.
OnHaKo NPOrpaMMHO-IIETICBOM MOAXOA K OpPraHM3allMd HAYYHBIX HCCIEJOBaHWI HeceT B cebe u



LSISANZIR I bS506IN6H() bOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2016 19

OTpHULIATENIbHBIE YEepThl, BIUSHHE KOTOPHIX Ha 3(PQPEKTHUBHOCT pabOThl ToOCyIapCTBEHHBIX
nabopaTtopuii MPOSBUIIOCH AOCTaTOYHO TMOJHO ¢ KoHOa XX crojerusi. CIOXHUBIIAsCS K 3TOMY
BPEMEHH IIPAKTUKA €KETOJHOI0 paclpelesieHus OromKeTa BHYTpH (heepaqbHOro HayqyHOIO CEKTopa
M0 MporpaMMaM He Jeflajia UCKIIOYeHHS M JUIS (QyHAaMeHTalIbHBIX HayK. DyHaaMeHTaJbHBIE Ke
WCCIIEIOBAHUS B CHITy MX JTOJITOCPOYHOTO XapakTepa, HeONpeneIeHHOCTH Pe3yIbTaToB, TOTPEOHOCTH
B YHUKQIBHBIX CHEIHMAINCTaX U OOOPYAOBAaHWU HYKIAIOTCA HE TOIBKO B JOJITOCPOYHOM
NPOrpaMMHUPOBAHUH, HO U COOTBETCTBYIOLIEM (PUMHAHCHPOBAHHMU. YUET 3THX TpeOoBaHHH 0COOEHHO
Ba)KEH ISl TOCYAAapCTBEHHBIX JTabopatopuii. Kpome Toro, exxerognoe pacnpeaeieHue (eaeparisHOro
Hay4YHOro OOJKETa [aeT BO3MOXKHOCTh HOBOH TIOCYNapCTBEHHOM aJAMUHHCTPALMM KapIUHAJIbHO
MEHSITh IeJIeBbIe YCTAaHOBKM B HAYYHO-TEXHOJOTMYECKOH cdepe, YTO HEraTHBHO OTpa)kaeTcs Ha
JeSITEIbHOCTH TOCYJApCTBEHHBIX J1a0OpaTOPHid, JUIIECHHBIX YBEPEHHOCTH HE TOJBKO B CTaOMIBHOM
¢uHaHCOBOM 0OECIEeUeHHH, HO M HEM3MEHHOCTH CTOSAIIMX Mepel] HHUMH Hay4yHbIX 3ajad.
OparMeHTapHO-JTaTEHTHBIM XapakTep (QYHKIHMI KPYMHBIX TOCYJapCTBEHHBIX J1abopaTopuil, co3maeT
WHEPIMOHHOCTh B WX (YHKIMOHAIBHOM OO0CCICUEHUH, MPHUBOAUT K TMPEBBIMICHHI0 MAacHITaboB
na0opaTtopuil MO CpPaBHEHHIO C pElIaeéMbIMH MMM 3aJadaMd. OTa MpobjeMa CyIIeCTBYeT M B
HACTOsILLEE BPEMS.

3a mocienHuWe TOABI MEXAY BEAYUIMMH HHIYCTPHAJBHBIMH CTpaHaMU TOSIBUJINCH
ONpelleJICHHbIE  PACXOXKIOCHHWS B IOAXOAE€ K  Pa3BUTHIO TOCYAAPCTBEHHOIO  HAyYHO-HC-
ClIeIoBaTeIbCKOro cekropa. Tak, monutuka aaMuuaucTtpanuu CHIA, HampaBieHHas Ha aKTHBHU3ALMIO
pomu dactHbix upm B chepe HUOKP u OTP, mpuBena kK CHKEHHIO POIH TOCYIAPCTBEHHOTO
HAaY4YHO-MCCIICIOBATENbCKOTO CEKTOpa MpH pa3paboTKe, OpraHM3aliy U peann3alud KPYMHEUITHX
HanmoHadbHbIX mporpamM HUOKP un OTP. ChopmupoaBmascs B CLIA koHumenmus uiaeanbHON
ctpyktypsl chepst HUOKP u OTP npennonaraer koHIeHTpaIwio (pyHIaMEHTAIBHBIX HCCIIeIOBAHIHA
B YHHMBEPCHUTETAaX, NPUKIATHBIX MCCICAOBAaHUA - B TOCYZApCTBEHHBIX JIAOOpaTOpHAX, a
TEXHOJIOTHUECKHIX pa3padOTOK - B IPOMBIIIIEHHOCTH.

IToutn Te ke MPUHLMIBI 3aJ0KEHBl M B HAay4YHYIO TNOJUTUKY BenukoOpuTaHuu, a TO4HEe:
COKpalleHue OrKeTHOro ¢puHaHcupoBaHus rocynapcrseHHoro cekropa HMOKP u OTP, nponaxka
4yacTH JlabopaTopuil YacTHEIM pupMam. BmecTe ¢ Tem npaButenscTBo BennkoOpuranum pa3padorasno
psin  Mep, KOCBEHHO CTUMYIMPYIOIIMX  pacIIMpeHHe  KOHTPAKTHBIX  B3aMMOOTHOIIEHUH
roCyJapCTBEHHBIX J1a0OpaTOpuil U MPOMBILIJICHHOCTH, YTO HE TOJBKO BOCIIOJHSET U CTAOMIM3UPYET
OrokeT J1abopaTopHid, HO W TMOBBIMAET dPPEKTUBHOCTH MPOBOJUMBIX UMH HCCIIEJIOBAHUHN 3a CUET
npakTudeckoro ocsoeHus pesynbratoB HUOKP n OTP. OnpeneneHnble maru B 5TOM HalpaBICHUH
Hauasa jaenarts u I 'epMaHusL.

Haubomnee cepre3nbie Mephl TI0 peopranuzanuu rocyaapcrserroro cekropa HUOKP u OTP B
LEeNsAX TIOBBILICHUS €ro pPOJIM B HAyYHO-TEXHOJIOTMYECKOE pa3BUTHE MpeanpuHsiia PDpaHuus.
I'ocynapctBennsiii cekrop HUOKP u OTP ®panmmm goctur HauOOJBIIMX MaciTabOB cpenu
BEAYIINX WHIYCTPUAIBHBIX CTpaH: OH ocBamBaeT Oosiee 40 % HaMOHATBHBIX 3aTpaT Ha HayKY.
Bmecte ¢ TeM uMeNn MeCTO paspblB MEXIy pe3yJbTaTaMH HCCIEAOBAaHMH M HMX NPaKTHYECKUM
WCIIOJIb30BaHUEM, YTO B HEMAJION CTENEeHU ObUIO Pe3yJbTaTOM MPEUMYIECTBEHHO (QyHIaMEHTaIbHON
HAIPaBJIEHHOCTH HCCIEAOBAaHUI TOCYIAapCTBEHHBIX J1a00OpaTOpHii, HEIOCTaTOYHOCTH WX CBS3EH C
MpOMBINUIEHHOCTBI0. [loaTromy ®panuusa B pasButuu rocyaapcrBeHHoro cekropa HUOKP u OTP
JIeNaeT CTaBKy Ha CO3/IJaHHe HAyKOEMKHX IPOU3BOJICTB.

IlepBocTenieHHass posib B peaju3alydyd ITOW IIOJIMTUKH OTBOAMTCS KpyIHEHIIEHd HaydHO-
uccienosarenbckod opranmzaumu @Opannum, HamuonanbHOMYy LIEHTPY HaydHBIX MCCIEIOBAaHUM
(HIIHH) - Le Centre national de la recherche scientifique (CNRS), xoTopslii akTUBHO paboTaeT Haj
CO3JIaHMEM CETH TMpPEJICTABHTEIHCTB BO BCEX PETHOHAX CTpPaHBl, OCHOBHOW (YHKIHMEH KOTOPBIX
SBJIICTCS] IOMOIIb 110 3aKJIIOUEHUI0 KOHTPAKTOB LIEHTpA MPEUMYILECTBEHHO ¢ MajJbIMU U CPEIHUMHU
¢upmamu, pekiama pe3yJIbTaTOB HCCIEOBaHMN Jabopartopuil neHtpa. HaydHble uccienoBaHus,
OCYIIECTBIISIEMbIE B YHUBEPCHUTETAX, HOCAT MIPEUMYIECTBEHHO (hyHIaMEHTAIbHBIA XapakTep. Takum
00pa3oM, YHHBEPCHTETHI, aKTHBHO YYacTBYS B MHHOBAalMOHHBIX Ipoleccax, (GOpMHUPYIOT, Ipexae
BCETO, PyHIAMEHTAJbHYIO 0a3y HAyYHO-TEXHHYECKOTO Pa3BHTHS. DTUM OOBICHSAETCS 3HAUNUTENBHBIN
YpOBEHB PACXOJIOB Ha MPOBOJMMBIE B HUX HccienoBanna. OJHAKO CTEIIEHb PECYPCHOTO 00ecTieueHus
HayKd B YHHBEPCUTETaX OCTaeTcsl Bce e 0ojiee HHU3KOH, YeM B TOCYJapCTBEHHBIX HAayYHBIX
YUPEXKISHUSAX U IPOMBIIITIEHHOCTH.
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OKOHOMHYECKOE 3HAUEHUE HaYYHBIX MCCIETOBaHUM B MPOMBIIIJIEHHOCTH 3aKII0YaeTCs B TOM,
YTO OHU CO3Jal0T MOTEHIMal HOBBIX TEXHOJOTMYECKMX Bo3MoxkHocTed. Kopmopauus, Bemymas
Hay4HbIE€ MCCIIEJOBAHMS, MOKET OJHOM M3 NEPBbIX PeaIn30BaTh HOBBIE TEXHOJOIHH B IPOU3BOACTBE.
CuibpHOE Hay4HO-HCCIIEIOBATENbCKOE MOApasfeiieHne (UPMBI MOXKET OOECHEeUYHTh OMNEepeKarouIyro
KOMMEPIHAIN3ALUI0 PE3yJIbTaTOB HAYYHBIX HCCIIEJIOBAHUN WM HM300pETEHHH M TakuM 00pa3oMm
€03J1aTh OCHOBBI JOJITOCPOYHON KOHKYPEHTOCIOCOOHOCTH (prupMmbl. [1j1st 3TOTO Moxpasnesnenue Gupmbl
JOJDKHO BECTH KaK MpPUKIagHble, TaK W (yHOAMEHTalbHBIE HCCIeNOBaHUs (WM HUMETHh TECHBIE
KOHTaKThl C HAayYHBIMH YUPEXKACHHUSIMH, 3aHUMAIOIUMHCA (yHIaMEHTaIbHOH Haykoil). B To ke
BpEMs1, BBILICYIIOMSIHYTasl, KOPIIOpalysa JODKHA YMETh 3((EKTHUBHO CBSI3bIBATh TEXHOJIOTUYECKUE U
PBIHOYHBIE BO3MOKHOCTH.

Ponp kopropanuii B HMHHOBALIMOHHBIX IpOLECCAX HMHIYCTPHUAIBHO Pa3BUTBIX CTpaH
ompeesIgeTcs IByMsl OCHOBHBIMHU (pakTopamu: MaciiTabaMH MCIOIb3YEMBIX PECYPCOB U MOIy4aeMbIX
pe3yapTaTOB M SKOHOMHUYECKOW OTBETCTBEHHOCTBIO 3a CO3/IaHHME U KOMMEPYECKYIO PEaTU3allUi0
JOCTHKEHUH Hay4dHO-TeXHOIoruueckoi aesrensHocTy. Jons 3atpat Ha HUOKP u OTP xopnoparuit
B 00meM oopeme HarmoHanbHBIX HMOKP 1 OTP myist 6onbnimHCTBa HHAYCTPUATIBHO PA3BUTHIX CTPaH
npesbiaer 65 %, a B cpeaem no crpaHam ODCP(Opranuzanus S3KOHOMUYECKOT0 COTPYTHHUYECTBA
u pa3Butuga - Organisation for Economic Cooperation and Development, OECD - mexayHapoaHast
MEXIOCYIapCTBEHHAs] OpraHu3alus SKOHOMHMYECKH Pa3BUTBIX cTpaH) mnpuOmmxaercs k 70 %.
Jlugepom B 3TOM oTHOmIeHuH sBIsAOTCS CIIIA - amepukaHckue KOpHOpaluu BeAyT MOYTH B 3 pasza
OonpImii 00BEM UCCIIEOBAHUM, YeM AMMOHCKHE, W MPHUMEPHO B TaKOW YK€ MEpe ONepeKaroT BMECTE
B3sThIe eBpomneiickue kommnaHuu. Beicokue temmnbl pa3Butuss HUOKP u OTP B roXHOKOpEHCKHX
KOMITaHUSX MPHUBENIO K TOMY, YTO TIO 3aTpaTaM Ha HAayKy OHU NPUOIIDKAIOTCS K KOMIAHUSIM KPYITHBIX
eBporeiickux crpad. Cpeau eBpoIeicKuX cTpaH mo oObemaMm (UHAHCHPOBAaHUS KOPIIOPATHBHOM
Hayku Beiaensercs LIsenus.

MacmtaObl 1 IPHOPUTETHI HAYYHBIX MCCIIEA0BAHUIA B IPOMBIIUICHHOM CEKTOPE OMPEEINIIOTCs B
NEpPBYIO OdYepelb 3afadaMd MOIJICPXKAaHUS KOHKYPEHTOCIOCOOHOCTH. YacTh wHccClienoBaHMH B
KOMIIaHUSIX, TPEXKIE BCEr0 B a’dPOKOCMHUYECKOW OOJacTH W B IIPOM3BOJACTBE BOOPYKEHHI,
MOJ/IEP’KUBAETCS TOCYIapCTBOM, OJHAKO JIOJISl TOCYNAPCTBEHHBIX MHBECTHLIMI B I1I€JIOM HE SIBIISETCS
pematomieil. Hanbonee 3HaunTeneH Bkiaza rocynapersa B puHancupoBanue npombiiuieHHbIx HUOKP n
OTP B CIHA u Utanuu. B BenukoOpuranun, @pannmu u Kanage atot Briag MeHee BecoM. MeHbIie
BCETO TMOJIYYal0T CPEACTB M3 rocyaapcTBeHHOro Oropkera Ha mpoenenue HUOKP u OTP smonckue
KOMITaHUH. B 11e1oM 17151 HHAyCTpHaIbHO Pa3BUTHIX CTPAH XapaKTEPHO NOCTENEHHOE YMEHbBILIEHUE 10N
rOCyIapCTBEHHBIX pacxoa0B B ¢puHaHcupoBaHuy npombiinieHHsIx HUOKP u OTP.

Hayunble uccienoBaHusl B NMPOMBIIIJIEHHOM CEKTOPE OTJIMYAIOTCS BBICOKOM KOHIIEHTpaIuei
pecypcoB B HEOOJIBLIOM uHcie KpymHbIX Kopnopauwii. Hampumep, B CILA Bcero 1 % u3 ob6mero
yrcna xommnanud, Beaymumx HMOKP, konrpommpyror okono 70 % pacxomyembix cpeicTB (Kak
YaCcTHBIX, TaK U (enepanbHbix). KoHIEHTpalus Uconb30Banus (heepalibHbIX CPEJICTB €Ille BHIIIE:
0,5 % xommaHui mnomy4aroT moutd 84 % acCUrHOBaHMI, BBIIEISAEMBIX IOCYIapCcTBOM Ha HAYKY
NPOMBIIIJIEHHOMY CEKTOpPY. DTO O0OBSCHSIETCS N3BECTHBIMU NPEUMYIIECTBAMH KPYIHBIX KOPIIOpALHii:
MM TIO CHJIaM JIOPOTOCTOSIIIINE U JUTUTEIHHBIE TIPOEKTHI, CBSI3aHHBIE C (PyHIaMEHTAITHHBIMH HCCIIEI0Ba-
HUSIMH; OHHM BEIYT MHOTOIIEJIEBBIE MCCIEJOBAHUS M MOTYT MapajlielIbHO OCYILECTBISTH pa3padoTKy
OJIHOTO WJIM HECKOJBKHMX aJlbTEPHATHBHBIX HOBIIECTB, TaK YTO KOMMEPYECKHE YCIIEXH OJHHX
MPOEKTOB MOTYT KOMIIEHCHPOBATh YOBITKM OT TMpoBaja Apyrux. Bmecte ¢ TeM BBICOKas CTENEHb
MOHOTIOJIM3AIIMM HaYKH BBI3BIBAET Psii poOJieM, IMiaBHast U3 KOTOPBIX — CHI)KEHHE KOHKYPEHTHOTO
JIaBJICHHA KaK JBWKYIIEH CHJIBI HAyYHO-TEXHOJOTMYECKOro pa3BuTHs. KpynmHble KOpHopauuu 4acto
OKa3bIBAIOTCSI HECITOCOOHBIMU OBICTPO pearupoBaTh Ha M3MEHEHHE PBIHOYHBIX YCIIOBHH W JIENaTh
CTaBKy Ha HOBBIE TEXHOJOTMH. WX TMpPUBEpKEHHOCTh K YCTOSBIIMMCS HMJIESAIM CTaHOBHUTCA
MIPETATCTBUEM K HCIIOJIB30BAaHUIO MHHOBALIMH, IPHYEM JaXKe TEX, KOTOPBIE POXKAAIOTCS B KOPIIOPATUB-
HBIX HAYYHO-HCCIIEI0BATEIBCKUX IEHTPaX.

[lomo6GHOrO pona mpoOieMbl HE CBOMCTBEHHBI MajloMy OHM3HECY, Ui KOTOPOTO XapaKTEPHBI
BBICOKasi MOOWJIBHOCTb M CKJIOHHOCTH K PHCKY, YTO OCOOEHHO Ba)XHO MNpH pPa3pabOTKe HOBBIX
TEXHOJIOTHA. Masblii HayKOeMKUi OU3HEC pa3poccst M YKPENwiIcs B Tocaeaane Toasl. OIHAKO Maibie
(GupMBI BOBCE HE BBITECHSIOT KPYIHBIE KOPIOPALMH, @ 00pa3yloT ¢ HUMHU )KM3HECTIOCOOHBII cuMOM03,
B KOTOPOM KPYIHbIE KOPIOPALMH, KaK MPaBUJIO, BEICTYNAIOT B KAYECTBE 3aKa3YMKOB U NOTpeduTeeit
MHHOBAIIMOHHON MPOIYKIIMU MAIIBIX (QUPM.
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B otpacneBoii ctpyktype npomsbinuieHHbIXx HUOKP u OTP mpoucxoaut mocTeneHHBIH pocT
YIENBbHOTO Beca HWCCIEIOBAaHUKM W pa3pabOTOK, CBA3aHHBIX C CO3JaHHEM HE MPOLYKTOB WU
TEXHOJIOTHH, a yCIyT, oco0eHHO B cdepe mHDopMatmzanuu. Tak, B CIIIA gonroe Bpemst Hamboiee
macmtabuele HHWOKP wu  OTP  mpoBomwimch B a3pOKOCMHYECKOHW — MPOMBIIUICHHOCTH,
ABTOMOOMJIECTPOCHHH M 3JIEKTPOTEXHHYECKOM MAIIMHOCTPOeHHH. Ha KakAylo M3 3THX OTpaciel
npuxonmiock 10-15 % pacxomos Ha HUOKP n OTP. B npowmbiieHHON HHPPACTPYKTYpe BEIyIITHE
No3uLMK 3aHuMaeT cdepa ycuyr, rae nois pacxogoB Ha HHUOKP u OTP umeer tenaeHuuio
yBenuueHus. [logobnas Tenaenuus Habmronaercs B Snonun u crpanax EC.

B rmobanpHOM MacmiTabe, mociegHHE TOABl HanOoJee HAyKOEMKHMH U, COOTBETCTBEHHO,
OBICTPO Pa3BUBAIOLIMMUCS SABJSIOTCA OTPACIH, HPEICTaBIAOMINE HHOOPMAIMOHHBIH KOMIUIEKC U
(apManeBTUKy, U1 KOTOPBIX HAYKOEMKOCTh Kak oTHomeHue 3arpat Ha HUOKP u OTP k npogaxam
nocturaet 15-20 %.

KpynHele xoprnopaluy OKa3blBalOT OONBLIOE BIMSHUE HA Pa3BUTHE ILIEJIOr0 psiga HaydHO-
TEXHOJIOTHUECKMX HarpasieHui. Micropust XX B. IOKa3bIBAET, YTO CO3AAHKUE KaXI0I0 HOBOT'O TOBApPA,
(dbopMHpYIOIIEr0 OTpaciib, Kak MPaBUIIO, CBS3aHO C MAEATCIIBHOCTHIO TOW WM WHOW KpPYNHOW
Kopropanuu: apromoounu - Ford, neinon - DuPont, momynpoBonnuku - Bell, kommbiotepsr - IBM,
nporpamMmmHoe obecrieuenne — Microsoft, mpomeccopsl - Intel, dapmanepruka - Novartis, Pfizer,
Merck & Co, Johnson & Johnson, Roche u 1.1.

B nactosiiee Bpems B CLLA paboratoT 10 23 % ot obmiero yucia yueHsix, B Kurae 1o 15 %,
SAnonuu - 12 %. 3atpartsl B rox Ha ogHOro yueHoro coctaBisaor: B CLHA mo 270 teic. momn. CHIA,
SAnonun - 170 teic. pomn. CIIA, Kutae - 90 toic. nomn. CIHA. Hona CILIA B MUpPOBOM HayKOEMKOM
3KCIIOpTE TPaKJAHCKOW MPOAYKUMU ceroaHs npesbicuia 35 %, SAnonun - 31 %, I'epmanuu - 17 %,
Kuras - 8 %.

Ecnn mocMoTpeTh Ha rio0ajibHYI0 MAaTpHIly BBHICOKMX TEXHOJOTMH B LIEJIOM, TO B HEH MOXHO
BBIJICJIUTH CIEAYIONINE OCHOBHBIE BEICOKOTEXHONOTHUHBIEe 30HBI: CIIIA, cTpansl EBporneiickoro corosa
u crpansl Bocrounoii, FOro-Bocrounoit m FOxHON Aswm (BKJIOYas B TEPBYIO OdYEpeNb TaKue
asuarckue crpanbl, kak Smonus, lOxnas Kopes, Kwurait, Cunranyp, Wnaws). OcHOBHbIMH
MOKA3aTeNIAMH, OTIPEIEISIOIIMMH TOJI0XKEHHE TOW UM WHOM 30HBI, SIBJISIOTCS 0 30HBI B CTOUMOCTH
BBICOKOTEXHOJIOTHYECKOI'O  CEKTOpa MPOMBIIUIEHHOCTH U yciyr. CoOrjgacHO METOAWYECKUM
pexomerganusiM OOCP, k BBICOKOTEXHOJIOTHYECKOMY CEKTOPY MPOMBIIUIEHHOCTH OTHOCSATCS ISATh
oTpacjeii: aBHa- M pPaKeTOoCTpoeHue, (apmaneBTuKa (TPOU3BOJCTBO MEJIPENapaToB), OQUCHas
TEXHUKAa W KOMIIBIOTEPHI, 3JIEKTPOTEXHHYECKOEe O0OpynoBaHue (paauo, TeJeBHICHHE, CPEICTBa
CBSI3M), Hay4yHoe  mnpubopocTpoeHue  (MEOULUMHCKOE, TO4YHOe W onrtuueckoe). K
BBICOKOTEXHOJIOTHYECKOMY CEKTOPY YCIYT OTHOCATCS IISITh OTpaciieil: KOMMYHHKalluu, (PMHAHCHI U
CTpaxoBaHUe, YCIYT'H N0 KOHCYJIBTHPOBAHUIO OM3HECa, 00pa3oBaHKE U 3PaBOOXPaHEHHE.

3a mocnenHue roasl BblpactaeT nonst CHIA B mpoayuupoBaHUl BBICOKOTEXHOJIOTHYHOMN
MPOAYKINU TPOMBIIIJIEHHOCTH, TaKasi TeHACHIUS nHuIpoBaHa noauTukord CIIA 1mo BEIMaHMBaHMIO
HAYYHO-TEXHHMUYECKOTO TIepcoHana (CHUcTeMa TPHH-KapT, MEXAYHApOAHBIX 00pa3oBaTeNbHBIX U
UCCIIEIOBATENbCKUX TPAHTOB, OoJiee BBICOKMH YPOBEHb OIUIATHI TPyJa M MOTHBALMK HAayYHOTO
MepCcoHala) U3 APYTruX CTPaH U MPHUHATHIO Ps/ia 3aKOHOIATENBHBIX aKTOB, CTHMYJIMPYIOLINX Pa3BUTHE
BBICOKOTEXHOJIOTHYHOTO W HHHOBAI[MOHHOTO OM3Heca, BKJIIOYAs LIMPOKOE DPa3BUTHE BEHUYPHOTO
NpeANPUHAMATENBCTBA, KOTOPOE MpEACTaBIseT co00i BecbMa 3¢ ¢GeKTHBHYIO (HOPMY HHBECTHUIIHM.
Tak, B CIIIA B cexkTope HayYHBIX MCCIEOBAHNUN 3aHATO B 1,5 pa3a Ooble CIEUaTUCTOB B pacueTe
Ha 1000 paGotHukoB, yeM B EC. Pa3priB B pa3BUTHM BBICOKOTEXHOJIOTUYHBIX CEKTOPOB 3KOHOMHUKHU
CHIA u EC B neHexHoM BeIpaxeHuu coctapisieT okono 150 mupa gomn. CHIA B ron, ¥ OH ¢ KaXIbIM
roJioM yBenuuuBaercs. [Ipyu 3TOM HarsAHBIM IPUMEPOM S(PPEKTUBHOCTH BEHUYPHBIX WHBECTHUIIHIA
ABJISIETCS cenyromuid GakT: no naHHbIM HannonanbHOM acconmanuu BeHuypHOro kanuraita CHIA -
BeHuypHble npeanpustus B CLIA npousBogsar 92 % npoayKuuu oTpacid OHOTEeXHOJIOrui, okono 70
% mpou3BOACTBA KOMIIBIOTEPOB, OoJtee 36 % MporpaMMHOTO OOECTICUCHHS.

[ns coBpeMeHHOW MupoBOM 3koHOMHMKM CIIA SBISIOTCS NMHOHEPOM B CTUMYJIMPOBAHHUH
NPOLIECCOB KOMMEpLHMAIN3alUN HHTEIUIEKTYaJbHOH COOCTBEHHOCTH B TOCYAAapPCTBEHHOM CEKTODE.
O6bem natenToBanus B yauBepcutetax CIIA yBenmmunBaercs ObicTpee, yeM o0l 00beM MaTeHTOB,
YeM POCIHM pacxoAbl YHHMBEPCUTETOB Ha HCCieqoBaHUsA. KonMuecTBO MaTeHTOB, MOJyYEHHBIX
YHUBEPCUTETAMH U POJCTBEHHBIMH OpraHU3allMsAMH, BBIPOCIO B 7 pa3 3a MOCIEAHHUE TOABI
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Yuusepcutetsl CLIA yBenuumin cBOIO MPepacloyioKEHHOCTh K MAaTEHTOBAaHHIO Ooyiee YeM B JBa
pasa, Ta e KapThHa HabJroanack ¢ rocyaapcTBeHHbIME Jabopatopusivu CLIA.

Oco0eHHO BaXXHBIMHU JJIs1 IPOLIECCa POCTa MATCHTOBAHUS B YHUBEPCUTETaX M IOCYAapCTBEHHBIX
naboparopusix CIIIA Obutn u3MeHeHus B (egepalibHOM 3aKOHOJATENbCTBE, HAINPaBIICHHBIE Ha
NOJ/ICPKKY TpaHcdepa TEXHOJOTHH B TNPOMBIIUICHHOCTh U3 (UHAHCHPYEMBIX TOCYIapCTBOM
HCCIICIOBATENbCKUX opranu3anuid. Hanmbomee u3BECTEH 3aKOH O MATEHTHBIX MpoLexypax mis
VHUBEPCUTETOB M Majoro OuW3Heca, KOTOPHIA TMO3BOJMI YHHUBEPCHUTETaM, HEKOMMEPYECKUM
CTPYKTypaM W TPEANPHUATHSM Majoro OW3Heca ModydaTh MpaBa COOCTBEHHOCTH Ha HM300peTeHus,
CO3JIaHHbIE HA TOCYIAapCTBEHHBIE CpeAcTBa (PMHAHCUPOBAHMS. JTOT 3aKOH yCTaHOBHWII, UTO B OOMEH Ha
PacKpbITHE U300pETEHUS JOXOABI OT JII000T0 M300pEeTEeH sl TOJKHBI OBITh MOJIENICHBI MEKIY aBTOPOM
U ero opraHusanyed. 3akoH Tak)Ke MO3BOJIMI HCCIEeN0BAaTeNbCKUM HMHCTHTYTaM IepelaBaTh IpaBa
cOOCTBEHHHMKA TpPeThEH CTOpOHE M JalbHedmeld pa3paboTku. B pesympraTre 3aKOHONATENHCTBO
YIOPOCTHIIO U yCKOpWiIo (eaepaiabHble METOAbl TpaHcdepa TEXHOJOTHI, MO3BOJISII YHUBEPCUTETAM
NPOSIBUTH OOJBLIYI0 THOKOCTH MPH 3aKIIOYCHUHU JIUIEH3MOHHBIX COTJIALICHUH, Moowpsist GUupMbl B
JKEJTaHWY 3aKII0YUTh C HUMU TaKUE COTIIAIICHUS.

AHanornuHo 3akoH 00 wuHHOBanusx CrtuBeHcoHa - Bumiepa, u3meHenHblii B 1986 T.
OenepanbHBIM aKTOM MO TpaHC(epy TEXHOJOTHH, YIIOJHOMOYWII TOCYAapCTBEHHbIE JabopaTopuu
BBINOJIHATH COTVIALICHUS TI0 HApTHEPCKUM HCCICIOBAHUAM M pa3pabOTKaM C YacTHBIMU (UpMaMU U
nepeaaBaTh STUM (GUpPMaM MaTeHTHI, TOJyYeHHBIC B pe3yJIbTaTe TAKOTO COTPYIHUYECTBA.

C xonma XX cromerus crparerus CIIIA Oburta HampaBiieHa Ha YKpEIUIGHHE CHCTEMBl HHTEIN-
nektyanbHOU cobctBeHHOCTH. CIIIA OBUTM TIEpBOI CTpaHOM, KOTOpas paclpoCTpaHWIIa MaTEHTHYIO
3alIUTy HA MHOTHE HOBBIE TEXHOJIOTHM W TPOLEAYpPHI, TECHO CBA3aHHBIE C (PyHIAMEHTAILHBIMHU
WCCIIEIOBAaHUSIMH, B YACTHOCTH B 00JIACTH OMOTEXHOIJIOTHH U TeHHOU mmkeHeprun. AHanmornyao CIIIA
ObUIM NEPBBIMH CPEAM CTPaH, JaBaBIIMX MATEHTHYIO 3aLIUTy HPOrpaMMHBIM pa3paboTKaM U OM3HEC-
METO/IaM Ha OCHOBE MHTEpPHETa, elle OJHOH 00JacTH, CHIBHO CBSI3aHHOW C yHHBepcuTeTamu. llpum
BbIJaU€ NPaB Ha MHTEJUICKTyalbHY0 coOcTBeHHOCTh CLIIA ycOBepLIeHCTBOBAIM MPOLEAYPY 3AILUTHI
BIAJIETbIIEB NpaB, OPraHU30BaB AMNEUIALMOHHBIN CyA CO CIEHUAIBHON 3KCIEPTH30M MO CHOpaMm B
cdepe HHTEIUIEKTYaTbHON COOCTBEHHOCTH.

Takum oOpaszom, 3a mnociegnue 30 ner CHIA mnposenn mmpokuil crnektp pedopm
MHTEJUICKTYaIbHOW COOCTBEHHOCTH, HAIIPaBJICHHBIE HAa YCKOPEHHOE Pa3BUTHE CEKTOPa BBICOKHX
TEXHOJIOTHH M 3aKpeIUIeHHue MO3UIIMOHUPOBaHUS ceOsi B Ka4eCTBE MUPOBOTO LIEHTPAa TEXHOJOTHH U
unHoBanui. Benen 3a CIIIA MHOrMe cTpaHbl Takke MHPOBEIM pe(OpMbl HHTEIUICKTYaJIbHOM
COOCTBEHHOCTH, MOJCPHU3UPOBAJIH 3aKOHBI, PETyJIUPYIOLIIE BOIPOCH COOCTBEHHOCTH HA PE3YIbTaThl
UCCIICIOBAHUH B TOCCEKTOpPE, C TeM 4YTOObI OOJEerduTh WX KOMMEPHUAIM3AIMI0 W CO3/1aTh
MIPEIMOCHUIKY JUISl pa3BUTHUS MPENPUHUMATENIbCTBA, OPUEHTHPOBAHHOTO HA BBICOKHE TEXHOJOTHH B
cdepe Npon3BOACTBA U YCIIYT.

B paMkax mOpHMEHEHHUs BBIIEHIEPEUUCICHHOIO BBICOKOTEXHOJOTHYHOTO OMBITA BEXYIIUX
MHPOBBIX LIEHTPOB TEXHOJIOTMH M WHHOBauMi MHxeHepHas akageMus ['py3uum opraHuzobaia
CTpaTeruio pedIEKCUBHOIO YNPABICHUS M CHCTEMHHOIO IMOAXOAa K IpoOiieMaM HWHKEHEPHOH
otpaciu ['py3un.

WmxenepHast akanemust ['py3un yautuBaet QakT onpeaencHus MupoBsiM coodmiectBoM(OOH)
TJIAaBHBIX TIPUOPUTETHHIX TexHonorun XXI Beka - WHPOPMAMOHHYIO M OMOTEXHONOTHIO. B pamkax
BBIIIECKa3aHHOTO MOXHO MOJYEPKHYTh, UTO B HEIpaxX aKaJeMHH FOTOBUTCS MJIaH KOMMEpIHaTU3alul
MPOEKTa M0 MPOMBILIICHHOMY CHHTE3y CTpecc OEJIKOB MOAKPEIIEHHBI €BPONEHCKUM MaTeHTOM Ha
cymmy 1500 M€ . Kpome Brimeckazannoro B MHxxeHepHoit akagemun ['py3un BeyTcs NCCIIEIOBAHUS
M0 HIDKENIEPEUUCIICHHBIM HalpaBIeHUAM(CM. YacTh EpeyHs TEMaTUK HHKEHEPHOU aKaJeMun):

e O HEKOTOPHIX AITOPUTMAax PELICHUS CUCTEM HEIMHEWHBIX alnreOpanuecKux ypaBHEHUH Ha
BBIYHCIUTENBHBIX CUCTEMAX C MapajlIeIbHBIMU IIPOLIECCOPAMHU.

e Mogenu opraHu3aui KpymTHOMACIITAOHBIX TEXHUYECKIX CUCTEM.

e llccnenoBanme TOBEACHHWA OJHOTO Kilacca CTOXAaCTHYECKHX aBTOMAaTOB B TEpPHApHOM
CTallMOHAPHOM CIIy4ailHOU cpe/ie.

e K Bomnpocy mnpumeHeHus y3ioB YeObilieBa B KBagpaTYpPHBIX (OPMYJIaX JUIsi CHHTYJISIPHBIX
UHTETpanoB ¢ siapoM Ko u BecoBbIMU QyHKIMAME SIKOOH.

e O HEKOTOpPHIX KBaApaTypHBIX (GOpMyNax JUIS CHHTYJISPHBIX HWHTETPAOB C JUCKPETHBIMH
0COOEHHOCTSIMHU.
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e 3ajada ONTUMAIBLHOTO YIpaB- JICHWs JUIS KBa3WIMHCHHBIX TUPQPEPCHIUAIBHBIX YPaBHEHUN C

KpaeBbiMH ycioBusmMu buianze-Camapckoro.

[Ta6nons! ais Haskell hyHKIMi ¢ 06CKOHEYHBIMU PEKYPCUBHBIMU THITAMU apTyMEHTOB.

Mojienu IOCKUX 3a/1a4 ONTHMATBLHOTO MOMCKAa OO BEKTOB.

JluneliHoe cToxacTHYecKoe TU(GepeHIIMAIEHOE YpaBHEHUE B 0aHAXOBOM MTPOCTPAHCTBE.

JIvuHeWHbIC IEHTPAITBHBIC CIUIAMHOBBIC AJITOPUTMEI, HX 0000IIECHUS ¥ IPUMECHEHUSI.

CymmupoBanue psoB Dypbe NOYTH-TICPUOAUYCCKUX (YHKIMA Ha JIOKAIGHO KOMIIAKTHBIX

AOeIeBbIX TPyIIax.

Anrebpa-reomMeTprdeckasi TCOPHS THHAMHUKH TIPOIIECCOB.

Bertssiuecs pernienns HemMHEHHBIX TU(GEPEeHITHATFHBIX YPaBHEHAN 2-T0 TOPsAKa (PH3UKH.

OnTOTHPHUCTOPHEIH ITUGPOBOH KaTHOPaTOp HAIPSHKCHIS.

MonenupoBanne OykMeKepcKrux Kod((hUIIMEHTOB B IPOIIecCce TEHHUCHOTO MaT4a.

WuTennexTyanbHbIi aHATH3 JAHHBIX B 33]1a9aX METUIIMHCKOW JHATHOCTHKH.

ITprMeHeHre TETTOHACOCHBIX YCTAHOBOK JUTS 3aBSUTMBAHUS U XPAHCHHUS Yasl.

MeTorka MHOTOKPATHOTO KOPPEKTHPOBaHUs 0a3 TAHHBIX B 33]]a4aX pacro3HABaHUsA 00pa3oB.

IIpocTpaHCTBEHHO- MOAYJINPOBAHHAS JIa3EPHAS SMUCCHSI.

Onrtuveckas 3anuch HHOOPMAIMU B TUPOTPOITHBIX KHUIAKUX KPUCTAILIAX.

TMonsipu3anoHHO - YyBCTBUTEIbHBIC TFOMUHECIICHTHBIC KOMITO3UIIMH JIJIs Tojiorpaduu.

OrneHka BOIHBIX PECYpPCOB, BOJOMOTPEONICHUST W BOJOOOECIICEYCHHOCTH TEPPUTOPUH U

HACEJICHEHUSI.

dusnonornueckue 0COOEHHOCTH JIEKAPCTBEHHBIX apOMAaTHUECKUX U MIPSIHBIX PACTECHHH.

° MaremaTH4eckoe 1 KOMIIBIOTCPHOC MOACIHMPOBAHUEC IJICKTPOMArHUTHBIX IIEPEXOAHBIX ITPOIECCOB
B Tpex(a3HbIX yHpaBIsIEeMBbIX BHIIPSMHUTENAX YIEKTPOCHA0KEHHSI TATOBOU ITOACTAHIIUH.

e MareMaTH4YeCKOE U KOMIIBIOTEPHOE MOJICIMPOBAHUE IMPOIECCOB B  IOJYNPOBOIHHKOBBIX
MPeo0pa30BaTENIbHBIX CHCTEMAX AJICKTPOCHAOKEHUS TSTOBOW MOJCTAHIINY.

e [loBbliieHre KO3QPUIMEHTa MOIIHOCTH B TATOBBIX MOJCTAHIUSIX B YCIOBUSX PEKYIEPATHBHOTO
TOPMOXKCHUS.

° (-DYHKHI/IOHEU'IBHaH CXeMa CHUCTEMbl BCKTOPHOI'O YIIPABJICHUA HCIIOJTHUTCIBHOTO ABUTATCIIA
ANIEKTPOTUAPABINIECKOTO IPUBO/IA CYIOBOTO PYJIEBOTO YCTPOHCTBA.

e lIMMmuTallMOHHAsS MOJEIbL YNPABJICHUS IyCKa DJIEMEHTOB IMPHBOJA JJIEKTPOBO3a IOCTOSHHOTO
TOKA.

e Vmyumenne Kod((UIMEHTa pEaKTUBHOW MOIIHOCTH TEXHOJOTHMYECKOTO KOMIUIEKca ¢
IPYIIIOBBIM ACHHXPOHHBIM 3JICKTPOITPUBOJIOM.

e (OO0 MCNONTB30BaHUH aHOPMAIIEHBIX PEKUMOB PaOOTHI THAPOTEHEPATOPOB.

e BekTopHble ypaBHEHUS BCTaBKH IIOCTOSIHHOTO TOKa HA OCHOBE  CBEPXIPOBOJSIINX
TpaHc(hOpMaTOPOB € BPAINAOIIUMCS MATHUTHBIM OJIEM.

° MaremaTtndeckas MOACJIb IMCPEXOAHBIX TIPOIECCOB IOCTOSAHOIO TOKa, C TpéX(ba?)HLIM
BO30YXJICHHEM pOTOpa.

e MaTreMaTu4ecKas MOJENb 3JIEKTPOMArHUTHBIX MEPEXOJHBIX MPOIECCOB B 3apsJHOM YCTpPOICTBE
€MKOCTHOTO HAKOITUTEIIS SHEPTUU AIIEKTPODHU3UUECKON YCTAHOBKH.

e ConmanbHasi 5KOHOMHKA - PA3MBINUICHAS MATEMAaTUKOB 00 3KOJIOTHH U €€ mpodiieMax.

OOIIen3BeCTHO, 4YTO VYHOPAaBIATh — 3HAYUT MpenBUACTh. J[aBHO H3BECTHO, YTO TEOpPHUSA
VIIpaBIIEHHUsT CIOKHBIM OOBEKTOM HIIM IPOIECCOM, TPEJCTaBIsieT O0ophOy € HEOoNpeaeTeHHOCTHIO
OTIMCAHMS 3TOTO CIOKHOTO COMPSKEHUS (T.€. 00BEKTa HIIH MpoIIecca).

Ecim maHo nMoCTaTOYHO TOYHOE OIMMCAHUE CIOXKHOTO OOBEKTa WM Ipollecca U UMeeTcs
JIOCTaTOYHAs MCXOAHAs MH(OpMAIIKs, TOTra HET MPo0JeM, U HUKaKas po0acTHOCTH(T.€. CIIOCOOHOCTh
CHUCTEMbI BOCCTAHABJIMBATHCA IIPU BO3HWKHOBCHHU OIIMOOYHBIX CI/ITyaHI/Iﬁ KaK BHCIODHEIO, TaKk H
BHYTPEHHETO TIPOMCXOXJIeHHUs) He TpeOyerca. Korma HeompeaeneHHOCTH MHOTO B OIHCaHUHU
CJIOXHOTO O0BEKTa WM MTPOoIlecca, TOr/Ia TpeOyeTcss po0acTHOCTh YITPaBICHUS.

CymecTByer cucTeMHasi 3aKOHOMEPHOCTb, T10 KOTOPOH TO, YTO MPUPOJIE yIAeTCsl IPEO0JI0IeBaTh
C JIETKOCTBIO, JUIS TEXHUKH TPEACTABISICTCS BeChMa TPYIHOH 3ajadeil. YTpaBleHHE CIOXKHBIMU
CHUCTeMaMH "aBTOMAaTH3allisl aBTOMATH3aluu'", HAIIPABIICHHOE HA aBTOMAaTH3aIlMI0 PabOTHI YeIoBeKa
Yyepe3 HOBBIC KOPIOPATHBHBIC TPOTPAMMHBIC TPOMYKTHI, CTAHOBUTCS C KaXKIBIM pPa3oM Bce
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npobiematiuuHee. V1 BOT MOXXHO HCIOJB30BaTh ABTOHOMHYIO HEPBHYIO CHUCTEMY (HEHpPOHBI) —
TeHHANBbHOE M300peTeHNe MPUPOIBI — B KaUeCTBE MPOTOTHUIA JJIsl KOMIBIOTEPHBIX CETEH, CIIOCOOHBIX
K aJjanTaluy K U3MEHSIOIMHUMCS YCIOBHAM CPElbl X K CAMOOPTaHU3ALHH.

bronoruueckue HayKu, CeroHs, OKa3bIBAIOT 3HAUYMTENIbHOE BIMSHHME HA cepy NMPHUKIAAHBIX
MHQOPMALMOHHBIX TeXHOJOTHH. MHOrHe mporecchl B OM3HECe MOTYT OBITH OMHCAHBI C MOMOIIBIO
OMOJIOTHUECKNX 3aKOHOB M 3aKOHOMEpHOCTeH. Hampumep, OOIEM3BECTHBIN MPUHIHNII CIOKHOTO
LIEJIOTO, COCTOALIEI0 W3 IPOCTHIX 3JIEMEHTOB, MOXKET OBbITh HCIOJb30BaH JJsl OINHCAHUS
(YHKUMOHUPOBAHUSI YENOBEYECKOro Mo3ra (B OSTOM ciydae "TpPOCTHIMH" dieMeHTaMu OyayT
Heiiponsr). Ilo cyTw, MuwuMapApl OTAENBHBIX JeTajei (QYHKIHOHHPYIOT HE3aBUCHMO, HO
COCTaBJICHHAs] MU CHUCTEMa YIUBUTEIBHO CiOXHA. [IpocTedmmii mpumep: €ciu 3aMEHUTh B Hallei
Mozenu "HedpoHsl" Ha '"MypaBbeB", TO B KadecTBE CJIO)KHOTO LEJIOT0 MOIYyYUM MYpPaBbUHYIO
KOJIOHUIO. 3aMeHUB "MypaBbeB" Ha "OHJalH-moKymaTened W mpojaBloB', moayuuMm eBay, a ecnu
3aMeHHIM #X Ha "(QOHIOBBIX OWpkeBHUKOB", TO momydnM Heuto moxoxkee Ha NASDAQ. Takum
0o0pa3oM, MHO-BUIMMOMY, MOXKHO HCIIOJIb30BaTh ABTOHOMHYIO HEPBHYIO CHCTEMYy B KadecTBe
NPOTOTHIIA JJISI CIOXKHBIX KOMIIBIOTEPHBIX CeTeH, CIMOCOOHBIX K aJanTalid K H3MEHSIOUIMMCS
YCIOBHSIM CPEIIbl U CaMOpEryisiiuy. Pa3Butue 4enoBe4ecKoro Mo3ra KOHTpoIupyroT Moiekyisl JJTHK,
OIMMCAHHbBIE TaHHBIMM, SKBUBAJIEHTHBIMHU 12 MIH. OalT.

Pa3paboTurky  "IBOJIOMOHHOTO MPOrpaMMHUpPOBaHHS" OTKA3aJIMCh OT TPaIUIIMOHHOTO
MIPOrpaMMHUPOBaHUS, 3aII€PTOT0 B KJIETKY KOHTPOJIbHO-KOMAaHAHOTO CTHJIS, M CTAJIM UCIIOIB30BaTh JUIS
HalMCaHHUd KOJa CHMYJIHMPOBAHHE IPOIECCa Pa3BUTHSA OJHOKIECTOYHBIX OpPraHW3MOB B CIIOJKHBIC
MHOTOKJIETOUHbIe. JIJisi MporpamMM 3TOT MPOLECC CPABHUM C €CTECTBEHHBIM OTOOPOM, OCTABIISIOIIAM
TONBKO CWJIBHEHINIMX WIM WX TUOPHIOB, OOJNIAAIONIMX HYXHBIM KadecTBoM. [IpuMeHeHne
"TeHeTUYEeCKOTo anroputMa’ I CO3JaHHA HawOoJiee COBEPIICHHON MOJIENH aBHAIIMOHHOTO
neurarens Gupmer "bouHT" SBIsIETCA TPUMEPOM NIepeHOoca 3HAHUI 13 OMOJIOTHH B CIIOKHYIO TEXHHKY.

KpaTtkoe paccMoTpeHHE CaMOOpPIraHM3alUU CIOKHBIX CHUCTEM IOKAa3bIBaeT, YTO YeM MEHbILEe
B3aMMO3aBHCHUMBI JJIEMEHTHI CJIOKHOW CHCTEMBI, TEM IPOIE ONTUMHU3UPOBATH CUCTEMY, YAAJIUB U3
Hee JIMIIHUE CBS3M, M TeM ObICTpee CHCTEMa MOXET BOCCTAHOBUTH OOLIYI0 HOPMAaJIbHYIO
JeSITeIBbHOCTD B Cllydae cOOsl B OTHOM M3 2JIeMeHTOB. [Ipoiie ToBops, OTHOCUTEIbHAST aBTOHOMHOCTh
3JIEMEHTOB B CJIIOXKHOM CHUCTEME JieNlaeT ee OoJiee ycToiunBoit. ObecneueHne aBTOHOMHOCTH — BECbMa
Ba)KHasl 3aJadya HE TOJBKO MJIsi Kopropauuid W uX Ou3Heca, HO M M APYTHUX KPYIHBIX
CJIO’)KHOOPT'aHU30BAHHBIX CTPYKTYp, HAlpuUMep OOILECTBEHHBIX OPraHM3alMH KAaKOBBIM SIBIISIETCS
WnxenepHast akagemusi [py3un. BakHO, YTOOBI OTHOCHTENEHO HECEPHE3HBIH «COOM» HIH
«TIOBPEXCHHEY, BO3HUKILEE B 'OJIOBHOW OpraHU3alMi, HE OTPAKAINCH Ha paboTe BCIIOMOTaTEIbHBIX
ciyx0. Kak moka3plBaroT McclieZioBaHus, "KIETOYHOE", MM CETOYHOE, YCTPOHCTBO OpPraHM3aldN H
coobmiecTB HanboJIee YCTOMUUBO JIaXKe K CEPhE3HBIM «TIOBPEKIACHHUSIM.

Tak yro UmxenepHast akagemusi [py3uu B COCTOSHMH (YHKIIMOHHUPOBATh KaK B «yHHUTapHO-
LEJOCTHOM» TaK M HAa YPOBHE OTHAEIBHBIX €€ CTPYKTYPHBIX MOJPO3JAEICHHH C LENbI0 PEIICHHUS
(YHKIIMOHAIBHBIX aKaJeMHYCCKHX 33/1ad C YYeTOM TECHOTO MEXIYHApPOIAHOTO COTPYHHUYECTBA C
KOJUIErHaJIbHBIMU MHKEHEPHBIMU aKaJeMHaMHU.

SUMMARY

GEORGIAN ENGINEERING ACADEMY: FUNDAMENTAL PRINCIPLES OF ORGANIZATION
MANAGEMENT IN RESPECT OF SYSTEM LAWS

Prangishvili A.L

President of the Georgian Engineering Academy

The scientific activity is the system activation associated with scientific research including fundamental studies
with revealing the laws and mechanisms of processes and phenomena, and applied ones studying the possibilities
for deriving practical benefit from the knowledge gained. The scientific and technical activities of the Georgian
Engineering Academy represent the synergy of scientific, engineering and organizational activities, which, in its
turn, implies research, R&D and technological work, including scientific studies and technological developments
ending by production and testing of prototypes.

Keywords: Georgian Engineering Academy, engineering activity, fundamental research, new technology.
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SUMMARY

STRUCTURING AND «WEIGHING» OF THE GOALS IN THE TASK OF SUSTAINABLE
DEVELOPMENT OF THE REGION

Prangishvili A.I., Namicheishvili N.O., Gasitashvili Z.A., Verulava D.Y. and Kiknadze M.G.

Georgian Technical University

A significant step in the establishment, development and realization of the organizational system is a pre-design
analysis and modeling. The development of modern, large-scale and complex systems revived interest in the
techniques of their modeling, including the development and analysis of the system model. We can formulate a
set of goals and factors based on the analysis of complex organizational systems. Usually, these goals are
structured, i.e. consist of sub-goals, these sub-goals may include other sub-goals, etc. As a result, we get a list of
atomic goals. The number of sub-goals may be very large. Also we must underline that particular elements of
these atomic goals do not have an equal impact on the main goal. The selection of an optimal set of system goals
and information technology for system operation includes several stages. The objective of the paper is to develop
the theory and methodology of economic-mathematical modeling based on a cognitive approach to the research
methodology and decision-making for sustainable development of regional socio-economic systems. The present
study considers the possibility of applying the cognitive analysis to the solution of the following tasks:
minimization of the local goals based on the mathematical model; selection of more important goals among the
obtained local goals; expert estimation of goals interrelation and establishment of goals weights for the
developed model; minimization of the local goals based on the mathematical model; construction of the model of
the region sustainable development based on the cognitive modeling methodology.

Keywords: local goals, weights of goals, expert estimation, tree of goal, structurization of system goals,
indicators of sustainable development.
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KOMIIEHCALIUSI UCKAKEHU CUTHAJIOB B [TIPOCTOM
BOCHPOU3BOJIAIIEN CUCTEME

Mopo3sos B.I1., ba6asiu P.P.
HucrutyT npobiaem ynpasijenus uM. B.A. TpanesnukoBa PAH, MockBa

BBenenue

B nanHOll paboTe TEPMUH «BOCIIPOU3BEIECHUE» YMOTPEOSAETCS B CBSA3U C IMOHATUEM BOCI-
POM3BOSAIICH CHCTEMBI, Kak OHO ObLTO ompenenieHo B padorax f.3. Lpmkuaa u B.I'. Bacunbena [1].
IMon Takoii cucTeMoil Mmoapa3yMeBajioch YCTPOWCTBO C JIFOOBIM TMPHHIIMIIOM JCHCTBUS, Ha3HAUYCHUC
KOTOPOTO — MPeoOpa30oBaTh MOCTYMAIOIIMA Ha €ro BXOJl CUTHAJ B BBIXOJHOM CHTHAN MPHU 33JaHHOM
COOTBETCTBHH MX BPEMEHHBIX 3aBucuMocTeid. [lo xapakTepy cOOTBETCTBHUS MEXKIy CHTHAJIOM BBIXOJa
(BocTipon3BeIeHNEM) M CHTHAJIOM BXOJa (BO3IEHCTBHEM) M3 MHOXECTBA BOCIIPOM3BOISIINX CHUCTEM
OBLIM BBIJICIICHBI CHUCTEMBI IPOCTOrO BOCIPOW3BEICHMS, JJIs KOTOPBIX XapakTep TpedyeMoro
COOTBETCTBHISI M@Ky CHTHAJIOM BbIXOAa UBBIX (f) M BXOIHBIM Bo3feiicTBreM UBX(f) OMUCHIBAETCS
paBEeHCTBOM

Usnbix (1) = KUBX(?). (D

HaI/I6OJ'ICC IMPOCTBIM M3 MPOCTBIX BOCIPOU3IBOAAIINX CUCTEM MOXHO CUHHMTATH IMOJTHOCTBIO
YIOBIETBOPSIONINI cooTHOMEHHIO (1) aHAMOroBBIH MacIITa0HBIA OJIOK, MPUMEHIEMBIH B KauecTBe
WHBEPTUPYIOMIETO YCWINTENd C (QUKCUpOBaHHBIM K — Kodd¢uimeHToM mepenadn (Maciira-
OmpoBaHwsI) BXOJHOTO curHaia B ypaBHeHuu (1). B cxeme Takoro 6moka (puc. 1) Ha onepariuoOHHOM
yeunutene (OY) ¢ orpuniatensHoit oO0paTHON cBszbio (OOC) Iuisi CONMPOTHBIICHUH PE3UCTOPOB Ha

Bxozie R, 1 B nemu OOC — R 10KHO OBITH BBINONHEHO cooTHomeHue R /R, =K [2].
RDC

U o— o N

Puc.1. Cxema aHaJ10roBOro MaciuTadHoro 0;10Ka

HeTpyaHo mpoBepuTh, U4TO pe3yibTaT 00paTHOro npeodpa3oBanus (B JAHHOM cliydae, JCICHUS
Ha K) TOYHOTO 3HAauYeHUs BBIXOJHOTO CUTHaa OJloKa puc. 1 MOMHKEeH ObITh PaBeH BXOJHOMY CHUTHAITY.
Kak Obuto mokasaHo B pabore [3], peanu3oBarh TpeOyemoe HpeoOpa3oBaHHe IMO3BOJISET €INe OJUH

pCBI/ICTI/IBHHﬁ ACIUTCIIb U3 PE3UCTOPOB ROC n RBX , BKIIFOYCHHBIX MCXKY BbBIXOJAOM M BXOJO0M O10Ka

puc. 1, €CJIM TOYKa UX COCAUMHCHUA IMOJAKIIOYECHA K BXOOY Hpeo6pa3OBaTens{ TOKa B HAIIPsSHKCHUC.
Takxum HpeO6pa3OBaTeJ'ICM MOKET CIIYXXUTb BTOpOfI, Z[OHOHHHTGHLHBIﬁ OHCpaI.[PIOHHBIﬁ YCHUIINUTCIIb

(JI0Y), oxBauennbiii OOC depe3 pe3ucTop ¢ COMpoThUBICHHEM R, Kak 3TO MokazaHo Ha puc.2. B

oc ?
ciydyae TOYHOTO BBITONHEHHs omeparuu (1) Beixomuoit curnan JJOY Oynmer paBeH HYIIO, TTOCKOJIBKY
HaIIpsXKCHUEC U BBIXIIOTHOCTBIO CKOMIICHCUPYET BXOHHOﬁ CHUT'HAJ.

Ecnu ke BBIXOJHOW CUTHAIl UCKaXXEH M B KaKOW-TO MOMEHT BPEMEHH OTJIUYAETCS OT TOYHOTO
3HAYEHUS Ha HEKOTOpYyI BeiauuuHy OU, To-ecTh paBeH UBbix — OU (puc. 2), TO COCTaBISIOIIAS
MOTPEITHOCTH OyJIeT Mpeodpa3oBaHa Tak ke, KaKk ¥ TOYHOE 3HAYCHHUE BBHIXOJHON BenuunHbl UBBIX. B
pesynabTaTe Ha Bbixoje JIOY OymeT HeENpephIBHO MPHCYTCTBOBATH HAIPSHKEHHE IOIPEIIHOCTH C
00paTHBIM 3HAKOM OTHOCHTEJIHHO €ro TEKYIIEeTo 3Ha4eHHs Ha BeIxoae ocHoBHOro OV [3].
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RQC
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Rex I~
Ugx —5 N
= | /\—«—o Ubs:8U
L
Rex Roc

Puc. 2.

Hmest B UncTOM BUAEC MTHOBEHHBIE 3HAUEHUS HAIPSKEHUS, COOTBETCTBYIOILETO MOTPEUIHOCTH,
MOXKHO IIBITaTBCA  OCYLIECTBUTH KOMIIEHCALIMIO IIOTPEIIHOCTH I TOBBIMIEHUS TOYHOCTH
BOCTIpOM3BeACHUSA. IMEHHO 3TO U ABJISCTCS LENbIO JAHHOW pabOTHI.

IpuHIUN KOMIIEHCALMUH U cXeMa 0J10Ka

W3noxeHHOe B IpeiblAyllleM pasfiele I03BOJIET CAENaTh BBIBOJ, 4TO IJI1 KOMIIEHCAIUH
IMOrp€IIHOCTU  BOCIPOU3BECACHUA AJOCTATOYHO MNPOCYMMHPOBATH HUMECIOOIUMCCA B YUCTOM BHUIC
BBIXOJHOE HANpsDKEHUE MaciuTaOHOro OJ0Ka M HalpsDKEHUE MOTPEIIHOCTH ¢ 00paTHBIM 3HAKOM, TO-
€CTh pPean30BaTh COOTHOLICHUE

Usbix— dU + dU= UBhbIX, 2)

COOTBCTCTBYHOIICEC TOUYHOMY 3HAYCHUIO BBIXOJHOI'O CUI'HAJIA (I/I,IleaJ'ILHOMy BOCHpOI/ISBC,I[CHI/II-O).

ROC

o Usem+0 U

&

Roc
Rex||[Roc —% | o Ui
J_ [ L //// T
“" Roc

Puc.3.

Oneparysi CcyMMHUPOBAHUS JIBYX HETIPEPHIBHBIX CHTHAJIOB B 0a3rce aHAJOTOBBIX OMEPAIlMOHHBIX
0JIOKOB HECOMHEHHO OTHOCHTCS K 3JleMeHTapHbIM. OTHAKO TPaaUIIOHHBINA MTyTh, @ UMEHHO BBEJICHHUE
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B CXeMy pHcC. 2 emie onHoro, Tperbero OY u clokeHHe CUTHAJIBHBIX TOKOB B €r0 CYMMHpYIOIIEH
TOYKe, OBbUT OBl CIIMIIIKOM 3aTPaTHBIM C anmnapaTypHOU ToukH 3peHus. boree menecoobpasHo, Ha Hall
B3TJIS11, BRITOTHATE cymMmmupoBanue Ha JIOY. CooTBeTcTBYIOMIas cXxeMa IoKazaHa Ha puc. 3.

B npemnaraemoit cxeme Ha Bbixoq JIOY curnan norpemHocTy OU TOCTYIMMAaeT, Kak U B CXEME
pHC. 2, TIOCKOJbKY BCE 3JIEMEHTHI LIENH BbIIEJIEHUS MOTPELIHOCTH OCTaBieHbl Oe3 m3meHeHus. Ho
noMuMo 3Toro Ha BbeIxod JIOY MNpoXoguT TakKe CUTHAJI C €ro He HHBEPTHPYIOIIEro BXOJa,
coJep KAl MMOTPELTHOCTh, MOCTYMAIOIIYIO Ha BBIXOJ ¢ OOpaTHBIM 3HAKOM, TaK YTO KOMIICHCAIUS B
IMIPUHLUIE BO3MOXKHA. IIpHHAB 3TO B KayecTBe YCJIOBHSA, ONPEINCIHM BEINYHHY COINPOTHUBIICHHSA
pes3ucTopa, BKIIOYEHHOTO MEXAy HemHBepTHpytommM BxoaoMm J1OY u obmeit mmuoii (3emieit).Ilpu
9TOM He OylleM NMPUHUMATh BO BHUMaHHE KOHKPETHOE 3HAUYCHHUE, YKa3aHHOE Ha pHUC. 3, TOCKOJBKY B
Hayaje pacdyeTra 3TO 3HAYCHHE HaM €IIe HE W3BECTHO. YKaXeM, OJHAKO, YTO CONPOTHBIICHUE
pes3ucTopa MeXIy BBIXOJIOM OCHOBHOTO M HEMHBEpTUpYIOmuM BxonoM IOV nenecoobpa3zHo BbIOpaTh

paBHbIM R ocHOBHOro OV. I103TOMy BBINOJIHMM PacyeT TOJNBKO HIKHETO CONPOTUBIICHUS AEIUTENs
Ha HewHBepTHpYolieM Bxozae 10V, 0003HauuB mpeaBapuTeIbHO KO3DUIMEHT nepeaaun AeauTemns

D< 1. 3anumeM ypaBHeHHe HampsbkeHuil Ha Bxonzax OV, xotopeie mnst uaeansHoro OY paBHBI
MexIy coboit [4]:

U KU (1-8) KU R R
(i_ «x( ) _ ex) oc"tex DU(;be(l _8) . (3)
R KR KR "R, _+2R_

6X 68X

3nmech cieBa TPOM3BEACHUE CYMMBI TOKOB, IMOCTYIHAOIIUX B CyMmmupyromyw Touky JIOY, Ha
SKBHBAJICHTHOE CONPOTUBIICHUE B 3TOH TOYKE, PABHOE MMapaJlICIbHOMY COSAMHECHUIO TPEX PE3UCTOPOB
— aByx R _uR_. B npasoil yactu (opmynsl (3) —HampssKeHME Ha HEMHBEPTHPYIOIIEM BXOJE,
0o0yCJIOBJIEHHOE HaJW4YHeM JeiuTeNs. [locle  HECNOKHBIX — NpeoOpa3oBaHMd € y4eToM
R . =KR _wU, =KU, nonyanm:

8bIX

1
K+2
ECJ‘II/I 0603HaLII/ITI> HMKHEC, HCHU3BCCTHOC ITOKa COHpOTI/IBJ‘IeHI/Ie qepe:s Rx, TO BLIpa)KeHI/Ie (4)

“

MO>HO PacKphbITh B BUJIE

1+&:K+2, (5)
R

X

OTKyJIa ¥ mojy4yeHo 3HadeHue R = R_IIR ., moka3aHHOe Ha puc. 3.

IJKCNepUMeHTATbHAA NPOBEpPKa

Ilo meromy BBIICNEHHS TOTPEUIHOCTH BOCIPOM3BEIECHHS CHTHAJlA HWHBEPTUPYIOIIMM
MacmTabHBIM OJIOKOM OBLIO MPOBEACHO CPaBHEHUE YACTOTHBIX MOTPENTHOCTEH cxeM puc. 1 u puc. 3.
B xagectee OY u JIOY mnpumensumch ycwmrenu 140V]17A. Crarmueckue mapaMeTpsl 3TOU
MUKpocxeMbl (AUBx= + 75 MKkB, IBX = 4 MKA) COOTBETCTBYIOT yCHJIUTEISIM BBICOKOH TOYHOCTH, HO
MO0 BEJIMYMHE YaCTOTHl €IWHUYHOTO ycuieHws, paBHoi 0,4 MIm, oHa ycTymaer ngake TakuMm
ycrapeBmmM OV kak 140Y16. ImernHo mosToMy JaHHas MUKpocxema Obla BEIOpaHa B KadecTBE
00BEeKTa 7151 SKCIIEPUMEHTA 110 KOMIIEHCAIIMY YaCTOTHOM MOTPEIIHOCTH.

CpaBHUBINCH 3aBUCHUMOCTH IOTPEIIHOCTH BOCHPOM3BEACHUS CHHYCOMJAIBHOIO CHUTHAja OT
YacTOTHI JUIs MaclITaOHbBIX OJ0KOB ¢ KoadduimenToM ycunenus K = 20, BBINOJHEHHBIX 0 CXeMaM

puc. 1 u puc. 3. Beinn BeIOpaHbI ClieylolIUe 3HaUEHHs CONMPOTHUBIEHUH pe3uctopos: R = 5 xOwm,
R,.= 100 xOm (npumensnuck pesucropsl C2-29 ¢ pomyckom = 0,1%). AMIIUTYABI CHIHAJIOB

cocrapmsu: U, =250 MB, U, = 5 B (Ha HixHell yacToTe). MI3MepeHHbIe 3HaYEHUs TIOIPEIIHOCTH

B8blX

MMpCaACTaBJICHBI B Ta6m/1ue.
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I/I3MepeHHBle SHAYCHUSA IMOIPEHIHOCTHA

Yacrora, kI 1 0,1 0,2 0,4 0,8 1,6 3,2 6,4
dUcx. Puc. 1 25 50 90 180 380 750 -
dUcx. Puc. 3 3 5 8 10 20 50 220

W3mepenust Oblmu 3aBepiieHsl Ha dvactoTte 6,4 k[, korma B cxemMe puc.l BO3HHKIU
3HAYUTENbHbIE HEIUHEMHbIE HCKaXEHWs] H3-3a OTPAaHWYEHHS CKOPOCTH HapacTaHWA BBIXOJIHOTO
HaNpsDKEHUsI TIPU BOCIPOM3BEICHUH CHUTHAJA C aMIUIMTYIoH 5 B (HanpshkeHne MUTaHusI COCTaBIISIO
+ 12 B. Bromae BO3MOXHO, 9TO TpHW MEHBIIEH aMIUTUTYJe ¥ HOMHHAJIHFHOM IMUTAHWHA YaCTOTHBIN
JMana3oH MOT OBITh paCIIUPEH.

W3 monmy4eHHBIX NaHHBIX BUAHO, YTO INPUMEHEHHE KOMIIEHCAIUU MCKaKCHUH MpPeAIOKEHHBIM
CIO0CO0OM NMPHUBOAUT K PACIIMPEHUIO MTOJIOCHI YaCTOT, BOCIPOU3BOAMMBIX C IIOTPELIHOCTHIO HE Ooiiee
1% B 16 pas.

Bwmecte ¢ TEM, HCJIb3s HEC OTMCTUTH 3HAYUTCIILBHOC YBCIIMUYCHHC allllapaTypHbIX 3aTpar IIpU
WCTIIONB30BaHUM JaHHOTO crocoba. Tem Oonee, dro B Hacrosmiee Bpems AocTymHel OV,
o0ecrneynBaroLIe 3HAYUTENbHO MEHBIINE YAaCTOTHBIE IMOTPELIHOCTH HA 3HAYUTENILHO 00Jiee BBICOKHX
YacTOTaX, YeM HMCIONb30BAMCH B AKcrepuMeHTe. OJHAKO NaHHBIM CHOco0 BechMa MOJE3eH NpH
pa3paboTKe THOPHUIOHBIX MHMKPOCXEM YCWINTENeH W aHalOTOBBIX (WIBTPOB, B KOMIUIEKTOBaHHUHU
KOTOPBIX BO3MOXKHOCTH BbIOOpa OeckopirycHbIX OV ¢ BBICOKUMHM TOYHOCTHBIMH XapaKTEPUCTUKAMHU
JOBOJIBHO OTpaHUYCHBI. KpOMe TOTO, B FI/I6pI/IILHBIX MHKPOCXEMax OOBOJIBHO OCTPO CTOAT BOIPOCHI
SKOHOMHUHU MOIIHOCTH, MOTPEOJIIEMONAKTHBHBIMU 3JIeMeHTaMu [5], a sxoHomMuuHbie OY o0nagaroT
NOHM)KEHHBIMM YaCTOTHBIMM CBOWCTBAaMU. BaKHOH OCOOCHHOCTBIO TPEUIOKEHHOTO CXEMHOI'O
PCUICHUA MOKHO CHHUTATh HAJIMYUC BCCT'O IBYX HOMUHAJIOB COIIPOTUBJICHUS, YTO ITO3BOJIUT 00/IerYuTh
MPOEKTHPOBAHNE THOPUIHON MUKPOCXEMBI.
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SUMMARY

DISTORSION COMPENSATION IN SIMPLE REPRODUCING SYSTEMS

Morozov V. P. and Babayan R.R.

V. Trapeznikov Institute of Control Sciences of RAS, Moscow, Russia

The circuit of the analog scaling unit with additional amplifier circuitry for distortions extraction and
compensation is presented.

Keywords: reproducing system, analog scaler, amplification error, compensation.
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MEXAHW3MbI YMHOTI'O YIIPABJIEHUSA

Bypkos B.H., bypkosa U.B., 'acutamBuau 3.A., l'opruaze U.A., l:xkaBaxanze I'.C.,
Xyuumsuian C.A.

HucruTyT npodaem ynpasienns uM. B.A. Tpanesuukosa PAH, MockBa
I'py3uHckmii TeXHHYecHIl YHMBePCHTET

JBaamate TepBBIi BEK YacTO HA3bIBAIOT BEKOM «YMHBIX Bemlei» (YMHBIA OM, yMHas
MaIllfHa, YMHBIE CUCTEMBI U T.JI.)

Hacrtano Bpemsi 1 «yMHOTO yIpaBJICHUS». YMHOE YIIPABICHUE — 3TO YMHBIE PYKOBOJIUTEIU
IUTIOC YMHBIE MeXaHU3MbI. O PYKOBOJUTENSX TTOTOBOPUM TO3KE. A UTO TAKOE «yMHBIE MEXaHU3MBI»?
YMHBIC MEXaHU3MBI 00J1aJTAI0T PSIIOM CBOMCTB, MOJIC3HBIX JJIs 001IecTBa. [lesio B TOM, YTO MEXaHU3M
— CWJIbHEHIIMM BocnuTaTenb. BCnoMHUM H3BECTHOE BhIpaxkeHue «bbiTue onpenenser cozHanue». OHO
He coBceM mpaBwibHOe. COo3HaHME M3MEHHUTH OYEHb TPYAHO. UECTHO TOBOps, M0 YPOBHIO CO3HAHHSA
COBPEMEHHBI YENOBEK HENAIeKO YIIeN OT IMEepPBOOBITHRIX JIONeH. boiee mpaBWIIBHO TOBOPHUTH
«beiTHE ompenenseT moBencHHUE». V3MEHUTh MEXaHM3MBI VIPABICHUS W IIOBEACHHE YEIOBEKa
W3MEHUTCS: JDKUBBIN CTAHET YECTHBIM, JICHTSIH — TPYJOJIIOOMBBIM U T.A. Tak BOT, YMHbIC MEXaHU3MBI
9TO TaKU€ MEXaHMU3MBI, KOTOPBhIC H3MEHSIOT IOBEJACHHE YEJIOBEKAa B JIYUIIYIO CTOPOHY, TO €CTh
BOCTIMTHIBAIOT YECTHOCTH, OTBETCTBEHHOCTh, CKPOMHOCTH, OEPEKIHMBOCTh, CTPEMIICHHE K Pa3BUTHIO.
CoznaHreM YMHBIX MEXaHU3MOB 3aHUMAETCS TEOPHS aKTHBHBIX CHCTEM.

PaccMoTpuMm psi TaKUX MEXaHHU3MOB.

Hemanunyjaupyemble MeXaHM3Mbl WJIH BOCIHHUTAHHME YeCTHOCTH — OTO MEXaHU3MBI, IpH
KOTOPBIX YEJIOBEKY BBITOJHO OBITH YECTHBIM, TO €CTh COOOIIATh JOCTOBEPHYIO WH(POPMAIUIO O
BO3MOXHOCTSIX, IOTPEOHOCTSIX, IIEIIAX.

['maBHBIN TPUHIIATT HEMAHHUITYINPYEMBIX MEXaHU3MOB (WX €Ille HAa3bIBAIOT MEXaHU3MaMH «IeCTHOMH
UTPBI») COCTOUT B CIEAYIOIIEM: PEIIeHHs, IPHHIMAaeMble Ha OCHOBE IMOJYYeHHOW HMH(OpMAannu, He
JIOJKHBI HaBPEAWTH TeM, KTO 3Ty mH(popmanuto coodmaet! [IpocToii M MOHATHBIN MPUHINIL, HO KaK
YacTO OH HapyIIaeTcs.

CorsiacoBaHHble MEXaHU3Mbl MJIM BOCIMTAHHE OTBETCTBEHHOCTH — JTO MEXaHU3MBI, IIPU
KOTOPBIX HMCIIOJIHUTEJISIM BBITOJHO BBIMOJIHUTh IMPHHATHIC 00S3aTENIbCTBA U IUIAHBI, TO €CTh OHH
BOCITUTHIBAIOT OTBETCTBEHHOCTD.

OCHOBHOH TNPUHIIMIT COTJIACOBAHHBIX MEXAHHM3MOB: IUIAHBI JIOJDKHBI OBITh BBITOJHBIMH IS
ucnionnurenedd. Hemuoro wucropuun. B 70-x rogax nOponuioro BeKa B COBETCKOM 3KOHOMHKE
rimaBeHcTBOBaa uieonorus CODD (cucreMa onTUMAaIbHOTO (YHKIIMOHUPOBAHUS YKOHOMUKH). CyTh
ee B cienyomeM. Pa3pabarbiBaeTcs ONTUMANIBHBIN HAPOJIHO-XO3SHCTBEHHBIN TUTaH. 3aTeM 3TOT IJIaH
JIeJIaeTCsl BBITOJHBIM IS TPEAIPHSITHN HAa OCHOBE TaK HA3bIBAEMBIX JIBOMCTBEHHBIX OIICHOK
akamemuka JI.B. Kantopopmua. OpHako oka3anoch, YTO HWHTEPECHl MPEANPHUITHA HE YAaIOCh
«YJIOXKHTB» B JKECTKYI CTPYKTYPY IBOMCTBEHHBIX OllEHOK. B mocnemnux paborax akaaemuk JI.B.
KaHTOpOoBMY TpH3HABaN OTrpaHUYEHHOCTh HJICOJIOTUH JIBOHCTBEHHOCTH [UISI PEIISHUS TMPOOIIEeMBI
COTJIACOBAaHUS HMHTEPECOB NPEANPUATHI ¢ WHTepecamu rocyaapctBa. B 80-x romax Hamu ObLia
npemioxkena npyras uupeonoruss COCDD (cuctemMa ONTHUMAIBLHOTO COTJIACOBAHHOTO (DYHKIIMOHH-
pOBaHUS APKOHOMHKH). BBUIO TPEemIo’KeHO MCKAaTh ONTHMAIBHBIA HAPOIHOXO3SIMCTBEHHBIA IUIAH Ha
MHO>KECTBE COTVIACOBAHHBIX IIJIAHOB, TO €CTh IUIAHOB, KOTOPBIC MIPEATNPHUATHSM BBHITOTHO BBIITOTHSTH.

OyHIaMEHTaIbHBIN pe3yabTaT B 3TOH 00JacTH COCTOMUT B CJEMYIOMIEM:IIPH JOCTATOYHO
00IIMX YCIOBHAX ONTHMAIbHBIM MEXaHHU3MOM IUTAHUPOBAHUS SIBJIIETCS MEXaHH3M COTJIACOBAHHOTO
ruTaHupoBaHus. CHCTEMBI COTIACOBAHHOTO IUIAHMPOBAHUS OBUTH BHEAPEHBI HA Psjie MPEATPUSTHIA
Kazaxcrana u Tsepckoit oonactu. [lo cyru gena uaeonorus COCDD yxke BechMa OIM3Ka K PHUCKY.
JleficTBUTEIBHO, €CIM NPEANPUATHE IOJydaeT BBICOAHBIM i ce0s IJiaH, TO 3TOT IUIaH OHO Obl
BBIOpAJIO U B YCJIOBHSX phIHKA. MOXHO CKa3aTh, YTO 3TO «HH(POPMAIIMOHHBIA PBIHOK» B YCIOBHUSX
miaHoBor cuctembl. K koHIry 80-x romoB maeonoruss COCDD Oputa pa3paborana, MpoBepeHa Ha
MpakTUKEe U rOoTOBa K MaccoBOoMy BHenpeHuio. Ho mepecrtpoiika cnytana Bce kapTbl. OIHaKO, MbI
cuutaeM. UTO emie HE TMO3MHO BEPHYTHCA K IJJAHOBOM SKOHOMHUKE Ha OCHOBE MJICOJIOTHUHU
COTJIACOBAHHOTO TJIAHUPOBAHMUS.

CoBeTywlue MexaHU3Mbl pa3padaTEIBAIOT PEKOMEHAAINH (COBETHI) JIMITY, TPHHUMAIOIIEMY
pemtenust (JIIIP). 1o MOryT OBITH KOMITEIOTEPHBIE DKCIIEPTHBIC CUCTEMBI, MO0 TPYIa SKCICPTOB.
Cogeryronue MeXaHU3MbI OBIBAIOT JBYX THUIIOB — ITACCHBHBIE COBETYHKH M AKTHBHBIE COBETUHKH.
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[TaccuBHBIE COBETYMKH HE OTBEUalOT 3a 3(h(hEeKTUBHOCTH CBOETO COBETa (HampuUMep, MPOTHO3 MOTOAbBI
WIN BAJIIOTHOTO Kypca). B ciydyae akTHBHBIX COBETYMKOB MPOU3BOAUTCS CpaBHEHHE 3PPEKTHUBHOCTH
peKoMeHaanuu copeTurka ¢ pemenuemM JIIIP ¢ cooTBETCTBYOIIMM CTUMYIUPOBAHUEM.

Paccmotpum mpumep maccuBHoOro coBerunka. B 80-x rogax MHCTHTYT TipobieM ympaBieHHuS
PAH mnpoBonun uccnemoBanusi ¢ Akagemueil Hayk Bonrapuu mo coBepIIEHCTBOBAHUIO CHCTEMBI
yIpaBJIeHUsT BOJAHBIMH pecypcaMd. B mepByro odepeap OBIT NMPOAHATH3HPOBAH CYMIECCTBYIOIIUI
MEXaHM3M pachpeaeNeHns] BOAHBIX pecypcoB. OH okaszaiics BechbMa NPOCTHIM. Bcee morpeburenn
HaNpaBJISUIH 3asBKH Ha TpeOyeMylo MoTpeOHOCTh B Boje. Kak mpaBuiio, BoIbl Ha BCEX HE XBaTalo,
MOATOMY 3asIBKH «yPE3ajJHCh» MPONOPLUOHAIBHO BEMUUHE 3afBICHHONW MOTpeOHOCTH. DaKTHUeCKH
JIEHCTBOBAJ MPUHIUN «OOJbIIE MPOCUIIb — OOJBINE MOMyYaellb», YTO €CTECTBEHHO MPHUBOAMIO K
TEHJEHIIMN POCTa 3afBOK (TaK HA3bIBAEMBIH «HCKYyCCTBEHHBIHIe(uIHT?). BplTo sicHO, 4TO eciu He
CMEHUTh MPHUHIHII, 3a/1a49y He pelnTh. MBI B3SUIM 32 OCHOBY MPOTHBOMOIOKHBINA MPUHLIUI «OOJbIIIe
MIPOCHUIIIb — MEHBIIIE MTOJTyYaeib» (HO He OoJbIe, 4eM mpocuib). OO0CHOBaHME MTPUHIIMIIA JOBOJIBHO
npoctoe. [logenuB moTepu moTpeOUTENS, TPU TIOJTHOM OTCYTCTBUU BOJBI HA 3asABKY, MBI TOTyYalIH
YACHIBbHBIC IOTCPU. Hpe)ﬁ[CTaBJ’IHCTCSI €CTCCTBCHHLIM PACIPCACIIATL BOAY IMPONOPHHUOHATIBHO BEJIMYNHE
yAenbHBIX ToTepb. Ho 3asBKa CTOMT B 3HaMeHaTelle W YeM OHa OOJbIlle, TEM MEHbIIE yJEIbHEIC
notepu!lIpobiiema Obita pemeHa. Okas3anoch, 9TO ONTUMANBbHAS CTpaTerdsl MOTPEOHUTENeH MPOCUTH
Jla)ke MEHbIIE, 4eM TpeOyeTcs. DTOT NPUHIUI, Ha3BaHHBIM MPUHIUIIOM «OOpPATHBIX MPHOPUTETOBY
6]:»UI BHCPCH TAKKC B paJUOIIPOMBIIIIJICHHOCTH ITPU pACIIPEACTICHUN KOMIUICKTYIOIIHNX.

[IpuBeneM mnpuMep aKTUBHOTO COBETYMKA. B MeETaITyprud WMeEeTCs BechbMa CIIOXKHBIH
npolecc BBIUIABKK cTand. VM ynpasmser omnepaTtop. Y4eHble pa3paboTand MaTeMaTH4ecKyro
o0yJarolyrcst Mojieb mpoiecca (coBeTunk omeparopa). CHadana 3To ObUI NMACCHUBHBIA COBETYHMK.
ITockonmbKy coBETYHK 00yYalCs, TO €ro MepBhle COBETHI OBLUTH HE OYEHb KaueCTBEHHBIMH. C TeueHHEM
BPEMEHH OIepaTop IiepecTaBayl oOpamiaTh BHUMaHHE Ha PEKOMEHIAINHM COBETYHKA, XOTS OH,
00yYMBIINCH, AaBajl YK€ XOPOIIHE PEKOMEHAAUWH. BblTo MpeanokeHo opraHn3oBaTh COPEBHOBAHUE
MEXIY COBETYMKOM H OrepaTopoM. Jlemo B ToM, 4TO mociie 3aBepIleHHts Mpoliecca BHITUIABKU CTallH,
MOXKHO OBUIO OIEHHUTh, YTO OBUIO 3PQPEKTUBHEE — PEKOMEHIAIMH COBETYHMKA WM pPElIeHUE
onepatopa. Eciu pemienue oneparopa 0bu1o 6osiee 3pPeKTUBHBIM, OH TOTyYall IPEMHUI0, €CIIA HET, TO
HECT. HpI/I BHCAPCHUN TaKHUX AKTHUBHBIX COBCTUHMKOB CUTyallid B KOPHE HM3MCHUWIACH. CHayaja
omepaTop TMO-TIpeKHEMY He oOpalian BHUMaHHA Ha pPEKOMEHJAalud coBeTdynka. Ho oH cran
MIPOUTPHIBATH B IIPEMUH U €T0 MOBEACHUE N3MEHMIOCh. OH CTaJl MPUCITYIINBATHCSA K PEKOMEH /IAIUSIM.
Crenyer 3aMeTUTb, YTO 38 MACCOBOE BHE/IPCHUE TAKUX aKTUBHBIX COBETYMKOB B UEPHOW METAJUTypTUU
KOJIJIGKTHBY pa3paboTunkoB Obuta npucyxaena ['ocynapcreennas npemus CCCP.

Pa3BuBaomme MeXaHM3MbI CTUMYIUPYIOT DPa3BUTHE (CHW)KCHHE W3JEPKEK, BHEAPEHHUE
WHHOBAIUHN U T.1I.).

Cuavana PacCMOTpUM TIPOTUBO3ATPATHBIC MCEXAaHU3MbI, TO €CTb MCXAaHU3MbI, CTUMYJIH-
pyromue cHmkeHne m3nepkek. OHM TpeHa3HadYeHbl 1711 OOpHOBI ¢ MOHOIIONHUCTOM. J[eficTBUTENBHO,
MOHOIIOJIHUCT, IOJB3YsACh CBOMM MOHOIIOJIBHBIM ITOJIOXKECHUEM, IPOAACT MPOAYKIHIO 110 MaKCHUMaJILHOM
(TMMUTHOW) T|eHe, MO KOTOPOH ee ellle MOKYMaloT, MPOM3BOJAUT MPOAYKIHIO C MHUHUMAIbHBIMU
3arparami, Mmojydas cBepXnpuobuib. KpaTko roBopsi, J03YHI MOHOIIOJIUCTA — «JEIIEBO MPOU3BOINTD,
Joporo rmpoaaBaTh». s OoppObl ¢ MOHOMOJIMCTOM OblJIa CHENaHa TMOMNBITKA OTPaHUYUTh
pEeHTA0ENBHOCTh €T0 MPOAYKINH (MPUOBLTF HA €AWHMITY 3arpaT). [lymanu, 4to oH OymeT CHUXaTh
neHsl. Ha camoMm Jiene OH cran 3aBbIIaTh 3aTpaThl, TaK 4YTOOBl HE BBIUTU 3a HOPMATHB
penrabenbHOCTH. [IpoaaBas MpooyKLMIO MO-TIPEeKHEMY [0 MaKCUMaJbHOH LeHe. B aToM cityyae ero
JIO3YHT «JI0POTO MPOU3BOUTE U IOPOTO IPOIABATHY.

3ameTuM, 4TO B IIaHoBoW skoHOMHKe CoBerckoro Coro3a IeHBI OMPEeeTHINCh UIMEHHO 110
OTpacjeBbIM HOpMAaTHBaM PEHTA0EIbHOCTH, YTO M IMPHUBEIO K 3aTpaTHOM »KoHOMHKe. [Ipobiema
CTOsJIa TaK — MOXHO JIM MNPCIJIOXKUTh MEXAHU3MBbI I_[eHOO6paSOBaHI/I${ u HaJ'IOI‘OO6.HO)KeHI/I$[, npu
KOTOPBIX MOHOITIOJHMCTY BBII'OAHO «ICIICBO IMPOU3BOJIUTHL U JACHICBO IIPOJAaBaTH». Taxxe MexaHNU3MBI
ObuTH pa3paboTaHbl B TEOPHH aKTUBHBIX CHCTEM B KOHIIE BOCBMHUIECATHIX TO10B. es cocTout B TOM,
YTO HOPMATUB PEHTA0ENBHOCTH OBII MOCTAaBIIEH B 3aBHCUMOCTh OT CEOECTOMMOCTH, TO €CTh C
YMEHBUICHUEM ce0ecTONMOCTH HOpMATHB YBCJIMYMUBAJICA, OJHAKO, TaK YTO I[IC€Ha IIpU 3TOM
yMeHbIIanack. [1o0 aHAIOTHYHOMY TIPUHIIMITY YCTPOSH W MPOTUBO3ATPATHBIN MEXaHU3M HAaIO0Tro00II0-
KeHus1. [IpoTrBO3aTpaTHBIM MeXaHU3M HaJIOTOOOI0KEHHS MPOLIEI SKCIIEPUMEHTAIBHYIO TIPOBEPKY B
JIIBYXJIETHEM OKCIIEPUMEHTE II0 HOBBIM CHCTEMaM HaJIOTOOOJIOKEHHS B HayKe, MPOBEICHHOM
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I'ocynapcTBeHHBIM KOMUTETOM 110 Hayke U TexHuke CCCP B AEBIHOCTOM U AEBSIHOCTO NEPBOM T'O/1aX.
B skcnepumeHTe 1Mo MPOTHBO3aTPATHOM cUCTEME HAaJIOr000I0KEH S IPUHSITN Y4acTHe ABa HHCTUTYTa
— Hucturyr npobnem ymnpasieans PAH n MockoBckuil TeNeBH3HMOHHBIA WHCTHTYT. JKCIIEPUMEHT
MOJIHOCTBIO MOATBEPANI TEOPETHUECKUE BbIBOABL. VHCTUTYTaM ObUIO HEBBITOAHO OpaTh C 3aKa3yMKa
OonplIKe EeHbIH, XOTSA M0 MHOTMM BHIaM NMPOAYKLIWH OHU ObUIM MOHomonHcTaMu. K coxkaneHuro,
3TOT YHUKAIBHBIN 3KCIIEPUMEHT OBLT 320BIT B CBS3H C TIEPECTPONKOM.

PaccmoTpum eme oguH pa3BHBalOIMii MexaHu3M. Pedbr umer o MexaHM3Max OLICHKH
JEeSTeIbHOCTH UYWHOBHUKOB U PYKOBOAWTENEH II000TO YPOBHS, CTHMYJIUPYIOIIUX MOBBIIICHHE
3¢ (GEeKTUBHOCTH HANPABJICHHMH, 32 KOTOPhIE OHH OTBEYAIOT U B YACTHOCTH MHHOBALIMOHHOE pa3BUTHE.
Ceifuac MHOTO TOBOPST O HEOOXOOMMOCTH OLIEHKH AEATEIILHOCTH PYKOBOIWTENEH M YMHOBHHKOB.
OpHako, xAeno (akTUyeckn HE [BUTAeTCA. PeryiasipHOro OTIaKEHHOrO MeXaHW3Ma OLICHKH
JeSITeIbHOCTH, 3aBS3aHHOTO HAa MaTepUallbHOE M MOpajbHOE TOOLIPEHHE, HEeT. YBEpPEeHBI, uTo 0e3
TAKOTr0 MEXaHU3Ma PELINTh MPOOJIeMbl MOBBILIEHUS 3()PEKTUBHOCTH 3KOHOMUKU HEBO3MOXKHO. [Ipn
3TOM MaTepuanbHasi MOTHBAaLUUS IODKHAa ObITh omryTuMmoil. Ecnu, Hampumep, HampaBieHue, 3a
KOTOpOE 0TBEYaeT YNHOBHUK, MOBBICHIIO 3PEKTUBHOCTH, YTO MPHHECIIO SKOHOMHKE Poccui, ckaxem,
1 mupa. pyOneit, To modemy Obl YMHOBHHKA HE IMOOMIPUTH B pasmepe S50 MuH. (wim maxe Oonee)?
Takoit MexaHuU3M OIEHKH JESITeTFHOCTH HEOOX0ANM | sl 00prObI ¢ Koppynmmeld. Ha mpaBoit ware
BeCcOB — 3(pekTHBHAs paboTa ¢ BBHICOKOHW IIaTol 3a 3()(EKTUBHOCTH IUIIOC MOPAIbHOE MOOIIPEHUEC
(repoii Tpyna, Jy4IIuii MEHeKEp, Y€I0BEK roja u T.1.). Ha jeBoli — KoppynIMOHHBIH TOXO0J MUHYC
yrpo3a TIOPEMHOTO CpOKa, KOH()HCKAIMM MMYILECTBA M OCYKICHHUS 0OLIecCTBEHHOCTU. Jl0CTaToOuHO
c/IeNaTh TaK, 4TOOBI TpaBasl YacTh MEPEeBECUIIA JIEBYIO U KOPPYIIHs OyAeT He BHITOHA.

B cepemune 80-x romoB mpeanpusTHsM (opranmzaisiM) [lepBomatickoro pationa r. ToOwnucu
ObLTa MpeIokeHa MEeTOAMKa MpeMupoBaHus. Meroauka Obiia paspaborana u BHeapeHa ydeHsiME HITO
«AJITOPUTM» u UITY PAH (B pamkax nayunoit mporpammbel «AKKOPJl» (aBTOMaTH3mpoBaHHAs
KOMIUIEKCHasl KOJIMYECTBEHHAs OLIEHKA Pe3yJIbTaToOB JIESITEIbHOCTY MPEANPHATHII) U JaBajia BOZMOKHOCTh
pacrpezieneHnsl MPEMHABHOTO (OHIA M0 UEPAPXUIECKON CTPYKTYpE YIIPABICHUS MPEINPHUATHEM, TEM
CaMbIM pa3zpelas CUCTEMHYIO B3aHMOCBSI3b KadecTBa TPyAa NPOM3BOJACTBEHHBIX 3BEHBEB C MEPOM HX
MaTepHaIbHOTO CTUMYJIUPOBaHUS. M 3TOT 3KciepuMEeHT ObLT 3a0BIT B CBSI3U MIEPECTPOHKOM.

MBI IpuBENH TOJIBKO HECKOJIBKO MPUMEPOB YMHBIX MEXaHU3MOB. B Teopun akTHBHBIX CUCTEM
uxX paspaboraHo Oojiee TPUALATH C OXBaTOM BCEro yIpasjeHuYeckoro nukina. Ha 0Gase stux
pa3paboTOK M OMbITa MPAKTUYECKOro KOoHcanTuHra MHctutyrom mnpobiem ympasienus PAH u
koHcayntuHroBoir Qupmoit «PODJI — KOHCAJITUHI» pa3paborana yHHKaJIbHas KOMILJICKCHAs
TEXHOJIOTHsI NOBBIIEHMST 3()(EKTUBHOCTH NpeAnpusaTHid M pernoHoB. OHa Oasupyercsi Ha Tpex
OCHOBAaHHUSIX — IMPOTPaMMHO-LIENEBOM TOAXO0J, NPOEKTHOE YIpaBIC€HHE M KOMIUIEKC YMHBIX
MeXaHU3MOB. [IporpaMMHO-1IeIeBO MOIX0 00ecreunBaeT YeTKYIO TIOCTAHOBKY Ielieli 1 pa3paboTKy
3¢ dEKTUBHON NpOrpaMMBbl X NOCTIKeHH. [IpoeKTHOE ympaBiieHHE pacCMaTpUBAET MPOrpaMMy Kak
MPOEKT, YIPABJISIEMbIi €AMHON KOMaHI0M OT KOHLIEIIIMH 10 3aBepiueHus. HakoHel, KOMIUIEKC yMHBIX
MeXaHU3MOB obecrnieunBaeT 3(QQeKkTuBHYI0 peanu3anuio OporpaMMbl. HoOBBIE TEXHOJOTHH B
yIpaBlIeHMH 3TO KaK HOBBIE JiekapcTBa B MeauiHe. dapmarieBTudeckue QUPMBI TPaTAT OONbIIHE
JEHbIH 32 MHOTOJICTHUE KJIMHUYECKUE MCIBITAHUS HOBBIX JIeKapcTB. Takue HCHBITaHUSI HEOOXO0AUMBI
U JUIS HOBBIX TEXHOJIOTMH B yrpaBieHnH. OHU IPOBOIMINCH MAPAIIIENBHO C CO3JaHUEM TEXHOJIOTHUH,
HaunHasg ¢ 90-x romoB. McmeiTanme texHoiormu Ha Oosee yeM 150 mpenmpuaATHsSX pazINdHOTO
MaciTada U 0TpacjeBOil NpUHAIEKHOCTH YOSAUTEILHO MOATBepArIo ee 3ddexkTuBHOCTD. CpeaHuit
pocT BeIpyukH coctaBua 1,5-2 paza 3a 1,5-2 roga. Mel roBopuM o mnpoueHrax pocra BBIL, u 31ech
150-200% 3a 1,5-2 roma. Ectb 0 uem 3agymatscs! [1,2]

Bo3HnkaeTr 3aKOHOMEpHBI BOIPOC - TMOYEMY Majl0 YMHBIX MEXaHH3MOB B 3KOHOMHKE,
MoYeMy MEJIEHHO BHEAPSAIOTCS MHHOBALMY B ynpasieHue? HazoBem ueTslpe MpUUYNHBI.

[lepBast — Ge3ycnoBHAsA CIIOKHOCTH 33j[add MEPEeBOJia SKOHOMUKHA Ha WHHOBAIMOHHBIN MYyTh
pasBUTHS. DTy CIOXHOCTh XOPOIIO WILTIOCTpHpYeT (paza Bukropa UepHOMBIpJMHA «XOTENH Kak
Jydile, a MOJy4YHIOCh Kak Bcerzay. J1o W moHatHo. LlyTka a1 — MoBEepHYTHh TaKOM MHEPLUOHHBIN
Kopabnb kak o»koHomuka Poccum (benopyccum, Kaszaxcrana, ['py3smm u T.n.) Ha HOBBII
WHHOBAIIMOHHBIHN ITyTh Pa3BUTHS. DTO MHOTOKPATHO CIIOJKHEE, YeM 3aIyCTHTh KOCMHYECKHIA KOpaOb.

Bropas mpuumHa — HE3aMHTEPECOBAaHHOCTh YMHOBHHMKOB U PYKOBOIUTENEH B BHEIPCHUU
YMHBIX MEXaHU3MOB. JTO U MOHATHO - BHEAPEHHE MHHOBALIUU B YIIPaBJIEHUE — 3TO XUpPypruyeckas
omepamusi Ha JKMBOM TeJie OpraHW3alnd, MpudYeM O0e3 Hapko3a W OOJCyTONSIONHX. ITO
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JeHCTBUTETHHO OOBHO U BBI3BIBAECT CONPOTUBIICHUE KoJUlekTBa. Jlanee, orcyTcTBue 3dpdekTuBHON
CUCTEMBl OLIEHKM JeATENbHOCTH YHHOBHUKOB W PYKOBOJIUTENEH, HalleJeHHOW Ha pOCT
3¢ EeKTUBHOCTH, TaKKe HE CTUMYJIMPYET MX Ha BHEApPEHHWE MHHOBaUWi B ynpasieHue. Hakower,
OIIpeJIeJIEHHOE HEAOBEpUE K HKCIEPTaM M KOHCYJIbTaHTaM, KOTOPbIE 3a BpeMsl MIEPECTPOMKH CTOIBKO
HACOBETOBAJIU, YTO Y MHOTHUX PYKOBOAMTEIEH aleprusi Ha UX COBETHI.

Tperpst mpuumHa — mnpobiiema coBMecTUMOCTH. OHa XOpOIIO H3BECTHA B MEAWIMHE.
OTnu4HOE MCKYCCTBEHHOE CEpIIe, @ OPraHM3M €ro OTTOpraer. AHaJIOTWYHAs KapTHHA M B JKHUBBIX
opranuzanuax. OTIUYHBIA HOBBI METOZA YNpaBleHHSA, XOpPOWIO cedsl TMOKa3aBIIMK Ha psle
NpEeNnpUaATUi, a Ha JaHHOM IMPEANpHUATHH HE MPHKUBAETCS, IOCKOIbKY HECOBMECTHUM C €ro
MEHTAIUTETOM, TPAAULUSIMHU U T.1.

Hakonern, uerBepras mpuuMHa — OTCYTCTBHE B JOCTATOYHOM KOJMYECTBE CIELUAIHCTOB,
CHOCOOHBIX pellaTh 3aayd BHEIPEHUS YMHBIX MEXaHU3MOB. DTO W TMOHATHO. TeopHs aKTHBHBIX
CHCTEM, KOTOpasi 3aHUMAaeTcsl pa3pabOTKON yMHBIX MEXaHM3MOB, YWTAE€TCS B CUUTAHHOM 4YHCIE
YHHUBEPCUTETOB. Y HAac XOpOIIO Y4aT, KaK JACHCTBOBAaTb B CYILIECTBYIOLICH CUCTEME YIpPAaBJICHUS, HO
MMPAKTUYCCKNU HE Yy4YaT, KaK U3MCHATb CHUCTEMY YIPaBJICHUA. Yacrto IMPUXOAUTCS YUTATh JICKOHUU B
YHHUBEpCUTETaxX. 3ajaeM Bompoc cTyaeHTam: «KTo 3HaeT, 4TO Takoe TEOpHs AKTUBHBIX CHCTEM?»
Penxo nogauMeTcs X0Tst ObI OAHA pyKa.

I/ITEIK, 4qTO ACJIaTh U C YE€ro HayaTh? Hy)KHI)I PYKOBOJUTEIINU C TOCYAapCTBECHHBIM MBIIIJICHUEM,
MaTPUOTHI, CHOCOOHBIE MOWTH PHUCK, HYKHBI IHJIOTHbIE MpOeKThl. Jlanee mmpokoe oOcyxaeHHe
Pe3y/IbTAaTOB HA CEMUHApax, B IPecce, Ha TEJCBUICHUN C IapauleIbHbIM 00yYeHHEM CIIEUATNCTOB —
KOHCYNIbTaHTOB. Jlajee KpaTHOE YBEIWYEHHE 4YKCa TMPOEKTOB, OISTh HIMPOKOE OOCYXAECHHE W
MOJrOTOBKA KOHCYJIbTAHTOB W T.JI. B o0IIeM, HyXHa TOCyJapCTBEHHAas IporpaMma «YMHOE
yhnpaBiieHHE». XO4eTcsl HalesiTbcs, YTO INpPHUBEACHHBIE BbIlIe cinoBa Bukropa YepHOMBIpauHa B
CKOpOM BpeMeHH OynyT 3By4arh nHaue: «Xortenn kak gydme! 1 momyunnocs! Kak Bcermal»
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The paper deals with intelligent control mechanisms. Some examples are given. The elaboration of intelligent
control mechanisms is based on the active systems theory. For further progress of economy the state program
“Intelligent Control” is essential.
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ROBUST DECENTRALIZED INVENTORY CONTROL IN LARGE-SCALE SUPPLY
NETWORKS

Lyubchyk L. M. and Dorofieiev Yu.l.
National Technical University “Kharkiv Polytechnic Institute”

Abstract.The problem of decentralized inventory control in large-scale supply chains under uncertain but
bounded external demand and transport time-delays and in the presence of asymmetric structural constraints on
states and controls is considered. Local inventory controllersuse linear dynamic feedback with respect to
deviation of the current inventory levels from the chosen safety levels. To suppress the influence of disturbances,
modelling external demand, while ensuring robust stability of closed local subsystems, the method of invariant
ellipsoids is used, which allowed formulating the problem in terms of linear matrix inequalities, wherein the
synthesis of control reduced to a semi-definite programming problem. Stability analysis of inventory control
systems for large-scale supply networks with decentralized controllers is performed using the comparison
method and vector Lyapunov functions technique.

Keywords: invariant ellipsoids, inventory control, linear matrix inequality, semidefinite programming,
comparison method, robust control, supply network, vector Lyapunov function.

Introduction

A supply network is a complex large-scale system consisting of interconnected agents which
is engaged in the extraction of raw materials, production, storage, transportation and distribution of
products to satisfy consumer demand [1]. Supply network model is usually represented as a directed
graph so that its vertices corresponding to the network nodes define the types and volumes of the
controllable inventory and its arcs represent controllable and uncontrollable flows in the network.
Controllable flows describe the processes of resource reprocessing and redistributing between network
nodes and external supply processes for raw materialswhile uncontrollable flows describe the resource
demand formed by external consumers.

Operation of production links associated with supply network nodes and influence of demand
from external consumers make typically resource inventory in the network nodes vary over time. Thus
there is a need to develop methods for inventory control for supply networks in order to meet external
demand and minimize own costs. At that under inventory control strategy is meant the structure of the
rules for determining the time of order formation and its sizes to resupply.

From the point of supply network control, it is reasonable to consider volumes of demand on
the resources which acts at the network nodes from the external environment as external disturbances.
The choice of inventory control model is defined by nature of demand.

Inventory control strategy with the given demand model is usually designed by the Model
Predictive Control method [2], application of this approach to the problems of robust inventory control
considered in[3,4].In practice, generally, there is no information in order to select a proper model of
external demand needed to predictive control. One of approaches to the solution of the inventory
control problem under demand uncertainty is use of the concept of "unknown, but bounded"
disturbances [5,6], wherein the corresponding demand model is characterized by the interval
uncertainty.

Another source of uncertainty in the inventory control problems is the presence of transport
lag caused by delays in restocking regarding the moments of orderformation. It is assumed that the
values of the duration of processing and transportation resources in the nodes of the network are
known. However, during the operation supply network parameters may vary from their nominal
values. As a result, there is a need to ensure the robustness of the control system with respect to
variations in these parameters.

In the last decade, it has formed a new approach to robust control problem, based on the
concept of invariant sets [5], among which especially allocated ellipsoids due to their simple structure
and a direct connection with quadratic Lyapunov functions.

The inventory controller design problemneed to take into account some constrains of network
variables. Thus, as a rule, in control theory frequently considering constrains specified in any norm,
while the specifics of inventory control problems is non-negative values of variables, which
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characterized by asymmetric constraints on values of states and control actions. In such a case a
constrained Predictive Control Method may be used for inventory controllerdesign [7.8].

Most of the procedures for the analysis and synthesis of inventory control systems in recent
decades were developed using a centralized approach, where all the information about the current
system state is transferred to a single controller, which formed the control actions for all system nodes.
However, a centralized approach to the large-scale control system design is characterized by
significant computational complexity and the need a centralized system for collecting information.
Therefore, to solve the control problems of supply networks perspective is decentralized approach, in
which the original control optimization problem is replaced by a set of local problems of smaller
dimension that can be solved in parallel and independently of each other. At once, it is necessary to
ensure the robust stability of the entire system, taking into account the presence of interconnections.

The problem of robustness in a decentralized control structure was considered in[9, 10]. For
the design of stabilizing control algorithms in the form of a static output feedback the authors propose
to use the estimate of the upper bound of non-linear terms or interconnections between local
subsystems. To get the results that are acceptable from the point of view of computational complexity,
the stability conditions are formulated using the technique of Linear Matrix Inequalities (LMI) [11].
However, in this approach, decentralized control is found by solving the optimization problem whose
dimension is determined by the dimension of entire system.Also it should be noted that in the works
devoted to the problem of suppression of bounded external disturbances, LMI technique is usually
applied to suppress disturbances that are limited in some norm. While expanding this approach for
asymmetric constraints of the states and control actions is of a great scientific and practical interest.

To reduce the dimension of the problem in the synthesis of decentralized control for large-
scale systems the concept of a diagonal or block-diagonal dominance may be used [12]. Thoughthis
concept,an approach to decentralized control designbased on equivalent subsystems method is
proposed[12]. The main advantage of this approach is that the static output feedback, providing robust
stability and given performance values, is designed on the level of the individual subsystems, which
reduces the dimension of the problem to the dimension of the subsystems. In this case, the estimates of
the degree of subsystems stability obtained as a result of the optimization problem solution are
considered as constraints on the value of the interconnections between the subsystems. However, this
approach does not take into account the structural constraints, as well as external disturbances are not
considered.

Thus, the actual problemfor large-scale supply network efficiency improvement isrobust
decentralized inventory control designin the presence of unknown, but bounded external demand and
transport delays,taking into account structural constraints on the states and control actions.

Problem statement

Consider the supply network.S,consisting of interconnected nodesS;,i =1, N, which

described by discrete state-space model. As state variables available inventory levels of resources are
considered. Control actions are orders volumes for the resources supply, which are formed by nodes in
the current period, as well as external disturbances is the demand orders, which act at the network
nodes from the outside.

System behavior is determined by the equations describing the change of inventory levels of

each node § ;- It is assumed that the supply network structure is known, and the states are available to

direct measurement. It is also assumed that the measured values of the local states used only by their
local controllers.Transport time-delays are described using the discrete delay model. Values of time-
delays that give the duration of transportation and resource reprocessing at the network nodes are
supposed to be known and are multiples of the sampling period.
Then each of the supply network nodes is described by a difference equation with delay
Aimax .
x;(k+1)=x;(k)+ Y Biu;(k—t)+E;w;(k), i=1N, (1)
t=0
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where k =0,1,2,... is number of discrete time interval; X; (k) € R" is state vector of node S i

u;(k)e R™i is control actions vector; w;(k)e R" is external disturbances vector; A" is
discrete variable, multiple of the sampling period, that determines the maximum value of the time-
delays of controlled flows between the node § ; and the network nodes that are resource suppliers for

. t n; Xm; max . . n: Xn: . .
him; B; e R, 1=0,4; are control influence matrices, E; € R"™" is disturbances

influence matrix. Obviously, the network structure is determined by the matrices Blt- R Ei , methods of

construction which are set out in [13]. The composite vector X(k) = [XlT (k), Xg (k),...,XZT\; (k)]T,

which composed of the individual nodes state vectors, is the state vector of the whole system S and
N
has dimensionn = ) n; .
i=1
External actions for each node §; include the external demand generated outside the network,

and internal demand generated by nodes for which the node S ; 1s a resources supplier

N
j=1,j#i

() + T, (k). @

where d(k) € R? is external demand vector; Hij eR"™i , 1, ]:I,_N are technological

matrices, which are formed on the basis of the process description being implemented by the supply

network, namely, the element value Hij (S,l ) is equal to the amount of resource units s =1,n; of

node S ; required to produce one resource unit  =1,n j by node S s II; e R"*? is external

demand influence matrix.Obviously, a matrix completely characterizes the nodes interactions that
define the supply network structure and given technological process.

0 I Iy
n= * . . 3)
My, Hyy -+ 0

During the system’s operation, the following structural constr;;ints should hold
x; (k) € X; ={xl~ eR": 0<x; lemax},

4)
u,(k)eU, ={u,~ eR™ : 0<uy, Sulmax},

where vectors leax and u;nax setting maximal storage capacities of the network nodes and maximal

transportation volumes are considered given.
We assume that the vectors of external disturbances satisfy the constraints:

dk)e D=deR?: d™" <d<d™ | 5)

wherevectors d™" and d™™ give the boundary values of demand and are supposed to be known.
Sets of admissible values of the states X;, controls U; and demand D are bounded polyhedrons
given by intersection of finite number of closed subspaces, i.e. they are compact convex sets, with the
coordinate origin being outside their interior: O & int(X ; ), O¢ int(U ; ), O¢ int(D).

For a system consisting of the nodes described by equations (1) and interconnections defined by (2),
consider the problem of decentralized inventory robust control design with respect to unknown, but



LSISANZIR I bS506IN6H( bOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2016 43

bounded demand disturbancesd(k) € D that for any initial state X(0), where X;(0) € X;,i=1L N

provides

« full and timely satisfaction of both external and internal demand;
« minimization of the local quality criteria;

« asymptotic robust stability of the entire interconnected system;

- fulfillment the given constraints on the state and control.

Local inventory controllers design
Carrying out the transformation network node model (1) to the standard form without delays

. T T T T
based on extending state vector &;(k) = [Xi (k),u; (k—1,u; (k—2),....,u; (k—A"™ )]T.by
including vectors of previously ordered volumes resources which are in the process of transportation
and processing [6], the equations of the extended model of the node obtained in the following form

E;(k+1)=A&;(k)+B,u; (k) +G;w;(k), ©)
x; (k) =C;§; (k),
where matrices A; € RN B, RN G; e R4 C; e RN N; =n; + m A"
have the corresponding block structure[4, 13]

[O]mixni [O]mixm, [O]m‘.xmi [O]mixm, Im,,><m‘.
A;= [O]mixni Im,.xm,. [O]mixml [O]mixm,. , B;i= [O]m,xm/ )
[O]m/xni [O]m[xm[ Imlxml. [O]m(.xm[ [O]mlxmi
E; I
[O]m,- xn, [0]”1 o
Gl= [O]mixni , Csz ’n:;X”li
: 0
[O]ml_Xni [ ]m,.xn[

The necessary conditions for the existence of an inventory control strategy for every node S i
providing full and timely satisfaction of uncertain but limited, external demands are
« stabilizability conditions for pairs matrices (Ai ’Bi)r i=1,N;
« conditions for the presence of required control resources[14], which has the following geometric
interpretation: a convex polyhedron, which describes the influence of external disturbances should be
strictly within the convex polyhedron, describing control resources constraints for each node Si,

namely, GiD - _BiUi .

Checking such aconditions for each node is a NP-complete problem of PALRET dimension,
which may be formulated as a linear programming problem, whose solution presented in [14] along
with corresponding computational algorithm.

The next step is external disturbance set for each node approximation by ellipsoid of minimum
volume. The boundary values of the external disturbancemay be obtained as
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LoafM =ma™, 4 =ma™, i=1N.

. q . q
. . min __ min max __ max
2. VZ:Lq. Hi = ' Z Hl]d] , Hi = ' Z Hl]d] .
j=1,j#i j=1, j#i

TR LS | UL L | ™

_— . i—1 . . i—1
. vi-geLNs WS ) e 2 m o aye)
J=1 j=1
AL LS| LR P L R

Then the external disturbance set for node S, can be approximated by an ellipsoid
_ T 1
E(w?, P") = {Wi eR" : (Wi (k)— wf) (P,-W) (Wl- (k)— W? )S 1}, (8)
whose matrix Pl-w and vector W? are determined by solving a convex optimization problem:
—logdetW — min 9)
subject to constraints on the matrix W = WT e R and vector z € R" variables
T
1 (WW i~ z)

Ww; -z L, <n

W >0, =0, j=12", (10)

where W j are the vectors includes all possible combinations of vectors er-nm and Wlmax .

The solution of (10) W, Z defines the parameters of the ellipsoid (8)
P/=W72, w, =Wz (11)

We construct the local control law in the form of non-stationary linear feedback with respect
to the deviation between the available and safety inventory levels

k
u; (k) =Ki(k)(§i(k)—§i ) (12)
where K; (k) e R “Ni s the non-stationary feedback gain matrix at the instant k .
* . max * .
The values of the vector §; that consists of ;" +1 vectors X; and gives the amount of

safety inventory levels are calculated based on the upper boundary values W;nax of external

Amax

disturbances for the node S j subject time-delay value P namely,

T
&; =I:X- s X } . X, = AW

AP 4

Then the extended model of the closed-loop node for control low (12) may be presented as
Gkt =A, (00— J+ AL+ lwi (0 - J+ 6w,
Xl(k):Cl%l(k)’ Afl(k):Al +BlKl(k)

(13)

Local control design problem is to find the feedback gain matrices K i (k) such that closed-

loop subsystems (13) are asymptotically robustly stable. The stability conditions of the entire
controlled supply network with decentralized controllers will be discussed below.

Designed controller should ensure the minimizing of the following local subsystem criteria in case of
an infinite time horizon
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=3 (e -& ) R, (k)& )+ ul (R w; (k) + AuT (ORAAw, (k) |, (14
Ji (k)= > g k)-§; 2\&i (k) =&, J[+u; (KR;u; (k) +Au; (KR Au; (k) |, (14)
k=0
& N;xN; u m; xm; A m; Xm; . .. .. C
where Ry e R777 R e R R e R77T are diagonal positive definite weighting
matrices, Au; (k) =u; (k) —u; (k—1).

The first term in (14) determines the amount of penalties for deviation of available resources
levels from safety inventory levels, the second take into account the cost of resources transportation
and storage, and the third is introduced for smoothing of control actions jumps, since the change in
resources production volumes should be carried out smoothly.

Stabilizing control algorithm are generally based on the estimation of the upper boundary value of the
system performance criterion using a suitable quadratic Lyapunov function, defined on the subsystem
(13) models equations solutions

vieiwo-g = w-g T Pwlw-g) Bw=PT0>0.  as
Let’s require that Yk >0 and for any value of the external disturbance belonging to

approximating ellipsoid W, (k) € E (W?, P;") for the first difference of the Lyapunov functionholds
the inequality, guaranteeing the Lyapunov functiondecreasing over time

Vi(ﬁi(k+1)—é?)—‘/,-(§i(k)—éf)s —J;7 (k). (16)
If inequality (16) holds it may be show that Vk > O the following inequality is valid
Vikw-g)z  mx, sRw). (17)

wi(k)eE(w;, PY)
Local control actions u; (k) will be determined from the minimization of criterion (14) upper

bound. Then in accordance with (17) the control actions may be found from the minimization
condition of the Lyapunov function

u,; (k) =arg min v,.(gi(k)—aj). (18)
u; (k)eU;

The problem (18) is equivalent to the problem of calculating the minimum value of a scalar
¥; (k) >0 such that Vk > 0 the following inequality is valid

e -2 [ ol 0 - )< o, (19)

In accordance with [8] matrix variables should be introduced

Q; (k) =y, (l)P; ™! (k) (20)

and using Schur lemma the problems of minimizing the scalar value 7Y; (k) under the condition (19)
may be presented as a semidefinite programming problem(SDP)
min ; (k)
Q; (k)
* )T (21)
yi(k)>0, Q;(k)=0, b (é,-(k)—éi > 0.
(&-’i(k)_gi) Q; (k)

Thus the synthesis of local robustly stable control is to calculate at each instant k the
feedback gain matrix Kl-(k) which stabilizes the closed-loop subsystems (13) and minimizes the
Lyapunov function (17). The appropriate results are presented in the following theorem.

T h e o r e m.Consider the set of subsystems (6) with constraints (4) with the control law (12), and let
the feedback gain matrix K; (k) =Y;(k )Ql_1 (k) is obtained by solving the optimization problem

min (k) (22)

Vi
Q; (k),Y; (k),a;
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subject to matrix variables Q;(k), Y; (k) € R™i*Ni and scalar parameters @;, y; (k) constraints

Q, (k) Y (kRMK, 0 0 Xl 0 Qi(k)Rf% Y (R,
KLRYY; () v (0K RK,, 00 00 0 0 0
0 0 0 0 (A-DF 0 0 0
0 0 0o 0 G} 0 0 0 .
¥, (k) 0 A-T G Q) 16, 0 o |7
0 0 0 0 y;,kGS y(k)ocl.(PiW)*1 0 0
Rf%Qi(k) 0 0 0 0 0 v (I 0
| RY, (k) 0 0 0 0 0 0 v (I
(23)
X
X T LG o, Y,-(k)(éi(k)—é?)z 0, (24)
y; (k)C; Q; (k)
+ T w \T -+ T w [
v | kwo-g T Yraer) | Go-a|

% +
&2 Jur= ) ¥, ) Qb
where X; (k) =A;Q;(k)+B;Y;(k), K;_; =K;(k—1), R; =R/} +Rl-A , «t»denote Moore-

Penrose pseudoinverse.
If the problem (22) which can be considered as a set of one-dimensional convex optimization

problem with respect to the parameter o; and SDP has a solution, then the set of closed-loop

subsystems (6) with control law (12) for any initial state X;(0) € X; in the presence of external
disturbances w; (k) e E (Wj , P/") is asymptotically robustly stable. V

Herein Pl-x is the matrix of the ellipsoid that approximates set X ; of admissible state values,

calculated by solving the problem, which is similar to the problem (9).
The proof is analogous to the proof of the Theorem 2 in [4].

Stability analysis of decentralized inventory control system

If during the process of decentralized control design for each subsystem the optimization
problem (22) — (25) is solved, it can be asserted that all closed local subsystems are asymptotically
robust stable.To analyze stability of the entire controlled supply network S with decentralized
controllers represent the equations of the extended node models (6), taking into account the
relationships (2), by analogy with [5] as follows

N
j=1,j#i
T T
where Bij = [EiHij Om,.xmj " Oml.xm/. ], F = [EiHi Omfxq " Oml,xq]-

The dynamic equation (26) under the control (12) takes the form

% % N %
Ek+D=A, 00 -8 ) AE + T Fytol;00-€) Fa

Jj=Lj#i
where BT (k) = [E.T1K (k) Oy, OWNJ,J
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To analyze the stability of the entire controlled supply network S with decentralized
controllers it is effective to use the method of comparison based on vector Lyapunov functions
approach [15].Consider a vector Lyapunov function

Ve - )=l 0 - ) vy v -3 ) @)
T
where§(k) = [éir k), ..., é% (k)]T and &_,* = |:(§T)T, oo (Ej\, )T} are a component vectors of

appropriate dimension.The components of vector function (27) areLyapunov functions of local
subsystems in the Siljakform [9]

b _

vi(a,-(k)—é?‘){(éi(k)—é?)TPi(m(éi(k)—é?)j L i=LW, 28)

where the matrices P; (k) in accordance with (20) are equal P; (k) =1; (k)Qi_1 (k).

On the basis of vector Lyapunov function (27) the general Lyapunov function for controlled supply
network S is the following

3k k
Volew " )=yl -¢"). 29)
where Py =[po,.. pon } Po; >0, i=1N.
Withcontrolled large-scale system S may be associated the linear comparison system[15]

ok +1) = A(k)o(k), n(k)="Pyo(k), (30)

where v = [DIT yeres DZE]T is the state vector of comparison system; # is scalar function, which is the

output of comparison system; A(k) € RVN i non-stationary matrix with non-negative elements,

describes the comparison system dynamics.
In [16] was formulated the theorem according to which for the vector Lyapunov function (27)
and general Lyapunov function (29) the following inequalities are equitable

Vet -&* <o, Volet-&")<nco), a1

ifmatrix A(k) elements is determined by the characteristic equation of quadratic formspencil

det(AT (OP.(0A , (k) - 1, P,(k))=0, i
det(E (k)P, (k)F, (k) — 11, P, (K))=0, i, j

LN,
(32)

LN, j#i.

1
Herewith j*ij (k)= [,ulrjn ax]/z’ where ,Ltg}l # is the maximum value of the appropriate

characteristic equation (32) root. Thus the comparison system (30) majorizes componentwise vector
Lyapunov function (27) and gives an upper estimate of the processes behavior of entire system .S . As
a result stability analysis of the entire controlled supply network S with decentralized controllers
reduces to the analysis of the comparison system (30) stability.

Under supply network model construction the nodes are numbered and grouped according to
the stages of processing of raw materials and semi-finished products, starting with those that exposed
external disturbance, specifically demand. Moreover, any layer of the network combines nodes that are
resource suppliers for the nodes belonging to the layers with numbers strictly less than [ and at least

for one node of the layer/ —1. If a directed graph described the supply network, is a tree, that is, has
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no cycles, then non-stationary dynamic matrix A(k) of the comparison system (30) is lower
triangular. Since the diagonal elements of the matrix A(k) are calculated based on the first of
equations (32), their values are positive and 0 < 4;; (k) <1.

As a result, non-stationary matrix A(k) Vk is nilpotent and therefore, the comparison system
(30) is stable. Consequently, the entire controlled supply network S consisting of interconnected

subsystems S;, I = 1,_N , which with local feedback decentralized controllers (12) will be Lyapunov
stable.

Conclusions

The invariant ellipsoids method along with LMI technique is an effective approach to solving
the robust decentralized inventory control problem in large-scale supply networks. The specific
features of this problem aredecomposed structure of complex supply network, the uncertainty, but
boundedness of external demand and the presence of asymmetric structural constraints on the states
and control actions values.

To suppress influence of disturbances witch describes the change of external demand together
with ensuring stability of the closed-loop local subsystems the invariant ellipsoid technique is applied
that allowed control problem statement in terms of LMI and reduce the control synthesis to SDP and
one-dimensional convex optimization problems. The most important property of obtained solution is
the Lyapunov stability of the entire controlled supply network with decentralized controllers which is
guaranteed by use of the comparison method and the technique of vector Lyapunov functions.

The resulting control depends on the chosen value of the safety inventory levels. One can
choose optimal values of local safety levels within the proposed technique since the solution of the
robust decentralized control synthesis problem involved actually gives the algorithmic dependence
between the local safety inventory level and the optimal value of the local performance criterion.

Further research in this area may be related to the multi-agent and consensus control theory for
load and flows coordination in large-scale supply chains networks.
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PE3IOME

POBACTHOE JIEHEHTPAJIN30BAHHOE YITPABJIEHUE 3AITACAMHU

B BOJIbIIUX CETAX IOCTABOK

Jioouuk JI.M., Topodeen FO.U.

HannoHanbHBIH TeXHUYeCKHIl YHHBepcUuTeT “XapbKOBCKUI MOJIUTEXHUYECKHUI HHCTUTYT”, YKpauHa
PaccmarpuBaercsi mpoOiema JIEHEeHTPAIM30BaHHOTO YHPABJICHHS 3armacaMd B OOJBIIMX CETSAX IOCTaBOK B
YCIOBHUSAX HEOIPEAETICHHOT0, HO OTPaHWYEHHOIO CIPOCAa U BPEMEHHBIX 33JepiKeK Ha TPaHCIOPTHPOBKY MpHU
HAJIMYUN aCUMMETPUUHBIX CTPYKTYPHBIX OIpaHHYEHHM Ha IepeMEHHBIE COCTOSHUS U yrpaBieHus. JIokanbHbIe
peryJsTOpbl ypOBHEW 3aIllacoB HCIIOJB3YIOT JMHEHHYI0 JWHAMHYECKYI0 OOpaTHYIO CBSI3b O OTKJIOHEHHUIO
TEKYyIIETO YPOBHS 3alacoB OT BBIOPAHHOTO CTPaxoBOTO ypoBHA. JlJI MOJAaBJICHHUS BIMAHUS BO3MYILEHHH,
MOJICTIMPYIOIUX BHEIIHUH CHpPOC, C OJHOBPEMEHHBIM OOecHedeHneM poOacTHON yCTOHYMBOCTH 3aMKHYTHIX
JIOKJIBHBIX TTOJCHCTEM, MCIIOJIB3YETCSI METOJl MHBAPHAHTHBIX JJUIMICOHUJIOB, MO3BOJIIOMNN cHOpMyInpoBaTh
3aa4y B T€PMUHAX JIMHEHHBIX MATPUYHBIX HEPABEHCTB U NMPHBECTU CHHTE3 YIPABICHHS KPEIICHHUIO 331a4d
MOJIyOIPEICICHHOTO TPOrPaMMHUPOBAHHS. AHAIN3 yCTOWYNBOCTH CHCTEM YIPABICHHMS 3aracaMu JJsi OONbBIINX
ceTell OCTaBOK C ACLEHTPATN30BAHHBIM YNPAaBJICHUEM MPOBOJUTCSA C MCIOJIb30BAHHEM METOJIOB CPABHEHUS U
BEKTOPHBIX (yHKIMI JIsimyHOBa.

KiroueBble cjioBa: WHBapUaHTHBIE 3JUTUIICOHM/IBI, YIPABICHUE 3allacaMu, JMHEIIHOe MaTpHYHOE HEPaBEHCTBO,
HOJIyOIIpEe/IeNICHHOE NIPOrpaMMHUPOBAHIE, METOJl CPABHEHUS, POOACTHOE yIpaBJICHUE, CETh IOCTABOK, BEKTOPHAs
¢ynkuus JsnyHoBa.



50 bSISENIILON LSObIN6H(™) L0SbSI60, GEORGIAN ENGINEERING NEWS, Ne2, 2016

ABSOLUTE CONVERGENCE AND SUMMABILITY OF THE FOURIER-BESSEL SERIES
Skhirtladze I.A. and Skhirtladze N.I.

V. Chavchanidze Institute of Cybernetics, Georgian Technical University

Abstract. The sufficient conditions for absolute convergence and summability of the Fourier-Bessel series are
given.
Keywords: Fourier-Bessel series, absolute convergence, absolute summability.

1. Some Notions and Definitions
We deal with Lebesgue integrable functions, periodic with period 1, i.e. f € L[O;l]. Let us

introduce the following notions
!

AVF ()= (-1)" Gj f(x+kh) (1)

k=0

It is called the /-order difference.
It is well known that the v >0 order Bessel function is determined by the equation [1]

(s

JV(x):mZ_;)F(m+1)-F(v+m+1) @

where T is the Euler integral of the first kind and is given for the v >0number by the equality

F(V) = Texx“dx. If we determine the I' function by the equality I (v) = @ , We can
0

assume in Eq (2) that v>-1 Let A, Ay, ..., A, ...be the zeroes of the ascending Bessel J, (x)—

function. Then the [nb:3] system of functions J, (ﬂ.lx),.]v (ﬂ.lx)....]v (/’Lnx)... is an xdx-weight

orthogonal system defined on the [0, 1] segment. Hence, to any f € [O;l] function, we can match the

Fourier-Bessel series ch J, (ﬂnx), where the Fourier-Bessel coefficient C, is computed by formula

n=1

f(x)J, (A,x)xdx

© —)

C =

n

1
ij (A,x) xdx
0

Assume f (x, y) € L[(), 1; 0,1] is a Lebes gue function, periodic with separate variables with

period 1. In this case, the Bessel system is written in the multiplication form J, (ﬂ,mx) -J, (ln y) .

It is obvious that this product is orthogonal [0,1; 0,1] on the two-dimensional segment, and its
Fourier-Bessel series takes the form [2]

ZOO: Cmn]v (ﬂ“m‘x)Jv (ﬁ“ny)

where the coefficient C,, is determined by the equality [3]
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j-j.f (Z y)xydxdy
C — 00

mn

[ S——

J: (ﬂmX)xdx'fff (4,y)ydy
Let us introduce the functons 0
jfxy)dyandﬂ jfxy)dx

and quantltles

1

AV (), =|2"[|A) a(x)
0f om
1
1 4 P
BY(£),=| 2| B(v)| dy
0f o+l
1
11 P P
DL (f), = 2" [[]A" ) r| dady |
00[ 2miymt

where A ZZ f+/1 d- k(/J(Z’)f(x_yﬂhv y+kh2) [4].

A=D k=0
2. Theorems about Absolute Convergence and Summability

Theorem 1. Say p e (1, 2] is some number, and function f with period 1 belongs to L,[0, 1], or for

some natural number

o0

B
Z[Ail)fp} 2" 1) <on where 720, 0<ﬁ<L1
n=1 p -

Then 3C.[" (n+1) <o

n=1

hence follows the absolute convergence of the Fourier-Bessel series.
Theorem 2. Say f € Lp [0,1; 0, 1] pE (1, 2] and

i[Ar(nr)fp :|ﬂ 2m(71+1—ﬂ)<oo’ i[B}SJ)fP :|ﬁ .r2+1-h) <0,
m=1 n=l

ZZD(td m(y,+1-p) ) (y2+1—ﬂ)<oo’

m=1 n=

where y,, 7, 20, 0<ﬂ<—1, then

C

mn

SSIC,, [ (m+1) (n+1) <

m=1 n=1
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Theorem 3. Say f € L, [0, 1; O,l] and I<p <2. if Z A'(ﬂr) fp 2" <0, z B’(f) fp 2" <00, and
m=1 n=1

i N D(f~d) LM QM oy
=1

m=1 n

Then the Fourier-Bessel series |C =V — 7/2| 1s summarized.
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SUMMARY

NUMERICAL SIMULATION OF LITHODYNAMICS PROCESSES IN THE AREA OF THE
CHANNEL TO THE PORT OF POTI: ENGINEERING MEASURES AGAINST SILTING CHANNEL
Saghinadze LS., Bregvadze A.V. and Gagoshidze Sh.N.

Akaki Tsereteli State University, Kutaisi

Georgian Technical University

In the paper the problem of protecting the channel and internal waters of the Poti port from silting is discussed. A
mathematical model of lithodynamics of the channel and the algorithm for the numerical solution of the
problem are designed. The finite element method and the Crank-Nicholson scheme are used. The numerical
experiments show that the deposition of sediment in the channel is intense 0.7-0.8m/year. Engineering measures
are proposed to solve the existing problems.

Keywords: seaport channel, silting, lithodynamics, numerical simulation, engineering measures.
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TRANSVERSE DAMPING OF MAIN PIPELINES OF HYDROTRANSPORT SYSTEMS
UNDER THE INFLUENCE OF PARAMETRIC FORCES

Makharadze L.I. and Gavasheli L. Sh.

Georgian Technical University

Abstract: The paper deals with damping of transverse vibrations in main hydrotransport pipelines with
consideration for the effect of parametric forces. It was determined that the transverse (parametric) forces are
damped when an flexible dampimg device is installed at one end of the pipeline. The intensity of transverse
vibrations increases with the damping factor and the liquid mass (hydro-air mixture) flow velocity in the
pipeline. Besides, the system is entirely in the low-frequency range of transverse vibrations, which, for its part,
exerts an additional effect on the sustainability and reliability, i.e. the safe operation, of the main.

Keywords: hydrotransport systems, main pipeline, liquid mass, flow frequency, vibration, flexible damping
device.

1. Introduction

Transverse vibrations always develop in main pipelines of pressure hydrotransport systems as
in distributed parametric systems which transport the liquid mass (mixture of water and loose solid
material particles — hydraulic fluid) during operation. These vibrations are also called parametric
vibrations, as their origin and development depend on the range of variation of the values of
hydrodynamic parameters of liquid mass transported through the pipeline. Sometimes, the transverse
vibrations are characterized by high frequency and amplitude in accordance with the dynamic
processes developed in the main pipeline, which exerts an adverse effect on the sustainability and
reliability of the main pipeline, the main pipeline and the pipeline fittings are expected to break down.

Despite the importance and newsworthy of the problem, which has been studied by the many
famous scientists since last century, there are still several issues which have never been considered.
Such issue is the one of pipeline transverse vibrations, which in specific circumstances have a
significant impact on the sustainability of the entire hydrotransport operation. This was proved by our
experimental research, which was carried out on industrial sites of different capacity and semi-
industrial laboratory equipment [1-10].

It should be noted that, for its part, the pipeline represents a damping element to a certain
extent, which contradicts the development of transverse, i.e. parametric vibrations.

Therefore, the objective of our research was to establish the link between the damping forces
predetermined by the pipeline and the velocity of the liquid mass flow transported through the main
pipeline, as well as to identify the conditions which ensure the minimum vibrations of the main
pipeline in the transverse direction.

It was determined that the transverse (parametric) vibrations of the pipeline are damped if an
flexible damping device is attached to the one end of the main pipeline (Fig. 1). The intensity of
damping increases with the increasing velocity of the liquid mass (liquid flow) transported through the
pipeline and the damping capacity (damping factor) of the damping device when the pipeline system
entirely falls within the range of low-frequency transverse vibrations, which in its part, exerts an
additional effect on the sustainability and safe operation of the pipeline.

C

A
()
v

Fig. 1. Mechanical model of the system ""Pipeline — Flexible damping element"
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For a theoretical analysis, let us review the distributed parameter stem (pipeline) of a certain
length equal to the length of the wave propagated in it. One end of the pipeline is attached to the
flexible-damping element and the other end is free (Fig. 1).

2. Theoretical analysis

In the considered case, the frequency of parametric vibrations is calculated based on the
relationship
2

3c—u

me?

) ey

=

where m is the mass of unit length of the stem (pipeline), km; /¢ is the entire length of the stem, m; c is
the stiffness of the stem (pipeline) during its transverse movement at an angle equal to its unit, N/M,
M 1s the viscous friction factor of the stem (pipeline).

In case of parametric vibrations of the reviewed model, a certain force (—2mv, ) develops in

it (where v is the velocity of the longitudinal wave propagated in the stem (pipeline), m/sec; @, is the

angle between the longitudinal displacement point and the horizontal state (in degrees) which is
directed against the transverse displacement, which acts against their critical amplitudes forced by the
system and to a certain extent acts as a damper to suppress the transverse vibrations of the stem

(pipeline).

o(t)

A

Fig. 2. Graphical drawing of the inclination angle in the pipeline transverse plane at any moment of time

In the course of the analysis of transverse vibrations of pipelines, it should be considered that
the parametric vibrations occurring in the system are to a certain extent influenced by the velocity of
the liquid mass flow moving in it and the pressure pulsation (fluctuation). Thus, the objective of our
next research is to establish the link between the above-mentioned damping force, the flow velocity
and the pressure pulsation to identify the conditions under which the displacement (vibration) in the
transverse plane of the pipeline will be minimal.

Let us use the following symbols to make up a differential equation of transverse vibrations of
the reviewed system.

In Fig. 2 is shown a longitudinal z section of the pipeline in coordinate X, (D(t ) being the angle
of pipeline deflection at any moment of time. Accordingly, @z, @zand ¢z will be the
displacement, velocity and acceleration of this pipeline section, respectively. The forces developing
during the interaction of liquid mass particles and pipeline walls will be dependent on the coordinates
of z and will be directed perpendicular to the pipeline axis, i.e. F'=F (Z,t ) Accordingly, the force
acting on the pipeline section of dz length will be Fdz, while the mass of liquid particles will be equal

to mle (where m;, is the mass equal to the unit length of liquid flow). In this case, the differential
equation of transverse vibrations of the system will be as follows:
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Flz,t)=mi(@) , )

where X (7)is the acceleration of liquid particles moving perpendicular to the pipeline axis.
Iin our case,

X(t)=pz+2pv, 3)

where V is the velocity of liquid flow in the pipeline.
From equation (2) the intensity of forces acting on the liquid flow from the pipeline walls may
be identified, i.e. it can be written as follows

F(z,t)=m ($7+26V). @)

Really, analogous opposite forces from the liquid flow act on the pipeline walls as well and
will create a negative point in respect to the center of connection of the flexible-damping device:

‘ 3
. . AN
M:—J.ml(qoz+2¢)zdz):—ml(¢?+(pv€2j. (5)
0

Besides, the point of connection of the flexible-damping device to the pipeline — M; acts on
the pipeline, which will be directed perpendicular to its geometric axis, opposite its transverse
displacement which will be equal to:

M, == (co+ue) . (6)

Due to the above reasoning, the differential equation of the pipeline transverse vibration will

be as follows:
3

M+M,=—-¢ . (7)

If expressions (5) and (6) are considered in this equation, we will obtain:
3

3
—mj p+m, (%¢+Vf2'¢j+(c¢+ﬂ¢)=0’
3y e) o 3
e : 0. 8
te. o £3(m+m1) ¢+(3(m+m1)(p ®

It is seen from expression (8) that ¢@(r) represents an angle between the horizontal position of

the pipeline and its inclination at a certain moment of time. The factor of its first derivative is positive,
i.e. the process of vibration of the pipeline in transverse direction entirely bears a suppressible nature,
and, at the same time, the suppression intensity increases with increasing liquid flow velocity and the
damping factor. From the theoretical point of view, absolute balance - sustainability of the pipeline
may be achieved by selection of their optimal values.

Physically, the achievement of effective suppression of transverse vibrations of the pipeline
may be explained as follows: the second member in equation (8), which contains the first derivative of
the rotation angle and represents a quasi-suppressive element, is derived by the force acting on the
pipeline from the side of the liquid flow which in the considered case will be equal to:

F=—0Qmv+u)¢, )

The pressure profile of force F, is shown in Fig. 3.
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/

d

Fig. 3. Pressure profile of forces acting on the internal surface of the pipeline walls

Really, force F2 depends on the liquid flow velocity (v) and the damping factor ( £ ).

It is seen from equation (9) that force F, is proportional to angular velocity (/)(t )and creates a
moment opposite in sign in the pipeline, when

3mvrp) [ 3
€3(m+m1) 63(m+m1)

then the general solution of equation (8) will be as follows:

@=0"(c,sinwt+c,cos wr), (10)

h:6!mlvﬁ2 +,u!

(m+m,)

and

9¢° B 36(le€2+,u)2

, 11
Eé(m+ml)2 (m+m, ) o

)=

where c;and ¢, are any constants which are defined from the initial conditions.
3. Conclusion

It is seen from equation (11) that, as mentioned above, the intensity of suppression of
transverse vibrations of the pipeline increases with the increasing liquid flow velocity and damping
factor, while the frequency of free vibrations (in our case, the frequency of parametric vibrations)
decreases with the increasing liquid flow velocity and damping factor, i.e. more effective suppression
of lower frequency vibrations is achieved, which positively affects the pipeline sustainability and
operation safety, i.e. the rational values of the liquid flow velocity and the damping factor to be
realized in practice ensure the minimal transverse displacement of the pipeline.

We developed the effective means of damping the transverse vibrations of the main pipelines
of pressure hydrotransport systems [11, 12] and, by selecting the parameter values of their damping
elements, the sustainability and safe operation of the main pipeline can be achieved.
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PE3IOME

JEMII®UPOBAHUE TNOINEPEYHBIX KOJEBAHUW MATHUCTPAJIBHBIX TPYBOIIPOBOJIOB
I'MJAPOTPAHCHOPTHbBIX CUCTEM C YYETOM BJIUAHUA TAPAMETPHYECKUX CHJI
Maxapanse JL.W., I'apamesan JLII.

I'py3uHCcKHi TEXHHYECKUH YHUBEPCUTET

B cratbe paccMmoTpeH Bompoc JeMII(pHpPOBAaHHS IIONEPEYHBIX KOJeOaHWH MarucTpalbHBIX TPYOOIPOBOJOB
TUIPOTPAHCIOPTHBIX CUCTEM C YYETOM BIIMSHMSA IapaMETPUUYECKUX CHJI. YCTAHOBIEHO, 4YTO IIONEPEYHBIE
(mapaMeTpu4ecKue) CHIIBL ABJIAIOTCS 3aTYXaIOLIMMHU, KOTJ]a Ha OJJHOM KOHILIE TpyOonpoBoaa OyaeT paciooKeHo
ynpyro-aeMndupyloiiee ycrpoictBo. MHTEHCHBHOCTD MOIEPEUHbIX KOJICOAHUH YBEIUYNBACTCS C YBEIUUCHUEM
ko3¢ ¢unneHTa JeMIpUPOBaHNS U CKOPOCTH ABIXEHHUS XHIKOH Macchl (THAPOa’pocMecH) B TPyOOIpOBOJE.
Kpome Toro, cucrema MOJHOCTBIO OKa3bIBaeTCsA B AMAIa30HE HU3KUX YacTOT MONEPEYHBIX KojeOaHuil, 4To co
CBOEH CTOPOHBI OKa3bIBAaeT IOMOJIHUTENBHBIM 3(PQEeKT Ha yCTOWYMBOCTH W HAAEKHOCTh, T.. 0E30IACHOCTH
9KCIUTyaTallMM MarucTpaJIbHOTO TpyOOIIpoBoa.

KaioueBble ciaoBa: THAPOTPAHCIOPTHAs CHUCTEMa, MarMCTPalIbHBIA TPYOONPOBOJ, SKHIKAs Macca, 4acToTa
MOTOKA, BUOpalusl, yrpyro-aeMndupyromee ycTpoucTBo.
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SUMMARY

WEB DESIGN COLOR THEORY

Namchevadze Ts.V.

Akaki Tsereteli State University, Kutaisi

The paper deals with the color theory for web designers. It considers the factors determining the color harmony:
color complementation and contrast according to color, brightness, and saturation. Some combinations of
achromatic and chromatic colors are considered. There are established the types of color harmony:
monochromatic, analogous, complementary, analogous-complementary, split-complementary, triad and
rectangle.

Keywords: color theory, web design, color harmony.
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SUMMARY

WEB DESIGN FOR MOBILE DEVICES

Namchevadze Ts.V.

Akaki Tsereteli State University, Kutaisi

The paper deals with web design for mobile devices. It is emphasized that, to make a web design for such
devices, it is essential to know the display capability in pixels. For this purpose, a mobile version of design is
necessary. With this in mind, desired applications and functions must be installed. There are such utility software
that facilitate the work of a web designer.

Keywords: web design, mobile device, Apple iPhone, service, utility.
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SUMMARY

THERMOSYPHON COOLING SYSTEM FOR SOLAR THERMOELECTRIC TRANSDUCERS
Khachidze T.I. and Avaliani I.M.

LEPL Institute “Optica”

Georgian Technical University

The paper deals with the design of a thermosyphon cooling system for solar cells. From the obtained
investigation results, it can be inferred that the thermosyphon system is efficient for cooling the thermoelectric
transducers with high concentration of solar energy. At the same time, this system provides high temperature
stability of the cells.

Keywords: solar cell, thermoelectric transducer, thermosyphon cooling system.
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SUMMARY

GEORGIA’S ROLE AS A EURASIA’S TRANSPORT CORRIDOR

Margalitadze I.N., Gegeshidze E.I. and Gabidzashvili L.G.

Georgian Technical University

Georgia should participate in international transport programs to realize fully Georgia's geopolitical potential and
to integrate in the international transport system. By participating in the TRACECA (Transport Corridor Europe-
Caucasus-Asia) program, Georgia is involved in the sphere of interests of global powers. In the framework of
TRACECA, Georgia becomes a strategic partner of the European Union.

Keywords: TRACECA, transport corridor, transit, geopolitics.
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UCCJIEJOBAHUE CBOMCTB B3PBIBUATHIX BEHIECTB CO3JJAHHBIX HA OCHOBE
YTUJIN3UPOBAHHBIX BOEIIPUIIACOB

Xomepuku C.K., Kyuyxunze 3.K., AnpuamBuiau A.I'., HlaréepamBunu I'.I'., Abecanze H.A.,
Anmuaypu A.M.

FOJIIIII I'opublii uHeTHTYT M. T.A. Hyaykuaze

B Hacrosmiee BpeMst Ha BoeHHBIX 0azax ObiBiero Coserckoro Coro3a CKOMMIOCH OOJBIITOE
KOJINYECTBO OOETPHUIIACOB C MCTEKIIMM CPOKOM TOIHOCTH, XPaHEHHE WIM MAacCOBOE YHHUYTOXECHHE
KOTOPBIX MPEACTABISIET CEPHE3HYI0 TPOOIEMYy.

[TosTOMy Ha MEpBBIA TUIaH BBIABHHYJIUCH NPOOJIEMBI, PEUICHHE KOTOPHIX COCTOMT B HX
YTUIM3alUN C W3BJICUCHHEM BCEX TIOJIE3HBIX KOMIIOHEHTOB C IIEJIbI0 MOCIEAYIOEeH MepepadoTKu
MOJTyYEHHBIX MPOIYKTOB JJIs1 BO3BPAaTa B 9KOHOMHUKY.

[Mpouecc yTunu3anuu OOCMPUINACOB W HMX JIUTEIBHOE XPAaHEHUE JOJDKHBI CTPOUTHCS Ha
MPUHIHTIAX:

- KOMIUIEKCHOCTH, IPeIyCMaTpUBAIOIICH MepepadOTKy BCEX 3JEMEHTOB Ka)KIOTO H3IEINus,
BKIIIOYasi OOEBbIE YaCTH, METAaTENbHBIC 3apsiibl U JBUTATEH, CPEJCTBa WHHUIIMHUPOBAHUS, CHCTEMBI
yIpaBJieHUs, Tapy U Ip.;

- obecrieueHHs1 BBICOKOTO YPOBHsI 0€30MaCHOCTH paboT, ¢ YYETOM TOTO OOCTOSATENLCTBA, YTO
npoliecc yTuian3amnuu 0oJiee omaceH, 4eM Mpolecc CHAPSHKEHHUS;

- COOIOJIEHHS YKOJIOTHYECKOH YMCTOTHI.

Yrunuzauus ycrapeBmux O0oenpunacos B ['pyzuu npousBoautcst ['ocyaapcTBeHHBIM BOSHHO
HAYYHO-TEXHUUECKUM LEHTpOM «JlenmbTa» Ha BpPEMEHHBIX MOJHTOHAaX. B TOpPHOM HHCTUTYTE HM.
I'. Lymykuaze BHIMOJIHEH MPOEKT «Pa3paboTka TEXHOJIIOTHH U CO3/JaHHE TIPOMBINIUIEHHBIX B3PBIBYATHIX
BEIIECTB HAa OCHOBE YTHJIM3UPOBAHHBIX OOETPUIIACOBY», B KOTOPOM, HapsALy C YICHBIMH U HHKEHEPaMH
WHCTUTYTa, ObLIH 3a/IeHICTBOBAHbI M BEIYIME CIICIUATMCTHI eHTpa «JlenbTa». B paMkax mpoekra Ha
0aze yTHIM3MPOBAHHBIX OAIUTMCTUTHBIX M MHUPOKCHIMHOBBIX IOPOXOB pa3paboTaHbl Oe3omacHble B
oOpalieHun, JeneBble U BEBICOKOA((EKTHBHBIE IPOMBIIIUICHHEBIE B3phIBUaTHIC BellecTBa. [IpuMeHeHune
B3pBIBYATHIX BEILECTB HA OCHOBE YCTapeBIIMX OOEMPHIIACOB IPHU JOOBIYE IOJIE3HBIX HCKOMAeMbIX
OTKPBITBIM CIIOCOOOM, TOMHMMO 3HAYUTEIBHOTO SKOHOMHYEcKoro s¢dexra, odecreunBaer Ooiee
BBICOKHI YPOBEHb SKOJIOIMYECKON 0€30MaCHOCTH YTHIM3ALUH 10 CPAaBHEHHUIO C UX YHUYTOKCHHEM Ha
OTKPBITBIX MOJIUTOHAX.

B JlaGopaTopun ucciegoBaHMs B3PbIBUATHIX MAaTEpUAIOB M TEXHOJIOIMH B3phbIBA Ha OCHOBE
OTIpEJICJIEHHBIX PACUETHBIX IapaMeTPOB KOHBEPCHOHHBIX B3pPHIBUATHIX BEIIECTB M B3PBIBYATHIX
cMecell Ha MX OCHOBE 3KCIEPUMEHTAIBHO OIpPEeNHIM IPaBUTALMOHHYIO IUIOTHOCTH M CKOPOCTh
JETOHALIMH 3apsija.

[Ipy wW3MeHEeHHHM CKOpPOCTH [eTOHAlMM SKclepuMeHTanbHble BB pasmemanuce B
TUTACTMACCOBBIX TOHKOCTEHHBIX TpyOax (2,5-3,0 mm) mmmuoii 200-322 MM u auamerpom 47; 66 u
106 MM. Macca OCHOBHOTO 3apsifia, B 3aBUCMMOCTH OT €rO JUIMHBI U JuameTpa, MeHsuiack ot 500 no
2250 r. Bo Bcex 3KcmepuMEHTax B KauecTBE MPOMEKYTOUHOrO AETOHATOpAa MPUMHHANIACh HaBECKa
nopomKooOpa3Horo rekcoreHa Maccoir 100 r. BBugy Manoit mpouHoctH  000JI0YKH
9KCTIIEPUMEHTAJIbHBIE 3aps/ibl PaclEHUBAIOTCS KAaK OTKPBITHIE. 3a Hayajlo OTCYeTa YAAJeHHS TOYEK
HaOmoeHus (yCTaHOBKHU NaTYUKOB) (L) MpUHSAT Topel MpoMeKyTOYHOTO JIETOHATOPA.

Pesynbrarel mM3MeHeHHs] ckopocTH JeToHauuu (D) Ha OTHENbHBIX YYacTKaxX OTKPBITHIX
3aps10B MUPOKCHIMHOBBIX TOpoxoB 9/7, 4/1 u TBepaoro pakerHoro tomimsa PCT-4K npencraBienst
Ha rpadukax (puc.l).

Kak BuIHO M3 mpeAcTaBIeHHBIX JaHHBIX, BO BCeX ciiydasx 3aBucuMocts D=f(L) umeer Bujg
runepOonsl (puc.2). CKOpocTh AETOHAIMHM B SKCHEPHUMEHTAIBHBIX KOHBEPCHOHHBIX COCAMHEHHAX
pe3ko yOblBaeT MO Mepe YHaleHHs 30Hbl XUMHYECKOH peakIMu OT TopLa IMPOMEKYTOUYHOI'O
netoHatopa 10 otMeTkd 100 mm. Ilocie 3ToM OTMETKM CKOPOCTh JETOHALMH CTaOWUIM3HPYETCS.
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Kputnueckwmii nmameTrp OTKPBITOTO 3apsma paBeH 66 mm. Ilpum 3TOM Hambomblmas CKOPOCTH
pacrpoCcTpaHeHusl JCTOHAIIMOHHON BOJHBI XapakTepHa JUIs H3MEIbUYCHHOTO TBEPAOTrO PAaKETHOTO
tormBa PCT-4K (2,483 xMm/c), 3aTeM B yOBIBAIOIIEM TOPSAKE CIEAYIOT MUPOKCHIMHOBBIE TIOPOXa
9/7 (2,1 x/c) m 4/1 (1,468 km/c).
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Puc. 1. U3MeHeHHMe CKOPOCTH AeTOHALMH KOHBepcHOHHBIX BB no anune 3apsaa
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Puc. 2. 'pa¢duku n3MeHeHHsI CKOPOCTH JIETOHALIMM KOHBEPCHOHHBIX BB oT nuamerpa 3apsina
1 - mupokcuIUHOBBIN TIOpoxX 4/1; 2 - MHPOKCHIIMHOBBIN MOpoX 9/7; 3 - paketHoe TormBo PCT-4K
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OnbITHBIE B3PBIBBI OTKPBITHIX 3aPAIOB SKCIIEPHUMEHTAIBHBIX cMecel, 3arymeHHbx 10%-HbM

BOJHBIM PAacTBOPOM JKEIaTHHA B KOJMYECTBE 5 MJI Ha KI CMECH, MPOM3BOIUINCH MPH JUHAMETPE
nocieaaux 47; 66 u 106 Mm.

HcereoBaioch  M3MEHEHHE CKOPOCTH  JETOHAIMK 110 JUIMHE 3apsloB  CIEAYIOMINX
B3pBIBYATHIX cMecell B pasnuuHblx npomoprwsx AN+III1-9/7, AN+PCT-4K u AN+ZHH 977,
I111-4/1, PCT-4K [1, 2], (puc. 3 u 4).
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Puc. 3. I3MeHeHune CKOPOCTH AeTOHALMU B3pbIBYATBIX cMeceii AN +I1I1 9/7 no naune 3apsaaa, d=106 mm
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Puc. 4. I3MeHeHHe CKOPOCTH AeTOHAIMH B3pbIBUATBIX cMeceii AN +PCT-4K mo anune
3apsiga npu d=106 mm
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Ha puc. 5 npuenensl rpaduku 3aBHCHMOCTH CKOPOCTH ACTOHAIMH IKCHEPUMEHTAITBHBIX
B3PBIBUATHIX COCTABOB OT MTPOIIEHTHOTO COJEPKAHMSI B HUX KOHBEPCHOHHOTO KOMITOHEHTA.

Kak BuaHo w3 3THX TpaduKOB, CKOPOCTH IETOHAIIMH CMECEH WMEeT SIBHO BBIPAKCHHBIHM
MakCHMyM B JHama3oHe MPOIEHTHOTO COAEP)KaHWS KOHBEPCHOHHBIX KOMIIOHEHTOB 42-65%. Ilpu
3TOM CIIeAyeT OTMETUTh, YTO HIDKHSS TPaHWIAa dTOW OOJIACTH COOTBETCTBYET COCTaBaM C HYJIEBBIM
(mm 6ITU3KYM K HYJTIO) KUCIIOPOJIHBIM OaTlaHCOM.
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Puc. 5. 3aBucuMoOCTBh CKOPOCTH IETOHALIMH B3PHIBYATHIX CMeceii OT co/iepKaHus B
OTKPBITOM 3apsi/ie KOHBepcHOHHBIX BB.
1 - nupokcuiMHOro nopoxa 9/7; 2 - cMecu MUPOKCUIIMHOBBIX TOpoxoB 9/7, 4/1 pakeTHOTO
tormuea PCT-4K; 3 - pakernoro Tormusa PCT-4K

B Ta6n1/1ue MPUBEACHBI PACUYCTHBIC U OKCICPUMEHTAJIBHBIC XapaKTECPUCTUKN KOHBEPCHUOHHBIX
B3PBIBUATHIX COCTABOB U 3KCIICPUMCHTAJIbHBIX B3PbIBUATBIX CMecel Ha X OCHOBE [3 -5]



PacuyeTHble u IKCIEPUMEHTAJIbHbIC XaPAKTEPUCTUKH KOHBEPCUOHHBIX coeqUHEHHMH 1 B3PbIBUYATBIX cMeceil Ha HX OCHOBe
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20 AN+T0%IIT 947 -12.88 092 200 | 28723543 2642-3560 916972 100 148
Parerroe Tomameo PCT-4E 2394 2775 067 z 03770771 6283-6547 640-633 i) 243

910Z ‘TN ‘SMAN DONIIAANIONA NVIQHOTD 09059701 WLIORIOTT U)s5CL0L5LT T8



LSISANZIR I bS506IN6() bOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2016 83

cor'z | oot 576 6Z0F 620F | 60°6 | O 18°¢- goxodom " 94CE + NV %59
orI'z | 001 0€6 506¢ 635¢ PE'8 | 00T 671~ soxodon " 94CE + NV %59
Lzo'T | 001 06 98L¢ 6FLE Lcro| 10 60+ soxodom " 94CE + NV %59
L10T | 001 T+6 L6TE 8FIE SI'L | ST07T 67 ¢+ soxodom " 940€ + NV %59

{(DE/TT ()¢ FE10RRET0E  EEHLIEra ¥ dogioed HI9H-0,() ) MeRLaIHIIATES D xERndoo

duxrarged s {10 B 1450 mEHmN H N HI3M)

30¢°T 00T FOL-80L LETO TI09 CPES-3T08 | 00T CL0 ot ] i 5 L6 %0 5+NV%0T
€97 00T BELEFL FeFe-LeTs 8TOLECEL | 6TFI | SILO IV el 9,01 L6 TIT%0 L+NV %0
£9°C 00T ELL9LL 93 1<-600< CI69°6.99 | TI'TT | €070 C9'89Eg L6 % 09+NY Y0
LLeT 00T 808018 CITLELoY 00T9-+009 | &0°6 | T80 L LT L6 TIT%%04+NV %0
19T 00T L8 LTS LO96t 918y Fr8C-999¢ | FE8 £5°0 6F I £T 0+ Li6 TIIT% S PNVt C
RIET 00T Lratie 6Tl EELY LEFL6LEL LE 980 60+ tF T+ Li6 TIT%0F-+NV %09
SF1 T 00T L3998 FILTEOET 0ETST66Y | STL 850 6T €+ EF e+ Li6 %% E E+NV %L 9
66 1 001 LL35L3 DEEV EIEY LLVFES9F | L99 | €060 896+ T8 9+ L/t TIM% 0 NV % 0L
81 001 1167 CI6 LEBET93L 6507 086€ | 68°¢ L6 SFOT+ 1T T+ L/ HIM% 0NV %08
6 8 L 9 < L3 £ L !

1T4/I7 ()¢ 2ELI3RHION € EHHLEra® dogioed HI9HI0F HISH-04() [} MALSIHLIIATES D [ /§ [II] B N H231)




84 bSISHNIIRON LSObIN6H(™) L0SbSI60, GEORGIAN ENGINEERING NEWS, Ne2, 2016

B rpade 9 ykazaHHOH TaONMIBI MPEACTABICHBI CPEAHHE 3HAYCHHSI CKOPOCTH JIETOHAIIUU
OTKPBITOTO 3apsiia 3a IMpeaeliaMd 30Hbl AKTHUBHOIO BIUSHHUS IPOMEXYTOYHOTO JETOHATOpa, a
pacdeTHBIE TTapaMeTphl s pakeTHOro TominBa PCT-4K u B3pbIBUATHIX CMECeH Ha €ro OCHOBE JTAHBI C
Y49eTOM TpEeJeNbHbIX 3HAaUYe€HUH MPOIEHTHOTO CONEp’KaHUS KOMIIOHEHTOB, BXOISIIUX B COCTaB
paketrHoro TorBa PCT-4K.

Jns BO3MOXXHOCTH COTIOCTAaBJIGHWS TIPWBEICHHBIX IOKa3aTellell C aHAJIOTUIHBIMHU
XapaKTePUCTUKAMH TPATUIIMOHHOTO MPOMBIIUICHHOTO B3PBIBYATOTO BEIECTBA B 3Ty K€ TAOJIUILY
BKIIOUeHB! fmaHHbIe T0 ANFO, kak 3TaJlOHHOTO B3pHIBYATOrO BemecTBa. 110 3KcIepHMEHTaTEHBIM
JTAHHBIM TTOCTPOEHBI TPA(PUKH H3MEHEHHUS CKOPOCTH JETOHAIINN PA3IMYHBIX B3PBIBYATHIX COETMHEHUH
C HYJICBBIM KHCJIIOPOAHBIM 0OalaHCOM OT PAcCTOSHHUS 3a TpeAeiiaMd 30Hbl AKTUBHOTO BIUSHUS
MPOMEXKYTOYHOTO JeToHaTopa (puc. 6).
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Puc. 6. I'paduxu ckopocTH AeTOHAIMH B3PHIBYATHIX cMeceii 1o JJIMHe 3apsaa
Pa3JHYHBIX THIIOB KCNIepUMeHTANbHBIX BB.
1 - ANFO - stanonHoe BB; 2 — cMech aMMuauHON CETUTPBI C MUPOKCHINHOBBIM
nopoxoMm 9/7 B coorHomernu 60/40; 3 — aMMuauHast CETUTPa CO CMECHIO
MTUPOKCUIIMHOBBIX TTOpoxoB 9/7, 4/1 n pakernsiM TormmBoM PCT-4K B cooTHOIIEHNN

AN ZHH , PCT-4K-60/40; 4 - cMecb aMMUa4YHOM CETUTPBI C U3METbYEHHBIM

paxetHbIM ToruinBoM PCT-4K B cooTHOmEnue 40/60
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Kak BUIIHO M3 MPEICTaBICHHBIX JaHHBIX (TaOJIHUIBI U pUC. 6), SKCIICPUMEHTAILHBIC COCTABBI
HA OCHOBE KOHBEPCHOHHBIX B3PBIBUATHIX COCJAMHCHUH MO CBOWM JIETOHAIMOHHBIM XapaKTePUCTHKAM
npeBocxoAaT 3tanorroe BB (ANFO).

Crnenyer OTMETHTh, YTO MOJNYYCHHBIC PE3YJIBTATHI SBIISIOTCS TMPOMEKYTOYHBIMHU, TIOCKOIBKY
MOKa €IIe OTCYTCTBYIOT CBEJICHHS II0 PAaCUYCTHbIM U 3KCICPUMCHTAIBHBIM XapaKTePUCTHKAM
HUTPOTIUIICPHHOBBIX (OATTMCTUTHBIX) TTOPOXOB U B3PBIBUATHIX CMECEH Ha MX OCHOBE, a TaKXKe He
YCTAaHOBJICHBI JKCIIEPUMEHTAILHBIC XapaKTepPUCTHKH BB Ha OCHOBE KOHBEPCHOHHBIX COCTABOB B
MPOMBIIIUICHHBIX YCIOBUAX. TeM He MeHee, MOJIyIeHHBIC Pe3yIbTaThl Ha JAHHOM 3Tarle UCCIICT0BaHUIMA
MOJITBEPKIAIOT 1EJIECOO0PA3HOCTh BOBICUCHUS B DKOHOMHUKY CIIMCAHHBIX B3PBIBUATHIX COCIMHCHUIN
00eBOr0 Ha3HAYCHMS.
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SUMMARY

RESEARCH OF THE PROPERTIES OF EXPLOSIVES PRODUCED ON THE BASIS OF UTILIZED
AMMUNITION

Khomeriki S.K., Kuchukhidze Z.K., Apriashvili A.G., Shatberashvili G.G., Abesadze N.A.

and Aptsiauri A.M.

G. Tsulukidze Mining Institute

The problems of storage or mass destruction of ammunition expired are put forward. Recycling of out-of-date
ammunitionopens ample opportunities of use of fighting equipment in the industry. At G. Tsulukidze Mining
Institute, in the project framework, based on utilized ballistite and pyroxylin gunpowder, cheap and highly
effective industrial safe explosives were developed, which application at open mining operations, besides
considerable economic benefit, provides a higher level of ecological safety of recycling in comparison with their
destruction on open ranges. At the Laboratory of Explosives Research and Blasting Technologies of
G. Tsulukidze Mining Institute, the gravitation density and the speed of charge detonation were experimentally
defined. As is obvious from the presented data, the experimental structures based conversion explosive
compounds by their detonation characteristics surpass the explosives (ANFO).

Keywords: recycling, utilized ammunition, explosives, ballistite, pyroxylin gunpowder, conversion, open
charge, intermediate detonator, speed of detonation, critical diameter.
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OPTICAL CONTROL OF THE TRANSMISSION SPECTRUM OF THE OPTICALLY
ACTIVE LIQUID CRYSTAL LAYER

Ponjavidze N.T., Bortolozzo U., Residori S., Chanishvili A.G., Chilaya G.S. and
Petriashvili G.Sh.

Nonlinear Institute of Nice, France
Institute of Cybernetics of Georgian Technical University

Abstract. A several micron thick layer of a photosensitive optically active liquid crystal material possessing the
optical activity of a very high value was studied. A photoinduced change in optical rotation resulting in a
significant shift of the transmittance spectrum of the layer between crossed polarizers was obtained.

Keywords: optical activity, cholesteric liquid crystal, photosensitivity, optical information recording.

Optical information recording systems are usually based on using a layer of photosensitive
material wherein, under the effect of light, one of the optical parameters can be modulated. A number
of publications on this topic were concentrated on using the optical activity of the material as a
modulated property [1,2].The optical parameter changing under the light effect in this case is the angle
of polarization plane rotation. However this principle was ultimately rejected due to the absence of a
photosensitive material with sufficiently high optical activity. The value of specific rotation of the best
one was 22 deg/mm [3,4]. To obtain an appreciable photoinduced change of the polarization plane
rotation in this material, the layer several millimeters thick was required.

In this paper we demonstrate a photosensitive optically active cholesteric liquid crystal (CLC)
material possessing a very high value of specific rotation (10*deg/mm), which allows obtaining a
significant photoinduced change of optical properties in a layer several microns thick. We used a
photo-isomerisable nematic ZhK-440 (NIOPIK) [5-8] and anon-photosensitive optically active dopant
MLC-6248 (Merck). Varying the percentages of these components, we obtained a “pure” optically
active CLC mixture [9,10] rotating in the polarization plane of the transmitting light at 90 degrees in a
7u-thick layer. The rotation angle dispersion for the 7p-thick layer of this mixture is shown in Fig.1.
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Fig.1. Dispersion curve of the polarization plane rotation angle

As seen, at 682nm the rotation angle of 90 degrees is reached. It means that, at this
wavelength, the CLC layer is maximally transparent in crossed polarizers. The 180 degrees rotation is
observed at 545nm. Thus, in cross polarizers, the light transmission is close to zero. Such a dispersion
curve of the optical rotation results is an interesting form of the transmission spectrum between
crossed polarizers (Fig.2). Using different filters, any part of the shown spectrum can be highlighted
for subsequent monitoring of the photoinduced changes. Further we used a yellow-red filter to observe
the 682nm peak shift.
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Fig.2. Transmission spectrum of the layer between crossed polarizers

The CLC mixture is sensitive to UV radiation. Under exposure to UV, a change in the rotation

angle and hence in the transmission spectrum is observed (Fig.3,a).We used a mercury lamp with a
UV filter as a light source. The exposure intensity was 0.5mW/cm?.

100

80
5 min

60 10 min

15 min

40411

Transmittance (%)

20 min

25 min

30 min

T T T
500 600 700
Wavelength (nm)
700 -

b,
= D
£
= o
S 650 - .
c N
<@
[
3
2 * b
:E, 600 -
£ e
x \,
g o
S 550 - \
=
£ .
2 .
S
[ e
500 ¥ T ¥ T v T ¥ T v T T T
0 5 10 15 20 25 30

Exposure time (min)

Fig.3. Transmission spectrum change (a) and transmission maximum wavelength shift (b)
under exposure to UV
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It can be seen that the wavelength of the transmission maximum shifted from 682 nm to
510 nm (Fig.3,b). Further exposure leads to the phase transition from the CLC to the isotropic liquid.
It should be noted that all photoinduced transformations in this mixture are reversible. The reverse
process occurs with exposure to the blue range or with heating the material.

Thus, it was shown that, in the 7u-thick optically active CLC layer, the photoinduced
modulation of optical activity results in a significant shift of the maximum transmittance wavelength
between crossed polarizers.

This study has been fulfilled by financial support of Shota Rustaveli National Science Foundation
(Georgia) and CNRS (France) (Grant No.04/25). Any idea in this publication is possessed by the
authors and may not represent Shota Rustaveli National Science Foundation and SNRS.
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PE3IOME.

OIITUYECKOE YIIPABJIEHUE CIIEKTPOM ITPOITYCKAHUS CJIOSA OIITUYECKH
AKTHUBHOT O )XUJIKOI'O KPUCTAJIJIA

Honmkauaze H.T., Boproaouuo Y., Peaunopu C., Yannmsuau A.I'., Unnas I'.C., llerpuamsuiu I'. 1.
HNHcTuTyT HestuHeliHoOM onTuku, Hunua, ®panuus

HHcTrutyT KudepHeTHKH ['Py3HHCKOT0 TEXHHYECKOr0 YHMBEPCUTETA

N3yueH cnoli (GOTOUYBCTBUTEIHHOTO OINTHYECKH AKTHBHOTO >KHJIKOTO KPHCTala TONIIUHOW B HECKOJBKO
MHUKpPOH, 00J1aJJaf0IIero 0O4eHb BRICOKOH BETMYNHON ONTHYECKON akTUBHOCTH. [loirydeHo (hOTOMHIYIIUPOBaHHOE
W3MCHCHUE OINTHYCCKOW AaKTUBHOCTH, OOYCIOBHBIIECE 3HAYUTEIBHBIA CIBUT CIIEKTpa INPOIyCAHUS CIOS B
CKpEIIEHHBIX MOJISIpOnIax.

KarwueBple ciioBa: onTHYecKas aKTUBHOCTh, XOJCCTCPHUCCKUH >KUAKHA KPUCTAILI, (HOTOUYBCTBHTECIHHOCTS,
ONTHYECKas 3aIMCh HHPOPMALIUH.
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KPUCTAINYECKAS CTPYKTYPA [Mg(OH,)s(NH)»(SOy)
3azamBuiau C.P., bepunze JI.A., Mumunomsuiu K.9.

I'py3uHckmii TeXHHYeCKHI yHUBEPCUTET
Tounancckuii rocyiapcTBeHHbIii MeIMIMHCKHIT YHHBEPCUTET

Cmamobs nocesawaemcst ceemaou namsamu 3.5, Mumunoweunu:
UBTIOJICEHbL UMOSU HAYAMbBIX UM UCCe)08AHUL

CrpykTypbl coenuHennii ¢ obmeit popmynoir [M(OH,)s](NHy)2(SOy),, (rne M=Mg, V, Fe,
Co, Ni, Cu, Zn, Cd ), Obutn HW3y4eHBl €mIe B IMISCTHICCATHIX TOJAaX JBAIATOrO BEKa H3-3a
MOSIBUBIIETOCS WHTepeca kK HuM [1-5]. Bo Bcex chywyasx wWMennm [en0 C  aayKTOM
[M(OH,)6](SO4)-(NH4)2(SO).

B mHacrosimed paboTe MpeAcCTaBIeHO PEHTTEHOCTPYKTYPHOE HMCCIIeOBaHNE KOMILIEKCa
[Mg(OH,)6](NH4)2(S0O4)2. CtpykTrypa BriepBbie Oblia pacmudpoBana B 1964 r. ¢ JOBOJIBHO HU3KOI
TOYHOCTBIO IO CPABHEHHUIO C CETONHSIIHUMHM BO3MOXKHOCTSIMHM.  BBUIM MONydeHbl HapamMeTpbl
anemeHTapHou sueitku: a = 9,383+0,015, b=12,669+0,02, c=6,669+0,005; B=107°O3’i6’. B P2,/c
MIPOCTPAaHCTBEHHOM TpyIIe 2; BUHTOBAs OCh HampasjeHa BJIojb ocH Y (b), mo3TomMy B3anMo3aMeHa a
U C IMapaMeTpOB M, COOTBETCTBEHHO, X U Z KOOPAMHAT HUYETO0 HE MEHSET B CTPOEHHM U I'€OMETPUHU
CTPYKTYpHI [1].

PeHTreHoCTpyKTYpHBIN aHaiM3 HaMU TPOBEIEH B HHU3KOTEMIIEPATYPHBIX YCIOBUSAX, B
pe3ysbTaTe 4ero CMOIVIM OCYLIECTBUTH IPELU3MOHHOE M3y4YeHHE CTPYKTYpH! . Ilocnenuss yrounena
1o R=0,0267. 3naueHus yIaoBbIX U JIMHEWHBIX TAPAMETPOB YCTAHOBIIEHBI C BBICOKOM TOYHOCTHIO.

Kpucramnorpaguueckue nannble. Banoserit cocras H;)N,MgO.,S,, monspras macca
Mr= 360,601; cuaronns MomoknuHHas, a=6,242(1)A, b=12,475(2)A, ¢=9,251(7)A, B=107,07(3)°,
V=688,65(5)A°, T =153(2)K, np. rp. P2,/c, Z=2; D,,..=1,738r/cm’, p(MoKa)=0,34mm™" . MeTos chem-
ku 0/20-ckanuposanue (0 = 1,45-38,57°, 3731 orpaxkeHusi H3MEPEHBI B MOIHON c(hepe OTpasKeHHH,
3594 neszaBucHMBIX OTpakeHHi). OxoHuarenbHOe 3HaueHue R(F) = 0,0267 momydeno ansa 3121
HE3aBUCHUMBIX oOTpaxeHUH ¢ [>2c(l). Mogpenb CTPYKTypsl HEBOJOPOJHBIX aTOMOB OIpE/EieHa
MPSIMBIM CTaTUCTHUYECKUM METOJIOM, MOJIOKEHUSI aTOMOB BOJIOPO/ia HaMIeHBl M3 Pa3HOCTHOI'O CHHTE-
3a. YTOUHEHHE CTPYKTYphl IpoBeaeHo mnogHomarpuuHeiM MHK B aHm3oTpomHoM mnpuOnmxeHuu
TEIUIOBBIX KOJIeOaHMI HEBOAOPOIHBIX aTOMOB U B M30TPOIHOM - [yIs aToMOB H.

HHTEeHCMBHOCTH PEHTT€HOBCKHX JU(MPAKIMOHHBIX OTPAKEHUH OT MOHOKpHUCTAIIAa KOMILIEKca
[Mg(OH,)s](NH4)2(SOy), 6bi1 m3MmepeH npu Hu3kod Temmeparype (~ 153 K) na audpaxromerpe
Bruker AXS SMART CCD, ¢ynkuunonupytomem B Kpucramnorpadguueckom Llentpe YHusepcurera
3anagHoOW ABCTpaMM € HMCIOJB30BAHUEM MOHOXPOMATHU3UPOBAHHOTO PEHTI€HOBCKOTO H3IYUYCHUS
(MoK, A= 0,71073 A). B pacuerax ucnonb3osan komiiekc nporpamm SHELXL97 [6]. Koopaunatst
u temneparypHsle ¢axropsl U,, u Uy npuBesneHsl B Tabi. 1, pacupeneneHie 1 HyMepalys aTOMOB
He3aBUCUMOUW dacTu CTPYKTYpsl [Mg(OH,)s](NH4),(SO4), Ha puc.l, a IuHEHHBIE W YIJIOBBIE
napamMeTpbl B CTPYKType IpUBEIEHBI B Ta0I. 2.

Ta6auua 1. Koopaunars: (x10° 1as nesomopoansix atomos u x10° s aromos H) 1 Temiosbie hakTopsi
aromoB (A’x10°) B crpykrype

ATtom X Z Ugq ATom X z Uy

y y
Mg 0 5000 5000 1L,51(7) | HAD | 1092) | 381(1) | 736(2) | 27(3)
o(lw) | 1655(1) | 3957,6(5) | 6721,1(7) | 16,1(1) | H(12) | 296(3) | 408(1) | 714(1) | 32(4)
0@2w) | 2968(1) | 56882(5) | 49752(7) | 15,5(1) | H22) | 323(2) | 629(1) | 522(1) | 23(3)
0o@3w) | 302(1) 3883,7(5) | 3409,1(7) | 162(1) | H21) | 3433) | 563(1) | 431(2) | 48(5)
O@w) | 5353(1) | -5,2(6) 878,5(4) | 17,92) | HB31) | -37(2) | 401(1) |2502) | 32(4)
S 2614.2(3) | 6347,6(1) 915,72) | 12,15(5) | H(32) 72) | 327(1) |3572) | 28(3)
o(l) |2130(1) |57422(6) | -500,0(7) | 23,0(1) | H(IN) | 4403) |337(1) |79(2) | 34(4)
0(2) | 4131(1) | 7258,1(5) 877,3(7) | 18,7(1) | H@N) | 222(3) | 336(1) | 72(2) | 38(4)
0(3) |513,00) |6762,1(5 | 11512(7) | 17,1(1) | HBN) | 366(2) | 411(1) | 163(2) | 25(3)
04) |3777.809) | 5638,2(5) | 2194,7(6) | 15,5(1) | H@EN) | 382(2) |304(1) | 20822) | 26(3)
N 3567(1) | 3451,2(6) | 1336,9(8) | 17,9(1)
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Onucanue cTpyKTypsl. CTPYKTypa HCCIEOBAHHOTO COCTMHEHHUS IPUHAICKHUT K THITY UOH-
HBIX. B coennHeHnn He3aBHcHMas CTPYKTYpHAs €JUHUIA COACPIKUT: KOMILIEKCHBIN eKCaaKBaKaTHOH
[Mg(OH2)6]2+, JIBa KaTHOHA aMMOHWUSI | JBa cynb(par-anrona (pwuc.l).

KoopauHannoHHOe 4MCIIO MarHusl paBHO IIECTH M MOJIMDIP HUKENS - CIerKa MCKaKEHHBIH
HEHTPOCUMMETPUYHBIN OKTasIp. Tak Kak aTOM MarHus HaAXOJUTCS B LIEHTPE CHMMETPHH, TTOJIUAP MO-
JydaeTcs C TIOMOIIBI0 TPEeX HE3aBHCUMBIX aTOMOB KHCIOPOa MOJIEKYJ BOJBI. B KoMIulekce HaiiieHbI
mmHbl cBsizeit: Mg - O(H,0) 2,048(2); 2,079(3); 2,080(3)A, XapaKTEPU3YIOIIHNE KOOPAUHALIMIO aToMa
Mg(Il) monekynamMu BOIbI, CpaBHUMBIE C TeOMETpuel, HaiineHHol kak Hamu Mg-O(H,0) 2,033(2)-

2,094(4)A [7], Tak ¥ IPYTUMH HCCIICOBATEIISIMHU JIIsl aKBaKOMILIEKCa Maruus [8].
H4N

HIN N

Puc.1. Hymepauusi aT0OMOB B CTPYKTYpe

Cynbdar-aHHOH W KaTHOH AaMMOHHS HMEIOT  TPAAMLMOHHYIO  TETPadApUYEcKyIO
KoHurypauuto. B cynbdaT-aHHOHEe BaJeHTHBIE JIMHEWHBIE M YIJIOBBIE IapaMeTpsl B Ipenenax
TIOTPEIIHOCTH XOPOIIO COTJIACYIOTCSI C TEMH )K€ BaJICHTHBIMH TIlapaMeTpaMHd B COEIWHEHHUH
[Ni(OH2)s(NH4)2(SO4): [5].

Ta6una 2. MesxkaTomuble paccTosinusi d, A u yriibl @, rpaj. B CTPYKType

CBs13b d Yron o
Mg-O(1w) | 2,080(3) | O(1w)-Mg-O(2w) 91,3(1)
Mg-OQ2w) | 2,048(2) | O(1w)-Mg-O(3w) 89.,8(2)
Mg-O(3w) | 2,079(3) | O(2w)-Mg-O(3w) 90,1(1)
S-0(1) 1,464(3) | O(1)-S-0(2) 109,8(2)
S-0(2) 1,486(3) | O(1)-S-O(3) 110,6(2)
S-0(3) 1,484(2) | O(1)-S-O(4) 109,2(3)
S-0(4) 1,485(3) | O(2)-S-0(3) 109,5(3)
N-H(IN) 0,828(4) | O(2)-S-0(4) 107,9(2)
N-H(2N) 0,872(4) | O(3)-S-0(4) 109,7(2)
N-N(3N) 0,866(4) | H(IN)-N-H(2N) 104,2(7)
N-H(4N) 0,832(4) | H(IN)-N-H(3N) 108,1(7)

H(IN)-N-H(4N) 115,1(7)
H(2N)-N-H(3N) 106,6(7)
H(2N)-N-H(4N) 111,9(7)
H(3N)-N-H(4N) 110,5(7)

B cTpykType oOHapyXeHa NpouHask TpEXMeEpHas CHCTeEMa BOAOPOAHBIX cBssel tuma OH...O u
NH...O, U3 KOTOPBIX YeThIPe OCYIIECTBIAIOTCH Mexkay (SO;)” AHHOHOM ¥ aKBaKOMILIEKCOM, a OJIHH -
mexry nonamu (SO4)” i (NHy)* .

ITapamMeTphl, HOATBEPKAAIOIINE PEATBHOCTH BOAOPOJHBIX CBA3€EH, IIPUBEAEHBI B Ta0II. 3.
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Ta6auna 3. [lapaMeTpbl BOAOPOIHBIX CBsI3€l B CTPYKTYpe

D-H..A d(D-H)/ A d(H..A)/ A d(D..A)/A (DHA) / °
N-H(3N)...0(4) 0,866(4) 1,968(4) 2,834(4) 177,2(6)
0Q2w)-H(21)...0(4) 0,758(5) 2,030(5) 2,764(3) 163,0(8)
O(1w)-H(11)...0(3)! 0,794(4) 2,053(4) 2,842(2) 172,2(7)
0(3w)-H(32)...0(3)? 0,800(4) 1,951(4) 2,749(3) 176,0(7)
0(2w)-H(22)...0(2)* 0,792(4) 1,936(4) 2,726(3) 175,0(7)

Onepamopbl CUMMeEMpPUYeCcKUx npeo6pa306anuﬁ ceHepayuu SK6UBAJIEHNHbLX NOJIOJHCEHUU AMOMOSB:
Lo, oy+1,-z+1; 2-x,y-1/2, -2+1/2; x, -y+3/2,2+1/2..

puc.2. Pacnipenenenne cTpyKTYPHBIX 00pa3oBaHMii B 2JIeMEeHTAPHOI Auelike

JINTEPATYPA

1. H. Montgomery, R. V. and E. C. Lingafelter. The crystal structure of Tutton's salts. VI. Vanadium (II),
iron(II) and Chastain and E. C. Lingafelter. The crystal structure of Tutton's salts. V. Manganese ammonium
sulfate hexahydrate. // Acta Crystallogr., 1966, 20, pp. 731-733.

2. H. Montgomery, B. Morosin, J. J. Natt, A. M. Witkowska. Cobalt(Il) ammonium sulfate hexahydrates. //Acta
Crystallogr., 1966, 20, pp. 659-662.

3. H. Montgomery and E. C. Lingafelter. The crystal structure of Tutton's salts. I. Zinc ammonium sulfate
hexahydrate. // Acta Crystallogr., 1964, 17, pp. 1295-1299.

4. H. Montgomery and E. C. Lingafelter. The crystal structure of Tutton's salts. IV. Cadmium ammonium
sulfate hexahydrate. // Acta Crystallogr., 1966, 20, p. 728-730.

5. T. H. Tahirov, T.-H. Lu, C.-C. Huang and C.-S. Chung. A precise structure redetermination of nickel
ammonium sulfate hexahydrate, Ni(HpO)g.2NH4.2504. // Acta Crystallogr., 1994, C50, pp. 668-669.

6. G. M. Sheldrick, SHELXL97. Program for the Refinement of Crystal Structures. - University of Gdttingen,
Germany, 1997.

7. MumuHomBmwIM D.5., Mumunomswm K.O. bepunze JI.A. CtpykTypa neHraruapara ouc(4-m-aMmuHoOEH30I1-
cynbhamuno-2,6-muMeTokcunupumuaaara) rexcaaksamaruus(Il). // Crpykrypuas xumust, 2008, T. 49, Ne 4.
cc. 787-790.

8. N.V. Kuratieva, M.I. Naumova, D.Y. Naumov and N.V. Podberezskaya. A new polymorph of
hexaaquamagnesium (II) bis(hypophosphite). // Acta Crystallogr, 2003, E59, pp. 189-191.

SUMMARY

CRYSTAL STRUCTURE OF [Mg(OH,)¢](NH4)»(SOy),

Zazashvili S. R., Beridze L.A. and Miminoshvili K.E.

Georgian Technical University

Thilisi State Medical University

There was studied the structure of compound [Mg(OH,)s](NH4),>(SOy), (a = 6,7426(5); b = 16,053(1);
¢ =23,095(2) A; p =97,787(2)°; T = 153K, P2,/n, Z=2, R(F) = 0,0267,). The compound is formed of cations:
[Mg(OH,)s]**, two - (NH)* and two anions (SO,)™.

Krouessle ciioBa: X-ray structure analysis, complex compounds, magnesium, sulphate, ammonium.


http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Witkowska,%20A.M.

92 bSdSANIIRON LSObIN6H(™) L0SbSI60, GEORGIAN ENGINEERING NEWS, Ne2, 2016

DETERMINATION OF THE SHARE OF THE ELECTRIC QUADRUPLE ADMIXTURE
FOR THE '®Tm 93.61 keV y-TRANSITION

Metskhvarishvili M.R., Razmadze T.O., Kvirikashvili M.G., Baramidze K.K.,
Beridze M.G. and Shogiradze M.Kh.

Georgian Technical University

Abstract. The results of investigation of the internal conversion electron spectrum of the'®Tm 93.61 keV
y-transition are presented. A magnetic prism beta spectrometer with 0.04% resolution was used for the

measurements. The forms of L/ s Lu R L”, conversion lines were studied, and the values of their expansion ratio
were determined. From the determined internal conversion coefficients, the mean value of 8% was calculated,
87=0.034+0.003. The average value of the share of the electric quadruple admixture equal to a=(3.3+0.3)% was
found, which corresponds to the M14+3.3%E2 mixed y-transition.

Keywords: y-transition, internal conversion coefficients, multipole.

Introduction

The ratios of internal conversion coefficients (ICC) and their absolute values of nuclei depend
on the multipole of the respective nuclear transition. The dependence of ICC on the share of admixture
A [1] for the y-transition can be expressed by the equation

a,=(1-A) " + Aa” (1)

where «; is the absolute ICC; aiL is the electrical quadruple; ,BiL is the magnetic dipolar theoretical
ICC on the corresponding i-shells.

L+1
The share of admixture A is connected with &~ = — through the equation
52
A=— (2)
1+6°

where N ;L) and N ﬁLH) are the intensities of y-irradiation of L and L+1 multipoles during nuclear

transitions.
For the mixed M1+ E2 transition for the K /L ratio, from (1) we get

K (-8B +aa? B+

= 3)
L =M +Aa? BV 450
) )
We have the same equations for —, -, —— etc.
1 LII LIII
The quantity &~ can be calculated by experimental absolute ICC [2] for ML+ M (L + l)
ML
2 _ a _aexper
0" = E(L+1) (4)
(24 -
exper
and for EL+M (L+ 1) mixed transition by equation
EL
2 _ o - aexper
6" = M(L+1) )
aexper -«
where ¢« is the value of experimental absolute ICC for the y-transition of radioactive nuclei in the

exper

corresponding i-shells or subshells. The quantities o™ and o™ are the theoretical absolute ICC
for the y-transition of ML and E(L+1)multipoles, respectively.
If, from the experiment not absolute ICC of the y-transition but ICC ratios are determined, then

&7 can be determined by the following formula [3].
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52 — a2k (RO _Rz) — azk (Rexper _RZ) (7)
N a (R —R)) «a; (R—R

exper )

(o
where R, =—F, a; and ¢, are the i-type absolute ICC of y-irradiation on the j and k shells and
iy

o .
subshells. R = — are the experimental values of ICC ratios on the j and k shells and subshells.

exper
ok

Measurements and Calculation Results
The '®Tm 93.61 keV energy vy-transition happens

between the excited levels with quantum characteristics 150 1697 ° L
_ _ ® 1
7 and 7 [4]. This indicates that the y-transition c
represents mainly the mixtureof magnetic dipolar (M1) and °
electric quadruple (E2) multipolar transitions. 250 ®°
The radioactive source represented a lutetium °
fraction containing '“Lu nuclei, educed by a chemical Z
method from the tantalum target of the synchrotron 3 ®
irradiated with 600 meV energy protons in Dubna, Russia. © °
The B-decay period of '“Lu is T,=2 days, and it transits 150 a2 © Lu
in '“Yb. The latter transits in '“Tm nuclei giving 93.61 ol o é? Ly
keV energy radiation. 9go g0 &
The measurement of the '®7Tm conversion electron i R | s
spectrum began after ~1.5 months from the educing of the 50
lutetium fraction. During this time, the intensity of lutetium 82 83 84 85 86 keV
radiation reduced significantly, and the intensity of
radiation was mainly connected with the '®7m radiation. The L, Ly, Ly conversion lines of
The L, Ly Ly conversion lines of the '“Tm 93.61 keV "Tm 93.61 keVy-transition

y-transition obtained with the help of the magnetic prism beta spectrometer [S5, 6] are shown in the
figure. As seems from the figure, all conversion lines are well divided, which gave the possibility to
study their forms. The investigation showed that the lines have no same forms. The Lj; -line has the
minimal half-width (140+2.5) eV, and the half-widths of L; and L; are (270+1)eV and (230+2)eV,
respectively. The L; and Ly lines broaden in respect to L;; by 130 and 90 eV, respectively (Table 1).
The expansion of conversion lines can be explained by the influence ofthe energetic levels of natural
widths of L -subshells of the '®7Tm atom on the conversion process. The observation of this process
will be possible if, as a result of the improvement of the resolution of the spectrometer, the half-width
of the conversion line will be equilized to the half-width of the natural excited level of the atom.

Table 1. Half-widths of L;, Ly, Liy conversion lines in eV for the ““Tm 93.613 keV y-transition

Nuclei E, keV Conversion lines half-widths in eV
Ly Ly Ly
Tim 93.613 270+1 23042 140£2.5

The ICC ratios of the 93.61keV y-transition for L, Lj Lj; subshells obtained from the
experimental results are given in Table 2. The theoretical data calculated from the tables of paper [7]
are given in the same table. The values of &° and a determining the share of the admixture of
E2-multipole are also given.
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Table 2. Experimental and theoretical values of ICC for the 93.61 keV y-transition, the &> values and
shares of admixtures for E2 in per cents

. . . Theory 2
Nuclei E, keV ICC ratio Experiment M B o a (%)
169 L/ Ly 5.540.2 11.010 0.113 0.039 3.7
T .61
" 93.613 Ly /Ly 0.48+0.03 0.143 1.042 0.030 29

By using the data fromTable 2, the values of absolute ICC for the investigated y-transition are
given in Table 3.

Table 3. Experimental and theoretical values of absolute ICC for the'®Tm 93.61 keV y-transition on
LI, LH, LIII subshells

Nuclei | E,, keV Absolute ICC Experiment M1 Theory ) Multipole
L 0.425 0.436 0.116

197m 93.613 Ly 0.077 0.0396 1.027 M1+3.3%E2
L 0.037 0.00568 1.070

The average value of &° determined from Table 2 is 5°=0.03440.003, and the average value of the
share of the admixture for E2-multipole is a=(3.320.3)%, which corresponds to the compounds of
multipoles from Table 3.
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PE3IOME

ONPEJIEJIEHUE JOJM SJEKTPHYECKOM KBAJIPYIIOJBHOM IMPUMECH '“Tm 93.61 K3B
v-IIEPEXOJIA

Meuxapumsuwiun M.P., Pazmanze T.O., Kpupukamsuau M.I'., Bapamuasze K.K., bepunze M.T.,
Mlorupanze M.X.

I'py3uHckmii TeXHHYECKUl YHHBEPCUTET

B paGoTte mpencTaBieHbl PE3yNbTAaThl HCCIEAOBAHHMS CIIEKTPA SJIEKTPOHOB BHYTPEHHeil KoHBepchH '°Tm
93,61 k3B y-nepexona. M3mepeHus MMPpOBOAMINCH C TOMOLIBIO MarHUTHOTO TIPU3MEHHOTO OeTa CIIEKTPOMETpa ¢
paspemennem 0,04%. M3ydeHsl (GOpMBI KOHBEPCHOHHBIX JHMHWH L; Ly, Ly W omnpeneleHa BelIWYWHA WX
OTHOCHUTENILHOTO pacimpeHusi. C OMOIIBIO ONPEeIeHHBIX KOY(QPUITMECHTOB KOHBEPCUN PACCUUTAHO CPEIHEE
3pauenne &°, 6°=0,03+0,003. HaiimeHo cpejHee 3HAYCHHE OITH SIEKTPHUIECKON KBAAPYMONBHOM MPHMECH
a=(3.310.3)%, uto cooTBETCTBYET NpUMecHOMY nepexony M143,3%E2.

KiroueBble cioBa: y-epexo1, KoahUIHEeHTH BHYTPEHHEH KOHBEPCHH, MYJIbTUIIOND.
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TEPMOCTOMKASI KOMITIO3UIIUSI HA OCHOBE
MNOJIMHA®PTOUJIEHBEH3UMHUIA30JI0OB

Opmonanze H.II., MecxumBuau M.M., buounenmsuian /1.B.

I'ocynapcrBennblii yuusepceurer Axakus Heperesn, Kyrancu
I'py3unckuii TeXHM4eCKNi YHMBEPCUTET

Lenpto JaHHOTO HCCIIEAOBAHMUS SIBISIETCS YMEHbIICHUE Ae(EeKTUBHOCTH CJI0s, CHATHE Byalld
IIPY TPaBJICHUH IOJIMMEPHOTO JIaKa U MOBBIIEHHE €r0 CTaOWIBHOCTH IpH XpaHeHuH. IloctaBieHHas
LEJb JOCTUTAETCSI TEM, YTO HCIONb3YeTCsS KOMIIO3UIMS Ha OCHOBE MOJUMEpPa aMUHOMMHIHOTO THIIA
Pa3sHO3BEHHOTO CTPOCHHUS, COIEpXAIMi oO-aMHHO(EeHWIHAPTATUMUAHbIE W HapTOMICHOCH3UMH-
Ja30JbHbIE (parMeHThl C OJIOKUPOBAHHBIMH KOHLIEBBIMH aHTHIPHIHBIMH rpymnamu. Paszpaboran
Croco0 TMOTy4YeHHUs IPECCOBAHHBIX MaTepHAIOB HA OCHOBE NonuHadTomnenoen3umunazonos (IIHBN)
B YCIIOBUSAX PEAKLIUU TEPMUUYECKON MTOJIUKOH/ICHCALIUH.

Vcnonb3yemblil noiauMep MoiryyaeTcss peakiyuei MoJMKOHACHCANN TUaHIHapruaa HadTaniuH-
1,4,5,8-TeTpakapOGoHOBOI KHCIOTH U 3,3',4,4'-TeTpaamMuHoiMdeHIIOKCHIA B AMHIHOM PACTBOPHTENE
B MPUCYTCTBHM KaTaqu3aTopa — JIeASHOW yKCycHOHM kucioTel. CunTe3 (dopronumepa noiu(o-amMu-
Ho)penmwtHadTanumuaa (ITHBW) npoBoaumu noctaauifHBIM METOJIOM B cpefie aproHa. B oOpasytomie-
MCSl Ha TIEpBOM CTaIWW Peakuyl MoJH[(0-aMUHO)(hEeHMI-TIepru-KapOOKCH |aMHIe JIETKO 3aMBIKAeTCs
IICCTUWICHHBIA UMHIHBIN ITUKI ¥ 00pa3yeTcs JOCTATOYHO CTAOWIBHBIN P KOMHATHOW TeMIIepaType
nosinu(o-aMuHO )peHmTHapTamumMua. TlocnemHuil COmepKUT MPOCTPAHCTBECHHO YAOOHO pPacIolio-
JKCHHBIE 0-aMHHOTPYIIIbI, CIIOCOOHBIE C PACIIOJIOXKEHHONW IO COCENCTBY KapOOHWJIBHOW TIpYyNIoOn
3aMBIKaTh YHEPreTUYECKUN BHITOAHBINA MIECTHWICHHBIH LUK, 00pa3ys HadTOMIEHOEH3MMHIA30IbHY IO
CTPYKTYDY (cxema 1).
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OnHUM U3 Y3KHX MECT B TEXHOJIOTHH MPU UCTIONB30BAaHUU MOJIMMEPOB TAKOTO THIIA SBIISETCS
MaJIbIi CPOK XpaHEHHs IOJMMEPHBIX PAacTBOPOB. DTO OOBSACHIETCS TeM, YTO IOCIE OKOHYAHHUS
peaKknuu B MOJMMEpPE OCTAIOTCS CBOOOAHBIE aHTMAPUAHBIE TPYMIbI, KOTOPBIE MOTYT PEarupoBaTh C
aMHUHOTpyNIaMu (0-aMUHO)peHWTHAPTATUMUAIHBIX (ParMeHTOB, 00pa3ysl CLIMTHIE HEPAaCTBOPHUMBIE
cuctembl. [loaroMmy mpeiaraercst OJIOKHPOBAaTh 3TH CBOOOJHBIC AHTHJIPHIHBIC TPYIIIBI, BBOJS B
PEaKIMOHHYIO CMECh JIOMIOJHUTEIBHOE KOJIMYECTBO O-(peHUIICHMaMUHa MK JI000ro aMMHa ¢ 0-pac-
MOJIOKCHHBIMH aMHMHOTPYIIIAMH, B YacCTHOCTH, B JAHHBIH IOJMMEpPHBIA PAacTBOP MBI BBOIMIN
3,3I,4,4I—TeTpaaMI/IHO)II/I(i)eHI/IHOKCI/IJI. [Ipu pacuere HEOOXOIUMOTO KOJIHYECTBA BBOJUMOTO O-aMHHA
YUUTBIBAIOCH KOJMYECTBO CBOOOJHBIX AHTHIPWIHBIX TPYII, KOTOPOE TPHHUMAIOCh pPaBHBIM
KOJINYECTBY CBOOOAHBIX amuHOrpynm. CoxepkaHue CBOOOJAHBIX aMHHOTPYNII ONPEneNsioch
AHAJIOTUYHO KOJMYECTBEHHON peakiued C M-ITUMETHI-aMUHOOCH3ABICTHIOM H TIOCIIEIYIOIUM
oTIpeJieNIeHHeM KoJM4YecTBa 00pa3oBaBIIETroCs BellecTBa CHEKTpodoToMeTpruIeckuM MeToaoM. Kak
BUJHO M3 JaHHBIX Tabia. 1, GJIOKMpOBaHWE KOHUEBBIX aHTMAPUAHBIX TPYII PE3KO YBEJIUYMIO CPOKH
XpaHEeHHUs TOJIMMEPHBIX PAacTBOPOB, NPUYEM CIEAYET OTMETHUTh, YTO TEPMOCTOMKOCThH MOJMMEPHBIX
IUIGHOK TIpM 3TOM He MeHsieTcs. Kak mpaBuiio, cojepKaHue KOHIIEBHIX AHTHAPHIHBIX TPYMI B
nouMepe He TipeBbimaeT 107 T/MONb Ha TpaMM CyXoro mommmepa. s CBA3BIBAHMS, KK HPaBHIIO,
J0GABIISIOCh HECKOIBKO OOINbIIee KOTHYECTBO O-auamuHa 5107 r/monb. V3GBITOK ymamsid w3
HOJIMMEpPA IIPU BBICA)KUBAHUU U DKCTPAKIHUH.
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Tadanua 1. 3aBHCHMOCTH CpoKa XpaHeHHsl PacTBOpa NpPeIBAPUTEIBLHO OCAKIEHHOIO IOJHMepa B
N-merna-2-nupoaugone (N-MII) or koamyecTBa 3,3I,4,4I-TeTpaaMnﬂozmq)emmmccmm (TAADPO),
BBE/ICHHOTO /IJIsi CBA3bIBAHMSI KOHIIEBbIX AHTHIPHIHBIX TPYIII
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1103 menbliie | OOpa3syercs rene-oOpa3zHasi HETEKy4asi Macca, HEpacTBOpHMasi B
1 AMHIHBIX PaCTBOPUTEISX
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OTIHYNTEeNTFHBIM IPU3HAKOM IIPENIaraeMoro MeToa SBJsIeTcsa To, 4To (0-aMuHO)-(heHmmHadTa-
JTUMUIHBIE W Ha()TOWIEHOCH3MMUIA30JbHbIE (DParMEHTHl JOJDKHBI COJEPKATHCS B HCIONB3YEMOM
noaumMepe B cooTHommeHnu oT 10-90 mo 25-75 mace % u 11 6;10KMPOBaHUS KOHLEBBIX aHIHIPUAHBIX
TPy UCIIOIB3YIOT APOMAaTHUYECKUNA O-HaMMH.

N3BecTHO, 4TO, Hapsamy C TpaaWUUOHHBIMH MeTomamu mnonaydenus ITHBUM — mocraguiiHbiM
CHUHTE30M U OJHOCTAJMMHON BBICOKOTEMIIEPATYPHON MOJHUIMKIOKOHJEHCAIUEN B pPacTBOPE,
npeanpuHuManucek nonsiTku cunresa ITHBM metonom tepMuueckoil monuuukiokoHaeHcanuu [1,2].
OnHaKo, UMEIOIIHECs B HAyYHOH MEPUOJIMKE CBEJICHUS HOCST JIMIIh HWHPOPMATHBHBIH XapaKkTep.

[NTHBM mnpakTtudecksn HEPaCTBOPHUMBI B OPraHWYECKUX PACTBOPUTENAX, a TeMIepaTypbl
pa3MArdeHus JexarT B TEMIIEpaTypHOM 00JacTH Haudaia AECTPYKLIHMOHHBIX MPOIECCOB; mepepadoTka
WX B TaKue M3/ENus, KaK HaIlOJIHEHHBIE TPECCKOMIIO3UIINN U TIPECCMAaTEPUAIIBI, TIPH UCIIOIB30BAaHUH
TPaZUIIMOHHBIX METOJIOB CHHTE3a 3THUX MOJMMEPOB, CTAIKUBAETCS C OCOOBIMU TPYAHOCTSIMH. B cBs3M
C OTHM TMPEJCTABIIIOCh AKTYaIbHBIM OIEHHUTH IMEPCIIEKTHBHOCTh TEPMHUYECKOTO METOJa CHHTE3a
ITHBU, xoropas Ga3upoBaiach Obl Ha UCIIOJIL30BAHUM IPUHITUIIA «PEAKITMOHHOT0» (HOPMOBAHUS, KaK
MeTO/1a, 00ECIIEYNBAOIIETO TIOTEHIIMAIFHYI0 BO3MOKHOCTh MTOBBIIICHHS UX ITepepadaThIBAEMOCTH.

OpauM 13 3(hHEKTHBHBIX PEIICHUH, CBI3aHHBIX ¢ pa3pabOTKOW CIoco0a MoydeHus mpeccMa-
tepuanoB Ha ocHoBe [IHBU B ycnmoBusix peaknuu TepMHUYECKOW IONHMKOHACHCAIIUH, MOXET OBITH
MOCTaJIMUHBINA MPOLECC, BKIIOYAIOIINN clieytolne ctaauu: cuares3 oiuromepoB [THBU ¢ koH1ieBbIMU
PEaKIIMOHHOCTIOCOOHBIMU  IpynnaMud NPpH  Tpeaq <Tys. TeTpaamuuHOM kKoMnoHeHTel — I cragms,
dbopMoBaHHMe W3JCTHA B TEMIIEPATYpHOH 00JacTH pa3MsTYeHHsT OIVIMTOMEPHBIX 3aroTOBOK,
MOJyYEHHBIX Ha IEpPBOH CTaguM, M MOCIEAYIOIIEe TEPMOIPECCOBAHUE B YCIOBHUAX MPOrpaMMHU-
POBAHHOTO M3MEHEHUS TEMIEPaTyphl, 00ECTIEYNBAOIIEE PEATN3ALINIO0 TEPMHUUECKUX B3aNMOICHCTBUI
KOHIIEBBIX TPYII OJIMTOMEpA U, CIIEOBATENBHO, IPUBOJSIIEE K YBETUUEHUIO MOJIEKYJISIPHON MacChl.

Ham npencrapisiock, uto HanOosee 3(h(HEKTHBHO TaKOH MOIX01 MOXKET ObITh HCIIOJIB30BaH JIJIs
NIOJIy4YeHHUs] HaroJIHEHHBIX npeccMmaTtepuanoB Ha ocHoe I[IHBU. Cyte mpemioxeHHo# pa3paboTKu
COCTOsJIa B IPOBEJCHHMM CHUHTE3a NONMMEpPHOro cssyrouiero — [THBM — MeronoM TepMuuecKoi
MOJIMITUKIIOKOHICHCAINK Onc(o-(heHWICHINaMHHOB) ¢ Ouc(HaTaleBEIMH JUAHTHIPHUIAMH) B KOM-
MIO3UIIMOHHO-HEOTHOPOJIHOM cpelle — B YIJIEPOJAHOM HAIOJHUTENE — B YCIOBUSAX (DOpMOBaHUS
MIPECCKOMMO3MUTA. [[JIs1 3TOr0 MENKOJUCIEPCHYI0 SKBHMOJIBHYI0 CMECh HCXOJHBIX MOHOMEpPOB —
ouc(o-penmnenauamuna), (3,3'-nnamunoOen3uanHa wind 3,3'.4,4' -TeTpaaMUHOIU(PEHUIOKCHIA) H
nuaHruapuaa Hadranue-1,4,5,8,-TeTpakapO0HOBOM KUCIOTH HAHOCHIIM HAa YTIIEPOTHBIA HAMTOJTHUTEIh
U IPOBOJMIIM CUHTE3 OJMIOMEPA HEMOCPEACTBEHHO HAa MOBEPXHOCTH HANONHUTENSA MPH Tpeq <Tra
TETPaaMUHHOTO KOMIIOHEHTa; Jajiee, B YCJIOBUSAX TEPMOIPECCOBAHHUSA OCYIIECTBILLIN (popmMoBaHUE
yTIeTiacTiKa (nasieHue — 15 KIc/CM’, MaKCHMAaTTbHas Temmnepatypa npeccoanus — 400 °C, ckopocTh
MobEeMa TeMIIepaTyphl ~ 5 °/MuH). Pa3paboTaHHbBIN IPUEM MOTYUICHHUS KOHCTPYKITMOHHBIX yTJiIeTuiac-
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TiKoB Ha ocHoBe [IHBUW Obur ampoOupoBaH M MOMYYHII MOJIOKHUTENBHYIO OIeHKYy. CBOWCTBA MONY-
YEHHOT'O YIJIETNIaCTUKA Ha OCHOBE TIONMHAPTOMICHOSH3NMHUAA301a IPUBEACHBI B Ta0I. 2.

Taﬁ.lmua 2. CBoiicTBa MOJYYCHHOI'0 YIVICIUIACTUKA HA OCHOBC no.rmna¢TouneH6eH3nMnna30.}1a

Copneprxanue ITpounocTs npu u3rude, Mopaynb yIpyrocTs npu
MOJIUMEPHOTO C(J)]I;elz) mi}é?z [L10THOCTS, Kre/mMm” u3rube, Kre/mMmm>
CBSI3YIOILETO, B}(I);oxian Bec% r/em’ Temnepatypa Temmneparypa
BecY ’ 20 °C 300 °C 20 °C 300 °C
45 55 1,38 34 31 8000 7200

[IpoBenennast pa3paboTka HOBOTO croco0a TOMYYEHHS YTIETIIACTHKOB TO3BOJIIIA BIEPBEHIE
MOJIYYUTh 3TOT BHJl MaTepuanoB Ha ocHoBe [THBM. HeoOxoaumMo oTMETUTh, YTO, XOTS MOJTYYCHHBIC
VTJIETNIACTUKN TIOKa YCTYMAlOT MO aOCONIOTHOMY 3HAYeHWIO (DH3MKO-MEXaHWYECKHX ITOKazaTesel
yIIeIJIaCTUKaM Ha OCHOBE IOJIMMMHUJIOB, OJHAKO TIPEBOCXOIAT HX IO YPOBHIO COXpPaHEHUS
MPOYHOCTHBIX CBOMCTB B YCIOBHSIX BBICOKHX TEMITEPaTyp (COXpaHHOCTh MPOYHOCTH Ha HM3THO TIpH
300 °C cocraBnset ~ 90 %).

Pa3zpaboTanHbIii TOaX0A MONMy4YeHHs yriiemacTukoB Ha ocHoBe [THBU, Gasupyromuiics Ha TpuH-
IUITE PEaKIIMOHHOTO (POPMOBaHHMSA, 00JIATAET PSAOM CYIIECTBEHHBIX MPEUMYIIECTB, TaK KaK TP ITOM:

1) wuckmarowaeTcss OTHENbHAS CTaaus CHHTE3a IOJHMEPHOTO CBS3YIOMIETO M, CIEJ0BATEIBHO,
HCII0JIb30BAHUE JOPOrOCTOSIINX PACTBOPUTENCH;

2) ympa3gHSeTCS CTaaus TONydYeHHUs TperapaTa M3 pacTBOpa IOJIUMEpa, BCJICACTBHE YEro
WCKJTIOYAETCSs BBIEICHNE TOKCHIHBIX OTXO0JIOB (PACTBOPUTEIS B MTPOIIECCE €r0 MOJCYIIKH);

3) mnoiy4aemble 3TUM METOJOM YTJCIUTACTHKU SIBIISIOTCS HETOPIOUMMH M XapaKTEPU3YIOTCS HU3KOM
MIOPUCTOCTHIO.

[IpoBeneHHOE IKCIIEPUMEHTATHFHOE HCCIICIOBAHUE MO3BOJIMIIO BHISIBUTH OCHOBHBIE 3aKOHOMEp-
HocTu cuHTe3a [THBU meTomom TepMmuueckol MONMMLMKIOKHACHCAMA U HaMETUJIa IPUHLMIHAIBHO
HOBBIH IMOJXOJ] K CO3AHUIO KOHCTPYKIIMOHHBIX IJIACTHKOB HA OCHOBE ATOTO MOJIUMEpa.
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SUMMARY

HEAT-RESISTANT COMPOSITION BASED ON POLYNAPHTOYLEN BENZIMIDAZOLE
Ormotsadze N.Sh., Meskhishvili M.M. and Bibileishvili D.V.

Akaki Tsereteli State University, Kutaisi

Georgian Technical University

The objective of the research involves the reduction of layer defectiveness, veil removal at etching of the
polymer lacquer and an increase of its stability at storage. The aim is attained by using the composition based on
the different-section structure containing o-aminophenyl-naphtoylimide and naphtoylen benzimidazole
fragments with the blocked - end anhydryde groups.The method for preparation of press-materials based on
polynaphtoylbenzimidazole by means of thermal polycyclocondensation was developed.

Keywords: heat-resistant composition, polynaphtoylen benzimidazol, polycyclocondensation.
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HEKOTOPBIE TAPAMETPHI, BJIUSIOIINE HA COPBIIMOHHBIE CBOMCTBA
MNPUPOJHBIX HEOJUTOB I'PY3UN

I'ynymaypu LI.H., Kounamsuau M.C., Yrpexenunze U.P.
I'py3uHckuii TeXHMYECKUH YHUBEPCUTET

B Tteuyenne psga et Ha Kadenpe aHAIUTHYECKOW XHMHUHM ['py3MHCKOTO TEXHHYECKOTO
VHHUBEPCUTETa TMPOBOAWINCH HCCICAOBAHUS MO M3YYCHHUIO BO3MOXKHOCTEH HCIOJIB30BaHUU
IPUPOAHBIX LIEOJUTOB B KAUECTBE COPOSHTOB LTSI pa3pabOTKU HOBBIX XpoMaTorpauuecKux METOA0B
13 BOJHBIX PaCTBOPOB.

[Iponeccrr copbunu 1 AecopOLUKM KATHOHOB PEIKUX W MEPEXOJHBIX METAIJIOB H3YyYaIUCh B
JUHAMUYECKUX YCIOBHUSAX METOIOM IIOCTPOEHMS BBIXOAHBIX KPHUBBIX COPOLMU M 3IIOMPOBAHUS Ha
xpomaTorpahuIecKix KOJOHKaxX ¢ AuaMeTpoM 1,6 cM, BBICOTOM ciost copOeHTa 6,5 cM B pa3zMepoM
sepern 0,25-1,0 cm. B mpomecce mpoBeaeHUS cepHH AKCIEPHUMEHTOB OTOMpaluch (Hpakmuu
(GUIBTPAaTOB WM 3MI0ATOB, B KKIOH M3 KOTOPBHIX ONpPENeNsIOCh KOJUYECTBEHHOE COIEpIKaHUE
COOTBETCTBYIOIIETO U3YYCHHOTO MeTaia (pOTOMETpUUECKUMH MeTogaMHu. LleonuTsl npeaBapuTensHO
MOIUPHUIMPOBATUCH KATHOHAMH HATpus IyTeM o0paboTku copbeHToB 1N  pacTBOpoM XJIOPHCTOTO
HaTpus.

IIpy w3yueHun mpoueccoB copOuuMM | JecopOUMM BapbUpPOBAJHMCh BeauunMHa pH,
THIPOJNHAMUYECKHE YCIIOBHS PabOThI XpOMAaTOrpaMuecKHX KOJOHOK, XMMHUYECKas MNpupoaa u
KOHIICHTPAIHS DITIOCHTOB.

HakonmnenHslil S5KCIEpUMEHTAIBHBII MaTepuall MPeICTaBISIET TAaKkKe HHTEPEC ¢ TOUKU 3PEHHUS
BO3MOXXHOCTU YCTAHOBJICHHUSI KOPPEJLSILIMU MEXIy COPOLIMOHHBIMU CBOWCTBAMH M3YYEHHBIX LICOJIUTOB
Y HEKOTOPBIMH apamMeTpaMH, XapaKTepU3YIOIMIUMHU 3TH copOeHTH (Tabnuna). B kauecTBe OCHOBHOM
GYHKUIMM, 3aBUCSIICH OT YKa3aHHBIX TapaMeTpoB, Oblla BhIOpaHAa BENMYMHA JWHAMHYCCKON
obmenHoii emkoctu (JJOE).

Ha ocHoBanuun UMCIOIIMUXCSA B HAIEM pPaCIoOpsLKCHUM JaHHBIX YAaJIOCh YCTAaHOBUTH
koppemsituto Mexay JOE u3ydeHHBIX COpPOSHTOB M TaKUMH MapaMeTpaMH, KakK TPOLEHTHOE
coJepKaHue LEOJINTa B MHUHEpaje, KHHETUUYECKH AUaMETp BXOJHBIX OKOH M BEJIMYMHA OTHOLICHUS

Si/ Al (tabnuna).

I[MapameTtpsbl, BiMs01IHEe HA COPOLMOHHBbIE CBOMCTBA LEOJIUTOB

eoaur Kunernueckuii OTHomeHue JOE mr-3ks/r
auamerp (Mm) Si/ Al
Kiunonrunonut 3,9 4,28-5,05 0,432-0,166-0,028
MopneHut 3,9 4,18-5,0 0,270-0,075-0,041
AHanpuug 2,6 1,8-2,8 0,11-0,056-0,037
JlomoHTHT 2,6 1,28-2,28 0,048-0,037-0,017
Dunnumncur 2,6 1,7-2,4 0,813-0,446-0,248

Kak cnemoBano oxumarh, ¢ yBeJIMYEHHEM MPOIEHTHOTO COAEP)KaHMA IEOJUTa B MUHEpaie
BenmnunHa JIOE cootBerctBeHHo pacrer. Tak Hampumep, JOE mno memu(ll) wimHOnTHIONMTA
Xekopmayna, comepxaiero 80-85% ueonuta, coorBercTBeHHO 0,432 MI-3KB/T, a A KJIMHONITH-
mommra Temzamu m mopaermta bomaucu, copepxamero 40-45% mneonurta, BenmmunHa JIOE mo
meau(Il) paBma 0,28 Mr-skB/r HpuM OAWHAKOBOM TOPAJAKE BEIMYMH KHHETHUECKUX MAMETPOB
BXOJIHBIX OKOH U BeJIWYMHE OTHOoweHus Si/ Al .

Kunernueckuil tuaMeTp BXOAHBIX OKOH TP OIMHAKOBOM IOPSAIKE MIPOLEHTHOTO COAEPKaHUS
neonura B muHepane (75-85%) nocrarouno sicio xoppenupyet ¢ BennunHamu JOE. [Ipu nepexone
CPEIHENOPHUCTHIX IIEONTUTOB (KIMHOMTHIIONNT, MOPACHNT) K HU3KOMOPUCTHIM (TeUIaHANT, JOMOHTHH,
ananeiuM) BenuauHbl JJOE 3HaunTensHO cHUXAIOTCSA. VICKIIOUEHHE COCTABIISIET HU3KOKPEMHHUCTHIN
HEONMUT - (QUUIAINCHT, MPOSBUBIIMN OTHOCHTENFHO Bbicokne BenuuuHbl JIOE 1o wu3ydueHHBIM
KOMITOHEHTaM.
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Yro ke Kacaercs BeJWYMHBI OTHOmieHus Si/Af, TO BBICOKOKPEMHHCTBIE II€OJUTHI —
kiMHONTHIONMT (Xekopasyna, Tensamu, AUKypH W, COOTBETCTBEHHO, ACHHMH/I3a), MOPIEHHUT
(Bomuucu) u mopaenut (Mepca) XapakTepU3yHOTCS JOCTATOYHO BhIcOKMMH Benuuunamu JIOE. C
TIOHW)KEHHEM K€ BEJIMYUHBI OTHOmIeHUs Si/ Al ¥ ¢ 1epexoaoM K MPOMEKYTOYHBIM 10 BEIHYHHE
Si/ Al neomuram — nomontuty (TOwmmucn) w avaneiuay (Kyrawcw) Bemwumasl JIOE pesko
yYMEHBIIAKOTCS. VICKIIOUEHHe, KaK U B NPEIBIIYIIEM CiIydae, CocTaBiseT Gpuumuncut, Bennuuna JJOE
KOTOPOT0, OYEBHIHO, B OCHOBHOM OIIPEAEIISAETCS 3apSAIaMH €r0 MaTPHIIBL.

VCTaHOBJIEHHBIE  KOPPENSIMM  MOXHO  pacCMaTpuBaTh KaK  BO3MOKHBIE — KPUTEPUH
000CHOBAHHOIO MPOrHO3UPOBAHUS BHIOOPA TPHUPOJHBIX LEOJUTOB IS Pa3padOTKU MOHOOOMEHHO-
XpoMarorpapuuecKux METOIO0B PasIeleHHs U KOHIIEHTPHPOBAHUS PEIKHMX M EPEXOIHBIX METALIOB.
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SUMMARY

THE IMPACT OF SOME PARAMETERS ON THE SORPTION PROPERTIES OF NATURAL
GEORGIAN ZEOLITES

Gudushauri Ts.N., Kochiashvili ML.S. and Ugrekhelidze L.R.

Georgian Technical University

The correlation between the zeolites studied and some parameters was made based on the experimental results.
As a function is taken the correlation of exchange capacity with the parameters such as the content of
zeolite in a mineral, the kinetic (effective) diameter of windows and the Si:Al ratio. The determined
correlation can be used as a justified zeolite criterion for separation of rare and intermediate metals, and for
development of new chromatographic concentration methods.

Keywords: zeolite, sorption, sorbent, DOE.
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MUKPOKOJIOHOYHAS BBICOKO2®PEKTUBHASA KUIKOCTHAS
XPOMATOI'PADOUA ®OCPOJUIINIOB NMMOAJCOJHEYHOI'O MACJIA

Cupanze ML.I'., bepazenumsuiu WU.I'., Henapuaze H.C., I:xoxanse I'.A.,
TeamnamBuiau B.b., luoruaze O.111.

I'py3unckuii TeXHMYeCKNd YHMBEPCUTET
I'ocynapcrBennast Mopckasa Axkanemusi, batymn

OcHOBHBIMH HOCHUTEISIMH (ocopa B pacTUTENBHBIX MacliaX SBISIOTCS (Gochomumumbl,
KOTOpblE MOTYT HaXxOIUTbCS Kak B CBOOOJHOM, TaK M CBSI3aHHOM C YIJIEBOJAMH M OelKaMH
cocrosaun. Conepxanue (HocHonuMnuIO0B B MaciaX perjaMeHTHPYETCsS CTaHAApTaMH.

Muxkpoxkononoddass BOXXX dochomunumos noacomHedHoro Macia onucana B [1]. Axanms
¢dochonunuaoB HAYMHAIOT C MPOBEPKH YUCTOTHI XJopodopMma, HCIOIb3YEMOIOB KadecTBe
pacTBopuUTeNs A MPOOBI aHAIM3UpyeMoro oOpasua. J{Isi 3Toro mpu YCIOBHSIX aHajin3a BBOIST
B Xxpomarorpad 5 Mk yuctoro xsopodopma. OTCYyTCTBHE MHUKOB, KPOME IHMKA, COOTBETCTBYIOIIEIO
xynopodopMy, CO BpeMEHEM yaepkuBaHus 1, 5 - 2 MHH, CTaOMIBHOCTb HYIIEBOH JMHUH U
OTCYTCTBHE IIYMOB, MpeBbIIIalomux 2 - 4 MB, roBopsr 00 yZOBIETBOPUTEIBHOW YUCTOTE
pacTtBopuTens. Peructpanuio XxpoMaTorpaMMbl IPOU3BOAT MPH AJIMHE BOIHBI 204 HM, IpU KOTOPOH
HaOJIIOAOTCSI caMble MHTEHCHBHBIE MUKU. VICMONB3YIOT PEKUM MOJSIPHOU KUAKOCTHOM XpOMAaTo-
rpadpuu. B kauectBe HenonswkHON (a3el Oepyr Cumacop6- 600 ¢ pa3MepoM acThIl 5 MKM.
Komonka pazmepom 2 X 62 MM mmn 2 X 80 MM ¢ addextuBroctbhio 3000 - 5000 TeopeTrueckux
tapenok. [lomBmkHas (Qasa wMeeT CeqyOmuUid COCTaB: aleTOHWUTPUI : METaHoN : 85%-Has
oprodocdopHas kucinora B cootHomeHun 780 : 10 :9; ckopocts pacxoma 200 mxn/muH. O0beM
BBOAMMOHN TpoObl 5 Miim. [is ananmm3a HaBecky Qocdomumuaaoro koHmentpara (10 +0,1) mkr
pacTtBopsitoT B 1 Mi xjopodopma.

I[.HH Ka4e€CTBCHHOI'O aHaJIn3a WJIN paCHH/I(prBKI/I IMMOJIYYCHHBIX XpoMaTorpaMm HCIOJIB3YIOT
BpeMsl YACP)KUBAHHUS IS WHAWBUAYAIBHBIX Tpynn (oconunuuoB, pacCUUTaHHOE IO XpOMa-
TOrpaMMaM COOTBETCTBYIOIIMX CTaHAAPTHBIX PACTBOPOB XHMHUYECKH YUCTBIX HWHIUBHIYaTbHBIX

rpyIm.
Jis KOJIMYECTBEHHOTO pacdyeTa XpoMaTorpaMM HEOOXOJMMO TakKe 3HAHWE IONpaBOd-

HOTO KOSCI)(I)I/IL[I/IGHTB. Ki’ KOTOpLIﬁ PaCcCUUTHIBAKOT KaK OTHOHICHUC HABCCKWU, B3ATOM AJIL IpUro-

TOBJICHHS CTAaHJAPTHOTO PacTBOpa, K IUIOMAAM XPOMATOrpad)uuecKoro IHKa.
Bpemena yapepxkuBaHMA W TONpaBOYHbIE KO3(PULIMEHTB AN OTAENBHBIX TPYII
¢dochonunuaos, ompeneneHHble B [1] skcnepuMeHTalbHO, MpencTaBieHbl B Tabiuue. Ciemyer

HAIIOMHHTb: TapamMeTpsl f, W K, JuIi KOHKPETHOH XpoMaTorpauuecKoi CHCTEMBI CleTyeT

TaKk)Ke HaXOJIUTh AKCIEPUMEHTAIBHO. JlaHHBIE TaONHIBI MOTYT CIIY’)KHTh TOJBKO JJISi OPUEHTHPO-
BOYHOI OIIEHKHU.

ITapameTpsl yaep:KMBaHHSI M KOJMYECTBEHHOI0 aHajamu3a (ocdoimnuaos

N T —_— Bpemsi ynepxusanus [, HonpaBouHblii K03puIMEHT K i
MUH mr/mB.c
DochaTuaUITMHOZUTOIBI 3,5 0,090
DocharuauicepruHbl 4,5 0,012
docharuamidTaHOTAMUHBI 8,0 0,003
DochaTuamIXOTUHBI 11,5 0,026
JInzodochaTranIX0IHHBI 27,0 0,060

Ilo BKCHepI/IMCHTaﬂBHOﬁ XpoMaTtorpamMme 1IoCJj€ OIMpeACJICHUA IIJIoMaan IIHMKOB Si

OTJeNbHBIX Tpynm  (ochOTUNHUIOB MPOU3BOJAT pacuer cyMMapHoW noium (ochonmunumos B
pochonunuanom xonuenrpare Cy, B % mo dopmyre:

Cpa=100-(Q_S.K)/CV
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rae S, - IUIONmaAb COOTBETCTBYIOLIETO IMKa Ha Xpomarorpamme B MB' c; K, - mompaBouHBIif

ko3 puIMeHT MHIUBUIYaTbHON rpynmbl Gocdomunumos, Mr/mM B - ¢ ; C - koHneHTpanus ¢ocdo-
JUIHUIHOTO KOHIICHTpaTa B xyopodopme, MI/MKI;, V - 00beM BBOJMMON MPOOBI, MKIL

Pacuer MmaccoBoif 101M B NpOUEHTaxX MHAMBAAYalbHbIX Tpymn docpomumuuos C;

MPOBOAAT TIO (pOpMyIIe:
C,=100-8,K, /(3 S,K,)

MeTouka MpUMEHMMA I aHajdu3a KOHIEHTPaTOB (OCHOIHUITUIOB, ECIIU UX COJIEPIKAHUC
coctapnsieT B KoHIeHTpare He MeHee 50%. Ecmm monst mHelTpanpHbIX munumoB Bbime 50%, To
(hochOoNUMUIHBI KOHIICHTPAT MeIecCO00pa3HO OTACIUTh OT HEUTPAIBHBIX JIUITHIOB.

OcoOble  TpeOOBaHUS TPENBIBISIOTCS K YUCTOTE PacTBOPUTEICH IJisi MOABHXKHON (asbl.
AUETOHUTPHI M METAHON JODKHBI ObITh Mapku “OCY mns BOXX”, T. €. He JODKHBI UMETh
WHTEHCUBHOI'O MOMVIOLICHUSI NpU AJHHAX BOJH Bhime 200 HM.

JIUTEPATYPA
1. H. C. Apytionsin, E. I1. Kopuena, E. B. MaptoButok u ap. JlabopaTtopHblii NpakTHKyM [0 XUMHHU
xupos. — CII6.: THOPJ, 2004, 264 c.

SUMMARY

MICRO-COLUMN LIQUID CHROMATOGRAPHY OF SUNFLOWER OIL PHOSPHOLIPIDS
Siradze M.G., Berdzenishvili I.G., Neparidze N.S., Jokhadze G.A., Tvaliashvili V.B. and Diogidze O.Sh.
Georgian Technical University

Batumi State Maritime Academy

The developed technique is suitable for the analysis of concentrates of phospholipids if their content in the
concentrate is no less than 50%. If the share of neutral lipids is above 50%, it is expedient to separate the
phospholipid concentrate from neutral lipids. Special requirements are imposed on the purity of solvents meant
for the mobile phase. Acetonitrile and methanol should be of the ,,superpure for HPLC” grade, i.e. they must not
have intense absorption at the wavelength above 200 nm.

Keywords: phospholipids, sunflower oil, micro-column HPLC.
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SUMMARY

MATHEMATIC-CHEMICAL INVESTIGATION OF ACETYLENE TRIMERIZATION AND
CYCLOTRIMERIZATION REACTIONS

Lobdjanidze T.E., Gverdtsiteli M.I. and Giorgadze K.P.

Iv. Javakhishvili Thilisi State University

Within the scope of the quasi-ANB-matrices method, the mathematic-chemical investigation of acetylene
trimerization and cyclotrimerization reactions was carried out. These reactions proceed with the decrease of
molecular complexity.

Keywords: trimerization, cyclotrimerization, quasi-ANB-matrices method.
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SUMMARY

ALGEBRAIC CHARACTERISTICS OF PLATO’S BODIES AND THEIR APPLICATION IN
MODELING OF COORDINATION COMPOUNDS

Rusia M.Sh., Lobjanidze L.B. and Gverdtsiteli M.I.

Iv. Javakhishvili Thilisi State University

Algebraic characteristics of Plato’s bodies were elaborated within the scope of the matrices method. The concept
of pseudo-contiguity and modified pseudo-contiguity matrices was introduced. The application of this approach
to modeling of coordination compounds is considered.

Keywords: Plato’s bodies, graph, modified pseudo-contiguity matrix, coordination compounds.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF ALKENES
Kvartskhava G.R., Chachava G.G. and Gverdsiteli M.I.

Georgian Technical University
National Food Agency
Iv. Javakhishvili Thilisi State University

Abstract. Mathematical-chemical investigation of some alkenes was carried out within the scope of the quasi—
ANB-matrices method. Three correlation equations of the structure-properties type were derived. Correlations
are satisfactory.

Keywords: alkanes, quasi-ANB—matrix, correlation equation.

Contiguity matrices of molecular graphs and their various modifications are widely used in
mathematical chemistry for investigation of molecules and their transformations, and the ANB—matrix
falls into this type [1-2].

The diagonal elements of the ANB-matrix represent the atomic numbers of chemical
elements, and the nondiagonal elements are the multiplicaties of the chemical bonds. For an arbitrary
XYV molecule, the ANB—matrix has the form:

Zx Axy Axv

Axy Zy Ayv (1)
Axv Ayv Zv

For large molecules, the calculations based on the ANB-—matrices are labour-consuming.
Hence a modernized form of the ANB-matrix - a quasi-ANB-matrix (ANB) was elaborated. Its
diagonal elements are the sums of the atomic numbers of those chemical elements, which the
structural fragments of the molecule contain, the nondiagonal ones are the multiplicaties of the
chemical bonds between these structural fragments.

Some alkenes [3] were investigated within the scope of ANB-matrices method. A simple
model was elaborated:

A-B 2

where: A = CH, =CH; B =CH;, C;Hs C;H;.....
The corresponding ANB-matrix has the form:

Z, 1

3
| 7 3

B

In the table the data on 1g (Axxa), Thoi, d and S°og for these alkanes are given.
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The values of 1g (Asxs), Thou[3], d and S°xs[4] for alkenes

Alkene lg (Aaxe) | Tooi,°C d, g/lem® | S°s cal/(mole K)
CH,=CH-CH; 2,13 -48 - 63,80
CH,=CH-C,H; 2,19 -6,5 - 73,04
CH,=CH-C;H; 2,57 30 0,643 82,05
CH,=CH-C,Hy 2,69 63,5 0,675 91,93
CH,=CH-CsH, 2,79 93 0,698 (95,80)
CH,=CH-C¢H; 2,87 122,5 0,716 -
CHZ:CH'C’]H]S 2,93 146 0,731 -
CH,=CH-CsH,; 2,97 171 0,743 -
The correlation equations were derived using a computer:
To0i=327,7 1g (Aaxs) — 818,0 4
d=0,2500 Ig (Aaxs) +0,0005 5)
80293:37,78 lg (AA’I;IB) - 9,60 (6)

The correlation coefficient r is equal to 0,981; 0,983; 0,988, respectively.
Thus, in accordance with Jaffe’s criterion [5], the correlation is satisfactory.
The value of S°os for C;H, is calculated theoreticaly (is given in brackets) baed on

correlation equation (6).
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PE3IOME

MATEMATHUKKO-XUMHUYECKOE UCCJIEJOBAHUE AJIKEHOB

KBapuxasa I'.P., Yauasa I'.I'., I'Bepauureaun M.HU.

I'py3nHckmii TeXHHYeCKU YHUBEPCHTET

HannoHnanbHOe areHTCTBO NPOAOBOJIbCTBHSA

Tonaucckmii rocyiapcTBeHHbI yHUBepcuTeT uM. UB. kaBaxuiBUIM

HpOBeHCHO MAaTEMATHUKO-XUMHUYCCKOE HCCICAOBAHUE HCKOTOPBIX aJIKCHOB B paMKaxX METOJa KBasu — AHC-
Matpull. IlocTpoeHsl Tpu KOppeasLMOHHbIE ypaBHEeHUsA. Koppenauuu yJ0BJIETBOPUTEIHBI.

KiroueBrble cioBa: ankensl, kBa3u — AHC — maTpuria, KOppesIHOHHbIE ypaBHEHNUS.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF CHAIN GROWTH IN THE
REACTION OF METHANE HALOGENETATION

Chachava G.G. and Gverdsiteli M.I.

National Food Agency
Iv. Javakhishvili Thilisi State University

Abstract. The chain growth in the reaction of methane halogenation was studied within the scope of ANB — and
quasi-ANB-matrices methods. Two correlation equations of the structure-properties type were derived and
investigated. The correlations are satisfactory.

Keywords: chain growth, methane halogenation, correlation equation.

Contiguity matrices of molecular graphs and their modifications are widely used in
mathematical chemistry for investigation of molecules and their transformation, and the ANB-marix
falls into this type [1].

The diagonal elements of the ANB—matrix are the atomic numbers of chemical elements, the
nondiagonal ones — the multiplicaties of the chemical bonds. For arbitrary XYV molecule, the ANB—
matrix has the form:

7Zx Axy Axv
Axy Zy Ayv (D
Axv Ayv Zv

where: Zx, Zy and Zv are the atomic numbers of X, Y, Z chemical elements; Axy, Axv and Ayv are the
multiplicaties of X~Y, X~V, Y~V chemical bonds, respectively.

The modernized form of the ANB—matrix — a quasi—-ANB-matrix (ANB) was elaborated [2].
Its diagonal elements are the sums of the atomic numbers of those chemical elements, which the
structural fragments of the molecule contain, the nondiagonal elements represent the multiplicaties of
the chemical bonds between the structural fragments. Thus, the calculation based on the ANB—matrix
is less locbour-consuming and gives a possibility to underline the chemical essence of the problem.
Decimal logarithms of the values of ANB— and ANB—matrices are effective topologic indices for
construction and investigation of the correlation equations of the structure-properties type.

The chain growth stage for the methane halogenation reaction is:

CH, + X- — CH; + HX, AH, 2)
CH3‘ + X2 — CH3X + X', AHz (3)

where: X =F, B, I; AH, and AH, are the enthalpies of the reactions [3].
In the table the values of Ig (Aang) (for H - X), AH;, Ig (Asgws) (for CH;3X) and AH, are given.
For CH;X the simplest model R-X was constructed.
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The values of lg (AANB)s AHL lg(AANB)9 AHZ

HX HF HCL HBr HI
lg(Aang) 0,90 1,20 1,53 1,77
AH| | ccayme -33 -1 15 31
CH;X CH5F CH;CL | CHBr | CH;l
12(Axxs) 1,90 2,18 2,50 | 2,68
AH27 ccal/mde -71 -23 21 17

Two correlation equations were derived using a computer:
AH, =78 1g (Aans) — 103 4
AH; = 69 1g(Axnp) — 202 5)
The correlation coefficient r is respectively equal to 0.978; 0.980. Thus, in accordance with
Jaffe’s criterion [4], the correlation is satisfactory.
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PE3IOME

MATEMATHUKO-XUMHWYECKOE UCCJIEJOBAHUE POCTA HEIIN B PEAKIIUAX
TF'AJIOTEHUPOBAHUA METAHA

Yavapa I'.I'., I'Bepauurean M.H.

HanuonanbHOe areHTCTBO NIPOA0BOJILCTBUS

Tonauckuii rocynapcrBeHHuii ynusepceuteT uM. UB. likaBaxumBuian

HccnenoBaH pocT 1enu B peakiusix rajJoreHupoBaHus MeTana B pamkax metogoB AHC- u kBasu—AHC—maTtpuir.
ITocTpoens! 1 ucce10BaHbI 1Ba KOPPESIIMOHHBIX ypaBHEeHUs. Kopperanuu yaoBIeTBOPUTEIHHEIL.

KiroueBble c10Ba: raloreHIPOBaHUE METAHA, POCT LIEMHU, KOPPEISILHMOHHOE YPaBHEHHE.
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MATHEMATICAL-CHEMICAL INVESTIGATION OF ALKYNES WITHIN
THE SCOPE OF THE QUASI-ANB-MATRICES METHOD

Sidamonidze N.N., Koiava N.A. and Gverdtsiteli M.I1.

Iv. Javakhishvili Thilisi State University
Thilisi State Medical University

Abstract. Mathematical-chemical investigation of some alkynes was carried out within the scope of the quasi-
ANB-matrices method. Three correlation equations of the structure-propertes type were derived. The
correlations are satisfactory.

Keywords: alkynes, quasi-ANB-matrix, correlation equations.

The ANB-matrix falls into the type of modified contiguity matrices of molecular graphs, and
it is effectively used in mathematical chemistry [1, 2]. The diagonal elements of the ANB-matrix are
the atomic numbers of chemical elements (which the corresponding molecule contains); the
nondiagonal elements represent the multiplicities of the chemical bonds.

Zn A Dac
Aas  Zg  Amc 1)

A ac Osc Zc

where Z, Zp and Zc are the atomic numbers of A, B and C chemical elements, respectively; A g,
A ac and Age are the multiplicities of the chemical bonds A~E, A~C, B~C, respectively.

The modernized form of the ANB-matrix — a quasi-ANB —matrix (ANB) was elaborated

[3]. Its diagonal elements represent the sums of the atomic numbers of those elements, which the
structural fragments of the molecule contain; the nondiagonal elements are the multiplicities of the
chemical bonds between these structural elements. Thus, the ANB-matrix is constructed based on the
molecular model.

Some alkynes were investigated within the scope of the (ANB) - matrices method. A simplest

model was elaborated for them:

X-Y (2

where: X= HC = C, Y= CH3’ C2H5, C3H7 e
The corresponding (ANB) - matrix has the form:

Zy 1

3)

In the table the data on 1g (A ANB) , Thoir, and S%g for these alkynes are given [5].
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1g(A ARB ), Troir. [4], d[4] and S°9g [5] are for alkynes

Alkynes lg (A ARB) Thoir.C d, g/em’ call (S;fgi‘e 0
HC=C-CH; 206 223 ; 59-60
HC = C - C,H; 2.34 9 - 6951
HC = C- C;H, 251 40 0693 79-16
HC=C- C,H, > 63 7 0.719 88.13
HC=C-CHy, 273 100 0733 ;
HC=C-CeH3 280 126 i .
HC=C-CH;y; 2.87 151 0.763 -

HC=C - CGgHl, 2.93 182 0.770 -
Three correlation equations were derived using a computer:
Ty = 273 - lg (A ARB) — 645 4)
d =0.172: 1g (A ARB) + 0.263 (5)
S%0s = 50.00 1g (A ANB) — 43.40 (6)

The correlation coefficient r is equal t, 0.983, 0.981 and 0.985, respectively. Thus, in
accordance with the Jaffe's criterion, the correlations are satisfactory.
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KBA3U -AHC-MATPUIY

Cunamonnnse H.H., Konasa H.A., I'Bepauuresn M.HA.

TOonaucckuii rocyaapcTBeHHbI yHuBepcuTeT uM. UB. IxaBaxumBuian

TOonaucckmii rocyiapcTBeHHbIH MeAMIMHCKUN YHUBEPCUTET

B pamkax wmeroma xBa3su-AHC-maTpuil mHpoBeIeHO MaTEeMaTHKO-XHMHYECKOE HCCIIEOBAaHIE HEKOTOPHIX
ankuHOB. IlocTpoeHs! Tpy KOppesIIMOHHBIX ypaBHEHUs. Koppensauuu y0BJI€TBOPUTENbHBI.

KoueBble cioBa: ankuuel, kBasu-AHC-maTpuiia, KOppeasmHOHHOE YpaBHEHHE.
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SUMMARY

SPECIFIC CONFORMATICAL STRUCTURE BIOCOMPLEXES OF CLOTRIMAZOLE AS A
RESULT OF ENHANCEMENT OF CYTOTOXIC ACTIVITY

Chigogidze N.Sh., Tsivtsivadze T.I., Nadiradze 1.Sh., Petriashvili Zh.D .,

Kldiashvili R.S and Japaridze R.]J.

Scientific Center of Biologically Active Substances, Georgian Technical University

Coordinate compounds of bivalent copper with clotrimazole were synthesized, and their composition, structure
and biological activity were studied. Preparation clotrimazole (bioligand) belongs to imidazole derivatives
(heterocyclic compounds) which combine different kinds of biological activity: antimicrobial, antiprotozoal,
antifungal etc. It is shown that, by the reaction of complex formation with 3d-metals, both mutual enhancement
of these activities and the emergence of an essentially new anticancirogenic activity of a complex compound of
copper with clotrimazole, better than that of cisplatin, are possible. Possible mechanisms of the anticancirogenic
effect of such complexes are discussed. The concept of the role of the formation of the specific pentacoordinate
structure of the complexes of Cu** with imidazole derivatives in the enhancement of cytotoxic activity of these
preparations, we proposed, is confirmed.

Keywords: tumor, cell, inhibitor, chemotherapy, imidazole derivatives.
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CELL DESTRUCTION IN TUMOR FORMATIONS
Kadagishvili L.G.

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

Abstract. The paper deals with the structural analysis of tumor formations. Every element of the cell has its own
function. Oxidation reactions proceed in mitochondria which supply the cell with energy. In the cell, this energy
originates a quantum process that, together with chromosomes and the cell membrane, generates a spin field
among nucleolui. Energy is primary as an irritator in mitotic cell division. If by any reason the number of
chromosomes in the cell is less or more than in the parent cell, this will cause significant changes in the cell. In
particular, the cell division could be accelerated. The cell division rate depends on the quantum process
generated in the cell, which also determines the character of a tumor formation. The location of tumor is covered
by a kind of film. The information is transmitted to all cells like in the case of DNA. This must make it easier to
obtain the information about the existence of a tumor formation.

Keywords: tumor, cell, chromosomes, quantum process, spin energy.

A man is part of the nature. His life proceeds with interaction with other parts of the nature
which either support or interfere with his viability [1].

Great progress was achieved in one of the fields of cybernetics called bionics (from Ancient
Greek “bion” — element of life). In bionics conceptual research is at the interdisciplinary boundary.
The systems approach is its basis. At the junction of physics and biology, there emerged biophysics
which in systems analysis unites with chemistry, then with molecular biology and physiology. By
systems analysis, cybernetics conceptually united the research of the whole process of life. Elementary
physical and chemical processes and certain laws characteristic of both live and unanimate nature
underlie biological processes and phenomena [1]. In this paper, we would like to present the structural
analysis of cancer cells - tumor formations.

The cell is the foundation of life. The cell underlies the growth, development and
differentiation of vegetable and animal tissues. The cell size varies within the range from a few tenths
of a nanometer to a few millimeters. The cells of different organs of the human body are of different
size. For instance, the liver cells are quite large - 18-20 um, red blood cells are somewhat smaller —
less than 8.5 um. Some bacteria, for instance, so-called micrococci are barely visible under the
microscope.

The main elements of the cell are a nucleus and cytoplasm. The cell structure is rather
complex. The cell consists of: 1. Nucleus; 2. Cytoplasm; 3. Nucleolus; 4. Nuclear membrane; 5. Cell
membrane; 6. Endoplasmic reticulum; 7. Mitochondria; 8. Golgi apparatus; 9.Centrioles; 10. Lyso-
some; 11. Vacuoles [2].

The nucleus and cytoplasm as a level of system integrity of the cell structure are the vital
elements of the living body. The nucleus has a unique structure. It contains relatively large
micromolecular formations — chromosomes. Each organism has a distinct number of chromosomes of
a particular shape and internal structure. The nucleus also contains one or a few nucleolui.

Every element of the cell has its own function. Oxidation reactions proceed in mitochondria
which supply the cell with energy. In the cell, this energy originates a quantum process that, together
with chromosomes and the cell membrane, generates a spin field among nucleolui. Energy is primary
as an irritator in mitotic cell division. Centrioles, organelles of cytoplasm, play an important role in the
mitotic cell division. These organelles provide the processes proceeding in the cell with the obtained
quantum energy [3].

The chromosomal theory of inheritance states that chromosomes contain self-replicating
particles — genes that are transmitted to the organism’s offspring and next generations, are the basis of
inheritance of phenotypic traits. One or the other set of genes determines the character of individual
development of a biological system.

As every living being transmits its phenotypic traits to its descendants, the prediction of an
individual occurs through the investigation of DNA. By using the exact methods for determination of
the content of DNA in the nucleus, it was found that the amount of DNA in the nuclei of different cells
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of the organisms of the same species, as well as the number of chromosomes, is constant. The constant
content of DNA in the nucleus is testimony of the continuity of chromosomes between cell divisions.

Before every division, the cell not only grows in size and becomes as big as a parent cell, but
also the amount of DNA in the nucleus doubles. Only after that the cell division can begin. The
synthesis of DNA is of primary importance for preparing for cell division. The synthesis of DNA is an
enzymatic process. It is executed by an enzyme — DNA polymerase. In the interphase period, mitosis
provides exact distribution of the doubled number of DNA molecules among daughter cells, and
inheritance of the information stored in DNA. If by any reason the number of chromosomes in the cell
is less or more than in the parent cell, this will cause significant changes in the cell and sometimes
even its death.

Information about the structure of protein is stored in DNA molecules. For protein synthesis,
this information is replicated in ribosomes. This happens via RNA which is synthesized using DNA as
a template. Adenosine triphosphate (ATP) plays an important role in cellular activity. The reactions
proceeding in the cell are characterized by high energy efficiency, i.e. energy release takes place. This
energy is used for current cellular activities, first of all, for protein biosynthesis. ATP is “the energy
currency” for cells which transports chemical energy within cells for metabolism.

ATP is synthesized in cell mitochondria. Then it transfers to endoplasmic reticulum channels, to
energy consumption sites. ATP undergoes breakdown in the cell which is accompanied by energy release.
Just at this time all other energy change reactions proceed in the cell. This promotes biological changes.
The energy release takes place. This energy generates the quantum process that summarizes the quantum
energy formed by the spin field together with the cell membrane. The energy is high as an irritator for
mitotic cell division. The higher is the evolved energy, the faster is the cell division. As it increases
naturally which is a normal process, it does not accelerate mitosis. At the same time, the faster is the cell
division, the faster increases the number of cells for the given section. This moment is to be captured for the
process of cancer formation which is close to the process of chromosome change.

During tumor formation, the cell grows in size, the amount of DNA doubles, triples, etc. The
cell division at a certain rate begins. The higher is the quantum energy, i.e. the energy generated for
cell destruction, the faster is the tumor formation. The type of a tumor formation depends on the cell
division rate. The earlier we reveal the destruction process in the cellular system, the easier is to stop
this process, to localize it, to cut damaged cells, to cauterize or to repay the process until it propagated
to other cells.
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PE3IOME

PA3PYIIEHUE KJIETOYHON CUCTEMBI B OITYXOJEBOM OBPA3OBAHUA

Kaparnmsuiau JI.I'.

HucTturyT knGepuernku uM. B.B. Yasuanunse, I'py3suHckmii TeXHH4YeCKHIl YHUBEPCUTET

I'py3nHckas mHKeHepHast akaJieMus

B cratbe gaercs CTpYKTYpHBIN aHAJIN3 OMYXO0JIEBOTO 00pa30oBaHmsl. Y KaXKIO0T0 DJIEMEHTa KISTKU CBOS (PyHKITHS.
OKHCIUTENbHBIE PEaKIUH MIPOTEKAI0T B MUTOXOHIPHAX, KOTOPBIE CHAOXKfIOT KIIeTKy SHeprueil. JDta 3HEeprus B
KJIETKEe BO30Y)K[aeT KBaHTOBBIIM MPOIIECC, KOTOPBIN MPOSABISAETCA B BHE CIIMHOBOTO TOJISI MEXIY SAPBIIIKAMH,
c(hOPMHUPOBAHHOTO XPOMOCOMaMH W KJIETOYHON MeMOpaHOH. 37ech TIiIaBHas SHEpPrus, Kak pa3fpakuTelb B
MHUTOTHYECKOM JEJeHWH KiIeToK. Ecim B KiIeTke OKa3ajJoch OONBIIE WIM MEHbBIIE XPOMOCOM, HYeM B
POJIUTENBCKON KJIETKE, ATO BBI30BET 3HAUUTEIbHBIE U3MEHEHHs B KIETKE. B 4acTHOCTH, MOXKET YyCKOPHUTHCS
JeneHue kineTku. CKOpOCTb JENeHMs] KJIETKU 3aBUCUT OT BO3HHKILIErO B KIJIETKE KBAaHTOBOIO IpoLecca, 4To
TaKKe OIpEAessieT XapakTep OITyXOJIEBOTO 00pa3oBaHMs. MeCTO OMyXoJIeBOro 0o0pa30BaHMS MOKPHIBAETCS
cBoeoOpa3Hoil meHkoi. MHpopmams mnepenaercs BceM KieTkaM, Kak 3To npoucxoaut B ciaydae JJHK. Oro
obJieryaeT rnoxydeHne HHPOPMaIMK O CYIIECTBOBAHHH IIITYXO0JIETO 00pa30BaHMI.

KiroueBble c10Ba: 0myXxoiib, KJI€TKa, XpOMOCOMA, KBAHTOBBIH MPOLECC, CIIMHOBASI YHEPT U
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SUMMARY

RED DESSERT WINE PREPARED BY INNOVATIVE TECHNOLOGY

Kekelidze I.A.

Institute of Viticulture and Oenology, Agricultural University of Georgia

The paper deals with the enological characteristics of red wine samples prepared from grape cultivar Saperavi:
dessert type — with standard technology and with various technological techniques with the aim of enrichment
with phenolic compounds; dry type - with standard technology. It is shown that red dessert wine prepared by
innovative technology is much more advanced as the high-quality drink in comparison with the standard dessert
and dry red wine samples.

Keywords: red dessert wine, red dry wine, enological characteristics.
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AJIEKCAH/P AKOBJIEBUY JIEPHEP

Anexcanap SxosneBuu Jlepuep pomwics B r. Bunmma. C
paHHEro JETCTBA BBIACISUICS CPEAM CBEPCTHHUKOB PEOKON JH0003-
HATEeJIbHOCTBI0 U YMEHHEM CaMOCTOSTEIbHO WM C ITOMOIIBI KHUT
«IOKambIBATHCSI 10 UCTHHBY. bpl 3asu1eiM paguomoduTeneM. Iloc-
Tynuwil B BHHHUKMHA HHAYCTpUAJbHBIA TEXHUKYM, MOIYYHJI CIIE-
IUANTBHOCTH AnekTpoMexanuka. B 18 ner A Sl Jlepuep mepeesxaer B
MockBy, rae pabotaer B CTaHAapTrOPHpPOEKTe W OTHOBPEMEHHO
MOCTYIIAEeT BO BTY3, OTKYZa HA TPETheM Kypce mepeBoautcsi B MOU.
B 1940 r. A.4. Jlenep 3amumaer B MOW KaHAWIATCKYIO TUCCEp-
TalHIO, NOCBSILEHHYIO BOIPOCAM YIIPABIECHHS 3JIEKTPOMOTOPaMHU.

Bckope nocne BoiHbI Anekcanapa SIkoBiaeBrUa IpUTIaIaoT
Ha paboTy, a Takke I TOATOTOBKM M 3aIIUTHl JAOKTOPCKON
JIUCCepTAIK B UHCTUTYT aBToMaTtuky u tenemexannku AH CCCP.
Nmenno B UATe sapKo MPOSBHIUCH €r0 CIIOCOOHOCTH K HAyYHOU M
opraHuzalioHHoil pabote. A.S. JlepHep sBiseTCS OOHHM U3
OCHOBOIIOJIO)KHUKOB ~ TEOPHMM M  IPAaKTUKUH  ONTUMAIBHOIO
ynpasnenus. Eme B Hayane 50-x rogoB XX Beka UM oIyOJIMKOBaHa
CTaThsl «YJIydlICHHE IUHAMHUYECKUX CBOICTB aBTOMATHUYECKHUX
KOMIIEHCAaTOpPOB MpPU IOMOIIM HEIMHEHHBIX CBA3€H», BBILEALIAs B JKypHaje «ABTOMAaTHKa M
TeJeMeXaHuKa». Pe3ynbTarel 3Toi paboThl HAITM MPUMEHEHHE MPH MOBBIIEHUH OBICTPOJCHCTBUS
ABTOMATHYECKHUX AJIEKTPOHHBIX MOTEHIIHOMETPOB, UCIIONB3YEMBIX B KaueCTBE BTOPHUYHBIX MPUOOPOB
MIPU U3MEPEHUH MHOTHX TEXHOJIOTHYECKHUX I1apaMeTpOB.

B 1954 r. A4. Jlepuep myOmukyer B «ABTOMATHKE M TelleMeXaHWKe» HOBYIO (hyHIaMeH-
TaJbHYI0 pabOTy MO TEOPUH ONTHMAJIBHOIO YHpaBieHHs «MeTon H30XpOH Ui ONTUMAaJIBHOIO
yIpaBlieHHs», T/I¢ BIEPBbIE BBOJUTCS TOHATHE O0JIAaCTeld HM30XPOH B Ba30BOM IPOCTPAHCTBE
yHpaBisieMol JAMHAMUYecKOM cucTeMbl. OCMBICIEHHE HOBOTO TOHSTHS B IOCIEIACTBUM OKa3ajio
BO3JIeIiCTBHE Ha TOCIEAYIOUIMI BBIBOJ M pa3BUTHE METO/AA TUHAMHUYECKOTO IpPOTrpaMMHpPOBAHUA
Pruuapna benaMana, mOCKoibKy 00JacTH HM30XpPOH MOXKHO paccMaTpUBaTh Kak ce4eHUs] (QyHKLUHU
BenaMana nprMEHHUTENFHO K PELICHHIO 3aa4 ObICTPOACHCTBUSA AMHAMHYECKHX CHCTEM.

B 1960 r. B [Joxnamax AH CCCP u B )xypHane «ABTomMaTuka u tenemexannka» A.S. Jlepuep
(coBmectHO ¢ A.I'. ByTkoBCKHMM) ObUIM OMYOJIMKOBAaHBI OCHOBOIIOJIATAIONINE PA0OTHI, MOJIOKUBIITHE
HAYaJIo0 Pa3BUTHIO HOBOTO (PYHIAMEHTAILHOTO HANpaBJICHUs TEOPUHM YIPABICHUS — YNpPAaBICHUS
CHCTEMaMH C paclpee/ICHHBIMU TapaMeTpamMH.

B cepenune 60-x rr. Anexcanap SIKOBIEBHY CTaHOBUTCS IMHMOHEPOM HCCIIEIOBAHUS BOIPOCOB
yIpaBiieHHUs] OOJIBIIMMHU CUCTEMaMH — HOBOT'O HAIpaBJICHHs], TOPOTUBIIET0 HECKOJIBKO MEPCIIEKTUBHBIX
yuani uccnenoanus. O co3naet B UATe HoBbilt otaen (Otaen OONBIIMX CHCTEM) U HA3HAYASTCS €ro
pykoBoauteneM. Toraa ke emeé oJHIUM Hay4YHBIM MHTEpecoM AJieKkcaHzapa SIKoBieBHYa CTald 3aJadd
pacriosHaBanus o0pa3oB. Bwmecte ¢ B.H. Bannaukom u A.Sl. UepBOHEHKHCOM OH MPEIIOXKHI JUIS
pacrno3HaBaHHs 00pa30B MOIIHBIN METO, TOJyYHBLINK HAa3BaHHUE «OOOOIIEHHOTO TIOPTPETa.

C 1967 r. A5 Jlepuep CTaHOBHUTCS OJHMM W3 WHHUIIMATOPOB IMOCTAHOBKU W MCCIIEIOBAHUS
npobjeM ympaBicHUs OONBIIUMH aBTOMATH3WPOBAaHHBIMU CHCTEeMaMHu. Torma ke AJiekcaHap
SIKoBNEeBMY 3aHUMAETCS U3YUCHUEM POJIM YEIOBEKa B CUCTEME YIPaBJICHUS U (OPMYIUPYET BMECTE C
B.H. BypkoBbIM IpHHIHXIT OTKPHITOTO yIPaBICHHUS B TEOPUU aKTUBHBIX CUCTEM.

B nauvane 70-x A.Sl. JlepHep u ero ceMbs NMPUHUMAIOT pelieHue 00 oThe3ne B M3pawmis, u ¢
3TOTO MOMEHTa HAYMHAETCS JONTHIl OTPE30K €ero <CKM3HM B OTKazey». PaspemieHne Ha BBIE3[
Anexcanap SIkoBieBHY moxyvaeT TOIBKO uepe3 17 jer. B 3Tv ToAbl OH OpraHn3yeT HayqHBIA CEMUHAP
«OTKa3HHUKOBY», COBETCKUX YUEHHBIX, TOJITHE TOJIbI HE TOMy4yaBmKX paspertenns Ha Beie3 u3 CCCP u
M30JIUPOBAHHBIX OT HAYYHOTO OOIIEHHSI C KOJIIETaMH.

B nauane 1988 r. Anekcanapy SkoBneBudy pasperiaroT BelexaTh B 3pamnb, I7ie OH cpasy xke
cranoButcs npodeccopom Uucturyra nm. Betinmana. Eme maxonsce 8 CCCP, A Sl JlepHep Hamren ajist
ce0s1 HOBYIO TIEPCIIEKTHBHYIO TEMY — CO3/IaHMs HCKycCTBeHHOTo cepana. Oxnako B MHcTHTyTe Belinmana
BBIICHWJIOCH, UTO Hjes JIepHepa He MOXKET ObITh pealn30BaHa Ha MPAKTHKE CTIEIHAIMCTHI-TEXHOJIOTH eIIe
HE NPUAYMAJIA MaTepHaIIOB, N3 KOTOPBIX MOKHO OBbLIO ObI M3TOTOBUTH «Hacoc JlepHepay.

B nocnenHue ronpl ku3HH AjnekcaHAp SIKOBJIEBHY peann3oBall HOBYIO HJICH0 — H3BICKAHUE
CIoco0OB TepeMelnIeH s IpeMeToB «0e3 TpeHus». Bmecte ¢ b. JIeBUHBIM OH TPUIYMBIBAET TEOPHIO
M CO3[AaeT HOBBIA THUI MEXaHHYECKOTO IBW)KHUTENS, KOTOPBIA C MpEAEThHO MalbIMH MOTEPSIMH Ha
TPEHHE MOXET MEepeMeIIaTbcs MO OYeHb Y3KMM KPHUBOJIMHEHWHBIM KaHamaM (THUMa KPOBEHOCHBIX
COCYJIOB, KUIICYHUKA), - TOT THUI JBMKUTENS HaIIEN yCIIEMIHOE IPUMEHEHUE B METUIIMHE.

OtnpasnHoBas 90-netre A.S. JlepHep mpUCTynui K HATMCAHUIO KHUTH O HAyYHBIX IMPUHIUIAX
IIOCTPOEHUS COBPEMEHHOI'0 FOCYapCTBa. Y Bbl, 3aBEPLIUTh 3TOT TPY. €My HE YAaJIOCh.
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