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REGARDING NECESSITY OF CONSTRUCTION OF IMPOUNDMENT HYDRO POWER
PLANTS.
G.Arabidze, M.Arabidze. "Energy". Ne1(97). 2021. Thilisi. p. 5- 11. geo. sum geo. engl. rus.

Analysis of the Georgian Electricity balance between 2010-2019 shows that average annual
electricity consumption during the last 10 years has increased by 51% and generation by only 17.8%
mostly from thermal power plants operating on imported natural gas, seasonal and deregulated hydro
power plants. Generation from regulating hydro power plants has decreased. Electricity import has
grown 7 times. For better defining trend of electricity consumption, 2019 data is compared to average
between 2010-2018 data. Consumption here has increased by 24% and generation by 11%. Import has
increased by 116% and export has decreased by 65%. The reason behind this balance is attributed mostly
to the decrease of share of regulating hydro power plants.

Tabl. 2, bibl. 8.

O HEOBXOJUMOCTH CTPOUTEJILCTBA BOLOXPAHN/INIIHBIX
IT'NAPOSJIEKTPOCTAHLNU.
I'.Apabuoze, M. Apabuosze. "dueprus”. Nel1(97). 2021. Toummcwu. c. 5-11. rpy3. ped. rpy3. anri. pyc.

Ha ocHoBe ananm3a nanubix Oamanca snextpodaeprun ['py3un 2010-2019 rr. 6p110 ycTaHOBIIEHO, 32
nocieanue 10 Jer, cpeaHerooBoe MoTPeOICHHEe MISKTPOIHEPTHH YBEIMYMWIOCh Ha = 51% B TO Bpems
KaK IPOU3BOJCTBO YBEIUYMWIOCH BCcero Jimib Ha ~17,8%, 3a cuer TOC, paboTaromux Ha UMIOPTHOM
rase, CE30HHBIX U JEPEryJIMpyeMbIX THAPO3NEKTpOoCcTaHIMH. CHIDKEHAa TeHEepanus 3JIEKTPO3HEPTHH
PETYIUPYIOUIMMU THAPOIEKTPOCTAHIUSAMHU. VIMIIOPT 3neKTposHepruu yBenwuwics B 7 pas. s
YTOUHEHHs JAWHAMHUKH TIOTpeOJIeHUsI 3MeKTpo’Hepruu aaHHble 3a 2019 ronm OblIM CpaBHEHBI CO
cpenHerogoBeiMu aHHbIMU 3a 2010-2018 rr.. Oxasanock, 4To mnOTpeOJICHHE BBIpOCIIO Ha 24, a
reHepanus - Ha 11%. Umnopt yBenuunics Ha 116%, a skcnopt cHusmicsa Ha 65%. OcHOBHas NpHUYMHA
TAKOT0 3KCIIOPTHO-UMIOPTHOrO OajaHca - COKpalleHWEe IOJNH 3JEKTPOIHEPruH, BbIpadaThIBaeMON
PETYIUPYIOMIUMH CTAHLIUSAMU.

Tabn. 2, rum. 8 Hazs.
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OPERATIONAL MEASURES FOR MANAGING THE POWER SYSTEM OF GEORGIA.
OPERATIONAL MEASURES FOR MANAGING THE POWER SYSTEM OF GEORGIA.
A.Kokhtashvili, G.Khorbaladze. "Energy”. Nel1(97).2021. Tbilisi. p.12-14. geo. sum geo. engl. rus.

This article is used for the management of operational measures. The basic main principle of this
applies that the physical firmness of a nomination shall be sought to be maintained. Operational
measures need to be conducted by Georgian State Electrosystem (transmission system operator) , i.e. the
National Control Center in case remedial actions are necessary, in particular for congestion management,

that are not part of the regular Balancing Service activities but inevitable to ensure the system security.

OIIEPATUBHBIE MEPONIPUSTHUSA JJISI YIIPABJEHUS SJIEKTPOSHEPTETUYECKOMN
CUCTEMOM I'PY3UM.
A.Koxmaweunu, I'.Xopoanaoze. "dueprus". Nel1(97). 2021. Tounucu. ¢. 12-14. tpys. ped. rpy3. aHr.

pyc.

B pabote paccMOTpeHBI ONIEpaTHBHBIC MEPOUTSHSI [IJIS YITPABICHUS JIEKTPOIHEPTETHICCKOM
cucTeMor ['py3un, OCHOBHOH MPUHIIMIT KOTOPOTO COCTOUT B HEOOXOAMMOCTH 00YCIIOBUTH COXPaHEHHE
(hu3MYEeCKOl CTOWKOCTH HOMUHAITUH.

[TokazaHo, 4TO ONepaTHUBHBIE MEPHI IOJIKHBI OBITh BHIITOIHEHBI [ 0CY1apCTBEHHOM AIEKTPOCHCTEMOM
I'py3un (onepaTop cucTeMsl repenaun), T.e. HalroHaJIbHBIM IEHTPOM YITPABICHHS MPU HEOOXOAUMOCTH
KOPPEKTUPYIOIINX JCHCTBHIM, B YaCTHOCTH JUISI YIPABICHUS IEpPErpy3KaMu, KOTOPhIE HE SBISIOTCS
YaCTBI0 PEryJSPHOW JEeATENLHOCTA CIyXObl OalaHCHPOBKH, HO HEeW30eXHBI s oOecredeHus
0€30MacHOCTH CUCTEMBI.
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Loko®e  dgo@omodgdymo  boggang ob dodbyg@dmomols  33a0 93950l ho@omgds, gobsowsb
9d9gb  dgdmbggzeodo  Logdo@olos  g3Ebog@gemoe  ©odydoggdbygmo  Lowolidg@hgdm
dmbo3gdgdo s ™dogddol  Ggdbmemaoygdo 3GmEgLgdol  3mI30yGgtgmo  dmpgengdols
‘dgddbs [3]

bob. L. dmdogsaro dofobzgds aoblogagol @gdbmenmyoydo Liggds

dofolggds aoblogogol gdldengo@oioolsl Lakodm s osygiogmgdgemos Lol gdols
debo@dm@obyo. >0 gdmdl ™m®0 Lobols debo@m@obyo: 300539B@gd0lo S

damdomgmdgdol. 3o@sdgB®gools dmbo@m@obaols dgogao s®ol dywdogse, gobyymaesw
dmdoxbogyg oMol 0bBgOgoEgdom doegdaeno 3505993 M gdols aobmdogno
d60dgbgermdgdols  gBmmd@momds,  @mdwoll Ombsg  3s®MadgBd@ol  Lowowggdo
d60dgbgermgbow 5@ ¥bos ogmgdbmegl [4].

damdomgmdgdols dmbodm@obao s@ol Mmbdogd@ol dpamdomgmdol ©s330039ds, Moms
oa0begl s Jmbogl 3GMabmbo, @mEol Joosw{ggl opo begdye  Joymds®gmosls.
0609JBol  dpamds®gmdols  JmboGm@obyols dggaos dolo dgdopagbgero  bydogdBgdol
©0spbmbgdol  gOMMdmomds,  dowgdgmo  ¥yaHo dmdoxbogy w@mol  0bHytgomgdom,
Omd@ol eAmbsi mdogd@ol dpamdsdgmds 3bodgbganmgbo s@ oi3gangds [5-7].

30063037900 25blLbgoggds dpamds®gmdols s 35MadgB®gdols dmbo@m@obals dm@ols
ool aobmdogro  30M5dgRA@gdol  06@Gg@3GgRo300l s@lgdmds  damdsdgmdols
0gogbab@olon - ®mdogdBol Jpamds@gmdol dgbobgd  9Jl3gdm@gdol dogd  aowsfyg9d0-
950l Jo@gdols IbsBEadkgms o dgdwgmdo LobEgdol ds@mgs.

dmbo@m@obaols  LolRgds Fo@dmsagbl  dodomswo  33o56dgdols  dsbobosmgdengdols
(35M53gB@gd0l)  Izodg  Gomgbmdols  GgaolB@sEool, dga®mggdols ©s  s@@oibgol,
‘dgbsbgols o obosgrobol LobEgdol Imzgdygmo mdogddol dmdgwgdols (Jpamdsdgmdols)
dgbobgd  gOOMd@omdsl,  GmImol  dobosboiss  Dggobigdol  aoggmgds Vg mdo
25b630m5@ 930l 3Mmybmbodgdolomgol. gl s@ol ™mdogdBol Dglobgd oligmo ©slygbgdols

16 Jadbogoo "gbgmgos" Nel(97), 2021



3539990, AmIganoi osboloosmgdls 3zodg dobobosmgdagdols sbogrobl, dols mgolgdgdls -
00526 LA039O 3oM5dgBM 9ol [8-10].

dmbo@mmobaols LolEgds ool 3md3egdlydo, GmIgaoi sbOYgdl  ©s3 3039600,
3MbBOME0l, sbogobols 30Mmdgdols Fgxolgdols s 3GMabmbodgdol, 3OmEgLgdols s
Lbbgs  dmgangbgdol  @ybjiosl.  dmbodm@obaols  LobEgds  ggogdodwgds  ™mdogdgdols
53B™AsG o Jodmgol  Ggdbmmmpoygdo  3Omiglgdol  Ygogas  FoddmJdboan
dembo@dm@oby L.

dgdmmogobgdygmo  dgmmpmmmgos  Ladyoemgdsl  gg5daggl  ggoe0dg@@memmaols
dmbofomgmdom, dmodgdbml  Fgbmmmaoyg®o  3OmiEglol  3ogdodgdo,  G®MImgdbgosi

439e05bg dgHoe ©odmoegdgmos 3GmEe3ool Ggdbmmmaoygdo badolbo [11].
3obgobogmon m®dbdogo o 3odb@ogo dohggbgdgano:

q, :1_(P| _POi);
0,5T, .
q_zl_(Pl_POi) 0
i T .

Lowoi P, o®ol  i—960 dgboggalgdgero md0gddol (36miglol) ghmgamo dohggbgdgao,
Amdgmog Fodmdmseygbl  g@m-ghm  mgoligdsl  (Jsbobosmgdgmo); Py -1-9@0 géomggmo

6mdobogrg@o  dohggbgdgmo  (Lododbm);  Ti-i-900  g@mggmo  Johggbgdeols  ©sTggds,

Omdgeoi Gowos bgos s Jggos ©slsdggdo bpgdyao 360dgbgermdgdols Lbgomdol.
9Omggao  dohggbgdeols Fmbs (360dgbgenmdbomdbs) 30bsbdgfmboaros  @oswyobrgls

n
9Jb3geEoL  dogd  O<m, <1 Zmi =1. oy  LogJl3gdBm  Igmmeols  gsdmygbgds
1

d; .
ZQi
1

dofolgsgds  aoblogogol  mdogddol  (BOmEglbol)  989JB9Omdol  3md3egJbyg@o

‘dg9demgdganos, 35dob ¢bws 20dmgoygbmm serdsmy®o dJoymdol @m@dyes M, =

dohggbgdgemo  (3®0dg®oydo), GmImolmgolsi doygwgdgaos  GMdgerody  gOM Y mgsbo
dohggbgdeols  Lobrgdgdo,  Loby®ggamos  aodmomgseml  agmdgd@dogao  xodoom,
dmbofomgmdol 3mgx03096@gd0l aomgsgolifobgdom [12,13]:

R{li[(qiyi)Tn - )

1

sbyg, @md mAdbcogo s @ogdb®ogo  dohggbgdagdobmgol  Lokodms  dgbsdsdolo

ROAOIYmgool godmygbgds. dgmmeogzol ©gdmbl@®omgdolmgol, dodomswo dohggbgdagdols

3609360 mdgdols  beo®dsGogmo  3o@odg@@gdo. dmbodmmobaol ™mdogdBydo  Jgegagool
dobomgdo, >yEomgdgenos dgdwgao dshggbgdangdo.
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doamdols gobboangoliol, bsd®gfggam 3OmEydiool bos@olbol 9bEYbggmbsgmgsc,
sOLgomol mmbo  g@odo: dgdydeggdols Fobs g@odo, dgdydoggdol g@o30, dmIbds@gdamols
bo@olboll  bemaog@mo  dobosboosmgdmosb  goslgms, ©g@oggdols s  3356dgdols
LobyglEol dmmnbmgbgdols oy gbs, gJldgys@oiEool 3GmEglbol gBs3o.

do@0moo  BoJBm@gdo, @mdmgdoi  gogegbsl osbpgbl dofoljggds goblsiEeggdols
0609]3godo  JmboGm@obgols s  Jmbd@maol  Lolgdol 3OmEglgdol  Jgwgagdol
dow(935bg s dobo dglodadolo dsbsliosmgdamgdo:

1) dofolbgggds  aobloigegdo gobol  hokodbgbols dmbogdgdo:  hoko@bgbols  {bggs,
‘d9Boboeo  MmEMEASbEAOL mEgbmds, asbol Lohjsmyg, dgdsbogyg@o dobsdgggdol bwg®yao
MEgbmds,  G9bosbmbdol  brgdygmo  mEgbmds;  2)  dofobgzgds  aoblogogol  gbobgols
dmbozgdgdo: doJlodogryg®o @EoYASE  Foobyo@modgdymo gogmbgs, doJlodsgy@o [bggols
d9330690;  aobol [bggs dofoliggds aoblogogol Low®ygggddo (dmbozgdgdo); 3) gobol
693> doFolgzgds aoblogogol bowmygggddo bsdol Fg@Bomol @gddgasdycs, dofolzgds
3obloEogosb  aobol smgbol dmbszgdgdo: [bggol dgdizodmgds gobol swgdoli @AM,
aobol  {bggs  dogob@@smols  gbslgmgemmsb, aobol  asdmwobgdol  Lohjodg, gobols
gom@omds;  4)  bgdmgdgomds  go@gdmbg:  goygblbgemo  dgFmbogro  do@oenblibs®ols
sdm@ddoyamo  bodggol  brgdymo  dgdiggermds,  Fyomdo  dogby  bogmog®gdgdols
doJLodogry@o 3Mb39bH®S300. Fyoemdo  dogby 603000909950l doJLodsgny@o
3Mb39bBHMo30s s 5.9.

bodO™MITo  dmygobogros s gdogmo  dofolifggds  goblsgegol mmbo  3GmEgbol
30M33g0gJly@o dohggbgdegdol gosbas®odgdol (2)-0l dJobgwgom, dgdwgao dohggbgdargbdols
3obmdogro gHmgymol 3b0dgbganmdgdols Iglsdsdobsw, 39dbgds: K, =0,781; K, =0,811;
K;=0,742; K, =0,651 (bob. 2). (2)-ob Jgbodsdobow, mmbogg dodomso 3Om3gLbols

3033y ligdo oby (98addadmdol gdohydoygdo) p3gdbgds: K=0.742. oy bogogerom,
@ed - dofolggds  oblogogol  Fo@dopgdgmo  ggbaombodgdolbogol,  waydggdgeos
3M33g0gJly@o  dohggbgdbanol dgdizomgds 0.7-bg bogangd dohggbgdgenbyg, Lodkodm olbgds
olbgmo bmdgdols Jowgds, @mIgomsi 0dbgds sEomgdymo ba®olbols mbol dgdiomgds
0.7-%g bogangdo dohggbgdeom, gdldame@doiool wdml mmbogg dodomswo 3GmiEgbolomgolb.

3909900 25dmggbgdol  Lgg@em  Fo@dmowagbl  Lododmggmml  gobol  omydo
ddgbgdomyg dofobzgds goblsigegol gogagdol asd3mygbgdsl ,LoJomggmml asbols s
bogommdbols  gm@3m@sizoolomgol™ s dBsgogmo  Dgbsdodolo  aobol  LgdBmaol
39 Lmbsgolsmgols.
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bob. 2. 3md3angdbyydo 3@mEgbols Jo@omswo 3GMEgLgdol jmddangdly®o dohggbgdargdols
db0dgbgermdgdo

sdagodop,  domgdygmos  @slgghs  gJldago@eiool  Fobs  gBs3byg.  dofolidggds
3obloiogol  dmbo@m@obyols  3@oGg@oydol  owygbols  dglsbgd.  @bowos, @md  sdols

dgdamddo  mommgymo  g@sdobosmgol,  msbdodwgg@mbdomn  dmbszgdgdols  s@@oibgolsl,
9bos  dJmbegl  o@bodbymo  Jmbo@m@obaols  3Mo@g@ogdol  dguslgds, w©owygbs o

dobomgdo Lzgbos®ols gows(yzgBoergdols dowgds.
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PERSPECTIVE OF CONSTRUCTION OF UNDERGROUND GAS STORAGE IN GEORGIA
AND ASPECTS OF MONITORING AT THE INITIAL STAGE.
K.Berikashvili. "Energy". Nel1(97). 2021. Thilisi. p. 15-20. geo. sum geo. engl. rus.

For every country which consume natural gas and especially for the country that imports natural gas
to satisfy almost 99% of the country's consumption underground gas storage is a vitally important. One
of the sources of growth of technological and economic efficiency of underground gas storages is
monitoring, analysis and forecasting of the dynamics of formation of the gas reservoirs. The work
describes calculation of the complex parameters of the four underground gas storage processes and
consists the criteria for monitoring the underground gas storage at the previous stage of operation.
Subsequently, for each stage, when sequential data accounting, the mentioned monitoring criterion
should be evaluated, determined and will be accepted the decision about scenario.

. 2, bibl. 12.

HNEPCIIEKTUBA CTPOUTEJIBCTBA NOJ3EMHOI'O XPAHEHUSA T'A3A B TPY3UU U
ACIHHEKTbBI MOHUTOPUHI' A HA PAHHEM DTAIIE.
K.Bepukaweunu. "Dueprus”. Nel1(97). 2021. Toumucw. c. 15-20. rpy3. ped. rpys. auri. pyc.

XpaHeHUe T1OJ3eMHOro Trasa HMeeT JKU3HEHHO BaXXHOe 3HaueHue [Js CTPaHbl,
noTpeo6sollell NPUPOAHBIM ra3, U OCOOEHHO /AJf CTPaHbl, UMIOPTUPYIOLIEN NPUPOJHBIN
ras JJs yJOBJeTBOpeHUs No4uTH 99% e€ moTpeb/ieHUs, YTO >KU3HEHHO BakHO. OJHUM U3
HCTOYHUKOB pOCTA TEXHOJOTMYECKOM UM 3KOHOMHYeCKOHM 3QPEeKTUBHOCTH MOJ3EMHBIX
ra3oBbIX XPaHWIMIL SIBJASIETCS MOHUTOPHUHI, aHaJIM3 M HPOTHO3 JUHAMHUKU (GOpPMHUPOBAHUS
UCKYCCTBEHHBIX Tra30Bblx 3ajexel. I[IpeacTraBseH pacyeT KOMIJIEKCHBIX IapaMeTpoOB
yeTbIpex OIMCAaHHBIX I[POLECCOB IOA3EMHOr0 XpaHEHWs1 ra3a U MPUHATBl KPUTEPUH
MOHUTOPHHIA MOJ3€MHOI0 Tra30BOr0 XpaHWIMILA Ha MpeAblAYILEM 3Tale 3KCIJIyaTaluH.
[Toka3aHo, 4TO /IS KakAOro IMOCAeAyIoLlero 3Tama NpU MO0CJeL0BaTeJbHOM Y4eTe JaHHbIX
HeoOXoJHMMa OlleHKa YKa3aHHOTO KpUTepUsl MOHUTOPHUHIA U MPUHATHE INPUEMJIEMOTO
pelleHus CLEeHApPHUS.

Hnn. 2, num. 12 nass.
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360 Fgb9ar 3930 Jo@ggaspo dgnsbyds (V ) g ool ) s
3b@. 1-0bL dobgrgom, V 9603369mmdols Fgnslgds asdmmgmogmos gm@Inmoo:

V.
v Zl: ' 500+ 465 + 490 + 505 + 515 + 525 + 505 + 495 + 500 N
n 12
N 490+51120+ 520 _ 50167 (5)

3b®. 2-0b dobygom, |_860(3363Qm60b F9Bobgos (335) aodmmgmognos Gm@Ieon:

l.
i le ' 308+299+303+ 295+309+310+315+333+311+
n 12
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N 293+319+310

-308.75
T (339)

JB530 5. 35bed30l debsgdgdol dyderfdgds gbgdo peedoangdgdolb Ggbsdares
5@ b93e385 by. (30393900 8o brdg0b bGsbsHS o gopsbdob Tgpslbgds
dodg0ls s ©gbols dogrols gobmdgols 3o 399er g gagddo dglodengdgaos s@lgdbmdwgls
olgmgdoi (0bgmo), Mo dgodangds dgoogegl ¥bgdo Godol EMdomgdsl. Aoash ¥Ebmdbdos
(6@ >G0l oy gboeno)  Asbmdgols Jmbsgdgddo gbgdo dgEmdgdols dgloderem s@Lgdmdols
dobgbgdo, sdo@dmd 9bgdo gEemdgdbols sdmbshgbo asdmmgeomos Loy gb@ol-

Lk 309B0G096H0 OGIgeon [ 4 ]:
-A
t :u , (2)

e S
bowog |A = A - 5obm30b gogmggaee Bgrgals ©o 3rob dmbsigdgden assbys@odgdymo

Lodgoam  s@omdgBogye  bowowol  dm@ol  dsJlodsgnyg@o  Lbgsmdols  sdbmeng@ o

d60dgbgermds; S -3 3990 2obmdgol LEsbps®@ Yo gosb®ol dgg3oligds.
gb®. 1-0l dobgogom, dodgol dsJbodsgny®o  SObmeEyYEY®o  osb@ds  bodygognm

360dgbgarmdowsb  (501.67 g) goygbls M —\7‘maX =36.673 S-3om3g9o  3obmdgol
LAobs@F o yoob®ol ggnobgods :

TR,
S=1= = [ 4600 g
n-1 12-1

LEoygegb@ol LEsGobEogs (2) gm@dygmom t  =2.2914. LEoygegb@ol 3mgnoE0gbdo
3bOo@owsb [4] Lo@{dynbm (Lobom) sendsmmdom P=0.95 ©s mogolyxagdol bodolboon k=n-
1=12-1=11 @egos 1(0.9511) =2.20. Gowaob, ., =2.29>1(0.9511) =2.2, 5d0@m3 gobmdgols

g gagdosh  gbos aodmo®oibml ol dmbsizgdo  (465) @mam®i3 9bgdo mdoggdbom

»053d0dgd5e0“ [ 3 ] 0o 03089 senam@omdon ho@odogl sbosdhgbo 3mbszgdgool dgdm{dgds
dglodgrm  9bgdo  emdoamgdols dgdggeo  Jmbsgdol  s@dmlohgbo  dobod, Lobsd o6

©5435gMBoREYSES YHOMES t, <1(0.95K) -
omhgbogro 11 Jgegaol sbogmgoyn®o yobbogngom doowmgds: V,-V]| =20; s=10,488;
tmax=1.907;  1(0.9510) =2.26. @oppob, t,, =1.907 <t(0.9511) =226, oJodMI (G0 g0

3obmdggdols (n=11) 5@ gO®o Imbs3gdo 5@ dgoogl gbgdo Godol 3mdogngdsbs.
3b®. 2-0l dobggom, @gboli dognols o Jlods@ o sdbm@ gY@ dopsb@s sdysem
3609369emdo@sb  (308.75330) Dgowpgbl |l -1

o = 2425 dgo.  S-omggymo  aobmdgol
bEAobs@R o aoob@dols ggsbgds, Gemanos:

- /1306 —10.897 (330
12-1

LEoygegb@ol LEs@obRogs (2) gm@dymon t  =2.225. bEoywgbdol gmgnoEogbdo
gbOo@owsb [4] Lo@{dynbm (Lobm) sendsmmdom P=0.95 ©s msgobynagdol bo®olboon k=n-
1=12-1=11 @emaros t(0.9511)=2.20. Gopasb t . =2.225>1(0.9511)=2.2, 530@m3d gsbmdgols

g gao0sb  gbws godmodocbml 3ol dmbsizgdo  (333), Gmame gbgdo rmdoggdbom

»©53d039079e0° [3] s 0039 S0 m@0mdom hoBo®egl wobs®hgbo dmbsi9dgdol dgdm§dgds
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dglodgrm  9bgdo  emdommgdols dgdggeo  Jmbsgdol  s@dmlohgbo  dobsd, Lobod o6
03354 GomE 9o YHMm@MdS t . <1(0.95k) .
s®hgbogno 11 dgogaol sbsgnmyoy®o asbbogngom doomgds: ‘Ii - T\m =13.545; s=8,153;

tmax=1.66;  1(0.9510) =2.26. @opyob, t =1.661<1(0.9511) =2.26, odo@md (3o 3970
3obmdggools (n=11) 563 gHmo Imbszgdo o® dgoiogl gbgdo Bodol Mmoo gdsls.

3obmdggdol m@ogg Lg®ool ghmmdarogo aobbogrgol bogydgzge by Gopysb dogdgol
3obmdgol @AMl dmbszgdo 465 3 (3gmeg LgMos)gbgdo gobmdgsl dogyznmgbgds sdo@md
dglododobo  gboli  gobmdgzol dmboigdo 29933s  9bps  yodmg®ogbmm  ©sdydoggdols
3abOoosb, sbogrmaoyg®ow sdmlomgdos [ygomo 333 dgo s 495 gmend (3g-8 Lg®os).
‘dglodsdobo sdydoggdolbomgo @hgds 10 Fygogo Lg@oo.

JB530 6. Fgbsbgangao bopowggdol dsdgol s @gbol dsgools 3563993000 8 beadggdols
bs Igsamer sGondgBogamo 860369 mdgdol s bylbBgdaeo dgnsbgds (\7) 3 @ (l_) , o:

V.
V—Zl: ' 500+490+505+515+525+505+500+490+510+520
on 10

=506.00, 3

l.
[ le ' 308+303+295+309+ 310+ 315+ 311+ 293+ 319 + 310

=307.30 (3g3>)
n 10

JB690 7. 3sderbsbgangaro boowol R @gotgds:

R = \L_ — M =1.647 dymdo.
| 307,3

JB530 8. 35dbmdgoms mdoagdol [gsGmygdols sbsarobo

d50g30bs s ©@gboli dognol gobmdggdl sbobosmgdl asbmdgol Gmam®iG dgdmbggzomo

3emdoagdols, sbggg LobEgds@ymo Mo gdols yodmymoibago dwygbga gdo.
d5630L gobmdgol Igogaol (Lodygsmm s@omdg@ogyaol) dgdmbgggomo Ermdoggdols

bodgoemm 3go@s@ o gosb@ol (Lga) dgxolgds ©s Jobo godomdomo dohggbgdgeno:

U,V)=1= = —3.71184, A 3.71184
V) n(n-1  |10(10-1) g o Ua(V) == —100=0.73%

Iy Bodg@d®on (PEAKMETER PM890 C/D) dodgol gobmdgol  aodmy@oibsgo
Lobi@dgdo@d o 3mdoggbols Lobmgdgdos (3o 06Mgdols dmbs3999d0m)
6, =+£(0.5%-V +3) =+(0.5-506/100 + 3) = £5.53 g, @mdgardo(3 936md0 I60dgbgarmds dgodengds

04l 0msbsds®o  sedsmmbom  gobofogngdyano.  Slgmo  gobofoggdolomgol  Lodygsmm

33oRG5H gm0 asobGs  Vgglododgds B Bodol  gobylobeg@gmmdsl - Ug(V):
Us (V) =8, (LV3)5 Looags L=11, Gogliog P0.95 , sbiy
Uy (V) =5.53/(1.14/3)= 290593 s U, (V) =2'5900659-100 =0.57%
do5d30L  gobmdgol gobylobegdgmmds A @ws B Fodol dgmmegdom aoblsbmgdoeo:
UWV)=U, (V) = U,V F +[U, (V) =/3.711847 +2.9059% = 4.7140 §.

I Bodg@®oon (PEAKMETER PM890 C/D) ©gbols dognols  gsbmdgols ‘dgdmbgggomo
gmdogngdols  Lodygomm  3go0@s@gao  goob@ols  (Lgy) dgRolgds s FodEmdomo
dohggbgdgero:
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n

20 e _25863, Ay U,(1)= 22253 100 - 0.84%
n(n-1) \10@o-1 oo % AT 307.3 i

U,(D)

I9eB0dgBH®on ©gbols dognols asbmdgols asdmydoibsgo LolBgds@yg®o Gmdoggdols
Lob@g@gdos (gogod@gdols Imbozgdgdom) 6, =+(0.8%-V +3) = £(0.8-307.3/100+ 3) = 1+5.453,
Omdgen'doi 93bmdo 360dgbgamds dgodengds 0gml msbsds@o sadsmmdom gobsfom gdyeno.
sbigmo  gobofoamgdolomgols  Lodygomm  3350@s@ o aoob®ds  dggbodsdgds B @odols
2069 LobEgdgmmdsl- Uy(l), Gmdgmoi Gmeos Uy (1) =6, /(L\/g)?)do. oo L=1,1, dm@gs
P=0.95, 5b¢

U,(1)=545/(1.1v3)=2.8639 835 o U, (i)= 23-?)3339 1100 = 0.93%

©gbols  dognols 3obmdgols 3obglobpgmgammbds A s B Godol  dgmmwgdom
3obLob@g@ g0

U =U,, (1) = U (DF + U, (DT =~/2.58637 +2.86397 = 3.85887 0.
‘dgbobgangero bowoggdols dobsbosmgdangbo dmgdygeros 3b@. 3-Jo.

JBo0 9. Fgbsbgangaro bowowggdol dgcdberdosdedol 3095030966930 -
45830l dg@dbmdos@mbols 3mgxo309b@o
L1 gosa107 30
=1 3073
©gbols dogrols I dbmdos@mdols 3mggnoz0gbdo
R V|v=v  506.00
=1 307.3°

-3
- T = —5.411-10" ° 3/8 302

JBss0 10. Fgbsbgargero bowpowggdol 3@G938bomo dsbsbosmgdargdo
‘JgLsbgergeno Lowowggdols 3@goLomo doboslosmgdengdo Imzgdyaos 3b@. 3-Jo.

3gbGogro 3
Lowowy dmbszgdgdo
3ob9Lobrgmgemdols Godo - A
aobofoagds - ber@dogny@o
YgBobgdyao 360dgbgenmds- 506
Ygbslgen geno Lowowyg- dsodgs da0dbemdos@Mmdols JmgR0309b@0- 0,003254
V.3 bBobs®G o 3obylobmgdgermdos-  3,71184
3569 LsbLgMmgenmdols Godo - B
3obofoagds - 0obads®o
Ygnobgdyano 360dgbgenmds - 506
da0dbmdosBMmdols 3mgR03096@0- 3,71184
BBoboMH o 3obylsbmg@gamds-  2,9059
3ob9LsbgMmgenmdols Godo - A
aobofomgds - bea®dogry@o
‘Yguobgdyeno 360dgbgemds - 307,3
‘Ygbslgen geno Lowowyg- gbols dogns da®dbmdosdmdols 3mgrnoizogbdo-  -0,005411
L, 3o BBoboMH 0 3obylsobmg@gamds-  2,5863
2569 LobgMmgenmdols Bodo- B
aobofoamgds - 05653500
‘Ygpobgdyeno 3609dgbgemds - 307,3
da®dbmdosdmdols 3mgx0i3096&0- -0,005411
LBoboM o aobylobmg®garmds-  2,8639
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JBss0 11. gsderdgoms dageol omdogrgdol fysdergdol sbsarobo

39390l Fobsmmdols 603369 mdols  LEsbos@Ggmo  asbnlobma@gmmds, G
356300mg39mos pggbgmon U, (V):

U, (R) = 2—5-UA(\7 )=3.254.10°-3.71184 = 0.01208 0.

39390l Fobsmmdols 603369 mdols  LEsbps@Hgmo  asblobma@gmmds, G

256300m39damos doagbgemon U ,(I):
U, (R)= Z—T-UA( I)=-5.411-10"°-2.5863=-0.01399  dpamdo.
A $030b Jobgeg00 godmmgmomo x0d1G0 LEsbsGEI@O gobglsbmg@gmmds:
U, (R) =+/(U,y, (R)] + (U, (R)} =1/0.01208 + (~0.01399)* = 0.01849 ddo.

3o0geols  Fobswmdbols  db0dgbganmdbols  LEsbps@@G o  2obylobwggamds, o3
256300mdgdgmos dwygbgeom Uy (V)

U, (R) =$.UB(\7 ) =3.254-10"%-2.9059 = 0.00946 g mdo.

3o0geols  Foboswmdbols  db0dgbganmdbols  LEsbps@@ygao  2obylobmggamds, o3
3ob300Mbgdyeos dwygbgerom UB(|_)

Us, (R) = %U A(1)=-5.411.10"-2.8639 =-0.015497 ddo.
B @030l dobggom gyodmmgmmomo xsd9@o bEsbs@@ g aobylsbogmgmmdbs:
Ug(R) = \/ [Uo, (R)F +[Ug (R)T =+/0.009467 + (—0.015497)? = 0.01815 gm0
35090l 0bmensizools Fobs@mdols 360dgbgamdols xsd9@0 4obyglobwgMgamds A ©s

B 3030l 2obyglsbmgdganmdgdols gomgsaolifobgdomn Gmano 0dbgds:
U.(R) = \/[UA(R)]Z +[Ug (R)I? =+/0.01849% +0.01815> =0.0259 9230
5 BoOEML0m0 gobylobmg®gamds :
U.(R) =U.(R)/R-100=0.0259/1.647-100 =1.57%
0bmgosizool  Fobswmdols aobmdgol  3m3ddobo@gdymo  LEbsGRmo  obylsbwg-

Agemdols godmmgms ho@o®gdymo ogm meo sdggdom: 1) bodmwgerm g9bjcos R=V /I
FOx0g30 bobosmobss s aobgoboargm dobo godeos Fgomm@ols 3§ 300g50 3odggano @ogyols
(930980l Lodgoemgdom; 2) gbslgmgen Lowoggdl (3Mgeoddm®gdl) dn@ol o@ >s@OLgdmdls
bodbowo  gmOgmsios  (LOygmse  ©sdmygzogdgaro  Lowowggdos).  dgbsdm{dgoganos o3
0573969500 Lodo@mnenosbmds.

JBSI0 12. bsdemgarer 9abi00l sbsaobo (s@GsfHg050 @sderjowgdaargdol
3o0go@0lbFobyds)

Ygbodm[dgdgemos 3mbgMgdueo aobmdggdol doMmmdgdolsmgols Lodmpgem g9biools
Log@dbmdo s@of®Ox03md0l aogagbs 30m3ddbobo@gdymo LESbps@R @0 25byglsbrgdgammdols
3o0bLab@g@sdo. sdobosmgol Lodmeganm gbl3ools godarsdo dggogsbmm @M Jo@sao
(3gmdg @00l Fg30900l) gogangbs gm@dyaon [2,3]:

2
N1 o*f of  o°f 2 )
2 o U(x)-uz(x.) 3)
Zzlz(axiaxj +6xi axiaxiaﬁ} (x) (X‘)

i=1 j=1

hggb  dgdmbgggobomgol  (mco @ggmools -R=E(V,I  gybj3os) gm@dyas (3) doowmgdls
Lobgls:
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2 2
221 &°R R &R , , 1(o?R) R R |, ..
A= = p 2 LUV U )= 2 S s S S Ut ) +
21:,21: 2(ava| J v, aviaviaf] w)-07()) 2love) v v |V V)

23 \2 3 2p \? 3 4
+1(6RJ R 6R}U(\/)U()[[6RJ R 8R2:|'U2(|)‘U2(V)+ (4)

N vl olov EREEY

+
| =
/N
(o))
N
pe
N—
(o))
pe
‘Q)
w
P
1
S
—~~
N

Ro@OIgas  (4)-do  Jgdogogmo  gg@dm  [o@Imgdymgdgdols wo domo Tgxslgdgdol
V =V @s | =1 a00mg5@0l§069300 dogomgdo:
R 1 0R . OR_OR_V R_XN OR_ 6. P*R_ R _
N T T Wt A At Boat . T A aval
Lodem@mme doomgds 608(*)1)05"']@360 oBong)()"']ﬁo aodmbabygegdolis [3

{ U2(7)+ 8 } U(h) )

Q@Iygas (5)-do dmbs393gd0l ﬁ)ob( 3000 3609gbgemdgdols hslsdom dogowgdm:
8- 5062 3. 858872

1. R _2.
2’ avol? 1%
]

5 =5.629-10"  dpmdo”.
307.3

dodob  obmgrsizools  Fobsmdols  asbmdgol  3mddobodgdbyan  LESbGE @O

A= { 3 -4.7140% + -3.85887 }

2069 LsbgAgmmdols 360Tgbgemds U (R)* 3@s@0gamsm Goomgds 0gogg @ Lodmogee
296J300L s@sFOR0gmds 2oz gbols 56 obgbls Ladmanmem dgoga by:

U:.(R)*=U¢(R) = \/[UA(R)]Z +[Ug (R +A = 1/0.018497 +0.01815% +5.629-10 " =0.0259
dgmdo.

JB530 13 . dsdgobs s @gbol dsgrol 38 bmdzol dawgsgdl demmol geordgarscool Ggderffdgds

0bm@sizool  Fobs@mdbol  aobmdgol  3mddobodgdbygao  (xodg@o)  LEsbps®@ygao
3ob9Lob@gMgamdols sbys®odo hoGo®gdymo 0gm 0d sdggdom, ™I gloligan gan Lowowggdls
(3690 BmOgol) dnd@ol 5@  s@Lgomdl bodbowo jmAgmszos (LOYms® ©sFMY300 o900

booeggoos). dg30dmfdmm 53 ©sdggdol  Lasdo@maosbmds, @obmgolsi  gosbys®modmm
30905300l 30gR03096H0 3 Lowowggdl Jm@ol s bodbswo gm@gesizool dgdmbgggsdo

‘dg3o835Lemm dols Jog® dg@sbogno Fgamomo xody® aobylsbrg@genmdbsdo.
d93585bmm 36900 BmO gl (V ©s I)dm@ols 3m@gansioyg®o badolbo godmlbsbya gdom:

r(\T,r): : CPvun _ n;(k—V)'E'k—')
b7y 30,1 S-S, - 1) ©

Qo@dgangdbdo (6) dglodsdolo @oibgomo d60dgbganmdgdols holdon  3m@genszools
30980309bG0bsmgols Joowgds:

- 427
rV,T)= —— =0.4942 -
v.1) V1240-602.1

9JLgeols 3OMMsI Yo yodmmgmgdbom oG s3z00l 3mgr030gbGgoo dmzgdygmmos 3be.
4-Jo.

r(\7, |_)=0.4942 doygmomgdls Lodgogno Lodaog@ols  jm@gensiosby dodgobs s wgbols
dogosls dm@ols, dgbodsdolo@ ogo dgodamgds smdmhbwgls  bodbswo 0bmasiools Fobs@mdbols
3obmdgolsb.
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3OO g 5300l 3mgx0i3096@ 980 r(V,I); r(V,R) ws r(LR).

agbGogno 4
4 / R
\Y 1 0.494177216 0.392003104
I 0.494177216 1 -0.60578647
R 0.392003104 -0.60578647 1

30900]Bm®gd0l 0bmersizool Fobosmmdslmseb dodo@mgdsdo gm@gesiools badolbo
Jgdgy0o: Lodgomm oswgdomo gogdodos r(V,R)=0,39 dodgols o [obommdols dm@ol o
95Oy Romo denog®o 3ogdodos  r(V,I)=-0,6 ©gbols dsgnslis @s Fobs@mdbsl dm@ols.

Jgbodm{dgdgenos 3090 dBHm®gdl Jm@ol s@lgdygmo jmegmsios bodbowos, my oG
Fobo@mdols 4obmdgol s@lgdymo 3oGmdgdolomgol.

30 ges300L  5@OLYoMmdols AML  3MddoboMgdyamo  2sbylsbrg@gammdol oldg@los
05625M0dgds @Y om:

N-1 N

U2(Y) = icf U2(x) +2 D CC (X, X U (XU (X;)» (7)

i1 =2
0G0V ©s I ggmoo bopowol dgdnbgggsdo (N =2) gm@dyms (7) hoofgmgds:
U2(R)=C2 -U*(V)+C7 -U*(T)+2C,C,r(V, DUV U (T) ®)
@03bgomo 360dg9e0mdgdols holidom doowgds:
UZ(R) =(3.254-10°)? - (4.7140)? + (-5.411-10"%)? - (3.85887)% +
+2-3.254-107°-(-5.411-107°) -0.4942 - 4.714 - 3.85887 = 0.0003547 )

30360b0@gdyeo 3ob9Lobrg@ganmbolimgols dogomgdm sbogn ©obybEgd e
d60dgbgenmdsls:

U, (R) =0.0188 330, sby
Uc (R)=U.(R)/R*100=0.0188/1.647*100=1.14%

JB5%0 14. msgobanmydol bsGolbos 99946 90@30b Gogbgo s §sRsGNMYS7 @0
35679bs bogdgaremds

053098960l ba@olbbms 989G 9OmMdol @oEbgo 05bas®0dgds ggenh-Lsdgdlggodols
RmAdYmon [2 ], dmdgaoi hggbo dgdmbgggzolbogols hoo§gdgods

2 2
v. =(10-1)- 1+U3(R) . 9)
U3(R)
go@Igesdo  @ogbgomo  3b0dgbgarmdgdol n=10; U;(R)=0.01815 damdo s
U,(R)=0.01849 dymdo, doogmgds:

N
vo=(10-1). 14 20815 15473
o 0.01849

Vig = 34 (o3t g0mgds 930091 Inge Goibgsdoy).

P=0.95 Lobpm sadsmmdobsmgols dmzgol 3mggnoEogbdo k  gobolbmgmgds Gmyma;
LAHOPEIbHOL yobofomgdol gmggozegbho k=t (v, ) =t,55(34) =2.03, Goloig ggbodadyds
25BMNM oo 2567bsbwgMgmmdols dggobigds UR)=k-U(R) = 0.0188-2.03 = 0.038 dpmdo,
569 U(R)=U(R)/R -100 = 2.3%.

063 gMgo M0 dg8sligds 0dbgds (1.609 <R S1.685) damdo, P=095.
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ESTIMATION OF UNCERTAINTY OF MEASUREMENT RESULT OF HIGH-VOLTAGE CABLE
INSULATION.
G. Khurtsilava, O. Kiguradze.."Energy". Nel1(97). 2021. Tbilisi. p. 21-29. geo. sum geo. engl. rus.

Periodic inspection of the parameters of the power cable insulation is current task, since, as the time
passes, during exploitation, the insulation material loses its quality, gets old, gets damaged mechanically
which eventually is reflected in the reduction of its breaking power. This, in return, helps to trigger emergency
modes in relevant electrical circuits and finally the electric breakthrough of the cable insulation. It is possible
to avoid such undesirable modes by monitoring the value of the insulation resistance against direct current.

Insulation resistance of the power cables used in the narrow-gauge train locomotive was periodically
monitored.

Uncertainty concept was used for estimating infallibility (accuracy) of the measurement results which
over the recent years, in the developed countries, has replaced “traditional” error method of the estimation of
the measurement accuracy.

(1.609< R <1.685) 3amd0, P =095 is received for intermediate estimation of the extended

uncertainty.
Tabl. 4, bibl. 4.

OIIEHKA HEOIPEJIEJIEHHOCTH PE3YJIbTATA U3MEPEHUM
JIEKTPOCOMNPOTUBJIEHUS N30JIsIHUU BBICOKOBOJIbTHOI'O KABEJIS.
I' Xypuyunasa, O.Kuzypaosze. "Sueprus". Ne1(97). 2021. Toumucu. ¢.21-29. rpy3. ped. rpys. aHTI. pyc.

[Teprognuecknii KOHTPOIb MapaMeTPOB SJCKTPOU3OJSAIMHA CHIIOBOTO Kabessl sBISETCS aKTyalbHON
3a7a4eid, IOCKOJIBKY M3OJLMOHHBIA MaTepual B IIPOLECCE HKCIUIyaTallud CO BPEMEHEM TEPSIET CBOU
KadecTBa, yCTAPEBAET, MEXaHUYECKH MOBPEKIAACTCS, YTO B KOHEUHOM HMTOIE OTPaXkaeTCs Ha CHUIKEHHH €0
MPOOMBHOTO HANpPSHKEHUS. DTO, B CBOKO OYepellb, CIIOCOOCTBYET BO3HUKHOBCHHMIO aBAPUMHBIX PEKUMOB B
COOTBETCTBYIOIIUX DIIEKTPHUYECKUX IIETIAX M, B KOHEYHOM HTOTE - JJIEKTPUYECKOMY MPOOO0 H3OJSAINH
kabens. IM30ekaTh ITHX HEXENATENBFHBIX PEKUMOB MOXKHO, IEPHOJWYCCKH KOHTPOIHPYS BEIHUHHY
COTIPOTHUBJICHHS U3OJISILINH.

OcymiecTBIeH KOHTPOJb JICKTPOM3ONAIMK CUIOBBIX Kalened, MCIOIb3yeMBIX B JIOKOMOTHBE
Y3KOKOJIEHHOr0 Tmoe3fa. J[Is OIEeHKM TOYHOCTH pe3yJbTaTOB HW3MEPEHHWM HCIIONIB30BAACh KOHUEHIUS
HEONPEJEICHHOCTH, KOTOpasi B OCHOBHBIX pa3BUTBIX CTpPaHaX B IOCIEAHHE TOAbl MpHIJIA HAa CMEHY
«TpasluIUOHHOMY» METOJy OLIEHKH TOYHOCTH U3MEPEHUH.

s HMHTEPBAJIBHOMN OLIEHKU pacIpeHHON HEOIPEAEIEHHOCTH MIOIYy4YEHO
(1L.609<R<1685MQ, P=095 .
Tabn. 4, wum.. 4.
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MANAGEMENT OF EMERGENCY STATE OF ELECTRIC POWER SYSTEM OF GEORGIA.
A.Kokhtashvili, G.Khorbaladze. ""Energy"'. Ne1(97). 2021. Thilisi. p. 30-33. geo. sum geo. engl. rus.

The article discusses the procedure used for the management of emergency cases. In
particular, two different states of emergency are in place, i.e. Emergency State and Emergency
Incident. In general, the Government is eligible to declare an Emergency State, whereas GSE — as
the Transmission System Operator in Georgia — is empowered to announce an Emergency
Incident. After the revocation of the emergency, adequate compensation mechanisms need to be

applied as well as the imbalance data amended for the relevant time-frame.

YHPABJIEHUE ABAPUMHBIM COCTOSIHUEM JJIEKTPOHEPTETUUYECKOM
CHUCTEMOM I'PY3UMN.

A.Koxmaweunu, I Xopoanaoze. "Ineprus'. Ne1(97). 2021. Touaucu. ¢.30-33. rpys. ped. rpys.
aHIJI. pyc.

PaccmaTtpuBaercsi MNOPSAJOK BeJeHHUS] OSKCTPEHHBIX CJIYy4YaeB C LeJdbl0 3alUThI
3JIEKTPOIHEePreTU4eHCKoil cucrembl I'py3um ot aBapumii. B yacTHOCTH, JeiicTBYIOT JBa Pa3HbIX
Ype3BbIYAHHBIX IOJIOKEHUSI: €aMO Ype3BbluaiiHOe MOJIOKeHHe M aBapuiiHasi curyanus. Kak
NpaBuJI0, NPABUTEILCTBO HMeeT NMPaBo O0bABUTH Ype3BbIYaiiHOe MOJIOKEHHE, B TO BpeMsl KakK
I'py3uHckasi rocyiapcTBeHHasi JIEKTPOCUCTEMA - KaK ONepaTop cucremMbl nepegauu B I'py3un -
uMeeT NPaBo 00bABUTH 00 aBapuiiHoii cutyanuu. IlokazaHo, 4To Mocjae OTMEeHbI Ype3BbIYANHOM
CUTYallMH Heo0X0JUMO HCHOJb30BAaTh a/IeKBaTHbIe MeXaHM3Mbl KOMIIEHCAIIMH, a TaKiKe

CKOPPEKTUPOBATH JaHHBIE O aucoanance 1 COOTBETCTBYHOIIEI0O MEpuoia BpEMECHU.
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FACTORS THAT DETERMINE THE RESOURCE AND OPTIMAL SERVICE LIFE OF
TRACTION MOTORS.
T.Natenadze, A.Zerekidze, N.Kereselidze. "Energy". Nel(97). 2021. Thilisi. p. 34-39. geo. sum geo.
engl. rus.

It was found that timely and efficient factory repairs and compliance of the rules and operating

instructions developed by the manufacturer provides an increase in the service life of traction motors.
The article identifies, analyzes and substantiates the reasons for the aggravation of the parameters of

repaired traction motors.

Tabl. 1, bibl. 4.

®AKTOPBI, YCTAHABJ/IMBAIOIIME PECYPC U ONTUMAJIBHBI  CPOK
IKCIIVIYATALHNUH TATOBBIX JIEKTPOJABUT'ATEJIEN.
T.Hamenaoze, A.3epexuoze, H.Kepecenuosze. "Jueprus”. Ne1(97). 2021. Toummcwu. c. 34-39. rpys.

ped. rpys. aHriL. pyc.

YCcTaHOBIICHO, YTO CBOCBPEMEHHO M Ka4€CTBEHHO MPOBECHHBIN 3aBOJCKON PEMOHT M COOJIIOICHHE
MpaBWJl W WHCTPYKIMI SKCIDTyaTally, pa3paOO0TaHHBIX 3aBOJOM-H3TOTOBUTENEM, OOECIIEYHBACT
YBEJIMYEHHE CPOKA CITYKObI TATOBBIX ABUTATENEH.

BrisiBneHsl, mpoaHaNM3WpPOBaHEI W OOOCHOBAaHBl  NPUYHMHBI  YXYALIEHHS  MapaMeTpoB
OTPEMOHTHUPOBAHHBIX TATOBBIX aBnraTeneﬁ.

Tabn. 1, num. 4 nazs.
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RELAXATION INTERNAL FRICTION IN THERMAL TREATED GAAS:TE
MONOCRYSTALS
|. Tabatadze, M. Bibiluri. "Energy". Ne1(97). 2021. Thilisi. p. 40-44. geo. sum geo. engl. rus.

Deformation origin high-intensity internal friction maxima have been revealed in the temperature
areas of 400 and 500°C under the influence of hightemperature annealing of monocrystalline n-GaAs:Te
samples with [100] orientation. Their relaxation character is established and the values of activation
energy and frequency factors are determined. Significant increase of hightemperature background and
relaxation maxima intensity are shown in a strain amplitude range of 104-10-. Nondeformation origin
low intensity relaxation process is revealed in a temperature range of 100-120°C. It is supposed, that it is
stipulated by the motion of pair of vacancies formed in positions of arsenic atoms in a periodical stress
field.

.1, tabl. 2, bibl. 3.

PEJJAKCAIIMOHHOE BHYTPEHHEE TPEHUE B TEPMHUYECKH OBPABOTAHHBIX
MOHOKPUCTAJIJIAX n-GAAS:TE
H.Tabaragse, M. Bubuaypn. "Dueprus’. Nel(97). 2021. Tounucu. c. 40-44. rpy3. ped. rpys. aHITI. pyc.

B oOpasnax MoHokpuctamumdeckoro n—GaAs:Te ¢ opuenTarueid [100], OTOXKCHHBIX B BaKyyMe
OpU  BBICOKMX TeMIeparypax, BBISBICHbl HMHTCHCUBHBIE MAaKCHUMyMBl BHYTPEHHETO TPEHHS
ne(OopMalMOHHOr0 NPOUCXOXKAeHHU 1Tpu Temneparypax 400 u 500°C. YcraHoBneHa uX penakcaloOHHAas
NpUpo/ia ¥ OMpeJeNieHbl 3HAYCHUS] SHEPTMM aKTHBAl[MM JIBIKCHUS M YacTOTHOTO (pakTopa LEHTPOB
penakcanuu. [lokazaHo 3HAYMTENHHOE TOBBHIIIEHNE WHTEHCHBHOCTH BBICOKOTEMIIEPATYPHOTO (OHA H
PENaKCcallMOHHBIX MakcMMyMoB B amanazoHe 107-10° konebarensHOM aMmumryasl aeopmanuu. B
unrepsane Temneparyp 100-120°C oGHapykeH penakCalMOHHBIA MPOIECC C MO MHTEHCHBHOCTHIO
HesepOpMaIMOHHOTO TPOUCXOXKICHHUA. BBICKa3aHO TMpennoiioKeHnue, 4YTO Tpollecc OOYCIIOBICH
JBIDKEHHEM B TIOJIe 3HAKOMEPEMEHHOTO HAIPSDKEHHs Map BaKaHCHH, cOPMHPOBAHHBIX B TMO3HIUSIX
ATOMOB MBIIIBSKA.

Win. 1, mabn. 2, ium. 3.
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HEYIIPYTUE CBOMCTBA BAHAJIUA U CIIJIABA V0,95Nb0,05

AKaJ. JOKTOp HPAKJIHH TABA TA/I3E.
I'py3unckuit TexHudeckuil YHUBEPCUTET

AHHOTAUUA. Memodom pecucmpayuu 102aPUPMUYECKO20 OeKPEeMEeHMA 3amyXanusi U Hacmomol
KPYMUTbHBIX — KOAeOAHULl  U3YYEeHbl MeMNepamypHble  306UCUMOCIU  6HYMPEHHe20  MpeHus U
OUHAMUYECK020 MO0V notukpucmaniuveckoeo eanaous u cnaasa V0,95Nb0,05. B ouanazone wacmom
konebanuii 0,5 — 5,0 I'y obnapysicenvl penakcayuonmvie npoyeccwvl, 00yCI08ICHHbIE MUSPaAYUel amomos
Kucnopooa u azoma. Onpeoenensvl 3HAYEHUs. IHEPSUU AKMUBAYUU OBUNCEHUL U YACTOMHO020 pakmopa.
Oyenena suepeus muepayuu epanuy paszoena 3épen. Ilokazana menoenyusi eé nogvlieHus 8ciedcmaue
JIe2UPOBAHUsL 8AHAOUSL HUOOUEM, O0OYCIOTUBAIOWUM BO3DACAHUE OUHAMUYECKO20 MO0V CO8ued U
nosviuiernue konyeumpayuu O u N na 10-15%.

KurwueBble cJj0Ba: 6anaouii, penaxcayusi, 6HympeHHee mpeHue, MUKPOCMPYKMYpd, IHepeus
akmueayuuy.

W3BecTHO, 4YTO Ui TEPMOSICPHBIX PEAKTOPOB OCHOBHBIM KOHCTPYKIIMOHHBIM MaTepHalloM
CUMTAIOTCS BaHAJMEBBIE CIUIABBI B OCHOBHOM Ha 0asze cucrtembl V-Ti-Cr. OmHako B KadecTBe
aNbTEPHATHBHBIX MaTepHaJioB pa3paboTaHbl TakXke CIUIaBbl Ha 0aze cucteMbl V-Ga, KOTOpble UMEIOT
0o0Jtee BBICOKYIO CKOPOCTH CITaja HaBeAEHHOM paJMOaKTUBHOCTH, MO CpaBHEHHIO co ciiaBamu V-Ti-Cr
[1]. Hapsimy ¢ pa3paboTKO# HOBBIX MaTE€pHAIOB LIS TEPMOSACPHON SHEPreTUKH, aKTyalbHOU sIBIsieTCa
3a7a4ya yJaydlIeHHs UX TMOBEPXHOCTHBIX W OOBEMHBIX CBOWCTB (MEXaHHYECKUX, (PU3MKO-XUMHUYECKUX,
TpUOOJIOrMYECKUX, KOPPO3HOHHBIX | JIp. B paboTe mpoBeneHbl NCCIIe0BaHuUs BIUSHAS TEPMHUYECKOH H
MEXaHHYECKON 00paboTKM Ha TUHAMHYECKHEe U MexaHndeckue cBoiictBa V u crutaa V0,95Nb0,05.

B0 M3ydeHo BHyTpeHHee TpeHue uucroro BaHaaums u ero cmuaBa V0,95Nb0,05 meromom
CBEpXOBICTPOH 3aKaJKH M3 paciuiaBa. BriOOp criaBa oOyCIIOBICH TeM, YTO MPHU 3aKAJIKE U3 JKHIKOTO
COCTOSIHUSI 00pa3yloTCs TEPMOAMHAMHUYECKH HEpaBHOBECHBIE (ha3bl B TOHKOAWCIIEPCHOM COCTOSIHUH U
NepechIIeHHbIEe TBEpAble pacTBOpbl. OHM XapaKTEpPH3YIOTCS BBICOKOW KOHLEHTpauueil 1edeKToB
PEWIETKM M CWIBHO PAa3BUTOH IMOBEPXHOCTHIO MEK3EPEHHBIX TPaHUI, BBI3BIBAIOIIMX TIIyOOKHE
BHYTPEHHHE NEPECTPOHKN CTPYKTYPBI, ONPENeIIoNIe N3MEHEHNE MEXaHNUECKHX CBOIMCTB B IIMPOKUX
npezenax.

TemneparypHas 3aBUCMMOCTh BHYTPEHHErO TpeHHMs Obula u3ydeHa B wuHTepBaie 20-650°C
METOJ/IOM PETUCTPAIINH 3aTyXaHHsI CBOOOIHBIX KPYTHIIBHBIX KoJiebanuii Ha yactore | I'l, MCKycCTBEHHO
co3nannbIx B obpasuax 0,15 0,35 10 mm®. Usmepenns nposoaunck B Bakyyme 10°Topp. Ha kpusoii
TeMIIepaTypHOIl 3aBUCUMOCTH BHYTPEHHETO TPEHHMS 3aKaJCHHOTO BaHAJHS BBIIBICHBI TPH MaKCHMyMa

npu Temneparypax 190, 225, u 550°C (pucynok 1, kp.1).
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Pucynok. TemnepaTypHbIii ClieKTp BHYTPEHHETO TPEHUS BaHAIUS

TemmepaTypbl MPOSBICHHST HAOMIOAAEMBIX MAKCUMYMOB OKAa3bIBAIOTCS 3aBHCSIIMMH OT YaCTOTHI
KoJIeOaHUil, YTO CBHUIETEIbCTBYET O PpEIAaKCAlMOHHOM XapakTepe MpOLECCOB  IOTJIOMICHHS
MEXaHMUYECKUX KoJeOaHWi. ODHEprusi aKkTUBALMK PEJIAKCALMOHHBIX IIPOLIECCOB, OINpelesIeHHas 0
CMEIIEHUI0 MAKCUMYMOB P U3MEHEHUH YaCcTOThI, OKa3anachk paBHOU ajs nepsoro - 1,05 3B, BToporo -
1,25 u mna tpethero - 1,65 »3B. 3HayeHMs NPEIIKCIOHEIHAILHOTO MHOMXHUTENS B COOTHOIICHHU
AppeHnyca s BpEMEHH peJaKcallMi y 3THX MAaKCHMYyMOB IIPUOIM3MTENLHO oxuHakoBbl - 107*cek.
[loBTOpHOE HM3MepeHMe mocie oxiakaeHus ¢ 650°C mokaszano, 4To ()OH BHYTPEHHErO TpEHHUS
YMEHBIIAETCS, CyXKAETCs MHTEPBal HEPEKPBHITUS MAKCUMyMOB, NposBiIseMbIx B obmactu 150-300°C. na
PUCYHKE HpUBEAEHBI XapakTepHble AJISi YMCTOIO BAaHAAMS CIIEKTPbl BHyTpeHHero tpenus. Kpusas 2
OTHOCHUTCSI K HOJMAHOMY BaHanuio [1], a kpuBasg 3 - K BaHAAHIO, TOTYYCHHOMY DJIEKTPOHHO - JIy4eBOU
TUIaBKO#H [2].

Ilo cBOMM XapaKTpHCTHKaM MaKCHUMYMBbI, OOHapy>KCHHbIE B BaHAIHH, MOJYYEHHOM 3aKaJIKOW W3
JKHUJIKOTO COCTOSHHMS, HWMEIOT MHOTO OOILEro C PEelakCAlMOHHBIMH IPOLECCAMH, H3BECTHBIMH U3
JUTEPATYPHBIX MCTOYHUKOB. CpaBHHUTENBHBIA aHAJIN3 NPUBOIUT K BBIBOAY, YTO NEpBHIE JBa OJIM3KO
pacroioxKeHHbIe MaKCUMyMa BHYTPEHHEro TpeHHst oOycioBieHbl audpdy3uell B mmojie HanpspKeHWH
BHEJPEHHBIX aToMoB kuciopoza (mpu 190°C) u asora (mpu 225°C), pacnpenenéHHBIX B pelleTke B
OKTa3ApHUECKHUX TIOJIOKEHUAX. B TOHKOIMCTIEPCHOM BaHaAUM KUCIOPOAHBIA U a30THBIM MUKH 3aTyXaHHs
WHTEHCHBHO IPOSIBJICHBI 110 CPaBHEHMIO C JIUTEPATYPHBIMU JTAaHHBIMU. DTO, TIOBUAUMOMY, OOYCIOBICHO
OTHOCHTEIIFHO BBICOKOW KOHIICHTPAIIMEe MEKy3eJIbHBIX aTOMOB KHCJIOPOJa U a30Ta, 3aQMKCUPOBAaHHBIX
B TBEPJOM pAacTBOpE MpPH 3aKajKe pacIIaBICHHOTO B BaKyyMe BaHajus. MakCHMyM BHYTPEHHETO
Tpenus B okpectHOCTH 550°C XapaKTepu3yeTcs 3aMETHBIM YIIHPEHHEM M GOJIBIIMM 3HAYEHUEM SHEPTUH
akTuBanuu. K HEMy co CTOPOHBI BHICOKHX TeMIEpaTyp MpUMBIKaeT 001acTh PE3KOro Bo3pacTanus ¢poHa
3aTyxXaHus. YUYUTHIBas HaJIWYME CHIIBHO Pa3BUTHIX NMOBEPXHOCTEH MEXK3EPEHHBIX T'PaHUI, yKa3aHHBIN
MaKCHUMYM MOKHO OTHECTH K peJiaKkcalliy Ha rpaHuiax 3epeH. [lomo0Hoe 3akimoyeHre cenato B padbore
[2], B xoTOpOi1 OOCyXmaeTcs MeXaHHU3M CIAa0OBBIPAKEHHOTO MaKCHMyMa BHYTPEHHETO TPEHHS, MPH
550°C B KpYNHOKPHMCTALIMYECKOM HOUIHOM BaHAIHH.

Uzyuena temmepaTypHasi 3aBUCHMOCTh BHYTPEHHETO TPEHHS MENKOAMCIEPCHOTO —CIiaBa
V0,95Nb0,05. B mpomecce ero ¢GopMUpOBaHHS, BHIMMO, COCYILECTBYIOT YCIOBHUS 0Opa3oBaHUS
MHOro(a3HOH CHUCTEMBI, COCTOALIEH M3 YUCTOro BaHaIusl U MeTacTaOwibHbIX (a3. Hapsay c stum,

CJIEJTyeT OTMETHTh, YTO COTJIACHO PEHTreHOrpaguUecKuM WCCIIeIOBAHUSAM MapaMeTp PElIeTKH BaHaIUs
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yBenuueH. B Takoll CIOXKHOW cucTeMe 3aTyXaHHe MEXaHHYECKHMX KOJIeOaHWH HOCHUT 4Ype3BBIYaHO
CIIOKHHBIN XapakTep. B TemMmepaTypHOM CIIEKTpe BHYTPEHHETO TPEHHMsS MOYTH HEBO3MOXHO OTICIBHO
BBIICJINTh KaKOM-TMOO MakCUMyM 3aTyxaHusl. Bech cmekTp npexacTtaBisieT co0Oil CyNepro3HLUI0
HECKOIbKHX mporneccoB. Hauunas ¢ Temneparypst 650°C, Bo Bcex ncciemyeMbIx 00pasiax HaOI0aaeTCs
pe3ko Bocxonsmui (OH BHYTPEHHEro TpeHus. B 3ToM cmekTpe HaOMIOAaloTCsl clielbl MakKCHMYMOB,
00BIYHO MPOSBISIEMBIX B uicTOM BaHaauu. B crmae V0,95Nb0,05, Mo cpaBHEHHIO C YUCTHIM BaHAIUEM,
HaiileH HOBBIi MakcuMyM B o6actu 300-350°C penakcalMoHHOTO MPOMCXOKICHHUS, XapaKTEPH3y€EMBblii
BEJIMYMHAMHU DSHEPrud aktuBanuu - 1,55 3B W NOCTOSIHHOHM, HMeEroled pa3MEepHOCTb BPEMEHH
penakcanmu - 10 cex. Crenyer orMeTuTh, uTO 00J€e MHTEHCHBHO NpPOSBIEH B CIUIABE
3epPHOrPAaHMYHBI MakcMMyM B oOmactu Temmeparyp 500-550°C. ®opma MakcHMyMOB W HX
TEeMIIepaTypHOEe TOJIOKEHHE 3aBUCAT OT TOJMIMHBI oOpasua. Yem ToHbIIe oOpasel, TEeM MeHee
MHTEHCUBHBI KHCJIOPOOHBII M a30THBIM MakCUMyMbl M TeM Oojiee YIIUPSIOTCS W YCHJIMBAIOTCS [Ba
JpYTUX BUCOKOTEMIIEPATYPHBIX MAKCUMyMa BHYTPEHHETO TPEHUSI.

HaGnronaemple HeperyasipHOCTH B TEMIEPaTypHOM CIEKTPE BHYTPEHHETO TPEHHS, BHIUMO,
00ycCJIOBIEHBl HECTAaOWIBHBIM CTPYKTYPHBIM COCTOSIHHEM CIUlaBa. B uccieqyeMoM  Martepuale
OJTHOBPEMEHHO COCYIIECTBYIOT YHCThIN BaHaauii u kiaactepsl V - Nb. Kpome Toro, B camom BaHamuu
00pa30BaHbI CIIOKHBIE, OTHOCUTEIBHO CTA0MIIbHBIE KUCIOPOAHbIC, a30THBIE U YIIIEPOAHbIC KOMIUIEKCHI.
CrenoBaTebHO,MOKHO OXXUIATh MOHIKEHHUSI KOHIEHTPAlMK B PELIETKE BaHAIUs BHEAPCHHBIX aTOMOB
KHCJIOPOJIa, a30Ta W YIIIEPOJa, YTO SBISETCS NMPUYUHON yMEHBIIEHHs PelakCalldOHHBIX MaKCUMYMOB
BHYTPEHHETO TPEHHUsI, 00YCIOBIEHHBIX UX AU dy3Hrell B MEXaHUIECKOM TI0JIe.

MenkoaucnepcHoe coctosiuie cTpyktypbl cmiaBa  V0,95Nb0,05 o6ycinosimBaeT CHIIBHOE
BO3PAaCTaHUE U YIIMPEHHE 3€PHOTPAHUYHOTO MAKCHMYyMa, IO CPaBHEHHIO CHCXOAHBIM MaKCHMYMOM,
Ha0JII01a€MOM B YHCTOM HOJMKPUCTALIMYECKOM BaHAANU.

IIpeanonaraercs, 4To0 MakcuMyM, oOHapyxeHHbI B mHTepBane 300-350°C, xapakTepusyemblii
sHeprueil aktupaumu - 1,55 3B, cBf3aH ¢ Murpanueil B Iojie HampsHKEeHWH KOMIUIEKCa, OJHUM U3
COCTABJISIFOIIMX KOTOPOTO SBJISIIOTCS aTOMBI HLOOUSI.

[lonmy4yeHHbIE pe3ynbTaThl yKa3bIBAlOT Ha BO3MOXKHOCTh M3MEHEHHs aKTUBAIIMOHHBIX MapaMeTpPOB
MIPOIIECCOB PETAKCAIHOHHOTO PacCesHus YIIPYTUX KPYTHIBHBEIX Komebanuit B V u cmmase V - Nb, uro
BEChMa BAXKHO JUISl YIIPABIICHHUSI CBOWCTAMH KOHCTPYKIIMOHHBIX MAaTEpPHAaJIOB, UCTIONB3YEMbIX B SIEPHOM

JHEPreTHKE.
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INELASTIC PROPERTIES OF VANADIUM AND Vo,95Nboos ALLOY
|. Tabatadze. "Energy". Nel(97). 2021. Thilisi. p. 45-48. rus. sum geo. engl. rus.

Temperature dependences of internal friction and dynamic shear modulus in V and Vo,esNbg s alloys
have been studied by registration of logarithmic decrement of damping and frequency of torsion
oscillations. Relaxation processes caused by migration of oxygen and nitrogen atoms have been revealed
in a frequency range of 0,5-5,0 Hz. The values of IF maxima’s activation energy and frequency factor
have been determined. Migration energy of grain boundaries has been estimated and its increasing
tendency in  VoesNboos alloys is shown. Doping with Nbstipulates an increase of dynamic shear
modulus and a decrease of concentration of O and N impurities by 10-15%.

. 1, bibl. 2.

3565000y dols s Vo9sNboes 996500bmdols s650Mg3500 030L9d9d0.
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9gy/0 | 3703 | 0703 K gt K st %
1 300 2,0 18,5 1,28 1,59 -24,21 51,42
2 310 2,0 18,5 1,47 1,59 -8,16 40,7
3 350 4,0 18,2 1,29 1,59 -23,25 38,26
4 376 4,0 18,0 1,98 1,59 19,69 28,0
5 370 4,0 18,0 1,77 1,59 10,16 26,7
6 423 8,0 15,0 2,0 1,59 20,50 25,19
7 400 8,0 15,0 1,13 1,59 -40,71 24,21
8 410 8,0 15,2 1,46 1,59 -8,90 24,21
9 441 11,8 13,7 2,02 1,59 21,29 23,25
10 420 11,8 13,7 1,05 1,59 -51,43 22,8
11 432 11,8 13,7 1,48 1,59 -7,43 22,3
12 450 22,0 13,0 1,38 1,59 -15,22 22,3
13 460 22,0 13,0 2,21 1,59 28,05 20,5
14 450 22,0 14,1 1,63 1,59 2,45 21,2
15 465 36,9 12,4 1,58 1,59 -0,63 19,69
16 470 36,9 12,4 2,17 1,59 26,73 16,3
17 470 47,3 11,5 1,46 1,59 -8,90 15,2
18 468 47,3 115 1,28 1,59 -24,22 12,1
19 473 47,3 115 1,81 1,59 12,16 12,1
20 475 74,4 10,6 1,15 1,59 -38,26 10,16
21 480 74,4 10,6 1,81 1,59 12,16 8,9
22 475 74,4 11,3 1,30 1,59 -22,31 8,9
23 480 91,5 12,0 1,90 1,59 16,32 8,16
24 474 91,5 16,4 2,06 1,59 22,82 7,4
25 470 91,5 16,4 154 1,59 -3,25 4,79
26 448 215 14,1 1,53 1,59 -3,92 3,9
27 455 34,2 13,9 1,27 1,59 -25,20 3,2
28 460 40,3 13,5 1,30 1,59 -22,31 2,4
29 462 40,3 14,5 1,67 1,59 4,79 0,6
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£=18,12; o? = 146,6; 0 = 12,108;

B |51,43 — 18,12] B |0,6359 — 18,12]

max t = =275, mint = = 1,44;
St 12,108 e 12,108
by = 275 =t =1113; £, =1,44>1 ;= 1113
oy = 275 > 5 = 1,456; tg,, =144 >t ;= 1,456
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£ =18,12; % = 146,6; g* = 180,26; r

2 _ 12026

&

P 1466

= 1,229,

P = 0,001 LG §dgbmgool Jgdnbgggsdo ris = 0,482 ws 74, = 1,229 = 1= 0,482;

P =0,01 Lo®{dybmgdols dgdmbgggsdo T";,ﬁ = 0,598 wo

Tz

=1,229 =

72
A0

= 0,598;

P = 0,05 LG §d9bmgool JgdnbgggeBoris = 0,709 ws 1g,, = 1,229 > ri; = 0,709.
5d0b5 30950 @AOMJo LEsbogry@0s.

9JU39M0396@ 0L g gagool sdydoggds
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©Mmdo
9600935036905 bE3BOE6MBDY 39000b393000Mmd5DY
N X - -\ 2 - O X< X
X, — X (Xi - Xj Xia =% | (%ig = %) ooy XX
1 2421875 | 6,099901 37,20879 -16,0555 257,7786 +
2 8,163265 -9,95558 99,11367 15,09255 227,785 -
3 23,25581 | 5,136964 26,3884 -3,55884 12,66537
4 19,69697 1,57812 2,490462 -9,52748 | 90,77284
5 10,16949 -7,94936 63,1923 10,33051 106,7194 -
6 20,5 2,38115 5,669875 20,20796 | 408,3618
7 40,70796 | 22,58911 510,2681 -31,8039 1011,485
8 8,90411 -9,21474 84,91144 12,38302 153,3392 -
9 21,28713 | 3,168279 10,03799 30,14144 | 908,5066
10 | 5142857 | 33,30972 1109,538 -43,9961 1935,66
11 | 7,432432 -10,6864 114,1995 7,784959 60,60558 -
12 | 15,21739 -2,90146 8,418463 12,83691 164,7862 -
13 28,0543 9,935449 98,71314 -25,6003 655,3759 +
14 | 2453988 -15,6649 245,3879 -1,82108 3,316319 -
15 | 0,632911 -17,4859 305,758 26,0952 | 680,9594 -
16 | 26,72811 | 8,609261 74,11937 -17,824 317,695 +
17 8,90411 -9,21474 84,91144 15,31464 | 234,5382 -
18 24,21875 6,0999 37,20878 -12,0641 145,5414 +
19 12,1547 -5,96415 35,57113 26,10617 681,5323 -
20 | 3826087 | 20,14202 405,701 -26,1062 681,5323 +
21 12,1547 -5,96415 35,57113 10,153 103,0833 -
22 | 22,30769 | 4,188842 17,5464 -5,9919 35,9029 +
23 16,31579 -1,80306 3,251027 6,499745 42,24668 -
24 | 2281553 | 4,696684 22,05884 -19,5688 | 382,9372 +
25 | 3,246753 14,8721 | 221,1793 | 0,674815 | 0,455376 -
26 | 3,921569 -14,1973 201,5628 21,27528 | 452,6376 -
27 | 25,19685 7,078 50,09809 -2,88916 | 8,347234
28 | 22,30769 | 4,188842 17,5464 -17,5173 306,8549
29 | 4,790419 -13,3284 177,6471 -4,79042 22,94812 -
3 525,4466 4105,268 10094,37
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Xomed — x{”jl}
24

Xpes = Xqc = 19,69,
1 -
ls= 5(29+ 1-196,/29—-1)=9,815 I, =22
T, = 3,3I(29 + 1) = 11,22; Ty = 2
law; =22 >1,5=19815
Ty = 2 irﬁ =11,22
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ESTABLISHMENT OF RANDOMNESS AND TIME STABILITY OF THE EXPERIMENTAL
ISOTHERM DATA ASKANTIHA IONS (CA-NA).

Bestaeva L., Dondoladze N., Megrelishvili Z.. "Energy"”. Nel(97). 2021. Tbilisi. p. 49-55. geo. sum
geo. engl. rus.

The experimental results showed that the average total exchange volume of Askantikha made up 500
mg/eqv/L/ . The coefficient of ion exchange Ca-Na of Askantikha is established k =1.59 m®/ m?3;
The data obtained during the experiment are homogeneous, random and stable over the time. Therefore,
it is possible to check the consistency of the data obtained as a result of the experiment and the formula
with the Pearson equivalence criterion.
Tabl. 2, bibl. 10.

ONPEJIEJEHUE OJHOPOJHOCTHU, CJIYYAMHOCTH HW CTABHWJIBHOCTHU BO
BPEMEHHN OJOKCIHEPUMEHTAJIBHBIX JAHHBIX M30TEPMHUHW HOHHOI'O OBMEHA
(CA-NA) ACKAHUTA

JI. Becmaesa, H. /lonoonaose, 3. Mezpenumeunu. "dueprus”. Nel1(97). 2021. Tounucwu. c. 49-55.

rpy3. ped. rpy3. aHriL. pyc.

OKcliepuMeHTaNIbHBIE JaHHbIE TIOKa3ajlW, 4YTO BelMYMHA o0mero obbemMa oOMeHa acKaHUTa
cocraBuia 500 mMr/3xB/n, a obmero oorema ero oomena - 500 mr/ 3kB/ 1. YcTaHOBIEH KOA(POUITHESHT
obmena noHoB ackamuta Ca-Na, k = 1,59 m®m?® Onpenenensl 0QHOPOAHOCTb, CIy4alHOCTH M
CTaOMIIBHOCTH BO BPEMEHM OKCIEPUMEHTAIBHBIX JaHHBIX HW30TEpMHUU HOHHOTO oOmena (Ca-Na)
aCKaHWTA Ul PEIIeHUs 3aa4d O TMpPHUMEHEHHH KpuTepus [IupcoHa Al yCTaHOBIECHUS COOTBETCTBHS
MEXJy JaHHBIMH, TOJYYEHHBIMH W3 JKCIIEPHMEHTA, M PACCUUTAHHBIMU Mo ¢opmyne. [IpuBeaeHs
pa3paboTaHHbIC TAOJUIIBI PACYECTHBIX JAHHBIX.

Tabn. 2, rum. 10.
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EFFECTIVE METHODS OF SETTLEMENT OF SEASONAL LOADS IN PUBLIC CATERING
FACILITIES IN RESORT-RECREATIONAL SYSTEMS
R.Jghenti . "Energy"”. Ne1(97). 2021. Tbilisi. p. 56-63. geo. sum geo. engl. rus.

According to the results of the study and implementation of the novelty, the social effect in the
future by 2025 means highly efficient maintenance of up to 5 million people at Georgia resorts for the
season with an open network of catering facilities, which will contribute to their full rest and health,
recovery and life expectancy; The creation of such contrasting situations in open-ended enterprises with
highly artistic and architectural means, which are clearly different from everyday situations. The main
distinguishing feature is a combination of nutrition and entertainment activities (recreation,
entertainment, games, etc.).

11l. 4, bibl. 2.

IOPEKTUBHBIE METO/Ibl YPEI'YJIMPOBAHHUS CE30HHBIX HATPY3OK B CETH
OBIIECTBEHHOTI'O IIUTAHUSA B KYPOPTHO-PEKPEAIITMOHHBIX CUCTEMAX
Keenmu P. "Dueprus”. Nel(97). 2021. Tounucu. c. 56-63. rpy3. ped. rpys. aHri. pyc.

[lo pesynbraTam mccnenoBaHUs W peaM3allid HOBUHKY COIMANBHBINA 3¢ ekt B Oynaymem k 2025
TOJly 03HA4YaeT BHICOKOA(P(PEKTUBHOE OOCTYKUBAHUE JI0 5 MJIH. YEIOBEK Ha KypopTax ['py3uu 3a Ce30H ¢
OTKPBITON CEThIO 3aBEJCHUI OOIIECTBEHHOTO MUTAHMS, YTO OyJIeT CHOCOOCTBOBATH MX IMOJHOLICHHOMY
OTIBIXY U 3J0POBBIO, BHI3ZOPOBIICHHUIO U IPOJODKUTETILHOCTH KU3HU. TaKkue KOHTPacTHBIE CUTYalluH Ha
OPEANPUATUSAX OTKPBITOTO IUTAHUS C TPUBJICYEHHUEM BBICOKOXYIOXKECTBEHHBIX U APXHUTEKTYPHBIX
CpeACTB, CYHIECTBCHHO OTJIWYAIOTCA OT TAaKOBBIX IMOBCECAHCBHO MPHUHATHIX, COYCTAHHUCM Q)YHKHI/II/I
MUTaHUS U Pa3BIIEKaTEIbHBIX MEPONPUSITHH (OTIBIX, Pa3BICUCHHS, UTPHI U T. 1.).

Hnn. 4, ium. 2.
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STRUCTURE OF URBAN PLANNING ORGANIZATION OF OPEN CATERING NETWORK
IN RESORTS OF GEORGIA.
R.Jghenti. "Energy". Nel(97).2021. Tbilisi. p. 64-74. geo. sum geo. engl. rus.

We consider the sphere of recreational services as a complex, polyfunctional system, the main
elements and subsystems of which differ in their socio-economic, demographic, environmental,
ideological, aesthetic and other, colors " in rank and significance, development patterns and ability to
organize space.

Considering the concept of the consistent formation of different ranks and types of recreational
formations, we find it advisable to determine the place and role of objects of an open network of cultural
services and catering in the formation of recreational structures, based on urban planning principles
taking into account architectural and planning features.

lI. 5, bibl. 5.

CTPYKTYPA TPAJIOCTPOUTEJIBHON OPTAHU3AIIMM OTKPBITOM CETH
OBIIECTBEHHOI'O IIMTAHUSA HA KYPOPTAX I'PY3HUU.
P. Keenmu. "Dueprus”. Nel(97). 2021. Tounucu. c¢.64-74. tpy3. ped. rpys3. aHri. pyc.

PaccmatpuBaercsi cdepa pPeKpEallMOHHBIX YCIYT KAk CIOXHOM, MONM(pYHKIIMOHAILHOW CHUCTEMBI,
OCHOBHBIC 3JIEMEHTBI M MOJCHUCTEMBbl KOTOPOW pa3IMYaloTCs TMO. COMUATBLHO-9KOHOMHUECKUM,
JeMorpaguyeckuM, SKOJIOTHYECKUM, HJICOJIOTHIECKUM, 3CTETUIECKUM U JIPYTUM ,,0KpackaMm’’ TI0 paHry
1 3HAYUMOCTHU, 3aKOHOMEPHOCTHU pPa3BUTHA U YMCHUH OPTraHHU30BbLIBATH IIPOCTPAHCTBO.

PaccmarpuBasi KOHIICTIIIUIO TIOCNIEAOBATEIBHOTO (OPMHUPOBAHMS PA3HBIX PAHCOB ¥  THIIOB
PEKpEalMOHHBIX 00pa30BaHMid, CYMTAEM IIEIECOO0Pa3HBIM OIPEACIUTh MECTO MW POJib O0BEKTOB
OTKPBITOW CETH KYJIBTYPHO-OBITOBOTO OOCITY>KMBaHHS M OOIIECTBEHHOTO MHUTAaHHWA B (OPMHPOBAHHUH
PEKpPEAIMOHHBIX CTPYKTYpP, OMHUPAsCh HA TPAJOCTPOUTENLHBIC MPHHIHUIBI C y4ETOM aAPXUTETYPHO-
TUTAHUPOBAYHBIX OCOOCHHOCTEH.

Hnn. 5., aum. 5.
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DECREAZE OF ROLLING RESISTANCE OF A RAILWAY WHEEL BY
PERFECTION OF TRIBOLOGICAL PROPERTIES OF WHEEL AND RAIL
CONTACT ZONE

PHD George TUMANISHVILI
PHD Tengiz NADIRADZE
MSc Giorgi TUMANISHVILI
PHD Simon BITSADZE
PHd Mirian TSOTSKHALASHVILI

Abstract. Improvement of tribological properties of the wheels and rails interacting surfaces, decrease
of rolling resistance of a railway wheels, the train energy consumption, and wear rate is reached by their
separation with the third body having due tribological properties. The ecological friction modifiers for
tread and steering surfaces are developed. Presence of the third body in the contact zone is determined
experimentally by the change of the friction moment and noise. The reasons of the negative, neutral and
positive friction, mild, severe and catastrophic wear and types of damage of corresponding surfaces at
various relative sliding velocities are revealed.

Keywords: rolling resistance, third body, tribological properties, wheel, rail.

1. INTRODUCTION

Usually, the surfaces are covered with various types of natural and artificial coatings, which
represent the components of the third body in the contact zone of the interacting surfaces and are
subjected to heavy power and thermal loads. This causes deformations of these coatings, their
destruction, activation of the physical and chemical processes proceeding between the coatings and
surfaces, generation of new coatings. According to observations by Godet [1], dry friction is largely
determined not by the properties of friction materials of the contacting pair, but by the
characteristics of the structure and composition of the thin film that is formed on the surfaces of both
bodies. During the interaction of surfaces, the processes of the third body destruction and restoration
takes place in the contact zone continuously. When the intensity of destruction of the third body is
greater than the intensity of their restoration, the amount of the micro-asperities coming into direct
interaction that leads to the seizure, wear rate and types of surfaces damage increase. The power
dissipated in the wheel-rail contact accounts for 13.5% [2]. Despite the important role the
multidisciplinary approach plays in the reveal of parameters of the third body, there is no
comprehensive model of the boundary friction that considers them.[3-6]. It is found in the works [7-
O]that the properties of the tribo-film layers also depend on the working conditions and can be in
some extent adapted to working conditions.

The adhesive approach to the friction means invasion of micro-asperities into each other in the

contact zone, their close contact without the third body, and seizure of micro-asperities.
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The thermal effects accompanying the displacement of the seized places relative to each other
causes sharp increase of the shear stresses and corresponding deformations, value and instability of
the friction forces and rupture of the coupled places.

The experimental researches have shown that at low total and relative sliding velocities of the
surfaces, stability of the third body and its resistance to scuffing, are high and a main type of damage
is fatigue wear [13, 14]. With increase of the total and relative sliding velocities of surfaces, thermal
load of the actual contact zone, destruction intensity of the third body and rolling resistance of
wheels increase. Variation of tribological properties of the surfaces is a result of various mechanical,
physical and chemical processes proceeding simultaneously in the contact zone whose essence and
mechanism of action are not properly studied [11-14].

For revealing the factors influencing tribological properties of the interacting surfaces, the

experimental researches were carried out on the twin-disk machine.

1. THE EXPERIMENTAL RESEACHES INTO VARIATION OF TRIBOLOGICAL
PROPERTIES OF THE INTERACTING SURFACES

For some heavy loaded interacting surfaces of machines are typical unpredictable change of
tribological properties and sharp increase of the friction coefficient and wear intensity, so called
catastrophic wear. As a main cause of the latter is considered the heaviest form of the adhesive wear —
scuffing [14,15] that is not properly studied yet and whose signs are appearance of pits and scratches on
the surfaces and transfer of the material from one surface on the other.

For more detailed study of the properties and state of the third body in the contact zone we
performed the experimental researches on the twin disk machine MT-1 (Fig. 1) with the use of existing

lubricants and ecologically friendly friction modifiers, developed by us.

Fig. 1. The twin disk machine MT1 and measuring means:
1 - twin disk machine; 2 - tribo-elements; 3 - the wear products; 4 - tester;
5 - personal computer; 6 — vibrometer

The experimental researches were performed at rolling of discs with up to 20% of sliding. The
rollers had diameters of 40 mm and widths of 10 and 12 mm. The tests were performed at single

application of the friction modifier on the rolling surfaces of the rollers. After certain number of
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revolutions, a thin layer of the friction modifier was destroyed that was revealed by appearance the
initial impulses of friction moment and initial signs of scuffing on the surfaces. The rollers with various
degree of damage are shown in Fig. 2: a) with initial signs of damage; b) damage in the form of a

narrow strip; ¢) damage on the whole contacting area.

a b c

Fig. 2. The stages of damage of the interacting surfaces:
a) damage in the separate points; b) damage in the form of the narrow strip;
c¢) damage on the whole area of the contacting surfaces

The graphs of dependences of the friction coefficient and number of revolutions of rollers until
appearance of the first signs of scuffing on the contact stress for initial linear contact of disks are shown
in Fig. 3. It is seen from these graphs that for the initial linear contact, when the contact stress is in the
range of 0.65 - 0.77 GPa, increase of the contact stress leads to decrease of the friction coefficient. It can
also be seen that increase of the contact stress leads to decrease of number of revolutions untill

destruction of the third body and onset of scuffing.
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Fig. 3. Dependences of friction coefficients and numbers of revolutions until appearance of the first signs of
scuffing on the contact stress for initial linear contact of disks and different anti-frictional friction modifiers

It was revealed experimentally that to negative friction corresponds the continuous or
discontinuous but restorable third body; to neutral friction — multiple seizures of the interacting
surfaces and to positive friction — increasing scuffing process that is spread on the whole surface. In
Fig. 4 is shown variation of the tractive (friction) force with creep [16].

As it was shown by our experimental researches, at presence of the continuous third body
increase of the relative sliding velocity leads to increase of the friction power and contact

temperature; decrease of the lubricant viscosity, film thickness and friction force (Fig. 4, “negative
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friction”), stable (or smoothly variable) friction torque and low destruction rate of the surfaces.
Worsening of the working conditions caused by the partial, non-progressive damage of the third
body in the separate unit places corresponds to the separate small impulses of the friction moment.
Destruction of the third body in the multiple places leads to the multiple damage of the third body,
multiple adhesive junctions of micro-asperities, disruption of these junctions, and a bit little
increased impulse of the friction torque and “neutral friction.”

! Positive friction

Saturation-full slip — Scuffing
Ve Niultiple

e

Negative friction

Fig. 4. Friction/creep relationship

At progressive damage of the third body, the friction torque increases and corresponds to
positive friction. Our experimental researches have shown that in other equal conditions the
variation of the friction coefficient mainly depends on degree of destruction of the third body.
Therefore, preservation of the third body between interacting surfaces and avoidance the scuffing,
has a crucial importance for decrease of the friction coefficient, wear rate, etc.

In Fig. 5 are shown dependences of the friction factor and various damage types onrelative
sliding velocity (a) and of the wear rate (types) on slip (b) [13].
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Fig. 5. Dependences of the friction factor and various damage types on relative sliding velocity (a)
and of the wear rate (types) on slip (b)

Three zones can be distinguished in Fig. 6a. The low relative sliding velocity, full separation
of the interacting surfaces and continuous third body provide high wear resistance of the interacting
surfaces and relatively stable friction coefficient (zone 1, Figure 6a) that corresponds to “mild” wear

rate (Fig. 6b). In such conditions, the main damage types are the fatigue and plastic deformations.

78 Jadbogoo "gbgdgos" Nel(97), 2021



Small increase of the sliding velocity leads to appearance of small damage sources in multiple
places and emergence of small surges of the friction torque (zone two, Fig. 5a). The rise of the third
body destruction, as well as the magnitude of the friction coefficient and its instability, are clearly
reflected in the oscillogram of the friction torque and may be predicted on the base of results of the
experimental researches. The typical damage types of this zone are fatigue, plastic deformation,
adhesive wear and limited rate of scuffing and correspond to “severe” wear rate (Fig. 6b).

At further increase of the relative sliding velocity, destruction of the third body becomes
irreversible and extending and multiple seizures become uninterrupted (causing scuffing) and they
propagate on the whole width of the interacting surfaces. The typical damage types of this zone are
scuffing, plastic deformation and fatigue (zone 3, Fig. 6,a, and “catastrophic” wear rate Fig. 6,b). In
this case, the scuffing can be avalanche in nature that quickly disables the machine.

5. Conclusions

» Tribological properties of the interacting surfaces mainly depend on tribological properties of
the third body, degree of its destruction, disposition of the surfaces to seizure etc. The researches
have shown that the continuous or discontinuous but restorable third body at the initial stage of
destruction and progressively destructing third body have quite different properties. In the first case
the said properties are stable and depend on the properties of the third body and in the second case,
these properties are instable and worsened that are characterized by increasing friction coefficient,
catastrophic wear and typical noise.

* Prediction of destruction of the third body is possible in the laboratory conditions by
estimation of the friction torque variation.

« The friction coefficient (negative, neutral and positive), wear rate of the interacting surfaces
(mild, severe and catastrophic), damage types (scuffing, fatigue, plastic deformation, adhesive wear)
and vibrations and noise generated in the contact zone depend on tribological properties of the third
body, its degree of destruction and area of the factual contact zone of the seized places;

* For improvement of tribological properties of the interacting surfaces, it is necessary to
provide the contact zone with continuous or restorable third body having due tribological properties

at the initial stage of destruction.
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COBEPIIEHCTBOBAHUEM TPUBOJIOTUUECKHAX CBOMCTB 30HbI KOHTAKTA
KOJIECA U PEJIbCA.
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Y COBepIICHCTBOBAaHUE TPUOOJOTHYECKHX CBOWCTB B3aUMOJICHCTBYIONIUX ITOBEPXHOCTEH
KOJIEC M PpebCOB, YMEHBUICHHWE COINPOTHBICHHS BpAIEHHIO KONEC, MOTPEOJICHUS] SHEPTrUH H
WHTEHCUBHOCTH W3HAIIMBAHUS JOCTUralOTCS MX pa3JeJICHUEM TPETbUM TEJIOM, HMMEIOINUM
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DAMAGE OF THE WHEEL AND RAIL INTERACTING SURFACES
AND THE RAIL CORRUGATION

PhD George TUMANISHVILI
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Abstract. The characteristic roll-slip phenomena between the wheel and the rail are prone to develop a
rail corrugation. There are a lot of scientific works and opinions about rail corrugation, but some aspects of
this phenomenon are still insufficiently studied.

Studies have shown high sensitivity of the third body to the sliding speed, which for heavy loaded
interacting surfaces, like wheel and rail, often destroys the third body. This leads to sharp increase in wear
rate and other undesirable phenomena.

Was revealed the especially high sensitivity of various types of damage (scuffing, fatigue, plastic
deformations) proceeding simultaneously in the contact zone to destruction degree of the third body.

The researches have shown that necessary conditions for the rail corrugation are periodic slipping of
the interacting surfaces of wheels and rails, destruction of the third body, and seizure of separate places of
the surfaces. The onset and degree of destruction of the third body were determined in the laboratory
conditions. In the capacity of sliding sources are considered movement of the wheelset in curves, non-
roundness of the wheel, and wheels of the wheelset with different diameters.

Keywords: third body, friction force, sliding speed, rail corrugation.

1. INTRODUCTION

Typically, surfaces are covered with various types of natural and artificial coatings, which are
components of the third body in the contact zone of interacting surfaces and they are subjected to high
power and thermal loads. The thermal effects accompanying the process have direct influence on the
deformation value, and volume of the deformed material, variation of the surface structure and physical
and mechanical characteristics. This causes destruction of these coatings, activation of the physical and
chemical processes proceeding between them and the surfaces, and generation of new coatings. Thus,
during the interaction of surfaces, the processes of the third body destruction and restoration take place in
the contact zone continuously. When continuity of the third body is disrupted in individual places the
parts of the direct contact are cleansed from various coatings and boundary layers and are approached to
each other, leading to seizure. Displacement of the coupled places of surfaces relative to each other
causes disruption of these junctions’ proceeds at the high shearing stresses that increases instability of the
friction forces, transfer of the pulled-out material from one surface on the other, sharp change of
roughness of these surfaces, and development of the process of catastrophic wear — scuffing. The shear
deformation generated on the surface sharply decreases towards the depth and multiple repetitions of
such processes result in superficial plastic deformations, lamination, and fatigue damage, proceeding
simultaneously.The damage scales and dominant types of damageproceed with various intensities and a
dominant type of damage depend on the working conditions and ascertained visually.
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It should be noted that some aspects of the rail corrugation as well as other types of wear are not
studied sufficiently yet [1, 2] that hinders prevention of the undesired phenomena caused by it and rises
heavy economic problems.

2. THE FEATURES OF THE WHEELSET MOVEMENT ON THE RAIL TRACK

Movement of wheelset in straight performs a zigzag movement close to the sinusoid which is
accompanied by creeping. In the curves the inner wheel passes the shorter distance than the outer wheel
causing deviation of the wheelset axis from the radial position. In such conditions, to return the wheelset
into initial position it is necessary that one of wheel of the wheelset slide on the rail in the longitudinal
direction. There are a lot of attempts to maintain more or less radial position of the wheelset [3, 4].

At moving of the wagon wheel-set in the curve its outer and inner wheels will travel the different
distances (at pure rolling of the wheels) but due to the fact that at rotation through the given angle the
difference between the lengths of the outer and inner rails is different for the curves with different radii
of curvature and inclination of the wheel tread surface (1:20) is constant here also the wheel-set axle will
deviate from the radial position and will be twisted at the same time(Fig. 1).

Fig. 1. Movement of the wheel-set in the straight and curve

The intermittent slipping of one of the wheels of the wheelset can cause the torsional vibrations of
the wheelset shaft and the longitudinal vibrations of the vehicle (that have been identified as the flange
noise [5]) and the respective wear of wheels and rails, like corrugation. The movement of a wheelset in
the curve and a corrugated inner rail are shown in Fig. 2 [6].
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Fig. 2. Movement of a wheelset in the curve and a corrugated inner rail

The similar picture would be at difference of the tread surfaces or at various brake efforts of the
wheelset. The wheel-rail contact is a simultaneous rolling and sliding contact, which can be divided into
stick (no slip) and slip contacts. The slip zone of the contact of the tread surface is related to the traction
force, creep, and geometry of the contact. The slip rate increases at movement in the curves, braking, and

acceleration.
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In Figure 3 is shown a rail with a trace left on it after the wheel climbing [7].

Fig. 3. The trace of the wheel climbing on the rail

The trace starts on the rail lateral surface and then passes on the rail tread surface.The mechanism
of generation and development of this trace is not studiedsufficiently yet and needs additional researches
[18]. Besides, according to thispaper, friction coefficient in the contact zone of the wheel and rail reaches
0.5 andmore at derailments.

The wheel climbing on the rail is also promoted by decreasing the rail radius ofcurvature and
deviation of the axle of symmetry of the wheelset from radial position(increased angle of attack) that
causes advancement of the wheel flange andrailhead lateral surface contact point.

As it is known, a vertical axis of symmetry of the rail is inclined by 20° accordingto the standard.
Deflection of the rail in the opposite direction that decreases theangle of inclination of the wheel flange is
especially dangerous for the wheelclimbing on the rail.

The tread surface of the wheel is conical which passes gradually into the flange surface through its
root. Therefore, the difference between diameters of interacting surfaces inside of the contact zone,
relative sliding, contact stresses, deformations and temperatures towards of the flange are greater. The
sliding distances for the curves and straights and for elliptic wheels are determined and the numerical

calculations are given.

3. MOVEMENT OF THE WAGON WHEELSET IN THE CURVE

At pure rolling of the free wheelset (without bogie) in the curved rail track with radius of curvature
R of the internal rail, its axle will be inclined from radial position because both wheels will have passed
equal distances I. However, in the wagon wheelset rolling with velocity V, the outer wheel is constraint
to maintain the radial position and pass greater distance 1 + Al, rotating relative to the inner wheel in the
clockwise direction if it is seen from axial direction A (Fig.4). At that, the wheelset axle is twisted
through angle @ equal to the ratio of the difference Al of the outer and inner arcs to the radius D/2 of the
wheel tread surface, supposing that both wheels are rolling on the tread surfaces of equal diameters:
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¢=Al/(D/2) @
From the drawing a = /R=(1+Al)/(R+AR)=Al/AR,

from where
Al = 1AR/R, )
and therefore
¢ = 21AR/DR, 3)
+al f i
./ T

AR

Fig. 4. Movement of wagon wheelset in the curve and wheelset shaft slope from the radial position

On the other hand, the maximum angle of twist of the wheelset axle @max depends on the friction
force

F=fQ (4)
and is calculated by the known, from the resistance of materials, formula

@max= ML/IpG, (®)
where M is a torque caused by the friction force

M= FD/2 = fQD/2; (6)

f - friction coefficient; Q - vertical load (half of the load on the wheelset) of the wheel on the rail; L -
length of the wheelset axle; Ip, polar moment of inertia of the wheelset axle cross section; and G -
modulus of rigidity (share modulus) of the axle material.

We determine distance between the worn-out segments of the rail or path I (at traveling this path,
the wheels are rolling on the rail without sliding), at rolling of which the axle is twisted on the maximum
angle @max, from (3) replacing ¢ by @max

| = DR @max/2AR = MLDR/2IpGAR (7)

and putting the found I into (2) we obtain difference of the paths passed by the outer and inner wheels at

which the axle is twisted on the maximum angle @max

Al = MLD2IpG (8)
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3. MOVEMENT OF THE WAGON WHEELSET WITH THE WHEELS OF DIFFERENT
DIAMETERS IN THE STRAIGHT RAIL TRACK

At rolling of the free wheelset (without bogie) with the wheels of different diameters D and D +
AD in the straight rail track the distance 1, the greater wheel passes a greater distance 1 + Al, deflecting
the wheelset axle from its perpendicular position relative to the rail track (Figure 2a). But in the wagon
wheelset the axle being constraint to retain perpendicular position, the smaller wheel is forced to pass the
same distance | + Al and rotate relative to the greater wheel in the clockwise direction, if it is seen from
axial direction A. At that, the wheelset axle is twisted through angle ¢ that is determined by formula (1),
from where, considering (5), we obtain the value of Al (see formula (8)) corresponding to the maximum
angle of twist Qmax.

The following proportion can be written from the drawing: (1 + Al)/l = (D + AD)/D or Al/l = AD/D,
from which we obtain distance | between the worn-out segments at passing of which the wheelset axle
will be twisted through angle @max:

1 =AID/AD = MLD?2IpGAD 9)

5. MOVEMENT OF THE WAGON WHEELSET WITH ONE ELIPTICAL WHEEL IN THE
STRAIGHT RAIL TRACK

Consider a free wheelset with one wheel of diameter D and other elliptical wheel with the small D
and bigger D + AD diameters moving in the straight rail track (Figure 5, a and b).
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Fig. 5. Movement of the free wheelset in the straight rail track:
(a) with the wheels of different diameters or with one elliptical wheel; (b) parameters of ellipticity

At one revolution, these wheels will pass the different distances, correspondingly 1 and 1 + Al,
deflecting the wheelset axle from its perpendicular position relative to the rail track (Fig.4a). However, in
the wagon wheelset the axle being constraint to retain perpendicular position, the wheel with diameter D
is forced to pass the same (greater) distance 1 + Al and rotate relative to the elliptical wheel in the
clockwise direction if it is seen from axial direction A. At that, the wheelset axle is twisted through angle
¢ that is determined by formula (1).

The difference of distances passed by the wheels at one revolution is Al=L—nD, where the length of
the elliptical tread surface
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L = n[3(a+b) — (3a+b)(a+3b)] (10)
or
Al = n[3(atb) — (3a+b)(a+3b)] — D . (11)
The value Al' corresponding to maximum angle of twist @maxiS Obtained considering formula (5)
Al' = pmax DI2 = MLD/21,G . (12)
The distance 1 at passing of which the wheelset axle will be twisted on the angle @max Will be then
1=nDAI' /A . (13)

In all the three cases considered above, at removing or decrease of the torque M acting on the wheel
that takes place at its vertical vibrations when the friction force F decreases, the angle of twist of the axle
will start to decrease. Suppose @max falls down to zero during time t. This will take place at rotation of the
inner wheel in the clockwise direction relative to the outer wheel on the angle gmax Since the flange of the
outer wheel is pressed on the rail and the friction force arisen between the flange and rail additionally
restricts its movement. Obviously, during this time t the inner wheel will roll and slide simultaneously
on the rail and the rolling and sliding distance on the rail will be

Sr=Vt . (14)
We note that the rolling and sliding distance on the wheel tread surface is
Sw = Al + Sr, (14°)
or for the variant of the elliptical wheel
Sw = Al'+ Sr (15)
Here Al or Al' is a sliding friction path and the wavelength of the worn-out rail (Fig. 3)
W =I+Sr. (16)

This value of the wavelength assumes that at release of the inner wheel, the friction force acting on
it from the rail is zero. When the friction force differs from zero, the wavelength will be less since its
both components will decrease and its value depends on the friction force magnitude.

To determine time t, we present the wheelset as a one-mass torsional vibratory system (Fig.6,a),
where C is a torsional rigidity of the wheelset axle and I, total moment of inertia of the inner wheel.
Then, angle of twist @max Will fall down to zero in conformity with a law of free vibrations of this
vibratory system during the period P/4 (Fig. 6,b).

At that, period of free vibrations

p=2m¢ (17)

I
t=m4:sz; (18)

The average velocity of the wheel contact point relative to the wheel center (Fig. 7)
Vw = D(Pmax/ 2t + Vr y (19)
Where Vr = -V is a velocity of the rail contact point relative to the wheel center.

and consequently, time t will be
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Fig. 7. The rolling and sliding distances on the rail and wheel

We note that maximum velocity of the wheel contact point relative to the wheelcenter.

vi = _z"u;U +Vr= —pmax, [T P %+ Vr (20)
(N
where A = @max is an amplitude of the wheelset shaft torsion vibrations and » = I cyclic frequency of
vibrations.
Sliding velocity
Va= Vu-Vi(21)
Relative sliding velocities
Kr — ~2 » 100% and Kw — ~2 x 100
’ Vo (21)
The depth of the worn-out layer a year of the rail segment Sr.
h = iAIN, (22)
where i is the wear intensity and N, number of cycles which is determined asfollows:
N = N1N2N3sN, (23)

where N: is a number of the trains passing by a day; N2, number of wagons inthe train; Nz, number of
wheels on one side of the wagon; and N4, number of daysa year.

6. CONDITIONS OF DERAILMENT

Possibility of derailment or the wheel’s rolling up on the rail is estimated by thecriterion of the
wheel flange contact point (point A, Figure 8) slipping down therail lateral surface, based on the
condition of equilibrium of forces acting on thispoint [8, 9]. Lateral L and vertical V forces determined
from the condition of equilibriumof these forces are:

L = Nsinp — F' cosp (24)

V = Ncosp - F' sinf (25)
where N is a normal force; F' = fIN, friction forcebetween the wheel flange and rail lateral surface; f',
friction coefficient betweenthese surfaces; and 3, angle of inclination of the wheel flange.
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It should be noted that the forces acting on point A are interdependent andequalities (24) and (25) are
only valid for limited values of forces L and V, since therise of the friction force F' is limited by the
friction coefficient f'. Therefore, at acertain ratio of forces L and V, the friction force F' can no longer
balance thecontact point A, which will slip down on the rail lateral surface, and it is consideredon this
ground that the wheel cannot roll up on the rail. At that, equalities (24) and (25) become inequalities
from where a criterion of impossibility of the wheel rollingup on the rail or derailment is obtained [9]:
tanp — f'

1+ flang (26)

However, at sign of equality (=) in (26) and to a certain extent at sign ofinequality (<) also, the
wheel can rotate about contact point A and roll up on therail if such possibility exists or if moment of the
force P acting on the wheel axleexceeds the moment of the vertical force V about contact point A (Figure
10). Inother words, under such condition, two-point (O, A) contact of the wheel passesinto one-point
contact at A. In the first case (at sign =), the wheel will roll on theimmobile point A with pure rolling,
and in the second case (at sign <), the wheelwill roll on the mobile point A creeping slowly down the rail
lateral surface withcombined rolling and sliding. Both cases lead to the wheel climbing the rail
andderailment.

L
==
v

Fig. 8.Forces acting on the contact point A

Fig. 9. Forces acting on the wheel axle

Therefore, it is necessary to provide the criterion (26) with additional conditionof impossibility of the
wheel rolling on the contact point A, which, on the base of Fig. 9, can be written as
Vh>P(r +d), (27)

where h is the value of the climbing advance; r is the radius of the wheel rollingcircle; d is the vertical
coordinate of the contact point A.

Force P acting on the wheel axle cannot exceed the sum of the friction forcesbetween the wheel and
rail tread surfaces and between the wheel flange and raillateral surface:

P<F + F'=fV +fIN , (28)

where f and f' are friction coefficients between the wheel and rail tread surfacesand the wheel flange and
rail lateral surfaces correspondingly.
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Determining N and V correspondingly from (24) and (26), substituting theminto (28) and then
putting obtained P into (27), from the latter we obtain thefollowing criterion of impossibility of the
derailment:

I h :: gin f — _;f'" cos fi .'
—_—
Vi r+d) :;f cosf+ ff sing+ f .' (29)
If this criterion is not satisfied, the wheel starts to roll on the contact point Aand the contact between
the wheel and rail tread surfaces is lost, or two-pointcontact at O and A passes into one-point contact at
A. For obtaining a criterion ofimpossibility of the wheel rolling on the contact point A, it is necessary to
put f = 0in (29), which gives.

L_ h( sing— f' cos B)
v (r+dif (30)
The criteria (29) and (30) provide both, the wheel flange contact point slidingdown the rail lateral
surface and impossibility of the wheel rolling on this point.Besides, the criterion (30) ensures less value
(more conservative) of the allowableratio of the lateral and vertical forces L/V than criterion (27), while
criterion (31),depending on the value of the climbing advance h, gives the ratio L/V less or morethan
criterion (27). For illustration, consider two variants of numerical data of theparameters:
a.p=60%f=0.4; f=0.1; h=62mmand r + d = 485 mm;
b. p=60%f=0.4; f=0.1;h=88 mmand r +d =482 mm.
Allowable maximum ratios L/V for these variants calculated by the criteria (26),(29), and (30) are given
in the following table:

‘n.-'an'.a.nl:] Criterion (X7) Criterion ( 30) Criterion (31)
a 139 .31 1.04
b 139 044 147

For analysis of the obtained results, suppose that ratio L/V = 1.3, i.e., criterion (26) is satisfied and
derailment is not possible. However, it is seen from the tablethat for variant (a) neither criteria (29), nor
(30) are satisfied and both predictderailment. For variant (b), criterion (30) is not satisfied, or it predicts
derailment,and criterion (31) is satisfied, i.e., by this criterion, derailment is not possible. Thismeans that
the wheel starts to roll on the contact point A and two-point (O, A)contact passes into one-point contact
at A. Then, this contact point slides down therail lateral surface, the two-point contact restores, and so
on, this process isrepeated. However, at passing from two-point (O, A) contact into one-point contactat
A, the lateral and vertical forces on the steering surfaces increase. Typical forthese surfaces, increased
relative sliding increases the power and thermal loads inthe contact of these surfaces, generating the
convenient conditions for destructionof the third body. This results in sharp increase of the cohesion
forces, scuffing, andfriction coefficient that promotes climbing of the wheel flange on the rail
lateralsurface. This is confirmed by the numerous laboratory researches carried out by usas well as the
trace of the wheel climbing on the railhead lateral surface (Figure 1)that has a form of scuffing.

Thus, it is expedient to estimate possibility of derailment by criterion (30), sinceit provides both, the
wheel flange contact point sliding down the rail lateral surfaceand impossibility of the wheel rolling on
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the same point, and ensures less value(more conservative) of the allowable ratio of the lateral and vertical
forces L/V thancriteria (30) and (26).

7. CONCLUSION

Prediction and avoiding of derailment are the most important problems to whichmany scientific
works are devoted but the desirable results are notobtained yet. The survey of the literature and our
experience show that the derailmentis especially influenced by the friction coefficient that is not
predictable, andin contrast to other parameters, it varies in a wide range.

It is shown that for prediction of the friction coefficient and providing itsstability, it is necessary to
provide the contact zone with the continuous and restorablethird body of due properties. The main results
of the paper can be formed as follows:

* A friction factor as well as other tribological properties of interacting surfacesdepends on the properties
and degree of destruction of the third body;

* The sharp increase of the friction factor in the contact zone of steering surfacesindicates a beginning of
the irreversible (progressive) destruction of the thirdbody that contributes to the wheel climbing on the
rail;

* For avoidance of derailment, decreasing the wear rate and ensuring sufficientdurability of the rails,
wheelsets, and brake shoes, a continuous or reversiblethird body must be provided in the contact zone;

* Destruction of the third body in the laboratory conditions is proposed todetermine by the flash of the
friction moment or criterion of destruction of thethird body;
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MOBPEXIAEMOCTH B3AUMOJIEMCTBYIOIINX MMOBEPXHOCTEM KOJIEC U PEJHCOB
M BOJTHOBOM U3HOC PEJBCOB.

I . Tymanuweunu, T.Haoupaose, P.buyaoze, I'vopzu Tymanuweunu, b./[uoedauieunu.

"Ouneprus". Nel(97). 2021. Tounucwu. c. 82-92. anrn. ped. rpys. aHri. pyc.

XapakTepHOE SIBJICHUE KAUEHUS CO CKOJIBKEHUEM MEXAY KOJIECOM U PENIbCOM ONPENEISIOT
NPEpacioiokKEeHHOCTh K 00pa30BaHUIO BOJHOBOIO M3HOCA pPeibcoB. CylIECTBYET MHOKECTBO
MHEHMH M HayyHbIX pabOT MO BOJHOBOMY H3HOCY pEIbCOB, HO HEKOTOPBIE ACMEKTHI 3TOTO
ABJICHUS 70 CUX ITOP U3YYEHBI HEJOCTATOYHO.

HccnenoBanuss MOKa3alud BBICOKYKO UYYBCTBUTENBHOCTb TPETBETO Tela K CKOPOCTHU
CKOJIBXKEHHUS, KOTOpasi JJIs TSKEJO Harpy)KeHHBIX MOBEPXHOCTEH, MOJOOHO Kojecy U pPeibCy,
4acTO pa3pylIaeT TPETbE TEN0. ITO NPUBOJUT K MOBBILIEHUI0 MHTEHCUBHOCTU W3HAIIMBAHMS U
JIPYTUM HEXEJIATEIbHBIM SIBJICHUSIM.

HccnenoBanust MoKaszaid, YTO HEOOXOAMMBIMU YCJIOBHUSMH BOJHOBOTO H3HOCA SIBIISIIOTCS
NePUOANYECKOE MPOCKAIb3bIBAHUE TPYIIMXCS IMOBEPXHOCTEH KOJEC M PENIbCOB, pa3pylleHUE
TPETHEro Teja U CXBaThIBAaHME OTJAEIbHBIX MECT MoBepxHocTel. Hauano u creneHs paspylieHus
TPETHETO Tejla OMPEAENINCh B JaOOPATOPHBIX YCIOBHSX. B KauecTBe MCTOYHMKA CKOJBKEHUS
paccMaTpuBaioCh JABM)KEHHME KOJECHOM Napbl B KPHUBBIX, HEKPYIJIOCTh KOJEC U Pa3HOCTh
JINaMETPOB KOJIEC KOJIECHOM NapBbl.

Hnn. 9, maban. 1, rum. 9.
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