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60 YEARS SINCE THE BEGINNING OF EXPLORING SPACE.
N.Kavtaradze. ""Energy"'. Ne2(98). 2021. Thilisi. p. 5-14. geo. sum geo. engl. rus.

The activity of studying and exploring space from the mid-20™ century to the modern era is briefly
discussed in the article “60 Years Since the Beginning of Exploring Space”.

The idea of exploring space belongs to the main constructor of this field in the Soviet Union —
Sergei Korolev. The first artificial Earth satellite “Sputnik” was built by him according to his project
and then the next spacecraft that was created by him was Sputnik Vostok 1 by which the first human
being Yuri Gagarin went to outer space. S. Korolev has done the greatest bit in the organization of
manufacturing of rocket-powered space techniques and aircraft weapons during the cold war.

The article contains information about Georgian scientist and inventor Aleksandre Nadiradze and
Niko Muskhelishvili who was admitted by the society of sciences of the world — they both have done
their important bit in exploring space.

The first steps to space were the base of the greatest discoveries which were achieved by
humankind in the 21% century.

60 IET OCBOEHHUS KOCMOCA.
H.Kasmapaose. "Iueprus’. Ne2(98). 2021. Tousnucu. c. 5-14. rpy3. ped. rpy3. aHri. pyc.

JlaHo KpaTkoe omucaHue JeSTeJIbHOCTH Y4eHbIX B 00JIaCTH OCBOEHHsI M H3Y4YeHHUsI KocMoca ¢
cepeauHbl 20 BeKka 10 HAIIUX THE.

HNnes ocBoeHusi kocMmoca mpunamiexut Cepreio KoposdeBy - riaBHOMY KOHCTPYKTOpY,
paboraBuiemy B 310i 00JacT B CoBerckom Corose. I1o ero HemocpeACTBEHHBbIM MPOEKTAM U IOJ €ro
PYKOBOACTBOM ObLJI OCTPOEH NepBblil KOCMUYeCKUH Kopadiab - «CIyTHUK», a 3aTeM - KOCMUYeCKUH
Kopabab «CnyTHUK-BocTok-1» ¢ 3amyckoM mnepBoro 4ejgoBeka B kKocMmoc - IOpusi TI'arapmua
C.KoposeB BHec Han0obMi BKJIaJ B opranuzanuio npoussoacrsa B CCCP pakeTHO-KOCMHYeCKOM
TEeXHUKH M PAKETHOI'0 OPY:KHMSl B r0Jbl X0JI0IHOIl BOIHBI.

IIpencraBiiensl TakxkeMaTepHajJbl O BbIIAOLIEMCSl TIPY3MHCKOM  Yy4eHOM-H300peTaTeie
Anexcanape Hagupanse W 0 NpPU3HAHHOM MHMPOBBLIM HAay4YHBIM coo0mecTBoM Yy4denom Hwuko
MycxeuIIBU/IN, BHECIIEM 3HAYMTEbHbIN BKJIaJ B 0CBOEHHE KOCMOCA.

IlepBble maru B KOCMOC JaJIU CTAPT BeJMKUM OTKPBITHSIM, CAeJTaHHBIM YeJI0BeYeCTBOM B Hayale
21 Beka.
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MICRO AND LOW POWER WIND TURBINE.
T.Kurshubadze, M.Bekirishvili, V.Chkaidze. "Energy'*. Ne2(98). 2021. Tbilisi. p. 15-19. geo. sum
geo. engl. rus.

The paper deals with constructional novelty of wind plant turbine of micro and small power
output, which is recognized as invention by the intellectual centre of Georgia.

The paper describes: structural composition of the rotor, which is the working body of the
turbine, its working principle, the process of transformation of wind Kkinetic energy into revolving
mechanic energy of the rotor, as well as the change of its power and angle speed in dependence of
the speed of the wind.

1. 1, tabl. 1, bibl. 4.

BETPSIHBIE TYPBUHBI MUKPO- 1 MAJIO MOIITHOCTM.
I.Kypmy6a3e, M. bekupumsuau, B.Uxaunze. "'Iueprus". Ne2(98). 2021. Tonaucu. c. 15-19. rpys.

ped. rpys. anriu. pyc.

Pabora mnocBfilleHa KOHCTPYKIMOHHOW HOBH3HEe MHKPO U MAaJJ0il MOIIHOCTH TYPOMHBI
BETPSIHOM YCTAHOBKH, NPU3HAHHOW H300peTeHNeM HHTEIEKTyanbro neHrpa I'py3un.

B palGore omnmcaHbI: CTPYKTYPHBIH €OCTaB pOTOpa, SABJIAAOIMACA padouyuMM OpPraHoM
TYpOMHBI, IPUHLIMI ero padoThl; NMpouecc NPeodpPa3oBaHUsI KUHETHMYECKOH IHEepruM BeTpa BO
BpallaTeIbHYI0 MEXaHHYECKYI0 JHePIruI0 poTopa, a TaKk:Ke U3MeHEHHE ero MOIHOCTH M YIJIOBOIi
CKOPOCTH B 3aBHCHMOCTH OT CKOPOCTH BeTpa.

Hnn. 1, maon.1., num.4 nase.
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olgo 3b>E0B0gn® o3mbobymgdsl, MmIgmoi gggersdy 93900 Sbegbl Omomno 3§ 3Gog0m

353mbs@ g Fodol s3dmJlodsizost.
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A96©gb300lL LHONIGIONWo 33eowgdols
FadEowo: beagddg®o, 2008

700 800
I I

600
L

500

bob. 4. 3mb>(3999301 Sbsgmobo Ggbpgb300L gPmo oBEs@gbol TgdEomon

39698049600 3HmaM>30Mgd0l Tgrgase Jopgdgmo g9bjzos s dobo (3rMIoggds
3bGogo 4

> Best_GP_Function:

function (x1, x2, x3, x4, x5, x6, x7, x8, x9, x10, x11, x12)
sqrt(sqrt(x12 * x2 +-1.56403249000375 +

(x12 - x5)/0.0104539146217276) * x1 + x1) + 19.2961520436111
> rmse [1] 85.93

®03bgo00 gJl3gH03g6@ 0L ggagoo Im3gdgmos 3b@. 4-Us @S bob. 5-0b Losbom, bswss
Foddmeagbomos  gubjos s Lsggbem dmbs3gdgddy o8 gubjool  3r@Boggds.
3609369 @gsb0s> 50060360, MM Fo®ddmEagboamo 39bji3ool 3rMmdomgds Spgds@gds (3bO.
2-000 [o®3mpygbogmo 8mbs(399300L  B™Boagdsl, @S3 335800 gdl, G@d 9698039®
36mMM5300 9051 50 339790 LoMmgag dggJdbs 3mbs3g3gd0L Lgbmby®dmol 3sdm.

Iergberbo g0 dmpmdobon, gsbxGob bebsl2

6ob. 5. 30mybmbodgdol g46Ji300L BogH 2gbg@o@mgdnmo G46JiEool g@Msgo o Inbodbspgdge
©> bo@glB™ Imbs39390by

gLsdsdolo Gogbgomo gJu3g®modgb@ols o3 gEo3bg gopsfyws, ®md ggbgdognco
3G@y@sdo@gdols 30mabmbodgdals dgloden gdgmedols 3oLobOP @S, @obgomo
31394033680 356339bmA (3092093065 08 865(3999dDg, Ld0ESbS3 SFMEPgdamo 0Jbgdmes
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bsb. 5. ge0gJ@Hmgbgdgool 8mbdsdgdol Ggseny@o dmbs3gdgdols ©s bgbmbydo 3m383mbgbdols
350939 3mb53939301 go@gds

396904900 3GmaM3d00g50L dogd gsdmgmgbogo 3MMybmbodgdol B9bji30s s> Jobo
GR®doagds: Lgbmbydmdol 3md3mbgbEol gstgdg Imbs3gdgdo
3b®ogo 5

> Best_GP_Function:
function (x1, x2, x3, x4, x5, x6, x7, x8, x9, x10, x11, x12)
sin(x5) + (-1.12637372517335/cos(x5) + (cos(x12) + sin(x5) +
(cos(sin(x5) + x12) + (cos(x12) + sin(x5) + (sin(x5) + sin(x5) +
(cos(x12) + sin(x5) + (cos(x12) + sin(x5) + (sin(x5) +

sin(x5) +x12))))))))

>rmse [1] 61.19258

Lgbmby@o 3md3mbgb@o, 5679 LoFgol Fmbs39dgdl gsdmsmwgdmms Lgbmbydo 3d3mbgbdo
(ob. bob. 1).

Lgbmby®dmdol aoMgdg Imbs3gdgddg  Moibgomds  gJu3g@0dgb@ds  sSSESLEGNGS
Fobsbfosto Bmmmpobo: ggbgdogndo 3G@aMs8oMmgdol BogHh sdmgmgbogmo  B9bJ00l
GRmM30agds 61.2 3eb. 33.0-0s, B3 (3bM. 1-000 FsB3mEygbogo dmbs399g00l 75 k. 33.Lm
-05b 30MB0agdsbg bogamgdos (ob. 3b@. 1, (3bM.5).

09335 bob. 6 5hggbgols, H™3 dopgdgmo }9bj300L B0g@ 3MMPbm bo@gdamo dmbs3g8gd0
96093bge@gob (3p@Bomgdsl odamggs bogbymol mgggddo, Sby xSIYOHSE (3T gds
39930005, 09935 bogbaymols mgggdol dcmbds@gdol 3Gmybmbo@mgds Lagodmgol ao@ggymm
3003JB0odgdsL.

LY mége 53 Jobbgdobmgol Moibgomo gJli3g®modgb@ol dmeme 9@s3%g Fgdmmsgsbgdgmos
BFAST sangm@omdobs @5 8969¢04900 3H@a@sd06gdols 256 339700 30660590, Ged@ols

dobgegoms3 X g® 3mbs3939030 godmgm gboeos LEH®YIG YOO 3geomgdol FgdGomo (bsb.
4), beogoem Jgdpgy 3969603900 3HMAMSFodgdols G1bJ300L Jowgds Jmbrps Lfmedge I

3oMEsGgbols Vaﬁ)(‘:’)osmob 99093 >0 gdgmo Imbs3gdgdol gL§sgarom.
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36mpbrito a9badzmeo 3Hmyamgdom, gebixtol bmas12

T
2005 2006 2007 2008 2009 2010 201 012 2013 2014 2015 2016

65b.6. 39698037300 3OMaA530Mgd0l 3BMabmbo@gds: Lygbmby@o 3md3mbgbGol 3ot gdg
dmbs(393940

gLsdsdolo  @oabgomo  gJu3gdedgbGol  3Bm@Eglbo  Fg8pgao  ®obdodrggdmdom
{o®0dsams:

1. 30653999030 godmgmobrs LE®JG O Y@ 3geomgdols §goGomoa: bmgddgho, 2008.

2. Jmbodbopgdgee  Imbs3gdgose  gobbogye  odbs  dmbsizgdgdo  LEOYIGH YOO
(380 g0l F9o@omol gdwgy: bemgddgmo, 2008 - ©9393dg@0, 2016.

3. Sbogo dmbs399g00056 godmodoibs Lgbmby@o 30d3mbgb@o.

4. 396900390 3O™M@M>3060950L 3gTzgmdom 353m0339m> 3OMberbodgdols g49b;os.

5. Yggsls  Bopgdgmo  @abjGool  3Gmabmbodgdol  Bglsdmgdemmds  Lsdgl@m
dmb>(39990by.

6. Jopgdgmo 30Mabmbodgdbol  B9b3000m  gobbm@BogmEs  gag]GOmgbgdaools
3cb3s@gd0l 30mybembo 2030 Fensdy.

bodmmmen  x5370, Foddmpagbomo  gm®dom  gobbm@dB0gmgdgmds  Mo3bgomds

9313960396835 MmomJ3ols 40%- 0o gs3ods LsGglGem 3mbsgdol GrMdoggds 75 dgb. 33.Lm-
b 48 Jab. 33.Lo-dg (3bG. 6), Sbggg, b5b. 7 Shggbgdls, G 3HMyberboMgdymo dmbs3gdgdom
539090 Fodo (8F3569 Fo@0) mom 8ol gEpmdse 03gm@mgdl Ggsmg@o dmbs3gdgdol Fomol
g0@IsL.

29696043790 3d@ma®odo0gdols s BFAST s@am0080l 303600 dmwgero:
30™abeboMgdol g96J3zos LS (@Iomgds
3bMogoo 6

> Best_GP_Function:

function (x1, x2, x3, x4, x5, x6, x7, x8, x9, x10, x11, x12)

x12 + log(x12, x1/7sin(x7)) + exp(cos(sin(x8))) + log(x12 + log(x12,
x1/7sin(x7)) + log(x12, x117sin(x1 - x6)) + log(x11, x3/sin(log(0.839656840387031,
x11) - x6)), x37sin(x1 - x6)) + log(x12, x3/sin(cos(-1.20042937543859) -
x6)) + log(x11, x3”sin(log(0.839656840387031, x11) - x6))

> rmse [1] 48.36079
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SE0 A 00300

1. g96d3os Fobs 12 mgol dmbs(3gdty ogMEbmdom odemggs gmggero dm3pggbem mgol
dmbs398L.

2. Ygbododolse, 3G™abeboMgdol Bubj3os MmSb 53g69@0dgdl 3HMbmdBL S ™sb
do@gde0 30™abmbom sbEgbl Imggbm mgol dmbs3gdol 3BMybmbo@mgdsl.

by sglo @Goigbgomo gl3g@edgbGol dgrgase gopgdm 2030 Fmsdeg 3Gmybob@dgdaem
35339 Tog905L mgggdol dobgpgom, bomem dmmm 12 ngol 3mbs3gdol ©oxsdgds ggodemmggl
2030 Feool ULs3dmpabobm  Jmbds@gdsl, GmIgmoiz Foddmpagbom  o3mmngemgdby
©oyOEbmdom, 22 dwmb. 33 Lo Ygopygbl. Sbodbymo dohggbgdgmo gmgd@®mgbydgools
30b3s@gdol momJdol 75% 056 bAESL 3Gmabmbo@dgdl s 0demggs 080l Lsgydggel, Gmd
5JBo0se gobobomgdbmegl gagd@®mgbgdag@oldymo LsrEadynmo Loddmogggdol obd@wOl
Sdm3obs. 09d3s 35653, Lobsd dbyogbo Sdm3sbs EsolLdgds, Fgdpgy ™msgdo goboboamgds

99J® G2 96g65300L @gJbmmmmyogdol ol L3gEeggs, GeMIgmacs Fo03mppgbsls godanggl o3
69J6mema090L @0l g2bpsdgbGy®o gsblbgsggdgdol Tglsbygd.

T
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Yoo
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A HYBRID MODEL FOR THE ELECTRICITY CONSUMPTION FORECAST IN GEORGIA.
L. Vepkhvadze. ""Energy"’. Ne2(98). 2021. Thilisi. p. 20-34. geo. sum geo. engl. rus.

For planning and decision-making purposes, short, medium and long-term forecasts of electricity
consumption in Georgia are based on either linear models or forecast data obtained from power
generation facilities, the aggregation of which creates a balance sheet for the next year. In the
presented research, on the one hand, the historical data is studied and structural change points are
detected based on the Breaks For Additive Seasonal and Trend (BFAST) algorithm, which
identifies the single structural breakpoint with the highest magnitude in the 2005-2018 years data:
November 2008. The study then makes a forecast by employing the deseasonalized data
considering only points after the structural change point. In particular, in the first stage, using one
method of genetic algorithm, symbolic regression, it tries to obtain the algebraic function that gives
the best approximation to both training and test data. The forecasting capability of the function
obtained as a result of the relevant iteration was evaluated on test data, where it was found that the
function reduces the prediction error twice compared to the 2018 electricity balance sheet. Finally,
the function gives the electricity consumption forecast up to the year 2030 and it is revealed that
the consumption may increase up to 22 billion kWh. Quantitative modelling is performed by the
computer programming language R.

I1. 8, tabl. 6, bibl. 15.

I'MbPUJHASA MOJEJIb JJIsI TIPOIHO3UPOBAHHS ITIOTPEBJIIEHUSA 3SJEKTPO-
SHEPI'U B T'PY3HUMN.
JI.Benxeaosze. "Iueprusn". Ne2(98). 2021. Tounucu. c. 20-34. rpy3. ped. rpys. aHri. pyc.

Jasi mesieil MUIaHUPOBAHMS W NPHUHATHUS PelIeHHH KPATKOCPOYHbIE, CPeAHECPOYHbIE U
A0JITOCPOYHbIEe TMPOTHO3bI NMOTpelaeHHs] 3JeKTPoIHepruu B I'py3uM OCHOBBIBAIOTCH JHOO Ha
JIMHEHHBIX MOJeJIsIX, JHOO Ha TPOTrHO3HBIX [JAHHBIX, MOJYYEHHBIX C JJIEKTPOCTAHIWI,
arperupoBaHue KOTOPBIX MO3BOJIsIET COCTABUTH 0a1aHCOBBII 0TYeT HA ciaeaAyommii roa. B pamkax
NMPeACTABICHHOI0 WCCIeT0BAHUSA, € OIHOW CTOPOHBI, H3Y4YalOTC HCTOPHYECKHe HaHHbIe W
BBISIBJSIIOTCH TOYKHM CTPYKTYPHBIX U3MeHeHH Ha ocHOBe ajaroputMm Ilepenoma niasi AAIMTHBHOM
Ce3zonnoctn n Tpenga (BFAST), xoTopsblii onpenensieT eIMHCTBEHHYI0 CTPYKTYPHYIO TOYKY
nepesioma ¢ HanOoJbIeld BeauunHon B 2005-2018 roxax: Hosdps 2008 r. 3aTem B ncciae10BaHnu
AeaeTcss MPOTHO3 Ha OCHOBE HCIOJb30BaHHWS [eCe30HATU3HMPOBAHHBIX JAHHBIX, B KOTOPBIX
YUYHUTBHIBAIOTCH TOJbKO JaHHbIE MOC/Ie TOYKH CTPYKTYPHBIX H3MeHeHMii. B yacTHOCTH, HA epBOM
JTamne, UCMOJb3ys OAUH MeTOJ FeHeTHYeCKOro NpPOrpaMMHPOBAHMS, CUMBOJMYECKYI0 PErpeccuio,
MeTOoJ BbIIAET ajarefpanyeckyio (pyHKIUIO, KOTOpPas MOKa3bIBaeT HAWIYYIIYI0 aNMPOKCUMALNIO
KAaK Ha TPEHMPOBOYHBIX, TAK U HA TECTOBBIX JaHHBIX. CNIOCOOHOCTH MPOrHO3UPOBAHUSA (PYHKIMH,
MOJIy4eHHAsl B pe3yJibTaTe COOTBETCTBYIOLIEH HTepaliy, ObLlJIa OLlCHEeHA Ha TeCTOBBIX IAHHBIX, I1e
O0bLJI0 00HApY:KEHO, YTO HaliieHHAs (YHKUIMA YMEHbIIAET MOrPEUIHOCTH MpPeaCcKA3aHMUs JIBAMKIbI
N0 CPaBHEHMIO ¢ OajaHcoM »JjekTpodHeprum B 2018 r. Hakonen, ¢yHkmms Aaer NporxHos
norpedaeHus iekTporHeprun 10 2030 r. nokasbIBaeT, YTO NOTPedIeHNE MOKET YBEJIUYUTHCS 10
22 mapa. kBrt.4. KontuyecTBeHHOE MOJeJIMPOBaHUE OCYIIECTBIsAETCS SA3bIKOM MPOrPaMMHPOBAHUS
R.

Hnn. 8, maon. 6, ium. 15 nase.
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ROJHOG6G0 3ILO3 LSGSOII

LoJotmggeml  Ggdbogado 9bogg@dlodgdol

Sb®mBS(305. @sdbopEs sbogro gbgbomgmms Jsgmzaro, Gerdaol J9dswagbenmds Jos Ni 80%, Cr
20%, beraver dogmsglbo Cr3Cs poeaw@s bagaosarad 6odydadby (dmdom gs@Gy wosdad@o 28 J4,
dog s osdyB@o 20 8, bodswany 20 39) gGoma, a@o @s bsd ddbosbo ggbgdo.

BB03e@eIg0a6G0 Jaargggéo BsGsdws CMI-2-by, dgbfsgaromo ogbs sdmgowgdaangds
@3BgoBngsbs s bsbgbol 3m9R0G0g68Lb Feordol gGm dG056, 365 IG0s6 s bsddGosb o mwgdae
603793ty s oY 0bEs Jsmo (33900b MbyY. Jobodsar o ggms RO JboGYdEos MG IGosk
sEa@ISa bodndby, G5 godmfggamos bsdd@osbo bodydol bobgbol ymgnacogbBob dggm@o

baEom. gl gsdefzgamos  bBGaJSacGamo  pgmomgdgdom, @GS @Eebsg  ds@pgargddo
bsdergsarods  febsbfmdamo  bBGaiBa0s bgao gogogdol gode, Gedwol  bodasbBols
dsbs boomgdgero s@Gal dydgodydzeo.

boggobdm Lodygggoo: gbgboag ams dsgmamoa, bodydo, GBodeegzogdo jgmggs.

(38907539093 Md> 35bJsbsms boFomgddo Loddgzo3gls > LobolEgbmsb gHmse @0l
1503gem30l gHM 9P 3053560 gobaLs>bpgmgeano [1,2] .

13567569801 43gBglmds (85-90%) aodm©0sb 3FYmdMoEsh ©g@omsdols (33900l godm.
©3bsbs@Axgdo Vg39mgdsdy ©s 356456980l Ggdbogn@d mALsbydgmdsdy GsdmEybodgxg®
509358905 dols @odgd e gdsL:

- 53@™ImdomgdTdo 6-xg@;

- 0300986065398 30 5-x 943

- hs&bgddo 8-xgé [3].

1 OO0 3320939%0L LgLsdsdols, 2023 Jeobsmgols bs3mmdmdFmegdgmo
399V g90mdobsmgol  533™BsB0bo00l dsbsG0 gmodgds $ 3,29 Fmé. - Fgbodsdobog
feogdo bowol @g330 ogdbgds 6,7%. Tglsdsdose (33gmsdgegao  gomoswgdo 0dbgds
d603gbgeomgsbo Fo@mdmgdol LOmymgmolsngol. S05Tglodsdolo Fmmsmgdol gs3myggbgds
359m0§393L 365050930l IFYMmdMowsb odmygebsls s dem3gbsl [4,5].

(38995890930 Bo@sEgdo Asdmoygbgds:  Jofoldnbogm sbsEysMgdPo; Lmgmol
3g9®bgmdol  Bgdbog>Bo;  Ls3Ygbgdemm  356JobgdBo;  Lslstpygdme  Fosmolbgyemols
I lodmggdgen 85675690T0: Jggdol s Bowbol Ls3EZgMgg 35645690B0 s bbg. (3390390930
Be@ogdol bsgdlams@sgom mngolgdgdo dglsdmgdgemos Dgobs@bhybgdgemo ogmls 4-x9@
bsba®darogo @Ol 256d53e@dsTo, godg bggnmgdtogo dsesmo L0dE oEol gmmswgddo
[6].

JOmB6039@00560 350 L5300 ©sTBsEIY0 Bbgbomynms sgmgmon baws Ni 80% s
Cr 20%-05 > gbgbogmo Ygragds CrC: pospymgdgmo bgpsdodol Ig@smmpy®sgoymds
253m33e0 9358 a30hggbs, G™I Lsdd@0osb 603%9dg0To godhbggs FmB>@Ggdymo Lobogog [7].
5@b0bym oEYmgdgm dsbsmsby hsGoars GHodmmmyon@do jgmgggdo.
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gbgbogng s dsgmygmon Gmdgol go®Ls3Ed0 ogem Ni 80% Cr 20%, beogmem Bogmsgbo
CriC;, popgmes 13giosmyg® 6039390y (bmdom godg ©osdg@@o 28 33, dogs wosdg@o 20
33, Lodsweng 20 33) 9B Mo, MG ©S 1> Bosbo ggbgdo.

G®0dm@my0g@0 GgbGodgds boGodes msdm@dsgm@ogm bsbybol 3s56ds6s CMIL-2-by
(6sb. 1).

6ob. 1. bobybols 356565 CMII-2:
S - 33905bg 353mLs(3R 0 ©6SEYS@0; & - 0saMSTols ho3F gB0 sbswas@o

335093900 Bo@s@s Vgdmgyo Ggg03gd0m:
1. 39pdogo babybols LobJs@om-0,63 8/F, (dgglisdsdgds 5008 &/fm);

2. 60993950l bsbygbo 080bs@dJMdEs BeALYmo bgEs30Ggd00 LsgmbGolem Fsemom
319%

3. 60393300l ESGZoGOMZS Ygoeagbes 0.5, 0.7, 1.0, 1.5 ©s 2 33> mommyye
©58300m35b9 BalGodgdol pde Jgoygbos 2 lim-b.

4. 306@@Lbgpeo Fo03ms©y9b@s b5FOM™Md Gomspl 40X. Fgdbgmoee godmayggbgdmwes
bgmo 15W40, Gdedmol dofmpgds dmbsbybg bgos3od by bpgdbmws Fgg0mdmogsw;

5. BaLE0Mgoolsl asbolsbmgds babygbols @gd3g@sgan@s, bsbybol Jmgxnozogbdo ©d
fmbomo (33gme.

GoOodemmeyogdo  ggggol Ygrgagdo ®@o  Lssmol  gobdsgammdsdo (15 Fogmols
06@g0gomom) dmggsbogos 3b@. 1, 2-Fo s bob. 2-by Im(3gdgmos ©SIMJoEgdNEgds
©3§goBngols s babybol 3mgx030968L Bm@albs.

©oEA0bps, M3 EsGZoMmgol M3 dnm  ©0533bMTo  Fgbgmgolsl  SpY@gdymo
bgresdomgdo shggbgdgh psdom babybols 3mgnr030gbAL ©s Jsma (33g07s 9860gbgmm.s.

EOE7EIOPY®  9Om, @O ©5 bS8 FMosbby Log®dbmdmoe 5830098  bobybol
30380309601 > Fgbodadolop (3ggmsl, Go3 EsESLEYMIIY@o ogm dog@mLobsmggdols
bALomsg [7].

36 Jadbogoo "gbgmgos" Ne2(98), 2021



NiCr+CrsC2-00 650000 53960 GgldoMgdol d9wgagdo

Jadbogoo "gbgmgos" Ne2(98), 2021

gb®ogo 1
96»dM0s6o
P1=0.5 3335 P2=0.7 8335 Ps=1.0 3335
bob. bob. 3390 | bob. bob. 3300 | bob. bob. (33997
0 0
SBTC | 3mgnf Ag,dy | 398.T% | gmgaf | Ag, 0y | 3g8.Tc | gmonf | Ag,dy
1 2 3 5 6 7 8 9

30 0.067 30 0.057 40 0.074

45 0.067 50 0.076
35 0.067 |4 50 0.076 |4 55 0079 |4
35 0.067 48 0.057 60 0.079

45 0.057 65 0.079
35 0.065 48 0.060 65 0.076

48 0.060 65 0.076
36 0.065 48 0.060 65 0.076
38 0.065
38 0.065
38 0.065

mIH0560

38 0.100 32 | 0.076 50 0.094
40 0.090 40 | 0.0320 60 0.081
38 0.075 40 | 0.0320 60 0.076
40 0.052 5 40 | 0.0285 | (33990 st | 60 0.072 | 4
40 0.0450 40 | 0.0285 | godubotgds | 60 0.047
40 0.0400 38 | 0.0285 55 0.047
40 0.0400 38 | 0.0285 55 0.047
38 0.0400 38 | 0.0285 55 0.047
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538060

P4=1.5 9p35 Ps=2.0 3335
bsb. bsb. 3300 bsb. bsb. 339,
&go. 393f Aq, 8y $908.T% 303 f Aq, 8y
10 11 12 13 14 15
60 0.0827 50 0.0870
85 0.0898 90 0.0950
90 0.0960 110 0.0980
85 0.0870 4 115 0.1050 8
90 0.0870 120 0.1100
90 0.0870 120 0.1200
90 0.0870 120 0.1200
90 0.0870 120 0.1200
960360560
0.016 22 0.031 50 0.114
0.018 25 0.029 60 0.113 | dmbgos
0.013 25 0.020 60 0.110 | Bs393y3>
0.013 3.5 27 0.019 85 0.180
0.011 27 0.018
0.011 27 0.017
0.011 27 0.015
0.011 28 0.015
MIH0sbo
35 0.0675 70 0.087
58 0.0613 85 0.084
65 0.0630 (33995 56 90 0.084 3390 56
70 0.0580 gogbobgds 85 0.072 gogdbotgds
70 0.0536 85 0.071
70 0.0489 85 0.071
70 0.0489 85 0.071
70 0.0489 85 0.071
L53ddM0560
Ps;=1.5 Ps=2.0
396 008535 396 000535
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NiCr+CrCz2 @sbseygmol @gl@odgdol GHodmmmyoygdo 35@539@Hgd0.
A9bE0MYool EAM 2 L. MGoMMYPE SGFA!M >y
bogoo 2

Ne | po@gothmgs, 3335 0.5 0.7 1.0 15 2.0

900 3B056o

1 babgbols 38 48 65 90 120
93396 5@9es T°C

2 | babybol 0.067-0.065 | 0.060 | 0.076 0.087 0.012
303B0G0g6H0

3 | 339> 4 4 4 4 4
Ag, 3y

™G 3d@o560

1 bobygbols 38 38 55 70 5
$933g65G e s T°C

2 | bobygbol 0.04 0.03 |0.047 0.0429 50.071
30980(3095H0

3 (3399° 5 - 4 - -
Ag, dp

Ls3d@05bo

1 | bsbgbols 32 28 85 - -
$933g65@ 96 s T°C

2 | bobegbol 0.011 0.015 |0.18
30380(3096H0

3 33907 3.5 - -
Ag, dy, -

) 0,140/

'S 0120

% L]

& 0,100 3
£2 0,080

£, 0,060 2
2 0,040
% 0,020
L 0,000
O 0,5 0,7 1 1,2 1,5 3

o@zomms P d3s

6ob. 2. ©58m300gd9mgds ©SGZ0OMZoLs ©s babybol 3mgn0E0gbdL Berdol sbswpywo:
l-(‘]({)m'a({)OOGONiCI"FCI’aCz; 2-0609dB0560 NiCr+CrsCy; 3-15539®0560 NICr+CrsC,

Jadbogoo "gbgmgos" Ne2(98), 2021 39



53@0po0 Bbgbomgnms dsgmgmon GmImols as@LsEdo ogem Ni80% Cr20%,
bogo TJogosglbo CriCz, wpspyegdgmo 6039330l bgesdodgdols G@Hodmemyon@ds

3850939035 ohggbgl, GmI dobodsen@o (3g39m> ©RoJLoMdYmos MMTM0SE EsEYMIS Y
60393by, B53 3odmFTggneos 5530560 6039dols bobybol 3mgx0(3096@0L 33ggmn@o bEOLom,

9L 353m§ 39905 LEGAJGNO Yo (3gE 0 g3gd0m, B> POMLS3 oM 33 gddo hodmysmodws
Fmbsbfmogmo LEayiegas bgmo 3530700l 0dm, G@Imol LodmsbGol Fsbsbosmgdgmo

5@0ol dgdz06Mgdgaro.
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TRIBOLOGICAL EXAMINATION OF THE SURFACE DEPOSITED BY NEW FLUX-CORED
WIRE SARALIDZE BESIK!
B.Saralidze. ""Energy"’. Ne2(98). 2021. Thilisi. p.35-41. geo. sum geo. engl. rus.

A new flux-cored wire was made, consisting of 80% Ni, 20% Cr, and the core, containing
Cr3C,, was fused on special samples (outer diameter 28 mm, inner diameter 20 mm, height 20
mm) in one, two and three layers.

Tribological studies were carried out on SMC-2, the dependence of the load on the coefficient
of friction of single-layer, two-layer and three-layer welded samples was studied, and the degree of
their wear was determined. On a two-layer welded specimen, minimal wear was observed due to a
sharp increase in the friction coefficient of a three-layer specimen. This is caused by structural
changes during which a balanced structure is formed in the grains due to slow cooling, and its
viscosity characteristics are reduced.

1. 2, tabl. 2, bibl. 7.

TPUBOJIOT'MYECKOE UCCJIEJJOBAHUE TOBEPXHOCTHU HAILJIABJIEHHOM
HOBOW MOPOLIKOBO MPOBOJIOKOM.
b.Capanuoze. "Iueprus". Ne2(98). 2021. Tonaucu. c.35-41. rpy3. ped. rpy3. anri. pyc.

M3roroBieHa HoOBasi TNOPONIKOBasi NPoBOJOKa, cocrosimasi w3 80% Ni, 20% Cr, a
BHYTPEHHOCTb, cofepxxamas CrsC;, HanJiaB/ieHa HAa clieMaJbHbIX 00pa3uax (pa3Mep HAPYsKHOI'O
auaMerpa 28 MM, BHyTpeHHero - 20 MM, BbicoTa 20 MM) B OAMH, IBA U TPHU CJIOS.

IIpoBeaennsl Tpubogoruyeckue uccienopanuss Ha CMII-2, uzyyeHa 3aBHCUMOCTb HATPY3KH
0T KO3 ¢uuueHTa TPeHHUs OJHOCJIOHHBIX, IBYXCJOMHBIX U TPEXCJAOHHBIX CBAPHBIX 00pa3LoOB U
ompejeJieHa cTeneHb UX u3Hoca. Ha aByxc/i0iiHOM cBapHOM 00pa3ue Ha0J01aJIcsi MUHUMAJIbHBIT
H3HOC HM3-32 PEe3KOro yBeln4YeHHs KoI(¢HIUeHTa TPeHHs TPexcJoiiHoro odpasna. ITo0 BbI3BAHO
CTPYKTYPHBIMH H3MEHEHUSIMH, BO BpeMsl KOTOpPLIX B 3epHax (opMupyercs cOajaHCMpPOBaHHAS
CTPYKTYPa U3-32 MeJJIeHHOI' 0 OXJIa:KIeHUsl, BA3KOCTHAS XapaKTePHCTUKA KOTOPOIi CHUIKEHA.

HUnn. 2., mabn. 2, tum. 7 Hasze.
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Lol Y6d 30mxgglmeo 36503017 JILILNS60
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bsJommggarels @gboggc0 9bogg@dlodgdo

Sbm@se300. sdGogo@,  3osbgs@odgdom  @o@ggboaos, Ged Pl Bodob  bsg@wogbyd by
F0G0 berbBog @@ gobosglbgdaao 500 g3 dsdgol  bsisghe gangdb@maspscgdol bsbol
bowygbgdol  Fgdobgggsdo, j0del  bsgBoms do@oler  bssggbBelb dogh  wopggboamo @
K3bIGngaredol  szgol bsgtoms dm@Gober  @@gsobobsgool  dogs  osdosbols
K3bIGngaredobsogol Gy mdgbogdaao  gbsgGonber  dogbodaco ggarob  0bey;00l
@0doBodgdgmo  Jbodgbgarmdgdo  (0,2-03 Jybar); gergiBdmwsbspgsdgdol  derfgedols

Falgdon  @sagboamo gargdimgs@sigdol bsbol wgosdofol bgwssofowsbt #8zo@ bo
3 ImFgdol (155 &) @Gl gbsgdnbers  bsdsgbm gmaddomss@scgdol bsdob gowpads

bowgbol 3gadoarowsb 90 3- by dgBo s J@gdol Ggdorbgggs do.

Lo3gs6dm Lodyggdo: Lodsg@dm gmgdd@mgoscgdol bsbo, dsgbodado gaeo,

bs3dgFgge0® LobBodol geogd@O™Isgbod o ggegdol Imbsbangmdsdg bgdmJdgogdols
©AMb gagd@H™dsgbodg@o msglgdsemdols bOybggmymgs Foddmspygbl 860336gmmgshb
363 gdsl, 2obbszym@gdom 3oabody®o 3wygbgmol bsFoPo [1]. Mmommgymo spsdosbo
000 Jdol  gmggmomg Lbgsesbbgs bs@olbom 9d398gds@gds  Ly3dgFggeme  LobBodols

9209J@H™3sa60@ 700 3gegdol bgdmJdgogdst.
X5630mgmemdol Log@msmdobe @dysbobs305d J56(39MMagbgdol JmslogogsiEool

BgLodsdolog 2001 Tl LsB8MgFggeom LobPo@mol dspbo@ndo ggero dosyznmgbgl Fglodme
356(390™396980L 28 gemsbol xaaxl [2]. 2002 Fgmb godmb jgegggdol Lsg@msIm@ole
Looggb@™L 30g® woEagbog 06s 5530560 KobIGMgmMSoLsmgol Ylsg@mbe dszbod 7o

ggeol  0bp73ool  @odoGotgdymo 8db0Tgbgaremdgdo 0,2-0,3 3@ [3]. 2007 (ool
X56300gmmdol o330l Lsg@msTm@olem  @@ys60bs30538  mogol @93 bos309830

psSEsSLEAMS gl dbodgbgmmdgdo.

205 $9003mA05bg g 9]GOMIsxb0G 9@ Lodgsaosl o3l oM 3gggmo msgoligds@gdgdo.
9L 356300mdgdgmos 0dom, G™3 dobo 06 gblogmds sIMJoEgdymos IGsgse BoJ@maby:
45330l geoolibyg, 3MblE®yJ3osbyg, bobol od5M0@Ls ©s PSGZ0OMZEsDY, Lobmol, Ladmngmols
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bobowsh Esdm@gdsby. Godegbsesz 353608900 ggeo s@0dgMgds 3o0LG@sm o godsgsmo
©960m, 530§ ™3 030 gAH(3gerEgds 36093bgemgob PSTMM LS bY.

{0653 gds0g 653030l B0b560s Ladsghm gagd@@maswes3gdol bobgddo dsgbogg@o
39800l 35JL0d>@ @0 ESISEYMI0L 300™dgddo jogds babol 393300056 08 EsTM@Ydols
3o6Lob@gHs, GMIgm o ©5335gMBomgdYmos X56IGNYWMboL o330l LogPmsTMEolie
@O560b5300L dogd @g3m39bgdnmo opboGyudo ggmol 0bpydiool @odoocgdymo
d609gbgeomd9d0 0,2-0,3 3 3& .

3536087900 ggeol 0bediaool 3o5basM0dgdolsmngol goggbgdm LMymo ©gbol 3obmbl
[4]. 9ggdd@®mBgdbogol  mgm@ogmo  Lsgndgmgdol  3g@loEsh  (36bmdogos,  @™3
Lfmobsbmgsbo  ©gbosbo  2s3@s@ol  dogbo@y@o  ggeol  obpydsos  gobolsbmghgds
ReOAIYaoo:
Biol

B = , 1)

2R

Los3 1 — 35033mb BoBE®mdomo gu§ggoemdss ©s dsg@obsmgol, p=1.; po = 47.107 36/8 —
35399990L 360G @0 gu§ggomds; I - bodTo godsgsmo ©gbols dmJdgwo 360Tgbgeeds, 5; R —
©5T0@90d JoEAOS J3dG>@0ESH, 3.

909J@0mEgJ6030L mgm@onmo Lsgydgagdol ggdlowsbh sSbggg 3bmdomos jsgdoco
353608700 ggeol ©sdSdgmmsks ©s 353b0d7® 0byJ3ost Jm@obl. dsgbod Mo ggeol

059507@ MBS
B I

H= — @

iy 27R

GmA3 (2) g33mbsbymgdosb HsbL, FsgboGy@o ggmol sdsdgE®dol  Logowg
©59M 30Egdgmo 5@ S@ob 2o09dml 0goligdgdby. SOdgp ©S3Morgdgmos bsbTo godsgsmo
©960b LogoegLs ©s boboEsh ©sBmmgdsby.

bEgmo ©gbols gobmbom (s 3gnmo YlobBgmem asd@sBobsmgol spboGy®o ggeol

59509 ™d> gMd3mg L@ Lobgdo godmolobgds gdwgabso@a:

!
amR’

A-

3)

bgp©gdol 300630301 Mabsbdsg:

) Iq Iy Ic
H= + + , 4)
EHRA EHRB EHRC

Logs3 iA, iB, ic - boby@o ©gbgdol gmddmgdlbado 3609gbgemdgdo; Ra, Re, Rc — @s3300g9800
F90@0mowsb Yglisdsdol bobgdsdwy dsbdogmgdo.
5393350 gobgdol 969801 303 gJLy@o 360Tgbgenmdgdos:
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ITA = lrﬁ
Iy = Le 7120 | ©)

Fo_ i120°
I = Ie

(5) 32dmlobymgdoesb bab@mo wgbgdol 360Tgbgemdgdo ggo@sbmn (4)-To oo
dogomgdm:
Iy ;&g-hzn“ If,ejimn Is 1 g—j1zo®  _j120°

H= + + =2 (=—+ + ) (6)

27R 4 2nRg 2mR; 2T “Rg4 Rg R

a56g0bogmmn gamxsdgs 500 g3 dsdgol Ladsgdm gegl@@dmasesi3gdol bobo, Gmdaols
Log®gbdy  Logbgdo obmsg gdamos 3M@0bmbGomy@se (bsb.1).

2]

h;

P4

bob. 1. Ladsgtm gegd@@myss3gdol bsbol oabod7Mo ggeol ©8dsd 7 mdols
255635403905 Lsgdwgbdby Lowgbgdol dm@obmbemy@o gsbeoggdols gdmbgggsdo

903999 98:bgg35T0 505305601 sTMMgds Ladsg@m gemgd@®myss3gdol bobgdowsb
05625003705 @I gdom:

R, =+ (X +2d)* + (h— hy)?,

Ry =/ (X +d)?+ (h—hy)?; 7)

(7) 359mbsbymgdo gg30656mm (6)—3o ©s Jogomgdon:
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- 1 1 1 _iq2p2 1 ; o
=_:.(__|__€ j120° 4 1 5120 )=
27T RA RE‘ RC‘

1y ( . 1 4o 1 —j120° _ flEUD)- (8)
2 \(x+2d)?*+(h-h,)? ,/(x+d)®+(h-h,)? Jx2+(h—h,)?

B005653 Lobo@st g - g3ogdommmyon® beo@dsGoym ©m37ndgbdgddo dmygsboanos
OemA3 35360890 ggeols sdsdgmemdols, sbggg 353608 7M0 ggmol 0b 300l sb>Tggdo
3609369 @dgd0, S80d™3  mMbiMg@ 0 3535m@omols 5565003895 goFos@Immm dsaboGyto
390l ©ddsdymmdobsmgol, bewe  Jgdpgy  dmgsbrobmo  Bspbody®o  ggmols
0609309000l 35562500390 Vgdrga0 Bo@EIgmon:

B =1,25 H, 83¢m

Fsgs@omo. 3obglobpgdmmn dspomo dsdgol Ladsg@em  gengdBOmpss3gdol bobol
353608700 ggeol  odsdgmmdols S  0bEyJaond®mdol  86033bgmmdgdo  39Tsmols
@95@9®o Ggg0dTo. bob.1-by Imzgdnmos P1 @Godol 500 g3 dsdgol Fygomgondo 564,
OmIgeo by Lowgbgdo gsbmsggdanmos 3MmA0bMbHs@ Mo, ©sTm@gds bowgbgdl Jm@mol d=
12 3. Lopgbol 3s@3s> AC-400/51, G@dmol bobyddamogse ©sbsTggdo ©gbos Ipst = 825 .
56250030 goFs@mdmmm m@o Fgdmbgggolomgol: 1) sSpbodbymo @030l bog@wegbgdbg Lowgbgdols
©g530F0l bges30@0psh 3sdlodsmy@o asbansggdol h= 27,0 3 Lodspagby; 2) ©gesdofols
bgpsdo®opsb h= 15,5 3 Lodswargby. gb 993565L3bgero Lodswang sgdagm 0dbs 3odmBpobstyg
09056, @™ gengJ@@mEsbsys@gdol dmfFymdaols Falgdol (ITYD 7), 3b@. 2.5.22-01s dobgogom,
Eslobagdaer 396d§90T0 500 g3 Ladsgem gargd@OmasEsgdol bobol Lswgbol 980G gLO
©5TMA 70> gEsdofol bgrsdo®owsb 94bws ogeml 15,5 3.

353608 9@0 ggmol ©sdsdgmMdol 5basM0Bol Vgrgagoo Fo@dmeagbogmos 3b&ogdo ©s
bob. 2-%g.

Goame3  (bOomosh s bsb. 2-sb  BblL, Im3gdum  FgBmbgggsTo  godmls
LogBmsBm@obm bosggb@ml dogd sy gbomo s X563MMN@Md0l s3gol bog@msBmaole
@@56005300L  80g@  SEST0sbol  xS6FBMgE@IoLsNgol  B93mIgbrgdgmo  PlsgAnbem
353608700 ggeol 0by3o0l @ododGodgdgmo 3603g6gemdgdo (0,2-0,3 33Gwm) oS3m0
Ladoghm g gHOmas©s3980lL bobol gopy@s Lowgbol pgrsdofsby agadomopst 90 3 3y
356d0anbg sTm@gdols Jg8mbgggsTo.
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3bGogwo

5,0

/h: 15,53

MM gd>  Joy®s | dsabodco 353608 9®0 353608 9®0 3560 ®0
bobol 9ad0eowsh | ggaols 390l 3900l 3900l
4 X9 ©30507@MdS | ©5I5OY@MOS | E3dSOYYEMdS | ©5ISOYEMES
H, »/3 B, 336 H, ~/3 B, 338
h=27 3 h=15,5 9
1 0 1,25 1,56 4,28 5,35
2 5 1,44 1,81 4.4 5,50
3 10 1,47 1,84 3,63 4,53
4 15 1,43 1,79 2,88 3,60
5 20 1,26 1,58 2,23 2,79
6 25 1,09 1,36 1,79 2,23
7 30 1,01 1,27 1,38 1,73
8 35 0,87 1,08 1,12 1,40
9 40 0,76 0,95 1,01 1,26
10 45 0,64 0,81 0,81 1,02
11 50 0,57 0,71 0,66 0,83
12 55 0,51 0,64 0,57 0,71
13 60 0,46 0,58 0,48 0,60
14 65 0,38 0,48 0,44 0,555
15 70 0,36 0,44 0,39 0,49
16 75 0,33 0.41 0,36 0,45
17 80 0,29 0,36 0,32 0,40
18 85 0,28 0,35 0,29 0,36
19 90 0,25 0,31 0,26 0,33
20 95 0,23 0,28 0,244 0,31
21 100 0,21 0,26 0,230 0,29
j B-Asde
5,5;

bob. 2. 500 33 95330l Lsdsg@em gangd@@mysrs3gdol babob 8sgboGy@o ggmol 0bedo0l jopg@s
bobob 39330800056 ©sBMBgdsDY oM oEgdgmgdol 3@enB0go bowgbgdol dm@obmbEsm@o
3oba sy 960l @AM
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npoMbIlLIeHHOCTH. Ne 3. 2013.

3. CusskoB B.K., Appsicopa O.C.MatemaTu4eckoe MOJIeJIHPOBAHHE YJIEKTPOMATHUTIOIO IOJIsI
yektpoycTanoBok/ Becrnuk CI'TY. Ne 4(51). Bem.3. 2010.

4. HNonxkun ILA., lapeBckuii A.U., Kyxapkun E.C., Mupounos B.I'., MeasuukoB H.A.
Teopernyeckne ocHOBBI J1eKTpoTeXHUKH. M.:Bpicias mkoaa. T.1. 1976.

DETERMINATION OF TENSION OF MAGNETIC FIELD OF SINGLE-CIRCUIT HIGH
VOLTAGE OVERHEAD POWER TRANSMISSION LINE AT THE DISTANCE FROM THE
UTMOST LINE PROJECTION IN HORIZONTAL PLACEMENT OF LINES

T. Museliani, G. Museliani, L. Balakhashvili, M. Gvaramadze. "Energy'. Ne2(98). 2021. Thbilisi.
p.42-47. geo. sum geo. engl. rus.

Thus, it is determined based on the calculation, that in case of the horizontally placed 500 kW
tension overhead power transmission line wires on the P1 type pillars, the limited values (0,2-0,3)
of the safe magnetic field induction determined by International Cancer Agency and recommended
for human health by International Health Protection Organization, when, according to the power
equipment management regulations, there is the shortest (15,5 m) distance of the power
transmission line from the ground surface, are safe in case there is more than a 90 m distance from
the last wire projection of the overhead power transmission line.

1l. 2, tabl. 1, bibl. 4.

ONPEJAEJIEHUE HAINPSOKEHHOCTH MATHUTHOIO TIOJISI  OJHOLENHOM
BO3JAYIIHOM JIMHUM DJEKTPOIIEPEJAYMA BBICOKOI'O HANPSIKEHUSA OT
PACCTOSSTHUU KPAVHEIO IPOBOJIA NP I'OPU3OHTAJIBHOM PACHOJIOKEHUA
MMPOBOJ1OB.

T. Mycenuanu, I Mycenuanu, Jl. banaxaweuwu, M. I'eapamaodze. "Ineprus'. Ne2(98). 2021.
Tounucu. c42-47. rpys. ped. rpys. anri. pyc.

Pacyeramu ycTaHoBJIEHO, YTO Ha omopax Tuma Pl mnpu ropu3oHTAIbHO Pacnosio:KeHHbIX
NMpoBOAAaX BO3AYLIHBIX JHHUH 3JieKTpomepenayu Hamnpsikenuem 500 kB, auMuTHpoBaHHBIE
3HAYEHUS] UHAYKIMU MArHuTHoro moJasi (0,2-0,3 mxTia) B mensix 0e30macHOCTH HaceseHUs,
MeXayHapOAHBIM areHTCTBOM paka M MHUHHCTEPCTBOM YCTAHOBJIEHO, YTO NMPH HAWMEHbIIEH
BbicoTe (15,5 M) oT moBepxHOCTH 3eMJIH, corjacHo IIpaBuiam ycTpoiicTBa 3J1€KTPOYCTAHOBOK
0e3onmacHOCTH OyleT odecrevyeHa NP X yaajdeHHH Ha 90 M 0T MpoeKnMH KpaiiHero NpoBoa.

Hnn. 2, maon. 1, num. 4 nase.
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In conditions of isochronal annealing, changes in the dynamic shear modulus and internal
friction in the temperature range of 20-500°C of the initial and gamma- irradiated monocrystalline
SiGe alloys have been studied. A slight linear increase in both physical characteristics is revealed
in the non-irradiated samples, stipulated by annealing of unstable thermal defects. Irradiation by
Co gamma-photons with 510%cm fluences causes non-monotonous changes of shear modulus
and internal friction. It is supposed, that revealing of the extremal physical-mechanical
characteristics at critical temperatures are due to configuration and concentration changes in the
radiation defects structure.

11. 2, bibl. 6.

BJIMSITHUE U30XPOHHBIX OT)KUI'OB HA HEYIIPYTUE CBOVMCTBA CILIJIABOB n-SIGE
U. Kypaweunu, T. Kumepuose, I. Yyounuose, /. Mxeuose, M. Kaoapus, T. Menaweunu,

H. I'ozonaweunu, I. /lapcasenuosze. " Iueprus". Ne2(98). 2021. Touaucu. c.48-52 . rpy3. ped. rpys.
aHIJI. pyc.

H3yuyeHbl M3MeHEHHs] JMHAMHYECKOI0 MOIYJs CABHUIa M BHYTPEHHEr0 TPEHUsI MCXOIHBIX H
00JTy4eHHBIX raMMa-(0TOHAMH MOHOKPHCTAUIMYECKHX CILIaBoB N-SiGe B mpomnecce H30XPOHHOTO
oT:kura B oéjactu temnepartyp 20-500°C.

B HeoG1y4yeHHBIX 00pa3ax o0HAPY:KEHO HE3HAYMTEIbHOE JINHeliHOe BO3pacTaHne YKA3aHHBIX
(pu3nyeckUX XapaKTepHCTUK, 00YCJOBJIEHHOE OTKHIOM HecTa0MWILHBIX JedekToB. OOaMydeHHE
°Co ramma (OTOHAMH BBI3bIBA€T HEMOHOTOHHO€ H3MEHEHHEe MONYJisl CABHIa M BHYTPEHHEro
TPeHUs1 B Tpomecce M30XpPOHHOro otm:xura. [Ipeamosaraercsi, YTo TOMABJIEHHE JIKCTPEMYMOB
(pu3nKo-MeXaHNYECKUX XAapPAKTEPUCTHK MNPH KPUTHYECKHX TeMmepaTypax 00ycJOBJIeHO
KOHQUTYPAIIMOHHBIMH ¥ KOHIIEHTPAIMOHHBIMU HW3MEHEHUSIMH B CTPYKTYpe pPaauanuoOHHbBIX
nedekToB.

Hnn. 2, tum. 6 nasze.
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ANALYSIS OF RADIAL FORGING MACHINES AND DEVELOPMENT OF A NEW DESIGN.
A. Shermazanashvili. "Energy". Ne2(98). 2021. Thilisi. p.53-58. geo. sum geo. engl. rus.

In article analyzes the radial forging machines and suggests a new design of the gas-hydraulic
steering forging machine. The machine contains working cylinders located radial relative to the
axis of the work piece and connected by the upper part to an annular receiver of high-pressure
gases.

The positive effect of the machine is due to the fact that the impact on the work piece
simultaneously from several sides is carried out, which reduces the tensile stresses in the section of
the work piece and reduces the likelihood of cracks.

1. 5, lit. 8.

AHAJIN3 PAJUAJIBHO-KOBOYHbBIX MAUINH n PA3PABOTKA HOBOW
KOHCTPYKIUMN.
A. Hlepmazanaweunu. "Iueprus’. Ne2(98). 2021. Tomaucu. ¢.53-58. rpy3. ped. rpys. anri. pyc.

AHANM3UPYIOTCS PAIMAJbLHO-KOBOYHbIE MAIIMHBI M MNpeaiaraercsi HOBas KOHCTPYKIHS
ras’oruipaBjiu4ecKoil KOBOYHOH MamuHbl. MammuHa cojep:kuUT padoune THIMHAPSI,
PACIOJIOKEeHHbIE PAANATBbHO OTHOCHTEJIbHO OCU 3arOTOBKH U COeIMHEHHbIe BepPXHell 4YacThbI0 €
KO0JIbI[€00pa3HbIM PeCMBEPOM I'a30B BHICOKOI'0 TaBJIEHUS.

IHonoxkutenbublii 3¢ dekT MamMHLI 00YCJAOBJEH TeM, YTO BO3JelCTBHME HAa 3aroTOBKY
OCYHIIECTBJISIETCSI OJHOBPEMEHHO € HECKOJBbKHX  CTOPOH, 4YTO  CHH:KaeT pacTAruBalolimue
HaNpPsi’)KeHUsl B CEYeHNH 3aT0TOBKU U BEPOSITHOCTHL BOSHUKHOBEHMSI TPEIUH.

Hnn. 5, ium. 8 nase.
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VALUE OF CAPACITY RESERVED BY THE TRANSMISSION SYSTEM OPERATOR.
G.Khorbaladze. ""Energy"". Ne2(98). 2021. Thilisi. p. 59-61. geo. sum geo. engl. rus.

After the introduction of the balancing market there is FCR, aFRR, mFRR products. The article is
used to determine the weighted average price of reserve by transmission system operator for the
year, taking into account the correlation between the annual day ahead and balancing capacity
price in the Portugal.

CTOUMOCTb MOHIIHOCTH, KOTOPYHO JOJI’)KEH TIIOAJAEPKATH OIIEPATOP
CUCTEMBbI IEPEJAYM.
I'.Xopb6anaosze. "Iuneprus'". Ne2(98). 2021. Toumucu. c. 59-61. rpys. ped. rpys. anrJ. pyc.

Iocie BBenenns 0anancupyomero poinka ectb npoaykrsl FCR, aFRR, mFRR.

Onpenensiercsi cpeiHeB3BelIEHHAS LIEHA pe3epBa 10 ONepPaTopy Iepeaaouieil cucTeMbl 3a T
€ y4eTOM KOppeJsiiii MeKIy TOAOBLIMM JHAMH Blepel M O0alaHCHpYyOLIeld HeHOil MOIIHOCTH B
IHopryranum.
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ENERGY EFFICIENT ACTIVITIES ON ELECTRIC TRANSPORT
G. Khurtsilava, O. Kighuradze. ""Energy'’. Ne2(98). 2021. Thilisi. p. 62-68. geo. sum geo. engl. rus.

Energy efficiency on the electric transport is very important as the transport is equipped with
powerful electric motors. It should also be noted, that in early years electromotive composition
(EC) was mainly equipped with DC electric drives and sequential excitation DC motors were used
for this purpose. Such a wide use is explained by the fact that it is easier to get characteristics
required for the traction drive than it is in the cases when other motors, for example, such as
short-circuit rotor or phase rotor asynchronous motors, are used instead of the traction motors.
The development of the frequency converter (the so-called vector-invertors), at current stage,
allows to use short-circuit rotor asynchronous motors as the traction motors for EC management
which has provided significant economy of electricity consumed on the traction.

Traditional EC management methods are reviewed and it is justified that at transitional stage it is
reasonable to upgrade the traction drive and use modern power electronics’ achievements for
saving electric power consumed for the traction.

Il. 3, foto 1, bibl. 3.

MEPBI 10 DQHEPT'O®PEKTUBHOCTHU SJIEKTPOTPAHCIIOPTA
I' Xypuyunaea, O.Kuzypaosze. "Ineprus'. Ne2(98). 2021. Touaucu. ¢.62-68. rpys. ped. rpys. aHr.j.
pyc.

JKOHOMHUS IJIeKTPOIHEPTUH HUMeeT 00JIbIIOe 3HAYEeHHe JJIS 3JeKTPOTPAHCIIOPTA, MOCKOJIBKY
TPAHCHOPT OCHAIIEH YIEKTPOABHUIaTe MU 00/1b110i MowmHOocTU. CileayeT Take 0TMEeTUTh, YTO B
nepBbie roJbl 3JeKTPOCOCTABLI B OCHOBHOM COCTOSIJIM W3 JABHUraTeseil MOCTOSSHHOIO TOKa, U AJs
3TOH 1eJH MCHOJb30BATUCH IBUIaTe/IM MOCTOSIHHOTO TOKA C MOCJeI0BaTeIbHbIM BO30Y:KIEHHEM.
HUx mupokoe HCHOJb30BAaHUE OOBSCHSIETCH TeM, YTO XapPaKTePHCTHKH, Heo0X0oauMble ISl
TATOBBIX ABHTaTeJiell, MOJYYUTh Jierye, 4eM B TeX CJIy4yasiX, KOI/Ia BMeCTO THATOBBIX JABHraresiei
HCMOJIB30BAJINCH JAPYrde THNBI JABUraTesiedl, Takue, KaK POTOPHbIe ACHHXPOHHbIE JABUTATEIH C
KOPOTKHM 3aMbIKaHueM miIH ¢a3oBble PpPOTOPHBbIe ACHHXPOHHbIe JBHraTesHn. Paspadorka
npeobpa3zoBaresneil 4acTOTHI (TaK HA3bIBAEMbIX BEKTOPHBIX NMpeo0pa3oBaTesieil) HA COBPEMEHHOM
JTamne M03BOJISIET UCMOJIb30BATh POTOPHBbIE ACHHXPOHHBIE JIBUTaTe]IM ¢ KOPOTKHM 3aMbIKaHHEM B
KayecTBe THATNOBBIX ABHrateneii ansa ynpasjienuss OMC, 4To o00ycCJ0BHJIO 3HAYHMTEILHYIO
IKOHOMMIO YIEKTPUYeCTBA.

PaccmaTpuBaroTcs TpagunMOHHbIe MeToAbl ynpasjeHuss DMC u aprymeHTupyercsi, YTo B
NepPexXodHblil Nepuoa Lejaecoo0pa3HO MOAEPHH3MPOBAThL TAIOBBINH ABHraTej]b M MCIOJIb30BATH
AOCTHKEHHSI COBPEMEHHOI CHJIOBOI DJ1eKTPOHUKH /IJIs1 IKOHOMMH JIeKTpHYecTBa.

Hnn. 3, pomo 1, num. 3.
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AHAJIN3 PABOTHBI PA3JIMYHBIX CXEM I'EHEPATOPOB
PEJAKCAIIMOHHBIX DJIEKTPHUECKHUX KOJEBAHUM

Accucmenm- npogheccop, 0okmop mexu. nayk 3YPAb MYE/[VINIIIBUHIIH
Cmapwuii npenooasamens, 0okmop mexu. nayk UBAH JIZKUXBAJ/[3E

I'py3uHCcKHMi TeXHUYECKHH YHUBEPCUTET

AHHOTAUUA. B 321eKMpPOHHBIX YCMPOIICMEAX PeNaKcauyuoHHble KO1e0aHus 603HUKAIOM 6 mex
cayuanx, Koz0a UMEIOMCA YCao6us Ol  NEPUOOUYECKUX CKONJEHUNl U  HOCTe0yIouiezo
paccacviéanusa 3apa006, npuiem CKOpPOCHib 00HO20 U3 MAKUX NPOUECCO8 CYULeCHIBEHHO 8bluie
cKopocmu 0pyzozo. B pabome paccmampusaiomca npumepsl penaKcayuoOHHbIX KolleOaHuil 6
INEKMPOHHBIX  YCHMPOUCMEAX U OAHO MameMmMamuyeckoe ORUCAHUE O00HO20 U3  MAKUX
Konebanuil.

KuarwueBble cinoBa: uacmoma, popma, Koneoanue, 2enepamop, HeoH08As 1AMNA.

Beeoenue

PesakcauMOHHBIMU SIBJISIOTCH KOJe0AHUS, KOTOpPble Pe3K0 OTIMYATCcA 1o d¢opme oOT
rapmMonnyeckux. OHU BO3HHUKAIOT B HEJMHEHHBIX MeXaHHYECKUX M IJIeKTPUUYECKHX CHCTeMaX,
B KOTOPBIX CYHIECTBEHHYI0O PpOJb HWIPAIOT [JMCCHMIIATHBHBIE CHWJIbI: B YAaCTHOCTH, AJd
3JIEeKTPUYECKUX CHCTEM TAKOBOH SIBJISIETCSI aKTHBHOE CONPOTHBJIECHHUE.

B anexkTpuuyeckux npudopax 4YacTo NPHMEHSIIOTCA YCTpPOCTBAa, TeHepHpyloLHe
nepeMeHHble TOKM Pa3u4YHbIX (opM U 4YacTOoT. B 00JBIIMHCTBE ci1yyaeB reHepUpPOBaHHbIE TOKU
SIBJISIOTCS CHHYCOMAJTbHBIMM. I'enepatopsbl CHHYCOMAANbHBIX  TOKOB SIBJISIOTCS
aBTOKoOJIe0aTeJbHBIMH CHCTEMaMH, COAEPXKAIIMMM KoJiefaTelbHble KOHTYPbl € JABYMS
PEAKTHUBHBIMH  3JIeMEHTAMHM - HMHIYKTHBHOCTbIO M €MKOCTbIO; DJHepruss B KOHType
NEepUOJMYEeCKH 3amacaeTrcs TO B MAarHMTHOM I0Jie MHAYKTHBHOCTH, TO B 3JEeKTPHYECKOM I0je
€MKOCTH; YaCTOTa aBTOK0JIe0aHUIl onpeaesisieTcsl MapaMeTpaMH  KoJ1e0aTeIbHOr0 KOHTYpa.

Ha npakTuke NpUMEHSIIOTCS TAaKKe TIeHEepaTopbl PelaKCAlMOHHBIX KoJel0aHuii: ¢opma
TAKHX ABTOKOJICOAHUN PE3K0 OTJIHYAITCH OT CHHYCOMJAIBHOW, NpPHYEM B COCTAB IeHepaTopa
BXOAUT TOJAbKO OJHH HAKONMMTEIb Hepruu (00LIYHO eMKOCTh). B peslakcalmoHHOM reHepaTope
JHeprusi NepUOIMYECKH 3aIacaeTcsl PeaKTHBHBIM JJIEMEHTOM M 3aTeM pacxoayercs B

COIMPOTHUBJICHUH.

Ocnognas uwacmp
Cxema mpocTeiillero reHepaTopa peJaKCAMOHHBIX  KOJe0aHMH ¢ HMOHHBIM JAHOAOM

(HeoHoBasi jamma) u3o0paxkeHa Ha puc. . OH mpeacTaBisieT co00i ABYXnoJCcHUK [1-5].

B GoabmmHCTBe ciay4daeB XapaKTepUCTHKHU BO30Y:KIAIOIIUX JABYXIOJHCHUKOB
HECHMMETPUYHBI, BCJIEICTBHE 4Yero 00e MOJYBOJIHBI PEJAKCAIIMOHHOTO KOJe0aHUsI HMMelT
pa3zauunblii BuA. EMKocTh 3apsukaercsi yepe3 0oJiblloe cONpPOTHBJIeHHe R 0T HMcTOYHMKA

NOCTOSIHHOH  3.1. ¢. E mpu  HexkoTOpoM HampsbKeHMH Ha emkoctH L[y B uoHHOM 1uosne,

nmapajjaejbHO COCAMHCHHOM C €MKOCTbIO, BO3HMKAET TJIEIOIIUI paspsaa, U €eMKOCTb HAYHHAET

6LICTp0 PASPHAKATHCA YEpPE3 Maj0€ BHYTPECHHEEC COIIPOTHUBJICHMUE AUO/A. Koraa HaIPpS’KEHUE
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HAa eMKOCTH CHHKAETCHl [0 HeKOTOporo 3Havenuss U;, mpHm KOTOpPOM HOHHM3AIHUsI BHYTPH

AMOJA TpeKpalaercs, CONPOTHBJIECHHE ANOJAa Pe3K0 BO3pacTaeT, W KOHIECHCATOP HAaYHHAeT
CHOBA 3apsKaThCsl 4epe3 CONPOTHBJICHHE.

HeonoBasi 1amMmna ¢ XapaKkTepUCTHKOI ,,THIa BOJBTOBON Ayru” MokeT BO30OYIMTH JHIIb
MOCJIeI0BaTeIbHBIN KoJ1e0aTeJbHbI KOHTYp. BO3HHNKHOBeHHMe pelaKkCAaMOHHBIX  KOJeOaHM

BO3MOJKHO JHIIL B TOM cjayyae, koraa L = 0. BeauuyuHbl 3apsiIHOT0 M Pa3psiIHOT0 TOKOB

Pa3IMYHbBI HA HECKOJbLKO MOPSAKOB. /[JIMTEJILHOCTHL Mpolecca paspsjaa ucuye3aine Maja 1o
CPABHEHMIO C JTUTEIbHOCTBIO MEPHO/A, B TO BpeMsl KaK 3apsi/l 4Yepe3 CONMPOTUBJIEHHE MPOXOIUT

OTHOCUTECJIBbHO MEIJICHHO IO 3aKOHY
4
U =—(U, - Upexp(—Z) + Us . )

Ecau npeHeOpeub BpeMeHeM pa3psiia, TO JJs1 onpedeseHHs UIMTeIbHOCTH NEpHOIA

KOJIe0aHMH TMOJIyYuM

T=RC-In2=% 2
Uy -1y

A R
I < |' |

L
Ne
Uo — E : C=

I
-

Puc. 1.

BMecTto HeoHOBOH JaMIbl JJsi BO30Y:KIeHMSI HANpPSLKeHUs] NUWI000pa3Hoil  (opMmbl
MO:KeT ObITH IPHUMEHEH TUPATPOH (puUC. 2), KOTOPbIi B HEKOTOPbIX OTHOLIEHUSIX OoJiee
yaodeH. Tupatpon npexacrapiasier co00ii ra30HaNoOJTHEHHYIO JIAMILY, HAaNPsZKEHHE 3a:KUTAHUS

KOTOPOii MOKET PeryJupoBaThCsi M3MEHEHHEM HampsiKeHusi Ha cerke [1-5].

R

Il
|
@)

Puc. 2.
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Hanpsizxkenne ramenns cocrasisier Juimb 20-40 B. C HekoTOpHIMH THPATPOHAMH YyAAETCS
MOJIYYUTH peaKCallMOHHbIe KOJe0aHUsl HA 4YacTOTaX NMpudIu3uTeqabHo a0 40 kl'm.

Ha puc.3 npuBegeHbl COOTBETCTBYIOIME KPHUBbIe HamNpsikeHusi U Toka. Hampsuxkenus
Tako (opMbl HA3BIBAIOT NMUJ000PAa3HBIM MM JMHEHHO Bo3pacTtalommuM. OHO npuMeHsieTCst
AJIsi BPEeMEHHBIX Pa3BepPTOK B IJIEKTPOHHO-JIYy4YeBbIX TPYOKAX, TaK KakK /Ui MOJY4YeHUS HA
JKpaHe HEHMCKAKEHHOH KAapPTHHBI MCC/IelyeMOil KPUBOH HampsikeHHsl, OOpaTHbIA X04 Jy4a
JA0J’KeH OBITh 1O BO3MOKHOCTH OBICTPHIM, a MNpPsSIMOii X0 - JiMHeilHbIM. JluHelHBIH pocT

HANPAXKCHUA MOJYy4YaeTcd B TOM CJjy4vae, Korja HaIPAXKCHUEC INHUTAHUA 'UD BCJIMKO II0

CpaBHCHUIO C HaNpPHAKCHUAMH 3AKUT'aHUA H ramenusi. Eine 00jiee TOYHO MOKHO

nmoaaep-KuBaTb HeoﬁonmMoe npu 3TOM NOCTOAHCTBO 3apsAIHOro TOKa, €CJin  BMECTO
COIIPOTUBJICHUSA R HCII0JIb30BaATHL JaMIly C 3KpaHn3npymmeifl CeTKOﬁ, AHOAHDIN TOK

KOTOPO#l NpH MOCTOSIHHBIX HANPSIKEHHUSIX HA CeTKe MAJ0 3aBHCHT OT AHOJHOIO HANPSKEHUs.
ITocTOSIHCTBO AaHOAHOrO TOKA elle YJYYlIaeTcsi MpPH BBeJeHUMM CONPOTUBJIEHUS B leNb
KaT0Ja, YTO CO3/1aeT OTPULATEJIbHYI0 OOPaTHYI CBSI3b 110 NOCTOSIHHOMY TOKY.

BceaeacTBue TOro, 4TO paspAAHbIA  TOK IEPEHOCHUTCS] HMOHAMH, TeHepaTopbl ¢
HEOHOBBIMH JaMIaMH 3HAYMTeIbHO 0oJiee MHEPUHMOHHBI, 4YeM, HanmpuMep, AMHATPOHHbIE
redeparopbl (1-5). DTo mpensATCTBYeT MNOJMYYeHHI0 peJaKCAUMOHHBIX KoOJIe0aHWii, YacToTa
KoTopbix mnpesocxoautr 10 kl'u. PenakcaumoHHble Kosie0aHMsi MPU 3TOM Bce Oosiee u OoJiee
NPUOIMKAITCA K KOJIe0aHUSIM  CHHYycOMIaJbHOl ¢opmbl. KosieOaHusi ke cymiecTBeHHO 0oJiee

BBLICOKHX YAaCTOT BOOOIIE He BO30YKIAAIOTCS.

ul

O t
Puc. 3.

IoayuyeHnnslii rpaguk peJakCcalMOHHBIX Ko0Je0aHUIl MoOkeT OBITH Ppa3yioskeH B psd Ha

COCTABJSIIOIHE TAPMOHHKH MO0 Metoay Pypbe ¢ moMombi0 (GopMyJibl:

f(t) =%+Zf:1 a,cosnt + b, sinnt ©)
Ecin xosebatenbHasi (pyHKIUSA 3aJaHa B BHIe:

f@®) =2+ f£®); @
@) =U, (Tio_i)-

2

Tak kak gaHHasi (PyHKIHUsI HeYeTHA, TO CBOOOJAHBIH 4WieH W MepBbIH KOI(PPUIHEHT B

dopmyie (4) paBHBI HYJIIO:
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a=a, = 0.

Hcxonss w3 3T0r0, HAX0AUM TOJBKO BTOPOHl CBOOOAHBIH YJieH bn:

To
_ 2 ?(i_i) ; —
by =~ Jy - ) sinnwtdt

au, (1 22 1 0
= —“{—f 2 tsinnewtdt — = [ 2 sinnmtdt} =
T, /0 2

Ty o
407 1 T 1w T, 1 . T
=—°{—[— ~cos—+ sin °]—|—
Ty, \Ty 2now 2 n?w? 2
111 T T 1 2o o
+—|—cos D——}= — = — D,
2 lnw 2 T nw Iy ni

Orcrona nuinoo0pasHasi KpUBasi 3aBMCUMOCTH HANPSI)KEHUs] OT BpeMeHH (puc.3) MoOKeT

ObITh MpeACTaBJIeHA B BH/E psjaa:
o U, 1} . 1 . 1 .
f(t)= ?"4— fi(t) = ?“’—I——“[smmt +2sin 2mt—|—551n 3wt + - ] (5)
T

3aknrouenue

OnucaHpl KOHCTPYKTHBHBIE €XeMbl M NPHHOMILI PadoThl FeHEPATOPOB pelaKCAMOHHBIX
KOJIe0aHMN Pa3HBIX THIOB; PACCMOTPEHBbI YJIEKTPOMATHHUTHbIE TPOLeEcChl, MNPoOHMCXOAsIINe B
OCHOBHBIX 3JIEMEHTAaX, B YACTHOCTH B TPHMOAHBIX M HEOHOBBIX JaMIIaX, B KOHJIEHCATOpax M
pe3ucTOpax TreHepaTopoB.

[HonydyeHHble ¢ MNOMOIIBK PEIAKCANMOHHOIO0 TIeHepaTopa mNuI000pa3sHble KoJdeOaHus

OIMHCAaHbI MaTEeMAaTHU4Y€CKHM METOAOM pa3.110>lceHm‘71 B TPUTOHOMETPUYECKHUE PHAIABI (I)ypbe.
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ANALYSIS OF OPERATION OF VARIOUS CIRCUITS OF RELAXATION ELECTRIC
OSCILLATIONS GENERATORS
Z.Mchedlishvili, Iv. Jikhvadze. ""Energy"’. Ne2(98). 2021. Thilisi. p. 69-73. geo. sum geo. engl. rus.

In electronic devices, relaxation oscillations occur when there are conditions for periodic
accumulation and subsequent resorption of charges, the speed of one of such processes being
significantly higher than the speed of the other. In the present work, mechanisms for generating
noise and noise characteristics of specific electronic devices are comprehensively considered from a
single position, examples of relaxation oscillations in nonlinear electric circuits are considered and
a mathematical description of one of such oscillations is given.

1. 3, bibl. 5.
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PACUYETHI JIEKTPUYECKHUX IENEW C MHAYKTUBHOM CBS3bBIO
METOJA0OM 3KBHUBAJIEHTHBIX KOHTYPOB

Accucrent- npogeccop, ookmop mexu. Hayk 3YPAb MYE/[VINIIIBU/TH
Crapumii npenoaasaresib, 0okmop mexu. nayk HUBAH JKUXBA/[3E

AHHOTaNUsA. Paccmampusaromcs oO0CHOGHble OnpedeNenus, pPAcuemnvle COOMHOWEHUA U
IKGUBATIEHMHbIE CXEMbL ,HEO0X00UMbBLE 0151 BoN1ee 0eMAIbHO20 U3YYeHUsl UHOYKMUBHO CBA3AHHBIX
ueneii ¢ 6030YULHBIM CEPOSYHUKOM, UCROJIb3YeMble 6 DA3NUYHBIX IJIEKMPUUECKUX npubopax,
INEKMPUYECKUX MAWUHAX U PaduomexHuyeckux ycmpoiicmeax. IIpeonoscensvt memoovl 3amenvl
KOHMYPOG, 6X00AMux 6 UHOYKMUGHO CBA3AHHbIE UENU IKGUBANCHMHBIMU  3AMEHAIOUWUMU
KOHmMypamu Heo0Xo0umsle 071 PA3TUYHBIX PACHEMO6 IMUX Uenell.

KaroueBble cjoBa: uacmoma, opma, Konebanue, KOHMYp, 00MOMKA, IIEKMPUUECKUIl MOK,
Hanpsoicenue.

Beeoenue

CBOIiCTBO MArHMTHO-CBSI3aHHBIX KOHTYPOB  HCHOJb3yeTcsi B TpaHcdopmaTopax
NpUMeHsieMbIX B PAa3JU4YHbIX  JJIeKTPOHHBIX MW PaAUOTEeXHUYECKHX  YCTpoiicTBax IJisl
BO3MOKHOCTH  IpeoOpa3oBaHWsl 3HAa4YeHUs] TOKOB M HampsikeHumii. B mpocrteiimem coayuyae
TpaHc(opMaTOP COCTOMT M3 JBYX  JJEKTPHYECKH He COeIMHEHHBIX W  HeNMOJABMKHBIX
OTHOCHUTEJIBHO [PYyr /[pyra KaTylleK, Ha3blBaeMbIX 00MOTKaMH TpaHcopMaTopa, CBSI3aHHBIX
Mexkay co00ii moTokoM B3auMHOIl HHAYKHUH. Eciau o0MoTKH TpaHcdopMaTopa HAMOTAHBI HA
(heppoMarHuTHBIN cepleYHUK, CBOHCTBA TaKOro TpaHcpopMaTopa OyAyT HeJMHEHHBIMH. 311ech
OyaeM mpeamoJiarath, YTo (peppoOMArHMTHBIE CepAEYHMKH OTCYTCTBYKOT, W TpaHcdopMaTop
OyneM CUMTATH JIMHEHHBIM.

IlepemMeHHbBIIl TOK, IPOXOASI 4Yepe3 MEPBUYHY) WIH BTOPUYHYI0 OOMOTKY HMHAYKTHBHO
CBSAI3aHHOW IIeNy, cO3JaeT MATHUTHBIN NMOTOK. B 3aBHcHMOCTM OT OpHeHTanWu 00enX OOMOTOK
onpeeJeHHAsA YaCTh MOJTHOIN0 MATHUTHOTO MOTOKA Oy/AeT 3TH 00MOTKH cBsA3bIBaTh. be3pasmepHas
BeJMYHMHA K, paBHasi OTHOIIEHHIO TOTOKAa, OXBATHIBAIOIIEr0 00e OOMOTKH, K MOJHOMY

NMOTOKY, Ha3biBaeTcsi Kod(pduumentom cBsizm [1-5].

Ocnoenasn wacmo

Yro0bl MPOAHAJM3UPOBATH MHAYKTHBHO CBSI3aHHbIE NeNH, BTOPUYHASA MeNb 0JKHA
ObITH mepecydWTaHAa K MNepBUYHOH. B pesyabrare mnosydaercsd 3JKBHBAJICHTHAs cXeMa
NMEepBUYHONH IeMM ¢ Y4YeTOM BTOPMYHOH, 4YTO MO3BOJSAET ONpeNeIUTh MEepPBHYHBIA TOK.
BropnyHasa nenb Takike MOKeT OBITh HCCAEI0BAHA € NMOMOIIbI0O 3KBUBAJIEHTHOH CXEeMBI.
AHaau3 DJKBHUBAJEHTHOH cXeMbl BTOPHYHOWH ULeNW 3aBHCHT OT pelleHHsA, MOJY4YeHHOIo
AJS  JKBHBAJIEHTHOW cXeMbl NEepPBHYHOI IenH, TaK Kak HAaBeJeHHass BO BTOPHYHOI

odmMoTKke 3. 1. c. paBHa —jwMi,.

Korna mMmerorcst nBe KaTylIKH o0IuM MOTOKOM, TO MEXKAY HHMH BO3HHUKACT B3aHUMHadA

UHAYKTUBHOCTHL M, ompenensiemass mo dopmy.ie:
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N, &, -107F
= M

rie N, — unciao BUTKOB BrOpuYHON Karymku, ©,; — MaruuTHBIE NOTOK, co3xaBaeMblii

NMePBUYHLIM TOKOM W OXBaTbiBawmmii ob6e o6MoTku; I; — Tok B mepBuyHoM KoHtype (1-

5).
B HamieM npumepe mocTaBjieHa 3aja4ya omnpeleeHUs NMEPBHYHOTO TOKA M HANpPSIKEHHs

Ha 3axkuMax 3 M 4 cxeMbl, NPUBEIEHHOI Ha puc. 1.

M
R R: 3
C
L.
Rs
4

Puc. 1.

).I.]Iﬂ 3TOro ObLIa coCTaBjJieHA YKBHBAJIEHTHAsl cXxeMa NEPBUYHOI0 KOHTYpPA, MOKa3aHHasdg Ha

puc. 2.

R1 |_Z1

RZ1

Puc. 2.

st 3TOM cXeMbl IKBHBAJIEHTHbIE 3JIEMEHTbl BbIPa’KeHbl 3aBUCHMMOCTAMM:
L;, = jwL, — >xBuBajenTHAA HHIYKTHBHOCTHL TEPBHYHOI0 KOHTYpA;

(M) 2
R 71 = T - — JKBHBAJCHTHOE CONPOTHBJICHHEC NMEPBHYHOI0 KOHTYpA.
R2+_Irmf.2 +3H
I[lepBuuHBIii TOK B HalleM cjy4Yae omnpeneisieTcss U3 ypaBHEHMS:
. U,
L = 2+ oL TRz . 2
1Hjw 1+Hz+jm:.2+z[.[

CocTaBuM Tenepb 3KBHBAJIEHTHYI0 CXeMY BTOPMYHON IeNH, KaK MOKAa3aHO Ha pwuc. 3.

I[JIH 3TOH CXeMbl YKBHBAJIEHTHBIE JJIEMEHTDI BBIPAXKAKTCHA 3aBUCUMOCTHAMM:

L.ZE :__ICIJLE — JKBHBAJIEHTHasA HHAYKTUBHOCTH BTOPHUYHOI0 KOHTYPA,
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R 71 = Rg — JKBHUBAJIEHTHOE CONPOTHBJIEHHE BTOPUYHOr0 KOHTYpa 4;

J
sz - P — JKBHUBAJICHTHasAs €MKOCTb BTOPHYHOI'0 KOHTYpa.
b

RZ |_22

CZZ

RZZ

Puc. 3.

@opMmyJia IJIsl ONpeNesIeHUs] HANPSLKEHUsl MeXKAy 3akuMaMu 3 U 4 BTOpUYHOH 00MOTKH

3anuiIeTcss B Bujae:

jwMiZy
Uy = 224 0amn ©)
R2+ij2+EH
Toxk B KOHTYp€ 3KBHBAJEHTHOH CXeMbI BTOpH‘lHOﬁ nenu 6y)1eT:
R
lp =—, 4
2= @

rae [, — BTOpWYHBI Tok; UU; — 3. 1. c., HaBeeHHasi BO BTOPHYHOIl uenu; £, — MoJiHOe
CONMPOTHBJIEHHE BTOPHYHON 1enu; £y — MOJIHOE CONMPOTHUBIIEHHE MeXAy 3axkumamu 3 u 4;

Uy — nanpsixkenune Mexay 3askumamu 3 u 4.

3aknouenue

OnucaHbpl KOHCTPYKTHMBHBIE CXeMbI M IPHHIMIBI Pa00THI KOHTYPOB ¢ WHAYKTHBHOI CBA3BI0
[1-5]. Manbl ocHOBHbBIE ONpeaeIeHHs, pacuyeTHbIe CXeMbl JIsi PelIeHHs] 3a1a4d KOHKPEeTHOW
ABYXKOHTYPHOH HMHAYKTHBHO CBSI3AHHOM  IleMM; PACCMOTPeHbl JIKBHBAJIEHTHBIE CXEMBI
nepBUYHON ¥ BTOPU4YHOW memneil. s 3THX cXeM N0g00paHbI COOTBETCTBYIOIIME 3JIeMEHTHI U
HAMMCAHBI ONpeAessone COOTHOLIEHHS, 3 HA MX OCHOBe BbIBeleHbI pacdeTHbIe (opMYJIbI

TOKOB H Hal'lpfl)l(el—lﬂﬁ B JaHHOIi 3.]'[eKTp](l‘leCKOI7[ CUCTEME.

JUTEPATYPA
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CALCULATIONS OF ELECTRICAL CIRCUITS WITH INDUCTIVE COUPLING BY
EQUIVALENT CIRCUITS.
Z.Mchedlishvili, Iv.Jikhvadze. ""Energy'’. Ne2(98). 2021. Thilisi. p. 74-77 geo. sum geo. engl. rus.

This article discusses the basic definitions, calculated ratios, and equivalent circuits required
for more detailed consideration of inductively coupled air core circuits, which are used in various
electrical samples, electrical machines and radio devices. Methods of replacing circuits included in
inductively connected circuits with equivalent replacement circuits, which are necessary for
different calculations of these circuits, are given.

Il. 3, bibl. 3.
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NH®OPMAIIMOHHBIE TEXHOJIOI'UU KAK PAKTOP TPAHCOOPMAIIUN
JTACTAHIIMOHHOTI'O OBYYEHWSA U UBSMEHEHUA CTPATETUIA
OBPA3OBATEJIbHOM CPE/JIbI

Hpodeccop JKEMAJT HUKYPA/[3E
IIpodeccop BAXTAHI' KBUHTPA/|3E
Mpodeccop BAXTAHI' MEJIA/I3E
AccouuupoBannslii npodpeccop MAHA KTEHTH

I'py3uHCKNH TEXHUYECKUIT YHUBEPCUTET

AHHOTAUUA. Omkpoimusa M. Ilnanka ¢ nauane XX 6éexa u co3oanue K6AHMo80U meopuu A6UUCh
OOMUHUPYIOWUM (HAKMOPOM UMEHEHUR HPe)CHEell (PU3UUEeCKOil KapmuHbl MUpPA, 6NOCIEOCHMEUU
o0uenayunblx npeocmasgnenuii u muposuoenus 6 yeiom.Cmanoeienue u 0OypHoe pazeumue
OUCMAHYUOHHOU  hopmbl  00yYeHUs KAk  00pa3oeamenvHoll  cpedbl HOBO20  CHLOJIEMUS
C8UOEMEeNbCMEYIOn 0 KAYeCMEEeHHbIX USMEHEHUAX KAK MEmOOUK U HAGbIKO8 NOUCKA UHGopmayuu,
maxk u OudAKmMu4ecKux HpUemMos ee Uu3N0NceHus 6 npouecce npenooaganus. B cucmeme
OUCIMAHUUOHHO20 00paA308AHUA COUUOKYIbIMYPHbIE UMEHEHUS, 6bI36AHHbBIE POCHMOM UH@OpMauu-
OHHBIX MEXHON02UIl 0CoOeHno 3amemubl. Bvi306bt HOBbIX npUHUUNOE U Mem 0006 00pazosamenbHoll
cmpamezuu mpeoyiom 0ObIcmpo2o u ceoespemennozo omeema. Bce eviueusnorncennoe He moavko
ceudemenbCmeyem 00 UIMEHEHUSX 8 COUUOKYIbIMYPHOM MUpe UHPOPMAUUOHHO20 00wecmea, HO U
aKmyaauzupyem npooaiemvl 63aUMOCEA3U CUHEPZEMUUECKO20 N00X00a4 U UOell HOCHMOOEPHUZMA K
ananu3y KaKk 00beKmueHol peanbHOCHU, MAK U GUPMYATIbHOU, USMEHEHUN COOEPIHCAHUA U PYyHKUUU
dunocodpckux kamezopuii 6 H060U MUPOBO3IPEHUECKOU napaouzme.

KuawueBsble ciioBa: napaduzma, cunepzemuxa, 6UpmyaibHOCHb, ROCIMOOEPHUZM.

Beeoenue

HN3menenne MHPOBO3PEHYECKOH NApPaAUIrMbl B YCJIOBHAX HH(OPMALMOHHOIO
o0urecTBa CONMpoOBOXAaeTcs: TpaHchopManueil kak o0lledl KapTUHBI MHPa, B OCHOBeE
KOTOPO#l JIe’KaT KaK JOCTHKeHHMs (PYHIAMEHTAJIBbHOIO €CTeCTBO3HAHUSI, TaK WU
KayecTBEHHOE IpeoOpa3oBaHHe MPOCTPAHCTBA KYJbTYPbl, POJIM M MecCTa 4Yejl0BeKa B
peanbHOocTH. CTaHOBJIeHHe M OypHOe pa3sBUTHE AWUCTAHIUOHHOH (POPMBI 00Y4YeHHMS KaK
o0pa3oBaTeJIbHOM cpeabl HOBOI0 CTOJIETHS CBUIAETEJbCTBYHT O KadeCTBEHHbIX
H3MEHEHUSIX KAK METOJAMK M HABBIKOB NMOMCKA HWH(OPMALMH, TAK M AHIAKTHYECKHX
NpUeMOB ee M3JI0KeHHsI B Ipouecce npenoaaBaHus. M3MeHsiercsi He TOJIBKO MHP, ero
BOCHIPUSITHE YeJI0BEKOM, HO H CHOCOOBI MOJy4YeHHUs] 00pa30oBaTeNbHBIX YCJIYT
CTyleHYeCKOil ayauTopuei, 4YTo 00yCJOBJIMBAaeT W HM3MeHeHe TpedOBaAaHMH K
MeTOANYEeCKHM NMPUEMAaM M HABBbIKAM MpenoJaBaTeJis.

B cucreme JAHMCTAHUMOHHOIO O0pPa30BAaHMA COLHUOKYJbTYPHbIC HM3MEHEHMS,
BbI3BaHHbIC POCTOM HMH(OPMAIMOHHBIX TEXHOJIOTHiH, 0CO0CHHO 3aMeTHbI. BbI30BBI ke
HOBBIX NPHHUMIIOB W MeETOJ0B 00pa3oBaTeJbHBIX CTpaTeruii TpeOywT OBLICTPOro u

CBOCBPEMEHHOI0 OTBeTAa.AHAJM3 MO3HABATEJbHOH CHTYAMH JeMOHCTPHUPYET H3MEHEeHHe
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YCTAHOBOK WM IEHHOCTEH NO3HAWIEro Ccy0ObeKTa- 00IIeA0CTYNMHOCTh HMHpopMamuu, ee
BH3YAJIbHBII XapaKTep 4acTo NPTBOAAT K e€e HEKPUTHYECKOMY YCBOEHHIO, IPUOPHUTETY
«IIpaBoONMOJIyIIAPHOr0» MbllieHus. IIpeBpaiienne HWH(POPMANMOHHBIX TMOTOKOB B
«IKPAHHBIA THI» KYJbTYPbl, HAJINYHE AJTbTEPHATHBHBIX, 2 324ACTYI0 - U HeaJleKBATHBIX
3J1eKTPOHHBIX HCTOYHMKOB NPUBOASAT K B3aMoIlepeceyeHUI0 TOYeK 3peHus U MOAX0/10B, B
CHJIy 4Yero CTY/JAeHT KaK Cy0ObeKT 00pa30oBaTe/IbHOI JesiTeJIbHOCTH He Bcerga crnocodeH
BBISICHUTH M YCTAHOBMTH MCTHHHOCTH TMOJYYeHHBIX «IlceBl03HaHUiD». CTaHOBUTCS
O04YeBH/IHOIl HEO0XOJUMOCTh HM3MEHEHHUSI POJIM M HMHCTPYMEHTApHUsi NpenojaBarTessi B

MO3HABATEJIbHON CUTYAllUU B IMCTAHIMOHHOM cpele 00y4eHusl.

Ocnosnasa uwacmp

OtkpeiTusa M. Ilinanka B Hayase XX Beka M CO3JaHHe KBAHTOBON TeOPUM SIBUJIUCH
AOMUHUPYIOIIMM (akTOpoM wH3MeHeHsi (PU3MYECKOH KAPTHHbBI MHPa, BIOC/IEICTBHH
o0IIeHAayYHBIX MNpeJCTaBJeHU M MHPOBHAeHHST B HejdoM. Peaqum coBpeMeHHOro
€CTeCTBO3HAHUSI CBHACTEJBCTBYIOT O Pa3BepTHIBAHMH AHAJIOTHYHBIX IPOLECCOB B
HAY4YHOHl KapTHHEe MUPa M O INPOMCXOAsALIedl CMeHe MHMPOBO3PEHYECKOl NapaaurMsl,
OTpakaIel JAUHAMHMKY COLMOKYJbTYPHBIX HM3MEHEHHIl B YCJIOBHAX TeXHHYECKOMH
HMBUIHA3ALHUH.

Ilox Bo3peiictBMeM HMHGPOPMALMOHHBIX TEXHOJIOTHH M  TEJEKOMMYHHMKALUH
U3MEHsSIeTCH IPOCTPAHCTBO KYJbTYPhI, YCKOPSETCH PHUTM JKHU3HHM, TpaHc(popMHUpyeTcs
coMaTbHOC W MHAUBHAYAJIbHOE ObITHE, KYJbBTYPAa TEXHOTCHHOH NMBWIN3ALMHU
npuodperaeT HOBbIe YepThl, (POPMUPYIOTCH HOBbIE KAHAJIbI BO3/1CHCTBUSI KAK HA HAYYHOe
3HaHMEe, TAK M HA IOBCECJHEBHYI0 KM3Hb. HMMeHHO mO3TOMY B HCC/IEI0BAHUH
COLMOKYJIbTYPHBIX IPOLECCOB BCe 00BLIYI0 POJb HAYMHAKT HUIPATh NPUHLOHUIBI U
NATepPHbl CHHEPreTHMKH, C TNO3MIHHM KOTOPOH KYJAbTypa MPeACTaeT KaK CJO0KHAS
HEPaBHOBECHAsl OTKPHITAs CHCTEMA, OAHUM U3 (PAKTOPOB Pa3BUTHHA KOTOPOH CTAHOBATCS
npueccbl HMHpopMaruzauuum M Meauarusauuv. HHpopMauMoHHBIE TEXHOJOIMM M
KOMMYHHKAIlHOHHbIE CTPAaTerud CTAHOBATCHA O0OBEKTOM M3y4YeHHMs CO CTOPOHBI
Pa3JIMYHBIX HAYYHBIX JMCHHUILJIMH, HO UX CIIOCOOHOCTh K MAHMITYJTHPOBAHHUIO COLIMYMOM H
BO3/IeliCTBHE HA XapaKTep KYJbTYPbl U AeSITEIbHOCTH TPEOYIOT KOMIIEKCHOI0 AHAJIN3A,
COBMECTHBIX YCHJIMH NpeAcTaBUTe el TYMAHUTAPHOI0 U €CTECTBEHHOHAYYHOI'0 3HAHMS.

Pacuupene NMPOCTPAHCTBEHHbIX rpaHuIL HHGOpMALOHHOT 0 o0mecrBa
BHIOHU3MEHSIET IMPAKTHYECKH Bce c@epbl COUMOKYJIbTYPHOH IKHU3HHM, MaccoBOe U
HHIMBHAYAJIbHOE CO3HAHHE M KAK CAEICTBHE - TPAHCPOPMHPYET COAEP:KAHHEe U JUCKYPC
¢punocopckux kareropuii M KOHHenToB. B 3T0il cBsI3M 0cOOBI HMHTEpec Kak ¢

NMPAKCHOJIOTHYECKOH, TAK U C TEOPeTHYEeCKOH TO4YeK 3pPeHHs, NMPEeACTABISIOT MPOdIeMbl
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ompefeeHHss M H3YyYeHHUS] OCOOCHHOCTEH BOCHPHUATHS M HMCHOJB30BAaHUA TAaKHX
(punocopckux KaTEropuii, Kak «IPOCTPAHCTBO» U «BPeMs», <PeaJbHOCTbY» U P APYTHX.

B wucciaenoBanusix mnpoOJeM couuajJbHO ¢uiocopun oaHol u3 HamboJiee
NPU3HAHHBIX TOYeK 3pPeHMs SIBJSIeTCH BblIeJeHHe TEeXHONeHHOH IMBW/IM3AIUM KakK
COBPEMEHHOI'0 3Tana o0IeCTBEHHOro pa3sBuTHA. B ee pasuTumn pemamomyl pojb UrpPaT
NOCTOSIHHBI TMOMCK M TNpPHMEHEHHe HOBBIX TEeXHOJIOTHH, IpUYeM He TOJIbKO
NPOM3BOACTBEHHBIX TEXHOJIOIHi, oO0ecrneYynBaAIIMX JHKOHOMHYECKHH PoOCT, HO H
TeXHOJIOTHil COLMAIBHOIO ylpaBJeHHUs " COLMATBbHBIX KOMMYHUKAaLW.
NudopmannonHoe o001MeCTBO KAK COBPEMEHHbI 3Tanm Pa3BUTHA TEXHOTeHHOM
IMBWIM3AUMH fABJSETCH MNpPeAMeTOM PpPa3iu4HOI0 PpoJAa HCCJIeJ0BAHNI-KOHKPETHO-
COLIMOIOTHYECKHX, COLMATBHO-TIOJIUTHYECKHX, IKOHOMHYECKHX, TeXHHYECKHX,
¢puinocopckux. Ilpu 3T0M B npouecce pacnpocTpaHeHusl U UCNOJIb30BaHUs HHopManmu,
B IEPBYI0 oO4epeab € INOMONIIBI0 3JIEKTPOHHBIX CPEACTB, KapAMHAJIbHBIM 00pa3oMm
H3MEHAITCH He TOJbKO Bce c(epbl COUMAIBHON KU3HENAEHATEIbHOCTH, HO U BO3HHUKAET
P NPHHUUIIMAJIBHO HOBBIX NpodieM. B pemiennn u anaause 3THX NpodJjeM 3HAYMMYIO
METOH0JIOTMYECKYI0 POJib HMIPalOT NPHHUUNBI M NarepHbl cuHepretuku. Camo
HH(}OPMaANMOHHOE 00IECTBO MOKeT ObITh NMPOMHTEPNPETHPOBAHO KAaK CAMOOPraHU3YI0-
HIasici HepPaBHOBECHASl CHCTEMa,Xa0COTeHHbI W CHOHTAHHBII AaTPaKTOPbl KOTOPOH
NpeacTaBJICHbl B MEPBYI0 O4Yepelb KPeaTMBHBIMHM JJICMEHTAMH KAaK COLHOKYJIbTYPHOH
peajibHOCTH, TAK M B TAKOM «4eJIOBeKopasMepHOM KomIuiekce» (TepmuH B. C. Ctenuna),
KaK BUPTyalibHasl peajibHOCTh [1].

HNudopmannonHoe NPOCTPAHCTBO KAK HOBBIH BUJ PeaJbHOCTH 00/1aaeT He TOJbKO
OTKPBITOCTBHI0, HEYCTOHYMBOCTHI0, TEHACHIMEH K CAMOCOBEPIICHCTBOBAHUIO U Pa3BUTHIO,
caMOOpraHmM3anmeil, HO M OPraHM4YecKH BKJIIOYAeT B cedsl MO3HAKOIIEro Ccy0beKTa B
KavyecTBe moAcucTeMbl. Ye10BeK ¢ NPUCYIIUMHU €My COLMATbHBIMA LIEHHOCTSIMH, LeJISMH,
MHMPOBO33pPEHYeCKUMH YCTAHOBKAMHU NpeCTaeT He TOJIbKO KaK €03/aTe/ib M MoTpeduTe b
BHPTYAJbHOH Cpe/ibl, HO M KaK HMMAHEHTHBIH JJIEMEHT 3TOH IJ00aJbHOH CHCTEMBI.
Ilogo0HO TOMY, Kak aHaIM3 OOBEKTHBHON PpPeEaJbHOCTH MPEANoJaraer eIuHCTBO
TEOPEeTHYEeCKOr0 M JOMIHPHYECKOI0 MCCJIEeI0BAHUS, TAK W aHAJIM3 BHPTYaJbHOH
peajibHOCTH TpedyeT He TOJbKO HCIOJIb30BAHUS MHCTPYMEHTAPHUS MOCTHEKJACCUYECKOM
HAYKH, HO M TIIATEJbHOI0 H3y4YeHHs] [IBYCTOPOHHEH CBf3M «4YeJ0BEKOPa3MepPHBIX»
CHCTEM, OOpaTHOro0 BO3JCHCTBUS KOMIIBIOTEPHOH  peajbHOCTH HA  IPOLECCHI
COLMOKYJIbTYPHOI NeHCTBUTEJIBHOCTH M HA BHYTPEHHHH TYXOBHbIH MHpP 4yenoBeka.Eciau
TPAAULUMOHHO (PpuitocopcKoe 3HAHUE NIPEAMETOM HCC/Ie0BaHUS U30paJio JTu00 pealbHOCTh
00BbeKTHBHYI0, JH0O PpeajbHOCTh CYObEeKTHBHYK M Ipolecc HUX B3aMMOAeCcTBHS, TO

cerogHsi mpeamMeroM ¢(ujaocopckoro aHajau3a CTAHOBUTCH «TPeTHI» BHA PeajbHOCTH-
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BHPTYyaJdbHOCTH [2]. ®ujocodusi Xe HAXOAUTCH B NOHUCKE METOMOJIOTHH H
MHPOBO33PEHYeCKOr0 O00OCHOBAHHSI COBPEMEHHBIX IPOLIECCOB EAMHCTBA TpexX BHIOB
pPeajibHOCTH M HAXOAMT pellieHue BO B3aUMOAeHCTBHM CHHEPIeTHKH U OCTMoAepHu3Ma. B
YCIOBHSAX IVI00AJIM3a0MH KOMMYHMKAIMOHHbIE CTPATErHH CO31AK0T HOBbIE BO3MOKHOCTH
A COLHMAJBHOIO MAHMIIYJIHPOBAHHUs, (POPMHPOBAHHUSA INPEAINOIATAEMbIX pPeaKUuil H
cocTosiHMii  maccoBoro co3Hanusi. Ilo cdepam  ocymecTBiIeHMs  COLMAJIbHOE
MAHHUIYJIHPOBaHUEe B HMH(POPMAIMOHHOM IPOCTPAHCTBE MOMKET OCYILIECTBIATHCH
pa3sMYHBIMU cnocodamu: B cdepe mnoBegeHHs - 4epe3 NPOrpaMMbl M CTEPEOTHIbI
NOCTYNIKOB, AJFOPUTMBI JEATEJbHOCTH, INPENOJHOCHMBbIE B KadecTBe 00pa3noB JJs
NO/APA’KAHMSA, Pe3yJIbTATOM 4Yero BBICTYNAIOT PpenpoayKTHBHbIe JelicTBusi. Ilpum 3Tom
CpPeACTBA MACCOBOl MH(MOPMALMH CeroJjHsi Ha3bIBAIOT HE IPOCTO TOBApbl M YCJYIH,
KOHKpPeTHbIe NMPOAYKTHI, a ONpeAe]eHHbI 00pa3 KU3HM, CTHJIb W MaHepy INOBeJAeHHUs,
peueBbie 000poTHI [3].

Cama «vMupoBasi mayTHHa» NpeACTaBJseT c000H HOBBINi THI CONMOKYJIbTYPHOM
cpeabl, B KOTOpPOil (opmMupyercss 0COObIii BHJ OTHOLICHUI, He OTPaHUYEHHBINH TOJBKO
YTHIMTAPHBIM €€ HCIO0Jb30BaHHEM B KayecTBe HCTOYHHKA MH(opManum, HO H
npespamaercds B chepy coUMAIbHOH JeATEJbLHOCTH, B c(epy «Tperbei» peaibHOCTH,
oKa3bIBalollell 00paTHOe BO3JelCTBHE HA MOJIb30BaTeleil, poxkaalueii HoBble CIoco0bI
COLMAIBHOIO0  MAHMIYJIHPOBAHHST W  HOBYW  cucremy  neHHocrei.IIponeccsl
TpaHc(opMaMil BHPTYAJIBHOIO MPOCTPAHCTBA O00YCJI0OBJIMBAIOT HEO0XOAMMOCTH €ro
¢punocopckoro ananm3a, 0 4YeM CBHACTEJLCTBYIOT HCCJICIOBAHUSA «CETEBOH» ITHKH,
nyoJMKAIMH 10 NMPABOBbLIM MP00JieMaM HMHTENJIEKTYaJbHOH cOOCTBEHHOCTH,BJIMSIHHE U
NpHUMeHeHHe HHPOPMANMOHHBIX TEXHOJIOIMH B 00pa3oBaHuu (pa3BUTHE IMCTAHIHOHHOM
¢opMbI 00yUeHMs).

@opMHPYIOTCH HOBBIE JCTeTHYECKHE LEHHOCTH KaK CJeICTBHE IOSBJICHHUSA
«CeTEeBBIX JKHBBIX JKYPHAJIOB», BUPTYAJIbHBIX rajiepeii,on-line aureparypsl, 3J1IeKTPOHHBIX
BH/JI0B HCKYyccTBa. Bece 3TO cBHAETEJBCTBYET 0 Npeodpa3oBaHNu caMOH HH(POPMALOHHOM
C(l)epl)l, HU3MEHCHUAX Ka4e€CTBCHHOI'O COCTOSAAHUA BHpTyaﬂbHOﬁ P€AIBHOCTHA u
KOJIM4eCTBEHHBIX NapaMeTpax ee pa3Butus [4].

Kpome Toro, pacnpocrpaHeHue COUMAJIBHBIX ceTeil He TOJbKO 3HAYUTEIbHO
pacmupsier Kpyr oO0meHHMs W BHAOM3MEHsieT KOMMYHHKAIMH, HO M CO3JaeT
BOBJICYEHHOCTh B 4Yy:KHe Jej1a, POKIaeT JI0KHYI0 OTBETCTBEHHOCTh KaK CJelCTBHe
compuyacTHocTH. B pe3yabrare mHM3MeHsieTcsl COAep:KaHMe Takod (uiaocodpckon
KaTeropuM, KaK «BpeMs», PO:KIaeTcs HOBasg TeMIOPaJbHOCTh. Bpems cmpeccoBanoch u

CTAJIO HeJIMHeliHbIM. PaHee MHUP ABUTaJICHA B ¢€AMHOM pUTME. B TPaAUIIHOHHOM OﬁmeCTBe
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BpeMsl COOTBETCTBOBAJIO PUTMaM MNpupoabl. B HoBoeBpomeiickoi KyJabType Bpems
COOTHOCHJIOCH YACAMU M pa3/ie/ieHueM Ha «padodee» U «CBOOOIHOE).

B BHUpTya/IbHOHl Ke PeaJlbHOCTM W B COBPEMEHHOH IOBCEJIHEBHOW KHU3HM
(¢opmMupyeTcsi HOBOe BOCHPHSTHE BPeMEHH KaK JHCKPETHOI0 M HeJnHeliHoro. Bpemsi
3aBHCHT OT CTeleHH BOBJICYEHHOCTH 4YeJI0BeKa B TOT WJIM HHOW MPOIECC, ero MOKHO
NeJIMTh, lepepacnpeneasiTh U 1axe NPoIaBaTh.

HN3MmensieTcss Takike U coaep:kaHue ¢puiaocodckoii KaTeropuu «npocrpaHcTtso». Eciam
paHee B MOBCEIHEBHOM KN3HHU MPOCTPHCTBO ACCOMUPOBAIOCH C KOHKPETHBIM MECTOM, TO
Tenepb AeATEeJbLHOCTD JI/ell NMepeKovYeBbIBaeT B NMPOCTPAHCTBO MOTOKOB ((PMHAHCOBBIX,
HHGOPMANIMOHHBIX), KOTOPbIE MPOUCXOAAT B BUPTYAJIbHOH PeaIbHOCTH, HA KOTOpPbIe MbI
NOBJIHATL He MOKeM (TepMHH HcmaHckoro couuosora M. Kacreanca) [4]. IIpu 3Tom

YBEJIHYHMBAETCH YHCI0 «OIIHOOK HAPPATHBA», TAK KAK JOTH4eCKHe, HAPPATHBHbIE CXEMbI
H3-32 Pe3KOro yBeJMYeHHMsl HeyYTeHHbIX JAaHHBIX HepecTalT padorarh. JIrobas monenan
COACPKUT B cede TONbKO M3BECTHbIe W IPOrHO3MPYeMble PHCKH, «BO3MOJKHBIEC
HEOKUAAHHOCTH», «HEBO3MOKHbIe HEOKUJAHHOCTH» CTAHOBATCH BeAylIUMH (pakTOoOpamMu
Pa3BHUTHS COIMYMA U KYJIbTYpBbI [5].
3akniouenue

Bce BbImen3n0:XKeHHOE CBHAETENBCTBYET He TOJAbKO 00 HM3MEHEHHSIX B
COIMOKYJIbTYPHOM MMpPe HH(OPMALMOHHOI0 001eCTBA, HO M AKTYAJIM3MpPYyeT NMpPod/ieMbl
B3aHMOCBSI3H CHHEPreTMYecKOro IOAX0JAa W HAell NMOCTMOJAEPHHM3Ma B AaHaJIM3e Kak
peajibHOCTH 00beKTHBHOM, TAK M BHPTYaJbHOH, B U3MEHEHHHU cOJep:KaHUsA U QyHKIUH
¢puiocopckux Kkareropuii B HOBOM MHpOBO3peH4Yeckod mnapaaurme. Ilpm sTom B
HCCJICJOBAHMHU ITHX IPOLECCOB BO3PACTAET METON0JOTHYECKasl PoJib CHHEPreTH4ecKoro
NMOAX0JAa, TAaK KaK CeroJHs KyJbTypa XapaKTepu3yeTcsi KaK CHCTeMa Xa0COre¢HHas,
OTKpbITAasi, HEPABHOBECHAsl ¢ HeJHHeHHbIMHM 3aKkoHaMH. IlockoJibKy TpaHchopManusam
MO/ABEPraloTCsl M CPeACTBA, U COCO0bI KOMMYHHMKAIUI, TO HeN30€/KHO M3MEHSIETC U caM
YyeJIOBeK KaK aKTHMBHBIN YYACTHHMK Mpolecca pa3BUTHS CUCTEMbI «4el0BeK-uHpopManms-

BUHPTYaJIbHasl PeaJIbHOCTb-00beKTHBHAS PeaJbHOCTb).
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INFORMATION TECHNOLOGY AS A FACTOR IN THE TRANSFORMATION OF
DISTANCE LEARNING AND CHANGES IN THE STRATEGIES OF THE EDUCATIONAL
ENVIRONMENT.

Nikuradze J., Kvintradze V., Meladze V., Zhgenti M. "Energy". Ne2(98). 2021. Tbilisi. p. 78-83.
geo. sum geo. engl. rus.

The discoveries of M. Planck at the beginning of the 20th century and the creation of quantum
theory were the dominant factor in the change in the former physical picture of the world, later in
general scientific ideas and the worldview in general. The formation and rapid development of
distance learning as an educational environment of the new century testifies to qualitative changes
in both the methods and skills of searching for information, and didactic methods of its
presentation in the teaching process. In the system of distance education, the socio-cultural
dimensions caused by the growth of information technologies are especially noticeable, the
challenges of new principles and methods of educational strategies require a quick and timely
response. All of the above, thus, testifies not only to changes in the socio-cultural world of the
information society, but also actualizes the problems of interconnection of the synergistic approach
and the ideas of postmodernism in the analysis of both objective and virtual reality, changes in
content and function philosophical categories in a new worldview paradigm.
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PEJIAKCALHIMOHHBIE INTPOLHECCHI B o - HUPKOHUH

Axan. nokrop UPAK/THH TAFATA/3E

Cyxymcknii @usnko-texundecknii uHcTuTYT MM. U.H.Bekya
I'py3unckuii Texanueckuii YHUBepcUTeT

Annorauusi. Hecnedosanvt memnepamypnas u amniumyoHasn 3a6UCUMOCIU GHYMPEHHez0 mpeHus
U MO0y cO6uca O — UUPKOHUS, ROJIYUEHHO20 IIeKMPOIUmMudeckum memodom. Hzmepsanuco
CHOCOOHOCHb pacceanus IHEP2UU YRPYZUX KPYMUAbHBIX KOAEOAHUI U OUHAMUYECKUIl MOOYIb CO8U2A
oopazuoe a — Zr 6 ucCX00HOM COCHOSHUL U ROCIE YUKTUHUECKOU 8bICOKOAMRNIUMYOHOU dehopmayuu
npu 850°C.

KutoueBsble cnoBa: o— yupkonuu, peraxcauusn, Mooyavb cosuza, 0epopmanyus, 6HympeHHee mpenue.

B TeMnepaTypHBIX clieKTpax BHYTPEHHEIr0 TPeHUs BhISIBJIEHbI XapaKTepHbIe A MeTAJVIOB
C FeKCArOHAJIbHOMH CTPYKTYPOH MaKCUMYMbl PeJIaKCALIMOHHOIO pACCesiHUsI JHEPruu KojedaHuid,
CONPOBOJKIaeMble MOHWKeHHMeM MoAyJasi casura. Ha KpuBBIX aMIUIMTYIHOH 3aBHCHMMOCTH
BHYTPEHHero TPpeHHs 1 MOAYJIsl CABUra o0HapysKeHbl KPUTHYECKHE aMILUINTY/IHbIe AedopManmu,
MPH KOTOPBHIX H3MEHSIOTCA CKOPOCTH POCTA BHYTPEHHEr 0 TPeHHsl U MOHMKeHUs MOay.Jad casura. B
paMKax TeopeTH4YeCKMX Mojejeii OMHCAHbI BO3MOKHbIE MeXaHU3MbI paccesiHMsA KoJeOaHUil W
JIOKAJILHOTO 0CJa0aeHusl CHJI  MEXKIYaTOMHBIX B3aHMMOJCHCTBHII B pelleTke oa — Zr.
Ilpoananu3npoBan BKJIaA B YKa3aHHble HW3MEHEHHS AaTOMOB BHEJAPEHHMSA KHCJI0POAA,
B3aUMOJeliCTBYIOIIMX C APAMH HEBHHTOBBIX ANCIOKAIUM C Y4eTOM MPOI0JIHLHOT0 U MONEePevHOro
Au¢Py3MOHHOTO CMelleHHSI aTOMOB KHCJIOpOAAa MojA AelicTBMeM TeMIepaTypbl M BHeEIIHEro
NEePUOINYECKOI0 HANPSIKEHUSI.

HccnenoBanust 3¢ ¢geKToB paccessHusl YIPyrux Kojae0aHuil B KOHAEHCUPOBAHHBIX cpeAax W3-
3a BBICOKOIl YYBCTBUTEJIHLHOCTH U HH(POPMATUBHOCTH METOAOB AKYCTHYECKOH CIEKTPOCKONUM, B
YACTHOCTH METO/Ia BHYTPEHHEro TPeHHsl, MOIyT AaTh OOIIMPHYI0 MHGOPMAIUI0O 0 MeXaHU3Max
NMOTEePb 3HEPrHH, COCTOSHUM CTPYKTYPbl, a TaK:Ke MO3BOJSAIOT PACCYMTATH BAaKHbIe NMapaMeTpbl
MHKPOCTPYKTYpPbI. K 1oc1elHIM OTHOCATCH KOHIEHTPANMA TOYEYHBIX JedeKTOB, pa3Mepsbl 3epeH
u OJIOKOB, JHepreTH4ecKHe M KPHCTANJIOTeOMeTPUYEeCKHE XAPAKTEPHCTHKH IMCIOKALMOHHOMN
CTPYKTYPHI U T.1.

B oTamMyue oT MeTaNIMYeCKHX MaTepHaloB KyOMYeCKOil CMMMeTpUM HeyNmpyrue cBoOiicTBa
METAJUIOB € TeKCArOHAJIBHOH CTPYKTYpPoil Mano mucciaegoBanbl [1]. ITo o006cTOsITEILCTBO B
OCHOBHOM O00YyCJIOBJICHO TPYIHOCTBIO TOJYYeHHS]  BBICOKOYMCTBIX BBICOKOTEMIIEPATYPHBIX
nepexoaHbIx MerasuioB Ti, Hf, Zr, a Takike CJI0)KHBIM XapaKTepoM pPa3HO00pPa3HBIX (a30BBIX
NMpeBpalieHnii B UX KPUCTAIJIMYECKOIl CTPYKType.

Bbliun uecnenoBaHbl TeMIlepaTypHble M AMINUIMTYAHbIE 3aBHCHMOCTH KBaJpaTa 4YacTOThI
KoJIe0aHMii, MPONMOPHHUOHAIBHOIO MOIYJII0 CABHIra, W NPOLECCOB paccessHUS JHEPIrHH YNPYTHX
KoJe0aHMii o — ZI,I0Jy4eHHOr0 3J1eKTPOJINTHYeCKHM MeToAoM. M3MepeHusi NPOBOAMINCH HA

HHU3KO0YaCTOTHOM peJiakcaTtope ¢ OﬁpaTHbIM KPYTWIBHBIM MAasATHHKOM. I/ICCJ'lellyeMble Oﬁpa3llbl
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3aKpemVisijii B MeXaHMYeCKHX /Aep:KaTesiiX HAa BePTUKAJBHOH OCH KPYTHJIBHOTO0 MASITHHKA.

Pa3mepsn1 00pa3nos: anmuna — 25-30 mm, nuametp — 0,5-0,8 mm. M3MepeHust mpoBoIWJIN B BAKyyMe

~10* Topp B muTepBanax remneparypbl — 20— 800°C, 4acTOTHI KPYTHILHBIX KoJaebanuii — 0,5-5,0
i «=107%_ 5«107°

't u amnuuryaHoii aepopmanum — 2 - . 3HayeHUs] BHYTPEHHEro TPpeHHS,

HHTEHCHUBHOCTH pPaccesiHHO# KoJie0aTe/bHOI 3Hepruu onpeaessiu no gpopmyie [1]:

-1_ 1
Q —HNlnAn

An+.i".’ ,

rae N - yncsio koJie6aHul, COBePIIMBIINXCH NPU YMEHbIIEHUH aMIVIMTYABbI 0T An 10 Ann

BeniuyuHy KpUTH4YeCKOl aMIUIMTYAHOH AedopmManuu ompeAesyii KakKk TOYKY pasjesa

AMILUIUTYIHOHE3ABUCUMOH M AMILIMTYAHO3aBUCHUMOM 00JiacTeil HA KPUBOIl BHYTPEHHEr0 TPEeHUs!

Q™ (£ ) m nuHaMuYeckoro Moay.s casura | *(£) . 3nauenne camoii Ko1e6aTebHOI AeopManuu
onpeaesiioch M0 YIJIy 3aKpyYMBaHUs 00pa3loB, 3aKpell/IeHHbIX B MassTHHUKe. AKTUBALIMOHHbIE
XapaKTePUCTUKH PeJaKCAIMOHHBIX IPOLECCOB PpPacCessHUS JHEPrud yNpPyrux KoJedaHui
onpeessiiid METOAOM YaCTOTHOI0 CMelleHUsl X MaKcuMyMoB [1].

Ha puc. 1 NpeacTaBjJdeHbl PpPe3yJibTaTbl I/I3MepeHI/Iﬁ TeMHepaTypHOﬁ 3aBUCHMOCTH

BHYTPEHHEr0o TPEHUA IJJIEKTPOJIUTHIECCKOIO & - Zr B HCXOJHOM H HHUKIHYCCKHUX

nepopMHPOBAHHOM COCTOSTHHSIX.

3:10 4
= . l/
6 i 3
1 s
Y 2
2 /
2t
|
{
‘ i 300 ciieaE- IR

Puc. 1. TemnepaTypHblii cieKTp BHyTpeHHero Tpenus (1,2) u moxyJisi capura () o — HUPKOHUS:

1,1I - ucxogHoe cocrosnme; Jo=18 T

2,2| - nuKIHYecKu aedopmuposannoe, 850°C, unciio nukiaos — 200

< Q—I T
Kak oxunnanochb, MCXOAHBIH CIIEKTP (Y )cBoOomeH ot kakux — Jau6o MakcumymoB. Ero

XapakTepusyer (JOH HU3KOH MHTEHCHBHOCTH BILIOTHL 10 600°C, Bbile KOTOpOii Hal/I012€eTCs ero
IKCMOHEHIHAIbHOEe Bo3pacTanue. HecMoTpsi Ha To uto B & — Zr mpucyTCTBYyeT NpuHMecCh

KHCJI0PO/Ia OTHOCHTEILHO BbICOKOH Kommentpauun (~ [101718— K101 719 CemIT(-3)) g
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no3uuusax BHeApeHusi () ¥ B TeKCArOHAJIBHOW CTPYKType MNPHCYTCTBYIOT Napbl aTOMOB
3ameniennsi (S) m BHeapeHust (i) i - S , MPAKTHYeCKH HEBO3MOKHO OOHAPY:KUTH 3I(PPeKThI
paccestHUsI JHEPIruu KoJie0aHMil, CBA3aHHbIe ¢ MePeOpHEHTANMEH map | - S B mojie HANPSKEHUIA.
9T0 CBSI3aHO C TeM, YTO TaKas IepeopueHTanusi (MOBOPOT NPHMECHOTO aToMa | BOKpPYr
HeNoABUKHOT0 ATOMA MATPHIBI S JHe JaeT OLyTHMYIO JIOKAJIbHYIO Ae()opManMI0 CTPYKTYpbI.OHO
B CBOK oO4Yepenb OOYCJOBJIHBAETCH Te€M, YTO CHMMETPHsI CHCTEMbI 3aHATBHIX MeXy3amii ( i-
NMOJIOKeHHEe ) B TEeKCATOHAJBHBIX KPHCTANIAX COBNajgaeT ¢ cuMMeTpueld Matpunbl. WHBIMH
CJI0BaMH, B TIeKCATOHAJBHBIX KPHCTALIAaX, He cojep:Kamux O0oJiee OAHOT0O BHIAa NpHUMeceid,
YKa3aHHble MEXKY3JIusi  00/1a1al0T TPUIOHAJBHON CHMMeTpHel, U NOTOMY HX 3aloJIHeHHe
OTAECJBHBIMH aTOMaMH He NMPHBOJMT K MOSABJIEHUIO Ae(eKTOB, CIIOCOOHBIX BBI3BATH CIABHIOBYIO
pejaakcanuio. B Tom ciydae, Koraa B KpUCTAUINYECKOH pelleTKe ¢ reKCaroHaJIbHON cUuMMeTpHei,
B YACTHOCTH, B . — ZF , psgoM | - Smapbl mosiBjsiercsi atom japyroro 3jgementa (Ti, Hf, .....),
o0pasyercss MoHOKIuHHBIE {100} fedekT, M CTAHOBHUTCA BO3MO:KHBIM MPOSIBJIEHUE
pesiakcaliuoHHOT0 d(PdexTa paccessHUs IHEPrun KojaedaHuil kpucrawia [2].

B nmnpounecce mnukaumyeckoi aedopManmuM Npu  OO0JBIIMX AMIUVIMTYAAX KPYTWIBHBIX
KoJieOaHuii
(1072 — 107%) po3moxkHO 00pazoBaHHe CBEKHX CErMEHTOB AMCIOKALMIA, HOBBIX BAKAHCHI W
aTOMOB MATpPHIbI B No3uuusax BHeapeHusi (i) . B Takom ciydae Bo3MOKHO (hopMHpOBaHHe

CJIOKHBIX KOHGUrypauui AeeKTOB, XapaKTepu3yeMbIX IOHHMKEHHON TOYEYHOl CHUMMeTpHeil.
IIpeanonaraem, 4YTo NOsiBJIeHUE IHMPOKHUX MAKCUMYMOB HA KPUBOM Q™ (T ) B nepopmupoBanHbIX
odpasuax & — Zr cBsi3aHO ¢ yKa3aHHOIl mepecTpoiikoii B cTpykrype aedexros (puc.l,2). Oda
MAaKCUMYMAa U3MEHSIOT CBOI0 TeMIIePaTypy € MU3MEeHEeHHeM 4acTOoThl KoJjedaHuil ot 1-ro xo 5 I'o.
JT0 yoka3pIBaeT Ha HMX pPeJAKCAIHOHHOE IPOUCXOkKIAeHHE. AKTHBAIMOHHbIC XAPAKTEPHCTUKH
MaKCHUMYMOB BHYTPEHHeI0 TpeHUsi B o — ZI' IpuBe/ieHbl B TadJu1ie.

XapaKkTepHCTHKH PeIaKCAIHOHHBIX MPoLeccoB B o — Zr.

Tabauna
Cocrosinne Temmneparypa JHeprus YacToTHbIi OTHocHUTEeIbHAA
obpasua o — Zr MaKCHUMYMOB aktusauuu, €V | dakrop, cek ! HHTEHCUBHOCTh
Qg MaKCHMyMa,
Qt.10°
dedopmuposan
npu 850°C 460 1,85 4- 1013 6
aMILTUTya
AeopmManuu
107% —107% 550 2045 1- 1014 9
YK CJI0 HUKJIOB
aedopmanuu 200

H3MeHeHHs1 B CIEKTpe TeIIOBBIX KOJ1e0aHUI pelIeTKH, a Tak:ke 1u¢Py3noHHasI epecTpoiika

Ile(l)eKTOB H YBCJIUYCHHUEC MOABUKHOCTH AUCIOKAIIUK B O — Zr OﬁyCJIOBJII/IBa}OT IJIaBHOE, IOYTH

. |
JAuHeiinoe moHmkenne moayas capura (puc. 1 1), Ero nmonmxenme B odmactm 800 — 850°C
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cocrapasier 12+ 13 ¢, oGycioBienHOe, TIaBHLIM 06pa3oM, TePMHYECKHM paCHIMPEHHEM
Kpuctajinyeckoid pemerku. Ilocie BbICOKOTeMIEpaTypHO HMKJINYeCKOoill aedopmaumnu
BeposiTHee BCero MNPOUCXOASIT OCBOOOMKAEHHE CErMEHTOB KOJeOaIIuXcsl AUCIOKANUA OT
BAKAHCHOHHBIX W TIPUMECHBIX HEHTPOB 3aKpeIieHusi M JajibHeiilllee WX mNepeMellleHHe Ha
HECKOJIbKO eIUHHUIl MapaMeTpa pelieTku. B 3Tux yciioBusix o0pa3ylTcsi HOBble Ae(eKTHbIE
HEeHTPbI €O CIa0bIMU MEKIYaTOMHBIMHM CUJaMH B3auMmojeiicTBusi. Takum oOpa3zoMm, co3aaiorcs

YciaoBuA pErucTpaiuv NOHMKCHHBIX 3HAYEeHUH MeXaHH4YeCKOoil XaPaKTCPUCTUKH - THHAMHYECKOI'0

MOJIyJIsl CABHIa, 4T0 Ha Kpupoii [ M n300paskeHo cnaaamu npu temmepartypax 400 - 450°C u

550°C (puc. 1,2').

IJKCIIEPUMEHTAJILHO TO0KAa3aHO CHJIbHOE YMeHblIeHHe MOIYJIsl CIBHUIa IpelBapUTeIbHO
neopMHPOBAHHOIO 0—ZI B TeX cly4yasix, Korga o0pa3en IoJBepraercsi BbICOKOAMILJIMTYAHOM
KoJiedaTeabHol Jepopmanu. OTHOBPEMEHHO MPOMCXOIUT 3aMeTHOE NMOBbIIIeHHe HHTEHCHBHOCTH
peJaKCAIlHOHHBIX MAaKCHMYMOB Q.7 naGuonaempix B oGaacTu Ttemnepatyp 450-600°C. Drtu
XapaKTePUCTHKH CBHAETEJNLCTBYIOT o0 mnposiBaennun S-K  (Snoek—Koster) pemakcauuun B
HceaenyeMbpix o0pasuax o—Zr B yCJOBHSIX KPYTHJIbHBIX Kojedanuii ¢ yacroramu 0,5-5,0 I'm.
Coraacao Teopun [3] S — K penakcanusi B Ti m Zr BO3HMKaeT NPH TeMINEPaTypax, NPpH KOTOPBIX
AUCJIOKAIUM NPHOOPETAIT CIOCOOHOCTDH MepeIBUraThCsl 3a MpeaeJaMH NMpUMecHO atMmocdepsbl,
o0pa3oBanHoil napamu gepexkToB O-O 1 O-M (M — aToM MeTAJUINYEeCKOH NPUMECH).

Heaunneiinble M3MeHeHUs] HHTEHCHBHOCTH PeJIaKCAMOHHBIX mpoueccos npu 450 u 500°C B
YCI0BMAX HM3MEHEHHS] KOHIEHTPAIMH KHCJIOPOAAa IeTaJbHO HCCIeI0BAJNCH ABTOPaMH PadoThI
[4], monaraBumiMx, 4TO ¥ B (POPMHPOBAHUU MAKCUMYMA, IPUHUMAIOT Y4ACTHE ATOMbI BHeIPEHUS
KHcJIopoAa M Auciaokanuu. OJHaAkKo B peaju3alliyd PeJIaKCAlMOHHOrO Ipouecca CHJIbBHO
Bo3pacTaeTr poib Au(pGy3HOHHOr0 ABM:KEHHMS BHEAPEHHBIX ATOMOB KHCJIOPOAAa B IONEpPeYHOM
HANPaBJeHUH OTHOCUTEIbHO SIAPA AUCIOKAINH.

Takoro poaa 4Yerkoe 3HepreTrM4eckoe pasjejeHHE IPOLECCOB IBUKCHUS NUCIOKALMM,
OKpY:KeHHBbIX aTMoc¢epoii BHeIPEHHbIX AaTOMOB KHCJOPOAa, [IOJKHBIM  00pa3oM MoKeT
0TO0pakaThCsl HA TOBEJICHWH MOAYJSI CABHIa M BHYTPEHHero TPeHHs] B IIMPOKOM IHAINA30HE
AMILTUTYIHOU aedopmManuu.

B neiictBuTeibHOCTH B 00 — ZI' HA KPHMBBIX aMILIMTYIHOH 3aBMCMMOCTH BHYTPEHHEr0 TPeHHs
Q™ (e)u moxyasi capura f (2) B YCIOBHAX KOMHATHOW TeMIepaTypbl Ha0MI0AaI0TCS CJIeaylolue
ocoOeHHOCTH. B mcxogHbIX o0pasmax B HMHTepBajle aMIUIMTYAHOH aedopManuu oT 2-107% o

—d -1 z o ol
1'107* y3menennss @ m f* me o6mapyxmeaoTcsa. Beime amminrymHoii nepopmamun ~10

HAYMHAeTCsl ciIafoe BO3pacTaHMe BHYTPEHHEr0 TPeHHsI W OJHOBPeMEHHOe ciafoe JuHeiiHoe

-4 -1
nonmKenne Moay.is capura. lpu avmmrynax = 2+ 107* gospacraror cxopoctn ysenmuenus ¢

W YMEHBbIIEHHS] MOAYJSA CIABHIa. JTH H3MEHEHHS] CBHAETEJbCTBYIOT O NPOSIBJICHMH OTPbLIBA
AUCTOKANUOHHBIX CETMEHTOB 0T TOYEK 3aKpellJIeHUs, NIPUBOAALICT0 K JOKAJIbHOMY 0c/1a0JIeHII0

CHJI B3aMOAeHCTBUIA ", CJ1€10BaTC/IbHO, K YMCHBIIICHUIO JTHHAMHUYECKOIro MOAYJifl CABUIa.
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ITocie BBLICOKOTEMIICPATYPHOH LHUKJINYECKON aedopManuu MNOABJIAETCHA CTyIeHYaToe

-1
YBCJIIMYCHHUE Q , 4 TAKIKe CTYNICEHYATO0€ YMEHbIICHHE MOAYJidA CABUIra ¢ ABYMS KPUTHYECCKHMH

BeJIHYNHAMM AMIUINTYIHOH JAedopMamuM, NPH KOTOPBIX 3aMeTHO HM3MEHSIOTCH CKOPOCTH

-1 2
Bospacrannss ¥ m cmama f°. Takme M3MeHeHMSI CBHIETEJLCTBYIOT 0 (D)OPMHPOBAHUM
KHCJIOPOOCOAEPKAIMMX PAIMYHBIX JHEpreTHYeckuXx OapbepoB Ha MNYTH NepeMelleHus
AUCIOKAIMOHHBIX CcerMeHTOB. MexaHU3M HMX TPOUCXO0XKIEHUS W JeiicTBUSL  Tpedyer

AOTOJTHUTEJILHBIX KOMIUIEKCHBIX HCCJIEI0BAHUI CTPYKTYPHI M CTPYKTYPHO — YYBCTBHTEJBHBIX

MeXaHH4YeCKHUX CBOiicTB o — ZF.

ABTOp BbIpaxkaer OaarogapHocts mnpod. I'.III. JapcaBenmaze 3a coaeiicTBue mnpu

BbINNOJTHCHHUH paﬁOTbI.
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RELAXATION PROCESSES IN o — ZIRCONIUM.
|. Tabatadze.. "Energy". Ne2(98). 2021. Thilisi. p. 84-89. rus. sum geo. engl. rus.

The temperature and amplitude dependences of the internal friction and the shear modulus of a —
zirconium were investigated. The ability to scattering the energy of elastic torsional oscillations
and the dynamic shear modulus of a- Zr samples in the initial state and after cyclic high —
amplitude deformation at 850°C were measured.

In the temperature spectra of internal friction , the effects of relaxation scattering of oscillations
energy, accompanied by a decrease in the shear modulus are revealed, that’s characteristic of
metals with a hexagonal structure. On the curves of the amplitude dependence of the internal
friction and the shear modulus, critical values of strain amplitude were revealed at which the rates
of increase in internal friction and decrease in shear modulus change.

Within the framework of theoretical models possible mechanisms for scattering oscillations and
weakening localized interacting forces in a - Zr are described.The contribution of interstitial
oxygen atoms, which interact with the nuclei of non — screw dislocations is analyzed, considering
the longitudinal and transverse diffusion displacement of oxygen atoms under the influence of
temperature and external periodic stress.

1. 1, tabl. 1, bibl. 4.
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EDUCATIONAL TECHNOLOGIES AND DISTANCE LEARNING.
Nikuradze J., Kvintradze V., Meladze V., Zhgenti M. "Energy"'. Ne2(98). 2021. Thilisi. p. 90-94. geo.
sum geo. engl. rus.

The article briefly reviews the old and new models of the educational process. To a large extent, the
change in the teaching paradigm is associated with the introduction of new information
technologies into the educational process, which is most characteristic of the pedagogical process in
a distributed university using distance learning technology, where a student studies in a virtual
environment and is an active participant in the educational process, choosing his own an individual
learning path. This is facilitated by the modular principle of teaching implemented in the
information and communication distance educational technology called "'distance learning®, which
offers the division of the discipline into logically closed blocks, called modules.

The principles of distance learning allow conducting an identical educational process in all
territorially remote training centers, and the constant expansion of the range of educational
products, their timely updating and a competence-based approach to training - the formation of a
high quality of training of graduatesand their readiness for professional activities.

Bibl. 3.

OBPA3OBATEJIBHAS TEXHOJIOI'USI AJUCTAHIIMOHHOI'O OBYUEHUS.
Huxypaoze /IncI., Keunmpaoze B.U., Menaoze B./I., Keenmu M.H. "Iueprus". Ne2(98). 2021.
Toumncu. c. 90-94. rpys. ped. rpys. aHrJ. pyc.

B crathe KpaTko paccMOTpPeHBI CcTapble M HOBble MoOJeJH Y4yeOHOro mpomecca. B
3HAYNTEJBHON CTeNeHN CMeHa MapaaurMbl 00y4YeHHUs CBSI3aHA ¢ BHeApeHHeM B 00pa3oBaTeIbHbII
NMpouecc HOBBIX MH(OPMAIMOHHBIX TEXHOJOTHH, YTO B HAUOOJIbIICH CTENeHH XaAPAKTEPHO AJIsi
NeAaroru4eckoro nmpouecca B yeJOBUsAX pacnpeaejeHHOro Bysa no TeXHoJI0ruu JMCTAHIMOHHOIO
0o0y4eHHUs1, TAe CTYyIeHT o0y4yaeTcs B BHPTYaJbLHOH cpele W fABJIsAETCS AKTUBHBIM YYaCTHHMKOM
00pa30BaTeJBHOI0 MpoIecca, BHIOUPAsA CBOK MHAMBHAYAIBLHYI0 TPAEKTOPHIO O00y4eHHS. JTOMY
crnocod0cTByer  peajmu3dyeMblii B HMHG(POPMALMOHHO-KOMMYHMKALUMOHHOW  JMCTAHIUOHHOI
00pa3oBaTeJbHOI TeXHOJOTMH, MOJYYHBIIel Ha3BaHHe «IMCTAHIMOHHOE 00y4eHue», MOAYIbHbII
NPUHOUN o0y4YeHUsl, MNpelIaralOlIMii paszgejeHHe Y4eOHOW JMCHMIUIMHBI HAa JIOTHYEeCKH
3aMKHYTbIe 010K, Ha3bIBaeMble MOAYJISIMH.

IIpuHIUNBI AMCTAHUMOHHOTO OO0y4YeHHs TMO3BOJSIOT MNPOBOAMTh WIEHTHYHBINH y4eOHBIH
nponecc Ha BceX TEPPUTOPHAJIBLHO YAAJEHHBIX Y4eOHBIX HEHTPaX, a NMOCTOSHHOE paclIupeHue
CIIEKTPa y4eOHBIX NMPOAYKTOB - CBOECBPEMEHHOEe MX O0OHOBJICHHEe M KOMIETEHTHBIH NMOAX0X K
00y4eHHIO - cIOCOOCTBYIOT (JOPMHPOBAHHIO BBICOKOT0 Ka4eCTBA MOATOTOBKH BBINYCKHUKOB M MX
TOTOBHOCTH K NMP(eccHOHATbHOI JeATeJbHOCTH.

Jum. 3 nase.

94 Joboeo "gbamg05" Ni2(98), 2021



ON THE RELEVANCE, PURPOSE, SUBJECT OF RESEARCH AND OTHER
ISSUES OF THE COMBINED METHOD OF LARGE BLOCKS

Doctor of technical science ABRAM CHRELASHVILI
Non-entrepreneurial (Non-commercial) Legal Entity "ETelTa". Thilisi, Georgia

Abstract. The article deals with the development of a new combined calculation method *"Large
Block Combined Method™ in the mechanics of solid deformable seals. In the present work, the
author's opinions on the urgency, purpose, research subject and other issues of the development of
this method are discussed. This method will be mainly used to study the tense-deformed condition of
objects with very complex structures. It relies on the applications of the finite element numerical
method and the large block analytical method. Such a method will be effective in cases where part of
the object to be examined can be considered as elements with simple and complex structure, where the
analytical method of large blocks will be used, and the rest as a space with very complex structure,
where the numerical method of finite elements will be used. In addition, the contact conditions
required to ensure the simultaneous operation of these parts of the object under consideration must be
met. The article discusses the issues that favor the combined method of large blocks over the finite
element method and the analytical method for large blocks. Especially noteworthy is the issue of
specifying the results of the tense-deformed state of objects with complex structures using a new
calculation method.

Keywords: tense state, body, surface, impact, deformation, load.

In the study of the tense-deformed condition of objects with very complex structures, the finite
element method [1-3] and the boundary element method [4] are still irreplaceable methods, but as
we see required further refinement of these numerical methods in order to eliminate all or part
of their shortcomings. For this, it is possible to develop a combined method [5] for large blocks,
which will be based on the application of the numerical finite element method [1-3] and the
analytical method of large blocks [6]. This method will be effective in cases where part of the object
under study can be considered as elements with a simple and complex structure, where the
analytical method of large blocks will be used, and the rest as a space with a very complex
structure, where the numerical finite element method will be used. In addition, the contact
conditions necessary to ensure the simultaneous operation of these parts of the object under
consideration must be observed.

Consider as an example the study of arched dams. When studying the stress-strain state of
arched dams, it is better to take into account all boundary conditions, including the distributed
hydrostatic load and the presence of holes (in the form of gutters) in the building.

When studying the stress-strain state of arch dams by the numerical finite element method, it
is known that the distributed hydrostatic load can be taken into account approximately (finite
elements in the form of compressed loads in the nodes); When considering them, the solution to the
problem is associated with such difficulties that the use of the analytical method of large blocks
practically makes no sense. As for the use of the combined method of large blocks, which is based
on the representation of large blocks of the object under consideration. In most of the arched
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dams, which are analyzed by the analytical method of large blocks [6], it is possible to accurately
take into account the hydrostatic load, and in a small part of the building (for research by the
numerical finite element method), where the above openings are located, they can be taken into
account. Taking these two factors into account, it is obvious that to confirm the results of the study
of the stress-strain state of arch dams, the combined method of large blocks should be used, which,
in our opinion, confirms the relevance of the development of this method.
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In addition to the above, when using the combined method of large blocks, compared to the
finite element method, a significant reduction in the number of finite elements is achieved and, as a
consequence, a significant reduction in the amount of required information. A significant
reduction in the system of general algebraic equations is also achieved (due to a significant
reduction in the number of finite elements). All this is achieved through the use of the combined
method of large blocks, the object under consideration is presented as a combination of large
blocks, and in most of them the analytical method of large blocks is used to study their stress-strain
state, and in others - the numerical method of finite elements, especially in boundary elements.

Based on the above, it can be considered that the combined method of large blocks for studying
the stress-strain state of objects of very complex structures, its numerical implementation is an
urgent problem of structural mechanics of great scientific and practical importance.

When using the combined method large blocks, the test object should be represented in such a
way that:

- The number of large blocks should be as small as possible, especially the number of blocks
for the study of which the analytical method of large blocks is used [6]. Due to the shape of the
object under study and the boundary conditions, in most cases, a part of these blocks should be
more than approximately 80%o of the total volume of the object under study.

- Due to the shape of the object under study, it must be represented as a set of such large blocks
that the boundary conditions of the object under consideration (including the distributed load) are
taken into account with maximum accuracy.

As already mentioned, the combined method of large blocks allows you to represent an object
as a combination of such large blocks, among which the analytical method of large blocks is used
for most studies (in most cases, such blocks contain more than 80% of the object's size). In
connection with the above, the use of the combined method of large blocks in the survey of an
object [5] allows to refine the results obtained using the numerical finite element method, which is
an important and noteworthy achievement.

The purpose of the development of the combined method of large blocks was to create a new
combined method [5] (for studying the stress-strain state of objects of very complex design) using
the existing analytical method of large blocks [6] and the numerical finite element method [1- 3], It
would have the advantages listed above in comparison with the mentioned methods [1-4,6], which
is a continuation of the process of further improvement of computational methods.
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0. 6.

Ob AKTYAJIBHOCTHU, HEJU, OBBEKTE HUCCIEJIOBAHUA U JPYI'UX BOIIPOCAX
KOMBUHHUPOBAHHOI'O METOJA OBPABOTKHU KPYIIHBIX BJIOKOB
A.9penaweunu. "Iueprus’. Ne2(98). 2021. Toumucu. c. 95-98. anra. ped. rpys. anri. pyc.
PaccmaTpuBaercsi pa3padoTka HOBOro KOMOMHMPOBAHHOIO MeTOa pacyeTa 00JIbIINX 0JI0KOB
B MeXaHHUKe TBepaoro aepopmupyemMoro tejaa. QO0Ccy:KI1al0Tca MHEHHsI aBTOpPa 00 aKTyaJbHOCTH,
e, MpeaMeTe MCCIEeI0BAHUSI M JApPYrue BOMPOCHI Pa3BUTHS 3TOr0 MeToAa. JTOT METOd B
OCHOBHOM OyJeT MCHOJB30BATHLCA I HCCJENOBAHUA  HAMPSKEHHO-1e(OPMUPOBAHHOIO
COCTOAHMSI O00BEKTOB OYE€Hb CJI0KHOW CTPYKTYpbl. OH OCHOBAH HAa NPHMEHEHMH YMCJIEHHOTO
METO0Ja KOHEYHBIX 3JIEMEHTOB H AHAJIMTHYECKOr0 MeToAa O0O0JbIIUX 0JI0KOB. I(PPEeKTHBHOCTH
MeToJa OydeT MNpOSIBJATHLCA B TeX CJAy4YaaX, KOrjga 4YacTh MCCIeIYeMOro O0O0beKTa MOKeT
pPaccMaTpUBATHCH KAK 3JI€MEHTHI ¢ MPOCTOIl U CJI0KHOH CTPYKTYPOil, rae OyaeT MCnoab30BaAThCs
AHAJIUTHYECKHHA MeToa 00JILIINX 0JIOKOB, 2 OCTAJILHOE - KAaK NMPOCTPAHCTBO € OY€Hb CJIOKHOH
CTPYKTYPOM, rje OyaeT HCHOJb30BAH YMCJIEHHBIA MeTOJ KOHEUYHBIX 3JieMeHTOB. Ilpm 3TOM
JAO0JLKHBI  COOJIIOAATHLCS YCJOBHSI KOHTAKTa, HeoOXoauMMble JJs1 oOecriedeHHsl OJHOBPEMEHHOM
padoThl ITUX YacTeid paccMaTpuBaeMoro oobekTa. OOCYKIAIOTCS TaKKe BONPOCHI, B KOTOPBIX
oTaaeTcs MpeanoYyTeHne KOMOMHMPOBAHHOMY METOAY 00JbIINX 0JIOKOB MO0 CPABHEHUIO C METOAOM
KOHEYHBIX 3JIEMEHTOB M AHAJMTHYECKHMM METOAOM s O00JbIIuX 0J0K0B. OC000ro BHUMaHUSA
3aC/Iy:KMBaeT BONPOC YTOYHEHHSI Pe3yJbTATOB HANPSIKEHHO-1e()OPMUPOBAHHOIO COCTOSTHHMS
00bEKTOB CJI0KHOI CTPYKTYPBhI C MOMOIIbIO HOBOTO METO0/1a pacueTa.
Jlum. 6 nase.
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MHHEe!

Torpa, korga Mbl ObInK eLle monoabl,

Korpa B3gbixanu npocTo, oT u3bbiTKa YyBCTB,
Jliobunun Bce, 4TO MU0 ObLINO B ropoae.
OcTanucb, HEXXHOCTb, PaAoCTb, MarneHbKasi rpycCTb.
Bbina kpacuBa n ymHa, He BO3HMKana,

Koro xotena, cpa3sy 3aBnekana.

BbiBanu cnoXxHocTn, HO NposiBnsAna cuny,

Ilerko, ¢ KOKeTCTBOM npoxoausia MMMo.

M ckonbko 4yBCTB 1 Aen B ce6sa BMecTunal

U kak Bcerpga, mbl BMecTe 6yaem, MHHa.

Mepa6 Jlopakunanuaze
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